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PART

ONE: Drugs recognized by The United States
Pharmacopeia, British Pharmacopoeia, International
Pharmacopoeia, or The National Formulary.

Individual monographs are arranged alphabetically according to the English title, with information for each drug in general following the order:

• Official Tides and Synonyms
• Official Definition
• Unofficial Synonyms, Foreign Language Tides (official
titles appear in bold-face type) , Trade-names and Trademarks (name of manufacturer indicated parenthetically)
•
•
•
•
•

Source or Manufacturing Process; History
Official Description; Tests
Assay Methods
Constituents
Adulterants

•
•
•

Therapeutic Actions and Uses
Toxicology
Dosage

• Storage Requirements
• Official Preparations
• Usual Sizes (for dosage forms)
PART

TWO: Drugs not official in The United States
Pharmacopeia, British Pharmacopoeia, International
Pharmacopoeia, or The National Formulary.
Individual monographs are arranged alphabetically, with
information for each drug following the order listed above.

PART

THREE : Veterinary Uses and Doses of Drugs
COMPLETE

INDEX

Table of Metric Doses
with Approximate Apothecary Equivalents
The approximate dose equivalents in the following table represent the quantities usually prescribed, under
identical conditions, by physicians trained, respectively, in the metric or in the apothecary system of weights
and measures. In labeling dosage forms in both the metric and the apothecary systems, if one is the approximate equivalent of the other, the approximate figure shall be enclosed in parentheses.
When prepared dosage forms such as tablets, capsules, pills, etc., are prescribed in the metric system, the
pharmacist may dispense the corresponding approximate equivalent in the apothecary system, and vice
versa, as indicated in the following table.
Caution — For the conversion of specific quantities in a prescription which requires compounding, or in
converting a pharmaceutical formula from one system of weights or measures to the other, exact equivalents
must be used.

Metric
1000
750
500
250
200
100
50
30
15
10
8
5
4

ml.
ml.
ml.
ml.
ml.
ml.
ml.
ml.
ml.
ml.
ml.
ml.
ml.

Liquid Measure
Approximate
Apothecary
Equivalents
1 quart
1 Vz pints
1 pint
8 fluidounces
7 fluidounces
3V4 fluidounces
1% fluidounces
1 fluidounce
4 fluidrachms
254 fluidrachms
2 fluidrachms
1 54 fluidrachms
1 fluidrachm

Liquid Measure

3
2
1
0.75
0.6
0.5
0.3
0.25
0.2

Metric
30
15
10
7.5
6
5
4
3
2
1.5
1
750
600
500
400
300
250
200
150
120
100
75
60
50
40

Gm.
Gm.
Gm.
Gm.
Gm.
Gm.
Gm.
Gm.
Gm.
Gm.
Gm.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.

Equivalents
minims
45
15
10 minims
30
minims
12V/z minims
minims

ml.
ml.
ml.
ml.
ml.

ml.
ml.
ml.
ml.
ml.
0.1
0.06 ml.
0.05 ml.
0.03 ml.

8
5
4
3
1

minims
minims
minims
minims
minims
minim
% minim
Vz minim

Weight

Weight
Approximate
Apothecary
Equivalents
1 ounce
4 drachms
2/4 drachms
2 drachms
90
grains
75
grains
60
grains (1 drachm)
45
grains
30
grains {Vz drachm)
22
grains
15
grains
12
grains
10
grains

Apothecary
Approximate

Metric

Metric
mg.
mg.
30
20
25
mg.
15
10
mg.
mg.
12
mg.
mg.
8
mg.
6
mg.
mg.
5
4
mg.
3
mg.
21.5
mg.
1.2 mg.
mg.
meg.
1
meg.
800
meg.
600
500
meg.
400
meg.
meg.
300
250
meg.
200
meg.
150
meg.
120
meg.
100

y2
Approximate
Apothecary
Equivalents
Vz

V*
%
%
%

grain
grain
y* grain
VVL
Y20
grain
%5
grain
grain
%0
grain
Vm
ainn
grai
y40 gr
grain
7/4 grains
Yeo grain
Yso
6 grains
5 grains
grain
Yl20
Yioo■54oograin
4 grains
3 grains
grain
grain
Y200
%50
254 grains
M50 grain
grain
2 grains
grain
%00
1 Vz grains
grain
1 54 grains
Yooo
1 grain
%00 grain
grain
%
grain
Vi grain
grain
Note: A cubic centimeter (cc.) is the approximate equivalent of a milliliter (ml.).
grain
n
graiFormulary,
The above approximate dose equivalents have been adopted by the latest Pharmacopeia, National
and
n
ai
gr
New and Non-official Remedies, and these dose equivalents have the approval of the Federal Food and Drug
Administration.
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Preface
This new edition of the UNITED STATES
DISPENSATORY documents the progress of
knowledge concerning medicinal agents in an era
of unprecedented development and expansion in
this field of medical service. In no period of the
long history of this book has so much new information been incorporated and so extensive a revision of older information been consummated.
This is in large measure attributable to the fact,
on the one hand, that many medicinal substances
have hardly reached therapeutic maturity before
they are replaced by even safer and more effective
drugs and, on the other, to the finding of new
uses for older drugs as research has disclosed
hitherto unrecognized therapeutic applications or
led to the isolation, in the case of drugs of natural
origin, of potent and therapeutically effective
constituents.
The total of new admissions to the United
States Pharmacopeia, the National Formulary, the
British Pharmacopoeia, and the two volumes of
the International Pharmacopoeia, together with
the new non-official drugs described for the first
time in this edition of the DISPENSATORY,
exceeds 500.
While maintaining the traditional treatment of
drugs according to alphabetic arrangement — which
has many advantages — a feature of this edition
of the DISPENSATORY is the inclusion of many
new general survey articles on pharmacological
classes of drugs. Thus, there appear in Part Two
articles on the following: Adrenergic Blocking
Agents, Anticoagulant Drugs, Antihistamines, Antimetabolites, Barbiturates, Curarimimetic Agents
and their Antagonists, Ganglionic Blocking Agents,
Local Anesthetic Agents, Nephrotropic Agents,
Parasympathetic Blocking Agents, Parasympathomimetic Agents and Cholinesterase Inhibitors,
and Skeletal Antispasmodic Compounds. These
articles provide the basis for comparing drugs in
the several categories indicated; also, a correlation between pharmacological action and chemical
structure is thereby often possible, especially since
these general articles are amply illustrated with
structural formulas. Certain other general articles
have been completely rewritten as, for example,
that on Antibiotics, also in Part Two. The established uses of radioisotopes in medicine have
naturally necessitated addition of a general
article on this subject, in addition to a specific
article on the official Sodium Radio-iodide (I131)
Solution and innumerable references throughout
the book to specific uses of radioisotopes as tracer
substances.

As in preceding editions of the DISPENSATORY, all articles are amply documented by
original literature references in order to establish
the authority for the information that is provided
and to facilitate further search of the literature
when this is required. In this connection it may
be noted that the new information for this edition was chosen from more than 25,000 issues of
the approximately 400 medical, pharmaceutical,
biological, and chemical journals which are regularly available to the editors as the basis for revision of the DISPENSATORY.
The very thorough investigations now required
for new drugs before they are released for clinical
use, together with the more extensive clinical
reporting of them, has inevitably resulted in
lengthier monographs concerning individual drugs.
Since oftimes our readers may wish to have only
the most essential information concerning uses of
a drug, we have provided for the lengthier articles
a brief outline of uses at the beginning of the section thus designated. Where the articles are of
necessity very long, a summary section has also
been provided, this following the section on uses.
Also, to facilitate quick location of specific information about drugs having a variety of actions
and uses, the monographs have been conspicuously
and informatively captioned to indicate specific
actions and uses.
Dosage data have been considerably amplified
in this edition. The range of dose, the maximum
single dose, and the maximum total dose in 24
hours are provided for most drugs; variations of
dosage in different diseases are indicated where
such information is required; comparison of different routes of administration is also included
where a choice is available. Toxicological data
have also been expanded and methods of treatment of poisoning are described in sufficient detail
to be of practical utility.
The section on Veterinary Uses and Doses of
Drugs, which was introduced in the 24th Edition
of the Dispensatory and has found wide acceptance, has been enlarged by 63 pages both by inclusion ofnew drugs and new data for older ones.
To provide space for the abundance of new
material included, this edition contains over 200
pages more than its predecessor; 102 pages more
were made available by the deletion of general
tests, processes and reagents formerly comprising
Part Three of the DISPENSATORY which, while
important, are of secondary importance to the
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PREFACE

main purpose of this book in providing practical
and up-to-the-minute information about drugs.
Further savings of space were made by deletion or
curtailment of information concerning drugs which
are no longer or only very rarely used; the editors
were not unmindful, however, of the expectation
of users of the DISPENSATORY to find information concerning unusual drugs. A new and
somewhat more condensed typography in Part
Two permitted more information to be included
therein.

names are listed opposite the title page; it has
become
increasingly apparent in this fruitful
period of medicinals development that the collaboration of specialists is essential in order to provide
the thorough and authoritative treatment of the
subject required in the DISPENSATORY. Finally,
the many contributions of Walter Kahoe, Ph.D.,
Director of the Medical Department of J. B.
Lippincott Company, toward the culmination of
the editorial effort in the production of the printed
book are not only acknowledged
but greatly

appreciated.
The editors and associate editors acknowledge
especially the assistance of the contributors whose

ARTHUR OSOL,
Editor-in-Chief
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College of Surgeons.
Bull, assoc. chim. — Bulletin de l'association des
chimistes.
Bull. Chem. Soc. Japan — Bulletin of the Chemical
Society of Japan.
Bull. gen. therap. — Bulletin general de therapeutique
medicale, chirurgicale, obstetricale et pharmaceutique.
Bull. Health Leag. Nations — Bulletin of the Health
Organization, League of Nations.
Bull. Hist. Med— Bulletin of the Institute of the History of Medicine.
Bull. Hyg. — Bulletin of Hygiene.
Bull. Johns Hopkins Hosp. — Bulletin of the Johns
Hopkins Hospital.
Bull. med. — Le bulletin medical.

Bull. Nat. Inst. Health— Bulletin of the National Institutes ofHealth.
Bull. New Eng. Med. Center — Bulletin of the New
England Medical Center.
Bull. N. F. Com. — Bulletin of the National Formulary
Committee.
Bull. N. Y. Acad. Med.— Bulletin of the New York
Academy of Medicine.
Bull. Pharm. — Bulletin of Pharmacy.
Bull. Rheumat. Dis. — Bulletin on Rheumatic Diseases.
Bull. sc. Pharmacol. — Bulletin des sciences pharmacologiques.
Bull. Sch. Med. Univ. Maryland — Bulletin of the
School of Medicine, University of Maryland.
Bull. soc. chim. — Bulletin de la societe chimique de
France.
Bull. soc. chim. Belg. — Bulletin de la societes chimiques Beiges.
Bidl. soc. chim. biol. — Bulletin de la societe de chimie
biologique.
Bull. soc. franc, dermat. syph. — Bulletin de la societe
franchise de dermatologie et de syphiligraphie.
Bull. soc. med. — Bulletins et memoires de la societe
medicale des hopitaux de Paris.
Bull. soc. path. exot. — Bulletin de la societe de pathologie exotique et de ses filiales.
Bull. St. Louis M. Soc. — Bulletin of the St. Louis
Medical Society.
Bidl. Torrey Bot. Club— Bulletin of the Torrey Botanical Club.
Bull. trav. soc. pharm. Bordeaux — Bulletin des travaux
de la societe de pharmacie de Bordeaux.
Bull. U. S. Army M. Dept— Bulletin of the United
States Army Medical Department.
Bull. War Med. — Bulletin of War Medicine.
Bur. Standards J. Research — Bureau of Standards
Journal of Research.
Calif.cine.
& West. Med. — California and Western MediCalif. Med. — California Medicine.
Can. J. Comp. Med.— Canadian Journal of Comparative Medicine and Veterinary Science.
Can. J. Research — Canadian Journal of Research.
Can. Med. Assoc. J. — Canadian Medical Association
Can. Journal.
Pharm. J. — Canadian Pharmaceutical Journal.
Can. Pub. Health J. — Canadian Public Health Journal.
Can. Vet. Rec. — Canadian Veterinary Record.
Cancer Res. — Cancer Research.
Centralbl. med. Wissensch. — Centralblatt fur die medizinischen Wissenschaften.
Cereal Chem. — Cereal Chemistry.
Chem. Abs. — Chemical Abstracts.
Chem. Centralbl. — Chemisches Centralblatt.
Chem. Drug. — The Chemist and Druggist.
Chem. Eng. News — Chemical and Engineering News.
Chem. Industries — Chemical Industries.
Chem.neering.
Met. Eng. — Chemical and Metallurgical EngiChem. News — Chemical News and Journal of Industrial Science.
Chem. Rev. — Chemical Reviews.
Chem. Trade J. — Chemical Trade Journal and Chemical Engineer.
Ckem.-Ztg. — Chemiker-Zeitung.
Chimica
e I'industria Milan — La chimica e l'industria,
Milan.
Chinese J. Physiol. — Chinese Journal of Physiology.
Chinese M. J. — Chinese Medical Journal.
Cincinnati J. Med.— Cincinnati Journal of Medicine.
Cincinnati M. J. — Cincinnati Medical Journal.
Cleveland Clin. Quart. — Cleveland Clinic Quarterly.
Cleveland M. J. — Cleveland Medical Journal.
Clin. J. — Clinical Journal.
Clin. Med. — Clinical Medicine.
Clin. Proc. — Clinical Proceedings.

ABBREVIATIONS
Clin. Sc. — Clinical Science.
Clinics — Clinics.
Colorado Med. — Colorado
Medicine.
(Now
Rocky
Mountain M. J.)
Compt. rend. acad. sc. — Comptes rendus hebdomadaires des seances de l'academie des sciences.
Compt. rend. soc. biol. — Comptes rendus des seances
de la societe de biologic
Confinia Neurol. — Confinia Neurologica.
Connecticut State M. /.—Connecticut State Medical
Journal.
Cornell Vet. — The Cornell Veterinarian.
Dansk Tids. Farm. — Dansk Tidsskrift for Farmaci.
Delaware S. M. J. — Delaware State Medical Journal.
Dental Rec. — Dental Record.
Dental Survey — Dental Survey.
Dentistry — Dentistry, a Digest of Practice.
Derm. Wchnschr. — Dermatologische Wochenschrift.
Derm. Ztschr. — Dermatologische Zeitschrift.
Deutsche Apoth.-Ztg. — Deutsche Apotheker-Zeitung.
Deutsche med. 7.— Deutsches medizinisches Journal.
Deutsche
med. Wchnschr. — Deutsche
medicinische
Wochenschrift.
Deutsche Mil. — Deutsche Militararzt.
Deutsche
tierarztl. Wochenschr. — Deutsche
tierarztliche Wochenschrift.
Deutsche zahnarztl. Wchnschr. — Deutsche zahnarztliche Wochenschrift.
Deutsche Ztschr. ges. gerichtl. Med. — Deutsche Zeitschrift fur die gesamte gerichtliche Medizin.
Deutsches Arch. klin. Med. — Deutsches Archiv fur
klinische Medizin.
Dis. Nerv. Syst. — Diseases of the Nervous System.
Drug. Circ. — Druggists Circular.
Drug Cosmet. Ind. — Drug and Cosmetic Industry.
East African M. J. — East African Medical Journal.
Edinburgh M. J. — Edinburgh Medical Journal.
Endocrinology — Endocrinology.
Enzymologia — Enzymologia.
Ergebn. Enzymforsch. — Ergebnisse der Enzymforschung.
Exp. Med.
& Surg. — Experimental
Medicine
and
Surgery.
Eye, Ear, Nose & Throat Monthly — Eye, Ear, Nose
and Throat Monthly.
Farm. Revy — Farmacevtisk Revy.
Farmakol. i Toksikol. — Farmakologiia i Toksikologiia.
Fed. Proc. — Federation Proceedings.
Fettchem. Umschau — Fettchemische Umschau. (Now
Fette und Seifen.)
Fette und Seifen — Fette und Seifen.
Folia Medica — Folia Medica, Naples.
Food Res. — Food Research.
Fortschr. Med. — Fortschritte der Medizin.
Fortschr. Ther. — Fortschritte der Therapie.
Fr. — French Codex.
Gastroenterology — Gastroenterology.
Gaz. chim. ital.- — Gazzetta chimica italiana.
Gaz. med. de France — Gazette medicale de France
et des pays de langue franchise.
Gaz. med. Paris — Gazettes medicale, Paris.
Ger. — German Pharmacopoeia.
Geriatrics — Geriatrics.
Guy's Hosp. Rep. — Guy's Hospital Reports.
Heart — Heart.
Heilkunde — Heilkunde.
Helv. Chim. Acta — Helvetica Chimica Acta.
Helv. Physiol. Pharm. Acta — Helvetica Physiologica et
Pharmacologica Acta.
Herbarist — Herbarist.
Human Fert. — Human Fertility.
Hyg. Lab. Bull. — Hygienic Laboratory Bulletin. (Now
Bull. Nat. Inst. Health.)
Illinois M. J. — Illinois Medical Journal.
Ind. Chemist — Industrial
Chemist
and
Chemical
Manufacturer.
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Ind. Eng. Chem. — Industrial and Engineering ChemInd. Eng. Chem., Anal. Ed. — Industrial and Engineering Chemistry, Analytical Edition.
Ind. Med. — Industrial Medicine.
Indian J. Med. Res. — Indian Journal of Medical Research.
Indian J. Pharm. — Indian Journal of Pharmacy.
Indian Med. Gaz. — Indian Medical Gazette.
Indian Vet. J. — The Indian Veterinary Journal.
Indiana State M. A. J. — Indiana State Medical Association Journal.
Internat. Clin. — International Clinics. (Now New
Internat. Clin.)
Internat. J. Med. Surg. — International Journal of
Medicine and Surgery.
Internat. Med. Digest — International Medical Digest.
Internat. Rec. Med. — International Record of Medicine and General Practice Clinics.
It. — Italian Pharmacopoeia.
J.A.CS. — Journal of the American Chemical Society.
/. A. Dent. A. — Journal of the American Dental
Association.
/. A. Dietet. A. — Journal of the American Dietetic
Association.
/. A. Inst. Homeopathy — Journal of the American
Institute of Homeopathy.
J. A.M. A. — Journal of the American Medical Association.
J. A. M. Women's A. — Journal of the American Medical Women's Association.
J.A.O.A.C. — Journal of the Association of Official
Agricultural Chemists.
/. A. Ph. A. — Journal of the American Pharmaceutical Association.
J. A. Ph. A., Prac. Ed. — Journal of the American
Pharmaceutical Association, Practical Edition.
J.A.V.M.A. — Journal of the American Veterinary
Medical Association.
/. Agric. Food Chem. — Journal of Agricultural and
Food Chemistry.
/. Agric. Res. — Journal of Agricultural Research.
/. Agric. Sc. — The Journal of Agricultural Science.
/. Albert Einstein Med. Center — Journal of the Albert
Einstein Medical Center.
/. Allergy— The Journal of Allergy.
/. Anat. — Journal of Anatomy.
/. Ani. Sc. — Journal of Animal Science.
/. Bad. — Journal of Bacteriology.
J. Biol. Chem. — Journal of Biological Chemistry.
/. Bone Joint Surg. — Journal of Bone and Joint
Surgery.
/. Calif. State Dent. A. — Journal of the California
State Dental Association.
J. Can. Dent. A. — Journal of the Canadian Dental
Association.
/. Chem. Educ. — Journal of Chemical Education.
/. Chem.
cow). Ind. — Journal of Chemical Industry (Mos/.
/.
/.
/.

Chem. S. — Journal of the Chemical Society.
Chemother. — Journal of Chemotherapy.
chim. phys. — Journal de chimie physique.
Clin.
ogy. Endocrinol. — Journal of Clinical Endocrinol-

/. Clin. Inv. — Journal of Clinical Investigation.
J. Clin. Nutrition — Journal of Clinical Nutrition.
J. Comp. Path. Therap. — The Journal of Comparative
Pathology and Therapeutics.
/. Council Sci. Ind. Res. — Journal of the Council for
Scientific and Industrial Research.
/. Cutan. Dis. — Journal of Cutaneous Diseases including Syphilis.
J. Dairy Sc. — Journal of Dairy Science.
/. Dent. Research — Journal of Dental Research.
/. Econ. Entomol. — Journal of Economic Entomology.
/. Endocrinol. — Journal of Endocrinology.
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/. Exp. Med. — Journal of Experimental Medicine.
/. Gen. Client. (US.S.R.)— Journal of General Chemistry (U.S.S.R.).
J. Gen. Microbiol. — Journal of General Microbiology.
/. Gen. Physiol. — Journal of General Physiology.
J. Geront. — Journal of Gerontology.
J. Hygiene — Journal of Hygiene.
/. Immunol. — Journal of Immunology.
/. Ind. Hyg. Toxicol. — Journal of Industrial Hygiene
and Toxicology.
/. Indian Chem. S. — Journal of the Indian Chemical
Society.
/. Indian Inst. Sc. — Journal of the Indian Institute of
Science.
/. Indian M. A. — Journal of the Indian Medical
Association.
/. Indiana M. A. — Journal of the Indiana State
Medical Association.
/. Inject. Dis. — Journal of Infectious Diseases.
/. Internat. Col. Surg. — Journal of the International
College of Surgeons.
J. Invest. Dermat. — Journal of Investigative Dermatology.
/. Iowa M. Soc. — Journal of Iowa State Medical
Society.
/. Lab. Clin. Med. — Journal of Laboratory and Clinical Medicine.
J. -Lancet — Journal-Lancet.
/. Laryng. Otol. — Journal of Laryngology and Otology.
J. Linn. Soc. — Journal of the Linnaean Society.
J. M. A. Alabama — Journal of the Medical Association of the State of Alabama.
J. M. A. Georgia — Journal of the Medical Association
of Georgia.
/. M. Soc. New Jersey — Journal of the Medical Society of New Jersey.
/. Maine M. A. — Journal of the Maine Medical Association.
J. mid. chirurg. prat. — Journal de medecine et de
chirurgie pratiques.
/. mid. Lyon — Le journal de medecine de Lyon.
/. mid. Paris — Journal de medecine de Paris.
J. Ment. Sc. — Journal of Mental Science.
J. Michigan M. Soc. — Journal of Michigan
State
Medical Society.
/. Missouri M. A. — Journal of Missouri State Medical
Association.
/. Mt. Sinai Hosp. — Journal of the Mount Sinai Hospital, New York.
/. Nat. Cancer Inst. — Journal of the National Cancer
Institute.
J. Nat. M. A. — Journal of the National Medical
Association.
/. Nat. Malaria Soc. — Journal of the National Malaria
Society.
/. Nerv. Ment. Dis. — Journal of Nervous and Mental
Disease.
/. Neurophysiol. — Journal of Neurophysiology.
/. Neurosurg. — Journal of Neurosurgery.
/. Nutrition — The Journal of Nutrition.
/. Obst. Gyn. Br. Emp. — Journal of Obstetrics and
Gynaecology of the British Empire.
/. Oil & Colour Chem. Assoc. — Journal of the Oil
and Colour Chemists' Association.
/. Omaha Mid-West Clin. Soc. — Journal of the Omaha
Mid-West Clinical Society.
/. Oral Surg. — Journal of Oral Surgery.
/. Org. Chem. — Journal of Organic Chemistry.
/. Parasitol. — Journal of Parasitology.
/. Parenteral Therapy — Journal of Parenteral Therapy.
/. Path. Bad. — Journal of Pathology and Bacteriology.
/. Pediatr. — Journal of Pediatrics.

J. pharm. Alsace Lorraine — Journal de pharmacie
d'Alsace et de Lorraine.
J. pharm. Belg. — Journal de pharmacie de Belgique.
/. pharm. chim. — Journal de pharmacie et de chimie.
/. Pharm.
Pharmacol. — The Journal of Pharmacy and
Pharmacology.
J. Pharm. Soc. Japan — Journal of the Pharmaceutical
Society of Japan.
/. Pharmacol. — Journal of Pharmacology and Experimental Therapeutics.
/. Phys. Chem. — Journal of Physical Chemistry.
/. Physiol. — Journal of Physiology.
/. prakt. Chem. — Journal fvir praktische Chemie.
/. Prevent. Med. — Journal of Preventive Medicine.
J. Proc. Roy. Soc. N. S. Wales — Journal and Proceedings of the Royal Society of New South Wales.
/. Roy. Army Med. Corps — Journal of the Royal
Army Medical Corps.
/. Roy. Soc. W. Australia — Journal of the Royal Society of Western Australia.
/. Russ. Phys. Chem. S. — Journal of the Russian
Physical-Chemical Society.
/. Soc. Chem.
Ind. — Journal of the Society of Chemical Industry.
/. South African V. M. A. — The Journal of the South
African Veterinary Medical Association.
/. Thoracic Surg.- — Journal of Thoracic Surgery.
/. Trop. Med. Hyg. — Journal of Tropical Medicine
and Hygiene.
/. Urol. — The Journal of Urology.
J. Ven. Dis. Inform. — Journal of Venereal Disease
Information.
Jahresber. Pharm. — Jahresbericht der Pharmazie.
Jap. ences.
J. Med. Sc. — Japanese Journal of Medical SciKentucky M. J. — Kentucky Medical Journal.
Klin. Monatsbl. Augen. — Klinische Monatsblatter fur
Augenheilkunde.
Klin.-therap. Wchnschr. — Klinisch-therapeutische
Wochenschrift.
Klin. Wchnschr. — Klinische Wochenschrift.
Kunststoffe — Kunststoffe: Zeitschrift fur Erzeugung
und Venvendung veredelter oder chemisch hergestellter Stoffe.
Lahey Clin. Bull.- — Lahey Clinic Bulletin.
Lancet — The Lancet.
Laryng. — Laryngoscope.
Laval mid. — Laval medical.
L'Union pharm. — L'Union pharmaceutique.
M. S. C. Vet. — The M. S. C. Veterinarian.
Med. Ann. District Columbia — Medical Annals of the
District of Columbia.
Med. Bl. — Medicinische Blaetter.
Med. Bull. Vet. Admin.— Medical Bulletin of the
Veterans' Administration.
Med. Clin. North America — The Medical Clinics of
North America.
Med. J. Australia — Medical Journal of Australia.
Med. Klin. — Medizinische Khnik.
Med. Press— Medical Press and Circular.
Med. Rec. — Medical Record.
Med. Rund. — Medizinische Rundschau.
Med. Times— Medical Times.
Medecine — La Medecine.
Medicine — Medicine: Analytical Reviews of General
Medicine, Neurology and Pediatrics.
Merck Rep— The Merck Report.
Merck's Jahresber. — Merck's Jahresbericht uber Neuerungen auf den Gebieten der Pharmakotherapie
und Pharmazie.
Mfg. Chemist— The Manufacturing Chemist.
Mfg. Perfumer — The Manufacturing Perfumer.
(Merged with Mfg. Chemist.)
Mikrochemie — Mikrochemie.
MU. Surg. — Military Surgeon.
Minn. Med. — Minnesota Medicine.

ABBREVIATIONS
Missouri Agric. Exp. Sta. Res. Bull. — Missouri Agricultural Experiment Station Research Bulletin.
Missouri Med. — Missouri Medicine.
Mitt. med. Akad. Kioto — Mitteilungen aus der medizinischen Akademie zu Kioto.
Monatsh. Chetn. — Monatshefte fur Chemie und verwandte Teile anderer Wissenschaften.
Monatsh. f. Vet.-tned. — Monatshefte fur Veterinarmedizin.
Monatsh. prakt. Tierheilk. — Monatshefte fiir praktische Tierheilkunde.
Monatsschr.
Geburtsh.
Gyn'dk. — Monatsschrift
fiir
Geburtshiilfe und Gynakologie.
Munch,
med. Wchnschr. — Munchener
medizinische
Wochenschrift.
N. Carolina M. J. — North Carolina Medical Journal.
N.F. — The National Formulary, Tenth Edition.
N. Y. State J. Med. — New York State Journal of
Medicine.
Nat. Res. Council Bull. — National Research Council
Bulletin.
Nature — Nature.
Nederland.
Tijdschr. Pharm. — Nederlandsch
Tijdschrift voor Pharmacie, Chemie en Toxicologic
New Eng. J. Med. — New England Journal of Medicine.
New Internat. Clin. — New International Clinics.
New Orleans Med. Surg. J. — New Orleans Medical
and Surgical Journal.
North Am. Vet.- — The North American Veterinarian.
Northwest Med. — Northwest Medicine.
Nouv. Rem. — Nouveaux Remedes.
Nutrition Rev. — Nutrition Reviews.
Obst. Gyn. — Obstetrics and Gynecology.
Occup. Med. — Occupational Medicine.
Oesterr.
Chem.-Ztg. — Oesterreichische
ChemikerZeitung. (Now Wien. Chem.-Ztg.)
Ohio State M. J. — Ohio State Medical Journal.
Oil and Fat Ind. — Oil and Fat Industries. (Now Oil
and Soap.)
Oil and Soap — Oil and Soap.
Oral Surg., Oral Med., Oral Path— Oral Surgery, Oral
Medicine and Oral Pathology.
Orient. J. Dis. Infants — Oriental Journal of Diseases
of Infants.
Pediatr. — Pediatrics.
Pennsylvania M. J. — Pennsylvania Medical Journal.
Perf. Ess. Oil Rec. — Perfumery
and Essential Oil
Record.
Pest, med.-chirurg. Presse — Pester medicinisch-chirurgische Presse.
Pharm. Acta Helv. — Pharmaceutica Acta Helvetiae.
Pharm. Arch. — Pharmaceutical Archives.
Pharm. Era — Pharmaceutical Era.
Pharm. J. — Pharmaceutical Journal.
Pharm. Monatsh. — Pharmazeutische Monatshefte.
Pharm. Presse — Pharmazeutische Presse.
Pharm. Rev. — Pharmaceutical Review.
Pharm. Rund. — Pharmaceutische Rundschau.
Pharm.
Tijdschr. — Pharmaceutisch
Tijdschrift voor
Nederlandsch-Indie.
Pharm. Weekblad — Pharmaceutisch Weekblad.
Pharm.
Zentr. — Pharmaceutische
Zentralhalle
fiir
Deutschland.
Pharm. Ztg. — Pharmaceutische Zeitung.
Pharmacol. Rev. — Pharmacological Reviews.
Phila. Med. — Philadelphia Medicine.
Philippine J. Sc. — Philippine Journal of Science.
Physiol. Rev. — Physiological Reviews.
Pittsburgh Med. Bull— Pittsburgh Medical Bulletin.
Plast. Reconstruct. Surg. — Plastic and Reconstructive
Surgery.
Postgrad. Med. — Postgraduate Medicine.
Poultry Sc. — Poultry Science.
Pract . — Practitioner.
Pract. Drug. — Practical Druggist.

Praktika Akad.
Athen5n.

xv
Athenon — Praktika Akademia

Prensa med. Argent. — La prensa medica Argentina.
Prensa med. Mexicana — Prensa medica Mexicana.
Presse med. — Presse medicale.
Proc. A. Diabetes A. — Proceedings of the American
Diabetes Association.
Proc. A. Ph. A. — Proceedings of the American Pharmaceutical Association.
Proc. Centr. Soc. Clin. Res. — Proceedings of the
Central Society for Clinical Research.
Proc. Chem. S. — Proceedings of the Chemical Society.
Proc. Helminthol. Soc. — Proceedings of the Helminthological Society.
Proc. Imp. Acad. Tokyo- — Proceedings of the Imperial Academy (Tokyo).
Proc. Indian Acad. Sc. — Proceedings of the Indian
Academy of Sciences.
Proc. Indiana Vet. Med. Assoc. — Proceedings of the
Indiana Veterinary Medical Association.
Proc. Int. Congr. PI. Sc. — Proceedings of the International Congress of Plant Science.
Proc. Mayo — Proceedings of the Staff Meetings of
the Mayo Clinic.
Proc. Nat. Acad. Sc. — Proceedings of the National
Academy of Science.
Proc. N. J. Ph. A. — Proceedings of the New Jersey
Pharmaceutical Association.
Proc. Penn. Ph. A. — Proceedings of the Pennsylvania
Pharmaceutical Association.
Proc. Roy. Soc. London — Proceedings of the Royal
Society, London.
Proc. Roy. Soc. Med. — Proceedings of the Royal Society of Medicine.
Proc. S. Dakota Acad. Sc. — Proceedings of the South
Dakota Academy of Sciences.
Proc. S. Exp. Biol. Med. — Proceedings of the Society
for Experimental Biology and Medicine.
Progres med.- — Le progres medical.
Psych. Quart. — Psychiatric Quarterly.
Psychosom. Med. — Psychosomatic Medicine.
Pub. Health Rep.— Public Health Reports.
Puerto Rico J. Pub. Health — Puerto Rico Journal of
Public Health and Tropical Medicine.
Quart. Bull. Northwest. U. Med. Sch. — Quarterly Bulletin of Northwestern University Medical School.
Quart. J. Exp. Physiol. — Quarterly Journal of Experimental Physiology.
Quart. J. Med.— Quarterly Journal of Medicine.
Quart.
J. P. — Quarterly Journal of Pharmacy and
Pharmacology.
Quart. J. Stud. Alcohol — Quarterly Journal of Studies
on Alcohol.
Queensland Agr. J. — Queensland Agricultural Journal.
Radiology — Radiology.
Rec. trav. chim. — Recueil des travaux chimiques des
Pays-Bas.
Rev. assoc. brasil. farm. — Revista da associaqao brasileira de farmaceuticos.
Rev. brasil. med. farm.— Revista brasileira de medicina e farmacia.
Rev . Canad. Biol. — Revue Canadienne de Biologic
Rev. chim. ind. — Revista de chimica industrial (Rio
de Janeiro).
Rev. din. espan. — Revista clinica espanola.
Rev. filipina med. farm. — Revista filipina de medicina
y farmacia.
Rev. flora med. — Revista de flora medicinal (Rio de
Janeiro).
Rev. Gastroenterol. — The Review of Gastroenterology.
Rev. gen. Clin. Therap. — Revue generale de Clinique
et de Therapeutique.
Rev. med. hyg. trop. — Revue de medecine et d'hygiene tropicales.
Rev. med. Liege — Revue medicale de Liege.
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Rev. med. Suisse Rom. — Revue medicale de la Suisse
Romande.
Rev. neurol. — Revue neurologique.
Rev. quim. pura aplic. — Revista de quimica pura e
aplicada.
Rev. therap. med.-chirurg. — Revue de therapeutique
medico-chirurgicale.
Riechstoff Ind. — Riechstoff Industrie.
Rif. med. — La Riforma medica.
Rocky Mountain M. J. — Rocky Mountain Medical
Journal.
Royal Col. Phys. Rep. Edinburgh — Royal College of
Physicians Laboratory Reports, Edinburgh.
5. Dakota J. M. Pharm.— South Dakota Journal of
Medicine and Pharmacy.
Sang — Le sang.
Sao Paulo med. — Sao Paulo medico.
Schim. Rep. — Schimmel & Co., Annual Report.
Schweiz. Apoth.-Ztg. — Schweizerische ApothekerZeitung.
Schweiz. Arch. Tierheilk. — Schweizerische Archiv fiir
Tierheilkunde.
Schweiz. med. Wchnschr. — Schweizerische medizinische
Wochenschrift.
Schweiz. naturforsch. Gesell. — Schweizerische naturforschende Gesellschaft.
Schweiz. Wchnschr. Pharm. — Schweizerische Wochenschrift fiir Pharmacie.
Sci. Monthly — Scientific Monthly.
Science — Science.
Scientia Pharm. — Scientia Pharmaceutica.
Seifensieder-Ztg. — Seifensieder-Zeitung.
Semaine med. — Semaine medicale.
Semana medica — La Semana medica.
Skandinav. Arch. Physiol. — Skandinavisches Archiv
fiir Physiologie.
Soap, Perf. & Cos. — Soap, Perfumery and Cosmetics
Trade Journal.
South African J. Med. Sc. — South African Journal
of Medical Sciences.
South. M. J. — Southern Medical Journal.
South. Med. Surg. — Southern Medicine and Surgery.
Sp. — Spanish Pharmacopoeia.
Stanford M. Bull. — Stanford University Medical Bulletin.
Siidd. Apoth.-Ztg. — Suddeutsche Apotheker-Zeitung.
Surg. Clinics N. America — Surgical Clinics of North
America.
Surg. Gynec. Obst. — Surgery, Gynecology and Obstetrics with International Abstract of Surgery.
Surgery — Surgery.
Texas Repts. Biol. Med. — Texas Reports on Biology
and Medicine.
Texas State J. Med. — Texas State Journal of Medicine.
Ther. Geg. — Therapie de Gegenwart.
Therap. Gaz. — Therapeutic Gazette.
Therap. Halbmonatsh. — Therapeutische Halbmonatshefte.
Therap. Monatsh. — Therapeutische Monatshefte.
Tierdrztl. Rundsch. — Tier'arztliche Rundschau.
Tohoku J. Exp. Med. — Tohoku Journal of Experimental Medicine.
Trade Corres. — Trade Correspondence of the Food
and Drug Administration.
Trans. A. Am. Phys. — Transactions of the Association
of American Physicians.
Trans. Am. Acad. Ophth. — Transactions of the American Academy of Ophthalmology and Otolaryngology.
Trans. Am. Inst. Chem. Engrs. — Transactions of the
American Institute of Chemical Engineers.
Trans. Am. Laryng. Rhin. Otol. Soc. — Transactions
of the American Laryngological, Rhinological and
Otological Society.

Trans. Am. Neurol. A. — Transactions of the American
Neurological Association.
Trans. Chem. Soc. — Transactions of the Chemical
Society of London.
Trans. Roy. Soc. Trop. Med. Hyg. — Transactions
of the Royal Society of Tropical Medicine and
Hygiene.
Trans. South. Surg. Gynec. A. — Transactions of the
Southern Surgical and Gynecological Association.
Trans. Stud. Coll. Phys. — Transactions and Studies of
the College of Physicians of Philadelphia.
Trop. Dis. Bull. — Tropical Diseases Bulletin.
U. S. Armed Forces M. J. — United States Armed
Forces Medical Journal.
U. S. Army Vet. Bull. — United States Army Veterinary Bulletin.
U.S.D. — The United States Dispensatory.
U.S.D.A. Farmers' Bull. — United States Department
of Agriculture Farmers' Bulletin.
U.S.D.A. Leaflet. — United States Department of Agriculture Leaflet.
US.D.A. Yearbook — United States Department of
Agriculture Yearbook.
U. S. Nav. M. Bull— United States Naval Medical
Bulletin.
U.SJP.Revision.
— The United States Pharmacopeia, Fifteenth
Ugeskr. f. laeger — Ugeskrift for laeger.
Union med. Canada — Union medicale du Canada.
Univ. Hosp. Bull. Ann Arbor — University Hospital
Bulletin (Ann Arbor).
Univ. Bulletin.
Mich. M. Bull. — University of Michigan Medical
Univ. Penn. Bull. Vet. Ext. Quart. — University of
terly.
Pennsylvania Bulletin Veterinary Extension QuarUniv. Penn. M. Bull. — University of Pennsylvania
Medical Bulletin.
Upsala
lakaref. fdrh. — Upsala lakareforenings forhandlingar.
Urol. Cutan. Rev. — Urologic and Cutaneous Review.
Ven. Dis. Inform. — Venereal Disease Information.
Vet. Bull. Lederle — Veterinary Bulletin (Lederle).
Vet. J. — Veterinary Journal.
Vet. Med. — Veterinary Medicine.
Vet. Rec. — The Veterinary Record.
Vierteljahrsschr. prakt. Pharm. — Vierteljahrsschrift
fiir praktische Pharmazie. (Merged into Arch.
Pharm.)
Virchows Arch. path. Anat. — Virchows Archiv fiir
pathologische Anatomie und Physiologie und fiir
klinische Medizin.
Virginia Med. Month. — Virginia Medical Monthly.
Vlaam's Diergeneesk. Tijdschr. — Vlaam's Diergeneeskunde Tijdschrift.
War Med. — War Medicine.
West. J. Surg. Obst. Gyn. — Western Journal of Surgery, Obstetrics and Gynecology.
West Virg. M. J. — West Virginia Medical Journal.
Wien. Chem.-Ztg. — Wiener Chemiker-Zeitung.
Wien. klin. Wchnschr. — Wiener klinische Wochenschrift.
Wien. med. Bl. — Wiener medizinische Blatter. (Now
Med. Bl.)
Wien. tierdrztl. Monatsschr. — Wiener tierarztliche
Monatsschrift.
Wisconsin Exp. Sta. Ann. Rep. Bull. — Wisconsin Experiment Station Annual Report Bulletin.
Wisconsin M. J. — Wisconsin Medical Journal.
Yale J. Biol. Med. — Yale Journal of Biology and
Medicine.
Year-book Pharm. — Year-book of Pharmacy and
Transactions
of British Pharmaceutical Conference.
Zentralbl. Bakt. — Zentralblatt fiir Bakteriologie,
Parasitenkunde und Infektionskrankheiten.

ABBREVIATIONS
Zentralbl. Chir. — Zentralblatt fur Chirurgie.
Zentralbl. Gyntik. — Zentralblatt fur Gynakologie.
Zentralbl. Haut-Geschlechtskrank. — Zentralblatt fur
Haut- und Geschlechtskrankheiten sowie deren
Grenzgebiete.
Zentralbl. inn. Med. — Zentralblatt fiir innere Medizin.
Ztschr.
anal.
Chem. — Zeitschrift
fiir analytische
Chemie.
Ztschr. Biol. — Zeitschrift fiir Biologic
Ztschr. exp. Path. Titer. — Zeitschrift fiir experimentelle Pathologie und Therapie.
Ztschr. ges. exp. Med. — Zeitschrift fur die gesamte experimentelle Medizin.
Ztschr.
ges. Neurol.
Psych. — Zeitschrift
fiir die
gesamte Neurologie und Psychiatric
Ztschr. Hyg. Infektionskr. — Zeitschrift fiir Hygiene
und Infektionskrankheiten.
Ztschr. Immun. exp. Ther. — Zeitschrift fiir Immunitatsforschung und experimentelle Therapie.
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Ztschr. Infektionskr. — Zeitschrift fiir Infektionskrankheiten, parasitare Krankheiten und Hygiene der
Haustierc
Ztschr. Kinderh. — Zeitschrift fiir Kinderheilkunde.
Ztschr. klin. Med. — Zeitschrift fiir klinische Medizin.
Ztschr. Kreislauf. — Zeitschrift fiir Kreislaufforschung.
Ztschr. Laryng. Rhin. — Zeitschrift fiir Laryngologie,
Rhinologie, Otologie und ihre Grenzgebiete.
Ztschr. Naturforsch. — Zeitschrift fiir Naturforschung.
Ztschr. physiol. Chem. — Zeitschrift fiir physiologische
Chemie.
Ztschr. Untersuch. Nahr. Genussm. — Zeitschrift fiir
Untersuchung der Nahrungs- und Genussmittel,
sowie der Gebrauchsgegenstande. (Now Ztschr.
Untersuch. Lebensm.)
Ztschr. Untersuch. Lebensm. — Zeitschrift fiir Untersuchung der Lebensmittel.
Ztschr.
Vitaminjorsch. — Zeitschrift fiir Vitaminforschung.
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PART ONE: Drugs recognized by The United States
Pharmacopeia, British Pharmacopoeia, International
Pharmacopoeia or The National Formulary
ACACIA.
Gum

Arabic,

U.S.P., B.P.
[Acacia]

"Acacia is the dried gummy exudate from the
stems and branches of Acacia Senegal (Linne)
Willdenow, or of other related African species of
Acacia (Fam. Leguminosa) ." U.S. P. The B.P.
definition is the same except that it does not
specify the geographical origin.
Gum Acacia. Acaciae Gurami; Gummi Africanum;
Mimosae; Gummi Arabicum. Fr. Gomme arabique;
de Senegal. Ger. Arabisches Gummi; Akazien
Senegalgummi. It. Gomma Arabica; Gomma del
Sp. Goma de acacia; Goma Ardbiga; Goma del

Gummi
Gomme
Gummi;
Senegal.
Senegal.

The name Acacia was employed by the ancient
Greeks to designate the gum tree of Egypt, and
has been appropriately applied to the genus in
which that plant is included. Gum Arabic is recorded by Herodotus (5th century B.C.) as being
used by the ancient Egyptians as an adhesive. Its
use in medicine is mentioned in several of the
Egyptian papyri. Hippocrates refers to it in medical works published between 450-350 B.C.
The genus Acacia includes more than 500 species of tropical trees and shrubs, many of which
have been of considerable economic importance
as sources of gums, tannins, timber, dyes and
perfumes. The Ark of the Covenant and the
furniture of the Tabernacle are said to have been
made from timber yielded by Acacia Seyal, the
Shittim wood tree of the Bible. The same wood
was made into coffins for the burial of the
Egyptian kings.
The acacias thrive in the forests of northern
Africa, occupying a zone stretching across the
continent from Abyssinia in the east to Senegal
in the west and chiefly between the 12 th and 13 th
degree of latitude. The most important of the
gum-yielding acacias is the official A. Senegal
(Linne) Willd. This is a small tree rarely exceeding a height of 6 m., with a grayish bark, bipinnate leaves, dense spikes of small yellow flowers,
and broad pods containing 5 or 6 seeds. It forms
large forests in western Africa, north of the river
Senegal, and is abundant in eastern Africa, Khor-
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dofan, and southern Nubia. It is known by the
natives of Senegambia as Verek and of Khordofan
as Hashab.
Nearly all species of acacia growing in Africa
yield gum. The commercial Somali gum, which is
usually of fair quality, is yielded by A. glaucophylla Steud. and A. abyssinica Hochst., shrubs
growing in Abyssinia and the Somali country.
The following species yield a gum having a brownish or reddish color, and hence are less valuable,
viz., African A. arabica Willd. (Amrad gum), A.
stenocarpa Hochst. ex A. Rich., A. Seyal Del. and
A. Ehrenbergiana Hayne. It would appear from
the studies of Rangaswami {Indian J. Pharm.,
1942, 4, 128) that the pale yellow gum from
A. arabica produced in S. India nearly approaches
that of A. Senegal in quality and could be used
as a substitute for it. Inferior gums are yielded
also by the following: A. horrida Willd., which
furnishes the so-called Cape gum, distinguished
by being very brittle and yielding a less adhesive
mucilage. Talca or Sennarr gum is derived from
A. Seyal Delile and A. stenocarpa Hochst. ex A.
Rich. This gum has a greenish tinge and yields
a ropy mucilage. Amritsar gum is obtained from
A. modesta Wall. It occurs in large brown tears
and like A. arabica is used in calico printing.
Mogadore gum, derived from A. gummi fera
Willd., occurs in dark brown tears which are little
fissured. Australian gum has usually a reddish
color, said to be due to the presence of tannin,
although some specimens are light in color and
scarcely distinguishable from acacia. This gum is
also called Wattle gum or Australian gum, and is
derived from the Golden Wattle Acacia (A.
pycnantha Benth.), a shrub growing in southern
Australia. Lutz (/. pharm. chim., 1942, 9:2, 49)
gives Acacia decurrens Willd. var. mollissima
Willd. as the source of Wattle Gum. However,
the term "Wattle" is used for any one of various
species of Acacia of Australia, Tasmania and
S. Africa which are valued for their gum, bark or
wood.
The astringent bark and unripe fruit of the
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acacia contain both tannic and gallic acids. The
dried juice of the pod was used by the ancient
Greeks; and an extract is still sold in the bazaars
of India under the name of Akakia.
The gum of the acacias exudes spontaneously
from cracks in the bark, and hardens on exposure;
but in commercial production incisions are usually
made in order to facilitate the exudation. The
gum is said also to be found immediately under
the bark, where it is sometimes collected in
regular cavities. It is formed within the plant by
metamorphosis of the cells of the inner bark.
The tissues involved are chiefly those of the
sieve and the cambium. The formation of the gum
is believed to be a pathological process, as gummosis develops more largely upon the wounding
of the trees and their infection by bacteria and
other parasites. The investigations of Smith tend
to show that all vegetable gums are of bacterial
origin and that the differences in the several gums
are due to the differences in the nature of the
bacteria producing them. (Proc. Linn. Soc. N. S.
Wales, 1904, p. 217.) For further discussion of
the origin of acacia gum see Tschirch, "Handbuch der Pharmakognosie," and Greenish, "Materia Medica," 4th ed.
The trees are not tapped for gum until they
are about six years old. Annual yields from 188
to 2856 Gm. in young trees and from 379 to 6754
Gm. in large trees have been reported. The average annual yield of gum from young trees is about
900 Gm. and from old trees over 2 kilos.
Commercial History and Varieties. —
There are two principal commercial varieties of
gum arabic: 1. The Kordofan, Gedaref or Arabian
Gum, and 2. the Senegal or West African Gum,
both of these being derived from A. Senegal. The
former of these has the finer commercial qualities,
being nearly white or faint yellowish-white and
yielding a more or less transparent viscid mucilage.
Kordofan or Arabian Gum. — This is the
finest variety of gum arabic obtainable. It is
gathered in the Kordofan province of the Sudan.
It was formerly the only kind designated as gum
arabic and entered commerce almost exclusively
through Egypt.
It now occurs in two sub-varieties designated
as "Bleached Kordofan Gum" and "Natural Kordofan Gum." The bleached variety is the most
highly esteemed and occurs in white or weak yellow angular fragments or ovoid tears the outer
surfaces of which bear numerous cracks. The
natural variety differs from the former by being
more transparent, owing to fewer cracks, and in
being more deeply yellow or pinkish in color.
During the conquest of the Sudan by AngloEgyptian forces in 1908, a railway was built from
Egypt to Khartoum in the Sudan, and since extended from Khartoum to El Obeid and Gedaref,
which opened up large areas of acacia country in
which the gum is now collected. The chief Egyptian Sudan market is at El Obeid, the shipping
companies having their main offices at Khartoum
about 500 miles distant. The finest Egyptian gum
consists of large roundish or smaller more or less
irregular fragments, transparent but usually
rendered opaque upon the surface by innumerable
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minute fissures. For information concerning
method of collection see U.S.D., 24th ed., p. 2.
Talca or Talha gum, from A. stenocarpa and
A. Seyal, is exceedingly brittle, and usually semipulverulent. It is a mixture of nearly colorless
and brownish gums, is exported at Alexandria, and
is sometimes termed gam savakin or Suakin gum.
Senegal or West African Gum. — This commercial variety ranks second to the Kordofan
gum. It is derived front A. Senegal and other
species of Acacia growing in the Sudan and
Senegal. It yields a good adhesive mucilage and
is valuable for technical purposes. Some of the
best qualities of Senegal gum are also adapted for
certain pharmaceutical uses. It was introduced
into Europe by the Dutch. The French afterwards
planted a colony on the western coast of Africa,
and took possession of the trade. The dry winds,
which prevail after the rainy season, cause the
bark to crack; the juice flows out and hardens in
masses. It is claimed that the exudation is also
largely caused by a parasitic plant, Loranthus
AcacicB Zucc, the gummy exudation freely oozing
out at the point where the parasite penetrates the
bark. Senegal gum is usually in roundish or oval
unbroken tears, or in straight or curled cylindrical
pieces of various sizes, in the finest grades whitish
or colorless, but generally yellowish, reddish, or
brownish-red. The pieces are generally larger than
those of Kordofan gum, less brittle, fissured, and
pulverizable, and break with a more conchoidal
fracture. Vermiform tears are usually present and
aid in diagnosing this variety. It is shipped from
the Senegal river to France and the United States.
The total imports of acacia into this country
during 1952 were over 20 million pounds, mostly
from Sudan, Nigeria, East Africa and India.
Impurities and Adulterations. — As gum
arabic is usually collected in huge piles at Khartoum, Gedaref, etc., before being shipped to Port
Sudan the sand and impurities are likely to sift
to the bottom. As a consequence the first orders
will be filled with the cleaner article, while the
latter, containing the siftings, may run as high
as 4 per cent of ash. The inferior grades are often
mixed with, or substituted for, the better kinds,
especially in powder.
The chief adulterant and substitute for acacia
within recent years has been Mesquite gum, from
Prosopis chilensis (Molina) Stuntz (Fam. Leguminosce), a plant indigenous to Mexico. It occurs
in brownish to reddish-brown tears of variable
size and differs from acacia in not precipitating
from its aqueous solution when solutions of ferric
chloride, lead subacetate or sodium borate are
added.
Description. — "Unground Acacia occurs in
spheroidal tears up to 32 mm. in diameter or in
angular fragments of white to yellowish white
color. It is translucent or somewhat opaque from
the presence of numerous minute fissures; very
brittle, the fractured surface glassy and occasionally iridescent. It is almost odorless and has a
mucilaginous taste.
"Flake Acacia occurs in white to yellowish
white, thin flakes, appearing under the microscope
as colorless, striated fragments.
"Powdered Acacia is white to yellowish white.
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It occurs in angular microscopic fragments with
but slight traces of starch or vegetable tissues
present.
"Granular Acacia is Acacia reduced to fine
granules. It is white to pale yellowish white.
Under the microscope it appears as colorless,
glassy, irregularly angular fragments up to 100 m*
in thickness, some of which exhibit parallel linear
streaks.
"Solubility. — One Gm. of Acacia dissolves in
2 ml. of water; the resulting solution flows
readily and is acid to litmus. It is insoluble in
alcohol." U.S.P.
Acacia is insoluble in ether, and in oils. In 22
per cent alcohol the solubility is 57 Gm. in 100
ml.; in 40 per cent alcohol, 10 Gm. in 100 ml.;
in 50 per cent alcohol, 4 Gm. in 100 ml.
Standards and Tests. — Identification. — A
flocculent, or curdy, white precipitate is produced
immediately when 0.2 ml. of diluted lead subacetate T.S. is added to 10 ml. of a 1 in 50, cold,
aqueous solution of acacia. Total ash. — Not over
4 per cent. Acid-insoluble ash. — Not over 0.5 per
cent. Water. — Not over 15 per cent. Optical rotation.— A 1 in 10 solution is only slightly levorotatory. Insoluble residue. — A mixture of 5 Gm. of
acacia, 100 ml. distilled water and 10 ml. of
diluted hydrochloric acid boiled gently for 15
minutes yields a residue not exceeding 50 mg.
Starch or dextrin. — Iodine T.S. does not give a
bluish or reddish color with a 1 in 50 aqueous
solution of acacia, previously boiled and cooled.
Tannin-bearing gums. — No blackish coloration or
precipitate is produced when 0.1 ml. of ferric
chloride T.S. is added to 10 ml. of a 1 in 50
aqueous solution of acacia. U.S.P.
The B.P. specifies the following identification
tests for acacia: (1) A flocculent white precipitate
is produced on adding a strong solution of lead
subacetate to a 1 in 50 solution of acacia. (2)
A deep blue color is produced on adding 0.5 ml. of
hydrogen peroxide solution and 0.5 ml. of a 1 in
100 solution of benzidine (in 90 per cent alcohol)
to a solution of 250 mg. of acacia in 5 ml. of
water, the mixture being allowed to stand. (3)
Particles of powdered acacia mounted in solution
of ruthenium red show no red color when examined microscopically (distinction from agar and
from sterculia). (4) No precipitate is produced on
adding 0.2 ml. of a 1 in 5 solution of lead acetate
to 10 ml. of a 1 in 50 solution of acacia (distinction from agar and from tragacanth). (5) A
mixture of 100 mg. of powdered acacia and 1 ml.
of 0.02 N iodine does not acquire a crimson or
olive-green color (distinction from agar and from
tragacanth).
Gum arabic undergoes no change on aging, if
kept in a dry place. Its concentrated aqueous
solution remains stable for a considerable time,
but ultimately becomes sour, acid being formed.
The tendency to sour is said to be increased by
using hot water in making the solution.
Constituents. — Acacia consists principally of
the calcium, magnesium and potassium salts of a
polysaccharide known as arabic acid, sometimes
called arabin. On hydrolysis with dilute acid,
arabic acid yields L-arabinose, L-rhamnose,
D-galactose, and an aldobionic acid containing
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D-glucuronic acid and D-galactose in glycosidal
combination. An oxidase-type enzyme is present
in acacia, and it is claimed that diastase is also a
constituent.
Incompatibilities. — Bourquelot (/. phartn.
chim., 1904, 19, 473, 474) reported that acacia
contains an oxidase-type enzyme which may
render it unsuitable for use in pharmaceutical
preparations which contain easily oxidized active
constituents. Thus, Kedvessy (Chem. Abs., 1943,
37, 4531) reported that the vitamin A content of
cod liver oil emulsions made with acacia decreased
54 per cent in three weeks. Griffiths et al.
{Analyst, 1933, 58, 65), on the other hand, found
that such emulsions can be kept for at least four
months without serious loss of vitamin A if stored
in well-filled, amber glass bottles and kept in the
dark. Substances stated to be incompatible with
acacia include aminopyrine, pyrogallol, morphine,
vanillin, phenol, thymol, carvol, a- and (5-naphthol,
pyrocatechol, guaiacol, cresols, creosol, eugenol,
acetyleugenol, apomorphine, eserine, epinephrine,
isobarbaloin, caffeotannic acid, gallic acid and
tannin. Kieft (Pharm. Weekblad, 1939, 76, 1133)
recommended heating acacia at 103° to 105° C.
as the best method for destroying its oxidase
enzyme. The oxidizing action of acacia mucilage
may be destroyed by heating at 100° C.
Acacia is also incompatible with strongly alcoholic liquids, solutions of ferric chloride and lead
subacetate, and strong solutions of sodium borate.
Uses. — Sodium chloride injection is of little
practical value in the treatment of low blood pressure from hemorrhage or surgical shock because
it escapes so rapidly from the blood vessels. This
characteristic is generally attributed to its noncolloid character and in 1917 Bayliss suggested
the use of a 7 per cent solution of acacia to impart the necessary colloid material. Although the
method has received some favorable reports (for
literature see Maytum and Magath, J.A.M.A.,
1932, 99, 2251) the availability of blood plasma
and plasma expanders, such as dextran and
polyvinylpyrrolidone, led to an almost complete
abandonment of the procedure.
In 1933 Hartmann and co-workers recommended intravenous injection of acacia solutions
to relieve the edema of certain types of nephrosis,
on the theory that the edema is due to a disturbance of the cclloid pressure of blood brought
about by a diminution in its protein content.
There has been considerable difference of opinion
as to whether the final results are beneficial or
injurious. Large intravenous doses of acacia in
animals (15 to 47 Gm. per kilogram in dogs)
produce toxic effects, including reduction of erythrocytes, hemoglobin and hematocrit, hastened
sedimentation of erythrocytes, transitory leukopenia and reduction of serum proteins, especially
of serum albumin (Hueper, Am. I. Path., 1942,
18, 895). Tissue examination shows enlargement
and thickening of the liver. The parenchymal
cells around the central vein and in the periportal
areas stain lightly, appear distended and contain
a vacuolated cytoplasm (foam cells) which does
not take the special stains used for fat, glycogen,
mucin or amyloid and is probably acacia. Infiltration with inflammatory
cells is minimal. The
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foam cells persist for 2 years or more and serum
albumin remains depressed although the level rises
slowly. Similar foam cells are less numerous in
the spleen and the convoluted tubules of the
kidney.
However, in patients who had received as much
as 210 Gm. (3.7 Gm. per kilo) of acacia, as long
as 3 years or as recently as 3 weeks before death
due to other causes, no such histologic changes
were observed. Patients given 60 Gm. of acacia
in the treatment of shock a few days before death
showed no foam cell changes (Smalley, Binger,
Bollman and Power, Arch. Int. Med., 1945, 76,
39). Chemical analyses demonstrate about 20 per
cent of the acacia in the urine during the first
few days; some acacia appears in the feces and
about 20 per cent is stored in the liver; only traces
are found in other tissues. A decrease in serum
albumin concentration associated with an increase
in plasma volume ^ccurs and returns toward
normal after discontinuing the injections (Yuile
and Knutti, /. Exp. Med., 1939, 70, 605). A
variety of tests of liver function reveal no impairment. In edematous patients, the urinary excretion of sodium chloride and water is increased.
Smalley and Binger (J.A.M.A., 1944, 126, 532)
reported on the condition of patients 2 to 7 years
after the intravenous injection of acacia. They
treated 109 patients with the nephrotic syndrome
in the course of chronic glomerulo-nephritis.
These edematous patients with hypoproteinemia
and albuminuria were treated with a low-salt,
high-protein (75-125 Gm. daily) diet, 1 to 1.5
liters of fluid daily and 3 Gm. of potassium nitrate
3 times a day. Edema did not subside in these
cases. Then, 500 ml. of a 6 per cent solution of
pure acacia (30 Gm.) in 0.06 per cent sodium
chloride in distilled water was given intravenously
on alternate days for 3 doses. After the third injection the concentration of acacia in the blood
was about 2 Gm. per 100 ml.; a year later 0.1 Gm.
per 100 ml. remained. After 2 to 7 years, 12 cases
were not traced; 72 cases were alive and 49 were
performing a full day's work, 21 were working
part-time and 2 were bedfast; the remaining 25
cases were dead of uremia, hypertension or cardiac
failure but of these 20 had lost their edema and
12 had lived 2 years and 5 for 4 years after treatment with acacia. No evidence of renal or hepatic
damage was observed in these patients and, in
fact, many cases showed fewer erythrocytes, leukocytes and casts in the urine and decreased albuminuria as the edema subsided. In especially
resistant cases, injection of mercurial diuretics on
alternate days, between the acacia injections, was
found to be effective and safe. Most patients
received 90 Gm. of acacia but, if necessary, as
much as 200 Gm. appears to be safe. Larger doses
produce the deleterious effects already described
(Falkenstein and Jackson, /. Pediatr., 1940, 16,
700).
Reactions during injection of acacia occurred
in 12 of the 109 cases consisting of cold extremities, flushing of the face, chill, nausea, vomiting,
dyspnea and urticaria. Epinephrine effectively
controlled or prevented these reactions.
Industrial exposure to acacia, especially as an
"offset spray" in printing, may cause asthmatic
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seizures. Acacia contains sufficient protein nitrogen to serve as an antigen (Bohner, Sheldon and
Trenis, /. Allergy, 1941, 12, 290).
In plastic surgery, a 50 per cent acacia "glue"
has been employed successfully in grafting destroyed peripheral nerves (Klemme, Woolsey and
deRezende, J.A.M.A., 1943, 123, 393).
In irritations of the mouth or fauces, a small
lump or lozenge of acacia may be allowed to dissolve slowly in the mouth for its demulcent effect.
The hygroscopic property of acacia has not proved
sufficiently marked in the intestine to serve as a
hydrophilic laxative (Gray and Tainter, Am. J.
Digest. Dis., 1941,8, 130).
In pharmacy, acacia is extensively used in the
preparation of emulsions (see Emulsions, Part II),
for the suspension of insoluble substances in mixtures, and as a binding agent in tablets, pills and
troches. For the preparation of emulsions by the
Continental method, in which acacia is required
to be mixed with the oil, preference is usually
given to the finely powdered form; granulated
acacia, possibly because of its greater content of
water, dissolves more readily in water with less
tendency to form lumps and is preferable for the
preparation of aqueous solutions. As a general
rule, one part of acacia is sufficient for the emulsification of four parts of fixed oil or two parts of
volatile oil. S
Off. Prep.— Acacia Mucilage U.S.P., B.P.;
Cod Liver Oil Emulsion; Liquid Petrolatum
Emulsion, N.F., B.P.; Compound Chalk Powder;
Phenolphthalein in Liquid Petrolatum Emulsion,
N.F.; Compound Powder of Tragacanth, B.P.
ACACIA

MUCILAGE.

U.S.P. (B.P.)

[Mucilago Acaciae]
B.P. Mucilage of Acacia.
Mucilago
Gumrai
Arabici.
Fr. Mucilage de gomrae arabique. Gcr. Gummischleim.
It. Mucillaggine di gomma arabica. Sp. Mucilago de
goma Arabiga.

Place 350 Gm. of acacia, in small fragments,
in a graduated bottle having a wide mouth and a
capacity not much more than 1000 ml. Wash the
drug with cold purified water, allow it to drain,
and add enough warm purified water, in which 2
Gm. of benzoic acid has been dissolved, to make
the product measure 1000 ml. Stopper the bottle,
lay it on its side, rotate it occasionally, and when
solution has been effected strain the mucilage.
Acacia mucilage may also be prepared by adding
400 ml. of purified water, in which the benzoic
acid has been dissolved with the aid of heat, to
350 Gm. of powdered or granular acacia and
triturating until the acacia is dissolved; sufficient
purified water is added to make the product measure 1000 ml. U.S.P.
"Caution. — Acacia Mucilage must be free from
mold
U.S.P. or any other indication of decomposition."
The B.P. mucilage is prepared by dissolving
400 Gm. of acacia, previously washed with water,
in 600 ml. of chloroform water.
Acacia mucilage does not keep very well.
Though many suggestions have been offered for
preserving it, none appears to be entirely satisfactory. Generally, addition of a preservative introduces potential incompatibilities; the use of
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chloroform water, as directed by the B.P., may be
objectionable because of the taste it gives to the
preparation.
Acacia mucilage is employed as an aid in suspending insoluble substances in liquids, as an
emulsifier, and as a pill and tablet excipient. Occasionally itis employed for its demulcent effect,
the average dose being 15 ml. (approximately
4 fluidrachms).
Storage. — Preserve "in tight containers."
U.S.P.
ACACIA

SYRUP.

U.S.P.

[Syrupus Acaciae]
Syrupus Gummi (Gummosus); Sirupus Gummi Arabici.
Fr. Sirop de gomme. Ger. Gummisirup. It. Sciroppo di
gomma arabica. Sp. Jarabe de goma.

Mix 100 Gm. of granulated or powdered acacia,
1 Gm. of sodium benzoate, and 800 Gm. of
sucrose; add 425 ml. of purified water, mix, and
heat the mixture on a water bath until solution
is effected. Cool, remove the scum, add 5 ml. of
vanilla tincture and sufficient purified water to
make the product measure 1000 ml. Strain if
necessary. U.S.P.
This demulcent syrup is often effective in masking the bitter or acid taste of medicaments, perhaps in part functioning by a protective colloid
action. A dose of 4 to 15 ml. (approximately 1 to
4 fluidrachms) is used.
Storage. — Preserve "in tight containers, and
avoid excessive heat." U.S.P.
N.F.
ACETANILID.
[Acetanilidum]
NHC0CH3

Antifebrin; Phenylacetamide; Acetylamidobenzene; Monoacetylaniline. Fr. Acetanilide. Ger. Azetanilid; Acetphenylamid. Sp. Acetanilida ; Acetilfenilamina.

Acetanilid, introduced into medicine in 1886 as
antifebrin, may be prepared by the action of
acetic anhydride, acetyl chloride, or glacial acetic
acid on aniline. A commercial process involves
heating glacial acetic acid and aniline for several
hours until tests show the absence of unreacted
aniline. The crude product is purified by recrystallization from hot water.
Description. — "Acetanilid occurs as white,
shiny crystals, usually in scales, or as a white,
crystalline powder. It is odorless, and is stable in
air. Its saturated solution is neutral to litmus
paper. One Gm. of Acetanilid dissolves in 190 ml.
of water, in 3.5 ml. of alcohol, in 4 ml. of chloroform, and in about 17 ml. of ether. One Gm.
dissolves in 20 ml. of boiling water, and in about
0.6 ml. of boiling alcohol. It is soluble in glycerin.
Acetanilid melts between 114° and 116°." N.F.
Standards and Tests. — Identification. — (1)
100 mg. of acetanilid boiled with 5 ml. of sodium
hydroxide T.S. evolves vapors of aniline; addition
of several drops of chloroform and further heating produces phenyl isocyanide, a poisonous compound recognized by its disagreeable odor. (2) A
white, crystalline precipitate of ^-bromoacetanilid forms on adding a few drops of bromine

T.S. to 10 ml. of saturated solution of acetanilid.
Loss on drying. — Not over 0.5 per cent on drying
over sulfuric acid for 2 hours. Residue on ignition.— Not over 0.05 per cent. Readily carbonizable substances. — A solution of 500 mg. of acetanilid in 5 ml. of sulfuric acid has no more color
than matching fluid A. N.F.
Incompatibilities. — Acetanilid is incompatible with alkalies (which liberate aniline) and
when it is triturated with phenol, resorcinol,
chloral hydrate, acetylsalicylic acid, antipyrine,
and many other organic drugs it forms a mixture
which liquefies. With ethyl nitrite spirit, amyl
nitrite, or with acid solutions of nitrites a yellow
solution is produced which turns to red upon
standing. In acid solutions acetanilid is slowly
hydrolyzed. Bromides and iodides form with acetanilid a precipitate. Ferric salts produce with it a
red color.
Uses. — Acetanilid possesses analgesic and
antipyretic properties, and is today used in medicine especially for the former, and to a lesser
extent for the latter, effect. As with acetophenetidin, it yields in the system principally N-acetyl/»-aminophenol, to which the therapeutic utility
of the compounds is apparently attributable.
From 70 to 90 per cent of acetanilid administered
to humans appears in the urine as conjugation
derivatives, with sulfuric acid and glucuronic acid,
of />-aminophenol and its N-acetyl derivative
(Greenberg and Lester, /. Pharmacol., 1946, 88,
87). A minor fraction of acetanilid deacetylates
to aniline (ibid., 1948, 94, 29).
The most striking actions of acetanilid are upon
the heat-regulating mechanism and upon pain
perception. The maintenance of body temperature is the result of a delicate balance between
the amount of heat generated in the system by
oxidation and that which is utilized or dissipated.
Antipyretics, including acetanilid, have little if
any effect on production of heat; their action
appears to be that of increasing dissipation of heat
by dilatation of cutaneous blood vessels and by
increasing the degree of sweating. There is difference of opinion as to the advisability of using
antipyretic drugs to lower body temperature when
it is elevated. At times these drugs produce such
a sudden or excessive change as to lead to
collapse. The need for antipyretic drugs has
diminished as effective chemotherapeutic agents
have become available.
The most important use of acetanilid at the
present time is for the relief of pain, especially
that of neuralgia, whether of the head or other
portions of the body. While it will usually relieve
even severe neuralgic pains, it is comparatively
feeble in traumatic conditions. It is believed that
the analgesic effect is the result of depression of
the pain-perceiving mechanism. Hale and Grabfield (/. Pharmacol., 1923, 21, 77), in experiments upon men, found that the threshold of
perception of faradic irritation of the skin was
raised about 30 per cent. Wolff, Hardy and
Goodell (/. Clin. Inv., 1941, 20, 62) reported a
similar degree of reduction in the perception of
pain caused by radiant heat. The analgesic effect
appeared about an hour after oral administration,
and persisted for 2 to 3 hours. Doses larger than

Acetanilid

300 mg. did not increase or prolong the analgesic
effect. In the presence of pain induced by a
tourniquet on the arm which obstructed arterial
flow for 30 minutes, acetanilid induced the same
decrease in the sensitivity to the discomfort
caused by radiant heat on the forehead as it did
in the absence of pain in the arm. In contrast
morphine, which raised the threshold about 70
per cent without pain in the arm, elevated the
threshold (to heat on the forehead) only about
30 to 40 per cent when ischemic pain was present
in the arm. Acetanilid allayed restlessness and
anxiety more effectively than did 300 mg. of
acetylsalicylic acid. Combinations with other
analgesic drugs did not enhance the action above
that of the most effective component. Mullin and
Luckhardt (Arch, internal, pharmacodyn. therap.,
1937, 55, 112), on the other hand, did not find
acetanilid to produce in men any diminution in
the perception of pressure pain.
Locally acetanilid is mildly antiseptic and to
some degree anesthetic. It has been used as a
dusting powder in various types of ulcers, but its
use is not free from danger and it does not appear
to have any great advantage over a number of
other safer remedies for this purpose. H
Toxicology. — The freedom with which acetanilid and allied drugs are used by the laity
makes the subject of their potential danger a
matter of considerable economic as well as hygienic importance. Unfortunately, much that has
been written on the subject has been in the spirit
of trying to establish a preconceived opinion
rather than to discover the truth. From the welter
of polemics, certain deductions are scientifically
justified.
In ordinary doses acetanilid has no demonstrable action on respiration or circulation in lower
animals, although in very large quantities it acts
as a depressant to the heart (Higgins and
McGuigan, /. Pharmacol, 1933, 49, 466). It
appears also to be feebly depressant to the motor
centers in the cord.
Acute poisoning (cyanosis, prostration and collapse) israre. The acute lethal dose of acetanilid
for the lower animals (see Clark, /. Pharmacol.,
1940, 69, 280), and ordinarily for men, is so large
that one would hardly class it as a poison. On the
other hand, there have been several deaths from
acute acetanilid poisoning, one from as little as
18 grains. Several of these deaths occurred during its use in fever and it is well known that a
sudden reduction in body temperature may produce circulatory collapse. The common custom
of adding caffeine to acetanilid mixtures to guard
against cardiac depression has been shown by
several investigators to be futile; indeed it seems
well established that caffeine increases the toxicity
of acetanilid (see Smith and Hambourger. /.
Pharmacol, 1935. 55, 200 and 1936, 57, 34). The
number of deaths from acetanilid which can be
ascribed to idiosyncrasies, compared to the millions of doses which have been ingested appears
singularly small.
Acute poisoning in children is manifested by
vomiting, abdominal pain, diarrhea, cyanosis,
fatigue, vertigo, somnolence, palpitation, muscular spasms, delirium and coma. Urticaria is seen.
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Treatment consists of gastric lavage, cathartics,
an enema, oxygen inhalation and nikethamide,
pentylenetetrazole, etc. Venesection and replacement of blood capable of carrying oxygen may be
necessary.
It seems definitely established that the continued use of acetanilid in large doses (1.5 Gm.
daily) leads to anemia and degenerative changes
in the heart and other organs. Chronic poisoning
is manifested by cyanosis, anorexia, cachexia,
anemia, varied psychic and neurologic disorders,
lassitude, insomnia and headache (Lundsteen,
Meulengracht and Rischel, Acta med. Scandinav.,
1938, 96, 462). Since headache may be the
symptom for which the drug was taken, a vicious
cycle is established. Splenomegaly is often associated with the hemolytic anemia. Tolerance to
large doses may develop and withdrawal symptoms, such as acute mania, have been reported
(Austin, J.A.M.A., 1942, 120, 911; Mcintosh,
N. Carolina M. J., 1940, 1, 143; Payne, /.
Pharmacol, 1935, 53, 401).
The repeated use of acetanilid in large doses
leads to a change in the color of the blood.
Although Young and Wilson (/. Pharmacol, 1926,
27, 1334) believed that the new pigment is due to
decomposition products of />ara-aminophenol, the
observations of Harrop and Waterfield (J. A.M. A.,
1930, 95, 647), of Smith (/. Pharmacol, 1940,
70, 171) and many others seem to leave no room
for doubt that there is a formation of either
methemoglobin, sulfhemoglobin, or both. Brandenburg and Smith (Am. Heart J., 1951, 42, 582)
reported 62 clinical cases of sulfhemoglobinemia,
44 of which followed the prolonged ingestion of
acetanilid alone or in combination with potassium
bromide and caffeine. Reynolds and. Ware
(J.A.M.A., 1952, 149, 1538), in reporting 6 cases
of sulfhemoglobinemia following the prolonged
use of acetanilid, emphasize that this pigment
occurs more commonly than methemoglobin. Accompanying the change in hemoglobin there is a
diminution in the oxygen-carrying power of the
blood. Methemoglobin is rapidly reversed to
normal hemoglobin by the enzyme systems in the
red blood cells as soon as the offending agent is
removed, but sulfhemoglobin is not reversible to
hemoglobin and, once formed, it persists for the
life of the red cell. The two pigments may be
differentiated by spectroscopic examination of
the blood.
Whether acetanilid is to be classed as a habitforming drug depends largely on what one means
by the term "habit-forming" (whether psychic or
physical dependence). Undoubtedly, there are
hundreds of persons who use acetanilid daily,
just as there are millions who are addicted to caffeine beverages, but we do not believe it is justifiable to speak of it as a habit-forming drug in the
sense that opium or alcohol is. despite the report
of Stewart (J. A.M. A., 1905. 44, 1724). Just how
much of the drug is needed to bring about these
noxious effects it is impossible to say. Acetanilid
is relatively safe as a therapeutic agent but its
habitual use by the laity is not to be encouraged
(see also Hanzlik, /. Am. Dent. A., Sept., Oct.
and Nov., 1940).
Dose. — The usual dose of acetanilid is 200 mg.
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(approximately 3 grains), with a range of 200 to
500 mg. ; not more than 1 Gm. should be taken in
24 hours.
Storage. — Preserve "in well-closed containers." N.F.
ACETANILID

TABLETS.

N.F.

[Tabellae Acetanilidi]

"Acetanilid Tablets contain not less than 94
per cent and not more than 106 per cent of the
labeled amount of CsHgNO." N.F.
Assay. — A representative sample of tablets,
equivalent to about 300 mg. of acetanilid, is
digested with petroleum benzin to remove lubricants, after which the acetanilid is extracted with
chloroform, the solvent evaporated, and the residue of acetanilid dried at about 80° for 2 hours,
and finally weighed as CsHgNO. N.F.
Storage. — Preserve "in well-closed containers." N.F.
Usual Sizes. — 3 and 5 grains (approximately
200 and 300 mg.).

ACETARSONE.

N.F. (B.P.) LP.

3-Acetamido-4-hydroxybenzenearsonic
Acid, [Acetarsonum]
As0(0H)o

NHC0CH-,

"Acetarsone, dried at 105° for 1 hour, yields
not less than 98.8 per cent and not more than
101.4 per cent of CsHioAsNOs." N.F. The B.P.
defines acetarsol as 3-acetamido-4-hydroxyphenylarsonic acid, and requires it to contain not less
than 27.1 per cent and not more than 2 7.5 per
cent of As, calculated with reference to the substance dried to constant weight at 105°. The LP.
limits are 26.8 to 27.5 per cent of As, with reference to the substance dried at 100° for 4 hours.
B.P. Acetarsol. I. P. Acetarsolum. N-acetyl-4-hydroxy-marsanilic acid. Stovarsol (Merck), Kharophen, Orarsan,
Spirocid.

The intermediate from which acetarsone, as
well as arsphenamine and most other arsenicals,
may be prepared is 3-nitro-4-hydroxyphenylarsonic acid (for method of obtaining it see under
Arsphenamine) . By reducing only the nitro group
— not the arsenic — in this intermediate and
acetylating the resulting amino group acetarsone
is produced.
Description. — "Acetarsone occurs as a white
or slightly yellow, odorless powder. It is stable at
ordinary temperatures. Acetarsone dissolves in
solutions of alkali hydroxides or carbonates. It is
slightly soluble in water and insoluble in alcohol.
Its saturated aqueous solution is acid to litmus
paper." N.F. The B.P. gives the melting point as
about 240°, with decomposition.
Standards and Tests. — Identification. — (1)
A yellow precipitate is produced on adding 2 Gm.
of sodium hydrosulfite to a solution of 1 Gm. of
acetarsone in 10 ml. of sodium hydroxide T.S.

diluted with 10 ml. of water, the mixture being
heated in a water bath for 20 minutes; after decanting the supernatant liquid the precipitate dissolves in an excess of sodium hydroxide T.S. (2)
A yellow precipitate, soluble in ammonium carbonate T.S., is produced when hydrogen sulfide is
passed into the solution resulting from the assay
for arsenic. (3) A solution of 100 mg. of acetarsone in 5 ml. of sodium hydroxide T.S. is evaporated to about 3 ml., cooled, 2 or 3 drops of
alcohol and 2 ml. of sulfuric acid added and the
mixture heated gently : an odor of ethyl acetate is
apparent. Loss on drying. — Not over 2 per cent,
when dried at 105° for 1 hour. Residue on ignition.— Not over 0.2 per cent. Solubility in sodium
carbonate. — A practically clear solution, not
darker than a pale yellow, is obtained from 1 Gm.
of acetarsone and 10 ml. of sodium carbonate
T.S. Aminohydroxyphenylarsonic acid. — No red
or brown color is produced on adding 2 drops of a
1 in 30 potassium dichromate solution to the filtrate obtained by shaking 1 Gm. of acetarsone
with 10 ml. of a mixture of equal volumes of diluted hydrochloric acid and water and then filtering. Inorganic arsenates. — No precipitate is produced on adding a slight excess of ammonia T.S.
and 2 ml. of magnesia mixture T.S. to a solution
of 500 mg. of acetarsone in 10 ml. of water; on
heating the solution for 10 or 15 minutes a precipitate will form. N.F.
As the test for aminohydroxyphenylarsonic
acid the B.P. specifies that the color produced
when a solution of unhydrolyzed acetarsone is
diazotized and coupled with betanaphthol shall
not be deeper than that obtained when about
%ooth of the amount of acetarsone is hydrolyzed
by acid and similarly diazotized and coupled.
Loss on drying to constant weight at 105° is
limited to 0.5 per cent. A limit test for chloride
is also provided by the B.P.
Assay. — In the N.F. assay about 200 mg. of
dried acetarsone is decomposed with potassium
permanganate and sulfuric acid. Hydrogen peroxide isadded to reduce the excess permanganate
and the pentavalent arsenic is reduced to the
trivalent state by iodide; the liberated iodine is
titrated with 0.1 iV sodium thiosulfate. Each ml.
of 0.1 N sodium thiosulfate represents 13.75 mg.
of CsHioAsNOs. The B.P. assay provides for
oxidation of the acetarsone with fuming nitric
acid and sulfuric acid. The nitric acid is subsequently decomposed with the aid of ammonium
sulfate, the arsenic reduced by iodide and, finally,
in the presence of sodium bicarbonate, the trivalent arsenic is oxidized to the pentavalent state
by titration with 0.1 iV iodine. The LP. assay is
practically the same as that of the B.P.
Uses. — This pentavalent arsenical was among
those which Ehrlich tested but rejected because
it produced severe nerve disorders in mice. In
1921 Fourneau introduced it as a preventive and
curative remedy for syphilis. Its value in this
condition was studied by Raiziss {Arch. Dermat.
Syph., 1935, 25, 799) who found that it apparently penetrates into the spinal canal more easily
than trivalent arsenicals. While it is apparently
less efficient than arsphenamine as an antisyphilitic, it is effective when given by mouth. How-
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ever, doses which are effective for adult syphilis
produce toxic effects in from 7 to 20 per cent of
patients. Because of its toxicity it is generally not
recommended for the treatment of congenital lues
in infants (Vem. Dis. Inform., 1942, Suppl. 18,
1-92). Considering the availability of other and
safer methods of treating syphilis the risk of
toxicity from such use of acetarsone is not justified. Both acetarsone and its bismuth salt have
been employed as an adjuvant to the malarial
therapy of neurosvphilitic insanitv (ParkenhamWalsh. J. Meat. Sc, 1942. 88, 344).
Yaws has been successfully and cheaply treated
with oral doses of 250 mg. daily in 3 courses of
20 days each, separated by 14-day intervals without medication (Pardo-Costello, Arch. Dermat.
Syph., 1939. 40, 762).

Dose. — The range is from 60 to 250 mg. (approximately to
1 4 grains), two or three times a
day. It should not be continued for more than a
week or 10 days; treatment may be resumed after
a rest period.
Derivatives. — A water-soluble sodium derivative of acetarsone. suitable for the preparation of
injections, is sold abroad. Other derivatives are
the bismuth compound, generally injected as an
oil suspension, and the water-soluble diethylamine acetarsol, known as Acetylarsan (Merck),
used intramuscularly or subcutaneously.
Storage. — Preserve "in well-closed containers." X.F.
X.F.
ACETARSONE TABLETS.

Vincent's angina responds favorably to 250 mg.
of acetarsone in a paste made
with glycerin or
water and locally applied (Maxwell. Pract., 1936.
2, 660). In a jelly vehicle it has given prompt
relief in fusospirochetal balanitis (Thompson.
Brit. M. J., 1943. 2, 485). Meigs (New Eng. J.
Med., 1942. 226, 562) and others have used
acetarsone with success in trichomonas vaginitis;
100 mg. may be applied as a powder or in aqueous
solution in the office, and a tablet or impregnated
tampon containing acetarsone, with glucose, lactic
and boric acids, starch, sodium bicarbonate and
tartaric acid prescribed for insertion at bedtime.
A powder containing 12.5 per cent of acetarsone
with kaolin and sodium bicarbonate is used by
some physicians for insufflation every second or
third day until three or four treatments have been
given.
In amebic dysentery Faust. D'Antoni and
Sawitz {Clin. Med., 1943. 50, 261) found acetarsone highly effective; they administered 260
mg. twice a day for two days, then three times
daily for three days. Balantidiasis also responds
to this drug (McCarey. Brit. M. J., 1952, 1, 629).
Acetarsone is reported to be valuable in the
treatment of pemphigus (Oppenheim and Cohen,
Arch. Dermat. Syph., 1950. 61, 500); and of
diphtheria carriers, being administered by nasal
instillation (Brit. M. J., 1937. 1, 2).
Acetarsone is completely absorbed, after oral
administration, and rapidly excreted in the urine,
with only small amounts stored in the fiver and
other tissues (Dimter and Allin. Ztschr. Ki?idcrh.,
1943. 63, 760). It should be remembered that
although acetarsone is generally given by mouth
it is capable of giving rise to the same group of
toxic manifestations that follow arsphenamine.
The effective dose nearly equals the toxic dose.
Toxic effects are infrequent if rest periods of
three to five days are prescribed between each
three to five days of administration. Deaths have
been due to nephritis, neuritis, encephalitis, exfoliative and bullous dermatitis, hepatitis, aplastic
anemia and indefinite causes. Less severe reactions include erythema, diarrhea, vomiting, fever,
albuminuria, paresthesias and vertigo. Acetarsone
is contraindicated in patients with disease of the
cardiovascular system, impaired liver or kidney
function, optic neuritis, fever or recent hemorrhage (Ven. Dis. Inform., 1942, Suppl. 18, 1-92). ®

'Acetarsone Tablets contain not less than 92.5
per cent and not more than 107.5 per cent of the
labeled amount of CvHu.AsXO-,." X.F.
Usual Sizes.— 10, 50, 100, and 250 mg. (approximately %,H, 1%, and 4 grains).

[Tabellae Acetarsoni]

ACETIC

ACID.

U.S.P., B.P.

[Acidum Aceticum]

"Acetic Acid is a solution containing not less
than 36 per cent and not more than 37 per cent,
by weight, of C2H4O2." U.S.P. The B.P. requires
33.0 per cent w/w of C2H4O2 (limits, 32.5 to

OO.J).

Ethanoic Acid. Acetum Concentratum : Acidum Aceticum
Dilutum (.Get., Sp.) Ger. Verdiinnte Essigsaure. Sp. Acido
acetico diluido.

Formerly the chief commercial source of acetic
acid was the destructive distillation of wood.
When carbonized out of contact with air. wood
yields many volatile products, among which are
an acid liquor called pyroligneons acid, an empyreumatic oil. and tar containing creosote and some
other proximate principles (see Pine Tar). When
the carbonization is performed in closed vessels.
these products may be collected, and, at the same
time, a large amount of charcoal be obtained. In
the case of resinous woods, wood oil and turpentine oil are obtained before the charring temperature is reached.
Crude pyroligneous acid, sometimes called
pyroligneons vinegar, or wood vinegar, is a dark
brown liquid, having a strong smoky odor, and
consisting of acetic acid, methanol, acetone, water
and more or less tar. At one time the crude
pyroligneous acid was converted to calcium acetate by treatment with lime, and the acetic acid
obtained by subsequent distillation with sulfuric
acid. This method of recovering acetic acid from
pyroligneous acid is no longer economically practicable; at present, the acetic acid is separated
by processes invoking solvent extraction, as with
isopropyl ether, and removal of water by azeotropic distillation, using a water-entraining liquid
(see Glacial Acetic Acid). The product can readily
be concentrated, if desired, to contain over 99 per
cent of CH3COOH.
During the first World War the facilities of
the wood distillation industry were found to be
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entirely inadequate to supply the demand for
acetic acid and it was made from molasses which
had been fermented into alcohol. In this process
conversion of the molasses alcohol into acetic acid
was accomplished by the quick fermentation process in which weak alcohol was passed through
percolators filled with beech wood shavings which
had been inoculated with Mycoderma aceti. Another method for the rapid production of acetic
acid, introduced during the same war, depends on
the conversion of acetylene to acetaldehyde which
is then readily oxidized to acetic acid by means
of air; catalysts are employed in both reactions.
Still another process for the manufacture of
acetic acid is the oxidation of alcohol vapor by
air in the presence of suitable catalysts. Acetic
acid may also be produced by heating a mixture
of carbon monoxide and methyl alcohol in the
presence of catalysts.
Description. — "Acetic Acid is a clear, colorless liquid, having a strong, characteristic odor,
and a sharply acid taste. Acetic Acid is miscible
with water, with alcohol, and with glycerin. The
specific
U.S.P. gravity of acetic acid is about 1.045."
The specific gravity of acetic acid increases
with concentration to a maximum of 1.0681 at
25° C. (76-79 per cent HC2H3O2), after which it
decreases until it reaches 1.0471 at 25° C, the
specific gravity of the 100 per cent acid. The
specific gravities of the glacial (100 per cent) and
the 39 per cent acid are practically the same, and
this applies also to the 74 and 81 per cent acids.
Standards and Tests. — Identification. —
Acetic acid responds to tests for acetate. Nonvolatile residue. — Not over 1 mg. of residue remains when 20 ml. of acetic acid is evaporated on
a water bath and dried at 105° for 1 hour.
Chloride. — No opalescence is produced when silver
nitrate T.S. is added to a 1 in 10 aqueous solution
of acetic acid. Sulfate. — No turbidity is produced
when barium chloride T.S. is added to a 1 in 10
aqueous solution of acetic acid. Heavy metals. —
The limit is 10 parts per million. Readily oxidizable substances. — The color of 4 ml. of acetic
acid, 20 ml. of distilled water, and 0.3 ml. of
0.1 N potassium permanganate does not change
to brown at once nor does it lose its pink tint entirely inless than 30 seconds. U.S.P.
The B.P. specifies a test for limit of formic
acid and of oxidizable impurities in which the
acid is mixed with 0.1 N potassium dichromate
and sulfuric acid and, after standing for a minute,
with a solution of potassium iodide; a yellow or
brown color should be produced immediately, indicating the presence of less than the limit of
impurity. An arsenic limit of 2 parts per million
and a lead limit of 1 part per million are stipulated. Other tests are similar to corresponding
tests in the U.S.P.
Assay. — A sample of about 6 ml. is weighed,
diluted with water, and titrated with 1 N sodium
hydroxide, using phenolphthalein indicator. Each
ml. of I N sodium hydroxide represents 60.05 mg.
of C2H4O2. U.S.P.
Uses. — Acetic acid has an active astringent action and is occasionally used for this purpose in
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skin diseases; it is also employed as a styptic.
Along with copious amounts of water, a 3 per
cent or less concentrated solution of acetic acid
may be used to neutralize alkali burns of the skin;
the heat produced in the neutralization of residual
alkali may aggravate the injury if the acid is concentrated. A0.5 per cent solution is used as a
cleansing agent or for moistening compresses on
infected burns or other wounds of the skin; this
concentration is bacteriostatic for most common
bacteria. Nielson (J. A.M. A., 1934, 102, 1179)
recommended 18 per cent acetic acid as a local
application, every third or fourth day, in the
treatment of various forms of ringworm of the
skin, such as tinea capitis and athlete's foot. A
1 per cent solution is an effective surgical dressing for pyocyaneus infections. Boiled household
vinegar, equivalent to 5 per cent acetic acid, was
instilled into the external auditory canal in cases
with purulent drainage from chronic otitis media
by Ochs (Arch. Otolaryng., 1950, 52, 935); when
the canal was thoroughly cleansed, a tampon of
cotton was inserted against the drum, moistened
with the vinegar and left for 2 days. Infection
cleared after 1 to 3 treatments in 36 ears and
relapsed in only 5. In chronic pulmonary suppuration due in part at least to Pseudomonas aeruginosa, Currence (Am. J. Dis. Child., 1952, 83,
637) used 1 ml. of a 1 : 1000 solution as an aerosol
three times daily; symptoms were relieved although the bacteria persisted. Steam inhalations
from 30 ml. of vinegar in a liter of water were
also used. For urinary infections with cystitis an
0.5 to 1 per cent solution is used as a bladder
irrigation, especially for ammonia-forming bacteria. As an acid (pH 5) vaginal douche, 1 to 2
per cent acetic acid (%. to x/z cup of white vinegar to 2 quarts of warm water) is commonly
used (Hirst, Am. J. Obst. Gynec, 1952, 64), in
the treatment of Trichomonas vaginalis and other
types of vaginitis. For contraceptic purposes, 1
per cent acetic acid has been incorporated in a
mucilaginous vehicle containing tragacanth, acacia,
agar,
etc.
Internally,
acetic acid is occasionally employed
as a refrigerant drink, but it is less palatable than
citric acid solution. Because it is completely
oxidized in the body acetic acid does not affect
the acidity of the general system. As an emergency remedy in hemorrhage from the stomach,
diluted acetic acid, mixed with an equal volume
of water — so that the solution contains about
3 per cent of HC2H3O2 — has been used in tablespoonful doses every few minutes as required. Because of its volatility and pungency, the vapor of
acetic acid is used for inhalation in the treatment
of faintness and sick headache, in the same manner as smelling salts. This action, like that of
ammonia, is due to reflexes from irritation of the
mucous membrane of the nose. The N.F.V. recognized, under the name Acetum Aromaticum, a
mixture containing several volatile oils, with
acetic acid, for this particular use.
Acetic acid possesses extraordinary solvent
power for many organic substances, and enhances
the miscibility of many, otherwise immiscible,
liquids with water. Charles F. Squibb and J. P.
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Remington called attention to the solubilizing
effect of acetic acid when used in the menstrua
for extracting certain drugs, and proposed a class
of preparations, called acetracts, as substitutes for
the conventionally prepared solid extracts. |v]
Dose, 0.3 to 0.6 ml. (approximately 5 to 10
minims), diluted with water; topically, 0.5 to 20
per cent solutions are used.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Diluted Acetic Acid, N.F., B.P.;
Aluminum Subacetate Solution, U.S. P.; Lobelia
Tincture, N.F.
GLACIAL

ACETIC

ACID.

U.S.P., B.P.

[Acidum Aceticum Glaciate]

CH3.COOH
"Glacial Acetic Acid contains not less than 99.4
per cent, by weight, of C2H4O2." U.S.P. The B.P.
rubric is not less than 99.0 per cent C2EUO2.
Crystallizable Acetic Acid. Acidum Aceticum Concentratum; Acidum Aceticum {Fr., Ger., It., Sp.). Fr. Acide
acetique; Acide acetique cristallisable; Acide acetique pur.
Ger. Essigsaure; Eisessig. It. Acido acetico. Sp. Acido
acetico; Acido Acetico Glacial; Acido etanoico.

Formerly glacial acetic acid was prepared by
distilling a mixture of anhydrous sodium acetate
and sulfuric acid, but it is now prepared by concentrating weaker solutions of acetic acid. Commercial processes depend upon the separation of
water by fractional distillation, by formation of
compounds with anhydrous salts, by refrigeration,
by entrainment with an organic solvent or by
other chemical reactions. Thus, acetic acid may
be rendered anhydrous by rectification with diethylcarbonate which lowers the boiling point of
the water. By this means 50 per cent acetic acid
may be distilled to produce an acetic acid of 99.8
to 100 per cent purity. In another process acetic
acid is dehydrated by treating it with a waterentraining liquid such as ethylene or propylene
chloride which, together with the entrained water,
is subsequently separated from the acetic acid by
distillation.
Description. — "Glacial Acetic Acid is a colorless, clear liquid, having a pungent, characteristic
odor, and, when well diluted with water, an acid
taste. It boils at about 118° and has a specific
gravity of about 1.049. Glacial Acetic Acid is
miscible with water, with alcohol, and with glycerin. Glacial Acetic Acid congeals at a temperature not lower than 15.6°." U.S.P. The B.P. states
that glacial acetic acid crystallizes at about 10°
and does not completely remelt until warmed to
about 15°. The freezing point is given as not lower
than 14.8°.
Standards and Tests. — Identification. — Tests
for acetate are given by a mixture of 1 volume of
glacial acetic acid and 2 volumes of water. Nonvolatile residue. — Not over 1 mg. of residue remains when 20 ml. of glacial acetic acid is evaporated in a tared porcelain dish and dried at 105°
for 1 hour. Chloride. — Silver nitrate T.S. produces no opalescence when added to a 1 in 20
aqueous solution of glacial acetic acid. Sulfate. —
Barium chloride T.S. produces no turbidity when
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added to a 1 in 10 aqueous solution of glacial
acetic acid. Heavy metals. — The limit is 10 parts
per million. Readily oxidizable substances. — The
pink color of a mixture of 2 ml. of glacial acetic
acid, 10 ml. of water, and 0.1 ml. of 0.1 N potassium permanganate is not changed to brown within
2 hours. U.S.P.
The tests described in the B.P. are similar to
those described under Acetic Acid, exceptions
being the arsenic limit of 6 parts per million and
the lead limit of 3 parts per million.
Assay. — A sample of about 2 ml. of acid is
weighed in a glass-stoppered flask, diluted with
distilled water, and titrated with 1 N sodium hydroxide, using phenolphthalein T.S. as indicator.
Each ml. of 1 N sodium hydroxide is equivalent
to 60.05 mg. of C2H4O2. U.S.P.
Uses. — Glacial acetic acid is comparatively
little employed as a therapeutic agent; it is official
chiefly because it is an ingredient of other official
preparations. It was formerly used to some extent
as a caustic for the removal of warts and corns,
but has been largely replaced by the more efficient
trichloroacetic acid or the high-frequency electric
current. When properly diluted, it may, of course,
be employed for the various purposes described
under Acetic Acid, (v]
Glacial acetic acid possesses the property of
dissolving a number of substances, such as volatile
and fixed oils, camphor, resins, gelatin, etc. It
also promotes the mutual solubility of partially
miscible liquids. As it attracts moisture from the
atmosphere, it should be preserved in well-stoppered bottles.
Toxicology. — The ingestion of glacial acetic
acid is followed by severe pain in the mouth,
throat and abdomen. White plaques and ulcers
are seen on the mucous membranes. Vomiting and
hematemesis occur and diarrhea may follow.
Hoarseness, rapid and shallow respiration, and
circulatory collapse appear. Body temperature is
subnormal.
Albuminuria, oliguria and uremia may
develop.
Morphine injection is indicated for pain. Gastric lavage or bicarbonate salts are contraindicated
since they may rupture the eroded stomach. A
suspension of 60 Gm. of calcium or magnesium
hydroxide in 500 ml. of water should be ingested
if possible. Milk, egg white and other demulcent
substances are indicated. Parenteral fluids and
supportive measures are important.
Chronic poisoning causes pallor, cachexia, erosion of the teeth, halitosis, bronchitis and gastrointestinal disturbances. Industrial exposure to the
vapors results in conjunctivitis and blepharitis.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Aluminum Acetate Solution,
U.S. P.; Cantharides Tincture, N.F.; Strong Solution of Ammonium Acetate, B.P.
DILUTED

ACETIC

ACID.

N.F.

(B.P.)

[Acidum Aceticum Dilutum]

"Diluted Acetic Acid is a solution containing,
in each 100 ml., not less than 5.7 Gm. and not
more than 6.3 Gm. of C2H4O2." N.F.

Acetone
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Diluted acetic acid may be prepared by mixing
158 ml. of acetic acid with sufficient purified
water to make 1000 ml. N.F.
The B.P. formula yields a preparation of the
same strength.
B.P. Dilute Acetic Acid. Fr. Acide acetique dilue ;
Solution aqueuse, au dixieme, d'acide acetique.

Description. — "Diluted Acetic Acid is a clear,
colorless liquid having a characteristic odor, and
a sharply acid taste. Diluted Acetic Acid is
miscible with water, with alcohol and with glycerin. Its specific gravity is about 1.008." N.F.
For therapeutic uses of this substance, see under
Acetic Acid.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Ammonium Acetate Solution;
Iron and Ammonium Acetate Solution; Squill
Vinegar, N.F.; Tincture of Ipecac, B.P.
ACETOMENAPHTHONE.

B.P.

Acetomenaphthonum

The B.P. defines Acetomenaphthone as 1 :4diacetoxy-2-methylnaphthalene and requires not
less than 98.0 per cent of C15H14O4, referred to
the substance dried to constant weight at 80°.
Menadiol
Diacetate.

Diacetate. 2-Methyl-l,4-naphthohydroquinone

The B.P. states that acetomenaphthone may be
prepared by reducing 2-methyl-l,4-naphthoquinone
(menadione) with zinc and acetic acid in the presence of acetic anhydride. The compound thus
represents menadione which has been reduced to
its corresponding hydroquinone and the two
hydroxyl groups of the latter acetylated. In the
B.P. synthesis nascent hydrogen produced by the
interaction of zinc and acetic acid effects the reduction, while the acetic anhydride accomplishes
the acetylation. The synthesis of acetomenaphthone has also been described by Anderson and
Newman (/. Biol. Chem., 1933, 103, 405), who
prepared it as an intermediate in the synthesis of
the tubercle bacillus pigment phthiocol, which is
2-methyl-3-hydroxy- 1 ,4-naphthoquinone.
Description and Standards. — Acetomenaphthone is a white, crystalline powder, odorless or
with a slight odor of acetic acid. It is almost insoluble in water, slightly soluble in cold alcohol,
soluble in 3.3 parts of boiling alcohol.
It may be identified by a test in which the
compound is hydrolyzed with sodium hydroxide,
and the resulting hydroquinone oxidized with
hydrogen peroxide to menadione; tests are then
applied for both acetate and menadione.
The melting point of acetomenaphthone is between 112° and 115°. The absorbancy of a 0.003
per cent w/v solution in dehydrated alcohol, at
285 m\i, is between 0.69 and 0.78. One Gm. contains no more zinc than corresponds to 0.2 mg. of
zinc sulfate. When dried to constant weight at 80°
the loss in weight is not over 1.0 per cent. The
limit of sulfated ash is 0.1 per cent.
Assay. — A sample of about 200 mg. of acetomenaphthone isboiled with a mixture of 15 ml.
of glacial acetic acid and 15 ml. of diluted hydrochloric acid, under a reflux condenser, for 15
minutes to remove the acetate groups by hydrol-
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ysis; the resulting hydroquinone is quantitatively
oxidized to quinone by titration with 0.05 N eerie
ammonium sulfate, using o-phenanthroline-ferrous
complex as indicator. A second titration is performed in the same manner, except that the
sample is omitted and that the solution is not
heated; this corrects for any reducing substances
in the reagents. Each ml. of the difference in the
volumes of eerie ammonium sulfate solution required represents 6.457 mg. of C15H14O4; this
equivalent is based on two eerie ions being required to oxidize the hydroquinone derived from
acetomenaphthone. B.P.
Uses. — Acetomenaphthone is intended for oral
administration in the treatment or prevention of
vitamin K deficiency and the hypoprothrombinemia
resulting therefrom. Its relationship to menadione
has been referred to above; it differs from
menadiol sodium diphosphate (q.v.) in being a
diacetate of menadiol instead of the tetrasodium
salt of the diphosphate of menadiol.
Ansbacher and colleagues (J.A.C.S., 1939, 61,
1924; 1940, 62, 155) observed that several derivatives of 2 -methyl- 1,4-naphthohydroquinone
(referred to as menadiol) exert, in lower animals,
the typical effect of the K vitamers in restoring
coagulability of the blood in animals suffering
from vitamin K deficiency. They found that
menadiol diacetate (acetomenaphthone) had to
be given in about twice the dose of menadione to
produce the same degree of therapeutic effect.
Fieser et al. (J. Biol. Chem., 1941, 137, 680)
estimated the antihemorrhagic potency of acetomenaphthone to be about one-third that of
menadione. Since the toxic dose of acetomenaphthone is more than three times as large as that
of menadione (Ansbacher et al., J. Pharmacol.,
1942, 75, 111), the ratio of efficacy to toxicity
is better for acetomenaphthone than for menadione. Ewing et al. (J. Biol. Chem., 1939, 131,
345) called attention to a further advantage of
acetomenaphthone in not being adversely affected
by light, as is the case with menadione.
Fantl et al. (Australian J. Exp. Bio. Med. Sc,
1951, 29, 433) found that the presence of bile in
the intestine is not essential for enteric absorption
of acetomenaphthone; they proposed a test of
vitamin K deficiency based on urinary excretion
of the drug following an oral dose of 50 to 60 mg.,
the excretion in the normal individual exceeding
15 per cent of the ingested dose in 24 hours.
Douglas and Brown (Brit. M. J., 1952, 1, 412)
found acetomenaphthone to be less effective than
vitamin Ki (phytonadione) in correcting the
hypoprothrombinemia induced by Tromexan.
The dose of acetomenaphthone is 2 to 10 mg.
(approximately 1/30 to 1/6 grain) by mouth daily.
The B.P. recognizes Tablets of Acetomenaphthone, requiring not less than 92.5 per cent and
not more than 107.5 per cent of the labeled
amount of C15H14O4.
ACETONE.

N.F.

Dimethyl Ketone, [Acetonum]

CH3.CO.CH3
"Acetone contains not less than 99 per cent of
CaHeO." N.F.
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Part I

Acetone

Dimethylketone; Diraethylketal; Propanone; Pyroacetic
Ether. Fr. Acetone. Ger. Azeton ; Essiggeist; Mesitalkohol.
Sp. Acetona.

Acetone is found in small amount in normal
urine, in blood, etc., and in larger amount in certain pathological conditions. It is a product of the
dry distillation of sugar, gum, cellulose, etc.
Acetone may be made in commercial quantities by the dry distillation of calcium acetate at
a temperature not exceeding 300°. The crude
acetone thus obtained may be purified by digestion
with quicklime and again distilled from sodium
hydroxide. During the first World War the large
demand for acetone led to the development of a
process in which corn starch was fermented by
Clostridium acetobutylicum Weizmann. yielding
butyl alcohol, acetone, and ethyl alcohol. Later a
process was developed in which the Bacillus acetoethylicitm was employed; this resulted in the
formation of acetone and ethyl alcohol. Today
both processes, in many different modifications,
are in use; the raw materials include a wide
variety of carbohydrates, especially molasses, but
including also potatoes, Jerusalem artichokes and
plant wastes rich in pentosans (corn stalks, wheat
and rye bran, etc.) ; for a review of the recent
production status see hid. Eng. Cliem., 1952, 44,
1677. Acetone has also been produced commercially starting with propylene made from petroleum, and it can be prepared catalytically from
ethanol.
Description. — "Acetone is a transparent,
colorless, mobile, volatile liquid, having a characteristic odor. A solution of Acetone (1 in 2) is
neutral to litmus. Acetone is miscible with water,
with alcohol, with ether, with chloroform, and
with most volatile oils. The specific gravity of
Acetone is not more than 0.789, indicating not
less than 99 per cent of C3H6O. Acetone distils
between 55.5° and 57°."
Standards and Tests. — Identification. — (1)
A yellow precipitate of iodoform is obtained on
adding a few ml. of iodine T.S. to a warm mixture
of 1 ml. of sodium hydroxide T.S. and 1 ml. of a
1 in 200 aqueous solution of acetone. (2) A deep
red color is produced when 1 ml. of a 1 in 200
aqueous solution of acetone is mixed with 5 drops
of sodium nitroprusside T.S. and 2 ml. of sodium
hydroxide T.S., then acidified slightly with acetic
acid; on diluting the mixture with several volumes
of distilled water a violet tint develops. Nonvolatile residue. — Not over 2 mg. from 50 ml. of
acetone, evaporated in a tared porcelain dish on a
water bath and dried at 105° for 1 hour. Readily
oxidizable substances. — A mixture of 20 ml. of
acetone and 0.1 ml. of 0.1 N potassium permanganate isnot decolorized within 15 minutes.
N.F.
Distilled with water and chlorinated lime, acetone yields nearly twice its weight of chloroform,
and hence is largely used to produce the latter.
Uses. — Acetone is used chiefly as a solvent,
especially for fats, resins, camphors, and pyroxylin; it was employed as a menstruum for extracting oleoresins in U.S. P. VIII. It is sometimes
included in the formulation of topically applied
antiseptic solutions to facilitate penetration and

intimate contact with the skin, and to hasten
evaporation of the solvent following application
of the solution. Some physicians use it in preference to ethyl alcohol for cleansing the skin in
preparation for smallpox vaccination. Prolonged
or repeated contact of acetone with the skin causes
erythema and dryness. Acetone is used as the denaturing ingredient in some formulas for denatured
alcohol.
In a general way, the physiological effects of
acetone seem to resemble those of alcohol. The
metabolism of acetone was reported by Price and
Rittenberg (/. Biol. Chem., 1950. 185, 449 j; the
fate of acetone labeled with the radioactive isotope
C14 was reported by Sakami and Lafaye {ibid.,
1951, 193, 199). Koehler et al. (ibid., 1941, 140,
811) gave intravenous injections of acetone at
the rate of 5 Gm. per hour to human subjects
without any symptomatic effects other than slight
drowsiness. The rate of acetone breakdown as
judged from blood levels and urinary excretion
was extremely slow. Data on respiratory excretion
of acetone were reported by Henderson et al.
(Diabetes, 1952, 1, 188).
A liver function test employing an intravenous
injection of 40 ml. of a 5 per cent solution of
acetone containing 1 Gm. of sodium bicarbonate,
followed by a determination of the blood acetone
level after 12 hours, was described by Schumann
1101).Klotzbucher (Klin. Wcknschr., 1940, 19,
and
The industrial hazard to health from exposure
to acetone has been studied by Haggard et al.
(J. Indust. Hyg. Toxicol., 1944, 26, 133). Inhalation ofvapors of acetone will cause headache,
excitement, and fatigue; at high concentrations
unconsciousness and narcosis mav result (Chatterton and should
Elliot. have
J. A.M.
A., to
1946,
'l30,
The
patient
access
fresh
air, 1222).
and oxygen
inhalation and stimulants should be employed if
required. Albertoni found that doses of 15 to 20
Gm. of acetone produced no symptoms in man
beyond slight narcosis.
Storage. — Preserve "in tight containers, remote from fire." N.F.
Off. Prep. — Surgical Merbromin Solution;
Xitromersol Tincture; Thimerosal Tincture, N.F.
ACETOPHENETIDIN.

U.S.P. (B.P., LP.)

Acetphenetidin, Phenacetin, [Acetophenetidinum]

NH-C0-CH3
C2H50
The B.P. defines Phenacetin as aceto-/>-phenetidide, while the LP. defines it as aceto-4-phenetidine.
B.P., LP. Phenacetin, Phenacetinum. Para-acetphenetidine; Para-acetaminophenetol. Acetphenetidinum ; Ethoxypara-acetanilidum; Acethylphenetidina; Acethylphenetidinum. Fr. Ethoxypara-acetanilide ; Phenedine; Phenine.
Ger. Phenazetin. It. Acetilfenetidina. Sp. Acetilfenetidina ; Acetofenetidina; Fenedina;
Fenina; Fenacetina.

Acetophenetidin may be manufactured by any
one of several processes, the choice of the method
depending on the availability of the respective
starting materials and the economy of their utili-
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zation. In one process phenol is converted to a
mixture of ortho- and />ara-nitrophenol ; the
former, which is not utilizable, is removed by distillation with steam. The sodium derivative of
the />ara-nitrophenol is treated with ethyl chloride
or ethyl bromide, producing ethyl />-nitrophenol
or p-nitrophenetol, C6H4(N02jOC2H5. This is
reduced with sodium sulfide or with iron filings
and hydrochloric acid to p-phenetidin, CeHU(NH2)OC2Ho. Glacial acetic acid or any other
acetylating agent is used to introduce the acetyl
group, producing />-acetophenetidin. Monochlorobenzene, normally less costly than phenol, may
also be employed as the starting point for the
synthesis of acetophenetidin; by nitration £-chloronitrobenzene is obtained and this, by treatment
with alkali, is converted to p-nitrophenol which is
treated as described above. Acetophenetidin may
also be prepared from />-acetaminophenol by
ethylation. In still another method acetophenetidin is obtained by the action of the gas ketene,
CH2=CO, on />-phenetidin dissolved in acetone
or other inert solvent.
Description. — "Acetophenetidin occurs as
white, glistening crystals, usually in scales, or as
a fine, white, crystalline powder. It is odorless,
has a slightly bitter taste, and is stable in air. Its
saturated solution is neutral to litmus. One Gm.
of Acetophenetidin dissolves in about 1300 ml. of
water, in 15 ml. of alcohol, in 15 ml. of chloroform, and in about 130 ml. of ether. One Gm. of
Acetophenetidin dissolves in 85 ml. of boiling
water, and in about 3 ml. of boiling alcohol.
Acetophenetidin
melts between 134° and 136°."
U.S.P.
Standards and Tests. — Identification. — A
ruby red color slowly develops when 200 mg.
acetophenetidin is boiled for 1 minute with 1 ml.
of hydrochloric acid, diluted with 10 ml. of water,
cooled, filtered, and 1 drop of potassium dichromate T.S. added to the filtrate. Loss on drying. —
Not over 0.5 per cent on drying at 60° for 1 hour.
Residue on ignition. — Not over 0.05 per cent.
Readily carbonizable substances. — A solution of
500 mg. of acetophenetidin in 5 ml. of sulfuric
acid has no more color than matching fluid T.
Acetanilid. — Neither turbidity nor precipitation
results when bromine T.S. is added, dropwise, to
the filtrate from a mixture of 500 mg. of acetophenetidin and 10 ml. of water which has been
boiled for 1 minute, then cooled and filtered.
U.S.P.
Incompatibilities. — Acetophenetidin is slowly
decomposed by strong acids and alkalies; oxidizing agents usually produce a red color; ethyl nitrite spirit causes the slow development of a yellow color which deepens to reddish brown. It
forms a wet mass when triturated with chloral
hydrate, acetylsalicylic acid, aminopyrine, and
many other substances. An insoluble derivative is
formed with iodine.
Uses. — Acetophenetidin is useful as an antipyretic and analgesic in the same group of cases
in which acetanilid is of service. It is commonly
prescribed in combination with other drugs such
as acetylsalicylic acid or acetanilid, caffeine or
citrated caffeine, and codeine sulfate, etc. Aceto-

Acetophenetidin Tablets
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phenetidin, like acetanilid, yields in the body
N-acetyl-p-aminophenol and its physiological action and therapeutic effects are essentially the
same as those of acetanilid (q. v.) Its action,
however, is more gradual and more prolonged and
it is less likely to give rise to undesirable symptoms. Only 7 of the 62 cases of sulfhemoglobinemia reported by Brandenburg and Smith (see
under Acetanilid) were associated with prolonged
use of acetophenetidin, as compared to the 44
cases reported from the prolonged use of acetanilid. The same increase in the threshold to the
pain produced by radiant heat was observed by
Wolff, Hardy and Goodell with an oral dose of
300 mg. of acetophenetidin as was produced by
300 mg. of acetanilid. The Food and Drug Administration believes that acetophenetidin may be
a dangerous drug if the daily dose exceeds 1 Gm.
and has expressed the following opinion: "It is
well established that frequent or continued use of
acetophenetidin-containing preparations may be
dangerous, causing serious blood disturbances.
This fact should be borne in mind in devising labels for this preparation to conform with the requirement ofsection 502 (f)(2) of the Act that
the labeling of drugs bear adequate warnings."
{Drug & Cosmetic Ind., 1941, 48, 163.) S
The usual dose of acetophenetidin is 300 mg.
(approximately 5 grains), with a range of 300 mg.
to 1 Gm. A total dose in 24 hours up to 3 Gm. has
been reported (but see above).
Storage. — Preserve "in well-closed containers." U.S.P.
ACETOPHENETIDIN TABLETS.
U.S.P. (B.P., LP.)
[Tabellae Acetophenetidini]

"Acetophenetidin Tablets contain not less than
94 per cent and not more than 106 per cent of
the labeled amount of C10H13O2N." U.S.P. The
B.P. requires that Tablets of Phenacetin contain
not less than 95.0 per cent, and not more than
105.0 per cent, of the stated amount of phenacetin. The tablets may be prepared by moist
granulation and compression. The LP. limits are
94.0 and 106.0 per cent, respectively.
B.P. Tablets of Phenacetin; Tabellae Phenacetini. LP.
Compressi Phenacetini. Sp. Tabletas de Acetofenetidina.

Assay. — A representative sample of tablets,
equivalent to about 300 mg. of acetophenetidin,
is extracted with petroleum benzin to remove
lubricants, then with chloroform to dissolve acetophenetidin. The chloroform is evaporated and the
residue of acetophenetidin is dried at 60° and
weighed. U.S.P.
In the B.P. assay the phenacetin is extracted
from a sample of powdered tablets with hot
95 per cent alcohol, the solution is evaporated
and the residue washed with successive 5-ml. portions of water, previously saturated with phenacetin. The washed residue is redissolved in hot 95
per cent alcohol, the solution evaporated and the
residue dried to constant weight at 105°.
Usual Sizes. — 1, 2, 3, and 5 grains (approximately 60, 120, 200, and 300 mg.).
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Acetophenetidin

and

Phenyl

ACETOPHENETIDIN
AND
SALICYLATE TABLETS.

PHENYL
N.F.

Phenacetin and Salol Tablets
[Tabellae Acetophenetidini et Phenylis Salicylates]

"Acetophenetidin and Phenyl Salicylate Tablets
contain not less than 90 per cent and not more
than 110 per cent of the labeled amounts of
acetophenetidin and of phenyl salicylate." N.F.
Tests. — Identification. — (1) The tablets respond to the identification tests under Phenyl
Salicylate Tablets. (2) A purplish color is produced when powdered tablets equivalent to about
100 mg. of acetophenetidin is boiled for 1 minute
with 1 ml. of hydrochloric acid, diluted with 10
ml. of water, cooled, filtered, and 1 drop of potassium dichromate T.S. added to the filtrate.
N.F.
Assay. — For acetophenetidin. — A representative portion of tablets, equivalent to not more
than 80 mg. of phenyl salicylate, is extracted with
chloroform to dissolve both the acetophenetidin
and the phenyl salicylate. The chloroform is
evaporated and the residue is heated for 15 minutes with 2.5 per cent sodium hydroxide solution
which hydrolyzes phenyl salicylate to sodium
phenolate and sodium salicylate, but does not
affect acetophenetidin. The latter is extracted
with chloroform and, after washing each of the
chloroform portions with water, the solvent is
evaporated and the acetophenetidin dried at 60°
for 1 hour and weighed. For phenyl salicylate. —
The alkaline solution and aqueous washings remaining after the extraction of acetophenetidin
is analyzed as directed under the assay for Phenyl
Salicylate Tablets. N.F.
Storage. — Preserve "in tight containers at a
temperature not above 35°." N.F.
Usual Size. — These tablets usually contain
2^2 grains (approximately 150 mg.) of each ingredient.
ACETRIZOIC

ACID.

Part I

Salicylate Tablets

U.S.P.

3-Acetamido-2,4,6-triiodobenzoic Acid

NH-CO-CH3

"Acetrizoic Acid contains not less than 99 per
cent of C9H6I3NO3. and not less than 67 per
cent and not more than 68.5 per cent of iodine
(I), calculated on the dried basis." U.S.P.
Acetrizoic acid is the active component of sodium acetrizoate injection (Urokon, Mallinckrodt), a radiopaque medium described in a
separate monograph. The acid is prepared by reducing ra-nitrobenzoic acid to w-aminobenzoic
acid, treating with iodine monochloride to produce 2,4,6-triiodobenzoic acid, and finally acetylating with acetic anhydride (Wallingford,
J.A.Ph.A., 1953, 42, 721). For detailed information see U. S. Patent 2,611,786 (1952).
Description. — "Acetrizoic Acid occurs as a
white powder. It is odorless. Acetrizoic Acid is

slightly soluble in water. It is soluble in alcohol,
slightly soluble in ether, very slightly soluble in
chloroform, and practically insoluble in benzene.
It is soluble in solutions of alkali hydroxides.
Acetrizoic Acid melts with decomposition between
278° and 283°." U.S.P.
Standards and Tests. — Identification. — (1)
On heating acetrizoic acid the substance melts to
a dark brown liquid and liberates iodine vapors.
(2) After preliminary hydrolysis of acetrizoic
acid with alkali, followed by diazotization and
coupling with betanaphthol, a white precipitate,
which becomes purple within 5 minutes, is produced. Loss on drying. — Not over 0.1 per cent,
when dried at 105° for 18 hours. Heavy metals. —
The limit is 20 parts per million. U.S.P.
Assay. — For acetrizoic acid. — An alcohol solution of 1 Gm. of acetrizoic acid is titrated with
0.1 N sodium hydroxide, using phenolphthalein
as indicator. Each ml. of 0.1 N sodium hydroxide
represents 55.69 mg. of C9H6I3NO3. For iodine.
— The assay for iodine specified for Iodophthalein
Sodium is employed. U.S.P.
For information concerning the ultimate use of
this agent, in the form of its sodium salt, see
under Sodium Acetrizoate Injection.
Storage. — Preserve "in well-closed containers."
U.S.P.
ACETYLCHOLINE

CHLORIDE.

LP.

Acetylcholine Chloridum

CH3.COOCH2.CH2.N(CH3)3Cl
Acetylcholine chloride is 2-acetoxyethyltrimethylammonium chloride; it contains not less
than 98.0 per cent, and not more than the equivalent of 102.0 per cent, of C7H16O2NCI, calculated
with reference to the substance dried to constant
weight at 110°. LP.

Acecoline (Anglo-French Laboratories)

Acetylcholine occurs naturally in many tissues
(see below) but for pharmacological experimentation and therapeutic use it is prepared synthetically, as the chloride salt. In the method most
commonly used trimethylammonium chloride is
interacted with ethylene oxide to form choline
chloride, which is treated with acetic anhydride
to form acetylcholine chloride.
Description. — Acetylcholine chloride occurs
as white, odorless, very hygroscopic crystals. It
is very soluble in water, in alcohol, in chloroform,
and in acetic acid; it is insoluble in ether and in
benzene. Acetylcholine chloride, after drying at
110°, melts between 149° and 152°.
Standards and Tests.— Identification. — (1)
Trimethylamine, recognizable by its odor, is
evolved when acetylcholine chloride is heated with
sodium hydroxide T.S. (2) An aqueous solution
of acetylcholine chloride yields a precipitate with
phosphotungstic acid T.S., with trinitrophenol
T.S., and with iodine T.S. (3) It responds to tests
for chloride and, after alkaline hydrolysis, to tests
for acetate. Reaction. — A 10 per cent w/v solution in water is neutral to litmus T.S. Arsenic. —
The limit is 2 parts per million. Heavy metals —
The limit is 10 parts per million. Lead. — The limit
is 10 parts per million. Free acid. — Not more than
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0.2 ml. of 0.01 N sodium hydroxide produces a
red color in a solution of 100 mg. of acetylcholine
chloride in 10 ml. of recently boiled and cooled
water to which 1 drop of phenolphthalein T.S. has
been added. Trimethylamine. — No odor of that
substance is apparent on boiling a solution of
100 mg. of acetylcholine chloride in 10 ml. of
saturated solution of sodium carbonate. Loss on
drying. — Not over 0.75 per cent when dried to
constant weight at 110°. Residue on ignition. —
Not over 0.1 per cent. LP.
Assay. — About 100 mg. of acetylcholine chloride, dissolved in boiled and cooled distilled water,
is boiled under reflux for 15 minutes with 10 ml.
of 0.1 N carbonate-free sodium hydroxide, which
releases acetic acid by hydrolysis. The excess of
alkali is titrated with 0.1 N sulfuric acid, using
phenolphthalein T.S. as indicator. Each ml. of
0.1 N sodium hydroxide represents 18.17 mg. of
C7H16O2NCI. LP.
Action of Acetylcholine. — Acetylcholine,
CH3.COOCH2.CH2N(CH3)30H, is now generally considered to be the chemical mediator of
the parasympathetic postganglionic, the autonomic (sympathetic and parasympathetic) preganglionic and motor nerve impulses. When one
of these nerves, as for example the vagus, is
stimulated, there is formed at the peripheral terminations asubstance which appears to be acetylcholine, and which is generally believed to act
upon the parenchyma of the organ under consideration (see under Parasympathomimetic Agents
and Cholinesterase Inhibitors). After excitation
of the nerve ceases there is a rapid breakdown of
the compound, effected by the presence of the
enzyme cholinesterase (see Koppanyi and associates, /. Pharmacol, 1953, 107, 482, 501). As a
result of this enzyme-catalyzed hydrolytic action,
the acetyl radical is split off, leaving choline,
which is comparatively inert.
If acetylcholine is injected into the circulation
it will cause all the characteristic effects of electrical stimulation of all the parasympathetic
nerves, such as slowing of the pulse, vasodilatation, fall in blood pressure, bronchospasm, increased bronchial secretion, hyperpnea, increased
gastric secretion, increased tone and peristaltic
contractions of the gastrointestinal tract, increased
secretion of sweat, tears and saliva, contraction
of pupils, etc. (Koppanyi, Bull. Johns Hopkins
Hosp., 1948, 83, 532). In larger doses, acetylcholine excites the sympathetic ganglia, producing
a very definite group of reactions which resemble
those of nicotine. Large doses of acetylcholine
also cause reactions of the voluntary muscles.
This contraction of skeletal muscle has led to the
basic concept of cholinergic (acetylcholine) mediation ofmotor impulses to skeletal muscles (see
under Curarimimetic Agents) ; for further information see Feldberg, Physiol. Rev., 1945, 25,
596, also Lorente de No, Bull. Johns Hopkins
Hosp., 1948, 83, 497). Welsh {ibid., 568) concluded that acetylcholine acts on all cells of the
body to alter the excitability of the cell through
change of membrane polarity and permeability.
Acetylcholine is also important in the transmission
of the nerve impulse along the axone (Nachmansohn, ibid., 1948, 83, 463).
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Uses. — Acetylcholine has been employed to
some extent as a therapeutic remedy in various
acute conditions in which stimulation of the autonomic nervous system is desirable. It has been
used for tobacco amblyopia (Duggan, J.A.M.A.,
1937, 109, 1354), paroxysmal auricular tachycardia (Abbott, ibid., 1939, 113, 1243), acroparesthesia (Ekbom, Acta psychiat. neurol., 1939, 14,
311), and paralytic ileus (Abel, Lancet, 1933, 2,
1252). The extreme evanescence of its action and
the marked stimulation of the autonomic ganglia
from overdoses have greatly restricted its value.
Methacholine chloride and carbachol are generally preferred. Drugs which inhibit cholinesterase,
such as neostigmine and physostigmine, are more
widely used. S
The dose of acetylcholine chloride is 50 mg.
initially, then 100 mg. daily, subcutaneously or
intramuscularly. At the most, 200 mg. (approximately 3 grains) is given. It should not be
administered intravenously because less than
one-tenth these quantities will cause marked
physiological reactions. When using the drug it
is advisable to have a solution of atropine ready
for immediate administration if it is necessary to
counteract the effects of acetylcholine.
Acetylcholine chloride, because of its pronounced hygroscopicity and the instability of its
aqueous solutions, is supplied in ampuls containing 100 mg. of the crystals, from which a solution
may be prepared as required. Under the name
Acecoline a propylene glycol solution containing
in 1 ml. 20 mg., 50 mg., 100 mg., or 200 mg., with
saligenin, is also marketed.
Storage. — Acetylcholine chloride should be
kept in a tightly-closed container. LP.
ACETYLSALICYLIC ACID.
U.S.P., B.P., LP.
Aspirin, [Acidum Acetylsalicylicum]

C00H
O-CO-CH3
"Acetylsalicylic Acid, dried over sulfuric acid
for 5 hours, contains not less than 99.5 per cent of
CoHsOi." U.S.P. The B.P. assay rubric is the
same, but the chemical is not required to be dried.
The LP., which defines the compound as 2-acetoxybenzoic acid, likewise requires not less than
99.5 per cent purity, the substance not being
dried.
Fr. Acide acetylsalicylique ; Aspirine. Ger. Acetylsalizylsaure. It. Acido
acetilsalicilico.
Sp. Acido
acetilsalicilico; Acido salicilacetico; Aspirina.

Acetylsalicylic acid had been synthesized some
years before it was introduced into medicine, in
1899, by Dreser. The name aspirin, by which this
substance is popularly known, is not purely fanciful nor arbitrary. It is derived from the fact that
salicylic acid, as originally obtained from Spiraa
ulmaria, was at first known as acidum spiricum.
Acetylsalicylic acid may be prepared by acetylizing salicylic acid by means of acetic anhydride or
acetyl chloride, the former being the more frequently used because of its greater economy. An
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excess of acetic anhydride is heated with salicylic
acid at a temperature of about 150° for three
hours; the excess of the anhydride, as well as
acetic acid formed in the reaction, is removed by
distillation, and the residue of acetylsalicylic acid
is purified by recrystallization from a non-aqueous
solvent. Acetylsalicylic acid cannot be purified
by crystallization from water or solvents containing it because of its tendency to undergo hydrolysis. It may be crystallized from benzene, methyl
acetate, chloroform, or strong ethyl or methyl
alcohol.
Patents have been granted in this country and
in Great Britain for a process whereby salicylic
acid is dissolved in an inert solvent, such as dry
ethyl ether, through which ketene. a gas having the
chemical formula CH2:CO, is passed until the
solution is saturated. Upon evaporating the ether,
needle-like crystals of acetylsalicylic acid are obtained. The chemical reaction takes place according to the following equation:
CeEUOH.COOH

+ CH2:CO -*
C6H4.0(CH3CO).COOH

Description. — "Acetylsalicylic Acid occurs as
white crystals, commonly tabular or needle-like,
or as a white, crystalline powder. It is odorless or
has a faint odor. It is stable in dry air; in moist
air it gradually hydrolyzes to salicylic and acetic
acids. One Gm. of Acetylsalicylic Acid dissolves
in about 300 ml. of water, in 5 ml. of alcohol, in
17 ml. of chloroform, and in from 10 to 15 ml. of
ether. It is less soluble in absolute ether. Acetylsalicylic Acid dissolves with decomposition in
solutions of alkali hvdroxides and carbonates."
U.S.P.
The B.P. gives the melting point as from 135°
to 138° C. Considerable variation exists in the
reported values of the melting point of aspirin,
some investigators claiming it to be 131° to
132° C.. while others claim 134° to 135° C. Beal
and Szalkowski (/. A. Ph. A., 1933, 22, 36) believe that these differences are due to the fact that
some decomposition occurs during the process of
heating the acid to the melting temperature, and
also that excessive trituration to produce a fine
powder results in partial decomposition. Both
effects are evidenced by a lowered melting point.
The composition of the glass used for the melting
point tube may influence the melting point of
acetylsalicylic acid; Pyrex glass appears to be
without effect.
Standards and Tests. — Identification. — (1)
A violet red color is produced when acetylsalicylic
acid is heated with water for several minutes,
cooled, and a drop or two of ferric chloride T.S.
added. (2) When 500 mg. of acetylsalicylic acid
is hydrolyzed by boiling with 10 ml. of sodium
hydroxide T.S., the solution cooled and acidified
with 10 ml. of diluted sulfuric acid a white precipitate ofsalicylic acid is obtained, and the odor
of acetic acid is developed. If the mixture is
filtered, and 3 ml. of alcohol and 3 ml. of sulfuric
acid are added to the filtrate an odor of ethyl
acetate develops on warming the mixture. Loss on
drying. — Acetylsalicylic acid loses not more than
0.5 per cent of its weight on drying over sulfuric
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acid for 5 hours. Residue on ignition. — Not over
0.05 per cent. Readily carbonizable substances. —
A solution of 500 mg. of acetylsalicylic acid in
5 ml. of sulfuric acid has no more color than
matching fluid Q. Chloride. — The limit is 140
parts per million. Sulfate. — The limit is 400 parts
per million. Free salicylic acid. — The limit is 0.1
per cent. Heavy metals. — The limit is 10 parts per
million. Substances insoluble in sodium carbonate
T.S. — A portion of 500 mg. of acetylsalicylic acid
should form a clear solution with 10 ml. of warm
sodium carbonate T.S. U.S.P.
The B.P. tests differ from corresponding descriptions and tests of the U.S.P. only in minor
details, except that the former permits but half
the amount of salicylic acid allowed by the U.S.P.
An arsenic limit of 2 parts per million and a limit
of lead of 10 parts per million are provided.
Assay. — The U.S.P. directs that about 1.5 Gm.
of acetylsalicylic acid, previously dried over sulfuric acid for 5 hours, be boiled for 10 minutes
with 50 ml. of 0.5 N sodium hydroxide and the
excess base determined by titration with 0.5 N
sulfuric acid using phenolphthalein as indicator.
In this assay the acetylsalicylic acid is hydrolyzed
to form the sodium salts of acetic and salicylic
acids; the reliability of the assay is dependent on
having a sample which has not decomposed beyond
the permitted limit. A residual blank titration is
performed. Each ml. of 0.5 N sodium hydroxide
represents 45.04 mg. of C9HSO4. U.S.P.
The B.P. assay is the same as that of the U.S.P.
except that phenol red is employed as indicator.
The LP. assay is also the same, phenolphthalein
indicator being used.
Incompatibilities. — Acetylsalicylic acid readily undergoes hydrolysis with aqueous solvents
with liberation of salicylic and acetic acids. In
pure water complete decomposition takes place
in 100 days. Acids hasten the rapidity of such
change. Alkalies and solutions of alkaline acetates
and citrates dissolve acetylsalicylic acid, but the
resulting solutions hydrolyze rapidly to form salts
of acetic and salicylic acids. The decomposition
may be retarded somewhat by glycerin and sugar.
Liquefaction occurs when acetylsalicylic acid is
triturated with phenyl salicylate, acetanilid, acetophenetidin. aminopyrine., antipyrine and many
other organic products. Partial hydrolysis occurs
in mixtures of acetylsalicylic acid with hygroscopic substances or salts containing water of
hydration. Hydriodic acid is slowly produced from
iodides and subsequent oxidation by the air liberates iodine.
The statement that quinine and acetylsalicylic
acid react upon each other to form the poisonous
quinotoxin has been contradicted by the experiments of Sollmann. Ruddiman and Lanwermeyer
(/. A. Ph. A., 1924, 13, 1009) experimented with
mixtures of acetylsalicylic acid with basic quinine
and also the sulfate, bisulfate. hydrochloride and
other cinchona alkaloids. They found that the
mixture with quinine alkaloid, after several
months, changed to a brownish red viscid mass if
exposed to the light, but when kept in the dark
the change was less rapid; this mixture tested on
frogs was not more poisonous than the freshly
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made mixture nor than the equivalent dose of acetylsalicylic acid.
It has been reported that morphine and codeine
form poisonous compounds with this drug.
Uses (see also Salicylic Acid and Sodium
Salicylate). — The antipyretic effect of willow bark
was known to the ancients and, early in the 19th
century, salicylic acid was prepared from salicin,
a glycoside from this bark. Acetylsalicylic acid
was introduced into medicine in 1899.
Metabolism. — Acetylsalicylic acid is absorbed
as such from the gastrointestinal tract (Bradley
et al., Am. J. Digest. Dis., 1936, 3, 415) and
transported throughout the tissues as the sodium
salt, appearing in the joints, the pleura, etc. Following doses of 10 Gm. daily, the salicylate concentration inthe blood ranges from 30 to 50 mg.
per 100 ml. {J. A.M. A., 1945, 128, 1195). The
simultaneous administration of sodium bicarbonate in equivalent dosage decreases the blood
concentration almost one-half (Smull et al.,
J.A.M.A., 1944, 125, 1173; but see Lester et al,
J. Pharmacol, 1946, 87, 329). About £0 per cent
of the drug is excreted in the urine, making its
appearance within 10 to 15 minutes after ingestion
(/. Pharmacol, 1919, 14, 25). Excretion is almost
complete within a few hours although traces appear in the urine during several days. In febrile
patients only 60 to 70 per cent is excreted. From
10 to 35 per cent of the ingested acetylsalicylic
acid appears in the urine unchanged or as the
sodium salt; some is present as a glucuronate.
Benedict's
solution and gives
aSuch
violeturine
colorreduces
with ferric
chloride.
Therapeutic Actions. — Acetylsalicylic acid is
used medicinally for several purposes.
Antipyretic. — The antipyretic effect of acetylsalicylic acid arises from its action on the central
nervous system. Barbour {Arch. Int. Med., 1919,
24, 617 and 624; Physiol. Rev., 1921, 1, 295)
showed that it facilitates dissipation of heat
through increased peripheral blood flow, hydration
of the blood, and sweating. Although sponges with
tepid water or alcohol are effective for the reduction of temperature, acetylsalicylic acid is commonly used and is simpler when the discomfort
arising from fever is great, as in influenza, or when
prolonged high fever may be deleterious to the
general welfare of the patient. Weakness may be
aggravated by sweating and the water and salt so
lost should be replaced. Therapeutic doses have
no effect on the cardiovascular system.
Analgesic. — Acetylsalicylic acid alleviates pain
by a depressant action on the central nervous system, probably on the thalamus; Lester et al.
(J. Pharmacol, 1946. 87, 329) believe its action
to be exercised mainly by the unhydrolyzed fraction in the plasma. Integumental pain such as
myalgia, arthralgia, headache, etc., responds better
than does pain of visceral origin. Although it has
little local anesthetic action, acetylsalicylic acid is
sometimes employed as a gargle or a chewing gum
with symptomatic relief of sore throat. It is probably the most commonly used analgesic, being
prescribed alone or in combination with acetophenetidin, codeine, caffeine, amphetamine and
other drugs.
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The threshold for cutaneous pain through heat
is increased about 35 per cent within 50 to 100
minutes after oral doses of 65 to 300 mg., the
effect lasting for about 2 hours. In comparison,
15 mg. of morphine sulfate injected intramuscularly increases the threshold about 70 per cent
(Wolff, Hardy and Goodell, /. Clin. Inv., 1941,
20, 63). Unfortunately, evaluation of analgesic
drugs according to their ability to depress the
threshold of pain perception caused by radiant
heat applied to the skin of normal subjects or
animals has not been proved to be an accurate
prediction of their efficacy in patients with pain
due to injury or disease. Beecher (Science, 1952,
116, 157) and his associates have struggled with
the evaluation of the subjective phenomenon of
pain in sick patients. In attempting to establish
criteria for effectiveness of an analgesic agent he
denied the validity of measuring sensory perception of pain produced by heat in normal subjects.
Letters to the editor by Hardy, Wolff and Goodell
(Science, 1953, 117, 164) and Beecher (ibid.,
166) have debated the issue to little, if any, practical conclusion. Ravich (ibid., 118, 144) comments that "physiological" pain produced by heat
on normal tissue is a normal sensory response
whereas "pathological" pain caused by disease is
an abnormal phenomenon with many more unknown features. Beecher comments that so-called
"common sense" in hundreds of years of clinical
practice has arrived at an average effective dose
of morphine (15 mg.) which is twice as large as
the one (8 mg.) which gives essentially maximum
pain relief in his complicated, controlled studies
of hospital patients. It can only be concluded that
adequate methods of evaluating analgesic drugs
remain to be developed. Furthermore, the physician is desirous of relieving pain in his patient
rather than using a dose which will relieve pain in
nearly all patients in the statistical sense but
which might fail in his particular patient.
Acetylsalicylic acid relieves the aching and the
fever
although it does not shorten the
course ofof"grippe"
the illness.
Antirheumatic. — Acetylsalicylic acid (see also
Sodium Salicylate) is the drug most generally
employed in the treatment of acute rheumatic
fever. Larger doses are administered than in most
other conditions, from 1 to 1.3 Gm. (approximately 15 to 20 grains) being given hourly until
the acute joint symptoms are relieved. About 10
doses are usually required. If toxic symptoms appear the drug is discontinued for 12 hours, then
given in doses of 1 Gm. every 4 hours, six times
daily, until evidence of active rheumatic fever
has been absent for 1 week (McEwen, Bull N. Y.
Acad. Med., 1943, 19, 679). The mechanism of
the almost specific action of salicylates in acute
rheumatic fever is unknown; morphine, for example, relieves the pain but not the swelling,
redness and increased heat of the joints. However, salicylates do not shorten the course of the
disease or prevent cardiac and other complications. There are general similarities between the
effects of salicylates and cortisone. Both relieve
pain, produce a fall in temperature, reduce the
erythrocyte sedimentation rate and prevent re-
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lapse of the rheumatic state as long as administration iscontinued. Pfeiffer (/. Pharmacol., 1950.
98, 26) demonstrated an increase in eosinophil
count after administration of acetylsalicylic acid.
An increase in urinary excretion of reducing steroids following the use of acetylsalicylic acid has
been reported by Van Cauwenberge (Lancet,
1951, 260, 771; Acta M. Scand., 1952, 141, 265).
Mild Cushing's syndrome is reported to have
followed acetylsalicylic acid therapy in acute
rheumatic fever (Cochran, Brit. M. J., 1950, 2,
1411). Pelloja (Lancet, 1952, 262, 233) found
salicylates capable of inhibiting the action of
hyaluronidase in a manner similar to cortisone.
Whether these effects are primary or are mediated through cortisone release awaits further
elucidation. Actually, in a large cooperative study
of the effect of corticotropin, cortisone and acetylsalicylic acid (Houser et al., Am. J. Med., 1954.
16, 168). the results failed to demonstrate superior efficacy for, any of the 3 drugs both as to
controlling the acute symptoms and the duration
of the active disease. In other forms of polyarthritis (gonorrheal, streptococcal, meningococcal, etc.) salicvlate therapy induces less dramatic
relief (Cecil, JAMA., 1940. 114, 1443). In acute
rheumatic fever Coburn (Bull. Johns Hopkins
Hosp., 1943, 73, 435) reported excellent results
from doses of salicylates sufficient to maintain a
blood concentration of 30 to 50 mg. per 100 ml.
but Wegria and Smull (J. AM. A., 1945, 129, 485)
and others failed to confirm the shorter course of
the disease and the decreased incidence of endocardial damage. With doses of 10 Gm. or more
daily, the danger of salicylism requires careful
observation of the patient. Salicylates increase
excretion of ascorbic acid (Samuels et al., J. Pharmacol, 1940, 68, 465), but correction of the deficiency permits continuation of therapy.
Acute intraocular inflammation such as uveitis
responds well to large doses of salicylates
(JAMA., pleurodynia
1920, 75, and
725;other
1939,myalgias,
113, 928").
In
lumbago,
in certain inflammations of nerves such as sciatica, in
some instances of rheumatoid arthritis and osteoarthritis, and in the host of similar conditions
which, for want of better diagnostic acumen, we
are wont to call rheumatism, acetylsalicylic acid
is a valuable palliative drug.
Action on the Kidney. — A single dose of acetylsalicylic acid increases the renal excretion of uric
acid by 30 to 50 per cent and often decreases the
concentration of uric acid in the blood, an effect
probably due to a decrease in tubular resorption
of uric acid. This action persists on repeated administration ithe
f
diet contains sufficient purines.
Hanzlik and Scott (Arch. Int. Med.. 1917, 20,
329) found albumin, with or without casts, and
red and white cells in the urine after doses of
more than 3 Gm. In salicylism. water retention
by the kidney, manifested by increase in body
weight but not by actual pitting edema, was also
described. In current experience, albuminuria and
other evidences of renal damage are extremely
rare even with doses of 6 to 10 Gm. dailv
(J.A.M.A.,
128, doses
1195).relieves
In gout,
salicylic
acid1945,
in large
the acetyl'acute
attacks but is less effective than colchicum. It is
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also less effective than cinchophen or probenecid
in the prevention of recurrent attacks in the course
262).®
of
the disease (Hench, Proc. Mayo, 1937, 12,
Toxicology. Acetylsalicylic acid is not highly
toxic. Hopkins (Lancet, 1945, 1, 145) records 50
deaths in England in 5 years, a figure not unduly
large in view of the wide use of the drug and the
large doses sometimes employed (see also Greenberg, New Eng. J. Med., 1952, 243, 124;. It is
frequently taken in very large doses with suicidal
intent but usually without success (J.A.M.A.,
1936, 107, 276; Ruttan, Can. Med. Assoc. J.,
1952. 67, 151). A single dose of 10 to 30 Gm. is
likely to be fatal although survivals after larger
doses and deaths from smaller ones have been
reported. Impaired renal function enhances the
toxicity. A total of 12 Gm. during 24 hours usually produces symptoms of salicylism such as
tinnitus, vertigo, impaired hearing and headache.
More severe manifestations include hyperpnea.
fever and acidosis and, less regularly, dimness of
vision, sweating, thirst, nausea, vomiting, diarrhea,
skin rashes, tachycardia, restlessness, delirium
and hallucinations. Salicylism may resemble diabetic or renal acidosis. In the worst cases, depression, stupor, coma, cardiovascular collapse, convulsions and respiratory failure follow. Fatal cases
show diffuse endothelial damage with petechial
hemorrhage and congestion throughout the viscera (Troll and Menton, Am. J. Dis. Child., 1945,
69,37).
Treatment. — Treatment of acute poisoning involves the prompt removal of the unabsorbed
drug by gastric lavage and the administration of
30 Gm. of magnesium sulfate. Water and sodium
chloride are replaced parenterally and intravenous
glucose, one-sixth molar sodium r-lactate. and
vitamin K given as required. High fever should
be controlled with tepid sponges. Sedation may
be required for some patients; for others caffeine
or ephedrine are needed to overcome depression.
Complications. — Although most tests of liver
function show no abnormality, large doses of
salicylates may depress the prothrombin activity
of the blood (Smith, Lancet, 1951. 261, 569;
Field, Am. J. Physiol, 1949, 159, 40; Schaeffer.
/. Maine M. A., 1951, 42, 262). Hemorrhagic
tendencies following the use of acetylsalicylic acid
in post-tonsillectomv cases have been reported
(Jones, South. M. J., 1949. 42, 124). Decreased
prothrombin activity may also be responsible in
part for the hemorrhagic manifestations of salicylism and it may aggravate the hemorrhagic
tendencv of the rheumatic state (Clever-Howard.
Proc. S. Exp. Biol. Med., 1943. 53, 234). Hypopro thrombinemia is prevented by simultaneous
administration of 1 mg. of menadione for each
1 Gm. of salicvlate (Shapiro. JAMA., 1944,
125, 546: Emerson. JAMA., 1952. 149, 348).
Large doses of acetylsalicylic acid frequently
lead to gastric distress. Sodium bicarbonate may
be used to alleviate this distress but it should be
pointed out that its use may decrease the blood
concentration of acetylsalicylic acid. Various
other buffering systems are used to alleviate this
distress, including aluminum dihydroxyaminoacetate and magnesium carbonate, which is also
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said to increase salicylate absorption from the
gastrointestinal tract (Paul, J. A. Ph. A., 1950,
39, 21; Tebrock, Ind. Med., 1951, 20, 480).
Allergy. — Idiosyncrasy to acetylsalicylic acid
is rare {Am. J. Med. Sc, 1940, 200, 390; and is
most frequently observed in asthmatics and especially in those with nasal polyps (J.A.M.A., 1937,
108, 445; Ann. Int. Med., 1947, 26, 734; Can.
Med. Assoc. J., 1951, 64, 187). The manifestations are urticaria, erythema, desquamative or
bullous or purpuric skin lesions, angioneurotic
edema, laryngeal stridor, asthma and peripheral
vascular collapse. These reactions are often serious and frequently fatal. Hypodermic or intravenous epinephrine is usually an effective treatment. In milder cases antihistaminic drugs may
be useful. As a test for sensitivity, Duke advised
placing one-eighth of a tablet in the mouth; in
hypersensitive persons symptoms appear in one
minute and the rest of the tablet can be rinsed
from the mouth with water.
Dose. — The usual dose is 600 mg. (approximately 10 grains) by mouth every 4 hours, as
necessary, with a range of 300 to 900 mg. Ordinarily the maximum safe dose is 1 Gm. and it is
seldom that a total dose of more than 10 Gm. in
24 hours is employed. In acute rheumatic fever,
300 mg. to 1.3 Gm. (approximately 5 to 20 grains)
may be given every hour until a daily total of
about 10 Gm. has been given. Children tolerate
proportionately larger doses. Sodium bicarbonate
is often administered in equal amount with each
dose to lessen gastric irritation.
Storage. — Preserve "in well-closed containers." U.S.P.

ACETYLSALICYLIC ACID
CAPSULES. N.F.
Aspirin Capsules

"Acetylsalicylic Acid Capsules contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of C9H8O4." N.F.
Usual Size. — 5 gr. (approximately 300 mg.).
ACETYLSALICYLIC
ACID
U.S.P. (B.P., LP.)

TABLETS

Aspirin Tablets [Tabellae Acidi Acetylsalicylici]

"Acetylsalicylic Acid Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of C9H804." U.S.P. The
corresponding B.P. limits are 94.5 per cent and
105.0 per cent; the LP. limits are the same as
those of the U.S.P.
B.P. Tablets of Acetylsalicylic Acid. LP. Compressi
Acidi Acetylsalicylici. Sp. Tabletas de Acido Acetilsalicilico.

Assay. — A representative sample of tablets,
equivalent to about 500 mg. of acetylsalicylic
acid, is mixed with neutralized alcohol, cooled to
from 15° to 20°, and titrated with 0.1 N sodium
hydroxide T.S., using phenolphthalein T.S. as indicator. In this titration the carboxyl group of
acetylsalicylic acid is neutralized, as well as any
acetic and salicylic acids that may be present. To
the mixture is added a volume of 0.1 N sodium
hydroxide equal to that used in the titration, plus
15 ml. more; the mixture is heated in a boiling
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water bath for 15 minutes to convert the sodium
acetylsalicylate to sodium acetate and sodium
salicylate. After cooling the mixture to room temperature the excess of alkali is titrated with 0.1 iV
sulfuric acid, using phenolphthalein T.S. as indicator. A volume of 0.1 N sodium hydroxide
equal to that added the second time is then mixed
with the same volume of alcohol as used in the
test, diluted with water to the same volume and
heated for the same period of time, then titrated
with 0.1 N sulfuric acid. Each ml. difference in
the two titration figures corresponds to 18.02 mg.
of C9H.8O4, U.S.P.
The B.P. assay is essentially the same as the
B.P. employs for acetylsalicylic acid. The validity
of the assay is established by providing a limiting
test for salicylic acid.
Usual Sizes. — 1, 2% and 5 grains (approximately 60, 150 and 300 mg.).
ACETYLSALICYLIC ACID, ACETOPHENETIDIN AND CAFFEINE
CAPSULES.
N.F.
Aspirin, Phenacetin, and Caffeine Capsules;
APC Capsules

"Acetylsalicylic Acid, Acetophenetidin and Caffeine Capsules contain not less than 90 per cent
and not more than 110 per cent of the labeled
amounts of acetylsalicylic acid (C9H8O4), acetophenetidin (C10H13NO2), and caffeine (CsHioN4O2." N.F.
Assay. — For acetylsalicylic acid. — A chloroform solution containing all three active ingredients is shaken with a sodium bicarbonate solution,
which removes the acetylsalicylic acid. Sodium
hydroxide is added to the aqueous solution, which
is heated to hydrolyze the acetylsalicylic acid; the
resulting salicylate is determined by reaction with
a measured excess of 0.1 N bromine, in the presence of acid, which forms tribromophenol and
carbon dioxide. Excess bromine is estimated by
its releasing an equivalent amount of iodine, which
is titrated with 0.1 N sodium thiosulfate. The
equivalent weight of acetylsalicylic acid in this
reaction is one-sixth its molecular weight. For
acetophenetidin and caffeine. — The chloroform
solution remaining after extraction of acetylsalicylic acid is evaporated to dryness and the residue
of acetophenetidin and caffeine thus obtained is
weighed. The residue is dissolved in a small volume of alcohol, and a measured volume of water
is added to precipitate acetophenetidin, which is
removed by filtration. To a portion of the filtrate
a measured excess of 0.1 N iodine is added to
precipitate the caffeine; this precipitate is filtered
off and the excess iodine in a portion of the filtrate is titrated with 0.05 N sodium thiosulfate.
The equivalent weight of caffeine is one-fourth
its molecular weight, based on the formation of
C8H10N4O2.HI.I4. The weight of acetophenetidin is calculated by subtracting the weight of
caffeine found from the combined weight of
acetophenetidin and caffeine. N.F.
Uses. — Combinations of acetylsalicylic acid,
acetophenetidin and caffeine find wide usage as
analgetics. It would appear that inclusion of caffeine enhances the overall analgetic effect in clinical usage, though it is difficult to evaluate the
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effect quantitatively and it is not apparent what
the mechanism may be. Some clinicians do not
believe that caffeine contributes to the efficacy
of the preparation. For a discussion of the actions
and uses of the component drugs see the respective monographs for each.
Storage. — Preserve "in well-closed containers."
N.F.
ACETYLSALICYLIC ACID, ACETOPHENETIDIN AND CAFFEINE
TABLETS.
N.F.
Aspirin, Phenacetin, and Caffeine Tablets; APC Tablets

"Acetylsalicylic Acid, Acetophenetidin and Caffeine Tablets contain not less than 90 per cent
and not more than 110 per cent of the labeled
amounts of acetylsalicylic acid (CoHsO.*), acetophenetidin (C10H13NO2), and caffeine (CsHioN4O2)." N.F.
For assay and uses see the preceding monograph.
Storage. — Preserve "in well-closed containers."
N.F.
Usual Size. — Tablets containing 180 mg. (ZYi
grains) of acetylsalicylic acid, ISO mg. (2y2
grains) of acetophenetidin, and 30 mg. (V2 grain)
of caffeine.
TABLETS
OF
ACETYLSALICYLIC
ACID AND PHENACETIN.
B.P.
Tablets of Aspirin and Phenacetin, Tabellae Acidi
Acetylsalicylici et Phenacetini

The B.P. provides a formula from which tablets, each containing 226.8 mg. (3j^ grains) of
acetylsalicylic acid and 162 mg. {2Yi grains) of
phenacetin, may be prepared. The content of
acetylsalicylic acid is required to be within the
limits of 94.5 to 105.0 per cent and that of phenacetin within the limits of 95.0 to 105.0 per cent
of the amounts specified, respectively, by the
formula.
Tests and Assay. — The presence of acetylsalicylic acid is confirmed by chemical identification tests, while that of phenacetin is established
by specifying that the melting point of the residue
obtained in the assay for phenacetin shall be
about 134°.
In the assay for acetylsalicylic acid a representative sample of tablets is alkalinized with
sodium hydroxide solution and the phenacetin is
extracted with chloroform, which solution is set
aside. The acetylsalicylic acid in the aqueous
solution is completely hydrolyzed by heating the
alkaline solution and the resulting salicylic acid
determined by adding an excess of 0.1 N bromine,
which forms tribromophenol and carbon dioxide;
the excess of bromine is measured through release
of an equivalent amount of iodine, which is
titrated with 0.1 TV sodium thiosulfate. The
equivalent weight of acetylsalicylic acid in this
assay is one-sixth of its molecular weight, since
three molecules of bromine react with a molecule
of salicylic acid. To assay for phenacetin the
chloroform solution set aside in the preceding
assay is evaporated to dryness and the residue
of acetophenetidin weighed after drying at 105°.
B.P.

and
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This is a popular analgesic combination for
which the B.P. gives the dose as 1 or 2 tablets.
TABLETS
ACID

OF
ACETYLSALICYLIC
WITH
IPECACUANHA
AND OPIUM.
B.P.

TabletsAcetylsalicylici
of Aspirin and cum
Dover's
Powder, Tabellae
Ipecacuanha
et Opio Acidi

The B.P. provides a formula from which tablets, each containing 162 mg. {2]/2 grains) of
acetylsalicylic acid and 162 mg. (2y2 grains) of
Powder of Ipecacuanha and Opium, may be
prepared. The content of acetylsalicylic acid is
required to be within the limits of 94.5 to 105.0
per cent of the amount of that substance specified, and that of anhydrous morphine, C17H19NO3, within the limits of 0.90 to 1.10 per cent
of the amount of powder of ipecacuanha and
opium specified by the formula.
Tests and Assay. — Identification tests for
the several constituents are provided. In the
assay for acetylsalicylic acid a representative
portion of the powdered tablets is heated with
dilute sulfuric acid, which effects hydrolysis of
the aspirin to acetic and salicylic acids. The latter
is extracted with ether, which is then extracted
with a sodium hydroxide solution, and the salicylic acid finally determined as explained in the
assay for Tablets of Acetylsalicylic Acid and
Phenacetin. An assay for morphine is performed
by the method employed in the assay for Powder
of Ipecacuanha and Opium. B.P.
This combination is employed as an antipyretic in the treatment of acute febrile conditions; the dose is 1 or 2 tablets.
ACONITE.

N.F. (LP.)

Aconite Root, Monkshood, Aconiti tuber, [Aconitum]

"Aconite is the dried tuberous root of Acotiitum
Napellus Linne (Fam. Ranunadacece) . The potency of Aconite is such that 100 mg. possesses
an activity equivalent to not less than 150 meg.
of Reference Aconitine." N.F. The LP. requires
Aconite Root to contain not less than 0.6 per cent
of the alkaloids of aconite, of which not less than
30 per cent consists of aconitine.
LP. Aconiti Tuber; Aconite Root. Wolfsbane; Friar's
Cap; Blue Rocket. Aconiti Tuber; Tubera Aconiti; Radix
Aconiti. Fr. Aconit napel ; Coqueluchon. Ger. Eisenhutknollen; Aconitknollen; Fuchswurz; Monchswurz; Wolfswurzel. It. Aconito. Sp. Tuberculo de aconito; Raiz de
aconito.

The name Aconite is derived, according to
Pliny, from the ancient Black Sea port, Aconis.
Some species of aconite was used by the ancient
Chinese as well as by the hill tribes of India.
While the physicians of Myddvai indicated the
importance of aconite as a remedy during the 13th
century, it was introduced into modern medicine
by Storck, of Vienna, in 1763. The drug was admitted into the London Pharmacopoeia in 1788
and into the first U.S. P. The genus Aconitum is
a relatively large one. there being some sixty welldefined species, nearly half of which have been
used in medicine. The species which is official and
recognized by nearly all the pharmacopoeias is
Aconitum Napellus. It is indigenous to the mountainous regions of Middle Europe and is found
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growing in the Alps, Pyrenees and mountainous
districts of Germany, Austria, Denmark, Sweden
and Siberia, its range extending eastward to the
Himalayas. It is not found in India, according to
Dutt, the nearest approach to it there being
A. soongariciim Stapf. The pure species occurs
wild in North America as an escape from cultivation. The most nearly related American plant is
the variety delphinifolium Ser. which occurs from
Alaska to British Columbia. Varieties and subspecies of A. Napellus are extensviely cultivated
in temperate climates for their foliage and flowers.
There are about twenty species of Aconitum
which are indigenous to the mountainous regions
of the United States, three of which occur in the
eastern section, the remainder being distributed in
the west, chiefly in the Rocky Mountains.
Aconitum Napellus is a perennial herb attaining a height of 0.7 to 1.5 meters, with a fusiform
to conical tuberous root, seldom exceeding 10 cm.
in length and 2 cm. in thickness near the summit,
brownish externally, whitish and fleshy within,
and sending forth numerous long, thick, fleshy
rootlets. When the plant is in full growth, there
are usually two or three roots joined together by
short shoots from axillary buds at the base of the
stem, of which the oldest is dark brown, fusiform, wrinkled, and supports the stem, while the
youngest is of a light yellowish-brown color and
conical shape and is destined to furnish the stem
of the following year, the old root decaying. The
stem is erect, round, smooth and leafy. The
leaves are alternate, petiolate, with suborbicular,
subcordate to broadly ovate, palmately 5- to 7parted to divided blades, from two to four inches
in diameter, deep green upon their upper surface,
light green beneath, somewhat rigid, and more or
less smooth and shining on both sides. Those on
the lower part of the stem have long petioles and
five or seven divisions; the upper, short petioles
and three or five divisions. The divisions are
wedge-form, with two or three lobes, which extend nearly or quite to the middle. The lobes are
cleft or toothed, and the lacinice or teeth are
linear or linear-lanceolate and pointed. The flowers
are of a dark violet-blue color, large and beautiful, and are borne at the summit of the stem
upon a thick, simple, straight, erect, spike-like
raceme, beneath which, in the cultivated plant,
several smaller racemes arise from the axils of
the upper leaves. There are 2 lanceolate bracts
beneath each pediceled flower. The sepals are five,
the upper helmet-shaped and beaked, nearly hemispherical, open or closed, the two lateral roundish
and internally hairy, the two lower oblong-oval.
They enclose 2 distinct, hammer-like, nectariferous petals which are covered by the hood of
the posterior sepal. The stamens are numerous
and hypogynous. The carpels are 3 to 4 with
bilobed stigma.
The fruit consists of 3 to 4 beaked follicles.
The seeds are angular, wrinkled and very acrid.
They rapidly lose their germinating power upon
drying and storing and are for the greater part
non-viable after a year.
A number of subspecies, varieties and hybrids
of A. Napellus are abundant in the alpine meadows and mountain forests of France, Switzerland,
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and Germany. Many of these are cultivated in
the gardens of Europe, and have been introduced
into this country as ornamental plants. All parts
of the plants are acrid and poisonous. The leaves
and flowering tops (Aconiti Folia) were formerly
used but only the root is now official. The fresh
leaves have a faint narcotic odor, most sensible
when they are rubbed. Their taste is at first bitter
and herbaceous, afterward burning and acrid,
with a feeling of numbness and tingling, on the
inside of the lips, tongue, and fauces, which is
very durable, lasting sometimes many hours. The
root is much more active than the leaves; an
extract from the latter is said to have only onetwentieth of the strength of one made from the
former. It should be gathered in autumn or winter
after the leaves have fallen, and is not perfect
until the second year. It has been mistakenly substituted for horseradish root, as a condiment,
with fatal effects. The studies of P. W. Squire
seem to show that in the autumn the root is the
most active. But the practical difficulty is that the
root of A. paniculatum Lam. cannot be distinguished by the ordinary collector from that of
A. Napellus, except by taste; so that the custom
of gathering the root about the flowering period
is probably well founded.
Aconite root is collected chiefly from plants,
representing subspecies and varieties of A. Napellus, growing wild in the cool mountainous regions of Germany, Hungary, Switzerland, Spain
and France. The tuberous roots are dug up in
autumn, washed and carefully dried. The total
imports of this drug into the United States in
1952 were 4470 pounds, the suppliers being Italy
and Spain.
Commercial aconite root shows considerable
variation and is usually a mixture of six or seven
different kinds of tubers, as follows: 1. Single
fleshy tubers which are smooth, light brown and
full of starch. 2. Single tubers which are single,
somewhat elongated fusiform, crowned with short
stems, dark brown and longitudinally furrowed.
3. Twin or triplet tubers, one of two of which
(daughter tuber or tubers) being bud-crowned
and the other (parent tuber) having a short stem
at the summit. 4. Very small single tubers usually
crowned with stems, the lower portion being acute
or pointed. 5. Single tubers which are almost cylindrical, crowned with stems and either fleshy and
nearly smooth or more or less shrunken and furrowed. 6. Dark brown resinous tubers. 7. Fragments of small and nearly filiform roots.
The root has a feeble earthy odor. Though
sweetish at first, it has afterward the same effect
as the leaves upon the mouth and fauces. It
shrinks much in drying, and becomes darker, but
does not lose its acridity.
Description. — "Unground Aconite occurs as a
more or less conical root, from 4 to 10 cm. in
length, and from 1 to 3.5 cm. in diameter at the
crown; externally weak brown to moderate brown,
smooth or longitudinally wrinkled, the upper end
with a bud, or remains of bud-scales and stemscar. The other portions possess numerous rootscars or short rootlets. The fracture is short,
horny, or somewhat mealy; and the internal color
is yellowish white through very pale orange to
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moderate yellowish brown. The bark is 1 to 2 mm.
in thickness, and the cambium zone is usually
5- to 8-angled. Aconite has a very slight odor and
a sweet taste soon becoming acrid and developing
a tingling sensation, followed by numbness."
N.F.X. For histology see N.F.X.
"Powdered Aconite is pale brown to weak yellowish orange. Starch grains are numerous, spherical, somewhat planoconvex, single or 2- to 5-compound, the individual grains from 3 to 20 jx in
diameter and frequently with a central cleft;
vessels mostly with slit-like, simple pits, sometimes with spiral or reticulate thickenings or with
bordered pits; stone cells single, or in small
groups, tabular, irregular, rectangular, or elongated in shape, from 100 to 400 n in length, walls
strongly lignified and having simple pores. Also
present are a few fragments of cells with brownish or yellowish walls; numerous fragments of
parenchyma, the cells of which are filled with
starch grains. Fibers from stems are few, very
long, with lignified walls and marked by transverse or oblique, slit-like pits." N.F.
Standards and Tests. — Aconite contains not
more than 5 per cent of its stems and not more
than 2 per cent of foreign organic matter, other
than stems. N.F.
Assay. — The N.F. directs that a tincture of
the drug shall be prepared and assayed as directed
under Aconite Tincture. The studies of Wolff e
and Munch, described under Uses, cast doubt on
the reliability of this bioassay as an evidence of
the therapeutic value. Hoppe and Mollett (/. A.
Ph. A., 1943, 32, 215), investigating the assay
technic of Rowe in which white mice are used
instead of guinea pigs, reported results having a
standard error of approximately one per cent. A
biological assay method for aconite tincture, employing intravenous injections in mice and comparing the LD50 doses of a reference standard
aconitine solution and of dilutions of the tincture
under test, has been developed by Barr and
Nelson (/. A. Ph. A., 1949, 38, 518); the standard error of a series of assays was found to be
less than 2 per cent. A method based on the minimum dose necessary to produce emesis in pigeons
has been suggested by Christensen and Nelson
(/. A. Ph. A., 1940, 29, 97).
The LP. assay for total alkaloids specifies extraction of the alkaloids by macerating the powdered drug with ether in the presence of ammonia;
an aliquot portion of the ether solution is evaporated to dryness, and the residue titrated with
0.1 N hydrochloric acid in the presence of methyl
red and methylene blue as a mixed indicator.
Each ml. of 0.1 N hydrochloric acid represents
64.5 mg. of total alkaloids, calculated as aconitine.
The determination of the proportion of aconitine
is based on the residual titration, with 0.01 N
sodium hydroxide and 0.01 N hydrochloric acid,
of the benzoic acid obtained from this alkaloid
upon alkaline hydrolysis.
A chemical assay for aconite described by
Bronkhorst (Pharm. Weekblad, 1935, 72, 1056) is
based on hydrolysis of the alkaloids and estimation of the liberated acids. The method distinguishes aconitine, benzoylaconine, and aconine.
Baker and Jordan (/. A. Ph. A., 1936, 25, 291)

Part I
suggested a method of analysis which takes advantage of the difference in basic dissociation
constants of aconitine and benzoylaconine, the
latter being a stronger base. Other assay methods
have been suggested by Schulze (Apoth.-Ztg.,
1933, 48, 94) and Neugebauer {Pharm. Zgt., 1933,
78, 1077).
Constituents. — Aconitum Napellus contains
several alkaloids, though there seems to be some
disagreement as to their identity.
Aconitine is the most important alkaloid of the
official drug. First isolated by Peschier in 1820,
apparently in an impure form, it was first obtained
in a crystalline state by Groves in 1860. There
has been much discussion regarding the empirical
formula for aconitine, but C34H47NO11 is now
generally accepted; it is acetylbenzoylaconine.
The alkaloid melts between 192° and 196° (with
decomposition), is dextrorotatory, crystallizes in
rhomic prisms, is soluble in chloroform and in
benzene, less soluble in ether and in alcohol,
and almost insoluble in water and in petroleum
ether. It forms well-crystallized salts which are
laevorotatory.
Aconitine is precipitated from its solution by
caustic alkalies, but not by ammonium carbonate,
nor by potassium or sodium bicarbonate. It is
easily hydrolyzed by acids or alkalies. In general,
it has the incompatibilities characteristic of
alkaloids.
Many facts are known concerning the structure
of aconitine, but it has not yet been fully elucidated. The molecule contains four methoxyl
groups, three hydroxyl groups, and an ethylimino
group. On hydrolysis by water under pressure, or
by boiling with dilute acid, a molecule of acetic
acid and one of benzoylaconine are produced;
hydrolysis by alkalies releases both acetic and
benzoic acids and yields aconine. Outstanding
contributions to knowledge of the structure of
aconitine have been made by Majima (Ann.
Chem., 1936, 526, 116), Freudenberg (Ber., 1937,
70B, 349) and Suginome (Ann. Chem., 1937, 533,
172). For (1949),
further p.
information
see Henry's Plant
Alkaloids
674.
Benzoylaconine, also known as benzaconine,
isaconitine, and pier aconitine, accompanies aconitine in A. Napellus. Its empirical formula is
C32H45NO10, and it is formed by the elimination
of the acetyl group from aconitine. The base melts
at 130°, is dextrorotatory, but forms crystalline
salts which are levorotatory. Its toxicity is less
than that of aconitine and it appears to differ
somewhat in the type, as well as in the degree, of
its physiological action.
Aconine results from the hydrolysis of aconitine
by alkali, but also occurs naturally in A. Napellus.
It represents aconitine deprived of its acetyl and
benzoyl groups, and has the formula C25H41NO9.
It melts at 132°, is dextrorotatory, and likewise
yields crystalline salts which are levorotatory.
Aconine behaves as a cardiac stimulant and is
antagonistic to aconitine.
The alkaloid neopelline, C28H330s(OCH3)3(NCH3).3H20, was isolated by Schulze and
Berger (Arch. Pharm., 1924, 262, 553) from commercial "amorphous aconitine." It is amorphous;
on alkaline hydrolysis acetic and benzoic acid
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are eliminated and neoline, C23H39NO6, is formed.
The latter base is given the formula C24H11NO6
by Freudenberg and Rogers (J.A.C.S., 1937, 59,
2572) and said to be normally present in A. Napellus. The latter authors isolated the new alkaloid
napelline, C22H33NO3, and found sparteine and
/-ephedrine in amorphous acontine from A. Napellus. For an informative historical review on the
chemistry of aconite see the article by Husa in
A. Ph. A. Monograph No. 1, 1938, on Aconite.
Alkaloids from other species of Aconite.
— The alkaloids of Aconitum are mainly of two
kinds: (1) aconitines, which are di-acyl esters of
a series of polyhydric, amino-alcohols (aconities)
and are highly toxic, and (2) the atisines, which are
polyhydric amino-alcohols and of low toxicity.
Some of the more toxic aconitines include
pseudaconitine, from A. deinorrhizum and A. Balfourii (India) ; japaconitine, from A. uncinatum
(Japan); indaconitine, from A. chasmanthum
(India) ; and bikhaconitine, from A. spicatum
(India). The group of less toxic alkaloids includes atisine from A. heterophyllum and palmatisine from A. palmatum. For a complete list of
aconite alkaloids and their distribution among the
species, see Henry {Plant Alkaloids, 1949).
Many, probably all, species of aconite contain
one or more alkaloids. While most of these alkaloids are poisonous, there is not sufficient evidence
that their physiological action is the same as that
of the official drug. It is therefore imperative
that none of the other species be employed as a
substitute for the official aconite; the fact that
they may show a similar degree of toxicity on
bio-assay provides no assurance of similarity of
action, for the method of assaying aconite gives
no indication of how it acts, only the amount required to kill.
For a description of other aconite species see
U.S.D., 24th ed., p. 22.
Uses. — Aconite is not widely used in the
United States. The pharmacologic action of its
chief alkaloid, aconitine, is stimulating and then
depressing on the central and peripheral nervous
system and resembles that of protoveratrine in
some respects. On the cardiovascular system the
action suggests that of quinidine. Topically, it is
a counterirritant.
History. — Aconite was well known to the ancients as a powerful poison; it appears to have
been used as an arrow poison early in Chinese
history and perhaps also by the inhabitants of
ancient Gaul. It is the basis of the legend of the
"love poison" according to which the victim could
be poisoned by sexual contact with a woman who
had been fed aconite daily since infancy (Bull.
Hist. Med., 1944, 15, 420). Although mentioned
in the Meddygon Myddfai, published in Wales in
the 12th century, it was introduced into regular
medicine by Baron Storck of Vienna, whose experiments were published in the year 1762. Geiger
(Annaien d. Pharm., 1834, 7, 269) described
aconitine.
Action. — Locally aconite is actively irritant
and also a paralyzant to the peripheral sensory
nerves. When applied to a mucous surface it produces at first a burning, tingling sensation followed
in a few minutes by a numbness. This sensation
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may even be perceptible after the systemic ingestion of large doses. When administered internally the first effect is generally a slowing of the
pulse due to stimulation of the cardio-inhibitory
centers, with consequent fall in the blood pressure
and usually some slowing of respiration. With
large doses, in the lower animals, the slow pulse
suddenly becomes irregular and rapid with further
fall of the blood pressure. These irregularities
are apparently due to excitation of heteropic (misplaced) impulses in the heart (Hueber and Lehr,
Arch. exp. Path. Pharm., 1938, 189, 25). The
heart becomes more and more irregular and eventually passes into ventricular fibrillation (Tripod,
Arch, internat. pharmacodyn. therap., 1951, 85,
121), which is antagonized by a-fagarine or procaine in the isolated mammalian heart. According
to Hueber and Lehr, magnesium antagonizes these
cardiac irregularities. Aconite increases the toxic
effects of calcium and digitalis on the heart.
Wolffe and Munch (/. Pharmacol., 1934, 51,
471) believe that the cardiac arrhythmia is due
to the aconitine; they report that aconine will
slow the pulse but not cause irregularities. There
is apparently great variability in the potency of
aconite; thus Wolffe (4. Ph. A. Monograph No. 1,
1938) gave from 20 to 60 drops of an official tincture to a number of patients with no apparent
effect. Wolffe and Munch believe that the constituents of aconite that are not toxic to guinea
pigs when tested by the official assay — chiefly
aconine — may be the therapeutically desirable
substances. Such constituents result from the
hydrolysis of aconitine; hence such a preparation
as aconite tincture may be of greater value when
it has been allowed to stand long enough for the
aconitine to have been hydrolyzed, which effect,
paradoxically, is accompanied by diminished potency as measured by the guinea pig assay. This
may account for the reports, from many practitioners, of good clinical results obtained from an
old aconite preparation which had decomposed on
standing.
In the frog, large quantities of aconite produce
a loss of reflex activity, which is apparently due to
a paralysis of sensation as voluntary motion is
preserved for some time later, although it too may
eventually be abolished. The drug appears to
affect both the sensory nerves and the receptive
side of the spinal cord, although the latter is involved comparatively late in the poisoning.
Therapeutic Use. — Aconite was formerly used
in the treatment of febrile complaints ; any benefit
it may have exerted is attributable to the lowering of blood pressure, which tends to promote
sweating. It has been used to reduce overaction
of the heart, especially in the absence of organic
lesions, and occasionally to reduce high blood
pressure. The variability of its potency and the
closeness of its therapeutic and toxic closes have
been responsible, in large measure, for its decline
as a therapeutic agent.
Aconite was formerly employed for its local
irritant effect and anesthetic action in peripheral
neuralgias; if used too freely for this purpose it
may be absorbed through the skin in sufficient
quantity to cause serious poisoning. It has been
employed as a local anesthetic for the stomach in
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various types of vomiting or gastralgia but because of its systemic effect is no longer thus used.
For internal use the tincture (q. v.) is employed.
As a febrifuge this was formerly given in a dose
of 0.12 ml. every 10 minutes for an hour, then
every hour until the fever subsided. For external
application the fluidextract (N.F. IX) has been
employed but an ointment was generally preferred. This may be prepared by incorporating
the fluidextract in 2 or 3 parts of lard or other
base. Aconite and Chloroform Liniment, official
in N.F. VIII, was prepared by mixing 45 ml. of
aconite fluidextract, 80 ml. of alcohol, 125 ml. of
chloroform, and 750 ml. of camphor and soap
liniment; it was once a popular counterirritant
liniment. The U.S. P. 1870 recognized a plaster of
aconite. S
Toxicology. — Aconite is a rapidly acting and
powerful poison (Hartung, J.A.M.A., 1930, 95,
1265). The symptoms produced by an overdose
of it are sensations of warmth in the stomach,
sometimes with nausea but usually without vomiting, slowing of the pulse and of the respiration;
the skin is cool and moist, and there is profound
prostration. As the poisoning progresses the respirations become more slow and shallow, the pulse
becomes increasingly feeble, and toward the end
rapid or very irregular. The only symptom of
diagnostic importance is the characteristic numbness and tingling first felt in the lips and mouth,
but later often also in the fingers. At times there
is dimness of vision, the pupils may be either contracted or dilated, and occasionally delirium and
stupor or convulsions may precede the fatal
termination. Death, from cardio-respiratory failure, occurs in Yz to 6 hours. As little as 5 ml. of
the tincture may cause death. Poisoning has resulted from mistaking aconite for other plants,
such a horse radish.
In the treatment of aconite poisoning the patient should be kept absolutely in a horizontal
position, or with the feet higher than the head.
If respiration is depressed, oxygen is indicated;
artificial respiration may be needed. Gastric lavage
is preferable to emetics as the latter cause strain
upon the circulation. Hatcher (J.A.M.A., 1935,
105, 502) recommended potassium permanganate
as a chemical antidote. Hueber and Lehr (loc.
cit.) and Mladoveanu (Arch, internat. pharm.,
1939, 63, 494) suggested parenteral use of magnesium sulfate to antagonize the cardiac effects
in aconite poisoning. Hartung (Arch. exp. Path.
Pharm., 1912, 69, 176) demonstrated experimentally the value of atropine. Other circulatory
stimulants, such as strychnine or ammonia, may
also be used. Body temperature should be maintained by external application of heat. Barbiturates may be used to control convulsions.
Dose, of aconite root, 30 to 60 mg. (approximately y2 to 1 grain). A dose of 150 mg. in 24
hours should seldom be exceeded.
ACONITE

TINCTURE.

N.F. (LP.)

[Tinctura Aconiti]

"Aconite Tincture possesses a potency per ml.
equivalent to 150 meg. of Reference Aconitine."
N.F. The LP. Tincture of Aconite contains 0.045
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to 0.055 per cent w/v of total alkaloids, of which
not less than 30 per cent consists of aconitine.
Tincture of Aconite Root. Fr. Teinture d'aconit (racine).
Ger. Eisenhuttinktur. It. Tintura di aconito. Sp. Tintura
de aconito.

Prepare the tincture from 100 Gm. of aconite,
in fine powder, by Process P as modified for
assayed tinctures (see under Tinctures), using a
menstruum of 3 volumes of alcohol and 1 volume
of water. Macerate the drug during 24 hours,
then percolate at a rapid rate. Adjust the pH of
the percolate to 3 ± 0.2, using hydrochloric acid;
after assaying the liquid, dilute it to the required
potency, including sufficient acid to maintain the
specified pH. The official formula produces approximately 1000 ml. of tincture. N.F.
The adjustment of the reaction of this tincture
is based on the finding of Swanson and Hargreaves (/. A. Ph. A., 1927, 16, 296), confirmed
by Haag and Hawkins (J. A. Ph. A., 1930, 19,
1284), that deterioration of the tincture (as measured by the official assay — but see under Uses of
Aconite) is in large measure prevented by adjusting it to a pH of 2.5 to 3.0. Hydrochloric acid was
used for the acidification.
Assay. — Opinion as to the relative merits of
chemical and biological assay of aconite is divided, as is apparent from the number of methods
of both types which have been proposed, some of
which are described in the monograph on Aconite.
The N.F. employs a biological method of assay.
The first of the biological methods to have been
used for testing aconite — in fact probably the
oldest of all biological methods of standardizing —
was that suggested by Dr. E. R. Squibb, this being
based upon an observation of the characteristic
effects of aconite on peripheral sensory nerve endings. The principle of the method consisted in
determining the lowest dilution in which a given
sample taken into the mouth of the experimenter
produced the first perceptible degree of tingling
in the tongue. The method was carried out as follows After
:
rinsing the mouth with distilled water,
4 ml. of an aqueous solution, representing one
part of aconite root to 600 parts of water, was
taken into the anterior part of the mouth and held
there for one minute and then expelled. If the
drug was of standard quality there resulted in a
few minutes a characteristic sensation, too slight
to properly be called tingling and yet closely allied
to it. If, at the end of fifteen minutes, there was
no distinct sensation the drug was considered to
be below standard and stronger solutions were
tested in the same manner. On the other hand, if
it produced a sharp, distinct tingling it was
stronger than normal and less concentrated solutions were tested. It is evident that personal susceptibility played a considerable part in this
method and it was necessary for the experimenter
to standardize himself by determining his sensitiveness toward a sample of known potency.
Even then, the test was hardly more than of
qualitative value.
The second method, adopted as the N.F. assay,
is based on a comparison of the toxicity of a
known dilution of the tincture with a standard
solution of reference aconitine. Guinea pigs weigh-
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ing between 250 Gm. and 350 Gm., but not differing by more than 50 Gm. in weight and all
from the same colony of pigs, are used in the
assay. Injections of the diluted aconite tincture,
and of the reference aconitine solution, are injected under the skin of the abdomen of the guinea
pigs; the experiment consists in determining the
dose of each preparation which will kill not more
than 7 and not less than 3 animals of groups of 10
animals used for each solution, within 6 hours.
When the respective mortalities from the reference standard and the preparation being assayed
differ by not more than 2 animals the doses may
be considered equivalent and a comparison of
relative potencies of the preparations made. The
N.F. states, however, that "owing to many variable factors in this assay which make it difficult
for different operators to obtain identical results,
the evidence of potency within 20 per cent above
or 20 per cent below the standard is accepted."
For other methods of assay see under Aconite.
Alcohol Content. — From 65 to 70 per cent by
volume of C2H5OH. N.F.
There was formerly employed in the United
States, and at one time recognized by the N.F.,
a preparation known as Fleming's Tincture of
Aconite, which represented 70 per cent of aconite root.
Uses. — For discussion of uses of aconite, including the tincture, see the preceding monograph.
At one time aconite tincture was a popular preparation but the variation in its potency and the
uncertainty of its action have materially limited
its use.
Dose, 0.3 to 1 ml. (approximately 5 to 15
minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight or
to excessive heat." N.F.
ACONITINE.
Aconitinum

LP.

The LP. defines aconitine as acetylbenzoylaconine, and requires it to contain not less than 99.0
per cent of C34H47NO11.
Aconitine is usually obtained from Aconitum
Napellus. In one of the several extraction procedures which may be used the drug is exhausted
with methanol containing 1 per cent of tartaric
acid. The extract is concentrated, diluted with
several volumes of water, and treated with petroleum ether to remove fatty impurities. The
aqueous solution is then alkalinized with ammonia
and the total alkaloids extracted with ethyl or
isopropyl ether, or with benzene or toluene. From
this solution the alkaloids are extracted with small
volumes of 36 per cent hydrobromic acid; on
cooling this solution aconitine hydrobromide
crystallizes, particularly if some ammonium bromide isadded. Instead of using hydrobromic acid,
a 10 per cent solution of hydrochloric acid may
be used; to this is added sodium iodide to precipitate the aconitine as hydriodide.
For information concerning chemical characteristics of aconitine see Constituents, under
Aconite.
Description. — Aconitine occurs in colorless
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crystals or as a white, crystalline powder; it is
odorless; a sensation of tingling, free from bitterness, isproduced by as small a quantity as
6 micrograms placed on the tongue (the alkaloid
is extremely poisonous!). Aconitine dissolves in
about 4500 parts of water, in about 40 parts of
ethanol (90 per cent), in about 70 parts of ether,
in about 2800 parts of petroleum ether, and in
about 10 parts of benzene; it is very soluble in
chloroform. It melts between 192°and 196°, with
decomposition. LP.
Standards and Tests. — Identification. — An
aqueous solution, made slightly acid with acetic
acid, yields a colorless, well-crystallized precipitate upon addition of potassium iodide T.S.
Pseudoaconitine. — A yellow residue is produced
on moistening aconitine with fuming nitric acid
and evaporating to dryness on a water bath; on
moistening the residue with a freshly-prepared
10 per cent (w/v) solution of potassium hydroxide in alcohol no purple color is produced. LP.
Assay.— About 300 mg. of aconitine is dissolved in 10 ml. of 0.1 N hydrochloric acid and
the excess acid is titrated with 0.1 A7 sodium
hydroxide, using methyl red as indicator. Each
ml. of 0.1 N hydrochloric acid represents 64.6 mg.
of C34H47NO11.

LP.

Uses. — While aconitine was long ago deleted
from both the U.S. P. and the B.P. it maintains a
degree of popularity in some European and South
American countries for which reason, apparently,
it is included in the LP.
In neuralgia aconitine is applied externally in
the form of a 2 per cent ointment; the alkaloid
is dissolved in 8 parts of oleic acid and this solution is incorporated in an ointment base, generally lard. A 2 per cent solution of aconitine in
oleic acid is employed for the same purpose.
Care must be observed in applying these preparations to avoid contact with mucous membranes
or raw skin.
Aconitine is sometimes given internally for its
diaphoretic and depressant effect, but such use
may be dangerous because of the powerful cardiac
action of the drug (see Uses, under Aconite).
The average dose of aconitine is 0.1 mg. (approximately %40 grain) ; doses up to 0.3 mg. (approximately %oo grain) are sometimes given,
which in very rare instances have been cautiously increased to a single dose of 1 mg. (approximately Vm grain).
Storage. — Preserve in a well-closed container,
protected from light. LP.
ACRIFLAVINE.
N.F.
Acriflavine Base, Neutral Acriflavine, [Acriflavina]

"Acriflavine is a mixture of 3,6-diamino-10methylacridinium chloride and 3,6-diaminoacridine containing, when dried at 105° for 2 hours,
not less than 13.3 per cent and not more than 15.8
per cent of CI." N.F.

Trypaflavine {Delta) ; Gonacrine; Neutroflavine; Euflavine. Acridinum Hydrochloricum. Fr. Chlorhydrate de
diaminoacridine.

Derivatives of acridine have long been emin thefirst
dye marketed
industry, in"acridine
yellow"
having ployed
been
1889. In
1896
Tappeiner, because of the similarity in the struc-
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ture of acridine and quinoline, made some experiments on the antimalarial activity of acridine derivatives, which, however, were not encouraging.
It was not until 1912 when Benda introduced
diamino-acridinium-methyl-chloride, which Ehrlich
(Ber., 1913, 46, 1931) showed to be definitely
trypanocidal, that acridine dyes became of medicinal importance. Since then a number of compounds chemically related to acriflavine have been
used.
Acriflavine is sometimes called acriflavine base
or neutral acriflavine but this designation is hardlv
correct, for Collins (/. A. Ph. A., 1929, 17, 659)
showed that in aqueous solution the pH is between 3and 5 ; that is, it is distinctly acid.
The preparation of acriflavine involves a series
of reactions which may be summarized as follows: Aniline and formaldehyde undergo interaction to form 4,4-diaminodiphenylmethane; this
is
nitrated
methane and tothe2,2'-dinitro-4,4'-diaminodiphenyllatter is reduced with tin and
hydrochloric acid to form the stannichloride of
3,6-diaminoacridine; after acetylation of the
amino groups, the nitrogen atom in the ring is
methylated by the use of methyl ^-toluenesulfonate and the acetyl groups are subsequently removed by heating with hydrochloric acid.
The preparation of pure acriflavine from commercial samples containing much diaminoacridine
may be achieved by treatment with sodium hydroxide and subsequent recrystallization.
Description. — "Acriflavine occurs as a deep
orange, odorless, granular powder. Solutions of
Acriflavine are reddish orange in color and become
fluorescent on dilution. One Gm. of Acriflavine dissolves in about 3 ml. of water. It is incompletely
soluble in alcohol, is nearly insoluble in ether, in
chloroform, and in fixed oils." N.F.
Standards and Tests. — Identification. — (1)
On adding a few drops of hydrochloric acid to a
solution of acriflavine that has been diluted until
it just exhibits fluorescence the fluorescence disappears but reappears partially on dilution with
distilled water. (2) A reddish-orange crystalline
precipitate is formed on adding 2 drops of sulfuric
acid to 1 ml. of a 1 in 250 aqueous solution of
acriflavine. (3) No effervescence results on mixing equal volumes of a solution of acriflavine with
a saturated solution of sodium bicarbonate (acriflavine hydrochloride does produce an effervescence). Loss on drying. — Not more than 8 per
cent, when dried for 2 hours at 105°. Residue on
ignition. — Not over 35 mg. from 1 Gm. of acriflavine ignited with 1 ml. of sulfuric acid. Waterinsoluble substances. — Not over 0.5 per cent.
Arsenic. — 200 mg. of acriflavine meets the requirements ofthe test for arsenic, corresponding
to a limit of 10 parts per million. N.F.
Assay for Chlorine. — A sample of about 250
mg. of acriflavine, previously dried for 2 hours
at 105°, is dissolved in water and heated with a
solution containing silver nitrate, sulfuric acid
and potassium permanganate to precipitate silver
chloride while oxidizing the remainder of the acriflavine molecule. The precipitate is filtered on a
Gooch crucible, washed first with 1 in 3 nitric
acid, then with distilled water, and dried to con-
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stant weight at 105°. Each Gm. of silver chloride
represents 247.4 mg. of CI. N.F.
For an account of therapeutic properties see
under Acriflavine Hydrochloride. For intravenous
injection the "acriflavine base" is preferable to
the hydrochloride because of its lower acidity.
The beginning dose which has been used is about
100 mg. (approximately \l/i grains) administered
intravenously once a day, which may be cautiously
increased, bearing always in mind the possible
injurious effects on the liver.
Storage. — Preserve "in tight containers." N.F.
ACRIFLAVINE

HYDROCHLORIDE.
N.F.

[Acriflavinae Hydrochloridum]

"Acriflavine Hydrochloride is a mixture of the
hydrochlorides of 3,6-diamino-10-methylacridinium chloride and 3,6-diaminoacridine, yielding,
when dried for 1 hour at 105°, not less than 23
N.F.
per cent and not more than 24.5 per cent of CI."
Acid Acriflavine; Acid Trypaflavine.

The two NHs groups of acriflavine are capable
of reacting with acids to form salts; thus, acriflavine may form a monohydrochloride and a
dihydrochloride. The official substance is the
monohydrochloride. For information concerning
the chemistry of acriflavine see the preceding
monograph.
Description. — "Acriflavine Hydrochloride occurs as a strong reddish brown, odorless, crystalline powder. Solutions of Acriflavine Hydrochloride are dark red in color and become fluorescent
on dilution. One Gm. of Acriflavine Hydrochloride dissolves in about 3 ml. of water, and is
soluble in alcohol. It is nearly insoluble in ether,
in chloroform, in liquid petrolatum, and in fixed
or volatile oils. One Gm. of Acriflavine Hydrochloride, dissolved in 50 ml. of warm distilled
water, forms a clear solution, which remains clear
and free from sediment on standing in the dark
for 24 hours. Dissolve 200 mg. of Acriflavine
Hydrochloride in 100 ml. of isotonic sodium chloride solution: a clear solution is obtained, which
remains clear and free from sediment on standing
in the dark for 24 hours." N.F. The solubility of
acriflavine hydrochloride varies somewhat with
the proportions of its components, hence commercial samples do not always have identical solubilities. Itis of interest that the mixture is more
soluble than either component.
Standards and Tests. — Identification. — Acriflavine hydrochloride responds to the tests prescribed for acriflavine except that its solutions are
dark red, and in test (3) an effervescence is produced. Loss on drying. — Not over 7 per cent on
drying for 1 hour at 105°. Residue on ignition. —
Not over 10 mg. from 1 Gm. of acriflavine hydrochloride with 1 ml. of sulfuric acid. Arsenic. — The
requirement is the same as for acriflavine. N.F.
Assay. — The N.F. directs that the assay be
performed as specified under Acriflavine.
Incompatibilities. — Acriflavine and its hydrochloride are incompatible with solutions contain-
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ing chlorine, phenol or mercuric chloride. With
alkalies and with silver nitrate a precipitate is
produced. While acriflavine hydrochloride is compatible with normal salt solution for immediate
use, precipitation occurs upon standing. Salt solutions stronger than 5 per cent produce a precipitate immediately. Solutions of acriflavine
hydrochloride are acid and may give rise to incompatibilities forthis reason.
Uses. — The most important use of acriflavine
is as a wound antiseptic. This antiseptic is an outcome of investigations, commencing with Ehrlich,
to find a dye which will stain the microorganism,
and thereby injure it, without staining the tissues
of the host; thus it would have low toxicity to
the host. In addition to acriflavine, the related
substances aminacrine hydrochloride and proflavine hemisulfate are official in the B.P.
Acriflavine is not an extremely powerful bactericide but it is a very active bacteriostatic substance. It is usually employed in strengths of
about 1 in 1000 in physiological saline solution.
Browning, who advocated use of acriflavine as a
surface antiseptic in 1917, reviewed the more recent status of this drug (Brit. M. J., 1943, 1, 341)
as follows: it is bacteriostatic against important
pyogenic bacteria; serum does not diminish its
action but blood and pus do ; its systemic toxicity
is low (100 mg. intravenously every other day
for 10 doses is well tolerated) and it is not absorbed sufficiently from wounds to be toxic; in
the 1:1000 solution concentration it causes little
tissue damage; phagocytosis is but little disturbed; skin idiosyncrasy is rare; it is able to
destroy infection in a fresh wound before significant invasion occurs; established infection is
cleaned up better by the 1 :1000 solution than by
the local use of the sulfonamide drugs; it does
not delay healing; in serum a concentration of 1
in 200,000 sterilizes either Staphylococcus aureus
or Bacillus coli within 24 hours and is active
against Streptococcus pyogenes in even higher dilutions; Bacillus pyocyaneus, proteus and some
strains of coli are highly resistant to acriflavine.
Extensive comparisons of the bacteriostatic and
bactericidal action of acriflavine with other acridine antiseptics have been published (/. Pharmacol., 1944, 80, 217; /. Lab. Clin. Med., 1944, 29,
134 and 1177 and 1945, 30, 145). Martin and
Fisher (J. Lab. Clin. Med., 1944, 29, 383) reported that the bacteriostatic action of the acridine antiseptics is due to inhibition of adeninecontaining factors such as coenzymes I and II,
which are essential to bacteria (see also O'Connor,
Brit. J. Exp. Path., 1951, 32, 547). Garrod (Brit.
M. /., April 4, 1931) pointed out that it is not advisable to apply it on cotton dressings because the
affinity for cotton reduces its antiseptic action.
Acriflavine has been employed as an injection
in gonorrheal urethritis in 1 in 1000 concentration
and as a bladder irrigation in 1 in 5000 concentration. It has also been used for sterilizing the skin
as a 5 per cent solution in alcohol, acetone and
water (see Tinker and Sutton, J. A.M. A., 1926,
87, 1347 and Berry, Pharm. J., 1937, 139, 541,
571). Roxburgh (Pract., 1941, 146, 289) advocated treatment of impetigo by removal of the
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crusts and painting of the raw area with 1 in 1000
acriflavine.
Acriflavine has been given by mouth as a urinary antiseptic in doses of 200 mg. daily; for best
effect the urine must be kept alkaline. Assinder
(Lancet, 1936, 1, 304) reported great variation in
the toxicity of different samples.
According to Crittenden (/. Pharmacol., 1932,
44, 423) small doses cause a moderate transient
rise in blood pressure, while large doses cause a
fall in blood pressure with a slowing of the heart.
He also found considerable difference in the
toxicity of individual samples. Heathcoat and
Urquhart (/. Pharmacol., 1930, 38, 145) reported
the acutely fatal intravenous dose for animals as
about 25 mg. per Kg. but that repeated injections
of less than half of this quantity eventually
proved fatal, with evidence of injurious effects on
the fiver and the kidney (see also Levrat, Compt.
rend. soc. biol., 1933, 114, 60).
Prior to the availability of the sulfonamides
and antibiotics, a 2 per cent aqueous solution was
used intravenously in doses of 10 to 15 ml., slowly,
or diluted with 250 ml. of isotonic sodium chloride solution, at intervals of 1 or 3 days, in the
treatment of brucellosis (Debono, Brit. M. J.,
199, 1, 326), tularemia (Loria, Am. J. Med. Sc,
1941, 202, 803), psittacosis (Koch, Deutsche
med. Wchnschr., 1940, 32, 877), blastomycosis
(Pupo, J.A.M.A., 1928, 91, 1733), trypanosomiasis (Hawking, Ann. Prop. Med., 1938, 32, 367),
leishmaniasis (Senekji, J. Path. Bact., 1940, 50,
171), and schistosomiasis (Fisher, Lancet, 1934,
1, 897 and 2, 1017); however, Khali and Salah
(Lancet, 1934, 2, 862) reported it to be ineffective in the last-named condition, [v]
The N.F. states that acriflavine and its hydrochloride are used locally in 1:1000 solution, and
for irrigation in 1:10,000 to 1:1000 solution. For
intravenous dosage see under Acriflavine.
To remove stains of acriflavine or its hydrochloride from the hands it is recommended that a
little dilute sulfurous acid be applied, followed by
dilute hydrochloric acid, then washed with water.
Storage. — Preserve "in tight containers." N.F.
ADRENAL

CORTEX
U.S.P.

INJECTION.

"Adrenal Cortex Injection is a sterile solution
in alcohol and water for injection containing a
mixture of the endocrine principles derived from
the cortex of adrenal glands of healthy domestic
animals used for food by man. Each ml. of Adrenal Cortex Injection exhibits a biological activity
equivalent to that of 100 micrograms of U.S.P.
Hydrocortisone Acetate Reference Standard. It
contains a suitable antibacterial agent." U.S.P.
The adrenal glands, also known as suprarenal
glands and suprarenal bodies and suprarenal capsules, are small glandular bodies found in all
mammals, being located immediately above the
kidney. In man they weigh about 6 or 7 Gm. They
consist of two distinct portions: an outer layer,
known as the cortex, varying in thickness from
0.25 to 1.2 mm., and an inner, medullary portion.
It has long been recognized that extirpation of
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these glands in lower animals is almost invariably
fatal within a week or two.
The physiologically important principle of the
medullary portion of adrenal glands is epinephrine
(for information see under Epinephrine), while
the cortex contains a large number of compounds,
several of which have pronounced physiological
activity. Fractionation of pure extracts of adrenal
cortex (about 9 Gm. of extract is obtained from
1000 pounds of adrenal glands) by Kendall,
Reichstein, Wintersteiner, Kuizenga, Cartland
and others has led to the isolation of 28 crystalline
steroids and a residual amorphous fraction from
which latter there was recently isolated still another crystalline steroid. At least seven of the
crystalline compounds (including the one most
recently isolated) have activity which is characteristic of the adrenal cortex. Several androgens
and estrogens are included in the group of hormones which have been isolated but since their
activity is not specific for the adrenal gland they
are not of primary interest in any discussion of
characteristic adrenal cortex hormones. The seven
hormones of interest in this connection are: 11desoxycorticosterone, the one which possesses the
greatest activity in maintaining life in adrenalectomized animals, official in the U.S. P. as Desoxycorticosterone Acetate; 11-dehydrocorticosterone,
known also as Kendall's Compound A; corticosterone, known also as Kendall's Compound B and
Reichstein's Substance H; 17-hydroxy-l 1-dehydrocorticosterone, known also as Kendall's Compound E, Wintersteiner' s Compound F and Reichstein's Substance Fa, and official in the U.S. P. as
the acetate under the title Cortisone Acetate; 17hydroxycorticosterone, known also as Kendall's
Compound F and Reichstein's Substance M, and
official in the U.S. P. as Hydrocortisone and also,
in the form of the acetate, as Hydrocortisone
Acetate; 17 - hydroxy - 11 - desoxycorticosterone,
known also as Reichstein's Substance S; the new
crystalline hormone, with high activity in the
control of mineral metabolism, first called electrocortin but renamed aldosterone after its chemical structure was established to be llP,21-dihydroxy-3,20-diketo-4-pregnene-18-al (for details of
isolation and characterization see Harman et al.,
J.A.C.S., 1954, 76, 5035; for other information
see under Desoxycorticosterone Acetate).
For a summary of the procedure for preparing
active extracts of the adrenal cortex, and for their
fractionation, as well as the chemistry of the individual compounds, see Kuizenga in the A.A.A.S.
volume on The Chemistry and Physiology of
Hormones (1944). Manufacturing details may be
found also in U. S. Patents 2,053,549 (1936) and
2,096.342 (1937).
Under the title Suprarenal the dried, partially
defatted and powdered suprarenal gland of cattle,
sheep, or swine, representing approximately 6
parts by weight of fresh glands, was long officially recognized, most recently in N.F. VIII. For
information concerning it see U.S.D., 24th ed.,
p. 1171.
Description. — "Adrenal Cortex Injection is
aU.S.P.
clear, colorless, or faintly colored solution."
Standards and Tests.— pH— The pH of the

Part I
injection is between 4.0 and 6.0. Pyrogen. — The
injection meets the requirements of the official
pyrogen test, the test dose being 1 ml. per Kg.
Other requirements. — The injection meets the requirements for Injections. Pressor substances. —
The injection exhibits a pressor activity equivalent
to not more than 0.2 mg. of epinephrine in each
100 ml. U.S.P.
Assay. — The assay is based on measurement of
the ability of the adrenal cortex injection under
test to promote deposition of glycogen in the liver
of adrenalectomized rats; in the assay the liver
glycogen content is determined through interaction of glucose obtained from the glycogen with
alkaline cupric sulfate T.S., followed by estimation of the excess of cupric ion by release of
iodine and titration with sodium thiosulfate volumetric solution. Quantitative evaluation of the
effect is obtained by comparison with the effect
produced by Hydrocortisone Acetate Reference
Standard under similar experimental conditions.
U.S.P.
Uses. — The chief indication for suprarenal extract is in the management of acute crises in
Addison's disease; maintenance therapy is simpler,
more effective, and less costly when cortisone or
hydrocortisone, desoxycorticosterone and sodium
chloride are used. Since the adrenal extract is
more efficient in the muscle work test than any
combination of isolated adrenal steroids it is possible that it contains unidentified factors which
may have therapeutic value in various conditions.
On the other hand Thorn et al. (New Eng. J.
Med., 1953, 248, 420) found that intravenous
injections of hydrocortisone produce rapid metabolic effects of maximal intensity and believe that
this dosage form will eventually replace adrenal
extract for use in the correction of acute adrenal
insufficiency. The characteristics and treatment of
adrenal insufficiency are discussed under Desoxycorticosterone Acetate, while hyperfunction of
the adrenal gland is discussed under Cortisone
Acetate.
History. — Thomas Addison described, in 1855,
the syndrome of adrenal insufficiency which is
commonly referred to as Addison's disease. In
1856 Brown-Sequard reported his experimental
demonstration, in animals, that the adrenal gland
is essential for life. Osier's report (Internat. Med.
Mag., 1896, 5, 3) that oral administration of a
glycerin extract of fresh hog adrenal glands produced marked improvement in a patient with
Addison's disease was obscured and forgotten
when the vasopressor action of adrenal extracts
was recognized by Oliver and Schafer in 1895
(see Brit. M. J., 1901, 1, 1009) and by the failure
of epinephrine to improve the patient with adrenal insufficiency. That it is the cortex of the
adrenal gland which is essential for life was demonstrated byHoussay and Lewis (Am. J. Physiol.,
1923, 66, 512) and others. About three decades
after Osier's report. Hartman et al. (Proc. S. Exp.
Biol. Med., 1927, 25, 69), and Rogoff and Stewart
(Science, 1927, 66, 327) reported prolongation of
life in adrenalectomized animals following administration of an extract of the adrenal cortex.
Swingle and Pfiffner (ibid., 1930, 71, 321) prepared a potent extract which proved to be clini-
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cally effective (see Rowntree, J. A.M. A., 1940,
114, 2526) and which came into use under the
name Eschatin (Parke, Davis); Hartman and
Brownell (Proc. S. Exp. Biol. Med., 1930, 27,
938) simultaneously produced a potent extract
which was also useful in patients. In the light of
later knowledge of the activity of adrenal cortical
steroids, these extracts were weak, costly, and
available in insufficient quatnity for many therapeutic requirements. Improved extraction methods were reported by Kuizenga et al. (J. Biol.
Chem., 1943, 147, 561). Currently available extracts are standardized on adrenalectomized rats
to have a liver glycogen deposition activity corresponding to that of 0.1 mg. of hydrocortisone
acetate per ml. (see U.S. P. requirement and assay
above j. Extracts have also been standardized using
adrenalectomized dogs (Cartland and Kuizenga,
Am. J. Physiol., 1936, 117, 678); a dog unit is
the amount of material per Kg. of body weight
required daily to maintain the animal in good
condition with a normal blood non-protein nitrogen level. Dog units may be transposed in terms
of hydrocortisone on the assumption that 50 dog
units are equivalent to 0.1 mg. of hydrocortisone.
The most active extract developed, Lipo-Adrenal
Cortex, Sterile Solution (Upjohn), contains in 1
ml. the activity of 1 mg. of hydrocortisone.
Action. — Physiologically, the adrenal cortex
hormones, which are present in extracts, fall into
two categories: 11-desoxycorticosterone, 17-hydroxy-11-desoxycorticosterone and, apparently,
aldosterone (electrocortin) are concerned chiefly
with electrolyte and fluid balance; corticosterone,
1 1-dehydrocorticosterone, 1 7-hydroxycorticosterone (hydrocortisone), and 17-hydroxy-l 1-dehydrocorticosterone (cortisone) are more active in
carbohydrate and protein metabolism. The loss of
sodium seems to be related to the inability of
renal tubules to reabsorb sodium; this is perhaps
the most serious defect in adrenal insufficiency
and is corrected by adrenal cortical extracts
(Thorn et al., Endocrinology, 1937, 21, 213).
The hormones of the second category, which have
an oxygen or a hydroxyl group in the 11 position,
seem to increase conversion of protein to carbohydrate (gluconeogenesis) and utilization of carbohydrate inthe liver but to decrease peripheral
utilization of glucose (Long, ibid., 1942, 30, 870);
this antagonizes the action of insulin which tends
to promote protein synthesis and increase peripheral utilization of carbohydrate. Adrenal cortex
extracts correct the abnormality in carbohydrate
metabolism (Hartman et al., J.A.M.A., 1932, 98,
788). The decreased ability of muscles to work is
perhaps related to this defect in protein and carbohydrate metabolism (Lewis et al., Endocrinology, 1940, 27, 971; Ingle, ibid., 1942, 31, 419)
but these metabolic effects are inadequately understood and a complex interaction of pituitary,
thyroid, pancreas and other organs is probably
involved. Adrenal hormones also maintain normal
capillary permeability. The bronze pigmentation
of the skin of the patient with Addison's disease
becomes lighter when adrenal cortex extract is
employed (Hartman et al, J.A.M.A., 1932, 99,
1478). Resistance to infection and stress of all
types is related to adrenal function. Increase in
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blood lymphocytes (White and Dougherty, Endocrinology, 1945, 36, 207) and decrease in serum
gamma globulin content (immune bodies) in defimones. ciency states are corrected by the steroid horFor therapeutic purposes both groups of adrenal steroid hormones are needed, and are provided
by the available extracts. However, very large
doses are necessary, and the cost is sometimes
prohibitive. The less costly synthetic compound
desoxycorticosterone acetate has made it possible
to control the disturbance in water and electrolyte
metabolism, though this compound does not prevent hypoglycemia, particularly in association
with infections, gastrointestinal disturbances or
other states of stress. The present availability of
cortisone and hydrocortisone provides an ample
supply of glycocorticoid activity.
Therapeutic Uses. — The management of
adrenal insufficiency, as presented by Thorn
(J.A.M.A., 1944, 125, 10) involves several factors (see also under Desoxycorticosterone Acetate, Cortisone Acetate, and Hydrocortisone Acetate). In the acute crisis, bed rest is essential.
Water and salt are greatly needed, and up to 4
liters of isotonic sodium chloride solution should
be given intravenously during the first 24 hours.
Dextrose is also needed, being given intravenously
in 5 per cent solution in water for injection or
isotonic sodium chloride solution but it must be
administered with caution because fatalities have
resulted from rapid and unintelligent administration. Adrenal cortex extract is started at once in
a dose of 30 to 50 ml. intravenously and, simultaneously, 10 ml. intramuscularly; the latter is
repeated every hour until the patient reacts from
the crisis (usually about 12 hours), then every 2
to 3 hours during the second 12-hour period, and
subsequently every 3 to 6 hours until the patient
is afebrile and well. In addition to adrenal cortex
injection, 20 mg. of desoxycorticosterone acetate
in oil should be given intramuscularly immediately, followed by a dose of 5 to 10 mg. daily until
the patient is well. If the systolic blood pressure
is less than 90 mm. of mercury, epinephrine or
ephedrine should be used hypodermically. If the
blood pressure remains low, whole blood or plasma
is indicated intravenously. Oral fluids may be
permitted as tolerated. Morphine is contraindicated.
In chronic states of deficiency or after recovery
from an acute crisis, infection, fasting and excessive stress and strain must be avoided. A diet
high in sodium chloride but low in potassium is
indicated; from 3 to 10 Gm. of sodium chloride,
as enteric-coated tablets, should be administered
daily. Although some mild cases may be kept in
a state of health with the high sodium diet only,
the majority of patients will require some form
of adrenal cortical hormone. Desoxycorticosterone
acetate, which regulates only the water and salt
metabolism, may suffice. It has the important
virtue of being cheaper therapy; implantation of
pellets (see under Desoxycorticosterone Acetate)
about once a year is often effective and avoids
repeated injections. Adrenal cortical extract,
which provides the carbohydrate as well as the
water and salt regulating substances, may be
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required in doses as high as 15 to 20 ml. intramuscularly daily. Cortisone acetate by mouth and
extra salt in the diet will control many cases
without the necessity for injections of desoxycorticosterone or adrenal cortex extract. Therapy is
guided by the disappearance of clinical symptoms,
weight gain and the maintenance of a normal
blood pressure. Infection increases the amount of
cortical hormone needed.
In addition to the treatment of Addison's disease, the adrenal steroid hormones have been
employed with benefit in the management of the
shock of severe thermal burns (Scudder and
Elliott, South. Med. Surg., 1942, 104, 651) and
of traumatic or surgical shock (Helfrich et al.,
Am. J. Surg., 1942, 55, 410). However, Rhoads
et al. {Ann. Surg., 1943, 118, 982) reversed their
preliminary impression of the value of these
hormones in the shock due to burns. Likewise,
Koster and Kagman {Arch. Surg., 1941, 45, 2 724)
denied any benefit, in surgical shock. Some of this
controversy doubtless arose from the use of the
relatively weak extracts which were available. In
the Waterhouse-Friderichsen syndrome (acute
adrenal insufficiency in meningococcal infections
which is often due to hemorrhage into the adrenals), early diagnosis and vigorous treatment for
the Addisonian crisis may alter the otherwise
hopeless prognosis (Weinberg and McGavack,
New Eng. J. Med., 1945. 232, 95). Rich (Bull.
Johns Hopkins Hosp., 1944, 74, 1) has shown
that adrenal damage also plays a role in death
from severe infections with streptococcus, pneumococcus. diphtheria bacillus, etc. (see also Sarason, Arch. Int. Med., 1943, 71, 702); the clinical
use of adrenal extracts in the management of
serious toxic infections (London and Holman,
South. M. J., 1945, 38, 596; Perla and Marmorston. Endocrinology, 1940, 27, 367; Farah. Lancet,
1938, 1, 777) seems therefore to be justified.
In alcoholism, Tintera and Lovell (Geriatrics,
1949, 4, 274) employed the extract according to
the regimen used for the crisis of Addison's disease on the basis of findings indicating that adrenal insufficiency exists in such patients; recovery
from a period of severe alcoholism was speeded
and the discomfort was minimized. Voegtlin
(Quart. J. Stud. Alcohol, 1953, 14, 28) confirmed
initial benefit with cortisone and corticotropin but
found no benefit with continued use in preventing
recurrence of alcoholic excesses. Adrenal cortex
injection has been recommended for a variety of
disorders for which no effective therapy is available. B
Toxicology. — Toxic effects from extracts of
adrenal cortex are almost unknown (Gordon,
J.A.M.A., 1940, 114, 2549), although desoxycorticosterone has caused serious untoward effects.
If the intake of sodium chloride is high, edema
may develop with adrenal cortex extract. Rapid
intravenous injection of 5 ml. or more causes the
effects of epinephrine transiently even though only
traces of epinephrine remain in most extracts.
Route of Administration. — Aqueous extracts of adrenal cortex, which are usually prepared from beef adrenal glands, are readily absorbed on subcutaneous or intramuscular injection; their cortical steroid action persists for 1 to
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4 hours. Although the adrenal steroid hormones
are absorbed after oral administration (Rogoff,
J. A.M. A., 1932, 99, 1309; Grollman and Firor,
/. Biol. Chem., 1935, 109, 189), this route of
administration has seldom proved to be practical
(Thorn et al., Endocrinology, 1938, 23, 403, and
see also under Desoxycorticosterone Acetate).
There is no apparent therapeutic value in the
dried suprarenal gland which was long used in
medicine.
The usual dose of adrenal cortex injection is
10 ml., intramuscularly or intravenously, with a
range of 10 to 100 ml. The dose is repeated as
often as necessary (see above for details). The
maximum safe dose is limited by the trace of
epinephrine (up to 0.2 mg. per 100 ml.) remaining in the injection.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass.
It may be packaged in 50-ml. multiple-dose containers." U.S.P.
Usual Sizes. — 10 and 50 ml.
AGAR.

U.S.P

Agar-Agar, [Agar]

"Agar is the dried hydrophilic, colloidal substance extracted from Gelidium cartilagineum
(Linne) Gaillon (Fam. Gelidiacece), Gracilaria
confervoides (Linnej Greville (Fam. Sphcerococcacem), and from related red algae (Class
Rhodophycece) ." U.S.P.
Vegetable Gelatin; Japanese or Chinese Gelatin; Japanese
Isinglass. Gelosa. Fr. Gelose; Colle du Japon. Ger. Agar
agar; Vegetabilischer Fischleim; Japanischer Fischleim.
Sp. Agar-Agar; Agar; Gelosa.

Quite a number of the algae belonging to the
Rhodophycece, growing on the coast of southern
and eastern Asia, California, and the Eastern
United States, contain large quantities of mucilage
which is extracted and sold under the name of
agar-agar. The most important species are Gelidium cartilagineum (L.) Gaillon. Gelidium
Amansii Lamouroux, Ahnjeltia plicata (Huds.)
Fries, Endocladia muricata (P. & B.) J. G. Ag.,
Gracilaria confervoides (L.) Greville, and Hypnea
musciformis (Wulfen) Lamouroux. The algae are
usually collected during the summer and fall,
bleached or unbleached, and dried, but the process
of the manufacture of agar-agar does not take
place until cold weather, and usually extends from
November to February.
According to Tseng (Sci. Monthly, 1944, 59,
37), Gelidium cartilagineum, a reddish-purple,
fern-like agarophyte, occurs from Point Concepcion southward along the southern California
coast, growing on rocks from the low tide mark
to a depth of 30 or more feet. It is chiefly harvested with a diving rig, the diver pulling the alga
off by hand. It is dried in the sun and baled, but
not bleached.
In processing agar in California, the seaweed
is soaked in cleaning vats to remove sand, etc.,
placed in pressure cookers where the amorphous
gelatinous substance is dissolved from the plants
by hot water, then the resultant hot solution
passed through filter presses to tubs where it
forms a gel on cooling. The gel is crushed and
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poured into cans in the freezing room ; the frozen
gel is thawed, and the cold water containing impurities is separated from the agar particles in
rotary vacuum filters. The agar flakes resulting
are then carried to huge cylindrical stack driers
where they are dried by ascending currents of hot
air. Along the coast of Japan the species yielding
agar are cultivated, poles being anchored in the sea
to provide supports upon which they multiply.
The poles are withdrawn and the algae stripped off,
taken ashore, and dried, then beaten to remove
sand and shells, and bleached by alternate washing and exposure to sunlight preparatory to extracting the gelose.
Wood (/. Council Sci. Ind. Res., 1942, 15,
295) reported that Gracilaria confervoides is the
most abundant source of agar in Australia. There
the algae are gathered from sandy flats, sometimes
bleached on grass, washed with beaters to remove
sand, minced, cooked with live steam for 2 to 4
hours at 95° to 98°, using 4 per cent of the algae
in the digestion liquid, and adjusting the reaction
to pH 5 to 6. Solids are removed from the hot
liquid by centrifuging or by filtration through
steam heated bag filters; the clarified liquid is
run into a steam pan, treated with activated charcoal and filtered through a plate and frame
press. The colorless liquid is concentrated at a
low temperature and allowed to set at 21°, effecting separation of certain organic impurities. The
resultant gel is thawed at 35°, washed in running
water and dried at 40° to 50° in a tunnel drier.
Most of the agar used in the United States before World War II was imported from Japan, although considerable is produced from red algae
growing along the coast of lower California. In
1952, the U. S. imported 337,240 pounds of agar,
most of which came from Japan and the Korean
Republic. During the last war production of
Pacific agar in California was greatly increased
and, in addition, large amounts of so-called
"Atlantic coast agar" were manufactured from
Gracilaria confervoides (L). Greville and allied
species of red algae gathered off the coast. By
1953, production of Atlantic coast agar had
greatly increased and it now represents considerable of the American drug.
The following varieties of agar are known:
1. — Ceylon Agar-agar, consisting chiefly of
Gracilaria lichenoides, Greville, the alga used by
the Hirundo esculenta in the formation of its
edible nest.
2. — Macassar Agar-agar, coming from the
straits between Borneo and Celebes, consisting
of impure Eucheuma spinosum, Ag., incrusted
with salt.
3. — American Agar-agar, derived from red algae
growing in the Pacific Ocean off the coast of California, including Gelidiutn cartilagineum, G.
Amansii and Ahnfeltia plicata, which yield the
product known as "Pacific Coast Agar" and from
red algae growing in the Atlantic Ocean off the
coast of southern U. S. and Massachusetts, including Gracilaria confervoides and Hypnea musciformis, which yield the "Atlantic Coast Agar."
4. — Japanese Agar-agar, known as Japanese
isinglass, derived from a number of algae, especially Sphoerococcus compressus, Ag., Gloiopeltis

tenax, J. Ag., G. cartilagineum (L.) Gaill. and
other species of Gelidium. Japanese agar differs
chiefly from American agar by containing the
large discoid diatom, Arachnoidiscus Ehrenbergii
Baill. Both varieties contain other species of
diatoms and sponge spicules.
5. — Australian Agar-agar, yielded by Gracilaria
confervoides.
Constituents. — Agar is composed mainly of
the calcium salt of a complex carbohydrate substance commonly called gelose. Percival and
Somerville (/. Chem. S., 1937, 1615) were the
first to establish the structural characteristics of
the carbohydrate component; they showed the
major part of it to consist of D-galactose residues
united by 1,3-glycosidic linkages chiefly of the
P-type. The presence of L-galactose as well as of
an esterified sulfuric acid group was also established. Jones and Peat (/. Chem. S., 1942, 225)
consider the chief constituent of agar to be the
sulfuric acid ester of a linear polygalactose in
which the repeating unit is composed of nine
D-galactopyranose residues terminated at the reducing end by one residue of L-galactose. The
D-galactose units are mutually combined by 1,3glycosidic linkages, but the L-galactose residue is
attached to the chain through position 4; this
residue is esterified at the sixth carbon atom with
sulfuric acid. Percival and Thomson (/. Chem. S.,
1943, 750) reported analytical data on the hydrolysis of certain agar derivatives which are at
variance with those of Jones and Peat and are
of the opinion that the structure proposed by the
latter investigators is oversimplified.
Itano (Proc. Imp. Acad. Tokyo, 1933, 9, 398)
found that commercial agar may contain from
24.5 to 101.9 parts per million of iodine. This
may be reduced to 6 or 7 p.p.m. by suitable
purification.
When a solution of agar is cooled, even that
of 1 in 500 parts of water a colorless, transparent, and stiff jelly is obtained, which, when
heated with moderately strong nitric acid, yields
mucic and oxalic acids. It dissolves on heating
with acidulated water without yielding a jelly on
cooling.
Description. — "Unground Agar usually occurs in bundles consisting of thin, membranous,
agglutinated pieces or in cut, flaked or granulated
forms. It may be externally weak yellowish
orange, yellowish grc.y or pale yellow or colorless.
It is tough when damp, brittle when dry. It is
odorless or has a slight odor and a mucilaginous
taste.
"Histology. — In water mounts Agar appears
granular and somewhat filamentous; a few fragments of the spicules of sponges and a few frustules of diatoms may be present; in Japanese
Agar, the frustules of Arachnoidiscus Ehrenbergii
Baillon occur, which are disc-shaped and from
100 to 300 \i in diameter.
"Powdered Agar is white to yellowish white or
pale yellow; in chloral hydrate T.S. its fragments
are transparent, more or less granular, striated,
angular, and occasionally containing frustules of
diatoms.
"Solubility. — Agar is insoluble in cold water,
but soluble in boiling water." U.S.P.
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Standards and Tests. — Identification. — (1)
Some fragments of agar are colored bluish black,
and some areas reddish to violet, by iodine T.S.
(2) On boiling agar with 65 times its weight of
water for 10 minutes, with constant stirring, then
adjusting to 1.5 per cent concentration of agar by
addition of hot water, a clear liquid results; at
32" to 39° it congeals to form a firm, resilient gel,
the melting point of which is not below 85°.
Water. — Not over 20 per cent when determined
by drying at 105° for 5 hours. Acid-insoluble ask.
— Not over 0.5 per cent, on a dry weight basis.
Total ash. — Not over 6.5 per cent, on a dry weight
basis. Foreign organic matter. — Not over 1 per
cent. Foreign insoluble matter. — When calculated
on a dry weight basis not over 1 per cent of residue is obtained by filtering a solution of 1.5 Gm.
of agar in 200 ml. of hot aqueous solution through
a Gooch crucible and drying the latter at 105°.
Foreign starch. — No blue color is produced on
adding iodine T.S, to a solution prepared by boiling 100 mg. of agar with 100 ml. of water, then
cooling. Gelatin. — No turbidity develops in 10
minutes following addition of 5 ml. of picric acid
T.S. to an equal volume of a solution made by
dissolving 1 Gm. of agar in 100 ml. of boiling
water and cooling to about 50°. Water absorption.
— 5 Gm. of agar is placed in a 100-ml. graduated
cylinder and enough water added to the 100 ml.
mark; after 24 hours of maceration at 25° not
more than 75 ml. of water should be obtained by
pouring off the liquid, through glass wool, into
another graduated cylinder, corresponding to the
absorption by agar of at least five times its weight
of water. U.S.P.
Tseng (Science, 1945, 101, 597) observed that
it is not yet definitely known whether the socalled agar from sources (agarophytes) other than
species of Gelidium is identical with the latter.
He suggested that a definition or specification for
agar should include the requirement that a one
per cent neutral, aqueous solution of it should
set at 35° to 50° to a firm gel, and the latter
melt at 80° to 100°. Tseng also proposed the new
term phycocolloid to designate the polysaccharides
which are derived from the brown and the red
seaweeds and which are able to form colloidal
systems when dispersed in water.
The presence of Japanese agar may often be
detected by the characteristic diatoms; a procedure based on this was described by Schneider
(Pac. Pharm., 1912, p. 35). Identification methods utilizing characteristic color and precipitation
reactions are described by Cannon (J.A.O.A.C.,
1939, 22, 92, 726) and by Pirie (Brit. J. Exp.
Path., 1936. 17, 269).
Uses. — The therapeutic value of agar is dependent on its ability to absorb and retain water
as it passes through the gastrointestinal tract,
giving bulk to the intestinal contents and also
serving as a lubricant. Its mechanical action is.
therefore, analogous to that of the cellulose of
vegetable foods. Because it aids in maintaining
regularity of bowel movements, agar has been
widely used in the treatment of chronic constipation. It is frequently combined with cascara or
some other vegetable cathartic because it is commonly believed that agar does not stimulate peri-

stalsis inatonic intestinal muscle, although Chase,
cited by Tseng (Sci. Monthly, 1944, 58, 24),
stated that it does contain laxative principles
which excite peristaltic activity. Eisner et al.
(Ztschr. physiol. Chem., 1937, 246, 244) reported that agar is an anticoagulant.
Agar is best administered in the form of a gel,
prepared by dissolving it in hot water and cooling, flavored and sweetened as desired; at body
temperature agar absorbs little water and does
not provide much more bulk than when dry
(Gray and Tainter, Am. J. Digest. Dis., 1941,
8, 130). It is, however, also commonly cut into
small pieces and eaten like cereal; chocolatecoated preparations of agar have been marketed.
In many proprietary preparations it is combined
with mineral oil as an emulsion; in such preparations the agar serves primarily as an emulsifying
agent and, although the character of the stool is
modified, little is added to the bulk (Nelson,
Internat. Med. Digest, 1943, 42, 308) because
of the relatively small amount of agar present.
Agar is much used in the preparation of suspensions, emulsions, jellies, hydrophilic suppositories,
etc. For years it has served as the basis of many
culture media employed by bacteriologists. Wartime dearth of supply stimulated development of
methods for recovering agar from used culture
media (Blundell, Science, 1943, 97, 76; Brodie
and Stiven, /. Hygiene, 1942, 46, 498). Agar is
used as food in the Orient; while it contains 60
per cent of carbohydrates the latter consist largely
of indigestible hemicelluloses which may actually
decrease absorption of the nutrient substances
that are present. Agar is also extensively used in
bakery products, in clarifying liquids, in making
"health foods," in confections, and in ice cream.
In dentistry it serves as an impression mold. For
further information concerning uses of agar see
Tseng (Sci. Monthly, 1944, 58, 24; 1944, 59,
37). m
Dose. — The usual dose is 4 Gm. (approximately 60 grains) once or twice daily; the range
of dose is 4 to 16 Gm.
Off. Prep. — Phenolphthalein in Liquid Petrolatum Emulsion, N.F.
NORMAL HUMAN SERUM
ALBUMIN.
U.S.P.
Normal Serum Albumin (Human), [Albuminum Seri
Humanum Normale]

"Normal Human Serum Albumin is a sterile
preparation of serum albumin obtained by fractionating blood from healthy, human donors. It is
either a solution containing, in each 100 ml., 25
Gm. of the serum albumin osmotically equivalent
to 500 ml. of normal human plasma, or a dried
preparation suitable for restoration to an appropriate volume for clinical use. It contains no
added bacteriostatic agent, but each 100 ml. of
the liquid form may contain as a stabilizing
agent either 0.04 mol of sodium acetyltryptophanate or 0.02 mol each of sodium acetyltryptophanate and sodium caprylate. If prepared from
plasma containing a mercurial preservative, it
contains not more than 20 meg. of mercury per
Gm. of albumin. Not less than 97 per cent of the
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total protein of Normal Human Serum Albumin
is albumin." U.S.P.
Normal human serum albumin is obtained by
fractionation of human plasma and constitutes up
to 90 per cent of fraction V (for further information see Normal Human Plasma).
Description. — "Liquid Normal Human Serum
Albumin is a moderately viscous, clear, brownish
fluid. It is substantially odorless. Dried Normal
Human Serum Albumin has a light yellow to deep
cream color." U.S.P.
Standards and Tests. — Sodium content. —
Not more than 0.0132 Gm. of Na per Gm. of
albumin. Water content of dried serum albumin.
— Not over 1 per cent, when determined by drying
to constant weight at room temperature over
phosphorus pentoxide at a pressure of not more
than 1 mm. of mercury. Other requirements.
— Complies with the identity, safety, sterility,
and stability tests and other requirements of the
National Institutes of Health of the United States
Public Health Service, including the release of
each lot individually before its distribution. U.S.P.
Uses. — Human serum albumin was developed
during World War II as a compact, stable, easily
transportable blood substitute for use in emergency treatment of shock (see under Normal
Human Plasma). When its use was later extended to include treatment of hypoproteinemic
states and nephrosis, a salt-poor form was prepared in which the sodium content is one-seventh
or less than that of an osmotically equivalent volume of plasma. Heating to 60° for 10 hours destroys the virus of serum hepatitis and also
bacteria so that mercurial preservatives are no
longer needed. Use of human albumin intravenously does not carry the risk of homologous
serum hepatitis that exists when pooled plasma
or serum is used and to a lesser extent with
single blood donations (Paine and Janeway,
J.A.M.A., 1952, 150, 199).
Shock. — In emergency treatment of shock
serum albumin is of unquestioned value. An increase in plasma volume of 8 to 18 ml. for each
Gm. of albumin administered is to be expected
but extra fluid must be given to dehydrated patients to achieve maximum benefit (Gibson, New
Eng. J. Med., 1948, 239, 579). Human serum
albumin does not restore loss of oxygen-carrying
capacity resulting from loss of blood due to
hemorrhage.
Nephrosis. — Serum albumin has been used extensively inthe nephrotic syndrome, but with disappointing results. Seegal and Wertheim (Bull.
N. Y. Acad. Med., 1949, 25, 605) reported observations on 81 patients given 103 courses of
albumin under well-controlled conditions. Daily
doses varied from 7.5 to 100 Gm. Transient and
incomplete diuresis was seen in 47 per cent of
treatments; questionable effect was noted in 10
per cent; no diuresis was found in the remaining
43 per cent. Most of the injected albumin appeared inthe urine in 24 hours. Such therapy did
not affect the natural course of the underlying
disease. Janeway (J.A.M.A., 1948, 138, 864)
concluded that the place of albumin in the therapy of nephrosis is limited, that its use is enormously wasteful and expensive, and that it does
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not alter the course of the disease. However, in
certain cases in which other methods of therapy
fail, and in which edema is incapacitating, he has
found it useful.
Cirrhosis of the Liver. — Conflicting reports
have appeared on the use of albumin in cirrhosis.
Kunkel et al. (I. Clin. Inv., 1948, 27, 305) treated
17 patients with doses of 100 to 2000 Gm. of
albumin. Patients with low serum albumin and
ascites of short duration responded most readily,
although 14 of 15 patients with ascites eventually
lost their fluid after albumin therapy. With
smaller doses for shorter periods, Thorn et al.
(ibid., 1946, 25, 304) and Patek et al. (ibid.,
1948, 27, 135) were unable to produce a favorable result. Falcon and coworkers (ibid., 1949,
28, 583) saw 3 fatal hemorrhages from esophageal
varices shortly after giving albumin to 20 cirrhotic
patients. Jacobi et al. (J. Pediatr., 1946, 29, 177)
found an excellent response in 2 infants with
erythroblastosis fetalis and edema following administration of 30 and 12.5 Gm. of albumin,
respectively. Post et al. (Arch. Int. Med., 1951,
87, 775) used salt-poor human albumin intravenously in patients critically ill with decompensated hepatic cirrhosis with general clinical improvement, gain in appetite, strength and body
tissue, as well as decline of icterus along with the
diuresis. They concluded that albumin has a place
in the management of patients with severely decompensated hepatic cirrhosis for whom adequate
dietary therapy cannot be provided. Ricketts et
al. (J. Clin. Inv., 1951, 30, 1157) found that
albumin intravenously did not correct the decreased renal excretion of sodium in these cases;
the albumin increased in the ascitic fluid and
tissue edema fluid moved to the abdominal peritoneal space. Abnormal capillary permeability
during the active disease is probably a factor.
The final evaluation of the place of albumin in
therapy must await definitive studies of the metabolism of injected albumin in normal and abnormal states. This agent has potent osmotic
activity the extent of which depends upon the
state of protein nutrition and the permeability of
capillaries throughout the body and especially in
the glomerulus. There is no evidence of renal
damage from increased proteinuria. A positive
nitrogen balance following administration of albumin may merely mean inert retention in extracellular fluid rather than actual metabolism.
Studies with albumin tagged with radioactive
iodine-131 demonstrated that depletion of labile
albumin stores can be correlated with presence of
ascites (Tyor and Gayer, South. M. J., 1952, 45,
144) ; it is suggested that albumin metabolism
proceeds at a constant rate and is demonstrably
altered only in the terminal stages of liver disease. Albumin tagged with iodine-131 has also
been used for the study of peripheral circulation
(Krieger et al., Ann. Surg., 1952, 136, 357).
The usual dose, intravenously, is 100 to 200
ml., representing 25 to 50 Gm. of albumin, repeated as necessary. In terms of body weight the
dose is 2.2 ml. per Kg., injected at a rate of 2 ml.
per minute.
Labeling. — "The container label bears the
name Normal Serum Albumin
(Human);
the
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amount in Gm. of albumin present; in the case of
liquid serum albumin the total volume of the
contents and the amount and kind of stabilizing
agent; the osmotic equivalent in terms of plasma;
the lot number; the expiration date, which for
liquid serum albumin is not more than 5 years
after date of manufacture or date of issue, and
for dried serum albumin not more than 8 years
after date of manufacture or date of issue; the
manufacturer's name; the statement, 'Contains no
preservative'; and in the case of liquid serum
albumin the statements, 'Caution: Do not use if
turbid,' and 'Salt Poor. Additional fluids are required when administered to patient with marked
dehydration,' and in the case of dried serum albumin the statement, 'Use within 3 hours after restoration.' The package label bears, in addition to
the above, the manufacturer's license number
and address, and the recommended storage temperature." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°. Exposure for short periods to a higher
temperature will cause no significant deterioration.
Preserve dried Normal Human Serum Albumin
at room temperature, not exceeding 37°. Dispense Normal Human Serum Albumin in the
unopened container in which it was placed by the
manufacturer." U.S.P.
Usual Sizes. — 20 and 50 ml., equivalent to
100 and 250 ml. of plasma.
ALCOHOL.

U.S.P,. B.P. (LP.)

Ethanol, Ethyl Alcohol, Spiritus Vini Rectificatus,
[Alcohol]

CH3.CH2OH
"Alcohol contains not less than 92.3 per cent by
weight, corresponding to 94.9 per cent by volume,
at 15.56°, of C2H5OH." U.S.P. The B.P. requires
from 94.7 per cent to 95.2 per cent v/v (92.0 to
92.7 per cent w/w) of C2H6O. The LP. requires
Ethanol to contain not less than 95.1 per cent
v/v and not more than 96.8 per cent v/v, corresponding to not less than 92.5 per cent w. w and
not more than 95.0 per cent w/w of C2H5OH.
Ethyl Hydroxide; Rectified Spirit; Spirit of Wine.
Spiritus Rectificatus; Spiritus. Fr. Alcool ethylique a 95
degres centesimaux; Alcool officinal. Ger. Weingeist; Alkobol; Athylalkohol ; Branntwein. It. Alcool rettificato;
Spirito di vino. Sp. Alcohol; Espiritu de vino.

Alcohol has been made for many centuries by
the fermentation of carbohydrates by yeast.
Utilizable carbohydrate-containing materials include molasses, sugar cane, fruit juices, corn,
barley, wheat, potato, wood and waste sulfite liquors. As yeast is capable of fermenting only
D-glucose, D-fructose, D-mannose, and D-galactose
it is essential that more complex carbohydrates
be converted to one or more of these simple
sugars before they can be fermented. This is
variously accomplished; for example, yeasts contain enzymes which hydrolyze disaccharides to
monosaccharides, starches may be saccharified by
hydrolysis with acids or by the enzyme diastase
from malt, cellulose is converted to sugars by
hydrolysis with acid under pressure.
The net reaction that occurs when a hexose,
glucose for example, is fermented to alcohol may
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be represented as follows: CeHi20ff-»2C2H50H-f
2CO2. The mechanism of the process is, however,
exceedingly complex and many investigators have
studied it in detail. Of the several theories which
have been proposed, that of Meyerhof is supported by considerable experimental evidence.
According to this theory, both glucose and fructose are by several steps converted to the common
intermediate substance fructose- 1,6-diphosphoric
acid, the phosphoric acid being supplied through
the "adenylic acid system" of yeast. The fructose-l,6-diphosphoric acid is enzymatically split
into an equilibrium mixture of the three-carbon
molecules 3-glyceraldehyde phosphate and dihydroxyacetone phosphate, which are isomeric and
convertible one into the other. In the main
sequence of fermentation reactions the former
substance is successively converted to 3-phosphogly eerie acid, 2-phosphoglyceric acid, phosphopyruvic acid and pyruvic acid, which last undergoes decarboxylation to acetaldehyde and then, in
a reaction involving a molecule of 3-glyceraldehyde phosphate, is enzymatically reduced to ethyl
alcohol. A minor sequence of reactions, leading
to the production of a small amount of glycerin,
starts with dihydroxyacetone phosphate which is
first reduced to alpha-glycerol phosphate and then
dephosphorylated to glycerin. Fusel oil and succinic acid are also obtained in very small amounts.
Formation of both constituents appears to be
associated with nitrogen metabolism of the yeast
cell and is minimized if a readily available source
of nitrogen is present in the fermentation mixture.
The chief constituents of fusel oil are isoamyl
alcohol and D-amyl (active amyl) alcohol.
In the years immediately before World War II
approximately 90 per cent of the alcohol produced in the United States utilized black-strap
molasses as the starting material. Manufacture
of alcohol from molasses is much simpler than
from grain in that the milling, cooking and malting (by which saccharification of starch is accomplished) are omitted; molasses does not require
an initial hydrolysis as it contains fermentable
sugars. The process consists of the following
steps: (1) weighing of the molasses, (2) mixing
with water, (3; sterilizing, to prevent contamination with organisms which may influence the
course of the fermentation, (4) cooling or diluting with cold water, (5) charging the fermenters
with the dilute molasses, (6) addition of pure
yeast culture (generally Saccharomyces cerevisia),
sulfuric acid (to invert the sucrose in the molasses), and yeast food (ammonium sulfate), (7)
fermentation for 36 to 48 hours, (8) distillation
of the "beer," which contains 6.5 to 8.5 per cent
by volume of alcohol, to yield a distillate containing 95 per cent by volume of alcohol.
Ethyl alcohol from cellulose was first produced
commercially in this country during 1910, in a
plant constructed for this purpose in South Caroline. Approximately 20 gallons of alcohol was
produced from each ton of sawdust; the latter
was hydrolyzed by sulfuric acid under pressure.
A process developed by the German Bergius increases the yield to 75 to 80 gallons per ton of
wood. A plant under construction at Springfield,
Oregon, had been planned to have a capacity of
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about 11,500 gallons of alcohol daily from some
230 tons of wood waste; construction of it was
stopped at the close of World War II.
At present, approximately half of the total industrial alcohol production is by synthesis involving hydration of ethylene. Abundant supplies
of ethylene are obtained from natural and coke
oven gases, from waste gases of the petroleum
industry, and from pyrolysis of ethane, propane,
and butane. The older and by far the more widely
used synthesis involves indirect hydration of
ethylene; in this process ethylene is reacted with
concentrated sulfuric acid to form ethyl hydrogen
sulfate and dimethyl sulfate, both of which react
with water to yield ethyl alcohol and sulfuric
acid. This indirect process was developed because
the process of direct hydration originally employed was slow. Recently, however, direct hydration has become feasible through use of high
pressures, low temperatures, suitable catalysts
(such as aluminum oxide), and by recycling of
reactant gases. It is expected that production of
alcohol from ethylene will increase, not only because of the growing availability of ethylene but
also because, when molasses prices are high, alcohol can be produced more cheaply from ethylene
than from any other raw material.
In another synthesis acetylene is catalytically
hydrated to acetaldehyde, which is then hydrogenated, in the presence of a catalyst, to ethyl
alcohol; this process was used during World
War I.
The term proof spirit, as used in the United
States, refers to a product containing 50 per cent
by volume of C2H5OH; it is sometimes designated as 100 proof alcohol. The strength of any
other solution of ethyl alcohol may be expressed
in "proof" by multiplying the concentration of
C2H5OH, by volume, by two. Thus an alcohol
containing 60 per cent by volume of C2H5OH
is 120 proof, and official alcohol of 95 per cent
by volume concentration of C2H5OH is 190
proof. English proof spirit contains 49.3 per cent
C2H5OH by weight, or 57 per cent by volume;
it is materially stronger than United States proof
spirit.
Alcohol represents a constant-boiling mixture
of ethanol (95.57 per cent by weight) and water
(4.43 per cent by weight) ; the boiling point is
78.2°, while anhydrous alcohol boils at 78.3°. It is
not possible to obtain anhydrous alcohol by direct
distillation (see Dehydrated Alcohol).
Alcohol has many and varied industrial uses.
It is important as a general solvent, and is indispensable for dissolving perfumes, flavoring extracts, and in the preparation of pharmaceuticals.
In addition it is essential in the synthesis of many
organic substances, including ether and chloroform. It serves as a fuel, either liquid or in the
form of "solidified alcohol," and has been used
alone or mixed with gasoline as a motor fuel.
"Solidified alcohol" contains 5 per cent methanol.
Denatured Alcohol. — The U. S. government
has established regulations authorizing the addition of substances to alcohol which render it unfit
for beverage purposes although it is suitable for
industrial use. The liquid so treated is termed
denatured alcohol.
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The U. S. Internal Revenue Department has
authorized the use of a number of substances for
denaturing alcohol, but such alcohol must be prepared under the supervision of an official of the
Department, at specified depots. Some of these
formulas provide an alcohol for burning purposes
or for use as a special solvent, other represent
the reactant mixture for preliminary manufacturing processes, such as a mixture of sulfuric acid
and alcohol for the subsequent production of
ether, while still other formulas, identical with
official formulas such as iodine tincture, soap liniment, etc., have been authorized and thus make
it possible to have these products manufactured
from tax-free alcohol at greatly reduced cost. (See
also Alcohol Rubbing Compound.) These preparations may therefore be purchased from large
dealers at prices which are less than the cost of
the raw material if bought through the usual
channels of trade.
Under the title Industrial Methylated Spirit
(Spiritus Methylatus Industrialis) the B.P. recognizes a mixture, made by a legally authorized
methylator, of 19 volumes of 95 per cent alcohol
with 1 volume of approved wood naphtha. It is
of the quality known as "66 O.P. industrial methylated spirits." Use of this product is permitted
by the B.P. in the preparation of certain liniments
and test solutions and in the manufacture of certain extracts and resins in which none of the
solvent remains in the finished product.
Description. — "Alcohol is a transparent, colorless, mobile, volatile liquid. It has a slight, characteristic odor and a burning taste. Alcohol is
readily volatilized even at low temperatures and
boils at about 78°. It is flammable. Alcohol is
miscible with water, with ether, and with chloroform. When Alcohol is diluted with an equal
volume of water the mixture is clear and remains
clear for 30 minutes after cooling to 10°. The
specific gravity of Alcohol is not more than 0.816
at 15.56°, indicating not less than 92.3 per cent
by weight, or 94.9 per cent by volume, of
C2H5OH." U.S.P. The temperature 15.56° C. is
equivalent to 60° F., the standard temperature
employed in stating concentrations of alcohol in
per cent by volume.
Standards and Tests. — Acidity. — Not more
than 0.9 ml. of 0.02 N sodium hydroxide is required to neutralize 50 ml. of alcohol, using
phenolphthalein T.S. as indicator. Non-volatile
residue. — Not over 1 mg. from 40 ml. of alcohol,
the residue being dried at 105° for 1 hour. Fusel
oil constituents. — No foreign odor is perceptible
when the alcohol is spontaneously evaporated
from a mixture of 10 ml. of alcohol, 5 ml. of
water and 1 ml. of glycerin placed on odorless
absorbent paper. Amyl alcohol or non-volatile,
carbonizable substatices, etc. — No red or brown
color is produced on adding a few drops of sulfuric
acid to the nearly dry residue from the evaporation of 25 ml. of alcohol in a porcelain dish, protected from dust. Aldehydes and other foreign
organic substances. — The pink color produced by
the addition of 0.1 ml. of 0.1 TV potassium permanganate to 20 ml. of alcohol in a thoroughly
cleansed glass-stoppered cylinder, the solution
being maintained at 15°, does not entirely disap-
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pear in 5 minutes. Ketones, isopropyl alcohol,
and tertiary butyl alcohol. — No precipitate forms
within 3 minutes when a mixture of 1 ml. of
alcohol, 3 ml. of water and 10 ml. of mercuric
sulfate T.S. is heated on a bath of boiling water.
Methanol. — No violet color appears on heating
for 10 minutes at 60° a mixture of 5 ml. of freshly
prepared chromotropic acid T.S. and a solution
obtained when 1 drop each of alcohol, water,
dilute phosphoric acid (1 in 20), and potassium
permanganate solution (1 in 20) are mixed, allowed to stand 1 minute, treated with 1 in 20
sodium bisulfite solution to discharge the permanganate color and, if a brown color remains, 1
drop of the diluted phosphoric acid added to produce a colorless solution. U.S.P.
The B.P. specific gravity range is 0.815 to 0.817
at 15.5/15.5° and the refractive index, measured
at 20°, may vary from 1.3637 to 1.3639.
Incompatibilities. — The addition of alcohol
to aqueous solutions may cause the precipitation
of alcohol-insoluble compounds, such as numerous
inorganic and organic salts, and gums such as
acacia. Oxidizing agents may convert alcohol into
acetaldehyde and acetic acid.
Uses. — Alcohol has a variety of external and
internal uses in medicine and is important in
pharmacy. The local action of alcohol is mildly
irritant, feebly anesthetic and distinctly germicidal and astringent. Some have contended that
the most effective concentration for local antisepsis is from 60 to 70 per cent by weight in
water; careful studies by Hatfield et al. (Surgery,
1943, 13, 931), in which numerous antiseptics
were compared by a modification of the Price
technic (v.i.), showed that 95 per cent ethyl
alcohol by volume is superior in its ability to kill
bacteria on the skin (see also Morton, Ann. N. Y.
Acad. Sc, 1950, 53, 191). Such concentrations
of alcohol will destroy most pathogenic bacteria
within a relatively short time, but more resistant
spore-bearing organisms survive even prolonged
exposure. Alcohol is used for general anesthesia,
local destruction of nerves in lieu of surgical
excision, as an appetizer and even for parenteral
or oral nutrition. Its misuse creates vast social
and economic and police problems and treatment
of intoxication is a frequent chore.
Psychomotor Action. — Alcohol belongs, physiological y as well as chemically, to the group of
aliphatic narcotics. In large doses it produces
coma analogous to ether anesthesia. Extensive
studies have permitted correlation of the concentration ofalcohol in blood, and also in urine
and expired air, with action on the central nervous
system. This information is more of medicolegal
than therapeutic importance and the figures must
be interpreted in the light of knowledge of absorption and excretion in relation to time. Alcohol is
absorbed rapidly from the gastrointestinal tract;
in the ordinary doses of alcoholic beverages about
20 per cent is absorbed by the stomach and the
remainder in the intestine. The rate of absorption
is altered by the presence or absence of food, as
well as the type of food present; protein as well
as fat delay absorption. Alcohol is easily and
rapidly diffusible and at equilibrium attains a
concentration in tissues related to the concentra-
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tion of water present in the extracellular and
intracellular compartments. From 90 to 98 per
cent of ingested alcohol is metabolized in the body
(v.i.) and only 2 to 10 per cent is excreted as
such, chiefly in the urine and to a lesser extent in
expired air. Only traces are found in sweat, milk
and bile. According to Ladd and Gibson (Ann.
hit. Med., 1943, 18, 564), the concentration in
urine is about 1.35 times that in arterial blood;
it must be remembered that a large collection of
urine in the bladder represents the arterial blood
concentration over the period of time this urine
was secreted by the kidneys and not the blood
concentration at the time the urine is voided. In
expired air the concentration is approximately
1/2000 of that in arterial blood. In the obviously
intoxicated person, the urine may contain as much
as 5 Gm. per liter and the expired air a few mg.
per liter. With ingestion of cocktails containing
1 ounce of whisky (45 per cent alcohol by volume) the following blood concentrations may be
observed, on the average: 20 minutes after the
first cocktail, 20 mg. per 100 ml.; at 45 minutes,
having consumed a second cocktail at 20 minutes,
40 mg. per 100 ml.; at 60 minutes, having consumed a third cocktail at 40 minutes, 60 mg. per
100 ml.; subsequently one ounce of whisky per
hour will maintain a blood concentration of approximately 60mg. per 100 ml. Without further
intake the concentration decreases at the rate of
about 10 mg. per 100 ml. per hour. As an approximation, 12 ounces of beer or 3 ounces of
wine
represent the alcohol content of 1 ounce of
whiskey.
The initial "stimulating" effect of alcohol, which
is actually a depression of the inhibitory activities of the cerebral cortex, is associated with a
blood concentration of about 30 mg. per 100 ml.
(Miles, /. Pharmacol., 1922, 20, 265). At this
stage performance may be improved insofar as
elimination of embarrassment is helpful but tests
show that there is some loss in fine discrimination.
At 50 mg. per 100 ml., the individual is not
"drunk" but is in the flippant stage of unbounded
self-confidence and pleasure with himself and the
world in general. He may neglect some social
niceties and knock over an occasional article. At
100 mg. per 100 ml., the individual is "giddy,"
and at 150 mg. becomes clumsy. There is then
definite difficulty in adjusting to the environment
and the individual may be amused, ashamed or
angry with his incapacity. Between 150 and 300
mg. per 100 ml. there is progressive deterioration
of the function of the central nervous system; at
200 mg. the person is incoordinated and uncontrollable and at 300 mg. sleepy and maudlin; in
common parlance,
he isfrom
"drunk."
usually
emotional
disturbance
bitter There
tears tois raucous
laughter, progressive incoordination resulting in
inability to dress or undress, and drowsiness with
intermittent sleep. With concentrations over 300
mg., the condition resembles that of the second
stage of anesthesia (see under Ether) ; respiration
is deep and irregular, vomiting is frequent, even
when the alcohol has been injected intravenously
and there is no gastric irritation, persuasion is
futile and coercion causes violent struggling. At
a concentration of 400 mg., anesthesia is pro-
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found; at 500 mg., the respiratory center is depressed and death is likely if the concentration
remains above 500 mg. for 12 hours. Up to the
anesthetic concentration, however, there is little
effect on the respiratory or vasomotor centers in
the medulla oblongata. Newman (Science, 1949,
109, 594) estimated that the maximum consumption in 24 hours short of producing coma in a
70-kilogram man was 26^ ounces of 100 proof
whisky.
Circulation. — The question of the effects of
alcohol on the circulation has been the subject
of much study and dispute. When administered
in moderate quantity, it usually does not produce
any marked change in the blood pressure. On the
other hand, the rapidity of the flow of blood
through the vessels is distinctly accelerated. This
combination of effects can be most readily explained by simultaneous increase in the cardiac
action and dilatation of the blood vessels. Increased muscular activity accounts for some increase in circulation. Grollman (Quart. J. Stud.
Alcohol, 1942, 3, 5) believes the vasodilatation
is due to the depressant effect of alcohol on the
vasomotor centers in the brain. Further, he attributed much of what effect alcohol does have on
the circulation to reflex activity from the mouth
and to psychic components.
The widening of the blood vessels is most
noticeable in the vessels of the skin. Horwitz et al.
(Am. J. Med. Sc, 1949, 218, 669) compared
the efficacy of various vasodilators and found that
a dose of 60 to 100 ml. of whisky was most effective in increasing blood flow to the fingers and
to a lesser extent to the toes. Except for the
habituating action of alcohol it is an effective
symptomatic
It may
also be useful remedy
in cases inofBuerger's
embolism disease.
of the smaller
peripheral arteries. With blood concentrations
which permit ambulation there is little effect on
the heart. McDowall (/. Pharmacol., 1925, 25,
289) found that large doses of alcohol cause a
marked fall in the venous pressure and believes
that many of the clinical benefits which have followed the use of alcohol can be attributed to a
dilatation of the veins. Grollman points to its
capacity to allay worry and anxiety as the most
valuable effect of alcohol on the circulation, the
sedative action being paramount.
In angina pectoris alcoholic beverages have a
long-established reputation. Stearns et al. (New
Eng. J. Med., 1946, 234, 578) found that alcohol
decreased the duration of the symptoms but not
of the objective findings as a result of the 2 -step
exercise test in cases of coronary insufficiency.
In an attack of angina pectoris, nitroglycerin is
certainly preferred, since the action of alcohol is
that of a sedative rather than a coronary dilator
(Russek et al., J.A.M.A., 1953, 153, 207). Prophylactic use of wine at the end of the day's work
seems rational. Studies of cerebral blood flow by
Battey et al. (ibid., 1953, 152, 6) found that
alcohol is not an effective cerebral vasodilator;
in humans, at a blood alcohol concentration of
68 mg. per 100 ml, there was no effect on cerebral
blood flow or oxygen consumption, but at 320 mg.
per 100 ml. the cerebral flow was increased while
the oxygen consumption was decreased.
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Metabolism. — When a moderate quantity of
alcohol is ingested, from 90 to 95 per cent is completely oxidized in the system, only traces of the
drug being recoverable from either the urine or
breath. The oxidation of this hydrocarbon yields
energy amounting to 7 Calories per gram, the
oxidation products being carbon dioxide and water.
The experiments of Atwater and Benedict (Memoirs of the National Academy of Science, 1902,
7), of Mitchell (/. Nutrition, 1935, 10, 311) and
of many others, seem to prove that small amounts
of alcohol are entirely capable of replacing, to a
considerable degree, a portion of the carbohydrate
foodstuffs.
The metabolism of alcohol is initiated in the
liver by conversion to acetaldehyde and thence
to acetic acid which may be metabolized in many
tissues in the manner of degradation products of
carbohydrate. The respiratory quotient of alcohol
is 0.667, and its combustion may spare that of
carbohydrate, fat and protein. Alcohol cannot be
stored in the body and in the absence of food it
will not form liver glycogen. Goldfarb et al.
(J. Clin. Inv., 1939, 18, 581) found that simultaneous administration of dextrose and insulin
increased the rate of oxidation of alcohol; this
may prove helpful in treatment of severe intoxication. Although the rate of metabolism of alcohol
varies with many circumstances, the average may
be about 10 Gm. per hour. The caloric significance of alcohol may be illustrated by noting
that the ingestion of 1 pint of whisky in 24 hours
could result in the combustion of 170 Gm. of
alcohol and the production of 1,200 Calories,
which represents the basal caloric requirement of
a good-sized man. If his food consumption decreases accordingly, avitaminosis and other evidences of malnutrition result; if food consumption continues, obesity results. Usual concentrations do not seem to effect liver function, but
Newman et al. (J. Pharmacol., 1940, 168, 194)
found decreased liver glycogen, increased blood
lactic acid and decreased hepatic oxygen consumption following high concentrations of alcohol
in the blood. A low normal sulfobromophthalein
clearance was reported in chronic alcoholics without obvious liver disease (Goodman and Kingsley, J.A.M.A., 1953, 153, 462).
Gastrointestinal. — Alcohol has a marked influence on gastric and probably also intestinal
digestion. As a carminative in flatulent dyspepsia,
alcoholic beverages or alcoholic solutions of essential oils (tinctures) are commonly used with
symptomatic benefit.
Dilute alcohol solutions stimulate gastric secretion; 50 ml. of 7 per cent alcohol is commonly
used as a test meal in lieu of the classical tea-andtoast meal and has the advantage of containing
no particulate matter to block the aspirating tube.
Roth et al. (J.A.M.A., 1944, 126, 814) reported
that the alcohol test meal caused a greater rise
in free hydrochloric acid in patients with peptic
ulcer than in normal persons. Concentrations up
to 10 per cent produce a gastric juice rich in
hydrochloric acid although poor in pepsin (Bloomfield and Keefer, J. Clin. Inv., 1928, 5, 295).
Concentrations of 20 to 40 per cent alcohol or
more cause inflammation of the gastric mucosa

38

Alcohol

(Beazell and Ivy, Quart. J. Stud. Alcohol, 1940,
1, 45). After section of the vagi or their paralysis
by atropine this increase in the digestive secretions does not occur. (For further information
on the effects of alcohol on digestion, see Gray,
Am. J. Physiol, 1937, 120, 657.) It has been
shown by Greenberg, Lolli, and Rubin {Quart. J.
Stud. Alcohol, 1942, 3, 371) that intravenously
administered alcohol delays the emptying time
of the stomach.
Skin. — Alcohol is widely used for application
to the skin. It serves as an irritant, an anhidrotic.
and an astringent by virtue of its precipitation of
cellular protein, thus being useful in the hygienic
care of the skin in bed-ridden patients and the
prevention of decubitus ulcers. Its cooling quality
on evaporation is well known in the nursing care
of febrile patients. It may be used to remove
phenol, poison ivy, etc., from the skin. There is
no more widely used antiseptic for the skin in
preparation for surgical procedures, as well as in
the disinfection of surgical instruments. Price
(Arch. Surg., 1950, 60, 492) reported that a
2-minute washing of the surgeon's hands in 70 to
95 per cent alcohol decreased the surviving bacterial flora to less than 10 per cent. Lesser concentrations were less effective. Some bacterial
spores are resistant to alcohol. Heat sterilization
is necessary for surgical instruments. Furthermore, storage in alcohol results in rusting of steel
instruments. Price (J.A.M.A., 1944, 124, 189)
recommended its use locally for the treatment of
furunculosis. For intractable pulmonary edema,
Gootnick et al. (New Eng. J. Med., 1951, 245,
842) and Luisada et al. (Circulation, 1952, 5,
363) nebuilized 50 per cent alcohol and caused
its inhalation with oxygen pressure in a meter
mask. The alcohol has an antifoaming action,
causing the fine bubbles in the smaller bronchi
to collapse and permit entry of the oxygen.
Xerve Block. — Alcohol is used by injection
for intractable pain, as in trigeminal neuralgia
(tic douloureux) (Sweet, J.A.M.A., 1950, 142,
392), angina pectoris (Levy and Moore, J. A.M. A.,
1941, 116, 2563), inoperable cancer of the pelvis,
and in sciatica.
In the management of intractable pain in the
pelvis or legs, 0.75 ml. of absolute or 95 per cent
alcohol is injected slowly over a period of 2 minutes through a lumbar puncture needle in the
fourth lumbar interspace with the patient lying
on the side opposite to that with the most pain.
The patient must remain in this lateral recumbent
position for 2 hours. The specific gravity of the
alcohol is less than that of the spinal fluid and
the alcohol in this lateral recumbent position
rises into contact with the posterior spinal roots.
Spinal fluid should not be withdrawn to mix with
the alcohol in the syringe. If needed the injection
may be repeated for the other side a week or two
later. Considerable neuritic pain may follow this
injection for 1 to 2 weeks and in some instances
the motor nerves may be damaged by the alcohol.
This procedure is indicated only for severe pain
in metastatic carcinoma or other hopeless condition (Bonica, /. Michigan M. Soc, 1953, 52,
284) because of the arachnoiditis, and damage to
the spinal cord it produces.
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Stellar (Arch. Neurol. Psychiat., 1953, 69,
343) used subarachnoid injections of alcohol to
relieve spasticity and contractures in paraplegic
patients.
Retrobulbar injections of alcohol for painful
eyes which cannot be enucleated surgically for
some reason gave relief for several months and
did not permanently destroy remaining visual
1502). (Maumenee, Am. J. Ophth., 1949, 32,
ability
In prolonged, severe pain, alcohol injections
have been employed to destroy temporarily the
peripheral nerve from the involved area. This
has been done with the intercostal nerves in instances of tuberculous or other chronic form of
pleurisy. Klein (Wien. klin. Wchnschr., 1949, 99,
512) reported successful use of alcohol injections
of the sympathetic nerve chain at the fifth and
tenth thoracic vertebral levels in lieu of sympathectomy incases of severe hypertension.
For intractable pruritus vulvae, Wilson (West.
J. Surg. Obst. Gynec, 1949, 57, 406) made multiple subcutaneous injections of 0.1 to 0.25 ml.,
spaced about 1 to 2 cm. apart, with relief in about
half of the cases.
Anesthesia. — Intravenous alcohol anesthesia
was reported by Verkhovskaya (Am. Rev. Soviet
Med., 1945, 2, 260). His patients in an evacuation hospital were prepared as for ether anesthesia.
The solution used is one part 95 per cent alcohol
with two parts of 5 per cent dextrose solution,
the average amount for narcosis being 2 to 2.5 ml.
per Kg. body weight. For example, a 60 Kg.
patient needs 120 ml. of alcohol and 240 ml. of
dextrose solution. The infusion is given slowly
over 15 or 20 minutes until the patient sleeps.
After deep anesthesia is present the vein is flushed
with 30 to 40 ml. of normal saline to prevent
thrombo-phlebitis. Sleep lasts two to five hours.
The dose is more difficult to regulate than with
ether by inhalation and the reflexes are less well
depressed than with ether. The prolonged recovery period is often undesirable.
Child (Ar. Y. State J. Med., 1951, 51, 1521)
found this solution, with added vitamins, useful
in the management of the withdrawal syndrome
of opium addicts.
Chapman and Williams (Am. J. Obst. Gyn.,
1951, 61, 676) used 7.5 per cent alcohol in 5 per
cent dextrose injection intravenously for obstetrical analgesia, along with otherwise ineffective
doses of meperidine, successfully except for vomiting in some cases and the difficulty of keeping
the needle in the vein. Determinations of alcohol
in the cord blood showed that alcohol reached
the fetus, but depression of respiration was not
observed.
In status asthmaticus in children, 5 per cent
ethyl alcohol in 5 per cent dextrose in isotonic
sodium chloride solution or distilled water for
injection has been employed in a dose of 40 ml.
per kilogram of body weight; the first 80 to 100
ml. is given in a period of 10 minutes and the
remainder of the dose at a rate of 2 drops per
kilogram per minute (Bacal and Pedvis, Can.
Med. Assoc. J., 1948, 59, 410). In the control of
intractable pain, 5 or 10 per cent alcohol in 5 per
cent dextrose may be given intravenously; relief
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is transient and the resulting inebriation may be
unpleasant.
For postspinal-puncture headache, which is
often totally disabling and resistant to therapy,
Deutsch (Anesth., 1952, 13, 496) gave 1 liter of
5 per cent alcohol in 5 per cent dextrose injection
intravenously over a period of 4 hours with relief
in 10 of 15 cases.
Parenteral Nutrition. — Rasmussen (Jackson
Clin. Bull., 1945, 7, 45) recommended intravenous
alcohol as supportive treatment postoperatively,
administering 1 to 3 liters of 5 to 10 per cent
solution in 5 per cent dextrose and saline solution.
Alcohol may be administered intravenously to
adults at a rate up to 15 ml. per hour without
causing significant inebriation. In addition to some
sedative action, it has nutritional value in the frequently malnourished postoperative case (Karp
and Sokol, J.A.M.A., 1951, 146, 21). Pending
the availability of stable fat emulsions for intravenous injection to supply calories in sufficient
quantity to spare protein tissue from combustion
for the daily caloric requirement such an alcoholsaline-dextrose mixture with 5 per cent protein
hydrolysate is useful (Rice et al., J. -Lancet, 1948,
78, 91) ; the alcohol provides 7 Calories per gram.
In malnourished individuals, it is important to
add therapeutic doses of the B-vitamins to this
solution to avoid precipitation of the encephalopathy of Wernicke with the large dose of
carbohydrate.
Stimulant. — As a circulatory stimulant there
is no doubt that in the past too much confidence
has been placed in alcohol. Nevertheless, if used
circumspectly, it is often of value. Myers
(/. Pharmacol, 1933, 49, 483), in studying the
treatment of the shock produced by diphtheria
toxin, found that alcohol was the only drug of
those he tested which caused a definite improvement in the circulation. It is used especially when
it is desired to tide the patient over for a limited
period of time. It must never be forgotten that
large doses are depressant. While a small amount
of alcohol may prove useful in cases of snake bite,
it is no exaggeration to say that the injudicious
exhibition of this drug has been responsible for
many deaths after rattlesnake bites, where the
specific antivenin would have been life-saving.
In the circulatory failure due to anesthetics it
should be sedulously avoided; on account of its
close chemical relation to both ether and chloroform it acts as a synergist rather than an antagonist to these poisons. The use of alcohol in
infectious fevers, especially typhoid fever, involves alarge number of factors concerning some
of which we have at present no definite knowledge.
The impairment of digestion, which is so universal an accompaniment of these diseases, suggests the use of alcohol both as a stimulant to
gastric secretion and as an accessory food. While
febrile patients are capable of burning up larger
quantities of alcohol than normal individuals, if
given too freely the unoxidized alcohol circulating in the blood may prove injurious. An alcoholic odor to the breath is generally a sign that
the patient is receiving more than he can oxidize.
Many believe that the mild narcotic action of
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alcohol is also of service in preserving the vitality
in these adynamic states.
Taken internally, alcohol tends to increase the
sweat by dilating the vessels of the skin and is
frequently used as an aid to more powerful
diaphoretic measures in the abortion of mild infections, such as acute coryza.
In dysmenorrhea, alcoholic beverages are often
an effective analgesic but the general action is
undesirable in this recurrent condition.
In insomnia, particularly in older people, an
alcoholic beverage at bedtime may be most effective in bringing relaxation and sleep; for this
purpose the dose should not exceed 10 to 20 ml.
of whisky, lest excitement rather than sedation be
produced. Alcohol relaxes athetosis but it is hardly
possible to use it in the treatment of this chronic
disorder.
Raw alcohol is rarely used internally, preference being shown for one of the alcoholic beverages, such as whisky, brandy, or wine.
Pharmaceutical Uses. — Various strengths of
alcohol are used in pharmacy, as for preservation
of a variety of medicinals, extraction of active
principles of crude drugs, and for dissolving substances which are more soluble in hydroalcoholic
media than they are in water. IYJ
Toxicology. — The symptoms of acute alcohol
poisoning are unfortunately so widely known that
detailed description is unnecessary, but alcohol
poisoning is of great importance, not alone because of the frequency of serious results, but because of the similarity of its symptoms with those
of certain diseases or other narcotic poisons. The
odor of paraldehyde on the breath may be mistaken for alcohol. Barbiturate poisoning, skull
fracture, cerebral hemorrhage or schizophrenia
may simulate alcoholism. The important diagnostic symptoms are the characteristic odor on
the breath and the peculiar maudlin mentality, if
the patient can be aroused. Nystagmus, clumsy
performance of coordinated movements, such as
walking a straight line, and impaired perception
of fine differences are characteristic. In the comatose state the pupils are usually somewhat dilated,
the face is flushed, the skin is cold and moist, the
pulse is rapid and the breathing noisy and reduced in frequency. The fatal dose of whisky
requires the ingestion of 1 quart within a few
minutes, which seldom occurs because of incoordination and pylorospasm.
The treatment of alcohol poisoning consists in
the immediate evacuation of the stomach, maintenance of body temperature by use of external
heat, and use of respiratory stimulants, notably
caffeine and sodium benzoate or enemas of strong
coffee. Inhalation of aromatic ammonia spirit
may arouse temporarily. Carbon dioxide (5 per
cent) and oxygen (95 per cent) inhalations are
required in profound coma. Apomorphine solution is often injected but in an alcoholic patient
it may produce still further depression rather than
initiating vomiting. Ephedrine or amphetamine
may be helpful.
Habitual alcoholism is a major health and economic problem. More is spent annually on alcoholic beverages than on health. Block (GP, Sept.
1952) estimated the cost of the effects of alco-
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holism to exceed a half billion dollars yearly; 20
million by private and another 20 million by
public agencies in the care of the families of
problem drinkers, 30 million for the care of alcoholics in mental hospitals, 25 million for the care
of alcoholic prisoners in jails, 125 million expense
of preventable accidents due to alcohol, and over
a half billion in loss of productivity in industry
due to alcoholism. About half of all chronic alcoholics have an underlying mental disorder. The
other half, commencing as "social drinkers,"
enjoy the escape from the frustrations of life and
by virtue of frequent excessive indulgence become
less able to cope with their problems and sink into
the results of chronic alcoholism. Gastritis is not
infrequent. Alcoholism is present in most cases
of cirrhosis of the liver but the relation is not one
of a toxic effect of alcohol on the liver. Malnutrition secondary to a failure to eat an adequate
diet is important. The glucose tolerance may be
altered (see Voegtlin, Quart. J. Stud. Alcohol,
1943, 4, 163). Dewan (Am. J. Psychiat., 1943,
99, 565) indicates that riboflavin and niacin are
components of the oxidation mechanism of alcohol
within the brain substance, this mechanism acting
as a hydrogen carrier between reduced diphosphopyridine nucleotide and the cytochrome system.
Spies and Aring (J. A.M. A., 1938, 110, 1081)
snowed that "alcoholic polyneuritis" could be
cured by correcting the malnutrition without discontinuing the alcohol intake. Emaciation and
general ill health in the alcoholic seems to be
due to malnutrition. The red nose and the acneform skin lesions may be related to ariboflavinosis.
Korsakoff's
psychosis
describedaberration
in chronicseenalcoholics resembles
the mental
in
pellagra.
is related to a
deficiency Wernicke's
of vitamin syndrome
B.
Figueroa et al. (J. Clin. Nutrition, 1953, 1,
179) comment on the low incidence of frank
avitaminosis in chronic alcoholics at the present
time in contrast to the higher incidence in the
past.
Delirium tremens is characterized by an acute
panic, excitement and fear, visual and auditory
hallucinations and marked exhaustion. It may be
precipitated in the chronic alcoholic by intercurrent disease, sudden withdrawal of alcohol or
an increased consumption of alcohol. Cerebral
edema is often present and may cause death.
Alcohol tends to cause an increase in extracellular
fluid. Alcoholics are seriously ill and require careful supportive therapy. Much folklore concerns
the increased tolerance of the chronic drinker to
alcohol but the increased consumption never approaches the magnitude of the morphine addict.
Schweisheimer {Deutsch. Arch. f. klin. Med.,
1912-3. 109, 271) showed that the non-drinker
reacted much more violently to a given concentration of alcohol in the blood than did the
habitual consumer of alcoholic beverages. Animal
studies by Newman and Lehman (/. Pharmacol.,
1938, 62, 301) showed that symptoms appeared
in habituated animals only at higher concentrations in the blood than in previously unexposed
animals; since the brain in these habituated animals was equally permeable to the alcohol, it was
suggested that the cells had become resistant to
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the effects of the lower concentration. At the
most this increased tolerance is not more than
2 or 3 times that of the unexposed individual.
The resistance of chronic alcoholics to the related
anesthetics such as ether and chloroform is compatible with such an explanation.
The management of the chronic alcoholic is
initially protective and supportive until malnutrition can be corrected and health restored. Definitive treatment is psychiatric in nature and has
been most successful under the auspices of such
organizations as Alcoholics Anonymous, in which
group psychotherapy and occupational therapy
are conducted by individuals who themselves
have recovered from chronic alcoholism. This
voluntary approach has been the most successful,
particularly in the older individual with previous
skills and with family obligations. It is unfortunate that the individual must often be hurt so
badly before he voluntarily associates himself
with such a group, but the desire to reform is
essential to the discontinuance of alcohol. As
already noted delirium tremens requires expert
medical care. The former practice of lumbar
puncture to withdraw spinal fluid to relieve pressure resulted in many fatalities, perhaps as a result of herniation of the brain stem through the
foramen magnum; the use of magnesium sulfate
by mouth or, in emergencies, 50 per cent dextrose
intravenously is effective and safer. Smith
(J.A.M.A., 1953, 152, 384) recommended the
following regimen: hospitalize under careful nursing care; inject 1 liter of 5 per cent dextrose in
isotonic sodium chloride solution (for injection)
containing 500 mg. ascorbic acid, 200 mg. thiamine hydrochloride and 100 mg. nicotinamide
intravenously and repeat in 12 hours; give paraldehyde 10 to 16 ml. or chloral hydrate 1 to 2
Gm. by mouth as often as needed to control
delirium and mephobarbital 200 mg. four times
daily by mouth. Feldman and Zucker (J.A.M.A.,
1953, 153, 895) confirmed the value of adrenal
cortical extract to shorten convalescence (see
under Adrenal Cortex Injection). Under sanatorium control, the use of alcoholic beverages along
with nauseants, such as ipecac or apomorphine
(Feldman, Praxis, 1952, 41, 871), may be useful
but cannot substitute for the determination of the
individual to discontinue use of alcohol completely. The use of tetraethylthiuram disulfide
(see in Part II), which causes intense discomfort
if alcohol is ingested, may be useful in the same
way as the nauseants.
Because of the medicolegal importance in automobile accidents resulting from driving while
intoxicated, and also in the investigation of violent
deaths (Wilentz, Am. Pract. Dig. Treat., 1953, 4,
21), tests of alcohol levels in blood and urine are
of great importance. A useful quantitative test is
described in Levinson and MacFate's Clinical
Laboratory Diagnosis, 4th Edition, 1951; in this
test alcohol is quantitatively oxidized to acetic
acid by a standard potassium dichromate solution
used in excess, the excess of the latter being determined through liberation of iodine from potassium iodide and titration with standard sodium
thiosulfate solution. The National Safety Council (Progress Report of the Committee on Tests
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for Intoxication of the Street and Highway Traffic
Section, 1937) recommended that a blood concentration of more than 0.15 per cent is conclusive
evidence of intoxication; levels of 0.05 per cent
to 0.15 per cent may be associated with mild
intoxication, which must be evaluated by tests
of psychomotor performance; if the level is less
than 0.05 per cent the driver should not be
prosecuted (Newman, /. Clin. Psychopath.,
1946-7, 8, 83). Alcohol should not be applied to
the skin before taking blood samples. Sodium
fluoride (500 mg. for a blood specimen of 3 to 6
ml.) will serve as an anticoagulant and preservative of the alcohol for many hours if analysis
must be delayed. An alcoholmeter for simple and
almost automatic estimation of alcohol in expired
air was developed by Greenberg and Keator
(Quart. J. Stud. Alcohol, 1941-2, 2, 57) for use
by trained, nonmedical personnel in police departments. In this apparatus the alcohol in the
breath reacts with pentoxide and in turn produces a starch-iodine blue color which is recorded
by a photoelectric cell.
Storage. — Preserve "in tight containers, remote from fire." U.S.P.
DEHYDRATED
Dehydrated

ALCOHOL.

N.F. (LP.)

Ethanol,
"Absolute Alcohol"
Dehydratum]

"Dehydrated Alcohol contains not
99 per cent by weight of C2H6O." N.F.
Absolute Ethanol is ethyl alcohol with
than 2 per cent w/w of water; not less
per cent v/v, corresponding to not less
per cent w/w, of C2H5OH is required.

[Alcohol

less than
The LP.
not more
than 98.8
than 98.1

Alcohol Absolutus; Alcohol Ethylicum; Spiritus Absolutus. Fr. Alcool ethylique; Ethanol; Alcool absolu; Alcool
a cent degres centesimaux. Ger. Absoluter Alkohol. It.
Alcool etilico assoluto. Sp. Alcohol absoluto; Alcohol
deshidratado.

The term "absolute alcohol" is properly applied
only to 100 per cent C2H5OH; the correct designation for a liquid containing over 99 per cent,
but less than 100 per cent, of C2H5OH, is dehydrated alcohol.
As mentioned previously, the maximum concentration of C2H5OH obtainable by the regular
methods of fractional distillation is 95.57 per
cent, corresponding to the composition of the
constant-boiling mixture of alcohol and water.
By azeotropic distillation in which a third component, such as benzene, is present, it is possible to
prepare even absolute alcohol. The process depends on the fact that when a mixture of ordinary
alcohol and benzene is distilled the initial fraction, passing over at 64.8°, contains benzene,
water and alcohol; the second fraction, distilling
at 68.2°, is composed of benzene and alcohol; the
third, boiling at 78.3°, is absolute alcohol. This is
the commercial process for preparing dehydrated
alcohol. A similar use of ether as an entraining
agent has been proposed.
Prior to the use of the azeotropic distillation
process, dehydrated alcohol was prepared by adding to alcohol various substances which possess
an affinity for water. The British Pharmacopoeia
of 1895 directed that alcohol be kept in contact
with anhydrous potassium carbonate during 24
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hours, decanted, then allowed to stand in contact
with fused calcium chloride for a like period, and
finally distilled from the latter. Other drying
agents which have been used, and still are employed in laboratory preparation of dehydrated
alcohol, are freshly calcined lime, anhydrous
potassium and sodium acetates, barium oxide, and
metallic calcium, which last reacts with water to
form calcium hydroxide.
Description and Tests. — "Dehydrated Alcohol isa transparent, colorless, mobile, and volatile liquid, having a characteristic odor, and a
burning taste. It is hygroscopic and flammable.
Dehydrated Alcohol is readily volatilized even at
low temperatures and boils at about 78°. Dehydrated Alcohol is miscible with water without any
trace of cloudiness. It is also miscible with ether
and with chloroform. The specific gravity of
Dehydrated Alcohol is not more than 0.798 at
15.56° (the U. S. Government standard temperature for Alcohol)." N.F.
The N.F. prescribes the same tests for this
liquid as does the U.S.P. for alcohol and, in
addition, requires that dehydrated alcohol meet
the requirements of the tests for alkaloids and
formaldehyde under Whisky.
Absolute (100 per cent) alcohol has a specific
gravity, at 15.56°, of 0.7936.
The tests frequently employed to prove the
absence of water by dropping into dehydrated
alcohol anhydrous barium oxide or anhydrous
copper sulfate are not reliable, as Squibb demonstrated that when one-half of one per cent of
water is added to absolute alcohol no change in
either the barium oxide or the anhydrous copper
sulfate took place. Gorgeu's test of forming a clear
solution when mixed with an equal bulk of pure
benzene is more delicate. The test of Henle (Ber.,
1920, 53, 719) is capable of detecting 0.05 per
cent of water in ethyl alcohol; in this test a solution of aluminum ethoxide in benzene forms a
voluminous precipitate when added to ethyl alcohol containing water.
Uses. — Dehydrated alcohol is sometimes injected into the immediate neighborhood of nerve
ganglia, or even into the spinal cord, for the
relief of pain (see also under Alcohol). It is used
as a reagent in certain tests, as a solvent in systems where water must be excluded, and in certain
syntheses.
Storage. — Preserve "in tight containers, remote from fire." N.F.
DILUTED

ALCOHOL.

U.S.P.

Diluted Ethanol, [Alcohol Dilutum]

"Diluted Alcohol is a mixture of alcohol and
water containing not less than 41 per cent and
not more than 42 per cent by weight, corresponding to not less than 48.4 per cent and not more
than 49.5 per cent by volume, at 15.56°, of
C2H5OH." U.S.P.
The B.P. does not use the title Diluted Alcohol,
but gives a series of eight formulas for preparation of Dilute Alcohols ranging from 20 per cent
to 90 per cent, by volume. These are prescribed
by specifying the concentration desired as, for
example, "Alcohol (70 per cent)."
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The I. P. Dilute Et Hanoi contains not
69.1 per cent v/v and not more than 71
v/v, corresponding to not less than 61.5
w/w and not more than 63.5 per cent
CMoOH.

less than
per cent
per cent
w/w, of

Sp. Alcohol Diluido.

The U.S. P. indicates that diluted alcohol may
be prepared by mixing equal volumes of alcohol
and purihed water, both measured at the same
temperature. At 25° the contraction in volume,
after cooling the mixture to the same temperature, is about 3 per cent.
Description and Tests. — "Diluted Alcohol
is a transparent, colorless, mobile liquid, having a
characteristic odor and a burning taste. The specific gravity of Diluted Alcohol is not less than
0.935 and not more than 0.937 at 15. 56°, indicating not less than 41 per cent and not more than
42 per cent by weight, or not less than 48.4 per
cent and not more than 49.5 per cent by volume,
of C2H5OH. In other respects Diluted Alcohol
complies with the tests under Alcohol, allowance
being made for the difference in alcohol concentration." U.S.P.
Uses. — Diluted alcohol is employed chiefly as
a menstruum and solvent in various pharmaceutical manufacturing processes. When the therapeutic effects of alcohol are desired it is customary to employ either whisky or brandy. For
description of the physiologic and therapeutic
properties, see under Alcohol.
Storage. — Preserve "in tight containers, remote from fire." U.S.P.
ALCOHOL

RUBBING
N.F.

COMPOUND.

Rubbing Alcohol, [Alcohol Fricamentum Compositum]

"Alcohol Rubbing Compound and all preparations coming under the classification of Rubbing
Alcohols must be manufactured in accordance
with the requirements of the Internal Revenue
Service, U. S. Treasury Department, using specially denatured alcohol Formula 23-G (3.5 parts
by volume of methyl propyl ketone, 0.5 part by
volume of methyl isobutyl ketone, and 100 parts
by volume of ethyl alcohol), or Formula 23-H
(8 parts by volume of acetone, 1.5 parts by volume of methyl isobutyl ketone, and 100 parts by
volume of ethyl alcohol). It contains not less than
68.5 per cent and not more than 71.5 per cent by
volume of absolute ethyl alcohol. Alcohol Rubbing
Compound contains in each 100 ml. not less than
355 mg. of sucrose octaacetate. Small quantities of
perfume oils may be added if desired. The preparation may also be colored with one or more
coal-tar colors, certified by the Food and Drug
Administration for use in drugs. A suitable stabilizer may also be added. Alcohol Rubbing Compound complies with the requirements of the Internal Revenue Service of the United States
Treasury Department. Note: Alcohol Rubbing
Compound must be packaged, labeled and sold in
accordance with the regulations issued by the
Internal Revenue Service, U. S. Treasury Department." N.F.
Description. — "Alcohol Rubbing Compound
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is a transparent, colorless or colored as desired,
mobile, and volatile liquid. It has an extremely
bitter taste, and in the absence of added odorous
constituents, a characteristic odor. It is flammable.
The specific gravity of Alcohol Rubbing Compound, manufactured with specially denatured
alcohol Formula 23-G, is not less than 0.8797 and
not more than 0.8874, and the specific gravity of
Alcohol Rubbing Compound, manufactured with
specially denatured alcohol Formula 23-H is not
less than 0.8691 and not more than 0.8771 at
15.56° (the U. S. Government standard temperature for alcohol j." N.F.
Standards and Tests. — Non-volatile residue.
— The weight of residue obtained by evaporating
25 ml. of alcohol rubbing compound and drying
the residue at 105° for 1 hour is not less than
89 mg. Methanol. — 0.5 ml. of a dilution of 0.5 ml.
of alcohol rubbing compound to 1 ml. with water
meets the requirements of the test for methanol
under Whisky. Assay for sucrose octaacetate. —
The residue from the test for non-volatile residue
is neutralized with 0.1 N sodium hydroxide, using
phenolphthalein T.S., and then saponified by heating with a measured excess of 0.1 N sodium hydroxide. The excess alkali is titrated with 0.1 N
sulfuric acid. Each ml. of 0.1 N sodium hydroxide
represents 8.482 mg. of sucrose octaacetate (the
equivalent is based on the formation of 8 molecules of acetic acid by hydrolysis). N.F.
For a discussion of the use of alcohol externally as a "rubbing compound" see under Alcohol. The N.F. rubbing alcohol has been rendered unfit for beverage use and is. accordingly,
available at a much lower cost to the consumer
because it is not subject to the regular alcohol
tax. Under no circumstances should Alcohol Rubbing Compound be employed in place of alcohol.
Storage. — Preserve "in tight containers, remote from fire." N.F.
ALLYLBARBITURIC ACID. N.F.
Allylisobutylbarbituric Acid
CH2CH=CH2

CHCH(CH
2
32)
Sandoptal (Sando:).

Allylbarbituric acid, more informatively designated 5-allyl-5-isobutylbarbituric acid, may be
prepared by the method described by Yolwiler
(J.A.C.S., 1925, 47, 2236) in which the diethyl
ester of mono-isobutylmalonic acid is condensed
with urea, producing mono-isobutylbarbituric acid,
into which is introduced the allyl substituent by
interaction with allyl bromide in sodium hydroxide
solution. Acidification of the reaction mixture precipitates the 5-allyl-5-isobutylbarbituric acid.
Description. — "Allylbarbituric Acid occurs as
a white, crystalline, odorless powder, with a
slightly bitter taste. It is stable in air. A saturated
solution is acid to litmus paper. Allylbarbituric
Acid is freely soluble in alcohol, in ether, and in
chloroform ; it is slightly soluble in cold water and
soluble in boiling water. It is soluble in solutions
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of fixed alkalies and carbonates. Allylbarbituric
Acid melts between 138° and 139°." N.F.
Standards and Tests. — Identification. — (1)
A filtered solution of 300 mg. of allylbarbituric
acid in a mixture of 1 ml. of 1 N sodium hydroxide and 5 ml. of water is divided into two portions: one portion yields with 1 ml. of mercury
bichloride T.S. a white precipitate, soluble in 10
ml. of ammonia T.S.; the other portion yields
with 5 ml. of silver nitrate T.S. a white precipitate, soluble in 5 ml. of diluted ammonia solution. (2) On boiling 500 mg. of the acid with
5 ml. of 1 in 4 sodium hydroxide solution ammonia is evolved. (3) A saturated solution of
allylbarbituric acid in water is prepared: on adding 1 ml. of acetic acid and 0.5 ml. of bromine
T.S. to 5 ml. of the solution the bromine color is
discharged immediately; on adding 0.1 ml. of
potassium permanganate T.S. to another 5 ml.
portion of the solution a yellow color appears immediately, turning to brown. Loss on drying. —
Not over 1 per cent, when dried at 105° for 2
hours. Residue on ignition. — Not over 0.1 per
cent. Heavy metals. — About 100 mg. of allylbarbituric acid is boiled with 10 ml. of water for
2 minutes, cooled, and filtered: on saturating the
filtrate with hydrogen sulfide no coloration or precipitation results. Readily carbonizable substances.
— A solution of 500 mg. of the allylbarbituric
acid in 5 ml. of sulfuric acid has no more color
than matching fluid A. N.F.
Uses. — Allylbarbituric acid (see article on
Barbiturates, in Part II, for general discussion)
has been classified as being a barbiturate of intermediate duration of action, according to the system of Fitch and Tatum (/. Pharmacol., 1932,
44, 325). Its duration of action is of an order
comparable with that of aprobarbital and of amobarbital (Tatum, Physiol. Rev., 1939, 19, 472).
In general, it is employed as an hypnotic agent
or for mild sustained sedation. In this respect its
clinical indications are much the same as for barbital or amobarbital.
Allylbarbituric acid is metabolized primarily
in the liver, according to Masson and Beland
(Anesth., 1945, 6, 483). Only trace amounts are
excreted as such by normal patients (Koppanyi
et al., J. Pharmacol., 1934, 52, 87). Staub reported that some 20 per cent of the daily dose
administered to schizophrenic patients was excreted as such (Schweiz. Arch. Neurol. Psychiat.,
1950, 65, 330). Allylbarbituric acid apparently
possesses no toxicologic characteristics that are
not shared on a pharmacodynamic basis with other
barbiturates. Nielsen et al. (J. Pharmacol., 1925,
26, 371) found that the minimum lethal dose of
allylbarbituric acid, when the sodium salt was injected subcutaneously into white rats, was 175
mg. per Kg. of body weight, with the ratio of
minimum effective dose to minimum lethal dose
being next to the most favorable for the series of
15 barbiturates which they investigated.
Dose. — For sedation the dose range is 100 to
200 mg. (approximately l/2 to 3 grains); the
hypnotic dose varies from 200 to 800 mg., the
higher doses being used in obstinate cases of
insomnia.
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Storage. — Preserve "in well-closed containers." N.F.
ALLYLBARBITURIC ACID
TABLETS. N.F.
"Allylbarbituric Acid Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of C11H16N2O3." N.F.
The assay is identical with that described under
Barbital Tablets.
Usual Size. — 200 mg. (approximately 3
grains).
BITTER ALMOND
OIL. N.F.
[Oleum Amygdalae Amarae]

"Bitter Almond Oil is the volatile oil obtained
from the dried ripe kernel (deprived of fixed oil)
of Primus Amygdalus Batsch var. amara (De
Candolle) Focke (Fam. Rosacea), or from other
kernels containing amygdalin, by maceration with
water and subsequent distillation with steam. It
contains not less than 80 per cent of CgHs.CHO,
and not less than 2 per cent and not more than 4
per cent of HCN. Bitter Almond Oil in which
crystals have formed must not be dispensed.
''Caution. — Bitter Almond Oil is intended for
medicinal use and neither it nor its solution should
be This
used or
sold for
foods."with
N.F. the B.P.
should
not flavoring
be confused
Volatile Bitter Almond Oil, which contains no
hydrocyanic acid.
Oil of Bitter Almond. Oleum Amygdalarum Amararum
^Ethereum. Fr. Essence d'amande amere. Ger. Atherisches
Bittermandelol. Sp. Esencia de almendre amarga.

The almond tree — Prunus Amygdalus Batsch
(Amygdalus communis Linne) — resembles somewhat the cherry. The leaves are elliptical,
petiolate, minutely serrated, and are of a bright
green color. The flowers are large, varying from
pink to white, with very short peduncles, and
petals longer than the calyx, and usually stand in
pairs upon the branches. The fruit is a drupe with
the outer covering thin, tough, dry, downy, and
marked with a longitudinal furrow, where it opens
when fully ripe. Within this covering is a rough
shell, containing the kernel or almond.
There are several varieties of this species of
Prunus, differing chiefly in the size and shape of
the fruit, the thickness of the shell, and the taste
of the kernel. The two most important are the
var. dulcis and the var. amara, the former bearing
sweet, the latter bitter, almonds. Both of these
varieties have been known since ancient times.
The almond tree is a native of subtropical Asia
and Asia Minor. It is now cultivated also in
southern Europe, northern Africa, southern England, and California. Bitter almonds are chiefly
imported from France, Morocco and Sicily. Bitter
almond oil is usually imported from France,
United Kingdom and Netherlands. In 1952 these
countries shipped 3777 pounds to the United
States.
Bitter Almonds. — These seeds are smaller than
the sweet almonds, which they resemble in general appearance, but are distinguished by being
shorter and proportionally broader, by their bitter
taste, and by the characteristic odor resembling
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that of hydrocyanic acid when they are bruised
in a mortar and triturated with water.
They have the bitter taste of the peach kernel,
and, though when dry. are inodorous or nearly so,
have, when triturated with water, the fragrance
of peach blossom. They contain essentially the
same constituents as sweet almonds, and like them
form a milky emulsion with water. Their characteristic flavor is due to the formation of benzaldehyde and hydrocyanic acid. These principles
do not preexist in the almond, but result from
the decomposition of the glycoside amygdalin.
Amygdalin is mandelonitrile-p-gentiobioside, a
glycoside of mandelonitrile, CoHsCHOHCN, with
gentiobiose, a disaccharide formed by the condensation of two glucose molecules. It is white, crystallizable, inodorous, of a sweetish bitter taste,
freely soluble in water and hot alcohol, very
slightly soluble in cold alcohol, and insoluble in
ether. It is hydrolyzed in the presence of diluted
acids or the enzyme emulsin, which accompanies
it in bitter almond. Destruction of emulsin, as by
heating, prevents the hydrolysis of amygdalin
and consequently of the development of the characteristic flavor of bitter almond.
Mandelonitrile glucosides occur in three isomeric forms: sambunigrin found in elder flowers,
priilanrasin found in cherry laurel, and prunasin
found in wild cherry bark. All of these are optically active, being levorotatory, but vary in
the degree of rotation. According to Power and
Moore {Trans. Chem. Soc, 1909, p. 243) they are
combinations of dextro-, racemic and levo-mandelonitrile. respectively (see also Fischer and
Bergmann, Ber., 1917, 50, 1047).
Description. — "Bitter Almond Oil is a clear,
colorless or yellow, strongly refractive liquid, having the characteristic odor and taste of benzaldehyde. Bitter Almond Oil is slightly soluble in
water. It is miscible with alcohol and with ether.
Bitter Almond Oil is soluble in 2 volumes of 70
per cent alcohol, forming a clear solution. The
specific gravity of Bitter Almond Oil is not less
than 1.05S and not more than 1.060 at 25V N.F
Standards and Tests. — Optical rotation. —
Bitter almond oil is optically inactive or does not
have a rotation of more than +0.167° when determined in a 100-mm. tube at 25°. Refractive
index. — Not less than 1.5410 nor more than
1.5442 at 20°. Heavy metals. — The oil complies
with the requirements of the official test for
Heavy metals in volatile oils. Halogens. — No
turbidity is produced when silver nitrate T.S. is
added to products of the combustion of 3 or 4
drops of bitter almond oil which have been condensed on the moistened inside of an inverted
beaker after the oil is ignited. Nitrobenzene. —
No odor of phenyl isocyanide is apparent on
heating bitter almond oil, in which any nitrobenzene that may be present has been reduced with
nascent hydrogen to aniline, with chloroform and
sodium hydroxide T. S. N.F.
Nitrobenzene was at one time a frequent adulterant of bitter almond oil. It may be detected
by the test given above.
Assay. — For benzaldehyde. — A sample of
about 1 Gm. of the oil is reacted with a hydroalcoholic solution of hydroxylamine hydrochloride,

with which the benzaldehyde forms benzaldoxime
and liberates a molecule of hydrogen chloride for
each molecule of aldehyde present. The acid is
titrated with 1 A7 sodium hydroxide. After correcting for the acidity of the reagent each ml. of
1 N sodium hydroxide is equivalent to 106.1 mg.
of C-HoO. N.F. For hydrogen cyanide. — To some
freshly prepared magnesium hydroxide suspension
is added 1 Gm. of the oil, whereby the benzaldehyde cyanhydrin releases cyanide ion which is
titrated with 0.1 A7 silver nitrate, using potassium
chromate T.S. as indicator, until a permanent red
coloration is produced. Any impurities in the
magnesium hydroxide suspension which may react
with silver nitrate are corrected for by titrating
the suspension prior to addition of the oil. Each
ml. of 0.1 N silver nitrate represents 2.703 mg.
of HCN. N.F.
Uses. — As benzaldehyde has no recognized
medicinal action, bitter almond oil acts physiologically like hydrocyanic acid. Death is said to
have occurred in a man ten minutes after taking
two fluidrachms of the oil. Bitter almond oil has
been employed externally, dissolved in water in
the proportion of one minim (0.06 ml.) to a fluidounce (30 ml.), in prurigo senilis and other cases
of troublesome itching. To facilitate solution in
water, the oil may be previously dissolved in alcohol. Bitter almond oil has been used to conceal
the taste of cod liver oil and of castor oil. It also
finds some use as a perfuming agent in cosmetic
preparations.
Amygdalin itself is practically non-toxic, but
when swallowed may be decomposed, by enzymes
present in ingested foods in the alimentary canal,
leading to the formation of hydrocyanic acid.
Storage. — Preserve "in well-filled, tight conN.F.
tainers, and avoid exposure to excessive heat."

PURIFIED VOLATILE
BITTER ALMOND.

OIL OF
B.P.

Oleum Amygdalae Volatile Purificatum

This is a very different preparation from the
N.F. Bitter Almond Oil. The B.P. oil is prepared
from the cake of seeds of bitter almonds, peach
kernels or apricot kernels, from which the fixed
oil has been expressed, by distilling with water
and subsequently removing the hydrocyanic acid.
It should contain not less than 95.0 per cent
w w of benzaldehyde.
The B.P. does not mention any method for removing the hydrocyanic acid but this may be accomplished bytreating the oil with ferrous sulfate
and calcium hydroxide, followed by redistillation.
Description and Standards. — This is a
colorless or pale yellow liquid with the characteristic odor and taste of bitter almonds. Its weight
per ml., at 20°, is 1.042 to 1.046; it has a refractive index at 20° of 1.542 to 1.546. It is
soluble in two parts of 70 per cent alcohol. The
absence of hydrocyanic acid is shown by shaking
the oil with sodium hydroxide solution, adding
ferrous sulphate solution, warming and acidulating
with dilute hydrochloric acid; no blue color
should be produced. A test, in which an alcohol
solution of the oil is titrated with 0.1 N alcoholic
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potassium hydroxide, limits the amount of
benzoic acid which may be present.
Assay. — This is essentially similar to the
method employed for the assay of benzaldehyde
in bitter almond oil or in the official product
benzaldehyde.
This oil is intended as a flavoring agent for the
same purposes as benzaldehyde. The B.P. uses it
as a flavor for emulsion of cod liver oil.
EXPRESSED ALMOND
U.S.P. (B.P.)

OIL.

Almond Oil, Sweet Almond Oil, [Oleum Amygdalae
Expressum]

"Expressed Almond Oil is the fixed oil obtained
from the kernels of varieties of Prunus Amygdalus
Batsch (Fam. Rosacea)." U.S.P. The B.P. recognizes as the sources of this oil the seeds of
Primus amygdalus Batsch. var. dulcis (DC.)
Koehne, or of Prunus amygdalus Batsch. var.
amara (DC.) Focke.
B.P. Almond Oil; Oleum Amygdalae. Oil of Sweet Almond. Oleum
Ft. Huile
Mandeldl.
It. Amygdalarum.
Olio di mandorle
dolci. d'arr.ande.
Sp. Aceite Ger.
de
almendras; Aceite de Almendra por Expresion.

For description of Prunus Amygdalus Batsch,
also known as Primus communis Arcang., see
under Bitter Almond Oil.
In normal times we are supplied with sweet
almonds chiefly from Spain, Italy, France, and
southern California. They are separated into the
soft-shelled and hard-shelled varieties, the former
of which come from Marseilles and Bordeaux, the
latter from Malaga. From the latter port they
are sometimes exported without the shell. In
British commerce, the two chief varieties are the
Jordan and Valencia almonds, the former imported from Malaga, the latter from Valencia;
the former are longer, narrower, more pointed,
and more highly esteemed than the latter. Each
kernel consists of two white cotyledons, enclosed
in a thin, yellowish-brown, bitter skin, which is
easily separable after immersion in boiling water.
Deprived of this covering they are called blanched
almonds. On exposure to the air they are apt to
become rancid; but, if thoroughly dried and kept
in well-closed glass vessels, they may be preserved unaltered for many years. They are, when
blanched, without odor, and have a sweet, pleasant taste, which has rendered them a favorite
article of diet in all countries where they are
readily attainable.
Sweet almonds are no longer official. The B.P.
1914 described them, under the name Amygdala
Dulcis, as follows :
"About two and a half centimeters or somewhat more in length, nearly oblong in outline,
more or less compressed, pointed at one extremity and rounded at the other. Testa cinnamonbrown, thin and scaly. Seed exalbuminous, containing two large planoconvex oily cotyledons.
Taste bland; when triturated with water forms a
white emulsion with no marked odor." B.P. 1914.
The U.S.P. IX gave the following description of
microscopic appearance. "The powder is creamywhite, exhibiting numerous very small oil globules,
0.001 mm. or less in diameter, and larger oil
globules and crystalloids, the latter sometimes
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with adhering globoids; fragments of parenchyma
of endosperm, containing oil globules and aleurone
grains; also occasional fragments of seed-coat
with characteristic, more or less scattered, large,
elliptical, thin-walled, strongly lignified epidermal
cells and narrow, closely spiral tracheae. Starch
grains
absent."contain
U.S.P. upIX.to about 54 per cent
Sweetarealmonds
of fixed oil, 24 per cent of protein, 6 per cent of
uncrystallizable sugar, 3 per cent of gum, 9 per
cent of fibrous matter, 3.5 per cent of water, and
0.5 per cent of acetic acid. They yield the enzyme
emulsion but do not contain amygdalin. "Almond
cake," a by-product in the manufacture of almond
oil, is largely used in the preparation of a class
of
detergent
known food
as "almond
meal."
It is
also usedpowders
as a diabetic
and sometimes
as an adulterant of ground spices and powdered
drugs. Almond cake may be poisonous if it is
made with bitter almond as it would contain
emulsin and amygdalin and yield hydrocyanic
acid.
Expressed almond oil may be obtained equally
pure from sweet and from bitter almonds. In its
preparation, the almonds, deprived of a reddishbrown powder adhering to their surface by being
rubbed together in a piece of coarse linen, are
ground in a mill or bruised in a stone mortar, and
then pressed in canvas sacks between slightly
warm plates of iron. The oil, which is at first
turbid, is clarified by filtration. Sometimes the
almonds are steeped in hot water, deprived of
their cuticle, and dried by heating, previous to
expression. The oil thus obtained is free from
color, but is in no other respect better; it is more
likely to become rancid on keeping. Bitter almonds
treated in this way impart an odor of hydrocyanic
acid to the oil. The yield of oil from sweet
almond is from 40 to 55 per cent, being slightly
less from the bitter. Though sometimes expressed
in this country from imported almonds, the oil is
generally brought from Europe. During World
War II, when the oil was not available, the
U.S.P. permitted the use of persic oil in ointments
in which expressed almond oil is an ingredient.
Description. — "Expressed Almond Oil is a
clear, pale straw-colored or colorless, oily liquid.
It is almost odorless, and has a bland taste. It remains clear at —10°, and does not congeal until
cooled to nearly — 20°. Expressed Almond Oil is
slightly soluble in alcohol, but is miscible with
ether, with chloroform, with benzene, and with
petroleum benzin. The specific gravity of Expressed Almond Oil is not less than 0.910 and not
more than 0.915." U.S.P.
Standards and Tests. — Foreign kernel oils. —
Not more than a slight color develops on shaking
vigorously for 5 minutes a mixture of 2 ml. of expressed almond oil, 1 ml. of fuming nitric acid and
1 ml. of water. Cottonseed or sesame oil. — The
oil meets the requirements of the tests for cottonseed oil and for sesame oil under Olive Oil. Mineral oil and foreign fatty oils. — A clear solution
results on adding water to the residue remaining
after the evaporation of the alcohol from a mixture of expressed almond oil, sodium hydroxide
solution, and alcohol which has been heated to
saponify the oil {mineral oil). On adding an ex-
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cess of hydrochloric acid to the aqueous solution
the fatty acids which separate, after washing with
warm water and clarifying by heating on a water
bath, remain clear for at least 30 minutes when
cooled to 15° and kept at this temperature, without stirring. Foreign oils. — A clear solution results when a portion of the fatty acids separated
in the preceding test is mixed with an equal volume of alcohol and cooled to 15° ; no turbidity develops on adding another volume of alcohol (olive,
peanut, or other fixed oils). Free fatty acids. —
Not more than 5 ml. of 0.1 N sodium hydroxide is
required for neutralization of 10 Gm. of oil.
Iodine value. — Not less than 95 and not more
than 105. Saponification value. — Not less than
190 and not more than 200. U.S.P.
The B.P. gives the refractive index, at 40°, as
1.4624 to 1.4650, and the acid value as not more
than 4.0.
Expressed almond oil consists chiefly of olein
with traces of linolein; there is no stearin present.
It belongs among the "non-drying" oils or "vegetable oleins."
Expressed almond oil has been adulterated with
oils from peach or apricot kernels, olive oil, lard
oil, cottonseed oil, and peanut oil; these may be
detected by the official tests. Many of these
adulterants may also be detected by determining
the absorption spectrum of the sample. Almond
oil differs from most vegetable oils in neither
giving a banded spectrum nor producing strong
absorption in the red or violet.
Uses. — Expressed almond oil possesses the
emollient properties of the other fixed oils, over
most of which it has the advantage of comparative
tastelessness, freedom from odor, and lack of
tendency to become gummy. It is widely used
as an emollient for chapped hands and other inflamed conditions of the skin. The oil is sometimes employed in the preparation of cold creams,
as in the official rose water ointment, and in
similar cosmetic preparations. Occasionally it is
used for its laxative effect.
Dose, 4 to 30 ml. (approximately one
fluidrachm to one fluidounce).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Rose Water Ointment, US.P.
ALOE.

U.S.P. (B.P.)
Aloes, [Aloe]

"Aloe is the dried juice of the leaves of Aloe
Perryi Baker, known in commerce as Socotrine
Aloe, or of Aloe barbadensis Miller (Aloe vera
Linne'), known in commerce as Curasao Aloe, or
of Aloe ferox Miller and hybrids of this species
with Aloe africana Miller and Aloe spicata Baker,
known in commerce as Cape Aloe (Fam. Liliacetz). Aloe yields not less than 50 per cent of
water-soluble extractive." U.S.P.
The B.P. recognizes Aloes as the residue obtained by evaporating to dryness the liquid which
drains from leaves cut from various species of
Aloe. Not less than 75.0 per cent of watersoluble extractive is required.
B.P. Aloes. Fr. Aloes. Cer. Aloe. It. Aloe. Sp. Acibar;
Aloe.

Part I
The genus Aloe comprises about 170 species
mostly native to eastern and southern Africa, but
some have spread to the Mediterranean basin
and have been introduced into the West Indies,
East Indies, Europe, and the Americas. The leaves
of the Aloe plants are fleshy and succulent. In
cross section they exhibit a strongly cuticularized
epidermis surrounding a mesophyll of two zones,
viz.: an outer cortical zone composed of parenchyma containing numerous chloroplastids, assimilation starch and occasional bundles of
raphides of calcium oxalate, and an inner, clear
central zone consisting of large, thin-walled
parenchyma with an abundance of mucilage and
scattered cells containing raphides of calcium
oxalate. On the border of the outer cortical and
clear central zones is to be noted an ellipse of
vascular bundles each of which is surrounded by
a pericycle and endodermis. The bitter juice is
contained within the pericyclic cells and sometimes in the parenchyma cells adjacent.
Most plants belonging to the genus are capable
of yielding a bitter juice which is laxative and
there is little doubt that in many cases a commercial aloe exported from one country is the
product of the leaves of several species.
1. Aloe Perryi Baker. — The true Socotrine aloe
is a perennial herb, growing abundantly upon the
island of Socotra, especially in the limestone
tracts, from the sea level to an altitude of 3,000
feet and also found in eastern Africa and in
Arabia. It has a trunk one foot high which bears
on its summit a dense rosette of pale green or
reddish, succulent, lanceolate leaves which are
somewhat striate but not mottled. They are
channeled above, convex below and show browntipped, marginal spines. From the center of the
leaf rosette there extends a long raceme of tubular, reddish flowers which later turn yellow. The
fruit is a membranous capsule.
2. Aloe barbadensis Mill. (A. vera "L."; A.
vulgaris Lamarck). — This species, which is the
source of Curasao aloe, has a very short, woody
stem, and lanceolate embracing leaves, which are
first spreading, then ascending, of a glaucous
green color, when young, irregularly mottled with
white spots, flat on the upper surface, convex
beneath, and armed with hard, pale spines, distant from each other, and perpendicular to the
margin. It has bright yellow flowers arranged in
a spicate inflorescence. A. barbadensis is a native
of southeastern Europe, northern Africa, and
Madagascar. It is cultivated in Italy, Sicily,
Malta, and especially in the West Indies, where
it contributes largely in the Curacao or Barbados
aloe.
3. Aloe ferox Miller, one of the three South
African, tree-like species yielding Cape aloe, is
one of the tallest species of the genus. It has a
forked stem ten to fifteen feet long, four to six
inches in diameter; furnished at the top with a
dense rosette containing thirty to fifty leaves,
which are lanceolate, one and one-half to two
feet long, very rigid, with copious prickles on
back and face, the purplish margin armed with
reddish brown-tipped, deltoid or cuspidate prickles
one-eighth to one-sixth of an inch long. Its inflorescence consists of a panicle of tubular, striped
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whitish flowers. This species readily hybridizes
with A. africana and A. spicata and hybrids of
these yield some of the Cape aloes of the market.
4. Aloe africana Mill., an arborescent South
African species, has a simple tall trunk which
bears on its summit a few triangular-oblong,
glaucous, green leaves with large, horny, marginal teeth. Its flowers are tubular and yellow
and are borne on a candelabra-like panicle. It is
a native of the Cape Colony.
5. Aloe spicata Baker {A. Eru var. cornuta
Berger) is a tall, branched aloe indigenous to
tropical southern Africa. It possesses pale, glossy,
fleshy leaves with white blotches and a panicle
of campanulate yellow flowers.
For further details on species of Aloe, see
Baker (Jour. Linnean Soc, Botany, Vol. 1880,
pp. 148-241).
Commercial History and Varieties. —
Socotrine Aloe. — This variety appears to have
been the original aloe, having been produced in
the island of Socotra at least as early as the time
of Alexander the Great, 333 B.C., who is said to
have sent a commission to investigate its manufacture.
The leaves, which are cut at any time of year,
are allowed to drain into a goat's or sheep's skin,
and the gathered juice permitted to evaporate
spontaneously. In the course of about one month,
when it has become thick and viscid, it is known
by the Arabic name of Jayef Gesheeshah ; several
weeks subsequently when it has become hard, it is
called Jayef Kasahul. Due to its exposure throughout the long process of desiccation, all the
varieties of Socotrine aloes contain much foreign
matter.
Socotrine aloe is brought from the island of
Socotra, the east coast of Africa, and from the
Arabian coast by Arab traders to Bombay and
exported in barrels, kegs, goats' skins, or tins
to London, whence it is shipped to the United
States.
The best Socotrine aloe occurs in pieces varying from a dark ruby-red to a yellowish or reddish-brown, more or less semi-transparent, with
a glossy surface and a smooth or ragged but not
conchoidal fracture, and yielding a bright goldenyellow powder. Its odor is peculiar, almost
fragrant, especially developed by breathing upon
the aloe, and its bitter, disagreeable taste has a
somewhat aromatic tang. The poorest variety of
Socotrine aloe, Mocha aloes of the East, is soft,
dark, and malodorous.
Zanzibar Aloe is a hepatic variety of Socotrine
aloe made by slow evaporation of the juice. It
occurs in liver-brown masses, with a dull, waxy
but nearly smooth and even fracture, a characteristic odor and a nauseous, bitter taste. It is poured
into skins which are packed in cases for shipment. The variability of Socotrine aloe probably
depends upon not only different methods of
preparation but a different origin.
Curacao, or West Indian, Aloe. — This aloe,
which is produced in the Dutch West Indian
Islands, chiefly in the islands of Aruba, Bonaire
and Curasao, appears not to have entered commerce extensively before the early part of the
19th century, but at present constitutes a very
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large proportion of commercial aloe. It occurs
chiefly in three forms: first, an opaque, brittle
aloe, showing abundant crystals under the microscope, and sold in gourds usually as Barbados
aloe; second, aloes having an appearance like the
first variety but sold in cases; third, glossy
Curagao or Capey Curacao aloe, which occurs in
cases and is glossy and transparent. This variety
may become opaque upon long storage due to the
gradual crystallization of the aloin. Small fragments show a garnet-red color.
Curagao aloe is collected in the Dutch West
Indies by workers during the early spring. The
leaves are cut off at their bases and placed cut end
downward in V-shaped troughs which are arranged
on an incline. The juice, in trickling from the
leaves, runs down the sides of the trough and
through an aperture at its lower end into a receptacle beneath. As the receptacles are filled
with the juice, their contents are poured into a
cask and either evaporated spontaneously or by
boiling in copper vessels. As soon as the juice has
thickened to the proper consistency, it is poured
into gourd shells or boxes and allowed to harden.
This aloes is shipped direct to the United States
from Aruba, Curagao and Bonaire.
Kremel gives a method to distinguish Curagao
aloe from other kinds by adding to it a little
cupric sulfate solution, then some saturated solution of common salt, which makes the color an
intense carmine. The reaction is due to cuproaloin. Curagao aloe, deprived of its aloin, has
occurred in the markets; this fraudulent product
was then sold as Cape aloe; the odor of the
Curagao variety still remains.
Cape Aloe. — This variety, while chiefly from
Aloe ferox, is derived, at times, from hybrids of
this species with Aloe africana and Aloe spicata.
The general method of collecting Cape aloe is to
allow the juice in the excised leaves to drain into
a canvas or goat's skin, which has been so placed
in a hole in the ground as to force the juice to
collect in the center. Later this juice is poured
into a drum or tin, in which it is boiled for 4 or
5 hours with constant stirring and, when sufficiently concentrated, poured into boxes or barrels and allowed to harden. In these containers
it is shipped from Mossel Bay and Port Elizabeth to Cape Town, thence to Europe and America. Cape aloe differs from Socotrine aloe, especially in its brilliant conchoidal fracture and
peculiar odor, which is strong, but neither nauseous nor aromatic. When freshly broken it has a
very dark olive or greenish color approaching to
black, presents a smooth, bright, almost glassy
surface, and if held up to the light appears translucent at its edges. The small fragments also are
semi-transparent, and have a tinge of yellow or
red mixed with the deep olive of the opaque mass.
Cape aloe, when quite hard, is very brittle and
readily powdered; but in very hot weather it is
apt to become somewhat soft and tenacious, and
the interior of the pieces is occasionally more or
less so even in winter.
Uganda, or crown, aloe is a brand of Cape aloe
formerly produced by manufacturers who bought
the aloe juice from the collectors, allowed it to
undergo a slight fermentation, and dried it in the

48

Aloe

sun in wooden troughs. It was sent into commerce in bags containing coarse or fine powder,
or chips, and in bricks wrapped in red paper; it
has a very bitter, aromatic taste and a strongly
aromatic odor. The bricks were of a hepatic
brown color, with a resinous fracture, which had
a bronzy-gold luster by refracted light. Uganda
aloe is now practically obsolete.
An adulterant in powdered Cape aloe is a
ferruginous clay associated with calcium carbonate. The method of detecting this adulterant is
based on the fact that pure Cape aloe dissolves in
ammonium hydroxide solution diluted with nine
times its volume of distilled water. The adulterant
can be readily separated, and the amount estimated by its insolubility, Leger (/. phartn. chim.,
1934, 19, 533).
Other Varieties. — Besides the above certain
other forms of aloe have appeared from time to
time in commerce. Barbados aloe, which is the
hepatic sub-variety of Curagao aloe, appears to
have been brought to London as early as 1693.
Small quantities still appear occasionally on the
American markets. Barbados aloe is produced
from A. barbadensis.
Barbados aloe which is erroneously recognized
by the B.P. as the same as Curasao aloes, varies
in color from very dark blackish-brown through
reddish-brown and liver-colored to orange-brown.
It yields a dull olive-yellow powder, of a disagreeable, even nauseous odor, and it was described in the British Pharmacopoeia as follows:
"Fracture either dull and waxy, in which case
small splinters are opaque; or smooth and glassy,
in which case the splinters are transparent; the
opaque variety examined under the microscope
exhibits numerous minute crystals embedded in
a transparent mass." B.P., 1898. "Mixed with
nitric acid, it acquires a red color. Barbados Aloes
is not colored, or acquires only a light bluishgreen tint, on being mixed with sulphuric acid
and blowing the vapor of nitric acid over the
mixture
(difference from Natal aloe)." U.S.P.,
1890.
Natal aloe is a variety coming from Natal on
the southeast coast of Africa, the origin of which
is not definitely ascertained but is possibly A.
candelabrum Berger. It occurs in irregular, usually
opaque pieces, with a fracture much less shining
than that of Cape aloe and a totally different
color, having a greenish slate hue. It yields a
grayish-green or pale yellow powder, which has
the odor of Cape aloe. It is less soluble than
Cape aloe.
When powdered Natal aloe is mixed with a
little sulfuric acid and the fumes of nitric acid
are blown over it, a deep blue coloration is
produced.
Hepatic aloe, as well as fetid, caballine or horse
aloe, have no proper claim to be considered distinct varieties, being simply inferior aloe of
various origins, the first liver-colored, the second
blackish and fetid and full of impurities.
Jafferabad aloe, supposed to be the same as
Mocha aloe, has been shown to be the product of
A. abyssinica Lam., and is said by Shenstone to
contain ^-barbaloin. (Am. J. Pharm., 1883, 92.)
Aloe made in India from the A. barbadensis is
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known as Musambra aloe. It appears to be a
very
inferior variety, and rarely, if ever, reaches
Europe.
The labels under which aloe is sold often have
little or no connection with the place of production, or with the variety of aloes in the package.
This fact has probably come about through the
indifference of users to the variety of the aloe
which they are purchasing, an indifference largely
due to the common habit of buying aloe in
Wilbert (Am. J. Pharm., 1903) proposed that
powder.
aloe should be classified as follows: Aloe A. — Containing barbaloin; responds to Borntrager's test
for emodin, but does not give a distinct red color
with nitric acid, or with Klunge's test. Aloe B. —
Containing isobarbaloin with barbaloin; responds
to Borntrager's test for emodin, and also has a
deep red color with strong nitric acid, or with
Klunge's test.
Fairbairn (Pharm. J., 1946, 102, 381) has described the microscopy of the common commercial
varieties of aloe.
In 1952 importations of aloe into the United
States amounted to 413,847 pounds, most of it
from the Union of South Africa and N. Antilles,
although considerable came also from the Dominican Republic and Venezuela.
Description. — "Unground Socotrine Aloe
occurs in reddish black to brownish black,
opaque, smooth, glistening masses. Its fractured
surface is somewhat conchoidal. It has a characteristic odor.
"Unground Curagao Aloe occurs in brownish
black, opaque masses. Its fractured surface is
uneven, waxy, and somewhat resinous. It has a
characteristic, disagreeable odor.
"Unground Cape Aloe occurs in dusky to dark
brown irregular masses, the surfaces of which are
often covered with a yellowish powder. Its fracture is smooth and glassy. Its odor is characteristic, somewhat sour and disagreeable.
The taste of each variety of Aloe is nauseous
and very bitter.
"Powdered Aloe is yellow, yellowish brown to
olive brown in color. When mounted in a bland
expressed oil it appears as greenish yellow to reddish brown angular or irregular fragments, the
hues of which depend to some extent upon the
thickness of the fragments." U.S.P.
Standards and Tests. — Identification. — (1)
Powdered aloe dissolves in nitric acid with effervescence; the solution is reddish brown to brown
or green. (2) The aqueous extract prepared by
shaking 1 Gm. of finely powdered aloe with 25
ml. of cold water during 2 hours, filtering, then
washing the filter and residue with cold water to
yield 100 ml. of filtrate exhibits the following
colors when viewed in the bulb of a 100 ml. volumetric flask: dark yellow with Socotrine aloe,
dark orange with Curagao aloe, and greenish yellow with Cape aloe. The filtrate darkens on standing. (3) Addition of 2 ml. of nitric acid to 5 ml.
of the filtrate from test (2) produces the following colors: yellow with Socotrine aloe, reddish
orange with Curagao aloe, and a reddish brown
changing rapidly to green with Cape aloe. (4)
Addition of 45 ml. of water and 20 ml. of a 1 in
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20 solution of sodium borate to 5 ml. of the
filtrate from test (2) produces a greenish yellow
or yellowish green fluorescence which on standing
turns to a moderate yellowish orange to brown
color. Water. — Not over 12 per cent, when dried
at 105° for 5 hours. Ash. — Not over 4 per cent.
Alcohol-insoluble matter. — Not over 10 per cent,
when 1 Gm. of powdered aloe is extracted with
50 ml. of boiling alcohol, the residue being dried
to constant weight at 105°. U.S. P.
Rosenthaler (Pharm. Acta. Helv., 1937, 12,
96) proposed two tests for aloe: (1) An aqueous
solution of aloe is heated with sodium hydroxide
and ammonium sulfide; Cape aloe or Barbados
aloe turns green or greenish brown, Natal aloe
brown. The reaction is given by both aloin and
barbaloin. (2) A solution of aloe is heated with
sodium hydroxide and an ammonium salt: Barbados aloe gives a purple color, Natal a bluishpurple, Cape aloe does not react. The reaction is
a test for isobarbaloin.
Keenan and Welsh (/. A. Ph. A., 1942, 31, 535)
reported that a 5 per cent solution of gold chloride
gave superior results to the other commonly used
microchemical agents with barbaloin and isobarbaloin, and suggest its use in distinguishing different varieties of aloe. With Curasao aloe it gave
an immediate red color, with Cape aloe a green,
while Socotrine aloe remained brown. For other
tests for distinguishing varieties of aloes see
Allen's Commercial Organic Analysis, Volume 8,
Fifth Edition (1930).
Assay.— Determine the per cent of water-soluble extractive. U.S.P. The B.P. requires not less
than 75.0 per cent of water-soluble extractive,
calculated with reference to the air-dried drug.
Various methods of assaying aloe, utilizing a
determination of the content of aloin, have been
proposed. Goldner (/. A. Ph. A., 1932, 21, 658)
concluded that none of the seven methods he investigated was satisfactory. Eaton (J.A.O.A.C.,
1932, 15, 407) devised a method in which the
aloin is acetylized to aloin hexa-acetate and
weighed in this form; the method is officially
recognized in the A.O.A.C. Methods of Analysis.
Valaer and Mallory (Am. J. Pharm., 1934, 106,
81) proposed that aloe and its preparations be
assayed by determining the free emodin and the
total emodin content; their method is based on a
measurement of the depth of color produced by
emodin in a strongly alkalinized solution.
Constituents. — The chemistry of aloe is incompletely known. It is generally believed that
aloe owes its purgative properties to the presence
of one or more of three pentosides known as barbaloin (aloin), isobarbaloin and beta-barbaloin.
For lack of satisfactory assay methods the content of these constituents is not known with any
degree of certainty (see under Aloin). Viehoever
(Am. J. Pharm., 1935, 107, 47) considers the
resin fraction of aloe to be of equal importance,
a view previously expressed by Kiefer (Pharm.
Ztg., 1925, 70, 1775). Chopra and Ghosh (Arch.
Pharm., 1938, 276, 348) reported that A. vera
var. officinalis (A. indica) contains no aloin.
Of the three pentosides, barbaloin (which is
probably identical with the substances previously
described as socaloin and capaloin) is the most
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important. It crystallizes in the form of pale
yellow needles. Isobarbaloin is isomeric with barbaloin; the former remains in the mother liquor
when barbaloin is crystallized from methanol
solution; the two compounds also give different
color reactions (see above). Beta-barbaloin is a
non-crystallizable optical isomer of barbaloin.
Hydrolysis of barbaloin in acid solution gives a
complex mixture in which aloe-emodin (1,8dihydroxy-3-(hydroxymethyl)anthraquinone) and
D-arabinose have been identified. Leger (Bull. soc.
chim., 1936 [5], 3, 435) believes barbaloin is an
ether formed by the condensation of D-arabinose
with aloe-emodin, but objections to this formulation have been raised by Rosenthaler (Pharm.
Acta. Helv., 1934, 9, 9) and by Foster and Gardner (J.A.C.S., 1936, 58, 597). For data on the
hydrolysis of the aloins see Gardner and Campbell (J.A.C.S., 1942, 64, 1378). Brody et al.
(J. A. Ph. A., 1950, 39, 666) isolated from
Curacao aloe, by chromatographic methods, aloeemodin, isoemodin (3,5,8-trihydroxy-2-methylanthraquinone), and anthranols, which are reported to exist both in the free state and in
glycosidal combination.
Uses. — Aloe was known to the ancients, being
cultivated in the island of Socotra as far back
as the time of Alexander the Great, and is mentioned in the works of Dioscorides and of Celsus.
It has been employed for eczematous skin conditions in China, India and Tibet under the names
lu hid, musabbar and jelly leeks respectively (Cole
and Chen, Arch. Dermat. Syph., 1943, 47, 250).
Its cathartic action is due to a stimulation of
peristalsis, especially in the larger bowel, probably the result of a local irritant effect upon the
mucous membrane, although there is some evidence that it exercises a specific stimulant effect
upon unstriped muscles; considerable griping pain
is often associated with its action. It is more irritating than cascara sagrada, senna and rhubarb.
As its action is largely limited to the colon it is
not to be recommended in those conditions in
which it is desirable to clean out the whole alimentary canal, and as its effect is largely the result
of local irritation it should be avoided in inflammatory conditions of the intestine. It does not
act until 8 to 12 hours after ingestion. In chronic
constipation, especially when dependent upon an
atonic condition of the lower bowel, it is very
useful. The presence of bile in the bowel seems
to be essential for the most effective action of
this drug, and when this secretion is lacking it is
advisable to administer some preparation of bile
in conjunction with the aloes. Soap also appears
to enhance the cathartic action of this drug. Ivy
and his associates (Quart. Bull. Northwest. U.
Med. Sch., 1945, 19, 102) reported that therapeutic doses of aloe produce no increase in the
bile content of the intestine. Aloe was formerly
used in the treatment of amenorrhea. It is, however, extremely doubtful whether it exercises any
action on the pelvic organs other than congestion
of the pelvic blood vessels.
In the 16th and 17th centuries aloe was used
locally in the treatment of wounds and burns
but its use for this purpose entirely disappeared
except as an ingredient in compound benzoin
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tincture. Collins and Collins (Am. J. Roentgen.,
1935, 33, 396) reported beneficial effects from the
local application of freshly split leaves of the
Aloe vera in the treatment of x-ray burns. After
an hour of contact the darkened gummy, gelatinous material was washed away with water. (See
also Lovemna. Arch. Dermat. Syph., 1937, 36,
838.) Crewe (Minn. Med., 1937, 20, 10) extended
this local use of aloe leaf to the treatment of
dermatitis and various ulcerated conditions of
the skin. Rowe and colleagues (/. A. Ph. A., 1941,
30, 266), in an experimental study of aloe leaf
in x-ray burns, found that the curative principle
occurs in both the pulp and rind of the leaf, but
was not present in all commercial leaves nor in
the official aloe. Cutaneous leishmaniasis was
benefited by injections of an extract of aloe
leaves (Filatov, Am. Rev. Soviet Med., 1945. 2,
484). E
Dose. — Aloe is today infrequently administered; its usual dose is 250 mg. (approximately
4 grains), with a fange of 120 to 250 mg.
Aloe Tincture, prepared by macerating 10
per cent w/v of aloe and 20 per cent w/v of
glycyrrhiza with diluted alcohol, was official in
N.F.IX. Aloe Pills, made by massing a mixture
of equal parts of aloe and hard soap with water,
were also official in N.F.IX.
Off. Prep. — Compound Benzoin Tincture,
U.S.P., B.P.; Compound Colocynth Extract, N.F.
ALOIN.

X.F., B.P.
[Aloinum]

"Aloin is a mixture of active principles obtained irom aloe. It varies in chemical composition and in physical and chemical properties
according to the variety of aloe from which it
is obtained." N.F. The B.P. defines it as a mixture of crystalline principles obtained from aloes.
Sp. Aloina.

Aloin, which consists principally of barbaloin
and isobarbaloin (see under Aloe), has been prepared by many processes. That recommended
by Tilden is as follows: 1 part of aloe is dissolved in 10 parts of boiling water acidulated
with hydrochloric acid, and allowed to cool. The
liquid is then decanted from resinous matter,
evaporated to about 2 parts, and set aside two
weeks for crystals to form; the liquid portion is
poured off, the crystals pressed, and the adherent
resinous matter separated by shaking with etnyl
acetate, which dissolves the resin. This process
serves fairly well for obtaining aloin from Barbados or Curagao aloe. Aloin from Socotrine aloe
is best obtained by digesting it in 3 parts of
alcohol for 24 hours, then transferring to a water
bath, and boiling for 2 hours. After cooling, the
liquid is filtered and set aside to crystallize. The
crystals are washed with alcohol and dried. The
yield is about 10 per cent. Schafer (Pharm. J.,
1897, p. 287) obtained from 15 to 30 per cent of
crystallized aloin from commercial aloe by the
following process: 50 Gm. of aloe dissolved in
300 ml. of hot water is slightly acidulated with
hydrochloric acid. The solution, after standing
(for the resins to separate), is decanted, mixed
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with 50 ml. of 20 per cent ammonia water, followed by a solution of 15 Gm. of calcium chloride
in 30 ml. of water. The liquid is agitated and the
aloin-calcium compound which separates is collected, drained, and mixed in a mortar with a
slight excess of hydrochloric acid; the mixture of
aloin and calcium chloride is dissolved in the
smallest possible quantity of boiling water, filtered, and the filtrate cooled by means of ice;
the aloin crystallizes. This method was recommended by Snyder as a procedure for evaluating
aloe (see Viehoever, Am. J. Pharm., 1935, 107,
58) and was found by Smith, Jordan and De Kay
(/. A. Ph. A., 1944, 33, 57; to be best adapted
for extracting aloin in the assay of Barbados and
Curasao aloe. For chemistry of aloin, see under
Aloe.
Description. — "Aloin occurs as a lemon yellow to dark yellow, microcrystalline powder, or
as minute crystals. It is odorless, or has a slight
odor of aloe. Its taste is intensely bitter. Aloin
darkens on exposure to fight and air. A saturated
solution of Aloin is yellow but becomes brown
on standing. Its solutions are neutral or acid to
litmus paper. Aloin is soluble in water, in alcohol,
and in acetone, the degree of solubility varying
with its composition. It is slightly soluble in
ether." N.F.
Standards and Tests. — Identification. — (1)
Aloin dissolves in ammonia T.S. and in alkali
hydroxide solutions with formation of a red color
(or yellow turning to red) and a green fluorescence. (2) A brownish green color results when
a drop of ferric chloride T.S. is added to an
alcohol solution of aloin. Residue on ignition. —
Not over 0.6 per cent. Water-insoluble substances.— Not over 1.5 per cent of residue is obtained when 1 Gm. of aloin is agitated during
2 hours with 120 ml. of water, at 25°, the insoluble
matter being collected on a filter paper or in a
filtering crucible, washed with 25 ml. of water,
and dried at 105° for 1 hour prior to weighing.
Emodin. — Xot more than a faint, pink color
results when the filtrate from a 1 in 10 benzene
extract of aloin is shaken with an equal volume
of a 5 per cent solution of ammonia. N.F.
Aloin of commerce has been frequently contaminated with large amounts of resin, indicating lack of care in manufacturing. The N.F. test
for water-insoluble substances limits the amount
of such contamination to 1.5 per cent. Smith
et al. (J. A. Ph. A., 1944, 33, 59) called attention to the fact that aloins from different species
of aloe give different reactions in the various
color tests.
Uses. — Because of the absence of resin the
cathartic action of aloin is relatively milder than
that of aloe. Although it is capable of producing
purgative effects, it is never used practically in
this manner. Aloin has enjoyed wide use in
chronic constipation. It is often combined with
belladonna to overcome the tendency to griping.
However, the action of belladonna is rapid and
brief compared with that of aloin. Aloin may produce renal irritation and color the urine red if
the latter is alkaline. S
Dose, 10 to 60 mg. (approximately % to 1
grain).
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Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Aloin, Belladonna, Cascara and
Podophyllum Pills. N.F.
ALOIN,
BELLADONNA,
AND PODOPHYLLUM

CASCARA
PILLS.
N.F.

Hinkle's Pills, [Pilulae Aloini, Belladonna,
Cascarae et Podophylli]

Prepare 100 pills, according to the General
Directions (see under Pills), from 1.6 Gm. of
cascara sagrada extract, 1.6 Gm. of aloin, 1 Gm.
of podophyllum resin, 0.8 Gm. of belladonna extract, 0.4 Gm. of ginger oleoresin, and 1 Gm. of
glycyrrhiza, in fine powder, using liquid glucose
as the excipient. N.F.
Dose, as a laxative, one or two pills.
ALTHEA.
Marshmallow Root,

N.F.
[Althaea]

"Althea is the dried root of Althcea officinalis
Linne (Fam. Malvaceae), deprived of the brown,
corky layer and small roots." N.F.
White Mallow. Radix Bismalvae; Radix Hibisci. Fr.
Guimauve ; Racine de guimauve. Ger. Eibischwurzel ; Bismalvawurzel; Altheewurzel; Heilwurzel. It. Altea; Malvischio; Malvaccioni. Sp. Raiz de altea; Altea.

Althcea officinalis is a perennial herb with a
perpendicular branching root and erect woolly
stems, from two to four feet or more in height,
branched and leafy toward the summit. The
plant is native to Europe, inhabiting salt marshes,
the banks of rivers, and other moist places. It is
found also in this country, from New England to
New York and westward to Michigan and Arkansas. It is largely cultivated in Europe for medicinal use.
The roots should be collected in autumn from
plants at least two years old. They are usually
prepared for the market by removing the rootlets,
scraping the roots free of cork and drying either
entire or after slicing the thicker roots.
Description. — "Unground Althea. — When entire, Althea occurs as slenderly tapering roots, up
to 30 cm. in length and 2 cm. in diameter; externally pale yellow to pale brown, longitudinally
furrowed, frequently spirally twisted and covered
with somewhat loosened bast fibers. The fracture
of the bark is fibrous, and of the wood, short and
granular. Internally it is yellowish; the bark is
1 to 2 mm. thick, porous, with mucilage cells and
is separated from the slightly radiating wood by
a distinct darker cambium zone. Althea is frequently cut into small pieces about 5 mm. in
thickness. Sometimes the root is found split or
in slices. Althea has a slight odor and a sweetish,
mucilaginous taste." N.F. For histology see N.F. X.
"Powdered Althea is white to weak yellow. It
consists of numerous starch grains up to
30 n in
diameter, usually with a long central cleft; groups
of fibers with thick, more or less lignified walls;
vessels with scalariform thickenings or with bordered pits, and a few calcium oxalate crystals in
rosette
aggregates, from 20 to 35 (x in diameter."
N.F.
Standards and Tests.— Identification.— The
mucilage obtained by stirring a mixture of 1 Gm.
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of comminuted althea with 10 ml. of cold distilled
water during 30 minutes, then filtering through
cotton, has a weak yellow color and is only
slightly acid to litmus; on addition of sodium
hydroxide T.S. it assumes a moderate to strong
yellow color, and has neither a sour nor an ammoniacal odor. Foreign organic matter. — Not over
1 per cent. Acid-insoluble ash. — Not over 1 per
cent. N.F.
Constituents. — Althea contains on the average 37 per cent of starch, 35 per cent of gum, 11
per cent of pectin, 11 per cent of sugar, 1.25 per
cent of fat and up to 2 per cent of asparagin.
The principle, discovered in the root by Bacon,
by him called althein, has been found to be
asparagin. This substance belongs to the group
of amides and hence has been called asparamide,
also aspargine and agedoite. It is a-aminosuccinamic acid, NH2COCH2.CH(NH2)COOH. When
treated with a strong acid it yields aminosuccinic
(aspartic) acid which is also a product of pancreatic digestion of certain proteins. Asparagin is
found in many other plants but is of no medicinal
importance.
Under the title of Althcece. Folia (Marsh Mallow Leaves), the N.F. V recognized the dried
leaves of the Althcea officinalis collected in June
or July, while the plant is in flower, and dried.
They, like the root, have been used for their mucilage, which is, however, less abundant in the
leaves. For a description of the leaves, see U.S.D.,
22nd ed., p. 108.
The N.F. IX recognized Althea Syrup, which
has been used as a demulcent vehicle. It was prepared as follows : Wash 50 Gm. of althea, cut into
small pieces, with cold distilled water. Macerate
this with a mixture of 400 ml. of distilled water
and 30 ml. of alcohol for 3 hours at room temperature, without stirring; strain the mixture without
expressing the residue, dissolve in the strained
liquid, by agitation and without heat, 700 Gm. of
sucrose. Add 100 ml. of glycerin and enough water
to make 1000 ml.
Uses. — The virtues of marshmallow are exclusively those of a demulcent. The decoction of the
root has been much used in Europe in irritation
and inflammation of the mucous membranes. The
roots themselves, as well as the leaves and flowers,
boiled and bruised, have been employed as a
poultice. Althea also finds use as an excipient for
Off. Prep.— Ferrous Carbonate Pills, N.F.
pills.
ALUM.
N.F., B.F.
Ammonium

Alum, Potassium Alum,

[Alumen]

"Alum contains not less than 99.5 per cent of
AlNH4(S04)2.12HoO or of A1K(S04)2.12H20.
The label of the container must indicate whether
the salt is Ammonium Alum or Potassium Alum."
N.F. The B.P. definition is essentially the same
and the purity rubric is identical with that of
the N.F.
Purified Alum. Alumen Purificatum. Sp. Alumbre.

The term alum is a generic name for a group
of double salts of the general formula:
R2S04.R,2(S04)3.24H20, or RR'(S04)2.12H20
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in which R is univalent and may be Na, K, Rb,
Cs, etc., or a radical such as NH4, and R' is
trivalent and may be Fe, Cr, Al, etc. Alums
have been prepared in which SeOi, or TeCh, have
replaced SO-t.
The alum officially recognized may be either
the double sulfate of aluminum and potassium, or
of aluminum and ammonium. These are distinguished as potassium alum and ammonium alum,
respectively. From time to time one or the other
of these has been given official preference, but
at present both are recognized under the common
title of Alum in the official compendia of the
United States and of Great Britain.
Potassium Alum. Potassium Aluminum Sulfate. Aluminii et Potassii Sulfas; Fr. Alun de
potassium; Alun; Sulfate double d'alumina et
de potasse. Ger. Alaun; Kaliumalaun. It. Allume
di potassa; Allume; Allume di rocca. Sp. Sulfato
de aluminio y de potasio ; Alumbre. — Alum has
been manufactured for centuries, the chemical
having been used in the time of Pliny as a mordant for the production of bright colors. It may
be obtained from several natural sources, among
which the more important are the minerals alunite, bauxite and cryolite.
Al unite (or alum stone), a mixture of aluminum sulfate and potassium sulfate, is subjected
to a roasting process, by which is formed alum
and insoluble alumina. Upon treatment with sulfuric acid, the alumina passes into solution as
aluminum sulfate; this may be recovered from
the mother liquors after crystallization of the
alum, or potassium sulfate may be added in sufficient quantity to convert the aluminum sulfate
to alum. .
Bauxite, a hydrated oxide of aluminum containing from 30 to 76 per cent of aluminum oxide,
has become an important source of alum. Aluminum sulfate obtained from this mineral is treated,
in solution, with potassium sulfate and the alum
obtained by crystallization. Cryolite, a double
fluoride of sodium and aluminum, also serves as
a source of aluminum salts, from which can be
made also the alums. Various earths and clays,
known as aluminous schist, alum slate, and alum
shale furnish other sources of alum.
Potassium alum usually crystallizes in octahedral crystals having a specific gravity of 1.75.
When heated to 92.5°, it forms a solution in its
water of crystallization; continued heating volatilizes the water, leaving behind a white, opaque,
porous mass which is the official exsiccated alum
(see Exsiccated Alum). Exposed to high heat, it is
converted to a mixture of aluminum oxide and
potassium sulfate.
Ammonium Alum. Ammonium Aluminum
Sulfate. Alumen Ammoniatum; Aluminii et
Ammonii Sulfas; Fr. Alun d 'ammonium. Ger.
Ammonium-alaun ; Ammoniak alaun. It. Allume
di ammonio. Sp. Sulfato de aluminio y de amonio.
— The preparation of ammonium alum is analogous to that of potassium alum. A solution of aluminum sulfate, prepared by any of the several
methods previously described, is treated with an
equivalent amount of ammonium sulfate. Upon
concentration, crystals of ammonium alum sepa-
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rate, and these may be purified by recrystallization. In crystalline structure and general physical
appearance it resembles closely potassium alum.
and it is necessary to apply chemical tests to
differentiate the two.
Ammonium alum forms crystals similar to
those of potassium alum, and having a specific
gravity of 1.63. When heated, ammonium alum
swells up and forms a porous mass, as water and
sulfuric acid are evolved; continued ignition at
high temperature leaves a residue of aluminum
oxide.
Description. — "Alum occurs as large, colorless crystals, crystalline fragments, or as a white
powder. Alum is odorless, and has a sweetish,
strongly astringent taste. Its solutions are acid to
litmus paper. One Gm. of Ammonium Alum dissolves in 7 ml. of water, and in about 0.3 ml. of
boiling water. One Gm. of Potassium Alum dissolves in 7.5 ml. of water, and in about 0.3 ml. of
boiling water. Alum is insoluble in alcohol. It
is freely but slowly soluble in glycerin." N.F.
Standards and Tests. — Identification. — (1)
Ammonia is evolved and a precipitate, soluble in
an excess of reagent, formed when sodium hydroxide T.S. is added to a 1 in 20 solution of ammonium alum. (2) When potassium alum is similarly tested no ammonia is evolved. (3) A violet
color is imparted by potassium alum to a nonluminous flame. (4) A white, crystalline precipitate forms within 30 minutes on adding 10 ml. of
sodium bitartrate T.S. to 5 ml. of a saturated
solution of potassium alum. (S) A 1 in 20 solution of alum responds to tests for aluminum and
for
alkalineon earths.—
'Sot
over sulfate.
5 mg. ofAlkalies
residue and
is obtained
evaporating
the filtrate from 1 Gm. of alum dissolved in
100 ml. of water and precipitated with ammonia.
Arsenic. — A solution of alum meets the requirements of the test for arsenic. Heavy metals. — The
limit is 20 parts per million. Iron — Xo blue color
is produced immediately on adding 5 drops of
potassium ferrocyanide T.S. to 20 ml. of a 1 in
150 solution of alum. N.F.
The B.P. states that when heated alum melts
and at about 200° loses its water of crystallization. The presence of ammonium salts in potash
alum is detected with alkaline potassium mercuiiodide; the arsenic limit for both alums is 4 parts
per million. Otherwise the tests are similar to
those of the N.F.
Assay. — A sample of about 1 Gm. of alum is
dissolved in distilled water, ammonium chloride
is added, and the aluminum is precipitated as hydrous oxide (hydroxide) by the addition of a
slight excess of ammonia. The precipitate is filtered off, washed, dried and ignited to AI2O3;
the weight is multiplied bv 8.894 to obtain the
weight of A1NH4(S04)2.12H20. or by 9.307 to
obtain the weight of A1K(S04)2.12H20. To
guard against the possibility of adding enough
ammonia to redissolve a portion of the hydrous
aluminum oxide precipitate, the otherwise similar
B.P. assay employs methyl red as an indicator to
limit the concentration of ammonia.
Incompatibilities. — Alum has the characteristic incompatibilities of aluminum salts and of

Part I
the sulfates. In alkaline solution, unless the concentration ofhydroxyl ion is sufficiently high to
form soluble metaluminate ion, aluminum hydroxide is precipitated. Fixed alkalies liberate
ammonia from the ammonium alum.
Uses. — Alum is absorbed from the intestinal
tract only in relatively small quantities, although
Gies (J. A.M. A., 1911, 57, 57) has shown that the
former view that it was completely excreted, unabsorbed, with the feces is incorrect. The antiseptic power of alum is lower than that of most
salts of aluminum; according to Miquel it will
inhibit the multiplication of bacteria in the proportion of about one part in two hundred.
Alum is a powerful astringent with very decided irritant qualities, and when taken internally in sufficient quantities is emetic and purgative, and may even cause gastrointestinal inflammation. It is rarely used as an internal
astringent. It has been occasionally employed
internally in the treatment of lead colic, as a
chemical precipitant of lead in the intestinal tract;
it was thought also to have some beneficial action
upon the intestines directly. It is occasionally employed as an emetic to empty the stomach in cases
of poisoning, but is inferior for this purpose to
zinc sulfate. It was formerly extensively used as a
gargle, but it exercises a destructive influence
upon the teeth and is inferior to aluminum acetate.
The most important use of alum today is as a
local astringent to check excessive local sweating
or to harden the skin, especially of the feet. Potassium alum in 10 per cent aqueous solution is
efficient in removing flora from normal skin, but
less so than alcohol or 0.5 per cent hydrochloric
acid according to Myer and Vicher (Arch. Surg.,
1943, 47, 468). Such a solution hardens the skin,
imprisoning bacteria which may be released as the
skin softens when covered by rubber gloves. It is
also employed as an astringent in leukorrhea. unhealthy ulcers, and similar conditions. As an
astringent it is usually employed in strengths
ranging from 1 to 5 per cent, according to the
location to which it is applied. Occasionally powdered alum may be thinly dusted over the area.
As a styptic it is employed as an alum stick or as
the powdered chemical and applied directly to
the bleeding point if easily accessible. In epistaxis
the nares may be plugged with pledgets of cotton
soaked in a saturated solution. When used as an
astringent on the more delicate mucous membranes, as in conjunctivitis, it is desirable to
modify its action by combining it with albuminous
matter as in the form of the alum curd. This is
made by boiling 8 Gm. of alum in 480 ml. of
milk and straining off the whey. Concentrations
with effective spermicidal action (0.5 to 1 per
cent) are uncomfortably astringent, [vj
Toxicology. — When taken in large dose,
alum acts as an irritant poison causing burning
in the mouth and throat followed by vomiting,
purging, collapse, and other symptoms of toxic
gastroenteritis. Several fatalities have been reported. The treatment of alum poisoning consists
in the use of demulcent drinks, such as milk,
combined with an antacid as magnesia, and combating the collapse with customary stimulants.

Alum,

Exsiccated
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For consideration of the physiological question
of the effects of repeated small doses of alum, see
under Aluminum.
Dose, as an astringent, 300 mg. to 1 Gm. (approximately to
5 15 grains); as an emetic, 4 Gm.
(approximately 1 drachm), dissolved in water.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep.— Exsiccated Alum, N.F.
EXSICCATED

ALUM.

N.F.

Dried Alum, Burnt Alum, Exsiccated Ammonium Alum,
Exsiccated Potassium Alum, [Alumen Exsiccatum]

"Exsiccated Alum, dried at 200° for 4 hours,
contains not less than 96.5 per cent of AINH4(S04)2 or of A1K(S04)2. The label of the
container must indicate whether the salt is Exsiccated Ammonium Alum or Exsiccated Potassium
Alum." N.F.
Alumen Ustum. Fr. Alun desseche. Ger. Gebrannter
Alaun. It. Allume usto; allume calcinato. Sp. Sulfato
de aluminio y de potasio anhidro; Alumbre Desecado;
Alumbre calcinado.

Exsiccated alum may be prepared by heating
alum, at a temperature of about 200°, until the
water of crystallization has been volatilized.
Description. — "Exsiccated Alum is a white,
odorless powder. It has a sweetish, astringent
taste, and absorbs moisture on exposure to air.
One Gm. of Exsiccated Alum dissolves very
slowly and usually incompletely in about 20 ml. of
water. One Gm. of it dissolves in about 2 ml. of
boiling water. It is insoluble in alcohol." N.F.
Standards and Tests. — Identification. — Exsiccated alum responds to the identification tests
under alum. Loss on drying. — Not over 10 per
cent, on drying at 200° for 4 hours. Waterinsoluble substances. — Not more than 50 mg. of
residue is obtained from 2 Gm. of exsiccated
alum added to 40 ml. of water and occasionally
agitated during 24 hours, the insoluble matter
being collected on counterbalanced filter papers
or in a tared filtering crucible and dried at 105°.
Alkalies and alkaline earths. — Exsiccated ammonium alum meets the requirements of this test
under alum, allowance being made for the difference in water content. Arsenic, heavy metals, iron.
— Exsiccated alum meets the requirements of
these tests under alum, allowance being made for
the difference in water content. N.F.
Assay. — A sample of about 500 mg. of exsiccated alum, previously dried at 200° for 4 hours,
is dissolved in water, filtered if necessary, and
the aluminum precipitated as described under
Alum. The weight of the aluminum oxide is multiplied by 4.652 to obtain the equivalent weight
of A1NH4(S04)2, and by 5.066 to obtain the
weight of A1K(S04)2. N.F.
Uses. — Exsiccated alum has the same medicinal properties as ordinary alum, but it is much
more powerful and irritant and must be employed
in correspondingly dilute solutions. It has mild
escharotic properties and is occasionally applied
to exuberant granulations, preferably diluted with
inert powders. H
Storage. — Preserve "in tight containers." N.F.
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ALUMINUM.
U.S.P.
Al (26.98)

Ft. Aluminium.
Aluminio.

Gcr.

Aluminium.

It.

Alluminio.

Sp.

Next to oxygen and silicon, aluminum is (he
most widely distributed and abundant element on
earth,
about
7.5 per
the earth's
crust. comprising
It occurs in
nature
onlycent
in ofcombination.
Feldspar, mica, zeolite, hornblende, leucite, and
shales and clays are silicates of aluminum; corundum, emery, and such gems as the ruby and sapphire are naturally occurring oxides of aluminum.
Many other gem stones contain aluminum in one
form or another. Cryolite, NaaAlFe, and bauxite,
a mixture of hydrated aluminum oxide and hydrated iron oxide, are other compounds of aluminum found in nature; bauxite is the ore commonly
used for extraction of the element.
Sir Humphry Davy in 1807 endeavored to obtain aluminum by electrolysis, but was unsuccessful. Itwas obtained by Wohler in 1827 by
decomposition of anhydrous aluminum chloride
with potassium. In 1854, Deville succeeded in
obtaining the pure metal in ingots by decomposing
aluminum chloride with sodium. The process of
Deville remained the only practical process for
its manufacture until 1886, when the Messrs.
Cowles of Cleveland, Ohio, succeeded in effecting
the reduction of corundum, the native oxide, by
charcoal with the aid of a powerful electric current, using large carbon electrodes. This process
in turn has been practically displaced by that discovered byHall, in 1886, while a student at Oberlin College. This is to electrolyze pure alumina
(aluminum trioxide) dissolved in a bath of melted
cryolite. The cryolite is continuously regenerated,
so that by feeding in the pure alumina the process
can be made continuous.
Description. — The U.S.P. describes powdered aluminum as follows: "Aluminum is a very
fine, free-flowing, silvery powder, free from gritty
or discolored particles. Aluminum is insoluble in
water and in alcohol. It is soluble in hydrochloric
and sulfuric acids, and in solutions of fixed alkali
hydroxides." U.S.P. The whole metal has a silverywhite appearance; its specific gravity is about 2.7,
its melting point is 659°, its boiling point is 1800°.
It is ductile, soft, and moderately resistant to
oxygen. On exposure to air, the metal becomes
coated with a thin layer of oxide, which serves as
a protective covering. Aluminum is attacked
slowly by organic acids.
It has found wide use in many technical fields
due primarily to its light weight and relative stability. The strength of aluminum is greatly increased by alloying with copper and magnesium.
Alloys of this type are magnalium and duralumin.
When a mixture of powdered aluminum and iron
oxide is ignited, as by flaming magnesium ribbon,
a reaction is started which produces a temperature
of about 3000°, the iron melting and being used
for welding. Thermite is such a mixture which
has been employed, among other uses, as an incendiary inWorld War I.
Standards and Tests. — Insoluble matter. —
Not over 5 per cent is insoluble in dilute hydro-
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chloric acid (1 in 2). Alkalies and earths. — Not
over 0.5 per cent, when determined by precipitating the aluminum in the solution obtained in
the preceding test with ammonia, evaporating the
filtrate to dryness and igniting the residue.
Arsenic. — The limit is 10 parts per million. Heavy
metals. — The limit is 20 parts per million. Iron. —
The limit is 0.5 per cent. Suitability. — Aluminum
powder is smooth and unctous, and free from
gritty particles, when rubbed between the fingers.
U.S.P.
Physiological Actions. — Aluminum has very
feeble physiologic properties. After ingestion very
little aluminum is absorbed even in the case of
soluble salts. McGuigan (/. Lab. Clin. Med., 1927,
12, 790) finds that it is less toxic than iron, and
Underhill and Peterman (Am. J. Physiol., 1929,
90, 1) reported that the lethal dose of aluminum
chloride for various animals ranges from 5 to 7
Gm. per Kg. after subcutaneous injection; this
would correspond to a dose for the average man
of about 8 pounds. Small traces of aluminum are
found almost always in the tissues and blood
of man, as well as of the lower animals. (See
Schwartze, J.A.M.A., 1933, 101, 1722). From
time to time interested persons have made statements, usually without much scientific evidence,
concerning the injurious effects of small quantities of aluminum and consequent danger from the
use of aluminum cooking utensils or alum bakingpowders. The U. S. Department of Agriculture in
1914 appointed a committee under the chairmanship of Prof. Ira Remsen to investigate whether
the use of aluminum baking-powders was injurious to the health. As a result of the study of
previous researches, as well as experimental work,
they concluded that aluminum, in the quantities
used in baking-powder, had no injurious effect
upon the body. Despite the assertions of Doellken
(Arch. exp. Path. Pharm., 1897, 40) that the repeated injection of aluminum causes degeneration of the nerves, and the findings of Seibert and
Wells (Arch. Path., 1929, 8, 230) that such injections caused anemia, the whole weight of our
present evidence points toward the innocuousness
of aluminum kitchenware. For further information on this subject, see J. A.M. A., 1936, 106, 218;
1951, 146, 477.
Contact dermatitis in aircraft workers due to
aluminum or its alloys has been reported. Hall
(J. A.M. A., 1944, 125, 179) saw 202 cases of contact dermatitis among 755 employees referred to
the skin clinic during 6 months from plants employing over 6,000 persons. Of the 202 cases, 10
were due to Dural (aluminum 95 per cent, copper
3.5 per cent, manganese and magnesium 0.5 per
cent each, and traces of iron and silica) ; the characteristics were : scattered, pale-pink, fine papules,
which were usually excoriated, located on the
forearms in all cases and on the sides of the neck
in half the cases; the etilogy was confirmed by
means of a patch test with the metal which was
not read until 48 to 72 hours after removal of the
patch to avoid the immediate irritant effect of the
metallic particles. Four cases were due to aluminum alone and were distinctly different — evanescent, wheal-like, extremely pruritic lesions developed on the wrists and flexor surface of the

Part I
forearms during each work period and usually
cleared up over week ends.
Like others of the so-called heavy metals, aluminum when combined in an easily ionizable salt,
such as the sulfate or chloride, acts as an astringent. Its insoluble salts are used both as protectives and adsorbents. The powdered metal or,
more conveniently, an aluminum paste (q.v.) has
been employed to protect the skin around intestinal fistulae from the digestive action of the
intestinal contents. It is for this use that the
U.S. P. recognizes aluminum powder. A preparation containing finely powdered metallic aluminum
mixed with glycerin has been employed as a substitute for the insoluble salts of bismuth in the
treatment of gastric ulcers and anal fissures (see
Sussmann, Ther. Geg., May, 1908). A piece of
smooth, polished aluminum has been employed as
a dressing for indolent wounds with success
(Presse med., 1942, 50, 588). Brown (Am. J.
Surg., 1948, 76, 594) used aluminum foil as a
dressing for burns. Buettner (J.A.M.A., 1950,
144, 737) found that cloth coated with aluminum
foil provided the best protection from heat for
fire-fighting equipment.
Aluminum in the form of the powdered metal
or the amorphous hydrated alumina is employed
in the treatment of silicosis (pneumoconiosis).
The greatly differing incidence of silicosis in different industries suggested the presence of modifying factors in addition to the number and size
of the silica particles in the air. Based on the
observation of Denny and Robson that small
amounts of aluminum formed a coating over the
silica particles which almost completely inhibited
the solubility of silica and that the addition of
aluminum powder to silica would prevent the development ofsilicosis in animals, Crombie, Blaisdell and MacPherson (Can. Med. Assoc. J., 1944,
50, 318) treated 44 employees with evidence of
silicosis by roentgen examination of the chest,
some of whom had mild symptoms of pulmonary
fibrosis, with daily inhalations of powdered aluminum produced in a special ball mill. Inhalations were increased from 5 minutes to 30 minutes
daily and continued for about 200 treatments.
Symptomatic improvement was observed in some
of the men and none of them showed any progression of their silicosis by any criteria whereas 6 of
9 control cases were definitely worse at the end of
the year. Bamberger (Ind. Med., 1945, 14, 477)
and MacGregar (West Virg. M. J., 1945, 41, 229)
confirm these observations. Although the roentgen
appearance of silicosis has been reported in association with exposure to aluminum dust (Arch.
Gewerbepath. Gewerbehyg., 1941, 11, 102, cited
in J.A.M.A., 1945, 127, 190), this has not been
the experience of Crombie and his associates nor
of others (Gardner et al., J. Indus t. Hyg. Toxicol.,
1944, 26, 211; Hunter et al., Brit. M. J., 1944, 1,
159). However, bronchial asthma due to aluminum in an employee, who also showed the characteristic contact dermatitis, has been reported by
Cotter (/. Indust. Hyg. Toxicol., 1943, 25, 421)
and by others previously. The therapeutic or prophylactic use of aluminum powder does not eliminate the necessity and preferability of dust control in industry (Tabershaw, New Eng. J. Med.,
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1945, 233, 437). Furthermore, Brown and Van
Winkle (J. A.M. A., 1949, 140, 1024), in a joint
report for the Councils on Industrial Health and
Pharmacy and Chemistry of the American Medical Association, concluded that evidence for either
the safety or efficacy of prophylaxis with aluminum was not available and was not likely to become available because of the nature of silicosis
and the problems of industrial exposure.
Storage. — Preserve "in well-closed containers." U.S.P.

ALUMINUM

ACETATE
U.S.P.

SOLUTION.

Burow's Solution, Liquor Alumini Acetatis

"Aluminum Acetate Solution yields from each
100 ml., not less than 1.2 Gm. and not more than
1.45 Gm. of AI2O3, and not less than 4.24 Gm.
and not more than 5.11 Gm. of acetic acid
(C2H4O2), corresponding to not less than 4.8
Gm. and not more than 5.8 Gm. of aluminum
acetate (CeHsAlOe)." U.S.P.
Add 15 ml. of glacial acetic acid to 545 ml. of
aluminum subacetate solution and sufficient water
to make 1000 ml. Mix and, if necessary, filter.
Up to 0.6 per cent of boric acid may be added to
stabilize the solution (against precipitation of a
basic compound). Other methods of producing
the aluminum acetate, as by reaction between
lead acetate and aluminum sulfate (see U.S.D.,
23rd edition, page 603, for formula), may be
used but the finished product must meet the
U.S.P. requirements. Only clear aluminum acetate
solution may be dispensed. U.S.P.
Description. — "Aluminum Acetate Solution is
a clear, colorless liquid having a faint acetous
odor, and a sweetish, astringent taste. Its specific
gravity is about 1.022." U.S.P.
Standards and Tests. — Identification. — Aluminum acetate solution responds to tests for aluminum and for acetate. pH . — The pH of the solution is about 4. Heavy metals. — The limit is 10
parts per million. Limit of boric acid. — After neutralizing 25 ml. of aluminum acetate solution
with 0.5 JV sodium hydroxide, using phenolphthalein T.S. as indicator, glycerin is added and
the resulting strongly ionized complex of boric
acid is titrated with 0.5 N sodium hydroxide. A
blank determination is performed omitting the
aluminum acetate solution, the result of the titration of which is subtracted from that required
for the solution of the sample. Each ml. of the
difference, expressed as 0.5 N sodium hydroxide,
represents 30.92 mg. of boric acid (the hydrogen
equivalent of boric acid in this test is one).
U.S.P.
Assay. — For aluminum oxide. — From a sample
of 10 ml. of aluminum acetate solution the aluminum is precipitated as hydroxide by ammonia
T.S. in the presence of ammonium chloride. The
precipitate is collected on a quantitative filter,
washed with hot distilled water, dried and ignited
to AI2O3. For acetic acid. — From a 20-ml. sample
of aluminum acetate solution the acetic acid is distilled into a measured excess of 0.5 N sodium hydroxide and the excess of the latter determined by
titration with 0.5 N sulfuric acid, using phenol-
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phthalein T.S. as indicator. Each cc. of 0.5 N
sodium hydroxide represents 30.03 mg. of

d'aluminium.
Get. Aluminiumchlorid.
minio. Sp. Cloruro de aluminio.

C2H4O2.

Aluminum chloride may be prepared by heating aluminum in chlorine, or by reacting aluminum hydroxide with hydrochloric acid.
Description. — "Aluminum Chloride is a
white or yellowish white, deliquescent, crystalline
powder. It is nearly odorless, and has a sweet,
very astringent taste and its solutions are acid to
litmus paper. One Gm. of Aluminum Chloride
dissolves in about 0.9 ml. of water and in about

U.S.P.

Uses. — Burow's solution, properly diluted, is
very useful as a wet dressing in the treatment of a
wide range of dermatologic conditions. It is of particular value in treating acute vesicular and
weeping dermatitis of the eczematous, contact
type, but may be used on any acute or subacute
cutaneous inflammation. It acts by a combination
of detergent, antiseptic, astringent, and heatdispersing effects; Combes (N.Y. State J. Med.,
1940, 40, 37) stressed the importance of its
buffering action in maintaining normal skin pH
in the presence of inflammation. Cooper (Am. J.
Surg., 1948, 75, 475) found the solution of value
as cleansing, adjuvant therapy in stasis dermatitis
and ulcers.
Wet dressings of aluminum acetate solution
may be utilized in the form of open compresses
applied intermittently to affected areas, as fixed
closed dressings (the solution being applied to
the dressings), or as soaks in acute conditions of
the hands and feet (contact eczema, acute dermatophytosis). For these uses the official aluminum acetate solution should be diluted with 20
to 30 volumes of water. A combination of aluminum sulfate and calcium acetate, known as
Domeboro (Dome Chemicals), is supplied in the
form of effervescent tablets and powders; one
tablet or powder dissolved in a pint of water
provides the equivalent of a 1:20 solution of
aluminum acetate.
Burow's solution is sometimes incorporated
in dermatologic lotions, in a concentration of
about 10 per cent; it is also an ingredient of
the "1-2-3" paste used in treating acute and
chronic eczematous dermatoses and containing
1 part of Burow's solution, 2 parts of hydrophilic
petrolatum or anhydrous lanolin, and 3 parts of
zinc oxide paste.
Aluminum acetate solution has been administered by Ghormley and Hinchey (/. Bone Joint
Surg., 1944, 26, 811) to patients with malacic
diseases of bone. The treatment was based on
studies by Helfet. who used feedings of aluminum
acetate to diminish phosphorus intake as a substitute for a low phosphorus diet, which is nearly
impossible to achieve when a high calcium intake
is desired. Improvement was obtained in osteitis
fibrosa, osteoporosis. Paget's disease, and osteogenesis imperfecta. Their patients were given
Burow's solution in a vehicle of tolu syrup and
honey; adequate supplies of milk were given
daily. H
Aluminum acetate solution is applied topically,
commonly being diluted with 10 to 40 volumes of
water.
Storage. — Preserve "in tight containers."
U.S.P.
ALUMINUM

CHLORIDE.

U.S.P.

[Alumini Chloridum]

"Aluminum Chloride, when dried over sulfuric
acid for 4 hours, contains not less than 95 per
cent of AICI3.6H2O." U.S.P.
Aluminium Chloride. Aluminium Chloratum. Fr. Chlorure

It. Cloruro

I

di allu-

4 ml. of alcohol. It is soluble in glycerin." U.S.P.
Standards and Tests. — Identification. — A 1
in 10 solution of aluminum chloride responds to
tests for aluminum and for chloride. Sulfate. —
No turbidity is produced in 1 minute after adding
0.2 ml. of barium chloride T.S. to 10 ml. of a 1
in 100 solution of aluminum chloride. Alkalies
and alkaline earths. — Not more than 0.5 per cent
of residue is obtained on evaporating the filtrate
from a solution of aluminum chloride from which
the aluminum has been precipitated by ammonia
T.S. Arsenic. — Aluminum chloride meets the requirements ofthe test for arsenic. Heavy metals.
— The limit is 20 parts per million. Iron. — The
limit is 10 parts per million. U.S.P.
Assay. — A sample of about 500 mg. of aluminum chloride, previously dried for 4 hours over
sulfuric acid, is dissolved in water and the aluminum precipitated as explained under Alum. Each
Gm. of aluminum oxide represents 4.736 Gm. of
AICI3.6H2O. U.S.P.
Uses. — Aluminum chloride is employed externally as an astringent and antiseptic, especially in
hyperhidrosis. It is commonly used as a 25 per
cent solution, applied lightly and only to unbroken skin; solutions as dilute as 10 per cent
are sometimes used. If irritation occurs the
solution should be washed off. Aluminum chloride
is an ingredient in many proprietary preparations
for diminishing local sweating. The salt is no
longer used internally.
Storage. — Preserve "in tight containers."
U.S.P.
ALUMINUM

HYDROXIDE

GEL.

U.S.P.

Colloidal Aluminum Hydroxide, Gelatum
Alumini Hydroxidum

"Aluminum Hydroxide Gel is a suspension containing the equivalent of not less than 3.6 per
cent and not more than 4.4 per cent of aluminum
oxide (AI2O3), in the form of aluminum hydroxide
and hydrated oxide. It may contain peppermint
oil, glycerin, sorbitol, sucrose, saccharin, or other
suitable agents for flavoring purposes, and it may
contain sodium benzoate, benzoic acid, or other
suitable agents, in a total amount not exceeding
0.5 per cent, as a preservative." U.S.P.
Sp. Hidrato de Aluminio Gelatinado.

The U.S.P. LX recognized under the title Alumini Hydroxidum the precipitate formed by mixing solutions of sodium carbonate and of alum.
This was a white, bulky, amorphous powder,
relatively inefficient as a gastric antacid. It was
used as a protective and mild astringent in the
treatment of irritated conditions of the skin in
much the same way as zinc oxide is employed.

Part I
Aluminum hydroxide gel may be prepared by a
number of methods; the products vary widely in
viscosity and particle size, and hence in the rate
of solution in acids. It is known that such factors
as the degree of supersaturation with respect to
aluminum hydroxide, the pH during precipitation,
the temperature, and the nature and concentration
of by-product ions present are important in determining the physical and, to an extent, the chemical
properties of the aluminum hydroxide.
While details of the manufacturing processes
are not disclosed one manufacturer of an elegant
preparation reacts aluminum chloride with a solution containing sodium carbonate and sodium
bicarbonate, the product of this reaction is reported to be mixed with the precipitate obtained
by reacting solutions of aluminum chloride and of
ammonia. The mixed magma is dialyzed in canvas
bags, the product is mixed with some glycerin, sodium benzoate is added, and the mixture passed
through a colloid mill.
This product is available under its official name
and under several trade names including: Amphojel (Wyeth), Creamalin (Winthrop-Stearns), and
Vanogel (Vanpelt & Brown). Hydrogel (Breon)
contains more aluminum hydroxide than does the
official product and Flaagel (Breon) differs in
that it contains color and orange flavor.
Description. — "Aluminum Hydroxide Gel is
a white, viscous suspension, from which small
amounts of clear liquid may separate on standing." U.S.P.
Standards and Tests. — Identification. — A solution of aluminum hydroxide gel in hydrochloric
acid responds to tests for aluminum. Reaction. —
Both red and blue litmus paper are slightly affected by aluminum hydroxide gel, but phenolphthalein T.S. is not reddened. Acid-consuming
capacity. — About 1.5 ml. of the gel, accurately
weighed, is reacted with SO ml. of 0.1 N hydrochloric acid, at 37.5° for 1 hour; the excess acid
is titrated with 0.1 N sodium hydroxide, using
bromophenol blue T.S. as indicator. Each Gm.
of gel requires not less than 12.5 ml. and not
more than 25 ml. of 0.1 N acid. Chloride. — The
limit is 0.28 per cent. Sulfate. — The limit is 500
parts per million. Arsenic. — The limit is 0.8 part
per million. Heavy metals. — The limit is 5 parts
per million. U.S.P.
Assay. — About 5 Gm. of gel, accurately
weighed, is dissolved in a solution of hydrochloric
acid and the aluminum ion precipitated as hydroxide by ammonia T.S. The precipitate is ignited to constant weight as AI2O3. U.S.P.
Uses. — Colloidal aluminum hydroxide is used
almost exclusively as a gastric antacid, especially
in the treatment of peptic ulcer. In the stomach
it neutralizes hydrochloric acid, forming aluminum
chloride and water. Schiffrin and Komarov (Am.
J. Digest. Dis., 1941, 8, 215) reported that the
aluminum ion inhibits pepsin activity even in acid
solution. No more hydroxyl ions are liberated
than are necessary for neutralization of the acid.
Each Gm. of the official suspension will neutralize
to pH 3.5 from 12.5 to 25 ml. of gastric juice
having an acidity corresponding to 0.1 N hydrochloric acid. The rate of this neutralization is
comparable
to that of milk or egg, requiring
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from 5 to 15 minutes. It acts more slowly than
the soluble alkalies, such as sodium bicarbonate
which rapidly neutralizes acid to pH 7 or higher
(Adams, Arch. Int. Med., 1939, 63, 1030). In
a study of gastric antacids to determine the rate
and extent of neutralization of 0.1 N hydrochloric acid, added at 30 minute intervals to
simulate continuous gastric secretion, Hammarlund and Rising (J.A.Ph.A., 1949, 38, 586)
found that aluminum hydroxide gradually raises
the pH to about 4, maintains this value for 2
or 3 hours, and then gradually loses its antacid
effect, while magnesium trisilicate rather more
quickly raises the pH to 5 or 6 but maintains this for only a short time before its antacid
effect is almost completely and abruptly spent.
In the alkaline portion of the intestine the aluminum chloride reacts to produce insoluble aluminum compounds while releasing an equivalent
amount of chloride which is restored to the
system.
Aluminum hydroxide possesses adsorbent properties toward many substances. Because of its
lack of alkaline character it does not produce a
rebound secretion of hydrochloric acid in the
stomach, as is the case with the soluble alkalies.
Because of its insolubility it is practically unabsorbable from the alimentary tract and hence
there is no danger of disturbing the pH balance of
the system, of impairing renal function, or of
having toxic effects (Kirsner, Am. J. Digest. Dis.,
1941, 8, 160). It interferes, however, with the
absorption of phosphates from the intestine and in
the presence of a low phosphorus diet may cause
a deficiency (Fauley et al., Arch. Int. Med.,
1941, 67, 563). It is prescribed for this purpose
in the treatment of renal rickets, chronic uremia
and phosphatic renal calculi (Shorr and Carter,
1950, 144, 1549). Page and Page (Obstet. Gynec,
1953, 1, 94) relieved the muscular leg cramps
which occurred in about half of their well-fed
pregnant patients by prescribing 0.6 Gm. of aluminum hydroxide three times daily or by reducing the consumption of milk, which provides
an excess of phosphorus in relation to calcium.
It appears not to interfere with absorption of
amino acids, ascorbic acid, glucose, and neutral
fat (Hoffman and Dyniewicz, Gastroenterology ,
1946, 6, 50). Some clinicians have claimed excellent results in various forms of enteritis due to
its adsorbent oower. Eyerly and Breuhaus
(J.A.M.A., 1937, 109, 191) reported favorably
on the use of enemas of aluminum hydroxide gel
and kaolin in ulcerative colitis.
The most important medicinal use of aluminum
hydroxide is in the treatment of peptic ulcer, in
which the persistence of its antacid effect is of
especial importance, but it appears also to act as
a protecitve in these cases and to exercise some
other beneficial, perhaps astringent, action beyond
that of merely correcting the acidity; it is probable that it has a protective action on the raw
surface. For literature on the use of this drug see
the report of the Council on Pharmacy, J.A.M.A.,
1941, 117, 1356. Collins (J.A.M.A., 1945, 127,
899) has reported the satisfactory use of aluminum hydroxide gel in the management of 3,000
patients with peptic ulcer over a period of many
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years (see also Rossett et al, Ann. Int. Med.,
1952, 36, 98). The more prolonged and effective
action of aluminum hydroxide enabled the majority of patients to follow a regimen compatible
with their occupations, although general hygienic
measures, diet and alleviation of mental tension
could not be neglected. Its constipating action
in some cases is undesirable; the simultaneous
use of laxatives may be required. The tendency
of the peptic ulcer patient to constipation is favored by the low-residue, bland diet usually
prescribed. Batterman and Ehrenfeld {Gastroenterology, 1947, 9, 141) reported the incidence
of constipation with various antacids as follows:
non-reactive aluminum hydroxide gels, 30 to 35
per cent; reactive aluminum hydroxide gels, 16
to 33 per cent; magnesium trisilicate. 14 to 15
per cent. Kirsner et al. (Ann. Int. Med., 1951,
35, 7S5) pointed out that no antacid in a single
dose was capable of neutralizing the night-time
hypersecretion of the duodenal ulcer patient.
For cases refractory- to usual medical management Winkelstein and Hollander (Surgery,
1945, 17, 696) and others employed with success
a continuous intragastric drip of aluminum hydroxide gel or a mixture of milk and sodium
bicarbonate. Woldman (Am. J. Digest. Dis.,
1941, 8, 39) reported that the continuous method
of administration was particularly beneficial in
bleeding peptic ulcer. In their most successful
management of the bleeding peptic ulcer patient,
Dunphy and Gray (Mod. Med., March 1, 1952,
p. 90) employed hourly feedings of 100 ml. of
warm milk and cream with 10 ml. of aluminum
hydroxide gel every hour during the day and
double these quantities even- 2 hours during
the night along with phenobarbital, atropine,
vitamins, and blood replacement, with operation
if shock was not corrected by transfusions. Binder
and Paul (Am. J. Digest. Dis., 1952, 19, 278)
reported good results in the bleeding case with a
similar medical management. Cantor et al. (Am.
J. Surg., 1950. 80, SS3) gave gelfoam and thrombin by mouth to form a clot in such cases and
used aluminum hydroxide gel to prevent digestion of the thrombin and the clot.
Howard (U. S. Nov. M. Bull, 1945, 44, 1047)
reported prompt relief and rapid healing from
local application of aluminum hydroxide gel to
a variety of skin conditions, such as miliaria
rubra, tinea cruris or circinata, weeping eczematous lesions, impetigo and epidermophytosis.
Friedman et al. (Am. J. Digest. Dis., 1948, 15,
57) effectively employed a paste in moist, but
not in dry. types of pruritus ani.
Aluminum hydroxide gel has been used as a
vehicle to increase the absorption of orally adpenicillin
(J. A.M. A., 1945,
845;
1945, 129, ministered
315).
Administration
of 128,'
aluminum
hydroxide with anticholinergic drugs, such as atropine sulfate, given by mouth to animals, was
found by Seifter et al. (I. Pharmacol., 1952, 105,
96) to retard the absorption of the latter but to
prolong its action considerably. Clinical studies
by Berkowitz (Antibiot. Chemother., 1953. 3,
618) demonstrated that the addition of aluminum
hydroxide gel to a triple sulfonamide mixture
increased and prolonged the concentration of

sulfonamide in the blood. Simultaneous administration of aluminum hydroxide with aminophylline decreased the incidence of gastrointestinal
disturbances to such a degree that sufficient of
the latter compound could be given orally to attain levels of theophylline in the blood which
are comparable to those obtained by intravenous
administration of aminophylline (Cronheim et al.,
Postgrad. Med., 1953, 13, 432); the aluminum
hydroxide appears not to alter the rate or the
degree of absorption of the aminophylline. With
chlortetracycline (Aureomycin > , aluminum hydroxide gel relieves the frequent gastrointestinal
disturbances but it also decreases the blood concentration ofthe antibiotic (Waisbren and others,
J.A.M.A., 1949, 141, 938; Boger et al, J. Phila.
Gen. Hosp., 1950, 1, 3) and changes its effect
on fecal urobilinogen and fecal bacterial flora
(Hayford and Waisbren. Surgery, 1952, 31, 361). S
Dose. — The usual dose of aluminum hydroxide
gel is 8 ml. (2 fluidrachms), with half a glass of
water, 3 to 6 times daily, about one hour after
meals and at bedtime. It may be taken as frequently as every two hours. The range of dose is
4 to 30 ml.; generally not over 60 ml. is to be
taken in 24 hours.
Storage. — Preserve '"in tight containers and
avoid freezing/' U.S.P.
DRIED ALUMINUM HYDROXIDE
GEL.
U.S.P.
Gelatum Alumini Hydroxidi Siccum

''Dried Aluminum Hydroxide Gel yields not
less
than 50 per cent of aluminum oxide (AI2O3)."
U.S.P.
Sp. Hidrato de Aluminio Gclatinado Seco.

Dried aluminum hydroxide gel is prepared by
drying, at not too high temperature, the magma
of aluminum hydroxide obtained in preparing
the liquid gel (see preceding monograph) prior
to addition of glycerin or preservative. Products
on the market differ widely in bulk and rate of
solution because of variation in the temperature
and rate of drying, as well as variation in the
factors discussed under Aluminum Hydroxide Gel.
Description. — "Dried Aluminum Hydroxide
Gel is a white, odorless, tasteless, amorphous
powder. Dried Aluminum Hydroxide Gel is insoluble in water and in alcohol. It is soluble in
diluted mineral acids and in solutions of fixed
alkali hydroxides.'' U.S.P.
Standards and Tests. — Identification. — A solution of 500 mg. of dried aluminum hydroxide
gel in 10 ml. of diluted hydrochloric acid responds
to tests for aluminum. Reaction. — The filtrate
from a suspension of 1 Gm. of dried gel in 25 ml.
of water is neutral to litmus paper. Acid-consuming capacity. — Each Gm. of dried aluminum
hydroxide gel requires not less than 250 ml. of
0.1 N hydrochloric acid (see this test under
Aluminum Hydroxide Gel). Chloride. — The limit
is 0.84 per cent. Sulfate. — The limit is 0.6 per
cent. Arsenic and heavy metals. — Dried aluminum
hydroxide gel meets the requirements of the corresponding tests under Aluminum Hydroxide Gel,
allowance being made for the difference in content
of AI2O3. U.S.P.

Part I

Aluminum

Assay. — A sample of about 400 mg. of dried
gel is assayed in a manner similar to that summarized under the assay for Aluminum Hydroxide
Gel. U.S.P.
Uses. — In the form of tablets this is a convenient method of administering aluminum hydroxide gel. The following are proprietary names
for the tablets: Alugel (Cole), Amphojel
(Wyeth), Creamalin (Winthrop), Drydgel (Fairchild), and Vanogel (Vanpelt & Brown). For an
account of its therapeutic uses see under Aluminum Hydroxide Gel. The antacid action of the
dry form is less rapid and efficient than that of
the gel. Tablets should probably be chewed for
best results.
The usual dose is 300 mg. (approximately 5
grains) 4 times daily; the range of dose is 300 mg.
to 2.4 Gm.
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used as the source of the interacting ions. After
precipitation of the aluminum phosphate the
product is dialyzed, mixed with one or more of
the substances officially permitted to be used for
stabilizing, preserving and flavoring purposes,
and passed through a colloid mill.
Description. — "Aluminum Phosphate Gel is
a white, viscous suspension from which small
amounts
of water may separate on standing."
U.S.P.

"Aluminum Paste contains not less than 9 per
cent and not more than 10 per cent of Al." U.S.P.
Levigate 100 Gm. of aluminum, in very fine
powder, with 50 Gm. of liquid petrolatum to a
smooth paste and then incorporate this mixture
with 850 Gm. of zinc oxide ointment. U.S.P.
Assay. — A 1-Gm. portion of aluminum paste
is heated with a mixture of sulfuric and nitric
acids to oxidize as much of the fatty base as possible, while also dissolving the aluminum. The pH
of the liquid is adjusted to 2.5 and the zinc is
precipitated as sulfide. Aluminum in the filtrate
is precipitated as hydrous aluminum oxide by adding ammonium hydroxide, and the precipitate is
finally weighed as AI2O3. The weight of Al in the
sample is calculated by multiplying the weight
of the oxide by 0.5292. U.S.P.
Use. — As mentioned in the article on aluminum, this paste is a convenient means of applying
the powdered metal around intestinal fistulae to
protect the surrounding skin against the digestive
action of the intestinal contents.

Standards and Tests. — Identification. — (1)
A solution of the gel in hydrochloric acid responds
to tests for Aluminum. (2) A solution of the gel
in diluted nitric acid responds to tests for phosphate. pH— The pH of the gel, at 25°, is between 6.0 and 7.2. Reaction rate. — A mixture of
30 ml. of 0.1 N hydrochloric acid and 6 Gm. of
gel, heated at 37° for 15 minutes, has a pH between 2.0 and 2.5. Chloride. — Not over 0.16
per cent. Soluble phosphate. — Not over 700 parts
per million, calculated as PO-i. Sulfate. — Not
over 500 parts per million. Arsenic. — Not over
0.8 part per million. Heavy metals. — The limit is
5 parts per million. Acid-consuming capacity. —
About 250 mg. of the gel, accurately weighed, is
digested with 30 ml. of 0.1 N hydrochloric acid
at 37° for 30 minutes; the excess acid is titrated
with 0.1 A7 sodium hydroxide, using thymol blue
T.S. and titrating to a pH of 2.5. Each Gm. of gel
requires not less than 5 and not more than 9 ml.
of 0.1 A7 acid. U.S.P.
Assay. — A 20 Gm. portion of gel is dissolved
in nitric acid and diluted to 100 ml. with distilled
water. From a 10-ml. portion of this solution the
phosphate is precipitated as ammonium phosphomolybdate with ammonium molybdate T.S.
The precipitate is filtered, washed first with a
nitric acid solution, then with 1 per cent potassium nitrate and dissolved in 50 ml. of 0.5 N
sodium hydroxide; the excess of alkali is titrated
with 0.5 N sulfuric acid, using phenolphthalein
T.S. as indicator. The reaction of ammonium
phosphomolybdate and sodium hydroxide may
be represented by the following equation:

Storage. — Preserve "in well-closed containers,
and avoid prolonged exposure to temperatures
above 30°." U.S.P.

(NH.4)3P04.12Mo03 + 23NaOH -*
llNa2Mo04 + (NH.4)2Mo04 +
NaNH.4HP04+

ALUMINUM

from which it is apparent that the equivalent
weight of AIPO4 is ^3 of its molecular weight,
one molecule of ammonium phosphomolybdate
being precipitated for each molecule of aluminum
phosphate undergoing reaction. Each ml. of
0.5 N sodium hydroxide represents 2.651 mg. of
AIPO4. U.S.P.
Uses. — Aluminum phosphate gel is employed
in the treatment of peptic ulcer and is particularly advocated for the patient with postoperative,
jejunal (marginal) ulcer (Fauley et. al., Arch.
Int. Med., 1941, 67, 563; Collins, J. A.M. A.,
1945, 127, 899). Whereas aluminum hydroxide
failed to prevent the development of postoperative
jejunal ulcer in Mann-Williamson dogs in which
there is a relative deficiency of bile and pancreatic
juice, aluminum phosphate gel was shown to be
effective both as a preventive and a therapeutic
agent in such dogs. Clinical experience has confirmed the superiority of aluminum phosphate

Storage. — Preserve "in tight containers."
U.S.P.
ALUMINUM

PASTE.

PHOSPHATE

U.S.P.

GEL.

U.S.P.

[Gelatum Alumini Phosphatis]

"Aluminum Phosphate Gel is a water suspension containing not less than 3.8 per cent and not
more than 4.5 per cent of aluminum phosphate
(AIPO4). It may contain peppermint oil, glycerin,
sorbitol, sucrose, saccharin, or other suitable
agents for flavoring purposes, and it may contain
sodium benzoate, benzoic acid, or other suitable
agents, in an amount not exceeding 0.5 per cent,
as a preservative." U.S.P.
Phosphaljel (Wyeth). Sp. Gel de Fosfato de Aluminio.

Aluminum phosphate gel may be prepared by
the interaction of an aluminum salt with a phosphate; the product, like aluminum hydroxide gel,
varies in viscosity and particle size depending on
the pH of the reaction mixture, the temperature,
and the concentration and the particular salts

IIH2O
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over aluminum hydroxide in the management of
peptic ulcer in patients who have a deficiency of
pancreatic juice, a chronic diarrhea or a dietary
deficiency in phosphorus. Lichstein et al. (Am. J.
Digest. Dis., 1945, 12, 65) reported good results
in patients with uncomplicated peptic ulcer and
bleeding peptic ulcer.
The range of dose is 15 to 30 ml. (approximately 4to 8 fluidrachms), alone or with a little
water, as frequently as even' 2 hours if necessary.
The total dose in 24 hours usually does not
exceed 100 ml.
Storage. — Preserve ''in tight containers."
U.S.P.

ALUMINUM

SUBACETATE
TION. U.S.P.

SOLU-

Liquor Alumini Subacetatis

"Aluminum Subacetate Solution yields, from
each 100 ml., not /less than 2.30 Gm. and not
more than 2.60 Gm. of aluminum oxide (AI2O3),
and not less than 5.43 Gm. and not more than
6.13 Gm. of acetic acid (C2H4O2)." U.S.P.
Liquor Aluminii Acetici (Ger., It.). Fr. Solution d'acetate
d'aluniinium.
Ger. Aluminiumazetatlbsung. It. Acetato di
alluminio liquido.

Dissolve 160 Gm. of aluminum sulfate in 600
ml. of water, filter the solution, and gradually add
70 Gm. of precipitated calcium carbonate, in several portions, with constant stirring. Now slowly
add 160 ml. of acetic acid, mix, and set the mixture aside for 24 hours. Filter the mixture through
a Buchner funnel, wash the magma on the filter
with small portions of cold water until the filtrate
measures 1000 ml. The solution may be stabilized
(against precipitation) by the addition of not
more than 0.9 per cent of boric acid. Other
methods of producing the aluminum subacetate
may be used but the finished product must meet
the U.S.P. requirements. U.S.P.
Description. — ''Aluminum Subacetate Solution is a clear, colorless, or faintly yellow liquid,
having an acetous odor and an acid reaction to
litmus. It gradually becomes turbid on continued
standing,
due to separation of a more basic salt."
U.S.P.
Standards and Tests. — Identification. —
Aluminum subacetate solution responds to tests
for aluminum and for acetate. Limit for boric
acid. — This test is performed as directed under
Aluminum Acetate Solution. U.S.P.
Assay. — The assay for aluminum oxide and
that for acetic acid are performed as directed
under Aluminum Acetate Solution. U.S.P.
Uses. — Aluminum subacetate solution is useful as an astringent and antiseptic wash. Diluted
with 20 to 40 volumes of water it is employed as
a wet dressing in acute, vesicular and exudative
eczematous conditions of the skin; occasionally
somewhat stronger solutions are applied. It was
formerly used as a gargle for local treatment of
inflamed conditions of the throat.
Storage. — Preserve "in tight containers."
US.P.
Off. Prep. — Aluminum Acetate Solution,
US.P.

ALUMINUM

SULFATE.

I

U.S.P.

[Alumini Sulfas]

"Aluminum Sulfate contains an amount of
Ab(S04)3 equivalent to not less than 99.5 per
cent and not more than 112 per cent of
Al2(S04)3.18HoO." US.P.

Aluminium Sulfate; Concentrated Alum; Pearl or Pickle
Alum. Aluminium Sulfuricum; Sulfas Aluminicus; Aluminii Sulphas. Fr. Sulfate d'aluminium; Sulfate d'alumine
pur. Ger. Aluminiumsulfat ; Schwefelsaures Aluminium;
Schwefelsaure Tonerde. It. Solfato di alluminio. Up.
Sulfato de aluminio.

This salt may be manufactured by various
methods (see U.S.D., 19th ed.. p. 124) as, for example, by dissolving aluminum hydroxide in sulfuric acid, but is now obtained chiefly as one of
the by-products in the manufacture of soda from
cryolite or from bauxite.
Description. — "Aluminum Sulfate occurs as a
white crystalline powder, as shining plates, or as
crystalline fragments, and is stable in air. It is
odorless, and has a sweet taste, becoming mildly
astringent. Its solutions are acid to litmus. One
Gm. of Aluminum Sulfate dissolves in about 1 ml.
of water. It is insoluble in alcohol." US.P.
Standards and Tests. — Identification. — A 1
in 10 aqueous solution of aluminum sulfate responds to tests for aluminum and for sulfate.
pH. — The pH of a 1 in 20 solution is not less
than 2.9. Alkalies and alkaline earths. — Not over
0.4 per cent of residue is obtained on evaporating
the filtrate from a solution of aluminum sulfate
from which the aluminum has been precipitated
by ammonia T.S. Ammonium salts. — Ammonia is
not evolved on heating 1 Gm. of aluminum sulfate
with 10 ml. of sodium hydroxide T.S. Arsenic. —
Aluminum sulfate meets the requirements of the
test for arsenic. Heavy metals. — The limit is 40
parts per million. Iron. — A blue color is not produced immediately on adding 0.3 ml. of potassium
ferrocyanide T.S. to 20 ml. of a 1 in 150 solution
of aluminum sulfate. U.S.P.
Assay. — A sample of about 500 mg. of aluminum sulfate is assayed as explained under Alum.
Each Gm. of aluminum oxide represents 6.536
Gm. of Ai2(S04)3.18H20. N.F.
Uses. — Aluminum sulfate has medicinal properties very similar to those of alum. In 15 per
cent concentration it is used in perspirationinhibiting creams ; it may be used with aluminum
chloride in liquid deodorants. It has been employed in aqueous solution (about 4 or 5 per
cent) as an antiseptic, detergent application to
foul ulcers, and as an injection in fetid leukorrhea. In 10 per cent aqueous solution it was used
by Deuschle (Cincinnati M. J., 1943, 23, 578)
in sterilization of shallow dental cavities and the
alveolus after tooth extraction, the area being
packed and the solution dispersed by the passage
of a 2.5 milliampere galvanic current for 10 minutes through the saturated pack. Solution of
aluminum sulfate is capable of dissolving a considerable quantity of freshly precipitated aluminum hydroxide. Such a solution, impregnated
with benzoin, has been used as a hemostatic and
as a vaginal douche in leukorrhea, under the
name of benzoinated solution of alumina (for
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method of preparation see U.S.D. 24th ed., p. 58).
It resembles the styptic liquid of Pagliari.
Solutions of aluminum sulfate in water are
commonly used, by local application, in a concentration of5 to 25 per cent, |v]
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Aluminum Subacetate Solution,
U.S.P.
AMARANTH.

U.S.P.

F.D. and C. Red No. 2, [Amaranthum]
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tive. Each ml. of 0.1 N titanium trichloride represents 15.11 mg. of C2oHuN2Na30ioS3. U.S.P.
Uses. — Amaranth is commonly used in the
dyeing of wool and silk, being an exceptionally
fast, light color. Because of its comparatively
innocuous character it is also included in the
U. S. Government list of certified colors for foods,
drugs, and cosmetics. It holds its color fairly well
in either acid or alkaline solutions. For studies of
its pharmaceutical uses see Pharm. J., 1936, 136,
233, 458, and /. A. Ph. A. Prac. Ed., 1941, 2, 398.
Storage. — Preserve "in well-closed containers." U.S.P.
AMARANTH

Nq03S

Hydrochloride

SOLUTION.

U.S.P.

Liquor Amaranthi

N=N

S03Na
"Amaranth contains not less than 94 per cent
of C2oHnN2Na30ioS3, calculated on the dried
basis." U.S.P.
Amaranth Color; Azo Acid Rubin 2 B; Fast Red D;
Bordeaux S. Sp. Amaranto.

One of the products obtained in the sulfonation
of betanaphthol is 2-naphthol-3,6-disulfonic acid,
a dye intermediate known as R-acid, from the reddish color of its azo dye derivatives. By coupling
R-acid with the diazo derivative of naphthionic
acid (l-naphthylamine-4-sulfonic acid) there results the l-(4-sulfo-l-naphthylazo)-2-naphthol3,6-disulfonic acid, of which amaranth is the trisodium salt.
Description. — "Amaranth occurs as a dark
red brown powder. One Gm. of Amaranth dissolves inabout 15 ml. of water; it is very slightly
soluble in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
The color of a 1 in 100 solution of amaranth,
when viewed through a depth of 1 cm., is vivid
red; it is not appreciably changed on adding hydrochloric acid, but is intensified on adding sodium
hydroxide T.S. (2) About 50 mg. of amaranth
and 200 mg. of powdered sodium hydroxide is
fused by heating in a small test tube. On adding
0.5 ml. of water to the cooled residue, then a
moderate excess of diluted hydrochloric acid, and
warming, sulfur dioxide is evolved, which may be
recognized by its odor and also by testing the
vapor with starch iodate paper. Loss on drying. —
Not over 10 per cent, when dried at 120° to constant weight. Water-insoluble substances. — Not
over 0.5 per cent. Metals precipitated by ammonia, ammonium oxalate and phosphate. — Not
more than approximately 1 per cent. Etherextractable substances. — Not over 0.2 per cent.
U.S.P.
Assay. — About 350 mg. of amaranth is dissolved inwater, sodium citrate is added, and the
solution is titrated with 0.1 N titanium trichloride, at boiling temperature, which reduces the
dye to a colorless or practically colorless deriva-

Dissolve 1 Gm. of amaranth in sufficient purified water to make 100 ml. U.S.P.
Description. — "Amaranth Solution is a clear,
vivid red liquid, having but a slight odor." U.S.P.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
COMPOUND AMARANTH SOLUTION.
N.F.
Dissolve 100 Gm. of caramel in 500 ml. of
purified water, add 90 ml. of amaranth solution,
250 ml. of alcohol, and enough purified water to
make the product measure 1000 ml.; mix well.
N.F.
Alcohol Content. — From 22 to 25 per cent,
by volume, of C2H5OH. N.F.
This solution is used as a color in several N.F.
preparations; it replaces the compound cudbear
tincture long used similarly but which varied to
some extent in tinctorial power.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
AMINACRINE HYDROCHLORIDE.
B.P.
Aminacrinae Hydrochloridum
HCI.H20

This antiseptic dye is referred to in the American literature as 9-aminoacridine hydrochloride,
but the B.P. describes it as 5-aminoacridine hydrochloride monohydrate, containing not less than
98.5 per cent of C13H10N2.HCI calculated with
reference to the substance dried to constant weight
at 100° at a pressure not exceeding 5 mm. of
mercury. The substance may be prepared by the
reaction of N-phenylanthranilic acid with phosphorus oxychloride, then reacting the product with
ammonium carbonate in phenol.
Description. — Aminacrine hydrochloride occurs as a pale yellow, crystalline, odorless powder,
having a bitter taste. It is soluble in 300 parts of
water, at 20°; it is soluble in 90 per cent alcohol,
also in glycerin; at 20° it is soluble in 2000 parts
of isotonic sodium chloride solution; it is almost
insoluble in ether and in chloroform.
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Standards and Tests. — Identification. — (1)
A saturated aqueous solution is pale yellow, exhibiting a greenish-blue fluorescence; a very dilute solution has a powerful blue fluorescence.
(2) Aminacrine, liberated by the addition of alkali
to a solution of the salt and dried at 105° after
recrystallization from dilute alcohol, melts at
about 235°. (3) The salt responds to tests characteristic ofchlorides. Acidity. — The pH of a 0.2
per cent (w/v) solution is between 5.0 and 6.5.
Loss on drying. — Not more than 8.0 per cent.
Sulfated ash. — Not more than 0.2 per cent.
Assay. — The assay, using about 500 mg. of
sample, is identical with that specified for Proflavine Hemisuljate. Each ml. of 0.1 M potassium
ferricyanide represnts 69.21 mg. of C13H10N2.HC1, this equivalent being based on the reaction
of three molecules of aminacrine hydrochloride
with one molecule of potassium ferricyanide.
Uses. — In vitro tests have demonstrated that
the bacteriostatic and bactericidal powers of
aminacrine hydrochloride are slightly greater than
those of proflavine; the toxicity, when injected
subcutaneously into mice, is midway between that
of proflavine and of acriflavine (Rubbo et al.,
Brit. J. Exp. Path., 1942, 23, 69). The same investigators concluded that it is only slightly more
toxic to human polymorphonuclear leukocytes
than is proflavine. Russell and Falconer {Lancet,
1943, 244, 580) showed that an isotonic 1:1000
solution, buffered at pH 6.2, was harmless when
applied to exposed rabbit's brain tissue, while the
same concentration of acriflavine caused hemorrhage and necrosis. After an intensive study of
the bacteriological and pharmacological properties, Ungar and Robinson {Lancet, 1943, 245,
285; /. Pharmacol., 1944, 80, 217) concluded that
it was an effective antiseptic having certain advantages over acriflavine and proflavine. The hydrochloride, inpowder form, is the least inhibitory
to healing of wounds of any of the acridine antiseptics, though Russell and Falconer (loc. cit.)
and Selbie and Mcintosh (/. Path. Bad., 1943,
55, 477) could not recommend the use, in powder
form, of any of the salts of acridine antiseptics
for prophylactic treatment of fresh wounds.
Poate {Lancet, 1944, 247, 238; Med. J. Australia, 1944, 1, 242) controlled sepsis in wounds
in all but 5 out of 120 cases by irrigation with a
1:1000 solution, with an emulsion, or with a
powder containing 10 to 40 parts of sulfanilamide
to 1 part of the acridine compound. The solution
appeared to be particularly effective against hemolytic staphylococci; against pyocyaneus infection
a 1:1000 solution in 2 per cent acetic acid was
used. Effective sterilization of skin, prior to surgical operation, by application of a 1 per cent
solution in 50 per cent alcohol, was reported by
Bonney and Sandeman-Allen {Brit. M. J., 1944,
2, 210). Arden {Med. J. Australia, 1945, 32, 486)
preferred local application of 9-aminoacridine hydrochloride {Monocrine) to excision of contaminated wounds, even when brain tissue was involved.
Nemir {Arch. Surg., 1951, 62, 493) employed
solutions containing 0.05 to 0.5 mg. per ml. in
peritoneal exudate following soiling with bowel
contents; the results were superior to those ob-
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tained with 1 unit of penicillin and 10 units of
streptomycin per ml. or with 0.1 mg. of sulfadiazine per ml. In nontoxic concentrations aminacrine hydrochloride inhibited CI. welchii, E. coli,
Staph, aureus, and some streptococci. As mentioned under Sulfanilamide, a vaginal cream containing 0.2 per cent aminacrine hydrochloride, 15
per cent of sulfanilamide, 2 per cent of allantoin,
and lactose, in a water-miscible base buffered with
lactic acid to pH 4.5, has been used effectively in
bacterial cervicitis and vaginitis, Trichomonas
vaginalis vaginitis, and in some cases of monilial
vaginitis (Warner, N. Y. State J. Med., 1952, 52,
1029, and others).
Albert and Gledhill {Lancet, 1944, 1, 759)
found that absorbent dressings did not interfere
with the action of aminacrine.
AMINOACETIC

ACID.

N.F., LP.

Glycocoll, Glycine, [Acidum Aminoaceticum]

H2N.CH2.COOH
"Aminoacetic Acid, dried at 105° for 2 hours,
yields not less than 98.5 per cent and not more
than 101.5 per cent of C2H5NO2." N.F. The LP.
requires not less than 98.5 per cent of C2H5O2N,
calculated with reference to the substance dried
at 105° for 2 hours.
Ger. Aminoessigsaure; Glykokoll; Glycin; Sp. Acido
Aminoacetico.

Caution. — Glycine should not be confused with
glycin (/>-hydroxyphenyl-aminoacetic acid) , which
is a poisonous substance.
Aminoacetic acid, the simplest of the amino
acids, is found in bile in combination with cholic
acid. It is a constituent of many proteins and may
be obtained by the hydrolysis of glue, gelatin and
silk fibroin; Bergmann (/. Biol. Chem., 1938, 122,
577) found that it makes up one-half of the total
amino acids of the last-named substance.
Several processes for preparing aminoacetic acid
have been patented; these include hydrolysis of
glycine esters with organic acids, alkaline hydrolysis of glycine ethyl ester sulfate, hydrolysis
of methylene-aminoacetonitrile, electrolytic reduction of cyanoformic ester, as well as a method
involving hydrolysis of neck ligaments of cattle.
Large quantities of the acid may be conveniently
and economically prepared, however, by the reaction of chloroacetic acid with excess ammonia at
room temperature or with ammonium carbonate
at a temperature of 60 to 65°. The excess of
ammonia is evaporated and the glycine crystallized
after addition of methyl alcohol; the product is
purified by recrystallization from methyl alcoholwater solution. For other syntheses of aminoacetic acid see Schmidt's Chemistry of the Amino
Acids and Proteins (Second Edition, 1944).
While the formula of aminoacetic acid is commonly written as H2N.CH2.COOH, various physical and chemical properties of the substance indicate that it does not exist in this form. It is
now fairly certainly established that the tendency
of the carboxyl group to give up a proton (which
property is characteristic of acids) and the tendency of the amino group to accept a proton
(which property is characteristic of bases) results
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in the migration of the proton (hydrogen ion)
from the carboxyl to the amino group, giving rise
to a neutral ion of the composition H3+N.CH2.COO~. Such an ion has been called a "zwitterion" (meaning hybrid ion) but is better called
a "dipolar ion." The property of forming dipolar
ions is characteristic of amino acids. Notwithstanding this internal neutralization of aminoacetic acid, the substance is capable of acting as
an acid or a base, depending on the solvent
medium and whether or not another base or acid
is present to react with it. Thus, it forms a crystalline salt with hydrochloric acid, aminoacetic
acid hydrochloride, which may be used as a convenient means of administering the acid since in
the body the hydrochloric acid component is
released.
A suggested mechanism by which aminoacetic
acid enters into the building-up of proteins is
presented in the article on Amino Acids, Part II.
Description. — "Aminoacetic Acid occurs as a
white, odorless, crystalline powder, having a
sweetish taste. Its solution is acid to litmus paper.
One Gm. of Aminoacetic Acid dissolves in about
4 ml. of water. It is very slightly soluble in alcohol and in ether." N.F.
Standards and Tests. — Identification. — (1)
A vigorous evolution of colorless gas (nitrogen)
results when 5 drops of diluted hydrochloric acid
and 5 drops of a 1 in 2 solution of sodium nitrite
are added to 5 ml. of a 1 in 10 solution of aminoacetic acid. (2) A deep wine color is produced
on adding 1 ml. of ferric chloride T.S. to 2 ml. of a
1 in 10 solution of aminoacetic acid; on adding an
excess of diluted hydrochloric acid the color disappears, to reappear on adding stronger ammonia
T.S. in excess. (3) A blue color is produced on
adding 1 drop of liquefied phenol and 5 ml. of
sodium hypochlorite T.S. to 2 ml. of a 1 in 10
solution of aminoacetic acid. Loss on drying. —
Not over 0.2 per cent, when dried at 105° for
2 hours. Residue on ignition. — Not over 0.1 per
cent. Readily carbonizable substances. — A solution of 500 mg. of the acid in 5 ml. of sulfuric
acid is colorless. Chloride. — The limit is 70 parts
per million. Sulfate. — The limit is 65 parts per
million. Heavy metals. — The limit is 20 parts per
million. Hydrolyzable substances. — A 1 in 10
solution of aminoacetic acid which has been boiled
for 1 minute and then set aside for 2 hours is as
clear and mobile as the same solution which has
not been boiled. N.F.
For information on the solubility of aminoacetic acid in mixtures of water and alcohol see
Dunn and co-workers (/. Biol. Chem., 1938, 125,
309).
Assay. — About 175 mg. of aminoacetic acid,
previously dried at 105° for 2 hours, is titrated
with 0.1 A7 sodium hydroxide in the presence of
formaldehyde. Each ml. of 0.1 N sodium hydroxide represents 7.507 mg. of C2H5NO2. N.F.
For an explanation of the assay see the following
monograph. The LP. employs the Kjeldahl method
of assay for nitrogen.
Incompatibilities. — The sparing solubility of
aminoacetic acid in alcoholic liquids may cause
its precipitation from aqueous solution on the
addition of alcohol. Ferric salts cause a wine-red
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color, destroyed by acids; nitrites may react with
the liberation of nitrogen. Grill (/. A. Ph. A.,
1938, 27, 871) reported development of a brown
color in solutions of aminoacetic acid containing
low iso-alcoholic elixir.
Uses. — Glycine, as such, is not widely used in
therapeutics but in combination with other pharmacologic agents it is important. In the metabolism of the body, aminoacetic acid is involved in
the synthesis of body protein, creatine, glycocholic
acid, glutathione, uric acid, heme, etc. It converts
benzoic acid to its detoxified derivative hippuric
acid.
Myopathies. — The theory originally put forth
by Thomas in 1932 that glycine was the chief
source of the creatine of the muscles received
support from the studies of Bloch and Schoenheimer (/. Biol. Chem., 1940, 133, 633; 134,
785), but these authors showed further that
methionine and arginine are also converted into
creatine (/. Biol. Chem., 1941, 138, 167). Moreover, glycine is readily synthesized by man in
adequate amounts (Quick, /. Biol. Chem., 1931,
92, 65; Shemin and Rittenberg, /. Biol. Chem.,
1944, 153, 401) and it is not an essential amino
acid in the diet (Rose, Physiol. Rev., 1938, 18,
109). In normal men creatine does not appear in
the urine except after violent muscular exertion,
being excreted as a related compound creatinine.
In certain diseases of the voluntary muscles, however— notably so-called progressive muscular dystrophy— creatine does appear in the urine. Thomas
in 1932 tried glycine in this tragic disease. Since
then a number of clinicians reported favorably on
its effects, not only in progressive muscular dystrophy but also in myasthenia gravis (Boothby,
Proc. Mayo, 1932, 7, 447), poliomyelitis and
Addison's disease, but others failed to see any
marked benefit from the drug (J.A.M.A., 1939,
113, 559; and 1942, 119, 1506; 1951, 147, 1185).
Chaikelis (Am. J. Physiol., 1941, 133, 578) reported that in normal men it increases muscular
power and delays appearance of muscle fatigue.
Maison, however (J. A.M. A., 1940, 115, 1439),
believes that the reported experiments dealing
with fatigue are open to criticism. In a wellcontrolled study (J.A.M.A., 1942, 118, 594)
glycine failed to increase the work capacity of
human subjects. A high-protein diet seems preferable to this unessential amino acid and also to
the incomplete protein, gelatin, which has been
employed as a dietary source of glycine (about
25 per cent).
Tracer Studies. — The ready incorporation of
glycine into so many essential compounds in the
body has made this amino acid, when labeled with
the isotope C14 (Rittenberg and Shemin, J. Biol.
Chem., 1950, 185, 103; Barnet and Wick, ibid.,
657) or N15 (Shemin and Rittenberg, ibid., 1945,
159, 567), most useful in the study of the intermediary metabolism of tissue and serum protein,
hemoglobin, carbohydrate and other substances.
Rapid incorporation into serum and tissue protein has been observed. Only a small portion,
varying with the nutritional status and the protein intake, appears in the urine during the first
24 hours. Some of the carbon is excreted as
carbon dioxide by the lungs (Berlin et al., J. Clin.
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Inv., 1951, 30, 73). Labeled glycine has been
employed to study the life-span of erythrocytes
in circulating blood; the estimate of about 4
months made with immunological methods was
confirmed. Tracer studies show also that glycine
is converted to uric acid (Benedict et al., Metabolism, 1952, 1, 3), creatinine (Shemin and
Rittenberg, /. Biol. Chem., 1947, 167, 875) and
other compounds. Since nitrogen excretion is increased bythe administration of cortisone, feeding
experiments with glycine labeled with N15 were
conducted by Clark (/. Biol. Chem., 1953, 200,
69) to determine the mechanism of this action;
the procedure used by Sprinnan and Rittenberg
(ibid., 1949, 180, 715) was used. It was found
that the increased nitrogen excretion during cortisone therapy resulted from interference with
protein synthesis in the tissues, with some accumulation ofamino acids in the liver. Studies
with glycine labeled with both C14 and N15 have
been conducted (Chao et al., Fed. Proc, 1952,
11, 437). Isotope-labeled glycine has been employed to study the effect of steroid hormones on
the metabolism of the cells of the rat uterus.
Peripheral Vascular Insufficiency. — Glycine possesses the metabolism-stimulating action
of protein (so-called Specific Dynamic Action)
which amounts to about 10 per cent of the basal
metabolic rate). Since this heat is dissipated by
an increase in peripheral blood flow, Gubner et al.
(Am. J. Med. Sc, 1947, 213, 46) and Gustafson
et al. (Surgery, 1949, 25, 539) prescribed 20 Gm.
of glycine dissolved in 200 ml. of water by
mouth three times daily as a vasodilator in cases
of thromboangiitis
obliterans,
phenomenon, arteriosclerosis
and Raynaud's
other occlusive
peripheral vascular diseases; beneficial results
were obtained. The increase in peripheral blood
flow was greater than that obtainable with ingestion of ethyl alcohol. Collentine (/. Lab. Clin.
Med., 1948, 33, 1555) reported on the safety of
the intravenous administration of a 5 or 10 per
cent solution in isotonic sodium chloride solution
in a dose of 200 mg. per kilogram of body weight
in a period of 30 minutes. With double this dose,
warmth and tingling of the extremities, increased
salivation, nausea and lightheadedness were experienced for about 30 minutes following completion of the injection. In two cases of cirrhosis
of the liver, a maximum concentration of 32 mg.
per 100 ml. of blood (method of Christensen
et al, J. Biol. Chem., 1947, 168, 191) was found
at the end of the injection from an initial concentration ofabout 3 mg. per 100 ml.; the maximum urinary excretion occurred during the half
hour of the injection and the half hour afterward,
and the concentration in the blood returned almost to the initial level in 2>y2 hours.
Antacid. — A mixture of 30 per cent aminoacetic acid and 70 per cent calcium carbonate
(Titralac, N.N.R., Schenley) produces an acid
neutralization curve similar to that of whole milk
(J.A.M.A., 1950, 152, 991); absence of systemic
alkalosis and acid "rebound" is claimed and the
product is recommended particularly for patients
with peptic ulcers who are unable to tolerate milk.
The dose is 1 to 2 tablets, each containing 150 mg.
glycine and 350 mg. calcium carbonate, taken
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with water after meals or, in more severe cases,
every hour.
Dihydroxyaluminum Aminoacetate N.F. is a
basic aluminum salt of this amino acid which is
employed as an antacid. Its properties and uses
are described elsewhere in Part I.
Other Uses and Combinations. — Because of
the amphoteric nature of aminoacetic acid it may
be prepared in the form of aminoacetic acid hydrochloride, acrystalline solid, which may be used
as a source of hydrochloric acid for treatment of
achlorhydria gastrica. A dose of 200 mg. of aminoacetic acid hydrochloride yields 0.6 ml. of diluted
hydrochloric acid, which is an average dose of the
latter. It is of interest in this connection that
aminoacetic acid hydrochloride contains 32.5
per cent of HC1 as compared with 19.9 per cent
of HC1 in glutamic acid hydrochloride, which is
widely chloric
used
acid. as a solid dosage form of hydroGlycine esters of various phenols are used as
bactericides, fungicides, and insecticides (Smith
and Hansen, U. S. Patent 2,289,599, July 14,
1942). A water-soluble glycine derivative of riboflavin has been prepared (Haas, U. S. Patent
2,398,706, April 16, 1946). A soluble, stable, and
less irritating form of theophylline is available
in the compound theophylline sodium glycinate
(q.v.). Martin and Thompson (U. S. Patent
2,376,795, May 22, 1945) used glycine to minimize untoward effects of sulfapyridine. Aminoacetic acid is used as an ingredient of S0rensen's
buffer mixtures, along with hydrochloric acid or
sodium hydroxide.
The dose of aminoacetic acid is from 4 to 30
Gm. (approximately 60 grains to 1 ounce), with
the total daily dose sometimes exceeding 60 Gm.
Storage. — Preserve "in well-closed containers." N.F.
AMINOACETIC

ACID

ELIXIR.

N.F.

Glycine Elixir, Glycocoll
Elixir, [Elixir Acidi
Aminoacetici]

"Aminoacetic Acid Elixir contains, in each 100
ml., not less than 12.1 Gm. and not more than
14.2 Gm. of C2H5NO2." N.F.
Dissolve 131.5 Gm. of aminoacetic acid in 700
ml. of purified water, add 60 ml. of syrup and 75
ml. of raspberry syrup, and mix well. Dissolve
2 Gm. of benzoic acid and 0.15 Gm. of vanillin
in 53 ml. of alcohol and 1.5 ml. of compound
orange spirit and add this solution to that of the
aminoacetic acid. Filter, if necessary, and add
sufficient water to the filtrate to make 1000 ml.
N.F.
Assay. — Exactly 25 ml. of aminoacetic acid
elixir is diluted to 100 ml. with water, the solution is decolorized with activated charcoal, filtered
and an aliquot portion of the filtrate neutralized
with 0.1 AT sodium hydroxide, using phenolphthalein T.S. as indicator. The volume of alkali required isnoted, but is not used as a quantitative
measure of the aminoacetic acid present because
of the amphoteric nature of the acid resulting
from the presence of the amino group; the alkali
consumed is required for the neutralization of
benzoic acid and acid in the raspberry syrup. To
another aliquot portion of the filtrate formalde-
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hyde T.S. is added, which converts the NH2.CH2.COOH to the methylene-imino compound CH2:N.CH2.COOH and permits titration of the carboxyl group with 0.1 N sodium hydroxide, using
phenolphthalein T.S. as indicator and titrating to
the same color as obtained in the first titration.
A blank titration to correct for the acidity of the
formaldehyde is performed and the correction
applied to the titration in which formaldehyde
was used. The difference between the titrations —
with and without formaldehyde, respectively —
represents the amount of alkali required to neutralize the carboxyl group of the aminoacetic acid.
Each ml. of 0.1 N sodium hydroxide represents
7.507 mg. of C2H5NO2. N.F. This titration is a
modification of S0renson's Formol Method for
the estimation of amino acids. For further discussion of this assay see Green, Bull. N. F.
Comm., 1945, 13, 84.
Alcohol Content. — From 5 to 7 per cent, by
volume, of C2H5OH. N.F.
The average dose of this elixir is 15 ml. (approximately fluidrachms),
4
representing about 2
Gm. of aminoacetic acid.
N.F.Storage. — Preserve "in tight containers."
AMINOPHYLLINE.

U.S.P., B.P., LP.

Theophylline Ethylenediamine, [Aminophyllina]

(C7H8N402)2C2H4(NH2)2.2H20
"Aminophylline contains not less than 75 per
cent and not more than 82 per cent of anhydrous
theophylline (C7H8N4O2), and not less than 12.3
per cent and not more than 13.8 per cent of
ethylenediamine (C2H8N2)." U.S.P. The B.P.
and LP. requirements are identical with those
of the U.S.P.
The B.P. states that aminophylline may be
prepared by dissolving theophylline in ethylenediamine and evaporating the solution to dryness.
It is reported that the compound contains a mixture of two double salts, the one consisting of
one molecule of theophylline combined with one
molecule of ethylenediamine, the other of one
molecule of theophylline combined with two
molecules of ethylenediamine.
Description. — "Aminophylline occurs as
white or slightly yellowish granules or powder,
possessing a slight ammoniacal odor and a bitter
taste. Upon exposure to air it gradually loses
ethylenediamine and absorbs carbon dioxide with
the liberation of free theophylline. Its solutions
are alkaline to litmus. One Gm. of Aminophylline
dissolves in about 5 ml. of water but owing to
hydrolysis separation of crystals of less aminated
theophylline begins in a few minutes, these crystals dissolving on the addition of a small amount
of ethylenediamine. When, however, 1 Gm. is
dissolved in 25 ml. of water the solution remains
clear. It is insoluble in alcohol and in ether."
U.S.P.
Standards and Tests. — Identification. — To a
solution of 1 Gm. of aminophylline in 20 ml. of
water add, while stirring constantly, 1 ml. of
diluted hydrochloric acid; filter the precipitate,
wash it with small portions of cold water, and
dry it at 105° for 1 hour: the substance responds
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to identification tests (1) and (2) under Theophylline and melts between 270° and 274°.
Residue on ignition. — Not over 0.15 per cent.
U.S.P.
Assay. — For theophylline. — A sample of
about 250 mg. of aminophylline is dissolved in
water containing ammonia, a measured excess of
0.1 N silver nitrate is added to precipitate silver
theophylline. The mixture is filtered through a
filtering crucible, the precipitate is washed with
water, and the excess of silver ion in the filtrate
is determined by titration with 0.1 iV ammonium
thiocyanate in the presence of nitric acid and
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 N silver nitrate represents 18.02
mg. of C7H8N4O2. For ethylenediamine. — A solution of about 500 mg. of aminophylline is titrated
with 0.1 Af hydrochloric acid, using methyl orange
T.S. as indicator. Each ml. of 0.1 N acid represents 3.005 mg. of C2H8N2. U.S.P.
The B.P. assays for theophylline by dissolving
about 500 mg. of aminophylline in 20 ml. of
distilled water, neutralizing the solution with
0.5 N hydrochloric acid using bromocresol green
indicator and saturating the solution with sodium
chloride, then extracting the theophylline with a
mixture of 3 volumes of chloroform and 1 volume
of isopropyl alcohol. The solvent is evaporated,
and the residue is dried to constant weight at
105°. The assay for ethylenediamine is similar
to that of the U.S.P. The LP. assays are practically the same as those of the U.S.P.
Incompatibilities. — Alkaline in reaction,
aminophylline exhibits the incompatibilities of
alkalies. When in sufficiently concentrated solution the theophylline in this salt is precipitated
by acids. On exposure to air it gradually absorbs
carbon dioxide with liberation of theophylline.
With lactose, a yellow to brown color develops
on standing.
Uses. — Aminophylline has the general physiological properties of theophylline. Its chief applications inclinical medicine depend upon its modification of blood flow, its relaxation of the
bronchial and other smooth musculature, its diuretic action and its ability to antagonize histamine.
Action. — It has been shown by Schack and
Waxier (/. Pharmacol., 1949, 97, 283) that theophylline isrestricted to blood plasma; it does
not penetrate the red cell membrane and is bound
only slightly to blood proteins. Further, it appears
to be bound only slightly to tissue proteins. They
concluded that its therapeutic effect is closely
related to the level in the blood. Based upon this
finding and because there is conflicting opinion as
to the therapeutic effectiveness of this drug,
Waxier and Schack (J.A.M.A., 1950, 143, 736)
studied the blood theophylline levels after administration of various doses of aminophylline by
the intravenous, intramuscular, oral and rectal
routes. Following intravenous injection of 250 mg.
of aminophylline the blood concentration falls
progressively to approximate zero after 9 hours.
Sustained blood levels followed intramuscular injection of 500 mg., appreciable levels persisting
for 13 hours. They noted that this dosage given
intramuscularly produced values about twice as
high as a dose of 250 mg., persisted about twice
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as long, and was no more painful than the smaller
dose. Theophylline appeared in circulating blood
within 15 minutes after ingestion of an uncoated
tablet containing 200 mg., significant levels persisting for 9 hours. There was a delay of 2 hours
after oral ingestion of enteric-coated tablets before the drug was demonstrable in the blood
plasma, significant levels persisting 7 hours after
a dose of 200 mg. and 10 hours with a 300 mg.
dose. Suppositories containing 500 mg. produced
widely varying values.
Wechsler et al. (J. Clin. Inv., 1950, 29, 28)
studied the cerebral circulation and metabolism
following intravenously administered aminophylline and demonstrated conclusively that it results
in diminished cerebral blood flow due to increased
cerebrovascular resistance. There was a drop in
arterial carbon dioxide tension and a rise in arterial pH. They were of the opinion that aminophylline constricts the cerebral vessels, decreasing
cerebral blood flow, increasing carbon dioxide
tension of the brain, thus providing a stimulus
for hyperventilation, as reflected by the rising
pH. Moyer et al. (J. Clin. Inv., 1952, 31, 267)
pointed out that the arrest of Cheyne-Stokes
respiration after aminophylline cannot, therefore,
result from an increase of cerebral blood flow,
but is probably due either to a direct stimulating
effect on the respiratory center or an indirect
effect secondary to the depressed cerebral circulation and resultant rise in tissue carbon dioxide
of the medulla. They found no difference in the
cerebral hemodynamic response to aminophylline
of patients in cardiac failure exhibiting CheyneStokes respiration and those with regular respiration.
Leroy and Speer (/. Pharmacol., 1940, 69, 45)
found aminophylline to be twice as active as theophylline sodium in dilating the coronary vessels.
Hanzlik and Moy (Standford M. Bull., 1945, 3,
127), in experiments on dogs, found that intravenous aminophylline inhibits coronary constriction
produced by posterior pituitary solution, concluding that its effects are fundamentally vascular
rather than a direct stimulation of the myocardium. Stewart (Cardiac Therapy, 19520 p. 27)
states that aminophylline induces its benefit in
pulmonary edema by increasing cardiac output,
probably by direct action on the heart muscle,
and by lowering the venous pressure. Escher
et al. (Fed. Proc, 1948, 7, 31, part I) demonstrated that in normal human subjects rapid intravenous administration of aminophylline produced a significant increase in cardiac output
lasting 10 to 20 minutes, paralleling a brief increase in renal plasma flow; glomerular filtration
rate remained high for as long as one hour despite
a fall in renal plasma flow to below control levels.
In chronic congestive heart failure it produces a
marked increase in cardiac output lasting as long
as one hour. It has been demonstrated by Segal
and associates (/. Clin. Inv., 1949, 28, 1190) that
aminophylline given intravenously provides immediate protection against the bronchospastic effect of intravenously administered histamine or
methacholine. The drug is a gastric irritant and
it has been shown by Krasnow et al. (Proc. S.
Exp. Biol. Med., 1949, 71, 335) to stimulate
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production of free hydrochloric acid in the stomach after intravenous administration.
Therapeutic Uses. — Aminophylline is valuable
in treating bronchial asthma, particularly by the
intravenous route, and is often effective in cases
of status asthmaticus in patients who have become
refractory to epinephrine (see Herrmann and
Aynesworth, J. Lab. Clin. Med., 1937, 23, 135).
It is likewise beneficial in asthmatic bronchitis
and unresolved pneumonia. Barach (J. A.M. A.,
1945, 128, 589) has obtained relief of bronchial
spasm within 10 to 30 minutes following rectal
instillation of aminophylline solution. This mode
of administration is advantageous in that it may
be used by nurses or patients themselves. According to Waldbott (I.A.M.A., 1945, 128, 1205)
sensitivity to this drug has never been demonstrated. Barach also found (I.A.M.A., 1951, 147,
730) that for palliative therapy in patients with
bronchial asthma or the bronchospastic type of
chronic hypertrophic pulmonary emphysema in
the absence of status asthmaticus, aminophylline
in doses of 200 to 300 mg. is the most satisfactory oral medication for relief of bronchospasm.
For maximal effect it must be given when the
stomach is empty; if nausea results it may be
relieved by two teaspoonfuls of aluminum hydroxide gel. Whitfield et al. (Lancet, 1951, 260,
490) found it valueless in emphysema in the absence of bronchospasm. Kugelmass (J.A.M.A.,
1951, 147, 1240) used aminophylline to relax
the bronchial and esophageal musculature to dislodge foreign bodies inspired or swallowed by
children, avoiding the need for endoscopy; he
gave 250 mg. in a solution instilled rectally.
Taplin et al. (Ann. Allergy, 1949, 7, 513) found
that aminophylline or theophylline-lactose powder,
in particle sizes of 0.5 to 5 n in diameter, when
given by inhalation in a dosage of 60 mg., will
relieve bronchial spasm in a majority of patients
almost immediately, but for a somewhat shorter
period than with intravenous administration. They
noted no systemic vasomotor, allergic or local
irritative effects.
The vasodilator action of aminophylline is
recommended in recent myocardial infarction by
Mikotoff and Katz (Am. Heart J., 1945, 30, 215).
Bakst et al. (ibid., 1948, 36, 527) found that
intravenous injection of 240 mg. of aminophylline increases the capacity for effort without pain
in patients with angina of effort. It is widely
used in patients with coronary artery disease
in doses of 100 to 200 mg. 3 or 4 times daily by
mouth. Russek et al. (J.A.M.A., 1953, 153, 207)
compared the ability of various drugs to modify
the electrocardiographic response to standard exercise (Master two-step test) in carefully selected
patients with coronary artery disease. They found
that aminophylline in doses of 500 mg. administered intravenously or 400 mg. by the oral route
produced only a slight or insignificant effect. Its
use is recommended in treatment of pulmonary
edema, 250 or 500 mg. being injected by vein.
Similar amounts are used at bedtime to prevent
occurrence of nocturnal dyspnea. Suppositories
containing 500 mg. may be substituted for this
purpose. Kissin et al. (Angiology, 1951, 2, 217)
found an average improvement in exercise toler-
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ance of 42 per cent in subjects with intermittent
claudication due to obliterating arteriosclerosis,
following intravenous administration of a dose
of 240 mg. Rickles (/. Florida M. Assn., 1951,
38, 263) obtained relief of arterial spasm in similar cases by direct injection of aminophylline into
the femoral artery, with no untoward results.
Mover and associates (Am. J. Med. Sc, 1952,
224, 377) found the drug useful in relieving
hypertensive headaches, the dosage being 500
mg. intravenously. Mainzer (Schweiz. med.
Wchnschr., 1949, 79, 108) found intravenous
doses of 240 mg. to be of benefit in treatment
of cerebral hemorrhage.
Aminophylline was the only injectable diuretic
preparation prior to the introduction of the
organic mercurials. Vogl and Esserman {J. A.M. A.,
1951, 147, 625) called attention to the fact that
in addition to increasing the effective renal blood
flow and glomerular filtration rate it inhibits
renal tubular reabsorption, the latter being largely
responsible for its diuretic effect. Unlike the organic mercurial diuretics, however, it does not
produce demonstrable damage to the tubular
epithelium. They evolved a schedule using a mercurial injection intermittently every third day,
with multiple daily aminophylline injections to
potentiate and maintain diuresis in patients with
advanced congestive heart failure who are apparently refractory to mercurial diuretics.
Cole (Am. J. Surg., 1946, 72, 719) reported
that intravenous administration of 500 mg. of
aminophylline produced in 9 out of 10 patients
relief from biliary colic within 5 to 7 minutes.
Seneque et al. (J. de Chirurgie, 1952, 68, 340)
found that it facilitates passage of residual biliary
calculi from the common bile duct following
biliary surgery and in conjunction with Pribam's
method of stimulating the flow of bile. Anderson
and Mclntyre (Nebr. State M. J., 1949, 34, 17)
found oral aminophylline useful in treating primary dysmenorrhea. Epstein (Arch. Dermat.
Syph., 1948, 58, 47) observed aminophylline, intravenously administered in a dose of 500 mg.
in 20 ml. of diluent, to give immediate relief in
patients with acute pruritic dermatoses.
Summary. — Aminophylline is used in treatment of bronchial asthma and other bronchospastic conditions, cardiac asthma and pulmonary
edema, coronary artery disease, obliterating arteriosclerosis, hypertensive headache and cerebral
hemorrhage, as a diuretic in congestive cardiac
failure either alone or to potentiate the effect of
mercurial diuretics, in biliary colic and in various
acute pruritic dermatoses. lYJ
Comparison of Routes of Administration.
— Rectal instillation of an aqueous solution of
aminophylline results in almost as rapid absorption as does intravenous injection (Barach, Bull.
N. Y. Acad. Med., 1944, 20, 538) ; rectal administration avoids the infrequent but serious instances
of vascular collapse or fatal cardiac response
which may follow intravenous administration. Absorption from rectal suppositories is uncertain,
occasionally producing blood theophylline levels
comparable to those obtained by intravenous injection of the same dose of aminophylline but
generally yielding low levels. Prigal et al. (J. Al-
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lergy, 1946, 17, 172) found suppositories containing aminophylline and pentobarbital sodium
to relieve asthma in about half the time required
for aminophylline alone. Oral administration of
aminophylline is less effective than when the
drug is given by the intravenous route or when
it is instilled rectally as an aqueous solution,
principally because the majority of patients develop gastrointestinal disturbances after prolonged use. Enteric-coated tablets have been employed to overcome this disadvantage and, recently, it has been observed that simultaneous
administration of aluminum hydroxide decreases
the incidence of gastrointestinal disturbances in
most patients to such a degree that sufficient
aminophylline may be given orally to produce
levels of theophylline in the blood which are
comparable to those obtained by intravenous administration (Cronheim et. al., Postgrad. Med.,
1953, 13, 432); the aluminum hydroxide appears
not to alter the rate or the degree of absorption
of aminophylline, as compared with tablets of
aminophylline by itself.
Toxicology. — Scherf and Schlachman (Am.
J. Med. Sc, 1946, 212, 83) observed diminished
prothrombin time in patients to whom aminophylline was administered intravenously. It has been
believed that this effect, shared by other methylxanthines, may augment the risk of thrombosis
in certain patients receiving aminophylline or
kindred drugs. However, studies by Blood and
Patterson (Proc. S. Exp. Biol. Med., 1948, 69,
130) and by Holland and Gross (/. Iowa M. Soc,
38, 183) indicate that oral or intravenous administration of aminophylline produces no statistically significant changes in clotting time or plasma
prothrombin time. Studies by Overman and
Wright (Am. Heart J., 1950, 39, 65) of the effects of oral ingestion of the drug led them to
the same conclusion.
Intravenous injections must be given very
slowly, minimum time being 4 to 5 minutes, and
the solution should be warmed to body temperature before use. Rapid administration may lead
to peripheral vascular collapse. In at least 6 reported instances (see Bresnick et al., J.A.M.A.,
1948, 136, 397) sudden death has followed intravenous administration. In each instance there
was evidence of myocardial disease and the suddenness of death suggested the probability that
cardiac standstill or ventricular fibrillation had
occurred. Excessive cerebral stimulation may result in wakefulness, vertigo, vomiting, hyperpnea
and even generalized convulsions.
Dose. — The usual oral dose of aminophylline
is 200 mg. (approximately 3 grains) 3 times daily,
with a range of 100 to 200 mg.; the maximum
safe dose is 200 mg. and the total dose in 24
hours should generally not exceed 600 mg. When
aluminum hydroxide is given simultaneously
larger doses of aminophylline may be tolerated;
Cronheim et al. (loc. cit.) found most of their
patients to tolerate doses of 1 to 1.6 Gm. (15 to
24 grains), which produced a reliable diuretic
effect, and some as much as 2.4 Gm. (36 grains)
of aminophylline per day when thus administered. Per rectum, the usual dose is 500 mg.
(approximately lYz grains) 1 or 2 times daily,
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with a range of 250 to 500 mg.; the maximum
safe dose is 500 mg. and the total dose in 24
hours should not exceed 1 Gm. By intravenous
injection, the usual dose is 500 mg. (approximately lx/z grains) up to 3 times daily, with a
range of 250 to 500 mg.; the maximum safe dose
is 500 mg. and the total dose in 24 hours should
not exceed 1.5 Gm.
Storage. — Preserve "in tight containers."
U.S.P.
AMINOPHYLLINE
INJECTION.
U.S.P. (B.P., LP.)
[Injectio Aminophyllinae]

"Aminophylline Injection is a sterile solution
of aminophylline in water for injection. It contains not less than 93 per cent and not more
than 107 per cent of the labeled amount of
C16H24N10O4.2H2O. For the purpose of stabilization, Aminophylline Injection may contain added
freshly distilled ethylenediamine solution amounting to not more than 60 mg. of C2H8N2 for each
1 Gm. of aminophylline." U.S.P.
The B.P. defines Injection of Aminophylline as
a sterile solution of aminophylline in water for
injection free from carbon dioxide; ethylenediamine may be added to aid solution, provided the
pH of the solution does not exceed 9.6. The solution is directed to be sterilized by heating in an
autoclave, or by filtration through a bacteriaproof filter. The content of anhydrous theophylline is not less than 71.0 per cent and not more
than 86.0 per cent of the labeled content of
aminophylline. The LP. limits for anhydrous
theophylline are 73.0 and 83.0 per cent, respectively; for ethylenediamine (C2H8X2) the limits
are 12.3 and 19.8 per cent, respectively.
B.P. Injection of Aminophylline; Injectio Theophyllinae cum .SSthylenediamina. LP. Injection of Aminophylline; Injectio Aminophyllini. Sp. Inyeccion de
Aminofilina.

The U.S.P. permits an inordinate excess of
ethylenediamine (43 per cent above the upper
limit provided under Aminophylline) to be used
"for the purpose of stabilization." If the aminophylline and the injection are carefully prepared
so as to prevent absorption of carbon dioxide,
even the most concentrated injection employed
clinically may be made with at most only a fraction of the permitted excess of ethylenediamine.
For uses and dose see under Aminophylline.
Storage. — Preserve "in single-dose containers, preferably of Type I glass." U.S.P.
Usual Sizes. — 2 ml. containing 500 mg. (approximately 7^2 grains) for intramuscular use;
10 ml. or 20 ml. containing respectively 250 mg.
or 500 mg. (approximately 4 or 7^ grains) for
intravenous use.
AMINOPHYLLINE SUPPOSITORIES.
U.S.P.
[Suppositoria Aminophyllinae]

"Aminophylline Suppositories contain not less
than 90 per cent and not more than 110 per cent
of the labeled amount of C16H24X10O4.2H2O."
U.S.P.
While the U.S.P. does not specify the supposi-
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tory base which may be employed, a number of
the products on the market are stated to be made
with a Carbowax base; one such base may be
prepared by melting together 1 part of Carbowax
4000 (polyethylene glycol 4000, U.S.P. XV)
and 2 to 3 parts of Carbowax 1540. Such a base
will not melt at body temperature but will gradually release dispersed medication when sufficient
moisture is absorbed by the suppository, following
insertion in the rectum, to dissolve the base.
For uses and dose see under Aminophylline.
Storage. — Preserve "in well-closed containers
in a cold place." U.S.P.
Usual Size. — 500 mg. (approximately l1/*
grains) of aminophylline.
AMINOPHYLLINE TABLETS.
U.S.P. (B.P., LP.)
[Tabellae Aminophyllinae]

"Aminophylline Tablets contain not less than
93 per cent and not more than 107 per cent of
the labeled amount of C16H24X10O4.2H2O."
U.S.P. The B.P. requires the content of anhydrous theophylline to be not less than 67.5 per
cent and not more than 86.0 per cent, and the
content of ethylenediamine to be not less than
11.1 per cent and not more than 15.2 per cent, of
the labeled amount of aminophylline. The LP.
requires not less than 73.0 per cent and not more
than 84.0 per cent of anhydrous theophylline.
B.P. Tablets of Aminophylline; Tabellae Theophyllinae
cum iEthylenediamina. LP. Compressi Aminophyllini.
Sp. Tablet as de Aminofilina.

Storage. — Preserve "in tight containers."
U.S.P.
Usual Sizes. — 100 and 200 mg. (approximately \y2 and 3 grains), enteric coated tablets
or tablets containing aluminum hydroxide being
generally preferred to avoid gastric irritation.
Tablets containing aminophylline and phenobarbital are frequently prescribed.
AMINOPYRINE.

CH, X.F. (LP.)
Amidopyrine,
[Aminopyrina]
CH,

lX3
./

The LP. defines )2
Amidopyrine
as 2 :3-dimethylN X0
(CH3-phenyl4-dimethylamino-l
5-pyrazoIone.
LP. Amidopyrine, Amidopyrinum. Pyramidon (.Winthrop), Dimethylamino Antipyrine. Fr. Dimethylaminophenyldimethylpyrazolone. C-er. Dimethylamino-phenyldimethylpyrazolon. It. Fenil-dimetil-dimetilamido-isopirazolone. Sp. Aminoantipirina ; Aminopirina; Amidopirina.

This compound, first prepared in 1893, may be
regarded as a derivative of antipyrine in which a
hydrogen atom of the pyrazolone group is replaced by a dimethylamino or N(CHs)2 group.
It is designated as 1.5-dimethyl-4-dimethylamino2-phenyl-3-pyrazolone according to the standard
United States nomenclature. Aminopyrine is
manufactured by the reduction of isonitrosoantipyrine with zinc and subsequent methylation of
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the resulting 4-amino-antipyrine by means of
methyl iodide or dimethyl sulfate. Because of the
difficulty of directly methylating the aminoantipyrine various means of indirectly accomplishing
this have been employed.
Description. — "Aminopyrine occurs as colorless or white, small crystals, or as a white, crystalline powder. It is odorless and is stable in air
but is affected by light. Its solutions are alkaline
to litmus paper. One Gm. of Aminopyrine dissolves in 18 ml. of water, in 1.5 ml. of alcohol,
in 1 ml. of chloroform, and in 13 ml. of ether.
Aminopyrine
melts between 106.5° and 109°."
N.F.
Standards and Tests. — Identification. — (1)
A bluish violet color develops on adding 3 drops
of diluted hydrochloric acid and 1 ml. of ferric
chloride T.S. to 5 ml. of a 1 in 25 solution of
aminopyrine; the color changes to violet red on
adding a few drops of diluted sulfuric acid. (2)
A deep violet color, changing to a grayish black
precipitate of silver, is formed on adding 5 drops
of silver nitrate T.S. to 5 ml. of a 1 in 25 solution of aminopyrine. (3) A dark blue color or
precipitate is immediately formed when a 1 in 25
solution of aminopyrine is added to a freshly prepared potassium ferricyanide T.S. containing
some ferric chloride (difference from antipyrine).
Loss on drying. — Not over 1 per cent, when dried
at 60° for 2 hours. Residue on ignition. — Not
over 0. 1 5 per cent. Chloride. — A purple color, but
no turbidity, is immediately produced on adding
silver nitrate T.S. to a solution of aminopyrine
acidified with nitric acid. Heavy metals. — The
limit is 20 parts per million. Readily carbonizable
substances. — A solution of 100 mg. of aminopyrine in 1 ml. of sulfuric acid is colorless. Antipyrine.— A mixture of 100 mg. of aminopyrine,
100 mg. vanillin, 5 ml. of water and 2 ml. of
sulfuric acid, heated to boiling, has no more
color than a mixture of 5 ml. of water, 2 ml. of
sulfuric acid, and 100 mg. of vanillin, also heated
to boiling. N.F.
Incompatibilities. — Aminopyrine has incompatibilities very similar to those of antipyrine. It
is precipitated by many alkaloidal reagents including iodine, tannic acid and Mayer's reagent.
Oxidizing agents produce a blue to violet color;
these include ferric chloride, silver nitrate, nitric
acid, nitrites, iodine, and certain enzymes. Calomel and mercury bichloride are reduced. Aspirin
and salol are discolored and become moist when
mixed with it, as do citric, tartaric, and salicylic
acids, phenol, and chloral hydrate. Solutions of
aminopyrine when mixed with acacia show a color
change from violet, through yellow to brown.
This is due to the oxidase of acacia and may be
prevented by previously heating the mucilage on
a water bath for 30 minutes.
Uses. — Aminopyrine is one of the most powerful analgesics of the "coal-tar group" but because
of its frequent incrimination in cases of agranulocytosis its use in this country has been largely
discontinued. Its effect on the threshold for pain,
produced by radiant heat on the normal skin, was
no different than that of the equivalent dose of
acetanilid or acetylsalicylic acid (Wolff, Hardy
and Goodell, /. Clin. Inv., 1941, 20, 63). It
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will relieve neuralgic headaches, dysmenorrhea,
rheumatism and similar painful conditions. In
rheumatic fever it causes diminution of fever
and relieves the joint pain as effectively as do
the salicylates; small doses, such as 300 mg.
three to six times daily, are adequate (McEwen,
Bull. N. Y. Acad. Med., 1943, 19, 679). A few
authors believe it has a specific curative effect on
the progress of the disease. (Bodenstab, Deutsches
Arch. klin. Med., 1928, 159, 129). Contrary to
some reports Borafski and Steigmann (J.A.M.A.,
1933, 100, 1859) found its effects in measles to
be not essentially different from those of other
coal-tar antipyretics. In 1932 Scherf reported
symptomatic relief in diabetes insipidus; this was
confirmed by Kahn (J.A.M.A., 1933, 100, 1593).
Large doses of the drug intravenously will cause
a great reduction in the output of urine for 6 or 8
hours, but when used repeatedly it loses its antidiuretic power. In healthy persons Weitzman
(Ztschr. klin. Med., 1940, 137, 429) reported
that it caused increased rather than decreased
diuresis following the ingestion of a large amount
of water.
Toxicology. — The most dangerous outcome
from the use of aminopyrine is the agranulocytosis which develops in some patients; this consists of a very low leukocyte count in the blood
(as low as a few hundred per cu. mm.), an almost
total absence of granulocytes (neutrophils), a
maturation arrest of myeloblasts in the bone marrow, fever, malaise, necrotic ulcerations of the
throat and other mucous membranes, prostration
and death in as high as 70 per cent of cases
(Kracke and Parker, J. A.M. A., 1938, 111, 1255,
and FitzHugh, ibid., p. 1643). Since agranulocytosis is so often fatal, and since other effective
analgesic drugs are available, the use of aminopyrine has been largely discontinued, [v]
The analgesic dose of aminopyrine is from 130
to 300 mg. (approximately 2 to 5 grains) ; a
maximum single dose of 600 mg. and maximum
total doses of 1 to 3 Gm. in a period of 24 hours
are recorded, which latter dose is hardly to be
considered safe.
Storage. — Preserve "in well-closed, lightresistant containers." N.F.

AMINOPYRINE

ELIXIR.

N.F.

Amidopyrine Elixir, [Elixir Aminopyrinae]

"Aminopyrine Elixir contains, in each 100 ml.,
not less than 3.7 Gm. and not more than 4.3 Gm.
of C13H17N3O." N.F.
Dissolve 40 Gm. of aminopyrine in 200 ml. of
alcohol, add 3 ml. of compound orange spirit, 10
ml. of compound amaranth solution, 60 ml. of
glycerin, 400 ml. of syrup, and enough purified
water to make the product measure 1000 ml. Mix
well and filter, if necessary, to produce a clear
liquid. N.F.
Assay. — A sample of 5 ml. of elixir is alkalinized with ammonia and the aminopyrine extracted with successive portions of chloroform.
After washing the chloroform solution with water,
the former is filtered into a tared beaker, the
solvent is evaporated and the residue of amino-
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pyrine dried at 60° for 2 hours, cooled, and
weighed. N.F.
Alcohol Content. — From 17 to 20 per cent,
by volume, of C2H5OH. N.F.
This preparation is an acceptable dosage form
for aminopyrine, but it should be used cautiously
in view of the potential harmful effect of the
active ingredient. The N.F. gives the usual dose
as 4 ml. (approximately 1 fluidrachm). which
represents about 160 mg. (approximately 2y2
grains) of aminopyrine.
Storage. — Preserve "in tight containers." N.F.
AMINOPYRINE TABLETS.
X.F. (LP.)
Amidopyrine Tablets, [Tabellae Aminopyrinae]

"Aminopyrine Tablets contain not less than 94
per cent and not more than 106 per cent of the
labeled amount of C13H17N3O." N.F. The LP.
limits are 93.0 and 107.0 per cent, respectively.
I. P. Tablets of Amidopyrine;

Compressi Amidopyrini.

Assay. — A representative sample of tablets,
equivalent to 1 Gm. of aminopyrine. is dissolved
in 1 N hydrochloric acid. After filtering to remove insoluble matter an aliquot portion of the
filtrate is rendered alkaline with ammonia T.S.
and the aminopyrine extracted with chloroform.
The chloroform is evaporated and the residue of
aminopyrine dried at 60° for 2 hours, cooled and
weighed. N.F.
Usual Size. — 5 grains (approximately 300
mg.).

AMINOSALICYLIC

ACID.

U.S.P., (LP.)

Para-aminosalicylic Acid, PAS

COOH

"Aminosalicylic Acid contains not less than
98.5 per cent of C7H7NO3. calculated on the dried
basis." U.S.P. The LP. requires not less than 97.0
per cent of the active component, referred to the
substance as it is found.
"Caution. — Prepare solutions of Aminosalicylic
Acid within 24 hours of administration. Under no
circumstances use a solution if its color is darker
than that of a freshly prepared solution." U.S.P.
LP. Para-aminosalicylic Acid; Acidum Para-aminosalicylicum. Pamisyl {Parke-Davis). 4-Aminosalicylic Acid;
4-Amino-2-hydroxybenzoic Acid.

This tuberculostatic agent may be synthesized
by several processes, as by carboxylation of maminophenol, reduction of />-nitrosalicylic acid,
or by a 4-step synthesis starting with 4-nitro-2aminotoluene (J.A.Ph.A., 1949, 38, 9). Besides
the acid, the calcium and sodium salts are official.
Description. — "Aminosalicylic Acid is a white
or nearly white, bulky powder, darkening on
exposure to fight and air. It is odorless or has a
slight acetous odor. One Gm. of Aminosalicylic
Acid dissolves in about 500 ml. of water and in
about 21 ml. of alcohol. It is slightly soluble in
ether and practically insoluble in benzene." U.S.P.
Standards and Tests. — Identification. — (1)
.The diacetyl derivative melts at about 191°. (2)

I

On adding ferric chloride T.S. to a saturated solution a violet color is produced. (3) The acid
melts rapidly, with evolution of carbon dioxide,
between 145° and 150°. pH — The pH of a saturated solution is between 3.0 and 3.7. Water. —
Not over 0.5 per cent, when determined by the
Karl Fischer method. Residue on ignition. — Not
over 0.1 per cent. Clarity and color of solution. —
1 Gm. dissolves in 10 ml. of 1 in 10 sodium bicarbonate solution to give a clear solution which has
no more than a faint yellow color. Chloride. —
The limit is 140 parts per million. Arsenic. — The
limit is 10 parts per million. Heavy metals. — The
limit is 30 parts per million, m- Amino phenol. —
Not over 0.2 per cent. U.S.P.
Assay. — About 300 mg. of aminosalicylic acid
is dissolved in glacial acetic acid, after which cold
water, ice, and hydrochloric acid are added and
the solution is titrated with 0.1 M sodium nitrite
until it produces with starch iodide paste a blue
color immediately. In this assay the amino group
is quantitatively diazotized. with one molecule of
aminosalicylic acid reacting with one molecule of
sodium nitrite. Each ml. of 0.1 M sodium nitrite
represents 15.31 mg. of C7H7NO3. U.S.P. In the
LP. assay about 300 mg. of the acid is dissolved
in 5 ml. of acetone and titrated with 0.1 A7 sodium
hydroxide, using bromothymol blue as indicator.
Each ml. of 0.1 N sodium hvdroxide represents
15.31 mg. of C7H7NO3.
Stability. — Oberweger et al. {Quart. J. P.,
194S, 21, 292) investigated the stability of both
the acid and its sodium salt. Dry aminosalicylic
acid evolves carbon dioxide at temperatures above
100° C, melting during the decomposition; the
sodium salt is quite stable even when heated at
150° C. for an hour and may be sterilized in the
dry state by this procedure, after first dehydrating
the dihydrate
to 110°
1.5 hour's.
Aqueous solutions at
of 100°
the acid
are for
relatively
unstable,
particularly at elevated temperatures; the acid
decomposes to w-aminophenol. with liberation of
carbon dioxide. Explosions due to the accumulated
pressure of the gas formed in acid solutions of
aminosalicylic acid have been reported (Bulletin
of the American Society of Hospital Pharmacists,
Jan. -Feb., 1950, page 21). The sodium salt is considerably more stable in aqueous solution and can
be boiled without marked decarboxylation; sterilization by autoclaving results in appreciable decomposition (15 per cent in a 1 to 5 solution
according to Oberweger et al.). Solutions of the
sodium salt develop a yellow to brown color;
color formation may be delayed if not avoided
entirely by dissolving 0.1 per cent of sodium
metabisulfite in the solution. Solutions of the sodium salt for oral use may be prepared from
anhydrous aminosalicylic acid by the reaction, in
water, of 153 parts of the acid with 84 parts of
sodium bicarbonate, i.e., in the proportion of the
molecular weights of the two substances.
Uses. — Aminosalicylic acid has been used in
the treatment of human tuberculosis since Lehmann's observation (Lancet, 1946, 250, 15) that
it possesses bacteriostatic activity against tubercle
bacilli.
Action. — The acid is rapidly absorbed from
the gastrointestinal tract and diffuses generally
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throughout the tissues, the highest concentrations
being found in the kidney, lung and liver; it is
also found in cerebrospinal fluid. While a concentration of 0.15 mg. per 100 ml. is bacteriostatic
when tested against tubercle bacilli, in vitro (Lehmann, loc. cit.), the blood levels when therapeutic doses are given are of the order of 2 to 11
mg. per 100 ml. and even higher. Aminosalicylic
acid must be given at intervals of 2.5 to 3 hours
to maintain continuously elevated blood levels.
Almost all of it is excreted in the urine within
10 hours (McClosky et al, J. Pharmacol., 1948,
92, 447; Way et al, ibid., 1948, 93, 368; Venkataraman et al, J. Biol. Chem., 1948, 173, 641).
The acid is bacteriostatic rather than bactericidal
but the exact metabolic function altered to inhibit
growth is undetermined.
Tuberculosis. — Bogen (Am. Rev. Tuberc,
1950, 61, 226), in an extensively annotated review, reported that most investigators found early
marked symptomatic improvement, with less
cough and sputum, increased appetite, slowing of
pulse and respiration, and a drop in temperature
especially in fever due to tuberculous pneumonia
or pleurisy, following use of aminosalicylic acid.
When used alone, however, the acid has proved
to be less effective than streptomycin (Tempel,
J.A.M.A., 1952, 150, 1165). Aminosalicylic acid
may be given by itself in the treatment of infections due to streptomycin-resistant tubercle bacilli (American Trudeau Society, Am. Rev.
Tuberc, 1951, 63, 617). Its use in conjunction
with isonicotinic acid hydrazide is being investigated (Trans. 12th Conf. Chemoth. Tbc, 1953).
Some authorities recommend aminosalicylic acid
alone during the long-range preparation of patients for resectional operation. Others use it for
symptomatic relief of protracted, incurable tuberculosis.
The concomitant administration of aminosalicylic acid and streptomycin markedly delays the
emergence of streptomycin-resistant strains of
tubercle bacilli and thus prolongs the therapeutic
effect of the antibiotic. On a 120-day regimen of
12 Gm. of aminosalicylic acid daily and 1 Gm. of
streptomycin twice a week, resistance to 10 micrograms per ml. of the latter was reduced from 82
per cent to less than 20 per cent (Report, Council
on Pharm. & Chem., J.A.M.A., 1951, 147, 253).
This significant reduction in bacterial resistance
has been accomplished without any sacrifice in
therapeutic efficacy. In fact, pulmonary, miliary,
meningeal, and other forms of tuberculosis have
all shown clinical improvement on the combined
regimen.
Toxicology. — Gastrointestinal disturbances,
consisting of nausea, vomiting, and diarrhea, are
rather frequent early in the course of treatment
but may subside with continued therapy. Reduction in gastrointestinal irritation has been reported to be obtained by use of enteric-coated
tablets or granules, by dispersion in a flavored
effervescent drink, by oral or intravenous administration of a solution of the sodium salt or by
oral use of the potassium salt in solution. Serious
toxic reactions are rare. A few allergic reactions,
including dermatitis and drug fever, have been
reported. Muri (Nor disk Med., 1952, 47, 141)

reported a case of fatal aminosalicylic acid intoxication and Steininger et al. (Am. Rev. Tuberc,
1954, 69, 451) reported a fatal allergic reaction
from a 5.5-Gm. dose of sodium aminosalicylate.
Several reports of thyroid enlargement occurring
during therapy with aminosalicylic acid have appeared (Brinkman and Coates, ibid., 1954, 69,
458). Purpura and a mild hypoprothrombinemia
have been observed. Patients with impaired hepatic or renal function should be given aminosalicylic acid with caution.
Dose. — The usual dose is 3 Gm. (approximately 45 grains) 4 times daily by mouth, with a
range of 2 to 4 Gm. The maximum safe dose is
4 Gm. and the total dose in 24 hours should not
exceed 16 Gm. To minimize the gastrointestinal
disturbances, which are frequent, the dose should
be administered with meals ; simultaneous use of 5
to 10 ml. of aluminum hydroxide gel is recommended. Enteric-coated granules are used to minimize discomfort. Most patients tolerate the sodium salt better and this salt is used for parenteral
administration. The calcium salt is also official.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
AMINOSALICYLIC ACID TABLETS.
U.S.P.
"Aminosalicylic Acid Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of C7H7NO3." U.S.P.
Usual Size. — 500 mg.
AMMONIA
Fr. Ammoniac

(gaz).

Ger. Ammoniak;

Ammoniakgas.

One of the most important compounds of nitrogen is ammonia, NH3, a transparent and colorless
gas possessing an acrid taste and an exceedingly
pungent odor. From its alkaline reaction and
gaseous nature it was called the volatile alkali by
the earlier chemists. Ammonia is the simplest
form of the class of bodies described as amines,
and is the prototype of nitrogenous organic bases,
which may be considered as substituted ammonias.
The word "ammonia" originated from the fact
that it was near the temple of the Egyptian deity
Ammon that the earliest sal ammoniac was found
as a product
originating
tions of ammonia
have from
beencamels'
known urine.
and Soluused
from very early cimes. The substance itself was
first recognized by Priestley, who heated the aqueous solution of ammonia and collected the gas
over mercury. Its components and the proportion
in which they are combined were determined by
Berthollet and by Austin.
Ammonia, either as such or in the form of ammonium salts, is found in small quantities in the
air and in most natural waters; it is a constituent
in plant and animal fluids and in a few minerals.
It is formed during the decay of nitrogenous
organic materials and is an important factor in
plant nutrition.
Ammonium compounds are sometimes found in
sufficient quantity to afford a satisfactory natural
source. Some of the guano deposits in South
America contain a considerable proportion of
ammonium carbonate and have been used as a
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source of ammonia. Volcanic areas frequently
contain quantities of ammonium chloride and sulfate. However, only a small proportion of the
commercial supply is obtained from natural
sources. A considerable quantity of ammonia is
obtained in the manufacture of illuminating gas,
power gases, or coke from coal and in the production of shale oil from shale. Some ammonia is
obtained from the destructive distillation of bones
and other animal and vegetable wastes. But the
most important commercial source of ammonia
today is that of the synthesis of ammonia from
its constituent elements, nitrogen and hydrogen.
The techniques of manufacture vary considerably, but in general the processes consist of a reaction between three volumes of hydrogen and
one volume of nitrogen at pressures between 100
and 1000 atmospheres and at temperatures ranging from 400° to 550°, while in contact with a
promoted iron catalyst. Nitrogen for the reaction
may be obtained by the distillation of liquid air
or from the manufacture of producer gas. Hydrogen may be derived from the reaction of natural
gas with steam in the presence of a nickel catalyst,
from the electrolysis of brine, or from coke and
steam by way of the water-gas reaction. The
German chemist Haber was the first to develop
a process for synthesis of ammonia from its elements as a result of which the method is generally designated as the Haber synthetic ammonia
process. Ammonia may also be obtained from the
compounds formed by fixation of atmospheric
nitrogen; thus calcium cyanamide may be made
to vield it in accordance wath the following reaction: CaNCN + 3H20 -> CaCOa + 2NH3.
Ammonia has a specific gravity of 0.597
(air =1). The gas may be liquefied or solidified;
the solid melts at — 85°, the liquid boils at
— 33.4°. It is very soluble in water, a portion
combining with the water to form ammonium hydroxide. Itis easily liquefied by compression. In
the latter form it is available on the market in
cylinders. It combines with acids to form salts
containing the ammonium ion, NH4+, which was
named by Berzelius. Ammonium ion acts in many
respects in a manner analogous to the ions of the
alkaline metals.
In addition to ammonium salts, ammonia forms
an interesting series of addition compounds with
many metallic salts. For instance, the familiar
deep blue solution obtained when aqueous ammonia is added to a cupric salt contains such an
addition compound. Among the salts which combine in this manner with ammonia are those of
silver, zinc, copper, chromium, nickel, cobalt, and
the platinum metals. Usually two, four, or six
molecules of ammonia are bound to the metallic
ion. These compounds were extensively investigated by Werner; they are known as metal-ammonia complexes, Werner's complexes, or ammines
(not amines, which are organic derivatives).
The largest peace-time use of ammonia is in
the manufacture of fertilizers; indeed, ammonia
is in some areas applied directly to the soil as a
fertilizer. Ammonia also enters into the manufacture of many chemicals and such substances as
rubber, plastics, various synthetic textile fibers,
. lacquers, etc. It is also employed as a refrigerant.

In the steel industry it is used to harden steel by
virtue of its forming a nitride. In time of war
ammonia is of commanding importance because
it is the starting point for the manufacture of
almost all military explosives.
Physiological Action. — Ammonia is an irrespirable gas; it is so irritant that the instant it
comes in contact with the glottis is causes immediate spasm of that orific and inhibition of respiration. Continued exposure to high concentrations, however, may be sufficiently irritating to
produce pulmonary edema. Repeated or longcontinued exposure to low concentrations of the
gas will cause chronic pulmonary irritation, but
less than 250 parts per million of the vapor are
probably harmless. Exposure of the skin to the
concentrated gas leads to vesicle formation. Its
only therapeutic value lies in its local irritant
effects, for it cannot circulate in the blood stream,
being there converted into ammonium salts.
Remedial effects of ammonia water or aromatic
ammonia spirit are due to the evolution of ammonia gas which irritates the nasal mucous membrane, and reflexly stimulates the respiratory and
vasomotor centers.
For description of ammonia poisoning, see
under Diluted Ammonia Solution. For account of
physiologic properties of ammonium ion see under
Ammonium Carbonate.
DILUTED

AMMONIA SOLUTION.
U.S.P. (B.P.)

Ammonia Water, Diluted Ammonium Hydroxide
Solution, Liquor Ammonia; Dilutus

"Diluted Ammonia Solution is a solution of
NH3 containing, in each 100 ml., not less than
9 Gm. and not more than 10 Gm. of NH3. Upon
exposure
air it Solution
loses ammonia
rapidly."contains
U.S.P.
The B.P. toDilute
of Ammonia
10 per cent w/w (limits, 9.5 to 10.5) of NH3.
B.P. Dilute Solution of Ammonia. Solution of Ammonia.
Liquor Ammonii Hydroxidi ; Liquor Ammonii Caustici
(Ger.); Ammonia Caustica Diluta. Fr. Ammoniaque officinale diluee; Solution aqueuse, au dixieme.de gaz ammoniac. Ger. Ammoniakfliissigkeit. It. Soluzione di ammoniaca. Sp. Solution de Amoniaco Diluida.

Diluted ammonia solution may be prepared by
diluting 398 ml. of strong ammonia solution with
sufficient purified water to make 1000 ml. U.S.P.
Description. — "Diluted Ammonia Solution is
a colorless, transparent liquid, having a very
pungent, characteristic odor. It is alkaline to
litmus. Its specific gravity is about 0.96." U.S.P.
Standards and Tests. — Identification. —
Dense, white fumes are produced when a glass rod
wet with hydrochloric acid is held near diluted
ammonia solution. Non-volatile substances. — Not
over 2 mg. of residue is obtained on evaporating
10 ml. of diluted ammonia solution and drying at
105° for 1 hour. Heavy metals. — The limit is 5
parts per million. Readily oxidizable substances.
— The pink color of a mixture of 10 ml. of diluted
ammonia solution with a slight excess of diluted
sulfuric acid and 0.1 ml. of 0.1 N potassium permanganate does not completely disappear in 10
minutes. U.S.P.
The B.P. provides a test for limit of tarry matter in which 6 Gm. of powdered citric acid is dis-
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solved in 15 ml. of dilute solution of ammonia:
no tarry odor is perceptible. The arsenic and
lead limits are 0.1 and 0.3 part per million,
respectively.
Assay. — A portion of 5 ml. of diluted ammonia
solution is mixed with water and titrated with 1 N
sulfuric acid, using methyl red T.S. as indicator.
Each ml. of 1 N sulfuric acid represents 17.03 mg.
of NH3. U.S.P. In the B.P. assay the ammonia
solution is weighed into a measured excess of 1 N
hydrochloric acid; the excess of acid is titrated
with 1 N sodium hydroxide using methyl red as
indicator.
Composition. — Water is capable of dissolving
large amounts of ammonia; one volume of water
at 0° and 1 atmosphere dissolves 1298 volumes
of the gas, and at 20° it dissolves 710 volumes.
To a large extent the ammonia dissolves as such;
a portion of it combines chemically with water to
form the weak base, ammonium hydroxide, which
dissociates slightly into ammonium and hydroxyl
ions. Some hydrates of NH3 are also present.
Incompatibilities. — Ammonium hydroxide reacts with acids to form the corresponding ammonium salts and with many metals forms a precipitate. Alkaloids are precipitated from solutions
of their salts. Free iodine may form nitrogen
iodide which is explosive when dry.
Uses. — When brought into contact with living
tissue, ammonia solution acts as a stimulant, irritant, or caustic according to the concentration of
the solution. The official diluted ammonia solution, ifapplied for a short time to the skin, produces burning pain and redness; if contact is prolonged it is capable of destroying the whole
dermal tissue. When injected into the circulation,
diluted ammonia solution produces the characteristic effects of ammonium salts but for reasons
pointed out elsewhere (see under Ammonium
Carbonate) it cannot be absorbed from the stomach in sufficient quantity to exercise any direct
influence upon the general system. It is widely
used for sudden syncope of nervous origin. By
the mouth, the effects are due to reflex stimulation of the vasomotor center from irritation of
the gastric mucous membrane. Still more marked
action of the same nature follows smelling of
ammonia vapor, as from ammonia water (see also
under Ammonia). If injected hypodermically, the
resulting pain is a powerful reflex stimulant to
circulation and respiration. It may cause necrosis
at the injection site. Although it is an alkali, it is
too irritant to be useful as a gastric antacid.
Ammonia water is used as an ingredient of
stimulating liniments, especially when combined
with olive or other oil. Under the title Ammonia
Liniment the N.F. IX recognized a preparation
made by mixing 10 ml. of oleic acid with 740 ml.
of sesame oil, adding 250 ml. of diluted ammonia
solution and agitating until a uniform mixture
resulted, [v]
Toxicology. — The symptoms of poisoning by
ammonia are solely those of local irritation : pain
in the mouth, throat, and epigastrium; vomiting
and collapse from the severity of the gastritis.
Conjunctivitis is common. The conjunctiva should
be rinsed with water or isotonic sodium chloride
solution. In some cases the irritation of the throat
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is so severe as to produce an acute edema of the
glottis which may mechanically obstruct respiration and cause rapid death from asphyxia. In the
treatment of the condition, passage of the stomach tube or the use of emetics is contraindicated
because of the danger of perforation. Diluted
acetic acid in the form of vinegar may be used
as an antidote; olive oil or some other fatty substance is useful not only because it combines
with the caustic alkali to form a comparatively
nonirritant soap, but also by virtue of its local
soothing action upon the inflamed mucosa. Morphine sulfate hypodermically may be used safely
to relieve pain. In case of edema of the larynx,
tracheotomy is indicated; it should be realized
that this condition may not develop for an hour
or two after the ingestion of the poison and the
physician should remain ready for immediate
operation if necessary. The subsequent treatment
is purely symptomatic.
Dose, from 0.6 to 2 ml. (approximately 10 to
30 minims), largely diluted.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." U.S.P.
Off. Prep. — Aromatic Ammonia Spirit, U.S.P.;
Bismuth Magma; Senega Syrup; Washed Sulfur,
N.F.
STRONG

AMMONIA SOLUTION.
U.S.P. (B.P.)

Stronger Ammonia Water, Stronger Ammonium
Hydroxide Solution, Liquor Ammonias Fortis

"Strong Ammonia Solution is a solution of
NH3, containing not less than 27 per cent and not
more than 30 per cent of NH3. Upon exposure to
air it loses ammonia rapidly. Caution. — Great care
should be used in handling Strong Ammonia Solution because of the caustic and irritating properties of its vapor. Before the container is opened it
should be well cooled and the closure covered
with a towel before removal. Strong Ammonia
Solution must never be tasted nor its vapor inhaled." U.S.P.
The B.P. Strong Solution of Ammonia is more
concentrated than the U.S.P. solution. It contains
32.5 per cent w/w of NH3 (limits 31.5 to 33.5).
B.P. Strong
Amoniaco
Fuerte. Solution of Ammonia.

Sp. Solution de

Strong ammonia solution may be obtained by
dissolving ammonia gas in water. The solution is a
complex preparation, containing NH3, hydrates
of the latter, some NH4OH and small amounts
of NH4+ and OH-.
Description. — "Strong Solution of Ammonia
is a colorless, transparent liquid, having an exceedingly pungent, characteristic odor. It is
strongly alkaline to litmus. Its specific gravity is
about 0.90." U.S.P.
Standards and Tests. — Strong ammonia solution, diluted with one and one-half volumes of
water, meets the requirements of the tests for
non-volatile substances, heavy metals, and readily
oxidizable substances under Diluted Ammonia Solution. U.S.P. The B.P. has a test for limit of
tarry matter (see under Diluted Ammonia Solution), and sets the limits of arsenic and lead at
0.4 and 1 part per million, respectively.
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Assay. — About 2 ml. of strong ammonia solution is weighed accurately in a glass-stoppered
flask containing water and titrated with 1 N sulfuric acid, using methyl red T.S. as indicator.
Each ml. of 1 AT sulfuric acid represents 17.03 mg.
of NH3. U.S.P. In the B.P. assay the ammonia
solution is weighed in a flask containing a measured excess of 1 N hydrochloric acid; the excess
of acid is titrated with 1 N sodium hydroxide.
Great care should be exercised in opening
bottles containing strong ammonia solution. It is
safer, if the solution has been kept in a warm
room, to cool it with ice before attempting to
withdraw the stopper, as the liberated gas, when
warm, frequently is forced out under considerable
pressure, and accidents which have resulted in
injury to the sight of the operator are recorded.
Uses. — Strong ammonia solution is too potent
for medicinal use in its original concentration but
provides a convenient solution for dilution to the
strength of ordinary ammonia water. Sufficiently
diluted with camphor and rosemary spirits, it was
formerly employed as an irritant lotion for
alopecia. The inadvertent inhalation of the gas
escaping from strong ammonia solution may cause
inflammation of the upper respiratory tract. The
best antidote, under these circumstances, is the
inhalation of vapors of vinegar or acetic acid.
(For toxicology, see under Diluted Ammonia
Solution.) E
Dose, 0.2 to 0.4 ml. (approximately 3 to 6
minims), largely diluted.
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." U.S.P.
Off. Prep.— Diluted Ammonia Solution, U.S.P.,
B.P.; Ammoniacal Silver Nitrate Solution, N.F.;
Ammoniated Liniment of Camphor; Aromatic
Spirit of Ammonia, B.P.
AROMATIC

AMMONIA
U.S.P. (B.P.)

SPIRIT.

[Spiritus Ammoniac Aromaticus]

"Aromatic Ammonia Spirit contains, in each
100 ml., not less than 1.7 Gm. and not more than
2.1 Gm. of total NH3, and ammonium carbonate,
corresponding to not less than 3.5 Gm. and not
more than 4.5 Gm. of (NH^COa." U.S.P.
The B.P. Aromatic Spirit of Ammonia contains 1.185 per cent w/v of free ammonia (limits,
1.12 to 1.25), calculated as NH3, and 3.0 per cent
w/v of ammonium carbonate (limits, 2.76 to
3.24), calculated as (NH4)2C03.
B.P. Aromatic Spirit of Ammonia. "Aromatics"; Spirit
of Sal Volatile. Sp. Espiritu Aromatico de Amoniaco.

Dissolve 34 Gm. of translucent ammonium carbonate in90 ml. of diluted ammonia solution and
140 ml. of purified water by gentle agitation, and
allow the solution to stand for 12 hours. Dissolve
10 ml. of lemon oil, 1 ml. of lavender oil and 1 ml.
of myristica oil in 700 ml. of alcohol contained
in a graduated bottle or cylinder, and add gradually the ammonium carbonate solution along with
enough purified water to make 1000 ml. Set the
mixture aside in a cool place for 24 hours, agitating it occasionally, and then filter, using a
covered funnel. US.P.
The B.P. prepares aromatic spirit of ammonia
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by distilling a mixture of alcohol, water, lemon
oil and nutmeg oil, collecting two portions of
distillate, the first and larger portion containing
most of the alcohol and oils, and the second portion representing largely water saturated with
oils; the ammonium bicarbonate and stronger
ammonia water are dissolved in the aqueous fraction of the distillate and then mixed with the
distillate representing the hydroalcoholic solution
of the oils. The B.P. preparation is slightly
stronger in ammonia water and slightly weaker
in ammonium carbonate.
Under ammonium carbonate it was pointed out
that this substance is a mixture of ammonium
carbamate and ammonium bicarbonate. In the
hydroalcoholic medium of aromatic ammonia
spirit the carbamate dissolves completely and is
converted by water to carbonate; the bicarbonate,
however, because of its insolubility in alcohol,
would be largely precipitated if ammonia were not
included to convert it to carbonate. This need for
ammonia is all the more necessary because ammonium carbonate which has been exposed to the
air for a long time will have been in considerable
part converted to ammonium bicarbonate by loss
of ammonia; in the presence of ammonia the
bicarbonate is converted again to carbonate. But
even with the inclusion of ammonia it is imperative that translucent pieces af ammonium carbonate be used, for the amount of ammonia may
be inadequate to convert a large amount of bicarbonate to carbonate, with the result that a
part of the bicarbonate remains insoluble. The
U.S.P. allows 12 hours for the reaction between
ammonia and the components of ammonium carbonate to become completed. If directions are
followed in every detail, the precipitation (of
ammonium bicarbonate) sometimes observed will
not occur.
Description. — "Aromatic Ammonia Spirit is a
nearly colorless liquid when recently prepared, but
gradually acquires a yellow color on standing. It
has the taste of ammonia, has an aromatic and
pungent odor, and is affected by light. Its specific
gravity
is aboutcolor
0.90."acquired
US.P. by the spirit, on
The yellow
standing, is due either to alteration of the volatile
oils, or to a reaction of aldehydes in alcohol in
the presence of alkali. Despite the change in color,
the spirit retains its therapeutic activity.
Assay. — For total ammonia. — A 10-ml. portion of spirit is diluted with water, mixed with
30 ml. of 0.5 N sulfuric acid, and the mixture
boiled until a clear solution results, after which
the excess of acid is titrated with 0.5 N sodium
hydroxide, using methyl red T.S. as indicator.
Each ml. of 0.5 N acid represents 8.516 mg. of
XH3. For ammonium carbonate. — A second 10-ml.
portion of spirit is mixed with 30 ml. of 0.5 N
sodium hydroxide, the mixture boiled until the
ammonia is expelled and an amount of sodium
carbonate equivalent to the ammonium carbonate
originally present is formed, and the solution
neutralized with 0.5 N sulfuric acid, first to
phenolphthalein T.S., and then to methyl orange
T.S. Each ml. of 0.5 N acid consumed in the
presence of methyl orange represents 48.05 mg.
of (NH4)2C03. This equivalent is based on the
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fact that at the phenolphthalein endpoint the
carbonate has been converted to bicarbonate, and
that it is only the latter which is neutralized in
the presence of methyl orange.
The B.P. assays for free ammonia by essentially the same method that the U.S. P. employs
for total ammonia, except that from the amount
of acid required to neutralize both free and combined ammonia is subtracted the amount equivalent to the ammonium carbonate present. In the
assay for ammonium carbonate the following
steps are performed: the sample of spirit is
treated with a solution of barium chloride to precipitate barium carbonate and form an equivalent
amount of ammonium chloride; simultaneously a
measured excess of 1 ^ sodium hydroxide is
added, which reacts with the ammonium chloride
to form sodium chloride and ammonia; the ammonia from this reaction, as well as that present
in the spirit initially, is reacted with formaldehyde
to convert it to methenamine; finally, the excess
of the sodium hydroxide solution is titrated with
1 N hydrochloric acid, using thymol blue indicator. Each ml. of 1 N sodium hydroxide represents 48.05 mg. of (NEU)2C03.
Alcohol Content. — From 62 to 68 per cent,
by volume, of C2H5OH. U.S.P.
Uses. — Aromatic ammonia spirit is used as a
mild stimulant in syncope and other forms of
circulatory weakness. Its action is purely reflex,
resulting from irritation of the mucous membrane
of the alimentary tract. Although ammonia is a
stimulant to the circulation it can act only when
injected hypodermically. Aromatic ammonia spirit
has been used for "sick headache." H
The usual dose is 2 ml. (approximately 30
minims), well diluted with water. The maximum
safe dose is usually 4 ml. and the total dose in 24
hours should seldom exceed 10 ml.
Storage. — Preserve "in tight, light-resistant
containers, preferably at a temperature not above
30°." U.S.P.
AMMONIUM

ACETATE
N.F. (B.P.)

SOLUTION.

[Liquor Ammonii Acetatis]

Acetate, Strong

Solution
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carbonate, in hard, translucent pieces, in sufficient purified water to make 1000 ml. Solution
No. 2. — Mix 320 ml. of acetic acid with sufficient
purified water to make 1000 ml. of solution. N.F.
The B.P. equivalent of this preparation is made
by diluting the stronger solution (q.v.) with seven
parts of distilled water.
The palatability and compatibility of this solution are enhanced by having in it a slight excess
of acetic acid and carbon dioxide; it is, therefore, important that the ammonium carbonate be
not decomposed and that the acetic acid be of
specified strength. Particularly to insure having
carbon dioxide in the solution as it is dispensed, it
should be prepared as required for immediate use.
Description. — "Ammonium Acetate Solution
is a clear, colorless liquid, free from empyreumatic odor. It has a mildly salty, acid taste, and
an acid reaction to litmus." N.F.
Standards and Tests. — Identification. — Ammonium acetate solution responds to tests for
ammonium and for acetate. Residue on ignition. —
The residue from 20 ml. of solution does not
exceed 3 mg. N.F.
Assay. — A portion of 25 ml. is diluted with
water, made alkaline with sodium hydroxide T.S.
and the ammonia distilled out of the mixture into
50 ml. of 1 N sulfuric acid; the excess acid is
titrated with 1 N sodium hydroxide using methyl
red T.S. as indicator. Each ml. of 1 A7 sulfuric
acid represents 77.08 mg. of CH3COONH4. N.F.
The B.P. assay is explained under Strong Solution
of Ammonium Acetate.
Uses. — Ammonium acetate solution is used as
a saline diaphoretic and diuretic, especially in
febrile conditions, [Yl
Dose, from 15 to 30 ml. (approximately Yi to 1
fluidounce) every two or three hours, mixed with
water and sweetened.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Iron and Ammonium Acetate Solution, N.F.
STRONG

SOLUTION
ACETATE.

OF AMMONIUM
B.P.

Liquor Ammonii Acetatis Fortis

"Ammonium Acetate Solution contains, in each
100 ml., not less than 6.5 Gm. and not more
than 7.5 Gm. of CH3COONH4, with small
amounts of acetic and carbonic acids. Note. —
Dispense only recently prepared Ammonium
Acetate Solution." N.F. The B.P. limits of ammonium acetate for this solution are from 6.9 to
7.5 per cent w/v.
B.P. Dilute Solution of Ammonium Acetate, Liquor
Ammonii Acetatis Dilutus. Spirit of Mindererus. Ammonium Aceticum Solutum; Ammonii Acetas Liquidus;
Liquor Ammonii Acetici. Fr. Acetate d'ammonium dissous; Solution officinale d'acetate d'ammonium; Acetate
d'ammonium liquide. Ger. Ammoniumacetatlosung. It.
Soluzione di acetato di ammonio. Sp. Acetato de amonio
liquido; Acetato amonico liquido; Espiritu de minderero.

Dissolve 50 Gm. of ammonium carbonate, in
hard, translucent pieces, in sufficient diluted
acetic acid to make 1000 ml. of solution. Avoid
strong agitation of the solution during its preparation. The solution may also be prepared by mixing equal volumes of the following solutions:
Solution No. 1. — Dissolve 100 Gm. of ammonium

This solution contains about 57.5 per cent
w/v of ammonium acetate (limits, 55.0 to 60.0
per cent) and is prepared by the interaction in an
aqueous solution of glacial acetic acid, ammonium
bicarbonate and sufficient strong ammonia solution to make the pH of the solution, when a
portion of it is diluted with 10 volumes of water,
between 7 and 8 (the test being based on the
production of a full blue color with bromothymol
blue solution and a full yellow color with thymol
blue solution).
Description and Standards. — The solution
is described as a thin syrupy liquid having an odor
of ammonia as well as of acetic acid; the weight
per ml., at 20°, is about 1.094 Gm. Arsenic and
lead limits of 4 p.p.m. and 5 p.p.m., respectively,
are prescribed.
Assay. — A sample of 5 ml. of solution is
diluted with water, formaldehyde neutralized to
phenolphthalein is added, and the solution titrated
with 1 N sodium hydroxide, using phenolphthalein
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solution as indicator. Each ml. of I N sodium hydroxide represents 77.08 mg. of ammonium acetate. This assay is based on the fact that hydrolysis of ammonium acetate to ammonia and acetic
acid may be made complete by having formaldehyde present to react with ammonia, forming
methenamine, and leaving acetic acid to be titrated with alkalki.
Dose, from 1 to 4 ml. (approximately 15 to 60
minims).
Storage. — Preserve in a bottle made of leadfree glass. B.P.
Off. Prep. — Dilute Solution of Ammonium
Acetate, B.P.
AMMONIUM

BICARBONATE.

B.P.

Ammonii Bicarbonas

Ammonium Bicarbonate contains not less than
98.0 per cent of NH4HCO3. B.P.
Fr. Carbonate acide d'ammonium. Gcr Ammoniumbicarbonat; Doppeltkohlensaures Ammonium. Sp. Bicarbonato
amonico.

Ammonium bicarbonate may be prepared by a
number of methods. One of these consists in subliming so-called "ammonium carbonate" (really
a mixture of ammonium bicarbonate and ammonium carbamate; see Ammonium Carbonate)
in the presence of a little water, a white fibrous
mass of ammonium bicarbonate, somewhat contaminated with the carbamate, being obtained. By
washing the mass with alcohol the carbamate is
dissolved while the bicarbonate remains insoluble.
Ammonium bicarbonate may also be prepared by
passing carbon dioxide into an aqueous solution
of ammonia
treating
"ammonium
carbonate''
with
alcohol orinbyorder
to remove
the carbamate.
Description and Standards. — Ammonium
bicarbonate occurs as colorless crystals or a white
crystalline powder. It is slightly hygroscopic, dissolves in 5 parts of water (at 20°) but is insoluble in alcohol. It volatilizes slowly at room
temperatures. At 60° it rapidly dissociates into
ammonia, carbon dioxide and water. It gives the
characteristic reactions of the ammonium salts
and of the bicarbonates.
Pure ammonium bicarbonate does not possess
the irritant odor of ammonia, but because the
commercial preparations often contain traces of
carbamate, ammonia is produced in consequence
of the dissociation of the latter. According to
Whittet (Pkarm. J., 1949, 162, 24), solutions of
ammonium bicarbonate are stable for at least 6
months if stored in glass-stoppered bottles; exposed to air the solutions steadily decompose because of the release of ammonia and carbon
dioxide.
The B.P. includes tests for limits of tarry matter, chlorides, sulfates, arsenic, lead and iron. It
may be assayed by dissolving 2 Gm. in 40 ml. of
1 N hydrochloric acid, boiling the solution to
expel carbon dioxide, cooling, and finally titrating
the excess of acid with 1 N sodium hydroxide
solution, using methyl red as the indicator.
Uses. — This drug is very similar in its therapeutic range to the so-called ammonium carbonate
which is. as a matter of fact, largely composed
of the bicarbonate. It is somewhat less irritating
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than the older salt since it does not form the basic
carbonate. It has been used as an expectorant and
a carminative.
Externally, ammonium bicarbonate has been
applied in 0.5 to 2 per cent aqueous solution for
periodic irrigation of suppurating wounds before
granulations fill in the wound (see Berezin, Am.
Rev. Soviet Med., 1945, 2, 230).
The dose is from 300 to 600 mg. (approximately 5to 10 grains).
AMMONIUM

BROMIDE.

N.F.

[Ammonii Bromidum]

"Ammonium Bromide, dried at 105° for 2
hours, contains not less than 99 per cent of
NHiBr." N.F.
Ammonium Bromatum; Ammonium Bromuretum; Ammonium Hydrobromicum. Fr. Bromure d'ammonium ;
Bromhydrate d'ammoniaque. Ger. Ammoniumbromid;
Bromammonium. It. Bromuro di ammonio; Bromidrato di
aniinoni.ua. Sp. Bromuro de amonio.

Formerly this salt was prepared by dissolving
bromine in ammonia water, the hypobromite produced being reduced to bromide by means of
hydrogen sulfide. An early pharmacopeial process
directed preparation of the salt by the interaction
of ferrous bromide and ammonia water, the resulting ferrous hydroxide being oxidized to ferric
hydroxide and filtered off, and the ammonium
bromide obtained by evaporation of the filtrate. A
present-day commercial method of preparing the
salt involves reaction between boiling solutions
of ammonium sulfate and potassium bromide; on
cooling, the potassium sulfate precipitates in part,
with the remainder separating on concentration of
the liquid, aided by addition of alcohol. The ammonium bromide is obtained from the residual
liquid by concentrating it to crystallize' the salt.
Description. — "Ammonium Bromide occurs
as colorless crystals, or as a yellowish white crystalline powder, having no odor. It is somewhat
hygroscopic. One Gm. of Ammonium Bromide
dissolves in about 1.3 ml. of water and in about
12 ml. of alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 10 solution of ammonium bromide responds to
tests for ammonium and for bromide. Residue
on ignition. — Not over 0.05 per cent. Acidity. —
Not more than 0.05 ml. of 0.1 N sodium hydroxide isrequired to neutralize 2 Gm. of ammonium bromide in 20 ml. of water, using methyl
red T.S. as indicator. Chloride. — In the assay,
each Gm. of ammonium bromide requires not less
than 101.1 ml. and not more than 103.0 ml. of
0.1 N silver nitrate in the assay. Sulfate. — No turbidity isproduced in 1 minute on adding barium
chloride T.S. to a 1 in 20 solution of ammonium
bromide, acidulated with hydrochloric acid. Barium.— No turbidity is produced in 5 minutes on
adding potassium sulfate T.S. to a 1 in 20 solution
of ammonium bromide, acidulated with hydrochloric acid. Heavy metals. — The limit is 20 parts
per million. Iron. — No blue color is produced immediately on adding potassium ferrocyanide T.S.
to a 1 in 150 solution of ammonium bromide.
Bromate. — No yellow color is produced immediately on adding diluted sulfuric acid to powdered
ammonium bromide. Iodide. — Not even a tran-
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sient violet color is seen in the chloroform layer
of a mixture of a 1 in 20 ammonium bromide
solution, ferric chloride T.S., and chloroform.
N.F.
Assay. — A sample of about 400 mg. of ammonium bromide, previously dried at 105° for 2
hours, is assayed by the Volhard method, in
which a measured excess of 0.1 AT silver nitrate
is employed; the excess silver ion is determined
by titration with 0.1 N ammonium thiocyanate,
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 N silver nitrate represents
9.796 mg. of NH4Br. N.F.
Uses. — Ammonium bromide is useful chiefly
for the action of bromide ion (see under Potassium Bromide). It has a disagreeable taste and
may cause digestive disturbances. According to
Dressier {Clinical Cardiology, 1942, p. 186) it is
preferable to ammonium chloride in treatment
of edema of cardiac origin, being better tolerated
and having the two-fold action of being sedative
to the central nervous system and producing acidosis as an adjuvant to mercurial diuresis. For
such purpose it is administered in doses of 1 Gm.
four times a day for two days before injection
of the mercurial.
Dose, 0.6 to 2 Gm. (approximately 10 to 30
grains) well diluted.
N.F.Storage. — Preserve "in tight containers."
Off. Prep. — Five Bromides Elixir; Bromides
Syrup; Three Bromides Elixir; Three Bromides
Tablets, N.F.
AMMONIUM

CARBONATE.

U.S.P.

[Ammonii Carbonas]

"Ammonium Carbonate consists of ammonium
acid carbonate (NH4HCO3) and ammonium carbamate (NH2.COO.NH4) in varying proportions,
and yields not less than 30 per cent and not more
than 33 per cent of NH3." U.S.P.
Ammonia Crystal; Sal Volatile. Ammoniae Carbonas; Ammonium Carbonicum; Ammonium Sesquicarbonicum. Fr.
Carbonate d'ammonium officinal; Sesquicarbonate d'ammoniaque; Alcali volatil concret. Ger. Ammoniumkarbonat ;
Kohlensaures Ammonium; Hirschhornsalz; Fluchtiges Salz.
It. Carbonato di ammonio. Sp. Carbonato de amonio.

As is apparent from the official definition, "ammonium
in reality
a mixture
of ammoniumcarbonate"
bicarbonateis and
ammonium
carbamate.
The salt is prepared by heating a mixture of ammonium chloride and calcium carbonate in iron
pots or retorts; the "ammonium carbonate" vapor
is condensed and the ammonium vapor is conducted into an acid solution. The reaction may be
represented as follows:
4NH4C1 + 2CaCOs -> NH4HCO3.NH2COONH4
+ NH3 + 2CaCl2 + H2O
Ammonium carbonate can also be prepared by
direct reaction of ammonia, carbon dioxide and
steam.
Description. — "Ammonium Carbonate occurs
as a white powder or as hard, white or translucent
masses, having a strong odor of ammonia, without empyreuma, and with a sharp, ammoniacal
taste. Its solutions are alkaline to litmus. On exposure to air, it loses ammonia and carbon dioxide,
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becoming opaque, and is finally
friable, porous lumps or a white
monium bicarbonate. One Gm.
Carbonate dissolves very slowly
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converted into
powder of amof Ammonium
in about 4 ml.

of water. It is decomposed by hot water." U.S.P.
Standards and Tests. — Identification. — Ammonium carbonate volatilizes without charring
when heated; the vapor is strongly alkaline to
moistened litmus paper. Solutions of ammonium
carbonate effervesce with acids. Residue on ignition.— Not over 0.05 per cent. Chloride. — The
limit is 35 parts per million. Sulfate. — The limit
is 50 parts per million. Heavy metals. — The limit
is 10 parts per million. Emypreumatic matter. —
A colorless, odorless residue is obtained on evaporating to dryness on a water bath a nitric acid
solution of 1 Gm. of ammonium carbonate. U.S.P.
If official ammonium carbonate is treated with
90 per cent alcohol, it is resolved into the two
salts of which it is composed, ammonium carbamate going into solution while the acid ammonium carbonate remains undissolved. The latter
compound also remains undissolved when the commercial carbonate is treated with an amount of
water insufficient for complete solution. Upon
complete solution of the salt in water there results a mixture of acid and neutral carbonates,
the carbamate having undergone hydrolysis according to the equation:
NH2.COO.NH4

+ H2O -» (NHO2CO3

Boiling the aqueous solution results in decomposition of the compound into ammonia and carbon
dioxide.
Exposed to air, ammonium carbonate is gradually converted into bicarbonate, becoming opaque
and friable, and changing to powder form.
Assay. — A sample of about 2 Gm. of ammonium carbonate is dissolved in 50 ml. of 1 N
sulfuric acid, and the excess of acid is titrated
with 1 AT sodium hydroxide, using methyl orange
T.S. as indicator. Each ml. of 1 A7 sulfuric acid
represents 17.03 mg. of NH3. U.S.P.
Uses. — Locally ammonium carbonate is an
active irritant capable of causing gastritis. Systemically its action is that of its ammonium
radical. When injected intravenously, in experimental studies (since it is not injected in therapeutics), the blood pressure increases, partly from
an effect on the cardiac muscles, and probably
also in part from a stimulation of the vasomotor
center in the medulla: the pressure returns to
normal in a very few minutes. After toxic doses
the rise may be followed by a fall to a point below
normal. There is an increase in the rapidity of
breathing due to an action upon the respiratory
center. The action upon the spinal cord is shown
by increased activity of reflexes; in sufficient
doses it is capable of causing tetanic convulsions.
These effects are caused only when ammonium
carbonate is injected rapidly. When the drug is
taken by mouth, the ammonium ion is so rapidly
destroyed in the system that it is scarcely possible for a sufficient quantity to be absorbed through
the mucous membrane of the alimentary tract.
It is oxidized in the liver and appears in the
urine
chiefly
Chloride)
. as urea (see also under Ammonium

78

Ammonium

Part

Carbonate

Ammonium carbonate has been used as a carminative in"sick headache." It is also employed
as an expectorant in the same type of bronchitis
in which ammonium chloride is used; the carbonate will obviously be converted to chloride in
the stomach and its action will therefore be that
of the chloride. Coarsely pulverized and mixed
with half its bulk of stronger ammonia water, and
usually scented with oil of lavender, it constitutes
the common smelling salts so frequently held
under the nostrils as stimulant in syncope and
nervous collapse. It is unlikely that sufficient ammonia can be absorbed through the mucous membrane to exert any physiological action, and as
the gas is irrespirable it cannot be inhaled. The
beneficial action, which undoubtedly occurs in
many patients, is probably due to a reflex effect
from irritation of the nasal mucous membrane.
Acetic acid vapors are used for the same purpose.
A similar result is obtained by swallowing a solution of ammonium carbonate, as in the popular
aromatic ammonia spirit, although in this case
the reflex comes from irritation of the stomach
instead of the nose. EO
Ammonium carbonate, under the name baker's
ammonia, is sometimes used as a leavening agent,
replacing sodium bicarbonate.
The usual dose is 300 nig. (approximately 5
grains) in dilute solution. The maximum safe dose
is usually 600 mg. and the total dose in 24 hours
should seldom exceed 2 Gm.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°, protected
from' light." U.S.P.
Off. Prep. — Aromatic Ammonia Spirit, U.S.P.,
Ammonium Acetate Solution; Bismuth Magma;
Expectorant Mixture, N.F.
AMMONIUM

CHLORIDE.

U.S.P., B.P.

[Ammonii Chloridum]

"Ammonium Chloride, dried over sulfuric acid
for 4 hours, contains not less than 99.5 per cent
of NH4CI." U.S.P. The B.P. requires not less
than 99.5 per cent of NH4CI, calculated with
reference to the substance dried in a vacuum
desiccator over sulfuric acid for 24 hours.
Muriate of Ammonia. Ammonium Muriaticum; Ammonium Chloratum; Ammonium Chloruretum; Ammonium
Hydrochloricum; Chlorhydras Ammoniac; Ammonii Chlorurum. Fr. Chlorure d'ammoniurn; Chlorhydrate d'ammoniaque; Sel ammoniac. Ger. Ammoniumchlorid; Salmiak.
It. Cloruro di ammonio. Sp. Cloruro de amonio.

Ammonium chloride originally came from
Egypt, where it was obtained by sublimation
from the soot resulting from the burning of
camels' dung, which was used in that country for
fuel. The name sal ammoniac, by which it was
first known, is derived from the fact that it was
largely obtained in the Libyan desert near the
temple of Jupiter Ammon. Ammonium chloride
has long been known in China, where it is obtained
from the water of certain volcanic springs. It is
found in the fumaroles of Vesuvius, Etna, Hecla,
and other volcanoes, and in the cracks and fissures
in recent lava streams.
Ammonium chloride is commonly prepared by
passing ammonia into hydrochloric acid. Chief
source of the ammonia is ammoniacal gas liquor
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(see Ammonia), from which a reasonably pure
ammonia may be distilled after treatment with
lime. Purification of the ammonium chloride
may be effected by subliming the salt. Ammonium
chloride may also be prepared by the interaction
of ammonia and hydrogen chloride vapors in the
presence of some water. For other methods which
have been used see U.S.D., 23rd edition.
Description. — "Ammonium Chloride occurs
as colorless crystals or as a white, fine or coarse,
crystalline powder. It has a cool, saline taste,
and is somewhat hygroscopic. One Gm. of Ammonium Chloride dissolves in 2.6 ml. of water, in
about 100 ml. of alcohol, and in about 8 ml. of
glycerin. One Gm. of it dissolves in 1.4 ml. of
boiling water." U.S.P.
Standards and Tests. — Identification. — A 1
in 10 solution of ammonium chloride responds to
tests for ammonium and for chloride. Loss on
drying. — Not over 0.5 per cent, when dried over
sulfuric acid for 4 hours. Residue on ignition. —
Not over 0.1 per cent, on igniting a mixture of 1
ml. of sulfuric acid and 2 Gm. of ammonium
chloride. Acidity. — Not more than 0.05 ml. of
0.1 N sodium hydroxide is required to neutralize
2 Gm. of ammonium chloride in 20 ml. of water,
using methyl red T.S. as indicator. Thiocyanate.
— Addition of a few drops of ferric chloride T.S.
to a 1 in 10 solution of ammonium chloride, acidulated with hydrochloric acid, does not produce
a red color. Heavy metals. — The limit is 10 parts
per million. U.S.P. The B.P. limits loss on drying
to 1.0 per cent, arsenic to 4 parts per million,
and lead to 5 parts per million.
Assay. — About 200 mg. of ammonium chloride, previously dried over sulfuric acid for 4
hours, is assayed by a modification of the Volhard
method in which an excess of 0.1 N silver nitrate
is added, and the excess of silver ion titrated
directly, without filtering off the silver chloride,
with 0.1 N ammonium thiocyanate, using ferric
ammonium sulfate T.S. as indicator. The modification consists in adding 3 ml. of nitrobenzene
prior to the titration with ammonium thiocyanate
solution; the former coats the particles of silver
chloride so that they will not react with the
thiocyanate (see Caldwell and Moyer, Ind. Eng.
Chem., nitrate
Anal. Ed.,
1935, 7, 5.350
38). Each
0.1 AT
silver
represents
mg. ml.
of ofNH4CI.
U.S.P.
The B.P. utilizes the classical Volhard assay,
the silver chloride being removed by filtration
before titrating with thiocyanate.
Incompatibilities. — Ammonium chloride is
incompatible with lead and silver salts, producing
precipitates respectively of lead and silver chlorides. With alkalis, as well as with substances
which in aqueous solution produce an alkaline
reaction, ammonia is liberated. This incompatibility is shared by all ammonium salts.
Uses. — Ammonium chloride is most commonly
used as an expectorant and as a diuretic; it is an
excellent systemic acidifying agent. It possesses
the stimulant qualities of its basic ion and resembles the carbonate in its physiologic action.
Acidifying and Diuretic Actions. — Systemic
effects of ammonium chloride depend upon the
ability of the liver to convert ammonium ion into
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urea, thus liberating the anion into the blood
stream and into extracellular fluids. For this reason all the inorganic salts of ammonium increase
the acidity of the urine. One gram of ammonium
chloride is as effective as a urinary acidifier as
2.5 Gm. of sodium acid phosphate (see J. A.M. A.,
1951, 147, 207). It is used, therefore, in those
types of urinary tract infection where a low urinary pH is desired, in doses of 6 to 8 Gm. (approximately V/ito 2 drachms) daily. It is sometimes administered in conjunction with methenamine.
According to Cornbleet (J.A.M.A., 1951, 146,
1116), the excess chloride that is liberated filters
through the kidney glomeruli, which the tubules
refuse to reabsorb from the filtrate. Some of the
chloride is neutralized by sodium, potassium and
calcium. Compensatory factors acting through the
posterior lobe of the pituitary body and the
adrenal cortex cause an equivalent amount of
water to leave with the sodium, increasing urine
formation and promoting diuresis. Grollman states
that the acidosis produced by ammonium chloride
causes the passage of intracellular salts and water
into the extracellular spaces, with elimination of
this tissue fluid by the kidney (see Modern Medicine, June 1, 1951, p. 59).
One of the uses of the acidifying quality of this
drug is based on the observation of Aub, Minot
and Reznikoff (Medicine, 1925, 4, 1) that diminution of the pH of the circulating blood renders
calcium more soluble, thus promoting decalcification. In lead poisoning the stored lead accompanies calcium. It is possible, therefore, to "delead" a patient with lead poisoning by the administration of ammonium chloride in 1 Gm. (approximately 15grains) doses each hour 8 to 10
times daily, together with a diet poor in calcium
and rich in phosphorus. It has been noted by
Brown, Kolmer and Rule (Am. J. Syph., 1943,
27, 501) that stored bismuth, resulting from its
injection for the treatment of syphilis, may be
similarly mobilized, but toxic reactions may be
encountered.
A frequent use of ammonium chloride is to
promote diuresis in many conditions characterized
by edema, as in the nephrotic syndrome, portal
cirrhosis of liver, and congestive heart failure.
Dosage is 4 to 12 Gm. (approximately 1 to 3
drachms) daily, in divided quantities, with meals,
usually as enteric-coated tablets. It is ordinarily
given in courses of 3 days, with equal rest periods
to minimize gastric irritation and diarrhea. In
the edema of congestive heart failure it is popularly administered for 48 to 72 hours prior to
giving a mercurial diuretic to enhance the effect
of the latter (Etheridge, Arch. Int. Med., 1936,
57, 514). Stock et al. (Circulation, 1951, 4, 54)
state that its synergistic effect when so used is
probably due to its ability to prevent or counteract alkalosis. Schroeder (J.A.M.A., 1951, 147,
1109) attributes the synergism to the fact that the
acidic salts cause osmotic tubular diuresis as well
as increasing the renal excretion of bases, including sodium. It has been found by Greiner and
Gold (JAM. A., 1953, 152, 1130) that even in a
dose of 16 Gm. ammonium chloride is less effective as a diuretic than are orally administered
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theophylline salts and organic mercurials. Additional diuretic indications for ammonium chloride
include treatment of premenstrual tension, therapy of Meniere's syndrome in conjunction with a
neutral diet (Furstenburg et al, Ann. Otol. Rhin.
Laryng., 1934, 43, 1035), and in certain alcoholic
states. Cornbleet (loc. cit.) treated bromide intoxication successfully with ammonium chloride, since
this salt furnishes chloride to displace the bromide
and is simultaneously a diuretic.
Zintel, Rhoads and Ravelin (Surgery, 1943, 14,
728) reported intravenous use of ammonium
chloride in alkalosis. They used a 2 per cent
solution in normal saline or in 5 per cent dextrose,
the maximum rate of injection being 1 liter in
2 hours. A 1-Gm. dose is said to reduce the serum
carbon dioxide-combining power in a 150-pound
adult by 1.1 volume per cent. The solution in
saline may be autoclaved for 20 minutes at 15
pounds pressure. No serious reaction is reported
although there may be chill or fever.
Expectorant Action. — Ammonium chloride is
widely prescribed as an expectorant. Being nonvolatile itis not exhaled through the pulmonary
alveoli. It is believed that reflex stimulation of
the bronchial mucous glands results from irritation of the gastric mucosa. Perry and Boyd
(/. Pharmacol., 1941, 73, 65) demonstrated an
increase in bronchial secretion by reflex action
from the stomach, there being no response to
introduction of ammonium chloride after severing
branches of the vagus nerve supplying the
stomach. Banyai states (J.A.M.A., 1952, 148,
501) that, in addition to reducing viscosity and
pH and increasing fluidity of the bronchial secretions, the drug stimulates the ciliary function of
the mucosa. A dose of 300 mg. every 2 hours is
used in a syrup; tablets should not be entericcoated. Flavored lozenges containing the drug are
sometimes prescribed in pharyngitis and laryngitis
to secure both a local effect and an effect from
the medicated saliva that is swallowed.
Local Anesthetic Action. — A new use for
ammonium chloride has been described by Judovich, Bates and Bishop (Anesth., 1944, 5, 341),
based on earlier investigation of a preparation of
the pitcher plant, Sarracenia purpurea, made by
distillation of the powdered rhizome in the presence of caustic alkali and used in the relief of
neuralgic pain. Neutralization of the distillate
with hydrochloric or sulfuric acid yields salts
found to be identical with ammonium chloride
and ammonium sulfate, respectively (see Stewart
et al, Am. J. Physiol, 1940, 129, 474; Walti,
J.A.C.S., 1945, 67, 2271). Following preliminary
sedation of the patient with morphine, atropine
and amytal, from 3 to 5 ml. of a 6 per cent solution of ammonium chloride, adjusted to pH 7.2
by means of sodium hydroxide, is mixed with
50 ml. of cerebrospinal fluid and injected intraspinally. Such administration is limited to patients
with root pain of metastatic origin.
Toxicology. — Among the more severe toxic
reactions to ammonium chloride, acidosis has
been reported by Sleisinger and Freedberg (Circulation, 1951, 3, 837), during its administration
as a diuretic. They believed the severe acidosis
to be related to intrinsic renal disease and the
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inability of the kidneys to prevent continued loss
through the urine of fixed base with chloride. The
drug may also precipitate uremia when used in
the presence of renal disease.
According to Purdum (7. A. Ph. A., 1942, 31,
298) syrups of glycyrrhiza, raspberry, orange
flowers, citric acid and tolu balsam are the most
effective masking vehicles for the disagreeable
salty taste of ammonium chloride. An aromatic
syrup of ammonium chloride, prepared by Sorg
and Kuever (/. A. Ph. A., Pract. Ed., 1942, 3,
262) especially for use in Furstenberg's treatment
of Meniere's disease, has the following composition: Ammonium chloride, 200 Gm.; soluble saccharin, 10 Gm.; menthol, 1 Gm.; alcohol, 30 ml.;
glycerin, 100 ml.; compound syrup of sarsaparilla,
400 ml.; distilled water, to 1000 ml. (3
The usual dose is 1 Gm. (approximately 15
grains), by mouth, 4 times a day, with a range
of 300 mg. to 2 Gm.; the maximum safe dose is
2 Gm., and the total dose in 24 hours exceeds
8 Gm. only under certain conditions (v.s.). As
an expectorant, 300 mg. (approximately 5 grains)
is used as frequently as every two hours.
Storage. — Preserve "in tight containers."
U.S.P.
AMMONIUM

CHLORIDE
U.S.P.

[Capsulse Ammonii

CAPSULES

Chloridi]

"Ammonium Chloride Capsules contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of NH4CI." U.S.P.
Sp. Cdpsulas de Cloruro de Amonxo.

Assay. — The contents of not less than 20 capsules are transferred to a 500-ml. volumetric
flask, the emptied capsules being washed with
water and this solution filtered into the same
volumetric flask. After diluting to 500 ml. an
aliquot portion, equivalent to about 200 mg. of
ammonium chloride, is transferred to a distilling
flask, alkalinized with 10 per cent sodium hydroxide solution, and the ammonia distilled into a
boric acid solution. The ammonia in this solution
is titrated with 0.1 N sulfuric acid, using methyl
red T.S. as indicator. A blank test is performed
on the reagents and any necessary correction applied. Each ml. of 0.1 N sulfuric acid represents
5.350 mg. of NH4CI. U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.
Usual Sizes. — 5 and ll/z grains (approximately 300 and 500 mg.).
AMMONIUM

CHLORIDE
N.F.

[Tabellae Ammonii

TABLETS.

Chloridi]

"Ammonium Chloride Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of NH4CI for tablets of
300 mg. or more, and not less than 92.5 per cent
and not more than 107.5 per cent for tablets of
less than 300 mg." N.F.
Usual Sizes. — 5 and lYz grains (approximately 300 and 500 mg.), frequently enteric
coated.

AMMONIUM

IODIDE.

I

N.F.

[Ammonii Iodidum]

"Ammonium Iodide dried at 105° for 2 hours
contains not less than 98 per cent of NH4I. It
may contain not more than one per cent of amN.P.
monium hypophosphite as a stabilizing agent."
Ammonium Jodatum; Jodetum Ammonicum; Ammonium
Hydrojodicum. Fr. Jodure d'ammonium. Ger. Ammoniumjodid; Jodammonium. It. Joduro di amnionic Sp. Voduro
de amonio.

Several methods of preparing ammonium iodide
are available. The one probably most often employed is that involving the interaction of ammonium sulfate and potassium iodide; the potassium sulfate precipitates on cooling the mixture
and adding some alcohol to it, and the ammonium
iodide is obtained on evaporating the liquid phase.
Other methods of making ammonium iodide involve neutralization of hydriodic acid by ammonia, interaction between ferrous iodide and
ammonium carbonate, or between potassium
iodide and ammonium bitartrate.
Description. — "Ammonium Iodide occurs as
minute, colorless, cubic crystals, or as a white,
granular powder. It is odorless, and has a sharp,
salty taste. Ammonium Iodide is very hygroscopic, and soon becomes yellow or yellowish
brown on exposure to air and light, owing to the
loss of ammonia and the liberation of iodine, if no
stabilizing agent is added. Its solutions are neutral
or acid to litmus paper. One Gm. of Ammonium
Iodide dissolves in about 0.6 ml. of water, in
about 3.7 ml. of alcohol, and in about 1.5 ml. of
glycerin, at 25°. One Gm. also dissolves in about
0.5 ml. of boiling water." N.F.
Standards and Tests. — Identification. — A 1
in 20 solution of ammonium iodide responds to
tests for ammonium and for iodide. Loss on drying.— Not over 5 per cent, when dried at 105° for
2 hours. Residue on ignition. — Not over 0.5 per
cent (strong heating decomposes the salt with
evolution of iodine vapor and volatilization without fusing). Chloride. — In the assay, each Gm. of
ammonium iodide consumes not less than 67.6 ml.
and not more than 69.0 ml. of 0.1 N silver nitrate.
Free iodine. — Not even a transient violet color
appears in chloroform when it is shaken with
5 volumes of 1 in 150 solution of ammonium
iodide. Barium. — No turbidity is produced in 5
minutes on adding a 1 in 10 solution of sodium
sulfate to 5 volumes of a 1 in 20 solution of ammonium iodide which has been acidulated with
hydrochloric acid. Heavy metals. — The limit is
20 parts per million. N.F.
Assay. — The Volhard method is employed in
assaying ammonium iodide; an excess of 0.1 N
silver nitrate is added to about 500 mg. of ammonium iodide, previously dried at 105° for 2
hours, the mixture heated until the precipitate
has a yellow color and, after cooling, the residual
silver nitrate is estimated by titration with 0.1 N
ammonium thiocyanate using ferric ammonium
sulfate T.S. as indicator. Each ml. of 0.1 N silver
nitrate represents 14.50 mg. of NH4I. N.F.
Uses. — Ammonium iodide has been used like
potassium iodide (see Potassium Iodide, also
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Iodine). It was especially recommended in chronic
bronchitis and in asthma, with the thought of
combining the resolvent action of the iodide and
the expectorant effect of ammonium. Pennock
used it in cases of lepra and psoriasis, in the form
of a 4 to 12 per cent ointment. As the iodide is
decomposed by air, the ointment should be kept
in well-stoppered bottles. |v]
Dose, from 200 to 600 mg. (approximately 3 to
10 grains).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
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Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.
AMOBARBITAL.

U.S.P.

5-Ethyl-5-isoamylbarbituric Acid, [Amobarbitalum]

y~\ws
HN

HN

^/^CHgCHgCHtCH^j
Amylobarbitone, B.P.C. Amytal (Lilly).

AMMONIUM

SALICYLATE.

N.F.

Ammonium Salicylicum. Fr. Salicylate d'ammonium.
Ger. Ammoniumsalicylat; Salicylsaures Ammonium. It.
Salicilato di ammonio. Sp. Salicilato de amonio.

Amobarbital may be prepared by the general
procedure for producing barbiturates, namely, by
condensation of the proper substituted malonic
ester with urea; in this instance the ester is
isoamylethylmalonic ester. Condensation is effected in an autoclave in the presence of sodium
ethylate (see Shonle and Moment, J.A.C.S., 1923,
45,
1924).243; U. S. Patent 1,514,573, November 4,

This salt may be made by adding salicylic
acid to ammonia water until the acid is in slight
excess, then evaporating the solution and crystallizing. Contamination with iron gives the product
a pinkish or reddish tinge; overheating results in
the salt having a phenol-like odor.
Description. — "Ammonium Salicylate occurs
as colorless, lustrous prisms, or plates, or as a
white crystalline powder having a faint pink
tinge. It is odorless, and has at first a slightly
salty, bitter taste, with a sweet aftertaste. It is
stable in dry air, but is affected by light. One
Gm. of Ammonium Salicylate dissolves in about
1 ml. of water and in about 3 ml. of alcohol." N.F.
Standards and Tests. — Identification. — Ammonium salicylate responds to tests for ammonium
and for salicylate. Acidity. — Not more than 0.4
ml. of 0.1 N sodium hydroxide is required to
neutralize 1 Gm. of ammonium salicylate, using
methyl red T.S. as indicator. Residue on ignition.
— Not over 0.05 per cent. Heavy metals. — The
limit is 10 parts per million. N.F.
Assay. — About 500 mg. of ammonium salicylate, previously dried over sulfuric acid for 4
hours, is titrated with 0.1 iV hydrochloric acid in
the presence of ether. The acid displaces salicylic acid which dissolves in the ether layer; an
equivalent amount of ammonium chloride is
formed in the aqueous phase. Because a small
amount of salicylic acid remains dissolved in the
aqueous phase it is necessary, when the first
end-point is reached, to replace the ether layer
by a fresh portion of ether to extract the salicylic
acid in the aqueous layer; the titration is continued until the bromophenol blue indicator shows
a permanent pale green color in the aqueous layer.
Each ml. of 0.1 N hydrochloric acid represents
15.52 mg. of C7H5NH4O3. N.F.
Uses. — Ammonium salicylate was at one time
thought to be one of the best forms of administering salicylic acid internally but it is seldom
used at present. For discussion of its uses, see
under Acetylsalicylic Acid and Sodium Salicylate.
Dose, from 0.6 to 1.3 Gm. (approximately 10
to 20 grains).

Description. — "Amobarbital occurs as a
white crystalline powder. It is odorless and has a
bitter taste. Its solutions are acid to litmus paper.
One Gm. of Amobarbital dissolves in about
1300 ml. of water, in 5 ml. of alcohol, in about
17 ml. of chloroform, and in 6 ml. of ether. It is
soluble in solutions of fixed alkali hydroxides and
carbonates. Amobarbital melts between 156° and
158.5°. U.S.P.
Standards and Tests. — Identification. — (1)
Ammonia is evolved on heating amobarbital with
sodium hydroxide T.S. (2) The />-nitrobenzyl
derivative melts between 151° and 154°. Loss
on drying. — Not over 1 per cent, when dried over
sulfuric acid for 4 hours. Residue on ignition. —
Not over 0.1 per cent. Readily carbonizable substances.— A solution of 500 mg. of amobarbital
in 5 ml. sulfuric acid has no more color than
matching fluid A. U.S.P.
Uses. — Amobarbital, introduced as Amytal, is
a barbiturate of moderate duration of action. It
has the advantage over barbital and phenobarbital of being destroyed in the body and since its
elimination does not depend on the kidneys amobarbital ispreferable to the two other barbiturates for administration to patients with kidney
disease. For a comparison of duration of action
and metabolism of amobarbital see the monograph on Barbiturates, in Part II.
For parenteral administration the water-soluble
sodium derivative, in sterile form, is employed;
the latter may also be given orally and, sometimes, rectally. Amobarbital sodium is the drug
of choice when a longer period of action is desired during the gradual induction of narcosis
in a patient to be interviewed by the technique
of "narcosynthesis" or "narcoanalysis" (see also
under Thiopental Sodium) ; for a review of this
use of amobarbital sodium see Lipton {American
Practitioner, 1950, 1, 148). According to Miller
{Arch. Neurol. Psychiat., 1952, 67, 620) simultaneous use of ethyl alcohol improves the incidence
of success in narcoanalysis by decreasing somnolence and increasing talkativeness while also
decreasing the dose of amobarbital sodium re-

[Ammonii Salicylas]

"Ammonium Salicylate, dried over sulfuric
acid for 4 hours, contains not less than 98
per cent of C7H5NH4O3."

N.F.
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quired; from 120 to 300 mg. of amobarbital
sodium, depending on the weight of the patient,
is dissolved in 20 to 25 ml. of isotonic sodium
chloride solution containing 10 to 15 per cent
of alcohol and the solution administered intravenously over a period of 2 to 4 minutes.
Its moderate vasodepressor effect seems to be
useful for the purpose of diagnosing phenochromocytoma (Anderson et al., Am. Heart J., 1952,
43, 252).
Administered intravenously (230 to 500 mg.),
amobarbital sodium produced a significant depression ofoxygen uptake by the brain, a lowering of blood flow, and a mild depression of mean
arterial pressure in the eclamptic patient; this
may be an advantage in the preeclamptic patient
for the prevention of seizures but may add to the
depression produced by convulsions in the advanced case (McCall and Tavlor, J.A.M.A., 1952,
149, 51).
Combined with amphetamine, amobarbital has
been reported to neutralize extremes of moods,
giving the depressed patient a more normal outlook and behavior (Grahn, American Practitioner ,
1950, 1, 795).
The usual dose of amobarbital is 100 mg. (approximately iy2grains) once or twice daily, by
mouth, with a range of 20 to 300 mg. The maximum safe dose is usually 500 mg.. and the total
dose during 24 hours should seldom exceed 1 Gm.
When used as a sedative it is given in doses of
20 to 50 mg.; as a hypnotic the dose is 100 to
300 mg.
Storage. — Preserve "in well-closed containers." U.S.P.
AMOBARBITAL

ELIXIR.

N.F.

[Elixir Amobarbitali]

"Amobarbital Elixir contains, in each 100 ml.,
not less than 417 mg. and not more than 462 mg.
of CiiHi8N203." N.F.
Dissolve 4.4 Gm. of amobarbital, 1 Gm. of saccharin sodium, 0.26 ml. of orange oil, 0.15 ml.
of lemon oil, 0.03 ml. of cinnamon oil, 0.006 ml. of
caraway oil, 0.0018 ml. of coriander oil, 0.02 ml.
of anise oil, and 0.02 ml. of sassafras oil in 300
ml. of alcohol. To this solution add 310 ml. of
propylene glycol, 4.4 Gm. of methenamine, 11.25
ml. of caramel, and enough purified water to
make 1000 ml. Mix well, allow the product to
stand 24 hours, and filter until it is clear. N.F.
The purpose of the methenamine is to increase
the solubility of the amobarbital.
Assay. — A 25-ml. portion of elixir is alkalinized with sodium hydroxide T.S. and shaken with
petroleum benzin to remove the flavoring oils;
after washing the petroleum benzin with water
it is discarded. The alkaline solution is acidified
with hydrochloric acid and the amobarbital extracted with several portions of ether. The
washed ether extraction is evaporated to dryness,
dried at 105°. and weighed. N.F.
Alcohol Content. — From 27 to 33 per cent,
by volume, of C2H5OH. N.F.
The N.F. gives the usual dose as 4 ml. (approximatelyfluidrachm),
1
representing 17.6 mg.
(approximately l/i grain) of amobarbital.

N.F.Storage. — Preserve "in tight containers."
AMOBARBITAL

TABLETS.

U.S.P.

"Amobarbital Tablets contain not less than 94
per cent and not more than 106 per cent of the
labeled amount of C11H18N2O3." U.S.P.
The tablets are assayed by a modification of
the procedure described under Barbital Tablets.
Usual Sizes.— 8, 15, 30, 50, and 100 mg. (l/s,
lA, y2, Ya and \Vz grains).
AMOBARBITAL SODIUM.
U.S.P.
[Amobarbitalum Sodicum]

"Amobarbital Sodium contains not less than
98.5 per cent of CiiHi7N2Na03, calculated on
the dried basis." U.S.P.
Amylobarbitone Sodium, B.P.C. Sodium Isoamylethylbarbiturate. Amytal Sodium (Lilly).

The sodium derivative of amobarbital may be
obtained by the interaction of sodium hydroxide
or sodium carbonate with amobarbital.
Description. — "Amobarbital Sodium occurs
as a white, friable, granular powder. It is odorless,
has a bitter taste, and is hygroscopic. Its solutions
are alkaline to litmus and to phenolphthalein.
Amobarbital Sodium is very soluble in water,
soluble in alcohol, but practically insoluble in
ether and in chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
The amobarbital obtained in the assay melts between 156° and 158.5° and responds to the identification tests under Amobarbital. (2) The residue from the ignition of amobarbital sodium effervesces with acids and responds to the tests for
sodium. Loss on drying. — Not over 1 per cent,
when determined by drying at 105° for 4 hours.
Heavy metals. — The limit is 30 parts per million.
Free amobarbital. — Not over 0.5 per cent, the
amobarbital being extracted with benzene and the
residue after evaporation of the benzene dried at
105° for 30 minutes. U.S.P.
Assay. — A solution of 1 Gm. of amobarbital
sodium in 15 ml. of water is acidified with hydrochloric acid and the liberated amobarbital is
extracted with chloroform. The chloroform extract is filtered, evaporated to dryness, and the
residue of amobarbital is dried at 105° for 30
minutes and weighed. The weight of the residue,
multiplied by 1.097, represents CnHuNaNaOs.
U.S.P.
Uses. — Amobarbital sodium, being soluble in
water, is the form in which the barbiturate is
administered parenterally; it may also be given
orally. For parenteral use the sterile powder, supplied in ampuls, is used to make the solution and
this must be prepared immediately before use in
order to avoid hydrolytic decomposition of the
barbiturate. A rectal suppository, containing
200 mg. of amobarbital sodium, is also available.
The uses are discussed under Amobarbital.
Dose. — The usual dose is 100 mg. (approximately 1^2 grains) once or twice daily by mouth
or per rectum or, in a 5 or 10 per cent solution,
intramuscularly or subcutaneousiy. The range of
dose is 20 to 500 mg. The maximum safe dose
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is usually 500 mg. and a total dose of 1 Gm. is
seldom exceeded in a 24-hour period. When used
as a preanesthetic sedative as much as 600 mg.
(approximately 9 grains) may be given. As an
anticonvulsant in tetanus 800 mg. (approximately
12 grains) may be required. In emergencies it is
given intravenously with great caution (not over
1 ml. per minute of a 5 or 10 per cent solution).
Storage. — Preserve "in tight containers."
U.S.P.
AMOBARBITAL

SODIUM
U.S.P.

CAPSULES.

"Amobarbital Sodium Capsules contain not
less than 90 per cent and not more than 105 per
cent of the labeled amount of CnHi7N2Na03."
c7-SJPUsual Sizes.— 60 and 200 mg. (1 and 3
grains).
STERILE

AMOBARBITAL
U.S.P.

SODIUM.

"Sterile Amobarbital Sodium contains not less
than 98.5 per cent of CuHn^NaOs, calculated
on the dried basis." U.S.P.
This is the sterile powder from which injectable
solutions of amobarbital sodium are prepared by
addition of water for injection.
Usual Sizes.— 65, 125, 250, 500, and 750 mg.,
and 1 Gm.
AMODIAQUINE

HYDROCHLORIDE.
LP.

Amodiaquini Hydrochloridum

C20H22ON3Cl.2HCl.2H2O
Amodiaquine Hydrochloride is 7-chloro-4-(3'diethylaminomethyl - 4' - hydroxyanilino)quinoline
dihydrochloride clihydrate. It contains not less
than 98.0 per cent and not more than the equivalent of 100.0 per cent of C20H22ON3CI.2HCL2H20. LP.
Camoquin Hydrochloride (Parke, Davis). Miaquin.
CAM-AQ1. SN 10,751.

This antimalarial agent is of the 4-aminoquinoline type (see article on Antimalarial Agents, in
Part II) and hence is related to chloroquine. It
may be prepared from 4,7-dichloroquinoline and
4-acetamido-a-diethylamino-o-cresol; for details
of synthesis see Burckhalter et al. (J.A.C.S., 1948,
70, 1363), also U. S. Patents 2,474,819 and
2,474,821 (1949).
Description. — Amodiaquine Hydrochloride occurs as a yellow, crystalline powder; it is odorless
and has a better taste. It is soluble in about 22
parts of water; soluble in alcohol. It melts between 154° and 157°, with decomposition. LP.
Standards and Tests. — Identification. — (1)
The amodiaquine base obtained in the assay melts
between 205° and 209°, with decomposition. (2)
Amodiaquine hydrochloride responds to tests for
chlorides. Residue on ignition. — Not over 0.2 per
cent. LP.
Assay. — About 300 mg. of amodiaquine hydrochloride isdissolved in water, the solution is
made alkaline with ammonia T.S. and, after the
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mixture has been allowed to stand for not less
than 30 minutes, the precipitated amodiaquine
base is collected in a glass filtering crucible, dried
at 110° for 3 hours, and weighed. LP.
Uses. — Amodiaquine hydrochloride is a suppressive antimalarial drug with action similar to
that of chloroquine (see Chloroquine Phosphate) ;
it has the advantages of increased effectiveness in
a single dose and of lesser toxicity. It is rapidly
absorbed from the gastrointestinal tract. A therapeutic concentration is attained in the blood
within 1 hour of its ingestion. As with chloroquine,
the highest concentration of the drug is found in
the liver. Erythrocytes contain twice the concentration inblood plasma, which latter is about 190
micrograms per liter on a dose of 300 mg. daily.
It remains in the tissues for at least a week after
a single dose. Less than 5 per cent is excreted in
the urine. In the form of a 5 per cent aqueous
solution it may be given intramuscularly with
only slight induration resulting (Payne et al., Am.
J. Trop. Med., 1949, 29, 353) or intravenously
(Payne et al, ibid., 1951, 31, 698). After slow injection intravenously of 150 or 300 mg. of the
dihydrochloride only a trivial decrease in blood
pressure was observed.
Antimalarial Action. — Amodiaquine is an
effective suppressive drug (Coggeshall, Am. J.
Trop. Med. Hyg., 1952, 1, 124) and it rapidly
controls fever and parasitemia in patients infected
with P. falciparum, P. vivax, or P. malariae
(Chaudhuri, Indian Med. Gaz., 1948, 83, 225;
Singh and Kalyanum, Brit. M. J., 1952, 2, 312;
Hoekenga, J. A.M. A., 1952, 149, 1369; Love et
al, Am. J. Med. Sc, 1953, 225, 26). It does not
affect the gametocytes of P. falciparum or the
tissue stage of P. vivax, but its tendency to remain in the body for some time delays the relapse
in P. vivax infestations, particularly in partially
immune persons. Its efficacy in a single dose and
the rarity of toxic manifestations are its chief
advantages. Reports of its value have appeared
from all parts of the world. Doses have varied
widely but 10 mg. per Kg. of body weight, or an
average of 600 mg. for an adult in a single dose,
seems to be adequate. Several studies indicate
that a single dose is more effective than the same
quantity in divided doses over a period of 24 to
120 hours (Chaudhuri and Chakravarty, Indian
J. Malariol, 1948, 2, 115; Patel and Mehta, Indian J. Med. Set., 1948, 2, 675; Khan et al,
Indian Med. Gaz., 1951, 86, 293). A dose of 5
or of 7.5 mg. per Kg. was reported to be insufficient (Simeons and Chhatre, Indian Med. Gaz.,
1947, 82, 255). A single dose of 150 mg. intramuscularly, or 150 to 300 mg. (according to the
size of the patient and the severity of the symptoms) intravenously controlled the malarial paroxysm (Payne et al, loc. cit.).
In experimental amebic hepatitis in hamsters,
Thompson and Reinertson (Am. J. Trop. Med.,
1951, 31, 707) reported that Camoquin and chloroquine by mouth, and emetine intramuscularly,
were equally effective, whereas carbarsone, chloramphenicol, chlortetracycline, penicillin and dihydrostreptomycin showed little effect.
Toxicology. — In therapeutically effective
doses, amodioquine is less toxic than chloroquine
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(Hoekenga, loo. cit.). On a dose of 300 mg. daily,
which is much larger than is needed for therapy
or suppression, weakness, insomnia, nausea, vomiting, diarrhea, tenesmus, headache, palpitation,
and fainting have been reported (Berliner et al.,
J. Clin. Invest., 1948, 27, Suppl., 98).
Dose. — The dose is 10 mg. of the base per Kg.
of body weight or 400 to 800 mg. (6 to 12 grains),
according to the size of the patient, in a single
dose by mouth to control the malarial paroxysm
or as a weekly suppressive dose. It will not prevent relapse in P. vivax malaria as it does not act
on the tissue stage of the parasite. The dose for
the infant and child should be calculated on the
basis of 10 mg. per Kg. of body weight. A dose
of 150 to 300 mg. may be given slowly intravenously as a 5 per cent aqueous solution. Camoquin
hydrochloride is supplied in tablets representing
200 mg. of the base; the drug is included in
N.N.R.
Storage. — Preserve in a well-closed container.
LP.
AMPHETAMINE.

B.P., LP.

Amphetaminum

C6H5.CH2.CH(NH2).CH3
The B.P. defines Amphetamine as (±)-2-aminopropylbenzene and specifies that it contain not
less than 98.0 per cent of C9H13N. The LP. indicates it to be (±)-2-amino-l-phenylpropane and
requires not less than 97.0 per cent of C9H13N.
Amphetamine was official in U.S.P. XIV.
Racemic Amphetamine. l-Phenyl-2-aminopropane. d,lAlphamethylphenethylamine. Racemic Desoxynorephedrine.
Isomyn. Benzedrine (Smith, Kline & French Labs.).

Amphetamine may be synthesized in several
ways. One method starts with phenylacetic acid,
CeHsCHsCOOH, which is heated with acetic anhydride and sodium acetate to form methyl benzyl
ketone (phenylacetone), C6H5CH2.CO.CH3; this
is heated with formamide, HCONH2, yielding the
formyl derivative of the ketone, CoHsCtb.CH(NHCHO).CH3, which on hydrolysis with acid
and subsequent alkalinization yields the mixture
of racemic bases known as amphetamine. Alternatively the methyl benzyl ketone may be converted to the oxime, which on reduction yields
amphetamine.
Description. — Amphetamine is a colorless,
mobile liquid, having a slight and characteristic
odor, an acrid taste, and volatilizing slowly at
ordinary temperatures. It is slightly soluble in
water; freely soluble in alcohol, in ether, and in
chloroform; soluble in fixed oils and in volatile
oils; readily soluble in acids. An aqueous solution
of amphetamine is alkaline to litmus. The weight
per ml. of amphetamine, at 20°, is between 0.930
and 0.935 Gm. B.P., LP. Amphetamine readily
absorbs carbon dioxide from the air.
Standards and Tests. — Identification. — (1)
Amphetamine distils at about 200° with decomposition. (2) The benzoyl derivative of amphetamine, twice recrystallized from 50 per cent
alcohol, melts at about 135°. Water. — No turbidity is produced on dissolving 1 ml. of amphetamine in 10 ml. of anhydrous liquid paraffin.
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Non-volatile matter. — Not over 2.5 mg. of residue
remains when 500 mg. of amphetamine is heated
on a water bath for 1 hour and dried to constant
weight at 105°. Residue on ignition. — Not over
0.1 per cent. B.P., LP.
Assay. — The B.P. directs that 250 mg. of
amphetamine be dissolved in 25 ml. of 0.1 N
hydrochloric acid and the excess of acid titrated
with 0.1 N sodium hydroxide, using methyl red
as indicator. Each ml. of 0.1 N acid is equivalent to 13.52 mg. of C9H13N. The LP. directs
solution of about 250 mg. of amphetamine in
10 ml. of alcohol and direct titration with 0.1 N
hydrochloric acid, using methyl red as indicator.
Uses. — Amphetamine and its salts belong to
the general class of sympathomimetic agents (see
monograph on this subject in Part II). A distinction is made between the racemic preparation,
which is referred to simply as amphetamine, and
the dextrorotatory isomer, called d-amphetamine
or dextro-amphetamine (Dexedrine, Smith, Kline
& French). The actions of amphetamine are
similar to those of ephedrine and methamphetamine.
Amphetamine and its carbonate, being volatile,
were formerly used in inhalers to permit application of the vapor to nasal mucosa, thereby
effecting shrinkage of swollen and congested
nasal structures in head colds, sinusitis, vasomotor rhinitis, and hay fever. One or two inhalations through each nostril, at hourly intervals,
was recommended. Simpson and Simon (Am. J.
Pharm., 1937, 109, 343) found that ordinarily
the patient would inhale into the lungs approximately 0.05 mg. per inhalation, which seemed unlikely to render any constitutional effect. Swineford (/. Allergy, 1938, 9, 572) found, however,
that it was possible by very deep inhalations to
carry sufficient amphetamine into the bronchi to
cause blanching of the mucosa. Although untoward effects were infrequent with proper use, the
convenience and simplicity of the inhaler facilitated excessive dosage with resultant undesirable
symptoms, especially in susceptible individuals.
Such overdosage paralyzed ciliary action of the
respiratory mucous membranes, caused abnormal
dryness, and actually aggravated rather than corrected swelling and congestion, with the possibility of development of atrophic rhinitis (Kully,
J.A.M.A., 1945, 127, 307). Restlessness and insomnia were the most frequent untoward effects.
Inhalations were contraindicated in patients with
cardiovascular disease or marked sensitivity to the
drug. Inhalers containing amphetamine were
withdrawn from the market in the United States
because of their misuse to produce a "Benzedrine
jag" by soaking the medicated fabric inside the
inhaler with water or beverage and drinking the
solution. Propylhexedrine (Benzedrex) replaced
the amphetamine (Benzedrine) in these inhalers.
Oil solutions of amphetamine are sometimes used
for topical application.
Amphetamine sulfate is administered orally in
the treatment of narcolepsy, postencephalitic
parkinsonism, mental depression, alcoholism,
obesity and spastic conditions of the gastrointestinal tract. Its pharmacology was reviewed by
Ivy and Krasno (War Med., 1941, 1, 15).
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Cardiorespiratory Action. — In sufficient dose,
amphetamine causes a marked rise in the blood
pressure which comes on rather slowly and lasts
for a prolonged time. Beyer (/. Pharmacol., 1939,
66, 318) found that 33 mg. of the drug caused,
in humans, an average rise in the blood pressure
of about 25 mm. of mercury which lasted for
more than seven hours. According to Tainter et al.
(J. Pharmacol., 1936, 57, 152; 1938, 64, 190;
1939, 66, 146), it does not dilate the bronchi but
it has a depressant effect on the muscles of the
gastrointestinal tract. Beyer showed that in man
it causes a distinct rise in the metabolic rate
which lasts for more than nine hours. In many
persons it causes a loss of appetite, perhaps from
the delayed emptying of the stomach (Beyer and
Meek, Ann. Int. Med., 1939, 63, 752). The most
valuable property of this drug is its stimulating
effect on cerebral, respiratory and vasomotor
activity which exceeds that of any other drug of
the sympathomimetic group (Warren and Werner,
/. Pharmacol., 1945, 85, 119). Handley and
Ensberg (Anesth., 1945, 6, 561) found it to be
the most effective and the most rapidly acting
stimulant to antagonize respiratory depression due
to morphine; the other drugs studied were nikethamide, ephedrine, pentylenetetrazol, and caffeine.
Central Nervous System Effects. — The
effects of amphetamine and its salts on the cerebrum have led to its widespread use in the treatment of conditions of mental depression, exhaustion and even aberrations. Grant (Air Force, 1944,
March) described the use of amphetamine to
avoid sleepiness in aviators and this use of the
drug by ground troops was discussed in Circular
Letter No. 58, issued by the United States War
Department, February 23, 1943. For mental weariness, 5mg. every 3 hours was advised; for physical fatigue, 10 mg. every 6 hours. The total dose
should not exceed 30 mg. per week and adequate
rest must be obtained at the end of each period
of overexertion. It is valuable in the treatment
not only of acute alcoholism but also of the alcoholic psychoses (Reifenstein and Davidoff,
J. A.M. A., 1938, 10, 1811; Miller, ibid., 1942,
120, 271). The effect of amphetamine on higher
nervous activity in the human has been compared
with that of alcohol by Finkelstein et al. {Bull.
Johns Hopkins Hosp., 1945, 76, 61). Amphetamine improved the response to conditioned and
unconditioned stimuli, whereas alcohol decreased
the response. Amphetamine has been employed
with more or less temporary benefit in the treatment of various depressive insanities and is often
of service in narcolepsy (Prinzmetal et al.,
J.A.M.A., 1935, 105, 25) and catalepsy. Combined
with amobarbital it is claimed to moderate extremes of mood and to give the depressed patient
a more normal outlook and behavior (Grahn,
American Practitioner, 1950, 1, 795). In postencephalitic parkinsonism it causes not only improvement inthe mental attitude but also lessens
rigidity and tremor. It is most effective in combination with stramonium or scopolamine (Matthews, Am. J. Med. Sc, 1938, 195, 448). Myerson
and Loman (Arch. Neurol. Psychiat., 1942, 48,
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823) reported successful treatment of spasmodic
torticollis with amphetamine sulfate.
Amphetamine sulfate has been used effectively
in the treatment of barbiturate poisoning (Myerson et al., New Eng. J. Med., 1939, 221, 1015;
Kornblau, Anesth. & Analg., 1948, 27, 116;
Nabarro, Brit. M. J., 1950, 2, 924; Dick, Am. J.
Med. Sc, 1952, 224, 281); in the depression
associated with the withdrawal of morphine from
addicts (Duckworth, Brit. M. J., 1940, 2, 628);
for the exhaustion and lassitude of roentgen illness (Jenkinson and Brown, Am. J. Roentgen.,
1944, 51, 496); in hypotension (Peoples and
Guttmann, Lancet, 1936, 1, 1107); in various
combinations, as with phenobarbital, in the treatment of petit mal epilepsy (Livingston and Kajidi,
J.A.M.A., 1945, 129, 1071); with belladonna and
a barbiturate in seasickness (Hill, Brit. M. J.,
1937, 2, 1109). Burrill et al. (J. Dent. Research,
1944, 23, 337) found that amphetamine sulfate
increased the analgesic effect of acetophenetidin.
Hindes (Ind. Med., 1946, 15, 262) reported benefit in 96 per cent of dysmenorrhea cases.
Antispasmodic Uses. — Amphetamine sulfate
has also been used to lessen spasm of the alimentary tract, gall bladder or ureters to facilitate
roentgenography of the intestinal tract. Rosenberg et al. (J. A.M. A., 1938, 110, 1944) found
that spastic colon was not relieved. Indeed, its
use as an intestinal antispasmodic agent is quite
limited, being overshadowed by its effects on the
cardiovascular and the central nervous system.
Use in Obesity. — Amphetamine sulfate is
employed for the reduction of body weight (Albrecht, Ann. Int. Med., 1944, 21, 983; Pelner,
ibid., 1945, 22, 201), its effect being due probably
to a combination of increased metabolism and
decreased appetite (see Harris et al., J. A.M. A.,
1947, 134, 1468; Goetzl and Stone, Gastroenterology, 1948, 10, 1948; Roberts, Ann. Int.
Med., 1951, 34, 1324; Freed and Mizel, ibid.,
1952, 36, 1492).
Toxicology. — The widespread use of amphetamine sulfate to counteract depression, the result
of fatigue or alcoholism, is greatly to be deprecated for three reasons: (1) the tendency toward
habit formation, (2) the almost certain rise in
blood pressure, and (3) the fact that under some
circumstances not understood it may produce
dangerous circulatory collapse. Smith (J. A.M. A.,
1939, 113, 1022) reported a case of collapse
terminating fatally. Apfelberg (ibid., 1938, 110,
575), Hertzog and Karlstrom (ibid., 1943, 121,
256), and Gericke (ibid., 1945, 128, 1098) also
reported cases of poisoning. However, the incidence of untoward effects has been surprisingly
low and the symptoms of headache, restlessness,
insomnia, irritability, palpitation and disturbance
in bowel habit have usually been mild and have
disappeared rapidly on discontinuance of the drug
(Pelner, N. Y. State J. Med., 1944, 44, 2596).
Daily doses as large as 30 to 50 mg. have been
long continued without ill effects (Myerson, Am.
J. Med. Sc, 1940, 199, 729) and Bakst (U. S.
Nav. M. Bull., 1944, 43, 1228) reported absence
of untoward effects or withdrawal manifestations
after daily use during nine years. Shorvon (Brit.
M. /., 1945, 2, 285) discussed the problem of
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addiction in psychopathic patients; withdrawal of
the drug from a patient accustomed to consuming
daily for many months twenty-five to thirty 5 mg.
tablets indicated mental but not physical dependence. Clinical experience has been that certain
types of psychopaths can well tolerate and benefit
from large doses of amphetamine. In general,
untoward effects have been due to overdosage or
improper dosage. El
Dose. — Amphetamine base is used only by
inhalation (see above) ; its salts are used orally or
parenterally. The usual dose of amphetamine sulfate is 10 mg. (approximately % grain) twice a day
by mouth, with a range of 2.5 to 10 mg. The
maximum safe dose is usually 20 mg. and the
maximum dose in 24 hours should seldom exceed
100 mg. Because of variation in individual susceptibility, treatment with amphetamine sulfate
should be started with a test dose of 2.5 to 5 mg.
(approximately }4s to V12 grain). To avoid insomnia, the drug is best given during the morning and preferably not later than midafternoon.
The average doses for its common uses are as follows: depressive states, 5 to 10 mg. twice daily;
alcoholism, 5 to 15 mg. twice daily; postencephalitic parkinsonism, 10 to 20 mg. twice daily;
narcolepsy, 10 to 40 mg. two or three times daily
as required; obesity, 2.5 to 5 mg. twice daily
about one-half hour before meals. In barbiturate
poisoning, the initial dose is 20 to 50 mg. intravenously in a 2 per cent solution; subsequently
50 to 100 mg. may be given intramuscularly, every
hour if necessary, to counteract the hypnosis and
depression of the central nervous system.
AMPHETAMINE
PHOSPHATE.
N.F.
Racemic Amphetamine Phosphate, rf/-Monobasic
Amphetamine Phosphate, d/-Amphetaminium Phosphate

Part I
doses of amphetamine phosphate would have to
be approximately 25 per cent greater than those
of amphetamine sulfate for equivalent effect. For
most purposes, however, amphetamine phosphate
is actually used in the same dose as amphetamine
sulfate. As an analeptic amphetamine phosphate
is administered intravenously or intramuscularly
in doses of 20 to 50 mg. every 30 to 60 minutes
until consciousness is restored; the solution employed commonly contains 10 mg. per ml. and is
preserved with 0.5 per cent chlorobutanol. The
N.F. gives the usual dose as 5 mg.
Storage. — Preserve "in well-closed containers." N.F.
AMPHETAMINE
PHOSPHATE
INJECTION.
N.F.
"Amphetamine Phosphate Injection is a sterile
solution of amphetamine phosphate in water for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of C9H13N.H3PO4." N.F.
Storage. — Preserve "in single-dose or mulN.F.
tiple-dose containers, preferably of Type I glass."
Usual Size. — 100 mg. in 10 ml.
AMPHETAMINE
PHOSPHATE
TABLETS.
N.F.
"Amphetamine Phosphate Tablets contain not
less than 90 per cent and not more than 110 per
cent of the labeled amount of C9H13N.H3PO4."
N.F.

Usual Size. — 5 mg. (approximately Vn grain).
DIBASIC AMPHETAMINE
PHOSPHATE.
N.F.

C9H13N.H3PO4

Racemic Dibasic Amphetamine Phosphate, rf/Dibasic
Amphetamine Phosphate,
^'/-Dibasic Amphetaminium
Phosphate

"Amphetamine Phosphate, dried at 105° for 2
hours, contains not less than 98 per cent of
C9H13N.H3PO4." N.F.

(C9Hi3N)2.H3P04

Profetamine Phosphate (Clark & Clark) ; Raphetamine
Phosphate (Strasenburgh) .

This salt differs from amphetamine sulfate in
being a salt of phosphoric acid in which one of
the three hydrogen atoms of the latter is neutralized by amphetamine base.
Description. — "Amphetamine Phosphate occurs as a white, odorless, crystalline powder. It
has a bitter taste. Amphetamine Phosphate i»
freely soluble in water, and slightly soluble in alcohol. It is practically insoluble in benzene, in chloroform, and in ether. The pH of a solution of
Amphetamine Phosphate (1 in 20) is between
4 and 5." N.F.
The standards, tests and assay are identical
with those for amphetamine sulfate, except for
the difference in the identification of the cation;
also, the residue on ignition of amphetamine phosphate is0.1 per cent.
Uses. — Amphetamine phosphate is used for
the same purposes as amphetamine sulfate. Because of the lower content of amphetamine base
in the phosphate, as compared with the sulfate, it
may be calculated that 12.6 mg. of the phosphate
is equivalent to 10 mg. of the sulfate, so that

"Dibasic Amphetamine Phosphate, dried at
105° for 2 hours, contains not less than 98 per
cent of (C9H13N)2.H3P04." N.F.
This salt differs from amphetamine phosphate
in that two of the hydrogen atoms of phosphoric
acid are neutralized by amphetamine base.
Description. — "Dibasic Amphetamine Phosphate occurs as a white, odorless, crystalline powder. It has a slightly bitter taste. One Gm. of
Dibasic Amphetamine Phosphate dissolves in
about 20 ml. of water, and in about 650 ml. of
alcohol. It is insoluble in ether. The pH of a solution of Dibasic Amphetamine Phosphate (1 in
20) is between 7 and 8.5." N.F.
Uses. — This salt differs from amphetamine
phosphate in containing approximately 25 per
cent more of amphetamine base and thus it is
equivalent to amphetamine sulfate when equal
weights of the two are compared. Dibasic amphetamine phosphate is neutral in aqueous solution, while the monobasic phosphate is acid; this
difference, however, is of no significance in the
use of the two salts. The dose of dibasic amphetamine phosphate is exactly the same as that of
amphetamine sulfate. The N.F. gives the usual
dose as 5 mg.
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Storage. — Preserve "in well-closed containers."
N.F.
DIBASIC AMPHETAMINE
PHOSPHATE TABLETS.
N.F.
"Dibasic Amphetamine Phosphate Tablets contain not less than 90 per cent and not more
than 110 per cent of the labeled amount of
(C9Hi3N)2.H3P04." N.F.
Usual Size. — 5 mg. (approximately Yi2 grain).
DEXTRO-AMPHETAMINE
PHOSPHATE.
N.F.
Monobasic Dextro-amphetamine Phosphate, Dextroamphetaminium Phosphate

C9H13N.H3PO4

"Dextro-amphetamine Phosphate, dried at 105°
for 2 hours, contains not less than 98.5 per cent of
C9H13N.H3PO4."

N.F.

This salt has the same relationship to amphetamine phosphate as dextro-amphetamine sulfate
has to amphetamine sulfate.
Description. — "Dextro-amphetamine Phosphate occurs as a white, odorless, crystalline powder. It has a bitter taste. One Gm. of Dextroamphetamine Phosphate dissolves in 20 ml. of
water. It is slightly soluble in alcohol and is practically insoluble in benzene, in chloroform, and in
ether. The pH of a solution of Dextro-amphetaN.F. mine Phosphate (1 in 10) is between 4 and 5."
Uses. — Dextro-amphetamine phosphate has the
same actions and uses as amphetamine sulfate
but, as with the dextro form of amphetamine
sulfate, the dextro isomer of amphetamine phosphate isabout twice as active in its central stimulant effects as the racemic form of amphetamine
phosphate. Accordingly the usual dose of the dextro isomer should be about half that of racemic
monobasic amphetamine phosphate; however, the
N.F. gives the usual dose as 5 mg.
Storage. — Preserve "in well-closed containers."
N.F.
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phetamine, thereby making the salt less acid than
dextro-amphetamine phosphate.
Description. — "Dibasic Dextro-amphetamine
Phosphate occurs as a white, odorless, crystalline
powder. It has a slightly bitter taste. One Gm. of
Dibasic Dextro-amphetamine Phosphate dissolves
in about 20 ml. of water, and in about 650 ml. of
alcohol. It is insoluble in ether. The pH of a solution of Dibasic Dextro-amphetamine Phosphate
(1 in 20) is between 6.0 and 7.5." N.F.
Uses. — The uses of this dextro isomer are
qualitatively the same as amphetamine sulfate;
the dose is theoretically and actually the same as
for dextro-amphetamine sulfate, since both dextro
salts contain the same proportion of active base.
The N.F. gives the usual dose as 5 mg.
Storage. — Preserve "in well-closed containers."
N.F.
DIBASIC
DEXTRO-AMPHETAMINE
PHOSPHATE TABLETS.
N.F.
"Dibasic Dextro-amphetamine Phosphate Tablets contain not less than 90 per cent and not
more than 110 per cent of the labeled amount of
(C9Hi3N)2.H3P04."
Usual Size. — 5 mg.N.F.
AMPHETAMINE
SULFATE.
U.S.P., B.P., NLP.
H3
Amphetaminium Sulfate, d/-l-Phenyl-2-aminopropane
Sulfate, [Amphetaminae Sulfas]

ch,chch,

so;

"Amphetamine Sulfate, dried at 105° for 2
hours, contains not less than 98 per cent and not
more than 100.5 per cent of (C9Hi3N)2.H.2S04."
U.S. P. The B.P. defines Amphetamine Sulphate as
(±)-2-aminopropylbenzene sulfate, and requires
not less than 99.0 per cent of (CgHi3N)2.H2S04,
calculated with reference to the substance dried

DEXTRO-AMPHETAMINE
PHOSPHATE TABLETS. N.F.

to constant weight at 105°. The LP. defines it as
(±)-2-amino-l-phenylpropane sulfate, and requires not less than 98.0 per cent of (CgHi3N)2.assay.
H2SO4,
the substance not being dried prior to

"Dextro-amphetamine Phosphate Tablets contain not less than 90 per cent and not more
than 110 per cent of the labeled amount of
C9H13N.H3PO4." N.F.
Usual Size. — 5 mg.

B.P. Amphetamine Sulphate. LP. Amphetamini Sulfas.
Racemic Amphetamine Sulfate. d/-a-Methylphenethylamine
Sulfate. Benzedrine Sulfate (Smith, Kline & French Labs.).

DIBASIC

DEXTRO-AMPHETAMINE
PHOSPHATE.
N.F.

Dibasic Dextro-amphetaminium

Phosphate

(C9Hi3N)2.H3P04
"Dibasic Dextro-amphetamine Phosphate, dried
at 105° for 2 hours, contains not less than 98 per
cent of (C9Hi3N)2.H3P04." N.F.
This salt corresponds to the dextro isomer of
amphetamine sulfate in containing, by a coincidence of molecular weights, the same proportion
of amphetamine. It differs from dextro-amphetamine phosphate in that two of the hydrogen
atoms of phosphoric acid are neutralized by am-

The B.P. states that this salt may be prepared
by neutralizing an alcoholic solution of amphetamine base with sulfuric acid.
Description. — "Amphetamine Sulfate occurs
as a white, odorless, crystalline powder. It has a
slightly bitter taste. Its solutions are acid to
litmus, having a pH of 5 to 6. One Gm. of
Amphetamine Sulfate dissolves in about 9 ml. of
water, and in about 500 ml. of alcohol. It is insoluble in ether." U.S.P.
Standards and Tests. — Identification. — (1)
The benzoyl derivative of amphetamine melts between 131° and 135°. (2) A solution of amphetamine sulfate responds to tests for sulfate. Water.
— Not over 1 per cent when dried at 105° for
2 hours. Residue on ignition. — Not over 0.2 per
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cent. Dextroamphetamine. — A 1 in SO solution
of amphetamine sulfate is optically inactive.
U.S.P.
Assay. — A sample of 300 mg. of dried amphetamine sulfate is dissolved in water, made
alkaline with sodium hydroxide, and the amphetamine base extracted with ether. The ether is
evaporated to a volume of about 10 ml., 20 ml.
of 0.1 N sulfuric acid is added and. after evaporation of the remainder of the ether, the excess
of acid is titrated with 0.1 A* sodium hydroxide,
using methyl red T.S. as indicator. Each ml. of
0.1 A7 sulfuric acid represents 18.43 mg. of
(C9Hi3N)2.H2S04. U.S.P.
For uses and dose of amphetamine sulfate see
under Amphetamine, [v]
Storage. — Preserve "in well-closed containers." U.S.P.
AMPHETAMINE
SULFATE
TABLETS.
U.S.P. (LP.)
"Amphetamine Sulfate Tablets contain not less
ihan 90 per cent and not more than 110 per cent
of the labeled amount of (C9Hi3N)2.H2S04."
U.S.P. The corresponding LP. limits are 92.0 to
108.0 per cent.
LP. Tablets of Amphetamine
pbetamini Sulfatis.

Sulfate; Compressi Am-

Usual Sizes. — 5 and 10 mg.
DEXTRO AMPHETAMINE
SULFATE.
U.S.P.
d-Amphetaminium Sulfate, d-l-Phenyl-2-aminopropane Sulfate

"Dextro Amphetamine Sulfate, the dextrorotatory isomer of amphetamine sulfate, dried at 105°
for 2 hours, contains not less than 98 per cent and
not more than 100.5 per cent of (C9Hi3N)2.H2SO4." U.S.P.
Dexedrine Sulfate

(.Smith, Kline & French Labs.).

Dextro amphetamine sulfate is obtained by
resolution of the racemic variety, which is official
as Amphetamine Sulfate.
Description. — "Dextro Amphetamine Sulfate
occurs as a white, odorless, crystalline powder.
Its 1 in 20 solution is acid to litmus, having a pH
of 5 to 6.3. One Gm. of Dextro Amphetamine
Sulfate dissolves in about 10 ml. of water and in
about 800 ml. of alcohol. It is insoluble in ether."
U.S.P.
Standards and Tests. — Identification. — (1)
The benzoyl derivative melts between 155° and
158°. (2) A 1 in 10 solution of dextro amphetamine sulfate responds to tests for sulfate. Specific rotation. — Not less than +20° and not more
than +23. 5°, when determined in a solution containing 400 mg. of dried dextro amphetamine sulfate in each 10 ml. Loss on drying. — Not over
1 per cent, when dried at 105° for 2 hours. Residue on ignition. — Not over 0.1 per cent. U.S.P.
Assay. — The assay is performed as described
under Amphetamine Sulfate. U.S.P.
Uses. — The dextrorotatory form of amphetamine was observed bv Prinzmetal and Alles
(Proc. S. Exp. Bio. Med., 1939, 42, 206) to have
a substantially greater central nervous stimulating
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effect than the racemic form; also, the levorotatory form was found to be relatively devoid of
this euphoriant action. Otherwise the actions of
the optically active and racemic forms of the
compound are pharmacodynamically similar. The
general clinical pharmacology of amphetamine
has been discussed in the monograph on Amphetamine; for further information see Reifenstein
and Davidoff (N. Y. State J. Med., 1939, 39, 42).
Confirming the initial observations of Prinzmetal
and Alles, Davidoff (Med. Rec, 1943, 156, 422)
reported racemic amphetamine to be distinctly
weaker in its stimulation of motor and intellectual
function than either d-amphetamine or desoxyephedrine (methamphetamine). Similarly, Novelli
and Tainter (/. Pharmacol., 1943, 77, 325) reported that dextro amphetamine was at least twice
as active as the racemic form in its effects on the
motor activity of rats. This effect on the sensorium
and motor phenomena is attributable to an inherent activity of the compound which is unique,
for usually the levo-form of biologically active
agents having one asymmetric carbon atom is
more active than the dextro form.
Beyer and Skinner (ibid., 1940, 68, 419) studied the detoxication and excretion of racemic
amphetamine and its optically active forms in
man. They found essentially no difference in the
absorption and excretion of the three forms, although the greater effect of the dextro form on
the sensorium was quite evident. Thus, up to 64
per cent of either active form of amphetamine
was excreted during a period of 24 hours.
As a generalization, dextro amphetamine tends
to be used in place of the racemic form in those
conditions where stimulation of the sensorium is
indicated, as in certain depressive states, in postencephalitic parkinsonism, and in narcolepsy. In
a study of comparative therapeutic effects of the
two forms on humans, Freed (West. J. Surg.
Obst. Gyn., 1949, 57, 67) found the racemic salt
to be equal, in appetite-curbing effect, to the
dextro salt when the latter is used in half the
dose of the former. He received the clinical impression that the individual who requires large
doses of most drugs for a therapeutic effect responds more satisfactorily to racemic amphetamine sulfate than to the dextro isomer; the highstrung, hypersensitive individual who is prone to
drug intolerance and who responds to small doses
of drugs in general seems to prefer the dextro
isomer. In anhedonic individuals the levo form
of amphetamine, which is present in the racemic
drug, produces through its stronger adrenergic
action a satiation to food at lower dosage levels;
the hypersensitive individual, on the other hand,
does not tolerate too well the adrenergic effect of
the levo isomer and therefore prefers dextro
amphetamine sulfate.
Toxicology. — The undesirable effects of the
drug following overdosage are excessive excitement, loquaciousness, headache and insomnia, as
observed also with racemic amphetamine. Since
the drug is slowly excreted and metabolized these
effects may persist for 24 to 48 hours when the
dose is excessive. According to Freed (loc. cit.)
there is considerably less incidence of side reactions with dextro amphetamine sulfate than with
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the racemic salt. Since the peripheral vascular
action of the dextro and racemic salts is believed
to be quantitatively the same, it is apparent that
the lower dosage required in the case of the dextro
compound is less likely to elicit peripheral vascular complications. Dextro amphetamine sulfate is
usually not indicated in cases of severe hypertension, angina pectoris, hyperthyroidism, and
Raynaud's disease.
Dose. — The usual adult dose of dextro amphetamine sulfate in simple depressed states, obesity,
alcoholism, hyperemesis gravidarum, or drowsiness is 5 mg. twice a day, with a range of dose
of 2.5 to 5 mg. The last dose should precede the
anticipated bedtime by at least 4 hours; otherwise, the stimulating effect of the drug will interfere with sleep, in which case it may be necessary
to counteract the effect with barbiturate hypnotics.
The dose for control of narcolepsy or the depression of parkinsonism may be 25 mg. a day or
more, symptomatically. The maximum safe dose
in 24 hours seldom exceeds 50 mg. Dexedrine
Sulfate Spanstdes contain 15 mg. of the dextro
salt in the form of tiny pellets, of which there
are over a hundred in each capsule, having varying disintegration times so as to release the drug
uniformly over a period of 8 to 10 hours; for use
in weight reduction one such capsule, taken in
the morning, curbs appetite throughout the day.
Storage. — Preserve "in well-closed containers."
U.S.P.
DEXTRO

AMPHETAMINE
SULFATE
TABLETS.
U.S.P.

"Dextro Amphetamine Sulfate Tablets contain
not less than 90 per cent and not more than 110
per cent of the labeled amount of (C,9Hi3N)2.H2S04." U.S.P.
Usual Sizes. — 5 and 10 mg.
AMYL

NITRITE.

U.S.P., B.P., LP.

Isoamyl Nitrite, [Amylis Nitris]

CH3.CH(CH3) .CH2.CH2.ONO
"Amyl Nitrite contains not less than 90 per
cent of C5H11NO2. Caution. — Amyl Nitrite is
very flammable. Do not use where it may be
ignited." U.S.P.
The B.P. states that Amyl Nitrite consists
chiefly of the nitrites of 3-methylbutanol, (013)2CH.CH2.CH2.OH, and 2-methylbutanol, (C2H5)
(CH3)CH.CH2.0H; it is required to contain not
less than 90.0 per cent w/w of nitrites, calculated
as CsHuCteN. The LP. indicates it to be a mixture of the nitrite of 3-methylbutanol- 1 with a
small quantity of the nitrite of 2-methylbutanol-l
and other nitrites of the homologous series; the
purity rubric is the same as that of the U.S.P.
and B.P.
Araylium Nitrosum; Nitris Amylicus. Ft. Azotite d'amyle.
Ger. Amylnitrit; Salpetrigsaureamylester. It. Nitrito
d'amile;
Nitrito d'isoamile. Sp. Nitrito de amilo; Ester
isoamilnitroso.

This substance, discovered by Balard in 1844,
is the product of esterifi cation of amyl alcohol
and nitrous acid. A convenient method for preparing the ester by the interaction of amyl alcohol,
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sulfuric acid and sodium nitrite is described by
Noyes (J.A.C.S., 1933, 55, 3888). Other methods
of preparation are described in the U.S.D., 20th
ed.,The
p. 140.
amyl alcohol used in the preparation of
amyl nitrite is frequently a mixture of isomeric
alcohols; as a result, the product may likewise
be a mixture of two or more isomers. Usually,
it consists chiefly of isoamyl nitrite,
CH3.CH (CH3) .CH2.CH2.ONO
with smaller proportions of optically active, secondary and amyl nitrite, CH3.CH2.CH(CH3).CH2.ONO. Read et al. {Chinese J. Physiol, 1933,
7, 253) made comparative physiological studies
of the effects of the various isomeric amyl nitrites;
they found that all act qualitatively alike but believe that the tertiary amyl nitrite is the most
valuable from the standpoint of practical therapeutics.
Description. — "Amyl Nitrite is a clear, yellowish liquid, having a peculiar, ethereal, fruity
odor. It is volatile even at low temperatures and
is flammable. Amyl Nitrite is almost insoluble in
water, but is miscible with alcohol and with ether.
The specific gravity of Amyl Nitrite is not less
than 0.865 and not more than 0.875." U.S.P.
Standards and Tests. — Identification. — (1)
Amyl valerate, recognizable by its odor, is produced when a mixture of 2 ml. of sulfuric acid, 2
drops of amyl nitrite and 2 drops of water is diluted with water. (2) A greenish brown color is
produced on adding a few drop of amyl nitrite to
a mixture of 1 ml. of ferrous sulfate T.S. and 5
ml. of diluted hydrochloric acid. Acidity. — The
red tint of a mixture of 1 ml. of normal sodium
hydroxide, 10 ml. of water and 1 drop of phenolphthalein T.S. is not discharged by 5 ml. of amyl
nitrite when the glass-stoppered cylinder used as
a container is inverted three times. Aldehyde. —
No brown or black color is developed on mixing,
successively, 1.5 ml. of silver nitrate T.S., 1.5 ml.
of aldehyde-free alcohol, enough ammonia T.S. to
redissolve the precipitate which forms, and 1 ml.
of amyl nitrite, the mixture being heated gently
for 1 minute. U.S.P.
The B.P. specifies that not less than 85 per cent
shall distil between 90° and 100°. The residue on
evaporation is not more than 0.01 per cent w/v.
A test for aldehyde, based on the color produced
with sodium hydroxide, is also given.
Assay. — A 3-ml. sample of amyl nitrite is
weighed in alcohol and the solution diluted to 100
ml. A 10-ml. portion of this solution is assayed
gasometrically, by the method described under
Ethyl Nitrite Spirit. U.S.P.
The B.P. assay is practically the same as that
of the U.S.P. The LP. assay is based on the reduction of potassium chlorate by the nitrite to
potassium chloride, the amount of the latter being
determined by precipitation with a measured excess of 0.1 A7 silver nitrate, followed by titration
of the excess silver nitrate with 0.1 N ammonium
thiocyanate, with the silver chloride being removed by filtration. Since three molecules of amyl
nitrite are required to reduce one molecule of
potassium chlorate to chloride, the equivalent
weight of amyl nitrite is three times its molecular
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weight. Each ml. of 0.1 N silver nitrate represents 35.1 mg. of C5H11O2N. LP.
Uses. — Physiologically, amyl nitrite acts like
sodium nitrite (g. v.), except that it is much
quicker and more evanescent, its effect appearing
in about 30 seconds and lasting for only about 3
minutes. Amyl nitrite is used in medicine for
three purposes: To relax spasms in the arteries,
to control convulsions, and for the relief of the
asthmatic paroxysm. It is of service only where
an immediate, transient effect is desired.
Cardiac. — In angina pectoris it improves circulation in the coronary arteries, even though a
drop in blood pressure occurs. Since the duration
of angina attacks is less than 3 minutes in the
majority of cases (Riseman and Brown, New
Eng. J. Med., 1937, 217, 470) only the rapidly
acting substances, amyl nitrite or nitroglycerin,
are effective. The pain due to demonstrable (electrocardiogram or gross pathology) myocardial
infarction is usually not benefited by nitrites;
since such patients often manifest peripheral circulatory collapse, nitrites must be employed with
great caution. Goldberger {Am. Heart J., 1945,
30, 60) made electrocardiograms following amyl
nitrite inhalation by patients with hypertension
and enlargement of the heart; most of these patients showed a change of the T wave from negative to positive for 3 to 4 minutes. Gross {Am.
Heart J ., 1945, 30, 19) reported on the use of
the time between the first inhalation of amyl
nitrite and the appearance of a definite heat sensation in the face as a measurement of lung-to-face
circulation time; in normal persons the time
ranged from 14 to 25 seconds; in congestive heart
failure the time varied from 31 to 54 seconds; in
emphysematous patients it was normal. In a study
of the effect of several drugs on the pressure in
the pulmonary artery of unanesthetized dogs
(/. Pharmacol., 1943, 77, 80), amyl nitrite is reported to have no effect. In such dogs, Stephens
(/. Physiol, 1940, 99, 127) found that amyl
nitrite caused contraction of the spleen.
Cerebral. — In convulsive disorders, amyl nitrite is of service only when it is necessary to
cause immediate relaxation; thus in tetanus, because of the duration of the convulsive tendency,
the fugaciousness of its action renders it of relatively small service ; on the other hand, in strychnine poisoning, by restraining the convulsions long
enough for more durable motor depressants to
act, it may prove a life-saving remedy. In ordinary epilepsy it is of little service, but in status
epilepticus, in which the patient passes from one
convulsion to another, the drug may be of great
benefit. Again, in those occasional cases of epilepsy in which the seizure is preceded by an aura
of sufficient length, inhalation of amyl nitrite as
soon as the aura commences may abort the
paroxysm. Brief cessation of the tremors in
Parkinson's disease following inhalation of amyl
nitrite has been reported by Garai {Arch. Neurol.
Psychiat., 1951, 65, 452).
Pulmonary. — In many cases of asthma it will
cause an immediate, if only temporary, cessation
of the paroxysm. Epinephrine and aminophylline
are usually more effective. The claim of Hare that
"amyl nitrite is of great value for the relief of
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hemoptysis has been confirmed by a number of
observers (see Brit. M. L, July 15, 1911J. Its
action in this condition is probably the result of
dilatation of the splanchnic blood vessels.
Colic. — Although the short-acting nitrites are
of little value in most spasms of the gastrointestinal tract, they may be effective in lead colic
{Arch. Int. Med., 1932, 49, 270) and may aid in
the differentiation between spasm and organic
lesions during x-ray examinations. These drugs are
often beneficial in the relief of biliary colic {Surg.,
Gynec. Obst., 1936, 63, 451) both before and
after cholecystectomy, including instances of
biliary dyskinesia. Amyl nitrite is also indicated
in the treatment of renal colic {Arch. urug. de
med., 1944, 24, 105). Prytz (Ugeskr. f. laeger,
1949, 111, 426) described its use, by inhalation,
in obstetrics for the relief of constriction ring
dystocia (BandFs contraction ring). It is also
valuable in some cases of migraine (see Nicotinic
Acid). In the management of cyanide poisoning,
amyl nitrite plays an important role (see Diluted
Hydrocyanic Acid).
Amyl nitrite is generally administered by inhalation, usually in doses of from three to five
drops, although much larger quantities have been
given. The initial dose should be three drops on
a handkerchief held close to the nose, the dose
being gradually increased pro re nata. The handkerchief should be withdrawn as soon as the face
flushes or severe palpitation is noted, as the effects
increase for some time after inhalation is discontinued. The best method, however, of administering the very volatile liquid is by the use of glass
pearls — small flask-shaped vessels containing the
nitrite; these are crushed in a handkerchief or
towel when wanted for inhalation, the thin and
fragile glass causing no inconvenience. The drug
may also be given by mouth.
Toxicology. — "When inhaled in doses of from
five to ten drops, amyl nitrite produces in man
violent flushing of the face, accompanied by a
feeling as though the head would burst, and a very
excessive action of the heart. Along with these
symptoms, after a larger quantity, there is a sense
of suffocation, and more or less marked muscular
weakness. Since amyl nitrite increases intraocular
tension, it must be used with caution in patients
with glaucoma. In addition to the headache which
it causes, it increases the pressure of the cerebrospinal fluid and is contraindicated in patients
suffering from head trauma, cerebral hemorrhage,
etc. In some persons it produces a reaction comparable to shock — nausea, vomiting, weakness,
restlessness, pallor, sweating, syncope and incontinence— due to pooling of blood in the postarteriolar vessels and failure of the return of
venous blood to the heart {Arch. Int. Med., 1938,
62, 97; /. Clin. Inv., 1938, 17, 41). Treatment
consists of the head-low position, deep breathing
and exercising the extremities to aid venous return; the reaction is aggravated by epinephrine. S
The usual dose is 0.3 ml. (approximately 5
minims), by inhalation, as required. The maximum safe dose is 0.3 ml. and the total dose in 24
hours should rarely exceed 1.5 ml.
Storage. — Preserve "in tight containers. Containers for the administration of Amyl Nitrite by
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inhalation should be loosely wrapped in gauze or
other suitable material." U.S.P. Horswell and
Silverman (Ind. Eng. Chem., Anal. Ed., 1941, 13,
555) reported that amyl nitrite, whether in vapor
or liquid state, is stable in air and relatively stable
when exposed to artificial light, but decomposes
within two hours when exposed to direct sunlight.
AMYLENE

HYDRATE.

U.S.P., B.P., LP.

Tertiary Amyl Alcohol, [Amyleni Hydras]

C2HB.C(CH3)2.0H
The B.P. defines amylene hydrate as ethyldimethylcarbinol and states that it may be made
by hydration of amylene (2-methylbutene-l). The
I. P. defines the substance as 2-methyl-butanol-2.
Dimethylethylcarbinol; Tertiary Pentanol. Amylenum
Hydratum; Hydras Amylenicus. Fr. Hydrate d'amylene.
Ger. Amylenhydrat; Tertiarer Amylalkohol. It. Idrato di
amilene. Sp. H idrato de Amileno.

Amylene hydrate, an alcohol, is prepared commercially byhydrating amylene, a hydrocarbon
obtained by the chlorination of isopentane and
hydrolysis of the resulting products. Hydration
of the amylene is effected by treatment with a
mixture of sulfuric acid and water at 0°; after
neutralization of the acid the amylene hydrate is
separated by distillation.
Description. — "Amylene Hydrate occurs as
a clear, colorless liquid, having a camphoraceous
odor. Its solutions are neutral to litmus. One Gm.
of Amylene Hydrate dissolves in about 8 ml. of
water. It is miscible with alcohol, with chloroform, with ether, and with glycerin. The specific
gravity of Amylene Hydrate is not less than 0.803
and not more than 0.807. Amylene Hydrate distils
completely between 97° and 103°." U.S.P. The
I. P. states that at temperatures below —13°
amylene hydrate forms hygroscopic acicular
crystals.
Standards and Tests. — Identification. — (1)
A mixture of amylene hydrate, sulfuric acid,
potassium dichromate and water is heated for 2
hours under a reflux condenser, forming acetic
acid and acetone. These are removed by distillation. Acetone, being the more volatile, distils over
first and is identified in the first portion of distillate bytest (2). The remainder of the distillate
is neutralized with sodium hydroxide T.S. and
evaporated to dryness: the residue responds to
tests for acetate. (2) A deep red liquid, developing
a violent tint on dilution with water, is produced
when sodium nitroprusside T.S. is added to a
dilution of the reserved distillate, acidified slightly
with acetic acid. (3) A violet red color results
on adding 5 ml. of a 1 in 100 solution of vanillin
in sulfuric acid to 10 ml. of a 1 in 10 solution of
amylene hydrate. Water. — Anhydrous cupric sulfate does not become blue when agitated with
amylene hydrate. Non-volatile residue. — Not over
25 mg. when 10 ml. of amylene hydrate is evaporated and finally dried at 105° for 1 hour. Heavy
metals. — The limit is 5 parts per million. Readily
oxidizable substances. — The pink color of a mixture of 10 ml. of 1 in 20 solution of amylene
hydrate and 0.1 ml. of 0.1 N potassium permanganate isnot entirely discharged in 10 minutes. Aldehyde. — No darkening occurs on heating
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a mixture of 10 ml. of 1 in 20 solution of amylene
hydrate and 1 ml. of ammoniacal silver nitrate
T.S. for 10 minutes at 60°. U.S.P.
The B.P. test for limit of water is performed
by adding fight petroleum to amylene hydrate;
the resulting mixture should show no cloudiness.
Uses. — In 1887 amylene hydrate, a central
nervous system depressant, was proposed by Von
Mering as a hypnotic. Advantages claimed were
that it was quicker and more potent than paraldehyde or sulfonal, and that it did not depress
the heart like chloral hydrate. As a hypnotic it
ranks between chloral hydrate and paraldehyde
and it is relatively non-toxic. It was rarely used
until it was employed as a vehicle for the basal
anesthetic tribromoethanol. It is official because
of this use (see Tribromoethanol Solution).
Harnack and Meyer (Ztschr. klin. Med., 1894,
24, 374) reported it produced quiet sleep in
herbivorous animals but was an excitant to dogs
and cats. It antagonized the convulsant effects of
strychnine, picrotoxin and santonin, and in a
general way its action was like that of alcohol.
Barlow and Gledhill (/. Pharmacol, 1933, 49, 36)
studied the effects of amylene hydrate on rats
both alone and combined with tribromoethanol.
They found the lethal dose, rectally or subcutaneously, was about 1.4 Gm. per Kg. Although
the rate of respiration was increased, the volume
of air moved per minute was lessened by all doses.
While it was possible to produce complete anesthesia with amylene hydrate it required 65 per
cent of the lethal dose and was accompanied by
reduction of about 75 per cent in the volume of
air breathed (Hofmann, Arch. exp. Path. Pharm.,
1936, 183, 127).
In humans the hypnotic dose, dissolved in glycerin, is 1 to 4 Gm. Since the average dose of
Tribromoethanol Solution contains over 2 Gm.
of amylene hydrate, it may contribute to the
hypnotic action of this solution.
Amylene hydrate is an important commercial
solvent; it is used especially in dry cleaning of
cellulose acetate materials.
Storage. — Preserve "in tight containers."
U.S.P.
B.P.Off. Prep. — Tribromoethanol Solution, U.S.P. ,
ANETHOLE.

U.S.P.

Anethol, [Anethole]

-CH=CHCH3

CH,0
^

/

"Anethole is parapropenyl anisole. It is obtained from anise oil and other sources, or is prepared synthetically." U.S.P.
Anise Camphor. l-Methoxy-4-propenylbenzene.
Anethole occurs in several volatile oils. From
80 to 90 per cent of anise oil is anethole; the
latter may be separated by cooling the oil. Anethole may also be obtained from pine oil; indeed
this oil was the only available source of anethole
when supplies of anise oil were cut off during the
Second World War. It may be synthesized from
anisole and acetaldehyde.
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Description. — "Anethole is a colorless or
faintly yellow liquid at or above 23°. It has a
sweet taste, the aromatic odor of anise, and its
alcohol solutions are neutral to litmus. It is affected by light. Anethole is readily miscible with
ether and with chloroform. It dissolves in 2 volumes of alcohol. It is slightly soluble in water.
The specific gravity of Anethole is not less than
0.983 and not more than 0.988." U.S.P.
Standards and Tests. — Congealing temperature.— Not less than 20°. Distillation range. —
Anethole distils completely between 231° and
237°. Optical rotation. — Anethole is optically inactive or shows a rotation of not more than 0.15°
in a 100-mm. tube. Refractive index. — Not less
than 1.5570 and not more than 1.5610. Aldehydes
and ketones. — No appreciable diminution in the
volume of anethole occurs, nor does a crystalline
deposit form, when 10 ml. of anethole is shaken
with 50 ml. of a saturated aqueous solution of
sodium bisulfite and /allowed to stand 6 hours.
Phenols. — No purplish color is produced upon the
addition of 3 drops of ferric chloride T.S. to 10
ml. of the filtrate separated from 1 ml. of anethole
shaken with 20 ml. of distilled water. U.S. P.
Anethole is used like, and for the same purposes as, anise oil (which see).
Dose, from 0.06 to 0.3 ml. (approximately 1 to
5 minims).
Storage. — Preserve "in tight, fight-resistant
containers." U.S.P.
Off. Prep. — Diphenhydramine Hydrochloride
Elixir, U.S.P. ; Compound Cardamom Spirit, N.F.
ANISE

OIL.

U.S.P., B.P. (LP.)

[Oleum Anisi]

"Anise Oil is the volatile oil distilled with steam
from the dried, ripe fruit of Pimpinella Anisum
Linne (Fam. Umbelliferce) or from the dried, ripe
fruit of Illicium verum Hooker filius (Fam. Magnoliacece). Note. — If solid material has separated
from Anise Oil, carefully warm the mixture
until it is completely liquefied, and mix it thoroughly before using." U.S.P. The B.P. and LP.
recognize oil distilled from the same plant sources.
I. P. Oil of Anise. Oil of Aniseed. Oleum Anisi
^thereum;
Essentia
anisi.Sp.Fr.Esencia
Essencede d'anis.
Ger. Anisol. It. Essenze
di anice.
anis.

Anise oil, which is imported into this country
chiefly from India and French Indo-China, is obtained mostly from Illicium verum, or Star Anise,
which is described in Part II under the title
Illicium. For a description of Pimpinella Anisum
see under Anise, in Part II.
Description. — "Anise oil is a colorless or pale
yellow, strongly refractive liquid, having the characteristic odor and taste of anise. One volume of
Anise Oil dissolves in 3 volumes of 90 per cent
alcohol. The specific gravity of Anise Oil is not
less than 0.978 and not more than 0.988." U.S.P.
Standards and Tests. — Congealing temperature.— Not below 15°. Optical rotation. — The
optical rotation in a 100-mm. tube, at 25°, is between +1° and —2°. Refractive index. — Not less
than 1.5530 and not more than 1.5600, at 20°.
Heavy metals. — The oil meets the official requirements. Phenols. — A 1 in 3 solution of recently
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distilled anise oil in 90 per cent alcohol is neutral
to moistened litmus paper, and the solution develops no blue or brown color on adding 1 drop
of ferric chloride T.S. to 5 ml. of it. U.S.P.
Constituents. — Anise oil contains 80 to 90
per cent of anethole (which see), together with
small amounts of its isomer methyl-chavicol, of
anisaldehyde, and of terpenes.
Adulterants. — Because of its high price anise
oil is often adulterated. Spermaceti, wax and
camphor are adulterants that have been used in
times past; fennel stearoptene has been found
also. The so-called Japanese star anise oil (from
Illicium anisatum), with which the official oil may
be confused, is derived from leaves, rather than
fruit, and contains eugenol and safrol, and much
less anethole than the oil from the fruit (see
Illicium, Part II).
Uses. — Anise oil is one of the most popular of
flavoring agents. Therapeutically it is useful to
stimulate peristalsis in colic and as an expectorant.
Boyd and Pearson (Am. J. Med. Sc, 1946, 211,
602) found it to be more effective than the oils of
turpentine, pine, lemon or eucalyptus. They believe that the expectorant volatile oils act directly
on the secretory cells of the respiratory tract.
Anise oil has also been recommended as a means
of destroying body lice. Parutz (Schim. Rep.,
1920) used a 1 per cent ointment for scabies. The
N.F. IX recognized Anise Spirit, a 10 per cent
v/v solution of the oil in alcohol, also Anise
Water, a saturated solution of the oil in distilled
water.
Dose, of the oil, 0.2 to 0.3 ml. (approximately
3 to 5 minims).
Storage. — Preserve "in well-filled, tight conU.S.P. tainers and avoid exposure to excessive .heat."
Off. Prep. — Glycyrrhiza Syrup; Compound
Orange Spirit, U.S. P.; Aromatic Cascara Sagrada
Fluidextract; Camphorated Opium Tincture,
U.S. P., B.P.; Compound Sarsparilla Syrup, N.F.
ANTAZOLINE

HYDROCHLORIDE.
U.S.P.. LP.

Antazolinium Chloride, 2-(N-Benzylanilinomethyl)-2imidazoline Hydrochloride

\^

'
^-^
HM
\-CH2-N-CH2-r^

^1

cr
"Antazoline Hydrochloride, dried at 105° for 3
hours, contains not less than 98 per cent of
C17N19N3.HCI." U.S.P. The LP. rubric is the
same, referred to the substance as it occurs.
HN-

I. P. Antazolini Hydrochloridum. 2-(N-Phenyl-N-benzylaminomethyl)imidazoline Hydrochloride. Antistine Hydrochloride (Ciba). Phenazoline Hydrochloride.

This antihistaminic substance is characterized
by the fact that the side chain (see article on
Antihistaminic Drugs, in Part II), which in many
such compounds is a dialkylaminoethyl group, has
been replaced by an imidazoline radical, thus
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making antazoline similar to the sympathomimetic
drugs Privine [2-(l-naphthylmethyl)-2-imidazoline] and Otrivine [(2-anilinomethyl)-2-imidazoline] . Antazoline may be synthesized by the interaction of anilinomethylimidazoline and benzyl
chloride, the first reactant being prepared from
anilinoacetimidoester and ethylenediamine (see
Idson, Chem. Rev., 1950, 47, 340).
Description. — "Antazoline Hydrochloride occurs as a white, odorless, crystalline powder. Its
solutions are neutral to litmus. One Gm. of
Antazoline Hydrochloride dissolves in about 40
ml. of water, and in about 25 ml. of alcohol. It
is practically insoluble in chloroform, in ether,
and in benzene. Antazoline Hydrochloride melts,
with
U.S.P. decomposition, between 232° and 238°."
Standards and Tests. — Identification. — (1)
A deep red color is produced when 25 mg. of
antazoline hydrochloride is dissolved in 5 ml. of
nitric acid, the color persisting when the solution
is diluted with 20 ml. of water. (2) A 1 in 100,000
solution exhibits an ultraviolet absorbancy maximum at 242 mn ± 1 mjx, and a minimum at 222
m\t ± 1 mn; the specific absorbancy, E(l%,
1 cm.), at 242 m\i is between 495 and 515. (3)
Antazoline hydrochloride responds to tests for
chloride. Loss on drying. — Not over 0.5 per cent,
when dried at 105° for 3 hours. Residue on ignition.— Not over 0.2 per cent. U.S.P.
Assay. — About 600 mg. of antazoline hydrochloride, dried at 105° for 3 hours, is dissolved in
80 ml. of glacial acetic acid and, after adding
10 ml. of mercuric acetate T.S., is titrated with
0.1 N perchloric acid, the end-point being determined potentiometrically. Each ml. of 0.1 N
perchloric acid represents 30.18 mg. of C17H19N3.HCI. U.S.P. This non-aqueous titration is
based upon the principle that each molecule of
antazoline base represented in the sample releases
one acetate ion when the salt is dissolved in acetic
acid. Each acetate ion, being basic, in turn combines with a hydrogen ion released by perchloric
acid, forming a molecule of acetic acid. Since the
solvent medium is acetic acid, this reaction is one
of neutralization, comparable to the combination
of hydrogen and hydroxyl ions to form water
when the latter is the solvent medium. The purpose of adding mercuric acetate is to prevent interference bythe hydrochloride component of the
salt, which reacts with the mercuric acetate to
form acetic acid and non-ionized mercuric chloride (for additional information see Kleckner and
Osol, /. A. Ph. A., 1952, 41, 573). The LP. assays
the substance gravimetrically as the picrate.
Uses. — This drug has received extensive pharmacological and clinical study. Its antihistaminic
activity in animals is 10 to 20 per cent of that of
tripelennamine hydrochloride, but its toxicity is
likewise low (Meier and Bucher, Schweiz. med.
Wchnschr., 1946, 76, 294; Craver et al., Ann.
Allergy, 1951, 9, 34). Used prophylactically, it
protects the guinea pig from anaphylactic shock
and in human skin it prevents wheal formation
following injection of histamine or of the specific
allergen in the allergic patient (Serafini, /. Allergy,
1948, 19, 256; Schwartz and Wolf, ibid., 1949,
20, 32). Dutta (Brit. J. Pharmacol. Chemother.,

Antazoline

Hydrochloride

93

1949, 4, 281) reported it to have 2.3 times the
local anesthetic effect of procaine hydrochloride;
he also observed it to have antiacetylcholine action
and a more intense effect than that of quinidine
in decreasing the response of muscle to electrical
stimulation. Its use does not prevent a positive
tuberculin patch test (Kendig et al., J. Pediat.,
1949, 35, 750) and it does not increase or decrease the antibody titer following diphtheriatetanus toxoid (Regamey and Wantz, Schweiz. Zt.
Path. Bakt., 1947, 10, 426).
Many clinical reports have appeared on its use
in allergic disorders. A number of these have been
summarized by Loveless and Dworin (Bull. N. Y.
Acad. Med., 1949, 25, 473), with the general conclusion that while a lower percentage of therapeutic effectiveness was found than with most
other antihistamines, the incidence of untoward
effects was likewise among the lowest. Friedlaender
and Friedlaender (Ann. Allergy, 1948, 6, 23) concluded that 100 mg. of antazoline hydrochloride
is clinically equivalent to 50 mg. of tripelennamine
hydrochloride. Antazoline was found to be the
least effective of 13 antihistaminics tested by
Sternberg et al. (J.A.M.A., 1950, 142, 969) for
ability to raise the histamine whealing threshold
in man.
Antazoline absorbs the erythema-producing
wave lengths of the ultraviolet region (Friedlaender et al, J. Invest. Derm., 1948, 11, 397).
Studies of the living mesoappendix by Haley and
Harris (/. Pharmacol, 1949, 95, 293) showed
that it causes contraction of the precapillary
sphincter.
Since it is less irritating than some other antihistaminics antazoline hydrochloride is used in an
0.5 per cent buffered (pH 6.1) isotonic solution
in the conjunctival sac (see reference to use of
antazoline phosphate below) and the nose (Friedlaender and Friedlaender, loc. cit.). Hurwitz (Am.
J. Ophth., 1948, 31, 1409) reported relief of
allergic eye conditions with one drop of this solution applied every 3 or 4 hours; momentary
smarting was observed. Taub et al. (Am. Pract.,
1949, 3, 664), however, do not advise use of this
solution because of the short period of symptomatic relief and the danger of sensitizing the
tissue to the drug. A solution containing 0.025 per
cent naphazoline hydrochloride and 0.5 per cent
antazoline hydrochloride is intended for nasal use
by application in the form of drops, spray, or by
tampon; the antihistamine component also possesses vasoconstrictive action. The solution is indicated inallergic and vasomotor rhinitis, sinusitis
and, perhaps, in the common cold. A concentration in excess of 1:1000 inhibits ciliary activity
(Craver et al, loc. cit.). See also the general discussion ofAntihistaminic Drugs in Part II.
The untoward effects are similar to those of
other antihistamines but the incidence is lower,
with the possible exception of thonzylamine.
Nausea and drowsiness are most frequent. Intravenously the drug must be given very slowly to
minimize flushing and vertigo; the dose by this
route should not exceed 50 to 100 mg.
Dose. — The usual dose is 100 mg. (approximately \Yz grains) up to 4 times daily by mouth,
with a range of 50 to 100 mg. The maximum safe
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dose is 100 mg. and the total dose in 24 hours
should generally not exceed 400 mg.
A 0.5 per cent solution in isotonic sodium
chloride solution is used in the nose. For ophthalmic use, a 0.5 per cent isotonic solution of
Antazoline Phosphate (N.N.R.), is preferable to
that prepared from the hydrochloride because it
produces less smarting and stinging.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
ANTAZOLINE HYDROCHLORIDE
TABLETS.
U.S.P.
"Antazoline Hydrochloride Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of C17H19N3.HCI."
U.S.P.
Assay. — The antazoline hydrochloride in a
representative portion of powdered tablets is extracted with alcohol and the content of the active
ingredient calculated from observation of the
absorbancy at the wavelength of maximum absorption, inthis case 242 mn. While the position
of the absorbancy maximum in the case of antazoline hydrochloride is the same in both alcohol
and water solution, which is not the case with all
antihistaminic drugs similarly assayed, there is
somewhat more intense absorption in alcohol solution, which accounts for the difference in values
of specific absorbancy given for the water solution
employed in identification test (2) under antazoline hydrochloride and for the alcohol solution
employed in the assay of the tablets. U.S.P.
Usual Size. — 100 mg. (approximately 1J^
grains).
ANTHRALIN.

N.F. (B.P.)

[Anthralinum]
0 H

OH

OH

"Anthralin. dried over sulfuric acid for 4 hours,
contains
not the
less title
than Dithranol
95 per centtheof B.P.
C14H10O3."
N.F. Under
defines
this substance as 1,8-dihydroxyanthranol; no assay
rubric is stipulated.
B.P. Dithranol. Dioxyanthranol; 1,8,9-Anthratriol.
Cignolin (Winthrop).

This chrysarobin substitute may be synthesized
by reducing l,S-dihydroxyanthraquinone, the latter obtained by heating with lime the 1,8-anthraquinonedisulfonic acid prepared by sulfonation of
anthraquinone in the presence of mercury.
The 1,8-dihydroxyanthraquinone, which is the
parent substance of anthralin, is closely related
to chrysophanol, structurally l,8-dihydroxy-3methylanthraquinone, which is the parent compound of the constituents of chrysarobin (q.v.)
and is itself an important constituent of cascara,
rhubarb and senna. As might be expected, 1.8-dihydroxyanthraquinone is laxative, being official
as Danthron.

Part I
Description. — "Anthralin occurs as an odorless, tasteless, crystalline, yellowish brown powder. When suspended in water and filtered, the
filtrate is neutral to litmus paper. Anthralin is
soluble in chloroform, in acetone, and in benzene.
It is soluble in solutions of alkali hydroxides. It
is slightly soluble in alcohol, in ether, and in
glacial acetic acid. It is insoluble in water. Anthralin melts between 175° and 181V' N.F. The
B.P. indicates anthralin to be soluble in fixed oils.
Standards and Tests. — Identification. — (1)
A yellowish to orange solution, having a green
fluorescence, results when anthralin is dissolved
in sodium hydroxide T.S.; on exposure to air the
solution turns to a strong orange-red color. (2)
A greenish brown color is produced when anthralin is dissolved in alcohol and ferric chloride T.S.
is added. Chloride. — Addition of silver nitrate
T.S. to a saturated solution of anthralin produces
no opalescence. Sulfate. — Addition of barium
chloride T.S. to a saturated solution of anthralin
produces no turbidity. Loss on drying. — Not over
0.5 per cent, when dried over sulfuric acid for 4
hours. Residue on ignition. — The residue from 500
mg. is negligible. N.F. The B.P. specifies, as a test
to exclude dihydroxyanthracene, that 100 mg. of
anthralin should dissolve completely in 5 ml. of
hot benzene, forming a clear yellow or orange
solution. As a test to exclude dihydroxy anthraquinone 1mg. is required to produce a clear
orange solution in a few drops of sulfuric acid, no
trace of violet color being evident. The loss on
drying to constant weight at 100° should not be
more than 1 per cent and the ash should not exceed 0.1 per cent.
Assay. — Using a chloroform solution containing 0.01 mg. of anthralin per ml. optical .density
readings are taken at 354 mn and at 432 mn in a
suitable spectrophotometer and the corresponding
values of E(l%, 1 cm.) are calculated. The content of anthralin is calculated by means of an
equation utilizing a difference function of the E
values. iVJ7. No assay is specified by the B.P.
Uses. — Anthralin has the action and uses of
chrysarobin (q.v.) over which it has several advantages, as follows: It is a definite compound,
rather than an indefinite mixture; it is effective
at lower concentrations; it is less irritant to the
skin, conjunctiva and kidneys; it causes less
coloration of clothing (Beerman et al., J. A.M. A.,
1935, 104, 26, 48).
Anthralin is used in psoriasis, dermatophytoses,
chronic eczemas, alopecia areata and other diseases of the skin in which a stimulant application
is indicated. Goodman (Arch. Derm. Syph., 1939,
40, 76) warned against its prolonged use because
exhaustion of the epidermal tissues may result.
The drug should be discontinued if pustular
folliculitis or renal irritation develops.
Anthralin is usually employed in concentrations
of 0.1 to 1 per cent, in the form of an ointment
or cream, in a benzene solution, or in a collodion
vehicle; the lowest concentration should be employed first, then increased if found necessary
and well-tolerated.
Storage. — Preserve "in tight containers, protected from light." N.F.
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N.F. (B.P.)

[Unguentum Anthralinum]

"Anthralin Ointment labeled to contain more
than 0.1 per cent of anthralin (C14H10O3) contains not less than 90 per cent and not more than
115 per cent of the labeled quantity of C14H10O3
and contains not more than 115 per cent of
C14H10O3 and 1,8-dihydroxyanthraquinone (C14H8O4) combined. Not more than 10 per cent of
the labeled quantity of anthralin is C14H8O4.
"Anthralin Ointment labeled to contain 0.1 per
cent or less of C14H10O3 contains not less than
90 per cent and not more than 130 per cent of
the labeled quantity of C14H10O3 and not more
than 130 per cent of C14H10O3 and C14H8O4 combined. Not more than 20 per cent of the labeled
quantity of anthralin is C14H8O4." N.F.
B.P. Ointment of Dithranol; Unguentum Dithranolis.

Anthralin ointment may be prepared by thoroughly mixing 10 Gm. of finely powdered anthralin with a portion of white petrolatum and then
incorporating sufficient white petrolatum to make
1000 Gm. Due to slow oxidation of anthralin to
1,8-dihydroxyanthraquinone upon standing, ointments intended not to be used for some time
should be prepared with about 5 per cent excess
of anthralin for ointments containing more than
0.1 per cent, and a 20 per cent excess of anthralin
for ointments containing 0.1 per cent or less. N.F.
The B.P. recognizes Ointment of Dithranol,
containing 0.1 per cent of dithranol in a base of
yellow soft paraffin (yellow petrolatum), and a
Strong Ointment of Dithranol, containing 1 per
cent of dithranol in the same base.
For uses of anthralin ointment, see the preceding monograph.
Storage. — Preserve "in well-closed, lightresistant containers." N.F.
ANTIMONY
Sb (121.76)
Stibium. Fr. Antimoine. Ger. Antimon. It. Antimonio.
Sp. Antimonio.

Antimony, earlier called stibium, may have been
known as long ago as 4000 B.C. In ancient times
it was employed as a medicine and as a cosmetic.
Late in the 15th century Basil Valentine described
its preparation and his observations of properties
of the element and some of its compounds.
The free element is found in nature in relatively small amounts. Its chief ore, stibnite
(Sb2S3), occurs rather abundantly, especially in
China, Mexico, Bolivia, Algeria, Portugal and
France; comparatively few deposits have been
found in the United States. The metal is obtained
either by heating stibnite with scrap iron, or by
roasting the ore to convert it to oxides of antimony which are subsequently reduced to metal
by heating with carbon.
Properties. — Antimony is a brittle, brilliant
metal, ordinarily of a lamellated texture, of a
silver-white color when pure, but bluish white as
it occurs in commerce. Its density is about 6.7,
and it melts at 630°. When heated in oxygen it
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burns with a bright bluish flame, forming the
trioxide. Several allotropic forms may be prepared by special treatment. It forms three combinations with oxygen, antimony trioxide (antimonious oxide), SD2O3, antimony tetr oxide, Sb204
(by some considered to be an antimonate of the
radical antimonyl, SbO.SbOs), and antimony pentoxide (antimonic oxide), Sb20s.
By virtue of the fact that antimony has the
property of imparting hardness to metals, particularly lead, it is used in the manufacture of
lead alloy for storage battery plates, in Babbitt
metal and other antifriction alloys, in pewter and
Britannia metal, in type metal, and in other alloys.
It has the important property of expanding on
cooling which, in type metal, makes it possible
to obtain an accurate cast of a letter. Antimony
has been used as an alloy with lead for shrapnel
and the bullet cores of small arms ammunition.
One of the important newer uses of compounds
of antimony is that of antimony trioxide in flameproofing compounds for application to military
and household textiles. Large amounts of antimony trisulfide and antimony pentasulfide are
used in the rubber industry for producing vulcanized rubber of red color.
Inorganic antimony compounds are not employed in therapeutics because of their toxicity,
but a number of organic compounds are safe
enough to use. The activity of antimonials is
proportional not merely to their solubility in the
gastric juices but, according to the researches of
Brunner (Arch. exp. Path. Pharm., 1912, 68,
186), especially depends upon whether the metal
is in the trivalent or pentavalent condition, the
latter being comparatively innocuous (see the
study by Goodwin, /. Pharmacol., 1944, 81, 224).
In recent years organic preparations of antimony
have received considerable attention as therapeutic agents in various protozoal diseases (see
Antimony Potassium Tartrate, Antimony Sodium
Thiogly collate, Stibophen, and the article on Antimonials, Organic, in Part II). For a comprehensive report on the toxicology of antimony see
Fairhall and Hyslop (Supplement No. 195 to the
Public Health Reports, 1947).

ANTIMONY

POTASSIUM

U.S.P., B.P. (LP.)

TARTRATE

Antimonyl Pot.'.ssium Tartrate, Tartar Emetic,
[Antimonii Potassi Tartras]

"Antimony Potassium Tartrate contains not less
than
99 per
C4H4K07Sb.^H20."
U.S.P.
The B.P.
andcent
LP. ofrubrics
are the same.
I. P. Potassium Antimonyltartrate ; Stibii et Kalii
Tartras. Tartrated Antimony. Antimonium Tartaratum;
Tartarus Stibiatus; Kalium Stibio Tartaricum; Stibii et
Potassii Tartras; Tartarus Emeticus. Fr. Antimoniotartrate
potassium;
stibie; Tartrate
d'antimoine acide
et dedepotasse.
Ger. Tartre
Brechweinstein
; Weinsaures
Antimonylkalium. It. Tartrato di antimonio e di potassio; Tartaro stibiato. Sp. Tartrato de antimonio y de
potasio; Tartrato Potdsico Antimonico; Tartaro estibiado.

Antimony potassium tartrate may be prepared
by the interaction of antimony trioxide and potassium bitartrate.
The structure of this salt is a subject of controversy. Reihlen and Hezel (Ann. Chem., 1931, 487,
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213) proposed a cyclic structure in which the
water is attached by coordination to the antimony,
as follows:
0:C
OH2

Evidence for this cyclic structure has been obtained also by Pfeiffer and Schmitz (Pharmazie,
1949, 4, 451).
Description. — "Antimony Potassium Tartrate
occurs as colorless, odorless, transparent crystals,
or as a white powder. The crystals effloresce upon
exposure to air. Its solutions are acid to litmus.
One Gm. of Antimony Potassium Tartrate dissolves in 12 ml. of water and in about 15 ml. of
glycerin. One Gm. dissolves in about 3 ml. of boiling water. It is insoluble in alcohol. U.S.P.
Standards and Tests. — Identification. — (1)
Antimony potassium tartrate chars, emits an odor
like that of burning sugar, and leaves a blackened
residue when heated to redness; the residue is
alkaline and confers a violet tint to a non-luminous flame. (2) An orange red precipitate forms
on adding hydrogen sulfide T.S. to a 1 in 10 solution of antimony potassium tartrate, acidified with
hydrochloric acid; the precipitate dissolves in ammonium sulfide T.S. and in sodium hydroxide T.S.
Arsenic. — The limit is 200 parts per million.
U.S.P. The B.P. limits for arsenic and lead are
8 parts per million and 5 parts per million, respectively; the corresponding LP. limits are 10
parts per million and 5 parts per million.
Assay. — About 500 mg. of antimony potassium
tartrate is dissolved in water, a saturated solution
of sodium bicarbonate is added, and the trivalent
antimony is oxidized to the pentavalent state by
titration with 0.1 N iodine, employing starch T.S.
indicator. Each ml. of 0.1 N iodine represents
16.70 mg. of C4H4K07Sb.^H20. U.S.P. The
B.P. and LP. assays are practically identical with
that of the U.S.P.
Incompatibilities. — Mineral acids added to
aqueous solutions of tartar emetic precipitate the
respective basic salts of antimony, with possibly
some potassium bitartrate. Alkali hydroxides and
carbonates, in sufficient amounts, precipitate antimony trioxide, soluble in excess of fixed alkali.
The precipitation may be prevented by an excess
of citrates, tartrates, glycerin, or sugar. Most
metallic salts, including those of lead and silver,
form insoluble tartrates when added to aqueous
solutions of tartar emetic. Tannic and gallic acids,
or infusions of tannin-containing drugs, yield
precipitates with tartar emetic. Solutions of albumin and of soap behave similarly. Lime water
forms insoluble calcium and antimony tartrates;
mercuric chloride is reduced to calomel.
Uses. — Tartar emetic is a slow-acting local
irritant, capable of causing not only redness but
also vesicles and pustules at the orifices of the
glands of the skin; this action appears to be
associated with the formation of antimony trioxide. It has been used as a counterirritant in
the form of an ointment or plaster.

Part I
When taken internally, tartar emetic provokes
salivation and nausea; in sufficient dose active
vomiting occurs. The emetic effect is the result
chiefly of the local irritant action of antimony
upon the gastric mucosa. This is true even when
the drug is injected hypodermicWly, because it is
excreted through the walls of the stomach in
sufficient quantity to act as an irritant. On the
other hand, the drug will produce vomiting movements in the dog even after complete removal of
the stomach (Hatcher and Weiss, /. Exp. Med.,
1923, 37, 97). Tartar emetic is poorly absorbed
from the gastrointestinal tract.
When absorbed into the circulation, as by intravenous injection, the antimony solution causes
a marked lowering of blood pressure, decreased
cardiac output, dilatation of the splanchnic vessels, increased pressure in the pulmonary vessels
and, in large doses, respiratory depression. Changes
in the electrocardiogram occur in patients treated
with antimony compounds, more frequently when
tartar emetic is used than when other organic
antimonials are employed; these changes have
not been permanent and seemed to have no serious clinical import (see Mainzer and Krause,
Trans. Roy. Soc. Trop. Med. Hyg., 1940, 33,
405; Tarr, Bull. U. S. Army M. Dept., 1946, 5,
336; Schroeder et ah, Am. J. Med. Sc, 1946,
212, 697).
Tartar emetic is excreted rapidly (see also
under Stibophen) , elimination being almost complete in 72 hours. It is found in the urine; large
doses cause signs of renal irritation. Kramer
{Bull. Johns Hopkins Hosp., 1950, 86, 179) reported ahigher concentration of antimony in the
thyroid of the rabbit than in any other tissue
except the fiver but no histological or functional
abnormality was observed.
While it is a powerful emetic, antimony has
been almost completely abandoned for such use
in favor of less dangerous and equally efficient
emetic drugs. It is, however, still occasionally employed as a nauseant expectorant in the treatment
of acute bronchitis and is an ingredient of some
cough syrups. Its use should be avoided in very
young
or very- old persons, also in persons with
feeble circulation.
Tartar emetic and other antimony compounds
(see Stibophen and Antimonials, Organic) have
been used widely in treating various tropical infections. Chemotherapy with heavy metal compounds usually depends on a differential toxicity
whereby the parasites are destroyed or made susceptible to cellular or humoral defense mechanisms of the body by a dose of the metallic compound which is insufficient to cause serious damage
to the host; while this general statement is
applicable to antimony compounds, the exact
mechanism of their action has not been elucidated
(see Most and Lavietes, Medicine, 1947, 26, 221).
In an in vitro study of several antimony compounds Mansour {Brit. J. Pharmacol. Chemother.,
1951, 6, 588) observed paralysis of the liver fluke.
Fasciola hepatica, only if 50 per cent of blood
serum was added to a 1:1000 solution of tartar
emetic; stibophen was not active, either alone or
in the presence of serum.

Part I
In schistosomiasis japonica, the War Department, U.S.A. (TB Med 167, see War Med., 1945,
7, 397) recommended use of Fuadin (see Stibophen) or antimony potassium tartrate. The latter
is administered intravenously, slowly, about 2 or
3 hours after a light meal. The needle must be
wiped off before insertion and there must be no
extravasation of the solution. The patient should
remain recumbent for at least an hour after the
injection. For the first dose 8 ml. of 0.5 per cent
solution is given; on alternate days the dose is
increased by 4 ml. each time until a maximum
dose of 28 ml. is reached, which is repeated 15
times. Coughing immediately upon injection is a
common though unimportant untoward effect;
this may be minimized by injecting slowly, at a
rate not exceeding 8 ml. per minute. Other toxic
manifestations include nausea, vomiting, stiffness
of the joints and muscles, sensation of constriction in the chest, pain in the epigastrium, bradycardia, dizziness and collapse; if any of these
symptoms occurs during the injection, it should
be stopped. Subsequent doses should be decreased
or omitted entirely, depending on the severity of
the reaction. If viable eggs persist four weeks
after the completion of the course of injections,
the course should be repeated, or another drug
employed, if the patient can tolerate it. When
instituted early, this treatment prevents development of severe sequelae. If cirrhosis of the liver
has developed, the treatment cannot correct it.
Injections should not be given in the presence of
severe disease of the heart, liver or kidney. Generally, other heavy metals or emetine should not
be given at the same time. Beneficial effects have
been obtained with similar treatment regimens
employed against Schistosoma mansoni and
S. haematobium (see the extensive review Advances in the Therapeutics of Antimony, Schmidt
and Peter, Leipzig, 1938). Successful treatment
of a case of cerebral schistosomiasis manifesting
Jacksonian convulsive seizures has also been reported (Salis and Smith, Ann. Int. Med., 1951,
34, 238).
For granuloma inguinale (characterized by the
presence of Donovan bodies in the lesion and not
to be confused with the venereal, "virus" disease
lymphogranuloma inguinale), the "broad-spectrum" antibiotics, such as aureomycin (q.v.), have
proved to be more effective, safer and much easier
to use than antimony compounds. Tartar emetic
has, however, been rather extensively employed,
one of the treatment programs, recommended
when a course of stibophen had failed after six
weeks (see TB Med 157, Bull. U. S. Army M.
Dept., 1945, 4, 326), consisting of the initial injection of 3 ml. of 1 per cent solution, given
slowly intravenously, repeated on alternate days
with an increase in the dose of 3 ml. each time
until 12 ml. is reached, which is given 15 times.
Tartar emetic was the first successful form of
therapy for visceral leishmaniasis (kala-azar),
but the treatment was prolonged, uncomfortable
and difficult, with toxic effects often preventing
satisfactory clinical results; it is therefore not
recommended for such use, Neostibosan (see
Part II) being advised instead. Tartar emetic
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has been used effectively in the treatment of
oriental sore. Mucocutaneous leishmaniasis in
South America has been treated with an initial
dose of 4 ml. of a 1 per cent solution of tartar
emetic, this being increased by 1 ml. at each injection to a maximum dose of 10 ml., at which
level injections were given twice weekly for about
six weeks (Snow et al., Arch. Dermat. Syph.,
1948, 57, 90) ; combined therapy with arsenic
and antimony (stibophen) is, however, preferred.
Tartar emetic has been employed in trypanosomiasis but arsenicals (see Tryparsamide) are
less toxic, and diamidines (see in Part II) seem
to be more effective. It has failed in the treatment
of clonorchiasis ; it is of possible value in filariasis
but is not recommended (War Med., 1945, 7,
377). Cochrane (Med. Press, May 9, 1945) advised on alternate days 3 doses of 20 mg. followed by 3 doses of 40 mg. for the true leprareaction in leprosy. It has been employed for
trachoma with corneal complications (Brit. M. J.,
1939, 1, 516) and for trypanosomiasis in cattle
(Cawston, /. Trop. Med. Hyg., 1935, 38, 305).
It was also recommended by Rogers (Brit. M. J.,
Jan. 6, 1917) for the destruction of the crescents
in the treatment of tertian malarial fever. Grove
(J.A.M.A., 1925, 85, 349) reported a case of
trichinosis in which the larvae were demonstrated
in the blood stream, and in which, following the
intravenous injection of a solution of tartar
emetic, the symptoms promptly subsided and the
parasites disappeared from the blood. Tomlinson
and Bancroft (J.A.M.A., 1934, 102, 36) reported
two cases of that rare and often fatal mycodermal
infection known as granuloma coccidioides, which
were apparently cured by its intravenous use.
Tartar emetic has recently been recommended
as a spray in the control of thrips on lemons,
gladioli, and onions. lYl
Poisoning. — Symptoms of acute poisoning by
the drug are an austere metallic taste, excessive
nausea, copious vomiting, frequent hiccough,
burning pain in the stomach, colic, frequent stools
and tenesmus, fainting, rapid and feeble pulse,
coldness of the skin, and even of the internal
organs, difficult and irregular respiration, cutaneous anesthesia, convulsive movements, painful
cramps in the legs, anuria, prostration, and death.
In rare cases vomiting and purging do not take
place, and when they are absent, the other symptoms are aggravated. Sometimes a pustular eruption is produced, like that caused by the external
application of the antimonial. Although because
of the promptness of its emetic action recovery
may occur after very large amounts, one case is
on record in which 130 mg. proved fatal.
The symptoms of antimony poisoning frequently so closely resemble those of arsenic that
a diagnosis may be well-nigh impossible except
through chemical examinations. The post-mortem
lesions also resemble those of arsenic poisoning;
commonly ulcerations are found in the esophagus
and stomach — although sometimes lacking — but
rarely in the intestines. In the less acute cases
there also develop fatty degenerations of the
liver, kidneys or heart, and sometimes also degenerative changes in the nervous system.
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In the treatment of antimony poisoning, even
though the patient has vomited, it is usually
advisable to wash out the stomach, using a solution of tannic acid. Tannic acid should be administered repeatedly as the poison is eliminated
from the blood through the walls of the stomach.
The use of milk or albumin water as demulcents,
opiates to check the diarrhea and relieve the pain,
and various stimulants should be employed as
symptoms may indicate. Rosenthal and Severn
(Arch. exp. Path. Pharm., 1912, 67, 275) asserted
that potassium hexatantalate is capable of following the drug after its absorption and producing
a non-toxic compound in the system. Dimercaprol
(g.v.) decreased the mortality of animals poisoned
with tartar emetic and several organic antimonial
compounds (Eagle et al., J. Pharmacol., 1947, 89,
196; Braun et al, ibid., Suppl., 1946, 87, 119).
In all cases of suspected poisoning, the vomit, the
passages from the bowels, and especially the urine
should be reserved for chemical examination. The
metal has been found in all the tissues of the body
and is most abundant in the liver.
Dose. — The dose of tartar emetic varies
greatly according to the purpose for which it is
employed. As a diaphoretic or expectorant it may
be given 2 or 3 times daily in doses of 2 to 8 mg.
(approximately %o to y& grain) by mouth. If
used as an oral emetic, the dose is usually about
30 to 60 mg. (approximately Y to 1 grain).
As an intravenous injection in the treatment
of protozoal or other infections it is usually given
in the form of a 0.5 to 1 per cent solution in distilled water, normal saline or dextrose-saline solution. The drug is preferably taken from a freshly
opened container and dissolved in a sterile solvent
with aseptic precautions although sterilization may
be accomplished by boiling gently for 5 minutes
or by filtration; solutions should not be autoclaved (War Med., 1945, 7, 403, but see sterilization method described under Injection of Antimony Potassium Tartrate). For doses employed
see under Uses. The U.S. P. gives the usual intravenous dose as 40 mg. (approximately Yz
grain), in the form of 0.5 per cent solution, three
times a week, with a range of dose of 20 to 100
mg.; the maximum single dose is 100 mg., which
should not be exceeded in 24 hours, and the total
course should not exceed 1.5 to 2 Gm.
Great care is required in injecting these solutions because of the danger of very troublesome
cellulitis if any should escape into the surrounding
tissues.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Compound Opium and Glycyrrhiza Mixture; Compound Squill Syrup, NJ?.
INJECTION OF ANTIMONY
POTASSIUM TARTRATE.
B.P. (LP.)
Injection of Potassium Antimonyltartrate, Injectio
Antimonii et Potassii Tartratis

This injection is a sterile solution of antimony
potassium tartrate in water for injection, the solution being sterilized by heating in an autoclave
(115° to 116° for 30 minutes) or by filtration
-through a bacteria-proof filter. It is required to
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contain not less than 94.0 per cent and not more
than 105.0 per cent of the labeled amount of antimony potassium tartrate. B.P. The LP. limits for
Injection of Potassium Antimonyltartrate are the
same. For uses and dose see the preceding monograph.
ANTIMONY

SODIUM
B.P. (LP.) TARTRATE.

Sodium Antimonyltartrate, Antimonii et Sodii Tartras

Antimony Sodium Tartrate is made by the interaction ofantimonious oxide and sodium acid
tartrate. It contains not less than 96.0 per cent
of C4H407SbNa, with reference to the substance
dried to constant weight at 105°; the LP. specifies
the same rubric but refers to the substance dried
P. Sodium
Tartras.
atI. 110°.

Antimonyltartrate; Stibii et Natrii

Description and Standards. — Antimony sodium tartrate occurs as colorless and transparent,
or whitish, scales or powder, it is odorless, has a
sweetish taste, and is hygroscopic. It dissolves in
1.5 parts of water but is insoluble in alcohol. It
responds to tests for sodium, antimony, and tartrates. Not more than 2 ml. of either 0.01 N
sulfuric acid or 0.01 AT sodium hydroxide is required to bring the pH of a solution containing
1 Gm. in 50 ml. to a pH of 4.5 (corresponding to
a green color with bromocresol green). The
arsenic limit is 8 parts per million; the lead limit
is 5 parts per million. At 105° it loses not more
than 6.0 per cent of its weight.
Assay. — The assay is as described under Antimony Potassium Tartrate. Each ml. of 0.1 N
iodine represents 15.44 mg. of C4H40-SbNa. B.P.
The LP. assay differs from that of the B.P. only
in minor details.
Uses. — Antimony sodium tartrate is used for
the same therapeutic purposes and in about the
same dose as tartar emetic (see Antimony Potassium Tartrate). It has the advantages over the
potassium salt of being considerably more soluble
in aqueous media, and less irritant when injected.
Doses. — As an expectorant, 2 to 8 mg. (approximately %oto y& grain) ; as an emetic, 30 to
60 mg. (approximately Y to 1 grain) ; as a protozoicide, 30 to 120 mg. (approximately Y to 2
grains), by intravenous injection. |v]
Storage. — Sodium Antimony Tartrate should
be kept in a well-closed container. LP.
INJECTION OF ANTIMONY SODIUM
TARTRATE.
B.P. (LP.)
Injection of Sodium Antimonyltartrate, Injectio
Antimonii et Sodii Tartratis

This injection is a sterile solution of antimony
sodium tartrate in water for injection, the solution being sterilized by heating in an autoclave
(115° to 116° for 30 minutes) or by filtration
through a bacteria-proof filter. It is required to
contain not less than 85.5 per cent and not more
than 105.0 per cent of the labeled content of antimony sodium tartrate. B.P. The corresponding
LP. limits for Injection of Sodium Antimonyltartrate are 95.0 and 105.0 per cent, respectively.
For uses and dose see the preceding monograph.
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SODIUM

ANTIMONYLTHIOGLYCOLLATE.
I.P.

Stibii et Natrii Thio'glycollas

Sbr /S.CH2.COONa

\s.cH2.coo

"Antimony Sodium Thioglycollate, dried at
105° for 2 hours, contains not less than 96 per
cent and not more than 101 per cent of C-tHtNaO-iS2SD." U.S.P. XIV. The I.P. requires not less than
35.5 per cent and not more than 38.5 per cent of
Sb, calculated with reference to the substance
dried at 100° for 4 hours.
U.S.P. XIV. Antimony Sodium
Tioglicolato de Sodio y Antimonio.

Thioglycollate. Sp.

Antimony sodium thioglycollate may be obtained by dissolving antimony trioxide in a solution containing an equimolecular mixture of thioglycollic acid and sodium thioglycollate; on evaporating the solution the salt is obtained.
Description. — "Antimony Sodium Thioglycollate occurs as a white or pink powder. It is odorless
or has a faint mercaptan odor, and is discolored
by light. Antimony Sodium Thioglycollate is
freely
U.S.P. soluble
XIV. in water. It is insoluble in alcohol."
Standards and Tests. — Identification. — (1)
A transient blue color is produced on adding 1
drop of diluted hydrochloric acid and 2 drops of
a 1 in 100 ferric chloride solution to 3 ml. of a 1
in 100 solution of antimony sodium thioglycollate; on subsequently adding 1 drop of dilute ammonia T.S. (1 in 10) a deep red color is produced.
(2) A white precipitate is produced on adding 1
ml. of sodium hydroxide T.S. to 3 ml. of a 1 in 100
solution of antimony sodium thioglycollate. (3)
An orange precipitate is produced on passing hydrogen sulfide into a solution of 100 mg. of antimony sodium thioglycollate in 2 ml. of water.
Loss on drying. — Not over 2 per cent when dried
at 105° for 2 hours. U.S.P. XIV.
Assay. — About 600 mg. of antimony sodium
thioglycollate, previously dried at 105° for 2
hours, is dissolved in water containing hydrochloric acid. After adding tartaric acid hydrogen
sulfide is passed into the solution until precipitation of antimonous sulfide is complete; the precipitate issuccessively washed with hydrogen sulfide T.S., alcohol, ether, carbon disulfide, alcohol
and ether, and dried to constant weight. The
weight of sulfide multiplied by 1.913 represents
the equivalent in terms of C4H4Na04S2Sb. U.S.P.
XIV. The I.P. assay is practically identical.
Uses. — This trivalent antimonial was reported
by Randall (Am. J. Med. Sc, 1924, 168, 723) to
be less toxic and more effective than antimony
potassium tartrate in the treatment of granuloma
inguinale (due to Leishmania donovani). He advised at least 12 doses to be administered after
the healing of the lesion. These findings were confirmed by Patch and Blew (Can. Med. Assoc. J.,
1930, 23, 637) and by Senear and Cornbleet
(Arch. Dermat. Syph., 1932, 25, 167). The compound has also been employed in treating kalaazar. It has proved to be less toxic than antimony
thioglycollamide (see in Part II), but also less
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stable; as is generally true of the trivalent antimonials, it is more toxic than the pentavalent
derivatives.
Dose. — From 50 to 100 mg. (approximately
Yi, to 1^2 grains), dissolved in 10 to 20 ml. of
sterile distilled water, may be given every third
or fourth day, intravenously, subcutaneously or
intramuscularly, for 15 or 25 doses.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P. XIV.
INJECTION OF SODIUM ANTIMONYLTHIOGLYCOLLATE.
I.P.
Injectio Stibii et Natrii Thioglycollatis

This injection is a sterile solution of sodium
antimonylthioglycollate in water for injection;
1.0 per cent of sodium citrate and 0.1 per cent of
thioglycollic acid may be used for preservation;
the solution is sterilized by heating in an autoclave
(30 minutes at 115° to 116°) or by filtration
through a bacteria-proof filter. The content of
sodium antimonylthioglycollate (C4H404S2SbNa)
is not less than 93.0 per cent and not more than
107.0 per cent of the labeled amount.
Storage. — Preserve preferably in single-dose,
hermetically-closed containers, or in multipledose containers, protected from light. I.P.
ANTIPYRINE.
N.F. (I.P.)
Phenazone, [Antipyrina]
CH,
CH,

HV3

The I.P. defines Phenazone as 2 :3 -dimethyl- 1./
phenyl-5-pyrazolone.
I.P. Phenazone ; Phenazonum. Phenyldimethylpyrazolonum; Pyrazolonum Phenyldimethylicum. Fr. Phenyldim^thylpyrazolone; Dimethyloxyquinizine. Ger. Phenyldimethylpyrazolon; Antipyrin. It. Fenil-dimetilisopirazolone; Antipirina. Sp. Antipirina; Fenazona.

Antipyrine was one of the first important synthetic medicinals ; it was introduced into medicine
in 1887 as a result of research by Knorr directed
toward the preparation of compounds possessing
a quinine-like structure. Structually it is 1,5-di2N
methyl-2-phenyl-3-pyrazolone, named according
to
the standard nomenclature used in the United
States, or l-phenyl-2,3-dimethyl-5-pyrazolone, if
the tautomeric designation followed by the I.P.
is used. Antipyrine may be classed as a derivative
of pyrrole, C4H5N, found in coal tar, or more
directly of pyrazole, which differs from pyrrole in
having an atom of nitrogen in -Cthe
number two
H
position in place of — CH= in pyrrole. Pyrazole
has the formula
H

and is isomeric with imidazole (the parent compound of histamine) ; in imidazole the tertiary
HC5

HC-

100

Part

Antipyrine

nitrogen is at the number three position (see under
Histamine Phosphate).
Synthesis of antipyrine may be effected in several ways. In one process phenylhydrazine,
Cr,H.-.XH.XH2, is heated with ethyl acetoacetate,
(CH3CO)CH2.COOC2H5) to form the phenylhydrazone of ethyl acetoacetate which loses a molecule of alcohol and forms a phenyl-methyl-pyrazolone; this is methylated to antipyrine. Other
syntheses use methylphenylhydrazine along with
the enol form of ethyl acetoacetate or a halogencrotonic ethyl ester without subsequent methylation.
Description. — "Antipyrine occurs as colorless
crystals, or as a white, crystalline powder. It is
odorless, has a slightly bitter taste, and its solutions are neutral to litmus paper. One Gm. of
Antipyrine dissolves in less than 1 ml. of water,
in 1.3 ml. of alcohol, in 1 ml. of chloroform, and
in 43 ml. of ether. Antipyrine melts between 110°
and 112.5°." N.F. ,
Standards and Tests. — Identification. — (1)
A white precipitate forms on adding tannic acid
T.S. to an aqueous solution of antipyrine. (2) A
nearly colorless solution results on adding 100
mg. of sodium nitrite to 12 ml. of a 1 in 100 solution of antipyrine ; addition of 1 ml. of diluted sulfuric acid produces a deep green color. (3) A
deep red color forms when one drop of ferric
chloride T.S. is added to 2 ml. of a 1 in 1000
solution of antipyrine; on adding 10 drops of sulfuric acid the color changes to a light yellow. (4)
An orange-yellow precipitate forms on heating to
boiling a mixture of 100 mg. antipyrine, 100 mg.
vanillin, 5 ml. of distilled water, and 2 ml. of sulfuric acid. Loss on drying. — Not over 1 per cent,
when dried at 60° for 2 hours. Residue on ignition.
— Xot over 0.15 per cent. Heavy metals. — The
limit is 20 parts per million. Completeness and
color of solution. — Antipyrine dissolves completely inan equal weight of cold distilled water,
forming a colorless or not more than slightly yellow (viewed transversely in a tube of 20 mm.
diameter) solution. N.F.
Incompatibilities. — Antipyrine is precipitated by most of the alkaloidal reagents, including
potassium mercuric iodide, iodine, mercuric chloride, and tannic acid. It partially decomposes
calomel with the production of mercuric chloride
and metallic mercury, the mixture darkening in
color. This reaction is more rapid in the presence
of sodium bicarbonate. With nitric acid it becomes first yellow and later red. With nitrites
such as ethyl nitrite, the green compound isonitrosoantipyrine is formed. With ferric salts a
red color is produced. With copper salts a green
color is produced. It liquefies or forms a soft mass
when triturated with acetanilid, betanaphthol,
chloral, phenol, phenyl salicylate, pyrogallol, sodium salicylate, and thymol.
Uses. — Locally antipyrine exercises an anesthetic effect upon the nerve endings (see Sollman,
J. A.M. A., 1918, 70, 216) and causes constriction
of the superficial vessels. When ingested it acts
as an analgesic and mild antipyretic. It has been
used in measurement of body water in humans
(see Soberman, /. Biol. Chem., 1949, 179, 31).
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Brodie and Axelrod (/. Pharmacol, 1950, 98,
97) found antipyrine to be completely absorbed
from the gastrointestinal tract and then to be
evenly distributed throughout the body water.
Only about 5 per cent of the drug is excreted in
the
urine, the remainder being metabolized in
the body.
Antipyrine is useful in medicine for the relief
of pain, as neuralgias, myalgias, migraine and
similar conditions. Its action is more prompt than
that of aniline derivatives but it has lost favor
to the less toxic and equally effective salicylates.
It is less effective that aminopyrine but it is not
known to have caused agranulocytosis. It has been
used in certain spasmodic disorders, especially
whooping-cough and epilepsy. Antipyrine has also
been used as a mild antipyretic.
In the treatment of various inflammatory conditions of the mucous membranes, as rhinitis and
laryngitis, antipyrine is sometimes employed for
its local anesthetic and vasoconstricting effects.
For this purpose it is usually applied in strengths
of from 5 to 15 per cent. It is occasionally used
as a styptic in nasal hemorrhage, [v]
Toxicology. — Antipyrine occasionally produces unpleasant and sometimes alarming symptoms, even after doses which would scarcely be
regarded as excessive. The most common type of
antipyrine poisoning is characterized by giddiness,
tremor, free sweating with more or less collapse,
a peculiar lividity with, in many cases, eruption
of the skin most commonly morbilliform, but
sometimes erythematous or urticarial. It causes
less cyanosis than does acetanilid. After very
large doses there may be drowsiness, deepening
into coma, with dilatation of the pupil and epileptiform convulsions. Various irregular symptoms
have been noted, such as amaurosis, pseudomembranous stomatitis, swelling of the lips and tongue,
laryngeal interference with the respiration. In
some cases fever with nervous unrest and epileptiform convulsions have been reported.
The treatment of antipyrine poisoning is purely
symptomatic. Circulatory stimulants, as ammonia,
strychnine and atropine, should be given and the
bodily temperature maintained by external application of heat.
Dose. — The usual dose is 300 mg. (approximately 5grains); the I.P. gives the usual daily
dose as 1 Gm. but indicates that as much as 1 Gm.
at a time, and 4 Gm. daily, may be given.
Storage. — Preserve "in tight containers." N.F.
N.F. ANTISEPTIC

SOLUTION.

N.F.

Liquor Antisepticus N.F.

Dissolve 25 Gm. of boric acid in 650 ml. of hot
purified water and allow the solution to cool. Dissolve 0.5 Gm. of thymol, 0.5 Gm. of chlorothymol,
0.5 Gm. of menthol, 0.1 ml. of eucalyptol, 0.2 ml.
of methyl salicylate, and 0.01 ml. of thyme oil in
300 ml. of alcohol. Mix the two solutions and
add sufficient purified water to make 1000 ml.
Keep the product in a tightly closed container
during 2 hours or more, cool to 10° and filter at
this temperature, using purified talc, if necessary,
to clarify the product. Note. — Specially denatured
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U.S.P. XIV. The B.P. requires it to contain not
less than 83.0 per cent of C17H17NO2, calculated
with reference to the substance dried to constant

alcohol Formula No. 38-B, prepared by adding
6 pounds of boric acid and V/z pounds each of
thymol, chlorothymol, and menthol to 100 gallons
of ethyl alcohol, has been approved by the U. S.
Treasury Department as being suitable for use in
making this solution provided that adjustment is
made for the quantities of formula ingredients in
the denatured alcohol. N.F.

weight at 105°. The LP., like the U.S.P., has no
assay requirement.

Description. — "N.F. Antiseptic Solution is a
clear, colorless liquid having an aromatic odor and
a characteristic taste. It is acid to litmus paper.
The specific gravity of N.F. Antiseptic Solution
is about 0.971." N.F.
Tests. — Quantitative test for boric acid. — The
intensity of color produced on adding a turmeric
solution to N.F. antiseptic solution is not less than
that developed by adding the turmeric solution
to a 2.3 w/v per cent solution of boric acid in a
30 in 100 solution of alcohol in water. Antibacterial test. — To 5 ml. of N.F. antiseptic solution
is added 0.5 ml. of a standard culture of Staphylococcus aureus, both having been kept at 37.5°
before mixing; after mixing, the liquid is also
kept at this temperature. After exactly 5 minutes,
a standard loopful of the mixture is transferred
to each of 3 subculture tubes containing 10 ml.
of standard culture medium and the tubes incubated at 37.5° for 48 hours, at the end of which
time no bacterial growth appears in the tubes.
For information concerning the standard culture,
the standard culture medium, and the standard
loopful reference should be made to the National
Formulary.
Alcohol Content. — From 26 to 29 per cent,
by volume, of C2H5OH. N.F.
Uses. — Although this preparation is an antiseptic itis too much to expect that its use in the
mouth — which is the reason for its existence — will
have material influence on the oral flora. As ordinarily used by the laity, adequate time is not
provided for the solution to exert its full effect;
moreover, constant flow of saliva dilutes and
washes away this and any other soluble antiseptic.
But the solution is useful as a deodorant wash
and is probably as valuable for this purpose as
any proprietary solution on the market. The N.F.
recommends that the wash be used undiluted.

Apomorphine, in the form of its sulfate, was
first prepared by Arppe in 1845. The base is
obtained by the elimination of the elements of a
molecule of water from a molecule of morphine
on heating the latter alkaloid in the presence of
acids; a slight rearrangement of the molecular
structure occurs simultaneously. In one process,
apomorphine is prepared by heating morphine
with eight times its weight of concentrated hydrochloric acid in a suitable glass-lined autoclave
for 2 or 3 hours at 140° to 150°. After evaporating a portion of the free acid, the apomorphine
hydrochloride crystallizes on cooling. The crude
product is purified by recrystallization. Because
of the ease of oxidation, exposure to air must be
avoided as much as possible. Apomorphine may
also be made from codeine, which is a methylmorphine.
Apomorphine base crystallizes with one molecule of water. It is soluble in alcohol, acetone,
chloroform ; sparingly soluble in ether or benzene,
and insoluble in petroleum benzin. According to
Heiduschka and Meisner {Arch. Pharm., 1923)
apomorphine sublimes in a vacuum. Apomorphine,
in the form of its dimethyl ether, has been synthesized byPschorr and Avenarius, and by Spaeth
and Hromatka {Ber., 1929).
Description. — "Apomorphine Hydrochloride
occurs as minute, white or grayish white, glistening crystals or white powder. It is odorless. It
gradually acquires a green color on exposure to
light and air. Its solutions are neutral to litmus.
One Gm. of Apomorphine Hydrochloride dissolves
in about 50 ml. of water and in about 50 ml. of
alcohol. One Gm. dissolves in about 20 ml. of

N.F.Storage. — Preserve "in tight containers."
APOMORPHINE HYDROCHLORIDE.
U.S.P., B.P., LP.
Apomorphinium Chloride, [Apomorphinae
Hydrochloridum]

CH3.H

cr.^Hp

"Apomorphine Hydrochloride is the hydrochloride of an alkaloid prepared from morphine."

I. P. Apomorphini Hydrochloridum. Apomorphinum
Hydrochloricum; Chloretum Apomorphinicum; Apomorphinum Chlorhydricum. Fr. Chlorhydrate d'apomorphine.
Ger. Apomorphinhydrochlorid; Salzsaures Apomorphin. It.
Cloridrato di apomorfina. Sp. Clorhidrato de apomorfina.

water at 80°. It is very slightly soluble in chloroform and in ether." U.S.P.
Standards and Tests. — Identification. — (1)
A white or greenish white precipitate is formed on
adding a slight excess of a 1 in 20 solution of
sodium bicarbonate to 5 ml. of a 1 in 100 solution
of apomorphine hydrochloride. On adding to this
3 drops of iodine T.S. and shaking, an emerald
green solution is produced. If this mixture is
shaken with 5 ml. of ether and the layers are
allowed to separate, a deep ruby red color is observed in the ether layer while the aqueous phase
remains green. (2) A dark purple solution is
formed when apomorphine hydrochloride is dissolved in nitric acid. (3) A white precipitate, insoluble in nitric acid, results when silver nitrate
T.S. is added to a solution of apomorphine hydrochloride; the precipitate soon turns black because
of reduction to metallic silver. Addition of ammonia T.S. hastens the reduction. Water. — Not
over 3.5 per cent, determined by drying 500 mg.
of apomorphine hydrochloride at 105° for 2 hours.
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Specific rotation. — Not less than —49° and not
more than —51°, determined in 0.02 N hydrochloric acid containing the equivalent of 150 mg.
of anhydrous apomorphine hydrochloride in each
10 ml. Color of solution. — A solution of 100 mg. of
apomorphine hydrochloride in 10 ml. of oxygenfree distilled water has no more color than a
standard prepared as follows: to 1 ml. of a solution containing 5 mg. of apomorphine hydrochloride in 100 ml. of water are added, successively,
6 ml. of distilled water, 1 ml. of a 1 in 2Q sodium
bicarbonate solution, and 0.5 ml. of iodine T.S.;
after standing 30 seconds 0.6 ml. of 0.1 N sodium
thiosulfate is added and the solution is diluted to
10 ml. Residue on ignition. — A negligible residue
is obtained from 200 mg. of apomorphine hydrochloride. Decomposition products. — Not more
than a pale reddish color develops when 100 mg.
of apomorphine hydrochloride is shaken with 5 ml.
of ether. U.S.P.
B.P. requires'that
the precipitate
producedin
on The
addition
of sodium bicarbonate
be soluble
ether with the production of a purple solution, in
chloroform to produce a blue solution and in 90
per cent alcohol to form a green solution. The B.P.
permits up to 5.0 per cent loss of weight on drying
at 105°. The LP. limits loss of weight on drying
also to 5.0 per cent, but the substance is dried
to constant weight in a vacuum desiccator over
sulfuric acid or phosphorus pentoxide.
Incompatibilities. — Apomorphine hydrochloride forms precipitates with sodium bicarbonate,
tannic acid and most alkaloidal reagents. It is
incompatible with oxidizing agents, forming colored solutions.
Aqueous or alcoholic solutions of apomorphine
are unstable, gradually acquiring a green color.
Amy (/. A. Ph. A., 1931, 20, 1153) has shown
that this change is not due to the action of light;
it may be prevented by replacing the air in ampuls of the solution with carbon dioxide. The
oxidation takes place more readily in alkaline
solutions, and may be retarded by the addition of
a little hydrochloric or acetic acid. The B.P. adds
0.1 per cent w/v of sodium metabisulfite to delay
decomposition of the official injection of apomorphine hydrochloride. Solutions which have a
green color are not to be used.
Uses. — Apomorphine hydrochloride is a prompt
and efficient emetic, producing results in 10 to 15
minutes. Apomorphine induces emesis through a
central action only. Eggleston and Hatcher
(/. Pharmacol, 1912, 3, 551) located the site
of action at the vomiting center in the medulla,
but more recently Wang and Borrison {Arch.
Neurol. Psychiat., 1950, 63, 928, and Proc. S. Exp.
Biol. Med., 1951, 76, 335) described a chemosensitive trigger zone in the floor of the fourth ventricle which is sensitive only to emetic chemicals
and does not respond as does the previously
described vomiting center to electrical stimulation. Ablation of this zone produces in dogs tolerance to apomorphine in doses as high as 1 Gm.
intravenously (Gastroenterology, 1952, 22, 1).
Therapeutic doses ordinarily have very little
other action although in large doses, and occasionally in therapeutic doses, it has a hypnotic
effect (Rosenwasser, Med. Rec, July, 1907). At
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times it causes euphoria, restlessness and tremors.
There have been instances of serious depression
and even death of feeble patients from the use of
therapeutic doses. Although very large doses have
a depressant action on the heart, it is probable
that these unfortunate occurrences are due to
the marked relaxation of the arteries and consequent fall of blood pressure which accompanies
violent nausea. Apomorphine should not be used
as an emetic in persons with enfeebled circulation
such as occurs in cases of corrosive poisoning with
peripheral vascular collapse, or narcosis due to
opiates, barbiturates, ethyl alcohol, etc.
Rovenstine and Hershey (Anesth., 1945, 6, 574)
brought under control within 5 to 10 minutes the
excessive central nervous system stimulation in
patients with emergence delirium following general anesthesia by the slow intravenous or intramuscular administration of 1.3 to 2 mg. of
apomorphine hydrochloride in 10 ml. of isotonic
sodium chloride solution. Similar results were
obtained in patients with excessive muscular or
psychic activity due to other causes.
Apomorphine hydrochloride is useful in cases
of poisoning or any other condition where it is
desired promptly to empty the stomach. Its advantages are its lack of irritation of the gastric
mucosa, the smallness of dose which makes it
possible to carry it in the form of a hypodermic
tablet, and the promptness of its effect. In cases
of narcotic poisoning, however, it frequently fails
to act because of the depression of the vomiting
center. When vomiting does not result from the
first dose, it should not be repeated. In doses too
small to act as an emetic, it is a nauseating
expectorant in the early stages of acute bronchitis.
One drawback to its wider use for this purpose is
its instability in solution. White (Am. J. Obst.
Gynec, 1952, 64, 91) found apomorphine in
combination with scopolamine useful in producing
analgesia and amnesia during labor. Subcutaneous doses of 0.6 to 1.2 mg. appeared to potentiate scopolamine analgesia and the combined
drugs decreased the need for inhalation anesthesia.
No untoward effects were observed.
Apomorphine hydrochloride is best used hypodermically; orally, its emetic action is not dependable and from 3 to 5 times the hypodermic
dose is required. Nor is oral administration suitable for the "conditioned reflex" method of treating alcoholism (Quart. J. Stud. Alcohol, 1940, 1,
501). It is absorbed sublingually (Walton,
J.A.M.A., 1944, 124, 139), the emetic dose
being from 6.5 to 10 mg. (approximately Vio to Vs
grain), [v]
The usual dose, subcutaneously, is 5 mg. (approximately Yngrain) with a range of 1 to 5 mg. ;
the maximum safe dose is 5 mg. and the total
dose in 24 hours should seldom exceed 10 mg.
The emetic dose for an infant is 1 mg. (approximately Y60 gr.) hypodermically or 3 to 5 mg.
orally (J. A.M. A., 1944, 124, 138). As an expectorant, 1to 2 mg. has been used subcutaneously.
Storage. — Preserve "in small, tight, fight-resistant vials containing not more than 350 mg.
The restriction of 350 mg. applies only to containers from which prescriptions are filled." U.S.P.
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INJECTION
OF APOMORPHINE
HYDROCHLORIDE.
B.P., I.P.
Injectio Apomorphinae Hydrochloridi

This injection is a sterile solution of apomorphine hydrochloride in water for injection; it
contains also 0.1 per cent w/v of sodium metabisulfite. The solution is sterilized by heating with
a bactericide (0.2 per cent w/v of chlorocresol
or 0.002 per cent w/v of phenylmercuric nitrate
in the solution) to maintain a temperature of
98° to 100° for 30 minutes, or by filtration
through a bacteria-proof filter. B.P. The I.P. employs 0.05 per cent of sodium pyrosulfite (metabisulfite). Neither pharmacopeia provides an assay rubric.
The injection should be protected from light;
it may decompose on standing and if a green
color develops the solution should be rejected.
APOMORPHINE HYDROCHLORIDE.
TABLETS.
U.S.P.
[Tabellae Apomorphinae Hydrochloridi]

"Apomorphine Hydrochloride Tablets contain
not less than 90 per cent and not more than 110
per cent of the labaled amount of C17H17NO2.HC1.^H20." U.S.P.
Sp. Tabletas de Clorhidrato de Apomorfina.

Assay. — A representative sample of powdered
tablets, equivalent to about 50 mg. of apomorphine hydrochloride, is dissolved in water and,
after adding sodium bicarbonate, extracted with
peroxide-free ether to remove the apomorphine.
After washing the combined ether extracts 20 ml.
of 0.02 N sulfuric acid is added and the mixture
agitated thoroughly; the excess of acid in the
aqueous phase is titrated with 0.02 N sodium hydroxide, using methyl red T.S. as indicator. Each
ml. of 0.02 N sulfuric acid represents 6.256 mg. of
Ci7Hi7N02.HCl.^H20. U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Usual Size. — 5 mg. (approximately Vvi grain).
APROBARBITAL. {C^ N.F.
Allylisopropylbarbituric

Acid,

2

Allylisopropylmalonyurea

CH2CH=CH2

Alurate (Hoffmann-LaRoche) .

Aprobarbital, which is 5-allyl-5-isopropylbarbituric acid, may be prepared either by treating
isopropylbarbituric acid with allyl halide at low
temperature, according to German Patent 539,806
(1920), or by heating isopropylallylmalonic acid
with urea in the presence of sodium alcoholate,
acidification of the product yielding the free acid,
according to Swiss Patent 167,802 (1934).
Description. — "Aprobarbital occurs as a fine,
white, odorless crystalline powder having a
slightly bitter taste. It is stable in air. A saturated
solution is acid to litmus paper. Aprobarbital is
very slightly soluble in cold water and is soluble
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in alcohol, in chloroform, and in ether. Aprobarbital melts between 140° and 141.5°." N.F.
Standards and Tests. — Identification. — Tests
(1) and (2) are practically identical with identification tests (1) and (2) under Barbital and
Cyclobarbital, while test (3) is the same as identification test (3) under Cyclobarbital. Loss on
drying. — Not over 1 per cent, when dried at 105°
for 2 hours. Residue on ignition. — Not over 0.1
per cent. Readily carbonizable substances. — A
solution of 500 mg. of aprobarbital in 5 ml. of
sulfuric acid has no more color than matching
fluid A. N.F.
Aprobarbital Sodium. — The sodium derivative of aprobarbital is not officially recognized
but it is included in N.N.R., where it is described
as a white, microcrystalline, hygroscopic, odorless
powder with a slightly bitter taste. It is very
soluble in water, very slightly soluble in alcohol,
and practically insoluble in ether. Aqueous solutions of aprobarbital sodium are alkaline to litmus.
The N.N.R. states that the uses of aprobarbital
sodium are the same as those of aprobarbital.
The soluble sodium salt is intended for oral or
rectal administration, particularly as preanesthesia
medication; it may also be used in other cases in
which large individual doses are required.
Uses. — According to the classification by Fitch
and Tatum (/. Pharmacol., 1932, 44, 325) aprobarbital isregarded as having intermediate duration of action (see article on Barbiturates, in
Part II, for general discussion). It is longer acting than amobarbital, but shorter than barbital
(Tatum, Physiol. Rev., 1939, 19, 472). Actually
the actions and uses of aprobarbital are similar
to those of barbital but it is more active, hence
the dosage is smaller.
Aprobarbital has been reported to reduce the
convulsive threshold to epileptogenic stimuli, as
does phenobarbital and phenylhydantoin (Barany,
Arch, internat. pharmacodyn. therap., 1947, 74,
155). It is useful for general mild sedation, when
it is administered orally. Aprobarbital has been
reported to be useful as a rectal analgesic agent
during labor, the sodium derivative being used
for this purpose. Graham and Pettit {Am. J. Obst.
Gyn., 1938, 35, 1023) reported that when administered inthis manner they were able to produce amnesia in 67 per cent of cases and partial
amnesia in an additional 22 per cent. However, it
tended to prolong duration of labor 2 to 5 hours.
Hauch {Acta obst. et gynec. Scandinav., 1938, 18,
164) previously had employed the drug as a basal
amnesic agent in normal deliveries, and Huard
et al. {Rev. med. franc, d' Extreme-Orient., 1938,
16, 279) attested to intravenous use of the sodium derivative preoperatively for basal sedation.
Apparently the fairly long duration of sedation
produced by aprobarbital is due to its slow elimination by excretion and by degradation. Maynert
and Van Dyke {Pharmacol. Rev., 1949, 1, 217)
quote available literature to the effect that the
compound is excreted by man to the extent of
13 to 24 per cent of a single dose. Following repeated administration it may continue to be
excreted in urine for 3 to 5 days. Masson and
Beland {Anesthesiology, 1945, 6, 483) reported
that aprobarbital is partially metabolized, mainly

1 04

Part I

Aprobarbital

in the liver. While the compound has not been
found to be particularly toxic, Hoick et al. (J. A.
Ph. A., 1950, 39, 630) reported development of
tolerance to aprobarbital and cross-tolerance to
Nostal. Jurgens (Arch. exp. Path. Pharm., 1951,
212, 440) found that this drug did not produce
any blood dyscrasias when administered to rabbits.
Dose. — For mild sedation, 60 mg. (approximately 1grain) of aprobarbital at bedtime; in
obstinate cases 130 mg. may be administered.
For preoperative use the average dose, commonly
of the sodium derivative, is 10 mg. per Kg. of
body weight. One-third of the calculated dose is
administered orally 10 to 12 hours (or the evening) before surgery; the remainder being given
2 hours before the operation. Since this is a large
dose, care and judgment must be exercised in its
use to avoid undesirably heavy sedation.
Storage. — Preserve "in well-closed containers." N.F.
ARALIA.

N.F.

American Spikenard, Spignet,

[Aralia]

"Aralia consists of the dried rhizome and roots
of
N.F.Aralia racemosa Linne (Fam. Araliacece) ."
American Spikenard is a perennial herb with
several widely branched, unarmed, aerial stems
which arise to the height of 1 to 1.8 meters and
bear ternately to quinately compound leaves,
each with broadly ovate leaflets having acuminate apices, cordate bases and doubly serrate
margins. The flowers are small, greenish-yellow,
and borne on panicles of umbels. The fruits are
sub-globular, dark purplish to reddish-brown
berries. It is indigenous to eastern North America west to Minnesota and Missouri. The rhizomes and roots are collected in summer and
autumn, cut into segments, the thicker rhizomes
cut lengthwise and all carefully dried. Most of
the commercial drug comes from Indiana, Missouri, North Carolina, Virginia, Washington and
Illinois.
Description. — "Unground Aralia. — The rhizome of Aralia is oblique, about 12 cm. long and 5
cm. thick, somewhat flattened, tortuous, externally
weak brown to weak yellowish orange, often scaly,
somewhat annulately roughened, frequently cut
longitudinally, and lighter-colored internally. The
nodes are approximate, each having a prominent
stem-scar about 3 cm. in width. The fracture is
fibrous. Roots are numerous, of varying length
and up to 25 mm. thick; externally furrowed,
sometimes with transverse ridges and corky
patches, pale red-purple to weak yellowish orange,
usually cut longitudinally, the cut surfaces lightercolored and spongy. The fracture of the cortex is
short and of the wood short-fibrous. Aralia has
an aromatic odor and a mucilaginous, pungent,
and slightly acrid taste." N.F. For histology see
N.F.X.
"Powdered Aralia is light yellowish brown. The
starch grains are simple or compound, spherical
or angular, from 5 to 25 n in diameter. The rosettes of calcium oxalate are from 30 to 70 n
in diameter. The vessels have sclariform or reticulate thickenings and simple or bordered pits.

The powder also shows characteristic lignified
cells from the hypodermis, 40 to 100 n in length
and about one-half as broad, their walls showing
simple pits (distinction from Aralia nudicaulis
root)." N.F.
Closely allied to the official species, both botanically and therapeutically, are the A. nudicaulis L. (American, False or Wild Sarsaparilla
or Shot-bush) and the A. spinosa L. (Angelica
Tree, Hercules Club or Prickly Elder) . The latter
has sometimes been referred to, improperly, as
"prickly ash" and has occurred as an adulterant
of the true prickly ash, Xanthoxylum Americanum.
There appear to be no published reports of a
phytochemical study of A. racemosa but Holden
(Am. J. Pharm., 1880) found in A. spinosa a
saponin to which he gave the name of araliin. It
is probable that the official species owes whatever
medicinal virtue it may possess to the presence
of a small amount of a volatile oil.
Standards and Tests. — Aralia contains not
more than 5 per cent of attached stem-bases, nor
more than 2 per cent of foreign organic matter
other than stem-bases, and yields not more than
2 per cent of acid-insoluble ash. AT.F.
Uses. — Aralia has been used, especially in domestic practice, as an "alterative" similar to
sarsaparilla. in the treatment of rheumatic, syphilitic and cutaneous affections. In medical practice
it was, at one time, occasionally employed in
pectoral complaints but now is no longer prescribed. Its therapeutic value is extremely questionable and it is official only because it is an
ingredient of the compound white pine syrup.
The N.F. assigns an average dose of 2 Gm.
(approximately 30 grains).
N.F.Off. Prep. — Compound White Pine Syrup.
ARECA.

N.F.

Areca Nut, Betel Nut, [Areca]

"Areca is the dried ripe seed of Areca Catechu
Linne (Fam. Palmce). Areca yields not less than
0.35 per cent of ether-soluble alkaloids calculated
as arecoline." N.F.
Betel Xut; Areca Nut; Areca Seed. Semen Areca:.
Fr.
Arec; Noix d'arec. Ger. Arekasamen ; Arekanusz;
Pinangnusz.

Areca Catechu is a tall palm tree, reaching a
height of 30 to 50 feet, indigenous to the Malay
Archipelago but now cultivated also in India,
southern China, Philippine Islands and East
Africa. Its fruit, borne in pendent panicles, is
ovoid and from 2 to 3 cm. in diameter, and of
an orange-yellow color, contains the seeds (or
"nuts") embedded in a fibrous, fleshy envelope,
and invested with a brittle shell which adheres
to the exterior flesh. The seed, the betel nut
of commerce, is of a rounded-conical shape,
rather larger than a chestnut, externally of a
deep brown, diversified with a fawn color, so as
to present a reticulate appearance, internally
brownish-red with whitish veins, very hard, of a
feeble odor when broken, and of an astringent,
somewhat acrid taste.
Immense quantities of areca nut are consumed

Part I
in the East. The method used by betel chewers
consists of smearing fresh leaves of the Betelpepper (see Betel, Part II) with lime and cutch
and placing slices of areca nut on the leaves, sometimes with added flavoring. The entire mass is
placed in the mouth, acting as a masticatory
known by the name of Betel. The red color which
this mixture imparts to the saliva and the excrements is caused by the areca nut, which is also
powerfully astringent, and, by its internal use,
tends to counteract the relaxation of bowels to
which the heat of the climate so strongly predisposes.
Description. — "Unground Areca. — Areca occurs as rounded-conical seeds, up to 3.5 cm. in
length and up to 3 cm. in diameter. Externally it
is weak reddish brown to light yellowish brown
and is marked with a network of paler lines.
Adhering portions of the silvery brittle endocarp
and fibers of the mesocarp are usually found at
the base of the seed. The seed is hard, the cut
surface exhibiting a marbled appearance (ruminate endosperm) of brownish tissue alternating
with whitish tissue. Areca has a slight odor and
an astringent, slightly bitter taste." N.F. For
histology see N.F.X.
"Powdered Areca is weak reddish brown to
light brown. It consists principally of fragments
of the endosperm, with porous reserve-cellulose
walls, irregularly thickened stone cells of the seed
coat, a few aleurone grains up to 40 m. in diameter
and a few oil globules. Starch is absent, and spiral,
pitted and annular tracheids and vessels are few."
N.F.
Constituents. — Areca nut contains tannin,
also gallic acid, a fixed oil, gum, a little volatile
oil, lignin and several alkaloids. It yields its
astringency to water, and in some parts of Hindustan an extract is prepared from it having the
appearance and properties of catechu. A red
coloring matter known as Areca red is extracted,
probably resulting from the decomposition of a
tannin. It is insoluble in cold water and ether,
soluble in boiling water and alkaline liquids, from
which it is precipitated by acids.
From the seeds of areca Jahns isolated, in 1888,
the alkaloids arecoline, arecaidine, arecaine and
gavacaine; the second and third of these have
been shown to be identical. To these have been
added arecolidine, guvacoline and, possibly, a
sixth alkaloid called isoguvacine. There is some
basis for believing the last-named to be mainly
arecaidine. Arecoline has been shown to be the
methyl ester of arecaidine, and the latter has
been identified and synthesized as 1 -methyl- A3tetrahydropyridine-3-carboxylic acid. Guvacoline
is now known to be the methyl ester of guvacine ;
this, too, has been identified and synthesized as
A3-tetrahydropyridine-3-carboxylic acid. For a
further discussion of these alkaloids see Henry
{Plant Alkaloids, 4th ed., 1949).
Standards and Tests. — Areca contains not
more than 2 per cent of adhering pericarp, nor
more than 1 per cent of foreign organic matter,
and yields not over 2.5 per cent of ash. N.F.
Assay. — A sample of 8 Gm. of areca, in moderately coarse powder, is macerated with ether
and ammonia; an aliquot representing 5 Gm. of
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drug is decanted after clarification, and most of
the ether distilled off. The alkaloids in the concentrated ethereal solution are extracted with
15 ml. of 0.02 N sulfuric acid and the excess acid
titrated with 0.02 N sodium hydroxide, using
methyl red T.S. as indicator. Each ml. of 0.02 N
sulfuric acid represents 3.104 mg. of alkaloids
calculated as arecoline. N.F.
Uses. — Areca nut owes its therapeutic uses
almost entirely to the alkaloid arecoline, the other
bases which it contains being relatively inert.
For description of its effects see under Arecoline
Hydrobromide.
This drug is so far as we know, almost never
used in human medicine but is employed, as a
vermifuge, by veterinarians. Its use in veterinary
medicine is described in Part III. The N.F. gives
the dose for dogs as 2 to 4 Gm. (approximately
30 to 60 grains) and for sheep as 4 to 8 Gm.
(approximately 1 to 2 drachms) depending on the
weight of the animal.
ARECOLINE

HYDROBROMIDE.

Arecolinium Bromide,

N.F.

[Arecolinae Hydrobromidum]

"Arecoline Hydrobromide is the hydrobromide
of an alkaloid obtained from the dried ripe seed
of Areca Catechu Linne (Fam. Palmaz) or produced synthetically." N.F.
Arecolinum Hydrobromicum; Arecolinae Bromhydras.
Fr. Bromhydrate d'arecoline. Ger. Arekolinhydrobromid.
Sp. Bromhidrato de arecolina.

This alkaloid, discovered by Jahns in 1888,
is obtained from areca nut (betel nut), which
contains 0.3 to 0.6 per cent of arecoline.
In a commercial process for preparing arecoline
the powdered drug is extracted with alcohol, the
solvent evaporated under vacuum, the syrupy
residue dissolved in carbon tetrachloride and this
solution extracted with dilute sulfuric acid, which
removes the arecoline. The alkaloid may then be
separated from the aqueous solution by alkalinizing it and extracting with chloroform. The hydrobromide provides the most suitable means for
purifying the alkaloid by recrystallization.
Arecoline has been synthesized by several different methods. Mannich (Ber., 1942, 75B, 1480)
prepared it starting with methylamine hydrochloride, formaldehyde, acetaldehyde and water. Dankova et al. (see Chem. Abs., 1943, 37, 381) described what is said to be a commercially feasible
synthesis starting with ethylene oxide (see also
Ugryumov, Chem. Abs., 1941, 35, 3644).
Arecoline has the structure of methyl 1,2,5,6tetrahydro-1-methylnicotinate; it is a partially
hydrogenated nicotinic acid derivative. The base
is an oily, strongly alkaline, optically inactive
liquid, boiling at about 209°. It is miscible with
water, ether or chloroform and is volatile with
steam.
Description. — "Arecoline Hydrobromide occurs as a white, crystalline powder, or in the form
of white crystals. It is odorless and has a bitter
taste. It is affected by light. One Gm. of Arecoline Hydrobromide dissolves in about 1 ml. of
water, in about 10 ml. of alcohol, and in about
2 ml. of boiling alcohol. It is slightly soluble in
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ether or chloroform. Arecoline Hydrobromide
melts between 170° and 175°." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 20 solution of arecoline hydrobromide responds to tests for bromide. (2) A red-brown
precipitate forms on adding iodine T.S. to a 1 in
50 solution of arecoline hydrobromide; a yellow
precipitate is produced by bromine T.S. Loss on
drying. — Not over 1 per cent, when dried at 80°
for 2 hours. Ash. — Not over 0.5 per cent. Acidity.
— Not over 0.2 ml. of 0.1 N sodium hydroxide is
required to neutralize 500 mg. of arecoline hydrobromide, using methyl red T.S. as indicator. Sulfate.— No turbidity or precipitate forms in 30
seconds when 1 ml. of barium chloride T.S. is
added to 10 ml. of a 1 in 100 solution of arecoline hydrobromide, acidulated with 5 drops of
diluted hydrochloric acid. Other alkaloids. — No
precipitate or turbidity is produced when ammonia T.S. or sodium hydroxide T.S. is added to a
1 in 20 solution of arecoline hydrobromide (arecoline base is soluble in water). N.F.
In a study of the stability of aqueous solutions
of arecoline hydrobromide on sterilization, Schou
(Dansk Tids. Farm., 1936, 10, 175) found that
no hydrolysis occurred after heating for one hour
at 100° but that autoclaving for 20 minutes
at 120° decomposed 5 per cent of the arecoline. He found that solutions of the salt are
stabilized by the addition of small amounts of
hydrochloric acid.
Uses. — Arecoline closely resembles pilocarpine
in physiological action, both drugs stimulating
structures innervated by postganglionic nerves
(see the monograph in Part II on Parasympathomimetic Agents and Cholinesterase Inhibitors).
Arecoline causes a marked increase of secretions,
especially of the salivary gland, contraction of
the pupil when instilled into the eye, increased
intestinal peristalsis, constriction of bronchi, and
a slowing of the heart and vasodilatation with
resulting fall in blood pressure (Platz, Ztschr.
exp. Path. Ther., 1910, 7; Jackson, /. Pharmacol.,
1914, 5, 479). Mentova (Farmakol. i Toksikol.,
1940, 3, 1) observed constriction of the coronary
arteries in rabbits following administration of
arecoline, acetylcholine or physostigmine.
Arecoline has been employed to a small extent
in the treatment of glaucoma. A 1 per cent solution produces a marked reduction in the intraocular tension, but its effects are more transient
than those of pilocarpine or physostigmine. It
may cause considerable irritation of the cornea
but apparently does not injure the continuity of
the epithelium.
Arecoline is a very potent taeniacide and apparently is also poisonous to the roundworm,
but, according to Schueffner, has no influence on
the hookworm (Arch. Schiffs-Tropen-Hyg., 1912,
16, 569). Because, however, of its toxic systemic
action it has been abandoned in human medicine
but is still used by veterinarians, (v]
Toxicology. — Excessive doses cause salivation, vomiting, diuresis, coma and convulsions
(Wachholz, Ztschr. ges. gerichtl. Med., 1932, 19,
224). If ingested, gastric lavage and use of potassium permanganate are indicated. Atropine
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sulfate parenterally may minimize the effects of
strong parasympathetic stimulation. The N.F.
gives a dose lor horses of 30 mg. (approximately
^2 grain) subcutaneously and for dogs of 1.5 mg.
per kilogram of body weight (approximately %d
grain per pound).
Storage. — Preserve in "tight, light-resistant
containers." N.F.

ARECOLINE HYDROBROMIDE
TABLETS. N.F.
[Tabellae Arecolinae Hydrobromidi]

"Arecoline Hydrobromide Tablets contain not
less than 91 per cent and not more than 109 per
N.F.
cent of the labeled amount of CsHisNCte.HBr."
Assay. — Not less than 20 tablets are allowed to
disintegrate in distilled water, the mixture diluted
to 200 ml., filtered, and an aliquot portion equivalent to about 0.3 Gm. of arecoline hydrobromide
assayed by the Volhard method for bromide content by adding a measured excess of 0.1 N silver
nitrate and some nitric acid and titrating the excess of silver nitrate with 0.1 TV ammonium thiocyanate using ferric ammonium sulfate T.S. as
indicator. Each ml. of 0.1 N silver nitrate represents 23.61 mg. of C8Hi3N02.HBr. N.F.
Usual Sizes. — 8, 15. 30 and 60 mg. (approximately %, x/i, Yz and 1 grain).
ARNICA.
N.F.
Arnica Flowers, [Arnica]

"Arnica consists of the dried flower head of
Arnica montana Linne, known in commerce as
European Arnica or of Arnica fulgens Pursh,
Arnica sororia Greene and Arnica cordi folia
Hooker, known in commerce as American Arnica
(Fam. Compositor)" N.F.
Wolf's Bane; Mountain Tobacco. Flores Arnica. Fr.
Arnica; Fleurs d'araica. Ger. Arnikabliiten; Bergwurzelblumen; Blutblumen; Engelblumen ; Gamsblumen. It.
Arnica; Fiori di arnica. Sp. Arnica.

Arnica montana L. is a perennial herb having
a woody, brownish, horizontal rhizome, from 2
to 10 cm. long, and 0.5 to 5 mm. thick, ending
abruptly, and sending forth numerous slender
fibers of the same color. The stem is up to 6 dm.
in height, cylindrical, striated, glandular-hairy,
and terminating in one, two, or three peduncles,
each bearing a flower head. The radical leaves are
oblanceolate, entire and ciliated; those of the
stem, which usually consist of two opposite pairs,
are elliptic oblong or lance-shaped. Both are
bright green, and somewhat pubescent on their
upper surface. The flower heads are orange-yellow.
This plant is a native of the mountains and
meadows of Europe. It has been introduced into
England, and cultivated in northern gardens in the
United States. The flowers, leaves and root are
employed; but the flowers only are official. In
the Swiss and German Pharmacopoeias the definition of arnica flowers is restricted to the flowers
separated from the receptacles, this being done
as the latter contain the eggs or larvae of Trypeta
arnicivora. On the other hand the Austrian Pharmacopoeia permits the use of the entire flower
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heads, but the receptacles containing larvae must
be removed.
The American species of Arnica recognized by
the N.F. are Arnica fulgens, A. sororia and A,
cordifolia. All of them are glandular-hairy, perennial herbs with slender horizontal rhizomes bearing basal rosettes of radical leaves from the
centers of which arise one or more aerial stems
bearing from 1 to 3 peduncles which terminate
in showy flower heads of yellow to orange {A.
julgens) ray and disk florets. A. julgens and A.
sororia are native to southwestern Canada and
western United States. A. cordifolia has a range
from Alaska down the Rocky Mountains to New
Mexico and Arizona, in the Sierra and Cascade
ranges south to San Diego County, California.
Arnica julgens Pursh or orange arnica is especially characterized by possessing dense tufts of
tawny hairs in the axils of the bases of its radical
leaves of previous years which are attached to the
rhizome, by its aerial, puberulent, glandular-hairy
stem bearing from 4 to 6 pairs of cauline leaves,
the upper pairs reduced and separated by a long
internode from the lower pairs which are oblanceolate, entire or with a few teeth and by its flower
head of dark orange to orange flowers.
A. sororia Greene somewhat resembles the last
species but its rhizome is less than half as thick
with few or no tufts of hairs in the axils of the
old attached radical leaves, its aerial stem bears
4 to 5 pairs of cauline leaves, the two to three
pairs near the base being oblanceolate, and its
flower head bears yellow ray and disk florets.
A. cordifolia Hooker or heart leaf arnica is characterized byhaving 2 to 4 pairs of cauline leaves,
the basal and lower leaves being petiolate with
slender, sometimes margined petioles as long as or
exceeding the lamina, the latter varying from
ovate to ovate-orbicular, cordate or lanceolate
with cordate to truncate base and entire to
coarsely toothed margin. Its flower heads are
broadly turbinate to bell-shaped with yellow ray
and disk florets. Its involucral bracts differ from
those of the preceding species in being frequently
irregularly toothed to laciniate along the margins.
For details on the official Arnica yielding species
and the gross structure and histology of their
flower heads see the report of Youngken and
Wirth, /. A. Ph. A., 1945, 34, 65.
The flower heads of arnica are collected when
fully expanded, the florets of European arnica
being usually separated from their receptacles and
carefully dried. American arnica flower heads are
dried intact. European arnica has been imported
into the U. S. A. from Germany, Belgium, Yugoslavia, France and Italy. American arnica is being
collected chiefly in the Rocky Mountain states,
especially Montana and Wyoming, and also in
the Dakotas.
Description. — "Unground Arnica occurs as
entire flower heads or as tubular and ligulate
florets usually with some receptacles and involucres. The heads are either hemispherical, turbinate, or campanulate, up to 2.8 cm. in height.
The receptable is flat to slightly convex (Arnica
montana) or prominently convex (American
Arnicas), deeply pitted, and covered with short
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hairs. The involucral bracts are lanceolate to
elliptic oblong, those of A. cordifolia being frequently toothed or laciniate along the margins,
light olive-green to weak reddish brown, puberulent and glandular-hairy, up to 25 mm. in length
and from 1 to 3.5 mm. in width. The ligulate
florets are yellow to moderate orange, pistillate,
the ligulate corolla being up to 27 mm. in length,
up to 6 mm. in width, its ligule usually 3-toothed
and 7- to 12-nerved. The tubular florets are perfect, goblet-shaped, yellow to yellowish orange,
their stamens bearing 2 oblong-elliptic anther
lobes united by an elongated triangular connective.
The achenes are oblong to spindle-shaped, appressed-hispid, longitudinally striate or dotted,
3.5 to 7 mm. in length, brownish gray to light
olive-brown, with a collar near the summit bearing
a single circle of barbellate pappus bristles, a
little longer than the achene. The odor is characteristic and agreeable.
"Powdered Arnica is light yellowish brown to
light olive-brown. The pollen grains are numerous,
25 to 40 |x in diameter, spheroidal and spinose.
The non-grandular hairs are of the following
kinds : unicellular and uniseriate-articular, straight,
curved or dagger-shaped, the uniseriate hairs up to
9-celled, rarely 11-celled, some with short basal
cells and elongated distal cell, and double hairs,
the latter up to 384 n in length, mostly unequal
in length of parts, with bifid summits, each with
numerous pits on the dividing wall separating
the 2 components, one of which is either 1- or
2-celled. The glandular hairs are of the following
kinds: with a unicellular stalk and a 1- to 2-celled
head; or with a uniseriate or biseriate stalk and
a 1-, 2-, or 4-celled head. The pappus bristles
possess a multicellular axis and unicellular
branches." N.F.
Arnica flowers of commerce are not infrequently admixed with and substituted by other
composite flowers. Farwell states that the heads
of Lapachis columnaris T. et G., a western composite, have been offered in large quantities for
arnica. Hartwich has reported a sample of arnica
adulterated with the flowers of the common dandelion. Beilstein reported having found in one
lot approximately 90 per cent of the flowers of
Inula. The following flowers also have been used:
Anthemis tinctoria, L., Calendula officinalis, L.,
Doronicum Pardalianches, L., Inula britannica,
L., Scorzonera humilis, L., Heterotheca inuloides.
The first three of these are distinguished by the
fact that the achenes do not have any pappus. In
Inula britannica the receptacle is naked and the
ligulate flowers are four-nerved (for other characteristics see Ewing and Stitt, I. A. Ph. A., 1945,
34, 151). In Scorzonera the flowers are all ligulate
and the pappus is feather-shaped. In Heterotheca
inuloides the florets have an inner long pappus
and an outer short pappus.
The rhizome (Arnica Radix) was formerly
official and was described as follows :
"Rhizome about 5 cm. long and 3 or 4 mm.
thick; externally brown, rough from leaf-scars;
internally whitish, with a rather thick bark, containing a circle of resin-cells, surrounding the
short, yellowish wood-wedges, and large, spongy
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pith. The roots numerous, thin, fragile, grayishbrown, with a thick bark containing a circle of
resin-cells. Odor somewhat aromatic; taste pungently aromatic and bitter." U.S.P., 1890.
It appears to contain the same active constituents as the flowers.
Standards. — Arnica contains not more than
3 per cent of foreign organic matter, and not more
than 2 per cent of acid-insoluble ash. N.F.
Constituents. — In 1851 Bastick reported the
presence of an alkaloid in arnica flowers but his
findings have not been confirmed. The term
arnicin has been applied to a variety of substances which have been extracted from arnica
but which are not related and most, if not all, of
which are not pure principles. There is present
about 0.5 per cent of a volatile oil, the most important constituent of which is the dimethyl ether
of thymohydroquinone. For further information
on this oil, see Kondakow (/. pharm. chim., 1910,
2, 79) and also Gildemeister and Hoffman, The
Volatile Oils. There is present also in arnica
flowers a colorless crystalline substance, known
as arnidiol or arnisterin (Klobb, Pharm. Ztg.,
1905, 40, 846), for which Dieterle and Engelhard
Arch. Pharm., 1940, 278, 225) proposed the name
arnidendiol ; it is a triterpenediol found also in
dandelion flowers {Zimmermann, Helv. Chim.
Acta, 1941, 24, 393). Small amounts of angelic
and formica acids have also been reported. From
a petroleum ether extract of arnica flowers
Dieterle and Fay {Arch. Pharm., 1939, 277, 65)
isolated three crystalline substances, as yet incompletely identified. About 56 per cent of this
extract consists of fatty acids, the composition
of which is reported in their paper, along with
other analytical data for the extract.
Uses. — Arnica is rarely prescribed by physicians but has been used in domestic medicine as
a counterirritant embrocation in the treatment of
bruises and sprains, generally in the form of the
tincture. It has also been used in the treatment
of palsies and various other diseases, but little
knowledge concerning its action is available. Forst
{Arch. exp. Path. Pharm., 1943, 201, 242) reported that both aqueous and alcoholic extracts
of A. montana contain, besides choline, two unidentified substances which affect the heart and
vascular systems.
Toxicology. — Arnica is an active irritant and
is capable, when taken in an overdose, of producing symptoms of violent toxic gastroenteritis, with
considerable nervous disturbance, reduction or increase of pulse rate, and collapse. On the skin it
may cause severe dermatitis.
In a number of cases of severe or even fatal
poisoning by arnica, the symptoms have been
burning pains in the stomach, vomiting, choleraic
diarrhea, giddiness, intense muscular weakness,
dilated pupils, and finally complete insensibility
and collapse (Schoenemann, Munch, med. Wchnschr., 1938, 85, 787; Merdinger, ibid., 1469;
Forst, ibid., 1939, 86, 145). In some cases the
disturbances of the gastrointestinal tract have
been absent, and the symptoms have been chiefly
of cerebral origin. An ounce of the tincture lias
produced serious, although not fatal, symptoms.

Part I
An emetic, a saline purge, demulcent drinks and
supportive and symptomatic measures are indicated for treatment of arnica poisoning.
Arnica flowers have been given in a dose of 60
to 200 mg. (approximately 1 to 3 grains).
ARNICA

TINCTURE.

N.F.

[Tinctura Arnicae]
Arnica Flowers Tincture. Tinctura Arnica Florum.
Fr. Teinture d'arnica. Ccr. Arnikatinktur. It. Tintura
di arnica. Sp. Tintura de arnica.

Prepare a tincture by Process P (see under
Tinctures), from 200 Gm. of arnica, in moderately
coarse powder, using a menstruum of 3 volumes
of alcohol and 1 volume of water; macerate the
drug during 48 hours, percolate slowly, repeat the
maceration during 24 hours after 500 ml. of percolate has been collected, then percolate until 1000
ml. is collected. N.F.
Alcohol Content. — From 63 to 69 per cent,
by volume, of C2H5OH. N.F.
This tincture is sometimes used externally as a
mild counterirritant. The N.F. formerly assigned
an average dose of 0.5 ml. (approximately 8
minims) but it is rarely given internally (see
under Arnica).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
AROMATIC

ELIXIR.

U.S.P.

Simple Elixir, [Elixir Aromaticum]
Sp. Elixir Aromdtico.

To 12 ml. of compound orange spirit add
enough alcohol to make 250 ml. To this solution
add 375 ml. of syrup in several portions, agitating
vigorously after each addition; afterwards add,
in the same manner, enough purified water to
make 1000 ml. Mix 30 Gm. of talc with the
liquid, filter the mixture through a filter wetted
with diluted alcohol, returning the filtrate until a
clear liquid is obtained. U.S.P.
The only difficulty encountered in the preparation of this popular vehicle is that of obtaining a
clear filtrate, the colloidal dispersion of the droplets of volatile oils separated from compound
orange spirit by dilution with a large proportion
of water being largely responsible for the persisting turbidity. The high degree of fineness of many
samples of talc is a contributing factor as is, apparently, also the large proportion of syrup which
seems to delay flocculation as well as slow down,
because of its viscosity, the rate of filtration.
Several suggestions have been offered for improving the process — and the product — but none
of these has been given official recognition. For a
brief review of some of the recommendations for
improving the formula see Saute and Lee {J. A.
Ph. A., Prac. Ed., 1954, 15, 101), who proposed
a modification in which a polyoxyalkalene nonionic
solubilizer {Pluronic, Wyandotte Chemical Corp.)
is added to the volatile oil component of the elixir
and which avoids the need for filtering the elixir,
since it is clear.
Aromatic elixir, once very widely used as a
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vehicle, still finds considerable use for this purpose it
; is employed in the formulation of several
official elixirs and also in Iron and Ammonium
Acetate Solution.
Alcohol Content. — From 21 to 23 per cent,
by volume, of C2H5OH. U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.
RED

AROMATIC

ELIXIR.

N.F.

Red Elixir, Elixir Aromaticum Rubrum

Mix 14 ml. of amaranth solution with 986 ml.
of aromatic elixir. N.F.
Alcohol Content. — From 21 to 24 per cent,
by volume, of C2H5OH. N.F.
This vehicle is employed in the same way as
aromatic elixir, differing from it only in color.
Storage. — Preserve "in tight containers." N.F.
ALKALINE

AROMATIC
N.F.

SOLUTION

Liquor Aromaticus Alkalinus
Liquor Antisepticus Alkalinus.

Mix 20 Gm. each of potassium bicarbonate and
sodium borate with 100 ml. of purified water and
add 100 ml. of glycerin; when effervescence ceases
add the mixture to 500 ml. of purified water. Dissolve 0.5 Gm. of thymol, 1 ml. of eucalyptol, 0.5
ml. of methyl salicylate, and 14 ml. of amaranth
solution in 50 ml. of alcohol; add the solution of
salts to the alcoholic solution, agitating constantly, and finally add enough purified water to
make 1000 ml. Allow the mixture to stand 24
hours, shaking occasionally, then filter, using 10
Gm. of purified talc, if necessary, to clarify the
product. N.F.
The effervescence which occurs in the preparation of this solution is explained by the fact that
sodium borate, which may be considered to represent four molecules of boric acid only half neutralized by two molecules of sodium bicarbonate, is
converted by glycerin to an acid-reacting complex
capable of neutralizing two more molecules of an
alkali such as potassium bicarbonate. The reaction issimilar to that which occurs in the preparation of compound sodium borate solution.
Description. — "Alkaline Aromatic Solution is
a clear, purplish red liquid, with an aromatic odor
and taste. It is alkaline to litmus paper. Its specific
gravity is about 1.04." N.F.
Standard and Test. — Residue on ignition. —
The residue from 10 ml. of alkaline aromatic solution yields, on ignition, not less than 223 mg. and
not more than 273 mg. of residue. N.F.
Alcohol Content. — From 4 to 7 per cent, by
volume, of C2H5OH. N.F.
Uses. — This is a valuable substitute for a solution of borax for washing the nasal or pharyngeal
cavities. Its chief advantages are a mild alkalinity
which helps to dissolve mucus and the fact that
when diluted with an equal volume of water it is
almost isotonic with the body fluids. For use in a
dental spray bottle, it is diluted with 5 volumes of
water.
Storage. — Preserve "in tight containers." N.F.
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ARSENIC
Arsenum

As (74.91)
Arsenium. Arsenicum. Fr. Arsenic. Ger. Arsen. It.
Arsenico. Sp. Arsenico.

Arsenic has been known since ancient times.
It is sometimes found free in nature, but is generally combined. Important ores include realgar,
AS2S2; orpiment, AS2S3; and mispickel or arsenical pyrites, FeAsS. The element is usually prepared by heating the last-named ore in the absence
of air, the arsenic subliming. When heated under
pressure, arsenic can be melted; its melting point
at 36 atmospheres is 814°. At atmospheric pressure itsublimes at about 450°. The element exists
in several allotropic modifications, of which the
steel-gray form, having a metallic luster and a
density of about 5.7, is the most important.
Two oxides of arsenic are known. Arsenous
oxide or anhydride (white arsenic) is the trioxide,
AS2O3, formed when the metal is heated in air.
For further information on this substance, see
under Arsenic Trioxide. The higher oxide is
arsenic oxide (arsenic pentoxide) ; it is formed by
the oxidation of the trioxide suspended in concentrated nitric acid and heated. It is a white,
amorphous mass which melts at a dull red heat.
It is hygroscopic, absorbing water to form
H3ASO4, orthoarsenic acid. Chemically, arsenic
behaves as a metal only toward the halide acids;
it does not form salts with the oxygen acids. Two
classes of compounds are known in which arsenic
is acid- forming : the arsenites derived from the
trioxides, and arsenates, derived from arsenic
pentoxide. In these compounds, arsenic closely
resembles phosphorus.
Arsenic added in small amount (1 in 1000) to
lead increases its hardness. It is used for this purpose in making lead shot. Large quantities of
arsenic compounds, especially those of lead and
copper, are used in plant sprays as insecticides.
Arsine is of interest because of its extraordinary toxic properties. Most metallic ores contain arsenic as an impurity. On contact with sulfuric acid such metals give off hydrogen arsenide,
H3AS, or arsine, which is a colorless, inflammable
gas, with a strong garlic-like odor, approximately
2.7 times as heavy as air. Cases of poisoning have
been reported arising from arsine generated in
storage batteries, in smelting and other chemical
industries (Spolyar and Harger, Arch. Ind. Hyg.
Occup. Med., 1950, 1, 419; Morse and Setterlind,
ibid., 2, 148; Josephson et al., ibid., 1951, 4, 43;
Steel and Feltham, Lancet, 1950, 1, 108). The
symptoms do not appear until some hours after
exposure to the gas. They begin with headache,
followed by nausea and vomiting and chills. The
gas destroys red blood cells, in vivo. Acute hemolytic anemia with hemoglobinuria and jaundice
develops. Neuropathy may develop. The only
treatment, outside of removal from exposure, is
that for acute hemolytic anemia — rest, inhalation
of oxygen, blood transfusions, alkalinization of
the urine.
The detection of arsenic in forensic procedures
is of great importance, several tests being of espe-
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rial usefulness for such purposes. In the Reinsch
test arsenic is detected by deposition, as copper
arsenide, on metallic copper placed in a hydrochloric acid solution of the sample to be tested;
the identity of the arsenic compound is confirmed
by heating in an ignition tube with access to air
whereupon, if arsenic is present, a sublimate of
crystals of arsenic trioxide is obtained in the cooler
part of the tube. In the Marsh test the presence
of arsenic is evidenced by treating the sample with
nascent hydrogen (produced by the reaction of
zinc and acid), by which arsenic is reduced to the
gas arsine; this, when burned, decomposes to form
arsenic which may be deposited on a cool surface
as a brown to black mirror and which is soluble
in sodium hypochlorite solution. The modified
Gutzeit test, employed officially in testing for
arsenic in medicinals, involves formation of arsine
as in the Marsh test, but its presence is detected
by the formation of a yellow to brown stain on
mercuric bromide paper. Bettendorf's test, used
chiefly in testing antimony compounds because
the latter element does not interfere in the test,
depends on the reduction of arsenic to the elemental state by stannous chloride ; the arsenic deposits as a black precipitate.
For medicinal uses of arsenic compounds see
under Arsenic Trioxide and Carbarsone.

ARSENIC TRIOXIDE.
N.F., B.P., LP.
Arsenious Acid, Arsenious Oxide,

[Arseni Trioxidum]

"Arsenic Trioxide, when dried at 105° for 2
hours, contains not less than 99.5 per cent of
AS2O3. Caution. — Arsenic Trioxide is extremely
poisonous." N.F. The B.P. requires not less than
99.8 per cent of AS2O3, the calculation being referred to the substance as it is found. The LP.
requires not less than 99.5 per cent of AS2O3,
calculated with reference to the substance dried
at 100° for 3 hours.
LP. Arseni Trioxydum. Arsenous Acid Anhydride;
Arsenic
Sesquioxide;
Arsenic; Arsenicum
"Arsenic." Acidum
Arsenosum;
Acidum White
Arsenicosum;
Album;
Anhydridum Arseniosum. Fr. Anhydride arsenieux ; Acide
arsenieux; Arsenic blanc; Oxyde blanc d'arsenic. Ger.
Arsenige Saure ; Arsentrioxyd; Arsenigsaureanhydrid. It.
Anidride arseniosa; Acido arsenioso; Arsenico bianco. Sp.
Anhidrido arsenioso; Trioxido de Arsenico; Acido
arsenioso.

Arsenic trioxide is found native in octahedral
crystals, called arsenalite, or as monoclinic crystals, called clandetite. It is formed when arsenic
or arsenical minerals are heated or roasted in the
presence of air, and is a by-product in a number
of metallurgic operations, as in the roasting of
cobalt, copper, lead, nickel and tin ores. The
arsenic trioxide condenses as an impure dust, and
is purified by resublimation.
Description. — "Arsenic Trioxide occurs as a
white, odorless powder. It is stable in air. Arsenic
Trioxide is slowly soluble in water. It is slightly
soluble in alcohol and in ether, and freely soluble
in glycerin. It is soluble in hydrochloric acid and
in solutions of alkali hydroxides and carbonates."
N.F. The B.P. describes it as a heavy white
powder, or irregular lumps having a vitreous fracture, usually appearing stratified, and containing
frequently both transparent and opaque varieties.

The solubility is given as 1 part in 60 parts of
water, the rate of solution depending upon the
relative proportion of the two varieties present,
and upon the degree of subdivision.
Standards and Tests. — Identification. — A
yellow mixture is produced when hydrogen sulfide
T.S. is added to a 1 in 100 solution of arsenic trioxide; addition of a few drops of hydrochloric
acid to the mixture precipitates yellow arsenic trisulfide. Loss on drying. — Not over 1 per cent,
when dried at 105° for 2 hours. Residue on ignition.— Not over 0.1 per cent. Foreign substances.
— 1 Gm. of arsenic trioxide dissolves completely
in 10 ml. of ammonia T.S., with the aid of gentle
heat, or leaves only a very light trace of white,
insoluble material. N.F.
The N.F. has no requirement concerning the
fineness of powder. The U.S. P. X required that
when powdered arsenic trioxide was administered
in solid form the particles should not be greater
than 0.0125 mm. in diameter. This specification
would appear to be a desirable one, as it has been
demonstrated that the absorption of arsenic from
the alimentary tract is largely dependent on the
fineness of the powder administered.
Assay. — About 200 mg. of arsenic trioxide.
previously dried at 105° for 2 hours, is dissolved
in boiling water with the aid of sodium hydroxide T.S.; the solution is neutralized with diluted
sulfuric acid, sodium bicarbonate is added, and
the mixture is titrated with 0.1 A7 iodine, using
starch T.S. as indicator. In the assay, the arsenic
is oxidized from the trivalent to the pentavalent
state. Each ml. of 0.1 N iodine represents 4.946
mg. of AS2O3. N.F.
Uses. — In sufficient concentration all of the
official preparations of arsenic are violent. irritants
or escharotics. Taken internally in a dose of 100
mg. or more they are exceedingly poisonous to
both man and the lower animals. Arsenic, in
soluble forms, is absorbed from the mucous membranes and skin and from sites of parenteral administration; iis
t distributed by the blood to all
parts of the body, being detectable in the hair in
about two weeks and for many months thereafter.
It is found in the urine within a few hours after
oral or parenteral administration and excretion
continues for several weeks; because of its slow
elimination, cumulative action is an important
consideration. For details of a recent study on
the storage and metabolism of arsenic in tissues
see Ewing et al. {Texas Rep. Biol. Med., 1950,
8, 556; 1951, 9, 27).
The local application of arsenic produces mild
irritation followed, after prolonged or repeated
application, by necrosis of tissue. Because rapidly
proliferating tissue appears to be most sensitive
to this action of arsenic it has been used in a
variety of mixtures ("cancer paste") for the local
treatment of neoplastic growths but its lack of
penetration into the deeper portions of the tumor
makes it ineffective (see U.S.D., 21st ed., p. 188).
Arsenic is a marked capillary poison, causing
dilatation and abnormal permeability with a resulting loss of protein and other blood plasma
constituents into the tissues. Edema is a common
manifestation of arsenic poisoning. The blood
pressure does not decrease until the arterioles are
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similarly damaged or the loss of blood volume becomes significant. The myocardium is also depressed. Hyperemia of the gastrointestinal tract
follows either oral or parenteral administration
and may promote the formation of digestive secretions and the absorption of food. Slightly larger
doses, however, cause severe irritation of the
mucosa with the formation of submucosal blebs
and the loss of blood plasma into the lumen of
the bowel accompanied by increased peristalsis,
a condition which results in "rice water" stools
which may become bloody. Vomiting is frequent.
In addition to its action on the capillaries of the
glomeruli of the kidney, arsenic produces necrosis
and degeneration of the tubules. Oliguria, albuminuria, hematuria and cylindruria are observed
and the clinical features of the nephrotic stage of
glomerular nephritis may develop. Vasodilatation
in the skin causes a "healthy" flush but, except in
minimal doses, abnormal proliferation of the skin
and other epidermal structures such as the hair
and nails results. Peripheral neuropathy involving both the sensory and the motor elements is a
frequent result of large doses of arsenic or prolonged exposure to smaller amounts. Cell formation in the bone marrow is temporarily stimulated, then depressed to a degree dependent on the
amount of arsenic; this involves both the red and
the white blood cell-forming elements. In toxic
doses arsenic increases the excretion of nitrogen
due to its destructive action on the tissues of
many organs of the body. For many years small
doses of arsenic were employed as a tonic in convalescent, neurasthenic, and malnourished patients. Although a decreased excretion of nitrogen
and of carbon dioxide has been reported, the
cumulative action of arsenic has made it clinically
impractical to avoid toxic effects and this use of
arsenic is no longer popular. Early toxic effects
may even simulate clinical improvement through
a flushed skin, minimal edema, and possibly improved absorption induced by hyperemia of the
intestinal tract.
The apparent tolerance to arsenic developed by
the mountaineers of Styria and the Tyrol who are
able to consume large quantities is explicable on
the basis of the insolubility and poor absorbability
of the form ingested (/. Pharmacol., 1922, 20,
181); no tolerance has been observed following
parenteral administration of arsenic compounds.
Although arsenic is a protoplasmic poison it
does not actively precipitate protein and in concentrations and forms which are not caustic its
action is slow. The theory that arsenic interferes
with essential protoplasmic oxidation and reduction processes has long been held. Voegtlin and
his associates {Pub. Health Rep., 1923, 38, 1882;
/. Pharmacol., 1930, 39, 347) produced evidence
that arsenic combines with the sulfhydryl (— SH)
groups in cells to prevent normal oxidative processes both in vitro and in vivo. They found that
the administration of substances with free sulfhydryl groups had prophylactic and therapeutic
value against the action of arsenic on mammals
and on protozoa. Eagle and his associates (/. Pharmacol, 1938, 64, 164 and 1939, 66, 10 and 436;
Am. J. Syph. Gonor. Ven. Dis., 1939, 23, 310)
and Kolmer and his colleagues (Am. J. Syph.
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Gonor. Ven. Dis., 1940, 24, 201) have also presented information on the mechanism of the action
of arsenic. Eagle et al. (Fed. Proc, 1946, 5, 175)
and others (Science, 1945, 102, 601) have reported that the dithiol compound, dimercaprol
(q.v.), is far superior to the monothiol compounds such as glutathione, methionine (Peters
et al., Quart. J. Med., 1945, 14, 35), etc. in the
prevention and treatment of arsenical poisoning
in man, animals, and protozoa. Arsenic inhibits
the action of cellular enzymes (Maver and
Voegtlin, Am. J. Cancer, 1937, 29, 333) and prevents mitosis and other nuclear functions. The
hazard of epithelioma of the skin in occupations
with exposure to arsenic is presented by Hueper
(Occup. Med., 1948, 5, 157) and Hill and Faning
(Brit. J. Ind. Med., 1948, 5, 1).
In dentistry, equal parts of arsenic trioxide and
cocaine hydrochloride made into a stiff paste with
creosote is used in root canals to destroy ("kill")
the nerve. Utilizing the radioactive isotope, As76,
Gotte et al. (Ztschr. Naturforsch., 1951, 6b, 274)
showed that the arsenic diffused into the dentin
to a considerable extent, where it may cause latent
degenerative changes.
Although the inorganic forms of arsenic are
highly toxic to many protozoa they are less successful in the treatment of parasitic infections
than the organic forms, because the latter can be
given in so much larger doses without danger to
the host (see Carbarsone). To what action arsenic
owes its value in pulmonary diseases is unknown
but there has been a clinical impression that in
chronic bronchitis, especially of the aged, and in
asthma, it is beneficial. With the advent of liver
therapy, arsenic was abandoned in pernicious
anemia.
When preparations of arsenic are given for their
tonic effect alone, they should be used in doses so
small as not to cause any general symptoms (see
also Potassium Arsenite Solution). Mixtures of
arsenic with nux vomica, quinine and other "bitters" are less popular than formerly. To avoid
gastrointestinal irritation, pain and diarrhea as
much as possible, the remedy should be given
after meals. S
Toxicology. — The specific symptoms of arsenicalism are a general disposition to edema,
especially of the face and eyelids, a feeling of
stiffness in these parts, itching of the skin, tenderness of the mouth, loss of appetite, and uneasiness and sickness of the stomach, usually with
diarrhea. The symptoms of chronic arsenic poisoning are so protean as to defy detailed description ;
most of them fall into 3 groups. First, those due
to irritation of the gastrointestinal tract, nausea
and diarrhea; or, when the arsenic has been inhaled, symptoms of laryngitis and bronchitis.
Second, when used continuously over long periods
of time, even in doses too small to cause the customary symptoms of arsenicalism, the drug may
give rise to alterations in the skin. The most important of these are peculiar dryness and a tendency to the overgrowth of keratin as shown by
the formation of warts, ridges on the finger nails
or coarseness of the hair. In the diagnosis of suspicious cases of arsenic poisoning, chemical examination of the hair or finger nails for arsenic
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is valuable (Althausen and Gunther, J.A.M.A.,
1929, 92, 2002; Hamori, Deutsche med. Wchnschr., 1941, 67, 628). In some instances the internal use of arsenic causes a rash not unlike that
of measles attended, as in that affection, with
catarrhal symptoms. Sometimes salivation is produced, and occasionally the hair and nails fall off.
Third, the group of cases in which peripheral
neuritis is the outstanding manifestation. This
neuropathy may involve either motor or sensory
elements with paralysis, paresthesia or pain. Impaired vision has resulted. Any of these symptoms
call for the discontinuance of arsenic therapy.
Arsenic is still one of the most commonly used
poisons for criminal purposes. Arsenic compounds
are used as insecticides and rodenticides and accidental human poisoning occurs. The symptoms of
acute poisoning, which generally do not appear
for a period of from one-half to one hour after
the ingestion of the poison, are somewhat varied
in different cases. The most frequent are; pain in
the epigastrium; vomiting, the vomitus being
occasionally bloody, more commonly not; profuse
serous purging; great thirst; rapid, weak pulse;
prostration and restlessness, sometimes with delirium and convulsions. Any or all of these symptoms, however, may be lacking, death occasionally
taking place with no prodromal symptoms except
heart failure or stupor. At post-mortem examination there will be found evidence of inflammation
of the alimentary canal and of the kidney and frequently fatty degeneration in various of the internal organs. In the series of cases of arsenic
poisoning reported by Lawson {J. A.M. A., 1925,
85, 24) enlargement of the liver was observed
in more than half of the cases and enlargement
of the spleen in about one-quarter. Death usually
occurs in the fatal cases within 48 hours (few
hours to several weeks).
The diagnosis of acute arsenical poisoning is
sometimes impossible without chemical examination. For the methods of detecting arsenic in the
human body, see U.S.D., 19th ed., p. 202 and
Morris and Calvery, Ind. Eng. Chem., Anal. Ed.,
1937, 9, 447. It should be remembered that even
after the post-mortem injection of arsenic, as in
the use of some embalming fluids, the poison may
be diffused throughout the entire body.
In the treatment of poisoning by arsenic, it is
of the utmost importance to prevent the absorption of the drug, because after the poison has once
entered the system, it is difficult to mollify its
baneful effects. The most important method of
preventing absorption is the mechanical evacuation of the stomach — unless nature has already
done so by vomiting — either by use of the stomach
tube with large amounts of warm water or milk,
or by means of a promptly acting emetic such as
2 Gm. (approximately 30 grains) of zinc sulfate
in water. It is to be remembered that the poison
may remain in the stomach for long periods, especially if it has been taken in solid form, and
cleansing of the stomach is advisable even if the
patient is not seen immediately after the ingestion.
Prior to evacuation of the stomach, the ingestion of a precipitant or adsorbent to decrease the
amount of dissolved arsenic available for absorption seems rational. Formerly, a freshly precipi-
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tated ferric hydroxide suspension {Magma Ferri
Hydroxidi, U.S. P. XI) was advocated (see U.S.D.,
24th ed., p. 105), this being prepared by adding
a solution of ferric sulfate to a suspension of
magnesium oxide in water or to magnesia magma.
A quick substitute may be prepared by adding
any alkaline hydroxide solution to the solution of
any available soluble ferric salt. Evacuation of
the intestines by a saline purgative such as magnesium sulfate should follow removal of the
gastric contents. Loss of fluid and electrolytes
should be corrected by intravenous injection of
isotonic sodium chloride solution.
As soon as the diagnosis of arsenic poisoning
has been made, whether it is in an early or a late
stage, Dimercaprol Injection (q.v.) should be
given intramuscularly in a dose of 2.5 to 3 mg.
of dimercaprol per kilo of body weight and repeated every 4 hours for 3 or 4 doses; if necessary, single daily doses should be continued for
several days (Bull. U. S. Army M. Dept., 1945,
Xo. 88, 13). In acute and severe cases the interval between the first and second doses should be
shortened to 2 hours. Eagle reported the urinary
excretion of arsenic to be increased as much as
100 times during 1 to 2 hours after each injection,
with an incidence of only 1 per cent of untoward
reactions. The reactions usually occur within 15
to 30 minutes after the injection and consist of
sensations of constriction in the throat, oppression
in the chest, burning of the lips, lacrimation and
congestion of the conjunctiva, local tenderness,
restlessness and nervousness, sweating of the
hands, mild nausea and vomiting, headache and a
transient rise in blood pressure. Since the introduction of dimercaprol the use of sodium thiosulfate routinely in the treatment of arsenical
poisoning has been abandoned. Evidence for its
value was never clear (J.A.M.A., 1942, 120, 124).
Although Ayres and Anderson (J.A.M.A., 1938,
110, 886) reported that sodium thiosulfate increased the urinary excretion of arsenic, Muir,
Stenhouse and Becker (Arch. Dermat. Syph.,
1940, 41, 308) and other observers found no such
action.
The subsequent treatment consists in the administration ofmucilaginous drinks, and the treatment of symptoms as they arise. An adequate
intake of protein, carbohydrate and vitamins,
orally or parenterally, is important. Convalescence isgenerally long and distressing; usually
dyspeptic symptoms mark the presence of gastrointestinal inflammation or even ulceration, while
not rarely violent neuralgic pains, with loss of
power, wasting of the muscle, and other trophic
changes, show that a peripheral neuritis has been
produced.
Chronic arsenical poisoning is a not infrequent
— but often unrecognized — result of the continued
absorption of small amounts of the element
through either the alimentary or the respiratory
tract. It has occurred from the inhalation of the
dust of arsenical pigments, from the ingestion of
contaminated foods and from the prolonged use
of medicinal preparations. The arsenical dyes are
not used today for coloring foods, but vegetables
and fruit are occasionally injurious from the residue of agricultural insecticides. A serious epi-
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demic in Manchester, England, in 1900 was traced
to contaminated sulfuric acid used in making glucose. The increasing use of arsenic sprays, especially lead arsenate, in agriculture constitutes a
menace to public health (Calvery, J. A.M. A., 1938,
111, 1722). Some of these foods enter our markets today containing enough arsenic to be potentially dangerous.
Dose, of arsenic trioxide, 1.5 to 3 mg. (approximately y±oto V20 grain) .
Storage. — Preserve "in well-closed containers."
N.F.
Off. Prep.— Arsenic Trioxide Tablets, N.F.;
Potassium Arsenite Solution, N.F., B.P.

ARSENIC

TRIOXIDE

TABLETS.

N.F.

Arsenous Acid Tablets, [Tabellae Arseni Trioxidi]

"Arsenic Trioxide Tablets contain not less than
92.5 per cent and not more than 107.5 per cent of
the labeled amount of AS2O3." N.F.
Assay. — A representative sample of powdered
tablets, equivalent to about 60 mg. of arsenic trioxide, isboiled with water and then hydrochloric
acid and chloroform are added and the mixture
allowed to stand two hours, with occasional agitation. The mixture is then titrated with 0.02 M
potassium iodate until the purple color which develops in the chloroform layer during the first
part of the titration is discharged. In the reaction
with iodate the arsenic is oxidized to the pentavalent state while the iodate is reduced to iodine,
which gives to chloroform the purple color;
further addition of iodate oxidizes the iodine to
iodine monochloride, IC1, in which iodine has a
valence of +1. One mole of arsenic trioxide is
equivalent to one mole of potassium iodate; accordingly,ml.
1
of 0.02 M potassium iodate represents 3.956 mg. of AS2O3. N.F.
Usual Size. — 2 mg. (approximately Vao grain).

ASAFETIDA.

N.F.

Gum Asafetida, [Asafoetida]

"Asafetida is the oleo-gum-resin obtained by
incising the living rhizome and roots of Ferula
Assa-fcetida Linne, Ferula rubricaulis Boissier,
and of Ferula jcetida (Bunge) Regel, and probably of other species of Ferula (Fam. Umbellifer cb.)" N.F.
Gum Asafetida; Devil's Dung. Asa Foetida; Gummiresina Asafoetida. Fr. Asa fcetida. Ger. Asant ; Teufelsdreck. It. Assa fetida. Sp. Asafetida. Pers. Ungoozeh.
Arab. Hilteet. Ind. Hing. Afgh. Angusakema.

Asafetida appears to have been introduced into
European medicine by the Arabian physicians. It
was in use in continental Europe during the Middle Ages. It has long been recognized in the U.S. P.
but was deleted from the twelfth revision and
admitted to the N.F. VII. The plants from which
it is obtained are natives of western Afghanistan
and eastern Persia.
Ferula Assa-fcetida was first described from
actual observation by H. Falconer, who found
it near Kashmir, and it has long been successfully
cultivated in the Edinburgh Botanical Gardens.
It is distinguished from allied plants by the greater
height of the stem (6 to 10 feet), and by the
numerous stem leaves furnished with broad sheath-
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ing petioles. The flowers are pale yellow, and the
oval fruit thin, flat, foliaceous, and reddish brown,
with pronounced vittae. It yields a milky juice
having a powerful odor of asafetida.
Ferula fcetida is a coarse umbelliferous plant,
growing from 5 to 7 feet high, with a large fleshy
root, the crown of which is covered with coarse
bristly fibers, and gives origin to large bipinnate
radical leaves and a nearly naked stem which has
only a few bipinnate leaves and ends at the top
in very numerous umbels. This plant was first discovered in the sandy desert near the sea of Aral,
by Lehmann, in 1844. Bunge found it in Persia
about twenty years later. It would seem to be
native all through Afghanistan.
Ferula rubricaulis Boissier is mentioned as a
source of galbanum in the Pharmacographia, 2nd
ed., and in Bentley and Trimen's Medicinal Plants,
but Holmes, studying Kotscky's specimen in the
British Museum, classifies it with the asafetida
plants partly because its fruit possesses an alliaceous taste which is wanting in the fruit of the
galbanum and partly because Boissier placed this
species in his Sect. Scorodosma along with Ferula
Assafcetida and F. alliacea, both of which are considered as sources of asafetida. F. rubricaulis is
claimed by Holmes to yield some of the white
asafetida of commerce. Its mericarp fruits are
said to be glabrous with broad thick wings, no
vittae, the three, primary, dorsal ridges being inconspicuous; there are 12 to 14 vittae on the
dorsal and 8 to 10 on the ventral side, the cuticle
on the dorsal surface is especially thick; the subepidermal tissue is many layers thick; the cells
between the epidermis and the vittae are thin
walled, while those on the opposite side of the
vittae are tracheid-like in form. The plant is a
native of Persia.
On the basis of the study of fruits found in a
mixed sample of gum resin of asafetida, J. Small
concluded that Ferula rubricaulis yields some of
the "white asafetida" and F. fcetida, the "red
asafetida."
of these
occur fresh
in commerce. BothBoth
contain
tears varieties
which when
are
milky white or yellowish internally. In the case
of the red variety, the freshly exposed surface of
the fractured tear gradually changes in color to
pink, red, and finally reddish-brown, whereas in
that of the white variety it remains almost white.
It is possible that asafetida is obtained from
other species of Ferula, but the bulk of the drug
probably comes from the plants named in the
official definition. Among the other plants yielding
asafetida is Ferula Narthex Boiss. While this is
disputed by Aitchison yet it appears that it is
the source of the gum-resin obtained from certain
portions of Afghanistan. Tschirch describes this
plant with illustrations in Schweiz Wchnschr.
Pharm., 1910, p. 289. Holmes's discussion of the
asafetida plants {Pharm. J., ser. iii, 19, 18881889) still remains one of our chief sources of
information on the subject. (See also article on
the sources of the fetid gum-resins by James
Small, Pharm. J., 1913, 90, 287.)
The asafetida plants are indigenous to western
Afghanistan and eastern Persia. The great cabbage-like heads of the asafetida plant, representing the primary stage of the flower heads covered
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over by the stipules of its leaves, are eaten raw
by the natives as a sort of green. Collection of
the drug begins in mid-April and proceeds until
late in July. The root-stock is first laid bare by
sawing off the head, those plants only which have
not reached their flower-bearing stage being
selected. A slice is then taken from the top of
the root-stock, which is immediately covered with
twigs and clay, forming a sort of dome, with an
opening toward the north, so that the sun cannot
get at the exposed root. About five or six weeks
later, a thick, gummy, not milky, reddish substance found upon the exposed surface of the rhizome in more or less irregular lumps is scraped
off with a piece of iron hoop or removed with a
slice of the rhizome and at once placed in a
leather bag. The product of many plants is mixed
and permitted to harden in the sun. The process
is continued for a second and third time, the rootstock being cut lower on each occasion.
Most of the drug is' normally gathered in eastern
Persia and western Afghanistan. It is brought to
Herat and Kandahar, whence it enters commerce, being exported from Bunder Abbas and
other Persian Gulf ports to Bombay and thence
to Europe and the United States, usually arriving
in tin-fined cases. In 1952 importations of the
drug, from Iran, amounted to 83,175 pounds and
from Switzerland, 11,200 pounds.
Description. — "Asafetida occurs as a soft
mass sometimes almost semi-liquid, or as irregular, more or less pliable masses composed of
agglutinated tears imbedded in a weak brown to
moderate yellowish brown matrix, or as loose
ovoid tears, from 0.5 to 4 cm. in diameter, with a
few vegetable fragments. It becomes hard and
occasionally brittle on drying. The surface of the
freshly fractured tears is white to moderate yellowish brown, changing gradually on exposure
to air or light to a strong pink and finally to a
moderate yellowish brown. When moistened with
water the tears become moderate orange to weak
yellow. The odor is persistent and alliaceous, and
the taste is bitter, alliaceous, and acrid." 7V..F.
Standards and Tests. — Identification. — (1)
A yellowish orange emulsion, turning to greenishyellow on addition of alkalies, is formed when
asafetida is triturated with water. (2) A reddish
brown solution results when a fragment of asafetida is heated with sulfuric acid; on diluting
this solution with a large volume of water, filtering, and alkalinizing the filtrate, a purplish blue
fluorescence is produced. (3) A pink color is produced on adding a few drops each of phloroglucinol T.S. and hydrochloric acid to 10 ml. of
the alcoholic extract obtained in the assay. Most
foreign resins. — A yellowish brown color produced
on adding a few drops of ferric chloride T.S. to 5
ml. of the alcoholic extract obtained in the assay
indicates absence of most foreign resins. Galbanum. — A bluish green color, fading on standing, obtained when enough hydrochloric acid to
produce a faint turbidity is added to 10 ml. of
alcoholic extract from the assay indicates absence
of galbanum. Ammoniac. — No momentary yellowish orange to red color develops on adding 5
ml. of sodium hypobromite T.S. to 2 ml. of a 1 in
"24 aqueous emulsion of asafetida diluted with 5
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ml. of water. Rosin. — No green color is formed
in the benzin layer on adding 10 ml. of a fresh 1
in 200 solution of copper acetate to the filtrate
from a 1 in 10 purified petroleum benzin extract
of asafetida. Acid-insoluble ash. — Not over 15
per cent. Alcohol-soluble extractive. — A sample
of 2 Gm. of asafetida is extracted with alcohol in
a Soxhlet or other extractor; the insoluble residue
is dried at 105° for 2 hours and weighed. A correction isapplied for the amount of moisture in
the drug, as determined by the toluene distillation
method, and the content of alcohol-soluble extractive calculated. Asafetida yields not less than 50
per cent of such extractive. N.F.
Constituents. — The odor of asafetida, and
probably also its therapeutic virtues, depend
chiefly upon its volatile oil. When freshly distilled
it is a colorless liquid but it yellows on aging; it
has an offensive odor and a taste which is at first
flat but afterward bitter and acrid. According to
Mannich and Fresenius {Arch. Pharm., 1936, 274,
461), the main fraction of this oil is a mercaptan
of the formula C7H14S2. Baumann (Quart. J. P.,
1929, 2, 621) found in a sample of asafetida 69
per cent of an acetone-soluble resin fraction and
31 per cent of gum and impurities. Of the resin
fraction, 50.1 per cent (calculated to the original
material) consisted of resin and ethereal oil. 1 per
cent of ether-insoluble matter (apparently free
resinol), 16.57 per cent of asaresinol ferulic acid
ester and 1.33 per cent of free ferulic acid. The
ester, which is very labile, is responsible for the
change of color of asafetida on standing. The
resinol is apparently a phenol and not coniferyl
alcohol, as has been stated. Vanillin does not occur
in the freshly gathered drug but is formed later
by oxidation of the ferulic acid. On distillation of
the resin in vacuo, umbelliferone was produced.
Clevenger gives certain chemical and physical
data on asafetida and its volatile oil, based upon
examination of 41 lots of the drug offered for
entry at the Port of New York (/. A. Ph. A.,
1932, 21, 668). The content of alcohol-soluble
extractive varied from 54.5 to 74.7 per cent; that
of volatile oil ranged between 7.5 and 12 ml. per
100 grams of asafetida.
Impurities and Adulterations. — Asafetida
is often purposely adulterated; it frequently
comes of inferior quality, and mixed with various
impurities, such as sand, stones, galbanum, ammoniac, gums, gypsum, vegetable tissues, or a
rose-colored marble. It is generally conceded to
be the worst adulterated drug upon the market.
The gum-resin imported from the Persian Gulf
and Bombay is largely adulterated with sand and
other gum-resins. In recent years, however, the
quality of the available asafetida has materially
improved.
Asafetida is sometimes kept in a powdered
state, but this is objectionable, as the drug loses
volatile oil, and is more liable to adulteration.
Powdered asafetida is best prepared by drying the
crude drug over freshly burnt lime and then
comminuting it at a low temperature.
For methods which have been proposed for the
detection of adulteration in asafetida, see U.S.D.,
22nd ed., p. 198.
Uses. — Asafetida is seldom prescribed in the
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United States. It appears to have been used in
the East from the earliest times. Its therapeutic
action probably arose from the psychic effect of
its disagreeable odor and taste. In small amounts
it gives the distinctive aroma to the type of sauce
known as "Worcestershire." It is absorbed from
the intestinal tract but there is no evidence that
it has any distinct action. Pidoux took half an
ounce at one dose without effects other than local
action.
Asafetida has been employed as a carminative
in the treatment of flatulent colic. In colic, especially in infants, it is often administered per
rectum, either as the emulsion or as a suppository.
The emulsion is prepared by triturating 4 Gm. of
asafetida with 100 ml. of distilled water until a
uniform mixture results, after which it is strained;
15 to 30 ml. of this emulsion in 500 ml. of warm
water may be given as an enema. Such an enema
has been used for abdominal distention in pneumonia and in postoperative cases; it is less irritant
than the milk and molasses or the turpentine
enema. Generally such enemas should not be given
during the first 3 days after abdominal surgery,
and the enema can should not be placed higher
than 25 to 50 cm. above the level of the patient.
Following absorption, the volatile oil of asafetida iseliminated through the lungs, for which
reason the drug has been used as a stimulating
expectorant in bronchitis, whooping cough, and
asthma.
Because of its disagreeable taste asafetida is
preferably administered as a pill or coated tablet.
Dose, 0.3 to 1 Gm. (approximately 5 to 15
grains) .
ASAFETIDA

PILLS.

N.F.

[Pilulae Asafcetidae]

Prepare 100 pills, according to the General Directions (see under Pills), from 20 Gm. of asafetida, and 6 Gm. of hard soap, in fine powder,
using water as the excipient. Coat the pills, preferably with gelatin, or dispense the mass in gelatin capsules.
These pills are a convenient form for administering asafetida, the unpleasant odor and taste of
which render it very offensive, particularly when
in liquid dispersion.
Dose, one to three pills.
ASAFETIDA

TINCTURE.

N.F.

[Tinctura Asafcetidae]
Tinctura Asa; Foetidae. Fr. Teinture d'asa foetida. Ger.
Asanttinktur. It. Tintura di assa fetida. Sp. Tintirra de
asafetida.

Prepare the tincture, by Process M (see under
Tinctures), from 200 Gm. of comminuted asafetida, using as the menstruum sufficient alcohol
to make 1000 ml. of tincture. N.F.
Alcohol Content. — From 78 to 85 per cent,
by volume, of C2H5OH. N.F.
Dose, 1 to 4 ml. (approximately 15 to 60
minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.

ASCORBIC

ACID.
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U.S.P., B.P., LP.

Vitamin C, [Acidum Ascorbicum]

"Ascorbic Acid, dried in a vacuum desiccator
over sulfuric acid for 3 hours, contains not less
than 99 per cent of CeHsOc." U.S.P. The B.P.
defines ascorbic acid as the enolic form of 3-ketoL-gulofuranolactone; not less than 98 per cent of
CeHsOe is required. The LP. requires not less
than 98.0 per cent of CeHsOe, calculated with
reference to the substance dried over sulfuric acid
for 24 hours.
Cevitamic Acid; Anti-scorbutic Vitamin. Ascorbin (.Lakeside); Cantaxin (Winthrop); Cebione (Merck) ; Cevalin
(Lilly) ; Cevatine (Premo) ; Cevimin (Irwin, Neisler) ;
Ciamin (Massengill) ; Vitacee (Endo). Sp. Acido Ascorbico.

Scurvy has been for many centuries one of the
great human plagues. It is said that in the 17th
century more seamen died of scurvy than all other
causes combined — and it has also been known for
centuries that the disease was the result of dietetic
deficiencies and could be cured with fresh green
foods, lemon juice, and various other substances.
In 1932, Waugh and King separated from
lemon juice a "hexuronic acid" which possessed
strong antiscorbutic properties. The announcement of this finding was followed in a few weeks
by the report of Svirbely and Szent-Gyorgyi that
"hexuronic acid" as prepared from adrenal glands
was protective against scurvy. Within a short
period of time several workers independently confirmed the chemical identity of the vitamin and
in 1933 its structural formula, as a lactone of
hexuronic acid, was firmly established. Ascorbic
acid occurs naturally in many plants, particularly
in the fruits. Asenjo and Guzman {Science, 1946,
103, 219) have reported that the West Indian
cherry, which grows on small trees native to
tropical and subtropical America, yields, on the
average, 1.707 Gm. of ascorbic acid per 100 Gm.
of cherries — approximately 34 times as much as
from oranges.
Even before the chemical structure was positively known, methods for the synthesis of ascorbic acid had been worked out. Because of the
relationship of the acid to many known sugars
and their derivatives, various syntheses of the
former utilize the latter as starting compounds.
The first synthesis of ascorbic acid used the rare
sugar L-xylose. A later synthesis starts with
D-glucose; this is first converted to the alcohol
D-sorbital by catalytic hydrogenation, then oxidized through the action of Acetobacter suboxydans to L-sorbose (which has the same configuration atthe fifth carbon atom as has ascorbic
acid), following which the primary alcohol group
in the Ci position of L-sorbose is oxidized to a
carboxyl group. This step is rendered difficult
because the L-sorbose molecule contains another
primary alcohol group at the Ce position; this
latter group must be protected against oxidation
by converting the sugar to a diacetone derivative.
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Following the oxidation (with potassium permanganate), the diacetone derivative is hydrolyzed to
2-keto-L-gulonic acid and finally subjected to
enolization and formation of the lactone ring to
produce ascorbic acid.
A number of sugar derivatives having structures analogous to that of ascorbic acid, as well
as stereoisomers of the latter, exhibit antiscorbutic action, but in no case does the activity approach that of ascorbic acid. It appears certain
that antiscorbutic activity is contingent on having the D-configuration of the fourth carbon atom
in the molecule and the L-configuration of the
fifth carbon atom.
Description. — "Ascorbic Acid occurs as white
or slightly yellow crystals or powder. It is odorless, and on exposure to light it gradually darkens.
In the dry state, Ascorbic Acid is reasonably
stable in the air, but in aqueous solution it rapidly
deteriorates in the presence of air. It melts at
about 190°. One Gm.' of Ascorbic Acid dissolves
in about 3 ml. of water and in about 30 ml. of
aicohol; it is insoluble in chloroform, in ether,
and in benzene." U.S.P. The B.P. gives the melting point as between 190° and 192°, with decomposition; the I. P. requires it to be between 191°
and 194°, with decomposition.
Standards in Tests. — Optical rotation. — The
specific rotation of ascorbic acid, determined with
a 10 per cent w/v solution, is between +20.5°
and +21.5°. Identification. — (1) Alkaline cupric
tartrate T.S. is slowly reduced by a 1 in 50 solution of ascorbic acid at room temperature, more
readily when heated. (2) A blue color is immediately produced on adding a few drops of sodium
nitroprusside T.S. and 1 ml. of 0.1 N sodium
hydroxide to 2 ml. of a 1 in 50 solution of ascorbic
acid. (3) A blue color develops on heating with
a drop of pyrrole 5 ml. of filtrate obtained from
a well-shaken mixture of 15 mg. of ascorbic acid,
dissolved in 15 ml. of a 1 in 20 solution of trichloroacetic acid, with 200 mg. of activated charcoal. Residue on ignition. — Not over 0.1 per cent.
Heavy metals. — The limit is 20 parts per million.
U.S.P.
The B.P. requires an aqueous solution of ascorbic acid to decolorize a solution of 2:6-dichlorophenolindophenol. The specific rotation of a 2
per cent w/v solution is stipulated as follows:
22° to 23° in water; 50° to 51° in methyl alcohol.
The I. P. specifices an ultraviolet absorbancy of
550 in a 0.002 per cent w/v aqueous solution of
pH 3, or less, at 245 mix.
Preparation of Solutions of Ascorbic
Acid. — It has long been known that prolonged
boiling would destroy the antiscorbutic value of
fresh foods, and it was at one time believed that
this vitamin was heat-labile, but it is now known
that the destruction of the vitamin is an oxidative
process; ascorbic acid can be heated for long
periods of time without change, provided all
contact with oxygen is excluded. The products of
oxidation of ascorbic acid in aqueous solution
depend in part on the pH of the solution; in acid
solutions the main product is dehydroascorbic acid
while in alkaline solution hydrogen peroxide, oxa.late ion and L-threonate ion are formed. (J.A.C.S.,
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1943, 65, 1212). It is reported that solutions
containing 10 per cent or more of ascorbic acid
sometimes undergo a decomposition in which
carbon dioxide is produced, and in such amount
that dangerously high pressure may result in
ampuls during normal storage. Unless oxygen is
kept out of contact with aqueous solutions of
ascorbic acid, or an antioxidant is used, the vitamin cannot be expected to remain stable. Pien
and Meinrath (Compt. rend. acad. sc, 1939, 209,
462) found that displacement of oxygen by carbon
dioxide or nitrogen in aqueous solutions of ascorbic acid results in their retaining nearly 90 per
cent activity after 20 minutes heating in an autoclave. Some decomposition occurs also in the
absence of oxygen, especially so if the solution
is alkaline. U. S. Patent 2,297,212 discloses that
the addition of thiourea (or its methyl or ethyl
derivative) in concentrations of 0.005 per cent is
effective in stabilizing ascorbic acid solutions ; the
thiourea is harmless. The stabilizing effect of
sodium chloride has also been reported, Vonesch
and Remezzano (Chem. Abs., 1942, 36, 217)
stating that addition of 3 parts of sodium chloride
for each 10 parts of ascorbic acid sufficed to retard
oxidation materially. Non-aqueous solvents, such
as propylene glycol, are sometimes used with
water in preparing injectable solutions of ascorbic
acid. For data on the stability of ascorbic acid in
various liquid formulations see Bandelin and
Tuschhoff (/. A. Ph. A., 1955. 44, 241).
Aqueous solutions of ascorbic acid, more properly referred to as solutions of sodium ascorbate,
may be prepared by the interaction of stoichiometric quantities of ascorbic acid and sodium
bicarbonate, while carbon dioxide is being passed
through the solution; the pH of the solution
should be adjusted to within 6.8 to 7.0 by the
addition of ascorbic acid or sodium bicarbonate,
as required. When required, a mixture of 0.09 per
cent of methylparaben and 0.01 per cent of
propylparaben may be used as bacteriostatic
agents.
may and
be sterilized
at 120°
for A.,
15
minutes.Ampuls
Ciminera
Wilcox (/.
A. Ph.
1946, 35, 363) found that a solution of ascorbic
acid, adjusted to a pH of 6.0 to 6.5 with trisodium
phosphate and protected from air during manipulation, was stable for at least one year at room
temperature in the dark.
Assay. — The U.S. P. directs that about 400 mg.
of ascorbic acid, previously dried in a vacuum
desiccator over sulfuric acid for 3 hours, be
titrated with 0.1 A7 iodine in an acid solution;
each molecule of ascorbic acid reacts with a molecule of iodine to form dehydroascorbic acid and
two iodide ions. Each ml. of 0.1 N iodine represents 8.806 mg. of CeHgOe. U.S.P. Bandaruk
(Am. J. Pharm., 1941, 113, 18) and later Goett
et al. (J. A. Ph. A., 1943, 31, 7) advocated titration with potassium iodate solution as giving a
more satisfactory end-point than obtained with
iodine solution.
The B.P. assay utilizes the same reaction as
employed in the U.S.P. except that the former
directs titration of a 40-mg. sample with 0.01 N
iodine solution. The LP. assay employs about
900 mg. of ascorbic acid, neutralizes it with 0.1 N
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sodium hydroxide in the presence of phenolphthalein, adds 50 ml. of 0.1 N iodine and titrates
the excess iodine with 0.1 N sodium thiosulfate.
The facility with which ascorbic acid is oxidized
to dehydroascorbic acid is the basis of several
other chemical assay procedures. Besides iodine,
ascorbic acid will reduce ferricyanides, copper
sulfate, methylene blue, etc. Perhaps the most
important method of determining ascorbic acid
in natural products is that involving decolorization of the dye dichlorophenolindophenol. For a
description of this assay, which is also applied to
the official tablets, see Bessey, J.A.M.A., 1938,
111, 1291. Schmall et al. {Anal. Chem., 1954, 26,
1521) recently described a new method for the
colorimetric determination of ascorbic acid, this
depending on its interaction with diazotized 4methoxy-2-nitroaniline, the product having a
stable blue color in alkaline solution.
Uses. — Scurvy. — The disease known as scurvy,
for centuries one of the major plagues of humanity, especially in areas where the populace has
been unable to obtain fresh fruit or vegetables,
is caused by a lack of ascorbic acid. Frank scurvy
is less frequent now than formerly; in the United
States it is seen in infants (Follis et al., Bull.
Johns Hopkins Hosp., 1950, 87, 569) and in
indigent old men living alone. Most lower forms
of animals appear to be able to synthesize ascorbic
acid, but guinea pigs and primates must ingest
this essential substance in their food supply. The
amount of ascorbic acid in a diet of cow's milk
(about 0.7 mg. per 100 ml. of milk) is insufficient
for either an infant or an adult with peptic ulcer;
milk from a well-nourished woman contains the
adequate amount of approximately 5.2 mg. per
100 ml.
The outstanding symptoms of scurvy are great
fragility of the blood capillaries (Hines and
Parker, Quart. Bull. Northwest U. Med. Sch.,
1949, 23, 424), as shown by a tendency to external or internal hemorrhage on the slightest
injury, improper development of the teeth or
periodontal hemorrhage and inflammation after
eruption of teeth, and great muscular weakness.
The underlying pathology is a change in the character of the intercellular matrix of the connective
tissues (Dalldorf, J. A.M. A., 1938, 111, 1376).
Fibroblasts and ground substance are formed, but
collagen, osteoid tissue and dentine fail to form
(Follis, Bull. Johns Hopkins Hosp., 1951, 89, 9).
Severe deficiency of ascorbic acid may occur in
surgical conditions and result in disruption of
wounds {New Eng. J. Med., 1942, 226, 469; Am.
J. Surg., 1944, 66, 220), and failure of union of
fractures {Proc. Roy. Soc. Med., 1944, 37, 275).
Scorbutic patients often show evidence of degeneration ofskeletal muscles, anemia, enlargement of the heart, atrophy of the adrenals,
lowered resistance to infection, and disturbances
of calcium metabolism. Roentgen examination
often shows subperiosteal hemorrhages, broad
epiphyses and interruptions in the lamina dura of
the teeth. Physicians always look for swollen,
spongy, interdental papillae, of a blue or brownred color, which bleed easily, as a sign of scurvy,
although McMillan and Inglis {Brit. Med. J.,
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1944, 2, 233) reported gingivitis in only 8 of 53
cases of scurvy.
A megaloblastic anemia in infants was described
by Zuelzer and Ogden {Am. J. Dis. Child., 1946,
71, 211) which responded to treatment with folic
acid but not to iron or the vitamin B12 in liver
extract. Analysis of the reported cases, and feeding experiments on monkeys, demonstrated that
vitamin C deficiency in the diet of the infant was
responsible for the megaloblastic type of anemia
(May et al, ibid., 1950, 80, 191; 1952, 82, 282).
Treatment with ascorbic acid corrected the megaloblastic bone marrow and the anemia slowly.
If vitamin B12 was injected intramuscularly, correction was as rapid as with administration of
folic acid by mouth.
Physiological Function. — The physiological
role of ascorbic acid is beginning to unfold.
Sealock and Goodland {Science, 1951, 114, 645)
reported that ascorbic acid is an essential coenyme in the metabolic oxidation of tyrosine and
phenylalanine. Scorbutic guinea pigs and humans
excrete homogentisic acid and other hydroxyphenyl compounds in the urine; oxidation of the
phenyl nucleus seems to require ascorbic acid
(Rogers and Gardner, /. Lab. Clin. Med., 1949,
34, 1491). Urinary excretion of p-hydroxyphenylpyruvic acid and />-hydroxyphenyllactic acid in
premature infants is corrected by administration
of ascorbic acid. Histochemical studies of experimental wound healing in guinea pigs receiving
vitamin C demonstrate the presence of an acid
mucopolysaccharide in the early days of healing
which is shown by incubation with hyaluronidase
to be hyaluronic acid or chondroitin sulfate; this
ground substance is not found in wounds of
scorbutic animals (Penney and Balfour, /. Path.
Bad., 1949, 61, 171). An abnormal mucopolysaccharide and an abnormal precollagen have been
found in such wounds (Bradfield and Kodicek,
Biochem. J., 1951, 49, xvii). Even six weeks after
receiving an experimental wound well-nourished
guinea pigs, with good gross and microscopic evidence of fibrotic healing, when fed for 18 days
on a vitamin C-deficient diet developed swelling,
herniation and hemorrhage in the scars, with histologic evidence of degenerative changes, although
the overlying epithelium and the adjacent connective tissue appeared normal (Pirani and Levenson, Proc. S. Exp. Biol. Med., 1953, 82, 95). Even
maintenance of a recent scar seems to require
adequate amounts of vitamin C. An increase in
the blood serum concentration of glycoproteins
was observed in scorbutic guinea pigs by Pirani
{Arch. Path., 1951, 51, 597); administration of
ascorbic acid is followed by a return to a normal
concentration. It is suggested that ascorbic acid
deficiency results in a depolymerization of carbohydrate-containing constituents of the ground
substance of connective tissue, with absorption of
the smaller molecule into the blood stream. Reppert et al. {Proc. S. Exp. Biol. Med., 1951, 77,
318) believe that ascorbic acid may inhibit the
hyaluronidase-hyaluronic acid system in interstitial substance; loss of support for the capillaries from the surrounding ground substance
would be expected to increase capillary fragility.
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Daubenmerkl (Acta Pharmacol. Toxicol., 1951,
7, 153) observed that ascorbic acid, in minute
concentrations in vitro, decreased the viscosity of
hyaluronic acid solutions at pH 7; with higher
concentrations of ascorbic acid this depolymerizing action was augmented and accelerated by the
addition of hydrogen peroxide and such a mixture
was an effective "spreading factor" for administration of fluids by hypodermoclysis in children.
For clinical purposes this spreading factor is less
desirable than hyaluronidase because of some
irritation and the necessity for regulating the dose
within narrow limits.
In line with the observations of Moon and
Rhinehart (Circulation, 1952, 6, 481), Duff (Arch.
Path., 1935, 20, 371) and Aschoff, that the initial
lesion in atherosclerosis is an alteration in the
intercellular ground substance of the artery,
Willis (Can. Med. Assoc. J., 1953, 69, 17) reported some thought-provoking observations.
Atherosclerosis was found in guinea pigs with
acute or chronic scurvy and with normal blood
cnolesterol levels and without lipid deposits in
the reticuloendothelial system; this simulates
human atherosclerosis more than does the experimental cholesterosis in rabbits or chickens fed
large amounts of fat and cholesterol.
Adrenals, Stress and Ascorbic Acid. — The
rapid depletion of ascorbic acid in almost any
severe illness has long been recognized. For example, the concentration in blood and urine
drops rapidly to low levels in severe burns
(Levenson et al., Ann. Surg., 1946, 124, 840).
Furthermore, a large dose of ascorbic acid in such
a patient is not excreted but is retained in the
body, to be destroyed or utilized. The high concentration ofascorbic acid in the adrenal gland,
along with its rapid increase (as well as of cholesterol) following administration of corticotropin
or application of stress, have resulted in considerable study of the relationship of adrenal
corticoids and ascorbic acid (Sayers, Physiol.
Rev., 1950, 30, 241). The mechanism of this
relation is apparently not to be found in the
adrenal gland since no evidence of deficiency in
adrenal corticoids can be found in scorbutic
humans or animals (see Nutr. Rev., 1954, 12,
81). In fact, blood and urine levels of 17-hydroxycorticoids are increased in scurvy, and studies
with carbon- 14-labeled acetate in animals showed
greater conversion to adrenal cholesterol than in
well-nourished animals which served as a control
(Becker et al, J.A.C.S., 1953, 75, 2020). An increased urinary excretion of corticoids, but not
of 17-ketosteroids, was found in children given
both corticotropin and ascorbic acid (Sprechler
and Vesterdal, Acta Endocrinol., 1953, 12, 207).
In rats, salicylates cause a decrease in adrenal
ascorbic acid, but not of cholesterol (Comulada
et al., Fed. Proc, 1953, 12, 313).
Metabolism. — Ascorbic acid is not stored in
the body to any considerable extent. In the experiments ofCrandon (New Eng. J. Med., 1940,
223, 353), who lived on a diet completely lacking in ascorbic acid but adequate in all other substances, the blood plasma ascorbic acid fell within
.10 days to a low level and in 41 days completely
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to zero. However, the concentration of ascorbic
acid in the leukocyte and platelet layer of the
blood did not drop to zero until 130 days. Hyperkeratotic papules appeared on the thighs after 132
days and perifolicular hemorrhage after 161 days.
An incision in the skin healed normally after 95
days on the diet, when the blood plasma level of
ascorbic acid was, and had been, zero for 44 days,
but the white cell-platelet layer contained 4 mg.
of ascorbic acid per 100 Gm. After 160 days
clinical scurvy was present and an incision did not
heal until ascorbic acid was given. Pijoan and
Lozner (Bull. Johns Hopkins Hosp., 1944, 75,
303) confirmed Crandon's findings.
A portion of the ascorbic acid ingested with the
normal diet appears to be destroyed in the body
but a greater part is excreted. The rate of excretion in the urine affords a criterion of the amount
in the blood. The renal threshold is about 1.4 mg.
per 100 ml. of plasma (Arch. Int. Med., 1945, 75,
407). Ascorbic acid is excreted in sweat, but
Henschel and his associates (Am. J. Trop. Med.,
1944, 24, 259) believe this to be negligible and
found no evidence for an increased requirement
for vitamin C in hot environments. Although
Crandon and others have shown that less than
25 mg. of ascorbic acid per 100 Gm. in the white
cell-platelet layer of the blood is a better criterion
of deficiency than a decrease in the blood plasma
level, Kyhos, Sevringhaus and Hagedorn (Arch.
Int. Med., 1945, 75, 407) reported that persons,
sick or well, who regularly ingest adequate
amounts of vitamin C-containing food seldom have
fasting blood plasma values lower than 0.8 mg.
per 100 ml. They do not believe that determinations of ascorbic acid in whole blood are superior
to determinations in plasma. The disagreement
continues. After depletion of normal adult humans
with a daily intake of 10 mg. of ascorbic acid or
less to three-fourths to one-half of the initial
concentration in white blood cells, Steele et al.
(Fed. Proc, 1953, 12, 430) found that a daily
intake of 40 mg., but not of 20 or even 30 mg.,
caused an increase in the white blood cell content
of ascorbic acid, with a persistently low plasma
concentration of 0.2 mg. per 100 ml. Lutz et al.
(ibid., 1954, 13, 466) reported that subjects
saturated with ascorbic acid from a period of
large daily intake failed to maintain their high
concentration in the white blood cells on a daily
intake of 40 mg.; depleted subjects, however, did
maintain their initial subnormal concentration on
this daily intake. The minimum normal blood
plasma ascorbic acid concentration is 0.8 mg. per
100 ml. In many persons the concentration is
slightly lower in the spring of the year as a result
of the lower intake of fresh fruits and vegetables
during the winter period.
Optimal Nutritional Requirement. — In normal conditions the daily requirement for maintenance of optimal health in the adult male is
given as 75 mg. by the National Research Council
(U.S.A.). The Canadian Council on Nutrition
(Can. Pub. Health J., 1949, 40, 420), however,
recommended 30 mg. daily as adequate. On the
basis of the incidence of illness in a controlled
population, Scheunert (Intern. Ztschr. Vitamin-
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forsch., 1949, 20, 374) reported that 100 or even
300 mg. is to be preferred. The recommended
daily dietary allowances of the National Research
Council (U.S.A.) are as follows: man (65 Kg.),
75 mg.; woman (55 Kg.), 70 mg.; during pregnancy (third trimester), 100 mg.; during lactation, 150 mg.; infants, 30 mg.; children (1 to
3 years old), 35 mg.; children (4 to 6 years old),
50 mg.; children (7 to 9 years old), 60 mg.; children (10 to 12 years old), 75 mg.; girls from 13
to 20 years old, 80 mg.; boys from 13 to 20 years
old, 90 to 100 mg.
These recommendations find confirmation in
the report of Wilson and Lubschez (/. Clin. Inv.,
1946, 25, 428) that from 50 to 75 mg. was the
amount required daily by normal children averaging seven years of age to maintain a level of 25
mg. per cent of ascorbic acid in the white cellplatelet layer. They believe this level to be a
better criterion of habitual intake of the vitamin
than either plasma or urine levels. It is claimed
that a very considerable proportion of the population is suffering from subclinical scurvy, that is,
from a partial deficiency of ascorbic acid
(J.A.M.A., 1942, 118, 944). From 1.4 to 1.8 mg.
per Kg. of body weight was required daily by
young women to produce saturation with the
vitamin as evidenced by urinary excretion of 50
per cent of a test dose of 400 mg. orally (Kline
and Eheart, /. Nutrition, 1944, 28, 413). However, both Crandon (loc. cit.) and Pijoan and
Lozner (New Eng. J. Med., 1944, 231, 14)
showed that saturation, as evidenced by overflow
in the urine, is not essential for health; from 12
to 25 mg. of ascorbic acid daily maintained a
normal concentration in the white cell-platelet
layer and permitted normal wound healing. Najjar
et al. (Bull. Johns Hopkins Hosp., 1944, 75, 315)
confirmed the adequacy of 18 to 25 mg. of ascorbic acid daily for young adults. In 20-year-old
male students in Iceland habitually on a diet of
about 20 mg. ascorbic acid daily, Sigurjonsson
(Brit. J. Nutrition, 1951, 5, 216) studied the
urinary excretion when 10 mg. per Kg. per day
was fed. A maximum output of 50 to 60 per cent
of the dose was reached on the second or third
day, decreasing thereafter despite continuation of
the high intake; this suggests an increased rate
of destruction. A diuretic effect has been reported
in man following large doses (700 mg.) by mouth,
but not intravenously; ascorbic acid has been
used effectively in the treatment of edema
(Shaffer, J. A.M. A., 1944, 124, 700).
Therapeutic Uses. — Ascorbic acid is used as
a specific curative in scurvy. In many different
diseases a deficiency of the vitamin may develop
due to anorexia, to fault of a special diet, to
failure of absorption as in diarrheal and other
disorders, or to increased requirements in hypermetabolism (Proc. S. Exp. Biol. Med., 1938, 39,
233; Bull. Johns Hopkins Hosp., 1938, 63, 31)
or during the course of infections. The correction,
or better the prevention, of any deficiency of
ascorbic acid will benefit such patients.
Detoxification. — Ascorbic acid has a detoxifying action toward many toxins, drugs and industrial chemicals (J. A.M. A., 1943, 121, 868; Arch.
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Int. Med., 1943, 71, 315). Thus, it is of value
in connection with arsenicals, such as neoarsphenamine (J. A.M. A., 1941, 117, 1692; Am. J. Digest.
Dis., 1943, 10, 170; /. Pharmacol, 1944, 80,
81), benzene and trinitrotoluene (J -Lancet, 1943,
63, 349), bismuth and antimony compounds (Am.
J. Digest. Dis., 1943, 10, 170), the sulfonamides
(Arch. Int. Med., 1942, 69, 662), intravenous
procaine hydrochloride (J.A.M.A., 1951, 147,
1761); Arch. Dermat. Syph., 1952, 65, 39),
salicylates (/. Lab. Clin. Med., 1942, 28, 28),
diethylstilbestrol (J.A.M.A., 1943, 123, 113),
gold salts (New Eng. J. Med., 1943, 229, 773;
J.A.M.A., 1942, 120, 1331), and lead (/. Lab.
Clin. Med., 1941, 26, 1478). However, the beneficial effect in lead poisoning has been denied
(J. A.M. A., 1943, 121, 501). The hypnotic action
of phenobarbital or pentobarbital is greater in
scorbutic guinea pigs (/. A. Ph. A., 1941, 30,
613); Greig (/. Pharmacol, 1947, 91, 317) described adepression of oxidative metabolism in
the brain by barbiturates which was corrected,
in vitro, with ascorbic acid. McCormick (Arch.
Pediat., 1953, 70, 107) recommended use of
ascorbic acid to minimize the alleged undesirable
results to be expected from drinking public water
supplies to which fluoride has been added in a
"misguided" effort to prevent dental caries. Bourquin and Musmanno (Am. J. Digest. Dis., 1953,
20, 75) found that smoking of cigarettes or
addition of nicotine to blood, in vitro, decreased
the concentration of ascorbic acid in blood. Intravenous injection of 1 Gm. of sodium ascorbate
at the time that a patient taking tetraethylthiuram disulfide is given ethyl alcohol relieved
headache, restlessness, palpitation, weakness and
apprehension but did not prevent the increase in
acetaldehyde concentration in blood or the hypotension, tachycardia and flushing of the skin
(Niblo et al, Dis. Nerv. System, 1951, 12, 340).
Greiner and Gold (J. A.M. A., 1953, 152, 1130)
did not find any decrease in the incidence of untoward effects when ascorbic acid was added to
meralluride administered by mouth as a diuretic.
Treatment of Various Disorders. — Ascorbic
acid, being related to the functioning of intercellular substance, has come into consideration in
all phases of physiology and pathology and has
been tried in the treatment of almost all of the
disorders of mankind. Benefit has been reported
in: retinal hemorrhage (Am. J. Obst. Gyn., 1943,
46, 635), coronary thrombosis (Can. Med.
Assoc. J., 1941, 44, 114), hematuria (/. Urol,
1939, 41, 401), bleeding peptic ulcer (Ann. Int.
Med., 1940, 14, 588), peptic ulcer without hemorrhage (Am. Pract., 1952, 3, 117), rheumatic
fever, diphtheria, pneumonia and scarlet fever
(Am. J. Dis. Child., 1942, 64, 426), acute rheumatic fever (New Eng. J. Med., 1950, 242, 614)
(in doses of 1 Gm. by mouth 4 times daily),
healing of deep but not of superficial corneal
ulcers (Brit. M. J., 1950, 2, 1145), tuberculosis
(Am. Rev. Tuberc, 1941, 44, 596), grippe
(Laryn., 1938, 48, 327), dysentery (Clin. Proc,
1943, 2, 65), fractures (Klin.-therap. Wchnschr.,
1937, 16, 1313), prickly heat rash on the skin
(J.A.M.A., 1951, 145, 175), march hemoglobinuria
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(Lancet, 1949, 1, 435), and dental caries (Ann.
Int. Med., 1944, 20, 1). The relation of ascorbic
acid to gastrointestinal disease seems to have significance. Freeman and Hafkesbring (Fed. Proc,
1954, 13, 48) found that both blood and gastric
juice ascorbic acid concentrations were about onehalf that of healthy persons in patients with peptic
ulcer, gastritis, pernicious anemia, and carcinoma
of the stomach. The studies of Breidenbach and
Roy (ibid., 1953, 12, 182) indicated that ascorbic
acid retarded proteolysis in mixtures with crude
gastric juice; in cases of peptic ulcer such an
action would minimize the concentration of acid
and pepsin acting on the gastric mucosa.
The value of ascorbic acid in the following conditions, among others, is controversial: hay fever
(Ann. Allergy, 1949, 7, 65), fatigue (J. -Lancet,
1943, 63, 355), hot environment (Science, News
Sup., June 19, 1942, p. 12; but see /. Allergy,
1945, 16, 14), and bleeding gums and gingivitis
(Am. J. Pharm., 1943, 115, 238; Lancet, 1943,
I, 640; but see Am. J. Obst. Gyn., 1951, 61,
1348; /. A. Dent. A., 1944, 31, 1323), in combination with menadione in hyperemesis gravidarum (Am. J. Obst. Gyn., 1952, 64, 416), in
combination with procaine hydrochloride orally
in pruritus in allergic patients (Ann. Allergy, 1953.
II, 85), in virus infections in children (measles,
mumps, chicken pox, pneumonia, encephalitis and
poliomyelitis) (South. Med. Surg., 1951, 113,
101), and intravenously in combination with
desoxycorticosterone glucoside for temporary relief in rheumatoid arthritis (Lancet, 1952, 1,
1280). In a carefully controlled study of ascorbic
acid and other vitamins, Cowan et al. (J.A.M.A.,
1942, 120, 1268) observed no benefit in the prevention of the common cold. The relationship
between the blood plasma ascorbic acid level and
the titer of complement (J. A.M. A., 1939, 112,
1449) was not confirmed (/. Immunol., 1942, 44,
289). The addition of ascorbic acid did not enhance the effect of ferrous iron therapy in elevating the blood hemoglobin level of school children (Brit. M. J., 1944, 1, 76). Ruskin (Am. J.
Digest Dis., 1945, 12, 281), in experiments on
rabbit bronchiolar tissue, demonstrated ascorbic
acid to have antihistaminic activity. (Y)
Toxicology. — Untoward effects from either
oral use or proper parenteral administration of
appropriate solutions of ascorbic acid are almost
unknown. Cases of acute hemolytic anemia in
children ingesting a solution of ^-aminosalicylic
acid containing sodium ascorbate have been reported (Lust, Scalpel, 1953, 106, 276; abstracted
in J.A.M.A., 1953, 152, 1281). Lowry et al. (Proc.
S. Exp. Biol. Med., 1952, 80, 361) fed four adult
humans 1 Gm. of ascorbic acid daily, in three
divided portions with meals, for three months
without untoward symptoms, and with no alteration in the concentrations of the vitamin in blood
or urine at the end of the period as compared
with the first few weeks.
Parenteral Administration. — When intestinal absorption of ascorbic acid is inefficient or
when a massive effect is desired sodium ascorbate
may be injected subcutaneously or intravenously
. (see above for description of preparation of solutions of the salt). Because of the strong acidity of
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ascorbic acid, which has been observed to cause
an increase in the blood pressure of animals, the
acid itself should not be used in this manner.
Under the name Cenolate (Abbott) a methyl
glucamine salt is available for intravenous, subcutaneous orintramuscular injection.
Antioxidant Action. — The instability of ascorbic acid in the presence of water is mainly
attributable to the ease of its oxidation, as by air.
Because of this, ascorbic acid may serve to prevent oxidation of other substances. Since ascorbic
acid is available in large quantities, and is relatively inexpensive, it is sometimes used for this
purpose. One ingenious application is the use of
ascorbic acid to prevent change of flavor or discoloration ofcanned or frozen fruits, such as the
peach; 150 mg. of the acid per pound of fruit is
effective. Development of rancidity in butter, at
37°, was found to be retarded by addition of 0.01
per cent of L-ascorbyl stearate, palmitate, myristate or laurate (Mukherjee and Goswami, /. Indian Chem. Soc, 1950, 27, 539; see also Watts
and Wong, Arch. Biochem., 1951, 30, 110).
Dose. — The usual therapeutic dose of ascorbic
acid is 150 mg. (approximately 2l/2 grains) daily,
by mouth, or by subcutaneous or intravenous administration ofsodium ascorbate injection; the
range of dose is 100 mg. to 1 Gm. The optimal
daily requirement in health is 75 mg. for an adult,
with a range of 25 to 75 mg.; for a child it is
50 mg. daily. An infant receiving a formula of
modified cow's milk should receive 5 mg. daily.
In severe illness the recommendation of Pijoan
and Lozner (New Eng. J. Med., 1944, 231, 14)
to take 1 Gm. daily for ten days is worthwhile.
The dose of ascorbic acid was formerly expressed interms of units. The U.S. P. XII defined
its unit as follows: "One United States Pharmacopoeial Unit of Ascorbic Acid (Vitamin C)
is the Vitamin C activity of 0.05 mg. of the U.S. P.
Reference Standard, and is equal to one International Unit of Vitamin C as defined and adopted
by the Conference of Vitamin Standards of the
Permanent Commission on Biological Standardizathe League of Nations in June of 1934."
U.S.P.tion ofXII.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Ascorbic Acid Tablets, U.S.P.,
B.P.; Decavitamin Capsules; Decavitamin Tablets, U.S.P.; Hexavitamin Capsules; Hexavitamin
Tablets, N.F.
ASCORBIC

ACID

INJECTION.

U.S.P.

Sodium Ascorbate Injection, U.S.P. XIV

"Ascorbic Acid Injection is a sterile solution of
ascorbic acid in water for injection prepared with
the aid of sodium hydroxide, sodium carbonate, or
sodium bicarbonate. It contains not less than 95
per cent and not more than 115 per cent of the
labeled amount of C6Hs06." U.S.P.
For a discussion of methods of preparing this
injection see the preceding monograph. The
U.S.P. requires the pH of the injection to be between 5.5 and 7.0. The assay utilizes the method
described under Ascorbic Acid Tablets.
Storage. — Preserve "in single-dose containers,
preferably of Type I or Type II glass." U.S.P.
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Usual Sizes.— 100 and 500 mg. in 2 ml.; 500
mg. and 1 Gm. in 5 ml.; 500 mg. in 10 ml.
ASCORBIC ACID TABLETS.
U.S.P. (B.P., I.P.)
Tabellas Acidi Ascorbici

"Ascorbic Acid Tablets contain not less than
95 per cent and not more than 115 per cent of the
labeled amount of CeHs06." U.S.P. The corresponding limits of the B.P. are 88.0 per cent and
110.0 per cent; the I.P. limits are 90.0 and 110.0
per cent, respectively.
B.P. Tablets of Ascorbic Acid. I.P. Compressi Acidi
Ascorbici. Sp. Tabletas de Acido Ascorbico.

Assay. — Because the tablets will in all likelihood contain other substances, besides ascorbic
acid, which reduce iodine it is not possible to determine the content of ascorbic acid in the tablets
in the same manner as the pure acid is analyzed.
By using dichlorophenol-indophenol solution, however, the ascorbic acid may be oxidized — to dehydroascorbic acid, the same product as obtained in
the titration with iodine — without oxidizing any
other constituent that may normally be in the
tablet. Dichlorophenol-indophenol is blue in alkaline solution, pink in acid and colorless when it is
reduced. For this titration the reagent is used in
alkaline solution; on addition to the ascorbic acid
solution it is decolorized and the end point is
taken to be the appearance of a rose-pink color in
the solution which persists for at least 5 seconds.
The formation of the pink color is due to the fact
that the titration medium contains acid, which
changes the blue color of the titrating solution
to pink. The dichlorophenol-indophenol solution
is standardized against pure ascorbic acid. U.S.P.
Ascorbic acid tablets are frequently yellowish
in color but this should not be interpreted as
necessarily indicating extensive decomposition.
Such discolored tablets may readily meet the official assay requirement.
Under the name Sodascorbate (Van Patten)
there is available sodium ascorbate, in tablets, for
use in all conditions for which ascorbic acid is
given orally. The sodium salt has the advantage
of minimizing disturbance which may be caused
by the acidity of ascorbic acid, especially when
large doses of the latter are given.
Usual Sizes.— 25, 50, 100, 250 and 500 mg.
ASPIDIUM.
Male Fern,

U.S.P. (B.P, I.P.)
[Aspidium]

"Aspidium consists of the rhizome and stipes
of Dryopteris Filix-mas (Linne) Schott, known in
commerce as European Aspidium or Male Fern,
or of Dryopteris marginalis (Linne) Asa Gray,
known in commerce as American Aspidium or
Marginal Fern (Fam. Polypodiacece) . Aspidium
yields
U.S.P. not less than 1.5 per cent of crude filicin."
The B.P. recognizes Male Fern as the rhizome,
frond-bases and apical bud of Dryopteris filix-mas
(L.) Schott, collected late in the autumn, divested
of roots and dead portions and carefully dried,
retaining the internal green color; not less than
1.50 per cent of filicin is required. The I.P. defi-

121

nition and requirement of filicin content are practically the same as those of the B.P. except that
Dryopteris marginalis is also recognized as a
source of the drug.
B.P., I.P. Male Fern; Filix Mas. European Aspidium;
Basket Fern. Rhizoma Filicis; Filicis Maris Rhizoma. Fr.
Fougere male. Ger. Farnwurzel ; Johanniswurzel. It. Felce
maschio. Sp. Rizoma de helecho macho; Aspidio.

Since the term Dryopteris was first used by
Amman in 1739, and applied in 1763 by Adamson, as the name of the genus to which the
Aspidium was applied in 1800 by Swartz, the use
of the generic term Dryopteris is necessitated by
the rules of botanic nomenclature. The synonyms
for the male fern are extraordinarily numerous.
The following have been among those occasionally
used: Aspidium Filix-mas, of many authors;
Polypodium Filix-mas Linn.; and Polystichum
Filix-mas Roth.
The Male Fern is very widely distributed, occurring in Greenland, Europe, Asia, Northern
Africa and in some of the Polynesian Islands;
in the Western Hemisphere it is found in the
Rocky Mountains in North America and the
Andes Mountains in South America. It has a
perennial, oblique rhizome, from which numerous
annual fronds arise, forming tufts from a foot
to four feet in height. The stipe, or petiole, and
midrib are thickly beset with brown, tough, transparent scales; the frond itself is ovate-oblong in
outline, the pinnae being linear-lanceolate, tapering from base to apex. The fructification is in
small dots on the back of each lobe, occurring
close to the midvein.
The leather wood jern or marginal fern, Dryopteris marginalis (L.) Asa Gray (Aspidium
marginale Sw. ; Polypodium marginale L.), differs
from the preceding by having the sori (fruit
bodies) on the margin of the leaves instead of
near the midrib. It is found in rocky woods and
on banks in eastern North America from Nova
Scotia to Alabama. Wilson (Thesis, Massachusetts
Coll. Pharm., 1925) found the oleoresin from the
marginal fern to yield from 22 to 24 per cent of
crude filicin.
It is probable that all of the species of this
genus possess more or less anthelmintic properties. According to Rosendahl (Pharm. J., 1911,
87, 35) the Dryopteris dilatata is indeed four
times as active a poison to the tapeworm as the
true aspidium. D. spinulosa Kuntze is often found
mixed with the male fern in Germany. Lauren
(Apoth.-Ztg., 1903) stated that this species is an
active taeniacide less liable to cause disagreeable
sensations. The D. rigida Underw. of the Pacific
coast is used in the western U. S. as a vermifuge.
The Athyrium Filix- jemina (L.) Bernh., or
Lady Fern, is also popularly ascribed with taeniafuge properties. Kiirsten (Pharm. J., 1891) found
in it pannic acid (or pannol) which is closely related to filicic acid; it differs in being soluble in
strong alcohol and in not yielding isobutyric acid
on hydrolysis. Under the name of inkomankomo or
uncomocomo, the rhizome of Aspidium athamanticum (Hook.) Kuntze, has long been used by the
South African Kaffirs, and has entered European
commerce as pannum (Rhizoma Pannce). In it
Heffter (Arch. exp. Path. Pharm., 1897, 38, 458)

122

Part I

Aspidium

found three well characterized and crystallized
principles: flavopannin, albopannin and pannol
(pannic acid of Kiirsten). Both flavopannin and
albopannin are powerful muscle poisons, directly
affecting the heart.
Extracts of male fern undergo some chemical
change on standing which leads to a loss of filicin
content (Goris and Metin, Bull. sc. Pharmacol.,
May, 1924). According to Pedretti {them. Abs.,
1931, 25, 4658) physiologically active amorphous
filicic acid is changed into a crystalline inert form.
The rhizomes of other species of fern are frequently substituted for the official, and in the
dried state it is difficult to distinguish them. The
varying results reported by physicians, when using
this drug, are no doubt due to use of spurious
male fern, or old rhizomes and stipe bases which
are devoid of any greenish color internally.
In collecting male fern, all the black, discolored
portions should be cut away, the fibers and scales
separated, and only the sound green parts preserved. Most of the drug is gathered in this country, especially in New Hampshire. Some supplies
of Male Fern from Dryopteris Filix-mas have
been imported from India.
Description. — "Unground Aspidium occurs as
unpeeled or peeled, entire or longitudinally split,
rhizomes with attached bases of stipes, or as separate pieces of rhizome and stipes. The rhizome is
6 to 15 cm. in length and 3 to 4 cm. in diameter,
cylindraceous and nearly straight, or curved and
tapering toward one end, usually split longitudinally and showing large, angular stipe-scars, in
which the ends of vascular bundles are often visible, and occasionally, adhering feathery masses or
reddish brown ramenta. The stipes are nearly
cylindrical, but tapering toward one end, nearly
straight or somewhat curved, 3 to 5 cm. in length,
and up to about 10 mm. in thickness; externally
they are usually weak reddish brown to brownish
gray, or, if peeled, light brown to weak yellow;
the fracture is short. The transversely fractured
surface is pale green to weak greenish yellow or
brown, is spongy, and exhibits an interrupted
circle of from 2 to 13 vascular bundles. The odor
is slight. The taste is at first sweetish and astringent, then bitter
see U.S.P.
XV. and acrid." U.S.P. For histology
Standards and Tests. — Aspidium contains
not more than 2 per cent of foreign organic
matter, and not more than 3 per cent of acid-insoluble ash. U.S.P.
Assay. — An ether extract of 40 Gm. of
aspidium is prepared and assayed as directed
under Aspidium Oleoresin. U.S.P.
Adulterants. — Powdered althea leaves have
been used as an adulterant of powdered aspidium,
giving the light-green tint indicative of a good
quality of drug. At other times the powder is said
to have consisted entirely of the chaff and other
inert material which the Pharmacopeia directs
should be rejected. Kraemer reported that much
of the aspidium formerly in the American market
consisted of the large rhizomes of Osmunda Claytoniana. This substitute has been frequently
offered on the American market. Capelle (Apoth.Ztg., 1907, p. 433) discussed the characteristics
"of genuine

aspidium and the differentiation

of

related species. The most recently offered substitute has been the rhizomes of the Christmas
Fern, Polystichum achrostichoides (Michx)
Schott.
Constituents. — The activity of male fern depends on the presence of a number of related
compounds. These compounds include those designated as amorphous filicic acid, crystalline filicic
acid (also called filicin and filicinic acid), filic
acid, aspidinin, albaspidin, aspidin, aspidinol,
flavaspidinic acid, and filmaron. A green fixed oil,
a volatile oil, sugar, starch, resin and wax are
other substances which have been reported to be
present. Unfortunately, there is some confusion
in the naming of the compounds and several different chemical formulas have been assigned to
some of them, hence their exact chemical relationship isuncertain. It does appear, however,
that most of these substances are derivatives of
a methyl or a dimethyl-phloroglucinol. Robertson
and Sandrock (/. Chem. S., 1933, p. 819) verified,
through synthesis, that aspidinol, the simplest
phenolic constituent of the drug, is a monomethyl
ether of C-methylphloro-M-butyrophenone. The
same investigators (ibid., p. 1617) synthesized
filicinic acid (earlier shown to be a decomposition
product of several aspidium constituents) and
verified its formula as l:l-dimethylcyclohexane2:4:6-trione. For a review of the reports on the
constituents of aspidium, see Pabst and Bliss
(/. A. Ph. A., 1932, 21, 431).
Pabst and Bliss state that for purposes of
standardization of aspidium and its oleoresin by
chemical methods the active constituents have
been assumed to be crude filicic acid. The latter
is actually a mixture of complex composition and
no reliable methods have been devised by which
each of the constituents may accurately be determined. Itis further claimed that crude filicic
acid is accompanied by inert constituents in varying and unknown amounts.
Uses. — Because of its rapid deterioration powdered aspidium is rarely employed. The more
stable oleoresin, prepared as soon as the drug is
harvested, is the preferred dosage form. For uses
of aspidium see under Aspidium Oleoresin. E
Dose, of powdered aspidium rhizome, 4 to 8
Gm. (approximately 1 to 2 drachms).
ASPIDIUM

OLEORESIN.
(B.P., LP.)

U.S.P.

Extract of Male Fern, Male Fern Oleoresin,
[Oleoresina Aspidii]

"Aspidium Oleoresin yields not less than 24 per
cent of crude filicin." U.S.P.
The B.P. requires that the Extract of Male
Fern contain 25.0 (limits, 24.0 to 26.0) per cent
of crude filicin. The LP. requires not less than
25.0 per cent and not more than 26.0 per cent of
filicin.
B.P. Extract of Male Fern; Extractum Filicis. LP.
Oleoresina Filicis Malis. Liquid Extract of Male Fern;
Oil of Fern. Oleoresina Filicis; Extractum (Oleum) Filicis
Maris; Extractum Filicis Maris ^Ethereum. Fr. Extrait de
fougere male; Extrait oleo-resineux de fougere male;
Extrait ethere de fougere male. Ger. Farnextrakt. It.
Estratto di felce Maschio etereo. Sp. Extracto de
helecho macho, etereo; Oleorresina de Aspidio.

Place 500 Gm. of aspidium, recently reduced to

Part I
coarse powder, in a cylindrical glass percolator
provided with a stopcock, and with a cover and a
receptacle arranged for safe use of volatile liquids.
Pack the powder firmly, and percolate slowly with
ethyl oxide added in successive portions until the
drug is exhausted. Recover the greater part of
the ethyl oxide from the percolate by distillation
on a water bath and, having transferred the residue to a dish, allow the remaining ether to evaporate spontaneously in a warm place remote from
a naked flame. U.S.P.
The process of extraction in the B.P. is essentially the same as that in the U.S. P., except that
after the ether has been evaporated the extract
is assayed and sufficient arachis oil or other suitable official fixed oil is added to produce an extract of the required strength.
This is the only preparation of male fern which
should be used; in its making aspidium which is
internally green in color and recently collected
should be employed. The oleoresin is a thick, dark
green liquid having the odor of the fern and a
nauseous, bitter and somewhat acrid taste. It
usually contains a granular deposit of crystalline
material which is regarded as an active ingredient
and should not be separated. According to Hayes,
when an absolutely dry root and an anhydrous
ether (containing but little alcohol) of a specific
gravity below 0.728 are used, the oleoresin remains clear. Aspidium oleoresin has been sometimes found in the market containing noticeable
proportions of copper, and in many cases it is
colored green artificially.
Description. — "Aspidium Oleoresin is a dark
green, thick liquid, usually depositing a granular,
crystalline substance, which must be thoroughly
mixed with the liquid portion before use. Aspidium
Oleoresin is insoluble in water; it is soluble in
alcohol and in ether. Not less than 85 per cent of
the Oleoresin is soluble in petroleum benzin. The
specific gravity of Aspidium Oleoresin is not less
than 1.00." U.S.P. The B.P. and the LP. both
require the oleoresin to have a refractive index,
at 40°, of not less than 1.492.
The requirement of the U.S.P. that not less
than 85 per cent of the oleoresin shall be soluble
in petroleum benzin is to exclude adulteration
with castor oil, which is only slightly soluble in
petroleum benzin. The presence of castor oil is
especially undesirable because it increases the
absorption of aspidium.
Assay. — After warming the aspidium oleoresin
on a water bath and stirring it until thoroughly
mixed, a sample of 3 Gm. is dissolved in ether,
and the phenolic and acidic constituents comprising "crude filicin" removed by shaking the ether
with portions of 3 per cent barium hydroxide solution. The barium hydroxide solutions are filtered,
combined, acidified to liberate the phenolic and
acidic substances, and these extracted with ether.
After filtration the ether solution is evaporated
and the residue of crude filicin dried at 105° for
2 hours and weighed. U.S.P.
The B.P. and LP. assays are practically the
same as that of the U.S.P.
Attempts have been made to standardize not
only aspidium but other anthelmintics as well by
biological methods.
Sollmann
(/. Pharmacol.,
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1918, 12, 129) proposed use of the earthworm
for this purpose. His method is as follows: The
worms, which are kept in damp leaf mold before
being used, are washed with tap water and five of
them are placed in beakers containing 100 ml. of
tap water, to which are added varying quantities
of the anthelmintic substance. After 24 hours the
mobility of the worms is observed. Munch recommends, for the purpose of determining life in the
worm, stimulation with faradic current. He found
close agreement, in his tests with aspidium oleoresin, between the toxicity to worms and chemical
assay. Other test animals which have been suggested include the ascarides of either dogs or
pigs, various other helminths, and even goldfish.
Carlsson and Backstrom (Chem. Abs., 1944, 38,
2451) found that there is a linear relationship between the potency of aspidium extracts and their
extinction coefficient as calculated from optical
density readings using a photoelectric instrument.
They also reported that the activity of the extracts may be judged by their toxicity to earthworms; hexylresorcinol was used as the toxicity
standard. For a report on the chemical and biological standardization of aspidium oleoresin see
Pabst and Bliss (/. A. Ph. A., 1932, 21, 431).
Uses. — Aspidium oleoresin is used in medicine
almost solely for expulsion of the tapeworm
(Taenia solium or saginata, Diphyllobothrium
latum, and Hymenolepis nana). It is not used in
other forms of helminthiasis. It does not kill the
parasite, but paralyzes it so that it can be washed
out of the intestinal tract by an active purge.
Male fern was mentioned as a vermifuge in the
works of Dioscorides, Theophrastus, Galen, and
Pliny, as well as by some of the earlier modern
writers. It does not appear to have become generally known until about 1775, when the King
of France purchased from Madame Nouffer,
widow of a Swiss surgeon, a secret remedy for
tapeworm, which proved to be the powdered root
of the male fern. As first demonstrated by Straub
(Arch. exp. Path. Pharm., 1902, 48, 1) the principles of aspidium paralyze the voluntary muscles
of higher animals, as well as the analogous contractile tissue of invertebrates.
With adequate and careful preparation and
management of the patient, tapeworm is eliminated in 90 per cent of cases following use of
aspidium oleoresin. It would appear that the use
of this drug will decrease in view of the demonstrated efficacy of the less toxic quinacrine. For
purgation when aspidium oleoresin is administered
castor oil has been employed, but its use increases
the absorbability of the drug and adds to the
danger of poisoning. A saline cathartic, such as
magnesium sulfate or sodium sulfate, is preferable. Also, a fat-free diet for two days preceding
use of aspidium is advisable.
When aspidium oleoresin is to be administered
a liquid diet is prescribed during the 24 hours
preceding administration of the drug. The evening
before the aspidium is given, the patient should
take 15 to 30 Gm. of magnesium sulfate to empty
the intestinal tract. In the morning a total dose of
4 Gm. of aspidium oleoresin, in capsules or dispersed in a mucilaginous vehicle, is given in one
or two divided doses, one hour apart. A saline
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purgative is given 2 hours after the last dose; this
is followed by a soap-suds enema 2 hours later
to remove the scolex, should it now be free within
the intestine. By straining this material and any
feces passed the head may be identified. The
therapeutic course should not be repeated in less
than 7 to 10 days. The toxicity of aspidium renders its use in children hazardous.
Toxicology. — Aspidium is a violent poison,
the relative rarity of serious symptoms from its
use being due to its non-absorbability. When there
is a large amount of fatty matter in the bowel, it
may be absorbed and give rise to serious and even
fatal poisoning (see Hernandez Morales, Puerto
Rico J. Pub. Health Trop. Med., 1945, 21, 213;
also Lancet, 1882). It is highly irritant and may
produce vomiting and severe diarrhea. Stimulation
of the spinal cord may produce tremors and tonic
convulsions, followed by ascending depression, involvement ofthe medulla, respiratory failure with
cyanosis and dyspnea. There may be headache,
cold sweats and mental disturbances. In nearly
half of the cases there has been disturbance of
vision, and even blindness, which in a few instances remained permanently. According to Harnack {Munch, med. Wchnschr., 1912, 59, 1941),
the blindness is due to spasm of the retinal vessels
and subsequent optic atrophy. Prevost and Binet
found that in the lower animals the oleoresin,
given hypodermically, produces violent dyspnea
and death from arrest of the heart in systole;
Frohner found parenchymatous nephritis in animals fatally poisoned by it. Liver damage and
jaundice may occur.
Should symptoms of poisoning appear, use of
an emetic such as mustard or zinc sulfate followed by vigorous catharsis with magnesium sulfate is indicated. Symptomatic and supportive
measures are required, including parenteral fluids,
electrolytes and dextrose, demulcents for the irritated gastrointestinal tract, and stimulants, such
as caffeine, or sedatives, such as the barbiturates,
as indicated.
Contraindications. — Aspidium should not be
administered during pregnancy, nor to debilitated
adults or children. Parenchymal cardiac, hepatic,
and renal diseases are contraindications to its use;
so also is any ulcerative lesion of the gastrointestinal tract. E
Filmaron, one of the active constituents of
aspidium, has been used as a clinical vermifuge,
as a 10 per cent solution in castor oil. The dose
of filmaron is 0.5 to 0.75 Gm. (approximately 7J4
to 12 grains).
The usual adult dose of aspidium oleoresin is
4 Gm. (approximately 60 grains), the range being
1 to 5 Gm. The maximum safe dose is usually 5
Gm., and the maximum dose in a period of 1 to 2
weeks should seldom exceed 5 Gm. For children
the dose is 250 mg. (approximately 4 minims)
per year of age, up to a maximum of 15 years.
Aspidium oleoresin may be administered by
mouth or duodenal tube, dispersed in a freshly
prepared mucilaginous vehicle; a typical formula
consists of aspidium oleoresin, 4 Gm.; acacia
mucilage, 30 ml.; cinnamon or other aromatic
water, to 45 ml. The oleoresin may also be given
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in capsules or, especially to children, on a teaspoonful of sugar.
Storage. — Preserve "in well-closed containers." U.S.P.
CAPSULES OF EXTRACT
MALE FERN.
B.P.

OF

These are defined as flexible gelatin capsules,
the shells of which are colored black. Not less
than 95.0 per cent and not more than 105.0 per
cent of the prescribed, or stated, volume of extract isrequired to be present in each capsule of
average volume. B.P.
ATROPINE.

N.F., B.P, LP.
[Atropina]

"Atropine is an alkaloid usually obtained from
Atropa Belladonna Linne, from species of Datura
and Hyoscyamus (Fam. Solanacece), or produced
synthetically. Caution. — Atropine is extremely
poisonous." N.F. The B.P. defines Atropine as
(±) -hyoscyamine and says that it is obtained
from Hyoscyamus muticus L, Duboisia species,
and other plants of the Solanacece. The LP.
defines it as DL-tropanyl-2 -hydroxy 1-1 -phenylpropionate.
I.P. Atropinurn. Fr. Atropine. Ger. Atropin. It. Atropina.
Sp. Atropina.

Atropine, discovered by Yaquelin in 1809, was
recognized as an alkaloid by Brandes in 1819. It
does not occur in plants to any appreciable extent
as such, but does occur as its levorotatory isomer
hyoscyamine, from which it is prepared by
racemization.
Hyoscyamine, the most commonly occurring
of the solanaceous alkaloids, and the one from
which atropine is prepared, occurs naturally only
as a levorotatory base. It melts at 108.5°, is
readily soluble in chloroform, benzene or alcohol,
less so in ether or cold water. The hydrobromide
and sulfate are official and are described elsewhere
in Part I.
Belladonna root, Hyoscyamus muticus, or H.
niger are common sources for the manufacture of
atropine. The powdered plant material is thoroughly moistened with an aqueous solution of
sodium carbonate and extracted by percolation
with ether or ethyl acetate. The bases are extracted from the ether with acetic acid, the acid
solution being shaken with ether as long as the
ether takes up coloring matter, then precipitated
with sodium carbonate. The precipitate of the
bases, after washing and drying, is dissolved in
ether, the solution dehydrated with anhydrous
sodium sulfate and filtered. Upon concentration
of the ether solution the bases crystallize upon
standing, the mixture being chilled in order to
hasten crystallization. The crude crystalline mass
consisting of a mixture of atropine and hyoscyamine, after filtering and drying, is mixed with
one-fourth of its weight of chloroform and heated
under a reflux condenser for 2 hours at from 116°
to 120°. This treatment racemizes the hyoscyamine into atropine. The racemization can also be
accomplished by treating the alcohol solution of
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the bases with some sodium hydroxide and allowing to stand until the racemization is complete as
determined by optical measurement. The crude
atropine is purified by solution in acetone, treatment with decolorizing carbon and, after filtration,
the solution is concentrated and cooled by means
of ice and salt. To hasten the crystallization the
solution is seeded with a few crystals of atropine.
The sulfate may be prepared from the base by
dissolving the latter in acetone and adding just
enough dilute sulfuric acid to furnish the necessary amount of H2SO4.
Kraut demonstrated, in 1864, that atropine
undergoes hydrolysis, on heating either with hydrochloric acid or with barium hydroxide solution,
into tropic acid and tropine. Ladenburg (Ber.,
1880, 13, 376) succeeded in synthesizing atropine
from these two substances.
Tropic acid, a homologue of mandelic acid, is
alpha-phenyl-beta-hydroxypropionic acid, C6H5CH(CH2OH)COOH. Tropine, also called 3-tropanol, is a tertiary base containing a secondary
alcohol group which in atropine is esterified with
tropic acid; atropine is, accordingly, tropyltr opine.
Tropine is of interest also because it is the parent
substance of cocaine and most other coca alkaloids
(for formula of tropine see under Cocaine). On
oxidation, tropine is converted to the ketone
tropinone. Robinson (/. Chem. S., 1917, 111,
762), visualizing the latter as a possible starting
compound for the production not only of atropine and hyoscyamine but cocaine, tropacocaine
and the artificial tropeines as well, prepared tropinone by reacting succindialdehyde, methylamine, and acetone (or acetonedicarboxylic acid).
Variants of this method have been the subject of
many patents and a number of synthetic substitutes for atropine have been prepared utilizing
tropinone.
A large number of esters of tropine, to which
the general name of tropeines has been given, have
been synthesized. Some of these have pronounced
toxic effects, but one (homatropine) has found
use as a valuable substitute for atropine.
Description. — "Atropine occurs as white crystals, usually needle-like, or as a white, crystalline
powder. Its saturated solution is alkaline to phenolphthalein T.S. It is optically inactive, but
usually contains some levorotatory hyoscyamine.
One Gm. of Atropine dissolves in 460 ml. of water,
in 2 ml. of alcohol, in about 27 ml. of glycerin, in
1 ml. of chloroform, and in about 25 ml. of ether.
One Gm. of it dissolves in 90 ml. of water at 80°.
Atropine melts between 114° and 116°." N.F.
Standards and Tests. — Identification. — (1)
A yellow residue is obtained on evaporating a mixture of 10 mg. of atropine and several drops of
nitric acid to dryness on a water bath. An intense
violet color is produced on adding a few drops of
alcoholic potassium hydroxide T.S. and a fragment of potassium hydroxide to the cooled residue
(hyoscyamine and scopolamine respond similarly,
but other alkaloids obscure the effect). (2) A
lusterless precipitate forms on adding gold chloride T.S. to a 1 in 50 solution of atropine in diluted hydrochloric acid (hyoscyamine yields a lustrous precipitate). Residue on ignition. — Not over
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0.1 per cent. Readily carbonizable substances. — A
solution of 200 mg. of atropine in 5 ml. of sulfuric acid has no more color than matching fluid
A; this solution is colored no more than light yellow on adding 0.2 ml. of nitric acid. Other alkaloids.— Platinic chloride T.S. produces no precipitate when added to a 1 in 75 solution of atropine in N/ 15 hydrochloric acid. Addition of 2 ml.
of ammonia T.S. to a 5 ml. portion of the same
solution does not produce an immediate turbidity.
Limit of hyoscyamine. — The angular rotation of
a solution of 1 Gm. of atropine, previously dried
at 105° for 1 hour, in enough 50 per cent (by
weight) alcohol to make 20 ml. of solution at 25°,
and polarized in a 200-mm. tube, does not exceed
—0.70°. N.F.
The detection of small quantities of atropine
has been the subject of a number of investigations; a useful physiological test consists in placing the liquid to be tested in the eye of a cat, or
other animal, when, if the alkaloid be present,
dilatation of the pupil will occur. Vitali's test, in
which alcoholic potassium hydroxide solution is
added to atropine which has been oxidized with
nitric acid, is said to produce a violet color with
as little as 0.4 microgram of the alkaloid. This is
one of the U.S. P. tests for identification. For
microchemical reactions of atropine see Kleibs
(Chem. Abs., 1939, 33, 9201).
Uses. — The effects of atropine upon the system
are due to an action on certain medullary and
higher nerve centers, and a paralysis of secretory
glands and smooth muscle fibers innervated by
the parasympathetic division of the autonomic
nervous system (see monograph on Anticholinergic
Agents, in Part II, for comparison with related
compounds and the pharmacological basis for
their action).
Absorption-Excretion. — The absorption of
atropine is rapid. Within a few hours about onethird of the dose is excreted by the kidney. The
remainder is hydrolyzed into tropine and tropic
acid. Tropine is related to ecgonine (see above),
the basic constituent of cocaine (Paul and Rhomberg, J. Iowa M. Soc, 1945, 35, 167).
Peripheral Action. — The parasympathetic
nerves carry impulses to numerous viscera, among
them being: the nerves for the salivary glands,
the secretory glands of the nasal and pharyngeal
mucous membranes and the bronchial tree and
stomach, the vagus nerve, which carries inhibitory
impulses to the heart and motor fibers to the
bronchi and a portion of the intestinal tract, and
the oculomotor nerve, which supplies the sphincter
pupillae and ciliary muscle. In addition, atropine
exerts an antispasmodic effect on smooth muscle
of the gall bladder and biliary ducts, as well as
on the smooth muscle of viscera supplied by the
sacral parasympathetic ganglia, as the ureter,
detrusor muscle of the urinary bladder, and, to a
slight extent, the uterine muscle. Also, the cholinergic nerves supplying the sweat glands are
inhibited by atropine. The action of atropine is,
therefore, as extensive and complex as are the
effects of the parasympathetic system which it
blocks. In general it is the muscarinic effects of
acetylcholine but not its nicotinic responses which
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are inhibited by atropine. In the presence of atropine, nerve stimulation releases acetylcholine but
the effector cell fails to respond. Where the nerve
endings are within the cell, as seems to be the case
in the intestine and urinary bladder, atropine fails
to block the effects of stimulation of the parasympathetic nerves, but it blocks the effects of
injected acetylcholine (see Fulton, Physiology of
the Nervous System, 1938).
Central Action. — The central effects of atropine may be attributed to central stimulation of
the vagus nerve and of the respiratory center.
There is also a primary depressant action on certain motor mechanisms. Toxic doses, however,
after causing restlessness, disorientation, and delirium, ultimately will produce paralysis of the
medulla. Rarely, atropine is used as a respiratory
stimulant in doses of 0.5 to 1.5 mg. (approximately Vi2o to Vio grain), which should not be
repeated lest paralysis occur. Atropine is beneficial inlabyrinthine seasickness, but Holling et al.
(J.A.M.A., 1944, 125, 457) found it inferior to
scopolamine. Alexander and Portis (Psychosom.
Med., 1944, 6, 191) used atropine in the prophylactic management of hypoglycemic fatigue but
its efficacy is questionable. Some features of both
the arteriosclerotic and postencephalitic forms of
paralysis agitans, or parkinsonism, are improved
by its use. Doses as large as 5 mg. (approximately
V12 grain) are employed to improve the tremor,
rigidity, salivation, oculogyric crises, etc. Sometimes itis used in conjunction with amphetamine
sulfate. From time to time various atropine-containing plants have enjoyed a popular vogue in
such therapy. Often these effects have been attributed to some peculiar character of drugs
grown in a particular locality — as the Bulgarian
belladonna — but it is now well established that
it is an action inherent to atropine and probably
other related alkaloids. The most plausible explanation of this action is offered by the experiments of Pollock and Davis {Arch. Neurol.
Psychiat., 1930. 23, 303) who observed that in
decerebrate cats atropine diminishes the rigidity
depending upon reflexes arising in the muscle
itself.
Ophthalmic Action. — In ophthalmology atropine is used both for dilating the pupil and for
paralyzing the muscles of accommodation. Its
action is so slow and persistent that where only
temporary effects are desired, as, for example, in
the fitting of glasses, it has been largely abandoned for more rapidly acting drugs, but in inflammatory conditions of the eye, as in iritis,
keratitis, etc., the very persistence of its effect is
desirable. For this purpose one or two drops of a
1 per cent solution may be instilled into the eye
at such intervals as are found to be necessary.
The same purpose may be accomplished by inserting beneath the eyelid small gelatin disks containingeffect
atropine (see
The
mydriatic
may Lamellce
last for oftenAtropine').
days, though
the cycloplegic action remains only five days. It
is important to test the intraocular tension before
its instillation in order that glaucoma will not be
produced. Neblett (South. Med. & Surg., 1945.
107, 81) has called attention to this possible side
"effect in patients using atropine for gastrointesti-
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nal tract disorders or in arthritis in conjunction
with neostigmine administration.
Respiratory Effects. — Atropine is used to
check the rhinorrhea of acute rhinitis and of hay
fever, as well as to diminish secretions in the
entire respiratory tract when given as part of preanesthetic medication. It has been used in bronchial asthma, but it is less effective than epinephrine in its relaxation of the bronchi and
bronchioles.
Cardiac Action. — The drug causes accelerated
heart rate by blocking vagal impulses at the pacemaker or sinoauricular node. However, small doses
(less than 1 mg., approximately Yao grain; may
slow cardiac action by central vagal stimulation
(McGuigan, J. A.M. A., 1921, 66, 1338). It is
useful in preventing vagal syncope with bradycardia as a result of hyperactive carotid sinus
reflexes as described by Nichol and Strauss (Am.
Heart J., 1943, 25, 746). It counteracts the
bradycardia induced by pilocarpine. In complete
heart block large doses intravenously (2 mg., approximately Vsograin) may be beneficial. Its use
hypodermically in doses of 0.6 or 0.8 mg. (approximately ^oo or %o grain) is recommended by
Gilbert (Modern Concepts of Cardiovascular Disease, 1946, 15, No. 6) immediately on diagnosis
of coronary thrombosis in order to abolish reflex
arterial constriction, mediated by the vagus nerve,
in the uninvolved myocardium. Atropine produces
peripheral vasodilatation in the blush area by
means of a mechanism not fully understood.
Gastrointestinal Tract. — Atropine has an
exceedingly complex action upon the gastrointestinal tract and its associated glands. It inhibits the
flow of saliva in doses as small as 0.5 mg. (approximately Yno grain). A similar dose was said
by Henderson and Sweeten (Am. J. Digest. Dis.,
1943, 10, 241) to decrease psychic (vagal) gastric
secretion more than that due to the hormone
gastrin, while a dose of 1.2 mg. (approximately Yso
grain) will abolish continuous secretion except
that seen in some cases of peptic ulcer. Nocturnal
gastric secretion is diminished by atropine, according to Means (Surgery, 1943, 13, 214), as
are also free and total acidity in both normal and
ulcer patients. In general, muscular tonus and
peristalsis are decreased by its action, but the
effect depends upon the existing tonus and degree
of movements as well as the dose. Henderson and
Sweeten (loc. cit.) found that in pylorospasm of
infants a dose of 0.065 mg. (approximately a/looo
grain) before feedings may give some relief. It
is believed that atropine decreases the tonus of
the small intestine and decreases the motility in
the colon, where it antagonizes the hypertonicity
of morphine. The intestinal glands and the formation of bile are unaffected by atropine, as is the
production of pancreatic secretions, since the
latter is formed in response to the hormone
secretin.
Biliary and Urinary Tracts. — Other effects
of atropine on smooth muscle bring about its use
in conjunction with morphine in biliary colic and
ureteral colic. Its inhibition of tonus of the
detrusor muscle of the urinary bladder has led to
its use in treating some cases of nocturnal
enuresis. It has been used in dysmenorrhea, but
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probably is of little value. Locally, atropine in
the form of an ointment and the belladonna plaster is used in various painful conditions, but this
use does not seem rational. S
Toxicology. — Atropine poisoning may occur
from the ingestion of any of the numerous plants
of which it is the active principle, most frequently,
however, from either belladonna or the widespread
stramonium. Severe poisoning may follow external
applications. The symptoms are dryness of the
throat, dilatation of the pupil, rapid and hard
pulse, hurried respiration, warm and dry skin,
flushed face, and frequently a scarlatiniform rash.
The most striking symptom is the peculiar delirium. In the earlier stages this manifests itself
simply by profuse and incoherent talkativeness;
later there is complete confusion, often with hallucinations, sometimes maniacal in character.
After large doses a stage of depression may develop, with stupor, rapid weak pulse, and respiratory failure. Though the condition is alarming,
recovery is usual. Alexander, Morris and Eslick
{New Eng. J. Med., 1946, 234, 258) report the
complete recovery of a patient severely poisoned
by the ingestion of 1 Gm. of atropine sulfate
orally. In case of doubt as to diagnosis, instillation of a drop or two of urine from the patient
into the eye of a cat will produce dilatation of
the pupil, if enough atropine is present. Dameshek
demonstrated that in atropine poisoning the usual
sweating, salivation, etc., following acetyl-Pmethylcholine chloride administration in doses
of 10 to 30 mg. (approximately Yq to Yi grain) is
absent. Atropine may cause fever, in children
particularly, by causing dryness of the skin and
inhibiting heat loss by evaporation.
In the treatment, after emptying the stomach
with the stomach tube (the dry mucosa requires
lubrication) or an emetic, 1.2 ml. (approximately
20 minims) of compound iodine solution should
be given as the best chemical antidote. Morphine
may be used to quiet the delirium, but there is
danger of respiratory paralysis, and cautious administration ofthe barbiturates is recommended.
Pilocarpine, the physiological antagonist, should
be given in doses of 5 mg. (approximately Y12
grain) until the mouth becomes moist. Respiratory failure is treated with oxygen and carbon
dioxide inhalation and by the use of caffeine. Adequate fluid intake is important.
Dose. — The usual hypodermic dose of atropine
(as sulfate) is 0.4 mg. (approximately Yiso grain) ;
the dose by mouth is 0.6 mg. (approximately Yioo
grain), although in serious cases these amounts
may be much exceeded. On the other hand in susceptible persons, 0.6 mg. (approximately Yioo
grain) will produce decided dryness of the throat,
and 1.2 mg. (approximately Ym grain) is alleged
to have caused toxic symptoms. As atropine itself
is nearly insoluble, the sulfate is preferred. For
application to the sound skin, an ointment may be
made by rubbing 65 mg. (approximately 1 grain)
of the alkaloid first with 0.25 ml. (approximately 4
minims) of alcohol, and then with 4 Gm. (approximately 1drachm) of lard. The ointment of belladonna is,however, usually preferred.
When solution of atropine sulfate (1 or rarely
2 per cent) is used for dilating the pupil, it may
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be dropped into the eye within the lower lid, or
introduced by means of minute circular disks of
gelatin, made by mixing the solution with gelatin
and evaporating so as to produce a thin film, which
is to be cut into circular pieces. (See Lamella of
Atropine.) An Eye Ointment of Atropine (Oculentum Atropines) of the B.P. contains 1 per cent
of atropine sulfate.
Solutions of atropine or its salts are very prone
to have developed in them a fungous growth with
consequent decomposition of the alkaloid; thus
Simon (J. A.M. A., 1915, 64, 705) showed that a
solution of atropine may become entirely inert in
three days.
Dose, of atropine, 0.3 to 1.2 mg. (approximately
Y200 to Y50 grain) .
Storage. — Preserve "in tight, light-resistant
containers." N.F.
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"Caution.
— Atropine Sulfate is extremely poiH2C— C-sonous." U.S.P.
B.P. Atropine Sulphate; Atropinae Sulphas. I. P. Atropini Sulfas. Atropinum Sulfuricum; Sulfas Atropicus.
Fr. Sulfate d'atropine; Sulfate neutre d'atropine. Ger.
Atropinsulfat ; Schwefelsaures Atropin. It. Solfato di
atropina. Sp. Sulfato de atropina.

Atropine sulfate may be prepared by the interaction of a solution of atropine in ether and of
sulfuric acid in alcohol. For details of the formerly official method see U.S.D., 20th ed., p. 208.
Description. — "Atropine Sulfate occurs as
colorless crystals, or as a white, crystalline powder. It is odorless. It effloresces in dry air, and is
affected by light. One Gm. of Atropine Sulfate
dissolves in 0.5 ml. of water, in 5 ml. of alcohol,
and in about 2.5 ml. of glycerin. One Gm. dissolves in 2.5 ml. of boiling alcohol. Atropine Sulfate, dried at 105° for 4 hours, melts at a temperature not lower than 188°." U.S.P. The B.P.
gives the melting point of atropine sulfate, when
dried at 135° for 15 minutes, as between 191°
and 196°; the LP. specifies a melting range of
191° to 195° after drying at 110° for 4 hours.
Standards and Tests. — Identification. — Atropine sulfate responds to the identification tests
given under atropine, and a 1 in 20 solution of the
salt also responds to tests for sulfate. Acidity. —
Not more than 0.3 ml. of 0.01 N sodium hydroxide
is required to neutralize a solution of 1 Gm. of
atropine sulfate in 20 ml. of water, using methyl
red T.S. as indicator. Water. — Not over 4 per
cent, when dried for 4 hours at 105°, or determined by the Karl Fischer method. Residue on
ignition. — Not over 0.2 per cent. Readily carbonizable substances. — This test is identical with
the corresponding test described under Atropine.
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Other alkaloids. — This test is similar to the corresponding one described under Atropine, except
that a 1 in 60 solution of atropine sulfate is used.
Limit of hyoscyamine. — When the test is performed as described under atropine the angular
rotation does not exceed — 0.60°. U.S.P.
Uses. — The effects of the salt on the system
are precisely the same as those of atropine, and
it may be used in the same dose. Its great advantage over the alkaloid is its solubility in water.
The U.S. P. gives the usual dose as 0.5 mg. (approximately ^120 grain), and the range as 0.3 to
1.2 mg. Topically a 1 to 2 per cent solution is used.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep.— Atropine Sulfate Tablets, U.S.P.,
B.P.; Morphine and Atropine Sulfate Tablets,
N.F.; Lamellae of Atropine; Eye Ointment of
Atropine; Eye Ointment of Atropine with Mercuric Oxide, B.P.

ATROPINE

SULFATE

TABLETS.

U.S.P. (B.P., LP.)
[Tabellae Atropinae Sulfatis]

"Atropine Sulfate Tablets contain not less than
93 per cent and not more than 107 per cent of the
labeled amount of (Ci-H23N03)2.H2SO-iH20 for
tablets of 20 mg. or more; and not less than 90
per cent and not more than 110 per cent of the
labeled amount for tablets of less than 20 mg."
US. P. The corresponding limits of the B.P. and
LP. are 90.0 and 110.0 per cent, regardless of the
content of atropine sulfate.
B.P. Tablets of Atropine Sulphate; Tabellae Atropine
Sulphatis. LP. Compressi Atropini Sulfatis. Sp. Tabletas
de Sulfato de Atropina.

Tests. — Identification. — (1) When 1 drop of a
filtered solution of the tablets, representing 1 mg.
of atropine sulfate in 10 ml., is instilled into the
eye of a cat or other animal, the pupil shows
noticeable dilation within 2 hours. (2) Atropine
alkaloid obtained from the tablets responds to
identification test (1) under Atropine. (3) A
filtered solution of the tablets responds to tests
for sulfate. U.S.P.
Assay. — An aqueous extract of the tablets, prepared with the aid of diluted sulfuric acid and representing 60mg. of atropine sulfate, is made alkaline with ammonia and the liberated atropine
extracted with chloroform. Following evaporation
of the chloroform, the last traces of which are
expelled with the aid of neutralized alcohol, the
atropine is estimated by a residual titration using
20 ml. of 0.02 N sulfuric acid, the excess of acid
being titrated with 0.02 N sodium hydroxide, using
methyl red T.S. as indicator. Each ml. of 0.02 N
sulfuric acid represents 6.949 mg. of (C17H23N03)2.H2S04.H20. A variant of this method is
permitted if the tablets contain a very small
amount of atropine sulfate. U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Usual Sizes. — In V200, -Kso, Vno, Vioo and Ho
grain (approximately 0.3, 0.4, 0.5, 0.6, and 1.2
mg.) tablets.

EYE

OINTMENT OF
B.P.

ATROPINE.

Oculentum Atropinae

This ointment contains, unless another strength
is specified, 1 per cent of atropine sulfate in a
base of 10 parts of wool fat and 90 parts of
yellow soft paraffin; the atropine sulfate is dissolved in the smallest quantity of water for injection before incorporating it with the base (see
Eye Ointments for further information).
EYE OINTMENT OF ATROPINE
WITH
MERCURIC
OXIDE.
B.P.
Oculentum Atropinae cum Hydrargyri Oxido

This ointment contains, unless other concentrations are specified, 1 per cent of atropine sulfate and 1 per cent of yellow mercuric oxide in
a base of 10 parts of wool fat and 90 parts of
yellow soft paraffin; the atropine sulfate is dissolved in the smallest quantity of water for injection before incorporating it with the base (see
Eye Ointments for further information). For the
therapeutic role of the ingredients of this ointment see under both Atropine and Yellow Mercuric Oxide Ointment.
INJECTION OF ATROPINE
SULPHATE.
B.P. (LP.)
Injectio Atropinae Sulphatis

The injection is a sterile solution of atropine
sulfate in water for injection, the solution being
sterilized by dissolving in it 0.2 per cent w/v of
chlorocresol or 0.002 per cent w/v of phenylmercuric nitrate and heating it in its final containers at 98° to 100° for 30 minutes, or by
filtration through a bacteria-proof filter. No rubric
is provided. The LP. requires Injection of Atropine Sulfate {Injectio Atropini Sulfatis) to contain not less than 85.0 per cent and not more than
110.0 per cent of the labeled amount.
LAMELLiE OF ATROPINE.
B.P.
Lamellae Atropinae
Discs of Atropine. Lamellae Ophthalmicae cum Atropino;
Gelatina
Fr. Disques d'atropine. Sp. Discos
oftalmicosAtropini.
con atropina.

Lamellae of atropine are discs of gelatin with
glycerin, each weighing about 1.3 milligrams (V»o
grain) and containing 0.065 milligram (^000
grain) of atropine sulfate, unless another amount
of the active ingredient is specified. The method
of preparation is discussed under Lamellce.
X.F.
AUROTHIOGLUCOSE.
Gold Thioglucose

1

0

1

AuS.CH.HCOH.HOCH.HCOH.HC.CH.2OH
"Aurothioglucose, dried over sulfuric acid for
24 hours, yields not less than 47.7 per cent and
not more than 53.0 per cent of Au. It contains
not more than 5 per cent of sodium acetate as
a stabilizer." N.F.
Solganal

(Schering).

Aurothioglucose may be prepared by the inter-
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action of aqueous solutions of gold bromide and
thioglucose, in the presence of sulfur dioxide; the
aurothioglucose is precipitated from the reaction
medium by addition of alcohol and is subsequently
purified by solution in water and precipitation
with alcohol. As indicated in the official definition, itcontains sodium acetate as a stabilizer.
Description. — "Aurothioglucose occurs as a
yellow powder. It is odorless or nearly so and is
stable in air. An aqueous solution is unstable on
long standing. The pH of a solution of Aurothioglucose (1in 100) is about 6.3. Aurothioglucose is freely soluble in water. It is practically
insoluble in acetone, in alcohol, in chloroform,
and in ether." N.F.
Standards and Tests. — Identification. — (1)
The glucosazone prepared from aurothioglucose
melts between 189° and 194°. (2) A portion of
the filtrate obtained in the assay forms with
barium chloride T.S. a heavy white precipitate.
Specific rotation. — Not less than +65° and not
more than +75° when determined in an aqueous
solution containing 100 mg. of aurothioglucose,
previously dried over sulfuric for 24 hours, in
each 10 ml. Loss on drying. — Not over 1 per cent
when dried over sulfuric acid for 24 hours. N.F.
Assay. — About 1 Gm. of aurothioglucose,
previously dried over sulfuric acid for 24 hours,
is dissolved in water, reacted with nitric acid, and
the precipitate of metallic gold thereby obtained
is filtered off, washed with hot water, dried,
ignited, and weighed. N.F.
Uses. — This water-soluble, oil-insoluble organic compound with a gold-to-sulfur linkage is
injected intramuscularly as a suspension in sesame
oil for treatment of active rheumatoid arthritis
and nondisseminated lupus erythematosus. The
pharmacology, toxicology, and uses of gold compounds are discussed under Gold Sodium Thiomalate, in Part I.
The slow absorption of gold from aurothioglucose injection decreases incidence of untoward
reactions (Dawson et at., Trans. A. Am. Physicians, 1941, 56, 330). Objective or subjective improvement in88 per cent of 122 cases of rheumatoid arthritis, with toxic effects in only 11 per
cent of these, resulted from use of aurothioglucose (Cohen and Dubbs, New Eng. J. Med., 1943,
229, 773). A dose of 200 mg. weekly was found
to be more effective than 100 mg., but the incidence of toxic effects was too high (Ellman et al.,
Brit. M. J., 1940, 2, 314). A comparison of the
results of treatment of 102 early cases (within
one year of onset) of rheumatoid arthritis with
500 mg. or more of gold salt, usually aurothioglucose or gold sodium thiomalate, with 83 cases
not receiving gold therapy, reported by Adams
and Cecil {Ann. Int. Med., 1950, 33, 163), revealed the following : complete remission occurred
in 66 per cent of patients receiving gold, in contrast with 24 per cent of the other group (who
were treated by other methods) ; no improvement
was reported by 3 per cent of patients receiving
gold and 18 per cent of those in the other group.
Gold therapy commenced within 6 months of the
onset of illness resulted in complete remission in
nearly 80 per cent of the patients but when it was
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not started until the second 6 months such favorable response was observed in less than 50 per
cent of the patients.
Dose. — The usual dose of aurothioglucose in
rheumatoid arthritis is 50 mg. (about % grain)
weekly, injected intramuscularly, until a total
dose of 1 Gm. has been given. Preferably, a dose
of 10 mg. is given the first week, followed by 25
mg. the second and third weeks; if no untoward
effects appear, the full dose of 50 mg. may then
be given, with careful observation of the patient
(as described under Gold Sodium Thiomalate) .
After the total of 1 Gm. (rarely 1.5 Gm.) has
been given, maintenance doses of 50 mg. every
2 to 4 weeks may be continued if needed and
tolerated. Much smaller doses are employed
initially in the often hypersensitive cases of nondisseminated lupus erythematosus, viz., 0.1, 0.5,
1, 2.5, 5 and 10 mg. at intervals of 2 to 3 days,
and then 25 mg. and eventually 50 mg. weekly.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
AUROTHIOGLUCOSE
N.F.

INJECTION.

Gold Thioglucose Injection

"Aurothioglucose Injection is a sterile suspension of aurothioglucose, with or without a suitable thickening agent, in a suitable fixed oil for
injection, and yields an amount of aurothioglucose
equal to not less than 90 per cent and not more
than 110 per cent of the labeled amount of
CeHiiAuOsS." N.F.
Suspension Solganal in Oil (Schering).

Assay. — A volume of injection equivalent to
about 200 mg. of aurothioglucose is treated with
acetone to dissolve the oil while leaving the aurothioglucose and any thickening agent, such as
aluminum stearate, as an insoluble residue. The
insoluble material is separated by filtration, dried
at 65°, and weighed. This is treated with water to
dissolve the aurothioglucose, leaving the aluminum
stearate as an insoluble residue, which is weighed
after drying at 105°. The difference in the two
weights represents the aurothioglucose. N.F.
Storage. — Preserve "in either single-dose or
multiple-dose hermetic, light-resistant containers,
or in other suitable containers." N.F.
Usual Sizes.— 10, 25, 50, and 100 mg. (approximately V%,H, 2A, and I1/* grains) in 1 ml.
BACILLUS CALMETTE-GUERIN
VACCINE.
B.P.
B.C.G. Vaccine

The B.P. defines this vaccine as a suspension of
living cells of an authentic strain of the bacillus
of Calmette and Guerin, the strain being maintained so as to preserve its power of sensitizing
man to tuberculin and its relative non-pathogenicity to man and laboratory animals. The B.P.
vaccine, which is a liquid and deteriorates rapidly,
cannot be used more than 14 days after the completion of its manufacture.
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Historical. — Attenuation of a highly virulent
bovine strain of tubercle bacillus, isolated from
the udder of a tuberculous cow in 1902, was
achieved by Calmette and Guerin by transplanting
cultures of the organism at 15-day intervals on
potato medium impregnated with beef bile and
glycerin. After 13 years and 230 transplantations,
a culture of the organism no longer produced
progressive tuberculosis in susceptible animals.
Despite the loss of virulence, the culture retained
its original cultural and antigenic characteristics,
including the ability to produce potent tuberculin.
This attenuated culture was designated BCG
(Bacillus Calmette and Guerin); all strains used
for the production of the vaccine are traceable to
this original culture, developed in the Pasteur
Institute, in Paris, France. The avirulent phase of
the culture was found to produce nodular lesions
in animals, with no evidence of progression; it
was also discovered that these tuberculin-positive
animals, when infected with virulent tubercle
bacilli, resisted to a great extent a progressive infection (Calmette, Guerin et al., La vaccination
preventive contre la tuber culose par le BCG,
1927, Masson & Cie. Paris).
Preparation. — The culture used for production of BCG vaccine must be directly traceable
to the Pasteur Institute of Paris. All work must
be done in completely isolated laboratories, reserved for this purpose, by personnel in no way
associated with pathogenic bacteria. The technical
staff must be free of tuberculosis and undergo
roentgenological examination every 3 to 6 months.
To prepare the vaccine the BCG culture is grown
on protein-free Sauton medium containing asparagin, glycerin, citric acid, dipotassium phosphate,
magnesium sulfate, ferric ammonium citrate and
water. The culture is grown at 37.5° C. for 7
days, after which the bacillary film is collected,
drained of excess medium and weighed. A weighed
amount of this mass is then suspended in buffered phosphate solution, at pH 7.2, to produce a
concentration of 0.5 to 1.5 mg. per ml. if intended
for intracutaneous use, or 15 to 20 mg. per ml.
if intended for multiple puncture or scarification
use. BCG vaccine may be either a freshly prepared suspension of the organisms or it may be
a dried culture (prepared from the frozen state)
in which case it is suspended just prior to use.
The volume recommended for restoration of a
dried vaccine is determined on the basis of the
use of the vaccine as indicated above.
Tests. — The time required to complete the
testing of BCG vaccine is longer than the period
(14 days) during which the liquid vaccine may
be used, for which reason the vaccine must be
used before the tests have been completed. Nevertheless, these tests must be made in order to
complete the production protocol. Potency is determined byobservation of the formation of indurations or nodules in normal guinea pigs following injection of 0.1, 0.01, 0.001, and 0.0001
mg. of BCG vaccine. At the end of 2 to 3 weeks,
the first two doses should produce definite nonsuppurating lesions, the third dose should produce
slight nodules, and the fourth dose should form
no nodules. The vaccine may also be tested by
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the development of sensitivity, in guinea pigs, to
tuberculin, following multiple puncture. In addition, each lot must be tested in tuberculin-negative
persons. Further, each lot must be tested for
viable organisms (20,000,000 colonies per mg. of
growth), safety, and for sterility. A liquid vaccine
may be released after 24 hours on sterility test
if no growth other than of the bacillus of Calmette and Guerin occurs.
Uses. — Bacillus Calmette-Guerin vaccine is
used to produce active immunization against tuberculosis, especially in persons likely to be
exposed to infection and in children.
Increased resistance to infection was first observed by Marfan (Arch. gen. mid., 1886, 17,
423), who noted that pulmonary tuberculosis occurred infrequently in persons who had evidence
of healed cervical adenitis, and also by Trean
(J.A.M.A., 1888, 10, 224), who noticed that
Sioux Indians of Dakota with scrofulous sores
and large glands did not as a rule have phthisis
pulmonalis.
The first human application of BCG vaccine
was instigated by Weill-Halle in Paris {Bull. soc.
med., 1925, 49, 1589). Since then it has been estimated that approximately 50 million persons of
various ages, living in different parts of the world,
have received the vaccine.
Reluctance to accept BCG vaccination in the
United States can be attributed largely to the
tragedy in Liibeck, Germany, in which 77 of 271
infants vaccinated died of progressive tuberculosis. It was later proven by the Robert Koch
Institute of Berlin that the vaccine used was a
mixture of BCG and a virulent strain of tubercle
bacilli which was kept in the same incubator as
the BCG. For this malpractice, those responsible
were imprisoned. It can be stated unequivocally
that up to the present time there has been no
evidence that BCG vaccine has produced progressive tuberculosis in man or animals.
Calmette and his associates originally encouraged mass immunization of newborn infants by
the oral route. Wallgren (J. A.M. A., 1928, 91,
1876) subsequently demonstrated the superiority
of the intracutaneous route over the oral route.
Rosenthal et al. (J.A.M.A., 1948, 136, 73) and
Birkhaug (Acta med. Scandinav., 1944, 117, 274)
advocated the multiple puncture method, while
in some countries the scarification method is
used.
Despite the extensive use of BCG vaccine there
is a diversity of opinion regarding its value. This
is largely due to a lack of adequately controlled
investigations and to the difficulty of dissociating
the specific protective role of BCG vaccine from
an almost universal spontaneous decrease in the
morbidity and mortality from tuberculosis, antedating the use of the vaccine (Aronson and Aronson, J. A.M. A., 1952, 149, 334). In order to appraise as objectively as possible the specific
values of BCG vaccine in the control of tuberculosis, ajoint investigation was undertaken by the
Henry Phipps Institute of the University of
Pennsylvania, and the Branch of Health, Bureau
of Indian Affairs, Department of the Interior, in
December 1935. The Indian population of eight
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different tribes, in five different geographical areas
of the United States and Alaska, were used in
the study. The Indian population was chosen because of the ease of observing the Indians over
a long period of time, their relatively low economic and housing conditions, and the high morbidity and mortality from tuberculosis in this
group. Fifteen years after initiation of the study,
12 of 1551 vaccinated persons and 65 of the 1457
controls had died of tuberculosis, corresponding
to rates of 0.56 and 3.32 per thousand persons
per year, respectively (Aronson and Aronson, loc.
cit.). The data observed in this study support the
concept that hypersensitivity (tuberculin-positive
reaction) developing after use of BCG vaccine is
closely correlated with resistance to reinfection.
Rosenthal et al. (J.A.M.A., 1948, 136, 73) concluded that the vaccine was effective in preventing tuberculosis. Use of freeze-dried vaccine by
the multiple puncture method of application to
the skin is advocated (Rosenthal, ibid., 1955,
157, 801).
BCG vaccine is not recommended for those
who present evidence of tuberculous infections as
indicated by a positive tuberculin reaction. It is
recommended for those tuberculin-negative persons whose professional duties may expose them
to tuberculous patients or to material that may
contain virulent tubercle bacilli and for tuberculinnegative persons who may be exposed to infection
in their household. It is also recommended for
population groups, including newborn children,
where the morbidity and mortality from tuberculosis are high, and conditions favor the spread of
the disease.
Dose. — The dose recommended is 0.1 ml. intracutaneously, of a suspension containing 0.5 to 1.5
mg. per ml. For the multiple puncture method, the
suspension used contains 15 to 20 mg. per ml. of
growth. One drop is spread over an area 1.5 by
2.5 cm. Thirty cutaneous punctures are made in
this area.
Regulations. — BCG vaccine is manufactured
under minimum requirements of the National
Institutes of Health, U. S. Department of Health,
Welfare and Education. The vaccine is not commercially available, the entire supply being produced in state and institutional laboratories.
Storage. — Liquid BCG vaccine has an expiration date of 10 days after the date of harvesting,
if kept constantly at 2° to 5° C. Dried BCG vaccine has a dating of 6 months, if kept constantly
at not over 5° C.

BACITRACIN.

U.S.P.

"Bacitracin is an antibacterial substance produced by the growth of a Gram-positive, sporeforming organism belonging to the Bacillus
licheniformis group (Fam. Subtilis). It has a
potency of not less than 40 U.S.P. Units per mg.,
except that when intended for parenteral use its
potency is not less than 50 Units per mg. and
when intended for the manufacture of ointments,
tablets and troches, it may have a potency of not
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less than 30 Units per mg. Bacitracin conforms to
the regulations of the federal Food and Drug
Administration concerning certification of antibiotic drugs. Bacitracin not intended for parenteral use is exempt from the requirements of the
tests for Pyrogen and Sterility." U.S.P.
History. — Bacitracin is an antibiotic polypeptide or complex of polypeptides elaborated in
suitable culture media by the Tracy I strain of a
bacillus which many authorities consider to be a
strain of Bacillus licheniformis and others classify
as a variant of Bacillus subtilis. The organism
was isolated in 1945 during a study of bacterial
contaminants in civilian wounds. Johnson et al.
(Science, 1945, 102, 376) observed that broth
cultures of debrided tissues from a wound on a
child, Margaret Tracy, uniformly yielded a grampositive spore-former, whereas several additional
organisms appeared on plates prepared from the
same tissue. This suggested that the sporulating
species produced a substance which, in broth
where diffusion is not so important as on agar
plates, prevented growth of other wound contaminants. Thus, a new antibiotic was discovered.
It was named bacitracin to commemorate the
name of the patient (Tracy), and to indicate the
genus of organism (Bacillus).
Production. — At first produced only in surface cultures, bacitracin now is obtained by submerged fermentation. The yield of the antibiotic
is dependent on the composition of the nutrient
medium, and is greatest when the ratio of carbon
to nitrogn is about 15. Industrially, soybean meal
(or peanut granules), starch, calcium lactate, and
calcium carbonate are used as sources of essential
elements.
Recovery of the antibiotic from the fermented
broth is accomplished by countercurrent centrifugal extraction with n-butyl alcohol and removal
of the alcohol by distillation at reduced pressure,
whereupon the residual aqueous concentrate is
treated with charcoal and the slurry so formed is
filtered. Bacitracin is in the clear filtrate.
Description. — "Bacitracin is a white to pale
buff powder, and is odorless or has a slight odor.
It is hygroscopic. Its solutions rapidly deteriorate
at room temperature. Bacitracin is precipitated
from its solutions and is inactivated by salts of
many of the heavy metals. Bacitracin is freely
soluble in water. It is soluble in alcohol, in
methanol, and in glacial acetic acid, the solution
in the organic solvents usually showing some insoluble residue. It is insoluble in acetone, in
chloroform and in ether." U.S.P.
Constitution. — The polypeptide character of
bacitracin soon became apparent when chemical
studies were initiated. Later it became clear that
the product present in crude fermented broth is
a complex of at least three polypeptides; these
have been called bacitracins A, B, and C. Subsequent investigation revealed the presence of a
fourth component, bacitracin F, which is relatively inactive, if not inert, antibacterially and
which Codington (Antibiotics Annual, 1954-1955,
p. 1118) has suggested is a transformation product
of the antibacterially active bacitracin A and may
bear the following relation to it :

132

C4H9-

Bacitracin

H
-C—
I
NH,

Part

H
S — CH
/
C
\
-N —
H

N— HC-

Peptide

— 2H
Bacitracin A

-CH

C4H9 —

HN
/
H2
CI — CV
N — C — C— N

Peptide

Bacitracin F
H

&
Newton et al. {Brit. J. Pharmacol.
Chemother.,
1951, 6, 417) showed that crude bacitracin and
ayfivin (produced by Bacillus licheniformis) are
identical. Among the amino acid components of
bacitracin are phenylalanine, leucine, isoleucine,
glutamic acid, aspartic acid, lysine, histidine,
cysteine; ammonia has also been obtained (see
Craig et al, J. Biol. Chem., 1952, 199, 259; Newton and Abraham, Biochem. J., 1953, 53, 597).
The molecular weight is 2700 if the compound is
a monomer; 5400 if it is a dimer.
Stability. — Bacitracin is stable at room temperature (25°) when dry, i.e., when the content
of moisture is less than 1 per cent; at 37° there
is no loss of potency in 15 months, but at 56°
and above it loses its potency rapidly. Aqueous
solutions adjusted to a pH between 5 and 7 lose
about 10 per cent of their initial antibacterial
activity in from 2 to 3 months when refrigerated
(4°) but deteriorate rapidly at room temperature.
Bacitracin is destroyed by oxidizing agents and.
therefore, should not be formulated with them. It
is precipitated by the heavy metals and their salts;
it is claimed that if the metals are low in the
electromotive series, precipitation is accompanied
by inactivation, but that when the metals are high
in the electromotive series inactivation does not
result (Baker, Drug Cosmet. Ind., 1954, 75, 764).
Bacitracin in solution is incompatible also with
some organic acids such as tannic acid, benzoic
acid, and salicylic acid; also with high concentrations of sodium chloride.
Some of the insoluble salts of bacitracin, e.g.,
zinc bacitracin and bacitracin methylenedisalicylate, are more stable, when dry, than bacitracin and
lack the bitterness of the natural antibiotic : being
more palatable, these preparations would seem to
have distinct pharmaceutical advantages. However, more work is necessary for their complete
clinical evaluation.
Standards and Tests. — Identification. — A
bluish green to dark green color is produced on
adding 1 drop of a 1 in 100 solution of sodium
nitrite to a mixture of 5 mg. of bacitracin and
5 ml. of />-dimethylaminobenzaldehyde T.S. Loss
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on drying. — Not more than 5 per cent, when dried
in vacuum at 60° for 3 hours. pH .— The pH of
a solution containing 10,000 Units of bacitracin
per ml. is between 5.5 and 7.5. Pyrogen. — Bacitracin, used in a test dose of 1 ml. per Kg. of a
solution containing 300 units per ml., meets the
requirements of the test. Safety. — Bacitracin, used
in a test dose of 0.5 ml. of a solution in saline
T.S. containing 200 units per ml., given intramuscularly, meets the requirements of the test.
Sterility. — Bacitracin is required to be free of
bacteria, molds and yeasts. Content variation. —
The content of bacitracin in containers intended
for use with water vehicles for parenteral administration isnot less than 85 per cent of the labeled
unitage. U.S. P.
Assay. — Bacitracin is assayed by the official
microbial assay. U.S.P. For important contributions on the assay of bacitracin see Johnson et al.
(Science, 1945, 102, 376); Darker et al. (J. A.
Ph. A., 1948, 37, 156; Pinzelik et al., Appl.
Microbiol., 1953. 1, 293).
Unit. — The U.S.P. Unit of Bacitracin is defined as the bacitracin activity exhibited by 23.8
micrograms of the dried master standard of the
federal Food and Drug Administration.
Uses. — When bacitracin first became available
from submerged fermentation it was a relatively
crude drug that caused a variety of untoward
effects when injected. Most important of these
was renal damage with tubular necrosis followed
by various sequelae. Therefore, use of the antibiotic generally was limited to topical application
or, for intestinal amebiasis, to the oral route. The
latter treatment can be used safely because
bacitracin is not absorbed from the gastrointestinal tract.
Following intramuscular injection of bacitracin,
however, the drug is absorbed and relatively large
amounts occur in the blood and are excreted in
the urine at a rate corresponding to the rate of
glomerular filtration (Eagle et al., J. Clin. Inv.,
1947. 26, 919). In humans, blood levels may
reach 2 to 4 micrograms per ml. 1 to 2 hours after
a single injection of 1.5 mg. of bacitracin having
an activity of 0.03 unit per microgram. Concentrations inthe blood remain above 0.5 microgram
for 5 to 6 hours (Eagle et al., loc. cit.). Therefore, since antibacterially effective blood levels
can be attained and since bacitracin often is active
against gram-positive organisms resistant to penicillin, efforts were made almost from the start to
render the drug suitable for parenteral use by
removing the nephrotoxic factors.
Meleney (/. Michigan Med. Soc, 1949, 48,
1154) reported that 87 per cent of a series of
more than 200 patients with localized surgical
infections responded favorably to injection of
bacitracin solutions and he and others recommended parenteral administration on the basis of
results with 270 patients (Surg. Gyn. Obst., 1949,
89, 657). Seven of the patients in the series received the drug prophylactically. The others were
treated for acute osteomyelitis, carbuncles, gangrene, infected wounds, staphylococcal meningitis,
etc. Ninety-six of the patients had had prior unsuccessful treatment with one or more antibiotics;
of this group 23 had "excellent response" and 32
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cent. Of 119 patients without previous treatment,
78.1 per cent responded favorably to bacitracin.
In accord with the earlier study by Meleney, the
drug was found to be especially useful in cellulitis
or deeper surgical infections when incision was
unwise and cultures were not obtainable. Of the
cultures reported by this group 122 strains were
susceptible both to penicillin and to bacitracin,
104 resisted penicillin but were sensitive to bacitracin; only 11 were resistant to bacitracin while
being sensitive to penicillin. Bacitracin was as
effective in mixed infections, due to different
species of gram-positive organisms, as in infections due to a single species, rendering it especially efficacious in chronic conditions in which
the organisms had become penicillin-resistant.
Despite several successful parenteral trials,
many clinicians considered the risk of nephrotoxicity to outweigh the benefits to be gained
from parenteral use of bacitracin (especially since
other effective antibiotics were available), and as
recently as 1953 the N.N.R. stressed that "it
[bacitracin] must never be administered intramuscularly orintravenously."
As methods of purification have been improved,
however, some of the nephrotoxic constituents
have been eliminated and reports of successful
parenteral applications of the drug with no untoward effects are becoming more common, especially when fluid intake is increased to at least
2^2 liters per day. Intramuscular injection of
bacitracin (10,000 to 20,000 units every six hours
until fever subsides) may afford satisfactory treatment for infections caused by strains of grampositive organisms or of meningococci refractory
to penicillin (Teng, Arch. Neurol. Psychiat., 1950,
64, 861; Meleney et al, Surg. Gyn. Obst., 1952,
94, 401). The usual intramuscular dose is 10,000
to 20,000 units every 6 to 8 hours until fever
subsides. Since approximately two-thirds of patients with pneumococcal pneumonia respond to
bacitracin, it is useful if the clinical course is not
affected by penicillin. The drug enters the pleural
fluid readily. More recently Meleney and Johnson
{Antibiotics Annual, 1953-1954, p. 251) reported
on an additional 60 cases, half of whom were
given parenteral bacitracin prophylactically and
half for established infections. Bacitracin from
four different producers was used. A wide variety
of clinical entities, mostly surgical, was included.
Some cases were treated for periods up to 98 days
with only slight evidence of nephrotoxicity. Cases
showing kidney injury before treatment showed
no greater damage during treatment than did
those with normal kidney function, suggesting
that changes induced by bacitracin are not the
same as those occurring as the result of disease
or the degenerative changes of old age. In 75 per
cent of the patients there were slight signs of
nephrotoxicity; in only 2 of the 60 patients was
the toxicity disturbing.
Bacitracin may be administered intrathecally,
intracranially, or by subarachnoid injection for
meningococcal or pneumococcal meningitis two
to three times daily for periods up to two weeks
without causing any renal disturbance (Teng,
1950, loc. cit.). However, single intraspinal doses
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should not exceed 1000 units in children under
2 years of age or 10,000 units in adults.
Teng et al. {Surgery, 1953, 33, 321) reported
on bacitracin treatment of 61 patients with intracranial and cranial suppuration. The drug was
applied locally by dusting on exposed brain tissue during surgery and also was injected intrathecally, intracerebrally, or intraventricularly.
Whether or not supportive intramuscular injection was used, the drug was uniformly successful
and there were no untoward effects. The authors
concluded that bacitracin is the antibiotic of
choice for neurologic infections. The same authors
later compared bacitracin with penicillin, streptomycin, polymyxin B, and neomycin {Antibiotics
Annual, 1953-1954, p. 249). Bacitracin was the
least irritating and least toxic to components of
the central nervous system.
Topical Applications. — Despite the numerous
reports of successful systemic use of bacitracin,
its major therapeutic application is still in topical
or local medication as an adjunct to therapy with
other antibiotics. Eggers {Am. J. Ophth., 1951,
34, 1706) treated more than 400 cases of ocular
infections (conjunctivitis, blepharitis, dacryocystitis, corneal ulceration, etc.) with bacitracin
ophthalmic solution (1000 units per ml.) by instilling afew drops into the eye every l/i to 1
hour during the day. Patients generally were sufficiently improved after treatment for 2 days to return to work. The drug was used prophylactically
with equal success following ocular surgery.
In dermatology, ointments containing 500 units
of bacitracin per Gm. of suitable base are extremely efficacious in eradicating many pyogenic
skin infections (Miller et al., Arch. Dermat.
Syph., 1949, 60, 106). Bacitracin is considered
especially useful in dermatology because of the
low incidence of local reactions to it and the relatively high incidence of sensitization following
local application of penicillin or of sulfonamides
to the skin. Derzavis {J.A.M.A., 1949, 141, 191)
patch-tested 150 adults with a bacitracin ointment
for 48 hours; all were negative. A second application in the same areas in 50 of the subjects two
weeks later revealed no allergenicity.
Only a small fraction of bacitracin is released
from grease bases, but practically all is available
from water-miscible bases. Bacitracin is readily
released from a base with the following composition and remains stable in it for at least two
weeks: cetyl alcohol, 10 Gm. ; glycerin, 10 Gm.;
sodium lauryl sulfate, 1 Gm.; distilled water,
74 ml.
Conditions treated successfully with bacitracin
formulated in the above ointment (Miller et al.,
loc. cit.) included impetigo (18 patients), folliculitis (16 patients), infectious eczematoid dermatitis (13 patients), vesiculopustular eruption
(10 patients) and ecthyma (5 patients). Derzavis
et al. reported similar satisfactory results in
138 patients with pyoderma of various origins
{J.A.M.A., 1949, 141, 191). Practical use of
bacitracin ointments in many types of skin infections has been reviewed by Finnerty {New
Eng. J. Med., 1951, 245, 14) and by Wrong et al.
{Can. Med. Assoc. J., 1951, 64, 395).
In experimental dermatologic studies, mixtures
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of bacitracin with streptomycin and polymyxin
have proved useful in prophylaxis of skin infections with common bacteria and in the treatment
of chronic tropical ulcers due to bacteria and
treponemas (Loughlin et al., Antibiotics Annual,
1953-1954, p. 291). A lotion containing 500 units
of bacitracin and 10,000 units of polymyxin B
sulfate in each ml. has proved effective in superficial skin infections caused by or secondarily invaded by staphylococci or streptococci and in
sterilizing leg ulcers and in making possible surgical closure of the ulcers (Philip, Antibiot.
Chemother., 1954, 4, 763). A suitable lotion can
be formulated with Carbowax, Veegum, sorbitol,
and lecithin. Such a bacitracin-polymyxin lotion
cannot be considered a dermatologic cure-all; but
it is highly efficacious in exudative skin diseases
where the lesions are invaded by pus-producing
bacteria and where there are avenues permitting
exudates to reach the surface of the skin and the
lotion to penetrate beneath the surface.
Formulated with vasoconstrictors or with other
antibiotics, or alone, bacitracin may be administered as an aerosol or in nasal drops for treating
susceptible bacterial sino-respiratory infections.
Prigal and Furman (Am. Coll. Allergists Meet.,
1949) found among 100 patients with infections
of sinuses and respirator}' tract that 13 of 17
cases treated with bacitracin aerosol were markedly improved and that similar results were
achieved with 12 of the remaining 83 patients
treated with bacitracin-penicillin aerosol.
A paste containing penicillin, streptomycin,
and bacitracin was used by Grossman (/. A.
Dent. A., 1951, 43, 265) to sterilize root canals
in pulpless teeth. Bacitracin-polymyxin mixtures
gave excellent results in a series of 89 cases of
otitis externa reported bv Graves {Eye, Ear, Nose
& Throat Monthly, 1952, 31, 32).
Vaginal suppositories containing bacitracin provide effective prophylaxis against contamination
by gram-positive organisms in hysterectomies
(Turner et al., Am. J. Surg., 1951, 82, 498).
Toxicology. — Bacitracin is virtually nontoxic
when administered locally as an ointment, solution, or aerosol or when injected intrathecally,
intra cranially, or intracerebrally. Intramuscular
injection, however, may be followed by the symptoms of nephrotoxicity mentioned above. Other
toxic effects from systemic administration occur
with varying frequency; these include local pain,
anorexia and nausea, urinary frequency, and
nocturia. Generally, the kidney damage from
bacitracin is completely reversible, but prudence
indicates withdrawal of the drug when symptoms
of toxicity begin to appear.
Bacitracins A and F have about the same
nephrotoxicity on a weight basis. But, as Codington (loc. cit.) has pointed out, "since F has no
potency against the test organism, an equal number of units of material containing a large proportion of F would . . . produce a greater toxic effect
than material containing a small amount of F."
Differences in proportions of bacitracins A and F
probably account in part for the varying potency
of different fermentation batches of bacitracin.
Summary. — Bacitracin is a water-soluble polypeptide antibiotic that is elaborated by the Tracy I
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strain of Bacillus licheniformis (or subtilis). The
drug is stable when dry but deteriorates when in
solution. Its antimicrobial activity is not affected
by serum, pus, or tissue debris.
Bacitracin closely resembles penicillin in the
range of its antimicrobial spectrum; it is active
against most cocci, whether aerobic or anaerobic;
against gram-positive rods; and several spirochetes. Itis not effective, in clinically practicable
doses, against gram-negative organisms but it is
Rot destroyed by them, as penicillin sometimes is,
and therefore can be used therapeutically for control of gram-positive pathogens in certain mixed
infections in which penicillin would be ineffective.
Among gram-positive organisms and cocci, fewer
strains are resistant to bacitracin than to penicillin, possibly because the former antibiotic has
not been so badly abused by indiscriminate use.
Bacitracin has been used topically or locally
with eminent success in pyogenic skin infections,
ocular infections, sterilization of root canals in
pulpless teeth, and in treating oral lesions, especially those due to spirochetes.
In surgery, bacitracin has been used prophylactically and therapeutically to control both systemic and local infection, and in neurosurgery it
may prove to be the antibiotic of choice. It can
be applied directly to brain tissue without producing untoward effects. Intrathecal, intracranial,
and intracerebral injections are effective in controlling meningococcal infections.
Intramuscular and intravenous injections of
solutions of bacitracin in saline or water are becoming safer as improved purification procedures
remove more of the nephrotoxic constituents.
However, it appears that not all the nephrotoxicity can be ascribed to impurities; some of
the constituents of bacitracin itself are damaging
to the tubules. Consequently, parenteral administration should be attempted only in a hospital
where there are proper facilities and then only
by personnel competent to recognize proteinuria
and other early symptoms of toxicity. Daily
urinalysis and frequent blood urea-nitrogen determinations should be made. If fluid intake is
raised to at least 2500 ml. daily in adults (proportionately inchildren) there is little risk of
nephrotoxicity. H
Dosage. — For external use the official ointment, containing 500 units of bacitracin per Gm.,
is applied topically as required one or more times
daily; the concentration range in ointments is 250
to 1000 units per Gm. Solutions containing 250
to 1000 units per ml. have also been used
externally.
When administered orally, in treating intestinal
amebiasis, 20,000 to 30,000 units is given every
6 hours, after meals and at bedtime.
For intramuscular administration, in certain
circumstances (v.s.), a reasonable average daily
dose for an adult is 50,000 units given in equal
divided doses six to eight hours apart until fever
subsides. The safe range for a single dose is
10,000 to 20,000 units. The higher dose may be
increased slightly, but the total daily dose should
not exceed 100,000 units. For children the dose
should be reduced in proportion to weight. Usually a safe basis for calculation of doses for chil-
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dren or adults is 100 to 200 units per Kg. per
single dose. Meleney and Johnson (1953, loc.
cit.) recommended that (1) the concentration of
bacitracin in the injection should never exceed
10,000 units per ml. of sterile isotonic sodium
chloride solution for injection containing 1.5 per
cent monocaine hydrochloride or 2 per cent procaine hydrochloride, (2) the total daily dose for
adults should never exceed 100,000 units nor
should a single dose exceed 25,000 units (proportionately less for children), (3) fluids should
be forced to at least 2500 ml. daily for adults,
and (4) intake and urinary output should be
measured accurately every day. The daily output
should be about 1 liter; if it falls below 600 ml.
on a 2500 ml. intake, the drug should be discontinued except in rare cases.
For intrathecal, intracisternal, etc., injection
a concentration of 1000 units per ml. of sterile
isotonic sodium chloride solution for injection is
used in a total daily dose of 10,000 units for a
patient over 15 years of age; for infants and
young children, the total daily dose varies from
250 to 5000 units according to size, site of injection and severity of the infection. Procaine
should not be used in this area.
For intraperitoneal injection in the prophylaxis
or treatment of peritonitis, 20,000 units in 20 ml.
of sterile isotonic sodium chloride solution for injection isinstilled or sprayed over the operative
site.
Storage. — Preserve "in tight containers, and
keep in a cool place." U.S.P.
BACITRACIN OINTMENT.
U.S.P.
"Bacitracin Ointment is bacitracin in an anhydrous petrolatum base. Its potency is not less
than 85 per cent of the labeled potency. The
labeled potency is not less than 500 U.S.P. Units
per Gm. Bacitracin Ointment conforms to the
regulations of the federal Food and Drug Administration concerning certification of antibiotic
drugs.'; U.S.P.
Bacitracin ointment may be prepared by levigating 500,000 U.S.P. Units of bacitracin with
65 Gm. of liquid petrolatum, and then incorporating the mixture with 925 Gm. of white petrolatum. If a firmer preparation is desired up to
40 Gm. of liquid petrolatum may be replaced by
an equal amount of white petrolatum. U.S.P.
Bacitracin ointment contains not more than 1
per cent of water, when determined by the Karl
Fischer method.
For uses of this ointment see the preceding
monograph.
Storage. — Preserve "in collapsible tubes, preferably in a cool place." U.S.P.
ADHESIVE

ABSORBENT
U.S.P.

BANDAGE.

Adhesive Absorbent Compress, Adhesive Absorbent
Gauze, Adhesive Bandage,
Adhaesiva][Carbasus Absorbens
Sp. Gasa Absorbente Adhesiva.

Description. — "Adhesive Absorbent Bandage
is a sterile individual dressing prepared by affixing
a plain absorbent compress to a strip of film or
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fabric coated with a pressure-sensitive adhesive
composition. One or more colors or bacteriostatic
agents or both, if nontoxic and harmless in the
concentration employed, may be added to the
compress. The weight of the compress is not less
than that of a compress of the same area composed of four layers of Type I Absorbent Gauze.
The compress is substantially free from loose
threads or ravelings. The adhesive strip may be
perforated over the compress, and the back may
be coated with a water-repellent film. The adhesive surface is protected by overlapping strips
of crinoline or other protective material of a
width not less than that of the dressing. Sterility.
— Adhesive Absorbent Bandage meets the requirements of the Sterility Tests for Solids."
U.S.P.
Adhesive absorbent bandage is the official title
for the convenient dressings available on the
market under various trade-marked names, such
as band-aids and quick-aids. Such bandages, which
sometimes contain bacteriostatic agents, are useful for dressing minor wounds.
Storage and Labeling. — "Each Adhesive
Absorbent Bandage not exceeding 15 cm. (6
inches) in width is packaged individually in such
manner that sterility is maintained until the individual package is opened. One or more individual packages are packed in a second protective
container. The label of the second protective container bears a statement that the sterility of the
Adhesive Absorbent Bandage cannot be guaranteed if the individual package has been damaged
or previously opened. If the compress is colored
with a dye which is not claimed to be a bacteriostatic agent, the label shall bear a statement that
the compress is colored, but the coloring agent
does not render the Bandage antiseptic. If the
compress contains one or more bacteriostatic
agents, the label shall bear the name of each such
agent. Each container indicates the name of the
manufacturer, packer or distributor, and each
protective container indicates also the address
of the manufacturer, packer or distributor." U.S.P.
BARBITAL.

N.F. (B.P.), LP.

Diethylbarbituric Acid, BarSitone, Diethylmalonylurea,
[Barbitalum]

The B.P. defines Barbitone as 5:5-diethylbarbituric acid and indicates that it may be obtained
by condensing ethyl diethylmalonate with urea.
B.P. Barbitone;
Barbitonum.
(W'inthrop) .
Acidum
diaethylbarbituricum.
Fr. Veronal
Diethylmalonyluree.
Ger. Diathylbarbitursaure ; Diathylmalonylharnstoff. It.
Acido dietilbarbiturico. Sp. Acido dietilbarbiturico;
Barbital.

Barbital, prepared by Conrad and Guthzeit in
1882 but not used in medicine until 1904, was the
first of the now extensive series of synthetic
hypnotic drugs derived from barbituric acid (so
named by Baeyer, in 1863, in honor of a friend,
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Fraulein Barbara). It is that derivative of barbituric acid or malonylurea (for structural formula and discussion see under Barbiturates, Part
II) in which the two hydrogen atoms attached to
the carbon atom in number five position have
been replaced by two ethyl radicals. Most barbiturates differ chemically only in the nature of
the substituent groups attached to this particular
carbon atom.
Conrad and Guthzeit prepared barbital by the
action of ethyl iodide on the silver derivative of
barbituric acid. Commercially it is made by the
condensation of diethylmalonic ester with urea in
the presence of sodium ethoxide or metallic sodium. The ester may be prepared from monochloroacetic acid by intermediate conversion to
cyanoacetic acid and ethyl malonate, the latter
ultimately yielding diethylmalonic ester. Many
alternative methods of manufacturing barbital
have been proposed and used.
Because of enol formation, in which the
— NH.CO.NH — group of barbital functions as
— N:COH.NH — , it is possible to replace the
hydrogen of the hydroxyl group by sodium
through interaction with sodium hydroxide, forming the official barbital sodium. Other bases function similarly.
Description. — "Barbital occurs as colorless or
white crystals, or as a white, crystalline powder.
It is odorless, has a slightly bitter taste, and is
stable in air. Its solutions are acid to litmus paper.
One Gm. of Barbital dissolves in 130 ml. of water,
in about 15 ml. of alcohol, in 75 ml. of chloroform, and in 35 ml. of ether. One Gm. dissolves
in about 13 ml. of boiling water. It is soluble in
acetone and in ethvl acetate. Barbital melts between 188° and 192°." N.F. The B.P. states that
barbital is soluble in aqueous solutions of alkali
hydroxides and of alkali carbonates.
Standards and Tests. — Identification. — (1)
Ammonia is evolved on boiling 200 mg. of barbital with 10 ml. of sodium hydroxide T.S. (2)
About 300 mg. of barbital is shaken with 1 ml.
of 1 N sodium hydroxide and 5 ml. of water for
2 minutes and the mixture filtered. On adding
mercuric nitrate T.S. to one-half of the filtrate
a white precipitate, soluble in ammonia T.S., is
produced; on adding silver nitrate T.S. dropwise
to the remainder of the filtrate a white precipitate, at first redissolving, is produced with an
excess of the precipitant. Loss on drying. — Not
over 1 per cent, when dried at 105° for 2 hours.
Residue on ignition. — Not over 0.1 per cent.
Readily carbonizable substances. — A solution of
500 mg. of barbital in 5 ml. of sulfuric acid has
no more color than matching fluid A. Benzene
derivatives. — No yellow color develops on shaking
500 mg. of barbital with 5 ml. of nitric acid. U.S.P.
The B.P. includes a test for the limit of neutral
and basic substances; this consists in dissolving
1 gram of barbitone in a slight excess of sodium
hydroxide solution, extracting with ether and.
after evaporating the solvent, weighing the residue— which should be not more than 2 mg. The
LP. has a similar test but the limit is half that
of the B.P.
Incompatibilities. — Barbital is unstable in
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the presence of alkali, undergoing hydrolytic
cleavage of the molecule to form therapeutically
inactive products (see also Incompatibilities under
Barbital Sodium) .
Uses. — Action. — Barbital is a hypnotic. It depresses the intellectual function and produces
sleep. After small doses this effect merges into
normal sleep, according to the encephalographic
studies of Brazier and Finesinger (Arch. Neurol.
Psychiat., 1945, 53, 51). The respirations may be
somewhat slowed and the blood pressure reduced
slightly. At this stage there is very little, if any,
reduction in pain perception (Hale and Grabfield,
/. Pharmacol., 1923, 21, 77) and, therefore, barbital does not replace the analgesics though it may
enhance their effect. Gardner (Pennsylvania M. J.,
1944, 47, 451) cautioned against substitution of
barbiturates for opiates for relief of pain. Indeed,
its utility is much diminished unless attending
pain is attended by an analgesic agent. Following
sleep induced by barbital the patient awakens in
a normal condition, though a sense of heaviness
may persist for an hour or two.
With large doses the sleep may pass into complete coma resembling surgical anesthesia, and
there occur a variety of functional changes which
van.' with dosage and individual susceptibility.
Respiration is steadily depressed. The effect on
general metabolism is not much greater than
would be expected from the pronounced muscular
relaxation. Gruber (/. Pharmacol., 1936, 56, 432)
demonstrated that barbital and many of its derivatives directly depress intestinal musculature.
Porter and Allamon (/. Pharmacol., 1936, 58,
178) found that it lowers the threshold of reflex
excitability in the spinal cord, which may explain
its beneficial effect in certain convulsive disorders.
For a review of the general physiologic action of
barbital see Wagner (J.A.M.A., 1933, 101, 1787)
and Tatum (Physiol. Rev., 1939, 19, 472).
In addition to its use as a hypnotic barbital has
been used in small doses in anxiety states, seasickness, and similar conditions. It is decidedly
inferior to phenobarbital in treatment of the convulsive state, lacking the specific corticomotor
depressant action of the latter drug. It has been
used prior
to local
vent reactions.
H applications of cocaine to preMetabolism. — The major portion of barbital
is excreted unchanged through the kidneys ; elimination may require several days even in normal
animals. Argy et al. (J. Pharmacol., 1936, 57,
258) reported that rapidity of excretion provided
an accurate index of kidney function; in renal
disease elimination is as slow as 3.2 per cent in
24 hours. Qualitative and quantitative methods
of determining barbital were reported by Kozelka
and Tatum (/. Pharmacol., 1937, 59, 54). Masson
and Bleland (Anesth., 1945, 6, 483), reporting on
the inactivation and ehmination of 29 different
barbiturates in partially hepatectomLzed or completely nephrectomized rats, suggested that they
be classified into four groups, depending on the
site of detoxication : (1) those detoxified by the
kidney, including barbital and phenobarbital:
(2) those detoxified by the liver, including amobarbital,
aprobarbital,
hexethal,
hexobarbital,
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pentobarbital sodium, probarbital, propallylonal,
and secobarbital; (3) those detoxified by both
liver and kidney, including butethal, cyclobarbital,
diallylbarbituric acid, and vinbarbital; (4) those
detoxified by all body tissues, including thiopental
and other thiobarbiturates.
Toxicology. — Although barbital is a useful
drug, it is capable of doing harm when improperly
employed. The conference on distribution of barbiturates held by the Committee on Legislation
of the American Pharmaceutical Association
(J.A.M.A., 1945, 129, 1264) recommended uniform state laws to govern its dispensing. Curran
(/. Nerv. Ment. Dis., 1944, 100, 142) called attention to the fact that from 0.3 to 1 per cent of
all psychiatric admissions to hospitals in the
United States are attributable to use of drugs.
Habituation. — Brownstein and Pacella {Psych.
Quart., 1943, 17, 112) noted that convulsive
seizures may ensue from sudden withdrawal of
barbiturates in individuals who manifest no such
tendency clinically or by electroencephalographic
examination. Green and Koppanyi (Anesth., 1944,
5, 329) demonstrated that dogs develop crosstolerance for various barbiturates after receiving
one of them; they believe this to be a true cellular tolerance, though of brief duration. Psychic
dependence rather than true addiction, as in the
case of morphine, is more common. Seevers and
Tatum (7. Pharmacol., 1931, 42, 217) showed
that prolonged use of barbital in animals may
cause pathological alteration of the cerebral structure. Robinson (/. Missouri M. A., 1937, 34,
374) believed that analogous changes may occur
in human addition. Work (Arch. Neurol. Psychiat.,
1928, 19, 324; pointed out that habitual use may
lead to paranoid states. In individuals with personality abnormalities, Isbell and White (Am. J.
Med., 1953, 14, 558) described barbiturate addiction often associated with abuse of both alcohol
and amphetamine and rarely with opiates. These
cases consumed more than 800 mg. of one of the
potent and moderate-duration barbiturates such
as pentobarbital, amobarbital, etc., by mouth
daily. Injection of the contents of a capsule causes
severe irritation. Although some tolerance exists,
an increase of only 100 mg. above the individual's
usual daily dose causes acute barbiturate poisoning. A definite abstinence syndrome is described
in such individuals (Isbell et al., Arch. Neurol.
Psychiat., 1950, 64, 1). During the first few hours
after discontinuing the drug, the sedative effects
of the barbiturate diminish but within 8 to 16
hours anxiety, nervousness, headache, twitching
of muscle groups, tremor, weakness and impaired
circulatory responses to changes in body posture
and other stimuli appear. There is progressive
slowing of the abnormally rapid electroencephalograph pattern in these cases and then bursts of
spike and dome complexes appear; a convulsive
seizure of grand mal type often occurs within 16
to 48 hours after the last dose of barbiturate.
Confusion follows the convulsion and in some
cases progresses into a delirium resembling delirium tremens of alcoholism; severe exhaustion
may develop. Fraser et al. (Ann. Int. Med., 1953,
38, 1319) reported a death. Usually after several
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days the agitation subsides, the patient sleeps and
recovers.
Suicide. — In recent years poisoning by barbital
and allied substances has become very frequent.
While many cases occur as the result of unexpected sensitiveness to the drug or injudicious
dosage for therapeutic purposes, the majority of
the serious cases have been suicidal. In fact, in
1936 more than 300 suicides in the United States
were produced by barbiturates (Hambourger,
J. A.M. A., 1939, 112, 1340). The popularity of
barbiturates for suicidal use continues despite
increasing restrictions on their sale.
Symptoms. — The chief symptom of acute poisoning is stupor, merging into deep coma which
may persist for days. The respiration is slowed,
in some cases markedly so, and accompanied by
cyanosis and even by Cheyne-Stokes breathing.
The anoxemia leads to a fall in blood pressure as
a result of capillary dilatation. The body temperature may be increased, but if shock ensues
the skin becomes cold and moist, and the pulse
weak and rapid. Lowered blood pressure together
with the antidiuretic action of barbital may lead
to urinary suppression. The urine may contain
hematoporphyrin. The pupils may be either
dilated or contracted. The deep tendon reflexes
are not altogether absent until coma is profound.
Death may occur in a few hours from acute
respiratory failure or later from pulmonary edema
or hypostatic pneumonia. According to Quastel
and Wheatley (Proc. Roy. Soc. Med., 1932, B
112, 60), barbiturates inhibit oxidation of glucose,
lactate, and pyruvate, though not of succinate,
within brain tissue.
The fatal doses reported for barbital have
ranged from 2 Gm. (30 grains) to as high as 16
Gm. (240 grains), according to Hambourger
(J.A.M.A., 1940, 114, 2015). The effects of barbiturate intoxication have been summarized by
Billow (/. Lab. Clin. Med., 1944, 27, 265) as
follows :
Dose in Gm.
Producing
Severe
IntoxiRecovery
cation with
Allonal
Amobarbital
Barbital
Butallylonal
Diallylbarbituric
Acid
Pentobarbital Sodium
Phanodorn
Phenobarbital

Fatal Dose
in Gm.

10
1.5 to 2
3 to 10
0.5 to 1

More than 15
2 to 3
5 to 20
More than 1

2 to 2.5

More than 2.5

More than 1

More than 2
More than 10
6 to 9

41.2to 7

Differential diagnosis from poisoning by other
aliphatic narcotics is almost impossible without
the history or chemical examination. The absence
of odor on the breath distinguishes it from alcohol
or paraldehyde narcosis, but it must be remembered that in many instances patients are under
the influence of alcohol when they take barbital.
In chronic poisoning with barbital the mental
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features resemble paresis (Curran. /. Nerv. Ment.
Dis., 1944, 100, 142; Isbell and White, loc. cit.),
there being silly euphoria and disorientation even
to the point of hypomania, despite drowsiness.
There is impaired mentation, loss of emotional
control, poor judgment, confusion and rarely a
toxic psychosis. Nystagmus, dysarthria, ataxia,
adiadokokinesis and an abnormally fast electroencephalogram pattern is found. Respiration and
nutrition are usually normal. Bromide intoxication, on the other hand, presents a delirium with
hallucinations, confabulation, and vestibular phenomena; there may be nystagmus, convulsive
movements, a positive Babinski reflex, intention
type tremors, a positive Romberg sign with cerebellar dysfunction and unsteady gait in association
with vestibular derangement.
Idiosyncrasy to barbiturates may be acquired,
especially in individuals otherwise allergic; doses
as low as 300 mg. (5 grains) may cause fever,
scarlatiniform eruptions with desquamation or
angioneurotic edema.
Treatment of Acute Poisoning. — In view of the
extensively disordered physiology of the organism
produced by barbiturate poisoning active therapy
is of paramount importance. In addition to these
symptomatic measures two basic considerations
should guide the treatment of profound barbital
intoxication: (1) the compound is poorly excreted
or metabolized;
thus it may be necessary to
watch the patient carefully for several days following withdrawal of the drug in order to maintain adequate cardiovasculorespiratory function.
(2) Because of the depressed respiratory excursions over many hours, adequate chemotherapeutic prophylaxis against the development of
pneumonia is a justifiable precaution until the
patient is out of clanger. Burdick and Rovenstine
(Ann. Int. Med., 1945. 22, 819) and Dorsey
(/. Nerv. Ment. Dis., 1944, 99, 367) recommend
early and adequate symptomatic use of picrotoxin.
Dorsey recommended the following plan of
treatment: On establishing diagnosis the patient's
head is lowered, external heat is applied, an airway maintained, and gastric lavage performed
with a quart of warm water each of three times.
Sixty grams of magnesium sulfate solution are
instilled to hasten bowel elimination. Continuous
intravenous administration of 5 per cent dextrose
in normal saline is begun. Through the tubing a
picrotoxin solution containing 3 mg. per ml. is
injected at the rate of 1 ml. per minute until it
produces tremors and twitching of the eyes or
lips, at which level the maximum beneficial effect
on cardiac and respiratory centers obtains. A 1-ml.
dose must be repeated about every 5 minutes to
maintain this effect. The patient becomes restless
as improvement begins, and the frequency of injections may be reduced to each 10 or 15 minutes.
Picrotoxin administration is discontinued when
the patient moves about the bed. Since picrotoxin
disappears in 30 minutes, its use must be continued
for an adequate time, the usual total requirement
being about 300 mg. Amphetamine sulfate (q.v.)
or pentylenetetrazol
(q.v.) are also used. Adjuncts to this specific stimulation include injection of 500 mg. (~y2 grains) of caffeine and
'sodium benzoate intravenously each hour, the
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inhalation of a mixture of 5 per cent carbon
dioxide and 95 per cent oxygen, or artificial respiration as necessary, and the administration of
plasma or blood transfusion for shock. The patient's positionevery
is changed
hourly and the bladder
is catheterized
6 hours.
Soskin and Taubenhaus (/. Pharmacol., 1943,
78, 49) used a 10 per cent aqueous succinate
solution intravenously with success in a patient
who failed to respond after 3 days of treatment
with picrotoxin. so maintaining brain metabolism
until the barbiturates were destroyed and eliminated. This use of sodium succinate could not be
substantiated bv others (/. Pharmacol., 1944, 81,
202; 1949, 96, 315).
Dose. — The dose of barbital is from 300 to
600 mg. (approximately 5 to 10 grains), one to
two hours before bedtime.
Barbital Elixir, X.F. IX, is prepared by dissolving 35 Gm. of barbital in a mixture of 335 ml.
of alcohol, 30 ml. of compound vanillin spirit, and
600 ml. of glycerin, then adding 20 Gm. of caramel and enough glycerin to make 1000 ml. of
product. The average dose of 4 ml. (approximately 1fluidrachm) contains about 140 mg.
(approximately 2}i grains) of barbital.
Storage. — Preserve "in well-closed containers." Nf.
BARBITAL TABLETS.
N.F. (B.P.) (I.P.)
Tabellae Barbitali

"Barbital Tablets contain not less than 94 per
cent and not more than 106 per cent of the labeled
amount of CSH12X2O3." NJ7. The corresponding
B.P. limits are 95.0 and 105.0 per cent, while
those of the I.P. are 94.0 and 106.0 per cent.
B.P. Tablets of Barbitone; Tabellae Barbitoni. I.P.
Tablets of Barbital; Compressi Barbitali. Sp. Tobletas
de Barbital.

Assay. — A representative sample of powdered
tablets, equivalent to about 300 mg. of barbital,
is treated with an alkaline sodium chloride solution to dissolve barbital and this solution is extracted with ether to remove lubricants other than
stearic acid or stearates. The aqueous solution is
then acidified to liberate barbital, which is extracted with chloroform ; the chloroform solutions
are washed with acidified water, filtered, and the
chloroform evaporated. The residue of barbital is
dried at 105° for 2 hours and weighed. If stearic
acid or a stearate has been used as a lubricant for
the tablets the residue will contain stearic acid.
To remove this the residue is dissolved in alcohol,
and barium hydroxide is added to precipitate
barium stearate while dissolving the barbital. The
mixture is filtered, the filtrate is acidified, and
the precipitated barbital is extracted with chloroform as before, and finally weighed. X.F. The I.P.
uses the same assay, with minor variations. In the
B.P. assay a portion of powdered tablets representing about 300 mg. of barbital is extracted with
ether in a continuous extraction apparatus: the
ether is evaporated and the residue of barbital is
dried to constant weight at 105°.
Usual
Size. — 5 grains (approximately 300
mg.).

Barium
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BARBITAL

SODIUM.

N.F. (B.P.) LP.

Soluble Barbital, Barbitone Sodium,
[Barbitalum Sodicum]

"Barbital Sodium, dried at 105° for 3 hours,
contains not less than 98.5 per cent of CsHnN2Na03." N.F. The B.P. recognizes Barbitone
Sodium as the monosodium derivative of 5:5-diethylbarbituric acid, the substance being required
to contain not less than 98.0 per cent and not
more than the equivalent of 101.0 per cent of
C8HnN2Na03, calculated with reference to the
material dried at 105°. The LP. requires not less
than 98.0 per cent of C8HnN2Na03, no reference
being made to drying it, or calculating to the dried
substance.
B.P. Barbitone Sodium; Barbitonum Sodium. LP.
Barbitalum Natricum. Sodium Barbital; Sodium Diethylmalonylurea; Sodium Diethylbarbiturate; Medinal (Schering & Glatz); Veronal Sodium (Winthrop) . Natrium
Diaethylbarbituricum. Ger. Diathylbarbitursaures Natrium; Veronal Natrium. It. Dietilbarbiturato di sodio.
Sp. Barbital Sodico.

Barbital sodium is produced by the interaction
of barbital and sodium hydroxide, in the presence
of water, from which solution the sodium derivative is precipitated with alcohol. In this reaction
the — NH.CO.NH — group of barbital is probably
first converted to the isomeric — N:COH.NH —
group, which subsequently reacts with sodium
hydroxide to form — N:CONa.NH— .
Description. — "Barbital Sodium occurs as a
white powder. It is odorless, has a bitter taste,
and is stable in air. Its solutions are alkaline to
litmus paper and to phenolphthalein T.S. One Gm.
of Barbital Sodium dissolves in about 5 ml. of
water and in 2.5 ml. of boiling water. It is slightly
soluble in alcohol and is insoluble in ether." N.F.
Standards and Tests. — Identification. — (1)
The barbital obtained in the assay melts between
188° and 192° and responds to identification tests
for barbital. (2) A white precipitate of barbital
is obtained on adding diluted hydrochloric or
sulfuric acid to a 1 in 20 solution of barbital
sodium. (3) The residue resulting from the ignition of barbital sodium responds to tests for
sodium. Loss on drying. — Not over 1 per cent,
when dried for 3 hours at 105°. Heavy metals. —
The limit is 20 parts per million. Readily carbonizable substances. — A solution of 500 mg. of barbital sodium in 5 ml. of sulfuric acid has no more
color than matching fluid A. Uncombined barbital.
— 500 mg. of barbital sodium shaken with 20 ml.
of absolute ether for 10 minutes yields not more
than 3 mg. of soluble matter. N.F. The B.P. and
the LP. limit the content of lead to 10 parts per
million; the LP. also provides a heavy metals
limit of 20 parts per million.
Assay. — A sample of 500 mg. of barbital sodium is dissolved in water, acidified with hydrochloric acid, and the liberated barbital extracted
with chloroform. The filtered chloroform extract
is evaporated to dryness, the residue is dried at
105° for 2 hours, and then weighed. The weight
of the residue multiplied by 1.119 represents the
weight of CsHnN2Na03. N.F. The B.P. and LP.
assays are similar in principle, except that ether
is employed for extracting barbital.
Incompatibilities. — In aqueous solution, bar-
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bital sodium undergoes hydrolysis, diethylmalonuric acid, diethylacetylurea and possibly further
decomposition products being produced (see Nielson, Quart. J. P., 1938, 11, 150, and Aspelund
and Skoglund, ibid., 1938, 11, 291). The reaction
is accelerated by an increase in temperature but
is appreciable even at room temperature; this is
emphasized by the fact that solutions of barbital
sodium have been known to decompose as much
as 50 per cent during a period of a few months,
even when stored at room temperature. Since
hydrolysis of barbital sodium is accompanied by
loss of therapeutic value, aqueous solutions of
this compound should be freshly prepared. Barbital sodium is precipitated as barbital by acids
and acid-reacting salts. Because of its alkalinity
it should not be prescribed along with chloral
hydrate, which it decomposes to form chloroform
and sodium formate, with simultaneous precipitation of barbital.
Uses. — Because of its solubility, this drug acts
somewhat more promptly than does barbital
(q. v.). Being soluble in water it can be given by
intravenous injection but has largely been replaced
for that purpose by some of the newer sodium
barbiturates. For discussion of uses and toxicology
see under Barbital. S
Dose, from 300 to 600 mg. (approximately 5
to 10 grains).
Storage. — Preserve "in tight containers." N.F.
BARBITAL SODIUM TABLETS.
N.F. (B.P.) (LP.)
Tabellae Barbitali Sodici

"Barbital Sodium Tablets contain not less than
94 per cent and not more than 106 per cent of the
labeled amount of CsHii^OsNa." N.F. The
corresponding B.P. limits are 92.0 and 105.0 per
cent, while those of the LP. are 94.0 and 106.0
per cent.

B.P. Tablets of Barbitone Sodium; Tabellae Barbitoni
Sodii. LP. Tablets of Barbital Sodium; Compressi Barbitali Natrici. Sp. Tabletas de Barbital Sodico.

Usual Size. — 5 grains (approximately 300
mg.).
BARIUM

SULFATE.

U.S.P. (B.P.) LP.

[Barii Sulfas]

BaS04

"Caution. — When Barium Sulfate is prescribed,
the title should always be written out in full to
avoid confusion with the poisonous barium sidfide
or sulfite." U.S.P.
B.P. Barium Sulphate; Barii Sulphas. Blanc Fixe; Synthetic or Artificial Barytes; Artificial Heavy Spar; Snow,
New or Permanent White. Terra Alba; Terra Ponderosa.
Fr. Sulfate de baryum; Blanc fixe. Ger. Bariumsulfat ;
Schwefelsaures Barium. It. Solfato di bario. Sp. Sulfato
de bario.

A native barium sulfate, known as barytes,
heavy spar, barite or tiff, is the most abundant
of the natural salts of barium and is mined extensively in the United States. It occurs as a
heavy, lamellar, brittle mineral, usually translucent, sometimes transparent or even opaque;
color white or pale pink. Sometimes it occurs in
flat rhombic prisms.
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The medicinal salt, however, is obtained by the
interaction of barium hydroxide or soluble barium
salts with sulfuric acid or soluble sulfates. Much
barium sulfate is made, by the same reactions, for
industrial usage; as this grade is not as pure as
the medicinal variety it is imperative that the
industrial grade not be used medicinally. Barium
sulfate is often a by-product in the manufacture
of other chemicals.
Description. — "Barium Sulfate is a fine,
white, odorless, tasteless, bulky powder, free from
grittiness. Barium Sulfate is insoluble in water,
in organic solvents, and in solutions of acids and
of alkalies." U.S.P.
Standards and Tests. — Identification. — (1)
Tests for sulfate are given by barium sulfate
when 500 mg. of it is fused with 2 Gm. each of
anhydrous sodium carbonate and anhydrous potassium carbonate, the fused mass leached with
hot water, and the tests performed on the filtered
liquid. (2) Tests for barium are given by the
well-washed residue from the preceding test after
solution in acetic acid. Bulkiness. — 5 Gm. of
barium sulfate, previously passed through a No.
60 sieve, and mixed with enough water to make a
volume of 50 ml. in a glass-stoppered graduated
cylinder having the 50-ml. graduation about 14
cm. from the bottom does not settle below the
11 -ml. graduation within 15 minutes. Acidity or
alkalinity. — 1 Gm. of barium sulfate shaken with
20 ml. of water for 5 minutes leaves the water
neutral to litmus paper. Sulfide. — Lead acetate
paper is not darkened when exposed to the vapors
of a mixture of 10 Gm. of barium sulfate, 10 ml.
of diluted hydrochloric acid and 90 ml. of water
boiled for 10 minutes in a 2 50-ml. Erlenmeyer
flask. Acid-soluble substances. — Not more than
15 mg. of residue, dried at 105° for 1 hour, is
obtained from 50 ml. of filtrate from the insoluble residue of the preceding test (the soluble
portion of barium sulfate is largely eliminated by
evaporating the filtrate, dissolving it in 10 ml. of
hot water and 2 drops of hydrochloric acid, and
filtering). Soluble barium salts. — No turbidity
develops within 30 minutes after the addition of
diluted sulfuric acid to a solution of the residue
obtained in the preceding test. Phosphate. — No
yellow precipitate is formed on adding ammonium
molybdate T.S. to the filtrate obtained from 1 Gm.
of barium sulfate boiled for 5 minutes with 3 ml.
of nitric acid and 5 ml. of water. Arsenic. — The
limit is 1 part per million. Heavy metals. — The
limit is 10 parts per million. U.S.P.
The B.P. and LP. require that the loss on drying to constant weight, at 105° and 110° respectively, not exceed 2.0 per cent.
Uses. — Barium sulfate, by virtue of its opacity
to x-rays and its insolubility in the fluids of the
gastrointestinal tract, is used in medicine for
obtaining roentgenograms of the alimentary canal.
For this purpose it has quite generally replaced
bismuth salts, over which barium sulfate has the
advantages of greater opacity, lesser effect on the
bowel, and lower cost. Barium sulfate is commonly administered in aqueous suspension, the
amount employed depending on the portion of the
tract to be examined and the technic to be employed. Various formulations call for from 30 to
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360 Gm., and sometimes more, of barium sulfate.
These may be given orally or, if the examination
is to be of the colon, by enema.
A homogeneous suspension, free of lumps in
order that the barium sulfate itself may have uniform opacity to x-rays, is obviously desirable. In
addition, a thin film of barium sulfate should be
deposited on the mucosal surface and persist there
even after most of the suspension has passed the
area to be examined (Hodges, J. A.M. A., 1953,
153, 1417). Ideally, it should be possible to vary
opacity (to x-rays) and viscosity independently.
For oral administration suspensions should preferably be flavored. Various suspending agents
have been employed in formulating barium sulfate
preparations, these including bentonite, kaolin
(Haenisch, Munch, med. Wchnschr., 1911, 58,
2375), starch (Potter, Radiology, 1953, 60, 500),
flour, acacia, agar, gelatin (Abel, ibid., 1944, 43,
175), lecithin, pectin, tragacanth, malted milk,
and aluminum hydroxide gel (Swallow, Pharm. J.,
1950, 2, 434). More recently methyl cellulose
(Marks, Am. J. Surg., 1951, 81, 6) and sodium
carboxymethylcellulose (Bactowsky and Presto,
Bull. Am. Soc. Hosp. Pharm., 1950, 7, 65) have
been used; silicones and tannic acid have been
included in certain formulations. Saccharin and
vanillin are commonly employed for sweetening
and flavoring suspensions to be taken orally; other
flavoring agents, including cocoa, are also used.
The particle size of the barium sulfate is obviously an important factor; very minute particles improve suspension stability and facilitate
coating of the mucosa. Hodges alleges that the
designation "colloidal," as applied to the suspensions, isoften a misnomer.
A barium sulfate suspension enema,, accompanied by fluoroscopic observation, has been used
therapeutically to reduce intussusception (Ravitch
and Morgan, Ann. Surg., 1952, 135, 296). Fawcitt
(Brit. M. J., 1943, 1, 352) recommended use of
cotton "sandwiches" impregnated with barium
sulfate to entangle sharp foreign bodies within the
intestinal tract and to permit their visualization, [vj
Toxicology. — It should be remembered that
the soluble barium salts are actively poisonous,
being very active stimulants to the entire bodily
musculature. As little as 800 mg. of a soluble
barium salt has proved fatal. The safety of barium
sulfate in large doses is due to its insolubility.
Karaoglanow {Pharm. Weekblad., 1918, 55, 47)
found that from 2.5 to 4.3 milligrams of barium
sulfate dissolve in a liter of water, according to
the degree of fineness of the powder. The solubility isdecreased by the presence of sulfate ion
and increased by nitric or hydrochloric acid.
Barium Sidfide. — A number of fatal cases of
poisoning by other salts, especially the sulfide of
barium, but including even the carbonate (Morton, Lancet, 1945, 2, 738), which have been mistakenly used for x-ray work have been recorded.
In a case reported by Bensaude and Antoine
{Bull. soc. med., 1919, 43, 369), the patient was
poisoned immediately after drinking the suspension of barium and was dead in 10 minutes. In
other cases the appearance of symptoms has been
delayed as much as an hour and death until the
following day. The characteristic symptoms are:
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burning pain in the stomach, nausea and vomiting, the latter often bilious, followed by diarrhea
with violent abdominal cramps. The pulse is usually slow and frequently irregular, the blood pressure being elevated. There are often vertigo and
ringing in the ears. Death may occur suddenly
with convulsions, or may be delayed for 10 or 12
hours. Post-mortem examination shows intense
congestion of the alimentary canal, with sometimes minute hemorrhages, also congestion of the
liver and kidney.
The proper treatment consists in the immediate administration of large quantities of magnesium or sodium sulfate followed by repeated
washings of the stomach. Intravenous administration of calcium or magnesium salts may be
tried to counteract the action of barium on
muscles. Morphine and atropine are indicated for
the pain.
Caution. — In view of the considerable number
of fatalities that have been recorded from the
substitution of barium sulfide for sulfate it is
imperative that both in writing prescriptions, and
in labeling containers, for barium sulfate the name
should be written out in full — never abbreviated.
Dose. — The usual dose is 300 Gm. (approximately 10 ounces), by mouth, in a suitable suspension (about 50 per cent w/v in water) or 360
Gm. (approximately 12 ounces) in appropriate
suspension as an enema.
Storage. — Preserve "in well-closed containers" U.S.P.
BEEF

EXTRACT.

N.F.

Extractura Carnis

"Beef Extract is a concentrate from beef broth
obtained by extracting fresh, sound, lean beef by
cooking with water and evaporating the broth at a
low temperature, usually in a vacuum, until a
thick pasty residue is obtained." N.F.

Iron

and

141

Wine

acid, in the presence of potassium sulfate, until
a pale yellow or nearly colorless liquid results.
The resulting solution of ammonium sulfate is
alkalinized with sodium hydroxide and the liberated ammonia distilled into 50 ml. of 0.1 N sulfuric acid; the excess acid is titrated with 0.1 N
sodium hydroxide, using methyl red T.S. as indicator. Each ml. of 0.1 N sulfuric acid represents
1.401 mg. of N. The amount of nitrogen thus
found is not less than 60 mg. For nitrogen as
ammonia. — The ammonia in 100 ml. of a 1 in 10
solution of the extract is distilled into 50 ml. of
0.1 TV sulfuric acid after adding 5 Gm. of barium
carbonate to the sample; the excess of acid is
titrated with 0.1 N sodium hydroxide using methyl
red T.S. as indicator. Each ml. of 0.1 N sulfuric
acid represents 1.703 mg. of NH3. The amount
of ammonia does not exceed 0.35 per cent of the
total solids in the solution taken. N.F.
Uses. — Years ago beef extract was a very popular nutritional adjunct. In large part because of
the uncertainty of and variation in its composition
— notwithstanding the many tests which were devised for its nutritional evaluation together with
the development of relatively pure forms of many
nutritional factors — the popularity of beef extract
has waned. That it contains hydrolysis products
of proteins and small amounts of proteins themselves, together with vitamins and certain minerals, is certain — but it is extremely unlikely that
any material benefit can arise from the ingestion
of the small amounts of extract usually taken.
It is official as an ingredient of Beef, Iron and
Wine.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep.— Beef, Iron and Wine, N.F.
BEEF,

IRON

AND

WINE.

N.F

Caro, Ferrum et Vinum

Fr. Extrait de boeuf. Ger. Fleischextrakt.

Description. — "Beef Extract occurs as a yellowish brown to dark brown, slightly acid, pasty
mass, having an agreeable meat-like odor and
taste. Twenty-five Gm. of Beef Extract, dissolved
in sufficient water to make 250 ml., yields a nearly
clear solution, free from sediment." N.F.
Standards and Tests. — Total solids. — Not
less than 75 per cent, as determined by drying 10
ml. of a 1 in 100 solution over sand or asbestos
at 105° for 16 hours. Residue on ignition. — Not
less than 30 per cent of the total solids when the
residue from the preceding test is incinerated at
a dull red heat. Chlorides as sodium chloride. —
Not over 6 per cent of the total solids. Alcoholinsoluble solids. — Not over 10 per cent of the total
solids. Nitrate. — No blue color develops when
1 drop of a 1 in 10 solution of beef extract, previously decolorized by boiling with animal charcoal,
is added to 3 drops of a 1 in 100 solution of diphenylamine in sulfuric acid. N.F.
Assay. — For nitrogen content of alcohol-soluble substances. — An aliquot portion of the alcohol filtrate remaining from the test for alcoholinsoluble substances, equivalent to 1 Gm. of
alcohol-soluble solids, is digested with sulfuric

"Beef, Iron and Wine contains, in each 100 ml.,
an amount of ferric ammonium citrate corresponding to not less than 750 mg. and not more
than
975 mg.30 ofGm.
Fe." ofN.F.
Dissolve
beef extract in 60 ml. of
purified water with the aid of heat, cool, and add
a mixture of 1 ml. of compound orange spirit,
100 ml. of syrup and 50 ml. of alcohol. Dissolve
50 Gm. of ferric ammonium citrate in 750 ml. of
sherry wine, and add this solution to the other
one. Add enough diluted ammonia solution to
make the mixture neutral or slightly alkaline.
Finally add sufficient sherry wine to make 1000
ml. Set the solution aside for 2 days and filter.
N.F.
Assay. — A 10-ml. portion of beef, iron and
wine is evaporated to dryness and the residue
ignited until free from organic matter, finally in
the presence of sulfuric acid. The residue of iron
oxide is dissolved in hydrochloric acid, the solution oxidized by means of hydrogen peroxide T.S.
and the excess of the latter expelled by heating.
The amount of ferric iron present is finally determined by having it liberate iodine from potassium
iodide, the halogen being estimated by titration
with 0.1 N sodium thiosulfate, using starch T.S.
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as indicator. Each ml. of 0.1 N sodium thiosulfate
represents 5.585 mg. of Fe. N.F.
Alcohol Content. — From 17 to 25 per cent,
by volume, of C2H5OH. N.F.
Use. — This tonic preparation provides a therapeutic dose of ferric ammonium citrate in the
recommended average dose of 8 ml. (approximately 2fiuidrachms) of beef, iron and wine;
this represents 400 mg. (approximately 6 grains)
of ferric ammonium citrate. The presence of
beef extract and wine may tend to stimulate the
appetite through the flavor they give to the
preparation.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
BELLADONNA

LEAF.

U.S.P. (B.P., LP.)

Belladonna Herb, Deadly Nightshade Leaf,
Belladonna; Folium

"Belladonna Leaf consists of the dried leaf and
flowering or fruiting top with branches of Atropa
Belladonna Linne or of its variety Acuminata
Royle ex Lindley (Fam. Solanacece). Belladonna
Leaf vields not less than 0.35 per cent of the alkaBelladonna
Leaf."
Theloids 'ofB.P.
recognizes
as U.S.P.
Belladonna Herb the
leaves, or leaves and other aerial parts, of Atropa
Belladonna L. and Atropa acuminata Royle ex
Lindley (the validated name for Indian Belladonna; see under Belladonna Root), collected
when the plants are in flower and dried. An
alkaloidal content of not less than 0.30 per cent,
calculated as hyoscyamine, is required. The LP.
definition and rubric are identical with those of
the B.P.
The B.P. recognizes also a Prepared Belladonna
Herb (Belladonna Prceparata) and the LP. a
Standardized Powdered Belladonna Herb (Pulvis
BelladonncB Herbce. Standardisatus), both being
Belladonna Herb reduced to a fine powder and
adjusted, if necessary, to contain 0.30 per cent
of alkaloids (limits, 0.28 to 0.32); adjustment to
this potency may be made either by the admixture
in suitable proportions of powdered belladonna
herb of lower or higher alkaloidal content or by
the addition of powdered exhausted belladonna
herb (powdered lactose or rice starch is also permitted to be used by the LP.). This is the preparation to be dispensed when belladonna leaf or
belladonna herb is prescribed.
B.P., LP. Belladonna Herb; Belladonnas Herba. Belladonna Leaves; Black Cherry Leaf; Dwale; Dwayberry Leaf.
Belladonnas Folia; Herba Solani Furiosi. Fr. Belladone;
Feuilles de belladone. Ger. Tollkirschenblatter; Belladonnablatter; Tollkraut; Tollkirschenkraut. It. Foglie di
belladonna. Sp. Hoja de belladona.

For account of the botany and chemistry of
this drug see Belladonna Root.
Description. — "Unground Belladonna Leaf
usually occurs as partly matted together, crumpled
or broken leaves, together with some smaller
stems and a number of flowers and fruits. The
leaves are thin and brittle, mostly light green to
moderate olive green. The lamina is mostly from
5 to 25 cm. in length and from 4 to 12 cm. in
width and possesses an ovate-lanceolate to broadly
ovate outline, an acute to acuminate apex, an
-entire margin, an acute to somewhat decurrent
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base and slightly hairy surface, the hairs being
more abundant along the veins; when broken
transversely, it shows numerous light-colored dots
(crystal cells) visible with a lens. The petiole is
slender and usually up to 4 cm. in length. The
flowers possess a campanulate corolla with 5 small,
reflexed lobes which are purplish to yellowish
purple, becoming faded to brown or dusky yellow,
a green, 5-lobed calyx, 5 epipetalous stamens, and
a superior, bilocular ovary with numerous ovules.
The fruit is subglobular, dark yellow to yellowish
brown to dusky red or black, up to about 12 mm.
in width and sometimes subtended by the persistent calyx and containing numerous flattened,
somewhat reniform seeds, the latter up to about
2 mm. in width. The stems are more or less
flattened and hollow and finely hairy when young.
When moistened, its odor is slight, somewhat
tobacco-like. Its taste is somewhat bitter and
acrid." U.S.P. For histology see U.S.P. XV.
"Powdered Belladonna Leaf is fight olive brown
to moderate olive green in color. The following
are among the elements of identification: the
separate microcrystals, the dark gray crystal cells,
the cuticular striping of the epidermal cells, the
vessels with ellipsoidal, bordered pits, the fibers
of the stem, and occasional hairs and pollen grains.
Rosette aggregates of calcium oxalate and fragments of the seed occur when the drug contains
belladonna fruits. Examine Belladonna Leaf for
hairs having a papillose cuticle and for raphides
of calcium oxalate: their presence indicates adulteration." U.S.P. For features distinguishing leaf
from the two sources recognized by the pharmacopeias see under Belladonna Root.
Standards and Tests. — Belladonna leaf contains not over 3 per cent of belladonna stems exceeding 10 mm. in diameter; the acid-insoluble
ash is not over 3 per cent. U.S.P. The B.P. allows
not over 2.0 per cent of foreign organic matter;
the LP. permits not more than 15.0 per cent of
ash (total).
Assay. — A 10-Gm. portion of leaf, in moderately coarse powder, is inserted in the thimble of
a Soxhlet, or similar, extractor; after maceration
with a mixture of ammonia, alcohol and ether, the
drug is extracted with ether. Alternatively, the
drug may be extracted in a percolator with a mixture of 3 volumes of ether and 1 volume of chloroform. The extract, concentrated if necessary, is
shaken with approximately 0.5 N sulfuric acid to
remove alkaloids, and these are then transferred
to chloroform after alkalinization of the aqueous
solution. After evaporating the chloroform the
residue of alkaloid is heated to expel non-alkaloidal amines, then dissolved in 15 ml. of 0.02 N
sulfuric acid and the excess acid titrated with
0.02 N sodium hydroxide, using methyl red T.S.
as indicator. Each ml. of 0.02 N acid represents
5.788 mg. of belladonna leaf alkaloids, calculated
as hyoscyamine (or atropine). U.S.P.
The B.P. belladonna assay is different in several
details from the method of the U.S.P. In the B.P.
method the drug is shaken well with a solvent
composed of 4 volumes of ether and 1 volume of
95 per cent alcohol for ten minutes, then dilute
ammonium hydroxide solution is added and the
mixture shaken frequently during one hour. This
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mixture is then transferred to a percolator, the
drug packed firmly, and extracted, first with a
small amount of the first solvent (4 ether and 1
alcohol) and, finally, with ether alone until all
the alkaloids are removed. The percolation must
not take more than 3 hours. The percolate, which
contains the alkaloids of the belladonna, is concentrated to a small volume, mixed with chloroform, and shaken out with a hydrochloric acid
solution until the alkaloids are completely extracted. The acidulated alkaloidal solution is
washed with chloroform to remove chlorophyll,
then rendered alkaline with dilute ammonia water,
and the alkaloids again extracted with chloroform.
The chloroform is evaporated, the alkaloidal residue dissolved in dehydrated alcohol, evaporated
and dried at 100° until two successive weighings,
at one hour intervals, do not differ by more than
1 mg. This residue is dissolved in an excess of
0.02 N sulfuric acid, and the excess of acid titrated
with 0.02 N sodium hydroxide, using methyl red
or cochineal as indicator.
The LP. assay is identical with that of the B.P.
but at the point where the alkaloids are in hydrochloric acid solution, prior to alkalinization and
extraction with chloroform, the LP. permits an
alternative method of determining the alkaloids
by hydrolyzing the acid solution, after it has been
made alkaline with sodium hydroxide, so as to
yield tropic acid (see under Atropine) ; the aqueous solution is acidified, the tropic acid is extracted with a mixture of chloroform and isopropyl alcohol and, following evaporation of the
solvent, the acid is dissolved in water and titrated
with 0.02 N sodium hydroxide, using phenolphthalein indicator. Each ml. of 0.02 N sodium
hydroxide represents 5.788 mg. of alkaloids, calculated as hyoscyamine.
Uses. — For description of the physiological
and therapeutic actions of this, see under Belladonna Root, [v]
The dose of prepared or standardized belladonna leaf is from 30 to 200 mg. (approximately
Yz to 3 grains).
Storage. — Preserve in "well-closed containers." U.S.P.
BELLADONNA

EXTRACT.

N.F. (B.P.)

[Extractum Belladonnas]

"Belladonna Extract yields, from each 100 Gm.,
not less than 1.15 Gm. and not more than 1.35
Gm. of the alkaloids of belladonna leaf." N.F.
The B.P. Dry Extract of Belladonna contains
1.0 per cent (limits 0.95-1.05) of the total alkaloids ofbelladonna leaf calculated as hyoscyamine.
B.P. Dry Extract of Belladonna; Extractum Belladonna Siccum. Extract of Belladonna Leaves. Fr. Extrait
de belladone. Ger. Tollkirschenextrakt. It. Estratto idroalcoolico di belladonna. Sp. Extracto de belladona.

The N.F. recognizes this extract in two forms,
Pilular Extract and Powdered Extract, so that
the pharmacist may select the form best suited
for dispensing. The pilular extract is used officially
in the ointment. Both forms of the extract, however, are of the same strength. The B.P. recognizes only the "dry" extract.
Pilular Belladonna Extract. — Prepare the
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extract by percolating 1000 Gm. of belladonna
leaf, using a menstruum of 3 volumes of alcohol
and 1 volume of water. Macerate the drug during
16 hours, then percolate at a moderate rate.
Evaporate the percolate to a pilular consistence
under reduced pressure at a temperature not over
60°, and adjust the residue, by addition of liquid
glucose, so that the finished extract contains 1.25
Gm. of belladonna leaf alkaloids in 100 Gm. of
extract. N.F.
Powdered Belladonna Extract. — Prepare the
extract by percolating 1000 Gm. of belladonna
leaf, using alcohol as the menstruum. Macerate
the drug during 16 hours, then percolate slowly.
Evaporate the percolate to a soft extract under reduced pressure at a temperature not over 60°, add
50 Gm. of dry starch, and continue evaporation
until a dry product results. Powder the residue
and adjust it to contain, by the addition of sufficient starch, 1.25 Gm. of belladonna leaf alkaloids
in 100 Gm. of extract. The extract may be deprived of fat by treating either the soft extract
first obtained, or the dry and powdered extract, as
directed under Extracts. N.F.
The B.P. percolates the moderately coarse
powder of belladonna herb with 70 per cent alcohol. The percolate is tested for the amount of
alkaloids and also for the proportion of total
solids. To the remaining percolate is added slightly
less than the amount of finely ground belladonna
herb (which has been assayed for its alkaloidal
content) required to produce a dry extract containing 1per cent of alkaloids. The solvent is removed under reduced pressure at a temperature
not exceeding 60°. The residue is dried in a current of air at 80°, powdered, the remainder of the
belladonna herb added, and the whole is passed
through a No. 22 sieve and mixed.
Uses. — There is no difference in the therapeutic effects of pilular and powdered belladonna
extracts. The former may be used in the preparation of pills or ointments, the latter in powders,
capsules or tablets. For conditions in which these
extracts are useful, see under Atropine.
The usual dose is 15 mg. (approximately K
grain), with a range of 10 to 40 mg. (approximately %to % grain).
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." N.F.
Off. Prep. — Belladonna Ointment; Aloin,
Belladonna, Cascara and Podophyllum Pills, N.F.
BELLADONNA LEAF FLUIDEXTRACT.
N.F.
Fluidextractum Belladonna: Folii

Belladonna Leaf Fluidextract yields, from each
100 ml., not less than 270 mg. and not more than
330 mg. of the alkaloids of belladonna leaf." N.F.
Liquid Extract of Belladonna Leaf. Extractum Belladonna: Folii Liquidum; Extractum Belladonnas Fluidum.
It. Estratto fluido di belladonna.

Prepare the fluidextract from belladonna leaf,
in moderately coarse powder, either by Process A,
as modified for assayed fluidextracts, or by Process E (see under Fluidextracts). By Process A
use a menstruum of 3 volumes of alcohol and 1
volume of water; macerate the drug during 48
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hours, and percolate at a moderate rate. By Procesa E use a menstruum of 2 volumes of alcohol
and 1 volume of water; macerate 1000 Gm. of
the drug with 400 ml. of menstruum, allow to
stand 1 hour, pack into a cylindrical percolator or
a series of percolators having a length about 30
times the diameter, saturate the drug with menstruum under 6 to 15 pounds air pressure and
macerate during 48 hours, then percolate under
pressure at a rate of about 1.5 ml. per minute
until 950 ml. have been collected. In either case,
adjust the liquid to contain 300 mg. of belladonna
leaf alkaloids in 100 ml. and 60 per cent, by volume, of C2H5OH. X.F.
Alcohol Content. — From 57 to 63 per cent,
by volume, of C2H5OH. X.F.
This preparation is, fortunately, little used in
the United States. Its potency is relatively great
and. since only very small volumes would be used
in the usual prescription mixture, a potentially
large variation in dosage may arise unless extra
care is taken to insure accuracy of the volume
measured. The tincture lends itself to greater
accuracy, and precision, of measurement.
The official usual dose of the X.F. preparation
is 0.06 ml. (approximately 1 minim).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or excessive heat." X.F.
BELLADONNA OINTMENT.
N.F.
Unguentum Belladonnas

''Belladonna Ointment yields not less than 0.110
per cent and not more than 0.140 per cent of the
alkaloids of belladonna leaf.*' X.F.
Pomatum cum Extracto Belladonnas; Pomatum Belladonna;. Fr. Pommade belladonee. Ger. Tollkirschensalbe. It. Unguento di belladonna; Pomato di belladonna.
Sp. Pomade de belladona;
Ungilcnio de Beiladona.

Triturate 100 Gm. of pilular belladonna extract
with 50 ml. of diluted alcohol until a smooth mixture is obtained, then incorporate it with 850 Gm.
of yellow ointment. X.F.
Belladonna ointment is a convenient form for
the external application of belladonna. The most
important use of the ointment is as a local application in hemorrhoids. Formerly it was used to
check secretion of breast milk but at present the
estrogens_have replaced belladonna for this
purpose. v.
Storage. — Preserve "in tight containers and
avoid prolonged exposure to temperatures above
30°." X.F.
BELLADONNA TINCTURE.
U.S.P. (B.P.. I.P.i
Belladonna Leaf Tincture, Tinctura Belladonnae

"Belladonna Tincture yields, from each 100 ml.,
not less than 2 7 mg. and not more than 33 mg.
of the alkaloids of belladonna leaf." U.S.P. The
B.P. requires 0.03 per cent w v of the alkaloids
of belladonna herb (leaf), calculated as hyoscyamine (limits. 0.028 to 0.032). The corresponding LP. limits are 0.02 7 and 0.030 per cent,
respectively.
B.P. Tincture
of Belladonna.
Tincture of Belladonna
Leaves. Tinctura Belladonnae Foliorum. Fr. Teinture
de
Belladone.
Ger. Tollkirschentinktur. It. Tintura di bella* donna. Sp. Tintura de belladona.
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Prepare the tincture, by Process P, as modified
for assayed tinctures (see under Tinctures), from
100 Gm. of belladonna leaf, in moderately coarse
powder, using a menstruum of 3 volumes of alcohol and 1 volume of water. Adjust the volume
of the product so as to contain 30 mg. of belladonna leaf alkaloids in 100 ml. of tincture. U.S.P.
The B.P. prepares the tincture from 100 Gm. of
belladonna herb (leaf; by percolation with 70 per
cent alcohol to produce 1000 ml. of percolate
which is diluted, if necessary, to a preparation of
the required strength.
Alcohol Content. — From 65 to 70 per cent,
by volume, of C2H5OH. U.S.P.
The usual dose is 0.6 ml. (approximately 10
minims) three times a day, with a range of 0.3
to 2.4 ml. The maximum single dose is 2.4 ml. and
not more than 10 ml. should be given in 24 hours.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." U.S.P.
BELLADONNA

ROOT.

X.F, B.P, IP.

Deadly Nightshade Root, Belladonnae Radix

"Belladonna Root is the dried root of Atropa
Belladonna Linne (Fam. Solanacece). Belladonna
Root yields not less than 0.45 per cent of the
alkaloids of Belladonna Root." X.F.
The B.P. and LP. recognize the dried root, or
or root and rootstock of Atropa belladonna L.. or
of Atropa acuminata Royle ex Lindley or of a
mixture of both species; not less than 0.40 per
cent of alkaloids, calculated as hyoscyamine. is
required.
Fr. Racine de belladone. Ger. Tollkirschenwurzel; Belladonnawurzel ; Tollwurz. It. Radice di belladonna. Sp. Raiz
de belladona.

Atropa Belladonna is an herbaceous perennial,
with a fleshy root system, from which rise several erect, round, purplish, branching stems, to
the height of about three feet. The leaves, which
are attached by short footstalks to the stem, are
alternate, broadly ovate to ovate, pointed, entire,
of a dusky green on their upper surface, and paler
beneath. The flowers are large, tubular-bellshaped, axillary, pendant, of a brownish-purple
color, with solitary peduncles. The fruit is a subglobular berry with a longitudinal furrow, at first
green, afterward red, ultimately deep purple to
black and containing, in two loculi, numerous
seeds and a sweetish violet-colored juice. The
5-cleft calyx adheres to the base of the fruit.
The plant is a native of central and southern
Europe, where it grows in shady places, along
walls, and amid rubbish, flowering in June and
July, and ripening its fruit in September. It grows
vigorously under cultivation in England. France
and the United States. For a number of years
there has been very great interest in the cultivation of belladonna in the United States. This interest has been intensified in recent years owing
to the greatly reduced imports from abroad, as
the result of the World Wars, and considerable
quantities are now produced in this country.
Plants cultivated in California are very rich in
active constituents. The yield per acre of stems
and leaves is somewhat less than one ton. The ex-
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periments in California seemed to show that the
alkaloidal content of belladonna stems may equal
that of the leaves, ranging from 0.51 to 0.82 per
cent of total alkaloids. Belladonna leaves grown
in the shade are uniformly larger, though somewhat thinner. It is quite likely that the percentage of alkaloids can be increased through selection.
All parts of the plant are active. The leaves
and roots, including branches (which are probably not less effective when young), are recognized in the official compendia of the United
States and Great Britain. The leaves should be
collected in June or July, when the plant is in
flower, the roots in the autumn or early in the
spring, and from plants three to four years old.
Leaves which have been kept long should not be
used, as they undergo change through absorption
of atmospheric moisture, emitting ammonia, and
probably losing a portion of their active alkaloids.
Todd (Pharm. J., 1930, 124, 94) has shown that
loss of alkaloid in the leaves does not take place
to any extent during careful drying, but if the
drying process is unduly prolonged, up to onefifth of the total alkaloid may disappear. Enzymes
appear to be the causative agents in this loss.
E. Kopp {Pharm. Zentr., 1931, 72, 113) found
that wild and cultivated belladonna plants had
the same alkaloidal content when dried in the sun
as when dried in the shade. Specimens which contain much stem or are musty should always be
rejected, as weak in active principle.
Both herb and root drugs are obtained for the
most part from plants cultivated in the United
States, central Europe and England. A total of
125,394 pounds of belladonna was imported into
the U. S. A. during 1940 and only 12,387 pounds
in 1952. During and since World War II most of
the belladonna leaf and root drugs used in this
country have been obtained from plants cultivated in the U. S. A. and some of the Americangrown Belladonna is exported to Europe.
Atropa lutes cens Jacquem. more properly
Atropa acuminata Royle, or Indian Belladonna,
is not generally recognized as a good species by
botanists (see Index Kewensis, also Hooker's
Flora of British India, 4, 241). It grows in the
Himalaya Mountains from Kashmir to Simla.
Two names have been given the plant yielding
Indian belladonna, the earlier, Atropa acuminata
Royle, having been applied to it by Royle in his
"Illustrations of the Botany of the Himalaya"
1839, 279. No description accompanied it and
hence Royle's name is a nomen nudum. However,
Lindley, in /. Hort. Soc. Lond. (1846), validated
Royle's name by giving a brief description of
A. acuminata plants raised in the Society's garden
in 1845 from seeds collected at Kumaun, India,
in 1844.
The name Atropa lutescens Jacquem. appeared
in manuscripts of Jacquemont and was used by
Aitchison in his account of the flora of Kurrum
Valley (/. Linn. Soc, 1881, 18, 82) and some
other writers. Clarke, in Hooker f., Flora of
British India, 1885, 4, 241, cited A. lutescens
Jacquem. Mss. as well as A. acuminata Royle
as synonyms for A. Belladonna L. The Index
Kewensis also equates A. lutescens and A. acuminata toA. Belladonna L. Youngken and Hassan
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showed that the A. acuminata is only a variety
of A. Belladonna and named it Atropa Belladonna
L. var. acuminata (for details see /. A. Ph. A.,
1948, 37, 450).
Melville (/. Botany, 1942, 80, 54) investigated
the botanical source of Indian belladonna and
found the leaves of Atropa acuminata to be ovate
elliptic to elliptic lanceolate, acuminate, with a
gradually tapering base, as contrasted with the
ovate acute to acuminate leaves of A. Belladonna
which are stated to have a typically abruptly
rounded base. He also found the general direction of the main lateral nerves made a more acute
angle with the midrib in A. acuminata than in
A. Belladonna. Comparing the second and third
lateral nerves from the base of the leaf, the
angles were found to be about 30-45° in A. acuminata and 60-75° in A. Belladonna.
Corfield, Kassner and Collins investigated some
of the macroscopical characters and the alkaloidal
content of Indian belladonna (Atropa acuminata).
They found that on home-grown plants the leaves
were oblong-elliptical, tapering gradually at both
the apex and base, and on the flowering tops they
were more pointed at the apex and less tapering
at the base, that the flower was yellow to slightly
greenish yellow, its corolla campanulate to funnelshaped, and the ripe fruit black. The first year
rootstock was found to be hard and woody, the
dried root wrinkled longitudinally, tough, and not
breaking with a short mealy fracture. For homegrown plants, the total alkaloid by weight after
heating on a water-bath for 30 minutes was found
to be, for leaves and flowering tops, 0.456 per
cent, and for root, 0.613 per cent (for further
details see Quart J. P., 1943, 16, 108). Youngken,
Sr., found branches bearing brownish purple and
yellow flowers and both black and yellow fruits
on the same plants of Atropa Belladonna he had
under cultivation at Jamaica Plain, Mass.
According to Rowson (Chem. Drug., 1943, 140,
150), the leaves of Atropa lutescens (A. Belladonna var. acuminata) can be readily distinguished
microscopically from those of A. Belladonna,
even in powdered form, by the stomatal index of
the lower epidermis, it being 21.6 for A. Belladonna, the standard deviation from the mean
being 1.30, and 17.6 for A. lutescens, the standard deviation from mean being 0.71.
Bulgarian belladonna root, which has received
considerable publicity during recent years and
which has been used in the forms of a decoction
and a wine in the treatment of parkinsonian syndrome, does not differ structurally from ordinary
belladonna root grown in other countries. Bailey
(Pharm. J., 1938, 140, 77) did not find any difference in chemical constituents.
Description. — "Unground Belladonna Root is
cylindrical or tapering, slightly branched, often
split longitudinally or broken transversely; from
0.5 to 4 cm. in thickness; weak brown to moderate yellowish brown externally, light yellowish
brown to pale yellow internally; somewhat
wrinkled longitudinally, the soft periderm being
frequently abraded. The fracture is short and
mealy, emitting a puff of dust consisting chiefly
of starch grains. Belladonna Root is nearly odorless when dry but has a characteristic odor when
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moistened; it has a sweet, then bitter and acrid
taste." N.F. For histology see N.F. X.
"Powdered Belladonna Root is pale brown to
weak yellow. It contains numerous simple and
compound starch grains, the single grains up to
30 n in diameter and showing a distinct, somewhat eccentric hilum, the polarizing bands increasing indistinctness in direct ratio to the size
of the grains; numerous sphenoidal microcrystals
from 3 to 10 fi in length; a few fragments of
vessels, tracheids and wood fibers and occasionally long, thin-walled pericyclic fibers from belladonna stem. Old fibrous roots contain an excess
of lignified tissue." N.F.
Standards and Tests. — Belladonna root contains not over 10 per cent of its stem-bases and
woody crowns, not more than 2 per cent of foreign organic matter other than stem-bases and
woody crowns, and not more than 4 per cent of
acid-insoluble ash. Neither acicular crystals of
calcium oxalate nor Vessels with diamond-shaped
bordered pits, indicative of the presence of Phytolacca root, are seen. N.F.
Assay. — A sample of 10 Gm. of belladonna
root is assayed in the same manner as the leaf is
assayed. N.F. The B.P. and I. P. assays are the
same as these pharmacopeias respectively specify
for belladonna herb (leaf).
Constituents. — Belladonna contains members
of the group of solanaceous alkaloids. The latter
term, which may be applied to all alkaloids from
solanaceous plants, is generally limited to the following: Atropine and hyoscyamine (C17H23NO3),
apoatr opine and belladonnine (C17H21NO2), norhyoscyamine and nor-atropine (C16H21NO3),
scopolamine or hyoscine (C17H21NO4), tropacocaine (C15H19NO2), meteloidine (C13H21NO4),
and some recently discovered minor alkaloids.
Members of the group are esters of tropic, atropic,
benzoic, tiglic or other acid with a basic alcohol
tropine, nor-tropine, atropine, teloidine or scopine (Henry, Plant Alkaloids, 1949).
The chief alkaloid of belladonna is hyoscyamine
with, possibly, some atropine being present. It is
questionable whether the optically inactive atropine exists as such, or is produced by racemization of the naturally occurring levorotatoryhyoscyamine in the process of extraction (see
Gorio and Coty, Bull. sc. Pharmacol., 1921, 28,
545).
For a description of hyoscyamine and atropine
see under Atropine. Apoatropine is the anhydride
of atropine and is prepared by the action of
dehydrating agents upon atropine or hyoscyamine.
Hesse reported having isolated this alkaloid, under
the name atropamine, from belladonna root. Belladonnine, obtained naturally from henbane berries,
is an isomeride of apoatropine from which latter
it may be prepared by heating. Nor-hyoscyamine
is the demethylated derivative of hyoscyamine.
and has been found naturally in certain plants of
the Solanaceae. Nor-atropine, the demethylated
derivative of atropine, is obtained by racemization of nor-hyoscyamine. For a discussion of the
other alkaloids mentioned above, see elsewhere
in this work.
Adulterants. — The usual adulterants of belladonna leaves are the leaves of Phytolacca and
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Ailanthus and the leaves and tops of Solanum
nigrum and Scopola carniolica. Phytolacca leaves
may be detected by the presence of numerous
raphides as well as crystal sand. Scopola leaves
and tops show characteristic barrel-shaped reticulate tracheae as well as short calyx tubes, each
having a contained pyxis. Solanum nigrum or
black nightshade has ovate, wavy-toothed leaves
and a white rotate corolla. For distinction between
belladonna and scopola leaves see article by
Kraemer (Proc. A. Ph. A., 1908, p. 819). Guerin
and Guillaume describe the anatomical difference
in the leaves of belladonna, Phytolacca and
ailanthus (Bull. sc. Pharmacol., 1908, p. 213).
Belladonna root is not infrequently of inferior
quality because of the presence of large quantities of the stem-bases of the plant. The root is
sometimes adulterated with Phytolacca or scopola. Rusby reported the presence of 25 per cent
of some inert root, apparently wild althea, or a
relative of that plant. Youngken reported the
main adulterants of belladonna root as roots of
Phytolacca decandra, unpeeled roots of Althaa
officinalis and rhizomes of Scopola carniolica.
Phytolacca roots possess a tough fibrous fracture
and exhibit in transverse sections series of concentric circles of open collateral fibrovascular
bundles; the diagnostic tracheas have diamondshaped bordered pores; as in the case of the
leaves, raphides and crystal sand are present.
Althea roots show numerous mucilage sacs,
sclerenchyma fibers, ellipsoidal starch grains and
a few rosettes of calcium oxalate. Scopola rhizomes possess characteristic reticulate tracheae.
Scopola rhizome has been largely used by manufacturers of belladonna plasters in the place of
belladonna root.
Uses. — All parts of the belladonna plant are
poisonous. It is not uncommon in countries where
it grows wild for children to pick and eat the
berries, allured by their fine color and sweet taste.
The symptoms of belladonna poisoning are precisely the same as those of atropine poisoning.
The conclusion that the active principle of
belladonna is hyoscyamine, rather than atropine,
harmonizes with clinical experience which has
shown that, although qualitatively indistinguishable in its action from atropine, belladonna is
often efficacious in doses considerably smaller than
might be expected from its content of alkaloid if
the latter were atropine (see also Hyoscyamine
Hydrobromide) . For description of the physiological and therapeutic properties of belladonna,
see under Atropine. An important use of belladonna alkaloids has been in the treatment of
Parkinson's disease (see monograph on Skeletal
Antispasmodic Compounds, in Part II).
In the past belladonna root preparations were
employed topically as in the following instances;
today they have little more than historic interest.
Rubbed upon the areola of the breast, belladonna
has been believed to arrest the secretion of milk
and was frequently employed in mastitis; its
utility is questionable. Spasmodic stricture of the
urethra, anal fissures and painful uterine affections
have been relieved through local use of the extract, either smeared upon bougies or administered by injection or by suppositories. It was
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claimed also to be useful in paraphimosis. The
inhalation of fumes from burning belladonna
leaves has been employed to relieve the asthmatic
paroxysm. For this purpose, 8 Gm. (approximately 2drachms) of the leaves was smoked in
the form of a cigarette or in a pipe, or the
coarsely broken leaves, mixed with a little potassium nitrate, ignited to smolder and emit dense
fumes to be deeply inhaled. ©
Dose. — The range of dose is 30 to 120 mg.
(approximately Yi to 2 grains).
Storage. — Preserve "against attack by insects." N.F.
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by dissolving 50 Gm. of camphor in sufficient
belladonna root fluidextract to make 1000 ml.
The official usual dose of the N.F. preparation
is 0.05 ml. (approximately Ya minim) ; the B.P.
formerly gave as the dose for its stronger preparation 0.015 to 0.06 ml. (approximately Y to 1
minim) but the B.P. 1953 makes no mention of
a dose.
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
N.F.
BELLADONNA PLASTER.
Emplastrum Belladonnas

BELLADONNA
EXTRACT.

ROOT FLUIDN.F. (B.P.)

Fluidextractum Belladonnas Radicis

"Belladonna Root Fluidextract yields, from
each 100 ml., not less than 405 mg. and not more
than 495 mg. of the alkaloids of belladonna root."
N.F. Liquid Extract of Belladonna of the B.P.
contains 0.75 per cent w/v of the alkaloids of
belladonna root calculated as hyoscyamine (limits
0.70 to 0.80).
B.P. Liquid Extract of Belladonna; Extractum Belladonnas Liquidum.

Prepare the fluidextract from belladonna root,
in coarse powder, by Process A, as modified for
assayed fluidextracts (see under Fluidextracts) ,
using a menstruum of 4 volumes of alcohol and
1 volume of water. Macerate the drug during 48
hours, and percolate at a moderate rate. Adjust
the liquid to contain 0.45 Gm. of belladonna root
alkaloids in 100 ml. and 69 per cent, by volume,
of C2H5OH. N.F.
Under the name of Liquid Extract of Belladonna, the B.P. recognizes a product of considerably higher potency than the corresponding preparation of the N.F. The B.P. liquid extract of
belladonna root is prepared by percolating 1000
Gm. of moderately coarse belladonna root with
80 per cent alcohol. A 400-ml. portion of the
percolate is reserved; the remainder is evaporated
to a soft extract under reduced pressure, and the
residue dissolved in the reserved portion. This
liquid is assayed for alkaloidal content, adjusted
to the proper strength, and, after standing at least
12 hours, filtered.
Alcohol Content. — From 66 to 71 per cent,
by volume, of C2H5OH. N.F.
Belladonna root fluidextract, having a reddishbrown color, is markedly different in appearance
from belladonna leaf fluidextract, which is a deep
green; the N.F. fluidextract from the root also
contains half again as much alkaloid (0.45 per
cent w/v) as the corresponding N.F. preparation
from the leaf (0.3 per cent w/v). Belladonna root
fluidextract, even as the preparation from the
leaf, is little used internally. When called for on
a prescription special care must be observed to
measure accurately the volume required; because
this volume is small, as a rule, it is susceptible to
relatively large variation. The fluidextract is employed externally, for its supposed local anodyne
effect, in various liniment formulations. The
N.F. IX recognized Belladonna Liniment prepared

"Belladonna Plaster is a mixture of adhesive
plaster mass and an extract prepared from belladonna root, spread evenly upon fine cotton cloth
or other suitable backing material. The plaster
mass yields not less than 0.25 per cent and not
more than 0.30 per cent of the alkaloids of belladonna root. Each 100 square centimeters of the
spread plaster contains at least 2.5 Gm. of the
belladonna plaster mass." N.F.
Fr. Emplatre d'extrait de belladone. Get. Tollkirschenpflaster. Sp. Emplasto de belladona.

No method for preparing this plaster is given
by the N.F. ; for information concerning the
nature of the adhesive plaster mass which is used
in this preparation see under Plasters and Adhesive Plaster.
Uses. — Although belladonna plaster is widely
used it is essentially an irrational preparation.
Sufficient of the active principle may be absorbed
through the skin to produce constitutional symptoms, but this is manifestly an uncertain and unsatisfactory mode of obtaining the general effects
of belladonna and is never employed for this purpose. The plaster is used purely as a local anodyne
in lumbago and other myalgias, but belladonna is
not an analgesic. Such benefit as has followed the
employment of belladonna plaster is probably
attributable more to the mechanical action of the
plaster than to the therapeutic effect of the belladonna. Apopular type of belladonna plaster is one
in which capsicum is also present.
Storage. — Preserve "in well-closed containers
at a temperature which does not exceed 30°.
Protect it from direct sunlight." N.F.
BENTONITE.

U.S.P., B.P.

[Bentonitum]

"Bentonite is a native, colloidal, hydrated aluminum silicate." U.S.P.
Wilkinite;

Soap

Clay;

Mineral

Soap.

Sp.

Bentonita.

Bentonite, so named because of its discovery
in the Fort Benton formation of the Upper
Cretaceous in Wyoming, was first described by
Knight in 1897, though it is said to have been
used at the posts of the Hudson Bay Company
as a detergent in the washing of woolen materials.
It is a clay mineral of the class of hydrous aluminum silicates but its composition is quite variable,
depending on the locality where it is mined. The
United States Geological Survey defined bentonite
as "a transported, stratified clay, formed by the

148

Bentonite

alteration of volcanic ash, shortly after deposition." Of the many available varieties of bentonite, that produced in the Black Hills region of
Wyoming and South Dakota is reported to be
of the highest quality; it is variously known as
northern bentonite, "true" bentonite, and sodium
bentonite, the last name referring to its containing somewhat more sodium than other bentonites
(though the content of NasO averages only about
2.5 per cent). The chief mineral constituent of
this variety is the mineral montmorillonite, having the approximate formula H20.(Al203.Fe2C»3.3MgO).4Si02.nH20, and comprising about 90 per
cent of the bentonite. The remaining 10 per cent
consists of a feldspar, gypsum, the clay mineral
beidellite, calcium carbonate, remnants of altered
volcanic glass, some crystals of quartz, and a few
fragments of mica and of a manganese carbonate.
A relatively small, and variable, proportion of
the cations of bentonites are exchangeable by
certain other ions and it is possible to modify
bentonites by replacing the exchangeable cations
with others. These exchangeable cations have a
great deal to do with determining certain physical properties of bentonites, notably their hydration. A predominance of sodium in the exchangeable cation fraction imparts a high degree of
hydration, while predominance of calcium results
in lowered degree of hydration. Barr and Guth
(J. A. Ph. A., 1951, 40, 9) prepared five different
cation-saturated (sodium, potassium, calcium,
magnesium, and hydrogen) bentonites from the
same sample of a natural bentonite by appropriate cation-exchange reactions (see further reference to a practical application under Uses).
Bentonite is chemically similar to kaolin and china
clay, but it differs physically from these in the
fineness of its particles, which gives it a greater
total surface area that is at least partly responsible
for its pronounced adsorptive capacity.
Bentonite is insoluble in water but when mixed
with eight to fourteen parts of the latter it swells
to produce a slippery paste resembling petroleum
jelly. The consistency of the gel may be regulated by varying the amount of water added. Suspensions containing smaller amounts of bentonite
are quite permanent, particularly if a fine-particle
variety of the clay is used. In aqueous suspensions, the individual particles of bentonite are
negatively charged, this resulting in a strong attraction for positively charged particles and being
responsible for the ability of bentonite to clarify
such liquids as contain positively charged particles of suspended matter.
La Rocca and Burlage (/. A. Ph. A., 1945, 34,
302) demonstrated that the pH of the medium
in which bentonite is dispersed has a marked
effect on the stability of the suspension; above
about pH 7 the suspensions are considerably more
stable than below. They also confirmed an earlier
finding that bentonite, after washing with acid,
loses its suspending properties because of neutralization ofhydroxyl ions on the surface of the
bentonite. These hydroxyl ions appear to be essential for the formation of the large lattice-like
structure characteristic of bentonite magmas. For
other data on bentonite see Ewing et al. (J. A.
"Ph. A., 1945, 34, 129).
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Description. — "Bentonite occurs as a very
fine, odorless, pale buff or cream-colored powder,
free from grit, and has a slightly earthy taste. Bentonite isinsoluble in water, but swells to approximately twelve times its volume when added to
water. It is insoluble and does not swell in
organic solvents." U.S.P.
Standards and Tests. — Gel formation. — A
mixture of 6 Gm. of bentonite and 300 mg. of
magnesium oxide is added, in divided portions,
to 200 ml. of water in a 500-ml. glass-stoppered
cylinder, and agitated thoroughly for 1 hour. A
100-ml. portion of the mixture is transferred to
a 100-ml. cylinder, and allowed to remain undisturbed for 24 hours: not more than 2 ml. of
supernatant liquid appears on the surface. Swelling power. — A 2-Gm. portion of bentonite is
added, in divided portions, to 100 ml. of water in
a glass-stoppered cylinder, allowing each portion
to settle before adding the next. The mass at the
bottom of the container gradually swells until it
occupies an apparent volume of not less than
24 ml. Fineness of powder. — A suspension of 2
Gm. of bentonite in enough water to make 100 ml.
leaves no grit which can be felt with the fingers
when poured through a No. 200 standard mesh
sieve, the latter being thoroughly washed with
water. Loss on drying. — Not less than 5 per cent
and not more than 8 per cent, when dried at 105°
for 2 hours. pH. — The pH of a 2 per cent aqueous
suspension is between 9 and 10. U.S.P.
Uses. — Bentonite is used for many industrial,
pharmaceutical, and cosmetic purposes (see review by Goodman, Arch. Dermat. Syph., 1944,
49, 264). The better grades are excellent for
stabilizing many varieties of industrial emulsions
and other dispersions, such as of latex, various
oils and waxes, asphalt, etc. It exerts detergent
effects, being used in soaps, dentifrices, shaving
creams, and cleaners. Turbid waters and many
other liquids can be clarified with bentonite, and
it has marked adsorptive powers for dyes and
other coloring matter.
Bentonite is utilized in the preparation of a
number of pharmaceutical preparations for external use. Griffon (/. pharm. chim., 1938, 27,
159) prepared bentonite gels of yellow mercuric
oxide, mercury, zinc oxide, calomel, sulfur, coal
tar, etc., simulating the pomades of the French
Codex but differing from these in not having a
fatty base. Bentonite has been used as a facial
pack for cosmetic purposes, and as an adherent
dressing or an adsorbent powder in dermatology.
Fantus and Dyniewicz (/. A. Ph. A., 1938, 27,
878) were able to reduce the rapid sedimentation
rate of calamine lotion by incorporating bentonite in the formula. They incorporated bentonite
also in other dermatological formulas (ibid., 1939,
28, 548). Hubbard and Freeman (/. A. Ph. A.,
Prac. Ed., 1941, 2, 78) employed a 6 per cent
stock suspension of bentonite in effecting emulsification of troublesome olive oil and lime water
mixtures, and also in producing improved dispersions ofsuch substances as bismuth subnitrate,
zinc oxide, sulfur, camphor, etc. Both oil-in-water
and water-in-oil emulsions were prepared. When
using bentonite it is essential that it be added to
water and thoroughly agitated, preferably with
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an electric mixer, to permit maximum hydration;
water should not be added to bentonite.
Kulchar (Arch. Dermat. Syph., 1941, 44, 43)
found a 15 per cent suspension of bentonite in
water to be a satisfactory base, particularly for
formulations to be used in the treatment of
dermatitis and pruritus of the anogenital area.
The bentonite base dries to a film which keeps
the medication in situ. Salicylic acid, ichthammol,
ammoniated mercury, resorcinol, sulfur, Naf talan,
coal tar, Peru balsam, and juniper tar were incorporated inthe base.
Pillsbury, Sulzberger and Livingood (Manual
of Dermatology, 1942) indicated the multiple
utility of a powder containing 50 Gm. of zinc
oxide, 50 Gm. of talc, and 10 Gm. of bentonite
for preparing a lotion with water, for use as a
simple dusting powder in which antipruritic agents
may be incorporated, and for preparing an ointment by addition of petrolatum to the powder.
Hopkins (/. Invest. Dermat., 1946, 7, 7)
treated over 500 cases of fungus skin disease and
allied conditions using a bentonite gel base (20
Gm. of bentonite, 15 Gm. of talc, 55 ml. of water,
5 ml. each of liquid petrolatum and glycerin, and
5 Gm. of white petrolatum) for various watersoluble drugs and also for fatty acids, salicylic
acid, and other medicaments which may be dissolved in propylene glycol, alcohol, or other solvent, prior to incorporation with the base. Sulfur,
ammoniated mercury, zinc oxide, and other insoluble powders were readily incorporated. Thin
layers only of base are to be applied, as harshly
acting granules may remain if thick layers are
used on intertriginous areas or wounds.
Hollander and McClenahan (ibid., 1948, 11,
127) devised emulsified ointment bases containing petrolatum and bentonite; their formulations
contained from 10 to 32 per cent of oil phase
and from 13 to 17 per cent of bentonite. Formulae
containing higher proportions of oil had greater
emollient properties and tended to dry less
readily. These investigators emphasized the nonirritating character of the components and the
rare appearance of allergic skin reactions following use of such ointment bases. The bases were
especially useful in treating diseases of the lower
extremities, the bentonite component absorbing
moisture and removing obnoxious debris from the
skin.
Barr and Guth (/. A. Ph. A., 1951, 40, 13),
taking advantage of the ability of bentonite to
exchange a portion of its cations, prepared five
different bentonites, saturated with sodium, potassium, calcium, magnesium, and hydrogen ions,
respectively, and used these to prepare bases for
various ointments. These bases were found to be
superior to certain official fatty bases as carriers
for various anti-infective medicaments, judging
from results of tests utilizing the F.D.A. cupplate method for testing antiseptic ointments.
They observed that the hydrogen ion-saturated
bentonite produced ointment bases in which sulfathiazole, ammoniated mercury, and phenol showed
greater antibacterial activity than when incorporated in bases containing any of the other
modified bentonite or the original bentonite from
which the modified forms were prepared.
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In the form of a gel, bentonite has been used
as a bulk laxative. Among many other uses it has
also been employed as a carrier for barium sulfate
in a preparation administered internally for x-ray
delineation.
Storage.
ers." U.S.P. — Preserve "in well-closed containBENTONITE
[Magma

MAGMA.

U.S.P.

Bentoniti]

Sp. Magma de Bentonita.

Sprinkle 50 Gm. of bentonite, in divided portions, upon 800 ml. of hot purified water and
allow the mixture to stand, with occasional stirring, for 24 hours to permit hydration of the
bentonite to be completed. Stir until a uniform
magma is obtained, add enough purified water to
make 1000 ml., and mix thoroughly. U.S.P.
This is a convenient form in which to have
bentonite available for immediate use as a suspending and emulsifying agent (see under Bentonite). As hydration of the bentonite is complete
in the magma, its maximum viscosity has been
attained and it will therefore be immediately
effective.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Calamine Lotion, U.S.P.; Chalk
Mixture, N.F.
BENZALDEHYDE.

N.F.

Benzaldehydum

CeHs.CHO
"Benzaldehyde contains not less than 98 per
cent of C7H60." N.F.
Benzoic Aldehyde; Artificial Essential Oil of Almond.
Oleum Amygdalarum yEthereum Artificiale. Fr. Aldehyde
benzoique. Ger. Benzaldehyd; Kiinstliches Bittermandelol.
Sp. Benzaldehido; Bencilal.

As pointed out elsewhere (see under Bitter
Almond Oil) benzaldehyde is one of the products
of the hydrolysis of amygdalin. The commercial
supply, however, is mostly obtained by synthesis.
It may be made from toluene by a variety of
processes. Thus, benzyl chloride, C6H5CH2CI,
obtained by the chlorination of toluene, yields
benzaldehyde when treated with water and a mild
oxidant. If toluene is chlorinated to benzal chloride, C6H5CHCI2, this is easily hydrolyzed in the
presence of either acid or lime to give benzaldehyde. It may also be prepared by the oxidation
of benzyl alcohol, C6H5CH2OH, as well as by
other processes.
Exposed to air, benzaldehyde rapidly oxidizes
to benzoic acid, the latter frequently contaminating benzaldehyde.
Description. — "Benzaldehyde is a colorless,
strongly refractive liquid, having an odor resembling that of bitter almond oil, and a burning
aromatic taste. It is affected by light. Benzaldehyde dissolves in about 350 volumes of water,
and is miscible with alcohol, with ether, and with
fixed or volatile oils. The specific gravity of
Benzaldehyde is not less than 1.041 and not more
than 1.046." N.F.
Standards and Tests. — Refractive index. —
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Not less than 1.5440 and not more than 1.5465,
at 20°. Hydrocyanic acid. — No greenish blue color
or blue precipitate (the Prussian blue test) forms
within 15 minutes after mixing 0.5 ml. of benzaldehyde, 5ml. of water, 0.5 ml. of sodium hydroxide T.S. and 0.1 ml. of ferrous sulfate T.S.,
warming gently, then acidifying slightly with
hydrochloric acid. Chlorinated compounds. — A
roll of copper gauze is heated in a Bunsen burner
to form a coating of copper oxide; a total of six
drops of benzaldehyde is ignited on the gauze and
the latter then heated in the outer edge of a
Bunsen flame. No green color, due to copper chloride vapor, should be seen in the flame. This test
is commonly known as the Beilstein test for halogens. Nitrobenzene. — No purplish color is obtained on treating benzaldehyde with zinc and
diluted sulfuric acid (whereby nitrobenzene, if
present, is reduced to aniline) and heating with
potassium dichromate T.S. AT.F.
Assay. — Benzaldehyde is assayed in the same
manner as this constituent is determined quantitatively in Bitter Almond Oil. Each ml. of 1 N
sodium hydroxide represents 106.1 mg. of C7H6O.
N.F.
Uses. — Benzaldehyde is used chiefly as a
flavoring agent, having the aroma of bitter almonds without their poisonous qualities. While
not completely harmless, the toxic powers of
benzaldehyde are relatively feeble (Viehoever
and Mack, Am. J. Pharm., 1935, 107, 397).
The N.F. gives the average dose as 0.03 ml.
(approximately Yz minim), although it has no
recognized medicinal action.
Storage. — Preserve "in wTell-filled, tight, lightresistant containers." N.F.
Off. Prep. — Compound Benzaldehyde Elixir,
N.F.
COMPOUND
BENZALDEHYDE
ELIXIR.
N.F.
[Elixir Benzaldehydi Compositum]

Dissolve 0.5 ml. of benzaldehyde and 1 Gm. of
vanillin in 50 ml. of alcohol; add 400 ml. of syrup,
150 ml. of orange flower water, and enough purified water, in portions and shaking the mixture
after each addition, to make 1000 ml. Filter the
product, if necessary, until it is clear. N.F.
Alcohol Content. — From 3 to 5 per cent, by
volume, of C2H5OH. N.F.
This elixir is used solely as a pleasant vehicle,
particularly for administering bromides.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Three Bromides Elixir, N.F.
BENZALKONIUM

CHLORIDE.

U.S.P.

Alkyldimethyl-benzylammonium Chloride,
[Benzalkonii Chloridum]

"Benzalkonium Chloride is a mixture of alkyldimethyl-benzylammonium chlorides of the general formula, [C6H5CH2N(CH3)2R]C1, in which
R represents a mixture of the alkyls from CsHu
to C18H37. It contains, when calculated on the
anhvdrous basis, not less 97 per cent and not more
than
U.S.P. 103 per cent of [C6H5CH2N(CH3)2R]C1."

Zephiran Chloride (JWinthrop). Sp. Cloruro de Bengalkonio.

The particular compound which Domagk, in
1935, called attention to in pointing out the antiseptic and detergent properties of certain quaternary ammonium compounds was zephirol, now
called zephiran chloride, and assigned the title
benzalkonium chloride by the U.S.P.
Benzalkonium chloride possesses the structural
requirements (see also Benzethonium Chloride)
for a quaternary ammonium compound having
high germicidal activity, namely, the presence of
a long alkyl hydrocarbon chain, one short aromatic-substituted alkyl group (benzyl), and two
lower alkyl groups (methyl). The long alkyl
hydrocarbon chain is supplied by the fatty acids
of coconut oil; as the composition of coconut oil
is reasonably constant a uniform composition of
the product is assured.
Description. — "Benzalkonium Chloride occurs
as a white or yellowish white, amorphous powder,
or in the form of gelatinous pieces. It has an
aromatic odor, and a very bitter taste. Its solutions are alkaline to litmus and foam strongly
when shaken. Benzalkonium Chloride is very soluble in wrater, in alcohol, or in acetone. It is almost
insoluble in ether, and is slightly soluble in benzene." U.S.P.
Standards and Tests. — Identification. — (1)
A white precipitate, soluble in alcohol, is produced on adding diluted nitric acid or mercuric
chloride T.S. to a 1 in 100 solution of benzalkonium chloride. (2) Dissolve 200 mg. of benkalkonium chloride in 1 ml. of sulfuric acid, add
100 mg. of sodium nitrate, and heat on a steam
bath for 5 minutes. Cool, dilute with water to
10 ml., add 500 mg. of zinc dust, and warm for
5 minutes on a steam bath. To 2 ml. of the clear
supernatant liquid add 1 ml. of 1 in 20 sodium
nitrite solution, cool in ice water, then add 3 ml.
of a solution of 500 mg. of betanaphthol in 10 ml.
of ammonia T.S. : an orange-red color is produced. (3) A solution of benzalkonium chloride
in dilute alcohol responds to tests for chloride.
Water. — Not over 15 per cent, wThen determined by the Karl Fischer method. Residue on
ignition. — Not over 0.2 per cent. Ammonium
compounds. — Ammonia is not evolved on heating
to boiling a mixture of 5 ml. of 1 in 50 solution
of benzalkonium chloride and 3 ml. of sodium
hydroxide T.S. U.S.P.
Assay. — To a solution representing 1 Gm. of
benzalkonium chloride buffered with sodium acetate and acetic acid is added an excess of 0.05 M
potassium ferricyanide which precipitates the
ferricyanide of benzalkonium; after standing for
an hour the precipitate is filtered off and the
excess ferricyanide in an aliquot of the filtrate
estimated by oxidation of potassium iodide and
titration with 0.1 N sodium thiosulfate in the
presence of zinc sulfate. A blank titration is performed on the potassium ferricyanide solution.
Each ml. of 0.05 M potassium ferricyanide represents 54.0 mg. of alkvldimethyl-benzylammonium
chlorides. U.S.P.
Incompatibilities. — Benzalkonium chloride is
a cationic detergent, i.e., one whose antiseptic

Part I
and detergent properties reside in the cation, and
as such is incompatible with any anionic detergent,
such as soap, in which the detergent effect is
exhibited by the anion. Soap should be completely
removed from tissue to which benzalkonium chloride solution is to be applied. Solutions of local
anesthetics, of epinephrine and of ephedrine, as
well as of most other substances with which
benzalkonium chloride is likely to come in contact, are compatible with the antiseptic.
Uses. — Benzalkonium chloride is a powerful
and rapidly acting germicide for many pathogenic
nonsporulating bacteria and fungi. Solutions of
the substance have low surface tension (37.4
dynes per centimeter for a 1:1000 solution at
25.3°) and possess detergent, keratolytic and
emulsifying properties, all of which favor wetting
and penetration of surfaces to which they are
applied. In vitro tests demonstrated that Streptococcus haemolyticus is killed in 10 minutes (but
not in 5 minutes) by a 1:40,000 solution at 20°,
and by a 1:95,000 solution at 37°; for Staphylococcus aureus the corresponding dilutions are
1:20,000 and 1:35,000; for Eberthella typhosa
they are 1:20,000 and 1:70,000; and for Escherichia coli, 1:12,000 and 1:40,000 (see Dunn,
Proc. Soc. Exp. Biol. Med., 1936, 35, 427; ibid.,
1938, 37, 661; Am. J. Surg., 1938, 41, 268; also
Hoyt et al., Surgery, 1942, 12, 786). In the presence of serum the effective concentrations were
approximately 10 times greater. As with other
disinfectants it has little sporicidal activity. It is
less injurious to human leukocytes than are the
mercurial antiseptics (Herrell and Heilman, Am.
J. Med. Sc, 1943, 206, 221).
On the skin, under the usual conditions of use,
the disinfectant action of benzalkonium chloride
is not as great as has been generally supposed
(Price, Arch. Surg., 1950, 61, 23), principally
because residual soap on the skin inactivates
the detergent (see under Incompatibilities) . Thorough rinsing of the area to which benzalkonium
chloride is to be applied, with water, will materially enhance its effectiveness. Price has demonstrated that the "tincture" of benzalkonium chloride— in which the solvent is composed of 50 per
cent ethyl alcohol, 10 per cent acetone, and 40
per cent water — is not only a more effective skin
disinfectant than an aqueous solution of equal
concentration, but also is less affected by soap
than is the aqueous solution. The strongest disinfectant action, according to Price, is produced
by 1 per cent iodine in 70 per cent alcohol; the
next strongest is 70 per cent (by weight) alcohol
by itself; third is the tincture of benzalkonium
chloride. He suggests that the quaternary compound may be as effective as iodine if dissolved
in 70 per cent alcohol.
Miller et al. {Proc. Soc. Exp. Biol. Med., 1943,
54, 174) reported that certain cationic antiseptics
of the type of benzalkonium chloride deposit an
invisible film on the skin which is difficult to remove. This film may be sterile on the outside but
underneath it the skin may hold viable bacteria;
it is readily removed by alcohol or by application
of an anionic detergent, such as soap.
Effective concentrations of benzalkonium chlo-
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ride are relatively nonirritating — indeed they are
said to have an emollient action. A 1:1000 solution was given orally to guinea pigs as their only
source of fluid for months without harmful effect;
injections intraperitoneally of as much as 6 ml.
daily of the same solution for several months also
showed no apparent reaction. Single doses of 1.2
ml. of a 10 per cent solution per Kg. of body
weight produced little or no effect in rabbits when
injected subcutaneously or intraperitoneally; when
the dose was increased to 1.5 ml. per Kg. death
occurred in 24 hours due to local destruction of
tissue rather than systemic toxicity. In reporting
the death of a woman following artificial abortion
with benzalkonium chloride Arnold and Krefft
{Deutsche Ztschr. ges. gerichtl. Med., 1952, 41,
297) stated that in animals the substance is extremely toxic following intraperitoneal or intravenous injection. It produced, according to these
investigators, a curare-like effect with paralysis of
neuromuscular junctions of all striated muscles,
which effect was similar to that observed in the
woman. Extreme caution is advised by Arnold
and Krefft in using benzalkonium chloride for
washing body cavities, especially if the solution is
to be kept in place for a long time.
Aqueous or alcohol-acetone-water solutions of
benzalkonium chloride may be employed in nearly
all cases where skin and mucous membrane antisepsis isrequired. Where the skin has been washed
with soap and water, careful rinsing with water,
then with 70 per cent alcohol, is to be followed
by application of the "tincture" of benzalkonium
chloride. Aqueous solutions of the antiseptic are
employed on areas where soap is not ordinarily
used or where alcohol would produce irritation.
The concentrations of benzalkonium chloride
recommended for the several uses to which it is
put are as follows: For preoperative disinfection
of unbroken skin or treatment of superficial injuries and fungous infections, the 1 :1000 tincture
is preferable; for preoperative disinfection of
mucous membranes and denuded skin, concentrations from 1 : 10,000 to 1 :2000 may be employed;
for widely denuded areas, from 1 : 10,000 to
1 :5000 is better; for urinary bladder and urethral
irrigation, the concentration should not exceed
1:20,000; for retention lavage of the bladder, the
maximum strength is 1:40,000; for application to
the eye or the vagina, solutions ranging from
1:5000 to 1:2000 may be used. Therapeutic disinfection ofdeep lacerations may be effected with
the 1 : 1000 aqueous solution, but for irrigation of
infected deep wounds, the maximum concentration
should be 1:3000. For wet dressings solutions of
1 : 5000 or less are employed.
A 1:1000 solution of benzalkonium chloride is
an effective sterilizing agent for surgical instruments when applied for 30 minutes; for storing
the sterile instruments a 1:5000 solution suffices
but it must also contain at least 0.1 per cent
sodium nitrite to prevent rusting of metal instruments. Rubber articles may be similarly sterilized
and stored.
Benzalkonium chloride is available only under
the trade-marked name Zephiran Chloride, manufacture ofthe substance being protected by letters
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patent. It is available in the form of a 1:1000
aqueous solution and a 12.8 per cent concentrated
leous solution (see Benzalkonium Chloride Solution), as an ophthalmic jelly 1:2000, and as a
tincture 1:1000, stainless or tinted.
Storage.— Preserved "in tight, light-resistant
containers." U.S. P.
BENZALKONIUM
CHLORIDE
SOLUTION.
U.S.P.
Liquor Benzalkonii Chloridi

"Benzalkonium Chloride Solution contains not
less than 93 per cent and not more than 107 per
cent of the labeled amount of benzalkonium chloride. It may be buffered by the addition of ammonium acetate in a quantity not exceeding 40
per cent of the weight of the benzalkonium chloU.S.P. ride. It may contain a suitable coloring agent."
Sp. Solution de Cloruro 4e Benzalkonio.

Description.— "Benzalkonium Chloride Solution is a clear liquid, colorless unless a color has
been added. It has an aromatic odor, and a bitter
taste." U.S.P.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Usual Sizes. — Aqueous solution 1:1000, 8 fl.
oz. and 1 gallon; concentrated 12.8 per cent solution, 4fl. oz. and 1 gallon.
GAMMA BENZENE HEXACHLORIDE.
U.S.P, B.P.
Benzene Hexachloride,

CI

Hexachlorocyclohexane

CI

c"wCI
ci

a

"Gamma Benzene Hexachloride is the gamma
isomer of hexachlorocyclohexane. It contains not
lessThethanB.P.99 defines
per centGamma
of CeHeCle."
Benzene U.S.P.
Hexachloride
as the Y-isomer of 1 :2:3:4:5:6-hexachlorocyc/ohexane and requires it to contain not less than
99.0 per cent of CeHeCle.
B.P. Gamma Benzene Hexachloride. Lindane. Gammexane (Imperial Chemical Industries).

Benzene hexachloride was first prepared by
Michael Faraday in 1825, but it has been only
recently that the outstanding insecticidal properties of the gamma isomer were discovered by
British and French investigators. Prepared by the
interaction of chlorine and benzene, the product
benzene hexachloride consists of five isomers,
designated alpha, beta, gamma, delta, and epsilon;
these differ in the stereochemical configuration of
the chlorine atoms of the molecule. The isomers
may be fairly well separated by differences in
their solubility in various liquids. The gamma
isomer almost exclusively possesses insecticidal
activity; since it is present in the reaction products only to the extent of about 12 per cent it
must be separated from the other isomers to obtain a product of maximum activity.
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The name lindane was adopted by the U.S.
Department of Agriculture, Bureau of Entomology and Plant Quarantine, to designate the gamma
isomer of 1,2,3,4,5, 6-hexachlorocyclohexane having a purity of not less than 99 per cent.
Description. — "Gamma Benzene Hexachloride
is a white, crystalline powder having a slight,
musty odor. Gamma Benzene Hexachloride is
practically insoluble in water and is slightly soluble in ethylene glycol. One Gm. dissolves in about
15 ml. of alcohol, in about 3.5 ml. of chloroform,
and in about 40 ml. of ether." U.S.P.
Standards and Tests. — Identification. — A
few mg. of benzene hexachloride is ignited, on a
clean copper wire, above the non-luminous flame
of a Bunsen burner; on subsequently holding the
wire in the flame a bright green color is imparted
to the flame. Loss on drying. — Not over 0.5 per
cent, when dried over phosphorus pentoxide at
60° at a pressure of 10 mm. of mercury for 4
hours. Chloride. — 100 mg. of benzene hexachloride is shaken with 10 ml. of water and the mixture is filtered: on adding 1 ml. of nitric acid
and 3 ml. of silver nitrate T.S. to the filtrate no
turbidity develops. Limit of isomers. — The congealing temperature is not less than 112.0°. U.S.P.
As a test for identification the B.P. directs that a
mixture of 1 ml. of 0.5 per cent alcoholic solution
of benzene hexachloride, 3 ml. of alcohol, and
1 ml. of alcoholic potassium hydroxide solution
shall show, after standing for 10 minutes, reactions characteristic of chlorides.
Assay. — About 400 mg. of gamma benzene
hexachloride is warmed with alcohol to effect solution, then saponified with an alcoholic potassium
hydroxide, whereby trichlorobenzene is formed
and three chloride ions are released; the chloride is estimated volumetrically by the Yolhard
method. Each ml. of 0.1 N silver nitrate represents 9.695 mg. of CeHeCle. U.S.P.
Uses. — Both technical benzene hexachloride
and lindane are effective insecticides against the
same species that DDT kills except that the
former are toxic in smaller dose and in a shorter
period of time. They are employed in the same
kinds of formulations as DDT (see under Chlorophenothane). The objectionable off-flavor imparted to certain agricultural crops and processed
foods by the technical product and. to a lesser
extent, by lindane is a disadvantage of these
insecticides.
The pure gamma isomer of hexachlorocyclohexane is of therapeutic interest because of its
effectiveness as a local application in the treatment of scabies. Cannon and McRae (J.A.M.A.,
1948, 138, 557) and Kornblee and Combes (Arch.
Dermat. Syph., 1950, 61, 407) treated nearly two
hundred patients with scabies with a preparation
(Kwell, Commercial Solvents Corp.) containing
1 per cent of the gamma isomer in a vanishing
cream base; every patient was cured, with no
evidence of irritation or sensitivity except in one
patient. A few patients with pediculosis corporis
and pubis were also treated similarly, by Cannon
and McRae, with good results. Pflug (U. S. Armed
Forces Med. J., 1951, 2, 399) employed an
emulsion containing 1 per cent of the same substance as a more rapid means of applying the
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agent to military personnel afflicted with scabies.
Toxicology. — Technical benzene hexachloride
is about equal to DDT in acute toxicity to man
and other warm-blooded animals. The gamma
isomer is the most toxic of the isomers, being
about twice as toxic as DDT. It has been estimated that approximately 600 mg. per Kg. of
body weight, or about an ounce of technical
benzene hexachloride containing 15 per cent of
the gamma isomer, could be fatal in a single dose
for an adult; the corresponding dose for the
gamma isomer is probably of the order of onequarter this amount. While the acute toxicity of
the beta isomer is about one twenty-fourth that
of DDT, the former plays the most important
role in chronic intoxication with technical benzene hexachloride because it is stored in fat tissue
longer than are other isomers and it is also the
most stable of the isomers. For these reasons the
chronic oral toxicity of essentially pure gamma
isomer is not as great as that of the technical
product. Liver degeneration and nutritional disturbances, however, have been induced in dogs
exposed to the gamma isomer over long periods
of time.
While cutaneous absorption of both oily and
aqueous suspensions of the gamma isomer have
resulted in fatalities in laboratory animals, it is
believed to be safe to apply the substance in 1 per
cent concentration to the skin, as in the treatment
of scabies, if prolonged or repeated applications
are avoided. The vapor and dust hazards of the
mixture of isomers appear to be of a low order.
Not only does the mode of action of technical
benzene hexachloride and its gamma isomer in
general resemble that of DDT, but the symptoms
of poisoning and its treatment are also essentially the same for these insecticides; reference
should be made to the monograph on Chlorophenothane for this information. A detailed discussion of the pharmacology and toxicology of
technical benzene hexachloride and its principal
isomers mav be found in J.A.M.A., 1951, 147,
571.
Pure benzene hexachloride is applied topically
in 1 per cent concentration, in lotion or ointment
form.
Storage. — Preserve "in well-closed containers." U.S.P.
BENZETHONIUM

CHLORIDE.

U.S.P.

Benzyldimethyl{2-[2-(p-l,l,3,3-tetramethylbutylphenoxy)ethoxy]ethyl}ammonium Chloride

(CH3)3C-CH2C(CH3)2

-0--

"Benzethonium Chloride contains not less than
97 per cent and not more than 103 per cent of
C27H42CINO2.H2O." U.S.P.
Phemerol Chloride (Parke, Davis). Hyamine 1622 (Rohm
& Haas). ^-tcri-Octylphenoxyethoxyethyldimethylbenzylammonium Chloride.

Chloride
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On the basis of a study of a large group of
quaternary ammonium compounds for germicidal
activity Rawlins et al. (/. A. Ph. A., 1943, 43,
11) concluded that for pronounced activity it is
essential to have in the cation one long alkyl
hydrocarbon chain of 12 to 16 atoms (which
may, however, be modified by the inclusion of
an aromatic group and of one or more oxygen
atoms), one short aromatic-substituted alkyl
group (such as C6H5CH2— ), and two lower alkyl
groups (such as CH3— ). One such compound is
benzethonium
chloride (note the structural
formula) .
Benzethonium chloride may be synthesized by
reacting />-£er£-octylphenol with .rym-dichloroethyl
ether in the presence of an alkaline condensing
agent; the product obtained in this reaction is
subsequently reacted with dimethylamine, the resulting tertiary amine being converted to the
quaternary ammonium salt by treatment with
benzyl chloride. For further information see U.S.
Patent 2,115,250.
Description. — "Benzethonium Chloride occurs
as colorless crystals. It is odorless and has a very
bitter taste. Its 1 in 100 solution is slightly alkaline
to litmus. Benzethonium Chloride is soluble in
water, in alcohol, and in chloroform. It is only
slightly soluble in ether. Benzethonium Chloride,
dried at 105° for 4 hours, melts between 160°
and 165°." U.S.P.
Standards and Tests. — Identification. — (1)
A white precipitate, insoluble in diluted nitric
acid but soluble in diluted ammonia solution, is
produced on adding 2 ml. of alcohol, 0.5 ml. of
diluted nitric acid and 1 ml. of silver nitrate T.S.
to 1 ml. of 1 in 100 benzethonium chloride solution. (2) A 1 in 100 solution of benzethonium
chloride forms a precipitate with diluted nitric
acid, and with mercuric chloride T.S., both
soluble in alcohol. (3) Benzethonium chloride,
reacted with sulfuric acid and sodium nitrate, the
resulting nitro-derivative reduced with zinc and
diazotized with sodium nitrite, and finally coupled
with 2-napthol-6,8-sodium disulfonate (G salt),
produces an orange-red compound which may
change to a brown precipitate. Water. — The limit
is 5 per cent, when determined by drying at 105°
for 4 hours. Residue on ignition. — Not over 0.1
per cent. Ammonium compounds. — The odor of
ammonia is not perceptible when a mixture of
5 ml. of a 1 in 50 solution of benzethonium chloride and 3 ml. of ■Csodium
hydroxide T.S. is
HS
boiled. U.S.P.

ci:h2o
CH2CH2-0-CH2CH2

Assay. — Benzethonium chloride is assayed,
using essentially the same procedure as for benzalkonium chloride, by precipitating benzethonium
ferricyanide with a measured excess of 0.01 M
potassium ferricyanide, then determining the excess of the latter through liberation of iodine
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from iodide, followed by titration with 0.01 N
sodium thiosulfate. A residual blank titration is
performed. Each ml. of 0.01 M potassium ferricvanide represents 13.98 mg. of CyrHiaClNOs.HjO. In the assay 3 moles of benzethonium chloride react with 1 mole of potassium ferricyanide,
the excess of which liberates Yi mole of iodine
to be titrated with 1 mole of sodium thiosulfate;
it is apparent from this relationship that the gram
equivalent weight of benzethonium chloride is 3
times its molecular weight. Each ml. of 0.1 M
potassium ferricyanide represents 13.98 mg. of
C27H42CIXO2.H2O. U.S.P.
Uses. — Benzethonium chloride was the most
active of a series of related quaternary ammonium
antiseptics studied by Rawlins et al. {loc. cit.).
Joslyn et al. (/. A. Ph., 1943, 32, 49; tested it by
the F.D.A. method on 8 different species of bacteria; these were killed, in 5 minutes, by strengths
ranging from 1 in 12,000 to 1 in 80,000, at 20°.
It was also strongly fungicidal, a 1 in 1000 solution killing actinomyces, trichophyton, monilia
and other fungi. Benzethonium chloride has come
into rather wide usage as a general germicide and
antiseptic; the most popular application forms
are a 1:1000 aqueous solution and a 1:500 tincture (alcohol-acetone solution).
Benzethonium chloride, in common with other
quaternary ammonium antiseptics, has the disadvantage that its activity is greatly lessened by
soap and a variety of organic substances, including pus. Miller et al. (Proc. S. Exp. Biol. Med.,
1943, 54, 174) observed that this type of antiseptic forms a thin, relatively tough, film on skin;
the film may be sterile on the outside but underneath it the skin may hold viable bacteria. An
advantage of benzethonium chloride is that its
germicidal activity increases with increase in pH;
at pH 10 it is several times as active against E.
typhosa and S. aureus as at pH 4. It has a low
order of acute or chronic toxicity against animals.
Herrell and Heilman {Am. J. Med. Sc, 1943,
206, 221) tested the toxicity to human leukocytes of benzethonium chloride and benzalkonium
chloride; both were less injurious than mercurial
antiseptics.
In a preliminary study of the efficacy of quaternary ammonium compounds as molluscacides,
Vallejo-Freire et al. {Science, 1954, 119, 470)
found that a concentration of 10 parts per million of Hyamine 1622 killed all Australorbis species snails; since snails serve as the intermediate
host of Schistosoma the potential importance of
this property of quaternary ammonium compounds isapparent.
A 1:1000 aqueous solution (uncolored), supplied under the name Phemerol Chloride Solution,
is recommended as an antiseptic in preoperative
and postoperative care of wounds and infected
areas, also for application to accessible mucous
membranes of the gastrointestinal and genitourinary tracts. Phemerol Chloride Tincture is of
1:500 concentration, and contains alcohol and
acetone; it is recommended principally for preparation of skin preoperatively (it is colored red)
and for antepartum preparation of obstetrical
patients. A 1:5000 ophthalmic solution, containing also 2 per cent of boric acid, is supplied for
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use in ocular conditions where an antiseptic is
indicated.
The germicidal and detergent properties of
benzethonium chloride have found many sanitation uses; for this purpose it is available in crystalline form, under the name Hyamine 1622. It is
recommended for sanitizing eating and cooking
utensils in restaurants, for similar use in dairies,
for control of obnoxious odors in public rest
rooms, for disinfectant use in laundering operations, for various veterinary germicidal uses, and
for control of growth of algae in swimming pools.
It is essential, of course, that it be used in proper
concentration for each of these purposes.
Methylbenzethonium Chloride, N.N.R. — A
derivative of benzethonium chloride in which a
methyl substituent is introduced in the benzene
ring of the phenoxy group, thereby forming a
cresoxy group, has found wide use, under the
name Diaparene chloride (Homemakers' Products), for bacteriostasis of urea-splitting organisms
which may be involved in diaper dermatitis.
Diaparene chloride is supplied in tablets containing 90 mg. of active ingredient; solution of 1 tablet in about 200 ml. of water produces a 1:25,000
solution for rinsing diapers.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
BENZETHONIUM
CHLORIDE
SOLUTION.
U.S.P.
"Benzethonium Chloride Solution contains not
less than 93 per cent and not more than 107 per
cent
U.S.P.of the labeled amount of C27H42CINO2.H2O."
Description. — "Benzethonium Chloride Solution is a clear, colorless liquid. It is odorless and
has
a bitter taste. It is slightlv alkaline to litmus."
U.S.P.
See the preceding article for concentration and
uses of this solution.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
BENZOIC
ACID.
U.S.P, B.P, LP.
[Acidum Benzoicum]

CeHs.COOH
"Benzoic Acid, dried over sulfuric acid for 3
hours, contains not less than 99.3 per cent of
C7H6O2." US. P. Both the B.P. and the LP. require not less than 99.5 per cent of C7H6O2;
preliminary' drying is not specified.
Phenylcarboxylic Acid; Phenylformic Acid; Flowers of
Benzoin; Flowers of Benjamin. Fr. Acide benrolque. Ger.
Benzoesauxe. It. Acido benzoico. Sp. Acido Benzoico.

Benzoic acid occurs both free and as esters in
various plants, especially balsams and resins, in
coal tar, and as hippuric acid (benzoylglycine) in
the urine of nearly all vertebrates. Formerly it
was obtained from benzoin, and from the hippuric
acid of horse urine; today it is probably entirely
prepared by synthesis. One commercial process
utilizes benzotrichloride, C6H5CCI3, as the starting compound; this is hydrolyzed with lime, using
iron as a catalyst, and yields benzoic acid upon
acidification. Another
commercial
method
in-
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volves decarboxylation of phthalic acid, CeBU(COOH)2, at a temperature of 2 75 to 300° C. in
the presence of a catalyst. Benzoic acid may also
be prepared by many other reactions, such as
oxidation of toluene with manganese dioxide and
sulfuric acid, oxidation of benzaldehyde or benzyl
alcohol, hydrolysis of benzonitrile, etc.
For methods of purifying benzoic acid so as to
obtain a product containing as much as 99.999
mole per cent of the acid, see Schwab and Wichers
(/. Research Natl. Bur. Standards, 1940, 25, 747).
Description. — "Benzoic Acid occurs as white
crystals, usually as scales or needles. It is odorless, or it may have a slight odor of benzaldehyde
or of benzoin. It is somewhat volatile at moderately warm temperatures, and is freely volatile
in steam. One Gm. of Benzoic Acid dissolves in
275 ml. of water, in 3 ml. of alcohol, in 5 ml. of
chloroform, and in about 3 ml. of ether. One Gm.
of the Acid dissolves in 20 ml. of boiling water,
and in 1.5 ml. of boiling alcohol. It is soluble in
fixed and in volatile oils and is sparingly soluble
in petroleum benzin. Benzoic Acid melts between
121° and 123°." U.S.P.
Standards and Tests. — Identification. — Benzoic acid responds to tests for benzoate. Residue
on ignition. — Not over 0.05 per cent. Chlorinated
compounds. — 500 mg. of benzoic acid is ignited in
the presence of calcium carbonate, the residue dissolved in nitric acid and silver nitrate solution
added: the turbidity is no greater than that produced by 0.6 ml. of 0.02 N hydrochloric acid in a
control test. Heavy metals. — The limit is 20 parts
per million. Readily carbonizable substances. — A
solution of 500 mg. of benzoic acid in 5 ml. of
sulfuric acid has no more color than matching
fluid Q. Readily oxidizable substances. — A hot,
acid solution containing 1 Gm. of benzoic acid
requires not more than 0.5 ml. of 0.1 iV potassium
permanganate to produce a pink color persisting
for 15 seconds. U.S. P. The B.P. and I.P. both
specify an arsenic limit of 2 parts per million and
a lead limit of 5 parts per million.
Assay. — A sample of about 500 mg. of benzoic
acid, previously dried over sulfuric acid for 3
hours, is dissolved in diluted alcohol which has
been neutralized to phenolphthalein indicator and
the solution titrated with 0.1 N sodium hydroxide.
One-fifth of the volume of 0.02 N hydrochloric
acid used in the test for chlorinated compounds
is subtracted from the volume of 0.1 N alkali
consumed. Each ml. of 0.1 N sodium hydroxide
represents 12.21 mg. of C7HGO2. U.S.P.
In the B.P. and I.P. assays a sample of 2.5
grams is titrated with 0.5 N sodium hydroxide
using phenol red as indicator. No correction is
made for the presence of chlorinated compounds.
Uses. — When benzoate ion is ingested it combines with aminoacetic acid and appears in the
urine chiefly as hippuric acid. This conversion
takes place in the liver. Therapeutic doses of
benzoic acid have practically no effect on the
elimination of either urea or uric acid, although
both Denis (/. Pharmacol., 1915, 7, 601) and Terroine (Arch, internat. pharm., 1939, 63, 300) had
reported that the output of uric acid is increased
after large doses. Benzoic acid is so irritant that
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it cannot be administered internally without severe
gastric irritation, although the neutral benzoates
are tolerated well in doses of 6 Gm. or more (see
Sodium Benzoate). It was a popular ingredient
in many of the supposedly antiseptic mouth
washes. For a discussion of the use of benzoic acid
as a food preservative see Sodium Benzoate.
Benzoic acid is actively germicidal. Goshorn
and Degering (Ind. Eng. Chem., 1938, 30, 646)
found that at a pH of 3.5, a 1 in 800 solution will
kill in an hour both the colon bacillus and the
staphylococcus; at a pH of 5, however, it is not
a certain bactericide in strengths of even 1 in 20;
at the latter pH it will, however, inhibit bacterial
growth in 1 in 3000 solution. Rahn and Conn
(Ind. Eng. Chem., 1944, 36, 185) concluded that
the antiseptic activity of benzoic acid resides
chiefly, if not exclusively, in the non-ionized portion because it is difficult for ions to permeate
living cell membranes.
A combination of benzoic and salicylic acids,
as in Whitfield's ointment, possesses fungistatic
and fungicidal properties. Exfoliation of the
upper layers of the skin is produced by keratolytic action; hyperemia is also induced. In superficial dermatomycoses the fungi are cast off with
the stratum corneum and the hyperemia aids in
the destruction of the parasite (Wise and Wolf,
J. A.M. A., 1936, 107, 1126). Goodman (Arch.
Dermat. Syph., 1944, 49, 16) emphasized the
relative lack of importance of the benzoic acid in
this combination; the appropriate keratolytic or
keratoplastic action is secured by selection of
the proper concentration of salicylic acid. Bernheim and Mulinos (/. Pharmacol., 1932, 44, 81)
reported that the benzoates act like the salicylates
in lessening the inflammatory reaction to the local
application of oil of mustard. E
If given by mouth, the dose is 0.6 to 2.0 Gm.
(approximately 10 to 30 grains).
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Acacia Mucilage; Starch Glycerite, U.S.P.; Camphorated Opium Tincture,
U.S. P., B.P.; Aminoacetic Acid Elixir; Benzoic
and Salicylic Acid Ointment; Tragacanth Mucilage, N.F.
BENZOIC AND SALICYLIC
OINTMENT.
U.S.P.

ACID

Whitfield'sBenzoici
Ointment,
[Unguentum Acidi
et Salicylici]
Compound Ointment of Benzoic Acid.

Finely powder 60 Gm. of benzoic acid and 30
Gm. of salicylic acid, and incorporate these with
a portion of polyethylene glycol ointment until a
smooth, homogeneous mixture is obtained, after
which sufficient of the same ointment base is
added to make the product weigh 1000 Gm.
U.S.P.
It is to be noted that this new formula contains half the concentration of benzoic acid and
salicylic acid represented in the formerly official
formula; also, the base has been changed from a
mixture of wool fat and white petrolatum to
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polyethylene glycol ointment, which is watersoluble.
Uses. — Whitfield's ointment is a useful and
popular local application for treatment of superficial fungous infections of the skin; the new halfstrength ointment is the one which was most frequently used for at least the initial therapy of the
common type of ringworm. In chronic, hyperkeratotic stages of the disease the stronger ointment (representing 12 per cent of benzoic acid
and 6 per cent of salicylic acid) may be beneficial.
Whitfield's ointment is not indicated in the acute,
weeping or vesicular stage of dermatophytosis.
Storage. — Preserve "in tight containers, and
avoid prolonged exposure to temperatures above
30°." U.S.P.
BENZOIN.

U.S.P., B.P.

Benzoinum

"Benzoin is the balsamic resin obtained from
Styrax Benzoin Dryander or Styrax paralleloneurus Perkins, known in commerce as Sumatra
Benzoin, or from Styrax tonkinensis (Pierre)
Craib ex Hartwich, or other species of the Section
Anthostyrax of the genus Styrax, known in commerce as Siam Benzoin (Fam. Styracece). Sumatra Benzoin yields not less than 75 per cent of
alcohol-soluble extractive. Siam Benzoin yields
not less than 90 per cent of alcohol-soluble extractive." U.S.P.
The B.P. limits the source of benzoin to Styrax
benzoin Dryand. and Styrax paralleloneurum
Perkins, known in commerce as Sumatra benzoin.
Gum Benjamin; Benzoe; Resina Benzoe; Asa Odorata;
Asa Dulcis. Fr. Benzoin du Laos, dit de Siam. Ger.
Benzoe; Benzoeharz; Siam-benzoe. It. Benzoino; Belgioino. Sp. Benjui.

Styrax Benzoin, or Benjamin tree, is a tall tree
of quick growth, sending off many strong round
branches, covered with a whitish downy bark. Its
leaves are alternate, entire, oblong, pointed,
smooth above and stellate-tomentose beneath.
The flowers are in compound, axillary clusters,
nearly as long as the leaves, and usually hang, all
on the same side, upon short slender pedicels.
The tree is a native of Sumatra, Java, Borneo,
and other islands in the vicinity. Strueff described
the morphology of trees of Styrax Benzoin,
growing in Siam, Sumatra and Java, in Arch.
Pharm., 1911, 249, 10. Reinitzer reported on the
collection of Sumatra benzoin at Palembang (see
Arch. Pharm., 1926, 264, 368). The exudation is
purely the result of pathological processes, the
plant containing no resin receptacles. The trees,
which are either wild or cultivated, are wounded
at about six years, when the trunks are usually
about seven or eight inches in diameter. Once a
year the bark is wounded near the origin of the
lower branches; the sap which exudes hardens
on exposure to the air. The yield on each occasion
from one tree never exceeds three pounds. The
juice which flows first is the purest, and provides
the whitest and most fragrant benzoin.
Styrax paralleloneurus (not paralleloneurum)
Perkins is a shrub or tree, native to Sumatra,
with branches bearing petiolate, oblong or lanceolate-oblong leaves up to 12 cm. in length and
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3.5 cm. in width having round-cuneate base,
acuminate to acute apex and coriaceous texture,
prominently 7- to 8-pinnately nerved and reticulately veined on the lower surface, which is brownish tomentose. The inflorescence is racemose or
paniculate, up to 11 cm. in length, bearing small
flowers with pedicels 5 to 6 mm. long, each with
a broadly campanulate calyx, undulate or irregularly denticulate along its margin and densely
fuscous-tomentose outside, a 5-partite corolla
whose tube is 3 mm. in length, its lobes recurved.
10 stamens, and a pistil with an obovoid, tomentose ovary and smooth styles.
The tree or trees yielding Siam benzoin have
long been a source of controversy. According to
E. M. Holmes, one of them possesses leaves
thinner and less distinctly venated than those of
Styrax benzoin. Hartwich believed it to be a
new species, Styrax benzoides Craib (see Kew
Bulletin, 1912, p. 391). Holmes {Pharm. J., 1916,
804) attributed it, however, to the S. tonkinensis.
Rordorf {Pharm. J., 1917, 99, 111) received some
fruits which were sent him from Bangkok as
specimens supposedly derived from the benzoin
tree; these did not agree with any species previously described and he proposed a new species,
S. siamensis Rordorf. It seems probable that one
or more members of the section Anthostyrax
Pierre of the genus Styrax including S. tonkinensis
(Pierre) Craib ex Hartwich yield the Siam variety. The territory from which the balsam is
derived is a quite limited district in the Siamese
Province
Mekong. of Luang Probang along the River
Siam benzoin appears in commerce as two subvarieties, either in the form of separate tears
(Tear Siam benzoin) or in masses composed of
tears cemented together by a rich amber-colored
translucent resin, these masses usually being in
cubical blocks which take their form from the
wooden boxes in which the soft resin has been
packed (Block Siam benzoin). The tears are
small, mostly less than 2 or 3 cm. in length,
opaque, brittle and milky white on the interior,
but on keeping gradually oxidize into the reddishbrown, transparent or translucent resin. The
finest variety is composed almost entirely of these
tears, loosely agglutinated together. Sumatra
benzoin is sent into commerce chiefly from Palembang in Sumatra. It differs from the Siam varieties in having a much grayer color; the resin
is grayish-brown, the tears are usually fewer than
in the finer variety, and the bits of wood, etc.,
more abundant. The odor differs from, and is less
agreeable than, that of Siam benzoin. "Palembang
benzoin" is an inferior variety of Sumatra benzoin, of lighter weight and having an irregular,
porous fracture. It is the poorest of four grades
of benzoin produced at Palembang, Sumatra. It
consists of a reddish-brown resinous substance
with only a few tears imbedded in it. It is
claimed to yield a larger percentage of benzoic
acid and is used as a source of that product. It
is also asserted that it can be distinguished by
its tincture, when dropped into water, not producing milkiness, but a flocculent deposit. Penang
benzoin also resembles Sumatra benzoin, but has
an odor which is more like that of storax, and
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it is probably yielded by the Styrax Benzoin; possibly it is the product of one of the Sumatran
species, S. subdenticulata Mig. For an account
of the cultivation and collection of benzoin in
Sumatra see Reinitzer {Arch. Pharm., 1926, 264,
368).
A variety of benzoin known as Estoraque or
Benjui is produced in Bolivia from Styrax Pearcei
Perk. var. bolivianus. This has been shown by
Wichmann (Schweiz. Wchnschr. Pharm., 1912,
p. 237) to be of similar composition to the
Asiatic resin. According to this author resins
are also collected from a number of other species
of Styrax in South America.
Description. — "Unground Sumatra Benzoin
occurs in blocks or lumps of varying size, made
up of tears, compacted together with a reddish
brown, reddish gray, or grayish brown resinous
mass. The tears are externally yellowish or rusty
brown, milky white on fresh fracture; hard and
brittle at ordinary temperatures, but softened by
heat and becoming gritty on chewing. Its odor is
aromatic and balsamic. When heated it does not
emit a pinaceous odor. When Sumatra Benzoin is
digested with boiling water, the odor suggests
cinnamates or storax. It has an aromatic and
slightly acrid taste.
"Unground Siam Benzoin occurs in pebble-like
tears of variable size and shape, compressed,
yellowish brown to rusty brown externally, milky
white on fracture, separate or very slightly agglutinated, hard and brittle at ordinary temperatures but softened by heat and becoming plastic
on chewing. It has an agreeable, balsamic, vanillaU.S.P.like odor. Its taste is aromatic and slightly acrid."
Standards and Tests. — Identification. — (1)
A solution of benzoin in alcohol is acid to litmus
paper and becomes milky on adding water. (2)
On heating in a test tube Sumatra benzoin evolves
a sublimate consisting of plates and small, rodlike crystals that strongly polarize light; Siam
benzoin forms a sublimate directly above the
melted mass consisting of numerous long, rodshaped crystals which do not strongly polarize
light. (3) Sumatra benzoin produces a deep reddish brown, and Siam benzoin a deep purplish
red, coloration when 2 or 3 drops of sulfuric acid
are added to 1 ml. of the supernatant ether layer
from 250 mg. of benzoin which has been shaken
with 5 ml. of ether. (4) On heating 500 mg. of
benzoin with 10 ml. of potassium permanganate
T.S., in a test tube, only the Sumatra variety
develops a strong odor of benzaldehyde. Benzoic
acid. — 1 Gm. of benzoin, treated with 15 ml. of
warm carbon disulfide, yields in the case of the
Sumatra variety not less than 6 per cent and with
Siam benzoin not less than 12 per cent of residue
responding to the identification test for benzoic
acid. Acid-insoluble ash. — Not over 1 per cent
from Sumatra benzoin; not over 0.5 per cent from
Siam benzoin. Foreign organic matter. — Not over
1 per cent in Siam benzoin. U.S.P.
The B.P. limits matter insoluble in 90 per cent
alcohol to 20.0 per cent, ash to 2.0 per cent, and
loss on drying to 10.0 per cent.
Assay. — A sample of 2 Gm. of benzoin is extracted with alcohol for 5 hours in a Soxhlet or
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other extraction apparatus; the extractive is prevented from volatilizing from the alcohol solution
by the presence of 100 mg. of sodium hydroxide
in the receiving flask. The insoluble residue is
dried at 105° for 2 hours and weighed. The difference between the weight of the moisture-free
benzoin (calculated from a determination of
moisture by the official toluene method) and the
weight of the insoluble residue represents the
alcohol-soluble extractive. U.S.P.
Constituents. — Our knowledge of the constitution of Siam benzoin has been greatly advanced
by the investigations of Reinitzer (Arch. Pharm.,
1926, 264, 131). He has shown that the fresh
exudate is composed chiefly of: crystalline coniferyl benzoate {lubanyl benzoate), about 78 per
cent, with a little less than 12 per cent of benzoic
acid, and 6 per cent of a triterpene acid siaresinolic (also called siaresinol), C30H48O4; these
bodies, all of which are solids, are liquefied by
the presence of a little more than 2 per cent of
cinnamyl benzoate and traces of vanillin. As the
resin hardens there is an evaporation of most of
the cinnamyl benzoate and a change in a portion
of the coniferyl benzoate from a crystalline to an
amorphous condition. The proportion of free
benzoic acid is difficult to determine accurately
because of the ease with which coniferyl benzoate issaponified by alkalies.
The composition of Sumatra benzoin is not
so well understood, but apparently cinnamic acid
replaces much of the benzoic acid present in the
Siam variety, and sumaresinolic acid (sumaresinol) replaces the siaresinol. In it are also
traces of stryacin (cinnamyl cinnamate), styrene
(phenyl ethylene), benzaldehyde, and vanillin (see
Brans, Pharm. Weekbl., 1936, 73, 374).
Adulterants. — Sumatra benzoin is sometimes
heavily adulterated with stony debris, sand and
bark. Schneider reports finding as much as 75
per cent of bark in a commercial article.
Uses. — Benzoin is an irritating expectorant
and was formerly extensively employed in pectoral afflictions. The compound tincture, and also
the simple tincture of benzoin, are still used
occasionally for their expectorant effect by oral
administration or, more frequently, by inhalation
of the vapors from boiling water to which a small
quantity of one of the tinctures has been added.
This practice, however, has been criticized as being more irritating than beneficial, steam alone
being preferred (J.A.M.A., 1941, 117, 675). The
most important and frequent use of benzoin
today is as an external antiseptic and protective.
It is usually employed in the form of compound
benzoin tincture, under which title the uses are
discussed. In the East Indies, benzoin is burnt by
the
Hindus as a perfume in their temples of
worship.
Benzoin retards rancidification of fats and is
used for this purpose in the official benzoinated
lard; Husa and Riley (J. A. Ph. A., 1934, 23, 544)
demonstrated that in the case of Siam benzoin, at
least, the preservative action is due to coniferyl
benzoate. [v]
Dose, from 0.6 to 2 Gm. (approximately 10 to
30 grains).
Labeling. — "Label
Benzoin
to
indicate
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whether it is Sumatra Benzoin or Siam Benzoin."
US.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Compound Benzoin Tincture,
U.S. P., B.P.; Benzoin Tincture, U.S.P.; Benzoinated Lard, N.F.
BENZOIN

TINCTURE.

U.S.P.

[Tinctura Benzoini]
Tinctura Benzoinis; Tinctura Benzoes. Fr. Teinture de
benjoin. Ger. Benzoetinktur. It. Tintura di benzoino.
Sp. Tintura de benjui.

Prepare the tincture, by Process M (see under
Tinctures), from 200 Gm. of benzoin, in moderately coarse powder, using as the menstruum
sufficient alcohol to make 1000 ml. US.P.
Alcohol Content. — From 75 to 83 per cent,
by volume, of C2H5OH. U.S.P.
Benzoin ticture possesses the therapeutic properties of benzoin. It is employed as a local
astringent and protective application and is sometimes used with steam as an inhalant.
Benzoin tincture has been administered in doses
of 1 to 2 ml. (approximately 15 to 30 minims).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." US.P.
Off. Prep. — Compound Tar Ointment, N.F.
COMPOUND BENZOIN TINCTURE.
U.S.P., (B.P.)
[Tinctura Benzoini Composita]
B.P. Compound Tincture of Benzoin. Friar's Balsam;
Turlington's Balsam. Tinctura Balsamica; Tinctura Benzoes Composita. Fr. Teinture balsamique; Baume du commandeur de pernes. Ger. Zusammengesetzte Benzoetinktur;
Wundbalasm. It. Tintura di benzoino composto. Sp. Tintura
de Benjui Compuesta.

Prepare the tincture, by Process M (see under
Tinctures), from 100 Gm. of benzoin and 20 Gm.
of aloe, both in moderately coarse powder, 80
Gm. of storax, and 40 Gm. of tolu balsam, using
as the solvent sufficient alcohol to make 1000 ml.
US.P. The B.P. tincture is only slightly different.
Alcohol Content. — From 74 to 80 per cent,
by volume, of C2H5OH. U.S.P.
Uses. — Compound benzoin tincture is employed chiefly for its antiseptic and protective
effect as a local application to small fissures,
cracked nipples, and indolent ulcers. A common
use is for painting the skin prior to application of
adhesive tape for supportive dressings. Occasionally a contact dermatitis may be encountered,
which Steiner (/. Invest. Dermat., 1949, 13, 351)
believes to be due to volatile oils and resins, and
which may be mistaken for adhesive tape sensitivity. He recommended avoidance of the tincture
in individuals with allergic skin diseases, although
the incidence of reaction in other persons is remote. Pearlman (Arch. Dermat. Syph., 1950, 61,
121) found compound benzoin tincture helpful
when applied to painful vesiculobullous lesions of
the oral mucosa in erythema multiforme; he employed it also in herpes simplex of the lips,
aphthous stomatitis, and Vincent's infection, with
benefit. Downing (ibid., 1946, 54, 714) recommended the incorporation of compound benzoin
tincture in ointment form for application to

broken skin, as undiluted tincture tends to irritate
because of its high alcoholic content. The following formula was suggested: compound benzoin
tincture, 30 ml.; zinc oxide ointment, 30 Gm.
The tincture is evaporated on a water bath to the
consistency of a soft extract, and incorporated,
while hot, in the ointment. This preparation is of
special value in dry, fissured dermatitis of the
fingers of industrial workers.
Compound benzoin tincture is the balsamum
traumaticum of the older pharmacopeias, and
may be considered as a simplified form of certain
complex compositions, such as baume du commandeur, Wade's balsam, Balsam de Maltha,
Friar's balsam, Jesuit's drops, Turlington's balsam, Vervain's balsam, St. Victor's balsam,
Persian balsam, Swedish balsam, Jerusalem balsam, etc., which were formerly in great repute
as pectorals and vulneraries.
The tincture is occasionally employed internally
as a stimulating expectorant in chronic bronchitis.
More frequently it is used as an inhalant by
adding a teaspoonful of the tincture to a pint of
hot water and breathing the vapors; this mode
of treatment may be useful in the early stages of
acute bronchitis. It has also been recommended
in chronic dysentery with the idea that it would
exercise its local action upon the ulcerated surface
of the colon, but is of doubtful utility.
The dose is from 1 to 4 ml. (approximately
15 to 60 minims).
Storage. — Preserve "in tight light-resistant
containers and avoid exposure to direct sunlight
and to excessive heat." U.S.P.
BENZYL ALCOHOL.
N.F, B.P.
Phenylcarbinol, [Alcohol Benzylicum]

C6H5.CH2OH
The B.P. requires Benzyl Alcohol to contain
not less than 97.0 per cent w/w of C7H8O.
Phenylmethanol. Phenylmethylol.

Benzyl alcohol occurs naturally as an ester in
several balsams, notably Peruvian and tolu, but
the commercial supply is made by synthesis, as by
the hydrolysis of benzyl chloride with alkali or
by the action of an alkali on benzaldehyde.
Description. — "Benzyl Alcohol is a colorless
liquid with a faint, aromatic odor and a sharp
burning taste. Benzyl Alcohol boils without decomposition atabout 206° and is neutral to litmus
paper. One Gm. of Benzyl Alcohol dissolves in
about 30 ml. of water. One volume of Benzyl
Alcohol dissolves in 1.5 volumes of 50 per cent
alcohol. It is miscible with alcohol, with ether
and with chloroform. The specific gravity of
Benzyl Alcohol is not less than 1.040 and not more
than 1.050." NJ.
Standards and Tests. — Distillation range. —
Not less than 94 per cent, by volume, distils between 202.5° and 206.5°. Refractive index. — Not
less than 1.5385 and not more than 1.5405, at 20°.
Identification. — Benzaldehyde, recognizable by its
odor, is produced on adding 2 or 3 drops of
benzyl alcohol to 5 ml. of a 1 in 20 aqueous
solution of potassium permanganate, then acidifying with diluted sulfuric acid. Residue on
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ignition. — The weight of residue from 10 ml. is
negligible. Chlorinated compounds. — Benzyl alcohol complies with the requirements of this test
under Benzaldehyde. Aldehyde. — No yellow color
appears in the aqueous layer when 5 ml. of benzyl alcohol is shaken with 5 ml. of sodium
hydroxide T.S. and the mixture allowed to stand
for 1 hour. N.F.
Assay. — About 1.5 Gm. of benzyl alcohol is
heated on a water bath for 30 minutes with 25 ml.
of a mixture of 1 volume of acetic anhydride and
7 volumes of pyridine to acetylate the alcohol
group. After adding 25 ml. of water the excess
acetic anhydride and by-product acetic acid is
titrated with 1 N sodium hydroxide, using phenolphthalein as indicator. The operation is repeated without the benzyl alcohol. Each ml. of
the difference between the two titrations represents 108.1 mg. of CtHsO. B.P.
Uses. — Benzyl alcohol is employed for its
local anesthetic and bacteriostatic effects. In 1 to
4 per cent solution in water for injection or in
isotonic sodium chloride solution it is sometimes
employed as an analgesic by subcutaneous injection. Only the most concentrated of these solutions
are irritating and sometimes produce subcutaneous
edema on injection (see Sollmann, /. Pharmacol.,
1919, 13, 355; also Gruber, ibid., 1924, 23, 149).
The solutions are relatively non-toxic, benzyl
alcohol being converted in the body to hippuric
acid.
Benzyl alcohol has been found to possess antibacterial activity. Macht et al. (J. Urol, 1920, 4,
355) referred to its having rapid bactericidal
action against several organisms in concentrations
of 1 to 3 per cent. Gershenfeld (Am. J. Pharm.,
1952, 124, 399) found that concentrations of 1
per cent or higher were bacteriostatic against
24-hour-old broth cultures of Staphylococcus
aureus, Escherichia coli communis, Bacillus subtilis, Bacillus mesentericus, and Bacillus megatherium and against 16-month old spore cultures
of the last three organisms.
The combination of local anesthetic and bacteriostatic effects of benzyl alcohol is rather
widely utilized in the preparation of solutions for
intramuscular or subcutaneous administration;
the usual concentration range is 1 to 3 per cent
of the alcohol.
Topical application of solutions of benzyl alcohol isuncertain in its effects. It is effective as
an antipruritic when applied as a 10 per cent ointment, or as a lotion containing equal volumes
of benzyl alcohol, ethyl alcohol, and water. Application of a few drops of benzyl alcohol to an
exposed nerve or cavity is reported to be an
efficient anodyne for toothache.
Storage. — Preserve "in tight containers, remote from fire." N.F.
BENZYL

BENZOATE.

U.S.P., B.P., LP.

[Benzylis Benzoas]

C6H5.CO.O.CH2.C6H5
"Benzyl Benzoate contains not less than 99 per
cent of C14H12O2." U.S.P. The B.P. requires not
less than 99.0 per cent, the LP. not less than 98.0
per cent, of C14H12O2.
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Benzyli Benzoas. Ger. Benzoesaurebenzylester. Sp. Benzoato de bencilo; Ester bencil-benzoico.

Benzyl benzoate occurs naturally in some of
the balsamic resins and is reported to be a constituent of the perfumes of hyacinth, gardenia,
jasmin, and orange blossom. It may be prepared
synthetically by esterifying benzyl alcohol and
benzoic acid in the presence of a catalyst, by
the reaction of benzyl alcohol and benzoyl chloride, by heating benzyl chloride with potassium
benzoate in the presence of triethylamine, or by
the interaction of two molecules of benzaldehyde
in the presence of sodium benzoyloxide.
Description. — "Benzyl Benzoate is a clear,
colorless, oily liquid having a slight aromatic odor
and a sharp, burning taste. Benzyl Benzoate is
insoluble in water and in glycerin. It is miscible
with alcohol, with ether and with chloroform.
The specific gravity of Benzyl Benzoate is not
less than 1.116 and not more than 1.120." U.S. P.
The boiling point is about 323°. B.P., I. P.
Standards and Tests. — Congealing temperature.— Not below 18.0°. Identification. — (1)
Benzaldehyde, recognizable by its odor, is produced on warming 1 ml. of benzyl benzoate with
2 ml. of potassium permanganate T.S. (2) A
salmon-colored precipitate is formed on adding
ferric chloride T.S. to a portion of the solution
remaining from the assay from which alcohol has
been evaporated and diluted hydrochloric acid
added to acidify it. A white precipitate of benzoic acid is produced on adding an excess of diluted hydrochloric acid to a second portion of
the solution remaining from the assay and from
which alcohol has been evaporated. Acidity. — Not
more than 0.3 ml. of 0.1 N sodium hydroxide is
required for neutralization of 5 ml. of benzyl benzoate dissolved in neutral alcohol, phenolphthalein
T.S. being used as the indicator. U.S.P.
Assay. — About 2 Gm. of benzyl benzoate is
saponified by heating with 50 ml. of 0.5 N alcoholic potassium hydroxide, the excess alkali being
titrated with 0.5 N hydrochloric acid, using phenolphthalein T.S. as indicator. A residual titration blank is performed in the same manner on
the alkali solution. Each ml. of 0.5 N potassium
hydroxide represents 106.1 mg. of C14H12O2.
U.S.P.
Uses. — The introduction of benzyl benzoate
into medicine was due to physiological studies
performed by Macht (/. Pharmacol., 1918, 11,
419), who concluded from his experiments and
clinical trials that benzyl derivatives relaxed nonstriated muscles — such as the intestines, ureter,
arteries, etc. — and were therapeutically useful in
various spasmodic conditions such as asthma,
dysmenorrhea, renal or biliary colic, and also
to combat high blood pressure. For a brief period
the drug enjoyed a great popularity in the treatment of these conditions, but it has all but ceased
to be used for these purposes (for literature see
Gruber, J. Lab. Clin. Med., 1925, 10, and Macht,
/. Pharmacol., 1929, 25, 281).
In more recent years it has been widely used as
a treatment for scabies. All methods of treatment
with benzyl benzoate have been uniformly effective, whether in lotion or emulsion form, and
whether single or several applications have been

160

Benzyl

Benzoate

made. King (Brit. M. J., 1940, 2, 626) applied a
lotion consisting of equal parts of benzyl benzoate,
denatured alcohol, and soft soap. It was applied
vigorously for 5 minutes with a shaving brush
after a thorough scrubbing of the entire body with
soft soap and a 10-minute period of soaking in a
bath at 100° F. After the first application dried,
another one was applied, the clothes worn before
the treatment resumed, and 24 hours later a bath
taken and clean clothes put on. Slepyan (J. A.M. A.,
1944, 124, 1127) reported on the use of another
formula at the U. S. Naval Training Station at
Great Lakes. The lotion used there was prepared
by pouring 250 Gm. of benzyl benzoate on 20
Gm. of Duponol C, to this adding 2.5 per cent
bentonite magma to make 1000 ml., and shaking
well until the wetting agent dissolved. The routine
for treatment consisted in having the patient take
a shower, using soap freely and scrubbing the involved areas, applying the lotion to the entire
body with a paint brush, repeating the treatment
5 minutes after the first application had dried,
retiring to bed 4 hours, showering again and, after
thorough drying, putting on clean clothes which
had been sterilized. Calamine ointment was applied to any irritated areas. This treatment proved
100 per cent effective for scabies and pediculosis
pubis.
The most satisfactory preparation appears to
be that recommended by Eddy (Bureau of Entomology, U. S. Department of Agriculture) and
known as Benzyl Benzoate Chlor op heno thane
Lotion or NBIN Emulsion. It contains 10 per cent
of benzyl benzoate, 1 per cent of chlorophenothane, 2 per cent of ethyl aminobenzoate, and 2.5
per cent of polysorbate 80 in water. The benzyl
benzoate is active against mites, the ethyl aminobenzoate isan ovicide, and the chlorophenothane
acts on larvae; the combined actions result in an
effective preparation and one which has a low
incidence of irritancy. Carpenter et al. (J. Invest.
Dermat., 1946, 7, 93) found it highly useful in
the treatment of scabies and pediculosis. The
emulsion is rapidly effective even when it is applied once at night and again the following morning. The only drawback of the NBIN formula is
the marked allergic dermatitis that may follow
its use in the exceptional patient having a hypersensitivity to ethyl aminobenzoate. Shane (Can.
Med. Assoc. J., 1946, 54, 39) and Daugherty
(J.A.M.A., 1945, 127, 88) called attention to
sensitization that may occur from use of benzyl
benzoate. Such cases may be treated appropriately with baths and soothing lotions. A transitory
sensation of slight burning may follow application
of benzyl benzoate ; the substance should never be
permitted to come in contact with the eyes.
During World War II benzyl benzoate was
used, in the form of a 5 per cent emulsion, to
impregnate clothing worn by soldiers as a protective measure against mites. Smith and Cole
(/. Nat. Malar. Soc, 1951, 10, 206) found that
the most effective repellent, applied to clothing
for several weeks storage, against A'edes cegypti
and A. quadrimaculatus was a mixture of N-butylacetanilid and benzyl benzoate; the mixture was
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also an outstanding repellent for ticks, fleas and
chiggers.
Beilby (Brit. M. J., 1946, 2, 77) relieved the
pruritus of varicella with a benzyl benzoate lotion.
Benzyl benzoate has a number of important
technical uses — as a solvent for cellulose ethers
and many natural and synthetic resins, as a cellulose ester plasticizer, as an ingredient in and fixative for perfumes, and as a flavor in confectionery
and chewing gum. [v]
The oral dose formerly recommended was from
0.2 to 0.4 ml. (approximately 3 to 6 minims).
Storage. — Preserve "in tight containers and
avoid exposure to excessive heat." U.S. P.
BENZYL

BENZOATE
U.S.P. (B.P.)

LOTION.

[Lotio Benzylis Benzoatis]

"Benzyl Benzoate Lotion contains not less than
26 per cent and not more than 30 per cent of
C14H12O2." U.S.P. The B.P. Application of Benzyl
Benzoate is required to contain not less than 25.0
per cent w/v of C14H12O2 (limits, 22.3 to 27.5).
B.P. Application of Benzyl Benzoate. Sp. Locion de
Benzoato de Bencilo.

Mix 5 Gm. of triethanolamine with 20 Gm. of
oleic acid, add 250 ml. of benzyl benzoate, and
mix well. Transfer the mixture to a container of
about 2000-ml. capacity, add 250 ml. of water,
and shake thoroughly. Finally add 500 ml. more
of water, and shake thoroughly. U.S.P.
The B.P. product is made by mixing 250 Gm.
of benzyl benzoate with 20 Gm. of melted emulsifying wax, then pouring the mixture into sufficient warm distilled water to make 1000 ml., the
whole being stirred thoroughly.
This formula is one of the several which have
been successfully employed in the treatment of
scabies (see under Benzyl Benzoate). The lotion is
applied locally over the entire body except the
face; the adult requires 120 to 180 ml. (approximately 4 to 6 fluidounces) ; a child needs 60 to
90 ml. (approximately 2 to 3 fluidounces).
Storage. — Preserve "in tight containers."
U.S.P.
SAPONATED

BENZYL
N.F.

BENZOATE.

[Benzylis Benzoas Saponatus]

"Saponated Benzyl Benzoate contains, in each
100 ml., not less than 93 Gm. and not more than
107 Gm. of C14H12O2." N.F.
Sp. Bensoato de Bencilo, Saponificado.

Mix 20 Gm. of triethanolamine with 80 Gm. of
oleic acid, add sufficient benzyl benzoate to make
1000 ml. and mix well. N.F.
This is a concentrated form of benzyl benzoate
lotion (see preceding article) ; to prepare it for
use as an external application of the same strength
as benzyl benzoate lotion, 275 ml. of saponated
benzyl benzoate is mixed with 725 ml. of water
and shaken thoroughly.
Storage. — Preserve "in tight containers." N.F.
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BERGAMOT

OIL.

N.F.

Oleum Bergamottae

''Bergamot Oil is a volatile oil obtained by expression from the rind of the fresh fruit of Citrus
Bergamia Risso et Poiteau (Fam. Rutacece).
Bergamot Oil yields not less than 36 per cent of
esters,
calculated as linalyl acetate, C12H20O2."
N.F.
Oleum Bergamotae ^Ethereum. Essentia Bergamothae.
Fr. Essence de bergarnote. Ger. Bergamottol. It. Essenza
di bergamotto. Sp. Esencia de bergamota.

The bergamot plant is a small tree with oblongovate, dentate, acute, or obtuse leaves, somewhat
paler on the under than on the upper surface, and
with long winged petioles. The flowers are small,
white and fragrant; the fruit is a pyriform or
globular, thin-skinned, hesperidium, about three
inches in diameter. The pulp of the fruit is sour,
somewhat aromatic, and not disagreeable. The
rind is shining, of a pale-yellow color when mature,
and abounds in volatile oil. This may be obtained
by expression or distillation. In the former case
it preserves the agreeable flavor of the rind, but
is somewhat turbid; in the latter it is limpid but
less sweet. The mode of procuring it by expression
is exactly the same as that used for lemon oil
(q.v.). The bergamot tree is extensively cultivated
in southern Calabria, where the production and
sale of the oil are under the control of the Italian
government. This oil, which is used in the preparation of Eau de Cologne and various perfumes,
is brought from Italy, the south of France, Switzerland. Netherlands, and the United Kingdom.
Description. — "Bergamot Oil is a yellowish
brown to green liquid, having a characteristic,
fragrant odor, and an aromatic, bitter taste. It is
affected by light. Bergamot Oil dissolves in alcohol and in glacial acetic acid. Bergamot Oil dissolves in 2 volumes of 90 per cent alcohol. The
specific gravity is not less than 0.875 and not more
than 0.880." N.F.
Standards and Tests. — Optical rotation. —
Not less than +8° and not more than +24°, in a
100-mm. tube, at 25°. Refractive index.— Not less
than 1.4650 and not more than 1.4675, at 20°.
Heavy metals. — The oil meets the requirements of
the test for heavy metals in volatile oil. Fixedoil. — Not over 6 per cent of a soft greenish residue remains on evaporating about 2 Gm. of the
oil, on a water bath, until the odor has completely
disappeared. N.F.
Assay. — The esters in 2 Gm. of oil are hydrolyzed by heating with 20 ml. of 0.5 N alcoholic
potassium hydroxide, under a reflux condenser, for
30 minutes. The excess of alkali is titrated with
0.5 N sulfuric acid, using phenolphthalein T.S. as
indicator. A residual blank titration is performed.
Each ml. of 0.5 N alcoholic potassium hydroxide
represents 98.14 mg. of esters calculated as linalyl
acetate. N.F.
Constituents. — Bergamot oil contains up to
45 per cent of linalyl acetate, about 6 per cent of
linalool, a solid compound called bergaptene or
bergamot camphor, also limonene, dipentene,
pinene, camphene, bornylene, bisabolene, dihydrocumic alcohol, nerol, and terpineol. Bergaptene,
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C12H8O4, is the lactone or inner anhydride of
bergaptenic acid, C12H10O5
Uses. — Though possessed of the stimulant
properties of the volatile oils in general, bergamot
oil is employed chiefly as a perfume. According
to Galewsky (Pharm. Ztg., 1915, 60, 55), the oil
is an extraordinarily active insecticide and useful
to protect the body against lice and other vermin.
Lane and Strauss (J.A.M.A., 1930, 95, 717) reported a number of cases of dermatitis from the
use of toilet-waters containing bergamot oil.
Storage. — Preserve "in tight, light-resistant
containers." N.F.

BETANAPHTHOL.

N.F.

[Betanaphthol]

Naphthol; Naphtol; )3-naphthol; Betahydroxynaphthalene;
Isonaphthol. Naphtholum; j3-Naphtolum. Fr. Naphtol /3 ;
Naphtylol 0. Ger. /3-Naphthol. It. /S-Naftolo; Isonaftolo.
Sp. Naftol-/3; Betanaftol.

Beta- or 2-naphthol is found in coal tar, but it
is produced commercially by fusing sodium naphthalene beta-sulfonate with alkali and then acidifying the product to liberate the naphthol. Sodium
naphthalene beta-sulfonate is obtained by reacting
naphthalene with sulfuric acid at 165°; at lower
temperatures naphthalene alpha-sulfonic acid preponderates but this is converted to the betaisomer at the higher temperature. The naphthols
bear the same relationship to naphthalene as
phenol does to benzene.
Description. — "Betanaphthol occurs as white
to pale buff-colored, shining, crystalline leaflets,
or as a white or yellowish white, crystalline powder. It has a faint, phenol-like odor, and is stable
in air, but darkens on exposure to sunlight. Betanaphthol sublimes readily when heated, and volatilizes with the vapors of alcohol and of water.
One Gm. of Betanaphthol dissolves in about 1000
ml. of water, in 1 ml. of alcohol, in about 17 ml.
of chloroform, in 1.5 ml. of ether, and in about
80 ml. of boiling water. It is soluble in glycerin
and in olive oil and is readily dissolved by solutions of alkali hydroxides. Betanaphthol melts between 120°andl23°."iV.F.
Standards and Tests. — Identification. — (1)
A faint, bluish fluorescence develops on adding
ammonia T.S. to a cold, saturated solution of
betanaphthol. (2) A blue color, changing to green
and then to brown, develops in the aqueous phase
of a mixture of 100 mg. betanaphthol, 5 ml. of 1
in 4 potassium hydroxide solution and 1 ml. of
chloroform on warming. (3) A greenish color is
formed on adding ferric chloride T.S. to a cold,
saturated solution of betanaphthol; after a time
whitish flakes separate, these turn brown on heating. Residue on ignition. — Not over 0.1 per cent.
Acidity. — The filtrate from a 1 in 100 aqueous
mixture of betanaphthol, shaken for 15 minutes
before filtering, is neutral to litmus paper. Naphthalene or other organic impurities. — 500 mg. of
betanaphthol dissolves completely in 30 ml. of
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ammonia T.S. and the color of the solution is not
deeper than pale yellow. N.F.
Amy (/. A. Ph. A., 1931, 20, 1153) observed
that betanaphthol rapidly turns brown when exposed to light, but that in the dark no changetakes place.
Uses. — Betanaphthol has been largely replaced
by more effective and less toxic antiseptic and
parasiticidal drugs. It is locally irritant to mucous
membranes, but on account of its slight solubility
cannot exercise a caustic effect in aqueous solutions. Bechold (Ztschr. Hyg. Infektionskr., 64,
113) found that it kills Staphylococcus in 1 in
4000 and E. coli in 1 in 8000 concentration after
24 hours. E'we (/. A. Ph. A., 1918, 41, 166) reported its phenol coefficient as 11.3 by the U. S.
Hygienic Laboratory method. As a surgical disinfectant itis not commonly used but has been
widely employed in skin diseases, such as favus,
scabies, ringworm, etc., for its parasiticidal effect.
For this purpose it may be applied in the form of
an ointment in strengths of from 0.5 to 5 per cent.
A 10 per cent ointment has been used, alone or
with sulfur, for psoriasis.
Betanaphthol was for a time used as an intestinal antiseptic in the treatment of enteritis, intestinal fermentation and similar conditions.
More effective and less toxic drugs are now available. It was formerly also employed as a vermifuge, especially in the treatment of uncinariasis,
but in the doses required it is more dangerous
than some other anthelmintics and it has been
largely replaced by other drugs. Betanaphthol is
rapidly absorbed. Its use is contraindicated in the
presence of liver or kidney disease.
Betanaphthol was formerly used as a food preservative, but such use has been forbidden by
law. S
Toxicology. — While betanaphthol is much
less poisonous than phenol, in overdose it may
give rise to serious and even fatal poisoning. Both
Kliige (Munch, med. Wchnschr., 1918) and
Gumpel (Med. Klin., 1925) reported deaths from
external application of betanaphthol ointments.
The symptoms of poisoning, where the drug has
been taken orally, are nausea, vomiting, and often
diarrhea with abdominal pain accompanied with
albuminuria and suppression of urine; the urine
is usually brownish-red from presence of betanaphthoquinone. In some cases convulsions, followed by paralysis, have been reported. In 79 patients administered betanaphthol as a vermifuge
severe destruction of red blood cells was obsenred
in four (Smillie, J. A.M. A., 1920, 74, 1503); this
is, however, a very rare effect. Blood pressure is
lowered by depression of the heart and vasomotor
center. Other than removing betanaphthol from
the stomach by lavage with olive or cottonseed
oil the treatment of poisoning is symptomatic.
Infusions of glucose in saline solution, or even
blood transfusions, may be required.
Dose, as an intestinal antiseptic, from 120 to
300 mg. (approximately 2 to 5 grains) two to
four times daily; as a vermifuge doses as large
as 2 Gm., repeated once, have been employed.
Storage. — Preserve "in well-closed, light-resistant containers." NJ?.
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BETHANECHOL

CHLORIDE.

Carbamylmethylcholine

U.S.P.

Chloride

CH3CH— CHjjN (CH3)3
O-CO-NHj,

Urecholine Chloride (Merck).

cr

Bethanechol chloride is the urethane of Pmethylcholine chloride. Its preparation involves
heating of propylene chlorohydrin with phosgene
and then with ammonia in ether solution; the
resulting chloropropyl urethane is treated with
triethylamine. For further information concerning its synthesis see U. S. Patent 2,322,375 (1943).
Description. — "Bethanechol Chloride occurs
as colorless, white crystals or as a white crystalline powder, usually having a slight amine-like
odor. It is stable in air. Its 1 per cent solution
has a pH between 5.5 and 6.5. One Gm. of Bethanechol Chloride dissolves in 1 ml. of water,
and in 10 ml. of alcohol; it is less soluble in
dehydrated alcohol. It is insoluble in chloroform
and in ether. Bethanechol chloride melts between
217° and 221°." U.S.P.
Standards and Tests. — Identification. — (1)
An emerald-green color, almost entirely fading in
5 to 10 minutes, is produced when 0.1 ml. of 1 in
100 solution of cobalt chloride and 0.1 ml. of
potassium ferrocyanide T.S. are added to a solution of 50 mg. of bethanechol chloride in 2 ml.
of water (choline chloride gives the same reaction
but the color does not fade). (2) A brown precipitate, rapidly changing in color to dark olivegreen, is produced when 0.1 ml. of an aqueous
solution containing 10 mg. of iodine and 20 mg.
of potassium iodide is added to 1 ml. of a 1 in 100
solution of bethanechol chloride. (3) Bethanechol
chloride responds to tests for chloride. Loss on
drying. — Not over 1 per cent, when dried at 105°
for 2 hours. Residue on ignition. — Not over 0.1
per cent. Nitrogen. — Not less than 14.0 per cent
and not more than 14.6 per cent, when determined by the Kjeldahl method. Chloride. — Not
less than 17.7 per cent and not more than 18.3
per cent, when determined by the Volhard method,
the excess of 0.1 N silver nitrate being titrated
with 0.1 N ammonium thiocyanate after addition
of nitrobenzene and using ferric ammonium sulfate as indicated. U.S.P.
Action. — This parasympathomimetic agent
(see under this title in Part II) is not destroyed
by cholinesterase ; it is stable in the blood stream
and in tissues and is active whether given orally
or subcutaneously. In this respect it resembles
carbachol and differs from methacholine. It has
very little nicotinic action, resembling in this
property methacholine rather than carbachol
(Molitor, /. Pharmacol., 1936, 58, 337). Administered subcutaneously, it has about one-tenth the
parasympathomimetic activity of carbachol and
about one-thirtieth the toxicity of the latter.
In normal humans, Starr and Ferguson (Am. J.
Med. Sc, 1940, 200, 372) found therapeutic
doses, when given orally, sublingually or subcutaneously, tohave little or no effect on heart rate,
blood pressure, peripheral circulation, salivation
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or sweating, but increased peristalsis and a desire
to void were present. Increase in tone of the
hypotonic urinary bladder was reported by Boone
(South. M. J., 1950, 43, 1073). Violent symptoms
of cholinergic stimulation, including hypotension,
abdominal cramp, diarrhea and shock, follow intravenous or intramuscular administration of as
little as 5 mg. The action of the drug is abolished
by atropine. Subcutaneous administration of as
much as 10 mg. may cause abdominal cramp,
flushing and sweating.
Uses. — Urecholine chloride has been used for
relief of postoperative abdominal distention (Stafford et al, Surg. Gynec. Obst., 1949, 89, 570)
and gastric retention following vagotomy for peptic ulcer (Machella and Lorber, Gastroenterology,
1948, 11, 426; Grimson et al, J. A.M. A., 1947,
134, 925). A marked rise of pressure in the
common bile duct following use of the drug was
observed by Curreri and Gale (Ann. Surg., 1950,
132, 348). Carson (/. Pediatr., 1949, 35, 570)
used 5 to 20 mg. three times daily by mouth effectively inchildren 4 to 6 years of age afflicted
with Hirschsprung's disease. Lee (/. Urol., 1949,
62, 300; 1950, 64, 408) as well as Starr and
Ferguson (loc. cit.) used it for postoperative urinary retention. Fleming (Am. J. Obst. Gyn., 1952,
64, 134) demonstrated its efficacy in the treatment of postpartum urinary retention. It causes
contraction of the normally innervated bladder
and the cord bladder and is useful in adynamic
ileus (Stein and Meyer, J.A.M.A., 1949, 140,
522). Urecholine chloride has been employed successfully to relieve constipation, paralytic ileus
and urinary retention which occurred in the
course of treatment of hypertension with hexamethonium (Freis et al., Circulation, 1952, 5, 20;
Schroeder, Arch. Int. Med., 1952, 89, 523).
Contraindications. — Urecholine has been inef ective inessential hypertension and in paroxysmal auricular tachycardia. It should not be used
after a gastrointestinal anastamosis until healing
has taken place, or in the presence of peritonitis,
mechanical intestinal or vesical neck obstruction,
in asthmatic or hyperthyroid individuals, during
pregnancy, or in cases of coronary artery disease.
It should not be given intravenously or intramuscularly, and a hypodermic of 0.6 mg. of atropine
sulfate should be ready for immediate use whenever it is injected subcutaneously.
Dose. — The usual dose is 10 mg. (about %
grain) orally 3 times daily, with a range of 5 to
30 mg. The maximum safe oral dose is usually
30 mg., and the total dose in 24 hours seldom exceeds 120 mg. Subcutaneously the usual dose is
2.5 mg. (approximately Vzi grain), with a range
of 2.5 to 5 mg. The maximum safe subcutaneous
dose is usually 10 mg., and the total dose in 24
hours seldom exceeds 40 mg. Sublingually the
range of dose is 10 to 20 mg
Storage. — Preserve "in well-closed containers."
U.S.P.
BETHANECHOL
INJECTION.

CHLORIDE
U.S.P.

"Bethanechol Chloride Injection is a sterile
solution of bethanechol chloride in water for in-
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jection. Itcontains not less than 95 per cent and
not more than 105 per cent of the labeled amount
of C7H17CIN2O2." U.S.P.
The tween
pH5.5 and
of the
7. injection is required to be beAssay. — The bethanechol component is precipitated as a reineckate, which is subsequently
dissolved in acetone and the intensity of the red
color of the solution is determined at 525 mn. A
known quantity of Choline Chloride Reference
Standard is similarly treated, and from the measured intensity of color of the two solutions the
content of bethanechol chloride in the injection is
calculated. U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — 5 mg. in 1 ml.

BETHANECHOL CHLORIDE
TABLETS. U.S.P.
"Bethanechol Chloride Tablets contain not less
than 90 per cent and not more than 110 per cent
of the labeled amount of C7H17CIN2O2." U.S.P.
Usual Size. — 5 mg. (approximately M2 grain).
BISHYDROXYCOUMARIN
U.S.P. (LP.)
3,3'-Methylenebis(4-hydroxycoumarin)

"Bishydroxycoumarin, dried at 105° for 3
hours, contains not less than 98 per cent of
C19H12O6." U.S.P. The LP. recognizes the compound by the name Dicoumarol, and defines it as
3:3'-methylene-bis-4-hydroxycoumarin; no purity
rubric is specified.
I. P. Dicoumarol; Dicoumarolum. Dicoumarin; Melitoxin; Dicumarol (Abbott, Merrell, Schieffelin).

It has been known for a long time that cattle
feeding on spoiled sweet clover hay (see Melilotus) developed hemorrhagic disease due to a
deficiency of prothrombin in the blood of the
animals. From such spoiled clover Link and his
associates (/. Biol. Chem., 1941, 138, 529; 1942,
142, 941) isolated the substance now called
bishydroxycoumarin and identified it as the
agent responsible for the hemorrhagic diathesis.
Bishydroxycoumarin may be sythesized by the
process of Stahmann, Huebner and Link (/. Biol.
Chem., 1941, 138, 513; U. S. Patent 2,345,635,
April 4, 1944) starting with salicylic acid; the
acid is successively esterified to methyl salicylate,
acetylated to methyl acetylsalicylate, heated with
sodium to produce 4-hydroxycoumarin, and
finally reacted with formaldehyde in boiling
ethanol solution to produce bishydroxycoumarin.
Description. — "Bishydroxycoumarin occurs
as a white or creamy white, crystalline powder.
It has a faint, pleasant odor and a slightly bitter
taste. Bishydroxycoumarin is practically insoluble
in water, in alcohol, and in ether. It is slightly
soluble in chloroform, and is readily soluble in

164

Bishydroxycoumarin

solutions of fixed alkali hydroxides. Bishydroxycoumarin melts between 287° and 293°." U.S.P.
The LP. gives the melting range is 285° to 293°.
Standards and Tests. — Identification. — (1)
Salicylic acid is obtained on fusing bishydroxycoumarin with an equal quantity of potassium
hydroxide, extracting the cooled melt with water,
and acidifying the filtered extract with hydrochloric acid. (2) The diacetate of bishydroxycoumarin, prepared by heating the substance with
acetic anhydride, melts between 249° and 252°.
Acidity. — Not more than 0.5 ml. of 0.02 N sodium
hydroxide is required to neutralize the filtrate
separated from 500 mg. of bishydroxycoumarin
which has been shaken with 10 ml. of water for
1 minute; the indicator is methyl red T.S. Loss
on drying. — Not over 0.5 per cent, when dried
at 105° for 2 hours. Residue on ignition. — The
residue from 200 mg. is negligible. U.S.P.
Assay. — A sample of 300 mg. of bishydroxycoumarin, dried at 105° for 2 hours, is dissolved
in water with the, aid of sodium hydroxide T.S.,
the solution filtered and acidified with hydrochloric acid, and the precipitated bishydroxycoumarin filtered into a tared filtering crucible,
washed with ice-cold water, dried at 105° for
3 hours and weighed. U.S.P.
Uses. — Bishydroxycoumarin, more commonly
referred to by its trade-marked name Dicumarol,
is one of a group of drugs used extensively for
its systemic effect in delaying coagulation of
blood in the prophylaxis and treatment of thromboembolic disease. Of the orally administered
anticoagulants it is the compound which has
provided the medical profession with the largest
number of recorded observations (for discussion
of newer related substances see Ethyl Biscoumacetate).
Use of bishydroxycoumarin is the outcome of
observations that cattle eating improperly cured
sweet clover hay (see Melilotus) develop a
hemorrhagic tendency (Schofield, Can. Vet. Rec,
1922, 3, 74; Roderick, J. A. Vet. M. A., 1929. 74,
314). Roderick (N. Dakota Agri. Exp. Sta. Bull..
1931, 250, 56) demonstrated that the defect
arose from the presence of insufficient prothrombin; this finding was confirmed by Quick (Am.
J. Physiol., 1937, 118, 260). The isolation from
spoiled sweet clover of the substance, now known
as bishydroxycoumarin, responsible for the
hemorrhagic diathesis has been referred to above.
Meyer and associates (Am. J. Med. Sc, 1942,
204, il) and Butt et al. (Proc. Mayo, 1941, 16
388) investigated its use in human subjects as a
means of delaying the intravascular clotting of
blood. Both groups demonstrated that bishydroxycoumarin diminishes the prothrombin content
of blood, lengthening the prothrombin time.
Since the drug fails to affect the prothrombin
time when added to blood in vitro, it is assumed
that some change occurs after its ingestion to
make it effective, this action occurring in the
fiver.
Action. — Coleman (Ann. Int. Med., 1949, 30,
895) described the role of bishydroxycoumarin in
the mechanism of blood clotting essentially as
follows: In the first stage of blood clotting there
is conversion of prothrombin to thrombin in the
presence of calcium and thromboplastin. In the
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second stage thrombin unites with fibrinogen to
form fibrin. The latter acts as a supporting
framework for platelets and other cellular components of the blood in the clot. Prothrombin is
formed in the liver in the presence of vitamin K ;
thromboplastin is present in the platelets and
tissue juices, especially in the brain and lung.
Both calcium and fibrinogen are present in blood
plasma. Despite the presence normally of these
substances in the circulating blood, clotting does
not take place within the vessels in health because of movement of the circulation, the absence
of free thromboplastin and the presence of small
amounts of antithrombin and heparin in the
plasma. Bishydroxycoumarin inhibits formation
of prothrombin in the liver. Although this begins
almost immediately after ingestion, the prothrombin already present in the plasma must
be exhausted. Since this requires 24 to 48 hours,
the action of an initial dose of bishydroxycoumarin is not evident clinically until after that
period of time. Clotting time is proportional to
the amount of thrombin in the presence of adequate amounts of calcium, thromboplastin and
fibrinogen; under normal conditions this is in
turn proportional to the amount of prothrombin.
Approximately three-fourths of the clotting time
is taken up by conversion of prothrombin to
thrombin, the remaining one- fourth in the formation of fibrin from thrombin and fibrinogen.
The fate of bishydroxycoumarin has been
studied by Lee et al. (Proc. S. Exp. Biol. Med.,
1950, 74, 151), who administered Dicumarol
labeled with carbon-14 in the methylene bridge,
intravenously to mice and rabbits. Activity disappeared rapidly from the blood and was recovered
in the fiver, bile, intestinal contents, and later
in the urine in the form of metabolic products.
Approximately 10 per cent of the activity was
fixed in the liver. Use of the isotope dilution technique demonstrated that this activity was due to
unchanged Dicumarol.
Numerous methods for the determination of
prothrombin time have been devised and there
is marked variation in results according to the
method. This factor must be taken into account
in any valid comparison of effective prothrombin
levels reported by different authors. Coleman
(loc. cit.) classified the methods into those performed on plasma, i.e., the method of Quick and
all its modifications (Stewart and Pohle, Magath,
Fullerton, and Link), and those performed on
whole blood, as in the Smith bedside technique
and the micro-method of Kato and Poncher. It
is recommended, therefore, that in any hospital
only one method should be used and the staff
must know which it is in order that they may
interpret their therapy in light of published
reports. Futher, there is a technical error of
10 per cent even when tests are done by the same
technician using a single method. Tests are reported in terms of the number of seconds of
prothrombin activity for a given blood sample
and for a normal control, as well as in per cent
of normal (the control sample).
Numerous reports indicate that the action of
bishydroxycoumarin is enhanced by the presence
of vitamin C deficiency, the presence of liver
disease, jaundice, biliary fistula, kidney disease,
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and by the administration of such drugs as the
salicylates, quinine, ACTH and cortisone. Its effect is diminished by concomitant administration
of the xanthine derivatives, as caffeine, theobromine, theophylline, and possibily digitalis. It is
known that if heparin is used initially in combined therapy, it interferes with prothrombin
determinations and that these should never be
made within three hours of any given dose of
heparin. Coleman further called attention to the
rapid deterioration of the prothrombin content
of stored bank blood, there ordinarily being a
loss of 50 per cent activity in a week's time.
Wellman and Allen (Proc. Mayo, 1951, 26,
257), in studies on consecutive records of 100
patients given Dicumarol in constant dosage,
found that prothrombin values varied widely;
thus there is no constantly correct dosage for a
given level. Others have pointed out that even
in the same individual there may be sudden and
totally unexpected changes in prothrombin levels
in response to a given dose of the drug, emphasizing that constant and extremely careful control
must be exercised in the administration of this
potent substance. Recent experimental studies by
Losner and Volk (Am. J. Clin. Path., 1953, 23,
866) suggest that their citrate clotting time may
be correlated with prothrombin time determinations by the photoelectric modification of the
one-stage method of Quick, and may in the future
provide clinicians with a simple and rapid method
for control of therapy. Their results indicate that
there is also correlation with the Lee-White
coagulation time, which is of importance in
heparin therapy.
Therapeutic Uses. — Many uses for anticoagulant therapy have appeared in the literature. It
is essential to remember that in no case is it believed that the anticoagulant drugs affect an
intravascular clot which has already formed. They
do, however, tend to prevent the propagation of
a thrombus already formed. They are of definite
value in prophylaxis of thromboembolic phenomena, pulmonary embolism in particular; they
diminish the likelihood of embolic episodes from
mural thrombi formed in transmural myocardial
infarction and tend to inhibit the formation of
intracardiac thromboses in cardiac infarction and
congestive heart failure or the arrhythmias,
auricular fibrillation in particular. Specific indications thus include: acute arterial occlusion
whether thrombotic or embolic, including pulmonary embolism and peripheral phenomena, selected instances of myocardial infarction, selected
cases of heart failure, prophylaxis of postoperative and post-partum thromboembolism, and
frostbite with its attendant thrombotic lesions.
Surgery. — Administration both in prophylaxis
and treatment of postoperative thromb embolism
was recommended in earlier reports by Reich
et al. (Surgery, 1945, 18, 238), Parsons (Surg.
Gynec. Obst., 1945, 81, 79), and Allen (J. A.M. A.,
1947, 134, 323). De Takats (J.A.M.A., 1950,
142, 527) called attention to the other factors
involved in the prevention of thrombosis in relation to surgery, namely, the need for early
ambulation, early movement in bed, and better
post-operative care, including attention to fluid,
electrolyte and nitrogen balance. These measures,
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as well as the exhibition of the anticoagulants,
have favorably influenced mortality and reduced
vascular accidents incident to surgical procedures
in recent years. In his discussion of this paper
Kvale cited his experience at the Mayo Clinic,
stating that if the prothrombin level is maintained below 30 per cent there is little chance
of further thromboses and that if the value is
above 10 per cent there is minimal risk of bleeding. In their series of 2000 surgical patients there
were only two deaths from hemorrhage, neither
of which could be attributed solely to bishydroxycoumarin. Other writers claim that such low levels
of
prothrombin
are too hazardous in most instances.
In Smith's series (Surg. Gynec. Obst., 1950,
90, 439) bishydroxycoumarin was given to 3078
women undergoing surgery, chiefly pelvic and
vaginal plastic procedures. The dose administered was 200 mg. in patients weighing more
than 60 Kg., 100 mg. when the weight was lower.
In 50 per cent of the patients the drug was
administered on the first or second postoperative
day and again five days later; in the other 50
per cent the dose was given the night before
operation and in most instances was repeated four
or five days later. There were no deaths, few
thromboembolic complications, few and only
minor hemorrhages, and no control in the laboratory was needed. In a series of surgical patients
given bishydroxycoumarin prophylactically in
daily dosage of 100 to 300 mg. until complete
recovery, Rehn and Halse (Deutsche med.
Wchnschr., 1949, 74, 1552) recorded lethal
embolism in only five and thrombophlebitis in 36
of 4411 patients, while in 28,118 untreated patients undergoing operations the incidence was
100 and 413, respectively. There was lethal
hemorrhage in two and slight bleeding in 67 of
the treated group. Smith and Mulligan (Surg.
Gynec. Obst., 1948, 86, 461) claimed a considerable reduction in incidence of thromboembolic phenomena in 2353 selected patients
given the drug because of surgical operation.
Urdan and Wagner (Am. J. Obst. Gyn., 1951,
61, 982) treated with bishydroxycoumarin 450
patients undergoing major gynecologic surgery
until the patients were ambulatory three days;
there was phlebothrombosis in only one. In 450
untreated patients, there were seven such instances and in addition 11 had thrombophlebitis,
13 had pulmonary embolism, of which 4 were
fatal. Allen (Surgery, 1949, 26, 1) found good
results in reduction of thromboses in 905 surgical
patients, but noted some increased bleeding tendency at intestinal suture lines and from large
denuded areas. Schumacker et al. (ibid., 1947,
22, 910) and others urged combined therapy
with Dicumarol and heparin after surgical repair
of peripheral vessels, as in aneurysms and arteriovenous fistulas.
Obstetrics. — The prevention of post-partum
thromboembolic lesions is another use for bishydroxycoumarin. Brambel et al. (Bull. Sch. Med.
Univ. Maryland, 1950, 35, 91) gave 200 mg.
orally within 12 to 24 hours after delivery to
3284 women; the total dose during the five to
seven days in the hospital averaged 600 mg.
Incidence of thrombophlebitis was lowered from
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an expected 0.48 per cent to 0.06 per cent. They
kept the prothrombin time between 40 and 50
per cent (Quick one-stage method). There were
no deaths in the treated group. Adamson et al.
(Am. J. Obst. Gyn., 1950, 59, 498) recommended administration of a 300-mg. dose of the
drug at the onset of labor, with continued use
for at least ten days post-partum in any gestational patient with either present thrombophlebitis or similar preceding history or in those
with venous disease. Their results in 15 such
patients were described as dramatic. Brambel
and Hunter (ibid., 1950, 59, 1153) found the
prothrombin activity of the nursing infants unaffected by administration of therapeutic doses
to 125 nursing mothers. Experimental observations in rabbits by Kraus (J.A.M.A., 1949, 139,
758) demonstrated, however, that in these animals bishydroxycoumarin passes the placental
barrier and that the newborn rabbits showed
extreme depression of prothrombin activity and
hemorrhagic tendencies. Their observations indicated that there may be irreversible damage in
the fetus if the mother's prothrombin level is
kept below 10 per cent for two days' time.
Myocardial Infarction. — A historic report on
the use of anticoagulants in coronary thrombosis
with myocardial infarction was published by
Wright, Marple and Beck (J. AM. A., 1948, 138,
1074), in which records compiled by a committee
of internists interested in cardiovascular disease
were reviewed, the entire project being under the
supervision of the American Heart Association.
Of the 800 cases included in the report 432 unselected patients received anticoagulant therapy
in addition to conventional therapy, while 368
patients did not and constituted the control
group. Of those given anticoagulants 81 per cent
received Dicumarol only; 14 per cent were given
heparin in addition at the outset. Of the control
group 24 per cent died; in the treated group
deaths constituted 14.9 per cent. Thromboembolic complications developed in 25 per cent
of the controls and in only 11 per cent of the
treated patients. Analysis of the death rates by
weeks led to the recommendation that if anticoagulant therapy has not been begun earlier, it
should be instituted even as late as the second
or third week after infarction, or even later if
complications develop. To give maximal protection treatment should be continued for at least
four weeks after the last thromboembolic episode.
It was recommended on the basis of these findings
that anticoagulant therapy should be used in all
cases of coronary thrombosis with myocardial
infarction unless a definite contraindication exists.
The need for careful clinical and laboratory control was emphasized.
More recently a large number of reports regarding the administration of anticoagulants in
myocardial infarction have appeared, and there
is criticism of the routine use of these drugs in
this disease. Russek et al. (Circulation, 1952, 5,
707) in an analysis of 1047 cases of acute infarction treated conservatively could find no justification for routine anticoagulant therapy. Their
death rate in 489 "good risk" cases was only 3.1
per cent and incidence of thromboembolism was
only 0.8 per cent. According to them mortality
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preventable through use of anticoagulants in this
group would have been only 1 per cent at best.
They concluded that the risk of complications
induced by bishydroxycoumarin outweighs its
benefits in routine use and that it should be reserved for the more serious instances in which
there is greater risk of thromboembolism. This
opinion is contrasted with that of Schilling
(J.A.M.A., 1950, 143, 785) who, in a series of
60 treated patients compared with an equal number of untreated controls, found the fatality rate
diminished from 40 per cent to 16.7 per cent. He
called attention to the state of hypercoagulability
existing in all patients at the time of myocardial
infarction and urged that heparin be given at
once, followed by bishydroxycoumarin, to obtain
immediate anticoagulant action in all such patients in whom there is no definite contraindication. His findings are supported by Richter
(N. Y. State J. Med., 1952, 52, 1301).
Favorable reports in prevention of coronary
thrombosis in patients with acute myocardial insufficiency with prodromal symptoms of impending infarction have been presented by Nichol
(South. M. J., 1950, 43, 565) and by Smith and
Papp (Brit. Heart J., 1951, 13, 467). The latter
authors explain failure of preventive treatment
when it occurs by the presence of widespread
coronary narrowing but with only minimal abnormalities evident in the electrocardiogram,
representing subendocardial ischemia.
Congestive Heart Failure. — Griffith et al. (Ann.
Int. Med., 1952, 37, 867) described a statistically significant reduction in thromboembolism
in 390 patients, in congestive heart failure, maintained at prothrombin levels below 60 per cent,
although for adequate prophylaxis 45 per cent
is needed. Their total series of patients, including
controls, numbered 627 cases. Among the controls
there were 2.8 per cent with hemorrhagic phenomena; among those treated there were 2.9
per cent. They stated that for active treatment
of intravascular clotting a prothrombin level of
10 to 20 per cent is needed. Levinson and Griffith
(Circulation, 1951, 4, 416) and Wishart and
Chapman (New Eng. J. Med., 1948, 239, 701)
found comparable results. Askey and Cherry
(J.A.M.A., 1950, 144, 97) stated that a patient
with rheumatic heart disease, congestive failure
and auricular fibrillation has a 45 per cent chance
of having an intracardiac clot, and that there is
a 20 per cent chance that his death will be attributable to thromboembolism.
Auricular Fibrillation. — Among 20 patients
with auricular fibrillation treated with bishydroxycoumarin during periods of 4 to 28 months, the
incidence of thromboembolism appeared to have
decreased from that which would be expected
on a statistical basis and in fight of earlier experience with the same persons; complications were
insignificant. Cosgriff (I.A.M.A., 1950, 143, 870)
stated that auricular fibrillation occurs in 25
per cent of patients with rheumatic heart disease. He treated, for periods as long as two years,
selected patients who in the past had had one or
more embolic episodes and found that bishydroxycoumarin produced favorable results.
Long term bishydroxycoumarin therapy has
been reported by a number of clinicians. Cosgriff
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(Ann. Int. Med., 1953, 38, 278) in 35 patientcourses in 28 ambulatory patients with heart
disease noted only 13 embolic episodes during
625 patient-months of therapy as compared with
103 episodes during 275 patient-months prior to
treatment. Only one major hemorrhage occurred
in a total of 625 patient-months. Of 17 patients
who discontinued treatment three-fourths sustained another embolic episode. Favorable reports
have been published by others, including Nichol
and Borg (Circulation, 1950, 1, 1097), Johnson
(Illinois M. I., 1952, 101, 83) and Rice et al.
(Ann. Int. Med., 1950, 32, 735). Although Shapiro
and Weiner (Am. Heart I., 1951, 41, 749) advocate intermittent administration of relatively large
doses in long-term therapy, most clinicians prefer
to use frequent maintenance dosage. Studies by
Foley and Wright (N.Y. Med., 1950, 6, 16)
pointed out that long-term administration of the
drug has in some instances led to bleeding which
revealed the presence of other lesions, as cancer,
ulcers, renal calculi, etc.
Retinopathy. — Occlusive vascular disease of
the retina is another indication for therapy with
anticoagulants. In the experience of Duff et al.
(Arch. Ophth., 1951, 46, 601) there was improvement in 54 of 93 patients treated. They
found that in such patients short-term therapy
with heparin was as effective as long-term dicumarol administration and entailed less risk of
hemorrhage. MacLean and Brambel (Am. J.
Ophth., 1947, 30, 1093) used bishydroxycoumarin
alone or with rutin in 19 patients with various
vascular retinopathies, with improved visual
acuity in every instance.
Contraindications. — Among the contraindications to the use of bishydroxycoumarin, Allen
(I.A.M.A., 1947, 134, 323) included hepatic disease, vitamin C or K deficiency (where it is unnecessary), renal insufficiency (because of the
prolonged effect), blood dyscrasias with bleeding
tendency, recent operations involving the central
nervous system, and the presence of any ulcerative lesions where bleeding occurs. Sachs and
Henderson (J.A.M.A., 1952, 148, 839) administered the drug to nine patients with chronic renal
disease and impaired renal function in ordinary
dosage, with no unusual effects on prothrombin
time. They concluded that this does not provide
a contraindication to therapy, provided there is
no gross urinary bleeding. The danger of producing massive retroperitoneal hemorrhage from
lumbar sympathetic block during anticoagulant
therapy has been emphasized by Hohf (J. A.M. A.,
1953, 152, 399) and others.
Toxicology. — The great danger from the
administration of bishydroxycoumarin is that of
hemorrhage. Dalgaard (Nordisk Medicin, 1953,
49, 121) tabulated a total of 80 reported deaths
from its use. In most serious cases the hemorrhage is localized to regions with pathological
changes. Wright and Rothman (Arch. Surg., 1951,
62, 23) in a summary of 36 reported deaths
from the drug noted that most of them occurred
during the course of treatment of subacute bacterial endocarditis with cerebral hemorrhage, in
the presence of malignancy, from wounds postoperatively, and in treatment of venous accidents
and heart disease. Most fatalities were caused by
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gross overdosage, but in their four cases the
prothrombin level was 33 to 40 per cent, indicating that other factors were involved. Hemorrhage
may occur in the urinary, gastrointestinal, or
respiratory tract, from the uterus, under the skin
or into the integument as petechiae, in the retroperitoneal tissues, and Axelrod and Kleifeld
(N.Y. State J. Med., 1951, 51, 2789) observed
two instances of hemorrhage into the rectus abdominus muscle. Two proven instances of hemopericardium were seen during a course of treatment by Goldstein and Wolff (I.A.M.A., 1951,
146, 616). Capillary dilatation and increased
capillary fragility are known to occur during
treatment.
Management of Poisoning. — Treatment for
hypoprothrombinemia induced by bishydroxycoumarin isthe prompt administration of vitamin K. Blood transfusion or plasma infusion
were formerly resorted to, but present knowledge
indicates that they are needed only to replace
blood volume lost as the result of gross hemorrhage. The advent of an emulsion of vitamin Ki
that can be administered intravenously with
safety has greatly simplified treatment of bleeding from this cause. Rehbein et al. (Ann. Surg.,
1952, 135, 454) found a dose of 50 mg. to be
as prompt and effective as higher dosage, without
subsequent resistance to exhibition of bishydroxycoumarin. This amount by vein returns the
prothrombin level to normal within six hours,
regardless of the degree of hypoprothrombinemia
or the amount of recently administered drug. A
dose of only 0.5 to 2.5 mg. given intravenously
will return the level to therapeutic range within
three to six hours. The availability of this preparation thus provides a safeguard in case there is
sudden need to operate upon a patient whose
plasma prothrombin is depressed therapeutically.
Stragnell (Am. Heart J., 1952, 44, 124) also
found vitamin Ki and the Ki oxide to be highly
effective in doses of 100 mg. by vein. He claims,
however, that there is a period of hypercoagulability during a phase of resistance of the action
of bishydroxycoumarin after its use. If such
occurs heparin can be given if needed. He claims
further that the water-soluble synthetic preparations are of little avail in this connection. On the
contrary, Overman, Sorenson and Wright
(I.A.M.A., 1951, 145, 393) stated that the
amount of 2-methyl-l,4-naphthoquinone present
in a water-soluble vitamin K preparation varies
with the salt used, and thus one must compare
the amount of this active ingredient in any
evaluation of relative efficacy of the water-soluble
and oil-soluble preparations. It is their finding
that results are proportional to the amount of
the active ingredient administered. Dalgaard (loc.
cit.) found that a single oral dose of 500 mg. of
vitamin Ki is almost as rapid and as effective
as intravenous administration, except if there be
vomiting, biliary fistula or drainage. In his experience the clinician who wishes to raise a low
prothrombin level to obtain therapeutic activity
instead of returning the level to normal should
administer one of the synthetic vitamin K preparations instead of vitamin Ki.
Dose. — There is no standard dose of bishydroxycoumarin; therapy must be individualized.
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It is essential to control treatment with prothrombin time determinations; these are to be
performed daily at the outset of treatment, and
the level for the day must be known before the
dosage for that day is prescribed. The usual
initial dose is 200 to 300 mg. for an adult. It
must be remembered that there is a lag of 24
to 12 hours before the full effect of the dose is
manifest. Ordinarily if a prothrombin level of
more than 25 per cent is reported on the second
day, dosage is 100 to 200 mg. Thereafter dosage
varies according to the prothrombin time determinations and the general clinical condition of
the patient, the amount given usually ranging
from 50 to 100 mg. If the prothrombin level by
Quick's method is below 20 per cent no drug is
administered. The drug is given orally, there
being no parenteral preparations that are stable.
Administration in a rectal suppository is feasible
and has been shown to be effective.
When it is desired to obtain anticoagulant effects rapidly, simultaneous administration of
heparin and bishydroxycoumarin is resorted to,
the heparin being withdrawn after the approximately 48-hour latent period of bishydroxycoumarin.
Storage. — Preserve "in well-closed containers." U.S.P.
BISHYDROXYCOUMARIN
CAPSULES.
N.F.
"Bishydroxycoumarin Capsules contain not
less than 90 per cent and not more than 110
per cent of the labeled amount of C19H12O6."
N.F.
Usual
grain).

Size. — 50 mg. (approximately J4

BISHYDROXYCOUMARIN
TABLETS.
U.S.P. (LP.)
"Bishydroxycoumarin Tablets contain not less
than 93 per cent and not more than 107 per cent of
the labeled amount of C19H12O6." U.S.P. The
corresponding LP. limits are the same.
I.P. Tablets

of Dicoumarol;

Compressi

Dicoumaroli.

Usual Size. — 25, 50, and 100 mg. (approximately H, %, and 1>2 grains).
BISMUTH
Bi (209.00)
Fr. Bismuth.

Ger. Wisraut. It. Bismuto. Sp. Bisrauto.

Bismuth, under the name wismut, was described
by Basil Valentine in 1450, and by Agricola in
1546. It is generally found in the metallic state,
occasionally as a sulfide (bismuthinite) or a
telluride. and rarely as an oxide. It has been
found, mainly as telluride of bismuth, in Colorado, along with gold and silver ores. Small
quantities have been found in Utah and Wyoming. Bismuth is mined in substantial quantities
in Bolivia and Australia. The bismuth ore from
South America is said to be naturally free from
arsenic, and to be therefore preferable for medicinal purposes. In the United States increasing

amounts of bismuth are recovered as a byproduct in refining certain metals, lead in particular.
Bismuth is a brittle, pulverizable, brilliant
metal, of a crystalline texture, and of a white
color with a slight reddish tint; its crystals are
rhombohedral. It undergoes but a slight tarnish
in the air. Its density is about 9.8, melting point
2 71°. The most notable property of bismuth is
the ease with which it forms easily fusible alloys,
such as are used as valves in fire sprinkler systems, for wood cuts, etc. Wood's metal consists
of cadmium, tin, lead and bismuth and melts at
60.5°. Rose's metal consists of lead, tin and bismuth and melts at 94°. At a high temperature,
in closed vessels, bismuth volatilizes, and may be
distilled. When heated in air to a full red heat,
it ignites, and burns with a faint blue flame,
forming an oxide of a yellow color. This is the
trioxide, or bismuthous oxide, Bi203. Through
oxidation this oxide may be converted to bismuth
tetroxide or peroxide, having the formula Bi20-i.
A still higher oxidation state is represented by
bismuthic oxide, Bi20s. Bismuth is acted on
slightly by hydrochloric acid, but vigorously by
nitric acid, which dissolves it with copious liberation of red fumes. Sulfuric acid, when cold, has
no action on it, but at elevated temperatures dissolves itwith liberation of sulfur dioxide.
Uses. — The insoluble salts of bismuth are used
as protectives in various inflammations of the
skin or mucous membranes (see under Bismuth
Sub carbonate). Bismuth oxy chloride, under the
name pearl white, has found some use as an ingredient of cosmetics.
Antiluetic Therapy. — In 1921 Sazerac and
Levaditi (Compt. rend. acad. sc, 1921, 173, 338
and 1201) introduced bismuth in the treatment
of syphilis. Although it has a more decided curative action and is less toxic than mercury, bismuth
is less effective than the arsphenamine group, or
penicillin, in bringing about rapid healing of infectious syphilitic lesions. With bismuth therapy
alone the serological reaction returns very slowly
to normal and in a small percentage of cases
serological and even infectious relapse occurs
despite continued bismuth therapy. Bismuth replaced mercury as the drug to be used in conjunction with the arsenicals. In syphilitic aortitis,
however, bismuth alone or with iodides was the
accepted form of therapy because of the danger
of serious and often fatal exacerbations of the
luetic vascular lesion from the more rapidlyacting arsenicals: the same therapeutic hazard
exists in the treatment of cardiovascular syphilis
with penicillin. Bismuth was also preferred in
cases of hepatic gumma or syphilitic hepatitis
and for patients in whom arsenical drugs cause
serious toxic reactions.
The mechanism of the action of bismuth in
syphilis is a controversial subject. Based on
experimental studies with rabbits, it has been
reported to be only treponemostatic; other
workers, however, found it to be treponemocidal.
Some clinical observers have held the opinion
that bismuth functions as a "resistance builder"
which increases the immunity of human tissue to
syphilitic infection (see Moore, The Modern
Treatment of Syphilis, 1941). Eagle (Bull. Johns
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Hopkins Hosp., 1938, 63, 305; Am. J. Syph.
Gonor. Ven. Dis., 1939, 23, 310; /. Pharmacol,
1939, 66, 10 and 436) found in vitro that concentrations ofbismuth of 1 in 50,000 to 1 in
225,000, comparable to the amounts present in
tissue under therapeutic conditions, were treponemocidal and that bismuth was about onefourth to one twenty-fifth as active as arsenoxide
in this respect; he suggested that bismuth, as
well as arsphenamine, arsenoxide and mercury,
acted by combining with the sulfhydryl groups
of the protoplasm of the Treponema pallidum.
Kolmer et al. {Am. J. Syph. Gonor. Ven. Dis.,
1940, 24, 439) confirmed Eagle's observations.
Antimalarial Therapy. — It was reported by
Cole et al. (J.A.M.A., 1940, 115, 422) that bismuth has distinct antimalarial powers and is
useful in controlling the malarial therapy of
neurosyphilis.
Absorption. — The absorption of bismuth
from the intestines is so slow that it must be
given by injection in order to obtain a systemic
action. The many bismuth compounds that have
been used, or continue to be used, therapeutically may be classified on the basis of solubility,
as follows: water-soluble, oil-soluble, and insoluble (in oil or water, or both). Bismuth
potassium tartrate and bismuth sodium tartrate
are examples of salts used in aqueous solution; a
number of non-official complex organic salts of
bismuth (see in Part II) are used in oil solution;
precipitated bismuth and bismuth oxychloride
are examples of insoluble compounds used in
aqueous suspension, while bismuth subsalicylate
and bismuth potassium tartrate are examples of
compounds, insoluble in oil, administered in oil
suspension.
The rate and degree of absorption of injected
bismuth depend on the solubility of the compound used, being greatest with water-soluble
compounds. Suspensions of insoluble compounds
in oil are absorbed slowly over many weeks and
often become encapsulated in the tissues and
remain for years. The rate of absorption of oilsoluble compounds or suspensions of watersoluble compounds in oil is intermediate. Practically all compounds, including water-soluble
ones, are precipitated in the tissues.
Distribution. — Following injection, bismuth
is distributed throughout all the tissues of the
body. High concentrations in the kidneys and
liver have been found on analysis of human tissues at autopsy (Am. J. Syph. Gonor. Ven. Dis.,
1939, 23, 143). Bismuth readily passes the placenta to the fetus (Am. J. Syph. Gonor. Ven.
Dis., 1940, 24, 223). Hanzlik and his associates
(Am. J. Syph. Gonor. Ven. Dis., 1932, 16, 335
and 350; Arch. Dermat. Syph., 1938, 37, 1003)
claimed better penetration of the central nervous
system with sodium iodobismuthite than with
other compounds but Levaditi and his associates
(Bull. soc. franc, dermat. syph., 1933, 40, 738)
did not confirm this and Johnson and Barnett
(Am. J. Syph. Gonor. Ven. Dis., 1936, 20, 651)
found no evidence for clinical superiority of this
compound. The many available compounds are
therapeutically effective if given in adequate
doses at appropriate intervals (Clausen et al.,
J. Pharmacol, 1942, 76, 338). In the treatment
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of early syphilis in connection with arsenotherapy, the more continuous action of the insoluble compounds has been preferred. In late
syphilis with visceral involvement, more frequent
injections of water- or oil-soluble compounds
might be indicated provided the Jarisch-Herxheimer reaction is not to be feared.
Excretion. — Excretion of bismuth is achieved
largely by the kidneys although some is excreted
into the colon. Urinary excretion depends upon
the concentration of bismuth in blood, with
water-soluble compounds reaching their peak
within a few hours; with insoluble compounds,
a lower peak is reached about 5 days after
injection and remains at a low level for weeks.
During antiluetic therapy with insoluble compounds, the urine eliminates 2 to 4 mg. of bismuth daily (Am. J. Syph. Gonor. Ven. Dis.,
1939, 23, 143). Hanzlik (J.A.M.A., 1929, 92,
413) found that the metal increases the secretion
of urine and is clinically useful as a diuretic.
Injection of bismuth or one of its many salts
has been employed in the treatment of many
conditions besides syphilis, including: cellulitis,
fusospirochetosis (Vincent's), therapeutic malaria, pertussis, pharyngitis and tonsillitis, poliomyelitis, rat bite fever, relapsing fever, rheumatoid arthritis, tularemia, typhoid fever, warts,
yaws, etc. (see the various bismuth compounds
in both Parts I and II).
Toxicology. — (See also under Bismuth Subnitrate) — Bismuth rarely causes serious or fatal
poisoning (see Beerman, Arch. Dermat. Syph.,
1932, 26, 797) unless it is inadvertently injected
into a blood vessel, in which case acute bismuth
poisoning occurs and, if a preparation in oil has
been injected, oil embolism with shock is produced. Most patients tolerate from 50 to 100
intramuscular injections and many have received
a total dose of as much as 20 Gm. in this way
over a period of 2 to 3 years. The most common
local reaction is pain, which may be minimized
by proper technic of injection (see Bismuth
Subsalicylate Injection). The type of oil employed
as the vehicle may be an irritant factor. Simultaneous use of a local anesthetic is of little avail
because the discomfort is usually delayed until
after the anesthetic has ceased to be effective.
Sterile abscess formation or myositis is rarely
observed. Accidental injection into a small
artery causes severe pain and induration with
mottling of the skin, which is often followed by
necrosis of the area.
Systemic manifestations of bismuth poisoning
include stomatitis, nephrosis, hepatitis, colitis
and muscular pains. After about 6 injections, a
black stippled line appears on the margins of the
gums. Later pigmentation appears on the buccal
mucosa and the soft palate. This pigmentation
persists for years. Ulcerative stomatitis occurs
less frequently and may be minimized by careful
oral hygiene. Although bismuth is deposited in
the cells of the renal tubules and results in
calcification of these cells, clinically significant
renal damage is rare. However, the urine should
be examined for albumin and casts during bismuth therapy because in the presence of preexisting renal disease serious or fatal depression
of kidney function may develop (Heyman, Am.
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J. Syph. Conor. Ven. Dis., 1944, 28, 721).
Instances of anuria and uremia have occurred
after a single injection (see Urol. Cutan. Rev.,
1(M2, 46, 7 70 and 780). The perplexing problem
of jaundice during the course of antiluetic
therapy has been clarified somewhat through
studies of infectious hepatitis, homologous serum
jaundice, etc. (Neefe, Stokes and Gellis, Am. J.
Med. Sc, 1945, 210, 561). Nomland et al. (J.A.
M.A., 1938, 111, 19) reported a number of
cases of jaundice with bismuth therapy but
found that this untoward effect appeared only
about one-half as often as after neoarsphenamine.
Kulchar and Reynolds (J.A.M.A., 1942, 120, 34)
reported instances of bismuth hepatitis. Beattie
and Marshal (Brit. M. J., 1944, 1, 547) divided
119 cases of postarsphenamine jaundice into an
early mild type which occurred within 2 weeks of
the first injection and a later type which was
observed after 12 to 17 weeks of treatment; the
latter form was thought to be infectious hepatitis transmitted by inadequately sterilized
syringes and needles. Forbes (Brit. M. J., 1944,
2, 852) found that it was safe and desirable to
continue injections of bismuth during the presence of jaundice arising during the arsenotherapy
of syphilis. Gastroenteritis or peripheral neuritis
or dermatitis of papular or exfoliative type are
very infrequent untoward effects of intramuscular
injections of bismuth. Occasionally a syndrome of
weight loss, fever and muscular and joint pains
is encountered. The Jarisch-Herxheimer reaction
is rare with bismuth therapy and usually of a
cutaneous type. Curtis (J.A.M.A., 1930, 95,
1588) reported a case of sudden death following
intravenous administration of 15 mg. of bismuth
in the form of the tartrate. Masson (/. Pharmacol., 1926, 30, 39 and 101) found that the lethal
dose of bismuth and sodium tartrate intravenously for cats was equivalent to 4.5 mg. of the
metal per Kg. of body weight although rabbits
withstood almost 5 times this amount. Contraindications to the therapeutic use of bismuth
injections are severe hepatic or renal disease or
the development of ulcerative stomatitis or dermatitis during the course of therapy.
In the treatment of bismuth intoxication Leff
(Military Surgeon, 1932, 70, 456) recommended
immobilization of bismuth in the body by the
use of calcium salts and a milk diet, with belladonna to control intestinal spasms. After the
subsidence of acute symptoms ammonium chloride in doses of 2 to 3 Gm. daily by mcuth
increased the rate of urinary excretion (Arch.
Dermat. Syph., 1940, 42, 868). Dimercaprol is
also useful.
PRECIPITATED
Bismuthum

BISMUTH.

B.P.

Praecipitatum

Under this title the B.P. recognizes a finely
subdivided form of metallic bismuth which may
be prepared by reduction of a hydrochloric acid
solution of bismuth trichloride by means of
hypophosphorous acid. It contains not less than
98.5 per cent of metallic bismuth.
Description. — Precipitated bismuth is a dull
gray powder, easily dispersible in water, in which
it shows no particles having a diameter of more
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than 15 microns. The B.P. prescribes tests for
limit of copper, of silver, and of chloride; the
arsenic limit is 8 parts per million.
The assay is based upon the precipitation of
bismuth phosphate from a nitric acid solution by
means of ammonium phosphate. The precipitate
is filtered through a Gooch crucible, washed with
hot water, and ignited. Each gram of bismuth
phosphate corresponds to 0.6875 Gm. of bismuth.
There are on the market under various trade
names preparations of metallic bismuth in a
more or less finely divided condition. Bismoid
(Lilly)
and Bismuthoidol (Fougera) are products
of
this type.
Uses. — This preparation is intended for the
treatment of syphilis (Willcox, Pract., 1948, 2,
203). When injected intramuscularly the bismuth
is slowly changed into some soluble compound,
probably a protein combination which is absorbable. Mehrtens and Hanzlik (J. A.M. A., 1928, 91,
223) found that metallic bismuth is absorbed very
slowly, less than 2.5 per cent of the injected dose
of colloidal metal appearing in the urine within
four days after its intramuscular injection. In this
country metallic bismuth is not as popular as
are some of its saits. The colloidal bismuth preparations are usually injected in aqueous dispersion
while the pulverized ones are used as oily suspensions.
The B.P. gives the dose as from 100 to 200 mg.
(approximately 1^ to 3 grains).
Off. Prep.— Injection of Bismuth, B.P.
INJECTION

OF

BISMUTH.

B.P.

Injectio Bismuthi

This is a 20 per cent suspension of finely precipitated bismuth in a 5 per cent solution of dextrose in water for injection, and preserved with
0.1 per cent of chlorocresol. It is sterilized by
heating in an autoclave. The assay process described under Precipitated Bismuth is applied to
this preparation.
Dose, by intramuscular injection, 0.5 to 1 ml.
(approximately 8 to 15 minims).
BISMUTH

MAGMA.

N.F.

Milk of Bismuth, Bismuth Cream, [Magma Bismuthi]

"Bismuth Magma contains bismuth hydroxide
and bismuth subcarbonate in suspension in water,
and yields not less than 5.2 per cent and not
more
5.8 per
cent of Bi203."
N.F.with 60 ml.
Mix than
80 Gm.
of bismuth
subnitrate
of purified water and 60 ml. of nitric acid in a
suitable container; agitate the mixture and warm
gently until solution is effected. Pour the solution, stirring constantly, into 5 liters of purified
water containing 60 ml. of nitric acid. Dilute
480 ml. of diluted ammonia solution with 4 liters
of purified water in a glazed or glass vessel of
at least 12 liters capacity. In this solution dissolve 10 Gm. of ammonium carbonate and then
pour into it, quickly and with constant stirring,
the bismuth solution. If the mixture is not distinctly alkaline, add enough diluted ammonia solution to make it so, then allow the mixture to
stand until the precipitate has subsided. Remove
the supernatant liquid, wash the precipitate twice
with purified water by decantation, then transfer
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the magma to a strainer of close texture and
provide for continuous washing with purified
water until the washings cease to produce color
with phenolphthalein T.S. Do not allow the
magma to become dry during the washing operation. Finally drain the moist magma, transfer
it to a graduated vessel, add enough purified
water to make the product measure 1000 ml.;
mix it thoroughly. Note. — The method of preparation may be varied, provided the product
meets the official requirements. N.F.
Description. — "Bismuth Magma is a thick,
white, opaque, suspension which separates upon
standing. It is odorless and almost tasteless. Bismuth Magma is miscible with water and with
alcohol." N.F.
Standards and Tests. — Identification. — (1)
Bismuth Magma responds to tests for bismuth,
and for carbonate. (2) A white precipitate is
produced when a clear solution of 1 ml. of bismuth magma and 1 ml. of diluted hydrochloric
acid is poured into 10 volumes of distilled water.
Water-soluble substances. — Not over 5 mg. of
ignited residue is obtained from 50 ml. of filtrate
from a mixture of 10 ml. of the magma which has
been boiled with enough water to make 100 ml.
when cold. Alkalies and alkaline earths. — After
precipitating with hydrogen sulfide the bismuth
from a solution of 2 ml. of magma, 5 ml. of hydrochloric acid and enough distilled water to make 100
ml., one-half of the clear filtrate, on evaporation
with 5 drops of sulfuric acid, yields not more than
3 mg. of residue. Arsenic. — 2 ml. of the magma
meets the requirements of the test for arsenic.
Lead. — 5 ml. of magma is dissolved with nitric
acid, then diluted with distilled water to precipitate the bismuth as subnitrate. After filtering, the
liquid is evaporated and again filtered to remove
any bismuth subnitrate which may have remained
in solution and to this filtrate an equal volume
of diluted sulfuric acid is added. No precipitate
(of lead sulfate) should be obtained. N.F.
Assay. — A weighed quantity of bismuth magma
is evaporated to dryness and the residue ignited
to constant weight, as Bi203. N.F.
Uses. — Bismuth magma is a convenient form
for the administration of bismuth hydroxide and
bismuth subcarbonate. It is used especially in the
symptomatic treatment of diarrhea, [vj
The dose for an adult is from 4 to 15 ml.
(approximately 1 to 4 fluidrachms) ; for children,
in proportion to age.
Storage. — Preserve "in tight containers and
protect it from freezing." N.F.
BISMUTH

OXYCHLORIDE.

B.P.

Bismuthi Oxychloridum

This is a basic salt of varying composition resulting from the interaction of bismuth nitrate
and sodium chloride or hydrochloric acid. It contains not less than 79.0 per cent and not more
than 81.0 per cent of Bi, and not less than 12.5
per cent of CI.
Basic Bismuth Chloride; Bismuthyl Chloride; Flake
White; Pearl White. Fr. Chlorure basique de bismuth;
Oxychlorure de bismuth; Blanc d'Espagne; Blanc de Fard;
Blanc perle. Ger. Wismutoxychlorid ; Basisches Wismutchlorid; Perlweisz. It. Cloruro basico di bismuto. Sp. Cloruro
de bismuto, basico.

Potassium

Tartrate
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Bismuth oxychloride, approximating in composition to the formula BiOCl, is described in the
B.P. as a white or nearly white, amorphous or
finely crystalline powder, stable in air, and without odor or taste. It is insoluble in water, but
dissolves in dilute hydrochloric acid.
Standards and Tests. — Besides conforming
to tests characteristic of bismuth and of chloride,
bismuth oxychloride is required to comply with
tests for limit of lead, copper, and sulfates, as
described for bismuth carbonate, and also with
a test for limit of nitrates based upon persistence
of the blue color of indigo carmine solution in
an aqueous mixture of the salt and nitrogen-free
sulfuric acid. Silver must be absent. The arsenic
limit is 2 parts per million. The assay for bismuth
is the same as for precipitated bismuth, and that
for chlorine is a Volhard titration using silver
nitrate and ammonium thiocyanate solutions.
Bismuth oxychloride should be protected from
light.
Uses. — In medicine bismuth oxychloride may
be used for the same purposes as bismuth subnitrate; itis employed as an antisyphilitic by
intramuscular injection, particularly in the form
of the B.P. Injection of Bismuth Oxychloride. It
has been used also as a roentgen contrast medium
in the gastrointestinal tract, for this purpose
being suspended in mucilage of acacia. It is used
in certain cosmetic preparations, and occasionally finds industrial use as a pigment.
Dose, orally, from 0.6 to 2 Gm. (approximately 10 to 30 grains) ; intramuscularly, 100
to 200 mg. (approximately 1^ to 3 grains).
INJECTION
OF
OXYCHLORIDE.

BISMUTH
B.P.

Injectio Bismuthi Oxychloridi

This is a suspension of 10 per cent w/v
bismuth oxychloride in an aqueous solution containing 0.9 per cent sodium chloride and 0.1
per cent chlorocresol. It is sterilized by heating
in an autoclave. It is required to contain bismuth oxychloride equivalent to from 7.5 to 8.5
per cent w/v of Bi; the assay is similar to that
for precipitated bismuth. It is intended for intramuscular injection in the treatment of syphilis.
The dose is from 1 to 2 ml. (approximately 15
to 30 minims).
BISMUTH

POTASSIUM
N.F. (LP.)

TARTRATE.

Potassium Bismuth Tartrate, Potassium Bismuthyl
Tartrate, [Bismuthi Potassii Tartras]

"Bismuth Potassium Tartrate contains the
equivalent of not less than 60 per cent and not
more than 64 per cent of Bi." N.F. The LP.
purity rubric is the same.
LP. Potassium Bismuthyltartrate ; Bismuthi et Kalii
Tartras. Sp. Tartrato Potdsico-Bismutico.

A considerable variety of complex bismuth
and alkali metal tartrates have been prepared
for use in the treatment of syphilis. Theoretically,
tartaric acid is capable of forming many compounds with bismuth and an alkali metal such
as potassium or sodium, or both, and in practice
it is found that several compounds can be prepared. There is evidence that in many of these
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salts bismuth, as bismuthyl radical (BiO), substitutes for the hydroxyl hydrogen of one or
both of the secondary alcohol groups of tartaric
acid, as well as replacing one or both of the
hydrogen atoms in the carboxy groups. Compounds in which the bismuthyl group is present
in the secondary alcohol groups are referred to
as salts of bismuthyl- or bismuthotartaric acid.
The salts may be prepared by dissolving bismuth tartrate in a solution of potassium hydroxide, if bismuth and potassium tartrate is desired,
or in sodium hydroxide solution if bismuth and
sodium tartrate is desired, then adding tartaric
acid and finally evaporating the solution. The
bismuth tartrate may be prepared by the interaction of bismuth subnitrate and tartaric acid
in the presence of water. In the B.P. it is stated
that the official bismuth and sodium tartrate may
be prepared by reacting bismuth hydroxide and
sodium acid tartrate.
Warren {JAMA., 1925, 84, 1066) analyzed a
number of complex bismuth tartrates and found
that the bismuth content varied from 31 to 73
per cent. He emphasized the necessity for clinicians to inquire into the composition of the
bismuth products they use, particularly with
reference to the bismuth content, before evaluating the effectiveness of such preparations.
Description. — 'Bismuth Potassium Tartrate
is a granular, white, odorless powder, having a
sweetish taste. It darkens on exposure to light.
One Gm. of Bismuth Potassium Tartrate dissolves
in about 2 ml. of water. It is insoluble in alcohol,
in ether, and in chloroform. It is decomposed by
dilute a mineral
N.F.shall
The beLP.neutral
specifies
that
solution acids."
in water
to
litmus T.S.
Standards and Tests. — Identification. — (1)
A brownish black precipitate is produced on
adding ammonium sulfide T.S. to a 1 in 10
solution of bismuth potassium tartrate. (2) A
violet color is imparted to a non-luminous flame
by bismuth potassium tartrate. (3) A white precipitate isproduced on adding a few drops of
silver nitrate T.S. to 5 ml. of a 1 in 10 solution
of bismuth potassium tartrate; on boiling, the
mixture blackens and a silver mirror forms.
Alcohol-soluble extractive. — 1 Gm. of bismuth
potassium tartrate, when boiled with 20 ml. of
alcohol for 15 minutes, yields not more than 0.5
per cent of soluble extractive. Arsenic. — The limit
is 10 parts per million. Lead. — A diluted nitric
acid solution of the residue from ignition of
bismuth potassium tartrate, representing in 5 ml.
about 500 mg. of the original salt, shows no
turbidity on adding diluted sulfuric acid. N.F.
The LP. limits arsenic to 5 parts per million.
Assay. — About 400 mg. of bismuth potassium
tartrate is dissolved in water and the bismuth
precipitated, in the presence of a slight excess
of nitric acid, as phosphate, BiP04. The precipitate iscollected in a Gooch crucible after washing
by decantation with a dilute solution of ammonium nitrate, and finally ignited at a dull red
heat. The weight of bismuth phosphate, multiplied by 0.6875, represents the weight of elemental bismuth in the sample taken for assay.
N.F.
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For optimum stability of solutions of potassium
tribismuth tartrate for parenteral administration,
Jurist and Christensen (/. A. Ph. A., 1931, 20,
349) recommended that they contain 25 per cent
of sucrose and be adjusted, if necessary, to a
pH of 11.0 to 11.2 with potassium or sodium
acid tartrate (but see the limitation of pH range
under Bismuth Potassium Tartrate Injection).
Solutions of bismuth are local irritants and they
did not believe it possible to avoid this effect by
any modification of the solution.
Uses. — Bismuth potassium tartrate is used
for treating syphilis (see Bismuth). It may be
given either in aqueous solution or suspended
in sweet almond, olive or peanut oil. and injected
deep into the gluteal muscle. Monteiro and
Silcox (Arch. Otolaryng., 1941, 34, 719) advocated intramuscular injections of this compound
in aqueous solution in the treatment of tonsillitis
due to streptococcal infections; for infants they
employed a dose of 1 to 5 mg. The salt has been
employed also in the treatment of Vincent's
angina.
The dose is from 100 to 200 mg. (approximately 13^2 to 3 grains), suspended in oil, every
7 days up to a total dose of 3 Gm. (approximately 45 grains) ; or 50 mg. (approximately
•)4 grain) in aqueous solution three times weekly
up to a total of 18 doses.
Storage. — Preserve "in well-closed, lightresistant containers." N.F.
BISMUTH

POTASSIUM
INJECTION.

TARTRATE
N.F.

[Injectio Bismuthi Potassii Tartratis]

"Bismuth Potassium Tartrate Injection is a
sterile solution of bismuth potassium tartrate in
water for injection or a sterile suspension of
bismuth potassium tartrate in oil. It contains an
amount of bismuth (Bij equivalent to not less
than 57 per cent and not more than 66 per cent
of the labeled amount of bismuth potassium tartrate. Bismuth Potassium Tartrate Injection
meets the requirements under Injections." N.F.
Sp. Inyeccion de Tartrate Potdsico-Bismutico.

The N.F. recognizes two different forms of
injection under the same title; it would see to
have been better to have given them separate
names, as their effects, while similar, are not
identical. The pH of the aqueous injection is required to be between 6.0 and 9.0.
Uses. — Both the aqueous and the oily preparations are to be given intramuscularly (for uses
see discussion under Bismuth Potassium Tartrate). They are never given intravenously because of the proximity of the therapeutic dose
to the toxic. The aqueous solution is rapidly
absorbed and, if administered two or three times
weekly, a high concentration of bismuth may be
maintained in the blood stream. Slower absorption and lower concentration of bismuth follow
injection of the oil suspension but the effects are
of greater duration and necessitate injection only
once a week.
Labeling. — 'Label Bismuth Potassium Tartrate Injection to indicate whether the Injection
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is a water solution or an oil suspension." N.F.
Storage. — "Preserve Bismuth Potassium Tartrate Injection (water solution), in single-dose
containers, preferably of Type I glass. Preserve
Bismuth Potassium Tartrate Injection (oil suspension) in single-dose or multiple-dose containers, preferably of Type I glass. Protect the Injection from light." N.F.
Usual Sizes. — 2 ml. containing 30 or 50 mg.
(approximately Y or Y\ grain) in water; 2 ml.
containing 100 or 200 mg. (approximately lY
or 3 grains) in oil.
BISMUTH

SODIUM

TARTRATE.

B.P.

Sodium Bismuthyltartrate, Bismuthi et Sodii Tartras

Bismuth Sodium Tartrate is required to contain not less than 35.0 per cent and not more
than 42.0 per cent of Bi. B.P.
Sodium Bismuth Tartrate. Fr. Tartrate de bismuth et de
sodium. Ger. Wismut-Natriumtartrat. It. Tartrato di bismuto
e di sodio. Sp. Tartrato de bismuto y de sodio.

Bismuth sodium tartrate may be prepared,
according to the B.P., by the interaction of bismuth hydroxide and sodium acid tartrate. As
with bismuth potassium tartrate, the number of
compounds which may be thus named is large,
and there may be considerable variation in the
composition of the salts. Thus, N.N.R. 1952
recognized as Bismuth Sodium Tartrate a basic
salt containing 72.7 to 73.9 per cent of bismuth,
which represents approximately twice the content
of bismuth in the B.P. salt. It is apparent that
a great deal of caution should be exercised in
prescribing and dispensing the bismuth alkali
tartrates, to be certain that a salt of the intended
content of bismuth is supplied.
Description and Tests. — Bismuth sodium
tartrate of the B.P. occurs as a white powder
or as slightly yellow scales, soluble in less than
1 part of water. In addition to tests for identity
for bismuth, sodium and tartrate, the salt must
also comply with limit tests for lead and copper;
the limit of arsenic is 2 parts per million. The
salt is assayed by precipitation as bismuth phosphate, which is weighed.
The salt formerly included in N.N.R. was
described as a finely divided, white, odorless and
tasteless powder, permanent in air. All but 0.1
per cent of the product dissolves in about 3 parts
of water to give an alkaline solution.
Uses.— Hudgins (Clin. Med., 1944, 51, 277)
reported his experiences with a series of 1200
intravenous injections of 1- to 2-ml. doses of
bismuth sodium tartrate (N.N.R. specification),
in 3 per cent aqueous solution, in 100 luetic
patients over a period of 7 years. There were
no serious toxic effects; occasional instances of
nausea, vomiting, and aching of teeth were observed. He gave injections at intervals of 3 to 7
days, claiming the advantage of less discomfort
by this route than when intramuscularly administered. As with arsenicals, intravenous injection
of bismuth is contraindicated in cardiovascular
syphilis. Hudgins used this treatment also in
Vincent's infections, tonsillitis and pharyngitis,
and for warts (see Bismuth Subsalicylate). Bismuth sodium tartrate has been widely used for
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treatment of yaws, also for treatment of relapsing fever caused by the spirochete Borrelia
recurrentis, and other strains (East African M. J.,
1943, 20, 55).
Although intravenous administration of bismuth has not been generally found acceptable
or advisable, because the effective and toxic
doses by this route are thought to be very close
(/. Pharmacol., 1942, 76, 339), Jackson reported
excellent results in treating tularemia, in which
disease Foshay specific antiserum, sulfonamide
drugs, and penicillin have failed (Am. J. Med.
Sc, 1945, 209, 513). He treated 61 cases by
injecting a 3 per cent solution (of N.N.R.specification salt) intravenously, starting with
1 ml., and following this by 1 ml. per 100 pounds
of body weight in adults and 1 ml. per 50 pounds
in children daily until the temperature fell to
99° F., then every other day for 4 doses, and
finally twice weekly for 4 doses. Recovery was
prompt (an average of 7 doses being required
until patients were afebrile) and no toxic effects
were produced other than slight nausea. In chronic
brucellosis, Wissman and Carpenter (/. Indiana
M. A., 1949, 42, 424) obtained marked symptomatic improvement in 12 out of 16 cases. In peptic
ulcer, Duffy (/. Oklahoma M. A., 1951, 44, 12)
reported benefit. Marked diuretic action has been
reported with bismuth sodium tartrate.
In rheumatoid arthritis Hall (Lancet, 1944, 1,
264; 1945, 2, 385) reported obtaining better
results from intramuscular injection of bismuth
sodium tartrate, in aqueous solution, than with
gold salt therapy; he employed 32-mg. doses at
intervals of 4 weeks to 3 months, according to
recurrence of symptoms, cautioning against
larger and more frequent doses. If gold therapy
has been used, bismuth treatment should be
postponed for several months to permit excretion of gold.
Toxicology. — Inadvertent intravenous injection of 650 mg. (presumably of the B.P. bismuth
sodium tartrate) in three Africans was reported
by Goodman (Brit. M. J., 1948, 1, 978); two
collapsed and died within 2 minutes, while the
third suffered vascular collapse in 6 minutes,
showed a blue line on the gums on the third day,
developed oliguria on the fifth day, and showed
albumin, red blood corpuscles and casts in all
urine passed, with a rapid rise of blood urea.
This patient' died on the tenth day; autopsy
revealed an enlarged liver, hemorrhagic colitis,
acute nephritis, and blue gingivitis.
The dose of the N.N.R. -strength salt, when
used as an antisyphilitic by intramuscular injection, is 30 mg. (approximately z/2 grain) three
times weekly for a maximum of 6 to 10 weeks;
the initial dose should be 15 mg. (approximately
% grain). For intravenous dosage see above. The
weaker B.P. compound may be given in doses
of 60 to 200 mg. (approximately 1 to 3 grains),
according to the B.P.
In the 1952 edition, the N.N.R. described
Solution Bismuth Sodium Tartrate containing,
in aqueous solution, either 15 or 30 mg. of bismuth sodium tartrate, 20 mg. of benzyl alcohol,
and 250 mg. of sucrose in each ml.; the solution
is supplied in 60-ml. vials.

174

Bismuth Sodium

Tartrate,

Injection

INJECTION
OF
BISMUTH
SODIUM TARTRATE.
B.P.
Injection of Sodium Bismuthyltartrate, Injectio Bismuthi
et Sodii Tartratis

This injection is described as a sterile solution
of bismuth sodium tartrate (B.P.) in water for
injection, adjusted to a pH of 5.5 by addition
of tartaric acid; the solution is sterilized by
heating in an autoclave or by filtration through
a bacteria-proof filter. The content of Bi is not
less than 33.3 per cent and not more than 44.1
per cent of the content of bismuth sodium tartrate stated on the label.
BISMUTH SUBCARBONATE.
U.S.P. (B.P.), I.P.
Basic Bismuth Carbonate, [Bismuthi Subcarbonas]

''Bismuth Subcarbonate is a basic salt which,
dried at 105° for 3 hours, yields on ignition not
less than 90 per cent of BisOa." US.P. The B.P.
recognizes this substance as a basic salt of varying
composition that may be obtained by the interaction of bismuth nitrate and a soluble carbonate.
No rubric is stated by the B.P. but a determination of the residue on ignition must yield not less
than 90.0 per cent and not more than 92.0 per
cent of such residue. The I.P. requires bismuth
subcarbonate to contain not less than 89.0 per
cent and not more than 92.0 per cent of Bi203.
B.P. Bismuth Carbonate; Bismuthi Carbonas. Bismuth
Oxycarbonate; Bismuthyl Carbonate. Bismutura Subcarbonicum; Bismutum Carbonicum; Carbonas Bismuthicus
Basicus. Fr. Carbonate de bismuth; Sous-carbonate de
bismuth. Ger. Basisches Wismutkarbonat ; Wismutsubcarbonat. It. Carbonato di bismuto. Sp. Subcarbonato de
bismuto.

Bismuth subcarbonate is prepared by the reaction of solutions of bismuth nitrate and a
soluble carbonate, the chemical composition of
the salt depending upon the conditions of precipitation. For this reason its chemical formula
cannot be definitely stated but it is approximately
(Bi202C03)2.H20.
Description. — '"Bismuth Subcarbonate is a
white or pale yellowish white powder without odor
and taste. It is stable in air, but is slowly affected
by light. Bismuth Subcarbonate is insoluble in
water and in alcohol." U.S.P.
Standards and Tests. — Identification. — Bismuth subcarbonate dissolves completely, with
effervescence, in nitric or hydrochloric acid; the
solution in nitric acid responds to tests for bismuth. Loss on drying. — Not over 2 per cent, when
dried at 105° for 3 hours. Alkalies and earths. —
Not over 5 mg. of a sulfated residue of alkalies
and earths is obtained from 2 Gm. of bismuth
subcarbonate. Chloride. — The limit is 700 parts
per million. Nitrate. — The limit is 0.75 per cent.
Sulfate. — A dilute nitric acid extract of bismuth
subcarbonate shows no precipitate with barium
nitrate T.S. Copper. — No bluish tint is produced
on adding a slight excess of ammonia T.S. to a
dilute nitric acid extract of bismuth subcarbonate.
Lead. — No cloudiness develops on adding diluted
sulfuric acid to a dilute nitric acid extract of
bismuth subcarbonate. Silver. — No precipitate, insoluble in an excess of hydrochloric acid but
soluble in ammonia T.S., is formed on adding
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hydrochloric acid to a dilute nitric acid extract of
bismuth subcarbonate. Arsenic. — The limit is 10
parts per million. U.S.P. The B.P. permits not
more than 2 parts per million of arsenic; upon
ignition, the salt leaves not less than 90.0 per cent
and not more than 92.0 per cent of residue.
Assay. — A sample of 1 Gm. of bismuth subcarbonate, dried at 105° for 3 hours, is ignited
to constant weight. The weight of the residue of
Bi203 is not less than 90 per cent of the weight
of the sample. U.S.P. The I.P. assay is similar,
except that the bismuth subcarbonate is not dried
prior to the ignition.
Uses. — Bismuth subcarbonate has been widely
employed for symptoms of gastrointestinal irritation on the basis of the perhaps oversimplified
concept that this heavy, insoluble salt of bismuth
coated and protected inflamed mucous membranes.
The salt obviously has this property but experience indicates that this does not occur with any
degree of effectiveness in vivo. Nevertheless it
continues to be prescribed, for the lack of more
specific agents, for nausea and pyrosis or, in other
words, for indigestion, dysphagia and diarrhea due
to infectious, chemical or neurogenic causes. In
diarrhea it is usually innocuous, unless it delays
the use of specific measures; the common practice
of administering camphorated opium tincture with
bismuth subcarbonate illustrates the ineffectiveness of bismuth salts in diarrhea. In cases of
gastritis, and especially in gastric ulcer, the fact
that it acts as a mild alkali, as has been re-emphasized by Alstead (Lancet, 1941, 2, 420), gives the
subcarbonate preference over the subnitrate.
which is acid in reaction. Bismuth subcarbonate
has been claimed to be valuable for the expulsion
of seat-worms (Loeper, J.A.M.A., 1920, 75, 903).
The lower toxicity of bismuth subcarbonate,
as compared with the subnitrate, is an advantage
of the former substance when large doses are to
be taken, as in roentgenography, where 30 to 60
Gm. of an insoluble bismuth salt has been given.
This quantity of the subcarbonate produces no
disturbance either of the alimentary canal or the
general system: of course, barium sulfate has
come into almost exclusive use for this purpose.
Bismuth subcarbonate has been included in
various powders and pastes for topical application
to the skin or to mucous membranes to allay irritation; itis usually also an ingredient of the rectal
suppositories which are generally available for use
in effecting symptomatic relief of anal discomfort.
The usual dose is 1 Gm. (approximately 15
grains), with a range of 1 to 4 Gm.; the maximum single dose is usually 4 Gm. and not more
than 30 Gm. is generally given during 24 hours.
Storage. — Preserve "in well-closed, fightresistant containers." UJS.P.

BISMUTH SUBCARBONATE
TABLETS. N.F.
[Tabellae Bismuthi Subcarbonatis]

"Bismuth Subcarbonate Tablets yield an amount
of Bi203, not less than S3 per cent and not more
than 97 per cent of the labeled amount of bismuth
subcarbonate." N.F.
Assay. — A representative sample of powdered
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tablets, equivalent to 600 mg. of bismuth subcarbonate, is digested with a mixture of sulfuric
and nitric acids, diluted to 200 ml. with water,
filtered, and 100 ml. of the filtrate employed for
precipitation of bismuth as the phosphate, BiP04.
The precipitate is filtered off, washed, dried and
ignited to constant weight. Each Gm. of BiP04
represents 766.5 mg. of Bi20"3. N.F.
Usual Size. — 5 and 10 grains (approximately
300 and 600 mg.).
BISMUTH

SUBGALLATE.

N.F., B.P.

Bismuth Gallate, Dermatol, [Bismuthi Subgallas]

"Bismuth Subgallate is a basic
at 105° for 3 hours, yields not
cent and not more than 57 per
N.F. The B.P. specifies no purity

salt which, dried
less than 52 per
cent of Bi203."
rubric.

Bismuth Oxygallate; Bismuthyl Gallate; Bismuth Monogallate. Bismutum Subgallicum; Bismuthi Gallas Basicus;
Subgallas Bismuthicus. Fr. Gallate de bismuth ; Sousgallate de bismuth; Acide bismuthogallique. Ger. Basisches
Wismutgallat. It. Gallato basico di bismuto; Sottogallato
di bismuto. Sp. Galato de bismuto, basico ; Subgalato de
bismuto.

Bismuth subgallate may be prepared by the
action of gallic acid on freshly precipitated bismuth hydroxide. It was introduced to the medical
profession under the proprietary name of Dermatol. Although several structural formulas have
been proposed for it, that suggested by Tahagi
and Nagasi (/. Pharm. Soc. Japan, 1936, 56, 31)
as a dibasic complex acid of the composition
I
1
(HO.Bi03.C6H4.COO)H2.H20
best explains its properties.
Description. — "Bismuth Subgallate occurs as
an amorphous, bright yellow powder. It is odorless and tasteless. It is stable in the air, but is
affected by light. Bismuth Subgallate dissolves
readily with decomposition in warm, moderately
dilute hydrochloric, nitric, or sulfuric acid; it is
readily dissolved by solutions of alkali hydroxides,
forming a clear, yellow liquid, which rapidly assumes a deep red color. Bismuth Subgallate is
nearly insoluble in water, in alcohol, and in ether.
It is insoluble in very dilute mineral acids." N.F.
Standards and Tests. — Identification. — (1)
A yellow residue, responding to tests for bismuth,
is produced on heating bismuth subgallate to redness. (2) A purplish blue mixture is produced on
adding 1 drop of ferric chloride T.S. to the filtrate,
freed from dissolved gas, from 100 mg. of bismuth
subgallate mixed with an excess of hydrogen sulfide T.S. Nitrate. — No brownish red color appears
at the zone of contact of the filtrate from a suspension of 100 mg. of bismuth subgallate in 5 ml.
of diluted sulfuric acid and 5 ml. of ferrous sulfate T.S. when it is superimposed on 5 ml. of
sulfuric acid. Alkalies and earths. — Not over 5 mg.
of a sulfated residue of alkalies and earths is obtained from 1 Gm. of bismuth sulbgallate. Arsenic.
— 200 mg. of bismuth subgallate meets the requirements ofthe test for arsenic. Copper, lead,
or silver. — 3 Gm. of bismuth subgallate is ignited
and a diluted nitric acid extract of the residue is
prepared. Portions of this extract must not respond to tests for copper, lead, or silver as de-
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scribed under bismuth subnitrate. Free gallic acid.
— 1 Gm. of bismuth subgallate yields not more
than 5 mg. of material soluble in 20 ml. of alcohol. N.F.
The B.P. tests are essentially the same as those
of the N.F. A residue on ignition of not less than
52.0 per cent and not more than 57.0 per cent,
calculated with reference to the substance dried
assay.
at 105°, is specified; this is similar to the N.F.
Assay. — A sample of 1 Gm. of bismuth subgallate, dried for 3 hours at 105°, is ignited, then
dissolved in nitric acid, the solution evaporated
to dryness and the resulting residue carefully
ignited to constant weight as Bi203. The weight of
the residue is not less than 52 per cent and not
more than 57 per cent of the weight of the dried
sample. N.F.
Uses. — Bismuth subgallate is chiefly employed
as a dusting powder in the treatment of eczema
and other skin diseases and occasionally of
wounds. Its value probably depends on its absorbent and protective action although it may
exert some slight inhibition of bacterial growth.
It is occasionally employed like the other insoluble salts of bismuth in the treatment of enteritis
on the supposition that it exerts an astringent as
well as a protective effect (see Gallic Acid, Part
II). A suspension of 5 per cent of finely ground
bismuth subgallate in olive oil or cod liver oil
has been employed by rectal injection in treating
amebic and chronic bacillary dysentery (Turner,
Trans. Roy. Soc. Trop. Med. Hyg., 1940, 34,
112); the dose varied from 4 to 10 fluidounces
daily. 0
Dose, 0.5 to 2 Gm. (approximately 7^2 to 30
grains).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
BISMUTH

SUBNITRATE.

N.F., LP.

Basic Bismuth Nitrate, [Bismuthi Subnitras]

"Bismuth Subnitrate is a
at 105° for 2 hours, yields
than
per defines
cent of Bismuth
Bi203."
The 79LP.

basic salt which, dried
upon ignition not less
N.F.
Subnitrate as a basic

salt, the composition of which varies with the
conditions of preparation, usually approximated
by the formula 6Bi2O3.5N2O5.8H2O; not less than
79.0 per cent and not more than 82.0 per cent of
Bi203 is required, the assay sample not being
dried.
Bismuth Oxynitrate; Bismuthyl Nitrate; White Bismuth; Magistery of Bismuth. Bismutum Subnitricum;
Bismuthum Album; Bismuthi Nitras Basicus. Fr. Azotate
basique de bismuth lourd; Sous-azotate de bismuth; Sousnitrate de bismuth; Magistere de bismuth. Ger. Basisches
Wismutnitrat; Wismutsubnitrat; Wismut-weisz. It. Nitrato
basico de bismuto ; Sottonitrato di bismuto. Sp. Nitrato de
bismuto, basico ; Subnitrato de bismuto.

Bismuth subnitrate may be prepared by adding
a solution of the normal nitrate, Bi(N03)3, to
boiling water, whereupon the basic product is produced by hydrolysis. The normal nitrate is obtained by dissolving pure metallic bismuth in
nitric acid.
Bismuth trinitrate forms colorless crystals of
the formula, Bi(N03)3.5H.20; it is soluble in
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glycerin and acids but is changed by water to the
insoluble subnitrate. This salt was at one time
used for medicinal purposes but is no longer thus
employed.
Description. — "Bismuth Subnitrate occurs as
a white, slightly hygroscopic powder. When
brought in contact with moistened blue litmus
paper it shows an acid reaction. Bismuth Subnitrate is practically insoluble in water, and in
alcohol, but is readily dissolved by hydrochloric
or nitric acid." X.F.
Standards and Tests. — Identification. — Bismuth subnitrate responds to tests for bismuth and
for nitrate. Loss on drying. — Not over 3 per cent,
when dried at 105° for 2 hours. Carbonate. — No
effervescence occurs on dissolving 3 Gm. of bismuth subnitrate in 3 ml. of warm nitric acid; the
resulting solution is used in tests for sulfate,
copper, lead and silver. Chloride. — The limit is
350 parts per million. Ammonium salts. — Moistened red litmus paper is not turned blue by the
vapor produced on boiling 100 mg. of bismuth
subnitrate with 5 ml. of sodium hydroxide T.S.
Alkalies and earths. — Not over 5 mg. of a sulfated
residue of alkalies and earths is obtained from
1 Gm. of bismuth subnitrate. Arsenic. — 200 mg.
of bismuth subnitrate meets the requirements of
the test for arsenic. Sulfate. — The solution from
the carbonate test is poured into water, filtered,
concentrated, and filtered again; a portion of the
filtrate shows no precipitate on adding barium
nitrate T.S. Copper. — Another portion of the
filtrate used in the preceding test shows no bluish
tint on adding a slight excess of ammonia T.S.
Lead. — A third portion of the filtrate used in the
test for sulfate shows no cloudiness on adding
diluted sulfuric acid. Silver. — A fourth portion of
the filtrate used in the test for sulfate produces
no precipitate, insoluble in a slight excess of
hydrochloric acid but soluble in ammonia T.S.,
on adding hydrochloric acid. N.F.
Assay. — A sample of about 1 Gm. of bismuth
subnitrate, dried at 105° for 2 hours, is ignited
to constant weight. The weight of the residue,
BiaOa, is not less than 79 per cent of the weight
of the sample. N.F.
Incompatibilities. — Bismuth subnitrate is incompatible with potassium iodide (slowly forming
a brick-red bismuth iodide) and with alkaline bicarbonates. The acidity of bismuth subnitrate
resulting from hydrolysis of aqueous suspensions
of the substance sometimes leads to the development of explosive mixtures in prescriptions containing sodium bicarbonate. In common with
other bismuth salts it is reduced by sunlight in the
presence of bromides, or of organic matter.
Uses. — The fact that bismuth subnitrate is
practically insoluble in water led to the belief that
it was incapable of being absorbed from the
gastrointestinal tract, but it is now known that
absorption of some bismuth and especially of
nitrite ion resulting from reduction of the nitrate
component may occur under certain conditions in
the intestines. Traces of bismuth in the urine and
in various internal organs have been found after
oral administration of the salt. The use of large
quantities, such as 30 to 60 Gm. of bismuth sub-
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nitrate as a radiopaque medium has resulted in a
number of serious cases of nitrite poisoning.
Bismuth subnitrate, like the other insoluble
bismuth salts, has been used for its protective
action in gastritis, enteritis, and similar inflammations. It is, however, inferior for this purpose to
the carbonate because of the possibility of nitrite
poisoning. Roe (J.A.M.A., 1933, 101, 352) referred to several such cases, of which 3 ended
fatally. Miller (Gastroenterology, 1945, 4, 430)
reported a case of methemoglobinemia due to
bismuth subnitrate in the presence of enteritis.
Wallace (J.A.M.A., 1947, 133, 1280) observed
the occurrence of acute methemoglobinemia in a
5-week-old infant given bismuth subnitrate for
diarrhea; recovery followed oral administration
of 50 mg. of methylene blue in 120 ml. of 5 per
cent dextrose. Steiglitz (/. Pharmacol., 1936, 56,
216) advocated bismuth subnitrate as a means of
obtaining slow, continuous action of the nitrites
in the treatment of high blood pressure. Ayman
(J.A.M.A., 1932, 98, 545), however, failed to
observe any benefit in this class of patients. Its
action evidently depends upon certain unknown
and variable conditions in the alimentary canal.
Bismuth subnitrate has some astringent and
mild antiseptic action when applied to raw surfaces and it was used as a dusting powder in various wounds and ulcers prior to the antibiotic era.
Beck (J.A.M.A., 1908, 50, 868) obtained favorable results on injecting into the chronic fistulas
of bone tuberculosis a mixture of 30 per cent of
bismuth subnitrate aseptically incorporated into
a previously sterilized mixture representing 5 per
cent each of white wax and paraffin and 60 per
cent of white petrolatum. This mixture, known as
Beck's Bismuth Paste, was official in N.F. VIII.
In a number of cases the injection of the bismuth
paste into abscess cavities has led to bismuth
poisoning. Thorkildsen (Nord. Med., 1950. 44,
1786) reported clearing of open or closed tuberculous empyema following repeated injections of
10 per cent bismuth subnitrate in petrolatum
into the lesion. BIPP, an ointment of bismuth
subnitrate 220 Gm., iodoform 440 Gm. and petrolatum 220 Gm. was much used in England as a
wound dressing. Wilson and Luikart (Arch.
Dermat. Syph., 1951, 64, 580) used a putty composed of 86 per cent bismuth subnitrate and 16
per cent anhydrous wool fat to shield normal skin
during roentgen irradiation of tumors; this putty
was as effective as 1 mm. of lead as a shield.
Even when applied to raw surfaces bismuth
subnitrate undergoes some chemical change and
sufficient nitrite may be absorbed to cause serious
methemoglobinemia, which may terminate fatally.
The symptoms of bismuth poisoning which have
followed the surgical use of bismuth subnitrate
are as follows: There appears first a bluish fine
on the edges of the gum which spreads and becomes darker in color until the whole tongue and
pharynx are almost black. There also develops
ulcerative stomatitis with salivation, nephritis,
vomiting, and in some cases mental disturbances;
methemoglobinemia, as noted above, is also observed. The mortality in this poisoning is high.
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Oxygen inhalation and blood transfusions are
indicated. E
Dose, from 0.3 to 2 Gm. (approximately 5 to
30 grains).
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep.— Bismuth Magma; Bismuth Subnitrate Tablets; Compound Resorcinol Ointment,
N.F.

BISMUTH

SUBNITRATE
N.F.

TABLETS.

[Tabellae Bismuthi Subnitratis]

"Bismuth Subnitrate Tablets yield an amount
of Bi203 not less than 73 per cent and not more
than 85 per cent of the labeled amount of bismuth
subnitrate." N.F.
Usual Sizes. — 5 and 10 grains (approximately
0.3 and 0.6 Gm.).
BISMUTH SUBSALICYLATE.
U.S.P. (B.P.) LP.
Basic Bismuth Salicylate, [Bismuthi Subsalicylas]

"Bismuth Subsalicylate is a basic salt which,
dried at 105° for 3 hours, yields upon ignition
not less than 62 per cent and not more than 66
per cent of Bi203." U.S.P. The B.P. defines Bismuth Salicylate as a basic salt of varying composition; on ignition it leaves not less than 63.0
per cent and not more than 67.0 per cent of residue. The LP. requires Bismuth Subsalicylate to
contain not less than 62.0 per cent and not more
than 67.0 per cent of Bi203.
B.P. Bismuth Salicylate; Bismuthi Salicylas. Bismuth
Oxysalicylate; Bismuthyl Salicylate. Bismutum Subsalicylicum; Salicylas Bismuthicus Basicus. Fr. Salicylate
basique de bismuth; Salicylate de bismuth officinal. Ger.
Basisches Wismutsalizylat ; Wismutsubsalicylat. It. Salicilato basico di bismuto. Sp. Salicilato de bismuto;
Subsaiicilato de Bismuto.

A number of methods for preparing this salt
have been reported in the literature. Wolff reacted
a glycerin solution of bismuthous nitrate with a
concentrated aqueous solution of sodium salicylate. Fischer and Griitzner precipitated bismuth
hydroxide by adding ammonia to a solution of
bismuth trinitrate and then heated the precipitate
with salicylic acid in molecular proportion. Other
methods vary in the manner of preparing the
bismuth hydroxide with which salicylic acid is
reacted. Bracaloni (Boll, chitn. farm., 1938, 77,
605) pointed out the necessity of continued washing of freshly prepared bismuth subsalicylate in
order to obtain a residue of constant composition.
He also recommended that preparations of this
salt containing less than 60 per cent Bi203 should
not be used in preparing oil suspensions for therapeutic use since such samples give a hard, yellowish white deposit adhering to the bottom of the
vial after sterilization at 100° for one hour. The
bismuth is combined not only with the hydrogen
of the carboxyl group but with the hydrogen of
the phenolic group as well, hence it is not a true
salt of bismuth and salicylic acid.
Description. — "Bismuth Subsalicylate is a
white or nearly white, amorphous, or microcrystal-
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line, odorless powder. It is stable in air, but is
affected by light. Bismuth Subsalicylate is practically insoluble in cold water." U.S.P.
Standards and Tests. — Identification. — (1)
A yellow residue, responding to tests for bismuth
and blackened by hydrogen sulfide, is produced on
heating bismuth subsalicylate. (2) A deep violet
blue mixture results when 100 mg. of bismuth
subsalicylate is agitated with a solution of 5 drops
of ferric chloride T.S. in 10 ml. of water. Loss on
drying. — Not over 3 per cent, when dried at 105°
for 3 hours. Nitrate. — A mixture of 50 mg. of
bismuth subsalicylate, 100 mg. of sodium salicylate and 5 ml. of water, superimposed on 5 ml.
of sulfuric acid, produces no pink or brownish
red color at the zone of contact. Other tests. —
3 Gm. of bismuth subsalicylate is ignited and
from the residue a dilute nitric acid extract is
prepared; portions of this solution meet the requirements ofthe tests for sulfate, copper, lead,
and silver described under bismuth subcarbonate.
Free salicylic acid. — 1 Gm. of bismuth subsalicylate yields not more than 5 mg. of material
soluble in 20 ml. of chloroform. Alkalies and
earths. — Not over 5 mg. of a sulfated residue of
alkalies and earths is obtained from 2 Gm. of bismuth subsalicylate. Arsenic. — The limit is 10 parts
per million. U.S.P. The B.P. and LP. specify an
arsenic limit of 2 parts per million.
Assay. — About 1 Gm. of bismuth subsalicylate,
dried at 105° for 3 hours, is ignited, then dissolved
in nitric acid, the solution evaporated to dryness
and the resulting residue carefully ignited to constant weight as Bi203. The weight of the residue
is not less than 62 per cent and not more than
66 per cent of the weight of the dried sample.
U.S.P.
Uses. — Bismuth subsalicylate was originally introduced for the treatment of enteritis on the
theory that it would exert not only the protective
action of the insoluble bismuthyl salts but also
would be slowly changed in the intestines with
liberation of salicylic acid, which would exert an
antiseptic action. Any such action, however, is
likely to be very feeble in an alkaline medium
(see Salicylic Acid).
As an antisyphilitic the subsalicylate has been
the most frequently employed form of bismuth.
It forms the basis of a number of proprietary antiluetic mixtures. As stated elsewhere (see under
Bismuth) the antisyphilitic bismuth compounds
fall into two major groups — the soluble and the
insoluble — and there is a marked difference in the
effects produced. Following intramuscular injection of one of the insoluble compounds, usually
in suspension in a neutral vegetable oil, absorption
is slow but continuous, so that the system remains
constantly under the influence of a low concentration of bismuth. An oil suspension is official in the
U.S.P. (see following).
With repository penicillin assuming the important role in trie effective, short-term treatment
of all types of syphilis, the question of the comparative effectiveness of combined bismuth and
penicillin treatment is frequently raised. Levaditi
(Presse med., 1950, 58, 1397) found combined
treatment with long-acting penicillin and bismuth
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the most effective treatment of experimental
syphilis in rabbits. Johnwick (/. Ven. Dis Inform.,
1950, 31, 303) concluded that nothing was gained
by the addition of bismuth and arsenic in the
treatment of asymptomatic neurosyphilis with
penicillin. Jones (Ohio State M. J., 1951, 131)
observed that the addition to penicillin therapy of
eight weekly treatments with bismuth and an
arsenical proved somewhat more effective in the
treatment of primary syphilis than did penicillin
alone. Plotke et al. (Am. J. Syph. Gonor. Ven.
Dis., 1950, 34, 425) obtained, at the Chicago
Intensive Treatment Center, the most satisfactory
outcome in early syphilis using a combination of
penicillin, bismuth and an arsenical, with a lower
percentage of treatment failures; with the combined schedule, however, the incidence of treatment reactions increased. Sulzberger (Year Book
Dermat. Syph., 1952, 322) observed that, from a
public health point of view, the results achieved
with penicillin alone in early syphilis appear to be
as satisfactory as with the combined treatment,
and early clinical and serologic response has been
highly satisfactory.
Saunders (Am. J. Trop. Med., 1937, 17, 335)
found 6 injections of bismuth subsalicylate, at
weekly intervals, to be effective in yaws; the incidence of relapse, however, was greater than with
arsenical therapy. Cox and Hodas (N. Y. State J.
Med., 1945, 45, 741) advocated weekly intramuscular injections in the treatment of Vincent's
angina (trench mouth). Of 150 patients with
Vincent's angina treated by Grosmann (Illinois
M. J., 1946, 89, 28), 90 per cent were cured with
2 intramuscular injections of 3 and 4 grains, respectively, inoil. A third injection of 4 grains
was required for the others. Procaine penicillin
(q.v.) has replaced the heavy metals in the treatment of all treponemal diseases.
Douthwaite (Brit. M. J., 1944, 2, 276) treated
12 cases of rheumatoid arthritis with weekly injections for 10 weeks with good results in 4 and
temporary relief (for 8 weeks) in 4 cases; 11 of
these patients had failed to respond previously to
therapy with gold salts. On the theory that the
common wart is due to an infection with a filterable virus, Lurie (J.A.M.A., 1934, 103, 1399)
employed intramuscular injections of bismuth
subsalicylate with asserted success.
Seifter and McDonald (J.A.M.A., 1943, 123,
149) reported a case in which 9 ml. of an oil injection (675 mg. of bismuth) was accidentally
administered in a single dose. Pigmentation of the
mucous membranes, ulcerative stomatitis and
pharyngitis, fever, leukocytosis and albuminuria
developed, but the patient recovered. During 24
days he excreted 37 per cent of the bismuth in
the urine; the injection area was incised and
drained but none of the bismuth was discharged
through the incision. The maximum urinary concentration was 16 mg. on the fifth day (for toxic
effects of bismuth compounds see Bismuth), [v]
The usual dose of bismuth subsalicylate, as an
antisyphilitic drug, is 100 mg. (approximately lJ/2
grains), injected intramuscularly, at weekly intervals; the maximum safe dose is 200 mg. For
therapeutic programs with arsenicals see under
Oxophenarsine Hydrochloride. The dose as a gas-
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trointestinal protective is 0.6 to 2 Gm. (approximately 10 to 30 grains), administered orally.
Storage. — Preserve "in well-closed, light-resistant containers." US.P.
BISMUTH
SUBSALICYLATE
INJECTION.
U.S.P. (LP.)
[Injectio Bismuthi Subsalicylates]

"Bismuth Subsalicylate Injection is a sterile
suspension of bismuth subsalicylate in oil. It contains an amount of bismuth (Bi) equivalent to
not less than 53 per cent and not more than 62 per
cent of the labeled amount of bismuth subsalicylate." Injection
U.S.P.
The LP.
of Bismuth Subsalicylate is
a sterile suspension of bismuth subsalicylate in
arachis oil containing 1.0 per cent w. v each of
camphor and phenol; the injection is prepared by
aseptic trituration of the bismuth compound with
previously sterilized oil, containing the camphor
and phenol. The content of Bi is not less than
53.0 per cent and not more than 62.0 per cent of
the labeled amount.
Ampuls of Bismuth Subsalicylate. Ampullae Bismuthi
Subsalicylates. Sp. Inyeccion de Subsalicilato de Bismuto.

Most of the preparations of this injection on
the market are made with peanut oil as a vehicle;
other oils, such as olive and cottonseed, may also
be employed. Chlorobutanol, in 3 per cent concentration, icommonly
s
employed as a local anesthetic and antiseptic. In one preparation, Stabisol
(Squibb), a more fluid and less viscous suspension
is obtained by using 20 per cent of ethyl oleate in
the oil vehicle, together with about 0.015 per cent
of calcium oleate as an emulsifier.
Uses. — For the uses and dose of this injection
see the preceding article. It is always given intramuscularly and a brief discussion of the technique
of injection is here in order. The patient should
he prone and fully relaxed, with the heels rotated
outward and the toes inward to produce relaxation
of the gluteal muscles. The injection should be
given near the inner angle of the outer and upper
quadrant of the gluteal region where there are
fewer blood vessels and nerves and on which area
the patient does not sit. The site of injection
should be palpated carefully to avoid making the
injection into an area of induration. After thorough shaking of the preparation to be injected.
1 ml. is aspirated into a sterile 2 -ml. syringe and a
sterile 20 or 22 gauge needle, \Yz to 2 inches long,
is attached. After applying an antiseptic the buttock is drawn downward with one hand and held
in the position until the needle has been inserted;
this permits closing of the needle track by the
tissues after the needle is withdrawn. The syringe
is held between the index and middle fingers and
the thumb of the free hand and, with a wrist
motion only, the needle is plunged boldly into the
muscle pointed upward and slightly medial at an
angle of about 70° with the skin; a slow pushing
movement should be avoided. Before making the
injection the plunger of the syringe should be
pulled back several times to make certain that a
blood vessel has not been penetrated. If the least
amount of blood appears in the syringe, or if the
patient complains of pain radiating into the thigh

Part I

Blood, Citrated Whole

or leg, the needle should be withdrawn and the
injection made into another location. The butt
of the needle is held with one hand to steady it
while the injection is made. Injection into a blood
vessel results in serious embolic manifestations;
disabling causalgia has resulted from careless injection of bismuth subsalicylate into the sciatic
nerve sheath.
The usual dose of bismuth subsalicylate is 100
mg. (approximately 1J^ grains), injected intramuscularly, at weekly intervals; the maximum
safe dose and the total dose in 24 hours are
200 mg.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I, Type
III or Type IV glass. Protect the Injection from
light." U.S.P.
Usual Sizes. — 1 ml. containing 100 or 120 mg.
(approximately \Yz or 2 grains); also multiple
dose containers.
BITHIONOL.

U.S.P.

2,2'-Thiobis(4,6-dichlorophenol)

OH

ci^<^\^s^^4.

OH

Ci

"Bithionol, dried at 105° for 4 hours, contains
not less than 97 per cent and not more than 103
per cent of C12H.6CI4O2S." U.S.P.
Actamer (Monsanto Chemical Co.)

Bithionol, a bacteriostatic agent active in the
presence of soap, was synthesized by Muth in
1933 by interaction of 2,4-dichlorophenol and
sulfur chloride (German Patent No. 583,055).
Structurally it is related to hexachlorophene, the
two compounds being used for the same purposes.
Description. — "Bithionol occurs as a white
or grayish white, crystalline powder. It is odorless or has a slight aromatic or phenolic odor.
Bithionol is insoluble in water. It is freely soluble
in acetone, in alcohol and in ether. It is soluble
in chloroform and in dilute solutions of fixed
alkali hydroxides. Bithionol melts between 186°
and 189°." U.S.P.
Standards and Tests. — Identification. — (1)
A transient purple color develops immediately on
adding a drop or two of ferric chloride T.S. to a
solution of 50 mg. of bithionol in 5 ml. of alcohol.
(2) On adding 2 or 3 drops of a 1 in 20 solution
of titanium trichloride to a solution of 100 mg.
of bithionol in 0.5 ml. of acetone, in a test tube,
and shaking, a yellow-orange oil separates in the
top layer (distinction from hexachlorophene,
which separates in the bottom layer). (3) Addition of lead acetate T.S. to a solution of a sodium
fusion of bithionol produces a black precipitate
(distinction from hexachlorophene, which gives
no precipitate). Loss on drying. — Not over 1 per
cent, when dried at 105° for 4 hours. Residue on
ignition. — Not over 0.1 per cent. U.S.P.
Assay. — About 1.4 Gm. of bithionol, previously dried at 105° for 4 hours, is dissolved in
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acetone and the solution slowly titrated with 0.1
N sodium hydroxide, the end-point being determined potentiometrically. In the titration one of
the phenolic hydrogens is neutralized. A blank
titration is performed on acetone to neutralize any
acidity it may have. Each ml. of 0.1 N sodium
hydroxide represents 35.61 mg. of C12H6CI4O2S.
U.S.P.
Uses. — Bithionol is a bacteriostatic agent
which is compatible with and retains its activity in
the presence of soap; in these respects it resembles
hexachlorophene, to which it is related chemically.
The ready availability of bulk bithionol has resulted in its being rather widely used in the formulation ofsurgical soap compositions by hospital
pharmacists.
In a bar soap, a concentration of 2 per cent of
bithionol was observed to reduce the number of
resident bacteria on the skin by 97 per cent after
12 days of daily use; a 1.5 per cent concentration
effected a reduction of 94 per cent, and a 1 per
cent concentration a reduction of 92 per cent
(Hunter et al., Am. Perfumer, 1953, 61, 122). A
high degree of "substantivity" apparently brings
about a rapid and cumulative adherence of residual bithionol on the skin. It is particularly
effective against the Gram-positive cocci that
comprise a considerable proportion of the normal
flora of the skin and which are believed to cause
body odor and skin infections. The antimicrobial
activity of bithionol is inhibited by the presence
of body fluids.
Hopper et al. {Bull A.S.H.P., 1953, 10, 199)
prepared a solution of soap (made from coconut
oil fatty acids) containing 3 per cent of bithionol,
to be used as a surgical scrub in a hospital; it was
found to be highly effective in reducing the bacterial count on hands. When the concentration of
bithionol was reduced to 2 per cent the effectiveness of the preparation was markedly reduced.
The acute and chronic toxicity of bithionol are
low. Patch tests disclosed no reactions other than
an occasional mild irritation attributable to the
soap vehicle employed for the bacteriostatic agent
(see Hunter et al., loc. cit.).
Bithionol is used in the formulation of liquid
and solid soap compositions for use in hospitals
as a surgical scrub or otherwise. While the solubility of bithionol in water is very low, its solubility increases with increasing pH through conversion ofa phenolic hydroxyl to a salt; thus soap
increases its solubility in water, especially if sufficient alkali is provided to react with a phenolic
group of bithionol. It is to be noted that the bacteriostatic activity of bithionol is markedly reduced in the presence of Tween 80, according to
274).
Erlandson
and Lawrence {Science, 1953, 118,
Storage. — Preserve "in tight, well-closed containers." U.S.P.
CITRATED
BLOOD.

WHOLE HUMAN
U.S.P., (B.P.)

Citrated Whole Blood (Human)

"Citrated Whole Human Blood is blood which
has been drawn under rigid aseptic precautions
and which is protected from coagulation by the
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presence of a suitable volume of Anticoagulant
Acid Citrate Dextrose Solution. Only those persons may serve as a source of Citrated Whole
Human Blood who are in physical condition to
give blood and are free of those diseases transmissible bytransfusion of blood, as far as can be
determined from the donor's personal history and
from such physical examination and clinical tests
as appear necessary for each donor on the day
upon which the blood is drawn." U.S.P. The B.P.
definition is essentially similar.
B.P. Whole Human

Blood.

This monograph describes certain properties
and uses of whole blood. Certain derivatives of it
are also official, and are described in separate
monographs under the titles Normal Human
Serum Albumin, Normal Human Plasma, Human
Serum, Thrombin, Concentrated Red Blood Corpuscles, Human Fibrin Foam, and Human Fibrinogen.
Description.— "Citrated Whole Human Blood
is a deep red, opaque liquid from which the corpuscles readily settle upon standing for 24 to 48
hours, leaving a clear, yellowish or reddish supernatant layer. If the blood has been drawn soon
after the donor has eaten, it may, on standing,
acquire a layer of fat-like material near its surface." U.S.P. Citrated whole human blood complies with the requirements of the National Institutes of Health of the United States Public
Health Service.
Uses. — Citrated whole human blood is used for
transfusion when it is desirable to administer the
cellular blood elements as well as to increase the
volume of the fluid portion of the blood of a
patient. It is indicated for acute and chronic
hemorrhage, secondary shock, blood dyscrasias,
acute and chronic infections and various other
pathologic states.
It is impossible to give detailed consideration
to all purposes for which transfusion of human
blood is employed. In general they may be
grouped into four categories: (1) to replenish
hemoglobin in various forms of anemia; (2) to
introduce various types of antibodies in cases of
infection; (3) to restore blood volume after
hemorrhage or in severe dehydration; (4) to
raise the protein content of blood in hypoproteinemia.
Methods of blood transfusion may be classified
as (1) direct, in which whole blood, unmodified,
is transferred directly from donor to recipient,
and (2) indirect, in which blood is collected while
it is simultaneously citrated, and then is eventually injected into the recipient. Because of the
difficulties involved in direct transfer of large
volumes of blood from donor to recipient in the
few minutes available between withdrawal and
coagulation of blood the indirect method is more
commonly employed.
The history of blood transfusion may go as far
back as 1492, when it is believed that transfusion
may have been attempted on Pope Innocent VIII.
Many men of many nations have, however,
claimed the distinction of having made the first
transfusion. Most early attempts involved transfusion of animal blood to man; in some instances
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the patient survived. James Blundell would appear to have actually been the first to transfuse
blood from man to man, in 1818. In the United
States Austin Flint may have been the first to
infuse blood, in 1860. Many physicians have contributed to make transfusion successful {J. A.M. A.,
1941, 117 1627). The basic discoveries were (1)
that agglutination and destruction of red cells
occurred in the recipient animal when blood from
a different animal species was added (Bordet,
1895; Erhlich and Morganroth, 1900); (2) the
identification of three human blood types by
Landsteiner in 1901, and a fourth by De Costello
and Sturli in 1902; (3) the complete classification
of the four main blood types and a method for
determining them, worked out by J. Jansky in
Bohemia in 1907 and independently by W. L.
Moss in the United States in 1910; (4) the prevention of coagulation by use of sodium citrate,
discovered independently by several investigators,
the first probably being A. Hustin of Belgium
(1914); (5) the development of aseptic technics
of handling blood; (6) the discovery in 1940 by
K. Landsteiner and A. S. Wiener {Proc. S. Exp.
Biol. Med., 1940, 43, 223) of the various Rh factors which occur in about 85 per cent of the
population in the United States. The ready availability of citrated whole human blood has made
transfusion a procedure of increasing frequency,
although direct transfusion with compatible
whole blood is less likely to cause untoward reactions in the recipient.
Blood Grouping and Rh Typing Sera. — Safe
blood transfusion requires that the blood of the
recipient and donor be classified as to group and,
particularly in the case of pregnancy or multiple
transfusions, that the bloods be typed in relation
to the Rh factor.
For the determination of compatibility for
transfusion, human blood is divided into four
groups. Three classifications of blood grouping are
recognized as follows:
Blood Grouping Classifications 45 4%
3192%%%
Landsteiner 's
or
International
Classification
O
A
B
AB

ClassifiJansky's
cation
Group I
Group II
Group III
Group IV

Incidence
Classifiin Man
cation
Moss'sIV
Group
Group II
Group III
Group
I

The Landsteiner, or International Classification (Landsteiner, The Newer Knowledge of Bacteriology and Immunology; Chicago, University
of Chicago Press, 1928, p. 893), is the system in
general use and the one used for designation of
human blood grouping sera as recognized by
U.S.P. and the National Institutes of Health.
Groups A and AB may be divided further into
subgroups Ai and A2 and into AiB and A2B respectively (Wiener, Blood Groups and Transfusions, 3rd ed., Springfield, Illinois, Charles C
Thomas, 1943, p. 198). These subgroups occur
because of the variation of the A agglutinogen.
Blood specimens giving the strongest reactions
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contain Ai and are classified as Ai or AiB. Blood
specimens containing a weaker antigen are classified as subgroup A2 or A2B. Subgrouping of
group A and group AB individuals is done by
means of special anti-A serum known as Absorbed
Anti-A Serum (Anti-A). This serum will produce
clumping of erythrocytes which contain the Ai
antigen and give a negative reaction with blood
specimens of the A2 and A2B subgroups. The
chief applications of subgrouping are in forensic
medicine and in the study of transfusion reactions.
Applications of subgrouping in cases of disputed
paternity is limited by the difficulty of subgrouping blood from newborn infants.
Grouping of blood is possible because of two
main antigenic substances (agglutinogens) in the
red cells and the two main antibodies (agglutinins) in the plasma. The antigens in the red cells
are named A and B, and the antibodies in the
plasma are designated to correspond with the
group of red cells that they agglutinate — anti-A
and anti-B. Thus, use of only two test sera makes
it possible to classify any sample of blood into
one of the four groups. The test is performed by
mixing a sample of the subject's blood (red blood
cell suspension) with the test serum, either on a
microscope slide or in a small test tube. The reaction, or agglutination, between the blood and
test sera is macroscopically apparent in 3 to 20
minutes, depending upon the technic used. The
four groups of blood react with sera according to
the following scheme:
Sera of Groups
0
0
A
B
AB

—

— — No agglutination

Cells of Groups
A
B

+
+

+
+

AB

+
+
+

+ = Agglutination

If there is no agglutination of red blood cells
under test, with either anti-A or anti-B serum, the
blood group is O. If there is agglutination with
both anti-A and anti-B sera the blood group is
AB. If there is agglutination with anti-A serum
only, the blood group is A. If there is agglutination with only anti-B serum the blood group is B.
Using the two official anti-sera, blood tested reacts
in the following manner:
Test Sera
Anti-A Serum
Anti-B Serum

0
—

Cells Tested (Group)
AB
A
B

+

+

+
+

"Anti-A Blood Grouping Serum is derived from
high-titered serums of humans, with or without
stimulation by the injection of group-specific red
cells or substances. It agglutinates human red
cells containing A-agglutinogens; i.e., blood
groups A and AB (including subgroups Ai, A2,
As, AiB, and A2B). It may contain a suitable antibacterial preservative." U.S.P.
"Anti-B Blood Grouping Serum is derived from
high-titered serums of humans, with or without
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stimulation by the injection of group-specific red
cells or substances. It agglutinates human red
cells containing B agglutinogens; i.e., blood
groups B and AB (including subgroups AiB and
A2B). It may contain a suitable antibacterial
preservative." U.S.P.
Blood grouping sera are obtained from professional donors (Weiner et al., J.A.M.A., 1953, 151,
1441) who, usually, have been immunized by the
injection of group specific red cells (A or B).
The blood is withdrawn by aseptic surgical procedure; the volume withdrawn is dependent upon
the donor's capacity to give. The collected blood
is allowed to clot and the serum removed immediately on separation. The freshly drawn serum
is inactivated by heating in a water bath at 56° C.
for 10 minutes after which it is titrated for avidity
and isohemagglutinins in comparison with the
Standard Reference Serum of the National Institutes of Health of the United States Public
Health Service, with whose requirements the
serum must conform before distribution is permitted. For further description and information
concerning tests applied see U.S.D., 1950 Edition,
p. For
1992-4.
the purpose of transfusion the donor and
recipient should be of the same blood group.
Theoretically, 0 group blood may be used universally (v.i.) since O group cells contain neither
A nor B agglutinogens. Following the determination of group, the safest procedure is properly to
match the bloods of donor and recipient by cross
agglutination. For this test samples of donor's
and recipient's blood are collected in tubes containing dry oxalate sufficient to prevent clotting,
followed by centrifuging of a portion to collect
cells and plasma from each sample. A mixture of
the donor's whole blood and ihe recipient's oxalated plasma, and of the donor's oxalated plasma
and the recipient's whole blood is made on a glass
slide and observed about 5 minutes for agglutination. The test also may be made in test tubes
using a 2 per cent suspension of cells, instead of
whole blood, with oxalated plasma. If no agglutination occurs, in either test, the donor's and
recipient's bloods are compatible. The omission
of any safety precaution with regard to transfusion is rarely justified. Cross agglutination is
always desirable and the delay it causes may
usually be bridged by the administration of plasma
or dextrose solution.
The absence of group A and group B factors in
group O erythrocytes eliminates, theoretically, the
possibility of agglutination occurring between red
cells of the donor and the anti-A and anti-B agglutinins of the patient's serum. However, the
use of group 0 blood is not always safe because
of the presence of high concentrations of anti-A
and anti-B isoagglutinins in the sera of certain
donors. To make group 0 blood universally acceptable itshould be conditioned by the addition
of blood group specific substances A and B. These
purified group specific substances are polysaccharide-amino acid complexes that are capable of
reducing the titer of the anti-A and anti-B isoag lutinins ofgroup 0 blood. Group specific substance A is usually isolated from hog gastric
mucin and group specific substance B is usually
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isolated from the glandular portion of horse gastric mucosa. Blood group specific substances A
and B may be added to group 0 blood at the time
of collection, or, since the neutralization of isoagglutinins is immediate, at the time of administration. Group 0 blood conditioned with blood
group specific substances A and B is rarely responsible for reactions due to the presence of
anti-A or anti-B isoagglutinins, particularly if the
absence of isoagglutinins has been demonstrated.
Grouping of blood into the various groups,
done by the use of anti-A and anti-B blood
grouping sera, may be confirmed by the use of
anti-A. B blood grouping serum (group 0 serum).
This serum contains both anti-A and anti-B agglutinins. Bloods of groups Ai, A2, B, AiB and
A2B will react with this serum while only group 0
blood will fail to be agglutinated. This test serum
is also valuable in rapid screening for universal
donor blood.
Effect of Parents' Blood Groups. — Blood
groups are inherited as dominant characteristics
according to the Mendelian law: for every inherited characteristic, including blood group,
there is a pair of genes, one contributed by each
parent. The blood group that a child can inherit
is therefore dependent on the combinations resulting from genes contributed by both parents.
Intermarriage of parents with different blood
groups results in a variety of combinations, but
if the parents' blood groups are known, those possible for the child can be predicted:

Blood
nts'
PareGroups
OxO
Ox A
OxB
Ax A
AxB
BxB
OxAB
AxAB
BxAB
AB x AB

3Part
0%
22%

Human

Possible
Blood Group of Child
0
0,A
0,B
0,A
0. A. B. AB
O.B
A,B
A, B,AB
A. B.AB
A.B.AB

Blood groups are inherited and never change.
For this reason they may have legal importance
in identifying bloodstains or in determining parentage in a negative sense.
M and N Factors. — In 1927 Landsteiner and
Levine found that injection of rabbits with human red cells of group O resulted in the production of two specific anti-sera which they called
anti-M or anti-N. Although M and N factors of
human blood are rarely antigenic in man, their
determination is useful in forensic medicine, anthropological investigations, and red cell survival
studies. Landsteiner and Levine showed that the
M and N factors are alleles of equal dominance
and are transmitted according to the Mendelian
laws of heredity. All individuals have M, N, or
MN in their blood. The possible reactions with
anti-M and anti-N sera are thus:

Anti-M
Sir a

+
+

Anti-N
Sera

+
+

type
PhenoM
N
MN

type
MM
Geno-

I

48%
Incidence
(White, U. S.)

NX
MN

The simple mode of inheritance makes the M
and N factors especially useful in paternity testing. The possible findings in various matings are
as follows:
Types of
Parents
MxM
NxN
MxN
M x MX
X xMX
MX x MX

Per Cent
Type
M
100
0
0
50
250

Typein
of children
Type
MN
X
1000
500
0
25

0
100
500
50
50

Parentage
excluded if
child is type
N or MN
MMorN
or MN
N
M
Xone

If M blood is given to an X recipient then
tests with anti-M and anti-X sera will show a
mixture of both clumped and freely suspended
cells. The proportion of agglutinated to free cells
is the same as the proportion of the volume of
donor'sifblood
to of
the Mvolume
recipient's blood.
Thus,
500 ml.
blood of
is transfused
into a
type N recipient who has a blood volume of 4500
ml. then tests with anti-M and anti-N sera will
show 10 per cent of the cells clumped with the
anti-M serum (with 90 per cent free) and 90 per
cent of the cells clumped with the anti-N serum
(with 10 per cent free). Repeated tests will show
how much transfused donor's blood remains in
the recipient over given periods of time.
Anti-M and anti-N sera are prepared by the
hyperimmunization of rabbits with the appropriate O group antigens. After collection the rabbit
serum is absorbed to remove species specific antibodies.
Rh Factors. — Determination of the Rh type
of donor and recipient, for transfusion purposes,
is as important as the determination of blood
group. For this purpose there are available AntiRh Typing Sera. While numerous sub-types are
recognized, the two sub-types most commonly
used in clinical tests of this nature are Anti-Rha'
andAnti-Rho
Anti-Rho".
Typing Serum is specific for the Rho
factor. It agglutinates all human red cells containing Rho factor (types Rho, Rho', Rho". Rho'Rho");
it does not agglutinate cells containing only rh'
and rh", nor rh (Rh negative) cells.
"Anti-Rho' Typing Serum agglutinates all human red blood cells containing Rho and rh' facRho, Rho', Rho", Rho'Rho", rh' and
tors (types
rh'rh"),
but does not agglutinate cells containing
rh" factor alone, nor rh type cells." U.S.P.
"Anti-Rho" Typing Serum agglutinates all human red blood cells containing Rho and rh" facRho". Rho'Rho", rh" and
tors
rh'rh"X (types
but Rho,
does Rho',
not agglutinate cells containing
rh' factor alone, nor rh type cells." U.S.P.
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Anti-Rh typing serums are clear, slightly yellowish fluids which may develop slight turbidity
on aging. The dried serums are light yellow to
deep cream color.
Isoimmunization. — In 1939 Levine and Stetson
(J.A.M.A., 1939, 113, 126) offered an explanation
for the origin of an atypical agglutinin held to be
the cause of a severe reaction in a recently pregnant woman at the time of her first transfusion.
The serum of this group 0 patient, who had delivered a macerated fetus, agglutinated the cells
of about 80 per cent of group 0 individuals. It
was suggested that the fetus inherited a dominant
agglutinable factor from the father but which
was not present
the have
mother's
blood.
Isoimmunization couldinthen
resulted
from
the
transplacental passage of minute quantities of
fetal red blood cells into the mother's circulation.
This concept of placental isoimmunization paved
the way for the subsequent findings on the pathogenesis of erythroblastosis. In 1940 Landsteiner
and Wiener (Proc. S. Exp. Biol. Med., 1940, 43,
223) were investigating a factor in the red blood
cells of rhesus monkeys related to, but not identical with, the human M factor. In the course of
their studies of the reactions of human blood with
an anti-rhesus serum produced in rabbits, another
factor was differentiated and was called Rh (using
the first two letters of the word rhesus). This
factor was subsequently found to be identical
with the human blood factor previously described
by Levine and Stetson.
The clinical significance of the Rh factor soon
became apparent as the antigenicity of this new
blood factor was demonstrated. Levine and his
co-workers (Am. J. Obst. Gyn., 1941, 42, 925)
investigated the blood of a number of patients
similar to the one described in the report with
Stetson. In each case there was a severe or fatal
reaction, occurring at the time of the first transfusion, ina woman who had recently delivered a
child. The obstetrical histories of these women
were striking in that there was a high incidence
of fetal and neo-natal morbidity. It was suggested
that the phenomenon of isoimmunization with
fetal blood, responsible for intra-group transfusion reactions, was directly correlated with the
fetal and neo-natal morbidity due to one or another form of erythroblastosis fetalis. The intrauterine blood destruction was brought about by
the action of the maternal antibodies which
found their way into the fetal circulation to react with and destroy the Rh positive blood of
the fetus. In the majority of cases of erythroblastosis fetalis the mother is Rh negative and the
father Rh positive. When there is a thinning of
the chorionic villus, during the latter third of
pregnancy, minute quantities of fetal red blood
cells, carrying the inherited Rh positive factor
from the father, find their way into the maternal
circulation. With this stimulus the mother produces Rh antibodies which readily pass into the
fetal circulation with subsequent destruction of
the fetal Rh positive red blood cells.
The Rh factor occurs with the following frequency :
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Rh negative
White (U. S.)
Negro
Chinese
It is significant that among the Chinese erythroblastosis fetalis is a very rare disease.
A basic group of six related factors, commonly
referred to as the Rh-Hr system, has been described by investigators in the United States and
England. These have been designated by Fisher
and Race as D-d, C-c, and E-e, while Wiener has
rh'-hr',
Rho-Hr<>,
symbols
used the
Each
factor
has been
discovered
by and
meansrh"-hr".
of its
specific antibody in the serum of individuals immunized by pregnancy or transfusion. The antibody formed most frequently is anti-Rho which
reacts with 85 per cent of the white U. S. population and thus reveals Rho, the original Rh antigen.
Considerable confusion has resulted from the
use of several nomenclatures. The two principal
nomenclatures for the Rh-Hr sera are as follows:
Incidence

Sera Nomenclature
Fisher-Race
Anti-D
Anti-d
Anti-C
Anti-c
Anti-E
Anti-e

Wiener
Anti-Rho
Anti-Hro

%
Positive
63
85
70
80

%
15
Negative
20
30
70
37

3
97
30
Anti-rh'
Anti-hr'
As shown, the original h"
Rh factor is the most anti-rpositive
ti-h
AnRh
genic. The terms An
and Rh negative as
r"
ti
used in clinical medicine have, therefore, come to
refer solely to the presence or absence of Rho
(D). Patients carrying rh' (C) or rh" (E) but
lacking Rho (D) are always listed as Rh negative,
but, for purposes of donating blood an individual
may be considered Rh negative only when he
lacks all three factors.
One or more transfusions, or injections, of Rh
positive blood may sensitize an Rh negative recipient so that subsequent transfusions may cause
a serious reaction. If an Rh negative woman becomes pregnant and the fetus is Rh positive
(having inherited this factor from the father),
she may become sensitized to the Rh factor. It
may require several pregnancies for her to become
sufficiently sensitized to reach a dangerous level,
unless she has previously received a transfusion
of Rh positive blood. The Rh antibodies of the
mother may pass across the placenta into the
blood stream of the fetus and cause passive sensitization of the fetus with destruction of its red
blood cells, causing severe anemia and the entire
symptom complex of erythroblastosis fetalis.
Such a fetus may die in utero, or if born alive
may require immediate or early transfusions of
Rh negative blood (v.i.). Considerable publicity
has been given to the Rh factor in the lay press,
resulting in usually unfounded fears in the pregnant woman. Rh incompatible matings occur in
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only 13 per cent of all marriages. The majority of
Rh negative women do not produce anti-Rh antibodies and those who do, as a result of pregnancy
with Rh positive children, will usually first have
at least two unaffected children. About SO per cent
of the Rh positive fathers in incompatible matings
will be heterozygous, so that half of the offspring
may be Rh negative. The incidence of erythroblastosis in all matings is 1 in 200 pregnancies
and in incompatible matings is 1 in 26 full term
pregnancies. With present-day knowledge and the
use of exchange transfusions the dangers to the
newborn have been greatly reduced.
Routine laboratory Rh typing and the transfusion of only the proper Rh type blood has
markedly reduced intragroup transfusion reactions. Mass blood typing programs have made
thousands of individuals familiar with their Rh
types and the Rh negative individual in a community is often called on for emergency transfusion. Those individuals who form Rh antibodies
serve as donors for the needed Rh typing reagents.
Attempts to produce typing reagents for the Rh
factor from animals have been unsuccessful.
Blocking Antibody. — Anti-Rh serums of human
origin are of two general classes, depending upon
the response of the individual donor. In the one
instance Rh antibodies may be found in the serum
of sensitized individuals which will cause agglutination of Rh positive cells suspended in physiologic saline solution. This type of antibody is
designated by various workers as "complete,"
"heat-labile," "bivalent," etc. In other instances
and most frequently, Rh antibodies resulting from
sensitization to Rh positive cells will not agglutinate, or only weakly agglutinate saline suspensions of Rh positive cells but will agglutinate Rh
positive cells in the presence of a sufficient amount
of protein (serum or albumin). This type of antibody is designated as "blocking," "univalent,"
"heat-stabile," etc.
Coombs' Test. — The most specific and certain
test for blocking antibody is the indirect Coombs
test. The reagent is an antiglobulin prepared by
injecting human serum into rabbits. Antiglobulin
(human) precipitins develop in the rabbit and the
rabbit serum is assayed by the precipitin reaction
with normal human blood serum. The animal
serum is adsorbed with human erythrocytes of
many types to eliminate species specific agglutinins; the antiglobulin (human) material remains. For the indirect test, erythrocytes suspended in isotonic saline solution are added to the
serum of the patient suspected of containing
partial antibodies against these cells and the mixture is incubated at body temperature for 15 minutes. Then the cells are washed 3 times with fresh
saline solution and resuspended in a 2 per cent
suspension to which the antiglobulin reagent is
added and the mixture is then centrifuged at low
speed for a minute. On gentle shaking, the failure
of masses of erythrocytes to break up and resuspend evenly in the solution indicates that the cells
were coated with a globulin and the antiglobulin
reagent has caused precipitation of these globulin
particles on adjacent cells. These fragile masses
of erythrocytes represent a positive test and demonstrate the presence of a blocking, univalent,
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etc., antibody in the patient's serum for the suspected cells. The direct Coombs test is usually
positive in erythroblastosis fetalis and in acquired
hemolytic anemia; for this test, the cells of the
patient, after washing with saline solution, are
added directly to the antiglobulin serum. A positive clumping of erythrocytes demonstrates the
presence of blocking antibody on the cells. The
utilization of this technic is essential in the selection of donors (cross-matching) for pregnant
women, erythroblastotic infants and instances of
acquired hemolytic anemia (v.i.).
Complete Rh typing is a complex technic and
should be done only by the fully experienced.
Because of the many variations in the typing sera
the specific recommendations of the manufacturer
should be followed explicitly.
"Anti-Rh Typing Serums comply with the sterility, hemoglobin, potency and avidity tests and
other requirements of the National Institutes of
Health of the United States Public Health Service,
including the release of each lot individually
before their distribution." U.S.P.
"Anti-Rh Typing Serums should be stored at a
temperature between 2° and 10°, preferably at
the lower limit. Dispense them in the unopened
container in which they were placed by the manufacturer." U.S.P.
Blood Banks.— In 1936 Yudin (J.A.M.A., 106,
997) demonstrated that citrated blood could be
preserved by refrigeration and the reports of
Jeaneney (Progres med., No. 14, 1936) led to the
establishment of the so-called blood banks. The
corpuscles in whole blood undergo hemolysis in
a relatively short time even when properly refrigerated; the leukocytes and platelets begin to disintegrate ina few days and there is marked reduction in complement and antibodies (Am. J. Med.
Sc, 1939, 198, 631), but the red cells may remain
for two or three weeks. Many preservative solutions, for addition to whole blood, have been proposed; these commonly contain disodium or trisodium citrate (citric acid being also added when
the latter is used) and dextrose. For a review of
the subject of blood preservation, see /. Parenteral
Therapy, 1945, 1, No. 4, p. 3.
In the fiscal year ending June 30, 1953, the Red
Cross obtained 4,121.250 pints of blood in the
United States (383,852 pints of this total were
received from cooperating blood banks) and distributed 2,329.600 pints for national defense purposes and 1,791,650 pints to civilian hospitals
(J.A.M.A., 1954, 154, 702). It seems likely that
the amount of blood collected by blood banks in
hundreds of hospitals for current use in hospitals
exceeds that collected at Red Cross centers. These
figures illustrate the frequency with which blood
or plasma transfusions are performed in the practice of medicine. Although blood deteriorates during storage and a limit of 21 days for its use is
necessary with current methods of collection and
preservation, wide experience has demonstrated
the safety and efficacy of "bank" blood for all the
common indications for transfusions. During storage the concentration of hemoglobin and of potassium increases in the plasma, the platelets and
the leukocytes disintegrate in a matter of hours,
and the complement, prothrombin and other com-
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ponents decrease in the course of days, but Crosby
and Howard (Blood, 1954, 9, 439) reported use of
10 to 15 liters of stored blood in less than 6 hours
in exsanguinated, comatose battle casualties without untoward effects.
Therapeutic Uses. — Blood transfusions are
used extensively in the treatment of severe hemorrhages, surgical shock, various anemias and bacterial infections. In conditions where the primary
need is for red blood corpuscles, it is often possible to obtain satisfactory results by the administration of the corpuscles, resuspended in isotonic
sodium chloride solution or other suitable medium
(see Concentrated Human Red Blood Corpuscles,
in Part I). Kracke and Piatt (Kentucky M. J.,
1944, 42, 15) believe, for example, that certain reactions following transfusion of whole blood are
avoided when suspensions of red blood cells are
used. When the primary need is the restoration
of blood volume the readily available plasma or
a plasma expander is indicated. The economy of
using cells and plasma separately, if either can be
demonstrated to be as satisfactory as the whole,
is also an important consideration.
Erythroblastosis Fetalis (Hemolytic Disease of
the Newborn). — This disorder arises from the
presence in the fetus of a blood factor inherited
from the father which is not present in the mother
(v.s.). In 80 per cent of cases the Rh factor is
involved in the incompatibility (Allen et al., New
Eng. J. Med., 1952, 247, 379). Other blood factors may be involved, including a group A or B
infant with a group 0 mother, and the Kell, M, S,
Kidd, Duffy and possibly other factors (Allen
and Diamond. J.A.M.A., 1954, 155, 1212). The
fetus may not survive intrauterine life — so-called
"hydrops fetalis," which is characterized by
anasarca. In 15 to 20 per cent of infants with
blood factor incompatibility no untoward effects
on the infant have been recognized. In the remainder, the infant usually appears normal at birth
but progressive jaundice and anemia appear in
about 24 hours and the condition known as
kernicterus develops and causes permanent damage of the central nervous system, particularly
the extrapyramidal tracts. The prevention of
kernicterus requires prevention of the jaundice,
which can be accomplished by removing the sensitized erythrocytes from the circulation of the
infant within the first 24 hours of extrauterine
life by means of an exchange transfusion. Since
advance preparation facilitates the accomplishment of the exchange transfusion, it is recommended that the blood type of both mother and
husband be determined at or before the third
month of pregnancy. If the mother is Rh negative
and the father Rh positive, an erythroblastotic
infant is possible and blood of the mother should
be studied at the seventh month of pregnancy. If
she shows an increase in anti-Rh titer at this time
an erythroblastotic infant is to be expected and a
donor with Rh negative blood which is compatible
with the mother's plasma should be selected to be
available at the time of delivery since no prenatal
therapy tried so far has proven of prophylactic
value. It is the impression of Allen and Diamond
that a female donor is preferable. At delivery,
blood is obtained from the infant (cord or heel)
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for a Coombs test. If this test is positive, indicating the presence of antibody attached to the
infant's erythrocytes, the exchange transfusion is
indicated immediately, particularly if the infant
is premature or the blood hemoglobin concentration is less than 14.5 Gm. per 100 ml. of cord
blood, the bilirubin concentration exceeds 20 mg.
per 100 ml. and the reticulocyte count exceeds 10
per cent of the erythrocytes (Sacks, J.A.M.A.,
1953, 153, 1570). The donor's cells must be compatible with the mother's (not the infant's) blood
serum by the indirect Coombs technic. With a
cannula in the umbilical vein under aseptic technic,
10 to 20 ml. of the fresh donor's blood is injected
and then the same amount of mixed blood is withdrawn and discarded and another portion of donor
blood is injected until 50 to 60 ml. of blood per
pound of body weight has been exchanged. To
avoid hypocalcemia, 100 mg. of calcium gluconate
is injected for each 100 ml. of citrated blood used.
Among 106 cases, Feldman et al. (J. Pediatr.,
1954, 44, 181) reported only 7 deaths and 1 instance of kernicterus with this treatment. If anemia recurs, a small transfusion may be given; if
the bilirubin remains elevated the exchange transfusion should be repeated. In infants requiring
transfusions because of hemorrhage or other nonhemolytic disease, it may be noted that isoimmune
bodies are not well developed and group O, Rh
negative blood is usually safe but grouping and
cross-matching should be carried out as in the
adult unless the emergency demands immediate
transfusion to save life. The available safe and
effective plasma expanders (see discussion in Part
II) are often adequate during the short time required to conduct adequate selection of a donor.
In those less frequent cases of erythroblastosis
due to incompatibilities other than the Rh factor,
recognition of the factor responsible requires special antisera and the experience of an expert but
the presence of abnormal antibody will be detected by the Coombs procedure and a compatible
donor can be selected with this procedure. In cases
of sensitization with the group A or B factor, a
group O donor is recommended even though the
infant belongs to the A or B group.
Toxicology. — Properly prepared and carefully
tested, citrated whole human blood will cause a
minimum of reactions. Transient urticaria may be
expected in at least 0.5 per cent of cases. The
virus of homologous serum hepatitis may be transmitted by whole blood transfusions. Hence, the
pooling of compatible blood from several donors
is not permissible. Wiener et al. (J.A.M.A., 1953,
151, 1435) estimated the mortality due to transfusions of blood at 1 death in 1000 to 3000 transfusions; since over 3 million transfusions are
given annually in the United States, blood transfusion becomes as important a cause of death as
appendicitis or general anesthesia.
Transfusion Reactions. — The recognition and
elimination of pyrogens from solutions and equipment employed in the handling of blood have corrected the most frequent reaction, which is fever.
Reactions due to use of incompatible blood occur
less frequently as the knowledge and ability of
hospital personnel responsible for grouping and
matching blood prior to transfusion increase. In
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emergencies lack of time and unavailability of
experts able to recognize the presence of intragroup incompatibility may be a problem. Human
fallibility must be guarded against with the greatest care in the busy hospital laboratory. Labels
must be read and re-read on bottles of blood, test
tubes of blood attached to the outside of the
bottle of bank blood for testing purposes, typing
solutions, matching mixtures, etc., with the same
care required in the handling of narcotic and other
potentially toxic drugs. Next to allergic reactions
(v.i.), which are usually not serious, the most frequent type of blood transfusion reaction is the
hemolytic type. Hemolytic reactions cause chills,
fever, lumbar pain, myalgia and release hemoglobin which, during excretion by the kidney,
causes damage to the renal tubules and may result
in albuminuria, anuria, uremia and death. To prevent intergroup hemolytic reactions, three tests
should be performed: typing of the patient's red
blood cells with potent anti-A and anti-B grouping sera, testing of the isoagglutinin content of
the patient's plasma against known cells of group
A (preferably subgroup Ai) and group B, and
matching of recipient's cells with donor's plasma
and vice versa. If these tests are carefully performed and interpreted, reactions due to intergroup incompatibility will be rare. The initial
transfusion of incompatible red blood cells may
not cause significant reaction but this injection
will stimulate antibody formation and a second
transfusion of this incorrect type of red cell will
cause a serious reaction. The titer of isoantibody
in a given patient, however, may be high as a
result of a previous incompatible transfusion or
an injection of blood plasma, as a result of a pregnancy in which the fetus possessed a different
blood type than the mother or rarely as a result
of horse serum or vaccines; the first transfusion
in such an individual may cause a serious reaction
if complete compatibility of donor with recipient
has not been established. In adults quantities of
incompatible blood of less than 300 ml. seldom
cause serious reactions; if possible the first portion of a transfusion should be injected slowly,
with careful observation of the pulse rate, blood
pressure and temperature. In the emergencies of
shock and hemorrhage, rapid injection is required
and during anesthesia the signs of incompatibility
are masked. Likewise, in the patient receiving
cortisone or corticotropin many of the manifestations of a transfusion reaction are masked but
the hemoglobin nephrosis is not prevented. Subgroups of A are characterized by weaker reactions
with anti-A grouping sera; the subgroup A2B,
with an incidence of about 1.5 per cent in the
population, has been incorrectly classified as
group B. Fortunately, the low titer of anti-A in
such blood seldom results in a serious degree of
hemolysis. Likewise the isoantibody titer in the
subgroups of A against other members of this subgroup (Ai, A2, A3, etc.) is sufficiently weak so that
these subgroups of A are ignored in practical transfusion work.
Intragroup incompatibility has come to be recognized and accounts for some hemolytic transfusion reactions. Unlike group reactions, these
occur only after isosensitization from previous
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blood transfusions or pregnancies with a different
type in the fetus. The most common and important of these intragroup reactions arise from the
Rh (D, C and E) factors. For routine transfusion
purposes, it is sufficient to test for Rh only since
the many other Rh-Hr variants are not very antigenic. However, in the cross-match of the blood
of the patient with that of the donor a method to
detect so-called univalent antibody, such as the
conglutination or anti-globulin (Coombs test)
methods, is essential. This will detect any significant titer of these less frequent Rh variants.
In the selection of Rh negative donors, the blood
should
anti-Rh' with
and anti-Rh"
typing be
seratyped
and also
only against
those negative
all three
— anti-Rh, anti-Rh' and anti-Rh" — should be used.
However, as far as the recipient is concerned,
those belonging to Rh', Rh", or Rh'Rh" may be
considered as Rh negative because of the weakness of these as antigens. The use of Rh variants
in Rh negative persons can give rise to isosensitization but this will be detected if the Coombs
test technic is employed in the cross-matching. In
pregnancy and certain other diseases, particularly
hemolytic anemias, rouleau formation may be
prominent and make interpretation of the matching tests difficult; if the slide tests are inconclusive, test tube agglutination technics must be
employed and the opinion of an expert sought
unless the emergency requires immediate transfusion to save fife. Difficulties in typing and crossing the blood of patients who have received injections of the plasma expanders such as dextran.
polyvinylpyrollidone, etc., are experienced; rouleau formation (pseudoagglutination) is prominent
in such blood and makes interpretation of the
tests difficult (J.A.M.A., 1954, 154, 1398). Hence,
a sample of blood for crossing and typing should
be obtained prior to injection of such colloidal
substances.
Universal Donors. — It is generally recognized
that transfusion of group 0 blood into a recipient
of A, B or AB group is usually well-tolerated because the limited amount of the incompatible
donor's plasma is diluted with the large volume
of recipient's plasma and adsorbed on the large
mass of the recipient's erythrocytes. The selection
of group 0 donors in advance eliminates the
danger of inaccurate blood grouping in the haste
of emergencies when expert technicians may be
off duty. However, group 0 should be used indiscriminately only in emergencies and seldom in
excess of 500 ml. since high titers of isoantibodies
in some group 0 donors may result in coating of
a significant
proportionand
of the
recipient's
erythrocytes with antibody
a slow
but prolonged
hemolytic process which may resemble acquired
hemolytic anemia. The use of many liters of
group 0 blood in the resuscitation of severe casualties (Crosby and Howard, Blood, 1954. 9, 439)
amounts to an exchange transfusion; if further
transfusions are needed during the ensuing two
weeks group O blood rather than blood of the
group to which the patient normally belongs
should be used. In selecting group 0 donors for
universal use in emergencies, the titer of anti-A
and anti-B should be determined and only those
with low titers should be selected. Some have
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advocated the addition of A and B blood group
substances to group 0 blood to neutralize the
isoantibodies present; if this is done the absence
of isoantibody should be actually demonstrated
rather than being taken for granted. For universal use, the group 0 blood should also be Rh
negative. In general, transfusion of Rh negative
blood of the proper blood group is safe in either
an Rh positive or negative person but it is scarce
and compatible Rh positive blood is preferred.
During the child-bearing period, Rh positive
blood, even after a compatible cross-match, should
be transfused into a woman only when the danger
to life without a transfusion exceeds the danger
of preventing a future successful pregnancy as a
result of sensitization to the Rh antigen. Rh negative blood containing a high titer of anti-Rh
could cause untoward effects in an Rh positive
individual; hence, careful testing with the Coombs
technic of all Rh negative donors for anti-Rh
antibody is essential.
Other intragroup incompatibilities may arise
as a result of isosensitization (transfusion, pregnancy, etc.). The antibodies for M, N, S, P,
Lewis, Kell, Duffy, Lutheran, etc., are seldom of
sufficient titer to cause trouble in routine transfusion practice (Allen, New Eng. J. Med., 1952,
247, 379). However, in individuals previously
sensitized to these intragroup factors by previous
transfusions, pregnancies, etc., serious hemolytic
transfusion reactions may occur. Reaction due to
Kell factor in the nineteenth transfusion was reported by Ottensooser and Taunay (J.A.M.A.,
1954, 155, 853) and to U factor by Wiener et al.
(ibid., 1953, 153, 1444). The Coombs technic is
essential to demonstrate the presence of these
factors.
Blood damaged during collection or storage will
break down rapidly in the circulation and may
result in hemoglobin nephrosis. If the plasma
above the settled erythrocytes in the bottle of
blood in the bank shows hemolysis, it must not be
injected. Exposure to heat or freezing may damage the red cells, as does storage beyond 21 days
in the acid citrate dextrose solution. Sack et al.
(Surg., Gynec. Obst., 1952, 95, 113) studied the
survival of erythrocytes in the blood stream of
the recipient after storage in all plastic equipment for various periods of time. After 10 clays'
storage 88 to 92 per cent of the red blood cells
survived normally; after 14 days, 84 to 88 per
cent; after 20 days, 76 to 84 per cent; after 25
days 70 to 80 per cent. The remaining cells were
rapidly removed from the recipient's circulation.
A rough correlation was found between the susceptibility tohemolysis in an hypotonic solution
of sodium chloride and survival in the body. The
mixing of whole blood with aqueous dextrose solutions is contraindicated. Such mixing, even for a
brief period during the flow from two reservoirs
through the same needle, may cause some hemolysis and some clumping of erythrocytes, which,
although reversible, may cause reactions (Wilson,
Am. J. Clin. Path., 1950, 20, 667); Dreyfus and
Salmon (Presse med., 1952, 60, 845) described
increased fragility of erythrocytes as a result of
such mixing. The erythrocytes of patients with the
sickle cell trait may be used for transfusions;
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their cells survive normally in the recipient despite
their tendency to formation of bizarre shapes
when exposed to a low oxygen tension (Singer
et al, J. Lab. Clin. Med., 1948, 33, 975; Callender,
ibid., 1949, 34, 90). Anemic patients with sicklecell disease should not be used as donors.
Allergic Reactions. — Urticaria occurs in 0.5
to 1 per cent of transfusions. Usually it is mild
and may be alleviated by subcutaneous injection
of 0.3 ml. of 1 : 1000 solution of epinephrine hydrochloride or prevented by the administration of an
antihistaminic drug at the time of giving the transfusion (Catalano, Minerva Chir., 1953, 8, 544).
Angioneurotic edema, if it affects the larynx, can
prove fatal, as may also asthma; either of these
two developments during a transfusion calls for
cessation of the injection and the administration
of epinephrine. Allergic reactions can be minimized by using only non-allergic and fasting persons for donors. Persons with seasonal hay fever
may be employed at other seasons of the year.
Transmission of Disease. — This danger from
the transfusion of blood calls for routine examination of all donors and exclusion of those with
symptoms and signs of acute respiratory or other
infection. A serological test for syphilis is employed for all immediate transfusions and persons
with a history of syphilis should not be used as
donors; however, blood which has aged at least
3 days in the refrigerator is probably safe since
the treponema will not survive in the cold. Individuals with malaria and those in whom suppressive therapy for malaria has not been terminated
for at least 2 years should not be used to provide
blood for immediate transfusions, although blood
stored for at least 5 days is probably noninfective.
During the past 20 years, homologous serum
hepatitis has presented the most serious problem
arising from the increased therapeutic use of blood
and pooled plasma (see discussion under Normal
Human Plasma, in Part I). During 1951, in Denmark, Madsen (J.A.M.A., 1954, 155, 1331)
studied 4687 hospitalized patients and found that
viral hepatitis occurred in 1 per cent of those
receiving whole blood but in 3 to 4 per cent of
those receiving pooled human serum; the incidence in patients who had received neither whole
blood nor serum was only 0.14 per cent. No person
with a history of hepatitis or of exposure to this
disease within 6 months should be used as a
donor. Unfortunately the virus of hepatitis may
be present in blood without evidence of symptoms
and its detection presently requires use of human
volunteers since no chemical, bacteriological or
animal diagnostic procedure is available.
Contaminated blood has become a problem
since blood stored in banks has come into general
use. Even with the open technics of handling
blood formerly used in the direct or the indirect
citrated blood methods the normal bacteriostatic
action of fresh blood usually prevented any infection. Despite development of improved closed
technics of collecting and handling blood for storage in blood banks, contamination occurs. Braude
et al. (J. Lab. Clin. Med., 1952, 39, 902) found
5 to 10 per cent of bottles of blood in the hospital bank contaminated. Most of these were with
gram-positive bacteria of low pyrogenicity and
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pathogenicity which failed to multiply at refrigerator temperatures; hence, little if any trouble
was experienced. However, Pittman (ibid., 1953,
42, 273) pointed out that surgical asepsis employed in collecting blood could not assure bacteriological asepsis and some gram-negative
bacteria with the property of multiplying at refrigerator temperatures, have been found in bottles
of blood. These contaminations escape detection
because they do not cause hemolysis. Bacteria of
the Escherichia and Paracoli or Psendomonas
group have been found and Borden and Hall (New
Eng. J. Med., 1951, 245, 760) reported fatal
reactions due to such contamination. These reactions are characterized by chill, fever, hypotension,
flushing and severe muscular pain and cramps;
anuria and uremia develop. Braude et al. (Arch.
Int. Med., 1953, 92, 75) reported recovery with
antibiotic, levarterenol bitartrate and cortisone
therapy. Geller and Jawetz (J. Lab. Clin. Med.,
1954, 43, 696) believe that death is due to a toxin
rather than an infection although the viable bacteria are more toxic than the isolated endotoxin.
Attempts to control bacterial contamination by
addition of antiseptics or antibiotics in non-toxic
concentrations have failed (Swedberg et al., Acta
med. Scandinav., 1947, 127, 480). Strict aseptic
technic and daily observation of the blood stored
in the refrigerator in the blood bank must be depended upon. Donors with dermatitis must not be
used because of the increased danger of contaminating the blood during its withdrawal. The bottle
of blood in the bank must never be opened prior
to its use for transfusion. Iodine tincture should
be used on the donor's skin before inserting the
needle and the tube carrying the blood from the
vein to the bottle should be clamped before removing the needle from the donor to avoid
aspirating material from the deeper layers of the
skin. Since gram-negative bacteria do not grow
well at usual incubator temperatures, Stevens
et al. (Ann. Int. Med., 1953, 39, 1228) suggested
that a film of the blood to be injected be stained
with Gram stain and examined for bacteria just
prior to the injection of the blood.
Other Reactions. — Other untoward responses
include embolism and thrombophlebitis. Since
fibrin precipitates progressively in stored blood,
blood must always be filtered before administration. This is usually done by means of a filter in
the apparatus employed for administration, although Sussman and Cohen (J.A.M.A., 1954,
154, 82) advocate filtration into a fresh vacuum
bottle just before use. The use of air pressure in
the bottle of blood to speed its rate of flow into
the vein is dangerous since air embolism may
occur if the attendant is not alert at the instant
the last of the blood leaves the bottle. The use
of a two-way stopcock and a syringe is a safer
means of transferring the blood rapidly; the plastic bag to contain the blood without any air which
can be squeezed or compressed by the weight of
the patient's body is useful. Phlebitis seldom develops unless the needle remains in the recipient's
vein for many hours. Extravasation of blood
around the site of entry of the needle is not infrequent but is seldom troublesome. If the emergency requires surgical exposure of a vein to
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insert the needle, antibiotic therapy is indicated
prophylactically.
Overloading of the circulation may result from
rapid injection or excessive doses of blood. Caution is particularly necessary in infants or those
with myocardial damage. Immediately following
severe hemorrhage patients tolerate rapid injection of a large volume of blood until the deficit
in blood volume is corrected.
Citrate reactions were formerly much feared
and deplored, particularly by those who preferred direct transfusion technics. Citrate in the
amount present in 500 ml. of blood is metabolized
and excreted so rapidly as to be harmless. In
patients receiving 500 to 8000 ml. of blood during
a surgical procedure, Ludwig (Univ. Mich. Med.
Bull, 1953, 19, 259) found no deleterious effect
on the coagulability of the blood postoperatively.
In massive transfusions, particularly exchange
transfusions in erythroblastotic infants, hypocalcemia may result from citrate binding, with
resulting hypotension and tetany; intravenous injection of 1 ml. of 10 per cent calcium gluconate
per 100 ml. of citrated blood administered will
correct any hypocalcemia.
Routes of Administration. — Blood is commonly injected intravenously. Rarely it is injected
intra-arterially in the treatment of profound shock
when the flow of blood is insufficient to carry
intravenously injected blood to the heart. In such
instances the radial artery, or an artery exposed
by a coincident surgical procedure, is selected,
and the blood injected through a 15-gauge needle
under a pressure of 200 to 300 mm. of mercury
(Seeley, U. S. Armed Forces M. J., 1954, 5, 229).
This route of administration should be used only
as a last resort as thrombosis of the artery may
occur and, if collateral circulation is inadequate,
gangrene may result. Injection into the marrow
cavity of the sternum or, in infants, of the tibia
has been used successfully when intravenous administration isnot feasible in cases of extensive
burns of the skin, severe dermatitis, etc. When
the veins at the bend of the elbow cannot be
found or entered satisfactorily with a needle for
injection of blood, the expert can usually enter a
vein on the back of the hand, anterior and superior to the medial maleolus of the ankle or in
infants in the scalp. The danger of fat embolism,
osteomyelitis and fracture must be considered
with the intramedullary route. Injection into the
longitudinal sinus of the skull in the infant is
dangerous and intraperitoneal injection of blood
is of little value in restoring blood volume or
hemoglobin rapidly.
Protection of the Blood Donor. — The
effect of venesection upon blood donors is a matter of practical interest. Fowler and Barrer
(J. A.M. A., 1942, 118, 421) reported that after
the donation of a pint of blood there is a marked
drop in the hemoglobin of the donors and that on
an average it is about 50 days before the blood
returns to normal, although the recovery period
can be materially shortened by administration of
iron. Wiener et al. (loc. cit.) recommend that
donation of a pint of blood should not be more
frequent than once in 10 to 13 weeks. The donor's
blood hemoglobin concentration should be at least
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12.5 Gm. per 100 ml., or the specific gravity of
the blood should be 1.053 or higher. Cole et al.
(J. Aviation Med., 1953, 24, 165) studied the
effect of a donation of blood because it had been
noted that removal of 1 liter of blood decreased
the period of useful consciousness at the low
oxygen pressure of a simulated altitude of 35,000
feet. Following withdrawal of 500 ml., however,
the average maximum decrease in hematocrit was
only 11.7 per cent and of hemoglobin 13 per cent
between the second and the sixth day. It was concluded that fliers need not be grounded after a
donation of blood. In blood centers, fainting
occurs in 1 to 6 per cent of donors. Emotional
factors are important and attention to reassurance, diverting conversation, and light and airy
quarters will minimize the incidence of this nuisance. A fatigued or hungry person, particularly
during hot weather, is more susceptible to fainting. Donors should be kept in the supine posture
until vasomotor adjustment to reduction of blood
volume has occurred. Persons involved in hazardous occupations should not return to work for
about 12 hours after a donation of blood. Only
one fatality, due to coronary occlusion, was reported during 13 million donations during World
War II; 10 cardiovascular accidents occurred
during the 2-day period after the donation. This
incidence is no greater than would be expected
without a blood donation. Hematomas at the
puncture site occur but can be minimized by
application of pressure after removing the needle
from the vein. In rare instances phlebitis has followed the puncture.
Dose. — The usual dose is 500 ml. intravenously, repeated as necessary, with a range of 250
ml. to several liters according to the needs of
the patient.
Labeling. — "The package label bears the name
Citrated Whole Blood (Human); the volume of
the whole blood before citration; the donor number and the expiration date, which is not more
than 21 days after date of bleeding the donor; the
name, license number, and address of the responsible laboratory; a designation of the blood group
and Rh type; a statement of the kind and quantity of anticoagulant used; the statement, 'Keep
continuously at 4° to 10° C. (39.2° to 50° F.),
preferably
below
C. (42.8°
and a before
statement that the
blood6° should
not F.)';
be warmed
administration.
"The package label or accompanying circular
provides adequate directions for administration;
calls attention to the need for checking the label
for correct blood group, for careful cross-matching, for rigidly observing the storage temperatures, and for thoroughly mixing the blood before
transfusion; and states the necessity of using a
filter in the administration equipment and the
inadvisability of adding any medicament to the
blood for transfusion." U.S.P.
Packaging and Storage. — "Preserve Citrated
Whole Human Blood in the container into which
it was originally drawn. Use containers of colorless, transparent glass of Type I, Type II, or Type
IV, or of a suitable plastic material. The container
is provided with a closure that will maintain a
contamination-proof seal until the contents are
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used. Accessory equipment supplied with the blood
is sterile and pyrogen-free. Keep Citrated Whole
Human Blood during storage and in shipment at
a temperature between 4° and 10°, preferably at
the lower limit. Dispense it in the unopened container in which it was placed by the manufacturer." U.S.P.
CONCENTRATED
HUMAN RED
BLOOD CORPUSCLES.
B.P.
"Concentrated Human Red Blood Corpuscles
is prepared from one or more preparations of
Whole Human Blood which are not more than
seven days old and each of which has already been
directly matched with the blood of the intended
recipient. A quantity of plasma and anticoagulant
solution equivalent to not less than 40 per cent
of the total volume is removed from the Whole
Human Blood." B.P.
In the United States red blood corpuscles are
available as Packed Red Blood Cells (Human)
and as Resuspended Red Blood Cells (Human).
In the latter preparation the plasma has been
removed and the cells resuspended in a suitable
isotonic diluent to restore the original blood
volume.
Description. — Concentrated human red blood
corpuscles (B.P.) is a dark red fluid which on
standing may form a sediment of the red corpuscles leaving a supernatant layer of yellow
plasma.
Uses. — Administration of red blood corpuscles
is indicated in many of the conditions for which
citrated whole human blood is used (see under
this title), and especially in cases where extension
of plasma volume is undesirable or unnecessary,
as in anemic states. In patients with paroxysmal
noctural hemoglobinuria, whole blood is contraindicated because a factor present in plasma
causes hemolysis of the patient's erythrocytes and
a hemolytic transfusion reaction results. In these
patients resuspended red blood cells (see above)
which have been washed free of plasma by suspension in an isotonic diluent and centrifuged
several times may be used to correct anemia without causing hemolysis and further anemia (Crosby,
Blood, 1953, 8, 769). Transfusion reactions characterized bya chill, fever, headache, cramps in
legs, cyanosis and borborygmus without signs of
allergy or of hemolysis have been attributed to a
plasma factor in other types of anemia by Crosby
and Stefanini (/. Lab. Clin. Med., 1952, 40, 374);
washed red cells should be used in such cases if
further transfusions are required. Murray et al.
(J.A.M.A., 1943, 122, 1065) used 5 per cent dextrose in isotonic sodium chloride solution as the
suspending fluid for the cells, while Thalheimer
and Taylor (ibid., 1945, 127, 1096) reported successful use of a 10 per cent aqueous solution of
corn syrup for this purpose.
Dried and powdered red blood cells have been
successfully used as an application to wounds to
stimulate healing (Seldon and Young, Proc. Mayo,
1943, 18, 385). From the erythrocytes left over
from preparation of plasma there has been prepared a globin which has been found useful in
producing
diuresis in patients suffering from
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chronic glomerulonephritis; following administration of the globin the total circulating protein is
increased (see Strumia et al., J. A.M. A., 1946, 131,
1033; also under Plasma Extenders, in Part II).
Labeling.— Packed Red Blood Cells (Human)
and Resuspended Red Blood Cells (Human) are
subject to requirements of the National Institutes
of Health of the United States Public Health
Service. The label or an accompanying circular
must give adequate directions for administration,
call attention to the need for checking the label
for proper blood group (if other than "0" cells
are used), the need for careful cross-matching,
the need for rigidly observing the storage temperature, the need for vigorously shaking the
bottle of cells before performing the transfusion
and the absolute necessity of using a filter in the
intravenous administration equipment.
Storage. — Red blood cells must be stored continuously, including the time of shipment, at 4° to
10° C, preferably 4° to 6° C. The expiration date
may not exceed 10 days from the date of bleeding
of the donor. The B.P. requires that the cells be
used within 24 hours of preparation and not more
than 8 days after the date of bleeding of the
donor.
BORIC

ACID.

U.S.P., B.P.

Boracic Acid, [Acidum Boricum]

"Boric Acid, dried over sulfuric acid for 5
hours, contains not less than 99.5 per cent of
H3BO3." U.S. P. The B.P. also requires not less
than 99.5 per cent of the H3BO3 but does not dry
the chemical.
Orthoboric Acid. Acidum Boracicum. Fr. Acide borique
cristallise; Acide borique officinal. Ger. Borsaure. It.
Acido borico. Sp. Acido borico.

Boric acid occurs in low concentrations, most
probably in combination as a magnesium salt, in
sea water and in certain mineral waters. It is
found in several mineral substances, such as
borocalcite which occurs in considerable quantities in the niter beds of Chile; in the natural
borax or tincal, first found in the basins of
dried-up lagoons in Central Asia, and afterward
in large amount in Clear Lake, California; in
rasorite (also known as kernite), a sodium borate
tetrahydrate occurring in large deposits in the
Mohave desert in California; in ulexite (sodium
and calcium borate) and in colemanite (calcium
borate).
Boric acid is extracted, under the name of
sassolin, from the lagoons of the volcanic districts
of Tuscany, and from the crater of Vulcano, one
of the Lipari Islands. In the volcanic mountains
there are found numerous hillocks and fissures,
the latter of which emit hot aqueous vapor containing boric acid and certain gases. Around one
or several of these fissures, called suffioni, a circular basin of masonry is built, which is filled with
water and called a "lagoon." By means of the jets
of vapor constantly breaking through it. the water
becomes gradually impregnated with boric acid
and heated. A series of such 'iagoons" are made
to communicate with each other on the declivity
of a hill, and the lowest to discharge itself into
a reservoir, where the solution is allowed to rest
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and deposit mechanical impurities. It is still dilute,
containing only about 2 per cent of boric acid.
From this reservoir the solution is run into evaporators, heated by the natural vapor, where it is
concentrated and finally transferred to vessels in
which it is allowed to cool and crystallize. The
crude acid thus obtained may be refined to remove
impurities. The steam issuing from the suffioni is
sufficient to be utilized on a vast scale for the production of electrical energy.
The native borax minerals of California supply
the American demand for boric acid. The acid is
obtained from borax by acidulating a hot saturated solution of the borax with hydrochloric or
sulfuric acid. Upon cooling the mixture, crystals
of boric acid separate; the product is purified by
recrystallization from water.
Description. — "Boric Acid occurs as colorless,
odorless scales of a somewhat pearly luster, as
crystals or as a white powder, slightly unctuous
to the touch. It is stable in air. One Gm. of Boric
Acid dissolves in 18 ml. of water, in 18 ml. of
alcohol, and in 4 ml. of glycerin. One Gm. dissolves in 4 ml. of boiling water, and in 6 ml. of
boiling alcohol." U.S.P.
Heated to about 108°, boric acid loses water,
forming metaboric acid (HBO2), which slowly
volatilizes at that temperature; heated to about
139°, boric acid fuses to a glassy mass of tetraboric or Pyroboric acid (H2B4O7). At about 185°
the fused mass swells, loses all of its water, and
becomes boron trioxide (B2O3), which fuses into
a transparent, non-volatile, hygroscopic mass.
Boric acid volatilizes from a boiling aqueous or
alcoholic solution.
Boric acid is such a weak acid in aqueous solution that it cannot be neutralized by alkali in
stoichiometric proportion. However, it can be
converted into a relatively strong acid by adding
certain polyhydroxy organic compounds, such as
glycerin, mannitol, dextrose, or invert sugar.
These polyvalent alcohols form complex acids
with boric acid which are much stronger than
boric acid itself, and which are capable of reaction
with alkali. The official assay method uses glycerin for this purpose.
The tendency of crystals of boric acid to slip
presents a problem when pulverization by trituration is attempted. It is essential, of course, that
the acid be in the form of an impalpable powder
when it is used to make an ointment. Dropwise
addition of ether to the acid has been suggested
as an aid to trituration. Manufacturers also supply
boric acid precipitated as an impalpable powder.
In an investigation of the "cottony" material
sometimes found in solutions containing boric acid
and zinc sulfate, Skauen and Burroughs (Pharm.
Arch., 1940, 11, 72) found the deposit to consist
of living organisms of Fusarium and Torida species. The chief source of these contaminants was
distilled water. Sterilization by boiling or autoclaving, or inclusion of methyl or butyl parahydroxybenzoate, may delay or prevent such
growth in solutions containing small concentrations of boric acid.
Standards and Tests. — Identification. — Boric
acid responds to tests for borate. Water-insoluble
substances. — One Gm. dissolves in 25 ml. of water

Part I
to form a clear solution. Alcohol-insoluble substances.— One Gm. is completely soluble in 10 ml.
of boiling alcohol. Arsenic. — The limit is 10 parts
per million. Heavy metals. — The limit is 20 parts
per million. U.S.P.
The B.P. provides a limit test for sulfates, an
arsenic limit of 4 parts per million, and a lead
limit of 25 parts per million.
Assay. — As mentioned above, boric acid is too
weak an acid to be titrated directly with standard
alkali solution. On adding glycerin, however, a
more highly ionized complex acid is formed, which
can be quantitatively titrated with one equivalent
of base. In the U.S.P. assay 2 Gm. of boric acid,
previously dried over sulfuric acid for 5 hours,
is dissolved in a mixture of equal volumes of
glycerin and water, previously neutralized to
phenolphthalein, and the solution titrated with
1 N sodium hydroxide. If addition of more neutralized glycerin discharges the pink color of the
solution, sufficient alkali is added to restore it.
Each ml. of 1 N sodium hydroxide represents
61.84 mg. of H3BO3. U.S.P.
Incompatibility. — Occasionally boric acid and
glycerin are prescribed together in an aqueous
solution; in such instances it should be kept in
mind that the glycerin will produce a more
strongly ionizing complex acid and that the resulting acidity may be irritant if the solution is to
be applied to the eye.
Uses. — Boric acid has fallen into disrepute
because of the occurrence of fatal poisoning, particularly ininfants, from its use on abraded skin
or granulating wounds and because of the availability of more effective and less toxic antibacterial agents. It is of interest to recall that boric
acid was introduced into medicine by Godlee
(Lancet, 1873, 1, 694) as a companion to Lister's
use of carbolic acid just before the dawn of the
bacterial era in medicine. Boric acid has not been
used internally, except as a preservative in food,
but it has been extensively employed topically
by the medical profession and the public in selfmedication as a non-irritant, detergent, mildly
antiseptic solution or protective ointment for inflam ations ofthe skin, mucous membranes and
for wounds. Data on the antibacterial action of
boric acid and boron compounds have been collected and reviewed by Novak (Bull. N. F. Com.,
1950, 18, 94). Boric acid is not absorbed from
intact skin (Pfeiffer, et al., J.A.M.A., 1945, 128,
266) but it is absorbed from abraded skin or
granulating wounds (see Ann. Surg., 1943, 117,
885).
Boric acid possesses fungicidal activity. Dosa
(Arch. Dermat. Syph., 1937, 176, 261) found
that concentrations varying from 0.25 to 1 per
cent will completely inhibit the growth of several
species of fungi. Solutions have been used for the
treatment of thrush. In epidermophytosis, 10 per
cent boric acid in powdered talc was found to be
as efficient as Whitfield's ointment or metacresyl
acetate (J.A.M.A., 1945, 128, 805) and neither
irritation nor aggravation of dermatitis was observed. Boric acid is used in dusting powders as an
absorbent.
Boric acid ointment was advocated for the treatment of burns with pressure dressings (J.A.M.A.,
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1943, 122, 813 and 909) but excretion of as much
as 2 Gm. of boric acid in the urine in the first 24
hours was observed (Ann. Surg., 1943, 117, 885).
Experimentally, damage to the central nervous
system is caused by the application of boric acid
ointment to a burn of only 4 per cent of the body
surface. Deaths (J.A.M.A., 1945, 128, 266 and
129, 332) have been reported from the local application ofthe ointment or the powder to granulating wounds, especially in infants (Fellows et al.,
J. Maine Med. Assoc, 1948, 39, 339; Bumbalo,
N. Y. State J. Med., 1952, 52, 1913), and from
the irrigation of body cavities, such as empyema.
From observations of poisoning in infants, one
terminating fatally, following use of powders containing boric acid in treatment of diaper rash,
Brooke (G.P., 1953, 7, June, 43) urges education
of physicians and public against use of boric acid
for general treatment of such rashes. Poisoning
has followed the use of enemas of boric acid solution and inadvertent oral (Young, et al., Can.
Med. Assoc. J., 1949, 61, 447) or parenteral administration. Phagocytosis is inhibited by concentrations ofboric acid higher than 2 per cent,
at body temperature (Novak and Taylor, /. A.
Ph. A., 1951, 40, 428). Boric acid powder or solution has been mistaken for other material in common use, such as solution of sodium chloride.
Boric acid and borates were used at one time
as food preservatives, in concentrations up to 0.5
per cent. Skin eruptions have been reported from
continued use of boron derivatives over long
periods of time. In the elaborate investigations
of the U. S. Department of Agriculture, under
Wiley (Circidar 15, Bureau of Chemistry, 1904,
p 27), it was found that quantities of less than
0.5 Gm. daily, if continued over long periods of
time, cause disturbances of digestion and assimilation (see also Lindet, Pharm. J., 1920, 104, 46).
Prompted by an interest in the possible toxicity
of riboflavin-boron complexes (/. Biol. Chem.,
1942, 145, 693), which are more soluble in water
than riboflavin alone, Frost and Richards (/. Lab.
Clin. Med., 1945, 30, 138) investigated the toxic
and preservative properties of boric acid when
used in injectable solutions; they found that from
0.5 to 1.5 per cent of the acid showed no toxic
effect in rats and dogs when injected over long
periods and that the bacteriostatic effect against
selected bacteria and molds appeared satisfactory
for preserving at least solutions containing the B
complex vitamins, [v]
Toxicology. — (See also the preceding discussion.) When taken by mouth boric acid is absorbed, somewhat slowly but completely, and
eliminated through the kidney. According to Rost
(Arch, internal, pharmacodyn. therap., 1905, 15,
291), it may be detected in the urine for several
days after a single dose and, when taken repeatedly, tends to accumulate in the body. The fatal
dose of boric acid is about 20 Gm. for an adult
and 5 Gm. for an infant. Within a few hours
vomiting, diarrhea, abdominal cramps and rapidly
progressive prostration develop. An erythematous
rash forms ("boiled lobster" appearance) and is
followed by desquamation; similar changes occur
in the mucous membranes. Shock with hypotension, tachycardia, cyanosis and subnormal tern-
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perature follows, with delirium, convulsions and
coma. Death often occurs after 3 to 5 days. Histologic examination shows hyperemia and inflam ation ofthe skin, proliferation of microglia
and shrinkage of the nerve cells of the central
nervous system; gastroenteritis, hepatitis, nephrosis and often bronchopneumonia are observed. The highest concentration of boron is
found in the gray matter of the brain; this is
associated with a decrease in the phosphorus content of the brain. Treatment is symptomatic and
supportive, including oxygen inhalation, transfusion, parenteral fluids, adrenal cortical extract
and antibiotics (Brooke and Boggs, Am. J. Dis.
Child., 1951, 82, 465). For additional toxicity data
see Pfeiffer and Jenney (Bull. N. F. Com., 1950,
18, 57). Goldbloom and Goldbloom (J. Pediatr.,
1953, 43, 631), in reporting on 4 cases of poisoning resulting from topical use of boric acid preparations on young infants, reviewed 109 other
cases of poisoning accumulated from the world
literature.
Labeling. — "The container label bears a warning that Boric Acid is not for internal use, and
that it should not be applied to extensive areas of
broken skin." U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep.— Boric Acid Ointment, N.F., B.P.;
Boroglycerin Glycerite, Boric Acid Solution,
N.F.; Antiseptic Solution, N.F.; Kaolin Poultice;
Surgical Solution of Chlorinated Soda, B.P.
BORIC

ACID

OINTMENT.

Unguentum

N.F. (B.P.)

Acidi Borici

"Boric Acid Ointment contains not less than
9 per cent and not more than 11 per cent of
H3BO3." N.F. The B.P. ointment contains boric
acid equivalent to 1.0 per cent of H3BO3 (limits
0.9 to 1.1).
B.P. Ointment of Boric Acid. Pomatum cum Acido
Borico; Unguentum Boricum; Pomatum Acidi Borici. Fr.
Pommade a l'acide borique ; Pommade boriquee; Vaseline
boriquee. Ger. Borsalbe. It. Unguento borico. Sp. Pomada
de acido borico; Vaselina boricada; Unguento de Acido
Borico.

Levigate 100 Gm. of boric acid, in very fine
powder, with 50 Gm. of liquid petrolatum to make
a smooth paste and incorporate the mixture with
850 Gm. of white ointment. U.S.P.
The B.P. prepares this ointment by sifting 1
per cent by weight of boric acid into melted paraffin ointment and stirring until cold; formerly the
B.P. ointment was of 10 per cent strength but
since its only use is as a protective, being as
effective without boric acid as with it (Brit. M. J.,
1949, 2, 871), the concentration of acid was reduced to 1 per cent which, of course, reduces the
chance of its being toxic.
Assay. — The boric acid in 5 Gm. of ointment
is extracted with hot water, the mixture filtered,
and an aliquot portion of the filtrate titrated with
0.1 N sodium hydroxide in the presence of glycerin
and using phenolphthalein T.S. as indicator (see
assay under Boric Acid). Each ml. of 0.1 N
sodium hydroxide represents 6.184 mg. of H3BO3.
U.S.P. The B.P. assay is similar in principle,
except that the heated mixture of ointment, water

and glycerin is titrated directly, without filtration.
Uses. — This ointment is widely used both as
an emollient to the skin and for its protective
effect on superficial wounds and abrasions. Because of the possibility of absorption of boric
acid, use of the ointment in the treatment of burns
and granulating wounds may be dangerous — even
fatal (see under Boric Acid).
Although the ointment is popularly supposed to
be antiseptic the experiments of many investigators indicate that is possesses no antibacterial
properties. Foley and Lee (/. A. Ph. A., 1942, 31,
105) reported, however, that while boric acid is
not bacteriostatic in fatty bases it is bacteriostatic
in hydrophilic bases containing large amounts of
water. Gels made with methyl cellulose and
sodium alginate were most effective as bases.
BORIC ACID SOLUTION.
N.F.
"Saturated"

Boric Acid Solution, Liquor Acidi Borici

"Boric Acid Solution contains, in each 100 ml.,
not less than 4.25 Gm. of H3BO3." N.F.
Solutum Acidi Borici; Aqua Borica. Fr. Solute d'acide
borique; Eau boriquee. It. Acqua borica.

Dissolve 50 Gm. of boric acid in 350 ml. of
boiling purified water, immediately add sufficient
cold purified water to make 1000 ml., and filter,
if necessary, until the product is clear. Note:
Boric Acid Solution must be dispensed perfectly
clear, without any deposit of boric acid crystals
such as may occur on chilling the Solution or
evaporation of water from it. N.F.
Description. — "Boric Acid Solution is a clear,
colorless, odorless liquid, with a faintly bitter
taste. It is acid to litmus." N.F.
Standards and Tests. — Identification. — Boric
acid solution responds to the test foj borate.
Arsenic. — The solution meets the requirements of
the test for arsenic. Heavy metals. — The limit is
10 parts per million. N.F.
Accurately speaking, this is not a saturated
solution of boric acid. At the official temperature
of 25° boric acid is soluble in 18 parts of water,
which would make the saturated solution represent about 5.3 per cent of boric acid, whereas the
N.F. directions result in an approximately 5 per
cent solution. Especially when the solution is to
be used in the eye it is desirable that it be slightly
undersaturated to minimize the possibility of
forming crystals at lower temperatures.
Uses. — Boric acid solution is used for application to inflamed mucous membranes of the eye,
nose, or throat. It is probably a mistaken notion
that as commonly employed it exerts any useful
antiseptic action. The use of the solution is not
without potential danger in some instances (for
details, see under Boric Acid). The N.F. indicates
that for ophthalmic use the solution may be diluted
with an equal volume of distilled water. In accordance with the present concept that lachrymal
fluid has the same osmotic pressure as blood
serum, a boric acid solution of 2.2 per cent concentration isisotonic with lachrymal fluid; this is
almost exactly the concentration of the diluted
solution. Novak and Taylor (/. A. Ph. A., 1951,
40, 430) found that the bacteriostatic concentration of boric acid for the common pyogenic bac-
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teria in the conjunctival sac varied from 0.5 to
2 per cent in broth cultures and further studies,
in vitro, showed that phagocytosis was not inhibited at body temperatures by concentrations
below 2 per cent. Boric acid is pharmaceutical^
incompatible with benzalkonium chloride.
Storage. — Preserve "in tight containers, and
avoid temperatures below 20°." N.F.
BOROGLYCERIN

GLYCERITE.

N.F.

[Glyceritum Boroglycerini]

"Boroglycerin Glycerite contains not less than
47.5 per cent and not more than 52.5 per cent
of boroglycerin (C3H5BO3)." N.F.
Glycerin of Boric Acid; Solution of Boroglyceride ;
Glycerite of Glyceryl Borate; Glycerinura Acidi Borici;
Glyceritum cum Acido Borico; Boroglycerinum. Fr. Glycere
aGlicerito
l'acide deborique.
It. Boroglicerina; Borogliceride. Sp.
Boroglicerina.

Heat 460 Gm. of glycerin in a tared porcelain
dish on a sand bath, to a temperature between
140° and 150°, and add 310 Gm. of finely powdered boric acid, in portions, and stirring constantly. When solution is effected, continue heating the liquid at the same temperature until the
mixture weighs 500 Gm., meanwhile stirring it
and breaking the film that forms on the surface.
Add 500 Gm. of glycerin, mix thoroughly, and
transfer the product at once to suitable containers. N.F.
Milne and Todd (Pharm. J., 1932, 128, 186)
made boroglycerin glycerite under reduced pressure, and obtained a colorless product; the official
process yields a yellowish solution.
This preparation is a viscous, yellowish liquid,
sweet to the taste and providing boric acid in a
concentrated solution. If an excess of water is
added to boroglycerin glycerite, but not enough
to dissolve the boric acid it contains, the acid will
precipitate; if dilution in this range is necessary
some glycerin should also be added. It is probable
that a definite chemical compound, perhaps
C3H5BO3, is produced in making the boroglycerin;
in aqueous solution, however, it is much more
strongly ionized than is boric acid, as a consequence of which aqueous solutions of boroglycerin glycerite may be quite irritant. Boroglycerin
glycerite, usually diluted with glycerin, is occasionally applied locally for its antiseptic effect.
Storage. — Preserve ."in tight containers/' N.F.
BRANDY.

N.F.
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the liquor distilled from wine. For definitions and
requirements for other brandies see Regulations
No. 5 of the U. S. Treasury Department, Bureau
of Internal Revenue, Alcohol Tax Unit (as
amended to June 5, 1948).
The process of manufacturing brandy is essentially the same as that for making whisky (q.v.)
except that it is distilled from fermented grape
juice instead of the products of grains.
During the storage of the brandy the liquor
undergoes changes analogous to those which take
place in whisky. As brandy is not made from
cereals or starchy materials, fusel oil is never
present in the genuine article. As the wood containers are not charred, brandy is of a paler color
than whisky and is likely to contain a larger proportion of tannic acid. Usually the color is increased by adding caramel.
Description. — "Brandy is a pale amber-colored liquid, having a characteristic odor and taste.
It is acid to litmus paper. The specific gravity of
Brandy is not less than 0.921 and not more than
0.933 at 25°." N.F.
Standards and Tests. — Acidity. — A 25-ml.
portion of brandy, diluted with 50 ml. of distilled
water, requires not more than 3.8 ml. of 0.1 N
sodium hydroxide for neutralization, using phenolphthalein T.S. as indicator. Non-volatile residue.
— The residue from the evaporation of 20 ml. of
brandy, dried at 105° for 1 hour, is not over 300
mg. Storage in wood. — On dissolving the residue
from the preceding test in 5 ml. of water, filtering, and adding 1 drop of a 1 in 10 dilution of
ferric chloride T.S. to the filtrate, a greenish black
color results. Other tests. — Brandy meets the requirements of the tests for Acetone, Other
ketones, Isopropyl alcohol, Tertiary butyl alcohol,
Alkaloids, Formaldehyde, and Heavy metals under
Whisky. N.F.
Uses. — It is popularly believed that brandy has
a more constipating effect than whisky but there
is no convincing evidence of the truth of this
tradition. The medicinal virtues of the two liquors
are probably essentially the same (see under Alcohol). Brandy has a somewhat more pleasing flavor
to some persons and is therefore often preferable
in its acceptability to the stomach.
Storage. — Preserve in "tight containers." N.F.
B.P.
BRILLIANT GREEN.
Viride Nitens
C27H34O4N3S

Spiritus Vini Vitis

"Brandy is an alcoholic liquid obtained by the
distillation of the fermented juice of sound ripe
grapes and containing not less than 48 per cent
and not more than 54 per cent, by volume, of
C2H5OH, at 15.56°. It must have been stored in
wood containers for a period of not less than 2
years." N.F.
Spiritus Vini. Fr. Eau-de-vie. Ger. Weinbrand.
Cognaco. Sp. Brandy.

Green

It.

The term "brandy" is applied generically to the
spirit obtained by the distillation of a fermented
fruit juice. More frequently it is used in the
official sense to designate grape brandy, that is,

The B.P. defines Brilliant Green as the sulfate
of di-(/>-diethylamino)triphenylcarbinol anhydride.
It may be prepared by oxidizing the product of
condensation between diethylaniline and benzaldehyde and forming the sulfate (more accurately
bisulfate) salt. It contains not less than 96.0 per
cent of C27H34O4N2S, calculated with reference
to the substance dried to constant weight at 110°.
Description. — Brilliant green occurs as small,
glistening,
golden and
crystals.
is soluble,
at 20°,
5 parts of water,
also inItalcohol.
A clear
greenin
solution is produced on dissolving 50 mg. of brilliant green in 100 ml. of water. B.P.
For tests, standards and assay, the last being
based on reduction of the dye with 0.1 N titanous
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chloride in an atmosphere of carbon dioxide, see
the B.P.
Uses. — Brilliant green is an antiseptic triphenylmethane dye employed in treating infected
wounds and burns. Aqueous solutions are employed in 0.05 to 0.1 per cent concentration; ointments are used in 1 to 2 per cent concentration.
A paint containing 0.5 per cent each of brilliant
green and crystal violet in approximately 50 per
cent alcohol solution is used in Great Britain for
sterilizing skin. Another paint, containing 2.29
Gm. each of crystal violet and brilliant green and
1.14 Gm. of proflavine hemisulfate in sufficient
water to make 1 liter, is used for treatment of
burns. This latter solution is similar to the "triple
dye" described under Methylrosaniline Chloride. S
Storage. — Preserve in a well-closed container.
B.P.
FIVE

BROMIDES

ELIXIR.

Elixir Bromidorum

N.F.

Quinque

"Five Bromides Elixir contains, in each 100 ml.,
the equivalent of not less than 18.5 Gm. and not
more than 20.0 Gm. of Br." N.F.
Mix 87 Gm. of sodium bromide, 70 Gm. of
potassium bromide, 52 Gm. of calcium bromide,
35 Gm. of lithium bromide, and 17 Gm. of ammonium bromide with 250 ml. of purified water;
add 225 ml. of glycyrrhiza syrup, 150 ml. of raspberry syrup, and 200 ml. of aromatic elixir, and
agitate until solution of the bromides has been
effected. Add enough purified water to make
1000 ml., mix well, and filter, if necessary, to
obtain a clear product. N.F.
Assay. — A 10-ml. portion of the elixir is
diluted to 250 ml. and the content of bromide
determined in a 25-ml. aliquot of this solution by
adding 50 ml. of 0.1 A7 silver nitrate and titrating
with 0.1 A7 ammonium thiocyanate, in the presence of nitric acid and using ferric ammonium
sulfate T.S. as indicator. Each ml. of 0.1 AT silver
nitrate represents 7.992 mg. of Br. N.F.
Alcohol Content. — From 4 to 6 per cent, by
volume, of C2H5OH. N.F.
There is no evidence to demonstrate the superiority of this mixture of bromides over any other
preparation of an equivalent content of bromide
ion, but it remains a fairly popular form of
bromide medication. The usual dose of 4 ml. (approximately fluidrachm)
1
contains about 1 Gm.
(approximately 15 grains) of the mixed bromides.
Storage. — Preserve "in tight containers." N.F.
THREE BROMIDES ELIXIR.
N.F.
Elixir Bromidorum

Trium

"Three Bromides Elixir contains, in each 100
ml., not less than 23 Gm. and not more than 25
Gm. of total bromides." N.F.
Elixir of Triple Bromides.

Dissolve 80 Gm. each of ammonium bromide,
potassium bromide and sodium bromide in 800
ml. of compound benzaldehyde elixir, add 3 ml. of
amaranth solution, and enough compound benzaldehyde elixir to make 1000 ml. Filter, if necessary, until the product is clear. N.F.
Assay. — This elixir is analyzed in the same
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manner as Five Bromides Elixir. Each ml. of
0.1 N silver nitrate represents 10.59 mg. of the
total bromides. N.F.
Alcohol Content. — From 3 to 5 per cent, by
volume, of C2H5OH. N.F.
Guth (Bull. N. F. Com., 1943, 11, 224) reported that this elixir is unstable at a pH above
5.8, the color gradually changing to amber and
a black sediment being formed. Iron also affects
the color.
Incompatibility. — Alkaline salts liberate ammonia from the ammonium bromide of this elixir;
phenobarbital sodium thus reacts and is itself
precipitated as phenobarbital.
The usual dose of this elixir is 4 ml. (approximately 1 fluidrachm) in which is represented
about 320 mg. (approximately 5 grains) of each
bromide. The mixture of bromides is not therapeutically superior to an equivalent amount of any
of its components.
Storage. — Preserve "in tight containers."
N.F.
N.F.
BROMIDES SYRUP.
[Syrupus Bromidorum]

Dissolve 80 Gm. of potassium bromide, 80 Gm.
of sodium bromide, 50 Gm. of ammonium bromide, 25 Gm. of calcium bromide, 8 Gm. of
lithium bromide in 225 ml. of purified water, with
the aid of heat, and dissolve 425 Gm. of sucrose
in the hot solution. Cool the solution, add 32 ml.
of vanilla tincture, 16 ml. of compound amaranth
solution and enough compound sarsaparilla syrup
to make 1000 ml. Mix well. N.F.
Alcohol Content. — From 4 to 6 per cent, by
volume, of C2H5OH. N.F.
This is an agreeable preparation for administering bromides. The usual dose of 4 ml. (approximately 1fluidrachm) contains about 1 Gm. (approximately 15grains) of the mixed bromides.
Storage. — Preserve "in tight containers and
avoid excessive heat." N.F.

THREE BROMIDES

TABLETS.

N.F.

Triple Bromide Tablets, Tabellae Bromidorum Trium

"Three Bromides Tablets (consisting of ammonium bromide, potassium bromide, and sodium
bromide in equal proportions) show a content of
bromine not less than 70 per cent and not more
than 81 per cent of the labeled amount of total
bromides, including all tolerances. The tablets
show a content of ammonium bromide not less
than 30.8 per cent and not more than 35.8 per cent
of the labeled amount of total bromides." N.F.
Storage. — Preserve "in tight containers." N.F.
Usual Sizes. — ll/2 or 15 grains (approximately
0.5 or 1 Gm.) of total bromides consisting of
equal parts of the three salts.
BROMISOVALUM.
N.F.
CH3.CH(CH3).CHBr.CO.NH.CO.NH2
"Bromisovalum consists chiefly of alphabromisovaleryl urea with trace amounts of the
next higher and lower homologs and their isomers.
It yields not less than 97 per cent and not more
than 100 per cent of C6HuBrN202." N.F.
Bromvaletone, B.P.C. BromuraJ (Bilhuber-Knoll) ;
Bromyl; Brovalurea; Dormigene; Isobromyl; Pivadonn.

Bromoform

Part I
Bromisovalum, one of the early hypnotics and
sedatives, may be prepared by the interaction of
urea and a-bromoisovaleryl bromide; details of
synthesis are described in U. S. Patent 914,518
(1909).
Description. — "Bromisovalum occurs as
small, white, needle-shaped or scale-like crystals
having a faintly bitter taste. It sublimes upon
heating. Bromisovalum is soluble in alcohol, in
ether, and in hot water, but is less readily soluble
in cold water. It is soluble in a solution of sodium
hydroxide (1 in 10), from which it is precipitated
by acids. Bromisovalum melts between 147° and
150°." N.F.
Standards and Tests. — Identification. — (1)
A yellowish white precipitate is produced on adding 2 ml. of nitric acid, followed by 3 drops of
silver nitrate T.S., to about 100 mg. of bromisovalum. (2) A white precipitate of sodium bromide forms on heating bromisovalum with a solution of sodium ethylate, and dimethylacrylic acid
obtained in the filtrate melts at about 70°. (3)
Ammonia is evolved on boiling 1 Gm. of bromisovalum with 10 ml. of a 1 in 10 solution of sodium
hydroxide; on acidifying the cooled liquid, extracting itwith ether, an odor of valeric acid is
observed on evaporating the ether. Loss on drying.
— Not over 0.1 per cent, when dried over phosphorus pentoxide for 16 hours. Residue on ignition.— Not over 0.1 per cent. N.F.
Assay. — About 350 mg. of bromisovalum is
hydrolyzed by digestion with sodium hydroxide at
elevated temperature; the bromide thus released
is determined by adding a measured excess of 0.1
N silver nitrate and titrating with 0.1 N ammonium thiocyanate using ferric ammonium sulfate
T.S. as indicator. Each ml. of 0.1 N silver nitrate
represents 22.31 mg. of CeHnBrN202. N.F.
Uses. — Bromisovalum has long been used as
a sedative and mild hypnotic. In ordinary doses
it is non-toxic (Eeckhout, Arch. exp. Path. Pharm.,
1907, 57, 338), although Sollmann and Hatcher
{J.A.M.A., 1908, 51, 487) found that in proportion to its hypnotic power it is almost as toxic
as chloral hydrate and more fugacious in action.
The theory of Eeckhout that its effects were essentially those of bromide ion seems to have been
disproved by Takeda {Arch, internat. pharmacodyn. therap., 1911, 21, 203), who found that
only a small proportion of the compound was
decomposed by the body.
While it is often effective in milder types of
insomnia, its most important use is as a general
nerve sedative in hysteroid states. Like carbromal,
it appears to have some anodyne power in neuralgic pain. While bromisovalum has been suggested as a motor sedative in treatment of epilepsy, other agents are more effective. All action
of the drug ceases after 3 to 5 hours. Bromisovalum is not effective in cases of insomnia associated with pain, cough, angina pectoris or
delirium.
The usual sedative dose of bromisovalum is
300 mg. (approximately 5 grains), while the
usual hypnotic dose is 600 mg. at bedtime, repeated ifadvisable after 3 to 4 hours.
Storage. — Preserve "in well-closed containers."
N.F.

BROMISOVALUM
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"Bromisovalum Tablets contain not less than
92.5 per cent and not more than 107.5 per cent
of the labeled amount of CeHnBr^Cte." N.F.
Usual Size. — 300 mg. (approximately 5
grains).
BROMOFORM.

LP.

Bromoformium

CHBrs
Bromoform is tribromomethane containing 1.0
to 2.0 per cent v/v of ethanol. LP.
Bromoformum,

U.S. P. IX.

Bromoform is the bromine analog of chloroform and may be prepared by similar reactions,
using bromine or its derivatives in place of
chlorine.
Description. — Bromoform is a clear, colorless liquid, smelling and tasting like chloroform.
It is slightly soluble in water but is miscible in all
proportions with alcohol, with ether, with fixed
oils, and with volatile oils. Its density is between
2.813 and 2.817. LP. Bromoform is not flammable
but its vapors may be ignited.
Standards and Tests. — Congealing temperature.— Not below 6°. Refractive index. — Between
1.586 and 1.588, at 20°. Non-volatile residue.—
No residue remains from the evaporation of 3 ml.
The LP. also provides tests for identification,
bromide, free bromine, acidity, carbonyl bromide, and foreign odor.
Uses. — Bromoform produces rapid narcosis
when inhaled but it is too dangerous to use as
a general anesthetic. Taken orally it has the
action of bromides but it has no advantage over
inorganic bromides and may be dangerous to use.
In the latter part of the 19th century bromoform
was advocated as a remedy for whooping cough.
For a time it was rather extensively employed
for this purpose but in the United States it is
rarely if ever used as it is more toxic than other
sedative cough preparations; it appears still to
be used in such preparations in some other countries. It has been used for treatment of mania,
and Desesquell (Bull, mid., 1907) recommended
it for relief of seasickness.
Cases of poisoning with bromoform have been
recorded (see Brit. M. J., 1900; Therap. Gaz.,
1903) ; three drops are said to have produced
very serious symptoms in a child of four years,
and two drops in one of fifteen months. Symptoms of poisoning, as recorded in the literature,
have been pallor, titubation, dilatation of the
pupils, coma, heart failure, and collapse.
The LP. gives the usual single dose as 100 mg.,
ranging to a maximal dose of 500 mg. ; the usual
daily dose is given as 500 mg., ranging to a
maximal daily dose of 1.5 Gm. It should be
remembered that because of the relatively high
density of bromoform a dose of 100 mg. corresponds to approximately 0.035 ml. or 0.5 minim.
Storage. — Preserve in small, well-filled,
tightly-closed containers, specially protected from
light. LP.
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BUCHU.

N.F.

used in South Africa as substitutes for the official
buchu. For their descriptions see U.S.D., 24th
ed.. p. 172.
"Buchu is the dried leaf of Barosma betulina
Description. — "Unground Short Buchu oc(Thunberg) Bartling et Wendland, known in
curs as rhomboidally oval or obovate leaves from
commerce as Short Buchu, or of Barosma cre9 to 30 mm. in length and from 4 to 20 mm. in
nulata (Linne) Hooker, known in commerce as
breadth. The apex is obtuse or rounded and
Oval Buchu, or of Barosma serratijolia (Curtis)
sometimes recurved; the base wedge-shaped or
Wildenow, known in commerce as Long Buchu
obtuse; and the margin finely dentate, glandular
(Fam. Riitacecs). Buchu yields not less than 1.25
punctate, with an oil gland at the base of each
ml. of volatile buchu oil from each 100 Gm. of
tooth. The surface is papillose and longitudinally striate beneath. The texture is coriaceous;
drug." N.F.
Buchu Folia; Folia Bucco; Folia Diosmse. Fr. Buchu;
and the petiole about 1 mm. in length. The leaf
Feuilles de buchu. Ger. Buccoblatter; Buchublatter. Sp.
has a pale olive to dusky yellow-green color; has
Buchu; Bucco.
an aromatic, mint-like odor, and a camphoraceous taste. Unground Oval Buchu occurs as
The Hottentots of South Africa first acquainted
the white man with the medicinal properties of
oblong-ovate leaves, from 7 to 28 mm. in length
and from 3 to 12 mm. in breadth having a serrate
buchu. In 1821, it was imported into England
margin, and a petiole about 2 mm. in length.
and introduced to the medical profession by
Reece and Co. of London. It became official in
The color is light olive-brown to dusky yellowgreen. Otherwise it resembles Short Buchu.
the U.S. P. of 1840 under the Latin title "Diosma,"
Unground Long Buchu occurs as linear-lanceolate
which was changed to Buchu in the revision of
leaves with 3-nerved venation from 8 to 40 mm.
1850 and continued to be recognized therein until
in length and from 4 to 10 mm. in breadth, having
the revision of 1940, when it became official in
an acute apex, somewhat rounded, and a sharply
the National Formulary.
serrate margin. Otherwise it resembles Short
The leaves of the official and other Barosmas
Buchu." N.F. For histology see N.F. X.
(so named from P<xqu;, heavy, and 6a\ir\, odor),
"Powdered Buchu is dusky greenish yellow to
and of some Agathosmas, are collected by the
moderate greenish yellow. It shows fragments of
Hottentots, who value them on account of their
epidermis with sphero-crystals. or crystal aggreodor, and under the name of bookoo or buchu,
gates of hesperidin in the cells, rosette aggrerub them, in the state of powder, upon their
gates of calcium oxalate from 15 to 30 n in
greased bodies.
diameter; a few non-glandular hairs (from stems)
The medicinal species of Barosma are all erect,
up to 180 n in length; fragments of chlorenchyma
slender xerophytic shrubs with opposite leaves,
with oil secretion sacs and oil globules; and
dotted with conspicuous pellucid oil glands,
smooth, angular, purplish branches, white flowers,
fragments of fibrovascular bundles." N.F.
and a fruit of five erect follicles. They are chiefly
For additional information on the pharmacognosy of buchu, see Feldman and Youngken (/. A.
distinguished by their leaves.
Ph. A., 1944, 33, 277).
Barosma betulina is a small shrubby plant inStandards and Tests. — Buchu contains not
digenous toCape Colony. The leaves, which vary
over 8 per cent of buchu stems and not ovet
in outline from rhomboidal, ovate to rhomboidally
2 per cent of foreign organic matter other than
obovate, are collected while the plant is in flower
stems, and yields not more than 1 per cent of
and fruit, then dried. B. serratijolia is a wellacid-insoluble ash. N.F.
developed shrub growing in the mountains of the
Assay. — The volatile oil in about 100 Gm. of
southwest of Cape Colony. Its leaves are lanceobuchu. coarsely comminuted, is determined by
late with apex acute, base cuneate, margin sharply
the official Process A for volatile oil content of
serrate with oil glands at the tooth bases, the
vegetable
drugs. N.F.
upper surface glandular-punctate.
Barosma crenulata (L.) Hook, commercially
Constitutents. — Buchu leaves yield a volatile
called oval buchu, has leaves oblong-ovate, seroil with a peppermint-iike odor. The amount of
oil present in the short buchu ranges from 1.5
rated and glandular, punctate above, with a
to 2.5 per cent, but in the long buchu is much
gland at the base of each tooth, apex rounded
less, usually not over 1 per cent. For data on
and occasionally recurved, base obtuse or cuneate.
the content of oil in buchu and on the constants
texture coriaceous. The flowers are white or of
of the former see the report of the A. Ph. A.
a reddish tint, and stand solitarily at the end of
Laboratory {Bull. N. F. Com., 1940, 8, 221).
short, lateral leafy shoots.
This oil on chilling deposits a ketonic stearopten
The leaves of all three of these species are
collected in the Cape Colony district of South
which is known as Barosma camphor or diosAfrica when the plants are in flower or fruit.
phenol (it is, however, said not to occur in the
oil from B. serratijolia). This substance, which
In pre-war years most of the supply used in the
composes about 30 per cent of the oil, forms
United States came from Cape Town, South
Africa, a small amount through London. In
crystals which melt at 82° and boil at 232°, with
1952, a total of 67,143 pounds of buchu was
partial decomposition. The residue of the oil
imported into the U. S. A. from the Union of
after extraction of the diosphenol contains a
South Africa.
hydrocarbon, CioHis, and a ketone, CinHisO,
which is probably levorotatory menthone. Spica
Non-official species, which have been seen in
European markets occasionally, are said to be
(Pharm. J., 1885) found in the leaves of B. ere[Buchu]
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nulata, from which the oil had been extracted, a
solid principle diosmin (also called barosmin)
which is a glycoside closely related to hesperidin
found in orange peel. Oesterle and Wander (Helv.
Chitn. Acta, 1925, 8, 519) found it to yield glucose, rhamnose and diostnetin on hydrolysis. The
last-named may be prepared from hesperetin by
ring closure (see also Nakaoki, Chem. Abs., 1939,
33, 602). Diosmin is now known to occur in
many plants.
Adulterants. — Buchu is subject to many
adulterations by the leaves of other species of
the genus as well as by more distantly related
leaves. The most important of these adulterations are as follows: Psoralea obliqua E. Mey, or
P. bracteata (Pharm. J., 1910, pp. 69 and 464),
and Empleurum serrulatum Ait. The leaves of the
latter have a more acrid taste, are lanceolate or
narrowly linear, about 4 cm. in length, yellowishgreen and very acute at the summit. They further do not contain any oil canals at the base of
the teeth. For description of many other adulterants and substitutes, see Holmes (Pharm. J.,
1910, 85, 464) and Wallis and Dewar (Quart.
J. P., 1933, 6, 347).
Uses. — Buchu was formerly extensively employed as a mild diuretic and in the treatment
of inflammatory conditions of the urinary organs,
especially in cystitis. Although its volatile oil is
probably antiseptic, the quantity present is so
small that it seems unlikely that it would exert
any antibacterial action in the bladder; within
recent years the drug has been almost completely
abandoned by the medical profession, [vj
Dose, 2 to 4 Gm. (approximately /2 to 1
drachm) .
BUCHU

FLUIDEXTRACT.

N.F.

[Fluidextractum Buchu]

Prepare the fluidextract from buchu, in moderately coarse powder, by Process C, as modified
for assayed fluidextracts (see under Fluidextracts), using a menstruum of 9 volumes of
alcohol and 1 volume of water. Macerate during
24 hours, and percolate at a moderate rate.
Adjust the concentrated fluid by dilution with
alcohol, or a mixture of alcohol and water, so
that the fluidextract contains 75 per cent, by
volume, of C2H5OH. N.F.
Alcohol Content. — From 71 to 78 per cent,
by volume, of C2H5OH. N.F.
This preparation is representative of buchu;
formerly it was used in the treatment of cystitis
in a dose of 2 to 4 ml. (approximately 30 to 60
minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
BUCHU, JUNIPER AND POTASSIUM
ACETATE
ELIXIR.
N.F.
[Elixir Buchu, Juniperi et Potassii Acetatis]

Mix 10 ml. of compound orange spirit with
400 ml. of alcohol, add 400 ml. of distilled water,
and use this mixture as menstruum I for extracting a mixture of 150 Gm. of buchu and 75 Gm.
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of juniper, both in moderately coarse powder, by
Process P (see under Tinctures). For menstruum
II use diluted alcohol. Macerate the mixed drugs
for 24 hours, then percoiate at a moderate rate.
Dissolve 225 Gm. of sucrose and 50 Gm. of potassium acetate by agitation in the first 850 ml.
of percolate, then add sufficient of the percolate
to make the product measure 1000 ml. Mix well;
filter, if necessary, to obtain a clear product.
N.F.
Alcohol Content. — From 35 to 38 per cent,
by volume, of C2H5OH. N.F.
This was once a popular preparation for the
treatment of cystitis and for use as a diuretic.
Since official dose of 4 ml. (approximately
1 fluidrachm) represents one-fifth the official
dose of potassium acetate, a little less than onethird the official dose of buchu, and one-twelfth
the official dose of juniper it is not apparent how
the preparation functions therapeutically.
N.F.
Storage. — Preserve "in tight 23containers."

I

S04

C4H9

BUTACAINE SULFATE.
N.F. (B.P.) LP.
'4n

9_

Butacainium Sulfate, 3-Di-n-butylaminopropylp-aminobenzoate Sulfate, [Butacaina; Sulfas]

COCXCH

) — NH

Z

The B.P. defines this compoundC4Has the sulfate
of 3-di-n-butylaminopropyl p-aminobenzoate ; the
LP. identifies it as the sulfate of 3'-dibutylaminopropyl 4-aminobenzoate.
B.P. Butacaine Sulphate; Butacaina; Sulphas. I.P.
Butacaini Sulfas. Butyn Sulfate (.Abbott). Sp. Sulfate de
B utacaina.

Butacaine sulfate, originally introduced under
the trade name of butyn, is />-aminobenzoyl-Ydinormalbutyl-aminopropanol sulfate, or y-di-nbutylaminopropyl-p-aminobenzoate-N-sulfate, the
sulfate of a base resembling procaine base; the
former contains a butyl group in place of the
ethyl group in procaine base, and a propanol
group in place of the ethanol group. Butacaine
may be prepared by refluxing a benzene solution
of p-nitrobenzoyl chloride and v-dibutylaminopropyl alcohol, followed by reduction with tin
and hydrochloric acid. The sulfate of the product
is the official compound. The B.P. states that it
may be prepared by the interaction of 1-chloro3-di-rt-butylaminopropane and sodium p-aminobenzoate.
Description. — "Butacaine Sulfate occurs as a
white, odorless, crystalline powder which is affected by light. It rapidly produces numbness
when placed upon the tongue. Its solutions are
practically neutral to litmus. Butacaine Sulfate
dissolves slowly in less than its own weight of
water, solution occurring more rapidly upon
heating. It is very soluble in warm alcohol and
in acetone, is slightly soluble in chloroform, and
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is insoluble in ether. Butacaine Sulfate melts between 100° and 103°." N.F.
Standards and Tests. — Identification. — (1)
The free base, a colorless oil, is precipitated
from solutions of butacaine sulfate by alkali
hydroxides and carbonates; a crystalline carbonate of the base is precipitated by solutions
of alkali bicarbonates. (2) A 1 in 10 solution
of butacaine sulfate yields a white precipitate
with mercuric potassium iodide T.S., a yellow
precipitate with trinitrophenol T.S., and a brown
precipitate with iodine T.S. and with gold chloride T.S. (3) A scarlet red precipitate is formed
on diazotizing 100 mg. of butacaine sulfate in
5 ml. of water by the addition of 2 drops each of
diluted hydrochloric acid and 1 in 10 sodium
nitrite solution, then adding to 200 mg. of betanaphthol dissolved in 10 ml. of 1 in 10 sodium
hydroxide solution (phenacaine yields a yellow
precipitate in the same test). (4) A 1 in 10
solution of butacaine sulfate responds to tests
for sulfate. Residue on ignition. — Not over 0.2
per cent. Readily carbonizable substances. — A
solution of 500 mg. of butacaine sulfate in 5 ml.
of sulfuric acid has no more color than matching
fluid G. N.F.
Incompatibilities. — Alkalies or substances
producing alkalinity liberate the free base as an
oily liquid from solutions of butacaine sulfate.
Soluble bicarbonates react with it to produce an
insoluble carbonate; chlorides form the difficultly
soluble butacaine chloride.
Uses. — Butacaine sulfate is a more active local
anesthetic than is either cocaine or procaine
(Bulson, JAMA., 1922, 78, 343; Schmitz and
Loevenhart, /. Pharmacol., 1924, 24, 167). A
general consideration of the comparative pharmacology of these substances is provided in the
monograph on Local Anesthetic Agents, in Part
II. Butacaine sulfate acts through intact mucous
membranes and it is one of the more frequently
employed of surface-acting local anesthetics. It
is one of the lesser offenders among topical local
anesthetic agents in causing dermatitis; Lane and
Luikart (J.A.M.A., 1951, 146, 717), in a review
of 107 cases of dermatitis caused by these
agents, found butacaine sulfate to have been
responsible in 8 cases. Its action is more prolonged and rapid than that of cocaine. Locally
it is more toxic than procaine but less poisonous
than cocaine; parenterally it is more toxic than
cocaine, but it is seldom used in this manner.
Several deaths have been reported from use of
butacaine sulfate. A 0.1 to 0.4 per cent solution
has been employed for infiltration anesthesia, but
it is not advocated for spinal or infiltration
anesthesia.
Butacaine sulfate is recommended especially
for the eye in a 2 per cent solution {JAMA.,
1922, 78, 343). It does not affect the pupil or
cause drying or ischemia of the tissue. Within
one minute after a single application to the eye
minor procedures, such as removal of most foreign bodies from the cornea, may be conducted.
Several instillations, about three minutes apart,
permit most surgical procedures to be applied.
The 2 per cent solution may also be used in the
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nose and throat. Butacaine sulfate solutions may
be sterilized by boiling, [v]
Storage. — Preserve "in tight, light-resistant
containers." N.F.
BUTALLYLONAL.

N.F.

0-Bromoallyl-sec.-butylbarbituric Acid

°
H
H
' — (^0 CH2CBr
yN
= CH2
CH3

"Butallylonal yields not less than 98.5 per cent
and not more than 101.5 per cent of C11H15BrN203." N.F.
Pernoston {Ames).

Butallylonal, which is 5-(2-bromoallyl)-5-jecbutylbarbituric acid, may be prepared by heating
iec.-butylmalonic acid and l,2-dibromo-2-propene or 1,2.3-tribromopropane in the presence of
sodium hydroxide to give the sodium derivative,
which is converted to the official acid form by
acidification, according to U.S. Patent 1,739,662
(1929).
Description. — "Butallylonal occurs as a fine,
white, crystalline powder, with a slightly bitter
taste. Its solutions are acid to litmus paper.
Butallylonal is completely soluble in alcohol and
in ether, very slightly soluble in cold water, and
insoluble in paraffin hydrocarbons. Butallylonal
melts between 130° and 134°/' X.F.
Standards and Tests. — Identification. — (1)
This is essentially identical with test (2) under
Barbital and most other barbituric acid compounds. (2) Following fusion with potassium hydroxide, during which ammonia is evolved, the
residue yields with silver nitrate a precipitate of
silver bromide. (3) Bromine T.S. is decolorized by
a saturated solution of butallylonal. Residue on
ignition. — Not over 0.1 per cent. Chloride. — No
opalescence is produced on adding diluted nitric
acid and silver nitrate T.S. to a saturated aqueous solution of butallylonal. Sulfate. — No turbidity develops on adding diluted nitric acid and
barium nitrate T.S. to a saturated aqueous solution of butallylonal. Heavy metals. — No color or
precipitate is produced on saturating an aqueous
solution of butallylonal with hydrogen sulfide.
Readily carbonizable substances. — A solution of
100 mg. of butallylonal in 1 ml. of sulfuric acid
has a yellow color which changes slowly to brownish red and finally to red. X.F.
Assay. — The assay is identical with that described under Butethal. Each ml. of 0.1 N sodium
hydroxide
represents 30.32 mg. of CnHi5BrN203.
N.F.
Uses. — Butallylonal has been classified, according to the schema of Fitch and Tatum
(/. Pharmacol., 1932, 44, 325), as having a
moderate or intermediate duration of action (for
general discussion see the monograph on Barbiturates, inPart II). With respect to duration
of action and indications for utility it is similar
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to amobarbital; butallylonal is notable for having an atom of bromine in it.
It is well absorbed, whether in acid form or as
the sodium salt, when administered orally. Its
action is almost immediate when the soluble
sodium salt is administered, carefully and
slowly, intravenously.
Although butallylonal is employed primarily as
a sedative to combat insomnia, it has been
recommended by Bernhard and Friedlander (Am.
J. Surg., 1931, 11, 485) for preanesthetic medication. Butallylonal is essentially completely
metabolized. Only trace amounts are excreted as
such; 5 to 17 per cent has been accounted for
in urine as 5-acetonyl-S-jec-butylbarbituric acid
(Fretwurst et al., Munch, med. Wchnschr., 1930,
77, 1573).
The usual dose is 200 mg. (approximately
3 grains) orally one-half hour before sleep is
desired.
Storage. — Preserve "in well-closed containers." N.F.
BUTALLYLONAL

TABLETS.

N.F.

"Butallylonal Tablets contain not less than 94
per cent and not more than 106 per cent of the
labeled amount of CiiHi5BrN203." N.F.
Assay. — The assay is based on the principles
of the method described under Barbital Tablets.
N.F.
Usual Size. — 3 grains (approximately 200
mg.).
BUTETHAL.

N.F.

5-Ethyl-S-n-butylbarbituric Acid

VAhi
"Butethal, dried at 105° for 2 hours, contains
not less than 98 per cent of C10H16N2O3." N.F.
Butobarbitone, B.P.C. Neonal {Abbott).

Butethal may be prepared by condensing the
ethyl ester of butylethylmalonate with urea (U.S.
Patent 1,609,520, December 7, 1926).
Description. — "Butethal occurs as white,
crystalline granules or as a white powder. It is
odorless, and has a slightly bitter taste. A saturated solution is acid to litmus paper. One Gm.
of Butethal dissolved in about 5 ml. of alcohol
and in about 10 ml. of ether. It is soluble in
solutions of fixed alkali hydroxides or carbonates,
and very slightly soluble in water. Butethal melts
between 124° and 127°." N.F.
Standards and Tests. — Identification. — (1)
About 300 mg. of butethal is shaken with 1 ml.
of sodium hydroxide T.S. and 5 ml. of water
and the mixture filtered. On adding 1 ml. of
mercury bichloride T.S. to one-half of the filtrate a white precipitate, soluble in ammonia
T.S., is produced; on adding 5 ml. of silver
nitrate T.S. to the remainder of the filtrate a
white precipitate, soluble in excess of ammonia
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T.S., is produced. (2) The melting point of a
sample of butethal, mixed with an equal portion
of pentobarbital, is depressed (differentiation
from pentobarbital). Loss on drying. — Not over
1 per cent, when dried at 105° for 2 hours.
Residue
on ignition. — Not over 0.1 per cent.
N.F.
Assay. — About 500 mg. of butethal, previously dried at 105° for 2 hours, is dissolved in
neutralized alcohol, diluted with water, and
titrated with 0.1 N sodium hydroxide to a distinct blue end point with thymolphthalein indicator. Each ml. of 0.1 N sodium hydroxide
represents 21.23 mg. of C10H16N2O3. N.F.
Uses. — Butethal (see article on Barbiturates,
in Part II, for general discussion) has been
classified as a barbiturate having intermediate
duration of action, according to the classification
basis suggested by Fitch and Tatum (/. Pharmacol., 1932, 44, 325). Its duration of action and
indications for usage place it alongside of amobarbital; itis substantially more potent than
barbital. It is employed most frequently as one
of the more effective of barbiturate hypnotic
agents.
In recent years butethal has been studied especially for its effects on brain respiration. Buchel
and Mcllwain Nature, 1950, 166, 269) reported
that it caused a fall in cerebral respiration, in
vitro, accompanied by a decrease in phosphocreatinine and an increase in inorganic phosphate.
This depression in cerebral respiration was reported to be substantially greater than for chloral
or chorobutanol, and was accompanied by an
increase in glucose consumption and lactic acid
production (Rosenberg et al., Compt. rend. soc.
biol., 1950, 230, 480).
Butethal is well absorbed following oral administration. Apparently it is almost completely
destroyed normally in the body (Herwick, /.
Pharmacol, 1930, 39, 267; ibid., 1931, 42, 268).
One of the metabolites of butethal is 5-ethyl-5(3-hydroxybutyl) barbituric acid (Maynert and
Dawson, /. Biol. Chem., 1952, 195, 389).
Toxicology. — The toxic effects from butethal,
and the treatment thereof, are essentially those
discussed in the monograph on Barbital.
Dose. — The recommended dosage, for purposes of sedation, is 50 mg. to 100 mg. (approximately }i to lyi grains); the total of divided
doses administered during 24 hours should not
exceed 400 mg.
Storage. — Preserve "in well-closed containers." N.F.
BUTETHAL

TABLETS.

N.F.

"Butethal Tablets contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C10H16N2O3." N.F.
Assay. — A representative sample of powdered
tablets, equivalent to about 600 mg. of butethal,
is digested with alcohol to dissolve the butethal.
An aliquot portion of the mixture is treated with
barium hydroxide solution, which precipitates
stearate lubricants, in a centrifuge tube, after
which the mixture is centrifuged and the supernatant liquid containing the butethal barium is
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decanted. The residue in the centrifuge tube is
treated with another portion of barium hydroxide
solution, to remove any butethal in the residue,
and this liquid is added to the first solution. The
combined alkaline solutions are acidified, the
liberated butethal is extracted with chloroform,
and the solvent evaporated, after which the residue is dissolved in neutralized alcohol and titrated
with 0.1 N sodium hydroxide, as in the assay of
Butethal. N.F.
Usual
Size. — 100 mg. (approximately
1^2
grains).

BUTETHAMINE

HYDROCHLORIDE.
N.F.

Butethaminium Chloride, 2-Isobutylaminoethyl-paminobenzoate Hydrochloride
0
n
+
C-0-CH2CH2NH2CH2CH(CH3)2

"Butethamine Hydrochloride, dried at 105° for
2 hours, yields not less than 98.5 per cent of
C13H20N2O2.HCI." N.F.
Monocaine Hydrochloride (Novocol).

Butethamine base, a local anesthetic, may be
synthesized by reacting />-nitrobenzoyl chloride
and 2-isobutylaminoethanol and reducing the nitro
ester thus formed to the amine. For details of
synthesis see U. S. Patent 2,139,818 (1938). The
hydrochloride of the base is obtained by neutralization with hydrochloric acid. Butethamine
formate (N.N.R.) is the formic acid salt of the
same base; this salt is described as being freely
soluble in water (the hydrochloride is only sparingly soluble) and, also, somewhat less acid (pH
6) than a solution of the hydrochloride (pH 5)
of the same strength.
Description. — "Butethamine Hydrochloride
occurs as small, white crystals, or as a white,
crystalline powder. It is odorless, and is stable in
air. Butethamine Hydrochloride exhibits local
anesthetic properties when placed upon the tongue.
Butethamine Hydrochloride is sparingly soluble
in water, slightly soluble in alcohol and in chloroform, very slightly soluble in benzene, and practically insoluble in ether. Butethamine Hydrochloride melts between 192° and 196°." N.F.
Standards and Tests. — Identification. — (1)
A curdy, white precipitate, insoluble in nitric acid
but soluble in ammonia T.S., is produced on adding silver nitrate T.S. to a solution of butethamine hydrochloride. (2) An orange precipitate,
soluble in ether, is produced on adding betanaphthol in ammonia T.S. to an acid, diazotized solution of butethamine hydrochloride. (3) A white
precipitate forms on adding mercuric potassium
iodide T.S. to a solution of butethamine hydrochloride. pH.— The pH of a 1 in 100 solution is
about 5. Loss on drying. — Not over 0.2 per cent,
when dried at 105° for 2 hours. Residue on ignition.— Not over 0.1 per cent. U.S. P.
Assay. — About 150 mg. of dried butethamine
hydrochloride is dissolved in water, the solution
made alkaline with ammonia T.S. and the buteth-
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amine base thereby released extracted with several portions of chloroform. Most of the chloroform is evaporated, after which neutralized
alcohol is added along with 40 ml. of 0.02 N
sulfuric acid. After evaporating the remaining
chloroform the excess acid is titrated with 0.02 N
sodium hydroxide. Each ml. of 0.02 N sulfuric
acid is equivalent to 5.455 mg. of C1.3H20N2O2.HC1. N.F.
Uses. — Butethamine hydrochloride is a local
anesthetic (for general discussion see monograph on Local Anesthetic Agents). Hamilton et
al. {J. Pharmacol., 1948, 94, 299), including
butethamine in a comparative study of nine local
anesthetic agents, reported its acute intraperitoneal toxicity for mice to be 175 ± 5.9 mg. per
Kg. as compared with procaine at 185 ± 4.0 mg.
per Kg. and cocaine at 67 ± 4.7 mg. per Kg.
Thus, it is of essentially the same order of toxicity
as procaine. Its intradermal irritation was similar
in degree to that of procaine, but it was approximately twice as active an intradermal anesthetic
agent as procaine. They considered its therapeutic
ratio to be about 2.5 times that of procaine or 6
times that of cocaine when comparing infiltration
anesthesia versus toxicity. Buetner {Anesth. &
Analg., 1948, 27, 197) reported that butethamine
produced essentially the same vasodepressor response as procaine administered in equal doses to
anesthetized dogs. Bennett and Chinburg (/.
Pharmacol, 1946, 88, 72) studied the effect of
butethamine and a number of other commonly
employed local anesthetics
on the resting and on
CI"
the demarcation potential in the isolated sciatic
nerve. They found that the compounds blocked
conduction without depolarizing the nerves. This
they considered to support the view that anesthetics in general block nerves because they stabilize the cell membrane potential which normally
shifts during impulse conduction in response to
pain. In general the above reports on the experimental local anesthetic effects of butethamine are
in agreement with the earlier description of its
pharmacology by Abramson and Goldberg (/.
Pharmacol., 1938, 62, 69) except for some difference in interpreting the vascular response to
the agent. This discrepancy between the depressor
effect reported by Beutner and the pressor effect
indicated by Abramson and Goldberg perhaps is
resolved by the observation of Schamp et al.
{Anesth., 1942, 3, 295, 398) that the compound
produced a slight rise in blood pressure on some
occasions and a slight fall at other times in the
same animal or different animals. They reported
that the compound depressed respiratory rate
and depth.
Butethamine has been employed as an especially
useful agent in conduction anesthesia in dentistry.
Although earlier authors reported even more favorably, Tainter and Throndson (/. A. Dent. A.,
1941, 28, 1209) indicated that 1 per cent butethamine produced a longer duration of anesthesia
than did 2 per cent procaine when administered
in essentially the same amounts for oral surgery
on some 251 patients. Brenner (/. A. Coll. Proctol., 1939, 10, 331) reported that it was satisfactory for use in proctological and rectal procedures,
and Meyersburg {Med. Rec, 1940, 151, 231) pub-
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lished favorably on its use in some 4000 tonsillectomies.
In other than dentistry butethamine is most
frequently associated with the field of spinal
anesthesia, as was first reported by Burdick and
Rovenstine (Anesth., 1942, 3, 514). They indicated that it diffused more rapidly than did procaine and that it was useful in somewhat smaller
doses. The incidence of toxicity was low, including primarily headache (4.2 per cent), urinary retention (3.2 per cent), and respiratory complications (4.2 per cent). Rovenstine and Apgar (ibid.,
1944, 5, 40), summarizing their experience with
butethamine in 2230 cases of spinal anesthesia,
indicated that when employed in the same dosage
as for procaine its spinal anesthetic effects were
more rapid in onset and longer in duration. Motor
paralysis following subarachnoid injections was
slower in onset and less profound than with procaine. They observed that the incidence and degree of toxicity attributable to butethamine was
no greater than for procaine and that the management of toxicity was not different from that for
procaine. Nesbit and Butler (ibid., 1948, 9, 430)
reported that 75 mg. of butethamine formate
produced about the same duration of spinal anesthesia in 97 cases as did 100 mg. of procaine hydrochloride in120 cases. Otherwise, they found
no difference between the efficacy of the two
agents except that butethamine was thought to
diffuse more rapidly.
Dose and Dosage Forms. — Butethamine hydrochloride isused for nerve block anesthesia in
dentistry and other minor surgery in a 1 per cent
solution containing also 1:75,000 of epinephrine;
in major surgery or other procedures requiring
nerve block anesthesia equivalent to that produced by 2 per cent of procaine hydrochloride,
a 1.5 per cent solution of butethamine hydrochloride containing also 1:100,000 of epinephrine
may be used. For usual sizes see following monograph. Butethamine formate, N.N.R. (Monocaine
Formate, Novocol), more soluble in water and
less acid than the hydrochloride, is proposed for
use in spinal anesthesia; its action is also qualitatively identical with that of procaine hydrochloride. Both butethamine formate and butethamine
hydrochloride have about one-third more anesthetic and toxic potency than procaine hydrochloride and are, accordingly, used in about threefourths the dosage of procaine hydrochloride for
the purposes mentioned. Butethamine formate is
supplied in ampuls containing 50, 100, 150 and
200 mg. of crystals, also in 2-ml. ampuls containing 50 mg. of butethamine formate in each
ml. of a solution in sterile distilled water.
Storage. — Preserve "in well-closed containers."
N.F.
BUTETHAMINE
HYDROCHLORIDE
AND EPINEPHRINE INJECTION.
N.F.
"Butethamine Hydrochloride and Epinephrine
Injection is a sterile solution of butethamine hydrochloride and epinephrine in water for injection. It contains not less than 95 per cent and not
more than 105 per cent of the labeled amount of

Butopyronoxyl

201

C13H20N2O2.HCI and not less than 90 per cent
and not more than 120 per cent of the labeled
amount of epinephrine (C9H13NO3)." N.F.
The pH of the injection is required to be between 3.3 and 5.5. The assay for butethamine
hydrochloride is the same as that for the bulk
substance. The assay for epinephrine is a colorimetric procedure in which the absorbance of the
product of interaction of epinephrine with a reagent containing ferrous sulfate and sodium citrate
at 530 mix is determined in a photoelectric colorimeter and compared with the absorbance of a
standard solution prepared from U.S. P. Epinephrine Bitartrate Reference Standard, similarly
treated.
Storage. — Preserve "in single-dose or multipledose containers, preferably of Type I glass." N.F.
Usual Sizes. — 1 per cent butethamine hydrochloride and 1 in 75,000 epinephrine in 5-ml.
cartridges; and in 30-, 60-, and 12 5-ml. bottles;
1.5 per cent butethamine hydrochloride and 1 in
100,000 epinephrine in 1-, 2-, 2.5-, and 5-ml. cartridges; in 2- and 3-ml. ampuls; and in 30-, 60-,
and 125-ml. bottles; 1.5 per cent butethamine
hydrochloride and 1 in 30,000 epinephrine in 5ml. cartridges; 2 per cent butethamine hydrochloride and 1 in 50,000 epinephrine in 1-, 2-,
and 2. 5-ml. cartridges; in 2- and 3-ml. ampuls;
and in 60- and 125-ml. bottles.
BUTOPYRONOXYL.
U.S.P.
n-Butyl 3,4-Dihydro-2,2-dimethyl-4-oxo-l,2H-pyran6-carboxylate

COCXCH^CH,

Butyl mesityl oxide. Indalone.

Butopyronoxyl may be prepared by the condensation ofmesityl oxide and dibutyl oxalate in
the presence of a sodium alkoxide catalyst.
Description. — "Butopyronoxyl is a yellow to
pale reddish brown liquid, having a characteristic
aromatic odor. It is reasonably stable in air and
is slowly affected by light. Butopyronoxyl is
insoluble in water; it is miscible with alcohol,
with chloroform, with ether and with glacial
acetic acid. The specific gravity of Butopyronoxyl is between 1.052 and 1.060." U.S.P.
Standards and Tests. — Distilling range. —
Not less than 90 per cent distils between 256°
and 270°. Refractive index. — Between 1.4745 and
1.4755. Clarity of solution. — A solution of 2 ml.
of butopyronoxyl in 10 ml. of alcohol is clear,
and no precipitate or turbidity develops on
standing in a refrigerator for 2 hours. U.S.P.
Uses. — Butopyronoxyl, better known as Indalone, has been widely used as an insect repellent
and toxicant, both by itself and in combination
with other agents of similar effect. It is not a
particularly good mosquito repellent but it is
very effective against the biting stable, or dog,
fly (Stomoxys calcitrans L.). In combination
with ethohexadiol and dimethyl phthalate, in the
form of the official Compound Dimethyl Phthalate
Solution (q.v.), it is especially effective.
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Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep. — Compound Dimethyl Phthalate
Solution. US.P.
BUTYL

AMINOBENZOATE.
X.F., B.P., LP.

n-Butyl p-Aminober.zoate, [Butylis Aminobenzoas]

H2N.C6H4.COOC4H9
The B.P. defines this compound as n-butyl
^-aminobenzoate, the LP. as butyl 4-aminobenzoate.
Bntesin (Abbott). Fr. Para-aminobenzoate de butyle;
Paratonne; Scuroforme. Sp. Aminobensoato de Butilo.

The official butyl aminobenzoate is the normal
butyl analogue of ethyl aminobenzoate and is
prepared in a similar manner, normal butyl alcohol being used in place of ethyl alcohol to
produce the ester of Pc:rj-aminobenzoic acid.
The B.P. gives as a method of preparation the
interaction of n-butyl chloride with sodium
p- aminobenzoate.
Description. — "Butyl Aminobenzoate occurs
as a white, crystalline powder. It is odorless and
tasteless. One Gm. of Butyl Aminobenzoate dissolves in about 7000 ml. of water. It is soluble
in dilute acids, in alcohol, in chloroform, in ether,
and in fatty oils. It is slowly hydrolyzed when
boiled with water. Butyl Aminobenzoate melts
between 57° and 59°." N.F.
Standards and Tests. — Identification. — (1) A
scarlet precipitate is formed when a few drops
of 1 in 10 solution of sodium nitrite are added to
2 ml. of a 1 in 100 solution of butyl aminobenzoate in 0.1 -V hydrochloric acid, and this solution
is added to a solution of 200 mg. of betanaphthol in 10 ml. of a 1 in 10 solution of sodium hydroxide. (2) A dark brown precipitate, changing
into large, reddish brown prisms, is formed on
adding a few drops of iodine T.S. to 1 ml. of a
1 in 100 solution of butyl aminobenzoate in 0.1 N
hydrochloric acid, the mixture being allowed to
stand for 10 minutes with occasional shaking
(ethyl aminobenzoate gives lustrous scales in
the same test). Residue on ignition. — Not over
0.15 per cent. Completeness and color of solution.— 1 in 30 solutions of butyl aminobenzoate
in alcohol and in ether are complete and colorless.
Chloride. — Xo turbidity is produced on adding
1 ml. of diluted nitric acid and a few drops of
silver nitrate T.S. to a solution of 200 mg. of
butyl aminobenzoate in 10 ml. of alcohol. Heavy
metals. — The limit is 10 parts per million. X.F.
Incompatibilities. — Butyl aminobenzoate has
the same incompatibilities as ethyl aminobenzoate.
Uses. — Butyl aminobenzoate is used as a local
anesthetic. Being insoluble in water, it is not
suitable for many of the uses to which the local
anesthetics are put. It has been used as an anesthetic dusting-powder for the same purposes as
ethyl aminobenzoate and is thought to be more
effective. An ointment containing butyl aminobenzoate was described by Yeager and Wilson
(J. Lab.alcohol
Clin. Med.,
1944.' 29,and177);
it contains
benzyl
for solution
sodium
lauryl
sulfate for dispersion of the anesthetic. It is ap-
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plied in a thick layer to moistened skin and allowed to dry to powder, providing prolonged
local anesthesia in such conditions as insect bites,
dermatitis venenata, and tropical fungus infestations.
Butyl aminobenzoate is used chiefly in the form
of a combination with trinitrophenol supplied
under the trade-marked name Butesin Picrate
(Abbott). According to Thayer (Am. J. Pharm.,
1925 (p. 39) butesin picrate is a compound of
one molecule of trinitrophenol with two molecules
of butesin. It is conceivable that in presence of
moisture the acid radical separates and acts as
free trinitrophenol. Taylor reported that the combination isactively germicidal, a solution of one
part in 2000 killing Staphylococcus aureus in five
minutes; but Meredith and Lee (J. A. Ph. A.,
1939, 28, 369) found that a 2 per cent ointment,
in a cold cream base, had no antiseptic action.
Xitromersol, 1 in 5000, has been added to this
ointment.
An injection containing 1.5 per cent of procaine base, 6 per cent of butyl aminobenzoate,
and 5 per cent of benzyl alcohol in sterilized almond oil has been used, in doses of 1 to 5 ml. or
more, for infiltration or nerve block anesthesia
where prolonged action for the relief of pain is
desired. For the pains of tabes dorsalis. Fowler
(Brit. J. Vener. Dis., 1947, 23, 90) reported good
results from use of this injection. Wright (Proc.
Roy. Soc. Med., 1950, 43, 263) cautioned against
the danger of abscess formation in perianal tissues from injections into infected tissues in this
area.
Butesin picrate (Butamben Picrate, X.X.R.
1951) occurs as a yellow powder, odorless, with a
slightly bitter taste, soluble in about 2000 parts
of water, and about 100 parts of cottonseed oil.
Its aqueous
solution(Xorthwest
(1:2000") Med.,
is markedly
anesthetic and Parsons
June, 1926)
found it useful for anesthetizing the eye in the
removal of foreign bodies. It is chiefly employed,
however, in the form of a 1 per cent ointment for
the treatment of burns. An ointment containing
1 per cent each of butyl aminobenzoate and its
picrate in petrolatum is used in ophthalmology.
A minor disadvantage of the ointment is its tendency to stain. Lane and Luikart (J. A. MA.,
1951, 146, 718), reviewing the literature on dermatitis from local anesthetics, listed fourteen
cases of epidermal sensitization to Butesin picrate. and indicated that the dermatitis could be
severe and generalized at times. Trinitrophenol. a
component of this ointment, may be a possible
sensitizer; Jackson (Arch. Dermat. Syph., 1930,
21, 40) described three cases of picric acid sensitivity of the skin. If a reddened, pruritic contacttype dermatitis occurs with topical use of this
ointment, it should be immediately discontinued.
Storage. — Preserve "in well-closed containers." NJ.
BUTYL

CHLORIDE.

X.F.

n-Butyl Chloride

CH3(CH2)2CH2C1
"Butyl Chloride contains not less than 99 per
cent of C4H9CI. Caution. — Butyl Chloride is very
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flammable. Do not use where it may be ignited."
N.F.
l-Chlorobutane.

Butyl chloride may be prepared by the interaction of n-butyl alcohol and hydrochloric acid
in the presence of zinc chloride.
Description. — "Butyl Chloride occurs as a
clear, colorless, volatile liquid, having a characteristic nonresidual odor. It is flammable. Butyl
Chloride is insoluble in water, but is miscible
with dehydrated alcohol and with ether. The specific gravity of Butyl Chloride is not less than
0.880 and not more than 0.885." N.F.
Standards and Tests. — Identification. — On
boiling butyl chloride with sodium hydroxide
solution the resulting solution responds to tests
for chloride. Distilling range. — Between 77° and
79°. Acidity. Sot more than 0.1 ml. of 0.02 N
sodium hydroxide is required to neutralize any
acid present in the equivalent of 25 ml. of butyl
chloride. Non-volatile residue. — Not over 1 mg.
from 10 ml. Chloride. — The limit is 7 parts per
million. N.F.
Assay. — About 1.5 ml. of butyl chloride is
hydrolyzed by heating with 0.5 N alcoholic potassium hydroxide and the excess alkali titrated with
0.5 N hydrochloric acid using phenolphthalein as
indicator. A residual blank titration is performed.
Each ml. of 0.5 N alcoholic potassium hydroxide
represents 46.29 mg. of C4H9CI. N.F.
Uses. — Butyl chloride is employed as a veterinary anthelmintic. Details of use and of dose are
discussed under Veterinary Uses and Doses of
Drugs, in this volume.
Storage. — Preserve "in well-closed, lightresistant containers, remote from fire." N.F.
CACAO.

U.S.P.

Cocoa, [Cacao]

"Cacao is a powder prepared from the roasted,
cured kernels of the ripe seed of Theobroma
Cacao Linne (Fam. Sterculiacece). Cacao yields
not less than 10 per cent and not more than 22
per
cent of non-volatile, ether-soluble extractive."
U.S.P.
Prepared Cacao. Cacao Prsparatum, N.F. VI. Fr. Cacao.
Ger. Kakao; Cacao. It. Cacao. Sp. Cacao.

The seeds of the Theobroma Cacao L. were
used by the Mexican aborigines to prepare a
beverage, which they called chocolatl, before the
discovery of America by Columbus. The tree is a
handsome evergreen from 12 to 20 feet in height,
growing in Mexico, the West Indies, and South
America. It is largely cultivated in all tropical
countries, particularly in the Gold Coast of
Africa, West Indies, Ecuador, Venezuela, Mexico,
Trinidad, and the Philippines. It possesses alternate, elliptic-oblong, entire leaves and fascicles of
small, rose-colored flowers, the latter appearing
on the trunk and larger branches. The fruit is an
oblong-ovate, ten-ribbed capsular nut, six to ten
inches in length, with a thick, coriaceous, somewhat ligneous rind, enclosing a whitish, mucilaginous pulp, in which numerous seeds are embedded.
These are ovate, somewhat compressed, about as
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large as an almond, and consist of an exterior
thin shell and a brown oily kernel. Separated
from the matter in which they are enveloped,
they constitute the cacao, or chocolate nuts, of
commerce. The cacao tree, as usually cultivated,
is grown in the shade of the banana or other large
plant, and develops its fruits from the stem continually, so that the harvest goes on all the time,
although the product is greater in the spring and
in the autumn. The pods are cut off, opened, and
the "beans" contained in the glutinous sweet acid
pulp are allowed to ferment in boxes, tubs or
cavities in the earth for from 3 to 9 days at a
temperature less than 60° and usually between
30° and 43°, and the seeds with some adherent
pulp change in color from white or red to purple
and also in odor and taste. They are then washed
and roasted at between 100° and 140° or in some
instances merely dried in the sun, sometimes by
means of a steam drying shed. If the sweating
process is carried too far, or the beans during
drying are wetted by rain, they blacken and are
much lowered in value. These blackened beans
are sometimes artificially whitened. Cacao beans
have a slightly aromatic, bitter, oily taste, and,
when bruised or heated, an agreeable odor, but
the full chocolate flavor is developed only after
they are roasted.
According to Winton's Structure and Composition ofFoods, Vol. 4, 1939, the average composition of different varieties of roasted cacao
nibs (beans freed from germ and from shell or
husk) is as follows: Water, 2.72 per cent; protein, 12.12 per cent; theobromine, 1.04 per cent;
caffeine, 0.40 per cent; fat (cacao butter), 50.12
per cent; pure starch, 8.07 per cent; crude starch,
11.16 per cent; fiber, 2.64 per cent; other nitrogen-free matter, 19.57 per cent; ash, 3.32 per
cent; soluble ash, 1.16 per cent; sand, 0.02 per
cent. It is noteworthy that roasted cacao shells
contain an average of 0.49 per cent of theobromine and 0.16 per cent of caffeine.
Chocolate is the solid substance prepared from
the cacao bean after roasting. In Great Britain
and the United States it is usually made, when
pure, exclusively of the kernel of the cacao or
chocolate nuts, which are first roasted, then deprived of their shells, and lastly reduced, by
grinding between heated stones, to a paste, which
is molded into oblong cakes. Sometimes rice flour
or other farinaceous substance, with foreign fats,
is added, but these must be considered as adulterations. In the compounded form known as
sweet chocolate, sugar is generally incorporated
with the paste, and spices, especially cinnamon,
are often added; vanilla is a favorite addition in
America, France, and Spain. The well-known
confection known as "milk chocolate" contains
either whole or skim milk powder in addition to
the foregoing ingredients.
The Federal Food and Drug Administration
definitions for certain cacao products are, in part,
as follows (for the complete definitions and
standards of purity see Federal Register, December 6, 1944) :
Cacao nibs, cocoa nibs, cracked cocoa is the
food prepared by heating and cracking dried or
cured and cleaned cacao beans and removing shell
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therefrom. Cacao nibs or the cacao beans from
which they are prepared may be processed by
heating with one or more of the following optional
alkali ingredients, added as such or in aqueous solution: Bicarbonate, carbonate, or hydroxide of
sodium, ammonium, or potassium; or carbonate
or oxide of magnesium; but for each 100 parts by
weight of cacao nibs used, as such or before shelling from the cacao beans, the total quantity of
such alkalis used is not greater in neutralizing
value (calculated from the respective combining
weights of such alkalis used) than the neutralizing value of 3 parts by weight of anhydrous potassium carbonate. The cacao shell content of cacao
nibs is not more than 1.75 per cent by weight
(calculated to an alkali-free basis if they or the
cacao beans from which they were prepared have
been processed with alkali).
Chocolate liquor, chocolate, baking chocolate,
bitter chocolate, cooking chocolate, chocolate
coating, bitter chocolate coating is the solid or
semiplastic food prepared by finely grinding cacao
nibs. To such ground cacao nibs, cacao fat or a
cocoa or both may be added in quantities needed
to adjust the cacao fat content of the finished
chocolate liquor. Chocolate liquor may be spiced,
flavored, or otherwise seasoned with one or more
of the following optional ingredients, other than
any such ingredient or combination of ingredients
specified in subparagraphs (1), (2), and (3)
which imparts a flavor that imitates the flavor of
chocolate, milk, or butter: (1) Ground spice. (2)
Ground vanilla beans; any natural food flavoring
oil, oleoresin, or extract. (3) Vanillin, ethyl vanillin, coumarin, or other artificial food flavoring.
(4) Butter, milk fat, dried malted cereal extract,
ground coffee, ground nut meats. (5) Salt. The
finished chocolate liquor contains not less than 50
per cent and not more than 58 per cent by weight
of cacao fat.
Breakfast cocoa, high fat cocoa is the food prepared by pulverizing the residual material remaining after part of the cacao fat has been removed
from ground cacao nibs. It may be spiced,
flavored, or otherwise seasoned with one or more
of the following optional ingredients, other than
any such ingredient or combination of ingredients
which imparts a flavor that imitates the flavor of
chocolate, milk, or butter: (1) Ground spice. (2)
Ground vanilla beans; any natural food flavoring
oil, oleoresin, or extract. (3) Vanillin, ethyl vanillin, coumarin, or other artificial food flavoring.
(4) Salt. The finished breakfast cocoa contains
not less than 22 per cent of cacao fat.
Cocoa, medium fat cocoa conforms to the definition and standard of identity, and is subject to
the requirements for label statement of optional
ingredients, prescribed for breakfast cocoa, except
that it contains less than 22 per cent but not less
than 10 per cent of cacao fat.
Low-fat cocoa conforms to the definition and
standard of identity, and is subject to the requirements for label statement of optional ingredients,
prescribed for breakfast cocoa, except that it contains less than 10 per cent of cacao fat.
During 1952 there were imported into the
United States 572,421,218 pounds of cacao beans.
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These came from the Gold Coast, French West
Africa, Spanish Africa, Nigeria, Portugal, Azores,
Cameroons, Central America, British West Indies,
Trinidad,
Panama. Venezuela, Brazil, Cuba, Mexico, and
Description. — "Cacao occurs as a weak reddish brown, purplish brown to moderate brown
powder having a chocolate-like odor and taste,
free from sweetness. It shows numerous broken
parenchyma cells of the cotyledons containing a
reddish brown, purplish brown to yellowish
orange pigment; numerous starch grains; oil
globules; aleurone grains; and occasionally, acicular or prismatic crystals of fat. The starch
grains are simple and 2- to 3-compound, the individual grains up to 15 n in diameter, and they
stain slowly with iodine T.S." U.S.P.
Standards and Tests. — Ether-insoluble residue.— The ether-insoluble residue obtained in the
assay shows few or no cacao shells and no cereal
starch grains. Crude fiber. — The ether-insoluble
residue, dried at 105° for 2 hours, yields not over
7 per cent of crude fiber. Total ash. — The etherinsoluble residue, dried at 105°. for 1 hour, yields
not over 8 per cent of total ash. Acid-insoluble
ash. — The ether-insoluble residue, dried at 105°
for 1 hour, yields not over 0.4 per cent of acidinsoluble ash. U.S.P.
Assay. — A 10-Gm. portion of cacao is extracted with dehydrated ether in a continuous
extraction apparatus for 8 hours. The ether extract isevaporated spontaneously and the residue,
representing non-volatile, ether-soluble extractive,
is dried at 105° for 1 hour. The ether-insoluble
residue is retained for the tests referred to in the
preceding section.
Uses. — Chocolate is a very concentrated form
of nutriment. One hundred grams {iYz ounces)
represents between five and six hundred Calories;
a mutton chop of the same weight would represent approximately two hundred and fifty Calories. Of the nutritional elements in chocolate
more than 70 per cent is fat. The fatty
matter of chocolate (see Theobroma Oil) is not
easily digested and the free use of chocolate in
many persons produces gastric disturbances.
Cocoa contains considerably less fat and, therefore, alower proportion of nutriment but, at the
same time, is correspondingly more readily digested. The addition of sugar to chocolate lowers
its caloric value because of the much higher
energy yield of fat. As a beverage cocoa is frequently of value in cases in which it is desired
■to add to the patient's intake of food; as usually
served by mixing with warm milk it not only
modifies the flavor but adds materially to the
caloric value of the milk, and the theobromine
which it contains is sufficient to have a mild
stimulating influence upon the muscular system.
It differs from the caffeinic beverages, such as
tea or coffee, in producing less excitation of the
nervous system and is, therefore, less likely to
cause wakefulness.
It is officially recognized because of its use as
a flavoring agent.
Storage.
ers." U.S.P. — Preserve "in well-closed contain-
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SYRUP.

U.S.P.

Cocoa Syrup, [Syrupus Cacao]

Mix intimately 180 Gm. of cacao and 600 Gm.
of sucrose, and to this mixture gradually add a
solution of 180 Gm. of liquid glucose, 50 ml. of
glycerin, 2 Gm. of sodium chloride, 0.2 Gm. of
vanillin, and 1 Gm. of sodium benzoate in 325
ml. of hot purified water. Bring the mixture to
a boil, and maintain at boiling temperature for
3 minutes. Allow the product to cool to room
temperature, and add enough purified water to
make the product measure 1000 ml. Note: Cacao
containing not more than 12 per cent of nonvolatile, ether-soluble extractive, commonly referred to as fat, will provide a syrup with
minimum degree of separation; so-called breakfast cocoa should not be used in preparing the
syrup, as it contains over 20 per cent of fat. U.S.P.
The formerly official formula for cacao syrup
gave a product which fermented readily and
which upon standing for several days increased
in viscosity to such an extent that it could not be
poured from bottles used for dispensing liquid
medicinal preparations. The viscosity increase
was all the more pronounced the higher the content of fat in the cacao; the gelatin formerly
included apparently contributed to the undesirable changes that occurred. Seeking to improve
the product. Narinian et al. (J. A. Ph. A., Prac.
Ed., 1954, 15, 97) studied a number of variants
of the formula, and proposed the formula, now
officially recognized, as one which is an improvement over the old formula. They suggest that
the content of fat in the cacao should be at the
lower limit of the official requirement in order
to obtain the most satisfactory syrup.
Cacao syrup has long been popular as a vehicle
for masking the taste of bitter substances. It is
anticipated that the greater degree of pharmaceutical elegance of the new preparation will
make it even more useful.
Storage. — Preserve "in tight containers, and
avoid excessive heat." U.S.P.
CAFFEINE.

U.S.P., B.P., LP.
[Caffeina]

"Caffeine is anhydrous, or contains one molecule of water of hydration." U.S.P. The B.P.
recognizes caffeine as 1 :3 : 7-trimethylxanthine or
its monohydrate, obtained from the dried leaves
of Camellia sinensis (L.) O. Kuntze or from certain other plants, or prepared synthetically.
I. P. Coffeinum. Theine; Trimethylxanthine; Methyltheobromine; Guaranine. Coffeinum. Fr. Cafeine. Ger.
Koffein; Coffein; Kaffein; Guarin. It. Caffeina; Teina.
Sp. Cafeina.

Caffeine was first isolated by Runge, from
coffee, in 1821. Through its synthesis from theo-
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bromine, Strecker, in 1861, proved it to be a
methyltheobromine. Caffeine, theobromine and
theophylline are all closely related derivatives of
xanthine; caffeine is 1,3, 7-trimethylxanthine,
theobromine is 3,7-dimethylxanthine, and theophylline is1,3-dimethylxanthine. Xanthine, found
in urine, liver and muscle, as well as in tea
leaves, is 2,6-dihydroxypurine and is related to
uric acid (2,6,8-trihydroxypurine) and to the
many other purine derivatives occurring in the
plant and animal kingdom.
Caffeine may be obtained from a number of
plants, including coffee, tea, cola and guarana; tea
wastes, however, are the largest single source of
extracted caffeine, although decaffeination of
coffee also provides a sizeable amount of the substance. Various solvents are employed in the
several processes for extracting caffeine from tea
and coffee. Much caffeine is derived by methylation of theobromine (which see) ; the latter was
formerly imported from South America but is
now manufactured in this country. Caffeine may
be produced by synthesis starting with uric acid
or urea (see /. A. Ph. A., 1948, 37, 62). During
1953 a total of 292, 327 pounds of caffeine was
imported into the United States from West Germany, the United Kingdom and the Netherlands.
Caffeine is a very weak base ; it appears doubtful that any true salt of it may be prepared since
in aqueous solution its compounds with acids are
probably completely hydrolyzed into caffeine and
the acid component. The solubility of caffeine is
increased by admixture with citric acid, sodium
benzoate, or sodium salicylate; these mixtures are
officially recognized.
Description. — "Caffeine occurs as a white
powder, or as white, glistening needles, usually
matted together. It is odorless and has a bitter
taste. Its solutions are neutral to litmus. The
hydrate is efflorescent in air. One Gm. of hydrous Caffeine is soluble in about 50 ml. of water,
in 75 ml. of alcohol, in about 6 ml. of chloroform,
and in 600 ml. of ether. Caffeine, dried at 80° for
4 hours, melts between 235° and 237.5°." U.S.P.
Standards and Tests. — Identification. — (1)
The residue resulting when a solution of 5 mg. of
caffeine in 1 ml. of hydrochloric acid is mixed
with 50 mg. of potassium chlorate and evaporated
to dryness in a porcelain dish is colored purple
on inverting the dish over a vessel containing ammonia T.S.; the color disappears on adding a
solution of a fixed alkali. (2) A precipitate, soluble in an excess of the reagent, is produced when
tannic acid T.S. is added to a saturated solution
of caffeine. (3) No precipitate forms on adding 5
drops of iodine T.S. to 5 ml. of a saturated solution of caffeine; on adding 3 drops of diluted
hydrochloric acid, however, a red-brown precipitate is produced; the latter dissolves on adding a
slight excess of sodium hydroxide T.S. Water. —
Not over 0.5 per cent for anhydrous caffeine, and
not over 8.5 per cent for the hydrate, when determined by drying at 80° for 6 hours or by the
Karl Fischer method. Residue on ignition. — Not
over 0.1 per cent. Readily carbonizable substances.— A solution of 500 mg. of caffeine in 5
ml. of sulfuric acid has no more color than matching fluid D. Heavy metals. — The limit is 20 parts
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per million. Other alkaloids. — No precipitate
forms on adding mercuric potassium iodide T.S.
to a 1 in 50 solution of caffeine. U.S.P. The B.P.
and I. P. tests are essentially the same as those
of the U.S.P.
Uses. — Caffeine has four important physiological actions: stimulation of a large group of centers in the central nervous system; a diuretic
effect upon the kidney; a stimulating action on
striated muscle; and a group of effects upon the
cardiovascular system. It is readily absorbed
orally and parenterally.
Nervous System. — The dominant action of
caffeine in the human being is upon the cerebrum.
The experiments of Hollingworth (Therap. Gaz.,
Jan., 1912) demonstrated that in those forms
of psychological tests which involve purely intellectual processes there is a distinct increase in
the rapidity and accuracy of performance, an
observation which is corroborated by the daily
experience of millions of men. Not only is mental
activity temporarily stimulated, but the capability for prolonged work is also increased. The
effect on the control of voluntary movements
is less definite, some of these apparently being
improved and some deteriorated (Horst et al.,
J. Pharmacol., 1934, 52, 307). It was demonstrated byFoltz and Schiffin (/. Lab. Clin. Med.,
1943, 28, 603) that caffeine enhances the recovery rate from exhaustive work in trained subjects. There is a shorter reaction time and perception of sensory stimuli is improved. After large
quantities the cerebral excitation shows itself in
nervous restlessness and a tendency to insomnia.
In some individuals there may be subsequent depression.
The effect of caffeine on cerebral blood flow
was studied by Moyer et al. (Am. J. Med. Sc,
1952, 224, 377). who found that following intravenous administration of 500 mg. of caffeine and
sodium benzoate increased resistance at the arteriolar level results in a sharp decrease in cerebral blood inflow, diminishing blood volume in the
brain, and consequent lowering of cerebrospinal
fluid pressure. Richmond (/. Applied Physiol.,
1949, 2, 16) found that the ventilation minute
volume increased after administration of 250 mg.
of this drug subcutaneously when the subject is
breathing oxygen containing 3 to 5 per cent carbon dioxide, while its effect was variable in subjects breathing atmospheric air. He concluded
that caffeine acts on the respiratory center by
increasing its sensitivity to carbon dioxide.
In the lower animals, when given in large
dose, caffeine causes convulsions, rapid respiration, and a rise of temperature. The convulsions
are due to a stimulating action upon the spinal
cord. Although convulsions are not seen in human
beings, there is a similar stimulant effect on the
cord (Wood, Therap. Gaz., Jan., 1912 and Leuwen, Arch. ges. Physiol., 1913, 154, 306).
Muscle Function. — Caffeine increases the irritability and contractility of the voluntary muscles and augments the amount of work which can
be performed before the occurrence of fatigue.
The action of the drug on muscle tissue has been
elaborately studied by Cheney (/. Pharmacol.,
1932, 45, 389, and /. A. Ph. A., 1934, 23, 143),
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who found that the average increase in muscular
capacity produced by caffeine in the frog is about
11 per cent and that the primary stimulation is
not followed by any deleterious effect unless the
dose is extremely large. Huidobro and Amembar
(J. Pharmacol., 1945, 84, 82) found that in
decerebrate cats caffeine augmented the action
of neostigmine on muscle and that it lowered
the excitatory threshold of acetylcholine at the
neuromuscular
junction.
Cardiovascular System. — The action of caffeine upon the circulation is less powerful than
its effect on the nervous system. After moderate
doses the blood pressure is usually slightly increased (about 10 mm. of mercury), although not
infrequently there is little if any change.
Stimulation of the myocardium and of the vasoconstrictor center are opposed by peripheral
vasodilatation. The rate of the heart is not
greatly altered unless the dose is large ; the amplitude of the cardiac contractions is slightly increased by caffeine (see Sollmann and Pilcher,
/. Pharmacol., 1911, 3, 19), and at the same time
there is an increased rapidity of blood flow
through the coronary artery (Heathcote, ibid.,
1920, 16, 327). These effects upon the heart are
similar in kind but less marked than those produced by theobromine. Caffeine caused a shght
increase in cardiac output in the observations in
humans of Starr et al. (J. Clin. Inv., 1937, 16,
799). Sebok (Deutsche med. Wchnschr., 1950,
75, 1067) found that dosages of 50 or 100 mg.
of caffeine given to patients with hypertension
lowered the systolic and diastolic blood pressures,
while its effect in normotensive individuals was
variable. It appears, therefore, that the use of
coffee or other beverages containing caffeine need
not be interdicted in hypertensive patients.
Renal Function. — In sufficient quantities, caffeine produces a very marked increase in the
quantity of urine. Although the increase is more
marked in the fluid component, the percentage of
solid matter decreasing, the total quantity of
solids eliminated in a given time is somewhat
increased. The diuresis is ordinarily accompanied
with a marked dilatation of the renal blood vessels but this increased arterial flow is apparently
not the cause of the diuretic effect, for both
Richards and Cushny showed that even when
the increase in the flow of blood to the kidney
is prevented artificially caffeine will still augment
the urinary output. Using the inulin clearance
technic, Walker et al. (Am. J. Physiol., 1937,
118, 95) showed that the diuretic action was due
to retarded absorption of water by the tubules.
A small portion of the drug appears in the urine
as a dimethyl- or monomethylxanthine. After
large doses some caffeine may be excreted in the
urine unaltered.
Metabolism. — Although it seems well established that caffeine does not exert any direct
action upon nitrogenous metabolism, Horst et al.
(J. Pharmacol., 1936, 58, 294) found that it
increased consumption of oxygen; the basal metabolic rate increases about 10 per cent. About
of the caffeine administered is me80 per cent
tabolized to urea in the body.
Gastric Function. — Grossman. Roth and Ivy
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{Gastroenterology, 1945, 4, 25) demonstrated that
caffeine stimulated production of pepsin and of
free hydrochloric acid in gastric juice and that
it acted in synergy with histamine. Roth and Ivy
{Am. J. Physiol., 1944, 141, 454) further demonstrated that caffeine, administered intramuscularly, stimulated gastric secretion, and called
attention to its role in the pathogenesis of peptic
ulcer, postulating that the vasodilatation produces increased capillary permeability and impaired cell nutrition. The response occurs,
according to these authors {Gastroenterology,
1945, 5, 129), even after hypodermic administration of atropine sulfate, the effect being
probably upon the parietal cells of the gastric
mucosa. Musick et al. {J. A.M. A., 1949, 141, 839)
devised a simplified caffeine fractional test meal
for diagnosis of peptic ulcer, using 500 mg. of
caffeine and sodium benzoate in 200 ml. of distilled water. Over 90 per cent of their ulcer
patients secreted more than 300 mg. of hydrochloric acid during the 90-minute test period.
Therapeutic Action. — Caffeine is used in
clinical therapeutics as a diuretic, circulatory or
respiratory stimulant and in the treatment of
headaches. Its value as a diuretic is lessened by
its tendency to produce wakefulness, and because
of this objection it has largely been displaced
by the closely related drugs, theobromine and
theophylline. It is generally advisable, if using
caffeine freely, not to administer it in the latter
part of the day. Those who are habitual users
of caffeine-containing beverages acquire a tolerance to the diuretic effects (Myers, /. Pharmacol.,
1924, 33, 465) so that they require much larger
doses or may fail to respond altogether to the
drug.
Circulation. — As a circulatory stimulant, caffeine is employed in various forms of heart
failure during the course of a chronic cardiac
condition. Haskell, however, stated {J. A. Ph. A.,
1926, 15, 744) that on the heart poisoned by
alcohol, chloral or morphine its action was
harmful rather than beneficial. Heathcote (/.
Pharmacol., 1920, 16, 327), finding that it actively dilates the coronary vessels, suggested its
use in angina pectoris. Generally speaking, theophylline and theobromine are usually given
preference over caffeine as cardiac remedies.
Respiration. — As a stimulant of the respiration
caffeine is very serviceable, especially when used
with other agents of this class. It is more especially employed in cases of poisoning with depressants such as morphine, chloral or alcohol,
in which it is useful not only because of its direct
action upon the respiratory center but also because itcounteracts, to some degree, the tendency
to sleep.
Headache. — The exact mode of action of caffeine in relieving headache is not clear. Moyer's
demonstration {Am. J. Med. Sc, 1952, 224,
243) that caffeine relieves hypertensive headache
while decreasing cerebral blood flow indicates
that it is due to the cerebral vascular constriction. Horton et al. {Proc. Mayo, 1948, 23, 105)
and Cohen and Criep {New Eng. J. Med., 1949,
241, 896) used a combination of 1 mg. ergotamine tartrate and 100 mg. caffeine with success
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in treating chronic vascular headaches of various
types, including migraine. Meerloo {Am. Pract.,
1952, 3, 605) found the same combination to be
effective in heat exhaustion. Dreisbach and
Pfeiffer (/. Lab. Clin. Med., 1943, 28, 1212)
reported that severe headache was produced by
sudden withdrawal of caffeine. In migrainous subjects this differed in character from the usual
migraine and was relieved by caffeine.
Toxicology. — Although death due to large
doses of caffeine has not been recognized, untoward reactions are not uncommon. Insomnia,
restlessness, excitement, tinnitus, scintillating scotoma, muscular tremor, tachycardia, extrasystoles
and diuresis are the more common manifestations.
The effects on the central nervous system are
readily counteracted by the short-acting barbiturates such as sodium pentobarbital. Some degree
of tolerance and some habituation (psychic dependence) seems to develop with the continued
use of the drug most commonly in the form of a
caffeine beverage such as coffee. An average cup
of coffee contains about 100 mg. of caffeine. S
Dose. — The usual dose is 200 mg. (approximately 3grains), as necessary, with a range of
100 to 500 mg.; the maximum safe dose is 500
mg. and the total dose in 24 hours should not
exceed 2.5 Gm.
Labeling. — "Label Caffeine to indicate whether
it is anhydrous or hydrous. When the quantity of
Caffeine is indicated in the labeling of any preparation of Caffeine, it is in terms of anhydrous
Caffeine." U.S.P.
Storage. — "Preserve hydrous Caffeine in tight
containers. Preserve anhydrous Caffeine in wellclosed containers." U.S.P.
Off. Prep. — Caffeine and Sodium Benzoate,
U.S.P., LP.; Caffeine and Sodium Benzoate Injection, U.S.P.; Caffeine and Sodium Salicylate,
N.F., LP.; Citrated Caffeine; N.F.

CITRATED

CAFFEINE.

N.F.

[Caffeina Citrata]

"Citrated Caffeine is a mixture of caffeine and
citric acid containing, when dried at 80° for 4
hours, not less than 48 per cent and not more
than 52 per cent of anhydrous caffeine
(C8H10N4O2), and not less than 48 per cent
and not more than 52 per cent of anhydrous
citric acid (CeHsCh). The sum of the percentages of anhydrous caffeine and anhydrous citric
acid is not less than 98.5 and not more than
101." N.F.
Caffeine Citrate. Caffeinas Citras; Coffeinum Citricum.
Fr. Cafeine citrate. Ger. Coffeincitrat. Sp. Cafeine citrica;
Cafeina Citratada; Citrato cafeico.

As indicated by the official definition this substance isa mixture, rather than a definite chemical compound, of caffeine and citric acid. The
citric acid materially increases the solubility of
caffeine in water but it also introduces the possibility of incompatibility when citrated caffeine is
combined with alkaline substances.
Description. — "Citrated Caffeine occurs as
a white, odorless powder, having a slightly bitter,

208

Caffeine,

Part I

Citrated

acid taste. Its solutions are acid to litmus paper.
One Gm. of Citrated Caffeine dissolves in 4 ml.
of warm water. On diluting the solution with an
equal volume of water, a portion of the caffeine
gradually separates but redissolves on the further
addition of water." N.F.
Standards and Tests. — Identification. — (1)
The residue resulting when a solution of 20 mg.
of citrated caffeine in 1 ml. of hydrochloric acid
is mixed with 100 mg. of potassium chlorate and
evaporated to dryness in a porcelain dish is colored purple on inverting the dish over a vessel
containing ammonia T.S.; the color disappears
on adding a solution of a fixed alkali. (2) A white
crystalline precipitate of calcium citrate forms
on adding 1 ml. of calcium chloride T.S. to a
solution of 100 mg. of citrated caffeine in 10 ml.
of water, adjusting the pH by the addition of
0.1 N sodium hydroxide to produce a blue color
with bromothymol blue T.S., and boiling the
mixture gently during 3 minutes. (3) A white
precipitate forms on adding 1 ml. of mercuric
sulfate T.S. to 5 ml. of a 1 in 100 solution of
citrated caffeine, heating the mixture to boiling,
and then adding 1 ml. of potassium permanganate
T.S. (4) The residue obtained in the assay for
caffeine, when recrystallized from hot water and
dried at 80° for 4 hours, melts between 235°
and 237.5°. Loss on drying. — Not over 5 per cent
when dried at 80° for 4 hours. Residue on ignition.— Not over 0.1 per cent. Readily carbonizable
substances. — The solution resulting when 250 mg.
of citrated caffeine is heated with 5 ml. of sulfuric acid in a porcelain dish on a water bath
for 15 minutes is not darker than matching
fluid K. Heavy metals. — The limit is 15 parts per
million. N.F.
Assay. — For caffeine. — About 1 Gm. of citrated caffeine, previously dried at 80° for 4
hours, is dissolved in hot water, made alkaline
by the addition of sodium hydroxide T.S., and
the caffeine extracted with chloroform. The
chloroform is evaporated and the residue of caffeine dried at 80° for 4 hours. For citric acid. —
About 400 mg. of citrated caffeine, previously
dried at 80° for 4 hours, is dissolved in water and
the citric acid titrated with 0.1 N sodium hydroxide, using phenolphthalein T.S. as indicator.
Each ml. of 0.1 N sodium hydroxide represents
6.404 mg. of CgHsOt. N.F.
Uses. — Citrated caffeine possesses the physiological and therapeutic properties of caffeine, but
is more likely to disturb the digestive functions.
Usual dose, 300 mg. (approximately 5 grains).
Storage. — Preserve "in tight containers." N.F.

CITRATED

CAFFEINE
N.F.

TABLETS.

[Tabellae Caffeinae Citratae]

"Citrated Caffeine Tablets yield an amount of
anhydrous caffeine (C8H10N4O2) not less than
45 per cent and not more than 55 per cent of
the labeled amount of citrated caffeine." N.F.
Usual Sizes. — 1 and 2 grains (approximately
60 and 120 mg.).

CAFFEINE AND SODIUM
BENZOATE.
U.S.P., LP.
Caffeine with Sodium Benzoate, Caffeine SodioBenzoate, [Caffeina et Sodii Benzoas]

"Caffeine and Sodium Benzoate is a mixture
of caffeine and sodium benzoate which, dried at
80° for 4 hours, contains not less than 47 per cent
and not more than 50 per cent of anhydrous
caffeine (C8H10N4O2); and not less than 50
per cent and not more than 53 per cent of sodium
benzoate (CiHsNaOs). The sum of the percentages of anhydrous caffeine and sodium benzoate
is not less than 98 and not more than 102." The
LP. requires the same proportions of caffeine
and of sodium benzoate, differing only in the
requirement that the assay data are to be calculated with reference to the substance dried
I. P. Coffeinum et Natrii Benzoas. Caffeinae Sodiobenzoas;
at 105°. Caffeinumnatrium Benzoicum; Benzoas Natricus
cum Coffeino. Fr. Cafeine et benzoate sodique. Ger. Koffeinnatriumbenzoat. It. Benzoato di sodio e caffeina. Sp.
Cafeina y Benzoato de Sodio.

Caffeine and sodium benzoate is a mixture of
equal parts of caffeine and sodium benzoate; the
B.P. 1948 indicated that it might be prepared
by mixing equal parts by weight of the components, moistening the mixture with water or
alcohol, and drying.
According to the studies of Chambon et al.
(J. pharm. chinv., 1937, 26, 216) no molecular
combination or definite double salt can exist
between caffeine and sodium benzoate in the
temperature range of 37° to 90°; only mixtures
of the two chemicals are obtained. Below 37°
the notable solubilization of caffeine by benzoate
seems to be due to the formation of several
complexes, such as one molecule of caffeine with
one molecule of sodium benzoate, and one molecule of caffeine with two molecules of benzoate;
Higuchi and Zuck (/. A. Ph. A., 1953, 42, 132)
believe, however, that not more than one benzoate ion is involved in the formation of the
complexes but that there may be more than one
molecule of caffeine involved.
Description. — "Caffeine and Sodium Benzoate occurs as a white, odorless powder and has a
taste. One Gm. of Caffeine and Soslightlydiumbitter
Benzoate dissolves in 1.2 ml. of water, a
portion of the caffeine usually separating on standing. It is soluble in about 30 ml. of alcohol and
U.S.P.
solubleandin chloroform."
is slightly
Standards
Tests. — Identification. — (1)
The residue obtained in the assay for caffeine
responds to identification test (1) under Caffeine and, after recrystallization, melts between
235° and 237.5°. (2) White vapors of caffeine,
and a residue that effervesces with acids and
imparts a yellow color to a non-luminous flame,
result when caffeine and sodium benzoate is
heated. (3) A salmon-colored precipitate forms
on adding a few drops of ferric chloride T.S. to
a 1 in 10 solution of caffeine and sodium benzoate; a white precipitate is produced on adding
diluted hydrochloric acid to another portion of
the same solution. Water. — Not over 3 per cent,
when determined by drying at 80° for 4 hours
or by the Karl Fischer method. Readily carboniz-
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able substances.— A solution of 500 mg. of caffeine and sodium benzoate in 5 ml. of sulfuric
acid has no more color than matching fluid A.
Chlorinated compounds. — The benzoic acid obtained by acidifying a solution of 2 Gm. of caffeine and sodium benzoate, extracting with ether,
and evaporating to dryness meets the requirements of the test for chlorinated compounds
under Benzoic Acid. Heavy metals. — The limit is
20 parts per million. U.S.P.
Assay. — For caffeine. — A sample of 1 Gm. of
caffeine and sodium benzoate, previously dried
at 80° for 4 hours, is dissolved in hot water,
made alkaline toward phenolphthalein T.S. by
the addition of 0.1 N sodium hydroxide, and the
caffeine extracted with chloroform. The chloroform is evaporated, the last traces being expelled
with the aid of alcohol, and the residue of caffeine
is dried at 80° for 2 hours. For sodium benzoate.
— The aqueous solution remaining after the extraction of caffeine in the preceding part is titrated with 0.1 N hydrochloric acid, in the
presence of ether, and using methyl orange T.S.
as indicator. The benzoic acid displaced by the
stronger acid is dissolved by the ether and an
equivalent amount of sodium chloride is formed
in the aqueous layer; when all of the sodium
benzoate has reacted the acid color of methyl
orange appears in the aqueous layer. Each ml.
of 0.1 N hydrochloric acid represents 14.41 mg.
of C7H5Na02. U.S.P.
The LP. assay process for caffeine is practically the same as that of the U.S.P. except that
the residue of caffeine is dried at 100°. The assay
for sodium benzoate is based on extraction of
benzoic acid, after acidification of the solution
remaining from the assay for caffeine, with ether,
followed by titration with 0.1 N sodium hydroxide of the residue remaining after evaporation of the ether.
Incompatibilities. — The addition of acid to
aqueous solutions causes a precipitation of benzoic acid and, sometimes, of caffeine.
Uses. — Caffeine and sodium benzoate has the
physiological effects and therapeutic uses of caffeine. It has the advantage over the alkaloid of
being freely soluble in water, and over citrated
caffeine of being less irritant to the stomach.
Caffeine and sodium benzoate is preferred for
parenteral administration. It is frequently given,
by intravenous injection, in emergencies characterized by respiratory failure.
Holder (J.A.M.A., 1944, 124, 56) recommended intravenous injection of the drug in
500 mg. doses to alleviate post-spinal fluid puncture headache. Adler (J.A.M.A., 1946, 130, 530)
advocated it for the treatment of excited or
comatose alcoholic patients. Drinker (J.A.M.A.,
1945, 128, 655) recommended it as a respiratory
stimulant in cases of electric shock. @
The usual dose is 500 mg. (approximately 7^
grains), by mouth or subcutaneously, as frequently as directed by the physician, with a
range of dose of 200 to 500 mg. ; the maximum
safe dose is 500 mg. and the total dose in 24
hours should rarely exceed 2.5 Gm.
Storage. — Preserve "in well-closed containers." U.S.P.
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CAFFEINE AND SODIUM BENZOATE
U.S.P. (LP.)
INJECTION.
[Injectio Caffeinae et Sodii Benzoatis]

"Caffeine and Sodium Benzoate Injection is a
sterile solution of caffeine and sodium benzoate
in water for injection. It contains an amount of
anhydrous caffeine (C8H10N4O2) equivalent to
not less than 45 per cent and not more than 52
per cent, and an amount of sodium benzoate
(dHoNaCte) equivalent to not less than 47.5
per cent and not more than 55.5 per cent of the
labeled amount of caffeine and sodium benzoate."
U.S.P. The LP. requirements are identical with
those of the U.S.P.; the LP. indicates that sterilization may be effected by heating in an autoclave (30 minutes at 115° to 116°) or by filtration through a bacteria-proof filter.
LP. Injection of Caffeine and Sodium Benzoate; Injectio Coffeini et Natrii Benzoatis.

The U.S.P. requires that the pH of the injection
shall be between 6.5 and 8.5.
Storage. — Preserve "in single-dose containers." U.S.P.
Usual Sizes. — 2 ml. containing 250 and 500
mg. (approximately 4 or 7J^> grains).

CAFFEINE AND SODIUM BENZOATE
TABLETS. N.F.
[Tabellae Caffeinae et Sodii Benzoatis]

"Caffeine and Sodium Benzoate Tablets yield
an amount of anhydrous caffeine (C8H10N4O2)
not less than 43.5 per cent and not more than
53.5 per cent of the labeled amount of caffeine
and sodium benzoate." N.F.
Usual Size. — 5 grains (approximately 300
mg.).
CAFFEINE AND SODIUM
SALICYLATE.
N.F., LP.
[Caffeina et Sodii Salicylas]

"Caffeine and Sodium Salicylate, when dried
at 80° for 4 hours, contains not less than 48
per cent and not more than 52 per cent of
anhydrous caffeine (C8H10N4O2) and not less
than 48 per cent and not more than 52 per cent
of sodium salicylate (CiHsNaOa)." N.F. The LP.
requires not less than 44.0 per cent and not more
than 46.0 per cent of anhydrous caffeine, and not
less than 49.5 per cent and not more than 50.5
per cent of sodium salicylate; the mixture is not
dried prior to assay and the assay results are
calculated to the substance in the state in which
it is weighed.
LP. Coffeinum et Natrii Salicylas. Caffeine with Sodium Salicylate; Caffeine Sodio-salicylate. Caffeina cum
Sodii Salicylate; Caffeinae Sodio-salicylas; Coffeinumnatrium Salicylicum. Fr. Cafeine et salicylate sodique. Ger.
Koffein-natriumsalizylat.

Triturate 500 Gm. of caffeine, previously dried
at 80° for 4 hours, with 500 Gm. of sodium salicylate, and then with sufficient alcohol to produce
a smooth paste. Dry the mixture in air in a moderately warm place, and reduce the dry mass to
powder. N.F.
As with caffeine and sodium benzoate, the addition of sodium salicylate to caffeine increases the
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solubility in water of the latter; 1 Gm. of caffeine and sodium salicylate dissolves in about
2 ml. of water and in about SO ml. of alcohol.
Caffeine forms with salicylate one or more complexes which appear to involve more than one
molecule of caffeine for each salicylate ion
(Higuchi and Zuck, /. A. Ph. A., 1953, 42, 138).
Standards and Tests. — Identification. — (1)
The residue, obtained in the assay for caffeine,
when recrystallized from water and dried at
80° for 4 hours, melts between 235° and 237.5°.
(2) A 1 in 10 solution of caffeine and sodium
salicylate responds to tests for sodium and for
salicylate. Loss on drying. — Not over 3 per cent,
when dried at 80° for 4 hours. N.F.
Assay. — For caffeine. — Caffeine and sodium
salicylate is assayed as directed in the assay for
caffeine under caffeine and sodium benzoate, with
the difference that a 2 Gm. sample of the former
is employed. For sodium salicylate. — The aqueous liquid remaining after the extraction of caffeine is treated with an excess of 0.1 N bromine
and acidified, whereby the salicylic acid is converted to tribromophenol and carbon dioxide; the
excess of bromine is estimated by liberation of
an equivalent amount of iodine which is titrated
with 0.1 N sodium thiosulfate. Each ml. of 0.1 N
bromine represents 2.669 mg. of CrHsNaOa. N.F.
The LP. assays are identical with the assays
specified by that pharmacopeia for Caffeine and
Sodium Benzoate.
Uses. — This preparation has been used like
caffeine and sodium benzoate but it has no advantage over the latter. The usual dose is 200 mg.
(approximately 3 grains).
Storage. — Preserve "in tight containers." N.F.
CALAMINE.
U.S.P., B.P.
[Calamina]

"Calamine is zinc oxide with a small amount
of ferric oxide, and contains, after ignition, not
less than 98 per cent of ZnO." U.S.P. The B.P.
defines Calamine as a basic zinc carbonate suitably colored with ferric oxide.
Prepared Calamine, Artificial Calamine. Lapis Calaminaris. Sp. Calamina.

The term calamine, besides referring to the
two different products recognized by the U.S. P.
and B.P., is sometimes used to designate a
hydrous zinc silicate and also a native form of
zinc carbonate. The latter occurs in masses or
concretions of a dull appearance, or crystallised
in rhombic form. Its color is variable being, in
different specimens, grayish, grayish-yellow,
reddish-yellow, and, when very impure, brown or
brownish-yellow. The purer forms of native zinc
carbonate are almost entirely soluble in dilute
mineral acids and, unless previously calcined,
evolve carbon dioxide. When heated, carbon dioxide is driven off, leaving an impure zinc oxide. The
product of calcination was called by the supplement of the British Pharmacopoeia of 1867 "prepared calamine." Most calamine supplied in the
United States is simply zinc oxide colored with
an iron oxide, such as jeweler's rouge. Calamine
may also be made by rotating a mixture of precipitated zinc carbonate and iron chloride.
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Because of the variable color of calamine the
N.F. formerly recognized Prepared Neocalamine,
which is zinc oxide colored with definite amounts
of red ferric oxide and yellow ferric oxide; this
preparation did not prove to be as popular as
calamine and was deleted.
Description. — "Calamine is a pink, odorless,
and almost tasteless powder. It will pass through
a No. 100 standard mesh sieve. Calamine is
insoluble in water, but is almost completely
soluble in mineral acids." U.S.P.
Standards and Tests. — Identification. — (1)
1 Gm. of calamine is treated with 10 ml. of
diluted hydrochloric acid and filtered: the filtrate
responds to the test for zinc. (2) 1 Gm. of calamine isboiled with 10 ml. of diluted hydrochloric
acid and filtered: the filtrate is colored reddish
on adding ammonium thiocyanate T.S. Loss on
ignition. — Not over 2 per cent. Acid-insoluble
substances. — Any insoluble residue from a solution of 2 Gm. of calamine in 50 ml. of diluted
hydrochloric acid, when washed with water and
dried at 105° for 1 hour, weighs not over 40 mg.
Alkaline substances. — The filtrate separated from
a mixture of 1 Gm. of calamine and 20 ml. of
water which has been digested on a steam bath
for 15 minutes requires not more than 0.2 ml. of
0.1 N sulfuric acid to discharge any color produced with phenolphthalein T.S. Calcium. — To a
solution of 1 Gm. of calamine in 25 ml. of diluted
hydrochloric acid is added sufficient ammonia to
dissolve the zinc hydroxide precipitate. To a
10-ml. portion of this solution 2 ml. of ammonium oxalate T.S. is added: not more than a slight
turbidity should result. Calcium or magnesium. —
To another 10-ml. portion of the ammoniacal
solution from the preceding test is added 2 ml. of
sodium phosphate T.S.: not more than slight
turbidity should result. Arsenic. — The limit is
10 parts per million. Lead. — 1 Gm. of calamine
is dissolved in an acetic acid solution and the
latter filtered: addition of potassium chromate
T.S. to the filtrate produces no turbidity. U.S.P.
Assay. — A sample of 1.5 Gm. of freshly ignited calamine is warmed gently with 50 ml. of
normal sulfuric acid. The mixture is filtered,
the residue washed with hot water, and the filtrate
and washings titrated with 1 N sodium hydroxide,
after adding ammonium chloride to prevent precipitation ofzinc hydroxide, and in the presence
of methyl orange T.S. Each ml. of 1 N sulfuric
acid represents 40.69 mg. of ZnO. US.P. The
B.P. has no assay, as such, but requires that the
residue on ignition to constant weight be not less
than 68.0 per cent and not more than 74.0
perUses.
cent. — Calamine is a mild astringent and
antacid protective powder. Its local action in
the treatment of skin diseases is similar to that
of pure zinc oxide. The particular advantage of
calamine is its property, where this is an important consideration, of imparting a flesh color to
ointments, lotions, and powders. In an effort
to further standardize the color, the N.F. for a
while recognized Prepared Neocalamine, which
was made by mixing 30 Gm. of red ferric oxide
and 40 Gm. of yellow ferric oxide with 930 Gm.
of zinc oxide; prepared neocalamine simulates
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what may be considered a "mildly sun-tanned"
complexion. The preparation did not receive
wide acceptance, and was not admitted to N.F. X.
Storage. — Preserve "in well-closed containers." U.S.P.
CALAMINE

LOTION.

U.S.P.

[Lotio Calaminae]
Sp. Lotion de Calamina.

Dilute 250 ml. of bentonite magma with an
equal volume of calcium hydroxide solution. Mix
80 Gm. each of calamine and zinc oxide intimately
with 20 ml. of glycerin and about 100 ml. of the
dilute magma to form a smooth, uniform paste.
Gradually incorporate the remainder of the diluted
magma and finally add sufficient calcium hydroxide solution to make 1000 ml. Shake well. The
lotion should be thoroughly shaken before dispensing. U.S.P. The B.P. Calamine Lotion, being
a phenolated lotion, is described under Phenolated
Calamine Lotion.
It has become customary to speak of the "calamine lotion problem" for perhaps no other official mixture has been so troublesome to prepare
in a form which meets every one of many criteria
suggested for it— ranging from the requirement
that it be rather easily prepared with facilities
available in every prescription laboratory to that
of complete therapeutic acceptability by the
dermatologist and his patients. Every one of the
recent revisions of the U.S.P. has recognized a
different formula for calamine lotion. The one
currently official is a modification of the U.S.P.
XIII formula. For other formulas of calamine
lotion, recently proposed, see Goldstein (/. A.
Ph. A., Prac. Ed., 1952, 13, 250, 550, and 1953
14, 111); Gable et al. (ibid., 1953, 14, 287)
Marcus and Benton (ibid., 1953, 14, 290)
Celmins et al. (ibid., 1953, 14, 291); Cronk and
Zopf (ibid., 1953, 14, 302).
Uses. — Calamine lotion is widely employed in
the treatment of a variety of dermatoses. Its
chief use is in acute, exuding dermatitis typical
of plant or contact origin, where it exerts a
soothing, drying and protective effect; it is also
beneficial in the treatment of generalized eczemas
and other disseminated eruptions. Its superficial
action has the advantage that when more active
medicaments are incorporated in the lotion,
which medicaments might be dangerous because
of possible systemic effect through absorption,
any undesirable effect is limited by lack of penetration ofthe mixture. By virtue of this calamine
lotion containing ingredients which might be
dangerous in more penetrating vehicles may usually be safely employed for treating generalized
dermatoses. The possibility of toxic effects is
still, however, to be considered, and special caution should be observed when such modified
calamine lotions are applied to large areas, or are
used on babies and children.
Calamine Liniment, long official in the N.F., is
a water-in-oil emulsion containing the same proportion of calamine and zinc oxide represented
in the formula for calamine lotion. The N.F. IX
directed the liniment to be prepared by mixing
80 Gm. each of calamine and zinc oxide with
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500 ml. of olive oil, then gradually adding sufficient calcium hydroxide solution, with constant
agitation, to make 1000 ml.
Calamine lotion is applied topically as required.
Storage — "Preserve "in tight containers."
U.S.P.
PHENOLATED
CALAMINE
LOTION.
U.S.P. (B.P.)
Compound Calamine Lotion, [Lotio Calaminae Phenolata]

Mix 10 ml. of liquefied phenol with 990 ml. of
calamine lotion. Note: Shake Phenolated Calamine Lotion thoroughly before dispensing. U.S.P.
Under the title Calamine Lotion the B.P. recognizes a product prepared from 150 Gm. of calamine, 50 Gm. of zinc oxide, 30 Gm. of bentonite,
5 ml. of liquefied phenol, 50 ml. of glycerin, and
distilled water, a sufficient quantity to make
1000 ml. of lotion.
The most serious disadvantage of the U.S.P.
XIV formula for calamine lotion, the vehicle of
which contained polyethylene glycol 400 and its
monostearate, was its incompatibility with
phenol, which destroyed the "emulsifying" power
of the polyethylene glycol monostearate. The
new U.S.P. formula, on the other hand, is compatible with phenol.
Uses. — Addition of liquefied phenol to calamine lotion imparts to the lotion antipruritic
and local anesthetic effects and, since the time
of contact of the lotion with the area to which
it is applied is likely to be rather long, also antiseptic action. Otherwise this lotion has the same
action, and uses, as calamine lotion.
Storage. — Preserve "in tight containers."
U.S.P.
CALAMINE

OINTMENT.

N.F.

Turner's Cerate, [Unguentum Calaminae]

Melt 40 Gm. of yellow wax with 40 Gm. of
wool fat and 750 Gm. of petrolatum and mix
170 Gm. of calamine thoroughly with the melted
mixture to produce a smooth, homogeneous ointment. N.F.
Uses. — The action and uses of this ointment
are essentially the same as those of zinc oxide
ointment; a possible advantage, in certain cases,
is the pink color.
Storage. — Preserve "in tight containers and
avoid
prolonged exposure to temperatures above
30°." N.F.
CALCIFEROL.

U.S.P., B.P., LP.

Vitamin D2, [Calciferol]

CH3
CH3
I
I
CHCH=CHCH-CH(CH3)2

Calciferol contains, in each gram, not less than
40,000,000 International Units of vitamin D. LP.
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I.P. Calciferolum. Yiosterol. Davitin (Ives-Cameron),
Decaps (Cole), Deltalin (Lilly), Deratol (Brcuer) , Diactol
(Plessner), Doral (Massengill), Drisdol (Winthrop),
D-Vatine (Smith-Dorsey), 'D' Vitamin (.Squibb), Ertron
(Nutrition Research Labs.), Hi-Deratol (Brewer), Infron
Pcdriatic (H'hittier Labs.).

This form of vitamin D is obtained by ultraviolet irradiation of ergosterol. the vitamin being
separated from other irradiation products by
precipitation as calciferyl 3,5-dinitrobenzoate,
which is subsequently hydrolyzed back to calciferol and further purified by recrystallization.
For further information concerning calciferol see
under Synthetic Oleovitamin D. Besides calciferol
the U.S. P. recognizes activated 7-dehydrocholesterol (vitamin Da), which is described in a
separate monograph.
Description. — "Calciferol occurs as white.
odorless crystals. It is affected by air and by
light. Calciferol is insoluble in water. It is soluble
in alcohol, in chloroform, in ether, and in fatty
oils. Calciferol melts between 115° and 118°."
U.S.P.
Standards and Tests. — Identification. — (1)
A bright red color, rapidly changing through
violet and blue to green, is produced when a
solution of 0.5 mg. of calciferol in 5 ml. of
chloroform is shaken vigorously with 0.3 ml. of
acetic anhydride and 0.1 ml. of sulfuric acid.
(2) The dinitrobenzoyl derivative of calciferol
melts between 147° and 149°. Specific rotation. —
Not less than +103° and not more than +106°,
when determined in an alcohol solution containing
150 mg. of calciferol in each 10 ml., the solution
being prepared without delay after opening the
container and the rotation quickly observed.
Absorptivity. — Not less than 445 and not more
than 485. determined in alcohol solution at 265
mn. Ergosterol. — A solution of 20 mg. of calciferol
in 2 ml. of 90 per cent alcohol, mixed with a solution of 20 mg. of digitonin in 2 ml. of 90 per cent
alcohol, shows no precipitate after standing 18
hours. U.S.P.
Assay. — Neither the U.S. P. nor B.P. provides
a method for assay of calciferol. The LP. states
that the vitamin D potency of calciferol is determined by the method required by the law of the
country concerned; a "suitable method"' is. however, described. The method is a biological procedure and consists in comparing the antirachitic
activity of the calciferol with that of the International Standard Preparation of vitamin D
(which is crystalline vitamin D3). employing
rats as the experimental animals if the preparation to be tested is intended for human consumption, and chicks if it is intended for administration
to poultry. Actually two methods are described,
one being a "curative" method in which the
amount of healing in rachitic rats receiving the
preparation being tested is compared with the
amount of healing in rats receiving the standard
being a "prophylactic"'
the other
preparation,
method in which
the percentage
of ash in the
dry extracted bone from rachitic rats receiving
the preparation being tested is compared with
the percentage of ash in the bone of rats receiving the standard preparation.
Uses. — Calciferol is vitamin D2; there is no
vitamin Di since the substance to which this
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designation was originally given proved to be a
mixture of antirachitic substances. Calciferol
possesses the characteristic actions of vitamin D
and may be used wherever this vitamin is indicated. Single massive doses of 50.000 to 600,000
units, by mouth, have been found effective in
preventing or treating rickets (Krestin. Lancet,
1945, 1, 781, and others) but daily administration of smaller doses has been found to be
preferable. The physiologic and therapeutic
properties of the vitamin are discussed under
Synthetic Oleovitamin D.
Is Lupus Vulgaris. — Calciferol is the form
of vitamin D which is most commonly used in
those conditions where large doses are indicated;
such uses may be described as utilizing the
pharmacologic rather than the nutritional action
of the vitamin. Aside from the rare cases of "resistant" rickets in childhood which respond to
doses of vitamin D approaching toxic amounts
(see under Synthetic Oleovitamin D). calciferol
has found wide usage, in doses of 50.000 units
three times daily by mouth, in the treatment of
lupus vulgaris. Reports on the efficacy of such
treatment in this tuberculous infection of the
skin for which no previous therapy had been
effective have been given by Charpy (Ann. de
dermat. syph., 1946, 6, 310) and Dowling and
Thomas (Clin. J., 1946, 75, 180). Regression
and healing, but not cure of the lesions, was observed in the majority of cases under treatment
for 3 to 12 months; a quart of milk daily, an
adequate intake of vitamin A, and alkali for
gastric distress are part of the treatment. The
blood serum calcium level should be observed
and treatment withdrawn if the concentration
exceeds 12 mg. per 100 ml.; the Sulkowitch
reagent test on urine may be used as a means of
estimating hypercalcemic action (see under Calcium). Goldberg and Dexter (Arch. Dermat.
Syph., 1951, 63, 729) reported benefit, usually
during the first 3 weeks of treatment, from use
of the vitamin in some cases of atopic dermatitis,
chronic eczematoid dermatitis, psoriasis and acne
conglobata; cases of lupus erythematosus, granuloma annulare, parapsoriasis and mycosis fungoides showed no response. The potential toxicity
of this treatment when used in a non-fatal condition tempers enthusiasm for its use.
Intracutaneous injection of 100.000 to 600.000
units, in ethyl oleate, directly into the lesions
of lupus vulgaris was found effective in 5 of 9
cases reported by Russell (ibid., 1951. 64, 676 1.
Dissemination of granuloma annulare, however,
in 2 cases was reported by Sawicky and Kanof
(ibid.,
1951.described
64, 58) appearance
and' Parkinof(ibid.,
1952,
65,
610)
a necrotic
tuberculid during calciferol therapy. Cornbleet
(ibid., 1950. 61, 1041) reported that oral use of
calciferol along with intramuscular injection of
1 Gm. of streptomycin daily (in divided doses)
was more effective than either substance used
alone; isoniazid has, however, largely replaced
the older forms of treatment of lupus vulgaris.
It has long been the custom to prescribe moderate daily doses of vitamin D in treating tuberculosis ofboth pulmonary (Fielding and Maloney,
Lancet, 1951, 2, 614) and extrapulmonary (par-
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ticukrly bone and joint, and intestinal) forms;
the custom seems to continue notwithstanding
development of effective chemotherapeutic means
of treatment. The mechanism of action of vitamin D in tuberculosis remains obscure. Provitamin D2 or D3, *. e., the unirradiated steroid
precursor, was found to be without benefit in
lupus vulgaris and acne vulgaris (Cerri, Minerva
Derm., 1952, 27, 53).
In sarcoidosis calciferol gave good results in
15 cases (Lomholt, Acta Dermato-Venereol.,
1950, 30, 334). In tuberculoid leprosy improvement in cutaneous lesions, but no relief in undifferentiated forms and neuritis, was reported
by Floch and Destombes (Presse vied., 1950, 58,
11). Four patients with parapsoriasis improved
rapidly following administration of 50,000 units
of calciferol three times daily (Canizares et al.,
J. Invest. Dermatol, 1951, 16, 121). Benefit
has been reported following use of the vitamin
in acute and chronic pemphigus vulgaris and
vegetans {New Eng. J. Med., 1944, 231, 44).
Other Uses. — Calciferol, as well as dihydrotachysterol, have proved to be effective in the
control of hypoparathyroidism (/. Clin. Inv.,
1938, 17, 431); calciferol has many advantages
over parathyroid extract for this condition. Large
doses have been reported to prevent the "thyroid
crisis" syndrome in patients with hyperthyroidism
(Surg. Gynec. Obst., 1945, 81, 234). Snyder
et al. (Ind. Med., 1942, 11, 295) reported obtaining good results with it in patients with
rheumatoid arthritis who had failed to respond
to other forms of therapy, but Freyberg
(J.A.M.A., 1942, 119, 1165) and others have
deplored the overenthusiastic advertising of this
form of therapy, to which only a small percentage
of patients respond. Rapid improvement of patients with acute rheumatic fever followed
intramuscular injection of 15 mg. of calciferol,
followed by 7 mg. two days later (Rev. din.
espan., 1944, 12, 325). Alleviation of the untoward effects of dimercaprol therapy by administration of vitamin D, with high dosage of
calcium, has also been reported, [v]
Toxicology. — Large doses of vitamin D have
caused the hypervitaminosis D syndrome
(Abrams and Bauer, J.A.M.A., 1938, 111, 1632).
Reynolds (J. -Lancet, 1942, 62, 372) stated that
doses up to 10 mg. (400,000 units) of calciferol
have been administered daily without inducing
metastatic calcification, hypercalcemia, and other
toxic manifestations. Calcification of soft
tissues, osteoporosis, and periosteal thickening
were roentgen findings described by Swoboda
(Fortschr. Roentgenstrahlen u. Praxis, 1952, 77,
525) in cases of hypervitaminosis D. In consequence of the use of large doses of calciferol in
treating tuberculosis of the skin, reports of
hypercalcemic toxemia have been numerous. The
impression that large doses of vitamin A, in fish
liver oil, minimize the intoxication is widespread
(Teulon et al., Compt. rend. soc. biol., 1951, 145,
542). By favoring calcium deposition in osteoid
tissue of bone, therapy with estrogens is worthy
of trial in cases of poisoning (Chaplin et al., Am.
J. Med. Sc, 1951, 221, 369).
Vitamin D Unit.— Formerly, crystalline cal-
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ciferol (vitamin D2) was the standard for evaluating vitamin D activity, 1 mg. of calciferol
representing 40,000 units (of antirachitic activity). In 1949 the World Health Organization
of the United Nations adopted crystalline activated 7-dehydrocholesterol (vitamin D3) as the
international standard for vitamin D, 1 mg. representing 40,000 international units (of antirachitic activity). In harmony with this action
the U.S. P. adopted as its Vitamin D Reference
Standard a solution of crystalline vitamin D3
in cottonseed oil, containing 10 micrograms of
vitamin D3 per gram of solution, and representing 400 U.S. P. units per gram (since
the U.S. P. unit is identical with the international unit). While there is some question that
1 milligram of vitamin D2 is equivalent to 1
milligram of vitamin D3 in antirachitic effect
on humans, equivalence of the two substances is
commonly assumed. In rats also the two substances appear to have the same potency, but
in chicks vitamin D3 is 30 to 35 times more
effective than the same weight of vitamin D2.
Dose. — The usual dose of calciferol for prevention of rickets in an infant is 10 micrograms
(400 units) daily by mouth; the curative dose
in infancy is 30 to 37.5 micrograms (1200 to
1500 units) orally daily. In hypocalcemic tetany
up to 5 milligrams (200,000 units) is used. See
also above for other doses, as well as under
Synthetic Oleovitamin D.
Storage. — Preserve "in hermetically sealed
containers under nitrogen, in a cool place and
protected from light." U.S.P.
SOLUTION OF CALCIFEROL.
B.P.
Solution of Vitamin D2, Liquor Calciferolis

The solution is required to contain in each
gram 3000 units of antirachitic activity (vitamin
D). It is prepared by warming to 40° a 1 per cent
suspension of calciferol in a suitable vegetable
oil, such as arachis oil, carbon dioxide being bubbled through the mixture to facilitate solution;
when the calciferol has dissolved sufficient oil is
added to make the solution of required strength.
It is assayed by the B.P. biological method for
vitamin D.
For uses of the solution see Calciferol, also
Synthetic Oleovitamin D.
The official daily doses, for infants and adults,
are: prophylactic, 0.3 to 1.2 ml. (approximately
1000 to 4000 units); therapeutic, 1.5 to 15 ml.
(approximately
5000 to 50,000 units).
Storage. — Preserve in a well-filled, wellclosed container, protected from light, and stored
in a cool place. B.P.
TABLETS

OF

CALCIFEROL.

B.P.

Strong Tablets of Calciferol, Tablets of Vitamin D2

The tablets are required to contain not less
than 90.0 per cent and not more than 110.0
per cent of the prescribed or stated number of
units of antirachitic activity (vitamin D).
CALCIUM.
Ca (40.08)

Calcium is a very abundant element in nature,
existing in the mineral kingdom largely as a car-
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bonate, in the form of limestone, marble and
chalk; as a sulfate in gypsum and selenite; as a
phosphate and carbonate in the bones and shells
of animals; as a fluoride in fluorspar; and as a
constituent of many silicates.
The element was first isolated by Davy, in
1808, by electrolysis. Until the beginning of
World War II all of the calcium metal used in
the United States was manufactured in France
by electrolysis of fused calcium chloride. Plants
utilizing the electrolytic process are now in operation in this country. The roughly cylindrical
"carrots" of calcium produced in the electrolysis
of calcium chloride contain about 85 per cent
of the metal because of the necessity of maintaining a protective layer of chloride to prevent
burning of the element. Purification of the metal
may be effected by melting and casting the carrots
in an atmosphere of argon; after separation of
the chloride the metal is 95 to 97 per cent pure.
Further purification may be effected by distilling
the metal under a high vacuum. More recently it
has been found that calcium metal can be produced economically by thermal reduction of
calcium oxide under high vacuum; the reducing
agent found most satisfactory is aluminum
powder {Chem. Met. Eng., 1945, 52, 94). In
this process the calcium metal is vaporized in
the hot section of the reaction retort and passes
to the cold end by diffusion, where it is condensed
to solid. When pure, calcium is a silvery-white
metal, ductile and malleable; it has a density of
1.54 and a melting point of 810°. The metal is
employed as an alloying element, as a deoxidant
and scavenger, and as a reducing agent in metallurgical processes.
Metabolism and Uses. — It is obviously impossible at this place to consider in any detail
the calcium metabolism of the body, an understanding of which is essential for the comprehension of calcium therapy. A comprehensive
discussion of this subject is given by Snapper, in
Clinical Nutrition, edited by Jolliffe, Tisdall and
Cannon, 1950. The studies of Albright and Reifenstein {The Parathyroid Glands and Metabolic
Bone Disease: Selected Studies, 1948) should be
consulted by the interested reader. The studies of
Deitrick, Shorr and Whedon (see Whedon, Med.
Clin. North America, 1951, 35, 545) on the
effect of immobilization on the metabolism of
many substances, including calcium, in the normal, healthy human provide much valuable information (see also studies with radiocalcium in the
rat, by Harrison and Harrison, /. Biol. Chem.,
1951, 188, 83).
Distribution. — Calcium is an important element of the body. It comprises almost twothirds of the dry weight of bone in which it is
present in combination with carbonate and phosphate, possibly structurally related to tricalcium
phosphate (Hendricks and Hill, Science, 1942,
96, 255). Frondel and Prien {Science, 1946, 103,
326) found carbonate-apatite to be the principal
inorganic constituent in certain pathological calcifications. The skeleton and teeth contain about
99 per cent of the calcium of the body, the rest
being found in the extracellular fluids ; only traces
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exist in the cells. Calcium is essential for normal
function of the heart and neuromuscular tissues
and for coagulation of the blood; it is also important in the acid-base equilibrium of the
tissues, proper proportions of sodium, potassium
and calcium being necessary. Bones serve the
mechanical function of support for soft tissues
and also as a mobilizable source of calcium. In
fact, bone calcium is not in a static state; from
fetal life until senility the osteoblasts are continuously forming new bone matrix — osteoid tissue —
for calcification and the osteoclasts, with varying
rapidity, are dissolving bone. In the blood serum
of the adult, calcium is found in a concentration
of 9 to 11.5 mg. per 100 ml. or about 5 milliequivalents per liter. About half of this calcium
is attached loosely to serum proteins and is
unionized. For clinical purposes, serum protein
must be determined in order to evaluate a serum
calcium level. The remainder is present in solution in the form of soluble complex ions and
other unknown ionized forms; this portion is
affected by the hormone produced by the parathyroid glands. In cerebrospinal fluid there is
about 5 mg. of calcium per 100 ml., in ionized
form. The concentration of calcium in the spinal
fluid therefore indicates the amount of ionized
calcium in the blood. Acidosis increases the
proportion of ionized calcium. The concentration
of serum calcium is affected by the amount of
phosphate ion present — normally 3 to 4 mg. per
100 ml. of blood in the adult — in accordance
with the common ion effect, i.e., an increase in
phosphate is associated with a decrease in calcium, and vice versa. The product of concentrations of calcium and phosphate ions approaches
closely the solubility product of a calcium phosphate salt. This would seem to facilitate the
deposit in osteoid tissue, under the influence of
the alkaline phosphatase enzyme in the osteoblast, without a tendency to deposit in the soft
tissues of the body.
Absorption-Excretion. — Calcium is absorbed
tract. In the alkaupperofgastrointestinal
the medium
from line
the lower intestinal tract, it is
precipitated as insoluble phosphate, carbonate,
soaps, etc. Solubility and absorption are favored
by acid reaction of the chyme. After the ingestion
of 5 Gm. of calcium lactate, the serum calcium
level increases by about 1 mg. per 100 ml. within
2 to 4 hours, the increase persisting for about 12
hours. The absorption of calcium is decreased by
achlorhydria gastrica, chronic diarrhea, deficiency
of vitamin D, alkali therapy, high phosphorus diet
and in sprue and other conditions with increased
amounts of fatty acids in the feces. In normal
humans, calcium is excreted into the urine in
amounts representing about 25 to 35 per cent of
the calcium intake and the feces contain from
65 to 75 per cent of the ingested calcium; a part
of this represents unabsorbed calcium but some
of it has been excreted into the lower intestine
from the blood stream. The Sulkowitch reagent
{J.A.M.A., 1939, 112, 2592), consisting of 2.5
Gm. of oxalic acid, 2.5 Gm. of ammonium oxalate, 5 ml. of glacial acetic acid, and distilled
water to make 150 ml., provides a simple and
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roughly quantitative estimate of the amount of
urinary calcium. Equal volumes of this reagent
and urine of an acid reaction are mixed and allowed to stand quietly for 2 minutes. A heavy
white precipitate indicates an abnormal amount
of calcium in the urine and, probably, a high
serum calcium level, provided the patient has not
ingested calcium salts or high-calcium foods, such
as milk, within the previous 12 hours. Normally
only a faint precipitate forms in the test. The
absence of any precipitate indicates decreased
urinary calcium excretion and hypocalcemia.
Nutritional Requirement. — Sherman (/.
Biol. Chem., 1920, 44, 21) estimated the daily
adult requirement of calcium as 450 mg.; criticism of this estimate has arisen (Cathcart, Lancet,
1940, 1, 533, 586; McGowan, Brit. M. J., 1941,
1, 421) and the optional daily intake is perhaps
greater. It is agreed, however, that the requirement isgreater during growth, pregnancy and lactation. The recommended daily dietary allowances by the Food and Nutrition Board, National
Research Council, U.S.A., revised in 1953, for
calcium are: For an adult male or female, age
25 to 65 years, 0.8 Gm. ; in the third trimester
of pregnancy, 1.5 Gm.; during lactation, 2 Gm.;
for an infant of 1 to 3 months, 0.6 Gm. ; 4 to 9
months, 0.8 Gm.; 10 months through 9 years,
1 Gm.; 10 to 12 years, 1.2 Gm.; 13 to 20 years,
for boys, 1.4 Gm. ; girls, 1.3 Gm. (Shank, J. A.
Dietet. A., 1954, 30, 105). The dietary in the
United States and elsewhere tends to be deficient
in calcium. Milk, containing 1.4 Gm. of calcium
per liter, cheese, green vegetables and egg yolk
are high in calcium but their high phosphorus
content may interfere with its absorption. Calcium salts, such as the lactate or the gluconate,
are often therapeutically more effective; an adequate supply of vitamin D is essential for calcium
absorption.
Hypocalcemia. — A deficiency of ionized calcium in the blood serum results in the syndrome
known as tetany, characterized by irritability
of all the muscles. Carcopedal spasm is the most
characteristic feature; the thumb is drawn into
the cupped palm; the hands are abducted and
the wrists flexed; the fingers are flexed at the
metacarpophalangeal joints but extended at the
interphalangeal joints. The foot is rigidly flexed
and adducted. Laryngeal spasm is recognized
by the "crowing" inspiration and may cause
suffocation. Convulsions, which do not differ in
appearance from other convulsive states, may
occur. Smooth muscle in the iris, bronchi, stomach, intestine, urinary tract, etc., is also affected.
Cardiac arrhythmia may also occur. The uterus
becomes atonic and is relatively insensitive to
oxytocic drugs. In perfusion experiments, insufficient calcium ion leads to arrest of the heart in
diastole, the effect which is produced by an excess
of potassium ion; an excess of calcium induces
systolic arrest of the heart. The site of action of
calcium is the neuromuscular junction rather than
the muscle or nerve. Tetany, latent or manifest,
is observed under many circumstances such as
dietary deficiency of calcium and vitamin D
(rickets in childhood, osteomalacia in adults, espe-
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cially during pregnancy), deficiency of parathyroid function either idiopathic or as the result of
accidental removal of the glands at an operation
such as thyroidectomy, failure of absorption as
in sprue, steatorrhea, etc., excessive intake of
substances which precipitate or form unionized
complexes with calcium such as citrates, oxalates,
phosphates, etc., alkalosis due to hyperventilation,
protracted vomiting or alkali therapy.
Role of Parathyroid Glands. — This is the
important endocrine gland in the metabolism of
calcium and phosphate. The parathyroid hormone
(q.v.) exerts its chief action on the urinary
excretion of phosphate, although it has some
action on resorption of bone. The phosphorus
diuresis results in a decrease in blood serum
phosphate; reciprocal elevation in serum calcium
occurs and results in an increase in urinary calcium excretion. In hypoparathyroidism, the converse develops: there is a decrease in urinary
phosphate, increase in blood serum phosphate,
reciprocal decrease in serum calcium, and decreased urinary calcium. Parathyroid activity
seems to be regulated by the blood serum calcium
concentration; a decrease in serum calcium is
followed by increased parathyroid activity and
vice versa.
Hypercalcemia. — The result of an excess of
ionized calcium in blood serum is usually more
insidious than tetany; weakness, anorexia, loss
of weight, pains in the muscles and joints, constipation, bradycardia, arrhythmia, renal lithiasis
and impaired kidney function are observed. The
high content of calcium blocks the transmission
of the nerve impulse at the synapse. Ventricular
fibrillation has been reported. The effect on the
heart is similar to that of digitalis and fatalities
have occurred when the two drugs have been used
simultaneously. Hyperparathyroidism, either primary or secondary to impaired renal function or
other causes, results in an elevation of the serum
calcium concentration, increased excretion of calcium and demineralization of bone. The weakening
of bone produces a normal stimulus for formation
of osteoid tissue and an increase, in this tissue
and in the circulating blood, of alkaline phosphatase. The increased osteoid tissues results in
fibrocystic changes (osteitis fibrosa cystica, von
Recklinghausen's disease) in the bones. However,
if calcium intake is sufficient to balance the
increased excretion no bone changes appear but
the disease may manifest itself in the form of
renal lithiasis. The parenteral administration of
soluble calcium salts may cause a temporary
increase in blood calcium. Very large doses of
vitamin D and related substances cause hypercalcemia. In hyperthyroidism (see Surg. Gynec.
Obst., 1945, 81, 243), the excretion of calcium
is increased and, if this persists for many months,
demineralization of the skeleton occurs but the
serum calcium is not altered; in hypothyroidism
a diminished calcium excretion is associated with
a skeleton which is more dense than the normal.
Osteoporosis. — In old age, diminished osteoblastic action in forming osteoid tissue, with continued osteoclastic destruction of bone, results
in osteoporosis (Albright, Smith and Richardson,
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J.A.M.A., 1941, 116, 2465). This is a common
situation and spontaneous fractures, especially
of the bodies of the vertebra, are not an infrequent cause of severe pain in old people. The
fundamental defect is a deficiency of osteoid
tissue, which is the protein matrix of bone. Even
in the presence of normal calcium metabolism, a
deficiency in matrix formation results in loss of
bone and a loss of calcium from the body.
Mechanical stresses and strains of ambulation
and work provide the normal stimulus for the
formation of of osteoid tissue. Disuse, as in the
paralyzed extremity or in the limb immobolized
in a cast because of a fracture, results in deficient osteoid and loss of bone (Flocks, J.A.M.A.,
1946, 130, 913). The sex steroids are essential
for normal formation of osteoid tissue through
their anabolic effect in protein metabolism. Osteoporosis isa disorder primarily of protein metabolism and only secondarily of calcium and
phosphorous metabolism. Blood serum calcium
and phosphate are normal. The negative nitrogen
metabolism of Cushing's syndrome and during
the prolonged use of large doses of cortisone,
hydrocortisone or corticotropin results in a deficiency of osteoid tissue and osteoporosis. Rickets
in infancy is discussed under Oleovitamin D.
Osteomalacia in adults is often related to a deficiency of vitamin D and the resulting impaired
intestinal absorption of calcium. In this situation osteoid tissue is formed but the deficiency
in calcium and phosphate results in failure to
calcify.
Therapeutic Uses. — The therapeutic uses of
calcium are numerous. Its most frequent use is
as an antacid in the management of gastric hyperacidity in peptic ulcer and other conditions
(see Calcium Carbonate and Dibasic Calcium
Phosphate) . Its most specific use is in the control
of tetany due to hypocalcemia (see Calcium
Gluconate) . In rickets or osteomalacia, vitamin D
is the most important remedy; calcium is only
an adjunct. Calcium gluconate finds some use
as an antispasmodic in instances of biliary, renal
or intestinal colic. In disturbances of calcium
metabolism with latent tetany or serious demineralization of the skeleton, calcium lactate
or gluconate is employed along with vitamin D
and other substances to increase absorption and
storage of calcium. The chloride has been used
at times in conditions of alkalosis and to acidify
the urine and even as a diuretic, but it is not as
well tolerated as ammonium chloride or ammonium nitrate. Soluble calcium salts are widely
employed with the hope of correcting abnormally increased capillary permeability as in
urticaria, dermatitis herpetiformis and other
conditions (see Calcium Chloride). Another use
is as an antidote for a variety of poisons such as
the arsphenamines, fluorides, oxalates, ergot,
carbon tetrachloride, etc. (see Calcium Gluconate). It is also in frequent use in purpura and
other hemorrhagic states based on the fact that
calcium ion is essential in the process of blood
coagulation. However, tetany would be incompatible with life long before a sufficient lack of
blood calcium was reached to interfere with coagulation, s
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AMINOSALICYLATE.
U.S.P.

Calcium Para-aminosalicylate

[C«H3(/>-NH2) (o-OH)COO]2Ca
"Calcium Aminosalicylate contains one-half
molecule or three molecules of water of hydration. It contains not less than 98 per cent of
Ci4Hi2CaN20e, calculated on the anhydrous
basis." U.S.P.
"Caution. — Prepare solutions of Calcium
Aminosalicylate within 24 hours of administration. Under no circumstances use a solution if its
color is darker than that of a freshly prepared
solution." U.S.P.
This salt is obtained by interaction of aminosalicylic acid and calcium carbonate.
Description. — "Calcium Aminosalicylate occurs as white to cream-colored crystals or powder. It is odorless and has an alkaline, slightly
bitter-sweet taste. It is somewhat hygroscopic. Its
solutions decompose slowly and darken in color.
One Gm. of Calcium Aminosalicylate dissolves in
about 7 ml. of water; it is slightly soluble in
alcohol." U.S.P.
Standards and Tests. — Identification. — The
acid liberated from the calcium salt responds to
identification tests under Aminosalicylic Acid,
while the filtrate from the acid responds to tests
for calcium. Water. — The hemihydrate contains
not less than 2.5 per cent and not more than 3.5
per cent of water; the corresponding limits for
the trihydrate are 12.5 per cent and 14.5 per
cent. Clarity of solution. — A solution of 1 Gm.
of calcium aminosalicylate in 50 ml. of water
shows no more turbidity than is produced by 0.05
ml. of 0.02 N hydrochloric acid and 1 ml. of
silver nitrate T.S. in a mixture of 48 ml. of water
and 1 ml. of nitric acid. Chloride. — The limit is
420 parts per million. Heavy metals. — The limit is
30 parts per million. Hydrogen sulfide and sulfur
dioxide. — Lead acetate paper is not discolored
when held over an acid mixture containing calcium aminosalicylate, m- Amino phenol. — Not over
0.2 per cent. Free aminosalicylic acid. — An ether
extract of the salt does not yield a residue which
shows more than a pale violet color with ferric
chloride T.S. U.S.P.
Assay. — The assay explained under Aminosalicylic Acid is used. Each ml. of 0.1 M sodium
nitrite represents 17.22 mg. of Ci4Hi2CaN20e.
U.S.P.
Uses. — This salt is used in the treatment of
tuberculosis (see Aminosalicylic Acid). Patients
who cannot tolerate sodium aminosalicylate or
aminosalicylic acid in the doses required to be
effective are often able to take the calcium salt
without discomfort. It is also indicated where
sodium restriction is simultaneously desired in
the therapeutic program. Calcium aminosalicylate
is available in granules (Pasara Calcium Granulate, Smith-Dorsey) coated with a sialoresistant
substance; these granules contain 85 per cent of
the calcium salt and are equivalent to 75 per cent
of the free acid. Calcium aminosalicylate is commonly used in combination with streptomycin, the
latter given in a dose of about 1 Gm. twice
weekly intramuscularly.
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The usual dose of calcium aminosalicylate is
3 Gm. (approximately 45 grains), four times daily
by mouth, with a range of 2 to 4 Gm. The maximum safe dose is 4 Gm., and the total dose in 24
hours should not exceed 16 Gm.
Labeling. — "Label Calcium Aminosalicylate
to indicate whether it is the hemihydrate or the
trihydrate." U.S.P.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.

CALCIUM AMINOSALICYLATE
TABLETS. U.S.P.
"Calcium Aminosalicylate Tablets contain not
less than 95 per cent and not more than 105 per
cent of the labeled amount of Ci4Hi2CaN206."
U.S.P.
Usual Size. — 500 mg.
CALCIUM

BROMIDE.

N.F.

[Calcii Bromidum]

"Calcium Bromide is a hydrated salt, containing not less than 84 per cent and not more than
94 per cent of CaBr2." N.F.
Calcium Bromatum; Calcium Bromuretum. Fr. Bromure
de calcium
officinal. Ger. Calciumbromid;
Bromcalcium.

Calcium bromide may be made by the interaction of hydrobromic acid and calcium carbonate. Another process consists in heating a
mixture of ammonium bromide and milk of lime
until the odor of ammonia is no longer apparent,
followed by filtration and crystallization.
Description. — "Calcium Bromide occurs as a
white, granular salt, having no odor. It is very
deliquescent. An aqueous solution of Calcium
Bromide is neutral or alkaline to litmus paper.
One Gm. of Calcium Bromide dissolves in about
0.7 ml. of water and in about 1.3 ml. of alcohol.
One Gm. of Calcium Bromide dissolves in about
0.4 ml. of boiling water. It is insoluble in chloroform and in ether." N.F.
Standards and Tests. — Identification. — A 1
in 20 solution of calcium bromide responds to
tests for calcium and for bromide. Chloride. —
The limit is 1.4 per cent. In the test 100 mg.
of calcium bromide is dissolved in water, precipitated with silver nitrate T.S., the precipitate
washed and digested with ammonium carbonate
T.S., which dissolves the silver chloride but not
the silver bromide, and filtered. A one-fourth
aliquot of the filtrate is acidified with nitric acid
to precipitate any silver chloride present; the resulting turbidity, if any, should not exceed that
produced by 0.5 ml. of 0.02 N hydrochloric acid
treated with silver nitrate T.S. in the same dilution. Br ornate. — No blue or violet color is produced within 10 minutes after adding 2 drops of
potassium iodide T.S., 1 ml. of starch T.S., and
5 drops of 1 N sulfuric acid to a solution of 1 Gm.
of calcium bromide in 10 ml. of recently boiled
and cooled water. Iodide. — No violet tint develops in the chloroform layer on adding a few
drops of ferric chloride T.S. and 1 ml. of chloroform to 10 ml. of a 1 in 20 solution of calcium
bromide. Sulfate. — No turbidity is produced immediately when 1 ml. of barium chloride T.S. is
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added to 5 ml. of a 1 in 20 solution of calcium
bromide acidulated with 1 drop of hydrochloric
acid. Barium. — No turbidity is produced in 5
minutes when 5 drops of potassium dichromate
T.S. is added to a boiled and cooled solution of
1 Gm. of calcium bromide, 1 Gm. of sodium acetate, and 3 to 5 drops of diluted acetic acid in
5 ml. of distilled water. Heavy metals. — The limit
is 10 parts per million. Iron. — No blue color is
produced immediately when several drops of potassium ferrocyanide T.S. is added to 20 ml. of a
1 in 200 solution of calcium bromide. Magnesium
and alkali salts. — 1 Gm. of calcium bromide is
treated with ammonium oxalate T.S. to precipitate calcium; after filtering off the precipitate
one-half of the filtrate is evaporated, in the presence of 0.5 ml. of sulfuric acid, to dryness and
the residue ignited to constant weight. The weight
of the residue should not exceed 4 mg. N.F.
Assay. — About 400 mg. of calcium bromide
is dissolved in water and the calcium precipitated
as oxalate by adding ammonium oxalate T.S.
and making alkaline with ammonia T.S. The
precipitate of calcium oxalate is filtered off,
washed, and treated with dilute sulfuric acid to
liberate an equivalent amount of oxalic acid
which is titrated with 0.1 N potassium permanganate. Each ml. of 0.1 N potassium permanganate
represents 9.996 mg. of CaBr2. N.F.
Incompatibilities. — Insoluble calcium salts
are formed with citrates, carbonates, phosphates,
sulfates and tartrates. Oxidizing agents may
liberate bromine.
Uses. — Calcium bromide is used like the other
bromides (see Sodium Bromide) for the relief
of convulsive disorders. It has been used in
asthma. If calcium salts have anticonvulsant
properties (see under Calcium) then the combination in calcium bromide is a rational one, but
for chronic use the calcium may be objectionable.
Dose, 1 Gm. (approximately 15 grains) with
water after meals.
Storage. — Preserve "in tight containers holding not more than 120 Gm." N.F.
Off. Prep. — Five Bromides Elixir; Bromides
Syrup, N.F.
PRECIPITATED
CALCIUM
CARBONATE.
U.S.P. (B.P.)
Precipitated Chalk, [Calcii Carbonas Praecipitatus]

"Precipitated Calcium Carbonate, when dried
at 200° for 4 hours, contains calcium equivalent
to not less than 98 per cent of CaC03." U.S.P.
The B.P. requires not less than 98.5 per cent
CaC03, calculated with reference to the substance dried at 105°.
B.P. Calcium Carbonate; Calcii Carbonas. Precipitated
Carbonate of Lime, Calcium Carbonicum Praecipitatum;
Creta Prscipitata; Calcaria Carbonica Praecipitata. Fr.
Carbonate de calcium; Carbonate de chaux precipite;
Carbonate de chaux prepare. Ger. Gefalltse Kalziumkarbonat; Kalziumkarbonat. It. Carbonato di calcio precipitato. Sp. Carbonato de calcio; Carbonato de Calcio
Precipitado.

Precipitated calcium carbonate may be prepared by the reaction of a soluble calcium salt
and a soluble carbonate; generally calcium chloride and sodium carbonate are employed. If the
precipitation takes place at ordinary tempera-
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tures the calcium carbonate forms as exceedingly small crystals belonging to the hexagonal
system, of which the naturally occurring calcite
is an example. If precipitation is effected from
hot dilute solutions the crystals are of the
rhombic system, similar to the naturally occurring calcium carbonate mineral known as
aragonite. The latter crystals slowly change to
the calcite form. The solubility in water of the
aragonite variety is greater than that of the calcite form. Other physical properties, such as
density of the crystals, also vary.
Description. — "Precipitated Calcium Carbonate is a fine, white, microcrystalline powder,
without odor or taste. It is stable in air. Precipitated Calcium Carbonate is practically insoluble in water. Its solubility in water is increased
by the presence of any ammonium salt and by
the presence of carbon dioxide. The presence of
any alkali hydroxide reduces its solubility. It is
insoluble in alcohol. It dissolves with effervescence in diluted acetic, in diluted hydrochloric,
and in diluted nitric acids." U.S.P.
Standards and Tests. — Identification. — Precipitated calcium carbonate dissolves in acetic
acid with effervescence, and the resulting solution, after boiling to expel carbon dioxide and
neutralizing with ammonia T.S., responds to tests
for calcium. Loss on drying. — Not over 2 per
cent, when dried for 4 hours at 200°. Acid-insoluble substances. — 5 Gm. of precipitated calcium
carbonate, dissolved with hydrochloric acid,
yields not more than 10 mg. of residue. Barium.
— No green color is observed when a platinum
wire, dipped in the filtrate remaining from the
preceding test, is held in a non-luminous flame.
Heavy metals. — The limit is 30 parts per million.
Magnesium and alkali salts. — When 1 Gm. of
precipitated calcium carbonate is dissolved with
the aid of diluted hydrochloric acid and tested as
described under the corresponding test for calcium bromide, not more than 5 mg. of residue
is obtained. U.S.P.
The B.P. provides a limit test for aluminum,
iron, phosphate and matter insoluble in hydrochloric acid; limit tests are also established for
soluble alkali, chlorides, sulfates, iron, arsenic,
and lead. The official substance should lose not
more than 1.0 per cent of its weight when dried
at 105°.
Assay. — About 1 Gm. of precipitated calcium
carbonate, previously dried for 4 hours at 200°,
is dissolved with the aid of diluted hydrochloric
acid and a one-fourth aliquot portion of the solution is analyzed according to the reactions
summarized under the assay for Calcium Bromide.
Each ml. of 0.1 N potassium permanganate
represents 5.005 mg. of CaC03. U.S.P.
In the B.P. assay the sample is dissolved in
an excess of 1 N hydrochloric acid and titrated
with 1 N sodium hydroxide using methyl orange
as indicator.
Uses. — Calcium carbonate is one of the best
antacids in the management of peptic ulcer and
other conditions with gastric hyperacidity. One
gram will neutralize about 200 ml. of 0.1 TV hydrochloric acid. In doses of 2 to 4 Gm. every hour,
together with milk and cream every hour and

1 mg. of atropine sulfate two to four times daily,
Kirsner et al. (Ann. Int. Med., 1951, 35, 785)
reported that the pH of gastric contents in cases
of duodenal ulcer remained between 4 and 5.5
throughout the 24 hours of the day and concluded
that it was the most effective antacid. It does
not impart an alkaline reaction to further stimulate secretion of gastric juice as is the case with
sodium bicarbonate. The calcium chloride formed
in the stomach is largely converted to insoluble
calcium salts in the lower intestine and the chloride may be absorbed. Calcium carbonate does
not cause any significant disturbance in mineral
metabolism (J. Clin. Inv., 1943, 22, 47). It does
not cause systemic alkalosis (Kirsner and Palmer,
Arch. Int. Med., 1943, 71, 415); however, hypochloremia due to vomiting or aspiration of gastric
contents in cases with pyloric obstruction should
be corrected by the administration of sodium
chloride. Peptic activity of gastric juice is inhibited by the decreased acidity produced by calcium
carbonate (Steigmann and Marks, Am. J. Digest.
Dis., 1944, 11, 173). Its constipating action in
large doses may be utilized in the treatment of
diarrhea or corrected in the patient with peptic
ulcer by the coincident administration of magnesium salts in sufficient dosage. A tablet or powder
containing 0.6 Gm. of calcium carbonate and
2 Gm. of sodium bicarbonate is a frequently
employed modification of the "Sippy powders"
in doses as frequent as every hour during the
day for 12 to 16 doses daily. Precipitated calcium
carbonate is the major constituent of N.F.
Dentifrice
frices. E and other powder and paste dentiThe usual dose is 1 Gm. (approximately 15
grains) with water four or more times daily, by
mouth, with a range of 1 to 2 Gm. The maximum
safe dose is usually 4 Gm., and 24 Gm. in 24
hours is seldom exceeded.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Aluminum Subacetate Solution,
U.S.P.; Calcium Carbonate Tablets; N.F.
Dentifrice; Sodium Bicarbonate and Calcium
Carbonate Powder; Sodium Bicarbonate and
Calcium Carbonate Tablets, N.F.

CALCIUM

CARBONATE
N.F.

TABLETS.

[Tabells Calcii Carbonatis]

"Calcium Carbonate Tablets contain not less
than 92.5 per cent and not more than 107.5 per
cent of the labeled amount of CaC03." N.F.
Usual Size. — 10 grains (approximately 0.6
Gm.).
CALCIUM

CHLORIDE.

U.S.P., B.P.

[Calcii Chloridum]

"Calcium Chloride contains an amount of
CaCb equivalent to not less than 99 per cent
and
U.S.P.not more than 107 per cent of CaCl2.2H20."
Under this same title the B.P. recognizes the
anhydrous salt, although it is permitted to contain
up to 10.0 per cent of water. The B.P. states it
may be obtained by reaction between calcium
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carbonate and hydrochloric acid; the neutral
solution so obtained is evaporated, and the proddried at a temperature
not not
above
drieduct material
should contain
less 200°.
than This
98.0
per cent of CaCk>. In a separate monograph the
B.P. provides standards for Hydrated Calcium
Chloride, CaCl2.6H20.
Muriate of Lime; Hydrochlorate of Lime. Calcium
Chloratum Crystallisatum; Calcaria Muriatica; Calcii Chlorurum. Fr. Chlorure de calcium cristallise. Ger. Kristallisiertes Kalziumchlorid; Salzsaures Kalk. It. Cloruro di
calcio. Sp. Cloruro de calcio.

Calcium chloride may be prepared by various
reactions. One of these involves interaction of
calcium carbonate and hydrochloric acid, as when
the latter is saturated with chalk or marble.
Calcium chloride is also obtained as a by-product
in certain industries, notably in the Solvay process
for manufacturing sodium carbonate; in this
process the ammonium chloride in the mother
liquor is treated with lime, which liberates ammonia and produces calcium chloride.
Depending on the temperature and concentration of the solution from which calcium chloride
is crystallized one or another of several hydrates
may be obtained. Hydrates containing 6H2O,
4H2O, 2H2O, and IH2O are claimed to exist,
although different writers are not always in
agreement as to which hydrate is produced. If
any of these is heated strongly, an anhydrous
form of calcium chloride may be prepared.
Description. — "Calcium Chloride occurs as
white, hard, odorless fragments or granules. It is
deliquescent. One Gm. of Calcium Chloride dissolves in 1.2 ml. of water, and in about 10 ml. of
alcohol. One Gm. of it dissolves in 0.7 ml. of
boiling water, and in about 2 ml. of boiling alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 10 solution of calcium chloride responds to
tests for calcium and for chloride. Reaction. — A
solution of 3 Gm. of calcium chloride in 20 ml. of
freshly boiled and cooled water, to which has been
added 2 drops of phenolphthalein T.S., requires
not more than 0.3 ml. of 0.02 N hydrochloric
acid to discharge any pink color or, if colorless,
not more than 0.1 ml. of 0.02 N sodium hydroxide
to produce a pink color. Heavy metals. — The limit
is 20 parts per million. Iron, aluminum, or phosphate.— No turbidity or precipitate results when
a 1 in 20 solution of calcium chloride is alkalinized with ammonia T.S. and heated to boiling.
Magnesium and alkali salts. — When 1 Gm. of calcium chloride is treated as described under the
corresponding test for calcium bromide, not more
than 5 mg. of residue is obtained. U.S.P.
The B.P. sets the limit of arsenic at 4 parts
per million, and that of lead at 20 parts per million; a limit test for sulfates is also provided.
The substance should lose not more than 10
per cent of its weight when dried at 200°.
Assay. — About 200 mg. of calcium chloride
is dissolved in water and analyzed according to
the reactions summarized under the assay for
calcium bromide. Each ml. of 0.1 N potassium
permanganate represents 7.351 mg. of CaCb.2H2O. U.S.P.
Uses. — While calcium chloride has the advan-
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tage of solubility in water and should theoretically be the most rapidly absorbed of all the
salts of calcium, it is locally so irritant that it
cannot be used for intramuscular injection and
when given in full dose by mouth is likely to so
disturb digestion as to hinder its absorption.
Although Wokes (/. Pharmacol., 1931, 43, 531),
from experiments on mice, concluded that it was
the best absorbed of the all the calcium salts,
most clinicians prefer one of the others. Calcium
chloride may be used for any of the purposes
for which the salts of this metal are employed
(see under Calcium). It is a component of
Ringer's solution.
Diuretic Action. — In cases of generalized
edema calcium chloride may be employed as an
acid-producing diuretic (Segal and White, Am. J.
Med. Sc, 1925, 170, 647) ; ammonium chloride or
nitrate is used more frequently for this purpose.
The calcium is excreted into the intestine or deposited in the bones leaving the chloride as an
acidic ion in the body which alters the buffer
systems. As a result, sodium from the extracellular fluid (edema) is passed into the blood
stream and excreted along with water as sodium
chloride by the kidney. The mild acidosis increases the effective osmotic pressure of the
blood and favors the absorption of edema fluid
into the capillaries. A similar depression of
tubular reabsorption in the kidney may also be
a factor in the diuresis. In patients with seriously
impaired renal function, acidifying diuretics are
contraindicated.
Antiallergic Action. — In some way not at
present evident calcium salts diminish the susceptibility ofguinea-pigs to anaphylaxis following injection of foreign protein. Calcium salts
have, therefore, been used clinically and with
apparent good results not only to prevent the
serum disease after injection of antisera (Beeson
and Hoagland, Proc. S. Exp. Biol. Med., 1938,
38, 160) and antitoxins, but also in the treatment
of hay fever, asthma, urticaria, laryngismus stridulus, hemoglobinuria, purpura, and other "allergic" disorders. Experimental studies (Tainter
and Van Deventer, J.A.M.A., 1930, 94, 546)
have failed to substantiate the theory that calcium
decreases permeability of capillaries. However,
calcium is widely employed for this purpose and
the fact that the chloride is more effective than
either the lactate or the gluconate suggests that
acidosis rather than calcium may be the important factor. In fact, Chauchard et al. (Compt.
rend. acad. sc, 1943, 216, 744) reported that
the effect of calcium chloride on the chronaxia
of nerve was due to acidosis rather than the
calcium ion.
Antispasmodic Action. — A single intravenous
injection of 250 mg. is reported to have relieved
tubercular diarrhea (Saxtorph, Ugeskr. f. laeger,
1918, 80, 1763; Fishberg, J. A.M. A., 1919, 72,
1881). In one case reported by Fishberg there was
serious collapse. Intravenous calcium chloride is
the specific antidote for magnesium poisoning.
Renal colic responds to calcium injections {Urol.
Cutan. Rev., 1939, 43, 247).
Intravenous Administration. — Calcium chloride should never be injected hypodermically. Its
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intravenous use requires great caution because
of the danger of serious depression of cardiac
function (see Calcium) and of causing thrombophlebitis ofthe vein. For intravenous injection a
5 per cent solution in sterile distilled water may
be used; the rate of injection should not exceed
1 ml. per minute, the average dose being about
30 ml. The maximum single dose is about 75 ml.
(Clinics, 1944, 2, 1310). Rapid administration
causes a burning sensation in the skin (an indication of circulation time) and a fall in blood
pressure. For cardiac resuscitation, Leeds
(J. A.M. A., 1953, 152, 1409) recommends injection of 2 to 4 ml. of 10 per cent aqueous solution
into the exposed left ventricle at operation (as
reported by Kay and Blalock, Surg. Gynec.
Obst., 1951, 93, 97). This is indicated after
epinephrine has failed in the presence of weak
contractions, regular rhythm and with caution
in the absence of any contractions (asystole). It
is contraindicated by ventricular fibrillation.
Calcium is safer than barium chloride for this
heroic use. El
The B.P. directs that when calcium chloride
(referring to the anhydrous salt of the B.P.) is
prescribed for injection, twice the prescribed
amount of the B.P. hydrated calcium chloride
shall be dispensed.
An electrode paste composed of 100 Gm. of
bentonite, 200 mesh, and 85 ml. of a saturated
solution of calcium chloride has been found very
satisfactory for electroencephalography (Turner
and Roberts, /. Lab. Clin. Med., 1944, 29, 81).
Dose. — The usual oral dose is 1 Gm. (approximately 15 grains) four times daily, with a range
of 1 to 2 Gm. The maximum safe dose is usually
2 Gm. and a total dose of 10 Gm. in 24 hours
should seldom be exceeded (for intravenous use,
see above). It should be given well diluted in
solution after meals to avoid irritating the
stomach.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Ringer's Solution; Lactated
Ringer's Solution, U.S.P.; Calcium Chloride Injection, N.F.
HYDRATED

CALCIUM
B.P. (LP.)

CHLORIDE.

Calcii Chloridum Hydratum

Hydrated calcium chloride is made by neutralizing hydrochloric acid with calcium carbonate
and crystallizing the product. The B.P. and LP.,
which latter recognizes the salt as Crystallized
Calcium Chloride, both require not less than 98.0
per cent and not more than the equivalent of
102.0 per cent of CaCl2.6H20.
Calcium Chloride Crystals; Calcium Chloride Hexahydrate. Calcium Chloruretum Cristallisatum. Fr. Chlorure
de calcium cristallise. Ger. Kristallisiertes Calciumchlorid.
It. Cloruro di calcio cristallizzato.

Hydrated calcium chloride occurs as colorless,
odorless crystals with a slightly bitter taste. It is
soluble in 0.2 part of water, and in 0.5 part of
alcohol. It is very deliquescent. It yields the
characteristic reactions of calcium and of chloride. When heated, it melts and the water

evaporates. The same tests for purity are required as for Calcium Chloride but the arsenic
limit is two parts per million and the lead limit
ten parts per million. The assay process is the
same as that used for calcium chloride except
that the results are calculated to CaCl2.6H20. It
should be kept in a well-closed container. B.P.
The LP. tests and standards are substantially
the same as those of the B.P.
Uses. — This salt has the same therapeutic use
as calcium chloride. It is intended especially for
solutions for intravenous injection. Such solutions
may be sterilized by heating in an autoclave.
The official dose, intravenously, is 0.6 to 2 Gm.
(approximately 10 to 30 grains).
Off. Prep. — Compound Injection of Sodium
Chloride (Ringer's Solution for Injection), B.P.
CALCIUM CHLORIDE
INJECTION.
N.F.
Calcium Chloride Ampuls, [Injectio Calcii Chloridi]

"Calcium Chloride Injection is a sterile solution of calcium chloride in water for injection.
It yields not less than 95 per cent and not more
than 105 per cent of the labeled amount of
CaCl2.2H20." N.F.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Size. — 10-ml. containing 500 mg. and
1 Gm. (approximately 7^2 and 15 grains).
CALCIUM GLUCONATE.
U.S.P., B.P., LP.
[Calcii Gluconas]

[CH2OH(CHOH)4.COO]2Ca
"Calcium Gluconate, dried at 105° for 16 hours,
contains not less than 99 per cent of. C12H22CaOi4." U.S.P. The B.P. requires it to contain
not less than 99.0 per cent, and not more than the
equivalent of 104.0 per cent of Ci2H220i4Ca.H20. The LP. requires not less than 98.0 per cent
of (C6Hu07)2Ca.H20.
Calglucon
(Sandoz).
Glitconato de Calcio.

Fr.

Gluconate

de

calcium.

Sp.

The preparation of calcium gluconate is described under gluconic acid (see in Part II).
Description. — "Calcium Gluconate occurs as
white, crystalline granules or powder without
odor or taste. It is stable in air. Its solutions are
neutral to litmus. One Gm. of Calcium Gluconate
dissolves slowly in about 30 ml. of water, and in
about 5 ml. of boiling water. It is insoluble in
alcohol
U.S.P. and in many other organic solvents."
Standards and Tests. — Identification. — (1)
A 1 in 50 solution of calcium gluconate responds
to tests for calcium. (2) Crystals of gluconic
acid phenylhydrazide form when 1 ml. of freshly
distilled phenylhydrazine is added to 5 ml. of a
warm 1 in 10 solution of calcium gluconate containing 0.7 ml. of glacial acetic acid, the mixture
being heated on a water bath for 30 minutes,
cooled, and the inner surface of the container
scratched with a glass stirring rod. Loss on drying.
— Not more than 4 per cent, when dried at 105°
for 16 hours. Chloride. — The limit is 700 parts
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per million. Sulfate. — The limit is 500 parts per
million. Arsenic. — The limit is 8 parts per million.
Heavy metals. — The limit is 20 parts per million.
Sucrose and reducing sugars. — After precipitating
the calcium from a solution of calcium gluconate,
as calcium carbonate, the filtrate is boiled with
alkaline cupric tartrate T.S.: no red precipitate
should be formed immediately. U.S.P.
As one of the tests for identity the B.P. and
I. P. direct that the melting point of recrystallized
phenylhydrazide of gluconic acid shall melt at
about 201°, with decomposition. The arsenic and
lead limits are 2 and 5 parts per million, respectively.
Assay. — About 500 mg. of calcium gluconate
is assayed for calcium according to the method
described under calcium bromide. Each ml. of
0.1 N potassium permanganate represents 21.52
mg. of Ci2H22CaOi4. U.S.P.
Uses. — Calcium gluconate is used to obtain
the physiological actions of calcium ion (see Calcium), e.g., in tetany, inadvertent parathyroidectomy, and during rapid growth or pregnancy. It
is less irritating to the tissues than either the
chloride or the lactate and, therefore, can be
given in large dose by mouth, or by intravenous
or intramuscular injection. Lieberman {J.A.M.A.,
1931, 97, 15) found it distinctly superior to
calcium lactate for oral administration, being less
likely to cause intestinal disturbance. Beutner
(Anesth. & Analg., 1940, 19, 132) found that
solutions of calcium gluconate, when mixed with
procaine solution, had much less power of preventing procaine convulsions than did other calcium salts.
Therapeutic Uses. — Somewhat analogously to
the ubiquitous role of ascorbic acid, calcium
gluconate has been employed in the treatment
of all manner of disorders. Beneficial effects have
been reported following intravenous, and often
simultaneous oral, administration of calcium gluconate in the following: renal, biliary or intestinal colic {J. A.M. A., 1921, 96, 1216); lead poisoning {Int. Med., 1940, 9, 505); intestinal
tuberculosis (see Calcium Chloride) ; eclampsia
{Brit. M. J., 1930, 2, 42) ; uterine inertia during
labor {Am. J. Obst. Gyn., 1941, 41, 948); as an
adjunct to oxytocins in postpartum hemorrhage
{ibid., 1951, 61, 1087); chills in malaria {Puerto
Rico J. Pub. Health, 1944, 19, 602); muscular
pains and cramps after only moderate exertion
(/. M. A. Alabama, 1945, 14, 165); nocturnal
muscular cramps in the extremities {J. A.M. A.,
1944, 124, 471); the hypocalcemia associated
with acute pancreatitis {Am. J. Med., 1952, 12,
34) ; poisoning following the bite of a black widow
spider {GP, 1951, 4, 34); serum sickness {New
Eng. J. Med., 1936, 214, 148); urticaria, hay
fever, asthma, etc.; transfusion reactions; edema
in the nephrotic syndrome (see Calcium Chloride); edema of congestive heart failure {Lancet,
1940, 2, 545). Calcium gluconate has also been
employed to decrease capillary permeability in
allergic conditions (see Calcium Chloride), in
non-thrombopenic purpura {Clinics, 1944, 2,
1310), in other exudative dermatoses such as
dermatitis herpetiformis, and for the pruritus of
dermatitis medicamentosa. Graham {N. Y. State
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J. Med., 1952, 52, 1667) used a 10 per cent
ointment of calcium gluconate, in a water-soluble
vehicle, in cases of chronic atopic dermatitis.
Pelouze reported symptomatic benefit in gonorrheal epididymitis, arthritis, iritis, etc. Calcium
gluconate is indicated for muscular pains and
weakness associated with ergotamine tartrate
therapy of migraine {Med. Clin. North America,
1938, 22, 689). Prior to our knowledge of the
relation of vitamin K to postoperative bleeding
in patients with obstructive jaundice, intravenous calcium was the customary therapy. Following exchange transfusions in the newborn,
Furman et al. {J. Pediatr., 1951, 38, 45) found
electrocardiographic changes which were corrected by intravenous calcium gluconate. Kramer
et al. {U. S. Armed Forces M. J., 1953, 4, 761)
reported cessation of bleeding following dental
extraction in a patient with atypical hemophilia
after administering calcium gluconate. Crump
and Heiskell {Texas State J. Med., 1952, 48,
11) confirmed the report of Ochsner and Kay of
lessened postoperative incidence of thromboembolism ifcalcium gluconate and alpha-tocopherol
were used preoperatively and during convalescence. Intravenous calcium therapy has both
prophylactic and therapeutic value for poisoning
with carbon tetrachloride (/. Pharmacol., 1932,
45, 209) or chlorophenothane {Science, 1945,
101, 434), and for hepatitis or dermatitis from
use of arsenicals of the type of arsphenamine. It
has also been used in infectious hepatitis. Calcium gluconate or other soluble calcium salt is
the oral antidote for fluoride or oxalic acid poisoning, [v]
Toxicology.— Lamm {J.A.M.A., 1945, 129,
347) reported 3 cases of abscess and sloughing
following intramuscular injection in young infants, and referred to several previous reports of
this nature. In each instance doses of 10 ml. of
the 10 per cent solution had been used. A deposit
of calcium phosphate was identified in the slough
in one instance. Smaller doses, given by the intravenous route, are recommended for infants.
The Food and Drug Administration proposed
{Trade Correspondence, 7 -A, March 12, 1946)
that labels of calcium preparations intended for
parenteral use bear a warning that the article
should not be injected intramuscularly in infants
and young children. Calcium should not be given
parenterally to patients who are receiving digitalis because the effect of hypercalcemia on the
myocardium is similar to that of digitalis, and
fatalities due to ventricular fibrillation have resulted {Lancet, 1940, 2, 452; Arch. Int. Med.,
1939, 64, 322; /. Pharmacol, 1945, 83, 96).
Wall {Am. Heart J., 1939, 18, 229) reported,
however, that use of calcium gluconate in 15
digitalized patients was without untoward effect;
in 2 cases no electrocardiographic changes were
observed during intravenous injection of 2.5 to
5 ml. of 20 per cent calcium gluconate solution.
He suggested that much larger concentrations of
calcium
toxicity. were involved in the reported cases of
Dose. — The usual dose is 5 Gm. (approximately 75 grains) 3 times daily, by mouth, with a
range of 1 to 10 Gm. The maximum safe dose is
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generally 10 Gm., and the total dose in 24 hours
should seldom exceed 30 Gm. For children, 1 to 2
Gm. (approximately 15 to 30 grains) is given
three times a day. Intravenously the usual dose
is 1 Gm., generally given as a 10 per cent solution; for children the intravenous dose is 200
to 500 mg. daily or less often.
Storage. — Preserve "in well-closed containers." U.S.P.
CALCIUM

GLUCONATE INJECTION.
U.S.P. (B.P., LP.)
[Injectio Calcii Gluconatis]

"Calcium Gluconate Injection is a sterile solution of calcium gluconate in water for injection.
It contains not less than 92 per cent and not more
than 102 per cent of the labeled amount of
Ci2H22CaOi4. Calcium D-saccharate, or other
harmless suitable calcium salts, may be added to
Calcium Gluconate Injection as stabilizers. The
amount of added palcium salts, calculated as calcium (Ca), does not exceed 5 per cent of the
calcium (Ca) present as calcium gluconate. To
insure greater stability of the Injection, sufficient
sodium hydroxide may be added to produce a pH
not above 8.2." U.S.P.
B.P., I. P. Injection of Calcium Gluconate. Sp. Inyecci6n de Gluconato de Calcio.

The B.P. requires not less than 0.85 per cent
and not more than 0.94 per cent of Ca in the
injection, of which not less than 95 per cent is
present as calcium gluconate; the remainder is
calcium D-saccharate or other suitable harmless
calcium salt. The solution is directed to be sterilized by heating in an autoclave (maintaining
the temperature at 115° to 116° for 30 minutes).
The LP. permits 2.5 to 5.0 per cent of the total
calcium to be present as the saccharate.
Storage. — Preserve "in single-dose containers, preferably of Type I glass." U.S.P.
Usual Size. — 10 ml. containing 1 Gm. (approximately 15grains).
CALCIUM

GLUCONATE
U.S.P. (LP.)

TABLETS.

[Tabellae Calcii Gluconatis]

"Calcium Gluconate Tablets contain not less
than 92 per cent and not more than 102 per cent
of the labeled amount of Ci2H22CaOi4." U.S.P.
The LP. requires not less than 95 per cent and
not more than 105 per cent of (CeHiiCh^CaLLO.
LP. Tablets of Calcium Gluconate; Compressi Calcii
Gluconatis.

Usual Sizes. — 0.5 and 1 Gm. (approximately
7 J/2 and 15 grains).
CALCIUM

GLYCEROPHOSPHATE.
N.F.
[Calcii Glycerophosphas]

_ "Calcium
the normal
calcium salt ofGlycerophosphate
glycerophosphoricis acid
and, when
dried at 150° for 4 hours, contains not less
than 98 per cent of C3H7CaP06." N.F.
Calcium

Glycerinophosphate ; Glycerophosphate of Lime;

Calcium Phosphoglycerate. Calcium Glycerinophosphoricum
Fr. Glycerophosphate de calcium officinal ; Glycerophosphate de calcium; Glycerophosphate de chaux. Ger. Glyzerinphosphorsaures Kalzium; Kalziumglyzerophosphat. It.
Glicerofosfato di calcio. Sp. Glicerofosfato de calcio.

Calcium glycerophosphate may be prepared by
neutralization of glycerophosphoric acid with
calcium hydroxide; the acid is obtained by the
interaction of glycerin and phosphoric acid and
represents glycerin in which one of its hydroxy]
groups is esterified with phosphoric acid. Since
two isomers of glycerophosphoric acid exist, i.e.,
the a-form in which the end hydroxyl of glycerin
is esterified and the 3-form in which the middle
hydroxyl is esterified, there are also two calcium
salts, the calcium a-glycerophosphate and the
calcium ^-glycerophosphate. The commercial article appears to be a variable mixture of the two
salts, according to Toal and Phillips (/. Pharm.
Pharmacol., 1949, 1, 869); these investigators
describe a method for preparing the individual
isomers.
Description. — "Calcium Glycerophosphate
occurs as a fine, white, odorless, almost tasteless
powder. It is somewhat hygroscopic. One Gm. of
Calcium Glycerophosphate dissolves in about
50 ml. of water. It is more soluble in water at a
lower temperature, and citric acid increases its
solubility in water. It is insoluble in alcohol."
N.F.
Standards and Tests. — Identification. — (1)
A saturated aqueous solution of calcium glycerophosphate responds to tests for calcium and for
glycerophosphate. (2) White, iridescent scales of
anhydrous calcium glycerophosphate form when
a cold, saturated aqueous solution of calcium
glycerophosphate is boiled. (3) Calcium glycerodecomposes when
170°it
and evolvesphosphate
flammable
vapors;heated
at a above
red heat
is converted into calcium pyrophosphate. (4) A
white, curdy precipitate, soluble in nitric acid,
is produced when lead acetate T.S. is added to a
saturated aqueous solution of calcium glycerophosphate. Alkalinity. — Not more than 1.5 ml.
of 0.1 N sulfuric acid is required to neutralize a
solution of 1 Gm. of calcium glycerophosphate
in 60 ml. of distilled water, using phenolphthalein T.S. as indicator. Loss on drying. — Not over
12 per cent, when dried at 150° for 4 hours.
Alcohol-soluble substances. — Not over 10 mg. of
residue is obtained when 1 Gm. of calcium glycerophosphate is shaken with 25 ml. of dehydrated alcohol, the mixture filtered, and the
filtrate evaporated to dryness and the residue
dried at 60° for 1 hour. Chloride. — The limit is
700 parts per million. Phosphate. — The turbidity
produced by ammonium molybdate T.S. with
10 ml. of a 1 in 10 diluted nitric acid solution of
calcium glycerophosphate is not greater than that
produced by 0.576 mg. of potassium biphosphate
when tested similarly. Sulfate. — The limit is 0.5
per cent. Arsenic. — Calcium glycerophosphate
meets the requirements of the test for arsenic.
Heavy metals. — The limit is 40 parts per million.
N.F.
Assay. — A sample of about 400 mg. of calglycerophosphate,
for 4 cium
hours,
is dissolvedpreviously
in water dried
with at
the 150°
aid
of hydrochloric

acid and

the calcium precipi-
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tated as the oxalate by addition of ammonium
oxalate and ammonia T.S. The calcium oxalate
is collected, washed with hot water, and dried
at 105° for 2 hours. Each Gm. of CaC204.H20
represents 1.436 Gm. of C3H7CaP06. N.F.
Incompatibilities. — The limited solubility of
this compound in water is usually the cause of
compounding difficulties; either citric or lactic
acid may be used to increase its solubility or the
chemical may be suspended by suitable means.
Uses. — Calcium glycerophosphate provides not
only calcium ion which is, of course, therapeutically useful but also glycerophosphate, which
was formerly considered to have therapeutic
utility by virtue of its being a component of
certain body phosphatides, notably of the nervous
system (see Sodium Glycerophosphate, Part I,
and Glycerophosphoric Acid, Part II). While the
glycerophosphate as such probably has no special
value as a medicinal agent, it does provide, by
hydrolysis, more or less phosphate ion which
may be utilized by the body. To a degree then,
calcium glycerophosphate is a water-soluble
source of calcium and phosphate. Though not
employed as extensively as it once was, calcium
glycerophosphate still is used in conditions where
calcium is indicated; formerly it was prescribed
also for a supposed nutrient effect on the central
nervous system. H
Dose, 0.3 to 1.2 Gm. (approximately 5 to 20
grains).
Storage. — Preserve "in tight containers."
N.F.
Off. Prep. — Compound
Elixir, N.F.
CALCIUM

HYDROXIDE.

Slaked Lime,

Glycerophosphates
U.S.P., B.P.

[Calcii Hydroxidum]

"Calcium Hydroxide contains not less than 95
per cent of Ca(OH)2." U.S. P. The B.P. requires
not less than 90.0 per cent of Ca(OH)2.
Calcium Hydrate; Hydrate of Lime. Calcis Hydras;
Calcium Oxydatum Hydricum. Fr. Hydroxyde de calcium;
Chaux hydratee; Chaux delitee; Chaux eteinte. Ger. Kalziumhydroxyd; Kalkhydrat. Sp. Hidrato de Calcio.

Calcium hydroxide is obtained by the action
of water on calcium oxide, the two substances
interacting in equimolecular proportion.
Description. — "Calcium Hydroxide occurs as
a white powder. It has an alkaline, slightly bitter
taste. One Gm. of Calcium Hydroxide dissolves
in 630 ml. of water, and in 1300 ml. of boiling
water. It is soluble in glycerin and in syrup, but
is insoluble in alcohol." U.S.P.
Tests and Standards. — Identification. — (1)
A smooth magma forms when calcium hydroxide
is mixed with 3 to 4 times its weight of water;
the clear, supernatant liquid from the magma is
distinctly alkaline to litmus paper. (2) A solution of 1 Gm. of calcium hydroxide in 20 ml.
of water with sufficient acetic acid to effect solution responds to tests for calcium. Acid-insoluble
substances. — Not over 10 mg. from 2 Gm. of
calcium hydroxide. Carbonate. — Not more than
a slight effervescence occurs on adding an excess
of diluted hydrochloric acid to a mixture of 2 Gm.
of calcium hydroxide and 50 ml. of water. Arsenic.
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— The limit is 5 parts per million. Heavy metals.
— The limit is 40 parts per million. Magnesium. —
When 500 mg. of calcium hydroxide is dissolved
with the aid of hydrochloric acid and treated as
described under the corresponding test for calcium
bromide, not more than 12 mg. of residue is
obtained. U.S.P.
The B.P. includes limit tests for chlorides and
sulfates; the arsenic limit is 4 parts per million,
the lead limit 20 parts per million.
Assay. — A dilute hydrochloric acid solution
representing about 150 mg. of calcium hydroxide
is analyzed according to the reactions summarized
under the assay for calcium bromide. Each ml. of
0.1 iV potassium permanganate represents 3.705
mg. of Ca(OH)2. U.S.P.
The B.P. assay is based on solubilization of the
Ca(OH)2 by a solution of sucrose, in which
calcium carbonate is insoluble, followed by filtration, and titration of an aliquot portion of
the filtrate with 1 N hydrochloric acid.
Uses. — Calcium hydroxide is rarely, if ever,
used as a medicinal agent. It was introduced into
the Pharmacopeia for the purpose of making the
solution, popular under the name of "lime water."
Formerly this solution was made from calcium
oxide, which had to be first hydrated, or slaked,
and the resultant hydroxide dissolved. At present,
however, a relatively pure form of calcium hydroxide is commercially available and may be
more conveniently used for the preparation of
this solution.
The lime soaps formed by reaction of calcium
hydroxide and fixed oils have adhesive properties
which sometimes make them of value as ointment
bases and in certain dermatologic lotions (see
Lime Liniment, under Linseed Oil), [v]
Storage. — Preserve "in tight containers."
U.S.P.
CALCIUM

HYDROXIDE
U.S.P. (B.P.)

SOLUTION.

Lime Water, Liquor Calcis, Liquor Calcii Hydroxidi

"Calcium Hydroxide Solution is a solution
containing, in each 100 ml., at 25°, not less than
140 mg. of Ca(OH)2. The content of calcium
hydroxide varies with the temperature at which
the solution is stored, being about 170 mg. per
100 ml. at 15°, and less at a higher temperature."
U.S.P. The B.P. Solution of Calcium Hydroxide
is required to contain not less than 0.15 per cent
w/v of Ca(OH)2.
B.P. Solution of Calcium Hydroxide. Solution of Lime.
Aqua Calcariae; Solutio Hydroxydi Calcii. Fr. Eau de
chaux; Solute de chaux; Solute d'hydroxyde de calcium.
Ger. Kalkwasser. It. Acqua di calce. Sp. Solucion de
hidroxido
de calcio; Aqua de cal; Solucion de Hidrato de
Calcio.

Calcium hydroxide solution may be prepared
by adding 3 Gm. of calcium hydroxide to 1000 ml.
of cool purified water, and agitating the mixture
vigorously and repeatedly during 1 hour. The
excess of calcium hydroxide is allowed to settle,
and only the clear, supernatant liquid is dispensed.
The undissolved portion is not suitable for preparing more calcium hydroxide solution. U.S.P.
The B.P. prepares Solution of Calcium Hydroxide in a similar manner, but using more than
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three times as much calcium hydroxide as is used
in the U.S.P. This, however, appears to be of
no advantage as water will not dissolve any
more calcium hydroxide in the process and there
is sufficient excess in the U.S.P. formula to
replace any amount which may be precipitated by
carbon dioxide of the air.
The U.S.P. specifies use of cold water in
preparing the solution for the reason that calcium hydroxide is more soluble in cold, than in
hot, water.
The practice of using the undissolved lime
indefinitely, by refilling the bottle with water,
is objectionable, for notwithstanding the apparent
excess of calcium hydroxide it is rapidly converted to carbonate and the resulting lime water
is generally deficient in strength; the U.S.P. forbids using the undissolved residue for making a
new quantity of solution. Lime water requires
some time to attain saturation and thus it cannot
be prepared instantly, as is sometimes attempted.
Exposed to air, k absorbs carbon dioxide, and
becomes covered with a pellicle of insoluble calcium carbonate which, subsiding after a time, is
replaced by another, and so on successively until
all the lime is precipitated.
Description. — "Calcium Hydroxide Solution
is a clear, colorless liquid with an alkaline taste.
It is alkaline to litmus." U.S.P.
Standards and Tests. — Identification. — (1)
Calcium hydroxide solution absorbs carbon dioxide from the air, forming a film of calcium carbonate on the surface of the liquid. (2) On
heating, calcium hydroxide separates and produces a turbidity. (3 ) Calcium hydroxide solution
responds to tests for calcium. Alkalies and their
carbonates. — On saturating calcium hydroxide
solution with carbon dioxide and then boiling it,
the calcium is precipitated as carbonate and the
liquid is no longer alkaline. U.S.P. The B.P. provides arsenic and lead limits of 0.2 and 0.5 part
per million, respectively.
Assay. — A 50-ml. portion of the solution,
measured at 25°, is titrated with 0.1 AT hydrochloric acid, using phenolphthalein T.S. as indicator. Each ml. of 0.1 N hydrochloric acid represents 3.705 mg. of Ca(OH)2. U.S.P.
Uses. — Theoretically, lime water should be a
valuable antacid in the treatment of hyperacidity
of the stomach or of the intestines. It has the
advantages of being relatively non-irritating and
of not liberating carbon dioxide. The amount of
calcium hydroxide present, however, is so small
that practically it is of relatively small service;
one tablespoonful of lime water is equivalent in
neutralizing power to about one grain of sodium
bicarbonate. Some believe, however, that it has
an effect in quieting nausea, beyond that which
can be attributed to its antacid action, and it is
not infrequently ordered in digestive disturbances
of infants. It is also used in infants' feeding formulas to decrease the size of the curds formed
from cow's milk. Externally it is frequently employed in dermatologic formulations, as in the
official calamine lotion. @
Dose, 30 to 120 ml. (approximately 1 to 4
fluid ounces).

Storage. — Preserve "in well-filled, tight containers." U.S.P.
CALCIUM

HYPOPHOSPHITE.

N.F.

[Calcii Hypophosphis]

"Calcium Hypophosphite, when dried at 105°
for 1 hour, contains not less than 98 per cent of
Ca(H2P02>2. Caution should be observed in
compounding Calcium Hypophosphite with other
substances, as an explosion may occur if it is
triturated or heated with nitrates, chlorates, or
other oxidizing agents." N.F.
Hypophosphite of Lime. Calcium Hypophospborosum;
Calcaria Hypophosphorosa. Fr. Hypophosphite de calcium;
Hypophosphite de chaux. Ger. Kalzium-hypophosphit ;
Unterphosphorigsaure
L'nterphosphongsaures
Calcium. It. Ipofosfito diKalkerde;
calcio. Sp.
Hipofosfito de calcio.

Calcium hypophosphite may be prepared from
a mixture of finely divided phosphorus and slaked
lime. These materials are mixed with sufficient
water to make a thin suspension, placed under a
hood, and heated to about 50°. The mixture is
kept at this temperature until hydrogen phosphide
is no longer evolved, showing that the reaction
is complete. Calcium hypophosphite is formed
according to the following reaction:
3Ca(OH)2+2P4+6H20-+3Ca(H2P02)2+2PH3
The reaction mixture is now filtered and any
dissolved calcium hydroxide removed from the
filtrate by passing in carbon dioxide and filtering
out the precipitate of calcium carbonate. Calcium
hypophosphite may be obtained from this filtrate
either by concentration and crystallization or by
precipitation with alcohol.
Description. — "Calcium Hypophosphite occurs as colorless, transparent, monoclinic prisms,
as small, lustrous scales, or as a white, crystalline
powder. It is odorless, and has a nauseous, bitter
taste. One Gm. of Calcium Hypophosphite dissolves slowly in about 6.5 ml. of water. It is
insoluble in alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 solution of calcium hypophosphite responds
to tests for calcium and for hypophosphite.
Acidity. — Not more than 1 ml. of 0.1 N sodium
hydroxide is required to neutralize a solution of
1 Gm. of calcium hypophosphite in 20 ml. of distilled water, using phenolphthalein T.S. as indicator. Loss on drying. — Not over 3 per cent,
when dried at 105° for 1 hour. Water-insoluble
substances. — Not over 5 mg. from 1 Gm. of calcium hypophosphite dissolved in 20 ml. of water.
Phosphorus compounds. — No offensive odor develops when 5 ml. of a 1 in 10 solution of calcium hypophosphite is heated on a water bath
for 30 minutes with 0.5 ml. of diluted hydrochloric acid. Arsenic. — A 5-ml. portion of a
1 in 25 solution of calcium hypophosphite, after
special preliminary treatment, meets the requirements of the test for arsenic. Heavy metals. —
The limit is 20 parts per million. N.F.
Assay. — A one-half aliquot of a sample of
about 120 mg. of calcium hypophosphite, previously driedofat 0.1
105°
one hour,
is treated
an excess
N for
bromine
in acid
solutionwith
to

Part I
oxidize the hypophosphite ion to phosphate. The
excess of bromine is estimated by liberation of
an equivalent amount of iodine, which is titrated
with 0.1 N sodium thiosulfate. Each ml. of 0.1 N
sodium thiosulfate represents 2.126 mg. of
Ca(H2P02)2, this equivalent being based on the
reaction of 4 molecules of bromine with each
molecule of calcium hypophosphite. N.F.
Incompatibilities. — Besides having the incompatibilities ofcalcium salts, calcium hypophosphite possesses the pronounced reducing activity of hypophosphites, which sometimes may
be so vigorous as to result in an explosion (see
caution notice in the official definition).
Uses. — Calcium hypophosphite was at one time
largely used in tuberculosis, neurasthenia, and
other conditions of impaired nutrition. The hypophosphite ion (see Hypophosphorous Acid) is
probably therapeutically inert.
The usual dose is 500 mg. (approximately 8
grains), three times a day.
Storage. — Preserve "in well-closed containers."
N.F.
Off. Prep. — Compound Hypophosphites
Syrup, N.F.
CALCIUM IODOBEHENATE.
N.F.
Calcium Monoiodobehenate, [Calcii Iodobehenas]

"Calcium lodobehenate consists principally of
calcium monoiodobehenate [(C2iH42lCOO)2Ca]
and contains, calculated on the anhydrous basis,
not less than 23.5 per cent of I." N.F.
Sajodia (Winthrop); Calioben. Sp. Yodobehenato de
Calcio.

Behenic acid, CH3(CH2)2oCOOH, is a saturated acid occurring in the glycerides of oil of
ben but this source is not employed for the
preparation of calcium iodobehenate. Instead,
erucic acid, CH3(CH2)7CH=CH(CH2)iiCOOH,
an acid characteristic of glycerides of the fixed
oils from certain seeds, notably the mustards, is
used as the starting compound. When erucic
acid, which differs from behenic in containing a
double bond, is treated with hydriodic acid a
molecule of the latter is added at the double
bond, saturating it and forming monoiodobehenic
acid. The calcium salt of the latter is the official
calcium iodobehenate ; it was introduced in medicine under the trade name sajodin.
Description. — "Calcium Iodobehenate occurs
as a white or yellowish powder, which is unctuous
to the touch. It is odorless or has a slight odor
suggestive of fat. It is affected by light. A mixture
obtained by triturating 1 Gm. of Calcium Iodobehenate with 10 ml. of water is neutral to litmus
paper. Calcium Iodobehenate is insoluble in water,
very slightly soluble in alcohol and in ether, and
freely soluble in warm chloroform." N.F.
Standards and Tests. — Identification. — Calcium iodobehenate decomposes on strong heating,
emitting violet vapors of iodine and white vapors
having the odor of burning fat. A solution of
the ash in diluted hydrochloric acid, boiled to
expel carbon dioxide and neutralized with ammonia T.S., responds to tests for calcium. Loss
on drying. — Not over 2 per cent, when dried at
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105° for 1 hour. Water-soluble substances. — A
mixture of 1 Gm. of calcium iodobehenate with
25 ml. of water is filtered and 10 ml. of filtrate
evaporated
dryness
andnotdried
105°1 mg.
for
1 hour: the to
residue
weighs
more atthan
Carbonate. — Addition of diluted hydrochloric acid
to calcium iodobehenate produces no effervescence. Chloride. — The limit is 350 parts per million. Sulfate. — The limit is 500 parts per million.
Inorganic salts. — 1 Gm. of calcium iodobehenate
dissolves in 10 ml. of warm chloroform with not
more than an opalescence. Magnesium and alkali
salts. — 1 Gm. of calcium iodobehenate is heated
with a dilute hydrochloric acid solution and
the lower aqueous layer is separated from the
fatty acid that is formed; the calcium in the
aqueous solution is precipitated as calcium oxalate, the latter filtered off, and the filtrate evaporated to dryness and the residue ignited: the
residue should not weigh more than 3 mg. N.F.
Assay. — A sample of about 500 mg. of calcium
iodobehenate is heated with anhydrous potassium
carbonate whereby the iodine is converted to
iodide. The latter is extracted with boiling water,
acidified with nitric acid, and potassium permanganate solution added to form just enough iodine
to produce a blue color with starch T.S. The
iodide is now titrated with 0.1 N silver nitrate,
the end point being the discharge of the blue
color due to depletion of iodide ions essential to
the starch-iodide color reaction. Each ml. of 0.1 N
silver nitrate represents 12.69 mg. of iodine.
U.S.P.
Uses. — The action of calcium iodobehenate
depends on the liberation of iodine and therefore
resembles the alkali iodides in its general action.
Being practically insoluble in the gastric juice, it
is not irritating to the stomach. Its absorption is
slower and less complete than that of the inorganic iodides; Broking (Ztschr. exp. Path. Ther.,
1905, 2, 416) found that after oral administration,
iodine did not appear in the saliva or urine for at
least one hour and that 84 hours were required
for the complete elimination of a single dose. He
further showed that from 7 to 10 per cent of
the drug could be recovered unchanged from the
feces. Evidently the iodine is not liberated from
the compound in the intestinal tract. McLean
(Arch. Int. Med., November, 1912, and January,
1915) observed that after the administration of
potassium iodide, from 30 to 32 per cent of the
iodine is retained in the lipoid portion of internal
organs and from 67 to 70 per cent as a watersoluble compound, while with an iodized fatty
acid from 50 to 75 per cent of the iodine is in
the tissues in lipoid-soluble form. Because of its
slower absorption, iodism is much less likely to
occur after calcium iodobehenate than after the
iodides. It would appear that it is absorbed either
from the alimentary tract or from the subcutaneous tisues in a materially unchanged form —
perhaps in fatty solution — and deposited in the
adipose and lipoid tissues where it is slowly decomposed, liberting ionic iodine. Whether or not
the organic molecule — in which form the drug
circulates in the blood — has any effect upon the
body functions has not been determined;
the
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compound is used purely for its iodine action.
Where a long-continued mild effect of iodine is
desired, calcium iodobehenate is preferred over
inorganic iodides, not merely because of the comparative freedom from gastric disturbances and
the lesser likelihood of producing iodism, but also
because the amount of iodine in the blood is
much more constant. On the other hand, where a
rapid profound effect is required, the inorganic
salts are superior. Calcium iodobehenate has been
recommended in the treatment of goitre, syphilis,
actinomycosis, chronic bronchitis, asthma, arteriosclerosis, chronic arthritis and other chronic
conditions in which iodides have been used.
Dose, 500 mg. (approximately lYz grains),
three to six times daily.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
CALCIUM LACTATE.
N.F., B.P., LP.
[Calcii Lactas]

(CH3.CHOH.COO)2Ca.5H20
"Calcium Lactate, dried at 120° for 4 hours,
contains not less than 98 per cent of C6HioCa06."
The B.P. specifies that it contain not less than
97.0 per cent and not more than the equivalent
of 103.0 per cent of the crystallized salt,
CeHioOeCa.SHoO. The LP. reauires not less than
98.0 per cent of (CsHsOs^Ca.SLL-O.
Calcium Lacticum; Lactas Calcicus. Fr. Lactate de
calcium. Ger. Kalziumlaktat ; Milchsaures Kalk. It.
Lattato di calcio. Sp. Lactato de calcio.

Calcium lactate may be prepared, according to
the B.P., by neutralizing diluted lactic acid with
calcium carbonate and evaporating the resulting
solution. Besides this process calcium lactate may
also be obtained directly from lactic acid fermentation of suitable carbohydrate materials (see
under Lactic Acid).
Description. — "Calcium Lactate occurs as
white, almost odorless, granules or powder. It is
somewhat efflorescent and at 120° becomes anhydrous. One Gm. of Calcium Lactate dissolves
in 20 ml. of water. It is practically insoluble in
alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 solution of calcium lactate responds to tests
for calcium and for lactate. Loss on drying. —
Not less than 25 per cent and not over 30 per
cent, when dried at 120° for 4 hours. Acidity. —
Not over 0.5 ml. of 0.1 N sodium hydroxide is
required to neutralize a solution of 1 Gm. of
calcium lactate in 20 ml. of water, using phenolphthalein T.S. as indicator. Heavy metals. — The
limit is 20 parts per million. Magnesium and
alkali salts. — When 1 Gm. of calcium lactate is
treated as described under the corresponding test
for calcium bromide, not more than 5 mg. of
residue is obtained. Volatile fatty acid. — No odor
of volatile fatty acid is emitted on warming a
mixture of 500 mg. of calcium lactate and 1 ml
of sulfuric acid. N.F.
The B.P. additionally provides limit tests for
reducing sugars, sulfate, chloride and iron. The
arsenic limit is 2 parts per million, the lead limit
is 10 parts per million.
Assay. — About 500 mg. of calcium lactate,

I

previously dried at 120° for 4 hours, is dissolved
in water acidified with hydrochloric acid and
analyzed according to the reactions summarized
under the assay for calcium bromide. Each ml. of
0.1 N potassium permanganate represents 10.91
mg. of CeHioCaOc. N.F.
Uses. — Calcium lactate is an eminently satisfactory dosage form for obtaining the therapeutic
effects of calcium. It is less likely to disturb the
stomach than is the chloride. Administration of
calcium lactate solutions by stomach tube to
newborn infants is reported to be a safe procedure
(Yale J. Biol. Med., 1946, 18, 135;, whereas
similar uses of calcium chloride solutions caused
ulceration and necrosis of the stomach. It is used
in the treatment of conditions in which calcium
is indicated (see Calcium, Calcium Chloride and
Calcium Gluconate). In tetany Luckhardt and
Goldberg (J.A.M.A., 1923, 80, 79) obtained results from the lactate which they could not from
other calcium salts. It should be noted that the
official calcium lactate contains less than one-half
the amount of calcium present in an equal weight
of the chloride. Capsules of 650 mg., taken one
to three times daily, of a mixture of approximately equal parts of calcium lactate and potassium chloride (/. Lab. Clin. Med., 1944, 29, 709)
have been effective in the treatment of migraine.
It has been used, along with nicotinic acid
(/. Allergy, 1944, 15, 141), for urticaria. Ware
(/. M. Assn. Georgia, 1946, 35, 27) treated a
patient with lichen planus refractory to x-ray
and vitamin A and D therapy with about 6 Gm.
(approximately 90 grains) of calcium lactate
daily; improvement was observed in a week and
the eruption disappeared in 30 days. Salvesen
(Acta med. Scandinav. Suppl., 1951, No. 259, 75 )
gave 1 5 Gm. daily, orally, to uremic patients with
advanced renal disease with a marked decrease in
the concentration of blood urea and an increase
in carbon dioxide-combining power. IS
Dose. — The N.F. gives the usual dose as 5 Gm.
(approximately 75 grains); the B.P. gives a range
of 1 to 4 Gm. See above for daily dosages.
Storage. — Preserve "in tight containers." N.F.

CALCIUM

LACTATE TABLETS
N.F. (B.P, LP.)

[Tabellae Calcii Lactatis]

"Calcium Lactate Tablets contain not less than
94 per cent and not more than 106 per cent
of the labeled amount of C6HioCa06.5H20."
N.F. The corresponding B.P. limits are 92.0 and
108.0 per cent, while those of the LP. are 94.0
and 106.0 per cent.
B.P., LP. Tablets of Calcium Lactate. LP. Compressi
Calcii Lactatis.

Usual Sizes. — 5 and 10 grains (approximately
300 and 600 mg.).
CALCIUM

LEVULINATE.

N.F.

[Calcii Levulinas]

[CH3.CO.(CH2)2.COO]2.Ca.2H20
"Calcium Levulinate is a hydrated calcium salt
of levulinic acid and contains not less than 97.5
per cent and not more than 100.5 per cent of

Part
CioHiiCaOe calculated on a dry basis, the loss on
drying being determined on a separate portion by
drying in a vacuum oven at a pressure not exceeding 5mm. and a temperature of 60° for
5 hours." N.F.
Levulinic acid, also known as y- or 4-ketopentanoic acid, Y- or 4-ketovaleric acid, and acetopropionic acid, may be prepared by boiling
sucrose, starch, glucose or other hexose derivatives
with hydrochloric acid. The black solid material
obtained in the process is removed by filtration,
the filtrate is evaporated to dryness, and the
residue extracted with ether or other solvent.
After distilling off the ether the residue is distilled under vacuum; the fraction boiling between
137° and 139° at 10 mm. pressure is levulinic
acid. The acid may also be prepared by a synthesis utilizing acetoacetic ester and chloroethylacetate. The official calcium salt may be prepared
by neutralizing this acid with calcium carbonate
or calcium hydroxide.
Description. — "Calcium Levulinate occurs as
a white, crystalline or amorphous powder, having
a faint odor suggesting burnt sugar and a bitter,
salty taste. Calcium Levulinate is freely soluble
in water, and slightly soluble in alcohol. It is
insoluble in ether and in chloroform. Calcium
Levulinate melts between 119° and 125°, when
the bath is preheated to 100° before introducing
the sample." N.F.
Standards and Tests.— pH.— The pH of a
1 in 10 aqueous solution of calcium levulinate is
between 7.0 and 8.5. Identification. — (1) A 1 in
10 aqueous solution responds to tests for calcium.
(2) To 5 ml. of a 1 in 10 aqueous solution is
added 5 ml. of sodium hydroxide T.S. and the
mixture filtered. The filtrate yields a precipitate
of iodoform on adding 5 ml. of iodine T.S. (3)
The hydrazone which crystallizes when a solution
of 100 mg. of the levulinate in 2 ml. of distilled
water is mixed with 5 ml. of dinitrophenylhydrazine T.S. and allowed to stand in an ice bath for
1 hour, then filtered and washed with cold distilled water, melts between 198° and 206°. Loss
on drying.— Not less than 10.5 per cent and not
more than 12 per cent when dried as specified in
the rubric. Water-insoluble substances. — Not over
5 mg. from 5 Gm. of calcium levulinate. Chloride.
—The limit is 700 parts per million. Sulfate.—
The limit is 500 parts per million. Arsenic— A
solution representing 500 mg. of calcium levulinate meets the requirements of the test for
arsenic. Henvy metals.— -The limit is 20 parts per
million. Readily oxidizable substances. — The pink
color of a mixture of 5 ml. of a 1 in 10 aqueous
solution of calcium levulinate and 1 ml. of 0.1 N
potassium permanganate does not disappear in
2 minutes. Limit of color. — The color of a 1 in
10 aqueous solution of calcium levulinate is not
deeper than that of a solution prepared by mixing 2.5 ml. of ferric chloride C.S. and 0.1 ml. of
cobaltous chloride C.S. with enough distilled water
to make 100 ml. Reducing sugars.— A solution
of 500 mg. of calcium levulinate in 10 ml. of
distilled water and 2 ml. of diluted hydrochloric
acid is boiled 2 minutes, cooled, 5 ml. of 2 N
sodium carbonate added and the mixture allowed
to stand 5 minutes, diluted to 20 ml. with distilled

Calcium

Mandelate

227

water and filtered: No red precipitate forms on
adding 2 ml. of alkaline cupric tartrate T.S. to
5 ml. of the filtrate. N.F.
Assay. — A 100-ml. portion of a solution of
3 Gm. of calcium levulinate in 10 ml. of hydrochloric acid and sufficient distilled water to make
500 ml. of solution is analyzed in the same manner as calcium bromide. Each ml. of 0.1 N potassium permanganate represents 13.51 mg. of
CioHi4Ca06. N.F.
Uses. — Calcium levulinate is used to obtain
the therapeutic effects of calcium. It has the
advantage over calcium gluconate of being considerably more soluble in water; solutions containing 50 per cent w/v of the salt may be
prepared, though the usual concentration is 10
per cent w/v. A further advantage over calcium
gluconate is that the levulinate contains approximately 13 per cent of calcium, as compared with
approximately 9 per cent in the gluconate. Calcium levulinate may be administered orally, intravenously, intramuscularly, or subcutaneously; it
is practically nonirritant even when given by the
latter two methods.
The dose, by injection, is 1 Gm. (approximately
15 grains) every day or two for adults, and from
0.2 to 0.5 Gm. (approximately 3 to 7j/2 grains)
for children; orally, the dose is 4 to 5 Gm. (approximately 60 to 75 grains) three times daily
for adults, and 1 to 2 Gm. (approximately 15 to
30 grains) three times daily for children.
Storage. — Preserve "in tight containers." N.F.
CALCIUM LEVULINATE
INJECTION
N.F.
Calcium Levulinate Ampuls, [Injectio Calcii Levulinatis]

"Calcium Levulinate Injection is a sterile solution of calcium levulinate in water for injection,
and yields not less than 95 per cent and not more
than 105 per cent of the labeled amount of
CioHuCa06.2H20." N.F.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Size. — 10 ml. containing 1 Gm. (approximately 15grains).
U.S.P.
CALCIUM
MANDELATE.
[Calcii Mandelas]

++
I

Ca

OH

"Calcium Mandelate, dried at 105°, for 4 hours,
contains not less than 98.5
" cent of CieHuCHCOOper
CaOe." U.S.P.
Sp. Mandelato de Calcic

Calcium mandelate may be prepared by neutralizing hot
a
aqueous solution of mandelic acid
with a suspension of calcium carbonate, the resulting precipitate being separated by filtration
and washed to remove the slight excess of mandelic acid employed. The salt may also be prepared by the reaction of soluble salts of mandelic
acid and of calcium.
Description. — "Calcium Mandelate occurs as

o-
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a white, odorless powder. Calcium Mandelate is
slightly soluble in cold water and insoluble in
alcohol. One Gm. dissolves in about 80 ml. of
boiling water." i .S.P.
Standards and Tests. — Identification. — (1)
Mandelic acid obtained from the salt melts between 118° and 120°. (2) The odor of benzaldehyde is noticeable on adding 3 ml. of potassium
dichromate T.S. and 5 ml. of sulfuric acid to a
solution of 100 mg. of the mandelic acid obtained
in the preceding test in 2 ml. of water. (3) Calcium mandelate responds to tests for calcium.
Loss on drying. — Not over 1 per cent, when dried
at 105° for 4 hours. Completeness and color of
solution. — A solution of 1 Gm. of calcium mandelate in 100 ml. of boiling water is complete and
colorless. Acidity. — Not more than 0.5 ml. of 0.1
N sodium hydroxide is required to neutralize a
solution of 1 Gm. of calcium mandelate in 100
ml. of boiling water, using phenolphthalein T.S. as
indicator. Chloride. — The limit is 200 parts per
million. Sulfate. — 'The limit is 500 parts per million. Heavy metals. — The limit is 20 parts per
million. Magnesium and alkali salts. — When 1
Gm. of calcium mandelate is treated as described
under the corresponding test for calcium bromide,
not more than 10 mg. of residue is obtained.
U.S.P.
Assay. — About 500 mg. of calcium mandelate,
previously dried for 4 hours at 105°, is dissolved
in water acidified with hydrochloric acid and
analyzed according to the reactions summarized
under the assay for calcium bromide. Each ml.
of 0.1. V potassium permanganate represents
17.12 mg. of CieHuCaOe. U.S.P.
Uses. — Calcium mandelate is a urinary antiseptic with certain advantages over mandelic acid
or ammonium mandelate. In an acid urine
(pH S.5 or less) it is bacteriostatic or bactericidal against E. coli, A. aerogenes and 5. faecalis;
it is effective against some strains of Proteus,
Pseudomonas, Alcaligenes, Salmonella and Shigella (Burns. South. M. J., 1944. 37, 320V It
has the advantage over mandelic acid in that it is
much less irritant to the stomach; over sodium
mandelate that, inasmuch as calcium is poorly
absorbed from the alimentary tract, it does not
interfere with acidulation of urine, which is so
essential for the action of mandelic acid; over
the ammonium salt it has the advantage of being
comparatively tasteless. Tablets may be less effective than syrup or elixir of mandelic acid or
its ammonium salt because of poor absorption.
Fluid intake should not exceed 1200 ml. daily;
12 to 14 days of treatment is sufficient since
other measures are needed if cure is not effected
in this period of time. It is contraindicated in
the presence of renal insufficiency. Nausea, diarrhea, dysuria and hematuria rarely require
discontinuation of therapy. H
Dose. — The usual dose is 3 Gm. (approximately 45 grains) 4 times daily, by mouth, with a
range of 0.5 to 3 Gm. The maximum safe dose is
usually 4 Gm. and the total dose during 24
hours seldom exceeds 16 Gm. For a child, the
dose is 0.5 to 3 Gm.
Storage. — Preserve "in well-closed containers." U.S.P.
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MANDELATE
U.S.P.
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TABLETS.

"Calcium Mandelate Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of CieHi-iCaOe." U.S.P.
Assay. — A representative portion of the powdered tablets, equivalent to about 2 Gm. of calcium mandelate, is reacted with hydrochloric acid,
which liberates mandelic acid, soluble in the
aqueous reaction medium. After removing insoluble matter by filtration, the mandelic acid in an
aliquot portion of the filtrate is extracted with
ether, the ether is evaporated, and the residue
of mandelic acid is titrated with 0.1 N sodium
hydroxide, using phenolphthalein T.S. as indicator. Each ml. of 0.1 N sodium hydroxide represents 17.12 mg. of CieHuCaOe. U.S.P.
Usual Size. — 500 mg. (approximately lYi
grains).
CALCIUM

PANTOTHENATE.

U.S.P.

Dextro Calcium Pantothenate

[HOCH2.C(CH3)2.CH(OH).CO.XH.CHi-.CH2.COO]2Ca
"Calcium Pantothenate is the calcium salt of
the dextrorotatorv isomer of pantothenic acid."
U.S.P.
In 1933 Williams and his associates separated
from tissues of lower forms of animal and vegetable life a substance which greatly accelerated
growth of yeast. To this substance they gave
the name of pantothenic acid — to indicate its
universal distribution. Pantothenic acid is
D( + )-N(a,Y-dihyclroxy-P.3-dimethylbutyryl)3-alanine; its synthesis from a-hydroxy-P-dimethyl-Y-butyrolactone and ^-alanine was reported by Williams and Major {Science, 1940,
91, 246). The D-form far exceeds the L-form
in microbiological activity, as measured by
stimulation of growth of Lactobacillus casei. The
commonly available salt of pantothenic acid is
calcium pantothenate.
Description. — "Calcium Pantothenate occurs
as a slightly hygroscopic, white powder. It is
odorless and has a bitter taste. It is stable in
air. Its solutions are neutral or slightly alkaline to
litmus, having a pH of 7 to 9. One Gm. of Calcium Pantothenate dissolves in about 3 ml. of
water. It is soluble in glycerin, but is practically
insoluble in alcohol, in chloroform and in ether."
U.S.P.
Standards and Tests. — Identification. — (1)
A 1 in 20 solution responds to tests for calcium.
(2) A deep blue color develops on adding a
drop of cupric sulfate T.S. to the filtrate separated from a mixture of 50 mg. of calcium
pantothenate and 5 ml. of sodium hydroxide T.S.
(3) A strong yellow color is produced on adding
5 ml. of 1 Ar hydrochloric acid and 2 drops of
ferric chloride T.S. to a mixture of 50 mg. of
calcium pantothenate and 5 ml. of 1 N sodium
hydroxide which has been boiled for a minute
and then cooled. Specific rotation. — Not less
than +25° and not more than +2 7°, when determined in a solution containing 500 mg. of calcium pantothenate in each 10 ml., calculated on

Part I
the anhydrous basis. Loss on drying. — Not over
5 per cent, when dried at 105° for 3 hours.
Alkaloids. — No turbidity is produced within 1
minute when 2 drops of mercuric-potassium
iodide T.S. are added to a solution of 200 mg.
of calcium pantothenate in 5 ml. of water,
acidified with 1 ml. of diluted hydrochloric
acid. Heavy metals. — The limit is 20 parts per
million. Nitrogen content. — Not less than 5.7
per cent and not more than 6.0 per cent, when
determined by the Kjeldahl method. Calcium content.— Not less than 8.2 per cent and not more
than 8.6 per cent, when determined by the procedure described under Calcium Bromide. U.S.P.
Stability. — Calcium pantothenate solutions
have optimum stability at a pH between 5 and
7; under other conditions the solutions undergo
more or less hydrolytic decomposition. Solutions
of calcium pantothenate are not stable when
autoclaved and sterilization by bacteriological filtration is necessary. The alcohol form (see
Pantothenyl Alcohol in this monograph) is under
certain conditions more stable. For further information concerning stability of calcium pantothenate see Frost and Mclntire, J.A.C.S., 1944,
66, 425.
Uses. — Pantothenic acid, so named because of
its universal distribution in living tissues, plays
an important role in metabolism but no human
deficiency syndrome involving it has been recognized, and its therapeutic use is not clear.
Liver and muscle tissue, and also cereal, milk
and eggs are important sources of the vitamin;
it is also synthesized by intestinal bacteria. In
tissues it is largely bound to protein (Neilands
et al., J. Biol. Chem., 1950, 185, 335), in consequence of which it is sometimes detectable only
after preliminary hydrolysis.
Deficiency. — Symptoms of pantothenic acid
deficiency in the chick include keratitis, dermatitis, fatty liver, lesions of the spinal cord, and
involution of the thymus. In rats necrotic lesions
of the adrenal cortex have been observed, along
with hypotension, hypoglycemia, hypochloremia,
increased nonprotein nitrogen in the blood, fatty
liver, decreased 11-oxysteroid production, anemia
and leukopenia. Achromotrichia is observed in
black rats maintained on a diet deficient in pantothenic acid. Little is known about the importance of the vitamin in human nutrition.
Physiologic Function. — Pantothenic acid is a
component of coenzyme A, which is concerned
with many acetylation reactions in tissues (Novelli, Physiol. Rev., 1953, 33, 525). Coenzyme A
probably consists of pantothenyl diphosphate,
adenosine and glutamic acid, in combination with
a protein. It is concerned with such acetylation
reactions as the conversion of choline to acetylcholine, acetate to acetoacetate, oxalacetate to
citrate, as well as with the acetylation of
^-aminobenzoic acid, sulfonamides and of certain
foreign organic compounds. An acetylation
mechanism is also involved in the biosynthesis
of sterols from acetate precursors (Winters
et al, Proc. S. Exp. Biol. Med., 1952, 79, 695).
Moreover, pantothenate deficiency results in
necrosis of the adrenal cortex, which is aggravated by administration
of corticotropin. In
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carbohydrate and fat metabolism coenzyme A is
involved in the tricarboxylic acid cycle in the
conversion of a-ketoglutaric acid to succinic
acid. It may also be involved in peptide synthesis.
Coenzyme A is concerned in transphosphorylation (Maas, Fed. Proc, 1954, 13, 256); the oxidative reactions resulting in succinic acid form
phosporylcoenzyme A which can transfer its
phosphoryl group to produce the high energy
compound adenosinetriphosphate.
It has been observed that antibody formation
is impaired in pantothenic acid deficiency (Ludovici and Axelrod, Proc. S. Exp. Biol. Med., 1951,
77, 530).
The analogue w-methylpantothenic acid, which
contains a methyl group in place of a hydrogen
atom in the terminal CH2OH group of pantothenic acid, functions as an antimetabolite; it
causes the pantothenic acid deficiency syndrome
in animals and prevents acetylation of sulfonamides.
The concentration of pantothenic acid in blood
ranges from 19 to 23 micrograms per 100 ml.
Ingestion of dextrose decreases this level. In the
healthy human the urine (tubular secretion)
contains 1 to 7.5 mg. daily; studies in which the
vitamin has been administered have failed to
show any distinction between normal and deficient patients (Schmidt, Acta med. Scandinav.,
1951, 139, 185).
Therapeutic Uses. — Administration of pantothenic acid has produced improvement in some
cases of peripheral neuritis (Vernon, J.A.M.A.,
1950, 143, 799), muscular cramps in the legs
during pregnancy (Dumont, Presse med., 1950,
58, 3), Korsakoff's syndrome, and delirium
tremens (see Elvehjem, J. -Lancet, 1943, 63,
339). Field et al. (Am. J. Digest. Dis., 1945,
12, 245) reported that glossitis which developed
during or persisted following administration of
nicotinic acid and some other members of the
vitamin B complex was relieved after administration of calcium pentothenate. Trial of the
vitamin for treatment of gray hair or alopecia
in humans has been unsuccessful (Schmidt,
/. Gerontol., 1951, 6, 369). In post-operative
ileus, marked improvement has been reported
following 1 to 3 doses of 50 mg. intramuscularly
(Jacques, Lancet, 1951, 2, 861) ; it may favorably
influence formation of acetylcholine (q.v.). In disseminated lupus erythematosus combination
therapy with ascorbic acid has been beneficial
(Goldman, /. Invest. Dermat., 1950, 15, 291).
Amelioration of untoward symptoms during thyroid therapy of cretins (Barthelmes, Munch,
med. Wchnschr., 1952, 94, 259), and benefit in
acute catarrhal respiratory disorders (Svoboda,
Deutsch. med. Wchnschr., 1951, 76, 644) have
been reported.
Pantothenyl Alcohol. Panthenol (HoffmannLa Roche). CH2OH.C(CH3)2.CHOH.CONH.CH2.CH2.CH2OH. This substance, a,Y-dihydroxyN- (3 -hydroxypropyl)-(3, P-dimethyl-butyramide,
is identical with pantothenic acid except that the
carboxyl group is reduced to a primary alcohol
group. It is a viscous, slightly hygroscopic liquid,
freely soluble in water. Pantothenyl alcohol may
be prepared by addition of propanolamine to
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optically active a, Y-dihydroxy-P, 3-dimethylbutyrolactone (U.S. Patent 2,413,077—1946). It is
converted in the body to pantothenic acid; only
the D-form of pantothenyl alcohol has vitamin
activity. By virtue of the greater stability of
pantothenyl alcohol, as compared with pantothenic acid or its salts, the alcohol form is preferable for some formulations; thus, it is possible
to prepare solutions in the range of pH 3 to 5
with pantothenyl alcohol, and also to sterilize
aqueous solutions by heating, while with pantothenic acid or its salts material decomposition
would occur under similar conditions. The alcohol
is, however, hydrolyzed in alkaline and strongly
acid solutions, and long heating causes racemization. For additional data see Rubin, J.A.Ph.A.,
1948, 37, 502.
The activity of pantothenyl alcohol in correcting pantothenic acid deficiency in animals is
approximately equal to that of calcium pantothenate (Weiss et al., Proc. S. Exp. Biol. Med.,
1950, 73, 292). Following oral or parenteral administration ofthe alcohol to rats or humans it
is converted to pantothenic acid and larger
amounts of the latter are excreted in the urine
than after the same dose of calcium pantothenate
(Combes and Zuckerman, /. Invest. Dermat.,
1951, 16, 379). Pantothenic acid deficiency in
animals can be corrected by the application of
the alcohol to the skin (Burlet, Jubilee Vol.
Emil Barell, 1946, 92).
Following recognition of the essentiality of
pantothenic acid for normal epithelial function
(Jurgens and Pfaltz, Ztschr. Vitaminforsch.,
1943, 14, 243), the percutaneous absorption of
the alcohol suggested its trial in various dermatologic disorders. A 5 per cent ointment of Panthenol was used with beneficial effect in severe
burns, infected wounds and decubital ulcers
(Sciclounoff and Naz, Schweiz. Med. Wchnschr.,
1945, 75, 767; Leder, ibid., 1946, 76, 828).
Marked improvement in a variety of infected
ulcers of the skin followed application of a 5
per cent ointment, in either a lanolin or polyethylene glycol vehicle, every day or two, the
treated area being covered with a gauze dressing
(Combes and Zuckerman, loc. cit.). In 25 of 31
patients with eczema, dermatitis venenata or
epidermophytosis good results were obtained with
2 per cent of Panthenol in a water-miscible
cream vehicle {Panthoderm Cream, U. S. Vitamin Corp.) ; antipruritic and antibacterial actions, as well as stimulation of epithelizatiun,
were attributed to the pantothenyl alcohol preparation (see also Welsh and Ede, Arch. Dermat.
Syph., 1954, 69, 732).
Dose. — The usual dose of calcium pantothenate
is 10 mg. (about % grain), with a range of
10 to 50 mg.; the maximum safe dose is probably
larger than 1 Gm. The minimum daily requirement is not established; it would appear to be
of the order of 5 mg. Intramuscularly 100 mg.
has been given 1 to 3 times daily. A 2 to 5
per cent concentration of pantothenyl alcohol, in
the form of ointment or cream, is used topically.
Storage. — Preserve "in tight containers."
U.S.P.

RACEMIC

CALCIUM PANTOTHENATE. U.S.P.

"Racemic Calcium Pantothenate is a mixture
of the calcium salts of the dextrorotatory and
levorotatory isomers of pantothenic acid. It contains the equivalent of not less than 45 per cent
of the dextrorotatory calcium pantothenate, calculated on the dried basis." U.S.P.
"Note. — The physiological activity of Racemic
Calcium Pantothenate is approximately one-half
that of Calcium Pantothenate." U.S.P.
Chemical synthesis of calcium pantothenate
yields a racemic mixture of isomers, separation
of which is troublesome and costly. As with several other substances, it is an economic advantage
not to separate the optical isomers and, in order
to compensate for the physiologic inactivity of
the levorotatory isomer, to use twice the dose
of the racemic variety.
Description. — "Racemic Calcium Pantothenate occurs as a white, slightly hygroscopic powder. It is odorless, has a bitter taste, and is stable
in air. Its solutions are neutral or alkaline to
litmus, having a pH of 7 to 9. It is optically inactive. Racemic Calcium Pantothenate is freely
soluble in water. It is soluble in glycerin, and is
practically insoluble in alcohol, in chloroform and
in ether." U.S.P.
The standards and tests for the racemic salt
are identical with those for Calcium Pantothenate,
except for omission of the test for alkaloid
(which may be present in the dextrorotatory
isomer if it has been separated from the levorotatory isomer by precipitation with, for example,
quinine) and the stipulation that the racemic salt
is optically inactive. Since the racemic salt is
assayed microbiologically the assay for nitrogen
has been omitted.
Racemic calcium pantothenate is used in doses
twice those of calcium pantothenate since the
levorotatory component of the racemic mixture
is biologically inactive. The usual dose is given as
20 mg. (equivalent to 10 mg. of the dextrorotatory component).
Labeling. — "Label preparations containing
Racemic Calcium Pantothenate in terms of the
equivalent amount of dextrorotatory Calcium
Pantothenate." UJS.P.
Storage. — Preserve "in tight containers."
U.S.P.
DIBASIC

CALCIUM PHOSPHATE.
U.S.P.

Dicalcium Orthophosphate. [Calcii Phosphas Dibasicus]

CaHP04.2H.20.
"Dibasic Calcium Phosphate contains not less
than 98 per cent of CaHP04.2H20 calculated on
the anhydrous basis." US.P.
Dicalcium Phosphate; Secondary Calcium Phosphate.
Calphate (Merrell); D.C.P. (.Parke, Davis). Calcium Phosphoricum; Calcium Phosphoricum Bibasicum. Fr. Phosphate mono-acide de calcium; Phosphate monocalcique
mono-acide; Phosphate bicalcique officinal. Ger. KalziumCalciumphosphat; Dicalciumphosphat; Sekunphosphat;
dares Calciumphosphat; Zweibasisches Calciumphosphat;
Phosphorsaures Calcium. It. Fosfato bicalcico; Fosfato
di calcio; Fosfato bibasico di calcic Sp. Fosfato de calcio,
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Dibasic calcium phosphate is prepared by the
interaction of a secondary phosphate, as
Na2HP04, and calcium chloride in aqueous solutions; the calcium phosphate, being almost insoluble in water, precipitates.
Description. — "Dibasic Calcium Phosphate
occurs as a white, odorless, and tasteless powder.
It is stable in air. Dibasic Calcium Phosphate is
almost insoluble in water, but is readily soluble
in diluted hydrochloric and nitric acids. It is
insoluble in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
A white precipitate forms on adding 5 ml. of
ammonium oxalate T.S. to a warm solution of
100 mg. of dibasic calcium phosphate in a mixture of 5 ml. of diluted hydrochloric acid and
5 ml. of water. (2) A yellow precipitate of
ammonium phosphomolybdate forms on adding
ammonium molybdate T.S. to a warm solution
of dibasic calcium phosphate in a slight excess
of nitric acid. Loss on ignition. — Not less than
24.5 per cent and not more than 26.5 per cent.
Hydrochloric acid-insoluble matter. — 5 Gm. of
dibasic calcium phosphate yields not more than
5 mg. of matter insoluble in a dilute hydrochloric
acid solution. Carbonate. — No effervescence occurs on adding 2 ml. of hydrochloric acid to a
mixture of 1 Gm. of dibasic calcium phosphate
and 5 ml. of water. Chloride. — The limit is 0.25
per cent. Fluorine. — The test and the limit are
as described under the corresponding test for
Tribasic Calcium Phosphate. Sulfate. — The limit
is 0.5 per cent. Arsenic. — The limit is 10 parts
per million. Barium. — No turbidity develops
within 10 minutes following addition of potassium sulfate T.S. to a filtered solution of 500 mg.
of dibasic calcium phosphate in dilute hydrochloric acid. Heavy metals. — The limit is 30 parts
per million. U.S.P.
Assay. — About 300 mg. of dibasic calcium
phosphate is dissolved in diluted hydrochloric
acid, the calcium precipitated as oxalate and the
latter estimated by titration with 0.1 N potassium permanganate. Each ml. of 0.1 N potassium
permanganate represents 8.605 mg. of CaHP04.2H20. U.S.P.
Uses. — This salt has come into common use
as a supplementary source of calcium and phosphate in connection with diets in which milk and
milk products are restricted or for conditions,
such as pregnancy, lactation, osteoporosis, etc.,
in which the demand for calcium and phosphate
is increased. Like tribasic calcium phosphate, this
salt is insoluble and there seems to be no evidence
that it is better absorbed from the gastrointestinal tract. Where calcium alone is important,
calcium gluconate or lactate is to be preferred,
but as a dietary supplement both calcium and
phosphate are essential. It is claimed that a
ratio of calcium to phosphorus in the diet of
about 1 or 2 to 1 is best utilized (Bethke et al.,
J. Biol. Chem., 1932, 98, 389; Stearns and Jeans,
Proc. S. Exp. Biol. Med., 1934, 32, 428). Roche
and Mourgue (Compt. rend. soc. biol., 1943, 137,
451) reported that the first bone salt to be de-
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posited in the sheep embryo was a mixture of
dibasic and tribasic calcium phosphate. It is used
in the form of powder, capsules, tablets and
flavored wafers. To several preparations vitamin D2, in a proportion of about 600 U.S.P. units
per 1 Gm. of dicalcium phosphate, has been
added, since most patients requiring supplemental calcium and phosphorus need additional
vitamin D and the absorption is improved by
adequate amounts of the vitamin. E
The usual dose is 1 Gm. (approximately 15
grains), by mouth, three times a day between
meals, with a range of 1 to 5 Gm. The maximum
safe dose is usually 5 Gm. and a total dose of
15 Gm. in 24 hours is seldom exceeded.
Storage. — Preserve "in well-closed containers." U.S.P.
TRIBASIC

CALCIUM PHOSPHATE.
N.F. (B.P.)

Precipitated CalciumTribasicus]
Phosphate,

[Calcii Phosphas

"Tribasic Calcium Phosphate consists of a variable mixture of calcium phosphates having the
approximate composition Caio(OH)2(P04)6.
After ignition at about 800° for 30 minutes, it
contains an amount of phosphate (PO4) equivalent to not less than 90 per cent of tribasic calcium phosphate, Ca3(P04)2." N.F. The B.P., in
which this chemical is official as Calcium Phosphate, states that it is a variable mixture of
calcium phosphates. Its calcium content is required to be equivalent to not less than 85.0 per
cent of Ca3(P04)2.
B.P. Calcium Phosphate; Calcii Phosphas. Calcium
Orthophosphate; Tricalcic Phosphate; Tricalcium Phosphate; Tertiary Calcium Phosphate; Precipitated Phosphate
of Lime. Calcii Phosphas Prsecipitatus, N.F. VI; Calcium
Phosphoricum Tribasicum; Calcium Phosphoricum Basicum;
Phosphas Calcicus Praecipitatus; Phosphas Tricalcicus. Fr.
Phosphate neutre de calcium; Diphosphate tricalcique;
Phosphate tricalcique officinal. Ger. Tertiares Kalziumphosphat; Dreibasisches Calciumphosphat. It. Fosfato
tricalcico. Sp. Fosfato de calcio, neutro; Fosfato de
calcio tribasico.

Tribasic calcium phosphate is found abundantly in nature; so-called phosphate rock, which
is found in the southern parts of the United
States, sometimes contains as much as 90 per cent
of the compound. It is found also in other
minerals, and is a normal constituent of bones
and teeth. The U.S.P. V and the B.P. 1885 described amethod for preparing calcium phosphate
from bone ash. In this process carefully calcined
bones were treated with hydrochloric acid, which
dissolved the calcium phosphate of the bones,
and the basic phosphate was precipitated from
this solution, in a state of minute subdivision,
by addition of ammonia. The precipitate was
washed free of ammonium chloride. The salt
thus or similarly obtained is called bone calcium
phosphate.
The official tribasic calcium phosphate is made
by interaction between solutions of calcium chloride, sodium phosphate, and ammonium hydroxide
at boiling temperature. From an analytical study
of commercial samples of tribasic calcium phosphate. Millar (/. A. Ph. A., 1941, 30, 139)
concluded that Ca3(P04)2 is not the correct
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formula for the official phosphate; the formula
[Ca3(P04)2]3.Ca(OH)2 would appear to agree
more closely with the true composition of the
salt.
Description. — "Tribasic Calcium Phosphate
occurs as a white, odorless, and tasteless powder,
which is permanent in air. Tribasic Calcium
Phosphate dissolves readily in diluted hydrochloric
and nitric acids. It is insoluble in alcohol and
almost insoluble in water. N.F.
Standards and Tests. — Identification. — Tribasic calcium phosphate responds to the identification tests under Dibasic Calcium Phosphate
and in addition gives the flame test characteristic
of calcium. Loss on ignition. — Not over 8 per
cent. Acid-insoluble substances. — 2 Gm. of tribasic calcium phosphate yields not more than
4 mg. of matter insoluble in a dilute hydrochloric
acid solution. Water-soluble substances. — A onehalf aliquot portion of the 100 ml. of water
used to extract 2 Gm. of tribasic calcium
phosphate yields 'not more than 5 mg. of residue. Carbonate. — No effervescence occurs on
adding diluted hydrochloric acid, dropwise,
to a suspension of 2 Gm. of tribasic calcium
phosphate in 20 ml. of water. Chloride. — The
limit is 0.14 per cent. Nitrate. — The blue color
of a mixture of 200 mg. of tribasic calcium
phosphate, in distilled water with sufficient hydrochloric acid to effect solution, 0.1 ml. of indigo
carmine T.S., and sulfuric acid, persists for at
least 5 minutes. Sulfate. — The limit is 0.8 per
cent. Arsenic. — A 5 ml. portion of 1 in 25 solution
of tribasic calcium phosphate in diluted hydrochloric acid meets the requirements of the test
for arsenic. Barium. — No turbidity develops
within 15 minutes on adding potassium sulfate
T.S. to a filtered solution of 500 mg. of tribasic
calcium phosphate in dilute hydrochloric acid.
Dibasic salt and calcium oxide. — A solution of
2 Gm. of tribasic calcium phosphate in 50 ml.
of 1 N hydrochloric acid requires not less than
12.5 ml. and not more than 13.8 ml. of the acid
for each Gm. of salt (calculated on a water-free
basis) when the excess of acid is titrated with
1 N sodium hydroxide, using methyl orange T.S.
as indicator. Fluorine. — The test depends on the
fact that fluorides bleach the pink color of a
lake prepared from sodium alizarinsulfonate T.S.
and a thorium nitrate solution; the concentration
of fluorine in the tribasic calcium phosphate is
determined by observing the volume of a standard
solution of sodium fluoride required to produce
the same degree of bleaching in a control test
as that produced in a distillate containing the
fluorine from tribasic calcium phosphate. The
limit corresponds to 50 parts per million of
fluorine. Heavy metals. — The limit is 30 parts
per million. N.F. The B.P. specifies an arsenic
limit of 4 parts per million and a lead limit of
20 parts per million.
Assay. — About 200 mg. of tribasic calcium
phosphate, previously ignited to constant weight,
is dissolved in a dilute nitric acid solution and
the phosphate precipitated as ammonium phosphomolybdate. After washing, the precipitate is
dissolved in a measured excess of 1 ^V sodium
hydroxide and titrated with 1 N sulfuric acid.

using phenolphthalein T.S. as indicator. Each ml.
of 1 N sodium hydroxide represents 6.743 mg. of
Ca.3(P04)2. The equivalent weight of tribasic
calcium phosphate in this assay is Vm of its
molecular weight, since each of the two molecules
of ammonium phosphomolybdate produced requires 23 molecules of sodium hydroxide in the
reaction (see assay of Aluminum Phosphate Gel
for explanation of reaction). N.F.
In the B.P. assay calcium phosphate is dissolved in an aqueous hydrochloric acid solution,
the calcium precipitated as oxalate, and finally
titrated with 0.1 N potassium permanganate.
Uses. — Despite the insolubility of tribasic
calcium phosphate it is slowly absorbed from the
intestines. It is not of value in acute calcium
deficiency, but is effective during rapid growth,
pregnancy, etc.
It is used as an antacid in the treatment of
gastric hyperacidity. The mechanism of its action
as an antacid appears to involve replacement of
the extensively ionized hydrochloric acid by phosphoric acid, or primary or secondary phosphate,
all of which produce a considerably lower hydrogen ion concentration (or higher pH) than
hydrochloric acid. It has the advantage over sodium phosphates in that there is no danger of
systemic alkalosis or secondary hypersecretion of
gastric acid and over the carbonates in that there
is no effervescence of gas. Tribasic calcium phosphate is a little less efficient than calcium
carbonate (Clin. J., 1931, 60, 97, 109). In the
treatment of peptic ulcer a mixture of calcium
and magnesium phosphates has been used. 0
Dose, 1 Gm. (approximately 15 grains) three
times daily or, as a gastric antacid, six or more
times daily.
Off. Prep. — Dry Extract of Nux Vomica, B.P.
•CH„ LP.
U.S.P., B.P.,

CAMPHOR.

[Camphora]
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"Camphor is a ketone obtained from Cinnamomum Camphora (Linne) Nees et Ebermaier
(Fam. Lauracece) (Natural Camphor) or producedB.P.
synthetically
U.S.P. The
definition(Synthetic
is essentiallyCamphor)."
identical;
a content of not less than 96.0 per cent of
CioHieO is required. The LP. does not indicate
the source of camphor; it specifies only a purity
rubric of not less than 96.0 per cent of CioHieO.
Gum Camphor; Laurel Camphor; Camphanone-2. Camphora Officinarum. Fr. Camphre du Japon; Camphre
artificiel; Camphre droit; Camphre synthetique. Ger.
Kampfer; Japancampher; Campher; Laurineenkampfer;
Laurazeenkampfer; Synthetischer Kampfer. It. Canfora.
Sp. Alcanfor.

The term camphor was originally applied to
two products which came from China into Europe
about the 13th century. The two substances were
the products respectively of Dryobalanops Cam-
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phora (Borneol, see Part II), which was probably
the more ancient, and of Cinnamomum Catnphora, the official camphor. Subsequently the
term was also applied to various solid, oxygenated principles from volatile oils which bear no
close chemical or medical relation.
The supply of natural camphor is far from
adequate to meet the commercial demand. Since
the introduction of synthetic camphor this product has achieved great commercial importance,
although only in recent years has it come into
use medicinally. As turpentine is used as the
starting point in the synthesis of camphor the
price of the artificial product cannot fall low
enough to entirely displace the natural camphor.
The camphor tree {Cinnamomum C amphora)
is an evergreen which sometimes attains great
size, having the aspect of the linden, with a
trunk straight below, but divided above into
many branches, which are covered with a smooth,
greenish bark. Its leaves, which stand alternately
upon long foot-stalks, are ovate-lanceolate,
entire, smooth and shining, ribbed, of a bright
yellowish-green color on their upper surface,
paler on the under, and two or three inches in
length. The flowers are small, white, pediceled,
and borne in clusters, which are supported by
long axillary peduncles. The fruit is a purple, oneseeded drupe, resembling that of the cinnamon.
The camphor tree is a native of China, Japan,
and adjacent portions of eastern Asia, but is
capable of cultivation in most sub-tropical
countries, where the minimum winter temperature
is not below — 6.6°, and the summers are warm.
The chief obstacle to its cultivation seems to be
the extreme slowness of growth of the tree, and
the corresponding slowness of returns from the
investment. For an account of cultivation in
Florida see True and Hood, Proc. A. Ph. A., 1909,
p. 719.
Before World War II, about 80 per cent of the
world's
of natural
camphor
from
the islandsupply
of Formosa
and most
of thecame
rest from
Japan and China. The amounts produced in India
and in Florida were too small to be of commercial
significance. During 1952 there were imported
over 6,500,400 pounds of crude and refined camphor from Japan, Taiwan, and China. Large quantities have been made synthetically in the United
States since 1933.
In Japan and Formosa the drug is obtained
chiefly from the root, trunk and branches by the
process of sublimation, but in the American
plantations the leaves and small twigs are utilized,
thus avoiding injury to the trees. Only the older
trees are employed; indeed, it is said that a tree
must be fifty years old before it should be considered available. In the province of Tosa, in
Japan, the method of obtaining camphor, as
reported by Dewey (Circular 12, U. S. Dept. of
Agric, Div. of Botany), is to pass a current
of steam through chips of the camphor tree, the
volatilized camphor being conducted through a
bamboo tube into a condensing chamber which
is kept cool by water falling on the top and running down over the sides. The upper part of the
air chamber is sometimes filled with clean rice
straw, on which the camphor crystallizes, while
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oil drips down and collects on the surface of
water. In some cases, the camphor and oil
allowed to collect together on the surface of
water, and are afterward separated by filtration through rice straw or by pressure. By this
method 20 to 40 pounds of chips are required for
1 pound of crude camphor. In China the comminuted plant is said to be first boiled with
water until the camphor adheres to the stick used
in stirring, when the strained liquor is allowed
to cool, and the camphor which concretes, being
alternated with layers of earth, is submitted to
sublimation. In Formosa, a current of steam is
passed through the chips and the volatilized camphor condensed on earthenware pots. The crude
camphor is taken to the towns in baskets and
then put into large vats, with holes in the bottom,
through which a volatile oil, called camphor oil,
escapes; it is much used by the Chinese for
medicinal purposes. The oil may also be removed
by expression.
Crude camphor is of a pinkish color and of a
softer consistency than the refined. It is purified
by mixing it with about one-fiftieth of its weight
of quicklime and heating in an iron vessel, first
to a water
temperature
of about
which the
drives
off
the
and volatile
oil. 100°
Afterward
vessel
is connected with a suitable receiver and heated
to a temperature of 175° to 200° which causes
the camphor to sublime, the vapors condensing
in the receiver. It is refined in Taiwan, China,
Japan, and in the United States.
Synthetic Camphor. — Camphor is chemically
related to pinene, the principal constituent of
turpentine, and it is with this natural substance
that the synthesis of camphor begins. Pinene is
prepared by fractionally distilling turpentine.
This, after drying, is converted into bornyl chloride (also called pinene hydrochloride, and technically known as "artificial camphor") by treatment with dry hydrochloric acid gas. This solid
is then converted into camphene by treatment
with alkali which removes hydrochloric acid and
rearranges the molecule. The camphene can be
oxidized directly to camphor by chromic acid,
but a better yield is obtained by the following
process. Beginning with camphene, glacial acetic
acid is used to convert this substance to isobornyl acetate, which is then saponified to isoborneol. After purification the latter compound, a
secondary alcohol, is oxidized by chromic acid
or other oxidant to camphor.
Synthetic camphor possesses the chemical
properties of natural camphor but differs in optical activity; the former occurs almost always
as
the
rotatory.racemic variety, while the latter is dextroDescription. — "Camphor occurs as colorless
or white crystals, granules, or crystalline masses;
or as colorless to white, translucent, tough masses.
It has a penetrating, characteristic odor, a
pungent, aromatic taste, and is readily pulverizable in the presence of a little alcohol, ether, or
chloroform. Its specific gravity is about 0.99. It
slowly volatilizes at ordinary temperatures. One
Gm. of Camphor dissolves in about 800 ml. of
water, in 1 ml. of alcohol, in about 0.5 ml. of
chloroform, and in 1 ml. of ether. It is freely
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soluble in carbon disulfide, in petroleum benzin,
and in fixed and volatile oils. Camphor melts between 174° and 179°, when tested as directed
under Class I, using a capillary glass tube having
an internal diameter between 2 and 2.5 mm. The
specific rotation of Natural Camphor, determined in a solution in alcohol containing 1 Gm.
of Camphor in each 10 ml., is not less than +41°
and not more than +43°." U.S.P.
When small fragments of camphor are thrown
upon water, the solid performs singular circulatory movements, which cease upon the addition
of a drop of oil; this property has been applied
to the detection of grease in liquids, a very small
proportion of which is sufficient to prevent the
movements. Camphor boils at 204°. It is not
changed by air and light, but readily takes fire.
Leo and Rimbach found that the solubility of
camphor in pure water decreases with rise of
temperature. (/. Soc. Chem. Ind., 1919, 38,
738 A.) Carbon dioxide increases the solubility
in water.
/
Standards and Tests. — Water. — A 1 in 10
petroleum benzin solution of camphor is clear.
Non-volatile matter. — On gently heating 2 Gm. of
camphor it sublimes without carbonization and
without leaving over 1 mg. of residue. Halogens.
— The limit is 350 parts per million. U.S.P.
Assay. — The U.S.P. does not require camphor
to be assayed, but the B.P. and LP. do, the same
assay being employed by both compendia. The
camphor is dissolved in aldehyde-free alcohol, a
solution of dinitrophenylhydrazine is added to
precipitate camphor dinitrophenylhydrazone, the
mixture heated on a water bath under a reflux
condenser for 4 hours and allowed to stand for
24 hours to complete the precipitation, following
which the precipitate is filtered into a Gooch
crucible or sintered glass crucible, washed with
water, and dried to constant weight at 80°. Each
Gm. of precipitate is equivalent to 0.4580 Gm. of
CioHieO.
Oil of Camphor. — Under the title Oleum
Camphors the U.S.P. V recognized a volatile
oil obtained from the camphor tree. This is a
colorless fluid or of a light yellowish-brown
color, having a strong odor like that of camphor,
a bitterish camphorous taste and a specific gravity, at 20°, of 0.875 to 0.900. It is strongly dextrorotatory. In addition to camphor, the following
substances have been reported in this oil: Terpineol, phellandrene, dipentene, cadinene, eugenol, cineol, d-pinene, safrol and acetaldehyde.
The oil is said to be used in Japan for the preparation of Chinese ink and varnishes, and for
burning. As a diluent for artists' colors it is
useful because its ability to dissolve resins is
greater than that of oil of turpentine and similar
liquids.
Oil of camphor is no longer employed as an
internal remedy but is occasionally used as a
rubefacient and anodyne liniment, diluted with
soap liniment or olive oil, in local rheumatism
and neuralgic pains, bruises, sprains, etc.
Uses. — The therapeutic uses of camphor seem
to depend chiefly on its topical irritant
action
and
on
its strong odor and taste.
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Locally camphor is irritant, with probably
a benumbing influence upon the peripheral
sensory nerves, and somewhat antiseptic. It is
absorbed through mucous membranes and from
subcutaneous tissue. It combines in the body with
glucuronic acid and is eliminated in this inactive
combination by the kidneys. The systemic action
of camphor is not well understood. In frogs it is
depressant to the spinal cord and causes increasing paralysis of the central nervous system. In
the higher mammals, however, it produces active
convulsions. After toxic doses there is secondary
depression and death is usually due to respiratory
failure. Experiments with camphor on the circulation have been quite voluminous, with extraordinary divergence of results. The conclusions of
Heathcote (/. Pharmacol., 1923, 21, 177), that
there is "no convincing pharmacological evidence
that camphor possesses any value as a cardiac
or circulatory stimulant," seems justified. When
camphor is thus employed it is rather with the
hope than with the expectation of benefit.
Whether the effects in hysteria and neuralgia
are attributable to any action other than a psychic
influence from the strong taste of the drug is
open to question (Friedman, /. Nerv. Ment. Dis.,
1943, 98, 229).
Intramuscular injections of 100 mg. (approximately Wi grains) twice the first day, then
daily for three days, have been employed for
engorgement of the breasts when it is desired to
inhibit lactation but Greene and Ivy (J.A.M.A.,
1938, 110, 641) questioned the efficacy of the
procedure.
Camphor is sometimes used for its carminative action, and its slight expectorant action is
also utilized on occasion.
Probably the most frequent use of camphor
in this country is as a local remedy. It is of value
as a mild counterirritant in muscular strains, in
rheumatic conditions, and many similar inflammations. Itis frequently used, especially in conjunction with menthol or phenol, for its local
anesthetic effect to relieve itching of the skin
and in treatment of acute rhinitis or conjunctivitis. Ithas been used in conjunction with phenol
as a local remedy for epidermophytosis; it is
thought that camphor diminishes absorption of
phenol. However, instances of ulceration from
a single application of this mixture have been
reported (Hubler, J.A.M.A., 1943, 123, 990).
In any event, such applications are not curative
and may be harmful in the vesicular type of lesion
(Glenn and Hailey, Arch. Dermat. Syph., 1943,
47, 239). N\
Toxicology. — Cases of camphor poisoning,
chiefly from accidental ingestion of camphor
liniment, have been reported. Benz (J.A.M.A.,
1919, 72, 1217) recorded 20 such cases, and
Craig (Archives of Disease in Childhood, 1953,
28, 475) stated that 12 children died in Great
Britain from poisoning by camphor, while many
others were made ill, in a period of 20 years.
One fluidrachm of camphor liniment caused the
death of a child of 16 months; the same dose
caused marked symptoms in a 6-year-old boy.
The most constant symptom observed has been
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clonic convulsions, usually accompanied with
vertigo, more or less mental confusion often
amounting to active delirium, and sometimes
followed with coma; vomiting may occur. Craig
emphasized the need for quickly inducing emesis ;
gastric lavage is also indicated. While sedation
must be undertaken with care, because of the
risk of eventual respiratory failure, Craig states
that the short-acting barbiturates, given intravenously, or paraldehyde given intramuscularly,
seem to be the most rational form of treatment.
A case of poisoning in a 2 ^-year-old child from
application of camphor liniment to the chest for
a cold was recorded by Summers (Brit. M. J.,
Dec. 20, 1947).
The dose of camphor varies from 120 to 300
mg. (approximately 2 to 5 grains). For subcutaneous injection from 100 to 300 mg. may be
dissolved in 1 or 2 ml. of a sterile fixed oil, such
as olive oil; solutions in liquid petrolatum are
not to be used subcutaneously since the camphor
seems not to be absorbed and often causes serious inflammatory changes.
Storage. — Preserve "in tight containers, and
avoid exposure to excessive heat." U.S.P.
Off. Prep. — Camphorated Opium Tincture,
U.S.P., B.P.; Flexible Collodion, U.S. P.; Camphor and Soap Liniment; Camphor Liniment;
Camphor Water, N.F., B.P.; Camphor Spirit;
Compound Ephedrine Spray; Camphorated Parachlorophenol, N.F.; Ammoniated Liniment of
Camphor; Liniment of Turpentine, B.P.
CAMPHOR

LINIMENT.

N.F. (B.P.)

Camphorated Oil, [Linimentum Camphorae]

"Camphor Liniment contains not less than
19 per cent and not more than 21 per cent of
camphor. Caution. — This preparation is not intended for parenteral use." N.F. The B.P. requires Liniment of Camphor to contain 20.0
per cent w/w (limits 19.0 to 21.0) of camphor.
B.P. Liniment of Camphor. Oleum Camphoratum Forte.
Ger. Starkes Kampferol. Sp. Linimento de Alcanfor.

Place 800 Gm. of cottonseed oil into a suitable dry flask or bottle, heat it on a water bath,
add 200 Gm. of coarsely powdered camphor,
stopper the container securely and dissolve the
camphor by agitation without further application of heat. N.F.
The B.P. preparation contains the same proportion of camphor but arachis oil is used in
place of cottonseed oil as the vehicle.
Assay. — Approximately 5 ml. of camphor
liniment is weighed into an Erlenmeyer flask,
placed in an oven at 110°, and the camphor volatilized from the liniment while passing carbon
dioxide gas over it; after displacing the carbon
dioxide with dry air, the loss of weight of the
sample is determined, this being assumed to be
equivalent to the weight of camphor in the
original sample. The use of carbon dioxide gas
is for the purpose of hastening the volatilization
of camphor, while at the same time preventing
any oxidative changes in the cottonseed oil,
which would occur if air were used similarly.
N.F. The B.P. assay consists of heating a sample
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of the liniment in a dish on a water bath until
the odor of camphor is no longer discernible,
the loss in weight being calculated as camphor.
For a discussion of volatilization methods for
estimating camphor in oil solutions see Berman
(/. A. Ph. A., 1940, 29, 120).
Uses. — Camphor liniment is used as a counterirritant in sprains, bruises, rheumatism, acute
bronchitis, and various other inflammatory states.
Its oily base invites rubbing, which is often beneficial.
Many cases of poisoning, a considerable number of them terminating fatally, have resulted
from accidental ingestion of this liniment by
children; even its application has resulted in
poisoning of a child (for discussion see Toxicology, under Camphor).
The term "camphorated oil" is sometimes
applied to a solution of camphor in oil intended
for hypodermic use; camphor liniment should
under no circumstances be used for this purpose. !y|
N.F.
Storage. — Preserve "in tight containers."
AMMONIATED LINIMENT
CAMPHOR.
B.P.

OF

Linimentum Camphorae Ammoniatum
Compound Liniment of Camphor. Linimentum Ammoniato-camphoratum; Linimentum Camphoratum cum
Ammonia; Linimentum Ammoniatum Camphoratum. Fr.
Liniment ammoniacal camphre. Ger. Fluchtiges Kampferliniment. It. Linimento ammoniacale canforato.

Camphor (12.5 per cent w/v), lavender oil,
stronger ammonia water and alcohol are mixed
together in preparing this liniment, the final
product having an alcohol content of 54 to 58
perThis
cent.liniment or a variant of it is popular in
England and many countries in Europe.
CAMPHOR

AND SOAP LINIMENT.
N.F. (B.P.)

Soap Liniment, [Linimentum Camphorae et Saponis]
B.P. Liniment of Soap ; Linimentum Saponis. Camphorated Tincture of Soap; Liquid Opodeldoc. Linimentum
Saponis Camphoratum Liquidium ; Spiritus Saponato-caruphoratus. Fr. Liniment savonneux camphre. Ger. Flussiger
Opodeldok. Sp. Linimento de jabon alcanforado, liquido;
Balsamo opodeldoch, liquido; Linimento de Alcanfor y
Jabon.

Dissolve 45 Gm. of camphor, in small pieces,
and 10 ml. of rosemary oil in 700 ml. of alcohol,
add 60 Gm. of hard soap, dried and granulated
or powdered, and enough purified water to make
1000 ml. Agitate the mixture until the soap has
dissolved, set aside in a cool place for 24 hours,
and filter.
The B.P. Liniment of Soap is made similarly,
though it contains soft soap instead of hard soap.
Alcohol Content. — From 62 to 66 per cent,
by volume, of C2H5OH. N.F.
Uses. — Soap liniment is used as a gentle
rubefacient in sprains, bruises, and rheumatic or
gouty pains. It is useful also as a vehicle for more
active counterirritants.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Chloroform Liniment, N.F.
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SPIRIT.

N.F.

[Spiritus Camphors; ]

[Camphora

"Camphor Spirit is an alcohol solution containing, in each 100 ml., not less than 9.0 Gm.
and not more than 11.0 Gm. of CioHioO.'' X.F.
Spiritus Camphoratus; Solutio Alcoholica Camphors. Fr.
Teinture de camphre concentree; Alcool camphre; Esprit
de camphre. Gcr. Kampferspiritus. It. Spirito canforato.
Sp Solucion de alcanfor, alcoholica; Alcohol alcanforado;
Kspintu de alcanfor.

Dissolve 100 Gm. of camphor in sufficient alcohol to make 1000 ml. Filter, if necessary. X.F.
Tests. — Specific gravity. — Not less than 0.824
and not more than 0.826. Added water. — On adding 50 mg. of potassium carbonate to 5 ml. of
camphor spirit the solid does not liquefy nor
does it adhere to the bottom of the container.
X.F.
Assay. — The camphor in 2 ml. of spirit is
heated during 4 hours with freshly prepared
dinitrophenylhydrazine T.S. whereby the camphor, a ketone, forms a dinitrophenylhydrazone
which is quantitatively precipitated. After
standing overnight following acidification of the
mixture the precipitate is filtered on a crucible,
washed with distilled water, and dried to constant
weight at 80°. Each Gm. of the camphor dinitrophenvlhvdrazone represents 458.0 mg. of
CioHinO. X.F.
Alcohol Content. — From 80 to 87 per cent,
by volume, of C2H5OH. X.F.
Uses. — Camphor spirit was once widely used
in the treatment of diarrhea, and in hysteria and
other forms of nervous excitement; it is today
used relatively infrequently. To minimize precipitation of camphor on dilution with water it
may be dropped on sugar and then mixed with
water. It is more frequently used, especially by
the layman, as an application for various local
ailments. H
Dose, from 0.6 to 1.25 ml. (approximately 10
to 20 minims).
Storage. — Preserve "in tight containers." N.F.
CAMPHOR

WATER.

N.F.. B.P.

[Aqua Camphorae]

"Camphor Water is a saturated solution of
camphor in purified water, prepared by solution
of the camphor as described under Waters." X.F.
Aqua Camphorata. Fr. Eau
wasser. Sp. Agua de Alcanfor.

camphree.

MONOBROMATED

Gcr. Campher-

The B.P. Camphor Water is made by dissolving
1 Gm. of camphor in 2 ml. of 90 per cent
alcohol and adding this gradually to 1000 ml.
of distilled water.
Uses. — Camphor water is used as an euphoric
in states of nervous excitement, but whether its
effects are physiologic or psychologic is open to
question. It is often employed as a vehicle for
the administration of more active substances and
is an astringent ingredient of liquid preparations
for application to the eye.
Dose, 15 to 30 ml. (approximately l/2 to 1
fiuidounce), repeated every one or two hours.

CAMPHOR.

N.F.

Monobromata]

CioHisOBr
Camphor Bromate; Bromocamphor; Brominated Camphor.
Camphor* Monobromidum. Fr. Camphre monobrome. Ger.
Bromkampfer; Bromcampher. It. Canfora monobromata.
Sp. Alcanfor monobromado.

This substance may be made by heating together bromine and camphor, whereby a hydrogen
atom of the — CH2 group adjacent to the ketone
group of camphor is replaced by bromine.
Description. — "Monobromated Camphor occurs as colorless, prismatic needles or scales, or
as a powder. It has a mild, but characteristic,
camphoraceous odor and taste. It is stable in
the air, but is decomposed by prolonged exposure
to sunlight. One Gm. of Monobromated Camphor dissolves in about 6.5 ml. of alcohol, in
about 0.5 ml. of chloroform, and in about 1.6 ml.
of ether. It is almost insoluble in water. Monobromated Camphor melts between 74° and 77"."
X.F.
Standards and Tests. — Identification. — A
yellow precipitate of silver bromide forms on
heating together 100 mg. each of monobromated
camphor and silver nitrate and 2 ml. each of
nitric acid and sulfuric acid until nitrous vapors
are no longer evolved. Residue on ignition. — Not
over 0.05 per cent. Bromide. — The filtrate from
500 mg. of powdered monobromated camphor
shaken with 10 ml. of distilled water is neutral,
and is not rendered more than slightly opalescent
by several drops of silver nitrate T.S. X.F.
Uses. — Monobromated camphor was introduced into medicine with the expectation that
it would combine the sedative effect of the bromide ion with that of camphor. As it represents
only about 35 per cent of bromine it is obvious
that it cannot, in the doses in which it is employed,
exert any perceptible degree of bromide effect.
That its action is chiefly that of the camphor
in it is shown by the fact that the use of large
doses has led to the occurrence of convulsions.
It has been employed for the treatment of headaches in combination with various coal tar analgesics and for sundry chronic neurologic conditions.
The dose is from 120 to 300 mg. (approximately 2to 5 grains).
Storage. — Keep "in well-closed, light-resistant
containers."' X.F.
CANTHARIDES.
N.F.
Spanish Flies, Russian Flies, Cantharis

"Cantharides consists of the dried insect.
Cantharis vesicatoria (Linne) De Geer (Fam.
Meloidece). Cantharides yields not less than 0.6
per cent of cantharidin. Caution. — Cantharides
having an ammoniacal odor must not be used."
N.F.
Blistering Flies; Blistering Beetle. Muses Hispanicse. Fr.
Cantharide; Insectes coleopteres heteromeres; Meloides.
Ger. Spanische Fliegen; Kanthariden; Blasenkafer; Pflasterkafer. It. Cantaride. Sp. Cantarida.

The term Cantharis was employed by the ancient Greek writers to designate many coleopter-
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ous insects or beetles. Linnaeus gave the title
to a genus not including the official blistering
insects, placing the latter in the genus, Meloe,
which, however, has been since divided into several genera. Geoffrey made the Spanish fly
(beetle) the prototype of a new genus, Cantharis, substituting Cincindela as the title of the
Linnaean genus. Fabricius altered the arrangement of Geoffrey, and substituted Lytta for Cantharis as the generic name. The former was
adopted by the London College, and at one
time was in extensive use; but, the latter, having
been restored by Latreille, is now universally employed. By this naturalist the vesicating beetles
were grouped in a small tribe, corresponding very
nearly with the Linnaean genus Meloe, and distinguished bythe title Cantharides. This tribe he
divided into eleven genera, among which is
Cantharis.
Cantharis vesicatoria is a beetle from 15 to 25
mm. long, and of a shining, golden-green color.
The head is large and heart-shaped, bearing a pair
of stout mandibles and filiform antennae; the
thorax short and quadrilateral; the wing-sheaths
long and flexible, covering brownish membranous
wings. They attach themselves preferably to
certain trees and shrubs, such as the white poplar, privet, ash, elder, and lilac, upon the leaves
of which they feed. They are most abundant in
Spain, Italy, and southern France, but are found
also in all the temperate parts of Europe and in
western Asia. According to the researches of
Lichtenstein, the eggs are laid by the female in
the latter part of June in small cylindrical holes
made in the ground. A week later the larvae
hatch out. They are a millimeter long, with two
long caudal threads, and of a brown color. After
many efforts, Lichtenstein succeeded in getting
them to feed on the honey contained in the
stomach of bees. In a few days they changed into
milk-white larvae, and about a month after this
buried themselves in the ground, to assume the
chrysalis stage and to hatch out the following
spring as perfected beetles. In the wild state the
larvae are said to crawl up flowers and attach
themselves to bees or other hymenopterous
insects; carried by the bee to the hive, the larvae
feed upon the young bees and the honey and beebread stored up for use. The beetles usually
make their appearance in swarms upon the trees
in May and June, when they are collected.
The time preferred for collection is in the
morning, at sunrise, when they are torpid from
the cold of the night, and easily let go their
hold. Persons with their faces protected by masks,
and their hands with gloves, shake the trees, or
beat them with poles ; and the insects are received
as they fall upon linen cloths spread underneath.
They are then plunged into vinegar diluted with
water, or exposed in sieves to the fumes of
ammonia, vinegar, chloroform, burning sulfur or
carbon bisulfide, after which they are dried in the
sun or by other means of heating. This mode of
killing the flies by the vapor of vinegar is as
ancient as the times of Dioscorides and Pliny.
When perfectly dry, they are introduced into
casks or boxes fined with paper and carefully
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closed, so as to exclude as much as possible the
atmospheric moisture.
Cantharides comes chiefly from Spain, southern
Russia and Hungary, and other parts of southern
Europe, as Sicily, Poland, and Roumania. The
Russian flies are most esteemed. They may be
distinguished by their greater size, and their
color approaching to that of copper.
In the United States are several species of
Cantharis, which have been formerly employed as
substitutes for C. vesicatoria and found equally
efficient. For description of unofficial blistering
beetles, see U.S.D., 19th ed., p. 284. Various
other allied insects have been used at one time
or another as a substitute for the Spanish beetle.
Cantharis vittata Latreille, or potato fly, was
recognized by the U.S. P. 1850. It is rather
smaller than C. vesicatoria, which it resembles in
shape. Its length is about six lines (J^ inch). The
head is light red, with dark spots upon the top;
the feelers are black; the elytra or wing-cases are
black, with a yellow longitudinal stripe in the
center, and with a yellow margin; the thorax is
also black, with three yellow lines; and the
abdomen and legs, which have the same color,
are covered with a cinerous down. It inhabits
chiefly the potato vine, and appears about the
end of July or beginning of August, in some
seasons very abundantly. This insect must not be
confused with the "potato bug," or Colorado
potato beetle (Doryphora decemlineata), which
has proved so destructive to potato plants, and
which contains no cantharidin.
Mylabris cichorii Fabr. is thought to be one of
the insects described by Pliny and Dioscorides
under the name of cantharides, and is to this day
employed in Italy, Greece, the Levant, Egypt,
and China. It, as well as the related species,
M. sidtz Fabr., is imported to some extent from
Shanghai and Singapore under the name of Chinese blistering fly for the extraction of cantharidin. They are black with 2 brownish-yellow to
orange transverse bands on their elytra, with the
powder blackish gray and free from shining
particles; they yield 1.25 per cent of cantharidin.
The B.P. Add. 1900, under the name of Mylabris, recognized not only the dried beetle Mylabris
phalerata Pallas (M . sidce Fabr.), but also allowed the use in the Colonies of other species
of the genus, provided that they yield a similar
proportion of cantharidin. Mylabris was characterized as "usually an inch (twenty-five millimetres) or rather more long, and three-eighths
of an inch (nine millimetres) broad; with two
long elytra, each three times as long as broad,
black with two broad wavy transverse orangecolored bands and a large orange-colored spot
at the base of each; one pair of brown membraAmong
other beetles that have occasionally
nous wings."
found their way into commerce may be mentioned: Cantharis quadrimaculattis {Mexican
Cantharides), Mylabris lunata, M. pustulata
(from India), M. bifasciata (from South Africa),
Epicauta gorhami (from Japan), Lytta aspersa
(from Argentina), etc.
Description. — "Unground
Cantharides
are
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beetles from 15 to 25 mm. in length and 5 to
8 mm. in breadth, oblong, somewhat compressed
above, externally iridescent, and having a brown
through olive-brown, green, blue to bluish purple color. The head is triangular, separated into
two lateral lobes by a faint median line. The
mandibles are stout and partly concealed; the
antennae filiform, of 11 joints, the basal clavate,
the second globular, and the remaining somewhat
conical. The eyes are comparatively small; the
prothorax angulate; the first and second pairs of
legs have 5 tarsal joints, the hind pair has 4
tarsal joints, and all legs have 2 distal claws.
The posterior wings are membranous and yellowish brown or yellowish orange. The elytra or
wing sheaths has 2 parallel fines and are finely
wrinkled. Cantharides has a strong, disagreeable
odor, and a slight, acrid taste.
"Powdered Cantharides is moderate yellowish
brown to moderate olive-brown, often containing
iridescent particles. It shows long, pointed
spicules about 500 n in length and 20 n in width
at the base; fragments of striated muscles, of
chitinous body wall, and of wings and frequently
fragments of mites and their eggs." N.F.
Dried Spanish flies preserve the form and color
of the living insect. If kept perfectly dry, in wellstoppered glass bottles, they retain their activity
for a great length of time, but exposed to a damp
air they quickly undergo putrefaction, and this
change takes place more speedily in the powder.
Hence the insects should either be kept whole,
and powdered as they are wanted for use. or, if
kept in powder, should be well dried immediately
after pulverization, and preserved in air-tight
vessels.
Cantharides are subject to attack by mites,
which feed on the interior soft parts of the body,
reducing them to powder, while the hard exterior
parts are not affected. An idea was at one time
prevalent that the vesicating property of the insect was not injured by the worm, which was
supposed to devour only the inactive portion.
But this has been proved to be a mistake. Chloroform and carbon tetrachloride are among the
simplest, safest and best preservatives to prevent
the development of insects in drugs. Cantharides
will bear a very considerable heat without losing
the brilliant color of their elytra; nor is this
color extracted by water, alcohol, ether, or the
oils, so that the powder might be deprived of
all its active principle and yet retain the exterior
characters unaltered. The wing cases resist putrefaction for a long time, and the shining particles
have been detected in the human stomach,
months after interment.
Standards and Tests. — Mylabris beetles. —
Unground cantharides should show no insects
with black and yellowish orange striped elytra.
Moisture. — Not over 10 per cent. N.F.
Assay. — The cantharidin from 15 Gm. of cantharides isextracted with a mixture of 2 volumes
of benzene and 1 volume of petroleum benzin. in
the presence of hydrochloric acid. A two-thirds
aliquot portion of the extract is concentrated by
evaporation and the cantharidin in it permitted
to crystallize. The crystals are washed with a
mixture of dehydrated alcohol and petroleum
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benzin, saturated with cantharidin, until free of
fat and coloring matter; finally the cantharidin is
dried at 60° and weighed. N.F.
Constituents. — The activity of cantharides is
due to cantharidin, which was isolated by Robiquet in 1810. Cantharidin, C10H12O4, is hexahydro-3a, 7a-dimethyl-4, 7-epoxyisobenzofuran-l,
3-dione, an anhydride (lactone) of cantharidic
acid, which latter is a derivative of cyclohexanedicarboxylic acid. It has been commercially extracted by several methods, and
was official in the B.P. 1932. Cantharidin
has been synthesized (see Ziegler et al.,
Ann. Chem., 1942, 551, 1; Paranjape et al.,
Proc. Indian Acad. Sci., 1944. 19A, 385; Stork
et al., J.A.C.S., 1953, 75, 384). There is present
also about 12 per cent of a fixed oil and. according to Orfila, a volatile principle, upon which the
fetid odor of the beetle depends. Formic acid has
been reported to be present as well. The green
color of the wing cases is probably due to light
interference of their translucent films of tissue.
Adulterants. — These are not common. Occasionally other insects, or even beads, are added,
purposely or through carelessness. These may be
readily distinguished by their appearance. Flies
exhausted of their cantharidin have been substituted for the genuine drug. These may be distinguished bytheir lack of substance and their
yielding a nearly colorless ethereal tincture. The
percentage of cantharidin found in cantharides
furnishes the best test of its activity.
Uses. — Internally administered, cantharides is
a powerful irritant. Genitourinary irritation is
ordinarily the first symptom produced by small
doses of cantharides, and, if the dose has been
large enough, it may cause violent strangury,
attended with excruciating pain, and the discharge of bloody urine. Cantharides or some
similar vesicating insect appears to have been
used as far back as the time of Hippocrates in
the treatment of dropsy and amenorrhea. By its
local irritant effect, cantharides will increase the
quantity of urine, but it has been abandoned
in favor of less harmful diuretics. Because of
the priapism seen in cantharides poisoning the
drug has been used in sexual impotence but it is
capable of such serious injury that its employment is not advisable. As an internal remedy,
cantharides is of little practical value.
Externally applied, cantharides excites inflammation in the skin, which terminates in a copious
secretion of serum under the cuticle. It has been
used both as a rubefacient and as a blistering
agent. In the former capacity it has no particular
merit, but as an epispastic it was preferred to all
other substances. When blistering agents are
allowed to stay on only long enough to irritate the
skin, but not to blister, they are sometimes of
service in neuralgias, applied directly over the
seat of pain. The chief use of cantharides, however, was to produce true blisters for the relief
of various internal inflammations. For this purpose Cantharides Cerate was officially recognized as recently as in N.F. VIII and was prepared as follows: Moisten 350 Gm. of cantharides
(in very fine powder) with a mixture of 150 ml.
of turpentine oil and 25 ml. of glacial acetic acid.

Part I

Capsicum

and macerate in a well-covered container in a
warm place during 48 hours. Melt together 175
Gm. of rosin, 175 Gm. of yellow wax, and
200 Gm. of benzoinated lard, strain the mixture
through muslin, add the macerated cantharides,
and maintain the mixture in liquid condition by
heating on a water bath, stirring occasionally,
until reduced to a weight of 1000 Gm. Discontinue heating, and stir the cerate until it becomes
firm. N.F. VIII. The B.P. recognized Plaster of
Cantharidin containing 0.2 per cent of cantharidin
in a mixture of castor oil, beeswax and wool-fat,
which was used similarly. These preparations were
applied to the skin as a plaster, which was made
by spreading an amount equivalent to 100 mg. per
square centimeter on a backing material such as
muslin or adhesive plaster. Such a plaster was left
on the part for 4 to 6 or at the most 8 hours,
depending on the sensitivity of the skin and the
degree of blistering desired. Even though the
plaster was removed in 4 to 6 hours, when the
skin was red but not blistered, a blister would
form. The serum was drained out of the blister
by incising its dependent portion and the lesion
was covered with an antiseptic powder. This form
of counterirritation has largely gone out of use.
It was employed in pneumonia, pleurisy, arthritis,
etc. It is possible for enough cantharidin to be
absorbed by the raw surface of a blister to cause
marked irritation of the genitourinary tract, [v]
Toxicology. — Toxic doses of Spanish fly produce obstinate and painful priapism, vomiting,
bloody stools, severe pains in the whole abdominal region, excessive salivation with a fetid
breath, hurried respiration, a hard and frequent
pulse, burning thirst, exceeding difficulty of deglutition, sometimes a dread of liquids, convulsions, tetany, delirium, and death. About 1.5 Gm.
of the powder has proved fatal. Dissection reveals
severe and acute inflammatory changes in the
kidney, the intestines and sometimes the spleen
(see J. AM. A., 1921, 76, 50). The drug has
been reported by Gordon {Clin. Proc, 1943, 2,
293) to be the most common poison in South
Africa.
The poisonous effects may be counteracted by
the use of emetics, cathartics, and opiates by the
stomach and rectum. Oils accelerate the poisonous
action, probably by dissolving the cantharidin. It
would seem probable that activated charcoal
might be useful as an antidote.
The dose of cantharides may be stated as 4 to
30 mg. (approximately %5 to ty grain), but it is
probably no longer prescribed.
Storage. — Preserve "in tight containers." N.F.
CANTHARIDES
[Tinctura

TINCTURE.

N.F.

Cantharidis]

Tincture of Spanish Flies. Tinctura Cantharidum. Fr.
Teinture de cantharide. Ger. Spanischfliegentinktur. It.
Tintura di cantaride. Sp. Tintura de cantaridas.

Mix 100 Gm. of cantharides, in fine powder,
with 100 ml. of glacial acetic acid and 100 ml.
of alcohol, and macerate the mixture in a suitable
closed vessel during 4 days in a warm place.
Then transfer the mixture to a percolator; percolate slowly, using alcohol as additional men-
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struum until the tincture measures 1000 ml. Mix
the product thoroughly. N.F.
Alcohol Content. — From 78 to 84 per cent,
by volume, of C2H5OH. N.F.
For a report on the efficiency of methods of
extraction of cantharides see Ohmart and Morgan
(/. A. Ph. A., 1939, 28, 385). The tincture is
the form in which cantharides was used (see
Cantharides) when it was prescribed internally.
It is still occasionally used as a rubefacient; the
likelihood of producing vesication should be kept
in mind.
Cantharides tincture has been given in doses
of 0.06 to 0.2 ml. (approximately 1 to 3 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
CAPSICUM.

N.F.

Cayenne Pepper, [Capsicum]

"Capsicum is the dried ripe fruit of Capsicum
frutescens Linne, known in commerce as African
Chillies, or of Capsicum annuum Linne var.
conoides Irish, known in commerce as Tabasco
Pepper, or of Capsicum annuum var. longum
Sendt, known in commerce as Louisiana Long
Pepper, or of a hybrid between the Honka variety
of Japanese Capsicum and the Old Louisiana
Sport Capsicum known in commerce as Louisiana
Sport Pepper (Fam. Solanaceae.) . Capsicum must
be labeled to indicate which of the above varieties
is contained in the package. Capsicum yields not
less than 12 per cent of a non- volatile ethersoluble extractive." N.F.
Red, African, Guinea, Bird, Spur, Zanzibar, Mombasa
or Nyassaland Pepper; African Cayenne; Capsicum Fruit;
Chillies. Capsici Fructus; Piper HisDanicum; Fructus
Capsici; Piper Indicum. Fr. Poivre d'Espagne; Capsique.
Ger. Spanischer Pfeffer ; Brasilianischer (Indischer; Ungarischer; Tiirkischer) Pfeffer; Schotenpfeffer; Taschenpfeffer. It. Peperone.

Probably as a result of its widespread cultivation, the genus Capsicum contains a large
number of plant forms whose specific relations
afford a very difficult problem to the systematic
botanist. The probability is that the entire genus
was originally confined to the American tropics,
although it has been cultivated since the time
of Columbus in the temperate and tropical zones
of almost the whole world. Its first appearance
in literature seems to be in a writing of Peter
Martyn, dated September, 1493, referring to
its having been brought by Columbus. Neither in
ancient Sanskrit, Chinese, Greek, Latin, or
Hebrew is there a name for it. In 1887 Asa Gray
expressed his belief that there are only two species
in the genus, although in the last previous revision of the genus, in 1852, Dunal had recorded
fifty species. After a very thorough and careful
study of the subject, including the cultivation of
every procurable variety and species for four
years in the Missouri Botanical Garden, H. C.
Irish reached the conclusion that the dictum of
Gray was correct, and that there are really only
two species of the genus, one of which is herbaceous and annual or biennal, the other shrubby
and perennial, a conclusion which seems to be accepted by the great majority of taxonomists.
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L. W. Bailey, however, believes the annual herbaceous Capsicums to have descended from the
perennial, shrubby, C. frittescens and that these,
therefore, represent varieties or forms of that
species (see Bailey, Gentes Herbarum, 1923,
128-29).
The first of these species is the one most extensively cultivated in Europe and in this country; it is the C. annuum, L. The second is, in its
varieties, very largely grown in the tropical and
subtropical latitudes, its fruit not ripening at all
or only to a slight degree in the temperate zone.
It is the species which was described under the
name of C. frittescens, by Linnaeus, in 1737. By
Irish it is divided into two varieties — C. frutescens
proper which is characterized by its fruit being
oblong, acuminate, and usually embraced by the
calyx, and C. frutescens baccatum (C. baccatum
L.) which is characterized by its ovate or subround fruit, usually seated on the calyx. In the
first of these perennial varieties are included the
C. fastigiatum of Blume and the C. minimum of
Miller, which yield most of the cayenne pepper
produced in the tropics, although, especially in
the West Indies and South America, C. baccatum
is largely cultivated.
Capsicum frutescens, the shrubby capsicum, is
cultivated in the southern United States, Mexico,
India, Japan, and British East Africa. The fruits
are collected when fully mature, deprived of
their calyxes, and carefully dried. Most of the
African chillies used in this country comes from
Zanzibar, Mombasa, Nyasal or Sierra Leone.
During 1952 importations of unground capsicum,
from Mexico, Japan. Sudan, Turkey, British East
Africa, Nigeria, Ethiopia, and Union of S. Africa,
amounted to 5,730,710 pounds. For an account of
the culture and the structure of capsicum grown
in Louisiana see Youngken (J. A. Ph. A., 1938,
27, 323).
The following are the characteristics of the
plant as given by Irish: "Plants shrubby, perennial, two and a half to six feet high. Branches
angular, often channelled, puberulent or pubescent, especially on the younger portions; usually
greatly enlarged and slightly purple at the nodes,
green or sometimes purplish striate. Leaves
broadly ovate, acuminate, 7.5 to 15 cm. long,
usually puffed or wrinkled, more or less pubescent, especially around the veins. Petioles medium, usually subciliate; peduncles slender, 2.5
to 5 cm. long, often in pairs, usually longer than
the fruit. Calyx usually cup-shaped, embracing
base of the fruit; teeth short, corolla white or
greenish white, spreading 10 to 20 mm. long,
often with ocherous markings in the throat. Fruit
red, ovate, obtuse or oblong acuminate, 20 to 30
mm. long and 6 to 18 mm. in diameter."
Capsicum annuum, the common green pepper,
while not used as a medicine, is of such importance as a condiment and food that some description of it seems justified. It is an annual herb
largely cultivated both in the United States and
in Europe, flowering in the early or middle summer, and ripening its fruit in the early autumn.
There are numerous varieties of it differing in
the shape of their fruit. That which is chiefly
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cultivated in the United States for market, to be
used in the green state in pickling, or cooked for
the table, is the variety grossum; it has a large
irregularly ovate or conical berry depressed or
horned at the extremity, and when ripe varying
in color from yellowish to scarlet. A variety
with a long, conical, pointed and recurved fruit.
which is usually not thicker than the finger (var.
longum), is especially used in the making of red
pepper and is extensively used in the seasoning
of sausages. In another variety, var. cerasiforme
Irish, the cherry or oxheart pepper, the berries
are not more than an inch in diameter, spherical
and slightly compressed.
The fruit of the Capsicum annuum constitutes
paprika, or as it is sometimes called, sweet pepper; it has scarcely more than one-sixth the
pungency of real Cayenne pepper, so that the
addition of it to powdered chillies may be considered an adulteration.
The varieties of capsicums which occur on the
American market may be distinguished by the
size and color of their fruits as follows: The
pods of the East African pepper are about 12 mm.
in length, flattened, almost cylindrical, although
showing distinctly the conical form. The pods
of the Madagascar pepper reach the length of 6 to
7 cm. and a breadth of about 20 mm. The Bombay, or cherry, peppers are very dark in color,
3.5 to 5 cm. in length, and 12 mm. or more in
breadth at the base; they are strictly conical and
less likely to be flat than those of the other varieties. Zanzibar pepper is smaller than the East
African pepper but otherwise similar to it. Japanese capsicum, whose botanical source is not
positively known, occurs in the market in two
forms, one in which the pods are large, reaching
the length of about 6 cm.; the other in which
the small pods are not 2.5 cm. in length. The
larger pods are scarcely to be distinguished from
Madras chillies; the smaller resemble, but are
nearly twice the size of, the East African pepper.
Sudan chillies from Africa, which is derived from
C. frutescens, consist of small, corneal red to
reddish brown or yellowish red fruits up to 2 cm.
in length and up to 5.5 mm. in breadth. The
color of the pods varies from light yellowishbrown to deep red.
Description. — "Unground Capsicum occurs
as oblong-conical, often curved (Louisiana Long
Pepper), usually laterally compressed, from 10
to 25 mm. in length and from 4 to 8 mm. in
diameter (African Chillies), or up to 15 cm. in
length and 2.5 cm. in diameter (Louisiana Long
Pepper), or up to 5.5 cm. in length and up to
13 mm. in diameter (Louisiana Sport Pepper),
or up to 4 cm. in length and up to 9 mm. in
diameter (Tabasco Pepper). The fruit is 2-3locular, the dissepiments being united to a conical, central placenta at the base. The pericarp is
thin and membranous, its outer surface dark reddish brown to dusky yellowish orange, glabrous,
shrivelled, its inner surface striate with 2 to 3
distinct longitudinal ridges representing the parietal placentae; the seeds are light brown to weak
yellowish orange, suborbicular or irregular, flattened, from 2 to 4 mm. in diameter, with a
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thickened edge and a prominent, pointed
micropyle. The calyx is moderate brown to
dusky yellowish orange, gamosepalous, inferior,
S-toothed, and sometimes attached to a long,
straight peduncle. Capsicum has a characteristic
odor, an intensely pungent taste and is sternutatory." N.F. For histology see N.F.X.
"Powdered Capsicum is dark orange or dark
reddish orange to strong yellowish brown. It
shows numerous fragments of thin-walled parenchyma containing oil globules and orange, red, or
yellow chromoplasts; fragments of epicarp
with either striated, rectangular cells arranged in
parallel series (African Chillies), or with polygonal, triangular, or irregular cells, with or without
beaded walls. The endocarp contains stone cells
with slightly wavy, lignified walls and broad
lumina. Numerous fragments of spermoderm
composed of stone cells are present, showing in
surface view, deeply sinuate, greatly thickened
and lignified vertical walls containing numerous
pore canals. Fragments of small-celled parenchyma of the endosperm containing fixed oil and
aleurone grains, the latter up to 5.5 u- in diameter,
are also present as well as occasional fibrovascular elements and calyx tissues." N.F.
Standards and Tests. — Stems and calyxes. —
Not over 3 per cent. Foreign organic matter. —
Not over 1 per cent. Acid-insoluble ash. — Not
over 1.25 per cent. N.F.
Assay. — This consists in determining the proportion of non-volatile ether-soluble extractive.
As evidence of the potency of the drug this test
is of little if any value. The organoleptic test of
Munch (/. A. Ph. A., 1934, 23, 25) and the
colorimetric method proposed by Tice {Am. J.
Pharm., 1933, 105, 320) are more specific. The
latter assay involves comparison of the blue color
produced by capsaicin and vanadium oxytrichloride, VOCI3, with standard solutions containing
known amounts of capsaicin to which the same
reagent has been added. Hayden and Jordan
(/. A. Ph. A., 1941, 30, 107) called attention
to the fading of color in the standards and proposed the use of permanent standards in which
the color is simulated by mixing cupric sulfate
and ferric chloride solutions. They also showed
that a number of substances containing phenolic
compounds, which might be present as adulterants, gave color reactions which nullify the
value of the test in such cases.
Constituents. — Although Braconnot described
a resinous, fatty mixture, named capsicin, as a
principle of capsicum, it was the work of Thresh
which led to the isolation, in 1876, of the principle capsaicin, which is the most important
constituent of capsicum. The structure of this
substance was established, largely through the
work of E. K. Nelson, as a vanillylamide of isodecenoic acid, the formula being:
CH3O.OH.CeH3.CH2.NH.CO(CH2)4.CH :CH.CH(CH3)2
Capsaicin may also be described as 8-methylN-vanillyl-6-nonenamide. It has been synthesized from vanillylamine and isodecenoic acid.
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Dodge (Drug and Cosmetic Industry, 1941, 49,
516) called attention to the fact that the pungent
principles of ginger also contain the vanillyl
group.
The capsaicin content of commercial red peppers varies from 0.1 to 1 per cent. Isolation of
capsaicin may be readily carried out by the
method of Tice (loc. cit.) in which capsicum
oleoresin is mixed with mineral oil, the capsaicin
extracted with 57 per cent alcohol, purified by
solution in lithium hydroxide (or other hydroxide
according to Dodge) and precipitation with carbon
dioxide, and finally crystallized from petroleum
ether. Pure capsaicin is a white, crystalline substance, almost insoluble in water, but freely soluble in alcohol, in ether and in alkalies. It melts
between 64° and 65°. The vapors of capsaicin
are extremely acrid, and handling of the substance
requires much precaution.
The principal coloring matter of capsicum is
the carotenoid pigment capsanthin, C-ioHssO;
other pigments include capsorubin, zeaxanthin,
cryptoxanthin, lutein and carotene. Ascorbic acid
has been reported to be present in quantities
ranging from 0.106 per cent to 0.572 per cent
(Dodge, loc. cit.).
Uses. — Capsicum is a powerful local stimulant,
producing, when swallowed, a sensation of heat in
the stomach, and a general glow over the body
without any narcotic effect. It is much employed
as a condiment, especially in hot climates, and
may be useful in cases of atony of the stomach
or intestines. It is contraindicated in cases of
gastric inflammation, though in chronically inflamed stomachs of persons of intemperate habits
it frequently appears to do good. It may also be
of value in certain cases of serous diarrhea not
dependent on true inflammation of the intestines.
When applied to the skin in proper concentration solutions of capsicum produce at first a
sensation of warmth and, with more concentrated
solutions, later an almost intolerable burning.
It differs from other local irritants in that there
is practically no reddening of the skin even when
there is very severe subjective sensation. In other
words, while it exerts a strongly irritating effect
upon the endings of the sensory nerves, it has
very little action upon the capillary or other
blood vessels. Therefore, it does not cause blistering even in strong solution. It is not proper to
call capsicum a rubefacient because it does not
produce reddening of the skin. It is, however, frequently added to counterirritant applications. It
is also used in plasters. The sensation of warmth
which it produces is often very acceptable to the
patient, but it is doubtful whether it exerts the
same therapeutic effect as the rubefacients. The
burning sensation may be alleviated by application of petrolatum. In the form of lozenges,
capsicum has been used for the treatment of
relaxed uvula and other similar conditions of the
pharynx. The tincture has been employed externally in the treatment of chilblains, [v]
Dose, of the powder, 60 mg. (approximately
1 grain) one to three times daily.
Storage. — Preserve "in well-closed containers,
adding a few drops of chloroform or carbon tetra-
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chloride from time to time to prevent attack by
insects." N.F.
CAPSICUM

OLEORESIN.

N.F.

[Oleoresina Capsici]

Prepare the oleoresin from capsicum, in coarse
powder, by percolating it with either acetone or
ether. Recover the greater part of the solvent
from the percolate by distillation, transfer the
residue to a dish, and allow the remainder of the
volatile solvent to evaporate spontaneously in a
warm place remote from flame. Separate the
liquid oleoresin from the fatty matter by decantation, or by draining it in a funnel containing a
pledget of absorbent cotton; reject the fatty
matter. N.F.
The active principles of capsicum appear to
be completely extracted by this process. It has
been suggested that an improvement in the
method of separating the fatty matter may be
effected by chilling the product, piercing the
solidified fatty layer and pouring off the liquid
oleoresin. The oleoresin is a very thick liquid
having a dark reddish-brown color ; though it does
not have much of the odor of capsicum, it is
intensely pungent to the taste.
Uses. — Capsicum oleoresin may be used for
any of the purposes discussed under Capsicum.
When taken internally in overdose the oleoresin
may cause strangury.
Capsicum Ointment, N.F.IX, was made by
incorporating SO Gm. of the oleoresin into a
melted mixture of 100 Gm. of paraffin and 850
Gm. of petrolatum; the preparation was used as
a counterirritant.
Dose, from 15 to 30 mg. (approximately % to
l/2 grain).
Storage. — Preserve "in tight containers." N.F.
CAPSICUM

TINCTURE.

N.F.

[Tinctura Capsici]
Tincture of Cayenne Pepper. Fr. Teinture de poivre
d'Espagne.
capsico annuo.Ger. Spanischpfeffertinktur. It. Tintura di

Prepare the tincture, by Process P (see under
Tinctures), from 100 Gm. of capsicum, in moderately coarse powder, using a menstruum of
9 volumes of alcohol and 1 volume of water.
Macerate the drug during 3 hours, then percolate
rapidly, preparing 1000 ml. of tincture. N.F.
Alcohol Content. — From 80 to 85 per cent,
by volume, of C2H5OH. N.F.
Uses. — Capsicum tincture has been used in
atonic conditions of the stomach, especially in
alcoholic gastritis. It was also employed locally in
various sluggish conditions of the throat and for
other purposes for which capsicum is applicable.
Applied by means of a camel's-hair pencil to the
relaxed uvula, it sometimes produces contraction
and relieves prolapsus of that part. E
Dose, of the N.F. tincture, 0.3 to 0.6 ml.
(approximately 5 to 10 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.

CARAMEL.

N.F.

Burnt Sugar Coloring, [Caramel]

"Caramel is a concentrated aqueous solution of
the product obtained by heating sugar or glucose
until the sweet taste is destroyed and a uniform
dark brown mass results, a small amount of
alkali, alkaline carbonate or a trace of mineral
acid being added while heating." N.F.
Sugar Coloring. Saccharum Ustura. Fr. Caramel. Get.
Karamel.

When sucrose is heated above its melting
point, but short of a charring temperature, it
develops a deep brown color, and is finally transformed to a brown, sticky mass which is called
caramel. Glucose, when treated similarly, yields
a like product. It is usually found in commerce
as a thick liquid which is a concentrated solution
of the solid mass which results when anhydrous
sugar is used. Solid caramel is an amorphous,
reddish-brown, brittle mass, quite porous and
highly deliquescent. Caramel made from cane
sugar is more soluble in hydro-alcoholic liquids
than that made from glucose, on account of the
dextrins present in glucose, which yield derivatives not readily soluble in alcohol. For methods
of preparing caramel see U.S.D., 22nd ed., p. 286.
Description. — "Caramel is a thick, dark
brown liquid with the characteristic odor of
burnt sugar, and a pleasant, bitter taste. One
part of Caramel dissolved in 1000 parts of disstilled water yields a clear solution having a distinct yellowish orange color. The color of this
solution is not changed, and no precipitate is
formed after exposure to sunlight for 6 hours.
Caramel spread in a thin layer on a glass plate
appears homogeneous, reddish brown,. and transparent. Caramel is miscible with water in all
proportions, and is miscible with dilute alcohol
up to 55 per cent by volume. It is immiscible
with ether, chloroform, acetone, benzene, petroleum benzin, or turpentine oil. The specific
gravity of Caramel is not less than 1.30°." N.F.
Standards and Tests. — Purity. — No precipitate forms on adding 0.5 ml. of phosphoric acid to
20 ml. of a 1 in 20 aqueous solution of caramel.
Residue on ignition. — When incinerated, caramel
swells and forms a coke-like charcoal which burns
only on prolonged heating at a high temperature;
not more than 8 per cent of residue results. N.F.
Constituents. — The substances caramelan,
caramelen, and caramelin have been described in
the literature as the true constituents of caramel.
The work of von Elbe (J.A.C.S., 1936, 58, 600),
however, indicates these substances to be mixtures
and that sucrose caramel in reality consists of a
mixture of two colorless compounds, as yet uncharacterized but apparently closely related to
the original sucrose, and a dark-brown infusible
substance which shows the properties of a lyophobic colloid. The latter compound is kept in
dispersion by the former substances and, on separation, is coagulated irreversibly. Von Elbe describes the isolation and certain properties of
these substances in bis report. For references to
earlier work on the composition of caramel see
U.S.D., 22nd ed., p. 287.
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Uses. — Caramel is used in medicine only as a
coloring agent.
Storage. — Preserve "in tight containers." N.F.
Off. Prep.— Pentobarbital Elixir, N.F.
CARAWAY.

N.F., B.P.

Caraway Fruit, Caraway Seed, Carum

"Caraway is the dried ripe fruit of Carum
Carvi
Linne (Fam.
Umbelliferce)." N.F. The
B.P. definition
is identical.
Carui Fructus; Fructus Carvi; Semen Carvi; Semen
Cumini Pratensis. Fr. Carvi; Cumin des pres. Ger. Kiimmel; Brotkiimmel; Garbe; Karbensamen; Kummich. Sp.
Alcaravea.

The caraway plant is a biennial herb with a
spindle-shaped, fleshy, whitish root from which
arises, during the first year, a cluster of bi- to
tripinnate leaves. During the second year there
arises a slender stem bearing alternate, pinnate
to bipinnate leaves, the terminal segments of
which are very narrow and pointed. The inflorescence isa long-stalked, compound umbel
bearing small white flowers with five minute calyx
teeth, five ovate and notched petals, five stamens
and a conical stylopod. The fruits are oblong,
laterally compressed, dark-brown cremocarps.
It is a native of Europe and Asia, growing
wild in meadows and pastures, and cultivated
in many places. The flowers appear in May and
June, and the seeds, which are not perfected
until the second year, ripen in August. The root,
when improved by culture, resembles the parsnip,
and is used as food in Northern Europe.
Caraway has been cultivated in several European countries, in India and to a lesser extent
in the northern part of the United States. The
plant thrives well in clay soil containing some
humus. The plants are mowed down when the
oldest fruits are ripe, dried in the field or in the
barn loft until they have lost most of their moisture, after which the fruits are thrashed out,
cleaned and stored in bags. During 1952 there
were imported into this country 6,536,889 pounds
of caraway seed from Netherlands, Belgium,
French Morocco and Indonesia.
Description. — "Unground Caraway occurs
chiefly as separated mericarps from about 4 up
to about 7 mm. in length and from 1 to 2 mm.
in diameter. The mericarp is oblong, curved, and
tapers toward base and apex to which half of
the stylopod is attached. Externally, it is dark
brown to weak brown and shows 5 lighter colored, filiform primary ribs, between each pair of
which, on the dorsal surface, occurs a secondary
rib. The odor and taste are characteristically
aromatic."
N.F.
For
histology
see N.F.X.
"Powdered Caraway is moderate yellowish
brown to light olive brown. It shows fragments
of the epicarp with striped cuticle; numerous
polyhedral endosperm cells containing aleurone
grains with embedded rosette aggregate crystals
of calcium oxalate; few fragments of slightly
lignified fibers and spiral vessels; fragments of
cross cells of endocarp; orange to yellow fragments of vittae; no reticulate parenchyma." N.F.
Standards and Tests. — Foreign organic matter.— Not over 3 per cent of other fruits, seeds,
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or other foreign organic matter. Acid-insoluble
ash. — Not over 1.5 per cent. N.F. The B.P. requires not less than 3.5 per cent v/w of volatile
oil.
The characteristic aromatic odor and taste of
caraway depend on an essential oil, which may be
removed by distillation (see Caraway Oil).
Adulterants. — "Drawn caraway seeds," a
term applied to such as have been recovered
from the still residue after obtaining the volatile
oil, are used to adulterate caraway; the exhausted "seeds" are much darker in color than
are the genuine and are less odorous. Other adulterants have been ergotized caraway seed, which
may be detected by the bluish-black sclerotia,
cumin, and the fruits of Aegopodium podagraria,
L. While these are the principal forms of adulteration, the drug may contain large amounts of
stems, gravel, sand, dust, weed seeds and other
impurities.
Uses. — Caraway is a mild stomachic and carminative, occasionally used in flatulent colic, and
as an adjuvant or corrective of other medicines.
The volatile oil, however, is more often employed
(see Caraway Oil).
Dose, 1 to 2 Gm. (approximately 15 to 30
grains).
Storage. — Preserve "in well-closed containers.
Caraway is susceptible to attack by insects." N.F.
Off. Prep. — Compound Cardamom Tincture,
N.F., B.P.; Caraway Oil, N.F.
CARAWAY
OIL.
N.F.
[Oleum Cari]

"Caraway Oil is a volatile oil distilled from the
dried, ripe fruit of Carum Carvi Linne (Fam. Umbellijercz). Caraway Oil yields not less than 50
per cent, by volume, of carvone (CioHuO)." N.F.
Oleum Carvi; Oleum Carui. Fr. Essence de carvi. Ger.
Kummelol. It. Essenza di comino.

This oil is prepared to a considerable extent
by distillers in this country but it has also been
largely imported, especially from Holland.
Description. — "Caraway Oil is a colorless to
pale yellow liquid, with the characteristic odor
and taste of caraway. One volume of Caraway
Oil is soluble in 8 volumes of 80 per cent alcohol.
The specific gravity of Caraway Oil is not less
than 0.900 and not more than 0.910. The optical
rotation of Caraway Oil is not less than +70°
and not more than +80° when determined in a
100-mm. tube, at 25°. The refractive index of
Caraway Oil at 20° is not less than 1.4840 and
not more than 1.4880." N.F.
Assay. — A 10-ml. portion of caraway oil is
heated, in a cassia flask, with saturated solution
of sodium sulfite which has been neutralized to
phenolphthalein by addition of saturated sodium
bisulfite solution; as a pink color develops on
heating, the mixture is neutralized with the
sodium bisulfite solution. When no coloration
appears on adding more phenolphthalein T.S.
and heating for 15 minutes, the oily layer is
brought into the calibrated neck of the flask by
adding sodium sulfite solution. The volume of
the oily layer should not exceed 5 ml., indicating
the oil to contain at least 50 per cent, by volume,
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of carvone. This assay is based on the fact that
the carvone (C10H14O) component of the oil,
being a ketone, forms a water-soluble sodium
bisulfite addition product, the non-ketonic fraction remaining insoluble; the latter constitutes
the oily layer measured at the end of the assay.
Constituents. — Caraway oil is essentially a
mixture of the ketone carvone — of which it contains from 50 to 60 per cent — with a terpene
formerly called carvene but now recognized to be
(//-limonene. Traces of carvacrol also have been
reported. The carvone can be isolated from the
oil and prepared in a pure state by taking advantage of the formation of a crystalline compound of carvone and hydrogen sulfide, which can
then be decomposed by treatment with alcoholic
potassium hydroxide.
Uses. — Caraway oil is used to impart flavor to
medicines, and to correct their nauseating
and griping effects. Gmeiner (Berl. tierdrztl.
Wchnschr., 1909, p. 695) recommended the use
of caraway oil in the treatment of scabies. He
employed a solution containing 5 volumes each of
alcohol and oil of caraway in 75 volumes of
castor oil.
Dose, from 0.06 to 0.3 ml. (approximately 1 to
5 minims).
Storage. — Preserve "in tight, light-resistant
containers." X.F.
Off. Prep. — Compound Cardamom Spirit,
N.F.
CARBACHOL.

U.S.P.,

B.P., LP.

Carbamylcholine Chloride, [Carbacholum]

[XH2CO.O.CH2CH2.N(CH3)3.]Cl
The B.P. requires not less than 99.5 per cent
of C6H15O2N2CI, calculated with reference to
the substance dried to constant weight at 105° ;
the LP. rubric is not less than 97.0 per cent of
the same component, calculated with reference
to the substance dried at 110°. While the U.S. P.
provides no such rubric, its quantitative test for
nitrogen is equivalent to a requirement of not
less than approximately 97.8 per cent of the
active component, the test sample being dried
at 105° for 2 hours.
Choline Chloride Carbamate; Carbaminoylcholine Chloride, Doryl (Merck); Carcholin (Merck — for ophthalmic use
only); Moryl; Choryl. Sp. Carbacol.

Choline, HOCH2.CH2.N(CH3)3.OH, is a quaternary ammonium base containing also a primary
alcohol group which may be esterified to form
choline esters. The most important of these esters
is acetylcholine (see under this title in Part I).
If, instead of the acetyl group being introduced
into the choline molecule, esterification results in
the introduction of the carbaminoyl (XH2CO — )
group of the hypothetical carbamic acid there is
produced carbaminoylcholine. the hydrochloric
acid salt of which is carbachol. Synthesis of carbachol is achieved through the interaction of
2-chloroethyl carbamate and trimethylamine.
Description. — "Carbachol occurs as white or
faintly yellow crystals or as a crystalline powder.
It is odorless and hygroscopic. Its solutions are
neutral to litmus. One Gm. of Carbachol dis-

solves in about 1 ml. of water and in 50 ml. of
alcohol. It is practically insoluble in chloroform
and in ether. Carbachol melts between 201° and
205°." US. P. The B.P. gives the melting point
as 210°, with decomposition, while the LP. gives
a range of 207° to 211°, also with decomposition.
Standards and Tests. — Identification. — (1)
A red precipitate, soluble in acetone, is produced
when 5 ml. of a 1 in 30 solution of ammonium
reineckate is added to a solution of 5 mg. of
carbachol in 5 ml. of water, the mixture being
shaken vigorously for a minute. (2) A white precipitate isproduced on boiling 500 mg. of carbachol with 10 ml. of alcoholic potassium hydroxide
T.S.; on cooling an amine odor is perceptible. If
the supernatant liquid is decanted and 3 ml. of
diluted hydrochloric acid added to the precipitate effervescence results. (3) A 1 in 20 solution of
carbachol responds to tests for chloride. (4)
Yellow crystals of aurichloride compound are
produced on adding 3 ml. of a 1 in 10 solution of
gold chloride to a solution of 100 mg. of carbachol in 1 ml. of water; the precipitate, after recrystallization from about 5 ml. of hot water,
separates in glistening scale-like crystals which
melt between 183° and 185° after preliminary
drying at 105°. Loss on drying. — Not over 2
per cent, when dried at 105° for 2 hours. Residue
on ignition. — Not over 0.1 per cent. Heavy metals.
— The limit is 30 parts per million. Xitrogen
content. — Not less than 15.0 per cent and not
more than 15.5 per cent, when determined by the
Kjeldahl method. U.S.P.
The B.P. and LP. also specify that a creamcolored precipitate shall be produced on adding
potassio-mercuric iodide solution to a 1 per cent
w/v solution of carbachol. It is indicated that
on boiling carbachol with fixed alkali ammonia
is first evolved (from hydrolysis of the carbaminoyl group), then trimethylamine (from the
choline group).
Assay. — The U.S.P. specifies limits for nitrogen content (see above), but the B.P. directs
titration of a solution of 500 mg. of carbachol
in 25 ml. of water with 0.1 -V silver nitrate,
using potassium chromate solution as indicator.
Each ml. of 0.1 A' silver nitrate represents 18.2 7
mg. of C6H15O2X2CI. The LP. assays for both
nitrogen and chloride.
Uses. — The most important use of carbachol
is that of a miotic in ophthalmology, particularly
in glaucoma.
Action. — As discussed under Parasympathomimetic Drugs, in Part II, certain esters of
choline produce physiological effects which are
the same as those caused by stimulating the
parasympathetic nerves. Among these actions
may be mentioned especially: slowing of the
heart from vagal stimulation: general vasodilatation with lowering of the blood pressure;
increased secretion of sweat, bronchial mucus
and saliva; increased intestinal, uterine and urinary bladder peristalsis; and contraction of the
The effects of carbachol are more prolonged
than
pupil.those of acetylcholine because the former
is unaffected by the cholinesterase of the body
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(hence it is also not affected by simultaneous
administration of such anti-esterase drugs as
neostigmine and eserine). Compared with acetylp-methylcholine (methacholine), its action is
much greater on the intestinal and urinary tracts
and much less on the circulation. Doses which
cause little, if any, other effects cause marked
stimulation of both acid and pepsin secretion in
the gastric juice (Goodman, /. Pharmacol., 1938,
63, 11). It also differs in having nicotine-like
action (affecting preganglionic and somatic motor
nerves), in addition to the muscarine-like action
(affecting postganglionic cholinergic nerves to
smooth muscle and gland cells) of acetylcholine
and its methyl derivative (Molitor, /. Pharmacol.,
1936, 58, 337).
In a study on normal persons, Starr (Am. J.
Med. Sc, 1937, 193, 393) reported that the
effects come on slowly; after subcutaneous doses
of 0.5 mg. warmth and flushing of the face was
the first sign. Sweating, salivation and lachrimation came later but were less marked than
after methacholine chloride. Audible peristalsis
occurred in about 15 minutes, and some persons
experienced a desire to urinate. Only a very slight
increase in heart rate and decrease in diastolic
blood pressure were found. Doses of 1 mg. produced similar effects except that abdominal
cramps were so severe as to require the administration of atropine. Oral doses of 0.6 mg. showed,
after 1 to 2 hours, similar but milder effects.
Response to oral administration varied greatly
with different individuals; some showed evidence
of cumulative action. Most subjects tolerated
oral doses of 0.2 to 0.4 mg. twice daily. Atropine
abolishes the muscarine-like action of carbachol
but the antidotal action is much slower, and larger
doses of atropine are required as compared with
methacholine chloride.
Therapeutic Uses. — Carbachol has been employed in the treatment of peripheral vascular
disease of vasospastic type. Saland et al. (Ann.
Int. Med., 1945, 23, 48) reported, however, that
relief of pain was the only benefit derived from
biweekly injections. The drug has been used
effectively for urinary retention following operation, delivery, etc., and for abdominal distention
due to intestinal stasis (see Officer and Stewart,
Lancet, 1937, 2, 850). It produced only temporary decrease in the blood pressure of hypertensive patients (Starr, loc. cit.). For paroxysmal
tachycardia methacholine chloride is preferred.
For myasthenia gravis neostigmine is a better
drug. James (Brit. M. J., 1945, 1, 663) reported
effective prophylaxis of migraine attacks from
oral administration. Ekbom (Acta med. Scandinav., 1945, Suppl. 158) described relief of the
noctural
syndrome "irritable legs" following use
of carbachol.
Ophthalmology. — Carbachol reduces intraocular
tension, is a powerful miotic and produces loss
of accommodation through muscle spasm. In the
treatment of glaucoma simplex one drop of a
1.5 per cent solution of carbachol, preferably in
a 1:3,000 solution of benzalkonium chloride,
may be instilled at intervals of 8 to 12 hours.
An ointment containing 1.5 per cent carbachol
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may be similarly used. Carcholin (Merck) is the
powder commercially available for such use; it
must not be employed orally or by injection. A
0.1 per cent solution has been applied locally in
the nose for treatment of ozena.
Toxicology. — Carbachol should never be
given intravenously or intramuscularly. A hypodermic syringe containing 0.6 mg. O/ioo grain) of
atropine should be available when carbachol is
administered, to be injected at the first evidence
of excessive fall in blood pressure, syncope,
marked irregularity of the cardiac rhythm or
pulse (see Burn, Brit. M. J., 1945, 1, 781). A
dose of 100 mg., given by mistake, caused death
in less than 3 hours (Lancet, 1946, 250, 713).
Contraindications. — Patients with bronchial
asthma or peptic ulcer should not be given
carbachol. S
In the U.S.P. carbachol is official for topical
use only, as a miotic, in 0.75 to 1.5 per cent concentration in ophthalmic solution or ointment.
By mouth carbachol is given in doses of from
0.2 to 0.8 mg. (approximately %oo to Yso grain),
two or three times daily. The B.P. gives the dose
as 1 to 4 mg. If given subcutaneously the dose is
0.25 to 0.5 mg.
Storage. — Preserve "in tight containers."
U.S.P.

INJECTION

OF CARBACHOL.
B.P., LP.

Injectio Carbacholi

The B.P. Injection of Carbachol is a sterile
solution of carbachol in water for injection, with
the addition of 5 per cent w/v of dextrose. It
contains not less than 90.0 per cent and not more
than 110.0 per cent of the labeled content of
C6H15O2N2CI. The solution is sterilized by heating in an autoclave, maintaining it at 115° to
116° for 30 minutes, or by filtration through a
bacteria-proof filter. The LP. does not specify
use of dextrose in preparing the injection; the
assay rubric is the same as that of the B.P.
Assay. — A volume of injection equivalent to
8 mg. of carbachol is refluxed with sodium hydroxide solution, which effects hydrolysis of carbachol
to choline. The solution is made slightly acid
with acetic acid, and the choline precipitated as
reineckate by addition of ammonium reineckate
T.S. The precipitate is filtered off, washed with
ice-cold water, dissolved in acetone, and the
percentage of light transmission of the solution
determined in a suitable photoelectric colorimeter
with a filter having a maximum transmission at
about 520 millimicrons. By comparison with a
reference transmission curve prepared from
aliquot portions of a solution of U.S.P. Choline
Chloride Reference Standard, treated in the same
manner as the carbachol solution, the weight of
choline chloride equivalent to the carbachol in
the solution under test is determined. This weight
is multiplied by 1.308 to obtain the weight of
C6H15CIN2O2 in the assay sample. U.S.P.XIV.
The B.P. and LP. assays are based on the same
reactions.
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Injection of

Storage. — Preserve "in hermetic or other
suitable containers." U.S.P.XIV.
LP.
TABLETS OF CARBACHOL.
Compressi Carbacholi

The LP. requires that the average weight of
carbachol, C0H15O2N2CI, in the tablets shall be
not less than 90.0 per cent, and not more than
110.0 per cent, of the prescribed or stated
amount of carbachol.
For identification test and assay see U.S.P.XIV,
which procedures are employed by the LP.
Storage.— "Tablets of Carbachol should be
kept in a tightly-closed container." I.P.
Usual Size. — 2 mg. (approximately ^0 grain).
CARBARSONE.
U.S.P., B.P., I.P.
p-Ureidobenzenearsonic Acid,

0As(0H)2

[Carbarsonum]

hN-CO-NH5

"Carbarsone, dried at 80° for 6 hours, contains
an amount of As equivalent to not less than
97.5 per cent and not more than 101 per cent
of C7H9ASN2O4." U.S.P. The B.P. defines it as
/>-ureidophenylarsonic acid, and requires it to
contain not less than 28.1 per cent and not more
than 28.8 per cent of As, calculated with reference to the substance dried to constant weight at
105°. The I.P. limits for As are 28.0 to 28.8
per
cent,hours.
referred to the substance dried at 80°
for six
N-Carbaraylarsanilic Acid; />-Carbaminophenylarsonic
Acid; p-Carbaminobenzenearsonic Acid. Aminarsone. Sp.
Carbarson.

Carbarsone may be prepared by reacting an
aqueous sodium hydroxide solution of arsanilic
acid with a freshly prepared suspension of cyanogen bromide in water (see Stickings, /. Chem. S.,
1928, 3131) or by the interaction of arsanilic
acid and urea.
Description. — "Carbarsone occurs as a white,
almost odorless powder, having a slightly acid
taste. Its saturated solution is acid to litmus.
Carbarsone is slightly soluble in water and in
alcohol, and is nearly insoluble in chloroform and
in ether. It is soluble in solutions of alkali hydroxides and carbonates." U.S.P.
Standards and Tests. — Identification. — (1)
Moistened red litmus paper turns blue when
held over the mouth of a test tube in which
500 mg. of carbarsone is being gently heated
with 5 ml. of a 1 in 5 solution of sodium hydroxide. (2) A light yellow precipitate, insoluble in
excess sodium hydroxide T.S., forms on adding
2 Gm. of sodium hydrosulfite to a solution of
1 Gm. of carbarsone in a mixture of 10 ml. of
sodium hydroxide T.S. and 10 ml. of water, and
warming to 50°. (3) A yellow precipitate of
arsenic sulfide, soluble in ammonium carbonate
T.S., is produced when hydrogen sulfide is passed
through a portion of the solution resulting from
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the assay. Loss on drying. — Not over 1.5 per cent,
when dried for 6 hours at 80°. Arsenate. — No precipitate forms within 30 minutes on adding 3 ml.
of magnesia mixture T.S. to a solution of 500 mg.
of carbarsone in 2 ml. of ammonia T.S. diluted
to 5 ml. with water. U.S.P.
Assay. — About 250 mg. of dried carbarsone is
decomposed by heating with sulfuric acid in the
presence of potassium sulfate. The resulting solution is made alkaline with sodium hydroxide, then
acidified slightly with diluted sulfuric acid and,
after adding an excess of sodium bicarbonate, the
trivalent arsenic is titrated with 0.1 TV iodine.
Each ml. of 0.1 N iodine represents 13.00 mg. of
C7H0ASN2O4. U.S.P. The B.P. and I.P. assays are
identical with the procedure utilized for Tryparsamide.
Uses. — In 1930 the efficacy of carbarsone in
the treatment of intestinal amebiasis was reported
(Leake et al., Proc. S. Exp. Biol. Med., 1931,
29, 125). In a concentration of 1 :600 it is amebicidal, but not trypanocidal (Nakamura and
Anderson, /. Parasitol., 1951, 37, 421). It is
absorbed from the gastrointestinal tract but
arsenic is excreted only slowly in the urine and
interrupted therapy is necessary to avoid cumulative poisoning. Carbarsone is active against
the encysted as well as the vegetative forms of
the parasite and Arnett {Am. J. Med. Sc, 1947,
213, 608) reported it to be the most effective
drug, although not in all cases, in the management of asymptomatic carriers.
Cure of 90 per cent of cases of amebic dysentery with one course of treatment was reported
by Anderson and Reed {Am. J. Trop. Med., 1934,
14, 269); Craig has confirmed this efficacy.
However, Wilmot et al. {J. Trop. Med. Hyg.,
1951, 54, 161) compared the results with ten
different compounds used singly in fifty cases
each and found that only 20 per cent were cured
in twenty days with carbarsone; chiniofon or
diiodohydroxyquinoline was superior. In pointing
out the superiority of combination therapy of
amebiasis, Martin {J. A.M. A., 1953, 151, 1055)
reported cure of only 4 out of 22 cases in six
weeks with carbarsone alone, whereas combination therapy with emetine, chiniofon and carbarsone produced good initial results in all of 23
cases and relapse in only 4 cases. Zavola and
Hamilton {Ann. Int. Med., 1952, 36, 110) also
emphasized the superiority of combination therapy; they preferred diiodohydroxyquinoline with
emetine or chloroquine. Conn and Feldman
{Postgrad. Med., 1951, 9, 137) reported cure in
86.8 per cent of 497 cases with combined diiodohydroxyquinoline and carbarsone therapy, Martin
(loc. cit.) recommended oxytetracycline plus
carbarsone or one of the other drugs, such as
emetine, chiniofon, chloroquine or bismuth glycoarsanilate and chloroquine. Radke {Ann. Int.
Med., 1951, 34, 1433) used carbarsone with
quinacrine to destroy cysts and observed relapse
in only 12 per cent of 25 cases.
For balantidiasis, it has been used effectively
in the same doses as for amebiasis (Young and
Burrows, Pub. Health Rep., 1943, 58, 1272).
Combes and Canizares {Arch. Dermat. Syph.,
1950, 62, 786) alleviated 8 of 15 cases of pem-
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phigus; a dose of 250 mg. daily was used for
seven days and then increased 250 mg. per day
at weekly intervals until a dose of 1 Gm. daily
was reached. If 100 mg. of sodium />-aminobenzoate was administered every 2 or 3 hours, the
large dose of carbarsone was tolerated. One of
the cases had used carbarsone for almost 10
years. For Trichomonas vaginalis vaginitis suppositories containing 130 mg. in a glyceringelatin vehicle have been used nightly for two
weeks with success (Gospe, Calif. & West. Med.,
1934, 41, 172).
Intolerance to the drug was observed in only
1 patient in 330 by Anderson and Reed (loc. cit.) ;
the symptoms disappeared as soon as treatment
was discontinued. No deleterious effects on the
optic nerve have been reported. A case of
hepatic degeneration following the use of 5 Gm.
in a period of 10 days has been reported by
Epstein {J. A.M. A., 1936, 106, 769). It should
not be given to patients with severe kidney disease or liver disease; this includes cases of amebic
hepatitis or amebic abscess of the liver. Treatment should be discontinued should vomiting,
increased diarrhea, pulmonary congestion, neuritis, pruritus, dermatitis, hepatomegaly, splenomegaly or albuminuria appear. Sandground and
Hamilton (/. Pharmacol, 1943, 78, 109, 203,
209) observed that ^-aminobenzoic acid was
capable of protecting rats against toxic doses of
this and other pentavalent organic arsenical
compounds without interfering with their trypanocidal action.
Dose. — For carriers (cyst passers) without
diarrhea or for cases of amebic dysentery, after
acute symptoms have been controlled with emetine if necessary, carbarsone is given in doses of
250 mg. (4 grains) twice daily for 10 days. The
patient should have a light diet and be at rest,
although mild activity is safe, if necessary and
desired. If amebic cysts persist in the feces, or reappear, the course of carbarsone may be repeated
after an interval of 10 days, although it is current
custom in resistant cases to alternate courses of
carbarsone with chiniofon or diiodohydroxyquinoline (War Med., 1941, 1, 539). If deep
ulcers persist in the lower colon, retention enemas
of 2 Gm. (30 grains) of carbarsone dissolved in
200 ml. of 2 per cent sodium bicarbonate solution
are often effective. These should be administered
on alternate nights following a cleansing enema
of sodium bicarbonate solution for a total of 5
doses; oral carbarsone should be discontinued
during the use of retention enemas. The administration of a hypnotic, such as 100 mg. of phenobarbital, about 1 to 2 hours before the enema
may facilitate its retention. The dose of carbarsone for children is 30 mg. per 20 pounds of body
weight twice daily.
Storage. — Preserve "in well-closed containers." U.S.P.
CARBARSONE

CAPSULES.

U.S.P.

[Capsulae Carbarsoni]

"Carbarsone Capsules contain not less than
93 per cent and not more than 107 per cent of
the labeled amount of C7H9ASN2O4." U.S.P.
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Storage. — Preserve "in well-closed containers." U.S.P.
Usual Size. — 250 mg. (approximately 4
grains).
CARBARSONE SUPPOSITORIES.
U.S.P.
[Suppositoria Carbarsoni]

"Carbarsone Suppositories contain not less
than 90 per cent and not more than 1 10 per cent
of the labeled amount of C7H9ASN2O4." U.S.P.
The commercially available carbarsone suppositories are made with a glycerogelatin base
and are intended for vaginal insertion.
Uses. — Carbarsone suppositories are intended
for local use in the treatment of vaginitis caused
by the protozoan Trichomonas vaginalis. Gospe 's
(Calif. & West. Med., 1934, 41, 172) method of
treatment is to have the patient insert a suppository nightly, on retiring, for 2 weeks; a sodium bicarbonate douche is permitted once each
week. After this course of treatment the majority of patients show normal vaginal smears
and clinical improvement; patients with a positive smear are given a second, and in some cases
a third, course of treatment. Recurrences are
frequent, but these respond to further treatment.
Another method of treatment consists in the insertion of 2 suppositories, after cleansing the
vagina, twice weekly. Opinion is divided as to
whether treatment should be continued during
the menstrual period. Drabkin (Am. J. Obst.
Gyn., 1937, 33, 846) employed carbarsone suppositories both in the rectum and in the vagina.
mg.The U.S.P. gives the usual vaginal dose as 130
Storage. — Preserve "in a cool place." U.S.P.
Usual Size. — 130 mg. (approximately 2
grains) of carbarsone.
CARBARSONE TABLETS.
U.S.P. (LP.)
[Tabellae Carbarsoni]

"Carbarsone Tablets contain not less than 93
per cent and not more than 107 per cent of the
labeled amount of C7H9ASN2O4." U.S.P. The
LP. provides the same limits.
Usual Sizes. — 50 mg. and 250 mg. (approximately }iand 4 grains).
CARBOL-FUCHSIN

SOLUTION.

N.F.

Castellani's Paint

Dissolve 3 Gm. of basic fuchsin in a mixture of
50 ml. of acetone and 100 ml. of alcohol; add to
this a solution of 10 Gm. of boric acid, 45 Gm.
of phenol and 100 Gm. of resorcinol in 725 ml.
of purified water; finally add purified water to
make the volume of the product measure 1000
ml., and mix thoroughly. N.F.
Carbol-Fuchsin Paint. Carfusin (Rorer).

Description. — "Carbol-Fuchsin Solution is a
dark purple liquid which appears purplish red
when spread in a thin film. The specific gravity of
Carbol-Fuchsin Solution is not less than 0.990 and
not more than 1.050." N.F.
Uses. — Carbol-fuchsin solution is a stabilized
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preparation of the original fuchsin formulation
known as Castellani's paint, and is widely employed for topical application to superficial fungous infections of the skin. It is used in the
subacute and chronic stages of dermatophytosis
of the feet, in tinea corporis and cruris, and may
be of some value in other cutaneous diseases
with an intertriginous component, such as psoriasis and seborrheic dermatitis; it has also been
used in the subacute and chronic phases of nummular eczema. In the dry, scaling type of dermatophytosis the paint may be alternated with
ointments containing suitable antifungal and keratolytic agents. Initial test applications of carbolfuchsin solution diluted with one or two volumes
of water may be advisable before treatment is
begun with the undiluted paint. The solution may
be applied once or twice daily.
Carbol-fuchsin solution shares with other triphenylmethane (rosaniline) dyes the disadvantage
of staining clothing. It should not be applied to
large areas of the body, particularly to those that
are eroded. Contact sensitivity may occur.
For further information concerning uses of
basic fuchsin see under this title, in Part I.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
CARBON.
C (12.011)
Fr. Carbone. Ger. KoMenstoff. It. Carbone.

Sp. Carbon.

Carbon, both free and combined, is widely
distributed in nature. At least 300,000 compounds
of it are known, compared to about 25,000 of all
other compounds. It exists in large quantity in
the mineral kingdom as carbonates and as coal,
and is the most abundant constituent of animal
and vegetable matter. In crystalline form it constitutes the diamond and, more or less pure, it
forms the substances called graphite (black lead
or plumbago), anthracite and bituminous coal,
coke, lampblack, animal charcoal, and vegetable
charcoal (for a discussion of charcoal, see under
Activated Charcoal). Combined with oxygen it
forms carbon dioxide, which is a constituent of
the atmosphere, and is present in many natural
waters. With oxygen and a base it forms the
carbonates, among others calcium carbonate,
which is one of the most abundant of minerals.
There are at least two allotropic forms of carbon, represented by diamond and by graphite;
both are crystalline, the former belonging to the
isometric system, the latter to the hexagonal.
Amorphous carbon, represented by charcoal, coke
and carbon black, is considered by some to be a
third allotropic modification while others state
that these substances are composed of very small
crystals which have the crystalline structure of
graphite.
The diamond has been found in quantity in
India, in Brazil, and in South Africa, but at the
present time is obtained almost exclusively from
the last-named source. Several diamonds have
been found in the gold regions of Georgia and
North Carolina. This gem is perfectly transparent, and the hardest and most brilliant substance
in nature. Its density is about 3.5. In air or
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oxygen it is combustible, the product being the
same as when charcoal is burned namely, carbon
dioxide. It has been made artificially at the temperature of the electric arc (2500° to 3000°).
Next to diamond, graphite or plumbago is the
purest natural form of carbon. Graphite is the
substance of which "black-lead" crucibles and
so-called lead-pencils are made. Important deposits of graphite are found in Ceylon, Siberia,
Madagascar, Korea, Germany, Canada, Mexico
and the United States. In physical characters
it is entirely different from the diamond; it
crystallizes in hexagonal plates, is very soft and
unctuous, has a density of 2 to 2.5, and generally
contains some mineral matter. In connection
with the production of silicon carbide (carborundum) in the electric furnace, Acheson produced
a very pure artificial graphite by increasing the
heat until the silicon was volatilized. This artificial graphite has a density of 2.5, is soft and of
high metallic luster. It is extensively used for
the manufacture of electrodes in electrochemical
manufacturing processes, and in making graphite
paint. Graphite is also extensively used for lubricating purposes, especially in the colloidal form
known as deflocculated graphite.
Anthracite, the purest variety of natural coal,
occurs in different parts of the world, but particularly in the State of Pennsylvania. The best
variety contains from 90 to 95 per cent of carbon,
and only several per cent of ash. Ordinary
anthracite for domestic heating purposes contains from 10 to 25 per cent of ash. Bituminous
coal is another variety containing, besides the
fixed or free carbon, some 10 to 15 per cent of
volatile hydrocarbons or gas-making material.
When this is driven off by heating the coal in
the absence of air, as in the manufacture of coalgas, coke is obtained. Large quantities of coke
are employed in the manufacture of water gas
(an important fuel and source of hydrogen), in
the metallurgy of iron for its ability to reduce
iron oxides to metal, and as a household fuel.
Carbon black is a finely divided carbon obtained
by burning natural gas in a limited supply of air;
the carbon similarly obtained from oil or tar is
called lampblack. Carbon black, the better of
these two forms, is extensively used in the manufacture of rubber articles, especially tires, to
which it gives strength, resiliency and resistance
to wear. Other uses for these carbons are as
components of printer's ink, certain paints and
polishes, carbon paper and typewriter ribbons.
Colloidal carbon may be prepared by graduallyadding sugar to sulfuric acid with continuous agitation, then pouring the mixture into water and
filtering. The sulfuric acid may be removed by
dialysis and a clear black solution of colloidal
carbon remains. Other substances such as acetylene, for example, may be used in place of sugar.
Amorphous carbon, by which is meant the
forms of carbon other than graphite and
diamond, varies in color, density and hardness,
but all forms of it, when pure, are identical
chemically. Carbon is not affected by boiling with
dilute acids and alkalies but concentrated nitric
and sulfuric acids oxidize it slowly when heated.
At high temperatures carbon unites directly with
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oxygen, with most metals, and with many nonmetals.
Isotopes. — Carbon exists in several isotopic
forms. One of these has an atomic weight of
13, and is referred to as carbon-13; it is a
stable isotope, i.e., not radioactive. It is present,
in very small amounts, in compounds containing predominantly ordinary carbon and is obtained by a concentration process involving
thermal diffusion of gaseous forms of carbon
compounds. Its presence is readily detected, and
it may be quantitatively measured, by means of
the mass spectrometer. Compounds containing
carbon-13 are indistinguishable from identical
compounds containing ordinary carbon (carbon12) and they undergo the same reactions, including those of metabolic processes, as do the
compounds containing carbon-12. But while the
compounds containing ordinary carbon cannot be
traced as they participate in the intricate reactions of plant and animal life, corresponding
compounds containing carbon-13 may be detected with the mass spectrometer; as a result,
much has been learned about the mechanisms of
chemical reactions in plants and animals.
Even more useful than carbon-13 as a tracer
element is the radioactive isotope carbon-14, obtained by neutron bombardment of nitrogencontaining compounds; this radioisotope has a
half-life of about 5000 years. It may be detected
by any of the methods employed for the detection and measurement of radioisotopes (see
article on Radium and Radioactivity), such
methods requiring less complicated apparatus
than is necessary for compounds containing
carbon-13. Carbon-14, in the form of carbon
dioxide and other compounds, is providing the
answers to many questions concerning the mechanism of biochemical reactions; it has been a
particularly useful tool in extending our knowledge of the nature of photosynthesis.
CARBON

DIOXIDE.

U.S.P., B.P., LP.

Carbonic Acid Gas, [Carbonei Dioxidum]

"Carbon Dioxide contains not less than 99 per
cent
by volume
CO2." U.S.P. The B.P. and
LP. have
the sameof rubric.
LP. Carbonei Dioxydum

Sp. Bioxido de Carbono.

Carbon dioxide was first prepared in the early
part of the seventeenth century by Van Helmont,
who obtained it by the action of acids on chalk
and called it spiritus sylvestris. Occurring in
small proportions in the atmosphere, it is found
in somewhat higher concentrations in caves and
mines (constituting choke-damp) and, in solution,
in many spring waters. In aqueous solution a
portion of it combines with water to form H2CO3,
called carbonic acid.
In the laboratory it may be prepared by the
reaction of an acid with a carbonate. Commercially it is made by separating it from gases
obtained in the combustion of coal or coke
by absorption in potassium carbonate solution;
the latter is subsequently heated under reduced
pressure to release the carbon dioxide. It is also
obtained as a by-product of industrial alcoholic
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fermentations, and from the calcination of calcium carbonate in lime kilns. A cheap source of
the gas is in the natural wells yielding carbon
dioxide, one well being reported to yield a gas of
98.5 per cent purity, the other constituents being
nitrogen and helium. In some wells hydrocarbons,
costly to remove, occur as impurities.
Carbon dioxide is usually supplied in compressed form in metallic cylinders, in which it
exists largely as liquid, but for many purposes
the solid form, known as dry ice, is preferable.
This may be obtained by subjecting the gas to
high pressure and low temperature. Dry ice is
especially useful as a refrigerant; when it absorbs
heat from its surroundings the solid reverts to
gas without going through the liquid state.
Description. — "Carbon Dioxide is an odorless, colorless gas. Its solutions are acid to litmus.
One liter of Carbon Dioxide at 0° and at a pressure of 760 mm. weighs 1.977 Gm. One volume
of Carbon Dioxide dissolves in about 1 volume
of water." U.S.P.
The solubility of carbon dioxide in water
diminishes with increasing temperature. At 0°,
760 mm. pressure, it dissolves in 0.56 volume of
water, and at 25° in 1.3 volumes. At constant
temperature the solubility of the gas increases
about one volume for each atmosphere of pressure; in other words, at a pressure of about 30
pounds to the square inch it is approximately
twice as soluble as at one atmosphere. It is more
easily soluble in alcohol than in water. Its specific
gravity, compared with air, is 1.53 at 15°. It
liquefies at a pressure of 35 atmospheres and a
temperature of 0°, forming a colorless liquid
which boils at — 78.2° at atmospheric pressure.
When liquefied carbon dioxide is suddenly released from pressure a portion of it volatilizes
so rapidly as to absorb enough heat to solidify
the remainder, forming what is known as carbon
dioxide
snow which, when compressed, forms dry
ice.
Standards and Tests. — Identification. — (1)
Carbon dioxide extinguishes a flame. (2) On
passing carbon dioxide into barium hydroxide T.S.
a white precipitate, dissolving in acetic acid with
effervescence, is produced. Acid and sulfur dioxide.— When 1000 ml. of carbon dioxide is passed
through 50 ml. of recently boiled and cooled
water it imparts at most an acidity corresponding
to 1 ml. of 0.01 N hydrochloric acid, as observed
in a control test, methyl orange T.S. being employed as indicator. Phosphine, hydrogen sulfide,
and organic reducing substances. — When 1000 ml.
of carbon dioxide is passed through a mixture of
silver ammonium nitrate T.S. and ammonia T.S.
no turbidity or darkening is produced. Carbon
monoxide. — 1000 ml. of the carbon dioxide to be
tested and 1000 ml. of carbon dioxide prepared
by treating sodium bicarbonate with hydrochloric
acid are separately shaken with a dilution of
blood, then with a mixture of pyrogallol and tannic acid. The solution from the carbon dioxide
being tested should show no pink color and match
the gray color produced in the blank test. This
test depends on the fact that carboxyhemoglobin
possesses a characteristic bright red color which
does not react with pyrogallol and tannic acid to
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produce the gray color shown by hemoglobin.
U.S.P.
The description and identity tests of the B.P.
and I. P. are much the same as those of the U.S.P.
In the B.P. test for the limit of acid and sulfur
dioxide, however, 500 ml. of carbon dioxide is
passed, successively, through a solution of sodium
bicarbonate and then through water containing
methyl orange indicator. Through one-half of the
latter is then passed 500 ml. more of carbon
dioxide and it is required that the color of this
portion of the solution not differ from that of
the other half of the methyl orange solution.
Assay. — A sample of 100 ml. of carbon dioxide, measured in a nitrometer, is passed through
a 50 per cent potassium hydroxide solution until
all of the CO2 has been absorbed, forming potassium carbonate. The non-absorbed gas, if any,
should measure not more than 1 ml. U.S.P.
Uses. — Carbon dioxide is an essential substance in the body and has important uses both
systemically and' topically. Carbon dioxide and
water are end-products of the metabolism of fat
and carbohydrate, and even of protein, in the
animal organism. Carbon dioxide is excreted by
the lungs and, in the form of bicarbonate ion, by
the kidney, intestine and skin. On the other hand,
when sodium bicarbonate labeled with carbon-11
was administered to rats the labeled carbon was
found in glycogen in the liver (Vennesland et al,
J. Biol. Chem., 1942, 142, 379). Ochoa {Physiol.
Rev., 1951, 31, 56) reviewed the evidence which
indicates that carbon dioxide is not only released
in the citric acid cycle of metabolite degradation
in animal cells but may enter into the synthesis
of dicarboxylic acids, such as malic acid, and even
citric acid, in a reversal of this cycle. This is
perhaps the predominant process in plants in the
course of utilizing carbon dioxide from the air.
Inhalations of carbon dioxide, mixed with air
or oxygen, are employed clinically to stimulate
respiration in asphyxia with arrested respiration,
to hasten the excretion of poisonous or other
gases, such as carbon monoxide, and to produce
full expansion of the lungs in the treatment or
prevention of atelectasis (Barach, Inhalations
Therapy, J. B. Lippincott Co., 1944). Carbon
dioxide is also used for hiccough, the hyperventilation syndrome in hysteria, air sickness, etc.,
for cough, and for narcosis therapy in certain
cases of psychoneurosis. Solid carbon dioxide is
used in cryotherapy. As carbonated water, it is
used both as a flavoring vehicle and as a bath in
asthenic conditions.
Action. Respiration. — Haldane demonstrated
that the rate and depth of respiration was correlated with the tension of carbon dioxide in the
alveolar air of the lungs. The responsiveness of
the respiratory center in the central nervous system alters the effect of carbon dioxide. The carotid body and the aortic body play a role in
the regulation of respiration; these chromaffin
bodies are affected by a deficiency of oxygen and
by other stimuli such as an excess of carbon
dioxide, although a change of at least 0.1 pH unit
in the blood is needed to stimulate them. Reflex
stimuli from the extremities and other portions
of the body also alter respiration (Schmidt, Ann.
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Rev. Physiol, 1945, 7, 231). Mills (/. Physiol,
1953, 122, 66) studied alveolar carbon dioxide
tension in humans during the day and night and
found a higher tension at night, although there
was no definite effect of sleep. The responsiveness
of the respiratory center to stimulation by carbon
dioxide (probably an associated increase in the
hydrogen ion concentration of the blood) is depressed byanoxia and various drugs such as ether,
alcohol, chloroform, morphine, barbital, etc. In a
normal person, the inhalation of 1.6 per cent
carbon dioxide in air approximately doubles the
respiratory minute volume and 5 per cent almost
trebles the respiratory volume (Padget, Am. J.
Physiol, 1928, 83, 384); a concentration of 10
per cent produces unbearable dyspnea after a few
minutes and continued use results in vomiting,
disorientation and hypertension; inhalation of 25
per cent carbon dioxide produces only transient
hypernea followed by twitching, clonic convulsions, coma and respiratory failure due to acidosis.
Even 7 per cent may be distinctly depressing in
the presence of preanesthetic medication.
Circulation. — The circulation is also affected
by carbon dioxide. A local increase in carbon
dioxide tension in the blood results in increased
acidity and vasodilatation, but an increased concentration inthe blood reaching the vasomotor
center in the brain results in generalized vasoconstriction. An increased concentration in the
blood due to exercise is rapidly excreted by the
lungs and stimulation of the vasomotor center
does not result. When carbon dioxide is inhaled
this pulmonary excretion is prevented and peripheral vasoconstriction with a rise in blood
pressure occurs. In contrast to the rest of the
body, cerebral blood flow is increased and as
already noted an increase in respiratory minute
volume occurs unless the responsiveness of the
respiratory center is depressed by anoxia or drugs.
An increase in cardiac output also occurs although
the heart rate and the conduction of the nervous
impulse in the heart are depressed. Henderson
and his associates {Am. J. Physiol, 1936, 114,
261) called attention to an increase in muscular
tone which resulted in an increased rate of the
return of venous blood to the heart. High concentrations ofcarbon dioxide via pulmonary arterial blood (equilibrated with 8 to 15 per cent
of CO2 and 30 per cent of O2, in nitrogen) decrease blood flow through the ventilated and nonventilated lung (Bean et al, Amer. J. Physiol,
1951, 166, 723). There are important differences
in the response of various regions of the pulmonary vascular bed and the assumption of generalized vasoconstriction is unjustified. The decreased flow is accompanied by pooling of blood
in the lungs, which may indicate an active vasodilation or a passive reservoir function consequent upon a constriction of efferent vessels by
vascular or parenchymal muscle. These data
should qualify the significant statement that the
vasoconstriction of pulmonary vessels produced
by carbon dioxide serves as a local method of
shunting blood from poorly aerated to more adequately ventilated regions of the lung. Carbon
dioxide in the lung may act directly on vessels
or facilitate their nervous regulation in the intact
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animal by its local anticholinesterase action
(Gesell et al., Univ. Hosp. Bull. Ann Arbor, 1941,
7, 94).
A deficiency of carbon dioxide in the blood —
acapnia — results in peripheral vasodilatation with
a fall in blood pressure, tachycardia with decreased cardiac output, and a diminished stimulus
for respiration. Voluntary hyperventilation produces these changes but, during the period of
apnea or of diminished respiration which follows
the overbreathing, carbon dioxide accumulates
and again stimulates respiration. When, however,
anoxia, due to high altitudes, the induction of
ether anesthesia, etc., causes hyperventilation,
there is not only a loss of carbon dioxide but also
a depression in the responsiveness of the respiratory center; if respiration ceases, both carbon
dioxide and oxygen may be required to start
breathing again. Carbon dioxide in the blood is
in equilibrium with the carbon dioxide in alveolar
air and with the bicarbonate ion in the blood
which is related to the avalable base (sodium,
calcium, etc.) in the blood. A decrease in the
carbon dioxide in the blood (carbon dioxide content) may occur without a comparable decrease
in the bases of the blood (carbon dioxide combining power) and result in alkalosis but the bases
are often also decreased (carbon dioxide combining power) due to an associated acidosis, as in
anesthesia. The enzyme carbonic anhydrase is
concerned in the release of carbon dioxide from
the blood to the lungs (see Evans, Harvey Lectures, 1944, 39, 96 and 273), as it is also in the
absorption of carbon dioxide from tissues by
blood.
Therapeutic Uses. — Mixtures of oxygen and
carbon dioxide are preferable to oxygen alone for
maintenance of acid-base equilibrium under reduced barometric pressure, such as is encountered
during flights at high altitude (Garasenko, Am.
Rev. Soviet Med., 1944, 2, 119); this conclusion
was based on measurement of the urinary changes
characteristic of hypocapnia. When acapnia is due
to anoxia, the inhalation of oxygen to correct the
anoxia, and the loss of carbon dioxide which results from the hyperventilation, is the best treatment (Ausherman, Anesth. & Analg., 1948, 27,
172). Administration of carbon dioxide to individuals who are dyspneic because of the anoxia
of high altitudes or of cardiac or respiratory
disease is seldom indicated.
In 1920 Henderson and his co-workers (see
J. A.M. A., 1921, 77, 1065) recommended inhalation of carbon dioxide as a stimulant in the treatment of shock and respiratory depression, especially as caused by poisons such as carbon
monoxide which diminish the oxidizing power of
the blood. Although recovery from carbon monoxide poisoning is almost as rapid with oxygen
inhalations alone, a mixture containing 5 to 10
per cent of carbon dioxide is preferable because
it speeds the dissociation of the carbon monoxide
hemoglobin combination and allows more oxygen
to reach the tissue cells (Stadie and Martin,
/. Clin. Inv., 1925, 2, 77). Henderson also suggested use of such mixtures in the management of
asphyxiation of newborn infants but Eastman
{Am. J. Obst. Gyn., 1938, 36, 571) and Kane and
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Kreiselman called attention to the high carbon
dioxide content of the blood of the newborn and
reported that oxygen without carbon dioxide is
preferable. It must be remembered that, in poisoning by respiratory depressants such as morphine, the sensitivity of the respiratory center is
depressed; there is ample, in fact excessive, carbon dioxide in the blood but the respiratory failure is due to inability of the nervous system to
respond to the stimulation. In poisoning by hydrocyanic acid and carbon monoxide, the reduction
in breathing is due to diminished formation of
carbon dioxide because of inability of blood to
transport oxygen and, in the case of cyanide, to
interference with respiratory enzymes in the
tissue cells.
Caution must be exercised in the use of carbon
dioxide inhalations in the treatment of respiratory
depression, especially if the apnea has existed for
some time and the carbon dioxide tension in the
blood is already high. Further administration of
carbon dioxide at this time may lead to further
depression of respiration. When pulmonary function is impaired an increase in blood carbon
dioxide exists, as well as a decrease in oxygen.
Oxygen inhalation increases oxygen absorption
but does not facilitate carbon dioxide excretion.
In the presence of a high concentration of carbon
dioxide in the blood, the respiratory center becomes insensitive to carbon dioxide and when the
low oxygen saturation of the blood is corrected
the respiration may decrease in both frequency
and volume; as a result the concentration of
carbon dioxide may increase to a level causing
coma. Hickam et al. {North Carolina M. J., 1952,
13, 35) reported four such cases during prolonged
oxygen therapy. In bulbar poliomyelitis, loss of
sensitivity to carbon dioxide by the respiratory
center may arise as a result of the disease. Correction of the anoxia in these cases with oxygen
inhalations alone may result in complete failure
of respiration (Sarnoff et al., J.A.M.A., 1951,
147, 30). Artificial respiration with air is preferable in such patients if the venous plasma carbon
dioxide combining power exceeds 60 volumes per
cent or if the oxyhemoglobin in arterial blood is
less than 94 per cent of saturation (Plum and
Wolff, J.A.M.A., 1951, 146, 442).
Inhalation of carbon dioxide has been recommended inthe symptomatic management of cough
(Banyai, J.A.M.A., 1952, 148, 501), for the relief
of the paroxysm of whooping cough {J. A.M. A.,
1932, 99, 654) and for hastening recovery from
ether anesthesia. King {J. A.M. A., 1933, 100, 21)
found that carbon dioxide lessens the postoperative complications, such as pulmonary atelectasis,
pneumonitis and phlebothrombosis, after abdominal surgery, but that the results are not greatly
superior to those induced by frequent change of
position of the patient. In prolonged narcosis of
poisoning with depressants (such as the barbiturates, morphine, etc.) or that induced in the
treatment of status asthmaticus, intractable epilepsy (Putnam and Rothenberg, J. A.M. A., 1953,
152, 1400), etc., a few inhalations of a mixture
of 10 per cent of carbon dioxide and 90 per cent
of oxygen are used every hour to cause hyperventilation tominimize the pulmonary complica-
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tions of the prolonged coma. Holinger et al.
(J. AM. A.. 1941, 117, 675) found carbon dioxide
to be an extremely efficient expectorant; on inhalation itreaches the smaller bronchioles, causes
deeper respiration, liquefies sputum and stimulates coughing. Carbon dioxide was more efficient
than the drugs usually prescribed for this purpose
and was somewhat more effective than steam
inhalations. They recommended carbon dioxide
in both acute tracheobronchial infections and in
bronchiectasis. Banyai and Cadden (Brit. J.
Tuberc, 1944, 38, 111) advocated use of carbon dioxide as an expectorant in pulmonary
tuberculosis.
The acapnia syndrome frequently observed in
nervous persons or passengers in airplanes as a
result of hyperventilation is corrected rapidly by
the inhalation of carbon dioxide, which may be
accomplished simply by having the patient rebreathe from a paper bag held closely over the
nose and mouth. The breathing of 7 to 10 per
cent carbon dioxide in oxygen is the most effective
remedy for persistent hiccough; the gravity of
this syndrome justifies the production of the
mild toxic effects of carbon dioxide, if necessary
(Sheldon. J. AM. A., 1927, 89, 1118). A rapid diagnostic test for the presence of sickle cell anemia,
developed by Winsor and Burch (J. A.M. A., 1945,
129, 703), involves the comparison of the erythrocyte sedimentation rate of well-aerated blood
with that of blood exposed to carbon dioxide.
Inhalations of carbon dioxide may produce
mental clarity in individuals stuporous due to
excessive use of alcoholic beverages (Barach.
Am. J. Physiol, 1934, 107, 610). Loevenhart
et al. (J.A.M.A., 1929, 92, 880) reported that
such inhalations induced mental clarity in patients
with dementia praecox.
Kindwall (Am. J. Psychiat., 1949, 105, 682)
utilized inhalations of a mixture of 30 per cent of
carbon dioxide and 70 per cent of oxygen to
induce narcosis for psychotherapeutic discussions.
Such inhalations, administered three times weekly,
relieved 11 of S3 cases of stuttering (Meduna,
Carbon Dioxide Therapy, 1950) ; patients whose
stuttering appeared after normal speech had been
established were usually relieved by a treatment
and eventually recovered. Silver (South. M. J.,
1953, 46, 283) employed 8 to 9 inhalations of
nitrous oxide, followed by 15 to 25 inhalations
of the carbon dioxide— oxygen mixture to induce
transient (about 1 minute) coma with benefit in
45 per cent of 250 cases of mild psychoneurotic
depressions and anxiety states. Without the nitrous
oxide the hyperpnea induced aggravated the anxiety in some cases. With 25 to 40 inhalations of the
carbon dioxide-oxygen mixture alone, Moriartv
(/. Clin. Exp. Psychopath., 1952, 13, 181) obtained benefit in 39 per cent of 66 psychoneurotics. Fay (J.A.M.A., 1953, 152, 1623) reported
on the relaxing value of inhalations of 20 per cent
carbon dioxide-80 per cent oxygen mixtures for
1 to 3 minutes for the muscular rigidity of certain
cases of cerebral palsy of the athetotic type.
Leavitt (ibid., 1953, 153, 509), however, asserted
that this was just another form of nonspecific
psychotherapy with unjustifiable toxic potentialities. In 17 young adult men. MacDonald and
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Simonson (/. Applied Physiol., 1953, 6, 304) observed electrocardiographic abnormalities in 12
during inhalation of 30 per cent carbon dioxide;
these included various arrhythmias and changes
in the voltage of the P and the T waves.
In the Rubin test for patency of the Fallopian
tubes (oviducts), which is frequently employed
in the evaluation of sterility in the human female,
carbon dioxide is the preferred gas for injection
into the canal of the cervix of the uterus. Patency
is demonstrated by the sudden decrease in the
pressure of the gas and a gurgling sound on
auscultation of the abdomen. Carbon dioxide,
being rapidly dissolved in the body, is preferred
to air. which has caused fatal air embolism in
several cases.
Administration. — Best results from the use of
carbon dioxide as a stimulant require the employment of an apparatus consisting of a face mask
or a funnel, a tank of carbon dioxide and oxygen
mixture, a valve and tubing. Brown (U. S. Nav.
M. Bull., 1930. 28, 525) found that maximal
stimulation of respiration is brought about in
normal man by 10.4 per cent of carbon dioxide,
but that there is considerable individual variation
and that it is impossible to inhale such high percentages for more than a few minutes without loss
of consciousness. Ordinarily mixtures containing
5 to 7 per cent of carbon dioxide may be used.
While in most cases the clinical response is a
satisfactory guide to the dosage of carbon dioxide,
where there is a reduction in the cardiac efficiency
great caution must be observed against the depressant effects of too large doses (Waters,
J. A.M. A., 1933, 100, 1275). Except under special
circumstances, and then only under competent
observation, inhalations of 5 per cent carbon
dioxide in oxygen should not be continued for
over 30 minutes, the 10 per cent not over 10 minutes. Particular caution is required in patients
with obstruction of the tracheo-bronchial tree or
those with pulmonary edema; the increased negative pressure within the chest produced by the
stimulated respiratory movements aggravates any
tendency of the blood plasma to transfer across
the thin membrane into the alveoli of the lungs.
Stimulant Baths. — McClellan and his associates (Am. Heart J., 1945. 29, 44) studied the
physiologic effects of baths in carbon dioxidecharged waters; they reported a decrease in pulse
rate and diastolic blood pressure, better return
of venous blood to the heart, hyperemia of the
skin, a slight increase in cardiac output, an increase in respiratory minute volume, and an
increase of 5 to 10 per cent in the pulmonary
excretion of carbon dioxide; these findings suggest absorption through the skin.
Cryotherapy. — Carbon dioxide is also useful
as an escharotic (see Arch. Phys. Med., 1945, 26,
270). Its destructive action depends on the intense cold produced by the evaporation of the
solidified gas commonly called carbonic acid snow
or dry ice. This may be prepared extemporaneously by allowing the compressed gas to escape
from a cylinder into a cone-shaped felt or woolen
receptacle. The rapid expansion of the gas when
released from pressure causes it to solidify in the
form of snow which may be pressed into molds.
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The temperature of solid carbon dioxide is
— 109° F. It is widely used as a refrigerant for
food and in certain industrial processes. Its evaporation, when applied to the skin, absorbs an immense amount of heat and almost immediately
freezes the area to which it has been applied, the
depth and permanency of the effect depending on
the duration of the application. Superficial freezing of the skin causes complete cessation of all
functions, thus providing local anesthesia as well
as arrest of blood flow. After thorough freezing
with carbonic acid snow, thrombi are formed in
the superficial capillaries and lead to a permanent
obstruction of the circulation and consequent
death of the part. For application to lesions the
solid or a "slush" has been employed. This "slush"
is prepared by pulverizing the "dry ice" in a mortar and pestle, then adding a little precipitated
sulfur and acetone until a smooth "slush" is produced, which may be applied on a cotton applicator encased in cotton gauze. Carbonic acid snow is
used for the destruction of various types of neoplasms, as warts, hairy moles, and vascular nevi.
It is also of service in the treatment of epitheliomata. It has not proved to be useful in the
destruction of scars following acne vulgaris.
Hedge (J.A.M.A., 1928, 90, 1367) used it to
destroy the lesions of blastomycosis. The duration
of a single application is from thirty seconds to
one or two minutes, according to the depth of
action which is desired. Severe "burns" of the skin
following
improper industrial use of "dry ice"
have
occurred.
Flavoring Agent. — Carbon dioxide serves as
a flavoring agent in carbonated beverages and in
effervescent preparations of several drugs. A solution which is supersaturated with carbon dioxide
has a pleasant, slightly acid taste and produces a
mildly prickling sensation in the mouth which
effectively masks the taste of salty drugs.
Application. — By inhalation, the usual concentration isfrom 5 to 7.5 per cent, in oxygen.
Storage.
— Preserve "in tight containers."
U.S.P.
CARBON

TETRACHLORIDE.
N.F., B.P., LP.

[Carbonei Tetrachloridum]

ecu

None of the official compendia provides the
conventional purity rubric statement for this
substance.
Perchloromethane; Chlorocarbon. Carbo Tetrachloratus;
Carboneum Tetrachloratum; Carbonei Chlorurum. Fr.
Tetrachlorure de carbone. Ger. Tetrachlorkohlenstoff;
Chlorokohlenstoff ; Kohlenstofftetrachlorid. Sp. Cloruro de
carbono; Tetracloruro de carbono.

Carbon tetrachloride was discovered by Regnault in 1839. It may be prepared by the interaction of the vapor of carbon disulfide with dry
chlorine in the presence of iron as a catalyst, or
by the action of chlorine on methane, but the
usual commercial process involves chlorination of
carbon disulfide by means of sulfur monochloride,
S2CI2, using iron as the catalyst.
Description. — "Carbon Tetrachloride is a
clear, colorless, mobile liquid. It has a charac-
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teristic odor, resembling that of chloroform. Carbon Tetrachloride is nonflammable, but is slowly
decomposed by light and by various metals if
moisture is present. Carbon Tetrachloride dissolves in about 2000 times its volume of water,
and is miscible with alcohol, with chloroform, and
with ether. It dissolves most of the fixed and
volatile oils. The specific gravity of carbon tetrachloride isnot less than 1.588 and not more than
1.590. Carbon Tetrachloride distils completely
between 76° and 78°." N.F.
Standards and Tests. — Non-volatile residue.
— The residue, if any, from 50 ml. of carbon
tetrachloride evaporated on a water bath is odorless; when dried at 105° for 1 hour its weight
does not exceed 1 mg. Readily carbonizable substances.— The acid layer separating from a mixture of 40 ml. of carbon tetrachloride and 5 ml.
of sulfuric acid which has been shaken vigorously
for 5 minutes has no more color than matching
fluid A. Acid, chloride ion, and free chlorine. —
The aqueous layer separating from a mixture of
15 ml. of carbon tetrachloride and 25 ml. of recently boiled and cooled distilled water which has
been shaken for 5 minutes is neutral to litmus
paper, does not produce a turbidity with silver
nitrate T.S., and is not colored blue on addition
of potassium iodide T.S. and starch T.S. Carbon
disulfide. — No yellow precipitate develops in a
mixture of 10 ml. of carbon tetrachloride in 10 ml.
of a 10 per cent solution of potassium hydroxide
in alcohol to which has been added, after standing an hour, 5 ml. of acetic acid and then 1 ml.
of cupric sulfate T.S., the mixture being allowed
to stand 2 hours. N.F.
The following B.P. tests are significantly different from those of the N.F. : A test for limit of
free chlorine depending upon the liberation of
iodine from cadmium iodide; a test for the limit
of sulfur compounds in which a portion of carbon
tetrachloride is heated, under a reflux condenser,
with a mixture of dehydrated alcohol and a solution of potassium plumbite, and set aside for five
minutes at the end of which period the aqueous
layer should be colorless ; a test for limit of oxidizable impurities based upon the treatment of a
portion of carbon tetrachloride with a mixture of
sulfuric acid and 0.1 N potassium dichromate, the
excess of the latter being determined by adding
potassium iodide and titrating the liberated iodine
with 0.1 N sodium thiosulfate.
Khalil (Lancet, 1926, 210, 547) stated that the
toxicity of certain specimens of carbon tetrachloride cannot be attributed to carbon disulfide.
He believes that it is due to other sulfur compounds which distil at a lower temperature than
the tetrachloride and recommends that for medicinal use the first portion of the distillate be
rejected.
Uses. — Although carbon tetrachloride is a powerful narcotic, surpassing even chloroform in the
strength of its action (Freymuth, Berl. klin.
Wchnschr., 1921, 58, 1330), it is too toxic to be
useful as an anesthetic.
In 1918 Foster called attention to its valuable
insecticide properties, and later Lake (Pub. Health
Rep., May 12, 1922) reported its use as a remedy
against the hookworm. Since then it has been ex-
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tensively employed as an anthelmintic. Against
the American hookworm (Necator americanus)
it is probably the most efficient remedy that we
possess. It is also useful, but somewhat less effective, against the Ancylostoma duodenale. McVail
(Indian Med. Gaz., August, 1922) found it valuable in the treatment of threadworms (Oxyuris
vermicularis) . Sandground (New Eng. J. Med.,
1938, 218, 298) treated 13 cases of tapeworm
with carbon tetrachloride; one was unable to
retain it but the other 12 were completely cured.
Its value against ascaris is apparently much less
than against other intestinal parasites. Some authorities say that it is a dangerous drug when
these latter parasites are present in the intestines.
It is commonly used in combination with 1 ml.
(approximately 15 minims) of chenopodium oil.
Although in the great majority of cases it produces no more unpleasant symptoms than a slight
giddiness or drowsiness — evidences of its narcotic
action — occasionally it produces serious poisoning and a number of deaths have been reported
following its use — most likely due to improper
selection and preparation of the patient. Lamson,
Minot. and Robbins (J.A.M.A., 1928, 90, 345)
pointed out that carbon tetrachloride was a dangerous remedy for alcoholics and for persons with
a low calcium balance and that its absorption is
greatly hastened by the presence of either alcohol
or fats in the intestines. Lambert (J. A.M. A., 1933,
100, 247) reported 100,000 successive cases in
which he used the drug without a single death
and with very few untoward symptoms. The following precautions should be observed in the use
of carbon tetrachloride as an anthelmintic: it
should not be used in alcoholics; poorly nourished
patients should have their reserve built up for a
few days previously; while taking the drug the
diet should be rich in calcium and carbohydrates
but low in fats, and all oily substances should be
avoided; the dose should not exceed 3 ml. (approximately 45 minims) for normal adults and
should be followed by a saline laxative such as
magnesium sulfate.
Carbon tetrachloride is extensively used as a
solvent for fats and resins, as a degreasing application to metals, and for removing grease from
garments, replacing petroleum benzin to advantage because of its non-inflammability ; most
proprietary non-inflammable cleaning fluids use it
as the base. Not only is it incapable of burning
but is also valuable to extinguish fires and forms
the basis of the fluid called pyrene. When used,
however, to extinguish fires, it forms considerable
hydrochloric acid gas and possibly more or less
phosgene as well, the latter being dangerously
toxic; the vapor of carbon tetrachloride adds to
the potential toxicity. It is a good solvent for
caoutchouc; and such a solution was at one time
suggested for the purpose of coating the hands of
the surgeon with a sterile and impermeable covering. Carbon tetrachloride is also employed as a
solvent in various manufacturing processes. M
Toxicology. — Many cases of industrial poisoning from inhalation of carbon tetrachloride
vapor have been reported (Maguire, J. A.M. A.,
1932, 99, 988; Allebach and McPhee, Missouri
Med., 1953, 50, 106). Symptoms include head-
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ache, vertigo, stupor, anorexia, nausea, vomiting
and diarrhea, intestinal cramps, and in severe
cases, marked evidence of hepatic and renal damage, such as enlargement of the liver attended by
jaundice and tendency to hemorrhage, albuminuria, microscopic hematuria, and azotemia with
hypertension. There may be pulmonary edema
and convulsions.
Straus (J.A.M.A., 1954, 155, 737) reported observations of3 cases of aplastic anemia occurring
after chronic exposure to carbon tetrachloride;
all terminated fatally. He suggests that chronic
exposure to the solvent may result in irreversible
bone marrow damage. Carbon tetrachloride poisoning should be considered as a possible etiological factor in cases of aplastic or refractory anemia.
Most instances of poisoning occurred where
ventilation was inadequate. Bowditch (Ind. Med.,
1943, 12, 440) reported that in one factory, where
workers had symptoms of intoxication, they had
been exposed to air containing only 35 parts per
million, though until then the limit of safety was
believed to be 100 parts per million. It has been
noted that alcoholism predisposes to carbon tetrachloride poisoning. Numerous instances of intoxication developed in the same way in the military service (Bull. U. S. Army M. Dept., 1945,
87, 31; U. S. Armed Forces Med. J., 1952, 3,
1023), and especially among men on submarines,
as reported bv Dillenberg and Thompson (Mil.
Surg., 1945, 97, 39).
In the necropsy findings of a fatal case reported
by Martin et al. (Ann. Int. Med., 1946, 25, 488),
there were marked changes in the liver and kidneys. Throughout the liver, areas of necrosis appeared, chiefly near the center of the lobules and
autolysis of supporting structures also permitted
dilatation of hepatic sinusoids which were packed
with erythrocytes. Lipoid droplets were seen
within the cytoplasm of fiver cells at the periphery
of necrotic foci. The fiver was grossly enlarged.
Renal enlargement was also found and on microscopy there was marked degeneration of epithelial
cells in the convoluted tubules and loops of Henle.
Lipoid degeneration was demonstrated here also.
Renal complications from carbon tetrachloride
poisoning have been described by Morgan et al.
(Can. Med. Assoc. J., 1949, 60, 145) and by
Partenheimer et al. (New Eng. J. Med., 1952,
246, 325). Myatt and Salmons (Arch. Indust.
Hyg., 1952, 6, 74), suspecting that many cases of
carbon tetrachloride poisoning are not recognized,
suggest that in every case of jaundice, nephritis,
or congestive heart failure in which no previous
occurrence of such disease has been known, the
patient be specifically asked about his use of
solvents and cleaning compositions.
Treatment in poisoning by inhalation consists
in supplying fresh air, and possibly artificial respiration and oxygen; caffeine may be given as a
stimulant. In poisoning by ingestion copious
lavage of the stomach with plain water is indicated; no milk or other fatty liquids, or alcohol,
should be administered; magnesium sulfate is
given orally. The patient should be watched for
signs of fiver or kidney disease; a low- fat, highcalorie diet should be started. If nausea and
vomiting occur the patient should be hospitalized.
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If jaundice alone occurs, the patient should rest
in bed and receive a low-fat diet, choline, methionine, calcium preparations, and vitamin K. If
food cannot be retained by mouth, glucose in
water, with just enough saline solution to replace
that lost by vomiting, should be given intravenously. If oliguria occurs, lower nephron nephrosis isprobable; restricted fluid intake is the
most important step in maintaining life (Myatt
and Salmons, loc. cit.).
Dose. — Caution: The usual dose, as an anthelmintic for adults, is a single dose of 3 ml. (approximately 40 minims), preferably taken before
breakfast with water or milk and always followed
in 2 hours by a saline cathartic. The B.P. gives
the dose as 2 to 4 ml.
Storage. — Preserve "in tight light-resistant
containers." N.F.
CARBROMAL.
N.F.
Bromdiethylacetylurea, [Carbromalum]

(C2H5)2.CBr.CO.NH.CONH2
Adalin (Winthrop); Uradal; Planadalin; Bromadal. Ger.
Adalin. Sp. Bromodietilacetilurea ; Nyctal.

Carbromal, originally introduced under the proprietary name Adalin, may be prepared by the following method: Diethylmalonic ester is hydrolyzed, in the presence of sodium hydroxide, to the
sodium salt of diethylmalonic acid; this is precipitated as the calcium salt, converted to the
free acid by treatment with hydrochloric acid, and
extracted with ether. The diethylmalonic acid is
heated to about 190° whereupon it loses carbon
dioxide and is converted to diethylacetic acid
(also known as a-ethylbutyric acid). This upon
bromination in the presence of red phosphorus
yields a-bromo-diethylacetyl bromide, also known
as a-bromo-a-ethylbutyryl bromide, which is
finally reacted with urea to produce carbromal.
Carbromal contains about 34 per cent of combined bromine.
Description. — "Carbromal occurs as a white,
odorless, crystalline powder. One Gm. of Carbromal dissolves in about 3000 ml. of water, in
about 18 ml. of alcohol, in about 3 ml. of chloroform, and in about 14 ml. of ether. It is very
soluble in boiling alcohol, and dissolves in sulfuric,
nitric, or hydrochloric acid, from which acid solutions itis precipitated by the addition of water. It
is dissolved by solutions of alkali hydroxides. Carbromal melts between 116° and 119°." N.F.
Standards and Tests. — Identification. — (1)
Ammonia is evolved when 200 mg. of carbromal
is boiled with 5 ml. of a 1 in 10 aqueous solution
of sodium hydroxide. (2) When the residue from
the ignition of a mixture of 100 mg. of carbromal
and 500 mg. of anhydrous sodium carbonate is dissolved in 5 ml. of hot distilled water, the solution
cooled, acidified with acetic acid, filtered, and 2
ml. of chloroform and a few drops of chlorine T.S.
added to the filtrate, a red-brown color is developed inthe chloroform. Acidity. — The filtrate
obtained from 1 Gm. of carbromal shaken for
5 minutes with 20 ml. of distilled water is neutral
to litmus paper. Chloride. — The limit is 300 parts
per million. Sulfate. — The limit is 400 parts per
million. Residue on ignition. — Not over 0.1 per
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cent. Readily carbonizable substances. — A solution of 500 mg. of carbromal in 5 ml. of sulfuric
acid has no more color than matching fluid A. N.F.
Uses. — Carbromal was introduced with the
idea that it combined sedative effects of bromine
with the narcotic action of the aliphatic series.
Being a monoureide, however, it is a feeble
hypnotic and sedative. Impens (Ther. Geg., 1912)
snowed that in the body some is broken down,
some is eliminated as urea and inorganic bromide,
and some remains undecomposed (see also Gruninger, Ztschr. ges. exp. Med., 1938, 103, 246).
The small dose makes it improbable that the
bromide component can play any important part
in the action of the drug. Takeda (Arch, internat.
Pharmacodyn. therap., 1911, 21, 203) concluded
from a study of distribution of the drug in the
body that its action must be due to the whole
molecule.
Carbromal, in sufficient dose, possesses some
somnifacient effect and is used in mild sleeplessness, often in combination with another central
nervous system depressant. In severe insomnia
it is very inferior to barbital. It continues to be
used as a sedative in neurasthenia, nervous insomnia, hysteria, chorea, whooping-cough, and
other similar conditions of hyperirritability of the
central nervous system. With ordinary caution
carbromal seems to be a safe drug. Nieuwenhuijse
(Pharm. J., 1916, 96, 327) reported a case in
which forty-five grains was taken, the patient recovering after sixty hours of narcosis.
Under the trade-marked names Abasin (Winthrop-Stearns) and Sedamyl, an acetylcarbromal
(specifically iV-acetyl-Ar-bromodiethylacetylurea)
is available and is used similarly. For information
concerning this compound see Strasser (Wien.
Klin. Wchnschr., 1924, p. 594), also Reimers
(Dansk Tids. Farm., 1937, 11, 49), and Tebrock,
Medical Times, Dec, 1951).
Dose. — The sedative dose of carbromal is 300
to 600 mg. (approximately 5 to 10 grains) three
or four times daily; as a hypnotic, 0.6 to 1.2 Gm.
(approximately 10 to 20 grains) with hot water.
Storage. — Preserve "in well-closed containers." N.F.
CARDAMOM

SEED.

N.F. (B.P.)

Cardamomi Semen

"Cardamom Seed is the dried ripe seed of
Elettaria Cardamomum Maton (Fam. Zingiberacece). Cardamom Seed should be recently removed from the capsules." N.F. The B.P. recognizes, as Cardamom Fruit, the dried, nearly ripe
fruit of Elettaria cardamomum Maton var.
minus cula Burkill.
B.P. Cardamom Fruit; Cardamomi Fructus. Malabar
Cardamoms; Cardamoms. Cardomomi Semina; Semen
Cardamomi. Fr. Cardamomes. Ger. Kardamomsamen;
Malabarsamen. Sp. Semilla de Cardamomo.

The fruit of cardamom is official in most Pharmacopoeias. The N.F. and the B.P. recognize only
the seeds, the former specifying that the seeds
must be recently removed from the capsules. This
avoids any confusion by manufacturers as to
whether the article designated as cardamom in a
formula is restricted to the seeds or not. On the
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other hand the pericarp contains some oil and
forms an excellent surface for the grinding of the
seeds. Furthermore, the decorticated seeds have
been known to be adulterated with seed of wild
cardamom and other foreign seeds which are not
detected except upon careful examination. Clevenger (J.A.O.A.C., 1934, 17, 121) found that
cardamom seed, imported as such, yields on the
average less volatile oil than that recently removed from the husks and that the loss of volatile
oil in husk-protected seed is comparatively small
in 8 months, whereas the loss of volatile oil in
cardamom seeds removed from the shells is considerable, amounting to approximately 30 per cent
in the same period of time.
The term cardamom has been applied to the
aromatic capsules of various plants, most of them
from India, belonging to the Zingiber acea. Formerly the terms lesser, middle and larger cardamoms were used to separate these various fruits,
but these words have been used so differently by
various writers that they no longer possess any
precise signification. The lesser cardamom of
most writers is the variety recognized by the
pharmacopeias and generally kept in the shops.
The other varieties, though circulating to some
extent in European and Indian commerce, are
little known in this country.
The official cardamoms are produced chiefly in
Ceylon and, to a lesser extent, in Malabar,
Mysore, and adjacent regions of India. They
have also been cultivated to some extent in tropical America, some supplies being imported in
recent years from Guatemala.
The cardamom plant is a perennial herb with
a tuberous horizontal rhizome, sending up from
eight to twenty erect, simple, smooth, green and
shining, perennial stems, which rise from six to
twelve feet in height, and bear alternate, ellipticallanceolate, sheathing leaves. The flower-stalk proceeds from near the base of the stem, and lies
upon the ground, with the flowers arranged in a
panicle. The fruit is an ovoid, three-celled, loculicidally dehiscent capsule, containing many seeds
which are covered by an aril; during drying it is
said to lose three-fourths of its weight.
This valuable plant is a native of the mountains of Indo- China, where it springs up spontaneously inthe forests after the removal of the
undergrowth, and is very extensively cultivated
by the natives. For a detailed account of culture,
see Chem. Drug, 1912, p. 101, and Pharm. Era,
1920, 53, 365. The plant begins to yield fruit at
the end of the fourth year, and continues to bear
for several years afterward. The capsules just
before complete maturity are picked from the
fruit-stems, dried over a gentle fire or by sun heat,
and separated, by rubbing with the hands, from
the footstalks and adhering calyces." They are then
washed and bleached by exposure either to dew
and sun or to vapors of burning sulfur.
In Ceylon the capsular fruits are cut off with
scissors before they mature. They are then cured
by exposure to slow drying in the sun during dry
weather or by being placed on trays in the curing
house, during wet weather, and exposed to a
gentle heat. The artificially cured product is inferior to that dried in the sun. Sometimes the
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capsules are sprinkled with water and then sunbleached. This improves the color but increases
the number of undesirable split fruits. The remains of the calyx at the summit of the capsule
and the stalk at the base are removed by machines
and the capsules graded by use of sieves into
longs, mediums, shorts and tiny. Split fruits, seeds
and broken shells are also removed. The capsules
are then bleached by placing them in trays over
burning sulfur. They are then air-dried and packed
in cases for shipment.
The most important varieties of cardamoms
are the Mysore (or Ceylon-Mysore), Malabar (or
Ceylon-Malabor), Alleppi and Mangalore. The
Mysore and Malabar varieties are now obtained
chiefly from plants cultivated in Ceylon, but
smaller amounts of these are still being produced
in India. The Mangalore variety comes from
plants grown in the vicinity of the port of Mangalore in India, the Alleppi from plants grown in
Travencore and Cochin. The bleached Mysore
variety is considered the best. It is ovoid to ovoidoblong, loculicidally dehiscent, yellowish white to
white, 12 to 20 mm. long, 7 to 9 mm. in diameter,
nearly smooth, the summit slightly beaked with
the remains of a style, the base rounded with a
scar of the stalk, 3-valved with thin dissepiments
and with 9 to 12 seeds which are aromatic and
moderately pungent, anatropous, irregularly angular and enclosed in a thin, membranous aril. The
Malabar variety of fruit is broadly ellipsoidal,
occasionally ovoid, somewhat three cornered, 10
to 17 mm. long, 6 to 8 mm. in diameter, grayishyellow, when half bleached, buff to yellow when
bleached, and contains 15 to 18 seeds with an
aromatic odor and aromatic, pungent taste. The
Alleppi variety is elongate-ovate, triangular in
cross section, greenish-brown or dirty yellow to
brown. The Mangalore variety resembles the
Malabar, but the fruits are frequently larger,
more spheroidal and possess a rougher external
coat; they rarely reach the United States. In 1953,
importations of cardamom seed amounted to
155,302 pounds; India, Ceylon, Guatemala and
Salvador supplied the drug.
Unofficial Varieties. — Besides the official
cardamoms the fruit of a large number of related plants has been more or less employed. The
more important of these are noted below.
Ceylon Cardamom. — This has been denominated variously cardamomum majus and cardamomum longum, and is sometimes termed in English commerce long wild cardamom. It is the large
cardamom of Guibourt. In the East it is sometimes called grains of Paradise; but it is not the
product known with us by that name. (See
below.) It is derived from a plant cultivated in
Candy, in the Island of Ceylon, and also growing
wild in the forests of the interior, which was
designated by Sir James Edward Smith Elettaria
major, but is now generally acknowledged to be
only a variety of the official plant (Elettaria
Cardamomum var. $-major Thwaites). The fruit
is a lanceolate-oblong, acutely triangular capsule,
somewhat curved, up to 40 mm. long and 6 to 8
mm. broad, with flat and ribbed sides, tough and
coriaceous, dark brownish or grayish-brown, having frequently at one end the long, cylindrical,
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three-lobed calyx, and at the other the fruitstalk. It is three-locular, and contains angular,
rugged, yellowish-red seeds, of a peculiar fragrant odor and spicy taste. Its effects are analogous to those of the official cardamom. It is
used as a source of some of the oil of cardamom
and for flavoring.
Round or Siam Cardamom. — This is probably
the "Aucom-ov of Dioscorides and the Amomi uva
of Pliny, and is believed to be the fruit of
Amomum Kepnlaga Sprague and Burkill (Amomum Cardamomum, Auths. Not L.) growing in
Siam, Sumatra, Java, and other East India
islands. The capsules are usually smaller than a
cherry, roundish or somewhat ovate, with three
convex sides, more or less striated longitudinally,
yellowish or brownish-white, and sometimes reddish, with brown, angular, cuneiform, shriveled
seeds, which have a spicy camphoraceous flavor.
They are sometimes, though rarely, met with connected in their native clusters, constituting the
amomum racemosum, or amome en grappe, of the
French. They are similar in medicinal properties
to the official, but are seldom used except in the
southern parts of Europe.
Large Round Chinese Cardamom. — This variety
is yielded by Amomum globosum Loureiro, a
perennial, evergreen herb native to southern China
and found growing wild and under cultivation in
the Kwang-Tung province. The drug occurs as
round or globular, pale yellow capsules having an
average diameter and thickness of 15 mm., longitudinally streaked, tapering at both ends, bearing
numerous long non-glandular hairs on its external surface and containing on the average 24
pyramidal or wedge-shaped seeds with a deep
furrow along one side. The seeds possess an agreeably aromatic odor and taste. They yield 4 to 6
per cent of volatile oil which is cooling to the taste
and possesses the odor of cardamom. Viehoever
and Sung (/. A. Ph. A., 1937, 26, 872) reported
on common and oriental cardamoms and conclude
the character and percentage yield of the round
Chinese cardamom suggests the possibility of
using the fruit as equal to the official Malabar
Cardamom.
Java Cardamom. — The plant producing this
variety is supposed to be the Amomum dealbatum
Roxburgh (4. maximum Roxburgh), growing in
Java and other Malay islands in the East. The
capsules are oval, or oval-oblong, often somewhat
ovate, from 1.5 to 3 cm. long, and from 8 to 15
mm. broad, usually flattened on one side and convex on the other, sometimes curved, three-valved,
and occasionally imperfectly three-lobed, of a
dirty grayish-brown color, and coarse fibrous appearance. When soaked in water, they exhibit as
their distinguishing character from nine to thirteen
ragged membranous wings along their whole
length. The seeds have a feebly aromatic taste
and odor. This variety of cardamom affords but
a very small proportion of volatile oil, and is altogether of inferior quality.
Madagascar Cardamom. — This is the Cardamomum majus of Geiger and some others, and is
thought to be the fruit of Ajramomum angustifolium (Sonn.) K. Sch. (Amomum angustifolium
Sonnerat) growing in marshy grounds in Mada-
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gascar. The capsule is ovate, pointed, flattened on
one side, striated, with a broad circular scar at the
bottom, surrounded by an elevated, notched,
corrugated margin. The seeds have an aromatic
flavor similar to that of official cardamom.
For the origins and descriptions of Bengal and
Nepal Cardamoms see U.S.D., 24th ed., p. 231.
Grains of Paradise. Grana Paradisi. — Under
this name and that of Guinea grains, and Melegeta or Mallaguetta pepper, are found in commerce small seeds of a round or ovate form, often
angular, and somewhat cuneiform, minutely rough,
reddish-brown to brown externally, white within,
of a feebly aromatic odor when rubbed between
the fingers, and of a strongly hot and peppery
taste. Two kinds of them are known in the English
market, one larger, plumper, and more warty,
with a short conical projecting tuft of pale fibers
on the umbilicus ; the other smaller and smoother
and without the fibrous tuft. The latter are the
more common. They are produced by Ajramomum
Melegueta (Roscoe) K. Sch. Their effects on the
system are analogous to those of pepper; but
they are seldom used except in veterinary practice, and to give pungency to spirits, wine, beer,
and vinegar. Thresh made a proximate analysis
of the seeds, and found volatile oil, resin, tannin,
starch, albuminoids, and an active principle in the
form of a straw-colored viscid, odorless fluid,
pungent, but not so hot as capsaicin, called
paradol (Pharm. J., 1884, p. 297).
Bastard or Wild Cardamom, the seeds of
Amomum xanthioides Wall., resembles true cardamom in appearance, but is of a dirty green
color, and has a very biting, camphor- like taste.
It comes from Siam.
Description. — "Unground Cardamom Seed
occurs usually in agglutinated groups of 2 to 7
seeds and as separate seeds surrounded by an
adhering membranous aril. The individual seeds
are oblong-ovoid or irregularly 3- to 4-sided, from
3 to 4 mm. in length; convex on the dorsal side,
strongly longitudinally grooved on the ventral
side and coarsely tuberculated; externally pale
orange to dark brown. The odor is aromatic. The
taste is aromatic, pungent, and slightly bitter."
N.F. For histology see N.F. X.
"Powdered Cardamom Seed is brown to weak
yellow to light olive green. It consists chiefly of
fragments of perisperm, endosperm, embryo, and
seed-coat. The endosperm and perisperm cells are
filled with starch grains from 1 to 4n in diameter
or may contain one or more prisms of calcium
oxalate from 10 to 2 5n in diameter. The seed-coat
is characterized by its red to orange colored cells,
polygonal in surface view and about 20^ in diameter. Fragments of pericarp tissue with spiral
vessels and with accompanying slightly lignified
fibers are relatively few." N.F.
The B.P. description of the seeds is not materially different from the above, but in addition
the B.P. describes the entire fruit. These are up
to about 2 cm. long, ovoid or oblong, green to pale
buff, plump or slightly shrunken, bluntly triangular in section, shortly beaked at the apex,
nearly smooth or longitudinally striated, and
three-celled, in each cell two rows of seeds in an
adherent mass attached to an axile placenta.
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Standards and Tests. — Acid-insoluble ash. —
Not over 4 per cent. N.F. The B.P. requires not
less than 4.0 per cent v/w of volatile oil in the
seeds.
Constituents. — The flavor and therapeutic
action of cardamom is due to a volatile oil which
is present in proportions ranging from 2 up to 8
per cent. Cardamom oil consists chiefly of terpinene and terpineol. There are present also considerable amounts of terpinyl acetate and some cineol.
The cardamom oil is quite unstable and loses its
characteristic flavor even when air is excluded.
In addition to their volatile oil the seeds contain about 3 or 4 per cent of starch, a nitrogenous
gum, yellow coloring matter, etc. According to
Otte and Weiss (Pharm. Zentr., 1928, 69, 613) a
high ash is indicative of the mixture of shells with
the seeds.
The seeds should be powdered only when required for use, as they retain their aromatic properties best while in the capsule.
Adulterations.— Cardamoms have been adulterated with orange seeds and unroasted grains
of coffee. Powdered cardamom is frequently
adulterated with its own shells. Such powders
are of lighter, yellowish-brown color and under
the microscope show the presence of large-celled
shell parenchyma and woody fibers. The total
ash of the shells of cardamom is more than twice
as high as that of the seeds, which also applies to
the water-soluble ash. In recent years the chief
adulterants for the whole seed have been small
pebbles and seeds of Atnomum species.
Uses. — Cardamom is an agreeable and mild
aromatic, not markedly stimulating, and useful
chiefly as an adjuvant. Throughout the East
Indies it is largely consumed as a condiment.
It was known to the ancients, deriving its name
from the Greeks. In this country it is employed
chiefly as a flavoring agent and adjuvant to other
carminative drugs.
Dose, 1 to 2 Gm. (approximated 15 to 30
grains).
Storage. — Preserve "against attack by insects." N.F.
Off. Prep. — Cardamom Oil, Compound Colocynth Extract, N.F.; Compound Cardamom
Tincture, Compound Gentian Tincture, N.F.,
B.P.; Aromatic Powder of Chalk, Compound
Tincture of Rhubarb, B.P.
CARDAMOM

OIL.

N.F.

[Oleum Cardamomi]

"Cardamom Oil is the volatile oil distilled from
the seed of Elettaria Cardamomum (Linne)
Maton (Fam. Zingiberacea) ." N.F.
Fr. Essence de cardomome. Ger. Kardamomenol.

Description. — "Cardamom Oil is a colorless
or very pale yellow liquid with the aromatic,
penetrating, and somewhat camphoraceous odor
of cardamom, and a persistently pungent, strongly
aromatic taste. It is affected by light. Cardamom
Oil is miscible with alcohol. Cardamom Oil dissolves in 5 volumes of 70 per cent alcohol. The
specific gravity of Cardamom Oil is not less than
0.917 and not more than 0.947. The optical rota-

tion of Cardamom Oil is not less than +22° and
not more than +44° when determined in a 100mm. tube. The refractive index of Cardamom Oil
is not less than 1.4630 and not more than 1.4660
at 20°." N.F.
For further information concerning this oil see
under Cardamom.
This oil is official because it is a component of
compound cardamom spirit; it is occasionally
employed for its carminative effect.
The dose is 0.03 to 0.2 ml. (approximately
Y* to 3 minims).
Storage. — Preserve "in tight, fight-resistant
containers." N.F.
Off. Prep. — Compound Cardamom Spirit, N.F.
COMPOUND

CARDAMOM
N.F.

SPIRIT.

[Spiritus Cardamomi Compositus]

Mix 100 ml. each of cardamom oil and orange
oil, 10 ml. of cinnamon oil, 5 ml. each of clove
oil and anethole, and 0.5 ml. of caraway oil with
sufficient alcohol to make 1000 ml. N.F.
Alcohol Content. — From 68 to 74 per cent,
by volume, of C2H5OH. N.F.
The spirit is official only because it is an ingredient of compound glycerophosphates elixir;
its carminative effect is rarely, if ever, utilized
therapeutically.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Compound Glycerophosphates
Elixir, N.F.
COMPOUND
TINCTURE.

CARDAMOM
N.F. (B.P.)

[Tinctura Cardamomi Composita]
B.P. Compound Tincture of Cardamom. Sp. Tintura de
Cardamomo Compuesta.

Prepare a tincture, by Process M (see under
Tinctures), from 20 Gm. of cardamom seed, in
moderately coarse powder, 25 Gm. of cinnamon,
in fine powder, 12 Gm. of caraway, in moderately
coarse powder, and 5 Gm. of cochineal, in fine
powder; macerate the mixed powders in 750 ml.
of a mixture of 50 ml. of glycerin and 950 ml. of
diluted alcohol, and complete the preparation to
1000 ml. by using first the remainder of this
menstruum, and then diluted alcohol. AT.F.
The B.P. formula calls for 14 Gm. of cardamom, 14 Gm. of caraway, 28 Gm. of cinnamon,
7 Gm. of cochineal, 50 ml. of glycerin, and 60
per cent alcohol as the menstruum to make
1000 ml. ; the tincture is prepared by percolation.
Alcohol Content. — From 43 to 47 per cent,
by volume, of C2H5OH. U.S.P.
Uses. — This is an agreeable aromatic tincture,
occasionally used as a carminative, but more
frequently as a vehicle, in which capacity it is
one of the most useful preparations available.
Dose, 2 to 8 ml. (approximately H to 2
flui drachms).
Storage. — Preserve "in tight, fight-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." A7.,?7.
Off. Prep. — Aromatic Eriodictyon Syrup;
Glycerinated Gentian Elixir, N.F.

Part I

Cascara

CASCARA

SAGRADA.

U.S.P., B.P., LP.

Rhamnus Purshiana, [Cascara Sagrada]

"Cascara Sagrada is the dried bark of Rhamnus
Purshiana De Candolle (Fam. Rhamnacece.) . Cascara Sagrada preferably should be aged for at
least one year before use." U.S. P. The B.P. and
LP. recognize the same source of drug as does
the U.S. P., but while the B.P. specifies that the
bark shall have been collected at least one year
before use, the LP. allows also the alternative of
heating it at 100° for one hour before use.
Sacred, Chittem, Dogwood, Coffee-berry, Bear-berry,
Bitter or Yellow Bark; Bear-wood. Cortex Rhamnus
Purshiana; Cortex Rhamni Americana. Fr. Cascara
sagrada ; £corce sacree. Ger. Amerikanische Faulbaumrinde; Amerikanische Kreuzdornrinde; Sagradarinde. It.
Cascara sagrada. Sp. Cascara sagrada.

A number of species of Rhamnus have been
described as growing in California, but according
to the best authority there are only four species —
R. alnijolia, L'Her., R. crocea, Nutt., R. Purshiana, D. C, and R. californica, Esch. Of these
species, R. alnijolia is too rare in the cascara district to be important; while the spinescent twigs,
the very thick, orbicular to oblong-obovate leaves,
and the small globose red fruit of R. crocea make
it so distinct that it cannot be confounded with
cascara, whose bark, moreover, it does not resemble. On the other hand, R. californica appears
to be very commonly confounded with the official
species by collectors, and to have yielded some of
the cascara sagrada bark of commerce. R. californica israre in northern California, but abundant in the counties lying south and southeasterly, while R. Purshiana is abundant in northern
California, but scarce in the south, so that any
bark collected in northern California is probably
genuine. R. californica is chiefly distinguished
from the official species by its leaves being thin,
and, when not smooth, having a short close pubescence, and the secondary veins of the under surface not nearly so numerous (8 to 10 pairs),
straight, or fine as those of R. Purshiana. The
latter species has leaves with 10 to 15 pairs of
secondary veins. Rusby states that the two species
can be distinguished by the fact that in the
leaves of the R. californica the channel of the
midrib is altogether absent, or shallow, or inconspicuous.
Rhamnus Purshiana varies from a tall shrub to
a small tree, usually attaining a height of from 20
to 40 feet. Its leaves are rather thin, eliptic to
ovate-oblong, for the most part briefly acutely
pointed, remotely denticulate or sometimes at the
base obtuse, somewhat pubescent beneath, from
2 to 7 inches long and from 1 to 3 wide. The entire
greenish flowers are in somewhat umbellate
cymes; the sepals 5; the minute cucullate petals
bifid at the apex. The fruit is purplish-black,
broadly obovoid, 8 mm. long, 3-lobed, and 3-sided.
The seeds are convex on the back, with a lateral
raphe. It is found in California, Oregon, Washington, Idaho, Montana, and Southwest British
Columbia. For details of manner of collecting the
bark see an elaborate and illustrated article by
Johnson and Hindman (Am. J. Pkarm., 1914, p.
387), also "The Cascara Tree in British Columbia," by J. Davidson, Bull. No. A108 Province of
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British Columbia, 1942. Because of the rapid
destruction of natural sources of the bark, experiments were conducted by the Bureau of Plant
Industry, U. S. Department of Agriculture, to
cultivate it and their results are now being commercially applied in the Pacific Northwest and in
some of the Eastern States. The plant has also
been cultivated experimentally in Nairobi, British
East Africa (see Pharm. J., 192 7, 118, 449).
The Rhamnus californica, or Californian buckthorn or California coffee-berry is a shrub up to
15 ft. in height which yields a bark of a dark
brown color externally and bright yellow internally, having an intensely bitter taste, with a
persistent nauseous aftertaste, and very little
odor. It is said to be much more distinctly purgative than that of R. crocea.
It does not seem possible to distinguish with
certainty between the barks of the two species
by their macroscopic appearance. The bark of
R. Purshiana is usually more red than is that of
R. californica, but it may be of a distinctly gray
color. The microscopic structure of the two barks
is, however, different. The phloem rays in R.
Purshiana are numerous, thin, for a long distance
nearly parallel and straight and converge at their
outer ends, run about three-quarters of the distance through the bark, and are one to four cells
in width. In R. californica the medullary rays are
occasionally broader, shorter, and have been reported in some thicker pieces to range from one
to seven cells in width. There have also been found
authentic specimens of R. californica with phloem
rays closely simulating those of R. Purshiana.
Study of the comparative histology of these barks
of different ages is greatly needed to clarify the
situation. For further details and elaborations, see
Gathercoal, /. A. Ph. A., 1915, p. 15. According to
Sayre (Am. J. Pharm., March, 1897), the powder
of the barks can be distinguished by paying attention to the fact that R. Frangula contains no
stone cells, while in R. californica and R. Purshiana such cells are abundant, occurring in large,
irregular groups below the cork and usually outside the region of the bast. R. Purshiana may also
be distinguished from R. californica by color
tests. After several days' maceration in dilute
alcohol the powder of R. Purshiana appears of an
orange-yellow color, R. californica of a purplish
color; or if 0.2 Gm. of the powdered bark be
placed in a small test tube, and there be added
2 ml. of potassium hydroxide test solution, R.
californica will give a blood-red and R. Purshiana
an orange-red color.
The bark of the Rhamnus crocea, the so-called
California mountain holly, occurs in slightly
curved pieces, externally of a dark brown color,
internally of a characteristic red delicately
streaked with numerous white veins. The odor is
somewhat aromatic, the taste warming and not
unpleasantly bitter. It is affirmed to be a tonic
and mild laxative.
Description. — "Unground Cascara Sagrada
usually occurs in flattened or transversely curved
pieces, occasionally in quills of variable length
and from 1 to 5 mm. in thickness. The outer surface is brown, purplish brown or brownish red,
longitudinally ridged, with grayish or whitish
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lichen patches, sometimes with numerous lenticels
and occasionally with moss attached. The inner
surface is longitudinally striate, light yellow,
weak reddish brown or moderate yellowish brown.
The fracture is short with projections of phloem
fiber bundles in the inner bark. The odor is distinct. The taste is bitter and slightly acrid."
U.S.P. For histology see U.S.P. XV.
"Powdered Cascara Sagrada is moderate yellowish brown to dusky yellowish orange. It shows
numerous broken phloem fiber bundles with accompanying crystal fibers containing monoclinic
prisms of calcium oxalate; stone cells more or
less adherent, in small groups with thick, finely
lamellated and porous walls; fragments of reddish
brown to yellow cork; masses of parenchyma and
phloem ray cells colored reddish brown to orange
upon the addition of a solution of an alkali; starch
grains spheroidal, up to 8n in diameter; calcium
oxalate in monoclinic prisms or rosette aggregates
from 6 to 20n in diameter, occasionally up to
45m. in diameter." U.S.P.
Standards and Tests. — Identification. — (1)
An orange color is obtained on adding ammonia
T.S. to an aqueous extract (1 in 100) of cascara
sagrada. (2) A red to reddish brown color is produced on treating cascara with ammonia T.S. (3)
Ether is colored greenish yellow on shaking with
an extract prepared by boiling cascara sagrada
with water containing a small amount of alcohol
and filtering. On shaking a portion of the ether
solution with ammonia T.S. and diluting the latter
with water the mixture retains a distinct orange
pink color. Foreign organic matter. — Not over
4 per cent. U.S.P. Both the B.P. and the I.P. limit
ash to 6.0 per cent and require not less than 23.0
per cent of water-soluble extractive, but the B.P.
limits foreign organic matter to 1.0 per cent while
the I.P. restricts it to 4.0 per cent.
Constituents. — The cathartic activity of cascara sagrada is attributable to the presence of hydroxy-methylanthraquinones, such as are found
also in aloe, rhubarb, senna and certain other
vegetable laxatives. As in these drugs too, a considerable proportion of the active compounds
occur in glycosidic form, combined with the
sugars rhamnose and glucose.
Emodin (l,3,8-trihydroxy-6-methylanthraquinone) was identified in cascara sagrada by both
Schwabe {Arch. Pharm., 1888, 226, 569) and
Jowett (Proc. A. Ph. A., 1905, 52, 228) ; the latter
investigator reported also the presence of isoemodin (isomeric with emodin), rhamnol, syringic
acid, pyrocatechuic acid and two fatty acids.
Sipple, King and Beal (J. A. Ph. A., 1934, 23,
205) isolated frangulin, the rhamnoside of emodin, while Green, King and Beal (/. A. Ph. A.,
1936, 25, 107 and 1938, 27, 95) found, besides
isoemodin, methylhydrocotoin (2,4,6-trimethoxybenzophenone) . Liddell, King and Beal (/. A. Ph.
A., 1942, 31, 161) later isolated aloe-emodin (1,8dihydroxy-3-hydroxymethylanthraquinone ) and
chrysophanic acid (l,8-dihydroxy-3-methylanthraquinone, also known as chrysophanol) ; they also
showed that the substituted anthraquinones are
markedly more active as cathartics when given as
a mixture than when administered separately to
guinea pigs.

On the basis of this later work it appears likely
that the substances purshianin and cascarin, more
than half a century ago announced as the active
principles of cascara sagrada, are impure forms
of one or more of the constituents described
above.
Uses. — Cascara sagrada belongs to a group of
vegetable cathartics whose activity depends on the
presence of one or more hydroxy-methylanthraquinones (see Constituents above, also Rhubarb).
The action of these principles is chiefly to excite
peristalsis in the colon, although after large doses
there may also be some effect on the upper bowel
(Oppenheimer and Mann, Am. J. Digest. Dis.,
1941, 8, 90). Cascara sagrada induces a single
solid or semi-solid stool in about 8 hours. Discomfort or griping is very infrequent. It is not
recommended as a laxative when it is desired to
cleanse the entire bowel as large doses may produce an inflammatory condition (McGuigan,
J. A.M. A., 1921, 76, 513). It is useful in the
treatment of chronic constipation and frequently
appears to restore tone to the relaxed bowel and
thus produce a lasting beneficial effect. Prolonged
use may result in the unimportant, but sometimes
puzzling, condition known as melanosis coli
wherein the mucous membrane of the colon is
pigmented with melanin (Bockus, Willard and
Bank, J.A.M.A., 1933, 101, 1). Tyson (/. Pediatr.,
1937, p. 743) reported laxative effects from the
milk of nursing mothers taking cascara.
The concurrent administration of belladonna to
overcome any tendency to gripe is less popular
than formerly; the more rapid action of belladonna is complete before the cascara sagrada
reaches the lower bowel. Ordinarily a single dose
is given at bedtime but better results are sometimes obtained by the administration. of smaller
doses after meals. The bark itself is rarely used,
either the extract or the fluidextract being eligible
preparations. @
Dose, 0.6 to 2 Gm. (approximately 10 to 30
grains).

CASCARA
Powdered Cascara

SAGRADA
EXTRACT.
N.F. (B.P.)
SagradaExtract
Extract,

Rhamnus

Purshiana

"One Gm. of Cascara Sagrada Extract represents 3Gm. of cascara sagrada." N.F.
B.P. Dry Extract of Cascara Sagrada ; Extractum Cascara Sagrada; Siccum. Extractum Rhamni Purshianae.
Fr. Extrait de cascara sagrada. Ger. Sagradaextrakt. It.
Estratto di cascara sagrada idroalcoolico. Sp. Extracto
de C&scara Sagrada.

Mix 900 Gm. of cascara sagrada, in coarse
powder, with 4000 ml. of boiling water, macerate
the mixture during 3 hours, transfer it to a percolator and, after allowing it to drain, exhaust it
by percolation with boiling water. Collect 5000 ml.
of percolate, evaporate it to dryness, reduce the
residue to a fine powder, and add enough starch,
dried at 100°, to make the product weigh 300 Gm.
Mix thoroughly, and pass the extract through a
fine sieve. N.F.
The B.P. Dry Extract of Cascara Sagrada is
prepared by percolation of coarse drug and evaporation of the percolate to dryness under reduced
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pressure. The dry residue is granulated by passing it through a No. 22 sieve.
Uses. — Cascara sagrada extract represents the
activity of the bark, and provides a useful form
for administering the drug in capsules, pills and
tablets. 12
The usual dose is 300 mg. (approximately 5
grains), with a range of 120 to 500 mg. (approximately 2to 7>2 grains).
Storage. — Preserve "in tight, light-resistant
containers, preferably at a temperature not above
30°." N.F.
CASCARA SAGRADA EXTRACT
TABLETS.
N.F. (B.P.)
Cascara Tablets
B.P. Tablets of Cascara Sagrada. Sp. Tabletas de
Extracto de Cascara Sagrada.

"Cascara Sagrada Extract Tablets are prepared
from cascara sagrada extract." N.F.
Usual Sizes. — 2, 3, and 5 grains (approximately 120, 200, and 300 mg.), usually chocolate
coated.
CASCARA SAGRADA FLUIDEXTRACT.
N.F. (B.P.)
Rhamnus Purshiana Fluidextract
B.P. Liquid Extract of Cascara Sagrada; Extractum
Cascarae Sagradae Liquidum. Extractum Rhamni Purshiana; Fluidum; Fluidextractum Rhamni Purshianas. Fr.
Extrait fluide de cascara sagrada. Ger. Sagradafluidextrakt. It. Estratto fluido di cascara sagrada. Sp. Extracto de cascara sagrada, fluido.

Prepare a fluidextract, by Process D, from 1000
Gm. of cascara sagrada, in very coarse powder.
Evaporate the percolate to 800 ml., and when it is
cold gradually add 200 ml. of alcohol and, if
necessary, enough water to make 1000 ml. Mix
thoroughly. N.F. The B.P. preparation is made
similarly.
Alcohol Content. — From 17 to 19 per cent,
by volume, of C2H5OH. U.S.P.
This preparation also represents the activity of
cascara sagrada. It is less pleasant but more efficient than the aromatic fluidextract. W\
The usual dose is 1 ml. (approximately 15
minims) with a range of 0.6 to 2 ml. (approximately 10 to 30 minims).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
AROMATIC
CASCARA SAGRADA
FLUIDEXTRACT.
U.S.P. (B.P.)
B.P. Elixir of Cascara Sagrada; Elixir Cascarae Sagradae. Extractum Rhamni Purshianse Fluidum Aromaticum.
It. Estratto fluido aromatico e deamarizzato di cascara
sagrada. Sp. Extracto Fluido Aromatico de Cascara
Sagrada.

Thoroughly mix 1000 Gm. of cascara sagrada
with 120 Gm. of magnesium oxide, moisten uniformly with 2000 ml. of boiling water, and set
aside in a shallow container for 48 hours, stirring
occasionally. Pack the mixture into a percolator,
and percolate with boiling water to exhaustion.
Concentrate the percolate, at a temperature not
above 100°, to 750 ml. and dissolve in it, at once,
40 Gm. of pure glycyrrhiza extract. When the
liquid has cooled, add 200 ml. of alcohol in which
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2 Gm. of saccharin, 0.1 ml. of methyl salicylate,
0.65 ml. of anise oil, and 0.15 ml. of coriander oil
have been dissolved, and finally enough water to
make 1000 ml. Mix thoroughly. U.S.P.
The B.P. recognizes, as Elixir of Cascara Sagrada, a similar mixture, differing chiefly in the
absence of cinnamon oil and methyl salicylate,
and in lower proportion of anise oil.
In the U.S.P. X aromatic cascara fluidextract
was prepared with lime as a debitterizing agent,
but this agent was replaced by magnesium oxide
on the basis of the findings of Valaer (/. A. Ph. A.,
1931, 20, 1210) which demonstrated that lime
destroyed more of the active principles than did
magnesium oxide; also that preparations made
with lime were inferior in flavor to those made
with magnesium oxide. Valaer found that aromatic cascara sagrada fluidextract, even when
made by the use of magnesium oxide, contains
much less emodin than the plain cascara sagrada
fluidextract.
Alcohol Content. — From 17 to 19 per cent,
by volume, of C2H5OH. U.S.P.
This preparation, although somewhat more
pleasant, is less efficient as a laxative than cascara
sagrada fluidextract. [v]
The usual dose is 2 ml. (approximately 30
minims), with a range of 2 to 12 ml.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." U.S.P.
CASTOR OIL.
U.S.P., B.P., LP.
Oleum Ricini

"Castor Oil is the fixed oil obtained from the
seed of Ricinus communis Linne (Fam. Etiphorbiacece)." U.S.P. The B.P. specifies that the oil
must be expressed from the seeds, while the LP.
is even more exacting in requiring that this be
done by a process of cold expression.
Fr. Huile de ricin. Ger. Rizinusol ; Ricinusol; Castorol.
It. Olio di ricino. Sp. Aceite de ricino; Aceite de castor.

The castor oil plant, or Palma Christi, is a
native of India and is now extensively cultivated
in the warmer regions throughout the world. In
India there are about seventeen different varieties
grown which are grouped into two types: The
first consists of tall shrubs or small trees, being
usually planted as a shade for other crops and
yielding large seeds which contain an abundance
of inferior oil. The second type includes the
herbaceous annuals, which, while they produce
small yields, yield a much better grade of fixed
oil.
The following description applies to the plant
as cultivated in cool latitudes. The stem is of
vigorous growth, erect, round, hollow, smooth,
glaucous, somewhat purplish towards the top,
branching, and from three to eight feet or more
in height. The leaves are alternate, peltate,
palmately six to eleven lobed, the lobes acute or
acuminate and serrate, smooth on both sides,
and of a bluish-green color. The flowers are
monoecious, stand upon jointed peduncles, and
form a pyramidal terminal raceme, of which the
lower portion is occupied by the male flowers,
the upper by the female. Both are destitute of
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corolla. In the staminate flowers the calyx is
divided into five oval, concave, pointed, reflected,
purplish segments, and encloses numerous stamens, united into fasciculi at their base. In the
pistillate the calyx has three or five narrow
lanceolate segments, and the ovary, which is
roundish and three-sided, supports three linear,
reddish stigmas, forked at their apex. The fruit
is a roundish, glaucous capsule, with three projecting sides, covered with tough spines, and
divided into three loculi, each containing one
seed, which is expelled by the bursting of the
capsule.
The seeds are now produced in many parts
of Asia, Africa and America. During the First
World War, because of the value of castor oil
as a motor lubricant, vigorous efforts were made
to promote the cultivation of the plant in this
country. These efforts were not highly successful
but the plant is still being grown on a commercial
scale in Oklahoma. During and since World War
II, the plant has been cultivated on an increased
scale in South America, Thailand and Haiti. In
1952, a total of 140,9S2.669 pounds of castor oil
seeds was imported into the U. S. A., most of
which came from Brazil, Ecuador, Thailand,
India, Haiti and Ethiopia. During 1952 there
were imported into the U. S. A. 111,806.712
pounds of castor oil, principally from India,
Belgium, W. Germany, Netherlands, Peru, Argentina. Mexico, Brazil and Paraguay.
The impurities found in commercial supplies
include hulls, sand, stones, pebbles, black, broken,
decorticated and immature castor seeds. Black
"beans" (seeds) are those whose kernels have
become discolored as a result of the seeds having
been wet. Black, decorticated and broken beans,
if not removed from the stock, have the effect of
increasing the acidity of the oil produced therefrom.
The Seeds. — These are albuminous, anatropous, from 8 to 20 mm. long and 4 to 12 mm.
broad, oval, compressed, obtuse at the extremities, very smooth and shining and, in oil-producing varieties, usually of a grayish or ash color,
marbled with reddish-brown spots and veins, in
other varieties brown, black or variously mottled.
At one end of the seed is a small yellowish caruncle, from which an obscure longitudinal ridge
or raphe proceeds to the opposite extremity. Beneath the testa occurs a thin papery tegmen which
fits snugly about a whitish, oily endosperm, the
latter separated into plano-convex halves by the
embryo consisting of two papery cotyledons, a
short hypocotyl, and a plumule. In its general
appearance the seed is thought to resemble the
insect called the tick, the Latin name of which
has been adopted as the generic title of the plant.
Its variegated color depends upon a very thin
pellicle closely investing a hard, blackish shell,
within which is the kernel; the latter is highly
oleaginous, of a white color, and of a sweetish
taste succeeded by a slight degree of acrimony.
The seeds easily become rancid, and are then
unfit for the extraction of the oil. which is acrid
and irritating. The water distilled from the seeds
has a peculiar nauseous odor, quite distinct from
that of the oil.
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The seeds are active poisons; three have produced fatal gastroenteritis in the adult. Exposure
to the dust of castor beans in agriculture or
industry causes conjunctivitis, pharyngitis, dermatitis and, less frequently, asthmatic bronchitis
(Zerbst, Ind. Med., 1944, 13, 552). Poisonous
action of the beans, as first shown by Stillmark
in 1889, is due at least in part to an albumose
called ricin. This has been obtained as a white
amorphous powder soluble in water, neutral in
reaction; it is exceedingly poisonous. The toxic
symptoms, which frequently do not come on for
several hours after the ingestion of the poison,
are due primarily to the intensely irritant action
of the substance, and consist of nausea, vomiting,
colic, hemorrhagic gastroenteritis, stupor, convulsions, circulatory collapse, oliguria, albuminuria,
hematuria, uremia and jaundice (Koch and CapIan, Am. J. Dis. Child., 1942, 64, 485). Treatment
consists of gastric lavage, saline cathartics, maintenance of fluid and electrolyte equilibrium and
symptomatic measures. Muller {Arch. exp. Path.
Pharm., 1899, 42) stated that the poison also
has a direct action upon the medulla, leading to
fall of blood pressure and lessened respiratory
activity. Based on studies of the effect of ricin
on male albino rats, Thomson (/. Pharmacol.,
1950, 100, 370) concluded that the poison appears to interfere with some energy-yielding
process essential for maintenance of normal cellular activity. For information concerning thechemistry of ricin see Spaeth (Ber., 1926, 63,
277); for study of its toxic action see the paper
of Thomson (loc. cit.). It is of interest that this
substance when injected in small doses produces
in the body an antitoxin analogous to those produced against bacteria.
The most important constituent of the castor
beans is the fixed oil, of which they yield from 45
to 50 per cent. The cake left after the expression
of the oil is known as castor pomace. From it has
been isolated a nitrogenous crystallizable body
which differs from alkaloids in not forming salts
with acids. This substance was first described
by Tuson in 1864 and named by him ricinine.
It is l,2-dihydro-4-methoxy-l-methyl-2-oxonicotinonitrile (C8H8N2O2) and has been synthesized by Spaeth (Ber., 1925, 58, 2124); it is
soluble in water or chloroform but only sparingly
so in alcohol. It, too, is poisonous. A typical
zymogen is also present; it is soluble in fats
and in a mixture of fats and ethyl ether, and is
activated by acids. A non-toxic allergenic component, designated CB-1A, is also present and
may cause serious disturbances (Bernton, South.
M. J., 1945. 38, 670; Figley et al., J. Allergy,
1950, 21, 545); the allergen is a polysaccharide
protein representing 1.8 per cent of defatted castor bean meal. Castor seeds consist of 20 per cent
of husks, which are rich in mineral constituents
but contain no oil, and 80 per cent of kernels.
Two methods may be economically used for
separating castor oil — extraction with an appropriate solvent, or expression, but the oil obtained
by extraction is unsatisfactory for medicinal use.
The expression may be hot or cold. The seeds
are first decorticated by being passed between
properly adjusted rollers and the kernels are
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separated from the husks by an air blast. The
medicinal oil, designated No. 1 grade, is expressed
cold, or with the kernels not warmer than 50°,
as above this temperature ricinine is dissolved.
The residue is further pressed, with elevation of
the temperature, or extracted with solvent; the
resulting oil, designated No. 3 grade, is used for
industrial or soap-making purposes. The press
cake is unfit for feeding animals as it contains
the poisonous constituents of the seed but it
finds some use as a fertilizer, and also in the
manufacture of tiles and certain plastics.
The albuminous principles which may have
accompanied the oil are removed by steaming
under vacuum, which also destroys any of the
enzyme that might be present; finally the oil is
dried and filtered. If not of satisfactory color
it may be bleached by treatment with fuller's
earth and activated carbon, followed by filtration.
Description. — "Castor Oil is a pale yellowish
or almost colorless, transparent, viscid liquid. It
has a faint, mild odor, and a bland, afterward
slightly acrid and usually nauseating taste. Castor
Oil is soluble in alcohol and is miscible with
dehydrated alcohol, with glacial acetic acid, with
chloroform, and with ether." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.945 and not more than 0.965.
Distinction from most other fixed oils. — Castor
oil is only partly soluble in petroleum benzin, but
yields a clear liquid with an equal volume of
alcohol. Free fatty acids. — Not more than 7 ml.
of 0.1 N sodium hydroxide is required for neutralization ofthe free fatty acids in 10 Gm. of
castor oil. Iodine value. — Not less than 83 and
not more than 88. Saponification value. — Not less
than 179 and not more than 185. U.S.P.
The B.P. gives the refractive index, at 40°, as
from 1.4695 to 1.4730, the optical rotation as not
less than +3.5°. The LP. specifies the refractive
index, at 20°, to be between 1.4774 and 1.4785;
the optical rotation, in a 200-mm. tube, should
be not less than +3°.
Composition. — The bulk of castor oil is
ricinolein, which is the ricinoleic acid [CH3(CH2)5CHOH.CH2.CH:CH(CH2)7COOH]
glyceride. Castor oil also contains a small quantity of tristearin and of the glyceride of dihydroxystearic acid, together with from 0.30 to 0.37
per cent of unsaponifiable matter. The reported
proportions of fatty acids are: ricinoleic, 80 to
86 per cent; oleic. 7 to 9 per cent; linoleic, 3 to
3.5; saturated acids, 3 per cent. Pure ricinoleic
acid is a liquid at ordinary temperatures, solidifying at about 5° to a hard crystalline mass. It
is soluble in alcohol, chloroform, or ether; insoluble in water. The pure acid is dextrorotatory,
and castor oil differs from most other fixed oils in
being dextrorotatory. When distilled in vacuo
ricinoleic acid yields normal heptoic aldehyde
and undecylenic acid. This reaction may be used
for the detection of castor oil. The viscosity of
castor oil exceeds that of all other natural fixed
oils. Because of the presence of free hydroxyl
groups in the molecule of ricinolein, castor oil
dissolves in alcohol.
Although castor oil is described as having a
"nauseating taste," some manufacturers produce
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it practically free from unpleasant flavor and
taste.
On treating castor oil with concentrated sulfuric acid the free hydroxyl groups of ricinoleic
acid are more or less completely sulfated, forming
Turkey-red oil, much used as a surface-active
agent in dyeing, printing and finishing of textiles.
Hydrogenated Castor Oil. — The glycerides of
ricinoleic acid and the other unsaturated acids
present in castor oil may be catalytically hydrogenated to form solid substances the melting point
of which increases with the degree of hydrogenation. By such treatment ricinolein is converted
to a hydroxystearin, since saturation of ricinoleic
acid produces hydroxystearic acid. Hydrogenated
castor oil has been used as an ointment base, as
has also a similar product obtained by sulfating
the hydrogenated oil; the latter was official in
N.F. IX under the title Hydroxystearin Sulfate
(see in Part II).
Uses. — Castor oil is a cathartic. In the alkaline
portion of the intestine it is in part hydrolyzed,
under the influence of fat-splitting enzymes, into
glycerin and ricinoleic acid. The latter causes
marked local irritation of the intestinal mucosa,
thereby stimulating motor activity of the bowel
but without producing much griping. Because the
hastened peristalsis permits little time for absorption of water from the intestinal contents copious
liquid stools are produced in about 6 hours after
ingestion of the oil. As the catharsis washes out
the unhydrolyzed oil, the drug automatically
limits its action. Infants require a relatively
larger dose of the oil than do adults. Castor oil
has been preferred over other cathartics in the
treatment of food poisoning and also in cleansing
of the bowel in preparation for roentgen examination. Since ricinoleic acid is eventually absorbed, like any other fatty acid, in the small
bowel, little reaches the colon following small
doses of castor oil.
Obstetrics. — Although scientific evidence for
its efficacy is scant, it is common practice to give
60 ml. of castor oil by mouth, alone or with quinine sulfate (200 mg. every hour up to five doses),
to induce labor in pregnancy at term. At least
this procedure keeps everyone concerned busy,
and toxic effects seldom result. Castor oil has
been used in abortifacient pastes for introduction
through the cervix into the uterus (Straus and
DeNosaquo, Arch. Path., 1945, 39, 91). Ricinoleic acid is used in vaginal contraceptive creams
and jellies, in a concentration of about 0.75
per cent (Stromme and Rothnem, Internat. Rec.
Med. Gen. Pract. Clin., 1951, 164, 675; Hunter
et al., ibid., 674).
Dermatology. — Castor oil is sometimes applied
externally as a bland emollient to the skin, as a
5 to 10 per cent ointment, in seborrheic dermatitis and other skin diseases. It is fairly commonly
employed as an ingredient of hair tonics, in concentrations of0.5 to 20 per cent. It has been
used as a solvent for removing irritating substances from the eye. Sometimes medicinal
substances are suspended in the oil for ophthalmic application; thus, 50 mg. of chlortetracycline
hydrochloride may be suspended in 10 ml. of
castor oil for application to the conjunctiva.

264

Part I

Castor Oil

Castor oil does not become rancid on topical
application. Sodium ricinoleate solutions are used
by injection in sclerosing treatment of varicose
veins. Neutral sulfated castor oil has been used
in place of soap in cases of contact dermatitis
resulting from "airplane dope", machine cutting
oil, grease, plaster, etc. (Mummery, Brit. M. J.,
1944, 1, 660).
Administration. — Castor oil may be difficult
of administration because of its disagreeable taste
and its oleaginous and viscid character. A common method of disguising the taste is to administer it floating on cinnamon water or orange juice,
or dispersed in the froth of sarsaparilla syrup
mixed with carbonated water. It is sometimes
given in the form of a sweetened, aromatized
emulsion, or as the N.F. Aromatic Castor Oil.
Entrekin and Becker (/. A. Ph. A., 1951, 40,
633) reported that simple syrup masked the
taste of castor oil in a 50 per cent emulsion at
least as effectively as any of the official or imitation flavor syrups they tried, including the
combination of flavors in aromatic castor oil. It
has been said that the Arabs mask the taste of
castor oil by stirring it with heated milk, the
resulting emulsion being flavored with a syrup of
orange flowers. Another method of disguising the
taste of the oil is to add a drop of one of the
aromatic oils, as clove or wintergreen, and pour
the oil in a chilled spoon which is placed on ice;
when the oil becomes semisolid it is swallowed
before it liquefies.
Contraindications. — The irritant action of
castor oil causes congestion in the entire intestinal
area; it must be used with caution in menstruating
or pregnant women. The oil should not be used
as the cathartic in treatment of hookworm or
other infestation with tetrachloroethylene or
other fat-soluble vermifuge because it may increase absorption of the vermifuge and thereby
increase its toxicity; a saline cathartic, such as
magnesium or sodium sulfate, is preferred for
such use. 0
The usual dose is 15 ml. (approximately 4
fluidrachms). with a range of 15 to 60 ml. The
maximum safe dose is usually 60 ml., and this
amount should seldom be exceeded in 24 hours.
For children the dose is 4 to 12 ml. (approximately 1to 3 fluidrachms).
Storage. — Preserve "in tight containers, and
avoid exposure to excessive heat." U.S.P.
Off. Prep.— Flexible Collodion, U.S. P., B.P.;
Aromatic Castor Oil; Castor Oil Capsules, N.F.;
Ointment of Zinc Oxide and Castor Oil, B.P.

CASTOR

OIL

CAPSULES.

N.F.

Capsulae Olei Ricini

"Castor Oil Capsules contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of castor oil, and the oil from the
Capsules complies with the requirements of this
monograph for Castor Oil." N.F.
Usual Sizes. — 0.6. 1. 1.25, 2.5 and 5 ml. (approximately 10,15, 20, 40 and 80 minims).

AROMATIC
Oleum

CASTOR

OIL.

N.F.

Ricini Aromaticum

Dissolve 3 ml. of cinnamon oil, 1 ml. of clove
oil, 0.5 Gm. of saccharin, 1 Gm. of vanillin, and
0.1 Gm. of coumarin in 30 ml. of alcohol, and add
sufficient castor oil to make 1000 ml. Mix thoroughly. AT.F.Content. — From 2 to 3 per cent, by
Alcohol
volume, of C2H5OH. N.F.
While the flavor of castor oil is masked by the
volatile oils, the oleaginous qualities are not
materially reduced. This preparation is taken in
the same dose as castor oil.
Storage. — Preserve "in tight containers." N.F.
OXIDIZED

CELLULOSE.

U.S.P.

[Cellulosum Oxidatum]

"Oxidized Cellulose, dried
phosphorus pentoxide for 18
less than 16 per cent and
per cent of carboxyl groups

in a vacuum over
hours, contains not
not more than 24
(— COOH)." U.S.P.

Absorbable Cellulose; Absorbable Cotton; Absorbable
Gauze; Cellulosic Acid. Oxycel (.Parke, Davis); Hemopak
(Johnson & Johnson).

When cellulose in the form of cotton or gauze
is treated with nitrogen dioxide there is produced
a product containing carboxyl groups, the degree
of oxidation with the nitrogen dioxide determining the number of these present. When the degree of oxidation corresponds to the presence of
not less than approximately 16 per cent of carboxyl groups the product dissolves rapidly and
completely in dilute aqueous alkali solutions. In
this form, while retaining its fibrous structure,
the product is characterized by having a pronounced hemostatic effect and being absorbable
when implanted in tissue.
Description. — "Oxidized Cellulose, in the
form of gauze or lint, is slightly off-white in
color, is acid to the taste and possesses a slight,
charred odor. Oxidized Cellulose is soluble in
dilute alkalies, but is insoluble in acids and in
water." U.S.P.
Standards and Tests. — Identification. — A
solution of 200 mg. of oxidized cellulose in 10 ml.
of 1 in 100 solution of sodium hydroxide, diluted
with 10 ml. of water, has not more than slight
haze and is substantially free of fibers and foreign particles after a minute's shaking. After
standing 10 minutes any swollen fibers initially
present are no longer visible. On acidifying with
diluted hydrochloric acid a white flocculent precipitate isproduced. Loss on drying. — Not over
15 per cent, when dried in a vacuum desiccator
over phosphorus pentoxide for 18 hours. Residue
on ignition. — Not over 0.15 per cent. Nitrate or
nitrite nitrogen. — Not over 0.5 per cent as N.
Formaldehyde. — Not over 0.5 per cent, the formaldehyde in 1 Gm. of sample being distilled
into 1 in 100 sodium bisulfite solution, with which
the formaldehyde reacts to form an "addition"
compound. Following the distillation the uncombined bisulfite in the distillate is oxidized by
titration with 0.1 N iodine; sodium bicarbonate
solution is then added to liberate the bisulfite
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from the formaldehyde-bisulfite compound which
is titrated with 0.1 N iodine. Each ml. of 0.1 N
iodine represents 1.501 mg. of formaldehyde.
U.S.P.
Assay. — About 500 mg. of oxidized cellulose,
previously dried over phosphorus pentoxide in a
vacuum desiccator for 18 hours, is covered with
a solution of calcium acetate and the hydrogen
ions released in the interaction between the cellulose and calcium salt are titrated with 0.1 N
sodium hydroxide, using phenolphthalein as the
indicator. A blank titration is performed on the
calcium acetate solution. Each ml. of 0.1 N
sodium hydroxide represents 4.502 mg. of carboxyl (COOH) groups. U.S.P.
Uses. — Frantz and associates (Ann. Surg.,
1943, 118, 116; J.A.M.A., 1945, 129, 798)
found that oxidized cellulose exerts a hemostatic
effect through formation of an artificial clot,
with complete absorption of the cellulose when
it is implanted in tissues. The time of absorption
varies from 2 days to 6 weeks or longer, depending on the size of the oxidized cellulose implant,
the degree of oxidation of the cellulose, and the
adequacy of the blood supply in the area treated.
In surgery oxidized cellulose is used to control
moderate bleeding where suturing or ligation is
impractical or ineffective. It may be employed as
a sutured implant or as a temporary packing,
according to the particular surgical requirements ;
in neurological surgery small portions of oxidized
cellulose may be allowed to remain inside when
the wound is closed, to control oozing. Oxidized
cellulose should not be used for permanent packing or implantation in fractures because it interferes with bone regeneration and may result in
cyst formation. It should not be used for surface
dressing, except for immediate control of hemorrhage, as it inhibits epithelialization. A case of
fatal intestinal obstruction due to adhesions resulting from the use of oxidized cellulose gauze
in abdominal surgery was reported by DePrizio
(J.A.M.A., 1952, 148, 118), who considers use
of the material in areas of the abdomen where
loops of intestine are lying free as being extremely dangerous.
Because of the acid character of oxidized cellulose, thrombin is inactivated by it and use of
the latter with the cellulose derivative is of
questionable value, if not actually contraindicated; the hemostatic action of oxidized cellulose
is not enhanced by other hemostatic agents.
Oxidized cellulose is available in the form of
cotton pledgets, gauze discs, gauze pads, and
gauze strips.
Storage. — Preserve in "tight containers, protected from direct sunlight, and store in a cold
place, preferably in a refrigerator." U.S.P.
B.P.
CETOSTEARYL ALCOHOL.
Alcohol Cetostearylicum

This substance is a mixture of solid aliphatic
alcohols, consisting chiefly of stearyl and cetyl
alcohols; it is obtained by the reduction of the
appropriate fatty acids, or from sperm oils. For
information concerning the components of this

substance see under Cetyl Alcohol and Stearyl
Alcohol.
Description. — In white or cream-colored unctuous masses, or almost white flakes or granules;
the odor is faint and characteristic, and the taste
is bland. On heating, it melts to a clear, colorless
or pale yellow liquid which is free of suspended
matter. Cetostearyl alcohol is insoluble in water,
soluble in ether, less soluble in 90 per cent alcohol and in light petroleum.
Standards and Tests. — Acetyl value. — Between 170 and 194. Acid value. — Not more than
0.1. Iodine value. — Not more than 3.0, determined by the iodine monochloride method.
Melting-point. — Not below 43°. Saponification
value. — Not more than 0.5. Water and lower
alcohols. — Not more than traces of water are
present, and the initial boiling-point is not below
Cetostearyl alcohol is officially recognized because of its use as a component of the important
300°.
hydrophilic ointment ingredient known as emulsifying wax (see under this title).
B.P.
CETRIMIDE.
Cetrimidum

Cetrimide is defined as a mixture of alkylammonium bromides prepared by the condensation
of technical cetyl bromide with trimethylamine.
It consists largely of hexadecyltrimethylammonium bromide, together with smaller amounts of
analogous alkyltrimethylammonium bromides, inorganic salts (chiefly sodium bromide) and
water. It is required to contain not less than
81.5 per cent of alkyltrimethylammonium bromides, calculated as Ci6H33(CH3)3N.Br, with
reference to the substance dried to constant
weight at 105°. B. P.
Cetyltrimethylammonium Bromide. CTAB. Cetavlon {Imperial Chemical Pharmaceuticals).

This quaternary ammonium antiseptic and detergent, while not fully meeting the requirements
for maximum activity as set forth by Rawlins
et al. (see under Benzethonium Chloride), is
nevertheless practically useful, albeit it is used
in more concentrated solutions. The method of
synthesis is described in the definition above.
Description. — Cetrimide is a white to creamywhite, vouminous, free-flowing powder, having
a faint but characteristic odor, and a bitter and
soapy taste. It is soluble in 10 parts of water,
and is almost completely soluble in alcohol. B.P.
Standards and Tests. — Identification. — (1)
An aqueous solution of cetrimide has low surface
tension and foams markedly on shaking. (2) A
yellow precipitate forms on adding a solution of
potassium ferricyanide to an aqueous solution of
cetrimide. (3) A white flocculent precipitate
forms on adding an aqueous solution of sodium
silicate to one of cetrimide. (4) Silver nitrate
solution produces a faint yellow opalescence when
added to a solution of cetrimide containing some
nitric acid; on standing in the dark for 30
minutes the opalescence becomes much more
intense. pH. — A 1 per cent solution in water
has a pH between 5.0 and 7.0. Arsenic. — The
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limit is 4 parts per million. Lead. — The limit is
20 parts per million. Loss on drying. — Not over
2.5 per cent, when dried to constant weight at
105°. Sulphated ash. — The limit is 15 per cent.
B.P.
Assay. — The procedure employed by the B.P.
is essentially the same as that specified by the
U.S. P. for benzalkonium chloride and benzethonium chloride. Each ml. of 0.1 M potassium
ferricvanide represents 109.3 mg. of C16H33(CH3')3N.Br. B.P.
Uses. — The studies of Hoogerheide (/. Bad.,
1945, 49, 2 77) and of Muller (/. Path. Bact.,
1944, 56, 429) on the action of cetrimide on
various organisms indicate that it is a powerful
germicide; its pronounced surface-active properties make it also an excellent cleansing agent. As
with other quaternary ammonium antiseptics it
is incompatible with soap and other anionic detergents; its antiseptic effect is considerably
reduced by organic matter.
A 1 per cent solution is recommended for
cleansing wounds and skin surrounding wounds;
it is also highly effective for removing dirt and
bacteria from the hands, and for cleansing and
sterilization of instruments and utensils (Williams,
Lancet, 1943, 1, 522). According to Williams
the concentration required to kill E. coli is considerably greater than that required to kill most
other organisms. Although, according to Barnes
(ibid., 1942, 1, 531), it destroys leukocytes in
strengths of 1 to 1000 it is not irritant to tissues.
Toomey et al. (Arch. Pediatr., 1945, 62, 108)
found that preparations containing 0.2 to 1
per cent of cetrimide cleared lesions of impetigo
in an average of 5 days.
In a preliminary study of the efficacy of quaternary ammonium compounds as molluscacides.
Yaflejo-Freire et al. (Science, 1954, 119, 470)
found that a concentration of 5 parts per million
of cetyltrimethylammonium bromide killed all
Australorbis species snails; since snails serve as
the intermediate host of Schistosoma the potential importance of this property of quaternary
ammonium compounds is apparent.
CETYL

ALCOHOL.

N.F.

[Alcohol Cetylicum]

CH3(CH2)i4CHoOH
"Cetyl Alcohol is a mixture of solid alcohols
consisting chiefly of cetyl alcohol." AT.F.
1-Hexadecanol; n-Hexadecj-1 Alcohol; Palmityl Alcohol.

Cetyl alcohol, both free and esterified, is an important constituent of spermaceti, and to a lesser
extent of other waxes. Formerly it was prepared
by heating spermaceti with alkali from which, on
dilution with water, cetyl alcohol separated, together with other higher alcohols present in
spermaceti. A newer process consists in saponifying spermaceti with potassium hydroxide in a
medium of ethylene glycol, followed by distillation of the cetyl alcohol under vacuum. Much
cetyl alcohol is made by catalytic hydrogenation
of fatty acid mixtures, or fats, containing a large
proportion of palmitic acid; cetyl alcohol is the
alcohol corresponding to palmitic acid.

I

Description. — "Cetyl Alcohol occurs as unctuous, white flakes, granules, cubes or castings.
It has a faint characteristic odor and a bland,
mild taste. Cetyl Alcohol dissolves in alcohol
and in ether, the solubility increasing with an
increase in temperature. It is insoluble in water.
Cetyl Alcohol melts between 45° and 50°." K.F.
Cetyl alcohol is also miscible with both vegetable and mineral oils and fats.
Standards and Tests. — Distillation range. —
Not less than 90 per cent distils between 316° and
336°. Acid value. — Not more than 2. Iodine value.
— Not more than 5. Hydroxyl number. — 2 Gm.
of cetyl alcohol is warmed at 60° to 65° with
acetyl chloride in a toluene and pyridine solvent
medium; the hydroxyl group is thereby esterified,
forming cetyl acetate. The excess of acetyl chloride ishydrolyzed with water to acetic and hydrochloric acids, and these products, together with
the hydrochloric acid formed as a by-product of
the esterification process, are titrated with 1 N
sodium hydroxide, using phenolphthalein T.S. as
indicator. A blank test is performed under identical conditions. The difference in the volume of
sodium hydroxide solution required for the two
titrations is equivalent to the acetic acid required
for esterification and, therefore, to the content of
hydroxyl. By multiplying this difference by 56.10
and dividing by the weight of sample taken, the
hydroxyl number is calculated; this is defined as
the number of mg. of potassium hydroxide equivalent to the hydroxyl content of 1 Gm. of sample.
The hydroxyl number of cetyl alcohol is not less
than 218 and not more than 238 (the theoretical
value is 231.4). N.F.
Uses. — Cetyl alcohol, though not itself an
emulsifying agent, is an emulsifying aid whose
stabilizing property appears to be due- to its hydrating capacity. It may be used in either oil-inwater or water-in-oil emulsions. It is widely embases. ployed in the formulation of "washable" ointment
The water-binding property of cetyl alcohol is
apparent from the fact that the addition of 4 per
cent of the alcohol to petrolatum increases the
amount of water which petrolatum will absorb
from a range of 9 to 15 per cent to one of 39
to 52 per cent. Addition of 1 per cent of cetyl
alcohol to hydrogenated peanut oil nearly doubles
its water-binding capacity.
The stability and "skin qualities" of many lotions may be enhanced by incorporating cetyl
alcohol, according to Dean et al. (J. A. Ph. A.,
Prac. Ed., 1949, 10, 430). To facilitate extemporaneous preparation of lotions containing cetyl
alcohol they used a stock composition made by
melting 36 Gm. of cetyl alcohol on a water bath
and adding a solution of 4 Gm. of sodium lauryl
sulfate in 900 ml. of water, warmed to 55°, with
constant stirring; a viscous, translucent liquid
results. This stabilizer may be used to make up
one-fourth to one-third of the final volume of a
lotion; it is particularly useful when used in this
way to suspend calamine, titanium dioxide, or
the precipitate of white lotion.
Maren and Edwards (/. A. Ph. A., 1943, 32,
255) found cetyl alcohol to be an excellent dispersing agent for mercury and for calomel in the

Part I

Chalk, Prepared

preparation of ointments for use as prophylactic
agents against venereal diseases; penetration of
the ointments is also enhanced. Prophylactic
ointments of this type, containing cetyl alcohol,
were employed during the war for the armed
forces.
A mixture of cetyl and stearyl alcohols, for use
in preparing emulsifying wax to be employed in
formulating emulsifying ointment and hydrous
emulsifying ointment, is official in the B.P. under
the title cetostearyl alcohol (see under this title).
The British product Lanette Wax SX, used in
the formulation of many medicinal and cosmetic
creams and lotions, is a mixture of partially sulfated cetyl and stearyl alcohols. A composition
said to have emulsifying properties similar to
those of the wax consists of 9 parts of cetyl
alcohol and 1 part of sodium lauryl sulfate
(Duponol C). Halden's Emulsifying Base, another British product which has come to the attention ofprescribers in this country, is a mixture
of partially phosphated esters of cetyl and stearyl
alcohols with liquid petrolatum and white petrolatum.
The therapeutically desirable qualities of cetyl
alcohol were observed many years ago by Grimm
(Derm. Ztschr., 1899, 6) who called attention to
the fact that it is absorbed and obstinately
retained by the epidermis, imparting a characteristic velvety texture to the skin. It has been
found useful in the treatment of chapped hands,
weeping eczema, and prurigo.
For formulas of several useful creams made
with cetyl alcohol see Green (/. A. Ph. A., Prac.
Ed., 1946, 7, 297).
Abbott and Allport (Pharm. J., 1943, 151, 52)
proposed a solution of 10 per cent of cetyl alcohol
and 10 per cent of shellac, in acetone, as an
enteric coating for pills and tablets.
Storage. — Preserve "in well-closed containers." N.F.
PREPARED

CHALK.

N.F.

(B.P.)

Creta Prasparata, Drop Chalk

"Prepared Chalk is a native form of calcium
carbonate freed from most of its impurities by
elutriation, and containing, when dried at 180°
for 4 hours, not less than 97 per cent of CaCC>3."
N.F. The B.P. rubric is the same, except that it
is referred to the substance dried to constant
weight at 105°.
B.P. Chalk; Creta. Creta Laevigata. Fr. Craie preparee.
Ger. Kreide; Schlammkreide. Sp. Creta Preparada.

Calcium carbonate occurs in nature in several
different forms, of which the most abundant is
limestone. Other native forms include calcite (a
crystalline variety belonging to the hexagonal system including also Iceland spar and marble),
aragonite (a crystalline form belonging to the
rhombic system), chalk, pearl, coral and various
shells. In the presence of carbon dioxide limestone dissolves in water to form calcium bicarbonate; underground waters containing the latter
sometimes lose carbon dioxide causing the calcium
to deposit as carbonate in the form of the stalagmites and stalactites frequently found in caves.
Chalk occurs abundantly in many parts of
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Europe and America. It exists in massive beds,
and very frequently contains nodules of flint, and
fossil remains of land and marine animals. More
or less alumina and ferric oxide are also found
in it.
Because of the gritty particles which it contains,
chalk is unfit for medicinal use until it has been
prepared as follows: After reducing it to a very
fine powder, the chalk is agitated with water and
from this suspension the coarser particles deposit,
leaving a turbid liquid which, after being decanted, is set aside to permit the very small
particles to settle; this process is called elutriation, or "water-sifting." The soft mass remaining after the clear supernatant liquor is decanted
is dropped upon an absorbent surface in small
portions, which when dried have a conical shape.
This
tion. part of the operation is known as trochiscaThe by-product of the manufacture of prepared chalk, which contains earthy impurities, is
commonly sold as whiting.
Description. — "Prepared Chalk is a white to
grayish white, microcrystalline powder, often
prepared in cones. It is odorless and tasteless,
and is stable in air. Prepared Chalk is practically
insoluble in water and is insoluble in alcohol. It
dissolves with effervescence in diluted hydrochloric acid, and in diluted nitric acid." N.F.
Standards and Tests. — Identification. — Prepared chalk responds to the identification tests
under Precipitated Calcium Carbonate. Acidinsoluble residue. — Not more than 20 mg. of
residue is obtained from 1 Gm. of prepared chalk.
Heavy metals. — The limit is 40 parts per million.
N.F. The B.P. specifies arsenic and lead limits of
4 and 20 parts per million, respectively.
Assay. — About 250 mg. of prepared chalk,
previously dried at 180° for 4 hours, is dissolved
in a dilute solution of hydrochloric acid, the
solution boiled to expel carbon dioxide and then
assayed by the method employed for calcium
bromide. Each ml. of 0.1 N potassium permanganate represents 5.005 mg. of CaC03. N.F. The
B.P. assay is performed by dissolving the chalk
in a measured excess of 1 A" hydrochloric acid with
and water, and titrating the excess acid with
1 N sodium hydroxide, using methyl orange
indicator.
Uses. — Prepared chalk is an excellent antacid;
as the salts which it forms in the stomach and
bowels, if not astringent, are at least not purgative, itis useful for treating diarrhea accompanied
by acidity. It is also used in acidity of stomach,
when a laxative effect is to be avoided. It is one
of the best antidotes for oxalic acid. Because
of the slight absorbability of calcium from the
intestines it has been the impression that there
was no danger of alkalosis from the continued use
of calcium carbonate but Kirsner and Palmer
(J. A.M. A., 1941, 116, 384) noted the occurrence
of alkalosis in a considerable proportion of patients with peptic ulcers who were taking large
doses of calcium carbonate. The symptoms, however, in these cases cleared immediately when
sodium chloride was administered in conjunction
with the antacid.
Externally it has been used as an application
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to burns and ulcers, which it moderately stimulates, while absorbing the ichorous discharge and
thus preventing it from irritating the diseased
surface or the sound skin. It is also of value in
various skin conditions as a desiccant dusting
powder, being considerably more efficient in its
absorbing properties than is talc.
It is given internally in the form of powder,
or suspended in water by means of acacia or
bentonite (see Chalk Mixture). Prepared chalk is
preferred over precipitated calcium carbonate
for preparing chalk mixture, the former being
more impalpable and also more adhesive. 12
Dose, from 1 to 4 Gm. (approximately 15 to
60 grains) three times a day after meals or more
often.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Chalk Mixture; Compound Chalk
Powder, N.F.; Aromatic Powder of Chalk, B.P.
N.F.
CHALK MIXTURE.
Mistura Cretae
Sp. Mixtura de Creta.

Mix 500 ml. of bentonite magma with 400 ml.
of cinnamon water, add 30 ml. of this mixture to
60 Gm. of prepared chalk and 0.3 Gm. of saccharin sodium in a mortar, and mix well to form
a smooth, uniform paste. Gradually incorporate
the remainder of the diluted magma and finally
enough purified water to make 1000 ml. N.F.
Through several revisions of the U.S. P., chalk
mixture was directed to be freshly prepared by
adding distilled water and cinnamon water to
compound chalk powder, the latter consisting
of 30 per cent of prepared chalk. 20 per cent of
powdered acacia, and 50 per cent of sucrose.
The resulting product, while therapeutically acceptable, did not represent a particularly good
dispersion of the chalk, and it spoiled readily
through fermentation. The present formula,
utilizing the superior dispersing agent bentonite
and the non-fermentable sweetener saccharin
sodium, is a definite improvement over the earlier
formula.
Use. — Chalk mixture has for many years been
widely used as an antacid both for the stomach
and the intestines; it is a palatable form for the
administration of chalk. S
Dose, 15 ml. (approximately 4 fluidrachms).
COMPOUND
CHALK
POWDER.
N.F.
Pulvis Cretae Compositus

Mix 300 Gm. of prepared chalk, 200 Gm. of
acacia, in fine powder, and 500 Gm. of sucrose,
in fine powder, and pass the product through a
No. 60 sieve. N.F.
Use. — Compound chalk powder is an excellent antacid for gastric or intestinal conditions.
It is employed in the treatment of diarrheas associated with intestinal acidity. S
Dose, 2 to 8 Gm. (approximately ^ to 2
drachms).
AROMATIC

POWDER
B.P.

OF

CHALK.

Pulvis Cretae Aromaticus

The B.P. Aromatic Powder of Chalk contains

25 per cent of chalk, 10 per cent of cinnamon,
8 per cent of myristica, 4 per cent of clove, 3 per
cent of cardamom, and 50 per cent of sucrose.
The Aromatic Chalk Powder of N.F. IX was
prepared as follows : Triturate 60 Gm. of freshly
grated myristica with 250 Gm. of prepared chalk
until they are reduced to a fine powder; add 80
Gm. of cinnamon, in fine powder, 30 Gm. of clove,
in fine powder, 20 Gm. of cardamom seed, in fine
powder, and 560 Gm. of sucrose, in fine powder,
and triturate the whole until a uniform mixture
is obtained.
Use. — Aromatic chalk powder is a warm stimulant and astringent, as well as an antacid, and is
used in diarrhea attended by acidity in the absence of inflammation.
Dose, from 0.6 to 4 Gm. (approximately 10 to
60 grains), suspended in a mucilaginous and
sweetened vehicle.
Off. Prep. — Aromatic Powder of Chalk with
Opium, B.P.
AROMATIC POWDER OF CHALK
WITH OPIUM.
B.P.
Pulvis Cretae Aromaticus cum Opio

The B.P. requires this powder to contain 2.5
per cent of powdered opium, equivalent to 0.25
0.265).
per
cent of anhydrous morphine (limits, 0.235 to
Aromatic Powder of Chalk and Opium. Pulvis Cretae et
Opii Aromaticus.

Aromatic Powder of Chalk with Opium is prepared by mixing 975 Gm. of aromatc powder of
chalk with 25 Gm. of powdered opium.
Uses. — The inclusion of opium increases the
efficacy of compound chalk powder in diarrhea.
The preparation also provides a means of administering small doses of opium, when required,
to children. Forty grains of the powder contain a
grain of opium.
Dose, for adults, from 0.6 to 4 Gm. (approximately 10 to 60 grains).
ACTIVATED

CHARCOAL.

N.F.

Carbo Activatus

"Activated Charcoal is the residue from the
destructive distillation of various organic mateN.F. rials, treated to increase its adsorptive power."
Medicinal Charcoal; Active Carbon. Carbo Medicinalis.
Fr. Charbon active officinal. Ger. Medizinische Kohle.
Sp. Carbon Vegetal Activado.

The term charcoal is applied generically to the
carbonaceous residue which is left after heating
organic matter in the absence of oxygen or, in
other words, after its destructive distillation.
There are several kinds of charcoal commercially
available which are named after the organic matter from which they are derived, such as wood
charcoal, bone charcoal, blood charcoal, et cetera.
In ancient times wood was charred by partial
combustion in earthen ovens so arranged that the
supply of oxygen would be insufficient for the
combustion of all of the wood. This method
wastes most of the valuable volatile products (see
Acetic Acid). In modern processes the wood char-
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coal is made by heating wood or other organic
matter in closed systems. Much industrial charcoal is now made from industrial refuse, such as
the waste liquor from wood-pulp, paper, and
molasses.
While the process of adsorption is selective
insofar as the nature of the substance adsorbed
is concerned, the extent of it is dependent both
on the development of a large surface area in the
charcoal and a conditioning or activation of its
surface. Destructive distillation of organic matter
tends to be molecularly disruptive, so that extensive development of surface occurs in the
manufacture of charcoal but special treatment is
required to activate the surface. Such activation
may be effected by treating the charcoal, at high
temperature, with steam and carbon dioxide; air
in small quantities may be admitted as a mild
oxidant for certain contaminating substances.
Strong dehydrating substances, such as sulfuric
or phosphoric acid, or zinc chloride, are also employed in preparing some activated charcoals;
their action, presumably, is to break down or to
assist in breaking down organic substances so
that carbonization may be facilitated. For many
purposes, certainly when used medicinally, activated charcoals or carbons, as they are more often
called, must be washed with acid and water to
remove any inorganic matter that may be present.
Two principal types of activated carbons are
supplied commercially. One type is made for
adsorption of gases or vapors, the other for use
in liquids. Gas and vapor adsorbent carbons were
formerly made from coconut shells because of
the hard, dense structure of such shells but other
nut shells have been utilized and methods developed for using softer charcoals to which the
required hardness and density are imparted by incorporation ofa binder. Such carbons find use in
gas masks, in recovery of valuable solvent vapors
from air, and in certain catalytic operations.
Activated carbons employed in liquid systems
for removing color, taste, odor, and other impurities— sometimes called decolorizing carbons —
are made from bones, wood charcoal, lignite, and
paper mill waste liquor that contains lignin and
cellulose degradation products. They are ground
to a very fine powder, from 70 to 98 per cent
passing through a 325-mesh screen. Particles of
such size are smaller than 45 microns (0.002 inch)
and the number of them in one pound is approximately fifty thousand billion. The total surface
area, including that of the pores and capillaries,
of a pound of properly activated carbon is of the
order of 50 acres.
Adsorptive action of the various carbons is not
limited to substances having color, odor or taste.
Hydrogen or hydroxyl ion, some neutral salts, and
many organic compounds are adsorbed by various
carbons. Some carbons, at least, may be prepared
with highly developed and specific adsorbing
powers.
Before the development of activated carbons,
the medical profession considered willow charcoal
to be the most satisfactory carbon for medical
use. Today it is recognized, however, that a
purified activated charcoal is materially superior
to willow charcoal.
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Suchy and Rice (/. A. Ph. A., 1935, 24, 120)
tested five brands of activated charcoal, bone
black, and willow charcoal for ability to adsorb
strychnine from solution after 24 hours' contact.
One gram of the most effective activated charcoal
removed 500 mg. of strychnine; the least effective brand of activated charcoal removed 90 mg.;
bone black removed 35 mg. and willow charcoal
only 11 mg. Mutch (Brit. M. /., 1934, 1, 320),
studying the adsorption efficiencies of 30 different
charcoals by measuring the amount of methylene
blue adsorbed, obtained coefficients ranging from
0.5 to 85. Rosin and Beale (/. A. Ph. A., 1935, 24,
630) found that there was considerable difference
between the various brands of activated chars;
the best of the 8 brands they tested adsorbed 2.4
times as much hydrogen sulfide and 4.2 times as
much methylene blue as wood charcoal.
The N.F. IX recognized Purified Animal Charcoal, also called bone black, which is prepared
from bone and purified by removing the substances which are dissolved by hot hydrochloric
acid. Before the introduction of activated charcoal, this form of charcoal was widely used for
the purposes for which the more efficient activated
charcoal is currently employed.
Description. — "Activated Charcoal is a fine,
black, odorless, tasteless powder free from gritty
matter." N.F.
Standards and Tests. — Loss on drying. —
Activated charcoal loses not more than 15 per
cent of its weight on drying at 120° for 4 hours.
Residue on ignition. — Not over 4 per cent. Acidity
or alkalinity. — On boiling 3 Gm. of activated charcoal with 60 ml. of water for 5 minutes, then
filtering, a filtrate free from color and neutral to
litmus paper results. Chloride. — The limit is 0.2
per cent. Sulfate. — The limit is 0.2 per cent.
Sulfide. — Lead acetate paper is not blackened
when held in the vapor from a boiling mixture of
500 mg. of activated charcoal with 20 ml. of water
and 5 ml. of hydrochloric acid. Cyanogen compounds.— On distilling a mixture of 5 Gm. of
charcoal, tartaric acid and water, the distillate,
received in water alkalinized with sodium hydroxide T.S., is not colored blue by ferrous sulfate
solution. Acid-soluble substances. — Not over 35
mg. of residue is obtained on boiling 1 Gm. of
activated charcoal with a mixture of water and
hydrochloric acid, filtering, adding sulfuric acid
to the filtrate, evaporating to dryness and igniting to constant weight at a dull red heat. Heavy
metals. — The limit is 50 parts per million. Uncarbonized constituents. — On boiling 250 mg. of activated charcoal with 10 ml. of sodium hydroxide
T.S. and filtering, a colorless filtrate is obtained.
Adsorptive power. — (1) One Gm. of activated
charcoal absorbs completely 100 mg. of strychnine sulfate from 50 ml. of water, the test being
performed with mercuric potassium iodide T.S.
on a portion of the filtrate obtained from the
mixture. (2) In this test two portions of a
methylene blue solution are measured; to one
portion activated charcoal is added and, after
vigorous shaking, each portion is filtered and the
volume of 0.1 N iodine required to react with the
methylene blue in an aliquot of each portion determined by a residual titration utilizing 0.1 N
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sodium thiosulfate. At least 0.7 ml. less of 0.1 N
iodine should be required to react with the
methylene blue to which the charcoal has been
added than that required by an equivalent amount
of methylene blue without charcoal. N.F.
Uses. — The adsorptive properties of activated
charcoal prompted its trial in the treatment of
many and varied diseased conditions, but no
striking benefits have been observed. It has been
prescribed in dyspepsia to reduce hyperacidity
and to adsorb gaseous products of fermentation,
though its effectiveness in the latter respect, when
wetted, has been questioned. Activated charcoal
may adsorb enzymes, vitamins and minerals, and
hence interfere with digestion (Emery, J.A.M.A.,
1937, 108, 202). In the intestinal tract it will
remove many irritating substances, such as the
toxic amines and organic acids of decomposed
foods, probably also bacteria themselves (Dietzel
et al., Apoth. Ztg., 1932, 47, 283). Large doses,
either alone or mixed with equal amounts of
kaolin, have been administered for diarrhea in
chronic ulcerative colitis and other conditions.
Many surgeons have reported it to be of value as
a dressing for suppurating wounds of various
types. Charcoal poultices have been used to absorb odors from gangrenous and other foul
wounds (Regan and Henderson, Proc. Mayo,
1944, 19, 268).
A 2 per cent aqueous suspension of activated
charcoal has been administered intravenously in
the nonspecific treatment of a variety of infections (Saint-Jaques, Lancet, 1934, 1, 418) but
Davis {Lancet, 1936, 2, 1266) found no beneficial effect and described reactions resembling
those, produced by the injection of foreign
proteins.
Use as Antidote. — Charcoal is used as an
antidote in various forms of poisoning, especially
mercuric chloride, strychnine, phenol, atropine,
oxalic acid, mushroom, and other poisons for
which no efficient antidote is available. Dingemanse and Laqueur {Biochem. Ztschr., 1926, 169,
235), as a result of experiments on pigs' stomachs, showed that it would absorb corrosive sublimate not only when it is dissolved in gastric
contents but also the mercury which had been
bound with the protein of the stomach wall (see
also Leschke, Munch, med. Wchnschr., 1931, 78,
1908). It is a component of universal antidote
mixtures such as the following: activated carbon,
2 parts; magnesium oxide and tannic acid, of each
one part. The mixture is given in teaspoonful
doses with a little water. Fantus and Dyniewicz
(J. A.M. A., 1938, 110, 1656) found activated
charcoal to be an effective antidote for phenolphthalein. Moench (N. Y. State J. Med., 1950,
50, 308) used it instead of thiuram disulfide in
treating patients with chronic alcoholism.
Gemmell and Todd (Pharm. J., 1945, 154, 126)
found activated charcoal to be generally satisfactory for removing pyrogens from solutions of
inorganic salts to be injected though, because of
ease of contamination of the resultant solutions,
these had to be sterilized immediately after final
filtration. S
Activated charcoal finds many uses in chemical
syntheses. Sometimes it is employed to remove

products of side reactions in order that the main
product may be left in purified form; again a
substance which will not form satisfactory crystals will often be found to do so when its solution
is treated with carbon to remove certain impurities. Anovel application of activated carbon
is in the production of penicillin, where it has
been used to adsorb the penicillin from a relatively weak solution, then to yield it in concentrated form by treating the carbon with a suitable
solvent to elute the penicillin. A similar application in the manufacture of streptomycin and of
certain hormones has also been made. In municipal water purification plants, powdered activated
carbon is used for elimination of odor and taste;
dosages of 10 to 20 pounds of carbon per million
gallons of water are ordinarily sufficient. For
further discussion of commercial industrial applications of activated carbon see Helbig (J. Chem.
Educ, 1946, 23, 98).
The dose of charcoal varies widely. In ordinary
gastric conditions 0.6 to 1 Gm. (approximately 10
to 15 grains) will be sufficient, but in intestinal
conditions doses of 4 to 6 Gm. (1 to l1/* drachms)
or higher may be employed. In cases of poisoning
still larger quantities may be given. Thus in
mercury bichloride poisoning doses of two or
three tablespoon fuls are given.
Storage. — Preserve "in well-closed containers." N.F.
CHENOPODIUM
American Wormseed

OIL.

N.F. (B.P.) LP.

Oil, [Oleum Chenopodii]

"Chenopodium Oil is the volatile oil distilled
with steam from the fresh, above-ground parts of
the flowering and fruiting plant of Chenopodium
ambrosioides Linne var. anthelminticum (Linne)
A. Gray (Fam. Chenopodiacece). It contains
not less than 65 per cent, by weight, of ascaridol,
C10H16O2." N.F. The B.P. and LP. definitions
provide for an oil identical with that recognized
by the N.F.
B.P. Oil of Chenopodium. LP. Aetheroleum Chenopodii. Oleum Chenopodii Anthelmintici -Sithereum; Oleum
Chenopodii Anthelminthici; Essentia Chenopodii. Fr. Essence de chenopode vermifuge. Gcr. Wurmsamenol ;
Chenopodiumol. It. Essenza di chenopodio. Sp. Esencia de
quenopodio.

For description of the plant from which this
oil is derived see Chenopodium, Part II. Weiland
et al. {Univ. Maryland Exp. Sta., Bull. 384, 1935)
found that ascaridol is distributed throughout the
plant but that the greater portion is in the seed,
with leaves and seed stems containing smaller
amounts, and the smallest proportion occurring
in the stalk. The highest concentration of ascaridol
is in plants that have matured to the point where
most of the seeds have darkened in color. Chenopodium oil is distilled in relatively large amounts
in Maryland.
Description. — "Chenopodium Oil is a pale
yellow to orange-yellow liquid, having a peculiar,
unpleasant odor, and a bitter, burning taste.
Chenopodium oil dissolves in 8 volumes of 70
per
cent alcohol." N.F. The oil darkens on
standing.
Standards and Tests. — Specific gravity. —
Not less than 0.950 and not more than 0.980.

Part I
Optical rotation. — The optical rotation of the oil,
in a 100-mm. tube, is between — 4° and — 8°.
Refractive index. — Not less than 1.4740 and not
more than 1.4790 at 20°. Heavy metals. — The oil
meets the requirements of the test for Heavy
metals in volatile oils. N.F.
Assay. — About 2.5 Gm. of the oil is diluted
to 50 ml., in a volumetric flask, with 90 per cent
acetic acid, and an aliquot portion added to a
cooled mixture of potassium iodide solution, hydrochloric acid and glacial acetic acid. The
volume of the aliquot added (from a burette) is
read 2 minutes after withdrawal, to permit adequate drainage. After the reaction mixture has
stood for exactly 5 minutes at a temperature between 5° and 10° the liberated iodine is titrated
with 0.1 ^ sodium thiosulfate. At the same time,
a residual blank titration is performed. The difference between the volumes of sodium thiosulfate solution required for the two titrations
represents the iodine liberated by the ascaridol.
Although the amount of iodine liberated by the
peroxide ascaridol is not in stoichiometric proportion itis produced in proportion to the amount
of ascaridol present (for discussion see Reindollar, /. A. Ph. A., 1939, 28, 589). Each ml of 0.1 N
sodium thiosulfate has been found by experiment
to be equivalent to 6.65 mg. of ascaridol,
C10H16O2. N.F. The B.P. and LP. assays are the
same as that of the N.F.
Reindollar and Munch (/. A. Ph. A., 1931, 20,
443) attempted to develop a method of biological
assay. They experimented with goldfish, earthworms, and porcine ascarides, but found that none
of them yielded results parallel to the ascaridol
content. The Committee on Hygiene of the
League of Nations, however, in 1925 provisionally adopted a test on earthworms.
Constituents. — In 1907 Kremers, in attempting fractional distillation of chenopodium oil,
found that a large part consisted of a liquid which
could not be distilled because it underwent an explosive decomposition when heated. Schimmel &
Co. (1908) succeeded in isolating this fraction by
distillation at reduced pressure and gave to it the
name of ascaridol. Ascaridol (spelled ascaridole
in England), which makes up from 45 to 70 per
cent of the oil, is an unsaturated terpene peroxide having the formula C10H16O2. It may explode
with considerable violence either when heated or
upon treatment with certain organic acids.
Henry and Paget (/. Chem. S., 1921, 119,
1714) found chenopodium oil to consist of about
60 per cent ascaridol, 15 per cent cymene, 10 per
cent of a levorotatory terpene, and small amounts
of other hydrocarbons. In a subsequent study
(Schim. Rep., 1927) they isolated, in addition to
the above, ascaridol glycol (about 5 per cent),
alpha-terpinene, paracymol, and traces of methyl
salicylate, salicylic acid, butyric acid, dextrocamphor, paramenthadiamine, limonene, and dimethylethylene oxide. The chemical nature of
ascaridol is discussed by Pagent (/. Chem. S.,
1938, 829).
The question as to whether ascaridol is the
sole active substance of chenopodium oil cannot
be answered with certainty. It is the most potent
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fraction of the oil but other components may
possess some anthelmintic properties.
Uses. — Chenopodium oil is used as an anthelmintic. Brunning {Ztschr. exp. Path. Ther., 1906,
3, 564) showed that one part in 5000 paralyzed,
although it did not kill, the roundworm of dogs,
and that one part in 200 had a distinct antiseptic
action. In mammals, if given in sufficient dose,
it depresses the spinal cord and finally kills by
arrest of respiration. According to Salant and
Livingston (Am. J. Physiol., 1915, 38) chenopodium oil in doses of 0.02 ml. per kilogram, or
more, produces lowering of the blood pressure
through a depressant action on the heart and central nervous system. The oil has a burning taste
and causes salivation and gastric irritation. It is
readily absorbed from the gastrointestinal tract
and is excreted in part by the lungs. Constipation may result from a depressant effect on the
intestine.
Although it is one of the most efficient drugs
against the roundworm and the hookworm (Rousis
and Bishop, J. A.M. A., 1920, 74, 1768), chenopodium oil has been largely superseded by less
poisonous drugs. It has been administered along
with carbon tetrachloride or tetrachloroethylene,
in the proportion of one part of the oil to two to
five parts of the latter liquids (Brown, J.A.M.A.,
1934, 103, 651), for mixed hookworm and roundworm infestations. This combination is also advised for whipworm infestation (J.A.M.A., 1944,
125, 320). Since the oil paralyzes rather than
kills worms, its use must be followed by a purgative to expel the worms. It is much less efficacious
against tapeworms, although it has been used for
dwarf tapeworm. Several authors, including
Barnes and Cort (J.A.M.A., 1918, 71, 350), have
also found it useful in the treatment of amebic
dysentery. E
Toxicology. — With proper care chenopodium
oil is a relatively safe anthelmintic (Smillie,
J. A.M. A., 1939, 113, 410), but it is not a drug to
be used carelessly. Mild toxic symptoms are frequent. Levy (J.A.M.A., 1914, 63, 1946) reviewed
twelve cases of serious poisoning of which nine
ended fatally (see also Guy ton, J. A.M. A., 1946,
132, 330). Children, the aged, and malnourished
persons are particularly susceptible to poisoning.
The oil is contraindicated in patients with renal,
cardiac or hepatic disease or ulceration of the
gastrointestinal tract. The experiments of Salant
(J. A.M. A., 1917, 69, 2016) showed an accumulative tendency in the toxicity of this drug; an
increased sensitiveness to a second dose persisted 5to 9 days after the first dose.
The symptoms of poisoning by chenopodium
oil — which may not appear for several hours after
taking the oil — are nausea, vomiting, headache
followed by drowsiness, ringing in the ears, and
sometimes deafness and impaired vision. In the
fatal cases there develop coma and convulsions.
Respiration is slow. The blood pressure falls.
Hematuria, albuminuria or jaundice may be observed. In the milder cases of chenopodium poisoning the symptoms usually pass off spontaneously within a few hours; in the severe cases
catharsis with magnesium sulfate, a high fluid
intake and circulatory stimulants, especially epi-
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nephrine and atropine, are recommended. Alcoholic beverages should be avoided.
Dose. — The dose and method of administration of the oil differ according to the weight,
age and nutritive state of the patient as well as
with the type of infection. Fasting or catharsis is
usually not prescribed before its administration
but food should be withheld until the purgative
has acted. Administration of oil should not be repeated in less than two or three weeks. It is most
conveniently administered in gelatin capsules, or
on a lump of sugar, and must be followed by a
purgative such as magnesium or sodium sulfate
or castor oil. For roundworm infestation two or
three doses of from 0.2 to 0.3 ml. (approximately
3 to 5 minims) each, at intervals of one or two
hours may be administered to well-nourished
adults. For hookworm, two or three doses of 0.5
to 1 ml. each (approximately 8 to IS minims)
have been used. For poorly nourished persons
the doses should be reduced in proportion to the
weight. For children, 0.05 ml. (approximately
34 minim) per year of age divided into two or
three parts is used. It is important that the dose
should be measured by volume and not by the
number of drops because of the variable size of
the latter.
Usual dose — Caution! As an anthelmintic for
adults, single dose, 1 ml. (approximately 15
minims). N.F.
Storage. — Preserve "in tight containers and
avoid exposure to excessive heat." N.F.
CHERRY

JUICE.

U.S.P.

Succus Cerasi

"Cherry Juice is the liquid expressed from the
fresh ripe fruit of Prunus Cerasus Linne (Fam.
Rosacea). Cherry Juice contains not less than
1.0 per cent of malic acid (aHcOs)." U.S.P.
Succus Cerasorum. Fr. Sue de cerise. Cer. Kirschensaft.

In a grinder coarsely crush washed, stemmed,
unpitted, sour cherries so as to break the pits but
not mash the kernels. Dissolve 0.1 per cent of
benzoic acid in the mixture, allow to stand at
room temperature (possibly for several days)
until a portion of the filtered juice produces a
clear solution when mixed with half its volume
of alcohol, remaining so for 30 minutes. Press out
the juice from the mixture and filter it. U.S.P.
Prunus Cerasus L. (Cerasus vulgaris Mill.),
the sour, pie or Morello cherry, is a round-headed
tree native to Asia Minor and possibly southeastern Europe and naturalized in North America
where a number of varieties occur both in the
wild and cultivated condition. The trees give off
suckers readily from the roots and frequently are
seen forming fence-rows in the country. The bark
is gray to grayish-brown and marked with prominent transverse lenticels; the leaves are thick,
parchment-like, ovate, obovate or ovate-lanceolate, abruptly acute or acuminate at the summit,
and serrate along the margin. The flowers are
white and appear, before or with the leaves, in
small umbels arising from axillary buds. The
fruit is a spherical, depressed-globular, red, softfleshed, acid drupe.

There are two well-marked groups of sour
cherries, (1) the Amarelles whose fruits are pale
red, possess colorless juice and are somewhat
flattened above and below, and (2) the Morellos
whose fruits are dark red with dark-colored juice
and are spherical to cordate. Most of the fruits
are used for pies and considerable are produced
for canning in Michigan, New York, Wisconsin
and California.
The N.F. VI recognized under Prunus Cerasus
the entire fresh ripe fruit of this species which
it described as follows: "A spherical, depressed,
globose or cordate drupe, with a circular, elevated
scar at the summit representing the remains of
the style, and a circular scar at the base representing the point of attachment of the pedicel;
up to about 20 mm. in length and 18 mm. in
breadth; externally pale red to dark red, glabrous;
internally showing a membranous epicarp, a fleshy
mesocarp containing a light red to dark red juice,
and a subglobose, stony, light brown endocarp
within which occurs a globular, exalbuminous
seed, the latter consisting of a light brown coat
enveloping a fleshy, oily embryo. Odor of the
crushed fruit characteristically aromatic; taste
pleasantly acidulous." N.F. VI.
Because of the availability of cherries only during part of the year the juice instead of the fresh
fruit was made official. For such use the juice is
permitted to be extracted during the fruit season
and kept until such time as required for preparation of the syrup. The percentage composition
of the fresh fruits of sour cherries is as follows:
Water, 79.82; protein, 0.67; free acid, calculated
as malic acid, 10.24; pectin and cellulose, 6.7;
ash, 0.73.
Description. — "Cherry Juice is a clear liquid
with an aromatic, characteristic odor, and a sour
taste. It is affected by light. The color of the
freshly
U.S.P. prepared Juice is red to reddish orange."
Standards and Tests. — Specific gravity. —
Not less than 1.045 and not more than 1.075.
Refractive index. — Not less than 1.3500. Residue
on ignition. — Not less than 35 mg. and not more
than 55 mg. from 10 ml. of juice. pH. — Between
3.0 and 4.0. Non-volatile residue. — Not less than
500 mg., when 5 ml. of juice is placed in a tared
half petri dish on a boiling water bath for 1 hour,
then in a vacuum desiccator for 16 hours. Identification.— On adding alkaline cupric tartrate
T.S. to cherry juice which has been treated with
lead acetate T.S., then with sodium oxalate
solution to remove excess lead, and the mixture
filtered, a red precipitate is produced on heating.
Volatile acids. — Not more than 1.5 ml. of 0.1 TV
sodium hydroxide is required to neutralize the
volatile acids distilled with steam from 25 ml. of
cherry juice. Arsenic. — The limit is 0.4 part per
million. Lead. — The limit is 5 parts per million.
U.S.P.
Assay. — A 10-ml. portion of juice is heated
with calcium carbonate, during which step the
malic acid, for which the assay is made, forms
soluble calcium malate. The excess of calcium
carbonate is removed by filtration, and the calcium in the filtrate is precipitated as the oxalate.
This is filtered off, and the oxalic acid combined
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in it estimated by titration with 0.1 N potassium
permanganate. Each ml. of 0.1 N potassium permanganate represents 6.705 mg. of malic acid
(the hydrogen equivalent of malic acid is two
since one molecule of it, being dibasic, forms one
molecule of calcium oxalate). U.S. P.
Uses. — Cherry juice, because of its acidity as
well as its pleasant flavor, is an excellent vehicle,
especially for salty drugs.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." U.S.P.
CHERRY SYRUP.
U.S.P.
Syrupus Cerasi
Syrupus Cerasi Fructus; Sirupus Cerasorum. Fr. Sirop
de cerise. Ger. Kirschsirup.

Dissolve 800 Gm. of sucrose in 475 ml. of
cherry juice by heating on a water bath; cool,
and remove the scum. Add 20 ml. of alcohol and
enough purified water to make 1000 ml. Mix
well. U.S.P.
Alcohol Content. — From 1 to 2 per cent, by
volume, of C2H5OH. U.S.P.
This popular vehicle is much used for administering salty or bitter drugs, also for masking
iron preparations. It contains no tannin, as does
wild cherry syrup.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." U.S.P.
WILD CHERRY.
U.S.P.
Prunus Virginiana, Wild Black Cherry Bark

"Wild Cherry is the carefully dried stem bark
of Prunus serotina Ehrhart (Fam. Rosacea), free
of borke and preferably having been collected in
autumn." U.S.P.
Prunus Serotina. Virginian Prune Bark; Rum, Whisky
or Cabinet Cherry. Cortex Pruni Virginians. Fr. Ecorce de
cerise de Virginie. Ger. Virginische Traubenkirschenrinde.
Sp. Cerezo Silvestre.

The genus Prunus now includes the plums,
almonds, peaches, apricots, and cherries, and comprises over one hundred and fifty species. They
are generally distributed in the warm temperate
regions of the northern hemisphere, being especially abundant in eastern Asia. In the United
States there are about forty indigenous species.
Linnaeus, in his Species Plantarum, describes
under the name of P. virginiana a tree, the statements concerning which are equally applicable to
the black cherry and choke cherry. The specimen now in the Linnaean herbarium is that of the
choke cherry. For this reason the binomial, P.
virginana L., has been restricted by many botanists to the choke cherry. But since Linnaeus did
not consider his herbarium specimens as types
and as there is no certainty that he used the
specimen now in the Linnaean herbarium as a
basis for the description which is equally applicable toboth cherries, we are left only the old
synonymy upon which to interpret the species
and that is entirely that of the black cherry. We
are inclined to the opinion that Linnaeus, in recognizing only one American species of this group,
regarded the choke cherry and wild cherry as
conspecific. Botanists of today reserve the name
P. virginiana for the choke cherry while Ehrhart
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coined the name P. serotina for the black cherry.
The choke cherry is distinguished from the
wild black cherry by the following characteristics :
The choke cherry has deciduous calyx lobes;
oblong-obovate pointed endocarp (or stone) ;
leaves broadly oval to oblong-obovate, and usually abruptly acuminate; inner bark with a rather
disagreeable odor. The ripe fruit is a dark crimson color. The wild black cherry has persistent
calyx lobes; the endocarp (or stone) oblongobovate, usually gradually acuminate; leaves oblong or lanceolate-oblong, usually gradually acuminate; the inner bark and leaves possess an aromatic odor. Michaux observed specimens of these
trees on the banks of the Ohio, from 80 to 100
feet high, with trunks from 12 to 15 feet in circumference, but as usually met with in the Atlantic States the tree is much smaller. The trunk
is regularly shaped, and covered with a rough
blackish bark, which detaches itself semicircularly in thick narrow plates. The leaves are alternate, oval-oblong, or lanceolate-oblong, acuminate,
unequally serrate, smooth on both sides, of a
beautiful brilliant green; the petioles are furnished with one or more reddish conspicuous
glands; the stipules lanceolate and glandularserrate, early deciduous. The flowers are small,
white, and occur in long erect or spreading
racemes. They appear from March in Texas to
June in the St. Lawrence River valley, and are
followed by globular drupes, about the size of a
pea, and when ripe of a shining blackish-purple
color.
This tree is found throughout the United States
from the Atlantic coast as far west as North
Dakota to eastern Texas. It extends also along
the western mountain ranges from Mexico to
Peru. It is highly valued by the cabinet-makers
for its wood, which is compact, fine-grained, susceptible of polish, and of a light red tint which
deepens with age.
Wild cherry bark is collected in autumn and
should be carefully dried and stored in closed
containers protected from light and moisture.
Virginia, Indiana, North Carolina and Michigan furnish much of the bark of commerce.
The chief substitute and adulterant for this
drug is the bark of the Prunus virginiana L. (P.
nana DuRoi) commonly known as choke cherry
bark. This differs from the bark of the wild black
cherry by exhibiting no stone cells in the pericycle,
by having medullary rays from 1 to 4 cells in
width and by having more rosette aggregates of
calcium oxalate in its phloem than monoclinic
prisms. Ground wild cherry bark has frequently
been adulterated with wood of the same species.
Farwell reports that the bark of P. demissa
(Nutt.) Walpers, a tree from west of the Rocky
Mountains, has been found in commerce. It is
much darker and the lenticels are much more
prominent. The preparations made from it resemble the official wild cherry bark in color, odor
and taste. For details of histology of wild cherry
bark and its adulterants see A Text Book of
Pharmacognosy by Youngken, 6th ed.
Description. — "Un ground Wild Cherry usually occurs in transversely curved pieces up to 8
cm. in width and from 0.5 to 8 mm. in thickness.
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The outer surface of rossed bark is moderate
brown to light olive-brown, smooth, except for
numerous lenticel-scars. The outer surface of unrossed bark is weak reddish brown and glossy
(young bark) to olive gray (older bark), with
light-colored, transversely elongated lenticles or
roughened and flaky with light-colored lichens.
The inner surface is weak reddish brown to weak
orange, with fine, reticulate striations and numerous minute fissures. The fracture is short and
granular. The odor is distinct, resembling bitter
almond when macerated in water. The taste is
astringent, aromatic, and agreeably bitter." U.S.P.
For histology see U.S.P. XV.
''Powdered Wild Cherry is light brown to light
yellowish brown. It contains few fragments of
reddish brown to yellowish orange cork; numerous, frequently elongated stone cells, with short
branches, or of a wavy and irregular outline, and
with thick, lamellated, porous, strongly lignified
walls; few. moderately elongated sclerenchymafibers which are frequently accompanied by crystal-fibers, containing monoclinic prisms of calcium oxalate, and also rosette aggregates, from
10 to 75m. in diameter; numerous fragments of
parenchyma; and numerous simple, nearly spherical to 2- to 5-compound starch grains, the individual grains from 2 to 15n in diameter." U.S.P.
The bark is obtained indiscriminately from all
pans of the tree, though that of the roots is considered to be most active. It is commonly believed also that the bark has greater activity when
collected in autumn than in the spring.
Constituents. — All parts of the wild cherry,
including the leaves, fruit, and the bark of the
stem and of the root, yield on infusion with water
hydrocyanic acid. This substance does not exist
as such in the plant but is formed by hydrolysis
of a cyanogenetic glycoside in the presence of
the enzyme emulsin. At one time the glycoside
was believed to be amygdalin; it is probably
D-mandelonitrile glycoside or prunasin, which is
isomeric with prulaurasin found in the cherry
laurel (see also Bitter Almonds, under Bitter Almond Oil). Benzaldehyde and glucose are the
other products of the hydrolysis of the glycoside.
The amount of hydrocyanic acid yielded by
the bark ranges from 0.05 to 0.35 per cent. According to Stevens and Judy {Am. J. Pharm.,
1895. p. 534). the hydrocyanic content is higher in
the bark of the root than of the stem, the bark
of young trees gives a greater yield than that of
old trees, and thick bark more than thin bark.
Besides the cyanogenetic principle, wild cherry
bark contains tannic acid — according to Peacock
(/. A. Ph. A., 1923. 12, 774) about 3 per cent—
and a fluorescent bitter principle which on hydrolysis yields 6-methylesculetin. Benzoic acid,
trimethylgallic acid and p-coumaric acid are also
present.
Uses. — On the theory that hydrocyanic acid
is a cough sedative, wild cherry bark has been
popularly employed in the treatment of bronchitis
of various types, but is of little if any remedial
value. Its most frequent use is as a flavoring
agent, especially for cough-syrups.
Dose, from 2 to 4 Gm. (approximately 30 to
60 grains).

Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep.— Wild Cherry Syrup, U.S. P.; Compound White Pine Syrup, N.F.
WILD

CHERRY X.F.
FLUIDEXTRACT.
Fluidextractum Pruni Virginians

Prepare the fluidextract from wild cherry, in
coarse powder, by Process B (see under Fluidextracts). Moisten the drug with a menstruum
of 1 volume of glycerin and 2 volumes of water,
in the proportion of about 600 ml. for each 1000
Gm. of drug; pack loosely in a cylindrical percolator and macerate during 1 hour. Then add a
menstruum of 2 volumes of alcohol and 1 volume
of water, in the proportion of 375 ml. for each
1000 Gm. of drug, and macerate 2 hours longer.
Percolate rapidly, and complete extraction of the
drug with a menstruum of 1 volume of alcohol
and 3 volumes of water. X.F.
Maceration with the first menstruum — containing no alcohol — is for the purpose of inducing
the hydrolytic action to produce hydrocyanic acid
and benzaldehyde (see under Wild Cherry). The
second menstruum, while higher in alcohol content than the third, actually becomes weaker because of dilution with the first when in contact
with the drug.
Alcohol Content. — From 14 to 18 per cent,
by volume, of C2H5OH. X.F.
Wild cherry fluidextract is more useful as a
flavoring agent than as a therapeutic agent. The
dose given by the N.F. is 2 ml. (approximately
30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
WILD CHERRY SYRUP.
U.S.P.
Syrupus Pruni Virginianae
Syrupus Pruni Serotins. Syrup of Virginian Prune.
Sp. Jarabe de Cerczo Silvestre.

Moisten 150 Gm. of wild cherry, in the form
of coarse powder, with 100 ml. of water, pack into
a cylindrical percolator, and pour sufficient water
upon the drug to saturate it and leave a layer of
water above it. Close the lower orifice, cover the
percolator, macerate the drug during 1 hour, then
allow the percolation to proceed rapidly. Collect
400 ml. of percolate, using additional water as
menstruum. Filter the percolate, if necessary, add
to it 675 Gm. of sucrose, effect solution by agitation, then add 150 ml. of glycerin, 20 ml. of
alcohol, and enough water to make 1000 ml.
Strain the product, if necessary.
The syrup may also be prepared by allowing
the percolate from the wild cherry to drop on the
sucrose placed in a second percolator; the syrup
from the second percolator is collected in a graduated bottle containing the alcohol and glycerin.
Enough water is added to the drug to make 1000
ml. of finished syrup. U.S.P.
This formula was developed bv Reed. Burrin
and Bibbins (/. .4. Ph. A., Prac. Ed., 1940, 1, 73)
in an effort to eliminate, as far as possible, the
incompatibilities, especially with alkaloidal salts,
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of the formula previously official. Their modification involved an increase in the glycerin content and its addition after extraction of the bark
rather than its inclusion in the menstruum. That
an improved product was obtained was confirmed
by Rasanen and Burt (Am. J. Pharm., 1943, 115,
292).
This syrup should never be made by adding
fluidextract to simple syrup. The fluidextract frequently precipitates when mixed with syrup; also,
the syrup when made by the official process is far
superior in flavor. Wild cherry syrup is largely
used as a vehicle for cough mixtures. The syrup
contains hydrocyanic acid and benzaldehyde (see
under Wild Cherry) which contribute to its characteristic odor; the amounts are therapeutically
insignificant. The syrup is used mainly as a
flavored vehicle.
Incompatibilities. — Wild cherry syrup precipitates solutions of alkaloidal salts with formation of insoluble tannates of the alkaloids. The
tannin in the syrup forms ink-like compounds
with iron salts. The syrup also produces a precipitate with antipyrine, the compound coagulating; afew grains of tragacanth are necessary
to keep it in suspension.
Dose, 4 to 15 ml. (1 to 4 fluidrachms).
Storage. — Preserve "in tight containers, preferably at a temperature not exceeding 25°." U.S.P.
CHINIOFON.

U.S.P., (B.P.), LP.

[Chiniofonum]

"Chiniofon is a mixture of 7-iodo-8-hydroxyquinoline-5-sulfonic acid, its sodium salt, and sodium bicarbonate. It contains not less than 26.5
per cent and not more than 29.0 per cent of iodine
(I)." U.S.P. The LP. states that this substance
is a mixture of four parts by weight of 7-iodo8-hydroxyquinoline-5-sulfonic acid and one part
by weight of sodium bicarbonate; not less than
26.5 per cent and not more than 29.0 per cent
of iodine, and not less than 18.0 per cent, and not
more than 22.0 per cent of sodium bicarbonate,
are required. The B.P. recognizes Chiniofon Sodium as sodium 8-hydroxy-7-iodoquinoline-5sulfonate and requires it to contain not less than
33.3 per cent of I.
B.P. Chiniofon Sodium. Chiniofon Powder. Quinoxyl
(Burroughs Wellcome); Anayodin (Bischoff) ; Yatren.
Pulvis Chiniofoni. Sp. Quiniofon.

Chiniofon is the product obtained by the interaction of 4 parts of 7-iodo-8-hydroxyquinoline5-sulfonic acid and 1 part of sodium bicarbonate,
this being approximately the proportion of these
substances required to form the sodium salt of
the acid component. As the reaction to form the
sodium salt is not complete the mixture contains
varying quantities of uncombined reactants. The
starting point in the synthesis of 7-iodo-8-hydroxyquinoline-5-sulfonic acid is 8-hydroxyquinoline. The latter is dissolved, at a temperature
below 0°, in fuming sulfuric acid and after 24
hours the mixture is poured on crushed ice, a
copious precipitate of needle-like crystals of
8-hydroxyquinoline-5-sulfonic acid being produced. After recrystallization this acid is dissolved in a boiling aqueous solution of potassium
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carbonate and potassium iodide, treated with
bleaching powder, and then acidified with hydrochloric acid, producing finally 7-iodo-8-hydroxyquinoline-5-sulfonic acid. This is mixed with sodium bicarbonate; depending on whether or not
water is present the interaction of the acid with
the bicarbonate is more or less complete. Thus
the product recognized by the LP. contains both
substances in unreacted form, the U.S. P. product
represents a nearly completed reaction, and the
B.P. product is apparently entirely a sodium derivative of chiniofon.
Description. — "Chiniofon occurs as a canary
yellow powder with not more than a slight odor.
Chiniofon effervesces when moistened with water.
It has a bitter taste, but leaves a distinctly sweetish after-taste. One Gm. of Chiniofon dissolves in
25 ml. of water. It is insoluble in alcohol, in ether,
and in chloroform." U.S.P. The B.P. describes
chiniofon sodium as an almost white, pale cream,
or pinkish-cream crystalline powder.
Standards and Tests. — Identification. — (1)
On addition of a mineral acid chiniofon effervesces and liberates iodohydroxyquinolinesulfonic
acid. (2) A deep emerald green color forms on
adding 5 drops of ferric chloride T.S. to 10 ml.
of a 1 in 100 solution of chiniofon. (3) A dense
white precipitate forms on adding 5 ml. of cupric
sulfate T.S. to 10 ml. of a 1 in 100 solution of
chiniofon. (4) On adding 2 ml. of chloroform to
a mixture of 5 ml. of 1 in 100 solution of chiniofon, hydrochloric acid and 1 drop of sodium nitrite T.S. the chloroform is colored violet. Inorganic iodine. — No violet color appears in 5 ml. of
chloroform when it is agitated with 5 ml. of a 1
in 100 solution of chiniofon, slightly acidified with
diluted hydrochloric acid, and mixed with a drop
of ferric chloride T.S. Iodide. — Not more than
a slight opalescence results on the addition of
1 ml. of diluted nitric acid and 1 ml. of silver
nitrate T.S. to 5 ml. of a 1 in 100 solution of
chiniofon. U.S.P. The B.P. makes no mention of
effervescence taking place on addition of acid to
chiniofon sodium.
Assay. — About 400 mg. of chiniofon is dissolved in sodium hydroxide T.S. and heated with
a potassium permanganate solution to decompose
the compound and oxidize the iodine to iodate ion.
After acidification sodium bisulfite is added,
which reduces iodate to iodide. The excess of
sodium bisulfite is destroyed by potassium permanganate with the excess of the latter being
finally carefully adjusted so as to produce only a
faint yellow color of iodine, sufficient to give a
blue color with starch T.S. The iodide is now
titrated with 0.05 N silver nitrate, the end point
being the discharge of the blue color due to depletion ofiodide ions essential to the starch-iodide
color reaction. Each ml. of 0.05 N silver nitrate
represents 6.346 mg. of iodine. U.S. P. The LP.
employs the same assay for iodine, except that
0.1 iV silver nitrate is used for the titration.
In the B.P. assay for iodine the sample is
heated in a nickel crucible with sodium carbonate, the mixture leached with water, the resulting solution neutralized and then acidified
with a definite amount of sulfuric acid, bromine
added as an oxidant while generating carbon
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dioxide from marble, the excess of bromine removed with phenol, and the iodate thus produced
from the iodine in chiniofon determined by adding potassium iodide and titrating with 0.1 N
sodium thiosulfate.
The assay for sodium bicarbonate, specified by
the I. P., is based upon evolution of carbon dioxide
from an acidified sample and diffusion of the gas
into a measured amount of 0.1 N barium hydroxide solution, the excess barium hydroxide being
titrated with 0.1 AT oxalic acid, using phenolphthalein indicator.
Uses. — Chiniofon has been widely used in
amebic dysentery (Leake. J. A.M. A., 1932, 98,
195). Its active component, iodohydroxyquinolinesulfonic acid, and related compounds have also
been used as surgical dusting powders, and for
treatment of gonorrhea and diphtheria. Pfeiler
{Klin. Wchnschr., 1921, 58, 1413) claimed that
chiniofon. intravenously administered, was highly
effective in treating actinomycosis of cattle.
Amebiasis. — Chiniofon appears to be much
more active against the ameba in the intestine
than it is in vitro; there is little correlation between i?i vitro and in vivo amebicidal action. For
growth or survival of amebae, bacteria appear
to have an important role in the culture medium.
It has been suggested that some drugs, especially
antibiotics and sulfonamides, are effective amebicides, in vivo, by virtue of their eliminating
bacteria, on which protozoa are dependent, from
the intestinal contents {Armstrong et al., South
African Med. J., 1950, 24, 121; Wright and
Coombes. Lancet, 1948, 1, 243). Differences in
intestinal flora may account for the presence or
absence of symptoms in infested persons (Ellenberg. Am. J. Digest. Dis., 1946. 13, 356). On the
other hand, direct amebicidal action has been
demonstrated with chlortetracycline ( Hewitt et al.,
Science, 1950. 112, 144) and other antibiotics.
For treatment of intestinal amebiasis a nonabsorbable drug, nontoxic to the host by virtue
of poor absorption, has been sought. Since protozoa are buried deep in submucosal tissue, out of
contact with the contents of the intestinal lumen,
this objective is probably inadequate; it would
appear that the ameba may be reached only
through the blood stream. Knight and Miller
{Ann. Int. Med., 1949. 30, 1180) studied iodine
concentrations in blood during administration not
only of chiniofon but also of the related compounds diiodohydroxyqin and iodochlorhydroxyquin. Chiniofon produced the smallest inciease
in the level of iodine, diiodohydroxyqin the greatest, and iodochlorhydroxyquin functioned intermediately inthis respect. On the seventh day of
administering these compounds the iodine levels
were as follows: with chiniofon, in a dose of 2.25
Gm. (representing 641 mg. of iodine) daily, it
was about 100 micrograms per 100 ml.; with
iodochlorhydroxyquin. given in a dose of 0.75
Gm. (representing 278 mg. of iodine) daily, it
was about 450 micrograms per 100 ml.; with
diiodohydroxyquin. given in a dose of 1.73 Gm.
(representing 1.25 Gm. of iodine) daily, it was
about 700 micrograms per 100 ml. The concentration of iodine did not rise after the seventh
day. Making allowance for the dose, and the
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content of iodine represented, it is apparent that
the degree of absorption, expressed as percentage, was the greatest with iodochlorhydroxyquin.
The studies clearly demonstrate that the drugs
are absorbed to some extent.
While in patients with liver damage administration of chiniofon or related compounds, rather
than of arsenicals such as carbarsone, is generally
preferred, the former must nevertheless be used
with caution. They are contraindicated in patients
in whom iodine therapy is undesirable. For
hepatic or other visceral amebiasis administration of chloroquine phosphate along with an
antibiotic is currently preferred (emetine was
formerly used). With diiodohydroxyquin and
iodochlorhydroxyquin being available, chiniofon
is less popular than it once was in consequence
of its disadvantage in causing in some patients
diarrhea and a sensation of perianal scalding.
O'Connor and Hulse {Am. J. Digest. Dis., 1935,
2, 568) reported that chiniofon is more effective
and safer than carbarsone. Anderson and Reed
{Am. J. Trop. Med., 1934, 14, 269) found the
amebicidal activity of chiniofon to be so low that
dangerously large doses are required to produce
therapeutic -results in dysentery; they preferred
iodochlorhydroxyquin.
The standard practice (Bull. U. S. Army M.
Dept., 1945, 4, 2 78) has been to employ either
chiniofon or carbarsone. or alterating courses of
each drug, in treating amebic dysentery or the
asymptomatic carrier state; the chiniofon is given
orally, in tablet or powder form. Bed rest is
essential, and a soft diet is usually necessary because of the severe watery diarrhea produced in
ambulatory patients, particularly if large doses
(1 Gm. three times daily) are used (see Faust,
Trans. Stud. Coll. Phys., 1943, 2, 101). Reevaluation of therapy of amebiasis in which older
drugs are compared with antibiotics (chlortetracycline. oxytetracycline, chloramphenicol) indicated that no single agent, except possibly oxytetracycline, was entirely satisfactory; better
results were obtained, both in immediate response
to treatment and in lowered incidence of relapse,
with combinations of emetine hydrochloride,
chiniofon and carbarsone. which showed good
initial response and a moderate incidence of relapse, or with combinations of oxytetracycline
with emetine, carbarsone. chiniofon or chloroquine diphosphate, or with a combination of
oxytetracycline, chloroquine diphosphate and
bismuth glycoarsanilate, all of which gave both
good initial response and low incidence of relapse
(Martin et al., J.A.M.A., 1953, 151, 1055).
Use in Enemas. — If amebic ulcers persist in
the lower colon after oral therapy, retention
enemas containing up to 3 Gm. of chiniofon in
300 ml. of water are indicated nightly or on alternate nights for 5 to 10 days; these should be
preceded by a cleansing enema of water. Sedatives, such as opium tincture, may be required
to enable retention of the enemas. Oral administration should be discontinued or reduced to half
the usual dose while enemas are in use. MansonBahr (Brit. M. J., 1941, 2, 255) advocated chiniofon enemas in conjunction with oral administration of emetine bismuth iodide.
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Dose. — The usual dose is 250 mg. (approximately 4 grains) by mouth 3 times daily for 7
days, with a range of dose of 250 to 750 mg.
The LP. gives the maximum single dose as 1 Gm.,
and the maximum daily dose as 3 Gm. For children the dose is 60 mg. for each 10 pounds of
body weight, administered three times daily. As
a retention enema a solution of 0.5 to 2.5 Gm.
per 100 ml. of water is instilled into the rectum
in acute cases and in those which do not respond
to other forms of therapy.
Storage. — Preserve "in tight containers."
U.S.P.
CHINIOFON

TABLETS.

U.S.P. (LP.)

[Tabellje Chiniofoni]

"Chiniofon Tablets contain an amount of iodine
(I) corresponding to not less than 25 per cent
and to not more than 29 per cent of the labeled
amount
chiniofon." U.S.P. The LP. specifies
the same oflimits.
LP. Tablets of Chiniofon;
Tabletas de Quiniofon.

Compressi

Chiniofoni. Sp.

Usual Size. — 250 mg. (approximately 4
grains), enteric coated.
CHLORAL

HYDRATE.

U.S.P., B.P, LP.

Chloral, [Chloral Hydrate]

CCl3CH(OH)2
"Chloral Hydrate contains not less than 99.5
per cent of C2H3CI3O2." U.S.P. The B.P. requires
not less than 99.0 per cent, and the LP. not less
than 98.0 per cent, of the same constituent.
Hydrated or Hydrous Chloral; Trichlorethylidene Glycol.
Chloralum Hydratum. Fr. Hydrate de chloral ; Hydrate de
chloral cristallise. Ger. Chloralhydrat. It. Idrato di cloralio.
Sp. Hidrato de cloral.

Though discovered in 1832, by Liebig, it was
not until 1869 that the remedial properties of
chloral hydrate were announced by Otto Liebreich,
of Berlin.
Chloral hydrate is still produced by the method
of Liebig, in which chlorine is reacted directly
with alcohol, in the presence of a catalyst, at low
temperature. The mechanism of this reaction appears to involve the formation, successively, of
the following series of intermediate compounds:
ethylhypochlorite, CH3.CH2OCI; acetaldehyde,
CH3.CHO; acetal, CH3.CH(OC2H5)2; monochloracetal, CH2C1.CH(0C2H5)2; dichloracetal,
CHCl2.CH(OC2H5)2; trichloracetal, CCI3.CH(OC2H5)2; chloral alcoholate, CCI3CHOH.OC2H5; and anhydrous chloral. CCI3.CHO. The
last-named, which is a colorless liquid, is converted to the official chloral hydrate, CCI3.CH(OH)2, by mixing with water. Production of the
hydrate involves more than mere addition of a
molecule of water of crystallization; this is indicated by assigning to chloral hydrate the formula
CC13.CH(0H)2, rather than CCI3.CHO.H2O.
Description. — "Chloral Hydrate occurs as
colorless, transparent, or white crystals, having
an aromatic, penetrating, and slightly acrid odor,
and a slightly bitter, caustic taste. It slowly
volatilizes when exposed to air. One Gm. of
Chloral Hydrate dissolves in 0.25 ml. of water,
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in 1.3 ml. of alcohol, in 2 ml. of chloroform, and
in 1.5 ml. of ether. It is very soluble in olive oil
and is freely soluble in turpentine oil." U.S.P.
Chloral hydrate liquefies between 50° and 58°,
according to the B.P.
Solutions of chloral hydrate are quickly decomposed bylight (to hydrochloric acid, trichloroacetic acid and formic acid), according to
Danckwortt (Arch. Pharm., 1942, 280, 197), but
under ordinary storage conditions decompose
very slowly. Aqueous solutions of chloral hydrate
are also likely to develop molds, hence such
solutions should not be kept for a long period
without a preservative.
Most alkaloids are dissolved by a solution of
hydrated chloral.
Standards and Tests. — Identification. — (1)
Alkali and alkali earth hydroxides decompose
chloral hydrate with production of chloroform
and the formate of the base employed. (2)
Phenyl isocyanide, a poisonous substance recognizable by its disagreeable odor, results when
chloral hydrate is warmed with a few drops of
aniline and of sodium hydroxide T.S. Acidity. —
A 1 in 20 solution of chloral hydrate in alcohol
does not at once redden moistened blue litmus
paper. Residue on ignition. — Not over 0.1 per
cent. Chloride. — Silver nitrate T.S. does not at
once produce opalescence when added to a 1 in
20 solution of chloral hydrate in alcohol. Readily
carbonizable substances. — 500 mg. of chloral hydrate shaken with 5 ml. of sulfuric acid during
1 hour does not impart more color than represented by matching fluid P. U.S.P.
The B.P. requires that a 10 per cent w/v solution of chloral hydrate in water be not more
acid than pH 4.0. The B.P. and LP. both have
a test for absence of chloral alcoholate in which
no yellow precipitate should be produced within
one hour when sufficient 0.1 A7" iodine solution is
added to a warm, alkaline solution of chloral
hydrate to color the latter a deep brown. The
LP. specifies that an aqueous solution of chloral
hydrate, on heating, should give no smell of
benzene.
Assay. — A sample of about 4 Gm. of chloral
hydrate is dissolved in water and 30 ml. of 1 N
sodium hydroxide added which decomposes
chloral hydrate to form a molecule of chloroform
and one of sodium formate; after 2 minutes the
excess of alkali is titrated 1 N sulfuric acid, using
phenolphthalein T.S. as indicator. Each ml. of
1 N sodium hydroxide is equivalent to 165.4 mg.
of C2H3CI3O2. U.S.P.
Incompatibilities. — When triturated with
phenol, camphor and certain other organic substances chloral hydrate causes liquefaction. It
lowers the melting point of theobroma oil in
suppositories. In aqueous solution it is incompatible with alkalies, which decompose it with
formation of chloroform and formate; this reaction occurs also with sodium derivatives of
barbiturates (which are alkaline), the acid form
of the barbiturate being simultaneously precipitated. Hydroalcoholic solutions of chloral hydrate
containing also soluble salts or sugar frequently
separate into two layers. Hargreaves (/. A. Ph. A.,
1932, 21, 571) investigated this incompatibility
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and found that the concentrations of chloral hydrate, alkali bromide and alcohol were the
variables which determined whether or not separation occurred. In general, the presence of 10
per cent or less of alcohol did not produce separation, regardless of the concentrations of chloral
hydrate or salt ; with higher concentrations of
alcohol separation occurred if sufficient chloral
hydrate or salt was present. Examination of the
oily layer showed it to contain chloral, alcohol,
chloral alcoholate. and a small quantity of dissolved salt. Adams (/. Pharmacol., 1943, 78,
340) concluded that, contrary to popular notion,
chloral alcoholate is less hypnotic and less toxic
than chloral hydrate.
Uses. — Chloral hydrate is one of the best
sedative and hypnotic drugs. It is used chiefly for
insomnia but also in patients undergoing morphine
or alcohol withdrawal, or with delirium tremens.
As with all hypnotics, it is a poor analgesic and
will not control pain or febrile delirium in ordinary doses. Systemically it depresses the central
nervous system, dulling sensory and motor functions of the brain.
Locally applied, as camphorated chloral for
example, chloral hydrate is irritant and produces
erythema, warmth and slight local anesthesia.
Absorption from mucous surfaces is prompt.
The soundness of sleep produced by chloral
hydrate is proportional to the quantity ingested.
High doses depress the motor side of the spinal
cord and respiratory center but sensory function
is affected only after excessive doses. In high dose
it tends to lower blood pressure, probably through
central medullary depression and peripheral cutaneous vasodilatation. After toxic quantities in
patients with heart disease there is direct myocardial depression. In such doses it produces
profound coma with anesthesia. Death is generally due to respiratory nerve center paralysis,
though sometimes also to circulatory failure.
Chloral has little effect on secretions, though
after large doses output of urine may decrease.
It is excreted by the kidneys, probably partly
unchanged, and partly as urochloralic acid; this
acid reduces
solution. Theof theory
of
Liebreich
whichFehling"s
led to introduction
this drug
into medicine, that it was decomposed by body
alkalies with liberation of chloroform, has been
disproved.
Chloral hydrate is used internally in medicine
as a hypnotic, sedative and anticonvulsant; externally it is used as a local rubefacient, anesthetic
and antiseptic. For relief of insomnia without
pain it is one of the best hypnotics; it merits
wider use. The facility of use of barbiturates
has tended to displace chloral hydrate. It is also
useful in obstinate forms of sleeplessness, as in
delirium tremens and certain types of insanity.
Its action is very prompt, sleep generally begins
within 15 or 30 minutes after oral administration ;
the effect usually lasts 4 to 8 hours. Older patients who are intolerant of barbiturates usually
tolerate chloral hydrate well. In wakefulness
caused by pain it is considerably inferior to opiates but even then is often a valuable adjuvant.
In circulatory weakness it should be used with
caution since it may depress the heart but danger
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with therapeutic doses is slight (Alstead, Lancet,
1936, 1, 938). As a somnifacient it is rarely
necessary to give more than 600 mg. (approximately 10 grains) at one time.
Chloral hydrate is also of value in treating
various convulsive disorders. Determination
whether to give chloral hydrate depends upon
the severity, rather than the type, of convulsions.
In tetanus and strychnine poisoning, in which
death may be the direct result of spasm, it is
one of the most frequently employed remedies.
It was administered rectally in olive oil as part
of the formerly popular Stroganoff treatment for
eclampsia. On the other hand, since in epilepsy
chloral does not lessen the convulsive tendency
it is not often used prophylactically. In "status
epilepticus," however, it may be distinctly helpful.
It is also occasionally used in severe hysteria
and chorea. Certain local spasms, such as laryngismus stridulus, asthma, and hiccough, are at
times benefited by its use.
Formerly chloral hydrate was commonly used
as a local remedy for its antiseptic and analgesic
properties. It is still occasionally used as an ingredient of anodyne liniments. |v)
Toxicology. — Occasionally chloral hydrate
may produce skin lesions, but except for paraldehyde it is of all hypnotic drugs the least sensitizing to the skin. The findings in chloral poisoning
are : A delirium stage, deepening sleep, then coma.
Pupils first contract, then dilate. Respirations
decrease in number. The pulse weakens and slows,
but later may become rapid and irregular. The
temperature falls. Muscles relax. Sensibility and
reflex action are diminished or completely abolished. The immediate cause of death is generally
paralysis of respiration but there may also appear to have been simultaneous cardiac arrest.
Treatment of acute poisoning should include
gastric lavage. Hypertonic glucose should be
given intravenously to combat shock, promote
diuresis, and protect the liver from damage
which occasionally is severe enough to cause
jaundice. Respiratory and circulatory- stimulants
— as picrotoxin, strychnine, pentylenetetrazol,
and caffeine — should be given as the case may
demand. External heat should be applied to
avoid chilling. Inhalation of oxygen-carbon
dioxide mixture and artificial respiration may be
necessary*.
Chloral hydrate may be given in solution with
a flavored syrup or simple aromatic vehicle, but
should be well diluted with water or milk to avoid
gastric irritation. Solutions of chloral hydrate
undergo decomposition when exposed to light
(see above) and should, therefore, be protected
from light. Often gelatin capsules are a convenient dosage form though there may be aftertaste if the vehicle is oily. It is too irritant to
inject but is quite effective rectally in olive oil.
Dose. — The usual dose is 600 mg. (approximately 10 grains), by mouth, 1 to 3 times daily,
with a range of dose of 0.25 to 1 Gm. The maximum safe dose is usually 1 Gm. and the total dose
in 24 hours should generally not exceed 3 Gm.
Moore (West Virg. M. J., 1953, 49, 292), who
gives a resume of experience with chloral hydrate, reports that as much as 2 Gm. may be
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safely given at one time for soporific effect; in
obtaining electroencephalogram sleep records the
same dose may be administered.
Storage. — Preserve "in tight containers."
U.S.P.
CHLORAMINE-T.
Chloramine,

N.F. (B.P.) (LP.)
[Chloramina-T]

CH3.C6H4.S02.N(Cl)Na.3H20
"Chloramine-T contains the equivalent of not
less than 11.5 per cent and not more than 13
per cent of active CI." N.F. The B.P., which rec- .
ognizes this chemical as Chloramine and defines
it as toluene-/>-sulphonsodiochloroamide, requires
it to contain not less than 98.0 per cent and not
more than the equivalent of 103.0 per cent of
C7H702NClSNa.3H20. The I.P. name for the
substance is Tosylchloramide Sodium, the rubric
being the same as that of the B.P.
B.P. Chloramine; Chloramina. I.P. Tosylchloramide
Sodium; Tosylchloramidum Natricum. Sodium Paratoluenesulf onchloramide ; Chlorazene (Abbott): Tochlorine;
Tolamine. Natrii Sulfaminochloridum; />-Toluol-sulfonchloramidnatrium. Fr. Chloramine-T; Mianine. Ger. Chloramin;
Mianin. Sp. Cloramina;
Cloramina-T.

This compound was first made by Chattaway
in 1905 but it was not used in medicine until
1915, when Dr. Dakin employed it in his wellknown researches on germicides.
Chloramine-T may be prepared from toluene
by the following reactions: Toluene is converted
to ^-toluenesulfonic acid by the action of sulfuric
acid at elevated temperature. The sodium salt
of the sulfonic acid is treated with phosphorus
pentachloride, yielding />-toluenesulfonyl chloride;
the chloride is converted to /»-toluenesulfonamide
by treatment with ammonia and the amide is
reacted with sodium hypochlorite in the presence
of alkali so that only one of the amide hydrogen
atoms is replaced by chlorine, the other being
substituted by sodium (see also under Dichloramine-T). As ^-toluenesulfonyl chloride is an
abundant by-product in the manufacture of saccharin it may be used for the synthesis of the
chloramine.
Description. — "Chloramine-T occurs as a
white to light yellow, crystalline powder, having
a slight odor of chlorine. It slowly decomposes
on exposure to air, losing chlorine, and is affected
by light. When heated to between 95° and 100°,
Chloramine-T loses its water of hydration without decomposition. A solution of Chloramine-T
(1 in 20) is alkaline to litmus paper and to phenolphthalein T.S. One Gm. of Chloramine-T dissolves in 7 ml. of water at 25° and in about
2 ml. of boiling water. It dissolves in alcohol
but the solution decomposes on standing. It is
insoluble in chloroform, and in ether." N.F.
Standards and Tests. — Identification. — (1)
Iodine is liberated on adding potassium iodide
T.S. to a 1 in 20 aqueous solution of chloramine-T; bromine is not similarly displaced from
sodium bromide unless the mixture is acidified
(distinction from dichloramine-T) . (2) Chlorine
is liberated and a white turbidity or precipitate,
soluble in sodium hydroxide T.S., is produced
when hydrochloric acid is added dropwise to a
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1 in 20 aqueous solution of chloramine-T. Readily
carbonizable substances. — A solution of 200 mg.
of chloramine-T in 5 ml. of sulfuric acid is not
deeper in color than matching fluid A. N.F.
The B.P. includes two tests which are not described in the N.F. One of these is for limit of
the ortho compound and directs boiling a mixture
of 2 grams of chloramine, 10 ml. of water and
1 gram of sodium metabisulfite, cooling to 0°,
filtering, washing and drying, in a vacuum desiccator, the resulting precipitate and determining
its melting point, which should be not less than
134°. The other test is for the limit of sodium
chloride, which must not be present in a quantity exceeding 15 mg. when determined by dissolving, at room temperature, 1 gram of chloramine in 15 ml. of dehydrated alcohol and weighing
the residue.
Assay. — About 500 mg. of chloramine-T is dissolved in water, 5 ml. of potassium iodide T.S.
and 5 ml. of acetic acid are added, and the iodine
liberated by the "active" chlorine is titrated with
0.1 N sodium thiosulfate, using starch T.S. as
indicator. Each ml. of 0.1 N sodium thiosulfate
represents 1.773 mg. of active CI. The hydrogen
equivalent of chlorine in this assay is two, as it
is reduced from a positive valence of one to a
negative valence of one in the reaction with iodide. N.F.
The B.P. and I.P. assays utilize the same reactions as does the N.F. The result, however, is
expressed in terms of C7H702NClSNa.3H20,
each ml. of 0.1 N sodium thiosulfate consumed
being equivalent to 14.09 mg. of the former.
Bebie (/. A. Ph. A., 1920, 9, 974) found that
solutions of chloramine — provided the latter were
pure — showed no perceptible deterioration after
six months' storage.
Uses. — Chloramine is a powerful germicide
introduced by Dakin et al (Brit. M. J., 1916, 1,
160). In World War I, this was a great advance
in the management of wounds. It has also been
employed against bacterial (Am. J. Pub. Health,
1944, 34, 719) and protozoal (War Med., 1944,
5, 46) contamination of water; a little citric acid
masks the unpleasant taste. According to Hamilton, when tested by the Hygienic Laboratory
method chloramine-T showed a phenol coefficient
of about 50, one part in 2000 being sufficient to
destroy Bacillus typhosus in two and one-half
minutes. But Tilley (/. Agricul. Res., 1920, 20,
85) found that in the presence of organic matter
(blood serum) its strength was greatly reduced, a
1 in 500 solution requiring 2 hours to kill typhoid
bacilli. Tilley tested chloramine also against other
bacteria and while in most cases he found it to
approach mercuric chloride in effectiveness he
observed that it failed to kill the tuberculosis
organism in 10 minutes and required 24 hours to
destroy anthrax spores.
Although the action of chloramine-T appears
to depend on its forming hypochlorous acid,
which then releases nascent oxygen as the active
agent (McCullouch, Disinfection and Sterlization, 1945), its range of usefulness is somewhat
different from that of the inorganic chlorinated
metal compounds, i.e., the "hypochlorites." Because of lesser tendency to irritate and longer
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duration of action, together with the fact that it
is not rendered ineffective as rapidly by organic
matter, chloramine-T is generally preferable to
the alkaline chlorinated metal compounds; however, chloramine-T has less solvent action on
undesirable necrotic tissue than have the inorganic
compounds. S
Toxicology. — Taylor and Austin (/. Exp.
Med., 1918, 27, 635), and Fantus and Smith
(/. Pharmacol, 1914, 14, 259) found that chloramine, when introduced into the blood stream, is
a violent systemic poison. It ranks close to mercuric chloride in toxicity, being fatal to mice
in the proportion of 10 mg., and for the rabbit
of 25 mg., per Kg. of body weight. It is depressant to the entire central nervous system. Feinberg
and Watrous (/. Allergy, 1945, 16, 209) reported
development of asthma and hay fever in individuals exposed to chloramine vapor.
Chloramine-T, in 0.2 per cent solution, has
been employed as an antiseptic mouth wash.
Aqueous solutions' of 0.1 to 0.2 per cent concentration have been used for irrigation of the bladder, uterus, and other internal cavities. As a
surgical disinfectant for wounds it may be used
in 1 or 2 per cent concentration, sometimes as
high as 4 per cent. Chloramine-T should not be
confused with the inorganic chloramines, obtained by interaction of ammonia and chlorine,
employed or formed in water purification processes; also, it should not be confused with
dichloramine.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
CHLORAMPHENICOL.

U.S.P., B.P, LP.

D( — )-Threo-l-p-nitrophenyl-2-dichloroacetamido1 3-propanediol, [Chloramphenicol]

NOc

==\ -C—HN-C0CHC1.
H C—
I CH2OH
^ /
OH H

"Chloramphenicol contains not less than 90
per cent of C11H12CI2N2O5. Chloramphenicol
conforms to the regulations of the federal Food
and Drug Administration concerning certification
of antibiotic drugs. Chloramphenicol not intended
for parenteral use is exempt from the requirements of the tests for Depressor substances,
Pyrogen, and Sterility." U.S.P.
The B.P. defines Chloramphenicol as d-( — )threo-2 -dichloroacetamido- 1-p-nitrophenyl-l :3propanediol, an antibiotic substance produced by
the growth of Streptomyces Venezuela or prepared synthetically. The LP. merely defines it as
d( — )-threo-l-/>-nitrophenyl-2-dichloroacetamido1,3-propanediol. The B.P. provides no assay
rubric; the LP. requires not less than 97.0 per
cent and not more than the equivalent of 103.0
per cent of C11H20O5N2CI2, calculated with reference to the substance dried at 105° for 2 hours.
I. P.

Chloramphenicol;
mycetin {Parke, Davis).

Chloramphenicolum.

Chloro-

History. — In the course of a study of approximately 6000 samples of soil gathered from
all parts of the world Burkholder, of Yale Uni-

versity, isolated from a soil sample collected in
a mulched field near Caracas, Venezuela, a new
strain of actinomycete which he named Streptomyces Venezuela. Cultures of the organism were
found to possess marked bacteriostatic activity,
and from such cultures the new antibiotic substance chloramphenicol, more frequently referred
to by its trade-marked name Chloromycetin, was
isolated in 1947 (see Ehrlich et al., Science, 1947,
106, 417). Soon demonstrated to be highly effective inthe treatment of scrub typhus, epidemic
typhus, Rocky Mountain spotted fever, and typhoid fever, chloramphenicol was quickly established as an important chemotherapeutic agent
for a wide array of bacterial infections. In two
years it was not only isolated in pure form and
a fermentation process for its production as a
relatively pure substance developed but, in addition, its chemical structure was determined, its
synthesis accomplished, and commercial production by synthesis achieved.
Biosynthesis. — The technics used for biosynthesis and recovery of chloramphenicol conform
in broad aspects with the principles described
in the general article on antibiotics (Part II) and
have been discussed in some detail by Olive
(Chemical Engineering, 1949, 56, 107 (October)). The nutrient medium consists of wheat
gluten, glycerin, sodium carbonate and sodium
chloride. The broth from the fermentation tank
is filtered, extracted with amyl acetate, and the
latter solution concentrated under vacuum to the
point of crystallization of crude chloramphenicol.
The impure antibiotic is dissolved in hot water,
treated with carbon to remove impurities, and
finally crystallized from this solution. For discussion of the dynamics of chloramphenicol biosynthesis see Legator and Gottlieb, in Antibiotics
and Chemotherapy, 1953, 3, 809. Structurally dissimilar amino acids, such as phenylalanine, on the
one hand, and leucine and isoleucine, on the
other, appear to be equally effective as precursors
for the biosynthesis of the antibiotic in chemically
defined media (Gottlieb et al, J. Bact., 1954, 68,
243). The unnatural amino acid norleucine was
the most effective precursor of the several compounds tested. The authors found very little difference in the gross physiology of Streptomyces
Venezuela under conditions that favor biosynthesis of chloramphenicol and those under which
no synthesis occurred.
Chemical Synthesis. — Manufacture of chloramphenicol bychemical synthesis involves 10
principal reactions with a total of about 30
steps; it is described in some detail by Olive
(loc. cit.), but other syntheses are reported in
greater detail in a series of papers in J.A.C.S.,
1948, 71, 2458-2475. Starting with ^-nitrobromoacetophenone. successive steps in the commercial
synthesis consist of condensation with methenamine, an acid hydrolysis, acetylation, hydroxymethylation, a reduction with aluminum isopropylate, another acid hydrolysis, neutralization, separation of the active isomer from a mixture of
four isomers through use of d-camphorsulfonic
acid, neutralization, and a final reaction with
methyl dichloroacetate. The synthetic product is
identical in biologic properties with the antibiotic
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produced by biosynthesis (Smadel et al., Proc.
S. Exp. Biol. Med., 1949, 70, 191).
Description. — "Chloramphenicol occurs as
fine, white to grayish white or yellowish white,
needle-like crystals or elongated plates. Its solutions are practically neutral to litmus. It is
reasonably stable in neutral or moderately acid
solutions. Its alcohol solution is dextrorotatory
and its ethyl acetate solution is levorotatory. One
Gm. of Chloramphenicol dissolves in about 400
ml. of water. It is freely soluble in alcohol, in
propylene glycol, in acetone and in ethyl acetate.
melts between 149° and 153°."
Chloramphenicol
U.S.P.
Structural Considerations. — The chloramphenicol molecule (see structure above) comprises
two important moieties, the 2-acylamidopropanediol side chain, embodying two asymmetric
carbon atoms, and the para-nitrophenyl group.
Both of these moieties have biological significance,
the para-nitrophenyl group in terms of possible
toxicity for the patient (see under Toxicology)
and the propanediol side chain in terms of antimicrobial activity. There are four possible
stereoisomers of chloramphenicol, but only the
D-threo form is antibiotically active. The stereochemical configuration of the side chain is specific
in conferring antibiotic properties on the compound. No such specificity is required in the aromatic part of the molecule; the ortho- and metanitro analogs, as well as analogs in which the
nitro group is replaced by a halogen, have appreciable antibiotic activity although not as much
as the para-nitro compound.
Esters of chloramphenicol are easily prepared
and one of these — the palmitate, formed by replacing one of the hydroxyl groups of the propanediol side chain with palmitate — has become a
popular dosage form for infants and for administration to patients having difficulty in swallowing
a capsule (see below). The palmitate has very
little antibiotic action, but undergoes hydrolysis
in the gastrointestinal tract, where it is converted
to the active alcohol form of chloramphenicol
(Glazko et al., Antibiotics and Chemotherapy,
1952, 2, 234).
Stability. — Chloramphenicol is a thermostable
antibiotic both in the dry crystalline condition
and in solution. Boiling in distilled water for 5
hours does not impair its antimicrobial activity
and at room temperature (25°) aqueous solutions
are stable for at least 25 hours over a pH range
of about 2 to 9. But in more alkaline solutions
it is destroyed rapidly; at a pH of 10.8 more
than 87 per cent is inactivated in 24 hours at
25° (Bartz, /. Biol. Chem., 1948, 172, 445).
Studying the kinetics of chloramphenicol degradation, Higuchi et al. (/. A. Ph. A., 1954, 43,
129) concluded that destruction of the antibiotic
in solution is a first order reaction with hydrolytic cleavage at C — CI bonds and elsewhere,
probably at the amide linkage, predominating.
They found the rate to be independent of ionic
strength of the medium and largely independent
of pH over the range 2.0 to 7.0. Monohydrogen
phosphate ions, undissociated acetic acid, and
citrate-citric acid systems catalyzed destruction
of the molecule.
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The chloramphenicol molecule has three sites
that are vulnerable to attack by bacterial enzymes. These are the secondary hydroxyl group,
which is readily oxidized; the dichloroacetyl side
chain, which is readily hydrolyzed; and the nitro
group, which can be reduced to amino. Despite
the susceptibility of the molecule to attack by
bacteria in vitro, emergence of bacterial strains
with acquired resistance to chloramphenicol is
not a major clinical problem in therapy. The
greater stability of chloramphenicol, in comparison with the tetracycline antibiotics (see Chlortetracycline Hydrochloride and Oxy tetracycline
Hydrochloride) undoubtedly is responsible, in
part, for the better performance of this drug
in in vitro bacterial sensitivity tests.
Standards and Tests. — Identification. — (1)
Chloramphenicol, when reduced with zinc dust,
yields a red-violet to purple color on adding
benzoyl chloride and ferric chloride T.S. (2)
After heating with alcoholic potassium hydroxide
T.S. chloramphenicol responds to tests for chloSpecific rotation.
— Between +17°
+20°,
when ride.
determined
in dehydrated
alcoholandsolution
containing 500 mg. of chloramphenicol in each
10 ml. Absorptivity. — The absorptivity as determined in the control assay is not less than 289
and not more than 307. pH. — The saturated solution has a pH between 4.5 and 7.5. Depressor
substances. — Chloramphenicol, used in a test
dose of 0.6 ml. of a solution containing 5 mg.
per ml., meets the requirements of the test.
Pyrogen. — Chloramphenicol, used in a test dose
of 1 ml. per Kg. of a solution containing 5 mg.
per ml., meets the requirements of the test.
Safety. — Chloramphenicol, used in a test dose
of 0.5 ml. of a solution in sterile saline T.S.
containing 2 mg. per ml., meets the requirements
of the test. Sterility. — Chloramphenicol is required to be free of bacteria, molds and yeasts.
Content variation. — The weight of chloramphenicol packaged
in sterile form
for
parenteral
administration
is not and
less intended'
than 85 per
cent of the labeled amount. U.S.P.
Assay. — Chloramphenicol is assayed by the
official microbial assay. A control assay is based
on determination of absorptivity (1%, 1 cm.) at
278 run, which is taken as 298 for pure chloramphenicol; this is the basis of the LP. assay.
Action. — Absorption. — Chloromycetin is a
most efficient broad-spectrum antibiotic. It is
absorbed rapidly from the gastrointestinal tract
and generally is given by the oral route for systemic medication, although the intravenous or
intramuscular route may be used safely in emergency cases requiring rapid establishment of a
therapeutic concentration in the plasma or when
the patient is unconscious or unable to accept
oral administration. It is absorbed following
rectal administration also. Topically, the drug is
effective in pyogenic skin infections and in ophthalmologic practice.
Following a single oral dose of Chloromycetin
the maximum concentration is attained in the
serum in 2 to 4 hours and may be from 2.5 to
4 times as great as the maximum achieved following equivalent dosage with Aureomycin or
Terramycin (Welch, Ann. N. Y. Acad. Sc, 1950,
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53, 253). Doses of 0.5 Gm. and 1 Gm. of Chloromycetin yield maximum plasma levels of about
4 micrograms and 8 to 9 micrograms respectively,
per ml.; a dose of 2 Gm. gives a maximum of
about 15 micrograms per ml. At dosage levels of
1 Gm. or higher, the time during which the serum
concentration remains above any given submaximal value is longer for Chloromycetin than for
Aureomycin or Terramycin. Similar results are obtained with multiple doses ranging from 0.25 Gm.
to 1 Gm. given every 6 hours. A dose of 0.25 Gm.
every 6 hours usually maintains plasma levels
continuously above 2 micrograms per ml.
Excretion. — Urinary excretion of Chloromycetin israpid, but concentrations in the urine are
considerably lower than those of Terramycin and.
especially at lower dosage levels, than those of
Aureomycin. As single oral doses are increased
from 0.5 to 2 Gm., total urinary output of antibiotic increases relatively more for Chloromycetin
than for Aureomycin or Terramycin (Welch, loc.
cit.), but on a multiple dosage regime, total 24hour urinary excretion of Chloromycetin is very
much less than excretion of Aureomycin. The
principal excretion products are unchanged chloramphenicol, ahydrolysis product of chloramphenicol, and a conjugate of chloramphenicol
with glucuronic acid (Glazko et al., J. Biol.
Chem., 1950, 183, 679).
Chloromycetin, like Aureomycin and Terramycin, isexcreted also in the feces. At all dosage
levels Terramycin appears in greatest amount in
the feces. Aureomycin and Chloromycetin show
reverse trends in fecal excretion as doses are
increased from 0.5 to 2 Gm.: the amount of
Aureomycin increases from about 50 micrograms
to about 700 micrograms per gram wet weight;
Chloromycetin recovery, on the other hand, decreases from approximately 500 micrograms to
about 300 micrograms per gram wet weight.
Distribution. — The total urinary and fecal
excretion of all three antibiotics falls short of
accounting for the total dose administered, suggesting that relatively large amounts of all three
antibiotics are destroyed in the body. The data
of Welch {loc. cit.) suggest that the destruction
or binding of Chloromycetin may be greater than
for Aureomycin or Terramycin. It may be significant inthis respect that Smith et al. (J. Bact.,
1948, 55, 425) found 45 per cent of chloramphenicol to be bound by serum. Chloromycetin
attains concentrations several times those of Aureomycin or Terramycin in the spleen, bile, and
heart of experimental animals. In man it reaches
therapeutic concentrations in the cerebrospinal
fluid. Chloromycetin is absorbed through the
rectal mucosa and is one of the few antibiotics
that achieve clinically effective blood levels when
given by this route.
For discussion of the effects of chloramphenicol
on the hematopoietic system of man. see under
Toxicology.
Uses. — Chloromycetin is effective both in
vitro and clinically against all rickettsias. against
brucellar, and most of the commonly encountered
pathothenic bacteria, whether gram-positive or
gram-negative. Because serious side effects (v.i.)
developed with indiscriminate clinical use, its
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therapeutic indications have become restricted
to certain serious infections which do not respond
to other chemotherapeutic (antibiotic) agents. It
is the antibiotic of choice for typhus and for
treating typhoid fever and related enteric disorders. It also inhibits the syphilis organism,
although it is not the drug of choice in this
infection and is not widely used for it. It has
some efficacy in actinomycosis and against some
infections due to large viruses but is inactive
clinically against fungus infections.
Rickettsial Infections. — Typhus is a dreaded
scourge that has been the aftermath of war in all
parts of the world since the dawn of recorded
history. Chloromycetin, properly used, can help
to relieve mankind of this pestilence (Smadel,
Bull. U. S. Army M. Dept. J., 1949, 9, 117;
whether of the louse-borne type or of the miteborne type (scrub typhus). Dramatic evidence of
the efficacy of Chloromycetin came in 1947,
within a few months of its discovery. An epidemic of typhus in Bolivia had already claimed
60 fives when Payne et al. (J. Trop. Med., 1948,
51, 68) were dispatched to the scene with a
supply of the antibiotic. In 22 cases treated with
Chloromycetin there were no deaths, while there
was 28 per cent mortality in a similar untreated
group of patients for whom there was no drug
available. When recovery7 occurred without treatment, there was a prolonged illness (fever averaged 18 days) and a long period of convalescence.
In the treated group, fever began to drop in a
few hours and 1.5 Gm. of drug daily for 2 to 3
days brought about complete remission of symptoms. This experience was soon repeated in
Mexico and in Malaya (Smadel, loc. cit.) where
during epidemic typhus all patients treated with
Chloromycetin had normal temperature restored
within 2 to 3 days after first administration of
the drug. Later Smadel et al. (Am. J. Hyg., 1950.
51, 216) reported successful prophylaxis of 30
out of 31 individuals exposed to R. tsutsugamushi
disease in a hyperendemic area; laboratory findings confirmed incipient infection in 22 of the
31 cases. The prophylactic dose given was 3 to
4 Gm. orally at intervals of 4 to 7 days for 4 to
6 weeks. All forms of typhus, including murine
and recrudescent (Brill's disease) respond equally
well to Chloromycetin; it is effective even when
administered late in the disease (Smadel. J. Clin.
Inv., 1949, 28, 1196). The early experience with
Chloromycetin in treatment of tvphus has been
reviewed by Smadel (J.A.M.A., 1950, 142, 315).
Other rickettsial infections also respond rapidly
to Chloromycetin given in divided doses (4 to 6
hour intervals). Parker et al. (Am. J. Med., 1950,
9, 308) obtained alleviation of fever in all but
1 of 16 patients with Rocky Mountain spotted
fever within 24 hours after the first dose of
Chloromycetin and remission of eruption after
2 days : the initial dose was 2 to 3 Gm. for adults
or 0.75 to 2 Gm. for children, followed by 0.5
to 1 Gm. and 0.25 to 0.75 Gm.. respectively
every 4 to 8 hours. The total dose averaged
11.4 Gm. over 1.8 to 6.8 (av. 4.6) days. These
observations conformed to the earlier report of
Pincoffs et al. (Ann. Int. Med., 1948, 29, 656)
with a series of 15 patients. The drug is equally
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effective in children and adults (Reilly and Earle,
J. Pediatr., 1950, 36, 306). Virtually all more
recent studies have confirmed the earlier success
story of Chloromycetin in Rocky Mountain spotted fever.
Among the other rickettsial diseases that
respond dramatically to chloramphenicol are
boutonneuse fever (due to R. conorii and transmitted by the dog tick), rickettsialpox, and Q
fever.
Typhoid Fever and Other Enteric Infections.— Following exhaustive study of broadspectrum antibiotics, Chloromycetin has emerged
as the drug of choice for treatment of typhoid. In
the pre-chloramphenicol period, diagnosis of typhoid indicated at best 3 to 4 weeks of serious
illness followed by a long period of convalescence.
Today the report of Woodward {Ann. Int. Med.,
1949, 31, S3) is typical: In a series of 21 typhoid
patients he found that "Irrespective of the height
of the preceding fever, the age of the patient, or
the day of illness treatment was begun, Chloromycetin therapy was followed in all instances by
fall of temperature to normal levels within 4.5
days after the initial treatment." More recent
reports, while providing more statistics, have not
altered the conclusion expressed by Woodward
in 1949 that "Chloromycetin is unequivocally
the drug of choice in typhoid fever."
The antibiotic is best given in 4 to 6 divided
oral doses totaling 50 mg. per Kg. per day for
adults. For children the total daily dose, but
not the frequency of administration, should be
reduced in proportion to weight. On such a regimen, the digestive disturbances accompanying
typhoid and paratyphoid usually disappear in
about a week and the enlarged spleen rapidly
returns to normal size. Since normal temperature
may be restored before intestinal lesions heal,
care must be taken to prevent hemorrhage and
perforation. Subsidence of temperature should
not induce a false sense of security. If perforation
should occur, mixed therapy with intramuscular
penicillin and streptomycin should be instituted
at once while oral Chloromycetin is continued.
Even when no complications occur, Chloromycetin therapy should be continued for 2 to 3 days
after restoration of normal temperature. Usually,
it is unnecessary to continue full dosage longer
than one week. If longer therapy seems desirable
to minimize the chance of relapse, the total daily
dosage (but not the number of doses) may be
reduced to two-thirds the original dose for the
first 2 days and then cut to one half the full
dose for the remainder of the time. To avoid risk
of blood dyscrasia (see under Toxicology),
therapy should generally not be continued more
than 2 weeks or repeated too frequently.
Tapering off of doses is contrary to general
recommendations for antibiotic therapy, but may
be practiced safely with Chloromycetin in typhoid
and paratyphoid infections because the causal
organisms do not develop resistance to the antibiotic in vivo although they do acquire resistance
in vitro. The discrepancy between in vivo and
in vitro results may be due to the fact that Chloromycetin markedly enhances phagocytosis.
In the presence of chloramphenicol,
Eber-
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thella typhosa is modified with respect to the
H and the 0 antigens (de Rosnay and du Pasquier, Compt. rend. soc. biol., 1952, 146, 1742).
This has clinical significance; for instance,
Widal's reaction for patients having typhoid
should be carried comparatively with normal and
chloramphenicol-treated strains of E. typhosa
(Seelinger and Vorlaender, Ztschr. Immun. exp.
Ther., 1953, 110, 128). Organisms exposed to
Chloromycetin, either in vitro or by treatment
of the patient with the drug, induce a lower antibody titer than do unexposed organisms (Bruni
and Magudda-Borzi, Minerva Med., 1953, 43, 8).
Moreover, the titer produced by treated E. typhosa is more transient than that produced by
normal organisms. This probably accounts for the
relapses that may occur after an attack of typhoid
has yielded in 5 or 6 days to Chloromycetin, and
emphasizes the need for prolonging therapy beyond the febrile period. When relapse occurs,
Chloromycetin remains the drug of choice and
therapy with it should be reinstituted at once.
However, when this becomes necessary, patients
should be observed carefully for evidence of
blood dyscrasias and the drug should be discontinued at the first symptom of hematopoietic
disturbance.
Normally corticosteroid hormones have been
considered to be contraindicated in systemic infectious disease and unadvised for joint use with
antibiotics. However, typhoid fever (and perhaps
typhus) treated with Chloromycetin appear to be
exceptions. Wisseman et al. (J. Clin. Inv., 1954,
33, 264) treated 18 typhoid patients and 8 cases
of scrub typhus with Chloromycetin and oral cortisone, the latter in total doses of 10.7 mg. per
Kg. for 1 day or 6.4 to 8.1 mg. per Kg. twice
daily for from 2 to 4 days. On a mixed schedule
of Chloromycetin and cortisone, the febrile period subsided in 6 hours, and defervescence was
followed by a general sense of well being and
improved appetite which facilitated maintenance
of adequate liquid and caloric intake. They reported that the antipyretic effect of cortisone
was transient and that the drug did not directly
affect the course of infection. They emphasized
that, in such mixed therapy, the cortisone and
Chloromycetin should be continued for as long
as the antibiotic would be administered if used
alone.
Mortality from shigellosis and infant diarrhea
has been greatly reduced since the advent of
Chloromycetin therapy. Ross et al. {J. A.M. A.,
1950, 143, 1459) treated 35 children, aged 1 to 7
years and passing Shigella sonnei or Sh. paradysentery in their stools, with average doses of
250 mg. every 4 hours for 6 to 11 days. Stool
cultures of 33 of the patients became negative in
12 to 36 hours; in one instance cultures remained
positive for 48 hours and in one for 6 days.
Smellie (Proc. Roy. Soc. Med., 1950, 43, 766)
reported similar results from England for patients, aged 1 to 9 months, with infantile diarrhea. Of 27 cases (17 of them critical), 26
showed marked improvement soon after chloramphenicol was started and this was followed by
progressive uneventful recovery. Doses were 75
mg. of drug per pound of body weight per day,
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administered at 3 to 4 hour intervals for from
7 to 14 days — average time 10 to 12 days.
Other Systemic Bacterial Infections. —
Usefulness of Chloromycetin in bacterial diseases
is not limited to infections of the gastrointestinal
tract. Penicillin is the drug of choice in all diseases amenable to its action; but when penicillin
fails, other antibiotics, including Chloromycetin,
frequently are successful, either alone or jointly
with penicillin. For example, Ahern and Kirby
(J. A.M. A., 1952, 50, 33) reported successful
use of Chloromycetin and penicillin in bacterial
endocarditis that failed to respond to penicillin
alone.
Respiratory Infections. — Pneumococcic
pneumonia (Gilpin and Rohrs, Am. Pract., 1951,
2, 937); Friedlander's pneumonia, due to Klebsiella pneumonia (Kirby and Coleman, Am. J.
Med., 1951, 11, 179); and pneumonias due to
other bacteria (Recinos et al., New Eng. J. Med.,
1949, 241, 733) all respond well to Chloromycetin. '
Chronic nontuberculous bronchopulmonary infections (often difficult to cure because of extensive tissue damage, bronchial obstruction, or
interference with drainage) were treated successfully with Chloromycetin in 11 patients by
Hewitt
and after
Williams'
{NewhadEng.
Med.,without
1950,
242, 119)
penicillin
beenJ. used
clinical benefit in about half of them. The causal
organisms included Escherichia coli, Klebsiella
pneumonia, and Hemophilus influenza.
Urinary Infections. — Mixed infections of
the genitourinary tract frequently are more susceptible to Chloromycetin than to other broadspectrum antibiotics, especially when species of
Proteus or of Pseudomonas are among the offenders. These organisms sometimes are eliminated by a high dosage schedule (1 Gm. every
half hour for 3 doses). Following such high
dosage, blood titers may reach 50 to 60 micrograms per ml. Often, however, polymyxin is required to eliminate Proteus and Pseudomonas.
Hewitt and Williams (loc. cit.) and Chittenden
et al. (J. Urol., 1949, 62, 771) reported on nearly
150 patients with varied urinary tract infections
treated with Chloromycetin. Excellent results
were obtained in acute pyelonephritis and infections of the lower tract uncomplicated by major
structural damage or obstruction. In chronic infections, fair to good clinical results were obtained
in most cases, but recurrences and treatment
failure were common when there was serious
anatomic defect or mechanical obstruction.
Mixed urinary infections, involving pyogenic
cocci and gram-negative bacilli sometimes yield
more promptly to Chloromycetin and penicillin
used together than to Chloromycetin alone. Members of the colon-aerogenes group of organisms
are particularly susceptible to Chloromycetin
(Garvey et al., South. M. J., 1950, 43, 85).
Meningeal Infections. — A notable peculiarity of Chloromycetin is its ability to pass
readily into the cerebrospinal fluid, where the
concentration of the antibiotic may be 50 per
cent of the concentration in the blood. This
probably accounts for the effectiveness of Phe
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drug in treating meningitis of various origins
and neurosyphilis. McCrumb et al. (Am. J. Med.,
1951, 10, 696) treated 15 patients, ranging in
age from 10 months to 45 years, for meningococcic meningitis. Three patients also had meningococcemia and 7 were critically ill. Oral Chloromycetin produced rapid restoration of normal
temperature in all, regardless of age or severity
of disease, and spinal fluid previously positive
for meningococci became negative in all cases
36 hours after onset of treatment. Doses for
children were 250 mg. orally every 4 hours and
for adults 1 Gm. orally thrice daily.
Other cases of meningitis cured by oral administration ofchloramphenicol include infections
due to E. coli (Ebsworth and Leys, Lancet, 1951,
261, 914), alpha Streptococcus (Hagen et al.,
Antibiotics and Chemotherapy, 1952, 2, 147),
B. proteus (Darnley, Neurology, 1952, 2, 69),
Salmonella typhosa (Boettner et al., South. M. J.,
1951, 44, 197), pneumococci (Riley. /. Pediatr.,
1950, 37, 909), and Hemophilus influenza (McCrumb et al., J.A.M.A., 1951, 145, 469). Among
111 cases of purulent meningitis, caused by H.
influenza (35), N. intracellidaris (49), D. pneumonia (17), and other organisms, including Str.
viridans, beta-hemolytic, and nonhemolytic streptococci, Parker et al. (Antibiotics Annual, 19541955, p. 26) had only 6 failures (6.3 per cent)
when oral Chloromycetin was used.
Intrathecal injection of 1 mg. of Chloromycetin per Kg. of body weight is credited by
Trindade and Nastari (Rev. paid, med., 1950, 36,
369) with curing meningitis due to Shigella paradysenteria and resistant to other forms of medication. The same authors also employed the
intracisternal route successfully (J. A.M. A., 1951,
147, 1757).
Brucellosis. — It has been found that acute
brucellosis responds either to Aureomycin or
Chloromycetin. Woodward, Smadel and associates
(/. Clin. Inv., 1949, 28, 968) have indicated the
effectiveness of Chloromycetin in chronic infections with Brucella suis, Br. abortus, and Br.
melitensis. In 40 patients believed to have chronic
brucellosis Ralston and Payne (J. A.M. A., 1950,
142, 159) found partial to complete relief of
symptoms in 35; the periods of observation
ranged from 3 to 8 months. These investigators
called attention to the difficulty of proof of diagnosis in evaluating specific drug therapy of
chronic cases of brucellosis. Later reports have
emphasized the value of antibiotics, especially
when used jointly with sulfadiazine and specific
antigen, in treatment of brucella infections. For
further discussion see under Chlor tetracycline
Hydrochloride and Oxytetracycline Hydrochloride.
Whooping Cough. — In pertussis, Macrae
(Lancet, 1950, 258, 400) gave Chloromycetin
orally to 5 infants, 8 to 26 weeks of age, severely
ill and considered to have a poor prognosis. The
initial dose of 250 mg. was followed by 125 mg.
every 6 hours for 7 days, then 125 mg. every
12 hours for a further 7 days; the improvement
was dramatic, with all symptoms disappearing in
5 to 12 days. Today many physicians consider
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Chloromycetin the drug of choice for treating
whooping cough. High therapeutic efficacy and
low toxicity are in the favor of this antibiotic.
General Systemic Applications. — Other general applications of Chloromycetin in systemic
bacterial infections have been reviewed by Hinshaw (Calif. Med., 1953, 79, 282), by Finland
(New Eng. J. Med., 1952, 247, 317; ibid., 555)
and by Woodward (Internat. Forum, 1953, 1,
No. 1). Use of the drug in infections of specific
systems has been reviewed in the J.A.M.A., 1952,
volume 150, as follows: blood stream and
heart (Herrell, p. 1450) ; respiratory tract (Romansky and Kelser, p. 1447); gastrointestinal
tract (Hughes, p. 1456) ; genitourinary tract
(Nesbit and Baum, p. 1459) ; skeletal system
(Altemeier and Largen, p. 1462). For discussion
of Chloromycetin in tropical diseases, see the
symposium on "Use of Antibiotics in Tropical
Diseases" (Ann. N. Y. Acad. Sc, 1952, 55, 969
to 1284).
Venereal Diseases. — Penicillin is the drug of
choice in most cases of syphilis and gonorrhea but
when penicillin is contraindicated or in gonorrheal
or syphilitic urethritis, especially when complicated by presence of other organisms, Chloromycetin often is successful. Butler et al. (Am.
J. Syph. Gonor. Ven. Dis., 1952, 36, 269) found
a single oral dose of 3 Gm. Chloromycetin curative in 103 cases of gonorrheal urethritis in males.
Similar results were achieved in 92 per cent of
51 male patients by Robinson and Wells (ibid.,
1952, 36, 264) following a single intramuscular
injection of 1 Gm. Chloromycetin. These investigators used the same treatment successfully for
7 cases of granuloma inguinale. Previously, Herb
et al. (J. Ven. Dis. Inform., 1951, 32, 177) had
treated granuloma inguinale in 43 patients with
intramuscular injection of 4 Gm. Chloromycetin
in 8 ml. saline every 3 or 4 days. Healing of lesions was rapid in all patients. All but 3 patients
were completely healed within 3 weeks of the
first injection. Donovan bodies disappeared in the
first 24 to 48 hours in all but 3 who required 96
hours. Granuloma inguinale yields promptly to
oral Chloromycetin also. Zeiss and Smith (Am.
J.^Syph. Gonor. Ven. Dis., 1951, 35, 294) gave
9 patients 500 mg. Chloromycetin orally every
6 hours for 12.5 days. Inguinal, vulvar, perianal,
and penoscrotal lesions of 1 month's to 12 years'
duration and from 5.5 to 106 sq. cm. in size were
healed 60 to 100 per cent upon discharge from
the hospital and were completely healed when
examined from 2.5 months to 1 year later.
Numerous reports indicate Chloromycetin to
be effective in treatment of early syphilis. These
have been cited by Welch and Lewis (Antibiotic
Therapy, 1953). Effective dosage schedules range
from 250 mg. thrice daily for the first day and
then twice daily until 7 to 12 doses have been
taken (total 1.75 to 3 Gm.) to 1 Gm. every 6
hours for 10 days (total 40 Gm). Romansky
(Antibiotics Annual, 1953-1954, p. 218) recommends 60 mg. per Kg. for eight days. In most
cases, there is evidence of initial healing of lesions within 24 hours followed by rapid resolution
and complete healing in a few days. The rela-
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tively high concentration attained by Chloromycetin in the cerebrospinal fluid (see above)
makes this drug useful also in treating neurosyphilis.
Although Chloromycetin is curative in many
instances of venereal infections, penicillin, because it can be given in massive doses and, if
necessary, for long periods of time with no risk
of toxicity, remains the drug of choice for susceptible infections, such as syphilis and gonorrhea
when these are without complications.
Virus Infections. — The position of Chloromycetin in treating infections of virus etiology
remains to be established. There are numerous
reports of successful treatment of a variety of
virus diseases, but failures also have been reported for the same diseases. Possibly the discrepancies are due to differences in sensitivity of
different strains of the several viruses and the
difficulty of clearly recognizing and identifying
the strains as they exist under clinical conditions.
Primary atypical (virus) pneumonia often
yields quickly to Chloromycetin. The experiences
of Liedholm (Svenska Lakartid., 1949, No. 44),
Hewitt and Williams (New Eng. J. Med., 1950,
240, 119), and of Recinos et al. (ibid., 1949,
241, 733) in treating this disease seem typical.
Adult patients generally become afebrile in 48
hours or less on a regimen of 1 to 3 Gm. daily
in divided doses, 4 to 6 hours apart. When
therapy is continued for a total of 5 to 6 days,
recovery usually is uneventful. However, Eaton
(Proc. S. Exp. Biol. Med., 1950, 73, 24) obtained only indifferent results with Chloromycetin in experimental infections with primary
atypical pneumonia virus.
Fagin and Mandiberg (/. Michigan M. Soc,
1950, 49, 182) hold that Chloromycetin is effective in curing psittacosis in human patients.
Several similar reports have appeared subsequently.
Chloromycetin was "uniformly effective" in
terminating attacks of mumps in children and
in adults treated by Ghalioungi (Lancet, 1950, 2,
75). An initial dose of 2.5 Gm. was followed by
500 mg. every 5 hours until a total of 24 Gm. was
administered. Normal temperature was restored
and pain was relieved in 24 to 36 hours. But
Nickerson and Worden (Can. Med. Assoc. J.,
1952, 66, 17) found the drug ineffective in 57
cases.
Localized Infections. — Chloramphenicol, like
other broad-spectrum antibiotics, has useful applications in dermatology, ophthalmology, otolaryngology, and other branches of medicine
dealing with infections primarily localized in one
tissue or organ. While local application alone
often is sufficient to control and to eradicate
infection, local treatment should be supported by
systemic administration in treating deep-seated
infections or infections likely to spread. In some
instances systemic therapy is more practicable
than is topical.
Aron-Brunetiere et al. (Presse med., 1952, 60,
424) obtained complete cure or considerable improvement innearly 50 per cent of more than
200 patients with acne rosacea by prescribing
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1 Gm. Chloromycetin daily for 2 days, followed
by 0.75 Gm. daily for 4 days and 0.5 Gm. for
2 days. Distinct improvement was seen in 19
per cent of the patients, but about 30 per cent
failed to respond. Some of the unresponsive cases
were cured by administration of 6 Gm. of Aureomycin daily for 8 days. For other data see Philpott (Postgrad. Med., 1955, 17, 205).
Storck and Rinderknecht (Dermatologia, 1950,
101, 231) advocated Chloromycetin in eczema
when a bacterial factor was the predominating
or exclusive etiologic agent. Forty patients with
circumscript or with generalized chronic recurring eczema were treated with 25 or 50 per cent
ointment or with a spray consisting of an oilwater emulsion of Chloromycetin. In severe
cases, topical application was supported by oral
administration of 250 mg. twice to four times
daily for 4 to 20 days, depending on the severity
of the condition. Twenty patients were cured in
a few days; 8 were much improved, and 4 were
slightly improved.
Eye infections often yield to instillation of a
solution containing 2.5 mg. Chloromycetin per
ml., according to Leopold (Arch. Ophth., 1951,
45, 44). In 103 patients with conjunctivitis of
various origins, doses were given every 10 minutes for 6 doses, then every 30 minutes for the
next 4 doses, after which the schedule was
lengthened to instillation once an hour for 5
hours, and ultimately increased to once every 6
hours for 2 days. Improvement was notable in
71 patients. Thirty-three patients with keratitis
responded well to the same solution, augmented
by systemic Chloromycetin.
Roberts (Am. J. Ophth., 1951, 34, 1081) concluded that chloramphenicol was useful in experimental herpetic infection of the eye if used
early in the course of infection but of little value
if used later. In 65 patients with varied ocular
infections treated 2 to 3 times daily with 0.1 or
0.2 per cent solutions of chloramphenicol in saline
or a 1 per cent ointment, 49 responded by complete healing in 2 weeks, 12 gave fair response.
Some of the infections responding well to Chloromycetin had resisted treatment with other antibiotics. In a later study with 200 cases,
essentially similar results were obtained by the
same author. However, hemolytic staphylococcal
infections respond more slowly than do infections
due to other organisms, according to Roberts (loc.
cit.) and he recommends sodium sulfacetamide
for such instances.
Trachoma may be ameliorated by topical
Chloromycetin supported by systemic therapy for
at least 4 days (Pijoan et al., J. Trop. Med.
Hyg., 1950, 53, 193; Magnol, Am. J. Ophth.,
1951, 34, 481). Infections of relatively short
duration were healed in a week, but in chronic
trachoma healing was incomplete.
Toxicology. — The toxicity of Chloromycetin
is low. Baron (Handbook of Antibiotics, 1950)
lists the LD50 for mice as 109.5 to 202.6 and
245 mg. per Kg., intravenous; 1320, intraperitoneal; and 2640, oral. The intravenous MLD
for dogs is 150 mg. per Kg. Chronic toxicity also
is low, and for some time after Chloromycetin
became available it was considered virtually non-
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toxic. Incidence of nausea, vomiting, diarrhea,
and skin eruptions following use of the drug is
not unknown but is less frequent than after
dosage with Aureomycin or Terramycin. Since
Chloromycetin is excreted rapidly and is not
acutely toxic, recovery from most infections
amenable to a short course of treatment with it
is uneventful.
However, that presence of the para-nitrophenyl group in the molecule might confer antihemopoietic properties on Chloromycetin was
suggested in 1949 by Smadel (Am. J. Med., 1949,
7, 671) and in the same year Volini et al. (Proc.
Central Soc. Clin. Res., 1949, 22, 74) observed
marrow depression in 3 patients receiving from
30 to 60 Gm. of Chloromycetin over periods of 9
to 13 days. The para-nitrobenzene group generally has been assumed to be responsible for these
effects. However, Pratt and Dufrenoy (Antibiotics, 2nd ed., 1953, Lippincott) pointed out that,
if the drug does cause hematopoietic abnormalities, there may be valid reasons for looking at
the -CO-NH- group in the side chain as a potential trouble-maker.
Recurring reports of aplastic anemia, sometimes fatal, following use of Chloromycetin led
the Food and Drug Administration in cooperation
with the National Research Council to initiate
a special study of Chloromycetin in relation to
blood dyscrasias. The results of the extensive
survey covering all reported cases of blood dyscrasias in the United States since 1949 were
presented by Lewis et al. (Antibiotics and Chemotherapy, 1952, 2, 601) who also cited all the
pertinent earlier literature. A subsequent survey
by Welch et al. (ibid., 1954, 4, 607) reported
1448 cases of blood dyscrasias from all causes,
culled from records in all of the 48 states and
including those of all major medical centers in
the United States. The F. D. A. group segregated all reported instances of blood dyscrasias
into groups as follows: A — chloramphenicol alone
involved; B — chloramphenicol with other drugs
(including other antibiotics, except penicillin;
sulfonamides; arsenicals; anticonvulsants; barbiturates; and antipyretics); C — chloramphenicol
not involved; and D — unclassified, due to insufficient information.
The salient features of the first report are that
in group A (chloramphenicol alone) there were 55
cases of blood dyscrasias, 42 per cent of them
fatal; in group B (chloramphenicol plus other
drugs) 143 cases, 57 per cent of them fatal; and
in group C (chloramphenicol not involved) there
were 341 cases, 46 per cent of which terminated
in death. Of the several blood disorders considered (aplastic anemia, pancytopenia, granulocytopenia, thrombocytopenia, etc.), aplastic anemia commands most attention because of its
uniformly bad prognosis. In the three groups of
cases mentioned above, incidence of this condition was: 44 in group A, 95 in group B, and 157
in group C. The percentage of fatalities in the
respective groups were: 52 in group A, 77 in
group B, and 62 in group C.
In the second survey, attention was focused
on cases that were not encountered in the first
investigation or that had developed later. In this
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series of 1448 cases only 29 instances of dyscrasias, 26 of them aplastic anemia, were found
in group A (chloramphenicol only) whereas 88
cases, 54 of them aplastic anemia, were discovered
in group B (chloramphenicol with other drugs)
and 1050 patients with blood dyscrasias, 269 of
them aplastic anemia, were recorded in group C
(chloramphenicol not involved). It is interesting
that in group C, classes of drugs that seemed to
be associated with more than 100 cases each were
"analgesics, antipyretics, and other coal-tar compounds" (167 cases, 22 of them aplastic anemia),
sulfonamides (105 cases, 26 aplastic anemia), and
antibiotics other than chloramphenicol (101 cases,
including 27 instances of aplastic anemia). The
27 cases were distributed as follows: Terramycin,
11; Aureomycin, 9; and streptomycin, 7. It is
significant that of the cases developing hematopoietic disorders during or following Chloromycetin therapy, the majority had had two or more
courses of treatment or unusually prolonged
treatment with the drug. Women appeared to be
more subject to the untoward effects than men.
The results of the F. D. A. study, considered
in conjunction with the many thousands of patients to whom Chloromycetin has been administered with only beneficial effect and in the light
of the fact that there appears to have been no
sudden increase in blood disorders following introduction of Chloromycetin into the physicians'
armamentarium, indicate that the drug is not
dangerous when used according to sound principles of antibiotic therapy. The incidence of
aplastic anemia following Chloromycetin therapy
has been estimated to be about one case in 40,000
receiving the drug. The facts revealed by the
report do emphasize the danger of promiscuous
use of any antibiotic.
Valuable and illuminating as the F. D. A. study
was, especially because of the vast facilities
available to the organization and the large number of case reports studied, it was essentially an
investigation in retrospect. Doyle et al. (Antibiotics Annual, 1953-1954, p. 268) initiated a
carefully controlled study to determine whether
early blood or bone marrow depression occurred
in a group of 43 patients (aged 4 days to 12 years)
receiving therapeutic doses of antibiotics; 33 of
the patients were given Chloromycetin. Complete
peripheral blood count (hemoglobin, reticulocytes,
platelets, red blood cells, white blood cells, and
differential) and bone marrow aspiration were
done on hospital admission (before any therapy),
and peripheral examination was made every second day during a ten-day course of therapy and,
along with marrow examination, ten days after
admission and again six to eight weeks after discharge. In none of the cases studied was there
any evidence of bone marrow or peripheral blood
depression regardless of the antibiotic or combination of antibiotics given. In a study of possible chronic effects of prolonged or intermittent
use of Chloromycetin, Saslaw et al. (Antibiotics
Annual, 1954-1955, p. 383) administered the drug
to 45 monkeys in a 2-year study. The drug was
given over periods varying from 15 to 22 months.
They observed no drug-induced hematologic alterations innormal monkeys or in those made anemic
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(by daily bleeding) or nutritionally cytopenic
before institution of the drug. Similar negative
results were obtained in irradiated monkeys. These
experiments and those cited above illustrate the
present inability to estimate the potential hazard
of a new drug in causing agranulocytosis (Osgood, Ann. Int. Med., 1953, 39, 1173).
Although, under normal circumstances, Chloromycetin generally is free of untoward reactions,
the labels on all formulations of chloramphenicol
intended for internal use carry the following
statement: "Warning: Blood dyscrasias may be
associated with intermittent or prolonged use. It
is essential that adequate blood studies be made."
The literature describing chloramphenicol has the
following statement conspicuously displayed:
"Certain blood dyscrasias (aplastic anemia,
thrombocytopenic purpurea, granulocytopenia,
and pancytopenia) have been associated with the
administration of Chloromycetin. It is essential
that adequate blood studies be made when prolonged or intermittent administration of the drug
is required. Chloromycetin should not be used
indiscriminately or for minor infections." It would
be desirable for the labels on all antibiotic products to carry a statement warning against indiscriminate use.
Summary. — Chloramphenicol is a crystalline
nitrobenzene derivative that is endowed with
broad antibiotic activity against rickettsias, grampositive and gram-negative bacteria, some larger
viruses, and some spirochetes. It is especially
useful in typhus and other rickettsial infections
and in typhoid and related enteric diseases. The
drug is available in several dosage forms under
the trademark Chloromycetin (Parke, Davis).
Being soluble and readily absorbed from the
gastrointestinal tract, Chloromycetin generally is
administered orally. It has, however, been used
successfully via the intramuscular, intravenous,
intrathecal, intracisternal, and rectal routes. The
drug is rapidly distributed to all body tissues and
fluids and also to the fetus in pregnant women.
Chloromycetin is excreted in the urine and feces;
appreciable quantities appear in the urine within
30 minutes after an oral dose.
Gastrointestinal irritation is less frequent and
usually less intense following administration of
Chloromycetin than after dosage with Aureomycin
or Terramycin. However, aplastic anemia and
other blood dyscrasias have occasionally been reported to follow prolonged or oft-repeated treatment with Chloromycetin. Therefore, adequate
blood studies should be made when the drug is
used for more than 2 weeks. [YJ
Dose. — The usual dose by mouth is 50 mg.
per Kg. of body weight as a single initial dose,
with a range of 25 to 75 mg. per Kg., followed by
maintenance doses of 250 mg. every 2 to 3 hours,
with a range of 250 mg. every 6 hours to 500 mg.
every
hours.every
Under
most 'circumstances,
a dose
of 250 3 mg.
6 hours
by mouth, continued
for 48 to 72 hours after fever and symptoms have
subsided, is adequate. The U.S. P. gives the usual
dose as 3 Gm. daily, and the range of dose as 2 to
8 Gm. daily. Doses for children are in proportion
to weight. It may be administered by rectum in
the usual oral doses.
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The usual dose intravenously is 10 mg. per Kg.
every 6 to 12 hours, with a range of 5 to 20 mg.
per Kg. For an adult this will amount to 500 mg.
in a volume of 250 ml. of sterile isotonic sodium
chloride solution for injection or 5 per cent dextrose solution for injection. Solution is effected
with the aid of the special solvent (containing
N,N-dimethylacetamide) supplied with the ampul
of Chloromycetin. Usually, there is no need for
intravenous administration and this route is not
indicated when the patient is able to accept oral
medication.
Intrathecal injection of 1 mg. per Kg. of body
weight has been employed.
Various blood dyscrasias may be associated
with prolonged, repeated or unusually high doses
of Chloromycetin. To avoid serious consequences,
adequate blood studies should be made whenever
the drug is used for more than 2 weeks or when
treatment calls for reinstitution of Chloromycetin
therapy shortly after a previous course of administration ofthe same drug.
For external use, a 1 per cent ointment or solution is used.
Chloromycetin Palmitate. — Chloromycetin
is extremely bitter, so that it is hardly suitable
for administration in liquid form in pediatric
practice or to adults who have difficulty in swallowing capsules. To overcome this objection
Chloromycetin Palmitate, the monopalmitic acid
ester of Chloromycetin, has been introduced. It
is only very slightly soluble in water and is conveniently prepared in the form of a flavored suspension which provides a palatable dosage form
when the antibiotic must be administered orally
in a liquid medium. Chloromycetin Palmitate,
which is a white, crystalline substance, is virtually devoid of antibacterial activity, but is readily
hydrolyzed in the duodenum with liberation of
free Chloromycetin which is available for absorption from the upper intestine and subsequent distribution to body fluids and tissues. The preparation and pharmacology of this compound have
been described by Glazko et al. {Antibiotics and
Chemotherapy, 1952, 2, 234). The indications
for use of this ester are the same as for Chloromycetin. As would be expected, blood levels rise
more slowly but extend over somewhat longer
periods of time when Chloromycetin is administered as the ester than when given in alcohol
form. In adults a single dose of 4 teaspoonfuls
may give detectable blood levels of Chloromycetin
for 12 hours.
The ester is supplied as a suspension containing the equivalent of 125 mg. of Chloromycetin
in 4 ml. (1 teaspoonf ul) . The usual dosage is
1 teaspoonful of the suspension every 4 to 6
hours for infants under 20 pounds, or 1 to 2 teaspoonfuls for children over 20 pounds. Alternatively the dose for children, during severe infection, may be calculated on the basis of 50 to
100 mg. of Chloromycetin per Kg. per day. For
adults, 4 teaspoonfuls (equivalent to 500 mg. of
Chloromycetin) may be given every 4 to 6 hours.
Storage. — Preserve "Chloroamphenicol in
tight, light-resistant containers." U.S.P.

CHLORAMPHENICOL
CAPSULES.
U.S.P. (B.P.)
"Chloramphenicol Capsules contain not less than
85 per cent of the labeled amount of C11H12G2N2O5. Chloramphenicol Capsules conform to
the regulations of the federal Food and Drug Administration concerning certification of antibiotic
drugs." U.S.P.
The B.P. specifies that Capsules of Chloramphenicol are hard gelatin capsules containing
chloramphenicol mixed with not more than onefifth of its weight of lactose; the content of
chloramphenicol in each capsule of average weight
is not less than 92.5 per cent and not more than
107.5 per cent of the prescribed or stated amount
of chloramphenicol.
The U.S.P. assay for chloramphenicol is a
microbial one, while the B.P. assay specifies extraction ofan aqueous suspension of a portion of
the contents of the capsules with ether, evaporation of the solvent from the latter solution, and
weighing of the residue of chloramphenicol after
Chloramphenicol
in capsule form is supplied
at 105°.
drying
as Chloromycetin Capsules (Parke, Davis) and,
in special hermetically sealed capsules, as Chloromycetin Kapseals (Parke, Davis). The ordinary
capsules contain either 50 mg. or 100 mg. of the
antibiotic; Kapseals contain 250 mg. Both are
stable products that retain their full potency for
at least 5 years when protected from moisture and
stored under reasonably favorable conditions.
For simultaneous use of chloramphenicol and
streptomycin there are available Kapseals Chlorostrep (Parke, Davis), each Kapseal containing
125 mg. of Chloromycetin and an amount of
dihydrostreptomycin sulfate equivalent to 125
mg. of dihydrostreptomycin base. Such a preparation may be especially useful preoperatively
and postoperatively in elective surgery of the
colon. Boling (South. M. J., 1953, 47, 133) reported complete elimination of coliform organisms and of pathogenic streptococci from fecal
matter of patients given a mixture of these two
antibiotics. Although marked overgrowth of yeasts
occurred, no proctitis, pruritus ani, or diarrhea
was reported.
CHLORAMPHENICOL
OPHTHALMIC
OINTMENT. U.S.P.
"Chloramphenicol Ophthalmic Ointment contains not less than 85 per cent of the labeled
amount of C11H12CI2N2O5. The labeled amount
is not less than 1 mg. per Gm. Chloramphenicol
Ophthalmic Ointment conforms to the regulations of the federal Food and Drug Administration concerning certification of antibiotic drugs."
U.S.P.
Chloromycetin Ophthalmic Ointment

(Parke, Davis).

Chloromycetin is supplied for ophthalmologic
use in two application forms: a 1 per cent ointment, and a dry powder mixed with borate buffer
for extemporaneous preparation of a solution.
Only the ointment is recognized officially. The
ointment retains its full potency for at least a
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year at room temperature; the dry ophthalmic
powder is stable for longer periods of time.
The powder, supplied under the name Chloromycetin Ophthalmic (N.N.R.), is packaged in
vials containing 25 mg. of Chloromycetin with
sufficient of the borate to give a properly buffered
solution when sterile distilled water is added as
the solvent. Adding 5 ml. of water gives a 0.5 per
cent solution of Chloromycetin; 10 ml. gives a
0.25 per cent solution; 15 ml. gives a 0.16 per
cent solution. The pH of the solution ranges from
about 7.3 for the most concentrated one to about
7.8 for the least concentrated one.
Either the ointment or the solution may be
used therapeutically in infections or prophylactically in cases of trauma. The wide antimicrobial spectrum of Chloromycetin, combined
with its general freedom from irritation, makes
these ophthalmic preparations useful against
ocular invasion by bacteria or by viruses, notably
those responsible for trachoma and herpetic
conditions.
The ointment is applied to the eyelids or conjunctivas as necessary. The solution generally is
applied every 3 hours, 2 or 3 drops at a time, for
48 hours and then is continued on the same
schedule, but omitting night time instillations, for
at least 48 hours after the eyes appear to be restored to their normal condition.
Local use of antibiotic preparations should not
be considered as supplanting general measures
used in treating severe ocular infections accompanied by keratitis, iritis, dacryocystitis, etc. The
local therapy, while important, is complementary
and should be accompanied by systemic antibiotic treatment and other general measures.
Storage. — Preserve "in collapsible tubes."
U.S.P.
CHLORCYCLIZINE
HYDROCHLORIDE.
U.S.P.
Chlorcyclizinium Chloride, l-(p-Chlorobenzhydryl)4-methylpiperazine Hydrochloride

t,At"
"Chlorcyclizine Hydrochloride, dried at 120°
for 3 hours, contains not less than 98 per cent of
C18H21CIN2.HCI." U.S.P.
N-Methyl-N-(4-chlorobenzhydryl)piperazine Hydrochloride.
Di-Paralene Hydrochloride (Abbott). Perazil (Burroughs
Wellcome) .

Chlorcyclizine belongs to the class of methylpiperazine antihistaminic drugs, and is apparently
the most active and least toxic member of that
class. Synthesis of chlorcyclizine base, as described byBaltzly et al. (J. Org. Chem., 1949, 14,
775), involves interaction of />-chlorobenzhydryl
chloride with methylpiperazine (see also Hamlin,
J.A.C.S., 1949, 71, 2731, 2734).
Description. — "Chlorcyclizine Hydrochloride
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occurs as a white, odorless, or almost odorless,
crystalline powder. Its solutions are acid to litmus.
One Gm. of Chlorcyclizine Hydrochloride dissolves in about 2 ml. of water, in 11 ml. of
alcohol, and in about 4 ml. of chloroform. It is
practically insoluble in ether and in benzene.
Chlorcyclizine Hydrochloride melts between 222°
and 227°." U.S.P.
Standards and Tests. — Identification. — (1)
A brilliant yellow color is produced when 25 mg.
of chlorcyclizine hydrochloride is dissolved in 5
ml. of sulfuric acid, the color disappearing when
the solution is diluted with 20 ml. of water, leaving a clear solution. (2) A 1 in 100,000 solution
in alcohol exhibits an ultraviolet absorbance maximum at 230 m\x, ± 1 m\i, and a minimum at 218
m\i ± 1 mn; the absorptivity (1%, 1 cm.), at
230 mji is between 425 and 445. (3) Chlorcyclizine
hydrochloride responds to tests for chloride. Loss
on drying. — Not over 2 per cent, when dried at
120° for 3 hours. Residue on ignition. — Not over
0.2 per cent. U.S.P.
Assay. — About 500 mg. of chlorcyclizine hydrochloride, dried at 120° for 3 hours, is assayed
by the nonaqueous titration method described
under Antazoline Hydrochloride. Chlorcyclizine
hydrochloride, however, is a diacidic base, releasing two acetate ions to be titrated with perchloric
acid. Each ml. of 0.1 N perchloric acid represents
16.86 mg. of C18H21CIN2.HCI. U.S.P.
Uses. — Pharmacological studies (Castillo et al.,
J. Pharmacol., 1949, 96, 388; Roth et al., Arch,
internat. pharmacodyn. therap., 1949, 80, 378)
demonstrated this antihistaminic drug to be more
active and less toxic than diphenhydramine or
tripelennamine ; its action is more prolonged than
that of either of the other drugs. Chlorcyclizine
possesses slight antiacetylcholine and antispasmodic action and it enhances the action of epinephrine; like diphenhydramine it is a local
anesthetic.
Jaros et al. {Ann. Allergy, 1949, 7, 458, 466)
reported it to be clinically effective in allergic
disorders, and also observed that the benefit from
a single dose of 50 mg. often persisted for 24
hours. Brown et al. {ibid., 1950, 8, 32) treated
186 patients having allergic complaints and obtained good results in the majority of cases. Good
symptomatic relief in hay fever, urticaria and
vasomotor rhinitis have been reported in hundreds of patients (Cullic, South. M. J., 1950, 43,
643; Ehrlich and Kaplan, Ann. Allergy, 1950, 8,
682; Feinberg, Illinois M. J., 1950, 97, 324 and
others). An evaluation {J. Allergy, 1950, 21,
255), by a committee of the American Academy
of Allergy, of results obtained from use of the
drug in 588 patients showed it to be effective in
CI" cent of cases of seasonal allergic rhinitis,
55.5 per
in 38.4 per cent of cases of perennial allergic
rhinitis, in 12.8 per cent of cases of bronchial
asthma, in 68 per cent of cases of urticaria, and
in 47 per cent of cases of atopic dermatitis;
neither of two patients with contact dermatitis
was improved. The drug was effective within 30
minutes in most patients, and its useful action
persisted for 12 hours on the average.
Scant absorption and lack of toxicity of a 1 per
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cent cream was observed in animals (Light and
Tornaben, Ann. Allergy, 1951, 9, 607). The clinical efficacy of the cream in localized neurodermatitis, anogenital pruritus and nuchal eczema
was demonstrated by Ayres and Ayres (Arch.
Dermat. Syph., 1951, 64, 207); the failure of a
placebo cream confirmed the activity.
In seasickness Chinn et al. (Am. J. Med., 1952,
12, 433) observed equal protection from chlorcyclizine, promethazine, prophenpyridamine, and
diphenhydramine alone or with scopolamine.
Side effects from use of the drug have been
insignificant; drowsiness, headache, dry mouth,
blurred vision and insomnia have been reported.
The incidence of side effects encountered in the
study of the American Academy of Allergy was
12 per cent.
Dose. — The usual dose of this antihistamine
is 50 mg. (approximately }£ grain) one to four
times daily by mouth, with a range of 25 to 100
mg. The maximum safe dose is 100 mg., and the
total dose in 24 hours should generally not exceed 400 mg.
Storage. — Preserve in "tight, light-resistant
containers." US.P.

CHLORCYCLIZINE HYDROCHLORIDE TABLETS. U.S.P.
"Chlorcyclizine Hydrochloride Tablets contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C18H21CIX2.HC1." U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for chlorcyclizine hydrochloride being substituted.
Usual Size. — 50 mg.
H2N
CHLOROAZODIN.
N.F.
N
a,a'-Azo-bis(chloroformamidine), [Chloroazodinum]

CIN

NCI

jp_N=N not less than 97 per
"Chloroazodin contains
cent and not more than 102 per /
cent
NH2 of C2H4-

CbNe." N.F.

N,N'-Dichloroazodicarbonamidine ; a,a'-Azobis-chlorof onnamidine. Azochloramid (.Wallace & Tiernan). Sp. Cloroazodina.

Chloroazodin may be prepared by treating
guanidine nitrate in an aqueous solution of acetic
acid, buffered with sodium acetate and cooled to
0°, with sodium hypochlorite solution.
Description. — "Chloroazodin occurs as bright
yellow needles or flakes. It has a faint odor suggestive of chlorine, and a slightly burning taste.
Solutions of Chloroazodin in glycerin and in alcohol decompose rapidly on warming, and all solutions of Chloroazodin decompose on exposure to
light. Chloroazodin decomposes explosively at
about 155°. Its decomposition is accelerated by
contact with metals. Chloroazodin is very slightly
soluble in water. It is sparingly soluble in alcohol,
slightly soluble in glycerin and in glyceryl triacetate, and very slightly soluble in chloroform."
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Standards and Tests. — Identification. — (1)
A brick red precipitate, soluble in an excess of
ammonia T.S., is produced on adding 0.25 ml.
of silver ammonium nitrate T.S. to 5 ml. of a
saturated solution of chloroazodin. (2) On adding 2 ml. of potassium iodide T.S. and 0.5 ml. of
chloroform to 5 ml. of a saturated solution of
chloroazodin the chloroform layer is colorless or
only faintly colored; on adding 0.1 ml. of diluted
hydrochloric acid to the mixture, and shaking, a
deep violet color appears in the chloroform layer.
(3) The solution obtained on adding sulfurous
acid T.S. dropwise to 5 ml. of a saturated solution of chloroazodin until the yellow color is just
discharged responds, when acidified with diluted
nitric acid, to tests for chloride. Residue on ignition.— Not over 0.1 per cent, after preliminary
heating with hydrochloric acid, followed by evaporation inthe presence of diluted sulfuric acid and
finally ignition to constant weight. Chloride. — The
limit is 0.7 per cent. N.F.
Assay. — About 120 mg. of chloroazodin is dissolved in glacial acetic acid, potassium iodide is
added and the liberated iodine is titrated with
0.1 N sodium thiosulfate, using starch T.S. as indicator. Each ml. of 0.1 AT sodium thiosulfate
represents 3.050 mg. of C2H4CI2N6. In this assay
each molecule of chloroazodin liberates three
molecules of iodine; two molecules are liberated
by the reduction of each atom of chlorine from
a valence number of +1 to —1, and one molecule of iodine is released by reduction of the
— N=N — group to — HN — NH — . Accordingly,
the hydrogen equivalent of the molecule of
chloroazodin is six. N.F.
Uses. — In general, chlorine antiseptics have
such a strong affinity for proteins that their effectiveness ismaterially reduced by contact with
body tissue. Azochloramid apparently has less
affinity for organic matter than have other chlorine
compounds, but still possesses strong bactericidal
properties. Schmelkes and Horning (/. Bad.,
1935, 29, 323) found that in solutions of equivalent chlorine content, chloroazodin was slightly
slower in its bactericidal effect than chloramine
when there was no organic matter, but in the
presence of 50 per cent blood serum chloroazodin
was 15 or 20 times as actively germicidal as
chloramine. A solution containing chloroazodin
equivalent to 50 parts per million killed all vegetative bacteria within one hour in the presence of
50 per cent serum.
A synergistic effect of this antiseptic on the
action of sulfonamides was reported by Schmelkes
and Wyss (Proc. S. Exp. Biol. Med., 1942, 49,
263) who suggested it was due to inactivation of
the sulfonamide inhibitor ^-aminobenzoic acid.
Skelton (/. Bad., 1944, 47, 273) confirmed this
synergism in vitro but both he and Lamberti
et al. (J. Bad., 1944, 48, 612) found no evidence
of any potentiation in vivo with streptococcal
infections. Grubaugh and Starin (Am. J. Med.
Sc, 1943, 205, 709 and 712) reported beneficial
effects on infections with the anaerobic bacteria
CI. perfringens, CI. septicum, CI. tetani, CI. botulinum, etc., and found that it inactivated the
toxins produced by these organisms.
Chloroazodin is used as a surgical antiseptic.
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According to Sutton and Van Duyn (N. Y. State
J. Med., 1936, 36, 1835) it is especially useful in
deep wounds and pus pockets, but is also serviceable in superficial suppurating wounds. Salle
(Proc. S. Exp. Biol. Med., 1944, 56, 141) compared the concentrations required to kill the chick
embryo with those required to kill different bacteria in the presence of organic matter using the
1:3300 aqueous solution of chloroazodin with
1 : 1000 concentration of the wetting agent sodium
tetradecyl sulfate. A concentration of 1:18,000
or higher killed the chick embryo while dilutions
up to 1 : 70,000 were lethal to Staphylococcus
aureus and 1:108,000 to E. typhosa. Of the frequently employed antiseptics only iodine showed
an equal margin of safety according to these
criteria.
Chloroazodin is available commercially in a
number of application forms. A 1:500 solution
(see Chloroazodin Solution) in glyceryl triacetate
may be used undiluted in open traumatic wounds,
infected and contaminated postoperative wounds
and fractures, chronic ulcers and sinuses, and on
burns; gauze impregnated with this semi-oily
solution does not dry or sick to a wound. A 1 :3300
saline solution of chloroazodin, prepared by adding available tablets or powder to wa:er, is used
for warm irrigations, wet dressings for cellulitis,
and for "Dakinization" of traumatic or infected
wounds. This Powder Saline Mixture of Azochloramid (N.N.R.) contains 3.17 per cent of
chloroazodin, 89.56 per cent of sodium chloride,
0.95 per cent of monopotassium phosphate, and
6.32 per cent of anhydrous sodium phosphate. A
surface-active saline mixture of Azochloramid,
in powder form, is available for preparing a
1:3300 solution of chloroazodin which is isotonic
and contains 1 : 1000 of the wetting agent sodium
tetradecyl sulfate. Such a solution may be used
like the preceding one, but finds special utility as
an irrigating agent in deep wounds or infections,
such as empyema, where the low surface tension
and high dispersing power combine to make it
very effective in liquefying and dispersing pus for
removal by lavage. A 1:1000 ointment is used
topically on the skin or on gauze dressings. A
1:2000 solution of chloroazodin in vegetable oil
is used in the vagina. During prolonged use of
aqueous solutions of chloroazodin the edge of
healthy skin in wound areas should be protected
with petrolatum or zinc oxide ointment from
action of the antiseptic by application.
Storage. — Preserve "in well-closed, light-resistant containers, preferably in a cold place."
N.F.
CHLOROAZODIN

SOLUTION.

N.F.

[Liquor Chloroazodini]

"Chloroazodin Solution contains, in each 100
ml., not less than 240 mg. and not more than 280
mg. of C2H4CI2N6. Caution. — Chloroazodin Solution should not come in contact with metal." N.F.
Sp. Solucidn de Cloroazodina.

Place a sufficient quantity of glyceryl triacetate
to make 1000 ml. of solution in a carefully dried
vessel of glass or other vitreous material which
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can be tightly closed and in which the solution
can be stirred with a minimum of exposure to air.
Add to it 2.6 Gm. of chloroazodin, and stir until
dissolved, avoiding all unnecessary exposure to
air and to light. Close the vessel tightly, and set it
aside for at least 30 days, avoiding exposure to
light. Filter, with the aid of suction, through filter
paper or a glass or stoneware filter, and package
immediately in tight containers. N.F.
Description. — "Chloroazodin Solution is a
clear, yellow, somewhat oily liquid, having a slight
fatty odor and a bitter taste." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 1.154 and not more than 1.158.
Identification. — A brick red precipitate, soluble
in an excess of ammonia T.S., is produced on adding a few drops of silver ammonium nitrate T.S.
to a mixture of 5 ml. of chloroazodin solution and
5 ml. of distilled water. Moisture. — Not more
than 0.3 ml. of water is present in 150 ml. of
chloroazodin solution, when determined as directed under Moisture Method by Toluene Distillation. N.F.
Uses. — This is the 1:500 solution of chloroazodin mentioned in the preceding article as being
commercially available. The apparent discrepancy
in concentration between that solution and the
one described in this monograph is because the
designation 1:500 is on a weight-in- weight basis;
since the specific gravity of glyceryl triacetate is
about 1.156, the two strengths are identical. For
uses see under Chloroazodin.
Storage. — Preserve in "tight, light-resistant
containers." N.F.

CHLOROBUTANOL.

U.S. P. (B.P.) LP.

Chlorobutanol, Chlorbutol, [Chlorobutanol]

C13C.C(CH3)2.0H
"Chlorobutanol is anhydrous or contains not
more than one-half molecule of water of hydration. Anhydrous Chlorobutanol contains not less
than 99 per cent of C4H7CI3O. Hydrated Chlorobutanol contains not less than 94.5 per cent of
C4H7CI3O." U.S. P. The B.P. name for this substance is Chlorbulol; it is defined as trichlorotert.-butyl alcohol, with a variable amount of
water of crystallization, containing not less than
93.0 per cent of C4H7OCI3. The I. P. requires not
less than 96.8 per cent and not more than 100 per
cent of C4H7OCI3 for the anhydrous substance,
recognized as Chlorobutanol, and not less than
94.4 per cent and not more than 101.5 per cent
of C4H70Cl3.^2H20 for Chlorobutanol Hydrate.
B.P. Chlorbutol. Acetone-chloroform; Chlorctone; Trichloro-ter/-butyl Alcohol; Trichloromethyldimethylcarbinol;
Acetonum-chloroformium. Fr. Alcool butylique tertiaire
trichlore ; Chloretone. It. Acetoncloroformio ; Cloretone.
Sp. Clorbutol;
Clorobntanol.

The formula of chlorobutanol indicates that it
represents the addition of a molecule of acetone to
one of chloroform, with rearrangement to produce
trichloro-^er^ary-butyl alcohol. Chlorobutanol is
prepared, in commercial quantities, by the interaction of acetone and chloroform in the presence
of potassium hydroxide.
Description. — "Chlorobutanol occurs as colorless to white crystals, having a characteristic,
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somewhat camphoraceous odor and taste. One
Gm. of Chlorobutanol dissolves in 125 ml. of
water, in about 1 ml. of alcohol, and in about
10 ml. of glycerin. It is readily soluble in ether,
in chloroform, and in volatile oils. Anhydrous
Chlorobutanol melts at a temperature not lower
than 95°. Hydrous Chlorobutanol melts at a
temperature not lower than 76°." U.S.P. The I. P.
gives the melting point of anhydrous chlorobutanol as between 96° and 97°, and that of the
hemihydrate as between 77° and 78°.
Standards and Tests. — Identification. — (1)
A yellow precipitate of iodoform is produced
when 3 ml. of iodine T.S. is slowly added to a
mixture of 5 ml. of a freshly prepared 1 in 200
solution of chlorobutanol and 1 ml. of sodium
hydroxide T.S. (2) The disagreeable odor of
phenylisocyanide is noticeable on gently warming
a mixture of 100 mg. of chlorobutanol, 5 ml. of
sodium hydroxide T.S. and 3 or 4 drops of
aniline. Acidity. — The solution prepared by shaking 500 mg. of chlorobutanol with 25 ml. of water
is neutral to litmus paper. Residue on ignition. —
Not over 0.1 per cent. Chloride. — The limit is
700 parts per million.
Assay. — About 200 mg. of chlorobutanol is
reacted with an alcohol solution of potassium hydroxide and the chloride thereby released is determined by the Volhard method. Each ml. of
0.1 N silver nitrate represents 5.925 mg. of
C4H7CI3O. In this assay the chlorobutanol is decomposed by alkali with release of 3 chloride
ions, and a molecule each of acetone and carbon
monoxide.
Incompatibilities. — Only the anhydrous product will form a clear solution in liquid petrolatum.
It is decomposed by alkalies; ephedrine has been
reported to react with it to produce ephedrine
hydrochloride which precipitates from a liquid
petrolatum solution. Triturated with menthol,
phenol, antipyrine. or certain other substances it
produces a soft mass.
Uses. — Chlorobutanol was introduced by Abel
in 1894 as a hypnotic but it is seldom used for
this purpose. It is used chiefly as a preservative
in multiple-dose vials of sterile solutions for
parenteral injection and to a decreasing extent in
topical preparations for the skin and mucous
membranes.
Hypnotic. — Its physiological actions are similar to those of chloral hydrate (Rowe. /. Pharmacol., 1916. 9, 107). As an internal remedy
chlorobutanol has been used as a somnifacient,
general nerve sedative and anticonvulsant but it
has no advantage over chloral hydrate. Wynter
(Lancet, December 14. 1929) found it useful for
relief of seasickness and in the treatment of
whooping cough.
Topical. — Chlorobutanol is locally anesthetic,
actively antiseptic, and. according to Rowe (/. A.
Ph. A., 1924, 13, 22). causes a relaxation of involuntary muscles. According to Hamilton chlorobutanol has a phenol coefficient of 1.2. The saturated aqueous solution (containing about 0.8 per
cent) is a complete bacteriostatic and will destroy
the Bacillus typhosus in two minutes' exposure
(Taub and Luckey. /. A. Ph. A., 1943. 32, 28).
In 0.5 per cent concentration it is bacteriostatic
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for non-spore forming organisms (Briggs and
Callow, Quart. J. P., 1941, 14, 127). As a local
remedy its slight solubility in water interferes
with its usefulness. A dusting powder containing 1to 2 per cent has been found a serviceable application in painful ulcerations (Fioca,
Presse med., 1917, p. 460), as in the dysphagia
of laryngeal tuberculosis. Chlorobutanol has been
employed with rather indifferent results in the
treatment of gastralgia and vomiting. Suppositories containing 300 mg. have been used for
hemorrhoids. A 1 per cent solution, with menthol
and camphor, in liquid petrolatum, was formerly
popular for use as a spray in inflamed states of
the nasal mucosa. A 2.5 per cent solution in clove
oil (N.F. Toothache Drops) is used for producing
local dental anesthesia. A 1 per cent solution, in
liquid petrolatum, has been used in the ear in
otitis media, [v]
Preservative. — In 0.5 per cent concentration
chlorobutanol is used as a preservative in a variety
of solutions, particularly those for parenteral administration. While when thus used it is efficient
as a bacteriostatic (but not bactericidal) agent,
Gershenfeld (Am. J. Pharm., 1952, 124, 363)
found that heating of the solution destroyed the
bacteriostatic effect of chlorobutanol through decomposition ofthe chemical as evidenced by a
decrease in the pH of heated solutions.
Toxicology. — The untoward effects of chlorobutanol resemble those of chloral hydrate (q.v.).
The usual dose of chlorobutanol, as given by
U.S.P. XIV. is 600 mg. (approximately 10 grains).
The B.P. gives the dose range as 300 mg. to 1.2
Gm. (approximately 5 to 20 grains).
Labeling. — "The label indicates whether the
Chlorobutanol is anhydrous or hydrous." U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.

CHLOROCRESOL.

B.P., LP.

Parachlorometacresol

CH3.C6H3(C1).0H
Chlorocresol is defined as 2-chloro-5-hydroxytoluene; the B.P. indicates it may be prepared by
chlorinating metacresol. The LP. defines it as 6chloro-3-hydroxytoluene.
Chlorcresol, Chloroxymethyl Benzene.

Description and Tests. — Chlorocresol occurs
in colorless or faintly colored crystals with a characteristic phenolic odor. It is soluble in 260 parts
of water, and in 0.4 part of alcohol; it is also
soluble in ether, in terpenes. in fixed oils, and in
solutions of sodium hydroxide. Chlorocresol melts
between
64° and aqueous
66°.
Its saturated
solution gives a bluish
color with test solution of ferric chloride. When
ignited with anhydrous sodium carbonate, and the
residue dissolved in water and nitric acid, it yields
a white precipitate with silver nitrate. When
heated on a water bath it volatilizes and leaves no
more than 0.1 per cent of residue.
Uses. — It is well known that the introduction
of a chlorine atom into the molecule of phenolic
antiseptics increases their antibacterial powers.
Although there is considerable difference in the
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disinfectant power of the various chlorocresol
isomers they are apparently all stronger than ordinary cresol. Klarman and co-workers (/. Bad.,
1929, 17, 423) found that parachlorometacresol
is about 10 times as actively bactericidal as metacresol; it has a phenol coefficient of 30 against the
B. typhosus and 19.5 against staphylococcus. Although the presence of organic matter decidedly
lessens its efficiency it is still much stronger than
cresol. Berry and co-workers {Quart. J. P., 1938,
11, 728) studied the activity of chlorocresol
against spores of Bacillus subtilis at different temperatures; ata temperature of 60°, an 0.3 per cent
solution killed in three hours, and at a temperature of 98°, 0.1 has
per been
cent killed
in a1*4limited
hours. extent
Chlorocresol
used to
as a surgical antiseptic. Konrad (Arch. Gyndk.,
1910, 91, 243) recommended especially a solution in alcohol-acetone for disinfecting the surgeon's hands.
Chlorocresol is one of the two "bactericides"
permitted to be used in the B.P. process for
sterilizing parenteral injections by heating with a
bactericide. In this process the injection is made
by dissolving or suspending the medicament in a
0.2 per cent w/v solution of chlorocresol in water
for injection, or in a 0.002 per cent w/v solution
of phenylmercuric nitrate in water for injection;
the preparation is distributed in the final containers, and these are sealed. When the volume
in each container does not exceed 30 ml., the
containers are heated at 98° to 100° for 30 minutes; when the volume exceeds 30 ml., the containers are heated for a sufficient time to ensure
that the solution or suspension in each container
is maintained at 98° to 100° for 30 minutes.
Davison (/. Pharm. Pharmacol., 1951, 3, 734)
found, however, that in his experiments even relatively low concentrations of bacterial spores survived when either chlorocresol or phenylmercuric
nitrate was used according to the official directions; in the discussion of Davison's findings
other investigators reported having found the
procedure effective. Chlorocresol is a required
bacteriostatic ingredient of several B.P. injections.
Wien (Quart. J. P., 1939, 12, 212) tested the
toxicity of chlorocresol on mice and on rats; he
found that the LD50 for mice was 0.25 Gm. per
kilo hypodermically, and 0.12 Gm. intravenously.
He also injected hypodermically into rabbits 5 ml.
of an 0.25 per cent solution daily for 4 weeks,
with no apparent disturbance of the animals'
health nor post-mortem evidence of injurious
effects.
Off. Prep. — Injection of Bismuth; Injection
of Bismuth Oxychloride; Injection of Procaine
and Adrenaline, B.P .

CHLOROFORM.

U.S.P., B.P. (I.P.)

[Chloroformum]

"Chloroform contains not less than 99 per cent
and not more than 99.5 per cent of CHCI3, the
remainder consisting of alcohol. Caution — Care
should be taken not to vaporize Chloroform in
the presence of a naked flame, because of the production ofnoxious gases." U.S. P. The B.P. defines
chloroform as trichloromethane to which 1 to 2
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per cent by volume of ethyl alcohol has been
added. The I.P. recognizes the same product, but
under the title Anaesthetic Chloroform.
I.P. Anaesthetic Chloroform; Chloroformium Anaesthesicum. Methenyl Trichloride; Trichloromethane. Formylum Trichloratum; Chloroformium pro Narcosi. Fr. Chloroforme anesthesique ; Chloroforme officinal; Formene
trichlore. Ger. Chloroform; Methinchlorid. It. Cloroformio
per anestesia. Sp. Cloroformo.

Chloroform was discovered by Samuel Guthrie
of Sackett's Harbor, N. Y., in 1831, and at about
the same time by Soubeiran in France, and Liebig
in Germany. Guthrie obtained it by distilling a
mixture of chlorinated lime and alcohol. Chloroform was used internally in asthma and other conditions as early as 1832 by Ives of New Haven,
but it was not until November, 1847, that Sir
James Y. Simpson of Edinburgh brought it forward as a general anesthetic.
Chloroform may be prepared by several different methods. Being trichloromethane, it may
be made by the reaction of chlorine and methane,
but this process is not commercially practicable.
It is easily and economically prepared by the
haloform reaction, in which a suspension of chlorinated lime or solution of sodium hypochlorite
is reacted with acetone or alcohol. With acetone
the first stage of the reaction with the halogen
compound yields trichloroacetone, which undergoes alkaline cleavage to produce chloroform and
an acetate of the base of the halogen compound.
When alcohol is employed, the hypochlorite first
oxidizes it to acetaldehyde, which forms trichloroacetaldehyde and then undergoes alkaline cleavage
with formation of chloroform and a formate. The
chloroform is removed from the products of reaction by distillation.
Chloroform may be prepared industrially also
by the reduction of carbon tetrachloride by means
of iron and water in the presence of a suitable
catalyst.
On exposure to air and sunlight, chloroform
undergoes oxidation with formation of the highly
toxic substance phosgene (COCI2). Squibb showed,
in 1857, that a more stable product is obtained
by adding a small amount of alcohol. The exact
mechanism of the action of alcohol remains uncertain. From 1 to 2 per cent, by volume, of
alcohol is commonly added to chloroform; this
protects it under average conditions of storage
and use but on prolonged exposure to air and sunlight decomposition of chloroform will eventually
occur. Amy and associates (/. A. Ph. A., 1931,
20, 1153) found that chloroform in amber or
green glass containers is stable for one year when
exposed to direct sunlight. They also found that
in diffused light all glass containers afforded
protection.
Description. — "Chloroform is a clear, colorless, mobile liquid, having a characteristic, ethereal odor, and a burning, sweet taste. It is not
flammable, but its heated vapor burns with a green
flame.
It boilsdissolves
at about in
61°.210It is
affected ofby water.
light.
Chloroform
volumes
It is miscible with alcohol, with ether, with benzene, with petroleum benzin, and with fixed and
volatile oils. The specific gravity of chloroform is
not less than 1.474 and not more than 1.478, indi-
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eating not less than 99 per cent and not more than
99.5 per cent of CHCla." U.S.P.
Chloroform has extensive solvent power for
camphor, caoutchouc, gutta-percha, mastic, elemi,
tolu, benzoin, and copal. It also dissolves iodine,
bromine, many alkaloids, the fixed and volatile
oils, most resins, and fats. Amber, sandarac, lac,
and wax are only partially soluble. It dissolves
sulfur and phosphorus sparingly. As a general
solvent, it has the advantages over ether of not
being flammable, and of dissolving much less
water than does ether.
Standards and Tests. — Non-volatile residue.
— Not over 1 mg. of residue, dried at 105° for
1 hour, is obtained from 50 ml. of chloroform.
Acidity, chloride ion and chlorine. — The aqueous
layer from a mixture of 10 ml. of chloroform and
25 ml. of water is neutral to litmus paper and
separate portions are not affected by a few drops
of silver nitrate T.S. or colored blue by a few
drops each of potassium iodide T.S. and starch
T.S. Readily car6onizable substances. — 40 ml. of
chloroform is shaken vigorously with sulfuric
acid for 5 minutes; the chloroform layer is colorless, and the acid has no more color than matching
fluid A. Odorous and chlorinated decomposition
products. — A 2 -ml. portion of acid from the preceding test, when diluted with 5 ml. of water,
remains colorless and clear and emits only a faint
vinous or ethereal odor (odorous decomposition
products). When the mixture is further diluted
with 10 ml. of water it remains clear and does
not produce any reaction with 3 drops of silver
nitrate T.S. within 1 minute (chlorinated decomposition products). Acid and phosgene. — A
20-ml. portion of chloroform, shaken with 10 ml.
of water previously made slightly alkaline to
phenolphthalein T.S., requires not more than 0.20
ml. of 0.01 N sodium hydroxide to produce the
same intensity of color which persists for 15 minutes; comparison of the color is made with another portion of water made similarly alkaline to
phenolphthalein T.S. Aldehyde and ketone. — No
turbidity or precipitate develops within 1 minute
when 5 ml. of the aqueous extract obtained from
a mixture of 3 ml. of chloroform and 10 ml. of
ammonia-free water is mixed with 40 ml. of
ammonia-free water and 5 ml. of alkaline mercuric
potassium iodide T.S. Foreign odor. — No foreign
odor is perceptible as the last portions of 20 ml.
of chloroform evaporate from clean, odorless filter
paper placed on a warmed glass plate, and the
paper remains colorless. U.S.P.
Uses. — Chloroform has been employed as an
inhalation anesthetic, an irritant on the skin, an
antitussive in cough syrups, a carminative and a
flavoring.
Topical Action. — Locally chloroform is actively irritant and somewhat anesthetic. When
applied to the skin it produces pain and redness
and if evaporation be prevented will frequently
blister. The pain is followed by a sensation of
numbness. Chloroform is actively antiseptic and
even germicidal. A one per cent solution is sufficient to kill most non-sporulating bacteria if the
contact be sufficiently prolonged; but against
spore-forming organisms it is of little avail. It has
some preservative action in aqueous extracts.

Part I
Brown (Laryng., 1945, 55, 371) effectively treated
screw-worm (larval stage of Cochliomyia Americana or macellaria) infestation of the upper respiratory tract with irrigations of 50 per cent
chloroform in a light vegetable oil.
Action After Oral Ingestion. — Taken into
the stomach in doses of about 0.3 ml. (approximately 5minims), it induces only gastric symptoms, chiefly due to its irritant properties; but
when there is excessive flatulence, colic, or gastralgia, it not only causes increased peristalsis
and expulsion of any flatus present, but also has
a distinct local narcotic influence through its
lessening of pain and spasm. Chloroform has been
employed as an anthelmintic but it has been superseded by the less toxic carbon tetrachloride and
tetrachloroethylene. The official chloroform water
is useful as a vehicle for salts (though in formulations where "salting-out" of chloroform occurs
sufficient water, or alcohol, must be added to dissolve the chloroform). In doses of 4 to 8 ml.
chloroform produces a narcotism similar to that
occurring when it is administered by inhalation
which, however, develops much more slowly and
is of longer duration. Chloroform has been added
to cough-mixtures as a respiratory sedative, but
its action is too fleeting to be of any great value.
Inhalation Anesthetic. — Chloroform is a
general anesthetic which produces all stages of
surgical anesthesia (see under Ether for general
discussion). Its potency, speed of induction of
anesthesia, and rate of recovery of consciousness
are all superior to those of ether, but it is more
toxic to visceral organs than is ether. November,
1947, marked the centennial anniversary of the
use of chloroform as an inhalation anesthetic by
J. Y. Simpson (see Chloroform: A Study After
100 Years, by R. M. Waters, 1951, University
of Wisconsin Press).
Only about one-third as much chloroform as
ether is required for the several stages of surgical
anesthesia. For induction and maintenance of
stage III, plane 1, anesthesia about 1.5 volumes
per cent of chloroform is needed in the inspired
air, in contrast to about 5 to 7 volumes per cent
of ether. Because of the lesser concentrations required, chloroform is less irritating to the mucosa
of the respiratory tract. Likewise, the concentration of chloroform in the blood in deep anesthesia
is about 30 to 40 mg. per cent, in contrast to 130
to 140 mg. per cent for ether. Deep anesthesia
may be obtained rapidly — in 2 to 5 minutes — but
such rapid induction must be avoided. With high
initial concentrations of chloroform in the inspired air, reflex breath-holding may occur, followed by a deep inspiration, resulting in a sudden
high concentration in the heart and serious arrhythmia before unconsciousness develops. Equilibrium of the concentrations of chloroform in
the blood and brain occurs in about 10 minutes,
while in the case of ether about 30 minutes is
required. Secher (Acta Pharmacol. Toxicol., 1951,
7, 231) described blocking of nerve impulse
transmission at the motor end-plate with anesthetic concentrations of chloroform and ether.
Chloroform is largely eliminated through the
lungs. When inhalation is discontinued the concentration inthe blood decreases about 50 per
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cent within 5 minutes, and only traces remain
after 30 minutes. However, traces still remain at
2 hours, with some chloroform being excreted in
the urine, sweat and milk.
Analgesic Uses. — Because of its rapidity of
action chloroform is an effective agent for obstetrical analgesia (Lenahan and Babbage, N. Y.
State J. Med., 1950, 50, 1717). Light and intermittent chloroform anesthesia, sufficient to relieve
labor pains, has little effect on uterine contractions and does not delay delivery. In the absence
of a trained assistant, almost anyone, even the
patient, may administer chloroform by inhalation
at the onset of the labor-pain. About 2 ml. of
chloroform is placed on cotton in a glass or cup
and the patient inhales the vapors; when anesthesia develops the patient's arm drops and the
cup and its vapors are removed from the face.
There is little clanger of hepatic or renal damage
from this procedure but anesthesia may become
sufficiently deep to present the risk of ventricular
fibrillation, and this procedure cannot be recommended (Lancet, 1936, 1, 283) in spite of its
effectiveness. Chloroform has also been used by
inhalation for the relief of other types of severe
pain. Chloroform is an easily transported anesthetic for use in emergency conditions. Glass
ampules containing 1.2 ml., for crushing in a
handkerchief, are convenient. It will control convulsions and relieve asthmatic seizures.
External Use. — Chloroform is widely employed as a counterirritant for myalgic, neuralgic
and arthralgic pain, especially in the form of the
liniment; an ointment has also been used. A chloroform ointment has been prepared by incorporating twenty parts of chloroform in a mixture
of ten parts of white wax and ninety parts of lard.
Gelatinized chloroform may be prepared by agitating a mixture of equal parts of chloroform and
egg white; about three hours are required for
gelatinization. A mixture of four parts of chloroform and one of egg white gels in a few minutes
at 60°. Such a product may be applied to the
skin with friction or spread on cloth.
Chloroform is sometimes prescribed in aqueous mixtures wherein it is insoluble. The use of
an equivalent amount of the spirit may overcome
the difficulty or it may be convenient to use a
more concentrated alcoholic solution of chloroform, [v]
Toxicology. — The margin of safety between
the concentration of chloroform required for deep
anesthesia and that producing a fatal result is
very narrow (Buckmaster and Gardner, Proc.
Roy. Soc. London, 1907, 79, 309). A concentration of only 2 volumes per cent in the inspired
air stops respiration, with the blood concentration being but slightly more than the 40 mg. per
cent required for deep surgical anesthesia. Anesthetic concentrations of chloroform depress the
circulation to a dangerous degree during the
course of the first hour of anesthesia (Blalock,
Surg. Gynec. Obst., 1928, 46, 72). With third
stage anesthesia the blood pressure falls progressively; the myocardium is depressed and
cardiac output decreases (Fisher et al., Anesth.,
1951, 12, 19); the vasomotor center is depressed
and the muscle of the peripheral vessels is also
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dilated by direct action. The skin is pale, rather
than pink as with ether.
During the induction of anesthesia, ventricular
fibrillation with sudden death occurs with sufficient frequency to make this an undesirable
anesthetic. The myocardium is sensitized by
chloroform to factors which stimulate abnormal
ventricular rhythms (ventricular tachycardia, extrasystole and fibrillation), such as reflex stimulation from the respiratory tract or sites of trauma,
increased amounts of epinephrine arising from
pain or fear, and increased tension of carbon
dioxide in the blood resulting from irregular
breathing. Depression of carotid sinus reflexes
results in failure to respond to hypotension. The
refractory phase of the cardiac cycle is shortened
and the myocardium is more irritable. In cardiac
standstill or serious arrhythmia, the chloroform
should be discontinued; oxygen inhalation, cardiac
massage or antifibrillatory drugs (such as procaine hydrochloride) as indicated — and prayer —
are recommended. Adequate preoperative sedation decreases the incidence of these untoward
cardiac effects. Even with no obvious arrhythmia,
the electrocardiogram shows the multiple focus
type of ventricular tachycardia during the induction period of anesthesia (Hill, Edinburgh M. J.,
1932, 39, 533; Lancet, 1932, 1, 1139), this disappearing during stage III. Ether has less tendency to cause such changes but ethyl chloride
behaves like chloroform.
Chloroform causes more renal tubular damage
than ether (Mousel and Lundy, Anesth., 1940, 1,
40) and hyperglycemia is greater with chloroform
(Ravdin et al, J. Pharmacol, 1938, 64, 111).
Chloroform causes acute fatty infiltration of the
liver in doses representing about 15 minutes of
surgical anesthesia (Rosenthal and Bourne,
J.A.M.A., 1928, 90, 377). After 1 hour of surgical
anesthesia, central necrosis of the liver due to a
direct toxic action is common. About 1 to 3 days
later, so-called delayed poisoning may occur,
manifested by prostration, nausea, vomiting,
jaundice, hypoprothrombinemia and other results
of liver failure, coma and death on the fourth
or fifth day with central necrosis of the liver or
slow recovery from the severe hepatic damage.
A high-protein (methionine) and carbohydrate
and low-fat diet in the preoperative period, and
adequate oxygen during anesthesia, tend to protect the liver from damage by chloroform (Goldschmidt et al, J. Clin. Inv., 1939, 18, 277; Miller
and Whipple, Am. J. Med. Sc, 1940, 199, 204).
Chloroform is contraindicated in patients with
cardiac, renal or hepatic disease. Anoxia aggravates the deleterious effect of chloroform and
severe anemia, which increases anoxia, is also a
contraindication. In the blood more chloroform is
found in erythrocytes than when ether is employed; moreover, it is detectable in the red cells,
although only in traces, for many hours longer.
Although chloroform has the advantages over
ether of more rapid induction of anesthesia, less
excitement and pulmonary irritation, less postoperative nausea and vomiting, better muscle relaxation and non-flammability, these virutes are
offset by the greater cardiac, renal and hepatic
hazards of chloroform anesthesia and the higher
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incidence of fatalities due to anesthesia. It has
remained in favor in hot climates where the volatility of ether is too great for the use of the open
drop-method of administration, but a simple,
semi-open method of administering ether has been
described (see Ether).
Poisoning. — If an overdose of chloroform is
taken by mouth, the stomach should be emptied
by the pump or siphon tube and treatment instituted as for serious narcosis from inhalation. S
Dose. — The usual dose by inhalation as an
anesthetic is regulated according to the response
of the patient. The oral dose is 0.3 to 1 ml. (approximately to
5 15 minims).
Storage. — Preserve "in tight, light-resistant
containers, preferably at a temperature not above
30°. If cork stoppers are used, they should be
covered with tin foil or other suitable material."
U.S.P.
Off. Prep. — Chrysarobin Ointment. U.S. P.;
Chloroform Spirit; Chloroform Water. N.F., B.P.;
Chloroform Liniment. N.F.; Compound White
Pine Syrup. N.F.; Emulsion of Chloroform;
Emulsion of Cod Liver Oil. B.P.
EMULSION

OF

CHLOROFORM.

B.P.

Emulsio Chloroformi

This contains 5 per cent of chloroform dispersed in water, emulsified by means of 0.1 per
cent of liquid extract of quillaja and 5 per cent
of mucilage of tragacanth. It is equivalent in
chloroform content to the B.P. Spirit of Chloroform and is used for the same purposes.
Dose, from 0.3 to 2 ml. (approximately 5 to
30 minims).
CHLOROFORM

LINIMENT.

N.F.

[Linimentum Chloroformi]

"Chloroform Liniment contains in each 100 ml.,
not less than 27 ml. and not more than 30.5 ml.
of CHCla." N.F.
Liniment of Chloroform. Sp. Linimento de Cloroformo.

Mix 300 ml. of chloroform with 700 ml. of
camphor and soap liniment. N.F.
Alcohol Content. — From 43 to 47 per cent,
by volume, of C2H5OH. N.F.
Uses. — Chloroform liniment is an active rubefacient but, because of the volatility of its chief
ingredient, its effects are of very short duration
and it is not efficient for any serious inflammation.
It is frequently employed, however, for the relief
of minor forms of myalgias, neuralgias, and similar conditions.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." N.F.
CHLOROFORM
SPIRIT.
X.F. (B.P.)
[Spiritus Chloroformi]

contains,
in each
not"Chloroform
less than 5.55Spirit,
ml. and
not more
than 100
6.30 ml.,
ml.
of CHCls." N.F.
B.P. Spirit of Chloroform.

Mix 60 ml. of chloroform with sufficient alcohol
to make the product measure 1000 ml. N.F.
The B.P. Spirit of Chloroform is prepared by

mixing 50 ml. of chloroform with sufficient 90
per cent alcohol to make 1000 ml.
Alcohol Content. — From 85 to 91 per cent,
by volume, of C2H3OH. N.F.
Uses. — Chloroform spirit is used for internal
administration of chloroform, as in cases of
gastrointestinal spasm or pain, or as a carminative, when it acts locally. The spirit may be
advantageously dispensed in a vehicle of aromatic
elixir.
Dose, from 0.6 to 4 ml. (approximately 10 to
60 minims).
Storage. — Preserve "in tight, fight-resistant
containers." N.F.
CHLOROFORM

WATER.

N.F., B.P.

Aqua Chloroformi
Aqua Chloroformiata; Solutio Chloroformii. Fr. Eau
chloroformee ; Solute de chloroforme. Ger. Chloroformwasser. It. Acqua cloroformizzata. Sp. Agua cloroformica ; Agua de cloroformo.

To a convenient quantity of purified water
in a dark amber-colored bottle, add sufficient
chloroform to have a slight excess present after
the mixture has been repeatedly and thoroughly
shaken. To dispense chloroform water, decant
the required quantity of the supernatant aqueous
solution. N.F. The chloroform water of the
B.P. is made by dissolving 0.25 per cent of
chloroform in distilled water. The B.P. preparation isonly about half-saturated; a fully saturated
water contains about 0.5 per cent of chloroform.
Chloroform water is used as a carminative and
as a vehicle for administering active remedies.
By virtue of its antiseptic properties, mixtures
containing it resist decomposition longer than
those made with ordinary water.
Dose, 15 ml. (approximately 4 fluidrachms) .
The B.P. preparation may be given in up to twice
this dose, since it contains but half the amount of
chloroform as the N.F. water.
Storage. — Preserve "in tight, light-resistant
containers." N.F. If chloroform water is exposed to light and air the chloroform may
undergo oxidation to phosgene (COCb) and
hydrochloric acid.
Off. Prep. — Mucilage of Acacia; Mucilage of
Tragacanth, B.P.
CHLOROPHENOTHANE.
U.S.P. (B.P.) (LP.)
Dicophane,

l,l,l-Trichloro-2.2-bis(p-chlorophenyl-ethane,
[Chlorophenothanum]

The B.P. recognizes as Dicophane a grade of
the substance of lesser purity, containing not less
than 75.0 per cent of 1 :1 :1 :-trichloro-2 :2-di(/>-chlorophenyl) ethane, with varying quantities
of an isomer as well as the carbinol resulting
from the condensation of one molecular proportion of chlorobenzene with chloral hydrate, the
reactants from which dicophane is made by
action of sulfuric acid. The B.P. also requires
not less than 9.5 per cent and not more than
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11.5 per cent of hydrolyzable chlorine. The LP.
likewise recognizes a product of lower purity
than that of the U.S. P., under the name Technical
Chlorophenothane, requiring it to contain not less
than 70.0 per cent of the principal constituent.
B.P. Dicophane; Dicophanum. LP., Technical Chlorophenothane; Chlorophenothanum Technicum. DDT.
Gesarol. Neocid. GNB.

In 1874 Zeidler, working on his doctorate
thesis at the University of Strasbourg, condensed
chloral with monochlorobenzene to obtain as the
chief constituent l-trichloro-2,2-bis(£-chlorophenyl)ethane. It was not until about 1936 or
later than the insecticidal properties of this
reaction product were discovered by the Swiss
chemist Miiller in the course of studies on the
development of new mothproofing agents. Several
publications concerning the effectiveness of the
substance against agricultural insect pests appeared in the foreign literature, and in the summer of 1942 samples of the material exported to
this country from Switzerland were brought to
the attention of the Bureau of Entomology and
Plant Quarantine of the U. S. Department of
Agriculture. Results of tests by the Bureau against
cabbage aphid, thrips, younger larvae of whiteflies,
active forms of mealybugs, carpet beetles, German roaches, and houseflies were highly promising and in May 1943 a DDT louse powder was
adopted by the armed services.
Several syntheses of DDT have been reported,
all of which, including the commercial process,
involve condensation of 2 moles of monochlorobenzene with 1 mole of chloral in the presence of
a condensing agent, which is sulfuric acid in the
commercial method. Three grades of DDT have
been recognized: (1) Technical DDT, which contains between 65 and 73 per cent of 1-trichloro2,2-bis(/>-chlorophenyl)ethane (commonly referred to as p,p'-Dt)T) and 19 to 21 per cent
of l-trichloro-2-0-chlorophenyl-2-p-chlorophenylethane (referred to as o/-DDT), with from
0.007 to 4 per cent of minor constituents; (2)
purified or aerosol DDT, which is a partially
refined grade and contains larger amounts of the
p,p' -DDT than does the technical grade; (3) pure
DDT, essentially the p,p'-DDT, melting between
108.5° and 109°, and used as a standard of comparison for special physiological and pharmacological studies. The o,p'-DT>T is not as effective
an insecticide as is the p,p'-DDT.
Description. — "Chlorophenothane occurs as
colorless or white crystals or as a white to
slightly off-white powder. It is odorless or has
a slight, aromatic odor. It is stable in air and is
but slowly affected by light. Chlorophenothane
is insoluble in water. One Gm. dissolves in 40
to 60 ml. of alcohol and in 5 to 7 ml. of boiling
alcohol: the greater the purity of the Chlorophenothane the lower is its solubility in alcohol.
One Gm. dissolves in about 2.5 ml. of acetone,
in 3.5 ml. of chloroform, and in about 4 ml. of
ether. Chlorophenothane congeals at a temperature not lower than 89°. U.S. P. The B.P. specifies
for dicophane a setting point of not less than 92°;
the LP. congealing temperature is not less
than 89°.

Chlorophenothane

297

Standards and Tests. — Identification. — (1)
The pale green color of a mixture of chlorophenothane, potassium hydroxide and a solution of
xanthydrol in anhydrous pyridine changes to a
reddish orange on boiling under a reflux condenser. (2) The solution obtained on refluxing
chlorophenothane with alcoholic potassium hydroxide T.S., then adding water and neutralizing
with nitric acid, responds to tests for chloride.
Residue on ignition. — Not over 0.5 per cent.
Water extractives. — Not over 1 per cent. Chloride.— The limit is 140 parts per million. Sulfate.
— No turbidity is produced in 1 minute on adding
diluted hydrochloric acid and barium chloride
T.S. to a saturated aqueous solution of chlorophenothane. Chloral hydrate. — Not over 0.025 per
cent. Organically-combined chlorine. — Not less
than 48 per cent and not more than 51 per cent
of CI, determined as chloride by the Volhard
method following reduction of chlorine with metallic sodium. U.S. P. The B.P. allows up to 1.0 per
cent of sulfated ash.
Assay. — For 1 :1 :l-trichloro-2:2-di-(p-chlorophenyl) ethane. — About 10 Gm. of dicophane is
dissolved, with the aid of heat, in 50 ml. of
dehydrated alcohol previously saturated at 17.5°
to 18.5° with pure 1 :1 :l-trichloro-2 :2-di-(£chlorophenyl) ethane (hereafter called pure
DDT). The solution is allowed to cool slowly
to permit crystallization of pure DDT, with
equilibrium being finally established at 17.5°
to 18.5°, after which the crystals are filtered
through a tared Gooch crucible, washed with 20
ml. of the saturated solution of pure DDT, and
finally dried to constant weight at 80°. It is
assumed in this assay that the other components
of dicophane dissolve in the saturated alcohol
solution of the pure DDT. B.P., I. P. For hydrolyzable chlorine. — About 500 mg. of dicophane
is boiled with 0.5 A7 alcoholic potassium hydroxide, and the chloride thus produced is determined
by the Volhard titrimetric method, using nitrobenzene to coat the particles of silver chloride
prior to titration with 0.1 A7 ammonium thiocyanate. Each ml. of 0.1 N silver nitrate required
represents 3.546 mg. of hydrolyzable chlorine.
B.P.
Cristol and Haller {Chem. Eng. News, 1945,
23, 2070), in a review of the chemistry of DDT,
give many important data concerning the manufacture, composition, physical properties, stability, and methods of analysis of DDT. They point
out that in the use of DDT as an insecticide the
following points should be kept in mind: (1)
DDT should not be mixed with alkaline diluents,
nor with salts of the type represented by ferric
and aluminum chloride; (2) contamination with
iron, steel, or rust should be minimized; (3)
compatibility with diluent or with other insecticides, fungicides, or fertilizers must be considered; (4) solvents containing chlorine or nitro
groups should be avoided; (5) high temperatures
and sunlight should be avoided (see also Haller,
Ind. Eng. Chem., 1947, 39, 467).
Action. — In insects, DDT acts as both contact
and stomach poison. Ordinarily it is absorbed
through the feet, antenna and mouth parts of the
insect. Attacking the nervous system, DDT pro-
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duces hyperactivity and uncoordinated movements, followed by progressive paralysis and
death. It is slow acting, and may take from ten
minutes to several hours to cause death, depending on the insect species.
In man and higher animals DDT acts primarily on the central nervous system, as contrasted with its apparent peripheral action in
insects. The cerebellum and higher motor cortex
appear to be the chief sites of action; no action
on the spinal cord, myoneural junctions or muscles has been demonstrated. The principal
systemic effects are hyperexcitability, generalized
tremors, spastic or flaccid paralysis and convulsions. DDT also sensitizes the myocardium to
the extent that ventricular fibrillation may be
induced. For a detailed discussion of the pharmacology of DDT see J.A.M.A., 1951, 145, 728.
Uses. — Chlorophenothane is an insecticide and
larvicide against a wide variety of insect species,
including head and body lice, fleas, ticks, mosquitoes, flies, roaches, bedbugs, and beetles; also
against species attacking fruit, shade and forest
trees, ornamental plants, vegetables, and field
and grain crops.
In therapeutics the medicinal grade of chlorophenothane, which is official in the U.S. P., is used
as a pediculicide and scauicide, particularly when
prepared in an ointment or emulsion form, especially the latter. Various formulations for such
application have been proposed and used. Morris
(New Eng. J. Med., 1949, 241, 742) used a
wettable form of DDT, containing 55 per cent
of active ingredient with a suitable surface-active
agent, for treatment of various forms of pediculosis. He directed patients with pediculosis capitis
or pediculosis pubis to apply the DDT preparation, in the form of a lather, to affected hairy
parts previously wet with water; after 15 minutes
the medication is washed off with water. One
treatment killed all lice, but did not affect nits
or ova that contained unhatched lice which required repetition of the treatment once weekly
for three weeks. If wettable DDT is not available
a paste prepared from 55 per cent regular DDT
and a synthetic non-soap detergent could be used
similarly. Approximately 15 Gm. of wettable
powder sufficed for one treatment of the average
male scalp, while 60 Gm. was used for the average
female scalp. For treating clothing, in pediculosis corporis, about 120 Gm. of powder to a
tubful of clothing was sufficient; the laundered
clothing was subsequently ironed with a hot iron.
Frazer (Brit. M. J., 1946, 2, 263) treated patients with the pediculosis capitis with an aqueous
emulsion containing 2 per cent of DDT, 15
per cent of naphtha, and 5 per cent of an emulsifying agent.
For treatment of scabies Goldberg (Arch.
Dermat. Syph., 1947, 56, 871) used successfully
a lotion containing 7 per cent of DDT in equal
parts of xylol, ether and liquid petrolatum, applying it once daily for 3 days. A 6 per cent ointment was used similarly by Gamier (Presse
med., 1948, 56, 458).
A combination of benzyl benzoate, ethyl aminobenzoate, and chlorophenothane utilizes the desirable effects of all three substances for treatment
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of pediculosis and scabies; its formulation and
virtues are discussed in the monograph on Benzyl
Benzoate, under Uses.
Chlorophenothane, variously applied as a 2 to
10 per cent dusting powder both to the skin and
clothing of infested people, has been credited
with aborting typhus epidemics; murine typhus
in the southeastern states of this country has
been effectively controlled through use of a dust
mixture containing 10 per cent of DDT and
90 per cent of pyrophyllite in rat runs, burrows
163).harborages (Williams, Mil. Surg., 1949, 104,
and
DDT is widely used on livestock and other
domesticated animals to control many insect
pests. Dairy cattle or animals to be used as food
should not be treated with DDT, for it has been
demonstrated that the substance may accumulate
in the milk and tissues of treated animals. Food
crops require particularly careful treatment to
keep residues of DDT at harvest time within a
safe minimum.
While use of various preparations of DDT as
an insecticide has been notably successful, in
recent years an alarming degree of resistance
to the chemical has developed in houseflies and
some strains of mosquitoes and body lice.
Technical DDT is formulated in many different ways including (1) oil solutions in petroleum
or other suitable organic solvents, (2) emulsion
concentrates which are diluted with water before
use, (3) powders in which the DDT is diluted
with pyrophyllite (aluminum silicate mineral),
various talcs, clays or soapstone, with or without
wetting agents, (4) aerosols of various types, (5)
in paints, polishes, waxes, etc. Concentrations of
DDT in various preparations on the market vary
from 1 to 75 per cent. |Y]
Toxicology. — While DDT has a wide margin
of safety, the substance is by no means harmless
to man and a large number of cases of poisoning,
some terminating fatally, have been attributed to
it or to ingredients combined with it in various
formulations (see J. A.M. A., 1952, 145, 728).
Acute poisoning from absorption of crystalline
DDT, either through the skin or the respiratory
tract, is unlikely and since the fatal oral dose appears to be of the order of 500 mg. per Kg. of
body weight only large doses could be toxic when
taken orally. In solvents which also dissolve lipids,
however, the tendency for absorption of DDT
through the skin, and the gastrointestinal tract, is
sufficient to be dangerous. Inhalation of DDT
powder is not hazardous, but emulsions and certain oil solutions of the substance may be absorbed from the lungs after inhalation. The standard DDT aerosol, containing 3 per cent of DDT,
will not produce symptoms of poisoning even with
frequent application because appreciable concentrations of the insecticide do not stay long in the
atmosphere.
Symptoms of acute poisoning begin with twitching of the eyelids, which progresses until severe
generalized tremors occur, these being particularly severe in the extremities. The convulsive
seizures are similar to those encountered with
strychnine poisoning. Death usually results from
respiratory failure, though heart failure may in-
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tervene. Chronic intoxication may result in loss
of weight, anorexia, mild anemia, muscular weakness and tremors that terminate in convulsive
seizures, coma and death.
Treatment of acute poisoning requires removal
of DDT from the alimentary tract, employing
gastric lavage if the chemical has been ingested,
followed by a saline cathartic. Oil cathartics or
dietary fats should be avoided, since these promote absorption of DDT. Phenobarbital should
be administered to control tremors or other nervous symptoms. In chronic poisoning symptomatic
therapeutic measures employed for hepatotoxic
substances may be employed if these are indicated
by liver function tests. |v]
Chlorophenothane is applied topically to the
skin in concentrations of 5 to 10 per cent, being
diluted with various inert bases (see above).
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
CHLOROQUINE PHOSPHATE.
U.S.P. (LP.)
Chloroquinium Diphosphate, 7-Chloro-4-(4-diethylaminol-methylbutylamino)quinoline Diphosphate

H
N+H-CH(CH2)3N(C2H5)2
H

2 H2P04~

"Chloroquine Phosphate, dried at 105° for 2
hours, contains not less than 98 per cent of
C18H26CIN3.2H3PO4." U.S.P. The LP. defines
Chloroquin Diphosphate as 7-chloro-4- (^-diethylamino- 1 -methylbutylamino ) quinoline diphosphate,
occurring in two forms differentiated by their
melting ranges; not less than 11.80 per cent and
not more than 12.25 per cent of P, and not less
than 60.76 per cent and not more than 63.25 per
cent of C18H26N3CI is required.
LP., Chloroquin Diphosphate; Chloroquini Diphosphas.
Aralen Diphosphate (Winthrop-Stcarns). SN 7618.

Chloroquine phosphate is an antimalarial of the
4-aminoquinoline type. The base may be prepared in an overall yield of 20 per cent from
w-chloroaniline and diethyl oxalacetate (see Surrey and Hammer, J.A.C.S., 1946, 68, 113). An
alternate synthesis utilizing ra-chloroaniline and
diethyl(ethoxymethylene)malonate, and providing an overall yield of more than 40 per cent, was
developed in several universities under contract
by the Office of Scientific Research and Development to study and develop synthetic antimalarials.
For further information concerning manufacture
of chloroquine see Ind. Eng. Chem., 1949, 41, 654.
Description. — "Chloroquine Phosphate occurs
as a white, crystalline powder. It is odorless, has
a bitter taste, and slowly discolors on exposure to
light. Its solutions are acid to litmus, having a pH
of about 4.5. Chloroquine Phosphate is freely soluble in water. It is almost insoluble in alcohol, in
chloroform, and in ether. Chloroquine Phosphate
exists in two forms ; the usual form melts between
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193° and 195°; the other form melts between
215° and 218°." U.S.P.
Standards and Tests. — Identification. — (1)
A yellow precipitate is produced on adding trinitrophenol T.S. to an aqueous solution of chloroquine phosphate. The precipitate of chloroquine
picrate, washed with water and dried over sulfuric
acid, melts between 205° and 210°. (2) A yellow
precipitate forms when silver nitrate T.S. is added
to a solution of chloroquine phosphate neutralized
with ammonia T.S. Loss on drying. — Not over 2
per cent, when dried at 105° for 2 hours. U.S.P.
Assay. — From about 300 mg. of chloroquine
phosphate, previously dried at 105° for 2 hours,
chloroquine base is liberated with ammonia and
extracted with several portions of ether. After
washing the ether solution with water, the ether
is evaporated and the residue of chloroquine is
dried at 105° for 1 hour and weighed. The weight
of chloroquine multiplied by 1.613 represents the
equivalent of C18H26CIN3.2H3PO4. U.S.P. The
LP. assays for chloroquine by this same procedure; the assay for phosphorus involves precipitation ofbismuth phosphate, which is determined gravimetrically.
Uses. — Currently chloroquine is the most
effective, least toxic and most convenient drug for
the suppressive treatment of malaria during exposure to infestation and for hepatic amebiasis.
Malaria is probably the most prevalent infectious
disease in the world and one of the most important causes of death and disability. Management
in humans concerns two types of situations: (1)
inhabitants of a malarious area repeatedly exposed
to the same strain and type of parasite, and
(2) immigrants without previous exposure who
will be exposed for a few months or years. In the
former the object is to prevent death, serious disability and impaired growth and development
while the individual is acquiring some immunity.
For the latter group, the aim is to prevent or
treat, as the case may be, the acute malarial
paroxysm and eventually to eliminate the exoerythrocytic stage of the parasite. There are three
common types of malarial parasite in the human
and one infrequent one (P. ovale) and strains of
variable susceptibility to the available drugs in
each of the four types of parasite. Theoretically,
a drug which would destroy the gametocytes
(sexual forms in the blood) in man would prevent involvement of the mosquito host and vector
but so far no clinically satisfactory drug is available for this purpose. Where weather, geographic
conditions and economics are favorable, considerable success in eliminating malaria by destroying
all the mosquitoes in the area has been attained
(see under Chlorophenothane). In the absence
of a true causal preventive drug for malaria, the
available ones may be considered as: (1) suppressive or (2) curative. The former eliminate
the asexual trophozoite stage in the red blood cells
of man which cause the symptoms; the patient
has the infection but is asymptomatic as long as
the drug is used. Such a drug, being used for long
periods of time, must be non-toxic for most
people. Among these are quinine and related
cinchona principles, quinacrine, chloroquine and
chloroguanide. The curative drugs for use when
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exposure has ceased eliminate the exo-erythrocytic (tissue) stage of the parasite and are necessary to prevent symptoms when the suppressive
drug is discontinued in the immigrant group of
humans. Among the drugs used for this purpose
are pamaquine, pentaquine and primaquine of
which only the last-named appears to be sufficiently non-toxic in effective doses for general
use.
Action. — Chloroquine is absorbed rather completely and rapidly from the gastrointestinal tract.
As compared with quinacrine the same dose produces ablood plasma concentration ten to twenty
times greater; for example, a dose of 0.3 Gm.
results in 176 micrograms per liter in blood plasma
(Berliner et al., J. Clin. Invest., 1948, 27, Suppl.,
98). Very little drug can be recovered from the
feces. The concentration in the erythrocytes is
10 to 25 times that in plasma, in which it is
largely bound to non-diffusible components. Increasing concentrations are found in red blood
cells, brain, muscle, heart, kidney, lung and liver.
In the liver the concentration is about 300 times
that in the plasma, which is less than is found
with quinacrine, but it is more persistent. Five
days after the last dose of chloroquine the blood
plasma concentration remains at 53 per cent of
the level present 3 hours after the last dose. This
was the most persistent of the several 4-aminoquinoline
Berliner's
group.in
Only
10 tocompounds
25 per centstudied
of the bydose
is excreted
the urine. This rate of excretion is increased by
acidosis and decreased by alkalosis (Jailer et al.,
J. Pharmacol, 1948, 92, 345). Degradation products have been studied by Craig et al. {Anal.
Chem:, 1948, 20, 134). The persistence of this
compound in the body suggests its use at intervals
greater than the daily or twice weekly interval
required with quinacrine for the suppression of
malaria.
For parenteral administration, the hydrochloride has been given intramuscularly, dissolved in
distilled water, in a dose equivalent to 0.2 Gm.
of the base, once or twice daily with an interval
of at least 4 hours between doses (Culwell et al.,
J. Nat. Malaria Soc, 1948. 7, 311); therapeutic
concentrations in the blood were observed within
1 hour of the injection, and no local or systemic
reactions were produced in 16 cases thus treated.
Spicknall et al. (Am. J. Med. Sc, 1949. 218, 374)
confirmed the safety and efficacy of this procedure in the treatment of malaria. Intravenous
administration was performed by Scott (Am. J.
Trop. Med., 1950. 30, 503). With doses up to
0.4 Gm. of the base in the form of the hydrochloride salt dissolved in 500 ml. of physiological salt
solution and injected slowly over a period of
1 hour, there were no untoward effects. More
rapid injection of more concentrated solutions
caused hypotension, dizziness, drowsiness, nausea
and blurred vision.
Antimalarial Therapy. — Chloroquine has
been found to be an effective suppressive agent
against all types of malarial parasites in all parts
of the world bv many observers. It was adopted
by the U. S. Army (Bull. U. S. Army M. Dept.,
1947, 7, 835) for the treatment and suppression
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of P. vivax, P. malariae and P. falciparum. In
the treatment of vivax malaria Most et al.
(J.A.M.A., 1946, 131, 963) reported relief of
fever within 24 hours in 98 per cent of patients,
and disappearance of parasites from the blood
films at 48 hours in 86 per cent and at 72 hours
in 96 per cent of cases. A blood plasma concentration of 10 micrograms per liter was effective.
On this basis it is about 3 times as active in
malaria as is quinacrine. It is effective for
P. malariae and Loeb et al. (J.A.M.A., 1946, 130,
1069) reported good results with P. falciparum.
Lucena (Rev. brasil. Med., 1948, 5, 269) reported the order of increasing susceptibility to be :
P. falciparum, P. malariae, P. vivax. Its efficacy
in the relapsing P. vivax malaria in Korea was
reported by Aquilena and Paparella (J. A.M. A.,
1952, 149, 834). As with quinacrine it is able to
cure P. falciparum with its short exo-erythrocytic
stage but not P. vivax, the tissue phase of which
persists for many months or even years (Berberian
and Dennis, Am. J. Trop. Med., 1948, 28, 755).
In the treatment of the malarial paroxysm, it is
reported to be more rapidly effective than chloroguanide in P. falciparum (Canet, Bull. Soc. Path,
exot., 1948, 41, 661, 690; Schneider and Mechali,
ibid., 274) and equally effective in P. vivax (Loeb
et al., loc. cit.; Pullman et al., J. Clin. Invest.,
1948. 27, Suppl., 46); Smith et al., Acta med.
Philipp., 1948, 5, No. 2, 1). Relapses are slower
in appearing after treatment with chloroquine,
partly at least because of the persistence of this
drug in the tissues of the body, but this delay is
seldom of practical importance. In a continually
exposed population, Berberian and Dennis (Am.
J. Trop. Med., 1949, 29, 463) reported a decrease
in splenomegaly when chloroquine was used as a
suppressive. As a suppressive drug, it has the
great advantage over others of being effective in
a single dose once a week. Packer (J. Nat. Malaria
Soc, 1947. 6, 147) found that 0.25 Gm. weekly
was insufficient for P. falciparum. Wallace (/.
Trap.. Med. Hyg., 1949, 52, 93) reported that
0.3 Gm. once or twice weekly was effective
against P. vivax and Chaudhuri (Brit. M. I., 1952,
1, 568) found 0.4 Gm. weekly to be superior to
0.3 Gm. of chloroguanide. Nelson and Conlin
(Pediatrics. 1950, 5, 224) advised a therapeutic
dose for infants of 0.375 Gm. initially followed
at 8. 24 and 48 hours with 0.25 Gm.; for children
over 8 years of age. they used 1 Gm. initially
followed at 8. 24 and 48 hours by 0.5 Gm. Poindexter (I. Pediat., 1951. 38, 169) used 0.3 Gm.
weekly successfully as a suppressive in children
2 to 18 years old but reported some side effects
in 46 per cent of cases.
For hepatic amebiasis, chloroquine is preferred
to emetine. Conan (Am. J. Med., 1949. 6, 309)
concluded from the treatment of 7 cases that it
was as effective as emetine and less toxic. A dose
of 0.25 Gm. was given four times daily for 2 days
then twice daily for 14 to 21 days. Alone it is
inadequate for intestinal amebiasis. It was effective in the pulmonary complications of amebic
abscess of the liver (Conan, et al., Trans. Roy.
Soc. Trop. Med. Hyg., 1950. 43, 659). Efficacy
in hepatic amebiasis has been confirmed by Harris
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and Wise (Am. Pract. & Dig. Treat., 1952, 3,
128), by Sodeman et al. (Ann. Int. Med., 1951,
35, 331), and others.
In leishmaniasis. Puello Garcia (Rev. facultad.
med., 1949, 17, 338) reported cure with cicatrization in 10 of 21 cases and improvement in 9 cases.
on a dosage of 0.75 Gm. twice the first day and
0.5 Gm. twice the second and third days and then
0.5 Gm. every 5th to 7th day until healed. lYl
Toxicology. — Only minor untoward effects
during therapeutic or suppressive use of chloroquine have been reported, these including pruritus, anorexia, dizziness, diarrhea (Bull. U. S.
Army M. Dept., 1947, 7, 834). Alving et al. (J.
Clin. Invest., 1948, 27, Suppl., 60) studied the
effect of larger doses than are needed in therapeutics in volunteers, administering 0.3 Gm. (as base)
daily for 77 days and then 0.5 Gm. weekly for
the remainder of a year. On this large dose visual
disturbances, headache and changes in the T wave
of the electrocardiogram were observed, these
disappearing when the drug was discontinued.
Berliner et al. (ibid., 98) also reported blurred
vision in volunteers on large doses. Craige et al.
(ibid., 56) described 2 instances of lichen planus
at the 8th and 12th month when using 0.5 Gm.
weekly. This lesion has not proven to be a problem in widespread use, as was the case with quinacrine (q.v.). In a comparative study of several
antimalarial drugs, the group receiving chloroquine made no more complaints than those receiving a placebo. Some reports have mentioned
nausea at the beginning of use, and erythema of
the palms after prolonged use has been reported.
Chinn et al. (J. Aviation Med., 1949, 20, 161)
found that it had no deleterious effect on the
tolerance of aviators to hypoxia. Unlike quinacrine, it does not stain the skin.
Dose. — The dose in the treatment of malaria
is 1 Gm. (approximately 15 grains) initially followed by 0.5 Gm. at 6, 24 and 48 hours; for the
suppression of malaria it is 0.5 Gm. weekly on
the same day of the week. The dose for amebic
hepatitis is 0.5 Gm. three times daily for 2 weeks,
then 0.75 Gm. twice weekly for several months.
If vomiting prevents oral administration, the
equivalent of 0.2 Gm. of chloroquine base in the
form of the hydrochloride salt dissolved in 5 ml.
of distilled water is given intramuscularly once or
at the most twice, with an interval of at least 4
hours between doses; the usual dosage is then
continued by mouth.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.

CHLOROQUINE PHOSPHATE
TABLETS. U.S.P. (LP.)
"Chloroquine Phosphate Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of C18H26CIN3.2H3PO4." U.S.P. The LP. limits are the same.
I. P. Tablets of Chloroquin Diphosphate; Compressi
Chloroquini Diphosphatis.

Usual
grains).

Size. — 250 mg. (approximately 4
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Chloromethapyrilene Citrate, Chlorothenium Citrate,
N,N-Dimethyl-N'-(2-pyridyl)-N'-(5-chloro-2-thenyl)ethylenediamine Citrate

ion

K

CI^/S\^CH2— NCH2CH2N (CH3)2

H2C6HS07

"Chlorothen Citrate, dried in a vacuum desiccator over phosphorus pentoxide for 5 hours,
contains not less than 98 per cent of C14H18CIN3S.CeHsOi." U.S.P.
Tagathen Citrate (Lederle).

The base of this antihistaminic compound may
be synthesized by condensation of a-chloropyridine with 3-dimethylaminoethylamine, followed
by treatment with 5-chloro-2-thenyl chloride; details of the synthesis have been published by
Clapp et al., J.A.C.S., 1947, 69, 1549. The base
is a chlorine derivative of methapyrilene, the
hydrochloride of which is official.
Description. — "Chlorothen Citrate occurs as
a white, crystalline powder, usually having a faint
odor. Its solutions are acid to litmus. One Gm. of
Chlorothen Citrate dissolves in about 35 ml. of
water. It is slightly soluble in alcohol, and practically insoluble in chloroform, in ether and in
benzene. Chlorothen Citrate melts between 112°
and 116°. On further heating it gradually solidifies
and remelts between 125° and 140° with decomposition." U.S.P.
Standards and Tests. — Identification. — (1)
A dark red color results when 2 5 mg. of chlorothen
citrate is dissolved in 5 ml. of sulfuric acid; on
dilution with 20 ml. of water the color disappears
and a brown precipitate forms. (2) A 1 in 100,000
solution exhibits an ultraviolet absorbance maximum at 240 mn ± 1 m^i, and a minimum at 277
ran ± 2 m\i; the absorptivity (1%, 1 cm.) at
240 mn is between 390 and 410. (3) The salt responds to tests for citrate after separating chlorothen base. Loss on drying. — Not over 0.5 per cent,
when dried in a vacuum desiccator over phosphorus pentoxide for 5 hours. Residue on ignition.
■ — Not over 0.1 per cent. U.S.P.
Assay. — About 600 mg. of chlorothen citrate,
previously dried in a vacuum desiccator over
phosphorus pentoxide for 5 hours, is assayed by
the nonaqueous titration method described under
Antazoline Hydrochloride, omitting the treatment
with mercuric acetate. Chlorothen citrate reacts,
in the acetic acid medium, as a diacidic base. Each
ml. of 0.1 N perchloric acid represents 24.40 mg.
of C^HisClNsS.CeHsOi. U.S.P.
Uses. — Pharmacological studies of this compound, as well as of its bromine analog Bromothen (Lederle), by Litchfield et al. (Bull. Johns
Hopkins Hospital, 1947, 81, 55), have demonstrated the compounds to have greater antihistaminic activity and less toxicity than tripelennamine, although chloromethapyrilene ranked ninth
in order of effectiveness of 13 antihistaminic
agents tested by Sternberg et al. (J. A.M. A., 1950,
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142, 969) for ability to raise the histamine whealing threshold in man. Clinical trials bv Feinberg
(Quart.
Bull. Northwest,
f. Med. Sch'.
22,
27)
indicated
it to be effective
as an1948.
antihistamine; itappeared to have slightly more sedative effect than has tripelennamine. Taub et al.
(Am. Pract.,
3, 5S6) confirmed
Feinberg's
report.
In the1949.
management
of parkinsonism,
no
benefit with doses up to 100 mg. four times daily
was observed bv Effron (GP, 1951. 4, 61).
Hoagland
al. '{J.A.M.A..
612) derreportedetobtaining
symptomatic 1951,
relief146,
in Rhus
matitis bythe use of a solution (Rhulitol, Lederle)
containing 2 per cent of chlorthen citrate and 5
per cent of tannic acid, with chlorobutanol. phenol,
camphor, ammonium alum, glycerin and 37 per
cent of isopropyl alcohol.
Caubren Compound OYhittier) is a tablet containing 25 mg. of chlorothen citrate. 320 mg. of
acetophenetidin. and 32 mg. of caffeine ; it is used
in the treatment of the "common cold" (see
Phillips and Fishbein. Ind. Med.. 1950. 19, 201).
See also the general discussion of Antiliistaminic
Drugs in Part II.
The dose of chlorothen citrate is 25 mg. (approximately }igrain) one to four times daily by
mouth, with a range of 25 to 50 mg. The maximum safe dose is 50 mg.. and the total dose in
24 hours should not exceed 200 mg.
Storage. — Preserve 'in tight, light-resistant
containers." U.S.P.
CHLOROTHEN
CITRATE TABLETS.
U.S.P.
"Chlorothen Citrate Tablets contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of C^HisOXsS.CfiH^Oi."
U.S.P.
Assay. — The spectrophotometry procedure described under Antazoline Hydrochloride Tablets
is employed, the appropriate constants for chlorothen citrate being substituted.
Usual Size. — 25 mg. CH3
CHLOROTHYMOL.
X.F.
Monochlorothymol.

[Chlorothymol]

CH3CHCH3
Chlorthymol : Monochlorthymol.

Chlorothymol is 6-chloro-4-isopropyl-l-methyl3-phenol. It may be obtained by the action of
sulfuryl chloride on a solution of thymol in carbon
tetrachloride.
Description. — "Chlorothymol occurs as white
crystals, or as a crystalline, granular powder,
possessing a characteristic odor, and an aromatic,
very pungent taste. It usually becomes discolored
with age, acquiring a yellowish or brownish color,
and is affected by light. One Gm. of Chlorothymol
dissolves in about 0.5 ml. of alcohol, in about
2 ml. of benzene, in about 2 ml. of chloroform,
in about 1.5 ml. of ether, and in about 10 ml. of

petroleum benzin. One hundred mg. of Chlorothymol dissolves completely in 100 ml. of a mixture of 1 volume of alcohol and 3 volumes of
water. It is soluble in dilute aqueous solutions of
sodium hydroxide, but is almost insoluble in
water. Chlorothvmol melts between 59= and 61°."
X.F.
Standards and Tests. — Identification. — (1)
A pink color, gradually becoming red or brownish red, is produced on adding 0.5 ml. of chloroform to a solution of 1 Gm. of chlorothymol in
5 ml. of a 1 in 10 solution of sodium hydroxide
which has been boiled for 1 minute, then cooled
to about 50°. (2) A white precipitate, soluble
in ammonia T.S.. is produced when the residue
from the fusion of 200 mg. of chlorothymol with
anhydrous sodium carbonate is extracted with
water, the solution acidulated with nitric acid
and filtered, and silver nitrate T.S. added. Reaction.— 500 mg. of chlorothymol agitated with
10 ml. of hot distilled water leaves the liquid
neutral to litmus paper. Residue on ignition. —
Not over 0.05 per cent. N.F.
Uses. — According to Klarmann et al. (J. Bact..
192 7. 17, 423) chlorothymol is a powerful germicide: its phenol coefficient is. in the absence of
organic matter, 61 against the typhoid bacillus,
and 15S against the staphylococcus; in the presence of organic matter the coefficients are. respectively. 2 and 57. It is an ingredient of the
X.F. Antiseptic Solution. It is so intensely irritant, however, that by itself it is all but impossible to use it in the mouth in sufficient concentration to be of any practical value. Chlorothymol
is also fungicidal and may be useful in parasitic
skin diseases.
Storage. — Preserve "in well-closed, light-resistant containers, and avoid continuous excessive
heat." X.F.
Off. Prep. — X.F. Antiseptic Solution. X.F.

CHLOROXYLENOL.

B.P.

Para chloromefaxylenol

C6H2(CH3)2(C1)(0H)

(1.3,2,5)

The B.P. defines Chloroxylenol as 4-chloro3:5-xylenol. stating it may be prepared by the
interaction of xylenol and sulfuryl chloride.
Description and Tests. — Chloroxylenol consists of white to creamy-white crystals or a crystalline powder with a characteristic odor. It is
soluble in about 3000 parts of water, more soluble
in hot water; also soluble in alcohol, ether, benzene, terpenes. fixed oils and solutions of alkali
hydroxides. It is volatile in steam and melts between 114c and 115.5°.
The addition of 1 drop of ferric chloride solution to a saturated solution causes no blue color
(distinction from chlorocresol >. The product of
its ignition with 10 parts of anhydrous sodium
carbonate, if dissolved in water and acidified with
nitric acid, yields a white precipitate on the addition of silver nitrate solution.
Uses. — There have been in common use in
Great Britain for the past decade several proprietary antiseptics — of which dettol is probably
the most popular — whose action depends largely
on the presence of a chlorinated xylenol.
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While chloroxylenol solutions are acknowledged
not to be as valuable general antiseptics as are
cresol solutions, the advantage claimed for the
former over the latter is the lack of irritant properties. Colebrook (/. Obst. Gyn. Br. Emp., 1933,
40, 966) rubbed undiluted dettol into the skin of
several volunteers daily, for two weeks, with no
sign of irritating effect.
Chloroxylenol is effective against streptococci,
considerably less so against staphylococci, and is
almost devoid of activity against gram-negative
organisms, including Pseudomonas pyocyanea and
Bacillus proteus. Lockemann and Kunzman
(Angewandte Chem., 1933, 46, 296) found that
there is considerable difference in the efficiency
of the various isomers, depending chiefly on the
position of the methyl radicals. As chloroxylenol
is only very slightly soluble in water, it must be
emulsified when used in an aqueous vehicle; the
B.P. Solution of Chloroxylenol provides a preparation that forms an emulsion when mixed with
water. Rapps (/. Chem. Ind., 1933, 52, 175T)
reported that, when solubilized by a castor oil
soap, chloroxylenol has a phenol coefficient of 62,
but with sodium hydroxide its coefficient was
only 5.7.
Although chloroxylenol has been used chiefly as
an external antiseptic, Zondek (/. Urol., 1942, 48,
747) recommended it also as a urinary antiseptic.
He stated that it can be absorbed through the
skin and suggested daily inunction with a 33 per
cent ointment accompanied by intramuscular injections ofa 10 per cent solution in olive oil (the
latter are quite painful and there should be added
an oil-soluble local anesthetic such as benzocaine)
in the treatment of pyelitis.
SOLUTION

OF

CHLOROXYLENOL.
B.P.

Roxenol, Liquor Chloroxylenolis

This solution contains 5 per cent w/v of chloroxylenol and 10 per cent w/v of terpineol, along
with a soap prepared from castor oil and oleic
acid by saponification with potassium hydroxide,
in a 20 per cent solution of alcohol in water.
The solution is a yellow to amber-colored
liquid; when diluted with 19 volumes of water it
gives a white emulsion from which oily globules
or crystals do not separate after standing for
24 hours.
For application to wounds and abrasions the
solution is diluted 1 to 64 with water; as a
vaginal douche it is employed in 1 to 32 dilution;
as a gargle it is diluted with from 125 to 400
volumes of water.

CHLORPHENIRAMINE
U.S.P.

MALEATE.

2-[p-Chloro-a-(2-dimethylaminoethyl)benzyl]pyridine
Maleate, Chlorpheniraminium Maleate, Chlorprophenpyridamine Maleate

CI

xs— CHCH2CH2N

(CH3)2

HC4H20<

Maleate
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"Chlorpheniramine Maleate, dried at 105° for
3 hours, contains not less than 98 per cent of
C16H19CIN2.C4H4O4." U.S.P.
Chlor-Trimeton Maleate (Scheriny) .

Chlorpheniramine is the />-chloro derivative of
pheniramine, which is official in N.F. as Pheniramine Maleate and under which title the chemistry of chlorpheniramine is also discussed.
Description. — "Chlorpheniramine Maleate occurs as a white, odorless, crystalline powder. Its
solutions are acid to litmus, having a pH between
4 and 5. One Gm. of Chlorpheniramine Maleate
dissolves in about 4 ml. of water, in 10 ml. of
alcohol, and in about 10 ml. of chloroform. It is
slightly soluble in ether and in benzene. Chlor135°." U.S.P. pheniramine Maleate melts between 130° and
Standards and Tests. — Identification. — (1)
A 1 in 25,000 solution exhibits an ultraviolet absorbance maximum at 261 m\x ± 1 mix, and a
minimum at 244 m^i ± 1 mu-; the absorptivity
(1%, 1 cm.) at 261 m\i is between 140 and 150.
(2) Maleic acid separated from the salt melts
between 128° and 133°. Loss on drying. — Not
over 0.5 per cent, when dried at 105° for 3 hours.
Residue on ignition. — Not over 0.15 per cent.
Other antihistamine substances. — A solution of
25 mg. of chlorpheniramine maleate in 5 ml. of
sulfuric acid is colorless. U.S.P.
Assay. — About 500 mg. of chlorpheniramine
maleate, previously dried at 105° for 3 hours, is
assayed by the nonaqueous titration method described under Antazoline Hydrochloride, omitting
the treatment with mercuric acetate. Chlorpheniramine maleate reacts, in the acetic acid
medium, as a diacidic base. Each ml. of 0.1 N
perchloric acid represents 19.54 mg. of C16H19CIN2.C4H4O4. U.S.P.
Uses. — This is probably the most active antihistaminic drug which has been developed. Oral
administration of as little as 4 mg. is therapeutically effective. By animal assay, it is twenty
times as active as prophenpyridamine (Tislow
et al, Fed. Proc, 1949, 8, 338). Chronic toxicity
studies in animals at a daily dose of 25 mg. per
kilogram of body weight showed no pathological
changes. The therapeutic index (LD50/ED50)
is 1500 (Margolin and Tislow, Ann. Allergy, 1950,
8, 515). In humans the wheal produced by the
intracutaneous injection of 3 micrograms of histamine was reduced by one-third by the oral
administration of 8 mg.; a similar inhibition was
produced by 16 mg. of promethazine, 38 mg. of
chlorcyclizine, 105 mg. of pyrilamine, 230 mg. of
antazoline, or 330 mg. of thonzylamine (Bain,
Analyst, 1951, 76, 573). Monash (/. Invest.
Dermat., 1950, 15, 1) reported that tolerance
develops on continued use of chlorpheniramine
and other antihistaminic agents as measured by
the inhibition of the histamine wheal in the skin.
Studies of the effect on the mammalian capillary
bed by Haley and Andem (/. Pharmacol., 1950,
100, 393) showed that it was a potent vasoconstrictor; leukocytes tend to stick to the walls of
the blood vessels in the slow-moving current of
blood. Boyd {Can. Med. Assoc. J., 1952, 67, 289)
found no increase in the secretion of fluid by the
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mucous membrane of the respiratory tract of his
animals after chlorpheniramine; he concluded that
it had no expectorant action and that it was not
indicated in the treatment of cough except on an
allergic basis. Seneca (Science, 1952, 115, 48)
reported that it had fungistatic action.
Clinical experience has confirmed the pharmacological promise of activity for this antihistaminic drug. In hay fever, satisfactory symptomatic relief has been reported for about 85 per
cent of cases (Vickers and Barrett, /. Maine
M. A., 1949, 40, 356; Eisenstadt, J. -Lancet, 1950,
70, 26; Reicher and Schwartz, N. Y. State J.
Med., 1950, 50, 1383; Silbert, New Eng. J. Med.,
1950, 242, 931; Allison and Robinson, /. South
Carolina M. A., 1949, 45, 344). Usually improvement appears within 10 to 30 minutes of ingestion. In acute or chronic urticaria or angioneurotic edema, similar good results were reported.
Even in bronchial asthma, Silbert (loc. cit.) found
oral administration useful and Gaillard (Ann.
Allergy,
8,' 318) inreported
reliefof in
per
cent and 1950,
improvement
41 per cent
his 35cases.
A prolonged-action tablet containing 4 mg. in an
outside layer and 4 mg. in an enteric-coated core
was effective when given every 12 hours in 50 per
cent of cases of pollen asthma and 75 per cent of
cases of hay fever (Wittich, Ann. Allergy, 1951,
9, 491). In the management of colds, Coricidin
(Schering) tablets, containing 2 mg. chlorpheniramine, 230 mg. acetylsalicylic acid. 150 mg. acetophenetidin. and 30 mg. caffeine, were tested by
Kovaleff (N. Y. State J. Med., 1950. 50, 2955);
results were better than with a placebo or with
the "APC" combination without the antihistamine.
Some cases of atopic dermatitis, allergic eczema
and pruritus vulvae were improved by oral administration. Adams and Sacca (Ann. Allergy,
1951, 9, 224) reported a gratifying recovery in a
case of allergic purpura.
In the prophvlaxis of air sickness, Chinn et al.
(Texas Rep. Biol. Med., 1950, 8, 320) found
chlorpheniramine ineffective. In cases of refractory peptic ulcer a dose of 8 mg. four times daily,
after meals and at bed-time, with an unrestricted
diet, relieved symptoms in about 48 hours, and
resulted in a decrease in hydrochloric acid in the
stomach both in the fasting state and after test
meals and the injection of histamine subcutaneously (Isaacson et al., Med. Ann. District
Columbia, 1951, 20, 63); symptoms recurred
when the antihistamine was discontinued. Ziperyn
(Ann. West. Med. Surg., 1950, 4, 612) treated a
few cases effectively using 2 mg. every 4 hours.
Injection. — In severe cases of asthma, Jenkins
(Ann. Allergy, 1953, 11, 96) relieved the upper
respiratory symptoms and the cough quickly with
5 mg. in cases of seasonal asthma and 20 mg. in
instances of perennial asthma. A dose of 30 mg.
intramuscularly aggravated the dyspnea. In urticaria, adose of 5 mg. intramuscularly once or
twice daily gave good relief. Bernstein and Klotz
(ibid., 1952, 10, 479) mixed the chlorpheniramine
directly in the syringe with calcium gluconate and
felt that the therapeutic effect was potentiated.
In severe cases of poison ivy dermatitis, Jenkins
gave 10 mg. subcutaneously daily for 3 days with
satisfactory control of symptoms and reported
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that intravenous injection of 5 mg. slowly gave
immediate relief. In allergic eczema, intravenous
administration gave immediate relief and cessation of "weeping." The addition of 10 mg. to 500
ml. of citrated blood for transfusion prevented
transfusion reactions (Frankel and Weidner, ibid.,
1953, 11, 204); blood containing chlorpheniramine
remains satisfactory for use in the blood bank for
3 weeks. In combination with aqueous penicillin
in the same syringe, it has prevented allergic
reactions in sensitive cases (Simon, ibid., 1952,
10, 187; Maslansky and Sanger, Antibiot. Chemother., 1952, 2, 385) and in large groups of individuals among whom some susceptible individuals
would have been expected. A dose of 10 to 20 mg.
may be used with doses of penicillin of 300,000
to 600,000 units, according to the degree of sensitivity of the patient at the time. It has been employed to minimize untoward effects of opiates,
meperidine or tetracaine (Bernstein and Klotz,
loc. cit.) and many other injections, such as
tetanus antitoxin or toxoid, contrast media for
roentgen examinations, insulin, liver extract and
vitamin B-complex injections. Chlorpheniramine
maleate injections are available in concentrations
of 2, 10, and 100 mg. per ml.
Allergenic Extracts. — Since antihistaminic drugs
inhibit the undesirable physiological effects of any
histamine released in an antigen-antibody reaction, but do not alter the antigen-antibody mechanism in any known manner, an obvious therapeutic application is in the prevention of untoward
responses during the hyposensitization program
with pollen and other allergens. Jenkins (loc. cit.),
Bernstein and Klotz (loc. cit.), and others have
mixed 5 to 20 mg. of chlorpheniramine with the
specific allergenic extract in the same syringe in
over 1000 injections in several hundred patients
with allergic rhinitis or dermatitis with benefit.
Higher concentrations of the allergen can be injected, and the dose increased more rapidly, with
a resulting quicker accomplishment of adequate
hyposensitization of the patient to the environmental substance to which he is hypersensitive.
Chlorpheniramine lends itself to this use better
than any other antihistaminic drug because the
small effective dose can be contained in a small
enough volume of solution to be practical for
subcutaneous injection, e.g., 5 mg. in 0.1 ml. The
solution must be protected from light during
storage.
A nasal solution of 0.25 per cent strength was
used by Schaffer and Seidman (Ann. Allergy, 1952,
10, 194); in 48 of 61 cases of allergic rhinitis, it
produced adequate shrinkage of the swollen
mucosa without subsequent rebound swelling.
Toxicology. — The drug is well tolerated. On
oral administration of doses effective in allergic
disorders, the incidence of side effects in several
reports on a total of 412 cases was 3.1 per cent.
From parenteral use, an incidence of 4 per cent
is reported. Symptoms include drowsiness, jitteriness and dry mouth.
Dose. — The usual dose is 4 mg. (about ^is
grain) up to 4 times daily by mouth, with a range
of 2 to 8 mg. The maximum safe dose is 8 mg. and
the total dose in 24 hours should not exceed 32
mg. For parenteral use, the average dose is 2 to
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4 mg. (approximately Ho to Hs grain) for intramuscular, subcutaneous or intravenous injection.
After tolerance to a dose of 2 mg. has been demononstrated, up to 10 mg. may be used if indicated.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
CHLORPHENIRAMINE
MALEATE
TABLETS.
U.S.P.
"Chlorpheniramine Maleate Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of Ci«Hii)ClN2.C4H4O4." U.S.P.
Assay. — The spectrophotometric procedure described under Antazoline Hydrochloride Tablets
is employed, the appropriate constants for chlorpheniramine maleate being substituted.
Usual Sizes. — 4 and 8 mg.
CHLORTETRACYCLINE
HYDROCHLORIDE. U.S.P. (BR, LP.)
Aureomycin Hydrochloride (U.S.P. XIV)

N(CH3)2

CONH,

cr

"Chlortetracycline Hydrochloride contains not
less than 90 per cent of C22H23CIN2O8.HCI.
Chlortetracycline Hydrochloride conforms to the
regulations of the federal Food and Drug Administration concerning certification of antibiotic
drugs. Chlortetracycline Hydrochloride not intended for parenteral use is exempt from the requirements ofthe tests for Pyrogen and Sterility."
U.S.P.
The B.P. defines Aureomycin Hydrochloride
as a mixture of the hydrochlorides of the several
antimicrobial substances produced by the growth
of Streptomyces aureofaciens, or the hydrochloride of any of the same substances produced by
any other means. It contains not less than 900
Units per mg. The LP. definition and rubric are
substantially identical with those of the B.P.
B.P., J. P. Aureomycin

Hydrochloride.

Aureomycin.

History. — Chlortetracycline hydrochloride is
a broad-spectrum antibiotic separated from the
metabolic products of the actinomycete Streptomyes aureofaciens. Isolation of the actinomycete
and discovery of the antibiotic properties of
Aureomycin were end results of a program of
research undertaken by Professor Duggar who,
after retirement from an active university career,
accepted employment in industry (see Duggar,
Ann. N. Y. Acad. Sc, 1948, 51, 177). Aureomycin
(this term will be used synonymously with Aureomycin hydrochloride and chlortetracycline hydrochloride in this monograph) was the second
broad-spectrum antibiotic to become available —
Chloromycetin was the first — and its discovery
marked a notable advance in antibiotic therapy.
Jt is paradoxical that Aureomycin was nearly
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passed over in the early phases of the screening
program in the search for antibiotic substances
because of its relatively poor in vitro performance. It has since been demonstrated many times
that, due probably to its instability in solution
under usual conditions of in vitro antibacterial
testing, Aureomycin often is much more effective
in treatment of bacterial infections than would
be anticipated from in vitro assays. The antibiotic, first referred to merely as A-377 and originally marketed under the trade-mark Duomycin
(Lederle), was later called Aureomycin, and the
species of Streptomyces which elaborates it was
designated aureofaciens, in allusion to the golden
yellow pigment that it produces.
Biosynthesis. — Numerous mutant strains of
Streptomyces aureofaciens have been induced by
ultraviolet irradiation and one of these has been
selected for industrial biosynthesis of Aureomycin
because of the superior yields obtained in submerged cultures. In appropriate media, this strain
produces as much as 1300 micrograms of Aureomycin per ml. Extraction of the antibiotic from
the fermentation broth proceeds in numerous
steps. The basic procedures depend on the amphoteric character of the antibiotic and the differential solubility of the free compound and its
salts in polar and in nonpolar solvents, and on the
differential adsorption of the free compound and
its salts on various types of ion exchange resins.
Production and extraction methods have been reviewed and summarized by Van Dyke {Antibiotics and Chemotherapy, 1952, 2, 184).
Structure. — Aureomycin (chlorotetracycline)
and Terramycin (oxytetracycline) are closely related compounds which, as their generic names
indicate, are derivatives of tetracycline, itself an
antibiotic of great promise (see Tetracycline
Hydrochloride). Chlortetracycline is the 7-chloro
derivative of tetracycline which, in turn, is considered aderivative of naphthacenecarboxamide.
Following the Chemical Abstracts system of
nomenclature the chemical name of chlortetracycline is7-chloro-4-dimethylamino-l,4,4a,5,5a,6,ll,12a-octahydro-3,6,10,12,12a-pentahydroxy-6methyl- 1 , 1 l-dioxo-2-naphthacenecarboxamide.
Chlortetracycline embodies two ionizable hydroxyl groups and a tertiary amino group, thereby
rendering the compound amphoteric. It readily
forms salts with acids and with bases. Because of
superior pharmacologic properties and greater
stability the salts with acids generally have been
preferred for systemic therapy, with the hydrochloride being commonly employed. More recently, however, a suspension of the calcium salt
has been made available commercially and has
been well received. The borate is supplied for
local medication in ocular infections.
Description. — "Chlortetracycline Hydrochloride is a yellow, crystalline powder. It is odorless
and has a bitter taste. It is stable in air but is
. slowly affected by light. Its 1 in 200 solution has
a pH between 2.3 and 3.3. One Gm. of Chlortetracycline Hydrochloride dissolves in about 75 ml.
of water, and in about 560 ml. of alcohol. It is
soluble in solutions of alkali hydroxides and carbonates. Itis practically insoluble in acetone, in
chloroform, in dioxane, and in ether." U.S.P.
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Chlortetracycline hydrochloride is somewhat
more soluble in a 5 per cent aqueous solution of
dextrose than it is in water (Schoenbach et al.,
Ann. N. Y. Acad. Sc, 1948, 51, 267); it is stated
that a 4 per cent solution of the antibiotic salt
may be prepared in this vehicle. Chlortetracycline
hydrochloride is also more soluble in aqueous
solutions of methylcellulose than it is in water;
solutions of the antibiotic, containing methylcellulose, have been recommended for topical use
to prevent scarring in varicella (Kalz et al., Can.
Med. Assoc. J., 1949, 61, 171).
Aqueous solutions of chlortetracycline hydrochloride (20 micrograms per ml.) in distilled
water or in isotonic sodium chloride solution have
a pH of 2.5 to 2.9 and are irritating to tissues
and cause pain when injected intramuscularly.
Usually they can be injected intravenously without deleterious consequences, although occasionally phlebitis develops due to the irritating property of the drug or perhaps to the high acidity of
the solution or to both factors. These undesirable
effects are minimized by buffering the antibiotic
solution with appropriate salts of suitable amino
acids, of which sodium glycinate appears to be
one of the most satisfactory.
Stability. — Dry crystalline chlortetracycline
hydrochloride, when stored in tight containers
and protected from light and moisture, is stable
at ordinary temperature for many months. Aqueous solutions, however, are affected markedly by
pH and by temperature.
Solutions containing 20 micrograms of the hydrochloride per ml. and having a pH of 2.5 are
stable for several hours at room temperature, but
at 37° they lose 15 per cent of their antibiotic
activity in 5 hours and 50 per cent in 24 hours.
Neutral or alkaline solutions are very unstable
and deteriorate rapidly even at room temperature.
A solution at pH 8.5 loses about 12 per cent of
its activity in 30 minutes at 25°, about 20 per
cent in one hour, and about 40 per cent in 2 hours
(Harned et al., Ami. N. Y. Acad. Sc, 1948, 51,
182).
Dry Aureomycin borate is quite stable, but a
0.5 per cent solution in isotonic sodium chloride
solution having a pH of 7.5 to 7.8 is antibacterially inert after 24 hours at room temperature
(Braley and Sanders, Ann. N. Y. Acad. Sc, 1948,
51, 280). Deterioration is more rapid in more
alkaline solutions. This has practical significance
because the pH of solutions of Aureomycin borate
as dispensed for treatment of ocular infections
may have a pH of 7.5 to 8.5. Solutions should,
therefore, be freshly prepared from the dry salt
immediately before dispensing, and the patient
should be told to keep the solution refrigerated
when it is not in use. A 0.5 per cent solution retains its activity for several days at 4°.
Womak et al. (Proc S. Exp. Biol. Med., 1949,
72, 706; /. Lab. Clin. Med., 1950, 36, 655) reported that egg yolk contains a heat-stable factor
that partially protects Aureomycin against deterioration insolution.
Standards and Tests. — Identification. — (1)
A brown color with a greenish tinge results on
addition of an alcoholic solution of ferric chloride
to a dilute solution of chlortetracycline hydro-
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chloride. (2) A blue color, quickly changing to
green and finally to dark olive-green, results when
sulfuric acid is added to chlortetracycline hydrochloride (oxytetracycline hydrochloride gives a
red color). (3) Chlortetracycline hydrochloride
responds to tests for chloride. Loss on drying. —
Not over 2 per cent, when dried in vacuum at 60°
for 3 hours. Pyrogen. — Chlortetracycline hydrochloride, used in a test dose of 1 ml. of a solution
(containing 5 mg. per ml.) per Kg., meets the
requirements of the test. Safety. — Chlortetracycline hydrochloride, used in a test dose of 0.5 ml.
of a solution containing 2 mg. of the antibiotic
salt in each ml., meets the requirements of the
test. Sterility. — Chlortetracycline hydrochloride is
required to be free of bacteria, molds and yeasts.
U.S.P.
Assay. — Chlortetracycline hydrochloride is
assayed by the official microbial assay. U.S.P. For
description of a nonaqueous titration method in
which a glacial acetic acid solution of the antibiotic is titrated with a solution of perchloric
acid, which method is under certain conditions
suitable for chemical control, see Sideri and Osol
(/. A. Ph. A., 1953, 42, 688).
Action. — No entirely satisfactory chemical
tests for assaying Aureomycin in the blood and
other body fluids have been developed. Therefore, studies of absorption, distribution, and excretion have had to rely on bioassay technics.
With Aureomycin, however, such technics yield
relative values only, because the antibiotic deteriorates rapidly in solution, especially at incubator temperatures. For example, when human
serum or tryptose phosphate broth-thioglycollate
medium containing 1 microgram or less of Aureomycin per ml. is incubated at 37° from 94 to 97
per cent of the initial activity is lost in 8 hours
(Dowling et al., Ann. N. Y. Acad. Sc, 1948, 51,
241). Despite these difficulties, a considerable
amount of information regarding uptake, distribution, and elimination of the drug has been
acquired.
Absorption. — Aureomycin is rapidly absorbed
from the gastrointestinal tract following oral administration and is rapidly distributed to most
tissues, organs, and body fluids. It is more effective clinically than would be predicted from results of in vitro tests. A single oral dose of 250
to 500 mg. of Aureomycin yields maximum plasma
concentrations in from two to eight hours and
usually the antibiotic can be detected in the blood
for as long as 12 hours and sometimes for as long
as 24 hours.
When multiple doses of chlortetracycline hydrochloride are given (0.25 to 1 Gm. every six
hours) maximum concentrations of the drug in
the blood range from about 2.5 to about 6 micrograms per ml. Increasing the dose (on either
single or multiple schedule) does not increase
commensurately the maximum concentration attained in the plasma, but it does prolong somewhat the time during which the plasma level remains above any given submaximal value.
Following intravenous injection of Aureomycin,
maximum concentrations in the blood may be
reached in five minutes, and detectable amounts
may be present for as long as twelve hours after
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a single dose of 250 mg. Small intravenous doses,
as low as 25 mg., often produce satisfactory and
therapeutically effective blood levels.
Welch made a comprehensive comparison of
absorption, blood levels, distribution, and excretion of Chloromycetin, Aureomycin, and Terramycin (Ann. N. Y. Acad. Sc, 1950, 53, 253),
and found that, following any given oral dosage
schedule, blood levels achieved with Aureomycin
and Terramycin were similar in magnitude and
in maintenance pattern. Neither drug attained
such high concentrations in the blood as Chloromycetin.
Distribution. — Aureomycin has been found in
various organs (liver, kidney, spleen, lungs, etc.)
of patients who have died while undergoing
Aureomycin therapy. Therefore, it is thought that
the antibiotic diffuses into the intracellular fluids.
In view of the remarkable efficacy of Aureomycin
in rickettsial infections, it seems reasonable to
assume that the drug penetrates endothelial cells.
Aureomycin diffuses into the cerebrospinal fluid
and also passes the placental barrier.
Aureomycin, like Terramycin, tends to reach
relatively high concentrations in the liver and in
the bile ; the titer in the bile may be several times
that in the blood. The relatively high levels attained in the liver and bile undoubtedly are responsible for the superiority of these drugs in
liver and biliary infections (see below).
Excretion. — Excretion of Aureomycin is
effected via the urine and the feces. Much of
it is excreted in a biologically active form. Welch
(loc. cit.) observed that concentrations of Aureomycin in urine and in feces were considerably
below those of Terramycin, following similar
doses. Some of the difference may be only apparent, being due to the somewhat greater difficulty
in satisfactorily assaying Aureomycin in body
tissues and fluids, but it seems unlikely that this
is the sole explanation. It has been suggested that
less Aureomycin than Terramycin is found in
total 24-hour urine collections following administration of the respective drugs because intracellular penetration by Aureomycin is greater
than by Terramycin. At present, there is no experimental evidence to support this view.
When single oral doses ranging from 0.5 to 2
Gm. were given, total urinary excretion in 24
hours varied from about 9 per cent to about 15
per cent of the administered dose. Somewhat
higher percentages of the total dose can be recovered from the urine following multiple doses.
Approximately 17.5 to 25 per cent of the total
dose is excreted in biologically active form when
Aureomycin is given in four equal doses of 0.25
to 1 Gm. at intervals of six hours. Maximum and
average concentrations of Aureomycin demonstrable in the urine and concentrations in the
feces and the skin are lower than those of Terramycin. But Aureomycin may reach higher concentrations than Terramycin in the spleen, bile,
and lungs.
Uses. — Aureomycin, like its close chemical
relative, Terramycin, provides effective medication in a wide variety of infections due to bacteria
(both gram-positive and gram-negative), rickettsias, some large viruses, and some protozoa.
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It is ineffective against the smaller viruses, such
as those causing rabies, poliomyelitis, vaccinia,
and encephalitis and also is ineffective against
fungi. General articles that indicate the scope of
usefulness of Aureomycin in treatment of various
types of infections are as follows: blood stream
and heart (Herrell, J.A.M.A., 1952, 150, 1450);
respiratory tract (Romansky and Kelser, ibid.,
1447) ; gastrointestinal tract (Hughes, ibid., 1456) ;
genitourinary tract (Nesbit and Baum, ibid.,
1459); skeletal system (Altemeier and Largen,
ibid., 1462); viral and related infections (Finland,
New Eng. J. Med., 1952, 247, 317; ibid., 557);
tropical diseases (Ann. N. Y. Acad. Sc, 1952, 55,
969 to 1284 and Killough, Proc. Roy. Soc. Med.,
1952, 45, 109). An amply documented review of
the varied infectious conditions in which Aureomycin has been employed in treating patients,
from the time of its first clinical trial up to 1952,
has been published in book form by the Lederle
Laboratories (The Fifth Year of Aureomycin) .
See also the tables in the article on Antibiotics,
in Part II.
Aureomycin, if used according to the principles
suggested by Meyer and Eddie (Antibiotics Annual, 1954-55, p. 544), can have an important
role in the control of psittacosis and ornithosis.
Their proposals, if adopted, would eliminate a
major source of infection by controlling the disease in avian carriers.
Resistance of organisms to Aureomycin may
be increased several fold in the laboratory, but
generally acquired resistance is not a clinically
significant problem with Aureomycin or, for that
matter, with other broad-spectrum antibiotics.
For exception, see discussion of staphylococcosis
during intensive treatment with oxytetracycline.
However, if organisms acquire resistance to
Aureomycin, frequently they evidence increased
resistance to Terramycin also and vice versa.
(For discussion of resistance and cross-resistance
among antibiotics, see Pratt and Dufrenoy, Antibiotics, 2nd ed., 1953, Lippincott.)
Rickettsial Infections. — Aureomycin is indicated for all rickettsial infections — Rocky
Mountain spotted fever, typhus, scrub typhus,
murine typhus, Brill's disease, and Q fever. The
current attitude toward Q fever was summed up
by Melolesi (Wien. klin. Wchnschr., 1951, 63, 5),
who stated that therapy of Q fever has become
simple and effective with the introduction of
Aureomycin, which influences the course of the
disease in a decisive manner in 3 days. This is a
common experience in Q fever treated with
Aureomycin. However, other reports indicate that
Aureomycin is not always uniformly effective in
Q fever, although it is a logical choice for therapy. Clark et al. (Arch. hit. Med., 1951, 87,
204), summarizing 45 cases treated with Aureomycin, reported that 71 per cent became afebrile
in 5 days or less, 20 per cent did not become completely afebrile in this period but had decided
decrease in fever and marked subjective improvement. The remaining 9 per cent showed either
no or very slight improvement. Q fever is a disease which often is accompanied by complications: thrombo-phlebitis, pulmonary embolism,
encephalitis, pancreatitis, lymphocytotic meningi-
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tis and other sequelae. Moeschlin and Koszcwski
{Schwa*, med. Wcknschr., 1950. 80, 929) and
Gsell (Helv. Med. Acta. 1950, 17, 279) have commented on the lower incidence of such complications when Aureomycin therapy is started early
in the course of the infection. Q fever may call
for somewhat higher doses of drug than bacterial
infections.
Fellers {i'.
S. A.ofF.9 Med.
665) recommended
a total
to 11 J.,
Gm.1952.
orally3,
over a period of 5 days.
Rocky Mountain spotted fever is a severe
rickettsial infection that appears to be spreading
over the Northern Hemisphere. Formerly marked
by approximately 50 per cent mortality, today
prompt recovery almost always follows administration oftherapeutically effective doses of Aureomycin. Review of the many reports indicating
improvement in one to two days after the first
dose of Aureomycin and the start of convalescence
in a few days is given in The Fifth Year of Aureomycin (1952. Lederle).
The favorable results obtained with Aureomycin
in treatment of Q fever and Rocky Mountain
spotted fever have been repeated so often with
typhus (endemic, scrub, exanthematous. and recrudescent), tick-bite fever, and other rickettsial
infections as to have become almost routine. This
is not meant to minimize the seriousness of these
diseases. In all of them a long period of convalescence (several weeks) is indicated in order
to avoid complications. The marked diminution
in subjective, and even clinical, evidence of infection should not be permitted to lull the patient
or the physician into a false sense of security.
Constant vigil must be maintained against relapse,
at the first indication of which the antibiotic treatment should be renewed.
Immunity. — It is important to bear in mind
that, at the concentrations generally prevailing in
the blood during treatment with Aureomycin. the
drug is primarily ■"static"* rather than "cidal" and
that, therefore, ultimate recover}' without relapse
depends on the immune status of the host. In
most bacterial infections, host resistance mechanisms are mobilized relatively rapidly. But in
rickettsial infections and in Brucella infections
immune reactions are slow in onset and develop
relatively slowly. Subsidence of subjective manifestations ofdisease does not necessarily indicate
cure. The organisms may merely be held in abeyance and may flare up. causing relapse or development of chronic disease, if the antibiotic is
withdrawn before the natural host mechanisms of
defense are adequate to continue the inhibitory
action of the drug. It has been claimed that
Aureomycin therapy early in the course of Q
fever interferes little, if at all, with antibody
formation (Brawley and Modern. Arch. Int. Med.,
1949. 84, 917). Perhaps this is true in Q fever. If
so. the disease appears to be an exception to the
rule. In the same year, Smadel was among the
first to point out that early treatment of rickettsial infections with Aureomycin (or other
broad-spectrum antibiotics) may seriously interfere with development of an immune response
{Trans. Am. Clin. & Climatol., 1949. 61, 152).
Similar observations have been made in rickettsial-
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pox (Rose et al., Am. J. Med., 1950, 9, 300)
and more recently by Ley and Smadel (loc. cit.)
in scrub typhus. Until more conclusive evidence
to the contrary is available it seems wise in most
rickettsial infections and in brucellosis to follow
the line of caution and to assume that there may
be interference with antibody formation. Although
deliberate withholding of antibiotic therapy once
a clear-cut diagnosis has been made is not advised
or even suggested, in order to prevent relapse,
administration may need to be continued for a
longer time when therapy is started early in the
course of such infections than when it is started
later. According to Siegert et al. (Ztschr. Tropenmed. u. Parasitol., 1950. 2, 1), Aureomycin is
particularly valuable in Q fever when employed
early, even before there has been time for definite
serologic diagnosis. This has led to the suggestion
that the antibiotic should be given merely on the
suspicion of Q fever. Whether or not this is good
medicine remains to be proved.
Use of any antibiotic early in the course of an
infection may so alter the morphology and the
biochemical reactions of an invading pathogen
that subsequent identification of the organism
becomes extremely difficult, and accurate diagnosis of the infection may be seriously delayed.
In coping with ill-defined infections it is important, when antibiotic therapy seems to be indicated, to obtain a specimen of blood, sputum,
urine, mucus, or other material, depending on the
infection, before the first administration of the
drug so that the etiologic agent can be isolated
for identification in an unaltered condition. This
may be more important in bacterial infections
than in those due to rickettsias.
Brucellosis. — Brucellosis responds favorably
to Aureomycin. especially when antibiotic therapy
is supported by use of the specific antigen.
Aureomycin is effective in both the acute and
chronic forms of the disease as well as in its
complications. It is the opinion of Knight (.4mm.
N. Y. Acad. Sc, 1950. 53, 332), shared by others,
that the more severely ill the patient, the better
his response to Aureomycin. The brucellae are
intracellular obligate parasites. Aureomycin. which
readily passes cell membranes, can. therefore,
track the enemy down in its lair, as it were, and
is a drug of choice in treating this infection. Concomitant administration of Aureomycin. streptomycin, sulfadiazine, and antigen may be more
effective than any one of these agents alone. For
the rationale for joint use of antigen and antibiotics in brucellosis see discussion under Oxytetracycline Hydrochloride. Brucellosis is a worldwide problem and, as such, has had the attention
of the Food and Agricultural Organization and
the World Health Organization, both of the
United Nations. In a joint report (World Health
Organ. Tech. Rep. Series, 1951, No. 37, 5) committees of these U. N. agencies have recommended
2 to 4 Gm. of Aureomycin daily, in divided doses
at six-hour intervals for 14 to 21 days. Cortisone
will control toxemia in severe cases of brucellosis
(Magill et al., Am. J. Med., 1954, 16, 810).
Liver and Biliary Tract. — Aureomycin is one
of the most effective chemotherapeutic drugs for
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many infections of the liver and of the biliary
tract. In fact, it has been claimed that Aureomycin exerts some protective action in the liver —
that it prevents or delays hepatic necrosis in animals fed a necrogenic diet (Abel and Beveridge,
Arch. Path., 1951, 52, 428). This report, based
on experimental studies with rats, seems at variance with the clinical observations of fatty degeneration ofthe liver in patients on high dosages
of Aureomycin (see below and Rutenberg and
Pinkes, New Eng. J. Med., 1952, 247, 797). In
any event, it is clear that the antibiotic reaches
relatively high levels in the liver, and this probably accounts for its extreme effectiveness in
treating infections of that organ. The drug is
useful in chronic residua of acute hepatitis, in
acute hepatic coma, and in fulminating acute
hepatitis. When evaluating existence of liver damage or distinguishing between obstructive and
nonobstructive jaundice in a patient on Aureomycin therapy, it must be remembered that
urobilinogen disappears more or less completely
from the urine during administration of the antibiotic. Therefore, this liver function test, if indicated, should be performed before the start of
Aureomycin therapy.
The number of reports of successful use of
Aureomycin in different liver infections ranging
from mild to severe and acute to chronic is overwhelming. These are reviewed in The Fifth Year
of Aureomycin (Lederle), but there have also
been failures. Kalmansohn et al. (J. Philippine
M. A., 1951, 27, 549) and Shaffer et al. (Am. J.
Med. Sc, 1950, 220, 1) observed no significant
effect when Aureomycin was used in acute viral
hepatitis with jaundice. Rissel (Helv. Med. Acta,
1950, 17, 404), following study of 45 patients,
pointed out that Aureomycin is most effective in
early jaundice and that if the condition has lasted
for two weeks or more there may be little benefit
from Aureomycin. This may be because of the
irreversible liver damage that may occur rapidly
in jaundice due to infectious hepatitis. The value
of Aureomycin in infectious hepatitis, especially
when used early in the course of infection, was
demonstrated on a large scale in Egypt during an
epidemic outbreak in 1951 (Rizkalla, /. Roy.
Egyptian M. A., 1951, 34, 153).
Bacterial Infections. — Most infections caused
by gram-positive bacteria (as Staphylococcus and
Pneumococcus) and by gram-negative bacteria
(as E. colt) respond favorably and rapidly to
Aureomycin. Penicillin, because it can be given
virtually ad libitum and because of its low toxicity and absence of gastrointestinal distress, is
the antibiotic of choice for all sensitive organisms. But Aureomycin is extremely valuable in
treating infection due to gram-positive penicillinresistant pathogens or most gram-negative organisms. Breese (/. Pediatr., 1952, 40, 85) found
Aureomycin effective in controlling an epidemic
outbreak of beta hemolytic streptococcal infections; doses were 5 mg. per Kg. per day for 2 to
5 days, followed by 2.5 mg. per Kg. per day for a
total of 4 to 12 days. Acute otitis media or
mastoiditis often responds well. It is not indi-
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cated for systemic Proteus vulgaris or Pseudomonas aeruginosa infections.
In acute anthrax Aureomycin is indicated.
Whooping Cough. — Higher doses may be required for pertussis. Hasselmann-Kahlert (Antibiotics & Chemotherapy, 1952, 2, 159) found the
best dosage during an epidemic of whooping
cough to be 25 mg. per Kg. per day for 2 to 12
days. Best results, as indicated by incidence of
therapy.
relapse, were obtained with the longer period of
Subacute Bacterial Endocarditis.— This condition sometimes responds to Aureomycin given
alone or with other antibiotics when it fails to
respond to penicillin. Each case seems to be a
specific entity and to need special consideration.
However, joint penicillin-streptomycin therapy
usually is indicated as first choice. When this
treatment fails, Aureomycin or some other broadspectrum antibiotic may be effective, either alone
or jointly with penicillin or streptomycin.
Urinary Tract Infections. — Metzger et al.
(J. Urol., 1952, 67, 374) reported on a series of
113 patients with urinary tract infections treated
with Aureomycin, the average dose being 250 mg.
four times daily. The cases were about equally
divided between acute and chronic conditions.
All but one of the acute cases showed definite
reduction or elimination of all clinical symptoms,
usually within 48 hours, and in 58 per cent of the
patients the urine was sterilized. The chronic
cases generally were more complex, but 88 per
cent of them either improved or were clinically
cured and infor'1 7the
per chronic
cent thegroup
urine lasted
was sterilized.
Treatment
2 weeks.
Infections with E. coli, A. aerogenes, staphylococci
and streptococci usually respond readily. Species
of Pseudomonas and of Proteus are among the
most resistant gram-negative bacteria and sometimes emerge as resistant persisters following
Aureomycin therapy of urinary tract infections.
Control of these organisms may call for use of
polymyxin. (See discussion of Oxy tetracycline
Hydrochloride for further consideration of use of
Aureomycin in urinary tract infections.)
Meningitis.— In a series of 18 children, aged
3 to 51 months, with Hemophilus influenza meningitis, intravenous injection of 3 to 10 mg. of
Aureomycin per Kg. was given every 6 to 12
hours for 3 to 4 days, followed by 40 to 60 mg.
per Kg. orally in divided doses every 4 to 6 hours
for 14 days (Schoenbach et al., Am. J. Med.,
1952, 12, 263). Results were indifferent; 3 patients died. In another trial (Ainley-Walker and
Bosanquet, Lancet, 1952. 262, 433), intrathecal
administration of Aureomycin in leucine buffer
to maintain a concentration of 50 micrograms per
ml. in the cavity was effective in curing meningitis caused by Bacterium aerogenes. Five to 40
mg. Aureomycin can be given intrathecally 2 to 3
times daily without inducing serious untoward
reactions, according to these authors. For meningococcus or pneumococcus meningitis, sulfadiazine or penicillin is usually preferred.
Virus Infections. — Among the virus diseases,
primary atypical pneumonia and psittacosis are
efficiently treated with Aureomycin. Finland has
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reviewed the extensive literature on Aureomycin
treatment for viral pneumonia (New Eng. J.
Med., 1952, 247, 317) and concluded that until
more definite information is available, Aureomycin
and Terramycin should be considered effective
for antibiotic treatment of this condition. Finland
(ibid., 1952, 247, 557) also pointed out that there
is no justification for use of Aureomycin or
Terramycin in influenza except as a means of
treating (or perhaps preventing) serious complicating bacterial infections. Aureomycin is
useful in acute laryngotracheobronchitis, acute
infectious (non-diphtheritic) croup, and some
cases of acute bronchitis.
None of the antibiotics currently available is
effective in treating the common cold, but large
quantities continue to be used for this purpose on
the assumption that they will prevent or minimize
secondary- complications. However, a controlled
study of 159 children (ages less than 1 year to
15 years) with 55 of them serving as controls,
has shown that "immediate treatment with antibiotic or chemotherapeutic agents does not
shorten the recovery period from complications"
nor substantially reduce incidence of complications in upper respiratory infections (Hardy,
Quart. Bull. Northwestern U. Med. School, 1954,
28, 263). The different treatments consisted, respectively, ofaspirin plus a placebo, aspirin plus
Gantrisin, aspirin plus oral penicillin, or aspirin
plus Aureomycin. In the control group, 50 per
cent recovered in one week, 40 per cent in two
weeks, and 10 per cent required more than two
weeks. Among the treated individuals, only 39 per
cent recovered in one week and 13 per cent required more than two weeks for recovery. All
groups received the same supportive treatment:
among the controls 16.3 per cent required additional treatment for recovery, among the treated
groups 12.3 per cent. About 2 7 per cent of complications occurred after five days of study in the
control group, but in the treated groups 62.5 per
cent of complications developed after 5 days of
treatment. Complications included otitis media,
persistent fever, cervical adenitis, tonsillitis, pneumonia, pyuria, and paratonsillar abscess.
Reports on measles are inconclusive; some investigators have reported favorable response, prevention of complicating sequelae, or even cure,
while others reported no effect on the course of
the disease or on subsequent complications. One
of the most extensive surveys in measles was reported by El-Din (/. Roy. Egyptian M. A., 1951,
34, 340). During an epidemic in Egypt, he noted
that Aureomycin did not prevent appearance of
the rash, but that, if given early, it reduced the
intensity of the rash. When Aureomycin was
given before development of the rash, fever
dropped rapidly and the catarrhal stage was
about one-half as long as when no Aureomycin
was given. Penicillin and sulfadiazine were about
as effective as Aureomycin in preventing complications.
Mumps is in about the same category as
measles with respect to Aureomycin — some reports claim favorable effects, some no effect.
Deming (Rhode Island M. J., 1951, 34, 537)
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advocated joint use of Aureomycin and female
sex hormone given daily for 5 days as soon as
mumps is diagnosed in the adult male. The hormone is claimed to reduce markedly the complications of orchitis. If orchitis is already present,
the treatment is of little value.
Venereal Diseases. — Aureomycin is effective
in syphilis, gonorrhea, lymphogranuloma inguinale
and in other venereal diseases. For syphilis, yaws
and gonorrhea, however, penicillin remains the
antibiotic of choice, but Aureomycin may be useful when penicillin is contraindicated or in preventing some of the complications of gonorrhea.
For lymphogranuloma inguinale, generally Aureomycin or Terramycin is indicated. The two antibiotics are about equally effective. Doses usually
are 2 Gm. daily divided into equal portions given
at 4 to 6 hour intervals for from 10 days to 2
months, depending on the severity and previous
duration of the infection.
Amebiasis. — In amebiasis, Aureomycin and
Terramycin, used alone in doses of 1 Gm. daily
for 20 days or with Chloroquine (500 mg.) have
yielded better than 90 per cent cures (Armstrong,
South African Med. J., 1953, 27, 42). An earlier
long-term evaluation of Aureomycin in amebiasis
was made by McVay (South. M. J., 1952, 45,
183) who found 500 mg. Aureomycin orally 4
times daily for one week effective in rendering
80 patients asymptomatic. No relapse occurred in
22 patients observed for 15 months. In others,
when relapse occurred, doses of 3 Gm. per day
generally effected remission.
Actinomycosis. — This disease is another indication for Aureomycin.
Topical Use. — Clinical indications for topical
use of Aureomycin in dermatology and ophthalmology are essentially the same as for Terramycin. For specific conditions calling for Aureomycin and reports of clinical trials see discussion
under Oxy tetracycline Hydrochloride and also
The Fifth Year of Aureomycin (Lederle). Aureomycin borate, used alone in the eye or supplemented by systemic administration of the hydrochloride, isa useful drug in ophthalmology. For
precautions necessary in storage of the borate,
see discussion under Stability.
Toxicology. — Toxicity is not a major problem in therapy with chlortetracycline hydrochloride. Early tests in animals were made by Harned
et al. (Ann. N. Y. Acad. Sc, 1948, 51, 182), who
reported the acute intravenous LD50 for mice,
following a single dose, to be 134 mg. per Kg. of
body weight and for rats 118 mg. per Kg. when
the drug was given in aqueous solution at pH 2.5.
At pH 8.5, the LD50 for mice was 102 mg. per
Kg. Orally administered, the drug was very well
tolerated; no deaths occurred when mice were
given 1500 mg. per Kg., there was one death
(among 20 animals) at 2000 mg. per Kg., and
seven deaths at a dose of 3000 mg. per Kg. There
were no deaths among rats (groups of 10 animals)
at the 3000 mg. per Kg. dose. Dogs readily tolerated intravenous doses of 50 mg. per Kg., given
at a rate of 10 mg. per Kg. per minute. There
was no evidence of serious subacute toxicity following multiple intravenous doses in dogs. Sub-
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cutaneous, intramuscular, and intraperitoneal
doses at pH values of 2.5, 7.0, and 8.5 were uniformly irritating.
Chronic toxicity in mice, rats, and dogs, following oral doses of 100 to 200 mg. per Kg. daily
for twelve weeks, was low as judged by changes
in weight, hematology, liver function tests, kidney function tests, blood pressure, and pathologist's reports. (See, however, comments below on
liver damage and on antithyroid action.)
Coagulation. — There was evidence of slight
transient reduction in clotting time of some animals, an observation confirmed by Innerfield
et al. (Am. J. Physiol., 1951, 166, 578) who
noted that the effect was associated with more
than 100 per cent increase in Ac-globulin content.
Prothrombin time was unaffected. Observations
on humans have indicated transient but slight
reduction (Waisbren and Glick, Proc. S. Exp.
Biol. Med., 1950, 75, 476) or an increase (Shapse
and Wright, Angiology, 1950, 1, 306) in coagulation time of blood. Blodgett and Schilling (Am. J.
Med. Sc, 1951, 221, 688) and later workers concluded that there is no clinically significant effect
of Aureomycin on clotting time in normal human
patients.
Intestinal Flora. — The most prevalent and disturbing side effects following Aureomycin therapy
in man are encountered in the gastrointestinal
tract. The symptoms are similar to those seen in
patients treated with oxytetracycline hydrochloride (which see), and undoubtedly have the same
origin, namely, profound alteration of the composition of the gastrointestinal microflora populations. They should not, therefore, be considered
toxic effects in the pharmacologic sense. Discontinuing the drug generally is unnecessary. Remedial measures are the same as those described
under oxytetracycline hydrochloride. Occasionally the symptoms persist for several weeks after
therapy is completed. When this occurs, administration ofkaolin, pectin, or bismuth often is helpful in reducing diarrhea. These agents reduce
absorption of Aureomycin from the intestinal
tract and should not be administered concurrently
with the antibiotic. For the same reason aluminum
hydroxide gels are contraindicated. Gastrointestinal effects following oral doses of Aureomycin
can be minimized by administering the drug in
milk (1 ml. per mg. of drug) or with cottage
cheese. Sodium carboxymethylcellulose also is
effective in controlling digestive disturbance without impeding absorption of Aureomycin (Greenspan et al., Am. J. Digest. Dis., 1951, 18, 35) oi
exerting measurable effect on serum levels.
Some patients develop anorexia while on an
Aureomycin regimen; others develop powerful
desires for specific types of food and sometimes
a voracious appetite for any kind of food. Stomatitis, skin and mucous membrane eruptions,
and vaginitis sometimes occur, but generally are
not sufficiently severe to warrant withdrawal of
the drug. Sometimes the epidermal and mucosal
manifestations of reaction can be controlled by
use of antihistaminics (Finland and Weinstein,
New Eng. J. Med., 1953, 248, 220).
Aureomycin available today is a highly puri-
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fied recrystallized salt. Incidence of untoward
reactions to the present-day products is much
less than to the less highly refined forms available
several years ago when the drug first appeared
on the market.
Moniliasis. — Attention was directed to the occurrence ofsuperinfections during antibiotic therapy as early as 1948 (Applebaum and Leff,
J. A.M. A., 1948, 138, 119). Since that time, there
has been growing concern over the apparent increased incidence of moniliasis, thrush, and other
yeast and fungus infestations in man, especially
following the advent of widespread broad-spectrum antibiotic therapy. The discussion of this
problem under oxytetracycline hydrochloride
(which see) applies equally to chlortetracycline
hydrochloride.
Hepatic Effect. — Lepper (Arch. Int. Med.,
1951, 88, 284) reported jaundice and pathologic
changes in the liver, including fat vacuolization
of cellular cytoplasm, in mice and dogs receiving
relatively large amounts of Aureomycin or Terramycin. Similar observations have been made on
human patients receiving high or prolonged doses
of Aureomycin or Terramycin for chronic hepatic
disease (Sborov et al., Gastroenterology, 1951,
18, 598). These effects generally are not observed
in patients receiving the usual oral therapeutic
doses of 1 to 2 Gm. daily for several days (Finland and Weinstein, loc. cit., 1953). The undesirable hepatic effects seem to be less prominent
in experimental animals when the drugs are given
orally than when they are administered intravenously. Lepper (loc. cit.) has recommended
that to avoid or to minimize these effects no more
than 2 Gm. of Aureomycin or Terramycin should
be given daily by the intravenous route, and no
more than 1 Gm. if it is accompanied by oral
doses.
Heart. — Cardiac arrhythmia in frog and turtle
hearts perfused with Aureomycin followed by as
little as 1 microgram of epinephrine has been
reported by Harvey and Yang (Science, 1953,
118, 752). The degree of arrhythmia was roughly
proportional to the length of time the hearts
were treated with Aureomycin. Blockage was
relatively slight 20 minutes after treatment but
was often complete one hour later. The effect
could be abolished by perfusion with KC1 solution after the Aureomycin treatment. The authors
suggest that Aureomycin interferes with the
energy-liberating mechanism that causes myocardial contraction. The clinical implications, if
any, of these observations are not clear at present, but it is possible that they might have
significance when emergency surgery, which might
concurrently call for use of epinephrine or
epinephrine-like stimulants, is contemplated for
therapy. on a prolonged regimen of Aureomycin
patients
Antithyroid Action. — Calesnick et al. (Science,
1954, 119, 128), working with rats, found that
ingestion of small amounts of Aureomycin daily
for six weeks caused approximately a four-fold
enlargement of the thyroid (corrected for difference in size of experimental and control animals)
and nearly 80 per cent reduction in uptake of
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radioactive iodine. Experimental animals received
1 mg. of Aureomycin per Kg. of food and were
permitted to eat ad libitum. Penicillin induced
qualitatively similar but quantitatively smaller
effects. The authors suggest that, under the conditions of their experiments, these antibiotics
may have goitrogenic action. No similar effects
have been noted in human patients under usual
clinical conditions and dosage regimens.
Summary. — Chlortetracycline hydrochloride,
available in a variety of pharmaceutic forms
under the name Aureomycin Hydrochloride
(Lederle), is a broad-spectrum antibiotic that is
effective in most rickettsial infections, in many
bacterial infections, and in some infections due
to large viruses or to amebae.
The antibiotic soon appears in therapeutically
effective concentrations in most body tissues and
fluids following oral or intravenous administration. It should not be administered intramuscularly. Higher concentrations are achieved in the
liver, bile, and urine than elsewhere, accounting
for the particular usefulness of the drug in
treating infections of the liver and of the biliary
or urinary tracts.
Chlortetracycline has relatively low toxicity but
may cause nausea, vomiting, diarrhea, or pruritus
ani in 15 to 35 per cent of patients and pruritus
vulvae in some females following oral doses.
The effects may be sufficiently severe in a small
percentage of patients to necessitate discontinuance of systemic chlortetracycline hydrochloride
therapy. The incidence and severity of these
symptoms can be reduced considerably in oral
administration by giving the drug in milk or
other suitable fluid (see Dosage). If the symptoms persist after treatment is discontinued,
kaolin, pectin, bismuth, aluminum hydroxide
gels, etc., may give relief.
Superinfection by yeasts and fungi, especially
Candida albicans, is encountered occasionally.
(For hypotheses to account for such outbreaks
during systemic administration of broad-spectrum
antibiotics, see under Oxytetracycline Hydrochloride.) Other untoward reactions, seen less frequently, are anorexia and stomatitis.
Acquired microbial resistance to chlortetracycline is not a major clinical problem, although
occasionally strains of Proteus or of Pseudomonas
emerge as persisters following prolonged use of
this antibiotic in treatment of mixed genitourinary infections. Polymyxin usually is indicated
in such instances. When organisms do acquire
resistance to one broad-spectrum antibiotic,
generally resistance to others also increases
somewhat. Therefore, when one broad-spectrum
antibiotic fails in a bacterial infection, often
little is to be gained by switching to another. In
such circumstances, better results may be
achieved with joint use of penicillin and streptomycin or polymyxin.
Chlortetracycline hydrochloride, like other
broad-spectrum antibiotics, may indirectly interfere with antibody formation. Therefore, it is
important to watch carefully for symptoms of
relapse following apparent cure, especially when

Part

I

treatment is started early in the course of systemic infection. S
Dosage. — The usual dose is 250 mg. (approximately 4grains) by mouth, 4 times daily, with a
range of 50 mg. to 1 Gm. The maximum safe
dose is usually 1 Gm. and the total dose in 24
hours is 6 Gm.. which is seldom indicated. The
usual recommended oral doses of Aureomycin
are based on a daily intake of 12.5 to 20 mg. of
antibiotic per Kg. of body weight, or 5 to 9 mg.
per pound. The total daily dose should be divided into four equal portions given six hours
apart. For the average adult, the suggested minimum daily dose is 1 Gm. divided into four doses
of 250 mg. each. Total doses for children are
reduced in proportion to body weight. The reduction is effected in each of the four doses — not
by giving the drug less frequently.
Each dose is best administered with, or immediately after, a meal; or preferably with a bland
drink, such as milk. One ml. of fluid per mg. of
Aureomycin (approximately 1 oz. of liquid for
each 30 mg. of antibiotic) is indicated to minimize the incidence of gastrointestinal irritation.
Increased fluid intake favors early solution of
Aureomycin and some of the other broadspectrum antibiotics that are relatively insoluble,
and thus facilitates absorption; it also tends to
reduce the local concentration of the drugs to
levels below the threshold that is irritating to
the intestinal mucosa and simultaneously helps
to satisfy the important need for increased fluids
during infection.
Individual oral doses of Aureomycin exceeding
250 mg. are not completely absorbed. Therefore,
if daily doses higher than those indicated above
are desired, the frequency of administration
should be increased rather than the size of the
individual doses. Increasing the total daily dose
of Aureomycin beyond 1 Gm. does not proportionately increase the concentrations in the blood
nor necessarily improve the clinical result. Divided doses of 250 mg. even' six hours give
blood levels almost as satisfactory as those following doses of 500 mg. to 1 Gm. even- six hours
(Welch et al., J. A. Ph. A., 1950, 39, 185) and
are much less likely to be followed by the gastrointestinal symptoms and other manifestations of
Aureomycin irritation described above.
Therapy generally should be continued for
from 1 to 3 days after apparent cure. If favorable clinical response with partial remission of
symptoms is not evident after 36 to 48 hours of
therapy, generally some other course of treatment
is indicated. (See general article on Antibiotics,
in Part II. for comments on sensitivity testing
as basis for antibiotic therapy and on importance
of obtaining a culture of the causal organism
before beginning antibiotic therapy in ill-defined
infections. ) In some diseases it may be safer to
continue dosage beyond the 1 to 3 days after
restoration of normal temperature. In staphylococcus infections, brucellosis, or amebiasis, a
10- to 14-day course of therapy may be indicated.
In subacute bacterial endocarditis, therapy may
need to be continued for six weeks or longer.
Vitamin B complex should be prescribed for all
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patients who receive Aureomycin for 7 days or
more.
Route of Administration. — For systemic
medication, chlortetracycline hydrochloride is
administered orally. In emergency it may be
given intravenously, but the intravenous route
should be employed only if the patient is in a
moribund condition or is unable to swallow. As
soon as the patient is able to accept oral medication, intravenous administration should be
discontinued in favor of the oral route. Chlortetracycline should never be given intramuscularly;
it produces severe irritation when so administered. Topical application of the drug is indicated for some ocular infections, and for some
pyogenic cutaneous conditions; it may also be
employed for some superficially localized and
confined infections. Frequently when topical application seems in order, it is desirable to fortify
the patient by giving the drug orally also, especially if there is a possibility that the infection
may spread or may become generalized.
Storage. — Preserve "in tight containers, protected from light." U.S.P.
CHLORTETRACYCLINE HYDROCHLORIDE CAPSULES.
U.S.P.
"Chlortetracycline Hydrochloride Capsules
contain not less than 85 per cent of the labeled
amount of C22H23CIN2O8.HCL" U.S.P.
Chlortetracycline hydrochloride capsules are
the most widely used dosage form of the antibiotic; they contain the crystalline salt with an
appropriate dry diluent. The available capsules
contain 50 mg., 100 mg. or 250 mg. of Aureomycin hydrochloride.
CHLORTETRACYCLINE HYDROCHLORIDE FOR INJECTION.
U.S.P.
"Chlortetracycline Hydrochloride for Injection
is a sterile, dry mixture of chlortetracycline
hydrochloride with a suitable buffer, the latter
usually consisting of an amino acid. It contains
not less than 85 per cent of the labeled amount
of C22H23CIN2O8.HCI." U.S.P.
Chlortetracycline hydrochloride for injection is
supplied in vials containing 100 mg. or 500 mg.
of the dry crystalline antibiotic, buffered with
sodium glycinate, also in vials containing 100 mg.
of chlortetracycline hydrochloride along with an
ampul containing a 1.95 per cent solution of
leucine. The function of the amino acid is to
reduce the natural acidity of the antibiotic salt
(see under Chlortetracycline Hydrochloride)
which would be irritating and, possibly, tend to
increase the chance of developing phlebitis.
Solutions are prepared immediately before use,
employing not less than 10 ml. of diluent for
each 100 mg. of antibiotic. Water for injection,
isotonic sodium chloride solution, and 5 per cent
dextrose injection are the only acceptable diluents. After addition of the diluent to the vial it
should be shaken vigorously for a minute to
ensure solution.
Uses. — Intravenous use of Aureomycin hydrochloride (itshould not be given intramuscularly)
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is indicated to provide almost immediate bacteriostasis in blood or tissues of moribund or unconscious patients with a susceptible infection; to
secure bacteriostasis when oral therapy is temporarily contraindicated. as in peritonitis; and
to reinforce oral therapy in critically ill patients. It may also be useful in acute surgical
emergencies complicated by infection, in initial
treatment of subacute bacterial endocarditis, in
some tropical diseases, and in resistant brucellosis.
There is always some risk of thrombophlebitis
at the site of injection. Normally, therefore,
Aureomycin hydrochloride should be given intravenously only to hospitalized patients and only
when oral medication cannot be administered.
The usual adult dose is 500 mg. intravenously
every 12 hours, or 250 mg. every 6 hours. The
former schedule usually is therapeutically satisfactory and disturbs the patient less. The dose
may be adjusted according to severity of infection; it may be as low as 25 mg. every 4 to 6
hours, but should seldom exceed 500 mg. in 6
hours. Approximately 5 minutes should be taken
for injecting each 10 ml. of solution.

OPHTHALMIC CHLORTETRACYCLINE HYDROCHLORIDE. U.S.P.
"Ophthalmic Chlortetracycline Hydrochloride
is a sterile, dry mixture of chlortetracycline
hydrochloride with a suitable buffer. It contains
not less than 85 per cent of the labeled amount
of C22H23CIN2O8.HCI. It may contain suitable
bacteriostatic agents and diluents." U.S.P.
Ophthalmic chlortetracycline hydrochloride is
supplied, under the name Aureomycin Hydrochloride, Ophthalmic (Lederle), in a dropper vial
containing 25 mg. of Aureomycin hydrochloride,
62.5 mg. of sodium chloride, 25 mg. of sodium
borate, and a bacteriostatic agent. A solution is
prepared by adding 5 ml. of distilled water immediately before dispensing. Patients should be
warned to keep the solution under refrigeration
when not in use, and not to use it after 4 days
even when refrigerated, as the solution will deteriorate.
Uses. — Ophthalmic Aureomycin hydrochloride
has been used successfully in trachoma, keratoconjunctivitis, dendritic conjunctivitis, and in
ocular infections caused by staphylococci, streptococci, pneumococci, Hemophilus influenza,
Mrobacter cerogenes, Alcaligenes fcscalis, Proteus sp.,and
Pseudomonas
ceruginosa, Friedlander's
bacillus,
other organisms.
Either the solution, or a 1 per cent ophthalmic
ointment (N.N.R.), may be freely applied topically to the infected eye. Often mild infections
respond in 48 hours when either preparation is
applied every 2 hours, but severe infections may
require more frequent treatment and for several
days. Bellows et al. (Am. J. Ophth., 1950, 33,
2 73) applied the drug every 30 minutes during
the first day of treatment of acute epidemic
keratoconjunctivitis. Severe infections may require oral therapy also. In general, the solution
is used for active treatment, the ointment as an
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adjuvant to other treatment and for physical
protection of the conjunctiva and cornea.
Storage. — Preserve "in tight containers, so
closed that the sterility of the product will be
maintained
until the package is opened for use."
U.S.P.
CHOLERA

VACCINE.

U.S.P., B.P.

"Cholera Vaccine is a sterile suspension, in
isotonic sodium chloride solution or other suitable
diluent, of killed cholera vibrios (Vibrio comma).
It is prepared from equal portions of suspensions
of cholera vibrios of the Inaba and Ogawa strains.
The Inaba strain used possesses an antigenic value
not less than that of N.I.H. Inaba strain 35-A-3,
and the Ogawa strain possesses an antigenic value
not less than that of N.I.H. Ogawa strain 41. At
the time of manufacture cholera vaccine contains,
in each ml., 8 billion cholera organisms. It may
contain not more than 0.5 per cent of phenol, or
not more than 0.4 per cent of cresol, as a preservative." U.S.P. The B.P. provides that more
than one strain of Inaba and Ogawa may be used
for manufacture to provide other 0 antigens in
addition to those common to the two main serological types.
For information on vaccines in general and
methods for their preparation, see Vaccines, Part
II.
Cholera vaccines of various types have been
used for many years and the results of various
field studies have led to divergent opinions of
their usefulness. Much of this difficulty has
arisen because of differences in the types and
dosages of the vaccines which were used and because of lack of knowledge concerning the antigenic structure of the cholera vibrios. Much of
the basic information on cholera and the antigenic structure of cholera vaccine has been available since the second decade of this century, but
has not become widely disseminated because it
was in the Japanese literature. With the advent
of World War II, the interest in cholera in America increased considerably because of military
necessity.
It is now recognized that Vibrio comma carries
both heat-stable somatic 0 antigens which are
species-specific, and heat-labile flagellar H antigens which are shared widely among a variety of
vibrios in addition to V. comma. The 0 antigens
of the cholera organisms are not completely identical in all strains and although a single serum
will cause agglutination of all classical cholera
strains, agglutinin absorption studies reveal at
least two sub-types within the species; these were
designated as the Inaba (original) and the Ogawa
(variant) types by the Japanese and are the designations which are now widely used (Burrows,
J. Infect. Dis., 1953, 92, 152). The vaccines which
are currently employed contain both the Inaba
and Ogawa types. For a more detailed discussion
of the clinical background of cholera vaccine and
the antigenic structure of V. comma, see Burrows
et al., ibid., 1946, 79, 159, 168.
V. comma organisms used in the preparation of
cholera vaccine are usually grown on a tryptic
digest beef infusion agar at a pH of approxi-
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mately 7 for 18 hours at 37°. They are then
washed from the surface of the agar with isotonic
sodium chloride solution containing 0.5 per cent
phenol. The bacterial suspension is adjusted immediately to a density of 8000 million organisms
per ml., and held at room temperature for 24
hours, after which it is tested for sterility; if it
is satisfactory, it is tested for antigenicity.
Description. — "Cholera Vaccine is a turbid,
whitish liquid, nearly odorless or having a faint
odor due to the preservative." U.S.P.
Assay. — A test for potency is required by the
National Institutes of Health. Four-week-old
mice are immunized by an intraperitoneal injection of 0.25 ml. of a 1:10 dilution of the vaccine.
Two weeks later they are divided into groups and
the several groups are infected intraperitoneally
with mucin suspensions of virulent cholera organisms. These suspensions are prepared by growing V. comma for 5 hours at 37° and diluting the
suspension in 10-fold steps with a 5 per cent hog
gastric mucin medium. At the same time nonimmunized mice are also infected intraperitoneally
with graded doses of the same suspension to determine the minimum lethal dose of the suspension. It is required that 50 per cent of the immunized mice receiving 100 MLD of V. comma
suspension must survive for at least 72 hours.
This immunization test is carried out on each lot
of vaccine, using both an Inaba and an Ogawa
strain of V. comma separately as the challenging
infection.
"Cholera Vaccine complies with the safety,
sterility, and antigenicity tests and other requirements of the National Institutes of Health of the
United States Public Health Service, including
the release of each lot individually before its distribution." U.S.P.
Uses. — Cholera vaccine is used for prophylactic
immunization against cholera. The duration of the
immunity which it produces is not known with
certainty, but is believed to be quite short (Dyer,
Ann. Int. Med., 1951, 35, 771). In areas where
cholera is endemic it has become the practice tc
re-immunize
months is with
a "booster"
dose of 1 ml. every
Cholera 6 vaccine
recommended
for
travelers visiting or passing through most Asiatic
and Middle East countries. A certificate of vaccination isvalid from the seventh day to the end
of the sixth month after vaccination; persons returning to the United States within 5 days of
exposure in infected areas require a valid certificate to enter the country.
Cholera vaccine is usually given in three subcutaneous doses of 0.5, 0.5 and 1 ml. at intervals of
7 to 10 days. Children are usually given one-half
or one-quarter these doses, depending upon body
weight and age. No severe reactions following use
of cholera vaccine have been reported; malaise
and fever may occur.
Labeling. — "The package label bears the name
Cholera Vaccine; the bacterial count at the time
of manufacture; the lot number; the expiration
date, which is not more than 18 months after date
of manufacture or date of issue; the manufacturer's name, license number, and address; and
the statement. 'Keep at 2° to 10° C. (35.6° to
50° F.).'" U.S.P.
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Part I

CHOLESTEROL.

U.S.P.

Cholesterin, [Cholesterol]

CH3

CH-(CH2)3-CH(CH3)2

3 (Cis)-hydroxy-5-cholestene.
Colesterol.

Cholesten-(5 :6)-ol-3.

Sp.

The principal animal sterol (see Sterids, Part
II) is cholesterol. Originally (1788) found in
gallstones, in which it is often present to the
extent of 90 per cent, cholesterol occurs in all
tissues of the animal body, but particularly in
the brain tissue and nerve sheaths; it exists both
free and esterified with fatty acids. The concentration of it in normal tissues varies from a few
hundredths of a per cent to 4 or 5 per cent; blood
contains ISO to 200 mg. of cholesterol per 100 ml.
Cholesterol is synthesized in the body and while
the mechanism of its formation is still unknown,
from the experiments of Bloch and Rittenberg
(/. Biol. Chem., 1942, 143, 297; 1944, 155, 243)
which led to the finding that following administration of acetic acid labeled with heavy hydrogen
to mice and rats there is produced cholesterol containing heavy hydrogen, it would appear that
the sterol is synthesized from small molecules
and that acetic acid is a specific precursor of it.
It is altogether possible that cholesterol is the
substance from which the animal body synthesizes the various sterid hormones and other substances of similar structure.
Foods contain varying amounts of cholesterol;
of these egg yolk is the richest source, containing
about 1.7 per cent of the sterol.
Cholesterol is obtained commercially from the
spinal cord of cattle by alkaline saponification
followed by extraction of the non-saponifiable
portion with suitable solvents. Wool fat is also
used for the production of cholesterol, but the
product must be treated to separate other type
alcohols from it. For certain details of its production see Lower, Drug Costnet. Ind., 1953, 73,
758.
Cholesterol has been synthesized by Woodward
et al. (J.A.C.S., 1951, 73, 3547), starting with
2-methyl- 5-methoxy- 1 ,4-benzoquinone.
Though cholesterol has been known for many
decades its structure as a derivative of the cyclopentanoperhydrophenanthrene nucleus was not
established until 1932, after more than thirty
years of study by Windaus and his colleagues,
and others. Cholesterol is a secondary alcohol
and it contains eight asymmetric carbon atoms,
permitting of numerous isomerides, some of which
are known.
Description. — "Cholesterol occurs as white
or faintly yellow, almost odorless, pearly leaflets
or granules. It usually acquires a yellow to pale
tan color on prolonged exposure to light. Choles-
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terol is insoluble in water. One Gm. slowly dissolves in 100 ml. of alcohol, and in about 50 ml.
of dehydrated alcohol. It is soluble in acetone,
in hot alcohol, in chloroform, in ether, in ethyl
acetate, in petroleum benzin, and in vegetable
oils.
U.S.P.Cholesterol melts between 147° and 150°."
Lower (Drug Cosmet. Ind., 1953, 73, 758),
who records extensive solubility data for cholesterol, states that clear aqueous solutions of
cholesterol may be prepared with the aid of
polyethylene glycol ethers of fatty alcohols or
fatty esters.
Standards and Tests. — Identification. — (1)
To a solution of 10 mg. of cholesterol in 1 ml. of
chloroform add 1 ml. of sulfuric acid: the chloroform is colored blood-red and the sulfuric acid
exhibits a green fluorescence. (2) To a solution
of 5 mg. of cholesterol in 2 ml. of chloroform
add 1 ml. of acetic anhydride and 1 drop of sulfuric acid: a pink color, rapidly changing through
red and blue, and finally to a brilliant green, is
produced. Specific rotation. — The specific rotation of a dioxan solution containing 200 mg. of
cholesterol in 10 ml. is between —34° and —38°.
Loss on drying. — Not over 0.3 per cent, when
dried at 60° for 4 hours. Residue on ignition. —
Not over 0.1 per cent. Acidity. — A solution of
1 Gm. of cholesterol in 10 ml. of ether is heated
with 10 ml. of 0.1 N sodium hydroxide and the
excess of alkali titrated with 0.1 N sulfuric acid,
using phenolphthalein T.S. as indicator. After
making any necessary correction by conducting a
blank test on the reagents, not less than 9.7 ml. of
0.1 iV sulfuric acid should be required. Solubility
in alcohol. — No deposit or turbidity results when
a solution of 500 mg. of cholesterol in 50 ml. of
warm alcohol is allowed to stand 2 hours. U.S.P.
Cholesterol and Arteriosclerosis. — Cholesterol occupies a position of great interest in
medicine because of its alleged relationship to
arteriosclerosis, hence to vascular disease and
thereby to the most frequent cause of morbidity
and mortality in occidental populations of increasing average age. Wilens (Arch. Int. Med.,
1947, 79, 129) indicated an incidence of arteriosclerosis of 50 per cent by the age of 50 years.
It is more frequent in the obese than in the
spare individual (Heyer, South. M. I., 1952, 45,
428). At age 18 years the average blood serum
cholesterol concentration was found to be 168 mg.
per 100 ml. in the study by Keys et al. (I. Clin.
Inv., 1950, 29, 1347) of the "healthy" population in Minnesota, whereas at age 55 years it
was 256 mg. per 100 ml. Even though analyses
of non-atheromatous arteries show an increasing
cholesterol concentration with increasing age, it
is a natural hope that arteriosclerosis is not a
necessary concomitant of aging, but rather a
correctable abnormality of lipid metabolism. The
relationship of lipids to vascular disease has
been studied since Virchow described the fatty
lesions in 1856, Aschoff (Verhandl. deutsch. path.
Gesellsch., 1907, 10, 106) identified cholesterol
esters in the atheroma on the arteries, and
Marchand (Verhandl. Kongr. inn. Med., 1904,
21, 23) introduced the term atherosclerosis.
Anitschkow and Chalatow (Centralbl. allg. Path.,
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1913, 24, 1) produced atheromatosis in rabbits
by feeding egg yolk or cholesterol in oil; the
study of cholesterol metabolism has been vigorous, although rather unrewarding, ever since.
The predisposition to atherosclerosis of patients
with diseases characterized by hypercholesterolemia— diabetes mellitus, nephrosis, xanthomatosis
— has continued to stimulate the search for an
abnormality of cholesterol metabolism in patients
with cardiovascular disease. In the rabbit, which
is unable to excrete a large intake of cholesterol,
a high concentration in the diet results only in
cholesterosis of the arteries and other tissues
but in the dog or the chicken lesions identical
with those found in the human disease are produced in the coronary, cerebral and other arteries.
In man no definite evidence incriminating
cholesterol in the diet has been developed (Barr,
Am. J. Med., 1952, 13, 665). Keys (Fed. Proc,
1954, 13, 449) believes that hypercholesterolemia and atherosclerosis are correlated with an
excess of calories' as fat in the diet rather than
with dietary intake of cholesterol. This is of
course compatible with the rising incidence of
atherosclorotic disease in the generally overweight American public and the lower incidence
in non-fat-eating or malnourished populations.
Stroma Theory. — Aschoff {Lectures in Pathology, New York, P. B. Hoeber. 1924) championed the "imbibition'" theory which held that
the deposit of cholesterol was secondary to tissue
damage rather than the primary abnormality.
In the second quarter of this century. Leary
(Arch. Path., 1949. 47, 1) was the sponsor in
the United States of the etiologic role of cholesterol in atherosclerosis while Winternitz (with
Thomas and LeCompte, The Biology of Arteriosclerosis, 1938) was the proponent of the theory
that lipids and calcium were deposited in an area
of tissue destruction. His studies demonstrated
hemorrhage and thrombotic occlusion of the nutrient vessels (vaso vasorum) in the media of
atherosclerotic vessels.
Hypercholesterolemia. — Near the half century mark, increased use of the clinical laboratory
had focused attention on the frequency of hypercholesterolemia inpatients who had experienced
acute myocardial infarction (Gertler et al., Circulation, 1950, 2, 205; and others), which is frequently associated with arteriosclerotic narrowing
of the coronary arteries. The report of Morrison
(J. A.M. A., 1951, 145, 1232) that the long-term
survival of coronary occlusion patients was
greatly improved by lipotropic therapy (choline,
etc.) resulted in a monstrous wave of anti-lipid
therapy in the United States, although his report
was subsequently criticized because of the lack
of an adequate, concurrent, comparable series of
untreated cases. The refined physical measurements of Gofman and his associates {Science,
1950, 111, 166) and others, which demonstrated a correlation between clinical vascular
disease and the presence of an increased concentration oflarge, low-density lipoprotein molecules of certain flotation characteristics in the
ultracentrifuge. stimulated further tremendous
interest. Keys (J.A.M.A., 1951. 147, 1514),
however, claimed that an increased concentration
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of cholesterol in the blood serum was more
closely correlated with vascular disease than were
these lipoprotein complexes which were impractical of measurement in ordinary laboratories.
The average physician depending upon the average clinical laboratory can only envy the accuracy of the analytical procedure available to
Keys. For example, Moses and his associates
(Katz et al.. Am. J. Med. Sc, 1953, 225, 120)
found that the range in both normal and vascular
disease cases was so great and so overlapping
that single determinations of total serum cholesterol, cholesterol-phospholipid ratio or concentration of the Sf 12 to 20 flotation class of
lipoprotein molecules were of little diagnostic
value.
The theory of a primary lesion in the stroma
into which lipid and calcium are deposited as
they are in other destructive lesions, viz., tuberculous lesions in the lung, lymph nodes, etc..
continues to have strong advocates (Moon and
Rhinehart. Circulation, 1952, 6, 481; Duff. Arch.
Path., 1935. 20, 371; Willis, Can. Med. Assoc. J.,
1953, 69, 17, and see also under Ascorbic Acid).
In detailed studies of the human aorta, using
special stains and incubation with hyaluronidase.
Taylor (Am. J. Path., 1953, 29, 871) concluded
that the initial lesion was characterized by an
accumulation of chondroitin sulfate, degeneration
of elastic fibers and fibrosis. With certain exceptions (v.i.). the general failure to influence the
blood cholesterol concentration and perhaps over
a period of years the course of atherosclerotic
vascular disease with any feasible therapeutic
regimen has resulted in a critical attitude toward
the etiologic significance of lipid metabolism in
atherosclerosis. Furthermore, in this decade of
general interest in and incomplete understanding
of stress (Groen et al., J. Gerontology, 1951. 6,
95) as conceived by Selye (see under Corticotropin), augmented by the general availability
of cortisone and corticotropin for therapeutic
use, the demonstration of lesions in the intima
of arteries of young soldiers in combat has called
attention to the impression of some clinicians
that the hypercholesterolemia after acute myocardial infarction is secondary to the severe
injury rather than primary to the atherosclerosis.
Mechanical Factors. — The obvious role of
mechanical factors, at least in determining sites
and accelerating development of atherosclerosis,
must be considered. Such factors included hypertension; local turbulence of blood flow, as at
the branching of arteries, the arch of the aorta,
etc.; impaired elasticity of the artery as a result
of external fixation by adjacent disease or by
intrinsic disease of the media. Medial sclerosis
of arteries, which is common in old age without
the complications familiar with intimal atherosclerosis, must be distinguished in this connection.
In summary, the relationship of cholesterol to
atherosclerosis must remain subjudice in spite
of
the observations and studies of nearly a
century.
Occurrence. — In the body, cholesterol exists
mostly esterified (at carbon atom number 3 in
ring A) with various fatty acids. It is not dissolved in extracellular fluid but exists rather as
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a suspension of large lipoprotein aggegrates; the
phospholipids, such as lecithin, and also some
neutral fats are likewise included in these complexes. Electrophoresis studies show these aggregates to exist as a- and P-lipoproteins (Luetscher,
Physiol. Rev., 1942, 27, 621); the former contains more phospholipid, which seems to increase
the solubility or suspension stability of cholesterol. Similar groups of complexes may be precipitated with alcohol, while the ultracentrifuge
may be utilized to separate the wide variety of
aggregates containing cholesterol, phospholipid,
neutral fat and protein (Gofman et al., Circulation, 1952, 5, 119; Pratt, Fed. Proc, 1952, 11,
270).
Macromolecules. — At least ten distinct species of lipoprotein molecule, differing in density
and rate of flotation, have been described (Lindgren et al., J. Phys. Colloid Chem., 1951, 55,
80). In investigations on atherosclerosis those
lipoproteins with a density of less than 1.063
have been studied. Such lipoproteins are separated
from blood serum by adding a concentrated solution of sodium chloride to produce a specific
gravity of 1.063 in the serum, which is then
centrifuged for 13 hours to bring the low density
lipoproteins to the surface, where they may be
removed by pipetting; they are then transferred
to an ultracentrifuge which revolves 52,640 times
a minute (providing a centrifugal force 200.000
to 250,000 times that of gravity). The migration
of lipoproteins in this field occurs at different
rates for the different species and may be recorded photographically through changes in the
refractive index of the suspension. The results
are finally expressed in terms of Sf units, where
a unit is the flotation rate corresponding to
1 X 10 _13 cm. per second per dyne per Gm.
Isolation of particular species, corresponding to
different Sf values, may be achieved by use of
suspension media of appropriate density, and
thus the components of a complex mixture may
be separated and studied. The content of protein
in these lipoproteins varies from 25 per cent in
those having an Sf value of 2, to 7 per cent in
those characterized by an Sf of 40,000, which
latter are the chylomicrons observed with the
dark-field microscope (see Gofman et al., J.
Gerontology, 1951, 6, 105). The content of
cholesterol and its esters ranges from 30 per cent
in lipoproteins with an Sf value of 4, to 5 per
cent in lipoproteins with an Sf of 40,000, with
less of the esters in the latter than in the former;
phospholipid is present in all the lipoproteins,
with less of it being found in the higher Sf compounds. Neutral fat (glycerides) is prominent
in lipoproteins having an Sf value above 17, and
virtually absent in Sf 13 and lower compounds.
The proportion of lipoproteins of Sf 20 and
above is influenced by meals, but those below
Sf 20 are not thus affected so that fasting blood
specimens are not required for studies of the
latter group. In rabbits fed cholesterol and fat,
dogs fed cholesterol and thiouracil, and chickens
implanted with diethylstilbestrol, lipoproteins
having an Sf of 10 and less appeared early in
significant concentrations in those animals that
subsequently developed atherosclerosis. As noted
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above, studies of humans with atherosclerosis
have demonstrated a significant correlation with
increase in the concentration of Sf 0 to 12, and
also Sf 12 to 400, lipoproteins, although the latter
are also acutely and variably influenced by meals.
An excess of Sf 10 to 20 lipoproteins is also
observed in myxedema, nephrosis and xanthoma
tuberosum, in which conditions atherosclerosis is
excessive.
Lipomicrons. — The presence of glittering particles in the blood serum, best seen with a darkfield microscope, has provided another method
of studying the metabolism of lipids. In relation
to atherosclerosis, Zinn and Griffith (Am. J. Med.
Sc., 1950, 220, 597) reevaluated this phenomenon
with the method used by Moreton (Science, 1948,
107, 371). The total number of lipomicrons
(fatty particles) per cubic millimeter of blood
serum and the number of such particles with a
diameter greater than 0.3 micron is counted.
Following a meal containing 20 Gm. of fat there
is a marked increase in the lipomicrons, which
reaches a maximum at about 4 hours. Because
of the marked increase in the total number of
particles, the percentage of large particles after
a fat meal tends to decrease in both normal and
atherosclerotic patients. However, in the fasting
state a chylomicron-lipomicron ratio of 55 per
cent was found in the atherosclerotic group,
compared with 28 per cent in a non-atherosclerotic
control group (in this study the chylomicron was
defined as larger than 0.5 micron). Since the
response to a fat meal was not abnormal in
atherosclerotic cases, it was suggested that the
abnormally high percentage of large particles in
the fasting state in these patients was another
indication of an abnormality of endogenous lipid
metabolism. There is about 8 per cent cholesterol
in large lipoprotein particles. In the ultracentrifuge chylomicrons have an Sf of about 40,000.
Heparin in vivo but not in vitro, is a lipemia clearing factor (Anfinsen et al., Science, 1952, 115,
583) which seems to aggregate these visible and
invisible lipoprotein particles, which are adsorbed
on erythrocytes and disappear from the blood
serum. In patients with atherosclerotic disease,
the most extensive studies of the chylomicronlipomicron ratio have been conducted by Labecki
(/. Gerontol., 1952, 7, Proc. 3) who found that
a return toward normal occurs over a period of
weeks during medication with lipotropic agents
(choline, inositol, methionine). Levy et al. (J.
Applied Physiol., 1952, 4, 848) described an
abnormal lipomicron response in older persons,
particularly those with diabetes mellitus, following a fat meal (0.5 Gm. fat per Kg.) which they
ascribed to deficient digestive secretions in the
aged.
Distribution. — In a man weighing 65 Kg.,
there is about 210 Gm. of cholesterol, or 0.3
per cent of the wet weight (Cook Nutr. Abst.
Rev., 1942, 12, 1), distributed in part as follows:
skin 51 Gm., nervous tissue 35 Gm. The concentration ranges from 0.14 per cent in muscle.
0.12 per cent in erythrocytes, 0.2 per cent in
blood plasma, to 1.9 per cent in nervous tissue
and 4.5 per cent in the adrenal gland. The concentration in the plasma of humans is higher
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than in any other species. In plasma, 73 per
cent is esterified with higher fatty acids, while
in erythrocytes and brain it is almost entirely
free cholesterol. In nervous tissue it exists as a
complex with phospholipid and protein which
forms a constituent of myelin (Finnean, Expericntia, 1953, 9, 17). In plasma, the lipoprotein
aggregate (protein, phospholipid, cholesterol,
glyceride) is involved in the transport of fat
(glycerides) (Fieser, Science, 1954, 119, 710).
In erythrocytes the cholesterol is present on the
surface and combines to neutralize substances
which would cause hemolysis (Schulman and
Rideal, Proc. Roy. Soc, 1937, B122, 29). In
body metabolism, cholesterol is converted into
pregnanediol, progesterone, vitamin D3, etc.
Some gallstones contain 70 per cent or more
of free cholesterol and in arteriosclerosis the
aorta contains 5 to 50 times as much cholesterol
as in normal individuals. In myxedema and certain cases of familial xanthomatosus the blood
cholesterol is increased. In xanthoma tendinosum
McGinley et al. (J. Invest. Dermat., 1952, 19,
71) found extreme elevations of Sf 0 to 12 lipoproteins, normal values of Sf 12 to 20 lipoproteins,
and a lowered proportion of Sf 20 to 400 lipoproteins, while in xanthona tuberosum the Sf
12 to 400 class of lipoprotein is greatly elevated
and the 0 to 12 class is reduced.
Synthesis in Tissues. — Simply eliminating
cholesterol from the diet is perhaps a futile
gesture, since it is actively synthesized in the
tissues from such 2-carbon metabolites as acetate
resulting from the catabolism of fat, protein and
carbohydrate (Gould, Am. J. Med., 1951, 11,
209). Studies utilizing the radioisotope carbon-14
show that more cholesterol is synthesized than
is eaten in an average diet (Gould et al., Fed.
Proc, 1951, 10, 191). Biosynthesis occurs largely
in the liver but also in the adrenal cortex, skin,
intestine, kidney, brain, and even the aorta.
Tissue cholesterol is in equilibrium with circulating cholesterol. Rosenman et al. (J. Clin. Endocrinol., 1952, 12, 1287) found decreased synthesis
of cholesterol in hypothyroidism despite the
characteristic hypercholesterolemia; in hyperthyroidism the opposite was true.
Excretion. — A full understanding of the excretion of cholesterol is lacking. Much of it is
found in the feces, by way of bile, existing as
cholesterol, coprosterol, dihydrocholesterol, etc.
The turnover of cholesterol is rapid; the half-life
of isotopically labeled cholesterol in the body is
only 8 days, but the mechanism and site of degradation are unknown. Studies with carbon-14labeled cholesterol show that the side chain is
converted in part to carbon dioxide, which is
expired, whereas carbon-14 in the ring structure
is found in the feces (Chaikoff et al., J. Biol.
Chem., 1952, 194, 413). Conversion of cholesterol to cholate in the liver, with excretion into
the bile and and thence the feces is a mechanism
of degradation and excretion which has been
discussed by Byers et al. {Metabolism, 1952, 1,
479).
Mechanism. — The possible causes of cholesterosis are not known with certainty; they may
include excessive biosynthesis, abnormal trans-
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port (impaired stability of plasma colloids),
abnormal permeability or metabolism of the
arterial wall, excessive absorption from the gastrointestinal tract, and decreased excretion in the
feces. The occurrence of atherosclerotic vascular
lesions at an early age in some families with
hypercholesterolemia (Adlersberg, Am. J. Med.,
1951, 11, 600) suggests the error of metabolism
mentioned in the opening paragraph of this discussion. In such cases Jones et al. (ibid., 1951,
11, 358) found the content of lipoproteins having
an Sf in the 12 to 20 range to be increased, and
Barr et al. (ibid., 480) observed the increase of
P-lipoprotein and decrease of a-lipoprotein in
the same condition. Both the Sf 12 to 20 lipoproteins and P-lipoprotein are lower in premenopausal females than in males, paralleling the
greater incidence of atherosclerotic vascular disease in the latter. In old age both the lipoprotein
fractions and incidence of vascular disease are
again similar in both sexes. Estrogenic therapy
decreased the content of P-lipoprotein in Barr's
patients (Trans. A. Am. Phys., 1952, 65, 102)
and the incidence of coronary atherosclerosis in
the cholesterol-fed chickens studied by Katz and
his associates (Pick et al., Circulation, 1952, 6,
858). The data on the chickens suggest that
existing coronary atheroma will regress during
estrogenic therapy; Glass et al. (Metabolism,
1953, 2, 133), however, did not find a change in
the Sf pattern of lipoproteins with estrogen
therapy. The side effects of prolonged estrogen
administration do not make this an attractive
form of therapy for most patients even if further study showed it to be effective.
Diet. — Cholesterol-free diets obtained through
avoiding eggs, milk and other staple foods while
utilizing carbohydrates and vegetable lipids to
provide calories are possible although unpalatable ;
furthermore, such diets do not result in a decrease in the concentration of cholesterol in blood.
Egg yolk and brain are the only common foods
containing more than 1 per cent of cholesterol.
Some other foods containing a high proportion
of cholesterol include the following, where the
figures give the content of cholesterol in mg.
per 100 Gm. (wet weight) of the food: cod liver
oil (570), butter (244), oleomargarine (186),
cream containing 35 per cent fat (124), chicken
fat (113), lard (99).
Cholesterol is reabsorbed by the intestine from
bile as well as being absorbed from food. Fat
appears to have an important role in the intestinal tract in absorption of cholesterol. A low-fat
and -cholesterol diet does cause a decrease in
the concentration of cholesterol and of Sf 10 to
20 lipoproteins in the blood (Keys, Science, 1950,
112, 79; Jones et al, Am. J. Med., 1951, 11,
358; Nelson, Northwest Med., 1952, 51, 860).
Addition of vegetable fat to such diets causes
serum cholesterol to rise again (Hildreth et al.,
Circulation, 1951, 3, 641). Subcaloric rations in
Denmark during World War II were associated
with a decreased incidence of arteriosclerosis,
which increased again when restrictions were
lifted (Dedichen et al., 5th Conf., Factors Regulating Blood Pressure, J. Macy Jr. Found., New
York, 1951, p. 117). A low-calorie diet resulting

in weight loss shows a decrease of Sf 12 to 20
lipoproteins (Walker et al., Am. J. Med., 1953,
14, 654). Gofman found that administration of
thyroid extract to euthyroid persons with elevated
Sf 12 to 20 lipoproteins was followed by a
decrease in concentration of the abnormal lipoprotein class; since these persons lost weight
during the experiment a specific effect of thyroid
feeding is not demonstrated.
Medication.- — Intravenous or intramuscular injection of heparin causes a marked decrease in
the concentration of lipoproteins of the Sf 12 to 20
range in rabbits and in humans (Graham et al.,
Circulation, 1951, 4, 465). In rabbits Seifter
et al. (Proc. S. Exp. Biol. Med., 1953, 83, 468)
found that the hypercholesterolemia induced by
a diet of cholesterol and fat was inhibited by
daily injections of hyaluronidase, which presumably releases surface-active depolymerized hyaluronic acid from tissues; both heparin and
hyaluronic acid are polysaccharides which may
be classed as lipemia-clearing factors in vivo.
Nikkila and Majanen (Scandinav. J. Clin. Lab.
Invest., 1952, 4, 204) found less heparinoid
activity, as measured by protamine-binding capacity, in the blood of atherosclerotic than in
that of normal persons, although there was a
marked increase of mucoprotein in blood at the
time of an acute myocardial infarction. The effect of thyroid and of estrogen administration
has been mentioned previously. Lipotropic agents
such as choline, inositol and methionine have
little effect on blood cholesterol (Davidson, Am.
J. Med., 1951, 11, 736) or the Sf pattern of
lipoproteins, although their effect in mobilizing
excess fat from the liver and in increasing phospholipid in the blood is well known; also,
Labecki (loc. cit.) reported a favorable change
in abnormal chylomicron-lipomicron ratios. Consistent blood cholesterol reduction from use of a
combination of 200 mg. of choline, 250 mg. of
inositol, and 500 mg. of polysorbate 80 (Monichol, Ives-Cameron) was reported by Sherber and
Levites (J.A.M.A., 1953, 152, 682); the role of
polysorbate 80 in this otherwise ineffective lipotropic medication merits further study. A similar
consistent reduction of blood cholesterol, in animals and humans, has been obtained with the
sodium salt of phenylethylacetic acid (Redel and
Cottet, Compt. rend. acad. sc, 1953, 236, 25;
J.A.M.A., 1954, 154, 935). Sitosterol, given in
a dose of 2 to 4 Gm. daily with meals, reduced
elevated blood cholesterol levels to normal in a
study by Pollak {Circulation, 1953, 7, 702).
Uses. — Cholesterol is given official recognition in the U.S. P. because it is a constituent of
Hydrophilic Petrolatum, to which it imparts
water-absorbing power, a property characteristic
of cholesterol. Wool fat contains esters of cholesterol and other high molecular weight polycyclic
alcohols which impart to the fat its notable waterabsorbing power. The B.P. Ointment of Wool
Alcohols similarly owes its ability to absorb water
largely to the presence of cholesterol. Both cholesterol and its esters have been variously used as
emulsifying agents in formulations of the waterin-oil type (see /. A. Ph. A., 1940, 29, 14);
it has been incorporated in some suppositories
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for this purpose. It is an ingredient of certain
enteric-coating compositions (Maney and Kuever,
/. A. Ph. A., 1941, 30, 276).
A large variety of "hair tonics" contain cholesterol, being used as an anti-irritant, in 1 or 2
per cent concentration, in alcoholic applications
for seborrhea; it is employed similarly in hair
dyes and bleaches. Various cosmetic lotions contain cholesterol or hydroxycholesterols or their
esters.
Cholesterol has been included in certain hydroalcoholic, repository-type preparations for intramuscular injection.
Some edible emulsions, including bread spreads,
utilize cholesterol as an emulsifying agent. Esters
of cholesterol are used as anti-spattering agents
in margarine. There are many industrial uses for
cholesterol and its esters; these and other uses
have been reviewed by Lower in a series of papers
in Drug Cosmet. Ind., 1953, 73, 758; 1954, 74,
200, 356.
Storage. — Preserve "in well-closed, lightresistant containers." U.S.P.
Off. Prep.— Hydrophilic Petrolatum, U.S.P.

CHOLINE

BITARTRATE.

N.F.

2-Hydroxyethyl-trimethylammonium

Bitartrate

[HOCH2CH2N+ (CH3)3]HC4H406"Choline Bitartrate, dried in a vacuum desiccator over phosphorus pentoxide for 4 hours, yields
not less than 98 per cent of C9H19NO7." N.F.
The base choline was first isolated, from the
bile of pigs, in 1849. It is a structural component
of the lecithin phospholipids, which are widely distributed inanimal tissues and occur also in some
plants; it is also the parent substance of acetylcholine, which is concerned with transmission of
nerve impulses. Choline is (2-hydroxyethyl)trimethylammonium hydroxide, CH2OH.CH2.N(CHs)30H. It is a colorless, viscid, strongly alkaline liquid, very hygroscopic and with a tendency
to absorb carbon dioxide from the air; it is very
soluble in water and in alcohol, but is insoluble in
ether. The substances amanitine, bilineurine, bursine, fagine, gossypine, luridine, sincaline, and
vidine, isolated from various sources, are all identical with choline. Choline is synthesized through
interaction of trimethylamine and ethylene oxide
or ethylene chlorohydrin.
Choline readily forms salts, several of which are
available commercially. Choline bitartrate represents 47.8 per cent of choline; it is the least
hygroscopic of the salts and so is most suitable
for tablet and capsule formulations although because of its lesser solubility in water it is not as
well suited for liquid formulations. Choline dihydrogen citrate, which is also official in N.F., represents 41.0 per cent of choline; it is used both in
liquid and dry formulations. Choline chloride,
official in LP., represents 86.8 per cent of choline;
it is very hygroscopic and is suited only for formulation of liquid dosage forms. Choline gluconate,
recognized in N.N.R., theoretically represents 40.5
per cent of choline, but is supplied commercially
as a solution containing 59 to 64 per cent of
the salt.
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Description. — "Choline Bitartrate occurs as
a white, crystalline powder. It is odorless or it
may have a faint trimethylamine-like odor. It has
an acidic taste. It is hygroscopic. Choline Bitartrate is freely soluble in water and slightly soluble
in alcohol. It is insoluble in ether, in chloroform,
and in benzene." NJ?.
Standards and Tests. — Identification. — (I)
On heating to boiling a solution of 500 mg. of
choline bitartrate in 2 ml. of water to which 3 ml.
of sodium hydroxide T.S. has been added the odor
of trimethylamine is detectable. (2) A reddish
brown precipitate is produced immediately when
2 ml. of iodine T.S. is added to a solution of 500
mg. of the choline salt; on adding 5 ml. of sodium
hydroxide T.S. the precipitate dissolves but on
boiling the solution a pale yellow precipitate of
iodoform, having its characteristic odor, develops.
(3) An emerald green color develops immediately
on adding to 2 ml. of cobaltous chloride T.S.
1 ml. of a 1 in 100 solution of the choline salt
and 2 ml. of a 1 in 50 solution of potassium ferrocyanide. (4) A solution of choline bitartrate responds to tests for tartrate. Water. — The limit is
0.5 per cent, when determined by drying in a
vacuum desiccator over phosphorus pentoxide for
4 hours or by the Karl Fischer method. Residue
on ignition. — Not over 0.1 per cent. Heavy metals.
— The limit is 20 parts per million. AT.F.
Assay. — About 100 mg. of dried choline bitartrate isdissolved in water and the choline precipitated as the reineckate, which is dried at 105°
for 1 hour. The weight of choline reineckate.
multiplied by 0.5993. gives the equivalent weight
of CgHiyXO-. N.F.
Uses. — As a component of the lecithin phospholipids choline is found in nearly all body tissues, as well as in several secretions. It occurs in
egg yolk, liver, yeast, heart, kidney, brain, lean
meats; also in wheat and soy beans. The daily
intake of choline varies from 250 to 600 mg.
Some years ago medical interest in choline centered in its being the parent substance of the
nerve impulse mediator acetylcholine (q.v.) ;
choline has much the same action on the autonomic nervous system as acetylcholine. acetyl-Pmethylcholine. and carbamylcholine. although its
effect is far less potent. Slow intravenous injection
of 100 to 200 mg. of choline chloride, in an isotonic solution, caused in patients a decrease of
tone and motility of the small intestine (Sielaff,
Arch. exp.in Path.'Pharm.,
1951.its214,
74). Current
interest
choline concerns
lipotropic
action
and its role as a donor of methyl groups in metabolic processes.
Lipotropic Action. — In 1932. Best et al. (Am.
J. Physiol., Proc. 44th Annual Meeting. 1932. 101,
7) reported that deposition of fat in the livers of
normal white rats, produced by a high fat diet,
could be prevented or reduced by administration
of lecithin and that equivalent amounts of choline
which might be derived from the lecithin had a
similar inhibitory effect. A diet deficient in choline
likewise results in fatty infiltration of the liver in
experimental animals, eventually causing necrosis
and fibrosis (cirrhosis). Young animals are more
susceptible than adults; in the young hemorrhagic
lesions are produced in the kidneys, along with
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hypertension (Best, Fed. Proc, 1950, 9, 506),
anemia and edema (Alexander and Engel, J. Nutrition, 1952, 47, 361). Arterial lesions resembling
those in human atherosclerosis were observed by
Hartroft et al. (Proc. S. Exp. Biol. Med., 1952,
81, 3S4) in choline-deficient animals. Lipocaic,
an extract of pancreas, was found to correct
the fatty liver of the pancreatectomized animal
(Dragstedt et al., Am. J. Physiol., 1936, 117, 175)
and was thought to be a hormone. Chaikoff et al.
(J. Biol. Chem., 1945. 160, 489; concluded, however, that lipocaic contained an enzyme which
released methionine bound in protein, while Abels
et al. (Proc. S. Exp. Biol. Med., 1943. 54) claimed
that the active constituent was inositol. MacLean
and Best (Brit. J. Exp. Path., 1934, 15, 193)
observed that choline prevented deposition of fat
in livers of diabetic (pancreatectomized) dogs and
rats on a high fat diet.
Interference with protein metabolism in the
absence of insulin seems to result in a lack of
methyl groups which are essential for normal
transport or deposition of fat in the liver; these
"labile" methyl groups may be supplied by ingestion of choline, methionine or betaine. It has been
thought that choline functions in fat mobilization
by forming phospholipid in the fiver and studies
with phosphorus radioisotope have demonstrated
an increased rate of turnover of liver phospholipid
phosphorus after administration of choline
(Chaikoff. Physiol. Rev., 1942, 22, 291). In patients with fatty liver, but not in normal individuals. Caver and Cornatzer (Gastroenterology ,
1952, 20, 385) found an increased rate of phospholipid turnover after giving choline or methionine. However, certain non-lipotropic compounds,
as cystine and cysteine, also increased phospholipid turnover, and to further complicate the picture certain non-methylated compounds have
been found to have lipotropic action. Moreover,
synthesis of "labile" methyl groups in tissues as
well as by bacteria in the intestinal lumen has
been demonstrated by du Vigneaud et al. (Science,
1950. 112, 267). The triethyl homologue of choline has one-fifth the lipotropic action of choline
(McArthur and Lucas. Biochem. J., 1950, 46,
226). In animals a low-protein diet produces a
fatty liver which is aggravated by feeding cystine,
alcohol or sucrose (Best et al., Brit. M. J., 1949,
2, 1001) but corrected by feeding protein, choline
or methionine (Jaffe et al., Am. J. Path., 1950,
26, 951). It may be noted that methionine possesses bothgroup.
a "labile" methyl group and also a
sulfhydryl
Absorption" and Excretion. — On ingestion of
2 to 8 Gm. of choline (as bicarbonate) by humans
less than 0.3 per cent of the dose was found in
the urine, while two-thirds of the ingested choline
nitrogen appeared in the urine as trimethylamine
or its oxide (Huerga and Popper, J. Clin. Inv.,
1951. 30, 463). In healthy subjects, and also in
cases of hepatobiliary disease, no choline is found
in urine following average diets. In patients with
liver disease excretion of trimethylamine in the
urine was both delayed and diminished after a
dose of choline. In vitro, feces converted from 40
to 60 per cent of added choline to trimethylamine.
Urinary excretion of trimethylamine was greatly
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reduced in patients ingesting Aureomycin and
phthalylsulfathiazole, where fecal bacterial count
is greatly reduced. Following intravenous injection
of 1 or 2 Gm. of choline base in 500 or 1000 ml. of
5 per cent dextrose solution about 9 per cent
of the choline was found in the urine, with no
significant increase in urinary trimethylamine
(Huerga et al, J. Lab. Clin. Med., 1951, 38, 904).
In cases of acute hepatitis, but not in cirrhosis
of the liver, the urinary choline was approximately
doubled. After ingestion of choline the unpleasant
odor of trimethylamine appears on the breath, in
the urine, and in perspiration.
Liver Disease. — Dietary treatment of clinical
cirrhosis, in which relatively large amounts of
choline or its part-precursor methionine were administered, has led to results in humans which
suggest that choline is effective in correcting such
disease; lack of adequate controls makes it impossible tobe conclusive on this point. Russakoff
and Blumberg {Ann. Int. Med., 1944, 21, 848)
reported having successfully treated 7 of 9 patients suffering from cirrhosis with ascites by
administering orally 6 Gm. of choline daily for
periods up to 6 months. Broun {Bull. St. Louis M.
Soc, 1945, 39, 403) observed that a larger proportion of patients, with cirrhosis, receiving a
daily supplement of 1 Gm. of choline chloride in
their diet, where improved as compared with a
similar group treated by diet alone. Similar results were reported by Beams {J.A.M.A., 1946,
130, 190), who administered a mixture of choline
and cystine, and by Morrison {Ann. Int. Med.,
1946, 24, 465). In treating infectious hepatitis
Richardson and Suffern {Brit. M. J., 1945, 2,
156) did not find a daily supplement of 1.5 Gm.
of choline chloride to have any therapeutic value.
Using a phosphorus radioisotope technic no increase in phospholipid turnover was observed following administration of choline or methionine in
cases of acute hepatitis (Cayer and Cornatzer,
Gastroenterology, 1951, 18, 79) but a definite
increase was found in cases of cirrhosis of the
liver (Williams et al., South. M. J., 1951, 44,
369). Choline therapy caused marked improvement in malnourished Chilean children afflicted
with fatty infiltration of the liver, as demonstrated by liver aspiration biopsies (Meneghello
and Niemeyer, Am. J. Dis. Child., 1950, 80, 905).
Evaluation of the contradictory reports may be
aided by recalling the definite benefit in many
instances of the previously considered hopeless
condition of cirrhosis of the liver obtained by
Patek et al. {J.A.M.A., 1948, 138, 543) with a
high-protein and high-vitamin diet. Liver biopsy
studies of cases treated with the diet alone, compared with cases receiving choline also, showed no
superiority with lipotropic therapy (Kessler et al.,
Arch. Int. Med., 1950, 86, 671 ; Post et al, Gastroenterology, 1952, 20, 403). No improvement in
nitrogen retention was found by Gabuzda et al.
{J. Clin. Inv., 1950, 29, 566) with choline and
methionine therapy in cases of cirrhosis whereas
positive nitrogen balance was produced by parenteral testosterone propionate. As an effective highprotein diet contains 1 to 2 Gm. of choline and
4 to 5 Gm. of methionine, it seems that additional
lipotropic substances are not needed unless the
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patient is not consuming the recommended diet
{J.A.M.A., 1950, 144, 1566).
Diabetes Mellitus. — Choline therapy, in addition to the indicated diet and insulin, has been
reported to be beneficial in this disease by Taub
et al. {Ann. Int. Med., 1945, 22, 852). Improvement in liver function and decreased requirement
of insulin with choline therapy have been observed
(Pomeranze and Levine, Gastroenterology , 1949,
16, 771; Pelner and Waldman, J. A.M. A., 1950,
143, 1017). Gates {J. A.M. A., 1950, 142, 1136)
has emphasized that choline benefited the liver
but could not substitute for insulin. Choline therapy should be considered in diabetics with
complications such as neuropathy, retinopathy,
nephropathy, etc.
Atherosclerosis. — As mentioned under Cholesterol, an extensive controversy has raged regarding the possible therapeutic use of choline in
atherosclerotic vascular disease. Morrison and
Gonzalez {Am. Heart J., 1950, 39, 729) reported
reduced mortality during the 1 to 3 years following an acute myocardial infarction in patients
treated with 6 to 32 Gm. of choline orally daily.
This report has been criticized bitterly; Pollak
{Delaware State M. J., 1952, 24, 157) pointed
out that choline will remove fatty deposits from
the liver but will not remove cholesterol from the
arterial wall. Herrmann {Texas State J. Med.,
1946, 42, 260) reported a decrease in hypercholesterolemia inpatients with atherosclerotic
vascular disease following lipotropic therapy;
Nelson {Northwest. Med., 1952, 51, 860) reported
good clinical and laboratory results in patients
who had experienced coronary occlusion following
a very rigorous low fat diet, and lipotropic and
pyridoxine therapy. In experimental studies, however, choline has failed to influence hypercholesterolemia or atherosclerosis (see Moses and
Longabaugh, Arch. Path., 1950, 50, 179; Stamler
et al., Circulation, 1950, 2, 714, 722; Davidson,
ibid., 1951, 3, 332). No benefit of lipotropic therapy was observed in angina pectoris (Jackson and
Wilkinson, 1954 Convention Am. Col. Physicians,
Chicago), but definite improvement in cases of
cerebral atherosclerosis was obtained with a combination oflipotropic, B-vitamin and thyroid therapy (Bamford, N. Y. State J. Med., 1951, 51,
2913). Xanthomatous skin lesions improved on
choline therapy (Pipkin, Texas State J. Med.,
1951, 47, 267). Disappearance of vitreous opacities from the eyes has been reported to have followed use of choline (Eggers, N. Y. State J. Med.,
1951, 51, 2255).
Cystinuria. — This rare congenital anomaly of
metabolism has been markedly improved with
choline therapy (Zinsser, /. Urol., 1950, 63, 929).
For patients with cystine stones in the urinary
tract, or other complications, this appears to be
the first effective medication.
Thyroid Disease. — Clinical improvement in
cases of hyperthyroidism in women following administration of1 Gm. of choline daily orally has
been reported (Esposti, Minerva Med., 1950, 41,
297). Intravenous injection of 4 Gm. of choline
chloride, in 500 ml. of an isotonic solution, caused
a decrease of 15 to 25 per cent in the metabolic
rate of euthyroid persons (Seckfort and Trojan,
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Klin. Wchnschr., 1951, 29, 704). An initial decrease in blood sugar, followed by an increase
(except in patients with liver disease), is observed
with such intravenous dosage (Seckforth and
Weisse, ibid., 1950, 28, 693). 13
Toxicology. — The toxicity of choline varies
widely with the route of administration and with
the animal. Hodge and Goldstein (Proc. S. Exp.
Biol. Med., 1942, 51, 281) found the LD50 in
rats, following administration by stomach tube, to
be 6.7 Gm. per Kg. The lethal dose for cats, when
choline is administered intravenously, is from 35
to 65 mg. per Kg. (Arai, Arch. ges. Physiol., 1922,
193, 359; Lohmann, ibid., 1907, 118, 215). Subcutaneously administered, the lethal dose has been
given as 200 mg. per Kg. for the cat and 1 Gm.
per Kg. for the rabbit. In man, choline salts seem
to be well tolerated by mouth even in doses as
large as 30 Gm. daily, except for an unpleasant
body odor or a diarrhea in some patients. Intravenously adose of 1 to 2 Gm. of the base has
been given in 0.2 per cent solution without untoward effect; with larger doses urticaria has been
reported. Attention has been called to the need
for careful supervision of choline administration
if the drug is to be both effective and safe {Brit.
M.J., 1945, 2, 573).
Dose. — The usual dose of choline bitartrate
(which represents 47.8 per cent of choline base) is
2 Cm. (approximately 30 grains) 3 times daily, by
mouth, with a range of 1 to 3 Gm. The maximum
safe dose is 12 Gm. and 30 Gm. is not ordinarily
exceeded in 24 hours.
Storage. — Preserve "in tight containers." N.F.

CHOLINE BITARTRATE
CAPSULES. N.F.

"Choline Bitartrate Capsules contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of C9H19NO7." N.F.
Usual Size. — 500 mg. (7>2 grains).
CHOLINE BITARTRATE
TABLETS.
N.F.
"Choline Bitartrate Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of C9H19NO7." N.F.
Usual Sizes.— 500 and 600 mg. {iy2 and 10
grains).
LP.
CHOLINE CHLORIDE.
Cholini Chloridum

The LP. defines Choline Chloride as the chloride of 2-hydroxyethyltrimethylammonium hydroxide and requires it to contain not less than
9.84 per cent of N, and not less than 24.89 per
cent of CI, both calculated with reference to the
substance dried to constant weight at 110°.
Description. — Choline chloride occurs in
white, odorless crystals, very hygroscopic. It is
very soluble in water, freely soluble in alcohol;
practically insoluble in ether, in chloroform, and
in benzene. It melts at about 240°, with decomposition, after drying at 110°. LP.
For a discussion of the chemistry and uses of
choline chloride see under Choline Bitartrate.
Since choline chloride represents approximately
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twice as much choline base as does choline bitartrate, the chloride should be taken in about half
the dose of the bitartrate.
Storage.
tainer. LP. — Preserve in a tightly closed conCHOLINE DIHYDROGEN
CITRATE.
N.F.
2-Hydroxyethyl-trimethylammonium Citrate

[HOCH2CH2N+ (CH3)3]H2C6H507"Choline Dihydrogen Citrate, dried in a vacuum
desiccator over phosphorus pentoxide for 4 hours,
yields
N.F. not less than 98 per cent of C11H21NO&."
For a discussion of the chemistry of choline
salts see under Choline Bitartrate.
Description. — "Choline Dihydrogen Citrate
occurs as colorless, translucent crystals, or as a
white, granular to fine, crystalline powder. It is
odorless or it may have a faint trimethylamine
odor. It has an acidic taste. It is hygroscopic when
exposed to air. Choline Dihydrogen Citrate melts
between 105° and 107.5°." N.F.
Standards and Tests. — Identification. — With
the exception of the difference in the test for the
anion component, the tests for identification are
the same as for the bitartrate. pH. — The pH
of a 1 in 4 solution is not less than 3.5 and not
more than 4.5. Water. — The limit is 0.25 per cent.
Residue on ignition. — Not over 0.05 per cent.
Heavylion. N.F.
metals. — The limit is 20 parts per milAssay. — The assay is the same as for Choline
Bitartrate. The gravimetric conversion factor is
0.6989. N.F.
The uses and dose are the same as for Choline
Bitartrate (the 41.0 per cent of choline represented in the citrate salt is for therapeutic purposes taken to be equivalent to the 47.8 per cent
of choline represented in the bitartrate).
Storage. — Preserve "in tight containers." N.F.
CHOLINE DIHYDROGEN CITRATE
CAPSULES.
N.F.
"Choline Dihydrogen Citrate Capsules contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C11H21NO8."
N.F.
Usual Size. — 500 mg. {iy2 grains).
CHOLINE

DIHYDROGEN CITRATE
TABLETS.
N.F.

"Choline Dihydrogen Citrate Tablets contain
not less than 95 per cent and not more than 105
per. cent of the labeled amount of C11H21NO8."
N.F.
Usual Sizes.— 500 and 600 mg. (iy2 and 10
grains).
CHONDRUS.
N.F.
Irish-moss,

[Chondrus]

"Chondrus is the dried, bleached plant of
Chondrus crispus (Linne) Stackhouse, or of
Gigartina mamillosa (Goodenough et Woodward) J.Agardh (Fam. Gigartinacece) ." N.F.
Carrageen;

Salt

Rock

Moss.

Fucus

Crispus;

Fucus
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Irlandicus. Fr. Carragaheen; Mousse marine perlee. Ger.
Irlandisches Moos; Felsenmoos; Hornklee; Krausmoos;
Lebermoos; Perlmoos; Knorpeltang;
Seemoos.

Chondrus crispus grows upon rocks and stones
on the coast of Europe, and is especially abundant on the southern and western coasts of Ireland. It is also a native of the United States and
Canada, and is gathered largely along the coast
of Massachusetts, at Scituate, below Boston, and
along the coast of Maine and the Maritime
Provinces, where it is partly torn from the rocks
and partly collected from the beach, on which
it is thrown up during storms. The season for
collection at Scituate, Massachusetts, begins late
in May and continues to September, June and
July being the best months.
Chondrus is now found only on rocks that
are from 15 to 20 feet below the tide. The men
go out in sail-boats or dories on the ebbing tide
and come in at half-flood. With long rakes they
scrape the moss from the rocks, collecting thus
about 50 pounds to the boat. The moss is spread
out on the high beach for a week or so, the action
of the sun and dew bleaching it purplish color. It
is then enclosed in half-hogsheads which are
arranged around a hole which is connected with
the back water of the salt marsh by a trench.
When the tide comes in, the water flows up the
trench and fills the shallow well. The collector
dips up this water and wets down the "moss"
until it is soft. The "moss" is again spread out
and subjected to the bleaching process, this alternate treatment being repeated four or five times,
until the product is of a yellowish or white color.
The final drying is done in barns, where the moss
is stored until it is packed in barrels at the end
of the season.
Tunmann (Apoth. Ztg., 1909, pp. 91 and 151)
described in detail the morphology and composition of chondrus.
Girgartina mamillosa Ag. resembles the true
Irish moss, and, growing with it upon the rocks,
may be gathered with it. It can, however, be
at once distinguished by the numerous papillae
which cover the surface and margins of the
fronds and bear the fruit (cystocarps). In chemical and medicinal properties it is probably identical with C. crispus.
The commercial supplies of chondrus are
chiefly obtained from Scituate and Boston
(Massachusetts), Nimes (France) and Dublin
(Ireland).
According to LaWall and Harrisson (J. A. Ph.
A., 1932, 21, 1146) much of the chondrus collected in Europe is sulfur-bleached but that
gathered in Massachusetts is free from sulfur.
They found that the sulfur-bleached chondrus
contained arsenic in excess of the tolerance of
the U. S. Department of Agriculture.
Description. — "Whole Chondrus occurs as
matted masses consisting of the broken plants;
the thalli consist of a mixture of entire thallus
from 5 to 15 cm. in length, with slender subcylindrical stalks from which arise a series of dichotomously branching, more or less flattened segments
which vary from very narrow to 15 mm. in
breadth, emarginate, deeply cleft or irregularly
lobed; thallus frequently coated with a calcareous
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deposit of a bryozoan which effervesces with a
mineral acid; sometimes with sporangia embedded
near the apex of the segments (in C. crispus) or
with sporangia borne on short tuberculated projections or stalks, more or less scattered over the
upper portion of the segments (in G. mamillosa).
The plants are somewhat cartilaginous and have
a pale yellow to yellowish brown color, a slight
seaweed-like odor, and a salty, mucilaginous
taste." N.F.
Standards and Tests. — Identification. — (1)
When chondrus is boiled with 50 parts of water
for 30 minutes (the evaporated water being replaced), the liquid separated by straining becomes
a thick jelly on cooling. (2) Chondrus becomes
gelatinous and translucent when softened in cold
water; the thallus remains nearly smooth and
uniform, and is not swollen except slightly at the
tips. Gelatin and starch. — On boiling 300 mg. of
chondrus with 100 ml. of water for 1 minute and
filtering the mixture, the cooled filtrate produces
no precipitate with tannic acid T.S. (gelatin),
and no blue color with iodine T.S. (starch). Sulfites.— No bluish purple color develops within 15
minutes in a piece of potassium iodate-starch
paper suspended in a flask above a warmed mixture of 5 Gm. of chondrus, 300 ml. of water and
5 ml. of phosphoric acid. Foreign organic matter.
— Not over 2 per cent. Acid-insoluble ash. — Not
over 2 per cent. N.F.
For tests to establish the presence of Irish
moss see J.A.O.A.C, 1939, 22, 93, 726.
Constituents. — The ash of chondrus amounts
to from 8 to 15 per cent and contains traces of
iodine. On oxidation with nitric acid the dry moss
yields from 21.6 to 22.2 per cent of mucic acid.
Herberger found 79 per cent of a mucilaginous
substance resembling pectin, and 9.5 of mucus,
with fatty matter, free acids, chlorides, etc. The
pectinous substance, called carrageenin, is probably not a pure principle but a mixture of carbohydrate derivatives. Percival and Buchanan
{Nature, 1940, 145, 1020) reported that extraction of chondrus with hot water yielded the
calcium salt of a carbohydrate ethereal sulfate.
Dillon and O'Calla {Nature, 1940, 145, 749) had
somewhat earlier announced the isolation of two
polymeric carbohydrates, apparently galactans,
from mucilage of chondrus by acetolysis of the
latter, a reaction which appears to be accompanied
by degradation of the carbohydrate principle (see
also Haas and Wells, Biochem. J., 1929, 23, 425,
and Butler, ibid., 1934, 28, 759).
Uses. — Chondrus has found use as an emulsifying agent, a demulcent, and a substitute for
gelatin in the diet. It is acceptable to the taste,
is readily digested, and has some nutritive value.
As indicated in one of its identification tests, it
forms with water a jelly when present in approximately 3per cent concentration.
A decoction of chondrus was formerly employed
as a demulcent in chronic coughs, in diarrhea (for
which its high pectin content may be beneficial),
and in irritation of the urinary tract; it is rarely
used for these purposes today. It produces an
excellent soothing lotion for chapped hands and
for similar inflammations of the skin, and has also
been employed
as the vehicle of spermicidal
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jellies. Chondrus continues to find use as an
emulsifying agent. Before preparing a decoction
of it maceration in cold water, for about 10 minutes, generally removes any unpleasant flavor that
it may have acquired from contact with foreign
substances.
Eisner et al. (Ztschr. physiol. Chem., 1937,
246, 244) reported that chondrus contains a
nitrogenous polysaccharide sulfuric ester, chemically related to heparin, which exerts an anticoagulant effect on blood similar to that of
heparin. In 1939 a German patent was granted
for a preparation of chondrus to be used for prevention of clotting of blood. Other sulfated mucopolysac harides and polysaccharides, such as dextran sulfate. Paritol. and Treburon, have undergone clinical trial as anticoagulants, but untoward
side effects have prevented their general use (see
under Heparin i .
The average dose of chondrus. as a demulcent,
is 15 Gm. (approximately 4 drachms).
CHONDRUS

EXTRACT.

N.F.

Irish Moss Extract

"Chondrus Extract is the dried, refined hydrocolloidal extractive prepared from Chondrus.
either bleached or unbleached." N.F.
This extract is prepared by exhausting chondrus
with water and evaporating the liquid to dryness.
Description. — "Chondrus Extract occurs as a
coarse or fine powder, tan in color, almost odorless and with a mucilaginous taste. Its solutions
are alkaline to litmus. Chondrus Extract is almost
completely soluble in 100 parts of water at 85°,
forming a viscous, opalescent, colloidal solution
which flows readily. It is insoluble in alcohol
and other organic liquids. Chondrus Extract disperses more readily if first moistened with alcohol,
glycerin, or simple syrup, or if first mixed with
3 or more parts of finely powdered sucrose." N.F.
The extract is used for extemporaneous preparation of chondrus mucilage.
Storage. — Preserve "in tight containers." N.F.
CHONDRUS

MUCILAGE.

N.F.

Irish Moss Mucilage

Wash 30 Gm. of chondrus quickly with cold
water, then place it in a suitable vessel, add 1000
ml. of boiling water, and heat the mixture on a
water bath for 10 minutes, stirring frequently.
Strain through muslin, with pressure, and add
sufficient hot water through the strainer to make
1000 ml. Mix thoroughly. Alternatively mix 20
Gm. of chondrus extract with 1000 ml. of water
and heat at 85° on a water bath for 30 minutes,
with occasional stirring; after cooling add sufficient water to make the product measure 1000 ml.
and mix thoroughly. X.F.
Uses. — Chondrus mucilage, usually mixed with
10 to 20 per cent of glycerin, makes a soothing
application for chapped hands. In pharmacy, it
is used as an emulsifying and suspending agent;
it has the advantage over acacia of not being
precipitated by alcohol.
Storage. — Preserve "in tight containers." N.F.

CHROMIUM

TRIOXIDE.

I

N.F.

Anhydride, "Chromic Acid," [Chromii Trioxidum]

"Chromium Trioxide contains not less than 98
per cent of CrO.s. Caution — Chromium Trioxide
should not be brought into intimate contact with
organic substances, as serious explosions are likely
to result." N.F.
Anhydridum Chromicum; Acidum Chromicum. Fr. Anhydride chromique; Acide chromique cristallise. Ger.
Chromsaure; Chromtrioxyd; Chromsaureanhydrid. It. Acido
croraico. Sp. Anhidrido cromico; Trioxido de Cromo;
Acido cromico anhidro.

Chromium trioxide may be prepared by the
action of sulfuric acid on potassium chromate or
potassium dichromate; the crystals that form are
washed with nitric acid and the latter removed
by a current of air.
Description. — "Chromium Trioxide occurs as
dark purplish red crystals, often needle-like, or
in flakes. It is deliquescent, and is destructive
to animal and vegetable tissues. One Gm. of
Chromium Trioxide dissolves in 0.6 ml. of water."
N.F.
Standards and Tests. — Identification. — (1)
Chlorine is evolved when chromium trioxide is
warmed with hydrochloric acid. (2) Chromium
trioxide responds to tests for chromate. Alkali
salts. — Not over 2 mg. of residue is obtained
when 500 mg. of chromium trioxide which has
been ignited to the insoluble sesquioxide. is extracted with hot water, the solution filtered,
evaporated to dryness, ignited, and this residue
treated as before in order to insure having only
alkali-metal salts in the final residue. Sulfate. —
No turbidity develops within 1 minute on adding
1 ml. of barium chloride T.S. to a solution of
1 Gm. of chromium trioxide in 100 ml. of water
previouslv acidulated with 3 ml. of hvdrochloric
acid. N.F.
Chromium trioxide is a powerful oxidizing and
bleaching agent, giving up its oxygen with great
facility to organic matter. At a heat above the
melting point, it gives off half its oxygen, and is
converted into the green sesquioxide, Cr203.
Assay. — About 1.5 Gm. of chromium trioxide
is dissolved in sufficient water to make 100 ml. of
solution. An aliquot of 10 ml. of the solution is
added to a potassium iodide solution containing
hydrochloric acid. After 5 minutes the solution is
titrated with 0.1 A7 sodium thiosulfate. using
starch T.S. as indicator. A blank test is made to
determine any necessary correction. Each ml. of
0.1 N sodium thiosulfate represents 3.334 mg. of
C1O3. In this assay the valence of chromium is
reduced from six to three, with three atoms of
iodine being liberated for each molecule of chromium trioxide reacting: the hydrogen equivalent
of chromium trioxide is therefore three. N.F.
Uses. — In dilute solution chromium trioxide
is a powerful coagulant of albumin and is therefore astringent. In more concentrated solution,
because of its oxidizing power, it destroys all
forms of tissue and is a rapid and powerful
caustic. It is also an active germicide; according
to Koch a 1 per cent solution is sufficient to despores after
twoit days'
exposure.
By
virtue stroy
of anthrax
its oxidizing
effect
destroys
decaying
organic matter, combining with and neutralizing

Part

1

the ammonia and decomposing hydrogen sulfide,
thereby acting as a deodorant. Explosions may
occur. As a caustic the liquid formed by the spontaneous deliquescence of the crystals may be
used; it is most frequently applied by means of
a glass rod.
In dilute solution (5 per cent) chromium trioxide is used as an antiseptic and astringent wash
in leukorrhea, ozena and hyperidrosis. It has been
found useful as a foot wash for preventing sweating of the feet and to harden the skin. In 20 per
cent solution it is used as a caustic for removal of
exuberant granulation tissue, warts, syphilitic
condylomata, nasal polypi, ulcers on upper respiratory tract mucosa, and other foreign growths.
It is usually used once weekly and not oftener
than 3 times weekly. For the treatment of necrotic
gingivitis (Vincent's angina or "trench mouth")
a solution containing from 6 to 15 per cent of
chromic acid has been applied to infected areas;
a mouth wash containing 0.25 to 0.5 per cent of
the acid is also used (Mil. Surg., 1945 (August),
112). It has been widely used by dentists for therapy of this disease (Dental Survey, 1945, 21,
2018) but, in experiments on rats, Glickman and
Johannessen (/. A. Dent. A., 1950, 41, 674)
demonstrated that 6 per cent chromic acid solution produces degeneration and necrosis of gingiva
within 2 hours but that gingival repair, even after
a single application, results in incomplete restoration to the pre-existing gingival level; they believe that use of the 6 per cent acid in gingival
disease should be discouraged.
Toxicology. — Caution should be exercised in
the use of this agent as it is a powerful poison due
to both its local irritant effect and its systemic
action. A single drop of the saturated solution
taken internally has caused violent symptoms of
gastroenteritis and fatal results have followed the
too free external use of the drug.
Since chromium was first used, but particularly in the present century, industrial poisoning
has occurred (Walsh, J.A.M.A., 1953, 153, 1305).
Common uses of chromium include electroplating,
anodizing, as an anti-corrosion agent in recirculating water systems in diesel motors and air conditioning systems, in zinc chromate priming paint,
leather tanning, wood preservation, photoengraving, blueprinting, lithography, wool and fur dyeing, dry-cell batteries, matches, explosives, in
bleaching of oils and in chemical industry generally. Ingestion of chromates results in yellow
discoloration of the mouth, abdominal pain, vomiting, diarrhea, albuminuria and stranguria. Recovery isusual. The stomach should be emptied
and adequate parenteral fluids employed. Demulcent drinks are indicated.
Inhalation of concentrated mists from electroplating baths causes pulmonary congestion, fever
and productive cough. Acute hepatitis with jaundice was observed in a person employed in the
chromium electroplating industry; absorption of
chromium by inhalation of the fine spray of
chromic acid arising from the baths is sufficient
to produce significant concentrations of chromium
in the urine (Pascale et al., J.A.M.A., 1952, 149,
1385). Bronchogenic carcinoma is reported more
frequently in workers exposed to chromium dust
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(Machle and Gregarius, Pub. Health Rep., 1948,
63, 1114). Lesser concentrations result in a painless ulcer on the lower cartilaginous nasal septum.
Progressively the mucosa appears pale, atrophic,
grey and sloughing. After one or two months, the
area perforates. Edmundson (/. Invest. Dermat.,
1951, 17, 17) found 61 per cent of 285 workers
in a chemical plant with perforated nasal septums.
When chromic acid enters a break in the skin, a
relatively painless punched-out ulcer with a raised
collar-like indurated border and minimal inflammation appears. It heals slowly as an atrophic
scar. Dust or mist causes conjunctivitis, lachrimation and coryza. A dark red turbidity of the
cornea may develop.
Dermatitis, which seems to depend on hypersensitivity, appears in 1 to 10 of 1000 exposed
employees per year. The dermatitis varies from
an acute, vesicular, weeping eruption to dry,
erythematous, slightly elevated squamous plaques,
frequently on the dorsum of the hands, wrists and
forearms and often on the neck and eyelids. The
moist lesions heal in 2 to 3 weeks but the dry ones
persist several months. Although three-fourths of
all shoe leathers are tanned with chromate, the
incidence of sensitivity here is extremely low, at
least to the 3 to 6 per cent trivalent chromium
in combination with the leather. Most cases of
chromium dermatitis develop within the first nine
months of exposure to the substance. In testing
for hypersensitivity, a 0.5 per cent aqueous dichromate solution is used as a patch test; a 0.25
per cent solution might be safer in highly sensitized persons, such as patients with dermatitis.
Pre-employment patch testing is recommended
to exclude hypersensitive applicants before their
employment.
The best treatment of dermatitis is prevention.
Plant cleanliness and protective measures are
worth while. Early recognition of the symptoms,
removal from exposure, application of wet dressings, if infected lesions are present, and bland
topical preparations are used. Roentgen therapy
is used by some dermatologists. A 3 per cent
dimercaprol ointment has been recommended
(Cole, Arch. Derm. Syph., 1953, 67, 20), but
injections showed little benefit (Winston and
Walsh, J.A.M.A., 1951, 147, 1133).
For concentrations of chromium trixode used
externally see above. It is rarely if ever used internally and if it is the dose should not exceed
15 mg. (approximately % grain), well diluted
with water.
Storage. — Preserve "in tight containers." N.F.
CHRYSAROBIN.

U.S.P.

Chrysarobinum

"Chrysarobin is a mixture of neutral principles
obtained from Goa powder, a substance deposited
in the wood of Andira Araroba Aguiar (Fam.
Leguminosce)." U.S.P.
Acidum Chrysophanicum Crudum. Fr. Araroba purine.
Ger. Chrysarobin. It. Crisarobina. Sp. Crisarobina.

Andira Araroba (Vouacapoua Araroba (Aguiar)
Druce) is a large leguminous tree, attaining a
height of 100 feet, with a smooth trunk, common
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in the province of Bahia, Brazil. The wood is
yellowish, with numerous vessels, besides abundant irregular interspaces of lacunae, in which
there is deposited a brownish powder known as
Goa powder {crude chrysarobin). This substance
was formerly official in the B.P. 1914 under the
name of Araroba. It is generally recognized to be
the result of the breaking down of the walls of the
wood elements but the exact nature of the change
or the cause of it remain unknown. It is collected
by felling the trees, sawing the trunks into segments and splitting them lengthwise; the yellowish
araroba powder is scraped out, along with splinter
and other foreign matter. In this crude condition
it is exported, and later it is freed of wood, etc.,
by sifting, drying and powdering it. The oldest
trees yield the largest amount of the powder. The
workmen who procure it often suffer severely
from irritation of the eyes and face. As first obtained, chrysarobin is stated to be of a pale primrose yellow, but it rapidly darkens with age, so
that in commerce it varies from a dull ocher to
a dark chocolate or maroon-brown.
"The powder varies in color from brownishyellow to umber-brown. Yields to hot benzene
not less than 50 per cent of a substance which,
on evaporating the filtrate, drying and powdering the residue, has the character described under
'Chrysarobinum.' " B.P. 1914.
Goa powder has a bitter taste. It is insoluble
in water and most menstrua, but yields as much
as 80 per cent of its weight to solutions of caustic
alkalies and to benzene. The substance known as
chrysarobin is obtained by extracting goa powder
with benzene, filtering the mixture, evaporating
the filtrate, and powdering the residue.
Description. — "Chrysarobin occurs as a
brown to orange yellow, microcrystalline powder.
It is odorless or has a slight odor and is tasteless.
It is irritating to mucous membranes. Chrysarobin is very slightly soluble in water. One Gm.
of it dissolves in 400 ml. of alcohol and in about
160 ml. of ether. One Gm. dissolves in about 15
ml. of chloroform usually leaving a small amount
of residue. It is soluble in solutions of the fixed
alkali hydroxides." U.S.P.
Standards and Tests. — Identification. — (1)
Chrysarobin is soluble in alkali hydroxide solutions with formation of a deep red color. (2)
Chrysarobin dissolves in sulfuric acid, producing
a deep red color ; when the solution is poured into
water the chrysarobin separates. (3) A red brown
color develops on mixing 2 mg. of chrysarobin
with 2 drops of fuming nitric acid; on adding a
few drops of ammonia T.S. the color changes to
violet red (chrysophanic acid produces a yellow
color). Residue on ignition. — Not over 0.3 per
cent. Acidity. — On boiling 100 mg. of chrysarobin
with 20 ml. of water and filtering the mixture, the
filtrate is neutral to litmus paper. U.S.P.
Constituents. — Notwithstanding considerable
research on the isolation and identification of the
constituents of chrysarobin, its exact composition
is unknown. It is certain that chrysarobin is
largely a complex mixture of reduction products
of chrysophanol (l,8-dihydroxy-3-methylanthraquinone, also called chrysophanic acid), emodin
(1 ,6,8 - trihydroxy - 3 - methylanthraquinone) , and
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emodin monomethyl ether; relatively small
amounts of the parent substances have also been
reported to be present. The reduction products are
called anthrones, dianthrones, and anthranols. Unfortunately there is some confusion in the naming,
and uncertainty in the identification, of certain of
these derivatives, particularly in the work of
earlier investigators who gave characteristic names
to different fractions of chrysarobin, some of
which may not have been chemical individuals.
For a discussion of this earlier work see U.S.D.,
22nd edition, page 330. Details of more recent
experiments mav be found in papers by Naylor
and Gardner (J.A.C.S., 1931, 53, 4114), and
Gardner (/. A. Ph. A., 1934, 23, 1178; ibid., 1939,
28, 143).
Uses. — Chrysarobin has long been used in
South America and India as a remedy in skin
diseases, but the attention of the medical profession was first called to it in 1874 by Sir Joseph
Fayrer. It is a remedy of great value in the treatment of psoriasis and trychophytosis. Schamberg.
Kolmer and Raiziss (/. Cutan. Dis., 1915, 33)
reached the conclusion that chrysarobin was without germicidal properties and that its beneficent
effects were probably due to its chemical affinity
for the keratin elements of the skin, the drug
abstracting the oxygen for its oxidation, which
takes place simultaneously with this union, from
the epithelium. Strakosch {Arch. Dermat. Syph.,
1944, 49, 1) studied the action of several types
of ointment on the skin. He reported that chrysophanic acid was present in the ointments in about
2 per cent concentration and that it caused irritation and had no therapeutic value. Chrysarobin
was rapidly oxidized by the linoleic acid of the
skin to oxychrysarobin. It caused burning, swelling, redness, vesicles and exfoliation; microscopic
examination showed hyalin and necrotic changes
in the stratum granulosum and spinosum, increased formation of pigment, exfoliation of
scales, edema and inflammation. There was no real
difference in the effect of 1, 3 or 5 per cent ointments with hydrous wool fat or zinc oxide paste
as the base. Both the irritant and therapeutic
effects were greater in petrolatum.
In the treatment of chronic psoriasis, chrysarobin may be used in 1 to 10 per cent strength
in petrolatum with good effect; as little as 0.1 per
cent has been employed effectively. Chrysarobin
must be limited to relatively small areas of the
body, as application to extensive areas may produce systemic toxicity. It is used to the point of
slight irritation, then stopped, and resumed after
signs of irritation have disappeared. It must not
be used for treatment of the scalp, or near the
eyes, as it produces a conjunctivitis. Ointment
application has the objection of staining the skin
and clothing a brownish-violet color, and its incorporation inother vehicles may be desirable.
Of value may be a solution in collodion, which
may be prepared by dissolving 4 Gm. of chrysarobin in 30 ml. of the official flexible collodion.
This brush
is painted
over the
with adried
camel's
hair
and after
it islesions
thoroughly
the
film may be coated with plain collodion as a
further protection against staining the clothing.
Another method of applying the drug is in 1 to
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10 per cent solution in chloroform; this is painted
on the skin, the chloroform evaporating and leaving a thin film of chrysarobin. Goodman (Arch.
Dermat. Syph., 1944, 49, 16) employed a 5 per
cent solution of chrysarobin in chloroform for
hyperkeratotic lesions of ringworm of the toes
and interdigital webs. For treating hemorrhoids
Kossobudskji highly recommended an ointment
containing 25 grains of chrysarobin, 9 grains of
iodoform, and 18 grains of belladonna extract per
ounce of petrolatum. Benzin is sometimes useful
to remove the stains caused by chrysarobin.
Orally, chrysarobin causes severe gastrointestinal irritation with vomiting and diarrhea, as well
as renal irritation due to excretion of the small
amount of drug absorbed, the latter evidenced
by albumin, casts and red cells in the urine. Sufficient percutaneous absorption may result from
its external application to affect the kidneys; an
alkaline urine is colored red. B
Storage. — Preserve in "well-closed containers." U.S.P.
CHRYSAROBIN OINTMENT.
U.S.P.
[Unguentum Chrysarobini]
Sp. Ungiiento de Crisarobina.

Triturate 60 Gm. of chrysarobin with 70 Gm.
of chloroform, and gradually incorporate 870 Gm.
of yellow ointment, previously melted; stir until
the mixture congeals. Avoid loss of chloroform
by evaporation. U.S.P.
The purpose of the chloroform in the U.S.P.
process is to facilitate dispersion of the chrysarobin; in this respect, at least, a better product
than one made by trituration of chrysarobin with
the base is obtained.
Uses. — Chrysarobin ointment is a valuable application for psoriasis, ringworm, and other diseases of the skin; it has the disadvantage of
leaving a permanent stain on linen.
CINCHOPHEN.

N.F., B.P.

Phenylcinchoninic Acid, 2-Phenylquinoline-4-carboxylic
Acid, [Cinchophenum]
C00H

"Cinchophen, dried at 105° for 1 hour, contains not less than 99.5 per cent of C16H11NO2."
N.F. The B.P. requires a purity of 99.0 per cent
calculated on the basis of the substance dried to
constant weight at 105°.
Atophan (Schering and Glatz); Atocin; Quinophan;
Chinophen. Acidum Phenylcinchonicum; Acidum Phenylchinolincarbonicum. Fr. Acide a-phenylcinchonique. Ger.
Phenylchinolinkarbonsaure; Phenylcinchoninsaure. It.
Acido fenilchinolincarbonico. Sp. Acido fenilquinoleinocarbonico.

Cinchophen may be prepared by heating together aniline and benzaldehyde to form benzylideneaniline and then condensing this substance
with pyruvic acid (CH3.CO.COOH). Another
method of preparing it is to condense isatin with
acetophenone in alkaline solution.
Description. — "Cinchophen occurs as small,
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white or almost white, needle-like crystals, or as
a fine powder, and is stable in the air. It is nearly
odorless, has a slightly bitter taste, and is affected
by light. One Gm. of Cinchophen dissolves in
about 400 ml. of chloroform, in about 100 ml. of
ether, and in about 120 ml. of alcohol. It is practically insoluble in water. Cinchophen melts between 213° and 216°." N.F.
Standards and Tests. — Identification. — (1)
A saturated solution of cinchophen in hot diluted
hydrochloric acid yields a yellowish brown crystalline precipitate with platinic chloride T.S. (2)
A white crystalline precipitate forms on adding
3 ml. of ammonium chloride T.S. to a solution
of 500 mg. of cinchophen in 3 ml. of 1 N sodium
hydroxide. (3) A clear yellow liquid results on
heating 500 mg. of cinchophen in a test tube; on
continued heating carbon dioxide is evolved and
a light yellow distillate of phenylquinoline, crystallizing as it cools, is obtained. If the phenylquinoline isremoved and dissolved in 3 ml. of
warm alcohol a yellow, crystalline precipitate of
phenylquinoline picrate may be obtained on adding 3 ml. of a saturated solution of trinitrophenol
in alcohol. Loss on drying. — Not over 2 per cent,
when dried at 105° for 1 hour. Residue on ignition.— Not over 0.25 per cent. Readily carbonizable substances. — A solution of 100 mg. of cinchophen in 5 ml. of sulfuric acid has no more
color than matching fluid O and no reddish or
brown color is obtained on adding 3 drops of
nitric acid. Aniline derivatives. — A clear, almost
colorless solution is obtained on warming 1 Gm.
of cinchophen with 5 ml. of 1 N sodium hydroxide; addition of 10 ml. of sodium hypochlorite
T.S. to this solution does not produce a brown
color or render it not clear. N.F.
Assay. — About 500 mg. of cinchophen, dried
at 105° for 1 hour, is dissolved in neutralized
alcohol and titrated with 0.1 A7 sodium hydroxide,
using phenolphthalein T.S. as indicator. Each ml.
of 0.1 A7 sodium hydroxide represents 24.93 mg.
of C16H11NO2. N.F.
The B.P. includes the following test of identity: A 5 per cent solution prepared with the aid
of ammonia water yields a white flocculent precipitate with silver nitrate, a yellow one with
solution of lead acetate, and a green one with
solution of copper sulfate.
When cinchophen is to be prepared in a form
suitable for intravenous injection it is dissolved
in water with sufficient sodium hydroxide to form
the soluble sodium salt; the amount of alkali
added should produce a pH of about 7.5 in the
solution.
Uses. — Despite the definite therapeutic efficacy
of cincophen as an analgesic and antipyretic and
as an uricosuric agent (see under Nephrotropic
Agents, in Part II) in gout, it is not recommended
by many physicians because of the danger of
severe toxic reactions (hepatitis) and the availability of other effective and less toxic drugs. In
reviewing the literature, Hueper (Medicine, 1948,
27, 43) concluded that it was a valuable drug
which could be employed safely if the patient
was watched carefully. Because of reports of
acute yellow atrophy of the liver, the Federal
Food and Drug Administration in 1938 declared
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it a dangerous drug, not to be sold except on the
prescription of a physician. The survey of clinicians and pathologists by Klumpp (J. A.M. A.,
1941, 117, 1182) indicated that it was not an
essential drug, that it could not be administered
with complete safety and that recovery from poisoning with cinchophen was infrequent. More recently aderivative, 3-hydroxy-2-phenylcinchoninic
acid, received a great deal of study because of its
"pituitary-stimulating" action, but again untoward
side effects, notably photosensitization, prevented
its general use.
Gout. — Cinchophen usually causes a marked
increase in the quantity of uric acid eliminated
through the kidneys. This effect may be manifest
either on a purine-rich diet or during starvation.
As one of the outstanding symptoms of the
metabolic disturbance commonly known as gout
is an increase of the uric acid in the blood, the
effects of cinchophen on purine excretion naturally suggested its use in the treatment of these
and allied disorders. In the management of 31
patients with gout, Bartels {Am. Int. Med., 1943,
18. 21) reported excellent results with a regimen
consisting of a low-fat. low-purine. high-carbohydrate diet with added vitamin supplements and
abstinence from alcoholic beverages and administration of cinchophen in doses of 500 mg. three
times daily for three days of each week. When
the blood uric acid level, which was determined
at intervals of 1 to 3 months, decreased, the frequency of administration of cinchophen was decreased to twice and then once daily and finally
omitted entirely when the level was near normal.
Probenecid (see in Part II) is being evaluated
currently as a means of increasing uric acid
excretion.
Rheumatic Fever. — Mendel {Deutsche tned.
Wchnsckr., 1922, 48, 829) considered cinchophen
to have an antiphlogistic action and to be of value
in all sorts of inflammatory' conditions. Hanzlik
and Scott {J. A.M. A., 1921, 76, 1728) showed that
large doses of cinchophen produced the same type
of relief in rheumatic fever as obtained with
salicylates; these quantities of cinchophen caused
the characteristic ringing in the ears, nausea, etc.,
observed after full doses of the salicylates, and
also albuminuria and other evidences of renal
irritation. The derivative 3-hydroxy-2-phenylcinchoninic acid was found to be most effective
in rheumatic fever (Blanchard et al, Bull. Johns
Hopkins Hosp., 1950. 87, 50) and useful in gout
and the so-called collagen diseases.
Toxicology.— Barron {J.A.M.A., 1924, 82,
2010) reported severe circulatory collapse from
a single dose of 1 Gm. of cinchophen. WorsterDrought {Brit. M. J., Jan. 27, 1923) reported a
case of acute hepatitis following its use. Palmer
and Woodall {J.A.M.A., 1936, 107, 760) collected the records of 191 cases of jaundice resulting from use of cinchophen. the mortality
being 46 per cent. The smallest fatal dose was
300 mg.. given 3 times a day for 6 days. In several cases the symptoms (fever, jaundice, pruritus,
tender liver, stupor) did not appear for a week
or two after the drug had been stopped. Spurling
and Hartman (/. Pharmacol, 1926. 30, 185),
showed that the drug very greatly increased the

I

output of bile by the liver. In view, however, of
the wide use of this drug — both by the profession
and by the laity — for years before its toxic effects
were discovered, it is obvious that there must be
some factor of personal idiosyncrasy involved
(Snyder et al, J. Lab. Clin. Med., 1936, 21, 545).
Among the precautions which should be observed
are: to avoid its use in anyone who has had
symptoms of liver disorder; not to give it in excessive doses or over long periods of time; and
to immediately withdraw the drug on the slightest
malaise or anorexia or other evidence of hepatic
disturbances. Neocinchophen is generally considered aless dangerous remedy.
Therapeutic employment of cinchophen is probably to be condemned. Since its toxicity is unrelated to dosage or to previous use, there is no
way of anticipating untoward reactions. Toxic
reactions vary from mild hepatitis to fulminating
yellow atrophy of the liver. Once symptoms appear, they proceed despite cessation of medication
{J. A.M. A., 1945, 127, 190). Treatment is symptomatic and supportive, including a high carbohydrate intake, either orally or parenterally.
Methionine may be useful but large parenteral
doses must be used with caution in acute and
severe cases.
The usual dose of cinchophen is 500 mg. (approximately lYzgrains) three times daily.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
CINCHOPHEN TABLETS.
N.F.
[Tabellae Cinchopheni]

"Cinchophen Tablets contain not less than 92.5
per cent and not more than 107.5 per cent of the
labeled amount of CeHiiN02." N.F.
Usual Sizes. — 5 and 7J^ grains (approximately 300 and 500 mg.).
CINNAMON.

N.F.

Saigon Cinnamon, [Cinnamomum]

"Cinnamon is the dried bark of Cinnamomum
Loureirii Nees (Fam. Lauracece). Cinnamon
yields, from each 100 Gm., not less than 2.5 ml.
of volatile oil." N.F. The B.P. recognizes under
this name the inner bark of coppiced plants of the
Cinnamomum zeylanicum Nees (described under
Ceylon Cinnamon).
Saigon Cassia. Cinnamomum
de Saigon. Sp. Canela.

Saigonicum. Fr. Cannelle

Both cinnamomum and cassia were terms employed by the ancients, but whether exactly as
now understood it is impossible to determine.
From what source the ancients derived their
cinnamon and cassia is not certainly known.
Neither the plants nor their localities, as described by Dioscorides. Pliny, and Theophrastus.
correspond precisely with our present knowledge;
but in this respect much allowance must be made
for the inaccurate geography of the ancients. It
is probable that the Arabian navigators at a very
early period conveyed this spice within the limits
of the Phoenician and Grecian, and subsequently
of the Roman, commerce.
The three principal varieties of cinnamon are
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known as Saigon Cinnamon, Ceylon Cinnamon
and Cassia Cinnamon. Of these the U.S. P. has
favored various ones in its previous editions. At
present the N.F. recognizes both the Saigon and
the Ceylon varieties and the B.P. only the Ceylon
(see Ceylon Cinnamon).
The genus Cinnamomum is a group of evergreen trees with mostly three-nerved leaves. The
flowers which are either perfect or polygamous
are of a pale yellow color and borne in panicles.
Herail regards both C. Loureirii Nees and C. Cassia
Blume as varieties of Cinnamomum obtusifolium
Nees, Saigon cinnamon, accordingly, being derived from C. obtusifolium var. Loureirii Perrot
and Eberhardt, and cassia cinnamon, or Chinese
cassia, from C. obtusifolium var. Cassia Perrot
and Eberhardt.
Cinnamomum Loureirii Nees, Saigon Cinnamon tree, is of medium height, native to China
and Japan. Its branches are glabrous and bear
opposite and alternate, rigid, entire, elliptic to
oblong, attenuate-acuminate leaves having a coriaceous texture. The petioles of these are l/i inch
or less in length, the blades 3 to 5 inches long.
The flowers are very small; they are, in the dried
state, an article of commerce under the name of
Flores Cassice or Cassia buds. The fruit is a berry
which adheres to the receptacle.
Saigon cinnamon is collected chiefly from wild
but also from cultivated trees, especially in the
mountainous districts of Annam, in French IndoChina. The greater portion of it is from branches
and small stems, and is of good quality, although
sometimes chips of the thick trunk bark are mixed
with the quills. This variety is called Saigon because itis exported from the city of that name
in the southern part of Cochin China. Considerable of this bark is transhipped to Europe and
America via Hongkong.
Cinnamomum Cassia (Nees) Blume is cultivated for the bark, buds and oil of cassia in the
provinces of Kwangsi and Kwantung, southeastern China. The bark after collection is scraped
and dried. It is then made into bundles weighing
from Yz to 1 kilo, which are tied with split bamboo, packed into bamboo cases which are then
covered with bamboo mats. Very frequently these
bundles contain chips and dirt in the center which
are obscured from view by long quills on the outside. The commercial supplies of cassia cinnamon
bark come from Canton and Hongkong. The
poorer grades are known as "cassia lignea." From
this tree is derived the spice known as cassia buds.
This consists of the calyx surrounding the young
ovary. Cassia buds have some resemblance to
cloves, and are compared to small nails with
round heads. The enclosed ovary is sometimes
removed, and they are then cup-shaped at top.
They have a brown color, and the flavor of cinnamon. Under the name of cassia vera there is sold,
in London, a bark which is probably derived from
C. Burmanni DC.
During 1952 this country imported 4,907,269
pounds of unground cassia and cassia vera from
French Indochina, Indonesia, Netherlands, Nigeria and Hong Kong, and 268,267 pounds of
cassia buds from Indonesia, Indochina, China
and Madagascar.
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Allied Species. — C. iners Reinw. is distinguished from C. zeylanicum by the nervation of
its leaves, which are also paler and thinner. It is
probably only a variety, not a distinct species.
It yields the so-called wild cinnamon of Japan.
C. obtusifolium Nees, growing in Ceylon, Java,
and on the mainland of India, is said to have
been the chief source of the drug known formerly
by the name of Folia Malabathri and consisting
of the leaves of different species of Cinnamomum
mixed together. C. Culilawan Blume of the Moluccas yields the aromatic bark culilawan; similar
barks are obtained from C. Sintoc of Java. Massoy
bark, from which an aromatic volatile oil is obtained called oil of massoy, is the product of
Massoia aromatica Becc. In the mountains of
eastern Bengal, at a height of 1000 to 4000 feet,
flourish C. obtusifolium Nees, C. pauciflorum
Nees, and C. Tamala Nees et Ebern., and these,
with other unknown species, afford quantities of
bark which are shipped from Calcutta, Java,
Timor, etc., to Europe under the name of wild
cassia. The bark of the C. pedatinervium Meissn.,
a tree indigenous to Fiji, yields nearly one per
cent of a white aromatic volatile oil, with a
pungent spicy taste. These barks are mostly highly
aromatic, resembling cinnamon more or less
closely in flavor, and are distinguished by yielding
to cold water an abundant mucilage. Holmes described the bark of C. pedativum Meis., and concluded that it might be of value as a source of
safrol and linalool (Pharm. J., 1904, p. 892).
Description. — "Unground Cinnamon occurs
in quills up to 30 cm. long and 4 cm. in diameter,
the bark from 0.5 to 7.0 mm. in thickness, or in
broken irregular pieces or in flattened slabs up to
10 mm. in thickness. The outer surface of the
bark is light brown to dark purplish brown, often
with grayish patches of crustose lichens and
numerous bud-scars, finely longitudinally wrinkled
when from young twigs, otherwise, more or less
rough from corky patches surrounding the lenticels, the inner surface is reddish brown to dark
brown, granular and slightly striate. The fracture
is short, the odor is characteristically aromatic.
The taste is sweetish, aromatic and pungent."
N.F. For histology see N.F. X.
"Powdered Cinnamon is yellowish brown or
reddish brown. It contains numerous single and
2- to 4-compound starch grains, the single grains
from 5 to 25 n in diameter; stone cells irregular
in shape, occasionally with one wall much thinner
than the other walls, sometimes containing starch;
fibers from 300 to 1500 |x in length, with very
thick, more or less wavy and slightly lignified
walls; parenchyma cells with reddish brown walls;
elongated secretion cells containing volatile oil or
mucilage; phloem ray cells with minute needles
of calcium oxalate; and fragments of somewhat
lignified
N.F.
Chinesecork."
cinnamon,
or Cassia {Cinnamomum
Cassia, U.S. P., 1890), the source of Cinnamon
Oil, U.S. P., occurs in quills, usually single, sometimes double, very rarely more than double, from
30 to 60 cm. long, 2 to 5 cm. wide, and
0.2 to 3 mm. thick. In some instances the bark is
rolled very much upon itself, in others is not even
completely quilled, forming segments more or less
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extensive of a hollow cylinder. It is of a redder
or darker color than the finest Ceylon cinnamon,
thicker, rougher, denser, and breaks with a shorter
fracture. It has a stronger, more pungent and
astringent, but less sweet and grateful taste, and
though of a similar odor, is less agreeably fragrant. Itis the kind almost universally kept in our
shops. Under the name of cassia have also been
brought to us very inferior kinds of cinnamon,
collected from the trunks or large branches of the
trees, or injured by want of care in keeping, or
perhaps derived from inferior species. Chinese
cinnamon is "in quills of varying length and about
1 mm. or more in thickness; nearly deprived of
the corky layer, yellowish-brown; outer surface
somewhat rough; fracture nearly smooth; odor
fragrant;
U.S.P. 1890.taste sweet, and warmly aromatic."
Standards. — Cinnamon contains not more
than 2 per cent of foreign organic matter. N.F.
Assay. — This is performed as directed for the
official Volatile Oil Determination. N.F.
Dodge (Am. Perfumer, 1939, 38, 30) described
a method for the determination of aldehyde in
cinnamon which permits the detection of synthetic cinnamic aldehyde.
Constituents. — Cinnamon bark contains from
0.5 to 6.0 per cent of an essential oil (see Cinnamon Oil), some gum. coloring matter and a tannin of the variety which gives a blue-black precipitate with ferric salts. Bucholz found in cassia
lignea 0.8 per cent of volatile oil. 4.0 per cent of
resin, 14.6 per cent of gummy extractive (probably including tannin), 64.3 per cent of lignin and
bassorin, and 16.3 per cent of water.
Adulterants. — Powdered cinnamon has been
grossly adulterated with sugar, ground hazelnut,
almond and walnut shells, galanga rhizome and
various other substances. Powdered cassia buds
are frequently added to the inferior cinnamon
powders. They contain a larger proportion of
volatile oil than the lower grades of cinnamon.
The cheap kinds of cassia, known as cassia
vera, may be distinguished from the more valuable Chinese cassia as well as from cinnamon by
their richness in mucilage; this can be extracted
by cold water; it is a thick glairy liquid, giving
dense ropy precipitates with corrosive sublimate
or neutral lead acetate, but not with alcohol.
The coarser cassia bark, or cassia lignea,
usually has some of the external or corky layer
adherent to it, and always the parenchymatous
mesophlceum or middle bark, but the inner bark
constitutes the chief mass. Isolated bast fibers
and thick-walled stone cells are scattered even
through the outer layers of a transverse section.
In the middle zone they are numerous, but do
not form a coherent sclerenchymatous ring as in
Ceylon cinnamon.
For a detailed description of the microscopical
structure of the commercial cinnamon, see Winton
and Moeller, The Microscopy of Vegetable Foods.
Spaeth described the microscopical characteristics
of the several kinds of cinnamon, and also the
adulterants of powdered cinnamon and the means
of detecting them (Pharm. Zentr., 1908, pp. 724,
729).
The chief substitute and adulterant for both
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Saigon and cassia barks within recent years has
been the Fagot or Batavia cassia. This bark is
obtained from Cinnamomum Bunnanni Blume, a
tree native to Java and probably other East India
islands. It occurs in single or double quills that
are scraped, up to 3 mm. thick, light-brown to
reddish externally, extremely mucilaginous and
less aromatic than the other 3 main varieties.
The powdered bark, unlike the other cinnamon
barks described, forms a shiny mass in water and
may also be distinguished from these by the presence therein of tabular and prismatic crystals of
calcium oxalate.
Windisch reported (Ztschr. Untersuch. Nahr.
Genusm., 1921, 41, 78) ferric oxide to be a frequent sophisticant of cinnamon.
Uses. — Cinnamon has a warming, cordial effect
on the stomach, is carminative, distinctly astringent, and, like most other substances of this class,
more powerful as a local than as a general stimulant. It is seldom prescribed alone, though, when
given in powder or infusion, it will sometimes
allay nausea, and relieve flatulence. It is chiefly
used as an adjuvant, and is an ingredient of several official preparations. It is often employed in
diarrhea, in connection with chalk and other
astringents.
Dose, of powder, 0.6 to 1.2 Gm. (approximately 10 to 20 grains).
Off. Prep. — Cinnamon Oil, U.S.P. Compound
Cardamon Tincture; Compound Lavender Tincture; Aromatic Rhubarb Tincture, N.F.
CEYLON

CINNAMON.
Cinnamomum

N.F. (B.P.)

Zeylanicum

"Ceylon Cinnamon is the dried inner bark of
the shoots of coppiced trees of Cinnamomum
zeylanicum Nees (Fam. Lauracece). Ceylon Cinnamon yields, from each 100 Gm., not less than
0.5 ml. of volatile oil." N.F. The B.P. recognize;
the same drug under the name Cinnamon.
B.P. Cinnamon; Cinnamomum. Cinnamomum zeylanicum (Fr.); Cortex Cinnamomi (Ger); Cinnamomi Cortex
(It.); Cinnamomum (Sp.). Fr. Cannelle de Ceylon. Ger.
Ceylonzimt; Javazimt; Malabarzimt; Echter Kanel; Echter
Zimt. It. Cannella; Cannella di Ceylan; Cannella regina.
Sp. Canela; Canela de Ceylan; Canela de Holanda; Corteza
de Canela.

Cinnamomum zeylanicum Nees is a native of
Ceylon and the neighboring Malabar coast. In
the wild state it is a bushy evergreen tree about
20 to 50
high, covered'
with a thick,
scabrous
bark.
Thefeetbranches
are numerous,
strong,
horizontal, and declining, and the young shoots are
beautifully speckled with dark green and fight
orange colors. The leaves are 4 to 7 inches long,
petiolate, opposite for the most part, coriaceous,
entire, ovate or ovate-oblong, obtusely pointed,
and three-nerved, with the lateral nerves vanishing as they approach the point. There are also
two less obvious nerves, one on each side arising
from the base, proceeding toward the border of
the leaf, and then quickly vanishing. In one variety
the leaves are very broad and somewhat cordate.
When mature, they are of a shining green upon
their upper surface, and lighter-colored beneath.
The tree emits no odor perceptible at any distance. The bark of the root has the odor of cin-
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namon with the pungency of camphor, and yields
this principle upon distillation. The leaves have
a spicy odor when rubbed, and a hot taste. A
volatile oil has been distilled from them. The
petiole has the flavor of cinnamon. The flowers
have a disagreeable, fetid odor. The fruit has a
terebinthinate odor when opened, and a taste in
some degree like that of juniper berries. A fatty
substance, called cinnamon-suet, is obtained from
it when ripe, by bruising it and then boiling it in
water, and removing the oleaginous matter which
rises to the surface and concretes upon cooling.
The Ceylon cinnamon is produced chiefly from
cultivated plants growing in Ceylon, the principal
gardens being in the vicinity of Colombo. In 1938,
there were approximately 26,000 acres of this
cinnamon under cultivation in Ceylon. Here the
plant is never allowed to become a tree but by
vigorous cutting back is forced to produce a bushy
growth of slender stems. The seeds are planted
in seed beds or in holes of the plantation and the
young plants set out 6 to 10 feet apart. During
the second or third year the stems are cut down
to within several inches from the ground and, by
coppicing, produce a new crop of shoots. Only 5 or
6 of these shoots are allowed to grow from each
stump and these are kept straight by pruning.
The shoots are 6 to 8 feet high when they are
ready for cutting. Most of the harvesting occurs
during the rainy season, but continues throughout
the rest of the year on a limited scale.
Before decortication the shoots are trimmed
up, and the small pieces, when dried, constitute
cinnamon chips. The bark is divided by longitudinal incisions, of which two are made in the
smaller shoots, several in the larger, and is then
removed in strips by means of a suitable instrument. The pieces are next collected in bundles,
and allowed to remain in this state for a short
time, so as to undergo a degree of fermentation,
which facilitates the separation of the epidermis.
This, with the green matter beneath it, is removed
by placing the strip of bark upon a convex piece
of wood and scraping its external surface with a
curved knife. The bark now dries and contracts,
assuming the appearance of a quill. The peeler
introduces the smaller tubes into the larger, and
connects them also endwise, thus forming a congeries of quills which is about 36 inches long.
These are rolled by hand, when fresh and soft,
and slightly pressed, subsequently laid on mats
and dried for 3 days in the sun and 3 days in the
shade. During the drying process the quills are
rolled by hand every day and slightly pressed to
prevent swelling and splitting. During drying the
original white color of the quills turns to a yellowish-brown hue. When sufficiently dry, these
cylinders are collected into bundles and bound
together by pieces of split bamboo. These are
transported from the plantations to buying centers (Colombo, Ambalangoda or Matara) where
dealers collect the bundles and bleach the quills
with sulfur, assort them into different grades and
make them up into bales of approximately 100
pounds each for the exporters.
The C. zeylanicum is also cultivated to a limited extent in some of the West India islands —
especially Jamaica, Martinique and Cayenne — and
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in Brazil. The bark from this source is generally
regarded as inferior to that from Ceylon; it is
known commercially as Cayenne cinnamon. The
commercial supplies are imported from Colombo
(Ceylon) and Calcutta (India).
Description. — "Unground Ceylon Cinnamon
occurs in closely rolled congeries of quills, composed of from 7 to 12 thin layers of separate
pieces of bark, up to about 1 meter in length and
from 8 to 13 mm. in diameter; the individual
pieces of bark attain a thickness of 1 mm. The
outer surface of the bark is light yellowish brown
to weak orange, smooth, longitudinally striate
with narrow yellowish groups of bast fibers, and
shows circular or irregular brownish patches and
occasional perforations marking the nodes. The
inner surface is light yellowish brown to weak
orange and shows faint longitudinal striations.
The fracture is short, with projecting bast fibers.
Ceylon Cinnamon has a delicately aromatic odor
and a sweetish and warmly aromatic taste." N.F.
For histology see N.F. X.
"Powdered Ceylon Cinnamon is light yellowish brown to light brown. It contains spheroidal,
plano-convex or polygonal starch grains mostly
less than 10 \i- in diameter and occasionally up to
4-compound; numerous colorless stone cells up
to 150 n in diameter, occasionally with 1 wall
much thinner than the others and sometimes containing starch grains; almost colorless pericyclic
fibers and slightly lignified bast fibers from 300
to 800 \i in diameter, spindle shaped and having
thick, more or less wavy, porous walls; elongated
secretion cells containing volatile oil or mucilage,
fragments of parenchyma tissue with reddish
brown walls, and raphides of calcium oxalate from
5 to 8 m. in length. The parenchyma cells, stone
cells and fibers frequently contain an amorphous
reddish brown substance, which is for the most
part insoluble in ordinary reagents." N.F.
According to Siebold, the bark of the large
branches is of inferior quality and is rejected;
that from the smallest branches resembles Ceylon
cinnamon in thickness, but has a very pungent
taste and odor, and is little esteemed, while the
intermediate branches yield an excellent bark,
about 2 mm. in thickness, which is even more
highly valued than the cinnamon of Ceylon, and
yields a sweeter and less pungent oil.
Standards and Tests. — Other cinnamons. —
Powdered Ceylon cinnamon contains not more
than a trace of lignified cork cells, few starch
grains exceeding 10 n in diameter, and no fibers
over 30 h- in breadth. Meals. — No aleurone grains
nor seed-coat tissues characteristic of linseed,
cottonseed or other oil-seeds may be present.
Foreign organic matter. — Not over 2 per cent.
Acid-insoluble ash. — Not over 2 per cent. N.F.
The B.P. limits total ash at 7 per cent and acidinsoluble ash at 2 per cent.
Assay. — The volatile oil in 100 Gm. of Ceylon
cinnamon is determined by the official Volatile
Oil Determination, using the separator for oils
heavier than water. N.F.
Uses. — Ceylon cinnamon may be used for the
same purposes as Saigon cinnamon. To the extent
that the effect desired is dependent on concentration of oil in the drug it should be kept in mind
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that Saigon cinnamon yields, on the average, five
times as much oil as the Ceylon variety; on the
other hand the quality of the oil from the latter
is more highly esteemed.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Compound Tincture of Cardamom; Aromatic Powder of Chalk, B.P.
CINNAMON

OIL.

U.S.P. (B.P.)

Cassia Oil, [Oleum Cinnamomi]

"Cinnamon Oil is the volatile oil distilled with
steam from the leaves and twigs of Cinnamomum
Cassia (Nees) Nees ex Blume (Fam. Lanracece),
rectified by distillation. It contains not less than
80 per cent, bv volume, of the total aldehydes of
Cinnamon Oil." U.S.P.
The B.P. recognizes only oil from the bark of
Cinnamomum zeylanicum Nees containing not
less than 55.0 per cent and not more than 68.0
per cent, by weight, of cinnamic aldehyde, C9H8O
(for description, see Oil of Ceylon Cinnamon in
this article).
B.P. Oil of Cinnamon. Oleum Cassis; Oleum Cinnamomi
-flithereum; Essentia Cinnamomi. Fr. Essence de cannelle
de Ceylan. Ger. Zimtbl ; Cassiaol. It. Essenza di cannella. Sp. Esencia de canela.

There are two cinnamon oils in commerce, one
obtained from Ceylon cinnamon, the other from
Chinese cinnamon (Cinnamormim Cassia) and
often distinguished by the name of cassia oil. For
many purposes the two oils are equivalent; that
of the Chinese cinnamon, which is much the
cheaper and more abundant of the two, will probably continue to be generally employed, notwithstanding that the Ceylon product has the finer
flavor.
Description. — "Cinnamon Oil is a yellowish
or brownish liquid, becoming darker and thicker
by age or by exposure to air, and having the
characteristic odor and taste of cassia cinnamon.
One volume of Cinnamon Oil dissolves in 1 volume of glacial acetic acid and in 1 volume of
alcohol. One volume of Cinnamon Oil dissolves in
2 volumes of 70 per cent alcohol." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 1.045 and not more than 1.063.
Optical rotation. — Between —1° and +1°, in a
100-mm. tube. Refractive index. — Not less than
1.6020 and not more than 1.6135, at 20°. Heavy
metals. — The oil meets the requirements of the
test for Heavy metals in volatile oils. Halogens. —
Under an inverted beaker, the interior surface of
which has been moistened with distilled water, is
ignited 3 or 4 drops of oil; the products of combustion washed from the interior of the beaker
show no turbidity on addition of silver nitrate
T.S. and nitric acid. Rosin or rosin oils. — On
shaking 2 ml. of oil with 5 to 10 ml. of petroleum
benzin, the latter is but slightly colored and when
it is shaken with an equal volume of 1 in 1000
cupric acetate solution the mixture does not acquire a green color. U.S.P.
Assay. — For total aldehydes. — A 5-ml. portion
of the oil is reacted with saturated solution of
sodium sulfite which has been neutralized to
phenolphthalein T.S. with sodium bisulfite solu-
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tion. As the aldehyde constituents of the oil react
to form sodium bisulfite addition compounds,
sodium hydroxide is liberated and must be progressively neutralized in order that the reaction
may go to completion, as evidenced by cessation
of development of a pink color. The non-aldehyde
constituents, which remain insoluble in the aqueous mixture, are estimated by reading the volume
of the oily layer formed in the mixture. A cassia
flask, having a graduated neck, permits of the
measurement of the volume. U.S.P.
Constituents. — Cinnamon oil of the U.S.P.
contains up to 90 per cent of cinnamaldehyde,
CeHs.CEFCH.CHO; small amounts of methoxycinnamaldehyde, cinnamic acid, cinnamyl acetate,
and eugenol are also present. Upon exposure to
air, the oil darkens and thickens, taking up oxygen
to form cinnamic acid and resinous products.
Oil of Ceylon Cinnamon. — This oil, recognized by the B.P., is commonly distilled from inferior grades of bark which are not suitable for
export. The oil is yellow when freshly distilled
but gradually changes to a reddish-brown with
The B.P. states that the oil is soluble in 3
age.
volumes
of 70 per cent alcohol with not more
than a slight opalescence. The weight per ml.,
at 20°, is between 0.994 and 1.034 Gm.; the refractive index is between 1.565 and 1.582 at 20°.
The B.P. assay is carried out with a weighed
amount of oil dissolved in benzene, treated with
alcoholic hydroxylamine hydrochloride solution,
and titrated with 0.5 N alcoholic potassium hydroxide, using methyl orange as indicator. Each
ml. of 0.5 N potassium hydroxide is equivalent to
66.61 mg. of cinnamic aldehyde. The B.P. provides a test for absence of cinnamon leaf oil in
which it is specified that a slight green, but not
a blue or deep brown color may be produced on
adding 0.1 ml. of 5 per cent w/v ferric chloride
solution to 0.1 ml. of oil dissolved in 10 ml. of
alcohol.
Cinnamic aldehyde is the chief constituent, but
about 10 per cent of eugenol is also present, along
with phellandrene and other terpenes.
The cinnamon leaf oil contains much eugenol
and very little cinnamic aldehyde; safrol and
benzaldehyde are present as minor constituents.
It has a brownish color, a penetrating fragrant
odor, and a very pungent taste, resembling in
these respects clove oil. Schimmel & Co. found it
to have a sp. gr. 1.056 to 1.060, and to contain
87 per cent of eugenol, and about 0.1 per cent of
cinnamic aldehyde.
Uses. — Although a very powerful germicide,
cinnamon oil. because of its irritant properties,
is rarely used in medicine as an antibacterial.
The oil is an active fungicide and Kingery recommended a mixture containing 1 per cent of it and
0.5 per cent of thymol as an application for tinea
capitis (Arch. Dermat. Syph., 1929, 20, 797).
The oil has the cordial and carminative properties
of cinnamon, without its astringency, and was
formerly much employed as an adjuvant to stomachic or carminative medicines. As a powerful
local stimulant, it has been sometimes prescribed
in gastrodynia. flatulent colic, and gastric debility.
Cinnamaldehyde, the predominant constituent
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of cinnamon oil, was found to be an effective antimold agent for syrups in a concentration of 1 in
10,000 (Lord and Husa, /. A. Ph. A., 1954, 43,
438).
Mitscherlich found six drachms to kill a moderate-sized dog in five hours, while two drachms
killed another in forty hours. Inflammation and
corrosion of the gastrointestinal mucous membrane were observed after death.
Dose, 0.06 to 0.2 ml. (approximately 1 to 3
minims).
Storage. — Preserve "in well-filled, tight conU.S.P. tainers and avoid exposure to excessive heat."
Off. Prep. — Cinnamon Water; U.S.P.; Compound Cardamom Spirit; Aromatic Castor Oil;
N.F. Dentifrice; Compound Vanillin Spirit, N.F.;
Concentrated Cinnamon Water, B.P.
CINNAMON

WATER.

U.S.P.

Aqua Cinnamomi

"Cinnamon Water is a clear, saturated solution of cinnamon oil in purified water, prepared
by
one
U.S.P. of the processes described under Waters."
Hydrolatum Cinnamomi. Fr. Eau distillee de cannelle.
Ger. Zimtwasser. It. Acqua di cannella. Sp. Agua de
Cancla.

Cinnamon water is much used as a vehicle for
disagreeable medicines, but it should not be used
indiscriminately in inflammatory affections. Ordinarily itis diluted with an equal volume of water.
Off. Prep.— Chalk Mixture, N.F.
CONCENTRATED
WATER.

CINNAMON
B.P.

Aqua Cinnamomi Concentrata

Concentrated cinnamon water is prepared from
20 ml. of cinnamon oil, 600 ml. of alcohol and
sufficient distilled water to make 1000 ml.; the
mixture is shaken with 50 Gm. of talc, set aside
for a few hours, with occasional agitation, and
filtered. It contains approximately 54 per cent
v/v of alcohol. The B.P. gives the dose as from
0.3 to 1 ml. (approximately 5 to 15 minims).
Concentrated cinnamon water may be diluted
with 39 volumes of distilled water to provide
essentially the equivalent of cinnamon water prepared by saturating distilled water with oil;
such a diluted water contains about 1.3 per cent
of alcohol.
CITRIC

ACID.

U.S.P., B.P.

[Acidum Citricum]

CH2— COOH

I

HO— C— COOH
I
CH2— COOH

"Citric Acid is anhydrous or contains one
molecule of water of hydration. It contains not
less than 99.5 per cent of CgHsOt, calculated on
the anhydrous basis." U.S.P. The B.P. requires
not less than 99.5 per cent and not more than
the equivalent of 101.0 per cent of C0H8O7.H2O.
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Fr. Acide citrique. Ger. Zitronensaure; Citronensaure.
It. Acido citrico. Sp. Acido citrico.

Citric acid, chemically 2-hydroxy-l,2,3-propanetricarboxylic or beta-hydroxytricarballylic
acid, is the acid to which lemons and other citrus
fruits owe their sourness but which occurs also
in other natural sources, such as tobacco. It is a
normal constituent of whole cow's milk, occurring
to the extent of 0.19 Gm. per 100 ml. Citric acid
may play an important role in carbohydrate
metabolism.
Prior to the development of the microbiological
process for manufacturing citric acid Italy produced about 90 per cent of the world supply of
citric acid from citrus fruits. Extraction of citric
acid from this source usually involves precipitation of calcium citrate by addition of a calcium
salt, followed by liberation of citric acid with sulfuric acid, and crystallization of the former from
the acid liquor.
In 1893 it was discovered that citric acid is a
product of mold metabolism in media containing
sugars; many species of Penicillium and Aspergillus are capable of synthesizing the acid. The
control of the pH of the nutrient medium is
highly important; at a pH of 6 to 7 oxalic acid is
the principal product while in the range of pH 1
to 2, citric acid is formed to the exclusion of oxalic
acid. In 1923 commercial production of citric
acid by microbiological synthesis from molasses
was started in the United States and development
was so rapid that in a few years this country produced sufficient, and sometimes more than enough,
citric acid for its own requirements. Various theories to explain the mechanism of citric acid
formation have been offered; a plausible one
assumes degradation of the sugar to pyruvic
acid, CH3.CO.COOH, which adds carbon dioxide
to form oxaloacetic acid, COOH. CH2. CO. COOH,
and then, by condensation with acetic acid, is
converted to citric acid. The acetic acid for
this reaction may be produced by decarboxylation of another molecule of pyruvic acid to form
acetaldehyde, which is then oxidized to acetic acid.
Citric acid may be synthesized by the action
of hydrocyanic acid upon acetonedicarboxylic
acid and subsequent hydrolysis of the product,
but the process is not economical. Citric acid
has also been synthesized from glycerin, and
from acetoacetic ester. These syntheses served
to establish the chemical formula of citric acid.
When crystallized from its solution by cooling,
it contains one molecule of water. Crystals containing half a molecule of water have also been
prepared. Witter (Pharm. Zentr., 1892, 1003)
obtained anhydrous citric acid, in crystals melting at 153°, by heating aqueous solutions of
the hydrated acid to 130°. On the other hand
Berlingozzi (Ann. chim. app., 1934, 217) determined that the temperature for transformation
of dry citric acid monohydrate to the anhydrous
acid to be 56° to 58°. If citric acid is further
heated after all its water of crystallization has
been driven off, there is produced aconitic
acid, COOH.CH:C(COOH)CH2.COOH, which is
found naturally in aconite, larkspur, black hellebore, equisetum, yarrow, and other plants.
Description. — "Citric Acid occurs as color-
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less, translucent crystals, or as a white, granular
to fine, crystalline powder. It is odorless, has
a strongly acid taste, and the hydrous form is
efflorescent in dry air. One Gm. of Citric Acid
dissolves in 0.5 ml. of water, in 2 ml. of alcohol,
and in about 30 ml. of ether." U.S.P.
Standards and Tests. — Identification. — Citric acid responds to tests for citrate. Water. —
Anhydrous citric acid contains not more than
0.5 per cent, and hydrous citric acid contains not
more than 8.8 per cent, of water, when determined by the Karl Fischer method. Residue on
ignition. — Not over 0.05 per cent. Oxalate. — No
turbidity is produced on adding calcium chloride
T.S. to a solution of citric acid, previously neutralized with ammonia, then acidified with diluted
hydrochloric acid. Sulfate. — No turbidity is produced on adding barium chloride T.S. to a solution of citric acid. Heavy metals. — The limit is
10 parts per million. Readily carbonizable substances.— A solution of 500 mg. of citric acid in
5 ml. of sulfuric' acid maintained at 90° for 1
hour has no more color than matching fluid K.
U.S.P.
The B.P. includes a test for limit of copper
and iron. The arsenic limit is 1 part per million
and the lead limit is 20 parts per million.
Assay. — About 3 Gm. of citric acid is dissolved in water and titrated, as a tribasic acid,
with 1 N sodium hydroxide, using phenolphthalein T.S. as indicator. Each ml. of 1 N sodium
hydroxide represents 64.04 mg. of CeHsOi. U.S.P.
The British assay is essentially the same except
that thymol blue is used as the indicator.
Incompatibilities. — Citric acid is incompatible with alkali hydroxides and carbonates, converting them into citrates, in the latter case
with effervescence; with calcium and strontium
salts citric acid and its compounds produce white
precipitates of the insoluble citrates of these respective elements.
Aqueous solutions of citric acid generally show,
on standing, fungoid growth.
Uses. — Action and Metabolism. — In human
biochemistry citric acid appears to be established
as an important intermediate in a metabolic
cycle, commonly called Krebs citric acid cycle,
which represents the pathway of aerobic oxidation of pyruvic acid in the body. Not only does
this cycle explain many aspects of carbohydrate
metabolism but it also integrates fat and protein
metabolism in a final pathway common to all
three classes of substances. It is worthy of note
that in this cycle the conversion of pyruvic acid
to citric acid may take place in essentially the
same manner as citric acid is produced microbiologically from sugars by way of pyruvic acid (see
preceding discussion). For further information
concerning the citric acid cycle, also known as
the tricarboxylic acid cycle, reference should be
made to a textbook of biochemistry.
Except for its local irritant action citric acid
is almost without effect upon the system. In any
ordinary quantity it is entirely oxidized in the
body and eliminated through the lungs as carbonic acid. For this reason the citrates of sodium
and potassium, although neutral salts in them-
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selves, tend to alkalize the system, appearing in
the urine as carbonates. This change probably
occurs in nearly all the tissues of the body. Administered in toxic quantities, citric acid and
citrates produce in animals a sequence of symptoms identical with that following calcium ion
deficiency and is probably the result of precipitation of calcium (Gruber and Helbeisen, /.
Pharmacol., 1948, 94, 65). According to Woods
(J.A.M.A., 1927, 88, 168) only after enormous
doses does some of the citric acid appear in the
urine unchanged. So efficient is the oxidation of
citric acid that it can replace glucose in relieving
insulin hypoglycemia (Mackay et al., J. Biol.
Chem., 1940, 133, 59). Hagelstam (Acta Cliir.
Scandinav., 1944, 90, 37) found the blood citric
acid concentration elevated in hepatitis but not
in obstructive jaundice. A report (Ztschr. phyisol.
Chem., 1940, 265, 244) that blood pyruvate decreases to 22 per cent of the initial level following
oral administration of sodium citrate was not con314). firmed (Proc. Soc. Exp. Biol. Med., 1944, 57,
Urolithiasis. — Citric acid is important in the
formation and treatment of urinary calculi
(Shore, J. Urol, 1945, 53, 507). In the human
the 24-hour urine contains from 0.4 to 1.5 Gm.
of citric acid. In women it is near the lower
amount at the time of menstrual flow, increasing
to the higher level at the time of ovulation and
remaining elevated until a few days before the
onset of the next period. In both sexes administration of estrogenic substances increases urinary
critic acid excretion; androgenic material decreases the excretion; progesterone has no effect
by itself but it enhances the action of estrogens.
The amount of citric acid is greater in alkaline
urine or in urine containing an increased amount
of calcium. A soluble, but weakly ionized, complex salt— Ca[CaCitrate]2 — increases the solubility of calcium, particularly in alkaline urine,
and decreases the tendency of calcium and phosphate ions to reach sufficient concentration to
precipitate in the urinary tract. Patients troubled
with recurrent stone formation show a subnormal
concentration of citrate in the urine (/. Urol.,
1943, 50, 202) and almost no increase of urinary
citric acid following the oral or parenteral administration ofcitric acid or the citrates. Many
of the bacteria found in urinary tract infections
associated with stone formation, such as B. Proteus, consume the citric acid in the urine in their
metabolism and produce a highly alkaline urine
by splitting urea to ammonia. The hard substance
of bone contains up to 1.5 per cent of citric acid
— about 70 per cent of the total body content of
citric acid (Biochem. J., 1941, 35, 1011)— but
this store is not mobilized by the administration
of either alkalinizing or acidifying salts (/. Biol.
Chem., 1944, 155, 503). Since the administration
of citric acid causes no real increase in urinary
citrate and sodium citrate increases the alkalinity
and calcium content (Proc. Soc. Exp. Biol. Med.,
1944, 56, 226) of urine, Shore suggested the
administration of natural estrogens in the treatment of patients who are recurrent formers of
calcium phosphate or carbonate or magnesium
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ammonium phosphate urinary calculi in either
sterile or infected urine. Acidification of the urine
is usually impossible in the presence of infection
with urea-splitting bacteria and acidification decreases the concentration of citric acid in the
urine. Shore also advised a low phosphorus diet
and aluminum hydroxide orally; this decreases
excretion of phosphate in the urine to as little
as 10 per cent of its previous level but does
not disturb the metabolic balance of calcium,
phosphorus or nitrogen in these patients.
Some success (see Hamer and Mertz, /. Urol.,
1944, 52, 475) has been obtained in dissolving
stones already formed in the bladder or even the
renal pelvis by continuous irrigation with solution "G", which consists of citric acid monohydrate 32.25 Gm., magnesium oxide (anhydrous)
3.84 Gm., sodium carbonate 4.37 Gm. and sterile
distilled water to make 1000 ml. Continuous irrigation, or repeated instillation, with 1.5 to 3 liters
of this solution daily is required for 10 days
or much longer to dissolve large stones. Solution
"M" differs from "G" in using sodium carbonate
8.84 Gm. ; it is less irritating but likewise less acid
and less solvent. Citric acid will not dissolve
calcium oxalate, uric acid or cystine stones.
Rickets. — The daily addition to the feeding
formula of the infant of 30 ml. of molar sodium
citrate (294 Gm. of Na3C6H507.2H20 per liter)
and 20 ml. of molar citric acid (210 Gm. of
H3C6H5O7.H2O per liter) cures rickets in the
infant at about the same rate as with large doses
of vitamin D (Hamilton and Dewar, Am. J. Dis.
Child., 1937, 54, 548; Shohl, /. Nutrition, 1937,
14, 69). In active rickets, the blood citrate concentration islow and is elevated rapidly when
vitamin D is administered. Citrate therapy, however, will not prevent rickets; an adequate diet
including vitamin D is essential.
Miscellaneous Uses. — Citric acid is mildly
astringent and is sometimes used in inflamed conditions of the skin, such as sunburn. A concentration of about 1.6 per cent has been used in
collyria, and up to 20 per cent has been employed
in mouth washes.
Citric acid, in the form of citric acid syrup, is
used as a vehicle for salty drugs. The acid is
sometimes employed in formulations containing
iron salts and tannin to retard development of
color. The acid is also an important ingredient
of effervescent salts, the water of hydration
present in it serving to provide sufficient water
to produce the pasty mass essential for the formation of a granular salt. Citric acid is included in
several U.S. P. and N.F. preparations.
Dose. — The usual dose of the acid is 0.3 to 2
Gm. (approximately 5 to 30 grains).
Storage. — Preserve "in tight containers."
U.S.P.
Labeling. — "Label Citric Acid to indicate
whether it is anhydrous or hydrous. Where the
quantity of Citric Acid is indicated in the labeling
of any preparation containing Citric Acid, such
indication is in terms of anhydrous Citric Acid,
unless
U.S.P. otherwise specified in the monograph."
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[Syrupus Acidi Citrici]
B.P. Syrup of Lemon; Syrupus Limonis. Sirupus Citri.
Fr. Sirop d'acide citrique ; Sirop de lemon. Ger. Kiinstlicher
Citronensirup. It. Sciroppo di limone. Sp. Jarabe de
limon; Jarabe de Acido Citrico.

Dissolve 10 Gm. of citric acid in 10 ml. of
purified water, add 950 ml. of syrup and mix well.
Add 10 ml. of lemon tincture, and enough syrup
to make 1000 ml. Mix thoroughly. This preparation must not be dispensed if it has a terbinthinate
odor or taste or shows other indications of deterioration. U.S.P.
The B.P. calls this preparation Syrup of Lemon,
and makes it by macerating fresh lemon peel in
a small quantity of alcohol to which is added,
after filtering, citric acid and syrup. The proportion of citric acid in the finished product is 2.4
per cent w/v. The B.P. directs that it should be
stored in a container which has previously been
washed with boiling water and kept in a cool
place. The acidity of the B.P. product is more
than twice that of the U.S.P. preparation.
Alcohol Content. — Less than 1 per cent, by
volume, of C2H5OH. U.S.P.
Use. — Because of its acidity, as well as sweetness, this syrup has utility as a vehicle for bitter
or salty drugs; it has no remedial value. Its acid
reaction may give rise to incompatibilities with
alkaline ingredients, such as phenobarbital sodium,
from which it precipitates phenobarbital.
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." U.S.P.
CLOVE.
N.F., B.P.
Caryophyllus, Cloves

"Clove is the dried flower-bud of Eugenia
caryophyllata Thunberg (Fam. Myrtacece) . Clove
yields, from each 100 Gm., not less than 16 ml.
of clove oil." N.F. The B.P. recognizes Eugenia
caryophyllus (Spreng.) Sprague as the botanical
origin of Clove. This is merely a botanical synonym for Eugenia caryophyllata Thunb.
Caryophyllum; Caryophylli Aromatici; Flores Caryophylli;
Clavi Aromatici. Fr. Girofle ; Clou de girofle. Ger. Gewiirznelken; Kneidenelken ; Nagelein. It. Chiodi di garofano.
Sp. Clavo de especia; Clavo. Portug. Clavo da India.
Dutch. Kruidnagel.

The clove-tree is a small tree inhabiting the
Molucca Islands and southern Philippines. It has
a pyramidal form, is evergreen, and is adorned
throughout the year with a succession of beautiful
rosy flowers. The stem is of hard wood, and
covered with a smooth, grayish bark. The leaves
are opposite, petiolate, about four inches in
length by two in breadth, obovate-oblong, acuminate at both ends, entire, sinuate, with many
parallel veins on each side of the midrib. They
have a firm consistence and a shining green color,
and when bruised are highly fragrant. The flowers
are disposed in terminal corymbose panicles, and
exhale a strong, penetrating, and grateful odor.
The natural geographical range of the clove is
extremely limited, being confined to the Molucca
or, as they were one time called, Clove Islands.
According to Fliickiger, cloves were known in
western Europe as early as the sixth century, long
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before the discovery of the Moluccas by the
Portuguese. After the conquest of the Molucca
Islands by the Dutch, the monopolizing policy of
that commercial people led them to extirpate
the trees in nearly all the islands except Amboyna
and Ternate, which were under their immediate
inspection. Notwithstanding their vigilance, a
French governor of the Islands of France and
Bourbon, named Poivre, succeeded, in 1770, in
obtaining plants from the Moluccas and introducing them into the colonies under his control.
Five years afterward the clove-tree was introduced into Cayenne and the West Indies, in
1803 into Sumatra, and in 1818 into Zanzibar.
At present the spice is cultivated both in the
West and East Indies, in tropical Africa, and in
Brazil. Approximately three-fourths of the
world's clove supply is grown in Zanzibar and
the neighboring island of Pemba.
The unexpanded flower buds are the part of
the plant employed under the ordinary name of
cloves. They are, first gathered when the tree
is about six years old. The fruit has similar
aromatic properties, but much weaker. The buds
are at first white, then become green, and then
bright red. They are gathered when their lower
part turns from green to red. This is done by
hand picking from movable platforms or by beating the trees with bamboos and catching the falling buds. In the Moluccas they are said to be
sometimes immersed in boiling water and afterward exposed to smoke and artificial heat before
being spread out in the sun. In Zanzibar, Pemba,
Cayenne, and the West Indies they are dried
simply by solar heat, often on mats, and separated
from their pedicels and peduncles ("clove
stems"). The "stems" of the flowers also enter
commerce. They possess the odor and taste of
the cloves, but they are worth only about one-fifth
the price of the cloves, as they deficient in volatile oil. They are largely used as an adulterant
in ground cloves, and are used in the manufacture
of oil of cloves. In France they are generally
known by the name of griffes de girofle.
In commerce the varieties of cloves are known
by the names of the localities of their growth, and
so closely resemble one another as to be distinguished only by experts. The Penang and Amboyna cloves are the largest and thickest and
have been especially prized; the Bencoolen cloves
from Sumatra are also valuable. During 1952, a
total of 1,867,560 pounds of unground cloves was
imported into the U. S. A. from British East
Africa, Ceylon and Madagascar. In the same year,
456,816 pounds of clove oil entered this country
from Madagascar, British East Africa, France
and Netherlands.
Description. — "Unground Clove is a flower bud
from 10 to 17.5 mm. in length, of a dark brown
or dusky red color, consisting of a sub-cylindrical,
slightly flattened, four-sided hypanthium which
contains in its upper portions a 2-celled, inferior
ovary with numerous ovules attached to a central
placenta, the hypanthium terminated by 4 thick,
divergent sepals and surmounted by a domeshaped corolla, consisting of 4 membranous, imbricated petals, which enclose numerous curved
stamens having introrse anthers, and 1 style, at
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the base of which is a nectar disc. Its odor is
strongly aromatic and its taste pungent and aromatic, followed by a slight numbness of the
tongue. Clove stems are sub-cylindrical or
4-angled, attaining a length of 25 mm. and a
diameter of 4 mm., either simple, branching, or
distinctly jointed, and less aromatic than the
flower buds.
"Powdered Clove is dark brown. It consists of
parenchyma fragments showing the large oval
schizolysigenous oil reservoirs, spiral vessels, and
a few rather thick-walled, spindle-shaped fibers.
Calcium oxalate occurs in rosette aggregates,
from 10 to 15 ix in diameter. Fragments of the
walls of anthers with characteristic reticulated
cells and numerous tetrahedral pollen grains
from 15 to 20 n in diameter are also present. A
50 per cent solution of potassium hydroxide added
to a microscope mount of powdered cloves reacts with the volatile oil of the oil reservoirs to
form acicular crystals of potassium eugenate."
N.F.
Standards and Tests. — Other foreign matter.— Not over 1 per cent of foreign matter
other than stems. Crude fiber. — Not over 10
per cent. Acid-insoluble ash. — Not over 0.75
per cent. Clove stems. — Stone cells, irregular or
polygonal, up to about 70 n in diameter, with
thick, porous walls and large lumina, sometimes
filled with an orange or yellow amorphous substance, are few or absent. Clove contains not
more than 5 per cent of clove stems. Clove fruit
or cereals. — Starch grains are absent. — N.F.
Assay. — This is performed as directed for
the official Volatile Oil Determination. N.F.
The best cloves exude a small quantity of oil
on being pressed or scraped with the nail. When
light, soft, wrinkled, pale, and of feeble taste
and odor, they are inferior. Those from which
the essential oil has been distilled are sometimes
fraudulently mixed with the genuine. For monograph on the microscopical structure of cloves,
clove stems and clove fruit see Winton, The
Structure and Composition of Foods, Vol. 3.
Powdered cloves sometimes contain an excess of
clove stems, and may be adulterated with allspice, wheat middlings and powdered peas or
beans. Occasionally clove stems alone are ground
and sold as cloves. It is claimed that an enormous
quantity of exhausted cloves are dishonestly
marketed. The amount of volatile ether extract
is the best criterion of the value of cloves.
Constituents. — The most important constituent is a volatile oil (see Clove Oil). Trommsdorff found in cloves 18 per cent of volatile oil,
17 per cent of tannin, 13 per cent of gum, 6
per cent of resin, 28 per cent of vegetable fiber,
and 18 per cent of water. Peabody (1895) found
the percentage of tannin in cloves to range from
10 to 13 per cent, also that it has the same composition as gallotannic acid. Lodibert afterward
discovered a green fixed oil, and a tasteless, white,
resinous substance which crystallized in silky
needles, soluble in ether and boiling alcohol. This
substance was called by Bonastre (1827) caryophyllin. It is a methylated phenanthrene derivative containing a hydroxyl and a carboxyl group,
of the formula CsoEUsCte, and identical with
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oleanolic acid isolated from a number of plants.
Uses. — Clove is among the most stimulant of
the aromatics, but, like others of this class, acts
less upon the system at large than on the part
to which it is immediately applied. Clove has
been administered in the form of powder or
as an infusion to relieve nausea and vomiting,
correct flatulence, and excite languid digestion.
Dose, 120 to 600 mg. (approximately 2 to 10
grains).
Storage. — Preserve "in well-closed containers
and avoid exposure to excessive heat." N.F.
Off. Prep. — Compound Lavender Tincture;
Aromatic Rhubarb Tincture, N.F.
CLOVE

OIL.

U.S.P., B.P.

Oleum Caryophylli

"Clove Oil is the volatile oil distilled with
steam from the dried flower buds of Eugenia
caryophyllata Thunberg (Fam. Myrtacece). It
contains not less than 85 per cent by volume of
total phenolic substances, chiefly eugenol
(C10H12O2)." U.S.P.
The B.P. recognizes the oil distilled from clove,
containing not less than 85.0 and not more than
90.0 per cent of eugenol, C10H12O2.
Oleum Caryophylli vEthereum; Oleum Caryophyllorum;
Essentia Caryophilli. Fr. Essence de girofle. Ger. Nelkenbl.
It. Essenza di garofani. Sp. Esencia de clavo.

For a description of the plant from which
this oil is derived see under Clove. The oil is
obtained by distilling clove with steam, the aqueous phase of the distillate being returned to the
still to avoid loss of oil which dissolves in the
water. A good quality of clove yields up to about
20 per cent by weight of oil. Most of the oil was
formerly brought from Holland or the East
Indies, but since the introduction of the cayenne
cloves into our markets the reduced price and
superior freshness of the drug have rendered the
distillation of oil of clove profitable in this country, and the best now sold is of domestic
extraction.
Description. — "Clove Oil is a colorless or
pale yellow liquid, becoming darker and thicker
by aging or exposure to air, and having the characteristic odor and taste of clove. One volume of
Clove Oil dissolves in 2 volumes of 70 per cent
alcohol." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 1.038 and not more than 1.060.
Optical rotation. — Not more than — 1° 30' in a
100-mm. tube. Refractive index. — Not less than
1.5270 and not more than 1.5350, at 20°. Heavy
metals. — The oil meets the requirements of the
test for Heavy metals in volatile oils. Phenol. —
Shake 1 ml. of oil with 20 ml. of hot water: the
water is not more than slightly acid toward blue
litmus paper. On cooling the aqueous liquid, filtering itthrough a wetted paper, and treating the
filtrate with 1 drop of ferric chloride T.S. only a
transient, grayish-green color, but not a blue or
violet color, is produced. U.S.P.
Assay. — A 5-ml. portion of oil is heated, in a
cassia flask, with a potassium hydroxide solution
which converts eugenol, as well as any aceteugenol
that may be present, to potassium eugenolate,
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which is soluble in the aqueous liquid. The portion of the oil which is not eugenol remains
insoluble and its volume is determined by bringing
it into the graduated neck of the flask. The volume of the oily layer should not exceed 0.75 ml.,
indicating the presence of not less than 85 per
cent by volume of total phenolic substances in
the oil. U.S.P.
Constituents. — Clove oil contains small
amounts of vanillin, methyl alcohol and furfurol,
but is mainly composed of the unsaturated phenol
eugenol (see Eugenol), its acetyl derivative, and
a sesquiterpene caryophyllene. Eugenol acetylsalicylate has also been reported. The eugenol
content is the most important criterion of the
quality of clove oil.
The characteristic aromatic odor of clove oil,
as distinguished from that of eugenol, is due to
methylamylketone , CH3.CO.C5H11, which is present only in minute quantity.
Uses. — By virtue of its local irritant effect
clove oil stimulates peristalsis and has frequently
been employed in the treatment of flatulent colic.
It also possesses some local anesthetic action,
being a favorite remedy for toothache; for this
purpose a small pledget of cotton is saturated
with oil and inserted into the carious cavity. It
is a powerful germicide, about eight times as
strong as phenol, but is not frequently used,
except by dentists, because of its irritant properties. Eugenol, the principal constituent of clove
oil, has been used internally in daily doses of
3 ml. (approximately 45 minims) as an antiseptic
antipyretic; it has also been used in treating
patients with gastric or duodenal ulcers by instillation into the stomach (see under Eugenol for
detailed information). Little, however, is known
of its physiological action. According to Leubuscher (Wien. med. Bl., 1889), it is a feeble
local anesthetic. Landis (Therap. Gaz., 1909, 33,
386) used clove oil as a stimulant expectorant
in tuberculosis and bronchiectasis with good
results.
Dose, from 0.12 to 0.4 ml. (approximately 2
to 6 minims).
Storage. — Preserve "in well-filled, tight conU.S.P. tainers and avoid exposure to excessive heat."
Off. Prep. — Diphenhydramine Hydrochloride
Elixir, U.S. P.; Compound Cardamom Spirit; Aromatic Castor Oil; Aromatic Eriodictyon Syrup;
N.F. Toothache Drops, N.F.
COBALAMIN

CONCENTRATE.

N.F.

Vitamin B12 Activity Concentrate

"Cobalamin Concentrate consists of the dried,
partially purified product resulting from the
growth of selected Streptomyes cultures or other
cobalamin-producing microorganisms. It may contain harmless diluents and stabilizing agents.
Cobalamin Concentrate contains in each Gm. not
less than 500 meg. of Cobalamin activity." N.F.
Cobalamin concentrate contains cyanocobalamin
(vitamin B12) and/or closely related cobalamins
and represents a less purified form of the vitamin
suitable for many oral formulations; since it is
not carried through the purification procedures
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required of cyanocobalamin it is less costly than
the pure vitamin. For information concerning the
cobalamins, their occurrence, composition, etc.,
see under Cyanocobalamin.
Description. — "Cobalamin Concentrate occurs
as pink to brown granules or as a fine powder. It
may be hygroscopic and its solutions may be
affected by light." N.F.
Standards and Tests. — Identification. — After
igniting cobalamin concentrate the residue is
tested for the presence of cobalt through formation of bluish green cobaltous thiocyanate. Loss
on drying. — Not over 5 per cent, when determined
in a suitable vacuum drying apparatus at 60°.
pH. — The pH of a 1 in 200 solution is between
4.0 and 8.0. Microbiological assay. — Not less than
85 per cent of the potency stated on the label is
found. N.F.
This preparation, as indicated above, may be
used in certain formulations where vitamin B12
activity is desired. For uses of the vitamin see
under Cyanocobalamin.
Storage. — Preserve "in tight containers, protected from light." N.F.
COCAINE.
N.F., B.P., LP.
[Cocaina]

"Cocaine is an alkaloid obtained from the
leaves of Erythroxylon Coca Lamarck and other
species of Erythroxylon (Fam. Erythroxylacea) ,
or by synthesis from ecgonine or its derivatives."
N.F. The B.P. definition, in which cocaine is
identified as methyl benzoylecgonine, is similar.
The LP. defines it as 3-tropanylbenzoate-2carboxylic acid methyl ester.
I.P. Cocanium. Cocain; Methylbenzoylecognine. Cocainura. Fr. Cocaine ; Cocaine gauche. Ger. Kokain. Cocain.
Sp. Cocaina.

Coca leaves (for description see under Coca,
Part II) contain a number of alkaloids of which
the majority belong to the group having tropane
as the parent substance; they are therefore related to such alkaloids as atropine, hyoscyamine
and hyoscine. The tropane-derived alkaloids found
in coca are cocaine (methylbenzoylecgonine),
cinnamylcocaine (methylcinnamoylecgonine) ,
alpha-truxilline (methyl-alpha-truxilloylecgonine,
known also as cocamine or gamma-iso-atropylcocaine), beta-truxilline (methyl-beta-truxilloylecgonine, known also as isococamine or delta-isoatropylcocaine) , tropacocaine (benzoylpseudotr opine), benzoyltr opine, benzoylecgonine, and
dihydroxy 'tropane. Other alkaloids occurring in
coca in small amounts, and probably belonging
to the pyrrolidine group of alkaloids (see under
Alkaloids, Part I), are alpha- and beta-hygrine,
and cuscohygrine.
The more important of these alkaloids are esters
of ecgonine, a nitrogen base containing both a
carboxyl and an alcoholic hydroxyl group, as
shown in the following formula:
■CH-
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The relationship of ecgonine to tropane and to
tr opine (see atropine) may be seen by comparison with the formulas of the two latter:
H2C
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Tropine

CHH2C alcoholic
Both the carboxyl and
hydroxyl
groups of ecgonine are capable of esterification.
In cocaine, the carboxyl is methylated and the
hydroxyl benzoylated; cinnamylcocaine differs
from cocaine in having a cinnamoyl group in
place of the benzoyl; in the truxillines a truxilloyl
group is found in the place of the benzoyl in
cocaine.
Since it is an ester, cocaine may be hydrolyzed;
by prolonged boiling with water it is at least in
part converted to benzoylecgonine and methanol,
while in the presence of acids or alkalis it is
hydrolyzed to ecgonine, benzoic acid and methanol. Inasmuch as the removal of either the
methyl or the benzoyl group destroys the anesthetic property of cocaine it is apparent that any
hydrolysis which may occur in solutions of
cocaine or its salts will be accompanied by a
reduction in activity.
The total alkaloidal content of coca is between
0.5 and 1.5 per cent, occasionally being as high
as 2.5 per cent. Bolivian coca does not contain
as much of the alkaloids as either Java or
Truxillo coca leaves, but the content of cocaine
in the former is considerably greater than in
either of the latter. On the other hand, there
is evidence that the specific alkaloids found in
a particular plant depends on the age of the
leaves, the youngest containing the largest
amounts of cinnamylcocaine while in the older
this is replaced by cocaine or truxilline.
All of the ecgonine-derived alkaloids may be
economically converted into cocaine by hydrolyzing the former to ecgonine and then methylating
and benzoylating the latter to form methylbenzoylecgonine, which is cocaine; the process is described in the following.
For the extraction of the alkaloids from coca
leaves benzene is a satisfactory solvent, although
almost any organic solvent can be used. The
powdered leaves are thoroughly moistened with
solution of sodium carbonate and extracted with
cold benzene. From the benzene the alkaloids
are extracted with small quantities of dilute sulfuric acid and this solution is alkalinized with
sodium carbonate. The resulting precipitate of
alkaloids is dissolved in ether, the ether solution
separated from water, dried with sodium carbonate, filtered and carefully evaporated to dryness.
The residue is dissolved in methyl alcohol and
the solution heated with sulfuric acid or with alcoholic hydrogen chloride. This treatment splits
off any acids from the ecgonine and esterifies the
carboxyl group. Dilution with water and extraction with chloroform removes the organic
acids. The aqueous layer, carefully concentrated
and neutralized, deposits methyl ecgonine sulfate
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upon cooling. This is benzoylated by heating with
benzoyl chloride or benzoic anhydride at about
150°. The mixture, to which water is added, is
treated with a slight excess of sodium hydroxide
in the presence of ether. The ether solution is
then concentrated to the point of crystallization
of cocaine, which is purified by recrystallization.
The alkaloids of coca leaves may also be extracted by means of dilute sulfuric acid. The
salts thus formed are converted to the corresponding bases with sodium carbonate, the alkaloids being subsequently extracted with petroleum ether and treated in a manner similar to
that described above. However, this method has
been largely replaced by methods involving direct
extraction with an immiscible solvent.
Cocaine was first isolated, from Brazilian coca,
by Gaedicke in 1855, and five years later Niemann, a pupil of Wohler, purified it. Roller
and Freud were the first to note the anesthetic
properties of cocaine and in 1880 they applied
it in surgical practice; its introduction in America
is generally credited to Hall (1884) and to Halstead (1885) who employed it for infiltration
anesthesia. Willstatter et al. (Ann. Chem., 1923,
434, 119) succeeded in synthesizing cocaine
from tropinone, the ketone of tropine.
Description. — "Cocaine occurs as colorless
to white crystals, or as a white, crystalline powder. A solution of Cocaine in diluted hydrochloric acid is levorotatory. Its saturated solution is alkaline to litmus paper. One Gm. of
Cocaine dissolves in about 600 ml. of water, in
7 ml. of alcohol, in 1 ml. of chloroform, in 3.5 ml.
of ether, in about 12 ml. of olive oil, and in
from 80 to 100 ml. of liquid petrolatum. It is
very soluble in warm alcohol. Cocaine melts
between 96° and 98°." N.F.
Standards and Tests. — Identification. — (1)
The odor of methyl benzoate is apparent on heating 100 mg. of cocaine with 1 ml. of sulfuric acid
for 5 minutes at 100° after which 2 ml. of water
is cautiously added; on cooling, crystals of benzoic
acid separate. (2) A yellow precipitate, which
redissolves on shaking the mixture, is produced
when 5 drops of a 1 in 20 chromium trioxide solution is added to 100 mg. of cocaine dissolved in
0.4 ml. of 1 N hydrochloric acid and enough water
to make 5 ml.; on adding 1 ml. of hydrochloric
acid a permanent, orange-colored precipitate is
formed. (3) A violet, crystalline precipitate is
produced on evaporating just to dryness a solution of 10 mg. of cocaine in 1 ml. of 0.02 N
hydrochloric acid, dissolving the residue in 2 drops
of water and adding 1 ml. of 0.1 N potassium
permanganate; the precipitate appears brownish
violet when collected on a filter, and shows characteristic violet red crystalline aggregates under
the low power of a microscope. Loss on drying. —
Not over 1 per cent when dried over sulfuric acid
for 3 hours. Residue on ignition. — The residue
from 500 mg. of cocaine is negligible. Readily
carbonizable substances. — A solution of 500 mg.
of cocaine in 5 ml. of sulfuric acid has no more
color than matching fluid A. Cinnamyl-cocaine
and other reducing substances. — A solution of
300 mg. of cocaine in 1 ml. of 1 N hydrochloric
acid is diluted to 15 ml.; a 5-ml. portion of this
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solution treated with 0.3 ml. of 1 N sulfuric acid
and 0.1 ml. of 0.1 N potassium permanganate
does not lose its violet color entirely within 30
minutes. Isoatropyl-cocaine. — Another 5-ml. portion of the solution of cocaine prepared in the
preceding test is diluted with 80 ml. of water,
0.2 ml. of ammonia T.S. is added, and the solution stirred vigorously during 5 minutes, occasionally rubbing the inner wall of the container with
a stirring rod: the solution precipitates crystalline
cocaine but the supernatant liquid remains clear.
It is said that the presence of as little as 0.5 per
cent of isoatropyl-cocaine prevents crystallization
of most of the cocaine and causes the supernatant
liquid to be milky. N.F.
Uses. — For most purposes cocaine hydrochloride is preferred to the base, but the latter is
better for ointments and oily solution because of
its greater solubility in fatty substances. A 4 per
cent ointment has been used on the skin and for
hemorrhoids. A 2 per cent solution in castor oil
has been prescribed for the eye and a 5 to 10 per
cent spray has been used for the larynx. Cocaine
in the basic form acts more powerfully on the
sensory nerves than when combined in a salt
(Regnier and David, Bull. sc. Pharmacol., 1925,
32, 513).
Difficulty is sometimes experienced in obtaining a clear solution in liquid petrolatum due to
traces of moisture in the cocaine. The alkaloid
can be dried over sulfuric acid in a suitable desiccator or it can be carefully heated on a water bath.
For medicinal uses, see Cocaine Hydrochloride.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
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HYDROCHLORIDE.
U.S.P.,■CB.P.,
LP.
H,

Cocainium Chloride, [Cocainae Hydrochloridum]
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The B.P. defines Cocaine Hydrochloride as the
hydrochloride of the alkaloid cocaine, but neither
the U.S. P. nor LP. have an official definition.
LP. Cocaini Hydrochloridum. Cocaine Chloride; Hydrochlorate of
R,C-Cocaine; Neurocaine Hydrochloride. Cocainae
Hydrochloras; Cocainae Chlorhydricum; Cocainum Hydrochloricum; Cocainae Chlorhydras; Cocainum Muriaticum;
Chloretum Cocainicum. Fr. Chlorhydrate de cocaine ;
Chlorhydrate de cocaine gauche. Ger. Kokainhydrochlorid;
Salzsaures
Cocain. It. Cloridrato di cocaina. Sp. Clorhidrato
de cocaina.

For information concerning the sources and
chemical structure of cocaine hydrochloride see
under Cocaine.
Description. — "Cocaine Hydrochloride occurs
as colorless crystals, or as a white, crystalline
powder. One Gm. of Cocaine Hydrochloride dissolves in 0.5 ml. of water, in 3.5 ml. of alcohol,
and in 15 ml. of chloroform. It is soluble in
glycerin and insoluble in ether." U.S.P. The B.P.
and LP. give the melting point as not below 197°,
the tube being placed in the heating bath at 193°.
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Standards and Tests. — Identification. — The
identity tests for cocaine hydrochloride are substantially the same as those described under
cocaine; the salt also responds to tests for chloride. Specific rotation. — Not less than —71° and
not more than —73°, when determined in a solution containing 200 mg. of dried cocaine hydrochloride in each 10 ml. Acidity. — A solution of
500 mg. of cocaine hydrochloride in 10 ml. of
water requires not more than 0.5 ml. of 0.02 N
sodium hydroxide for neutralization, using methyl
red T.S. as indicator. Loss on drying. — Not over
1 per cent, when dried over sulfuric acid for 3
hours. Residue on igyiition. — The residue from
500 mg. of cocaine hydrochloride is negligible.
Carbonizable substances. — A solution of 500 mg.
of cocaine hydrochloride in 5 ml. of sulfuric acid
has no more color than matching fluid F. Cinnamylcocaine and other reducing substances. — The violet
color of a mixture of 5 ml. of 1 in 50 solution of
cocaine hydrochloride. 0.3 ml. of 1 AT sulfuric acid,
and 0.1 ml. of 0T1 A" potassium permanganate does
not disappear entirely within 30 minutes. Isoatropylcocaine. — A 1 in 50 solution of cocaine
hydrochloride meets the requirements for this test
under Cocaine. U.S. P.
Incompatibilities. — Cocaine is precipitated
by the usual alkaloidal reagents. With strong acids
or with concentrated solutions of alkali hydroxides itis hydrolyzed with the formation of methyl
alcohol, benzoic acid and ecgonine. With borax,
cocaine hydrochloride is precipitated from solution as the base; it is reported that the use of
equal parts of boric acid and borax will prevent
this precipitation. In the presence of moisture
cocaine simultaneously reduces and oxidizes calomel, forming metallic mercury and mercuric chloride respectively, the latter then combining with
the cocaine to form an insoluble derivative.
Sterilization. — There is a widespread belief
among both pharmacists and physicians that solutions of cocaine cannot be sterilized by heat
without danger of decomposition, but several
chemists have shown that if the solution is not
allowed to become alkaline the degree of hydrolysis is insignificant. Salis (Chem. Abs., 1940, 34,
168) found that cocaine solutions were more
stable at a low pH, but less active than those less
acid; the solutions tend to become more acid on
sterilization (see also Compt. rend. soc. biol.,
1937, 125, 1012).
Uses. — Any consideration of pharmacological
actions of cocaine must clearly distinguish between the local and systemic effects of the drug.
Local Action. — When locally applied cocaine
is a paralyzant to the peripheral ends of the
sensory nerves, and to a lesser degree to the motor
nerves, and stimulating to the muscular coats of
the blood vessels. As a result of these actions,
when painted over mucous membranes it causes
a blanching of the part and diminished sensation.
It produces not only lessened sensibility to pain
and touch but also of the acuity of the special
senses; thus it diminishes in the mouth the power
of taste and in the nose that of smell. For an
account of the discovery of the local anesthetic
action of cocaine see Roller (J.A.M.A., 1928, 90,
1742; 1941, 117, 1284). It was the first useful
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topical and infiltration anesthetic although its
toxicity stimulated the search for better agents.
A theory of anesthetic action of cocaine was
offered by Schueler (/. Chetn. Educ, 1945, 22,
585); he interpreted the freedom of dogs receiving both acetylcholine and cocaine from symptoms of either drug as suggesting that the action
mechanism of cocaine, Stovaine (1-diethylamino2-methyl-2-butanol benzoate), butacaine sulfate
and other local anesthetics is due to competition
of the anesthetic with acetylcholine, which is
structurally similar. The anesthetics are open
chain or cyclized alkylamino-alkyl esters of benzoic acid and differ from acetylcholine principally
by having an a-phenyl instead of an u-methy]
group. Since cocaine potentiates the action of
epinephrine Torda (/. Pharmacol., 1943, 77, 123)
suggested that it inhibits esterincation of phenolic
compounds such as epinephrine.
Central Nervous System Action. — Systemically cocaine is a stimulant to all parts of the
central nervous system, including the brain, spinal
cord, and medulla. Its effects upon the brain are
shown by an exaltation of the intellectual faculties
similar to that which is produced by caffeine. In
overdose it produces a delirium somewhat resembling that of atropine, to which it is chemically related. Cocaine has a stimulating action on
the spinal cord, first increasing reflexes, then producing clonic and tonic convulsions. The effects
on the medullary centers are shown by an increase
of the rapidity of respiration and sometimes also
of its depth. After toxic doses the primary stimulation is followed by a depression of the respiratory center.
Circulatory Effects. — Blood pressure is elevated by cocaine, chiefly through constriction of
arteries by action directly upon arterial walls. In
addition, after absorption there is a central vasomotor stimulation as well as an effect in increasing
blood pressure by increase of the cardiac rate.
In large doses cocaine decreases blood pressure.
There is difference of opinion as to effects on the
heart. Prus (Ztschr. exp. Path. Ther., 1913, 14,
161) and Kcchman (Arch. ges. Physiol., 1921,
190, 158) found that small doses stimulated respectively the isolated mammalian heart and the
isolated frog heart but Kuroda (/. Pharmacol.,
1915, 7, 423) could not find any evidence of
cardiac stimulation. According to Reichert (Penn.
M. J., 1902), small doses slow the pulse rate by
stimulating the cardio-inhibitory center, moderate quantities increase the rate by depressing the
inhibitory mechanism, while after large toxic
doses there may be a second slowing of the heart
through depression of its motor ganglia.
General Effects. — Although cocaine does not
appear to increase the contractile power of voluntary muscles, it is well known to augment muscular performance in the intact animal. This is due
to the masking of a sense of fatigue by the central
stimulation. It appears also to have some effect
upon the nutritive processes since it causes a
marked rise in the bodily temperature. This is
caused by increased muscular activity, stimulation of the heat regulating center, and diminution
in heat loss by virtue of the vasoconstriction.
Action on the Eye. — When instilled into the
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eye cocaine causes dilatation of the pupil, usually
without paralysis of accommodation. It has been
used to facilitate ophthalmoscopic examination.
The widening of the pupil seems to be the result
of an action upon the peripheral ends of the
sympathetic nerve and can be further increased
by instillation of atropine (Gold, /. Pharmacol.,
1924, 23, 365). The duration of its local anesthetic effect in the eye is sufficiently less than that
of more recently introduced compounds (see
monograph on Local Anesthetic Agents, in Part
II) as to make it unattractive for such use.
Therapeutic Uses. — The most important use
of cocaine is as a local application to mucous
membranes, either for the purpose of contracting
blood vessels or lessening sensation. It has, however, been demonstrated to be inferior to ephedrine as a vasoconstrictor (Sternstein, Arch. Otolaryng., 1942, 36, 713). Its vasoconstrictive effect
has been utilized in relieving congestions such
as hay fever, coryza, or laryngitis, and to control
or prevent hemorrhage from the nose or throat.
There are three important drawbacks to such use
of cocaine : the primary contraction of blood vessels is likely to be followed by a reactive relaxation; there is the danger of habituation; finally,
such use is accompanied by the possibility of
acute poisoning because cocaine is absorbed more
rapidly than it is detoxified by the liver. There is
little to justify use of cocaine as a nasal decongestant when there are so many more satisfactory
agents available (see the monograph on Sympathomimetic Amines, in Part II).
As a local anesthetic cocaine has been used in
operations on the eye, nose, and throat, also in
treating painful hemorrhoids, fissure in ano,
vomiting, gastralgia, and other painful diseases
of the mucous membranes. While cocaine passes
through all mucous membranes more or less
readily, the unbroken skin offers a practically impassable barrier to aqueous solutions. It is necessary, therefore, when the drug is to be used to
produce local anesthesia for operative purposes to
inject it beneath the skin, but here again it has
been largely replaced by less toxic compounds
(see Procaine Hydrochloride, also Local Anesthetic Agents, in Part II).
Cocaine finds little use internally in modern
therapy because of its toxicity and its tendency
to produce addiction. In discussing problems relating to drug addiction Isbell and Fraser pointed
out that in some respects intoxication with cocaine
may be more harmful than is addiction to morphine, in spite of the lack of physiological dependence (withdrawal symptoms) developed toward cocaine (/. Pharmacol., 1950, 99, 355).
Perhaps the chief use of cocaine is in inoperable
gastric carcinoma, where it may alleviate nausea
and vomiting.
For local application to mucous membranes an
aqueous solution of a salt of cocaine, commonly
the hydrochloride, is generally preferred; Gross
{Arch. exp. Path. Pharm., 1910, 63, 80), however, presented evidence that cocaine base is a
much more powerful anesthetic than when it is
in salt form, and some clinicians prefer to use oil
solutions of cocaine alkaloid. E3
Toxicology. — There are two distinct types of
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cocaine poisoning, the one characterized by circulatory failure and the other by neurotoxic symptoms. The first type is usually seen after relatively small doses of the drug in persons who
possess an idiosyncrasy toward it. The prominent
symptoms are pallor of the face, vertigo, nausea,
failure of the pulse, and usually more or less complete loss of consciousness. The treatment of this
type of poisoning is to place the patient in a
horizontal position and to give rapidly acting
stimulants, such as hypodermic injections of ammonia or camphor. Kamenzove {Arch, internat.
pharmacodyn. therap., 1911, 21, 5) attributed
these symptoms to arterial spasm, causing anemia
of the brain.
The more common type of cocaine poisoning is
characterized by delirium, increased reflexes, more
or less violent convulsions, the pulse usually being
rapid and fairly strong but later may become
weak; syncope and cyanosis may intervene and
there may by Cheyne-Stokes respirations. The
delirium is frequently associated with hallucinations and at times the patient may develop a
violent mania of even homicidal character. In
fatal cases death is usually due to respiratory failure although the circulation is also depressed.
Knoefel and Loevenhart (/. Pharmacol., 1930,
39, 397) produced two types of poisoning in
lower animals; one by subcutaneous injection,
which is characterized by convulsions and death
from respiratory failure, and the other following
intravenous injection in which there is sudden
arrest of the heart. They believe these two types
correspond to the clinical ones described above.
In 1925 Tatum showed that intravenous injection of barbital sodium would save the life of animals following hypodermic injection of more than
twice the usually fatal dose of cocaine. The value
of barbiturates in the prophylaxis or in the treatment of cocaine poisoning seems, in the convulsive type of cocaine poisoning, to be well established. Maloney (/. Pharmacol, 1934, 51, 127)
found that of all of the barbituric acid derivatives
pentobarbital gave the best results, although
other rapidly acting ones were also of service.
Draystedt and Lang (/. Pharmacol., 1928, 32,
215) found that conjoint use of atropine with
barbital greatly enhanced antidotal efficiency. It
is now a routine procedure in many hospitals to
administer barbital or phenobarbital an hour
before an operation in which cocaine is to be employed; such prophylactic use of barbiturates has
greatly reduced cocaine accidents. In the collapse
type of poisoning it is a priori improbable that
barbiturates would be beneficial, and Knoefel and
Loevenhart found them of no benefit in the
cardiac type of experimental poisoning. They also
tried ephedrine, ouabain, and other stimulating
drugs, but without avail. Eggleston and Hatcher
(/. Pharmacol., 1919, 13, 433), from observations in an experimental study highly recommended, in the treatment of cocaine poisoning,
intravenous injection of epinephrine combined
with artificial respiration. Nielsen and Higgins
(/. Lab. Clin. Med., 1923, 8, 440) found a pituitary solution to exercise both a preventive and
curative effect. A tourniquet may be applied to
delay absorption from some locations.
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Cocaine Hydrochloride

Addiction. — The habitual use of cocaine as a
narcotic stimulant is a problem of sociological
importance. In the United States the conditions
under which it may be prescribed or dispensed
are strictly limited both by federal and, in most
states, by state laws. The cocaine habit is not only
one of the most seductive but also one of the
most rapidly injurious and difficult of eradication
of all drug habits. The characteristic symptoms
are changes in mental and moral qualities, especially characterized by alternate periods of exaltation and depression, hallucinations and paranoid
delusions, loss of appetite and of weight, peculiar
pallor of the skin, insomnia, and general failure
of health. There is psychic rather than physiological dependence on the drug. A symptom which
is seen in many cases, and is said to be characteristic of chronic cocaine poisoning, is a sensory
hallucination, as of some foreign body under the
skin or of insects crawling over the person. Since
there are now available superior products for
practically every use of cocaine it would appear
that employment of the drug can justifiably be
discouraged, thereby reducing the potential of the
social problems its use may create.
Cocaine hydrochloride is employed topically on
mucous membranes in 2 to 5 per cent aqueous
solution. For nasal anesthesia, 10 to 20 per cent
solutions, with epinephrine to delay absorption,
have been used. By mouth, from 15 to 30 mg.
(approximately J4 to Vz grain) is given; the
maximum safe dose is about 100 mg. (approximately V/2 grains).
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
LAMELLiE

OF

COCAINE.

B.P.

Lamellae Cocainae
Discs of Cocaine. Lamellae Ophthalmicse cum Cocaina.
Sp. Discos oftalmicos con cocaina.

Lamellae of cocaine are discs of gelatin with
glycerin, each weighing about 3.5 milligrams (%o
grain) and containing 1.3 milligrams (%o grain)
of cocaine hydrochloride.

COCAINE HYDROCHLORIDE
TABLETS. N.F.
[Tabellae Cocainae Hydrochloridi]

"Cocaine Hydrochloride Tablets contain not
less than 91 per cent and not more than 109 per
cent of the labeled amount of C17H21XO4.HCI."
X.F.
Assay. — A representative portion of powdered
tablets, equivalent to about 60 mg. of cocaine
hydrochloride, is dissolved in distilled water, the
solution alkalinized with ammonia T.S. and the
cocaine extracted with ether. The combined ether
extracts are concentrated to one-half their volume,
shaken with several portions of distilled water to
remove any ammonia which may be present, then
with 10 ml. of 0.05 N sulfuric acid to extract the
cocaine. The acid layer is separated, the ether
layer washed with distilled water, and the acid
in the combined aqueous portions titrated with
0.02 AT sodium hydroxide, using methyl red T.S.

as indicator. Each ml. of 0.05 N sulfuric acid
represents 16.99 mg. of C1-H21NO4.HCI. N.F.
Usual Sizes. — 1 grain (approximately 60 mg.)
dispensing tablets; %, 34 and Yz grain (approximately 8, 15 and 30 mg.) hypodermic tablets;
1.14 and 2.28 grain tablets for the preparation
of solutions.
COCAINE

NITRATE.

LP.

Cocaini Nitras

Cl-H1.lXO4.HNO3
The LP. recognizes the anhydrous form of
cocaine nitrate; the salt occurs also as a dihydrate.
Description. — Cocaine nitrate occurs as colorless crystals or as a white, crystalline powder; it
is odorless, and has a bitter taste which is followed by a sensation of tingling and numbness.
It is freely soluble in water and in alcohol. LP.
The tests specified by the LP. are essentially
the same as those for cocaine hydrochloride; loss
on drying to constant weight at 100° is limited
to 1.0 per cent.
The utility of this salt, as compared with
cocaine hydrochloride, is that of compatibility
with silver nitrate, when both drugs are desired
to be used simultaneously.
Storage. — Preserve in a well-closed container,
protected from light. LP.
COCHINEAL.

N.F, B.P.

Coccus

"Cochineal consists of the dried female insects,
Coccus cacti Linne (Fam. Coccidce), enclosing
the young larvae." U.S.P. The B.P. definition
differs in giving the name of this insect as Dactylopius coccus Costa and specifying that it contain
eggs as well as larvae.
Cochineal Insect; Red Scale Insect. Fr. Cochenille.
Ger. Coccionella; Alkermeskorner; Kaktusschildlaus. Sp.
Cochinilla.

The cochineal insect is indigenous to Mexico,
Peru and Central America and in general appearance resembles a wood louse. The red dye found
in the remains of the female insect has been long
esteemed by the old races in these subtropical
countries. Indeed, not only did they appreciate its
value, but in order to increase the supplies, the
cacti with the insects were successfully cultivated
many years before even Cortez landed in Mexico
in the early part of the sixteenth century.
The family CoccidcB includes the scale-like insects which are characterized by the fact that the
wingless female dies shortly after producing her
eggs, the latter being covered up by her dead
scale-like body. In the case of the cochineal insect
the larvae are found within her inflated body.
The cochineal insect was first described by
Hernandez in 1651. It is ordinarily in scientific
works referred to as Coccus cacti Linne. In the
eighth edition of the U.S.P. the name was changed
to Pseudococcus cacti (Linne) Burmeister. In
a Catalogue of the Coccida. of the World, Maria
E. Fernaldo gave preference to the name Daetylopius coccus Costa.
The insect feeds upon various species of the
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Cactacece, more especially the Nopalea (Opuntia)
coccinellifera (Mill.) S. Dyck, a native of Mexico
and Peru. It has spread into other parts of South
and Central America and has been introduced into
the West Indies, East Indies, Canary Islands,
Southern Spain, Algeria, and is said to be found
in Florida and California.
The cultivation of cochineal is rather simple
in a tropical climate; all that is necessary is to
have the cochineal insects and the proper cacti.
During the rainy season the insects are protected
by spreading shelters over the plants on which
they are propagated. When the weather conditions have become favorable the insects are
"sown" on the cacti in the open fields, where
fecundation takes place. After this the females
attach themselves to the plant and when their
bodies have become swollen from the development of the enormous number of eggs, they are
scraped off and killed either by boiling water or
by the fumes of burning sulfur. Some of the
insects are left behind and deposit their eggs, the
female dying after the eggs are laid; these furnish
seed for a new crop.
Kraemer prepared an extensive monograph on
the nature and structure of cochineal {Am. J.
Pharm., 1913, p. 444), and presented in detail the
life history of the insect. A summary appears in
U.S.D., 24th ed., p. 306.
Description. — "Unground Cochineal occurs
as plano-convex, entire insects somewhat ovate
in outline, from 3.5 to 6 mm. in length and from
2.5 to 4.5 mm. in width. Each insect exhibits a
convex dorsal surface, showing from 9 to 12 segments, and a concave ventral surface. Externally
the insect is grayish to grayish purple or purplish
black to very dusky red purple. The ventral surface shows two straight, 7-jointed antennae located
in the anterior end, three pairs of short legs each
terminating in a single claw and a highly modified
mouth showing externally a long filiform proboscis
composed of four very fine chitinous styles, in
two pairs, the anterior pair representing the
mandibles and the posterior pair representing the
first maxillae. The antennae, legs, and mouth parts
are more or less broken. Four spiracles are visible,
an anterior pair occurring between the middle
and hind legs. The entire surface is more or less
chitinous and shows numerous solitary or clustered, tubular or spinneret wax glands. The insect,
after decolorization, exhibits numerous larvae
characterized by their proboscides appearing as
two circular coils, rows of tubular wax glands,
and in the more developed stages, three pairs of
legs, antennae, and other features of the mature
insect. It is easily pulverizable. The odor is characteristicthe
; taste slightly bitter.
"Powdered Cochineal is very dusky to very
dark red. It contains fragments of muscle fibers;
portions of the chitinous epidermis with wax
glands; fragments of larvae with coiled proboscides; occasional claws and segments of the legs;
and fragments of antennae and other parts described under the unground drug." N.F.
As found in commerce, the finer cochineal,
grana fina of Spanish commerce, or "Madres
cochineal," is in irregularly circular or oval, some-
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what angular grains, about one-eighth of an inch
in diameter, convex on one side, concave or flat
on the other, and marked with several transverse
wrinkles. Two varieties of this kind of cochineal
are available, these being distinguished by their
external appearance. One is of a reddish-gray
color, formed by an intermixture of the dark
color of the insect with the whiteness of a powder
by which it is almost covered, and with patches
of a rosy tinge irregularly interspersed. From its
diversified appearance, it is called by the Spaniards cochinilla jaspeada. It is the variety commonly found in commerce. The other, cochinilla
renegrida, or grana nigra, is dark-colored, almost
black, with only a minute quantity of the whitish
powder between the wrinkles. The two are distinguished inour markets by the names of silver
grain and black grain cochineal. If the insects are
dried on trays for several hours in the hot sun
or in an oven at about 65°, the silver grain
cochineal is produced. The color of this variety
results from the wax covering not being melted;
if, however, the insects are dried at a temperature
higher than the melting point of their wax covering, i.e., at more than 106°, the variety known as
black grain cochineal results.
Small, immature, cochineal insects and larvae,
which are separated from the larger by sifting,
are sometimes sold under the name of granilla.
Cake cochineal and grana sylvestra are forms
which have entirely disappeared from commerce;
see U.S.D., 20th ed., p. 365.
During 1952 a total of 83,713 pounds of cochineal was imported into this country from Canary
Islands, Peru and Chile.
Standards and Tests. — Identification. — The
red color of cochineal solutions is changed to reddish purple by alkalies and to weak orange by
acids. Weighting materials. — No insoluble powder
separates on macerating whole cochineal with
water. N.F. The B.P. requires not less than 35.0
per cent of cochineal to be soluble in 45 per cent
alcohol; the limit of ash is 7.0 per cent, and that
of foreign organic matter is 2.0 per cent.
Constituents. — Cochineal contains, besides
animal matter constituting the skeleton of the
insect, a coloring principle, stearin, olein, an
odorous fatty acid, and various salts. The coloring
principle is known as carminic acid, C22H20O13,
a complex, glycosidal substance. It occurs as a
dark, reddish-brown or bright red powder, which
decomposes at 13 5C. It is freely soluble in water
and alcohol, in alkalies and in concentrated sulfuric acid; slightly soluble in ether, insoluble in
chloroform. It has indicator properties, showing
a yellow color at a pH of 4.8, violet at a pH of 6.2
and bright red when alkaline. It may be obtained
by macerating cochineal in ether to remove fatty
matter, then treating the residue with successive
portions of boiling alcohol, which dissolves the
carminic acid.
Salts of zinc, bismuth, and nickel produce with
carminic acid a lilac-colored precipitate, and those
of iron a dark purple approaching to black. Salts
of tin, especially the nitrate and the chloride,
form with it a brilliant scarlet precipitate, which
is the basis of scarlet and crimson dyes used in
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the arts. The aluminum lake of carminic acid is
known as carmine.
Liebermann found that the coating of silver
cochineal consisted of a wax, which he named
coccerin, C3oH6o(C3iH6i0.s)2; this is soluble in
benzene, but nearly insoluble in ether (Pharm. J.,
1885, 186).
Carmine, which was official in N.F. IX, is the
aluminum lake of the coloring principle of cochineal. It "occurs as irregular, angular, vivid red
fragments or as a powder, without odor or taste.
When burned, it emits an odor resembling that
of burned feathers. Carmine is slightly soluble in
water, to which it imparts a red color; it is freely
soluble in diluted ammonia solution or alkaline
liquids, forming a strong to deep red solution."
N.F. IX. Carmine Solution, also official in N.F.
IX, was prepared by triturating 65 Gm. of
carmine to a fine powder, gradually adding 365
ml. of diluted ammonia solution and then 365 ml.
of glycerin, while triturating constantly. The mixture was transferred to a porcelain dish and heated
on a water bath until it was free from ammoniacal
odor, after which it was cooled and diluted with
distilled water to make 1000 ml.
Adulterants. — Cochineal has been adulterated
by causing certain heavy substances, such as powdered talc, lead carbonate, and barium sulfate, by
shaking in a bag or otherwise, to adhere, by means
of some glutinous material, to the surface of the
insects, and thus increase their weight. This fraud
is detectable either by a high percentage of ash or
by microscopic examination which shows the absence of a woolly appearance which characterizes
the white powder upon the surface of the unadulterated insect. For other adulterants formerly
encountered, see U.S.D., 20th ed., p. 366.
Uses. — Cochineal was at one time supposed
by some to possess anodyne properties, and used
in whooping-cough and neuralgia. At present it
is employed only as a coloring agent. For this
purpose Cochineal Solution, also known as Cochineal Color, was the preparation commonly used.
The formula for this solution, as provided in
N.F. IX, is as follows: Intimately triturate 65
Gm. of cochineal, in fine powder, with 32 Gm. of
potassium carbonate; then add, successively, 500
ml. of distilled water, 32 Gm. of alum, and 65
Gm. of potassium bitartrate. Heat the mixture
slowly to boiling, in a capacious vessel, and set
it aside to cool; then add 450 ml. of glycerin,
filter the mixture and add enough distilled water
through the filter to make 1000 ml. of solution.
N.F.
The function of the alum in this solution is to
prepare an aluminum lake of the coloring principles of cochineal, thus producing a solution
similar to carmine solution, carmine being the
aluminum lake of the coloring principle obtained
from cochineal.
Off. Prep. — Compound Cardamom Tincture,
N.F.,B.P.
COD

LIVER

OIL.

U.S.P. (B.P., LP.)

Oleum Morrhuae

"Cod Liver Oil is the partially destearinated
fixed oil obtained from fresh fivers of Gadus

morrhua Linne and other species of tne Family
Gadida. Cod Liver Oil contains in each Gm. not
less than 255 micrograms (850 U.S.P. Units) of
Vitamin A and not less than 2.125 micrograms
(85 U.S.P. Units) of Vitamin D.
"Cod Liver Oil may be flavored by the addition
of not more than 1 per cent of a suitable flavoring
substance or a mixture of such substances." U.S.P.
The B.P. defines cod liver oil as the oil obtained
from the fresh liver of Gadus callarias L. and
other species of Gadus, clarified by filtration at
about 0 . It is required to contain in each Gm.
not less than 600 Units of vitamin A activity, and
not less than 85 Units of antirachitic activity
(vitamin D). The LP. definition recognizes Gadus
morrhua L. and other species of the family
Gadidae as the source of the oil; the rubric is
identical with that of the B.P.
B.P. Cod-liver Oil. LP. Oleum Jecoris Aselli. Oleum
Tecoris Aselli; Oleum Gadi. Fr. Huile de foie de morue.
Ger. Lebertran; Dorschlebertran. It. Olio di fegato di
merluzzo. Sp. Aceite de higado de bacalao.

Gadus morrhua Linne {Morrhua vulgaris
Storer), the common cod, is between two and
three feet long, with brown or yellowish spots
on the back. The body is moderately elongated
and somewhat compressed, and covered with soft,
rather small scales, being quite conspicuous also
on the head. Of the fins, which are soft, there
are three on the back (dorsal), two anal, and a
distinct caudal, and the fin (ventral) under the
throat is narrow and pointed. The jaws are furnished with pointed irregular teeth, in several
ranks. The gills are large, with seven rays. This
species of cod inhabits the cold waters of the
northern Atlantic.
Besides the common cod, several other species
of Gadus, frequenting the seas of northern Europe
and America, contribute to furnish the cod liver
oil of commerce. Among these De Jongh mentions Gadus Callarias L. or dorsch {Morrhua
americana of Storer), G. molva L. or ling, G.
carbonarius L. or coal fish, and G. pollachius L.
or pollack, as affording the oil on the coast of
Norway, where from 17,000.000 to 35,000,000 of
codfish have been annually taken.
On the American coast, in addition to the
species above mentioned, it is obtained also from
the hake {G. merluccius L.) and the haddock
{G. ceglefinus L.).
The habits of the codfish are not definitely
known. It would seem that most of their life is
spent in the deep waters of the ocean and that
in the late fall they migrate to the coastal regions
probably for the purpose of spawning. The time
of year at which they appear is quite different
in various fishing grounds. Along the American
coast, although they are caught in small quantities throughout the summer, they are most abundant usually in November and December. At
Lofoten Islands, the cod season begins in February and lasts about two months. At Finmarken
the best fishing is in June. In the Western
Hemisphere they are taken with hand lines, set
lines or nets, usually on "banks" at a depth of
from 200 to 400 feet. The average codfish weighs
about 20 pounds but occasionally they grow to
a size of more than 100 pounds.
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Cod liver oil is produced along our New England coast. The oil is also largely produced in
Newfoundland, Canada, Great Britain, Norway,
and Iceland.
Preparation. — In the early days of the industry, the livers were allowed to accumulate in
tanks or barrels and underwent a process of spontaneous decomposition in which the cells were
ruptured and the oil exuded. The oil thus obtained
was contaminated with decomposition products
and possessed a disagreeable odor and a nauseating taste. Later the oil was obtained by steaming or by pressure and as sanitary conditions
improved and scientific knowledge advanced the
effort has been made to extract the oil from the
livers while they are in as fresh a condition as
possible. For this reason some of the former
grades of cod liver oil such as the "raw" oil and
"brown" oil are no longer seen or heard of.
The first high quality medicinal oil was obtained by treating the livers with steam to rupture the cell membranes, much in the same manner
in which lard is "rendered." In the best equipped
establishments the livers are "extracted" immediately after being taken from the fish, it having
been found that exposure even if only for a few
hours is generally detrimental to the quality of
the oil that is obtained. In the United States and
Canada the oil is frequently separated on the
fishing vessel, which may remain at sea for some
time. But in Norway, where the fishing is done
relatively close to the shore, the separation of the
oil is done in special factories. The livers are
carefully sorted, all stained or abnormal livers
being rejected. They are then placed in tin-lined
tanks provided with open steam coils and low
pressure steam is blown through the mass which
causes an immediate separation of oil. Application
of vacuum extraction methods and extraction in
an atmosphere of carbon dioxide have been proposed but the steam extraction method just described appears to be used in the majority of
establishments.
The oil separated as described is filtered to
separate cellular tissue fragments and is then
bleached by treatment with fuller's earth or by
exposure to sunlight. The oil thus prepared will
congeal at low temperatures because of the presence of stearin (see Non-destearinated Cod Liver
Oil). In some establishments this is removed by
chilling to —10°, followed by expression, the
separated stearin being sold for soap making, and
the oil being called "non-congealing oil."
Other processes of extracting cod and other
liver oils consist in subjecting comminuted livers
to high pressures which result in mechanically
forcing out the oil, and in solvent extraction of
the oil followed by removal of the solvent by
distillation. The former of these processes results
in uneconomical recovery of the oil and the latter
in an oil which is likely to be more or less contaminated with traces of solvent and generally
adversely affected in therapeutic virtue.
Description. — "Cod Liver Oil is a thin, oily
liquid, having a characteristic, slightly fishy, but
not a rancid, odor, and a fishy taste. Cod Liver
Oil is slightly soluble in alcohol. It is freely solu-
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ble in ether, in chloroform, in carbon disulfide,
and in ethyl acetate." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.918 and not more than 0.927.
Identification for vitamin A. — Antimony trichloride T.S. added to a chloroform solution of the
oil produces a blue color immediately. Color. —
Viewed transversely in a tall, cylindrical, standard oil-sample bottle of about 120-ml. capacity, the color of cod liver oil shall not be more intense than that of a mixture of 11 ml. of cobaltous
chloride C.S., 76 ml. of ferric chloride C.S. and
33 ml. of water, in a similar bottle of the same
internal diameter. N on-destearinated cod liver oil.
— The oil remains clear and does not deposit
stearin when cooled in a mixture of ice and water
for 3 hours. Unsaponifiable matter. — Not more
than 1.3 per cent. Acid value. — Not more than
1 ml. of 0.1 N sodium hydroxide is required to
neutralize a solution of 2 Gm. of cod liver oil dissolved in 30 ml. of a neutralized mixture of alcohol and ether, the solution being boiled gently
under a reflux condenser for 10 minutes, then
cooled; phenolphthalein T.S. is the indicator.
Iodine value. — Not less than 145 and not more
than 180. Saponification value. — Not less than
180 and not more than 192. Carbon dioxide, if it
has been used as a preservative, must be dissipated
by exposing the oil in a vacuum desiccator for 24
hours before weighing. U.S.P.
The B.P. gives the refractive index, at 40°, as
from 1.4705 to 1.4745; the acid value as not
greater than 1.2. The LP. specifies the refractive
index, at 20°, as from 1.4770 to 1.4835; the acid
value as not greater than 2.
Cod liver oil readily becomes rancid, containing varying amounts of free fatty acids, even
when freshly rendered. The amount of acid that
may be present is, of course, limited by official
specifications.
Assay. — For vitamin A. — The spectrophotometric assay explained under Oleovitamin A is
employed. For vitamin D. — The biological assay
discussed under Synthetic Oleovitamin D is used.
U.S.P. The B.P. and LP. assays are similar in
principle to those of the U.S.P.
Vitamin A is easily oxidized, and improperly
stored cod liver oil may lose much of its therapeutic value without very obvious alteration.
Evers (Quart. J. P., 1929, 2, 556) found that
under proper conditions of storage (in a dark,
cool place) there was no perceptible loss of vitamin for several years, but that the vitamin disappeared rapidly if the oil were exposed to
sunlight. Gisvold et al. (J. A. Ph. A., 1948, 37,
232) found that addition of 0.05 per cent of
nordihydroguaiaretic acid and 0.01 per cent of
ascorbyl palmitate to cod liver oil afforded more
protection against peroxide accumulation and destruction of vitamin A than did nordihydroguaiaretic acid alone or lower concentrations of
the combination of stabilizers.
Composition. — The composition of cod liver
oil is very complex. Heyerdahl, in 1895, found
that it contained from 10 to 18 per cent of the
glycerides of saturated fatty acids — principally
palmitic and myristic — but consisted chiefly of
glycerides of a number of unsaturated fatty acids,
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the most abundant of which were jecoleic and
thcrapic acids. Subsequent studies by Andre
{Bull. sc. Pharmacol., 1928, 35) indicated that
jecoleic acid is not a chemical individual but a
mixture of isomeric compounds, and also showed
the presence of numerous other unsaturated fatty
acids of which clupanodonic is the most abundant
and the most unsaturated of the group. In addition asellic, gadinic, jecoric and zoomaric acids
were described and traces of such well-known
fatty acids as linoleic and linolenic were found.
The mixture of the unsaturated fatty acids is
sometimes known as morrhuic acid (see also
Sodium Morrhuatc Injection). Halden and Griin
{Anal, der Fette und Wachse, 1929) stated that
mixed glycerides of the following acids have been
found in cod liver oil: arachidonic, clupanodic,
linolenic, linoleic. zoomaric, and clupanodonic.
Other acids which have been reported as present
include oleic, stearidonic, selacholeic. and gadoleic.
It is claimed by Farmer (/. Soc. Chem. Ind.,
1938, 57, 24) that the principal acid of cod liver
oil is not clupanodonic but an acid containing 22
carbon atoms and six double bonds.
The glycerides of the lower fatty acids, such
as acetic, butyric, valeric, and capric acids, stated
by various authors to occur in cod liver oil, are,
according to Salkowski and Steenbuch. secondary
products due to the putrefaction of the livers.
A characteristic constituent of cod liver oil is
cholesterol, which can be isolated by saponifying
the oil and exhausting the soap with ether. The
quantity of cholesterol, according to Allen and
Thomson, is from 0.46 to 1.32 per cent. A higher
proportion than 1.5 per cent would indicate shark
liver, dogfish, sunfish, mineral, or rosin oil. The
presence of phytosterol would indicate the presence of vegetable oil. Of historical interest is the
content of organic bases (0.035 to 0.05 per cent)
and of iodine, bromine, and phosphorus, to each
of which, in the past, has been attributed the characteristic virtues of the oil. Many of these bases
were of putrefactive origin and none is of therapeutic significance. The best known of these bases
were called morrhuine and gaduine. Holmes {Ind.
Eng. Chem., 1935, 26, 573) found the arsenic of
American cod liver oil to range from 1.4 to 5.1
parts per million; the average of twenty samples
was 2.6 parts. Today the most important constituents are considered to be vitamins A and D.
Uses. — History. — Although cod liver oil had
been used as a folk remedy by Dutch peasants
for a long time, its introduction into medicine is
attributable chiefly to the researches of Professor
Bennett of Edinburgh in the middle of the nineteenth century. During the course of the last hundred years the therapeutic virtues of cod liver oil
have been attributed to a variety of constituents,
and sometimes even completely denied.
Fat-soluble Vitamins. — The value of cod
liver oil is usually attributed to its content of
vitamins A and D (see under Oleovitamin A and
Synthetic Oleovitamin D I. Much of the vitamin D
activity of cod fiver oil is derived from activated
7-dehydrocholesterol (vitamin D3) which is the
chief form of vitamin D found in the animal kingdom, whereas activated ergosterol (calciferol or
vitamin D2) is the predominant form in plant
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sources (Bills, J. A.M. A., 1938, 110, 2150). Although these two forms have similar potencies
for rats, vitamin D3 is much more effective for
chickens; however, in the management of human
rickets there seems to be little difference in the
effect of the two forms. Vitamin D3 is the form
which is produced by the action of sunlight on
the skin. Kirschner {Am. Rev. Tuberc, 1922, 6,
401) believed that the value of cod fiver oil was
due in part to the fact that the unsaturated fatty
acids, in addition to being more completely absorbed by the intestine, also promote absorption
of other fats. The role of unsaturated fatty acids
in the maintenance of normal nutrition may be
significant (see Burr and Barnes, Physiol. Rev.,
1943, 23, 256). Cod fiver oil is most frequently
used for one or more of the following: in the
treatment or prevention of diseases of bone such
as rickets, infantile tetany and osteomalacia; to
promote the formation and maintenance of sound
teeth; to facilitate absorption of calcium and
phosphorus by the intestine; in various forms of
tuberculosis; and in many states of general malnutrition.
Rickets. — It has been customary to commence
administration of cod fiver oil or some other
source of vitamin D early in infancy to all infants
for prophylaxis of rickets. Since most diets contain inadequate amounts of vitamin D and since
sunlight seems inadequate to meet the needs,
some other source has been needed. The daily
oral prophylactic dose is 5 to 10 Gm. of the official
cod fiver oil; this should be started with a small
dose when the infant is one or two weeks old and
increased to the full dose by the age of four to
eight weeks. The curative dose for rickets is about
20 Gm. daily but much larger doses may be required, especially in premature infants. Cod fiver
oil has been largely superseded by more concentrated solutions of vitamin D because of the
smaller volume to be administered and because
the supply of this oil has been very limited.
Tuberculosis. — The usefulness of cod fiver
oil in phthisis and other forms of tuberculosis
seems well-established although based chiefly on
empirical evidence. Williams {Brit. M. J., 1912,
2, 1700) found that unsaturated fatty acids of
the oil had an inhibiting effect on the growth of
the tubercle bacillus but it is improbable that
these acids could ever circulate in the body in
sufficient amount to exert a therapeutic effect. It
is not unlikely that its beneficial action in these
cases is due largely to its food value although the
influence of vitamin A on the respiratory mucous
membrane may also play some part. The value
of 30 ml. of cod fiver oil, with 100 ml. of ice-cold
tomato juice, twice daily for patients with intestinal tuberculosis is unquestioned although un209).
explained (Granet, Am. J. Digest. Dis., 1935, 2,
Nutrition. — Cod fiver oil is valuable in many
conditions of undernourishment. Thus it is of
service in infantile marasmus and nearly all
wasting diseases in which it is acceptable to the
digestive tract. It is absorbed through the skin,
at least by young infants, in sufficient quantity to
have a perceptible influence on nutrition.
Topical Uses. — Cod liver oil has come into
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considerable use as a local application to wounds
and burns (Daughtry, Surgery, 1945, 18, 510).
Puestow and associates {Surg. Gynec. Obst.,
1938, 66, 622) concluded that vitamin D accelerated the healing of burns and that a mixture
of vitamins A and D was more efficient. Rectal
instillation of 60 to 120 ml. daily relieved tenesmus in ulcerative colitis (Best, Am. J. Digest.
Dis., 1938, 5, 426). Several investigators reported
that cod liver oil possesses bactericidal activity
under certain conditions; others have failed to
observe such activity. Ross and Poth (/. Lab.
Clin. Med., 1945, 30, 226) investigated the reason for this lack of agreement and discovered that
fresh oils are not bactericidal, but that old or
rancid oils are active. Development of bactericidal
activity in a fresh oil may be brought about
by adsorbing the natural antioxidants in it with
activated charcoal so that oxidation may be accelerated. Addition of the antioxidant hydroquinone to an oil retarded oxidation and development of bactericidal action. Ross and Poth
further observed that vapors from an active oil
were likewise bactericidal and since the former
were found to contain aldehydes it is possible
that the active component is acrolein. Lichtenstein
(Lancet, 1939, 2, 1023) suggested that peroxides
were the effective components.
Cod liver oil has been employed in ointment
and lotion form as beneficial topical therapy in a
variety of dermatoses. The role of vitamins A
and D in local skin metabolism is not clear, but
their nonsensitizing and nonirritating properties
are recognized. Behrman et al. (Ind. Med. Surg.,
1949, 18, 512) used cod liver oil in a formulation containing also zinc oxide, talc, petrolatum
and lanolin for local treatment of eczematoid
and contact dermatitis, atopic eczema, diaper
rash, stasis dermatitis and traumatic ulcers, and
in pyoderma, with benefit. In denuded, ulcerated
surfaces the effects were to diminish pain, inhibit
infection, stimulate granulation and accelerate
epithelization. Heimer et al. (Arch. Pediat., 1951,
68, 382) treated 654 newborn infants routinely
with the cod liver ointment, comparing its effects
with sterile mineral oil in a comparable number
of cases, and noted lessened incidence of symptomatic, erythematous dermatoses in the diaper and
thigh areas, and decreased pustulation. Grayzel
et al. (N. Y. State J. Med., 1953, 53, 233) and
Holland (/. M. Soc. New Jersey, 1952, 49, 469)
evaluated the effect of cod liver oil in a lotion
containing also zinc oxide, magnesium carbonate,
rose and lime water, used in the treatment of inflammatory dermatoses, and emphasized its soothing and nonirritating qualities. Turrell (N. Y.
State J. Med., 1950, 50, 2282) used the ointment
as a postoperative anorectal lubricant and in acute
fissures and perineal dermatitis, and observed
good healing and universal tolerance. |v]
Dose. — The usual dose of cod liver oil is 4 ml.
(1 fluidrachm) one or more times daily by mouth,
with a range of 4 to 16 ml. The usual maximum
single dose is 32 ml. Each 4 ml. contains 900
micrograms (3000 U.S. P. units) of vitamin A and
7.5 micrograms (300 U.S. P. units) of vitamin D.
Topically it is used undiluted or as an ointment
containing 10 per cent or more of the oil.

Of the various measures which have been suggested to overcome the fishy taste of cod liver
oil, none is entirely satisfactory. To some persons
it is more palatable in the form of an emulsion
which may be flavored with one of the volatile
oils or with malt extract.
Storage. — "Preserve Cod Liver Oil in tight
containers. It may be bottled or packaged in containers from which air has been expelled by the
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production of a vacuum or by an inert gas." U.S. P.
Off. Prep.— Cod Liver Oil Emulsion, N.F.,
B.P.; Cod Liver Oil Emulsion with Malt, N.F.;
Extract of Malt with Cod-Liver Oil, B.P.
NON-DESTEARINATED COD
OIL.
U.S.P.

LIVER

[Oleum Morrhuae Non-destearinatum]

"Non-destearinated Cod Liver Oil is the entire
fixed oil obtained from fresh liver of Gadus
morrhua Linne and other species of the Family
Gadidce, containing not more than 0.5 per cent by
volume of water and liver tissue. Non-destearinated Cod Liver Oil contains in each Gm. not less
than 255 micrograms (850 U.S.P. Units) of Vitamin A and not less than 2.125 micrograms (85
U.S.P. Units) of Vitamin D." U.S.P.
Sp. Aceite de Higado de Bacalao no Desestearinizado.

In the modern process of separating cod liver
oil, using steam, the oil contains considerable
stearin which on chilling precipitates and gives
the oil a cloudy appearance. While this does not
in any way affect the therapeutic virtues of the
oil it does affect its salability and, therefore, both
the U.S.P. and B.P. recognize an oil from which
the stearin has been separated by chilling and
filtration. This clarification requires for an official
oil rather extensive equipment and much of the
Norweign cod liver oil which is sold in this country is imported undestearinated. So that this
product may be utilized as a medicinal, the U.S.P.
has established standards for it.
Description. — "Non-destearinated Cod Liver
Oil is a thin, oily liquid at room temperature, and
has a characteristic, slightly fishy, but not a rancid
odor, and a fishy taste. Non-destearinated Cod
Liver Oil congeals or deposits stearin upon chilling. Non-destearinated Cod Liver Oil is slightly
soluble in alcohol, and is freely soluble in ether
and in chloroform." U.S.P.
Standards and Tests. — Water and sediment.
— The oil contains not over 0.5 per cent. Iodine
value. — Not less than 128 and not more than 180.
Other requirements. — Non-destearinated oil satisfies the requirements of the tests for identification
of vitamin A, color, unsaponifiable matter, saponification value, and acid value under Cod Liver
Oil. U.S.P.
Assay. — The assays are the same as required
of Cod Liver Oil. U.S.P.
The non-destearinated cod liver oil, while it
possesses all the therapeutic properties characteristic of this oil, is practically never employed
in human medicine. It is, however, used as a
vitamin-supplying food for chickens and other
animals.
Labeling. — "The Vitamin A potency and Vita-

348

Part I

Cod Liver Oil, Non-destearinated

min D potency of Non-destearinated Cod Liver
Oil, when designated on the label, are expressed
in United States Pharmacopeia Units per Gm. of
oil. These units may be referred to as U.S. P.
Units." U.S.P.
Storage. — "Preserve Non-destearinated Cod
Liver Oil in tight containers. It may be stored
in containers from which the air has been expelled by the production of a vacuum or by an
inert gas." U.S.P.
COD

LIVER OIL EMULSION.
N.F. (B.P.)
Emulsum

Olei Morrhuae

B.P. Emulsion of Cod-liver Oil. Emulsio Olei Morrhuae. Emulsio Olei Jecoris Aselli. Fr. Emulsion de huile de
foie de morue. Ger. Lebertranemulsion. It. Emulsione di
olio di fegato di merluzzo. Sp. Emulsion de aceite de
higado de bacalao.

Mix thoroughly and quickly 125 Gm. of finely
powdered acacia with 500 ml. of cod liver oil in
a dry mortar or other suitable vessel, then add
at once 250 ml/ of purified water, and emulsify
by trituration or with the aid of a suitable mechanical device. When a thick, white, homogeneous
emulsion is formed add 4 ml. of methyl salicylate
and 100 ml. of syrup, in small divided portions,
triturating thoroughly after each addition, and
then add, in the same manner, sufficient purified
water to make the product measure 1000 ml.
Mix thoroughly. N.F.
The methyl salicylate in this emulsion may be
replaced by not more than 1 per cent of any other
flavoring substance or any mixture of flavoring
substances recognized officially. If a preservative is needed, 60 ml. of alcohol may be used, replacing a like quantity of purified water, or,
instead of the alcohol, 60 ml. of sweet orange peel
tincture or 2 Gm. of benzoic acid may be used.
For permissible variations see under Emulsions.
N.F.
The British emulsion differs from that of the
N.F. in the following respects: (1) It contains
a small amount of tragacanth in addition to the
acacia; (2) it is flavored with volatile oil of bitter
almond instead of methyl salicylate; (3) it is
sweetened with saccharin sodium instead of with
syrup; (4) it contains a small amount of chloroform, presumably as a preservative.
This emulsion was introduced for the purpose
of providing a reasonably palatable and permanent preparation of cod liver oil. A palatable
preparation has been prepared in which the flavoring agents used were Worcestershire sauce and
mustard. Beringer (Proc. N. J. Ph. A., 1914,
p. 81) claimed that the best disguishing flavors
for this emulsion are those of coriander and
geranium; less effective are anise and cardamom,
then bitter almond, clove, pimenta and vanilla.
Of inferior value are peppermint, spearmint,
lemon, orange and cinnamon and least valuable
of all are caraway, sassafras, wintergreen and
nutmeg. An excellent emulsion may be made with
malt extract as the emulsifying agent (see Cod
Liver Oil Emulsion with Malt).
Because of the oxidase in acacia it has been
claimed that this emulsion will decrease in vitamin A content on standing. Griffiths, Hilditch and

Rae (Analyst, 1933, 58, 65), however, found that
cod liver oil emulsions can be kept for at least
four months without serious loss of vitamin A,
if stored in well-filled amber glass bottles and kept
in the dark.
Under the name of Black Bottle, there has
long been used in New England an emulsion of
cod liver oil flavored with licorice and aromatic
oils, the following formula for which was contributed to the Apothecary, 1913, p. 24, by
Newton: Powdered acacia, 13 drachms; cod liver
oil, 6^2 fluidounces; flavoring oil, 15 minims;
pure extract of licorice, 5 drachms; glycerin, 2^
fluidounces; water, to make 1 pint. Prepare an
emulsion. The flavoring oil mixture is made as
follows: Oil of cassia, 1 fluidounce; oil of lavender, l/2fluidounce; oil of clove, 1 fluidrachm; oil
of peppermint, ^ fluidrachm; mix.
Dose, 8 to 15 ml. (approximately 2 to 4 fluidrachms).
COD

LIVER
MALT.

EMULSION WITH
N.F. (B.P.)

Malt and Cod Liver Oil, Emulsum
cum Malto

Olei Morrhuae

Mix 300 ml. of cod liver oil with 3 Gm. of
tragacanth, in fine powder, add 150 ml. of purified
water, and agitate the mixture until a homogeneous emulsion is formed. Finally add sufficient
malt extract, in divided portions and shaking the
mixture thoroughly after each addition, until the
product measures 1000 ml. N.F.
The B.P. recognizes, under the title Extract of
Malt with Cod-Liver Oil, a preparation containing 900 Gm. of extract of malt and 100 Gm. of
cod liver oil, mixed thoroughly with the aid of
gentle heat.
Malt has the property of masking the fishy
taste of cod liver oil and to many persons this
is one of the least disagreeable forms for administering the oil.
The dose of the N.F. and B.P. preparations
ranges from 4 to 30 ml. (approximately 1 to 8
fluidrachms).
Storage. — Preserve "in tight containers."
N.F.
CODEINE.

N.F., LP.

[Codeina]

C18H21NO3.H2O
"Codeine is an alkaloid obtained from opium
or
methylation."
N.F. prepared
The LP. from
defines morphine
codeine as by
morphine
methyl
ether, and requires it to contain not less than 99.0
per cent and not more than the equivalent of
100.3 per cent of C18H21O3N.H2O.
I. P. Codeinum. Methylmorphine. Codeinum. Fr. Codeine.
Ger. Codein. It. Codeina. Sp. Codeina.

Codeine was discovered in opium by Robiquet
in 1832, and recognized as the methyl ether of
morphine in 1881 by Grimaux. The codeine
content of opium varies according to the kind
of opium; on the average it is about 1 per cent.
It exists in opium combined, like morphine, with
meconic acid, and is extracted along with that
alkaloid as a hydrochloride
(see Morphine).
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When the solution of the mixed morphine and
codeine hydrochlorides is treated with ammonia,
the former alkaloid is precipitated, and the
codeine, remaining in solution, may be obtained
by concentration and crystallization. It may be
purified by dissolving the crystals with hot ether,
and recrystallizing the codeine.
Much codeine is prepared synthetically by the
methylation of morphine. Among the methylating agents which have been employed are methyl
iodide, various salts of methylsulfuric acid, nitrosomethylurethane, diazomethane, dimethyl sulfate, methyl benzenesulfonate, and trimethylphenylammonium chloride or sulfate.
Description. — "Codeine occurs as colorless
or white crystals, or as a white, crystalline powder. It effloresces slowly in dry air and is affected by light. In acid or alcohol solutions
it is levorotatory. A saturated aqueous solution
of Codeine is alkaline to litmus paper. One Gm.
of Codeine dissolves in 120 ml. of water, in 2 ml.
of alcohol, in about 0.5 ml. of chloroform, and in
50 ml. of ether. When heated in an amount of
water insufficient for complete solution, Codeine
melts to oily drops which crystallize on cooling.
Codeine, rendered anhydrous by drying at 80°
for 4 hours, melts between 154° and 156°." N.F.
Standards and Tests. — Identification. — (1)
A green color, changing rapidly to blue, then
slowly back to green, is produced when a 1 in
200 solution of selenious acid in sulfuric acid is
added to codeine. (2) A blue color, changing to
red on addition of 1 drop of nitric acid, is produced on adding a drop of ferric chloride T.S. to a
solution of 10 mg. of codeine in 5 ml. of sulfuric
acid, the mixture being warmed. (3) An intensely purple color results when sulfuric acid,
containing a drop of formaldehyde T.S. in each
ml., is added to codeine. (4) A light orange
color, fading to greenish yellow within a minute,
results when 2 drops of nitric acid is added to
2 mg. of codeine (difference from morphine).
(5) A light greenish yellow color is produced on
adding several drops of potassium ferricyanide
T.S. containing 1 drop of ferric chloride T.S. in
each ml. to a solution of 5 mg. of codeine in
5 ml. of diluted sulfuric acid (difference from
morphine). Loss on drying. — Not over 6 per cent,
when dried at 80° for 4 hours. Residue on ignition.
— The residue from 500 mg. is negligible. Readily
carbonizable substances. — A solution of 10 mg.
of codeine in 5 ml. of sulfuric acid has no more
color than matching fluid S. Morphine. — No blue
color is produced immediately on adding to a
solution of 50 mg. of potassium ferricyanide in
10 ml. of distilled water 1 drop of ferric chloride
T.S. and 1 ml. of a neutral or slightly acid aqueous solution of codeine (1 in 100) prepared with
the aid of sulfuric acid. N.F.
Assay. — The I.P. directs that about 150 mg.
of codeine be dissolved in 5 ml. of reagent ethanol, the solution mixed with 20 ml. of water, and
titrated with 0.1 iV hydrochloric acid in the
presence of methyl red indicator. Each ml. of
0.1 N hydrochloric acid represents 31.74 mg. of
C18H21O3N.H2O.

Sterilization. — Dietzel and Sollner (ApothZtg., 1930, 45, 1030) found that solutions of
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codeine may be sterilized at temperatures up to
100° without alteration; heating under pressure
does cause decomposition. Aqueous solutions of
codeine and its salts become discolored as a
result of oxidative changes which are hastened
by ultraviolet light and by elevated temperature
(Arch. Phar., 1938, 276, 621).
Incompatibilities. — Codeine in aqueous solution is precipitated by most alkaloidal reagents,
but not by alkaline carbonates, bicarbonates, or
ammonium carbonate. Due probably to its markedly alkaline properties, aqueous solutions of
codeine yield precipitates with solutions of many
metallic and alkaloidal salts. Codeine liberates
ammonia from some ammonium salts.
Uses. — Codeine resembles morphine in its
general physiological action although much
weaker (see under Morphine). Adler and Shaw
(/. Pharmacol., 1952, 104, 1) found that under
aerobic conditions, incubation of rat liver slices
with Krebs-Ringer-bicarbonate solution to which
codeine was added resulted in the disappearance
of codeine and the formation of morphine. The
total amount of morphine formed represented
less than one-half the metabolized codeine. Codeine isless narcotic, less constipating and almost
without euphoric effect. The pain threshold was
found to be elevated 50 per cent, 90 minutes
after the injection of 60 mg., for a period of
about 3 hours (Wolff et al., J. Clin. Inv., 1940,
19, 659); 8 mg. of morphine had a similar effect
and acetylsalicylic acid had about half the effect.
Von Schroeder (Arch. exp. Path. Pharm., 1883,
17) demonstrated that codeine heightens the
reflex activity of the spinal cord. It exerts a
depressant effect on the higher cerebral centers
(Macht, /. Pharmacol., 1916, 8, 1); the effective
dose was 3 or 4 times as large as that of morphine. Its sedative action upon the respiratory
center is similar in type to that of morphine,
although it requires (Macht, /. Pharmacol., 1915,
7, 339) almost 10 times as much codeine as it
does morphine to produce a corresponding effect.
Like morphine it tends to increase the tone of
unstriped muscle tissue (Macht, /. Pharmacol.,
1918, 11, 389) and has been shown to increase
the pressure within the gall bladder. Grass and
co-workers (Proc. Mayo, 1951, 26, 81) found
abnormally high serum amylase and serum lipase
values following administration of codeine, and
warn of possible false positive tests where codeine has been administered.
Codeine is used for the relief of pain and as
a respiratory sedative. As an analgesic it is inferior in power to morphine and scarcely strong
enough for acute suffering. It is commonly prescribed in combination with the so-called coal
tar analgesics for such pains as those of neuralgia, although Wolff et al. (loc. cit.) questioned the virtue of this practice. As a cough
sedative, taking all factors into consideration,
it is probably the most frequently useful drug
of its class. Diehl (J.A.M.A., 1933, 101, 2042)
found a combination of 16 mg. each of codeine
sulfate and papaverine hydrochloride (Copavin,
Lilly) of value in acute coryza not merely to
relieve symptoms but also to lessen duration of
the disease. Gurdjian and Webster (Am. J. Surg.,
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1944, 63, 236) recommended its use to alleviate
pain in head trauma, and it is efficacious in combination with sodium pentobarbital to produce
sleep in such cases, without any increase in
cerebrospinal fluid pressure.
The great advantage over morphine, which
makes codeine the most frequently prescribed
opiate in the United States, is the comparatively
small danger of giving rise to a drug habit (see
Wolff, Bull. Health Organ., League of Nations,
1938, 546). While codeine addiction is comparatively rare, it is habit-forming. Schwarz (Deutsche
med. Wchnschr., 1930, p. 8) reported three cases
of codeine addiction; and Himmelsbach (J. A.M. A.,
1934, 103, 1420) found that codeine is capable
of alleviating the abstinence symptoms in the
morphine addict but that when the codeine is
stopped there is the same type of withdrawal
symptoms as seen in morphine addiction. |v]
Toxicology. — The symptoms of codeine poisoning in man differ considerably from those of
morphine. There is usually narcosis, sometimes
preceded by a ,feeling of exhilaration and followed by convulsions. In most of the reported
cases nausea and vomiting have been prominent
symptoms and there has also been evidence of
circulatory depression. The pupils are contracted,
the pulse rate is usually increased. Only two
fatalities have been reported in the literature
(Cohen and Rudolph, J. A.M. A., 1932, 98, 1864;
Cornell, Ann. Int. Med., 1951, 34, 1274). In
both instances the patients were asthmatics. In
the former case the dose consumed was not
recorded but in the case reported by Cornell
the patient consumed between 875 mg. (13 gr.)
and 1750 mg. (26 gr.) of codeine sulfate as a
result of improper compounding of a prescription.
Alarming symptoms have followed the ingestion
of 250 mg. (Myrtle, Brit. M. J., 1874), and
Boissonnas (Rev. med. Suisse Rom., 1919, 39,
581) reported a case of violent poisoning in a
child of 3 years from 40 mg. Palmer (Arch.
Dermat. Syph., 1943, 47, 654) reported contact
dermatitis due to codeine and allied substances
having the phenanthrene nucleus. The treatment
of codeine poisoning should be along the same
lines as that of morphine poisoning.
Dose. — The N.F. gives the usual dose as 30
mg. (approximately }4 grain).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Terpin Hydrate and Codeine
Elixir, N.F.
CODEINE PHOSPHATE.
U.S.P., B.P., LP.
Codeinium Phosphate, [Codeinae Phosphas]

H2P04".l|H2p

CHaO

"Codeine Phosphate contains not less than 70
per
U.S.P.cent of anhydrous codeine (C18H21NO3)."
The B.P. recognizes a codeine phosphate containing but one molecule of water; it is required
to contain not less than 73.3 per cent and not
more than 75.7 per cent of anhydrous codeine,
calculated with reference to the substance dried
to constant weight at 105°. The LP. recognizes
the same salt as does the U.S. P., and has the same
purity rubric.
LP. Codeini Phosphas. Codeinura Phosphoricum. Fr.
Phosphate de codeine. Ger. Kodeinphosphate ; Phosphorsaures
Codein. It. Fosfato di codeina. Sp. Fosfato de
codeina.

Codeine phosphate may be obtained by neutralizing codeine with phosphoric acid and crystallizing the resulting salt from a hydroalcoholic
solution. The phosphate salt, being considerably
more soluble in water than the sulfate, is commonly the preferred dosage form of codeine.
Description. — "Codeine Phosphate occurs as
fine, white, needle-shaped crystals or as a white,
crystalline powder. It is odorless. It readily loses
water of hydration on exposure to air and is
affected by light. Its solution is acid to litmus
paper. One Gm. of Codeine Phosphate dissolves
in 2.5 ml. of water, and in 325 ml. of alcohol. One
Gm. dissolves in 0.5 ml. of water at 80°, and in
125 ml. of boiling alcohol." U.S. P.
Standards and Tests. — Identification. — Codeine phosphate responds to identity tests under
codeine; a solution of it, neutralized with
ammonia T.S. and treated with silver nitrate T.S.,
produces a yellow precipitate which is soluble in
diluted nitric acid and in ammonia T.S. Chloride.
— A 10-ml. portion of a 1 in 100 solution of codeine phosphate shows no opalescence on adding
a few drops of silver nitrate T.S. and 2 drops of
nitric acid. Sulfate. — A 10-ml. portion of a 1 in
100 solution of codeine phosphate yields no turbidity immediately on adding a few drops of
barium chloride T.S. Morphine. — The test is identical with the corresponding test under Codeine.
The B.P. limits loss on drying, to constant
weight at 105°, to 7.0 per cent. The LP. loss on
drying to constant weight at 100° is required to
be not less than 4.0 per cent and not more than
7.0 per cent; the residue is required to be white
or not more than slightly yellow.
Assay. — A solution of about 500 mg. of codeine phosphate is made strongly alkaline with
ammonia T.S. and the liberated codeine is extracted with several portions of chloroform. After
washing the combined chloroform solutions with
water most of the chloroform is evaporated and
the residue is dissolved in 0.1 AT sulfuric acid.
After warming to expel the rest of the chloroform
the excess of acid is titrated with 0.1 A7 sodium
hydroxide, using methyl red T.S. as indicator.
Each ml. of 0.1 N sulfuric acid represents 29.94
mg. of C18H21NO3. U.S.P. The B.P. and LP.
assays are similar.
Uses. — The medicinal properties of codeine
phosphate are the same as those of codeine
(q.v.). Because of its ready solubility and its
high content of codeine (about 70 per cent) it is
well suited for hypodermic injections. S
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The usual dose, orally or parenterally, is 30
mg. (approximately ]/2 grain), every 4 hours
if necessary, with a range of 15 to 60 mg.; the
maximum safe dose is usually 100 mg. (approximately \Yz grains) and the total dose in 24 hours
will rarely exceed 360 mg.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep. — Codeine Phosphate Tablets,
U.S.P., B.P., LP.; Compound White Pine Syrup
with Codeine, N.F. Compound Tablets of Codeine, B.P.

CODEINE

PHOSPHATE

TABLETS.

U.S.P. (B.P.) (LP.)
[Tabellae Codeinae Phosphatis]

"Codeine Phosphate Tablets contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of C1SH21NO3H3PO4.l^HoO." U.S.P. The B.P. requires each tablet
of average weight to contain not less than 90.0
per cent and not more than 110.0 per cent of
the prescribed or stated amount of codeine
phosphate. The LP. specification is identical
with that of the U.S.P.
B.P. Tablets of Codeine Phosphate. LP. Compressi
Codeini Phosphatis.

Usual Sizes. — IS, 30, and 60 mg. (approximately lA, J<2, and 1 grain).
COMPOUND TABLETS OF CODEINE.
B.P.
Tabellae Codeinae Compositae, Tablets of Aspirin,
Phenacetin and Codeine

Each Compound Tablet of Codeine is formulated to contain 0.2592 Gm. (4 grains) of acetylsalicylic acid, 0.2592 Gm. (4 grains) of
phenacetin, and 8.1 mg. (J/i grain) of codeine
phosphate. They must contain not less than
94.5 per cent and not more than 105.0 per cent
of the amount of acetylsalicylic acid (as C9H8O4)
required by the formula, not less than 95.0 per
cent and not more than 105.0 per cent of the
amount of phenacetin (as C10H13O2N) required
by the formula, and not less than 92.5 per cent
and not more than 107.5 per cent of the amount
of codeine phosphate (as C18H21O3N.H3PO4)
required by the formula. B.P.
The tablets are used where combined analgesic and antipyretic action is desired, in doses
of 1 or 2 tablets.
CODEINE

SULFATE.

N.F.

Codeinium Sulfate, [Codeinae Sulfas]

(Ci8H2iN03)2.H2S04.5H20
Codeinum Sulphuricum. Fr. Sulfato de codeine. Ger.
Codeinsulfat; Schwefelsaures Codein. It. Solfato di codeina.
Sp. Sulfato de codeina.

Codeine sulfate may be prepared by neutralizing an aqueous solution of codeine with sulfuric
acid, then concentrating it by evaporation until
the salt crystallizes.
Description. — "Codeine Sulfate occurs as
white crystals, usually needle-like, or as a white,
crystalline powder. It effloresces in dry air and
is affected by light. One Gm. of Codeine Sulfate
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dissolves in 30 ml. of water and in 1280 ml. of
alcohol. One Gm. dissolves in 6.5 ml. of water at
80°. It is insoluble in chloroform and in ether."
N.F.

Standards and Tests. — Identification. — Codeine sulfate responds to the identity tests under
codeine, as well as to that for sulfate. Specific
rotation. — Not less than —112.5° and not more
than —115°, when determined in a solution containing the equivalent of 2 Gm. in 100 ml. and
calculated to the anhydrous basis. Acidity. —
Not more than 0.3 ml. of 0.02 N sodium hydroxide is required to neutralize a solution of 500 mg.
of codeine sulfate in 15 ml. of water, using methyl
red T.S. as indicator. Loss on drying. — Not over
12 per cent, when dried at 105° for 3 hours.
Residue on ignition. — The residue from 500 mg.
is negligible. Readily carbonizable substances. —
A solution of 10 mg. of codeine sulfate in 5 ml.
of sulfuric acid has no more color than matching
fluid S. Morphine. — This is performed as described under Codeine. N.F.
Uses. — The medicinal properties of this salt
are those of the alkaloid codeine (q.v.). [v]
The usual dose is 30 mg. (approximately Y
grain) but from 15 mg. to 60 mg. (approximately K to 2 grains) is commonly prescribed,
both orally and subcutaneously.
Storage. — Preserve "in tight, light-resistant
■C
containers." N.F.
CODEINE SULFATE
TABLETS.
N.F.
H2

[Tabellae Codeinae Sulfatis]

"Codeine Sulfate Tablets
H2 contain not less than
93 per cent and not more than 107 per cent of
the labeled amount of (CisH2iN03)2.H2S04.5H20." U.S.P.
Usual Sizes. — 15, 30, and 60 mg. (approximately %, }4, and 1 grain).
COLCHICINE.

U.S.P., B.P., LP.

[Colchicina]

I

CHCH3
HC
CH,0 0^^\
C
CH3O I

NH

-C

OCH
i
=C-0CH3
I
C=0

"Colchicine is an alkaloid obtained from ColII
chicum autumnale Linne
(Fam. Liliacea)."
U.S.P.
HC =
"Caution — Colchicine is extremely poisonous."
U.S.P.
LP. Colchicinum. Fr. Colchicine. Ger. Kolchizin;
Colchicin. Sp. Colchicina.

Pelletier and Caventou first isolated colchicine
in 1820. The alkaloid occurs in various species of
Colchicum, in Gloriosa superba (see Part II), in
species of Merendera (Fourment and Roques,
Bull. sc. Pharmacol., 1928, 35, 408), and in
Androcymbium gramineum of Southern Sahara
(Perrot, Compt. rend. acad. sc, 1936, 202, 1088).
In Colchicum autumnale colchicine is found in
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concentrations of 0.3 to 0.9 per cent. Because the
alkaloid is so readily hydrolyzed to colchiceine
by dilute acids, extraction of seeds and corm is
effected by means of alcohol. The extract is concentrated, diluted with water to precipitate fats
and resins, the mixture filtered, and the filtrate
extracted with chloroform. The chloroform solution is evaporated to a syrupy consistence, after
which alcohol is added to dissolve the precipitate
that forms. On cooling the solution to 0°, crystals of colchicine containing two molecules of
chloroform of crystallization separate; a suspension of the crystals in water is treated with steam
to expel the chloroform and the aqueous solution
is evaporated, under vacuum, to obtain a yellow,
varnish-like residue of colchicine. Crystallization
of the residue from ethyl acetate yields pale
yellow or colorless crystals of the alkaloid.
Though many investigators have studied the
problem intensively, the structural formula of
colchicine has not been definitely established.
Present evidence strongly suggests that colchicine is a methoxylated tricyclic condensed ring
compound containing two seven-membered rings,
a keto and an a-enol ether group, with its nitrogen
a part of an acetamide group (Cook and Loudon,
Quarterly Rev., 1951, 5, 99; see also Dewar,
Nature, 1945, 155, 141, 479).
On hydrolysis of colchicine with dilute acids,
methyl alcohol is produced and the demethylated
derivative colchiceine results; the latter has but
¥200 to Mo the activity of colchicine (Biochem. J.,
1938, 32, 1207). The presence of colchiceine
may be detected by the green color produced
with ferric chloride in chloroform solution. Colchiceine, which is acetyltrimethylcolchicinic acid,
may by more vigorous hydrolysis with strong
acids be converted to trimethylcolchicinic acid.
In purifying U.S. P. colchicine for biological
studies Horowitz and Ullyot (Science, 1952, 115,
216) found in it about 4 per cent of desmethylcolchicine, as well as minor amounts of other
constituents. They believe that the desmethylcolchicine is identical with Compound C, one of
several new constituents of colchicum seed isolated by Santavy and Reichstein (see under
Colchicum Seed Constituents). In another sample of colchicine Raffauf, Farren and Ullyot
(J.A.C.S., 1953, 75, 3854) found about 1.5
per cent of an alkaloid apparently identical with
Santavy and Reichstein's Compound B; no desmethylcolchicine was found in the second sample.
Description. — "Colchicine occurs as pale yellow, amorphous scales, or powder. It is odorless
or nearly so, and darkens on exposure to light.
One Gm. of Colchicine dissolves in 25 ml. of
water, and in about 220 ml. of ether. It is freely
soluble in alcohol and in chloroform." U.S.P. The
B.P. specifies that the melting point of colchicine,
after drying it over sulfuric acid for 24 hours, is
between 153° and 157°.
On exposure to sunlight or ultraviolet light
colchicine is converted to isomeric compounds
called lumicolchicines (Grewe and Wulf, Chem.
Ber., 1951, 84, 621).
In a study of the solubility of colchicine in
water, Loudon and Speakman (Research, 1950,
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3, 583) found that the anhydrous form decreased
in solubility with increase in temperature, while
the reverse was observed with the sesquihydrate ;
they claim that the solubility given by the U.S.P.
and B.P. can be obtained only if crystals of
the hydrated alkaloid are absent.
Standards and Tests. — Specific rotation. —
The specific rotation, determined in a solution
containing 100 mg. of colchicine in each 10 ml.,
calculated on an anhydrous basis, is between
—410° and —435°. Identification. — (1) A lemon
yellow color is produced on mixing 1 mg. of colchicine with a few drops of sulfuric acid; on
adding a drop of nitric acid the color changes to
greenish blue, this rapidly becoming reddish and
finally yellow or almost colorless; upon now
adding an excess of sodium hydroxide T.S. a red
color forms. (2) A garnet red color is formed
on adding 1 drop of ferric chloride T.S. to 1 ml.
of a 1 in 20 solution of colchicine in alcohol.
Loss on drying. — Not over 3 per cent, when dried
at 105° for 3 hours. Residue on ignition. — The
residue from 100 mg. is negligible. Chloroform. —
No odor of phenylisocyanide is apparent on heating 10 mg. of colchicine with 2 ml. of sodium
hydroxide T.S. and 1 drop of aniline. Colchiceine.
— No color results on adding 2 drops of ferric
chloride T.S. to 5 ml. of a 1 in 100 solution of
colchicine; on heating the mixture it becomes
brownish red. then brownish black. U.S.P.
Vanderkleed and E'we (Proc. P. Ph. A., 1916,
p. 279) found that some commercial samples
of colchicine contain chloroform of crystallization. This not only interferes with the melting
point determination, but inasmuch as the amount
of chloroform present is sometimes over 20 per
cent it constitutes an adulteration.
Incompatibility. — Because of the ease with
which colchicine is hydrolyzed by dilute acids to
the relatively inactive colchiceine, solutions of the
alkaloid should be adjusted to neutrality to avoid
decomposition.
Uses. — Colchicine is a therapeutic agent
whose specificity for gouty arthritis has been
known for centuries but whose mode of action
is still unknown. Colchicine may be given by
oral or intravenous routes (Gutman and Gu,
Am. J. Med., 1952, 13, 744). There is no available information regarding therapeutic blood
levels. The drug is obviously well absorbed from
the gastrointestinal tract since its therapeutic
effects are promptly noted after oral administration. Because most toxic symptoms are referable
to the gastrointestinal tract and kidneys, it has
been assumed that these two systems are concerned with excretion of the drug. The therapeutic and toxic doses of the drug seem to be fairly
close to each other since early signs of toxicity
appear frequently at the same time as the therapeutic action is noted.
Gout. — A brief description of clinical gout
is needed to discuss even the theoretical pharmacodynamics of colchicine. Gout is a disease
believed to be due to an inborn error in the
metabolism of purines. Purine compounds are
formed by the degradation of certain proteins
in the body and also are synthesized by the body
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from simple nitrogen and carbon containing substances. The end product of purine metabolism
is uric acid, which is excreted in the urine. Clinically, gout is manifested by recurrent attacks of
acute arthralgia. The natural course of the disease is one of chronicity, characterized by more
and more frequent and severe acute attacks and
finally a state of chronic arthritis with gross
deposition of urates in the joint tissues as well
as other connective tissue. The disease is also
characterized by an elevated serum uric acid level.
Since colchicine is effective in treating the acute
attacks of gout, it seems logical to assume that
it must in some way affect uric acid metabolism.
All evidence is either negative in nature or presumptive. Colchicine has no measurable or predictable influence on serum uric acid levels and
does not increase the urinary excretion of the
urates. It is assumed that in some unknown way
it influences the chemical pathway used by the
body to produce uric acid. Since uric acid is the
end product of nucleoprotein metabolism it is
of interest that colchicine has a known inhibitory
effect on cellular mitosis in numerous plant and
animal cells. Whether this action causes its
anti-gout effect is only conjecture.
The sole clinical usefulness of colchicine is
the management of the different stages of gout.
In attacks of acute gouty arthralgia, it is usually
given by mouth according to the following schedule. An initial dose of 1 mg. is given and followed
every two to four hours with 0.5 to 0.65 mg. until
(a) relief of the arthralgia occurs or (b) toxic
symptoms occur. Either or both of these end
points will be reached at a total dose of from
6 to 8 mg. of the drug. There may be a latent
period between the onset of the therapeutic effect
and the toxic manifestations and vice versa.
Therefore, it is imperative to limit the total
number of tablets that a patient may use in a
course of treatment so that severe and dangerous
toxicity does not occur. Colchicine has two other
indications in gout. First, it may be used to abort
an impending attack of acute gout (Talbott et al.,
J.A.M.A., 1938, 110, 1977). Patients frequently
recognize the prodromal symptoms warning of
an impending attack. When this pattern is known,
the prompt ingestion of 0.5 to 1 mg. of colchicine every two hours for a total dose of 3 to 4
mg. will frequently abort the attack and also
not cause distressing gastrointestinal symptoms.
It is advisable for patients subject to frequent
attacks to carry several tablets of the drug with
them at all times. Second, colchicine is useful
in reducing the recurrences of acute attacks.
Here it is used in various dosage schedules.
Cohen {Am. J. Med. Sc, 1936, 192, 488) advises 0.5 mg. three times daily for one week in
every four. Talbott recommends one or two tablets a week continuously. Gutman advises 0.5
to 1.5 mg. every night or every other night
depending
the patient's
needs. No toxicity
has
resultedon from
these schedules.
It should be emphasized that colchicine is not
of benefit in any of the other varieties of arthritis (Lockie, Ann. Int. Med., 1939, 13, 755)
and its specificity for gout is such that a thera-
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peutic trial of the drug may be of considerable
diagnostic help in confusing clinical pictures
where the serum uric acid level does not confirm
the diagnosis of gout. It should also be remembered that other measures must be used adequately to manage the gouty patient. Thus, dietary
restrictions and the use of uricosuric agents, as
salicylates or probenecid, are also therapeutic
adjuncts in the management of gout.
Intravenous Use. — Recently the intravenous
administration of colchicine in doses of 0.65 mg.
every 3 to 6 hours has been reported to have
resulted in prompt therapeutic benefit with minimal gastrointestinal symptoms (Suttenfield,
Geriatrics, 1951, 6, 96). This mode of therapy
has not been widely used or confirmed. However,
an aqueous solution containing 0.6 mg. of colchicine, 1Gm. of sodium iodide and 1 Gm. of sodium salicylate in 20 ml., given intravenously,
has been advocated with varying degrees of enthusiasm inthe past. (See Sodium Salicylate and
Iodide with Colchicine Injection, N.F.)
Action. — By growing Colchicum autumnale
plants in an atmosphere containing carbon dioxide
labeled with radioactive carbon- 14, Geiling and
his associates (Walaszek et al., Science, 1952,
116, 225) extracted and isolated carbon-14-labeled colchicine and five other related alkaloids.
Back and Walaszek {Fed. Proc, 1952, 11, 320),
working with this labeled colchicine, reported
that the maximum concentration following administration tomice was found in the spleen and
liver, with variable amounts in the organs of
excretion — the kidney and liver. In tumor-bearing
mice, there was considerable labeled colchicine
in the tumor but none in the spleen. Injections
of tumor homogenates or a lipid fraction derived
therefrom caused the normal mouse to behave
like the tumor-bearing mouse in storing no colchicine in the spleen {ibid., 1953, 12, 377);
the intestine showed a much greater concentration
in these animals than in the normal animals.
Urinary excretion in humans (Wolaszek et al.,
ibid., 1954, 13, 414), after intravenous injection
of 3 mg. of labeled colchicine, accounted for
70 to 97 per cent of the carbon-14 in 48 hours.
In 4 cases with neoplastic disease, 3.9 to 6 per
cent of the labeled colchicine was excreted unchanged in the urine while 3 normal individuals
excreted 15.6 to 46.7 per cent unchanged; in
2 gouty patients the values were 3.6 and 4.7
per cent. Using colchicine labeled in the acetyl
group only a considerable portion of the carbon-14
appeared in the expired carbon dioxide.
Beck {Arch. exp. Path. Pharm., 1932, 165,
208) found that in rabbits sensitized to horse
serum preliminary treatment with colchicine lessened or entirely prevented the arthritis which
ordinarily follows the injection of horse serum
into joints. Colchicine has been used in animals
as a stressing agent in the sense of this term
used by Selye (see under Cortisone). In small
doses it causes a release of adrenal cortical
steroids; the prevention of serum reactions might
be mediated by this action. However, an increase
in 17-hydroxycorticosterone in the blood follows
a variety of toxic or traumatic stimuli and this
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action of colchicine is probably nonspecific.
Dixon and Maiden (/. Physiol., 1908, 38, 50)
showed that it is an active stimulant of unstriped
muscle, increasing intestinal and uterine contractions and bronchial tonus. After large doses there
is a fall of blood pressure, apparently due to an
effect upon the blood capillaries. On the other
hand Ferguson (/. Pharmacol., 1952, 106, 261),
using highly purified colchicine, observed that
the usual response of the circulation when at
least 5 mg. per Kg. was injected intravenously
into cats was a slow rise in blood pressure;
subsequent doses, however, failed to raise blood
pressure. Ferguson states that the validity of
older work on pharmacology is in doubt because
of the finding that even U.S. P. colchicine is
contaminated with other alkaloids (see above);
his report provides information on the general
pharmacology of colchicine. Injected into rabbits
it causes erythroblasts and erythrocytes with
diffuse or punctate basophilia to appear in the
blood, as well ,as a marked reduction in the
number of leukocytes, followed in a few hours
by a marked increase above the norm, an effect
which may last for several days (Beck, loc. cit.).
While some have compared this action to that
of foreign protein therapy, the findings of Beck
of a cumulative effect of small doses repeated
daily would seem to put it in a distinct category.
A few attempts to treat leukemia with colchicine
have given inconclusive results (see Kneedler,
J.A.M.A., 1945, 129, 272).
Mitosis. — In 1935, Dustin found that colchicine arrested cellular mitosis in the metaphase.
This finding has been confirmed by several investigators (Allen, Am. J. Anat., 1937, 61, 321
and Bureau and Vilter, Compt. rend. soc. biol.,
1939, 132, 558). Levine and Silver (Proc. S. Exp.
Biol. Med., 1947, 65, 54) confirmed the arrest
in terminal cases of human cancer. The effects
upon mitosis are well marked in the vegetable
as well as the animal kingdom and are utilized
by biologists for the purpose of producing changes
in genetic behavior with marked alteration of
specific characters. Guyer and Claus (Proc. Exp.
Biol. Med., 1939, 42, 565) found that — presumably through its action on mitosis — colchicine
markedly increases the susceptibility of cancer
cells to the x-ray. A large experimental literature
has appeared but no significant clinical use of
this observation has been made. Nelson (Arch.
Dermat. Syph., 1951, 63, 440) described marked
but incomplete destruction of basal and squamous
cell epitheliomas.
Miller and Fischer (/. A. Ph. A., 1946, 35, 23)
have by colchicine treatment of seeds of species
of Datura induced polyploidy in the plants with a
concomitant marked increase in their content of
alkaloids. Rowson (Quart. J. P., 1945, 18, 175,
185) obtained the same effects not only in
Datura species but also in species of Atropa and
Myoscyanus as well. Polyploidy in mints may
be similarly induced but Sievers et al. (J. A. Ph.
A., 1945, 34, 225) found such abnormal plants
to contain only traces of oil. [v]
Toxicology. — The usual toxic signs are
nausea, vomiting, abdominal cramps, and diarrhea.
It is usually advisable to prescribe camphorated

opium tincture in 4 ml. doses after each bowel
movement to control the diarrhea and cramps
(Bauer et al., New Eng. J. Med., 1944, 231, 681).
Usually if the drug is stopped at the end points
outlined, no serious reactions result. The lethal
dose of colchicine has been estimated at 65 mg.
but much smaller doses have caused death. One
fatality occurred after a total dose of 7 mg. (MacLeod and Phillips, Ann. Rheumat. Dis., 1947, 6,
224). Severe toxicity is manifested by severe
diarrhea, generalized vascular damage, and kidney
damage with hematuria and oliguria. Severe dehydration and hypotension ensue. There is no
specific antidote known. Brown and Seed (Am. J.
Clin. Path., 1945, 15, 189) reported 3 cases with
advanced carcinoma treated with 13 to 29 mg.
of colchicine each over a period of 7 to 64 days.
There was temporary decrease in the size of the
tumor in 1 case but aplastic anemia and peripheral
neuritis developed in 2 cases. Sternberg and
Ferguson (Fed. Proc, 1952, 11, 429) studied the
so-called fat-nephrosis in several species of animals following toxic doses (0.5 mg. per kilogram
of body weight) of colchicine. Similar fat deposits
in the proximal nephron are also produced by
carbon tetrachloride and by phosphorus poisoning.
For further remarks on toxicology see under Colchicum Seed.
Dose. — The usual dose is 0.5 mg. (approximately Vno grain) by mouth every y2 to 1 hour
for 6 to 8 doses. The maximum safe dose is usually
0.5 mg. and the total dose in 24 hours seldom
exceeds 4 mg. The drug is usually discontinued
when gastrointestinal symptoms appear. As much
as 0.65
mg.(v.s.)
is given slowly in a single intravenous dose.
Storage. — Preserve "in tight, fight-resistant
containers." U.S.P.
Off. Prep.— Colchicine Tablets, U.S.P.; Sodium Salicylate and Iodide with Colchicine Injection, N.F.
COLCHICINE

TABLETS.

U.S.P. (LP.)

[Tabellae Colchicine]

"Colchicine Tablets contain not less than 90
per cent and not more than 110 per cent of the
labeled amount of C22H25NO6." U.S.P. The LP.
limits are the same.
LP. Tablets of Colchicine; Compressi Colchicini.
Sp. Tabletas de Colchicina.

Assay. — A representative sample of powdered
tablets, equivalent to about 50 mg. of colchicine,
is macerated with portions of petroleum benzin
to remove lubricants, the mixture filtered, and
the filtrate discarded. The residue is heated with
alcohol and this solution filtered through the paper
used in the preceding filtration. The alcoholic
solution is evaporated to expel the alcohol, the
residue then heated with chloroform to dissolve
the colchicine fraction of the residue, this mixture
filtered, and the chloroform evaporated from the
filtrate. After heating the residue with two portions of alcohol to expel the chloroform, the
colchicine is dried at 105° for 16 hours. U.S.P.
Usual Sizes. — M20 and Moo grain (approximately 0.5 and 0.6 mg.).
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Colchicum,
COLCHICUM

CORM.

B.P.

Colchici Cormus

Colchicum Corm is the corm of Colchicum
autumnale L., collected in early summer, deprived of its coats, sliced and dried at a temperature not exceeding 65°; the dried corm contains
not less than 0.25 per cent of the alkaloids of
colchicum corm. B.P.
Meadow Saffron Corm; Colchicum Root. Tubera Colchici; Colchici Radix. Fr. Bulbe (racine) de colchique.
Ger. Zeitlosenknollen; Colchicumzwiebel; Zeitlosenwurzel.
Sp. Bulbo de colchico.

Colchicum corm was not admitted to N.F. X,
after many years of official recognition in either
the U.S.P. or N.F.; it is official in the B.P.,
which no longer recognizes the seed. For account
of the botany and chemistry of this drug see
under Colchicum Seed.
The medicinal virtue of the corm depends
much upon the season at which it is collected.
The proper period for its collection is from the
early part of June, when it has usually attained
perfection, to the middle of August.
The corm is often used in the fresh state in
the countries where it grows; it is likely to be
injured in drying, unless the process is carefully conducted. The usual treatment is to cut the
corm, as soon as possible after it has been dug
up, into thin transverse slices, which are spread
out separately upon paper or perforated trays
and dried with a moderate heat. Unless it is
sliced and dried quickly after removal from the
ground it begins to vegetate, with significant
changes in its composition taking place. During
desiccation it loses, on the average, 70 per cent
of its weight.
The recent corm of C. autumnale resembles
that of the tulip in shape and size, and is covered
with a brown membranous coat. Internally it is
solid, white and fleshy, and, when cut transversely, yields, if mature, an acrid milky juice.
There is often a small lateral projection from its
base, which is the bud for the development of a
new plant; this bud is frequently broken off in
drying. When dried, and deprived of its external
membranous covering, the corm is of an ashbrown color, convex on one side, and somewhat
flattened on the other, where it is marked by a
deep groove extending from the base to the summit. As found in commerce, it is always in the
dried state, sometimes in segments made by
vertical sections of the corm, but generally in
transverse, reniform or longitudinal ovate slices.
For information concerning Colchicum autumnale and the constituents of both the corm and
seed of the plant see under Colchicum Seed.
Description. — "Unground Colchicum Corm.
— Unground Colchicum Corm usually occurs as
reniform transverse slices or as ovate longitudinal
slices from 2 to 5 mm. in thickness. The flat
surfaces are yellowish white to pale yellowish
orange, slightly roughened and of a crystalline appearance under a hand lens. The epidermal surface ispale brown to dusky yellowish orange and
finely wrinkled. The fracture is short and mealy.
"Powdered Colchicum Corm. — Powdered Colchicum Corm is weak yellowish orange; has a
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slight odor and a bitter, acrid taste. Starch grains
are numerous, single or 2- to 6-compound, the
individual grains varying from spherical or ovoid
to polygonal, from 3 to 30 microns in diameter,
and marked with a triangular or star-shaped central cleft. Tracheae are few and with spiral or
scalariform thickenings. There are also occasional fragments of epidermal cells with thin
walls." N.F. IX. The B.P. description is essentially the same.
Standards and Tests.— The B.P. limits
acid-insoluble ash to 0.5 per cent, and foreign
organic matter to 2.0 per cent.
Assay. — The B.P. assay commences with
continuous extraction of 20 Gm. of powdered
colchicum corm with 90 per cent alcohol; the
resulting solution of alkaloids is evaporated to
dryness on a water bath. The residue is dissolved in 20 per cent w/v solution of sodium
sulfate (the alkaloids are soluble in water and in
aqueous solutions generally) and the resulting
liquid is shaken out with ether to remove oil
which has been salted-out by the sodium sulfate.
From the oil-free solution colchicine is extracted
with chloroform after alkalinizing the aqueous
liquid with sodium hydroxide. The chloroform
extract is evaporated to dryness, traces of chloroform are expelled with the aid of alcohol, and
the impure residue is weighed after drying over
phosphorus pentoxide in a vacuum. This residue
is extracted with water to dissolve the alkaloids,
and any insoluble matter is finally weighed, after
drying as before. The difference in weight of
the two residues represents the weight of the
alkaloids of colchicum corm.
For a discussion of other methods of assaying
colchicum corm, see Trupp (Bull. N.F. Com.,
1939, 7, 339).
Uses. — The medicinal properties of this drug
are precisely the same as those of colchicum seed
(q. v.), but the latter is somewhat less variable
and was for that reason once given preference
for internal administration; at present colchicine,
or a standardized tincture or fluidextract, is employed. Colchicum corm was given in doses of
130 to 300 mg. (approximately 2 to 5 grains).
B.P.Off. Prep. — Liquid Extract of Colchicum,
LIQUID

EXTRACTB.P. OF

COLCHICUM.

Extractum Colchici Liquidum

Liquid Extract of Colchicum contains 0.3
per cent w/v of the alkaloids of colchicum corm
(limits, 0.27 to 0.33). B.P. The N.F. IX recognized, under the title Colchicum Corm Fluidextract, a slightly more potent preparation,
requiring it to yield, from each 100 ml., not less
than 300 mg. and not more than 400 mg. of
anhydrous colchicine.
To prepare the liquid extract, the B.P. exhausts colchicum corm, in moderately fine
powder, with 70 per cent alcohol, reserving the
first 600 ml. of percolate. The alcohol is removed
from the remainder of the percolate, the residue
is evaporated to a soft extract under reduced
pressure at a temperature not above 60° and
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dissolved in the reserved liquid. After determining the content of alkaloids in the liquid it is
adjusted to the required strength with 70 per
cent alcohol, set aside at least 24 hours, after
which it is filtered, if necessary.
Liquid extract of colchicum is not intended
to be used as a dosage form of colchicum corm:
it is used only to prepare tincture of colchicum
(B.P.).
Off. Prep.— Tincture of Colchicum, B.P.
TINCTURE

OF COLCHICUM.

B.P.

Tinctura Colchici

Tincture of Colchicum contains 0.03 per cent
w/v of the alkaloids of colchicum corm (limits,
0.027 to 0.033. B.P. The tincture is prepared by
diluting liquid extract of colchicum with sufficient
70 per cent alcohol to produce 10 volumes of
tincture. B.P.
The Strong Colchicum Corm Tincture, of
N.F. IX, was over four times as potent as the
B.P. tincture, being required to yield, from each
100 ml., not less than 120 mg. and not more than
160 mg. of anhydrous colchicine.
The dose of the B.P. tincture is from 0.3 to
1 ml. (approximately 5 to 15 minims).
COLCHICUM

SEED.

N.F,

LP.

Colchici Semen

"Colchicum Seed is the dried ripe seed of
Colchicum autumnale Linne (Fam. Liliacece).
Colchicum Seed yields not less than 0.45 per
cent of colchicine." N.F. The LP. requires not
less than 0.5 per cent of colchicine.
Meadow-Saffron Seed. Semen Croci Pratensis. Fr.
Colchique; Semence de colchique. Ger. Zeitlosensamen;
Herbstzeitlosensamen. It. Colchico. Sp. Semilla de
colchico.

Colchicum autumnale, often called meadowsaffron, is a perennial plant, the leaves of which
appear in spring, and the flowers in autumn.
Its underground portion consists of an ovoid
corm growing several inches below the surface.
In the latter part of summer, a new corm begins
to form at the lateral inferior portion of the old
one, which receives the young offshoot in its
bosom and embraces it half round. The new
plant sends out rootlets from its base, and is
furnished with a radical spathe, which is cylindrical, tubular, cloven at top on one side, and
half under ground. In September, from two to
six flowers, of a lilac or pale-purple color, emerge
from the spathe. unaccompanied by leaves. The
corolla consists of a tube from 10 to 12 cm. long,
concealed for two-thirds of its length in the
ground, and of a limb divided into six segments.
The flowers perish by the end of October, and
the rudiments of the fruit remain under ground
until the following spring, when they rise upon
a stem above the surface, in the form of a 3-lobed,
3-celled capsule. The leaves of the new plant
appear at the same time, so that in fact they
follow the flower instead of preceding it. The
leaves are radical, spear-shaped, erect, numerous,
about 12 cm. long, and 2.5 cm. broad at the base.
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In the meantime, the new corm has been increasing at the expense of the old one, which
then decays, while the former, after attaining
its full growth, sends forth shoots, and in its
turn decays. The old corm in its second spring,
and a little before it decays, sometimes puts
forth one or more small conns, which are the
sources of new plants. The usual method of
propagating colchicum is by planting the corms
about August or September in deep rich soil,
about 2 or 3 inches below the surface and about
3 inches apart in the row (Drug. Circ, 1912,
p. 134). Most of the commercial supplies of the
drug are in normal times imported from Leghorn. Italy. Yugoslavia and Hungary.
The seeds of the meadow-saffron ripen in summer, and should be collected about the end of
July or beginning of August. They never reach
maturity in plants cultivated in a dry soil or
in confined gardens.
C. autumnale is a native of temperate Europe
and of northern Africa, growing in moist pastures and meadows. Attempts have been made
to introduce its culture into this country, but
with no great commercial success, though small
quantities of the corm, of apparently good quality, have entered commerce. The flowers possess
activity similar to those of the corm. Niemann
(Pharm. Acta Heh., 1933. 8, 92) found the alkaloidal content of the fluidextract of the flowers
to be 0.806 per cent.
Description. — "Unground Colchicum Seed is
ovoid or irregularly globular in shape, amphitropous. minutely pointed at the hilum. and
with a distinct beak or caruncle approximately
opposite the hilum; from 2 to 3 mm. in diameter
and, when fresh, has a tendency to cohere in
small clumps. It is tough and of bony hardness
finely pitted and weak reddish brown to dark
brown externally and pale yellow, yellowish gray
or light brown internally. Colchicum Seed when
crushed is nearly odorless, and has a bitter and
acrid taste." N.F. For histology see N.F. X.
"Powdered Colchicum Seed is dark yellowish
brown to moderate brown. It consists of fragments of endosperm comprised of cells with
thick porous walls, the cells containing oil
globules and aleurone grains, and fragments of
seed coat composed of parenchyma with brownish
walls and dark brown pigment cells. Starch
grains and spiral vessels occur sparingly." N.F.
Standards and Tests. — Foreign organic matter.— Not over 1 per cent. Acid-insoluble ash. —
Not over 1 per cent. N.F. The LP. limits total
ash to 5.0 per cent, and foreign organic matter
to 2.0 per cent.
Assay. — A 15-Gm. portion of colchicum seed,
in moderately fine powder, is digested at 60° to
70° with an aqueous solution of lead subacetate.
the latter precipitating the gums, tannins, and
coloring matter which would otherwise dissolve
in the aqueous solution along with the colchicine
and. also, liberating the alkaloid from any of its
salts which may be present. The mixture is
filtered and an aliquot portion of the filtrate
taken; from this portion the lead is precipitated
with sodium phosphate and, after filtration, the
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colchicine in an aliquot portion of this filtrate is
extracted by means of chloroform. A test for
completeness of extraction is made with iodine
T.S. The combined chloroform extracts are
evaporated to dryness and the residue, after
addition of alcohol to it followed by evaporation,
is dried for 16 hours at 105°. This impure residue
is heated with a mixture of chloroform, 0.1 N
sulfuric acid, and water to dissolve the colchicine
and, after evaporating the chloroform, the mixture is filtered and the residue washed with
water. This residue is dissolved with alcohol and
ether, the solution transferred to the container
in which the first alkaloidal residue was weighed,
and the solvent evaporated. After drying the
residue for 16 hours at 105°, the weight of it is
deducted from the weight of the impure alkaloidal
residue, and the difference is calculated to colchicine. N.F.
Constituents. — The predominant principle of
C. autumnale, both corm and seed, is the alkaloid
colchicine, which is itself official and is described
under that title. While for a long time it was
supposed that colchicine was the sole alkaloidal
constituent, recent work has clearly demonstrated the presence of other alkaloids, at least
in the seed and probably also in the corm. Santavy and Reichstein (Helv. Chim. Acta., 1950,
33, 1606) isolated four substances, in addition
to colchicine; these they called Compounds B, C,
G, and /, respectively. Compound B is a
7V-f ormyldesacetylcolchicine ; Compound C differs from colchicine only in having a hydroxyl
group in place of a methoxy group in colchicine;
Compound G is either a homolog or an isomer
of colchicine; Compound J is probably an isomer
of colchicine. In the course of purifying a sample
of colchicine, Horowitz and Ullyot (Science, 1952,
115, 216) found in it about 4 per cent of desmethylcolchicine, which they believe to be
identical with the Compound C of Santavy and
Reichstein; in purifying another sample Raffauf,
Farren and Ullyot (J.A.C.S., 1953, 75, 3854)
failed to find desmethylcolchicine but instead
found about 1.5 per cent of an alkaloid apparently identical with Compound B.
Uses. — For account of the therapeutic uses
and physiologic actions of colchicum see under
Colchicine. Mixtures of colchicum preparations
with hydragogue cathartics, or with methyl salicylate (J.A.M.A., 1915, March 20, p. 1016) have
disappeared from common use. In preparing
dosage formulations of colchicum it should be
kept in mind that colchicine readily undergoes
hydrolytic decomposition; in general, acids or
alkalies, especially at elevated temperatures,
alter colchicine. Under various conditions colchicine may be decomposed into colchiceine,
colchicinic acid, and various allied products.
Whether these derivatives of colchicine possess
the therapeutic virtues of the natural alkaloid
is uncertain, but Fuehner (Arch. exp. Path.
Pharm., 1913, 72, 228) has shown that colchiceine
is very much less toxic than colchicine. When
taken internally in therapeutic dose, colchicum
usually produces no other symptoms than abdominal pain and diarrhea. In some rare cases it
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is said to give rise to copious diuresis or diaphoresis instead of purging.
Toxicology. — When larger amounts are
given, there is profuse, watery and bloody diarrhea and there may be also vomiting. With these
symptoms there may be some depression, which
seems to be due to the gastrointestinal irritation
with the loss of fluid and electrolyte rather than
to the direct action of the poison. In an overdose,
it may produce dangerous and even fatal effects.
Excessive nausea and vomiting, abdominal pains,
purging and tenesmus, great thirst, sinking of
the pulse, coldness of the extremities, and general prostration, with occasional symptoms of
nervous derangement, such as headache, delirium,
and stupor, are among the results of its poisonous
action. A latent period of several hours precedes
the onset of symptoms. A peculiarity of its influence isthat when its dose is increased beyond
a certain point there is not a corresponding increase in the rapidity of the fatal issue. This is
probably because it kills not by a direct influence
upon the heart or the nervous system, but by
causing gastro-enteritis ; or a toxic oxidation product may require time to form. On post-mortem
examination the alimentary mucous membrane is
found much inflamed. Intravenous administration also causes abdominal symptoms because it
is excreted into the gastrointestinal tract. Excretion by the kidneys results in hematuria and
oliguria. The severity of the shock syndrome
arises from the fact that colchicine is a capillary
poison as well as from the loss of fluids with the
diarrhea. As little as 6 mg. of colchicine has
proved fatal but individuals have survived larger
doses. In the treatment of poisoning, the usual
measures for shock — rest, mild warmth, intravenous saline, glucose and plasma, morphine and
atropine for the abdominal pain, and stimulants
such as caffeine, strychnine, etc., as necessary —
are just as important as gastric lavage and the
use of demulcent drinks. Dilute tannic acid solution has been advocated for the lavage and large
doses of activated charcoal may be beneficial.
Dose. — Colchicum seed and corm have been
given in doses of 130 to 300 mg., repeated every
4 or 6 hours until its effects are obtained. At present, the crude drugs are probably never administered, and their dosage forms only rarely, because
colchicine has proved to be so much more reliable
and otherwise satisfactory.
Off. Prep. — Colchicum Seed Fluidextract,
Colchicum Seed Tincture, N.F.

COLCHICUM

SEED FLUIDEXTRACT.
N.F.

Fluidextractum Colchici Seminis

"Colchicum Seed Fluidextract yields, from each
100 ml., not less than 400 mg. and not more
than 500 mg. of anhydrous colchicine." N.F.
Fluidextractum Colchici.

Extract the fatty matter from colchicum seed,
in moderately coarse powder, by percolation with
petroleum benzin; reject this percolate. Prepare
the fluidextract from the dried, defatted drug by
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Process A, as modified for assayed fluidextracts
(see under Fluidextracts), using a menstruum of
2 volumes of alcohol and 1 volume of water.
Macerate the drug during 48 hours, and percolate at a moderate rate. Adjust the liquid to
contain, in each 100 ml.. 450 mg. of anhydrous
colchicine and 56 per cent, by volume, of
C2H5OH. N.F.
Alcohol Content. — From 53 to 58 per cent,
by volume, of C2H5OH. N.F.
Colchicum seed fluidextract is representative
of the activity of the drug from which it is prepared but its dosage is not capable of as flexible
a variation as the less potent tincture. The usual
dose of the N.F. fluidextract is 0.2 ml. (approximately 3 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
COLCHICUM SEED TINCTURE.
X.F. (LP.)
Tinctura Colchici Seminis

"Colchicum Seed Tincture yields, from each
100 ml., not less than 40 mg. and not more than
50 mg. ofofanhydrous
N.F. The
LP.
Tincture
Colchicumcolchicine."
contains 0.036
to 0.044
per cent w/v of colchicine.
Fr. Teinture de colchique. Gcr. Zeitlosentinktur. It.
Tintura di colchico. Sp. Tintura de colchico; Tintura
de semilla de colchico.

Prepare the tincture from 100 Gm. of colchicum seed, in moderately coarse powder, by
Process P as modified for assayed tinctures (see
under Tinctures), using a menstruum of 2 volumes of alcohol and 1 volume of water. Adjust
the tincture to contain, in each 100 ml., 45 mg.
of colchicine. N.F.
Alcohol Content. — From 59 to 63 per cent,
by volume, of C2H5OH. N.F.
This tincture is representative of colchicum
and may be given whenever that drug is indicated.
The N.F. usual dose is 2 ml. (approximately
30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
COLLODION.
U.S.P.
[Collodium]

"Collodion contains not less than 5 per cent, by
weight, of pyroxylin." U.S.P.
Sp. Colodion.

To 40 Gm. of pyroxylin, contained in a suitable bottle, add 250 ml. of alcohol; after shaking
the mixture thoroughly add 750 ml. of ethyl
oxide and again shake until solution occurs. Set
the well-stoppered bottle aside until the liquid
becomes clear. Decant the clear liquid from any
sediment that may be present and transfer at
once to tight containers. Caution — Collodion is
highly flammable. U.S.P.
Acetone has been used as a solvent for pyroxylin, and collodion so prepared is also on the
market.

Description. — "Collodion is a clear, or slightly
opalescent, syrupy liquid. It is colorless or slightly
yellowish, and has the odor of ether. The specific
gravity of Collodion is not less than 0.765 and not
more than 0.775." U.S.P.
Standards and Tests. — Identification. — (1)
A transparent, tenacious film forms on exposing
to the air a thin layer of collodion; this film burns
rapidly and with a yellow flame. (2) A viscid,
stringy mass of pyroxylin is produced on adding
an equal volume of water to pyroxylin. Acidity. —
The liquid separated from a mixture of collodion
with an equal volume of water is not acid to
litmus. U.S.P.
Assay. — About 10 ml. of collodion is weighed,
warmed on a water bath, 10 ml. of water added
dropwise, and the mixture dried at 105° for 4
hours; the residue of pyroxylin is weighed. U.S.P.
Alcohol Content. — From 22 to 26 per cent,
by volume, of C2H5OH. U.S.P.
When applied to a dry surface, the ether of
collodion quickly evaporates, and a transparent
film is left, having a high degree of adhesiveness
and contractility. Because of the volatility of
ether, collodion must be kept in bottles well stoppered. If volatilization does occur, the liquid
thickens and becomes too viscous to use; the
thickened liquid sometimes contains acicular crystals. The addition of a mixture of 3 volumes of
ether and 1 volume of alcohol will generally restore the collodion to its original condition.
Uses. — Collodion is used in medicine topically
for its mechanical properties and to hold some
medications locally in contact with skin. In surgery it is employed to hold together the edges of
incised wounds, to keep dressings in place, and
to seal sterile wounds. It should be remembered
that while it protects the underlying tissues from
external contamination, it also prevents proper
drainage of possible exudate and may induce secondary infection by localizing contaminants. Collodion isapplied locally to the part, and the rigid
film contracts. When a flexible, non-contracting
film is preferred, the official flexible collodion
should be used. Collodion may be employed in
some skin diseases for its protective effect on an
irritated surface, such as in herpes zoster and
herpes simplex, and sometimes may be used to
hold active drugs locally, as chrysarobin in psoriasis, or tar in localized eczematous patches. In
general, however, the medicated collodions of this
type may not be as effective as planned because
much of the drug is held by the vehicle, and does
not exercise its characteristic action (Berry and
Goodwin, Quart. J. P., 1937, 23). Salicylic acid
in 10 to 20 per cent strength in collodion is commonly used for keratolytic effect in corns and
warts (see Salicylic Collodion).
Storage. — Preserve "in tight containers, at a
temperature
not above 30°, remote from fire."
U.S.P.
Off. Prep.— Flexible Collodion, U.S.P.
FLEXIBLE

COLLODION.

U.S.P., B.P.

[Collodium Flexile]
Collodium Elasticum. Fr. Collodion ilastique. Ger.
Elastisches Kollodium. It. Collodio elastico. Sp.
Colodion flexible.
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Weigh 20 Gm. of camphor, 30 Gm. of castor
oil and sufficient collodion to make 1000 Gm. into
a dry, tared bottle and shake the stoppered bottle
until the camphor is dissolved. U.S. P.
Alcohol Content. — From 21 to 25 per cent,
by volume, of C2H.3OH. U.S.P.
The B.P. prepares this collodion by immersing
16 Gm. of pyroxylin in 240 ml. of 90 per cent
alcohol, then adding 30 Gm. of colophony (rosin),
20 Gm. of castor oil, and enough solvent ether to
make 1000 ml.; after solution is effected the product is set aside for deposit to settle, the clear
liquid subsequently being decanted.
The contractility of the collodion film has long
been felt as a drawback to its use simply for the
purposes of protection. Various substances — including glycerin, turpentine and elemi — have been
suggested to overcome this tendency but castor
oil is probably as useful as any and also imparts
a degree of flexibility and elasticity (see Collodion).
Storage. — Preserve "in tight containers, at a
temperature
not above 30°, remote from fire."
U.S.P.
Off. Prep.— Salicylic Collodion, U.S.P.
COLOCYNTH.

N.F.

Colocynth Pulp, Bitter Apple, [Colocynthis]

"Colocynth is the dried pulp of the unripe but
full-grown fruit of Citrullus Colocynthis (Linne)
Schrader (Fam. Cucurbitaceoe.) ." N.F.
Bitter Gourd. Colocynthidis Pulpa; Fructus Colocynthidis.
Fr. Coloquinte; Pulpe de coloquinte. Ger. Koloquinthen ;
Koloquinthenapfel; Purgierguiken; Teufelsapfel.

Citrullus Colocynthis is an animal plant whose
herbaceous stems, beset with rough hairs, trail
upon the ground, or rise upon neighboring bodies,
to which they attach themselves by their numerous tendrils. The leaf blades, which stand alternately on long petioles, are triangular, many-cleft
or parted and variously sinuated, obtuse, hairy,
of a fine green color on the upper surface, rough
and pale on the under. The flowers .are yellow,
and appear singly at the axils of the leaves. The
fruit is a globular berry, of the size of a small
orange, yellow and smooth when ripe, and contains, within a hard, coriaceous rind, a white,
spongy pulp, enclosing numerous ovate, compressed, white or brownish seeds.
The plant is a native of Asia and Africa. The
drug is obtained from both wild and cultivated
plants. It is said to be cultivated in Spain, the
island of Cyprus, Morocco and in the neighboring countries, and even to have been collected
in Japan. The bulk of the supplies to the United
States is collected in the Anglo-Egyptian Sudan
and shipped from Cairo. That from the maritime
plain between the mountains of Palestine and the
Mediterranean and from Cyprus is chiefly shipped
from Jaffa, and is known as Turkish colocynth. It
is said to be of superior quality. The fruit is
gathered in autumn, when it begins to become
yellow, and, having been peeled, is dried quickly
in a stove or in the sunshine. Thus prepared, it is
imported from the Levant. Much of the Egyptian
colocynth is broken with most of the seeds removed and the pulp compressed. Colocynth has
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been grown in New Mexico, but, according to
Sayre, the American colocynth is less active.
As found in commerce, colocynth occurs in two
forms, one as the official pulp, another as "bitter
apples," the latter occurring as peeled whitish,
globular berries, from 6 to 7 cm. in diameter, very
light and spongy, and abounding in seeds which
constitute three-fourths of the fruit.
It is estimated that every 100 pounds of colocynth fruit will yield 30 pounds of pulp and about
70 pounds of seeds. Although Tunmann {Sudd.
Apoth.-Ztg., 1907, p. 503) stated that the seeds
do not contain medicinally active constituents,
Francis (Proc. A. Ph. A., 1906, p. 336) claimed
that if the seeds are first deprived of their fixed
oil with benzin, dried and then extracted with
75 per cent alcohol, the extract is almost as active
as the official product.
Description. — "Ungroand Colocynth occurs
as light, spongy, easily broken pieces; light yellowish orange to pale yellow, with occasional small
patches of darker epicarp. The fruits, before removal of seed, are nearly globular, from 4 to 10
cm. in diameter with 3 large lenticular cavities
between the 3 carpels, hence being easily separable
longitudinally into 3 parts. The seeds are ovoid,
compressed, strong brown to weak yellowish
orange. Colocynth has a slight odor and an inN.F. X. tensely bitter taste." N.F. For histology see
"Powdered Colocynth is weak yellowish orange
to yellowish gray. It is characteristically flaky,
and consists chiefly of fragments of the parenchyma and vascular bundles." N.F.
Standards and Tests. — Epicarp and seed. —
Colocynth contains not more than 5 per cent of
seed and not more than 2 per cent of epicarp. In
the powder characteristic stone cells are few or
absent (epicarp and seed), as are also aleurone
grains and globules of fixed oil (seed). Acidinsoluble ash. — Not more than 4 per cent. Petroleum benzin extractive. — Not more than 2 per
cent. N.F.
Constituents. — Power and Moore (Trans.
Chem. Soc, 1910, 17, 99) found in colocynth
an alkaloidal principle which has a violent purgative effect, but this is not the only active principle of the crude drug, because both ether and
chloroform extracts of the resin, when free from
the alkaloidal principle, were still purgative. They
found also alpha-elaterin, but none of the active
beta-elaterin. The)* stated that the substance referred to by the older writers as colocynthin (or
citrullin), and believed to be a glycoside, is a mixture of the alkaloid and a crystallizable alcohol,
citrullol. For tests for identification of colocynthin
see David (Pharm. Ztg., 1928, 73, 525).
Uses. — The pulp of colocynth is a powerful
drastic, hydragogue cathartic, producing copious
watery evacuations within two to three hours and,
when given in large doses, violent griping, prostration, and sometimes bloody discharges, with
dangerous inflammation of the bowels. Death has
resulted from \l/2 teaspoonfuls of the powder.
In the management of poisoning, the stomach
should be washed with dilute tannic acid solution
followed by large quantities of albuminous drinks.
Stimulants, such as brandy, and opiates and
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atropine are indicated. Dehydration and loss of
electrolytes should be corrected, parenterally, if
necessary. Even in moderate doses it sometimes
acts with much harshness, and it is therefore
seldom prescribed except as an adjuvant to other
cathartics. It is excreted in the urine and milk;
it should not be prescribed for nursing women. It
was formerly used to evacuate dropsical effusions
and as a revulsant.
Usual dose, 120 mg. (approximately 2 grains).
COLOCYNTH

EXTRACT.

N.F.

Bitter Apple Extract

"One Gm. of the Extract represents 4 Gm. of
colocynth." N.F.
Fr. Extrait de coloquinte. Ger. Koloquinthenextrakt.
It. Estratto di coloquintide.

Prepare the extract from colocynth, in coarse
powder, by percolation and evaporation, using 4
volumes of alcohol and 1 volume of water as the
menstruum; macerate the drug during 24 hours,
and percolate at a moderate rate. Evaporate the
percolate to dryness, reduce the residue to a fine
powder, and mix it thoroughly, if necessary, with
sufficient dry starch to make the extract weigh
one-fourth of the weight of colocynth taken. N.F.
The chief, if not exclusive, use of this extract
is in the preparation of the compound extract.
The N.F. usual dose is 30 mg. (approximately
x/2 grain).
Storage. — Preserve "in tight, light-resistant
containers, preferably at a temperature not above
30°." N.F.
COMPOUND

COLOCYNTH
N.F.

EXTRACT.

Fr. Extrait de coloquinte compose. Ger. Zusammengesetztes Koloquinthenextrakt.

Mix 160 Gm. of colocynth extract, 140 Gm.
of ipomea resin, in fine powder, 650 Gm. of aloe,
in fine powder, and 50 Gm. of cardamom seed, in
fine powder. N.F.
This extract is an energetic cathartic, possessing the activity of its three purgative ingredients,
with comparatively little of the drastic character
of the colocynth and ipomea.
Dose, as a laxative, 60 to 125 mg. (approximately 1to 2 grains) ; as a purgative, 300 to 600
mg. (approximately 5 to 10 grains).
Off. Prep. — Compound Mild Mercurous Chloride Pills, N.F.
CONESSINE

HYDROBROMIDE.

LP.

Conessini Hydrobromidum

C24H4oN2.2HBr.
Conessine Hydrobromide is the hydrobromide
of an alkaloid obtained from the seeds of Holarrhena antidysenterica. It contains not less than
67.5 per cent and not more than 69.0 per cent of
C24H40N2.

LP.

Holarrhena antidysenterica (Roxb.) Wall is a
small tree growing in India; its bark, variously
known as kurchi, conessi bark, and by other
names, has long been used in that country in the
treatment of amebic dysentery. The bark, and
also the seeds, contain a number of alkaloids, of

which conessine (which has also been called
wrightine from an old botanical name for the tree
from which it is obtained) is the most important.
For further information concerning the bark, and
its other alkaloids, see Conessi Bark, in Part II.
The structure of conessine includes four hydrogenated, carbocyclic rings, to which a ring
containing one nitrogen atom is attached. For
information concerning the isolation of conessine
see Bertho, Arch. Pharm., 1939, 277, 237.
Description. — Conessine hydrobromide occurs
as a white, microcrystalline powder, odorless, and
having a very bitter taste. It is soluble in water;
slightly soluble in alcohol; very slightly soluble
in ether. Conessine hydrobromide melts at about
340°, with decomposition.
Standards and Tests. — Identification. — (1)
A yellowish-green color, changing to bluish-green,
is produced when a drop of a mixture of equal
parts of sulfuric acid and nitric acid is added to
about 5 mg. of finely powdered conessine hydrobromide. (2) The base isolated in the assay, after
recrystallization from acetone, melts between
123° and 125°. (3) Conessine hydrobromide responds to tests for bromide. Specific rotation. —
Not less than +6° and not more than +7°, when
determined in a 5 per cent w/v aqueous solution,
at 20°. Clarity and color of solution. — A 2 per
cent w/v aqueous solution is clear and colorless.
Loss on drying. — Not over 1 per cent, when dried
at
cent.100°.
LP. Residue on ignition. — Not over 0.1 per
Assay. — About 1 Gm. of conessine hydrobromide isdissolved in 50 ml. of water, alkalinized
with dilute ammonia, and extracted with portions
of 50, 50, 25, and 25 ml. of light petroleum (boiling range 40° to 60°). The light petroleum extracts are collected in a flask containing anhydrous
potassium carbonate, allowed to stand 3 hours,
and a 100-ml. portion is evaporated on a water
bath in a tared flask, dried and weighed. The
residue represents two-thirds of the weight of
C24H40N2 in the weight of the sample taken. LP.
Uses. — Conessine hydrobromide is used in the
treatment of amebic dysentery in place of emetine
hydrochloride, over which it has the advantage
of oral efficacy but the disadvantage of severe
although infrequent neuropsychiatric effects. For
discussion of the actions of other alkaloids of
Conessi Bark see under this title in Part II.
Amebicidal action, in vitro, was reported by
Henry and Bron (Lancet, 1928, 1, 108); in cultures Piette (Ann. pharm. franc, 1950, 8, 402,
410) reported it to be effective in concentrations
of 1:71,000 to 1:45,000, compared with effective
concentrations of emetine hydrochloride of 1 :300,000 to 1:200.000. Following oral administration
of 500 mg. daily for 5 days none of the drug was
found in the feces, and urinary excretion was
small, prolonged and variable, being about 10 per
cent of the dose over a period of 15 days (Piette,
ibid., 316).
In amebiasis, Acton and Chopra (Indian Med.
Gaz., 1936, 6) reported good results with a bismuth-iodide-mixed-kurchi-alkaloid salt. Leake
(J.A.M.A., 1932, 98, 195) concluded, however,
that the combination was inferior to emetine hydrochloride. Among numerous reports from tropi-
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cal areas, Crosnier et al. {Bull. mem. soc. d. hop.
Paris, 1949, #9/10, 386) reported cure in 89
per cent of 128 cases of acute amebiasis, including 12 cases passing cysts, with an initial dose
of 500 mg. or less, and a total dose of 5 to 6 Gm.
in 2 weeks. Some cases required a second course;
of 44 retreated cases 9 remained infected. The
drug was recommended for patients intolerant to
emetine, or those with emetine-resistant amebiasis.
Seguier et al. {Med. trop., 1949, 9, 99) reported
good, and prompt, results in acute (primary or
relapse) cases treated with 100 mg. of the hydrochloride or hydrobromide 5 times a day for 5
days, then 3 times daily for 7 days; results in
subacute cases were poor, and in amebic hepatitis
the drug was ineffective. Lesser toxicity with the
hydrobromide than with either the hydrochloride
or the base has been claimed (Porte, Med. trop.
Marseilles, 1950, 10, 116). Moretti {Bull. soc.
path, exotique, 1949, 42, 132), however, observed
good response in amebic hepatitis, as did also
Porte {Trop. Dis. Bull, 1950, 47, 993) in presuppurative hepatitis. For Trichomonas vaginalis
vaginitis, Sicard et al. {Presse med., 1950, 58,
853) successfully used a glycerin suppository,
having a pH of 4, containing 200 mg. of conessine
hydrobromide and 500 mg. of sulfanilamide, along
with acid douches.
Toxicology. — Restlessness, insomnia, vertigo,
tinnitus and muscular tremors occur particularly with doses of more than 500 mg. daily
(Durieux et al, World Med. Abstr., 1948, 4, 355).
Crosnier et al. {loc. cit.) used calcium gluconate
and a barbiturate to minimize these symptoms
during therapeutic use. Out of 322 patients, 3
cases with hallucinations, amnesia and mania
were described by Crosnier {Presse med., 1949,
57, 1107); promethazine was found useful in
preventing these reactions. Soulage and Porte
{Med. trop. Marseilles, 1949, 9, 1059) reported
that promethazine controlled the insomnia frequently associated with adequate doses of conessine hydrochloride.
Dose. — The usual dose of conessine hydrobromide is 100 mg. (approximately lyi grains)
5 times daily by mouth for 5 to 7 days, then 3
times daily for 7 days. The maximum dose in 24
hours should not exceed 500 mg., and the total
dose in a course should not exceed 6 Gm.
Storage. — Preserve in a well-closed container.
LP.
CONGO

RED.

U.S.P.

Rubrum Congo

S03Na
Direct Red.

Congo red, which is sodium diphenyldiazo-bisalphanaphthylamine sulfonate, was the first direct
dye for cotton to be synthesized. It may be prepared by coupling benzidine, H2NC6H4.C6H4NH2,
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which has been previously diazotized at both
amine groups, with two molecules of 1-aminonaphthalene-4-sulfonic acid (naphthionic acid)
and converting the water-insoluble reaction product to the disodium salt, which is soluble in water.
Description. — "Congo Red occurs as a dark
red or reddish brown powder. It is odorless and
decomposes on exposure to acid fumes. Its solutions have a pH of about 8 to 9.5. One Gm. of
Congo Red dissolves in about 30 ml. of water. It
is only slightly soluble in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
A blue precipitate results on addition of acid to
a solution of congo red. (2) The red brown color
of a dilute solution of congo red changes to yellow
upon addition of bromine T.S. (3) Sulfur dioxide
is evolved on adding a slight excess of diluted
hydrochloric acid to an alkaline solution of congo
red which has been boiled for 10 minutes. Loss on
drying. — Not over 3 per cent, when dried at 105°
for 4 hours. Residue on ignition. — Employing
congo red which has been dried at 105° for 4
hours, the sulfated ash (consisting of sodium
sulfate) is not less than 20 per cent and not more
than 24 per cent of the sample taken. Sensitiveness.— Addition of a dilute solution of hydrochloric acid to a dilute solution of congo red
changes its red color to violet; the red color is
restored when a dilute solution of sodium hydroxide is subsequently added. U.S.P.
Uses. — Congo red has found many diagnostic
and therapeutic uses, of which the most important
is in the diagnosis of amyloidosis (Bennhold,
Deutsches Arch. klin. Med., 1923, 142, 32). In
the presence of this disease the dye disappears
from the blood more rapidly than it does in normal humans. It has also found use in estimating
blood volume (Keith et al, Arch. Int. Med.,
1915, 16, 547), in determining the functional capacity of the reticuloendothelial system (Takeda,
Jap. J. Exper. Med., 1930, 8, 433), in differential
diagnosis of the nephri tides (Barker and Snell,
/. Lab. Clin. Med., 1930, 16, 262), as a hemostatic agent (Wedekind, Munch, med. Wchnschr.,
1930, 77, 2049), as an antidote for roentgen sickness (Arons and Sokoloff, Am. J. Roentgen., 1939,
41, 834), as an antitoxic substance against the
toxins of diphtheria and botulinus as well as
against curare and strychnine (Hanzlik and Butt,
/. Pharmacol, 1928, 33, 260), in the treatment
of streptococcic septicemia (Green, /. Indiana
M. A., 1937, 30, 527), in the treatment of pernicious anemia (Barker, Am. J. Med. Sc, 1937,
194) and as a vital stain (Bennhold, loc. cit.).

SO3N0.

Diaz et al. {Rev. din. espan., 1948, 30, 365)
reported good results in therapy of infectious
rheumatism with congo red. They used a 1 per
cent solution in doses varying from 5 to 10 ml.,
given slowly intravenously to prevent reaction.
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Injections were given on alternate days for 40
days. Treatment may be repeated after a rest
period of 3 weeks. A disodium salt of Congo red
and streptomycin was used successfully in experimentally produced tuberculosis by Pescetti and
Destefanis (Minerva Medica, 1952, 43, 189).
Because of phagocytosis of congo red, the antibiotic is able to penetrate into and concentrate
in foci of infection, whereas streptomycin alone
is unable to do so. The same investigators administered the combination of drugs to two patients
with tuberculous meningitis and found that the
preparation was selectively fixed in the inflamed
meninges and that streptomycin levels as high as
8 to 10 micrograms per ml. were produced in the
cerebrospinal fluid following a dose of 0.5 Gm.
of the antibiotic given 24 hours after a similar
initial dose. The fluid becomes progressively red
after 2 days, the color being directly proportional
to the concentration of dye in the fluid (ibid.,
1953, 44, 369).
Toxicology. — The dye, usually injected as
a 1 per cent aqueous solution, is commonly considered to be free from toxicity and entirely safe
to use but several clinicians have observed various
reactions, and even sudden death, to follow intravenous injection of congo red. Selikoff and
Bernstein (Quarterly Bulletin of Sea View Hospital, Staten Island, N. Y., 1946, 8, 131) reviewed
the literature and reported six cases of severe
systemic reactions, including two deaths. Later,
Selikoff (personal communication, November
1949) observed another instance of sudden death
and learned of at least six other fatalities following intravenous administration of the dye;
various brands of the dye had been used in the
cases. The incidence of reactions is very small
when it is realized that in one hospital alone thousands of such injections are given. The cause of
the reactions is not certain; Selikoff suggests that
because the reactions are observed in patients
who have previously had injections of the dye
that a sensitizing azoprotein, formed by the reaction of congo red with the patient's own serum,
may be responsible. He observed in one patient
who had a severe reaction to congo red the third
time he received the dye intravenously a skin
sensitivity to congo red incubated with his own
serum, but not to congo red by itself. Caution is
advised especially in injecting patients who have
previously had the dye, as well as in those who are
in the arteriosclerotic age group, even if these
have had no injections of the dye previously.
Because flocculation of congo red may occur in
isotonic sodium chloride solution, it is advisable
to use water for injection as the solvent for congo
red when it is used intravenously (Richardson
and Dillon, Am. J. Med. Sc, 1939, 198, 73).
Centrifuging a solution of congo red at 1500
revolutions per minute for 5 minutes has been
recommended as a means of clearing the solution
of particles; the supernatant liquid is removed
with a hvpodermic syringe and injected (Brit.
M. J., 1949. 2, 1230).
Dose. — The usual dose is 100 to 200 mg. intravenously (approximately \]/2 to 3 grains).
Storage. — Preserve "in tight containers."
U.S.P.

CONGO

RED

INJECTION.

U.S.P.

[Injectio Rubri Congo]

"Congo Red Injection is a sterile solution of
congo red in water for injection. It contains not
less than 95 per cent and not more than 110 per
cent of the labeled amount of C32H--NuXa206S2."
The pH of the injection is required to be beUJSJ*. tween 7.0 and 9.0; the injection responds to
identification tests under Congo Red.
Assay. — A volume of injection equivalent to
about 200 mg. of congo red is evaporated to dryness and the residue of congo red is dried at 105°
for 4 hours and weighed.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — 100 mg. (approximately \Yi
grains) in 10 ml.
COPPER.
Cuprum

Cu (63.54)
Fr. Cuivre. Ger. Kupfer. It. Rame. Sp. Cobre.

Since articles of copper were made as long as
6000 years ago it is probably the first metal to
be extensively used by man. It was first called
cyprium, from its discovery on the island of
Cyprus by the Romans, but later came to be
known as cuprum.
Copper is found native in several localities in
the United States. Its ores include chalcopyrite,
CuFeS2; chalcocite, CU2S; cuprite, CU2O; melaconite, CuO; and malachite, Cu(OH)2.CuCO"3.
The United States is the leading producer of
copper, though nearly every country produces
some of the element. The sulfide ores of copper are the most important sources of copper.
The metallurgy of sulfide ores begins with
concentration by grinding, washing with water,
and flotation. Following this the ore is roasted
to drive off a part of the sulfur and then smelted,
whereupon a matte, consisting principally of sulfides of copper and iron, settles out. This is
mixed with some silica and heated in a converter
in which the iron separates as a slag of ferrous
silicate and the copper is eventually converted
to the element which is poured into molds, yielding blister copper, so named from the fact that
blisters form on the surface from the gases
escaping while the metal solidifies. This blister
copper is refined by electrolysis.
Properties. — Copper possesses a characteristic reddish-brown color in reflected light, but
thin layers show a green color in transmitted
light. It crystallizes in the cubic system and its
density usually varies between 8.92 and 8.95 although exceptions are observed under certain
conditions of treatment of the metal. At about
900° it begins to volatilize and at 1083° it
fuses. Near its melting point copper is brittle
enough to be powdered. Upon heating and then
slowly cooling the metal is brittle, but if cooled
rapidly a soft, malleable and ductile product is
obtained. It colors the Bunsen flame green.
Copper is an exceedingly good conductor of
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electricity. Exposed to the atmosphere, polished
surfaces tarnish slightly.
Its combinations are numerous and important.
Although at least four oxides are said to be
known, two of them are of particular importance,
namely, red cuprous oxide, CU2O, and black cupric
oxide, CuO. The important copper salts are usually cupric compounds. With metals copper
forms numerous alloys, of which that with zinc,
called brass, and that with tin, called bronze,
are the most useful.
Biochemical Role. — Copper is a constituent
of all tissues of the animal organism. It is essential for growth of plants, and is concerned in
the formation of chlorophyll. In the blue pigment
hemocyanin, found in the blood of Mollusca and
Crustacea and which functions like hemoglobin
in animals, copper is the metal component rather
than iron. Copper is absorbed in the intestinal
tract from food, which supplies about 2 mg.
daily (Jones et al., J. Lab. Clin. Med., 1947, 32,
387); it is stored in the liver (about 0.8 mg. per
100 Gm.). The blood of man contains about
0.14 mg. per 100 ml.; most of this is in the red
blood cells but some is bound to protein in the
serum (Sachs et al., Arch. Int. Med., 1937, 60,
982). In most iron-deficiency states the amount
of copper in both blood and liver tends to vary
inversely with concentration of iron (Hahn and
Fairman, /. Biol. Chem., 1936, 113, 161). Copper
is present in urine to the extent of about 0.1 mg.
per liter, and in milk to about the same degree.
Most of the ingested copper appears in feces.
Copper is essential for utilization of iron in
synthesis of hemoglobin (Summerson, J.A.M.A.,
1940, 114, 2301); it is not known how the copper acts and the amount required is very small —
perhaps 0.1 mg. per kilogram of body weight
(see Acta med. Scandinav., 1944, 118, 84, 87,
92, 163). Knowledge of this fact has led to
popularization of combinations of iron and copper (about 4 per cent of the mixture) for
treatment of hypochromic anemias (see Cupric
Sulfate). Castle pointed out, however, that there
is no deficiency of copper in the blood of most
hypochromic anemia patients and also that there
are traces of copper present in most iron preparations; therefore, it is not to be expected that
copper will be of any material value in treating
these cases {Trans. Stud. Coll. Phys., 1937, 7,
129). In some infants on an exclusive milk diet,
copper deficiency may be present (Elvehjem
et al, Am. J. Dis. Child., 1937, 53, 785). De Vries
(Nederland. Tijdschr. v. Geneesk., 1952, 96,
611) described 8 patients with anemia refractory
to iron therapy who responded when copper was
administered simultaneously. Van Wyk et al.
(Bull. Johns Hopkins Hosp., 1953, 93, 41) compared the anemia produced in dogs by iron deficiency with that resulting from copper deficiency.
The latter was characterized by a low erythrocyte
count, by normochromic and normocytic indices,
and by absence of the normoblastic hyperplasia
and of the hemoglobin deficient normoblasts
characteristic of the iron deficiency state. It was
concluded that, besides its role in the formation
of hemoglobin, copper is essential for normal
maturation of erythrocytes. An abnormal bone
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formation resulting from copper deficiency was
also described.
The possible deleterious influence of the continued ingestion of considerable quantities of
copper has been debated. Huber (/. Pharmacol.,
1918, 11, 303) found that while there was a
tendency for copper to deposit in the liver he
was not able to detect, either during life or by
post-mortem examination, any evidence of injury to the health of animals from prolonged
administration of salts of copper. Mallory (Arch.
Int. Med., 1926, 37, 336; Am. J. Path., 1931, 7,
351) maintained, on the other hand, that there
was evidence of injurious effect from continued
use of foods containing copper. Sheldon (Lancet,
1934, 2, 1031) found no evidence for clinically
deleterious effects (hemochromatosis) of copper.
In addition to the aminoaciduria found by
Uzman and Denny-Brown (Am. J. Med. Sc,
1953, 226, 645) to be characteristic of patients
(and their relatives) with Wilson's hepatolenticular degeneration-cirrhosis of the liver and degeneration of the lenticular and caudate nuclei
of the brain, an increase in the copper content
of the brain, liver and urine has also been observed (Spillane et al., J. Clin. Path., 1952, 5,
16). Administration of dimercaprol increased the
urinary excretion of copper. Gubler et al. (Fed.
Proc, 1953, 12, 415) noted that chronic manganese poisoning produces a similar syndrome in
humans; however, feeding copper and/or manganese to rats produced no histological lesions in
the brain although body levels of the element(s)
were increased. Beneficial effects, insofar as
the neurological symptoms were concerned, followed treatment with dimercaprol in 2 cases of
Wilson's syndrome (Hornbostel, Schweiz. med.
Wchnschr., 1954, 84, 7); there was no change in
total serum copper and degree of aminoaciduria,
although there was increase in urinary copper excretion. Acopper-protein complex in blood serum,
related to Pi-globulin, was studied by Keiderling
(Klin. Wchnschr., 1950, 28, 460). In Wilson's
syndrome, Wintrobe et al. (Proc. Assoc. Am.
Physic, 1954) reported that 7 per cent of the
serum copper was ionized while 93 per cent was
present as ceruloplasmin (a copper-protein complex, formed in the fiver, which upon electrophoresis moves as an a-globulin). Administration of
dimercaprol, but not of Versene, caused a decrease in the amount of this protein complex
in the blood; an increase in the amount of the
complex was found in cases of schizophrenia and
also when a-globulin in the blood was increased.
Copper is not toxic in the same sense that lead,
mercury or nickel are toxic. It does not cause
stippling of red blood cells, but a blue line may
appear at the margin of the gums. Many of
the soluble salts of copper, when taken in large
quantity, may give rise to evidence of gastroenteritis (see under Cupric Sidfate). Vomiting
is usually so prompt that systemic poisoning does
not occur. H
CUPRIC

SULFATE.

N.F. (B.P.)

Copper Sulfate, [Cupri Sulfas]

"Cupric Sulfate contains not less than 98.5 per
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cent and not more than 104.5 per cent of CuSO-t.5H20." N.F. The B.P. requires not less than 98.5
per cent, and not more than the equivalent of
101.0 per cent, of CuSC^.SH-O.
B.P. Copper Sulphate; Cupri Sulphas. Blue Vitriol;
Blue Stone; Blue Copperas. Cuprum Sulfuricum; Cuprum
Vitriolatum. Fr. Sulfate de cuivre ; Couperose bleue;
Vitriol bleu. Ger. Kupfersulfat ; Schwefelsaures Kupferoxyd; Kupfervitriol. It. Solfato di rame. Sp. Sulfato de
cobre; Sulfato Cuprico.

Copper sulfate is commercially prepared by
several methods. One of these consists in roasting
sulfide ores of copper in air, the product being
digested with sulfuric acid to dissolve the copper
oxide while leaving the iron oxide unaffected.
The resulting solution is concentrated to crystallize the copper sulfate. Another method is to
dissolve scrap copper in dilute sulfuric acid.
Description. — "Cupric Sulfate occurs as deep
blue, triclinic crystals, or as blue, crystalline
granules or powder. It has a nauseous, metallic
taste and effloresces slowly in dry air. Its solutions are acicf to litmus paper. One Gm. of
Cupric Sulfate dissolves in 3 ml. of water, in
about 500 ml. of alcohol, and very slowly in
3 ml. of glycerin. One Gm. dissolves in about
0.5 ml. of boiling water." N.F.
Standards and Tests. — Identification. — A
1 in 10 solution of cupric sulfate responds to tests
for copper, and for sulfate. Alkalies and alkaline
earths. — After precipitating the copper from a
solution containing 2 Gm. of cupric sulfate in
100 ml. of water with hydrogen sulfide. 50 ml. of
the filtrate obtained from the mixture yields not
more than 3 mg. of residue. N.F.
The B.P. requires, as a limit test for zinc and
lead, that an aqueous solution of copper sulfate,
to which ammonia and potassium cyanide have
been added, shall produce no opalescence, and
not more than a slight darkening, on the addition of sodium sulfide solution. A limit test for
iron specifies that the amount of precipitate obtained with ammonia, after ignition, shall not be
in excess of 0.14 per cent.
Assay. — About 1 Gm. of cupric sulfate, dissolved in water, is reduced by potassium iodide
in an acetic acid medium with liberation of
iodine, this being titrated with 0.1 N sodium thiosulfate. Each ml. of 0.1 N sodium thiosulfate
represents 24.97 mg. of CuS04.5H20. N.F.
Incompatibilities. — Solutions of fixed alkali
hydroxides precipitate copper ion as blue copper
hydroxide, which upon standing or heating turns
black. This precipitation is either prevented or
reduced by citrates, tartrates, salicylates, glycerin,
sugar and other organic substances. Ammonium
hydroxide and ammonium carbonate first produce
a precipitate of copper hydroxide or carbonate
which dissolves in excess of these substances
forming a deep blue solution characteristic of
copper ammines. The fixed alkali carbonates
precipitate copper carbonate of variable composition; phosphates precipitate copper phosphate;
borax produces an insoluble compound; arsenites
precipitate green copper arsenite in neutral solution; tannic acid and vegetable astringents are
precipitated; albumin is coagulated by copper
sulfate; soluble iodides reduce the copper, and
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then precipitate it as cuprous iodide with simultaneous liberation of iodine.
Uses. — While copper may be an important
element in the body (see under Copper) the
sulfate is comparatively little employed as a
constitutional remedy. It is sometimes used in
the treatment of anemia. It owes its therapeutic
value chiefly to its irritant, astringent, and antiseptic properites. In doses of 300 mg., in 1
per cent solution, copper sulfate is a prompt and
active emetic and may be used to evacuate the
stomach in various forms of poisoning, especially
in phosphorus poisoning, where it not only causes
vomiting but also acts as a chemical antidote
through formation of a layer of copper phosphide
on articles of phosphorus. This dose may be repeated but if vomiting does not occur gastric
lavage is essential to remove the copper. A 1
per cent solution is beneficial for phosphorus
burns of the skin (Bull. War Med., 1944, 5, 85) ;
a 4 per cent concentration in soap is also effective
316).
(McCartan and Fecitt, Brit. M. J., 1945, 2,
As a general disinfectant it is of only moderate
power; a solution of 0.5 to 1 per cent will destroy
most vegetative bacteria within one or two hours;
against sporulating organisms it is inefficient. On
the other hand, it is extremely active against
Bacillus typhosus and B. coli; Gildersleeve (Am.
J. Med. Sc, 1905, 139, 757) found that one
part per million will destroy the typhoid germ
within a period of three hours. Its antiseptic
powers are greatly reduced by the presence of
proteins. Strips of copper foil in suspensions of
V. cholerae in distilled water destroyed all the
vibrios in half an hour (Bose and Chakraborty,
see Trop. Dis. Bull., 1949, 46, 827) but in the
presence of protein the copper failed. Cupric
sulfate is also highly poisonous to- algae and is
employed (1:1,000,000 concentration) for ridding
ponds and swimming pools of these organisms.
It is a good fungicide; 1 or 2 per cent solutions
have been used for ion transfer with the electrical
current in epidermophytosis (Freis. Arch. Dermat.
Syph., 1946, 53, 34) and stockings have been
impregnated with copper sulfate (/. Lab. Clin.
Med., 1944, 29, 606). Benedek (Urol. Cutan.
Rev., 1951, 55, 539) used 5 per cent of copper
sulfate, 5 per cent of chloral hydrate, 78 per cent
of glycerin and 1 per cent of sodium lauryl sulfate
in distilled water twice daily in cases of tinea
capitis; it was an effective epilator but it did not
destroy either M . audouini or lanosum.
For its astringent and stimulating effect continuous soaks of 1 in 150 solution have been used
in the treatment of tropical and other indolent
ulcers of the skin (Med. J. Australia, 1938, 1,
348) and various chronic conditions of the mucous
membranes. Subconjunctival injections of a 1
per cent solution, with 4 per cent procaine, have
been used in the treatment of trachoma. A 0.25
to 0.5 per cent solution is a stimulant collyrium
in conjunctivitis and styes. In 0.1 to 1 per cent
solution it has been used in urethritis and vaginitis; daily douches with 0.1 to 0.2 per cent
solution are effective for trichomonas vaginalis infestations. Actinomycotic lesions have been infiltrated with a 1 per cent solution. Retention
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enemas of a 1:5000 solution have been used for
amebic dysentery (De Rivas, Internat. Clin.,
1938, 1, 220) and also for chronic bacillary
dysentery. Hunter et al. (Trans. Roy. Soc. Trop.
Med. Hyg., 1952, 46, 201) found an ointment of
copper oleate 95.5 per cent effective as a protective during an 8-hour test period in rice paddies
against cercariae of the bird schistosome; it was
more effective than dimethyl phthalate or benzyl
benzoate.
Cupric sulfate is occasionally employed internally in small doses as a gastrointestinal astringent and antiseptic, but its value is very
questionable. Oral doses of 15 to 60 mg. three
times daily have been prescribed for blastomycosis. lS
Toxicology. — Soluble salts of copper, when
taken in poisonous doses, produce the following:
a coppery taste in the mouth; nausea and vomiting; violent pain in the stomach and bowels; frequent black and bloody stools; small, irregular,
sharp, and frequent pulse; fainting; burning
thirst; difficulty of breathing; cold sweats; paucity of urine, and burning pain in voiding it;
violent headache; muscular cramps, convulsions,
and finally death. The best antidote is potassium
ferrocyanide, 600 mg. (approximately 10 grains)
in water, which forms insoluble copper ferrocyanide. Soap and alkalies are also antidotal. If
the antidote cannot be procured immediately
large quantities of albuminous substances, as milk
or white of eggs, should be given mixed with
water, which act favorably by forming copper
caseinate and copper albuminate, respectively,
but those compounds should be evacuated as
soon as possible by vomiting and purging. Should
vomiting not take place, the stomach tube should
be employed.
For discussion of chronic copper poisoning see
under Copper.
Dose. — The dose as an astringent is 16 mg.
(approximately l/i grain) ; as an emetic, 300 mg.
(approximately 5 grains) in warm water, repeated in fifteen minutes if necessary, but not
oftener than once; for nutritional anemia in infants— 3 mg. (approximately Via grain) daily in
milk or fruit juice, in adults— 5 to 10 mg. (approximately Vnto % grain) three times daily in
capsules. As a stimulant wash, the solution may
contain 0.5 to 1.5 per cent of cupric sulfate.
Storage. — Preserve "in tight containers."
U.S.P.
CORIANDER.

N.F., B.P.

Coriander Seed, [Coriandrum]

"Coriander is the dried ripe fruit of Coriandrum sativum Linne (Fam. Umbelliferce). Coriander yields not less than 0.25 ml. of volatile
coriander oil from each 100 Gm. of drug." N.F.
The B.P. definition is similar; not less than 0.3
per cent v/w of oil is required.
Coriander Fruit. Fructus Coriandri. Fr. Coriandre;
Fruit de Coriandre. Ger. Koriander; Koriandersamen;
Stinkdillsamen. It. Coriandro. Sp. Fruto de cilantro.

Coriander is listed in the Ebers papyrus and
was mentioned in the writings of Pliny and Cato,
the latter describing its cultivation.
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Coriandrum sativum is an annual plant, with
an erect branching stem rising about two feet,
and furnished with compound leaves, of which
the upper are thrice ternate, with linear pointed
leaflets, the lower pinnate, with the pinnae cut
into irregular serrated lobes like those of parsley.
The flowers are white or rose-colored, and in
compound terminal umbels; the fruit globular,
and composed of two concavo-convex mericarps.
C. sativum is a native of the Mediterranean and
Caucasus regions, but at present grows wild in
most parts of Europe, having become naturalized
in consequence of its extended cultivation. The
flowers appear in June, and the fruit ripens in
August. It has a singular fact that all parts of the
fresh plant possess a mousy odor, when bruised,
while the fruit becomes fragrant by drying. This
is the official portion.
Coriander is cultivated in England, India, Asia
Minor, northern Africa and the United States.
The plants are propagated from seeds sown in the
spring. In August and early September, when the
fruits are ripe, the plants are mowed down, partially cured in the field and dried under cover.
The fruits are then thrashed out and cleaned. In
1952 there were imported into the U. S. A. 2,761,047 pounds of coriander. The shipments came
from French Morocco, Rumania, Netherlands,
Czechoslovakia and Yugoslavia. During and since
World War II, a considerable domestic supply
has been obtained from plants cultivated in many
sections of the United States.
Description. — "Unground Coriander occurs
as usually coherent mericarps. The cremocarps
are nearly globular, from 2 to 5 mm. in diameter;
externally weak yellowish orange to moderate
yellowish brown, frequently with a purplish red
blush. The apex has 5 small sepals and a short
stylopodium; each mericarp has 5 prominent,
straight, longitudinal secondary ribs and 4 indistinct, undulate primary ribs. The mericarps are
easily separated and are deeply concave on the
commissural surface. Coriander has a fragrant
odor and an aromatic, characteristic taste." N.F.
For histology see N.F. X.
"Powdered Coriander is moderate yellowish
brown. It consists chiefly of endosperm and lignified tissues of the pericarp; calcium oxalate crystals are numerous, and up to 10 \i in diameter,
mostly in rosette aggregates, either isolated or in
aleurone grains. The fibers are irregularly curved
and have thick, lignified walls and numerous
simple pits. Numerous globules of fixed oil and
a few fragments of yellow vittae, associated with
elongated polygonal, epidermal cells are also
present. Hairs and reticulate parenchyma are
absent." N.F.
Standards and Tests. — Foreign organic matter.— Not over 5 per cent. Acid-insoluble ash. —
Not over 1.5 per cent. N.F. The B.P. limits foreign organic matter at 2 per cent, and acid-insoluble ash at 1.5 per cent.
Assay. — The volatile oil in 200 Gm. of coriander, preferably whole or coarsely comminuted,
is determined by the official Volatile Oil Determination. N.F.
Constituents. — The aromatic taste and odor
of coriander depend on a volatile oil (see Cori-
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ander Oil) which may be separated by distillation. The amount of oil present is generally in
the proportion of 0.25 to 0.5 per cent but Ramstad {Chem. Abs., 1944, 38, 218), analyzing seed
obtained from test plots of coriander grown in
Norway, found between 1.4 and 1.7 per cent of
essential oil; he also reported finding 12 to 12.4
per cent of fixed oil, 6.3 to 7 per cent of aqueous
extract, and 5.5 to 6.5 per cent of ash.
Uses. — Coriander is a rather feeble aromatic
and carminative. It is almost exclusively employed
in combination with other medicines, either to
mask their taste, to render them acceptable to the
stomach, or to correct the griping qualities of
rhubarb or senna.
Dose, 0.3 to 1 Gm. (approximately 5 to 15
grains).
Off. Prep.— Coriander Oil, U.S. P., B.P.; Compound Tincture of Rhubarb, B.P.
CORIANDER

OIL.

U.S.P. (B.P.)

[Oleum Coriandri]

"Coriander Oil is the volatile oil distilled with
steam from the dried ripe fruit of Coriandrum
sativum Linne (Fam. Umbelliferai) ." U.S.P. The
B.P. recognizes oil distilled from the same source.
B.P. Oil of Coriander. Fr. Essence de coriandre. Ger.
Korianderol. Sp. Esceiuia de Cilaniro.

The amount of oil obtainable from coriander
by steam distillation is generally in the proportion
of 0.25 to 0.5 per cent, though substantially
greater yields are often reported. Corianders of
Russian, Czechoslovakian and German origin are
said consistently to average 0.8 to 1 per cent of
oil, while coriander grown on test plots in Norway
vielded 1.4 to 1.7 per cent of the oil (Ramstad,
Chem. Abs., 1944, 38, 218).
Description. — "Coriander Oil is a colorless
or pale yellow liquid, having the characteristic
odor and taste of coriander. One volume of Coriander Oil dissolves in 3 volumes of 70 per cent
alcohol." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.863 and not more than 0.875.
Optical rotation. — Not less than +8° and not
more than +15° in a 100-mm. tube. Refractive
itidex. — Not less than 1.4620 and not more than
1.4720, at 20°. Heavy metals. — The oils meets the
requirements of the test for Heavy metals in
volatile oils. U.S.P.
The B.P. description of the oil is the same as
that of the U.S.P.
Constituents. — Coriander oil contains from
45 to 65 per cent of coriandrol, C10H17OH, a
terpene tertiary alcohol now known to be identical with d-linalool; it also contains alpha- and
beta-pinene, cymene, terpinene, geraniol, borneol
and decyl aldehyde.
Coriander oil has been extensively adulterated
with colorless rectified orange oil, which can be
detected by its insolubility in 90 per cent alcohol,
pure coriander oil being soluble. Cedarwood oil
and turpentine have also been used as adulterants.
Uses. — The oil has the medicinal properties of
the fruit, and, like the aromatic oils generally,
may be used to mask the taste or correct the

nauseating
or griping properties of other medicines.
Dose, 0.06 to 0.2 ml. (approximately 1 to 3
minims).
Storage. — Preserve "in well-filled, tight containers and avoid exposure to excessive heat."
U.S.P.
Off. Prep. — Aromatic Cascara Sagrada Fluidextract, U.S.P., B.P.; Senna Syrup, N.F., B.P.;
Compound Orange Spirit, U.S.P.
CORN

OIL.

U.S.P.

Oleum Maydis

"Corn Oil is the refined fixed oil expressed from
the embryo of Zea Mays Linne (Fam. Graminea)r U.S.P.
Maize Oil; Oil of Maize. Fr. Huile de Mais. Ger.
Maisol. Sp. Aceite de Maxz.

In the manufacture of starch, glucose, hominy,
and other corn products the germ or embryo of
Zea Mays L. is almost entirely separated from the
rest of the kernel, a circumstance to which corn
oil owes its extensive utilization today. The content of oil in the germ is nearly 50 per cent, in
the whole kernel from 3 to 6.5 per cent.
Two processes for separating the germ from the
corn — degermination — are in use. The wet process is employed in the manufacture of starch and
glucose; the dry process in producing flour, meal,
hominy, etc. In the former process (see also
Starch) the cleaned corn is soaked in large vats
with water containing 0.2 per cent sulfurous acid
for 30 to 40 hours; the corn is then drained and
passed through an attrition mill which shreds the
kernels and loosens the germs which are floated
off on water along with starch, from which separation is made by use of perforated reels. The
washed germs are passed through moisture expellers and then into steam-heated, rotary driers
where the moisture content is reduced to 5 per
cent or less. The dried germ is reduced to a coarse
meal, which is transferred to steam-heated temperers and then to expellers; the resulting oil is
passed through a slowly rotating screen to remove
the coarser part of the "press foots" and then
through paper in a filter press. In the dry process
the corn is sprayed with water or treated with
steam until it has a moisture content of about
20 per cent, after which it is passed into a degerminating machine consisting of a tapering drum
revolving within a casing of the same shape; the
germs are loosened by cone-shaped protuberances
on the drum and casing and pass through perforations in the machine. Expression of oil is finally
effected as in the wet process. In recent years
extraction of the oil by means of solvents has
also been employed.
The crude corn oil is refined by treatment with
dilute caustic soda to neutralize free acids, then
bleached with fuller's earth or activated carbon,
deodorized in a vacuum deodorizer with steam,
and finally chilled to separate waxy components
which would otherwise separate out and give the
oil an objectionable appearance.
Description. — "Corn Oil is a clear, fight yellow, oily liquid. It has a faint, characteristic odor
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and taste. Corn Oil is slightly soluble in alcohol.
It is miscible with ether, with chloroform, with
benzene, and with petroleum benzin." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.914 and not more than 0.921.
Cottonseed oil. — 5 ml. of oil is mixed, in a test
tube, with 5 ml. of a mixture of equal volumes of
amyl alcohol and a 1 in 100 solution of sulfur in
carbon disulfide and the mixture gently warmed
until the carbon disulfide is expelled: on immersing the tube to one-third its depth in a boiling,
saturated solution of sodium chloride, no reddish
color develops within 15 minutes. Free fatty acids.
— Not more than 2 ml. of 0.02 N sodium hydroxide is required for neutralization of 10 Gm. of
corn oil. Iodine value. — Not less than 102 and not
more than 128. Saponification value. — Not less
than 187 and not more than 193. Solidification
range of fatty acids. — Between 14° and 20°. Unsaponifiable matter. — Not more than 1.5 per cent.
U.S.P.
Constituents. — Corn oil, classified as a semidrying oil, is reported by Jamieson (Vegetable
Oils and Fats) to contain 43.4 per cent oleic acid,
39.1 per cent linoleic acid, 7.3 per cent palmitic
acid, 3.3 per cent stearic acid, 0.4 per cent
arachidic acid, and 0.2 per cent lignoceric acid as
the acid components of the glycerices present.
Also occurring in the oil are very small quantities
of various phosphatides, carbohydrates, coloring
matter, etc. The wax which separates from corn
oil on chilling is not stearin, as has been supposed,
but esters of ceryl and myricyl alcohols.
Uses. — Corn oil finds extensive use as the
solvent or vehicle for several vitamin containing
products, notably synthetic oleovitamin D (viosterol in oil), and oleovitamin A and D. It is also
employed by some manufacturers as a solvent for
injections of diethylstilbestrol, estrogenic substances, progesterone, menadione and other compounds requiring a vegetable oil vehicle. Corn
oil has been employed as a source of unsaturated
fatty acids in the treatment of eczema (see Unsaturated Fatty Acids, Part II).
Most of the corn oil produced in the United
States is used for edible purposes; it is employed
as a salad and cooking oil and in the manufacture
of some lard substitutes.
Storage. — Preserve "in tight containers, and
avoid exposure to excessive heat." U.S.P.
CORTICOTROPIN INJECTION.
U.S.P.
ACTH

Injection, Adrenocorticotropin Injection,
Corticotrophin Injection

"Corticotropin Injection is a sterile preparation
of the principle or principles derived from the
anterior lobe of the pituitary gland of mammals
used for food by man, which exert a tropic influence on the adrenal cortex. It possesses a potency
of not less than 80 per cent and not more than
125 per cent of that stated on the label in U.S.P.
Corticotropin Units. It may contain a suitable
antibacterial agent.
"Note. — Corticotropin Injection is for administration intramuscularly or subcutaneously unless
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its label indicates that it may be given intravenously, in which case its potency also is determined by the assay method involving intravenous
injection." U.S.P.

Acthar (Armour). Solacthyl (Squibb).

The existence in the anterior lobe of the pituitary of a hormonal principle or principles which
stimulate secretion by the adrenal cortex was the
outcome of an early observation that atrophy of
the adrenal caused by hypophysectomy was favorably influenced by injection of certain extracts
of the anterior pituitary. In 1943, Li et al. (J. Biol.
Chem., 1943, 149, 413) and Sayers et al. (ibid.,
1943, 149, 425) obtained from swine and sheep
pituitary glands, respectively, substances which
exhibited a high degree of activity in stimulating
the adrenal cortex; these substances were found
to be sulfur-containing proteins with a molecular
weight of about 20,000. Fishman (ibid., 1947,
167, 425) also described a method for preparing
a potent product from pig pituitary glands, which
source appears to be richer in the active principle^) than the glands from either beef or sheep.
Such preparations, sometimes called "crude"
corticotropin, are commonly prepared by extraction of pituitary glands with acetone and hydrochloric acid, followed by fractional precipitation
technics employing the salting-out principle and
adjustment to the pH at the isoelectric point of
the protein (pH 4.7).
That the activity of the corticotropin referred
to in the preceding may not be dependent on the
whole of the very complex molecule which it
represents was first suggested by Li (Conference
on Metabolic Aspects of Convalescence, Josiah
Macy, Jr. Foundation, 1948, 17, 114), whose experiments indicated that a peptide product obtained by partial hydrolysis of "crude" corticotropin retained its ability to stimulate the adrenal
cortex in hypophysectomized rats; the average
size of the peptide fragments in the hydrolyzed
material corresponded to a chain length of about
8 amino acid molecules (Fed. Proc, 1949, 8, 219).
Brink et al. (J.A.C.S., 1950, 72, 1040) found that
a pepsin digest of corticotropin prepared from
pig pituitaries was active in maintaining the remission obtained by previous treatment with
corticotropin of patients afflicted with rheumatoid
arthritis; the active hydrolysis products were
small enough in molecular dimensions to be
dialyzable. Astwood et al. (Bull. New Eng. M.
Center, 1950, 12, 2) reported on the high potency
of a glacial acetic acid extract of pork pituitaries.
An active non-protein fraction derived from sheep
pituitary glands was described by Geschwind et al.,
Science, 1950, 111, 625. The presence of at least
four active substances, with molecular weights
ranging from about 410 to about 2800, was indicated by the chromatographic experiments of Li
et al. (J. Biol. Chem., 1951, 190, 317). By peptic
digestion technics Lesh et al. (Science, 1950, 112,
43) produced a material about 150 times as active
as crude corticotropin extracts, the range of
molecular weight being between 2500 and 10,000.
Astwood et al. (J.A.C.S., 1951, 73, 2969) found
that adsorption on oxycellulose of the active principle (s) from a glacial acetic acid extract of
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pituitary glands yielded a product having 100
U.S. P. units of activity per mg. Even this material is not a pure hormone; it is a water-soluble,
colorless, non-volatile organic compound of moderate molecular weight, with no distinctive absorption band in the ultraviolet region. No carbohydrate, sulfur, phosphorus, or heavy metal and
little, if any, lipid is present. Since activity can
be destroyed by pepsin, trypsin, or carboxypeptidase the presence of one or more peptide
linkages is indicated. Since esterification inactivates the substance carboxyl groups are present.
Its solubility in organic acids, and its adsorption
on cation exchange resins suggests the presence
of a basic group.
Under the title Purified Corticotropin the
X.X.R. recognizes one prepared by the adsorption
of corticotropin from a dilute acetic acid solution
on oxycellulose and the subsequent elution of the
adsorbed material with dilute hydrochloric acid.
This method, according to X.X.R., yields a product having 10 to 40 times the adrenocorticotropic
activity of an equivalent weight of corticotropin.
For details of preparation see Fisher and Thompson, Endocrinology, 1953. 52, 496, and also White,
J.A.C.S., 1953, 75, 503. Since adsorption on
oxycellulose appears to remove only noncorticotropic-active material, including that which is
believed to be responsible for inactivation of
corticotropin on intramuscular injection (see
under Assay), the trend is to produce purified
corticotropin, which in effect increases the yield
of intramuscularly-active material from pituitaiy
approximately 3-fold. Purified corticotropin is
sometimes referred to in the literature as highpotency corticotropin and as ACTX-corticotropin
and corticotropin A to distinguish it from "crude"
or ACTH-corticotropin.
Peptic hydrolysates of "crude"' corticotropin,
containing relatively small molecules having corticotropic activity, are also available; these have
been variously referred to as ACTH-peptide,
ACTIVE, ACTIDE-corticotropin, and as corticotropin B.
All of the corticotropins referred to above have
the same qualitative action on the adrenal cortex;
they differ only in their quantitative effects.
Biochemical evidence (see under Assay) suggests that there are
or "subtypes"
of corticotropin;
thus.several
White forms
and Fierce
(J.A.C.S.,
1953, 75, 245) by a chromatographic procedure
obtained evidence of the existence of three active
corticotropins. While two corticotropins, designated corticotropin A and corticotropin B, have
been referred to above, it is not apparent at this
writing that both of these are true "subtypes." It
does appear, however, that the ^.-corticotropin
separated by Li et al. (J. Biol. Chem., 1955. 213,
171, 187) and the ^-corticotropin isolated by Bell
(J.A.C.S., 1954. 76, 5565) are ultimate "subtypes"; both of these physiologically active constituents, which were separated from extracts of
sheep and hog pituitary glands, respectively, and
neither of which is a pepsin digestion product,
have a molecular weight of about 4500 and contain 39 amino acid groups. It is very significant.
however, that in the course of isolating P-corticotropin Bell separated also smaller quantities of
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seven other distinct proteins of equally high
corticotropin activity. It is apparent that much
remains to be learned about the ultimate components of the product commonly referred to as
corticotropin and recognized in the U.S. P. as
corticotropin injection.
Description. — "Corticotropin Injection is a
colorless or light straw-colored liquid, or a soluble
amorphous solid obtained by drying such liquid
from the frozen state. It is odorless or has the
odor of an antibacterial agent. The pH of Corticotropin Injection in liquid form or after reconstitution from the solid state is between 3.0 and 7.0."
U.S.P. It is intended that the U.S. P. monograph
for Corticotropin Injection will recognize both
"crude" and purified corticotropin.
Standards and Tests. — The U.S.P. provides
separate biological tests for limit of thyrotropin
activity, oxytocin activity, vasopressin activity,
and of depressor substances. For information concerning these see U.S.P. XV.
Assay. — Following the rather cumbersome
method of measuring the effect of anterior pituitary extracts on the size and histology of the
adrenal cortex of the hypophysectomized rat
(Collip et al., Lancet, 1933. 2, 347) the improved
method developed by Savers et al. {Endocrinology,
1948. 42, 379; and modified by Munson et al.
(/. Clin. Endocrinol., 1948, 8, 586) greatly facilitated purification of extracts of the pituitary
gland. This assay method utilizes the depletion
of the ascorbic acid content of the adrenal cortex
in hypophysectomized rats following injection
of the pituitary extract as a measure of the
effectiveness of the latter. This is the basis of
the U.S.P. assay, quantitative evaluation being
achieved through comparison with the effect produced by U.S.P. Corticotropin Reference Standard; the activity of 1 mg. of the standard is
designated 1 U.S.P. Unit, which is equivalent also
to 1 International Unit.
It has been observed that there is a marked
diminution in the clinical effect of "crude" corticotropin when it is injected intramuscularly or
subcutaneously compared to when it is injected
intravenously; on the other hand, the clinical
effect of purified corticotropin (v.s.) is practically
the same regardless of the route of administration. The difference appears to be due to some
extravascular inactivation (Wolfson, Arch. Int.
Med., 1953. 92, 108). possibly enzymatic in
nature, of "crude" corticotropin when it is injected intramuscularly; such extravascular inactivation does not occur with purified corticotropin. Since both types of corticotropin are in
common use it is apparent that a special problem
arises in evaluating the clinical potency of both
products because of the difference in activity of
"crude"' corticotropin, depending on its route of
administration. The following illustrations will
indicate the magnitude of the difference. If a
preparation of "crude" corticotropin and another
of purified corticotropin are assayed by the intravenous method (using rats) and are adjusted to
identical potencies they will produce in humans
identical clinical effects when administered intravenously; ifthey are administered intramuscularly or subcutaneously the clinical effect of the
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purified corticotropin will not be any less than
when it was administered intravenously but the
effect of the "crude" corticotropin will be less
than one-third of its activity when administered
intravenously. On the other hand, if the preparations of "crude" and purified corticotropin are
adjusted to identical potencies after assay by
intramuscular injection (in rats) they will produce identical clinical effects in humans when
administered intramuscularly or subcutaneously
but when administered intravenously the clinical
effect of the "crude" corticotropin preparation
will be 3 or 4 times that of the purified corticotropin preparation. It is for this reason that the
U.S. P. provides a subcutaneous and an intravenous method for the assay of corticotropin; as
defined, U.S. P. corticotropin injection "is for administration intramuscularly or subcutaneously
unless its label indicates that it may be given
intravenously, in which case its potency also is
determined by the assay method involving intravenous injection." Also, the N.N.R. states: "For
the convenience of physicians, the potency of
purified corticotropin is expressed in terms of
clinical activity equivalent to a specified number
of U.S. P. units of corticotropin, so that treatment
may be changed from corticotropin to purified
corticotropin without gross adjustments in dosage
requirement. ... As the dosage of purified corticotropin isexpressed in clinical equivalents of
U.S. P. units of corticotropin, it should be employed in the same dosage as corticotropin when
administered intramuscularly or subcutaneously.
If administered by the intravenous route, three
clinical equivalents of purified corticotropin must
be administered to obtain the same range of clinical activity as obtained with each U.S. P. unit of
corticotropin."
In humans the reduction in the number of
eosinophilic polymorphonuclear leukocytes in
blood (Thorn et al, J.A.M.A., 1948, 137, 1005),
and the increase in urinary excretion of 17-ketosteroids (Renold et al., J. Clin. Endocrinol., 1952,
12, 763) have been used as criteria for evaluating
the activity of anterior pituitary extracts in individuals having normal adrenocortical function.
Long-acting Corticotropin Preparations.
— Several investigators have prepared long-acting
corticotropin injections through combination with
various substances (see Wolfson et al., Proc. Second Clinical ACTH Conf., Mote, Vol. 2, 1951,
p. 1; Raben et al., J. A.M. A., 1952, 148, 844;
Fletcher and Williams, Lancet, 1952, 2, 1228).
One of the most promising of such preparations
is obtained by combining zinc phosphate or zinc
hydroxide in aqueous solutions of corticotropin at
a pH close to neutrality, so that about 99 per cent
of the total activity is precipitated; by various
biochemical and clinical tests such a preparation
was found effective for from 1 to 3 days and appeared tobe more active and stable than the regular corticotropin injection (Homan et al., Lancet,
1954, 1, 541; Greene and Vaughan-Morgan, ibid.,
543; Ferriman and Anderson, ibid., 545).
Action. — The action of corticotropin is to
stimulate the synthesis and release of the physiologically active steroids from adrenal cortex;
various aspects of this general action are discussed
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here but reference should also be made to the
monograph on Cortisone Acetate.
Pituitary-Adrenal Axis. — The relation between the pituitary and adrenal glands was first
demonstrated experimentally by Smith (J. A.M. A.,
1927, 88, 159), who showed that atrophy of the
adrenal cortex followed hypophysectomy in the
rat and was prevented by implantation of rat
pituitary tissue subcutaneously. Subsequently several investigators (Evans et al., Science, 1932,
75, 442; Anselmino et al., Klin. Wchnschr., 1933,
12, 1944; Houssay et al., Rev. soc. argent, biol.,
1933, 9, 262; Collip et al., Lancet, 1933, 2, 347)
independently observed adrenal cortical hypertrophy following injection of extracts of the anterior lobe of the hypophysis.
The development of a simple assay method
for the corticotropic principle, by Sayers et al.,
(Endocrinology, 1948, 42, 379), which is based
on the decrease of ascorbic acid and also of cholesterol in the adrenal cortex of hypophysectomized rats following injection of an active extract
of the hypophysis made possible rapid advances
in purifying extracts for physiological evaluation
and therapeutic trial. Likewise, the recognition of
the development of blood eosinopenia (Wolfson
and Fajans, New Eng. J. Med., 1952, 246, 1000),
and of the increase in urinary 17-ketosteroids
(Renold et al., J. Clin. Endocrinol., 1952, 12,
763) and of 17-hydroxycorticosteroids in urine
(Reddy et al., Metabolism, 1952, 1, 511) and in
blood plasma (Perkoff et al., Arch. Int. Med.,
1954, 93, 1) facilitated evaulation of such extracts
in clinical medicine.
In man with normal adrenals, corticotropin
causes all the effects produced by administration
of adrenal steroids (see under Cortisone Acetate,
Desoxycorticosterone Acetate and also Testosterone). In animals, as already mentioned, hypophysectomy results in atrophy of the adrenal
cortex. Stress causes an increase in the weight of
the adrenal cortex, a decrease in cholesterol,
ascorbic acid and sudanophilic (fat-staining) material in the normal animal but not in the animal
without a pituitary gland. Like the adrenalectomized animal, the hypophysectomized animal is
abnormally sensitive to any stress (Baird et al.,
Am. J. Physiol., 1933, 104, 489; Corey and Britton, ibid., 1939, 126, 148). Three mechanisms of
regulation seem to exist : humoral, sympathoadrenal and neurohumoral.
Regulation. — Sayers and Sayers (Recent
Progress in Hormone Research, 1948, 2, 81)
showed that corticotropic action was inversely
proportional to adrenal corticoid action. In other
words, as the concentration of corticoid in the
blood stream decreased the corticotropic action
increased and vice versa. Hypertrophy of the
remaining gland follows unilateral adrenalectomy.
The prolonged administration of cortisone results
in atropy of the adrenal cortex (Ingle et al., Anat.
Rec, 1938, 71, 363). Increased corticotropic
action in response to stress is inhibited by the
administration of cortisone (O'Donnell et al.,
Arch. Int. Med., 1951, 88, 28). Direct action of
cortisone on the cells of the anterior pituitary has
been alleged (Sayers, Physiol. Rev., 1950, 30,
241). Without denying the importance of this
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mechanism, the increase in corticotropic action
of the blood of rats in a few seconds after intravenous injection of histamine (Gray and Munson,
Endocrinology, 1951, 48, 471) or the stimulation
of a sensory nerve (Long, Colloquia on Endocrinology, Wolstenholme, Vol. 4, London, 1952,
p. 139) suggests another more rapid mechanism
of regulation.
Long suggested that the rapid response to stress
was mediated by epinephrine, since the response
of the adrenal demedullated animal was delayed.
The application of epinephrine to transplants of
anterior pituitary tissue in the anterior chamber
of a rabbit's eye produced a rapid eosinopenia
which was interperted as evidence of corticotropic
action (Long and Fry, Recent Progress in Hormone Research, 1951, 7, 75), as it parallels the
decrease in adrenal ascorbic acid. However, the
delayed response of demedullated animals, with or
without a sympathectomy, was not confirmed
(Recant et al., J. Clin. Endocrinol., 1950, 10,
187; Vogt, Colloquia on Endocrinology, Wolstenholme, Vol. 4, London. Churchill, 1952, p. 154;
Pickford and Vogt, /. Physiol, 1951, 112, 133).
Because of availability and simplicity, epinephrine
came into wide use as a test of the functional
status of the pituitary-adrenal axis. But this test
had to be abandoned because eosinopenia following an injection of epinephrine may be due to
factors other than an increase in adrenal steroids.
Eosinopenia was produced by epinephrine both
in
patientsbilateral
with Addison's
disease and
in patients
following
adrenalectomy.
In cases
where
corticotropin failed to cause a decrease in circulating eosinophils, epinephrine did cause a decrease. Despite an eosinopenia following intravenous injections of epinephrine, Nelson et al.,
(J. Clin. Endocrinol., 1952, 12, 936) found no
change in the blood concentration of 17-hydroxycorticosteroids in normal subjects or in patients.
Furthermore, the changes in urinary steroid
excretion produced in individuals with normal
adrenal glands by corticotropin may not appear
after epinephrine (Jeffries et al., ibid., 924).
Hence, eosinopenia alone is not an adequate criterion of corticotropic action because it may occur
without activation of the adrenal cortex. The
mechanism of regulation of the pituitary-adrenal
axis is not quite so simple.
Further studies implicated the hypothalamus in
the regulation. Lesions in the hypothalamus may
prevent the usual response to stress (Harris,
Physiol. Rev., 1948, 28, 139; Hume, /. Clin. Inv.,
1949, 28, 790). Electrical stimulation of the
hypothalamus has caused evidences of corticotropic action (Harris, Philos. Trans., B, 1947,
232, 385), whereas stimulation of the pituitary
itself did not. The results observed following cutting of the stalk of the pituitary gland have been
most variable and careful study has shown that
the blood vessels are arranged like a portal system (Popa and Fielding, /. Anat., 1930, 65, 88)
connecting the sinusoids in the pars distalis of
the hypophysis to the vascular plexus on the
brain stem (Wislocki and King, Am. J. Anat.,
1936, 58, 421; Green, ibid., 1951, 88, 225). In
transplantation experiments, Harris and Jacobsohn (Colloquia on Endocrinology, Wolstenholme,
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Vol. 4, London, 1952, p. 115) found that this vascular connection was essential to normal pituitary
cytology and the functioning of transplants. However, Cheng et al. and Fortier observed normal
response to stress of transplants in the anterior
chamber of the eye by the criteria of change in
adrenal ascorbic acid (Am. J. Physiol., 1949, 159,
426) and eosinopenia (Colloquia on Endocrinology, p. 124) respectively. It seems probable
that all three mechanisms operate : humoral, sympathoadrenal and neuro-humoral.
Cellular Source of Corticotropin. — The
cell type which produces corticotropin is in dispute, although most evidence indicates the basophilic cells to be responsible. An increase in basophils in the pituitary has been reported in patients
with Addison's disease (Swann, Physiol Rev.,
1940, 20, 493). Cushing's syndrome shows basophilic adenoma or hyperplasia of the pituitary
(Cushing, Bull. Johns Hopkins Hosp., 1932, 50,
137). In starved animals showing adrenal hyperplasia, D'Angelo et al. (Endocrinology, 1948, 42,
399) observed an increase in the number of
basophils in the pituitary. However, in the rat
with one adrenal removed and hyperplasia of the
remaining gland, increase in acidophilic cells has
been reported (Finerty and Briseno-Castrejon,
ibid., 1949, 44, 293). Pearse (Colloquia on Endocrinology, Wolstenholme, Vol. 4, London, 1952,
p. 1) called attention to the unknown significance
of the staining reaction of these cells. With fluorescein-tagged antisera against hog corticotropin,
only the basophilic cells of hog pituitary tissue
slices were stained (Marshall, /. Exp. Med., 1951,
94, 21). After prolonged administration of corticotropin inhumans an increase in the basophils,
Crooke's hyaline cytoplasmic changes and basophilic stippling were observed (Golden et al, Proc.
S. Exp. Biol. Med., 1950, 74, 45.5; Laqueur,
Science, 1950, 112, 429). In leukemic children
treated with corticotropin an increase in pituitary
basophils and basophilic stippling of the chromophobe cells has been observed.
Action on the Adrenal Gland. — Histological
study of the adrenal cortex in man (O'Donnell
et al, Arch. Int. Med., 1951, 88, 28) after corticotropin shows first a decrease in sudanophilic
material and an enlargement of the cells of the
outer fascicular layer. Following more prolonged
use of corticotropin, there is less lipid in all layers
of the adrenal cortex, hypertrophy of the fascicular and reticular layers and a broader and illdefined glomerulosa layer. Similar changes were
observed in cases of leukemia and nephrosis.
Corticotropin causes a rapid decrease in the
concentration of ascorbic acid in the adrenal cortex. On repeated doses, ascorbic acid remains low
for some time but eventually increases in spite
of continued doses of corticotropin. The significance of ascorbic acid in the adrenal or its
decrease after corticotropin is unknown (Lowenstein and Zwemer, Endocrinology, 1946, 39, 63).
In scurvy the depleted liver glycogen is not corrected by corticotropin (McKee et al, ibid., 1949,
45, 21) nor is there any abnormality in the urinary corticoids in patients with scurvy (Daughaday et al, J. Clin. Endocrinol, 1948, 8, 244).
In the normal human after a few doses of cortico-
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tropin there is an increase in the ascorbic acid
found in the blood and the urine (Beck et al,
Proc. Second Clinical ACTH Conf., Mote, Vol 1,
1951, p. 355). In scorbutic animals there is no
ascorbic acid in the adrenal to be depleted following a dose of cortocotropin, but the adrenal cholesterol concentration decreases as usual (Long,
Fed. Proc, 1947, 6, 461).
Cholesterol is found in greater concentration
in the adrenal gland — 5 per cent of the wet weight
of the resting gland — than in any other tissue,
including even the brain. After corticotropin the
level of adrenal cholesterol decreases (Sayers et
al., Yale J. Biol. Med., 1944, 16, 361) at the
time that the effect of adrenal corticoids is manifest (Sokoloff et al, Am. J. Path., 1951, 27, 706).
In hypophysectomized animals the level of adrenal
cholesterol is often greater than normal, and it
does not decrease in response to stress (Sayers
et al., Endocrinology, 1945, 37, 96). It is probably a precursor of the physiologically active
corticoids (Hechter et al., Recent Progress in
Hormone Research, 1951, 6, 215).
Considerable information on the effect of corticotropin on steroids has accumulated. It stimulates both synthesis (Hechter et al., loc. cit.;
Haynes et al., Science, 1952, 116, 690) and release of hydrocortisone (Kendall's compound F)
and corticosterone (compound B) in particular
(60 per cent of total steroid recovered), an unidentified mineralocorticoid, androgens, estrogens
and progesterone, or their precursors. Both hydrocortisone and cortisone have been identified in
the adrenal venous blood of dogs following
administration of cortocotropin, and also in dialysates of peripheral blood; also present are 11dehydrocortiscosterone (compound A) and 11desoxycorticosterone. In human urine, a-ketolic
corticoids are increased after corticotropin; these
are formaldehydogenic or reducing corticoids,
especially tetrahydrocortisone, tetrahydrohydrocortisone, hydrocortisone and cortisone (Dobriner
et al., Proc. Second Clinical ACTH Conf., Mote,
Vol. 1, 1951, p. 65). Studies of adrenal glands
perfused with either cholesterol or acetate show
an increase in conversion to hyrocortisone after
corticotropin, and also from acetate by adrenal
slices. Extensive studies by Hechter et al. and
others involving perfusion of various steroids or
incubation with homogenates of adrenal glands
(McGinty et al, Science, 1950 112, 506; Hayano
et al, J. Biol. Chem., 1951, 193, 175; Savard
et al, Endocrinology, 1950, 47, 418) and mitochondrial fractions of adrenal tissue (Sweat,
J.A.C.S., 1951, 73, 4056) may be briefly summarized as follows: corticotropin seems to stimulate oxygenation at carbon atom 11 prior to
formation of the progestrone type of steroid.
Desoxycorticosterone is probably not a natural
substance, but an active mineralocorticoid has
been recognized (Simpson et al, Lancet, 1952, 2,
226) which is more active on electrolyte metabolism than either cortisone, hydrocortisone, corticosterone ordesoxycorticosterone (see aldosterone
or electrocortin, under Desoxycorticosterone
Acetate).
In human urine following administration of
corticotropin there is also an increase in 17-
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ketosteroids (Dobriner et al, loc. cit.; Lieberman
et al, Fed. Proc, 1950, 9, 196). These include
compounds with oxygen at carbon atom 11, such
as 11-hydroxyandrosterone, 11-hydroxyetiocholanolone and 11-ketoetiocholanolone, and also
steroids without oxygen at carbon atom 11, such
as androsterone and etiocholanolone. By contrast,
cortisone therapy increases only ll-hydroxy-17ketosteroids. The precursors of the ll-desoxy-17ketosteroids are thought to be 17-hydroxycorticosterone (Reichstein's compound S) and 17hydroxyprogesterone, since feeding of these steroids labeled with radioactive carbon-14 isotope
results in labeled androsterone and etiocholanolone. As mentioned under cortisone, a biologically
active androgen is found in the urine of bilaterally
adrenalectomized, castrated men after administration of cortistone, hydrocortisone or corticosterone. Dehydroisoandrosterone, a 17-ketosteroid, is
probably formed by the adrenal since it is found
in the urine of castrated men (Callow and Callow,
Biochem. J., 1940, 34, 2 76) and women (Hirschmann, /. Biol. Chem., 1940, 136, 483), normal
women (Callow and Callow, Biochem. J., 1938,
32, 1759) and, in large quantity, in patients with
adrenal tumors (Crooke and Callow, Quart. J.
Med., 1939, 8, 233). It is not a metabolite of
testosterone (Landau et al, Endocrinology, 1951,
48,489).
Estrone (Beall, Nature, 1939, 144, 76) and
progestrone (Beall and Reichstein, ibid., 1938,
142, 479) have been isolated from ox adrenals,
and increased estrogenic action is found in the
urine of certain cases with adrenal tumors (Burrows et al, Biochem. J., 1937, 31, 950; Frank,
J.A.M.A., 1937, 109, 1121; Mason and Kepler,
/. Biol. Chem., 1945, 161, 235). After corticotropin (Nathanson et al.,Proc. Second Clin. ACTH
Conf., Mote, Vol. 1, 1951, p. 54), urinary estrone,
estradiol and estriol were increased in 3 females,
one of whom was found to have atrophic ovaries,
but not in 2 men. In the discussion of this paper,
Paschkis reported increased estrogenic action in
the urine of 2 males after corticotropin. After administration ofdesoxycorticosterone, pregnanediol,
which is the urinary excretory product of progesterone, isincreased in the urine (Horwitt et al,
J. Biol. Chem., 1944, 155, 213). After corticotropin (Dobriner et al, loc. cit.) or a major surgical operation (Zimmermann and Wojack,
/. Clin. Endocrinol, 1952, 12, 972), but not after
cortisone, pregnanolone, which is a reduction
product of progesterone, is increased in the urine.
Thorn et al. (New Eng. J. Med., 1953, 248,
588) concluded that corticotropin stimulates synthesis and release of hydrocortisone (see also
Conn et al, Science, 1951, 113, 713) and corticosterone, and also steroids with mineralocorticoid.
androgenic, estrogenic and progestational action.
Action on Other Tissues. — In general, the
action of corticotropin is similar to that of cortisone or hydrocortisone unless the adrenal cortex
is incapable of responding to stimulation. It has
no known action other than through the adrenal
cortex. Mineralocorticoid action is also produced
probably by release of an unidentified steroid,
since neither cortisone nor hydrocortisone exert
as much action by usual routes of administration
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as is observed after corticotropin. However, the
intravenous administration of either hydrocortisone or cortisone at the rate of 12 mg. per hour
produces complete suppression of urinary sodium
excretion. Furthermore, corticosterone or 11desoxycorticosterone are more active in electrolyte
metabolism than cortisone.
In contrast to the trivial action of cortisone on
blood cholesterol concentration, corticotropin produces a sharp decrease in cholesterol esters on
the third to fifth day of use (Conn et al, J. Lab.
Clin. Med., 1950, 35, 504). In Addison's disease
this does not occur. Cholesterol may serve as a
precursor of adrenal corticoids. On prolonged administration ofcorticotropin, the moderate rise in
blood cholesterol ester concentration observed
after cortisone occurs (Adlersberg et al, J. A.M. A.,
1950, 144, 909). Wolf son et al. (J. Lab. Clin.
Med., 1950. 36, 1005) suggest that this is due to
depression of thyroid function.
Following parenteral administration, corticotropin produces t the same changes of the skin as
cortisone (it is to be noted, however, that corticotropin isnot active when applied topically).
In persons with normal adrenal function, corticotropin often causes darkening of the skin whereas
in the bronzed skin of Addison's disease cortisone
causes a decrease in melanin pigmentation (McCracken and Hall, J. Clin. Endocrinol., 1952, 12,
923). Contamination of corticotropin preparations
with the melanophore principle — intermedin — of
the hypophysis has been suggested as the causative factor but the action of this hormone on
human skin is unknown. On the electroencephalogram and the psychic status corticotropin and
cortisone have the same action but cortisone
markedly increases the electroshock threshold in
the rat and corticotropin has only a slight effect
(Woodbury. /. Clin. Endocrinol., 1952, 12, 924).
Corticotropin stimulates the formation of corticoids by the placenta (DeCourcy et al., Nature,
1952, 170, 494); both cortisone and hydrocortisone have been isolated from the placenta.
Absorption. — Corticotropin is given parenterally only. As measured by the eosinophil response,
the effect of 25 U.S. P. units intramuscularly of
corticotropin (crude) is maximum at 4 to 6 hours
and subsides within 8 to 12 hours. To maintain
continuous action, 10 to 25 units must be injected
every 6 to 8 hours. Development of resistance is
experienced, particularly with the crude preparation. This seems to be due to inactivation at the
injection site since the preparation is still effective
intravenously in these cases. With more purified
preparations, resistance does not develop and
furthermore the effective dose is likewise much
less. After intravenous injection, corticotropin
disappears rapidly from the blood. After a dose
of 50 to 100 units, over a period of 30 to 60 minutes, the corticotropin activity of blood plasma is
markedly increased but it does not persist for 2
hours after injection (Savers et al., J. Clin.
Endocrinol., 1949, 9, 593). Corticotropin is inactivated quickly (Greenspan et al., Endocrinology, 1950, 46, 261; Pincus et al., J. Clin. Endocrinol, 1952. 12, 920). In rats, Richards and
Sayers (Proc. S. Exp. Biol. Med., 1951, 77, 87)
found 40 per cent of the dose in the extracellular
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water (including blood plasma) of the body and
20 per cent in the kidneys after 5 minutes. After
15 minutes, only traces remained in the extracellular fluid but 15 per cent was still found in
the kidneys (see also Sonenberg et al., Endocrinology, 1951, 48, 148). Transient fixation in
the adrenal cortex was demonstrated in rats with
iodine-131-labeled corticotropin. There is no
information on the metabolism or excretion of
corticotropin.
The injection of 25 units slowly intravenously
over an 8-hour period produces an action similar
to that of 100 to 150 units of crude corticotropin
intramuscularly daily or 35 to 50 units of the
purified corticotropin intramuscularly daily in
equal portions every 6 to 8 hours (Gordon et al.,
Proc. Second Clinical ACTH Con}., Mote, Vol. 2,
1951, p. 30; Renold et al, New Eng. J. Med.,
1951, 244, 796). For an 8-hour injection period
intravenously, 20 U.S. P. units produces a maximum response. If 20 units is given over a longer
period of time a greater effect is obtained. Injection of a highly purified extract in a repository
dosage form has been tried successfully; the slow
prolonged absorption and the minimal tissue inactivation produce a maximum effect. With this
long-acting gel dosage form, the maximum effect
is seen at 15 to 18 hours and action extends
beyond 24 hours. This gives the desired continuous stimulation of the adrenal gland but
cumulation of action is also a problem and the
difference between an effective and a toxic dose
becomes quite narrow. Some patients requiring
large doses of cortisone and experiencing untoward
effects may be managed with small doses of the
gel dosage form; typical dosage is 10 to 20 U.S.P.
units daily, or even every other day. Resistance
to the gel is rarely if ever encountered.
Therapeutic Uses. — Corticotropin injection
and repository corticotropin injection are used
for the same purposes in therapeutics as cortisone
acetate or hydrocortisone; the former preparations, however, cannot serve as replacement therapy for adrenocortical secretion in patients without adrenal glands or with diseased adrenal glands
since such patients are unable to respond to
corticotropic substances. Minor differences in
action remain to be fully evaluated. Corticotropin
needs to be administered parenterally; it acts
more rapidly than cortisone acetate, whether this
is given parenterally or orally. Corticotropin is
effective in instances of hypopituitarism, and it
does not cause atrophy of the suprarenal cortex,
as with prolonged use of cortisone or hydrocortisone. On prolonged use allergic sensitization
develops to this protein-like corticotropic material in some patients, with resultant decrease in
efficacy of the preparation. Insofar as corticotropin increases formation of other suprarenal
hormones with androgenic and other actions there
are differences in the therapeutic effects of corticotropin as compared with those of cortisone or
hydrocortisone. Virilism, edema, hypertension,
etc., are perhaps more frequently associated with
corticotropin therapy. For a discussion of the
therapeutic applications of corticotropin see the
table and discussion under Cortisone Acetate.
Diagnostic
Test for Adrenocortical
In-
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sufficien'CY. — Corticotropin is used to demonstrate adrenocortical insufficiency in patients for
whom a clinical diagnosis is not definite, or to
recognize acute failure of cortical function in
patients with severe injury or infection, or to
distinguish between primary and secondary cortical insufficiency. In this test corticotropin is
employed to stimulate the adrenal gland (Thorn
et al, J. Clin. Endocrinol., 1953, 13, 604). All
urine is collected and stored in a refrigerator during the 24 hours preceding the test and a blood
eosinophil count is made just before the injection
of corticotropin, either as 25 units of repository
corticotropin injection given intramuscularly or
as 25 units of corticotropin injection given intravenously, after dilution with 500 ml. of sodium
chloride injection, slowly over a period of 8 hours.
The blood eosinophil count is repeated 8 to 10
hours after the intramuscular injection or after
the start of the intravenous infusion. The urine
is again collected for 24 hours after commencing
the injection. If spontaneous or cortisone-therapyinduced adrenal atrophy is suspected, the injection
of corticotropin and the collection of urine and
determination of blood eosinophil count should
be repeated on the second and even the third day
since time may be required for an atrophic gland
to respond to stimulation (Renold et al., J. Clin.
Inv., 1952, 31, 657). The criteria of normal
adrenocortical function are: (a) a decrease in the
blood eosinophil count at 10 hours of 85 per cent
or more; (b) an increase in urinary 17-hydroxycorticoids (Reddy et al., Metabolism, 1952, 1,
511) of 10 to 15 mg. in the first 24 hours or about
20 mg. during the second 24 hours; and (c) a less
consistent and hence less diagnostic increase in
urinary 17-ketosteroids (Zimmermann, Ztschr.
physiol. Chem., 1935, 233, 257) of 4.4 (range,
0.9 to 19) mg. during the first 24 hours or 8.7
(range, 4.7 to 16) mg. during the second day.
These average figures were derived from study of
35 subjects. In 35 patients with Addison's disease
the decrease in eosinophil count was 30 per cent or
less and no significant increase in either 17-hydroxysteroids or 17-ketosteroids occurred (Thorn
et al., J. Clin. Endocrinol., 1953, 13, 604). In
cases of hypopituitarism or of adrenal atrophy
due to cortisone therapy, the response was poor
on the first day but approached normal after the
third daily injection. To be significant, the initial
eosinophil count must be at least 100 per cu. mm.
of blood; otherwise the errors incident to this
counting method prevent a valid interpretation of
the result of this test. Numerous counting methods have been recommended; seven procedures
are employed {J. A.M. A., 1953, 153, 1067; see
also reviews by Wright et al., Arch. Int. Med.,
1953, 92, 365 and Spiers, Blood, 1952, 7, 550).
Careful and consistent technic is essential with
this procedure. A normal excretion of 17-hydroxycorticoids or a normal concentration in the blood
plasma prior to the administration of corticotropin excludes adrenocortical hypofunction from
the diagnosis. Chemical determination of the
conjugated and free 17-hydroxycorticoids depends
on extraction with butanol from acidified urine
and development of a color with a phenylhydrazine-sulfuric acid reagent. In cases of adreno-
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cortical hyperfunction an increase in urinary excretion of 17-ketosteroids is often found but there
may be no increase in 17-hydroxycorticoid excretion. The subcutaneous injection of epinephrine
(0.2 mg.) often causes a decrease in the eosinophil
count but it will not increase the excretion of
17-keto- or 17-hydroxy-corticosteroids in the urine
of normal or abnormal cases. Changes in eosinophils are nonspecific with epinephrine; they may
be related to the presence of allergic disorders, and
typical decreases in the eosinophil count have
been observed in adrenalectomized persons.
Toxicology. — With prolonged use of large
doses of corticotropin the same untoward effects
arise as in the case of cortisone, i.e., hyperadrenocorticism (Cushing's syndrome) and, on discontinuing use, hypoadrenocorticism (Addison's disease). The manifestations of Cushing's syndrome
are more frequent with the more sustained action
of the intramuscular repository dosage forms;
with slow intravenous injection of the small yet
effective doses during a period of 8 hours daily
there is less tendency to untoward effects. The
retention of sodium and water and the effects of
excessive
action
(acne and hirsutism")
are
more androgenic
marked with
corticotropin
than with
cortisone. As soon as the desired clinical improvement is obtained the dose should be decreased.
On doses exceeding 100 units daily untoward
effects are common. In rats, adrenal hemorrhages
have been produced by excessive doses (Ingle,
Ann. Int. Med., 1951, 35, 652) but the continuous
intravenous injection for 10 days of therapeutic
doses in the human show no evidence of permanent damage from overstimulation of the adrenal
gland. In impure preparations, significant vasopressor and antidiuretic action arising from the
posterior lobe of the hypophysis may cause untoward effects. Most commercial and all official
preparations available have been amazingly free
of other pituitary hormones.
Allergic reactions occur especially with less
purified preparations. Immediate reactions include pruritus, urticaria, wheezing, angioneurotic
edema and rarely anaphylaxis (Wilson, Lancet,
1951, 2, 478). Delayed reactions include fever
and malaise (Renold et al., J. Clin. Endocrinol.,
1952, 12, 763) and are rare. Patients with adrenal
insufficiency, who often receive corticotropin as
a diagnostic test of adrenal function, react more
violently to any stress, including corticotropin,
and especially when given intravenously. However,
Thorn et al. experienced only 6 severe reactions
among several thousand doses. Two of these were
delayed responses in patients with Addison's disease. Three Addison's disease cases had severe
urticaria. One case experienced urticaria when
corticotropin was given at the end of a prolonged
course of cortisone therapy. All of these cases had
received corticotropin previously without untoward effects and 3 received the highly purified
dosage form subsequently without incident. Precautions and contraindications are discussed under
cortisone. An immediate anaphylactoid reaction
to bovine corticotropin, terminating fatally 8 days
later, was reported by Hill and Swinburn {Lancet,
1954, 1, 1218).
Withdrawal of corticotropin, particularly after
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prolonged use, must be conducted slowly to avoid
adrenal insufficiency. The daily dose should be
decreased slowly. A decrease of 5 units in each
dose daily every 3 to 5 days is a safe procedure
and the interval should also be lengthened, viz.,
from 6 to 8 and then 10 and 12 hours, etc. Adrenal
insufficiency is much less of a problem than after
prolonged employment of cortisone.
Dose. — The usual dose is 10 U.S. P. units intramuscularly every 6 hours for 4 doses daily or,
highly diluted with sodium chloride or 5 per cent
dextrose injection, by continuous intravenous infusion over a period of 8 hours once daily; the
range of the total daily dose is 10 to 100 units. In
action the effect of 20 units of corticotropin injection intravenously over a period of 8 hours
resembles that of 25 to 33 units given 3 or 4 times
daily intramuscularly or 7 units of repository
corticotropin injection administered intramuscularly daily.
Labeling. — "Label Corticotropin Injection
which is recommended for use by intravenous
administration td show the potency found by the
intravenous method of assay as well as that found
by the subcutaneous method of assay." U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes.— 200 U.S.P. Units in 5 ml. of
solution, and 10, 15, 25, and 40 U.S.P. Units in
the dry form.
REPOSITORY CORTICOTROPIN
INJECTION.
U.S.P.
Corticotropin Gel

"Repository Corticotropin Injection is corticotropin injection prepared in a vehicle which favors
prolongation of the therapeutic effect. It possesses
a potency of not less than 80 per cent and not
more than 125 per cent of that stated on the
label in U.S.P. Corticotropin Units. It may contain a suitable antibacterial agent." U.S.P.
This dosage form of "purified" corticotropin is
commonly prepared in an aqueous medium containing approximately 20 per cent of gelatin and
approximately 30 per cent of propylene glycol,
with 0.5 per cent of phenol added as an antibacterial agent. The solution is stable at room temperature. It may solidify below room temperature but is readily liquefied by placing the container in warm water.
Description. — "Repository Corticotropin Injection isa colorless or light straw-colored liquid
which may be quite viscid at room temperature.
It is odorless or has an odor of an antibacterial
agent." U.S.P.
The various requirements specified by the
U.S.P. for Corticotropin Injection are applicable
also to this dosage form.
Uses. — Repository corticotropin injection,
which is commonly prepared from "purified" corticotropin, has the actions described under Corticotropin Injection. As mentioned there, this longacting gel dosage form produces maximum effect
in 15 to 18 hours, with action extending beyond
24 hours. Since the purified form of corticotropin
is used in preparing the gel there is little extra-

vascular inactivation of corticotropin, as is the
case when "crude" corticotropin is injected intramuscularly or subcutaneously.
Because of the difference in behavior of "crude"
and "purified" preparations of corticotropin when
used intramuscularly and when they are used
intravenously, and the possibility that confusion
may arise because of this difference, it is imperative that users of corticotropin preparations recognize which type of preparation is being used and
clearly understand the basis of standardization of
the preparation in order that proper dosage may
be established. The nature and magnitude of the
differences involved are explained in the monograph on Corticotropin Injection, under Assay.
To minimize confusion the repository injection is
labeled in terms of clinical activity, as explained
in that monograph.
Toxicology. — For untoward effects, contraindications and precautions see under Corticotropin Injection.
The usual dose of repository corticotropin injection is 10 U.S.P. units intramuscularly (not
intravenously) daily, with a range of 10 to 100
U.S.P. units.
Labeling. — "Label Repository Corticotropin
Injection to indicate that it is not recommended
for intravenous administration." U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 5 ml. vials containing 10, 20,
or 40 U.S.P. units per ml.
CORTISONE

ACETATE.

U.S.P., LP.

CH20C0CH,
CO

"Cortisone Acetate is 21-acetoxy-17a-hydroxy3:11 :20-triketopregnene-4." LP.
Dohme).
Cortogen Acetate (Schering) ; Cortone Acetate {Sharp &

The hormone cortisone is one of the 28 or more
steroid components of the adrenal cortex (see
Adrenal Cortex Injection). It was isolated independently byseveral groups of investigators (see
under History) and thus came to have such designations as Kendall's compound E, Winters teiner's
compound F, and Reichstein's substance Fa. Cortisone is 17-hydroxy-ll-dehydrocorticosterone,
also called t^-pregnene-17o.,21-diol-3,ll,20-trione;
it differs from desoxycorticosterone. another official adrenal cortex hormone, in having an oxygen
atom at the number 11 carbon atom instead of
two hydrogen atoms and also in having a hydroxyl group at the number 17 carbon atom
instead of a hydrogen atom.
Cortisone cannot be obtained in adequate
amounts from adrenal glands and must be produced by processes of synthesis from other ma-
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terials. For a time it was made solely by a 32-step
synthesis from desoxycholic acid (Sarett, /. Biol.
Chem., 1946, 162, 630). Various other partial
syntheses of cortisone have been reported, starting with such plant steroids as diosgenin, ergosterol, stigmasterol and hecogenin (J.A.C.S., 1951,
73, 4052, 5513). Starting with progesterone it is
possible by introduction of oxygen at carbon atom
11 through microbiological oxygenation using
molds of the Mucorales order to form lla-hydroxyprogesterone (J.A.C.S., 1952, 74, 1871),
which may be subsequently converted to cortisone by nonbiological organic procedures (ibid.,
1953, 75, 1286). A total synthesis of cortisone,
starting with a condensation of benzoquinone and
ethoxypentadiene, has been reported by Sarett
et al. (J.A.C.S., 1952, 74, 4974); this synthesis
has practical possibilities.
Cortisone is used in medicine in the form of
the acetate ester, being esterified at the number
21 carbon atom; the ester has the advantage of
enhanced stability and, possibly, of prolonged
pharmacologic activity.
Description. — "Cortisone Acetate is a white
or practically white, odorless, crystalline powder.
It is stable in air and, when tested by the method
for Class la, melts at about 240° with some decomposition. Cortisone Acetate is insoluble in
water. One Gm. dissolves in about 350 ml. of
alcohol, in 4 ml. of chloroform, in 30 ml. of
dioxane, and in 75 ml. of acetone." U.S.P.
The solubility of cortisone acetate has been
reported by Macek et al. (Science, 1952, 116,
399) to be as follows: in water, 0.02 mg. per ml.;
in human plasma, 0.16 mg. per ml.; in human
synovial fluid, 0.36 mg. per ml. The corresponding solubilities of the free alcohol form of cortisone are 0.28 mg., 0.75 mg., and 0.56 mg., per
ml., respectively, in the liquids mentioned.
Standards and Tests.— Identification. — (1)
A solution of cortisone acetate in alcohol, alkalinized with tetramethylammonium hydroxide,
produces a red color with an alcohol solution of
triphenyltetrazolium chloride. (2) On heating a
methanol solution of cortisone acetate with a
sulfuric acid solution of phenylhydrazine a yellow
color is produced. (3) On saponifying cortisone
acetate with alcoholic potassium hydroxide T.S.,
then acidifying with sulfuric acid and heating, the
odor of ethyl acetate is observable. Specific rotation.— Not less than + 208° and not more than
+ 217°, when determined in a dioxane solution
containing 100 mg. in 10 ml. and calculated on
the dried basis. Absorptivity. — The absorptivity
(1%, 1 cm.) at 238 mn, determined in a methanol
solution containing 0.01 mg. of cortisone acetate
in each ml. but calculated on the dried basis, is
390 ± 10. Loss on drying. — Not over 1 per cent,
when determined by drying in vacuum. Residue on
ignition. — The residue from 100 mg. is negligible.
Hydrocortisone. — A solution of 5 mg. of cortisone
acetate in 2 ml. of sulfuric acid is colorless at
first, becoming yellow in about a minute, but
remains free from green fluorescence when examined inreflected light (hydrocortisone becomes
yellow almost at once and shows a green fluorescence). U.S.P.
Action. — The steroid cortisone has many and
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striking physiological and pharmacological actions.
It is probably not the main endocrine substance
fabricated by the suprarenal gland but it is useful
in replacement therapy of adrenal insufficiency.
The dramatic relief of symptoms produced by
cortisone therapy of rheumatoid arthritis and
other hitherto intractable diseases led to its trial
for every symptom or disease recognized by man.
The extent of its effect on metabolism transcends
that of any previously known drug. Although cortisone cures nothing, its marked anti-inflammatory,
antiallergic, and metabolism-modifying actions in
pharmacological doses are very useful, when carefully utilized, in a variety of diseases.
History. — Since Addison described the disease,
which now bears his name, characterized by destruction of the adrenal gland, there has been a
continuous interest in the function of this endocrine organ. Epinephrine was eventually isolated
from the medullary portion of the adrenal, and
this hormone came into general therapeutic use
as a sympathomimetic agent. The hyperfunctioning of the adrenal cortex in Cushing's syndrome,
and also the interrelation of the pituitary gland
and the adrenal cortex, have long been recognized. The preparation of an active extract of
adrenal cortex, which maintained life and health
in adrenalectomized animals and also in patients
with Addison's disease, completed the demonstration of the essentiality of the cortical portion of
the adrenal. The relationship of the adrenal gland
to the syndrome of adaptation to stresses known
as the "alarm reaction" has been described (Selye,
/. Clin. Endocrinol., 1946, 6, 117), and the resemblance ofcertain common human diseases to
this reaction noted.
The adrenal cortex contains many steroid compounds (see Adrenal Cortex Injection). These
steroids are sometimes classified according to
three general physiological actions which they produce: the mineralocorticoids, such as desoxycorticosterone, which are concerned with electrolyte
and fluid balance; the glucocorticoids, such as
cortisone, which have to do principally with
carbohydrate metabolism; the steroids, such as
testosterone, which are involved chiefly in protein
anabolism. Cortisone, independently identified as
a constituent of adrenal cortex by Kendall's group
(/. Biol. Chem., 1936, 114, 613), by Reichstein
(Helv. Chim. Acta, 1936, 19, 1107), and by Wintersteiner and Pfiffner (/. Biol. Chem., 1936, 116,
281), fails to maintain life in adrenalectomized
animals but it improves the ability of such animals to perform muscular work (Mason et al.,
ibid., 1936, 114, 613).
Following Hench's observations that pregnancy
(Proc. Mayo, 1938, 13, 161) and jaundice from
biliary obstruction or hepatitis (Ann. Int. Med.,
1934, 7, 1278) are potent antagonists of rheumatoid arthritis, he speculated that release of an
adrenocortical hormone may provide the ameliorating influence and on the recommendation of
Kendall tried the latter's compound E (cortisone)
on a patient with severe rheumatoid arthritis.
The rapid and striking improvement in the clinical
manifestations of the disease observed not only
in this patient but also in 13 others is now well
known (Hench et al., Proc. Mayo, 1949, 24, 181)
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and has provided the stimulus for a most comprehensive program of research. The comparable
results obtained with adrenocorticotropic hormone
from anterior pituitary, known as corticotropin,
has resulted in a parallel investigation of that
compound.
The experimental and clinical studies with cortisone and corticotropin which have been reported
are so numerous that it is impossible to refer to
more than a few of them in this work. Thom and
his associates (New Eng. J. Med., 1953. 248, 232,
284. 325. 369. 414. 588. 632; ibid., 1950. 242,
$24) have performed an excellent service in
organizing most of the data; reference may also
be made to Dorfman and Ungar's Metabolism of
Steroid Hormones, 1953. to the monograph on
Mechanism of Corticosteroid Action in Disease
Processes, published in Ann. N. Y. Acad. Sc,
1953. 56, 623-814. and to the review of Lieberman and Teich. Pharm. Rev., 1953. 5, 282-380.
Absorption. Intermediary Metabolism and
Excretion. — Absorption. — Since absorption of
the drug depends to a considerable extent on its
method of administration this subject is discussed
in the section on Routes of Administration.
Intermediary Metabolism. — Cortisone is probably a precursor or a metabolite of the chief
glycocorticoid of the adrenal cortex. It has been
found in both hog and beef adrenal tissue, in
normal human urine, in human placenta, and in
perfusates of corticotropin-treated adrenal glands
of animals. That acetate may serve as a precursor
has been demonstrated by conversion of carbon14-labeled acetate by hog adrenal tissue to hydrocortisone and cortisone. Cortisone is not found in
adrenal venous blood (Reich et al., J. Biol. Chem.,
1950, 187, 411) or in the peripheral blood of animals (Savard et al., Endocrinology, 1952. 50,
366). whereas hydrocortisone (compound F) is
found in both places and is the principal form
found in adrenal perfusates (Hechter et al., Recent Progress in Hormone Research, 1951. 6, 215 ).
After intravenous injection cortisone disappears
rapidly from blood: in the dog 90 per cent disappeared within 10 minutes. Based on analyses
of 17-hydroxycorticosteroids. cortisone is found
to disappear rapidly on perfusion through the
liver (Hechter et al., J. Clin. Endocrinol., 1952.
12, 935) but only slightly on passing through
muscle or kidney (Nelson. Tr. Third Conf. Adrenal Cortex, Josiah Macy Jr. Found.. 1952. p.
89). Based on assavs measuring glycogen deposition. Paschkis et al (Fed. Proc, 1951. 10, 101)
found that muscle, brain and liver brei inactivated
cortisone, but Louchart and Jailer (/. Clin. Endocrinol., 1951. 11, 771) did not observe inactivation
in blood, muscle or brain slices.
Excretion. — Xo information is available concerning fecal excretion of cortisone. Urinary excretion isdifficult to evaluate because of the presence of endogenous
steroids. results
In Addison's
disease
administration
of cortisone
in an increase
in urinary 17-ketosteroids and of formaldehydogenic and reducing corticosteroids (Daughadav
et al., J. Clin. Endocrinol., 1948. 8, 166: Talbot
et al, J.Biol. Chem., 1945. 160, 535: Heard et al.,
ibid., 1946. 165, 699). In persons with normal
adrenal function large doses of cortisone result in
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similar products in the urine (Sprague et al., Arch.
Int. Med., 1950, 85, 199) but the increased excretion may not persist on continued administration.
On the relatively smaller dose of 50 to 100 mg.
of cortisone daily, the 17-ketosteroids in the urine
of the normal human actually decrease as a result of suppression of endogenous adrenal function. Androsterone and etiocholanolone. which in
the female are derived only from the adrenal, disappear from the urine. The steroids are present
in the urine as glucuronides and ethereal sulfates,
and also as an unidentified conjugate (Cohen.
/. Biol. Chem., 1951. 192, 147: Lieberman and
Dobriner, Recent Progress hi Hormone Research.
1948, 3, 71). Steroids without oxygen at carbon
atom 11 do not increase in the urine. In the
female with acne and hirsutism as a result of large
doses of cortisone, androgenic activity is found in
the urine. In castrated, bilaterally adrenalectomized patients with metastatic carcinoma of the
prostate, urinary androgen excretion parallels
the dose of cortisone even in large doses but the
amount of biologically active androgen present is
much less than that present in the urine of a normal male. Hydrocortisone administration produces
more androgen in the urine than does cortisone.
Small amounts of many other degradation products of cortisone have been identified in the urine
but the total accounts for only a small fraction of
the dose of cortisone administered. The fate of
most of a dose of cortisone is unknown.
Action on Metabolism. — Carbohydrate. — Cortisone is capable of correcting the abnormalities
in carbohydrate metabolism in adrenal insufficiency, these including a subnormal fasting-bloodsugar concentration, a decreased concentration of
glycogen in the liver but not in muscle, a decrease
in urinary nitrogen excretion, a high respiratory
quotient (indicating combustion of carbohydrate
rather than of fat), and an abnormal sensitivity
to insulin (Thom et al., J. Clin, /fro., 1940. 19,
813; Long et al., Endocrinology, 1940. 26, 309).
Cortisone stimulates gluconeogenesis from protein, carbohydrate (Welt et al., J. Biol. Chem.,
1952. 197, 57) and fat (Kinsell et al., J. Clin.
Endocrinol., 1952. 12, 945). It also inhibits the
utilization of carbohydrate in the body, as shown
by a decrease in the respiratory quotient and other
findings. The exact site of action, as on hexokinase.
etc.. remains to be determined.
Protein. — Cortisone corrects the decreased nitrogen excretion of adrenal insufficiency and increases the excretion in normal persons. Studies
utilizing radioactive nitrogen-15-labeled glycine
indicate both stimulation of protein catabolism
and inhibition of anabolism (Hoberman. Yale J.
Biol. Med., 1950. 22, 341). although the net effect
can be minimized by ingestion of a high carbohydrate or protein and potassium diet. Cortisone
causes increased excretion of uric acid in urine
(Sprague et al., Arch. Int. Med., 1950. 85, 199)
due to greater renal clearance rather than to increased production.
Lipids. — The action of cortisone in fat metabfurther
clarification.
Addison's
diseaseolismitrequires
causes
a decrease
in theIn respiratory
quotient and an increase in the concentration of
ketones in the blood, suggesting increased oxida-
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tion of fat or increased conversion of fat to carbohydrate (Thorn et al, Trans. A. Am. Phys., 1949,
62, 233). Animal studies are contradictory (Stoerk
and Porter. Proc. S. Exp. Biol. Med., 1950, 74,
65; Welt and Wilhelmi, Yale J. Biol. Med., 1950,
23, 99). In normal rats (Levin and Farber, Proc.
S. Exp. Biol. Med., 1950, 74, 758) and rabbits
(Kobernick and More, ibid., 602) it causes lipemia
and fatty infiltration of the liver. In various diseases in humans Adlersberg et al. (J. Clin. Endocrinol., 1951, 11, 67) reported a questionable rise
in blood cholesterol and esters and also in phospholipid, with a sharp decrease in the content of
neutral fat in blood serum.
Mucopolysaccharides. — The elevated levels of
mucopolysaccharides in blood serum, observed in
certain diseases, are variously influenced following cortisone therapy. In acute disseminated lupus
erythematosus there is a decrease in hexosamine
concentration (Boas and Reiner, ibid., 890). In
rheumatic fever a decrease in the levels of glucosamine-, non-glucosamine-, and albumin-polysaccharides accompanies clinical remission (Shetlar
et al., J. Lab. Clin. Med., 1952, 39, 372). In tissue
cultures derived from embryonic tissue or healing
wounds cortisone inhibits synthesis of chondroitin
sulfate (Layton, Proc. S. Exp. Biol Med., 1951,
76, 596). Injection into the synovial space in
cases of rheumatoid arthritis results in an increased degree of polymerization of the hyaluronic
acid (Duff et al, J. Lab. Clin. Med., 1951, 38,
805); following systemic administration the
spreading action of hyaluronidase is inhibited
(Opsahl, Yale J. Biol. Med., 1949, 21, 255). This
latter action is due to an alteration in the substrate rather than a direct antagonism of steroid
and enzyme (Seifter et al., Ann. N. Y. Acad. Sc,
1953, 56, 693). Systemic action also inhibits
absorption of a dye from the synovial space of
normal animals.
Enzymes. — Cortisone increases the concentration of blood serum glucuronidase (Cohen, ibid.,
1951, 44, 558). In animal studies the arginase
content of liver and kidney is increased by this
steroid (Kochkakian and Robertson, /. Biol.
Chem., 1951, 190, 481), while in the adrenalectomized rat the depressed amino acid oxidase
activity of liver and the proline oxidase of kidney
are restored to normal (Umbreit, Ann. N. Y.
Acad. Sc, 1951, 54, 569). The gastric secretion
of pepsinogen is increased by cortisone (v.i.). It
is not known whether these effects are directly on
the enzyme or a result of alteration in the access
of substrate or of co-factors to the cells.
Inorganic Elements. — In adrenal insufficiency,
the characteristic and clinically significant loss of
sodium chloride and the retention of potassium is
best corrected by desoxycorticosterone ; cortisone
possesses about one-thirtieth to one-fiftieth of the
activity of desoxycorticosterone in reversing this
phenomenon in man and animals (Thorn et al.,
Science, 1941, 94, 348). Some cases of Addison's
disease can be maintained satisfactorily with a
high salt diet and 12.5 to 25 mg. of cortisone
daily while some patients following adrenalectomy
for hypertension do well on a high sodium chloride intake and 37.5 to 50 mg. of cortisone daily
(Thorn et al., Ann. Int. Med., 1952, 37, 972).

Cortisone Acetate

377

However, most cases of adrenal insufficiency require desoxycorticosterone to regulate electrolyte
metabolism. Actually, therapy of Addison's disease with a combination of cortisone and desoxycorticosterone may result in less retention of
sodium chloride than when the latter steroid is
used alone (Thorn et al., Trans. A. Am. Phys.,
1949, 62, 233). The action of cortisone is conditioned considerably by the status of adrenal
function, the dose of desoxycorticosterone in use,
and the duration and route of cortisone administration. Prolonged use of cortisone in these cases
of insufficiency results in retention of sodium
chloride (Sprague et al., Arch. Int. Med., 1950,
85, 199). Intramuscular injection of cortisone is
more effective in this respect than oral administration. Intravenous injection of cortisone has an
action equal to that of desoxycorticosterone. Decreased excretion of potassium may be related in
some patients to rapid storage of glycogen in the
liver as a result of cortisone therapy; under these
circumstances inorganic phosphorus may also be
retained.
In the individual with normal adrenal function
the action of cortisone on electrolytes is complex
and variable. Initially, a retention of sodium chloride and a loss of potassium is seen (Sprague et al.,
loc. cit.) which diminishes on continued use. An
increased excretion of phosphate and calcium is
usual (Eliel et al., Proc. Second ACTH Conference, Vol. 1, Mote, 1951, p. 196). The sum of
these several effects is a depletion of potassium
and phosphate in the cells of the body and a
migration of sodium into the cells. Prolonged use
of large doses of cortisone induces the changes
found in Cushing's syndrome of hyperadrenocorticism (Wilson et al., J. Clin. Inv., 1940, 19,
701), i.e., hypochloremia and hypokalemia and
metabolic alkalosis in the blood, loss of potassium
and phosphate from the muscle cell, with or
without an increase in intracellular sodium.
Testosterone antagonizes this loss of potassium,
phosphate and calcium by its anabolic action on
protoplasm (Bartter et al., Pituitary- Adrenal
Function, A.A.A.S., 1950, p. 109). A decrease in
urinary magnesium concentration has been observed and less blood serum iron reported (Cartwright et al, I. Clin. Inv., 1951, 30, 161).
Water. — The disturbance in water and electrolyte balance in Addison's disease was the first to
receive attention (Gaunt et al, Physiol. Rev.,
1949, 29, 281) because of the dry, inelastic skin
and other signs of dehydration in these patients.
Harrop {Bull Johns Hopkins Hosp., 1936, 59,
11) concluded that loss of sodium resulted in
hypotonicity of extracellular fluid with passage of
water into the cells of the body (see also Harrison
and Darrow, J. Clin. Inv., 1938, 17, 77). However, water and electrolyte changes are not always
parallel (Gaunt, /. Clin. Endocrinol, 1946, 6,
595). Swingle et al. {Am. J. Physiol, 1934, 108,
144) observed a greater shift in fluid than could
be explained on the basis of osmotic changes resulting from loss of salt. Thorn and his associates
studied the volume and water content of the easily
accessible red blood cells and found that cell
volume increased and hemoglobin concentration
decreased in adrenal insufficiency. Harrop had
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observed shrinkage of red blood cells, increased
hemoglobin concentration and excess water excretion following use of adrenal cortical extract in
patients with Addison's disease. Cortisone exerts
the same action. This metabolic abnormality is
the basis of the "water-load test" in the diagnosis
of adrenal insufficiency (Robinson et al., Proc.
Mayo, 1941, 16, 577). In other words, in adrenal
insufficiency water is stored in the cells of the
body and does not reach the kidneys for excretion.
Other possible mechanisms for the failure to
excrete water seem to be excluded. The appearance of the usual dilution of blood following the
ingestion of water (Slessor, /. Clin. Endocrinol.,
1951, 11, 700) and the failure to excrete fluid
administered intravenously (Lewis, Proc. Roy.
Soc. Med., 1952, 45, 63) indicate that poor absorption from the gastrointestinal tract is not the
explanation. Diuresis following cortisone therapy
occurs without a correlated change in renal glomerular filtration rate (Burston and Garrod, Clin.
Sc, 1952, 11, 12,9) and water excretion may not
improve despite restoration of normal glomerular
filtration with desoxycorticosterone. The suggestion of increased antidiuretic hormone activity in
blood serum (Birnie et al., Endocrinol., 1950, 47,
1) and urine (Slessor, loc. cit.) due to increased
sensitivity of the tissues to such a hormone or to
decreased ability to inactivate it is questionable
because of several observations. Cases of Addison's disease show normal sensitivity to the antidiuretic action of vasopressin injection; administration of cortisone does not alter this response
(Chalmers and Lewis, Lancet, 1951, 2, 1158).
The diuresis in response to cortisone does not
occur in the absence of the pituitary gland in animals (Gaunt et al., Am. J. Physiol, 1937, 120,
532) or patients (Garrod and Burston, Clin. Sc,
1952, 11, 113). The theory that excessive renal
tubular reabsorption of water in adrenal insufficiency explains the failure to excrete water seems
unlikely since a decrease in the specific gravity of
the urine has been observed during failure of
diuresis. Studies of renal tubular reabsorption indicate normal behavior in cases of Addison's disease (Reforzo-Membrives and Repetto, /. Clin.
Endocrinol, 1951, 11, 1454).
In cases with normal adrenal function, cortisone
increases extracellular fluid (Levitt and Bader,
Am. J. Med., 1951, 11, 715) and decreases intracellular water with little change in total tissue
water (Eliel et al, 1951, loc. cit.). During the
first week or ten days of cortisone therapy there
is retention of sodium chloride but this does not
continue on further use of usual doses. Changes in
body fluid are usually correlated with renal glomerular filtration rate and there is no alteration
in sensitivity to the antidiuretic action of extracts
of the posterior lobe of the pituitary gland
(Rosenbaum et al, J. Clin. Inv., 1951. 30, 668).
A case of Cushing's syndrome was studied by
Thorn's group with the water-load test before and
after adrenalectomy and after cortisone therapy;
it was concluded that cortisone acts on the transfer of water into cells regardless of any diuretic
action.
Action on Tissues. — Kidney. — In Addison's
disease, the severity of the azotemia, even though
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extrarenal in origin, has long been recognized as
a criterion of the severity of the adrenal insufficiency. As already discussed, dehydration, hemoconcentration, decreased plasma volume and decreased renal blood flow are responsible for inadequate renal function. A decrease in glomerular
filtration rate, a lesser decrease in renal plasma
flow and a decrease in filtration fraction occur
(Talbott et al, J. Clin. Inv., 1942, 21, 107;
Waterhouse and Keutmann, ibid., 1948, 27, 372).
These abnormalities are corrected by cortisone
therapy (Burston and Garrod. loc. cit.). The
action of cortisone or of desoxycorticosterone is
on the body fluids rather than directly on the
kidney (Pitts, Adrenal Cortex, Tr. Third Conference, New York. J. Macy Jr. Found.. 1952, p. 11)
although the ability to exchange hydrogen or ammonium ion for sodium ion in the maintenance
of acid-base balance is impaired (Roemmelt et al,
Am. J. Physiol, 1949, 159, 124). Cortisone alleviates this defect but to a much lesser extent than
does desoxycorticosterone (Roberts and Pitts.
Endocrinology, 1952, 50, 51). The loss of sodium
from the body in adrenal insufficiency, however,
is not due to failure of tubular reabsorption, since
the Addisonian patient is unable to excrete hypertonic saline injected intravenously. This defect is
partially corrected by cortisone but not by desoxycorticosterone. Hence, it seems that cortisone is
able to modify towards normal either excessive
or insufficient renal tubular function. Perhaps it
acts in homeostasis.
In the patient with normal adrenal function,
cortisone causes an increased glomerular filtration
rate, a smaller increase in renal plasma flow, a
decrease in the venous blood hematocrit and an
increase in filtration fraction, but no change in
tubular function (when £-aminohippuric acid is
used for the test). Tubular reabsorption of sodium
is increased and when sodium is being retained
urinary excretion of potassium is increased. Glycosuria may occur with or without a rise in the
blood sugar concentration as a result of increased
glomerular filtration or a decrease in tubular function (measured with glucose). An increased excretion of uric acid and of phosphate in the urine
occurs independently of the changes in the concentrations inthe blood as a result of increased
tubular secretion.
In humans, no benefit is observed with cortisone therapy in acute glomerular nephritis, acute
disseminated lupus erythematosus (Burnett et al,
New Eng. J. Med., 1950. 243, 1028) or periarteritis nodosa (Thorn et al, Arch. Int. Med.,
1950, 86, 319) and it may aggravate the hypertension or the azotemia in these patients.
Adrenal. — In doses of 50 to 75 mg. daily, cortisone suppresses adrenocortical secretion, as shown
by a decreased urinary excretion of 17-ketosteroids
and the Addisonian-collapse state which may follow discontinuance of large doses of cortisone,
particularly by mouth, including weakness, fatigue,
hypotension, circulatory collapse, eosinophilia.
decreased excretion of both 17-ketosteroids and
formaldehvdogenic steroids in the urine and even
death (Fraser et al, I.A.M.A., 1952, 149, 1542).
After the use of cortisone, the administration of
corticotropin produces little or no decrease in the
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blood eosinophil count or increase in the urinary
1 7-ketosteroid excretion which are commonly employed as tests of the response of the adrenal
cortex to stimulation by ACTH. Histologically,
cortisone therapy causes atrophy of the fascicular
and reticular layers of the adrenal cortex in animals and man (O'Donnell et al, Arch. Int. Med.,
1951, 88, 28) and there is less stainable lipid.
Pituitary. — Cortisone suppresses secretion of
corticotropin by the anterior lobe of the pituitary.
The atrophy of the adrenal cortex caused by cortisone is prevented by simultaneous use of corticotropin (Sayers, Physiol. Rev., 1950, 30, 241).
The
bloodlessof corticotropic
patients withactivity
Cushing's
contains
thansyndrome
normal.
Cortisone will prevent the usual response of the
adrenal cortex to stress, i.e., hypertrophy and depletion of ascorbic acid and cholesterol. Larger
doses of cortisone are required to prevent depletion of the adrenal cortex in response to more
severe forms of stress than to mild forms. The
poor response of patients with hypopituitarism to
corticotropin is similar to that of individuals after
a prolonged course of cortisone therapy. The
thyrotropic hormone of the pituitary gland seems
also to be depressed since there is less uptake of
iodine-131 by thyroid following cortisone therapy
(Frederickson et al., J. Clin. Endocrinol., 1952,
12, 541). However, hyperplasia of the beta cells
of the anterior hypophysis is found following cortisone therapy, similar to that observed following
thyroidectomy (Halmi and Barker, Endocrinology,
1952, 51, 127), which has been interpreted to
indicate an increase in thyrotropic hormone formation. The pituitary gonadotropin activity of the
urine is increased during use of cortisone (Sohval
and Softer, /. Clin. Endocrinol., 1951, 11, 677).
No effect has been recognized on the antidiuretic,
growth or diabetogenic hormones of the pituitary.
The bronze pigmentation of the skin common in
cases of Addison's disease has been ascribed to
activity of the intermediary lobe of the pituitary
gland (Johnsson and Hogberg, Nature, 1952, 169,
286) ; since the color fades during cortisone therapy, inhibition of this lobe is suggested (Hall
et al,. J. Clin. Endocrinol., 1953, 13, 243).
Thyroid. — In cases of Addison's disease or in
individuals with normal adrenal function, use of
cortisone decreases the rate of uptake of radioactive iodine by thyroid (Frederickson et al., loc.
cit.; Wolfson et al., J. Lab. Clin. Med., 1950, 36,
1005; Hill et al, J. Clin. Endocrinol, 1950, 10,
1375). The concentration of protein-bound iodine
in the blood is decreased also (Hardy et al, Am.
J. Med. Sc, 1950, 220, 290) but, as noted above,
the effect on the thyroid-stimulating hormone of
the pituitary requires further elucidation. In the
hypophysectomized rat, the action of thyroidstimulating hormone is inhibited by cortisone but
administration of cortisone alone in such animals
did not inhibit thyroid uptake of iodine-131
(Woodbury et al, J. Clin. Endocrinol, 1951, 11,
761). It seems clear that cortisone affects the
function of the thyroid gland but its effect on the
production of thyroid hormone requires further
evaluation (Albert et al, Endocrinology, 1952,
50, 324; Perry, ibid., 1951, 49, 284). In patients
with myxedema, cortisone seems to increase the
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action of a given dose of thyroid (Hill et al, loc.
cit.; Lerman et al, J. Clin. Endocrinol, 1952, 12,
1306; Beierwaltes et al, 1950, 36, 799). However,
functioning adrenal cortex seems essential for full
cit.).
metabolic
action of thyroid (Wolfson et al, loc.
Gonads. — No striking changes have been observed with cortisone in humans. Irregular and
scanty menstruation, amenorrhea and loss of
libido occur in Cushing's syndrome and in some
patients receiving large doses of cortisone.
Pancreas. — Despite the definite effect of cortisone on the metabolism of carbohydrate, glycosuria and hyperglycemia rarely occur during
cortisone therapy except in persons with preexistent, if not recognized, mild cases of diabetes
mellitus. Patients with a family history of diabetes should be watched for this side effect
(Bookman et al, J. Clin. Endocrinol, 1952, 12,
945). On discontinuing cortisone, the defective
handling of carbohydrate in these cases disappears. In Cushing's syndrome overt diabetes is
not common; of the 33 cases reviewed by Plotz
et al (Am. J. Path., 1950, 26, 709) 31 showed
an abnormal glucose tolerance and 9 had glycosuria but only 5 had clinical diabetes mellitus.
Pancreatitis and other pathological lesions are
frequently
in cases
with 1952,
Cushing's
syndrome. found
Becker (Ann.
Int. Med.,
37, 273)
pointed out that the diabetes observed during cortisone therapy resembles that found in the Kimmelstiel-Wilson syndrome, with retinal capillary
aneurysms and failure to develop acidosis in the
absence of insulin. The capillary lesions were produced in rabbits by administration of cortisone
(see under discussion of Kidney above). An excessive secretion of the hyperglycemic-glycogenolytic factor from the alpha cells of the islets
of Langerhans (see under Insulin) has been postulated (Dana et al, Bull. Johns Hopkins Hosp.,
1952, 90, 323). In Addison's disease complicated
by diabetes mellitus, cortisone therapy increases
the dose of insulin required but it also improves
the food intake, the body weight, and the exercise tolerance, and minimizes the tendency to
hypoglycemic seizures. In other words, cortisone
aggravates the defect in carbohydrate metabolism
but the general improvement in the patient may
actually alleviate the diabetic disability.
Skin. — In Addison's disease, cortisone restores
hydration, as manifested by warmer, moister,
softer skin and increased growth of hair on the
extremities and the pubic region. With the reflectance spectrophotometer, a decrease in melanin
and melanoid pigment, and an increase in oxyhemoglobin, are seen after cortisone therapy (Hall
et al, J. Clin. Endocrinol, 1953, 13, 243). In
normal subjects, large doses of cortisone induce
the changes characteristic of Cushing's syndrome:
thinning of the skin with or without violaceous
striae, rounding of the face due to a peculiar and
characteristic deposit of fat, acne without seborrhea (Brunsting et al, Arch. Dermat. Syph., 1951,
63, 29), keratosis pilaris and hirsutism. Albright
theorized that the skin changes were due to the
antianabolic action of cortisone on protein. In
patients with dermatoses, cortisone therapy causes
warmer, moister skin, increased blood flow, less
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secretion of sebum and fat-soluble materials and
the more rapid absorption of intracutaneously
injected physiological saline solution (Sauer et al.,
Proc. Second ACTH Conference, Vol. 2, Mote,
1952, p. 529 J. Pigmentation of healed acute inflammatory lesions is marked in patients receiving cortisone and sites of cortisone pellet
implantation become brown but generalized pigmentation israre. Lovell et al. {Brit. J. Exp.
Path., 1953, 34, 535) ascribed the slow resolution of bruises to impaired dispersion through
ground substance to lymphatics.
Detailed studies of the result of prolonged
topical application of cortisone to the skin of rats
have been reported by Baker and his associates
(Atiat. Rec, 1948, 102, 333; Endocrinology, 1950,
47, 234). The epidermis becomes thinner due to
fewer epithelial cells. There is inhibition of the
growth of hair and atrophy of the sebaceous
glands, with little if any systemic cortisone effect.
The dermis also becomes thinner due to a "melting" of collagen
intowhich
a compact
with nuclei.
fewer
fibroblasts,
most of
contain mass
pyknotic
The fatty deposits disappear and there is less
ground substance which shows altered staining
characteristics. Elastic fibers seem unaffected.
Muscle. — The muscle weakness following adrenalectomy has provided a useful bioassay
method for the activity of steroid compounds
(Ingle and Kuizenga, Endocrinology, 1945, 36,
218). In Addison's disease the muscular weakness
is a striking symptom. In the exhaustion there is
also an element of circulatory failure. In correcting the muscular deficiency, cortisone is much
more effective than desoxycorticosterone, corticosterone or dehydrocorticosterone. However, no
steroid or adrenal cortical extract fully restores
muscular strength or increases strength in persons
with normal adrenal function. In normal individuals cortisone may cause an increased excretion
of creatine but there is no change in the excretion of preformed creatinine. The myotonic response in cases of myotonia is often decreased
(Shy et al., J.A.M.A., 1950, 144, 1353). In
myasthenia gravis, improvement in muscle stamina
is reported (Torda and Wolff, /. Clin. Inv., 1949.
28, 1228) but some cases are aggravated by cortisone therapy. In Cushing's syndrome and in patients receiving large doses of cortisone muscular
weakness is also a common finding. This may be
due to loss of potassium or to interference with
protein synthesis (Sprague et al., Arch. Int. Med.,
1950, 85, 199). Either an increase or a decrease
in the sodium-potassium ratio in the blood scrum
results in muscle weakness.
Bone. — As mentioned above, cortisone increases
excretion of calcium and phosphorus. The amount
of phosphate excreted is effected by alterations
in renal tubular function and the rate of storage
of glycogen in the liver but the calcium excreted
represents change in bone. Osteoporosis may develop (Curtiss et al., J. A.M. A., 1954, 156, 467).
In Cushing's syndrome, Albright suggested that
the antianabolic action on bone is responsible for
the osteoporosis. Prolonged administration in animals results in decrease in cartilage cells, fewer
osteoblasts and hence less bone formation, invasion of bone by connective tissue from the

Part

I

marrow cavity and narrowed epiphyses (Winter
et al., Endocrinology, 1950, 47, 60). Pathologic
fractures have occurred in patients (Demartini et
al.,J.A.M.A., 1952, 149, 750; Teicher and Nelson.
J. Invest. Dermat., 1952, 19, 205). Cortisone
aggravates hypoparathyroid tetany (Moehlig and
Steinbach, J.A.M.A., 1954, 154, 42). However,
as an example of the importance of the net effect
of cortisone therapy on all tissues rather than the
single action on a specific tissue, Thorn et al.
{New Eng. J. Med., 1953, 248, 32 7) reported a
case of nontropical sprue with pathologic fractures which failed to heal in spite of open reduction and immobilization of fragments with pins
until cortisone was given; the steatorrhea was
controlled, appetite improved, weight increased
and the fractures healed.
Joints. — In rheumatoid arthritis, the joint temperature isdecreased within 24 hours after intraarticular injection of cortisone (Hollander et al.,
J.A.M.A., 1951, 147, 1629) and the chemistry of
the joint fluid returns toward normal. The increased polymerization of hyaluronic acid and the
resulting increase in viscosity was mentioned
under Mucopolysaccharides above. However, hydrocortisone ismore consistent in its favorable
effect on intraarticular injection.
Connective Tissue. — As discussed above under
Skin, cortisone acts on the connective tissue cells
and secondarily affects the fibers and the ground
substance (Baker, Pituitary-Adrenal Function,
A. A. A. S., 1950. p. 88). It inhibits fibril formation in tissue cultures (Sacerdote et al., Compt.
rend. soc. biol., 1951, 145, 1724) and delays fibroplasia in vivo regardless of the type of stimulus.
In large doses cortisone delays wound healing
(Ragan et al., Am. J. Med., 1949, 7, 741); this
has always been a problem in the management of
cases of Cushing's syndrome. Topical application
inhibits granulation tissue formation, fibroplasia,
vascularization and deposition of ground substance
(Baker and Whitaker, Endocrinology, 1950, 46,
544). Epithelial growth is not inhibited. After
injury, cortisone delays and minimizes traumatic
edema; the surface layer of fibrin and red blood
cells is thinner; leukocytes are fewer; fibroplasia
is delayed and the fiber bundles are abnormal;
there is an excessive degree of capillary dilatation
but vascularization of the injured area is delayed.
Adjacent tissues are thinned. Protein deficiency
aggravates these undesirable effects of cortisone
and should be corrected to avoid the formation
of decubitus ulcers (bed sores). Cortisone inhibits
adhesion formation due to the irritation of talc
on serous surfaces such as the pleura and peritoneum and increases the mobility of Dupuytren's
contracture of the hand (Baxter et al., Can. Med.
Assoc. J., 1950, 63, 540). This action has been
utilized to prevent adhesions and osteophyte formation following arthroplastic operations. Keloids
were not dissipated (Ronchese and Kern, New
Eng. J. Med., 1954, 250, 238). In debilitating
diseases, the general improvement in appetite and
well-being may result in such improved nutrition
as to counteract the untoward effects on wound
healing and protein synthesis.
Elastic fibers are little affected by cortisone.
However,
the reticular connective tissue cell.
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which retains some of the multipotent embryonic
abilities in the adult tissues, is affected. Cortisone
causes disintegration of the reticular framework
of lymph nodes (Baker, Recent Progress in Hormone Research, 1951, 7, 331). The reticular cells
become shrunken, with pyknotic nuclei. Lymphocyte and thymocyte formation is impaired (Baker
et al, Am. J. Anat., 1951, 88, 313). Splenic
phagocytosis is accelerated, according to Gordon
and Katsh (Ann. N. Y. Acad. Sc, 1949, 52, 1),
but depressed according to Spain et al. (Science,
1950, 112, 335).
Blood. — In Addison's disease, the hemoconcentration has already been mentioned. Desoxycorticosterone will correct this but cortisone is
needed to alter the normocytic anemia and the
leukopenia with relative lymphocytosis and eosinophilia. In Cushing's syndrome there is usually a
decrease in the eosinophils and often a lymphopenia; in some cases there is a polycythemia. The
characteristic decrease in eosinophils following
administration of cortisone seems to depend on
the concentration of the steroid in the blood
stream (Thorn et al., New Eng. J. Med., 1951,
245, 549; Kellgren and Janus, Brit. M. J., 1951,
2, 1183). Hence, eosinopenia is more readily produced by intravenous or oral administration than
by the more slowly absorbed intramuscular injection (Sprague et al., Arch. Int. Med., 1950, 85,
199). The mechanism of this action is in controversy. Following cortisone, degenerative changes
have been observed in eosinophils in blood and
in peritoneal exudates in rats (Padawer and
Gordon, /. Clin. Endocrinol., 1952, 12, 922).
Similar changes were observed in vitro (Muehrcke
et al., Science, 1952, 115, 377). Heparin neutralizes this degenerative action in vitro and also
in vivo (Godlowski, Brit. M. J., 1951, 1, 854).
Increased segregation in the lungs and spleen was
suggested as the mechanism by Lanman et al.
(Blood, 1950, 5, 1099) but splenectomy does not
alter the eosinopenic response to cortisone (Hills
et al, ibid., 1948, 3, 755). Rosenthal et al. (Proc.
S. Exp. Biol. Med., 1950, 75, 740) observed an
increase in eosinophil count in human bone marrow as the blood eosinophil count decreased but
Gordon et al. (Endocrinology, 1951, 49, 497) did
not confirm this observation in mice nor did Root
and Andrews (Am. J. Med. Sc, 1953, 226, 304)
in man.
The lymphopenia after cortisone does not persist on repeated use (Hills et al., loc. cit.) ; heparin
inhibits the lymphopenia (Godlowski, loc. cit.).
As in the case of the eosinophils, it is reported
that lymphocytes are destroyed in lymph nodes
(Dougherty and White, Endocrinology, 1944, 35,
1) and in tissue cultures (Feldman, ibid., 1950,
46, 552; Heilman, Proc. Mayo, 1945, 20, 318).
Baldridge et al. (Arch. Path., 1951, 51, 593),
however, did not confirm this observation and
reported that lymphocytes accumulated in the
bone marrow (see also Yoffey et al., Brit. M. J.,
1951, 1, 660). Lymphosarcoma and leukemia cells
are temporarily destroyed (Pearson and Eliel,
Recent Progress in Hormone Research, 1951, 6,
373). Neutrophils often increase in blood (Sprague
et al, loc. cit.; Finch et al, Blood, 1951, 6, 1034).
Large doses cause stimulation of neutrophil for-
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mation inthe bone marrow of the mouse (Quittner
et al, Blood, 1951, 6, 513).
Erythrocytes are increased in number following
cortisone and reticulocytes increase in a variety
of debilitating diseases such as rheumatoid arthritis (Finch et al, loc. cit.) in those cases showing
clinical improvement. This suggests that the action
is on the disease process rather than directly on
the blood-forming tissues. Even in patients with
primary pernicious anemia reticulocytes increase
following cortisone therapy similar to but in lesser
degree than the response to active liver extracts;
polycythemia does not develop.
On the platelets in the blood and the megakaryocytes inthe marrow cortisone has no effect
in normal subjects (Finch et al, loc. cit.). In
thrombopenic purpura there is no effect if the
marrow is hypoplastic or if the disease is due to
chemical poisoning or to roentgen irradiation. In
idiopathic thrombopenic purpura, the platelet
count may rise to normal (J.A.M.A., 1952, 149,
485) but the bleeding time returns to normal
prior to the rise in platelets. Cortisone may cause
cessation of abnormal bleeding without any change
in the thrombopenia in cases of aplastic anemia,
acute disseminated lupus erythematosus or leukemia. Meyers et al. (Ann. Int. Med., 1952, 37,
352) found it useful in both idiopathic thrombopenic purpura and acquired hemolytic anemia.
Concerning coagulation of blood the reports are
contradictory. An increased incidence of thromboembolic accidents has been reported in patients
receiving cortisone (Cosgriff, et al, Am. J. Med.,
1950, 9, 752) ; the coagulation time of five normal
subjects was shortened but the prothrombin time
and the heparin-like activity of the blood was
unaffected. However, Fahey (Proc. S. Exp. Biol.
Med., 1951, 77, 491) found no effect on blood
coagulation while Monto et al. (J. Lab. Clin. Med.,
1950, 36, 1008) described an initial prolongation
of coagulation time with an increase in heparinlike activity, followed by a shortening of coagulation after 24 hours in about half of the cases.
Cardiovascular . — The hypotension in Addison's
disease dromeand
hypertension
synare of the
interest
in relationin toCushing's
the unknown
etiology of essential hypertension (Perera, Bull
N. Y. Acad. Med., 1952, 28, 43). In cases of
essential hypertension the blood pressure decreases
if Addison's disease develops. Since the availability of cortisone and desoxycorticosterone made
it possible to maintain life and health in the
absence of adrenal glands, total (Thorn et al,
Ann. Int. Med., 1952, 37, 972) or subtotal
(Wolferth et al, ibid., 1951, 35, 8) adrenalectomy
has been performed in the management of severe
cases of essential hypertension. According to
Jeffers et al. (ibid., 1953, 39, 254) the indications
for adrenalectomy combined with sympathectomy
are : an average disastolic blood pressure in excess
of 120 mm. of mercury, failure to respond to
medical treatment, and evidences of progressive
vascular damage. The contraindications are: deficient renal function as indicated by a blood urea
nitrogen of over 20 mg. per 100 ml., a cerebrovascular accident or a coronary occlusion during
the previous 6 months, age older than 55 years,
and inability to adhere to the postoperative
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regimen. Among 82 patients treated in this manner and followed for 1 to 33 months, 23 per cent
showed excellent improvement of their hypertensive disease, 14 per cent had a fair response,
32 per cent a poor response, and 21 per cent died
from complications of their vascular disease. Immediately following the operation the following
substitution therapy was used: 37.5 to 50 mg.
cortisone in divided dosage daily by mouth, 2 mg.
of desoxycorticosterone bucally, and 3 to 6 Gm.
of sodium chloride as enteric-coated tablets daily.
All of these doses were decreased according to
the response of the patient in subsequent weeks.
Although some excellent results have been obtained for several months after this radical surgery, sufficient time has not elapsed to evaluate
the long-term therapeutic results. Many studies in
experimental hypertension have been conducted
(Goldblatt, Ann. Int. Med., 1937, 11, 69; Turner
and Grollmann, Am. J. Physiol., 1951, 167, 462;
Perera et al, J. A.M. A., 1944, 125, 1030; Selye,
/. Clin. Endocrinol., 1946, 6, 117). The blood
pressure of the unilateral nephrectomized rat on
a high sodium and protein intake is increased by
cortisone. In experimental renal hypertension,
adrenalectomy is followed by a decrease in blood
pressure and use of cortisone substitution therapy
is followed by a rise in pressure (Gaudino, Rev.
Soc. argent, biol., 1944, 20, 470). In the nephritis
produced by cytotoxic serum in rats, cortisone
results in a rise of blood pressure either before
or after adrenalectomy (Knowlton et al., Proc. S.
Exp. Biol. Med., 1949, 72, 722). The arteritis
produced in animals by desoxycorticosterone is
inhibited by cortisone but the nephrosclerosis is
not prevented and the hypertension is aggravated
(Masson et al., Am. J. Med. Sc, 1952, 224, 175).
Studies of the effect of cortisone on the hypertensinogen activity of the blood of humans showed
no changes and in dogs there was no change in
blood pressure even though the plasma hypertensinogen level increased (Haynes et al., Am. J.
Physiol., 1953, 172, 265). The production of the
pathological lesions characteristic of the Kimmelstiel-Wilson syndrome with cortisone in animals
has been mentioned (see under Kidney).
In the vascular collapse of Addison's disease,
cortisone will correct the acute hypotension but
desoxycorticosterone is usually required for adequate maintenance. In normal individuals, however, 50 to 150 mg. of cortisone daily does not
affect the blood pressure and even 500 mg. daily
causes hypertension in very few persons (Sprague
et al, Arch. Int. Med., 1950, 85, 199). In patients
with impaired renal function cortisone causes a
rise in blood pressure (Perera, Proc. S. Exp. Biol.
Med., 1951, 76, 583) just as it does in animals
(Perera et al, J. Clin. Inv., 1950, 29, 739). In
cases of congenital adrenal hyperplasia, the hypertension isdecreased by cortisone therapy (Wilkins
et al, I. Clin. Endocrinol, 1952, 12, 1015). In less
well characterized cases of human hypertension, a
hypotensive action of cortisone has been reported
(Perera et al, loc. cit.; Dunstan et al, Arch. Int.
Med., 1951, 87, 627).
On the peripheral circulation, increased capillary resistance is reported after cortisone (Robson
and Duthie, Brit. M. J., 1950, 2, 971; Swingle
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and Parkins, Am. J. Physiol, 1935, 134, 426).
The diffusion of intravenously injected dye into
a wound is inhibited by cortisone (Findlay and
Howes, New Eng. J. Med., 1952, 246, 597). However, vascular fragility is a characteristic of Cushing's syndrome and the prolonged use of large
doses of cortisone has a similar action (Albright,
Harvey Lectures, 1942-3, p. 122). In hypertensive
human beings, the hypotensive response to administration oftetraethylammonium chloride is
lessened by cortisone therapy but not by desoxycorticosterone (Brust et al, J. Clin. Inv., 1951,
30, 630). This action is not related to sodium
retention and is present even before the decrease
in blood eosinophil count indicates a full cortisone
effect. The increase in cutaneous blood flow
(Myers and Taylor, ibid., 1952, 31, 651) and the
changes in renal blood flow have been described.
Increase in hepatic blood flow and splanchnic
oxygen consumption has been reported.
With reference to lipids and atheromatosis, an
increase in plasma cholesterol occurs during use
of cortisone. A greater degree of atheromatosis
has been observed in chickens eating a high fat
and cholesterol diet if cortisone was also administered (Stamler et al, Circulation, 1951, 4, 461).
Considerable lipoidosis of the intima and media
of the arteries of children who had received large
doses of cortisone for prolonged periods in the
treatment of such fatal conditions as leukemia has
been reported (Etheridge and Hoch-Ligeti, Am.
J. Path., 1952, 28, 315). But no change in the
lipoprotein macromolecules of the Sf 10-20 class
in the blood was found after months of therapy
with cortisone in humans (Bloom and Pierce,
Metabolism, 1952, 1, 155), although in rabbits
eating a high-fat and cholesterol diet the administration of cortisone was followed by a decrease in
the Sf 40-80 class with accumulation of larger
molecules (Pierce and Bloom, ibid., 163).
On cardiac output, a slight decrease in normotensive and rheumatoid arthritis cases (Horwitz
et al, Am. J. Med. Sc, 1951, 221, 669) and in a
hypertensive patient (Perera, Proc. S. Exp. Biol.
Med., 1951, 76, 583) has been reported; this
could be accounted for by a slower cardiac rate.
In Addison's disease, the electrocardiographic
changes — flat or inverted T waves, prolonged QT,
PR or QS intervals, low-voltage and depressed
S-T segments — are corrected by cortisone therapy
(Somerville et al, Medicine, 1951, 30, 43). In
Cushing's syndrome the PR interval tends to be
short. Perhaps the electrolyte changes — the sodium/potassium ratio in blood serum — are related
to these findings.
Gastrointestinal. — Both cortisone and desoxycorticosterone decrease the sodium and increase
the potassium concentration in saliva (Frawley
and Thorn, Proc. Second Clinical ACTH Conf.,
Vol. 1, Mote, 1951, p. 115). Following adrenalectomy there is less acidity and increased mucin in
the fasting gastric secretion and the response to
vagal stimulation in terms of volume, acidity,
pepsin and rennin content is decreased. These
changes are corrected by adrenal cortical extract
(Tuerkischer and Wertheimer, /. Endocrinol,
1945, 4, 143). In the human with normal adrenal
function or in the patient with Addison's disease,
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cortisone increases the fasting content and the
nocturnal secretion of acid and pepsin in the
gastric juice (Spiro et al., J. Lab. Clin. Med.,
1950, 35, 899; Gray et al, J.A.M.A., 1951, 147,
1529 and Gastroenterology, 1953, 25, 156). The
urinary excretion of uropepsin is increased to a
level comparable to that found in patients with
peptic ulcer. In patients with primary pernicious
anemia (atrophic gastritis) or following gastrectomy, cortisone causes no increase in uropepsin.
However, the animal with a denervated gastric
pouch or the vagotomized human patient shows
a normal response to cortisone. Cortisone aggravates cases of peptic ulcer (Gray et al., loc. cit.;
Kirsner et al., ibid., 1952, 20, 27). Hemorrhage,
perforation and reactivation of quiescent cases
have been observed. Perhaps cortisone is the
mechanism of the well-recognized deleterious
effect of psychic and other stresses in these patients. Uropepsin excretion seems to be a sensitive
index of adrenocortical function; it parallels excretion of the 17-hydroxycorticoids in the urine.
In patients with diseases of the liver, a slight
decrease in blood serum bilirubin is observed after
cortisone therapy (Havens et al., Metabolism,
1952, 1, 172), also the amount of bile aspirated
from a duodenal tube is increased. Except in nontropical sprue, where cortisone increases the gastrointestinal absorption of fat, protein and vitamin A (Adlersberg et al., Gastroenterology, 1951,
19, 674), such studies in the normal or the patient
with adrenal insufficiency do not seem to have
been reported.
Nervous System. — In Cushing's syndrome degenerative changes in the cells of several nuclei
of the hypothalamus are probably not the cause of
the syndrome, as was suspected at one time, since
such changes are produced by hyperadrenocorticism (Castor et al., Proc. S. Exp. Biol. Med.,
1951, 76, 353). In Addison's disease, the characteristic slow rhythm in the electroencephalogram
is corrected by 25 mg. of cortisone daily but not
by desoxycorticosterone or a high salt intake
(Lewis et al., Bull. Johns Hopkins Hosp., 1942,
70, 335). In Cushing's syndrome, or after large
doses of cortisone (Hoefer et al., J.A.M.A., 1950,
143, 620), abnormalities appear in the electroencephalogram which are not related to changes
in carbohydrate metabolism or to changes in mood
or behavior (Lidz et al., Psychosom. Med., 1952,
14, 363). In patients with disease of the central
nervous system under treatment with cortisone,
convulsions have been reported (Baehr and Soffer,
Bull. N. Y. Acad. Med., 1950, 26, 229). Cortisone
therapy lowers the threshold for seizures in electroshock therapy (Woodbury, /. Clin. Endocrinol.,
1952, 12, 924). Studies of the possible analgesic
action of cortisone showed no differences in the
threshold for discomfort from radiant heat on the
skin, electrical current on the tooth or balloon
distention in the duodenum (Grokoest et al.,
J. Clin. Inv., 1951, 30, 644). In those cases of
Addison's disease with impaired mental concentration, drowsiness or restlessness and insomnia,
cortisone produces greater improvement than
desoxycorticosterone. Some cases of Cushing's
syndrome show mental aberrations ranging from
irritability and depression to minor or major
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597).
psychoses
(Plotz et al., Am. J. Med., 1952, 13,
In some patients with rheumatoid arthritis and
other disorders alleviated by cortisone therapy,
mental and emotional disturbances have appeared
which in rare cases have been of serious magnitude. A sensation of fullness, heaviness or fuzziness in the frontal area of the head has been
common (Palmer, Am. J. Med., 1951, 10, 275).
Increased appetite, increase or loss of libido, and
euphoria are frequent. Although infrequent, nearly
all varieties of psychotic reactions have been reported; often these seem to be exaggerations of
pre-existing behavior patterns (Brody, Psychosom.
Med., 1952, 14, 94). It has been suggested that
relief of symptoms in chronic illness may threaten
the existing neurotic adjustment of the individual
to the environment. Clark et al. (New Eng. J.
Med., 1952, 246, 205) described symptoms of
schizophrenia or of the affective psychoses (viz.,
manic-depressive), but in atypical patterns compared to the naturally-occurring psychoses. Psychiatric evaluation of patients prior to cortisone
therapy has failed to indicate those persons who
will respond with untoward psychotic symptoms.
Likewise no correlation with dose or duration of
treatment or degree of metabolic change induced
by the treatment has been found. Although symptoms have persisted for as long as two months
after discontinuing cortisone treatment, no permanent effects nor any mental deterioration have
been reported (Lidz et al., loc. cit.). Psychiatric
observation of all cases treated in one medical
center during a period of four years (Fox et al.,
quoted by Thorn et al., New Eng. J. Med., 1953,
248, 334), concluded that the psychic effect of
cortisone represents the sum of three components:
(1) stimulation of biologic energy regardless of
relief of symptoms of the disease being treated;
(2) transference of instinctual energy from the
disease symptoms to the general interests of the
person; (3) unconscious phantasies regarding the
action of cortisone. In other words, the expression of the pre-existing personality was increased
and this was manifested by pleasant (euphoria)
or unpleasant (anxiety) stimulation or aggravation of a neurosis.
Growth of Certain Tissues and of the Whole
Organism. — Growth in children with Cushing's
syndrome is poor (Sprague, Vitamins and Hormones, 1951, 9, 265). Cortisone suppresses growth
in young rats (Ingle et al., Endocrinology, 1946,
39, 52) and in mature normal (Winter et al., ibid.,
1950, 47, 60) or adrenalectomized rats (Wells
and Kendall, Proc. Mayo, 1940, 15, 324) even
though the intake of food is increased. Cortisone
will not sustain growth in immature, adrenalectomized rats. It antagonizes the action of
somatotrophs hormone (growth) of the anterior
hypophysis (Becks et al., Endocrinology, 1944,
34, 305). Its depressant action on skin, connective
tissue and hematopoietic tissue has been described
(v.s.). Inhibition of certain types of growth in
plants has been reported (deRopp, Science, 1950,
112, 500). Transient inhibition of the growth of
tumors in animals of both epithelial (carcinoma)
and connective tissue (sarcoma) origin has been
produced in animals (Sugiura et al., Cancer Re-
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search, 1950, 10, 244, and others). In humans,
good therapeutic results with lymphosarcoma,
leukemia, Hodgkins disease and plasma cell
myeloma have been numerous but the tumors
recur when cortisone is discontinued and the response to a second course of treatment is usually
poor. Xathanson et al. (Symposium on Steroids in
Experimental and Cli?iical Practice, A. White.
1951, p. 379) conclude that the action is probably
on the environment rather than directly on the
neoplastic cell itself.
Anti-inflammatory Action. — With reference
to therapeutic use of cortisone in inflammatory
and allergic disorders a review of certain experimental observations is pertinent. The patient with
Addison's disease is very vulnerable to any exogenous stress. Cortisone therapy improves resistance
to the common mild stresses but the individual
is still not as adaptable as the person with normal
adrenal function. The pituitary-adrenal mechanism is involved in the nonspecific resistance to
injury of any type. In fact, mobilization of cortical steroids is the basis of the adaptation theory
of Selye (/. Clin. Endocrinol., 1946. 6, 117).
Cortisone therapy suppresses inflammation. In
rheumatoid arthritis, histological examination of
the synovial membrane after treatment with cortisone shows fewer plasma cells and lymphocytes
and less edema, fibrin, necrosis and papillary
tufting (Hench et al., Proc. Mayo, 1949. 24, 181).
The inflammatory response to a variety of injuries
is suppressed: chemicals (Michael and Whorton.
Proc. S. Exp. Biol. Med., 1951. 76, 754; Woods
and Wood. Proc. Second Clinical ACTH Conference, Vol. 1. J. R. Mote. 1951, p. 455), foreign
protein (Long and Miles. Lancet, 1950. 1, 492;
Berthrong et al., Bull. Johns Hopkins Hosp., 1950,
86, 131) and bacteria (Kass and Finland. New
Eng. J. Med., 1951. 244, 464; Abernathy and
Spink. /. Clin. Inv., 1952. 31, 947). Microscopic
studies of the response to tuberculin in the rabbitear-window, by Ebert and Barclay (Ann. Int.
Med., 1952. 37, 506). revealed that the systemic
action of cortisone inhibited the sticking of leukocytes to the vascular endothelium, the alternating
vasoconstriction and vasodilatation, the hemoconcentration. stasis, thrombosis, exudation and the
liquefaction of caseous material. Menkin (Fed.
Proc, 1951, 10, 91) reported that cortisone corrected the increased capillary permeability found
in inflammation, as shown by diffusion of intravenously injected dye into the lesion. With experimental pneumococcal infections in rabbits,
Germuth et al. (Bull. Johns Hopkins Hosp., 1952,
91, 22) found fewer neutrophilic leukocytes in
the lesion despite the presence of neutrophilic
leukocytosis in the blood stream, less thrombosis
and necrosis of the blood vessels, more viable bacteria in a larger lesion and more bacteria in the
blood stream generally. Fewer mast cells were
found in the rabbits and also in humans (AsboeHansen. Proc. S. Exp. Biol. Med., 1952. 80, 677).
In other words, cortisone inhibits inflammation
regardless of etiology, results in a greater spreading of bacteria and interferes with the cellular
mechanisms of repair. It also diminishes fever,
toxemia and other systemic manifestations of inflammation. Unfortunatelv, cortisone has no bene-
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ficial effect on the cause of inflammation. The
patient with rheumatoid arthritis relapses when
cortisone is discontinued. Perforation of a peptic
ulcer does not produce the usual signs of peritonitis until death supervenes. Local infection
disseminates and becomes septicemia without the
usual diagnostic features. Tuberculosis spreads in
both animals and man (New Eng. J. Med., 1951,
245, 662). The local improvement in inflammation is often gratifying but the total result is
often tragic.
The clinical efficacy of cortisone in the control
of disorders of hypersensitivity is most valuable.
But the mechanism of the inhibition of allergic
phenomena is most confused. Conflicting reports
on the effect of cortisone on circulating antibody
have appeared (see Massell et al., Proc. Second
Clinical ACTH Conference, Vol. 1, J. R. Mote.
1951, 486; also Mirick. Bull. Johns Hopkins
Hosp., 1951, 88, 332). With very careful technic.
inhibition of the usual rise in antibody titer has
been demonstrated following administration of a
foreign protein (Bj0rneboe et al., J. Exp. Med.,
1951, 93, 37; Germuth et al., ibid., 1951, 94,
139 ) but cortisone seemed to have no influence on
the disappearance rate of administered antibody.
This suggests that cortisone inhibits synthesis of
antibody. The suppression of the active Arthus
phenomenon reported by Germuth et al. (loc. cit. )
and the failure to suppress the local, passive
Arthus reaction (Fischel, Bull. N. Y. Acad. Med.,
1950, 26, 255) is compatible with such a conclusion. However, redistribution or increased rate of
degradation must be invoked to explain some observations on antibody titers in the blood (Fischel
et al., J. Immunol., 1949, 61, 89). In general,
cortisone does not prevent anaphylaxis, that is. it
does not prevent union of antigen and antibody.
However, reports of protection with large doses
have appeared (Nelson et al., Proc. S. Exp. Biol.
Med., 1950. 75, 181; Hoene et al, J. Allergy,
1952, 23, 343). Germuth (Am. J. Path., 1952. 28,
565) suggests that large doses suppress tissue
reactivity. Cortisone prevents actively induced
nephrotoxic nephritis from bovine gamma globulin
(Wedgwood et al., Proc. Second Clinical ACTH
Conference, Vol. 1, J. R. Mote, 1951, p. 108) and
from horse serum (Rich et al., Bull. Johns Hopkins Hosp., 1950. 87, 549) but it does not prevent
that induced passively with kidney antiserum
(Knowlton
et al.,
Proc. similarity
S. Exp. Biol.'
Med.,
1949,
72,
722). The
striking
of the
pharmacological actions of histamine to the manifestations of anaphylaxis stimulated study of the effect
of cortisone (Rose. Recent Progress in Hormone
Research, 1952, 7, 375). Grob et al. (Bull. Joints
Hopkins Hosp., 1952. 90, 301) found no evidence
that corticotropin affected the response of the
body to histamine or the release of histamine in
the body despite the gratifying control of the
clinical symptoms of hypersensitivity. Large doses
of cortisone inhibit local allergic responses such
as the tuberculin reaction (Long and Favour.
ibid., 1950. 87, 186), allergic encephalomyelitis
in monkeys (Kabat et al., J. Immunol., 1952. 68,
265) and the Schwartzman reaction (Schwartzman et al., Proc. S. Exp. Biol. Med., 1950. 75,
175). In an excellent review of this complicated
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situation, Fischel (Tr. Third Conf. Connective
Tissue, C. Ragan, New York, Josiah Macy, Jr.
Found., 1952, p. 117) concluded that the clinical
effect of cortisone in disorders of hypersensitivity
is probably due to alteration in tissue reactivity
produced by cortisone, comparable to its action
towards inflammation. It is pointed out that skin
hypersensitivity to a specific allergen persists
even though the allergic symptoms are controlled
in the patient. Hence, any inhibition of antibody
synthesis produced by cortisone represents a
trivial fraction of the total antibody in the body.
The clinical efficacy of cortisone is well established in hay fever (Koelsche et al., Ann. Allergy,
1951, 9, 573), bronchial asthma (Evans and
Rackemann, Arch. Int. Med., 1952, 90, 96) and
allergic dermatoses (Lever, New Eng. J. Med.,
1951, 245, 359). In plastic surgery, cortisone
minimizes the postoperative edema and ecchymosis
and perhaps the degree of fibrosis (Goldman et al.,
Eye, Ear, Nose & Throat Monthly, Oct. 1952).
Cornbleet (/. Invest. Dermat., 1953, 21, 273)
observed that 2.5 mg. of cortisone acetate added
to solutions for subcutaneous or intramuscular
injection, which are usually quite painful, relieves
the discomfort by virtue of its anti-inflammatory
action rather than any local anesthetic-like action.
Diagnosis of Abnormal Adrenal Function.
— Because of the predominance of the disturbance
of electrolyte balance in Addison's disease (adrenal cortical insufficiency) the clinical and laboratory criteria of this disease are presented under
desoxycorticosterone acetate (q.v.), which is the
most active available mineralocorticoid. As already
mentioned, cortisone is valuable in replacement
therapy of this endocrine insufficiency condition.
Measurement of the response of the adrenal cortex
to stimulation is discussed under corticotropin;
this provides the most specific test of the functional ability of the adrenal cortex.
The characteristics of hyperadrenocorticism
(Cushing's
syndrome)
more predominantly
those
of excessive
action are
of cortisone
and will be
discussed here. Cushing's syndrome includes: "a
distinctive habitus characterized by obesity or
an abnormal distribution of fat and wasting of
muscles so that the face, neck and trunk appear
obese and the extremities thin; muscular weakness; hypertension; osteoporosis; amenorrhea or
impotence; hirsutism and acne of some degree in
the absence of other evidences of virilization;
thin skin with distinctive purplish striations and
a tendency to ecchymosis; and a cervicodorsal
fat pad" (Sprague et al., J.A.M.A., 1953, 151,
629). The syndrome does not refer to obese
women with hirsutism and menstrual abnormalities in the absence of definite evidence of hyperfunction of the adrenal cortex. A variety of endocrine lesions has been found in cases with
Cushing's syndrome, including the basophilic adenoma of the anterior portion of the pituitary
gland in the cases initially reported by Cushing,
degenerative changes in these basophilic cells of
the pituitary, tumors of the thymus gland, tumor
or hyperplasia of the adrenal cortex and an adrenal-cortical-like tumor of the ovary; it is clear,
however, that excessive action of the hormones
of the adrenal cortex is common to all of these
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anatomical lesions. The metabolic and tissue abnormalities have been described (v.s.). The practical clinical differentiation between tumor and
hyperplasia of the adrenal cortex is often sufficiently difficult that Sprague et al. (loc. cit.)
recommend surgical exploration of the adrenal
glands in all suspected cases. An increase in the
urinary excretion of 17-ketosteroids is present in
these cases; Engstrom (Am. Pract. Dig. Treat.,
1952, 3, 626) lists the following approximate
amounts excreted in mg. per 24 hours: for normal
men, 7 to 25 (average 15); normal women, 5 to
17 (average 10); Addisonian men, 1 to 5 ; Addisonian women, less than 2 ; Cushing's syndrome
with adrenal tumor, 30 to 1000; Cushing's syndrome without adrenal tumor, 8 to 40; adrenogenital syndrome with adrenal tumor, 30 to 1000;
adrenogenital syndrome without adrenal tumor,
up to 120. Unfortunately diagnostic usefulness is
limited because many serious, chronic diseases
which
may a simulate
often show
subnormalAddison's
excretion disease
and in clinically
the cases
of Cushing's syndrome studied by Sprague et al.
there was considerable overlapping in the findings
in those cases with tumor as compared with those
without tumor. Jailer {Med. Clin. North America,
1952, 36, 757) discussed the difficulties in interpreting the significance of the 17-ketosteroid excretion in urine since these steroids are derived
not only from the adrenals but also from the
testes or ovaries. It is suggested that these patients fail to convert 17-hydroxyprogesterone to
hydrocortisone, with resultant excess androgenic
and deficient mineralocorticoid and glucocorticoid
action. In the case of urinary formaldehydogenic
steroids, Sprague et al. were likewise unable to
find sufficient differences between cases with adrenal tumor or simple hyperplasia to have diagnostic value. However, Thorn et al. (New Eng. J .
Med., 1953, 248, 634) confirmed the report that
daily intramuscular injection of 50 to 100 mg. of
cortisone for 7 to 14 days produces a significant
decrease in the increased urinary excretion of
17-ketosteroids in cases of adrenal hyperplasia but
fails to result in any depression in cases with
tumor. At any rate the availability of cortisone
has made it possible to carry these patients
through the heretofore fatal period of postoperative adrenal insufficiency following removal of an
hyperfunctioning tumor or after subtotal adrenalectomy in cases of hyperplasia. Since the cause
in cases of hyperplasia must exist elsewhere in
the body, the possibility of relapse after subtotal
adrenalectomy remains and search for more specific therapy continues. The results with roentgen
therapy directed at the pituitary gland are difficult
to evaluate and hypophysectomy causes more
disability than it cures.
The adrenogenital syndrome due to hyperplasia
of the adrenal cortex, although infrequent, calls
for brief discussion because of the successful use
of cortisone in its management by Wilkins et al.
(J. Clin. Endocrinol., 1952, 12, 257). Among
the causes of female pseudohermaphroditism is
congenital adrenal hyperplasia, which may be
recognized by increased excretion of urinary 17ketosteroids, accelerated growth and osseous development, and precocious development of sexual
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hair. This results from excessive formation of
adrenal androgen in the condition. Females developing the syndrome postnatally show virilization at an early age; the increase in 17-ketosteroids
in the urine distinguishes these cases from those
of simple constitutional hirsutism. In postpuberal
females a differential diagnosis between hyperplasia and tumor must be made, as in the instance
of Cushing's syndrome. In the male child, adrenal
hyperplasia results in precocious puberty, which
must be differentiated from other causes, such as
pituitary or testicular tumor; there is also an
abnormally large urinary 17-ketosteroid excretion.
Cortisone is used successfully in treatment of this
syndrome. Following daily intramuscular administration of 25 mg. (for children under 2 years of
age) or of 50 mg. (for children over 2 years of
age) of cortisone for 5 to 10 days to produce
rapid suppression of adrenal cortical function, an
oral maintenance dose is selected on the basis of
a determination of urinary 17-ketosteroid excretion; for patients over 8 years of age the desired
excretory level is' 4 to 6 mg. of 17-ketosteroids
daily; for infants under 2 years 0.5 mg. daily is
satisfactory. The immediate results with cortisone
have been good; hirsutism, abnormal menstruation and breast development, hypertension, and
pigmentation have been corrected. In many of
these cases a salt intake of 3 to 5 Gm. daily, and
administration of desoxycorticosterone acetate, are
required, particularly during the initial phase of
cortisone therapy (Crigler et al., Pediatrics, 1952,
10, 397).
Therapeutic Uses. — Cortisone has been tried
in the treatment of practically every disorder
known to mankind. Considering its many metabolic, physiologic and pharmacologic
actions,
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many therapeutic actions exist. Except as replacement therapy in instances of adrenal or pituitary
insufficiency, cortisone does not provide a biologic
cure for any known disease. However, cortisone
(and corticotropin and hydrocortisone) provide
nonspecific and at least temporary control of
many inflammatory, allergic or metabolic disorders. These drugs must be used cautiously
and with understanding. In using cortisone (or
hydrocortisone or corticotropin) to correct an
abnormality, the physician must not forget the
other effects which are induced in the patient or
the modification in the usual response to adrenocorticoid therapy which may be caused by the
particular disease under treatment. These compounds are very useful in therapeutics, but they
are also dangerous drugs and often the benefit to
be expected must be weighed against the liability
of damage from their use. The accompanying
table lists most of the more common uses of cortisone, with a reference to at least one report for
the reader desirous of obtaining detailed information. Philosophically, the therapeutic uses of
adrenocorticoid therapy may be classified into:
(a) life-saving indications — as in acutely fatal
conditions such as pemphigus vulgaris or thrombocytopenic purpura; (b) organ-saving — as in certain destructive inflammatory diseases of the eye;
(c) symptom-saving — as in the relief of temporary, potentially dangerous, acute discomfort due
to self-limited inflammatory or allergic disorders
such as intractable bronchial asthma, contact
dermatitis, early toxemic response to the use
of appropriate antibiotics in typhoid fever or
brucellosis, etc.; (d) disability-postponing — as in
the mitigation of destructive and fibrotic changes
in the articular tissues in rheumatoid arthritis.

Therapeutic Uses (In Pharmacologic Doses) of
(E), HYDROCORTISONE (F) AND CORTICOTROPIN

Condition
Anemia, Aplastic or Hypoplastic (1, la)
Hemolytic (la, 2)
Refractory (lb)
Arthritis, Hypertrophic (Osteo-) (3, 4, 5)
1280 joints injected
Rheumatoid (3, 4, 5, 9)
2419 joints injected
Rheumatoid (6, 7, 8)
Rheumatoid (10)
Rheumatoid (11)
Asthma (12-19)
(14-21)
(lc, 22)
(23)
(ld-lf)

Number of Cases
Treated
Responded
5
3
8
8
289
12
18
—
1106
—
—
296
—
2271
15
40
15
41
1177
1357
129
115
16
16
5
4
138
138

Bell's Palsy (24)
Beryllium Granuloma, Skin (80)
Brucellosis, Acute (72)
Burns (lg, lh, 77a)

9
1
14
48

8
1
48
12

Bursitis (3, 4, 25, 26)

63
13

46

Cystitis, Interstitial (li)

13

E
E
E
F

(ACTH)

Treatment
or ACTH
or ACTH
or ACTH
intraarticular

F intraarticular
E or ACTH intramuscular
F oral
ACTH intravenous
E
ACTH
ACTH Gel
E aerosol
E or ACTH
E
E ointment
E and antibiotic
ACTH
cepted)(not generally acF intrabursal, E, F or
ACTH
ACTH or E

Cortisone Acetate

Part I

Condition
Dermatitis, Atopic (le, lj, 27)
Exfoliative (lj, 11)
Herpetiformis (lj)
Lichenoid (lj, 27)
Venenata (rhus) (43)

Number of Cases
Treated
Responded
25
29
5
3
3
25
11

Treatment

5
1
252

E
E
E
E
E

or ACTH
or ACTH
or ACTH
ointment
or F ointment
firmed)
(85) (not con
or
or
or
or

Dermatomyositis (28)
Drug Reactions (lc, le, 79) (penicillin, etc.)
gold (79, 84)
hydralazine (86), iodide (75)

28
3
8

7
28
3
8

E
E
E
E

Eczema (lj, 66)
Erythema Multiforme Bullosum (Ik)
Exudativum (87)

19
2
4

15
2
4

E or ACTH
E or ACTH
E

Gout (4, 11, lm)

32

Guillain-Barre Syndrome (77)
Hay Fever (lc, 22)
Hepatitis (In, 29-31, 78)
Herpes Zoster (lj)
Hodgkin's Disease (la, lj, lo)
Hyperemesis Gravidarum (32, 64)
Hypoglycemia, Spontaneous (lp)
Leukemia (la, lo, lq, 73)
Leukemia Cutis (lj)
Lichen Planus (lj)
Lupus Erythematosus Disseminatus (1, lc, lj,
Ik, lr, 4, 28, 33-36, 74)
Lymphosarcoma (la, lo, 37)
Mononucleosis, Infectious (la, 38)
Multiple Sclerosis (Is)
Myasthenia Gravis (It, 39)
Mycosis Fungoides (lj)
Myeloma, Multiple (Plasma Cell) (lo, lu, 37)
Myotonic Dystrophy (33)
Nephrotic Syndrome (lv, 11, 40, 41, 65, 69)
Ophthalmic Disorders :
Burns, Corneal (42)
Choroiditis, Chorioretinitis (lw, lx, 42)
Conjunctivitis, Blepharitis, Allergic (lw)
Bacterial (42)
Episcleritis, Scleritis (42)
Herpes Zoster (42)
Iridocyclitis (lw, lx, 42)
Iritis (42, 44)
Keratitis & Corneal Ulcer (lw, lx, 42)
Macular Disease (lw, lx)
Neuritis, Optic (lw, lx, 42)
Neuritis, Retrobulbar (lx)
Retinitis Pigmentosa (lx)
Retrolental Fibroplasia (lx, 42)
Sympathetic Ophthalmia (88)
Uveitis (lx, 42, 44)
Uveitis, Granulomatous (44)
Osteitis, Pubis (ly)
Paget's Disease of Bone (76)
Panniculitis (45)
Periarteritis Nodosa (lc, 4, 46)
Pemphigus Foliaceus or Vegetans (lj)
Pemphigus Vulgaris (lj, Ik, 27, 28, 47)
Pruritus Ani and Vulvae (68)

9
21

32
4
21

20
681
44
10
282
2
1
118

421
18
10
44
171
2
1
106

ACTH
ACTH
ACTH
ACTH

ACTH i. m., i. v., F intra
articular
ACTH
ACTH Gel
E or ACTH
ACTH
E or ACTH
E
ACTH
E or ACTH
ACTH
ACTH
E, F or ACTH

27

E or ACTH

2
20
10

2

2
13
2

E or ACTH
ACTH
ACTH
E or ACTH
E or ACTH
E

135

80

E or ACTH

274

4
15
21

E
E
E
E
E
E
E
E
E
E
E

31
2
19
27
16
2

18
4
27
103
20
7
10
42
6
10
6
72
453
3
1
2
8
3
10
22
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0
6
243
19
37
4
8
6
4
1
47
34
0
3
1
2
6
190
7

topical
or ACTH
or ACTH
topical
topical
or ACTH
topical
or ACTH
or ACTH

ACTH
ACTH
E or ACTH
E or ACTH
E or ACTH
E subconjunctival
ACTH
ACTH
E
E or ACTH
E or ACTH
E or ACTH
E ointment
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Condition
Psoriasis (lj, Ik. 11. i
Pulmonary Fibrosis, Beryllium or Silica ( 1L t
Purpura. Thrombocytopenic (1. la. 48-50, 81)
Reiter's Syndrome (51-53)
Rheumatic Carditis (lz. laa. 54)
Rheumatic Fever (lab, 5
Sarcoidosis. Boecks (lj. 11. 89)
Sarcoma, reticulum-cell (lj)
Serum Sickness (79)
Sclerema Neonatorum (82)
Scleroderma (lj, Ik)
Shoulder-Hand Syndrome (lac. 4)
Spondylitis. Rheumatoid (90)
Sprue (56. 57)
Tetanus (71)
Thyroiditis (58-60)
Trichinosis (61 >
Tuberculous Meningitis (70)
Typhoid or Paratyphoid (lad)
Ulcerative Colitis (lae. 11. 62. 67 >
Urticaria (Id, le)
Venomous Poison Bites (snakes, etc.) (laf, 83)
Bibliography for reference numbers in table
1. Proc. Second Clinical ACTH Conference,
Vol. 2. J. R. Mote. Philadelphia. Blakiston. 1951:
Bethell et al., pp. 173. 179, 180; la. Rosenthal
et al., p. 259; lb. Hill et al, p. 181: lc. Howard,
p. 20; Id. Rose et al., p. 414; le. Cooke, p. 417;
If. Shulman et al., p. 401; lg. Whitelaw et al.,
p. 310; lh. Adams et al., pp. 322 and 532;
li. Weaver et al., pp. 507 and 515 (see also Dees.
/. Urol., 1953. 69, 496); lj. Sauer et al.. p. 529;
Ik. Lever et al., pp. 541 and 544; 1L. Kennedy
et al., pp. 449 and 456: lm. Hollander et al.,
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2. Rosenthal et al.. Lancet, 1952. 1, 1135.
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604.
4. Brown et al.. Am. J. Med., 1953. 15, 656.
5. Boland, Calif. & West. Med., 1952. 77, 1.
6. Hench et al., Arch. Int. Med., 1950. 85,
545.
7. Thorn et al, New Eng. J. Med., 1949. 241,
529.
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49
18
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2
6
2
3
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275
3
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10

Treatment

6
5
28

E or ACTH
E or ACTH
E or ACTH

11
49
10

E or ACTH
E or ACTH
E or ACTH

24
1
6
2
1
4
—
9

E or ACTH
ACTH
ACTH. E or F
ACTH
E or ACTH
E. F or ACTH
see Arthritis. Rheumatoid
E or ACTH

11
5
3
—
2

E orallv and Antitoxin
E or ACTH
E or
ACTH
ther
y chemothe
ACTH apand
rapy
E or ACTH and chemo-

76
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E or ACTH

5
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In general, the therapeutic effects of cortisone,
hydrocortisone or corticotropin are the same.
For prompt action after parenteral administration
in patients with functioning suprarenal glands,
corticotropin may be preferred (perhaps traces
of other pituitary hormones have played an unrecognized role in the therapeutic action). For
most patients, however, oral administration of
cortisone acetate or hydrocortisone is equally
effective and more convenient. For topical application, hydrocortisone acetate is often preferred.
In the following paragraphs a brief statement of
the current practice in the more important indications for these substances will be presented.
Rheumatoid Arthritis. — Cortisone is indicated in patients with active disease (not in cases
with non-progressing deformities) who have not
responded adequately to general measures including analgesics, physical therapy, extra rest, correction of postural mechanical trauma to joints,
adequate nutrition and other supportive measures.
Contraindications (v.i.) must be absent and the
patient should be psychologically capable of sustained cooperation since this therapy is suppressive rather than curative and the future course of
therapy must often be adjusted just short of toxic
manifestations. Careful clinical evaluation of the
patient in general and of each joint in particular
at regular visits to the physician is essential,
together with measurement of body weight,
urinalysis, blood pressure, erythrocyte sedimentation rate, blood hemoglobin and leukocyte
count, and roentgenogram of the chest at appropriate intervals. The dosage must be tailored to
fit the individual and changes are often necessary.
Initially, 75 mg. of cortisone acetate for a large
man or 15 mg. for a small child is recommended
in 3 or 4 divided portions daily (Hench and Ward,
in Medical Uses of Cortisone, Including Hydrocortisone and Corticotropin, ed. by F. D. W.
Lukens, 1954, p. 534). As soon as some improvement appears, the dose is reduced by 2.5 to 12.5
mg. daily, according to the size of the initial dose,
at intervals of 3 to 7 days until a dose capable
of producing comfort, if not complete relief, on
most days of the week is reached. This dose becomes the maintenance dose. If the initial dosage
does not bring relief in a few days, increments of
5 to 10 mg. daily may be added at intervals of
several days. Hench prefers this milder and more
gradual schedule to the larger doses commonly
employed when cortisone was first available. As
maintenance dosage the following maximum daily
doses should seldom be exceeded unless for a few
days: 65 mg. for men, 45 mg. for women, 25 mg.
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for children and 35 mg. for postmenopausal
women. For mild exacerbations of the disease,
acetylsalicylic acid, rather than extra cortisone,
should be prescribed. Ordinarily, the steroid may
be given three times daily at meal time and at
bedtime. More than one-quarter of the daily dose
may be indicated on arising, with a smaller portion
at noon and at bedtime in sedentary individuals.
Physically active patients may benefit from a
larger portion at noon and at supper time to control the discomfort of the mechanical trauma and
fatigue of the day's labors. The relief of all symptoms on all days often requires a dose which leads
eventually to untoward side-effects. In the experience of the Mayo Clinic (Ward et al.,
J.A.M.A., 1953, 152, 119), about 50 per cent of
cases can be controlled with small and welltolerated doses. About 35 per cent have required
larger and potentially toxic doses at times but can
be handled successfully with close attention. About
15 per cent have not been responsive to tolerable
doses. Bunim (Bull. Rheum. Dis., 1954, 5, 73)
reported on the results in a group of 71 patients
observed over a period of 4 years: 23 per cent
were in remission, 28 per cent had major improvement, 42 per cent showed minor improvement, and 7 per cent experienced no benefit. The
best
response
was least
in cases
of less
a year's
duration
and the
benefit
was than
observed
in
cases of more than 10 years' duration. However,
Duthie (Proc. Roy. Soc. Med., 1954, 47, 323)
concludes that continuous treatment with cortisone or corticotropin in rheumatoid arthritis is
never indicated, on the grounds that such treatment does not change the natural course of the
disease, untoward side-effects are frequent and
the contraindications to adrenocorticoid therapy
are frequently present (but often unrecognized)
in the age group most susceptible to arthritis.
Duthie recommends cortisone therapy only for
patients with but one joint involved, or for short
periods to slow the deterioration of an acute,
rapidly progressive case of rheumatoid arthritis.
Precaution. — It must be remembered that patients receiving cortisone continuously are unable
to respond normally to injury, operation or other
forms of stress. Under such circumstances they
require large doses of cortisone similar to those
required by the patient with a crisis of Addison's
disease. Such individuals should carry cards, such
as those used by those with diabetes mellitus,
indicating their regular use of cortisone.
Other Rheumatic Disorders. — Cortisone is
useful in the arthropathy of serum sickness,
bursitis, epicondylitis, periarthritis, shoulder-hand
syndrome, tenonitis, tenosynovitis, fibrositis,
psoriatic arthritis, and Reiter's syndrome. In these
conditions, observance of the principles outlined
under rheumatoid arthritis is important. Although
cortisone will relieve the acute attack of gout,
acute gouty symptoms recur on withdrawal of
adrenocorticoid therapy; colchicine is preferred
in the treatment of most acute attacks of gout.
Although systemic cortisone therapy is often
effective in osteoarthritis and acute traumatic
arthritis, intraarticular injection of sterile hydrocortisone acetate suspension is usually preferred
because it is more effective and topical application
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avoids the undesirable features of systemic cortisone action.
Rheumatic Fever. — Cortisone is indicated in
patients with active rheumatic carditis. A dose
of 300 mg. the first day, followed by 200 mg. daily
for 5 to 10 days, and 100 mg. daily for 2 to 4
weeks, is recommended. If the patient has responded completely, the steroid may be discontinued gradually by decreasing the daily dose by
25 mg. at weekly intervals. During use of cortisone, sodium intake in the diet should be decreased toless than 1 Gm. daily and, if edema is
present or develops, sodium intake should not
exceed 50 mg. daily. As long as the dose of cortisone is 100 mg. or more daily, 1 Gm. of potassium chloride in enteric-coated tablets should be
prescribed daily. Cortisone is not a cure for rheumatic fever. It is hoped that early adrenocorticoid
therapy will decrease the extent of residual cardiac
damage (Heffer et al, J. Pediatr., 1954, 44, 630)
but sufficient experience has not accumulated to
evaluate this hope. Indeed, the comparative results with corticotropin, cortisone or salicylate
therapy show no significant differences between
the responses (Houser et al., Am. J. Med., 1954,
16, 168). However, cortisone controls the acute
symptoms — fever, tachycardia, increased erythrocyte sedimentation rate, poor appetite and malaise.
Measures to protect such patients from current
and future infections with beta-hemolytic streptococci by penicillin or sulfadiazine prophylaxis
are most important to prevent recurrent attacks
of rheumatic fever and the resulting further
cardiac damage (see under Benzathine Penicillin
G). In mild cases of acute rheumatic fever,
salicylate therapy is probably preferred. In a
study of adrenocortical steroid excretion in the
urine during salicylate therapy, Smith et al.
(J. Endocrinol., 1954, 10, xvii) found no evidence
that salicylates increase the production of adrenocorticoids by the patient.
In patients with chorea minor, Schwartzman
et al. (J. Pediatr., 1953, 43, 278) recommend
combined therapy with corticotropin and cortisone
but the value of adrenocorticoid therapy in this
condition is not fully established.
Rebound Phenomena. — Within 3 to 14 days
after cortisone is discontinued in patients with
acute rheumatic fever, relapse appears in most
cases — fever, tachycardia, arthritis, increased
erythrocyte sedimentation rate, etc. Symptoms
are usually mild and may persist for as long as
1 to 2 weeks ; retreatment with cortisone is seldom
indicated.
"Collagen Diseases." — In acute disseminated
lupus erythematosus, cortisone controls the arthritis, the polyserositis (pleural, pericardial, etc.),
the hemolytic anemia, the thrombocytopenic purpura, the convulsions and mental aberrations, and
the dermatitis. The cardiorenal manifestations,
however, respond poorly. The disease is suppressed
but not cured.
In periarteritis nodosa, cortisone controls many
of the manifestations — fever, asthma, eosinophilia,
arthritis, dermatitis — but does not mitigate the
extensive vascular involvement of the heart and
the kidneys which usually progresses and causes
the patient's demise despite the suppression of the
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other manifestations. However, since this is not
an invariably fatal disease, suppressive therapy
is indicated.
In diffuse scleroderma, cortisone causes improvement inthe skin lesions and the Raynaud's
phenomenon in early cases but treatment must
usually be prolonged as in the case of patients
with rheumatoid arthritis.
In dermatomyositis, symptomatic control has
been attained in early cases.
Asthma and Rhinitis. — For rapid control of
allergic bronchial asthma or seasonal or perennial
rhinitis, cortisone is most effective but it is not
curative and it should be reserved only for intractable cases or for dangerously ill patients
(linger and linger, Ann. Int. Med., 1954, 40,
721). The dosage in these severely ill patients is
300 mg. the first day, 200 mg. the second day,
and 100 to 200 mg. thereafter daily, in divided
portions every 6 hours. All other usual therapeutic
measures should be continued — bronchodilators,
expectorants, sedatives, oxygen inhalation, etc.
Determination of the etiologic agent must be
made, if at all possible. The cause should be eliminated, ifpossible, or hyposensitization procedures
performed since these patients relapse when cortisone is discontinued, within 1 day in acute cases
and 1 to 3 weeks in more chronic and less specifically allergic cases. If cortisone fails, corticotropin injection should be tried. Failure to respond
to corticosteroid therapy is usually due to presence of infection which must be treated specifically. Among 50 cases of refractory asthma,
linger and Unger reported 16 relieved, 26 improved and 8 not benefited. When steroid therapy
was discontinued, 16 relapsed. Fatal anaphylactic
reactions to corticotropin have occurred. Bickerman and Barach (/. Allergy, 1954, 25, 312) reported complete or partial remission in 82.3 per
cent of patients with corticotropin, 86.2 per cent
with cortisone, and 96 per cent with hydrocortisone (in a dose 50 to 60 per cent of that of cortisone) among 163 patients with intractable asthma
and pulmonary emphysema. During corticosteroid
therapy, immediate (urticarial) skin test responses
are not inhibited and testing for specific sensitivities may be carried out; the delayed type of skin
response (bacterial sensitivity type) is usually
suppressed during corticosteroid therapy.
Drug Allergy. — In sensitivity reactions to
drugs, as in the case of asthma, serum sickness,
etc., cortisone is a useful therapeutic agent. Allergy, itmay be recalled, refers to altered reactivity. These reactions refer to acquired sensitivity
rather than to the effect of toxic doses of chemicals or the unusual hypersensitivity of some persons to doses of drugs which have no untoward
effect on most persons. Aside from drugs of protein nature, such as the antisera prepared in
horses against diphtheria or tetanus toxins, nonprotein drugs, by combining with body proteins,
may produce foreign antigens and cause hypersensitivity. The manifestations vary from fever,
urticaria, angioneurotic edema, arthralgia, lymphadenopathy — i.e., serum sickness — to hemorrhagic,
bullous or exfoliative dermatitis, asthma, agranulocytosis, thrombocytopenic purpura, and anaphylactic shock. In serum sickness due to tetanus
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antitoxin, cortisone should be started early, in
doses of 100 mg. by mouth, repeated in 4 hours
and then 50 mg. given every 4 hours for 6 doses.
In penicillin urticarial reactions, atropine dermatitis and insulin resistance, to mention only a
few (see accompanying table), cortisone is effective. Cortisone may be life-saving in cases of
exfoliative dermatitis.
Dermatologic Conditions. — Cortisone is indicated in many cases, particularly the severe ones,
including acute urticaria and angioneurotic edema,
dermatitis medicamentosa, atopic dermatitis and
infantile eczema, exfoliative dermatitis, pemphigus, nummular dermatitis, erythema multiforme
and nodosum, and id eruptions. Hydrocortisone
ointment, rather than systemic adrenocorticoid
therapy, is preferred for most cases of contact
dermatitis, seborrheic dermatitis, pruritus ani or
vulvae and chronic lichen simplex. The frequently
fatal collagen diseases with dermatologic manifestations have already been discussed (v.s.). Except
for these potentially fatal cases, it must be emphasized that systemic therapy is indicated only
in severe dermatologic cases; mild and moderate
cases should be treated by other conventional and
supportive methods and correction of causative
factors must not be neglected even when cortisone
is used. Usually cortisone is not indicated in
chronic discoid lupus erythematosus, psoriasis,
sarcoidosis, mycosis fungoides, lichen planus, alopecia areata, acne vulgaris or rosacea, postherpetic
neuralgia, lepra reaction, dermatitis herpetiformis, keloids or chronic urticaria. The physician
will not prescribe systemic corticosteroid therapy
until this question can be answered: Does this
patient have pulmonary or other tuberculosis,
peptic ulcer, cardiovascular-renal disease or psychiatric disorders which may be aggravated by
such therapy of a dermatosis (King and Livingood, Texas State J. Med., 1953, 49, 682)?
Granulomas. — In several pulmonary granulomatous diseases, cortisone has therapeutic value,
albeit of a suppressive nature. In Boeck's sarcoid,
cortisone improves constitutional symptoms and
the local manifestations in the lungs, lymph nodes,
liver, spleen, etc. Relapses usually follow discontinuation of the steroid therapy. In beryllium
granulomatosis of the lungs, cortisone increases
oxygen saturation of the blood and decreases hyperpnea. In other nonspecific pulmonary granulomatoses, cortisone may cause hyalin and fibrous
changes in the granuloma. In silicosis, cortisone
has little value in the advanced fibrotic stage
with inelastic lungs and dyspnea on exertion. If
obstructive emphysema and asthmatic bronchitis
are prominent, cortisone is helpful. If tuberculosis
or other pulmonary infection is present, cortisone
therapy may spread the infection and aggravate
the disability of the patient. In Loeffler's syndrome, cortisone produces prompt improvement.
In Hodgkin's disease, cortisone causes temporary
relief of symptoms and a decrease in the size of
the tumor masses; it often makes the terminal
stage of this disease more tolerable.
Infections. — Except for replacement therapy
for acute adrenal insufficiency secondary to the
infection, such as the Waterhouse-Friderichsen
syndrome,
cortisone is usually contraindicated
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because while its anti-inflammatory action may
relieve the symptoms it may permit spreading of
the infection through inhibition of the defense
mechanisms ( Jawetz. Arch. Int. Med., 1954. 93,
However, in severe and often fatal infections for which effective chemotherapy is available, cortisone, in combination with specific chemotherapy, may prove life-saving (Jahn et al.. J.
Pediatr., 1954. 44, 640 >. For example, cortisone
along with chloramphenicol is indicated in the
treatment of typhoid fever and Rocky Mountain
spotted fever. In combination with chemotherapy,
it is valuable in the treatment of peritonitis and
of keratodermia blennorrhagica (systemic gonococcal infection*. Cortisone controls the symptoms of trichinosis. It is not used in malaria or
leprosy and only rarely in tuberculosis i see the
table;experimental
also Morgan infections
et al., J. Bact.,
1954. 67,
2 5"
In
cortisone
enhances
M. tuberculosis, meningococcus, hemolytic streptococcus, staphylococcus, pneumococcus. influenza or poliomyehtis virus, brucella, treponema.
malaria, trichophyton, etc.
Ophthalmologic Conditions. — In many diseases of the eye cortisone is sight-saving. It does
not cure the disease or correct the cause but it
prevents the inflammation and exudation which
may destroy vision. Adrenocorticoid therap;
most valuable in allergic disorders of the external
eye and nongranulomatous inflammations of the
uveal tract. Cortisone should always be accompanied by specific therapy to eliminate the cause.
In tuberculous and other granulomatous lesions,
cortisone has only temporary value and must be
used with caution to avoid spreading the inflammation into a larger necrotic lesion. For the conjunctiva and the anterior ocular segment — iris,
ciliary body. etc. — topical application of cortisone
or preferably hydrocortisone is the treatment of
choice. For lesions of the posterior segment of
the eye — optic neuritis, chorioretinitis, etc. — systemic therapy is required with patience and
perseverance (Quinn and Wolfson. Univ. Mich.
M. Bull., 1952. 18, 1 ). For topical use. a special
sterile ophthalmic suspension containing 0.5 or
2.5 per cent cortisone in a phosphate buffer solution is available for instillation into the conjunctival sac even" 1 or 2 hours. A 1.5 per cent cortisone ointment using an Aquaphor or lanolin base
provides more prolonged action and is effective
when applied every 5 or 4 hours. Results with
subconjunctival injection do not seem to be generally superior to topical application.
Gastrointestinal Conditions. — In this 5
tem of the body, cortisone has shown less value.
Recurrence, perforation or hemorrhage from peptic ulcer is an untoward, a typically manifested
and at times unexpected complication of adrenocorticoid therapy of other disorders. For peritonitis, cortisone with appropriate chemotherapy is
often useful. In sprue and celiac disease, cortisone controls symptoms, increases appetite and
improves nutrition; this may lead to recovery.
In regional enteritis and chronic ulcerative colitis,
results are unpredictable. In chronic hepatitis,
cortisone improves the appetite and well-being
and decreases fatty infiltration of the liver, but
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it may increase ascites and even precipitate coma.
In acute hepatitis reports are conflicting (see
tabk
Blood Dyscrasias. — Cortisone therapy will
control the hemorrhagic phenomena in thrombocytopenic purpura. Although many cases relapse
when cortisone is discontinued, retreatment will
stop bleeding again and splenectomy can be performed with relative safety. Control of bleeding
5eems to be related to an effect on capillary integrity rather than on platelet count. If the
platelet count has not reached normal in the
blood in 10 days of therapy, it is not likely to
rise with more prolonged therapy and splenectomy
is indicated without further delay. Sustained remissions may be expected in cases of less than
3 months' duration but are rare if the hemorrhagic
state has been present for 6 months. The usual
■-;• of cortisone in purpura is 75 mg. every 6
hours: the equivalent dose of corticotropin injection is 25 units every 6 hours. Cortisone is
effective in allergic (non-thrombopenic. SchonleinHenoch) purpura and in thrombotic thrombopenic
purpura.
In idiopathic acquired hemolytic anemia, complete clinical and hematologic remission in 7 of
12 cases has been reported but 6 of these 7 relapsed when cortisone or corticotropin treatment
was discontinued (Bethell. in Lukens' Medical
L's-sstial
of remission;
Cortisone,
1954 to
>. Four
showed par1 failed
show cases
any response.
Of
the 6 who responded and relapsed. 5 were relieved by splenectomy. Of the 4 with a partial
response, only 1 was relieved by surgical removal
of the spleen. Adrenocorticoid therapy often
;::..r.ce5 the C : : :\m ~ test from positive :: negative (see discussion of Rh factor under Citrated
Whole Human Blood) but Davidsohn and Spurrier (J.A.M.A.. 1954. 154, S18) noted that a
considerable titer of antibody persisted in the
blood serum; it was suggested that cortisone
therapy inhibits the combination of antibody with
the antigen (the erythrocyte ). Wiener (ibid., 1954.
155, 63) denied the value of cortisone the:
during pregnancy in the prophylaxis of erythroblastosis fetalis as was reported to be the case
by Hunter (ibid., 154, 905).
In agranulocytosis, cortisone or corticotropin
will either hasten recovery or at least control the
progressively fatal manifestations. In this condition, infection is not a contraindication to cortisone therapy; antibiotics are also indicated. In
splenic neutropenia or periodic neutropenia, cortisone has not proven effective. In pancytopenia
and in refractory or hypoplastic anemia, the results have been poor. It may have value in terminating the crises in sickle cell anemia.
In leukemia decided clinical and hematologic
improvement occurs in 40 to SO per cent of cases,
with virtually complete remission in about 20 per
cent, particularly among children with acute
lymphatic leukemia. Adult cases and patients
with granulocytic leukemia do not respond as
well. Monocytic leukemia is unresponsive. On
discontinuing cortisone, relapse follows in 2 to 10
weeks and about half of the cases will respond
to a second course of cortisone. A third response
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is rarely observed. Combination therapy with cortisone and Aminopterin is used (Marie et al.,
Bull. sec. med., 1951, 67, 621).
Use of cortisone in Hodgkin's disease has been
mentioned {v.s.). Multiple myeloma shows temporary symptomatic and laboratory response. In
neoplasms in general, cortisone has some symptomatic but no curative action.
Renal Disease. — In nephritis, cortisone or
corticotropin has little use. The increased renal
function, which occurs in normal humans receiving adrenocorticoids. often fails to occur in the
nephritic patient. Cortisone may aggravate albuminuria, edema, oliguria and hypertension. The
catabolic action of cortisone increases the urea
and potassium to be excreted. Some patients with
the nephrotic syndrome are benefited. When 2
to 3 weeks of cortisone therapy is abruptly discontinued, adiuresis may occur with a remission
in the disease until a respiratory infection or other
stress precipitates the svndrome again (Luetscher
et al., J.A.M.A., 1953. 153, 1236). Merrill et al.
(Arch. Int. Med., 1954, 94, 925) reported successful therapy with repository corticotropin injection used continuously for many months in 24
of 25 patients who had failed to respond to the
short course of adrencorticoid therapy or had
relapsed following improvement. Lauson et al.
(J. Clin. Inv., 1954, 33, 657) reported a decrease
in the abnormal permeability of the glomerulus
*
to protein in such cases.
Untoward Effects. — Since poisoning in the
ordinary meaning of the term does not occur, the
usual caption of Toxicology is not employed.
However, the untoward effects associated with
the use of large doses of a substance which possesses the action of a normally-occurring and
potent hormone are many and serious and even
fatal (see review by Thayer, Stanford Med. Bull.,
1952, 10, 1). Perhaps the greatest hazard in the
use of cortisone arises from the masking of the
common manifestations of a spreading infection
as a result of the anti-inflammatory action of this
steroid and its antipyretic, analgesic and euphoric
effects. In the therapeutic use of cortisone for a
particular purpose, the other actions of the drug
on other tissues and physiological functions must
always be kept in mind. The therapeutic use of
cortisone involves a pharmacological dose rather
than the physiological action of a normal endocrine substance. The replacement dose of cortisone in patients with the adrenal insufficiency of
Addison's
disease is seldom greater than 25 mg.
daily.
Two general types of untoward effects are to
be considered: (1) overdosage and (2) withdrawal
manifestations. Most therapeutic doses produce
mild hyperadrenocorticism (Cushing's syndrome I :
round, "moon" face, and characteristic deposits
of fat on the torso, acne, hirsutism, striae in the
skin, amenorrhea, loss of libido, etc. In the presence of definite therapeutic indications for cortisone, these untoward effects are a nuisance but
not a contraindication to its continuation. During
the first few days of use, homeostasis effectively
prevents marked abnormality but these compensatory mechanisms are soon exceeded and meta-
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bolic and eventually structural changes appear;
these are all reversible when the steroid is discontinued. Where the probable therapeutic benefit justifies the use of a short course of cortisone,
the common untoward effects may be accepted
and the use of certain precautions will minimize
their severity. The blood pressure and body weight
should be recorded and urinalysis and blood
count performed weekly during the use of large
doses and less frequently, perhaps monthly, during the prolonged administration of small doses.
Certain predispositions require special precautions, such as active or quiescent peptic ulcer or
active or latent diabetes mellitus. In immobilized
patients, osteoporosis is a particular threat and
individuals with hypertension or impaired renal
function also require individual evaluation of the
risk. In general, caution against overexertion resulting from the euphoria produced by the steroid
is important.
Precautions in the clinical use of cortisone include: A roentgenogram of the chest is essential
before commencing a prolonged course of cortisone therapy. The presence of active tuberculosis
is an absolute contraindication unless the therapeutic indication is replacement therapy of Addison's disease due to tuberculosis of the adrenals.
If the film shows a healed lesion, cortisone may
be used but frequent roentgenograms are essential.
Roentgen examination of the gastrointestinal
tract is demanded by symptoms or a history of
peptic ulcer. If an active ulcer is found, cortisone
is contraindicated. If deformity suggesting a
healed ulcer is found, cortisone may be used if
the therapeutic indication is grave enough to justify the risk and the patient can be kept on a
strict therapeutic regimen for peptic ulcer.
Urinalysis for sugar and. if there is a family
history of diabetes mellitus. fasting and postprandial blood sugar determinations are essential.
The presence of glycosuria or hyperglycemia is
not a contraindication to the use of cortisone but
careful observation and treatment of any diabetic
manifestations are mandatory. In the case of
known diabetics, cortisone may be used with
careful observation and appropriate increases in
the dose of insulin.
Determination of basal (resting) blood pressure
as well as search in the urinalysis for evidences of
renal disease is essential since hypertension or
impaired renal function demands close observation during the use of the steroid. A significant
rise in blood pressure calls for discontinuance of
the drug or the institution of diet and other
measures (v.i.) to minimize the untoward effect.
Heart disease is not an absolute contraindication to the use of cortisone even in severe anatomical but compensated lesions or in cases previously in congestive heart failure which has been
controlled by digitalis and other appropriate therapy. Cortisone therapy in such patients must be
approached with caution, care, and prophylactic
measures to counteract the undesirable actions. In
decompensated cases of heart disease, cortisone
is contraindicated unless the cause may be corrected by cortisone, as in the case of acute rheumatic myocarditis (Greenman et al., J. Clin. Inv.,
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195 1, 30, 644). In cases of compensated heart
disease, measures to minimize the retention of
sodium chloride and water and the loss of potassium are essential. A low sodium diet — less than
1 Gm. daily — is helpful; such a low intake of
sodium also minimizes the loss of potassium
(Seldin et al., ibid., 673; Greenman et al., loc.
cit.). From 1 to 3 Gm. of potassium chloride is
indicated by mouth daily to minimize potassium
loss and counteract sodium retention (Liddle et
al, J. Clin. Inv., 1953, 32, 1197). If daily body
weight is increasing, mercurial diuretics are indicated. The appearance of general muscular weakness calls for an electrocardiogram in search of
the characteristic changes associated with hypopotassemia (v.s.) because the syndrome of hypochloremic alkalosis, though rare, may develop
very rapidly (Grawley, Arch. Indust. Hyg., 1951,
3, 587). Cardiac arrhythmia and hypotension
may ensue. Electrocardiographic changes call for
the administration of 1 Gm. of potassium chloride by mouth immediately and its repetition as
many as 4 to 6 times that day. For any patient
receiving more than 100 mg. of cortisone daily
a prophylactic dose of 1 Gm. of potassium chloride daily is indicated and testosterone therapy
may be useful prophylactic therapy in the maintenance of both electrolyte equilibrium and protein anabolism. Caution, however, is required
since patients with cardiovascular-renal disease
may rapidly develop hyperpotassemia which is
equally deleterious on cardiac and renal function.
Frequent examination for glycosuria, and if
found for hyperglycemia, is important in order to
employ insulin before a serious disturbance of
carbohydrate metabolism develops. In other
words, careful watch for all the common untoward
effects is essential for the safe use of cortisone
in patients with heart disease.
Discontinuance of cortisone therapy is indicated by the appearance of: Symptoms or signs
of peptic ulcer or of diverticulitis ; infection with
an organism which is not sensitive and quickly
responsive to treatment with an available antibiotic or chemotherapeutic agent; delayed wound
healing in an individual whose protein deficiency
cannot be corrected quickly by a high protein
diet and the aid of an anabolic steroid such as
testosterone (this is more important during healing of surgical incisions in viscera than in wounds
of the skin) ; marked mental confusion, frontal
headaches, insomnia and rapid swings in emotional mood (in this instance gradual rather than
sudden discontinuance is particularly advised).
Continuation of a reduced dose of cortisone, if
the therapeutic indication is sufficiently grave, is
indicated with caution by the following: Edema,
which also calls for a low sodium and high potassium and protein diet and if necessary at first
the use of mercurial diuretics; osteoporosis, which
in the immobilized or postmenopausal patient also
calls for a high protein diet and testosterone therapy; convulsions, which also call for the use of
anticonvulsant drugs; ecchymoses. In patients with
liver disease receiving cortisone, possible thromboembolic complications should be anticipated with
prophylactic physical and anticoagulant therapy,
particularly during the period of discontinuing
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the use of cortisone (Thorn et al., New Eng. J.
Med., 1953, 248, 369).
Withdrawal symptoms of adrenal insufficiency
constitute the other serious aspect of the therapeutic use of cortisone. Prolonged use of even
moderate doses of this steroid depresses the function of the adrenal cortex. Insufficiency is usually
brief and mild — asthenia and anorexia — but in
rare cases it may be serious or may persist for
several months. As a result of severe stresses at
the time of discontinuing cortisone therapy a
disastrous syndrome resembling the crisis of
Addison's disease may develop. Such stresses
are frequent in the form of a relapse of the disease being treated with cortisone or an unrelated
but coincident stress from infection or physical
or psychic injury. Hence, cortisone therapy
should always be discontinued gradually — 12.5 to
25 mg. daily for 2 to 7 days — to allow recovery
of the patient's own adrenal cortical function;
often a daily intramuscular injection of a repository dosage form of corticotropin is valuable to
stimulate the atrophic adrenal gland. Even during
treatment with cortisone, a relative adrenal insufficiency may arise if an intercurrent stress
appears, since the depressed adrenal gland is
unable to respond to the normal stimulation of
endogenous corticotrophin. An increase in the
dose of cortisone is demanded under such circumstances. It is obviously of great importance to
folfow the patient as closely during the discontinuance of cortisone therapy as during its use.
Contraindications. — Being relative as well as
absolute, these are discussed under Untoward
Effects (v.s.). Among the more important conditions which preclude or modify the therapeutic
use of cortisone are: tuberculosis and other acute
or chronic infections, peptic ulcer or ulcerative
disease of the intestine, diabetes mellitus, hypertensive cardiovascular-renal disease, heart disease,
recent visceral wounds, psychoses, edema, osteoporosis, convulsions, and thromboembolic disease.
Prevention of adrenal insufficiency when cortisone
is discontinued is of equal importance. During
pregnancy, cortisone may be given with care,
although large doses in rabbits cause degeneration of the fetus and abortion (DeCosta and
Abelman, Am. J. Obst. Gyn., 1952, 64, 746).
During the postpartum period discontinuation of
cortisone must be done very slowly to avoid
severe adrenal insufficiency (Margulis and Hodgkinson, Obst. & Gyn., 1953, 1, 276).
Routes of Administration. — Intramuscular Injection. — Initially cortisone was available
only as a microcrystalline suspension of cortisone
acetate containing 25 mg. per ml. with suspending
agents (polysorbate 80 and sodium carboxymethylcellulose) and a preservative (1.5 per cent
benzyl alcohol) . With this preparation the amount
of cortisone in the blood never reaches high concentrations (Nelson et al., J. Clin. Inv., 1952, 13,
843). The peak concentration occurs between 8
and 12 hours after injection, the steroid persisting
in the blood for 24 hours or longer. A clinical
effect is detectable within 3 to 4 hours. Hence,
for a maximal effect the intramuscular dose
should be repeated every 8 to 12 hours but for
maintenance therapy a single daily dose is ade-
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quate. When the injections have been given for
many days, some action persists for several days
after the last dose as a result of the repository
nature of this dosage form.
Oral Ingestion. — The use of cortisone acetate
by mouth is effective, as demonstrated by clinical
(Freyberg et al, Science, 1950, 112, 429) and
metabolic effects (Thorn et al., New Eng. J. Med.,
1951, 245, 549). Equivalent action is obtained
with a dose 1 to \Yz times the intramuscular dose.
Actually, from an oral dose the response is much
more rapid than from an intramuscular injection.
The peak, concentration in the blood is reached in
4 to 8 hours, as measured by the decrease in the
blood eosinophil count, with a rapid decline in
the level. Urinary electrolyte changes occur during the first day of oral use but are not definite
until the third day after intramuscular administration. Oral administration every 6 hours produces an effect resembling the continuous action
of a single daily intramuscular injection. For
continuous inhibition of pituitary function, intramuscular injection is preferable (Wilkins et al.,
J. Clin. Endocrinol., 1952, 12, 27), but for prompt
therapeutic action in acute situations oral (or
intravenous) administration is more effective.
When treatment is discontinued after prolonged
use, the rapid decrease in cortisone effect from
oral administration is more likely to lead to acute
adrenal insufficiency than is the slower disappearance from intramuscular doses. Since gastrointestinal absorption of cholesterol, labeled with
carbon-14, has been demonstrated as occurring
through the lymphatics and the thoracic duct
(Chaikoff et al., J. Biol. Chem., 1952, 194, 407),
it seems probable that cortisone follows a similar
pathway, rather than passing through the portal
vein to the liver.
Subcutaneous Implantation. — Because of
the efficacy and simplicity of oral administration
implantation is seldom employed. An implant of
1 to 1.5 Gm. of pellets of cortisone acetate produces an effect similar to that obtained from
release of 10 mg. of cortisone from an intramuscular injection daily; this effect persists for 4 to 5
months (Thorn et al, Tr. A. Am. Phys., 1949, 62,
233).
Intravenous Injection. — The alcohol form of
cortisone was used experimentally by Thorn et al.
(New Eng. J. Med., 1953, 248, 414) by dissolving
sterile cortisone in a concentration of 10 mg. per
ml. of 80 per cent alcohol and dispersing this by
means of a syringe or pipet into an appropriate
volume of sterile isotonic solution of sodium
chloride for injection or in 5 per cent dextrose in
water for injection. The slow injection of 100 mg.
of cortisone in 500 ml. of such a solution intravenously, over a period of 8 hours, produces
maximum effect (Thorn et al., Tr. A. Am. Phys.,
1952, 65, 281).
Topical Application. — In an effort to produce
a desired local therapeutic action without the
other systemic effects of adequate doses, various
topical applications have been employed. Perhaps
the most successful of these procedures is the use
of a 2.5 per cent microcrystalline ophthalmic suspension of cortisone acetate in a phosphate buffer
vehicle with 0.5 per cent of benzyl alcohol and
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0.02 per cent of benzalkonium chloride as preservatives. For disorders of the anterior segment of
the eye, the topical application of 1 or 2 drops
every 1 or 2 hours of this ophthalmic suspension
has been most effective (Steffanson, J.A.M.A.,
1952, 150, 1660). To avoid administration during
the night, a 1.5 per cent ophthalmic ointment in
a petrolatum base has been employed at bedtime.
Leopold et al. (Am. J. Ophth., 1951, 34, 361)
demonstrated penetration into the ocular fluids
following topical application. Subconjunctival injection of 0.05 to 0.4 ml. of a saline suspension,
in combination with a local anesthetic, has been
employed successfully (Koff et al., J. A.M. A., 1950,
144, 1259) ; the therapeutic effect in disorders of
the anterior segment of the eye (iritis, keratitis,
etc.) persists for several days. For disorders of
the posterior segment of the eye amenable to cortisone therapy, systemic action is required.
On the skin, topical application of cortisone
ointments in discoid lupus erythematosus and
other dermatoses has produced less striking results than those following systemic use of the
steroid (Newman and Feldman, /. Invest. Dermal., 1951, 17, 3). Hydrocortisone is more effective than cortisone on the skin.
For instillation into synovial cavities, such as
joints, hydrocortisone is much more effective
(Hollander et al., J.A.M.A., 1951, 147, 1629).
Aerosol administration has been tried in the
treatment of bronchial asthma but oral or parenteral administration is far more effective (Gelfand, New Eng. J. Med., 1951, 245, 293). @
Dose. — The usual dose of cortisone acetate is
25 mg. four times daily by mouth or 100 mg.
daily intramuscularly. The range of dose by
mouth is 2.5 to 75 mg. ; intramuscularly it is
from 5 to 300 mg. The maximum safe dose by
mouth is generally 75 mg. ; intramuscularly it is
300 mg. For details of dosage in specific afflictions
or diseases see above. For topical application the
usual dose is that amount of a preparation containing 0.5 to 2.5 per cent of cortisone required
to cover the area; the amount of cortisone thus
applied should not exceed the limits prescribed
for oral or intramuscular use.
Storage. — Preserve "in tight, light-resistant
containers, preferably of Type I glass." U.S.P.

STERILE CORTISONE ACETATE
SUSPENSION.
U.S.P.
"Sterile Cortisone Acetate Suspension is a
sterile suspension of cortisone acetate in a suitable aqueous medium. It contains not less than
90 per cent and not more than 110 per cent of
the labeled amount of C2.3H30O6." U.S.P.
This dosage form of cortisone acetate is variously prepared by the several producers of it;
representative of the suspending and dispersing
agents employed are sodium carboxymethylcellulose and polysorbate 80, while 1:10,000 of thimerosal or 0.9 or 1.5 per cent of benzyl alcohol
is used as an antibacterial agent. The U.S.P. requires the injection to have a pH between 5 and 7.
Assay. — A dehydrated alcohol solution of a
measured volume of the suspension is alkalinized
with
tetramethylammonium
hydroxide
T.S.,
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treated with an alcohol solution of triphenyltetrazolium chloride, and the intensity of the resulting
red color measured at 485 mji. Quantitative evaluation of the color is achieved through measurement of the color, similarly produced, of a standard preparation made with U.S. P. Cortisone Acetate Reference Standard. U.S.P.
Uses. — For uses and dose of this injection see
under Cortisone Acetate, particularly the sections
on Routes of Administration and Dose.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferablv of Type I glass."
U.S.P.
Usual Sizes. — 10- and 20-ml. vials containing
25 mg. per ml.; 10-ml. vials containing 50 mg.
per ml.
CORTISONE ACETATE
MIC SUSPENSION.

OPHTHALU.S.P.

"Cortisone Acetate Ophthalmic Suspension is
a sterile suspension of cortisone acetate in an
aqueous medium' with a suitable bacteriostatic
agent. It contains not less than 90 per cent and
not more than 110 per cent of the labeled amount
of C23H30O6."

U.S.P.

The uses of this preparation are discussed under
Cortisone Acetate (see especially under Routes of
Administration). Suspensions containing 0.5 or 2.5
per cent of cortisone acetate are commercially
available.
Storage. — Preserve "in tight containers."
U.S.P.

CORTISONE

ACETATE
U.S.P.

TABLETS.

"Cortisone Acetate Tablets contain not less
than 90 per cent and not more than 110 per cent
of the labeled amount of C23H30O6." U.S.P.
Usual Sizes.— 5 and 25 mg.
PURIFIED

COTTON.

U.S.P.

Absorbent Cotton, [Gossypium Purificatum]

"Purified Cotton is the hair of the seed of cultivated varieties of Gossypium hirsutum Linne,
or of other species of Gossypium (Fam. Malvacece), freed from adhering impurities, deprived
of fatty matter, bleached, and sterilized." U.S.P.
Gossypium Depuratum; Gossypium Asepticum. Fr. Coton
hydrophile; Coton sterile. Ger. Gereinigte Baumwolle;
Hydrophile Baumwolle. It. Cotone idrofilo; Cotone assorbente. Sp. Algodon hidrofilo ; Algodon absorbente;
Algodon Purificado.

For description of the cotton-plant, see under
Cotton Root Bark, in Part II. There is considerable difference in the capsules or so-called bolls,
the seeds, as well as the lint of the several species
of Gossypium. The bolls of Sea Island (G. barbadense) cotton are uniformly smaller, more
sharply pointed, contain fewer and smaller seeds
and longer lint than the Upland bolls. The Sea
Island cotton has small black seeds from which
the lint separates readily. The Upland cottons
have large seeds which are greenish in color, and
surrounded by a short dense hair beneath the
longer and more valuable lint. The lint of the Sea
Island cotton is from 3.5 to 6.5 cm. in length,
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while the Upland cotton seldom exceeds 3.5 cm.
in length, usually being much shorter. There are
numerous hybrids between G. herbaceum and
G. barbadense and between G. hirsutum and
G. herbaceum. The long and extra long fibers produced in the United States are all obtained from
varieties of G. barbadense and their hybrids, the
shorter fibers being usually Upland cottons of the
G. hirsutum and G. herbaceum types. The commercial grading of cotton by the New York Cotton
Exchange is as follows: Samples the average fiber
of which is under 25 mm. in length are called
"short staple"; those between 25 to 30 mm. are
called "medium" and from 30 to 40 mm. are
called "long staple."
The chemical "purification" of cotton, previously separated from its seeds, consists in removing the fatty substances. This is accomplished by
boiling it in a dilute solution of sodium hydroxide, then thoroughly washing it to remove the
saponified fats and the excess of alkali. Following
this it may be immeresd in a chlorine solution,
then rinsed with water, acidulated with hydrochloric acid and again thoroughly washed with
pure water. Afterwards, the water is pressed out
and the cotton dried quickly. It is then subjected
to mechanical processes of sorting the fibers, and
finally forming the rolls or balls which represent
the finished product; the packaged cotton is
sterilized.
Description. — "Purified cotton occurs as
white, soft, fine filament-like hairs appearing
under the microscope as hollow, flattened, and
twisted bands, striate and slightly thickened at
the edges. It is nearly odorless and almost tasteless. Purified cotton is insoluble in ordinary
solvents, but is soluble in ammoniated cupric
oxide T.S." U.S.P.
Standards and Tests. — Residue on ignition.
— Not over 0.2 per cent. Alkalinity or acidity. —
A 10-Gm. portion of cotton is saturated with
100 ml. of recently boiled and cooled water and
then pressed with a glass rod to separate two
25-ml. portions of liquid into white porcelain
dishes; no pink color develops in either portion
on adding 3 drops of phenolphthalein T.S. and 1
drop of methyl orange T.S., respectively. Waterinsoluble substances. — Not over 0.25 per cent.
Fatty matter. — Not over 0.7 per cent. Dyes. —
10 Gm. of cotton is extracted, in a narrow percolator, with sufficient alcohol to yield 50 ml. of
percolate. When the latter is observed downward
through a column 20 cm. deep it may have a yellowish color, but neither a blue nor a green tint.
Fiber length. — Not less than 60 per cent, by
weight, of conditioned fibers shall be 12.5 mm. or
greater in length, and not more than 10 per cent.
by weight, shall be 6.25 mm. or less in length.
Absorbency. — Purified cotton retains not less than
24 times its weight of water. Sterility. — Purified
cotton meets the requirements of the Sterility
Test for Solids. U.S.P.
Purified cotton is soluble in strong alkaline solutions, and decomposed by concentrated mineral
acids. Chemically, it is a form of cellulose,
(Ct;Hio05)n. Cotton will take fire spontaneously
if impregnated with linseed oil, or some other fixed
oils, and allowed to stand; the heat produced by
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the oxidation of the oil suffices to ignite the
matted fibers of the cotton.
Uses. — The uses of cotton are so well known
that little need be recorded there. Purified cotton
is much used in surgery as a dressing for burns
and wounds, in order to prevent the access of
pathogenic germs and to absorb discharges. Cotton batting is often employed to maintain a uniform temperature in inflamed parts but is better
made from raw cotton than from absorbent cotton. Purified cotton is useful as a filtering medium
for liquids, and also for air; the latter, when
passed through a sufficient thickness of cotton,
becomes sterile.
Storage. — "Package Purified Cotton in rolls
of not more than 454 Gm. (1 pound) of a continuous lap, with a light-weight paper running
under the entire lap, the paper being of such
width that it may be folded over the edges of the
lap to a distance of at least 25 mm. (1 inch), the
two together being tightly and evenly rolled, and
enclosed and sealed in a second well-closed container. Purified Cotton may be packaged also in
other types of containers if these are so constructed that the sterility of the product is maintained. Sterilize Purified Cotton in the sealed
container." U.S. P.
Labeling. — "The label of Purified Cotton
bears a statement to the effect that the sterility
of the Cotton cannot be guaranteed if the package
bears evidence of damage or if the package has
been opened previously." U.S. P.
COTTONSEED

OIL.

U.S.P., B.P.

Oleum Gossypii Seminis

"Cottonseed Oil is the refined fixed oil obtained
from the seed of cultivated plants of various
varieties of Gossypium hirsutum Linne or of other
species of Gossypium (Fam. Malvacece)." U.S. P.
The B.P. gives its origin as the seeds of cultivated
species of Gossypium.
Cotton Oil. Fr. Huile de cotonnier. Ger. Baumwollsamenol. Sp. Accite de Semilla dc Algodon.

_ From the seed of the cotton plant (for description of the plant see under Cotton Root Bark, in
Part II), once regarded as a nuisance, there is
now expressed in the vicinity of 200,000,000 gallons annually of a highly useful oil. In seeds containing 6to 12 per cent moisture, the content of
oil is between 14 and 25 per cent; also present are
16 to 26 per cent of proteins, 24 to 31 per cent
of carbohydrates (but little or no starch), 14
to 2 1 per cent of crude fiber, and 3 to 4 per cent
of ash.
Several methods of expressing cottonseed oil
are employed; some mills crush and press seed
which has been delinted only, others press decorticated seed or "meats" previously ground to a
coarse meal. Many types of mills are in use,
and many variants in their operation. An excellent summary of the several commercial processes
is given by Jamieson in Vegetable Oils and Fats,
Second Edition, 1943.
The crude oil resulting after the liquid obtained
by expression is clarified by subsidence or filtration may be red, amber, or nearly black, depend-
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ing on the method of manufacture and the quality
of seed employed. The color, sometimes erroneously attributed to gossypol, is due chiefly to
resins and plant pigments. Refining of the oil
consists first in agitating it with a solution of
enough caustic soda to neutralize the free acids,
then heating it to expel moisture and bleaching it
by agitation with 2 to 6 per cent of fuller's earth,
sometimes with the addition of 0.5 to 1 per cent
of activated carbon, then deodorizing it with
steam under diminished pressure. For many uses
this refined oil needs to be chilled to separate
the higher melting glycerides; this stearin fraction is employed in the manufacture of lard substitutes. Such "wintered oil," when properly prepared, will remain clear and bright even after
being cooled to 0° for 5 hours (compare with the
U.S. P. description).
A number of grades of crude and of refined
cottonseed oil are recognized on the American
market; the crude oil is graded on its acidity,
refining loss and flavor, the refined on its color,
odor, and flavor. Specifications for all grades have
been drawn up by the National Cottonseed Products Association.
The oil-cake remaining after extraction of the
oil amounts to about 50 per cent of the weight of
the whole seed and is largely used as food for
cattle; the toxic gossypol (see under Constituents) occurring in it is, fortunately, combined
with protein to form an indigestible compound.
The hulls, comprising about 25 per cent of the
seed, are used for bedding and feed for stock;
also as a fuel and, after removal of hull fiber, to
make a hull bran with which to reduce the protein
content of meal to the desired percentage. The
linters obtained from the seed, amounting to 5 to
10 per cent, are sold to manufacturers of guncotton, films, artificial silk, mattresses, paper and
other articles.
Description. — "Cottonseed Oil is a pale yellow, oily liquid. It is odorless or nearly so, and
has a bland taste. At temperatures below 10°
particles of solid fat separate from the Oil, and at
about 0° to —5° the Oil becomes solid or nearly
so. Cottonseed Oil is slightly soluble in alcohol.
It is miscible with ether, with chloroform, with
petroleum
benzin, and with carbon disulfide."
U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.915 and not more than 0.921.
Identification. — A mixture of 2 ml. of cottonseed
oil with 2 ml. of a mixture of equal volumes of
amyl alcohol and a 1 in 100 solution of sulfur in
carbon disulfide is warmed carefully until the carbon disulfide is expelled and then the test tube
containing the liquid immersed to one-third of
its length in a boiling, saturated solution of sodium
chloride: a red color develops in the mixture
within 5 to 15 minutes (this is the well-known
Halphen test for cottonseed oil). Iodine value. —
Not less than 109 and not more than 116. Saponification value. — Not less than 190 and not more
than 198. Solidification range of the fatty acids. —
35°.
The U.S.P.
dry, mixed acids solidify between 31° and
The B.P. description and standards are similar
to those of the U.S. P.; the former gives the re-
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fractive index as from 1.4645 to 1.465S at 40°.
and specifies the acid value as not more than 0.5.
Constituents. — Analysis of a typical refined
cottonseed oil shows it to contain 39.35 per cent
linoleic acid, 33.15 per cent oleic acid, 19.1 per
cent palmitic acid, 1.9 per cent stearic acid, 0.6
per cent arachidic acid, and 0.3 per cent myristic
acid — combined as glycerides. Also present are
small quantities of phospholipids (lecithin, etc.),
phytosterols, and pigments.
The toxic polyphenols pigment gossypol is
present in raw cottonseed and in oil-cake, but is
not found in the oil. Clark et al. (Oil and Fat Ind.,
1929, 6, 15) reported that though it is very toxic
as it occurs in raw cottonseed, gossypol is not
poisonous in cottonseed cake or meal since it is
combined with protein as to render it harmless.
Any free gossypol which may be present occurs
in such a small amount that harmful effects will
not follow if animals are fed normally. Ill effects
which have been reported are the result of overfeeding with cottonseed cake or meal alone, the
proteins in these substances not being adequate
to maintain normal growth; other articles must
be used in the diet. Gossypol has the formula
C30H30O8; its structure has been the subject of
extensive researches by Adams and his colleagues
(J.A.C.S., 1937, 59, 1938, 60).
Uses. — Cottonseed oil possesses the nutritive
and emollient properties of the fixed vegetable
oils. Occasionally it is used, in large doses (30
ml.), as a lubricant cathartic. It is used by some
manufacturers as the solvent or vehicle for preparing certain injections, as of estrogenic substances. The N.F. uses it as the vehicle of camphor
liniment. The oil has the disadvantage of becoming gummy on exposure to air.
Nearly three-fourths of the cottonseed oil produced in the United States is used in the manufacture of lard substitutes of various kinds; for
such use some or all of the oil is hardened by
hydrogenation so that the product may have the
desired degree of hardness. Most of the remainder
of the oil is used in making cooking and salad oils,
and margarine, and the oil which is unsuitable for
refining is made into soap, [v]
Dose, 8 to 30 ml. (approximately 2 to 8 fluidrachms).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Camphor Liniment, N.F.
COUMARIN.

N.F.

[Coumarinum]

0

C=

0-

"Coumarin, C6H4(CH)2OCO, is the lactone of
ortho-hydroxycinnamic acid." N.F. VII.
H
Cumarin; Tonka Bean Camphor. 1,2-Benzopyrone.
C
=

H
Coumarin is found widely
distributed
through
C
a
the vegetable kingdom, notably in the tonka bean,
in several species of clover, in several sweetscented grasses, in the composite Trilisa odoratissima Cass (Liatris odoratisshna Willd) (com-
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monly known as vanilla leaf or hound's tongue),
in Asperula odorata L. (or sweet woodruff) and in
some species of orchids. It may be extracted from
the plants by boiling with 80 per cent alcohol.
Coumarin was first synthesized by Perkin by
heating the sodium derivative of salicylaldehyde
with acetic anhydride. Instead of using the sodium compound, a mixture of the aldehyde itself,
acetic anhydride and sodium acetate is now commonly employed in synthesis. The salicylaldehyde
may be prepared from phenol by the ReimerTiemann process employing chloroform and concentrated sodium hydroxide.
Description. — "Coumarin occurs as colorless,
prismatic crystals, with a characteristic, fragrant
odor, and a bitter, aromatic, burning taste. Coumarin isslightly soluble in water. It is freely soluble in alcohol, in ether, in chloroform, and in
fixed or volatile oils. Coumarin melts between 68°
and 70°." N.F.
Standards and Tests. — Identification. — A
brown, flocculent precipitate is formed on adding
iodine T.S. to a saturated aqueous solution of
coumarin; on shaking the precipitate coalesces
to form a dark green, curdy mass, leaving a clear
supernatant liquid (distinction from vanillin).
Distinction from vanillin. — Coumarin is not extracted from an ether solution by ammonia T.S.
Acetanilid. — The disagreeable odor of phenylisocyanide is not evolved on heating 100 mg. of
coumarin with 1 ml. of a 1 in 4 solution of sodium hydroxide in alcohol and a few drops of
chloroform. N.F.
Uses. — Coumarin has no recognized medicinal
usage, having been employed only for its odorous
qualities. Tests by the Federal Food and Drug
Administration, made some years ago before
coumarin was considered to be a toxic substance,
indicate that 1 part of coumarin is approximately
equivalent, in flavor, to 3 parts of vanillin. It
was much used as a flavoring agent for medicinal
substances, to mask unpleasant odors (as of iodoform), as an ingredient of imitation vanilla extracts, and as a fixative for perfumes.
In 1953 the report of a private pharmacologic
testing laboratory that coumarin is toxic to animals resulted in the voluntary withdrawal of coumarin from the market, and also a federal prohibition of its use, as a food flavor, notably of
chocolate products. While no publication of the
toxicological data in question has come to our
attention, it appears that there is basis for concern that coumarin, which is related to bishydroxycoumarin, may induce a hemorrhagic tendency on
prolonged ingestion. In his review of the pharmacology and toxicology of coumarin, Jacobs (Am.
Perfumer, 1953, 62, 53) states that while not a
single instance of serious physiological effects in
humans from use of coumarin in food products
has been reported, there have been three cases of
pathological effects, including hemorrhage, attributable to therapy with coumarin (Dominici, Rass.
din. sci., 1st biochim. ital., 1948, 24, 233); it is
not indicated for what therapeutic purpose the
coumarin was used.
Coumarin is recognized officially only because
it is an ingredient of aromatic castor oil; the
small proportion of it present in the oil, and the
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relatively infrequent use
any one person, makes it
such use may in any wise
Off. Prep.— Aromatic
CREOSOTE.

of the preparation by
extremely unlikely that
be dangerous.
Castor Oil, N.F.
N.F., B.P.

Creasote, Wood Creosote, [Creosotum]

"Creosote is a mixture of phenols obtained
from wood tar." N.F. The B.P. defines it as a
mixture of cresol, guaiacol and other phenols obtained from the distillation of wood tar.
Kreosotum. Fr. Creosote officinale. Ger. Kreosot ;
Buchenholzteerkreosot. It. Creosote Sp. Creosota.

When wood tar (see Pine Tar) is subjected to
fractional distillation the first portion of the distillate is an oily liquid analogous to the crude
carbolic acid obtained from coal tar. This phenolic
solution constitutes the substance known as creosote, in crude form. Its composition varies according to the source of tar from which it has
been distilled; the tar from the hard woods, such
as beech, oak, and maple, as a rule yields a larger
proportion of phenolic substances than that from
pines and other coniferous trees.
Creosote is contained only in those fractions of
the distillate heavier than water. After agitation
of the distillate with sodium hydroxide, insoluble
oils are separated, and the mixture is heated to
hasten oxidation of certain impurities. The alkaline solution is treated with dilute sulfuric acid,
and the crude creosote which separates is again
submitted to further treatment with alkali and
acid until the creosote no longer becomes brown
on exposure to air, but only slightly reddish. It is
then dissolved in a strong solution of sodium hydroxide and distilled; the fraction distilling in the
range of 200° to 220° is creosote.
Creosote may also be extracted from pyroligneous acid. The name creosote refers to its antiseptic properties, being derived from xoe«5, flesh,
and ocb^co, / preserve.
Composition. — Creosote is a mixture, in indefinite proportions, of a large number of phenolic
bodies, of which at least ten have been identified.
The most abundant single ingredient is usually
creosol (methyl guaiacol), and the next is guaiacol. Sickman and Fischelis (/. A. Ph. A., 1929,
18, 1145), from a study of 16 samples of creosote,
found that these two together constituted, on the
average, approximately 50 per cent, although
there was considerable variation between individual samples. The experiments, however, of
Gershenfeld, Pressman, and Wood (/. A. Ph. A.,
1933, 22, 198) indicate that these are not the
most important ingredients from the therapeutic
standpoint. They found that many of the other
ingredients, especially the xylenols of which there
are present at least two isomers, were three or
four times as powerful germicidally as either of
the pyrocatechol derivatives. If any considerable
portion of the creosote distils below 203° it is
likely to contain cresol. In the experiments of
Gershenfeld et al., it was found that all of the
various fractions distilling from 187° to 210° were
more toxic than the higher distilling fractions.
Description. — "Creosote is an almost colorless or yellowish, highly refractive, oily liquid,
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having a pentrating, smoky odor, and a burning,
caustic taste. It does not readily become brown
on exposure to light. Creosote is combustible,
burning with a luminous, smoky flame. Creosote
is slightly soluble in water, but is miscible with
alcohol, with ether, and with fixed or volatile
oils. The specific gravity of Creosote is not less
than 1.076°. Creosote begins to distil at about
203°, and not less than 90 per cent of it, by
volume,
betweencreosote
203° and
220°."
Mixed distils
with water,
forms
two N.F.
layers,
the upper consisting of one part of creosote and
about 80 of water, the lower of one part of water
and 10 of creosote. Creosote dissolves a large
proportion of iodine, of phosphorus, and of sulfur, especially when warmed. It also dissolves a
number of metallic salts and reduces some of
them to the metallic state, as, for example, silver
nitrate and acetate.
Standards and Tests. — Identification. — A
transient violet-blue color forms on adding 1 drop
of ferric chloride T.S. to 10 ml. of a saturated
aqueous solution of creosote; the liquid becomes
cloudy almost instantly, its color changing rapidly
from grayish green to muddy brown, finally producing a brown precipitate. So-called coal-tar
creosote. — The volume of the creosote layer
which separates after shaking a mixture of 4 ml.
of creosote, 4 ml. of glycerin and 1 ml. of distilled water equals or exceeds the volume of
creosote taken. Hydrocarbons and bases. — Not
less than 10 ml. and not more than 18 ml. of 1 N
sodium hydroxide is required to dissolve 2 ml.
of creosote; the liquid remains clear on dilution
with 50 ml. of distilled water. Phenol and socalled coal-tar creosote. — No permanent coagulum results on mixing equal volumes of creosote
and collodion in a dry test tube. Other impurities.
— An agitated mixture of 1 ml. of creosote, 2 ml.
of petroleum benzin and 2 ml. of freshly prepared barium hydroxide T.S. separates into three
distinct layers on standing; the upper layer is
neither blue nor brown. N.F.
Incompatibilities. — Creosote produces with
ferric salts a bluish color and usually a brown
precipitate. With lead subacetate it forms a
white precipitate. When triturated with strong
oxidizing agents creosote may cause an explosion. Gums may be precipitated by it. The
tendency of creosote to permeate the wall of a
gelatin capsule may be lessened by mixing it
with twice its volume of olive or expressed
almond oil.
Uses. — Creosote has been used as an antiseptic externally and an expectorant internally.
The early hope of its serving as a systemic antibacterial agent has been abandoned.
Action. — The physiological effects of creosote
resemble those of phenol. It is absorbed from
the gastrointestinal tract and excreted, in part,
in the urine as conjugation products with sulfuric and glucuronic acids. Following oral administration of therapeutic doses it does not
appear to be excreted by the lungs (J.A.M.A.,
1938, 110, 209), although it has been claimed
that after intravenous administration of guaiacol
there is evidence of excretion of that substance
in the sputum.
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Topically creosote, like phenol, is a paralyzant
to sensory nerves; it possesses irritant, anesthetic,
and germicidal actions. It is less caustic, and
probably less anesthetic, than phenol, but it is
considerably more germicidal. Gershenfeld. Pressman, and Wood (/. A. Ph. A., 1933, 22, 198)
found that against Bacillus typhosus and Staphylococcus aureus the phenol coefficient of various
samples of creosote ranged between 2.4 and 3.9.
Although the composition of even genuine
beechwood creosote varies considerably in the
proportion of guaiacol and creosol present the
physiological and therapeutic actions of these
constituents are so similar that variation in their
proportion is of little consequence.
Expectorant. — Creosote was introduced in
the treatment of pulmonary tuberculosis with
the idea that it would exercise an antiseptic
action in the lungs. In tubercular states it was
given in large doses, well diluted. There is no
evidence, however, that the drug can reach
pulmonic tissue, in sufficient concentration to
have any direct antibacterial action (Fellows,
Am. J. Med. Sc, 1939, 197, 683). Kraus et al.
(Ztschr. ges. exp. Med., 1932, 83, 567) showed
that it is excreted through the bronchial mucosa;
by virtue of this action creosote has been employed in treating chronic bronchitis. Brown
(J.A.M.A., 1937, 109, 268) reported that creosote improved the odor and taste of foul sputum.
Because of its irritant action it should not be
used in acute bronchitis. Creosote has been
added to steam inhalations but it is rather irritating for this purpose and its chief value is
probably the characteristic odor imparted to
the atmosphere of the room.
Creosote has been recommended as a gastrointestinal antiseptic in the treatment of fermentative gastritis and enteritis and for its local
anesthetic action upon the gastric mucosa in
nausea and vomiting. It is, however, irritating
to the gastrointestinal tract.
Antiseptic. — Externally it has been used as
a surgical disinfectant. It is more actively antiseptic and less poisonous than phenol but because
of its stronger odor and greater cost it is not
popular as a general surgical disinfectant. When
there is foul discharge, as in fetid leukorrhea,
otorrhea, empyema or gangrene, its use was
preferred by some practitioners. Creosote is also
useful in various skin diseases, both for its local
anesthetic and antibacterial properties. In capillary hemorrhages it has some power as a hemostatic, but is not capable of arresting bleeding
from large vessels. As a local application it may
be employed in strengths of from 1 to 10 per
cent, according to the purpose for which it is
used. By virtue of its local anesthetic and antiseptic actions, it is employed by dentists for
obtunding sensitive dentine and as an ingredient
of pastes for destruction of nerves. One or two
drops of the pure substance are carefully introduced into the hollow of the tooth on a little
cotton, avoiding contact with the tongue or
cheek; the hollow of the tooth must be well
cleansed before it is applied. lY]
Toxicology. — In overdose creosote acts as a
poison, producing giddiness, dim vision, circula-
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tory collapse, convulsions, and coma. It is less
poisonous than phenol and doses as high as
2 to 4 ml. have been administered three times
a day without harmful results. Freudenthal {Med.
Rec, April, 1892) reported a case of a woman
who took six hundred drops of creosote in a
very short time, the ingestion being followed
almost immediately by unconsciousness with intense trismus, contracted immobile pupils, and
general cyanosis, but recovery followed practically without administration of remedies; subsequently this same patient by graduating the dose
was able to take five hundred drops daily without
ill effect. Thorling (Upsala lakarej. fdrh., Sept.
1, 1921) reported a case of fatal poisoning in
an infant of two months from what was estimated to be 0.6 ml. of creosote. Icterus and evidence of destruction of the blood cells were
prominent symptoms. Treatment consists in
evacuation of the poison and administration of
stimulants (see Phenol).
The dermatitis caused by the handling of creosote-dipped wood in industry- is minimized by a
coating of soft paraffin on the hands (/. Indust.
Hyg. Toxicol., 1943, 25, 418).
Dose. — The usual dose of creosote is 0.25 ml.
(approximately 4 minims) 3 or 4 times a day,
which may be gradually increased. When being
used freely it should never be given in the form of
capsules, but rather dissolved or dispersed in
either water or milk; the patient should take at
least one-half an ounce of fluid for every drop
of creosote.
Storage. — Preserve "in tight containers, protected from light, and avoid excessive heat." N.F.
CRESOL.
U.S.P., B.P., IP.
[Cresol]

CH3.CeH4.OH
"Cresol is a mixture of isomeric cresols obtained from coal tar. It contains not more than
5 per cent of phenol (CeHeO)." U.S.P. The B.P.
defines it as a mixture of cresols and other phenols
obtained from coal tar. The LP. definition is
identical with that of the U.S.P. but not less than
50.0 per cent of w-cresol is required.
IP- Cresolum. Tricresol; Oxytoluene: Methylphenol;
Cresylic Acid. Cresolum; Cresolum Crudum; Cresylolum.
Fr. Cresylol officinal; Phenols cresyliques; Cresols. Ger.
Rohes Kresol; Rohkresol. It. Cresolo grezzo. Sp. Cresol.

There are three isomeric cresols: ortho-cresol,
melting at 30° and boiling at 191° to 192°;
meta-cresol, a liquid boiling at 202° and melting
at 11° to 12°; and para-cresol, forming colorless
prims, melting at 35.5° and boiling at 201.8°.
These cresols are all obtainable by fractional
distillation from that portion of coal tar boiling
between 190° and 210°. The official drug is a
mixture of all three, with meta-citsol being the
predominant constituent.
Description. — "Cresol is a colorless, or yellowish to brownish yellow, or pinkish, highly refractive liquid, becoming darker with age and on
exposure to light. It has a phenol-like, sometimes empyreumatic odor. A saturated solution
of Cresol is neutral or only slightly acid to litmus.
One ml. of Cresol dissolves in about 50 ml. of
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water, usually forming a cloudy solution. It is
miscible with alcohol, with ether, and with
glycerin, and is dissolved by solutions of the
fixed alkali hydroxides. The specific gravity of
Cresol is not less than 1.030 and not more than
1.038. Not less than 90 per cent by volume of
Cresol distils between 195° and 205°." U.S.P.
The B.P. specifies that not more than 2 per
cent v/v distils below 188°, and not less than
80 per cent v/v between 195° and 205°; the LP.
requires that not more than 6.0 per cent v/v boils
below 185°, not less than 50.0 per cent distils
below 195°, and not less than 90 per cent distils
below 205°.
Standards and Tests. — Identification. — Ferric chloride T.S. produces a bluish violet color
when added to a saturated solution of cresol.
Hydrocarbons. — A solution of 1 ml. of cresol in
60 ml. of water is no more turbid than a mixture
of 1.5 ml. of 0.02 N sulfuric acid, 1 ml. of barium
chloride T.S. and 58 ml. of water which has
been allowed to stand 5 minutes. Phenol. — The
quantitative colorimetric method employed is that
of Chapin (Ind. Eng. Chem., 1920, 12, 771),
based on the fact that under certain conditions
Millon's reagent (containing mercurous nitrate)
yields a red color with phenol but not with certain other phenols. In the test formaldehyde is
used to bleach the red color in order that the
yellow color produced by cresols may be compensated for. U.S.P.
Uses. — Cresol is used in medicine solely for
its disinfectant properties. It far surpasses
phenol in power, both as a germicide and antiseptic. Ditthorn (/. Soc. Chem. Ind., 1920, 39,
799A) found that, of the three isomers, metacresol is the most actively germicidal and that
the or/Ao-cresol is slightly weaker than paracresol. Klarmann (7. Bad., 1929, 17, 423) reported the phenol coefficient of meto-cresol as
2.5. Because of the sparing solubility of cresol
in water it is generally employed in the form
of a 50 per cent soapy solution or emulsion
(see Saponated Cresol Solution).
Cresol is used chiefly as a surgical disinfectant,
both for the purpose of sterilizing instruments
and as a wound dressing. For the former purpose
3 to 5 per cent of the saponated solution should
be employed, while for application to wounds one
per cent of the saponated solution (representing
one-half per cent of cresol) is generally recommended. A 1 in 500 dilution of the 50 per cent
soapy emulsion is used as a vaginal douche. A
2 per cent solution of cresol is suitable for a
hand wash. Cresol is used to disinfect the excreta
of patients with contagious diseases in 5 per cent
concentration. Cresol has been employed to a
limited extent as a gastrointestinal antiseptic in
various types of enteritis and gastritis. For this
purpose 0.06 to 0.12 ml. (approximately 1 to 2
minims) of the cresol, well diluted, may be given.
Cresol is sometimes employed, in concentrations of 0.25 to 0.5 per cent, as a bacteriostatic
agent in parenteral solutions. Vanderkleed and
E'we reported, however, that cresol acts as an
alkaloidal precipitant under certain conditions
and advise against the use of cresol as a preservative in alkaloidal solutions, [v]

Cresol

Solution, Saponated

401

Toxicology. — Cresol is perhaps somewhat
less toxic than phenol, but the difference is not
very great, and there have been a number of fatal
cases of cresol poisoning reported from its use
as a douche as well as from swallowing. Deichmann and Witherup (/. Pharmacol., 1944, 80,
233) compared the toxicity of the three cresols
and phenol. The total amount, rather than the
concentration, of the solution was found to be
the important factor in either oral or percutaneous poisoning. Phenol and ^-cresol were about
equally toxic; w-cresol was the least toxic. They
found that soap and much water removed these
substances from the skin effectively; 50 per cent
alcohol was also effective but it may be absorbed
in sufficient amount either through the skin or
by mouth to aggravate the collapse induced by
the cresol. On the skin, it causes erythema, a
burning sensation and then numbness. In the
eye, severe damage results. After ingestion,
there is a severe burning sensation in the mouth
and upper abdomen, dysphagia, vomiting and
later diarrhea. White burned spots are seen on
mucous membranes. Unconsciousness and circulatory collapse follow. If the patient survives a
few days, jaundice, oliguria and uremia develop
(von Oettingen, Nat. Inst. Health Bull., 1949,
190, 68). Friedlander (Therap. Monatsh., 1907)
recommended as antidotes large quantities of oil
or white of egg, which he believed act by preventing absorption; milk and watery fluids are
to be avoided (see also under Phenol).
As a disinfectant, a 1 to 5 per cent solution is
used on utensils. A 0.5 per cent solution has been
used on wounds, and a 0.1 per cent as a vaginal
douche. It is not prescribed by mouth; the B.P.
1932 listed an oral dose of 0.06 to 0.2 ml. (approximately 1to 3 minims).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SAPONATED
Compound

CRESOL SOLUTION.
N.F. (B.P.)

Cresol Solution,

[Liquor Cresolis Saponatus]

"Saponated Cresol Solution contains, in each
100 ml., not less than 46 ml. and not more than
52 ml. of cresol. It is prepared by the saponification of a mixture of cresol with vegetable
oils, or the mixed fatty acids derived therefrom,
excluding coconut and palm kernel oils. The
vegetable oil may be corn, cottonseed, linseed,
or soya bean, or similar oils which have a saponification value not greater than 205, and an
iodine value not less than 100." N.F.
B.P. Solution of Cresol with Soap. Liquor Cresolis Cornpositus; Cresolum Saponatum. Fr. Cresol savonneux. Ger.
Kresolseifenlosung. It. Cresolo saponato. Sp. Cresol
jabonoso; Solution de Cresol Saponificada.

Saponated cresol solution may be prepared
extemporaneously by mixing 350 ml. of the vegetable oil with 55 ml. of alcohol, and adding to
this a hot solution of 73 Gm. of potassium
hydroxide in 100 ml. of purified water while
stirring the mixture vigorously with a mechanical
stirrer; the stirring is continued until a small
portion of the soap dissolves to form a clear
solution in hot purified water. To the soap is
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added 500 ml. of cresol, the mixture stirred
until a clear solution is obtained, and finally
enough purified water to make 1000 ml. of solution. If desired, 37 Gm. of sodium hydroxide
may be used in place of 58 Gm. of the potassium
hydroxide; also, the alcohol may be replaced
with 20 ml. of oleic acid, in which case the
oil is warmed to 85° before adding the solution
of alkali and the mixture heated, if necessary, to
complete saponification. The quantities of alkali
directed to be used have been calculated on the
assumption they contain 85 per cent of KOH
and 95 per cent of NaOH, respectively; if the
content of alkali is different, an equivalent
amount of the respective hydroxides shall be
used. N.F.
As indicated in the official definition, saponated
cresol solution may also be prepared from the
total fatty acids of vegetable oils. Martin and
Prout (/. A. Ph. A., 1940, 29, 327) found that
the solution may be rapidly prepared by replacing
the oil with sodium oleate or sodium stearate,
240 Gm. of either soap being employed with 500
ml. of cresol and enough water to make 1000
ml.; the mixture is heated to about 65° until
solution is effected. The reason for excluding
coconut and palm kernel oils from use in preparing the solution, notwithstanding that their
soaps potentiate the germicidal properties of
cresol to a greater degree than do the soaps of
the other oils (as established by Enright, Harvey
and Beal, of the Mellon Institute, in 1930), is
that the former soaps are more irritating than
those officially permitted, and would therefore
be objectionable when the solution is to be applied
to the more sensitive tissues of the body.
The B.P. adds 180 Gm. of linseed oil to a
solution of 42 Gm. of potassium hydroxide in
250 ml. of distilled water and directs the mixture
to be heated on a water bath until a portion dissolves in water without separation of oily drops;
500 ml. of cresol is added and. after mixing,
enough distilled water to make 1000 ml.
The B.P. cautions that: "The use of the name
Lysol as a synonym for Solution of Cresol with
Soap, is limited to Great Britain and Northern
Ireland. In parts of the British Empire, in which
the word Lysol is a trademark, it may be used
only when applied to the product made by the
owners of the trademark."
Description. — The N.F. does not provide a
description. The B.P. describes the solution as
an amber to reddish-brown liquid having the
odor of cresol and being soapy to the touch; it
is miscible with water in all proportions up to
10 per cent v/v, also in all proportions with 95
per cent alcohol. Although a clear solution is
formed with distilled water, with tap water
saponated cresol solution produces some turbidity
as a result of the precipitation of calcium soaps.
This does not affect, apparently, the efficacy of
the preparation.
Standards and Tests. — Characteristics of the
liberated fatty acids. — After distilling the cresol
out of 50 ml. of the solution, to which water and
diluted sulfuric acid have been added, the liberated fatty acids in the residual liquid are extracted with ether. The ether solution is dried
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with anhydrous sodium sulfate, the solvent evaporated frim the filtered solution, and the residue
of acids dried at 105° for 1 hour. The acid value
of the acids is required to be not more than
205, the iodine value not less than 95. U.S.P.
The B.P. provides the following tests, among
others: (1) A mixture of 5 ml. of the solution
with 95 ml. of water is clear and shows no
opalescence on standing for 3 hours. (2) Not
more than 0.6 ml. of 1 N hydrochloric acid is
required for neutralization of 5 ml. of the solution mixed with 50 ml. of neutralized alcohol
(95 per cent), using phenol red as the indicator.
Assay. — A 50-ml. portion of solution is mixed
with 150 ml. of purified kerosene and 3 Gm. of
sodium bicarbonate and the cresol, with kerosene, distilled out of the mixture. After washing
the kerosene solution of cresol with 50 per cent
sulfuric acid and then discarding the latter, the
cresol in the former is extracted with a 15 per
cent sodium hydroxide solution; the increase in
volume of the sodium hydroxide solution represents the volume of cresol in 50 ml. of saponated
cresol solution. The assay is based on the fact
that cresol, being phenolic, is dissolved in the
sodium hydroxide solution, increasing the volume
of the latter by an amount equal to the volume
of cresol present. In order that purification of
the cresol distillate may be effected, and the
proportion of the phenolic substance present determined, itis essential to use a water-immiscible liquid, such as kerosene, in the assay. After
the amount of cresol present is determined the
alkaline solution is acidified, the liberated cresol
separated, washed with calcium chloride solution,
dried with anhydrous calcium chloride, filtered
and a definite volume of it distilled. At least 90
per cent of the cresol is required to distil between
195° and 205°. N.F.
The B.P. method of assay is quite different
from that of the N.F. The cresol is distilled out
of the saponated solution after adding a large
volume of kerosene ; from the kerosene and cresol
solution obtained in the distillate (from which
the aqueous phase has been separated and this
discarded) the cresol is extracted by shaking
with a solution of sodium hydroxide; finally,
the volume of cresol is calculated by difference,
from observation of the volume of sodium hydroxide solution required to make up the total
volume to 100 ml. (a small correction is introduced because the total volume is slightly less
than the sum of the volumes of the two components).
Alcohol Content. — Not more than 5 per
cent, by volume, of C2H5OH. N.F.
Although this solution forms a clear solution
with distilled water, with tap water it becomes
cloudy, owing to precipitation of lime soaps.
This change, however, does not appear to interfere with its therapeutic properties.
Uses. — Because of the sparing solubility of
cresol in water it is generally employed in the
form of a soap solution or emulsion. This solution retains the germicidal properties of the
cresol; thus Fox (Report of the Commissioner
of Health of the State of Pennsylvania, 1907, p.
123) found that one per cent of the official sapo-

Cubeb

Part I
nated cresol solution kills non-sporulating bacteria after two minutes' exposure and is superior
to a one per cent solution of phenol. McClintock
(U. S. Hyg. Lab. Bull., No. 82, April, 1912)
reported the phenol coefficient of saponated cresol
solution as 3.0 when organic matter is absent
and 1.87 when it is present. There is some
difference in the germicidal powers of the various
cresols so that the mixture which is known officially as cresol varies more or less in activity.
Cresol is less caustic than phenol, but the statement that it is much less poisonous has been
shown to be untrue. Many deaths are reported
annually from solutions of this type. The solution
is especially useful for sterilizing instruments and
the skin, its soapy nature making it particularly
valuable for the latter purpose. It may be diluted
with from 30 to 90 volumes of water. It has
been occasionally used internally as an antiseptic
in fermentative gastritis. For further information
see under Cresol. S
Storage. — Preserve "in tight containers."
N.F.
CUBEB.

N.F.

Cubeb Berries, [Cubeba]

"Cubeb is the dried, nearly full-grown, unripe fruit of Piper Cubeba Linne filius (Fam.
Piperacece). Cubeb yields not less than 13.0 ml.
of volatile cubeb oil from each 100 Gm. of
drug." N.F.
Cubebs; Cubeb Berries; Tailed Pepper. Cubebae Fructus; Piper Cubeba; Piper Caudatum. Fr. Cubebe; Poivre
a queue. Ger. Kubeben; Cubebenpfeffer. It. Pepe cubebe.
Sp. Fruto de cubeba.

Piper Cubeba is a climbing perennial plant,
with a smooth, flexuous, jointed stem, and entire,
petiolate, oblong or ovate-oblong, acuminate
leaves, rounded or obliquely cordate at the base,
strongly nerved, coriaceous, and very smooth.
The flowers are dioecious and in spikes. The fruit
is a globose drupe, with a stem-like portion attached to its base which represents a development of the pericarp called the thecaphore. This
species of Piper is a native of Java, Borneo and
Sumatra. It is extensively grown in the coffee
plantations, supported by the trees which are
used for shade, and has been introduced into
Ceylon and the West Indies. The fruits are
found in numbers of 50 or more on each spike.
They are collected while still green, though full
grown, and dried in the sun. In 1952, a total of
2,240 pounds of Cubeb was imported into the
U. S. A. from Indonesia.
In various parts of the world the fruits of
other species of Piper have been used by the
natives and sometimes enter commerce under the
name of false cubebs. Among the more important of these are the following:
African cubebs (also known as Congo cubebs,
African black pepper, or Guinea pepper). These
are apparently derived from the P. Clusii or the
P. Guineense. According to Rosenthaler (Pharm.
J., 1927, 2, 29) they may be distinguished from
the genuine cubeb in that in both of the false
species the seed grows into, and is attached to,
the pericarp, whereas in the genuine cubeb it lies
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in a cavity, and also by their color reaction with
sulfuric acid — the pericarp of the true cubeb
shows a bright red color when touched with
sulfuric acid, that of the P. Clusii a violet, and
the P. Guineense a brownish.
The chief false cubeb of English commerce is
apparently from the P. crassipes Korthals — which
some believe to be identical with the P. ribesioides
Wallich — and the Keboe cubeb (or Karbauw berries) from the P. mollis simum. For further information on these false cubebs see Goester and
Steenhauer (Phartn. Weekblad, 1927, 64, 870).
Hartwich classified the false cubebs into three
groups: (1) fruits of the Piperacece having slender stalks (like the true cubebs), (2) fruits of
Piperacece without stalks, and (3) fruits from
other plants bearing some superficial resemblance
to cubeb ; this means of distinguishing these various fruits was summarized in the U.S.D., 21st
edition, p. 394.
Description. — "Unground Cubeb occurs as a
fruit, the upper portion of which is nearly globular, from 3 to 6 mm. in diameter, the lower
portion being abruptly contracted into a slender
stem-like portion seldom exceeding 7 mm. in
length. The pericarp is dusky red to moderate
brown, rarely grayish in color, coarsely reticulate, and about 0.3 mm. in thickness. The fruit
is 1-locular, and 1-seeded, the seed being attached at the base of the pericarp and usually
not completely filling the loculus. Cubeb has an
aromatic, characteristic odor, and a strongly aromatic and pungent taste." N.F. For histology see
N.F. X.
"Powdered Cubeb is moderate yellowish brown
to dusky brown. The starch grains are numerous,
single and compound, the individual grains being up
to \2\i in diameter. The stone cells are numerous
in palisade-like groups, with rather prominent
dark lumina and yellowish, much thickened,
lamellated, pitted walls. Fragments of wood bundles are few, with spiral vessels, tracheids, and
fibers, the latter up to 1 mm. in length with
blunt, rounded, or very much attenuated ends,
the walls being strongly lignified and having
numerous oblique pits." N.F.
Standards and Tests. — Identification. — A
purplish color develops in 1 drop of sulfuric acid
placed on powdered or crushed cubeb and viewed
downward against a white background. Shriveled
and immature fruits. — Not over 10 per cent.
Stems. — Not over 5 per cent. Foreign organic
matter. — Not over 2 per cent, other than shriveled and immature fruits and stems. Acid-insoluble
ash. — Not over 2 per cent. N.F.
Assay. — The volatile oil in 20 Gm. of cubeb,
preferably coarsely comminuted, is estimated as
directed in the official Volatile Oil Determination.
N.F.
Constituents. — The most obvious constituent
of cubeb is the volatile oil, the proportion of
which varies from 5 to 20 per cent. It is a mixture
of
nene.several terpenes and the sesquiterpene cadiThe oil distilled from old cubeb deposits on
cooling large, transparent inodorous octahedra
of camphor of cubeb, C15H2GO.
Another
constituent of cubeb is cubebin,
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C20H20O6. This is an odorless substance, crystallizing in small needles or scales, melting at 132°, having abitter taste in alcoholic solution; it is soluble
in alcohol, chloroform, and ether. On oxidation it
yields cubcb-inolide, identical with hinokinin, a
naturally occurring phenolic resin. For chemical
structure of cubebin see Haworth {Chemistry
and Industry, 1936, p. 901). It is devoid of important physiological properties. Cubebic acid,
a white amorphous substance, is present in the
proportion of about 1 per cent; the therapeutic
value of the drug has been said to be largely
due to this constituent. There is also about 3
per cent of amorphous resin. Cubeb gradually deteriorates on standing in consequence of the
loss of its volatile oil.
Clevenger {J.A.O.A.C, 1937, 20, 140) reported
on the yield of resin and volatile oil from cubeb,
and gave data on physical and chemical properties. Adulteration is most readily detected by
the physical characteristics of the volatile oil.
These are given in Bull. X.F. Com., 1939. 7, 293.
Uses. — Cubeb. because of its local irritant
action, acts as a stimulant to the mucous membranes. Its active principles appear to be capable
of absorption and elimination through the kidneys, exerting their characteristic effects upon the
mucous membrane of the genitourinary tract.
Formerly it was widely used in the treatment of
the latter stages of gonorrheal urethritis and occasionally in chronic bronchitis and as a local
remedy in the form of lozenges for the relief of
relaxed conditions of the throat. The most commonly used dosage form was cubeb oleoresin,
which was official in X.F. IX. This was prepared
by extracting cubeb with alcohol, evaporating
the alcohol, and separating the liquid portion
from the waxy and crystalline portion; the liquid
portion was the one employed. Jordan (Biochem. J., 1911, 5, 274) found that the volatile
oil, when taken by mouth, exerts a positive, if
not very strong, antiseptic effect on the urine.
At present, however, it is rarely employed.
Dose, of powdered cubeb, 0.6 to 4 Gm. (approximately 10 to 60 grains).
Storage. — Preserve "in tight containers." N.F.
CYANOCOBALAMIN.
U.S.P., B.P., LP.
Vitamin B12 (U.S.P. XIV)

"Cyanocobalamin. assayed by the method described below, has a purity of not less than 95
per cent, calculated on the dried basis." U.S.P.
The B.P. requires that Cyanocobalamin. produced in suitable media by the growth of suitable
micro-organisms or obtained from liver, contain
not less than 95.0 per cent of anhydrous cyanocobalamin, calculated with reference to the substance dried to constant weight at 105°. The LP.
rubric is not less than 95.0 per cent of cyanocobalamin, calculated with reference to the substance
dried in vacuo at 105°.
Crystalline Vitamin Bi^. Betalin-12 (Lilly): Bevidox
(Abbott); Cobione (Merck); Rametin
(Bio-Ramo).

Historical. — Since 1926 chemists have been
seeking to isolate the anti-pernicious anemia factor of liver. The search was not easy, for until
recently the only method for testing the activity
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of the many fractions which were prepared from
liver was to assay them clinically on untreated
pernicious anemia patients. In 1947, however, a
simplified method of testing was found in the
observation of Shorb (/. Bio. Chem., 1947. 160,
455) that the organism Lactobacillus lactis Dorner required a growth factor, designated the LLD
factor, found in highest concentrations in certain
liver extracts which in other studies had been
demonstrated to contain a factor essential for the
growth of rats. This LLD factor was found to
be present in the liver extracts almost in linear
proportion to the anti-pernicious anemia potency
of the extracts; this suggested the possibility
that the LLD factor might be the anti-pernicious
anemia principle.
With this assay to guide them. Rickes et al. of
the Merck Research Laboratories further purified
clinically active liver fractions and. on April 16,
1948, announced the isolation of a red crystalline
compound possessing to a high degree the activity
of the LLD factor, and also being highly active
in producing positive hematological response in
patients afflicted with addisonian pernicious anemia {Science, 1948. 107, 396; see also Shorb,
ibid., 1948, 107, 397, and West, ibid., 1948, 107,
398). Eight days after this announcement Smith,
of the British Glaxo Laboratories, reported isolation of a red concentrate which yielded a crystalline material identical with that separated by the
Merck group (Nature, 194S. 161, 638; Biochem.
J., 1948, 43 (Xo. 1), viii).
Chemical Structure. — The new principle,
called vitamin B12. is an optically active, complex
polyacidic organic base having a minimum molecular weight of about 1300. It contains 4.5 per cent
of cobalt, also nitrogen and phosphorus; the empirical formula is C61-64H-86-92X14O13PC0. The
cobalt atom is present in a coordination complex
which also contains a cyano group; this cyano
group may be replaced by a hydroxo group, a
nitrito group, or certain other groups, yielding
analogs of vitamin Bi2. Since all these substances
contain cobalt and all the rest of the vitamin B12
molecule except the cyano group the term cobalamin has been proposed for that part which is
common to all the substances; a suitable prefix,
such as cyano-, hydroxo-, nitrito-. thiocyanato-,
etc., is combined with cobalamin to indicate the
specific form of vitamin B12. On this nomenclature basis the substance commonly referred to as
vitamin B12 is now commonly known as cyanocobalamin. Itis to be noted, however, that the
term cobalamin is very frequently employed generically to refer to any substituted derivative,
including even cyanocobalamin. By reducing cyanocobalamin under certain conditions the cyano( CX) group is replaced by hydroxo- (OH) group,
yielding the vitamin B12 analog which has been
called vitamin B12* or hydroxo cobalamin. The
analog vitamin B12* is either absolutely identical
with vitamin Bi2« or is very closely related to it;
it has been suggested that vitamin Bi2>> is an
equilibrium mixture of hydroxocobalamin and
aguocobalamin, the latter having a molecule of
water in the coordination complex in place of
the hydroxo-group of hydroxocobalamin (Smith
et al.', Biochem. /., 1952.' 52, 395). Vitamin Bi2*,
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isolated from Streptomyces griseus fermentation
liquors, has been shown to be nitritocobalamin;
it may be prepared from vitamin Bi2b by interaction with nitrous acid (Smith et al., ibid., 1952,
52, 389). Vitamin Bi2i, obtained by removing the
nitrite group of vitamin Bi2c, and once thought to
be a new vitamin B12 analog, has been shown to
be identical with vitamin Bi2b, which appears to
be the same as vitamin Bi2a (see above, also
Smith et al., ibid., 1952, 52, 389). It is of interest
that all of these analogs may be converted to
cyanocobalamin by treatment with cyanide solution.
A large portion of the cyanocobalamin molecule
and related molecules consists of 5,6-dimethylbenzimidazole glycosidally linked to a molecule of
ribose which is phosphorylated at the C2 or C3
position; the cobalt-containing moiety appears to
be attached to the phosphoric acid component.
The term ribazole has been applied to the ribosedimethylbenzimidazole fragment. Acid hydrolysis
of cyanocobalamin has also yielded two molecules
of Dg-l-amino-2-propanol, and five molecules of
ammonia, one of which is assumed to be derived
from the cyano group.
Commercial Source. — Because the amount
of cyanocobalamin obtainable from liver is very
small — 20 tons of liver containing about one gram
of the vitamin, of which the largest part is lost
during isolation and purification — another source
of the vitamin was sought. Shorb had found the
LLD factor in such materials as fish meal, whey
extracts, eggs, cow manure extracts, and other
natural products. The possibility of production of
the vitamin by a fermentation process suggested
itself, and in a short time Rickes et al. {Science,
1948, 108, 634) announced its isolation from cultures of Streptomyces griseus, the mold which
produces streptomycin. The commercial product
is currently obtained from residue of streptomycin
manufacture (for data see Ind. Eng. Chem., 1954,
46, 843). It is stated that properly processed
sewage sludge, which contains sufficient vitamin
B12 to make recovery economically feasible, may
be used for production of a medicinal grade of
cyanocobalamin. Isolation of vitamin B12 from
fermentation liquors from which neomycin is obtained has been reported (J.A.C.S., 1951, 73, 337).
Description. — "Cyanocobalamin occurs as
dark red crystals or as a crystalline powder. The
anhydrous compound is very hygroscopic and
when exposed to air it may absorb about 12 per
cent of water. One Gm. of Cyanocobalamin dissolves in about 80 ml. of water. It is soluble in
alcohol, but is insoluble in acetone, in chloroform, and in ether." U.S.P.
Stability. — Cyanocobalamin is very stable in
substantially neutral aqueous solution; such solutions may be autoclaved for 20 minutes at 120° C.
The vitamin is slowly inactivated in alkaline solution and in strongly acid solution. Reducing
agents, oxidizing agents, and heavy metal ions
decompose it. While vitamin B12 is stable in solutions containing thiamine or niacinamide the findings of Blitz et al. (J.A.Ph.A., 1954, 43, 651)
indicate that when both thiamine and niacinamide
are present large losses of vitamin B12 occur at
elevated temperatures; at normal storage tem-
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peratures vitamin B12 is stable in such combinations for long periods (Macek and Feller, ibid.,
1954, 44, 254).
Standards and Tests. — Identification. — (1)
Cyanocobalamin exhibits ultraviolet absorption
maxima within ±1 mn at 278 mix and 361 m.u
and within ±2 mjx at 550 m\i. The ratio of absorbances A3G1/A278 of the solution prepared for the
assay is between 1.62 and 1.88, while that represented by A361/A550 is between 2.83 and 3.45.
(2) When the vitamin is fused with potassium
bisulfate the cobalt in the residue produces a red
or orange-red color with nitroso R salt. (3) Hydrocyanic acid released from cyanocobalamin by
the action of hypophosphorus acid is distilled into
a solution of sodium hydroxide, where it is converted to a blue or blue-green complex by interaction with ferrous and ferric (the latter produced
by oxidation of the former) ions. Loss on drying.
— Not over 12 per cent, when dried at 105° for 2
hours at a pressure of not more than 5 mm. of
mercury. Pseudo cyanocobalamin. — Absence of
certain cyano-cobalt pigments is established by
shaking an aqueous solution of cyanocobalamin
with a mixture of carbon tetrachloride and cresol,
which mixture is subsequently shaken with a
dilute sulfuric acid solution: the acid solution is
colorless or has no more color than a reference
solution containing a small amount of potassium
permanganate. U.S. P. The B.P. requires measurements of absorbance to be made at five different
wavelengths, and specifies absorbance ratios for
four of these wavelengths as an identification test
for cyanocobalamin.
Assay. — The purity of cyanocobalamin is calculated from the absorbance of a solution containing 4 mg. of cyanocobalamin in 100 ml., at 361 mn.
U.S.P., B.P., LP.
Uses. — Vitamin B12 (cyanocobalamin) is the
active antianemia substance in liver extract (West
and Reisner, Am. J. Med., 1949, 6, 643; Cuthbertson et al., J. Pharm. Pharmacol., 1949, 1, 705)
and the extrinsic factor of Castle (Berk et al.,
New Eng. J. Med., 1948, 239, 911) which, together with the intrinsic factor of Castle (see
under Vitamin B12 with Intrinsic Factor Concentrate, in Part I) present in normal human gastric
juice, is essential for normal hematopoiesis. Parenterally administered, crystalline vitamin B12 produces the same therapeutic result as does liver
injection in patients with primary (addisonian)
pernicious anemia (Spies et al., J.A.M.A., 1949,
139, 521; Ungley, Brit. M. J., 1949, 2, 1370:
Blackburn et al., ibid., 1952, 2, 245; Murphy and
Howard, New Eng. J. Med., 1952, 247, 818;
Heinle and Bethel, J. A.M. A., 1953, 151, 42). Like
liver extract, an oral dose 30 to 60 times greater
than the parenteral dose is required in primary
pernicious anemia unless intrinsic factor (Hall
et al, Proc. Mayo, 1949, 24, 99; 1950, 25, 105)
is ingested simultaneously. Furthermore, the response to oral administration without intrinsic
factor may be incomplete, as it often is with oral
liver extract. In addition, vitamin B12 alleviates
the neurological abnormalities (posterolateral column sclerosis of the spinal cord and peripheral
neuropathy) and the glossitis often present in this
anemia. Vitamin B12 is effective regardless of its
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source, whether from liver or from Streptomyces
griseus (Erf and Wimer, Blood, 1949, 4, 845).
Vitamin B12 is particularly useful in the patient
with an allergic sensitivity to liver injection
(Berger, AT. Y. State J. Med., 1950, 50, 331).
Cyanocobalamin is one of several "animal protein
factors" which facilitate utilization of vegetable
proteins of low nutritional value (Stokstad et al.,
J. Biol. Chem., 1949, 180, 647).
Action. — Dietary vitamin B12 occurs in liver,
kidney, meat and clams (Procter and Lang. Nature, 1951, 168, 36) and to a lesser extent in
milk and eggs. Human milk contains about 0.41
microgram per liter and cow's milk has 2 or 3
times this concentration (Castle et al., J. A.M. A.,
1951, 146, 1028). Very little is present in plant
foods, including yeast. It is actively synthesized
by bacteria in the intestinal contents of most
mammalian species. In certain geographical areas
the virtual absence of cobalt from soil has been
associated with a macrocytic anemia in sheep resulting from an insufficiency of cobalt for bacterial
synthesis of cyanocobalamin in the intestine
(Smith et al., J. Nutrition, 1951, 44, July). In
man intrinsic factor in the stomach seems to be
essential for normal absorption of cyanocobalamin. The physiological function of vitamin B12 in
hematopoiesis is closely related to that of folic
acid, and its active form folinic acid, and also to
ascorbic acid; these vitamins are essential in
normal metabolism of protein, nucleoprotein, carbohydrate and fat. From studies of bacterial
metabolism it would appear that folic acid is
essential for formation of purines and thymine
from simpler precursors, while cyanocobalamin is
required for the formation, from purines and
pyrimidines, of nucleosides, such as thymidine,
from which nucleotides and hence nucleic acid
arise (Girdwood, Blood, 1952, 7, 77). In mammalian tissues cyanocobalamin is found at sites
of active nucleoprofein synthesis, i.e., liver, spleen,
kidney, muscle, skin, brain, gonads and pancreas.
As noted above it has "animal protein factor"
activity which improves protein utilization (Rawi
and Geiger. /. Nutrition, 1952, 47, 119) and
growth in children, animals and fowls. It is involved in the transfer of preformed methyl
groups in metabolism, as in the conversion of
choline and homocystine to methionine (Oginsky.
Arch. Biochem., 1950, 26, April). It is concerned
with fat metabolism, and the normal blood sulfhydryl concentration is dependent on adequate
vitamin B12 nutrition (Ling and Chow, /. Biol.
Chem., 1954, 206, 797). The optimal daily dietary
requirement of man or animals is unknown but
the Food and Drug Administration, U.S.A. (Fed.
Reg., Feb. 10, 1954) has recognized its essentiality; 0.001 mg. daily parenterally is adequate for
most patients with pernicious anemia. Vitamin B12
activity is found in normal feces and, in fact, also
in those of patients with pernicious anemia. Deficiency states therefore seem to be more related to
failure of absorption or perhaps to diseases causing an increased need for this factor.
Finch (Med. Clin. North America, 1952, 36,
1223) summarized current knowledge concerning
vitamin B12. Cyanocobalamin in food, or that
synthesized by bacteria in the presence of intrinsic
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factor in the stomach, is absorbed across the
mucous membrane; a vitamin Bi2-protein complex is found in blood plasma. Perhaps some intrinsic factor remains in the upper small intestine
and absorption may continue. In cases of total
gastrectomy, Swedenseid et al. (Proc. S. ExpBiol. Med., 1953, 21, 224) found that oral B12
was not absorbed unless intrinsic factor was given.
It is unknown whether vitamin B12 arising from
bacterial synthesis in the colon is absorbed normally or in diseased states. At any rate there is
often more vitamin B12 activity in the feces
(Callender and Spray, Lancet, 1951, 1, 1391)
than was ingested. Moreover, sewage contains
considerable vitamin B12 activity (Hoover et al.,
Science, 1951, 114, 213). As noted above, the
vitamin is found in many tissues, particularly in
liver, kidneys and muscle. Following enteral absorption little if any vitamin B12 activity is found
in urine but after parenteral administration, particularly oflarge doses, the vitamin circulates in
the blood in unbound form for about 8 hours,
during which time it is rapidly excreted in the
urine (Mollin and Ross, /. Clin. Path., 1952, 5,
129); after this the vitamin remaining in the
blood is present in bound form (unavailable to
bacteria in the assay method) and very little urinary excretion occurs. Watkin et al. (Fed. Proc,
1954, 13, 161) found that renal clearance of
vitamin B12 paralleled that of inulin; glomerular
filtration occurs in proportion to plasma concentration. After parenteral doses of 0.1 to 1 mg.,
Reisner and Weiner (Blood, 1953, 8, 81) found
51 to 98 per cent of the dose in the urine, but with
a dose of 0.042 mg. very little appeared in the
urine (Sokoloff et al, ibid., 1952, 7, 243). Protein
binding of the vitamin appears to occur at a
rather constant rate regardless of dose. As noted
above, cyanocobalamin appears to be involved in
the conversion of thymine to thymidine, which is
essential in hematopoiesis in the bone marrow and
also in the formation and maintenance of myelin
sheaths of nerve fibers (Peterman and Goodhart,
J. Clin. Nutrition, 1954, 2, 11). It may be involved also in the conversion of conjugated folic
acid present in food into free folic acid and,
along with ascorbic acid, in the conversion of
folic acid to folinic acid which is in turn essential for conversion of uracil to thymine. In addition to hepatic lipotropic action, related to transmethylation and maintenance of sulfhydryl concentration, and formation of certain important
amino acids, other actions have been reported for
vitamin B12, including antihistaminic (Traina,
Nature, 1950. 166, 651. but not confirmed by
Sharpe et al., ibid., 166, 651), hormonal, and
diuretic actions. No clinical diuretic action has
been found (Bedford, Lancet, 1951. 1, 1232).
Megaloblastic Anemia. — In the treatment of
megaloblastic anemias three substances — folic
acid, citrovorum factor (folinic acid) and vitamin
B12 (cyanocobalamin) — have been available in
recent years in numerous dosage forms, including
the pure substances themselves, and also various
concentrates, liver extracts, antibiotic residues,
powdered stomach, etc. Sacks (Ann. Int. Med.,
1954, 40, 375) suggested that the success of
Minot and Murphy in pernicious anemia with
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feeding of whole fresh liver was probably due to
the folic and folinic acid it contained while the
efficacy of subsequently highly purified liver extracts given parenterally was very likely dependent on the vitamin B12 content since such extracts
contain very little folic acid. Almost all megaloblastic anemias respond favorably to folic acid
but in primary pernicious anemia the neurological
changes are not corrected and the hematologic
response is often only temporary (Vilter and
Spies, J. Lab. Clin. Med., 1947, 32, 262). On the
other hand, the megaloblastic anemias of pregnancy, infancy, and sprue, and the tropical macrocytic anemia fail to respond to vitamin B12 or
liver extract (Davidson et al, Brit. M. J., 1948,
1, 819; Furman et al, Am. Pract., 1950, 1, 146;
Zuelzer and Ogden, /. Lab. Clin. Med., 1947, 32,
1217); these latter seem to involve a deficiency
of folic acid. In pernicious anemia the rapid
though incomplete and temporary hematopoietic
response is thought to arise from a mass action
effect of folic acid on the formation of thymine,
with resulting increase in thymidine formation
but actually a further impoverishment of the tissue supply of cyanocobalamin and resulting aggravation ofthe neurological lesions. The therapeutic effect of vitamin B12 in primary pernicious
anemia is blocked by the simultaneous administration of the folic acid antagonist Aminopterin
(Bethell et al, J. Lab. Clin. Med., 1948, 33, 1477).
Thymine, which is 5-methyluracil, in the large
doses of 12 to 15 Gm. daily by mouth corrects
the megaloblastic anemia in cases of primary pernicious anemia, nutritional macrocytic anemia and
sprue, according to Spies et al. {Lancet, 1948, 2,
519); this dose is about 1000 times the amount
of folic acid required, which in turn is about 1000
times the amount of vitamin B12 required. Like
folic acid, however, thymine does not benefit the
neurological manifestations of the disease. Vilter
et al. (Proc. Central Soc. Clin. Res., 1953, 26,
#147) found that the ratio of ribonucleic acid to
desoxyribonucleic acid and of uracil to thymine
were abnormally high in the buffy coat of megaloblastic marrow aspirates, that therapy with either
cyanocobalamin or folic acid decreased these
ratios toward normal before the increase in reticulocyte count appeared in the peripheral blood,
and that the total nucleic acids contained more
thymine and less uracil after therapy. Studies of
erythropoiesis in tissue cultures of bone marrow
have shown that the addition of folic acid or
folinic acid to megaloblastic marrow results in
conversion to normoblastic marrow, whereas the
addition of cyanocobalamin in vitro does not cause
this conversion in either normal blood serum or
serum from patients with pernicious anemia in
relapse (Lajtha, Clin. Sc, 1950, 9, 287). In vivo,
Horrigan et al. (J. Clin. Inv., 1951, 30, 31) instilled 1microgram of cyanocobalamin into the
marrow of the ilium and found erythroid maturation 48 hours later at this site but not in the
marrow of other bones at a distance from this
injection site; 2 mg. of folic acid did not cause
such local maturation. In vitro, however, addition
of cyanocobalamin together with a thermolabile
substance from normal gastric juice resulted in
conversion to normoblasts. This Bi2-intrinsic fac-
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tor complex was inactive as a source of vitamin
B12 in the bacterial assay; heating disrupted the
complex and the B12 became available to bacteria
but the mixture lost its megaloblast-ripening action. It was concluded that only a bound form of
vitamin B12 was hematopoietically active (Calender and Lajtha, Blood, 1951, 6, 1234); Mollin
and Ross (Brit. M. J., 1953, 2, 640) reported a
correlation between the level of bound vitamin
B12 in the blood and the degree of maturation in
the marrow during the treatment of pernicious
anemia with cyanocobalamin. Extensive studies of
Bi2-binding capacity and intrinsic factor activity
of a variety of preparations from gastrointestinal
mucosa seemed to show a correlation until the
work of Spray (Biochem. J., 1952, 50, 587),
Prusoff et al. (Blood, 1953, 8, 491) and others
succeeded in separating these two activities in
gastric juice. Hence, the mechanism seems not
quite so simple as binding of the cyanocobalamin.
Lajtha had observed that tissue culture of normal
normoblastic marrow in the serum of untreated
patients with pernicious anemia showed conversion from normoblasts to megaloblasts. This inhibitor of normal maturation could be eliminated
by diluting the pernicious anemia serum with normal serum or by adding folic acid or the B12intrinsic factor combination. The inhibitor was
thermostabile and was also present in the cerebrospinal fluid of the anemic patient. Feinmann et al.
(Brit. M. J., 1952, 2, 14), however, found no
inhibitor. Furthermore, an increased rate of destruction oferythrocytes, both of the patient and
of normal red blood cells transfused into the
patient, with an increase in bilirubin formation
has long been recognized as a toxic, hemolytic
element in pernicious anemia (Singer et al, J.
Lab. Clin. Med., 1948, 33, 1068; DeGorvin et al,.
ibid., 1952, 40, 790). In conclusion, then, it seems
that both cyanocobalamin and folic acid are
necessary for normal maturation of erythrocytes,
which fails in the total absence of either one, that
cyanocobalamin is required for normal functioning
of the nervous system, that folic acid is absorbed
by mouth in most patients but that the specific
defect in primary pernicious anemia is the failure
to absorb vitamin B12 from the gastrointestinal
tract (Wallerstein et al, J. Lab. Clin. Med., 1953,
41, 363).
The availability of cyanocobalamin labeled
with the radioactive isotope cobalt-60 has further
confirmed this defect in pernicious anemia. Ingestion of 0.0005 mg. of labeled cyanocobalamin by
untreated patients with pernicious anemia results
in fecal excretion of 70 to 95 per cent of the dose
(Heinle et al, Tr. A. Am. Physicians, 1952, 65,
214). If a source of intrinsic factor is ingested
simultaneously, only 5 to 30 per cent appears in
the feces. This observation provides both a diagnostic criterion for primary pernicious anemia and
an assay method in the human for the intrinsic
factor activity of various substances, which may
be used, it seems, in both untreated (anemic)
patients, which are very scarce, and the more
numerous treated (non-anemic) patients. Schilling (/. Lab. Clin. Med., 1953, 42, 860) modified
this procedure to measure the radioactivity in the
urine during 24 hours following a subcutaneous
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flushing-out dose of 1 mg. of nonradioactive cyanocobalamin given 6 hours after the ingestion of 2
micrograms of radioisotope-tagged vitamin B12.
Glass determined the radioactivity over the area
of the liver with a scintillation counter 5 days
after the ingestion of the labeled vitamin (Glass,
Clin. Res. Proc, 1954, 2, 32). Only small doses
of cyanocobalamin can be used for this purpose
since, as noted above, large doses of vitamin are
absorbed after ingestion by the untreated patient
with pernicious anemia; Ungley (Brit. M. J.,
1950, 2, 905) found that oral doses of 3 mg. of
vitamin B12 without intrinsic factor would produce an hematopoietic effect comparable to the
parenteral injection of 0.02 to 0.04 mg. of the
vitamin.
Pernicious Anemia. — In the treatment of
primary pernicious anemia cyanocobalamin administered parenterally and in combination with
an intrinsic factor concentrate orally is replacing
liver extract. Since 1 microgram (0.001 mg.) of
cyanocobalamin is approximately equivalent to
1 U.S. P. antiariemia unit of liver extract in
hematopoietic action following parenteral administration, the doses in pernicious anemia are identical in terms of micrograms with the number of
units of liver extract formerly employed. As an
example, 15 to 30 micrograms of cyanocobalamin
is injected intramuscularly in the pernicious
anemia case in relapse weekly for 6 to 8 weeks,
after which an average dose of about 1 microgram
daily is injected every 2 to 4 weeks (15 or 30
micrograms respectively) for the rest of the individual's life as a maintenance dose. In the case
with manifestations of posterolateral sclerosis of
the spinal cord and peripheral neuropathy, larger
doses are indicated, as is the practice with liver
extracts. For example, a dose of 15 to 30 micrograms isinjected every other day for 3 to 4 weeks,
then weekly for the remainder of a year at least,
and continued according to the neurological status
at that time. At least in pernicious anemia it is
maintained that a single dose in excess of 40
micrograms is inefficient in that a large portion
is so rapidly excreted in the urine. Cyanocobalamin
seems preferable to liver extract (Conley et al.,
Am. J. Med., 1952, 13, 284) because it is cheaper
to prepare (from residues from antibiotic production, as of streptomycin), less irritating to the
tissues at the injection site, easier to assay for
potency, and much less allergenic than the complex mixture present in liver extracts.
The response to cyanocobalamin in pernicious
anemia is identical with that produced by adequate doses of parenteral liver extract (see under
Liver Extract Injection). The rapidity of morphological change in the bone marrow is extraordinary. Bone marrow aspiration every 15 minutes
by Etess and Litwins (N. Y. State J. Med., 1951,
51, 2787) revealed a decrease in megaloblasts
from 15 to 1.8 per cent with an increase of normoblasts from 49 to 74 per cent of the nucleated
cells 2^2 hours after intramuscular injection of
cyanocobalamin. Metabolic studies by James and
Abbott (Metabolism, 1952, 1, 259) after intramuscular injection of 15 micrograms of cyanocobalamin followed by 5 micrograms daily showed
a positive nitrogen balance of as much as 6 Gm.
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daily. The increase in blood protein (hemoglobin,
etc.) exceeded the dietary nitrogen intake and
hence indicated that tissue nitrogen was being
converted; the globulin fraction of the plasma
proteins showed the greatest increase. Urinary
phosphorus excretion decreased during the first
few days, then increased at the time of the reticulocyte response, and finally returned to normal
amounts. Uric acid excretion also increased in the
urine during the reticulocyte response. These
changes indicate the magnitude of the effect of
B12 on nucleoprotein metabolism in the anemic
case of pernicious anemia. Abnormally large
squamous cells with unusually large nuclei were
observed in the gastric juice aspirated from pernicious anemia cases in relapse by Graham and
Rheault (/. Lab. Clin. Med., 1954, 43, 235); cell
size and nuclear chromatin returned to normal
after cyanocobalamin therapy.
The duration of action of cyanocobalamin is
suggested by the studies of the response of cases
in relapse to a single large dose. Walker and
Hunter (Brit. M. J., 1952, 2, 593) injected 15
cases with 1 mg. intramuscularly. Signs of relapse
of the anemia appeared 128 to 358 days later,
with an increase in the megaloblasts in the marrow
about 40 days before a definite decrease in the
erythrocyte count was found. In a patient with
impaired liver function, signs of relapse appeared
in only 81 days and a case of abnormal posterolateral column signs showed aggravation of the
neurological signs 6 weeks after the single dose.
Chevallier (Semaine Hop. Paris, 1953, 29, 1953)
called attention to the economy of 1 mg. doses
at long intervals. However, Reisner and Weiner
(Blood, 1953, 8, 81) found in 14 cases that remission lasted only 3 to 7 months and that some
cases with posterolateral column degeneration
signs did not do well on such treatment. Because
of the urinary excretion of most of such doses,
more frequent injections of 30 or at most 50
micrograms is certainly more efficient and perhaps more effective; in neurological conditions
(v.i.) daily injections of large doses seem to be
more effective. Although there is no disagreement
that much larger doses of cyanocobalamin are
required orally, unless intrinsic factor is also
given, than parenterally, Conley et al. (J. A.M. A.,
1953, 153, 960) have challenged the accepted conclusion (v.s.) that some cases of pernicious
anemia respond incompletely or only temporarily
to even large oral doses of B12. They report entirely satisfactory response and clinical course for
20 patients with pernicious anemia treated orally
with cyanocobalamin without any intrinsic factor
for 3^2 years or longer with doses of 5 mg.
initially and then 1 mg. weekly; smaller doses at
more frequent intervals were ineffective in some
of these cases.
Fish Tapeworm Anemia. — The association of
Diphyllobothrium latum (fish tapeworm) infestation and megaloblastic anemia has long been an
intriguing problem in the Scandinavian countries
where this situation is not uncommon. Studies of
the response of such cases to cyanocobalamin,
with or without intrinsic factor, led Bonsdorff and
Gordin (Acta med. Scandinav., 1951, Suppl. 259,
112) to conclude that the location of the worm
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in the jejunum produced anemia by utilizing the
available B12. The same authors (ibid., 1952, 144,
263) demonstrated that ingestion of dried fish
tapeworm with intrinsic factor or the injection of
an extract of fish tapeworm, showing 1 microgram
of B12 activity per Gm. by bacteriological assay,
produced a full therapeutic response. It is suggested that the worm deprives the human of
vitamin B12.
Folic Acid. — Cyanocobalamin Combinations. —
Considering the failure of certain megaloblastic
anemias to respond to oral or parenteral cyanocobalamin therapy while some cases respond to
oral or parenteral therapy with folic acid it is not
surprising that combination therapy with both
hematopoietic substances would be studied. In a
case of macrocytic anemia 6 years after total
gastrectomy which showed an incomplete response
to intramuscular cyanocobalamin Conway and
Conway (Brit. M. J., 1951, 1, 158) added folic
acid to the therapy and observed the blood count
to rise to normal. In a group of megaloblastic
anemias other than primary pernicious anemia
Nieweg et al. (Acta med. Scandinav., 1952, 142,
45) obtained satisfactory response with both
agents where B12 alone had failed. All of 7 cases
of pernicious anemia with neurological abnormalities treated by Haehner et al. (Munch, med.
Wchnschr., 1952, 94, 14) with 30 micrograms of
B12 and 2.5 mg. of folic acid orally daily showed
optimum responses. However, the danger of progression of neurological damage in unrecognized
cases of pernicious anemia during use of multivitamin preparations containing small amounts of
folic acid and vitamin B12 (sufficient to prevent
anemia) has been stressed by Conley and Krevans
(New Eng. J. Med., 1951, 245, 529). Studies by
Chodos and Ross (Blood, 1951, 6, 1213) with
combined folic acid and liver extract therapy indicate that folic acid may, in malnourished patients
or those with gastrointestinal abnormalities such
as sprue, hinder the usual response to small doses
of cyanocobalamin while in patients receiving adequate parenteral doses of B12 or in those with
iron deficiency anemia having normal gastric
secretion of hydrochloric acid there is no deleterious effect of folic acid. In a group of malnourished patients with megaloblastic anemia,
Sanneman and Beard (Ann. Int. Med., 1952, 37,
755) found that the erythrocyte count did not rise
to normal and the macrocytosis did not decrease
after 10 weeks of seemingly adequate doses of
B12; the addition of parenteral folic acid (1.67
mg. with 15 micrograms of B12 weekly intramuscularly) did not cause a further change toward
normal. Treating pernicious anemia patients in
relapse, Reisner and Weiner (New Eng. J. Med.,
1952, 247, 15) found that suboptimal oral doses
of 10 micrograms of B12 and 0.67 mg. of folic
acid daily produced an optimal reticulocyte response and that a secondary rise in reticulocytes
could not be produced by parenteral doses. Since
this response was obtained whether the two agents
were ingested simultaneously or 12 hours apart
an effect of folic acid to increase the absorption
of B12 seems unlikely. Some, albeit insufficient,
absorption of B12 persists in many cases of
pernicious anemia. Because of the seriousness of
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neurological changes, such suboptimal doses of
both agents, even though often effective, seem
unwise in general. Satisfactory response of symptoms and anemia in cases of sprue with macrocytic
anemia were reported by Diez Rivas et al. (Ann.
Int. Med., 1952, 36, 1076) with 1.67 mg. folic
acid and 25 micrograms of B12 by mouth daily
for periods as long as 7 months.
Antibiotics. — Incomplete response of patients
with pernicious anemia to oral administration of
2 to 3 Gm. daily of oxytetracycline was reported
by Lichtman et al. (Proc. S. Exp. Biol. Med.,
1950, 74, 884); aggravation of neurological manifestations did not appear during these studies. In
cases showing no response to oral administration
of vitamin B12 the addition of the antibiotic was
followed by reticulocyte response and increase in
the erythrocyte count. Parenteral administration
of oxytetracycline produced no response in such
cases excluding the possibility that B12 was present in the antibiotic preparation as an impurity.
In 2 cases with blind loops of intestine following
surgical anastamosis, which often results in severe
megaloblastic anemia, Siurala and Kaipainen
(Acta med. Scandinav., 1953, 147, 197) reported
correction of the anemia with chlortetracycline or
oxytetracycline by mouth. It was thought that a
change in intestinal flora was responsible for the
improvement but the presence of vitamin B12
activity in the antibiotic preparations was not
excluded. Megaloblastic anemia without neuropathy or glossitis was treated in Africans with penicillin in a dose of 200,000 units daily orally. Some
of these cases responded to either penicillin or
B12 by mouth, others to parenteral B12 only and
others to folic acid by mouth but not to other
hematinic or antibiotic substances (Foy and
Kondi, Lancet, 1953, 2, 1280).
Other Macrocytic Anemias. — In certain
other macrocytic anemias with megaloblastic bone
marrow vitamin B12, like liver injection, is often
only partially effective and larger doses are required to produce an adequate therapeutic effect
(Woodruff et al., Pediatrics, 1949, 4, 723; Furman
et al, Am. Pract. Digest. Treat., 1950, 1, 146).
These conditions include the macrocytic anemias
of infancy (McPherson et al., J. Pediatr., 1949,
34, 529), of pregnancy (Day et al., Proc. Mayo,
1949, 24, 149), certain cases of sprue (Diez-Rivas
et al, Ann. Int. Med., 1952, 36, 583), and the
tropical macrocytic anemia. Folic acid on the contrary is efficacious in nearly all of these anemias
and may be administered by mouth (Davis et al,
Blood, 1949, 4, 1361). Neurological abnormalities
are extremely rare in these macrocytic anemias.
In some of these anemias, simultaneous use of
vitamin B12 and ascorbic acid has been successful
(Holly, Proc. S. Exp. Biol. Med., 1951, 78, 238).
The megaloblastic anemia of infants described by
Zuelzer and Ogden (loc. cit.), which responded to
therapy with folic acid but not with vitamin B12,
was found to be caused by a dietary deficiency of
ascorbic acid (May et al, Bull. Univ. Minnesota
Hosp., 1950, 21, 208). Betke and Gantert
(Deutsche med. Wchnschr., 1951, 76, 1341) reported rapid response to intramuscular B12 in an
infant with megaloblastic anemia due to a diet of
goat's milk.
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Neuropathies. — In peripheral neuropathy,
cyanocobalamin has been therapeutically valuable
in many heretofore difficult situations. In pernicious anemia, cyanocobalamin, like liver extract
injection, has relieved the symptoms of burning,
tingling and loss of sensation (Bortz and Battle,
Cleveland Clin. Quart., 1950, 17, 166). Larger
doses are employed than are needed for hematopoietic response alone. There is no evidence that
any therapy corrects the demyelinization of the
posterolateral columns of the spinal cord with the
characteristic tabetic-like gait and sensory disturbances. Daily intramuscular injections of 30 to
1000 micrograms for 2 weeks are indicated, followed by similar doses 2 or 3 times weekly.
The delirium and other less striking cerebral disorders which occur in pernicious anemia cases in
relapse are corrected by cyanocobalamin (Samson
et al., Arch. Int. Med., 1952, 90, 4); electroencephalogram and mental tests improve more
rapidly than the anemia. The improved sense of
well-being so often reported with new and potent
drugs seems really to be a fact with cyanocobalamin in patients with a deficiency of the
vitamin. The increased comfort, appetite, body
weight, libido, etc., may mask the lack of objective neurological improvement. For example, no
objective benefit is found in cases of multiple
sclerosis (Simson et al., Proc. S. Exp. Biol. Med.,
1950, 75, 721; Booth et al., J. A.M. A., 1951, 147,
894), amyotropic lateral sclerosis (Spies and
Stone, South. M. J., 1949, 42, 410) or the cord
lesions in pernicious anemia. Preliminary enthusiastic reports have not proven to be valid.
In diabetic neuropathy, striking improvement
was observed in most cases by Sancetta et al.
{Ann. Int. Med., 1951, 35, 1028). Large daily
doses intramuscularly were used for 2 weeks, followed by less frequent smaller doses ; relapse followed discontinuation of therapy. Sauer and
Dussler {Klin. Wchnschr., 1953, 31, 960) reported relief in 15 of 18 cases with 60 micrograms
daily intramuscularly for 2 weeks after placebo
injections showed no benefit; the much larger
dose of 1 mg. was not superior in effect. The
extensive urinary excretion of large parenteral
doses suggests the use of smaller doses at intervals
of 8 hours. Davidson (/. Florida M. A., 1954, 4,
717) reported symptomatic but not objective improvement indiabetic neuropathy with 30 micrograms 3times weekly for 3 to 6 months. Alexander
and Backlar (Proc. S. Exp. Biol. Med., 1951, 78,
181) found less ribonucleic acid in the nervous
tissue of rats deficient in vitamin B12. Chow reported to the New York Diabetes Association
(October 8, 1953) that such rats showed hyperglycemia, decreased reduced-glutathione content
of the erythrocytes and atrophy of the pancreas.
In patients with diabetic retinitis, Becker et al.
(J. Clin. Nutrition, 1953. 1, 417) measured the
urinary excretion of vitamin B12 during the 8
hours following an intramuscular dose of 50 micrograms of cyanocobalamin; excretion was greater
(19 micrograms) than in normal individuals (9
micrograms) or in diabetic cases without retinitis
(4.2 micrograms). Therapeutic use of testosterone
in such patients was found to decrease the urinary
excretion of vitamin B12 (in animal experiments
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cortisone caused an increased excretion of a test
dose of cyanocobalamin). Since retinopathy and
intracapillary glomerulosclerosis tend to occur in
the same diabetic patient, renal function was
studied but did not explain the difference in excretion of B12.
In neuropathy of malnutrition (Bean et al., Am.
I. Med. Sc, 1950, 220, 431; Menof, South
African M. J., 1951, 25, 294) including alcoholic
polyneuritis (Murphy, Prensa med. Argent., 1954,
41, 804) rapid relief is reported with cyanocobalamin injections. Cyanocobalamin should supplement but not replace the usual treatment with
thiamine, nicotinamide, riboflavin and a high-protein and high-calorie diet in these cases. Therapeutic value in Korsakoff's psychosis has been
reported (Lereboullet and Pluvinage, Paris Letter,
J.A.M.A., 1952, 148, 667). As in the case of other
essential nutrients a lesser excretion in the urine
following a parenteral dose of vitamin B12 is
found in nutritionally deficient persons (Estrada
et al., I. Lab. Clin. Med., 1954, 43, 406). Using a
microbiological assay for vitamin B12 in the blood
following the oral administration of 1 mg. of the
vitamin, Chow et al. (Fed. Proc, 1954, 13, 453,
464, and 471) reported that only 40 per cent of
old people averaging 70 years of age showed a
rise in the blood level, whereas 90 per cent of
young adults showed a marked rise. Rats fed a
diet low in B12 or very low in fat content showed
a falling blood serum concentration of B12 over
a period of 4 months; rats 3 years of age showed
lower average serum B12 concentrations than
young rats. In conditions of severe illness, trauma
or other stress an increased need for all essential
nutrients is recognized; it has been estimated that
2 to 4 micrograms daily by mouth is required
during stress. Vitamin B12 seems to be essential
for the reduction of the -S-S to the -SH linkage of
coenzyme A in the metabolism of fat (Ling and
Chow, /. Biol. Chem., 1953, 202, 445).
In trigeminal neuralgia (tic douloureux) for
which so many agents have been hailed and found
wanting (except the often mutilating neurosurgical procedures) cyanocobalamin therapy relieved
all of 13 patients (with complete remission in 9)
with a dose of 1 mg. intramuscularly 2 to 3 times
weekly for 4 to 8 weeks (Fields and Hoff, Neurology, 1952, 2, 131). Some patients complained of
a residual burning sensation in the area previously
involved by the pain for 1 to 2 weeks but responded completely to daily injections. Atypical
facial pains did not respond regularly to B12 therapy. Surtees and Hughes (Lancet, 1954, 1, 439)
confirmed the value of cyanocobalamin in 15 of
18 patients with trigeminal neuralgia; relief usually followed the third daily injection of 1 mg.
A total dose of 5 to 43 mg. was required. One
patient with glossopharyngeal neuralgia also was
relieved. Some patients relapsed when injections
were discontinued. Alexander and Davis (North
Carolina M. J., 1953. 14, 206) reported relief in
8 of 17 patients, with complete remission in 6.
Strean (Dental Dig., 1953, 59, 214) mentions
relief obtained in 70 per cent of 200 cases. The
lightning pains in tabes dorsalis often respond to
B12 and benefit by maintenance therapy. Herpes
zoster and postherpetic neuralgia are helped by
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cyanocobalamin, and Leitch {Northwest. Med.,
1953, 52, 291) reported rapid clearing of herpes
simplex. Causalgia, phantom limb and postsympathectomy paresthesias have been relieved by
daily injections of cyanocobalamin. In general, it
seems that large daily injections relieve sensory
nerve discomfort.
Growth Failure. — Undernourished children in
a summer camp grew better with a supplement of
vitamin B12 than without it in the same environment and on the same diet (Wetzel et al., Science,
1949, 110, 651). In a subsequent careful study
among school children living at home in a prosperous community (/. Clin. Nutrition, 1952, 1,
17) those showing retardation of growth rate
showed definite response to the ingestion of 5
micrograms of B12 twice daily. Growth was measured on a special growth grid devised by the
authors. This method of recording reveals plateaus
of growth which are often not apparent on less
graphic records. Instead of meeting a specific deficiency of a vitamin, it was postulated that B12
acted as a marshaling agent for a variety of
metabolic processes. The value of B12 dietary
supplements in retarded children was confirmed
by Chow (South. M. J., 1952, 45, 604), Salmi
(Clin. Pediatr., 1950, 32, 617), O'Neil and Lombardo (/. Omaha Mid-West. Clin. Soc, 1951, 12,
57) and Wilde (J. Pediatr., 1952, 40, 565) but
denied for premature infants (Downing, Science,
1950, 112, 181; Rascoff et al., J. Pediatr., 1951,
39, 61; Mitchell et al., Pediatr., 1951, 8, 821;
Finberg and Chow, Am. J. Dis. Child., 1952, 84,
165), full-term infants (Chinnock and Rosenberg,
/. Pediatr., 1952, 40, 182) and older children
(Benjamin and Pirrie, Lancet, 1952, 1, 264). In
malnourished, asthenic, anemic children, following acute respiratory infections failing to respond
to usual measures, Masi and Mori (Minerva
pediatrica, 1953, 5, 290) gave both vitamin B12
and crude liver extract; with oral administration
appetite and weight improved and with parenteral
administration the response was more rapid and
the anemia improved rapidly. In underweight prepubertal children, Larcomb et al. (J. Pediatr.,
1954, 45, 70) reported gain in weight. Like liver
injection, cyanocobalamin is useful in the treatment of celiac diseases, but, as in the case of the
nutritional macrocytic anemias, combination therapy with cyanocobalamin, folic acid and ascorbic
acid as well as a good diet is preferred. A bioassay for vitamin B12 based on the rate of growth
of young rats on a Bi2-deficient ration has been
used (Frost et al., Proc. S. Exp. Biol. Med.,
1949, 72, 102) but the bacteriological assay is
preferred.
Liver Disease. — In epidemic viral hepatitis
among military personnel treated with high-protein and carbohydrate diets and bed rest. 100
cases receiving 30 micrograms of B12 orally daily
for 5 days showed more rapid improvement than
100 patients on diet and rest alone or 100 receiving
dried yeast and a multivitamin preparation (Campbell and Pruitt, Am. J. Med. Sc, 1952, 224, 252).
Benefit in liver diseases was also reported by
Galeone and Pelocchino (Minerva med., 1951,
26, 842). Mushett (Fed. Proc, 1950, 9, 339) was
unable to protect animals from carbon tetrachlo-
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ride poisoning with B12 but its administration
hastened recovery. Kochweser et al. (J. Lab. Clin.
Med., 1950, 36, 694) found some protection with
large doses prior to the administration of carbon
tetrachloride and suggested a vasodilator rather
than a vitamin or nucleic acid metabolism effect
from B12 in liver diseases. On a low-protein diet
in rats, Hove and Hardin (Proc. S. Exp. Biol.
Med., 1951, 77, 502) found that either B12 or
vitamin E would protect against carbon tetrachloride toxicity. With yeast as the sole source of
protein in a low-protein, high-fat diet Gyorgy
and Rose (ibid., 1950, 73, 372) found that B12
alone did not protect against nutritional hepatic
necrosis; vitamin E and an unidentified factor are
also needed (Schwarz, ibid., 1951, 78, 852). Although vitamin B12 had not been isolated at the
time, the beneficial effect of a special liver extract
in cases of decompensated cirrhosis of the liver,
reported by Labby et al. (J.A.M.A., 1947, 133,
1181), should be recalled. Studies with bacteria
and animals have shown that both vitamin B12
and folic acid are essential to normal nutrition
and that the synthesis of nucleoprotein and the
conversion of choline or cysteine to methionine
fails in their absence (Charkey et al., Proc. S.
Exp. Biol. Med., 1950, 73, 21; Cumha, Arch.
Biochem., 1949, 23, 510, and others). Drill (Ann.
N. Y. Acad Sc, 1954, 57, 654) concludes that
choline, vitamin B12 and folic acid are all required to decrease the fat in the liver of rats on
a high-fat diet. The requirement for choline in
the diet is dependent on the intake of vitamin B12
in the dog as well as in the rat and the chicken
(Burns and McKibbin, /. Nutrition, 1951, 44,
Aug.). The conversion of glycine to choline requires vitamin B12 (Arnstein and Neuberger,
Biochem. J., 1951, 48, 11). A mutual sparing
action of vitamin B12 and pantothenic acid in the
chicken has been demonstrated (Yacowitz et al.,
J. Biol. Chem., 1951, 192, 141). Shive (/. Cellular
Comp. Physiol., 1951, 38, Suppl. 1, July) concluded that B12 is involved in the biosynthesis of
methionine from homocysteine, of thymidine and
other purines and of the interconversion of glycine
and serine. Rupp et al. (Proc. S. Exp. Biol. Med.,
1951, 76, 432) reported that B12 administration
decreased the catabolism of tissue protein in
hyperthyroid rats.
Miscellaneous. — In osteoarthritis Hallahan
(Am. Pract., 1952, 3, 27) reported relief of pain
in 25 of 27 patients after 3 weeks of 0.1 mg. of
cyanocobalamin intramuscularly weekly; 18 of
the 2 7 showed improvement after only 1 injection.
In 2 patients with osteoporosis pain was relieved
in 3 weeks. In lupus erythematosus, Goldblatt
(/. Invest. Derm., 1951, 17, 303) reported fading
of skin lesions with 15 micrograms intramuscularly weekly. Marcus et al. (ibid., 1953, 21, 75)
observed favorable response in only 3 of 17 patients with chronic discoid lupus erythematosus.
In seborrheic dermatitis, Andrews et al. (N. Y.
State J. Med., 1950, 50, 1921) described marked
improvement in 16 of 37 patients and some improvement in16 other patients. Relapse occurred
unless metabolic, nutritional and endocrine abnormalities were corrected, if present. A variety
of other dermatoses
treated did not respond.
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Simon (J. Allergy, 1951, 22, 183) reported gain
in weight and general well-being in a group of
chronic asthmatic patients (see also Caruselli,
Riforma med., 1952, 66, 849) and dramatic relief
in some patients with atopic dermatitis, contact
dermatitis and chronic urticaria. Dieterich {Ann.
West. Med. Surg., 1951, 5, 47) reported a case
of infantile eczema responding to 10 micrograms
orally daily. Rail {Lancet, 1951, 2, 816) reported
marked general improvement in 2 cases of ulcerative colitis. Klemes {hid. Med. Surg., Aug., 1953)
believes that intramuscular vitamin B12 accelerates absorption of calcium deposits in acute subdeltoid bursitis. It is reported that cyanocobalamin
will correct porphyrinuria in lead poisoning
(Frank et al., Acta Haematol., 1952, 8, 42) and
alcoholism (Dillaha and Hecklin, /. Invest. Derm.,
1952, 19, 489). The anemia in patients with
pulmonary tuberculosis receiving isoniazid therapy was improved by B12 (Tuczek and Aupe,
Munch, med. Wchnschr., 1952, 94, 1307).
Respiratory Mucous Membrane Absorption.
— Absorption acrbss the respiratory mucous membrane has been demonstrated by Monto and
Rebuck {Arch. Int. Med., 1954, 93, 219). A solution of 0.1 mg. per ml. of isotonic sodium chloride
solution, or a mixture of 1 mg. in lactose powder,
was used for nasal instillation or pulmonary
inhalation. B12 activity was demonstrated in the
urine by bacteriological assay after administration
by this route. Satisfactory initial response was
obtained with a nasal instillation of a dose of 0.1
mg. of cyanocobalamin in solution or inhalation
of 1 mg. in a powder in 12 patients, and 20 patients have been maintained satisfactorily for
periods up to 18 months with smaller doses 1 to 3
times weekly. Israels and Shubert {Lancet, 1954,
1, 341) employed a "snuff" in a dose of 0.1 mg.
in 0.135 Gm. of powder daily for 7 days and 1 or
2 times weekly for maintenance.
Animal Protein Factor. — Vitamin B12 appears to have an even greater role than its therapeutic action in the megaloblastic anemias indicates. In nutritional studies an unidentified factor
present in animal protein, but not present in
yeast or in the major seed proteins, has been
found necessary for normal growth and probably
for the maintenance of life (Schweigert, Nutrition Rev., 1949, 7, 225; Bosshardt et al, J. Nutrition, 1949, 37, 31). This factor has been found
in liver, in aqueous extracts of liver (Lewis et al.,
Proc. S. Exp. Biol. Med., 1949. 72, 479), in cow
manure (Bird et al., J. Biol. Chem., 1948, 174,
611); Rubin et al., Proc. S. Exp. Biol. Med.,
1947, 66, 36), and in fish products (Robblee et al.,
J. Biol. Chem., 1948, 173, 117; Pensack et al.,
J. Nutrition, 1949, 37, 353). It does not occur in
vegetable protein diets. This substance, called
animal protein factor (APF), has been found to
be essential for many animal species, including
chickens, pigs, rats and mice. It is of tremendous
significance to the poultry and animal husbandry
industries. Various concentrates obtained as byproducts of the fermentation industry, as in the
manufacture of streptomycin (Rickes et al., Science, 1948. 108, 634). are being incorporated in
animal feeds derived from the cheaper vegetable
sources (Catron and Culbertson. Iowa Farm Sci-
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ence, 1949, 3, 3; Lindstrom et al., Poultry Sc,
1949, 28, 464) as a source of the needed factor;
such concentrates have been demonstrated to be
effective in the treatment of pernicious anemia
(Meyer et al., Bull. N. Y. Acad. Med., 1949, 25,
464; Meacham et al, J. Lab. Clin. Med., 1950,
35, 713). lY)
Related Compounds. — Reports on the biological activities of the several analogs of cyanocobalamin are confusing and contradictory. The
substances vitamin Bi2=., vitamin Bi2b, and vitamin B12J now appear to be all hydroxocobalamin
(see under Chemical Structure above) and thus
should have identical biological activities. Vitamin B120 is nitritocobalamin while the official
vitamin B12 is cyanocobalamin. In view of the
ready interconvertibility of these compounds it
is altogether possible that their human metabolism
is the same. It is not surprising then that Smith
et al. {Biochem. J., 1952, 52, 392), summarizing
their own and other findings, state : "Vitamin Bi2c
and vitamin Bi2b are just as effective as vitamin
B12 itself against pernicious anemia." Final decision as to complete equality of the biological
activities of vitamin B12 and its analogs, under
all conditions of testing, must await evaluation
of data determined under conditions where the
uncertainty of composition of samples under test
and other important variables have been ruled out.
Toxicology. — In mice doses up to 1.6 Gm.
of crystalline B12 per Kg. were given intravenously without untoward effects (Winter and
Mushett, /. A. Ph. A., 1950. 39, 360). With a
concentrate containing B12, Traina {Arch. Path.,
1950, 49, 278) reported death in all mice receiving a dose containing the equivalent of 3 mg. of
Bi2. In humans crystalline cyanocobalamin is very
well tolerated. Conley et al. (J. Lab. Clin. Med.,
1951, 38, 84) gave doses of 10 mg. orally. Daily
doses of 1 mg. (1000 micrograms) have been employed parenterally or orally for years without
untoward effects. Polycythemia has not been observed (Muehrcke and Kark, Proc. S. Exp. Biol
Med., 1951, 77, 144) although Barnard et al.
{Ann. Allergy, 1951, 9, 360) described erythrocyte
counts up to 6.7 million per cu. mm. with hematemesis
melena
a case of leukemia
Hodgkin's while
disease andand
a case
of in
subleukemic
receiving a B12 containing Streptomyces griseus
residue orally daily. Beard et al {Ann. Int. Med.,
1954, 41, 323) found normal blood serum B12
concentrations in cases of lymphocytic leukemia,
greatly increased concentrations (2.57 micrograms
per ml.) in myelocytic leukemia, and slight increases in monocytic leukemia. There was some
correlation with the total leukocyte count but
therapy for leukemia which reduced the white
blood cell count caused no change in the B12
level. Ellis {J.A.M.A., 1954, 154, 702) cited two
cases of leukemia which seemed to be aggravated
by B12 therapy prescribed for anemia, without
determination of etiology, and cautioned against
indiscriminate use of cyanocobalamin. In a patient who had shown allergic sensitivity to liver
extract injections, Young et al. (J.A.M.A., 1950,
143, 893) reported the development of sensitivity to a B12 concentrate from streptomyces
broth but no reaction to a concentrate derived
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from liver; an anaphylactic reaction followed an
injection of B12 concentrate from streptomyces
broth but crystalline cyanocobalamin from the
same source caused no symptoms. A similar case
was reported by Arkless (ibid., 1950, 144, 1586).
Bedford (Brit. M. J., 1952, 1, 690) observed that
such sensitivity was seen only with impure concentrates. Apatient with contact dermatitis to
cobalt and to nickel showed a tuberculin-type of
reaction to intracutaneous injection of cobalt,
nickel or cyanocobalamin (Rostenberg and Perkins, /. Allergy, 1951, 22, 466).
Dosage. — The usual dose is 1 microgram
(0.001 mg., approximately 1/60.000 grain) intramuscularly daily with a range of 1 to 20 micrograms in the treatment of megaloblastic anemia.
It is customary to employ less frequent injections
and also to give relatively larger doses during the
first 4 to 8 weeks, after which the dose is adjusted
to the therapeutic response obtained. A dose of
15 to 30 micrograms once or twice a week until
remission of the anemia and the symptoms is
obtained is usually adequate for adults or children; the dose is then reduced to 15 micrograms
every 2 weeks (Heinle and Bethell, J.A.M.A.,
1953, 151, 42).
If neurological manifestations are present in
pernicious anemia a dose of 10 micrograms daily
is indicated for a period of 3 to 6 months, followed by 10 to 20 micrograms weekly (Hall et al.,
J.A.M.A., 1949, 141, 257). Oral administration
in pernicious anemia has not been practical because of the large doses required and the unsatisfactory results in some cases (Spies et al., South.
M. J., 1949, 42, 528) unless it is accompanied by
a source of intrinsic factor, in which case a dose
of about 5 micrograms daily is employed. The
dose for sprue, megaloblastic anemia of infancy or
pregnancy and other nutritional macrocytic anemias is similar. There does not appear to be a
maximum safe dose ; doses of 1 mg. are frequently
given in certain neurological disorders.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
CYANOCOBALAMIN
INJECTION.
U.S.P. (B.P.)
Vitamin Bi2 Injection (U.S.P. XIV)

"Cyanocobalamin Injection is a sterile solution
of cyanocobalamin in water for injection. It contains not less than 95 per cent and not more than
115 per cent of the labeled amount of anhydrous
cyanocobalamin, as determined by the assay
method described below." U.S.P.
The B.P. defines Injection of Cyanocobalamin
as a sterile solution of cyanocobalamin in injection of sodium chloride, and requires that the
content of anhydrous cyanocobalamin be not less
than 79.5 per cent and not more than 96.5 per
cent of the content of cyanocobalamin stated on
the label. It is indicated that the solution may be
sterilized by heating in an autoclave to maintain
the temperature of the solution at 115° to 116°
for 30 minutes, or by filtration through a bacteriaproof filter. The pH of the injection is required
to be between 3.5 and 5.5.
Gakenheimer (Address, Parenteral Drug Asso-
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ciation, New York City, October 31, 1952) stated
that the pH of the normal saline solution which
is commonly used as a vehicle for cyanocobalamin
should be adjusted to a pH between 4.5 and 5.0
before dissolving the vitamin. When a bacteriostatic agent is to be used, as in preparing multiple
dose vials, benzyl alcohol or redistilled phenol
may be used; the former has proven to be more
satisfactory than the latter in prolonged accelerated stability tests of cyanocobalamin.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass,
protected from light." U.S.P.
Usual Sizes.— 300, 500, 1000, and 10,000
meg. in 10 ml.
CYCLOBARBITAL.

N.F.

S-(l-Cyclohexenyl)-5-ethylbarbituric Acid

0

"Cyclobarbital, dried at 105° for 2 hours, conN.F. tains not less than 98.5 per cen^of C12H16N2O3."
Cyclobarbitone, B.P.C.

Phanodorn

(Winthrop-Stearns) .

Cyclobarbital, which is 5-(l-cyclohexen-l-yl)-5ethylbarbituric acid, may be considered a derivative of phenobarbital in which two of the three
double bonds of the phenyl group of the latter
barbiturate have been saturated with hydrogen.
Cyclobarbital may in fact be prepared by hydrogenation of phenobarbital in the presence of
colloidal platinum catalyst, in alcohol medium
(see U.S. Patent 1,690,796, November 6, 1928).
Description. — "Cyclobarbital occurs as a
white, crystalline, odorless powder, with a bitter
taste. Its solutions are acid to litmus paper. One
Gm. of Cyclobarbital dissolves in about 5 ml. of
alcohol and in about 10 ml. of ether. It is very
slightly soluble in cold water and in benzene.
Cyclobarbital melts between 171° and 174°."
N.F.
Standards and Tests. — Identification. — (1)
and (2) These tests differ immaterially from
identification tests (1) and (2) under Barbital.
Loss on drying. — Not over 1 per cent, when dried
at 105° for 2 hours. Residue on ignition. — Not
over 0.1 per cent. N.F.
Assay. — About 300 mg. of cyclobarbital,
previously dried at 105° for 2 hours, is dissolved
in a sodium hydroxide solution, after which a
measured excess of 0.1 N bromine is added and
the mixture is acidified. After 15 minutes the
excess of bromine is determined through liberation of iodine from iodide, which is titrated with
0.1 iV sodium thiosulfate using starch as indicator. A residual titration blank is performed.
Each ml. of 0.1 N bromine represents 11.81 mg.
of C12H16N2O3. In this assay the bromine saturates the double bond of the cyclohexenyl group,
one molecule of bromine being required for each
molecule of cyclobarbital; the equivalent weight
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of the latter is, accordingly, one-half its molecular weight. N.F.
Uses. — Cyclobarbital (see article on Barbiturates, in Part II, for general discussion) belongs,
according to the classification of Fitch and Tatum
(/. Pharmacol., 1932, 44, 325), in the category
of short-acting barbiturates, resembling pentobarbital in this respect. The short duration of
action is due to destruction of the compound
in the body. Hirshfelder and Haury (Proc. S.
Exp. Biol. Med., 1933, 30, 1059) confirmed this
general conclusion when they found that bilateral
nephrectomy did not alter the potency of the
compound when tested in dogs. Fretwurst et al.
{Munch, med. Wchnschr., 1932, 79, 1429) reported that 2 to 7 per cent of the compound
was excreted as such and that 12 to 19 per cent
was eliminated as a non-toxic metabolite, tentatively identified as cyclohexenonylethylbarbituric acid. Oettel and Krautwald {Klin.
Wchnschr., 1937, 16, 299) demonstrated that
chronic administration of cyclobarbital to dogs
did not induce withdrawal or abstinence symptoms. Its lack of acute toxicity was indicated by
a report of suicide failure after taking presumably 40 tablets (about 8 Gm.), (Huchzermeyer,
Med. Klin., 1935 31, 551).
The value of cyclobarbital as a mild hypnotic
agent in simple insomnia and for preoperative
and postoperative sedation is documented particularly in the German literature (Hamburger,
Med. Klin., 1929, 25, 757; Goldstein, Deutsche
med. Wchnschr., 1930, 56, 185; Kraus, Allg.
Ztschr. f. Psychiat., 1933, 101, 74). Barlow et al.
{J. Pharmacol., 1931, 41, 367) found cyclobarbital to be only slightly less effective, on an equal
dosage basis, than pentobarbital and at least
as good as tribromoethanol as a basal hypnotic
prior to induction of gaseous anesthesia.
Dose. — For mild simple insomnia the adult
dose is 100 mg. (approximately 1^4 grains). The
usual dose is 200 mg., which may be increased
to 400 mg. in intractable or obstinate cases. It
is recommended that the upper limit of dosage
not be repeated more frequently than at 12 -hour
intervals.
Storage. — Preserve "in well-closed containers." N.F.
CYCLOBARBITAL TABLETS.
N.F.
"Cyclobarbital Tablets contain not less than
94 per cent and not more than 106 per cent
of the labeled amount of C12H16N2O3." N.F.
Assay. — The tablets are assayed by the procedure summarized under Barbital Tablets.
h2
Usual Size. — 200 mg. (approximately 3
grains) .

CYCLOPROPANE.

U.S.P., B.P., LP.

Trimethylene, [Cyclopropanum]

A
C

■CH;

"Cyclopropane contains not less than 99 per
H2Ccent by volume of C3H6."
US.P. The B.P. and

LP. rubrics are the same as that of the U.S.P.
Cyclopropane, first prepared by Freund in
1882, was not discovered to have anesthetic
properties until 50 years later; in 1933 Waters
and his coworkers introduced it into clinical
anesthesia. The gas, a saturated cyclic hydrocarbon, isisomeric with the open chain unsaturated hydrocarbon propylene and may be converted into the latter.
Cyclopropane was first prepared by the action
of sodium or zinc on 1,3-dibromopropane, resulting in removal of bromine and ring closure. A
more economical method for its preparation is
that of chlorinating propane to form 1,3-dichloropropane, and then closing the ring by reaction
with sodium, zinc, or magnesium. Propane may
be obtained from natural gas and by the cracking
of petroleum. Depending on the conditions of
manufacture the gas may be contaminated with
propylene, allene, cyclohexane, nitrogen, carbon
dioxide and complex halides; all these are removed by washing with suitable reagents.
Description. — "Cyclopropane is a colorless
gas of characteristic odor resembling that of petroleum benzin. It has a pungent taste. One
liter of Cyclopropane at a pressure of 760 mm.
and a temperature of 0° weighs 1.879 Gm. One
volume of Cyclopropane dissolves in about 2.7
volumes of water at 15°. It is freely soluble in
alcohol, and soluble in fixed oils." U.S.P.
Cyclopropane is 1.42 times as heavy as air; at
20° it liquefies under 75 pounds pressure, boils
at —34° and freezes at —127°. It is almost
twice as soluble in blood as it is in water at the
same temperature. Alkalies do not decompose it,
hence it may be used without possibility of
chemical change in rebreathing apparatus containing soda lime. In the presence of catalysts, as
for example iron filings at 100°, it isomerizes
readily to propylene; Adriani {Chemistry of
Anesthesia) suggests that this change may assume importance if the gas is stored in iron
cylinders in a heated room. Cyclopropane is
soluble in and diffuses readily through rubber.
Standards and Tests. — Acidity or alkalinity.— When 2000 ml. of cyclopropane is passed
through 100 ml. of water containing 0.2 ml. of
0.01 N hydrochloric acid and a mixture of
methyl red and bromothymol blue as indicator
the color becomes no deeper orange-red than a
control containing 0.4 ml. of 0.01 N hydrochloric
acid or no deeper yellow-green than another control containing no acid. Carbon dioxide. — The
turbidity, if any, produced when 1000 ml. of
cycpropane is passed through 50 ml. of barium
hydroxide T.S. is no greater than that produced
by the equivalent of 1 mg. of sodium bicarbonate
added to another 50 ml. of barium hydroxide T.S.
Halogens. — The products from the combustion
of 500 ml. of cyclopropane are drawn through
a sodium carbonate solution and a one-tenth
aliquot portion of the latter is acidified with
nitric acid and silver nitrate T.S. added: the
opalescence, if any, should not be greater than
that produced by 0.5 ml. of 0.001 N hydrochloric acid when treated similarly. Propylene,
allene and other unsaturated hydrocarbons. — Not
over 10 ml. of 0.01 N potassium permanganate is
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reduced by 1000 ml. of cyclopropane, the volume
of potassium permanganate being estimated by
adding a measured excess of 0.01 N oxalic acid,
then titrating with 0.01 N potassium permanganate. Carbon monoxide. — 250 ml. of cyclopropane and 2 SO ml. of carbon monoxide-free air
are separately shaken with a dilution of blood,
then with a mixture of pyrogallol and tannic
acid. The solution resulting from the cyclopropane should show no pink color and match the
gray color produced in the blank test. This test
depends on the fact that carboxyhemoglobin
possesses a characteristic bright red color which
does not react with pyrogallol and tannic acid to
produce the gray color shown by hemoglobin.
U.S.P.
The following tests of the B.P. are materially
different from those of the U.S. P.: Foreign odor.
— No foreign odor is detectable on allowing 10 ml.
of cyclopropane, liquefied at a temperature not
above —40°, to evaporate from clean filter paper.
Alcohol, water and acidity. — A weighed tube containing potassium hydroxide does not increase
in weight more than 5.6 mg., corresponding to
0.3 per cent w/w of the cyclopropane used, when
1000 ml. of cyclopropane measured at normal
temperature and pressure is passed through the
tube. Limit of unsaturated substances. — Halogen
equivalent to not more than 1.8 ml. of 0.1 N
sodium thiosulfate and corresponding to not over
0.2 per cent w/w of unsaturated substances calculated as propylene is absorbed on passing the
gas issuing from the potassium hydroxide tube
in the preceding test through solution of iodine
monochloride and then titrating the solution with
0.1 N sodium thiosulfate. Limit of halogencontaining substances. — When the products of
combustion of 1000 ml. of cyclopropane, measured at normal temperature and pressure, are
absorbed in a sodium peroxide solution, the latter boiled, acidified with nitric acid, and silver
nitrate solution added, the turbidity should not
be greater than that produced by 7.5 ml. of
0.001 N potassium bromide treated similarly;
the limit corresponds to 0.05 per cent of halogencontaining substances, calculated as propyl bromide.
Assay. — A sample of 100 ml. of cyclopropane,
measured in a gas burette filled with mercury, is
transferred to a Hempel pipette containing sulfuric acid to absorb the cyclopropane, after which
the residual gas is returned to the burette. The
operation is repeated until a constant volume of
residual gas is obtained. This volume should not
exceed 1 ml. U.S.P. The B.P. and LP. assays
are the same as the U.S. P. assay.
Uses. — Cyclopropane was introduced as a
surgical anesthetic by Henderson and Lucas
(Anesth. & Analg., 1930, 9, 1) and Waters and
Schmidt (J.A.M.A., 1934, 103, 975) reported on
its clinical use. It has the advantage of being
such a potent anesthetic agent that high tensions
of oxygen can be administered with it; furthermore, the depth of anesthesia can rapidly be controlled. Ithas the disadvantages of requiring an
experienced person for its administration and of
being explosive in anesthetic mixtures with
oxygen. Prolonged administration of low con-
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centrations will produce analgesia without unconsciousness (Seevers et al., J. Pharmacol.,
1937, 59, 921). It is absorbed and excreted by
the lungs more rapidly than ether but less rapidly
than ethylene (for a general discussion of surgical anesthesia see under Ether). Using morphine
for preanesthetic medication, the concentration of
cyclopropane in respired air for the several planes
of third stage anesthesia was found to be as follows: plane 1, 7.4 per cent; plane 2, 13.1 per cent
(without morphine 26 per cent); plane 3, 23.3
per cent; plane 4, 42.9 per cent. The anesthetic
concentration in the blood is equivalent to a pressure of about 150 mm. of mercury; the lethal tension is equivalent to 300 mm. of mercury. Hence,
the margin of safety is considerable and the low
concentrations required enable the use of adequate
oxygen even in pathological conditions of anoxia.
In fact, it is usually possible to employ air rather
than oxygen as the vehicle for this anesthetic.
However, the diagnostic signs of the several
stages of anesthesia are indistinct; considerable
experience with its use is required to avoid the
respiratory and circulatory paralysis of plane 4
anesthesia.
Induction of anesthesia with cyclopropane is
pleasant and rapid; loss of consciousness occurs
in 1 to 3 minutes and plane 2 of stage 3 appears
in about 5 minutes. Recovery from anesthesia
occurs in a few minutes. Postoperative nausea,
vomiting and abdominal distention is less frequent
than after ether but more common than after
nitrous oxide or ethylene.
Respiration. — Cyclopropane does not irritate
the upper or the lower respiratory tract, except
perhaps in the presence of bronchial asthma;
indeed, with care, Bentolila {Ann. Allergy, 1951,
9, 519) used it to relieve status asthmaticus. In
contrast to ether it does not stimulate respiration. There is no coughing, no hyperpnea, no
laryngeal spasm (except in some persons, with
high concentrations), and no exaggeration of
diaphragmatic motion during plane 3 anesthesia.
The high oxygen tensions often employed and
the quiet breathing characteristic of this anesthesia together with the loss of nitrogen in the
rebreathing method of administration favor the
development of massive atelectasis of the lungs.
Jones and Burford (J. A.M. A., 1938, 110, 1092)
proposed the use of an inert gas, helium, in the
anesthetic mixture to prevent collapse of the
pulmonary alveoli. Schmidt and Waters (Anesth.
& Analg., 1935, 14, 1) reported that postoperative
pulmonary complications, such as pneumonia,
were less frequent than after ether anesthesia.
Cyclopropane does not depress respiration until
plane 4 anesthesia is reached and, if this happens,
artificial respiration with oxygen rapidly restores
natural respiration. Rosenfeld and Snyder (Am. J.
Obst. Gyn., 1939, 38, 424) found that cyclopropane was the only one of the drugs commonly used
in obstetrical practice which did not depress
fetal respiratory movements.
Pupils. — The changes in the pupils, like the
respiratory signs, which are of value in the recognition of the stages of ether anesthesia, are also
of little aid with cylopropane. The pupils do not
dilate until plane 4 anesthesia when morphine
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has been given and only at the end of plane 3
without morphine. Because of the high oxygen
tensions employed, the color of the skin fails as
a danger signal of a dangerously deep anesthetic
level.
Circulation. — The heart rate and rhythm
provide the best criteria of anesthetic danger;
arrhythmia, bradycardia (50 or less per minute)
or marked tachycardia demands immediate desaturation of the patient. Except for arrythmia,
cyclopropane has no primary effect on the cardiovascular system (Seevers and Waters, Physiol.
Rev., 1938, 18, 447). During anesthesia the
pulse rate is usually about 70 per minute. However, the incidence of ventricular extrasystoles
and multifocal ventricular tachycardia is high
and somewhat similar to the effect of chloroform.
The frequency of abnormal rhythm increases
with the concentration of the anesthetic. However, the addition of a small amount of ether
markedly decreases the incidence of arrhythmias
(Greisheimer et pi., Anesth., 1954. 15, 51).
Waters (Brit. M. J., 1936, 2, 1013) reported
that 7.86 per cent of patients showed arrhythmia
during plane 3 anesthesia, in contrast with an
incidence of 2.62 per cent with ether, although
ether showed a higher incidence than cyclopropane during plane 1 anesthesia. Anoxia, anesthesia of insufficient depth for the operative
stimuli, epinephrine (Orth et al., J. Pharmacol.,
1939, 66, 1) and similar substances, and pituitrin (Am. J. Obst. Gyn., 1944. 48, 109) markedly aggravate this tendency to ventricular
ectopic rhythm. In general a rise in blood pressure tends to lower the threshold for epinephrineinduced arrhythmia (Murphy et al., Anesth.,
1949, 10, 416). Other sympathomimetic amines,
however, appear to be safe during cyclopropane
anesthesia (Meek. Physiol. Rev., 1941, 21, 324;
Glassman et al., Fed. Proc, 1953. 12, 324) and
may prevent epinephrine-induced extrasystoles
(see under Mephentermine, in Part I). Dibenamine (Nickerson and Smith, Anesth., 1949, 10,
562; see under Adrenergic Blocking Agents, in
Part II) and procaine amide and other substances
will control the arrhythmia. On the development of
arrhythmia, cyclopropane should be discontinued
and oxygen used (Allen et al., Anesth., 1945. 6,
261); if arrhythmia persists or if it recurs when
the depth of anesthesia is increased sufficiently for
the operative procedure, another anesthetic must
be employed. Waters (Surgery, 1945. 18, 26)
cautioned against the practice of increasing the
concentration of cyclopropane to correct arrhythmia, which has been advocated by some. These
untoward cardiac effects, however, are functional
and temporary, unless rapid death due to ventricular fibrillation occurs (Waters. 1936. loc.
cit.). In some persons hyperactive autonomic reflexes have developed (cessation of respiration or
circulation, laryngeal spasm, etc.). Premedication
with scopolamine and careful administration of
cyclopropane minimize the incidence of these
undesirable reflexes.
Muscle Tone. — Muscular relaxation is sufficient for most procedures if patience is used in
saturating the patient with the level of anesthetic
needed. Relaxation is better than that produced
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by nitrous oxide or ethylene but less than with
ether or chloroform. Restricting the size of the
preanesthetic dose of morphine enables the use
of higher concentrations of cyclopropane, resulting in greater muscular relaxation, without dangerous respiratory depression. Curare may be used
in combination with cyclopropane anesthesia
(Anesth., 1945, 6, 48). Controlled breathing in
lower plane 3 anesthesia may be employed with
cyclopropane but great care is essential because
of the potency of this anesthetic agent. Bourne
(Lancet, 1934, 2, 20) found that uterine contractions during labor were not depressed by
cyclopropane but Howard et al. (Anesth., 1949,
10, 151) reported decreased force. Pisani (Surg.
Gynec. Obst., 1952, 95, 149) recommended it for
cases of ectopic pregnancy with severe hemorrhage.
Liver axd Kidneys. — Liver function is not
impaired with cyclopropane anesthesia (Raginsky
and Bourne. Can. Med. Assoc. J., 1934, 31, 500;
Morrison, Rev. Gastroenterol., 1943, 10, 171)
and. in contrast to other anesthetic agents.
Molitor and Kuna (Anesth. & Analg., 1941. 20,
241) found that the flow of bile was increased.
Changes in blood urea nitrogen, sugar or carbon
dioxide combining power have not been observed.
Studies of renal function show a decrease in blood
flow, glomerular filtration rate and urine flow, and
an increase in filtration fraction (Coller et al.,
Ann. Surg., 1943. 118, 717; Burnett et al., J. Pharmacol., 1949. 96, 380). No significant change in
fixed acid in the blood was observed (Bunker
et al, J. Pharmacol, 1951, 102, 62).
Admix istratiox. — Preanesthetic medication
with a small dose of morphine sulfate, 4 to 8 mg.,
and 0.4 mg. of atropine sulfate or scopolamine
hydrobromide is recommended by Waters (Surgery, 1945, 18, 26). Cyclopropane is usually
administered by the closed method with a gasoxygen machine employing the rebreathing bag
and the absorption of carbon dioxide with sodalime. Administration is started with 15 to 40
per cent of cyclopropane and oxygen at least
20 per cent and often more. After ^ to 3 minutes
the cyclopropane is discontinued but oxygen is
continued at a rate of 250 to 400 ml. per minute
until the cyclopropane has become distributed
throughout the body. More cyclopropane is added
to the bag as necessary to induce and maintain the
desired plane of surgical anesthesia. About 4 liters
of cyclopropane are needed for 1 hour of anesthesia. Itmav be used by the endotracheal method
(Griffith, Can. Med. Assoc. J., 1937, 37, 496).
Waters cautioned against the use of more oxygen
than is needed because the tendency to "blow
off" carbon dioxide may result acapnia. A sudden
decrease in the carbon dioxide tension may predisDOse to fibrillation of the heart (Brown and
Miller. Am. J. Physiol, 1952, 169, 56). E
Untoward Effects. — In addition to arrhythmia (v.s.). so-called cyclopropane shock has
been described. Infrequently this occurs during
the recovery period following a prolonged period
of anesthesia of plane II depth. It resembles
traumatic shock and is very alarming. It is due
to a loss of carbon dioxide during the hyperpneic
recovery period from the anesthesia and is char-
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acterized by apnea as well as hypotension.
Inhalation of carbon dioxide corrects this syndrome. Transfer from cyclopropane and high
oxygen tension during the last part of the operation to nitrous oxide and lower oxygen tension
expels any accumulated carbon dioxide during
the quiet breathing of cyclopropane anesthesia
and is alleged to prevent the acapneic shock.
Hazard of Explosions. — Explosive mixtures
consist of 2.41 to 10.3 per cent of cyclopropane
in air, 2.45 to 63.1 per cent in pure oxygen and
3 to 28 per cent in nitrous oxide (J.A.M.A., 1952,
149, 96). It is less explosive than ethyleneoxygen or nitrous oxide-ether-oxygen mixtures;
both Waters (1945, loc. cit.) and Woodbridge
(J. A.M. A., 1939, 113, 2308) concluded from a
long experience with many thousands of anesthesias that cyclopropane is safe in the closed
method of administration provided adequate precautions are taken to keep the gas mixture away
from flames or cauteries. Thomas and Jones
(Anesth. & Analg., 1940, 20, 121) recommended
2 parts of helium with 1 part each of cyclopropane and oxygen to avoid explosions. Fat burns
readily with cyclopropane-oxygen mixtures.
Indications. — Cyclopropane may be employed
for any surgical procedure (Griffith, Pract., 1951,
166, 616). It is particularly valuable where adequate or increased amounts of oxygen are needed,
as in patients with cardiac or pulmonary disease,
hyperthyroidism, hemorrhage (Hershey and
Rovenstine, Anesth., 1944, 5, 149) and to supplement spinal anesthesia which has become inadequate prematurely (Dodd and Hunter, Lancet,
1939, 1, 685). It is useful in abdominal surgery
and in obstetrics. It may be employed in youth or
old age (Rovenstine, Geriatrics, 1946, 1, 46). It
is particularly desirable in chest surgery and in
cardiac surgery (McQuiston, Arch. Surg., 1950,
61, 892). Lundy et al. (Proc. Mayo, Aug. 22,
1945) stated "Cyclopropane probablv is used less
often than it should be." Burford (J.A.M.A.,
1938, 110, 1087), Sahler (J.A.M.A., 1942, 118,
1042) and Griffith (Anesth., 1951, 12, 109) have
reviewed the literature on cyclopropane.
Labeling. — Label cyclopropane: "Caution. —
Cyclopropane is flammable and its mixture with
oxygen or air may explode when brought in conU.S.P.tact with a flame or other cause of ignition."
Storage. — Preserve "in cylinders." U.S.P.
DANTHRON.

N.F.

Chrysazin, 1,8-Dihydroxyanthraquinone
HO

0

OH

Dioxyanthraquinone. Dorbane (Schenley) ; Istin (Bayer
Products); Istizin (Winthrop).

Danthron, a laxative substance, may
thesized by heating a mixture of lime
anthraquinonedisulfonic acid, the latter
by sulfonation of anthraquinone in the
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of mercury. On reducing danthron the official
compound anthralin, a local irritant used in dermatologic practice, is obtained.
Description. — "Danthron occurs as an orange
colored crystalline powder. Danthron is practically insoluble in water. It is soluble in alcohol,
in ether, in benzene, in chloroform, and in solutions of sodium hydroxide. Danthron melts between 190° and 195°." N.F.
Standards and Tests. — Identification. — (1)
A red solution is produced on dissolving about
100 mg. of danthron in 1 ml. of sulfuric acid; on
diluting the solution with water a yellow precipitate is produced. (2) A solution of 50 mg. of
danthron in 10 ml. of ether is shaken with 5 ml.
of ammonia T.S.: the water layer is colored red.
Ultraviolet absorbance. — The absorptivity (1%,
1 cm.) in benzene, at 432 mn, is not less than 420
and not more than 465. Heavy metals. — The limit
is 50 parts per million. Mercury. — The limit is
50 parts per million. N.F.
Uses. — Danthron possesses the characteristic
action of the anthraquinone laxatives. While it
is employed for its cathartic effect in humans
(Marks, Am. J. Digest. Dis., 1953, 20, 240), it is
officially recognized as a veterinary cathartic ; such
uses are discussed in this volume in the section on
Veterinary Uses and Doses of Drugs.
It has been observed that when used as a laxative in humans the urine frequently is colored red,
indicating absorption of the drug. It is said that
it sometimes imparts laxative properties to the
milk of nursing women.
Danthron has been administered to adult humans in doses of 130 to 500 mg. (approximately
2 to 7.5 grains), at bedtime, the usual range being
150 to 300 mg.
N.F.Storage. — Preserve "in well-closed containers."
DECAMETHONIUM

IODIDE.

B.P.

[(CH3)3-N+(CHo)ioN+(CH3)3]2IThe B.P. defines Decamethonium Iodide as
decamethylene -1:10- bistrimethylammonium diiodide. It is required to contain not less than 99.0
per cent of C16H38N2I2, calculated with reference
to the substance dried to constant weight at 105°.
Decamethonium iodide may be prepared by the
action of methyl iodide on decamethylene diamine. In the United States decamethonium bromide is the salt which is commercially available
(Syncurine, Burroughs Wellcome); this salt is
often referred to as C-10.
Description. — Decamethonium iodide occurs
as a white, odorless, crystalline powder, having a
bitter and saline taste. At 20° it is soluble in 10
parts of water and in 50 parts of alcohol. It
melts between 246° and 248°.
Standards and Tests.— Identification. — (1)
The melting point of the picrate formed from this
salt is about 147°. (2) Decamethonium iodide
responds to tests for iodide. Reaction. — A saturated aqueous solution is neutral to litmus. Loss
on drying. — Not over 0.5 per cent, when dried to
constant weight at 105°. Sulfated ash. — Not over
0.1 per cent. B.P.
Assay. — Decamethonium iodide is dissolved in
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water and the base component precipitated as
decamethonium reineckate, which is finally dried
to constant weight at 80°. Each Gm. of the precipitate corresponds to 0.5722 Gm. of C16H38N2I2.
B.P.
Uses. — Decamethonium iodide and decamethonium bromide are used to produce muscular
relaxation during anesthesia; the former salt appears to be favored in Great Britain while the
latter is employed in the United States.
Simultaneous preliminary reports by Barlow
and Ing (Nature, 1948, 161, 718) and by Paton
and Zaimis (Nature, 1948, 161, 718) described the
pharmacologic action of polymethylene bis-trimethylammonium salts. Barlow and Ing (Brit. J.
Pharmacol. Chemother., 1948, 3, 298) had been
interested in this particular group of compounds
for many years and had found that the bis-quaternary ammonium salts were more active than the
mono-quaternary compounds from the standpoint of their effect on skeletal muscle. Moreover,
the bis-trimethylammonium series was more active than the bis-triethylammonium dibromides.
They found that where the number of methylene
groups between the two ammonium groups was of
the order of 3 to 5 the compounds were only
feebly active, but that with increase in chain
length to 10 optimal activity was observed. Also,
they noted that nearly all the bis-quaternary ammonium salts that they prepared produced augmentation of contraction of the rat diaphragm,
usually at concentrations slightly lower than
those needed to produce inhibition. Whereas
Barlow and Ing (loc. cit.) found these componnds
to be substantially less active than d-tubocurarine
on the isolated rat diaphragm preparation and on
the rabbit head drop, Paton and Zaimis (Brit. J.
Pharmacol. Chemother., 1949, 4, 381) found the
decamethonium compound to be more active than
rf-tubocurarine in the cat. Indeed, there is a 200fold difference in the order of activity between
the cat and the rat for the C-10 compound,
whereas that species difference in the order of
activity of J-tubocurarine is 0.5.
Decamethonium is not a true curarimimetic
agent from the standpoint of its mode of action.
In this respect, the action of decamethonium is
analogous to that of acetylcholine in that it produces adepolarization of the myoneural junction,
which results in neuromuscular blockade (Zaimis,
/. Physiol, 1949, 110, 10P). This action then is
the same as that produced by acetylcholine in the
ordinary transmission of impulses across the
neuromuscular junction, differing only in duration
of action since decamethonium cannot be hydrolyzed in the manner of acetylcholine. However, decamethonium does not share the other
muscarine-like, ganglionic-stimulating actions of
acetylcholine, nor does it produce the profound
effect of acetylcholine on autonomic innervated
organs generally. This difference in mode of action
between decamethonium and (/-tubocurarine can
be illustrated by the fact that d-tubocurarine can
actually antagonize the effects of decamethonium.
This being the case from an experimental standpoint, itfollows that these two agents should not
be employed in sequence in the same patient
(Paton and Zaimis, Lancet, 1950, 1, 568). Dec-
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amethonium produces a stimulation of the frog
rectus, like acetylcholine, in contradistinction to
the ability of <f-tubocurarine to block the stimulating effect of acetylcholine thereon. It does not
produce a release of histamine such as had been
observed to follow injection of d-tubocurarine
(Macintosh, quoted by Organe et al., Lancet,
1949, 1, 21). The compound appears to have no
effect on the central nervous system or on spinal
reflexes. Since the mode of action of decamethonium is essentially that of acetylcholine, it
follows that cholinesterase inhibitors such as neostigmine and physostigmine do not counteract this
agent. Consequently, they are not useful as antagonists for this compound and are not indicated
for this purpose, as is the case for d-tubocurarine
and gallamine triethiodide. Paton and Zaimis
(Brit. J. Pharmacol. Chemother., 1949, 4, 381)
reported that the bistrimethylammonium pentane
(C-5 analog of decamethonium) antagonized the
neuromuscular blocking action of decamethonium
ion. Clinically, however, the utility of the C-5
compound for this purpose was disappointing
(Grob et al, New Eng. J. Med., 1949, 241, 812).
Therapeutic Uses. — There has been a large
series of papers attesting to the usefulness of
decamethonium salts as muscle relaxants in abdominal surgery and for other purposes wherein
such agents are indicated (see monograph on
Curarimimetic Agents and Their Antagonists, in
Part II). Organe et al (loc. cit.) and Hewer and
his associates (Lancet, 1949, 1, 817) were among
the first to describe the muscle-relaxant action of
this agent in man and its use in general anesthesia.
They indicated its advantages over J-tubocurarine
to be the absence of stimulation of histamine
liberation and better minute-to-minute control of
its effects because of its slightly shorter duration
of action. It did not produce the profound fall in
blood pressure that can be occasioned by an overdosage of rf-tubocurarine. On the other hand, it is
not antagonized by cholinesterase inhibitors, and
other agents for this purpose are not entirely
satisfactory. A real disadvantage of decamethonium is that in the induction of laryngoscopy the
compound almost always produces some degree of
laryngeal spasm and postintubation reflex apnea
(Gray, Lancet, 1950, 1, 253). Thus, the agent is
inferior to the true curarimimetic agent for this
purpose. Paton and Zaimis (Lancet, 1950, 1, 568)
summarized the status of the clinical trial; in
general the clinical results were essentially an
extension of the laboratory findings with respect
to the compound.
In the United States, Grob et al. (New Eng. J.
Med., 1949, 241, 812) were among the first to
employ this agent. In 172 general anesthesias it
was found to be capable of providing adequate
abdominal relaxation with some interference with
respiration. Its effect was briefer in duration than
that of J-tubocurarine and its action was not
potentiated by ether. Likewise, Harris and Dripps
(Anesthesiology, 1950, 11, 215) found it to be
satisfactory for the production of muscular relaxation in a group of 250 surgical patients. In
contradistinction to the aforementioned work of
Gray, they found no instances of bronchospasm
following administration of decamethonium. Fur-
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thermore, Bourne (Proc. Roy. Soc. Med., 1951,
44, 387) recommended 0.1 ml. per pound of body
weight intravenously of 5 per cent thiopental sodium and 0.025 per cent decamethonium iodide to
facilitate tracheal intubation in children for tonsillectomy. Itis also miscible with solutions of atropine sulfate.
In electroshock therapy, Hobson and Prescott
(Lancet, 1949, 1, 819) used decamethonium with
thiopental sodium intravenously prior to shock
to modify the severity of the convulsions and
found decamethonium better than d-tubocurarine
because of the characteristics already mentioned.
Perhaps an important clinical difference between d-tubocurarine and decamethonium consistent with their modes of action is that patients
with myasthenia gravis are exquisitively sensitive
to rf-tubocurarine. These patients were no more
sensitive to decamethonium than were nonmyasthenic subjects. Indeed, with subthreshold dosages
of decamethonium the myasthenic patients experienced transient amelioration of signs and symptoms (Pelikan et al., Neurology, 1953, 3, 284).
Toxicology. — In useful dosages, decamethonium produces no serious manifestations of toxicity other than the overt pharmacodynamic action
occasioned by gross overdosage. Even here, artificial respiration and an adequate airway are sufficient to handle the apneic patient, since there is
usually no difference in blood pressure. An occasionally unpleasant side effect of the agent is the
appearance of fasciculation or skeletal muscle
cramps at the onset or following its apparent
duration of action. Salivation usually is no problem with this agent.
Dose. — An initial dose of 1 to 2 mg. of the
compound intravenously may be followed by subsequent injection of ^ to 1 mg. every 5 to 10
minutes as long as curarization is desired. Dosages
in excess of 2 mg. as a single injection intravenously are likely to produce respiratory depression. This compound, like other curarimimetic
agents, should be administered only by a trained
anesthetist familiar with the pharmacology of the
product and under physical conditions suitable for
the maintenance of an adequate airway and positive pressure artificial respiration. The total dose
will seldom exceed 10 mg.
Supply. — In the United States decamethonium
bromide is available in solution in 10-ml. multipledose vials containing 1 mg. per ml.
DECAVITAMIN

CAPSULES.

U.S.P.

"Decavitamin Capsules contain, in each Capsule, not less than 1.5 milligrams (5000 U.S.P.
Units) of vitamin A in the form of Oleovitamin A,
10 micrograms (400 U.S.P. Units) of vitamin D
from natural sources or as calciferol or activated
7-dehydrocholesterol or the products produced by
the activation of either ergosterol or 7-dehydrocholesterol, 75milligrams of ascorbic acid, 5 milligrams of calcium pantothenate or its equivalent as
racemic calcium pantothenate, 2 micrograms of
cyanocobalamin, 0.25 milligram of folic acid, 20
milligrams of nicotinamide, 2 milligrams of pyridoxine hydrochloride, 3 milligrams of riboflavin,
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and 2 milligrams of thiamine hydrochloride or
thiamine mononitrate." U.S.P.
Tests and Assay. — An identification test for
vitamin A, utilizing the blue color obtained with
antimony trichloride T.S., is specified. The capsules are required to meet the specifications of the
official weight variation test for capsules. The
assays are based on the following principles:
Vitamin A is determined spectrophotometrically
(see discussion under Oleovitamin A). Vitamin D
is determined by its effect in bringing about calcification in vitamin D-depleted rats, as compared
with the similar effect of a vitamin D reference
standard. Ascorbic acid is titrated to dehydroascorbic acid with dichlorophenolindophenol solution. Riboflavin is assayed by evaluation of its
fluorescence in ultraviolet light. Thiamine is converted to thiochrome, which in isobutyl alcohol
fluoresces in ultraviolet light and provides a quantitative method for its determination. Pyridoxine
hydrochloride is measured by observing the intensity of the blue color it produces with 2,6dichloroquinonechlorimide, a reference standard
pyridoxine hydrochloride being used for quantitative comparison. Folic acid is determined by the
cleavage-diazotization procedure discussed under
Folic Acid. Nicotinamide is hydrolyzed to nicotinic acid, which is assayed by the colorimetric
procedure, involving interaction with cyanogen
bromide, described under Nicotinic Acid Tablets.
Calcium pantothenate and cyanocobalamin are
determined microbiologically. U.S.P.
Uses. — The action and uses of the components
of this official mixture are discussed under each
constituent. The importance of adequate, and
perhaps optimal, nutrition in health and for
growth, and in recovery from most of the diseases to which man is heir, has gained general
recognition. Many diseases interfere for longer
or shorter periods of time with appetite and the
absorption and utilization of practically all foods.
An increased need is created by the increased
metabolic rate associated with fever. Depletion of
vitamin stores in the body is accelerated by parenteral feeding with saline, dextrose and protein
hydrolysates during acute illnesses. The following
rates of depletion have been estimated: vitamin
A, 300 days; thiamine, 3 days; nicotinamide, 15
days; riboflavin, 15 days; ascorbic acid, 9 days.
Although parenteral administration is often required for short periods, oral administration is to
be preferred as soon as possible and even before
absorption is fully restored to normal. In those
disorders for which no specific therapy is known,
rest and an optimal diet are the major items of
supportive therapy — viz. rheumatoid arthritis,
etc. The restricted diets employed in the management of numerous conditions make it difficult and
often impossible to provide adequate amounts of
vitamins from natural foods — viz. low-calorie diets
for obesity, elimination diets for allergic conditions, low-residue and bland diets for gastrointestinal disorders and the inadequate diets often
selected by old people.
With the availability of pure vitamins, the deleterious effects of imbalance in nutritional factors
have been demonstrated clinically as well as experimental y. In nutritionally deficient persons
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large doses of thiamine alone, for example, may
speed up metabolism and aggravate a subclinical
deficiency of nicotinamide or riboflavin to the
point where clinical manifestations of pellagra or
ariboflavinosis appear. This official mixture represents abalanced and standardized combination of
the vitamins which most commonly are deficient
in patients. It represents the minimum daily requirements ofthe components.
The average dose is one capsule (or tablet)
daily by mouth.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Labeling. — "The labeling does not include any
claim for quantities of vitamin in excess of those
specified in the monograph." U.S.P.
DECAVITAMIN

TABLETS.

U.S.P.

"Decavitamin Tablets contain, in each Tablet,
not less than 1.5 milligrams (5000 U.S.P. Units)
of vitamin A in the form of Oleovitamin A, 10
micrograms (400 U.S.P. Units) of vitamin D from
natural sources or as calciferol or activated 7-dehydrocholesterol or the products produced by the
activation of either ergosterol or 7-dehydrocholesterol, 75 milligrams of ascorbic acid, 5 milligrams of calcium pantothenate or its equivalent
as racemic calcium pantothenate, 2 micrograms of
cyanocobalamin, 0.25 milligram of folic acid, 20
milligrams of nicotinamide, 2 milligrams of pyridoxine hydrochloride, 3 milligrams of riboflavin,
and 2 milligrams of thiamine hydrochloride or
thiamine mononitrate." U.S.P.
ACTIVATED 7-DEHYDROCHOLESTEROL. CH3 U.S.P.
Vitamin D3, [7-Dehydrocholesterol Activatum]

I

+ 105° and not more than +112°, when determined in an alcohol solution containing 50 mg. in
each 10 ml. Absorptivity. — The absorptivity
(1%, 1 cm.) in alcohol solution, at a wave length
of 265 mix, is between 450 and 490. U.S.P.
Vitamin D Unit. — Formerly, crystalline calciferol (vitamin D2) was the standard for evaluating vitamin D activity, 1 mg. representing 40,000 units (of antirachitic activity). In 1949 the
World Health Organization of the United Nations
adopted crystalline activated 7-dehydrocholesterol
(vitamin D3)
as the international standard,
1 mg. representing 40,000 units (of antirachitic
activity). The U.S.P. Vitamin D Reference
Standard is a solution of crystalline activated
7-dehydrocholesterol in cottonseed oil, containing
10 micrograms of the vitamin per Gm. of solution, and representing 400 U.S.P. units per Gm.
of solution (the U.S.P. unit is identical with the
international unit). For further discussion of the
equivalence of vitamin D2 and vitamin D3. which
is commonly assumed insofar as the antirachitic
effect on humans is concerned, see Vitamin D
Unit under Calciferol.
The uses and dosage of activated 7-dehydrocholesterol are as given in the monographs on
Synthetic Oleovitamin D and Calciferol. In calculating the quantity of activated 7-dehydrocholesterol which is equivalent to any dosage
stated in vitamin D units it may be assumed that
100 U.S.P. (or international) units is contained
in 2.5 micrograms of activated 7-dehydrocholesterol (or calciferol, since the two pure vitamins
are of identical potency).
Storage. — Preserve "in hermetically sealed
containers under nitrogen, in a cool place and
protected from light." U.S.P.
DEHYDROCHOLIC ACID.

U.S.P.

[Acidum Dehydrocholicum]

CH-(CH

2)3-CH

(CH3)2

"Dehydrocholic Acid, dried at 105° for 2
hours, contains not less than 98.5 per cent and
not more than 101 per cent of C24H34O5." U.S.P.
3,7,12-Triketoeholanic Acid. Cholan-DH (Maltbie); Decholin (Ames); Dehychol (United Drug); Oxycholin (Blue
Line); Procholon (Squibb).

This substance and calciferol are the synthetic
forms of vitamin D permitted to be used in
preparing the solution known as Synthetic Oleovitamin D, under which title the chemistry,
preparation, and other information concerning
both activated 7-dehydrocholesterol and calciferol
may be found.
Description. — "Activated 7-Dehydrocholesterol occurs as white, odorless crystals. It is
affected by air and by light. Activated 7-Dehydrocholesterol isinsoluble in water. It is soluble
in alcohol, in chloroform, and in fatty oils.
Activated 7-Dehydrocholesterol melts between
84° and 88°." U.S.P.
Standards and Tests. — Identification. — (1)
This is identical with identification test (1) under
Calciferol. (2) The dinitrobenzoyl derivative of
activated 7-dehydrocholesterol melts between
133° and 135°. Specific rotation.— Hot less than

Dehydrocholic acid represents cholic acid
(3,7,12-trihydroxycholanic acid, see under Ox Bile
Extract) in which the three CHOH groups of
the latter have been oxidized to ketone groups
through controlled oxidation with chromium trioxide. The cholic acid is obtained by hydrolysis
of natural bile acids. A specially purified grade
of dehydrocholic acid for parenteral use is available (for information concerning purification of
the acid see /. A. Ph. A., 1950. 39, 595).
Description. — "Dehydrocholic Acid occurs as
a white, fluffy, odorless powder, having a bitter
taste. Dehydrocholic Acid is almost insoluble in
water and is slightly soluble in ether. One Gm.
dissolves in about 100 ml. of alcohol and in about
35 ml. of chloroform, the solutions in these
solvents usually being slightly turbid. It is soluble
in glacial acetic acid and in solutions of alkali
hydroxides and carbonates. Dehydrocholic Acid
melts between 231° and 240°. The higher the
melting temperature the greater is the purity, but
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the range between the beginning and end of melting is not greater than 3°." U.S. P.
Standards and Tests. — Specific rotation. —
Not less than +30° and not more than +32.5°,
calculated on the dried basis, when determined
in dioxane solution containing 200 mg. of dehydrocholic acid in each 10 ml. Loss on drying
— Not over 1 per cent, when dried at 105° for
2 hours. Residue on ignition. — Not over 0.3 per
cent. Odor on boiling. — No odor is apparent on
boiling dehydrocholic acid with water. Barium. —
No turbidity results when diluted sulfuric acid is
added to a saturated solution of dehydrocholic
acid. Heavy metals. — The limit is 20 parts per
million. U.S.P.
Assay. — About 500 mg. of the acid, previously
dried at 105° for 2 hours, is dissolved in neutralized alcohol, the solution diluted with water
and titrated with 0.1 N sodium hydroxide, using
phenolphthalein as indicator. Each ml. of 0.1 N
sodium hydroxide represents 40.25 mg. of
C24H34O5.

U.S.P.

Uses. — This unconjugated, oxidized bile acid
(see discussion under Ox Bile Extract) is used
for its hydrocholeretic action. Natural bile salts
are advocated for replacement therapy when bile
in the intestine is deficient or absent (.see Bockus,
Gastroenterology, Vol. Ill, 1946). The unconjugated, oxidized bile acids or their salts are used
to flush the biliary tract with a thin watery bile.
Natural bile and conjugated bile salts of either
hydroxy or keto form are indicated in patients
with biliary fistulas, with stone or other obstruction in the common bile duct during the preoperative period, and with deficient bile formation, as
in cases of calculous or non-calculous chronic
cholecystitis, to improve the absorption of essential food materials and to alleviate gastrointestinal symptoms due to a deficiency of bile in
the intestine. In cases of non-calculous cholecystitis or other circumstances in which stasis and
ascending infection of the hepatic ducts is present or suspected, the unconjugated, oxidized bile
acids, such as dehydrocholic acid, or their sodium
salts are employed to increase flow of a thin bile.
Best and Hicken {J. A.M. A., 1938, 110, 1257,
and correction on p. 1499) reported on a biliary
flush regimen for the patient suspected of having
small stones in the common bile duct, without
complete obstruction, before resorting to surgery.
The regimen consists of: three tablets (250 mg.
each) of dehydrocholic acid after each meal and
at bedtime for 3 days; 8 Gm. of magnesium
sulfate in water each morning; 30 Gm. of olive
oil or 40 per cent cream before breakfast and
supper and also at bedtime daily; 0.65 mg. of
glyceryl trinitrate under the tongue before each
meal during the first and third day; 0.65 mg. of
atropine sulfate, dissolved in a little water, before
each meal during the second day. This regimen
may be repeated at weekly intervals, if indicated;
10 ml. of a 20 per cent solution of sodium dehydrocholate may be given once daily, if oral
administration fails.
Dehydrocholic acid is contraindicated in cases
of complete mechanical obstruction of the biliary
tract, and also in cases of severe hepatitis.
The usual dose is 500 mg. (approximately
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lYz grains) by mouth 3 times daily after meals,
with a range of 250 mg. to 500 mg. The maximum
single dose of 750 mg. and the maximum dose
during 24 hours of 3 Gm. should seldom be exceeded. The duration of treatment is from a
few days to 4 or 6 weeks.
Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep. — Dehydrocholic Acid Tablets,
U.S. P.; Sodium Dehydrocholate Injection, N.F.
DEHYDROCHOLIC

ACID

TABLETS.

U.S.P.
"Dehydrocholic Acid Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of C24H34O5." U.S.P.
Usual Sizes. — 120 and 250 mg. (approximately 2and 4 grains).
N.F. DENTIFRICE.
N.F. Tooth Powder,

N.F.

[Dentifricium]

Thoroughly triturate 2 Gm. of soluble saccharin, 4ml. of peppermint oil, 2 ml. of cinnamon
oil, and 8 ml. of methyl salicylate with about half
of a 935-Gm. portion of precipitated calcium carbonate; mix 50 Gm. of hard soap, in fine powder,
with the remainder of the precipitated calcium
carbonate, combine the two powders and pass the
product through a fine sieve. N.F.
This product is a pleasantly flavored and effective dentifrice utilizing the soft abrasive action
of precipitated calcium carbonate and the detergent effect of soap; it is harmless and suited
for daily use in brushing the teeth. If it is
desirable in special cases to impart an antiseptic
property, it may be mixed with from 15 to 25
per cent of its weight of sodium perborate.
DESLANOSIDE.

U.S.P.

Desacetyl-lanatoside C

"Caution. — Deslanoside is extremely poisonous." U.S.P.
Deslanoside is the desacetyl derivative of lanatoside C and is obtained by removing the acetyl
group from that glycoside of Digitalis lanata.
Deslanoside has the therapeutic action of its parent glycoside but has the advantage of being more
stable in solution than lanatoside C. Injections of
lanatoside C have been characterized by instability, which apparently will be obviated by use of
deslanoside in preparing such dosage forms. Lanatoside Ccontinues to be officially recognized, by
the N.F., for use in preparation of tablets. For
further information see under Lanatoside C.
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Description. — "Deslanoside occurs as colorless
or white crystals or as a white, crystalline powder.
It is odorless. It is hygroscopic, absorbing about
7 per cent of moisture when exposed to air.
Deslanoside melts indistinctly between 220° and
235°. Deslanoside is insoluble in water. One Gm.
dissolves in about 600 ml. of alcohol and in about
30 ml. of methanol. It is very slightly soluble in
chloroform." U.S.P.
Standards and Tests. — Identification. — This
is identical with the test for lanatoside C. Specific
rotation. — Not less than +7.0° and not more than
+8.5°, when determined in anhydrous pyridine
solution containing 200 mg. in each 10 ml., but
calculated to the dried basis. Loss on drying. —
Not over 8 per cent, when dried in vacuum over
phosphorus pentoxide to constant weight. Residue
on ignition. — The residue from 100 mg. is negligible. U.S.P.
Uses. — The uses of deslanoside are those of
lanatoside C when administered intravenously;
solutions of deslanoside are more stable than
those of lanatoside C but have the same actions,
qualitatively and quantitatively (the difference in
molecular weights is negligible for therapeutic
purposes). For uses see under Lanatoside C.
The usual initial (digitalizing) dose of deslanoside is 1.6 mg. intravenously, with a usual range
of 1.2 to 1.6 mg. The usual daily maintenance
dose, also given intravenously, is 0.4 mg., with a
range of 0.2 to 0.6 mg.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
DESLANOSIDE INJECTION.
U.S.P.
"Deslanoside Injection is a sterile solution of
deslanoside in 10 per cent, by volume, of alcohol
and may contain glycerin. Deslanoside Injection
contains not less than 90 per cent and not more
than 110 per cent of the labeled amount of
C4-H74O19." U.S.P.

Assay. — The injection is assayed colorimetrically by interaction with an alkaline picrate solution; the principle of this assay is the same as
that employed in the assay of digitoxin (see under this title for explanation). U.S.P.
Storage. — Preserve "in single-dose containers,
preferably
of Type I glass, protected from light."
U.S.P.
Usual Sizes. — 0.4 mg. in 2 ml.; 0.8 mg. in
4 ml.
DESOXYCORTICOSTERONE
ACETATE.
U.S.P. (B.P.) (LP.)
Deoxycortone

Acetate, [Desoxycorticosteroni

Acetas]

CH0OCOCH3
CO
1 Z

*

The B.P. defines Deoxycortone Acetate as 21acetoxy-4-pregnene-3:20-dione;
the LP. recog-

nizes Desoxycortone Acetate as 21-acetoxy-3-20diketo-pregnene-4.
B.P. Deoxycortone Acetate; Deoxycortoni Acetas. I.P.
Desoxycortone Acetate; Desoxycortoni Acetas. ^■'-Pregnene-21-ol-3,20-dione Acetate; 11-Desoxycorticosterone Acetate; 21-Hydroxyprogesterone Acetate; 21-Oxyprogesterone
Acetate. Cortate (Schering) ; Doca (Roche-Organon);
Percorten (Ciba). Sp. Acetato de Desoxicorticosterona.

Of the 28 steroid compounds which have been
isolated from the adrenal cortex (see under Suprarenal) the one most active in maintaining life in
adrenalectomized animals is desoxycorticosterone.
In 1937 the compound was prepared in Reichstein's laboratory by transformation of the stigmasterol or cholesterol degradation product 3-oxyA"'-etiocholenic acid; in 1938 Reichstein and his
associates isolated the compound from an ethersoluble beef adrenal concentrate. It differs from
corticosterone, another of the adrenal cortex hormones but which is not as effective in life-maintaining ability as is desoxycorticosterone, in having a hydrogen atom in place of the hydroxyl
group found in corticosterone at carbon atom 11
(for explanation of ring numbering see under
Sterids, Part II). The B.P. states that the substance may be prepared by the action of glacial
acetic acid on 21-diazo-4-pregnen-3:20-dione,
which may be obtained by oxidation of the product of reaction of diazomethane on the acid
chloride of 3-hydroxy-5-etiocholenic acid.
Desoxycorticosterone differs from progesterone
in having a hydroxyl group replace a hydrogen in
the methyl group in position 21; desoxycorticosterone may, therefore, be correctly designated as
21-hydroxyprogesterone. By treatment of progesterone with lead tetraacetate desoxycorticosterone
may be obtained in poor yield. The relationship
of the two compounds is further emphasized in
the fact that desoxycorticosterone also possesses
marked progestational activity. For further information concerning the chemistry of desoxycorticosterone see the excellent review by Kuizenga in
the A.A.A.S. volume on The Chemistry and
Physiology of Hormones (1944).
The official desoxycorticosterone acetate is produced by esterification of the primary alcohol
radical of desoxycorticosterone (at position 21).
Description. — "Desoxycorticosterone Acetate
occurs as a white, or creamy white, crystalline
powder. It is odorless and is stable in air. Desoxycorticosterone Acetate is practically insoluble in
water. It is sparingly soluble in alcohol, in acetone, and in dioxane. It is slightly soluble in
vegetable oils. Desoxycorticosterone Acetate
melts between 155° and 161°." UJS.P. It is also
soluble in propylene glycol.
Standards and Tests. — Identification. — (1)
To a solution of 5 mg. of desoxycorticosterone
acetate in 0.5 ml. of methanol add 0.5 ml. of
silver ammonium nitrate T.S.: the latter is reduced in the cold, but more rapidly on heating,
forming a black precipitate. (2) The absorptivity
(1%, 1 cm.) in alcohol solution, at 240 mji, is
between 430 and 460. Specific rotation. — Not less
than +168° and not more than +176°, when determined ina dioxane solution containing 100 mg.
in each 10 ml. U.S.P. The B.P. and I.P. limit
loss on drying to constant weight, at 105° and
100°, respectively, to 0.5 per cent. The I.P.
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specifies, as one of its identification tests, that
desoxycorticosterone obtained by hydrolysis of
the acetate shall melt, after recrystallization, between 140° and 143°.
Uses. — Until the advent of cortisone, desoxycorticosterone acetate was the mainstay in the
treatment of Addison's disease, in which malady
it restores electrolyte balance, plasma volume,
and blood pressure. It does not, however, correct
the fundamental disturbance of carbohydrate
metabolism, or restore muscle weakness to normal, or significantly reduce pigmentation (Thorn
et al, Ann. Int. Med., 1942, 16, 1053; New
Eng. J. Med., 1953, 248, 232). It is significant
that synthesis of desoxycorticosterone acetate
provided an unlimited quantity of a very active
mineralocorticoid at a price that most patients
could afford. Prior to the availability of the
more potent glycocorticoids — cortisone and hydrocortisone— it was necessary in some patients
and, indeed, in most cases of Addison's disease
when infections or gastrointestinal upsets occurred, to supplement desoxycorticosterone therapy with extracts of adrenal cortex (see under
Adrenal Cortex Injection). After bilateral
adrenalectomy, which is now possible with the
aid of cortisone, some patients require desoxycorticosterone as well as cortisone.
It remains questionable whether desoxycorticosterone is the natural mineralocorticoid
secreted by the adrenal cortex. In view of the
marked activity of this steroid on electrolyte
metabolism it is difficult to establish the trace
amounts sufficient to maintain normal balance.
Hechter et al. (Recent Progress in Hormone
Research, 1951, 6, 215) found this steroid in the
venous blood of perfused beef adrenal glands but
Thorn et al. (loc. cit., 1953) found that urinary
excretion of sodium was completely suppressed
by intravenous infusion of hydrocortisone at a
rate of 12 mg. per hour. A steroid, first named
electrocortin and later renamed aldosterone, having substantially greater activity on electrolyte
metabolism than desoxycorticosterone, has been
isolated from adrenal venous blood (Simpson
et al., Lancet, 1952, 2, 226) and also from the
amorphous residue of adrenal extracts remaining
after separation of the several crystalline components (Pfiffner, Advances Enzymology, 1942, 2,
325; Mattox et al., Proc. Mayo., 1953, 28, 569);
the new steroid differs from free desoxycorticosterone inhaving an aldehyde (in place of a
methyl) at the 18-position and also in having an
additional OH group, attached at the 11-position
(see also below). Nevertheless, desoxycorticosterone is still the most potent mineralocorticoid
available for therapeutic use.
Action. — Absorption. — Desoxycorticosterone
acetate is readily absorbed after intramuscular
or subcutaneous injection, or when it is in contact
with oral mucous membrane. By mouth its activity isfeeble; Kuizenga et al. (Am. J. Physiol.,
1940, 130, 298) reported it to have by this route
only %5 of the effect of an intramuscular injection, for the reason that it is destroyed in the
gastrointestinal tract (Thorn et al., J. Clin.
Endocrinol., 1941, 1, 967). Percutaneous and
rectal absorption are also poor.
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Intermediary Metabolism. — Information on
this subject is meager. Transformation to corticosterone, when desoxycorticosterone was perfused through beef adrenal gland, was observed
by Hechter et al. (loc. cit.). On incubation with
surviving rat liver slices formation of four different allopregnanes occurred; three were 3-hydroxy
compounds, with androgenic activity being
demonstrated (Schneider, /. Biol. Chem., 1952,
199, 235).
Excretion. — Following administration to men
or women with Addison's disease, to a hypogonad
male (Horwitt et al, ibid., 1944, 155, 213), and
also to normal men (Cuyler et al., Endocrinology,
1940, 27, 177) desoxycorticosterone is in part
excreted in the urine as pregnane-3a,20a-diol.
With the small doses employed therapeutically,
there is no increase in urinary 17-ketosteroids
but large doses are converted, in primates, to 17ketosteroids.
Kidney Function. — The chief action of this
steroid is to effect retention of sodium and chloride ions, and water, in the body and to increase
excretion of potassium. There is no constant
effect on calcium or phosphorus metabolism. In
patients with Addison's disease it restores electrolyte and water balance, increases the subnormal
plasma volume and extracellular fluid volume,
increases body weight, and corrects vascular
hypotension (Thorn et al., J. Clin. Inv., 1939,
18, 449; Loeb, Bull. N. Y. Acad. Med., 1940,
16, 47). Renal plasma flow, glomerular filtration
rate, urea and endogenous creatinine clearance,
tubular reabsorption of sodium, and elimination
of potassium are increased; the changes in renal
function may be secondary to restoration of
body sodium and water (Pitts, Adrenal Cortex,
Tr. Third Conf., 1951, New York). Although
there is action on the function of the renal
tubule cell, this accounts for only a small part
of the effect on electrolytes. In the adrenalectomized dog a change of only 2 per cent in the
tubular handling of sodium filtered through the
glomerulus was observed (Roemmelt et al., Am.
J. Physiol., 1949, 159, 124).
In patients with "salt-losing" nephritis, desoxycorticosterone does not benefit either sodium or
potassium excretion (Thom et al., New Eng. J.
Med., 1944, 231, 76). During administration of
ammonium chloride as an acid load for the kidney, it is observed that desoxycorticosterone
affects tubular exchange of sodium, potassium and
water, and also affects excretion of ammonia
(Jimenez-Diaz, Lancet, 1936, 2, 1135). It also
alters the action of mercurial diuretics, and of
vasopressin.
Its effects on potassium and sodium are related.
In the human with rigidly restricted intake of
sodium, it has no effect on potassium excretion
or water excretion or distribution in the bodv
(Seldin et al., J. Clin. Inv., 1951, 50, 673). The
effect on urinary electrolyte excretion appears
within 2 to 4 hours after intramuscular or intravenous injection. In patients with Addison's
disease, the electrolyte effect is produced with a
dose of 1 to 3 mg. per day, whereas individuals
with normal adrenal function require a dose of
10 mg. or more daily and the effect does not
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persist on prolonged administration (Relman and
Schwartz, Yale J. Biol. Med., 1952, 24, 540).
Prolonged use of large doses results in a diabetes
insipidus-like syndrome of increased water intake
and urine output (Zierler and Lilienthal, Am. J.
Med., 1948, 4, 186); perhaps the retention of
sodium results in thirst.
In sweat and saliva similar decrease in sodium
and chloride and an increase in potassium are
found in both normal and adrenal-insufficiency
patients. Similar action on the secretions of the
gastrointestinal tract seems probable since administration ofthe steroid decreases the amount
of sodium removed from the body following ingestion of a cation exchange resin (Berger et al.,
Proc. S. Exp. Biol. Med., 1951, 76, 601).
The action of desoxycorticosterone seems to be
a very fundamental one on cells of the body.
Since the increase in extracellular fluid often
exceeds the amount of water retained in the
body, there must be a transfer of water from
the cells to the extracellular space. An increase
in intracellular sodium and a decrease in potassium is found in both animals and man. The
action is not only on renal function, since it is
observed also in the nephrectomized animal
(Woodbury, Fed. Proc, 1951, 10, 149). In the
normal human, studies of sodium balance and
measurements of "sodium-space" with the radioactive isotope sodium-24 snowed that the latter
increased and continued to do so even after the
initially negative sodium balance ceased on continued administration of the steroid (Luft and
Sjorgren, Acta endocrinol., 1952, 10, 49). This
indicates a direct effect on the cellular storage
of sodium, aside from the action on the excretion
of sodium.
Other Actions. — Weak inhibition of pituitary
corticotropin formation has been demonstrated,
but therapeutic doses have no such action (Sayers
and Sayers, Ann. N. Y. Acad. Sci., 1949, 50,
522). The patient with Addison's disease who is
being maintained on desoxycorticosterone still
shows fasting hypoglycemia, inability to excrete
water normally, and an abnormal electroencephalogram; these abnormalities are corrected
by cortisone. Desoxycorticosterone has no effect
on blood eosinophil count or on inflammatory or
allergic lesions. A progestin-like action has been
observed in animals but not in humans.
Therapeutic Indications. — Addison's Disease.— The clinical features of adrenal insufficiency are great muscular weakness, vascular
hypotension, bronze pigmentation of the skin,
and increased susceptibility to infection. The
outstanding abnormalities include: increased excretion of both sodium and chloride, with a consequent reduction in the sodium chloride content
of both blood and tissues; an increase in blood
serum potassium and urea nitrogen but a marked
decrease in blood volume and body weight. The
proportion of blood sugar is also diminished, unless large quantities of carbohydrates are ingested,
which is improbable because loss of appetite,
with nausea, are among the earliest symptoms.
The glycogen stores of the body are reduced.
Intestinal absorption, protein metabolism, and
the function of other endocrine glands are im-
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paired. According to Rowntree {J. A.M. A., 1940,
114, 2526) the average duration of life in untreated cases due to tuberculosis of the adrenal
gland was about 1 year, while in cases of idiopathic, simple atrophy of the gland it was about
3 years.
In advanced cases diagnosis can often be made
on the basis of clinical findings, but in less
severe situations laboratory studies are usually
required. The rigorous test of Cutler, Power and
Wilder {J. A.M. A., 1938, 111, 117) involving
measurement of sodium excretion in the urine
while on a restricted sodium diet (1.5 Gm. of
sodium chloride daily), accompanied by administration of potassium salts, has been abandoned
because of the significant risk of inducing an
acute adrenal insufficiency. Determination of
blood sugar following a 24-hour fast may likewise
induce an acute Addisonian crisis. The simplified
test of the patient's ability to excrete a large
dose of water, as advocated by Robinson, Power
and Kepler {Proc. Mayo, 1941, 16, 577) has
been most useful (see U.S.D., 24th ed., p. 1172).
A simplification of this water-loading test, devised by Softer and Gabrilove (Metabolism,
1952, 1, 504), is equally valuable. In the morning the fasting patient empties the bladder and
discards the urine. Then 1500 ml. of tap water
is ingested within a period of 20 minutes. The
urine is collected for 5 hours without ingestion
of food or liquids. The individual with normal
adrenal and pituitary function will excrete 1200
to 1900 ml. during the 5 hours; persons with
adrenal insufficiency excrete less than 780 ml.
Normal water excretion after administration of
50 mg. of cortisone indicates adrenal disease, or
after corticotropin indicates pituitary disease
with normal adrenal glands. Care must be observed in interpreting this simple test in patients
with renal or hepatic disease. The response to
corticotropin (q.v.) is the most specific test.
Prior to the development of these tests, a therapeutic trial in which 5 mg. of desoxycorticosterone acetate in oil was injected intramuscularly
every other day for 5 doses, followed by 5
injections of oil containing no hormone, was
employed by Thorn. Improvement of the asthenic
symptoms and signs during the first course of
injections, with relapse during use of the placebo
injections, suggested presence of adrenal insufficiency. It is to be noted, however, that patients
with idiopathic asthenia seldom have adrenal
insufficiency.
The dose of desoxycorticosterone acetate in
Addison's disease is discussed in the next section. The many aspects of the management of
Addison's disease are discussed by Knowlton
(Med. Clin. North America, 1952, 36, 721).
Other Diseases. — In cases of total or subtotal bilateral adrenalectomy for severe essential
hypertension or in certain cases of inoperable
metastatic malignancy, cortisone and an increased
sodium chloride intake (up to 10 Gm. daily) in
the diet often provide adequate substitution
therapy. Some cases require desoxycorticosterone
acetate
to maintain normal electrolyte metabolism.
In

orthostatic

hypotension,

desoxycorticos-

Part I
terone has been used with some symptomatic
benefit, although the decrease in blood pressure
on standing usually persists to some degree at
least.
Controversy exists regarding the therapeutic
value of desoxycorticosterone in epilepsy (Aird
and Gordon, J. A.M. A., 1951, 145, 715; McQuarrie et al., J. Clin. Endocrinol., 1942, 2, 406); in
traumatic shock (Swingle and Parkins, Am. J.
Physiol, 1935, 134, 426; Rosenthal, Pub. Health
Rep., 1943, 58, 513); and in cases of severe
diarrhea to minimize electrolyte disturbance. It
has no value in inflammatory or allergic disorders,
hyperkalemic lower nephron nephrosis, or in
"salt-losing" nephritis. Bell and Stuart (Proc. S.
Exp. Biol. Med., 1951, 77, 550) corrected hyperheparinemia with 25 mg. intramuscularly daily.
It was used beneficially in malnourished, dehydrated infants (Bigler and Traisman, Am. J.
Dis. Child., 1951, 82, 548). As cortisone became
available, interest waned in the report of Lewin
and Wassen (Lancet, 1949, 1, 993) of the transient and variable improvement in cases of arthritis following intramuscular injection of
desoxycorticosterone acetate and intravenous injection of ascorbic acid.
Other Mineralocorticoids. — Of the many
related steroids which may have an effect on
electrolyte metabolism several have had some
clinical evaluation.
Corticosterone, known also as Kendall's Compound B, is A4-pregnene-3,20-dione-ll,21-diol,
and is found in adrenal cortical extracts in high
concentration
(Mason et al., J. Biol. Chem.,
1936, 114, 613; Reichstein, Helv. Chim. Acta,
1937, 20, 953). Both it and hydrocortisone were
found to be the principal steroids obtained when
isolated beef adrenal glands were perfused with
corticotropin (Hechter et al., Recent Progress in
Hormone Research, 1951, 6, 215); it has also
been found in human adrenal venous blood. It
has mineralocorticoid and some glycocorticoid
action, and is effective in management of Addison's disease (Thorn et al., J. Clin. Inv., 1940,
19, 813). Use of this steroid for treatment of
adrenal insufficiency has been suggested (Conn
et al., Trans. A. Am. Phys., 1951, 64, 269). A
daily dose of 25 mg., intramuscularly, affected
urinary sodium excretion in a patient with Addison's disease similarly to 20 mg. of cortisone
acetate or 2 mg. of desoxycorticosterone acetate
administered intramuscularly; in a case with
normal adrenal function 200 mg. was more active
than the same dose of cortisone acetate. There
was an increase in potassium excretion, an increase in body weight, and a decrease in the
red blood cell hematocrit. As with desoxycorticosterone this initial action on electrolyte metabolism did not persist on continued use in normal
subjects. Corticosterone produced the same effects
on carbohydrate metabolism as cortisone but
the former was much less active. In the castrated,
adrenalectomized patient with metastatic carcinoma of the prostate, a dose of 300 mg. daily, by
mouth, was more effective on electrolyte metabolism than 37.5 mg. of cortisone daily, also by
mouth. The Pettenkofer reaction in the urine,
which is increased following injection of cortico-
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tropin, confirms the idea that corticosterone is a
natural steroid of the adrenal cortex. The daily
maintenance dose in some cases of adrenal insufficiency is25 to 50 mg. intramuscularly, or 50
to 100 mg. orally.
11-Dehydrocorticosterone, known also as Kendall's Compound A, is A4-pregnene-3, 11,20trione-21-ol; it was the first adrenal steroid with
glycocorticoid action available in sufficient quantity for clinical trial (Turner et al., J. Biol.
Chem., 1946, 162, 571). It has both mineralocorticoid and glycocorticoid actions (Forsham
et al., Am. J. Med., 1946, 1, 105; Sprague et al.,
ibid., 1948, 4, 175); like corticosterone it has
more effect on electrolyte than on carbohydrate
metabolism. It has been used effectively in treatment of Addison's disease (Homburger et al.,
ibid., 163). The daily maintenance dose in Addison's disease is 40 to 100 mg., intramuscularly.
ll-Desoxy-17 -hydroxy corticosterone, known
also as Reickstein's Compound S, is A4-pregnene3,20-dione-17B,21-diol. It acts like desoxycorticosterone but is much less potent (Clinton and
Thorn, Science, 1942, 96, 343; Gaunt et al., Endocrinology, 1952, 50, 521). In the normal human
a daily dose of 400 mg. by mouth, or 200 mg.
intramuscularly, produced no effect (Fajans et al.,
J. Lab. Clin. Med., 1951, 38, 911) or only a slight
effect (Pearson et al., J. Clin. Inv., 1951, 30, 665)
on electrolytes, calcium and phosphorus excretion,
carbohydrate metabolism, blood lipids and cholesterol, total nitrogen excretion, and uric acid and
creatinine clearances through the kidney. A weak
inhibition of corticotropin but no effect on impaired excretion of a large dose of water in adrenal
insufficiency was reported by Gaunt et al. (loc.
cit.). It had no effect on blood eosinophil count
(Terry and London, Proc. S. Exp. Biol. Med.,
1950, 73, 251). The extensive studies on this
rather inactive steroid resulted from its availability during the period when very little cortisone
was to be had. Presently this steroid has no recognized therapeutic use.
^-Desoxycorticosterone, chemically A1 -alio pregnene-3,20-dione-21-ol is an isomer of the
official desoxycorticosterone which is less active
in sustaining life in the adrenalectomized rat
855).
(Leathern, Proc. S. Exp. Biol. Med., 1950, 74,
Aldosterone (Electrocortin) . — This substance, a
steroid having the structure of 11,21-dihydroxy3,20-diketo-4-pregnene-18-al, has been referred to
in the second paragraph under Uses. While it
is an aldehyde, in solution it is thought to exist
as a hemiacetal (with the hydroxyl at carbon 11)
(Simpson et al., Experientia, 1954, 10, 132). It
has been isolated from beef and hog adrenal
glands (Simpson et al., ibid., 1953, 9, 333; Mattox
et al., Proc. Mayo, 1953, 28, 569; Knauff et al.,
J.A.C.S., 1953, 75, 4868) and appears to be identical with a sodium-retaining corticoid present in
human urine (Luetscher et al., J. Clin. Endocrinol.,
1954, 14, 812). Aldosterone promotes the renal
excretion of potassium and the retention of sodium
and chloride and water (Desaulles et al., Schweiz.
med. Wchnschr., 1953, 83, 1088; Gross and Gysel,
Acta endocrinol., 1954, 15, 199; Kekwick and
Pawan, Lancet, 1954, 2, 162 ; Mach et al., Schweiz.
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med. Wchnschr., 1954, 84, 407; Swingle et al.,
Proc. S. Exp. Biol. Med., 1954, 86, 147). It is 25
to 50 times as active as desoxycorticosterone in
this respect. It is therapeutically effective in patients with Addison's disease in daily doses of 0.1
to 0.2 mg. In doses of 0.1 to 1 mg. daily intramuscularly for 6 days, Ward et al. {Proc. Mayo,
1954, 29, 649) observed no antirheumatic activity
in patients with rheumatoid arthritis, no effect on
the metabolism of protein or carbohydrate, and no
change in the blood eosinophil count or the urinary
17-hydroxycorticoid excretion.
Toxicology. — The untoward effects of desoxycorticosterone are those of excessive hormone action. These include increase in blood volume and
blood pressure, pronounced retention of sodium
chloride and lowering of serum potassium, edema,
and an increase in the size of the heart (Loeb,
Bull. N. Y. Acad. Med., 1942, 18, 263). Intracellular potassium may be replaced by sodium,
with resulting muscular weakness or even paralysis
and heart failure, with histological changes in the
myocardium
(Gobdof and MacBryde, /. Clin.
Endocrinol., 1944, 4, 30. Careful regulation of
sodium, potassium and water intake is important
in the therapeutic program (Thorn, ibid., 1941,
1, 76). Fatal pulmonary edema and congestive
heart failure have occurred. McGavack
(Am.
Heart J., 1944, 27, 331) reported that the size
of the heart was correlated with the clinical condition of the patient with Addison's disease under
treatment with desoxycorticosterone. Perera and
Blood (Ann. Int. Med., 1947, 27, 401) and others
have observed hypertension in patients with Addison's disease, and also in normal persons, in the
course of prolonged treatment with desoxycorticosterone acetate, which condition could not be
connected with abnormal retention of sodium ion,
with increase in blood volume, or with an abnormally labile peripheral vascular system as
measured by the cold pressor test. A functioning
adrenal cortex is essential for the existence of
experimental or clinical hypertension (Schroeder,
Am. J. Med., 1951, 10, 189). The hypotension in
cases of Addison's disease produced by bilateral
adrenalectomy in patients with essential hypertension ischanged to the pre-existing hypertensive
level by administration of desoxycorticosterone
acetate (Thorn et al., Ann. Int. Med., 1952, 37,
972). Selye et al. (J.A.M.A., 1944, 124, 201) produced in rats a polyarthritis with large doses of
desoxycorticosterone acetate; histologically this
resembled that seen in acute rheumatic fever. Frequently Aschoff bodies appeared in the heart, also
periarteritis nodosa lesions. Peschel et al. (Endocrinology, 1951, 48, 399) found that the myocardial lesions were due to potassium deficiency.
Dosage and Dosage Forms. — Desoxycorticosterone acetate is most generally employed. Several esters differ in duration of action (Miescher
et al., Nature, 1938, 142, 435). The acetate in
0.5 per cent concentration in sesame or peanut oil
for intramuscular injection is effective in Addison's disease (Levy-Simpson, Lancet, 1938, 2,
557; Thorn et al, J. Clin. Inv., 1939, 18, 449).
Action on urinary electrolytes appears within 2
hours after intramuscular injection and the effect
of a dose of 1 to 3 mg. persists for more than 24
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hours. Hence, a single daily injection is adequate
(Thorn et al., Am. J. Med., 1951, 10, 595). In
crises of Addison's disease, 5 mg. or more is
required.
Pellets. — Following the successful use of pellets of estrogens or androgens implanted subcutaneously for prolonged therapeutic effect
(Deanesly and Parkes, Proc. Roy. Soc, 1937,
124, 279), pellets of desoxycorticosterone acetate
were used successfully (Thorn et al., Bull. Johns
Hopkins Hosp., 1939, 64, 339). Because of a more
constant therapeutic action, the avoidance of the
daily injection otherwise required, and the greater
efficiency of the steroid, pellets became the standard therapeutic procedure until the availability
of cortisone modified therapy. A pellet containing
125 mg. is absorbed at the rate of 0.3 to 0.4 mg.
daily; the physiological effect of this continuous
action is equivalent to the effect of 0.5 mg. in oil
intramuscularly once daily (McGavack and Reinstein, Endocrinology, 1946, 39, 77). A 75-mg.
pellet implanted subcutaneously is absorbed at a
rate of about 0.24 mg. daily and is equivalent in
action to 0.3 mg. in oil intramuscularly once
daily. To estimate the number of pellets to implant, the daily requirement of the steroid is
determined by intramuscular injection in oil,
using body weight, hematocrit, blood pressure
and size of the heart as a guide to adequate substitution therapy. For each 0.5 mg. in oil required intramuscularly daily, 1 pellet of 125 mg.
is implanted, or for each 0.3 mg. in oil daily a
75 mg. pellet is indicated. However, if more than
4 pellets are indicated, one less than the calculated number is employed in order to avoid the
untoward effects of overdosage. In the average
case 2 to 4 pellets are sufficient, although as many
as 8 have been used. Absorption continues for
8 to 15 months after implantation. Sodium chloride, in 1 Gm. enteric-coated tablets, should be
prescribed daily, commencing 5 or 6 months after
implantation.
Shipley (Am. J. Med. Sc, 1944, 207, 19) made
an incision 1 cm. long in the infrascapular region,
using aseptic surgical technic, for implantation
of pellets. Pockets radiating in various directions
were made with a hemostat in the subcutaneous
tissue. As many as 8 pellets could be inserted
easily through one incision. With care neither
infection nor spontaneous extrusion of pellets
occurs. A pellet implanter, consisting of a special
trocar which fits the size of the pellets accurately,
is a convenience (Perloff, /. Clin. Endocrinol.,
1951, 11, 737).
Transmucosal oral absorption occurs but is
seldom the preferred method of administration.
A solution of free desoxycorticosterone in propylene glycol and 20 per cent ethyl alcohol was
shown to be effective (Anderson et al., J. A.M. A.,
1940, 115, 2167); 5 mg. divided into several
applications daily was equivalent to the action of
1 mg. daily absorbed from pellets. A tablet containing 2mg. of desoxycorticosterone acetate in
a glycol and wax base has been developed; these
"buccalets" are held under the tongue or preferably in the buccal pouch (between the upper lip
and the gum above the bicuspid teeth) . The average daily dose by this route was found to be 4.8
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mg. (Anderson et al., J. Clin. Endocrinol, 1949,
9, 1324). Transmucosal absorption is inadequate
in instances of adrenal crisis.
A repository type injection has been prepared
from microcrystalline desoxycorticosterone trimethyl acetate (Ciba) suspended in isotonic
saline solution with methylcellulose and Tween
20; following intramuscular injection it exerts its
effect in 48 hours and persists for 5 or 6 weeks
(see Thorn and Jenkins, Schweiz. med. Wchnschr.,
1952, 82, 697). For intravenous use desoxycorticosterone glucoside (Ciba), which is more soluble
in water, has been developed (Miescher et al.,
Helv. Chim. Acta, 1942, 25, 40). A 1 per cent
solution, in 10 per cent dextrose with 10 per cent
of acetamide as a stabilizer, has been used intravenously; its action is more rapid and transient
than that following intramuscular administration
of desoxycorticosterone acetate in oil (Meier and
Gross, Deutsche med. Wchnschr., 1950, 75, 1150).
In Addisonian crises a dose of 100 to 300 mg.
intravenously is equivalent to 15 to 20 mg. of
desoxycorticosterone acetate in oil injected intramuscularly.
The U.S.P. gives the following doses: by intramuscular injection, 5 mg. daily, with a range of
2 to 5 mg.; by the buccal route. 2 mg. up to 4
times daily, the range being 2 to 4 mg.; by implantation, 75 mg. for each mg. of daily intramuscular dose.
Storage. — Preserve "in well-closed, light resistant containers." U.S.P.
DESOXYCORTICOSTERONE
ACETATE INJECTION.
U.S.P. (B.P.) (LP.)
"Desoxycorticosterone Acetate Injection is a
sterile solution of desoxycorticosterone acetate in
oil. It contains not less than 90 per cent and not
more than 115 per cent of the labeled amount of
C23H32O4." U.S.P. The B.P. injection is prepared
in ethyl oleate or a suitable fixed oil; the injection is sterilized by heating it in its final containers at 150° for 1 hour or, if the volume in each
container exceeds 30 ml., for a longer time to
insure maintaining the contents at 150° for 1
hour; no assay rubric is provided. The LP. injection is prepared and sterilized similarly, except
that
the
temperatureforof2 150°
is to be maintained
hours.during sterilization
B.P. Injection of Deoxycortone Acetate; Injectio
Deoxycortoni Acetatis. LP. Injection of Desoxycortone
Acetate; Injectio Desoxycortoni Acetatis.

Storage. — Preserve "in single-dose containers,
preferably
of Type I glass, protected from light."
U.S.P.
Usual Sizes. — 5 mg. in 1 ml.

DESOXYCORTICOSTERONE
ACETATE PELLETS. U.S.P. (B.P.)
"Desoxycorticosterone Acetate Pellets consist
of desoxycorticosterone acetate compressed in the
form of pellets, without the presence of any
binder, diluent, or excipient." U.S.P.
The B.P. recognizes Implants of Deoxycortone
Acetate as sterile cylinders prepared by fusion or
heavy compression of deoxycortone acetate with-
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out the addition of any other substance; they are
distributed singly in sterile containers, which are
then sealed so as to exclude microorganisms.
B.P. Implants of Deoxycortone Acetate.

For method of use, and dosage, of these pellets
see the article on Desoxycorticosterone Acetate.
Storage. — Preserve "in tight containers holding one Pellet each." U.S.P.
Usual Sizes. — 75 and 125 mg.
DEXTROSE.

U.S.P. (B.P.)

(LP.)

D-Glucose, [Dextrosum]

HoO
CH2OH-CH-(CHOH)3-CHOH
"Dextrose is a sugar usually obtained by the
hydrolysis of starch. It contains one molecule of
water of hydration, or is anhydrous." U.S.P. The
B.P., under the title Dextrose, recognizes the
anhydrous sugar and, under the title Dextrose
Monohydrate {Dextrosum Hydratum), separately
recognizes the hydrate. The LP. Glucose is a
monohydrate.
B.P. Dextrose Monohydrate; Dextrosum Hydratum.
I. P. Glucose; Glucosum. Anhydrous Glucose; Corn, Grape,
Honey or Starch Sugar. Glucosum (Fr.) ; Saccharum Amylaceum (Ger.). Fr. Glucose officinal; Dextrose; Glycose.
Ger. Traubenzucker ; Starkezucker; Glykose. Sp. Glucosa;
Dextrosa; Azucar de uva.

Dextrose is an aldohexose-type of monosaccharide occurring as a natural constituent of many
plants, its abundance (up to 30 per cent) in grapes
having led to its common designation as grape
sugar. It is the fundamental building unit of such
complex substances as starch, cellulose and cellobiose, and it is a component, along with other
monosaccharides, of sucrose, lactose and certain
other sugars.
Dextrose is commonly prepared by acid hydrolysis of corn starch, the process being similar
to that employed in the manufacture of liquid
glucose (q.v.) except that the reaction is carried
to completion of the conversion of starch to dextrose. After hydrolysis the liquid is neutralized,
decolorized by passage through bone black, and
concentrated to the point of crystallization. The
sugar is available commercially in anhydrous form
and as a monohydrate.
A freshly prepared aqueous solution of the
monohydrate has a specific rotation of +109.6°,
this changing slowly to a constant value of
+52.3°. Tanret, in 1895, prepared a stereoisomeric form of the sugar by crystallization from
a very concentrated solution of ordinary dextrose
at 110° and found this isomer to have an initial
specific rotation of +20.5°, also changing to a
final value of +52.3° on standing. From this observation of the phenomenon of mutarotation it
was concluded that solutions of dextrose represent
an equilibrium mixture of two stereoisomeric
forms, designated a//>/*a-dextrose and beta-dextrose, respectively. The composition of this equilibrium mixture is 35 per cent of the alpha form
and 65 per cent of the beta (Isbell and Pigman,
Bur. Standards J. Research, 1933, 10, 337). For
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further discussion and explanation of this type of
isomerism, as well as of the evidence for the
existence principally of ring forms of dextrose
(with small amounts of open-chain forms) in
solution, see Textbook of Biochemistry, West and
Todd, 1955, or Outlines of Biochemistry, Gortner
and Gortner, 1949, or General Biochemistry,
Fruton and Simmonds, 1953.
Description. — 'Dextrose occurs as colorless
crystals or as a white, crystalline or granular
powder. It is odorless, and has a sweet taste. One
Gm. of Dextrose dissolves in about 1 ml. of water
and in about 60 ml. of alcohol. It is more soluble
in boiling water and in boiling alcohol. The specific rotation of Dextrose, previously dried at
105° for 16 hours, determined in a solution containing 10 Gm. of the dried Dextrose and 0.2 ml.
of ammonia T.S. in each 100 ml., is not less than
+52.5° and not more than +53°." U.S.P.
Dextrose monohydrate dissolves in its water of
crystallization at about 86°; the anhydrous sugar
melts with decomposition at about 147°, caramel
being produced at higher temperatures.
Standards and Tests. — Identification. — A
copious red precipitate, of cuprous oxide, forms
on adding a few drops of a 1 in 20 solution of
dextrose to 5 ml. of hot alkaline cupric tartrate
T.S. Color of solution. — A solution containing
25 Gm. of dextrose in 50 ml. has no more color
than a mixture of 0.3 ml. of cobaltous chloride
C.S., 0.9 ml. of ferric chloride C.S., 0.6 ml. of
cupric sulfate C.S., and 48.2 ml. of water. Acidity.
— Not over 0.3 ml. of 0.02 N sodium hydroxide
is required to neutralize a solution of 5 Gm. of
dextrose in 50 ml. of carbon dioxide-free water,
using 3 drops of phenolphthalein T.S. as indicator. Water. — When dried at 105° for 16 hours the
anhydrous form loses not over 0.5 per cent of its
weight, while the hydrous form loses not less than
7.5 per cent and not more than 9.5 per cent of
its weight. Residue on ignition. — Not over 0. 1 per
cent. Chloride. — The limit is 180 parts per million.
Sulfate. — The limit is 250 parts per million.
Arsenic. — The limit is 1.3 parts per million. Heavy
metals. — The limit is 5 parts per million. Dextrin.
— When 1 Gm. of finely powdered dextrose is
boiled with 15 ml. of alcohol under a reflux condenser it dissolves completely. Soluble starch,
sulfites. — A yellow color results when a drop of
iodine T.S. is added to a solution of 1 Gm. of
dextrose in 10 ml. of water. U.S.P.
The B.P. limits loss of weight on drying to constant weight at 105° to 2.5 per cent for the anhydrous sugar, and between 6.0 and 10.0 per cent
for the monohydrate. The LP. loss on drying to
constant weight at 100° is not less than 8.0 per
cent and not more than 10.0 per cent. The B.P.
and LP. both limit arsenic to 1 part per million
and lead to 2 parts per million.
When the structure of dextrose (D-glucose) is
shown by an open chain type of formula, it is seen
that it consists of an aldehyde (CHO) group at
one end of the chain, a primary alcohol (CH2OH)
group at the other end, and four secondary alcohol (CHOH) groups between these terminal
groups. While this formula does not represent the
form in which dextrose ordinarily exists, at least
in solution, it does explain how three different
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and important acids may be obtained by oxidizing
one or more of the terminal groups without
splitting the molecule of dextrose. If dextrose is
treated with strong nitric acid both the aldehyde
and the primary alcohol groups are oxidized to
carboxyl (COOH) groups, giving rise to saccharic
acid (more exactly designated D-saccharic acid).
Controlled oxidation, which may be effected by
biologic, electrolytic or chemical means, brings
about a selective oxidation of the aldehyde group
to carboxyl, producing gluconic acid (more
exactly, x>-gluconic acid). If the aldehyde group
of dextrose is protected against oxidation by prior
conversion to glycoside, oxidation of resulting
compound converts the primary alcohol group to
carboxyl, and from the product glucuronic acid
(d- glucuronic acid) may be obtained by hydrolysis.
Uses. — The natural sugar occurring in blood
is dextrose. It is obtained primarily from food
carbohydrates which undergo hydrolysis, catalyzed
by digestive enzymes, to simple 6-carbon sugars
which are absorbed after phosphorylation in the
intestine. The metabolism of dextrose consists of
its assimilation, storage, distribution and utilization by the tissues. Each of these processes is
regulated by a variety of hormones and enzymes
which govern the rate and direction of its disposition by the body. The actual blood-sugar
levels are regulated by several factors, including
the rate of absorption (influenced by thyroxin),
the extent of storage within the liver (as glycogen)
and its release from this organ, the rate of utilization for formation of energy, and the variables
of other routes of disposal. Within the usual
physiologic limits of blood-sugar content, this
substance does not appear in significant amounts
in the urine because of an active transport mechanism which is provided for its reabsorption
within the tubules from the glomerular filtrate.
Dextrose is the principal source of energy for
the body. It is oxidized by an intricate series of
reactions, each of which provides a small pocket
of energy which is stored within the tissues as
adenosinetriphosphate and creatine phosphate.
The energy thus produced is available for mechanical work, osmotic work, cellular biosynthesis
and secretion, and body heat. The enzymatic reactions involved may convert dextrose to CO2 and
H2O, or, if sufficient oxygen is not present, to
lactic acid which can be resynthesized to glycogen
by the fiver. In addition to providing energy (4
Calories per Gm.), dextrose is readily converted
to fat, which provides a rich store of energy in
concentrated form (9 Calories per Gm.). Dextrose is also stored within the liver and muscles
as glycogen. When a rapid rise in blood sugar is
demanded by the body, glycogen is quickly liberated as D-glucose by the action of hepatic enzymes
activated by epinephrine or the hyperglycemicglycogenolytic factor of the pancreas. When the
supply of dextrose is insufficient, the body mobilizes its fat stores which are converted to acetate
with production of energy by the same oxidative
pathways employed in the combustion of the dextrose. When the products of fat breakdown exceed the rate of their combustion by the tissues,
ketonemia and acidosis result. The restoration of
normal dextrose combustion will correct this con-
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dition by depressing the rate of ketone-body
formation.
Another important use of dextrose in the total
body economy is the sparing of proteins, which
in the absence of dextrose may be deaminated to
provide carbon moieties from their constituent
amino acids. These deaminated fragments may
undergo oxidation in order to release energy. Dextrose is also the probable source of glucuronates
(see chemical discussion above), necessary for
detoxification of certain noxious substances and
steroid hormones by the liver. It probably provides the basic substances required for the formation of hyaluronates and chondroitin sulfates,
the supporting structures of the organism. It can
be converted to a pentose essential for the formation of nucleoprotein by the cells. It is quite
apparent that, in addition to its importance as
the primary source of energy for the body, dextrose has a multitude of other essential roles in
the body economy.
It is important to realize the relationship between the utilization of dextrose and the B vitamins which form the coenzyme systems in its
metabolism. The administration of dextrose without an adequate provision of these vitamins will
exhaust tissue stores of these factors, leading to
deficiency states. Similarly, the utilization of glucose will cause the intracellular movement of
potassium so that provisions for replacement of
this element during periods of dextrose administration may require consideration under certain
conditions. The level of blood-sugar appears to
be one factor in governing the rate of production
of certain hormones: hyperglycemia invokes an
outpouring of insulin; hypoglycemia causes release of epinephrine and through this latter mechanism the pituitary-adrenal cortex axis is stimulated. From the anterior pituitary and adrenal
cortex, the anti-insulin factors which tend to restore the blood sugar to normal are liberated.
An excess of energy-yielding dextrose may improve the efficiency of myocardial and skeletal
muscle performance, although Ingle (Am. J.
Physiol., 1951, 165, 473; found that the fluid
load administered during the glucose infusion is
an important factor. For discussion of the value
of intravenous injections of dextrose solutions,
see under Dextrose Injection and Dextrose and
Sodium Chloride Injection, [v]
Labeling. — "Label Dextrose to indicate
whether it is hydrous or anhydrous." U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep.— Dextrose Injection, U.S.P. , B.P.,
LP.; Dextrose and Sodium Chloride Injection;
Anticoagulant Sodium Citrate, Citric Acid and
Dextrose Solution, £/.S./,.;Hypophosphites Syrup;
Compound Hypophosphites Syrup; Sodium Chloride and Dextrose Tablets, N.F.; Injection of
Bismuth, B.P.
DEXTROSE INJECTION.
U.S.P. (B.P.) (LP.)
[Injectio Dextrosi]

"Dextrose Injection is a sterile solution of dextrose in water for injection. It contains not less
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than 95 per cent and not more than 105 per cent
of the labeled amount of C6H12O6.H2O. Bacteriostatic agents must not be added to Dextrose InU.S.P.
The B.P.jection."recognizes
the same preparation; the
solution is to be sterilized, immediately after
preparation, by heating in an autoclave or by
filtration through a bacteria-proof filter. The LP.
requirement of the content of dextrose, as monohydrate, is the same as that of the U.S.P.;
sterilization by heating in an autoclave at 115°
for 15 minutes or by bacteriological filtration is
permitted.
B.P. Injection of Dextrose. LP. Injection of Glucose;
Injectio Glucosi. Dextrose Ampuls; Glucose Ampuls.
Ampullae Dextrosi; Injectio Glucosae. Fr. Solute injectable
hypertonique de glucose; Solute injectable isotonique
de glucose. Sp. Inyeccion de glucosa, isotonica ; Inyeccion
de glucosa, hipertonica; Inyeccion de Dextrosa.

Dextrose solutions, if made from the pure
sugar, do not discolor on autoclaving but they do
become acid in reaction, for which reason Williams and Swett (J.A.M.A., 1922, 78, 1024) proposed adding to them a buffering mixture of
monopotassium and dipotassium phosphate. Other
substances, as for example sodium citrate in 0.25
per cent concentration, have been used for the
same purpose. But any advantage that may be
gained by maintaining the pH constant is offset
by pronounced coloration of the solution, often
mistaken for caramelization, which occurs on heat
sterilization; the higher the temperature and the
longer the time of sterilization the more intense
the coloration. Buffered solutions of this type may
be prepared by separately sterilizing the dextrose and the solution of the buffering agent, then
mixing the solutions under the most rigid precautions to avoid contamination, followed by bacterial filtration of the product. Some manufacturers supply a separate container of buffer,
which is to be mixed with the dextrose solution
just before use. The Council on Pharmacy and
Chemistry of the American Medical Association
voted, however, to discontinue acceptance of dextrose solutions with buffers and to omit them
from N.N.R. because of lack of evidence for the
value or necessity of buffering them (J.A.M.A.,
1942, 119, 499).
Though it has been stated that the coloration
of dextrose is due to impurities in it, such as
levulinic acid and hydroxymethyl furfural, the
experiments of Englis and Hanahan (J.A.C.S.,
1945, 67, 51) indicate that even pure samples of
dextrose develop color on heating of their solutions in the presence of a buffer; these workers
found that dextrose undergoes a considerable conversion toketoses, chiefly levulose, on autoclaving
the solutions in the presence of a phosphate buffer
at an initial pH of 6.4 to 6.6.
It is well known that monosaccharides are unstable in alkaline solution. Even in slightly alkaline solution dextrose undergoes intramolecular
rearrangements to form six other hexoses, including levulose and mannose. In more strongly
alkaline solutions dextrose rearranges to form a
series of unsaturated enol compounds which are
unstable and readily undergo cleavage at the
double bond. The 3,4-enediol form of dextrose,
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for example, yields glyceric aldehyde and dihydroxyacetone. It is asserted that dextrose can
form 116 different compounds as the result of
rearrangements and cleavages occurring in alkaline solutions, and depending also on whether
oxygen is present or absent.
Dextrose solutions are likely to show mold
growth which is not macroscopically visible for
months after preparation; tests for molds utilizing the common culture media for molds may require several weeks of incubation before presence
of such organisms may be established. It is therefore imperative that in manufacturing dextrose
solutions every precaution be taken to insure freedom from bacterial and mold contamination of
the solution and its containers; as a further safeguard against accidental contamination the containers filled with solution should be sterilized by
autoclaving.
Standards and Tests. — Identification. — The
injection responds to the identification test under
Dextrose. pH. — Between 3.5 and 6.5. Heavy
metals. — The limit is 5 parts per million. Pyrogen.
— The injection, diluted if necessary to contain
not more than 5 per cent of dextrose, meets the
requirements of the Pyrogen Test. U.S.P.
Assay. — A volume of injection equivalent to
2 to 5 Gm. of dextrose is mixed with 0.2 ml. of
ammonia T.S. and sufficient water to make 100
ml. After 30 minutes the angular rotation, observed in a 200-mm. tube and at 25°, is determined. The rotation is multiplied by 1.0425 to
obtain the weight of C6H12O6.H2O represented in
the volume of injection taken for analysis. U.S.P.
Uses. — Dextrose is injected intravenously
either in a 5 per cent solution, which is approximately isotonic with the blood, a 10 per cent
solution, or as a highly concentrated solution,
from 25 to 50 per cent (see also under Dextrose
and Sodium Chloride Injection). The therapeutic
uses of these solutions are very different. The
5 or 10 per cent solutions are used like the isotonic injection of sodium chloride for increasing
the volume of blood either in combating circulatory failure due to hemorrhage or surgical shock,
in counteracting the dehydration which often
occurs as the result of disease — excessive vomiting or purging, especially in children (Sanford
and Heitmeyer. J. A.M. A., 1928, 90, 737), lack of
sufficient fluid intake, fever — and for maintaining
caloric intake. According to Fantus (J. A.M. A.,
1934, 102, 2165) dextrose solution is better in
cases of dehydration than sodium chloride, unless
there is also loss of electrolytes, because as dextrose is oxidized in the body a larger percentage
of water becomes available to the system. When
water alone is needed parenterally. 5 per cent
dextrose in distilled water is the fluid of choice.
A 5 per cent dextrose solution causes no deformation of the red blood cells. Dextrose solution is
also superior to salt solution in circulatory failure
because of its greater viscosity and because the
sugar has a roborant effect on the heart and probably other bodily functions. When nutrition is the
object of treatment, 10 per cent dextrose is preferred. For subcutaneous administration (hypodermoclysis) , the isotonic 5 per cent solution in
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distilled water is used. Objections have been raised
to hypodermoclysis with solutions which do not
contain sodium chloride in dehydrated patients
(Abbott et al., Surgery, 1952, 32, 305; Mateer
et al, Am. J. Med. Sc, 1953, 226, 139) because
of the tendency to produce hyponatremia as
sodium diffuses from the blood into the nonsodium containing pool of dextrose solution in the
subdermal injection site.
Hypertonic solutions, 25 to 50 per cent, are
used partly because of their dehydrating effects
and partly because they are believed to strengthen
the heart muscle. In some conditions, such as
pulmonary edema, the concatenation of these two
actions is of great value. The dehydrating effect
results from the increase of the osmotic density
of the blood and a consequent passage of water
from the surrounding tissues into the blood vessels; the increase in the volume of blood which
results tends to augment the output of urine and
other secretions. Increased cerebrospinal fluid
pressure is depressed for 2 to 4 hours after intravenous injection of 50 ml. of 50 per cent dextrose
solution. In circulatory failures which are primarily of cardiac origin an increased volume of
blood shows an added strain upon the heart.
Murphy and colleagues {J. A.M. A., 1941, 116,
104) found that although intravenous injection
of large volumes of approximately isotonic solutions had deleterious effects on cases of heart disease, small quantities (50 ml.) of a 50 per cent
dextrose solution were often beneficial. The simultaneous administration of insulin has been advocated by some for the purpose of increasing the
utilization of the dextrose, but others have pointed
out that the resulting increased consumption of
carbohydrate in the muscles may actually result
in a decreased rather than an increased deposit
of glycogen in the liver. The conjoint administration of dextrose and insulin may be of lifesaving
importance in the treatment of diabetic coma.
Root (I.A.M.A., 1945. 127, 557) attributed many
of the fatalities in diabetic coma to the use of
dextrose and fists the following arguments against
its use: no more than 5 to 10 Gm. of carbohydrate
can be or need be oxidized per hour to check
ketone formation; glucose neutralizes the action
of insulin; a rise in blood-sugar is produced which
makes it difficult to determine the required dose
of insulin; excessive hyperglycemia is harmful to
the pancreas; glycosuria increases depletion of
salt and water; hyperglycemia in the presence of
acidosis may result in anuria; and excessive glucose damages the fiver. Peters (Yale I . Biol. Med.,
1945, 17, 705) listed the following advantages in
the use of dextrose in diabetic coma : supplying
the body with dextrose prevents the destruction
of protein and the resulting overproduction of
ketones ; it diminishes the drain on the inadequate
glycogen stores; it builds up the stores of glycogen in the liver and muscles; and it avoids hypoglycemic reactions resulting from large doses of
insulin.
The amount of dextrose that the normal individual can metabolize is about 800 mg. per kilogram per hour, which would correspond in an
average man to approximately 1 liter of a 5 per
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cent solution ; unless insulin is administered simultaneously any excess of glucose much above this
amount will appear in the urine (see Titus and
Lightbody, Am. J. Obst. Gyn., 1929, 18, 208).
When using concentrated solutions of dextrose it
is important that these should be injected very
slowly so as not to cause a local rise in the osmotic
tension of the blood at the point of injection.
Dextrose has been combined with solutions of
protein hydrolysates in concentrations of 5 to 10
per cent to increase the caloric value of these
preparations for parenteral nutrition. These hypertonic solutions may produce local phlebitis.
A number of serious reactions have been reported following the intravenous injections of
dextrose which can be attributed to errors in
technique. It has been claimed that dextrose may
produce allergic reactions in corn-sensitive persons (Editorial, J. A.M. A., 1950, 144, 1379);
however, this is refuted (Feinberg et al. and
Loveless, ibid., 1951, 145, 666; Ratner, ibid.,
1369).
Dilute dextrose solutions are occasionally injected intraperitoneally, especially in children,
and more infrequently intramuscularly. The 20 to
50 per cent solution has been used to cause irritation in the pleura when an adhesive pleuritis
is desired; this agent causes less febrile reaction
than beef broth which has also been used. The
50 per cent solution is used to sclerose varicose
veins. In the treatment of acute alcoholism, intravenous dextrose — 1 liter of 10 per cent solution
or 50 ml. of 50 per cent solution — is used; unmodified insulin, 20 units, and thiamine hydrochloride, 100 mg., are added to the infusion.
Glesne (Anesthesiol., 1950, 11, 702) recommended dextrose injection intrathecally or intravenously inthe management of post-spinal puncture headache, E
The dose of 5 per cent dextrose injection, by
intravenous or hypodermic administration, depends on the needs of the patient. It is about 500
ml., with a range of 100 to 1000 ml. The maximum safe dose is 1000 ml. and the total dose in
24 hours should seldom exceed 2000 ml. For doses
of other solutions see above.
Storage. — "Preserve Dextrose Injection in
single-dose containers, preferably of Type I, Tvpe
II, or Type IV glass." U.S.P.
Usual Sizes. — 5 per cent, in 250, 500, and
1000 ml.; 10 per cent, in 5, 250, 500, and 1000
ml; 20 per cent, in 500, and 1000 ml; 25 per
cent, in 50 ml.; 50 per cent, in 20, 50, 100, and
500 ml.

DEXTROSE

AND SODIUM
CHLORIDE INJECTION.
U.S.P.

[Injectio Dextrosi et Sodii Chloridi]

"Dextrose and Sodium Chloride Injection is a
sterile solution of dextrose and sodium chloride
in water for injection. It contains not less than
95 per cent and not more than 105 per cent of
the labeled amount of C6H12O6.H2O and of NaCl.
It contains a bacteriostatic agent only when labeled for use as a sclerosing agent." U.S.P.

Chloride
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Sp. Inyeccion de Dextrosa y Cloruro de Sodio.

Standards and Tests. — Identification. — The
injection responds to the identification test provided for Dextrose, and to tests for sodium and
for chloride. Heavy metals. — The limit is 5 parts
per million. Pyrogen. — The solution, diluted if
necessary to contain not more than 0.9 per cent
of sodium chloride and not more than 5 per cent
of dextrose, meets the requirements of the official
Pyrogen Test. pH. — The pH is between 4.0 and
6.0. U.S.P.
Assay. — For sodium chloride. — A volume of
solution representing about 200 mg. of sodium
chloride is diluted with distilled water to about
50 ml.; while agitating, 50 ml. of 0.1 N silver nitrate, then 3 ml. of nitric acid and 5 ml. nitrobenzene are added and the excess of silver nitrate
titrated with 0.1 N ammonium thiocyanate, using
ferric ammonium sulfate T.S. as indicator. Each
ml. of 0.1 N silver nitrate represents 5.845 mg.
of NaCl. The purpose of the nitrobenzene is to
prevent the silver chloride from reacting with the
thiocyanate. For dextrose. — A volume of injection equivalent to 2 to 5 Gm. of dextrose is
mixed with 0.2 ml. of ammonia T.S. and sufficient
water to make 100 ml. After 30 minutes the angular rotation, observed in a 200-mm. tube and at
25°, is determined. The rotation is multiplied by
1.0425 to obtain the weight of C6H12O6.H2O
represented in the volume of injection taken for
analysis. U.S.P.
Uses. — Parenteral Nutrition. — The development of fluids for parenteral use providing
water, electrolytes, dextrose, vitamins, proteins,
amino acids and other nutrients has been one of
the big advances in therapeutics of the last two
decades. First it was recognized that the serious
features of many diseases were the result of nutritional disturbances and that many complications following surgical procedures were of this
nature. After much investigation it has become
possible to correct these disturbances and to maintain patients in water, chemical and nutritional
balance as long as necessary by parenteral means
(Butler and Talbot, New Eng. J. Med., 1944, 231,
585, 621). The uses of parenteral fluids include
replacement of water loss, provision of caloric
intake, restoration of chemical balance, prevention
and treatment of hypoproteinemia, control of
shock, administration of adequate vitamins and
provision of indicated chemotherapy (see also
under Dextrose Infection). Many advances in
fluid and electrolyte therapy have been made by
pediatricians (Gamble, Extracellular Fluid, Harvard University Press, 1951).
Dehydration. — Next to oxygen, water is the
most immediately vital substance. A loss of 10
per cent of body water results in serious disorder
(Coller and Maddock, Ann. Surg., 1935, 102,
947) and a loss of 20 per cent is usually fatal.
Because of vomiting or diarrhea many patients
have lost considerable fluid when they come under
treatment. During surgical procedures losses of
1000 to 1500 ml. due to perspiration and evaporation from the skin and lungs are not uncommon.
The amount of fluid secreted by the gastrointesti-

432

Dextrose

and

Sodium

Chloride

Injection

nal tract in 24 hours is estimated to be from 7000
to 8000 ml. (saliva, bile, gastric juice, pancreatic
juice, intestinal secretions) which is an amount
exceeding the usual total blood volume of the
adult. Blood loss, vomitus, drainage from intestinal fistulas or diarrhea, and massive exudation
from inflamed surfaces, as in extensive burns,
pneumonia, etc., greatly increase dehydration.
Under normal circumstances, the daily requirement for water intake is about 2500 ml., of
which 1500 ml. is needed to replace vaporization
from the skin and lungs and 1000 ml. to replace
excreted urine. In the presence of fever daily
losses are increased, so that 3500 ml. is a better
estimate of the needs. To this increased need
must be added the abnormal fluid losses already
mentioned, which may reach enormous proportions. Furthermore, previous fluid losses must be
corrected. A patient with the common signs of
dehydration, such as dry hot skin, dry tongue,
sunken eyes, fever, and scanty urine, may be
assumed to have lost an amount of fluid equal to
6 per cent or more of the body weight, which
amounts to 3 to 4 liters for the adult of average
size. The sum of these several needs not infrequently amounts to 7 liters or more. In the case
of young and otherwise robust patients even
7000 ml. of parenteral fluids may be given safely
at a rate of 1000 ml. per hour. For older individuals and particularly those with circulatory deficiency an attempt to replace so much fluid in a
single day is inadvisable. When volumes of fluid
of 3500 ml. or less are to be given, a rate of
intravenous injection of 300 to 500 ml. per hour
is usually safe. When larger volumes are required, Coller and Maddock (Am. J. Stirg., 1939,
46, 426) advocated continuous injection for 20
out of the 24 hours at a rate of 200 ml. per hour.
In the presence of shock or hemorrhage, however,
many cases will tolerate and benefit by the rapid
injection (up to 30 ml. per minute) of the first
liter of solution. Although normal kidneys are
capable of excreting the daily waste products of
body metabolism in about 500 ml. of concentrated
urine (specific gravity about 1.030), a volume of
1000 to 1500 ml. of urine daily may be necessary
in the presence of impaired renal function due
to disease or secondary to circulator}* or metabolic
disturbances. Although there are many causes of
oliguria, dehydration should be considered first
and corrected.
Sodium Chloride. — The sodium chloride metabolism of seriously ill patients is profoundly
affected. There may be no intake of food and
water by mouth so that no new salt becomes
available. Renal tubular reabsorption of salt,
however, effectively retains this substance under
these conditions. There may be abnormal losses
of salt from the body as a result of vomiting
and diarrhea, which are by far the most common,
drainage from the intestinal and biliary tract
through tubes and fistulas, copious wound secretions, withdrawal of considerable volumes of
ascitic fluid and prolonged sweating. The usual
salt intake in the average diet under normal conditions is5 to 6 Gm. daily. It should be emphasized that 1000 ml. of isotonic sodium chloride
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solution contains 9 Gm. of salt and the injection
of 3 liters of this solution daily introduces 27 Gm.
of salt, which, unless needed, results in salt retention and in local and visceral edema. In restoring and maintaining water and electrolyte
balance, laboratory determinations of hematocrit,
blood-chlorides, carbon dioxide and plasma-proteins should be made daily until the situation has
become stabilized (see Carr, Surg. Gynec. Obst.,
1944, 79, 438). Patients with gastric suction
should be given normal saline or Ringer's solution
to replace, volume for volume, the amount siphoned from the stomach or intestine, and the
balance of the fluid requirement should be administered in the form of dextrose in distilled
water. The losses of potassium sustained in such
circumstances must also be replaced (see under
Potassium Chloride).
Dextrose. — Dextrose should be supplied to all
patients given parenteral fluids (Bassett, West. J.
Surg., 1938, 46, 212). When no food is taken by
mouth, the glycogen supply of the body rapidly
becomes exhausted. Endogenous fat, which then
forms the main source of energy, is mobilized,
leading to ketonemia and starvation acidosis.
Dextrose also protects the liver from damage and
supplies calories.
Protein. — Protein deficiency is common due to
diminished and restricted food intake, deficient
absorption, increased metabolic demands, plasma
loss in trauma and bums and blood loss in hemorrhage and at operation. Blood plasma and amino
acid solutions have become available in sufficient
quantity to deal effectively with hypoproteinemia
by the parenteral route. In general, amino acids
are indicated for restoring and maintaining tissue
proteins and plasma for depleted serum proteins.
In the presence of hypoproteinemia (less than 5.5
Gm. per 100 ml.), fluids tend to leave the blood
vessels due to the decreased osmotic pressure of
the blood and the intravenous administration of
saline aggravates this tendency. Proper control of
fluid and electrolyte balance with parenteral
saline and dextrose is difficult unless serum protein is maintained at a normal level (Coller et al.,
Ann. Surg., 1945. 122, 663). The practical difficulty of supplying sufficient calories in the form
of parenteral solutions to prevent the utilization
of the injected amino acids for energy rather
than the restoration of protein is discussed under
Amino Acids, in Part II.
Vitamins. — Parenteral vitamins are also necessary in patients receiving only parenteral fluids.
This is particularly true of the B vitamins, which
are stored in the body for only short periods of
time, but vitamins C and A. D and K are also
important in the presence of disease.
Indications. Sodium Chloride. — Many solutions are used parenterally. Isotonic sodium chloride solution is employed to provide the daily
salt requirements. In patients who have not lost
a great deal of electrolyte, 500 to 1000 ml. daily,
with or without 5 per cent dextrose, will furnish
sufficient sodium chloride. It is also used to replace, volume for volume, fluids lost by vomiting
or gastric suction drainage. To correct hypo-
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chloremia, the following formula serves as
helpful approximation of the dose required:
0.5 Gm. X

body weight
in
(kilograms

a

x

H

580 mg. \_\ plasma sodium
chloride in
per cent
mg. per cent ,
100

de
chlori
red
requi
The isotonic sodium chloride solution is alsoum
.sodi
particuused in instances of acidosis or alkalosis
(Gm ely,
Unfortunat
larly where dehydration is severe.
there is a prevailing tendency to give salt solution
to all patients needing fluids parenterally. This
practice often results in the administration of
excess salt and the development of edema. Fluid
requirements over and above the amount of
sodium chloride required should be administered
in the form of S per cent dextrose in distilled
water.
Dextrose. — Dextrose solutions are used for
temporary replacement of blood volume in shock,
for antiketogenic effect in organic acidosis, for
caloric value, for replenishing the glycogen supply
of the liver and as a source of water without salt.
In the absence of dehydration the 5 per cent
dextrose solution in distilled water or isotonic
sodium chloride solution causes diuresis. Dextrose
solution in distilled water will neither relieve nor
prevent dehydration in patients who have lost or
are losing considerable amounts of electrolytes.
The 5 per cent solution without salt is employed
to provide water after any electrolyte deficiency
has been corrected with isotonic sodium chloride
solution with or without dextrose according to
the needs of the patient. For hypodermic injection (hypodermoclysis), the 2.5 per cent dextrose
solution in isotonic sodium chloride solution or
the 5 per cent dextrose solution in distilled water
is used.
Variants.
— Ringer's
perhapsin preferable to sodium
chloridesolution
solutionis alone
that it
provides small amounts of calcium and potassium
which may also be depleted. It has less tendency
to cause abnormal water retention. Hypertonic
saline solutions (2 to 5 per cent) are rarely given
intravenously and only in conditions of extreme
and dangerous hypochloremia such as seen in
cholera. Hypertonic dextrose solutions are not
used in treating dehydration. For patients requiring larger amounts of carbohydrates and calories, the 10 per cent dextrose solution in distilled water is useful as in cases of liver damage,
severe hyperthyroidism or severe malnutrition.
Injection at a rate of 200 to 300 ml. per hour
produces only a minimal amount of glycosuria
and diuresis. The 25 to 50 per cent dextrose
solutions are used to produce dehydration of the
brain and other tissues, to produce diuresis and
to provide carbohydrate and calories. Ethyl alcohol to the extent of 5 to 10 per cent has been
added to dextrose solutions (Moore and Karp,
Surg. Gynec. Obst., 1945, 80, 523) to induce hypnotic, analgesic, vasodilator and caloric effects;
not more than 3000 ml. of the 5 per cent alcohol
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and dextrose solution should be given in each 24
hours. When large amounts of dextrose are given,
thiamine, nicotinamide and riboflavin should be
given to ensure metabolism of the dextrose. In
the presence of acidosis, sodium bicarbonate in
distilled water or sodium lactate solution with or
without saline or dextrose is used (see under
Sodium Lactate). For alkalosis, which does not
respond to attempts to correct the deranged balance of water and electrolytes, ammonium chloride has been used cautiously (see under Ammonium Chloride). Dextrose is combined with
citric acid and sodium citrate as a preservative
for whole blood (Strumia, /. Clin. Inv., 1947, 26,
278). The intravenous use of plasma and of
amino acid solutions is discussed elsewhere.
Other Routes. — In lieu of suitable veins, the
5 per cent dextrose solution in distilled water or
in isotonic sodium chloride solution has been injected into the marrow cavity of the sternum in
adults or of the tibia of infants (Tocantins and
O'Neill, Surg. Gynec. Obst., 1941, 73, 281); rates
of injection with the reservoir elevated 3 to 6
feet above the bone as rapid as is safe with the
intravenous route have been obtained. Peritoneal
lavage with these solutions has effectively reduced
the concentration of blood urea nitrogen and
other catabolites in the treatment of temporary
renal insufficiency such as occurs after hemolytic
transfusion reactions or bichloride of mercury
poisoning (Abbott and Shea, Am. J. Med. Sc,
1946, 211, 312). Peritonitis has been difficult to
prevent in this method of treatment.
Sclerosing Agent. — A 25 per cent dextrose
and 15 per cent sodium chloride solution has been
employed as a sclerosing agent in the treatment
of varicose veins; with tourniquets applied to
confine the solution to the portion of the vein to
be injected, from 5 to 20 ml. \z injected slowly
and with caution. Extravasation causes severe
pain and perhaps sloughing, [vj
Dose. — The usual dose of a 5 per cent dextrose
and isotonic sodium chloride solution, intravenously or hypodermically, is 500 ml., with a range
of 100 to 1000 ml. The maximum safe dose is
1000 ml. and the total dose in 24 hours should not
exceed 5000 ml.
Storage. — "Preserve Dextrose and Sodium
Chloride Injection in single-dose containers, preferably of Type I or Type IV glass. Dextrose and
Sodium Chloride Injection for use as a sclerosing
agent may be dispensed in multiple-dose containers." U.S.P.
DIALLYLBARBITURIC ACID.
N.F.
CH„

»-y2cH=.
"Diallylbarbituric Acid, dried at 105° for 4
hours, contains not less than 98.5 per cent of
C10H12N2O3." N.F.
ch*ch=
Allobarbitone, B.P.C.>_/
Dial (.Ciba).

The synthesis of 5,5-diallylbarbituric acid, as
reported by Johnson and Hill (Am. Chem. J.,
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1912, 46, 537), may be achieved by interaction
of diethyl diallylmalonate and urea (see also U. S.
Patent 1,042,265, October 22, 1912).
Description. — "Diallylbarbituric Acid occurs
as white, odorless, glistening, small crystals, or as
a white crystalline powder, with a slightly bitter
taste. A saturated aqueous solution is acid to
litmus paper. It is stable in air. Diallylbarbituric
Acid is soluble in alcohol and in ether. It is
slightly soluble in cold water and sparingly soluble
in hot water. It is freely soluble in solutions of
fixed alkali carbonates. Diallylbarbituric Acid
melts between 171° and 173°." N.F.
Standards and Tests. — Identification. — Tests
(1) and (2) are identical with identification tests
(1) and (2) under Barbital and Cyclobarbital,
while test (3) involves discharge of the color of
bromine T.S.. and reduction of potassium permanganate T.S. to form a yellow color. Loss on
drying. — Not over 1 per cent, when dried at 105°
for 4 hours. Residue on ignition. — Not over 0.1
per cent. Chloride. — No opalescence is produced
on adding diluted nitric acid and silver nitrate
T.S. to a saturated aqueous solution of diallylbarbituric acid. Sulfate. — No turbidity develops
on adding diluted nitric acid and barium nitrate
T.S. to a saturated solution of diallylbarbituric
acid. Heavy metals. — The limit is 20 parts per
million. AT.F.
Assay. — The assay is identical with that described under Bute thai. Each ml. of 0.1 N sodium
hydroxide represents 20.82 mg. of C10H12N2O3.
N.F.
Uses. — Diallylbarbituric acid was first reported
in the Swiss medical literature and is one of the
earlier barbiturates. Castaldi (Arch. farm, sper.,
1915, 19, 289), in reporting on the pharmacologic
properties of diallylbarbituric acid stated that
when administered orally to man it produces sleep
without any noteworthy posthypnotic phenomena.
According to Tatum (Physiol. Rev., 1939, 19,
472), diallylbarbituric acid ranks among those
barbiturates having intermediate duration of action (for general discussion of the class, see the
monograph on Barbiturates, in Part II).
In general, diallylbarbituric acid has demonstrated utility as an hypnotic agent in neuropsychiatry (Becker, Therap. d. Gegenw., 1927,
68, 566; Hoven, /. de neurol. et de psychiat.,
1929, 29, 39), as a "basal anesthetic" before the
induction of general anesthesia for surgery (Kleindorfer and Halsey, /. Pharmacol., 1931, 43, 449).
and during labor in obstetrics (Birnberg and
Livingston, Am. J. Obst. Gyn., 1934, 28, 107;
King, et al., J. Med., 1937, 18, 190; Van Del.
/. Missouri M. A., 1942, 39, 100). The onset of
action of diallylbarbituric acid when administered
orally is relatively slow. It is excreted in urine of
man and dog in amounts up to 30 or 40 per cent
of an ingested dose over a period of 2.5 to 11 days
(Reiche and Halberkann, Munch, med. Wchnschr.,
1929, 76, 235; Paget and Desodt. /. pharm. chim.,
1933, 18, 207; Koppanyi et al., Arch, internat.
pharmacodyn. therap., 1933, 46, 76).
When it is desired to administer diallylbarbituric acid in aqueous solution by intramuscular
or, rarely, by intravenous injection urethan and
monoethyl urea are added for purposes of solu-

bilization and stabilization. King et al. (J. Med.,
1937, 18, 190) showed that urethan has very little
value as an hypnotic agent in human medicine.
The diallylbarbituric acid and urethan solution is
employed frequently in the laboratory as an anesthetic agent for small animals.
Dose. — The sedative dose is 30 mg. (approximately ]/2grain) 3 or 4 times daily. As an hypnotic agent the adult dose is 100 to 300 mg. onehalf to one hour before sleep is desired.
Storage. — Preserve "in well-closed containers." N.F.
DIALLYLBARBITURIC
TABLETS.
N.F.

ACID

"Diallylbarbituric Acid Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of C10H12N2O3." N.F.
Assay. — A representative sample of powdered
tablets, equivalent to about 200 mg. of diallylbarbituric acid, is placed in a Soxhlet extraction
apparatus and the acid is extracted with ether,
following which the ether is evaporated and the
residue of diallylbarbituric acid is weighed. In the
presence of stearic acid or other lubricants which
may be present in the residue the diallylbarbituric
acid is titrated, after dissolving it in sodium hydroxide solution, with 0.1 N silver nitrate to the
first definite yellow-brown color which persists for
1 minute. Each ml. of 0.1 N silver nitrate represents 20.82 mg. of C10H12N2O3. N.F.
Usual Sizes. — 30 and 100 mg. (approximately
K and IK grains).
DIBUCAINE

HYDROCHLORIDE.
U.S.P. (B.P.)

2-Butoxy-N-(2-diethylaminoethyl)cinchoninaraide
Hydrochloride, Dibucainium Chloride,
[Dibucainae Hydrochloridum]

0-CH2(CH2)2CH3

n

0 = C-NH-CH2CH2N(C2H5)2
The B.P. defines Cinchocaine Hydrochloride
as the hydrochloride of the 2-diethylaminoethylamide of 2-butoxycinchoninic acid, and requires
it to contain not less than 97.5 per cent of
C20H29O2N3.HCI, calculated with reference to
the substance dried at 80° at a pressure not exce ding 5mm. of mercury for 5 hours.
B.P. Cinchocaine Hydrochloride; Cinchocainae Hydrochloridum. Xupercaine Hydrochloride (Ciba).

This local anesthetic may be prepared from
2-hydroxycinchoninic acid by interaction with
phosphorus pentachloride to produce 2-chlorocinchoninic acid hydrochloride, which is condensed
with asymmetric-N-diethylethylenediamine. then
treated with sodium butylate and the dibucaine
base finally converted to the hydrochloride (see
U. S. Patent 1,825,623). Isatin may also be used
as the starting compound for the synthesis of
dibucaine.
Description. — 'Dibucaine Hydrochloride occurs as colorless or white crystals or as a white,
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crystalline powder. It is odorless, is somewhat
hygroscopic, and darkens on exposure to light. Its
solutions are acid to litmus, having a pH of 5 to 6.
One Gm. of Dibucaine Hydrochloride dissolves in
about 2 ml. of water. It is freely soluble in alcohol, in acetone, and in chloroform. Dibucaine Hydrochloride melts between 95° and 100°." N.F.
Standards and Tests. — Identification. — (1)
A white precipitate of dibucaine base results
when sodium hydroxide T.S. is added to a solution of dibucaine hydrochloride. The dibucaine,
extracted with ether and finally dried over phosphorus pentoxide, melts between 64° and 66°.
(2) Dibucaine hydrochloride responds to tests for
chloride. Loss on drying. — Not over 1 per cent,
when dried for 5 hours at 80° in vacuum over
phosphorus pentoxide. Residue on ignition. — The
residue from 250 mg. is negligible. U.S.P. The
B.P. describes an identification test in which a
solution of potassium perchlorate is added to a
solution of dibucaine hydrochloride; the resulting
precipitate of dibucaine perchlorate, recrystallized
from water and dried at 80°, melts at about 132°.
The loss on drying at 80° at a pressure not exceeding 5mm. of mercury, for 5 hours, is not
over 2.5 per cent.
Assay. — The U.S. P. does not provide an assay
as such but requires that the content of nitrogen,
determined by the Kjeldahl method, be not less
than 10.8 per cent and not more than 11.2 per
cent; also that the content of chloride, determined by the Volhard procedure, be not less than
9.1 per cent and not more than 9.5 per cent. The
B.P. assay utilizes 300 mg. of sample, from which
the base is liberated with sodium hydroxide, extracted with ether, the ether evaporated, and the
residue of dibucaine dried to constant weight at
105°. ofEach
Gm. of residue corresponds to 1.106
Gm.
C20H29N3O2.HCI.
Incompatibility. — Dibucaine hydrochloride
solutions are incompatible with alkalis or alkalinereacting salts, dibucaine base being precipitated.
Uses. — Action. — Dibucaine is one of the most
active and one of the most toxic of the useful
local anesthetic agents (see monograph on Local
Anesthetics, in Part II, for a general discussion).
In mice the acute LD50 (dose calculated to kill
50 per cent of the animals) intravenously for procaine is 78 ± 5 mg./kg., for cocaine 25 ± 4
mg./kg. and for dibucaine 6.5 ± 0.7 mg./kg.; in
rabbits the acute intravenous LD50 for procaine
is 41 ± 2 mg./kg., for cocaine 11 ± 1 mg./kg.
and for dibucaine 2.8 ± 0.5 mg./kg. (Beyer et al.,
J. Pharmacol., 1948, 93, 388). These data are in
reasonably good agreement with the earlier report
by Wahl and Knoefel (Proc. S. Exp. Biol. Med.,
1931, 29, 368) that dibucaine is six times as toxic
as cocaine when administered to rabbits. Macdonald and Israels (/. Pharmacol., 1932, 44, 353)
indicated that dibucaine is 10 times as active as
cocaine by the intradermal wheal test and 25
times as acitve as cocaine when tested for topical
anesthetic activity on the rabbit cornea.
Therapeutic Uses. — The principal uses for
dibucaine have been as a topical ointment for the
relief of pruritus or pain accompanying excoriations of the skin or minor burns, and as a spinal
anesthetic agent. In the first instance it is most
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reliable and in the second indication it produces
a prolonged analgesia. However, its use as a spinal
anesthetic agent should be limited to these anesthetists who are familiar with the agent and with •
this type of use (Gifford and Wilkinson, Can.
Med. Assoc. J., 1941, 44, 128; Fisher and Whitacre, Anesth., 1947, 8, 584; Held, Gynaecologia,
Basel, 1950, 130, 364; Schnitz, /. Arkansas M.
Soc, 1951, 47, 209; Braga, Ann. ostet. gin.,
Milano, 1952, 74, 131).
Toxicology. — Dibucaine hydrochloride is generally too irritating to employ as a 1 per cent
solution topically or parenterally, but this concentration isnot usually required for a satisfactory
duration of action (see usual concentrations employed in following paragraph). Keyes and McLellan (J.A.M.A., 1931, 96, 2085) collected reports on 16 human fatalities from dibucaine;
death from dibucaine poisoning has been the subject of recent editorial comment (Brit. M. J.,
1952, 2, 672). Dibucaine produces the central
nervous system stimulation which is more or less
characteristic of local anesthetic agents. In addition, it produces cardiac arrhythmias when administered to anesthetized dogs intravenously in
doses of 1 mg./Kg. It has been reported to produce cardiac fibrillation under these conditions
when administered intravenously in a dose of
2 mg./Kg. (Beyer and Latven, /. Pharmacol.,
1952, 106, 37). Subcutaneously, in man, 135 ml.
of a 1 in 1000 solution has caused death.
Dose and Dosage Forms. — The dose for infiltration anesthesia ranges from 1 to 50 ml. of
a 1 in 1000 solution; 0.1 ml. of epinephrine hydrochloride solution (1 in 1000) may be added to
100 ml. of the dibucaine hydrochloride solution.
For spinal anesthesia, 1.5 to 2 ml. of a 1 in 200
buffered solution of dibucaine hydrochloride, or
6 to 15 ml. of a 1 in 1500 solution in isotonic
sodium chloride solution, or 1 to 2 ml. of a 1 in
400 solution containing 5 per cent dextrose to
make it hyperbaric, may be used. The patient
must not remain in sitting posture for more than
one minute following injection since a high concentration inthe conus may result in severe nerve
damage. For surface anesthesia of mucous membranes aqueous solutions containing from 0.1 to
2 per cent of dibucaine hydrochloride are used,
as follows : in the nose and throat, up to 5 ml. of
2 per cent solution, containing 2 drops of 1 in
1000 epinephrine per ml.; for the conjunctiva,
1 to 3 drops of 1 in 1000 solution containing
epinephrine in the proportion of 1 or 2 drops of
1 in 1000 solution in 10 ml. of dibucaine hydrochloride solution; for the urinary bladder and
urethra, up to 30 ml. of this same solution; for
open or granulating wounds, up to 20 ml. of 1 in
4000 to 1 in 2000 solution.
Dibucaine base is supplied, in several preparations under the name Nupercainal (Ciba), in a
water-washable cream base in 0.5 per cent concentration, and in a petrolatum-lanolin base in
1 per cent concentration, for various surface uses
where a local anesthetic is indicated. An ophthalmic ointment containing 0.5 per cent of the
base in white petrolatum is also supplied. For
proctological purposes, a 0.5 per cent solution of
dibucaine base in oil, with 1 per cent phenol and
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10 per cent benzyl alcohol is available; this solution isused intramuscularly (not subcutaneously).
Lozenges containing 1 mg. of dibucaine have been
used. Tablets containing 50 mg. of dibucaine
hydrochloride are supplied for preparing solutions.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
DIBUCAINE HYDROCHLORIDE
INJECTION.
U.S.P.
"Dibucaine Hydrochloride Injection is a sterile
solution of dibucaine hydrochloride in water for
injection. It contains not less than 90 per cent
and not more than 110 per cent of the labeled
amount of C20H29X3O2.HCI." U.S.P.
The U.S.P. requires that the pH of the injection shall be between 4 and 6.
Assay. — A volume of injection, representing
about 30 mg. of dibucaine hydrochloride, is concentrated byevaporation, the solution is saturated
with sodium chloride, then made alkaline with
sodium hydroxide, and the liberated dibucaine
base extracted with ether. After washing the ether
extract, a measured excess of 0.02 AT sulfuric acid
is added, the ether is evaporated, and the excess
of acid is titrated with 0.02 N sodium hydroxide.
Each ml. of 0.02 N acid represents 7.599 mg. of
C20H29N3O2.HCI. U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Sizes. — 5, 10. and 13 mg.
B.P.
DIBUTYL PHTHALATE.
C6H4(COOC4H9)2
The B.P. defines Dibutyl Phthalate as the di-nbutyl ester of benzene-o-dicarboxylic acid. It is
required to contain not less than 99.0 per cent
and not more than the equivalent of 100.5 per
cent w/w of C16H22O4. B.P.
Dibutyl phthalate may be prepared by the
esterification of phthalic acid anhydride and
n-butyl alcohol in the presence of hydrogen chloride or concentrated sulfuric acid as an esterifying
agent.
Description. — Dibutyl phthalate is a clear,
colorless, or faintly colored, liquid; it is odorless
or possesses not more than a faint odor. It is
soluble in 2500 parts of water, and is miscible
with alcohol and with ether. The weight per ml.,
at 20°, is between 1.042 and 1.049 Gm. B.P.
Standards and Tests. — Refractive index. —
Between 1.492 and 1.495, at 20°. Acidity.— Not
over 6.2 ml. of 0.01 N sodium hydroxide is required for neutralization of 20 ml., previously
mixed with 50 ml. of neutralized alcohol, using
phenolphthalein as indicator. Water. — No opalescence is observed when 1 volume is mixed with
19 volumes of carbon disulfide, at 15°. Sulfated
ash. — Not over 0.02 per cent. B.P.
Assay. — About 1.5 Gm. is dissolved in neutralized alcohol, any acid in the ester is neutralized
with 0.1 JV alcoholic potassium hydroxide, and
this solution is refluxed with 50 ml. of 0.5 N alcoholic potassium hydroxide, on a water bath, for
1 hour. The excess alkali is titrated with 0.5 A7
hydrochloric acid, using phenolphthalein as indicator. A residual titration blank is performed.
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Each ml. of 0.5 N alcoholic potassium hydroxide
represents 69.58 mg. of C16H22O4. B.P.
Uses. — Dibutyl phthalate is employed as an
insect repellent. It is generally considered to be
slightly less effective than the similarly employed
dimethyl phthalate, except against the trombidid
mite (the insect vector of scrub typhus), which
is more susceptible to the action of the dibutyl
ester than that of the dimethyl ester. For protection of troops against scrub typhus impregnation
of clothing with one fluidounce of dibutyl phthaiate afforded protection until exposure ended at
22 days, the clothes having been cold-water
washed 8 times in that period; dimethyl phthalate
and DDT provided less protection (see McCulloch, Med. J. Australia, 1946, 1, 717).
DICHLOROPHENARSINE
HYDROCHLORIDE. LP.
Dichlorophenarsini Hydrochloridum
CI -As -CI
HC
CH

HC*
I

.C.NHg.HCI

f9x
OH

"Dichlorophenarsine Hydrochloride, dried in a
vacuum desiccator over phosphorus
pentoxide for
II
24 hours, contains not less than 25.3 per cent and
not more than 27 per cent of total arsenic (As).
"Dichlorophenarsine Hydrochloride is usually
distributed as a mixture with buffering agents and
suitable substances to render its solution physiologically compatible with human blood. The label
must indicate the names of the admixed substances, and the composition of the mixtures (containing Dichlorophenarsine Hydrochloride as the
only active therapeutic agent) shall be approved
by the National Institutes of Health. Mixtures
contain total arsenic equivalent to not less than
92.5 per cent and not more than 107.5 per cent of
the labeled amount of Dichlorophenarsine Hydrochloride. Mixtures also meet the requirements for
identification, loss on drying, completeness of
solubility, and storage." U.S.P. XIV.
The LP. requires not less than 25.3 per cent
and not more than 27.0 per cent of total arsenic,
and not less than 25.0 per cent and not more than
27.0 per cent of trivalent arsenic, calculated with
reference to the substance dried in a vacuum
desiccator over phosphorus pentoxide for 24
hours.
3-Amino-4-hydroxyphenyldichloroarsine Hydrochloride.
Clorarsen (Squibb) ; Dichlor-Mapharsen (Parke, Davis);
Dichlorophenarsine Hydrochloride (Abbott; Winthrop). Sp.
Clorhidrato de Dichlorofenarsina.

This compound represents oxophenarsine hydrochloride (see under this title) in which the arsineoxide oxygen is replaced by two atoms of chlorine.
In an alkaline aqueous solution dichlorophenarsine
hydrochloride undergoes hydrolysis to form first
monochlorophenarsine and then the hydrated form
of oxophenarsine.
D e s c r ip t ion. — "Dichlorophenarsine Hydrochloride occurs as a white, odorless powder. Dichlorophenarsine Hydrochloride is soluble in
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water, solutions of alkali hydroxides and carbonates, and in dilute mineral acids." U.S.P. XIV.
Standards and Tests. — Identification. — (1)
A salmon-colored precipitate, changing rapidly to
yellow, is formed when 250 mg. of sodium hydrosulfiate is added to a solution of 50 mg. of dichlorophenarsine hydrochloride in 3 ml. of distilled water. (2) A nearly white to yellow
precipitate is formed on adding 1 ml. of hydrochloric acid and 1 drop of hypophosphorus acid
to a solution of 10 mg. of dichlorophenarsine
hydrochloride in 1 ml. of distilled water. Difference from oxo phenar sine hydrochloride. — On
gently boiling a mixture of 50 mg. of dichlorophenarsine hydrochloride and 5 ml. of acetone
in a test tube loosely plugged with cotton, the
escaping vapors turn blue litmus paper red. Loss
on drying. — Not over 0.5 per cent, when dried in
a vacuum desiccator over fresh phosphorus pentoxide for 24 hours. Completeness of solubility. —
It is completely soluble in distilled water in a concentration as great as is recommended for intravenous administration. Percentage of trivalent
arsenic. — A solution of 250 mg. of dichlorophenarsine hydrochloride, previously dried for 24
hours in a vacuum desiccator over phosphorus
pentoxide, in 20 ml. of distilled water is acidified
with diluted sulfuric acid and titrated with 0.1 N
iodine to a pale yellow color. Each ml. of 0.1 N
iodine represents 3.746 mg. of trivalent arsenic.
The test shows not less than 25 per cent and
not more than 21 per cent of trivalent arsenic.
U.S.P. XIV.
Assay. — From 130 to 150 mg. of dichlorophenarsine hydrochloride, previously dried in a
vacuum desiccator over phosphorus pentoxide for
24 hours, is subjected to wet oxidation with 30
per cent hydrogen peroxide in a sulfuric acid
solution; the arsenic is oxidized to the pentavalent state while the carbon is oxidized to carbon
dioxide. Hydrazine sulfate is next added to
reduce the arsenic to the trivalent state, and the
excess of the reductant is decomposed by boiling,
following which the arsenic is quantitatively oxidized by titration with 0.1 N potassium bromate,
using methyl orange T.S. as indicator. In this
titration the red color of the methyl orange is discharged by the bromine which is liberated when
the potassium bromate solution is added in excess; the yellow color seen in the solution at the
end point is not due to methyl orange but rather
to elemental bromine. Each ml. of 0.1 N potassium bromate represents 3.746 mg. of arsenic
(As) or 14.52 mg. of dichlorophenarsine hydrochloride. U.S.P. XIV. The LP. assay is the
same as the LP. assay for acetarsone.
Uses. — 3-Amino-4-hydroxyphenyldichloroarsine hydrochloride was used by Chesterman
and Todd in 1927 as a remedy for yaws, and
Levaditi, in 1931, made some trials of it in
syphilis but found it unsatisfactory. According
to Tompsett et al. (/. Pharmacol., 1941, 73, 412)
this unfavorable opinion was due to the high
acidity of the drug; they reported that if properly buffered with sodium citrate, above pH 5.2,
it gave excellent results. According to these
workers, when this mixture is dissolved in water
the chlorine atoms probably are successively re-
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placed by hydroxyl groups, forming a mixture
of monochlorophenarsine and the hydrated form
of oxophenarsine.
Dichlorophenarsine is effective in the treatment
of syphilis by intravenous injection (Kampmeier
and Henning, Am. J. Syph. Gonor. Ven. Dis.,
1943, 27, 208; Plotke et al., Am. J. Syph. Gonor.
Ven. Dis., 1950, 34, 425). The indications, contraindications and untoward reactions are identical
with those of oxophenarsine hydrochloride (q.v.).
It is used in similar treatment schedules. It has
been employed in intensive methods (J. A.M. A.,
1945, 127, 1070).
The usual dose for an adult male is 68 mg.
(approximately 1 grain) and for a woman 45 mg.
(approximately 24 grain) dissolved in 10 ml. of
sterile distilled water containing suitable buffers
and administered intravenously. For infants and
children, the usual dose is 1 mg. per kilogram
of body weight and the initial dose should be
about one half of this dose. The 68 mg. dose
yields an amount of "arsenoxide" equivalent to
60 mg. of oxophenarsine hydrochloride; the 45
mg. dose is equivalent to 40 mg. of the latter
drug. Rapid injection should be accomplished,
the 10 ml. being injected in about 10 seconds.
It is given at intervals of four to five days.
Storage. — "Preserve Dichlorophenarsine Hydrochloride at a temperature preferably not
above 25°, in hermetic containers of colorless
glass which have been sterilized prior to filling,
and from which the air has been excluded either
by the production of a vacuum or by displacement with a non-oxidizing gas." U.S.P. XIV.
DIENESTROL.
U.S.P. (B.P.)
3,4-Bis(p-hydroxyphenyl)-2,4-hexadiene

HO

-Ot-rO"
CH
I
CH3

CH
I
CH3

"Dienestrol, dried at 105° for 4 hours, contains
not less than 98 per cent of CisHisCh." U.S.P.
The B.P. defines Dienoestrol as 3 :4-di-/>-hydroxyphenyl-2 :4-hexadiene, and requires it to contain
not less than 99.0 per cent of OsHisCte.
B.P. Dienoestrol. Hexadienestrol; Dehydrostilbestrol.
Restrol (Central Phartnacal) .

This synthetic estrogen differs from diethyls tilbestrol only in that the two CH3CH2— groups
of the latter are replaced by the unsaturated
CHaCH= groups. It was first synthesized by
Dodds and coworkers (Nature, 1938, 142, 34)
by dehydration of 3,4-di(/>-hydroxyphenyl)-3,4hexanediol; it has been synthesized also by other
reactions (see Solmssen, Chem. Rev., 1945, 37,
481). Dienestrol may be quantitatively hydrogenated to hexestrol, which also is official.
Description. — "Dienestrol occurs as colorless
or white, needle-like crystals or as a white, crystalline powder. It is odorless. Dienestrol is almost
insoluble in water. It is soluble in alcohol, in
acetone, in ether, in methanol, in propylene glycol, in chloroform, in fatty oils, and in solutions
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of fixed alkali hydroxides. It is slightly soluble in
chloroform, and in fatty oils. Dienestrol melts
between 227° and 231°." US.P. The B.P. gives
the melting point as between 232° and 234°.
Standards and Tests. — Identification. — (1)
The diacetate obtained in the assay melts between 11S° and 122°. (2) A blue color is produced immediately on adding to a solution of
10 mg. of dienestrol in 0.5 ml. of alcohol. 1 ml.
of hydrochloric acid and 50 mg. of vanillin; the
color persists on dilution with water but disappears on addition of alkali (diethylstilbestrol
produces no color). Loss on drying. — Not over
0.5 per cent, when dried at 105° for 2 hours.
Residue on ignition. — Not over 0.15 per cent.
US.P. The B.P. gives the absorbance of a 0.0005
per cent w/v solution in isopropyl alcohol, at
227 mn, for a 1-cm. layer of solution, as between
0.520 and 0.545.
Assay. — About 500 mg. of dienestrol, previously dried at 105° for 2 hours, is boiled with
a mixture of acetic anhydride and pyridine,
whereby the two hydroxyl groups are acetylated.
The diacetate is precipitated by dilution with
water, the precipitate is collected in a tared Gooch
crucible, washed with water, and dried to constant weight in a vacuum desiccator. The weight
of the diacetate, multiplied by 0.7601, represents
the equivalent of CisHisCh. U£.P.
Uses. — This stilbene derivative has the action and uses of diethylstilbestrol; it seems to
be more active than diethylstilbestrol and in
clinical use, in treatment of menopausal symptoms and to inhibit lactation, it appears to be
generally better tolerated.
Assays on rats show similar activity for dienestrol and diethylstilbestrol when injected subcutaneously but greater activity for dienestrol
when administered orally (Dodds et al., Proc.
Roy. Soc, 1939, 127, 140). In mice, dienestrol
was more active when given orally than when
injected; diethylstilbestrol, on the other hand,
was only one-fourth as active when given orally
as when injected (Emmens, /. Physiol., 1938,
94, 22).
Dienestrol is effective in controlling the symptoms of the menopause (Bames, Brit. M. J.,
1944, 1, 79; Yiviano, Am. J. Obst. Gyn., 1948,
56, 921); also in suppressing lactation in nonnursing mothers (Barnes, Brit. M. J., 1942, 1,
601; Rakoff et al, J. Gin. Endocrinol., 1947, 7,
68S). Local application of a cream containing
0.1 mg. of dienestrol per Gm. was found to be
effective in atrophic (senile) vaginitis; about 0.5
mg. of estrogen was applied to the vagina
(McLane, Am. J. Obst. Gyn., 1949, 57, 1018;
Rakoff et al., loc. cit.). Even with large doses of
dienestrol it was difficult to induce withdrawal
bleeding in amenorrheic cases, and in this respect the estrogen is less effective than
diethylstilbestrol (Rakoff et al., loc. cit.); with
a dose of 2.5 mg. twice daily orally Trimborn
et al. (Deutsch. med. Wchnschr., 1950, 75, 1661)
succeeded in bringing on such bleeding in 3 to 4
weeks.
Considering the effectiveness of dienestrol in
controlling menopausal symptoms and lactation,
along with the large doses required for action on
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the endometrium, it has been suggested that this
estrogen is a more active pituitary inhibitor but
a less active endometrial stimulator than diethylstilbestrol. The greater inhibition of growth in
immature mice observed with dienestrol, as compared with diethylstilbestrol. is compatible with
this suggestion (Noble, Lancet, 1938, 2, 192).
From 5 to 20 mg. of dienestrol, given four
times daily orally, controls functional uterine
bleeding (Bishop, Brit. M. J., 1949, 1, 165).
Toxicology. — In all published reports, the
clinically effective doses of dienestrol in menopause have been well tolerated; Rakoff and his
associates treated 25 patients for 4 to 16 months
each without untoward side effects. Large doses,
however, cause the usual side effects of estrogenic therapy (Fergusson, Lancet, 1946, 2, 551).
Dose. — The usual oral dose is 0.5 mg. (approximately Viae grain) daily, with a range of 0.1
to 1.5 mg. The maximum safe dose is perhaps
15 mg. daily, by mouth, in palliative therapy
of inoperable postmenopausal mammary carcinoma (Walpole and Peterson, Lancet, 1949, 2,
783), although larger doses have been given
(v.s). For intramuscular injection, 2.5 to 5 mg.
in aqueous suspension has been administered
once or twice weekly in the menopause (AlbeauxFemet et al., Presse med., 1949, 57, 1031). For
topical application, a water-miscible cream containing 0.1 mg. per Gm. is used in an amount
representing about 0.5 mg. of dienestrol.
Storage. — Preserve 'in tight, light-resistant
containers." US.P.
DIENESTROL

TABLETS.

U.S.P. (B.P.)

"Dienestrol Tablets contain not less than 90
per cent and not more than 110 per cent of the
labeled amount of CisHisOl'." U.S.P. The corresponding limits of the B.P. are 89.0 and 110.0
perB.P.cent.
Tablets of Diencestrol; Tabellae Dienoestrolis.
Assay.— Both the U.S.P. and the B.P. utilize,
as the basis of the assay for dienestrol. the characteristic color reaction of phenols with molybdophosphotungstate. which is also utilized in the
assay of Diethylstilbestrol Injection and is discussed under that title. In the case of dienestrol
tablets the quantitative evaluation of the color
is made in a spectrophotometer, and is compared
with the color produced by a known quantity of
reference dienestrol. U.S.P.
Usual Sizes. — 0.1 and 0.5 mg. (approximately
Yeoo and V120 grain).
DIETHYLCARBAMAZINE
CITRATE. U.S.P.
Diethylcarbamazine
mazinium
Citrate,

3

\

Dihydrogen
Citrate,
Diethylcarbal-Diethylcarbamyl-4-methylpiperazine
Dihydrogen Citrate

/

A~~\ N-C0-N(C.HJ«

H2C6H50f

CH,-N

"Diethylcarbamazine Citrate contains not less
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than 98 per cent of Cio^iN.sO.CgHsOt, calculated on the dried basis." U.S.P.
Hetrazan (Lederle).

Diethylcarbamazine may be prepared by interaction of diethylcarbamyl chloride and piperazine,
followed by treatment of the 1-diethylcarbamylpiperazine thereby produced with formic acid and
then with alkali. For details of synthesis see
Kushner et al. (J. Org. Chem., 1948, 13, 151).
The official salt is the citrate of this base.
Description. — "Diethylcarbamazine Citrate is
a white, crystalline powder. It is odorless or has
a slight odor, and is slightly hygroscopic. Diethylcarbamazine Citrate is very soluble in water and
sparingly soluble in alcohol. It is practically insoluble in acetone, in chloroform, and in ether.
Diethylcarbamazine Citrate melts between 135°
and 138°." U.S.P.
Standards and Tests. — Identification. — (1)
Not less than 18.8 ml. of 0.1 N sodium hydroxide
is required for the titration of 250 mg. of diethylcarbamazine citrate in 5 ml. of water, in the
presence of 25 ml. of chloroform to extract the
diethylcarbamazine base, using phenolphthalein as
indicator. (2) l-Diethylcarbamyl-4-methylpiperazine ethiodide melts at about 152°. (3) The content of iodine in the derivative prepared for the
preceding test is between 34.7 and 36.7 per cent.
Loss on drying. — Not over 1 per cent, when dried
at 100° for 4 hours. Residue on ignition. — Not
over 0.1 per cent. Heavy metals. — The limit is 20
parts per million. U.S.P.
Assay. — About 750 mg. of diethylcarbamazine
citrate is dissolved in water, alkalinized with sodium hydroxide, and the liberated diethylcarbamazine base extracted with several portions of
chloroform. After washing the chloroform extracts, the base is extracted with 25 ml. of 0.1 N
sulfuric acid, the chloroform layer washed, and
the acid extract and washings titrated with 0.1 N
sodium hydroxide, using bromocresol green T.S.
as indicator. Each ml. of 0.1 TV sulfuric acid represents 39.14 mg. of C10H21N3O.C6H8O7. U.S.P.
Uses. — This antifilarial and anthelmintic drug
is used in the treatment of infestations with
Wuchereria bancrofti, Loa loa, Onchocerca volvulus, Ascaris lumbricoides and Ancylo stoma
braziliense (larva migrans). It is rapidly absorbed
and excreted in the urine (Lubran, Nature, 1949,
164, 1135). The oral LD50 is 660 mg. per Kg. in
mice and 1.38 Gm. per Kg. in rats (Harned et al.,
J. Lab. Clin. Med., 1948, 33, 216).
Following demonstration of the effectiveness of
this compound against microfilariae in cotton rats
(Hewitt et al, Ann. N. Y. Acad. Sc, 1948, 50,
128), it was administered to humans with filariasis
due to Wuchereria bancrofti. In daily doses of
0.5 to 2 mg. per Kg. of body weight, SantiagoStevenson et al. (J.A.M.A., 1947, 135, 708) gave
the drug to 26 patients for 3 to 21 days and observed rapid disappearance of microfilariae from
the blood stream of the patients; nodular swelling occurred over the lymphatics, suggesting that
the drug acted also on adult worms. Kenney and
Hewitt (Am. J. Trop. Med., 1949, 29, 89; 1950,
30, 217) and Hawking and Laurie (Lancet, 1949,
2, 146) confirmed this observation. Manson-Bahr
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(/. Trop. Med. Hyg., 1952, 56, 169) found that
infestation was not transmitted to the mosquito
biting a patient who was receiving this drug; he
concluded that diethylcarbamazine citrate was an
effective prophylactic agent in endemic areas. The
mechanism of action on the parasite is unknown
but Hawking et al. (Brit. J. Pharmacol. Chemother., 1950, 5, 217) observed accumulation and
phagocytosis of microfilariae in the liver. Since
all adult worms may not be destroyed, relapses
may occur.
In loiasis, the filariasis caused by Loa loa,
Murgatroyd and Woodruff (Lancet, 1949, 2, 147)
and Shookhoff and Dwork (Am. J. Trop. Med.,
1949, 29, 589) used the drug with good results.
Dead worms were found under the skin of several
patients following treatment with 2 to 6 mg. per
Kg. daily for 7 to 21 days. Liver biopsy 12 hours
before and 12 hours after administration of the
drug showed a change from 0 to 105 microfilariae
per 100 sq. mm.; the parasites were surrounded
by phagocytes. Reactions, presumably due to destruction of large numbers of parasites and an
allergic response, occur particularly in patients
with heavy infestations. Headache, lumbar aching,
anorexia accompanied by nausea and vomiting,
arthralgia, abdominal pain, dyspnea, fever, eosinophilia, maculopapular rash and urticaria are reported. These are seldom severe enough to cause
discontinuation of the drug but antihistaminic
drugs may be needed.
In Onchocerca volvulus infestations, Mazzotti
(Am. J. Trop. Med., 1951, 31, 628) found that
microfilariae disappeared rapidly from the blood
on treatment with the drug; dead parasites were
found in tissue biopsies. Systemic and focal reactions were more frequent and more severe than
with the preceding two types of filariasis. Microfilariae disappeared from intraocular tissues during treatment. Relapse of symptoms of infestation
did not occur for 4 to 8 months in several cases.
La Grange (Ann. Soc. Beige Med. Trop., 1949,
29, 19) and Wanson (ibid., 85) also reported successful use of the compound. To minimize the
severity of the reactions, a single dose of 2 mg.
per Kg. is recommended the first day, followed by
two doses the second day and three doses daily
thereafter for 10 to 21 days. If severe ocular
reactions occur the drug should be discontinued
until symptoms subside to avoid destruction of
vision. The average dose for adults will be 100
to 150 mg. 1 to 3 times daily, and 50 to 100 mg.
1 to 3 times daily for a child.
For treatment of ascariasis in children, Etteldorf and Crawford (J.A.M.A., 1950, 143, 797)
used 6 mg. per Kg. of body weight 3 times daily
for a week or longer. The worms usually passed
without the use of purgatives or fasting. If this
dose failed it was increased to 10 mg. per Kg.
Only 1 of 15 children developed anorexia, nausea
and vomiting and there was no headache, backache
or skin rash. Using 2-mg. per Kg. doses 3 times
in 24 hours, followed by a saline purge, OliverGonzales et al. (South. M. J., 1949, 42, 65)
removed all worms in 3 of 6 cases. However,
Hoekenga (ibid., 1951, 44, 1125) was less successful: ova were absent from the feces 1 and
3 weeks after treatment with a dose of 300 mg.
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3 times in one day in 3 of 8 cases, with a single
dose of 1 Gm. in 5 of 15, and with 200 mg. 3
times daily for 3 days in 9 of 15 cases. Most of
these patients were adults in Central America.
Loughlin et al. {Lancet, 1951, 2, 1197) eradicated
ova in most but not all cases with doses of 13 mg.
per Kg. per day in the form of a syrup for 3 or 4
days. The lack of untoward effects and the elimination of the need for fasting and purging make
this drug useful in debilitated patients.
For creeping eruption (larva migrans) due to
the migration of Ancylostoma braziliense, van de
Erve (/. Invest. Dermat., 1949, 12, 69) relieved
13 of 17 cases with a dose of 0.5 to 4 mg. per Kg.
of body weight 3 times daily for 4 to 20 days. He
recommended a dose of 2 mg. per Kg. 3 times
daily for 10 to 21 days. In a case of fulminating
trichinosis, McCabe and Zatuchni {Am. J. Digest.
Dis., 1951, 18, 205) were able to control symptoms with diethylcarbamazine citrate but Magath
and Thompson {Am. J. Trop. Med. Hyg., 1952, 1,
307) reported the drug to be ineffective in experimental trichinosis.
Toxicology. — Diethylcarbamazine citrate is
very well tolerated. The only common untoward
reactions are associated with the allergic response
to the release of protein from destroyed parasites
at the onset of treatment. In heavily infested
patients a small initial dose is advisable with increases in daily dose as the condition of the
patient warrants.
The usual dose is 2 mg. per Kg. of body weight
3 times daily by mouth for 7 to 21 days. For a
patient weighing 50 kilograms, the usual dose
would be 100 mg. three times daily. The range
of dose is 0.5 to 20 mg. per Kg. 1 to 3 times daily.
The maximum safe dose of 20 mg. per Kg. will
seldom be indicated or required.
Storage. — Preserve "in tight containers."
U.S.P.
DIETHYLCARBAMAZINE
CITRATE
TABLETS.
U.S.P.
"Diethylcarbamazine Citrate Tablets contain
not less than 95 per cent and not more than 105
per cent of the labeled amount of C10H21N3O.CeHsOt." U.S.P.
Usual Size. — 50 mg.
DIETHYLSTILBESTROL.
U.S.P. (B.P.) (LP.)
Stilboestrol,

[Diethylstilbestrol]

"Diethylstilbestrol, dried at 105° for 2 hours,
contains
U.S.P. not less than 98.5 per cent of C18H20O2."
The B.P., under the title Stilboestrol, recognizes
this product as 3:4-di-£-hydroxyphenyl-3-hexene,
and requires not less than 99.0 per cent of
C18H20O2 with reference to the substance as is.
The LP. defines Diethylstilboestrol as 3:4-[4:4'dihydroxyphenyl]-hexen-3, and requires not less
than 98.5 per cent of C18H20O2, calculated with
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B.P. Stilboestrol; Stilboestrol. LP. Diethylstilboestrolum. 7>u»ii-diethylstilbestrol. 7Ya».j-4,4'-dihydroxy-or,a'diethylstilbene. n,0-Diethyl-4,4'-stilbenediol. 3,4-Bis-(p-hydroxyphenyl)-3-hexene. Sp. Dietilestilbestrol.

Diethylstilbestrol was first synthesized in 1938
by Dodds and coworkers {Nature, 1938, 141,
247) starting with anisaldehyde, />-CH30CeH4CHO, and successively converting it to anisoin, desoxyanisoin, ethyl desoxyanisoin, 3,4-bis(/>-anisylj-3-hexanol, diethylstilbestrol dimethyl
ether and diethylstilbestrol. Kharasch and Kleinman {J.A.C.S., 1943, 65, 11) succeeded in preparing it from anethole, />-CH30C6H.tCH:CHCH3, in the form of the hydrobromide, by condensation with sodamide in liquid ammonia, followed by demethylation of the product with
potassium hydroxide in glycol. For a comprehensive summary of these and other methods
which have been proposed for the synthesis of
diethylstilbestrol see the review of Solmssen
{Chemical Reviews, 1945, 37, 481).
Theory requires and experiments confirm the
existence of cis and trans isomers of diethylstilbestrol. In the course of their researches,
Dodds et al. did obtain two isomeric forms, one
melting at 171°, identical with the official substance, the other melting at 151° and having
only a fraction of the estrogenic activity of
diethylstilbestrol; this second substance was
designated ^-diethylstilbestrol. Since a trans
configuration for diethylstilbestrol closely resembles the structure of estradiol Dodds and
his associates reasoned the two substances are
cis-trans isomers, the cis compound being the
relatively inactive one, the trans the active diethylstilbestrol. Subsequent researches have confirmed this assumption.
Description. — "Diethylstilbestrol occurs as a
white, odorless, crystalline powder. Diethylstilbestrol isalmost insoluble in water; it is soluble
in alcohol, in chloroform, in ether, in fatty oils,
and in dilute alkali hydroxides. Diethylstilbestrol
melts between 169° and 172°." U.S.P. The B.P.
gives the melting point as between 168° and 171°;
LP. melting range is between 167° and 173°.
theStandards
and Tests. — Identification. — (1)
An orange color, disappearing upon dilution with
about 10 volumes of distilled water, results when
10 mg. of diethylstilbestrol is dissolved in 1 ml.
of sulfuric acid. (2) A green color, changing to
yellow, results when 1 drop of a 1 to 10 dilution
of ferric chloride T.S. is added to a solution of
20 mg. of diethylstilbestrol in 2 ml. of diluted
alcohol. (3) The diacetate obtained in the assay
melts between 121° and 124°. Acidity or alkalinity.— A solution of 100 mg. of diethylstilbestrol
in 5 ml. of 70 per cent alcohol is neutral to
litmus paper. Loss on drying. — Not over 0.5
per cent, when dried at 105° for 2 hours. Residue
on ignition. — Not over 0.05 per cent. U.S.P.
The B.P. employs as the basis for identification
certain color reactions with brominated derivatives of diethylstilbestrol, these reactions being
the same as given by dienestrol. Both the B.P. and
the LP. provide a test limiting the amount of
the dimethyl ether of diethylstilbestrol which
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may be present; this test is based on the insolubility of the ether in sodium hydroxide solution,
an opalescent solution resulting if it is present.
Assay. — About 500 mg. of diethylstilbestrol,
previously dried for 2 hours at 105°, is boiled
with acetic anhydride in a pyridine reaction
medium under a reflux condenser for 5 minutes.
Water is added to precipitate the diacetate
formed during the reaction and, after standing
for 1 hour, the precipitate is filtered on a Gooch
crucible, washed with distilled water, and dried
between 75° and 80° for 18 hours, and weighed.
The weight of the diacetate, multiplied by 0.7615,
represents its equivalent of C18H20O2. U.S.P.
Uses. — Diethylstilbestrol provides an inexpensive, orally active estrogen. For clinical purposes, there seem to be no significant differences
between the actions and uses of this compound
and other estrogens, though in animals certain
differences have been found, such as the failure
of diethylstilbestrol to cause the ovipositor reaction of the female bitterling and also to antagonize the action of androgens on comb growth
of capons. Diethylstilbestrol was released for
general use in the United States with considerable trepidation and only after careful evaluation
over a period of many years. While no catastrophe
from its use has been recognized it is perhaps too
early to be able to evaluate fully any effect it
may have on the incidence of carcinoma of the
female generative tract or breast (Henry, Can.
Med. Assoc. J., 1945, 53, 31).
Diethylstilbestrol is well absorbed from the
gastrointestinal tract and seems to be inactivated
to a lesser extent by the liver than is the case
with natural estrogens. It is the most active of
the available stilbene derivatives. Sublingual administration inpropylene glycol is effective in
doses only twice the amount required parenterally
(Castrodale et al., J. Clin. Endocrinol., 1942, 2,
569). The oral dose is only 2 to 5 times that
required parenterally. Although a comparison of
estrogenic substances on any one function does
not necessarily apply to other functions, Bradbury et al. (Fertil. Steril., 1953, 4, 63) studied
the doses necessary to augment the action of
25 mg. of progesterone in maintaining decidual
changes in the endometrium of normal women
and found that 0.5 to 1 mg. of diethylstilbestrol
daily had the same effect as 2.5 to 5 mg. of conjugated estrogens; 5 mg. of sodium estrone sulfate was found to be ineffective. From results
of oral administration in the human, diethylstilbestrol appears to be about four times as active
as estradiol and about ten times as active as
estrone (see under Estradiol).
In studies of the distribution of diethylstilbestrol labeled on the alpha-carbon atom of one of
the ethyl groups with radioactive carbon- 14 the
highest concentration of radioisotope in tissues
was found in the liver; most of the labeled material was excreted in the feces, with only traces
appearing in expired air.
Therapeutic Uses. — In the female diethylstilbestrol isused in a variety of disorders, as in
the following: the menopause (Davis and Boynton, /. Clin. Endocrinol., 1941, 1, 339; MacBryde et al., J.A.M.A., 1941, 117, 1240), where
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it is used either alone or in combination with
methyltestosterone (Greenblatt et al., J. Clin.
Endocrinol., 1950, 10, 1547); senile vaginitis
(Finkler and Antopol, Endocrinology, 1939, 25,
925; Gray and Gordinier, Am. J. Obst. Gyn.,
1941, 41, 326); postmenopausal delayed wound
healing (Sjosted, Acta endocrinol., 1953, 12,
260); osteoarthritis (Grorud, /. Clin. Endocrinol.,
1951, 11, 748); functional uterine bleeding (Cuyler et al., ibid., 1942, 2, 438; Hamblen et al.,
ibid., 1941, 1, 211; Karnaky, ibid., 1945, 5, 2 79)
and often in the cyclic therapy alternating an
estrogen and progesterone during the month to
restore a normal menstrual rhythm; the premenstrual tension state or mastalgia; engorged tender
breasts postpartum in non-nursing mothers
(Morton and Miller, Am. J. Obst. Gyn., 1951,
62, 1124); threatened and habitual abortion
(Smith and Smith, New Eng. J. Med., 1949,
241, 562), although its benefit in threatened
abortion has been denied (Robinson and Shettles, Am. J. Obst. Gyn., 1952, 63, 1330); dysmenorrhea (Hulme and Holmstrom, Obst. Gynec,
1953, 1, 579); endometriosis (Karnaky, South.
M. J., 1952, 45, 1166); vomiting of early pregnancy (Bertling and Burwell, Am. J. Obst. Gyn.,
1950, 59, 461). In general, diethylstilbestrol has
been used wherever estrogens are indicated.
Cancer. — Diethylstilbestrol is used in the
management of cases of inoperable carcinoma,
particularly of the prostate and the breast. The
survival rates of 540 patients with the former
neoplasm, covering a period of 3 years, have been
reviewed by Nesbit and Baum (J.A.M.A., 1950,
143, 1317). Of 273 patients treated other than
by castration or with estrogens, 78 per cent were
dead at the end of 3 years, with almost 50 per
cent dying within 12 months. Of those treated
with diethylstilbestrol 50.3 per cent were dead
at the end of 3 years; 46.6 per cent of the castrated patients died in the same period. In those
subjected to both orchiectomy and diethylstilbestrol therapy the mortality rate was only 34 per
cent. Diethylstilbestrol therapy may bring symptomatic relief in patients with extensive metastases but has little effect in prolonging life
(Reynolds et al., Arch. Surg., 1950, 61, 441).
An extensive literature has accumulated on estrogenic therapy in carcinoma of the prostate (see,
for example, Kahle et al., J. Urol., 1942, 48, 83,
99; Flocks et al., ibid., 1951, 66, 393).
In carcinoma of the breast incurable by surgical
resection, definite amelioration is obtained with
androgenic therapy (see under Testosterone Propionate) and the hypothetically irrational use of
estrogens likewise has produced symptomatic relief and partial and temporary regression of the
neoplasm (Walker and others, Proc. Roy. Soc.
Med., 1944, 37, 731; Nathanson, Cancer Research, 1946, 6, 484; Arhelger, J. -Lancet, 1950,
70, 6). Definite improvement appears in about
50 per cent of patients after 2 to 5 months of
hormone treatment; the effect persists for 6
months or more. Biopsy studies by Emerson
et al. {Cancer, 1953, 6, 641) revealed incomplete regression of the neoplastic cells and replacement with dense scar tissue; it was suggested
that diethylstilbestrol therapy stimulated
the
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usual reactive response to the cancer cells by
the connective tissues. Symptoms due to metastases in bone are often not relieved by diethylstilbestrol. Symptomatic improvement is greatest
in patients past the menopause, and in those with
tumors of lesser grades of malignancy. Some
improvement may occur in cases of chorioepithelioma or carcinoma of the urinary bladder.
A case of senile, sebaceous adenoma of the skin
showed improvement (Lobitz and Cole, Arch.
Derm. Syph., 1952, 66, 358). It may be emphasized that diethylstilbestrol does not cure cancer,
but it often brings gratifying relief in incurable
cases.
In the male, diethylstilbestrol is useful in the
prevention and treatment of the orchitis of
mumps (Hoyne et al, J. A.M. A., 1949, 140, 662);
while confirming the prophylactic effect, the
therapeutic value was denied by Norton (ibid.,
1950, 143, 172). In cases of infertility due to
oligospermia in the male, pregnancies have followed use of 0.1 mg. of diethylstilbestrol daily
during the two weeks before ovulation of the female (Herrold, /. Urol, 1952, 68, 775).
Dermatologic Use. — Good results in acne vulgaris following topical application of a paste
containing diethylstilbestrol have been reported
(Phillip, N. Y. State J. Med., 1951, 51, 1313)
but no benefit from oral administration was seen
(White and Lehmann, Arch. Derm. Syph., 1952,
65, 601). In two cases of cutaneous blastomycosis, oral therapy with 3 mg. daily produced
healing in 3 to 4 months (Curtis and Harrell,
Arch. Int. Med., 1952, 66, 676). A patient with
Sjogren's syndrome was benefited by diethylstilbestrol. testosterone and pilocarpine (Cooperman,
Ann. West. Med. Surg., 1950, 4, 344).
Cholesterol Metabolism. — In atherosclerosis,
several considerations, including the lesser incidence of coronary occlusion in women prior to
the menopause than in men in spite of the hypercholesterolemia associated with pregnancy, stimulated studies of the relation of estrogenic
substances to hypercholesterolemia and atherosclerosis. Implantation of diethylstilbestrol in
young chickens results in an increased concentration of cholesterol in blood and a greater degree
of atheromatosis of the aorta, even on a normal
or low cholesterol diet; this suggested that endogenous cholesterol formation was increased.
Since estrogens cause in women an increase in
phospholipids, it may be that plasma lipoprotein
giant molecules are actually stabilized as a result
of estrogenic action (Ahrens and Kunkel, /.
Exp. Med., 1949, 90, 409). In baby chickens fed
cholesterol and fat, Pick et al. (Circulation, 1952,
8, S58) observed in those birds daily receiving
estradiol benzoate intramuscularly a lesser degree of coronary atheromatosis, associated with
a marked increase in blood phospholipid and a
slight increase in cholesterol concentration; it
appeared even that pre-existent atheromas disappeared during estrogen therapy. A greater increase
in "readily extractable" cholesterol in the blood
plasma of chicks was obtained after administering
diethylstilbestrol than when fat and cholesterol
were fed (Forbes and Patterson, Proc. S. Exp.
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Biol. Med., 1951, 78, 883). Following their observation that the amount of cholesterol present
in blood as alpha lipoprotein (blood fractions
IV, V and VI) was greater, and that beta lipoprotein (fractions I and III) was less, in young
women than in young men, Barr et al. (Trans.
A. Am. Phys., 1952, 65, 102) gave daily doses
of estrogens equivalent to 10,000 rat units to
patients with advanced atherosclerosis, in whom
the percentage of cholesterol as alpha lipoprotein was low; an increase in the proportion of
cholesterol as alpha, and a decrease as beta, lipoprotein was produced, along with an inconstant
decrease in total plasma cholesterol and a constant enlargement of breasts and loss of libido
in the men. In postmenopausal women, Eilert
(Metabolism, 1953, 2, 137) found a decrease in
cholesterol and an increase in lipid phosphorus in
the blood after estrogenic therapy. In males
castrated because of carcinoma of the prostate,
Gertler et al. (Geriatrics, 1953, 8, 500) observed
a marked rise in blood serum lipid phosphorus
following administration of diethylstilbestrol.
However, Glass et al. (Metabolism, 1953, 2,
133) found no change in the Sf 12 to 20 and
Sf 20 to 100 lipoprotein fractions of the blood
(see discussion under Cholesterol) in men or
women after estrogenic therapy. Even if the
observations on chickens are transposable to
humans, it is doubtful that many men will choose
the eunuchoid state induced by estrogenic therapy in the hope of avoiding a coronary occlusion.
Use in Poultry. — Implantation of pellets of
diethylstilbestrol in the neck of chickens provides
a simple, non-surgical procedure to produce
capons with a greater market weight in a shorter
feeding time (see in Part III for further information).
Former Uses. — The concept that daily administration of estrogenic substance during pregnancy
will decrease the incidence of late complications
of pregnancy, such as pre-eclampsia, prematurity,
etc., by virtue of stimulating placental production
of progesterone and other essential steroids has
not been substantiated in "blind" control studies
with diethylstilbestrol or a placebo in a total
of 1199 cases (Dieckmann et al., Am. J. Obst.
Gyn., 1953, 66, 1062); Ferguson, ibid., 65, 592).
Prior to the advent of antibiotic therapy, diethylstilbestrol was standard treatment for gonorrheal
vulvovaginitis in children (Russ et al., J. Clin.
Endocrinol,
1942, 2, 383).
Toxicology. — In some of the early clinical
trials of diethylstilbestrol a high incidence of
nausea, vomiting and headache was reported
(Finch, J.A.M.A., 1942, 119, 5). The simultaneous administration of ascorbic acid and the vitamin B complex decreased the incidence of nausea
and vomiting (Karnaky, Surg. Gynec. Obst.,
1950, 91, 617). Side effects observed in 178
patients receiving diethylstilbestrol in large
doses, for inoperable cancer, included anorexia,
abdominal pain, diarrhea, lethargy, paresthesia,
various skin eruptions, dizziness, headache, nipple
and areolar pigmentation, breast engorgement
and tenderness, uterine bleeding, amenorrhea,
dysuria, dependent edema and congestive heart

Part I
failure (Kennedy and Nathanson, J.A.M.A.,
1953, 152, 1135). Subsequent experience has
shown it to be tolerated in clinically effective
doses by the majority of persons. Large doses
in animals caused fatty degeneration and necrosis
of the liver (MacBryde et al., J.A.M.A., 1942,
118, 1278, and others). In wide therapeutic use
in the human it has not proved to be hepatotoxic
(see J. AM. A., 1942, 119, 632). The very few
cases of serious toxicity reported have been reviewed by Elias and Schwimmer {Am. J. Med.
Sc, 1945, 209, 602); these included cases of
exfoliative dermatitis and angioneurotic edema,
and one of hepatitis.
A bizarre case of gynecomastia and nipple
pigmentation in a 4-year-old child exposed to
diethylstilbestrol dust while playing near his
mother, who operated a tableting machine, has
been reported (Prouty, Pediatrics, 1952, 9, 55);
it seems possible that similar effect could be
produced by contact in the home with estrogencontaining cosmetic creams. A case of congestive
heart failure in a man with carcinoma of the prostate, who was receiving diethylstilbestrol, was
reported by Weyrauch and Rosenberg (Stanford
M. Bull., 1951, 9, 245). Sudden appearance of
a lepromatous eruption during prolonged therapy
with diethylstilbestrol in a person unsuspected of
having leprosy is recorded (Symmers, Internat.
J. Leprosy, 1951, 19, 37).
Several cases of bilateral carcinoma of the
male breast, some with metastases, have been
reported during intensive therapy with diethylstilbestrol (Corbett and Abrans, /. Urol., 1950,
64, 377; McClure and Higgins, J. A.M. A., 1951,
146, 7, and others). Although these instances are
infrequent, this is a calculated risk in intensive
therapy. A case of grade I adenocarcinoma of a
myomatous uterus, in a woman of 60 years who
had taken 1 mg. of diethylstilbestrol daily for
12 years, is on record (Novak, Am. J. Obst. Gyn.,
1951, 62, 688).
Dose. — The usual dose of diethylstilbestrol
is 0.5 mg. (approximately %2o grain) daily by
mouth, with a range of 0.25 to 1 mg., in management of menopausal symptoms. For this purpose the maximum safe dose is usually 1 mg.,
but up to 15 mg. or more is used for palliative
effect in patients with cancer. In the menopause
untoward effects are minimized if treatment is
commenced with a small dose of 0.1 mg. by
mouth daily and increased if needed until the
symptoms are controlled; the majority of patients respond to less than 0.5 mg. daily. The
dose should be decreased as soon as relief is
obtained and discontinued as soon as possible;
it may be started again if needed. Intramuscular
doses of 0.25 to 1 mg., in oil, two or three times
a week are adequate in the menopause. Freed
(/. Clin. Endocrinol., 1946, 7, 420) administered
2.5 or 5 mg. in aqueous suspension, parenterally,
every 2 weeks; marked reduction in toxic
symptoms was observed. For senile vaginitis the
same doses are employed; 0.5 mg. is used in the
form of vaginal suppositories or ointment. For
gonorrheal vaginitis in children, suppositories of
0.1 mg. are used every night until the vaginal
smears show no gonococci and for two weeks
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thereafter; orally, the dose is adjusted according
to age in sufficient amount to cause vaginal
cornincation. For the inhibition of lactation, 5
mg. is given orally or intramuscularly from one
to three times daily for two to four days and
may be repeated if symptoms recur. For carcinoma of the prostate, the initial dose is 3 mg.
daily by mouth or 5 mg. twice weekly intramuscularly followed by 1 mg. daily orally or
2 to 4 mg. twice weekly intramuscularly; criteria
for adequate dosage are the level of blood serum
acid phosphatase and the presence of mild sensitivity of the nipples. For functional uterine
bleeding, large doses are employed, such as
5 mg. three to five times daily orally or intramuscularly until bleeding ceases; some have advocated administering 2 mg. of diethylstilbestrol
daily for 15 days, after which progesterone is
given; when bleeding starts this cycle is repeated.
For threatened abortion, 100 mg. has been given
every 15 minutes intramuscularly until cramps
cease, followed by 200 mg. daily, in divided doses
by mouth, for 7 days, then in gradually decreasing doses until the end of the third month of
gestation. For habitual abortion 5 mg. daily is
given when pregnancy is diagnosed and increased
to 15 mg. daily, which is continued through the
15th week of gestation and then decreased to
10 mg. and eventually 5 mg. daily, at weekly
intervals, and finally discontinued. In mumps,
2 mg. daily is used to prevent and 5 mg. daily to
treat orchitis.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
DIETHYLSTILBESTROL
N.F. (LP.)

INJECTION.

[Injectio Diethylstilbestrolis]

"Diethylstilbestrol Injection is a sterile solution of diethylstilbestrol in oil or in other suitable
solvent. It contains not less than 90 per cent
and not more than 110 per cent of the labeled
amount of C18H20O2." N.F. The LP. specifies
the same rubric; the definition indicates that the
solution is sterilized, in its final containers, by
heating at 150° for 2 hours.
LP. Injection of Diethylstilboestrol ; Injectio Diethylstilboestroli. Sip. Inyeccion de Dietilestilbestrol.

Assay. — The diethylstilbestrol, being phenolic,
is extracted from an ether solution of the injection by shaking with portions of sodium hydroxide T.S. and then transferred to peroxide-free
ether by extraction with this solvent after acidification of the alkaline solution. The ether is
evaporated and the residue dissolved in a hydroalcoholic solution. An aliquot of this solution,
representing 0.2 mg. of diethylstilbestrol, is
treated with vanadyl sulfate solution, the interaction resulting in a pink color being developed,
the intensity of which is measured at 520 m\i and
quantitatively evaluated by comparison with the
intensity of color produced when reference standard diethylstilbestrol is treated similarly. N.F.
Storage. — Preserve "in single-dose or mulN.F.
tiple-dose containers, preferably of Type I glass."
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Diethylstilbestrol

Injection

Usual Sizes. — 1 ml. containing 0.5, 1, 2, 5,
and 25 mg. (approximately Vi:>u. lm, Vso, ¥12,
and ->8 grain) ; also multiple dose containers of
corresponding strengths.
DIETHYLSTILBESTROL TABLETS.
U.S.P. (B.P.) (LP.)
[Tabellae Diethylstil'oestrolis]

"Diethylstilbestrol Tablets contain not less
than 90 per cent and not more than 110 per cent
of the labeled amount of C1SH20O2." US.P. The
corresponding limits of the B.P. are 89.0 to
110.0 per cent; the limits of the LP. are the
same as those of the U.S.P.
B.P. Tablets of Stilboestrol ; Tabellae Stilbcestrolis.
I. P. Tablets of Diethylstilboestrol ; Compressi Diethylstilboestroli. Sp. Tabletas de Dietilestilbestrol.

Storage. — Preserve "in well-closed containers." U.S.P.
Usual Sizes. — 0.1, 0.25, 0.5, 1, 5, and 25 mg.
(approximately Kwo, k-so, Vno, Veo, W2, and H
grain).
DIGITALIS.

U.S.P. (B.P, LP.)

Foxglove, [Digitalis]

"Digitalis is the dried leaf of Digitalis purpurea Linne (Fam. Scrophulariacece). The potency of Digitalis is such that, when assayed as
directed, 0.1 Gm. is equivalent to not less than
1 U.S.P. Digitalis Unit. One U.S.P. Digitalis
Unit represents the potency of 100 mg. of U.S.P.
Digitalis Reference Standard. Note. — When Digitalis is prescribed, Powdered Digitalis is to be
dispensed." U.S.P.
The B.P. and LP. name for the same drug is
Digitalis Leaf; both require it to be rapidly
dried at about 60° as soon as possible after
collection. The B.P. does not assay the leaf; the
LP. requires it to contain not less than 10 International Units in 1 Gm.
B.P., LP. Digitalis Leaf; Digitalis Folium. Fairy Cap,
Fingers, Thimbles or Bells; Lady's Glove. Folia Digitalis.
Fr. Digitale; Feuilles de digitale. Ger. Fingerhutblatter;
Digitalisblatter; Fingerhutkraut. /(. Digitale. Sp. Hoja de
digital ; Digital; Dedalera.

The common foxglove, Digitalis purpurea, is a
biennial herb, native to Europe, but now widely
cultivated in many parts of the world. It has
become naturalized in several sections of the
United States, particularly in Washington, Oregon and New York and has more recently been
found growing as a weed in southern Newfoundland.
The underground portion of the plant consists
of a fibrous root system which, during the first
year, sends forth a rosette of long stalked,
ovate to ovate-lanceolate, radical leaves. During
the second summer, a single, erect, downy and
leafy stem arises from the center of a leaf rosette
to a height of 1 to 1.5 meters and terminates in
an elongated raceme of large, purple, tubularcampanulate flowers. The lower leaves are ovate
to ovate-lanceolate, pointed, up to 12 inches in
length and 3 in breadth, and possess winged
petioles; the upper are alternate, sparse, and
lanceolate; both are irregularly creante to den-
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tate, and have wrinkled pubescent surfaces, of
which the upper is a fine deep green, the under
paler and more downy. The flowers are numerous,
and attached to the upper part of the stem by
short pedicels, in such a manner as generally to
hang down upon one side. At the base of each
pedicel is a bract, which is sessile, ovate, and
pointed. The calyx is divided into five segments,
of which the uppermost is narrower than the
others. The corolla is gamopetalous, tubular
bell-form, swelling on the lower side, irregularly
divided at the margin into short obtuse lobes, and
in shape and size not unlike the end of the
finger of a glove, a circumstance which has suggested most of the names by which the plant is
designated in different languages. Its mouth is
guarded by long soft hairs. Externally, it is in
general of a bright purple; internally, it is sprinkled with dark spots upon a white ground. There
are four didynamous stamens whose filaments
are white, curved, and surmounted by large yellow anthers. The style is simple, and supports a
bifid stigma. The seeds are numerous, very small,
grayish-brown, and contained in a pyramidal twocelled capsule.
A number of varieties of Digitalis purpurea
have occurred in cultivation, the leaves of which
have been commonly collected, with those of the
pure species, as a source of the drug of commerce. The var. gloxinceflora Hort. has longer
racemes with larger and more spotted flowers;
the var. alba Hort. possesses white flowers; the
var. campanulata Hort. is a large form whose
upper flowers are united into a large bell-shaped
bloom; the var. monstrosa Hort. is a double
peloric form. All of the species of the genus
Digitalis seem to have similar effects upon the
system.
Foxglove grows wild in the temperate parts of
Europe, where it flowers in the middle of summer.
In this country it is cultivated both for ornamental and for medicinal use. (For methods of
cultivation in the United States and Canada see
Miller, Am. J. Pharm., 1913, p. 297; Emerv,
Can. Pharm. /., 1927, 61, 124).
Digitalis leaves are gathered from first year
plants and from second year plants at the commencement of flowering.
The seeds contain more of the active principle
than the leaves, are less likely to suffer in drying,
and keep better, but are, nevertheless, little used,
because of their relatively higher cost. From them
is manufactured Digitalin {German), described in
Ntf.R., 1946 (see Part II).
Before World War II the great bulk of the
digitalis used in the United States came from
Europe, especially Germany. Sufficient digitalis
was grown in America during 1942 to 1946 from
naturalized plants to supply domestic needs. At
present
Europe. digitalis is again largely imported from
Unofficial Species. — The leaves of the D.
thapsi L. have appeared commercially under the
name of Spanish Digitalis. E. M. Holmes found
in English commerce digitalis imported from
Spain which consisted of the leaves of Digitalis
thapsi, D. mariana and D. purpurea. D. thapsi
Linne has yellowish hairs and is also less decur-
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rent into the petiole; D. mariana Boiss. is remarkable for the hoary, white, dense, hairy
coating of the leaves (especially when young)
while the leaves are all stalked and the bracts are
small and scale-like. A sample of D. thapsi on
physiological assay was found to have activity
about one-half that of genuine digitalis (Pharm.
J., 1917, 98, 351 and 399). Juillet et al. (J. pharm.
c/iim., 1938, 28, 465), however, described a
sample from Spain which they assayed according
to the procedure of the French Codex and found
it to be equal, if not superior, to the leaves of
D. purpurea in activity.
Digitalis orientalis Lamarck is a perennial herb
native to Asia Minor; it has a slender stem,
attains to a height of from \]/z to 3 feet, and
bears alternate, sessile, entire, glabrous, linearlanceolate leaves and a terminal raceme of
cream-colored flowers, subtended by lanceolate
bracts. The corolla is finely striped red without
and more regularly so within, excepting on the
lower lip. It possesses short lateral lobes and a
large, flat, spatulate lower lip.
For description of D. lanata see under Digoxin.
The leaves of D. lutea L., a native of southern Europe, have been employed as a substitute
for the official article and are claimed to possess
similar properties. They are oblong tc lanceolate,
glabrous and denticulate. For details on their
properties, see Sparks (/. A. Ph. A., 1927, 16,
203), and DeGraaff {Pharm. Weekblad, 1931,
68, 1098). According to Dewar (Quart. J. P.,
1934, 7, 1) the leaves of D. lutea may be distinguished from those of D. purpurea by the
following characters: "In surface view the anticlinal walls of the epidermises are often thickened at the apices of the angles formed by their
undulations; the paucity of non-glandular trichomes; the number of water pores on the marginal teeth varies from 1 to 4 pores on each
tooth."
Welti found D. lutea (Arch, internat. pharmacodyn. therap., 1930, 37, 50) to be about equal
in potency to D. purpurea and like it to depend
for its activity chiefly on the glycoside digitoxin.
This species is being cultivated in Canada. Tablets made from leaves of D. lutea have been sold
under the name of digilutea.
Youngken (/. A. Ph. A., 1919, p. 923) found
leaves of D. sibirica Lindl that were decidedly
more powerful than the official species.
The leaves of D. ambigua Murr., indigenous
to Europe and W. Asia, are ovate-lanceolate with
a closely serrate margin, nearly glabrous above,
pubescent on lower surface and possess 1- to 5celled, papillose non-glandular hairs and glandular hairs with a 1-celled stalk and a 1- to 2-celled
head. Morris (J.A.M.A., 1917, 68, 1005) found
the drug equal in action to D. purpurea. For
details on the morphology of the leaves of D.
ambigua see Maheu and Chartier (Bull. sc. Pharmacol, 1934, 41, 280 and 347); also Jacobs
(J. A. Ph. A., 1941, 30, 21;.
Van Esveld (Arch. exp. Path. Pharm., 1931,
160, 375) reported on comparative studies of the
potency of 12 species of digitalis.
For a comprehensive description of the morphology and anatomy of the leaves of Digitalis
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purpurea and the adulterants of this drug, see
Bohny's article in Bot. Centralbl., 1906, p. 267.
Collin reviewed the pharmacognosy of digitalis
(/. pharm. chim., 1905, p. 56), showing the characteristics ofthe powder and the detection of the
principal leaf adulterants, such as Verbascum
Thapsus, Inula Conyza, Verbascum phlomoides,
Piper angustijolia Ruiz et Pavon (Artanthe
elongata), and Salvia Sclarea. The chief adulterants for digitalis in more recent years have been
the leaves of mullein species, which may be readily detected as an admixture even in small
quantities, by their candelabra-shaped trichomes
and velvety texture.
Description. — "Unground Digitalis occurs as
more or less crumpled or broken leaves. The leaf
blades are ovate, oblong-ovate to ovate-lanceolate,
mostly 10 to 35 cm. in length and 4 to 11 cm. in
width and contracted into a winged petiole. The
apex is obtuse; the margin irregularly crenate or
serrate; the lower surface densely pubescent, the
upper surface wrinkled and finely hairy. The
venation is conspicuously reticulate, the mid-rib
and principal veins broad and flat, and the lower
veins are continued into the wings of the petiole.
The color of the upper surface is dark green, of
the lower surface grayish from the dense pubescence, the larger veins often purplish. The odor
is slight when dry, peculiar and characteristic
when moistened. The taste is very bitter." U.S.P.
For histology see U.S. P. XV.
"Ground Digitalis is dark green. It consists
chiefly of numerous irregular fragments of epidermis and chlorenchyma; non-glandular hairs
which are frequently curved or crooked, up to
500 m- in length, uniseriate, 2- to 8-celled, some
of the cells collapsed so that the planes of adjoining cells may be at right angles, the terminal
cell pointed or rounded; few, small glandular
hairs, usually with a 1- or 2-celled stalk and a 1or 2-celled head; fragments of veins and petioles
with annular, reticulate, spiral and simple pitted
vessels and tracheids. Calcium oxalate is absent."
U.S.P.
Standards and Tests. — Water. — The limit
is 6 per cent, when determined by drying at
105° or by distillation with toluene. Foreign
organic matter. — The limit of stems, browned
leaves, flowers or other foreign organic matter
is 2 per cent. Acid-insoluble ash. — The limit is
5 per cent. U.S.P.
Assay. — Many methods of assaying digitalis
and its dosage forms and derivatives have been
proposed; these may be broadly classified as
biological and chemical. An explanatory review
of the more important of them is provided hereunder. As a rule digitalis leaf is prepared in the
form of a tincture prior to assay.
Biological Methods. — Of the more than 40
different methods for biological standardization of
digitalis (see Schwartz, Am. J. Pharm., 1934,
106, 196), those employing the frog or cat as
the test animal were the most widely used until
the U.S. P. XIV adopted a method employing the
pigeon. The first attempt at biological standardization of digitalis was that of Houghton, in 1898;
he used systolic arrest of the frog's heart as the
criterion for evaluation of the drug. The cat
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method was originated by Hatcher, in 1910, and
was based on a determination of the quantity of
digitalis, administered intravenously, required to
cause death of the cat. Various modifications of
the two methods were long used by different investigators and several were adopted in successive
revisions of the United States Pharmacopeia and
other pharmacopeias. The selection of the animal
to be used as a test subject involves consideration
of many questions such as whether the animal
employed and the physiological action observed
measure quantitatively the effect of digitalis on
humans, the cost and availability of experimental
animals, the complexity of the technical aspects
of the assay, and many others. The problem of
the ultimate standard for expressing and comparing the potency of digitalis has been a difficult
one; thus the U.S. P. XI unit turned out to be
considerably more potent than that of the
U.S. P. X. even though they were intended to be
the same, in consequence of which there was a
considerable increase in incidence of digitalis
intoxication in medical practice (see Fahr,
JAMA., 1938, 111, 2268; 1939, 112, 1180).
Frog Method. — Methods of assay using frogs
utilized different periods of time of action of
digitalis before examining the heart to determine
whether it was in systolic standstill; these came
to be designated as the " 1-hour" method of
assav, or the " 18-hour'' method of assay (see
Miller, /. A. Ph. A., 1944, 33, 245). For description of the details of the U.S. P. XI method, using
frogs, see U.S.D., 22nd ed., p. 1125.
Cat Method— The U.S.P. XII followed the
lead of several of the European pharmacopeias
in adopting a cat assay in place of the frog
method which had been officially recognized for
25 years; the U.S.P. XIII assay was the same
as that of the preceding revision. This assay was
based on a determination of the average lethal
dose for cats, in ml. per Kg., of a tincture prepared from the digitalis to be tested and a comparison of this with the corresponding dose for
a standard preparation of digitalis. The standard
preparation was made by adding 10 ml. of a
menstruum of 4 volumes of alcohol and 1 volume
of water for each Gm. of Digitalis Reference
Standard used, shaking the mixture during 24
hours at 25°, centrifuging it, and decanting the
liquid phase for use as the standard preparation;
in the test, however, this was diluted with isotonic
sodium chloride solution so as to have the estimated fatal dose per Kg. in 15 ml. of the dilution.
Domestic cats weighing between 2.0 and 4.0 Kg.,
free of gross evidence of disease and not being
either obese, emaciated, lactating, or pregnant,
were used in the test; not less than 6 cats were
necessary for each of the two solutions to be
tested. Food was withheld prior to the test and
the animals were anesthetized lightly with ether;
after immobilization a canula was inserted in a
femoral vein with provision for injecting the
test dilution from a burette caUb rated to 0.1 ml.
The test proper consisted in injecting 1 ml. of
diluted material (the sample to be tested being
diluted in the same manner as the standard
preparation) for each Kg. body weight of cat
at 5-minute intervals until the cat died from
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cessation of heart beat. If the average number
of doses required to produce death was less than
13 or more than 19, the experiment was repeated
until the results were within these limits.
The lethal dose for each cat in terms of the
ml. of tincture per Kg. of live body weight was
calculated, and the average lethal dose of the
standard preparation and that of the preparation
under test computed. The standard error of each
average was calculated by taking the difference
between the average and the lethal dose for each
cat; the differences were squared, their sum
taken, this divided by the product of the number
of cats and that number less one, and the square
root of the quotient extracted. If the standard
error of each average was not over 5.7 per cent,
the potency of the preparation to be assayed, in
U.S.P. Digitalis Units, was obtained by dividing
the average for the Standard Preparation by the
average for the preparation to be assayed. If the
standard error of either average exceeded 5.7
per cent, the experiments included in the calculation of the standard error were repeated until this
error was within the limit.
Digitalis tincture was considered to conform
to the pharmacopoeial requirement if the result
of the assay did not vary more than 20 per cent
from such requirement. US.P. XIII.
Pigeon Method— The U.S.P. XIV introduced
the pigeon method (see Braun and Lusky, Fed.
Proc, 1947, 6, 311) of assaying digitalis, its
dosage forms, and certain of its derivatives, and
the U.S.P. XV has continued to use this method.
The procedure is identical with that described
under the cat method except that pigeons are
used. The potency, in U.S.P. units per ml. of
the assay preparation, is defined as the ratio of the
product of the average number of doses of the
test dilution of the standard preparation and
the number of ml. of the standard preparation in
100 ml. of the test dilution to the corresponding
product for the assay preparation. The confidence
limits of the potency are calculated; if these differ
by more than 0.30 U.S.P. Digitalis Unit between
the upper and lower limits the assay is repeated
until it is within this limit. The potency of digitalis is considered satisfactory if the assay indicates not less than 0.85 U.S.P. Digitalis Unit per
0.1 Gm.
The B.P. assays its Prepared Digitalis (corresponding to U.S.P. Powdered Digitalis) biologically but permits use of frogs, cats, guineapigs (see /. A. Ph. A., 1947, 36, 363). or pigeons
as test animals. The LP. directs that digitalis leaf
be assayed by the method required by the law of
the country concerned.
Human Method. — Gold and his associates
(/. Pharmacol., 1941. 73, 212) reported that the
U.S.P. XIII cat method, though superior to the
earlier frog method, gave results which may be
misleading when applied to humans. They developed a method of assay based on the fact that
the therapeutic action of digitalis in man parallels
the change in the '"RS-T" segment of the electrocardiogram {ibid., 1942, 75, 196); using one
sample of digitalis for the preparation of tablets,
capsules and two tinctures they were able to
obtain the remarkable reproducibility represented
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by a minimum deviation of less than 10 per cent
in the four assays (Science, 1943, 97, 125, 150).
Chemical Assay. — Many attempts to develop
a chemical assay for digitalis have been made but
none of these has proved to be entirely adequate.
A method reported by Bell and Krantz (/. Pharmacol., 1945, 83, 213) has shown promise in a
collaborative study (/. A. Ph. A., 1946, 35, 260).
This method, originally proposed by Knudson and
Dresbach (/. Pharmacol., 1923, 20, 205), is a
colorimetric procedure based on the reaction observed by Baljet {Schweiz. Apoth. Zeit., 1918, 56,
71, 89) in which a red-orange color is developed
by the active glycosides of digitalis in the presence of an alkaline picrate solution. Bell and
Krantz (/. Pharmacol., 1946, 88, 14) also studied
the relative intensities of the color reaction of
the principal D. purpurea and D. lanata glycosides; the intensities of the former paralleled
cardiotonic activity but those of the lanata group
did not. Goldstein (/. A. Ph. A., 1947, 36, 296) reported that while the Bell and Krantz method
may not appear to satisfy all requirements for an
official chemical assay of digitalis the method is
useful in control laboratories that are not equipped
for biological procedures. Swoap (ibid., 1948, 37,
268) used a modification of the Knudson and
Dresbach procedure for over 4 years of assaying
digitalis and its glycosides.
Constituents. — From the leaves of Digitalis
purpurea have been isolated a total of about 1 per
cent of the glycosides digitoxin, gitoxin and gitalin,
all possessing cardiac activity and originally
thought to be the natural glycosides of the plant.
In 1935, however, Stoll showed that digitoxin and
gitoxin each had already lost a molecule of glucose by enzymatic hydrolysis during extraction.
Inactivating the glycosi de-splitting enzymes by
extracting digitalis at low temperatures and in the
presence of neutral salts, Stoll (see The Cardiac
Glycosides, 1937) succeeded in isolating the precursors ofboth digitoxin and gitoxin. That of the
former he called purpurea glycoside A and demonstrated itto be a deacetyl derivative of digilanid A or lanatoside A, one of the native glycosides of D. lanata, for which reason it is also designated deacetyldigilanid A. The precursor of gitoxin
he named purpurea glycoside B, or deacetyldigilanid Bfrom its being a deacetyl derivative
of digilanid B or lanatoside B, another of the
natural glycosides of D. lanata. In the ordinary
procedures of extraction these natural glycosides
are hydrolyzed by the enzyme digipurpidase,
splitting off a molecule of glucose and leaving
digitoxin and gitoxin, respectively. It is highly
probable that gitalin is likewise a product of the
hydrolysis of a native glycoside in D. purpurea.
Digitoxin, gitoxin and gitalin may be further
hydrolyzed, leaving aglycones entirely free of
sugar and named, respectively, digit oxigenin,
gitoxigenin, and gitaligenin. The sugar liberated
in each case is the same — the alpha-deoxymonosaccharide digitoxose, C6H12O4, of which three
molecules are split off from digitoxin and from
gitoxin, but only two from gitalin. While the
aglycones constitute the pharmacologically active
components of the glycosides, the otherwise inactive sugar component enhances the activity, pre-
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sumably bymodifying water solubility, cell penetrability, and persistence of cardiac action. It has
been conclusively demonstrated that the aglycones
are weaker in cardiac action than the glycosides
from which the former are derived.
The aglycones digitoxigenin, gitoxigenin and
gitaligenin, in common with the aglycones of most
other cardiac glycosides, contain a cyclopentanoperhydrophenanthrene nucleus having methyl
groups at carbon atoms 10 and 13, a hydroxyl
group at 3 and 14, and an unsaturated four-carbon
atom lactone ring at 17 (see Sterids, Part II).
Gitoxigenin differs from digitoxigenin only in having ahydroxyl group in place of a hydrogen atom
at carbon atom 16. Gitaligenin can be converted
into gitoxigenin by dehydration, one molecule of
water being eliminated; the former is therefore
referred to as gitoxigenin hydrate.
Digitoxin, C41H64O13, was first described in
1869 by Nativelle as pure crystalline digitalin
(not to be confused with other digitalins) but it
was not thoroughly investigated, either chemically
or pharmacologically, until the work of Cloetta
in 1920 (Arch. exp. Path. Pharm., 1920, 88, 113).
For further discussion of this official substance
see under Digitoxin.
Gitoxin, C41H64O14, isolated as a pure substance by Krafft (Arch. Pharm., 1912, 250, 126),
and later by Cloetta (Arch. exp. Path. Pharm.,
1926, 112, 261), occurs in white needles melting
between 266° and 269°. It is very slightly soluble
in water, alcohol or chloroform. It has been referred to, in the literature, as anhydro gitalin,
bigitalin, and pseudodigitoxin.
Gitalin, C35H56O12, occurs as white rosettes,
melting at 245°. It is soluble in alcohol, chloroform or acetone. This pure crystalline material
should not be confused with the Amorphous
Gitalin described in Part II.
Rothlin (Schweiz. med. Wchnschr., 1935, 1162)
found that purpurea glycoside B is less than half
as potent on the frog heart as glycoside A but
about equally potent in the cat assay. Digitoxin
is somewhat weaker than glycoside A on the frog's
heart but stronger in the cat assay.
From the seeds of D. purpurea has been isolated a glycoside described under the name
digitalinum verum, sometimes called Schmiedeberg's digitalin or Kiliani's digitalin. Windaus
found it to have the composition corresponding
to C36H56O14; on hydrolysis it reacts with two
molecules of water yielding a primary aglycone
C23H34O5, probably gitoxigenin, and a molecule
each of the sugars digitalose, C7H14O5, and glucose, C6H12O6. Under the rather severe chemical
treatment necessary to effect this hydrolysis the
primary aglycone loses two molecules of water,
leaving as the final product, dianhydro gitoxigenin.
This digitalin should not be confused with (1)
Nativelle's crystalline digitalin (see above); (2)
German digitalin, a mixture of glycosides from
digitalis seeds; (3) French digitalin (Homolle's
digitalin), a mixture of glycosides from digitalis
leaves, obtained by Homolle's process. German
and French digitalin are described in Part II.
The leaves and seeds of D. purpurea also contain a number of saponins, of which digitonin,
gitonin and tigonin have been isolated and in-
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vestigated. On acid hydrolysis the following reactions occur: Digitonin produces the aglycone
digitogenin, four molecules of galactose and one
of xylose; gitonin yields gitogenin, three molecules of galactose and one of a pentose; tigonin
splits into tigogenin, two molecules each of glucose and galactose, and an unreported number
of molecules of rhamnose. It is noteworthy that
these sapogenins. as the aglycone fractions of
saponins are called, also contain the cyclopentanoperhydrophenanthrene nucleus. The saponins
possess no digitalis action.
Deterioration. — It has long been known that
preparations of digitalis may lose their potency.
This is due, at least in part, to hydrolysis of the
glycosides, for it is well established that the
aglycones are much less potent than the glycosides from which they are derived; this hydrolysis may be brought about by enzymes which are
contained in the leaves. It is also well established
that some samples of digitalis will keep much
better than others, but despite a large amount of
experimental work we have no definite knowledge
of the conditions which affect this loss of potency.
The rate at which digitalis leaf undergoes a loss
of activity may van- from nothing to 50 per cent
within 6 months when tested by the frog method,
but it should be noted that the cat method of
assay shows generally much less evidence of loss
of potencv than the frog method. Christensen and
Smith (/. A. Ph. A., 1938, 27, 841) found that
there was no consistent difference between hermetically sealed digitalis leaves and those stored
in open containers nor between those containing
5 per cent and 12 per cent, respectively, of
moisture. It is frequently stated that the tincture
deteriorates more rapidly than the leaf does but
there is no convincing proof of this in the extensive literature on the subject (see also Deterioration under Digitalis Tincture). Digitalis
infusion is, however, an extremely unstable preparation. For review of the literature on deterioration of digitalis see Haag (Am. J. Pharm., 1938,
110, 456).
Action. — Although digitalis appears to have
been used by the inhabitants of Britain as far
back as the tenth century of the Christian Era, it
was introduced into regular medical practice by
William Withering in 1775 (reprinted in Medical
Classics, 1937, 2, 305s). who obtained his knowledge of the value of foxglove in dropsy from an
old woman of Shropshire. Substances with action
and chemical structure similar to the glycosides of
digitalis have been obtained from a large number
of plants and from toad poisons (Chen. Ann. Rev.
Physiol., 1945. 7, 677).
General. — The main systemic effects of digitalis and allied substances are manifested on the
cardiovascular system in the increased force and
decreased rate of ventricular contraction. It has
some action on the nervous system. Practically
nothing is known of the basic mechanism whereby
digitalis affects cardiovascular function. In man
and the intact animal the initial effect of digitalis
is a decrease in venous pressure (right auricular
pressure) which is followed by the several effects
of digitalis to be discussed, but the mechanism of
this reduction in venous pressure remains to be
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satisfactorily elucidated (McMichael and SharpeySchafer, Quart. J. Med., 1944, 13, 123). Cardiac
muscle is much more sensitive to digitalis than are
the other muscles of the body. Heart muscle concentrates 37 times as much digitalis glycoside as
do the brain, skeletal muscle, skin, skeleton, lungs
and blood, there being no qualitative or quantitative difference from one glvcoside to another
(Stoll, J. -Lancet, 1951, 71, 195). How the aglycones, which are evidently released from the
glycosides in the cell protoplasm, cause such remarkable changes in muscular contraction is a
mystery.
Ventricular Force. — The most important action of digitalis is upon the muscle of the heart.
It increases the force of svstolic contraction
(Cattell and Gold. /. Pharmacol., 1938, 62, 116).
Most of the changes in cardiovascular function
caused by digitalis are an outgrowth of this direct
action. Other effects are secondary and not indispensable. For many years digitalis was looked
upon as influencing the heart mainly through the
slowing of cardiac rate. This was due to the fact
that digitalis was thought to be specific in the
treatment of auricular fibrillation in which condition it often dramatically slows the ventricular
rate. The slowing in rate was believed to be the
basis for the relief of symptoms. For this reason
the primary action of digitalis on the heart muscle
was minimized and the drug was not used for
heart failure with normal rhythm but rather reserved for arrhythmias with rapid heart rate.
Through years of investigative work it has been
established that the chief use of digitalis is in
congestive heart failure and that its beneficial action is not primarily due to a slowing of the rate
but to its direct action to increase the force of
the myocardial contraction (Gold and Cattell,
Arch. hit. Med., 1940, 65, 263). When digitalis
increases the force of contraction in the failing
heart the ventricle empties more completely. In
this manner the venous pressure is lowered, if it
had been elevated by congestive heart failure, because the heart is rendered capable of caring for
an increased venous return of blood. Not only is
the force of systole increased, but the length of
systole is shortened, thus giving the heart more
time to rest between contractions and more time
for the ventricle to fill with venous blood. Digitalis also apparently increases the mechanical efficiency of the heart muscle (Erickson and Fahr.
Am. Heart J., 1945. 29, 348). Experiments have
shown that after digitalis, the heart muscle is able
to perform a given amount of work with less consumption of oxvgen (Peters and Visscher. Am.
Heart J., 1936. 11, 273).
However, considering the primary fall in venous pressure which is induced by digitalis (Stewart
et al., Arch. Int. Med., 1938. 62, 547 and 569),
regardless of whether cardiac output is increased
following the drug, as in patients with congestive
heart failure, or decreased, as in persons with
normal, compensated hearts. Katz et al. (J. Pharmacol, 1938, 62, 1; Am. Heart J., 1938. 16, 149)
claimed that digitalis acts peripherally on the circulation rather than on the contractile power of
the myocardium. The report of Dock and Tainter
(/. Clin. Inv., 1930, 8, 467) that pooling of blood
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in the liver of dogs explained the drop in venous
pressure was not confirmed in the human by
P. Wood (Brit. Heart J., 1940, 2, 132) and this
change in venous pressure occurs too rapidly to
be a result of the decrease in blood volume which
follows digitalization (W. B. Wood and Janeway,
Arch. Int. Med., 1933, 62, 151). The decrease in
venous pressure associated with an increase in
cardiac output and a decrease in heart size in
cases of congestive heart failure and similar
changes, except for a decrease in cardiac output
in normal hearts, follows Starling's law of the
heart (McMichael and Sharpey-Schafer, loc. cit.).
Ventricular Rate. — The strengthened cardiac
systole caused by digitalis markedly affects other
aspects of cardiovascular function. Therapeutic
doses of digitalis slow the rapid heart rate in
clinical heart failure. The most likely manner in
which digitalis causes this is through reflex vagal
effect as a result of restoration of compensation
of cardiovascular function. Tachycardia in heart
failure is usually considered a compensatory response to maintain the circulation. As digitalis
improves the circulation and relieves the failure
through its myocardial action, the cause of the
tachycardia is corrected and the heart rate is decreased. The therapeutic effects are not due to
any direct digitalis-induced vagal slowing. Gold
et al. (J. Pharmacol., 1939, 67, 224) demonstrated
that the initial slowing produced by a digitalizing
dose may be abolished by atropine but that the
ventricular rate is not altered by atropine, emotion or exertion when the full effect of digitalis
has been established. Congestive failure is often
markedly improved without evidence of cardiac
slowing. When the heart rate is decreased by
digitalis it is mainly in patients who have a tachycardia accompanying the heart failure. Even in
auricular fibrillation, where digitalis exerts its
most prominent slowing of ventricular rate, the
drug usually doesn't slow the ventricle unless heart
failure exists. These conclusions are strengthened
by the fact that digitalis when given in full doses
to persons without cardiac failure causes insignificant changes in the heart rate. If therapeutic
doses of digitalis affect the sino-auricular node
directly or through vagal stimulation, this action
is not prominent. Toxic doses of digitalis, however, do slow the heart rate. This effect is partly
due to a vagal effect, but in larger part to a direct
action on the pacemaker and the conduction tissue
of the heart.
Conduction. — Therapeutic doses of digitalis
do slow the conduction between the auricles and
the ventricles in normal as well as decompensated
hearts and this is reflected in an increased "P-R"
interval in the electrocardiogram. This is mainly
due to a direct action on the muscle of the conduction bundle of the heart. When cardiac muscle
contracts more strongly, the refractory period is
increased and hence there is a delay in the rate of
conduction. In instances of normal sinus rhythm,
the rate is not particularly affected because,
despite the delay in conduction of the impulse,
the auricular contractions are neither weak nor
numerous so that all of these impulses are transmitted to excite the ventricle. However, with
toxic doses, degrees of auriculoventricular block
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may occur so that the auricular impulses are interfered with resulting in partial heart block or
complete auriculoventricular dissociation.
In auricular fibrillation, where there are many
impulses traveling over the bundle of His to excite the ventricle to contract frequently and
irregularly, the rate of ventricular contraction is
definitely slowed by therapeutic doses of digitalis.
This is due in part to the direct action of digitalis
on the bundle of His whereby the refractory
period is increased so that the number of impulses
capable of passing over this conduction bundle is
appreciably reduced. This effect is also due in part
to a vagal factor which is largely reflex in nature
and due to restoration of myocardial compensation. But more important, it is probably due to
the direct action of digitalis on the ventricular
muscle itself because the chief factor in determining whether digitalis will decrease the ventricular
rate in auricular fibrillation is the presence or
absence of cardiac failure. The direct action of
digitalis on the decompensated myocardium is to
strengthen the force of its contraction, which
increases the refractory period of the muscle. The
ventricle is thus rendered less excitable to auricular impulses which do pass through the conducting
tissue from the auricle. Also as the myocardium
becomes better nourished, it becomes less irritable
and it will not respond to stimuli which were
capable of causing contractions when the muscle
was in an anoxic state (see Cushny, J. Pharmacol.,
1918, 11, 103).
Cardiac Size. — Full doses of digitalis decrease
the diastolic size of the heart. This is thought to
be true for normal hearts as well as for those
dilated in failure. In normal hearts cardiac ouput
is diminished, due to the fact that the heart is
decreased below its optimal size by direct cardiotonic action of the drug (Stewart et al., Arch.
Int. Med., 1938, 62, 547 and 569). Schemm
(Postgrad. Med., 1950, 7, 385) claims that the
data of recent years do not agree that digitalis
impairs function of the normal heart, when given
in therapeutic doses. In failing hearts, however,
cardiac output is increased. This is due to the fact
that the dilated, inefficient ventricle is reduced
to a more normal and efficient one and the systolic
ejection of blood is more forceful and complete
(see Stewart and Cohn, /. Clin. Inv., 1932, 11,
917).
Blood Pressure. — This is affected by therapeutic doses of digitalis only through its action on
the heart and not by any significant effect on the
blood vessels or the vasomotor center. Low pressures due to decompensation are elevated toward
normal as digitalis improves cardiac function.
Electrocardiogram. — With usual therapeutic
doses, a change of the normally upright "T" wave
is seen; it becomes diminished in amplitude, flat
or actually inverted. The "RS-T" segment becomes depressed. These changes may simulate
those associated with myocardial damage due to
disease of the coronary arteries (Stewart and
Watson, Am. Heart J., 1938, 15, 604). With
larger doses the "PR" interval becomes prolonged
(up to comes
0.25
shorter.second) and the "QT" interval beKidney
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duced digitalis he considered that its principal
value was as a diuretic but all investigators agree
that it has little or no influence on the quantity of
urine in normal men or animals. The diuresis
which occurs in cases of congestive heart failure
is secondary to the relief of the heart failure. With
improvement in the general circulation, edema
fluid is mobilized, renal blood flow is improved
and diuresis results. Digitalis passes into edema
fluid (Schnitker and Levine, Arch. Int. Med.,
1937, 60, 240 J. In patients with heart failure and
edema who have not responded rapidly to digitalis
therapy, the rapid mobilization and excretion of
the edema fluid, due to exhibition of diuretic or
other factors, may result in the manifestations of
digitalis intoxication. On the contrary, assays of
ascitic, pleural or edema fluid of fully digitalized
patients with the embryo duck-heart preparation,
by
St. disclosed
George etnoal.digitoxin
'(/• Clin.action
Inv., in1953,
1222),
4 of32,8
fluids and only 2, 3, 5 and 20 meg. per liter in the
others. Any significant redigitalization from absorption of such fluid into the circulation seems
impossible and the symptoms of such action,
which are not denied, are attributed to a depression of intracellular potassium as a result of the
diuresis which can sensitize the heart to digitalis
action (Lown et al., Am. Heart J., 1953, 45, 589).
Coagulation. — Digitalis has recently been
shown to increase the coagulability of the blood
and to antagonize the anticoagulant action of
heparin in the body (de Takats et al., J. A.M. A.,
1944, 125, 840; Massie et al., Arch. Int. Med.,
1944, 74, 172). This may increase any tendency
to thrombosis and embolism.
Calcium Effect. — Loewi (see Blumenfeld and
Loewi, /. Pharmacol., 1945, 83, 96) called attention to the similarities between the effects of digitalis and calcium upon the heart and suggested
that the chief action of digitalis is to sensitize
the cardiac muscle to calcium. Fischer (Arch. exp.
Path. Pharm., 1928, 130, 194). however, reported
that while there is a synergism between digitalis
and calcium, their effects are not identical; furthermore. Xyiri and DuBois (/. Pharmacol., 1930,
39, 99 J have shown that calcium action can be
overcome by washing the heart with sodium or
potassium salt solutions but that the digitalis
effect cannot be washed out (see also under Calcium Gluconate). Oral administration of calcium
salts is safe during digitalis therapy but parenteral
use is inadvisable (Smith, Winkler and Hoff. Arch.
Int. Med., 1939, 64, 322). Digitalis should be
given with caution to patients who are receiving
parathyroid extract or large doses of vitamin D
as well as to individuals with hyperparathyroidism.
Absorption. — The cardioactive material in
powdered digitalis is absorbed well, although incompletely, from the small intestine even though
patients with heart failure commonly have a congested mucous membrane (Dille and Whatmore.
J. Pharmacol., 1942, 75, 350). The effect of a
single dose appears within 2 hours and is complete
after 6 hours (Pardee. J.A.M.A., 1920, 75, 1258).
Therefore the interval between doses should be
6 hours or more, particularly when large doses
are prescribed. With the exception of digitoxin.
most of the digitalis glycosides are incompletely
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absorbed as evidenced by the much larger oral
than intravenous dose which is required with
many preparations. The unabsorbed portion seems
to be destroyed in the intestine because it cannot
be recovered from the feces. Digitalis is well absorbed from the rectum and may be employed in
the same doses as by mouth. After a cleansing
enema, it may be administered in the form of the
tincture diluted with 7 parts of water or as powdered digitalis in suppository form. The rectal
route avoids, to some extent at least, passage
through a congested liver (Heubner and Fuchs,
Arch. exp. Path. Pharm., 1933, 171, 102). Without considerable purification, subcutaneous or intramuscular administration is irritating and the
rate and degree of absorption is unpredictable.
The active principles are absorbed through the
skin and poultices were formerly in use. After
intravenous administration the digitalis effect appears on the heart within 2 to 5 minutes and the
full effect is reached in a few hours (see under
Digitoxin).
Degradation and Excretion. — Very little is
known about the distribution and fate of the
digitalis glycosides in the body. Digitoxin and the
lanatosides combine with the serum proteins
whereas strophanthin and ouabain do not (Farah.
/. Pharmacol., 1945, 83, 143). A small percentage
of the dose is fixed in the heart and only slowly
released or destroyed. Of the glycosides, digitoxin
seems to remain the longest and hence is the most
likely to be concerned in cumulative poisoning.
It is excreted slowly and mostly in inactive forms
in the urine, bile and feces (Weese, Titer. Geg.,
1939, 80, 250). Little is known of the rate and
nature of degradation in the tissues. However,
this rate is important in the determination of the
maintenance dosage. By means of electrocardiograms, Bromer and Blumgart (JAM A., 1929,
92, 204) estimated a daily loss of 150 mg. of
powdered digitalis. U.S. P. X: this confirmed a
previous estimate bv cruder methods made by
Pardee (J.A.M.A., 1919, 73, 1822). Patients vary
greatlv in the rate of loss of digitalis effect; Gold
and DeGraff (JAMA., 1930. 95, 1237) showed
that the rate of loss was actually a percentage of
the amount of digitalis in the body — i.e., when
administration is commenced, the rate of excretion and degradation is slow but increases as more
digitalis is absorbed. The figure of 100 mg. (approximately \y2 grains) of powdered digitalis,
however, is a useful approximation for therapeutic
purposes of the daily loss.
Toxicology. — Herrmann et al. (J. A.M. A.,
1944. 126, 760) reported that digitalis poisoning
had been more frequent in recent years. They
ascribed this to the more generally active and
stable commercial preparations now available, the
inadequate publicity given to the increased
potency of the U.S. P. XI digitalis unit, the failure
of the physician to ascertain the previous use of
digitalis preparations by the patient, confusion
concerning the activity of the highly potent glycoside preparations now available, and the differences between the oral and parenteral dose of
many preparations. Anorexia, nausea and vomiting are among the earliest effects of digitalis
overdosage. These effects have been shown to be
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central in origin (Hatcher and Weiss, Arch. Int.
Med., 1922, 29, 690), but when large doses are
given by mouth there is a local emetic action
(Gold et al, J. Pharmacol., 1944, 82, 187). Abdominal discomfort or pain and diarrhea may also
occur.
Alterations in cardiac rate and rhythm occurring in digitalis poisoning may simulate almost
any known type of arrhythmia seen clinically.
Extrasystoles are probably the most frequent
effect. They are caused by the increased irritability of the myocardium produced by excessive
amounts of the drug. Often the extrasystole recurs
after each regular systole — coupling or pulsus
bigeminus. The ventricular rate may be increased
due to numerous extrasystoles or it may be slowed
either through a direct action on the pacemaker
or on the auriculoventricular conduction system.
Prolongation of conduction may occur and result
in dropped beats or even complete heart block
(auriculoventricular dissociation). Digitalis has
been fraudulently used to cause simulation of
heart disease. An electrocardiogram may be necessary in the clinical management of the patient
to aid in the differentiation of arrhythmia due to
digitalis poisoning from that due to heart disease.
Older patients and particularly those with disease
of the coronary arteries and impaired myocardial
blood supply are more susceptible to these untoward effects of digitalis. Sinus arrhythmia may
occur early as a minor toxic effect. Paroxysmal
auricular or ventricular tachycardia are particularly ominous and demand immediate cessation
of the drug. Auricular fibrillation can be caused
by large doses of digitalis. Ventricular fibrillation is the commonest cause of death from digitalis poisoning.
Headache, fatigue, malaise and drowsiness may
occur early. Vision is often blurred; objects may
appear yellow or green due to disturbances in
color vision (Am. J. Ophth., 1945, 28, 373 and
639). Diplopia may likewise occur (Ross, ibid.,
1950, 33, 1438). Batterman and Gutner (Am.
Heart J., 1948, 36, 582) described neuralgia in
association with other symptoms as a manifestation of digitalis glycoside toxicity. Six cases of
delirium were reported by King (Ann. Int. Med.,
1950, 33, 1360); circulatory changes were not
responsible. Diuresis following use of digitalis in
congestive failure reduces coagulation time of the
blood, apparently through increased concentration of thromboplastin in the circulating blood
(Pere, Acta med. Scandinav., 1950, 139, supp.
251). Eosinophilia, urticaria and other skin rashes
(Romano and Geiger, Am. Heart J., 1936, 11,
742) and allergy to digitalis (Cohen and Brodsky,
/. Allergy, 1940, 12, 69) are very infrequent.
Myocardial hemorrhages, necrosis and fibrosis
and similar changes in the brain have been produced in animals by large doses of digitalis, but
such lesions have not been observed in humans
(J. A.M. A., 1945, 127, 93; Dearing et al., Circulation, 1950, 1, 394).
Digitalis-induced arrhythmias may be associated with increased myocardial sensitivity from
alterations in intracellular potassium distribution,
occurring either in malnutrition and gastrointestinal disorders or following vigorous mercurial

Digitalis

451

diuresis (Lown et al., Proc. S. Exp. Biol. Med.,
1951, 76, 797; Cohen, New Eng. J. Med., 1952,
246, 254). The serum potassium level may be
unaffected. Treatment consists of immediate withdrawal of digitalis, administration of potassium
salts in dosage of 2 to 10 Gm. daily by mouth or
cautiously by vein, if renal function is normal.
Ventricular arrhythmias refractory to potassium
may be terminated by intravenous injection of
magnesium sulfate, the dosage being 10 to 20 ml.
of a 15 to 25 per cent solution. Procainamide
hydrochloride (q.v.) is of particular value when
renal function is impaired and potassium administration contraindicated, both in the ventricular
and auricular arrhythmias of recent origin.
Therapeutic Uses. — Congestive Heart Failure.— By far the most important use of digitalis
is in congestive heart failure regardless of the
cause. This is true whether the failure is predominantly right or left ventricular or both, despite the rhythm or rate and for all types of heart
disease. The presence of arrhythmia may modify
the response to digitalis but this does not alter the
fact that digitalis is indicated in heart failure. The
best results are obtained in failure due to hypertensive or arteriosclerotic heart disease or chronic
valvular heart disease.
Myocardial Infarction. — Digitalis is not indicated in cases of acute coronary occlusion because it increases the tendency to ventricular
tachycardia or fibrillation unless congestive heart
failure is present, in which case the congestive failure is the greater danger and the risk of serious
ventricular arrhythmia must be accepted. Schemm
(Postgrad. Med., 1950, 7, 385) maintained that
advisability of freer use of digitalis in myocardial
infarction is suggested by the fact that two-thirds
of the patients who survive go into congestive
failure. In a group of 50 patients with proven
myocardial infarction and no obvious complications, administration of digitalis in therapeutic
amounts induced no more ventricular ectopic
rhythms or instances of sudden death than occurred in a similar control group, according to
Askey (J.A.M.A., 1951, 146, 1008). He recommended use of digitalis in myocardial infarction
when early signs and symptoms of congestive
failure appear.
Myocarditis. — In heart failure complicating
rheumatic carditis the results are not so prominent. Many pediatricians seldom prescribe digitalis for this condition and it is important to
realize that the drug should not be pushed in such
cases when evident therapeutic effects are not
obtained. Heart failure secondary to syphilis,
myxedema, hyperthyroidism and thiamine deficiency also yield poorly to digitalis. It is evident
that these cases require more specific management. In rheumatic myocardiits, corticotropin
(q.v.) is useful. Digitalis is also not effective in
heart failure or peripheral circulatory collapse
due to infectious or toxic causes such as diphtheria. There is no justification for the use of
digitalis in pneumonia or in angina pectoris unless
heart failure is present; digitalis actually decreases
cardiac output under these circumstances (Stewart and Cohn, /. Clin. Inv., 1932, 11, 917).
Arrhythmias. — Digitalis is indicated in auricu-
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lar fibrillation if tachycardia is present; a resting
ventricular (apical) rate of about 70 per minute
is the aim of therapy. Congestive heart failure,
however, is the most common cause of auricular
fibrillation and it is in these cases that digitalis
produces its most dramatic results. It is indicated
in cases of auricular flutter with heart failure and
the flutter may change to fibrillation and thence
to normal sinus rhythm. In some cases of paroxysmal auricular tachycardia digitalis may terminate the attack, although quinidine is in more
general use for this purpose. Lewis (Med. Clin.
North America, 1945, 29, 524) reported that
digitalis is a cheaper and simpler remedy than
quinidine for the prevention of attacks of paroxysmal auricular tachycardia; for this purpose
it is important to distinguish between auricular
and ventricular tachycardia. Digitalis is also used
for the prevention of attacks of paroxysmal
auricular flutter or fibrillation. Heart failure associated with all degrees of auriculoventricular
block has been successfully treated with digitalis
(Blumgart and Altschule, Am. J. Med. Sc, 1939,
198, 455). Christian (J. A.M. A., 1933, 100, 789)
included among the indications the prevention
of heart failure in individuals who have heart disease but are still compensated and Erickson and
Fahr (Am. Heart J., 1945, 29, 348) presented
evidence of the value of digitalis for such patients.
Stewart (Ann. Int. Med., 1946. 24, 80) has reviewed therapeutic practices in heart disease and
Hanenson et al. (Med. Clin. North America, 1953,
37, 643) have integrated the factors of activity,
digitalis, diet, diuretics and other measures in the
management of congestive heart failure.
In children, accurate dosage information has
not been available. Using digitoxin, which is
readily absorbed from the gastrointestinal tract
and thereby provides almost all of the glycoside
action produced by powdered digitalis. Nadas
et al. (New England J. Med., 1953, 248, 98)
studied 41 children with congestive heart failure.
All had right-sided and about half of them leftsided heart failure; most of the cases had congenital heart disease; only 2 had rheumatic heart
disease. The initial digitalizing dose of digitoxin
administered during 24 to 36 hours for children
under 2 years of age was 20 to 30 micrograms per
pound of body weight and over 2 years of age
it was 10 to 20 micrograms per pound. The daily
maintenance dose was one-tenth of the initial
digitalizing dose. For comparison, the average
digitalizing dose of digitoxin for the adult is 10
micrograms per pound or, in terms of powdered
digitalis. 10 milligrams per pound. Instead of
ventricular extrasystoles. toxicity was more frequently manifested in children with disturbances
in auriculo-ventricular conduction and auricular
arrhythmias. Using the electrocardiographic criteria of Gold (see under Assay), Mathes et al.
(J.A.M.A., 1952, 150, 191) found that children
required 50 per cent more digitoxin per pound of
body weight than do adults.
In elderly patients, Raisbeck (Geriatrics, 1952,
7, 12) cited lessened resilience and adaptability,
the limited range of therapeutic effectiveness of
digitalis, and the increased chance of untoward
and toxic reactions. Because of diminished ab-
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sorption from the gastrointestinal tract the glycosides are preferred. In the aged a more gradual
readjustment of circulatory dynamics is advantageous, very rapid digitalization rarely being
desirable.
If the indications are carefully observed, there
are few contraindications to digitalis therapy
(Lewis, loc. cit.) except toxic response to digitalis or idiosyncrasy, ventricular tachycardia, beri
beri heart disease and some individuals with the
hypersensitive carotid sinus syndrome. |v)
Dose. — Unfortunately, confusion and misconception continue with regard to the use of digitalis. Provided with a reasonable knowledge of the
pharmacological action of digitalis and of heart
disease, its use is not difficult. Consideration of
dosage includes the amount needed to obtain
therapeutic effects in a patient not previously
digitalized and the amount needed to maintain
these effects. It is important to bear in mind
individual differences in susceptibility and the
need for determining the dose in each patient,
according to the response. The patient must be
watched carefully for therapeutic and toxic effects.
Initial. — The total average dose for inducing
full therapeutic effect within 36 to 48 hours in an
adult who has not received digitalis within 10
days is about 1.5 Gm. (approximately 22 grains)
of the powdered (standardized) leaf or 15 ml.
(approximately 4 fluidrachms) of the official tincture. This total dose may be divided into 4 or
more equal parts and administered orally every
4 to 6 hours (Eggleston, J.A.M.A., 1920, 74,
733). In cases of urgency, one-half or preferably
one-third of this total dose may be given at once
and the remainder in two portions after intervals
of 4 to 6 hours. For rapid digitalization the
glycosides are preferable. As a rough guide the
total dose may be calculated on the basis of 100
mg. (approximately \Yz grains) — i.e., 1 U.S. P.
unit — of the powdered leaf for each 4.5 Kg.
(approximately
10 ;pounds)
of totheedema
individual's
normal
body weight
weight due
should
not be included for this calculation. This is only
an estimate and the patient must be watched
carefully and the dose regulated according to the
effect produced. Children may require more than
this calculated dose to produce a full therapeutic
effect but this formula may be used as an estimate. On the other hand, old people, particularly
those with recent myocardial infarcts and arteriosclerotic heart disease often do not tolerate this
full calculated dose and it is the practice of many
physicians to use only two-thirds of the calculated
dose (about 1.2 Gm., approximately 18 grains,
of powdered digitalis) as an approximation of the
dose required by such cases. Where there is no
need for urgency, the patient may be digitalized
slowly by giving 100 mg. (approximately 1^2
grains) — i.e., 1 U.S. P. unit — of powdered leaf
three times daily until therapeutic effects are evident— approximately 4 to 7 days for the average
adult.
Maintenance. — The maintenance dose varies
from patient to patient. Recent work has shown
that the patient excretes not a fixed amount of
the drug each day, but rather a certain fraction
of the amount present in the body. Hence, the
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amount required varies with each case and depends upon the level of digitalis action which is
desired. The level which produces optimal therapeutic effects may be less than the maximum
tolerated amount. For most adult patients the
maintenance dose of Powdered Digitalis is 100 mg.
(approximately \]/z grains) or 1 ml. (approximately IS minims) of the Digitalis Tincture, i.e.,
1 U.S. P. unit, once daily. For children the maintenance dose is from 30 to 50 mg. (approximately
Yz to Y^ grains) daily. Some patients require
more and some less; this is determined by the
physician according to their response to treatment. The U.S. P. gives the range of the maintenance dose as 100 to 200 mg. daily. Unless the
cause of the heart failure is correctible, as by
thyroidectomy in cases of hyperthyroidism, the
maintenance dose of digitalis must usually be
continued throughout the remainder of the patient's life (Rogen, Brit. M. J., 1943, 1, 694).
Note. — This form of digitalis, since it has no
maximum potency requirement, is to be used only
for preparing powdered digitalis or other preparations of digitalis. When digitalis is prescribed,
the pharmacist must dispense powdered digitalis
(see the following monograph).
Storage. — Preserve "in containers that protect it from absorbing moisture. Digitalis labeled
to indicate that it is to be used only in the manufacture of glycosides is exempt from the storage
and water requirements." U.S.P.
POWDERED
DIGITALIS.
U.S.P. (B.P.) (LP.)
[Digitalis Pulverata]

"Powdered Digitalis is digitalis dried at a temperature not exceeding 60°, reduced to a fine or
very fine powder, and adjusted, if necessary, to
conform to the official potency by admixture with
sufficient lactose, starch, or exhausted marc of
digitalis, or with a powdered digitalis having either
a lower or a higher potency. The potency of
Powdered Digitalis is such that, when assayed as
directed, 100 mg. shall be equivalent to 1 U.S.P.
Digitalis Unit." U.S.P.
"Note. — When Digitalis is prescribed, Powdered Digitalis
is to be dispensed." U.S.P.

The B.P. official title for this standardized
dosage form of digitalis is Prepared Digitalis; its
potency is required to be 10 Units per Gm. (the
units employed in the U.S.P., B.P., and I. P. definitions are considered to be identical). It may be
prepared by mixing a digitalis powder of higher
potency with one of lower potency, or by mixing
the former with exhausted digitalis marc, with
powdered lucerne, or with powdered grass. The
LP. describes Standardized Powdered Digitalis
Leaf in its monograph on Digitalis Leaf; it is
required to contain 10 International Units per
Gm. and may be prepared by mixing a digitalis
powder of higher potency with one of lower
potency, or by mixing the former with exhausted
digitalis marc or with rice starch.
B.P. Prepared Digitalis; Digitalis Praeparata. LP.
Standardized Powdered Digitalis Leaf; Pulvis Digitalis
Folii Standardisatus. Fr. Poudre. de digitale. Sp. Digital
Pulverizada.
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Description. — "Powdered Digitalis conforms
to the description for Ground Digitalis under
Digitalis." U.S.P.
Powdered digitalis is permitted to contain not
more than 5 per cent of water by the U.S.P. and
LP., but the B.P. allows up to 8 per cent. The
U.S.P. states that the potency of powdered digitalis may be considered satisfactory if the result
of the assay indicates not less than 0.85 U.S.P.
Digitalis Unit and not more than 1.20 U.S.P.
Digitalis Units per 0.1 Gm.
Uses. — Powdered digitalis, in the form of capsules or tablets, has been the most widely prescribed form of digitalis in the United States. It
provides an effective, stable and standardized
dosage form of digitalis, being more reliable than
either the infusion or the tincture. For its uses
see under Digitalis.
The usual digitalizing dose (see discussion
under Digitalis) for an adult of about 70 Kg.
weight (approximately 150 pounds) is about 1.5
Gm. (approximately 22 grains), by mouth, divided over 24 to 48 hours; the range of dose is
1 to 2 Gm., with a maximum safe single dose (or
a total in 24 hours) of 2 Gm. The usual daily dose
for maintaining digitalization is 100 mg. (approximately 1^2 grains), by mouth, with a range of
100 to 200 mg. and a maximum of 200 mg. These
doses must be adjusted to the requirements of
each patient through careful and close observation
by the physician.
Storage. — Preserve "in tight, light-resistant
containers. A suitable cartridge or device containing a non-liquefying, inert, dehydrating substance
may be used in the container to maintain low
humidity." U.S.P.
DIGITALIS CAPSULES.
U.S.P.
[Capsulae Digitalis]

"Digitalis Capsules contain the labeled amount
of powdered digitalis." U.S.P.
Sp. Capsulas de Digital.

For uses and dose see under Digitalis and
Powdered Digitalis.
Storage. — Preserve "in well-closed containers." U.S.P.
Usual Sizes. — 60 and 100 mg. (approximately
1 and \Yi grains).
DIGITALIS TABLETS.
U.S.P. (B.P.) (LP.)
[Tabellae Digitalis]

"Digitalis Tablets contain the labeled amount
of powdered digitalis." U.S.P. The corresponding
B.P. preparation is official as Tablets of Prepared
Digitalis, the activity in each tablet of average
weight being required to be not less than 95.0 per
cent and not more than 105.0 per cent of the prescribed or stated amount of prepared digitalis.
The LP. Tablets of Digitalis are required to have
an average potency of not less than 85.0 per cent
and not more than 120.0 per cent of the prescribed or stated number of International Units
of activity.
B.P. Tablets of Prepared Digitalis; Tabellae Digitalis
Praeparatae. LP. Tablets of Digitalis; Compressi Digitalis.
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Digitalis Tablets

For uses and dose see under Digitalis and
Powdered Digitalis.
Storage. — Preserve "in tight containers."
U.S.P.
Usual Sizes. — 60 and 100 mg. (approximately
1 and \Yz grains).
DIGITALIS

INJECTION.

N.F.

[Injectio Digitalis]

"Digitalis Injection is a sterile solution in water
for injection of a mixture of glycosides or therapeutically desirable and cardioactive constituents
of digitalis. Its potency is to be indicated on the
label in terms of U.S. P. Digitalis Units.
"Digitalis Injection may contain not more than
10 per cent of alcohol as a preservative.
"Caution. — For the purposes of standardization,
Digitalis Injection is assayed by the U.S. P. biological method and its potency is expressed in
terms of U.S. P. Digitalis Units. Preparations of
this type are intended for parenteral administration and when injected may show an effect much
greater than that of an equivalent number of
U.S. P. Digitalis Units when administered orally
in the form of digitalis leaf or digitalis leaf preparations. The dosage, therefore, should be that
recommended in the labeling." N.F.
Uses. — This injection has enjoyed wide popularity as a therapeutically useful dosage form of
digitalis but the apparently unavoidable uncertainty concerning the composition, potency and
action of the several available digitalis injections
has lessened their use. The general availability of
injections of the individual glycosides or certain
definite mixtures of glycosides of digitalis has
further contributed to the decline in the use of
digitalis injection.
Fatalities have resulted from the confusion regarding the potency of different products of the
type of digitalis injection. It was hardly practical
for the clinician to be familiar with all of the
available preparations in this class, especially
since identical therapeutic response could not be
assumed for preparations having identical potency
in U.S. P. Digitalis Units based on the official
assay (see caution statement in the official definition above). There is enough difference in the
action of the individual glycosides of digitalis,
particularly with respect to cumulative tendency,
that it is in general unwise for the physician to
shift from the use of one digitalis injection to
another solely on the basis of a consideration of
their relative potencies as determined by bioassay.
In 1953 New and Nonoficial Remedies discontinued description and acceptance of proprietary
digitalis injections. In 1952 two such injections
were described in X.X.R. : Solution Digalen Injectable (Hoffmann-LaRoche), representing 1
U.S. P. Digitalis Unit in 2 ml., and Solution Digijolin (Ciba), also representing 1 U.S. P. Digitalis
Unit in 2 ml. These and other products are currently available.
Oral administration of digitalis meets the requirements ofthe vast majority of patients and
indiscriminate use of digitalis preparations parenterally is to be discouraged. Indications and
dosage schedule of digitalis injection are in
general similar to those of orally administered

digitalis (see under Digitalis) but it must be
remembered that when given parenterally the
dose is significantly less than is required by
mouth because of less complete and slower absorption of active principles from the intestinal
tract. For the reasons indicated the dose of a
particular digitalis injection should be that recommended on the label.
Storage. — Preserve "in single-dose containers,
preferably
of Type
glass."
Usual Sizes.
— 1I U.S.
P. N.F.
Unit in 1 ml. or in
2 ml.
DIGITALIS TINCTURE.
N.F. (B.P., LP.)
[Tinctura Digitalis]

"The potency of Digitalis Tincture shall be
such that, when assayed as directed, 1 ml. of the
Tincture shall be equivalent to 1 U.S. P. Digitalis Unit." N.F. The B.P. requires 1 Unit of
activity in 1 ml., while the LP. requires 1
International Unit in 1 ml. or in 1 Gm., the country concerned deciding which of these concentrations will be adopted in that country'.
B.P., I. P. Tincture of Digitalis. Tincture of Foxglove.
Fr. Teinture de digitale. Ger. Fingerhuttinktur. It.
Tintura di digitale. Sp. Tintura de digital.

Prepare a tincture from 100 Gm. of digitalis,
in fine powder, by Process P, as modified for
assayed tinctures, using as a menstruum a mixture of 4 volumes of alcohol and 1 volume of
water to make about 1000 ml. conforming to the
specified potency. N.F.
The B.P. Tincture of Digitalis is prepared by
percolating either unstandardized leaf or powdered leaf with 70 per cent alcohol; in the former instance the tincture is assayed biologically,
in the latter no assay is required. An alternative
process is macerating powdered (standardized)
digitalis during two days, straining the mixture
with light expression of the marc, and clarifying
the product by subsidence or filtration; an assay
is not required.
The LP. tincture is prepared by percolating
digitalis leaf with 70 per cent alcohol; the percolate is assayed and diluted to produce a tincture of the required degree of activity.
Assay. — The tincture is assayed biologically,
by the method summarized and explained under
Digitalis. The potency of the tincture is satisfactory if the result of the assay is not less
than 0.85 U.S. P. Digitalis Unit and not more
than 1.20 U.S.P. Digitalis Units. N.F.
Alcohol Content. — From 70 to 75 per cent,
by volume, of C2H5OH. N.F.
Deterioration. — It is commonly stated that
digitalis tincture is more likely to deteriorate
than is the properly preserved leaf. The rapidity
with which various samples of tincture lose their
potency, assuming that lack of precision of assays
is not in large measure responsible for some of
the apparent differences, is subject to inexplicable
variation. Of two tinctures made by the same
method and preserved under identical conditions, one may show an apparent loss of 20
per cent of its potency within six months while
the other shows no loss at all. Neither hydrogenion concentration, nor proportion of alcohol, nor
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temperature at which the tincture is stored,
appears to be, within reasonable limits, the significant variable (see Emig, /. A. Ph. A., 1932,
21, 1273; Rowe and Scoville, ibid., 1933, 22,
1087). Apparent deterioration when the tincture
is tested on one animal species but not on another (frog and cat) has been reported (Gold
and Cattell, Science, 1941, 93, 197). The observations ofMacht and Krantz {Proc. S. Exp. Biol.
Med., 1926, 23, 240) suggest that ultraviolet
rays may have some connection with loss of
potency. In this connection Feinblatt and Ferguson {New Eng. J. Med., 1952, 246, 905) reported that a stabilized digitalis tincture may be
prepared by removing the green color, which
they claim hastens deterioration through absorption of actinic rays, by adsorption on charcoal,
then dissolving in the decolorized tincture 0.1
per cent of either of the red dyes phenylsafranine or amaranth. Their experiments indicate
that the decolorized solution is more stable than
the naturally colored tincture and that tinctures
which are first decolorized and then colored red
are even more stable; they reported the red tincture to have at least twice the shelf-life of the
regular tincture.
Uses. — Digitalis tincture probably represents
the activity of digitalis leaf as well as does any
liquid preparation. For its uses see under Digitalis.
For general discussion of dose see also under
Digitalis. The average maintenance dose of the
tincture, for adults, is 1 ml. (approximately 15
minims), but this must be adjusted to the requirements of the individual patient and may
vary from 0.3 to 2 ml. (approximately 5 to 30
minims) daily. Each ml. of tincture is equivalent,
in action, to 100 mg. of powdered digitalis, i.e.,
it represents 1 U.S. P. Digitalis Unit.
It is important to remember that, as with
most other tinctures, one minim is equivalent
to about two drops of the tincture released from
a dropper having the usual orifice; since the
orifice may vary a standard dropper or other
volume-measuring device is essential for accurate
measurement of a dose of the tincture by the
patient.
Digital (Sharp & Dohme) is a fat-free digitalis
tincture corresponding in drug strength to the
official tincture; it produces a relatively clear
mixture with water, [v]
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
DIGITOXIN.

U.S.P. (LP.)

[Digitoxinum]

C,8H3,09
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"Digitoxin is a cardiotonic glycoside obtained
from Digitalis purpurea Linne and Digitalis lanata
Ehrh. It contains not less than 90 per cent of
C41H64O13,
calculated
the driedis basis."
U.S.P.
The
LP. name
for this onsubstance
Digitoxoside,
being defined as one of the heterosides of the leaf
of Digitalis purpurea L. No assay rubric is provided.
I. P. Digitoxoside; Digitoxosidum. Cardigin {National
Drug); Crystodigin (.Lilly); Digisidin (Winthrop); Digitaline
toxina. Nativelle (Varick); Purodigin (Wyeth). Sp. Digi-

In 1869 Nativelle announced the isolation of
a fairly pure crystalline glycoside which came
to be known as digitaline cristalisee {Nativelle),
but which should not be confused with other digitalins. Nativelle's substance is believed to have
been largely digitoxin.
Depending on the process of extraction and
the degree of purification, commercial digitoxin
contains more or less gitoxin and possibly small
amounts of other digitalis glycosides. The amount
of gitoxin present in various samples has been
estimated at from 5 to 30 per cent.
As has been pointed out under digitalis {q.v.)
digitoxin is not a native glycoside; its precursor
in the plant is purpurea glycoside A which, by
enzymatic hydrolysis during the extraction process, splits off a molecule of glucose and leaves
digitoxin. The latter, however, still contains sugar
and on further hydrolysis splits off three molecules of the alpha-deoxymonosaccharide digitoxose, C.6H12O4, and leaves as the aglycone digitoxigenin. The aglycone is a cyclopentanoperhydrophenanthrene derivative (see Sterids, Part II)
characterized by the presence of methyl groups
at carbon atoms 10 and 13, of hydroxyl groups
at 3 and 14, and an unsaturated four-carbon atom
lactone ring at position 17 (see Cardiac Aglycones, under Sterids).
Description. — "Digitoxin is a white or pale
buff, odorless, microcrystalline powder. Digitoxin
is insoluble in water and very slightly soluble in
ether. One Gm. dissolves in about 40 ml. of
chloroform
and in about 60 ml. of alcohol."
U.S.P.
Standards and Tests. — Identification. — (1)
A portion of the eluate obtained in the assay is
evaporated. The residue of digitoxin when dissolved in 2 ml. of glacial acetic acid containing
0.5 per cent of ferric chloride T.S. produces, when
superimposed on 2 ml. of sulfuric acid, a brown
color at the zone of contact of the two liquids;
on standing, the brown color changes to light
green, then to blue, and finally the entire acetic
acid layer acquires a blue color. (2) Another portion of the eluate is evaporated. The residue of
digitoxin, when treated with ,m-dinitrobenzene
and tetramethylammonium hydroxide solutions,
produces a red-violet color which fades. Loss on
drying. — Not over 1 per cent when dried in vacuum at 100° for 2 hours. Residue on ignition. —
The residue from 100 mg. is negligible. Completeness of solution in chloroform. — 100 mg. of digitoxin dissolves completely in 5 ml. of chloroform
within 24 hours. Digitonin. — No precipitate forms
within 10 minutes following addition of 2 ml. of
a 1 in 200 solution of cholesterol in alcohol to a
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solution of 10 mg. of digitoxin in 2 ml. of alcohol
contained in a test tube the inner walls of which
are free from scratches. U.S.P.
Assay. — An alcohol solution representing 2
mg. of the digitoxin to be tested is adsorbed on
purified siliceous earth which, after evaporation
of the alcohol, is transferred to a chromatographic
tube containing purified siliceous earth moistened
with a solution of formamide and water as the
immobile phase. Subsequently the digitoxin component of the sample is removed from the column
by elution with a mixture of benzene and chloroform; certain impurities, notably gitoxin, are not
eluted and remain in the chromatographic column.
After evaporating the solvent from a portion of
the eluate, the residue is dissolved in alcohol and
an alkaline picrate solution is added which produces with digitoxin an orange color; the intensity of the color is measured at 495 mn and quantitatively evaluated by comparison with the color
produced when the same reagent is added to an
alcohol solution oi U.S. P. Digitoxin Reference
Standard. The chromatographic procedure is a
modification of the method reported by Banes and
Carol (/. A. Ph. A., 1953, 42, 674); the color
reaction with alkaline picrate is one proposed
originally by Baljet and quantitatively developed
by Bell and Krantz (/. Pharmacol, 1946, 87,
198). This reaction depends on the presence of
the butenolide ring attached at carbon number 17
of the steroid structure. U.S.P.
A reaction sometimes employed for estimation
of digitoxin is that of Keller and Kiliani. in which
a greenish blue color (dependent on the presence
of the digitoxose moiety of digitalis glycosides)
is produced when a reagent containing sulfuric
acid, acetic acid, and ferric chloride is added to
the glycoside; the quantitative aspects of this reaction were developed by James et al. (J. A.
Ph. A., 1947, 36, 1).
Anderson and Chen (/. A. Ph. A., 1946, 35,
353) developed the Raymond reaction of mdinitrobenzene with digitoxin. in which a blue
color (from the presence of the butenolide ring)
is produced, as the basis for a colorimetric assay
of digitoxin. A colorimetric procedure using sodium beta-naphthoquinone-4-sulfonate. which in
alkaline solution forms a purple color with digitoxin. has been used to assay preparations of the
glycoside by Warren et al. (ibid., 1948, 37, 186).
Uses. — Digitoxin possesses the action and
uses of digitalis (see under Digitalis) with the
advantages of complete and more rapid absorption from the gastrointestinal tract, almost complete lack of gastric irritation, the uniformity of
potency characteristic of a pure or almost pure
crystalline substance and a dosage based on
weight rather than a biological assay (Gold et al.,
J. Pharmacol., 1944. 32, 187).
Absorption. — The complete and rapid absorption of digitoxin from the gastrointestinal tract
and lack of irritation enable the physician to
produce full digitalis effect in 6 to 8 hours after
its ingestion, in contrast to the 24 to 48 hours
required with digitalis powder or tincture. In
fact the full effect on the heart appears as
rapidly after oral as after intravenous administration without the dangers inherent in large
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intravenous doses of the digitalis glycosides. The
infrequency of gastric irritation makes it possible
to give the full digitalizing dose (about 1.2 mg.)
at one time orally and produce the benefits to
be derived from digitalization within 6 to 8 hours
(Gold et al., J. A.M. A., 1942, 119, 928; confirmed by Katz and Wise, Am. Heart J., 1945, 30,
125). This is in sharp contrast to the incomplete
and variable absorption of other digitalis glycoside preparations at present available and the
local irritation which prevents the administration
of the full amount of digitalis powder or tincture
required in a single dose.
Clinical Potency. — Assay of digitoxin on
humans by the electrocardiographic or the ventricular-slowing-in-auricular-fibrillation methods
showed it to be about 1000 times as potent per
unit weight as powdered digitalis, i.e., 1.25 mg.
of digitoxin possessed activity equivalent to 1.25
Gm. of powdered digitalis (Gold et al., loc. cit.,
1944). When assayed on cats 1.25 mg. of digitoxin, however, possessed only about 3 U.S.P.
units instead of the 12.5 units represented in the
1.25 Gm. of powdered digitalis (Gold. ConnecJ., 1945. in9, the
193).
This may'
markedticut M.difference
absorption
andillustrate
utilization of these two preparations. Anderson and
Chen (/. A. Ph. A., 1946. 35, 353), however,
reported for 21 samples of digitoxin potencies,
determined by the U.S.P. XII cat method, ranging from 1.86 to 2.37 units per mg.
Single Dose Digitalization. — A single, oral
dose of 1.2 mg. of digitoxin caused nausea within
the first two hours in only 1 per cent of 512
patients and after six hours or more in only 1.8
per cent. A single dose of 2 mg. caused mild
toxicity in almost one-third of 98 patients. The
1.2 mg. dose produced therapeutic results in the
majority of cases; a few, as with other digitalis
preparations, required a larger dose to produce
full digitalization. The cumulation and elimination of digitoxin is similar to that of digitalis
powder; in fact, it seems that the major action
of digitalis powder is due to its digitoxin content.
Digitoxin appears to be one of the best available
digitalis preparations for most therapeutic purposes (Cattell et al., Cornell Conference on
Therapy, N. Y. State J. Med., 1945, 45, 1676).
Excretion. — The availability of radioactive,
carbon- 14-labeled digitoxin (Geiling et al., Trans.
A. Am. Phys., 1950, 63, 191) has provided a
means of studying in greater detail the tissue
distribution and excretion of this glycoside.
Sjoerdsma and Fischer (Circulation, 1951, 4,
100) washed isolated mammalian hearts of four
species with a Locke-Ringer solution containing
radioactive digitoxin and learned that the most
rapid uptake occurs early and that a considerable
proportion of the digitoxin fixed in heart muscle
is changed to other substances of unknown composition. Digitoxin itself is less firmly bound to
the heart muscle than are its metabolites. Findings
of Fischer et al. (ibid., 1952, 5, 496) support
the theory that unchanged digitoxin is responsible
for the cardiotonic effect, and suggest that there
may be an increased metabolism and utilization
in animals with congestive failure. Okita et al.
(ibid., 1953, 7, 161) discovered that after a
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single intravenous injection of radioactive digitoxin there is very rapid elimination during the
first 24 hours, 60 to 80 per cent of the dose being
excreted through the kidneys; the larger the
amount given, the longer it is retained. In harmony with its prolonged clinical action, digitoxin
as such can be detected in the urine for 23 to 50
days after a single dose, the metabolites for
31 to 85 days. Other studies have indicated that
labeled digitoxin can be detected in blood 24
hours after a single dose (Editorial, New Eng.
J. Med., 1952, 247, 74). For other studies see
Okita et al. (J. Pharmacol, 1955, 113, 376). IYJ
Toxicology. — In a critical review of the advantages and disadvantages of therapy with
digitoxin Diefenbach and Meneely (Yale J. Biol.
Med., 1949, 21, 421) noted that various preparations of digitoxin apparently differ in potency
and composition within the U.S. P. (XIV) definition of the drug, and advised clinicians to
become familiar with a single commercial preparation of the drug and to use it consistently. In
100 patients they found toxic symptoms in 20
per cent; because of slow excretion the toxicity,
when it occurs, is likely to be prolonged. Levin
(Ann. Int. Med., 1948, 29, 822) pointed out that
toxic rhythms are more likely to occur insidiously with digitoxin than with whole digitalis
leaf, as there are few warning signs. A clue to imminent toxicity is a rising ventricular rate or
sudden regularization of a totally irregular
rhythm. Gelfand (J.A.M.A., 1951, 147, 1231)
described the occurrence of such visual symptoms
of toxicity as white and yellow vision, scotomata,
flickering lights, snow-covered objects, etc., in
the absence of any other toxic symptoms or signs.
Berger (ibid., 1952, 148, 282) reported a case
of thrombopenic purpura caused by digitoxin.
Whereas earlier U.S. P. definitions for digitoxin
recognized "either pure digitoxin or a mixture of
cardioactive glycosides," the U.S. P. XV standards
restrict the composition of the substance to provide at least 90 per cent of pure digitoxin. This
should serve to eliminate the variable of uncertainty of action of different lots of digitoxin and,
probably, to lessen the incidence of toxic effects.
While digitoxin injection is available for intravenous use of the drug, this route is indicated
only when vomiting or other conditions prevent
oral administration; digitoxin does not act any
more rapidly intravenously than orally and intravenous use of digitalis glycosides is always attended by danger. A new solvent for digitoxin
for intramuscular injection, containing polyethylene glycol 300, benzyl alcohol, ethyl alcohol, water
and glycerin, is stated to produce no undesirable
systemic, and only minimal local, effects (Strauss
et al, Am. Heart J., 1952, 44, 787).
Dose. — The usual digitalizing dose in the
average-sized adult, who has not received digitalis
or related glycosides within the preceding two
weeks, is 1.5 mg. (approximately Yio grain) by
mouth, divided over a period of 24 to 48 hours,
with a range of dose of 1 to 2 mg. The maximum
safe single dose is 1.5 mg., and 2 mg. is seldom
if ever exceeded in 24 hours. The average maintenance dose by mouth is 0.1 mg. (approximately
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Vwo grain) daily, with a range of 0.1 to 0.2 mg.
and a maximum safe daily dose of 0.2 mg.
Intravenously it is usually both unwise and
unnecessary to give more than 0.5 mg. (approximately V\2Q grain) at one time, although in
urgent situations this dose may be repeated once
or sometimes twice at intervals of 15 minutes;
injections should be made very slowly. A total
initial dose of 1.2 mg. in 24 hours should seldom
be exceeded. The maintenance dose is 0.1 mg.,
with a range of 0.1 to 0.2 mg., intravenously or,
in
a special vehicle (see above), intramuscularly
daily.
In children, the initial digitalizing dose for
those under 2 years of age is 20 to 30 micrograms per pound of body weight, divided into
2 or 3 portions over a 24- or 36-hour period, and
administered by mouth; for those between 2 and
12 years it is 10 to 20 micrograms per pound
of body weight, administered similarly. The oral
maintenance dose is one-tenth of the initial digitalizing dose daily. Doses by the intravenous or
intramuscular route are the same as by mouth,
but are to be administered with caution.
Storage.
ers." U.S.P.— Preserve "in well-closed containDIGITOXIN

INJECTION.

U.S.P.

[Injectio Digitoxini]

"Digitoxin Injection is a sterile solution of
digitoxin in 5 to 50 per cent alcohol, and may
contain glycerin or other suitable harmless solubilizing agents. It contains not less than 90 per
cent and not more than 110 per cent of the
labeled amount of C41H64O13." U.S.P.
Sp. Inyeccion de Digitoxina.

Storage. — Preserve "in single-dose containers,
preferably
of Type I glass, protected from light."
U.S.P.
Usual Sizes. — 0.2 mg. in 1 ml.; 0.4 mg. in
2 ml.
DIGITOXIN

TABLETS.

U.S.P.

"Digitoxin Tablets contain not less than 90 per
cent and not more than 110 per cent of the
labeled amount of C41H64O13. Note: Avoid the
use of strongly adsorbing substances, such as
bentonite, in the manufacture of Digitoxin Tablets." U.S.P.
Usual Sizes. — 0.1, 0.15, and 0.2 mg.
DIGOXIN.

U.S.P., B.P., LP.
[Digoxinum]

"Digoxin is a cardiotonic glycoside obtained
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from the leaves of Digitalis lanata Ehrh. (Fam.
Scrophulariacea). U.S.?. The B.P. and I.P. definitions are practically the same as this. "Caution.— Digoxin is extremely poisonous." U.S.P.
Sp. Digoxina.

Digitalis lanata Ehrh. is a perennial or biennial herb native to Europe; it is characterized by
having light grayish-green, nearly glabrous, decurrent, sessile, olanceolate to lanceolate leaves with
an entire or slightly toothed margin and small
creamy yellow or purple flowers.
From D. lanata leaves, which produce the
characteristic physiological effects of the digitalis group and are said to be considerably
stronger, Stoll and co-workers (Helv. Chim.
Acta, 1933, 16, 1049) isolated three natural
glycosides known formerly as digilanid A, digilanid B, and digilanid C, but now referred to as
lanatoside A, lanatoside B, and lantoside C (a
mixture of these is known as Digilanid) . Chemical
investigation has revealed that the first of these
is an acetyl derivative of purpurea glycoside A
(see Constituents under Digitalis), the second
an acetyl derivative of purpurea glycoside B,
but that the third has no counterpart in D. purpurea. Enzymatic hydrolysis splits off glucose and
mild alkaline hydrolysis removes the acetyl group
from each of the lanatosides, leaving digitoxin,
gitoxin and digoxin as the residues from lanatosides A, B, and C, respectively. It will be recalled
that enzymatic hydrolysis of purpurea glycosides
A and B yields digitoxin and gitoxin, respectively,
a result to be expected from the known relationship of the purpurea glycosides as deacetyl
derivatives of the corresponding lanatosides. Acid
hydrolysis of digitoxin, gitoxin and digoxin splits
off three molecules of digitoxose in each case,
forming digitoxigenin, gitoxigenin, and digoxigenin, respectively, as aglycones.
Description. — "Digoxin occurs as colorless
to white crystals or as a white, crystalline powder. It is odorless. It melts indistinctly, and
with decomposition, above 235°. Digoxin is insoluble in water, in chloroform, and in ether. It
is freely soluble in pyridine and soluble in dilute
alcohol." U.S.P.
Standards and Tests. — Specific rotation. —
The specific rotation, determined in an anhydrous
pyridine solution containing 1 Gm. of digoxin in
10 ml. of solution, using the mercury 546.1 mu.
fine, is between +13.6° and +14.2°. Identification.
— (1) A solution of 1 mg. of digoxin in 2 ml. of
glacial acetic acid containing 0.5 per cent of
ferric chloride T.S. produces, when superimposed
on 1 ml. of sulfuric acid, a brown ring, free
from red, at the zone of contact; after some time
the acetic acid layer acquires a blue color. (2)
When a solution of digoxin is chromatographed
a grayish green spot is produced, after development with trichloroacetic acid, on paper at a
level corresponding to approximately Rf 0.75. Loss
on drying. — Not over 0.5 per cent, when dried
at 105° in vacuum for 1 hour. Residue on ignition.— The residue from 100 mg. is negligible.
U.S.P.
Uses. — Digoxin possesses the actions and uses
of digitalis (see under Digitalis). White
(/.
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Pharmacol., 1934, 52, 1) found that it produced
the characteristic effects of digitalis; he also
reported that it was better absorbed than digitalis tincture. Chen and Anderson (/. A. Ph. A.,
1936, 25, 579; found that when assayed by the
cat method digoxin was practically of the same
potency as digitoxin but that by the frog method
it was about three times as strong. Kwit and
Gold (/. Pharmacol., 1940, 70, 254), in a comparative study of digoxin on both animals and
men, reached the conclusion that digoxin assayed
by the frog method was about 440 times as
powerful as a selected digitalis leaf, about 290
times by the cat method, but only 170 times by
oral administration in man. Rothlin (Munch,
med. Wchnschr., 1933, 80, 726) reported that
digoxin is the most cumulative of the glycosides
of D. lanata. (See also under Lanatoside C, and
Digilanid, which latter is a mixture of the three
lanatosides.)
Ventricular Rate. — In a study on the effect
of digoxin on heart rate and cardiac output Kelly
and Bayliss (Lancet, 1949, 257, 1071) ascertained that when digoxin is given in the presence
of heart failure the rise in cardiac output is as
pronounced in patients with sinus rhythm as in
those with auricular fibrillation, that there is no
relation between cardiac slowing and increase in
output, and that relief of venous congestion is
also independent of the degree of slowing. After
its use improved cardiac output is equally probable, regardless of ventricular rate. They concluded that presence or absence of slowing of the
heart rate plays no measurable role in producing
the immediate hemodynamic improvements following digitalization with this drug. Harvey et al.
(Circulation, 1951, 4, 366) demonstrated that
digoxin administered intravenously in full therapeutic dosage to patients with enlarged hearts, but
without failure, results in either no change or a
decrease in cardiac output, no change in right
heart pressure, and inconsequential changes in
systemic arterial pressure.
Diuresis. — Farber et al. (Circulation, 1951,
4, 378) noted that intravenous administration
of 1.5 mg. digoxin in 20 to 30 ml. of a 5 per cent
aqueous solution of dextrose during a 10-minute
period caused prompt sodium and water diuresis
in 10 patients with congestive heart failure. Their
observation that following administration of digoxin there was an increase in sodium and water
excretion and urine flow in 7 patients with edema
due to nephrosis and hepatic cirrhosis, and in
21 persons without edema, suggested that the
drug may have a direct action on renal tubules.
Absorption and Duration of Action. — Digoxin has the advantages, over preparations of
the crude drug, of purity, stability, constant potency, and rapid action. According to Gold et al.
(J. Pharmacol., 1953, 104, 45) it stands high
among the digitalis glycosides with respect to
speed and extent of absorption from the gastrointestinal tract, but not quite so high as digitoxin with respect to absorption. The ratio of
oral to intravenous dosage for a particular effect
is 1.5 to 1; for digitoxin it is nearly 1:1. Being
more rapidly excreted than digitoxin, it has less
persistent action and the daily maintenance dose
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approximates 50 per cent of the digitalizing dose,
as against 15 per cent for digi toxin. While a single dose of 1.2 mg. of digoxin produces the same
therapeutic effect as the same amount of digitoxin, nausea and vomiting occur in 1 out of 3
persons, as compared with 1 in 50 for digitoxin.
Gold (loc. cit.) found evidence that digoxin produces vomiting by local gastrointestinal action as
well as by systemic effect (see also Gold et al.,
Am. J. Med., 1952, 13, 124). Following oral
administration, some effect on the heart is
noticeable within one hour and is complete within
6 hours. When given intravenously in auricular
fibrillation there is a prompt effect, the full
effect being obtained in 2 hours. It is claimed
that digoxin is largely eliminated within 48 hours,
no traces remaining after 3 days, thus providing
a large margin of safety. Gold indicates that the
return to control levels does not occur for 7 days.
Toxicology. — Hoffman and Pomerance (Am.
Pract., 1952, 3, 433) found improvement in
some patients in whom administration of digoxin
replaced digitalis leaf or digitoxin, and that there
was a definite decrease in toxic reactions in
comparison with other digitalis preparations. In
their experience digoxin is easier to use because
of its wider dosage range, more rapid dissipation
and lower toxicity. Reasons for the thousands
of cases of digitalis intoxication since the advent
of purified glycosides have been enumerated by
Buff (South. M. J., 1949, 42, 1037), among them
being the tendency to use a single standard dose
for all persons, the insidious onset of toxicity
with minimal irritative symptoms, and the wellknown cumulative effect of the longer-acting
glycosides. In treatment of toxicity he recommends administration of 5 to 10 Gm. of potassium chloride in milk, by intubation if necessary,
with subsequent maintenance doses of 1 Gm.
three times daily; one week after recovery from
poisoning digoxin should be substituted for the
other digitalis preparation, using the smallest
dose of the former than will maintain digitalization. Digoxin has been found to be more effective and safer than the older and cruder injectable
preparations of digitalis (Herrmann, Ann. Int.
Med., 1939, 13, 122; Fahr, J. A.M. A., 1938, 111,
2268; McMichael and Sharpey-Schafer, Quart.
J. Med., 1944, 13, 123).
Dose. — The usual digitalizing dose of digoxin
by mouth is 1.5 mg. (approximately Ho grain),
followed by 0.25 to 0.75 mg. every 6 hours until
the therapeutic effect is obtained, which is usually
produced with a total dose of 3 mg. in 24 hours
but may require 4 mg. in some cases. The range
of initial dose is 0.5 to 2 mg., and the maximum
safe dose in 24 hours is 4 mg. The usual digitalizing dose intravenously is initially 1 mg. (approximately Veo grain), followed by 0.25 to 0.5 mg.
(approximately V250 to M20 grain) every 6 hours
until therapeutic effect is obtained; this is often
produced with a total of 1.5 mg. in 24 hours
but as much as 4 mg. may be required. The range
of intravenous dose initially is 0.5 to 1.5 mg.;
the maximum safe dose in 24 hours should not
exceed 4 mg.
The usual maintenance dose by mouth is 0.5
mg. (approximately M20 grain), with a range of
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0.25 to 0.75 mg. ; the maximum safe dose is
0.75 mg. Intravenously the usual maintenance
dose is 0.5 mg., with a range of 0.25 to 0.75 mg.,
and a maximum safe dose in 24 hours of 0.75 mg.
For intravenous use the injection should be
diluted with 10 ml. of sterile, isotonic sodium
chloride solution for injection and be administered over a period of 5 to 10 minutes, with care
to avoid extravasation of the solution around
the vein. It should be remembered that digoxin
is more active when it is given intravenously
than when administered orally (v.s.).
Besides the official injection and tablets of
digoxin there is available an oral solution (Burroughs, Wellcome) containing 0.5 mg. of digoxin
perStorage.
ml.
— Preserve "in tight, light-resistant
containers." U.S.P.

DIGOXIN

INJECTION.

U.S.P. (B.P., LP.)

"Digoxin Injection is a sterile solution of
digoxin in 10 per cent of alcohol, and may contain
other suitable solubilizing agents. It contains not
less than 90 per cent and not more than 110 per
cent of the labeled amount of digoxin." U.S.P.
As Injection of Digoxin both the B.P. and LP.
recognize a preparation made by diluting 1 ml. of
0.05 per cent w/v sterile solution of digoxin in
70 per cent alcohol with 9 ml. of injection of
sodium chloride, immediately before use; the alcoholic solution is required to contain not less than
0.045 per cent and not more than 0.055 per cent
w/v of digoxin.
B.P., LP., Injection of Digoxin; Injectio Digoxini.

The currently official digoxin injection is prepared in a different vehicle from that employed
in the U.S.P. XIV injection, which was made with
a vehicle of 70 per cent alcohol, and diluted immediately before administration, as in the case of
the B.P. and LP. injection described above; the
high proportion of alcohol was required to maintain the stability of digoxin. More recent experiments by the manufacturer of this injection (Burroughs Wellcome) indicate that a stable preparation is obtained by using a vehicle containing 10
per cent of alcohol and 40 per cent of propylene
glycol; it is claimed that this solution may be
injected without dilution.
Assay. — Injection equivalent to 0.2 mg. of
digoxin is treated with w-dinitrobenzene, in the
presence of sodium hydroxide, which reacts with
the butenolide ring of digoxin to produce a blue
color, the intensity of which is measured at 620
mix and quantitatively evaluated by comparison
with the color produced with 0.2 mg. of U.S.P.
Digoxin Reference Standard similarly treated.
U.S.P. This assay has been criticized by Banes
(/. A. Ph. A., 1954, 43, 355) as being unreliable
because of the difficulty of obtaining reproducible
absorbance measurements and because of interference by gitoxin, which is a concomitant glycoside; when the same test is performed in the
presence of the weaker alkali tetramethylammonium hydroxide the color arising from digoxin is
more stable, and gitoxin interferes to a negligible
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extent. The B.P. and LP. determine digoxin by a
colorimetric procedure involving interaction with
sulfuric and acetic acids in the presence of ferric
chloride; a disadvantage of this assay is that other
digitalis glycosides interfere (see Assay under
Digi toxin).
For uses and dose of the injection see under
Digoxin.
Storage. — Preserve "in single-dose containers,
preferablv
of Type I glass, protected from light."
U.S.P.
Usual Size. — 0.5 mg. in 2 ml.
DIGOXIN

TABLETS.
(B.P.), (LP.)

U.S.P.

"Digoxin Tablets contain not less than 90 per
cent and not more than 110 per cent of the labeled
amount of C41H.64O14." U.S.P. The B.P. and LP.
rubrics are identical with that of the U.S.P.
B.P. Tablets of Digoxin; Tabellae Digoxini. LP. Tablets of Digoxin; Compressi Digoxini.

Usual Size. — 0.25 mg.
DIHYDROCODEINONE
BITARTRATE.
N.F. (LP.)
Dihydrocodeinonium Bitartrate

(CH0H)2. z\ H20
COOH

coo-

"Dihydrocodeinone Bitartrate contains not less
than 98 per cent of Ci8H2iN03.C4H606.2^H20."
N.F. The LP. requires not less than 58.7 per cent
and not more than 60.7 per cent of C18H21O3N,
and indicates that the salt contains a variable
amount of water of crystallization.
LP. Hydrocodone Bitartrate ; Hydrocodoni Bitartras.
Dicodid Bitartrate (Bilhiiber-Knoll) . Hycodan Bitartrate
(Endo).

This synthetic alkaloid bears the same chemical
relation to codeine that dihydromorphinone does
to morphine. Dihydrocodeinone is a rearrangement product of codeine; the former differs from
codeine in containing a ketone group in place of
a hydroxyl and in one double bond being hydrogenated. thus leading to the same empirical formula for both compounds. Dihydrocodeinone may
be prepared by catalytic rearrangement of codeine
or bv hydrolvsis of dihydrothebaine (see /. A.
Ph. A., 1951, 40, 580).
Description. — "Dihydrocodeinone Bitartrate
occurs as fine white crystals or as a fine white
crystalline powder. It is affected by light. One
Gm. of Dihydrocodeinone Bitartrate dissolves in
16 ml. of water. It is slightly soluble in alcohol
and insoluble in ether and in chloroform." N.F.
Standards and Tests. — Identification. — (1)
Dihydrocodeinone base separated from the salt
melts between
194° and 198°. (2) Dihydro-

codeinone oxime prepared from the salt melts
between 261° and 265°, with decomposition. (3)
No color develops on adding ferric chloride T.S.
to a solution of dihydrocodeinone bitartrate in
sulfuric acid (codeine yields a purple color).
(4) Addition of a sulfuric acid solution of selenious acid to a water solution of dihydrocodeinone
bitartrate produces a green color which changes
to blue and then slowly to purple (morphine produces a blue color which changes to green and
then to brown). (5) The salt responds to tests
for tartrate. Chloride. — Silver nitrate T.S. produces no opalescence immediately when added to
a solution of dihydrocodeinone bitartrate acidified
with nitric acid. Residue on ignition. — The limit
is 0.1 per cent. N.F. The LP. limits loss on drying
to constant weight at 100° to between 7.5 per cent
and 12.0 per cent.
Assay. — About 150 mg. of dihydrocodeinone
bitartrate is dissolved in water, the alkaloidal base
liberated with ammonia and extracted with several
portions of chloroform. After evaporating the
solvent the residue is dissolved in neutralized alcohol, a measured excess of 0.02 N sulfuric acid is
added and the excess of acid is titrated with
0.02 N sodium hydroxide, using methyl red T.S.
as indicator. Each ml. of 0.02 AT sulfuric acid
represents 9.89 mg. of CisILnNCte^HeOe^H2O. N.F. The LP. assay is similar in principle
but utilizes 500 mg. of sample and 0.1 A7 volumetric solutions.
Uses. — Dihydrocodeinone bitartrate is essentially similar to codeine salts in its actions; when
compared on the basis of equal content of alkaloidal base the dihydrocodeinone salt is more
active and more prone to cause addiction. It is
useful primarily as an antitussive.
Dihydrocodeinone salts were used extensively
in Europe, and especially in Germany, prior to
their use in this country. For early reports of its
effects
see Munch,
Hecht, Klin.
1, 1069;
Schindler,
med. Wchnschr.',
Wchnschr., 1923.
1923, 70,
476;
Roller, ibid., 1924, 71, 648; Schwab and Krebs,
ibid., 1924, 71, 1363. It has proven useful as a
cough sedative in acute respiratory infections,
laryngeal and pulmonary tuberculosis, acute and
chronic bronchitis, and cough associated with
heart disease (Stein and Lowy, Am. Rev. Tuberc,
1946, 53, 345; Curtis and Brouning, Ohio State
M.
1946, 42, 500; Rudner, South. M. J., 1947,
40, J.,
521).
Toxicology. — The toxic effects of dihydrocodeinone are similar to those of codeine. In
therapeutic doses its effect on respiration is minimal; however, it is capable of producing respiratory depression similar to that of codeine when
used in large doses. Myers (/. Hygiene, 1940, 40,
228, 533) reported it to be less constipating than
either codeine or morphine. Dihydrocodeinone has
a greater addiction liability than codeine, and is
probably equal to that of morphine; for reports
on addiction liability see Fraser and coworkers
(Fed. Proc, 1950, 9, 273), also Fraser and Isbell
(/. Pharmacol.,^ 1950, 100, 128).
Other Derivatives. — Dihydrocodeinone hydrochloride isavailable commercially (Dicodid
Hydrochloride, Bilhuber-Knoll) and is used similarly. Under the name Acedicon the compound
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dihydrocodeinone enol acetate has been recommended as an anodyne and cough sedative. Wiki
(Rev. mid. Suisse Rom., 1935, 55, 173), studying
respiratory action on rabbits, found the compound
to be intermediate in effect between heroin and
dionin. Matshulass (Arch. exp. Path. Pharm.,
1936, 183, 13) found it to prolong the local anesthetic effect of cocaine. It is used in about the
same dose as dihydrocodeinone bitartrate.
Dose. — The usual dose range of dihydrocodeinone bitartrate is 5 to 10 mg. (approximately
¥12 to Vc, grain), every 6 to 8 hours, by mouth.
The maximum safe dose is 15 mg. and the total
dose in 24 hours seldom exceeds 60 mg. Children
over 2 years of age may receive 2.5 mg., and
those under 2 years, 1.25 mg.
Storage. — Preserve "in tight, light-resistant
containers." N.F.

of a hydroxyl in morphine, and also is hydrogenated at a double bond of the morphine
molecule.

DIHYDROCODEINONE
BITARTRATE SYRUP. N.F.
"Dihydrocodeinone Bitartrate Syrup contains
not less than 90 per cent and not more than 110
per cent of the labeled amount of C18H21NO3.C4H606.2^H20." NJ.
The syrup may be prepared by dissolving 2.5
Gm. of dihydrocodeinine bitartrate in 50 ml. of
purified water, warming gently, then adding sufficient cherry syrup to make 1000 ml. N.F.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.

DIHYDROCODEINONE
BITARTRATE TABLETS.
N.F.
"Dihydrocodeinone Bitartrate Tablets contain
not less than 90 per cent and not more than 110
per cent of the labeled amount of C18H21NO3.C4HfiO,.2^H20." N.F.
Usual Size. — 5 mg. (approximately Vvz grain).

DIHYDROMORPHINONE HYDROCHLORIDE. U.S.P. (LP.)
Dihydromorphinonium

Chloride

cr

The LP. requires Hydromorphone Hydrochloride to contain not less than 87.5 per cent and not
more than 89.5 per cent of C17H19O3N. The
U.S.P. has no assay rubric.
LP. Hydromorphone Hydrochloride; Hydromorphoni
Hydrochloridum. Dilaudid Hydrochloride (BilhuberKnoll). Sp. Cloridrato de dihidromorfinona.

Dihydromorphinone is an alkaloid obtained by
hydrogenation of morphine in the presence of a
catalyst such as palladium. While dihydromorphinone and morphine have the same empirical
formula, the former has a ketone group in place
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Description. — "Dihydromorphinone Hydrochloride occurs as a fine, white, odorless, crystalline powder. It is affected by light. One Gm. of
Dihydromorphinone Hydrochloride dissolves in
about 3 ml. of water. It is sparingly soluble in
alcohol, and nearly insoluble in ether." U.S.P.
Standards and Tests. — Identification. — (1)
Dihydromorphinone base melts with decomposition at about 260°. (2) The filtrate separated
from dihydromorphinone base responds to tests
for chloride. (3) Dihydromorphinone oxime melts
with decomposition between 230° and 235°. (4) A
deep blue color is produced at once on adding a
mixture of 5 ml. of potassium ferricyanide T.S.
and 5 drops of ferric chloride T.S. to a solution
of 10 mg. of dihydromorphinone hydrochloride in
1 ml. of water. Specific rotation. — Not less than
— 136° and not more than — 139°, when determined in a solution containing 200 mg. of dihydromorphinone hydrochloride in each 10 ml. and
calculated on the dried basis. Acidity. — A solution
of 300 mg. requires not more than 0.3 ml. of
0.02 N sodium hydroxide to produce a yellow
color with methyl red T.S. Loss on drying. — Not
over 1.5 per cent, when dried at 105° for 2 hours.
Residue on ignition. — The residue from 200 mg.
is negligible. Sulfate. — No turbidity results on
adding barium chloride T.S. to a solution of dihydromorphinone hydrochloride. Ammonium salts.
— No odor of ammonia is perceptible on heating
to boiling a mixture of dihydromorphinone hydrochloride and sodium hydroxide T.S. Codeine. —
No blue color results on adding ferric chloride
T.S. to an acid solution of dihydromorphinone
hydrochloride. U.S.P.
Assay. — About 400 mg. of dihydromorphinone
hydrochloride is dissolved in water, the solution
alkalinized with sodium bicarbonate, and the dihydromorphinone base extracted with chloroform.
The chloroform solution is evaporated nearly to
dryness, 25 ml. of 0.1 N sulfuric acid is added and,
after heating to volatilize the remaining chloroform, the solution is titrated with 0.1 N sodium
hydroxide, using methyl red as indicator. Each
ml. of 0.1 N sulfuric acid represents 28.53 mg. of
C17H19O3N. LP.
Incompatibilities. — Dihydromorphinone hydrochloride has the incompatibilities of alkaloids
generally. Perhaps the most important of these is
the incompatibility with alkalies or with substances producing an alkaline reaction in solution
by which the alkaloidal base is precipitated.
Uses. — The physiological action of dihydromorphinone isvery similar to that of morphine,
its most important action being a depression of
the pain-perceiving mechanism and of the respiratory center. Buchwald and Eadie (J. Pharmacol.,
1941, 71, 197) reported that by intravenous injection itis 3.7 times as toxic for mice as morphine. Stanton (/. Pharmacol., 1936, 56, 252)
from experiments on rats concluded that, in its
tranquilizing power and its depressant action on
respiration, dilaudid is about 10 times as potent
as morphine. Gruber (/. Pharmacol., 1936, 57,
170) found that the actions of morphine and
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dilaudid upon the intestines are essentially the
same except that the latter is 10 times as powerful.
Seevers and Pfeiffer (/. Pharmacol., 1936, 56,
156) and Wolff et al. (/. Clin. Inv., 1940, 19,
659) compared the action of this with other opium
alkaloids on humans. After subcutaneous administration, dihydromorphinone hydrochloride was
somewhat slower in action than morphine sulfate
or codeine phosphate but after intravenous administration the rate of action was similar. However, dihydromorphinone was much more effective
hypodermically than intravenously. With reference
to duration of analgesic action, duration and intensity of subjective depression, euphoria and
untoward side-effects it was less active in doses
of 1 mg. than morphine in doses of 10 mg. The
latter investigators reported than 3 mg. of dihydromorphinone intramuscularly elevated the pain
threshold to radiant heat on the skin by 100 per
cent after 90 minutes; 30 mg. of morphine was
required to produce the same effect on the pain
threshold (see also under Acetanilid). It is about
10 times as analgesic as morphine but the duration
of analgesia is shorter and it is only about 4 times
as somnifacient; hence, pain may be relieved without causing sleep.
Seevers (/. Pharmacol., 1936, 56, 156), from
experiments on monkeys, concluded that dilaudid
was less likely to give rise to addiction and that
the abstinence symptoms of its withdrawal were
less severe than with morphine. On the other hand
Stanton (loc. cit.) sees no difference in the habitforming tendencies between the two drugs but
found that tolerance was apparently somewhat
more slowly developed for dilaudid. This latter
fact is emphasized by Stroud (J.A.M.A., 1934,
103, 1421) as a result of clinical experience.
Nausea, vomiting and constipation seemed to be
less annoying than with morphine.
As with other opiates, dihydromorphinone hydrochloride causes spasm of the sphincter of Oddi
with increased pressure in the biliary tract of
humans; if bethanechol chloride is then administered the pressure is increased even further and
colic and vomiting occur (Curreri and Gale, Ann.
Surg., 1950, 132, 348). In other words, the dose
required to relieve biliary colic is sufficient to
cause definite depression of the central nervous
system. In a comparison of the analgetic action
of Dromoran hydrobromide (5 mg.), meperidine
hydrochloride (75 to 100 mg.), and dihydromorphinone hydrochloride (2 mg.) in patients following thoracoplasty or comparable surgical procedures on the chest, meperidine was least effective
and the Dromoran salt was preferred to dihydromorphinone hydrochloride because of longer duration of action (Curreri et al., J. Thoracic Surg.,
1950, 20, 90).
A methyl derivative of dihydromorphinone hydrochloride, known as metopon hydrochloride, has
received extensive clinical evaluation (see in
Part I).
Toxicology. — Dihydromorphinone hydrochloride is an opium derivative with addicting properties; itmust be handled under the surveillance
of the federal Bureau of Narcotics. Being more
active than morphine, although of shorter duration of action, dihydromorphinone may be used

in smaller but more frequent doses by addicts;
manifestations of the .withdrawal syndrome appear more rapidly, reach greater intensity and
subside more quickly than with morphine (Isbell
and White, Am. J. Med., 1953, 14, 561).
Dose. — The usual dose is 2 mg. (approximately
Vsa grain) every 4 hours, as necessary, by mouth or
subcutaneously; the range of dose is 1 to 4 mg.
The maximum safe dose seldom exceeds 4 mg. and
the total dose in 24 hours will rarely exceed 10
mg. A dose of 2.5 mg. in a caco butter suppository
is sometimes employed.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
DIHYDROMORPHINONE
HYDROCHLORIDE INJECTION. U.S.P. (LP.)
[Injectio Dihydromorphinoni Hydrochloride

"Dihydromorphinone Hydrochloride Injection
is a sterile solution of dihydromorphinone hydrochloride in water for injection. It contains not
less than 95 per cent and not more than 105
per cent of the labeled amount of C17H19NO3.HC1." U.S.P. The LP. limits are the same; it is
indicated that the solution may be sterilized by
heating in an autoclave or by filtration through
a bacterial filter.
I. P. Injection of Hydromorphone Hydrochloride; Injectio Hydromorphoni Hydrochloridi.

The pH of this injection should be between 4
and 5.5, according to the U.S.P., and between
4.0 and 4.5, according to the LP.
Assay. — A portion of the injection, equivalent
to about 60 mg. of dihydromorphinone hydrochloride, isalkalinized with sodium bicarbonate
and the liberated base extracted with chloroform.
After washing and filtering the chloroform solution the solvent is evaporated nearly to dryness
and, after adding 25 ml. of 0.02 N sulfuric acid,
the mixture is heated gently to expel any remaining chloroform. The excess acid is titrated
with 0.02 N sodium hydroxide, using methyl red
T.S. as indicator. Each ml. of 0.02 N sulfuric acid
represents 6.436 mg. of C17H19NO3.HCI. U.S.P.
The LP. assay is similar in principle but differs
in details.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass,
protected from light." U.S.P.
Usual Sizes. — 2 and 3 mg. (approximately
V30 and 34o grain) in 1 ml.
DIHYDROMORPHINONE
HYDROCHLORIDE TABLETS. U.S.P. (LP.)
[Tabellae Dihydromorphinoni Hydrochloridi]

"Dihydromorphinone Hydrochloride Tablets
contain not less than 90 per cent and not more
than 110 per cent of the labeled amount of
C17H19NO3.HCI." U.S.P. The LP. limits are the
same.
I. P. Tablets of Hydromorphone Hydrochloride; Compressi Hydromorphoni Hydrochloridi.

The assay is based on the reactions employed
in the assay of Dihydromorphinone Hydrochloride
Injection.
Usual
Sizes. — Oral tablets containing 2.5
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mg. (Vzi grain); compounding tablets containing
32 mg. (l/t grain); hypodermic tablets containing 1, 1.5, 2, 3, 3.5, and 4 mg. (%*, Mo, %2,
Y20, Yi&, %6 grain).

DIHYDROSTREPTOMYCIN
SULFATE.
U.S.P. (B.P., I.P.)
"Dihydrostreptomycin Sulfate contains an
amount of (C2iH4iN70i2)2.3H2S04 equivalent to
not less than 65 per cent of dihydrostreptomycin
base (C21H41N7O12), except that if it is crystalline it contains the equivalent of not less than
72.5 per cent of base (the antibiotic activity of
650 meg. and 725 meg., respectively, of the base
in each mg.). Dihydrostreptomycin Sulfate conforms to the regulations of the federal Food and
Drug Administration concerning certification of
antibiotic drugs. Dihydrostreptomycin Sulfate not
intended for parenteral use is exempt from the
requirements of the tests for Pyrogen, Sterility,
and Content variation." U.S.P.
Under the title Dihydrostreptomycin both the
B.P. and I. P. recognize either Dihydrostreptomycin Hydrochloride, C21H41O12N7.3HCI, or Dihydrostreptomycin Sulfate; both salts are required
to contain not less than 600 units (microgram
equivalents of dihydrostreptomycin base) per mg.
Dihydrostreptomycin is an antibiotic base that
is produced by catalytic hydrogenation of streptomycin (Peck et al., J.A.C.S., 1946, 68, 1390).
Chemically it differs from streptomycin only in
that the aldehyde group of the streptose moiety
of the latter is reduced to an alcohol. Dihydrostreptomycin base readily forms salts with acids,
and has been used medicinally in the form of the
hydrochloride and sulfate.
Description. — "Dihydrostreptomycin Sulfate
is a white or practically white powder. It is
odorless or has not more than a faint odor. It
is hygroscopic, but is stable toward air and light.
Its solutions are acid to nearly neutral to litmus,
and are levorotatory. Dihydrostreptomycin Sulfate is freely soluble in water. It is very slightly
soluble in alcohol and practically insoluble in
chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
A solution of about 0.5 mg. of dihydrostreptomycin sulfate in 5 ml. of water is mixed with
1 ml. of 1 in 10 sodium hydroxide solution and
1 ml. of 1 in 2000 solution of alphanaphthol in
diluted alcohol. The mixture is cooled to about
15°, and 3 drops of sodium hypobromite T.S.
are added: a red color is produced. (2) The salt
responds to tests for sulfate. Loss on drying. —
Not over 5 per cent, when dried in vacuum at 60°
for 3 hours. pH. — The pH of a 1 in 5 solution is
between 4.5 and 7.0. Limit of streptomycin. — Not
more than 3.0 per cent of streptomycin base,
except that if the dihydrostreptomycin sulfate is
crystalline it contains not more than 1.0 per cent
of streptomycin. The test is based on the fact that
streptomycin in alkaline solution produces with
ferric chloride a purple color, while dihydrostreptomycin does not. Depressor substances. — The
requirements of the test are met with a test dose
of 1 ml. per Kg. of a solution containing 10 mg.
of dihydrostreptomycin base in each ml. Pyrogen.
— Dihydrostreptomycin sulfate, used in a test
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dose of 1.0 ml. per Kg. of a solution containing
10 mg. of the base per ml., meets the requirements of the test. Safety. — Dihydrostreptomycin
sulfate, used in a test dose of 0.5 ml. of a solution containing 2 mg. per ml., meets the requirements of the test. Sterility. — The antibiotic is
free of bacteria, molds and yeasts. Content variation.— The content of dihydrostreptomycin sulfate in containers for parenteral administration is
not less than 90 per cent of the labeled content.
U.S.P.
Assay. — Dihydrostreptomycin sulfate is assayed by the official microbial assay (see discussion of Assay, under Streptomycin Sulfate).
U.S.P.
Uses. — Preparation of dihydrostreptomycin
from streptomycin followed shortly after the
first clinical trials of streptomycin were reported.
The investigations of Donovick and Rake (/.
Bad., 1947, 53, 205) indicated that the hydrogenated derivative possessed the same antibacterial activity in vitro but was slightly less
toxic than streptomycin. These same investigators
(Am. Rev. Tuberc, 1948, 58, 479) found no
significant difference in the therapeutic effectiveness of the two preparations in tuberculosis in
mice, while Feldman et al. (ibid., 1948, 58, 494)
made the same observation in the guinea pig.
All clinical experience with dihydrostreptomycin has confirmed that it is essentially equivalent
to streptomycin in antibacterial activity. However, it is now recognized that dihydrostreptomycin is equally as toxic as streptomycin,
although the toxicity is manifest in a different
way. Whereas streptomycin injures primarily
the vestibular mechanism, dihydrostreptomycin
damages the cochlear branch of the eighth cranial nerve and impaired auditory function may
be the first evidence of toxicity. Frequently, by
the time the nerve has been injured sufficiently
for deafness to occur, the neurologic damage is
irreversible and deafness, which may be partial
or complete, is permanent. Careful and repeated
audiometric studies should be performed whenever dihydrostreptomycin is used for more than
a few days.
Dihydrostreptomycin, if used alone, is best reserved for treatment of patients who are allergic
to streptomycin and have an infection which is
not amenable to some other antibiotic and will
require only a short period of therapy.
The safest procedure in streptomycin or dihydrostreptomycin therapy, and now the common
practice, is to apportion the total dosage into
equal parts of streptomycin and of dihydrostreptomycin and to give the two antibiotics together.
Thus, since the two drugs are equally active antibacterially, but since the dose of each component
is only one-half the normal dose for the drug
used alone, an effective antibiotic dosage can be
achieved without undue risk of either agent exerting its specific neurotoxic effect. The mixture of
equal parts of streptomycin and dihydrostreptomycin is called streptoduocin (see under this
title), and is available under the trade-marked
names Combistrep (Pfizer), Distreptocin (Lilly),
Distrycin (Squibb), Duostrep (Sharp and Dohme),
and Multamycin (Bristol).
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Miller et al. {Arch. Dermal. Syph., 1950, 61,
648) found dihydrostreptomycin ointment, containing 5milligrams of the antibiotic per gram,
to be an effective agent for the treatment of
pyogenic infections of the skin; vesicular dermatitis from use of the ointment occurred in only
3.7 per cent of patients treated. The following
ointment base formulations were found to be satisfactory: (1) Carbowax 1540, 36 Gm.; Carbowax 4000, 18 Gm.; polyethylene glycol 200, 46
Gm. (2) Cetyl alcohol, 21 Gm.; glycerin, 21
Gm.; sodium lauryl sulfate, 2 Gm.; propylparaben, 0.02 Gm.; distilled water, to 100 Gm. (3)
Cetyl alcohol, 8 Gm. ; white petrolatum, 20 Gm. ;
light liquid petrolatum, 18 Gm.; propylparaben,
0.02 Gm.; distilled water, to 100 Gm.
For further discussion of the clinical applications of dihydrostreptomycin in systemic medication, and of its toxicity, dosage, stability, etc.,
see Streptomycin Sulfate.
Dose. — The usual dose is 500 mg. of the base
daily, given intramuscularly, with a range of 500
mg. to 1 Gm. The maximum safe dose is 6 Gm.
during 24 hours and this dose is used only in
unusual circumstances and for only a few days.
In tuberculosis, an intramuscular dose of 500 mg.
to 1 Gm. once or twice weekly, along with paraaminosalicylic acid, isoniazid, etc., seems to be
fully effective.
Storage. — Preserve "in tight containers."
U.S.P.
DIHYDROSTREPTOMYCIN
SULFATE
INJECTION.
U.S.P. (B.P., LP.)
"Dihydrostreptomycin Sulfate Injection is a
sterile solution of dihydrostreptomycin sulfate in
water for injection. It contains an amount of
(C2iH4iN70i2)2.3H2SC<4 equivalent to not less
than 90 per cent of the labeled amount of dihydrostreptomycin base (C21H41N7O12). Dihydrostreptomycin Sulfate Injection conforms to the
regulations of the federal Food and Drug Administration concerning certification of antibiotic
drugs." U.S.P.
The B.P. recognizes Injection of Dihydrostreptomycin as a sterile solution of dihydrostreptomycin hydrochloride or dihydrostreptomycin sulfate in water for injection, prepared by dissolving
the contents of a sealed container in the requisite
amount of water for injection, using aseptic
technic. The LP. definition of Injection of Dihydrostreptomycin iessentially
s
the same.
Description. — "Dihydrostreptomycin Sulfate
Injection is a clear, colorless to yellow, viscous
liquid. It is odorless or has a slight odor." U.S.P.
The pH of the injection is required to be between
5 and 8.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass,
protected from light." U.S.P.
Usual Sizes. — 1 Gm. in 2 ml.; 5 Gm. in
10 ml.
DIHYDROXY ALUMINUM
AMINOACETATE.
N.F.
Basic Aluminum

Glycinate

H2NCH2COOAl(OH)2
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"Dihydroxyaluminum Aminoacetate, dried to
constant weight at 130°, yields not less than 35.5
per cent and not more than 38.5 per cent of
aluminum oxide (AI2O3). Dihydroxyaluminum
Aminoacetate may contain small amounts of
aluminum oxide and of aminoacetic acid." N.F.
Aluminum Dihydoxyaminoacetate. Alglyn (Brayten) ;
Aspogen (Eaton); Alzinox (Hatch); Doraxamin (SmithDorsey); Kobalate (Robins).

Dihydroxyaluminum aminoacetate, a gastric
antacid, was first prepared by Krantz et al.
(/. Pharmacol., 1944, 82, 247) by interaction of
aluminum isopropoxide (obtained by reacting aluminum metal with anhydrous isopropyl alcohol)
and aminoacetic acid (see also U. S. Patent 2,480,743). The product contains small amounts of aluminum hydroxide and aminoacetic acid.
Description. — "Dihydroxyaluminum Aminoacetate occurs as a white, odorless powder. It has
a faintly sweet taste. Dihydroxyaluminum Aminoacetate isinsoluble in water and in organic solvents. It dissolves in dilute mineral acids and in
solutions of fixed alkalies." N.F.
Standards and Tests. — Identification. — (1)
An aqueous solution prepared with the aid of
hydrochloric acid responds to tests for aluminum.
(2) Addition of phenol and sodium hypochlorite
T.S. to a solution prepared as in (1) produces a
blue color. pH. — A suspension of 1 Gm. in 25 ml.
of water has a pH between 6.5 and 7.5. Loss on
drying. — Not over 14.5 per cent, when dried to
constant weight at 130°. Acid-consuming capacity.
— In 10 minutes acid is neutralized in the proportion of not less than 140 ml. of 0.1 N hydrochloric
acid per Gm. of dihydroxyaluminum aminoacetate.
Acid-neutralizing capacity. — At the end of 10 minutes the pH of a mixture of 200 mg. of dihydroxyaluminum aminoacetate and 25 ml. of 0.1 N
hydrochloric acid is not above 3.0. Prolonged
neutralization. — Using simulated gastric fluid, at
38°, dihydroxyaluminum aminoacetate under the
conditions of the test produces a rapid rise of pH
to above 3.5, and maintains a pH above 3 for not
less than 2 hours. Mercury. — No orange color is
produced with dithizone under the conditions of
the test. Isopropyl alcohol. — Absence of this substance isindicated by failure to obtain a test for
acetone with sodium nitroferricyanide T.S. in a
portion of distillate separated after oxidative treatment of dihydroxyaluminum acetate. Nitrogen. —
Not less than 9.9 per cent and not more than 10.6
per cent, determined by the semi-micro Kjeldahl
procedure. N.F.
Assay. — About 1 Gm. of dihydroxyaluminum
aminoacetate is heated with nitric acid and some
sulfuric acid to oxidize the aminoacetic acid. The
residue obtained by this treatment is dissolved in
acid, and the aluminum ion precipitated as aluminum hydroxide, which is separated by filtration,
ignited to aluminum oxide, and weighed. N.F.
Uses. — Dihydroxyaluminum aminoacetate is an
orally effective gastric antacid which is claimed to
have the advantage over aluminum hydroxide of
providing both immediate and prolonged neutralization of gastric acidity. Both the amino
group and the two hydroxyl groups of the compound participate in neutralization, with the amino
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group apparently reacting more quickly than the
hydroxy Is, which are mainly responsible for the
prolonged neutralizing effect (see Krantz et al.,
loc. cit.). As dihydroxyaluminum aminoacetate
contains less aluminum than the same weight of
aluminum hydroxide, less aluminum chloride,
which is astringent, is produced and less constipating action may result. How significant these
theoretical advantages over aluminum hydroxide
may be in clinical practice is open to question
(N.N.R.).
Dihydroxyaluminum aminoacetate is particularly useful in controlling hyperacidity in the
management of peptic ulcer.
Dose. — Dihydroxyaluminum aminoacetate is
administered orally in a dose of 500 mg. to 1 Gm.
(approximately iy2 to 15 grains), usually after
meals and at bedtime, for control of hyperacidity.
As with other aluminum preparations taken internally, prolonged use may produce constipation.
Storage. — Preserve "in well-closed containers." N.F.

DIHYDROXYALUMINUM AMINOACETATE MAGMA. N.F.
"Dihydroxyaluminum Aminoacetate Magma is
a suspension which yields an amount of AI2O3
equal to not less than 28.5 per cent and not more
than 35 per cent of the labeled amount of C2H6AINO4. It may be flavored with suitable flavoring
agents, and stabilized by the use of appropriate
suspending agents, and preservatives." N.F.
Description. — "Dihydroxyaluminum Aminoacetate Magma is a white, viscous suspension,
from which small amounts of water may separate
on standing." N.F.
The preparations currently available (Magma
Alzinox and Gel Doraxamin) contain 100 mg. of
dihydroxyaluminum aminoacetate per ml. of suspension.
Storage. — Preserve "in tight containers and
protect it from freezing." N.F.
DIHYDROXYALUMINUM
ACETATE TABLETS.

AMINON.F.

"Dihydroxyaluminum Aminoacetate Tablets
yield an amount of AI2O3 equal to not less than
28.5 per cent and not more than 35 per cent of
the labeled amount of C2H.6AINO4." N.F.
Usual Size. — 500 mg. (approximately iy2
grains).

DIIODOHYDROXYQUIN.

U.S.P. (B.P.)

Diiodohydroxyquinoline (U.S.P. XIV),
5,7-Diiodo-8-quinolinol

"Diiodohydroxyquin, dried over sulfuric acid
for 4 hours, contains not less than 60.5 per cent
and not more than 64 per cent of iodine, corresponding to not less than 94.5 per cent of C9H5-
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I2NO." U.S.P. The B.P. defines Di-iodohydroxyquinoline as 8-hydroxy-5:7-di-iodoquinoline and
requires it to contain not less than 61.5 per cent
and not more than 64.0 per cent of I, calculated
with reference to the substance dried over phosphorus pentoxide at a pressure not exceeding 5
mm. of mercury for 4 hours.
B.P. Di-iodohydroxyquinoline. Diodoquin (Searle) ;
Yodoxin (Lemke).

This antiprotozoan agent is obtained by the
iodination of 8-hydroxyquinoline.
Description. — "Diiodohydroxyquin occurs as
a colorless or light yellowish to tan, microcrystalline powder not readily wetted by water. It is
odorless or has a faint odor, and is stable in air. It
melts with decomposition. Diiodohydroxyquin is
almost insoluble in water, and is sparingly soluble
in alcohol and in ether." U.S.P.
Standards and Tests. — Identification. — Violet vapors of iodine evolve upon warming diiodohydroxyquin with sulfuric acid. Loss on drying. —
Not over 0.5 per cent, when dried over sulfuric
acid for 4 hours. Residue on ignition. — Not over
0.5 per cent. Free iodine and iodide. — No violet
color is imparted to chloroform by an acidified,
saturated aqueous solution of diiodohydroxyquin.
The iodine released by potassium dichromate T.S.
from the same mixture does not exceed that corresponding to 500 parts per million of iodide. U.S.P.
The B.P. specifies, as an identification test, that
the absorbancy of a 1-cm. layer of a 0.0005 per
cent w/v solution in dehydrated alcohol at 258
mn be about 0.425. The loss on drying (see definition above) is limited to 0.5 per cent.
Assay. — About 200 mg. of dried diiodohydroxyquin isanalyzed by a slight modification of
the method employed in the assay of 1 odophthalein
Sodium for iodine. Each ml. of 0.05 N silver
nitrate represents 6.346 mg. of iodine. U.S.P.
Uses. — Diiodohydroxyquin is widely used in
the treatment of amebiasis, of Trichomonas vaginalis vaginitis, and of infestation with Balantidium
coli. The compound is chemically related to both
chiniofon and iodochlorhydroxyquin ; for information concerning the concentration of iodine in
the blood obtained with each of these substances
see under Chiniofon. The distribution of the same
drugs, each labeled with radioactive iodine-131,
in the rabbit has been studied by Haskins et al.,
Am. J. Trop. Med., 1950, 30, 399).
Amebiasis. — Diiodohydroxyquin is the drug of
choice for treatment of intestinal amebiasis
(D'Antoni, ibid., 1943, 23, 237; Kansas City
M. J., 1948, 24, 6). It is more effective than other
amebicides, and also less toxic. Tablets of the
compound can be chewed by children. It rarely
causes diarrhea. Sodeman and Beaver, Am. J . Med.,
1952, 12, 440) reported better results in intestinal
amebiasis with Diodoquin than with chiniofon.
In South Africa Wilmot et al. (J. Trop. Med.
Hyg., 1951, 54, 161) found Diodoquin by mouth
to be about as effective as emetine administered
intramuscularly; immediate disappearance of
parasites in 58 per cent of cases was observed
with Diodoquin. On the basis of their highly
favorable experience with the drugs, Conn and
Feldman (Postgrad. Med., 1951, 9, 137) advo-
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cated administration of Diodoquin followed by
carbarsone. Simultaneous use of succinylsulfathiazole and Diodoquin was found to be effective
by El-Ghaffar (/. Roy. Egyptian M. A., 1949, 32,
In amebic abscess of the liver, Zavala and
Hamilton (Ann. Int. Med., 1952. 36, 110) obtained the best results with Diodoquin and chloroquine. Liver function tests show no evidence of
liver damage during treatment with Diodoquin or
carbarsone. Use of tetracycline antibiotics is discouraged because of the disturbance of intestinal
flora thev produce (Knight and Tarun, Am. J.
Trop. Med., 1952. 32, 11
Other Uses. — Diodoquin has been found to be
effective in balantidiasis (Shookhoff. ibid., 1951,
31, 442). In Trichomonas vaginalis vaginitis cure
in 88 per cent of patients treated resulted from
use of cleansing acid douches followed by insertion of 1 or 2 vaginal tablets containing 100 mg.
of Diodoquin even- 12 hours for 12 days although
to prevent relapse treatment may be continued
for 4 to 8 weeks.
Toxicology. — Severe dermatitis following use
of diiodohydroxyquin has been reported (David.

DIIODOHYDROXYQUIN
U.S.P.

TABLETS.

''Diiodohydroxyquin Tablets contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of C9H5I2XO." U.S.P.
Usual Sizes. — 200 and 650 mg. (approximately
3 and 10 grains).
DILL

OIL.

Oleum

CONCENTRATED

DILL

WATER.

B.P.

Concentrated Dill Water is made by dissolving 20 ml. of dill oil in 600 ml. of 90 per cent
alcohol, with enough distilled water to make
1000 ml. Powdered talc is added as a filtering
medium; the preparation is occasionally shaken
for a few hours and then filtered. It contains
approximately 54 per cent of alcohol.
Although concentrated dill water may be used
undiluted, as an aromatic carminative, it is
generally employed diluted with 39 volumes of
distilled water to provide essentially the equivalent of dill water prepared by saturating distilled
water with the oil; such a diluted water contains
about 1.3 per cent alcohol.
The B.P. dose of concentrated dill water is
0.3 to 1 ml. (approximately 5 to 15 minims); the
dose of the diluted water is 15 to 30 ml. (approximately ^ to 1 fluidounce).

~6

J.A.M.A.,
572; 1951,
see also
and
Steiner. /. "1945."
Invest. 129,
Dermat.,
17, Leifer
233). Development offurunculosis in two patients, and of
chills, fever, rash and erythema in a third, have
also been described (Silverman and Leslie.
JAMA., 1945. 128, 1080).
Dose. — The usual dose is 650 mg. (about 10
grains), by mouth. 3 times daily for 20 days: the
range of dose is 650 mg. to 1 Gm. For children
the dose is 200 mg. for each 7 Kg. (approximately
15 pounds) of body weight, within the dosage
limits just stated. 3 times daily for 20 days. A
vaginal tablet (Floraquin, Searle). containing 100
mg. of diiodohydroxyquin. with lactose, dextrose
and boric acid to promote an acid reaction in the
vagina is used once or twice daily.
Storage. — Preserve "in well-closed containers." US.P.

vone in caraway oil (B.P. method), which utilizes
the reaction with hydroxylamine hydrochloride,
followed by titration of liberated acid with 1 N
potassium hydroxide.
Dill oil contains from 40 to 65 per cent of
carvone, considerable rf-limonene and smaller
amounts of other terpenes; English and Spanish
oils also contain phellandrene which, it is said,
does not occur in oil of German origin.
East Indian dill oil, which is occasionally used
as an adulterant or substitute, comes from a
different plant (Anethum Sowa Roxb.). It
differs from the genuine in containing less carvone; a small amount of crystalline residue is
also present which is stated to consist of paraffin. Oil of dill should be kept in a well-closed
container, protected from light and stored in a
cool place.
Dill oil is used as an aromatic carminative,
particularly in the form of either concentrated
dill water or dill water. The dose of dill oil is given
by the B.P. as 0.06 to 0.2 ml. (approximately 1
to 3 minims).

DIMENHYDRINATE.

U.S.P.
CH3^

(?

^-C-0-CH2CH2N*(CH3)2

B.P.

Anethi

Dill Oil is the volatile oil distilled from the
dried ripe fruits of Anethum graveolens L. It
contains not less 43.0 per cent w w and not more
than 63.0 per cent w. w of carvone, C10H14O.
Fr. Essence d'aneth. Ger. Dillol.

Dill oil is colorless or of a pale yellow color,
with the odor of the fruit, and has a hot. sweetish,
acrid taste. Its weight per ml., at 20°, is between
0.895 and 0.910 Gm. The optical rotation is from
+ 70°
to +80°; the refractive index is from 1.481
to
1.492.
The assay for carvone is the same as for car-

''Dimenhydrinate contains not less than 53 per
cent and not more than 55.5 per cent of diphenhydramine (C17H21XO ). and not less than 44 per
cent and not more than 47 per cent of 8-chlorotheophylline (C7H7CIN4Q*)." US. P.
Dramamine

(.Searle).

This salt is the product of the interaction of the
antihistaminic base diphenhydramine with the
acidic compound S-chlorotheophvlline. For details
of synthesis see U. S. Patent 2.499,058 (1950).
Description. — "Dimenhydrinate occurs as a
white, crystalline, odorless powder. Dimenhydrinate is slightly soluble in water. It is freely solu-
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ble in alcohol and in chloroform, and sparingly
soluble in ether. Dimenhydrinate melts between
102° and 107°." U.S.P.
Standards and Tests. — Identification. — (1)
Diphenhydramine base is liberated from dimenhydrinate and then converted to the hydrochloride, which is required to respond to identification
tests (1) and (2) under Diphenhydramine Hydrochloride. (2) 8-Chlorotheophylline liberated from
dimenhydrinate melts between 300° and 305°,
with decomposition. (3) Chloride, obtained from
8-chlorotheophylline by fusion with sodium peroxide, produces a precipitate with silver nitrate;
the precipitate is soluble in ammonia T.S. and is
reprecipitated upon acidification with nitric acid.
Loss on drying. — Not over 0.5 per cent, when
dried in a vacuum over phosphorus pentoxide for
24 hours. Residue on ignition. — Not over 0.3 per
cent. Chloride. — The ammoniacal filtrate from the
precipitation of silver chlorotheophyllinate in the
assay remains clear, or at most shows only a faint
opalescence, on acidification. Bromide and iodide.
—On adding 10 ml. of diluted hydrochloric acid
to a mixture of dimenhydrinate, sodium nitrite,
and chloroform, the chloroform remains colorless.
U.S.P.
Assay. — For diphenhydramine. — About 500
mg. of dried dimenhydrinate is dissolved in water,
and the solution is nearly saturated with sodium
chloride; the diphenhydramine released with ammonia is extracted with ether, and estimated by
interaction with a measured excess of 0.1 N hydrochloric acid and titration with 0.1 N sodium hydroxide after evaporating the ether. Each ml. of
0.1 iV hydrochloric acid represents 25.54 mg. of
C17H21NO. For 8-chlorotheophylline. — About 800
mg. of dried dimenhydrinate is dissolved in water
and the acidic constituent precipitated as silver
8-chlorotheophyllinate by adding a measured excess of 0.1 N silver nitrate in the presence of
ammonia. In an aliquot portion of the filtrate
separated from the mixture the excess silver
nitrate is titrated with 0.1 N ammonium thiocyanate. Each ml. of 0.1 N silver nitrate represents 21.46 mg. of C7H7CIN4O2. U.S.P.
Uses. — This drug is best known for its utility
in the treatment of motion sickness and other
vertiginous and nauseous syndromes, though it
possesses antihistaminic activity attributable to
the diphenhydramine component as evidenced by
protection studies against a mist of histamine.
The spasmolytic action of dimenhydrinate as
measured on the isolated intestinal strip is quite
weak; this may be due to the very slight solubility of the compound. During the evaluation of
dimenhydrinate in the management of allergic
patients, Gay and Carliner (Science, 1949, 109,
359) gave the drug to a pregnant woman with
urticaria and recognized the significance of her
report that the car-sickness from which she had
always suffered was relieved, as well as the urticaria. In a carefully controlled study with the
cooperation of the United States Army, Gay and
Carliner (Bull. Johns Hopkins Hosp., 1949, 84,
470) found the drug to be effective, both prophylactically and therapeutically, in the control of
sea-sickness. Strickland and Hahn (Science, 1949,
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109, 359) reported a decrease in the incidence
of air-sickness, from 55 per cent in the case of
subjects given a placebo, to 29 per cent in those
given dimenhydrinate. In experimental studies,
White et al. (Fed. Proc, 1950, 9, 325) reported
that 2 mg./kilo of dimenhydrinate protected dogs
from the emesis ordinarily produced by 30 mg./
kilo of apomorphine. Freese et al. (ibid., 21 A)
failed to protect dogs from the emesis produced
by morphine. Tyler (Science, 1949, 110, 170)
questioned the superiority of dimenhydrinate over
0.6 mg. of hyoscine for motion sickness (see also
Tyler and Bard, Physiol. Rev., 1949, 29, 311) as
regards both effectiveness and incidence of untoward effects. With the possibility of controlling
this disabling syndrome in both civilians and
military personnel at hand for the first time, intensive investigations were instituted in many
laboratories. In rabbits, forced circling movements
are caused by the intracarotid injection of a subconvulsive dose of diisopropyl fluorophosphate,
which is an anticholinesterase drug. Johns and
Himwich (Am. J. Psychiat., 1950, 107, 367)
reported that these movements could be corrected
by intravenous injection of 3.3 mg./kilo of dimenhydrinate, 2.6 mg./kilo of diphenhydramine, or
2.2 mg./kilo of promethazine (see discussion of
motion sickness under Diphenhydramine Hydrochloride for a review of information which indicates that the diphenhydramine component of
dimenhydrinate is the active portion in prophylaxis and treatment of motion sickness, also the
comments of Nickerson, Science, 1950, 111, 312,
and of Mitchell, ibid., 1950, 112, 154). The study
of the effect of dimenhydrinate and other drugs
on labyrinthine function, utilizing the caloric
method of stimulating the peripheral end-organ
of the labyrinth and the galvanic method of stimulating the vestibular nerve, showed that 100 mg.
of dimenhydrinate markedly depressed labyrinthine function, judged by its effect on the onset,
duration and character of nystagmus, the amount
of electric current required to produce tilting, and
decrease in subjective vertiginous sensations
(Gutner et al., Arch. Otolaryng., 1951, 53, 308).
In the same study, 50 mg. of diphenhydramine,
0.6 mg. of hyoscine hydrobromide, 100 mg. of
secobarbital, 500 mg. of aminophylline, and 100
mg. of 8-chlorotheophyllinate each was without
effect on labyrinthine function, although sedation
in some instances minimized the sensation of
vertigo. An independent comparison by Boland
and Grinstad (/. Aviation Med., 1951, 22, 137)
demonstrated equal air-sickness protection and
comparable side effects with 0.6 mg. of scopolamine hydrobromide or 100 mg. of dimenhydrinate. As concluded in the discussion of motion
sickness under promethazine hydrochloride (q.v.),
statistics vary, and controversy is bitter as to
which drug is most effective and least troublesome
with side effects in the control of motion sickness, but it seems definite that dimenhydrinate,
diphenhydramine, hyoscine, promethazine and
some other anticholinergic drugs are effective
agents (Chinn et al., Am. J. Med., 1952, 12, 433).
Further studies by Gay (Mil. Surg., 1951, 108,
324), Shaw (ibid., 1950, 106, 441), Wright (U. S.
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Armed Forces Med. J., 1950, 1, 570) and others
have amply confirmed the efficacy of dimenhydrinate inthe prevention and treatment of motion sickness. Shaw reported that the drug had
no deleterious effect on marksmanship. Wright
advised the use of 2.5 mg. of amphetamine sulfate
with each 100 mg. of dimenhydrinate.
Nausea and vomiting of early pregnancy were
relieved with dimenhydrinate in 31 of 43 women
by Carliner et al. (Science, 1949, 110, 215), an
observation confirmed by Cartwright (West. J.
Surg. Obst. Gyn., 1951, 59, 216), Joas (Munch,
vied. Wchnschr., 1952, 94, 169) and others. In
roentgen illness, Beeler et al. (Proc. Mayo, 1949,
24, 477) reported relief in 65 of 82 patients
given 100 mg. of dimenhydrinate 1 hour before,
and 1^2 and 3 hours after irradiation; DeFeo
et al. (Radiology, 1951, 56, 420) reported efficacy
in 46 of 100 cases and found that 23 of those
benefited required daily administration throughout
the course of radiation. Kerman (Dis. Nerv.
System, 1951, 12v 83) reported prevention of
nausea and vomiting in 51 of 55 cases following
electroshock therapy. Waisbren et al. (J. A.M. A.,
1949, 141, 938) gave it before chlortetracycline
for patients unable to use the antibiotic because
of nausea and vomiting. Gutner et al. (J. Clin.
Inv., 1952, 31, 259) reported that it inhibited
the stimulating action of meperidine or morphine
on the vestibular mechanism. Rubin and Winston
(ibid., 1950, 29, 1261) found that it prevented
the nausea and vomiting caused by motion after
morphine or meperidine. Failing (Attn. West. Med.
Surg., 1952, 6, 293) injected it preoperatively to
prevent the tendency of meperidine to cause
vomiting. Moore et al. (Anesth., 1952, 13, 354)
reduced postoperative vomiting from 22.2 to 11.2
per cent with 50 mg. just before surgery, repeated
after the operation, then every 4 hours for 4 doses,
all intramuscularly. By oral administration, it was
less effective (Rubin and Metz-Rubin, Surg.
Gynec. Obst., 1951, 92, 415). Armer (7. Oral
Surg., 1952, 10, 225) reported it to be useful in
cases receiving intravenous thiopental anesthesia.
Hume and Wilner (Anesth., 1952, 13, 302) gave
it intravenously every 4 hours as long as the patient remained in the "recovery room" and found
it particularly useful in instances of prolonged
anesthesia.
Vertigo in tuberculous patients receiving streptomycin was prevented or relieved by dimenhydrinate (Titche and Nady, Dis. Chest., 1951,
20, 324). Campbell (Laryng., 1949, 141, 938)
used it effectively to prevent the most troublesome nausea, vomiting, vertigo and nystagmus
following labyrinthine fenestration operations.
Harbert and Schiff (U. S. Armed Forces Med. J.,
1950, 1, 979) noted that the nystagmus usually
persisted but the uncomfortable symptoms were
relieved. W'ener (J.A.M.A., 1949, 141, 500) testified to the value of dimenhydrinate in Meniere's
syndrome. The tinnitus and vertigo common in
patients with hypertensive and arteriosclerotic
cardiovascular disease were alleviated with doses
of 25 to 100 mg. of dimenhydrinate four times
daily orally (Goldman et al., Am. Heart J., 1951,
42, 302). Witzeman (Eye, Ear, Nose & Throat
Monthly, 1949, 28, 272) found it most useful in
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relieving the vertigo of cases of labyrinthitis
while definitive treatment was carried out. Winston et al. (Ann. Otol. Rhin. Laryng., 1950, 59,
622) observed that dimenhydrinate relieved the
discomfort from turning in the Barany chair but
did not interfere with the diagnostic vestibular
responses. With a recording balloon in the duodenum, Abbot et al. (Gastroenterology, 1952, 20,
238) observed that 100 mg. of dimenhydrinate
prevented duodenal spasm as well as vomiting
following caloric vestibular stimulation. Gay
(J.A.M.A., 1951, 145, 712) emphasized that no
patient with labyrinthine vertigo should be subjected to surgery on the vestibular apparatus until
a trial of dimenhydrinate therapy had failed. In
refractory cases of migraine. Brentan (Rocky
Mountain M. J., 1950, 47, 197) found it useful at
the onset of the prodromal symptoms. In 3 cases
of chronic ulcerative colitis, Wilson (South. M. J.,
1951, 44, 797) reported symptomatic relief after
usual medication had been ineffective.
The only common side effect is drowsiness, in
most cases with large doses, as might be expected
from the diphenhydramine component. In many
therapeutic problems sedation is desirable.
Dose. — The usual dose is 50 mg. (about }i
grain) up to 4 times daily by mouth, with a range
of 50 to 100 mg. The maximum safe dose is 100
mg. and the total dose in 24 hours should not exceed 300 mg. For motion sickness, it should be
commenced prior to embarcation. For rectal administration, 50mg. of powder may be suspended
in 30 ml. of physiological saline solution. For
parenteral use a 5-ml. vial containing 50 mg. of
dimenhydrinate per ml. in a vehicle containing 5
per cent benzyl alcohol, 50 per cent propylene
glycol and water is available. The dose is 50 mg.
intramuscularly. For intravenous use, this dose
should be diluted with 10 ml. of sterile, isotonic
sodium chloride solution for injection. For oral or
rectal administration to children, the dose for 5 to
8 years of age is 12.5 to 25 mg., for 8 to 12 years
it is 25 to 50 mg.
Storage. — Preserve "in well-closed containers." U.S.P.
DIMENHYDRINATE
U.S.P.

TABLETS.

"Dimenhydrinate Tablets contain not less than
95 per cent and not more than 105 per cent of the
labeled amount of C17H21NO.C7H7CIN4O2 "
U.S.P.
Usual Size. — 50 mg.
DIMERCAPROL.

U.S.P., B.P., LP.

2,3-Dimercaptopropanol, BAL, [Dimercaprol]

CH2SH.CHSH.CH2OH
"Dimercaprol contains not less than 99 per
cent of C3H8OS2." U.S.P. The B.P. and LP. require not less than 98.5 per cent and not more
than the equivalent of 101.5 per cent of C3H8OS2.
LP. Dimercaprolum. British Anti-Lewisite.

Dimercaprol may be prepared by several processes, some of which are patented. In a typical
process a solution of sodium hydroxide in meth-
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anol is saturated with hydrogen sulfide, forming
sodium sulfhydrate, NaSH, which is subsequently
treated with 2,3-dibromo-l-propanol, under pressure and in an atmosphere of carbon dioxide;
following acidification dimercaprol may be extracted from the reaction mixture with chloroform and subsequently purified by distillation.
A small amount of ammonia, an ammonium salt,
or a carboxamide may be added as a stabilizing
agent.
Description. — "Dimercaprol occurs as a colorless or almost colorless liquid, with an offensive,
mercaptan-like odor. One Gm. of Dimercaprol
dissolves in about 25 ml. of water. It is soluble
in alcohol, in methanol and in benzyl benzoate.
The specific gravity of Dimercaprol is not less
than 1.238 and not more 1.240. Dimercaprol
boils at about 122° under a pressure of IS mm.
and at about 116° under a pressure of 10 mm."
U.S.P. The B.P. specifies tests to limit iron and
bromine, also a stability test in which dimercaprol
is heated at 140° for 2 hours without losing
more than 9.4 per cent of its content of CsHsOSa.
A test for freedom from abnormal toxicity, based
on a comparison of the effect of intramuscular
injections, in rats, of solutions of the dimercaprol
to be tested and of a pure standard preparation
of the substance, is also specified.
Assay. — A methanol solution of dimercaprol,
representing about 250 mg. of the latter, is titrated with 0.1 N iodine to the production of a
permanent yellow color; a hydrogen atom is
removed from each of the sulfhydryl groups in
this reaction, the sulfur atoms simultaneously
becoming linked to each other. Each ml. of 0.1 N
iodine represents 6.211 mg. of C3H8OS2. U.S.P.
The B.P. assay is identical except that oxygenfree nitrogen is passed through the sample for
about 10 minutes prior to assaying; this removes
hydrogen sulfide which may be present in the
oil.
Uses. — Dimercaprol is an effective agent for
treatment of poisoning by arsenic, gold, mercury
and perhaps other metals.
Action. — In 1909, Ehrlich advanced the theory,
based on studies by Heffter and his associates
several years earlier, that the toxicity of arsenic
is due to its combination with certain sulfhydryl
compounds which function in normal biologic
oxidation and reduction processes of living cells.
Voegtlin et al. (Pub. Health Rep., 1923, 38,
1882) subsequently demonstrated the detoxifying
effects of sulfhydryl compounds, such as glutathione and cysteine, on arsenic. Peters et al.
(Nature, 1945, 156, 616) advanced the theory
that agents which combine with — SH groups in
tissues interfere with the functioning of the
pyruvate-oxidase system, which functions through
the tissue — SH groups. They demonstrated that
dithiol compounds have a greater affinity for
certain arsenicals, forming relatively nontoxic
compounds, than have either monothiols or the
so-called dithiol proteins of tissues. They proposed that the toxic effects of arsenic in the
system may be overcome by introducing into
the system simple synthetic dithiols which would
successfully compete, for arsenic, with the dithiol
proteins of tissues, leaving the proteins unaffected
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and free to function normally in the pyruvateoxidase system. The first compound to be thus
used was 2,3-dimercaptopropanol (dimercaprol),
being specifically proposed for use as a decontaminating and neutralizing agent against the
arsenical chemical warfare agent known as
Lewisite, for which reason the drug came to be
known as British Anti-Lewisite or BAL. Other
thiol compounds are also effective, but are less
active than BAL (Simpson and Young, Can. J.
Research, E, 1950, 28, 135).
Following intramuscular injection of dimercaprol, the maximum concentration is attained
in the blood at 2 hours, this decreasing to less
than half of the maximum at 4 hours; the drug
is entirely excreted or metabolized within 6 to
24 hours. For data on the metabolism of isotopelabeled dimercaprol see Simpson and Young
(Biochem. J., 1950, 46, 634).
Ercoli and Carminati (Science, 1952, 116,
579) found that dimercaprol inhibited the
antispirochetal action, but not the antibacterial
action, of penicillin, bacitracin, and chloramphenicol, as well as of gold and arsenic compounds,
but that it did not interfere with the action of
chlortetracycline, oxytetracycline or streptomycin. In experimental infections in guinea pigs,
dimercaprol potentiated the action of chloramphenicol against Brucella melitensis (Renoux,
Ann. Inst. Pasteur, 1951, 81, 541).
Arsenic Poisoning. — Sulzberger and Baer
(J. A.M. A., 1947, 133, 293) summarized the
important effects of dimercaprol as follows: (1)
In both laboratory animals and human beings
the damage to the skin due to arsenical vesicant
agents of chemical warfare could be prevented
by the preceding application to the skin of dimercaprol preparations. (2) In both laboratory animals and human beings the damage to the skin
produced by arsenical vesicant agents of chemical
warfare could be arrested and probably even
reversed by the local application of dimercaprol
preparations two minutes to two hours after
exposure to the damaging agent. While this beneficial action could be achieved by application of
dimercaprol to the skin, the parenteral administration of the drug was much more effective.
(3) The systemic poisoning produced in laboratory animals by various arsenical agents, including
oxophenarsine hydrochloride, could be effectively
counteracted by dimercaprol. (4) In vitro experiments on trypanosomes and spermatozoa
which had lost their motility and showed degenerative changes due to arsenic poisoning
indicated that they regained their motility and
their normal appearance after addition of a
dithiol.
Dermatitis produced by antisyphilitic arsenical
drugs has been successfully treated both by inunction and by intramuscular administration of
dimercaprol; in the latter procedure either a 5
or 10 per cent solution of dimercaprol in peanut
oil, with 10 or 20 per cent, respectively, of
benzyl benzoate was administered. Eagle (/. Ven.
Dis. Inform., 1946, 27, 114) reported on 88
cases of arsenical dermatitis, 51 of which were
typical cases of exfoliative dermatitis; the average
time for definite improvement in 80 per cent of
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the exfoliating conditions which responded to
treatment was 3 days, while the average time
for almost complete recovery was 13 days. Of
55 patients with toxic encephalitis arising from
arsenical therapy, of which 40 were either convulsing or in coma at the time of start of dimercaprol therapy, 44 recovered completely within
1 to 7 days, while 1 1 died. In 1 1 cases of agranulocytosis recovery occurred in 10, death in one,
following treatment with dimercaprol. Of 4 cases
in which massive overdosing with oxophenarsine
hydrochloride occurred, 3 responded promptly,
while 1 died, after dimercaprol therapy. Some of
the failures in the foregoing series received doses
of dimercaprol which are now believed to have
been too small. Wade and Frazer {Lancet, 1953,
1, 269) reported benefit in a case of hepatitis
due to Fowler's solution. A case of subacute
arsenical polyneuritis which was aggravated by
treatment with dimercaprol was reported by
Sands et al. {New Eng. J. Med., 1950, 243, 558).
For Lewisite burns of the eye, 2 drops of a 3
to 5 per cent solution of dimercaprol should be
applied within 5 minutes of exposure.
Gold Poisoning. — Dimercaprol has proven
successful in the management of poisoning during use of gold salts in the treatment of arthritis;
the most frequent reaction treated has been dermatitis. A review of 50 cases reported in the
literature shows that over 90 per cent were
improved (Strauss et al., Ann. Int. Med., 1952,
37, 323). Treatment is most effective when
instituted soon after the onset of symptoms;
after several months dimercaprol has been ineffective.
Mercury Poisoning. — Gilman et al. {J. Clin.
Investigation, 1946, 25, 549) found dimercaprol
to be effective also in the treatment of 23 cases
of acute poisoning by mercury bichloride, 22 of
the patients recovering. Treatment with intramuscular injections of dimercaprol was instituted as late as 19 hours after ingestion of up
to 20 Gm. of the poison. The initial amount used
for the first injection was 300 mg. (3 ml. of a
10 per cent solution) for 21 patients, and 150 mg.
for the two others (including the one who died).
The 21 patients received from 450 to 750 mg.
during the first 12 hours, and a total of 0.9 to
2.87 Gm. in a period of 3 to 4 days. Preferred
dosage in such cases would appear to be 300 mg.
(corresponding to about 5 mg. per Kg. of body
weight) initially, followed during the first 12
hours by 2 or even 3 further injections of 150 mg.
each. With this therapy instituted within 4 hours
of the ingestion of 1 Gm. or more of mercuric
chloride, Longcope et al. {Ann. Int. Med., 1949,
31, 545) reported survival of all of 41 cases of
poisoning, compared to their previous experience
of 31.4 per cent mortality. In experimental
studies, Fitzsimmons and Kozelka (/. Pharmacol., 1950, 98, 8) found less mercury in the
kidneys but more in other tissues of monkeys
treated with dimercaprol for mercury poisoning;
a decreased excretion of mercury was found in
the urine. Adam {Brit. J. Pharmacol. Chemother.,
1951. 6, 483) studied the effect of dimercaprol on
the metabolism of radioactive mercuric chloride
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in rabbits and confirmed the lesser amount in
the kidneys but in contrast reported an increase
in the rate of urinary excretion of the mercury*.
Dimercaprol inhibits the diuretic action of organomercurial diuretics. A case of acrodynia ("pink
disease") in a child, resulting from subacute
mercury poisoning, responded to dimercaprol
therapy (Fischer and Hodes, /. Pediatr., 1952,
40, 143) confirming the similar report of several
cases by Warkany and Hubbard {Am. J. Dis.
Child., 1951, 81, 335) and others. The child
received 3.4 mg. of dimercaprol per Kg. of body
weight even' 4 hours for 6 days, and every 8
hours for another 10 days. Dimercaprol is useful
in the treatment of sensitization dermatitis due
to mercury compounds.
Other Metals. — In experimental poisoning
in rabbits dimercaprol has been found to be an
effective antidote also for antimony, bismuth,
chromium, and nickel; it is ineffective in treating
rabbits poisoned by lead, thallium, and selenium
(Braun et al., J. Pharmacol., 1946, 87, 119,
August Supplement). Clinical reports on poisoning with metals other than those discussed
previously indicate dimercaprol to have utility
in antimony dermatitis (Rittey, Lancet, 1950, 1,
255), in bismuth stomatitis, in chronic chrome
dermatitis (a zinc oxide paste containing 3 per
cent of dimercaprol was used topically by Cole.
Arch. Derm. Syph., 1953, 67, 30), in the objectionable odor of body and breath resulting from
tellurium poisoning, and in thallium poisoning
(Welty and Berrey, J. Pediatr., 1950, 37, 756;
Schild and Schrader, Nervenarzt, 1952, 23, 281).
It has been found ineffective in counteracting
the toxicity of cadmium, iron, polonium (unless
given within 12 hours of exposure), selenium,
and silver. The results in lead poisoning have in
general been indefinite (see Ennis and Harrison.
Pediatrics, 1950, 5, 853; Bastrup-Madsen, Lancet,
1950, 2, 171).
The detoxifying action of dimercaprol against
metals has resulted in its trial in other conditions.
Denny-Brown and Porter {New Eng. J. Med.,
1951, 245, 917) reported that dimercaprol increased copper excretion in cases of hepatolenticular degeneration (Wilson's disease) and improved the neurological symptoms. A decrease in
the bilirubinemia in some cases of acute hepatitis
was observed by Wildhirt {Klin. Wchnschr., 1952,
30, 42). Inhibition of alloxan diabetes in rats
was reported by Sen and Bhattacharya {Science,
1952, 115, 41). In hypertensive patients a decrease in blood pressure, rather than the usual
increase (see under Toxicology), was observed
(Schroeder, ibid., 1951. 114, 441). In 23 cases
of infectious neuronitis (Guillain-Barre syndrome) von Hagen and Baker {J.A.M.A., 1953.
151, 1465) reported benefit from dimercaprol
therapy. Prompt improvement in a child with
bulbar poliomyelitis during treatment with dimercaprol was observed by Eskwith {Am. I. Dis.
Child., 1951, 81, 684).
For further information concerning clinical
uses of dimercaprol see the series of papers in
/. Clin. Inv., 1946, 25, 451 to 567, also Randall
and Seeler, New Eng. J. Med., 1948. 239, 1004,
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1040; for pharmacological reports see /. Pharmacol., 1946, 87, August Supplement, also Larson,
Confinia Neurol., 1950. 10, 108. H
Toxicology. — -Dimercaprol is not an innocuous substance. When administered to humans at
a dose level of 2.5 to 3 mg. per Kg. of body
weight at intervals of 4 hours on two successive
days signs of toxicity are barely noticeable. Doses
of 4 to 5 mg. per Kg., however, may produce
nausea, vomiting, headache, burning sensation of
the lips, mouth, throat and eyes, pain in the
teeth, lacrimation and salivation, muscular aches,
burning and tingling of the extremities, a feeling
of constriction of the throat and chest, and elevation of systolic and diastolic blood pressure.
These effects are at their maximum in 15 to 20
minutes after intramuscular administration; the
symptoms are usually transitory. An established
reaction is alleviated by epinephrine or ephedrine.
A dose of diphenhydramine hydrochloride, 50 mg.,
given half an hour before injection of dimercaprol, minimizes the discomfort (Holley. Am. J.
Syph. Gonor. Ven. Dis., 1950, 34, 490). When
applied to the skin dimercaprol causes local erythema and edema; skin sensitization to dimercaprol ointment was reported by Jenkins {Ann.
Allergy, 1949, 7, 807). Dimercaprol is extremely
irritating when applied to mucous surfaces, producing edema and severe ulcerations of respiratory passages and gastric mucosa. The 5 to 10
per cent solutions in oil may be injected, or even
applied to the eye, without producing damage.
Dose. — The usual dose, intramuscularly, is 25
mg. (approximately Y% grain) per 10 Kg. (about
22 pounds) of body weight, repeated four times
at intervals of 4 hours on the first and second
days, twice on the third day and once daily for
the next 5 days. The range of dose is 25 to 50 mg.
per 10 Kg. The maximum safe dose should
ordinarily not exceed 50 mg. per 10 Kg.; more
than 6 doses in 24 hours is seldom employed. For
small children, the doses are given at intervals
of 4 to 8 hours. For mercuric chloride poisoning
the initial dose is 50 mg. per 10 Kg. (v.s.). For
topical application a 1 to 3 per cent concentration
may be used.
Storage. — Preserve "in tight containers in a
cold place." U.S.P.
DIMERCAPROL INJECTION.
U.S.P. (B.P, LP.)
[Injectio Dimercaprolis]

"Dimercaprol Injection is a sterile solution of
dimercaprol in a mixture of benzyl benzoate and
oil. It contains, in each 100 ml., not less than 9
Gm. and not more than 11 Gm. of C3H8OS2."
U.S.P. The B.P. requires a content of dimercaprol equivalent to 5 per cent w/v of C3H8OS2
(limits, 4.9 to 5.1). The LP. rubric is identical
with that of the U.S.P.
B.P.

Injection

of Dimercaprol.

Injection

of B.A.L.

The B.P. directs the injection to be prepared
by dissolving 5 Gm. of dimercaprol in 9.6 ml. of
benzyl benzoate, adding sufficient arachis oil to
make 100 ml. of solution, then enough 5 N alco-
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holic ammonia to produce a pH between 6.8
and 7.0 in the aqueous layer when a portion of
the injection is shaken with an equal volume of
water for 2 minutes. The oily solution thus prepared is mixed with about 200 mg. of decolorizing charcoal, allowed to stand for not less than
one hour, and filtered. After distributing the
solution in ampuls in which the air has been
replaced by nitrogen, and the ampuls immediately sealed, the injection is sterilized by heating
at 150° for one hour. The benzyl benzoate is included for the purpose of solubilizing the dimercaprol.
Description. — "Dimercaprol Injection is a
yellow, viscous solution having a pungent, offensive odor. Its specific gravity is about 0.978."
U.S.P. The B.P. gives the weight per ml. of its
injection, which is half the strength of the U.S.P.
preparation, as between 0.940 and 0.955 Gm.,
Storage. — Preserve "in single-dose or in mulat 20°. tiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Size. — 450 mg. (approximately 7
grains) in 4.5 ml.
DIMETHYL

PHTHALATE.

U.S.P., B.P.

Methyl Phthalate, [Dimethylis Phthalas]

,C00CH3

COOCH,
"Dimethyl Phthalate contains not less than 98
per
the cent
same. of C10H10O4." U.S.P. The B.P. rubric is
Dimethyl phthalate may be prepared by the
esterifi cation of phthalic acid anhydride and
methyl alcohol under the influence of hydrogen
chloride or concentrated sulfuric acid.
Description. — "Dimethyl Phthalate is a clear,
colorless, or practically colorless, oily liquid having a slight aromatic odor. It is stable in air,
but is slowly affected by light. Dimethyl Phthalate is insoluble in water. It is miscible with
alcohol, with ether, and with chloroform. The
specific gravity of Dimethyl Phthalate is not less
than 1.188 and not more than 1.192." U.S.P.
Standards and Tests. — Distilling range. —
Not less than 95 per cent distils between 278°
and 285°. Refractive index. — Between 1.5130
and 1.5170, at 20°. Identification. — A mixture of
resorcinol, sulfuric acid and dimethyl phthalate is
heated over a free flame until sulfur trioxide
fumes begin to evolve; on pouring the cooled
solution into a dilute sodium hydroxide solution
a vivid green fluorescence is produced; the fluorescence disappears on acidifying the solution and
reappears when it is made alkaline. Acidity. —
Not more than 2.8 ml. of 0.02 N sodium hydroxide is required for neutralization of 20 ml. of dimethyl phthalate, using thymol blue T.S. as indicator (corresponding to not more than 0.02 per
cent phthalic acid). U.S.P.
Assay. — A sample of about 2 Gm. of dimethyl
phthalate is saponified by heating with 0.5 N
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alcoholic potassium hydroxide, the excess
being titrated with 0.5 N hydrochloric acid
thymol blue T.S. as indicator. A residual
tion blank is performed. Each ml. of 0.5 N
required for the saponification represents

Part
alkali
using
titraalkali
48.55

mg. of CioHiuCU. L'.S.P.
Uses. — Dimethyl phthalate has found extensive use as an insect repellent, being very effective
against mosquitoes, mites, ticks, fleas and midges.
For general use it is especially effective when
combined with butopyronoxyl and ethohexadiol
in the proportions represented in the official
Compound Dimethyl Phthalate Solution (see following monograph) but various formulations
containing dimethyl phthalate as the sole active
ingredient, for application to the body and to
clothing, are or have been used.
Toxicology. — Dimethyl phthalate appears to
have no irritant or toxic effects that are severe
enough to make its ordinary use hazardous.
Accidental ingestion of it was followed by a
burning sensation in the mouth, and after 2
hours by coma (Doehring and Albritton, Bull.
U. S. Army M. Dept., 1944, 81, 12); recovery
followed gastric lavage and parenteral administration of caffeine and sodium benzoate, and 5
per cent dextrose solution (intravenously).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
COMPOUND

DIMETHYL PHTHALATE SOLUTION.
U.S.P.
622 Mixture

Dissolve 200 Gm. of ethohexadiol and 200 Gm.
of butopyronoxyl in 600 Gm. of dimethyl phthalate and mix thoroughly. L'.S.P.
U.S.P. Insect Repellent.

Uses. — This combination of three new insect
repellents and toxicants, commonly known as
6-2-2 mixture, is the one which laboratory and
field tests have shown to be effective against a
wider range of insect species and on more individuals than any one of its three active components when used alone. Although developed
primarily for use by the United States Army, the
mixture can also be used safely by civilians.
Travis et al. (J. Econ. Entomol., 1946, 39, 627)
found the solution to be actively repellent against
mosquitoes, flies, biting gnats and red bugs
(mites); when properly applied it acts also as a
toxicant to mite larvae or chiggers. killing these
rather than repelling them. Though no substance
which is safe to use provides complete protection
from ticks, a considerable measure of protection
is afforded against the lone star tick, the most
abundant of the species.
When used as a repellent against mosquitoes,
flies and gnats the solution may be applied directly by placing a few drops in the palms, smearing the liquid evenly and rubbing it on the exposed areas of the skin to produce a protective
oily film. One treatment may last several hours
on some people but not so long on others; when
the insects resume biting another application of
the solution should be made. To prevent insects
biting through clothing and also to afford protec-
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tion against chiggers and ticks the solution should
be applied to the clothing with a small hand
sprayer or rubbed on in the same manner that
application is made to the skin. Shirts, stockings
or other garments may be treated by saturating
them with a solution or an emulsion of the
repellent. To produce an emulsion easily and
quickly the official solution may be modified by
dissolving 10 parts by weight of an emulsifier
such as Stearate 61-C-2280 (polyalkylene glycol
stearate, Carbide and Carbon Chemicals Corporation), Tween 60 (polyoxyethylene sorbitan monostearate. Atlas Powder Company), Tween 80
(polysorbate 80, U.S.P.. or polyoxyethylene sorbitan monooleate), glycol monostearate or glycol
monooleate or other suitable emulsifier or mixture of emulsifiers in 90 parts by weight of compound dimethyl phthalate solution; for use 8
fluidounces of this modified solution is vigorously
agitated with 1 to 1.5 pints of water to form a
creamy emulsion which is then diluted with sufficient water to make one gallon of finished emulsion. A gallon is sufficient to dip a set of field
trousers, shirts and socks; after dipping, the
garments are wrung out lightly and allowed to
dry. Clothing thus treated will retain its insectrepellent property for 2 or 3 days of ordinary
wear; washing or prolonged soaking with water
will remove the active material. For further information concerning the solution, see Travis.
Morton and Smith's "Use of Insect Repellents
and Toxicants," publication E-698 (Revised,
June 1949), U. S. Department of Agriculture,
Bureau of Entomology and Plant Quarantine.
Because the components of Compound Dimethyl Phthalate Solution possess solvent action on plastics and rayons the solution should
not be allowed to come in contact with articles
made of these substances.

DIMETHYL TUBOCURARINE
IODIDE. N.F.
C40H48I2X2O6

Dimethyl tubocurarine results from methylation
of the two phenolic groups of tubocurarine (see
formula under Tubocurarine Chloride) by interaction with methyl iodide.
Metubine Iodide (Lilly).

Description. — "Dimethyl Tubocurarine Iodide
occurs as an odorless, white or pale yellow crystalline powder. Dimethyl Tubocurarine Iodide is
slightly soluble in water, in diluted hydrochloric
acid, and in diluted solutions of sodium hydroxide.
It is very slightly soluble in alcohol, and practically insoluble in benzene, in chloroform, and in
ether." X.F.
Standards and Tests. — Identification. — (1)
On heating to about 257° dimethyl tubocurarine
iodide decomposes with evolution of gas. (2) A
curdy, yellow precipitate of silver iodide, insoluble in ammonia T.S., is produced on adding silver
nitrate T.S. to a solution of dimethyl tubocurarine
iodide containing some nitric acid. (3) A pink
precipitate is produced on adding ammonium
reineckate solution to one of dimethyl tubocurarine iodide. (4) A yellow precipitate is pro-
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duced on adding picric acid solution to one of
dimethyl tubocurarine iodide. Loss on drying. —
Not over 7 per cent, when dried in a vacuum at
75° for 8 hours. Specific rotation. — Not less than
+ 148° and not more than +158°, calculated on
the anhydrous basis, when determined in a solution in water containing 25 mg. in each 10 ml.
Tubocurarine chloride. — A colorless or very faintly
blue solution is obtained on adding Folin-Ciocalteu
reagent for phenols. N.F.
Uses. — Like tubocurarine chloride, dimethyl
tubocurarine iodide is used to relax skeletal
muscles by action on the myoneural junction.
For a general discussion of agents acting thus see
the monograph on Curarimimetic Agents, in Part
II. By the rabbit head-drop method of testing
dimethyl tubocurarine iodide shows a potency
considerably greater than that of tubocurarine
chloride (Swanson et al., J. Lab. Clin. Med., 1949,
34, 516). The accepted potency of dimethyl tubocurarine iodide by biologic assay is 6 times that
of tubocurarine chloride, making 0.025 mg. of
dimethyl tubocurarine iodide equivalent to 0.15
mg. of tubocurarine chloride by such assay, which
latter quantity (of tubocurarine chloride) corresponds to one unit of activity. This several-fold
greater activity of dimethyl tubocurarine iodide
over tubocurarine chloride obtains also for rats
and cats, but the former is less effective than the
latter compound in mice (Collier and Hall, Brit.
M. J., 1950, 1, 1293; Collier et al, Nature, 1948,
161, 817). In humans dimethyl tubocurarine iodide is about 3 times as active as tubocurarine
chloride (see Unna et al., J.A.M.A., 1950, 144,
448).
In a report on the effect of intravenous administration of dimethyl tubocurarine iodide to 225
patients receiving general anesthesia for all types
of surgery Stoelting et al. (Anesth. & Analg.,
1949, 28, 130; 1950, 29, 282) concluded that it
is superior to tubocurarine chloride for producing
muscular relaxation during operation since respiratory depression was seldom encountered and
was of a minor degree when present. The degree
of relaxation is comparable to that obtained with
tubocurarine chloride, but the duration of action
is decidedly prolonged as compared with the latter
drug. No cardiovascular or cerebral effects were
noted and there was no evidence of histamine-like
action or autonomic nervous system involvement.
The drug is effective whether the anesthetic agent
is a barbiturate, cyclopropane, ethyl ether, or
nitrous oxide. It has been considered by some to
be the curarizing agent of choice in anesthesia for
thoracic surgery because of its relative freedom
from histamine-like reactions and also by virtue
of its reliability (Wilson et al., Brit. M. J., 1950,
1, 1296).
Curariform drugs are contraindicated in cases
of respiratory depression, advanced pulmonary
disease and myasthenia gravis (unless as a diagnostic test in minute doses).
Dose. — The usual initial dose of dimethyl tubocurarine iodide, given intravenously in isotonic
sodium chloride solution over a period of 30 to 60
seconds, is 2 mg.; the size of the dose will depend on the type of general anesthetic employed
and the depth of anesthesia. With cyclopropane
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a dose of 2 to 4 mg. is suggested; with ether, 1.5
to 3 mg. ; with nitrous oxide or thiopental sodium, 3 to 8 mg. The initial dose may be expected to provide relaxation for 25 to 90 minutes,
after which supplemental injections of from 0.5
mg. to 1 mg. may be made as required and indicated by the depth of surgical relaxation. Respiratory paralysis should be treated promptly by
artificial respiration; neostigmine methylsulfate
in 1:2000 solution should be given in 1 to 2 ml.
doses intravenously to combat respiratory depression except when this is associated with fall in
blood pressure due to excessive curarization. Atropine sulfate may be given to control the excessive
secretion caused by the neostigmine.
Storage. — Preserve "in tight containers." N.F.
DIMETHYL TUBOCURARINE
IODIDE
INJECTION.
N.F.
"Dimethyl Tubocurarine Iodide Injection is a
sterile solution of dimethyl tubocurarine iodide
in isotonic sodium chloride solution. Each ml.
exhibits a potency equivalent to not less than 93
per cent and not more than 107 per cent of the
potency stated on the label in milligrams of N.F.
Dimethyl Tubocurarine Iodide Reference Standard." N.F.
Metubine lolide Solution (Lilly).

The injection is assayed by injecting into the
marginal ear vein of suitably restrained rabbits
sufficient of a dilution of the injection to cause
head-drop; quantitative comparison is made by
similar injection of a solution containing a known
quantity of dimethyl tubocurarine iodide reference standard. N.F.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass.
Phenol, 0.5 per cent, or some other suitable bacteriostatic substance, must be added to the injection in multiple-dose containers." N.F.
Usual Sizes. — 5 mg. in 10 ml.; 10 mg. in 10
ml.; 40 mg. in 20 ml.; 50 mg. in 50 ml.
DIOCTYL SODIUM
CH2

SULFOSUCCINATE. U.S.P.

[Dioctylis Sulfosuccinas Sodicum]

COO-CH2-CH-(CH2)3-CH3

I
CH-S03Nq C2H5
I
COO- CH2-CH- (CH2)3-CH3

"Dioctyl Sodium Sulfosuccinate contains not
less than 7.00 per cent and not more than 7.25
per cent of S." U.S.P.

Bis(2-ethylhexyl) Sodium Sulfosuccinate. Aerosol OT
(American Cyanamid and Chemical Corp.)

Of the more than 200 esters of sodium sulfosuccinic acid which have been investigated for effectiveness as surface-tension-reducing and wetting
agents the one most useful is the dioctyl — more
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specifically bis(2-ethylhexyl) — sodium sulfosuccinate. This surface-active agent may be prepared
by esterifying maleic anhydride with 2-ethylhexyl
alcohol, then adding sodium bisulfite to the resulting di(2-ethylhexyl) maleate to form di(2ethylhexyl) sodium sulfosuccinate. Other esters of
the series may be prepared similarly; for data
concerning them, as well as dioctyl sodium sulfosuccinate. see Caryl (Ind. Eng. Chem., 1941, 33,
731).
Description. — "Dioctyl Sodium Sulfosuccinate occurs as a white, wax-like, plastic solid with
a characteristic odor suggestive of octyl alcohol.
One Gm. of Dioctyl Sodium Sulfosuccinate dissolves slowly in approximately 70 ml. of distilled
water. It is freely soluble in alcohol and in glycU.S.P.erin and is verv soluble in petroleum benzin."
Standards and Tests. — Loss on drying. — Not
over 2.5 per cent when dried for 4 hours at 105°.
Residue on ignition. — Not less than 16 per cent
and not more than 17 per cent. Saponification
value. — Not less than 240 and not more than 253.
U.S.P.
Assay. — About 200 mg. of dioctyl sodium sulfosuc inate imixed
s
with sodium peroxide, potassium chlorate and sucrose, and ignited in a Parr
bomb. The residue is dissolved in hot distilled
water and the sulfate in the solution precipitated
as barium sulfate, which is collected, washed and
ignited to constant weight. Each Gm. of barium
sulfate represents 137.4 mg. of S. U.S.P.
Uses. — Dioctyl sodium sulfosuccinate is a surface-active agent (see under this title in Part II)
of the anionic type and its uses are based on this
property. In 0.1 per cent aqueous solution it reduces the surface tension from 72.0 to 28.7 dynes
per centimeter, the maximum reduction obtainable
with the substance. Aqueous solutions are practically neutral and resist precipitation by even
the hardest waters.
Benaglia et al. (J. Indust. Hyg. Toxicol., 1943,
25, 175) reported the toxicity of dioctyl sodium
sulfosuccinate to be of a very low order when
tested on rats, dogs, rabbits, and monkeys. In
connection with the use of various surface-active
agents in ophthalmic preparations to increase their
penetrant action, Leopold (Arch. Ophth., 1945,
34, 99) found that damage followed use of too
strong solutions of such agents, including dioctyl
sodium sulfosuccinate; conjunctival edema, mucoid discharge, and sloughing of cells are characteristic of the effects produced in rabbits' eyes
by strong solutions. In 0.5 per cent solution retardation of regeneration of corneal epithelium
was marked; the effect persisted to some extent
even with 0.1 per cent solutions of various surfaceactive agents. Leopold believes that surface-active
agents should not be recommended for repeated
use in eyes with corneal lesions; if they are used
the maximum concentration should be 0.1 per
cent. Patients with intact cornea should be
warned to expect irritation and blepharospasm to
follow application of ophthalmic preparations
containing such agents, and should be examined
at routine intervals to determine whether any
local toxic effects are appearing.
Gershenfeld and Perlstein (Am. J. Pharm.,

1941, 113, 237) and Gershenfeld and Milanick
(Am. J. Pharm., 1941. 113, 306) studied the antiseptic properties of several surface tension depressants and their effects on the bactericidal efficiency
of several antiseptics. Dioctyl sodium sulfosuccinate enhances the activity of phenol, mercuric
chloride, merthiolate, and hexylresorcinol, but
zephiran and zonite were found to be incompatible
with the surface-active agent. Tobie and Orr (/.
Lab. Clin. Med., 1945, 30, 741) reported that 0.1
per cent of dioctyl sodium sulfosuccinate increases
the phenol coefficient of germicides as follows:
phenol, from 1.0 to 1.8; U.S.P. cresol, from 2.4
to 4.4.
Dioctyl sodium sulfosuccinate may be employed
as a dispersing agent and emulsifying aid in the
formulation of various dermatological preparations. Excellent soapless shampoos, which produce
a copious lather and have remarkable detergent
power, may be prepared with it ; typical formulas
of lotions and creams, and shampoos suitable for
dry and for oily hair have been published by
Duemling (Arch. Dermat. Syph., 1941, 43, 264).
It is sometimes employed for its solubilizing action; for example, clear solutions of cresol in
water may be prepared by its inclusion in the
system.
In addition to the solid material, a 25 per cent
and a 10 per cent solution of dioctyl sodium sulfosuccinate are commercially available.
Storage. — Preserve "in well-closed containers."
U.S.P.

DIPHENAN.

B.P.

Diphenanum
C6H5CH2.C6H4O.CONH2

The B.P. defines Diphenan as />-benzylphenyl
carbamate and requires it to contain' not less
than 99.5 per cent and not more than the equivalent of 101.0 per cent of C14H13O2N, calculated
with reference to the substance dried to constant
Diphenan
may be prepared, according to the
weight
at 105°.
B.P., by the action of ammonia upon p-benzylphenyl chloroformate.
come).
Butolan
(Bayer Products); Oxylan (Burroughs Well-

Description and Tests. — Diphenan is a
white or very pale cream crystalline powder,
odorless and tasteless. It is almost insoluble in
water; sparingly soluble in alcohol; soluble in
dehydrated alcohol, in chloroform, and in ether.
The
melting point
is between
147° and
On warming
diphenan
with sulfuric
acid150°.
the
liquid becomes dark brown and carbon dioxide
is evolved. The loss on drying at 105° is not over
0.5 per cent. Limit tests for ammonia and chloride
are provided. Sulfated ash is not above 0.1
perAssay.
cent. — Diphenan is assayed for nitrogen by
the Kjeldahl method. Each ml. of 0.1 X sulfuric
acid represents 22.73 mg. of C14H13NO2.
Uses. — Diphenan is used for the treatment of
oxyuriasis (enterobiasis), commonly known as
pinworm, seatworm or threadworm infestation.
In the small intestine, where the worm eggs are
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hatched, diphenan is extensively hydrolyzed to
form p-benzylphenol, C6H5CH2.C6KUOH, which
even in 1 :4000 dilution is said to produce extreme contraction of the worms, killing them in
about five minutes (Schulemann, Deutsche med.
Wchnschr., 1920, 46, 1050). Diphenan is claimed
to be less toxic to the host than is gentian violet
(MacKeith and Watson, Pract., 1948, 160, 264).
The drug may be given to young children, a popular method of administering it being to mix a
pulverized tablet with jam; enteric coating is
not required since diphenan will not burn the
mouth or produce nausea or other gastric distress. Mild diarrhea is sometimes encountered.
Miller and Choquette (Can. Med. Assoc. J.,
1950, 62, 271) found eggs in 31 of 37 children
who had received two courses of treatment with
diphenan; a third course was given to 12 of these
children and though the dose in half of the cases
was as great as 4.5 Gm. daily, eggs were still
found at the conclusion of the treatment.
Dose. — The following dosages are to be given
three times daily, after meals, for a period of
one week: For adults, 500 mg. to 1 Gm. (approximate lYi to 15 grains) ; for older children, 500 mg.
(approximately 7>4 grains); for children up to 12
years. 250 mg. (approximately 4 grains); for infants, 125 mg. (approximately 2 grains). A saline
laxative as required, followed at the end of the
course of treatment by a senna-type or magnesium sulfate purgative is recommended. Enemas
are preferably given each night during the course
of treatment and every second night thereafter
until swabs are negative; these consist of a preliminary bowel wash using one level teaspoonful
of sodium bicarbonate in 8 fluidounces of warm
water, after expulsion a solution of one level
tablespoonful of sodium chloride in 8 fluidounces
of warm water is retained for at least 10 minutes.
A second course of treatment with diphenan is
necessary if perianal swabs taken a week after
completion of the first course show worms or
eggs under the microscope.
Usual Dispensing Form. — In flavored chewing wafers containing 0.5 Gm. diphenan.

DIPHENHYDRAMINE HYDROCHLORIDE. U.S.P., LP.
Diphenhydraminium Chloride, 2-(Benzhydryloxy)-N,Ndimethylethylamine Hydrochloride, [Diphenhydramines
Hydrochloridum]

o*~

CH2CH2N+(CH3)2

cr

"Diphenhydramine Hydrochloride, dried at
105° for 3 hours, contains not less than 98 per
cent of C17H21NO.HCI." U.S.P. The LP. requires
not less than 98.0 per cent of the same constituent, calculated with reference to the substance
dried at 105° for 3 hours.
LP. Diphenhydramini Hydrochloridum. Benadryl Hydrochloride (Parke, Davis).

According to U. S. Patent 2,421,714 (June 3,
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1947) this antihistamine, which is the hydrochloride of diphenylmethyl ether of P-dimethylaminoethanol, may be prepared by the interaction of
diphenylmethyl bromide, dimethylaminoethanol
and sodium carbonate at 125° for 5 hours.
Description. — "Diphenhydramine Hydrochloride occurs as a white, odorless, crystalline powder. It slowly darkens on exposure to light. Its
solution is practically neutral to litmus. One
Gm. of Diphenhydramine Hydrochloride dissolves inabout 1 ml. of water, in 2 ml. of alcohol,
in 2 ml. of chloroform, and in 50 ml. of acetone.
It is very slightly soluble in benzene and in ether.
Diphenhydramine Hydrochloride melts between
166° and 170°." U.S.P.
Standards and Tests. — Identification. — (1)
A pink-colored precipitate is produced on adding
ammonium reineckate T.S. to a 1 in 100 solution
of diphenhydramine hydrochloride. (2) The picrate of diphenhydramine melts between 128° and
132°. (3) Diphenhydramine hydrochloride responds to tests for chloride. Loss on drying. — Not
more than 0.5 per cent, when dried at 105° for 3
hours. Residue on ignition. — Not over 0.1 per
cent. U.S.P.
Assay. — About 300 mg. of dried diphenhydramine hydrochloride is dissolved in water; sodium chloride and sodium hydroxide are added
and the liberated diphenhydramine base is extracted with ether. The amine is finally estimated
by residual titration using 0.05 N solutions of
sulfuric acid and sodium hydroxide. Each ml. of
0.05 N acid represents 14.59 mg. of C17H21NO.HC1. U.S.P. The LP. assay is the same except for
use of 0.1 N volumetric solutions.
Uses. — Diphenhydramine hydrochloride is
used orally, topically and parenterally in the
symptomatic treatment of urticaria, hay fever,
and other allergic disorders and it is reported
to be useful also in a great variety of disorders
only indirectly if at all related to histamine. Of
the many antihistaminic drugs available, it has
a considerable sedative action, which should be
utilized where sedation is therapeutically useful
but avoided in individuals engaged in hazardous
activities. Newer antihistaminic drugs have added
little except efficacy in a smaller dose, less sedative action, longer duration of therapeutic action
and differences in relative anticholinergic, adrenergic or permeability actions which often prove
advantageous in specific therapeutic problems.
Historical. — This was the first antihistaminic
drug available in the United States (see also
general discussion of Antihistaminic Drugs in
Part II). Its action has served as a standard for
comparison in the development of the many
others now available. In 1945, Loew et al. (J.
Pharmacol., 1945, 83, 120) introduced the antihistaminic concept with diphenhydramine. Its
efficacy in urticaria was demonstrated by Curtis
and Owens (Arch. Dermat. Syph., 1945, 52,
239) and in hay fever and vasomotor rhinitis by
McElin and Horton (Proc. Mayo, 1945, 20, 417).
Action. — Diphenhydramine and other antihistaminic drugs are specific blocking agents which
diminish or abolish the effects of histamine on
smooth muscle and endothelial cells. They inhibit the contracting or spasmogenic action of
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histamine on the smooth muscle of the bronchioles, gastrointestinal tract and uterus. They prevent the permeability-increasing action of
histamine on capillary endothelium and the vasodilating action on the capillaries. In therapeutically effective doses, they do not inhibit the
stimulating action of histamine on gastric secretion. The antiallergic action arises from the
inhibition of the effects of histamine. Therapeutic doses have no significant effect on the blood
pressure, heart or gastrointestinal tract. They protect the body from the effects of exogenous or
endogenous histamine. Other drugs used in the
management of allergic disorders, such as epinephrine or aminophylline, combat the various
physiological responses to histamine by their own
pharmacologic action, which is opposed to that of
histamine on the particular organ. Antihistaminic
drugs provide symptomatic relief in allergic disorders by protecting the cells from the effects of
free histamine released by the pathological condition (see Loew. Attn. N. Y. Acad. Sc, 1950,
50, 1142). ■
In metabolic studies of diphenhydramine by
Glazko and Dill (/. Biol. Chem., 1949, 179,
403) in the rat and guinea pig, the highest concentration ofthe drug was found, about 1 hour
after oral or parenteral administration, in the
lung (particularly after injection), spleen and
liver. After 6 hours little could be found in the
animal. Only 5 to 15 per cent of a dose can be
found in the urine in 24 hours (McGavack et al.,
J. Allergy, 1948, 19, 251; Hald, Acta Pharmacol,
toxicol, 1949, 3, 296). Studies of the drug
labeled with radioactive carbon- 14 indicated
that degradation products appeared in the urine
in greater amount than the unchanged drug
(Glazko et al, J. Biol. Chem., 1949, 179, 409);
the presence of enzymes in the tissues which
had such degradative action was demonstrated
by Glazko and Dill {ibid., 417). Studies of the
pharmacological actions of large doses in animals
were reported by Winder and Thomas (/. Pharmacol, 1947, 91, 1).
A drug which will afford protection against
histamine shock will also protect against anapyhlactic shock at approximately the same dosage,
according to Feinberg et al (J. Pharmacol, 1950,
99, 95) on the basis of extensive quantitative
studies of 26 products for protection against histamine intravenously, anaphylactic shock, and
histamine aerosol. Diphenhydramine, tripelennamine and pyrilamine were found to be the most
effective of 13 antihistaminic substances tested
by Sternberg et al (J.A.M.A., 1950, 142, 969)
for ability to raise the histamine skin-whealing
threshold in man. Hearin and Mori (/. Invest.
Dermat., 1950, 14, 391) confirmed the efficacy
of diphenhydramine in this procedure. In microscopic studies in animals, Matoltsy and Matoltsy
(/. Pharmacol, 1951, 102, 237) demonstrated
that diphenhydramine inhibited the increased
phagocytosis of carbon particles by the capillary
endothelium caused by histamine or trauma.
Landau et al. (J. Allergy, 1951, 22, 19) studied
the local anesthetic action of many antihistaminic
drugs and concluded that there was no correlation
between spasmolytic and anesthetic action; the
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local anesthetic power of diphenhydramine was
about half that of the most potent, i.e., promethazine and antazoline. In pharmacological studies
on blood pressure or the isolated muscle strip.
Eckert and Vartiainen (Acta Pharmacol Toxicol,
1949, 5, 347) observed that tissues were more
sensitive to histamine following a previous inhibition of histamine action with diphenhydramine.
West and Peterson (/. Allergy, 1949, 20, 344)
reported that some of the antihistaminic drugs,
including diphenhydramine, increased the excretion of ascorbic acid by rats but Tepperman
et al (J. Pharmacol, 1951, 101, 144) did not
find any change in the adrenal ascorbic acid
concentration after diphenhydramine nor any
protection against the decreased adrenal ascorbic
acid concentration caused by histamine. Lucia
et al. (J. Lab. Clin. Med., 1953, 41, 574; reported that the addition of diphenhydramine to
whole blood prior to transfusion decreased the
incidence of minor transfusion reactions; they
found that it and pyrilamine inhibited isoagglutination of the red blood cells. A study of the
effect of this antihistaminic chemical on the
action of anti-human-globulin serum on sensitized human erythrocytes (Coombs' test) was
unsatisfactory with diphenhydramine, which
caused hemolysis, although pyrilamine and tripelennamine seemed to retard the agglutination
in this test. An extensive study of the sedative
action of chemicals structurally related to diphenhvdramine was reported by Weidmann and
Petersen (/. Pharmacol, 1953, 108, 201).
Allergic Disorders. — Diphenhydramine is
useful in the symptomatic management of all
allergic conditions. In ambulatory, working patients, its chief disadvantage is the high incidence
of drowsiness (up to 60 per cent) in clinically
effective doses. Diphenhydramine hydrochloride
has proved to be most effective in acute urticaria
and hay fever. Its oral administration in bronchial
asthma has been disappointing, except in mild
cases (Loveless and Brown, New Eng. J. Med.,
1947, 237, 501). Herxheimer (Brit. M. J., 1949,
2, 201) reported benefit in asthma when used
prophylactically rather than after the seizure has
commenced. Rubitsky et al. (New Eng. J. Med.,
1949, 241, 853) recommend intravenous administration of the drug to patients with status
asthmaticus, followed by inhalation of an aerosol
or rectal administration; in further studies (/.
Allergy, 1950, 21, 559) in humans, it was reported that aminophylline or ephedrine potentiated the action of diphenhydramine in protecting
against histamine but not against methacholine.
In contact dermatitis, drug eruptions, atopic
dermatitis and neurodermatitis, diphenhydramine
is useful to stop the itching. There is improvement in the lesion as a result of lessened trauma
and infection from scratching, but the etiological
factor must be sought and eliminated. Effectiveness of the drug in perennial rhinitis, particularly
in cases complicated by infection of the upper
respiratory tract or by psychosomatic disorders,
is often unsatisfactory. In patients with acute
urticaria, arthralgia and nervousness failing to
respond quickly to antihistaminic therapy by
mouth, Parker (Ann. Allergy, 1950, 8, 765) re-
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ported rapid relief from the intravenous injection
of diphenhydramine and Neo-Calglucon (Sandoz) ; about 2 hours after the injection severe
malaise developed followed by relief of the pruritis, and aching and swelling of the joints.
"Common Cold." — The report of Brewster
(U. S. Nav. M. Bull., 1947, 47, 810) of the therapeutic value of diphenhydramine in the ''common
cold" was received with enthusiasm and promoted
vigorously in the lay press with products containing small doses of less active antihistaminic
drugs which did not cause drowsiness, usually
in combination with analgesic drugs. The Council
on Pharmacy and Chemistry of the American
Medical Association (J.A.M.A., 1950, 142, 566)
cautioned against the uncritical acceptance of
this therapeutic claim. Feller et al. (New Eng.
J. Med., 1950, 242, 737) reported the failure
of prophylactic or therapeutic use of several of
the antihistaminic drugs in volunteers inoculated
with nasal secretion from a donor with a "typical
common cold"; Paton et al. (Lancet, 1949, 1,
935) reported a similar failure. However, typical
of the good clinical reports in the relief of symptoms is that of Kessler (/. M. Soc. New Jersey,
1950, 47, 29) in which several different antihistaminic substances were employed with the
conclusion that Hydryllin (Searle) was recommended because of the low incidence of side
effects. Brewster and Dick (Texas Rep. Biol.
Med., 1949, 7, 69) reported that a concentration
of 0.05 mg. per ml. of diphenhydramine had bacteriostatic action for Staphylococcus aureus and
that the blood of individuals taking the drug contained bacteriostatic concentrations. From one
of the more detailed studies of the effect of
antihistaminic drugs in treating the common
cold, by Ziporyn (Me d. Times, 1950, 78, 205),
it might be concluded that diphenhydramine has
definite value for the nasal symptoms but no
effect on the lower respiratory or systemic manifestations and that it caused drowsiness in almost
all cases. The superior results obtained when
treatment was commenced within the first 24
hours of symptoms is clear in his group treated
with chlorphenamine.
Motion Sickness. — The demonstration that
dimenhydrinate (q.v.) was an effective prophylactic and therapeutic agent for seasickness led
to intensive study of this problem (see review
by Chinn, Mil. Surg., 1951, 108, 20). It was
demonstrated that the activity in dimenhydrinate
(diphenhydramine-8-chlorotheophyllinate) resides
in the diphenhydramine component both for seasickness (Wright, U. S. Armed Forces M. J.,
1950, 1, 570; Chinn et al., Arch. Int. Med.,
1950, 86, 810) and airsickness (Chinn and
Oberst, Proc. S. Exp. Biol. Med., 1950, 73, 218).
Equivalent inhibition of vomiting due to apomorphine in dogs was accomplished by 20 mg./kilo
of diphenhydramine or 40 mg./kilo of dimenhydrinate (representing 21.6 mg./kilo of diphenhydramine) by mouth while the 8-chlorotheophyllinate portion was ineffective (Chen and
Ensor, /. Pharmacol., 1950, 98, 245). In rabbits,
forced circling movements are caused by the
intracarotid injection of a subconvulsive dose of
diisopropyl fluorophosphate
(DFP). Johns and
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Himwich (Am. J. Psychiat., 1950, 107, 367)
reported that these movements could be corrected by the intravenous injection of diphenhydramine, 2.6 mg./kilo; dimenhydrinate, 3.3 mg./
kilo; or promethazine, 2.2 mg./kilo. It was concluded that the protective action was on the
central nervous system and was perhaps related
to the atropine-like action of these compounds.
Drugs with lesser antiacetylcholine action were
ineffective, e.g., phenindamine, antazoline, tripelennamine, pyrilamine, chlorphenamine. A study
indicating equal value in airsickness for diphenhydramine and scopolamine (Chinn et al., J.
Aviation Med., 1950, 21, 424) and also efficacy
for trihexyphenidyl and chlorocyclizine pointed
to the anticholinergic action as essential. The
most effective prophylaxis was a combination of
50 mg. diphenhydramine and 0.65 mg. scopolamine which, however, caused dry mouth, blurred
vision and drowsiness. Trial of half the dose, 25
mg. diphenhydramine hydrochloride and 0.33 mg.
scopolamine hydrobromide, was equally effective
in both experimental and actual flight conditions
without significant side effects (Chinn et al., U. S.
Armed Forces M. J., 1951, 2, 401).
Parkinsonism. — Confirmation has appeared
of the reports of Budnitz (New Eng. J. Med.,
1948, 238, 874) and Ryan and Wood (Lancet,
1949, 1, 258) of the therapeutic value in Parkinsonism, either postencephalitic, idiopathic or
arteriosclerotic in origin. In extensive comparative studies, Effron and Denker
(J.A.M.A.,
1950, 144, 5) reported good results with diphenhydramine, scopolamine or trihexyphenidyl
alone, and better results with combinations of
diphenhydramine and scopolamine, or phenindamine and trihexyphenidyl or scopolamine. The
dose of diphenhydramine was commenced at
50 mg. three times daily and gradually increased
to 100 mg. four times daily. Moore (Neurology,
1951, 1, 123) reported that the results with
diphenhydramine alone, in a dose of 50 mg. four
times daily, were inferior to the effect of belladonna derivatives; better effect was obtained
with a combination of diphenhydramine with
0.3 to 0.8 mg. of hyoscine hydrobromide 3 or 4
times daily, or with ^ to 1 tablet of Rabellon
(Sharp & Dohme), containing hyoscyamine hydrobromide 0.4507 mg., atropine sulfate 0.0372
mg., and scopolamine hydrobromide 0.0119 mg.,
4 times daily. A dose of 30 to 40 mg. of diphenhydramine, intramuscularly or intravenously,
eliminated tremor and decreased rigidity for 3
to 6 hours. A dose of 60 mg. produced an undesirable excessive relaxation. Edwards et al.
(South. M. J., 1951, 44, 886) reported best
results with a combination of 5 mg. trihexyphenidyl, 3Rabellon tablets and 400 mg. diphenhydramine individed doses daily. Studies
with the electroencephalogram and the electromyogram by Gitt et al. (Dis. Nerv. System,
1951, 12, 117), following an intravenous dose
of 30 mg. of diphenhydramine, indicated no effect
in normal individuals except a decrease in the
amplitude of muscular activity, both at rest and
during movement. The site of action was thought
to be supraspinal but subcortical. In a study of
chemical structure and therapeutic action, Gair

478

Diphenhydramine

Hydrochloride

and Ducey (Arch. Int. Med., 1950, 85, 284)
reported the best results with diphenhydramine,
prophenpyridamine and doxylamine. In the
"thalamic syndrome," Barris (Neurology, 1952,
2, 59) reported marked improvement in hyperpathia in 5 of 17 cases and decrease in spontaneous pain in 6 cases with 400 to 600 mg. of
diphenhydramine daily.
Topical Use. — A 2 per cent cream in a watermiscible base is available. In neurodermatitis,
atopic eczema and ano-genital pruritus, the results
with topical application are superior to those
with oral administration (Waldriff et al., Arch.
Dermat. Syph., 1950, 61, 361). The local anesthetic action is probably as important as the
antihistaminic effect. In miliaria, Schultheis and
Traub (Arch. Dermat. Syph., 1951, 64, 635)
reported that addition of 2 per cent diphenhydramine to the lotion containing 3 per cent salicylic
acid, 4 per cent glycerin, 1 per cent phenol, and
0.25 per cent menthol in 95 per cent ethyl alcohol
improved the results. The application of compresses of 2 per cent aqueous solution of diphenhydramine to burns and scalds within the first
4 hours relieved the discomfort and minimized
the degree of erythema and blistering (Slack
et al, Brit. M. J., 1951, 2, 360). The increasing
problem of acquired sensitivity to the antihistaminic creams is presented bv Ellis and Bundick
(J.A.M.A., 1952, 150, 773). Scutt (Lancet, 1953,
1, 498) points out that the antipruritic action
of topical applications of antihistaminic drugs
is most useful for a week or two to prevent the
continual trauma of scratching and permit healing. However, loss of efficacy is frequent after
use for 3 or 4 weeks and sensitivity often develops
after this period of use.
Intravenous Use. — For rapid relief of extensive urticaria, angioneurotic edema, weeping
contact dermatitis and insect bites, Lipman
(Wisconsin M. J., 1951, 50, 873) gave 10 to
100 mg. in 1 to 100 ml. or more of 5 per cent
dextrose in water or physiological saline solution
slowly intravenously, with good results in most
cases. Kulasavage and McCawley (J.A.M.A.,
1951, 145, 429) used this route of administration in vomiting uremic patients or for the vomiting following inhalation anesthesia. In place of
quinidine Dick et al. (Am. J. Med., 1951, 11,
625) used a 1 per cent solution in the treatment
of auricular fibrillation.
Miscellaneous. — Beneficial reuslts have been
reported in an amazing variety of conditions, in
some of which the effect may be attributed to its
antihistaminic action but in others the effect
appears to be the result of other pharmacological
actions (see discussion under Antihistaminic
Drugs in Part II). These conditions include:
allergic reactions to insulin (Leavitt and Gastineau, Arch. Int. Med., 1947, 80, 271), to liver
extract injection (Carryer and Koelsche. /. Allergy, 1948, 19, 376), to iodopyracet (Olsson,
Acta Radiologica, 1951, 35, 65), to dimercaprol
in the treatment of arsenic poisoning (Hollev,
Am. J. Syph. Gonor. Ven. Dis., 1950, 34, 490),
to penicillin (but it has little effect on the joint
manifestations of the serum sickness reaction),
the Herxheimer reaction during the treatment
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of syphilis with penicillin (Stewart, Arch. Dermat.
Syph., 1949, 60, 427), alleviation of opium withdrawal symptoms in addicts (Vaisberg, Ann.
Allergy, 1951, 9, 74), the acute lepra reaction
(Box, Hawaii M. J., 1948, 7, 303), masked
collagen diseases such as disseminated lupus erythematosus (Stephens and Holbrook, Arizona
Med., 1949, 6, 21), migraine in children (Michael
and Williams, /. Pediat., 1952, 41, 18;, postspinal-puncture headache (Shannon, N. Y. State
J. Med., 1950, 50, 1259), allergic headache
(McElin and Horton, Proc. Mayo, 1945, 20,
417), histaminic cephalgia (Tucker and O'Neill,
Lahey Clin. Bull, 1952, 7, 218), Meniere's syndrome, trigeminal neuralgia (Horton and Brennan, J.A.M.A., 1948, 136, 870), nocturnal cramps
in the legs (Naide, J. A.M. A., 1950, 142, 1140).
pruritus vulvae, granular proctitis (Wilson, Med.
J. Australia, 1940, 36, 276), oxyuriasis (Siung.
Brit. M. J., 1950, 1, 822), gastrointestinal allergic
disorders in children (Kugelmass, N. Y. State J.
Med., 1949, 49, 2313), infantile diarrhea (in
combination with sulfamethazine, Neumann,
Brit. M. J., 1949, 2, 132), roentgen illness (Lofstrom and Nurnberger, Am. J. Roentgen., 1946,
56, 211), nausea and vomiting of early pregnancy and also during diethylstilbestrol therapy
(Finch, Am. J. Obst. Gyn., 1949, 58, 591), nausea and vomiting during streptomycin therapy
(Bignall and Crofton, Brit. M. J., 1949, 1, 12),
petit mal epilepsy except that in cases with focal
lesions it produced seizures (Churchill and Gammon. J.A.M.A., 1949, 141, 18), psychotic children
(Effron and Freedman. /. Pediat., 1953, 42, 261),
myotonia atrophica (Russell, Brit. M. J., 1949,
2, 1206), postvaccinal (rabies) encephalitis
(Picker and Kramer, South. M. J., 1949, 42,
127), epidermophytosis of feet and "id" on the
hands (Austin, Ann. Allergy, 1951, 9, 50), dermatitis herpetiformis (Peterkin, Brit. J. Dermat.,
1951, 63, 1), Reiter's syndrome (Makari, /.
Trop. Med. Hyg., 1950, 53, 39), the edematous
stage of scleroderma (Evans et al., J.A.M.A.,
1953, 151, 896). No benefit was found in acute
rheumatic fever (Medical Research Unit 4,
U. S. Nav. M. Bull., 1948, 48, 380).
Toxicology. — The incidence of untoward
side effects obtained with diphenhydramine is
high, being 46 per cent of 1210 patients reported
by Sachs (Ann. Int. Med., 1948, 29, 135), 61 per
cent of 655 cases reported by Loveless (Am. J.
Med., 1947, 3, 296), and 77 per cent of 52 cases
reported by McGavack et al. (J. Lab. Clin. Med.,
1948, 33, 595). Drowsiness, however, comprises
the great majority of these cases; the effect may
be marked at first but diminishes under continued
use or be counteracted by administering amphetamine (Arnold, Arch. Derm. Syph., 1946,
54, 71). In many cases the sedative effect is
desirable, particularly at bedtime. In ambulatory
patients the drowsiness and dizziness, which is
another common untoward effect, create an accident hazard; Holtkamp et al. (J. Allergy, 1948,
19, 384) called attention to impaired psychomotor function resulting from use of the drug.
Other untoward effects include dry mouth, lassitude, excitement, and nausea. No tendency to
addiction has been reported. Asthmatic seizures
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have been precipitated in some asthmatics (Blackman and Hayes, /. Allergy, 1948, 19, 390).
Winter (/. Pharmacol., 1948, 94, 7) observed
prolongation of barbiturate sedation by diphenhydramine, while Cherry (Med. J. Australia,
1949, 36, 540) described a withdrawal syndrome
of dizziness which was relieved by taking the
drug again. Hypersensitivity following topical
application occurs rarely, but it may be serious
(Barksdale and Ellis, Virginia Med. Month.,
1949, 76, 278). Diphenhydramine hydrochloride
was the drug employed in two of the cases of
hemolytic anemia which Crumbley
(J.A.M.A.,
1950, 143, 726) reported as having followed use
of antihistaminic drugs over long periods of
time.
Toxic doses in animals produce a complex
syndrome of excitant reactions, predominantly
neurogenic in origin, involving the motor, sensory
and autonomic nervous systems (Gruhzit and
Risken, J. Pharmacol., 1947, 89, 227). Manifestations include excitement, irritability, spastic
ataxia, mydriasis, hyperesthesia, convulsions, respiratory and cardiac failure. Barbiturates control
the excitement but do not correct respiratory
and cardiac depression.
Death of a 2-year-old child following accidental
ingestion of 474 mg. of Benadryl has been reported (Davis and Hunt, /. Pediat., 1949, 34,
358). Symptoms included lethargy, coma, shallow
respiration and cyanosis, followed by nervousness,
twitching, convulsions, fever and tachycardia; the
child died in 13 hours. A 3-year-old child who
accidentally swallowed 700-800 mg. of Benadryl
recovered (Duerfeldt, Northwest Med., 1947, 46,
781); symptoms of nervousness and muscular
twitchings occurred within 15 minutes, followed
by convulsions and respiratory collapse. A 2-mg.
dose of dihydromorphinone hydrochloride only
partially controlled convulsions; histamine was
ineffective; asthmatic breathing was relieved by
epinephrine; convulsions were finally controlled
by 30 ml. of a 50 per cent solution of ether in
olive oil, administered rectally. After four days
the ataxia had cleared; no brain damage was
apparent on examinations during the following
month.
Wyngaarden
and Seevers
(J.A.M.A.,
1951, 145, 277) reviewed the reported instances
of poisoning, most of which have been accidental
in children (see also Leeks, Quart. Rev. Pediat.,
1951, 6, 294). Convulsions are common in children but depression is more prominent in adults.
Convulsions are of intermittent tonic-clonic type.
Pupils are dilated and fixed. Coma develops, associated with apnea, cyanosis and vascular collapse.
Autopsy shows anoxic changes resembling the
findings in heat stroke.
The stomach should be emptied mechanically,
rather than with an emetic which may further
depress the central nervous system. For convulsions ether-in-oil or paraldehyde are indicated
rectally. Barbiturates will control the seizures
but they cause increased depression. For coma,
amphetamine, caffeine or ephedrine are indicated.
Oxygen, antibiotics and parenteral fluids are
needed.
Dose. — The usual dose is 25 mg. (approximately % grain) one to four times daily by
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mouth, with a range of 25 to 50 mg. The maximum safe dose is 50 mg. and the total dose in
24 hours should generally not exceed 200 mg.
For children the dose is 10 to 25 mg.; for
infants, 1 to 2 mg. per kilogram of body weight.
Intravenously, the beginning dose is 10 mg., in
a concentration of 1 to 10 mg. per ml. and
administered at a rate of from 2.5 to 10 mg. per
minute; if there is neither relief nor hypnosis
after two hours a dose of 20 to 30 mg. may be
tried. The same dose may be given intramuscularly. A 2 per cent solution is used as an aerosol
for nasal or oral inhalation in doses of 0.6 to 1
ml. A 2 per cent cream is used topically. Besides the capsules, there is available an elixir
containing 10 mg. of diphenhydramine hydrochloride per 4 ml.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
DIPHENHYDRAMINE
HYDROCHLORIDE CAPSULES.
U.S.P.
"Diphenhydramine Hydrochloride Capsules
contain not less than 93 per cent and not more
than 107 per cent of the labeled amount of
C17H21NO.HCI." U.S.P.
Usual Size. — 25 and 50 mg.
DIPHENHYDRAMINE
HYDROCHLORIDE ELIXIR. U.S.P.
"Diphenhydramine Hydrochloride Elixir contains, in each 100 ml., not less than 235 mg. and
not more than 265 mg. of C17H21NO.HCI." U.S.P.
Dissolve 2.5 Gm. of diphenhydramine hydrochloride in250 ml. of purified water. Dissolve 0.24
ml. of orange oil, 0.11 ml. of cinnamon oil, 0.08
ml. of clove oil, 0.03 ml. of coriander oil, and 0.03
ml. of anethole in 150 ml. of alcohol. Mix the two
solutions, add 350 ml. of syrup, 1.6 ml. of amaranth solution, and enough purified water to make
1000 ml. Mix well; filter if necessary. U.S.P.
Alcohol Content. — From 12 to 15 per cent,
by volume, of C2H5OH. U.S.P.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
DIPHENYLHYDANTOIN
SODIUM
U.S.P. (B.P.) (LP.)
Phenytoin Sodium, [Diphenylhydantoinum Sodicum]

NaO

"Diphenylhydantoin Sodium, dried at 105° for
4 hours, contains not less than 98.5 per cent of
CioHnN2Na02." U.S.P. The B.P. official title for
the same substance is Phenytoin Sodium, and it
is required to contain not less than 98.0 per cent
and not more than the equivalent of 101.0 per
cent of Ci5Hn02N2Na, calculated with reference
to the substance dried to constant weight at 105°.
Under the title Phenytoin (Phenytoinum) the
LP. recognizes 5:5-diphenylhydantoin, the acid
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form of the salt ; it is required to contain not less
than 99.0 per cent of C15H12O2X2.
B.P. Phenytoin Sodium; Phenytoinum Sodium. Sodium
5,5-Diphenylhydantoinate. Dilantin Sodium (Parke, Dai-is):
Alepsin;
Epanutin;
Eptoin.
Sp. Difeniihidantoina
Sddica.

Diphenylhydantoin may be prepared by several different processes. One of these involves
refluxing of a mixture of ammonium carbonate,
potassium cyanide and benzophenone in alcohol
solution. In another process benzophenone and
ammonium cyanide are reacted to form diphenylaminoacetonitrite; the product is hydrolyzed and
treated with phosgene. This is converted to the
sodium derivative to form the compound official
in the U.S. P. and B.P.; the LP. recognizes
diphenylhydantoin itself.
Description. — "Diphenylhydantoin Sodium
occurs as a white, odorless powder. It is somewhat
hygroscopic and on exposure to air gradually
absorbs carbon dioxide with the liberation of
diphenylhydantoin. Diphenylhydantoin Sodium is
freely soluble in water, the solution usually being
somewhat turbid due to partial hydrolysis and
absorption of carbon dioxide. It is soluble in alcohol, but practically insoluble in ether and in chloroform." U.S. P. Diphenylhydantoin (the acid
form official in LP.) is practically insoluble in
water, sparingly soluble in alcohol, and slightly
soluble in ether and in chloroform.
Standards and Tests. — Identification. — (1)
Diphenylhydantoin, liberated from the sodium
compound, melts between 292° and 299°, with
some decomposition. (2) The residue from the
ignition of diphenylhydantoin sodium effervesces
with acids and responds to tests for sodium. Loss
on drying. — Not over 2.5 per cent, when dried at
105° for 4 hours. Heavy metals. — The limit is
20 parts per million. Clarity and color of solution.
— Not more than 4 ml. of 0.1 N sodium hydroxide
is required to dissolve diphenylhydantoin liberated by hydrolysis in a solution of 1 Gm. of the
sodium compound in 20 ml. of recently boiled and
cooled water. U.S.P. The B.P. limits lead to 10
parts per million.
Assay. — About 300 mg. of diphenylhydantoin
sodium, previously dried at 105° for 4 hours, is
dissolved in water, the solution acidified, and the
liberated diphenylhydantoin extracted with absolute ether. After evaporating the solvent the resiU.S.P.due is dried at 105° for 4 hours and weighed.
Incompatibilities. — These are practically the
same as for sodium derivatives of barbiturates.
In particular, aqueous solutions develop a precipitate of diphenylhydantoin on acidification,
even with carbon dioxide present in air. Adjustment of the pH of aqueous solutions to 11.7 is
reported to effect solution of any precipitate of
diphenylhydantoin.
Uses. — Diphenylhydantoin sodium is used for
prevention of convulsive seizures of the grand
mal type. For a discussion of the general group
of drugs of which this is an example, see Skeletal
Antispasmodic Agents, in Part II.
Action. — This anticonvulsant drug was introduced by Merritt and Putnam (J A.M. A., 1938.
Ill, 1068) following studies on the irritability
of the cerebral motor cortex in which it was
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demonstrated that of all the anticonvulsants they
tested none gave as good results as diphenylhydantoin sodium. This observation was confirmed
by Knoefel (J. Pharmacol., 1940, 68, 19), who
found that in cats 5 mg. per Kg. of body weight
(which would correspond to about 300 mg. for a
man) raised the convulsive threshold of the
cerebrum about 50 per cent, the effect lasting
for more than 6 hours; also, that the drug augmented the spinal reflexes and did not prevent
convulsions caused by strychnine or cocaine.
Haury and Drake (ibid., 1940, 68, 36) found that
the same dosage injected intravenously into dogs
caused a sharp fall in blood pressure lasting from
3 to 10 minutes — probably by arterial relaxation
— with fatal doses killing by arrest of respiration.
Kozelka and Hine (ibid., 1943, 77, 175) reported
that man and dog excreted approximately 1.2 per
cent of a dose of diphenylhydantoin unchanged,
with about the same proportions of hydantoic acid
and alpha-aminodiphenylacetic acid also being
eliminated; only about 3.6 per cent of the administered drug could be accounted for in these studies.
The hypnotic action of diphenylhydantoin sodium is much less than that of phenobarbital.
Indeed, diphenylhydantoin sodium is probably the
best example of a useful anticonvulsant drug
wherein hypnotic and antiepileptic activities are
divorced.
Therapeutic Uses. — Diphenylhydantoin sodium has been used extensively in the treatment
of epilepsy, with marked reduction in the number
of seizures in grand mal and psychomotor attacks
(Merritt, Cincinnati M. J., 1946. 27, 279). In
petit mal attacks, however, it has failed, and may
actually increase frequencv of attacks (Lennox,
J.A.M.A.,
1945, 129,
1069';. TheGoodman
question et
of its
mode of action
is unsettled.
al.
(J. Pliarmacol., 1953. 108, 168) pointed out that
the hydantoins excel in inhibiting seizure spread
but are relatively less effective in elevating seizure threshold. Diphenylhydantoin sodium may
abolish seizures with or without changing the
characteristic dysrhythmia of the electroencephalogram. It is common practice to commence
therapy of epileptic patients with small doses of
phenobarbital. which are increased gradually over
a period of 2 weeks; if this provides inadequate
control, diphenylhydantoin sodium is tried
(Davidson, Meeting of the Massachusetts Medical Society, May 20. 1954). If this fails, both
phenobarbital and diphenylhydantoin sodium are
prescribed in a proportion of 1 part of the former
to 3 parts of the latter. Should this prove inadequate mephobarbital is tried in place of phenobarbital and Mysoline in place of diphenylhydantoin sodium, but Davidson reported that
about three-fourths of cases can be controlled
well with phenobarbital and diphenylhydantoin
sodium.
It has been noted (Robinson. Am. J. Psychiat.,
1942, 99, 231) that the disposition of the patient
often improves, as does efficiency and behavior.
Freyhan (Arch. Neurol. Psychiat., 1945. 53, 370)
studied the effectiveness of the drug in nonepileptic psychomotor excitement states, and found
some improvement in excited catatonic schizophrenic patients.
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Intractable bronchial asthma was relieved by
diphenylhydantoin sodium (Shulman, New Eng.
J. Med., 1942, 226, 260). Benefit has been reported in some cases of Sydenham's chorea, Parkinsonism and migraine (Shapera, Pittsburgh Med.
Bull., 1940, 29, 732), but Schwartzman and
Grossman (Arch. Pediat., 1943, 60, 194) were
not
favorably impressed with it in Sydenham's
chorea.
Excellent reviews of the subject, along with
comparisons of diphenylhydantoin sodium with
other antiepileptic agents, are available in the
publications of Toman and Goodman (Physiol.
Rev., 1948, 28, 412), Kaufman and Isenberg
(Med. Clin. North America, 1952, 36, 1381), and
Frommel et al., Arch. int. pharmacodyn., 1953,
92, 368).
Toxicology. — Toxic manifestations of the
drug are nervousness or sleeplessness, rather than
drowsiness. Among the more frequent untoward
effects is a gingival hyperplasia (Esterberg and
White, J. A. Dent. A., 1945, 32, 16; and others) ;
the incidence is stated to be about 54 per cent
and it is believed that local conditions other than
open bite have little effect in initiating the condition. Stern et al. (J. Dent. Research, 1943, 22,
157) noted that long administration favored development ofthis reaction, and that local irritant
factors aggravated its degree; they were unable
to implicate the nutritional state or dosage, and
recommended conservative periodontal treatment.
There has been much controversy as to the role
played by abnormal excretion of ascorbic acid in
this gingival hyperplasia (Drake and Gruber,
/. Pharmacol., 1941, 72, 383), but no proof exists
that this is the important factor. Staple (Lancet,
1953, 2, 600) claimed that results in experimental
animals suggest that the gingival hyperplasia may
be an exaggerated tissue response to injury in
subjects with deranged adrenocortical function.
Many patients develop nausea and vomiting
from taking the drug; this may often be prevented by administering it after meals or by giving it with dilute hydrochloric acid to diminish
its alkalinity. Barton and O'Leary (Arch. Dermat.
Syph., 1943, 48, 413) listed the following cutaneous eruptions as arising from use of the drug:
erythema morbilliforme and scarlatiniforme, urticaria, ecchymoses, purpura, petechias, edema, exfoliative dermatitis, and erythema multiforme.
A group of symptoms relating to toxicity involves the central nervous system and includes
tremors, dizziness, ataxia, disturbed vision, diplopia, nystagmus, ptosis, and even psychoses (see
Fetterman. J. A.M. A., 1940, 114, 396; also Finkelman and Arieff, ibid., 1942, 118, 1209). The
latter reported also that some patients showed
electrocardiographic changes. A comprehensive
discussion of the toxicity and limitations of compounds of the class including diphenylhydantoin
sodium has been presented by Abbott and Schwab
(New Eng. J. Med., 1950, 242, 943).
Dose. — The usual dose is 100 mg. (about \Yz
grains), administered with at least half a glass of
water and preferably after meals, 1 to 4 times
daily; the range of dose is 100 to 600 mg., with
the maximum dose varying from 300 to 900 mg.
according to the tolerance developed by the pa-
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tient. Under 4 years of age the usual dose is 30
mg., with a range of 30 to 60 mg., given up to 4
times daily; it may be mixed with cream to minimize the bitter taste and gastric irritation. Caution
must be exercised in withdrawing phenobarbital
from patients who are given diphenylhydantoin
sodium as a substitute since several days are required for adequate storage of the latter; an increase in the number of convulsions may ensue in
the interim.
Storage. — Preserve "in tight containers."
U.S.P.
DIPHENYLHYDANTOIN
SODIUM
CAPSULES.
U.S.P.
[Capsulae Diphenylhydantoini Sodici]

"Diphenylhydantoin Sodium Capsules contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C15H11N2Na02." U.S.P.
Sp. Capsulas de Difenilhidantoina Sodica.

Assay. — The contents of not less than 20
capsules are transferred to a beaker and the
empty capsules digested with alcohol for 30 minutes, in another beaker, to dissolve the diphenylhydantoin sodium. The alcoholic solution is
filtered into the first beaker, the liquid evaporated nearly to dryness, and the residue dissolved
in a sodium hydroxide solution. After diluting
the solution to 200 ml. an aliquot representing
about 300 mg. of diphenylhydantoin sodium is
acidified with diluted hydrochloric acid and the
precipitated diphenylhydantoin is extracted with
absolute ether. The solvent is evaporated and
the residue of diphenylhydantoin is dried at 105°
for 4 hours; the weight of the residue, multiplied
by 1.087, represents the weight of C15H11N2Na02 in the aliquot taken for assay. U.S.P.
Usual Sizes. — 30 and 100 mg. (approximately yi and \Yz grains).
DIPHTHERIA ANTITOXIN.
U.S.P., B.P.
[Antitoxinum Diphthericum]

"Diphtheria Antitoxin is a sterile solution of
antitoxic substances obtained from the blood
serum or plasma of a healthy animal, usually the
horse, that has been immunized against diphtheria
toxin. It has a potency of not less than 500 antitoxic units per ml., based on the N.I.H. Standard
Diphtheria Antitoxin. It may contain not more
than 0.5 per cent of phenol, or not more than 0.4
per cent of cresol, as a preservative." U.S.P.
The B.P. product is defined as the native serum,
or a preparation from native serum, containing
the antitoxic globulins or their derivatives that
have the specific power of neutralizing the toxin
formed by Corynebacterium diphtheria. Native
liquid sera must have a potency of not less than
500 units per ml., dried native sera a potency of
not less than 5000 units per Gm. Liquid globulin
preparations must have a potency of not less than
1000 units per ml. and dried globulin preparations
not less than 10,000 units per Gm.
Purified Antidiphtheric Serum, Concentrated Diphtheria
Antitoxin,
Refined
Diphtheria
Antitoxin,
Antidiphtheric
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Globulins. Serum Antidiphthericura. Fr. Serum antidiphterique. Ger. Diphtheric-Serum. It. Siero antidifterico.
Sp. Suero antidifterico; Antitoxina Difterica.

Antitoxins are, as their name implies, substances that neutralize or counteract toxins.
Though soluble toxins are secreted by certain
members of the animal kingdom (known as 200toxins), such as the venoms of snakes, spiders,
scorpions, etc., and soluble toxins are found in
some plants (phytotoxins), the term is most frequently applied to the extracellular toxic products
of bacteria. Pathogenic bacteria may be harmful either because of intracellular poisons (endotoxins), or because of extracellular toxins (exotoxins). In actual practice, the term antitoxin is
usually reserved for serums which contains substances capable of neutralizing the exotoxins of
bacteria, while the terms antiendotoxin or antibacterial serum are used to designate serums capable
of neutralizing endotoxins. Serums capable of
neutralizing zootoxins are usually described as
antivenins.
Antitoxins are obtained from the blood serum
of animals which have been immunized against
the extracellular toxins of bacteria. These antitoxins are specific, i.e., they neutralize only the
particular toxins which were employed to produce
them.
Diphtheria Antitoxin prepared from an animal
other than the horse was first officially recognized
by the U.S. P. XII. Any healthy animal can be
used, but the outside label of the container must
indicate "the genus of animal employed when
other than the horse." The B.P. implies that several animal sources may be employed in the
preparation of Diphtheria Antitoxin. A Diphtheria Antitoxin, Bovine, is marketed as an alternative to equine diphtheria antitoxin for treatment of those giving evidence or a history of
sensitiveness to horse serum. This cattle serum
contains less antitoxin units per ml. and accordingly larger volumes are required for injection.
The definition given in the British Pharmacopoeia permits the use of either whole antitoxic
serum, the purified and concentrated antitoxin or
antitoxic globulins in solution, or the dried material from either of these antitoxic preparations.
In the U.S. P., however, the only form recognized
is the concentrated and purified antitoxin dissolved in physiological salt solution. The purification of the antitoxin is based upon the fact that
the antitoxic material is associated with the group
of blood proteins known as globulins — specifically
the pseudo globulins.
Preparation. — In 1892 Emil von Behring
showed that the blood of animals immunized
against diphtheria toxin would protect human
beings against diphtheria. Large-scale manufacture of this, the first, antitoxin began in 1894.
The methods for producing diphtheria antitoxin commercially vary only in minor technical
details. For antitoxin production on a large scale
horses have been found to be the most useful animals. Selected horses are given relatively small
doses of formalin-detoxified diphtheria toxin (see
Diphtheria Toxoid) by subcutaneous or intramuscular injection. These doses are progressively
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increased every few days until the antitoxic substance in the blood of the animals has increased
sufficiently so that they will tolerate moderate
doses of diphtheria toxin. The horses are then
given increasing quantities of diphtheria toxin at
intervals over an additional period of one to three
months. The toxin-neutralizing substance in the
blood continues to increase in response to these
injections until a certain maximum is reached.
This maximum may differ quantitatively among
various horses but cannot be increased by subsequent injections of diphtheria toxin. In the commercial laboratories preparing diphtheria antitoxin, the routines for immunization differ widely
in respect to the size, frequency, and route of injection of the toxoid and toxin doses.
From time to time, during the immunizing process, the antitoxin content of the blood is determined. Generally, today, only horses whose minimum yield is over 500 units per ml. of blood serum
are used for commercial production. The majority of horses approach a yield of 500 or more
units per ml. of serum within three months, but
much higher yields are not uncommon. Archipoff
reported a horse whose serum yielded 3500 units
perThe
ml. horse, having been brought up to a "production basis," is bled, and eight or nine liters of
blood are withdrawn. Two or three injections
at four-day intervals are made usually between
bleedings, the first dose on the day following the
bleeding. The bleedings are repeated at intervals
until the antitoxin content of the serum — which
gradually falls because of depletion of the antitoxin-forming mechanism of the horse — approaches the minimal limit (500 units per ml. of
serum) or until the condition of the horse makes
further immunization inadvisable. Treatment (injections with toxin or toxoid) is then discontinued
and the horse is "bled out," that is, the rhaximum
yield of blood is obtained. Occasionally it may be
found advisable to give a horse a rest, discontinuing the bleedings and immunization treatment.
Usually
out" will yield a total
of from a22horse
to 30when
liters"bled
of blood.
The bleedings are done in specially constructed
stalls, separated from the stables and other buildings, which are as carefully cleansed as the most
modern surgical operating room, and all apparatus
or instruments are thoroughly sterilized. The animal to be bled is first washed well with soap and
water, the neck is shaved and washed with an antiseptic solution, and the rest of the body is covered
with a sterile sheet. A sharp-pointed cannula, to
one end of which is attached a sterile rubber tube,
is inserted into the jugular vein. The blood is
allowed to flow through the rubber tube into tall
glass cylinders, called "bleeding jars"; when the
serum is to be purified a sodium citrate solution
is placed in the jars before bleeding into them.
The cylinders of blood, with or without citrate,
are stored at 5° for 48 hours, after which the
serum or plasma has separated from the red celb.
The serum or plasma is aseptically removed from
the cellular portion, preserved with 0.5 per cent
phenol, and stored at 5° until refined. The antitoxic serum or plasma which separates from the
blood corpuscles contains a large variety of pro-
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teins as well as lipoids, bile pigments, non-protein
nitrogenous compounds, and inorganic salts.
Purification. — The purification and concentration of the antitoxin is based on the fact that
the antitoxic properties are associated with the
pseudoglobulin fraction of the blood proteins.
This can be separated by fractional precipitation
with ammonium sulfate. After a series of repeated
precipitations, the collected globulins are acidulated with normal acetic acid to a pH of 5.4 and
treated with four volumes of water. After allowing the mixture to settle the supernatant liquid is
siphoned off, filtered through pulp, and sodium
hydroxide solution is added to a pH of 6.8. From
this the pseudoglobulins are precipitated by an
equal volume of saturated solution of ammonium
sulfate. Further purification by isoelectric precipitation as recommended by Murdick (/. Immunol., 1929, 17, 269) is employed by some
workers. The collected precipitate is freed of salt
by pressing and dialysis, and dissolved in a one
per cent sodium chloride solution (usually containing a phenolic or mercurial preservative),
then filtered through pulp and a bacteria-excluding
filter. After testing for sterility, toxicity, and
potency it is distributed in sterile containers and
kept at temperatures not exceeding 10°. Purification by selective digestion of the serum proteins
— using pepsin or, less commonly, papain or
trypsin — is being used for the refinement of diphtheria and other antitoxins. These processes do
not diminish their antitoxic efficacy (see Kekwick
et al., Lancet, 1941, 240, 571, and Petermann and
Pappenheimer, J. Phys. Chem., 1941, 45, 1). Such
preparations are sometimes called despeciate antitoxins or modified antitoxins. They seem less
liable to cause serum reactions (Tom and Watson,
Am. J. Dis. Child., 1941, 62, 548) and are now
being used widely.
Stability. — At low temperatures the annual
rate of deterioration of diphtheria and other antitoxins does not exceed 10 per cent, but at temperatures between 15 and 20° it may approach 20
per cent per annum. The contents of the finished
marketable diphtheria antitoxin are to possess a
potency of not less than 500 units per ml. When
dried and preserved in vacuo in the refrigerator
practically no deterioration takes place over long
periods of time. Heating to beyond 62° destroys
antitoxin, the rapidity of destruction being greater
the higher the temperature.
Description. — "Diphtheria Antitoxin is a
transparent or slightly opalescent liquid, nearly
colorless, and nearly odorless or having an odor
due to the preservative." U.S.P.
Standards and Tests. — Total solids. — Not
over 20 per cent, when dried to constant weight
at 105°. Other requirements. — The antitoxin complies with the identity, pyrogen, safety, sterility,
and potency tests and other requirements of the
National Institutes of Health. U.S.P.
The National Institutes of Health now require
that all antisera must be tested for freedom from
pyrogenic substances by the injection of 3 ml. per
Kg. intravenously into rabbits. Antisera producing an average rise in temperature of more than
1.1° C. may not be distributed.
Assay. — The unit of diphtheria antitoxin, as
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originally defined by Ehrlich, represents that
amount of antitoxin which will just neutralize 100
minimal lethal doses (M.L.D.) of diphtheria
toxin. (For definition of M.L.D. see Diagnostic
Diphtheria Toxin.) As a matter of practical advantage, because of the greater stability of diphtheria antitoxin, the toxin is brought into conformity to a standard antitoxin distributed by the
National Institutes of Health. The antitoxic unit,
according to the National Institutes of Health, is
the amount of antitoxin which will exactly neutralize the L+ dose of diphtheria toxin when both
are injected simultaneously, or if allowed to stand
in contact, protected from light, for about thirty
minutes and then injected. (The expression L+,
or "limes death," indicates the smallest quantity
of toxin which when mixed with one unit of antitoxin is capable of killing — when injected subcutaneously — a 250 Gm. guinea pig at the end of
the fourth day; Lo, or "limes zero or threshold,"
is the largest amount of toxin that, when mixed
with one unit of antitoxin and injected subcutaneously into a 250 Gm. guinea pig, will give
rise to no observed reaction.) Theoretically the
Lo dose of diphtheria toxin should contain 100
M.L.D., the L+ dose should contain 101 M.L.D.,
and the difference between the two doses should
be one M.L.D. Practically, however, the difference is found to be much more. Theoretically the
unit of diphtheria antitoxin should be that amount
of antitoxin which when mixed with an L+ dose
of toxin and injected subcutaneously into a guinea
pig weighing 250 Gm. would preserve the life of
the guinea pig for only four days, i.e., the animal
would die at the end of the fourth day. In commercial practice where a margin of safety is advantageous the unit of diphtheria antitoxin is
regarded as the smallest amount of antitoxin
which will permanently save the life of a guinea
pig if injected together with an L+ dose of toxin.
In the commercial assay of antitoxin the first
step is to standardize the, toxin against the standard antitoxin distributed by the Government to
determine the L+ dose ; then varying proportions
of the antitoxin to be tested are mixed with the
L+ dose of this standardized toxin, the mixtures
allowed to stand between 30 and 60 minutes at
room temperature protected from light, and these
mixtures are then injected into guinea pigs of approximately 250 Gm. From calculations of the
relative proportions of antitoxin and toxin which
will kill and those which do not kill the guinea
pigs, the strength of the unknown may be computed in terms of the standard units of antitoxin. While this lethal method is required for
the final standardization of the antitoxin, preliminary tests are generally made either by the intracutaneous method, in which the degree of local
reaction in the skin of guinea pigs or rabbits produced by the toxin and antitoxin mixture is used as
the criterion (see Fraser and Wigham, J.A.M.A.,
1924, 83, 1114); the flocculation test, which is
based on the precipitate produced by mixtures of
toxin and antitoxin, is commonly employed.
Uses. — Diphtheria antitoxin is employed as a
specific agent in the treatment of clinical forms
of diphtheria, and for temporary passive prophylaxis ofdiphtheria. Penicillin is also indicated
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in the acute disease to aid elimination of the
diphtheria organism and prevent secondary infections. The advantages of using a purified and
concentrated antitoxin are the less likelihood of
undesirable allergic reactions and the convenience
of a smaller dosage volume.
Action. — It must be remembered that the
antitoxin neutralizes the free toxin in the body
fluids and to some extent the toxin recently united
with the tissue cells, and will not overcome the
injurious effects of the toxin which is firmly bound
in the body tissues. For this reason it is highly
important that the antitoxin should be used as
early as possible. A stronger affinity exists between diphtheria toxin and antitoxin than between diphtheria toxin and body cells, so that
during the early stage before the union of the
latter two components has become firmly fixed,
the toxin may be dissociated to some extent by
the more attractive antitoxin. Virulent diphtheria
bacilli resist phagocytosis, due probably to a local
toxic action of the diphtheria toxin; diphtheria
antitoxin, by neutralizing the toxin as it is
elaborated, facilitates the removal of the bacilli
by phagocytosis.
Treatment of Diphtheria. — Before the introduction of antitoxin the mortality of diphtheria invarious epidemics ranged between 20 and
50 per cent; with proper use of the antitoxin it
should not be more than 2 or 3 per cent. If antitoxin is used, in sufficient dose, on the first day
of the disease the mortality should not reach 1 per
cent; if administered on the third day it will be
about 5 or 6 per cent. If administration is delayed
beyond the fifth day the antitoxin is of little avail.
The incidence of diphtheria in adults over 40
years of age seems to be increasing in the United
States. Brainerd and Bruyn (Calif. Med., 1951.
75, 290) reported 273 cases between 1942 and
1950 in the isolation division of the San Francisco
Hospital, with a mortality of almost 20 per cent.
Of 100 cases developing diphtheritic myocarditis.
36 died. Antitoxin is the only specific therapy and
immediate, large single (not divided) doses are
urged.
It has been found that antitoxin injected subcutaneously is but slowly absorbed. Antitoxin
should, therefore, be given intramuscularly (the
gluteal region or the anterior part of the thigh
offer suitable sites) or, in the more severe cases,
intravenously. Most authorities agree that it is
better to give an adequate dose at once rather
than to give many small doses at varying intervals
during the same day. However, the latter procedure may be necessary when treating patients
who are sensitive to the serum protein of the animal from which the antitoxin is derived.
Passive Immunity. — Though diphtheria antitoxin is most valuable for treatment, it may be
also employed as a temporary preventive. Most
individuals who have been exposed to diphtheria
may be protected from the disease by the administration subcutaneously of 1000 units of antitoxin; 5000 or 10,000 units are preferred by some
physicians. The protection from this does not last
longer than three or four weeks : if it is necessary
to prolong the period of protection, active immunization (see under Diphtheria Toxoid) should
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be used simultaneously with the first injection of
antitoxin (Fulton et al., Brit. M. J., 1941, 2, 759).
Where a large number of children or individuals
exposed to diphtheria are to be given immediate
temporary protection, it is advisable to first determine by the Schick test (see Diagnostic Diphtheria Toxin) whether or not they possess a
natural immunity. All those who are Schick positive, and therefore in danger of contracting the
disease, may be given the prophylactic dose of
diphtheria antitoxin. In Great Britain and Europe
there have occurred, in recent times, outbreaks of
a malignant diphtheria which shows a mortality
of from 50 to 70 per cent even after large doses of
antitoxin were administered early intravenously.
These infections are ascribed to the so-called
B. diphtheria gravis, which produces an extracellular toxin that either rapidly fixes with the tissues, or possesses a low avidity for diphtheria
antitoxin. See Cooper et al. (Proc. Roy. Soc.
Med., 1936. 29, 1029) and MacLeod {Bad. Rev.,
1943, 7, 1) for complete details on malignant
diphtheria. Avirulent strains of diphtheria are not
infrequent in healthy throats and Hewitt {Lancet,
1952, 2, 272) observed that either diphtheria
bacteriophage or staphylococcus bacteriophage is
capable of producing bacterial mutants certain of
which could be virulent to some contacts of these
carriers.
Serum Reactions. — Although the use of concentrated, digested, and purified antitoxic products has caused a considerable decrease in the
frequency of severe serum reactions, these still
may occur in about 1 in 20,000 injections.
Serum reactions may be classified into three
general categories: (a) Serum sickness, (b) accelerated reactions, {c) immediate reactions. Serum
sickness may occur in about 10 per cent of individuals who have had no previous injection of
animal serum. It may develop in five to ten days
and is characterized by a rise in temperature followed by an urticarial eruption accompanied frequently byjoint pains and lymphadenitis. It may
last from one to five days and is more unpleasant
than serious. Accelerated reactions are similar to
serum sickness in manifestations but most frequently occur in patients who have had previous
injections of animal serum. These differ from
primary serum sickness since they develop in two
to five days and tend to produce more intense
symptoms. Immediate reactions (frequently called
anaphylactic reactions) occur only in individuals
who are highly sensitized to the serum that is
administered. In these patients extremely small
quantities of serum may cause an immediate reaction of critical severity. Immediate reactions vary
in intensity but are usually characterized by
flushing, followed by dyspnea, cyanosis, swelling
of the lips and eyelids. Generalized urticaria or
sneezing may occur and the temperature may rise
abruptly to high levels (106° to 108° F.). Evidences of profound shock are seen and death may
occur in a few minutes (Lamson. J. A.M. A., 1929,
93, 1775). Immediate reactions require prompt
and decisive treatment. One ml. of a 1 :1000 solution of epinephrine should be injected immediately and atropine may be given in addition.
Symptoms of the delayed or accelerated type of
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reaction can be controlled with corticotropin or
cortisone (Shulman et al., Bull. Johns Hopkins
Hosp., 1953, 92, 196); the antihistaminic drugs
have some symptomatic and possibly prophylactic
value. Acute anaphylaxis is a catastrophe calling
for heroic measures, as the patient may not survive long enough for exhibition of these drugs.
Patients who have not had a serum reaction
following the first injection will probably not
react to subsequent injections given at short intervals during the duration of the disease. However, ifserum injections are given several months
apart the sensitivity of the patient must be determined once more.
Prevention. — An attempt should always be
made to determine whether a patient has a past
history of having received serum injections or has
had any evidence of allergic conditions such as
asthma, hay fever, eczema, urticaria, or food
allergy. If it is suspected that sensitivity to horse
serum may exist, this should be tested for by the
intradermal injection of 0.02 ml. of a 1:10 dilution of the antitoxin or normal horse serum in
isotonic salt solution. A positive reaction is evidenced by the development of an urticarial wheal
within 30 minutes. The ophthalmic test is also used
to determine sensitivity to foreign protein. This
is performed by instilling one drop of a 1 : 10 dilution of the serum into the conjunctival sac. If
sensitivity is present, conjunctival redness, swelling, itching, and increased lachrymation will develop within 15 minutes. The ophthalmic test is of
little value in young children as they may wash
out the serum by crying. Many workers perform
tests for sensitivity on all individuals who are to
receive intravenous serum therapy regardless of
their previous history.
Where the reaction is negative or if it is not
possible to perform the test and the history of
sensitivity is negative, it is relatively safe to proceed with the administration of the antitoxin.
If the patient is hypersensitive to horse serum
and it is necessary to administer an antitoxin, the
best thing to do is to use a serum prepared from
cattle {Diphtheria antitoxin, bovine), if this is
available; it must be remembered, however, that
while allergy to cattle is uncommon it is not unknown and the same precautions must be observed
in its use as with horse serums. If bovine serum
is not obtainable, attempts may be made to desensitize the patient by injecting subcutaneously,
at half-hour intervals, small doses of the antitoxin,
beginning with 0.005 to 0.025 ml. and gradually
increasing. The initial subcutaneous dose may be
doubled every half-hour according to the severity
of the skin reaction to the previous dose until a
dose of 1 ml. is reached. Then 0.1 ml., well
diluted with saline solution, is given slowly intravenously. Iftolerated without severe reaction, this
dose is doubled in 30 minutes and again every 20
to 30 minutes until the desired therapeutic dose
of the antitoxin is given. If any dose causes a
marked reaction, the same dose, rather than twice
the dose, is repeated in half an hour. Most patients can be desensitized in this manner but some
react so severely that antitoxin therapy is impossible. The simultaneous use of an antihistaminic drug often minimizes the reaction to the
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injections. Epinephrine must be immediately
available during such a course of desensitizing
injections.
Dose. — The dose of diphtheria antitoxin for
treatment depends largely upon the severity of
the case and its stage of development when seen
rather than the size or the age of the patient. It
may vary from as low as 20,000 units in mild
cases to 200,000 units in severe cases. The U.S. P.
gives the usual dose as 20,000 units, with a range
of 10,000 to 80,000 units. In mild and moderate
cases the injection is administered slowly intramuscularly. In laryngeal and severe cases intravenous, or part intramuscular and part intravenous
injections, are given. In malignant cases intravenous administration is practiced. As a prophylactic, after exposure to infection, the customary
dose is 1000 units although 5000 and 10,000 units
have been used.
Penicillin, 300,000 units daily intramuscularly,
is also indicated for about 10 days in treating
diphtheria.
Because of the fact that antitoxin deteriorates,
even under the most favorable conditions commercially possible, it is important that the "expiration date" of the package should always be
noted before injection. (It is important to remember that the expiration date applies only to
antitoxin kept at a temperature below 10° C.
[50° F.] and that deterioration at higher temperatures israpid.) However, there will likely be
some curative value after the expiration date
and if no fresh antitoxin be available an expired
sample is better than none.
Labeling. — "The package label bears the name
Diphtheria Antitoxin; the potency in antitoxic
units; the genus of animal employed when other
than the horse; the lot number and the expiration date, which is not more than 1 year after the
date of manufacture or date of issue with a 20
per cent excess of potency, 2 years with a 30 per
cent excess, 3 years with a 40 per cent excess, or
4 years with a 50 per cent excess, and the manufacturer's name, license number, and address."
U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. It must
be dispensed in the unopened glass container in
which it was placed by the manufacturer." U.S.P.
Usual Sizes.— 1000, 5000, 10,000, 20,000, and
40,000 units.
DIAGNOSTIC

DIPHTHERIA
U.S.P. (B.P.)

TOXIN.

Schick Test Toxin, Diphtheria Toxin for the Schick
Test, [Toxinum Diphthericum Diagnosticum]

"Diagnostic Diphtheria Toxin is a sterile solution of the toxic products of growth of the diphtheria bacillus (Corynebacterium diphtherice) . It
contains a preservative approved by the National
Institutes of Health." U.S.P.
B.P. Schick Test Toxin.

Diagnostic diphtheria toxin is used as a reagent
to determine susceptibility to diphtheria. It is
produced as a filtrate of a suitably toxigenic culture of Corynebacterium diphtherice, and is di-
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luted so that 0.1 ml. contains the test dose. In
the B.P., the test dose is contained in 0.2 ml. The
diluent used may be either a sterile isotonic solution of sodium chloride or a stabilizing solution
containing buffer salts, or normal human serum
albumin (Edsall and Wymann, Am. J. Pub Health,
1944, 34, 365). These substances are used to preserve the toxicity of the toxin, which tends to
decrease on storage in diluted form. Diagnostic
diphtheria toxin may also be supplied undiluted
along with a suitable vial of sterile diluting fluid
of a volume sufficient for making the required
toxin dilution.
In 1883, Klebs described the presence of bacilli
in the pseudo-membranes from the throats of
cases of diphtheria. One year later, Loffler obtained pure cultures of these organisms. They
have therefore been known also as Klebs-Loffler
bacilli, but today are classified in the genus
Corynebacterium. In 1888, Roux and Yersin
proved that the diphtheria bacillus produces a
soluble poison which they called toxin. It is this
toxin (which can be freed from the bacteria and
is therefore known as exotoxin) that is the chief
noxious agent in diphtheria and must be combated
in that disease.
Production. — Diphtheria toxin is produced by
incubating a pure culture of Corynebacterium
diphtherial, using a strain known to yield a potent
toxin, in a suitable culture medium, free from
horse meat, for about a week in flat-bottomed
containers which yield a shallow layer of medium
with a large surface, thus affording better aeration
and consequently more rapid formation of toxin.
After filtration, tests for sterility and potency are
conducted.
Diphtheria toxin is destroyed, or greatly modified, by heating to 60° for one-half hour, but
when dried it may withstand 70°. Light and
oxidants destroy it rapidly. It is apparently a noncrystallizable protein and is precipitated by ammonium sulfate, alcohol, or nucleic acid. The
degree of toxicity or potency is expressed in terms
of the M.L.D., or minimum lethal dose (also
called M.F.D., minimum fatal dose), which is
the smallest amount of diphtheria toxin that,
when injected subcutaneously, will kill, in 96
hours, a guinea pig weighing 250 Gm. (For definition of other terms applied to diphtheria toxin see
under Diphtheria Antitoxin.)
Diphtheria toxin which is to be used in the
preparation of diagnostic diphtheria toxin should
be of very high potency so that upon dilution
it will contain a minimum quantity of the nonspecific proteins responsible for pseudoreactions.
However, no minimum potency is required by
the U.S.P.
Description. — Diagnostic Diphtheria Toxin is
a transparent liquid containing one-fiftieth of the
minimum lethal dose of diphtheria toxin in 0.1 ml.
It may be supplied as diluted toxin ready for administration mixed with a suitable stabilizing
diluent or as undiluted toxin accompanied by a
vial of diluent suitable for preparing a toxin of
the required strength at the time of administration. The minimum lethal dose of Diagnostic
Diphtheria Toxin is defined as the smallest amount
of toxin which, administered subcutaneously to a
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250- to 275-Gm. guinea pig, will cause the death
of the animal within 96 hours after administration. Diagnostic Diphtheria Toxin must be free
from harmful substances detectable by animal
inoculation.
Assay. — "Inject, subcutaneously, not fewer
than 5 healthy guinea pigs each weighing between
225 and 275 Gm. with 5 ml. of Diagnostic Diphtheria Toxin (containing 0.02 minimum lethal
dose per 0.1 ml.). No animal survives and not
fewer than three-fourths of the deaths occur between 72 and 96 hours after administration."
U.S.P. The B.P. specifies both of the following
tests: (1) Inject into the skin of a normal guinea
pig one test dose mixed with Mssoth of one unit
or less of diphtheria antitoxin which should cause
a local reaction but when mixed with ^soth of a
unit or more of antitoxin it should cause no reaction. (2) The second test is that ^sth of the test
dose causes a reaction, in the skin of the guinea
pig, of the kind known as a "positive Schick rereactions. action"; smaller quantities cause smaller local
Uses. — The Schick Test is used to determine
whether persons have in their blood sufficient
diphtheria antitoxin to render them immune to
the disease. The test is performed by injecting
intracutaneous!}' 0.1 ml. of the test toxin (containing Vm M.L.D.), usually in the flexor surface
of the forearm. A positive reaction — which indicates susceptibility to diphtheria — usually appears
in from 24 to 48 hours and reaches its height in
from two to four days ; it is a circumscribed area
of redness and swelling around the site of injection from one-third to one-half inch in diameter.
It remains from one to two weeks and is followed
by slight scaling which leaves a brownish pigmented area. Occasionally, the reaction does not
appear until the third or fourth day. It is advisable to make a similar injection on the other arm
with the same quantity of toxin which has been
inactivated by heating (see Schick Control) as a
control for the reason that areas of redness may
be due to the effects of other proteins rather than
the toxin. This heated toxin is usually referred
to as a Schick Test Control. It has become quite
general practice to apply the Schick test to the
left arm and the Schick Test Control to the right
arm. In doubtful cases it is well to make observations of the reactions five or six days after the
inoculation as the pseudoreactions fade more
quickly that the positive and the contrasts between the controlled test and the toxin reaction
are usually obvious at this time.
The reliability of the Schick Test is very high.
O'Brien {Lancet, 1929, 1, 149) reported only 18
cases of diphtheria developing in more than
20.000 Schick-negative individuals and these cases
were very mild. In a routine survey of 2528 army
recruits ranging in age from 17 to 22 years, 40
per cent were Schick positive (Liao, Am. J.
Hygiene, 1954, 59, 262); the incidence of positive tests was higher in recruits coming from the
northern part of the United States or from cities,
in which areas the morbidity rate of diphtheria
is lower. Untoward reactions are extremely rare;
those that do occur are mostly due to sensitivity
to certain peptones which have been used as
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buffers in the diluting solution (see Parish, Lancet,
1936, 2, 310).
The usual test dose of the U.S. P. preparation is
0.1 ml.; of the British preparation 0.2 ml.
Labeling. — "The package label bears the
name Diphtheria Toxin for Schick Test; the lot
number; the expiration date, which is not more
than 1 year after the date of manufacture or date
of issue; and the manufacturer's name, license
number and address." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense itin the unopened container in which it was
placed by the manufacturer." U.S.P.
The B.P. states that if the toxin is prepared by
dilution with solution of sodium chloride alone it
is very unstable, losing its potency in a few days
even when refrigerated; if diluted with a solution
containing sodium borate, boric acid, and sodium
chloride, and stored at a temperature not exceeding 25°, it retains its potency for at least 2
months.
Usual Sizes. — 1, 5, and 10 ml.
INACTIVATED DIAGNOSTIC
DIPHTHERIA TOXIN.
U.S.P. (B.P.)
Schick Control

"Inactivated Diagnostic Diphtheria Toxin is a
portion of a manufactured lot of diagnostic diphtheria toxin which has been inactivated by heating
between 70° and 85° for 5 minutes and which
may be used simultaneously with the diagnostic
diphtheria toxin of the same lot to assist in differentiating indoubtful reactions." U.S.P.
B.P. Schick Control.

Uses. — Schick control is intended to be used
as a control inoculation in the Schick test to exclude reactions due to nonspecific substances.
When diagnostic diphtheria toxin is injected into
the skin any reaction which follows may be due
either to susceptibility to diphtheria toxin or to
sensitivity to other proteins present in the injected toxin. As the toxin is inactivated by heating, an injection of diagnostic toxin thus treated,
used as a control, will serve to indicate the nature
of any reaction that is observed. Persons with a
positive response to this control solution should
not be given immunizing injections of toxoid;
very small doses, gradually increased, may be
tried under close observation.
The usual dose is 0.1 ml., intracutaneously.
Labeling. — "The package label bears the name
Schick Test Control; the lot number and the expiration date, which is not more than 1 year after
date of manufacture or date of issue; and the
manufacturer's name, license number, and address." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense
it in the unopened container in which it was placed
by the manufacturer." U.S.P.
DIPHTHERIA TOXOID.
U.S.P. (B.P.)
Anatoxin-Ramon, Diphtheria Anatoxin,
[Toxoidum Diphthericum]

"Diphtheria Toxoid is a sterile solution of
formaldehyde-treated products of growth of the
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diphtheria bacillus (Corynebacterium diphtheria).
It contains not more than 0.02 per cent of residual
free formaldehyde." U.S.P.
Under the general title Diphtheria Prophylactic
the B.P. recognizes diphtheria toxin or material
derived therefrom, the specific toxicity of which
has been either reduced to a low level or completely removed by action of chemical substances
and to which diphtheria antitoxin may or may
not have been added. Four forms of Diphtheria
Prophylactic are recognized: (1) Fortnol Toxoid,
or Anatoxin, a clear, faintly yellow or colorless
liquid, being diphtheria toxin treated with solution
of formaldehyde until the specific toxicity has
been completely removed, or liquid purified preparations thereof; this corresponds to U.S.P. Diphtheria Toxoid. (2) Alum Precipitated Toxoid.
which corresponds to U.S.P. Alum Precipitated
Diphtheria Toxoid and is described in the following monograph. (3) Purified Toxoid, Aluminum
Phosphate, for which there is no U.S.P. or N.F.
counterpart but which is described in the monograph on Aluminum Hydroxide Adsorbed Diphtheria Toxoid. (4) Toxoid- Antitoxin Floccules, a
fine suspension of white particles in a colorless
liquid, prepared by adding to diphtheria toxin,
the specific toxicity of which has been either completely removed or reduced to a low value by the
action of solution of formaldehyde, a quantity of
diphtheria antitoxin equivalent to about 80 per
cent of the toxoid so produced, separating the
floccules and washing and suspending them in
injection of sodium chloride, for which the U.S.P.
or N.F. has no counterpart.
B.P. Diphtheria Prophylactic. Detoxicated Diphtheria
Toxin. Fr. Anatoxine diphterique. Sp. Toxoide Difterico.

The passive immunity produced by injection of
an antitoxin is of relatively short duration; the
active immunity caused by the toxin is much
more permanent. Accordingly, some years ago
bacteriologists began to search for methods of
rendering diphtheria toxin safe for immunizing
purposes. The first effort was to mix it with
enough antitoxin to partially neutralize its harmful effects. These toxin-antitoxin mixtures were
formerly widely used but are now rarely employed. Later, toxin was modified to toxoid by
treatment with various chemicals.
Diphtheria toxin upon long standing will lose
its toxicity although retaining its power for neutralizing antitoxin; there appears to be no relationship between the pathogenic power of a toxin
and its ability to neutralize its specific antitoxin
or to stimulate the production of antitoxic substances. Ehrlich theorized that the toxin molecule
consists of two portions: (1) the toxophore group,
which is easily destroyed by chemicals, and which
is the carrier of the toxic qualities; (2) the much
more stable haptophore group is non-toxic but can
neutralize antitoxin and act as an antigen to incite
the body cells to produce specific antitoxin. Based
on these observations various methods have been
employed to prepare non-poisonous modifications
of diphtheria toxin which are known as diphtheria
toxoid or anatoxin.
Diphtheria toxin to be used for the preparation
of diphtheria toxoid is required by National Insti-
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tutes of Health regulations to be free of allergenic
derivatives of horse protein and must contain
neither Witte nor Berna peptones. These substances are excluded because of the frequency
with which they have been implicated in allergic
reactions resulting from the injection of toxoids
in which they were present. In addition, the toxin
must have an L+ dose of not more than 0.2 ml.
and an M.L.D. of not more than 0.0025 ml. Suitable diphtheria toxin is detoxified by the addition
of formaldehyde and incubation, at a temperature
usually between 37° and 43°, for several weeks.
During this incubation period the formaldehyde
combines with the proteins of the toxin; the
amount of free formaldehyde should not exceed
0.02 per cent at the end of the detoxification
period. Proof of detoxification is obtained by injecting 5ml. of the toxoid subcutaneously into
each of at least 4 guinea pigs weighing 300 to 400
Gm. If, throughout thirty days, no animal shows
evidence of diphtheria poisoning, the toxoid is
considered to be nontoxic. Since phenolic preservatives tend to destroy the potency of diphtheria toxoids, their use is prohibited. Mercurial
preservatives are usually used. Toxicity, sterility,
and potency tests are made on the final product.
Toxoids are free of any serum protein which
toxin-antitoxin mixture contains because of the
presence of the antitoxin in the latter. It must be
noted, however, that somatic proteins from the
diphtheria bacillus and the culture medium are
present. These may cause occasional allergic reactions, especially in older children and adults.
Toxoid has largely displaced the toxin-antitoxin
mixture for immunization as fewer injections are
needed, and the immunity is developed more
quicklv and more certainly (see Fitzgerald. Am.
J. Pub. Health, 1932, 22, 25). Moreover, diphtheria toxoid is stable in its antigenic power, is
completely detoxified, and not easily affected by
temperature changes. The expiration date is two
years after date of manufacture or date of issue.
Description. — "Diphtheria Toxoid is a clear,
brownish yellow, or slightly turbid liquid having
a faint, broth-like odor or an odor of formaldehyde." U.S.P.
Standards and Tests. — Toxicity. — No local
or general symptoms of diphtheria toxin poisoning appear within 30 days following subcutaneous
injection into not fewer than 4 healthy guinea
pigs, each weighing between 300 and 400 Gm..
with a volume of diphtheria toxoid that is at least
5 times the intended human immunizing dose but
not less than 2 ml. Antigenic value. — Not less
than 80 per cent of the animals survive for at
least 10 days when not fewer than 10 healthy
guinea pigs, each weighing between 270 and 320
Gm.. receive subcutaneously not more than onesixth the volume of diphtheria toxoid intended
as the total human immunizing dose and then
not more than 6 weeks later, not less than 10
minimum lethal doses of diphtheria test toxin.
Other requirements. — The toxoid complies with
the identity, safety, sterility, and potency tests
and other requirements of the National Institutes
of Health, including the release of each lot individually before its distribution. U.S.P.
The Lf Unit. — In evalulating the potency of
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diphtheria toxins (or toxoids), the Lf unit, referring to specific flocculation equivalent (limit flocculation) isfrequently used. An Lf unit is that
amount of toxin (or toxoid) which gives the most
rapid flocculation with one standard unit of antitoxin when mixed and incubated in vitro. The
flocculation test is based on the observation of
Ramon (Compt. rend. soc. biol., 1922, 86, 661)
that a mixture of optimal proportions of toxin
(or toxoid) and antitoxin produces floccules of
antigen-antibody.
Uses. — Diphtheria toxoid is used for prophylactic immunization against diphtheria but the
aluminum-modified forms seem to be preferred.
The active immunity it confers may last for several years, in sharp contrast to the temporary
protection afforded by the passive immunity from
the antitoxin. Farago {Lancet, 1940, 239, 68)
found the Schick test to be negative five years
after immunization with refined toxoid in more
than 85 per cent of the cases. Yolk and Bunney
{Am. J. Pub. Health, 1942, 32, 690) compared
the response of children without basic immunity
to injections of plain diphtheria toxoid and alum
precipitated diphtheria toxoid. They found that
the response to three doses of diphtheria toxoid
was somewhat inferior to two doses of the alum
precipitated diphtheria toxoid but better than one
dose of alum precipitated diphtheria toxoid. Ordinarily, the immunizing doses are given subcutaneously although intracutaneous injection has
been claimed to cause fewer unpleasant reactions
and to be equally efficient {Blatt et al., Am. J.
Dis. Child., 1941. 62, 757). It has become customary to immunize children beginning at the
second to sixth month of life, although under
three
years of
the so-called
antigen-'
(diphtheria
andagetetanus
toxoids"triple
and pertussis
vaccine combined, alum precipitated or. aluminum
hydroxide adsorbed) is more commonly used.
After 12 years of age at least and perhaps after
3 years of age, local and even systemic reactions
are frequent with diphtheria toxoid or the aluminum modified forms (see under Diphtheria and
Tetanus Toxoids, Alum Precipitated). Schick
tests (see Diagnostic Diphtheria Toxin) are usually carried out one or two months after the last
immunization dose. If a positive Schick test is
still seen, further doses of diphtheria toxoid may
be given. After the initial immunization with diphtheria toxoid, diphtheria immunity may persist
at a satisfactory level for considerable periods of
time as indicated above. However, during the
threat of an epidemic or when immunity has been
demonstrated to have decreased by the reversion
of the individual to a Schick-positive status, immunity may be enhanced by the administration
of a single "booster" dose of diphtheria toxoid.
This practice is frequently employed in children
about to enter school if they have had previous
immunization at an early age.
Oral ingestion of diphtheria toxoid daily for
5 days is not sufficiently effective to justify its use
unless in previously immunized adults who react
severelv to small doses parenterallv (Greenberg
et al., Can. J. Pub. Health, 1954, 45, 103).
Dose. — Diphtheria toxoid is usually given in
three subcutaneous doses of 1 ml. or 0.5 ml.
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(whichever is specified on the label) at intervals
of approximately three to four weeks between
injections. "Booster" doses are given as a single
injection of the same volume. Since adults may
experience exaggerated local and systemic reactions because of sensitivity to the somatic protein of the diphtheria bacillus, the routine procedure in a child is contraindicated. If diphtheria
toxoid is used an initial intradermal test injection
of 0.1 ml. of a 1 to 20 dilution of the toxoid is
given. The size of subsequent doses should be
judged on the basis of the reaction following this
initial dose. The interval between doses, however,
is the same. In cases of undue sensitivity toxinantitoxin mixture, obtained from goats, has been
given. Hypodermic injection of 1:1000 epinephrine hydrochloride solution may be advisable to
control untoward allergic symptoms. (See also
Tetanus and Diphtheria Toxoids Combined, Precipitated, Adsorbed {for Adidt Use), on page 492).
Labeling. — "The package label bears the name
Diphtheria Toxoid; the lot number and the expiration date, which is not more than 2 years
after date of manufacture or date of issue; the
manufacturer's name, license number, and address; and the statement, 'Keep at 2° to 10° C.
(35.6° to 50° F.)\" U.S.P.
Usual Sizes. — 1.5, 7.5, and 15 ml.
ALUM

PRECIPITATED DIPHTHERIA TOXOID.
U.S.P. (B.P.)

[Toxoidum Diphthericum Alumen Praecipitatum]

"Alum Precipitated Diphtheria Toxoid is a
sterile suspension of diphtheria toxoid precipitated by alum from a formaldehyde-treated solution of the products of growth of the diphtheria
bacillus (Corynebacterium diphtherial). It contains a non-phenolic antibacterial agent and not
more than 15 mg. of alum in the volume stated
in
the labeling to constitute one immunizing dose."
U.S.P.
Under the general title Diphtheria Prophylactic
(see preceding monograph) the B.P. recognizes
four forms, of which the one designated Alum
Precipitated Toxoid corresponds to the U.S.P.
preparation described in this monograph. It is
defined as a suspension of white or slightly yellow
particles in an almost colorless liquid, prepared
by adding alum to formol toxoid in the proportion necessary to produce a suitable precipitate,
separating the precipitate, washing it, and suspending itin injection of sodium chloride.
It has been observed that addition of alum to
diphtheria toxoid results in precipitation of the
toxoid while leaving in solution many of the culture medium components occurring in plain diphtheria toxoid. By collecting the precipitate, then
washing it with sodium chloride solution, a considerable degree of purification of the original
toxoid is effected. Furthermore, the alum-precipitated toxoid is somewhat more active as an immunizing agent than is the regular diphtheria
toxoid.
Preparation. — Alum precipitated diphtheria
toxoid may be prepared only from plain toxoid
which meets all of the minimum requirements for
the latter except that it need not equal the anti-

Precipitated

489

genic value required for the product. Potassium
alum is added to the toxoid to effect precipitation; the quantity of alum used will depend upon
the composition of the toxoid and is usually
equivalent to 1.5 to 2 per cent in final concentration. The diphtheria toxoid, as well as certain
other culture medium constituents, thereby precipitate and presently settle at the bottom of the
container. The supernatant liquid, containing the
excess of alum and soluble culture medium constituents, isdrawn off and replaced with isotonic
sodium chloride solution. This washing process
may be repeated several times; the precipitated
toxoid is finally suspended in the proper volume
of isotonic sodium chloride solution, adjusted to
a pH of 7.5 to 8.5. Alkaline buffers tend to counteract the acidity of the alum precipitate and
maintain the precipitate in a form that may be
readily dispersed by agitation. Alum precipitated
toxoid is available in concentrations such that
the human dose is contained in 0.5 ml. or 1 ml.
The toxoid usually contains a mercurial preservative; phenolic preservatives are not permitted
because of their destructive effect on the antigenicity ofthe toxoid.
Description. — "Alum Precipitated Diphtheria
Toxoid is a turbid, white, slightly gray or slightly
pink suspension." U.S.P.
Standards and Tests. — Antigenic value. —
When not more than one-half the recommended
total human immunizing dose of the toxoid is
administered subcutaneously to not fewer than 4
guinea pigs, each weighing between 450 and 550
Gm., at least 2 units of antitoxin per ml. of pooled
blood serum is produced in the pigs within 3 to
4 weeks. Other requirements. — The toxoid complies with the identity, safety, sterility, and potency tests and other requirements of the National
Institutes of Health, including the release of each
lot individually before its distribution. U.S.P.
Uses. — Alum precipitated diphtheria toxoid is
the most effective substance available for prophylactic active immunization against diphtheria.
For infants and young children "triple antigen"
(Diphtheria and Tetanus Toxoids and Pertussis
Vaccine Combined, Alum Precipitated or Aluminum Hydroxide Adsorbed) is preferred for
convenience. In an extensive and careful study
reported by Volk and Bunney (Am. J. Pub.
Health, 1942, 32, 690) it was found that 96 per
cent of children had at least 0.01 unit of diphtheria antitoxin 4 months after immunization
when two doses were given 3 weeks apart. Only
67 per cent were found to have this antitoxin
level after 3 doses of the plain diphtheria toxoid.
These observations have been confirmed by many
other investigations. Basic immunity persists for
3 to 4 years after successful immunization. The
better response which is obtained with alum precipitated diphtheria toxoid is probably attributable
to the physical nature of the antigen. In this
product the antigen is in a relatively insoluble
form as an alum precipitate ; when it is injected it
tends to remain localized and is disseminated into
the general circulation at a slower rate and over a
somewhat longer period of time than is the fluid
toxoid. This produces a more prolonged stimulation of the antitoxin-producing mechanism of the
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body and results in the development of higher
antitoxic levels in a larger proportion of immunized children.
Reactions. — Because of the comparative insolubility ofalum precipitated antigens they are
more prone to produce local reactions than are
other preparations of the antigen. A local reaction
is almost always caused by the injection of alum
precipitated antigens but in the large majority of
children this consists of nothing more than the
formation of a small subcutaneous nodule which,
after a few days, is painless and is slowly absorbed. Occasionally erythema is seen at the site
of injection and the arm may be painful for several days after the administration of the toxoid.
Very rarely the subcutaneous nodule will become
fluctuant, subsequently open through the skin,
and discharge pus. Bacteriological cultures of this
pus are sterile and these lesions are called "sterile
abscesses," "alum abscesses" or "alum cysts."
The formation of sterile abscesses was noted by
Yolk and Bunney in only two of 1614 injections
of alum precipitated diphtheria toxoid.
Beyond 12 years of age local reactions are frequent and often severe. Adults seem to be allergic
to the proteins contained in diphtheria toxoid,
and therefore the immunization of adults should
be undertaken with extreme care. Because of the
slow absorption of alum precipitated diphtheria
toxoid, the local reaction tends to be exaggerated.
Systemic reactions from the alum precipitated
toxoid are the same as they are with diphtheria
toxoid. Immunization of adults, however, must
not be neglected because the incidence of diphtheria isincreasing in adults although it is very
low in children. Edsall (Am. J. Pub. Health, 1952,
42, 393) points out that an injection of toxoid
may put an adult to bed for several days with
fever and a massively swollen, tender and painful
arm which may not return to normal for 2 weeks.
Reactions are 3 to 10 times as frequent in Schicknegative persons. Hence, the first step is a Schick
test and if it is negative no further prophylaxis is
needed. If it is positive, however, Edsall recommends that the Schick test be repeated since the
antigenic stimulus of the previous intracutaneous
injection of toxin may be sufficient to stimulate
immunity sufficiently for the repeat test to become negative. This reversal may be expected in
25 to 45 per cent of cases and even in those who
remain positive a rise of antitoxin titer in the
blood was observed in 20 to 30 per cent of cases
after the second Schick test. A small booster
dose every 3 or 4 years will maintain adequate
immunity to protect against ordinary exposure
to diphtheria.
If, however, the toxoid must be employed,
an initial dose of 0.1 ml. of undiluted toxoid is
given subcutaneously. If no significant reaction
has occurred in 1 week, a dose of 0.3 ml. may be
given and after a month a dose of 0.5 ml. is
usually safe if there has been no untoward
response to the second dose. Because of these
considerations alum precipitated diphtheria toxoid
is not usually recommended for the immunization of adults. See Tetanus and Diphtheria Toxoids Combined, Precipitated, Adsorbed
(For

Adult Use), described under the dosage statement
on page 492.
Reimmunization. — Alum precipitated diphtheria toxoid is also used for the reimmunization of
children who have received their primary immunization at an earlier date. It is now well known that
diphtheria antitoxin immunity is not permanent,
and that, as time goes on, the antitoxin content
of the blood tends to diminish. Reimmunization
with diphtheria toxoid (either plain or alum precipitated) ishighly effective, and one dose produces a satisfactory response in most children.
Volk and Bunney (Am. J. Pub. Health, 1942, 32,
700) found that practically all children had at
least 0.01 unit of diphtheria antitoxin in their
blood 10 days after reimmunization with a single
dose of diphtheria toxoid; the rapidity of this
response is noteworthy. Moderate exposure to the
disease, without producing symptoms of infection, presumably induces a similar rapid rise in
antitoxin titer in the blood and tissues. For
further discussion of the present status of diphtheria immunization see Love and Shaul (Med.
Clin. North America, 1950, 34, 1713).
Dose. — Alum precipitated diphtheria toxoid
is given in two doses of 1 ml. (or whatever
smaller dose is indicated on the label) with an
interval of 4 to 6 weeks between doses. This
dosage is used regardless of the age or weight of
the child. Subcutaneous injection is usually recommended, although intramuscular injection has
been recommended as a means of preventing the
occurrence of a sterile abscess. Satisfactory immunization may be accomplished by either route
of administration. Immunization of adults should
be undertaken cautiously, using 0.1 ml., and
further dosage judged according to the degree of
reaction obtained.
Labeling. — "The package label bears the
name Alum Precipitated Diphtheria Toxoid; the
lot number and the expiration date, which is not
more than 2 years after date of manufacture or
date of issue; the manufacturer's name, license
number, and address; and the statement, 'Keep
at 2° to 10° C. (35.6° to 50° F.).' " U.S.P.
Usual Sizes. — 1, 5, and 10 ml.

ALUMINUM HYDROXIDE
ADSORBED DIPHTHERIA TOXOID.
U.S.P.
"Aluminum Hydroxide Adsorbed Diphtheria
Toxoid is a sterile suspension of diphtheria toxoid
adsorbed on aluminum hydroxide from a formaldehyde-treated solution of the products of growth
of the diphtheria bacillus (Corynebacterium diphtheria). It contains a non-phenolic antibacterial
agent and not more than 0.85 mg. of aluminum in
the volume stated in the labeling to constitute one
injection."
U.S.P.
Roux (Ann.
Inst. Past., 1888, 2, 629) was the
first to observe that potassium alum, when added
to toxin culture filtrate, removed the diphtheria
toxin, presumably by adsorption on the precipitate. In 1926, Glenny et al. (J. Path. Bad., 1926,
29, 38) reported on the enhanced antigenic power
of diphtheria toxoid, in horses, when administered
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as alum precipitated toxoid, and Glenny and Barr
(ibid., 1931, 34, 118) showed later that by careful
washing of this precipitate much of its irritant
property was removed and it could, therefore, be
used for children. Since then alum precipitated
toxoid has become the reagent of choice for the
immunization of children. Alum precipitated toxoid, although considerably more powerful than
fluid toxoid as an immunizing agent, is variable
in its degree of purity, form of the mineral carrier, and antigenic properties. In alum precipitated
toxoids the degree of purity is of the order of 300
Lf per mg. of protein nitrogen. By virtue of the
two classes of soluble inorganic compounds present in crude toxoid — phosphates and bicarbonates
— the addition of potassium alum results in a
precipitate of aluminum hydroxide and aluminum
phosphate. The more bicarbonate that is present,
the more aluminum hydroxide is formed; similarly, adjustment of pH by addition of alkali or
acid influences the proportion of phosphate to
hydroxide. Aluminum hydroxide being a more
powerful adsorbing agent, the resulting precipitate will be variable in the qualities mentioned
above. To overcome these deficiencies of alum
precipitated toxoid prepared from crude toxoid,
the toxoid may be first refined by ammonium sulfate, or alcohol precipitation, and then adsorbed
on pure aluminum hydroxide either by addition of
the toxoid to an aluminum hydroxide gel, with
appropriate dilution, or by the formation of aluminum hydroxide in the toxoid solution.
Under existing regulations of the National Institutes of Health no limits are placed on the
purity of toxoid, in terms of Lf per mg. of protein nitrogen, for aluminum hydroxide adsorbed
toxoids. The work of Holt (Developments in
Diphtheria Prophylaxis, Heineman, London, 1950)
and the experience of the U. S. Army with refined
toxoids, diphtheria toxoid particularly, are bringing about further changes in adsorbed toxoids in
this country. Diphtheria and tetanus toxoid can
now, on a practical basis, be refined so that 1500
Lf per mg. of nitrogen can readily be attained.
As demonstrated by Pappenheimer and Lawrence
(Am. J. Hyg., 1948, 2, 233) it is desirable to
reduce the risk and severity of reactions by reducing the protein content of toxoids to a minimum. Also, as shown by Holt, aluminum phosphate appears to be the desirable adsorbing
agent. Aluminum phosphate adsorbed toxoids,
though not yet recognized by U.S. P., are available
commercially. The N.N.R. recognizes Diphtheria
Toxoid, Aluminum Phosphate Adsorbed, while
the B.P. recognizes as a form of Diphtheria Prophylactic (see under Diphtheria Toxoid), a preparation designated Purified Toxoid, Aluminum
Phosphate. The B.P. preparation is required to
have a content of toxoid of not less than 1500 Lf
per mg. of protein nitrogen, with the aluminum
phosphate having adsorbed on it not less than 45
Lf per ml., the fluid portion containing not more
than 20 per cent of the total toxoid used, the pH
being between 5.0 and 7.0, and the content of
AIPO4 being between 10 mg. and 15 mg. per ml.
Description and Requirements. — The
U.S. P. indicates that this preparation conforms to
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the description and meets the requirements for
antigenic value and packaging and storage under
Alum Precipitated Diphtheria Toxoid. Requirements of the National Institutes of Health must
also be met.
The uses and dose of this preparation are the
same as for the corresponding alum precipitated
product. The labeling data, except for the difference in name, are also identical for the two
products.

DIPHTHERIA AND TETANUS
TOXOIDS.
N.F.
Combined Diphtheria and Tetanus Toxoids

"Diphtheria and Tetanus Toxoids is a clear or
slightly turbid, yellowish or brownish liquid made
by mixing suitable quantities of diphtheria toxoid
and tetanus toxoid, each of which possesses adequate potency to permit combining. The toxoids
shall be mixed in such proportions as to provide
an immunizing dose of each toxoid in the total
dosage prescribed on the label. Diphtheria and
Tetanus Toxoids complies with the official potency test and other requirements of the National
Institutes of Health of the United States Public
Health Service." N.F.
This preparation represents essentially a solution of diphtheria and tetanus toxoids, rather
than a suspension of them on solid adsorbents, as
is the case with Alum Precipitated Diphtheria and
Tetanus Toxoids or with Aluminum Hydroxide
Adsorbed Diphtheria and Tetanus Toxoids. The
two latter preparations, however, represent a
higher degree of refinement of the active toxoids;
also, they have the advantage of requiring administration of two doses for immunization, rather
than the three doses required in the case of the
product described in this monograph. For uses of
these preparations see under Alum Precipitated
Diphtheria and Tetanus Toxoids.
The usual dose is 0.5 or 1 ml., whichever is
specified on the label, to be repeated twice at
intervals of 3 to 4 weeks between injections. Additional doses may be required to secure a negative Schick test.
Regulations. — "The outside label must bear
the name Diphtheria and Tetanus Toxoids, the
manufacturer's lot number of the combined toxoids, the name, address, and license number of
the manufacturer, and the date beyond which the
Toxoids may not be expected to retain the potency
required by the National Institutes of Health of
the United States Fublic Health Service." N.F.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. It must
be dispensed in the unopened glass container in
which it was placed by the manufacturer." N.F.

ALUM PRECIPITATED DIPHTHERIA
AND TETANUS TOXOIDS.
U.S.P.
Diphtheria and Tetanus Toxoids Combined, Alum
Precipitated, [Toxoida Diphtherica et Tetanica
Alumen Prascipitata]

"Alum Precipitated Diphtheria and Tetanus
Toxoids is a sterile suspension prepared by mixing
suitable quantities of alum precipitated diphtheria toxoid and alum precipitated tetanus

492

Diphtheria

and

Tetanus

Toxoids,

toxoid. The potency and the proportions of the
toxoids are such as to provide an immunizing
dose of each toxoid in the total dosage prescribed
on the label. Alum Precipitated Diphtheria and
Tetanus Toxoids contains a suitable non-phenolic
antibacterial agent approved by the National Institutes of Health, and not more than 15 mg. of
alum in the volume stated in the labeling to constitute one injection." U.S.P.
Alum precipitated diphtheria and tetanus
toxoids is prepared by mixing suitable proportions of alum precipitated diphtheria toxoid and
alum precipitated tetanus toxoid which are both
of sufficient potency that one human immunizing
dose of each toxoid is contained in a volume
of 1 ml. or less. The finished toxoid shall contain
not more than 15 mg. of alum per dose as determined byanalysis or in lieu of analysis 20 mg.
of alum per injection may be added if the precipitate iswashed to remove excess alum. It is
also required that the product shall not contain
a phenolic preservative. For detailed discussion
of methods of preparation and potency testing see
Alum Precipitated Diphtheria Toxoid, and Alum
Precipitated Tetanus Toxoid. The combined toxoid is required to meet the individual antigenic
value tests specified for the components.
While alum precipitation effects a certain degree of purification of toxoids there is an increasing tendency in manufacture to first purify
the toxoids prior to addition of alum.
Description. — "Alum Precipitated Diphtheria
and Tetanus Toxoids is a turbid, white, slightly
gray or slightly pink suspension." U.S.P.
Uses. — Alum precipitated diphtheria and
tetanus toxoids is used for simultaneous active
immunization against both diphtheria and tetanus.
Diphtheria immunization is generally considered
to have a practical duration of two to four years,
and waning immunity may be detected by the
Schick test (see Diagnostic Diphtheria Toxin).
Immunization with alum precipitated tetanus
toxoid produces antitoxic titers of approximately
0.1 to 0.25 units per ml. of blood within one to
two months after the last dose. Thereafter, the
amount of circulating tetanus antitoxin remains
stationary and then gradually diminishes so that
in six to nine months only a basic immunity
remains. However, once this basic immunity
has been established, it is possible to raise the
antitoxin concentration in the blood to protective
levels very' rapidly by giving a single injection
of tetanus toxoid (Sneath and Kerslake, Can.
Med. Assoc. /.. 1935, 32, 132). It is recommended, therefore, that initial immunization
against tetanus be followed by injection of one
human immunizing dose at yearly intervals and
that a dose of tetanus toxoid be given immediately after any injury having the possibility of
tetanus infection. If injury occurs less than one
month after completion of primary immunization, the patient should be assumed to be nonimmune and a prophylactic dose of tetanus
antitoxin should be given.
Although alum precipitated toxoids are likely
to give more local reactions than plain toxoids,
the reactions caused by alum precipitated diphtheria and tetanus toxoids are believed to be no

Alum

Precipitated

Part

I

more frequent or severe than those produced by
alum precipitated diphtheria toxoid. Diphtheria
and Tetanus Toxoids Combined, Fluid, which
contains no alum or similar "adjuvant" agent, is
sometimes used in place of the alum precipitated
combination.
Dosage. — Alum precipitated diphtheria and
tetanus toxoids is given in a dose of 0.5 or 1 ml.,
as specified in the labeling of the container, at
intervals of 4 to 6 weeks. Deep subcutaneous
injection, with careful aseptic precautions and
terminal injection of a little air (0.1 to 0.2 ml.)
to clear the needle is usually recommended
(J.A.M.A., 1953, 153, 1067), although intramuscular injection is advocated as a means of
preventing occurrence of sterile abscesses; satisfactory immunization may be accomplished by
either route. It is sometimes necessary to give
additional doses of diphtheria toxoid in order to
secure a negative Shick test. For this purpose
further use may be made of alum precipitated
diphtheria and tetanus toxoids, or diphtheria
toxoid (either plain or alum precipitated) may be
employed. Immunization of adults or children
over 12 years of age with alum precipitated
diphtheria and tetanus toxoids should be undertaken with caution because of increased frequency of sensitivity reactions to diphtheria toxoid in older persons. It is frequently recommended that immunization of adults should be
commenced with a dose of 0.1 ml., with further
dosage determined by the degree of reaction
obtained.
Tetanus and Diphtheria Toxoids Combined
Precipitated, Adsorbed (For Adult Use) is a combination of tetanus and diphtheria toxoids specially prepared for immunization of adults (see
above). In this preparation the diphtheria toxoid
component is first purified so that 1500 Lf will
be represented by 1 mg. or less of non-dialyzable
nitrogen. Only one-tenth the full human immunizing dose, not to exceed 2 Lf, of diphtheria toxoid
in the precipitated or adsorbed form, is used in
combination with a full human immunizing dose
of precipitated tetanus toxoid. As has been
demonstrated by the experience of the Armed
Forces, this product will immunize adults against
diphtheria.
Labeling. — "The package label bears the
name Diphtheria and Tetanus Toxoids Combined,
Alum Precipitated; the lot number and the
expiration date, which is not more than 2 years
after date of manufacture or date of issue; the
manufacturer's name, license number, and address; and the statement, 'Keep at 2° to 10° C.
(35.6° to 50° F.).'" U.S.P.
Usual Sizes. — 0.5, 1, 2.5, 5, and 10 ml.
ALUMINUM HYDROXIDE
ADSORBED DIPHTHERIA AND
TETANUS TOXOIDS.
U.S.P.
Diphtheria

and

Tetanus
Toxoids
Combined,
Hydroxide Adsorbed

Aluminum

"Aluminum Hydroxide Adsorbed Diphtheria
and Tetanus Toxoids is a sterile suspension prepared by mixing suitable quantities of the aluminum hydroxide adsorbed forms of diphtheria and
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tetanus toxoids. The potency and the proportions
of the toxoids are such as to provide one immunizing dose of each toxoid in the total dosage
prescribed on the label. Aluminum Hydroxide Adsorbed Diphtheria and Tetanus Toxoids contains
a suitable non-phenolic antibacterial agent approved by the National Institutes of Health, and
not more than 0.85 mg. of aluminum in the volume stated in the labeling to constitute one injection." U.S.P.
This preparation is a variant of that recognized
as Alum Precipitated Diphtheria and Tetanus
Toxoids; the reason for using aluminum hydroxide in its preparation is explained under Aluminum Hydroxide Adsorbed Diphtheria Toxoid.
The U.S.P. indicates that this preparation conforms to the description and meets the requirements for antigenic value and packaging and
storage under Alum Precipitated Diphtheria and
Tetanus Toxoids. Requirements of the National
Institutes of Health must also be met.
The uses and dose of this preparation are the
same as for the corresponding alum precipitated
product. The labeling data, except for the difference in name, are also identical for the two
products.

ALUM PRECIPITATED DIPHTHERIA
AND TETANUS TOXOIDS AND
PERTUSSIS VACCINE COMBINED.
U.S.P.
"Alum and
Precipitated
and Tetanus
Toxoids
Pertussis Diphtheria
Vaccine Combined
is a
sterile suspension of the precipitate obtained
by treating a mixture of diphtheria toxoid, tetanus
toxoid, and pertussis vaccine with alum, and
combined in such proportion as to yield a mixture
containing an immunizing dose of each in the
total dosage prescribed on the label. It contains
a suitable antibacterial preservative approved by
the National Institutes of Health, and not more
than 15 mg. of alum in the volume stated in the
labeling to constitute one injection." U.S.P.
This preparation, commonly known as triple
antigen, may be prepared in several ways. The
one in most common use is to combine alum
precipitated diphtheria toxoid, alum precipitated
tetanus toxoid, and pertussis vaccine in quantities
that will yield the prescribed dose of each in the
finished product. In this case the separate ingredients are in a three-fold concentrated state, so
that when combined each will be at proper dilution. Another method of preparation is to combine
the three components in the fluid state and then
precipitate them by adding alum. The method of
choice depends on the manufacturing laboratory.
All methods yield essentially the same product.
Diphtheria and tetanus toxoids combined with
pertussis vaccine is available also as a solution
rather than a suspension. "Adjuvants" other
than alum may sometimes be used, but the content of such additives may not exceed the
equivalent of 15 mg. of alum in each injection
dose.
— 'Alum and
Precipitated
andDescription.
Tetanus Toxoids
PertussisDiphtheria
Vaccine
Combined is a markedly turbid, whitish liquid.
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It is nearly odorless or has a faint odor due to
the preservative." U.S.P.
The antigenic value of both toxoids and of
the pertussis component of this preparation is
determined as directed for the separate components. The product also complies with the safety,
toxicity, sterility, and potency tests and other
requirements of the National Institutes of Health
of the United States Public Health Service, including the release of each lot individually before
its distribution. U.S.P.
Uses. — Alum precipitated diphtheria and
tetanus toxoids and pertussis vaccine combined
is used for simultaneous active immunization
against diphtheria, tetanus, and pertussis. A complete immunization treatment consists of three
hypodermic injections of 0.5 or 1 ml., as specified
on the labeling, 3 or 4 weeks apart. A fourth
dose is recommended by some if the injections
are started before the child is 3 months old.
During the first month of life the active immunity produced by the vaccine is less in those
infants whose blood contains a definite antitoxin
titer conferred by the mother (Butler et al.,
Brit. M. J., 1954, 1, 476). Injections are made
intramuscularly or deep into subcutaneous tissue.
Triple antigen is recommended for immunization of infants, pre-school children, and school
children up to adolescence. Older children may
be reactive to the diphtheria component and in
this age group Tetanus and Diphtheria Toxoids
Combined (For Adult Use) should be used. Immunization should begin not later than the sixth
or seventh month of life, since passive congenital immunity is lost by this time (45 per cent
of the mortality due to pertussis in England and
Wales during 1950 occurred in infants under 6
months of age, Brit. M. J., 1954, 1, 1322). It is
important that all children be immunized against
diphtheria before the sixth year of life. Use of
combined antigens for immunization of infants
and children is an approved and accepted prophylactic practice (Bunney et al., Am. J. Pub. Health,
1944, 34, 452). Combined antigens have the advantage of smaller doses, fewer injections, and
savings in time and cost of immunization. In
addition, there is some evidence that the protection afforded against each disease is greater
when using the combined protection than when
each component is used alone.
Booster doses of alum precipitated diphtheria
and tetanus toxoids and pertussis vaccine combined should be given one year after completion
of immunization, and again at 5 or 6 years of
age (Sauer. J.A.M.A., 1953, 152, 1314). Booster
doses of diphtheria toxoid, tetanus toxoid, or
pertussis vaccine may be given individually as
indicated. This is particularly true at the time
of an injury involving exposure to tetanus infection, when a dose of tetanus toxoid should be
As a rule, reactions are not marked; when
given.
they occur they consist, most frequently, of redness, induration and tenderness. A small nodule
may develop at the point of injection and remain
for several weeks before absorption is complete.
Sterile abscesses rarely develop. Allergic reactions may occur, particularly after repeated doses,
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or in older children. The fear has been expressed
that injection of antigens or penicillin will predispose to poliomyelitis or at least increase the
susceptibility of the injected muscle group to
paralysis (Anderson and Slcaar, Pediatrics, 1951,
7, 741), but Brown (/. Pediat., 1953, 43, 175)
found no correlation between paralysis and the
sites of intramuscular injection of penicillin during the acute attack of poliomyelitis. Since
vaccine use is an elective procedure it is probably
advisable to give vaccines during the winter, when
poliomyelitis is not prevalent.
Dose. — See opening paragraph under Uses.
Labeling. — "The package label bears the
name Diphtheria and Tetanus Toxoids and Pertussis Vaccine Combined, Alum Precipitated; the
lot number and the expiration date, which is
not more than 18 months after date of manufacture or date of issue; the manufacturer's
name, license number, and address; and the
statements, 'Keep at 2° to 10° C. (35.6° to
50° F.)' and 'Do not freeze.' " U.S.P.
Usual Sizes.— r0.5, 1.5, 2.5, and 7.5 ml.
ALUMINUM HYDROXIDE ADSORBED DIPHTHERIA AND TETANUS TOXOIDS AND PERTUSSIS
VACCINE COMBINED.
U.S.P.

to constitute one injection.'* U.S.P.
The preparation of triple antigen, of which this
product is a form, is discussed under Alum Precipitated Diphtheria and Tetanus Toxoids and
Pertussis Vaccine Combined; the reason for using
aluminum hydroxide is explained under Aluminum Hydroxide Adsorbed Diphtheria Toxoid.
The U.S.P. indicates that this preparation conforms to the description and meets the requirements for antigenic value and packaging and storage under Alum Precipitated Diphtheria and
Tetanus Toxoids and Pertussis Vaccine Combined. Requirements of the National Institutes of
Health must also be met.
The uses and dose of this preparation are the
same as for the corresponding alum precipitated
product. The labeling data, except for the difference in name, are also identical for the two
products.
DIPHTHERIA TOXOID AND
TUSSIS VACCINE COMBINED.

PERN.F.

"Diphtheria Toxoid and Pertussis Vaccine Combined is a sterile mixture of Diphtheria Toxoid
and Pertussis Vaccine combined in such proportions as to yield a mixture containing an immunizing dose of each in the total dosage prescribed
on the label. Diphtheria Toxoid and Pertussis

Vaccine Combined complies with the official potency test and other requirements of the National
Institutes of Health of the United States Public
Health Service." N.F.
Description. — "Diphtheria Toxoid and Pertussis Vaccine Combined is a more or less turbid,
whitish liquid. It is nearly odorless. It must be
free from harmful substances detectable by animal inoculation, and must not contain an excessive
proportion of preservative." N.F.
Diphtheria Toxoid and Pertussis Vaccine Combined isprepared by combination, aseptically, of
diphtheria toxoid and pertussis vaccine in a manner similar to Alum Precipitated Diphtheria and
Tetanus Toxoids and Pertussis Vaccine Combined.
The combination of diphtheria toxoid and pertussis vaccine was the first combination of prophylactics developed for childhood immunization. It was
rapidly followed by a combination of diphtheria
and tetanus toxoids with pertussis vaccine and
this so-called "triple antigen" has largely replaced
the diphtheria-pertussis combination, for the oftime obscure nature of tetanus infection in children makes the immunization, against tetanus, of
all children a very desirable practice.
The usual dose, hypodermically, is 3 injections
of 0.5 or 1 ml., whichever is specified on the label,
every 3 to 4 weeks.
Labeling. — "The outside label must bear the
name Diphtheria Toxoid and Pertussis Vaccine
Combined, the manufacturer's lot number of the
Vaccine, the name, address, and license number
of the manufacturer, and the date beyond which
the Vaccine may not be expected to retain the
potency prescribed by the National Institutes of
Health of the United States Public Health Service." N.F.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. It must
be dispensed in the unopened glass container in
which it was placed by the manufacturer." N.F.

~"6

"Aluminum Hydroxide Adsorbed Diphtheria
and Tetanus Toxoids and Pertussis Vaccine Combined is a sterile mixture of diphtheria toxoid,
tetanus toxoid, and pertussis vaccine, adsorbed on
aluminum hydroxide. The antigens are combined
in such proportion as to yield a mixture containing one immunizing dose of each in the total
dosage prescribed on the label. It contains a suitable antibacterial agent approved by the National
Institutes of Health, and not more than 0.85 mg.
of aluminum in the volume stated in the labeling
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Pertussis Vaccine

DOXYLAMINE

SUCCINATE.

U.S.P.

2-[a-(2-Dirnethylarninoethoxy)-a-rnethylbenzyl] pyridine
Succinate, Doxylaminium Succinate

/"XJCn-

C— 0— CH2CH2N (CH3)2

hc4h4o;

"Doxylamine Succinate, dried in a vacuum
desiccator over phosphorus pentoxide for 5 hours,
contains not less than 98 per cent of C17H22N2O.C4H6O4." U.S.P.
Phenyl-2-pyridylmethyl-/3-N,N-dimethylaminoethyl Ether
Succinate. Decapryn Succinate (Merrell).

Doxylamine base is an analog of diphenhydramine base in which a phenyl group and the aliphatic hydrogen atom of the benzhydryloxy
component are replaced by a pyridyl and a
methyl group, respectively. Doxylamine may be
synthesized by the condensation of acetophenone with pyridine to phenyl-2-pyridylmethylcarbinol, the sodium
derivative of which is

Part I
reacted with dimethylaminoethyl chloride to
produce doxylamine; this is neutralized with
succinic acid (see Sperber et al., J.A.C.S., 1949,
71, 887).
Description. — "Doxylamine Succinate occurs
as a white or creamy white powder with a
characteristic odor. Its solutions are acid to
litmus. One Gm. of Doxylamine Succinate dissolves in about 1 ml. of water, in 2 ml. of
alcohol, and in about 2 ml. of chloroform. It
is very slightly soluble in ether and in benzene.
Doxylamine Succinate melts between 100° and
104°." U.S.P.
Standards and Tests. — Identification. — (1)
A light yellow color is produced when 25 mg. of
doxylamine succinate is dissolved in 5 ml. of
sulfuric acid, the color disappearing when the
solution is diluted with 20 ml. of water, leaving
a clear solution. (2) A 1 in 25,000 solution
exhibits an ultraviolet absorbance maximum
at 260 mn ± 1 mix, and a minimum at
235 mn ± 1 m\i; the absorptivity, E(l%,lcm.),
at 260 mn is between 107 and 113. (3) Succinic
acid separated from the salt melts between 185°
and 188°. Loss on drying. — Not over 0.5 per cent,
when dried in a vacuum desiccator over fresh
phosphorus pentoxide for 5 hours. Residue on
ignition. — Not over 0.1 per cent. U.S.P.
Assay. — About 500 mg. of doxylamine succinate, dried in a vacuum desiccator over phosphorus pentoxide for 5 hours, is assayed by the
nonaqueous titration method described under
Antazoline Hydrochloride, omitting the treatment
with mercuric acetate. Doxylamine succinate
reacts, in the acetic acid medium, as a diacidic
base. Each ml. of 0.1 N perchloric acid represents 19.42 mg. of C17H22N2O.C4H6O4. U.S.P.
Uses. — The antihistamine activity of doxylamine succinate has been demonstrated in animals
and in patients by Brown and Werner (/. Lab.
Clin. Med., 1948, 33, 325; Ann. Allergy, 1948,
6, 122), by Brown, Weiss and Maher
(ibid.,
1948, 6, 1) and by Feinberg and Bernstein (/.
Lab. Clin. Med., 1948, 33, 319). It ranked eighth
in order of effectiveness of 13 antihistaminics
tested by Sternberg et al. (J.A.M.A., 1950, 142,
969) for ability to raise the histamine whealing
threshold in man. Chronic toxicity studies have
been reported by Thompson and Werner
(/. A. Ph. A., 1948, 37, 311), and metabolic
studies by Snyder et al. (ibid., 1948, 37, 420).
Clinical efficacy of the drug has been confirmed
by Waldbott and Gadbaw (/. Michigan M. Soc,
1949, 48, 742) and by Loveless and Dworin
(Bull. N. Y. Acad. Med., 1949, 25, 473). In
common with similar findings with other antihistaminic agents, Matthews et al. (J.-Lancet,
1951, 71, 244) observed that the results from
its use in the treatment of the "common cold"
were equivalent to those obtained with a placebo.
Control of hyperpyrexia following use of meperidine hydrochloride in a patient was reported by
Flipse and Flipse (South. M. J., 1949, 42, 395).
In patients with allergic disorders who responded poorly to oral antihistaminic therapy,
Spearmen (Ann. Allergy, 1952, 10, 192) reported
relief lasting several days following intravenous
injection of the drug. For patients sensitive
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to procaine penicillin, Simon and Feldman (Arch.
Dermat. Syph., 1950, 62, 314) combined 15 mg.
of the oil-soluble base doxylamine with 300,000
units of potassium penicillin G in sesame oil containing 2 per cent of aluminum stearate for
intramuscular injection; the combination was an
effective dosage form of penicillin, being painless
on injection and well tolerated by 6 patients who
had previously reacted unfavorably to procaine
penicillin.
Doxylamine succinate causes drowsiness in
some patients. The drug does not absorb the
burning component of ultraviolet rays (Friedlaender et al., J. Invest. Derm., 1948, 11, 397).
See also the general discussion of Antihistaminic
Drugs in Part II.
The usual dose of doxylamine succinate is 25
mg. (approximately %i grain) one to four times
daily by mouth, with a range of 12.5 to 25 mg.
The maximum safe dose is generally 25 mg. and
the
100 total
mg. daily dose usually should not exceed
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
DOXYLAMINE
TABLETS.

SUCCINATE
U.S.P.

"Doxylamine Succinate Tablets contain not
less than 93 per cent and not more than 107
per cent of the labeled amount of C17H22N2O.C4H6O4." U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for doxylamine succinate being substituted.
Usual Sizes. — 12.5 and 25 mg.
DROCARBIL.
N.F.

COOCH3

0=As

NHCOCH,

"Drocarbil is the acetarsone salt of arecoline.
Dried to constant weight over phosphorus pentoxide in a vacuum, it contains not less than 34 per
cent and not more than 36.5 per cent of CsHi3NO2, and not less than 64 per cent nor more than
67 per cent of CsHioAsNOs." N.F.
Nemural (Winthrop-Stearns) .

For information concerning the components of
this salt see under Arecoline Hydrobromide and
Acetarsone.
Description. — "Drocarbil occurs as a nearly
white or slightly yellow odorless powder. It is
stable at ordinary temperatures. Drocarbil is
freely soluble in water." N.F.
Standards and Tests. — (1) A solution of
drocarbil yields, under the conditions of the test,
a yellow precipitate with hydrogen sulfide. (2) A
solution of drocarbil is alkalinized, extracted with
benzene, and the latter solution extracted with
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0.1 N hydrochloric acid. On evaporating this solution in the presence of 30 per cent hydrogen
peroxide the residue yields with a solution of
resorcinol and sulfuric acid a blue to violet color.
Loss on drying. — Not over 2 per cent, when dried
to constant weight over phosphorus pentoxide in
a vacuum. N.F.
Assay. — For arecoline. — About 1 Gm. of dried
drocarbil is dissolved in water, the solution alkalinized and the arecoline extracted with benzene.
From the latter solution the alkaloid is extracted
with 25 ml. of 0.1 N hydrochloric acid and the
excess of acid titrated with 0.1 N sodium hydroxide. Each ml. of 0.1 N hydrochloric acid represents 15.51 mg. of C8H13NO2. For acetarsone. —
About 150 mg. of dried drocarbil is assayed as
directed under acetarsone. N.F.
Uses. — Drocarbil is used as a veterinary anthelmintic. For details of use, and of dosage, see
under Veterinary Uses and Doses of Drugs.
Storage. — Preserve "in well-closed containers."
N.F.
ABSORBABLE

DUSTING
U.S.P.

POWDER.

Starch-derivative Dusting Powder

"Absorbable Dusting Powder is an adsorbable
powder prepared by processing cornstarch. It
contains not more than 2 per cent of magnesium
oxide." U.S.P.
Bio-Sorb Powder (Ethicon).

This absorbable dusting powder, employed as
a substitute for talc when a lubricant is needed,
is prepared by treating starch with epichlorohydrin. Such treatment results in partial etherification, whereby starch polymer chains are presumably cross-linked by 1,3-diether glycerin groups
to the extent of not more than 2 per cent of the
original starch weight. This "tanning" process
with epichlorohydrin renders the starch granules
resistant to autoclaving without affecting either
tissue tolerance or absorbability of the starch as
long as it is dispersed as fine particles. The incorporation of not more than 2 per cent of magnesium oxide facilitates maintenance of the starch
derivative in the state of a fine powder.
Description. — "Absorbable Dusting Powder
is a white, odorless powder." U.S.P.
Standards and Tests. — Identification. — (1)
After boiling 100 ml. of a 1 in 10 suspension of
the powder in water and allowing it to stand for
24 hours the volume of the settled powder is not
less than 35 ml. and not more than 65 ml. (2) A
1 in 10 suspension is colored purplish blue to deep
blue by iodine T.S. pH. — The pH of a 1 in 10
suspension is between 10.0 and 10.8. Loss on
drying. — Not over 12.0 per cent, when dried at
105° to constant weight. Residue on ignition. —
Not over 3.0 per cent. Chloride. — The limit is 0.2
per cent. Sulfate. — The limit is 0.8 per cent.
U.S.P.
Assay. — The residue from the ignition of 1
Gm. of powder is dissolved in diluted hydrochloric acid and the magnesium precipitated as
magnesium ammonium phosphate, which is ignited to magnesium pyrophosphate and weighed.

Each mg. of magnesium pyrophosphate represents 0.3622 mg. of magnesium oxide. U.S.P.
Uses. — Absorbable dusting powder is intended
to be used as a surgeon's glove lubricant and for
other uses to which talcum powder is applied in
general hospital routines. Various investigators
have demonstrated that the starch derivative
powder is completely absorbed in living tissue
and that, in the event of wound contamination
resulting from perforation of gloves during surgical procedures, such a powder is less irritating
than nonabsorbable talc and may cause fewer adhesions and granulomatous responses (Lee et al.,
Surg. Gynec. Obst., 1947. 84, 689; ibid., 1952,
95, 725; MacQuiddy and Tollman, Surgery, 1948,
23, 786). The importance of having a more satisfactory substance than talc for lubricant purposes may be inferred from the voluminous literature on the hazards and sequelae of wound contamination with talc, and from the finding that
about 22 per cent of rubber gloves become perforated during operations (Weed and Groves,
Surg. Gynec. Obst., 1942, 75, 661).
Absorbable dusting powder should be sterilized
by autoclaving; any slight clumping that may
occur during sterilization may be readily disintegrated by applying moderate pressure. Dry wall
heat sterilization should be avoided because of
its bacteriologic inadequacy and because of the
possible inflammability of the powder. The powder will flash only to about the same degree as
cotton, so that inflammability is not a hazard to
its use in surgery.
Storage. — Preserve "in sealed paper packets."
U.S.P.
COMPOUND EFFERVESCENT
POWDERS.
N.F. (B.P.)
Seidlitz Powders, Pulveres Effervescentes Compositi

"The mixture in a blue paper weighs not less
than 9.5 Gm. and not more than 10.5 Gm.. and
contains not less than 23 per cent and not more
than 27 per cent of sodium bicarbonate
(NaHCOa), and not less than 73 per cent and
not more than 78 per cent of potassium sodium
tartrate (KNaC.jH4O6.4H2O). The white paper
contains not less than 2 Gm. and not more than
2.4 Gm. of tartaric acid." N.F. The B.P.
formula is given on a unit powder basis, and
differs only in the use of a somewhat larger
quantity of tartaric acid, namely, 2.5 Gm.
B.P. Compound Effervescent Powder; Pulvis Effervescens Compositus. Pulvis Effervescens Laxans; Pulvis
-Erophorus Laxans. Fr. Poudre de Seidlits; Poudre gazogene laxative. Ger. Abfiihrendes Brausepulver; Seidlitzpulver. It. Polvere di Seidlitz. Sp. Polvo gasifero laxante ; Polvos Efervescentes Compuestos.

Mix 30 Gm. of dry sodium bicarbonate, passing
through a No. 60 standard mesh sieve, with 90
Gm. of dry potassium sodium tartrate, passing
through a No. 40 standard mesh sieve ; divide the
mixture into 12 equal portions, and wrap each
portion in a blue paper. Divide 26 Gm. of dry
tartaric acid, passing through a No. 40 standard
mesh sieve, into 12 equal portions, and wrap each
portion in a white paper. N.F.
Uses. — Seidlitz powders are employed for the
mild cathartic action provided by the potassium
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sodium tartrate component of the powders and
to a lesser extent by the sodium tartrate formed
by the interaction of sodium bicarbonate and
tartaric acid. Though named after the famous
Seidlitz saline spring in Germany, there is no
resemblance in the composition of the powder
and the spring water, for the activity of the
latter is attributable to magnesium sulfate.
The formula of Seidlitz powders provides an
effervescent drink containing a slight excess of
tartaric acid which is not unpleasant to most persons, particularly if the salts are dissolved in
rather cool water. Sometimes a little orange or
lemon syrup is added to one of the solutions
before mixing it with the other in order to improve the flavor of the drink.
The powders should not be kept in a damp
place as the tartaric acid may deliquesce and
be absorbed into the paper; by such action the
content of the white paper has apparently disappeared in powders stored for two or three years.
Dose, one set of two powders, each dissolved in
about 60 ml. (2 fluidounces) of water, the solution mixed, and taken after effervescence begins
to subside.
Storage. — Preserve "in well-closed containers, in a' dry place." N.F.
ELM.
N.F.
Elm Bark, Slippery Elm, Ulmus

"Elm is the dried inner bark of Ulmus rubra
Muhlenberg (Ulmus fulva Michaux) (Fam.
UlmacecB)." N.F.
Red Elm. Cortex Ulmi Pubescens; Ulmi Cortex. Get.
Schleimriisterrinde.

The slippery elm (Ulmus rubra) is a lofty tree,
fifty or sixty feet in height, with a trunk fifteen
or twenty inches in diameter. The bark of the
trunk is brown, that of the branches rough and
whitish. The leaves are petiolate. oblong-ovate,
acuminate, nearly equal at the base, unequally
serrate, pubescent, and very rough on both sides.
The buds, a fortnight before their development,
are covered with a dense russet down. The
flowers, which are apetalous, appear before the
leaves, are sessile, and in clusters at the extremities of the young shoots. The clusters of flowers
are surrounded by scales, which are downy like
the buds. The calyx is also downy. The stamens
are five, short, and of a pale rose color. The
fruit is a membranaceous samara, enclosing in
the middle one round seed, destitute of fringe.
Ulmus rubra is indigenous, growing in all parts
of the United States north of the Carolinas, but
most abundantly west of the Allegheny Mountains. It extends westward to the Dakotas and
northward to western Quebec and Lake Huron.
It flourishes in open, elevated situations, and
requires a firm, dry soil. From the white elm
(U. americana L.) it is distinguished by its rough
branches, its larger, thicker, and rougher leaves,
its downy buds, and the character of its flowers
and seeds. Elm bark is gathered in the spring,
deprived of the cork and part of the cortex,
sawed into oblong pieces and dried.
Fremontia California Torr., or California slippery elm, is not botanically allied to Ulmus rubra;
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its bark is said, however, to have the same
properties as slippery elm bark.
Description. — "Unground Elm usually occurs
as broad, flat, oblong pieces from 1 to 4 mm. in
thickness. The outer surface is weak yellowish
orange, roughened by longitudinal striae and partially detached bundles of bast fibers, and has
occasional thin, brown patches of adhering cork;
while the inner surface is weak yellowish orange,
and finely striate. The fracture is fibrous, with
projections of fine bast bundles. Elm has a distinctive odor, and a mucilaginous taste." N.F.
For histology see N.F. X.
"Powdered Elm is weak yellowish orange.
Phloem fibers are numerous, very long, usually
broken, up to 25 n in diameter, thick-walled,
unlignified or with only a thin outer sheath of
the wall lignified; calcium oxalate prisms from
10 to 35n in length; starch grains spheroidal or
polygonal, usually from 3 to 15 n in diameter,
occasionally up to 25 n in length; and numerous
mucilage fragments, frequently lamellated. Cork
cells are few or absent." N.F.
Standards and Tests. — Identification. — On
macerating 1 Gm. of finely powdered elm with 40
ml. of water for 1 hour, a thick mucilaginous
mixture, yellowish brown in color, is formed.
Outer bark. — Elm contains not more than 2 per
cent of adhering outer bark. Acid-insoluble ash.
— Not over 1 per cent. N.F.
Constituents. — Elm contains considerable
mucilaginous matter, which is readily extracted
with water. The mucilage is precipitated by solutions of lead acetate and subacetate, but not by
alcohol. Elm mucilage contains a polysaccharide
which on hydrolysis yields D-galactose, 3-methylD-galactose, L-rhamnose, and traces of glucose
and fucose (Hirst et al., J. Chem. S., 1951, 323).
Elm also contains a small amount of a variety of
tannin which colors iron solutions green.
Some of the bark brought into the market has
been of inferior quality, yielding comparatively
little mucilage. It has the characteristic odor of
the genuine bark, but is much less fibrous and
more brittle, breaking abruptly when bent, instead of being capable, like the better kinds,
of being folded lengthwise without breaking.
Whether this inferiority is due to difference
in the species or the age, or to circumstances
in the growth of the tree producing it, is not
certain. Ground elm bark has been adulterated,
usually with substances containing starch.
Elm bark has the property of preserving fatty
substances from rancidity, a fact known to the
Indians, who prepared bear's fat by adding the
bark to melted fat, heating the mixture for a
few minutes, then straining off the fat.
Uses.— Elm bark is an excellent demulcent,
formerly extensively employed, especially in the
form of lozenges, to relieve irritation of the
pharynx. A warm infusion was a popular folk
remedy in the treatment of diarrheas, coughs,
etc. This was prepared by stirring an ounce of
the powdered bark in a pint of hot water, with
which it forms a mucilage which was taken ad
libitum.
The bark was used also as an emollient application in cases of external inflammations. For
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this purpose the powder was made into a poultice
with hot water, or the bark itself applied, previously softened by boiling. Elm bark was formerly used for making "tents" to dilate strictures
of the urethra, cervix of the uterus or rectum;
but is no longer used for that purpose.
EMETINE AND BISMUTH IODIDE
B.P.

Part I
The usual dose is 200 mg. (approximately 3
grains) once daily by mouth, with a range of 60
to 200 mg. daily. The maximum single dose, or
during 24 hours, is 200 mg. The drug should be
given in capsules, tablets or pills, which disintegrate readily, on an empty stomach. Administration of the drug for 12 days generally constitutes
the course of treatment.

Emetinae et Bismuthi Iodidum

Emetine and Bismuth Iodide is a complex iodide
of emetine and bismuth which may be obtained
by precipitation from a solution of emetine hydrochloride by the addition of a solution of potassium bismuth iodide. It represents from 25.0 to
30.0 per cent of emetine and from 18.0 to 22.5 per
cent of bismuth, both calculated with reference
to the substance dried to constant weight at 105°.
B.P.
Bismuth and Emetine Iodide.

Description and Tests. — Emetine and bismuth iodide is a reddish-orange powder with a
bitter and somewhat acrid taste, practically insoluble in either water or alcohol, but soluble in
acetone. In aqueous solution of acids it undergoes
some decomposition but does not dissolve ; in solutions of alkalies it is soluble with decomposition.
It gives the reactions characteristic of emetine,
bismuth, and iodide.
Assay. — The assay for emetine utilizes the
principles described under emetine hydrochloride.
Bismuth is determined gravimetrically by precipitation as bismuth phosphate. B.P.
Uses. — Emetine and bismuth iodide is used in
the treatment of amebiasis. It was introduced into
medicine in the hope that, being insoluble, it
would not irritate the stomach and, therefore,
would be less nauseating than emetine hydrochloride. In the intestinal tract it is slowly decomposed, liberating emetine in high concentration.
Emetine and bismuth iodide may be used alone
or to supplement injections of emetine hydrochloride. Ithas not been popular in the United
States and is generally considered to be less
efficient than injections of soluble salts, but Jepps
and Meakins {Brit. M. J., 1917, 2, 645) claimed
that it is active against the "free-swimming"
forms of amebae, while parenterally injected
emetine is not.
Emetine and bismuth iodide is not as effective
as carbarsone or the iodohydroxyquinoline drugs.
When administered in tablets these should be
crushed. Wilmot et al. (/. Trop. Med., 1951, 54,
161) reporting 55.6 per cent of successful treatments with crushed tablets and 39.7 per cent with
whole tablets; the efficacy of crushed tablets was
similar to that obtained with emetine hydrochloride intramuscularly or Diodoquin by mouth.
Toxicology. — The side effects of emetine and
bismuth iodide are similar to those of emetine.
Administration on an empty stomach in the morning or at bedtime, and use of opium tincture about
half an hour before the dose, minimizes side
effects. Patients should be confined to bed. and
maintained on a milk diet, during treatment with
the drug; it should not be administered to "carriers" of ameba in the intestine.

EMETINE

HYDROCHLORIDE.
B.P., LP.

Emetinium Chloride,

U.S.P.,

[Emetinae Hydrochloridum]

2 CI". xH20

"Emetine Hydrochloride is a hydrated hydrochloride of an alkaloid obtained from ipecac or
prepared
methylation
cephaeline."
U.S.P.
The B.P.,bywhich
indicatesof seven
molecules
of
water of crystallization in the formula of the salt,
requires not less than 85.3 per cent and not more
than 88.3 per cent of emetine, calculated with
reference to the substance dried to constant weight
at 105°. The LP. states that variable proportions
of water of crystallization may be present, but
requires 85.0 to 90.0 per cent of emetine, calculated with reference to the material dried to constant weight in vacuo over sulfuric acid.
I. P. Emetini Hydrochloridum. Emetinum Chlorhydricum; Emetinum Hydrochloricum ; Emetina: Chlorhidras. Fr.
Chlorhydrate
d'emetine.
Emetinhydrochlorid.
It.
Cloridrato di emetina.
Sp. Ger.
Clorhidrato
de emetina.

Emetine may be isolated from ipecac by the
following process: The powdered drug is extracted with a mixture of benzol and benzin
which removes all of the alkaloids. This solution
is then extracted with dilute hydrochloric acid,
which in turn is extracted with ether, after making
alkaline with ammonia. In the latter process all
of the alkaloids except psychotrine are dissolved
by the ether. The ether solution is shaken with
sodium hydroxide which dissolves the cephaeline;
the ether solution is then concentrated by evaporation. The residue is converted into hydrochloride,
hydrobromide, or hydroiodide and the corresponding emetine salt crystallized out and then purified
by recrystallization. The other alkaloids are recovered at the stages where they are separated.
Emetine is also prepared by the methylation
of cephaeline with phenyltrimethylammonium hydroxide or with mixtures of compounds that form
this quaternary base. It is reported that good
yields are obtained and that the process yields a
less costly product than that obtained by direct
extraction. Other methods of methylating cephaeline are also utilized.
Description. — "Emetine Hydrochloride is a
white or very slightly yellowish, odorless, crystalline powder. It is affected by light. Emetine Hydrochloride isfreely soluble in water and in alcohol." UJS.P.
Standards and Tests. — Identification. — (1)
Precipitates are produced by a 1 in 100 solution
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of emetine hydrochloride with iodine T.S., with
mercuric potassium iodide T.S., and with platinic
chloride T.S. (2) A bright green mixture results
when a solution of molybdic acid in sulfuric acid
is added to emetine hydrochloride. (3) It responds to tests for chloride. Water. — On drying
at 105° for 2 hours it loses not less than 8 per
cent and not more than 14 per cent of its weight.
Residue on ignition. — The residue from 200 mg.
is negligible. Readily carbonizable substances. — A
solution of 100 mg. in 5 ml. of sulfuric acid has
no more color than Matching Fluid H. Acidity. —
Not more than 0.5 ml. of 0.02 N sodium hydroxide is required to neutralize 100 mg. of emetine
hydrochloride using methyl red T.S. as indicator.
Cepha'eline. — Not more than 4 mg. of this phenolic alkaloid is present in 200 mg. of emetine
hydrochloride. U.S.P. The B.P. limits loss on drying to constant weight at 105° to the range of
15.0 to 19.0 per cent; the LP. limits the loss to
not more than 16.0 per cent.
For further discussion of properties of emetine
and other alkaloids o/ ipecac see under Ipecac.
Assay. — About 200 mg. of emetine hydrochloride isdissolved in water, the solution alkalinized with sodium hydroxide, and the emetine base
extracted with ether. After washing the ether
extract with water, 10 ml. of 0.1 N acid (hydrochloric or sulfuric) and water are added to the
ether to extract the emetine and the excess acid
is titrated with sodium hydroxide, using methyl
red as indicator. B.P., LP.
Uses. — Ipecac was for centuries the standard
treatment for amebic dysentery, but since the
work of Vedder (1911) and Rogers {Brit. M. J .,
1912, 1, 1424) the alkaloid emetine has very
largely replaced ipecac. Emetine is much less toxic
than cephaeline and is at least equal, if not superior, to it as an antamebic (see under Ipecac, in
Part I). In studying the efficacy of other drugs in
amebiasis Wilmot et al. {J. Trop. Med. Hyg., 1951,
54, 161) used emetine therapy as the standard
(60 mg. administered intramuscularly daily for
15 days effecting the high cure rate of about 50
per cent in cases in South Africa). It is noteworthy that oxytetracycline is less toxic, and
initial reports indicate it to be efficacious in
amebiasis. Martin et al. {J.A.M.A., 1953, 151,
1055) reported excellent initial response and the
lowest relapse rate in Korea following use of
oxytetracycline alone or in combination with
emetine, carbarsone, chiniofon, chloroquine or
bismuth glycolylarsanilate (glycobiarsol) and
chloroquine. Vegas {ibid., 1059) reported best
results following use of bismuth glycolylarsanilate
in combination with chloroquine in Venezuela.
But emetine still finds usage for rapid relief of
symptoms in acute intestinal or parenchymal
amebiasis.
V
Emetine has a direct lethal effect on Endamceba
f histolytica, particularly against its motile forms.
In vitro, a concentration of 1:100,000 killed 100
per cent and 1:17 million killed 45 per cent of
organisms in 48 hours (Hansen and Bennett, Exp.
Parasitol., 1952, 1, 143); resistance to sub-lethal
concentrations did not develop on prolonged exposure (Jones, ibid., 118). Variations in virulence
of different strains of organisms, requiring dif-
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ferent dosage with emetine, has been observed in
experimental infections (Neal, Trans. Roy. Soc.
Trop. Med. Hyg., 1951, 44, 439). When used
alone, emetine cures only 10 to 15 per cent of
patients afflicted with amebiasis (but see reference
to Wilmot et al. above) ; although symptoms subside rapidly, more than 50 per cent of treated
patients become carriers. Neither large doses nor
prolonged therapy tend to improve the rate of
cure and such measures may cause toxic effects.
Shrapnel et al. {Am. J. Trop. Med., 1946, 26,
293) reported having obtained promising results
in 15 of 20 patients receiving emetine hydrochloride orally in the form of enteric-coated tablets.
The alkaloid is extremely useful in relieving symptoms of acute amebic dysentery (Brown, J. A.M. A.,
1935, 105, 1319; Hargreaves, Lancet, 1945, 2,
68). It is best used in conjunction with one of the
poorly absorbed amebicides, particularly the arsenicals (see under Carbarsone).
Emetine alone, or combined with aspiration, is
usually effective in amebic hepatitis or actual
abscess formation. Miles and Bowers {Arch. Surg.,
1951, 62, 260) reported cure of 16 cases; penicillin was also given for secondary infection and
relief of symptoms and was followed by a course
of diiodohydroxyquin. Roover and Van Steenis
{Nederland. Tijdschr. Geneesk., 1951, 95, 3316)
and Doerner et al. {Ann. Int. Med., 1951, 35, 331)
reported prompt symptomatic relief in hepatic
abscess with emetine though chloroquine was required for cure. Similar experience with a pulmonary amebic abscess was reported by Lindsay
et al. {Dis. Chest, 1951, 20, 533). If systemic
therapy fails emetine may be injected into the
abscess cavity in the liver in 1:2500 solution.
Emetine is said to be useful also in the treatment
of schistosomiasis (Tyskalas, Wien. klin. Wchnschr., 1921, 34, 579), Guinea worm, and oriental
sore.
Toxicology. — Emetine is a general protoplasmic poison which, because of its slow elimination following parenteral administration, tends to
be cumulative. Very little of it is excreted into
the
"Bowel toafter
parenteral administration.
continue
be eliminated
in the urine forIt40mayto v
60 days after it is given. The lethal dose is 10 to
25 mg. per Kilogram of body weight. Emetine
poisoning is characterized by muscular tremors,
weakness, and pains, especially in the extremities.
Purpura, dermatitis or hemoptysis may occur in
severe cases. "Neuritis" may be due to muscle
damage (Young and Tudhope, Trans. Roy. Soc.
Trop. Med. Hyg., 1926, 20, 93). Vertigo may
occur. Gastrointestinal symptoms, such as nausea,
vomiting, and diarrhea, are not infrequent. Bloody
diarrhea occurs, accompanied by prostration, and
may be mistaken for recurrence of the amebic
dysentery. The myotoxic effect is especially detrimental to the heart and may result in arrhythmias,
myocardial weakness with congestive failure or, at
times, sudden cardiac failure.
It has been recommended that an electrocardiogram be taken daily after the fifth day of parenteral emetine administration. Depression or even
inversion of the T wave is frequent and does not
require discontinuation of therapy during the
usual course in persons with no pre-existent myo-
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cardial damage (Baer, Mil. Surg., 1951, 109,
120); changes seldom appear until a dose of 360
mg. or more is given and sometimes do not appear
until 2 weeks after the end of therapy. Electrocardiographic changes were found in all 26 carefully studied patients of Kent and Kingsland (Am.
Heart J., 1950, 39, 576) but no permanent damage was observed and bed rest during therapy was
not considered essential unless otherwise indicated. Sodeman et al. (Trans. Roy. Soc. Trop.
Med. Hyg., 1952, 46, 151; Am. Heart J., 1952,
43, 582) studied 111 patients treated with emetine
and recorded 5 instances of symptomatic, 3 of
neuromuscular, and 2 of cardiovascular untoward
effects. In a group of 38 patients 2 showed prolongation of P-R interval, 3 a deformity of the
QRS complex, and 10 a change in the T wave. In
cases with pre-existent heart disease, a total dose
of emetine of less than 10 mg. per Kilogram of
body weight is safe and is usually adequate to
control amebiasis. Charters (Trans. Roy. Soc.
Trop. Med. Hyg., 1950, 43, 513) reported transient myocardial damage in a patient receiving
injections of 60 mg. daily for 20 days; diarrhea
and dermatitis were observed in a patient treated
for 32 days.
No fatalities from a single dose of emetine have
come to our attention; several have resulted from
repeated doses, the smallest being 1.74 Gm. given
in 19 days. It appears that there is insufficient
absorption from oral administration to cause systemic poisoning in humans.
Histologically, emetine toxicity is marked by
hyperemia, cloudy swelling and cellular degeneration of the liver, kidneys, and skeletal and cardiac
muscle (Rinehart and Anderson. Arch. Path.,
1931, 11, 546).
vj Dose. — The usual dose, subcutaneously, of
emetine hydrochloride is 1 mg. per Kg. of body
weight, but never exceeding 60 mg. (approximately 1grain), daily for 5 to 10 days; the range
of the total daily dose is 30 to 60 mg. The maxijAfnum safe dose is usually 60 mg., this amount seldom being exceeded in 24 hours. Emetine should
never be administered intravenously. The daily
dosage of emetine may be divided into two doses,
or given at once. Injections should not be given for
more than 10 days, or in excess of a total dose of
600 mg. (approximately 10 grains), corresponding to 10 mg. per Kilogram; treatment should be
discontinued as soon as acute symptoms are relieved. For children, the dose may be calculated
on the basis of 1 mg. of the alkaloid per Kilogram
of body weight daily, or 10 mg. per Kg. for the
course. The course of treatment should not be
repeated sooner than in-6„j4£e_ks. Carbarsone,
chiniofon. or Vioform may be used simultaneously
and for interval treatment. When emetine is being
given, the patient must be kept under close observation and the drug discontinued at the first
sign of toxicity. Emetine is contraindicated in
pregnancy. Enteric-coated tablets containing 20
mg. of emetine are used orally in a dose of 2 tab3 times daily for 12 days for adults, or 1 tablet
for children.
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Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
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EMETINE HYDROCHLORIDE
INJECTION.
U.S.P. (B.P., LP.)
[Injectio Emetinae Hydrochloride

"Emetine Hydrochloride Injection is a sterile
solution of emetine hydrochloride in water for
injection. It contains an amount of anhydrous
emetine hydrochloride (C29H40N2O4.2HCI) equivalent to not less than 84 per cent and not more
than 94 per cent of the labeled amount of emetine hydrochloride. In preparing the Injection,
adjust it with hydrochloric acid or with sodium
carbonate or sodium hvdroxide to a pH of about
3.5." U.S.P.
The B.P. requires a content of emetine of not
less than 65.5 per cent and not more than 77.7
per cent of the content of emetine hydrochloride
stated on the label; the solution, which is prepared with water for injection, may be sterilized
by heating with a bactericide (for process see
under Chlorocresol) or by filtration through a
bacteria-proof filter. The LP. rubric is the same
as that of the U.S.P.
B.P., LP. Injection of Emetine
of Emetine Hydrochloride. Ampullae
Solutum Emetini Chlorhydrici;
Emetinae. Fr. Solute injectable de
Sp. Inyeccion de clorhidrato de
emetina.

Hydrochloride. Ampuls
Emetinae Hydrochloridi;
Injectio Chlorhydratis
chlorhydrate d'emetine.
emetina ; Inyeccion de

Assay. — A volume of injection representing
about 120 mg. of emetine hydrochloride is diluted
with water, alkalinized with ammonia T.S., and
the emetine alkaloid extracted with ether. After
evaporating the solvent from the ether solutions
the residue is dissolved in 2 ml. of neutralized
alcohol and 30 ml. of 0.02 N sulfuric acid, the
mixture being warmed gently. The excess of acid
is titrated with 0.02 N sodium hydroxide, using
methyl red T.S. as indicator. Each ml. of 0.02 N
sulfuric acid represents 5.536 mg. of anhydrous
emetine hydrochloride, C29H40N2O4.2HCI. U.S.P.
Storage. — Preserve "in single-dose, light-resistant containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — %, j4 and 1 grain (approximately 20, 30 and 60 mg.) in 1 ml.
EPHEDRINE.

N.F, B.P.

[Ephedrina]

C6H5.CHOH.CH(CH3).NHCH3
"Ephedrine is anhydrous, or contains not more
than one-half molecule of water of hydration.
Anhydrous Ephedrine contains not less than 98.5
per cent of C10H15NO. Hydrated Ephedrine conN.F. tains not less than 94 per cent of C10H15NO."
The B.P. defines ephedrine as the hemihydrate
of (— )-2-methylamino-l-phenylpropanol, an alkaloid obtained from the plants described below
or prepared by synthesis; not less than 94.0
per cent and not more than 95.0 per cent of
C10H15ON is required.
l-Phenyl-2-methylamino-propanol-l. Ephedrinum.
Ephedrine. Ger. Ephedrin. Sp. Efedrina.

Fr.

Under the name Ma-huang species of Ephedra
have been used as a medicine in China for thou-
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sands of years. Introduction of its principal alkaloid, ephedrine, into Occidental practice is largely
attributable to the observations of Chen and
Schmidt (/. Pharmacol, 1924, 24, 339). The
Chinese name Ma-huang, according to some writers, means "astringent yellow"; others translate
it as "hemp yellow," apparently because it is
often dioecious like hemp, the male flowers being
yellow.
Ephedrine was first isolated in a pure form by
Nagai of Japan in 1887, from a plant which he
believed to be Ephedra vulgaris Rich. This is
not a valid name but the error was continued in
the literature for many years. In 192 7 Otto Stapf,
the outstanding authority on the genus Ephedra,
described a plant, based upon Chinese drug material, which he named E. sinica. According to
Read and Liu (/. A. Ph. A., 1928, 17, 339), most
of the Chinese drug is from E. sinica Stapf or
E. equisetina Bunge although other species are
collected in certain localities. The alkaloid is also
extracted from some of the European species;
the statement that the latter yield only pseudoephedrine is apparently incorrect.
Ephedrine also occurs in the leaves of the yew
(Taxus baccata), according to Gulland (J. Chem.
S., 1931, p. 2148); in Rcemeria refracta DC.
(Papaveracece) (Chem. Abs., 1940. 34, 2852) and
Freudenberg (/. A. C. S., 1937, 59, 2572) has obtained itfrom Aconitum napellus.
The genus Ephedra belongs to the Gnetacece
or Joint-fir family of gymnosperms and contains
at least 43 distinct species which are distributed
in warmer and dryer localities of Asia. Europe,
Africa, Australia, North America and South
America. They are mostly low, much branched,
often procumbent, occasionally climbing shrubs,
with pale green, long jointed branches resembling
those of the Equisetums, or horsetails, bearing
minute, more or less parted, scale-like leaves in
pairs sheathing the stem at the nodes. Their
inflorescences are dioecious, seldom monoecious,
the male occurring as small spikes or aments in
the leaf axils and consisting of a series of bracts
attached to the rachis, each bract subtending a
pair of perianth sheaths in which are enclosed
2 to 8 stamens united into a column, the female
occurring as modified cones or galbulus terminating the branches, each consisting of a shortened
axis bearing 3 or more pairs of bracts, the upper
ones subtending pistillate flowers, the latter with
single ovule and urceolate perianth. Their fruits
are nutlets borne in cones which, in some species,
are provided with fleshy bracts forming a scarlet,
berry-like syncarp.
B. E. Read divided the various species of
Ephedra into four distinct groups depending upon
whether they yield ephedrine or some other constituent, viz.: 1. Species which yield chiefly
ephedrine, as Ephedra distachya L., E. equisetina
Bunge, E. Gerardiana Wall., E. sinica Stapf.
2. Species yielding chiefly pseudoephedrine, as
E. intermedia Schrenk. 3. Species which yield
some alkaloid other than ephedrine, as E. monosperma S. G. Gmel. 4. Species which yield no
alkaloids, as the American species (False Mahuang). (See Flora Sinensis, 1930, ser. B., vol.
24, 1.)
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Ephedra sinica Stapf or Tsaopen Ma-huang is
a shrub attaining a height of 30 cm., branching
from the base, with grayish-green branchlets
simple or sparingly divided below, somewhat flattened, 1to 1.5 mm. thick, slightly striated longitudinally, rough to the touch, their internodes
3 to 5 cm. long; leaves opposite and reduced to
2 membranous sheaths at each node, 4 mm. long,
up to one-half divided, their blades white, their
bases thick and reddish brown, subulate, their
summits recurved; inflorescences short spikes,
terminal or at the upper axils, dioecious, occasionally monoecious, the male spike 4 mm. long
and 3 mm. wide consisting of 4 to 5 pairs of
bracts, arranged decussately with their bases connected, each bract subtending one pair of perianth
sheaths in which is enclosed the staminal column
with 7 to 8 anthers, the female galbulus chiefly
terminal and 2 flowered with 3 to 4, rarely 5 pairs
of bracts, the lower and middle bracts ovate,
acute or subacute, 1 to 3 mm. long with membranous margin, the uppermost pair belong alone
fertile and subtending 2 flowers; fruiting cones
ellipsoidal-globose, 6 to 8 mm. long, bracts at
first green, becoming red and fleshy at maturity,
the uppermost pair enclosing 2 seeds; seeds
oblong, blackish-brown, glabrous and shining, 5
mm. long, 2 to 3 mm. wide and 1.5 mm. thick
at middle, with hard testa.
Christensen and Hiner (7. A. Ph. A., 1939, 28,
199) reported favorably on experimental cultivation of this plant in South Dakota. Sievers (/. A.
Ph. A.. 1938, 27, 1221) described the experiments
of the U. S. Department of Agriculture in the
southwestern United States.
Ephedra equisetina Bunge, known as Mu Pen
Ma-huang, is a native of China, growing, according to Liu, on clay or sandy soil chiefly along the
borderland between Chihli and Shansi, rarely in
the northern part of these two provinces and
Honan. It is a dioecious shrub attaining the height
of 1 to 2 meters whose stem is woody below and
bearing green, herbaceous, smooth branchlets
above, with internodes 1 to 3 cm. long. Its leaves
consist of 2 opposite brown, membranous to
coriaceous sheaths at the nodes which are about
2 mm. in length and connate through half or more
of their length.
Ephedra distachya L. is a shrub possibly native
to central China, attaining a height of about 38
cm. with a main stem showing branching from its
upper and lower parts. The branches are greenishyellow, rough terete with internodes 2.5 to 6 cm.
in length. Its leaves resemble somewhat those of
E. sinica. It has been reported as also occurring
in Europe. It has been collected in central China
and exported from Tientsin.
Both Ephedra sinica and E. equisetina are
gathered chiefly in the mountainous districts of
northern China. During 1940 there were imported
into the United States 1,430,517 pounds of
Ephedra, the supplies coming from China, British India, Japan and Spain; in 1952, imports
amounted to but 46,095 pounds, Pakistan and
Yugoslavia being the sole suppliers.
Description of Ma-huang. — Ephedra occurs
as branched or unbranched, jointed, rounded, and
more or less flattened green stems and branches
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or as the above-ground portions of the plants
with or without the upper part of the woody root
attached, fracture brittle, odor aromatic upon
crushing, taste aromatic, bitter and astringent.
A cross section through the stem of E. sinica
shows the following histological features: (1)
General outline ovate, the margin regularly scalloped by about 16 to 18 ridges. (2) Epidermis
of a single layer of nearly square cells, the outer
walls of which are heavily cutinized, especially
over the ridges. Sunken stomata occur between
the ridges which do not show lignification. Hypodermal fibers are usually non-lignified and in
groups within the ridges adjacent to the inner
surface of the epidermis. These groups contain
from 3 to 20 fibers each. (3) Cortex, comparatively broad and consisting of several layers of
parenchyma cells, which are radiately elongated,
except the endodermal layer. Mesocortical fibers
are usually absent in this species, but if present
they are non-lignified and occur singly and in
scattered groups of from 2 to 4 fibers each.
Numerous small crystals, which dissolve without
effervescence in glacial acetic acid, are seen
through the cortical region, especially in inner
portions. Some of these crystals appear in the
walls of the cells. Little or no starch is present.
(4) Pericycle of crescent-shaped groups of nonlignified fibers occurring just outside of the
phloem patches. These groups contain 3 to 8 fibers
each. (5) Fibrovascular bundles 8, the phloem
patches being very small and dome shaped, while
the xylem patches are small and triangular in outline. (6) Pith-region ovate to elliptical, the margin
scalloped by the protrusion of xylem patches.
Some of the cell walls show lignification while
scattered cells contain a yellowish-brown to reddish-yellow mucilaginous substance.
Mesocortical fibers are usually absent in E.
distachya and E. sinica; they are present in E.
equisetina, E. Gerardiana and E. nebrodensis,
being most numerous in E. equisetina. The general outline, diameter of sections, number of
ridges present, number of fibers and their degree
of lignification. the degree of development of
phloem and xylem strands, the number of fibrovascular bundles, the presence or absence of
tracheae in the secondary xylem and the degree
of lignification of the walls of the pith cells in
the green stems depend to a considerable extent
upon the level at which sections are cut.
Powdered Ephedra. — Green to grayish- or
brownish-green; numerous thick fragments of
cutinized outer walls of epidermis varying from
colorless to varying shades of brown or red, fragments of epidermis with rectangular or square
cells and granular contents, some with sunken
elliptical stomata; numerous fragments of sclerenchyma fibers with extremely thickened, nonlignified to lignified walls, narrow, often indistinct
lumina and pointed ends; fragments of vascular
tissue showing tracheids with bordered pits and
occasional spiral and pitted vessels, numerous
chlorenchyma cells, some containing starch and
small crystals, the latter also embedded in or
adhering to the walls; starch grains few. simple,
circular, subcircular, ovate, ovate-oblong, ellipsoidal, beaked-ovate, ovate-truncate to subreni-
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form, generally up to 12 n, rarely up to 20 \i in
diameter, fragments of lignified or non-lignified
pith-parenchyma, some of the cells containing a
yellowish, yellowish-red to reddish-brown mucilaginous substance, scattered granules of calcium
oxalate. Fragments of cork tissue should be absent, ifwoody basal stems have been separated.
Constituents of Ephedra. — In 1887 the
Japanese chemist Nagai isolated from Ma-huang
an alkaloid to which he assigned the empirical
formula C10H15NO. Subsequent studies of the
structure of this base have shown that it is alphahydroxy-beta-methyl-aminopropyl-benzene or 1phenyl-2-methylamino-propanol-l, and is, therefore, chemically closely related to epinephrine.
As there are two asymmetric carbon atoms, there
are possible four optically active isomers, all of
which have been found in one or another species
of Ephedra. These are known as d- and /-ephedrine and d- and l-pseudoephedrine (isoephedrine).
In addition to these alkaloids Smith isolated
nor-<f-pseudoephedrine (a lower homologue of
d-pseudoephedrine) and /-N-methylephedrine,
Xagai and Kanao found d-N-methylpseudoephedrine, Kanao identified the presence of Unorephedrine and Chen, Stuart and Chen isolated
and identified methylbenzylamine. All of these
bases are more or less active physiologically but
they differ among themselves not only in their
relative power but also somewhat in the kind of
action. The alkaloid ephedine, C8H18N2O3, was
reported by Chou (Chem. Abs., 1934, 28, 5178).
Chen and Anderson (ibid., 1935, 29, 4084) state
that it lowers blood pressure, contracts the isolated guinea-pig uterus and augments peristaltic
movement of isolated rabbit small intestine.
Isolation of ephedrine from the plant is effected
by alkalinization with sodium carbonate or calcium hydroxide and subsequent extraction with
alcohol or benzene. The solvent is distilled off,
the residue of impure alkaloid is dissolved in
dilute acid and, after treatment of the solution
with decolorizing carbon, it is filtered, then
alkalinized, and the alkaloid reextracted with ether
or a similar solvent. The alkaloid recovered from
the ether extraction is purified by crystallization
from hot water.
Synthesis. — The several methods for synthesizing ephedrine nearly all lead to the racemic
product, which may be separated into the d- and
/- forms. The racemic product, while it has been
stated to be somewhat less active than the /isomer, used for the same purposes as /-ephedrine; the N.F. recognizes the hydrochloride of the
racemic variety under the name Racephedrine
Hydrochloride. In one method of synthesizing
ephedrine, ethyl-phenylketone is brominated to
a-bromoethyl-phenylketone; the latter is aminated
with monomethylamine, resulting in the formation
of a-methylamino-propylphenone. Upon reduction of the latter with hydrogen a mixture of
racemic ephedrine and racemic pseudoephedrine
results. The two forms can be separated by treating the hydrochlorides with chloroform, in which
the pseudo form is much more soluble. Pseudoephedrine can also be converted into ephedrine by
heating with hydrochloric acid for several hours.
Racemic ephedrine can be separated into its opti-
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cally active constituents by resolution of the
tartrates; the levo form is recognized by the N.F.
and B.P.
By reduction of ephedrine the hydroxyl group
is replaced by hydrogen, forming the therapeutically useful compound desoxy ephedrine , more
commonly known as methamphetamine and official
in the form of Methamphetamine Hydrochloride.
Description. — "Ephedrine occurs as an
unctous, almost colorless solid, or white crystals
or granules. It gradually decomposes on exposure
to light. It melts between 33° and 40°, the variability in melting point being due to differences
in the moisture content, anhydrous Ephedrine
having a lower melting point than the hemihydrate of Ephedrine. Its solutions are alkaline
to litmus paper. Ephedrine is soluble in water, in
alcohol, in chloroform, and in ether, and is moderately and slowly soluble in liquid petrolatum,
the solution in the latter becoming turbid if the
Ephedrine contains more than about 1 per cent
of water." N.F.
The B.P. provides the following solubility data:
Soluble, at 20°, in 36 parts of water, in less than
1 part of alcohol, in ether, and in chloroform with
separation of water. Soluble, at 15.5°, in 20 parts
of glycerin, and in 25 parts of olive oil; soluble
in 100 parts of liquid paraffin, with separation of
water. The melting point, without previous drying, is between
40° of
and the
41°.two official forms of
The
solubilities
ephedrine in light liquid petrolatum have been
determined by Rosin et al. (J. A. Ph. A., 1941,
30, 275). They found that the anhydrous alkaloid
dissolves to the extent of 2.23 per cent at 20°,
and 3.1 per cent at 25°; a saturated solution of
the hydrated form contains, at 20°, 0.84 per cent,
and at 25°, 1.24 per cent, of anhydrous ephedrine.
Read (Chem. Abs., 1937, 31, 4767) stated that
the hemihydrate is stable up to 42°, but when
mixed with the anhydrous base may melt as low
as 34°. In warm weather ephedrine slowly volatilizes at room temperature; at 100° it may
volatilize completely in 4 or 5 hours (/. pharm.
chim., 1938, 28, 145).
Standards and Tests. — Identification. — (1)
A reddish purple color develops on adding 0.1 ml.
of cupric sulfate T.S., then 1 ml. of 1 in 5 sodium
hydroxide solution, to a solution of 10 mg. of
ephedrine in 1 ml. of water containing 1 or 2
drops of diluted hydrochloric acid. On adding
1 ml. of ether to the mixture and shaking, the
ether is colored purple and the water layer blue.
(2) On dissolving 10 mg. of ephedrine in 10 ml.
of chloroform, allowing the solution to stand
overnight in a closely covered vessel, then allowing it to evaporate spontaneously, white crystals
of ephedrine hydrochloride, which respond to
tests for chloride, appear. Specific rotation. — Not
less than —33° and not more than —35.5°, in a
solution containing 500 mg. of ephedrine hydrochloride, prepared by interaction of ephedrine
with hydrochloric acid, in 10 ml. Residue on
ignition. — Not over 0.1 per cent. Chloride. — The
limit is 280 parts per million. Sulfate. — No turbidity develops within 10 minutes on addition of
1 ml. of barium chloride T.S. to a solution of
100 mg. of ephedrine in 40 ml. of water to which
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1 ml. of diluted hydrochloric acid has been added.
N.F.
Assay. — About 500 mg. of ephedrine, not
dried, is dissolved in 10 ml. of neutralized alcohol; a measured excess of 0.1 iV hydrochloric acid
is added and the solution titrated with 0.02 N
sodium hydroxide, using methyl red T.S. as indicator. Each ml. of 0.1 N hydrochloric acid represents 16.52 mg. of C10H15NO. N.F.
Incompatibilities. — Ephedrine differs from
most alkaloids in that it is soluble in water, producing a solution having a strongly alkaline reaction. Because of this it may exhibit the incompatibilities ofan alkali if prescribed in aqueous
solution. With iodine, either in aqueous or oily
media, ephedrine produces an insoluble compound. Tannic acid precipitates the alkaloid but
not its salts. The hydrochloride of ephedrine is
incompatible with silver salts and with aminopyrine. Ephedrine sulfate does not produce any
precipitation with silver salts. Frequent or prolonged exposure to moist air may cause the absorption of sufficient water to prevent the preparation of a clear solution in oil. Anhydrous
calcium chloride has been used to clarify such
a solution. Trituration of the alkaloid with an
equal weight of oleic acid renders it more soluble
in liquid petrolatum. Camphor, menthol, thymol
and certain oils also increase its solubility.
McLeod and DeKay (/. A. Ph. A., 1940, 29,
277) reported that ephedrine base reduces silver
salts in aqueous solution to metallic silver, while
salts of ephedrine do not. They succeeded in preparing a stable preparation from ephedrine nitrate
and silver tartrate.
Uses. — Ephedrine is a sympathomimetic substance with stimulating effect on the central nervous system. It is widely used as a local and systemic vasoconstrictor (vasopressor) drug (see
II).
discussion of Sympathomimetic Amines in Part
Action. — The pharmacological actions of
ephedrine are in many ways similar to those of
epinephrine (q.v.), to which it is chemically related. Some of the effects of ephedrine may be
due to an inhibition of the enzyme amine- oxidase,
which destroys epinephrine in the body (see
Beyer, Physiol. Rev., 1946, 26, 169) ; it may thus
protect epinephrine and permit continuance of its
actions. However, this explanation cannot account
for all of the actions of ephedrine. Ephedrine is
more stable than epinephrine and is effective even
when given by mouth; its action is less intense,
but more prolonged, than that of epinephrine.
Ephedrine causes contraction of the arterioles
with consequent rise in blood pressure; there is no
secondary arterial dilatation as there is with epinephrine. It causes dilatation of the pupil, relaxation of the intestinal and bronchial muscles,
and hyperglycemia (see Wilson, J. Pharmacol.,
192 7, 30, 209). Unlike epinephrine it has a powerful stimulating effect on the central nervous
system.
Therapeutic Uses. — Ephedrine and its salts
are used for therapeutic effect both locally and
systemically.
In Allergic Syndromes. — Salts of ephedrine are
useful in allergic states; they relieve nasal con-
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gestion in hay fever, relax bronchiolar muscle
spasm in bronchial asthma, and are especially
useful in preventing asthmatic attacks in chronic
cases (Rubitsky et al, J. Allergy, 1950, 21, 559).
Effects appear in 30 minutes to 1 hour following
oral administration. When used continuously,
ephedrine often has to be combined with a hypnotic, such as one of the barbiturates, to prevent
sleeplessness. Asthmatic patients often become
unresponsive after 3 or 4 days of therapy with
ephedrine, but are benefited again after discontinuing the drug for several days (Herxheimer.
Brit. M. J., 1946, 1, 350). Ephedrine is useful in
controlling urticaria, especially when associated
with angioneurotic edema.
As Central Stimulant. — Because of its stimulant
effect on the central nervous system ephedrine,
in the form of one of its salts, is beneficial in the
treatment of narcolepsy (Collins, Ann. Int. Med.,
1932, 5, 1289), although its use has now been
largely superseded by the chemically related substance amphetamine. Ephedrine is an antidote
for poisoning by central nervous system depressants such as morphine (Poppe, Klin. Wchnschr.,
1928), the barbiturates, and alcohol.
In Hypotension. — Systemically, ephedrine is
useful for prevention of hypotension during spinal
anesthesia, for this purpose from 35 to 50 mg.
being given subcutaneously about 30 minutes
prior to anesthesia (Weinstein and Barron, Am. J.
Surg., 1936, 31, 154; Baldwin, U. S. Armed Forces
M. J., 1950, 1, 1495). A 40 per cent prolongation
of anesthesia when 0.5 to 1 ml. of a 5 per cent
solution of ephedrine salt is added to the procaine
mixture used in spinal anesthesia was reported by
Romberg (Anesth. & Analg., 22, 252). Ephedrine
is similarly employed in infiltration anesthesia. It
is also used to maintain blood pressure in patients
with postural hypotension, or with heart block
(Weiss, Ann. Int. Med., 1935, 8, 920).
Miscellaneous Systemic Uses. — Ephedrine has
been used to prevent nitritoid crises by giving 50
mg. of a salt orally prior to injection of arsphenamine or other substance which may give rise to
such a state. Ephedrine may increase pulmonary
function in obstructive emphysema when the disease is associated with asthma or chronic bronchitis (Alexander, Proc. Mayo, 1935, 10, 377).
It may have some beneficial effect in patients with
carotid sinus syncope (Weiss, Arch. Int. Med.,
1936, 58, 407). It may be successful in treating
some forms of petit mal epilepsy which do not
respond to barbiturates or bromides. Excellent
results from its use in treatment of nocturnal
enuresis or dribbling due to poor sphincter tone
have been reported (Kittredge and Brown, New
Orleans Med. Surg. J., 1944, 96, 562, and others).
In doses of 10 to 25 mg. orally ephedrine is beneficial in combating the muscular weakness of
myasthenia gravis, although larger doses aggravate
the weakness ; it is most effective when combined
with neostigmine (Slezinger, I.A.M.A., 1952, 148,
508). The decrease in blood eosinophil count following an injection of epinephrine or ephedrine
has not proved to be an adequate criterion of the
functional ability of the pituitary-adrenal mechanism (Best et al, J.A.M.A., 1953, 151, 702).
In Nasal Obstruction. — Ephedrine, in the form

of a salt, is applied in 0.5 to 1 per cent concentration in an isotonic solution containing sodium
chloride to nasal mucous membranes to relieve
the congestion and swelling from hay fever,
allergic rhinitis, and upper respiratory infections;
sometimes an oil solution of the base is similarly
used by spraying or dropping. As there is no secondary dilatation, as with epinephrine, use of
ephedrine is not followed by an aggravted swelling. Continued use appears not to be harmful to
mucous membranes. Ephedrine is not sufficiently
potent to be useful for relief or prevention of
hemorrhage when applied locally.
As a Mydriatic. — Ephedrine may be used as a
mydriatic, when applied in the form of a 4 per
cent solution of one of its salts. It has short duration of action, and does not cause cycloplegia or
increased intraocular pressure, [v]
Toxicology. — Large doses of ephedrine will
cause nervousness, insomnia, headache, vertigo,
palpitation, sweating, nausea and vomiting, and
occasionally precordial pain. In therapeutic doses
it sometimes causes vesical sphincter spasm, with
resulting difficulty in voiding. In males with prostatic enlargement there may even be urinary retention (Valentine and Fitzgerald, /. Urol., 1935,
34, 314). Ephedrine should be given with caution
to patients with chronic heart disease. In combination with digitalis, serious disturbances of
cardiac rhythm may occur (Seevers and Meed,
J. Pharmacol., 1935, 53, 295). Contact dermatitis due to hypersensitivity to the drug has been
reported following topical application (Zeller,
I.A.M.A., 1933, 101, 1725).
Dose. — The usual dose of ephedrine. as the
hydrochloride or sulfate, is 25 mg. (Y$ grain),
every 4 hours by mouth, or subcutaneously, with
a range of 25 to 50 mg. The maximum safe dose
is usually 50 mg. ; the total dose in 24 hours seldom exceeds 150 mg. The base is used topically.
Labeling. — "The label shall declare whether
the Ephedrine is hydra ted or anhydrous. When
the quantity of Ephedrine is indicated in the
labeling of any preparation of Ephedrine, this
shall be understood to be in terms of anhydrous
Ephedrine." N.F.
Storage. — Preserve "in tight, light-resistant
containers, in a cold place." N.F.

EPHEDRINE

SPRAY.

N.F.

Nebula Ephedrinae

"Ephedrine Spray contains, in each 100 ml.,
not less than 0.90 Gm. and not more than 1.10
Gm. of C10H15NO." N.F.
Warm 10 Gm. of ephedrine, dried over sulfuric
acid, and 2 ml. of methyl salicylate in a suitable
container on a water bath at 40° until solution
results; then add enough light liquid petrolatum,
rendered anhydrous but not heated at a temperature above 40°, to make 1000 ml. Agitate the
mixture until it is clear. N.F.
Both the ephedrine and light liquid petrolatum
must be rendered anhydrous in order to prevent
precipitation of hydrated ephedrine. Rosin et al.
(J. A. Ph. A., 1941, 30, 375) showed that ephedrine hemihydrate is soluble in light liquid petrolatum only to the extent of 0.84 per cent, while
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anhydrous ephedrine dissolves to the extent of
2.23 per cent, at 20°. A convenient method of
drying the liquid petrolatum is to add some recently dried sodium sulfate to the liquid, warming it slightly while agitating the mixture for several minutes, then filtering it through paper.
Uses. — This is a popular preparation for obtaining the local therapeutic action of ephedrine,
especially in acute coryza. It is applied with an
atomizer or by instilling one or two drops into
the nostril by means of a dropper.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.
COMPOUND
EPHEDRINE SPRAY.
N.F.
Compound Ephedrine Inhalant, Nebula Ephedrinae
Composita

"Compound Ephedrine Spray contains, in each
100 ml., not less than 0.90 Gm. and not more
than 1.10 Gm. of C10H15NO." N.F.
Warm 10 Gm. of ephedrine, dried over sulfuric
acid, 6 Gm. of camphor, 6 Gm. of menthol, and
3 ml. of thyme oil in a suitable container on a
water bath at 40° until a uniform liquid is obtained; then add enough light liquid petrolatum,
rendered anhydrous but not heated at a temperature above
makeN.F.1000 ml. Agitate the
mixture
until40°,
it istoclear.
For comments applicable to the preparation of
this solution see under Ephedrine Spray.
Uses. — This preparation combines the vasoconstrictor action of ephedrine with the local
anesthetic effect of menthol and camphor but it
is likely to irritate in acute inflammations.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.
EPHEDRINE HYDROCHLORIDE.
N.F., B.P., LP.
Ephedrinium Chloride, [Ephedrinae Hydrochloridum]

"Ephedrine Hydrochloride, dried at 105° for
3 hours, contains not less than 98 per cent of
C10H15NO.HCI." N.F. The B.P. has no assay
rubric; the LP., which defines Ephedrine Hydrochloride as the hydrochloride of /-l-hydroxy-2methylamino-1-phenylpropane, requires not less
than 80.0 per cent and not more than 82.5 per
cent of C10H15ON.
Ephedrinum Chlorhydricum. Fr. Chlorhydrate d'ephedrine. Ger. Ephedrinhydrochlorid. Sp. Clorhidrato de
Efedrina.

Ephedrine hydrochloride is obtained by neutralizing ephedrine with hydrochloric acid.
Description. — "Ephedrine Hydrochloride occurs as fine, white, odorless crystals or powder.
It is affected by light. One Gm. of Ephedrine
Hydrochloride dissolves in about 3 ml. of water
and in about 14 ml. of alcohol. It is insoluble in
ether. Ephedrine Hydrochloride melts between
217° and 220°." N.F.
Standards and Tests. — Identification. — (1)
Ephedrine hydrochloride responds to identification test (1) under Ephedrine. (2) It responds
also to tests for chloride. Acidity or alkalinity. —
A solution of 1 Gm. of ephedrine hydrochloride
in 20 ml. of water requires not more than 0.1 ml.

Ephedrine

Hydrochloride Tablets
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of 0.02 N sulfuric acid, or 0.2 ml. of 0.02 N
sodium hydroxide, to neutralize it, using methyl
red T.S. as indicator. Specific rotation. — Not less
than —33° and not more than —35.5°, when determined ina solution containing 500 mg. of dried
ephedrine hydrochloride in each 10 ml. Loss on
drying. — Not over 2 per cent, when dried at 105°
for 3 hours. Residue on ignition. — Not over 0.1
per cent. Sulfate. — As in the corresponding test
for Ephedrine. N.F.
Assay. — About 400 mg. of ephedrine hydrochloride, previously dried at 105° for 3 hours, is
transferred to a separator containing saturated
solution of sodium chloride. The solution is
alkalinized with sodium hydroxide, and the liberated ephedrine base is extracted with several portions of ether. The combined ether extract is
washed with sodium chloride solution, and the
latter is washed with ether, which is added to the
main ether extract. A measured excess (25 ml.)
of 0.1 N sulfuric acid is added to the ether solution and after thorough stirring to permit interaction of ephedrine and acid the ether is volatilized by warming and the excess acid in the
aqueous solution is titrated with 0.02 N sodium
hydroxide, using methyl red T.S. as indicator.
Each ml. of 0.1 N sulfuric acid represents 20.17
mg. of C10H15NO.HCI. N.F.
Uses. — The action and uses of ephedrine hydrochloride are the same as those of ephedrine
The usual dose of the hydrochloride is 25 mg.
(q.v.)M
(approximately }i grain), administered orally or
subcutaneously; the range of dose is 15 to 50 mg.,
the frequency of administration being every 2 to
6 hours. For local application to mucous membranes the concentration range of solutions is
from 0.25 to 4 per cent. For Proetz displacement
therapy of paranasal sinuses the concentration of
ephedrine hydrochloride generally should not exceed 0.25 per cent.
Storage. — Preserve "in well-closed, light resistant containers." N.F.
EPHEDRINE HYDROCHLORIDE
CAPSULES.
N.F.
"Ephedrine Hydrochloride Capsules contain
not less than 92 per cent and not more than 108
per cent of the labeled amount of C10H15NO.HC1." N.F.
Usual Sizes. — Y% and Y\ grain (25 and 50
mg.).
EPHEDRINE
TABLETS.

HYDROCHLORIDE
N.F. (B.P., LP.)

"Ephedrine Hydrochloride Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of C10H15NO.HCI."
N.F. The corresponding limits of the B.P. are
90.0 and 107.5 per cent; those of the LP. are the
same as of the N.F.
B.P. Tablets of Ephedrine Hydrochloride; Tabellae
Ephedrinae Hydrochloridi. I. P. Tablets of Ephedrine
Hydrochloride;
Compressi Ephedrini Hydrochloridi.

Usual Sizes. — J/A, H, */>, and K grain (approximately 15,25, 30, and 50 mg.).
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SULFATE.

U.S.P.

EPHEDRINE

Ephedrinium Sulfate, [Ephedrinz Sulfas]

SULFATE
U.S.P.

I

CAPSULES.

[Capsulae Ephedrinz Sulfatis]

H
CH
N—
I — CH—
I
H CH3 so;
J2
OH
CH3

"Ephedrine Sulfate is the sulfate of an alkaloid
which may be obtained from Ephedra eqidsetina
Bunge, and other species of Ephedra (Family
Gnetacece),
but is usually produced synthetically."
U.S.P.
Sp. Sulfato de Efedrina.

Ephedrine sulfate is obtained by neutralization
of ephedrine with sulfuric acid.
Description. — "Ephedrine Sulfate occurs as
fine, white, odorless crystals or as a powder. It is
affected by light. One Gm. of Ephedrine Sulfate
dissolves in 1.3 ml. of water and in about 90 ml.
of alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
Ephedrine sulfate responds to identification test
(1) under Ephedrine. (2) It responds also to tests
for sulfate. Specific rotation. — Not less than
—30.0° and not more than —32.0°, when determined in a solution containing 500 mg. of dried
ephedrine sulfate in each 10 ml. Acidity or alkalinity.— This is identical with the corresponding
specification under Ephedrine Hydrochloride. Loss
on drying. — Not over 2 per cent, when dried at
105° for 3 hours. Residue on ignition. — Not over
0.1 per cent. Chloride. — The limit is 0.15 per
cent. U.S.P.
Uses.— Ephedrine sulfate is probably the most
popular dosage form of ephedrine; its actions
and uses are discussed under Ephedrine. There
appears to be no important difference between
the effects of ephedrine sulfate and ephedrine
hydrochloride, although some laryngologists believe the sulfate to be slightly more irritant.
However, the sulfate is more frequently used in
the formulation of aqueous solutions for application to nasal mucosa. Such solutions generally
contain from 0.5 to 1 per cent of ephedrine
sulfate, should be made isotonic with sodium chloride, and buffered to pH 6 (Fabricant, J. A.M. A..
1953, 151, 21). In acute upper respiratory infections the use of such a solution to relieve nasal
obstruction, even though its instillation must be
repeated every few hours, should not be neglected,
as has been the trend in this period of enthusiasm
for antibiotic therapy. For typical formulas of
solutions for such use see Tozer and Arrigoni,
/. A. Ph. A., 1941, 30, 189. S
The usual dose of ephedrine sulfate is 25 mg.
(approximately }i grain) every 4 hours, orally
or subcutaneously, with a range of 25 to 50 mg.
The maximum safe dose is usually 50 mg., and
the total dose in 24 hours should seldom exceed
150 mg. For nasal instillation the concentration
varies from 0.25 to 1 per cent, and depends on
the quantity of solution to be instilled.
Storage. — Preserve "in well-closed, light-resistant containers." US.P.

"Ephedrine Sulfate Capsules contain not less
than 92 per cent and not more than 108 per cent
of
the labeled amount of (CioHi5NO)2.H2SC»4."
US.P.
Usual Sizes. — }i and }4 grain (approximately
25 and 50 mg.).
EPHEDRINE

SULFATE
U.S.P.

INJECTION.

[Injectio Ephedrinz Sulfatis]

"Ephedrine Sulfate Injection is a sterile solution of ephedrine sulfate in water for injection.
It contains not less than 95 per cent and not more
than 105 per cent of the labeled amount of
(CioHi5NO)2.H2S04." U.S.P.
The pH of the injection is required to be between 4.5 and 7.0. US.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
US.P.
Usual Sizes. — y% and $4 grain (approximately
25 and 50 mg.) in 1 ml.

EPHEDRINE

SULFATE

JELLY. N.F.

Ephedrine Jelly, Gelatum Ephedrinz Sulfatis

"Ephedrine Sulfate Jelly yields, from each 100
Gm., not less than 800 mg. and not more than
1.2 Gm. of (CioHi5NO)2.H2S04." N.F.
Dissolve 10 Gm. of ephedrine sulfate in 830 ml.
of purified water, add 150 Gm. of glycerin, 10
Gm. of tragacanth, 0.1 ml. of methyl salicylate,
1 ml. of eucalyptol, and 0.1 ml. of dwarf pine
needle oil. Mix well, and keep in a closed container for 1 week, mixing occasionally. If desired,
1.6 Gm. of sodium phosphate may be added as
a stabilizer. N.F.
Because of the great variation in the viscosity
of jellies prepared with different samples of tragacanth there has been complaint that this formula
produces a too-fluid preparation (see the studies
of Nichols on viscosity of tragacanth jellies,
/. A. Ph. A., 1937, 26, 823; 1939, 28, 98). This
difficulty could be surmounted by specifying a
test for control of viscosity and permitting adjustment of the amount of tragacanth employed
to yield a product of constant viscosity but it was
not considered advisable to adopt such specifications which might discourage pharmacists from
preparing the jelly.
Uses. — Ephedrine sulfate jelly is employed to
obtain the local effects of ephedrine when applied
in the nose.
Storage. — Preserve "in tight containers, preferably in collapsible dispensing tubes." N.F.
EPHEDRINE SULFATE SOLUTION.
X.F.
Liquor Ephedrinz Sulfatis

"Ephedrine Sulfate Solution yields, from each
100 ml., not less than 2.7 and not more than 3.2
Gm.Dissolve
of (CioHi5NO)2.H2S04."
30 Gm. of ephedrine NJ.
sulfate, 3.6 Gm.
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of sodium chloride and 5 Gm. of chlorobutanol
in enough purified water to make 1000 ml.; filter,
if necessary, until the product is clear. N.F.
Description. — "Ephedrine Sulfate Solution is
a clear, colorless solution with a slightly camphoraceous odor and taste. It is neutral or acid to
litmus paper." N.F.
This solution is usually too strong for application to the mucous membrane of the nose; it may
be diluted with from one to five parts of isotonic
sodium chloride solution. For its therapeutic uses
see Ephedrine.
Storage. — Preserve "in tight containers " N.F.
EPHEDRINE SULFATE SYRUP.
N.F.
[Syrupus Ephedrinae Sulfatis]

Dissolve 4 Gm. of ephedrine sulfate, 1 Gm. of
citric acid, and 0.4 Gm. of caramel in 450 ml. of
purified water; to this add a solution of 0.125
ml. of lemon oil, 0.25 ml. of orange oil, 0.06 ml.
of benzaldehyde, and 0.016 Gm. of vanillin in
25 ml. of alcohol. Now add 4 ml. of amaranth
solution and 800 Gm. of sucrose and agitate to
effect solution. Finally add sufficient purified
water to make the product measure 1000 ml. N.F.
Alcohol Content. — From 2 to 4 per cent,
by volume, of C2H5OH. N.F.
This is a palatable form of administering ephedrine sulfate in solution; it is given in doses of
4 to 8 ml. (approximately 1 to 2 fluidrachms),
representing 16 to 32 mg. (approximately % to
Yi grain) of ephedrine sulfate.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.

EPHEDRINE

SULFATE
U.S.P.

TABLETS.

[Tabellae Ephedrinae Sulfatis]

"Ephedrine Sulfate Tablets contain not less
than 93 per cent and not more than 107 per cent
of
the labeled amount of (CioHi5NO)2.H2S04."
U.S.P.
Sp. Tabletas de Sulfato de Efedrina.

Usual Sizes. — }i, l/2, 24 and l §ram (approximately 25,30, 50 and 60 mg.).
EPHEDRINE SULFATE AND
PHENOBARBITAL CAPSULES.
N.F.
[Capsulae Ephedrinae Sulfatis et Phenobarbitalis]

"Ephedrine Sulfate and Phenobarbital Capsules
contain not less than 91 per cent and not more
than 109 per cent of the labeled amounts of
(CioHi5NO)2.H2S04 and of C12H12N2O3." N.F.
Assay. — For phenobarbital. — The contents of
not less than 20 capsules are dissolved, as far as
possible, in sodium hydroxide T.S. mixed with
distilled water, the mixture filtered and diluted to
100 ml. An aliquot of the solution, representing
300 mg. of phenobarbital, is acidified with hydrochloric acid and the phenobarbital extracted with
ether (the aqueous liquid is retained for the determination of ephedrine sulfate). The solvent
is evaporated from the ether solution and the
residue of phenobarbital (C12H12N2O3) is dried
at 105° for 2 hours. For ephedrine sulfate — The
aqueous solution, or an aliquot of it representing
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300 mg. of ephedrine sulfate, remaining after the
extraction of the phenobarbital is heated with
hydrochloric acid to hydrolyze starch which may
interfere with the subsequent distillation of
ephedrine, then the solution is alkalinized and the
ephedrine base is distilled into a measured excess
of 0.1 N hydrochloric acid, the excess of which
is titrated with 0.1 N sodium hydroxide. N.F.
Uses. — This combination is used in the treatment of bronchial asthma, hay fever and other
allergic disorders as a sedative, bronchial relaxant,
and vasoconstrictor.
The usual dose is one capsule, usually containing 25 mg. (approximately }i grain) of ephedrine sulfate and 30 mg. (approximately ^ grain)
of phenobarbital; it may be repeated in four
hours.
Usual Sizes. — >s and Y\ grain (approximately
25 and 50 mg.) of ephedrine sulfate and lA, Y
and 1 grain (approximately 15, 30 and 60 mg.)
of phenobarbital.
EPINEPHRINE.

U.S.P. (B.P, LP.)

/-3,4-Dihydroxy-a-(methylaminomethyl) benzyl Alcohol,
[Epinephrina]

H

HO

°~*\

//-™*z-\
CH,

The B.P. and LP. name this substance Adrenaline, the former defining it as (— )-l-3':4'dihydroxyphenyl-2-methylaminoethanol and the
latter as L-a-3 :4-dihydroxyphenyl-P-methylaminoethanol.The B.P. states that it is an active principle of the medulla of the suprarenal gland, and
that it may be prepared from an acid extract of
the suprarenal glands of certain mammals, or by
B.P. Adrenaline; Adrenalina. I. P. Adrenalinum. Adrensynthesis.alin {Parke, Davis) ; Suprarenalin {Armour) ; Suprarenin

{JVinthrop) ; Supranephrin {Rorer) . Suprareninum. Fr.
Adrenaline. Ger. Suprarenin. It. Adrenalina. Sp. Adrenalina; Epinefrina.

In 1897 Dr. John J. Abel (Bull. Johns Hopkins
Hosp., July, 1897) separated from the medullary
portion of the suprarenal the benzoyl derivative
of a hormonal base to which he gave the name
epinephrine. The pure base was isolated in 1901
almost simultaneously by von Fiirth, who named
it suprarenin, and Takamine, who named it adrenalin and obtained patent and trade-mark rights
in the product and name. For description of suprarenal glands, see under Suprarenal.
The study of the structure of this substance
led eventually to the conclusion that it is a 3,4dihydroxy-a-(methylaminomethyl)benzyl alcohol
or, naming it as a derivative of ethanol, l-(3,4dihydroxyphenyl) -2 -methylaminoethanol- 1 .
In 1904 Stolz (Ber., 1904, 37, 4149) succeeded
in synthesizing racemic epinephrine, which differed from the natural alkaloid in being optically
inert and much weaker physiologically. Cushny
(/. Physiol, 1908, 37 and 38) later demonstrated
that the levorotatory isomer is nearly 15 times
more active than the dextrorotatory form, thus
explaining the lesser activity of the racemic mix-
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ture of the two isomers. The /-epinephrine now
made by synthesis is identical with the naturally
occurring base.
The method of extracting this principle from
suprarenal capsules, as given by Takamine (Am.
J. Pharm., 1901, p. 523), is described in the
U.S.D., 22nd ed., p. 429.
Several methods of synthesizing epinephrine are
available. A typical process is as follows: Pyrocatechol. CrtH-i(OH)2 1:2, is reacted with chloracetyl chloride, CH2CICOCI, which forms a condensation product known as chloracetocatechol.
CeH3(OH)aCOCHoCl. This is reacted with
methylamine, CH3XH2, which produces adrtnalone (methylaminoacetocatechol), CeH3(OH)2COCH2XHCH3. The latter is reduced by nascent
hvdrogen to vield racemic epinephrine. CeHx(OH)2CH(OH)CH2XHCH3. The racemic compound may be resolved into its optically active
components by means of the fractional precipitation of their tartrates, and also biologically by
using Penicillium glancum.
Description. — "Epinephrine occurs as a white
or light brownish, microcrystalline, odorless powder, gradually darkening on exposure to air. It
combines with acids, forming salts which are
readily soluble in water, and from these solutions
the base may be precipitated by ammonia water
or by alkali carbonates. Its solutions are alkaline
to litmus. It is affected by light. Epinephrine is
very slightly soluble in water and in alcohol. It is
insoluble in ether, in chloroform, and in fixed and
volatile oils." U.S.P.
Standards and Tests. — Identification. — A
solution of epinephrine produces with iodine a
deep red color after the excess iodine is decolorized
with sodium thiosulfate. Specific rotation. — Not
less than —50° and not more than —53.5°, when
determined in 0.5 N hydrochloric acid solution
containing 200 mg. of dried epinephrine in each
10 ml. Loss on drying. — Not over 2 per cent,
when dried in a vacuum over sulfuric acid for 18
hours. Residue on ignitioti. — The residue from
100 mg. is negligible. Limit of arterenol. — 5 mg.
of epinephrine produces withbeta-naphthoquinone4-sodium sulfonate no more intense red or purple
color in the test than that obtained with 0.40 mg.
of levarterenol bitartrate similarly treated. Plant
alkaloids. — Solutions of trinitrophenol, tannic
acid, phosphomolybdic acid, mercuric-potassium
iodide, or platinic chloride do not visibly affect an
acid solution (1 in 1000) of epinephrine. U.S.P.
The B.P. gives the melting point of epinephrine as
between 205° and 212°. with decomposition, the
rate of rise of temperature in determining this
constant being 10° per minute.
Incompatibilities. — In solution epinephrine
is readily oxidized to one or more inert products,
the solution becoming pink and. finally, brown.
Air. light and heat accelerate its decomposition.
Reducing agents, particularly bisulfites or sulfites,
have a preservative effect. Stability is enhanced
in acid solution; alkaline solutions deteriorate
especially rapidly. Certain metals, as copper, iron,
and zinc, hasten decomposition of epinephrine.
Uses. — Epinephrine is the hormone formed in
the adrenal medulla (see Cori and Welch,
J. A.M. A., 1941. 116, 2590); it is probably syn-
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thesized from the amino acid tyrosine, with arterenol (see under Levoarterenol) being formed
as an intermediate substance. Epinephrine is a
sympathomimetic drug; it acts on effector cells
and imitates all actions of the sympathetic nervous system except those on the arteries of the face
and the sweat glands (see discussion under Sympathomimetic Amines, in Part II, also under
Ephedrine, in Part I). Denervation of effector
organs increases sensitivity to epinephrine. Cocaine
potentiates its effect; ergot alkaloids, in large
doses, block its effect.
In full dosage epinephrine has two effects on
the arterioles of the skin, mucosa and conjunctiva:
it first causes constriction which is accompanied
by a rise in blood pressure and then produces
dilatation for a shorter period with subsequent fall
of blood pressure. This is attributable to the fact
that while epinephrine constricts certain arterioles,
especially those of the skin, it dilates others, as
those of skeletal muscle. The effect of epinephrine
on systemic blood pressure is the resultant of the
intensity and persistence of these two actions.
Epinephrine has no significant effect on cerebral
blood flow (Sensenbach et al., J . Clin. Inv., 1953.
32, 226). In small subcutaneous doses the vasodilator effect of epinephrine may be the only one
seen. Its effect on the heart is that of stimulating
the myocardium and the conductive tissue, increasing the work of the heart and its consumption of oxvgen, and causing tachycardia (Starr.
ibid.,
16, The
799; increased
Raab. Exp.
'Med. & of
Surg.,
1943, 1937'
1, 188).
irritability
the
myocardium may result in extrasystoles or even
in ventricular fibrillation, especially in the presence of anesthesia (chloroform, cyclopropane,
etc.) or heart disease (see Whitehead and Elliott.
/. Pharmacol., 1927. 31, 145). Epinephrine increases oxygen consumption and elevates the blood
sugar level by mobilizing sugar from the liver. It
relaxes the smooth muscle of bronchi. In the
gastrointestinal tract smooth muscle is relaxed by
epinephrine (Grace et al., Arch. Surg., 1950. 61,
1036 ) except for the pyloric and ileocecal sphincters, which are contracted, although under certain
unpredictable circumstances they likewise may be
relaxed. The spleen is contracted. The reaction of
the smooth muscle of the uterus varies somewhat,
depending upon the time in the menstrual cycle or
of gestation; commonly weak contraction occurs
with large doses (Miller et al., Am. J. Obst. Gyn.,
1937. 33, 154) and inhibition with usual doses
(Kaiser and Harris, ibid., 1950. 59, 775). Epinephrine isdestroyed in the gastrointestinal tract
and must therefore be administered parenterally
or topically.
Topical Vasoconstrictor Uses. — The constrictive action of epinephrine on arterioles makes
it useful for topical application in stopping hemorrhages of the skin, nose, mouth, pharynx, larynx,
etc., but it has no effect on internal hemorrhage.
It will reduce nasal congestion, but the secondary
vasodilative effect results in a return of the swelling which is often of even greater degree than
initially. Epinephrine is used to reduce congestion
and swelling of the conjunctiva. When used with
local or spinal anesthetics it limits their absorption and prolongs the anesthetic action. For this
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purpose a concentration of epinephrine hydrochloride of1 part in 200,000 is generally sufficient,
though even this low concentration should not be
used in the fingers, toes, ears, nose, penis or
scrotum because of the danger of sufficient vasoconstriction toproduce sloughing of tissue.
Systemic Uses. — Epinephrine is seldom useful
in shock since the arterioles are already constricted
and the pulse is rapid; it may even be harmful
(see under Levarterenol, in Part I). Because of
its accelerating action on the heart it may be used
in syncope of the Stokes-Adams type (heart
block) (Nathanson and Miller, Am. Heart J.,
1950, 40, 374); however, one should watch for
symptoms of myocardial irritability. Occasionally
the intravenous or intracardiac use of epinephrine
results in dramatic resuscitation (see Greuel,
Klin. Wchnschr., 1921, 63, 1381) in cases of
drowning, electric shock or death due to anesthesia; the results warrant the risk in such cases.
If heart sounds can be heard, it should be given
intravenously; if not, the epinephrine should be
injected directly into the lumen of the auricle.
Leeds (J. A.M. A., 1953, 152, 1409 J recommends
administration of 0.5 to 2 ml. of a 1:5000 solution of epinephrine hydrochloride in the presence
of weak but regular contractions. If ventricular
fibrillation is present the treatment is contraindicated; in cases of asystole caution should be
observed.
Uses in Allergic Disorders. — Epinephrine is
of great utility in many allergic conditions. In
bronchial asthma hypodermic injection of the substance relieves bronchial spasm during the acute
attack; its administration may be repeated at
intervals of 10 to 15 minutes, if required. In
status asthmaticus continuous injection of 0.15
mg. every 15 to 60 seconds was recommended by
Hurst (Pharm. J., 1934, 2, 705). Unfortunately
many of these cases are refractory to epinephrine;
moreover, intravenous use of aminophylline has
become rather common (Zanfagna, Bull. U. S.
Army M. Dept., April, 1945, p. 100). After about
12 hours refractory cases often respond again to
epinephrine. Although a patient may develop tolerance to epinephrine, he will not develop addiction.
In severe and chronic asthmatic patients epinephrine may be given intramuscularly in oil
solution to effect prolongation of action for 4 to
24 hours (see /. Allergy, 1939, 10, 215, 459, 590);
the drug may also be given by inhalation to such
patients. It may relieve the symptoms of urticaria,
reduce the swelling of angioneurotic edema, and
provide some relief in serum sickness and nitritoid
crises. In severe serum reactions or anaphylactoid
reactions of any origin it may be life-saving. Epinephrine isa fair antidote for an overdose of
histamine.
Miscellaneous Uses. — Injection of epinephrine may hasten onset of inoculation malaria or
aid in diagnosis or treatment since by mobilizing
stagnant blood (as in the spleen) the number of
parasites in the blood stream is increased (Ascoli,
Munch, med. Wchnschr., 1937, 84, 370). In the
hypoglycemia of insulin shock, epinephrine will
temporarily raise the blood sugar level, provided
glycogen is present in the liver. If one dose of
epinephrine is ineffective in such a case, it should
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not be repeated. The concentration of ketones in
the blood is also increased (Miiller, Ztschr. klin.
Med., 1953, 150, 407); that of potassium in the
plasma is decreased (Dury et al., J. Clin. Inv.,
1952, 31, 440 j. Occasionally epinephrine may give
some relief in cardiac asthma when an element
of bronchial spasm is present. It should, however,
be given with extreme caution, particularly in the
presence of coronary thrombosis, angina pectoris,
and hypertension. The initial enthusiasm over
eosinopenic response in the blood following injection of epinephrine as a test of pituitary-adrenal
function has not been sustained (Best et al.,
J. A.M. A., 1953, 151, 702); patients with bilateral
adrenalectomy showed the greater than 50 per
cent decrease in blood eosinophil count which was
alleged to indicate normal adreno-cortical function. Furthermore, no increase in blood 17-hydroxycorticoids or urinary 17-ketosteroids occurs
after injection of epinephrine even in the presence
of a marked decrease in blood eosinophils.
Toxicology. — In some individuals (or in all
persons following large doses), epinephrine causes
mild restlessness, anxiety, headache, tremor, weakness, dizziness, and palpitation. These reactions
are exaggerated in hyperthyroidism. In cases of
hypertension or cerebral arteriosclerosis the sharp
rise in blood pressure which epinephrine causes
may result in cerebral hemorrhage. In patients
with angina pectoris epinephrine may induce an
attack. It is contraindicated during anesthesia
with chloroform, trichloroethylene or cyclopropane, which sensitize the heart to fibrillation
after epinephrine.
Dose. — The usual dose, expressed in terms of
epinephrine base, is 0.5 mg. (about Vrzo grain)
subcutaneously every 4 hours, or more frequently
if necessary; the range of dose is 0.2 to 1 mg.
The maximum safe dose is usually 1 mg., and the
total dose in 24 hours seldom exceeds 5 mg.
Epinephrine is generally employed in the form
of a 1 : 1000 aqueous solution of its hydrochloride
salt, the preparation being official as Epinephrine
Injection. This should not be confused with Epinephrine Inhalation, which contains 10 times as
much epinephrine. Massage of the injection site
increases the rate of absorption of epinephrine.
For infiltration of tissue, as when a local anesthetic is used, the total amount of epinephrine
injected should not exceed 1 mg., and the concentration of epinephrine in the solution should not
exceed 1:50,000.
For topical application to the skin or mucous
membranes Epinephrine Solution, which is of
1 : 1000 concentration, may be used undiluted or
diluted to 1:50,000 concentration. Epinephrine
hydrochloride is sometimes employed in an ointment or rectal suppository in a concentration of
1 :1000. The uses of epinephrine bitartrate are discussed in a subsequent monograph, [v]
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.

EPINEPHRINE
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Epinephrine Solution 1:100,

U.S.P.

[Inhalatio Epinephrines]

"Epinephrine Inhalation is a solution of epinephrine inpurified water prepared with the aid
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of hydrochloric acid. It contains not less than 0.9
Gm. and not more than 1.15 Gm. of C9H13NO3
in each 100 ml." U.S.P.
"Note. — Do not use Epinephrine Inhalation if
it
is brown in color or contains a precipitate."
U.S.P.
Sp. Inhalation de Epinefrina.

Assay. — The assay is identical with that specified for Epinephrine Solution. U.S.P.
Uses. — Inhalation of this stronger solution of
epinephrine has proved valuable in the management of patients with asthma or other conditions
in which bronchospasm is an important factor. It
was introduced by Graeser and Rowe (/. Lab.
Clin. Med., 1936, 21, 1134) to produce more
rapid action without the side effects of parenteral
administration. The tip of a special hand-bulb
nebulizer, which produces a very fine mist, is held
in the mouth and the bulb compressed by hand
during inhalation. The secretions of the nose and
throat may be colored pink by the drug when
administered in this fashion ; plugging the anterior
nares with cotton during the treatment minimizes
the drying and irritation of the nasal mucosa. This
direct route of administration may be effective
when subcutaneous injections have failed.
Richards et al. (Am. J. Med. Sc, 1940, 199,
225) vaporized the solution with the aid of a
stream of oxygen, 4 or 5 liters per minute, passed
through the nebulizer. From 10 to 15 minutes is
required to nebulize 0.5 ml. of solution in this
manner. They employed this procedure in asthma,
virus pneumonia, and certain forms of poisoning
by war gases; marked increases in vital capacity
were demonstrated. Barach (/. Allergy, 1943, 14,
296) used the same procedure in the management
of intractable asthma. A warm, alkaline mouth
wash and gargle after the treatment minimizes
drving and irritation of the pharvnx. Galgiani and
Tainter
{J. A.M. A., 1939,
112," produced
1929) cautioned
against inflammatory
changes
in the
trachea by this inhalation.
The usual dose is 0.5 to 1 ml. (approximately
8 to 15 minims), by inhalation every 2 to 4 hours.
Storage. — Preserve "in small, well-filled, lightresistant, tight containers." US P.
EPINEPHRINE INJECTION.
U.S.P. (B.P., I.P.)
[Injectio Epinephrine]

"Epinephrine Injection is a sterile solution of
epinephrine in water for injection prepared with
the aid of hydrochloric acid. It contains not less
than 90 mg. and not more than 115 mg. of
C9H13XO3 in each 100 ml." U.S.P.
"Note. — Do not use Epinephrine Injection if it
is brown in color or contains a precipitate." U.S.P.
The corresponding preparation of the B.P. and
I.P. is designated Injection of Adrenaline and is
prepared from epinephrine bitartrate; it is made
by dissolving 0.1 Gm. of sodium metabisulfite in
10 ml. of water for injection, adding 0.18 Gm. of
epinephrine bitartrate, then a solution of 0.8 Gm.
of sodium chloride in 75 ml. of water for injection and, finally, sufficient water for injection to
produce 100 ml. The solution is sterilized by heat-
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ing in an autoclave to maintain it at 115° to 116°
for 30 minutes. This injection represents the same
concentration of epinephrine base as the U.S.P.
injection.
B.P. Injection of Adrenaline; Injectio Adrenalins.
I.P. Injectio Adrenalini. Fr. Solute injectable d'adrenaline. Sp. lnyeccion de Epinefrina.

For comments applicable to the preparation of
this injection see under Epinephrine Solution. It
would appear that both the U.S.P. injection, which
represents a solution of epinephrine hydrochloride,
and the solution of epinephrine bitartrate of the
B.P. and I.P. are essentially identical when both
contain the same stabilizing agent and have the
same pH; some claim that the solution of the
bitartrate is the more stable of the two (see under
Epinephrine Solution) but others consider the
hydrochloride to be equally stable if the same
antioxidant is included. It is of particular interest
that the U.S.P. requires the pH of its injection to
be between 2.5 and 5.0, while the B.P. specifies it
to be between 3.2 and 3.6, and the I.P. provides a
range of 2.5 to 4.0.
For uses and dose see under Epinephrine.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I or
Type III glass, protected from light." U.S.P.
Usual Sizes. — 1-ml. ampuls and 30-ml. multiple-dose vials containing 1:1000 solution.
EPINEPHRINE SOLUTION.
U.S.P. (B.P.)
Epinephrine

Solution 1:1000, Liquor Epinephrinae

"Epinephrine Solution is a solution of epinephrine in purified water prepared with the aid of
hydrochloric acid. It contains not less than 90 mg.
and not more than 115 mg. of C9H13XO3 in each
100 ml." U.S.P.
"Note. — Do not use the solution if it is brown
or contains a precipitate." U.S.P.
B.P. Solution of Adrenaline Hydrochloride, Liquor
Adrenalinae Hydrochloride Adrenalin Chloride Solution
1:1,000 {Parke, Davis); Suprarenalin Solution 1:1,000
(Armour); Suprarenin Solution 1:1,000 (Winthrop); Supranephrin Solution 1:1,000 (Rarer). Solutum Adrenalini Officinale; Solutio Chlorhydratis Adrenalinae. Fr. Solute d'adrenaline. Ger. Suprareninhydrochloridlosung. It. Soluzione di cloridrato di adrenalina. Sp. Solucion de clorhidrato de adrenalina (1 X 1,000); Solucion de clorhidrato
de epinefrina; Solucion de Epinefrina.

Because of the uncertainties attending the preparation of a stable solution of epinephrine hydrochloride in the absence of the special facilities
required for its manufacture and control, the
U.S.P. does not provide a formula for this solution. The B.P. formula calls for 1 Gm. of epinephrine, 5Gm. of chlorobutanol, 9 Gm. of sodium chloride, 0.5 Gm. of sodium metabisulfite,
3 ml. of dilute hydrochloric acid, and sufficient
recently boiled and cooled distilled water to make
1000 ml. of solution.
Many studies have been undertaken to determine the optimum conditions for preparing and
storing epinephrine hydrochloride solutions; the
results of the work of different investigators are
sometimes contradictory. In some of these studies
the criterion of stability has been absence of color
development; in view of the fact that colorless
solutions may have undergone considerable loss
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of potency such a measure of stability is of little
significance.
West (Quart. J. P., 1945, 18, 267) believes that
there are two main routes of destruction of epinephrine; one is apparently due to oxidation, the
other is a heat effect. The addition of 0.1 per cent
of sodium metabisulfite and storage of the solution in filled containers, protected from light, apparently prevent oxidation but do not prevent
destruction by heat; the latter effect, at any constant temperature, appears to be a function of the
pH of the solution. Earlier West had reported that
a solution of epinephrine in dilute hydrochloric
acid, adjusted to a pH of approximately 4.2 and
containing 0.1 per cent of metabisulfite, retained
practically all of its activity even when sterilized
by autoclaving for 30 minutes at 115°. Later (loc.
cit.) he proposed as a more stable solution, especially for parenteral administration, one containing
epinephrine bitartrate. His formula for such a
solution is as follows: Epinephrine bitartrate, 1.9
Gm. (equivalent to 1 Gm. of epinephrine) ; sodium chloride, 9 Gm.; sodium metabisulfite, 1
Gm.; distilled water, to 1000 ml. This is essentially the formula which was adopted by B.P. for
its Injection of Adrenaline. For multiple dose containers 0.1 per cent of chlorocresol or 0.5 per cent
of chlorobutanol is also added. This solution is
sterilized by autoclaving at 115° for 30 minutes,
with negligible loss of activity. The pH before
autoclaving is 3.6 to 3.7, changing to 3.4 on autoclaving, and eventually dropping to 2.9. West and
Whittet (ibid., 1948, 21, 225) reported that for
optimum storage of solutions of epinephrine in
vials it is essential to use rubber caps which have
been soaked in a 0.2 per cent solution of sodium
metabisulfite for several days.
Many other suggestions for the stabilization
of epinephrine hydrochloride solutions have been
offered. Carbon dioxide has been advocated for
the purpose of displacing oxygen from solutions;
sulfur dioxide, various sulfites and bisulfites,
ascorbic acid, cysteine hydrochloride, sucrose,
methyl p-hydroxybenzoate, and sodium formaldehyde sulfoxylate also have been recommended as
preservatives. For other papers on the subject
see Goris and Legroux (Bull. sc. Pharmacol.,
1936, 43, 494) ; Rowlinson and Underbill (Quart.
J. P., 1939, 12, 392); Woolfe (ibid., 1941, 14,
234); Krantz et al. (J. A. Ph. A., 1936, 25, 979);
Biichi and Horler (Pharm. Acta Helv., 1945, 20,
274); West (Pharm. J., 1945, 155, 86), Foster
et al. (Quart. J. P., 1945, 18, 267).
Description. — "Epinephrine Solution is a
nearly colorless, slightly acid liquid, gradually
turning dark on exposure to air and light. U.S.P.
Assay. — The U.S.P. XV assay is based on conversion ofepinephrine in the solution to triacetylepinephrine (03,04,N-triacetylepinephrine) ; this
is extracted from the solution and finally weighed,
but in order to make certain of the identity and
purity of the residue its specific rotation in chloroform solution is determined, and the content of
epinephrine in the original solution is calculated
from the weight of the triacetyl derivative and
its specific rotation.
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The assay employed in earlier revisions of the
U.S.P. was biological and was based on observation of the dosage of a dilution of the sample to
be tested required to produce the same elevation
of blood pressure in a dog as that following administration ofa dilution of a standard solution
prepared from a suitable epinephrine reference
standard (Epinephrine Bitartrate Reference Standard was used by U.S.P. XIV). For further discussion of this and certain colorimetric assays see
U.S.D., 24th ed., p. 415.
For uses of this solution see under Epinephrine.
Storage. — Preserve "in small, well-filled, lightresistant, tight containers." U.S.P.
Off. Prep. — Procaine Hydrochloride and Epinephrine Injection, U.S.P., B.P.
STERILE EPINEPHRINE
SUSPENSION.
U.S.P.
Epinephrine in Oil Injection. U.S.P. XIV

"Sterile Epinephrine Suspension is a sterile
suspension of epinephrine in oil. It contains not
less than 90 per cent and not more than 120 per
cent of the labeled amount of C9H1.3NO3." U.S.P.
The commercially available form of this injection contains 0.2 per cent of epinephrine suspended in a vegetable oil, such as peanut or
sesame oil.
This suspension is used for the same purposes
as the aqueous injection. The important difference
between the two types of injections is that the
oil suspension acts over a period of 8 to 16 hours
while the aqueous solution is effective for 1 to 4
hours. The oil injection is given intramuscularly
(for technique of administration see under Bismuth Subsalicylate Injection) ; it is important to
use a dry syringe and needle in order to avoid
unusual rates of absorption (Dorwart, J.A.M.A.,
1940, 114, 647).
The usual dose range is 0.2 to 1.5 ml. of the
0.2 per cent suspension, representing 0.4 to 3 mg.
of epinephrine base, which is given every 8 to 16
hours. The initial dose for an adult should not
exceed 0.5 ml. until the susceptibility of the individual has been determined. It should be kept in
mind that 1 ml. of this injection contains as much
epinephrine as 2 ml. of Epinephrine Injection,
which is a 0.1 per cent solution.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — 1:500 suspension in 1-ml. containers.
EPINEPHRINE BITARTRATE.
U.S.P. (B.P., LP.)
Epinephrinium Bitartrate, [Epinephrinas Bitartras]

The B.P. defines Adrenaline Acid Tartrate as
the acid tartrate of (— )-l-3':4'-dihydroxyphenyl2-methylaminoethanol; no purity rubric is specified. The LP. requires 95.0 to 101.0 per cent of
C9H13O3N.C4H6O6, calculated with reference to
the anhydrous substance.
B.P. Adrenaline Acid Tartrate. LP. Adrenaline Bitartrate; Adrenalini Bitartras. Suprarenin Bitartrate
( W inthrop-S teams) .
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This salt, which is the rf-bitartrate of /-epinephrine, is the form in which the physiologically
potent /-isomer of epinephrine is precipitated in
the course of separating it from the relatively
inactive d-isomer which is simultaneously obtained
in synthesizing the hormone. Use of the bitartrate
thus simplifies the epinephrine manufacturing
process to some extent; further advantages of
using this salt are that because it is somewhat less
acid it is less irritating than the hydrochloride,
and that it is possibly somewhat more stable in
aqueous solution.
Description. — "Epinephrine Bitartrate occurs
as a white, or grayish white or light brownish gray,
crystalline powder. It is odorless and slowly
darkens on exposure to air and light. Its solutions
are acid to litmus, having a pH of about 3.5. One
Gm. of Epinephrine Bitartrate dissolves in about
3 ml. of water, and in about 550 ml. of alcohol.
It is almost insoluble in chloroform and in ether.
Epinephrine Bitartrate melts between 147° and
152°." U.S.P. The B.P. gives the melting point as
about 150°, with decomposition; the LP. specifies
it as being between 147° and 154°, with decomposition. The B.P. gives the pH of a 1 per cent
w/v solution as between 2.8 and 3.8, while the
corresponding LP. range is 3.5 to 5.0.
Standards and Tests. — Identification. — Epinephrine liberated from the bitartrate is required
to respond to the identification test for epinephrine and also to have the specific rotation of the
latter. Loss on drying. — Not over 0.5 per cent,
when dried in vacuum over sulfuric acid for 3
hours. Residue on ignition. — The residue from
100 mg. is negligible. Limit of arterenol. — The
test described under epinephrine is employed.
Nitrogen content. — Not less than 4.1 per cent and
not more than 4.3 per cent, when assayed by the
Kjeldahl method. U.S.P. The LP. allows up to
1.0 per cent of water, as determined by the Karl
Fischer method; the residue on ignition may not
exceed 0.2 per cent; a colorimetric limit test for
arterenol is provided; a limit for adrenolone is
established.
Assay. — The LP. assay is spectrophotometry,
the absorbancy in 0.01 N hydrochloric acid solution being determined at 279 mn; the specific
absorbancy at this wavelength is taken as 81.0.
Uses. — Epinephrine bitartrate is particularly
well suited for preparation of solutions and ointments of epinephrine ; such products are generally
less irritant and more stable than those prepared
from epinephrine and hydrochloric acid. Besides
the official preparations described in the following,
the B.P. injection of epinephrine (adrenaline) is
prepared from the bitartrate salt. For uses see
under Epinephrine, also the articles which follow.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
EPINEPHRINE
Unguentum

BITARTRATE OPHTHALMIC OINTMENT.
U.S.P.
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product. U.S.P.
By virtue of the epinephrine bitartrate reducing
intraocular tension, this ointment is useful in the
treatment of chronic simple glaucoma. The bitartrate isparticularly useful for this purpose because
it is less irritant than the hydrochloride.
Storage. — Preserve "in collapsible tubes."
U.S.P.
EPINEPHRINE

BITARTRATE OPHTHALMIC SOLUTION.
N.F.

Liquor Epinephrine

Bitartratis Ophthalmicus

Dissolve 2 Gm. of epinephrine bitartrate and
2 Gm. of boric acid in sufficient purified water to
make 100 ml. of solution; filter, if necessary.
The solution should be freshly prepared, as required. N.F.
Uses. — Application of this solution to the conjunctiva produces dilatation of the pupil, local
diminution in the blood supply, and reduction of
intraocular tension. Because of this last effect, the
solution may be used in treating chronic simple
glaucoma. A single instillation of solution into the
conjunctival fold is usually sufficient to reduce
pressure, but two or three instillations at 10- to
20-minute intervals may be necessary; subsequently a single instillation at intervals of 3 or 4
days will generally suffice to maintain reduced
tension. The temporary stinging sensation caused
by the solution may be avoided by prior application of a few drops of 0.5 per cent tetracaine
hydrochloride solution as a local anesthetic.
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ERGONOVINE MALEATE.
U.S.P. (B.P, LP.)
CH3

Ergometrine

Maleate, Ergonovinium
[Ergonovinas Maleas]

Bimaleate,

HCW^

H0-CH2CH
I
H / \CH,

"Ergonovine Maleate, dried over sulfuric acid
for 4 hours, contains not less than 98 per cent of
C19H23N3O2.C4H4O4." U.S.P. The B.P. and LP.
both define Ergometrine Maleate as the acid
maleate of an alkaloid, ergometrine, obtained
from ergot; the B.P. requires not less than 95.0
per cent of C19H2.3O2N3.C4H4O4. calculated with
reference to the substance dried to constant
weight at 100° at a pressure not exceeding 5 mm.
of mercury, while the LP. requires not less than
98.0 per cent of the active component, calculated
with reference to the substance dried over sulfuric acid for 4 hours.
B.P. Ergometrine Maleate; Ergometrinae Maleas. I. P.
Ergometrini Maleas. Ergotrate (Lilly). Sp. Maleato de
Ergonovina.

Bitartratis Ophthalmicum

Dissolve 1 Gm. of epinephrine bitartrate in 10
ml. of purified water and incorporate it with sufficient hydrophilic petrolatum to make 100 Gm. of

Ergonovine base (also called ergometrine, ergotocin, ergostetrine and ergobasine) is the most
important of the water-soluble alkaloids of ergot
(q.v.). The proportion of the alkaloid in ergot,
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calculated as ergonovine acid maleate (the proper
name for the official ergonovine maleate), varies
from about 0.01 per cent to approximately 0.03
per cent; from the studies of Grove and Vos
( J. A. Ph. A., 1945, 34, 256) it appears that the
amount of ergonovine (calculated as acid maleate)
present is from V15 to Y10 of the total alkaloid content of ergot (calculated as ergotoxine ethanesulfonate).
Isolation of ergonovine from ergot may be carried out in several ways. U. S. Patent 2,192,460
(March 5, 1940) describes the following method
of separating ergostetrine (one of the names for
ergonovine) : Defatted, powdered ergot is mixed
with an aqueous alkali solution or suspension,
extracted with an organic solvent, the resulting
solution of total alkaloids evaporated to dryness
under vacuum, the residue dissolved in acetone,
the water-insoluble alkaloids precipitated by dilution with water and the ergostetrine recovered
from the solution by evaporating the water.
The official ergonovine maleate is the salt
formed from a molecule of ergonovine and one of
maleic acid; it is therefore properly designated
ergonovine acid maleate.
Ergonovine has been synthesized by Kornfeld
et al. (J.A.C.S., 1954, 76, 5256). For further information see Constituents, under Ergot.
Description. — "Ergonovine Maleate occurs as
a white, or faintly yellow, odorless, microcrystalline powder. It is affected by light. One Gm. of
Ergonovine Maleate dissolves in about 36 ml. of
water, and in about 120 ml. of alcohol. It is insoluble in ether and in chloroform." U.S. P. The
B.P. and LP. give the melting point as between
195° and 197°, with decomposition.
Standards and Tests. — Identification. — (1)
Solutions of ergonovine maleate have a blue
fluorescence. (2) A 1 in 10,000 solution of ergonovine maleate develops a blue color within 10
minutes after mixing with 2 volumes of £-dimethylaminobenzaldehyde T.S. Specific rotation.
— Not less than +50° and not more than +55°,
when determined in a solution containing 100 mg.
of dried ergonovine maleate in 10 ml. Loss on
drying. — Not over 2 per cent, when dried over
sulfuric acid for 4 hours. Ergotoxine and ergotamine. — Ergonovine maleate does not evolve ammonia when heated to boiling with a 1 in 10 solution of sodium hydroxide. Foreign alkaloids and
ergotamine. — A 1 in 5000 solution does not yield
a precipitate with mercuric-potassium iodide T.S.
U.S.P. The B.P. and LP. also limit loss on drying
to 2.0 per cent, the former directing the substance
to be dried to constant weight at 100° at a pressure not exceeding 5 mm. of mercury, the latter
following the U.S.P. method. Both the B.P. and
LP. require the specific rotation, determined in
1.5 per cent w/v aqueous solution, to be between
+ 53° and +56°, calculated to dried material.
Assay. — About 100 mg. of ergonovine maleate,
previously dried for 4 hours over sulfuric acid,
is dissolved in a mixture of alcohol and stronger
ammonia T.S.; saturated solution of sodium chloride is added, and the ergonovine is extracted
with ether. The ether is evaporated and the residue of ergonovine dissolved with 25 ml. of 0.02 N
hydrochloric acid; the excess of acid is titrated
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with 0.02 N sodium hydroxide, using bromophenol
blue T.S. as indicator. Each ml. of 0.02 N hydrochloric acid represents 8.830 mg. of C19H23N3O2.C4H4O4. U.S.P. The B.P. and LP. both utilize
the blue color produced by the alkaloid with
/>-dimethylaminobenzaldehyde as the basis of their
respective assays; the standard used for comparison by the B.P. is pure ergonovine maleate, while
that used by the LP. is pure ergotamine tartrate.
Many methods for biological estimation of
ergonovine when present in ergot or in mixtures
of its alkaloids have been proposed. As stated
under Ergot neither the cock's comb nor the
Broom-Clark method is applicable in the presence
of the ergotoxine-like alkaloids. Powell et al.
(J. A. Ph. A., 1941, 30, 255) developed a method
for separating the ergot alkaloids into the ergonovine and the ergotoxine-like-alkaloids fractions,
then estimating the former by the isolated rabbit's
uterus method and the latter by a modification
of the Broom-Clark method. DeBeer and Tullar
(Quart. J. P., 1941, 71, 256), observing that
ergonovine has a greater mydriatic effect than
does ergotoxine, and that the latter has a greater
hyperthermal effect than ergonovine in the rabbit,
proposed an assay for ergonovine in which both
effects are measured simultaneously. Vos (/. A.
Ph. A., 1943, 31, 138) developed an assay based
on the fact that large doses of ergonovine stimulate contraction of the isolated rabbit uterus more
promptly than small doses; he used as the criterion of potency the latent period, i.e., the time
interval between addition of ergonovine and the
first contraction of the uterus. Vos claims that
moderate amounts of ergotoxine and ergometrinine
do not interfere seriously with the assay.
Many chemical methods have likewise been
proposed; in each of these the other ergot alkaloids are first removed, and the ergonovine estimated by observation of the intensity of blue
color obtained with p-dimethylaminobenzaldehyde.
Grove and Vos (/. A. Ph. A., 1945, 34, 256)
stated that the results obtained by chemical methods are undoubtedly high due to contamination
of the ergonovine fraction with impurities that
give a similar color with the reagent. Substances
such as ergometrinine, the ergines, lysergic acids,
and possibly even traces of the ergotoxine group
are believed by them to be responsible for the
interference. They propose a method for extracting ergonovine from ergot which gives, on the
average, results only 15 per cent higher than
those obtained by the isolated rabbit uterus
method of Vos; their chemical method also employs the />-dimethylaminobenzaldehyde color reaction. Extraction of the ergot is effected with
ether in the presence of lead subacetate solution;
the ether extract is shaken with tartaric acid
solution to remove total alkaloids, which may
be estimated colorimetrically. An aliquot of the
solution is made alkaline with ammonia to precipitate the water-insoluble alkaloids, which are
filtered off; the filtrate is used to obtain, after
a series of purification steps, a tartaric acid solution of the ergonovine.
Uses. — Action. — The physiological effects of
ergonovine in a general way are quite similar to
those of "ergotoxine" and ergotamine (see under
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Ergot) though, as Moir {Brit. M. J., 1932, 2,
1119) discovered, the liquid remaining after removal of "ergotoxine" and ergotamine from fluidextract or aqueous extract of ergot — and which
contained ergonovine — was considerably more
effective than the separated alkaloids. The following differences have been reported by various
pharmacologists: (1) Ergonovine is decidedly
more powerful in its effects on the uterus than
are the other alkaloids of ergot; this difference
is more marked on the puerperal than on the
nongravid uterus. (2) Oertel and Bachmann
{Arch. exp. Path. Phartn., 1937, 185, 242) reported that the first effect of ergonovine is a
heightening of uterine tonus followed by increased
rhythmical contractions. On the contrary Brown
and Dale {Proc. Roy. Soc. London, 1935, 118,
446) found that its chief action is to produce
rhythmic contractions. (3) Ergonovine has a distinct exciting action on the sympathetic nerves
causing the dilatation of the pupil and inhibition
of intestinal movements. (4) It does not cause
"epinephrine reversal*' which is so characteristic
of ergotoxine. (5) Its absorption from the alimentary canal is much more rapid than the other
alkaloids so that after oral administration uterine
stimulation may be apparent in a few minutes.
(6) The duration of its action is less than that
of . ergotoxine but longer than that of pituitrin.
(7) Although in sufficient dose it is capable of
causing gangrene it is, in proportion to its
ecbolic dose, much less toxic than ergotoxine or
ergotamine.
Oxytocic Uses. — Ergonovine is used therapeutically almost exclusively in accidents of parturition. It is superior to "ergotoxine" in that its
action is much more prompt which may be a
matter of vital importance in cases of postpartum hemorrhage. It has also been employed
after cesarean section and during the puerperium.
Its use in menorrhagia, metrorrhagia and incomplete abortion is not well established. To a great
extent it has replaced posterior pituitary injection for the prevention of post-partum hemorrhage (Reich, Am. J. Obst. Gyn., 1939, 37, 224).
Although its action on the uterus is almost as
prolonged as that of ergotamine tartrate, it has
been used in combination with the latter both
orally and parenterally, or with ergot fluidextract,
to obtain both a rapid and a prolonged action.
Davis {Am. J. Surg., 1940, 48, 154) used an
intravenous injection of ergonovine in the second
stage of labor and claimed that it reduced the
loss of blood and the frequency of third stage
complications. Davis and Boynton {Am. J. Obst.
Gyn., 1942, 43, 775) employed the following
procedure: as the anterior shoulder of the fetus
comes under the arch of the pubis, give 0.2 mg.
of ergonovine maleate intravenously; wait about
30 seconds before delivering the posterior shoulder; as soon as the fetus is delivered, express
the placenta, which has been separated by the
strong contraction induced by the ergonovine,
from the vagina. Improper timing may result in
incarceration of the placenta in the iower uterine
segment and require manual removal with anes-
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thesia to produce relaxation of the uterus. It is
also prescribed orally during the puerperium to
hasten involution of the uterus. Doses as high
as 1.5 mg. by mouth, 0.75 mg. intramuscularly
and 0.2 mg. intravenously have been used without
toxic manifestations.
Other Uses. — For migraine it is less effective
than ergotamine, but is better absorbed from the
gastrointestinal tract and has little tendency to
cause nausea, vomiting, diarrhea, etc. (Lennox,
Am. J. Med. Sc, 1938, 195, 458). For those cases
in which it is effective it is preferable to ergotamine. Ergonovine maleate (0.2 mg. in 1 ml. of
water for injection) was given intravenously to
test coronary circulation in patients with angina
pectoris but no abnormalities in their resting
electrocardiogram; electrocardiograms were taken
before and 1, 5, 10 and 15 minutes after injection. Appearance of significant abnormalities in
the electrocardiogram indicates impaired coronary circulation, but a negative test does not
exclude the presence of coronary disease (Stein
and Weinstein, /. Lab. Clin. Med., 1950, 36, 66).
Doses as high as 0.6 mg. were given intravenously
without untoward effects other than pain, which
was controlled with nitroglycerin. S
Related Preparations. — Commercial preparations containing ergonovine, in one form or
another, include the following: Baser gin (Sandoz), an ergonovine tartrate, available in ampuls
containing 0.2 mg. and in tablets containing 0.25
mg. of the salt; Ergotole (Sharp and Dohme), a
purified aqueous extract representing in each ml.
the water-soluble constituents from 2.4 Gm. of
standardized ergot; Ergotora (Upjohn), in tablets representing in each water-soluble ergot
alkaloids equivalent to not less than 0.2 mg.
of ergonovine maleate; Neo-Gynergen (Sandoz),
in ampuls or tablets each containing 0.25. mg. of
ergotamine tartrate and 0.125 mg. of ergonovine
tartrate.
Methylergonovtne Tartrate, N.N.R. Methergine Tartrate (Sandoz). — A homologue of
ergonovine which contains one more CH2 group
than the latter has been synthesized by Stoll
and Hofmann (U.S. Patents 2,265,207 and 2,265,217) and found to be a good oxytocic. It is
available in the form of the tartrate, which contains two molecules of methanol of crystallization;
the substance is a white to pinkish tan, microcrystalline powder, very soluble in water.
The pharmacological action of methylergonovine on the uterus is similar to that of ergonovine
(Kirchhof et al., West. J. Surg. Obst. Gyn., 1944,
52, 197). In the immediate postpartum period
it induces uterine contractions within y2 to I
minute after intravenous injection, 2 to 5 minutes after intramuscular injection, and 3 to 5
minutes after oral administration (Schade and
Gernand, Am. J. Obst. Gyn., 1950, 59, 627).
It appears to have oxytocic activity somewhat
greater and more prolonged than that of ergonovine (maleate) and less prolonged than that of
ergotamine (tartrate), and has less vasopressor
action than either ergonovine or ergotamine.
Rapid completion of the third stage of labor and
even less bleeding than with ergonovine is re-
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ported to have followed intravenous administration of 0.2 mg. of methylergonovine tartrate at
the time of appearance of the fetal shoulder
under the pubic arch or immediately after delivery of the fetus (Tritsch and Schneider, Am.
J. Obst. Gyn., 1945, 50, 434). Intravenous administration of10 ml. of 20 per cent solution of
calcium gluconogalactogluconate immediately following injection of methylergonovine tartrate is
advocated to potentiate uterine contraction
(Sandin and Hardy, ibid., 1951, 61, 1087).
In the absence of expert obstetrical supervision
of the patient, it may be safer to delay administration of this oxytocic until the placenta is
expelled, since strong uterine contraction may
cause retention of the placenta and require manual removal (Brougher, West. J. Surg. Obst.
Gyn., 1945, 53, 276).
Comparing the effects of 0.2 mg. of methylergonovine tartrate with those of 0.2 mg. of
ergonovine maleate administered intravenously
on the second or third postpartum day, Forman
and Sullivan (Am. J. Obst. Gyn., 1952, 63, 640)
observed abdominal cramps in almost 80 per cent
of the patients with either drug, bradycardia and
rise in blood pressure twice as frequently with
ergonovine (in 36 and 48 per cent, respectively,
of patients), and headache and dizziness about
twice as frequently with methylergonovine (in
about 25 per cent of the patients). Tinnitus,
sweating, palpitation and dyspnea occurred infrequently with either drug. In a similar study
Schade (ibid., 1951, 61, 188) observed significant
rise in blood pressure in 29.5 per cent of patients
receiving ergonovine but in only 11 per cent
receiving methylergonovine.
The usual dose of methylergonovine tartrate is
0.2 mg., intravenously, immediately following
delivery of the anterior shoulder or after delivery
of the placenta. If atony or bleeding persists,
the dose may be repeated at intervals of 2 to 4
hours. Orally, 0.2 mg. may be given 3 or 4 times
daily for subinvolution in the post-partum period. Methergine tartrate is available in ampuls
of 1 ml. containing 0.2 mg., or tablets containing
0.2 mg.
Lysergic Acid Diethylamide. — Ergonovine
being a lysergic acid propanolamide, it was quite
natural that a number of derivatives of it should
be synthesized. One of these was lysergic acid
diethylamide which, while having activity on
the uterus, is of interest because of its psychosomatic actions (Solms, Schweiz. med. Wchnschr.,
1953, 83, 356). Its sedative action in a dose of
1 mg. by mouth is about equal to that of 1 to 3
Gm. of chloral hydrate. In normal humans, 0.25
mg., given orally, causes for about 15 minutes
irritative sensomotor and vegetative symptoms,
including salivation, tears, sweating, ataxia,
paresthesia and increased tendon reflexes. Then
there follows suddenly a schizophrenia-like psychosis, persisting for about 90 minutes, with
asthenia, indifference, disturbance of volition and
depersonalization without sleep. Larger doses
cause hallucinations. Following this there is fatigue and deep sleep. The drug has a desirable
sedative action on some cases of schizophrenia
or oligophrenia. Horita and Dille (Science, 1954,
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120, 1100) observed that the substance produces
in normal rabbits, cats and dogs a rise in body
temperature following intravenous or subcutaneous administration (see also under Anhalonium,
in Part II).
Dose. — The usual dose of ergonovine maleate
is 0.2 mg. (approximately Vzoo grain) orally, intramuscularly or subcutaneously, with a range
of dose of 0.2 to 0.5 mg. The maximum dose is
usually 0.5 mg., and the total dose in 24 hours
seldom exceeds 2 mg. The parenteral dose may
be repeated after 2 to 3 hours, if required; orally
the drug may be given 3 or 4 times daily.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
ERGONOVINE MALEATE
INJECTION.
U.S.P. (B.P., LP.)
[Injectio Ergonovinae Maleatis]

"Ergonovine Maleate Injection is a sterile
solution of ergonovine maleate in water for injection. Itcontains not less than 90 per cent and
not more than 110 per cent of the labeled amount
of C19H23N3O2.C4H4O4." U.S.P.
For Injection of Ergotamine Maleate the corresponding limits of the B.P. are 85.0 and 110.0
per cent; those of the LP. are the same as the
U.S.P. limits. The B.P. directs adjustment of
the pH to 3.0 with maleic acid; the LP. requires
adjustment of pH between 2.7 and i.i without
specifying the acid to be used. Both pharmacopeias direct the solution to be placed in ampuls
in which the air has been replaced by nitrogen,
and the sealed ampuls to be sterilized by heating
in an autoclave.
B.P. Injection of Ergometrine Maleate; Injectio Ergometrinae Maleatis. LP. Injectio Ergometrini Maleatis.
Sp. Inyeccion de Maleato de Ergonovina.

Assay. — An accurately measured volume of
injection, representing 2 mg. of ergonovine maleate, is diluted to 50 ml. To a 1-ml. portion of
this solution, contained in a suitable tube, 1 ml.
of water and 4 ml. of />-dimethylaminobenzaldehyde T.S. are added and the mixture is allowed
to stand in subdued light for an hour. The resulting blue color is not lighter than that of a control
prepared with 0.9 ml. of a solution containing
4 mg. of dried Ergonovine Maleate Reference
Standard in 100 ml., nor darker than that of
another control prepared from 1.1 ml. of the
same standard solution. A photoelectric colorimeter may be used for evaluation of the color,
in which case only one standard is necessary.
U.S.P. The B.P. and LP. utilize the same color
reaction in their respective assays.
Labeling. — "The label for Ergonovine Maleate Injection states an expiration date which is
not later than 2 years after the date of removal
for distribution from the manufacturer's place
of storage, which shall be maintained at a temperature between 0° and 12°." U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass. Preserve the Injection
at a temperature above 0° but preferably not
above 12°, and protected from light." U.S.P.
Usual Sizes. — 0.2 and 0.5 mg. in 1 ml.
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ERGONOVINE MALEATE
U.S.P. (B.P., LP.;

Tablets

TABLETS.

[Tabellae Ergonovinae Maleatis]

"Ergonovine Maleate Tablets contain not less
than 90 per cent and not more than 110 per cent
of the labeled amount of Ci9H^N;{02.C4H404."
U.S.P. The LP. provides the same limits, but
those of the B.P. are 85.0 and 1 10.0 per cent.
B.P. Tablets of Ergometrine Maleate. I. P. Compressi
Ergometrini Maleatis. Sp. Tabletas de Maleato de
Ergonovina.

Usual Sizes. — 0.2 and 0.5 mg. (approximately
}4)0 and V120 grain).
ERGOT.

N.F., LP.

Rye Ergot, [Ergota]

"Ergot is the dried sclerotium of Claviceps
purpurea (Fries) Tulasne (Fam. Hypocreacea)
developed on plants of rye, Secale cereale Linne
(Fam. Graminece). Ergot yields not less than
0.15 per cent of the total alkaloids of Ergot calculated as ergotoxine. and water-soluble alkaloids
equivalent to not less than 0.01 per cent of
ergonovine." N.F.
The LP. requires ergot (Latin title. Secale
Cornutum) to contain not less than 0.15 per cent
of total alkaloids, calculated as ergotamine, and
not less than 0.023 per cent of water-soluble alkaloids, calculated as ergometrine. The LP. also
recognizes Standardized Powdered Ergot, requiring 0.2 per cent (limits, 0.19 to 0.21) of total
alkaloids, calculated as ergotamine. and not less
than 0.030 per cent of water-soluble alkaloids,
calculated as ergometrine.
Mother of Rye; Spurred Rye; Horn-seed; Rye Smut.
Fungus Secalis; Clavus Secalinus. Fr. Ergot de seigle ;
Seigle ergote. Ger. Mutterkorn ; Hungerkorn; Roggenmutter; Kriebelkorn ; Schwarzkorn. It. Segale cornuta;
Grano speronato. Sp. Cornezuelo de centeno; Espolon de
centeno.

In all the Graminece., or grass family, and in
some of the Cyperacea, the place of the grains
or fruits is sometimes occupied by a morbid
growth which, from its resemblance to the spur
of a cock, has received the name of ergot,
adapted from the French. This product is most
frequent in the rye, Secale cereale, and from that
grain was adopted in the first edition of the
U.S.P., under the name of secale cornutum, or
spurred rye. In the edition of 1840 the name
was changed to ergota.
It is probable that this fungus infects a variety
of grasses and that many of the apparently dissimilar ergots are specifically identical, their appearance being modified by the species of grasses
which they infest. Among the members of the
grass family whose ergots have been reported to
be ecbolic are the wild rice, wild rye. oats, wheat
and the Algerian diss (Ampelodesma tenax). The
ergot of wheat as well as rye is now being produced commercially in Minnesota and, according
to Youngken and associates (/. A. Ph. A., 1942,
31, 136), the alkaloidal content of these domestic
ergots is considerably higher than that reported
for Spanish and Russian ergots. For information
concerning the appearance of the ergots of wild
rice, wheat and diss see U.S.D., 22nd ed., p. 433.
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Investigations of Tulasne have shown that
ergot represents the sclerotium of a fungus,
Claviceps purpurea Tulasne. This fungus has
three stages in its life history which is as follows:
In the spring or early summer the spores of
this fungus are conveyed by insects or air-currents to the young developing ovaries of the rye.
At the base of each ovary — where moisture occurs during damp weather — they germinate into
filamentous hyphae which penetrate the tissues by
enzymic action. From here the hyphal filaments
spread over the pistil enveloping it except at the
summit and penetrating its outer coat. During
all this time the hyphae secrete enzymes which
decompose the outer tissues of the ovary into a
white, caseous mass called the sphacelia. The
ovary enlarges and its upper end takes on a
spongy appearance. This is due to the projection of twisted strands of hyphae which here abstrict off chains of oval conidiospores. A yellow
mucoid, saccharine exudate, issuing from the
hyphae and called honey dew. now envelops the
conidiospores. The honey dew attracts ants, flies,
weevils, etc.. which carry the spores to the ovaries
of other spikes of grain, so disseminating the disease. This terminates the sphacelia stage. At
the base of the sphacelia and later extending
upward through the ovarian substance, the hyphal
threads penetrate deeper and deeper into the interior of the ovary consuming its substance until
there ultimately forms a dense, compact tissue
(pseudo-parenchyma), violet black without and
whitish within, that eventually replaces the developing grain with a violet or purplish curved
body known as the sclerotium. This structure
represents the resting or sclerotial stage in the
life history of Claviceps and is collected as the
official ergot.
The ergot which is not collected falls to the
ground where, the following spring, it ' absorbs
moisture and sprouts into several stalked projections terminated by globular heads which are
called ascocarps or stromata. Each head develops in its peripheral parts flask-shaped invaginations called perithecia. From the base of each
perithecium several sacs or asci develop. Within
each of the latter there originate eight threadlike spores called ascospores. When these are
mature the ascus ruptures and the ascospores are
discharged. They are carried by air-currents to
fields of grain, there to infect young ovaries and
begin new life cycles.
Ergot has nothing in common with normal
grain. The anatomical structure and all the physical characters of ergot are those of a sclerotic
mycelium. The pseudo-parenchyma, which is
whitish and brittle, consists in all its parts of
irregular, globular, or polyhedric thick-walled
cells, intimately united, and filled with a limpid
oil, but feebly colored by iodine. The superficial
mycelial layers, which are colored, have an outer
wall thicker than the inner, and the color of
these is what gives its characterisitc hue to ergot.
Not the least trace of starch is to be detected.
If ergot is planted in a suitable soil, evidences of
germination are seen in about three months.
Artificial infection of rye flowers by spraying
them with a suspension of conidiospores in water
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is practicable and is being increasingly utilized
in the production of ergot. Ergot grains (sclerotia), sown in autumn in boxes of earth and
exposed to the frosts of winter, germinate in the
spring, producing ascocarps which liberate ascospores. These quickly germinate on nutritive
gelatin and when transferred to suitable media
produce large numbers of conidiospores (conidia)
(Schweiz. Apoth.-Ztg., 1921, 59, 277). In 1951
approximately 220.000 pounds of ergot were
produced by artificial inoculation; in 1953 about
1000 pounds were similarly produced in Michigan and Minnesota from rye.
The ergot usually projects out of the glume or
husk beyond the ordinary outline of the spike
or ear. In some spikes the place of the seeds is
wholly occupied by the ergot, in others only two
or three spurs are observed. It is said to be much
more energetic when collected before than after
harvest. Rye has generally been thought to be
most subject to the disease in poor and wet soils,
and in rainy seasons, and intense heat succeeding
continued rains has been said to favor its development, especially if these circumstances occur at
the time the flower is forming. It is now, however, asserted that moisture has little or nothing
to do with its production.
Ergot is gathered in Spain, Galicia, Russia,
Austria and Germany, being either picked by
hand or threshed and separated from the rye by
special machinery. Ergot enters commerce
chiefly from Russia, Germany, and Spain. The
grains of the Spanish ergot are usually larger
than those of the German or Russian. Several
varieties of ergot are produced on a commercial
scale in Minnesota and neighboring states. These
are obtained not only from the rye plant but
also from various varieties of wheat. According
to Youngken and associates (/. A. Ph. A., 1942,
31, 136) the alkaloidal contents of these domestic
ergots average considerably higher than that reported by Hampshire and Page for the Spanish
and Russian ergots. For detailed description of
these domestic ergots see the paper of Youngken
and associates.
Description. — "Ungroitnd ergot is a cylindraceous, obscurely 3-angled, somewhat curved
sclerotium which usually tapers toward both ends,
the ends being more or less obtuse. The sclerotium is from 0.7 to 4.5 cm. in length and up
to 5 mm. thick. It is longitudinally furrowed,
occasionally transversely fissured, and is nearly
black or purplish brown externally. The fracture
is short and the internal color is usually white
although occasional sclerotia may be tinged with
pink, lavender, or gray. Ergot has a characteristic odor free from mustiness or rancidity and
an only, somewhat acrid, disagreeable taste."
N.F. For histology see N.F. X.
"Powered ergot. — Powdered Ergot is grayish
to purplish brown. It contains fragments of the
outer tissue and of the thin-walled hyphal cells."
N.F.
Standards and Tests. — Identification. — One
Gm. of powdered ergot is shaken with 20 ml. of
ether and 15 drops of 20 per cent sulfuric acid
for 5 minutes; the mixture is filtered and the
filtrate shaken with 15 drops of cold, saturated
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aqueous solution of sodium bicarbonate. A red
or violet color appears in the aqueous layer.
Purity. — No rancid or ammoniacal odor develops
on adding hot water to crushed or powdered ergot.
Seeds, fruits, and other foreign organic matter. —
Not over 4 per cent. Loss on drying. — Not more
than 8N.F.
per cent, when dried at 105° for 3
hours.
The internal color of ergot depends upon the
stage of development and the rapidity of its
drying. Young sclerotia, if examined immediately
after collection, show centrally a pearly white
mass of mycelial tissue surrounded by a violet
to bluish more compact outer layer. After the
sclerotia have matured the coloring matter of
the outer layer tends to penetrate slowly into the
inner mycelial tissue. This diffusion apparently
continues until drying renders the inner mass
too hard for further penetration. Sometimes
there is a tendency of the coloring matter to
pass toward the center along definite lines, probably because of some separation of the tissues
during the process of drying.
Deterioration. — It has long been known that
ergot loses much of its activity when kept. The
finding of Wood and Hofer (Arch. Int. Med.,
1910, 6, 388) that rapidity of deterioration was
largely determined by the degree of moisture
has been confirmed by Rowe (J. A. Ph. A., 1937,
26, 312), by Christensen and Reese (J. A. Ph. A.,
1939, 28, 343) and others. If the content of
moisture is less than 8 per cent the loss of potency
in 18 months is too slight to be measurable.
When drying ergot it is essential that the temperature in the drying oven does not rise above 45°.
Ergot is particularly liable to attacks by insects.
Old ergot which has been exposed to moisture,
either in transit or storage, usually possesses a
brownish to dark purple internal color; the color
is sometimes brightened by the use of a fixed
oil.
Assay. — The assay of ergot has been, through
the many years of official recognition of the
drug, a major research problem on which much
study was expended. For a long time biological
methods of assay were considered to be more
reliable than chemical procedures. The two
methods most frequently employed, prior to the
discover}' that the highly important water-soluble
alkaloid ergonovine was not quantitatively estiby either of and
them,
the cock'sreversal
comb
test of matedHoughton,
the was
epinephrine
method of Broom-Clark. The former method,
which was the official assay method as recently
as in U.S. P. XII, was based on the fact that a
fluid preparation of the ergot to be assayed
produced when injected into the breast muscle
of a white Leghorn cock a characterstic darkening of the comb which was at least as intense
as that produced by a threshold dose of a
standard solution of ergotoxine ethanesulfonate.
The epinephrine-reversal method of BroomClark (/. Pharmacol., 1923, 22, 59) was based
on the fact that what at that time was referred
to as the alkaloid ergotoxine (see discussion under
Constituents), and also ergotamine, destroyed
the sensitivity of the uterine muscle (of the
rabbit) for the stimulant effect of epinephrine.
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Both methods are described in some detail in
U.S.D., 24th ed., p. 421.
With the discovery of ergonovine chemical
methods have been developed to the point of
being able to determine, presumably with reasonable accuracy as well as with precision, both
the content of total alkaloids and of ergonovine.
Final estimation of the alkaloids is based on the
fact that ergot alkaloids, in an acid aqueous
solution, yield with £anz-dimethylaminobenzaldehyde (Ehrlich's reagent) a blue color, the intensity of which is compared with that produced
by a suitable standard, which in the present N.F.
is Ergonovine Maleate Reference Standard. The
complication is that only a small portion of the
alkaloids of ergot consists of ergonovine, and
while the result of the assay for water-soluble
alkaloid content may be reasonably expressed in
terms of ergonovine, it is hardly proper to express
the content of total alkaloids in terms of an
alkaloid which comprises only a small part of
the total. Inasmuch as for some years ergotoxine
ethanesulfonate, even though it may be a mixture of alkaloids as is now known, was a satisfactory standard for evaluation of ergot both by
chemical and certain biological assays, it was
natural that ergotoxine should have been selected
as the substance in terms of which the total
content of alkaloids would be expressed.
In the N.F. assay the total alkaloids of ergot
are extracted by what is essentially a conventional procedure of alkaloidal assay; an aliquot
portion of a sulfuric acid solution of the alkaloids
is treated with ^-dimethylaminobenzaldehyde and
the resulting blue color is compared with that
produced by a solution containing Ergonovine
Maleate Reference Standard but the result is
expressed in terms of the equivalent amount of
ergotoxine. The determination of water-soluble
alkaloids is performed on another aliquot portion
of an acid solution of the total alkaloids; this
portion is made slightly alkaline with ammonia,
the "ergotoxine-like" alkaloids are extracted
with carbon tetrachloride (this solution is discarded), after which the aqueous phase is saturated with sodium chloride and the ergonovine
is extracted with ether. From the ether solution
the ergonovine is transferred to an acid solution,
in which the color with />-dimethylaminobenzaldehyde is developed and the intensity of the
color is evaluated. The LP. employs a simpler
modification of this assay.
Constituents. — Ergot contains, besides a
number of alkaloids which are characteristic of it,
also carbohydrates, lipids, amino acids, quaternary ammonium bases and various amines, and
dyes.
The physiologically active constituents are undoubtedly the several basic principles found in
the drug. Such constituents as choline, betaine
and trimethylamine contribute little, if anything,
to the therapeutic effect of the drug. The three
bases histamine, tyramine, and acetylcholine may
modify its action. The most important principles,
however, are six pairs of stereoisomeric alkaloids.
As knowledge of the complex system of alkaloids
of ergot unfolded it was quite natural that what
may have at first appeared to be a chemical individual would turn out to be a mixture of
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alkaloids; also that different names would be
proposed for the same alkaloid by different investigators, and that when the pattern of the
relationship between the component alkaloids of
each pair was established some changes of nomenclature were desirable.
The first alkaloid was discovered by Tanret, in
1875, and was called ergotinine; in all likelihood
this is identical with the alkaloid ergocristinine,
to be described later. The alkaloid is physiologically practically inert. In 1906, Barger and Carr
in England, and Kraft in Germany, almost simultaneously announced discovery of a second
alkaloid; the former called it ergotoxine and
Kraft named it hydro ergotinine to indicate its
relation to Tanret's alkaloid. A third alkaloid,
designated ^-ergotinine, was for a time considered to be associated with the two others (Smith
and Timmis, /. Chem. S., 1931, 1888); this alkaloid is practically devoid of physiological
activity. It is generally accepted to be identical
with ergocorninine, also to be described later.
In 1937 Stoll and Burckhardt (Ztschr. physiol.
Chem., 1937, 250, 1) announced the isolation of
a new complex from the mother liquors after
crystallization of ergotoxine; this complex was
found to be a molecular compound of ergosinine
(see the following) and the new alkaloid ergocristine, a levorotatory, physiologically active
alkaloid having the composition represented by
C35H39N5O5. On heating ergocristine in methanol
solution it is converted to its dextrorotatory, relatively inactive stereoisomer ergocristinine. In
later experiments Stoll and Hofmann (Helv.
Chim. Acta, 1943, 26, 1570) showed that ergotoxine, although it had been obtained in crystalline form, was nevertheless not homogeneous
and consisted of a variable mixture of three
isomorphous alkaloids; these were ergocristine
and the two new levorotatory alkaloids ergocryptine, C32H41N5O5, and ergocornine, C31H39N5O5.
Thus ergotoxine ceased to exist as a chemical
individual. The dextrorotatory counterparts of
ergocryptine and ergocornine, designated ergocryptinine and ergocorninine respectively, were
obtained by boiling a methanol solution of the
levorotatory isomers. It appears now that ergocorninine isidentical with the ip-ergotinine of
Smith and Timmis.
Earlier Stoll had isolated the alkaloid ergotamine, C33H35N5O5, a levorotatory compound,
almost insoluble in water, but physiologically
active (see Arch. exp. Path. Pharm., 1928, 138,
111); like the other levorotatory alkaloids it is
readily converted to a dextrorotatory stereoisomer, called ergotaminine, which is physiologically
practically inert. An equimolecular mixture of
ergotamine and ergotaminine, at the time of its
separation considered to be a new alkaloid, has
been called sensibamine. The supposed chemical
individual ergoclavine, reported by Kussner
{Arch. Pharm., 1934, 44, 503), was subsequently
established as an equimolecular mixture of the
stereoisomers ergosine and ergosinine, C30H37N5O5, the former levorotatory and the latter
dextrorotatory (Smith and Timmis, /. Chem. S.,
1937, 6). Then Kharasch and LeGault (J.A.C.S.,
1935, 57, 1140) isolated an alkaloid which they
called ergotocin and almost simultaneously Dud-
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ley and Moir (Brit. M. J., April 6, 1935) announced a new alkaloid to which they gave the
name ergometrine, Thompson (/. A. Ph. A., 1935,
24, 24) reported an alkaloid which he called
ergostetrine, and Stoll and Burckhardt (Bull. sc.
Pharmacol., 1935, 42, 247) described the new
substance ergobasine. Soon afterwards these experimenters joined in expressing the opinion that
the four alkaloids were identical one with another
(Science, 1936, 83, 206). The Council on Pharmacy and Chemistry of the American Medical
Association then suggested the name ergonovine
for this alkaloid, and this name has been adopted
in the United States. The alkaloid is levorotatory,
and physiologically active (see Ergonovine Maleate) ; its dextrorotatory stereoisomer, called
ergometrinine or ergobasinine, has been found
to be relatively inactive in its physiological effect.
An alkaloid, ergomonamine, having a composition represented by C19H19NO4, was reported
by Holden and Diver (Quart. J. P., 1936, 9,
230); it is sparingly soluble in water and in
ether and is differentiated from other ergot alkaloids by its not producing a blue color with
Keller's reagent or Ehrlich's reagent (see under
Assay). The substance cornutine, described by
Robert in 1884, is probably an artefact and is
not considered today as one of the principles
of ergot.
The six established pairs of stereoisomeric
alkaloids have been divided by Stoll (see Chem.
Rev., 1950, 47, 197) into three groups, based on
differences in chemical structure: (1) the ergotamine group, including the pairs ergotamine-ergotaminine, and ergosine-ergosinine ; (2) the ergotoxine
group, including the pairs ergocristine-ergocristinine, ergocryptine-ergocryptinine, and ergocornineergocorninine ; (3) the ergobasine group, containing only the ergobasine (ergonovine) -ergobasinine
pair. The naturally occurring levorotatory alkaloids of ergot all contain the tetracyclic compound
lysergic acid, C16H16N2O2, which behaves both
as an acid and a base, similarly to amino acids;
the isomeric dextrorotatory members of the
several pairs all contain isolysergic acid, which
is readily obtained by rearrangement of lysergic
acid, and vice versa. The alkaloids of the ergotamine and ergotoxine groups are polypeptides, in
which the lysergic acid or isolysergic acid is
joined to other amino acids; the ergobasineergobasinine pair, however, have a simpler structure, with lysergic acid or isolysergic acid being
combined with the amino alcohol 2-amino-lpropanol. Ergobasine has been synthesized from
lysergic acid and L-2-amino-l-propanol (Stoll
and Hoffmann, Helv. Chim. Acta, 1943, 26, 944);
lysergic acid was recently synthesized by Kornfeld et al. (J.A.C.S., 1954, 76, 5256). It is noteworthy that the presence of the indole group in
lysergic acid and isolysergic acid accounts for the
blue reaction with ferric chloride (Keller's reagent) given by all ergot alkaloids, except ergomonamine.
Uses. — The alkaloids of ergot, while differing
in their physiological actions, unite in increasing
the contractions of the pregnant uterus. "Ergotoxine" (which is now known to be a mixture
of isomorphous alkalkoids, as discussed under
Constituents) and ergotamine directly stimulate
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all nonstriated muscles. A moderate and prolonged
increase in tone and amplitude of uterine contractions isproduced. The parturient uterus is
far more sensitive than other smooth muscles to
ergot. Much larger doses are required to stimulate the urinary bladder, the intestine and the
blood vessels. A rise in blood pressure results
from constriction of peripheral arteries; bradycardia is associated either as a reflex from the
peripheral vasoconstriction or as a result of the
inactivation of cholinesterase by ergot principles.
As discussed under Toxicology, capillary stasis,
thrombosis and gangrene may result. The tendency to vascular damage varies with different
species; whereas it is difficult to produce in the
rat, the chicken is susceptible and the human is
very sensitive.
In large dose ergot depresses the excitatory
responses to epinephrine or to stimulation of
the sympathetic nerves; this gives rise to what
is known as the "vasomotor reversal"; that is, if
epinephrine is injected after the ergot the blood
pressure falls instead of rising. An analogous effect isthe basis of the Broom-Clark assay method
described above. It does not prevent the release
of sympathin E or I (see under Sympathomimetic
Amines, in Part II) when the nerve is stimulated but it blocks the response of the muscle or
gland cell to the augmentor effects of epinephrine
or the nerve stimulation (sympathin E). This
may be contrasted with atropine, which blocks
both the augmentor and the inhibitor effects of
stimulation of the parasympathetic nerves. In the
human, with clinically safe doses, this sympatholytic action of "ergotoxine" or ergotamine seems
to be negligible, if it is present at all. With
therapeutic doses, action on the central nervous
system is unimportant but larger doses stimulate
the sympathetic centers.
"Ergotoxine" and ergotamine are very poorly
absorbed from the gastrointestinal tract; at least
four times the dose which is effective parenterally
is required and the response is unpredictable.
After intramuscular injection these alkaloids act
upon the uterus in about 20 minutes. The
alkaloids are metabolized in the liver (Kopet
and Dille, /. A. Ph. A., 1942, 31, 109).
The action of ergotamine seems to be qualitatively the same as that of "ergotoxine." Ergonovine differs, apparently, in that it has less
marked effect on the sympathetic nerves. The
action of ergonovine on the uterus is the same
as that of "ergotoxine" or ergotamine except
that it acts immediately after intravenous injection and within a few minutes after intramuscular
or oral administration. It is well absorbed from the
gastrointestinal tract. Its action on the uterus
persists for several hours; the duration is almost
as long as with ergotamine (Davis, Adair and
Pearl, J. A.M. A., 1936, 107, 261; Reich, Am. J.
Obst. Gyn., 1939, 37, 224). Ergonovine has very
little other effect on the human. It is not sympatholytic and is only slightly stimulating to the
sympathetic nervous system; a slight rise in
blood pressure may be produced. Gangrene has
not been reported in the human with ergonovine
although it has in animals with large doses. It
is about one quarter as toxic as ergotamine. It
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produces
cyanosis but not gangrene in the cock's
comb.
For description of the physiological actions of
the amines of ergot see Histamine Phosphate
(Part I) and Tyr amine (Part II).
When a dose of ergot fluidextract is injected
intravenously there occurs a rise in the blood
pressure, sometimes preceded by a transient fall,
and accompanied by a reduction in the rate of
the pulse. The elevation of the pressure is due
to a contraction of the blood vessels, the result
of a direct stimulant action upon their muscular
coats. The effect of a small dose of ergot upon
the uterus is to increase both the vigor of its
contraction, and its muscular tone. If the dose
is larger, the increase in muscle tone becomes
relatively more and more pronounced, until eventually the organ may be thrown into a permanent spasmodic contraction.
On the continent of Europe ergot has long been
empirically employed by midwives for promoting
contraction of the uterus, and its German name
"Mutterkorn" implies the popular acceptance of
its characteristic powers. Ergot was first introduced to the regular medical profession as the
result of the writings of Stearns in 1807. Its
injudicious use may do much harm, and even
prove fatal to either the mother or the child.
When used freely, ergot may transform the
normal intermittent contractions of the parturient uterus into one violent spasm. If this spasmodic contraction occurs too early in the course
of the birth process it may lead to asphyxiation
of the child, to wide lacerations of the birth
canal, or even to rupture of the uterus. In the
third stage of labor, however, no such accidents
can occur, and many obstetricians have recommended routine use of ergot at this time, as a
prophylactic against postpartum hemorrhage.
Ergot was also used as a stimulant to the nonpregnant uterus to check bleeding in menorrhagias
and metrorrhagias. (For discussion of the therapeutics of the ergot alkaloids see under
Ergotamine Tartrate and Ergonovine Maleate.)
namemaker
of "ergotin,"
usually more
with
theUnder
name the
of the
attached, several
or less purified extracts of ergot were formerly
available. The doses of these varied according to
their potency. Bonjean's ergotin was made by
exhausting ergot with water, evaporating to the
consistency of syrup, precipitating the albumen,
gum, etc., with alcohol, decanting the clear liquid
and evaporating to the consistency of the soft
extract. A powdered form of this preparation
was also marketed.
Toxicology. — Acute Poisoning. — Ergot can
hardly be considered a poison, since an ounce
of the fluidextract rarely produces, except in
the pregnant, any obvious symptoms unless it
be nausea. Large doses may, it is true, produce
abortion in pregnant women, but even this result
is uncertain. Acute poisoning is rare. Death may
result from the abortion. The symptoms of the
recorded cases of poisoning have been paleness,
and. as most characteristic, an especial coldness
of the surface, partial paralysis with numbness
and tingling in the limbs, feebleness of the pulse,
restlessness, and finally stupor or delirium. Vomiting, diarrhea, thirst, fever, pruritus and cyanosis

Part I
may be present. Management consists of an
emetic or gastric lavage with a dilute solution of
tannic acid, purgation with magnesium sulfate
and administration of whisky, aromatic ammonia
spirit, etc.
Chronic Poisoning. — On the other hand,
long continued and free use of ergot is highly
dangerous, even when no immediate effects are
perceptible. Fatal epidemics in different parts of
the continent of Europe, particularly in certain
provinces of France, have long been ascribed to
the use of bread made from rye contaminated
with this fungus. An epidemic of ergotism occurred in Russia after the cold wet summer of
1926. Epidemics have not occurred in the United
States. Ergotism appeared when there was 1 per
cent of ergot in the rye; an inadequate diet increases the tendency to poisoning (see J. A.M. A.,
1945, 127, 1057). Dry gangrene, and disorder
of the nervous system attended with convulsions,
are the forms of disease which have followed the
use of this unwholesome food (see Barger, Ergot
and Ergotism, 1931).
The chronic poisoning of animals has been reinvestigated (Kaunitz. Am. J. Path., 1930. 6,
299; Arch. Int. Med., 1931, 47, 548; Arch. Surg.,
1932. 25, 1135; Fitzhugh, Nelson and Calvery.
/. Pharmacol., 1944, 82, 364). Vascular lesions
resembling thromboangiitis obliterans are produced in chickens but are not observed when
ergot is fed to the usual laboratory animals.
However, McGrath (Arch. hit. Med., 1935, 55,
942) produced vascular lesions in rats with injections of 25 to 100 mg. of ergotamine tartrate
per Kg. of body weight. Male rats were more
susceptible and estrogenic substance diminished
the vascular damage. A high incidence of neurofibromas in the ears of rats was reported by
Fitzhugh et al. (loc. cit.).
Clinically, chronic poisoning has occurred particularly inpatients with sepsis or impaired liver
function. Von Storch (Med. Clin. North America,
1938, 22, 689) collected 42 instances of poisoning; 23 were in obstetrical cases and 11 in patients with hyperthyroidism; gangrene was
present in 21 cases and 8 died. The use of ergotamine tartrate for the pruritus of jaundice has
resulted in gangrene (Vater and Cahill. JAMA.,
1936, 106, 1625). Lewis (Clin. Sc, 1935, 2, 43)
ascribed the necrosis in the cock's comb to stasis
resulting from constriction of the arteries with
dilatation of their capillaries. Histological examination (Kaunitz, loc. cit.) showed injury and
proliferation of the intima of the arteries frequently associated with thrombosis and at times
recanalization of the thrombus; sclerotic and
hyalin degeneration of the arteries was observed; the overlying skin showed changes similar to scleroderma and dermatomyositis; gangrene was the end result. In the human the
vascular changes commence in the toes and may
involve the fingers. Angina pectoris has been reported; tachycardia or bradycardia and elevation
or depression of the blood pressure have been
recorded. Other manifestations have been headache, nausea, vomiting, diarrhea, vertigo, weakness, formication, drowsiness and convulsions.
Miosis, hemiplegia and tabetic-like conditions
have been reported.
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Management of such poisoning consists of
discontinuance of the ergot preparation and use
of vasodilator measures. Perlow and Bloch {J. A.
M.A., 1937, 109, 27) reported recovery when 30
mg. of papaverine hydrochloride was given intravenously or orally every 4 hours. Acetyl-3methylcholine chloride or nitroglycerin is indicated. The involved extremities should be kept
cool, but not refrigerated, while the rest of the
body may be kept warm to favor peripheral
circulation; other physical therapeutic measures
are indicated. Atropine is indicated for nausea
and vomiting; weakness and pain in the extremities without obvious vascular changes may be
relieved by massage, exercise and intravenous
injections of calcium gluconate.
The contraindications for the use of ergot or
its alkaloids are: pregnancy and the first and
second stages of labor, severe or persistent sepsis,
peripheral vascular disease, hepatic or renal disease with impaired function. The use of ergot
or its alkaloids is not justified for the following:
internal hemorrhage other than from the uterus,
pneumonia, pulmonary edema, typhoid fever,
diabetes insipidus, night sweats as in tuberculosis
or other conditions, peripheral circulatory collapse.
Prior to the availability of ergonovine maleate,
ergot fluidextract was in general use in obstetrics
because it was effective on oral administration
and because its action was more rapid than that
of ergotamine or ergotoxine. A sterile preparation
of the same potency as the fluidextract was given
intramuscularly in doses of 1 to 2 ml. at the
time of injection of posterior pituitary solution
in the third stage of labor. In doses of 1 to 2 ml.
three times daily the fluidextract was used orally
to promote involution of the uterus during the
puerperium. 53
Dose. — Ergot has been given in doses of 150
mg. to 1 Gm. (approximately 2}4 to 15 grains);
the maximum dose in 24 hours has been given as
5 Gm.

Storage. — "Preserve Ergot in a dry place
under all conditions of storage and transportation." N.F.
ERGOT

FLUIDEXTRACT.

N.F.

521

adding enough of the mentsruum to make 1000
ml. N.F.
Alcohol Content. — From 37 to 42 per cent,
by volume, of C2H5OH. N.F.
Some years ago considerable significance was
attached to the findings of the then U.S. P. assay
for ergot fluidextract as an indication of the
probable clinical value of the preparation; the
discovery of ergonovine has served largely to discredit that assay and none is required by the
N.F. at present. Though the use of ergot and
various preparations of the whole drug has materially decreased since the several pure alkaloids
have been available, so long as the former are
officially recognized it would appear that one of
the several methods which have more recently
been proposed for the assay of ergot would be
better than none at all. Powell et al. (J. A. Ph. A.,
1941, 30, 255), who proposed a method for determining both ergonovine and the ergotoxinelike alkaloids of ergot, showed that there is a
wide variation in the potency of official ergot
fluidextract; the ergonovine content of samples
they tested varied from 2.5 to 18.2 mg. per 100
ml. and the ergotoxine-like alkaloids content
varied from 12 to 70 mg. per 100 ml.
A further disadvantage of ergot fluidextract is
its instability. Control of pH, storage at low
temperature, and avoidance of exposure to air
are all factors which retard, but do not avoid,
deterioration. Here again, the advantage is with
the relatively stable preparations of the pure
ergot alkaloids.
Incompatibilities. — This preparation has an
acid reaction due to the hydrochloric acid used
in the menstruum. Since this acidity is essential
to the stability of the product alkaline substances
are incompatible with it.
The N.F. usual dose of ergot fluidextract is
2 ml. (approximately 30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
and to excessive heat." N.F.
ERGOTAMINE TARTRATE.
U.S.P., B.P., LP.
[Ergotaminium Tartrate]

[Fluidextractum Ergotae]

Pack 1000 Gm. of ergot, recently ground to a
coarse powder, in a cylindrical percolator, and
slowly percolate with petroleum benzin until a
few drops of percolate leave no greasy stain on
evaporation from filter paper; dry the defatted
drug in air until the odor of benzin is no longer
apparent. Prepare a fluidextract from the defatted drug, by Process C (see under Fluidextracts), using a menstruum of 2 volumes of
hydrochloric acid and 98 volumes of diluted
alcohol. Macerate the drug during 48 hours and
obtain 1000 ml. of finished fluidextract. A fluidextract may alternately be prepared from ergot
by Process C, using the menstruum employed in
the foregoing procedure, but chilling the 1000 ml.
of combined reserve percolates to —14°, removing
the congealed fat by filtration at —14°, and finally

NH
H

C4H40«

CH,

"Ergotamine Tartrate contains not less than
97 per cent of (CsaHssNsOs^.GiHeOe, calculated on the dried basis." U.S.P.
The B.P. defines this compound as the tartrate
of an alkaloid, ergotamine, obtained from certain
species of ergot; no assay rubric is provided. The
LP. gives the formula of ergotamine tartrate as
(CaaHssNsOsh.CiHcOe^CHsOH, indicating that
the substance contains two molecules of methanol
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of crystallization; no assay rubric is provided.
Gynergen (Sando:). Sp. Tartrato de Ergotamina.

Ergotamine tartrate may be prepared by reaction between ergotamine and tartaric acid in
alcoholic solution. To extract the ergotamine
Stoll's process may be used; in this ergot is
defatted, in the presence of the weakly acid aluminum sulfate, with ether or benzene, the drug
alkalinized and again extracted with either of
these solvents; upon evaporation of the solution
crystalline ergotamine may be obtained from the
residue and purified by crystallization from aqueous acetone solution. Smith and Timmis (/.
Chem. S., 1930, p. 1390) found that ergot from
Festura grasses is likely to give better yields
of ergotamine; they reported details of a method
for isolating this alkaloid in pure form.
Description. — "Ergotamine Tartrate occurs
as colorless crystals or as a white, crystalline
powder. It melts at about 180° with decomposition. One Gm. of Ergotamine Tartrate dissolves
in about 500 ml. of water and in 500 ml. of alcohol." U.S. P. The B.P. states that it softens at
about 187° and decomposes at about 192° without melting.
Standards and Tests. — Identification. — (1)
A blue color with a red tinge develops on slowly
adding, while cooling the mixture, 1 ml. of sulfuric acid to 1 ml. of a solution of 1 mg. of
ergotamine tartrate in a mixture of 5 ml. of
glacial acetic acid and 5 ml. of ethyl acetate; on
adding 0.1 ml. of ferric chloride T.S. diluted
with 0.1 ml. of water, the red tinge becomes less
apparent and the blue color more pronounced.
(2) A deep blue color develops on slowly adding
2 ml. of dimethylaminobenzaldehyde T.S. to 1
ml. of a solution of 1 mg. of ergotamine tartrate
in 5 ml. of a 1 in 100 solution of tartaric acid.
Specific rotation of ergotamine base. — Not less
than —150° and not more than —160°, in chloroform solution. Loss on drying. — Not over 5 per
cent, when dried at 60° in vacuum for 4 hours.
U.S.P. The B.P. and LP. provide a test for
absence of foreign substances, these being excluded by specifying certain physical characteristics of ergotamine base separated in the test. The
B.P. and LP. both limit loss on drying to 5.0 per
cent, the former compendium specifying that
ergotamine tartrate be dried to constant weight
at 105°, the latter that it be dried to constant
weight at 100°.
Assay. — An aliquot portion of an aqueous
solution of ergotamine tartrate, representing 0.05
mg. of the salt, is treated with /(-dimethylaminobenzaldehyde T.S. and the intensity of the blue
color is compared, in a photoelectric colorimeter, with that of a solution of Ergonovine
Maleate Reference Standard, similarly treated.
U.S.P.
Uses. — Oxytocic Action. — As described under Ergot, the physiological effects of ergotamine are qualitatively not distinguishable from
those of "ergotoxine" ; it is, however, slightly
less toxic. It was introduced originally for the
purpose of providing a crystalline principle, which
would produce the characteristic effects of ergot,
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suitable for parenteral injection. It has been used
to a considerable extent as a stimulant of the
uterus either during labor or in the treatment
of other uterine hemorrhages. It was injected
intramuscularly at the end of the second stage
of labor at the same time as posterior pituitary
solution was injected for immediate action. More
recently it has been combined with 0.125 mg.
of ergonovine maleate with the same idea, but
the duration of action of ergonovine is almost
as long as that of ergotamine.
Migraine. — Maier (Rev. neurol., 1926, 33,
1104) recommended ergotamine for the relief
of migraine. It has proved so efficacious for this
purpose (von Storch, Med. Clin. North America,
1941, 25, 1317) that its uterine effects have
become of secondary interest. Carter (J.A.M.A.,
1940, 114, 2298), after review of the literature
and from his own personal experience, concluded
that it is the most effective agent known for
symptomatic relief of migraine, although it is
of little use in other types of headache. In fact
it may cause headache. The benefit in migraine
is not due ot a sympatholytic action because
this action of the alkaloid does not occur with
therapeutic doses. Furthermore, the pain phase of
migraine is associated with dilatation rather than
spasm of the cranial arteries; arterial spasm occurs transiently in some cases at the onset of the
attack at the time of the visual scotomata.
Ergonovine, which has no sympatholytic action, is
effective in the treatment of migraine. Decreased
pulsation in the temporal artery has been correlated with the relief of headache induced by
ergotamine (Graham and Wolff, Arch. Neurol.
Psychiat., 1938, 39, 737; Wolff, Trans. A. Am.
Phys., 1938, 53, 93).
The smallest effective dose should be employed
and the patient should lie down in a quiet and
darkened room for 2 hours after the medication.
The earlier ergotamine is given in an attack the
smaller is the dose required and the more rapid
is the effect; during the prodromal period oral
administration may prove effective (Charles,
Postgrad. Med., 1950, 7, 33). When the attack
is well established, ergotamine may fail to constrict the distended and thickened arteries
(Torda
1945,
53,
329)andandWolff,
much Arch.
largerNeurol.
doses Psych'at.,
are required
to
produce much slower relief. Intramuscular administration ispreferred as it produces much
more certain and more rapid relief. Von Storch
(loc. cit.) reported relief in 90 per cent of attacks and no effect on the frequency of attacks.
Atkinson (/. M. Soc. New Jersey, 1944, 41, 11),
however, claimed that ergotamine therapy increased the frequency of attacks in some patients.
It is not used regularly as a preventive measure
because of the infrequency of attacks and the
danger of ergotism. Perelson (J.A.M.A., 1944,
125, 92) reported relief of attacks of persistent,
throbbing abdominal pain with tenderness of the
abdominal aorta in allergic patients with ergotamine tartrate. Von Storch (J. A.M. A., 1938, 111,
293) advised great caution in using it with patients having arteriosclerosis, scurvy, or diseases
of the kidney or liver, and that early doses should
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be small until the sensitivity of the individual
patient be determined.
Better results have been reported to follow use
of a tablet containing 100 mg. of caffeine and
1 mg. of ergotamine tartrate (Caj ergot Tablets,
N.N.R., Sandoz) ; 3 tablets were taken during the
aura before the migraine headache and then 1
tablet every 30 minutes for as many as 3 doses if
needed (Cohen and Criep, New Eng. J. Med.,
1949, 241, 896; Ryan, /. Missouri M. A., 1950,
47, 107). Rectal suppositories containing 2 mg.
of ergotamine tartrate and 100 or 200 mg. of
caffeine were used in 57 cases of migraine with
excellent relief in 62 per cent of them and good
effect in 21 per cent (Magee et al., Neurol., 1952,
2, 477); patients were of the opinion that suppositories were more promptly effective, with less
side effects (nausea) than with tablets administered orally. Only 4 out of 20 cases with histaminic
cephalgia and not one of 23 with tension headache
were relieved. An aerosol of 0.5 to 1 mg. of
ergotamine tartrate was used effectively in some
cases by Tabart (Presse med., 1950, 58, 1351).
Adrenergic Blocking Action. — Under the erroneous impression that ergotamine had useful
sympatholytic action in humans, it was employed
in several conditions in which there is hyperactivity of the sympathetic nervous system. In hyperthyroidism the results have been poor and ergotism has been frequent. Griffith and Comroe (/.
Pharmacol., 1940, 69, 34) found that rats under
the influence of thyroxin are more susceptible to
ergotamine, and advised, therefore, caution in its
use in thyrotoxic patients. Heath and Powdermaker (J.A.M.A., 1944, 125, 111) advocated 2
mg. of ergotamine tartrate every 3 hours by
mouth for ten days in the treatment of "acute
battle reaction" characterized by jitteriness,
tremor, empty sensation in the stomach, thumping in the head, palpitation, perspiration and insomnia. Grinker and Spivey (J.A.M.A., 1945,
127, 159) reported failure with this therapy in
instances of fatigue with sympathetic overactivity
and toxic effects occurred with this dose. The
rational of its use in certain psychoses, epilepsy,
hypertension and cord bladder is also questionable. Although it may be effective in postural
hypotension, ephedrine, etc., are safer remedies.
See also the discussion of hydrogenated ergot
alkaloids in the article on Adrenergic Blocking
Agents, in Part II.
Miscellaneous. — Ergotamine is often effective
in the relief of generalized pruritus in jaundice,
leukemia, Hodgkin's disease and uremia. Patients
with liver and kidney disease, however, tolerate
the drug poorly. In questionable cases of rheumatic fever an intravenous injection of 0.5 mg.
has been used to bring out the diagnostic prolongation of the "P-R" interval; tracings were
taken 30 and 60 minutes after the injection (Proc.
Soc. Exp. Biol. Med., 1945, 58, 303). S
Toxicology. — In proper dosage and in the
absence of contraindications (see under Ergot),
ergotamine is a relatively safe drug, although in
larger doses effects characteristic of ergotism
may appear. Untoward effects were reported in
13 of 19 cases in which large and frequently repeated doses were given for headache (Peters and
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Horton, Proc. Mayo, 1951, 26, 153); a case of
ischemic neuritis in the leg and one of angina
pectoris were described. Dependency on ergotamine was found in 7 cases with headaches, but
no nausea or vomiting when the drug was discontinued. A case of intermittent claudication in a
woman who had received subcutaneous injections
for headaches during 8 years was described
(Thompson et al., Arch. Int. Med., 1950, 85,
691) ; the symptoms were relieved by intravenous
administration of 140 mg. of sodium nicotinate.
Dihydroergotamine. — Seeking to find a drug
which could be used for treating migraine without incurring the toxic reactions manifested by
ergotamine, Horton et al. (Proc. Mayo, 1945, 20,
241) investigated the derivative dihydroergotamine (D.H.E.-4S, Sandoz), commonly employed
as the methanesulfonate salt. In a comparative
study of ergotamine tartrate and dihydroergotamine on 120 patients, the latter compound was
found to be just as effective as the former in
relieving acute attacks of headache, and gave rise
to toxic reactions with but one-third the frequency
of ergotamine. Friedman and Friedman (Ohio
State M. J., 1945, 41, 1099) injected 1 mg. of
the dihydroergotamine salt intramuscularly in 20
patients during attacks of migraine and reported
dramatic relief in 18 patients within 20 to 30
minutes; no undesirable side effects were observed. Hartman (Ann. Allerg., 1945, 3, 440) reported results almost as good. Unlike ergotamine,
the dihydro derivative does not cause blanching or
pain in the extremities.
While dihydroergotamine has been described
as having no uterine effect, Baskin and Crealock
(West. J. Surg. Obst. Gyn., 1950, 58, 302) reported shortening of both the first and second
stages of labor, with no untoward effects, following intravenous administration of 1 mg. of the
compound when the cervix had dilated to 5 to 6
cm. in diameter (meperidine was also used to
relieve intestinal cramps after this dose). An initial
decrease, followed by a steady increase in uterine
contractions and uterine work during early stages
of labor, in either the primipara or multipara,
followed intravenous administration of dihydroergotamine ina dose of 0.002 mg. per Kg. of body
weight, injected at a rate of 0.1 mg. in 30 minutes
of a solution containing 1 mg. in 500 ml. of 5 per
cent dextrose (Bruns et al., Obst. & Gynec, 1953,
1, 188). With a dose of 0.02 mg. per Kg. uterine
contractions were greatly increased. In single intravenous doses of 0.25 to 1 mg. dihydroergotamine has the same action, indications and contraindications as pituitary extract or other active
oxytocic drug. Except as an oxytocic in the third
stage of labor, a dose of 0.002 mg. per Kg., intravenously, should not be exceeded during pregnancy. Benefit in roentgen illness following
administration of dihydroergotamine has been
reported (Werner, Schweiz. med. Wchnschr., 1953,
83, 431).
Dose. — The usual dose of ergotamine tartrate
is 2 mg. (approximately Ho grain), by mouth,
followed by 1 mg. every 30 minutes; the range of
dosage is 1 to 6 mg. The maximum safe dose is
6 mg., and the total dose in 24 hours is seldom
more than 10 mg. Intramuscularly the usual dose
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is 0.25 mg., which may be repeated in an hour if
necessary; the range of dosage by this route is
0.25 to 0.5 mg., with a maximum safe dose of
0.5 mg.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
ERGOTAMINE TARTRATE
INJECTION.
U.S.P. (B.P., LP.)
"Ergotamine Tartrate Injection is a sterile
solution of ergotamine tartrate in water for injection. Itcontains not less than 90 per cent and
not more than 110 per cent of the labeled amount
Of (C33H35N505)2.C4H606."
U.S.P.
The B.P. defines Injection of ergotamine tartrate as a sterile solution of ergotamine tartrate
in injection of sodium chloride, the acidity of the
solution being adjusted to pH 3.5 by addition of
tartaric acid, the solution placed in ampuls the
air in which is replaced by nitrogen, and the
ampuls sterilized by heating in an autoclave; the
content of ergotamine tartrate is not less than
90.0 per cent and not more than 110.0 per cent
of the labeled amount.
The LP. injection is defined as a sterile solution of ergotamine tartrate in water for injection,
containing not less than 90.0 per cent and not
more than 110.0 per cent of the labeled content
of ergotamine tartrate, calculated as (C33H35OoNo)2.C4H606.2CH30H. The solution is directed
to be sterilized by adding 0.2 per cent w/v of
chlorocresol or 0.002 per cent w/v of phenylmercuric nitrate and heating at 98° to 100° for
30 minutes, or by bacteriological filtration.
All three pharmacopeias require the pH of the
solution to be between 3 and 4, and also specify
assay of the solution by the reaction summarized
under Ergotamine Tartrate.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Sizes. — 0.25 mg. in 0.5 ml.; 0.5 mg.
in 1 ml.

ERGOTAMINE TARTRATE
TABLETS. U.S.P. (B.P., LP.)
"Ergotamine Tartrate Tablets contain not less
than 90 per cent and not more than 110 per cent
of the labeled amount of (C33H3oN50s)2.C4H.6O6." U.S.P. The B.P. and LP. limits are
identical with this, except that the LP. rubric is
in terms of ergotamine tartrate containing 2 molecules of methanol of crystallization.
B.P. Tablets of Ergotamine Tartrate. LP. Compressi
Ergotamini Tartratis.

Usual Sizes. — 1 mg.
ERIODICTYON.

N.F.

Yerba Santa, [Eriodictyon]

Eriodictyon is the dried leaf of Eriodictyon
californicum (Hooker et Arnott) Torrey (Fam.
Hydrophyllacece)." N.F.
Mountain
Yerbasanta.

Balm;

Gum

Bush;

Bear's Weed.

Sp.

Eriodictyon californicum is a low evergreen
shrub growing abundantly upon dry hills in Cali-

I

fornia. Itis glabrous, resinous, having alternate,
short petiolate, long lanceolate leaves, irregularly
more or less serrate, whitened beneath between
the reticulations by a minute and close tomentum. glabrous above. The corolla is tubular funnel-form, violet or white in color; the calyx being
sparsely hirsute. The fruit is a 2-celled capsule.
The commercial supplies of eriodictyon come
from California.
E. tomentosum, which grows often along with
E. californicum, especially in the southern part of
California, is readily distinguished by its dense
coat of short villous hairs, whitish or rusty-colored with age. It is also a larger shrub than
E. californicum, has its corolla somewhat salverform, and its leaves oblong or oval, and obtuse.
Description. — "Unground Eriodictyon usually
occurs in fragments, but when it is entire the leaf
is lanceolate, from 5 to 15 cm. in length and from
1 to 3 cm. in breadth. The apex is acute and the
base tapers slightly into a short petiole. The
margin is irregularly serrate or crenate-dentate.
The upper surface is weak brown to moderate
olive-brown, and is covered with a more or less
glistening resin while the lower surface is yellowish brown to weak greenish yellow, reticulate
with conspicuous veins, and minutely tomentose
between the reticulations. The leaf is quite thick
and brittle. Eriodictyon has an aromatic odor and
a balsamic, bitter taste which becomes sweetish
and slightly acrid." N.F. For histology see N.F. X.
"Powdered Eriodictyon is yellow. It contains
unicellular, undulate, thick-walled, non-glandular
hairs up to 250 \i in length and up to 10 \x in
width; glandular hairs with 1- to 3-celled stalks
and multicellular heads consisting usually of 8
cells, the heads being up to 120 \i in diameter;
fragments of palisade tissue containing regularly
arranged columnar parenchyma cells, most of
which contain a rosette aggregate of calcium
oxalate; and tracheae with spiral thickenings or
simple pores usually associated with lignified
fibers. The calcium oxalate rosette aggregates are
numerous
and are from 5 to 30 n in diameter."
N.F.
Standards and Tests. — Stems. — Not over 5
per cent. Foreign organic matter. — Not over 2 per
cent other than stems. Acid-insoluble ash. — Not
over 2 per cent. N.F.
Constituents. — Mohr (Am. J. Pharm., 1879,
549) found in eriodictyon tannic acid, also an
acrid, bitter resin, upon which its activity is believed to depend, and a small amount of volatile
oil. Power and Tutin (Proc. A. Ph. A., 1906,
209) and Tutin and Clewer (/. Chem. S., 1908,
95, 81) reported the constituents eriodictyol,
homoeriodictyol, triacontane, penta-triacontane,
xanthoeridol, chrysoeriol and eriodonol as being
present. Homoeriodictyol (4'.5,7-trihydroxy-3'methoxyflavanone), C16H14O6. is a methyl derivative of eriodictyol (3',4'5.7-tetrahydroxyflavanone), C15H12O6, and is also isomeric with hesperetin (3'5,7-trihydroxy-4'-methoxyflavanone),
which substance is the aglycone of hesperidin, a
constituent of the peel of citrus fruits. A further
relationship of interest is that citrin, also known
as vitamin P and obtained from citrus fruits, consists of hesperidin (a rhamnoglucoside of hes-
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peretin), eriodictyol rhamnoside, and quercitrin.
Both eriodictyol and homoeriodictyol have been
synthesized.
Uses. — Eriodictyon has long been used in
California as a bitter tonic, and also as a stimulant balsamic expectorant. It is claimed to be
useful in asthma and chronic bronchitis; also in
chronic inflammation of the genitourinary tract.
In cases of asthma, eriodictyon has been sometimes used by smoking.
In 1879 Kier called attention to the remarkable power of eriodictyon of masking the taste
of quinine. Eriodictyon is similarly effective for
many other bitter medicines. Fantus and Dyniewicz (/. A. Ph. A., 1933, 22, 323) attributed
this property to the power of its resin to adsorb
basic substances. They found that the adsorptive
power is selective, as the drug will not lessen
the bitterness of acidic drugs, such as barbital,
nor remove acid dyes from solution. They observed that 1 ml. of the fluidextract will markedly
mitigate the bitterness of 40 mg. of quinine hydrochloride. The taste-masking effect is too slight to
be completely effective against such intensely
bitter substances but it is useful to mask the
bitterness of the less soluble salts of quinine. The
aromatic syrup is an especially useful vehicle.
Dose, 1 to 4 Gm. (approximately 15 to 60
grains).
ERIODICTYON

FLUIDEXTRACT.
N.F.

Yerba Santa Fluidextract, [Fluidextractum Eriodictyi]

Prepare the fluidextract from eriodictyon, in
moderately coarse powder, by Process A (see
under Fluidextracts) , using a menstruum of 4
volumes of alcohol and 1 volume of water.
Macerate the drug during 48 hours, and percolate
at a moderate rate; reserve the first 800 ml. of
percolate. N.F.
Alcohol Content. — From 57 to 62 per cent,
by volume, of C2H5OH. N.F.
Dose, 1 to 4 ml. (approximately 15 to 60
minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep. — Aromatic Eriodictyon Syrup, N.F.
AROMATIC

ERIODICTYON
N.F.

SYRUP.

Aromatic Yerba Santa Syrup, Syrupus Corrigens,
[Syrupus Eriodictyi Aromaticus]

Dissolve 0.5 ml. of sassafras oil, 0.5 ml. of
lemon oil, and 1 ml. of clove oil in 32 ml. of alcohol, add 32 ml. of eriodictyon fluidextract and
65 ml. of compound cardamom tincture, then 25
ml. of potassium hydroxide solution (1 in 20),
and 325 ml. of purified water. Add 5 Gm. of
magnesium carbonate, shake the mixture, allow
it to stand overnight, filter, and add enough purified water through the filter to make 500 ml.
Pour this liquid upon 800 Gm. of sucrose contained in a bottle, and effect solution by placing
the bottle in hot water, agitating the mixture frequently. Cool the solution, and add enough purified water to make 1000 ml. N.F.
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Alcohol Content. — From 6 to 8 per cent, by
volume, of C2H5OH. N.F.
Uses. — Although eriodictyon has some expectorant effect this syrup is more useful as a vehicle
for bitter drugs. Fantus et al. (J. A. Ph. A., 1933,
22, 323) found the syrup to be excellent for disguising the taste of quinine and strychnine (see
also under Uses of Eriodictyon). The syrup is
slightly alkaline in reaction and is incompatible
with acids and acid-reacting salts, these substances
usually precipitating resin from the syrup. Because it also contains tannin, the syrup is incompatible with iron salts.
The N.F. assigns a dose of 8 ml. (approximately
2 fluidrachms).
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.

ERYTHRITYL TETRANITRATE
TABLETS. N.F.

Erythrol Tetranitrate Tablets, Tetranitrol Tablets,
[Tabellae Erythritylis Tetranitratis]

"Erythrityl Tetranitrate Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of erythrityl tetranitrate (C4H6N40i2)."Ar./;'.
The alcohol
erythritol or erythrol is tetrahydroxybutane, CH2OH.CHOH.CHOH.CH2OH. It
occurs free in the alga Protococcus vulgaris and
in many lichens it occurs as an ester of orsellinic
acid, from which it may be liberated by saponification. Erythritol may be synthesized from butadiene. Erythrityl tetranitrate may be prepared by
reacting erythritol with concentrated nitric acid,
afterwards adding sulfuric acid. The tetranitrate
is too explosive to handle with any degree of
safety unless it has been mixed with a diluent,
such as lactose.
Erythrityl tetranitrate should not be confused
with the related and similarly employed compound
pentaerythrityl tetranitrate, which is described
under this title in Part II.
Standards and Tests. — Solubility. — The tablets are partially soluble in alcohol and in ether
(erythrityl tetranitrate), and are partially soluble
in water (lactose). Identification. — (1) The residue obtained in the assay melts between 60° and
61°. Caution — The erythrityl tetranitrate used
in this test may explode on percussion. The operator must be protected by a glass screen while
determining the melting point. (2) A solution of
about 10 mg. of the residue obtained in the assay
in 1 ml. of distilled water and 2 ml. of sulfuric
acid, cooled, then overlaid with 3 ml. of ferrous
sulfate T.S. produces a brown color at the junction of the two liquids. N.F.
Assay. — A representative sample of tablets,
carefully powdered, equivalent to about 250 mg.
of erythrityl tetranitrate, is extracted with ether,
which dissolves the erythrityl tetranitrate. The
ether extracts are filtered through paper, the filtrate evaporated to dryness at a temperature not
above 35°, the residue dried over sulfuric acid in
a vacuum desiccator for 18 hours, and the residue
of erythrityl tetranitrate weighed. N.F.
Incompatibility. — As pure erythrityl tetranitrate explodes on percussion it is advisable not
to triturate it with other substances.
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Uses. — Erythrityl tetranitrate does not differ
qualitatively in its physiological action from the
nitrites (see Sodium Nitrite); it is somewhat
less potent in vasodilating action but has decidedly
more prolonged effect. Maximal effect following
oral administration is attained in 20 to 25 minutes, too slow to be useful in attacks of angina
pectoris, and lasts upwards of 3 to 4 hours.
Erythrityl tetranitrate is used to lower blood
pressure in various circulatory disturbances when
a constant effect is desired. It is not a very effective dilator of peripheral vessels. It is sometimes
useful at bedtime to prevent nocturnal attacks
of angina pectoris. Tolerance develops more
rapidly from erythrityl tetranitrate than from
sodium nitrite but more slowly than from glyceryl
trinitrate (Loewenhart, J. Pharmacol., 1931, 41,
103). Erythrityl tetranitrate causes headache in
some cases. Prolonged use may result in methemoglobinemia. Itis commonly administered in tablet
dosage form.
The usual dose of erythrityl tetranitrate is 30
mg. (approximately x/> grain), with a range of 15
to 60 mg., given in tablets every 4 to 6 hours.
Storage. — Preserve "in well-closed containers." N.F.
Usual Sizes. — % and y2 grain (approximately
15 and 30 mg.).
ERYTHROMYCIN.

U.S.P.

"Erythromycin is an antibacterial substance
produced by the growth of Streptomyces erythreus
Waksman. It contains not less than 85 per cent of
ervthromycin. calculated on the anhydrous basis."
UJSJ>.
Erythrocin {Abbott) ; Ilotycin (Lilly).

From cultures of an actinomycete found in a
sample of soil obtained from Iloilo City on the
Island of Panay, in the Philippine Archipelago.
McGuire et al. (Antibiot. Chemother., 1952, 2,
281) isolated a new broad-spectrum antibiotic.
The actinomycete was identified as a strain of
Streptomyces erythreus, so named because, as they
age, the colonies tend to become red; the new
antibiotic was, accordingly, called erythromycin.
The methods of industrial biosynthesis and chemical recovery from fermented broth cultures are
qualitatively similar to those for most antibiotics
of the Streptomyces group.
Description. — "Erythromycin occurs as white
or slightly yellow crystals or powder. It is odorless
or practically odorless, and is slightly hygroscopic.
Its saturated solution is neutral or slightly alkaline
to litmus. Its solution in alcohol is levorotatory.
One Gm. of Erythromycin dissolves in about
1000 ml. of water. It is soluble in alcohol, in
chloroform, and in ether. Erythromycin melts
somewhat
indistinctly between 133° and 148°."
US.P.
Constitution. — The constitution of erythromycin is not yet known in detail. It is a basic
compound, assigned a tentative empirical formula
of C39H73NO13; it readily forms salts with inorganic and organic acids. The nitrogen in the
molecule is not embodied in a nitro group, and
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there is no benzene ring structure in the substance.
Acid degradation yields dimethyl amine and a 3dimethylamino-4-desoxy-5-methylaldopentose (see
Clark, Antibiot. Chemother., 1953, 3, 663).
Stability. — Erythromycin is stable in the dry
state. In solution it retains its activity during prolonged storage under refrigeration (5°) or when
frozen but progressively loses activity over several days at room temperature or higher. Brief
exposure of solutions to a temperature of 60° or
higher results in rapid loss of antibiotic activity.
Erythromycin is adsorbed on bacterial filters so
that there is loss of activity when this means of
sterilization of its solutions is employed. Haight
and Finland (Proc. S. Exp. Biol. Med., 1952, 81,
175) reported that only about 6 per cent of the
original antibacterial activity of erythromycin
solutions (2 and 200 micrograms per ml.) remained after Seitz filtration and that from 50 to
75 per cent of activity was lost during passage
through a Berkfeld filter or sintered glass filter.
Standards and Tests. — Identification. — A
red-brown color is produced when 5 mg. of erythromycin isshaken gently with 2 ml. of sulfuric
acid (bacitracin, neomycin sulfate, and tyrothricin
give colorless or only slightly yellow solutions).
Water. — Not over 10 per cent, when determined
by the Karl Fischer method. U.S.P.
Assay. — Erythromycin is assayed by the official microbial assay. U.S.P. For microbiologic
assay procedures see Higgins et al. (Antibiot.
Chemother., 1953, 3, 50). Assays for determining
concentration of erythromycin in serum and other
body fluids have been described by Ziegler and
McGuire (ibid., 1953, 3, 67), and Kirshbaum
et al. (ibid., 1953, 3, 537). Washburn (/. A. Ph. A.,
1954, 43, 48) devised an assay based on infrared
absorption that compares well with microbiologic
assay methods and is specific for erythromycin.
It is noteworthy that erythromycin is more
active antibacterially at pH 8 than in acid media;
for example, four times as high a concentration
is required at pH 7 than at 8 to inhibit Bacillus
cereus (Heilman et al., Proc. Mayo, 1952, 27,
285). Working with different bacterial species
Haight and Finland (loc. cit.) found that the
activity of erythromycin increased approximately
10-fold for a rise of one pH unit.
Action. — Absorption. — Erythromycin is absorbed readily following oral administration and
is soon present in most tissues (Lee et al.,
Antibiot. Chemother., 1953, 3, 920). It is transmitted through the placental membrane and when
there is a therapeutically effective concentration
in the mother's circulation generally the antibiotic
can be detected in the fetal circulation also. The
drug does not readily pass the blood-brain barrier
and only insignificant amounts enter the cerebrospinal fluid when there is no inflammation or
damage of the meninges. After a single oral dose,
maximum blood levels are attained in from one to
two hours. Haight and Finland (loc. cit.) reported
the following maxima and times: 250 mg. dose,
0.2 microgram per ml. after one hour; 500 mg.
dose, 0.6 microgram per ml. after two hours;
1 Gm. dose, 1.2 micrograms per ml. after two
hours. There was much individual variation but,
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in general, the maximum level attained was proportional to the dose. Although differing in absolute values because of differences in dose and
experimental technic, the results reported by Heilman et al. (loc. cit.) may be interpreted as providing confirmatory evidence. Concentrations attained in ascitic fluid are about 30 per cent of
those attained in plasma, following a single dose
of 500 mg. (Grigsby et al., Antibiot. Chemother.,
1953, 3, 1029).
Following multiple doses somewhat higher blood
levels are reached. In general, 400 to 500 mg.
given orally every six hours provides therapeutically satisfactory levels. If gastrointestinal disstress occurs, the individual doses may be reduced
to 300 mg.; such a dosage schedule usually is
bacteriologically adequate, although it does not
provide the measure of security that larger doses
give. Shoemaker and Yow {Antibiotics Annual,
1953-1954, p. 460) found a daily dose of 20 to 25
mg. per Kg. of body weight clinically satisfactory
in treating a variety of infections, including pneumococcal pneumonia, empyema, septicemia, osteomyelitis, acute pyelonephritis, and gonorrhea.
There is considerable variation in serum and
tissue levels in different individuals, but there is
more consistency at a given time in the ratio of
tissue concentration to serum concentration (Lee
et al., loc. cit.).
Effect of Dosage Form. — Higher blood levels
are attained and maintained for a longer period of
time when erythromycin is administered in tablets with an acid-resistant coating or when given
with sodium bicarbonate than when given in gelatin capsules. Properly formulated tablets containing 500 mg. of erythromycin given 4 times daily
maintain in the serum a concentration of about
2 micrograms per ml. Kirby et al. {Antibiot.
Chemother., 1953, 3, 473) found 0.5 microgram
to be inhibitory for most species of bacteria, in
vitro.
To achieve best therapeutic effects, it is necessary to protect erythromycin from gastric secretions. If this is not done, or if the drug is given
with or immediately after a meal, it is destroyed
or its absorption is blocked. Special acid-resistant
coating of the dosage form overcomes this, but it
is difficult to regulate the dose with tablets. Sylvester and Josselyn {Antibiot. Chemother., 1953, 3,
930) recommended use of erythromycin stearate,
formed by reacting erythromycin with stearic
acid. The final salt represents 60 per cent erythromycin and 40 per cent stearic acid. The salt is
easily formulated as an oral suspension in an
aqueous vehicle containing carboxymethylcellulose, sweetening agent, and sodium citrate. Even
the relatively insoluble stearate hydrolyzes to a
small extent in water and releases erythromycin
which results in a detectable bitter taste. Murphy
{Antibiotics Annual, 1953-1954, p. 500) and
Stephens {ibid., p. 514) developed several esters
of erythromycin that are equally satisfactory
therapeutically and are essentially tasteless.
Erythromycin stearate is recognized in N.N.R.,
the accepted brand being Erythrocin Stearate
(Abbott), which is supplied as an oral suspension
and as tablets. Erythromycin ethyl carbonate is a
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similar compound recognized in N.N.R., the accepted product being Ilotycin Ethyl Carbonate
(Lilly) ; this is a white, odorless powder, having
a slightly bitter taste, practically insoluble in
water. An oral suspension of the compound is
available.
Under ordinary circumstances, oral administration of erythromycin for systemic medication is
satisfactory. However, in emergencies, when therapeutic levels of the antibiotic should be achieved
in the plasma as rapidly as possible or when patients cannot accept medication by mouth, a
parenteral form of the drug may be desirable.
Erythromycin glucoheptonate has been studied
as an intravenous dosage form. Maple et al.
{Antibiot. Chemother., 1953, 3, 836) found initial
concentrations in the serum of 23 patients ranged
from 7 to 30 micrograms per ml. when 500 mg.
of the glucoheptonate preparation was infused
intravenously in 200 ml. of saline over a 30-minute period. Thereafter, the concentrations fell
rapidly and ranged from 0.1 to 1 microgram after
6 hours. Administration of 1 Gm. by continuous
intravenous drip over 6 hours maintained therapeutic blood levels of 1 to 10 micrograms per ml.
Higher initial levels (approximately 20 to 82
micrograms per ml.) and comparable 2- to 6-hour
levels were obtained by Griffith et al. {Antibiotics
Annual, 1953-1954, p. 496) with smaller doses
(300 mg.) given as a single intravenous injection
over a 4-minute period. Fifteen per cent of the
dose of erythromycin given intravenously as the
glucoheptonate was excreted in the urine during
the 24 hours immediately following injection.
Erythromycin glucoheptonate is recognized in
N.N.R., the accepted product being Ilotycin
Glucoheptonate (Lilly). It occurs as a white,
crystalline powder, freely soluble in water; the
pH of the 2 per cent solution is between 6.0 and
7.5. This salt is supplied in vials containing powder equivalent to 250 mg. of erythromycin. A
similar salt, also recognized in N.N.R., is erythromycin lactobionate, the accepted form of which
is Erythrocin Lactobionate (Abbott) ; it is a white
powder, freely soluble in water, the 2 per cent
solution having a pH between 6.0 and 7.5. It is
supplied in vials containing powder equivalent to
300 mg. and 1 Gm., respectively, of erythromycin.
This salt may be injected intravenously as a 1 per
cent solution, or intramuscularly as a 5 per cent
solution.
Excretion. — The major route of excretion of
erythromycin is renal. Basing judgment on results
of experiments with dogs, it appears that erythromycin is excreted in the urine more rapidly than
either Aureomycin or Terramycin during the first
two hours following an oral dose, but that after
that time excretion of Terramycin is greater. Urinary excretion of erythromycin is several times
that of Aureomycin at all times, following administration of equal doses. In humans, after single
doses or repeated small doses (300 mg.) the concentration inthe urine is low, but on continuous
therapy with 500 mg. every 6 to 8 hours, up to
15 per cent of the amount ingested daily can be
demonstrated in active form in the urine and the
concentration may reach 2 mg. per ml. Heilman
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et al. (loc. cit.) emphasized, however, that concentration inthe urine is not necessarily an index
of the concentration of the antibiotic in the tissues and that the latter may be more important in
effectively treating infections of the urinary tract.
Erythromycin is excreted in the bile also. When
the blood level is 2 micrograms or less per ml.,
comparatively little may be in the bile {e.g., approximately 0.5 microgram per ml.), but in patients with serum levels of 4 micrograms or more
of erythromycin per ml., the concentration in the
bile may range from 32 to 256 micrograms per
ml., depending on the duration of therapy and
other factors (Heilman et al., loc. cit.). In duodenal fistula dogs, as much as 50 per cent of a
single intravenously injected dose of erythromycin
(10 mg. per Kg.) was recovered in hepatic bile
and in urine in 6 hours; two-thirds of the total
recovered was in the bile.
Uses. — Bacterial Infections. — Erythromycin
may be the antibiotic of choice for treating infections due to penicillin-resistant staphylococci
and enterococci. Eisenberg et al. (Antibiot.
Chemother., 1953, 3, 1026) isolated 592 cultures
and found 42 per cent of them resistant to penicillin, but 90 per cent of them sensitive to erythromycin. Only 75 per cent of these were sensitive
to Aureomycin or to Terramycin. Similar observations were reported by Finland and Haight
(Arch. Int. Med., 1953, 91, 143).
Erythromycin is indicated also for treating infections due to gram-positive or to coccal organisms in penicillin-sensitive patients or in patients
with a past history of allergy (Grigsby et al.,
Antibiot. Chemother., 1953, 3, 1029).
Results in pneumococcal pneumonia without
complications are generally good (Romansky et
al., Clin. Res. Proc, 1954, 2, 92). Haight and
Finland (New Eng. J. Med., 1952, 247, 227)
observed good response in 11 cases not complicated by bacteremia when total doses ranged from
2.8 to 16.8 Gm. (av. 6.9 Gm.) during 2 to 14 days
(av. 6.5 days). Fever subsided within 48 hours
in all patients and sputum of 9 patients became
negative on or after the first day of treatment
and after the third day of treatment in the others.
Austrian et al. (Am. J. Med. Sc, 1953, 226, 487)
prefer penicillin. Grigsby et al. (loc. cit.) found
that 4 out of 5 patients became afebrile in 24 to
72 hours, but that cases complicated by pneumococcal bacteremia or meningitis responded less
favorably. The same authors reported the drug
ineffective in viral pneumonia and in Friedlander's
pneumonia, but Nasou et al. (Antibiotics Annual,
1953-1954, p. 470) found it curative in a case of
Hemophilus influenzce, type B, pneumonia.
Hemolytic streptococcal infections and staphylococcal septicemia are reported to respond favorably, usually in 24 to 36 hours, to 300 to 500 mg.
of erythromycin given orally every 6 to 8 hours
(Smith et al., J. A.M. A., 1953, 151, 805; Heilman
et al., Proc. Mayo, 1952. 27, 285). Erythromycin
alone, or especially conjointly with streptomycin,
may prove valuable in treating streptococcal or
staphylococcal endocarditis resistant to the usual
regimen of antibiotic therapy (Jones and Yow,
Antibiotics Annual, 1953-1954, p. 480; Haight
(/. Lab. Clin. Med., 1954, 43, 15) found erythro-
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mycin or procaine penicillin equally effective in
the treatment of scarlet fever; the incidence of
toxicity was less with the former.
Urinary tract infections caused by gram-positive organisms respond well, but not those due to
Aerobacter cerogenes, Bacillus proteus, or gramnegative organisms generally. Other systemic bacterial infections treated successfully with erythromycin include empyema, osteomyelitis, and
acute pyelonephritis. Efficacy in meningococcemia
was reported in a child by Anderson (Antibiot.
Chemother., 1953, 3, 1091) and in diphtheria
carriers
1953, 4).by Ricci et al. (Aggiornamento Pediatrico,
Venereal Diseases. — Gonococcal urethritis
and cervicitis have been apparently cleared by a
one or two day dosage schedule of 1 to 2 Gm. of
erythromycin, given in divided doses every 4 to 6
hours (Grigsby et al., loc. cit.; Cordice et al.,
Antibiotics Annual, 1953-1954, p. 480; Haight
and Finland, loc. cit.). However, there have been
relapses. The latter authors consider erythromycin
inferior to penicillin for clearing gonococcal
infections.
Lymphogranuloma venereum in 14 patients was
treated by Banov and Goldberg (Antibiotics
Annual, 1953-1954, p. 475) with erythromycin,
400 to 1600 mg. 4 times daily for from 11 to 25
days. Ten cases had inguinal adenitis and four had
rectal lesions: six of the former cases were cured
with erythromycin and four were equivocal; only
one of the patients with rectal lesions responded
unequivocally. The authors concluded that further
evaluation is necessary to establish the position of
erythromycin in lymphogranuloma venereum.
Cordice et al. (loc. cit.) concluded that erythromycin isuseful in treatment of lymphogranuloma venereum, gonorrhea, chancroid, and donovanosis. Primary luetic lesions were cleared of
Treponema pallidum in 72 hours on a regimen of
2 Gm. daily in divided doses. Urethral discharge
was cleared of Neisseria gonorrhea in 48 hours,
chancroidal lesions healed in 6 days, lesions of
lymphogranuloma in 15 days, and those of donovanosis in 16 to 33 days. There was no evidence
of toxicity, even under prolonged treatment. However, they caution that further study is required
to determine optimal dosage and schedules. Robinson and Cohen (/. Invest. Dermat., 1953. 20,
407) reported good results in granuloma inguinale.
Cutaneous Bacterial Infections. — Livingood
et al. (J.A.M.A., 1953. 153, 1266) treated 184
cases of varied infections (impetigo, ecthyma,
folliculitis, furunculosis. paronychia, ulcers, etc.)
with ointments containing 0.5 per cent erythromycin. They concluded that erythromycin is a
very effective topical agent for staphylococcic and
streptococcic primary cutaneous infections but
that it may be less satisfactory in treating secondary bacterial infections. Three of the patients
had an apparent sensitivity or irritant reaction
to erythromycin and two others responded similarly to erythromycin-neomycin mixtures. According to these authors erythromycin may not be
as well tolerated as other antibiotics by denuded
and eczematized skin. Robinson and Zeligman
(/. Invest. Dermat., 1953, 20, 405) used the 1
per cent ointment effectively in a variety of
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pyodermas, including 25 cases of impetigo contagiosa; Freeman and Scott (/. Pediatr., 1953, 42,
669) treated pyodermas in children successfully.
Amebiasis and Other Non-bacterial Infections.— In young rats experimentally infected
with Endamceba histolytica, erythromycin was
found to be more effective than Terramycin (McCowen et al., Am. J. Trop. Med. Hyg., 1953, 2,
212) and trials in a limited number of human
patients have shown erythromycin to be effective
in acute diarrheal stages of amebic dysentery. In
spite of the in vitro observation that erythromycin
is less inhibitory than Terramycin for Endamceba,
especially in the absence of bacteria (McCowen,
loc. cit.), the drug seems to be a direct-acting
amebicide, since no change in bacterial intestinal
flora is noted in human amebiasis patients treated
with it.
Of particular interest is the effect of erythromycin on trypanosomes, and on Leishmania
donovani. Mice inoculated with Trypanosoma
gambiense (African sleeping sickness) and T.
equiperdum (dourine or mal de coit of horses)
are protected from infection when given oral
doses of erythromycin (40 mg. per mouse) once
a day for 5 days. Neither Aureomycin nor Terramycin is effective at the same dosage.
Erythromycin also has potentialities in treatment of infections due to Spirochceta (Borelia)
novyi (North American relapsing fever), Toxoplasma spp. (toxoplasmosis), and Trichomonas
vaginalis. Further research is necessary to unequivocally establish the clinical position of erythromycin in such diseases.
Toxicology. — Erythromycin has low toxicity.
Anderson et al. (J. A. Ph. A., 1952, 41, 555; reported the acute LD50 of the free base for the
mouse to be approximately 3000 mg. per Kg. when
given orally and more than 2500 mg. per Kg.
when given subcutaneously; similar figures were
obtained with the rat and the hamster (only oral
determined). The LD50 for guinea pigs injected
intraperitoneally was about 413 mg. per Kg.
Corresponding figures for the hydrochloride administered tothe mouse were about 2900 mg. per
Kg. (oral), 1849 mg. per Kg. (subcutaneous),
425 mg. per Kg. (intravenous), and 490 mg. per
Kg. (intraperitoneal).
Studies of subacute effects revealed no evidence
of eighth cranial nerve damage in cats or of
pathologic changes in viscera or formed elements
of the blood in rats or dogs receiving the drug
continuously in their diets over a period of a year
(Anderson et al., ibid., 1955, 44, 199). Marrow
constituents and blood and urine analyses were
normal.
In humans, nausea, vomiting, and diarrhea have
been reported occasionally, and Shoemaker and
Yow {Antibiotics Annual, 1953-1954, p. 460) had
to discontinue the drug in one patient (in a series
of 47) because of these effects. But incidence of
such reactions is much less common with erythromycin than with Aureomycin or Terramycin.
The relative lack of gastrointestinal disturbance
may be due to the fact that usually erythromycin
does not interfere with Escherichia coli and other
normal intestinal microflora.
To date, emergence of erythromycin-resistant
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pathogens during therapy has not been a serious
clinical problem, although resistance may be induced in vitro. However, Kirby et al. (Arch. Int.
Med., 1953, 92, 464) reported that erythromycinresistant organisms developed in one patient with
chronic osteomyelitis of the spine after 6 weeks
of therapy. In soft tissue infections treated for
3 weeks there was no decrease in sensitivity of
the organisms. There is cross-resistance between
erythromycin and carbomycin, but not between
erythromycin and other narrow- or broad-spectrum antibiotics. Hobson (Brit. M. J., 1954, 1,
236) found, in vitro, that resistance of staphylococci to erythromycin developed in a stepwise
manner, similar to that to penicillin.
That resistance to erythromycin may become
a problem in hospitals, as it has with penicillin, is
indicated by the report of Lepper et al. (Antibiotics Annual, 1953-1954, p. 308). Among hospital personnel who were carriers, the proportion of
strains of staphylococci not inhibited by 100
micrograms or less per ml. rose from zero to 75
per cent during a period of 5 months when the
drug was being tested extensively on patients and,
during a period of 3 months, incidence of erythromycin-resistant staphylococci infecting the trachea
of tracheotomized patients increased from zero to
95 per cent. When the drug was no longer used in
the hospital, the incidence of resistant strains in
carrier personnel dropped to about 35 per cent.
Summary. — Erythromycin is a relatively broadspectrum crystalline antibiotic elaborated by the
actinomycete Streptomyces erythreus.
When dry, erythromycin is stable, but in solution deteriorates slowly at room temperature
(25°), and rapidly at 60 or higher. At refrigerator least
temperature
(4°) sterile solutions are stable
for at
8 weeks.
The antibiotic is rapidly absorbed and distributed to most body tissues and fluids following
ingestion. There is considerable individual variation in the blood levels attained (maximum usually
in about 2 hours) but the serum/tissue level ratios
are more uniform at any given time. Major excretion of erythromycin is renal and biliary.
Doses of 400 to 500 mg. every 6 hours generally provide serum levels at least 4 times the
0.5 microgram per ml. required to inhibit most
sensitive organisms in vitro.
Erythromycin is indicated for treatment of all
gram-positive and most coccal infections that are
resistant to penicillin and for treating penicillinsensitive infections in patients who react unfavorallergy.
ably to penicillin or who have a past history of
Erythromycin has been effective in limited
trials in gonorrhea, syphilis, lymphogranuloma
venereum and other venereal diseases, but probably is not as effective as penicillin in gonorrhea
or in syphilis. Preliminary trials in acute phases
of amebiasis in man and in experimental relapsing
fever, toxoplasmosis, and African sleeping sickness have yielded promising results.
Bacteria do not readily acquire resistance to
erythromycin in vivo, but when they do, generally
they are resistant to carbomycin also. There seems
to be no significant cross-resistance between erythromycin and other antibiotics except carbomycin.
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Toxicity of erythromycin is low and normally
no serious untoward reactions are seen. There is
a possibility that in some patients eczematized or
infected skin may be sensitive to erythromycin,
but thus far this has been observed only infrequently.
Dosage. — The usual dose, for most susceptible
infections, is 300 mg. of erythromycin, orally,
every 6 hours, with a range of dose of 200 to 600
mg. The total daily dose, but not the number of
doses, is proportionately less for children.
When intravenous injection is indicated,
erythromycin glucoheptonate or erythromycin
lactobionate (see above) may be employed.
Erythromycin is incorporated in ointments for
topical use, several of these application forms
being available under the usual trade-marked
names of the antibiotic.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
ERYTHROMYCIN
TABLETS.
U.S.P.
"Erythromycin Tablets contain not less than
85 per cent of the labeled amount of erythromycin." U.S.P.
Usual Size. — 100 mg. (approximately ll/2
grains).
ESTRADIOL.

N.F. (LP.)

Dihydrotheelin, (Estradiol, [Estradiol]

"17-cw-Beta-estradiol." N.F. The LP. defines
Oestradiol as a-3:17-dihydroxyoestratriene-l:3,5.
LP. Oestradiol. Oestradiolum. Dihydroxyestrin. 3.17(a)Dihydroxy-^1-3-5<10)-estratriene, Dimenformon (Organon) ;
Ovocylin (Ciba); Progynon (Schering). Sp. Estradiol.

The egg cells of the ovary are contained in a
sort of sac, known as the "primary follicle." When
the animal reaches the age of puberty these follicles begin to grow, seriatim, and when they reach
a stage of maturity constitute the Graafian follicles. This sac contains the ovum floating in a
liquid known as liquor folliculi. In this solution is
the hormone (Allen and Doisy, J.A.M.A., 1923,
81, 819; Zondek, Klin. Wchncshr., 1928, 7, 485)
now known as estradiol. Eventually the Graafian
follicles rupture and discharge their ova, after
which the sac becomes filled with a yellowish
fluid and is known as the corpus luteum. This yellow body contains the related, but distinct, hormone progesterone (see under this title and also
Corpus Luteum). For further information on the
physiology of the ovary, see Allen {J. A.M. A.,
1941, 116, 405).
Chemically, estradiol is beta-3,17-dihydroxy1,3,5 (lO)-estratriene, or dihydroxyestrin; it may
be considered to be a derivative of cyclopentanoperhydrophenanthrene (see Sterids, Part II). It
differs from estrone (theelin), the first sex hormone to have been isolated (Doisy et al., J . Biol.
Chem., 1930, 86, 499; Butenandt, Naturwissenschaften, 1929, 17, 879), in having a secondary
alcohol group in place of the keto group in theelin,
hence the name dihydrotheelin sometimes given
to estradiol. Its structural formula, in ester form,
is shown under Estradiol Benzoate.
First isolated (MacCorquodale et al., Proc. Soc.
Exp. Biol. Med., 1935, 32, 1182) from sow ovaries

(four tons yielding 11 mg. of crystalline material from which the hormone was regenerated),
estradiol is also found in human pregnancy urine
(Smith et al., J. Biol. Chem., 1939, 130, 431) and
in mare pregnancy urine, along with a less potent
stereoisomer.
The more active isomer, usually referred to
merely as estradiol, was originally specifically
called a//>Aa-estradiol while the much less active
isomer was designated fceto-estradiol. Later it was
established that the difference between the two
isomers was in the orientation of the OH group
at carbon atom 17; in the active isomer the OH
group projects to the front while in the less active
isomer this group projects to the rear. Since rules
of nomenclature require that front orientation be
designated beta, and rear orientation alpha, the
isomer originally called ai/>Aa-estradiol is really
17-6era-estradiol, while the original beta-estradiol
is actually 17-a//>Aa-estradiol. This accounts for
the change of nomenclature of these compounds
in the new official compendia.
Estrone (described under this title) and estriol,
the latter differing from estradiol in having another secondary alcohol group (at carbon atom
16), are also found in human pregnancy urine
(Marrian, Biochem. J., 1930, 24, 1021); it is
believed that these substances are metabolic products of estradiol, rather than original hormones.
Pregnant mares' urine is the chief commercial
source of these estrogens and normally all but
1 or 2 per cent of the estrogenic activity of such
urine is attributable to estrone (52 to 90 per cent)
and to estradiol (10 to 47 per cent) ; the remainder
is due chiefly to estriol, equilin, hippulin and
equilenin (for further information concerning
these substances see under Estrone). It is of interest that the estrogens in the urine of. pregnant
women are excreted as water soluble glucuronides
while those in pregnant mares' urine occur as
sulfates; on acid or putrefactive hydrolysis of the
urines the conjugated compounds are converted
to free estrogens. Although a solution of all the
estrogens mentioned here is used in medicine,
only estradiol, estrone and estriol have sufficient
activity to warrant their use individually. When
given by injection, estradiol is the most active of
the three substances; estrone is next in order of
activity and estriol is the least potent. When given
orally, however, estradiol and estrone lose much
of their effectiveness, while estriol is said to be
almost as active as when it is injected. Esterification of the phenolic hydroxyl of estradiol as
acetate, benzoate, palmitate or propionate delays
absorption from the site of injection and thereby
apparently enhances the effectiveness of the substance (see under Estradiol Benzoate).
Estradiol may be readily prepared by the reduction, asby hydrogenation, of estrone; indeed,
this had been done before it was isolated from
natural sources (Schwenk and Hildebrandt, Naturwissensckaften, 1933, 21, 177). Inasmuch as
estrone has been synthesized from non-steroidal
sources, estradiol also may be thus synthesized.
Description. — "Estradiol occurs as white or
creamy white, small crystals or as a crystalline
powder. It is odorless and is stable in the air.
Estradiol is almost insoluble in water; it is soluble
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in alcohol, in acetone, in dioxan, and in solutions
of fixed alkali hydroxides; it is sparingly soluble
in vegetable oils. Estradiol melts between 173°
and 179°." N.F.
Standards and Tests. — Identification. -(1)
A solution of 2 mg. of estradiol in 2 ml. oi sulfuric acid is greenish yellow and has a green
fluorescence; on dilution with 2 ml. of water the
color of the solution changes to pale orange. If
1 drop of ferric ammonium sulfate T.S. is added
to the sulfuric acid solution before dilution with
water, the green color is markedly intensified, and
after dilution with water the color changes to red.
(2) A deep red color is produced on adding a
potassium hydroxide solution of estradiol to a
solution of diazotized sulfanilic acid. (3) Estradiol
benzoate, prepared by esterifying estradiol with
benzoyl chloride, melts, after recrystallization,
between 190° and 195°. Specific rotation. — Not
less than +76° and not more than +83°, when
determined in a dioxan solution containing 100
mg. of dried estradiol in each 10 ml. Loss on
drying. — Not more than 1 per cent, when dried at
105° for 4 hours. Limit of alpha-estradiol. — An
aliquot portion of a benzene solution of estradiol,
representing 20 micrograms of estradiol, is evaporated to dryness and the residue treated with an
iron-phenol reagent which under the conditions
of this test produces a red color with alphaestradiol but not with beta-estradiol (the same
reagent will, however, produce a red color also
with beta-estradiol under the different conditions
specified in the assay of estradiol tablets). Any
color produced in this test is not deeper than that
obtained in a control prepared from 20 micrograms of N.F. Estradiol Reference Standard. N.F.
Assay. — No assay is specified for the bulk
forms of such natural estrogens and their derivatives as estrone, estradiol, estradiol benzoate and
estradiol dipropionate ; these substances may be
adequately evaluated by other official specifications. Assay of the official dosage forms of these
estrogens is, however, provided for and these
assays are explained in the respective monographs
of such dosage forms.
Prior to the general availability of relatively
pure individual estrogens and to the development
of chemical methods of assay of such substances
a biological method of assay was used in standardizing estrogenic preparations; indeed, such a
method is still useful and is often employed. The
following is a discussion of one of these biological
procedures; some of the problems associated with
such a method are presented. The method is based
on observation of the series of changes produced
in the cellular contents of the vaginal secretion
of adult female rats from which the ovaries have
been completely removed in comparison with
similar effects produced by the same type of preparation made with either estrone, estradiol, or
estradiol benzoate as the reference standard. The
method is patterned after that suggested by the
League of Nations Health Organization some
years ago, in connection with which that body
established two international reference standards:
estrone and estradiol benzoate.
The first standard established by the Organization, in 1933, was a composite sample of estrone,
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the international unit of which was defined as the
specific estrus-producing activity in 0.1 gamma
(0.0001 mg.) of the standard. Because it was
later found that estrone was not a suitable standard for the assay of the esterified forms of estrusproducing hormones, the Organization in 1935
established a composite sample of estradiol monobenzoate (estradiol benzoate) as the second international standard, and defined the international
unit of that substance as the specific estrus-producing activity in 0.1 gamma. While the two units
are identical in terms of weight of the respective
standards, they are quite different in biological
activity. The estradiol monobenzoate unit is more
potent than the estrone unit, but the exact relationship cannot be stated with certainty. Some of
the reasons for the uncertainty, not only in the
inter-relationship of the two standards, but often
also in the potencies of any two products of the
same composition, are evident in the statement
appearing in the Organization's memorandum to
the effect that the results "... may have a varying
value, in accordance with the choice of mice or
rats for the tests, with the method of solution,
division and spacing of dosage, etc." It is further
recommended, in the same memorandum, that
". . . with a view of greater uniformity of dosage
in practice and to more accurate interpretation
of effects recorded in the literature, such additional data concerning the details of the test determining the indicated unitage should be given
in some document accompanying each package of
such preparation." An appreciation of the order
of accuracy inherent in tests of this nature is indicated in the statement that "a method (of assay)
should be chosen which has been proved, in the
hands of the particular investigator, to be capable
of determining such quality or activity with an
error not greater than plus or minus 20 per cent."
An even greater degree of uncertainty of the
significance of such assays is found in the case
of solutions of estrogenic substances, which are
mixtures of estrogens usually from the urine of
pregnant mares. Normally up to 95 per cent of
the activity of such material may be contributed
by estrone, but evidence indicates that in some
instances at least the less active estrone has by
hydrogenation been converted to the more active
estradiol — the response of which is sufficiently
different that a separate standard of potency was
considered advisable. Moreover, it is said that in
some other instances the solution of estrogens
has been prepared from the mother liquor of
urine remaining after the estrone in it has been
crystallized out; this liquid contains the hormones
equilin, equilenin and hippulin which, while estrusproducing, are not normal constituents of the
human body and have not been adequately investigated as to their actions and fate in the human.
Uses. — Estrogens, including estradiol, are used
principally for the following: to provide symptomatic relief of menopausal and related symptoms
of ovarian deficiency, for this purpose usually
being administered in minimally effective doses
for short periods (several weeks) ; to inhibit
lactation; to palliate inoperable cancer of the
prostate or, after the menopause, of the breast;
to stop functional uterine bleeding; to treat

532

Estradiol

threatened or habitual abortion; to treat osteoporosis, and also certain other conditions. They
are capable of causing great harm as well as much
good; prolonged use causes endometrial hyperplasia, abnormal bleeding, and gynecomastia.
The function of estradiol in the normal female
physiology is to prepare the genitalia for the reception of the fertilized ovum. It causes hypertrophy of the mucous membrane of both the
uterus and the vagina. In the endometrium there
is not only thickening of the mucous membrane
but also increased development of the uterine
glands; in the vagina there is a tendency towards
keratinization of the epithelium. There is also
some hypertrophy of the uterine muscle. The
same tendency towards increased growth of the
reproductive organs extends to the mammary
glands, especially the ducts, and the ureters. Large
doses inhibit the gonadotropic secretion of the
anterior lobe of the pituitary bodies as well as
other endocrine secretions; Zondek (J. A.M. A.,
1940, 114, 1850) reported that with sufficient
quantities it was possible to inhibit completely
the normal ovarian cycle. Studies on animals and
humans led Brown et al. {Am. J. Obst. Gyn.,
1953, 65, 733) to conclude that estrogenic materials stimulate the release of gonadotropin from
the anterior pituitary gland within 48 to 96 hours;
continued administration suppresses further gonadotropin release. In addition to these actions
estradiol is connected with the production of secondary sex characteristics, such as contour of the
body and distribution of hair, and with bone formation. For further information concerning the
physiological functions of estradiol and other
estrogenic substances, see Doisy (J.A.M.A., 1941,
116, 501). In the following the actions and uses
of estrogenic substances, because they are similar,
are considered together.
Metabolism. — Following oral administration,
all estrogenic substances are absorbed to varying
degrees from the gastrointestinal tract and in part
excreted in the urine as such and in part in the
form of partly metabolized products, some of
which have physiological activity (see also under
Estrone). The rates of absorption, inactivation
and excretion of the several estrogenic substances
differ. Knowledge regarding their metabolism is
incomplete but the failure to produce physiological effects by oral administration, or only with
much larger doses than are required parenterally.
appears to be due as much to rapid inactivation
and or excretion as to lack of absorption. In the
body estradiol seems to be converted to estrone
and the weak estrogen estriol (Stimmel, J. Clin.
Endocrinol., 1947. 7, 364). However, injection
of estrone, but not of estriol. increases excretion
of estradiol in the urine. In vitro, estradiol and
other estrogenic substances are inactivated (Tagnon et al., J. Clin. Inv., 1952, 31, 346) by liver
"brei" and also in the heart-lung-liver animal circuit, by which test only small percentages of
estrogenic activity can be recovered from the
tissues or the excreta (Doisy, loc. cit.). As already
noted, it is believed that urinary estrogens are
formed in the fiver but Lipschutz et al. (Science,
1945, 101, 410) claimed, on the basis of implantation of urinary estrogens in the spleen of
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animals, that urinary estrogens are not the ultimate product of metabolism in the liver. Physiologically inactive forms have been recognized in
the urine. However, Cantarow et al. (Science,
1945, 101, 558) observed that estradiol was excreted inlarge quantity by the bile and concluded
that biliary excretion rather than fiver inactivation
was the important factor. Whatever the mechanism may be, patients with impaired liver function often present gynecomastia and other manifestations ofexcess estrogens in the body (Glass.
Endocrinology, 1940, 27, 749). Deficiencies in the
vitamin B complex result in failure of animals
to excrete or inactivate estrogens implanted in
the spleen. Biskind et al. (Surg. Gynec. Obst.,
1944, 78, 49) assembled clinical evidence which
points to the importance of mild nutritional deficiency (vitamin B complex — see Ershoff and
Deuel," Am. J. Phyiol., 1946, 145, 465) in the
etiology of metro-menorrhagia. cystic mastitis and
premenstrual tension; Ayre and Bauld (Science,
1946, 103, 441) called attention to a correlation
between thiamine deficiency and the high estrogen findings in uterine cancer. About two-thirds
of the estrogens in the blood are said to be loosely
bound to protein, the remainder being in the form
of sodium salts or glucuronates (Szego and Roberts. Fed. Proc, 1946. 5, 103). Estradiol, estrone,
diethylstilbestrol and hexestrol are not stored in
the fat depots of the body, as is the case with
tri-p-anisylchloroethylene (Greenblatt and Brown.
Am. J. Obst. Gyn., 1952. 63, 1361 >.
During the menstrual cycle, elimination of estrogens inthe urine, which presumably reflects the
blood levels, varies from 5 to 100 rat units per 24
hours; two peaks, one at the mid-period at the
time of ovulation and the other just before the
onset of the menstrual flow, are evident. During
pregnancy, the urinary excretion increases fairly
progressively to a peak of about 100.000 rat units
in 24 hours just before delivery; early in gestation estriol accounts for about one-third of the
output but in the last trimester estradiol is the
principal form present in the urine. A prelabor
decrease in urinary excretion of estrogen from
the high levels attained during the last trimester
of pregnancy does not occur with sufficient regularity tobe employed to predict the onset of labor
(Bradshaw and Jessop. /. Endocrinol., 1953,
9, 427).
Relative Activities. — Considering the difficulties in relating the activities of the several
estrogens in animal assays to therapeutic use
(Freed. J.A.M.A., 1941. 117, 1175; see also under
Assay), it is fortunate that many estrogenic substances are available in chemically pure form;
clinical experience has determined appropriate
dosages in terms of weight of the substance. Allen
(South. M. J., 1944. 37, 270) determined the
average number of milligrams required per week
for three weeks to cause withdrawal bleeding in
50 per cent of a group of castrated women. With
oral administration, the following dosages in milligrams per week were required: ethinyl estradiol
0.4. diethylstilbestrol 3.0, estradiol 13.4, sodium
estrone sulfate 17.5, estrone 31.5; with intramuscular administration, the results were: estradiol
dipropionate 0.86, estradiol monobenzoate 1.06,
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estradiol mono propionate 1.75, estrone 3. Although
individuals may vary widely in their response,
these figures illustrate the general order of magnitude of the potencies of the estrogenic substances.
Differences in rates of absorption, inactivation
and excretion are marked and such individual
factors as slight impairment of liver function
seem important. The dosage form is also an important factor; Ferin (/. Clin. Endocrinol., 1952,
12, 28) found the duration of action of estradiol3-benzoate to be 7 to 10 days when administered
in oil solution, 28 to 34 days in an aqueous
emulsion, and 30 to 79 days in a microcrystalline
suspension.
Therapeutic Uses. — Clinical applications of
estrogens have been many and varied. In general
the endocrine applications fall into three groups:
developmental action on the reproductive organs,
inhibition of pituitary hormones, and constitutional effects.
Menopause. — The most widespread use of estrogens is for the relief of the menopausal symptoms
— flushing, palpitation, headache, giddiness and
malaise (Rakoff, Med. Clin. N. Am., Jan. 1945,
269). These symptoms do not occur in all women,
but they are common and often particularly
severe following castration (Buxton, J. Clin.
Endocrinol., 1944, 4, 591). In many patients sedatives and psychotherapy suffice and estrogenic
therapy should not be employed unless it is
needed. Prolonged administration is undesirable
and appears at times to prolong this period of readjustment. Sufficient doses to relieve the symptoms should be given and then discontinued
(Sevringhaus, /. Clin. Endocrinol., 1944, 4, 597);
if symptoms recur, administration should be repeated employing smaller doses. In the severe
condition following castration, an intense and
continuous effect, such as may be obtained with
5 mg. of estradiol dipropionate intramuscularly
weekly for three weeks, is indicated.
Monroe {New Eng. J. Med., Aug. 13, 1953)
deplored indiscriminate use of estrogens, observing that while thyroid as well as ovarian or testicular function is deficient in old age it is not
common practice to administer desiccated thyroid
to all aged persons. Greenblatt et al. (J. Clin.
Endocrinol., 1950, 10, 1547), and Glass and
Shapiro (GP, 1951, 3, 39) found that combined
estrogen and androgen therapy, such as 0.25 mg.
of diethylstilbestrol and 5 mg. of methyltestosterone three times daily by mouth, relieved menopausal discomforts with fewer side effects than
when effective doses of either component was
given by itself. Juster and Guiard (Presse mid.,
1953, 61, 365) reported good results following
intramuscular injection of 1 ml. of solution containing 3mg. of estradiol, 20 mg. of progesterone,
and 25 mg. of testosterone propionate, administered once or twice weekly at the start and then
at less frequent intervals, the frequency being
determined by appearance of symptoms. Steroids
with minimal androgenic action, such as methylandrostenediol or methylandrostane-3-on-17-ol,
antagonize the endometrial hyperplasia caused by
estrogens (Ferin, Ann. endocrinol., 1951, 12,
1082). In menopausal patients who have survived
carcinoma of the breast, steroid therapy should
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be avoided, if possible; if symptoms are severe
administration of an estrogen-androgen combination for a short time may be effective and safe
(J.A.M.A., 1953, 153, 456).
In castrated women, Heller et al. {J. Clin. Endocrinol., 1944, 4, 109) reported that small doses
relieved the symptoms, caused cornification of the
vagina and increased the amount of luteinizing
gonadotropin in the urine, whereas large doses
caused suppression of urinary gonadotropins. At
present, neither the disappearance or diminution
of estrogens nor the increase of gonadotropins can
be accepted as the cause of the menopausal syndrome (Fluhmann, /. Clin. Endocrinol., 1944, 4,
586). These symptoms are related to overactivity
of the sympathetic nervous system which seems to
be in part a result of deprivation of the ovarian
hormones but also a result of the anxiety which
is commonly experienced at this epoch (Hoskins,
/. Clin. Endocrinol., 1944, 4, 605).
Certain associated menopausal phenomena may
be effectively managed with estrogenic substances.
Chief among these is senile or post-menopausal
vaginitis, which is manifested by vaginal discharge
and slight bleeding, severe pruritus, dysuria and
dyspareunia. The use of vaginal suppositories of
estrogens is usually effective within a few days'
time and may be repeated whenever symptoms
recur. Application of an ointment containing
estrogens on the external genitalia and adjacent
skin is indicated in some instances. Involutional
melancholia associated with estrogen deficiency
responds well to estrogenic therapy (Danziger,
Arch. Neurol. Psychiat., 1944, 51, 462); in the
absence of estrogen deficiency results have been
disappointing. In certain cases of migraine, essential hypertension, and mixed arthritis associated
with the menopause, estrogenic therapy has
seemed beneficial. Estrogenic substances are
potent therapeutic agents and promiscuous use
is not without danger; it is particularly important
that apparent benefit from such therapy should
not delay the recognition of neoplasm or other
serious conditions (Scheffey et al., J.A.M.A.,
1945, 127, 76; Stoddard, ibid., 1945, 129, 508).
Gonorrheal Vulvovaginitis of Infants and Children.— Prior to the advent of penicillin estrogenic
therapy was generally used in doses sufficient to
convert the thin, immature, juvenile vaginal epithelium into the more resistant, cornified type
characteristic of the estrogenic phase of the
menstrual cycle. With daily use of suppositories
of estrogenic material, the discharge disappeared
after 1 to 2 weeks and gonococci disappeared by
the end of the second week. By comparison, with
sulfadiazine therapy discharge ceased after 2 to
3 days although gonococci persisted through the
first and second weeks (Compton et al., J. A.M. A.,
1945, 127, 6). Temporary swelling of the breasts
and labia was observed in half of Compton's
cases and occasionally nausea, slight vaginal
bleeding and growth of pubic hair appeared. Because of the greater potential toxicity of the
sulfonamides, estrogenic therapy was preferred.
However, Hac et al. {Am. J. Obst. Gyn., 1945,
50, 88) reported 89 per cent cure with sulfathiazole and employed estrogenic therapy only for
the 11 per cent of failures. Compton reported
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better results with diethylstilbestrol than with the
natural estrogens. Such patients may be treated
at home but they must be isolated day and night
and careful instructions must be given regarding
clothing, towels and the commode. The estrogenic
therapy is effective when administered orally.
Penicillin, however, offers the least toxic form of
treatment.
Ovarian Deficiency. — Female hypogonadism
would seem to be an obvious indication for
estrogenic therapy but this is a complex condition
of several different types which are difficult to
appraise accurately. Klinefelter et al. (J. Clin.
Endocrinol., 1943, 3, 529) classified female
hypogonadism into three categories: Primary or
ovarian insufficiency in which the urinary excretion of estrogenic substance is decreased with
an increased excretion of gonadotropin (follicle
stimulating) ; gonadotropin insufficiency in which
both estrogen and gonadotropin excretion are
decreased; and luteinizing insufficiency in which
the urinary estrogefis are decreased but the excretion of follicle-stimulating gonadotropin is
normal. The complex interrelationships of the
gonads, the pituitary, the adrenals and the other
endocrine glands remain to be adequately unraveled.
In instances of estrogenic deficiency, estrogenic
therapy will usually induce vaginal bleeding but
this is an accomplishment of questionable merit.
Of greater value constitutionally and psychologically is the development of the genital organs
and of the secondary sexual characteristics which
may be induced by estrogenic therapy. In the
primary type and in the group with deficiency
of the follicle-stimulating factor treatment with
estrogens is substitution therapy, the benefits of
which persist only as long as treatment is continued. However, the serious import of this
situation and the minimal toxicity of estrogenic
therapy in this group of young women justifies
endocrine therapy after the best possible evaluation of the nature of the abnormality. Cyclic
bleeding may be produced by cyclic therapy —
estrogens during the first two weeks followed
by progesterone, with subsequent alternation of
the use of these substances (Hamblen et al.,
J. Clin. Endocrinol., 1941, 1, 211). In some instances the use of gonadotropins is also indicated.
Davis et al. (J. Clin. Endocrinol., 1945, 5, 138)
reported intense pigmentation of the nipples,
linea alba, etc., in these cases which was not
observed in the treatment of menopausal patients.
An 18-year-old girl who had been castrated by
roentgen irradiation at the age of 15 months
associated with surgical excision of a tumor
which proved to be a neuroblastoma failed to mature but showed rapid response in secondary
sexual characteristics and bone age after treatment with diethylstilbestrol and progesterone
(Portmann and McCullagh, J.A.M.A., 1953, 151,
736).
Primary dysmenorrhea, when due to estrogenic
deficiency and associated with a hypoplastic
uterus, may be benefited, temporarily at least,
by estrogenic therapy (Patton, Am. J. Obst.
Gyn., 1945, 50, 417). However, in such patients
a normally developed uterus is more frequently
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found and estrogens, which increase the irritability of the uterine muscle, may aggravate rather
than alleviate the complaints; progesterone provides a more frequently beneficial form of symptomatic therapy. Dysmenorrhea is relieved by
causing withdrawal bleeding, i.e., anovulatory
menstruation; this is usually effective in relieving
discomfort for 3 to 4 months, but ovulation
eventually occurs and symptoms recur (Bishop
and Orti, Proc. Roy. Soc. Med., 1952, 45, 803).
For this purpose estrogens are administered during the first half of the menstrual interval.
Endometriosis can be controlled by the same
mechanism (Hurxthal and Smith, New Eng. J.
Med., 1952, 247, 339) but long-term therapy
is not feasible because of the side effects of the
large doses of estrogens required. Among 68 patients with amenorrhea or delayed menstruation
given estrogen and progesterone orally for 5
days, Soule (Obst. & Gynec, 1953, 1, 38) found
no effect on 15 who proved to be pregnant while
79 per cent of the 53 non-pregnant cases showed
vaginal bleeding an average of 3.37 days after
discontinuing the therapy. Sterility, oligomenorrhea or frigidity, if associated with an estrogenic
deficiency, may be benefited. Therapeutic results
in hirsutism have been poor.
Lactation Inhibition. — Lactation can be inhibited by estrogens. If estrogenic therapy is commenced before lactation is established, pain,
engorgement and erythema are prevented (Walsh
and Stromme, Am. J. Obst. Gyn., 1944, 47, 593).
Although lactation may recur in about a week
after treatment is discontinued, it will again
respond to treatment. Such therapy may have a
beneficial effect on uterine involution (Connally, Am. J. Obst. Gyn., 1943, 46, 125). Testosterone isalso effective and is perhaps preferable
since it avoids the untoward effects of estrogen
administration; the action is presumably one of
inhibition of the lactogenic hormone of the pituitary gland. Estrogenic treatment is valuable in
the management of acute mastitis. Periodic
mastalgia, painful engorgement of the breasts in
the premenstrual period, has been relieved by
estrogenic therapy. On the other hand, implantation of large amounts of diethylstilbestrol in
cows, which had failed to get in calf, produced
lactation in commercially useful quantities (see
J.A.M.A., 1945, 127, 399). Estrogen-containing
creams have been promoted as enlarging small
breasts for cosmetic purposes. It is certain that
estrogens are absorbed percutaneously and that
large doses of estrogens orally or parenterally
cause engorgement of breasts and pigmentation
of nipples but breast development is dependent
on factors other than estrogens (Miiller, Schweiz.
med. Wchnschr., 1953, 83, 81); the doses absorbed from cosmetic creams may be sufficient
to cause endometrial hyperplasia and abnormal
bleeding without any definite effect on the size
or contour of the breast other than that resulting
from incidental massage.
Cancer of Prostate. — In inoperable carcinoma
of the prostate gland, estrogenic therapy has
effected astonishing and gratifying relief of pain
(Huggins and Hodges, Cancer Res., 1941, 1,
293; Herbst, J. A.M. A., 1945, 127, 57). This is
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one of the conditions in which availability of
cheap synthetic estrogenic substances has made
therapy practicable (see under Diethylstilbestrol) .
In one study about 60 per cent of cases responded, with rapid relief of pain and actual
regression of the primary tumor and of the metastases for about 18 months, or in some
instances longer (Huggins, Science, 1943, 97,
541). This treatment is simpler and less objectionable than castration, which produces similar
results (Nesbit et al., J. Urol., 1944, 52, 570);
if estrogens fail or symptoms recur, castration
may be performed. Painful engorgement of the
breasts is the untoward effect of estrogenic
therapy of cancer of the prostate (Moore et al.,
J.A.M.A., 1945, 127, 60). Remarkable changes
in the size and cytology of the tumor have been
reported (Kahle et al., J. Urol., 1943, 50, 711),
although the regressive changes are incomplete
and temporary (Fergusson and Franks, Brit. J.
Surg., 1953, 40, 422). The American statistics
(see under Diethylstilbestrol) find their counterpart in Europe; Holder (Arch. klin. Chir., 1953,
275, 178) reported that 56 cases treated only by
palliative surgery were all dead within 1 year;
16 cases treated with estrogens alone were all
dead within 3 years; of 67 cases treated with
orchiectomy and estrogens during the period of
1943 to 1951, 39 were still alive at the time of
the report with 17 of the survivors having bone
metastases. Implantation of 100 mg. of diethylstilbestrol into each testis was reported by Darget
et al. (Bordeaux Chir., 1952, 4 supplement, 101)
to cause complete atrophy of seminiferous and
interstitial tissue, a complete disappearance of
17-ketosteroids from the urine, and good clinical
results. Studies in animals by Nicol and AbouZikry (Brit. M. J., 1953, 1, 133) demonstrated
that either castration or estradiol therapy stimulated the reticuloendothelial system and fibroblastic proliferation, which resists the spread of
carcinoma; the combination of operative and
therapeutic procedures was more effective than
either by itself. Klein and Newman (Arch. Surg.,
1944, 48, 381) reported benefit from estrogens
in cases of benign prostatic hypertrophy, but this
has not become generally accepted therapy.
Carcinoma of the Breast. — Castration or testosterone therapy (q.v.) in women has proven
beneficial; strangely, so also has estrogenic
therapy in inoperable cases who have passed
the menopause at least five years. Lewison and
Chambers (New Eng. J. Med., 1952, 256, 1)
reported good responses in both primary tumor
sites and metastases in 21 of 40 cases receiving
estrogenic therapy. Early reports of failure, or
actual aggravation with estrogenic therapy (Ellis
et al., Proc. Roy. Soc. Med., 1944, 37, 731;
Henry, Can. Med. Assoc. J., 1945, 53, 31), seem
to have been in patients prior to or within 5
years of the menopause (Huseby, Ann. Surg.,
1954, 20, 112). Studies of urinary estrogen excretion in women with carcinoma of the breast,
by Huggins and Dao (J.A.M.A., 1953, 151,
1388), demonstrated high levels in both premenopausal and postmenopausal cases. As much as 63
units (international) of estrogenic activity daily
was observed, whereas the average normal pre-
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menopausal excretion was S3 units and postmenopausal excretion was 4.7 units. After bilateral adrenalectomy in castrated cases, the
urinary estrogen excretion decreased to zero and
the tumor in patients with papillary carcinoma
or adenocarcinoma regressed; duct carcinoma
rarely regressed and undifferentiated cell types
of breast carcinoma never regressed. It was
recommended that postmenopausal cases with
papillary carcinoma or adenocarcinoma and high
urinary estrogen excretion in spite of castration
be subjected to bilateral adrenalectomy. Injection
of aqueous solution of estrogenic materials locally
into epithelioma of the skin caused incomplete
degeneration of the cancer and stimulation of
the fibroblastic reaction (Agostini, Arch. Ital.
Derm. Si}. Vener., 1953, 25, 397).
Menorrhagia. — Estrogenic substances are employed to produce hemostasis (Cuyler et al.,
J. Clin. Endocrinol., 1942, 2, 1942; Karnaky,
ibid., 1945, 5, 279). Diagnostic efforts to ascertain the cause of the bleeding must be conducted.
Large doses are indicated and have been employed
safely for periods as long as several months. On
discontinuation of therapy withdrawal bleeding
may occur for a short time. Patients in this category who have hypothyroidism respond much
better to thyroid therapy.
Abortion. — In habitual abortion, Vaux and
Rakoff (Am. J. Obst. Gyn., 1945, 50, 353) reported much better results when estrogenic substance was added to the usual regimen (including
progesterone) until the period of fetal viability.
Large doses of estrogens had no deleterious effect
on pregnancy (Belonoschkin and Bragulla, Klin.
Wchnschr., 1942, 21, 583) although restlessness,
vertigo, nausea, abdominal pain and urinary
urgency were induced. Estrogens do, however,
sensitize the uterine muscle to the action of
oxytocic drugs and have been administered the
day preceding the attempt to induce labor with
posterior pituitary injection. The Friedman test
for pregnancy is not affected by the administration of estrogens to the woman because the hemorrhagic follicles in the rabbit ovary are produced
by chorionic gonadotropin in the urine of pregnancy. Estrogens increase the peristaltic activity
of the human ureter (Hundley and Diehl,
J.A.M.A., 1945, 127, 572).
Calcium Metabolism. — Hills and Weinberg
(Bull. Johns Hopkins Hosp., 1941, 48, 328) used
estrogens to induce calcification in ununited fractures. In senile (postmenopausal) osteoporosis,
Albright et al. (Trans. Asso. Am. Phys., 1940, 55,
298), Howard (Can. Med. Assoc. J., 1950, 63,
258) and others found that estrogens would convert the negative into a positive calcium balance
and result in remineralization of the skeleton.
Fewer fractures were observed in the treated one
of twins with fragilitas ossium during medication
with estradiol and testosterone (Hernberg, Acta
med. Scandinav., 1952, 141, 309) but estrogen
may be undesirable in the young because of its
dwarfing effect from epiphyseal closure. As mentioned under Citric Acid, Shorr (/. Urol., 1945,
53, 507) reported that estrogens, by increasing
excretion of citrates in urine and thereby increasing solubility of calcium in urine, were of
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value in the prevention of stone formation in
patients with recurrent renal lithiasis of the calcium carbonate and/or phosphate, and/ or magnesium ammonium phosphate types.
Miscellaneous. — Estrogenic substances have
been used in the treatment of a miscellaneous
group of conditions. Following up the discredited
reports of the use of ovarian extracts for the
coagulation defect in hemophilia, Chassagne
(Progrds vied., 1945, 73, 282) reported restoration of normal coagulation time over a period
of several days with 0.5 to 5 mg. of diethylstilbestrol daily intramuscularly. The fortunately
rare but often tragic syndrome of hereditary,
hemorrhagic telangiectasia, for which no therapy
has been successful, responded to ethinyl estradiol in a case reported by Shapiro (South African
M. J., 1953, 27, 885).
Improvement following oral estrogenic therapy
was described by Holbrook (Wisconsin M. J.,
1953, 52, 425) in 18 of 25 cases of adolescent
acne vulgaris in boys but the side effects (gynecomastia, testicular atrophy and early epiphyseal
fusion of the skeleton) were undesirable. Topical
application of 0.625 mg. of Premarin daily, in
an aqueous vehicle, in 1 to 3 divided doses was
effective in 9 of 12 cases. Topical application
of 1 to 2.5 mg. of estrogen per ml. of 70 per cent
alcohol or per Gm. of vanishing cream base to
acne vulgaris lesions, in a total quantity of 4 ml.
or 4 Gm. daily, produced excellent or marked
improvement in 25 of 42 women and 16 of 28
men (Shapiro, J. Clin. Endocrinol., 1952, 12,
751); however, gynecomastia, abnormal uterine
bleeding and pruritus occurred in a few cases.
Topical application of estradiol, estrone or testosterone to atrophic senile skin caused histological regeneration of the epithelium (Goldzieher et al., Arch. Derm. Syph., 1952, 66, 304).
Vaginal suppositories of estrogens corrected
vaginitis due to Trichomonas vaginalis (Candiani,
Rivista Ostet. Gin., 1953, 8, 281).
Law (Med. Press, 1943, 1, 351) reported clearing of ringworm of the scalp, which had resisted
other measures, with 0.5 mg. of diethylstilbestrol
daily by mouth. Harder (N. Carolina M. J., 1946,
7, 20) used an 0.13 per cent diethylstilbestrol
ointment effectively for epidermophytosis and
other mycotic infections. Solutions of estrogenic
substances have been employed with some success as a spray in atrophic rhinitis or stomatitis
and otosclerosis (Mortimer et al., Canad. Med.
Assoc. J., 1937, 37, 445 and 1939, 40, 17). Confirming results reported under diethylstilbestrol.
Crosnier (Presse med., 1952. 60, 1398) reported
effective prophylaxis of orchitis in cases of mumps
with 2 to 3 mg. diethylstilbestrol, 2 to 3 mg.
hexestrol, or 1 to 2 mg. dienestrol daily for 10
days, commencing as soon as mumps is diagnosed;
for treatment of orchitis double this dose was
used daily.
In acromegaly, McCullagh et al. (Cleveland
Clin. Quart., 1952, 19, 121) reported correction
of the diabetic state with large doses of estrogens
(up to 1 mg. daily of ethinyl estradiol). In diabetes mellitus complicated by pregnancy administration of diethylstilbestrol (q.v.), alone or
with progesterone,
throughout
the pregnancy
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(White et al., Med. Clin. North America, 1953,
37, 1481) has been reported to improve fetal
survival rate from 16 per cent to 61 per cent in
cases without proliferative retinitis and to 50
per cent in the presence of retinitis; in cases with
nephritis the survival rate increased from about
8 to 66 per cent. The dose of estrogen was 25
mg. of diethylstilbestrol daily during the first
16 weeks of pregnancy, increasing to 125 to 250
mg. daily from the 34th week to delivery.
However, others believe that this improvement
in fetal mortality depends on the careful management of the diabetes during the pregnancy
rather than the ovarian hormone therapy (Pedowitz and Shlevin, Bull. N. Y. Acad. Med., 1952,
28, 440). Infertility in some women has been
ascribed to an abnormality of the mucus secreted
by the cervix of the uterus which the sperm is
unable to penetrate; Campes de Paz (Fertility &
Sterility, 1953, 4, 137) reported that intramuscular injection of 5 mg. of estradiol benzoate
on the 5th and 10th days after menstruation corrected this abnormal mucus. McGrath and Herrmann (Ann. Surg., 1944, 120, 607) reported
marked improvement with estrogenic therapy in
peripheral vascular disturbances in which there
was a significant component of vasomotor imbalance; their group of cases comprised Raynaud's
syndrome, thromboangiitis obliterans, arteriosclerosis obliterans, acute arterial occlusion, and
chronic phlebitis. Less certain value has been
reported for angina pectoris and for attacks of
migraine occurring at the time of the menstrual
flow.
For a discussion of the action of estrogens in
hypercholesterolemia and atheromatosis see under
Diethylstilbestrol.
Toxicology. — In general the toxic effects of
estrogens are exaggerations of their physiological
actions which may be induced by very large doses
or prolonged administration. With therapeutic
doses over short periods of time, untoward effects
are rare (Novak, J.A.M.A., 1944, 125, 98). With
some of the substances nausea, vomiting, abdominal pain, skin rashes, and diarrhea may develop
after either oral or parenteral administration.
Sometimes allergic responses to the oil used as
a vehicle for the injection have occurred. Large
doses may inhibit the functions of the pituitary
and other glands of internal secretion and cause
sufficient calcification to produce a myelophthisic
anemia (Chevalier and Umdenstock, Sang,
1942-3, 15, 528). Although large doses have been
employed to stop functional uterine bleeding,
estrogens may cause uterine bleeding; also,
bleeding results with great frequency when estrogens are discontinued. During the first two weeks
of the menstrual interval, estrogens prevent ovulation and postpone the next menstrual flow and
during the last half of the cycle they depress
corpus luteum formation. Gonadotropins, not
estrogens, are indicated to stimulate ovarian function.
Carcinogenic Hazard. — The cases of breast
or uterine carcinoma which have followed prolonged use of estrogenic substances (see under
Diethylstilbestrol) demand caution in the use
of these drugs. Finkler (/. A. M. Women's A.,
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1954, 9, 7), however, reported that no cases of
uterine carcinoma were seen in her 25 years
of careful use of estrogenic therapy where indicated; her policy includes avoidance in women
with a family history of cancer, the use of minimal doses in interrupted courses, and periodic
examination of the breasts and pelvis during
treatment. White (Ann. Surg., 1954, 139, 9)
pointed out that carcinoma of the breast is rare
during pregnancy (endogenous estrogens) and
that pregnancy after treatment of breast cancer
does not alter the prognosis for survival from
the cancer. Nevertheless, estrogens seem to play
a role in carcinoma of the breast (Huggins and
Dao, loc. cit.) and Jensen (Ugesk. f. laeger.,
1953, 115, 1950) found in an analysis of the
history of patients with carcinoma of the fundus
of the uterus in postmenopausal cases that
greater endogenous and exogenous estrogen action
had been present. Novak (J.A.M.A., 1954, 154,
217) summarized the situation as follows: postmenopausal endometrial hyperplasia is associated
with and related to carcinoma of the uterine
fundus; estrogenic therapy causes hyperplasia of
the endometrium; but it cannot be concluded
that estrogenic therapy causes cancer because an
undefined genetic predisposition seems to be essential.
Caution should be exercised with persons with
impaired liver function (Bennett et al., Am. J.
Clin. Path., 1950, 20, 814). In hamsters, Kirkman and Bacon (/. Nat. Cancer Inst., 1952, 13,
745) reported appearance of renal cortical tumors
after more than 150 days of diethylstilbestrol
therapy. Bleeding in patients with endometriosis
was caused by estrogens following castration
(Faulkner and Riemenschneider, Am. J. Obst.
Gyn., 1945, 50, 560). Abnormal bleeding in the
menopausal patient demands careful and repeated examination but biopsy may be postponed ifit seems probable that estrogenic therapy
is responsible for the bleeding. In female children
a diagnosis of ovarian tumor should not be entertained because of vaginal bleeding, gynecomastia,
etc., until the accidental or erroneous ingestion
of estrogens has been excluded (Cook et al.,
New Eng. J. Med., 1953, 248, 671). Estrogenic
therapy is probably contraindicated in cases of
disseminated lupus erythematosis (Ellis and
Bereston, Arch. Derm. Syph., 1952, 65, 170).
Allergy to steroid hormones occurs. Intracutaneous testing with the hormone preparation
compared with a similar injection of the vehicle
alone will demonstrate the causative agent and
desensitization can be carried out, if indicated,
by the usual method of subcutaneous injections
of progressively increasing doses. So far there is
no evidence that cosmetics containing estrogens
exert any beneficial influence on the changes of
aging in the skin or that such changes are related
to an estrogen deficiency (see J.A.M.A., 1945,
128, 515).
Dose. — The usual dose of estradiol by mouth
is 0.2 mg. (approximately %oo grain) but a dose
of 0.05 mg. (approximately 1/i2oo grain) daily is
given to infants with vulvovaginitis and one of
0.5 mg. (approximately Vi2o grain) and more
three times daily for mild menopausal symptoms.
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Estradiol is well absorbed sublingually from a
solution in alcohol and propylene glycol containing 0.5 mg. per ml. (Hall, /. Clin. Endocrinol.,
1942, 2, 26) or as a tablet (Joel, ibid., 1942, 2,
639). Perloff (Am. J. Obst. Gyn., 1950, 59, 223)
found that the dose as buccal tablets was the
same as that of estradiol benzoate intramuscularly and about one-fifth of the dose of estradiol
required by mouth. In the form of a gelatinglycerin vaginal suppository 0.4 mg. (approximately Aso grain) of estradiol for senile vaginitis
or 0.04 mg. (approximately Vi6oo grain) for infantile vulvovaginitis is used each night. As an
ointment, 0.15 mg. (approximately 14oo grain)
or less of estradiol in 1 Gm. of ointment is rubbed
into the skin once or twice daily for senile
vaginitis. An oily nasal spray containing 0.013
mg. of estradiol per ml. is used in doses of 1 to
1.5 ml. twice daily for atrophic rhinitis. For parenteral administration estradiol benzoate or estradiol dipropionate is used (q.v.), although a solution of estradiol in propylene glycol has been
given intravenously well diluted (Kurzrok and
Streim, Am. J. Surg., 1952, 83, 117).
Pellets of estradiol, the amount depending on
the needs and metabolism of the individual, have
been placed in fatty subcutaneous tissues to produce a prolonged and continuous estrogenic effect.
Aqueous suspensions have been employed similarly. Foreign body reaction induced by crystals
may result in fibrosis which may prevent complete
absorption of the estradiol (Walters et al., Proc.
Soc. Exp. Biol. Med., 1940, 44, 314); Deanesly
and Parkes (Lancet, 1943, 2, 500) observed that
protein was rapidly deposited on such crystals
but that there seemed to be no interference with
absorption.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
AQUEOUS

ESTRADIOL
N.F.

INJECTION.

"Aqueous Estradiol Injection is a sterile suspension of estradiol in water for injection. It
contains not less than 90 per cent and not more
than 110 per cent of the labeled amount of
C18H24O2." N.F.

The commercially available injections of this
type are variously prepared, as by precipitation
of estradiol from solution by addition of water
in the presence of suitable stabilizing agents, or
by subdivision dispersion of relatively large
crystals by appropriate mechanical methods, including use of ultrasonic dispersion technics. The
products differ in the particle size of the suspended estradiol; some contain relatively large
particles, others contain small particles, and still
others contain a mixture of large and small particles. Itis to be expected that the intensity and
duration of action will vary to some extent at
least with variation of particle size; it is not possible to say what the optimum particle size should
be and it is probable that this will depend on the
particular need of the patient.
Uses. — Intramuscular injection of an aqueous
suspension of estradiol produces a somewhat
more prolonged effect than follows the injection
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of a solution of estradiol in oil. In non-menstruating women, Vogel et al. (Am. J. Obst. Gyn.,
1949, 58, 147) reported that the character of
vaginal smears changed in 108 hours following
injection of 1 mg. of estradiol in oil, the change
persisting for 36 hours, whereas after the same
dose in aqueous suspension the change appeared
slightly more rapidly (90 hours) but persisted
for 109 hours. In general initial absorption and
excretion are perhaps more rapid after injection
of oil solutions than when suspensions are administered. However, both types of injections
are generally used in the same dosage.
The N.F. gives the usual dose of estradiol, in
this dosage form, as 0.25 mg.
Storage. — Preserve "in single-dose or multiple-dose containers, preferably of Type I glass."
N.F.
Usual Sizes. — 0.25 and 1 mg. in 1 ml.
ESTRADIOL

PELLETS.

N.F.

"Estradiol Pellets consist of estradiol compressed in the form of pellets, without the presence of any binder, diluent, or excipient." N.F.
These pellets, to be used by implantation,
must not contain any other material than
estradiol; the N.F. requires, as evidence of absence of foreign material, that a solution of
tablets representing 25 mg. of estradiol, in 1 ml.
of chloroform, shall be clear and practically free
from insoluble residue. It is required also that
the pellets shall be sterile.
Uses. — Estradiol pellets are used when a
small, continuous estrogenic effect is desired over
a period of several months. They have been
particularly useful in preventing severe menopausal symptoms following hysterectomy and
bilateral ovariectomy in young women. It is a
relatively simple matter to implant three pellets
of 25 mg. each under the sheath of the rectus
abdominus muscle at the time the incision is
being closed following the operation (Delaplaine
et al., Surg. Gynec. Obst., 1952, 94, 323). Estrogenic action persists for 9 to 15 months after
this procedure, and acute menopausal symptoms
are not experienced in the postoperative period;
by the end of a year endocrine readjustment has
occurred. Implantation of pellets in the mesentery fails to produce effective estrogenic action
(Kirgis and Rothchild, Endocrinology, 1952, 50,
269). Subcutaneous implantation of pellets with
a Ream's or similar trocar of suitable dimensions
is a simple office procedure which may be performed under local anesthesia and with a small
incision in the skin to admit the trocar.
Estradiol pellets commonly contain 10 mg. or
25 mg. of estradiol; the dosage varies from 10 mg.
to 75 mg. (see above), according to the needs
of the patient.
Storage. — Preserve "in tight containers holding one pellet each." N.F.
ESTRADIOL
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labeled amount of C18H24O2."
limits are the same.

N.F.

The

LP.

I. P. Tablets of Oestradiol ; Compressi Oestradioli.

Assay. — The official assay is based on the
Kober reaction (Biochem. Ztschr., 1931, 239,
209) of estradiol with a solution of redistilled
phenol in sulfuric acid (phenolsulfonic acid),
modified to include some ferric ion, to produce
a red solution. Inclusion of iron in the Rober
reagent intensifies the color obtained with betaestradiol to approximately 2l/z times that obtained without iron (private communication, F.
H. Wiley, Food
and Drug
Administration,
Washington,
D. C). In the test, an aliquot
portion of a benzine solution of the estradiol
from the tablets, equivalent to 20 micrograms
of estradiol, is heated in a boiling water bath
for 35 minutes to develop the color fully; if the
mixture were not heated, only alpha-estradiol,
which may be present as an impurity, would
produce a color and this would be of an intensity
considerably greater than that given by an identical weight of beta-estradiol when the latter is
heated in order to develop its color fully. Also,
by heating the assay reaction mixture for the
prescribed period, the intensity of color produced by any alpha-estradiol present is reduced
considerably, an observation first made and utilized by Carol and Molitor (/. A. Ph. A., 1947,
36, 208). The optical density of the solution is
determined at 525 m(A, at which wave length
the colored derivative of the estradiol exhibits
maximum absorption; an optical density determination is also made at 420 mn, at which wave
length absorption due to non-estrogenic components may be estimated.
From
the latter
observation the absorption due to non-estrogenic
components at 525 m\i is calculated by dividing
the E420 reading by 2, it having been established
that the ratio of E525 to E420 for such components is 0.5. The difference between the two
optical densities at 525 mn is proportional to
the amount of estradiol present; this difference
is compared with the corresponding
difference
observed for a 20-microgram portion of N.F.
Estradiol Reference Standard similarly treated.
N.F. The LP. uses the same assay.
Storage. — Preserve "in well-closed containers." N.F.
Usual Sizes. — 0.1 and 0.2 mg. (approximately
Yeoo and %oo grain).
ESTRADIOL
BENZOATE.
U.S.P. (B.P., LP.)
Beta-estradiol Benzoate, (Estradiol Monobenzoate,
[Estradiolis Benzoas]

N.F. (LP.)

[Tabellae Estradiolis]

"Estradiol Tablets contain not less than 90
per cent and not more than 115 per cent of the
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"Estradiol Benzoate is the benzoyl ester of
the beta isomer of estradiol (3,17p-diol-l,3,5-
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estratriene)." U.S. P. The B.P. defines Oestradiol
Monobenzoate as 3-benzoyloxy-17-hydroxy-l:3:5(lO)-oestratriene, stating that it may be prepared
by reduction of cestrone and benzoylation of the
3-oestradiol produced. The LP. defines it as
a-3-benzoyloxy-l 7-hydroxyoestratriene-l : 3 : 5.

intense that that produced in a similar test performed with 0.1 mg. of estrone.
Uses. — Estradiol benzoate is an intramuscular dosage form of estradiol; it has the actions
and uses of other estrogenic substances (see
under Estradiol). Parenterally administered, it is
approximately three times as active as estrone.
Estradiol benzoate is less rapidly destroyed in
the body than is free estradiol; it is likewise less
rapidly absorbed and excreted, and thereby is
more effective in clinical use. [v]
The usual dose is 1 mg. (approximately Vm
grain) daily, given intramuscularly, with a range
of 0.1 to 5 mg. ; the maximum safe dose seldom
exceeds 5 mg. daily. In the menopause, from
0.33 to 3>.3>3 mg. weekly is given in single or
divided dose. Similar doses are used for other
conditions which are treated with estrogens. For
suppression of lactation, 1.66 mg. has been given
on each of 2 successive days.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.

B.P. (Estradiol Monobenzoate; CEstradiolis Monobenzoas. I. P. Oestradiol Benzoate; Oestradioli Benzoas.
Dihydroxyestrin Monobenzoate. Diogyn-B {Pfizer) ; Ovocylin
Benzoate (Ciba); Dimenformon Benzoate (Organon);
Progynon-B (Schering). Sp. Benzoato de Estradiol.

The presence of two hydroxy! groups in estradiol, at positions 3 and 17, permits of esterification of one or both groups. The official ester, more
specifically designated as the 3-monobenzoate, is
esterified at the phenolic hydroxyl group of
position 3.
Description. — "Estradiol Benzoate occurs as
a white or creamy white, crystalline powder. It
is odorless, and is stable in air. Estradiol Benzoate
is almost insoluble in water. It is soluble in
alcohol, in acetone, and in dioxane. It is slightly
soluble in ether, and sparingly soluble in vegetable oils. Estradiol Benzoate melts between
190° and 195°." U.S.P. The LP. melting range
is 191° to 196°.
Standards and Tests. — Identification. — (1)
A solution of 2 mg. of estradiol benzoate in 2 ml.
of sulfuric acid is greenish yellow and has a blue
fluorescence; on dilution with 2 ml. of water
the color changes to pale orange. (2) Estradiol
obtained by saponification of the benzoate melts
between 173° and 179°. (3) Estradiol obtained
in the preceding test, coupled with diazotized sulfanilic acid, has a deep red color. (4) Benzoic
acid, obtained in identification test (2), melts
between 120° and 122°. Specific rotation. — Not
less than +58° and not more than +63°, when
determined in a dioxane solution containing 100
mg. of dried estradiol benzoate in 10 ml. Limit
of alpha-estradiol.— -The corresponding test under
estradiol is used. Residue on ignition. — The residue from 100 mg. is negligible. Completeness and
reaction of solution. — 100 mg. of estradiol benzoate dissolves completely in 5 ml. of warm
alcohol and the solution, after cooling, is only
slightly acid to litmus paper. U.S.P.
The B.P. provides two tests for the estradiol
obtained by saponification of the benzoate. In
one of these 0.05 mg. is heated with 1 ml. of a
2.5 per cent w/w solution of 3-naphthol in sulfuric acid for 2 minutes at 100° ; on adding 1 ml.
of water to the cooled solution an orange-yellow
color, changing to red when the solution is heated
at 100° for 90 seconds, is produced. In the second
test a red color or precipitate is produced on
adding 2 or 3 drops of mercury nitrate solution
(Millon's reagent) to 5 ml. of a saturated aqueous solution of estradiol. A test for limit of
estrone consists in dissolving 2.5 mg. in 0.5 ml.
of 1 N potassium hydroxide in dehydrated alcohol,
adding 0.2 ml. of a 2 per cent w/v solution of
dinitrobenzene in dehydrated alcohol and, after
keeping the mixture at 25° for an hour in a place
protected from bright light and then adding
10 ml. of dehydrated alcohol, the resultant color,
showing an absorption band in the green, is less
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INJECTION OF ETHANOLAMINE
OLEATE.
B.P.
Injectio .ffithanolaminae Oleatis

Injection of Ethanolamine Oleate contains
ethanolamine oleate equivalent to not less than
3.9 per cent w/v and not more than 4.3 per cent
w/v of oleic acid, C17H33COOH, and not less
than 0.85 per cent w/v and not more than 0.93
per cent w/v of ethanolamine, C2H7ON. B.P.
The injection may be prepared by gradually
adding 0.91 Gm. of ethanolamine to a dispersion
of 4.23 Gm. of oleic acid in 50 ml. of water for
injection, shaking thoroughly to insure conversion of the reactants to ethanolamine oleate,
which is soluble in water. After the reaction is
complete 2.0 ml. of benzyl alcohol is added and,
after agitating thoroughly, sufficient water for
injection to make the final volume 100 ml. The
injection is sterilized by heating in an autoclave.
The pH of the injection is required to be between
8.0 and 9.2. B.P.
Assay. — For oleic acid. — The oleic acid in 10
ml. of the injection is liberated with 20 ml. of
0.1 N sulfuric acid and extracted with three portions, each of 25 ml. of chloroform. After washing each chloroform extract with the same 10 ml.
portion of water, the combined chloroform solution is evaporated to dryness, the residue of oleic
acid dissolved in alcohol previously neutralized
to phenolphthalein, and the solution titrated
with 0.1 N sodium hydroxide, using phenolphthalein as indicator. Each ml. of 0.1 N sodium hydroxide represents 28.24 mg. of C17H33COOH.
For ethanolamine. — The excess of acid in the
combined acid layer and washings obtained in
the preceding assay is titrated with 0.1 N sodium
hydroxide, using methyl orange as indicator.
Each ml. of 0.1 N sulfuric acid required to neutralize the ethanolamine represents 6.108 mg. of
C2H7ON. B.P.
Uses. — This injection is offered as a substitute
for the troublesome injection of sodium morrhuate, which is a variable substance and subject to
precipitation during storage; the ethanolamine
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oleate injection, on the other hand, is more definite in composition and remains clear. The benzyl
alcohol in the injection serves as an analgesic.
The injection prepared by the above method
contains 5 per cent w/v of ethanolamine oleate.
An injection of this concentration, containing also
the benzyl alcohol, is available in 5 ml. ampuls
under the name Monolate (Abbott).
Ethanolamine oleate injection is employed as
a sclerosing agent for the obliteration of varicose
veins. Several investigators have reported it to
be the most satisfactory of the sclerosing agents
(see Biegeleisen, Ann. Surg., 1937, 105, 610; also
Rogers, Brit. M. J., 1939, 2, 385). It is only
slightly irritant to perivenous tissue and ulceration is not likely to occur if some of the solution
escapes out of the vein.
The dose is 1 to 2 ml, injected into the lumen
of the varicosity, with not more than a total of
5 ml. given at one time; the dose is repeated at
weekly intervals.
Storage. — Protect the injection from exposure
to light.
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washing the benzene solution with water, and
drying it with anhydrous sodium sulfate, it is
diluted to a definite volume and an aliquot portion
is submitted to the assay described under Estradiol
Tablets. A portion of Estradiol Benzoate Reference Standard is treated in the same manner as
the estradiol benzoate injection in order to have
a basis for quantitative evaluation of the observations made on the injection. U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 0.166, 0.333, 1, and 1.66 mg.
(approximately ]/4oo, Vl'oo, %o, and Vm grain) in
1 ml.; 1.66 and 3.33 mg. (approximately lio and
V20 grain) in 10 ml.
ESTRADIOL

DIPROPIONATE.
U.S.P.
0-C0CH2CH3

ESTRADIOL BENZOATE
INJECTION.
U.S.P. (B.P.) (LP.)
[Injectio Estradiolis Benzoatis]

"Estradiol Benzoate Injection is a sterile solution of estradiol benzoate in oil. It contains not
less than 90 per cent and not more than 115 per
cent of the labeled amount of C25H28O3." U.S.P.
Under the title Injection of (Estradiol Monobenzoate the B.P. recognizes a sterile solution of
oestradiol monobenzoate in ethyl oleate or a suitable fixed oil. When the volume in each container
does not exceed 30 ml., the containers are heated
at 150° for one hour to effect sterilization; when
the volume exceeds 30 ml., the containers are
heated for a sufficient time to ensure that the
whole of the solution in each container is maintained at 150° for one hour; no assay rubric is
provided. B.P. The LP. title for this preparation
is Injection of Oestradiol Benzoate (Injectio
Oestradioli Benzoatis); it is a sterile solution in
ethyl oleate or a suitable oil and is required to
contain not less than 90.0 per cent and not more
than 115.0 per cent of the labeled content of
oestradiol benzoate.
Assay. — An iso-octane solution of an accurately measured volume of the injection is prepared and an aliquot portion, equivalent to 1.0
mg. of estradiol benzoate, is taken for the analysis. This is diluted with iso-octane, and the resulting solution extracted with several portions of 70
per cent alcohol, which removes the estradiol
benzoate. The combined alcohol solutions are
evaporated in the presence of sodium carbonate
T.S., which hydrolyzes estradiol benzoate to
estradiol and sodium benzoate. The estradiol,
being phenolic, is converted to water-soluble form
by addition of sodium hydroxide solution; this
solution is extracted with iso-octane to remove
any non-phenolic impurity. The alkaline solutions
are acidified and the estradiol is extracted with
benzene; the benzoic acid which is also extracted
by the benzene is subsequently separated by shaking the benzene with sodium carbonate T.S. After

CH3CH20C-0
"Estradiol Dipropionate is the dipropionyl ester
of the beta isomer of estradiol." U.S.P.
Dimenformon Dipropionate (Orr/anon) ; Ovocylin Dipropionate (Ciba) ; Progynon-DP (Schering).

Whereas estradiol benzoate is esterified at only
one of the two hydroxyl groups of estradiol,
namely, at the hydroxyl group attached to carbon
atom number 3, estradiol is esterified at the
hydroxyls of both carbon atoms number 3 and
number 17.
Description. — "Estradiol Dipropionate occurs
as small, white or slightly off-white crystals or
crystalline powder. Estradiol Dipropionate is
practically insoluble in water. It is soluble in
acetone and in alcohol, and is sparingly soluble
in vegetable oils. Estradiol Dipropionate melts
between 104° and 109°." U.S.P.
Standards and Tests. — Identification. — (1)
Estradiol obtained by saponification of the dipropionate melts between 173° and 179°. (2) A
solution in 2 ml. of sulfuric acid of 2 mg. of
estradiol obtained in the preceding test is greenish
yellow and exhibits a green fluorescence; on adding 1 drop of ferric ammonium sulfate T.S. the
green color is strongly intensified and on dilution
with water it changes to red or orange-red. Specific rotation. — Not less than +37° and not more
than +41°, when determined in a dioxane solution containing 100 mg. of dried estradiol dipropionate in 10 ml. Loss on drying. — Not over 0.5
per cent, when dried in vacuum over sulfuric acid
for 4 hours. Completeness and reaction of solution.— 100 mg. of estradiol dipropionate dissolves
completely in 5 ml. of warm alcohol and the solution, after cooling, is only slightly acid to litmus
paper. U.S.P.
Uses. — Estradiol dipropionate exerts a more
prolonged estrogenic effect than does estradiol
benzoate, and reputedly also provides a slightly
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greater therapeutic effect (Allen, South. M. J.,
1944, 37, 270).
The U.S. P. gives the category and dose as being
the same as for estradiol benzoate. Estradiol dipropionate is supplied in oil solution in concentrations of 0.1, 0.2, 0.5, 1, 2.5 and 5 mg. per ml.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
ESTRONE.
(Estrone, Theelin,

U.S.P. (LP.)
[Estronum]

The LP. defines Oestrone as 3-hydroxy-17keto-oestratriene-1 :3 :5.
LP. Oestrone; Oestronum. Folliculin; Ketohydroxyestrin,
Folliculinura. Fr. Folliculine ; (Estrone; CEstrine; Theeline.
Sp. Estrona.

After its absorption into the blood stream
estradiol (see under this title) is partly eliminated
as such through the urine but a considerable proportion of it undergoes chemical change before
excretion. Certain of its decomposition products
also have estrogenic activity which, however, is
inferior to that of estradiol. One of the decomposition products is the keto derivative, estrone,
which is of historical interest as being the first of
the estrogens isolated in chemically pure form;
this was accomplished in 1929 by Doisy, who
called the substance Theelin.
Chemically, estrone is a derivative of cyclopentanoperhydrophenanthrene, being 3-hydroxy17-keto-l,3,5(10)-estratriene. In addition to its
occurrence in human pregnancy urine it is also
found in mare pregnancy urine, stallion urine,
male human urine, placenta and palm kernel oil.
Details of the isolation of estrone from pregnancy
urine are provided in U. S. Patents 1,967,350 and
1,967,351. Estrone is also obtained through partial
synthesis from steroids such as cholesterol, ergosterol (see U. S. Patent 2,202,704), and from
steroidal components of the Mexican yam Dioscorea. Its complete synthesis from non-steroidal
sources has been accomplished by Anner and
Miescher (Experientia, 1948, 4, 25), who used a
derivative of an octahydro-2-phenanthrenecarboxylic acid as the starting compound, and by
Johnson and Christiansen (J.A. C.S., 1951, 73,
5511), who started with anisole and built up the
rings of the steroid in a relatively short synthesis.
The estrogenic activity of 0.1 microgram of crystalline estrone constitutes the international unit,
corresponding to 10 million such units per gram
of estrone.
Estrone is an oxidation product of estradiol in
which the secondary alcohol group of the latter
has been oxidized to a keto group. Estrone is
also closely related to estriol (see in Part II)
or theelol, the second estrogenic hormone to have
been isolated from human pregnancy urine and
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now also thought to be a metabolic product of
estradiol, as well as of estrone. Chemically, estriol
is 3,16,17-trihydroxy-l,3,5-estratriene or trihydroxyestrin and differs from estrone in the substitution of a secondary alcohol group for the
ketonic structure of carbon atom 17 and also in
having another secondary alcohol group in the 16
position. Another compound closely related to
estrone is equilin, chemically 3-hydroxy-17-keto1,3,5,7-estratetraene, an estrogenic hormone derived from the urine of pregnant mares and differing from estrone only in having one additional
double bond in its structure. Hippulin, isomeric
with equilin, has also been isolated from pregnant
mares' urine. Equilenin, another hormone isolated
from pregnant mares' urine, differs from estrone
in containing two additional double bonds; chemically it has the formula of 3-hydroxy-17-keto1,3,5,6,8-estrapentaene. Equilenin has been synthesized (J.A.C.S., 1940, 62, 824); of the four
optically active isomers of this compound which
are possible, only the naturally occurring d-equilenin possesses appreciable estrogenic activity.
Description. — "Estrone occurs as small, white
crystals, or as a white to creamy white crystalline
powder. It is odorless, and is stable in air. Estrone
is slightly soluble in water. It is soluble in alcohol,
in acetone, in dioxane, and in solutions of fixed
alkali hydroxides. Estrone melts between 256°
and 262°. U.S.P.
Standards and Tests. — Specific rotation. —
Not less than +158° and not more than +165°,
when determined in a dioxane solution containing
100 mg. of estrone in each 10 ml. Residue on ignition.— The residue from 100 mg. is negligible.
Equilenin and equilin. — A solution representing
1 mg. of estrone produces with dibromoquinonechloroimide no more red color, under the conditions of the test, than that produced by 20 meg.
of equilenin used as a control. U.S.P. The LP.
gives the absorptivity (1%, 1 cm.) in fluorescencefree dehydrated alcohol, at 280 mn, as between
80 and 90.
Estrogenic Substances. — In addition to the
official crystalline estrone there are also on the
market many preparations of highly concentrated
estrogens, generally consisting mainly (up to 95
per cent) of estrone (see Assay under Estradiol),
the remainder being made up of the other estrogenic substances found in the urine of pregnant
mares or other natural source from which these
preparations are made. For a summary of a
method
of N.N.R.
extracting1950.
the substances
mare's
urine, see
These mixedfromestrogens
are either dissolved in oil or prepared in the form
of an aqueous suspension for use by intramuscular injection; the common potencies are 2000,
5000, 10,000, 20,000 and 50,000 international
units per ml. The international unit referred to
here is the estrus-producing activity represented
in 0.1 microgram (0.0001 mg.) of the international standard estrone; thus a solution containing
10,000 units is assumed to be equivalent, in estrusproducing activity, to 1 mg. of pure estrone.
Capsules, tablets, vaginal suppositories and preparations for local application containing the mixed
estrogens are also available. Some manufacturers
and distributors simply call such products cap-
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sules, tablets, solution, etc., of Estrogenic Substances or of Estrogens; others have adopted
distinctive names.
Conjugated Estrogens. — Another type of
preparation of estrogenic substances, in amorphous form, is that obtained by extracting the
naturally occurring, water-soluble, conjugated
forms of the mixed estrogens in the urine of pregnant mares; such conjugated estrogenic substances, as they are called, consist principally of
sodium estrone sulfate and the potency is commonly expressed in terms of the equivalent weight
of this compound. For a method of extraction
see N.N.R. 1952. The commercial preparations
recognized by N.N.R, are Amnestrogen (Squibb),
Conestron (Wyeth), Estrijol (Premo), Hortnesteral (Miller), Konogen (Lilly), and Premarin
(Ayerst). Tablets containing 0.3 mg., 0.62 mg.,
1.25 mg., and 2.5 mg. are available, also Liquid
Premarin, which contains 0.16 mg. per ml.; all
preparations are for oral use. For control of
menopausal symptoms a dose of 1.25 mg. daily is
usually sufficient but may be increased if necessary; for treatment of senile vaginitis, kraurosis
vulvae and pruritus vulvae the daily dose usually
varies between 1.25 and 3.75 mg.; for palliation
of mammary cancer a daily oral dose of 30 mg.
is recommended.
A purified preparation of natural estrone sulfate, combined with piperazine to form a monopiperazine salt and known as piperazine estrone
sulfate, has recently become available, under the
trade-marked name Sulestrex Piperazine (Abbott) ;the product is recognized in N.N.R. , and
is supplied in tablets containing 0.75 mg., 1.5 mg.
and 3 mg., also an elixir containing 0.3 mg. per
ml. The piperazine, which is pharmacologically
inert, acts as a buffer to increase the stability of
estrone sulfate; in the body the compound is
rapidly hydrolyzed to estrone. For control of
menopausal symptoms the daily dose is 1.5 mg.,
administered orally. For senile vaginitis, kraurosis
vulvae and pruritus vulvae 1.5 to 4.5 mg. should
be adequate. For postpartum breast engorgement
4.5 mg. is administered at 4-hour intervals for
5 doses.
Uses. — Action. — The physiological action of
estrone is similar to that of estradiol. Statements
as to the relative potency of these compounds
are quite divergent, not only when the comparison is made in different animal species but even
when different investigators employ the same species of test animal (see Freed, J.A.M.A., 1941,
117, 1175). In the human it appears that estrone,
when injected intramuscularly, has about onethird the potency of estradiol benzoate (see
Uses of Estradiol). When assayed by observation
of withdrawal bleeding in patients with amenorrhea estrone was found to have one-twentieth the
potency of diethyls tilbestrol (Bishop et al., Lancet,
1951, 1, 818).
The available knowledge of the metabolism of
estrone has been discussed in part above. Incubation of estrone with human red cell and serum
mixtures results in increased biological activity
while incubation with serum alone does not change
activity (Bischoff et al., Am. J. Physiol., 1951,
164, 774); the activity of estradiol or estriol is
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not changed by incubation with the red cell and
serum mixture. Since injection of estrone is followed by an increase of estradiol in the urine
(Stimmel, J. Clin. Endocrinol, 1947, 7, 364) it
appears that in the body estrone is partly converted to estradiol and estriol.
A simple pregnancy test based on observation
of the increase in concentration of estrone in
blood, reported by Richardson {Am. J. Obst.
Gyn., 1951, 61, 1317) to be highly accurate, has
been found to give both false positive and false
negative results (Halpern et al., Proc. S. Exp.
Biol. Med., 1952, 80, 182; Horwitt and Segaloff,
J.A.M.A., 1953, 151, 406).
Therapeutic Uses. — Estrone has the uses of
other estrogenic substances: in menopause, senile
vaginitis, gonorrheal vaginitis, female hypogonadism, carcinoma of the prostate, etc. (see under
Estradiol for discussion). In management of
amenorrhea, Finkler {Acta Endocrinol., 1951, 7,
122) advocated a single injection of an aqueous
suspension of 5 mg. of estrone with 25 to 50 mg.
of progesterone, or of 10 mg. of estrone with 50
mg. of progesterone; he reported satisfactory
menstrual flow in 22 of 24 patients thus treated.
For functional uterine bleeding a mixture of 6
mg. of estrone, 50 mg. of progesterone, and 25 mg.
of testosterone, in an aqueous suspension, or of a
mixture of 1.67 mg. of estradiol benzoate, 25 mg.
of progesterone, and 25 mg. of testosterone propionate, inoil solution, injected intramuscularly
daily for 3 to 5 days has been advocated by
Greenblatt and Barfield {Am. J. Obst. Gyn., 1952,
63, 153). They reported that bleeding ceased in
5 to 24 hours in 19 of 20 cases, and in 72 hours
in the other case; withdrawal bleeding simulating
normal menstrual behavior followed discontinuance of the injections within 24 to 72 hours in 15
of the 20 cases. Twenty days after the withdrawal
bleeding progestational therapy is advocated to
induce menstruation; this procedure may be repeated cyclically to establish a normal rhythm.
Histological examination of specimens showed a
progestational change superimposed on the cystic
glandular hyperplasia usually present in these
cases as well as in those treated with estrogens
only to stop menorrhagia. Some believe that
estrogens are not required in the mixture, since
an excess of estrogen action is already present in
this condition; thus a mixture of 25 mg. each of
progesterone and testosterone is employed daily
for 4 or 5 days for "medical curettage."
Dose. — The usual dose of estrone, administered intramuscularly, varies from 0.2 to 1 mg.
(approximately ^oo to Veo grain) ; the maximum
safe dose is usually 5 mg., and this quantity is
seldom exceeded in 24 hours. Estrone may be injected as an oil solution or, more commonly, as
an aqueous suspension. In the menopause, 0.2 to
1 mg. is injected one or more times a week,
according to the response of the patient; the
smallest effective dose should be employed, and
administration should be discontinued as soon as
relief is obtained. As much as 5 mg. weekly may
be required in some instances of postmenopausal
vaginitis and other conditions. Glycerogelatin suppositories containing 0.2 mg. of estrone are of
value in senile as well as in gonorrheal vaginitis.
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Estrone is effective by mouth if given in sufficiently large doses ; the dose must be at least five
times that by injection. It has also been administered by implantation of tablets; approximately
3 months is required for absorption of 30 mg.
of estrone.
Estrone dosage is sometimes stated in international units; 1 mg. of estrone is equivalent to
10,000 such units. As a rough approximation,
1 rat unit corresponds to about 3 international
units. The potency of preparations known as
estrogenic substances (see above) are commonly
expressed in such units ; their dosage may be estimated from the equivalent given. For doses of
conjugated estrogenic substances see elsewhere in
this monograph.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
ESTRONE

INJECTION.

U.S.P. (LP.)

[Injectio Estroni]

"Estrone Injection is a sterile solution of
estrone in oil. It contains not less than 90 per
cent and not more than 115 per cent of the labeled
amount of C18H22O2." U.S.P. The LP. definition
and rubric are the same.
I. P. Injection of Oestrone ; Injectio Oestroni.

Assay. — Originally proposed by Carol and
Rotondaro (/. A. Ph. A., 1946, 35, 176), the
official assay is based on the following principal
steps: (1) Extraction of estrone and any other
phenolic steroids present first into sodium hydroxide solution, then into ether following acidification
of the alkaline solution, followed by solution in
chloroform and evaporation of the latter; (2)
separation of estrone, together with any other
phenolic ketosteroids present, from non-ketonic
steroids by complexing the former with Girard's
Reagent T (trimethylacethydrazide ammonium
chloride); (3) decomposition of the estrone complex with acid, extraction of the liberated estrone
into chloroform, followed by evaporation of the
chloroform and drying of the residue of estrone
in a vacuum desiccator to constant weight. U.S.P.
For a colorimetric method of determining estrone,
equilin and equilenin in mixtures, utilizing dibromoquinonechloroimide in conjunction with a
modified Kober solution, see Banes (/. A. Ph. A.,
1950, 39, 37). The LP. uses the same assay
method as the U.S.P.
Uses. — Aqueous suspensions of crystals of
estrone, and also of other steroid hormones, have
become more popular than solutions in oil, for
two reasons: (1) the tissues of some patients are
adversely affected by oil; (2) the crystals of a
suspension are more slowly absorbed from the
injection site and hence have more prolonged
action. A comparison of the duration of action
of crystals of estrone of different size, as observed
by changes in the vaginal smears of ovariectomized rats following intramuscular injection of
5000 international units, indicated that crystals
with a length of 10 microns or less produced
estrogenic effect for 10 days; crystals of 25 to 30
microns were active 17 days, and crystals of 50
to 150 microns were active 24 days (Simond
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et al., J. A. Ph. A., 1950, 39, 52). The duration of
action of the smallest crystals was slightly longer
than that of the same dose in oil solution, and
also longer than that of an aqueous suspension of
estradiol crystals or of an oil solution of estradiol
benzoate.
In clinical use aqueous suspensions of estrone
provided smooth, continuous estrogenic action
(Freed and Greenhill, J. Clin. Endocrinol., 1941,
1, 983). Maximum urinary excretion (as estrone,
estradiol, and estriol), amounting to 6.1 per cent
of the injected dose, occurred during the first 3
days following injection of an oil solution of
estrone, while with an aqueous solution urinary
excretion amounted to only 3.5 per cent during
the first 3 days and was fairly steady for 7 days
(Stimmel, ibid., 1947, 7, 364).
The usual dose of estrone in aqueous suspension is the same as when it is administered in oil
solution (see statement of dose under Estrone)
except that injections may not be required as frequently. Injections should be given deep into a
large muscle to avoid discomfort from the crystals, which represent a foreign body in the tissues
until they are dissolved. An occasional patient
may manifest hypersensitivity to the pure steroid
hormone.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 0.1, 0.2, 0.5 and 1 mg. in 1 ml.
ETHER.

U.S.P. (B.P., LP.)

Ethyl Ether, Diethyl Ether, [.ffither]

(C2H5)20
"Ether contains from 96 per cent to 98 per
cent of C4H10O, the remainder consisting of
alcohol and water. Caution. — Ether is highly
flammable. Do not use where it may be ignited.
Ether to be used for anesthesia must be preserved
in tight containers of not more than 3 Kg. capacity
and is not to be used for anesthesia if it has been
removed from the original container longer than
24 hours. Ether to be used for anesthesia may,
however, be shipped in larger containers for
repackaging in containers as directed above, provided the ether at the time of repackaging meets
the requirements of the tests of this Pharmacopeia." U.S.P. Ether is the title by which both
Anaesthetic
the B.P. and the LP. recognize this grade of
ether; it is defined as purified diethyl ether to
which may be added a suitable stabilizer in a
proportion not greater than 0.002 per cent w/v.
B.P. Anaesthetic Ether; .ffither Anaestheticus. LP.
Aether Anaesthesicus. Purified Ether; Sulfuric Ether;
Ethyl (Diethyl) Oxide, .^ther /Ethylicus; .(Ether Purificatus; Either pro Narcosi. Fr. fither ethylique; £ther officinal;
fether anesthesique; £ther pur. Ger. Ather; Narkoseather.
It. Etere etilico; Etere. Sp. Eter.

It is to be noted that two grades of ethyl ether,
one suitable for use as an anesthetic and the other
not, are recognized by the U.S.P. and B.P. ; the
LP. recognizes only the anesthetic grade. While
the B.P. and the LP. titles clearly indicate the
distinction between the two grades of ether, the
B.P. using the title Solvent Ether for the less pure
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grade, the U.S. P. calls the anesthetic grade simply
Ether and the solvent grade Ethyl Oxide, which
terminology may be confusing.
While aldehydes, which are among the more
objectionable of impurities to be found in ether,
are apparently excluded from both grades of
ether according to U.S. P. specifications, the test
for this impurity in Ethyl Oxide is less sensitive
than the test applied to Ether (U.S. P.). Mallinckrodt reported (J.A.C.S., 1927, 49, 2655)
that the order of sensitivity of the former test
is approximately 5 parts in 10,000, while the
latter is sensitive to 1 part in 1,000.000 if the
mercuric iodide test solution is prepared as directed in U.S. P.
Ether is commonly prepared from alcohol by
the action of sulfuric acid, according to the
following reaction:
C2H5OH + SO2OH.OH -> SO2OH.OC2H5 + HOH
that is. alcohol reacting with sulfuric acid yields
ethylsulfuric acid (sulfovinic acid) and water.
In the presence of an excess of alcohol and at
the proper temperature, the ethylsulfuric acid
subsequently reacts with another molecule of
alcohol, as follows:
C2H5OH + SO2OH.OC2H5-*
C2H5OC2H5 + SO2OH.OH
whereby ethyl oxide (ether) is formed, and sulfuric acid is regenerated. These reactions take
place best at a temperature of about 140°, and
if the mixture in the still is kept at this temperature a steady stream of alcohol can be converted
into ether, until the efficiency of the sulfuric acid
is too far reduced by dilution or by-product
formation. At higher temperatures ethylene is
produced from the same reactants; indeed some
is produced also when ether is manufactured but
it remains dissolved in the sulfuric acid (see
Ethylene).
The B.P. and LP. permit addition of a suitable
stabilizer in a proportion not exceeding 0.002
per cent w/v. Among the substances used as
stabilizers, according to the British Pharmaceutical Codex, are hydroquinone and propyl gallate.
Description. — "Ether is a transparent, colorless, mobile liquid, having a characteristic odor,
and a burning, sweetish taste. It is slowly oxidized by the action of air. moisture, and light,
with the formation of peroxides. Ether boils at
about 35°; it is highly volatile and flammable.
Its vapor, when mixed with air and ignited, may
explode violently. Ether dissolves in about 12
times its volume of water with slight contraction
of volume. It is miscible with alcohol, benzene,
chloroform, petroleum benzin. and with fixed and
volatile oils. The specific gravity of Ether is not
less than 0.713 and not more than 0.716 (indicating 96 to 98 per cent of C4H10O)." U.S.P.
Ether dissolves, at room temperature, approximately 1.5 per cent of water (see Rowlev and
Reed, J.A.C.S., 1951, 73, 2960), which presents
a problem in those procedures of synthesis or
analysis where anhydrous ether is required. Such
anhydrous or absolute ether may be prepared
by drying ether over sulfuric acid, solid sodium
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hydroxide, calcium chloride, metallic sodium, or
a mixture of calcium chloride and sodium; depending on which substance is used, more or less
of the alcohol present is also removed.
Ether volatilizes very rapidly in air, with absorption of considerable heat. It is extremely
flammable, and care should be taken not to bring
it in the vicinity of a flame or electric spark;
ether vapors may ignite from a flame several feet
away from the ether. Salzer (J.A.M.A., 1929, 92,
2096) reported that 2 per cent of ether vapor
in the air is flammable, or explosive if confined.
On exposure to air ether undergoes decomposition, and is converted in part into aldehyde,
acetic acid and organic peroxides.
Ether dissolves iodine and bromine freely, and
sulfur and phosphorus sparingly. Its solvent
power for mercury bichloride makes it useful
in detecting that poison. Ether is also a solvent
of volatile and fixed oils, many resins and balsams, tannic acid, caoutchouc, and most of the
vegetable alkaloids. It does not dissolve potassium
or sodium hydroxide, in which respect it differs
from alcohol.
Standards and Tests. — Acidity. — Not more
than 0.4quired ml.
of 0.02 25A' ml.
sodium
hydroxide
reto neutralize
of ether
mixed iswith
10 ml. of 80 per cent alcohol previously neutralized with the same alkali, using phenolphthalein
T.S. as indicator. Non-volatile residue. — Not over
1 mg. from 50 ml. of ether, evaporated spontaneously, the residue being dried at 105° for
1 hour. Foreign odor. — No foreign odor is perceptible on evaporating ether spontaneously from
a volume of 10 ml. to 1 ml. or when this residue
is transferred to absorbent paper and the last
traces of ether have evaporated. Aldehyde. — No
turbidity is apparent in the water layer of a
mixture of 20 ml. of ether and 7 ml. of a mixture
of 1 ml. of alkaline mercuric-potassium iodide
T.S. with 17 ml. of a saturated solution of reagent sodium chloride, after shaking vigorously
for 10 seconds in a glass-stoppered cylinder, then
setting aside for 1 minute. Peroxide.— When
viewed transversely, no color is seen in either
liquid of a mixture of 10 ml. of ether and 1 ml.
of a freshly prepared solution of potassium iodide
which has been shaken occasionally during 1 hour
in a 25-ml. glass-stoppered cylinder, protected
from light. U.S.P.
The B.P. and I. P. tests for anesthetic ether
are similar to those of the U.S.P. for ether but
the B.P. includes also a test for the presence of
methyl alcohol.
Stability. — It is generally believed that the
danger 'of postoperative inflammations of the
lungs is greatly augmented by the use of ether
containing products of oxidation. While there is
some uncertainty as to how these substances are
so deleterious the experiments of Mendenhall
and Connelly (/. Phartnacol., 1931. 43, 315)
indicated that they have a harmful effect on the
ciliated epithelium lining the respiratory passages.
In order to prevent oxidative changes the ether
should be stored in opaque containers, as light
hastens oxidation. Bicknese (Pharm. Zentr.,
1927, 68, 439) found that the presence of a
small amount of powdered iron will protect ether
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against oxidation and even cause the disappearance of peroxides, after some months, in ether
that has already begun to deteriorate. Nitardy
and Billheimer (/. A. Ph. A., 1932, 21, 112)
claimed that the best method for the preservation of the anesthetic is to keep it in copperlined cans. Reimer (Quart. J. P., 1946, 19, 172),
however, found that in the presence of light
both iron and copper acted as autocatalysts for
the decomposition of ether. In contravention to
the opinion held by many, Hediger and Gold
(J. A.M. A., 1940, 114, 1424) offered further
evidence confirming their earlier report that bulk
ether can be safely used for surgical purposes
for at least one month after the drum container
is opened. Their experiments showed also that
ether stored in amber bottles remains of U.S. P.
quality for more than two weeks, even when
exposed to sunlight. Stored in clear glass bottles
under comparable conditions, however, impurities
developed by the second day. Storage of anesthetic ether in bottles wrapped in black paper
has also been found satisfactory. Clarke (Am.
Prof. Pharm., 1942, 8, 97) has described the
technic employed in The New York Hospital for
dispensing anesthetic ether from 30-pound drums
in 1-pound copper containers.
The addition of certain organic chemicals has
the effect of stabilizing ether; the B.P. and LP.
both permit up to 0.002 per cent w/v of a suitable
stabilizer to be added to anesthetic ether. The
British Pharmaceutical Codex indicates that hydroquinone and propyl gallate are among such
stabilizers currently in use.
The choice of a stopper for a bottle or other
containers for ether may have a bearing on the
usefulness of ether. Cork and rubber stoppers
both contain ether-soluble constituents. Lindgren
and Vesterberg (Chem. Abs., 1943, 37, 4532)
reported that cork may contain 5 to 6 per cent
of ether-soluble constituents; as this material is
almost nonvolatile and nontoxic they claim that
its presence in anesthetic ether seems not to be
objectionable. When such impurities are present
in ether used in certain chemical tests and assays,
however, the results may be unreliable.
Uses. — Ether continues to be the most widely
used inhalation anesthetic. As early as 1805, inhalations ofether were recommended by Warren,
of Boston, to relieve pulmonary distress in advanced phthisis, and in 1812 ether intoxication by
inhalation is said to have been frequently practiced. Itseems to have been first used as an anesthetic by Dr. C. W. Long, of Georgia, in 1842,
but it was not until October, 1846, that Warren,
at the instance of W. T. G. Morton, of Boston,
used ether as a surgical anesthetic at the Massachusetts General Hospital and made its value
public knowledge. A few days subsequently, C. T.
Jackson, of Boston, claimed to have first made
known to Morton the use of ether for the prevention of pain in dental operations.
Action. — Locally, ether is a violent irritant. It
is absorbed through the lungs with very great
rapidity, and less quickly, but with equal certainty, through the mucous membrane of the
gastrointestinal tract, and is eliminated through
the lungs.
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Ether is predominantly a paralyzant to the
central nervous system affecting first the cerebral
centers, then the spinal cord, and at last the vital
centers in the medulla. The condition of surgical
anesthesia is really one of advanced poisoning
which is made reasonably safe only by the fact
that the vital centers are involved so late and
that the volatility of the ether allows it to be
rapidly eliminated through the lungs. Although
eventually both sensory and motor apparatus are
paralyzed, the effect occurs much earlier in the
sensory side of the organism than in the motor.
Ether causes uniform depolarization of the spinal
neurone (Van Harreveld and Feigen, Am. J.
Physiol, 1950, 160, 451). Ether is inferior to
chloroform in being distinctly slower in action,
more disagreeable to the patient by producing
greater excitement and in being more apt to cause
prolonged nausea and vomiting after its use. However, the proportion of deaths due to chloroformization has been four to five times greater
than after etherization.
It is impossible in the space which can be
allotted to the subject in the present work to discuss fully the subject of surgical etherization;
there are many books devoted to this subject
exclusively, such as: Lundy, Clinical Anesthesia,
Saunders, 1942 ; Guedel, Inhalation Anesthesia,
Macmillan, 1937; Flagg, The Art of Anesthesia,
Lippincott, 1944; National Research Council,
Fundamentals of Anesthesia, 3rd ed., American
Medical Association, 1953; Keys, The History
of Surgical Anesthesia, Schuman's, 1945; Adriani,
The Chemistry of Anesthesia, Springfield, 111.,
1946; Adriani, Pharmacology of Anesthetic
Drugs: A Syllabus for Students and Clinicians,
3rd ed., Thomas, 1953; Macintosh and Bannister,
Essentials of General Anesthesia, 5th ed., Thomas,
1952; Collins, Principles and Practice of Anesthesiology, Lea & Febiger, 1952.
General Anesthesia. — Ether is probably the
most generally used anesthetic. Deep anesthesia
can be accomplished without any anoxia and,
although it is usually desirable, a preanesthetic
sedative is not necessary, as is the case with certain anesthetics, to produce complete relaxation.
All planes of surgical anesthesia can be produced
with ether. The stages of general anesthesia produced by ether and other anesthetics are classified
as follows: I. Stage of Analgesia; II. Stage of
Excitement; III. Stage of Surgical Anesthesia,
which is divided into four planes; IV. Stage of
Medullary Paralysis.
The first stage ends when consciousness is lost.
Ether has an unpleasant odor and causes a sensation of suffocation and smarting of the nasopharynx with an excessive secretion of mucus.
Unless the ether has been introduced gradually
and carefully the patient struggles and breathes
irregularly; this discomfort and delay in induction may be minimized by instructing the patient
to breathe deeply as the anesthetist counts. The
patient feels a generalized sensation of warmth
and thinking becomes blurred as analgesia develops. Hallucinations are frequent. Consciousness
remains during this stage and induction of anesthesia may be made more difficult by ill-chosen
conversation or the use of forceful restraints. The
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face becomes flushed. The pupils are normal in
size. Slight tachycardia and increase in blood
pressure are common.
The second stage arrives as consciousness is
lost. The eyes close and muscular tone increases
generally. Reflexes are increased; spasmodic respiratory irragularities occur and shouting, thrashing about or actual delirium, especially in alcoholics, may occur. It is desirable to hurry the
patient through this period but, if apnea occurs,
the ether should not be forced because the eventual deep breath might suddenly increase the concentration in the blood to dangerous heights.
Most anesthetic deaths occur in stage II. Vomiting may occur during this stage; if the patient
swallows frequently, lower the head and turn it
to one side to minimize the danger of aspirating
vomitus into the lungs. The stomach should be
empty (by fasting or gastric lavage) before ether
is used. Analgesia is present but spinal reflexes
remain and the general irritability (excitement)
demands a minimum of stimuli of all sorts during
this stage. The pupils are dilated. The skin is red.
The pulse rate and blood pressure are elevated.
Preanesthetic sedation, rapid induction and restraint of the patient minimize the difficulties of
the second stage.
The onset of surgical anesthesia (stage III) is
indicated by: regular respirations which are both
abdominal and thoracic, constricted pupils which
do not react to fight, roving movements of the
eyes and the failure of a sudden increase in the
concentration of ether vapor to cause swallowing
and breath holding. Plane 1 refers to the condition at the onset of surgical anesthesia (stage III)
and is satisfactory for such procedures as the
repair of inguinal hernia, the setting of fractured
bones, obstetrical delivery and many procedures
on the head, neck and extremities. As the concentration of ether increases, plane 2 arrives and may
be recognized by cessation of the roving movements of the eyeballs; this depth of anesthesia is
satisfactory for operations on the pharynx and for
most abdominal surgery. Plane 3 is indicated by
increased abdominal and delayed thoracic breathing as diaphragmatic motion compensates for beginning paralysis of the intercostal muscles. The
increased motion of the abdomen may be troublesome in abdominal operations but plane 3 anesthesia may be necessary in the presence of peritonitis to abolish reflex effects from traction on
the peritoneum, such as contraction of the abdominal wall or adduction of the vocal c^rds
with crowing respiration which may require an
endotracheal tube. Other signs of plane 3 anesthesia are dilated pupils which do not react to
light, fixation of the eyeballs in a converged position, an increasing pulse rate and a falling blood
pressure. All reflexes (corneal, conjunctival, pharyngeal, cutaneous, peritoneal, etc.), are abolished
in this plane of anesthesia. A patient should never
be carried beyond plane 3, for plane 4 is characterized by complete paralysis of the intercostal
muscles, a thready, rapid pulse and a low blood
pressure.
Stage IV is that of complete paralysis of the
centers in the medulla; the abdominal breathing
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of plane 4 ceases, sphincter muscles relax and the
bowel and bladder may empty, the skin is cold,
gray and clammy, the eyes are fixed and staring
with widely dilated and paralyzed pupils, and the
pulse and blood pressure are unobtainable. Since
the heart continues to beat for a few minutes
after respiration ceases, immediate artificial respiration will excrete sufficient ether to restore
function to the medullary centers. The warning
signs of approaching stage IV are: abdominal
breathing, dilated pupils (even though morphine
has been employed), tachycardia and cyanosis;
these signs indicate the withdrawal of ether and
the use of oxygen or air.
Recovery of consciousness occurs in J^ to 2
hours; hyperpnea induced by inhalation of carbon
dioxide hastens excretion and recovery. During
recovery swallowing movements appear and
vomiting occurs in about half of the cases. Following recovery the patient usually goes to sleep.
For the induction of anesthesia a concentration
of ether in air of 5 to 7 volumes per cent is required while 3 to 5 suffice for the maintenance
of surgical anesthesia. The concentration of ether
in the blood for stage III is as follows: plane 1,
110 mg. per cent; plane 2, 120; plane 3, 130;
plane 4, 140.
Ether is an irritant to the respiratory mucous
membrane; the increased bronchial secretion is
minimized by the use of atropine; salivation
ceases during stage III. Respiration is stimulated
during early stage III with the deep and often
stertorous breathing of an increased volume of
air; toward the end of stage III respiration is depressed and the sensitivity of the respiratory center to carbon dioxide and other metabolites is
impaired. In the absence of anoxia, this depression iscounteracted by reflex nervous stimuli from
the lungs and extremities (Schmidt, Anesthesiology, 1945, 6, 113). The pulse rate and blood
pressure are increased during the induction period,
due to stimulation of the adrenals to secrete epinephrine, but return to normal again until plane 3
is reached, when blood pressure falls due to loss of
tone by both smooth and skeletal muscles. Ether
causes peripheral vasodilatation due to both central and peripheral action with an increased flow
of blood; pressure in the cerebrospinal fluid increases. There is no depression of the heart in
anesthetic concentrations although conduction disturbances may be observed by electrocardiography
(in contrast chloroform has marked action on the
heart). Nausea and vomiting are due to central
action and is more frequent with ether during
induction and recovery than with other anesthetics. Intestinal tone and peristalsis are inhibited
during stage III; this effect is partially counteracted by morphine but the atropine so commonly
used interferes with this action of morphine. After
anesthesia, the colon recovers in a few hours and
often becomes spastic whereas the small intestines
are slow to recover and postoperative abdominal
distention is frequently encountered. The flow of
urine, glomerular filtration, renal blood flow and
tubular reabsorption of glucose are decreased during plane 3 anesthesia but not in plane 1 and recovery israpid (Am. J. Physiol., 1945, 143, 108;
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Ann. Surg., 1943, 118, 717). Postoperative retention of urine is not infrequent. Plane 1 anesthesia
does not interfere with the progress of obstetrical
delivery and does not cause any serious anesthesia
of the fetus (the same blood concentration of
ether as in the mother). Ether does not act rapidly
enough to alleviate the pains of labor unless the
pains are anticipated. Ether anesthesia causes
some acidosis (decrease in carbon dioxide combining power and increase in hydrogen ion concentration of the blood), although Beecher et al.
(J. Pharmacol., 1950, 98, 38) found insignificant
changes if adequate oxygen was supplied; a decrease in plasma volume with an increased viscosity of the blood also occurs. A neutrophilic
leucocytosis occurs. Hyperglycemia and depletion
of liver glycogen are associated with the increased
epinephrine action of the induction period.
Contraindications. — The main contraindications to ether anesthesia are acute and chronic
respiratory diseases and advanced renal disease.
However, Beecher and Adams (J.A.M.A., 1942,
118, 1204) reviewed the evidence and found no
basis for the fear of ether in pulmonary tuberculosis, and Murphy (Am. Rev. Tuberc, 1944, 49,
251) reports 150 thoracoplasty operations without untoward effects. It is often difficult to anesthetize chronic alcoholics and morphine addicts
and patients with hyperthyroidism or markedly
increased metabolism due to fever but adequate
preanesthetic management is helpful.
Administration by Inhalation. — Ether anesthesia may be accomplished by the open, semiopen or closed methods. The open method consists of dropping ether on a wire-mesh mask
covered with several layers of gauze. Using a
wick of cotton in the orifice of the ether container,
the approximate number of drops per minute is
as follows: first minute, 12 drops; second, 25;
third, 50; fourth, 100 and thereafter for about
15 minutes; second quarter-hour, 50 drops per
minute; third quarter-hour, 25 drops per minute;
fourth quarter-hour and thereafter, 12 to 25 drops
per minute. This method wastes a great deal of
ether; about 400 Gm. of ether is used in an hour
in contrast to about 50 Gm. which is sufficient in
the closed method. In hot climates ether evaporates before the drops reach the mask. Storni
and Lundy (Anesth., 1944, 5, 380) describe an
effective method for the use of ether, instead of
the more toxic chloroform, in the tropics without the elaborate equipment required for the
closed method. They cooled the can of ether in
water before opening it, then placed a rubber
tube on the neck of the can with a pinch-cock on
the rubber tube and placed the open end of the
tube under the mask. The amount of ether inhaled
could easily be controlled by the pinch-cock. The
semi-open method employs a towel wrapped
around the patient's face and the mask; this
diminishes the loss of ether vapor and retains a
little carbon dioxide and water vapor. The closed
method employs an apparatus which provides for
the administration of oxygen and carbon dioxide
as well as ether and other anesthetic gases and
for the absorption of the exhaled moisture and
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carbon dioxide, a rebreathing bag and a tightfitting mask.
Explosion Hazard. — An open flame should
not be used during the open administration of
ether. If unavoidable, the flame should be as far
from the mask as possible, at least 2 feet, and
always 1 to 2 feet higher than the ether mask.
The closed method of administration is safer but
the combination of oxygen with ether increases
the explosiveness. A cautery must not be used on
the head or neck or, in fact, anywhere on the
body unless the site is higher than the head. Explosive concentrations may develop in body cavities and the breath remains inflammable for 10
minutes or more after anesthesia is discontinued.
Elaborate precautions and eternal vigilance are
essential but unfortunately will not eliminate the
hazard of explosions. Even minor flashes may
travel down the trachea and fatally burn the lungs.
(See also Anesth., 1941, 2, 580, 689; Quart. Nat.
Fire Protection Asso., 1944, 37, 74).
Untoward Effects. — Respiratory arrest during the induction period sometimes presents a
serious problem. An overdose of ether following
a period of breath-holding may be responsible;
this may be avoided by decreasing the amount of
ether in the mask during a period of apnea. Depression ofthe respiratory center due to morphine,
associated with hyperventilation during the induction period, especially with the open drop
method, may result in insufficient respiratory
stimulation and apnea. Artificial respiration should
be instituted and in the latter situation the administration ofcarbon dioxide is most beneficial.
Rarely a vascular accident may be associated with
the hypertension of the induction period. Hypotension isdue largely to hemorrhage and surgical
shock but the peripheral vasodilatation induced
by ether contributes to the patient's susceptibility
(Brit. M. J., 1944, 2, 683) ; the use of the shortest
possible period of anesthesia and the use of plane
1 anesthesia as much as possible minimize this
danger. Convulsions occur rarely and usually in
children due to a combination of factors (Lundy,
Surgery, 1937, 1, 666) and may be controlled by
the intravenous administration of one of the
short-acting barbiturates such as 2.5 to 5 per cent
thiopental sodium (Brit. M. J., 1944, 1, 447).
Massive collapse of the lung may occur due to
blocking of the bronchus with mucus; this is infrequent until the postoperative period and may
be avoided by the insistence on deep breathing
and the use of carbon dioxide, if necessary, to
increase respiration.
Rectal Administration. — Rectal administration of ether (Gwathmey, JAMA., 1929, 93,
447) has been widely employed. McCormick
(South. M. J., 1939, 32, 19) successfully employed a modification of this method in obstetrics.
At the onset of labor, a cleansing enema of 1000
ml. of 5 per cent sodium bicarbonate is given and
when pains become uncomfortable from 100 to
300 mg. pentobarbital sodium is administered by
mouth and may be repeated if labor is prolonged
without impending delivery. As dilatation of the
cervix progresses and the pains again become
uncomfortable the patient is placed on her left
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side with both thighs flexed and a catheter, welllubricated with tragacanth, is inserted into the
rectum between uterine contractions with the
guidance of a gloved finger. Then a mixture of
75 ml. of ether and 45 ml. of olive oil or mineral
oil is instilled into the rectum by means of air
pressure from a rubber bulb. To increase the
action of this mixture, 8 ml. of paraldehyde may
be added. The effect of this medication reaches a
maximum in about 40 minutes and persists for
2 to 6 hours. The instillation may be repeated
when necessary, even as soon as 1 hour. The
analgesia may be augmented during the second
stage of labor and while forceps are applied or
surgery carried out by the inhalation of small
amounts of ether or nitrous oxide. This procedure has proved effective, cheap, safe and
simple of use under varied circumstances. This
ether-oil mixture may be effective in cases of
status asthmaticus when all other methods fail.
Jefferson (/. Nat. M. A., 1945, 37, 114) used
2 to 3 ml. of equal parts of ether and mineral oil
intramuscularly for asthma or croup. Anesthesia
employing the intravenous injection of 5 per cent
ether in an isotonic blood serum solution has
been accomplished successfully (Hudon and Paradis, Laval mid., 1945, 10, 633) ; thrombosis of
the vein resulted in a quarter of the patients.
Other Uses. — In the form of compound ether
spirit, ether may be used in nausea dependent on
gastric depression and flatulent colic. In 1919
Andrain recommended intramuscular injection of
1 to 2 ml. of ether, according to age, once daily
in the management of whooping cough. McGee
(J.A.M.A., Sept. 26, 1931) gave the ether by
rectum and Milton (Brit. M. J., 1938, 1, 919)
gave it orally. Gall stones remaining in the common bile duct following cholecystectomy have
been dissolved successfully in many cases by injection of ether through the "T" tube into the
common duct. The stones must be composed of
cholesterol, at least in part. From a few drops
several times daily to 5 ml. once daily for 3 days
has been employed. The injection of a little mineral oil may facilitate discharge of the fragments
(Lancet, 1939, 1, 1311; J. A.M. A., 1940, 114,
2372). Intravenously 0.15 ml. of ether, mixed
with an equal amount of saline solution, is commonly used as a test of circulation time (arm to
lung time). Normally, 3 to 8 seconds elapse between rapid injection into the antecubital vein
and perception of the odor of ether by the patient.
This time is prolonged in instances of right-dded
heart failure. Intravenously a 2.5 to 7.5 per cent
solution in isotonic sodium chloride solution and
5 per cent dextrose solution for injection has been
employed, in a dose of 1000 ml. or less, to quiet
manic patients (Ferraro et al., J. Nerv. Mental
Dis., 1950, 111, 271). S
For the non-medicinal uses of ether, see under
Ethyl Oxide.
The usual dose, by inhalation, is that quantity
which produces the depth of anesthesia required
(v.s.). By mouth the usual dose is 1 to 4 ml.
(approximately 15 to 60 minims), well diluted.
Storage. — "Preserve Ether in partly filled,
tight, light-resistant containers, remote from fire.
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It is recommended that Ether be kept at a temperature not exceeding 25°." U.S. P.
SPIRIT OF ETHER.
B.P.
Spiritus iEtheris
Ether Spirit. Hoffmann's Drops. Spiritus .<Ethereus;
.■Ether ^Ethylicus Alcoholisatus; ./Ether Alcoolisatus; /Ether
cum Spiritu. Fr. £ther alcoolise ; Liqueur d'Hoffmann.
Ger. Atherweingeist ; Hoffmannstropfen. It. Etere etilico
con alcool; Liquore amodino di Hoffmann. Sp. Eter etilico
alcoholizado ; Licor anodino mineral de Hoffmann.

Dilute 330 ml. of anesthetic ether with sufficient
90 per cent alcohol to make 1000 ml. B.P. The
N.F. IX directed 325 ml. of ethyl oxide to be
diluted with enough alcohol (U.S. P.) to make
1000 ml.
Description. — "Ether Spirit is a transparent,
colorless liquid having an ether odor and a burning, sweetish taste. It is affected by light. The
color of moistened blue litmus paper is not
changed to red when the paper is immersed in
Ether Spirit for 10 minutes. Ten cc. of Ether
Spirit mixed with 10 cc. of water yields a clear
solution." N.F. IX.
Alcohol Content. — From 60 to 65 per cent,
by volume, of C2H5OH. N.F. IX.
The N.F. IX recognized also Compound Ether
Spirit, popularly known as Hoffmann's Anodyne;
this was prepared by mixing 325 ml. of ethyl
oxide with 650 ml. of alcohol and 25 ml. of
ethereal oil.
Both ether spirit and compound ether spirit
were once popular as carminative preparations
for treating gastric flatulence and milder forms
of gastralgia. lYl
The dose range of both preparations was 1 to 8
ml. (approximately 15 minims to 2 fluidrachms).
Storage. — Preserve "in tight, light-resistant
containers." N.F. IX.
ETHINYL ESTRADIOL.
U.S.P.
(B.P., LP.)
Ethynylestradiol

CSCH

The B.P. and LP. define Ethinyloestradiol as 17ethynyl-3:17-dihydroxy-l:3:5-cestratriene; none
of the pharmacopeias provides an assay rubric.
B.P. Ethinyloestradiol; .ffithinylcestradiol. LP. Ethinyloestradiol ; Aethinyloestradiolum. Diogyn-E (.Pfizer) ;
Neil).
Estinyl (Schering). Lynoral (Organon) ; Orestralyn (Mc-

This compound is a derivative of estradiol in
which the hydrogen atom attached to carbon
atom number 17 is replaced by the ethynyl
(— CiCH) group. It may be prepared by the
action of potassium acetylide on estrone in liquid
ammonia; after interaction the ammonia is evaporated and the resulting potassium derivative converted to ethinyl estradiol by treatment with acid.
For further information see U.S. Patents 2,243,887
(1941); 2,251,939 (1941); 2,256,976 (1942).

Part I
Description. — "Ethinyl Estradiol occurs as a
white to creamy white, odorless, crystalline powder. In dioxane solution it exhibits a slight dextrorotation. Ethinyl Estradiol is insoluble in water.
It is soluble in alcohol, in chloroform, in ether and
in vegetable oils, and also in solutions of the fixed
alkali hydroxides. Ethinyl Estradiol melts between
142° and 146°. It may also exist in a polymorphic
modification, melting between 180° and 186°."
U.S.P. The B.P. gives the melting point as between 178° and 184° for one form and 141° and
146° for the other. The corresponding LP. melting ranges are 182° to 184° and 144° to 146°.
Standards and Tests. — Identification. — (1)
A solution of 2 mg. of ethinyl estradiol in 2 ml.
of sulfuric acid appears orange-red by transmitted
light and shows a yellow-green fluorescence by
reflected light. (2) On adding a drop of ferric
ammonium sulfate T.S. to half of the solution in
the preceding test, followed by 2 ml. of water, a
reddish brown, flocculent precipitate forms. On
adding 2 ml. of water to the other portion a rosered, flocculent precipitate is formed. (3) The
benzoyl derivative of ethinyl estradiol melts between 200° and 202°. Absorptivity.— The absorptivity (1%, 1 cm.), determined at 281 mp, in
an alcohol solution containing 0.05 mg. in each
ml., is between 69 and 73. Loss on drying. — Not
over 0.5 per cent, when dried in vacuum over
sulfuric acid for 4 hours. Completeness of solution.— A solution of 100 mg. of ethinyl estradiol
in 5 ml. of alcohol is clear and free of undissolved
particles. U.S.P.
Uses. — This derivative of estradiol is used
for all the therapeutic purposes to which estrogenic substances have been applied (see under
Estradiol). It is one of the most active estrogenic
compounds, particularly on oral administration
(Thompson, /. Clin. Endocrinol., 1948, 8, 1088)
by which route the effect approaches that produced by injection. The potency of ethinyl
estradiol in clinical use has been estimated as
from 6 (Kearns. /. Urol, 1942, 47, 587) to 8
(Allen, South. M. J., 1944, 37, 270) to even 20
(Dubrow et al., N. Y. State J. Med., 1949, 49,
1828) times that of diethylstilbestrol. The ethinyl
radical appears to delay decomposition of the
estrogen in the gastrointestinal tract and the liver
(Stimmel and May, J. Clin. Endocrinol., 1951,
11, 408). As is the case with other estrogens,
exact comparison of activities by various routes
of administration and on various species or various conditions is not feasible. On vaginal smears
of the ovariectomized rat, Harmer and Broom
(Lancet, 1950, 1, 850) found ethinyl estradiol to
have an activity of 18 orally and 233 subcutaneously in comparison with diethylstilbestrol assigned an activity of 100. On oral administration
in humans, Soule (Am. J. Obst. Gyn., 1943, 45,
315) found it to be several times as active as
estradiol.
In the menopause the total findings of 9 reports
revealed symptomatic improvement in 92.5 per
cent of 428 cases (Salmon et al., J. Clin. Endocrinol., 1941, 1, 556; Watson, ibid., 1942, 2, 447;
Groper and Biskind, ibid., 703; Soule, Am. J.
Obst. Gyn., 1943. 45, 315; Lyon, ibid., 1944, 47,
532; Harding, ibid., 48, 181; Wiesbader
and
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Filler, ibid., 1946, 51, 75; Birnberg et al., ibid.,
1947, 54, 855; Perloff, ibid., 1949, 58, 684).
Symptoms were relieved within 3 to 6 days and
the small doses required seldom gave rise to untoward effects (Parsons and Tenney, Med. Clin.
North America, 1950, 34, 1537) although nausea
and vomiting and other side effects of estrogenic
therapy appeared with large doses (Kennedy and
Nathanson, J. A.M. A., 1953, 152, 1140). Senile
vaginitis or gonorrheal vaginitis in children responded well. The dosage range was 0.02 to 0.15
mg. daily for these purposes.
For functional uterine bleeding (menometrorrhagia) this estrogen has proved effective in the
control of bleeding and in cyclic therapy (Bickers,
Am. J. Obst. Gyn., 1946, 51, 100). As soon as
the diagnosis of functional bleeding is made, 0.5
mg. is given orally one or two times daily until
bleeding ceases, then 0.05 mg. is prescribed 1 to 3
times daily for 20 days, during the last 5 days of
which 5 mg. of progesterone is also given intramuscularly. Withdrawal bleeding occurs on about
the twenty-fifth day; on the thirty-first day the
cyclic administration of ethinyl estradiol and progesterone isstarted again. This cycle should be
repeated 3 or perhaps even 6 times (Rock, Med.
Clin. North America, 1948, 32, 1171). About a
third of these patients return to ovulatory menstruation after 3 months. In 82 pregnancies in 75
women (with histories of 1 to 5 previous abortions) sufficient desiccated thyroid to maintain a
normal basal metabolic rate (about 1 grain daily)
and ethinyl estradiol (commencing with 0.05 mg.
daily and increasing this by 0.05 mg. daily at
monthly intervals to a maximum dose of 0.3 mg.
daily) resulted in 74 full-term live births, 2 premature live births and 6 abortions (Brimberg
et al., N. Y. State J. Med., 1951, 51, 623). Birnberg et al. (Am. J. Obst. Gyn., 1952, 63, 1151)
reported prophylactic value in complicated pregnancies, including cases of habitual abortion, diabetes mellitus and previous toxemias. A dose of
0.05 mg. every 4 hours for 5 doses prevented
engorgement of the breasts immediately postpartum (Gershenfeld and Perlmutter, /. Clin.
Endocrinol, 1948, 8, 875). With a total dose of
0.75 to 1.3 mg. spread over 7 days, Jeffcoate et al.
(Brit. M. J., 1948, 2, 809) reported satisfactory
suppression of lactation and noted that a dose of
40 to 50 mg. of diethylstilbestrol was required to
produce a similar effect. In a later paper (ibid.,
1949, 1, 664), they reported inferior results if
0.55 to 1 mg. was given in a period of 12 hours
or given half on the first and half on the fourth
day. In some cases of essential dysmenorrhea,
Schuck (Am. J. Obst. Gyn., 1951, 62, 559) reported relief from the administration of 0.05 mg.
daily during the first 10 to 12 days of the menstrual interval.
For inoperable carcinoma of the prostate
(Creevy, J.A.M.A., 1948, 138, 412) or breast in
women past the menopause from 0.15 to 3 mg.
daily has been used effectively and is sometimes
tolerated by patients unable to take adequate
doses of other estrogens.
The hypercholesterolemia in cases with coronary
artery disease was decreased by as much as 41 per
cent during use of 0.2 mg. daily increased ac-
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cording to tolerance (Oliver and Boyd, Am.
Heart J., 1954, 47, 348); the blood phospholipids remained unchanged. Benefit has been reported in cases of acne vulgaris (Steigrad, Praxis,
1950, 39, 820).
Estrogen-Androgen Therapy. — Combined estrogen-androgen therapy has become popular in
the menopause, in post-menopausal osteoporosis
and in other geriatric conditions because it provides symptomatic relief of menopausal symptoms and provides the anabolic stimulus of the
androgens in a dose which does not cause undesirable masculinization. In the menopause testosterone gives symptomatic relief (Wandall,
JAM. A., 1948, 136, 809) and in osteoporosis
androgens are needed to fully restore the osteoblastic function of providing bone matrix for
calcification (Albright, Ann. Int. Med., 1947, 27,
861). The constructive stimulus to protein metabolism of androgens is often valuable in aged
persons (Kountz, ifrid., 1951, 35, 1055). In a
controlled study involving 5 identical tablets of
different composition, de Watteville and Lunenfeld (Schweiz. med. Wchnschr., 1953, 83, 14)
found that a combination of 0.01 mg. of ethinyl
estradiol and 5 mg. of methyltestosterone daily
during 15 days of each month produced relief of
symptoms without pathological proliferation of
the endometrium or mammary tissue. One such
tablet daily is usually sufficient but as many as
4 tablets may be used and in osteoporosis two
tablets daily are indicated.
Toxicology. — The untoward side effects and
contraindications are the same as with other estrogens (see under Estradiol).
The usual dose of ethinyl estradiol is 0.05 mg.
(approximately V&oo grain) orally 1 to 3 times
daily with a range of 0.02 to 0.05 mg. The maximum safe dose is usually 3 mg. in cases of carcinoma and this dose is seldom exceeded in a
24-hour period.
Storage. — Preserve "in well-closed, fight-resistant containers." U.S.P.
ETHISTERONE.

U.S.P., B.P., LP.

Anhydrohydroxyprogesterone, Pregneninolone,
[Ethisteronum]

C=CH

The B.P. defines ethisterone as 1 7-ethynyl-4androsten-17-ol-3-one; the LP. defines it as 17ethynyl-17-hydroxy-3-ketoandrostene-4.
I. P. Aethisteronum. A*-Pregnen-17-ine-17[a]-ol-3-one. 17Ethynvltestosterone. 17-Ethinyltestosterone. Lutocylol (Ciba),
Progestoral
Ora'-Lutin {Parke, Davis), Pranone (Schering),
(Organon), Trosinone {Abbott). Sp. Anhidrohidroxiprogesterone.

Ethisterone, formerly official as anhydrohydroxyprogesterone, represents progesterone from
which a molecule of water has been eliminated
and a hydroxyl group introduced — in the side
chain attached at carbon atom 17 (compare the

structural formulas of ethisterone and progesterone). Ethisterone is also properly called 17ethynyltestosterone, since it differs from testosterone in having an ethynyl (HC:C — ) group in
the 17 position. According to the B.P. ethisterone
may be obtained by the addition of acetylene to
the ketonic group at position 17 in dehydroe/>/androsterone, obtained as a product of the
degradative oxidation of sterols such as cholesterol, followed by oxidation. For further information see Schwenk, in the A.A.A.S. volume on The
Chemistry and Physiology of Hormones (1944).
Description. — "Ethisterone occurs as white
or slightly yellow crystals or as a crystalline powder. It is odorless and is stable in air. It is affected
by fight. Ethisterone is practically insoluble in
water; it is slightly soluble in alcohol, in chloroform, in ether, and in vegetable oils. Ethisterone
melts between 267° and 275°, with some decomposition." U.S.P. The B.P. and LP. give the melting
point
as
269° and
275°.
Standardsbetween
and Tests.
— Identification.
— (1)
Ethisterone oxime melts between 225° and 232°.
(2) The absorptivity (1%, 1 cm.) in methanol
at 241 mu is between 500 and 530. Specific rotation.— Not less than +28° and not more than
+33° when determined in a pyridine solution containing 100 mg. of dried ethisterone in each 10 ml.
Loss on drying. — Not more than 0.5 per cent,
when dried in vacuum over sulfuric acid for 4
hours. U.S.P.
Uses. — (See also discussion of Uses of Progesterone and Corpus Luteum). The therapeutic
uses of ethisterone are in general the same as
those of progesterone, except that the former is
administered orally. The structure of ethisterone
is similar to that of progesterone and it resembles
also that of testosterone; in animals, ethisterone
shows progestin, metrotrophic, androgenic and
estrogenic properties (Salmon, Proc. S. Exp. Biol.
Med., 1940, 43, 709). In humans, however, it
does not cause untoward symptoms of pituitary
inhibition although it overcomes the symptoms of
an excess of estrogens. In the rabbit the effective
oral dose is only twice the effective parenteral
dose (Hohlweg and Inhoffen, Klin. Wchnschr.,
1939, 18, 77); with progesterone the oral dose
is 60 times the parenteral dose. Since progesterone
has twice the activity of ethisterone, the latter is
15 times as active, by mouth, as progesterone.
After a priming dose of estrogens, 35 to 60 mg.
of ethisterone by mouth daily produces a progestational effect on the endometrium (Salmon et al.,
Proc. S. Exp. Biol. Med., 1939, 40, 252).
In dysmenorrhea and the premenstrual tension
syndrome, doses of 5 mg. one to three times daily
during the last 7 to 10 days of the menstrual
interval produced 50 per cent or better improvement in 60 of Harding's 82 patients {Am. J. Obst.
Gyn., 1945, 50, 56); most patients were relieved
only during the month in which therapy was used,
although a few did not experience a return of
svmptoms when treatment was discontinued.
Cohen and Stein (ibid., 1940, 40, 713), using
doses of 15 to 30 mg. daily, and also Greenblatt
(J. Clin. Endocrinol., 1944, 4, 321) reported similar favorable results; Burge and Halloway (Am.
J. Obst. Gyn., 1941, 41, 873), however, were not
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favorably impressed with this form of therapy.
Ethisterone has been less beneficial in functional uterine bleeding than progesterone (Bickers,
/. Clin. Endocrinol., 1949, 9, 736; Greenblatt
et at., ibid., 1950, 10, 886). Successful use, in an
oral dose of 30 mg. daily for 7 days, has been
reported by Jones and TeLinde (Am. J. Obst.
Gyn., 1949, 57, 854). In amenorrhea, Bickers
(Virginia Med. Monthly, 1952, 79, 620) prescribed effectively a combination of 10 mg. of
ethisterone and 0.01 mg. of ethinyl estradiol 5
times daily, by mouth, for 5 days each month to
cause medical curettage; 44 per cent of his patients bled after the first use and all bled after
the third use. In threatened abortion the gravity
of the situation usually results in administration
of progesterone by injection, but Ingram (Am. J.
Obst. Gyn., 1945, 50, 154) emphasized the importance ofimmediate treatment at the onset of
cramps or bleeding and prescribed ethisterone for
the patient to carry with her for this purpose.
Absorption sublingually is perhaps more effective
than from the intestine (Greenblatt, loc. cit.).
Toxicology. — Untoward effects from use of
ethisterone have been both infrequent and mild,
and of the type associated with injections of
progesterone.
Dose. — The usual dose is 10 mg. (approximately V6grain), up to 4 times daily, by mouth,
with a range of 5 to 75 mg.
Storage. — Preserve "in well-closed, light-resistant containers." U.S. P.
ETHISTERONE TABLETS.
U.S.P. (B.P., LP.)
[Tabellae Ethisteroni]

"Ethisterone Tablets contain not less than 90
per cent and not more than 110 per cent of the
labeled amount of C21H28O2." U.S.P. The B.P.
has no assay rubric; the LP. rubric is the
same as that of the U.S.P.
B.P. Tablets of Ethisterone; Tabellae ^Ethisteroni ;
LP. Compressi Aethisteroni. Sp. Tableta de Anhidrohydroxiprogesterona.

Assay. — A portion of powdered tablets, equivalent to about 50 mg. of ethisterone, is extracted
with petroleum benzin to remove lubricants, after
which it is extracted with chloroform to remove
ethisterone. The chloroform is evaporated and the
residue of ethisterone is dried at 105° for 2 hours
and weighed. U.S.P., LP.
Usual Sizes. — 5, 10 and 25 mg.
ETHOHEXADIOL.

U.S.P.

Ethyl Hexanediol, 2-Ethylhexane-l,3-diol, [Ethohexadiol]

CH3.CH2.CH2.CHOH.CH(C2H5)

.CH2OH

"Ethohexadiol contains not less than 97 per cent
of CsHisGV' U.S.P.
Rutgers 612.

Ethohexadiol may be prepared by condensing
3 molecules of butyraldehyde, using as a catalyst
certain metallic ethoxides (see Villani and Nord,
J.A.C.S., 1947, 69, 2605), to form 2-ethyl-l,3hexanediol butyrate, the ester being saponified by
alcoholic alkali to produce the alcohol.
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Description. — "Ethohexadiol is a clear, colorless, oily liquid. It is odorless or has only a slight
odor. One ml. of Ethohexadiol dissolves in about
50 ml. of water. It is miscible with alcohol, with
chloroform and with ether. The specific gravity
of Ethohexadiol is between 0.936 and 0.940."
U.S.P.
Standards and Tests. — Distilling range. —
Ethohexadiol distils almost completely between
240° and 250°. Refractive index. — Between 1.4465
and 1.4515. Acidity. — Not over 0.02 per cent,
expressed as acetic acid. U.S.P.
Assay. — Ethohexadiol is assayed by the acetylation-saponification procedure explained under
Benzyl Alcohol, the methods differing only in
details. U.S.P.
This substance has found considerable use as
an insect repellent and toxicant, but for general
use it is especially effective when combined with
butopyronoxyl and dimethyl phthalate, and in the
official Compound Dimethyl Phthalate Solution.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Compound Dimethyl Phthalate
Solution, U.S.P.
ETHYL ACETATE.
N.F.
CH3COOC2H5
Acetic Ether, [.ffithylis Acetas]

"Ethyl Acetate contains not less than 99 per
cent of C4H8O2, the remainder consisting chiefly
of alcohol and water." N.F.
.Either Aceticus; ^Ethylium Aceticum. Fr. Acetate
d'ethyle;
fither Sp.
acetique.
Ger. Essigather; Essigester.
/*. Etere acetico.
Eter acetico.

Ethyl acetate may be produced by any of the
many methods used in the preparation of esters.
The most common of these is direct esterification
of the appropriate alcohol and acid, as by mixing
ethyl alcohol, acetic acid and sulfuric acid, the
latter serving as a dehydrating agent essential for
esterification. The ethyl acetate is obtained on
distilling the reaction mixture and may be purified by treatment with potassium carbonate followed by redistillation. Other general methods
for the production of esters of this type include:
(1) The reaction of an acid chloride and an alcohol (acetyl chloride and ethyl alcohol being used
to produce ethyl acetate); (2) reaction between
an acid anhydride and an alcohol; (3) the interaction of alkyl halides and the silver salt of the
acid.
Description. — "Ethyl Acetate is a transparent, colorless liquid, with a fragrant, refreshing,
slightly acetous odor, and a peculiar, acetous,
burning taste. One ml. of Ethyl Acetate is miscible with about 10 ml. of water. It is miscible with
alcohol, ether, fixed oils, or volatile oils. The
specific gravity of Ethyl Acetate is not less than
0.894 and not more than 0.898. Ethyl Acetate
distills between 76° and 77.5°." N.F.
Standards and Tests. — Identification. — Ethyl
acetate is readily volatilized even at low temperatures; itis flammable and when burned shows a
yellow flame and emits an acetous odor. Nonvolatile residue. — Not over 0.02 per cent, the
residue being dried at 105° for 1 hour. Readily
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carbonizable substances. — No dark zone develops
within 15 minutes when 2 ml. of ethyl acetate is
superimposed on 10 ml. of sulfuric acid. Acidity.
— Not more than 0.1 ml. of 0.1 N sodium hydroxide is required to neutralize a mixture of 2 ml. of
ethyl acetate, 10 ml. of neutralized alcohol, and
2 drops of phenolphthalein T.S. Butylic or amylic
derivatives. — No odor resembling pineapple or
banana is apparent when 10 ml. of ethyl acetate
is spontaneously evaporated from blotting-paper.
Methyl compounds. — Ethyl acetate, saponified to
ethyl alcohol by sodium hydroxide and the mixture distilled, meets the requirements of the test
for methanol under whisky. N.F.
Assay. — About 1.5 Gm. is saponified by heating with 50 ml. of 0.5 N sodium hydroxide for
1 hour; the excess of alkali is titrated with 0.5 N
hydrochloric acid, using phenolphthalein T.S. as
indicator. A residual blank titration is performed.
Each ml. of 0.5 N sodium hydroxide represents
44.06 mg. of C-1H8O2. N.F.
Uses. — Ethyl acetate is occasionally used internally as a carminative and antispasmodic. Its
action upon the system is probably very similar
to that of ether; but, as it is less volatile, it is
less rapidly absorbed and eliminated, and consequently ismuch less prompt and fugacious in its
influence. H. C. Wood found it to be too slow in
action to serve as a practical anesthetic.
Ethyl acetate is sometimes employed externally,
by friction, as a resolvent, and for rheumatic
pains. It is locally irritating. In air a concentration of 150 parts per million or more causes inflammation ofthe conjunctiva (J.A.M.A., 1945,
127, 56). It may be used internally as a stimulant
in syncope. A fairly frequent use is that of imparting its odor to pharmaceutical preparations.
It is an important industrial solvent and enters
into many processes of organic synthesis.
Dose, 1 to 2 ml. (approximately 15 to 30
minims).
Storage. — Preserve "in tight containers and
avoid excessive heat." N.F.
Off. Prep. — Glycerinated Gentian Elixir, N.F.
ETHYL

AMINOBENZOATE.
N.F. (B.P.) LP.

Benzocaine, [iEthylis Aminobenzoas]

H2N-/

V-C00C2H5

The B.P. defines this substance as ethyl
p-aminobenzoate, the LP. as ethyl 4-aminobenzoate.
B.P. Benzocaine; Benzocaina. LP. Aethylis Aminobenzoas. Ansesthesin (IVinthrop); Anesthesin (Abbott).
/Ethyli Amynobenzoas. Ger. Anasthesin. Sp. Aminobenzoato de etilo; Anesthesina.

Ethyl aminobenzoate, which is the ethyl ester
of £ara-aminobenzoic acid, may be prepared by
reducing />-nitrobenzoic acid to />-aminobenzoic
acid and esterifying the latter acid by heating
with ethyl alcohol in the presence of sulfuric acid.
It may also be prepared by first esterifying
^-nitrobenzoic acid (which may be obtained by

oxidizing />-nitrotoluene) with ethyl alcohol, then
reducing the resulting ethyl />-nitrobenzoate to
ethyl />-aminobenzoate.
Description. — "Ethyl Aminobenzoate occurs
as small, white crystals, or as a white, crystalline
powder. It is odorless, and is stable in air. Ethyl
Aminobenzoate exhibits local anesthetic properties when placed upon the tongue. One Gm. of
Ethyl Aminobenzoate dissolves in about 2500 ml.
of water, in 5 ml. of alcohol, in 2 ml. of chloroform, in about 4 ml. of ether, and in 30 to 50 ml.
of expressed almond oil or olive oil. It dissolves
in dilute acids. Ethyl Aminobenzoate melts between 88° and 90°." N.F.
Standards and Tests. — Identification. — (1)
Alcohol is formed when ethyl aminobenzoate is
boiled with an alkali hydroxide solution. (2) An
orange-red precipitate results when to a solution
of 20 mg. of ethyl aminobenzoate in 10 ml. of
water containing a few drops of diluted hydrochloric acid are added 5 drops of a 1 in 10 solution
of sodium nitrite and 2 ml. of a 1 in 50 solution of
betanaphthol in sodium hydroxide T.S. (3) A
precipitate is produced on adding iodine T.S. to a
1 in 50 solution of ethyl aminobenzoate prepared
with the aid of diluted hydrochloric acid. Acidity.
— A solution of 1 Gm. of ethyl aminobenzoate
in 10 ml. of neutralized alcohol is clear; when this
is diluted with 10 ml. of water. 2 drops of phenolphthalein T.S. and 1 drop of 0.1 N sodium hydroxide added, a red color is produced. Loss on
drying. — Not over 1 per cent, when dried over
sulfuric acid for 3 hours. Residue on ignition. —
Not over 0.1 per cent. Chloride. — No immediate
turbidity results on adding silver nitrate T.S. to
a 1 in 25 solution of ethyl aminobenzoate in alcohol, previously acidified with diluted nitric acid.
Readily carbonizable substances. — 500- mg. dissolved in 5 ml. of sulfuric acid has no more color
than matching fluid A. Heavy metals. — The limit
is 10 parts per million. N.F.
To distinguish this substance from orthocaine
it is required by the B.P. and LP. that a precipitate be produced when solution of iodine is added
to a 2 per cent solution of benzocaine previously
slightly acidified with hydrochloric acid. To distinguish itfrom procaine hydrochloride a solution
of benzocaine should not yield a precipitate with
solution of potassium mercuri-iodide.
Incompatibilities. — Ethyl aminobenzoate is
hydrolyzed on boiling with water, especially in the
presence of alkali. It produces a semiliquid or
liquid mixture with camphor, menthol and resorcinol.
Uses. — Ethyl aminobenzoate is a local anesthetic of wide usage. It belongs to the class of
anesthetics which are slightly soluble in water ; it
is comparatively non-irritant, non-toxic, and is
poorly absorbed.
Action. — The anesthetic effect of ethyl aminobenzoate isalmost entirely on nerve terminals; as
compared with cocaine it has very little effect on
nerve trunks. Notwithstanding its slight solubility in water, it is capable of passing through
mucous membranes to a sufficient degree to lessen
sensation. Sollmann (/. Pharmacol., 1919, 13,
429) found that a dusting powder containing 5
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per cent of ethyl aminobenzoate caused almost
complete loss of sensation when applied to the
gums of human subjects (see also Tainter et al.,
J. A. Dent. A., 1937, 24, 1480). Beutner and
Beutner (Proc. Soc. Exp. Biol. Med., 1940, 45,
337) reported that in fine aqueous dispersion it
was more effective as a topical anesthetic than
when applied in oil solution or as powder; it was,
in fact, more effective than procaine.
Topical Uses. — In concentrations of 5 to 20
per cent ethyl aminobenzoate is employed in ointments or dusting powders as a local anesthetic
application to open wounds, burns, or ulcers on
the skin or mucous membranes. Morel found its
bactericidal powers to be very low. In tuberculous
laryngitis a powder may be insufflated or used in
the form of lozenges, each containing from 20 to
40 mg. (approximately M to % grain) of ethyl
aminobenzoate. Dentists have found it useful in
lessening after-pains of various dental operations,
as of extraction of teeth. Use of a lozenge containing ethyl aminobenzoate, before meals, often
makes it possible for patients with Vincent's
stomatitis, or other painful lesions of the mouth
or throat, to eat sufficient food to maintain nutrition (Pelner, Am. J. Digest. Dis., 1944, 11, 63).
Externally, ointments containing 5 to 10 per
cent of ethyl aminobenzoate have been used to
relieve various types of itching, as the pruritus
of diabetes, or of skin diseases. In painful hemorrhoids, suppositories containing 200 to 300 mg.
(approximately 3 to 5 grains) in cacao butter are
often of much value. Dulhot reported excellent
results in painful cystitis following injection of a
solution of ethyl aminobenzoate in sweet almond
oil into the bladder (see Humphreys, /. Urol.,
1937, 37, 715), but care is necessary to avoid
poisoning (J. A.M. A., 1939, 112, 1256).
Systemic Uses. — In gastric ulcer and gastritis
ethyl aminobenzoate will generally give complete
relief from pain, but it is not popular for this
use. Reiss (Ther. Geg., 1905) recommended oral
administration to relieve vomiting due to gastric
irritation; he also found it to counteract the
emetic effect of antimony but not that of apomorphine, indicating that the antiemetic effect
of ethyl aminobenzoate is not central. It is often
ineffective, however, and may aggravate gastric
irritation. Seff (Ven. Dis. Inform., 1945, 26, 57)
was able to prevent vomiting induced by the odor
and taste following injection of neoarsphenamine
by dissolving 33 mg. (l/2 grain) of ethyl aminobenzoate on the tongue.
Subcutaneous Uses. — Weekly subcutaneous
injections of a solution containing 3 Gm. of ethyl
aminobenzoate, 5 ml. of benzyl alcohol, 10 ml. of
ether, and sufficient sterile olive oil to make 100
ml., administered in doses up to 2.5 ml. in each
of two to four areas, have been found effective
in relieving the discomfort and sometimes effecting cure in pruritus ani (Gabriel, Brit. M. J.,
1929, 1, 1071), pruritus vulvae (Bourne, Pract.,
1933, 2, 441; Kennedy, Edinburgh M. J., 1933,
125), and anal fissure (Riddock, Lancet, 1936,
2, 1150).
Sunburn Protection. — Bird reported (/. A.
Ph. A., 1942, 31, 151) that various derivatives of
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^-aminobenzoic acid, including ethyl aminobenzoate, strongly absorb those ultraviolet rays which
produce sunburn, and recommended use of the derivatives inburn-preventive preparations.
Toxicology. — From experiments on guinea
pigs, injected hypodermically with an oil solution
of ethyl aminobenzoate, Closson (/. Michigan M.
Soc, 1914, 13, 587) concluded that this compound
has about one-twentieth the toxicity of cocaine.
Kennel (Klin. Wchnschr., December, 1902) reported that 2.6 Gm. (40 grains) had been administered toa patient without apparent ill-effect.
Ethyl aminobenzoate is almost free of local irritant action, although sensitization may develop.
If dermatitis, stomatitis, proctitis, etc., develop
the drug should be discontinued. The soluble salts
that ethyl aminobenzoate forms with acids are,
however, quite irritant; Binz found that the hydrochloride, which is soluble in 100 parts of water,
is of very low toxicity but much too irritant to be
of value as a local anesthetic.
Dose, oral, from 200 to 500 mg. (approximately
3 to 7 J/2 grains).
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Ethyl Aminobenzoate Ointment,
N.F.
ETHYL AMINOBENZOATE
OINTMENT.
N.F.
Benzocaine Ointment, Unguentum .ffithylis
Aminobenzoatis
Sp. Ungiiento de Aminobcnzoato de Etilo.

Levigate 50 Gm. of ethyl aminobenzoate, in
very fine powder, with some white ointment until
a smooth mixture is obtained, then incorporate
enough of the same base to make the weight of
the product up to 1000 Gm.
For uses of this ointment see the preceding
article.
Storage. — Preserve "in tight containers and
avoid
prolonged exposure to temperatures above
30°." N.F.
ETHYL

BISCOUMACETATE.

The B.P. defines Ethyl Biscoumacetate
4:4'-dihydroxydicoumarin-3 :3'-ylacetate,
it to contain not less than 97.0 per
C22H16O8, calculated with reference to
stance dried to constant weight at 105°.

B.P.
as ethyl
requiring
cent of
the sub-

Tromexan (Geigy); Tromexan Ethyl Acetate (N.N.R.).
Pelentan. BOEA.

This anticoagulant, also known as ethyl bis (4hydroxycoumarinyl) acetate and 3,3'-carboxymethylene bis-(4-hydroxycoumarin) ethyl ester,
was synthesized to provide a substance which
would not have the disadvantage of bishydroxycoumarin of delayed action. It differs from the
latter compound only in that the two hydroxycoumarin groups are joined by — CH(COOC2H.5) —
instead of the — CH2 — (methylene) bridge present in bishydroxycoumarin. The B.P. states that
ethyl biscoumacetate may be prepared by esterification of 4:4'-dihydroxydicoumarin-3:3'-ylacetic
acid; for further information see U. S. Patents
2,482,510-2 (1949).
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Description. — The B.P. describes ethyl biscoumacetate as a white to yellowish-white, fine,
crystalline powder; it is odorless and has a bitter
and persistent taste. It is almost insoluble in
water, is readily soluble in aqueous solutions of
alkali hydroxides, and is soluble in 20 parts of
acetone. One form of it melts at about 154°, the
other at about 179°.
Standards and Tests. — Identification. — (1)
A reddish-brown color is produced on adding
ferric chloride T.S. to a solution of ethyl biscoumacetate in alcohol. (2) Sulfuric acid produces a yellow color (distinction from bishydroxycoumarin) when a few drops are added to about
100 mg.; on adding the solution to 10 ml. of
water a flocculent white precipitate is produced.
(3) On fusing 200 mg. of ethyl biscoumacetate
with 200 mg. of potassium hydroxide, extracting
with water and acidifying the solution, a precipitate of salicylic acid is obtained. (4) The
diacetate derivative melts at about 295°. Sulfated
ash. — Not over 0.2 per cent. Loss on drying. —
Not over 0.5 per cent, when dried to constant
weight at 105°. B.P.
Assay. — About 400 mg. of ethyl biscoumacetate is dissolved in 25 ml. of acetone, the solution diluted with 20 ml. of water, and titrated
with 0.1 N sodium hydroxide, using bromophenol
blue as indicator. A blank titration is performed
on the acetone-water solvent mixture. Each ml.
of the difference in the titrations represents 40.83
mg. of C22H16O8. In this assay one hydroxyl group
of ethyl biscoumacetate is neutralized by sodium
hydroxide. B.P.
Uses. — Ethyl biscoumacetate is an anticoagulant drug derived from bishydroxycoumarin. Its
action in blocking synthesis of prothrombin in the
liver, thus prolonging prothrombin time, and the
indications and contraindications for its use are
the same as those fcr bishydroxycoumarin (q.v.).
Assuming that the delay in action of bishydroxycoumarin was due to difficulty in splitting this
molecule Rosicky (Cos. Lek. cesk., 1944, 83,
1200) weakened the methylene linkage between
the two coumarin components of bishydroxycoumarin byintroducing the carboxyl group; the
ethyl ester of the new compound is ethyl biscoumacetate. This ethyl ester, while having about
one-fourth the activity of bishydroxycoumarin on
an equal weight basis, is more rapidly absorbed,
more rapidly excreted, and generally appears to
be safer than bishydroxycoumarin. Von Kaulla
and Pulver (Schweiz. med. Wchnschr., 1948, 78,
806, 956) observed maximum concentration of
the drug in serum 3 to 6 hours after ingestion but
could find none 24 hours after administration;
bishydroxycoumarin. by contrast, was detected
for as long as 7 days. Further information on the
metabolic fate of ethyl biscoumacetate in man is
provided bv Burns et al. (J. Pharmacol., 1952,
Solomon
453).' et al. (J. Lab. Clin. Med., 1950, 36,
106,
19) found that the initial dosage required to produce a therapeutic prothrombin time of 25 seconds is 1.2 to 1.8 Gm.; significant prolongation
of prothrombin time is reached within 24 hours,
usually in 16 to 18 hours. They further found
that the dose to be given daily to maintain a
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therapeutic level is from 300 to 900 mg. To avoid
wide fluctuations in effect during a 24-hour period
they divided the daily dose into three parts, given
every 8 hours. They often observed an increase
in prothrombin time on the fourth day of treatment; regarding this as evidence of a cumulative
effect, they reduced dosage on the third day. Consistent prolongation of prothrombin time 18 to
24 hours after administration has been confirmed
by Burke and Wright (Circulation, 1951, 3, 164).
who found the duration of the anticoagulant
action to be about one-half to one-fourth that of
bishydroxycoumarin, with return of the prothrombin time to normal 48 to 60 hours after a
single initial dose.
It is generally agreed that in active therapy
with this drug the clinician should attempt to
maintain the prothrombin time (expressed in seconds) at a figure two to two and one-half times
that of the control. Bronstein and Witkind (Am.
J. Med. Sc, 1951, 222, 677) indicated the desirability ofreporting prothrombin time in terms
of seconds rather than on a percentage basis.
They, too, noted transitory cumulative effects at
some time during therapy and pointed out that
there is no correlation between required dosage
and body weight in adults. Barker et al. (J. A.M. A.,
1952, 148, 2 74) advised that for prophylaxis twothirds the usual initial therapeutic dose suffices.
Others emphasized that ambulatory individuals
are more sensitive to its action and, therefore,
should receive smaller doses than bed patients.
Myocardial Infarction". — Administration of
ethyl biscoumacetate during the first four weeks
following coronary thrombosis reduced the mortality to half that of a control series treated without anticoagulants, in the experience of Tulloch
and Gilchrist (Am. Heart J., 1951, 42,. 864), and
there was five-fold reduction in the incidence of
thromboembolic complications. They administered
heparin in addition during the first 36 to 48 hours
until the prothrombin time had been doubled by
ethyl biscoumacetate. It is established that during
combined therapy with the two drugs the coagulation time is not increased beyond that which
can be predicted for heparin alone. Illingworth
(Brit. M. J., 1951, 2, 646) obtained satisfactory
results in cases of cardiac infarction and in patients with extracardiac thromboses when the
prothrombin time was maintained at 10 to 30 per
cent of normal. Two of their patients bled from
unsuspected peptic ulcers, but in both instances
withdrawal of the drug stopped the hemorrhage
without resort to vitamin K or transfusion. Olivier
(Presse med., 1951, 59, 82) stated that in treating
recent phlebitis prothrombin time levels under
30 per cent of normal are needed only at the
outset of treatment even in the event of pulmonary embolism.
Congestive Heart Failure. — In the treatment
of congestive heart failure Griffith et al. (Ann.
Int. Med., 1952, 37, 867) found heparin, bishydroxycoumarin and ethyl biscoumacetate to be
equally beneficial in prevention and treatment of
thromboembolism. However, they believed ethyl
biscoumacetate to be safer than bishydroxycoumarin because of the rapid reversibility of its
action. They agreed with others as to the difficulty
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in maintaining a stable prothrombin time, but
were largely able to overcome this disadvantage
by dividing the daily dose in two. Morning and
afternoon prothrombin time determinations were
made daily to provide information as to whether
the level was rising or falling. Dosage was adjusted
accordingly, the first dose for the day being administered inthe afternoon and the second dose
12 hours later.
Toxicology. — As with the other anticoagulants, hemorrhage is the chief complication of
therapy (see Gripe, New Eng. J. Med., 1951, 245,
803). The most common manifestation is microscopic hematuria, but it apparently occurs less
frequently than with bishydroxycoumarin. Ecchymosis at the site of venipuncture may represent
toxicity. Major contraindications to the use of
ethyl biscoumacetate include the hemorrhagic diseases, impaired liver function, renal failure and
insufficiency, bacterial endocarditis, and ulcerating or granulomatous lesions. Caution must be
observed in the presence of cachexia, severe vitamin deficiency, toxic-infectious syndromes and
menstruation. Administration of salicylates may
enhance the drug action. Safety of the drug is
such that in event of markedly prolonged prothrombin times following overdosage and unattended
by hemorrhage,
dose is sufficient
to restorewithholding
the level totheor day's
near
normal within 24 hours. In some instances of
minor bleeding no additional treatment is required. For significant bleeding full doses of
menadione sodium bisulfite or phytonadione are
indicated and in some instances infusions of fresh
citrated blood or plasma are needed as well.
Dose. — The average initial adult dose (oral)
for the first 24 hours is 1.5 Gm. Subsequently the
usual daily maintenance dose required to prolong
the prothrombin time two to two and one-half
times the normal value varies from 600 to 900 mg.
As expressed in terms of percentage a prothrombin
level between 30 and 50 per cent of normal is
satisfactory. Values below 10 or 15 per cent are
considered dangerous. The desired therapeutic
prothrombin time is usually considered to be 35
seconds. During the first days of treatment, daily
prothrombin time estimations are essential; later
a determination on alternate days may suffice.
The B.P. gives the range of dose as 150 mg. to
1 Gm. daily, according to the prothrombin activity
of the blood.
ETHYL

CHLORIDE.

U.S.P., B.P., I.P.

[iEthylis Chloridum]

CH3.CH2CI

"Caution. — Ethyl Chloride is highly flammable.
Do not use it where it may be ignited." U.S.P.
The B.P. requires that ethyl chloride contain not
less than the equivalent of 99.5 per cent w/w of
C2H5CI. As it may be prepared by action of
hydrogen chloride on industrial methylated spirit,
as well as on ethyl alcohol, the B.P. states that
ethyl chloride may contain a small quantity of
methyl chloride if the former has been used. The
I.P. purity rubric is the same as that of the B.P.
Chlorethyl; Monochlorethane; Kelene {Merck). Ethylium
Chlorhydricum;
Mther
Chloratus; Ethylium
Chloratum;
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.dEthyli
Chlorurum.
Fr. Chlorure
d'ethyle; It.Ester
ethylchlorhydrique.
Ger. Athylchlorid
; Chlorathyl.
Cloruro
di
etilo. Sp. Cloruro de etilo; Cloretilo; Eter etilclorhidrico.

Ethyl chloride was discovered by Rouelle, and
made by him in 1759 by action of sulfur chloride
or metallic chlorides upon ethyl alcohol. Basse
prepared it in larger quantities in 1801 by the
interaction of hydrochloric acid and ethyl alcohol.
This process is one of the two in commercial use
today, the other being based on addition, in presence of a catalyst, of a molecule of hydrogen
chloride gas to one of ethylene. Enormous quantities of ethyl chloride are produced in making
tetraethyl lead (by reaction with an alloy of lead
and sodium) for high-octane gasolines.
Description. — "At low temperatures or under
pressure, Ethyl Chloride is a colorless, mobile,
very volatile liquid. It boils between 12° and 13°.
Its specific gravity is about 0.921 at 0°. It has a
characteristic, ethereal odor, and a burning taste.
When Ethyl Chloride is liberated at ordinary
room temperature from its sealed container, it
vaporizes at once. It burns with a smoky, greenish flame, producing hydrogen chloride. Ethyl
Chloride is slightly soluble in water, and dissolves
freely in alcohol and in ether." U.S.P.
Standards and Tests. — Acidity. — When 10
ml. of ethyl chloride is shaken with 10 ml. of distilled water, both at 0°, and the former volatilized
spontaneously, the water phase is neutral to litmus
paper. Non-volatile residue and odor. — Evaporation of 5 ml. of ethyl chloride leaves a negligible
residue, with no foreign odor noticeable as the
last portion evaporates. Chloride. — No turbidity
is produced at once when 0.5 ml. of ethyl chloride
is added to 10 ml. of alcohol containing a few
drops of silver nitrate T.S., both liquids cooled
to 0°. Alcohol. — No odor of acetaldehyde, and no
greenish or purplish color, is apparent on adding
potassium dichromate T.S. and diluted sulfuric
acid to the liquid remaining in the test for acidity,
and boiling. U.S.P.
In the B.P. test for limit of ethyl alcohol the
iodoform reaction is applied instead of the dichromate oxidation test of the U.S.P. The B.P.
assay consists in saponifying the sample with
0.5 N alcoholic potassium hydroxide and neutralizing excess of the latter with 0.5 N hydrochloric acid. The I.P. assay is similar.
Uses. — Ethyl chloride is so volatile that when
sprayed upon the skin it may absorb sufficient
heat in vaporization to cause superficial freezing
in the area to which applied. This freezing makes
peripheral nerve endings insensitive and produces
local anesthesia. It is used where short and superficial anesthesia is desired for small areas to
incise furuncles and perform similar minor operative procedures. The thawing that follows at
times may cause considerable pain. Less than
freezing application, however, has proven valuable as a form of counter-irritation to relieve
myofascial and visceral pain syndromes (Travell,
Arch. Phys. Med., 1952, 33, 291). The protracted
myofascial pain following activation of a trigger
area depends on a reflex pain cycle maintained
by the tirgger area. Transitory local block of
trigger areas may relieve such referred pain permanently. Painful muscle spasm, including stiff
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neck, trismus, lumbago, sciatica, ankle and heel
pain, tennis elbow and shoulder pain, have responded to this therapy. The chest pain of acute
coronary thrombosis has also been so treated
(Travell, Circulation, 1951. 3, 120). First and
second degree household burn pain may be
promptly and permanently relieved (Travell,
/. Pharmacol., 1951. 101, 36). Bingham (Military
Surg., 1945, 96, 121) and others reported good
results with ethyl chloride spray in treatment of
sprains. This is simpler than injection of procaine
and does not mask deeper lesions. It should not
be applied to broken skin. Bingham sprayed the
skin over the involved joint and directed continuous use of the joint. Neither strapping nor
casts were needed. The technique of application,
however, has been improved by Travell. With the
patient holding his head higher than the region
to be sprayed in order to avoid inhalation the
container is held about 2 feet away. The jet
stream is aimed to meet the body at an acute
angle, not perpendicularly. The stream is applied
in one direction only. Sweeps start at the trigger
zone and move slowly to the reference zone. Such
sweeps are repeated rhythmically, a few seconds
on and a few off. The skin should not be frosted,
for such excessive cooling often may increase
muscle spasm and pain. Seidelin (Lancet, 1913,
1, 1663) destroyed superficial epithelioma by
freezing them with ethyl chloride. Lewis and
Marginson (Arch. Dermat. Syph., 1944, 50, 243)
and others (Arch. Dermat. Syph., 1943, 48, 511;
South. M. J., 1930, 23, 1128) advocate the spray
in treatment of trichophytosis (athlete's foot) ;
the entire lesion is sprayed in one treatment until
frosted. Immediate improvement of vesicles,
pustules, denudation and sweating was observed.
Although best results were obtained with vesicular
stages, all types, including those with dermatitis
due to secondary infection, improved. They caution against spilling the liquid on the skin because
deeply frozen skin is slow to heal and uncomfortable. Faust (J. A.M. A., 1937. 108, 386) recommends it in creeping eruption due to hookworm
larvae infesting the skin.
Ethyl chloride has also been used by inhalation
as a general anesthetic. Its action is extremely
rapid and brief. It is similar to divinyl ether but
is more toxic to the cardiovascular system and
more likely to cause nausea and vomiting. Inhalation of a concentration of 4 to 5 volumes per
cent will induce surgical anesthesia and 2 to 3
will maintain it but induction (l/i to 1J^ minutes)
and recovery (a few minutes) is so rapid that it
is difficult, even with experience, to maintain
smooth anesthesia. It does not irritate respiratory' mucosa. Anesthetic and toxic doses are too
nearly alike. Lundy. Adams and Seldon (Surg.,
1945, 18, 6) do not endorse this use of ethyl chloride because there are other similar but less toxic
anesthetics. According to Guedel (J.A.M.A., 1921,
77, 427), there are two types of toxicity from
overdosage of ethyl chloride. About 90 per cent
are the spasmodic type, in which there is spasm
with consequent obstruction to respiration and
such spasm interferes with artificial respiration.
Infrequently symptoms are those of progressive
depression. In physiological action ethyl chloride

closely resembles chloroform, although it is less
depressant to the heart (Guedel and Knoefel,
Am. J. Surg., 1936. 34, 496). On account of its
great flammability it should not be used near a
light or flame. Coste and Chaplin (Brit. J.
Anazsth., 1937, 14, 115) report a concentration of
5 to 15 volumes per cent of ethyl chloride will
explode. S
In addition to its medicinal uses ethyl chloride
is important in manufacture of tetraethyl lead, in
making ethyl cellulose, as a catalyst in synthetic
rubber manufacture and as a refrigerant.
The dose, by inhalation or spray, is sufficient
to produce the effect desired.
Storage. — Preserve "in tight containers, prefU.S.P. erably hermetically sealed, and remote from fire."
ETHYL

NITRITE

SPIRIT.

N.F.

Spirit of Nitrous Ether. Sweet Spirit of Nitre,
[Spiritus ^Ethylis Nitritis]

"Ethyl Nitrite Spirit is an alcohol solution of
ethyl nitrite containing not less than 3.5 per cent
and not more than 4.5 per cent of C2H5ONO."
N.F.
"Xiter." .lEther Xitricus Alcoholicus. Fr. Ether nitreuxnitroso.
alcoolise.
Ger. Versuszter Salpetergeist. It. Spirito d'etere

The N.F. does not provide a method for the
preparation of this spirit. A process formerly
official involved reaction of an aqueous solution
of sodium nitrite, sulfuric acid and alcohol to produce ethyl nitrite, which was neutralized, dehydrated, and then dissolved in alcohol. For details
of the process see U.S.D., 22nd ed., p. 1016. Commercial processes of manufacturing ethyl nitrite
involve reaction between alcohol and. nitric acid
in the presence of copper and sulfuric acid.
Properties of Ethyl Nitrite. — Pure ethyl
nitrite is pale yellow, has a pleasant ethereal and
somewhat apple-like odor. It boils at 18°, and has
a specific gravity of 0.900 at 15.5°. The density
of its vapor is 2.627. Litmus is not affected by it.
It is soluble in 48 parts of water, and in all proportions in alcohol. It is highly flammable, and
burns with a white flame without residue. In its
pure state it is never used in medicine.
Description. — "Ethyl Nitrite Spirit is a clear,
mobile liquid with a pale yellow or faintly greenish yellow tint. It has a fragrant, ethereal, pungent
odor free from acridity, and a sharp, burning
taste. It is volatile and flammable, and rapidly
decomposes on exposure to light and air. When
recently prepared or even after being kept for
some time with but little exposure to light and
air. Ethyl Nitrite Spirit is neutral to dry litmus
paper. After long standing or upon being exposed
to fight and air, it acquires an acid reaction. The
specific gravity of Ethyl Nitrite Spirit is not more
than 0.823." N.F.
Standards and Tests. — Identification. — Ethyl
nitrite spirit, when a test tube half filled with it
is immersed in a bath at 65° and kept at that
temperature until the spirit is heated to the same
degree, boils when a few small pieces of broken
glass are added. Acidity. — No effervescence occurs
when a crystal of potassium bicarbonate is added
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to 5 ml. of the spirit. Aldehyde. — A yellow color,
not turning to a decided brown on standing overnight, isproduced on adding a mixture of 5 ml.
of potassium hydroxide T.S. and 5 ml. of distilled
water to 10 ml. of the spirit. N.F.
Assay. — In N.F. VII ethyl nitrite spirit was
assayed by titrating the iodine liberated by reaction with potassium iodide in a hydrochloric
acid solution with 0.1 iV sodium thiosulfate under
an atmosphere of carbon dioxide. In the present
N.F. essentially the same reaction, but using
diluted sulfuric acid as a source of hydrogen ions,
is carried out in a nitrometer so that the nitric
oxide gas also formed in the reaction may be
measured. The chemical reaction representing the
assay is as follows :
2C2H5NO2 + 2KI + H2SO4 -+
2C2H5OH + I2 + 2NO + K2SO4
The volume of gas liberated, and the temperature
and barometric pressure are observed. The volume, in ml., is multiplied by 0.307 (which is the
weight of 1 ml. of ethyl nitrite vapor at 25° and
760 mm. multiplied by 100. for percentage) and
divided by the weight of ethyl nitrite spirit taken
for assay. Temperature and pressure corrections
based on the gas laws are applied to this result.
N.F.
Alcohol Content. — From 85 to 93 per cent,
by volume, of C2H5OH. In determining the alcohol content of the spirit it must be treated with
sodium hydroxide to prevent distillation of ethyl
nitrite; this converts the ethyl nitrite to ethyl
alcohol and sodium nitrite. Since the former product will be distilled from the mixture along with
the alcohol originally present, a correction must
be applied for the alcohol thus produced. N.F.
Stability. — It is to be noted that the N.F.
specifies that the spirit be preserved in small, wellfilled, tight containers, in a cool and dark place.
Storage of the spirit in a partially filled stock
bottle from which the liquid is dispensed as
needed will result in its rapid decomposition;
spirit obtained in bulk should be packaged into
smaller containers as soon as the stock container
is opened. Andrews (/. A. Ph. A., 1932, 21, 799)
found that in a tightly stoppered bottle kept in a
refrigerator in the dark the loss of nitrite is about
5 to 6 per cent in the first two weeks, and about
26 per cent at the end of 8 months; exposed to
direct sunlight, the spirit loses 100 per cent of its
activity in 2 weeks. A spirit prepared with 99 per
cent alcohol kept better than one made by the
official formula.
Because it is so readily decomposed, mixtures
of the spirit with other substances should as far
as possible be avoided; in many of the mixtures
in which it is prescribed the spirit is destroyed in
a matter of minutes or hours.
Uses. — Ethyl nitrite spirit has the action of
other nitrites (see Sodium Nitrite). Its inhalation
produces acceleration of the pulse with the characteristic leaden purplish color of the lips, mouth
and finger tips, followed by flushing of the face,
giddiness, nausea, muscular debility, and violent
headache. Thompson et al. (/. A. Ph. A., 1933,
22, 487) reported that in the dog a dose equiva-
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lent to about 3 ml. of the spirit for a man produced abrief fall in the blood pressure, but that
with larger doses (equivalent to 10 ml.) the reduction in the blood pressure lasted for several hours.
It is rarely employed, however, to produce the
full physiological action of nitrites, its chief use
being to relax the blood vessels of the skin and
thereby increase perspiration. It was formerly a
popular diaphoretic in mild fevers, especially in
children. Because of its action on the circulation
it also exercises at times a diuretic influence. S
Dose, 2 to 4 ml. (approximately Yi to 1 fluidrachm).
Storage. — Preserve "in small, well-filled tight
containers, in a cold, dark place, remote from
fire." N.F.
Off. Prep. — Compound Opium and Glycyrrhiza Mixture, N.F.
ETHYL

OLEATE.

B.P.

JEthylis Oleas

Ethyl Oleate is required to contain not less
than 98.0 per cent w/w of C20H38O2. It may be
prepared by esterifying oleic acid with ethyl
alcohol.
Description. — Ethyl oleate is a pale yellow
oil, having a strong and disagreeable odor and
taste. It is insoluble in water, but is miscible
with vegetable oils.
Standards and Tests. — Acid value. — Not
over 0.5. Iodine value. — Between 77 and 84
(iodine monochloride method). Weight per ml. —
Between 0.869 and 0.870, at 20°. Peroxide.— The
iodine liberated from potassium iodide by 1 ml.
of ethyl oleate, in a mixture with glacial acetic
acid and chloroform, is decolorized by 1 ml. of
0.005 N sodium thiosulfate.
Assay. — Following neutralization of any acid
in 2 Gm. of ethyl oleate the latter is saponified by
heating with 0.5 N alcoholic potassium hydroxide
for 2 hours; the excess of alkali is titrated with
0.5 N sulfuric acid, using phenolphthalein as indicator. Each ml. of 0.5 N alcoholic potassium hydroxide represents 155.3 mg. of C20H38O2.
Uses. — Ethyl oleate is permitted to be used
as an alternative vehicle in the B.P. injections
of desoxycorticosterone acetate, menaphthone,
estradiol monobenzoate, progesterone, and testosterone propionate.
ETHYL

OXIDE.

U.S.P. (B.P.)

Solvent Ether, [.ffithylis Oxidum]

C2H5.O.C2H5
"Ethyl Oxide contains from 96 per cent to 98
per cent of C4H10O, the remainder consisting of
alcohol and water. Caution. — Ethyl Oxide must
not be used for anesthesia. Ethyl Oxide is highly
flammable. Do not use where it may be ignited."
U.S.P.
B.P. Solvent Ether; .ffither Solvens. ^ther Depuratus.
Fr. fither rectifie du commerce. Sp. Oxido de Etilo.

Description. — "Ethyl Oxide agrees in description and physical properties with Ether."
U.S.P.
Standards and Tests. — Aldehyde. — No color
develops in either liquid when 10 ml. of ethyl
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oxide is occasionally shaken, during 2 hours, with
1 ml. of potassium hydroxide T.S. in a glassstoppered cylinder protected from light. Peroxide.
— No color is seen in either liquid (on viewing
transversely against a white background) when
10 ml. of ethyl oxide is shaken for 1 minute with
1 ml. of freshly prepared 1 in 10 solution of potassium iodide in a glass-stoppered cylinder. Other
requirements. — Ethyl oxide meets all other requirements under Ether. U.S.P.
Uses. — It is imperative that this grade of ether
not be used for producing anesthesia. It is recognized officially only to provide standards for ether
sufficiently pure for various chemical and pharmaceutical manipulations and available at a lower
price than that of the highly purified anesthetic
ether.
As noted under Ether, it is possible that ethyl
oxide stored in containers bearing cork or rubber
stoppers will contain an appreciable amount of
extractive matter which may interfere in processes
in which this solvent is employed. If such stoppers, rather than those of glass or metal, are used,
they should be wrapped with tin foil. When ethyl
oxide is to be used as a solvent it should be kept
in mind that water dissolves in it, to the extent
of about 1.5 per cent at room temperature (see
Ether).
Lepper (Chem. Ztg., 1942, 66, 314) observed
that use of a peroxide-containing ether for determination offats may result in an explosion,
usually after evaporation of the ether and on
heating the residue at 100° or over, but sometimes
even when as much as one-fifth the original volume remains. He recommended treating the ether
with ferrous sulfate and sulfuric acid to remove
peroxide, or with potassium permanganate and
potassium hydroxide to remove both peroxide and
aldehyde.
Storage. — "Preserve Ethyl Oxide in partly
filled, tight, light-resistant containers, remote
from fire. It is recommended that Ethyl Oxide
be
kept at a temperature not exceeding 25°."
U.S.P.
Off. Prep. — Aspidium Oleoresin; Collodion,
U.S.P., B.P.; Spirit of Ether, B.P.
ETHYL

HO —f

VANILLIN.
0C2H5

N.F.

\— CHO

3-Ethoxy-4-hydroxybenzaldehyde.

Ethyl vanillin has the same structure as vanillin (q.v.), except that an ethoxy (OC2H5) group
replaces the methoxy (OCH3) of vanillin. Ethyl
vanillin should not be confused with ethyl vanillate, which is C6H3(OH)(OCH3)(COOC2H5),
and has been used as a fungicide and for treatment of histoplasmosis.
Description. — "Ethyl Vanillin occurs as fine
white or slightly yellowish crystals. Its taste and
odor are similar to the taste and odor of vanillin.
It is affected by fight. Its solutions are acid to
litmus. One Gm. of Ethyl Vanillin dissolves in

about 100 ml. of water at 50°. It is freely soluble
in alcohol, in chloroform, in ether, and in solutions of alkali hydroxides. Ethyl Vanillin melts
between 76° and 78°." N.F.
Standards and Tests. — Identification. — (1)
On warming ethyl vanillin with hydrochloric acid,
then adding hydrogen peroxide and allowing the
mixture to stand until precipitation is complete,
subsequent addition of benzene produces a violet
color in the benzene layer on shaking (distinction
from vanillin). (2) Ethyl vanillin is extracted
from ether by a saturated solution of sodium
bisulfite, from which it is precipitated by acids.
(3) Lead subacetate T.S. produces a white precipitate when added to a cold solution of ethyl
vanillin ; the precipitate is sparingly soluble in hot
water but soluble in acetic acid. Loss on drying. —
Not over 1 per cent, when dried over sulfuric acid
for 4 hours. Residue on ignition. — Not over 0.05
per cent. N.F.
Uses. — Ethyl vanillin is used as a flavoring
agent. It possesses a finer and more intense
vanilla-like odor than that of vanillin.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
ETHYLENE.
U.S.P.
[iEthylenum]

CH2 = CH2
"Ethylene contains not less than 99 per cent
by volume of C2H4." U.S.P.
"Caution — Ethylene is highly flammable. Do
not use where it may be ignited." U.S.P.
Ethene; defiant Gas; Etherin; Elayl. Fr. Ethylene.
Ger. Athylen. Sp. Etileno.

Ethylene is one of the products of the dry distillation ofmany organic substances. Large supplies of the gas are available from the cracking
of natural gas as well as from the cracking of
petroleum hydrocarbons. It is also obtained by
dehydration of ethyl alcohol. In Germany it has
been produced in large quantities by hydrogenation of acetylene.
Description. — "Ethylene is a colorless gas,
somewhat lighter than air, and has a slightly sweet
odor and taste. A liter of Ethylene at a pressure
of 760 mm. and at 0° weighs 1.260 Gm. One
volume of Ethylene dissolves in about 4 volumes
of water at 0° and in about 9 volumes of water at
25°. One volume of it dissolves in about 0.5 volume of alcohol at 25° and in about 0.05 volume
of ether at 15.5°." U.S.P.
Standards and Tests. — Identification. — (1)
Ethylene dissolves slowly in sulfuric acid but rapidly in fuming sulfuric acid and in concentrated
solutions of potassium permanganate. (2) Bromine T.S. is decolorized by passing ethylene
through it. Acidity or alkalinity. — 2000 ml. of
ethylene passed through recently boiled and cooled
distilled water containing 0.2 ml. of 0.01 N hydrochloric acid and methyl red T.S. as indicator
should not either increase or decrease the acidity
by more than the equivalent of 0.2 ml. of 0.01 N
acid. Carbon dioxide. — 1000 ml. of ethylene passed
through barium hydroxide T.S. produces no more
turbidity than that given by 1 mg. of sodium bicarbonate in a blank test. Acetylene, aldehyde,
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hydrogen sulfide, phosphine. — 1000 ml. of ethylene
passed through silver ammonium nitrate T.S. produces no turbidity or darkening. Carbon monoxide.— 1000 ml. of ethylene shaken with a dilution
of blood shows no pink coloration due to carboxyhemoglobin, using pyrogallol and tannic acid in
the test, and matches the gray color obtained
with 1000 ml. of carbon monoxide-free air in a
blank test. U.S.P.
Ethylene is the first member of a homologous
series of unsaturated hydrocarbons the type formula for which is C„H2„. Ethylene and the members of this series in general are characterized by
relative instability and a tendency to form addition compounds, especially with the halogens.
Thus when passed into bromine, ethylene is rapidly absorbed with the formation of ethylene
bromide (ethylene dibromide) C2H4Br2. Besides
reacting with halogens, ethylene will react also
with halogen acids, hypo-halogen acids, sulfuric
acid, and, in the presence of catalysts, with hydrogen. Fuming sulfuric acid absorbs large quantities
of ethylene at room temperatures, while ordinary
sulfuric acid will do so at elevated temperatures.
By the addition of a hypo-halogen acid, for example HCIO, a hydrin is formed which with an
alkali yields a dihydric alcohol (ethylene glycol).
When passed through a hot tube, ethylene yields
carbon, hydrogen, methane, ethane and acetylene.
Ethylene acts as a divalent radical in combining
with acids to form salts and yields derivatives
important in organic syntheses.
Assay. — A volume of 100 ml. of ethylene, accurately measured in a mercury-filled gas burette
or nitrometer, is passed into a gas pipette containing bromine T.S. which absorbs the ethylene as
dibromide. The residual gas is returned to the
measuring burette, then passed into a pipette containing potassium hydroxide solution to absorb
bromine vapor which may have been withdrawn
from the bromine pipette. Again the residual gas
is returned to the measuring burette; its volume
should not exceed 1 ml., indicating the presence
of at least 99 per cent of ethylene. U.S.P.
Uses. — The use of ethylene as an anesthetic
was suggested by Luckhardt in 1923, and since
that time it has been extensively employed both in
this country and in Europe. Herb (J.A.M.A.,
1933, 51, 1716), from a study of the literature
on 1,000,000 cases of ethylene anesthesia, concluded that it has the advantages over ether of
being less unpleasant to inhale, causing no reflex
respiratory disturbances, salivation or bronchorrhea, and less post-operative vomiting, and that
induction and recovery are much more rapid, requiring but 2 to 5 minutes each; furthermore, that
it is more effective than nitrous oxide and, since
larger amounts of oxygen can be used with it,
there is less liability of cyanosis. Its chief disadvantage isthat it will not produce as complete
muscular relaxation as will ether or cyclopropane,
and in abdominal operations it is often necessary
to supplement the ethylene with ether because
sufficient concentrations of ethylene cause
hypoxia. In this million cases, five deaths were
attributed to the anesthetic, and two of these to
impurity of the ethylene. It is an almost nontoxic substance which is excreted largely unchanged in the expired air. It does not depress
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the respiratory center and it is useful for patients
with cardiac or pulmonary disease. Studies with
deuterium-labeled ethylene showed that it does not
sensitize the heart to fibrillate after epinephrine
(Carr et al, Anesth., 1951, 12, 230). Preanesthetic sedation is essential to facilitate induction
of anesthesia, to increase the depth obtainable
and to decrease the required concentration of
ethylene. Induction of anesthesia is accomplished
with a mixture of 90 per cent ethylene and 10 per
cent oxygen, then surgical anesthesia (third stage,
plane 1) can be maintained with 80 per cent
ethylene. Surgical anesthesia requires about 140
mg. per 100 ml. concentration in the blood.
Analgesia without unconsciousness is obtained
with 25 to 35 per cent ethylene in air; although
this is adequate for the first stage of labor it is
not used in obstetrics because of the explosion
hazard of such concentrations.
Toxicology. — In the early history of ethylene anesthesia a violent explosion, which led to
the death of the patient, caused widespread fear
of the dangerous flammability of this gas. While
caution in its use should at all times be exercised,
attention is directed, however, to the studies of
Salzer (J.A.M.A., 1929, 92, 2096), in which he
found that the explosive range of ethylene-air
mixtures was limited between 4 and 22 per cent
of ethylene, but that mixtures of ether were
explosive with from 2 to 50 per cent of ether;
furthermore, because ethylene is a gas there is
less danger of fire than with liquid ether. In oxygen the explosive range is from 3.1 to 79.9 per
cent of ethylene. For practical purposes the 80
per cent ethylene-20 per cent oxygen mixture
commonly used is in the explosive range. While
it is true that there is a danger of electric sparks
igniting ethylene vapor in the operating room,
the same is equally true of ether vapor. Flames
and sparks must be kept out of the room and
the air should be humidified. With care an electric cautery can be used. The most dangerous
time is just after ethylene has been discontinued
when the concentration drops from the high,
less-explosive, anesthetic level to the lower,
explosive concentrations. Ethylene and nitrous
oxide cannot be used together because of the
explosive nature of the mixture. For a review
of the explosion problem see Cole {Surgery,
1945, 18, 7).
Another unfortunate happening which retarded
the popularity of this anesthetic was the occurrence of several cases of poisoning by carbon
monoxide from impure gas. Sherman et al.
{J. AM. A., 1927, 88, 1228) found several lots
of commercial ethylene containing appreciable
quantities of carbon monoxide, and reported
three cases of poisoning, two of which were fatal.
Agricultural Use. — Aside from its anesthetic
uses, ethylene is used to hasten ripening of various fruits and vegetables. How far this practice
affects the nutritive value of fruits, especially
the vitamin content, has not been established with
absolute certainty, but the present evidence indicates that the degree of any effect is not serious.
According to Bagster (Proc. Roy. Soc. Queensland, 1939, 50, 153) oranges treated with ethylene suffer no loss in catalase or ascorbic acid. It
is believed to hasten the decomposition of chloro-
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phyll, reduce the amount of tannins, raise the
sugar content, and increase the activity of hydrolyzing and oxidizing enzymes of the plant. Some
evidence exists (Brooks, Chetn. Abs., 1943, 37,
4149) that development of stem-rot in oranges
is accelerated under certain conditions and it is
advised, therefore, that treatment with ethylene
be eliminated or applied only to fruit that really
requires it.
Ethylene is an important starting material in
many organic syntheses, including those of ethylene glycol and ethyl alcohol.
The usual dose is that amount required by
inhalation to cause the desired anesthesia.
Labeling. — "Label Ethylene with the statement 'Caution — Ethylene is flammable, and a
mixture of it with oxygen or air will explode
when brought in contact with a flame or other
causes of ignition.' " U.S.P.
Storage. — Preserve "in tight containers, remote from fire." U.S.P.
ETHYLENEDIAMINE
SOLUTION.
U.S.P. (LP.)
Liquor iEthylenediamine

"Ethylenediamine Solution contains not less
than
U.S.P.67 per cent of ethylenediamine (C2H8N2)."
The LP. recognizes Ethylenediamine Hydrate,
requiring it to contain not less than 97.4 per
cent and not more than the equivalent of 101.0
per cent of C2H8N2.H2O (the theoretical content of ethylenediamine in the hydrate is 76.96
per cent).
I. P. Ethylenediamine Hydrate; Aethylenediamini
Hydras. 1,2-Ethanediamine. 1,2-diaminoethane. Sp. Sohtcidn
de Etilenediamina .

Ethylenediamine, NH2.CH2.CH2.NH2. may be
prepared by the reaction of ethylene dibromide
and ammonia, or by the reaction of ethylene
dichloride with either aqueous or anhydrous ammonia at elevated temperature and pressure.
The usual commercial product contains about
30 per cent of water.
Description. — "Ethylenediamine Solution is
a clear, colorless, or only slightly yellow liquid,
having an ammonia-like odor and a strong alkaline reaction. It is miscible with water and with
alcohol." U.S.P. The LP. gives the density of
ethylenediamine hydrate as between 0.950 and
0.970, and the boiling range as from 119° to
121°.
Standards and Tests. — Identification. — A
purplish blue color results when 3 drops of a 1 in
6 dilution of ethylenediamine solution is shaken
with 2 ml. of a 1 in 100 solution of cupric sulfate. Heavy metals. — The limit is 20 parts per
million. Ammonia and other bases. — The weight
of ethylenediamine dihydrochloride obtained by
evaporating a weighed sample of about 1.5 ml.
of ethylenediamine solution in the presence of
diluted hydrochloric acid to dryness on a steam
bath, followed by heating of the residue to constant weight at 110°, corresponds, when multiplied by 0.4517, to within ±0.5 per cent of the
weight of ethylenediamine calculated from the
result of the assay. U.S.P.

Assay. — About 1.5 ml. of the solution is
weighed, diluted with distilled water, and titrated
with 1 N hydrochloric acid, using bromophenol
blue T.S. as indicator; the equivalence point
corresponds to the formation of ethylenediamine
dihydrochloride. Each ml. of 1 N hydrochloric
acid represents 30.05 mg. of C2H.8N2. U.S.P. The
I. P. assay is similar but bromocresol green is
used as the indicator.
Uses. — Ethylenediamine solution is recognized
officially because it is employed in the manufacture of aminophylline injection to provide a sufficient excess of the amine to keep the theophylline
in solution. It is also employed in manufacturing the aminophylline, but when the latter is
used for preparing injections it is likely not to
contain sufficient ethylenediamine to produce a
clear solution, particularly in the case of solutions containing 500 mg. of aminophvlline in
2 ml.
In the body ethylenediamine appears to be
destroyed, as is ammonia, without increasing
body alkalinity. Its toxic properites are apparently slight; the minimal fatal dose for mice,
according to Barbour and Hjort (/. Lab. Clin.
Med., 1920, 5), is 0.75 Gm. per kilogram when
administered hypodermically. In non-fatal doses
ethylenediamine causes a temporary' fall in body
temperature and an increase in respiration. Because of its solvent action on protein, ethylenediamine was at one time suggested for dissolving
diphtheritic membranes.
Ethylenediamine solution finds wide usage in
many organic syntheses, including the preparation of various medicinals, dyes, andw rubber accelerators; its alkaline character is utilized for
solubilizing water-insoluble acids, proteins, resins
and gums, and for neutralizing acidity in oils
as well as removing sulfur and other objectionable compounds from sulfate wood turpentine,
oils, benzene, etc.
The dihydrochloride of ethylenediamine is a
salt employed medicinally because it liberates hydrochloric acid on alkaline hydrolysis in the
system (see Chlor-Ethamine, Part II); the dihydriodide is used as a source of iodide ion (see
Iod-Ethamine, Part II).
Storage. — Preserve "in tight containers."
U.S.P.

ETHYLMORPHINE

HYDROCHLORIDE. U.S.P.

Ethylmorphinium Chloride, [iEthylmorphinae
Hydrochloridum]

CI" 2H20

CaHgO
Dionin (Merck). ^Ethylraorphinum Chlorhydricum;
iEthylmorphinae Chlorhydras; Morphinum ^Ethylatum Hydrochloricum. Fr. Chlorhydrate d'ethylmorphine ; Codethyline. Ger. Athylmorphinhydrochlorid.
It. Cloridrato di
etilmorfina. Sp. Clorhidrato de etilmorfina.

Part I
Ethylmorphine is the ethyl ether of morphine,
analogous to codeine which is the methyl ether.
Ethylmorphine is made by reacting morphine
with ethyl iodide or diethyl sulfate, in the presence of an alkali. The hydrochloride is obtained
by neutralizing the base with hydrochloric acid.
Description. — "Ethylmorphine Hydrochloride
occurs as a white, or faintly yellow, odorless,
microcrystalline powder. It melts with decomposition at about 123°. One Gm. of Ethylmorphine Hydrochloride dissolves in 10 ml. of water
and in 25 ml. of alcohol. It is slightly soluble in
ether and in chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
A drop of ferric chloride T.S. added to a solution
of 10 mg. of ethylmorphine hydrochloride in 10
ml. of sulfuric acid produces, on warming on a
water bath, at first a green color, then a deep
violet-blue and, after the addition of a drop of
nitric acid, a deep red. (2) A solution of ethylmorphine hydrochloride responds to tests for
chloride. Specific rotation. — Not less than — 102°
and not more than — 105°, when determined in
a solution containing 200 mg. in each 10 ml. and
calculated on the anhydrous basis. Distinction
from codeine hydrochloride. — A white turbidity
is immediately produced on adding 1 ml. of ammonia T.S. to 5 ml. of a 1 in 25 solution of ethylmorphine hydrochloride. Acidity. — A solution of
500 mg. of ethylmorphine hydrochloride in 15 ml.
of water requires not over 0.3 ml. of 0.02 N
sodium hydroxide for neutralization, using methyl
red T.S. as indicator. Water. — Not over 10 per
cent, when dried at 110° in vacuum over phosphorus pentoxide for 4 hours or by the Karl
Fischer method. Residue on ignition. — Ignition of
200 mg. of ethylmorphine hydrochloride yields a
negligible residue. Ammonium compounds. — Ammonia isnot evolved on heating an aqueous solution of ethylmorphine hydrochloride with sodium
hydroxide, as confirmed by a test with litmus
paper held in the vapors escaping from the solution. Morphine. — Addition of 1 ml. of a 1 in 10
dilution of ferric chloride T.S. and 1 ml. of a 1 in
100 solution of ethylmorphine hydrochloride to
a solution or 50 mg. of potassium ferricyanide in
10 ml. of water does not produce at once a green
or blue color. U.S.P.
Incompatibilities. — The incompatibilities of
ethylmorphine hydrochloride are those of alkaloids and their salts in general.
Uses. — Ethylmorphine hydrochloride is official
for its topical use as a chemotic agent in the conjunctival sac. In its general effect, it is intermediate between morphine and codeine, being
somewhat closer to the latter (Gardemann, Arch,
exp. Path. Pharm., 1932, 167, 422; May, Am. J.
Med., 1953, 14, 540). As an analgetic or hypnotic
drug it is somewhat more active than codeine.
Like codeine it is less euphoric in its action than
morphine; Joel {Deutsche med. Wchnschr., 1929,
p. 102) concluded that the liability of addiction
was less than with morphine. Internally, ethylmorphine has been used to allay cough and relieve
pain. Although it is less active than morphine it
is likewise less constipating and addicting. Lindenmayr {Berl. klin. Wchnschr., 1912) recommended
its internal use in acute coryza.
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Locally, ethylmorphine is decidedly irritant to
delicate mucous membranes, as those of the conjunctiva or nose, apparently increasing the flow
of lymph beyond the extent explicable by this
local irritation. After the initial burning sensation
there is local anesthesia. Feldman and Sherman
{Arch. Ophth. 1943, 29, 989) found by slit lamp
observation that 0.25 per cent solution of ethylmorphine hydrochloride instilled into the conjunctival sac produces immediate and marked
dilatation of the deep network of both bulbar and
limbal vessels and only slight effect on the superficial vessels, also marked edema, whereas histamine has greater superficial effect. Ethylmorphine hydrochloride is widely employed as a
lymphagogue in such affections of the eye as iritis,
glaucoma, corneal ulcer, vitreous opacities, and
fresh scarring of the cornea. It is employed for
this purpose in concentrations of 1 to 10 per cent,
freshly prepared. Aqueous solutions of this substance will, on standing, frequently show separation of crystals which may irritate the eye mechanically. Some ophthalmologists, therefore, recommend that it be used in an ointment. Faleiros
{Chem. Abs., 1942, 36, 3264) reported beneficial
results in luetic interstitial keratitis from the use
of injections of a 10 per cent solution under the
conjunctiva.
In chronic catarrhal middle ear disease with
deafness, ethylmorphine hydrochloride has been
injected via eustachian catheter into the middle
ear (Randall, cited by Gleason, Manual of Diseases of the Nose, Throat, and Ear, 4th ed.,
Saunders, 1918, p. 569) or with a fine hypodermic
needle through the postero-inferior quadrant of
the tympanic membrane into the middle ear
(Trowbridge, Arch. Otolaryng., 1944, 39, 523).
Improvement in both deafness and tinnitus, with
minimal untoward reactions, was reported with a
dose of 0.25 ml. of 1.5 per cent solution, increasing to 3.5 per cent concentration gradually at
intervals of once or twice weekly. Presumably
this solution causes a sterile inflammatory reaction with increased lymphatic flow in the ear.
Drops of ethylmorphine hydrochloride solution
have been used in atropic rhinitis, [v]
The dose of ethylmorphine hydrochloride when
taken internally has varied from 8 to 60 mg. (approximately yito 1 grain). For external use, by
instillation into the conjunctival sac, a 1 to 5 per
cent solution is commonly used (but see above).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.

EUCALYPTOL.CHj U.S.P., B.P.
Cineol, [Eucalyptol]

CH,
I
CH,
H2C — C — O

H2C— C— C(CH3)3'2
H

"Eucalyptol is obtained from eucalyptus oil
and from other sources." U.S.P. The B.P. de-
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scribes eucalyptol as the anhydride of menthane1 :8-diol.
Cineol; Cineole; Cajeputol; Cajuputol. Eucalyptolum.
Fr. Eucalyptol; Oxyde de terpilene. Cer. Eukalyptol;
Zineol; Terpan.
It. Eucaliptolo.
Sp. Eucaliptol.

Eucalyptol may be obtained by fractional distillation ofeucalyptus oil. It may also be obtained
from cajuput oil, which contains up to 65 per
cent of eucalyptol.
Description. — "Eucalyptol is a colorless
liquid, having a characteristic, aromatic, distinctly
camphoraceous odor, and a pungent, cooling,
spicy taste. Eucalyptol is insoluble in water.
It is miscible with alcohol, with chloroform, with
ether, with glacial acetic acid, and with fixed
and volatile oils. One volume of Eucalyptol dissolves in 5 volumes of 60 per cent alcohol. The
specific gravity of Eucalyptol is not less than
0.921 and not more than 0.924. Eucalyptol congeals at a temperature not lower than 0°. Eucalyptol distils between 174° and 177°." U.S.P.
Standards and Tests. — Identification. — A
white crystalline mass of eucalyptol-phosphoric
acid forms on gradually adding phosphoric acid
to an equal volume of eucalyptol in a test tube
placed in a freezing mixture; on addition of warm
water eucalyptol separates. Optical rotation. —
Not more than ±0.3° in a 100-mm. tube. Refractive index. — Not less than 1.4550 and not more
than 1.4600, at 20°. Phenols.— (I) The volume of
eucalyptol is not diminished by shaking it with an
equal volume of sodium hydroxide T.S. (2) No
violet color develops on adding a drop of ferric
chloride T.S. to 10 ml. of the aqueous layer from
a mixture of 1 ml. of eucalyptol and 20 ml. of
water which has previously been shaken. U.S.P.
Uses. — Eucalyptol has long been used, both
internally and externally, as an aromatic and
antiseptic. Internally it is a stimulating expectorant in the treatment of chronic bronchitis. Its
flavor is less objectionable than that of many
other drugs of this group, but if used too freely
eucalyptol is likely to produce disturbances of
the nervous system. For local application it has
mildly anesthetic and antiseptic activity; it has
been used in treating inflammatory conditions of
the nose and throat in the form of a 0.5 to 2
per cent solution in liquid petrolatum. For use
as a steam inhalation 4 ml. of eucalyptol may
be added to 500 to 1000 ml. of water.
Eucalyptol has been found to be germicidal
at greater dilutions than phenol but it is decidedly
slower in its action; the phenol coefficient thus
depends also on time of exposure. At five minutes
exposure eucalyptol and phenol were found to be
of approximately equal germicidal activity
(Grieg-Smith, Bot. Abs., 1921, 7, 189). Miller
(Am. J. Pharm., 1931, 103, 34) found the phenol
coefficient of eucalyptol to be about 2.
Eucalyptol is sometimes used in the formulation of dentifrices and douche powders. It is
included in certain temporary dental fillings in
approximately 0.25 per cent concentration. Formerly it was used as a vermifuge but it has
been abandoned in favor of more efficient
remedies.

Toxicology. — The lethal dose of eucalyptol
for rats is about 1.7 Gm. per Kg. of body weight,
when given orally (Brownlee, Quart. J. P., 1940,
13, 130). The toxic symptoms were hypersensitiveness to noise, cyanosis, stupor, and epileptiform convulsions, with death resulting from respiratory- failure; in non-fatal amounts it caused
a fall of blood pressure, primary respiratory
stimulation followed by depression, and increased reflexes. See also the toxicology of Eucalyptus Oil.
Eucalyptol has been administered, as an expectorant, ina dose of 0.3 ml. (approximately
5 minims).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— N. F. Antiseptic Solution; Alkaline Aromatic Solution; Ephedrine Sulfate Jelly;
Compound Zinc Sulfate Powder, N.F.

EUCALYPTUS
Oleum

OIL. N.F., B.P.
Eucalypti

"Eucalyptus Oil is the volatile oil distilled with
steam from the fresh leaves of Eucalyptus
Globulus Labillardiere, or from other species of
Eucalyptus (Fam. Myrtacece). Eucalyptus Oil
contains not less than 70 per cent of eucalyptol
(CioHisO)." N.F. The B.P. does not designate
the particular species from which the oil is obtained, simply requiring it to belong to the
genus Eucalyptus, and to contain not less than
70.0 per cent, by weight, of cineole. CioHisO.
Oleum Eucalypti Globuli ^Ethereum; Essentia Eucalypti.
Fr. Essence d'ecalyptus. Ger. Eukalyptusol. It. Essenza
di eucalipto. Sp. Esencia de eucalipto.

genus
named
by L'Heritier
in The
1788,
fromEucalyptus
the two was
Greek
words,
di (well)
and -/.aAV'.-rrco (I cover) in allusion to the operculum formed of the fused petals and calyx lobes,
which covers the flower until the stamens have
matured and then separates from the calyx tube
by transverse dehiscence. This genus comprises
over 500 species and about 130 varieties, mostly
evergreen trees, all natives of Australia, Tasmania and Malayan regions. The leaves are simple and entire on young shoots and seedlings,
dorsiventral. opposite, sessile, with cordate bases;
on older parts they are usually bifacial, alternate,
with twisted petioles and lanceolate to falcate in
outline, the leaf parenchyma containing numerous
oil-glands. The flowers vary from white through
yellow to red and are arranged singly or in
corymbs or panicles of umbels. Each has an
obconic. bell-shaped or oblong calyx tube achate
to the base of the ovary, the calyx lobes connate,
forming a fid which separates from the calyx
tube by transverse dehiscence, numerous stamens
and a compound pistil with an undivided style.
The fruit is a 3- to 6-celled woody pyxis containing numerous small seeds, many of which
are sterile.
Some species, according to Kemer, attain a
height of 140 to 152 meters and so become close
rivals of the giant sequoias of California, which
have hitherto been claimed to be the tallest trees
known.
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Most of the species do not require excessive
heat for their perfecting, and some of them are
able to resist moderate frosts. Over forty species
are being grown successfully in the United States,
chiefly in California, where volatile oil has been
produced on an experimental scale and leaves
collected in commercial amounts.
Eucalyptus Globulus, commonly called blue
gum-tree or Australian fever-tree, is a large
evergreen tree, attaining a height of 300 or even
350 feet, with a smooth, ash-colored bark. The
leaves attain a foot in length, and vary, according to age, from a glaucous white to a bluishgreen color. The flowers are large, pinkish- white,
axillary, occurring singly, or in clusters. Although its wood is very resinous, hard, and durable, the tree is remarkable for the rapidity of
its growth, reaching, under favorable circumstances, aheight of fifty feet in five or six years.
It flourishes best in valleys having a rich, moist
soil, and has very largely been naturalized in
many semi-tropical countries, partly on account
of its economic value, but chiefly because of the
reputation it enjoys as a means of drying up
miasmatic bogs.
Under the title Eucalyptus the U.S. P. X recognized the leaf of E. Globulus and described it as
follows :
"Unground Eucalyptus. — Blades lanceolate,
curved, from 8 to 30 cm. in length and from 2 to
7.5 cm. in breadth, apex acute or acuminate;
base unequal, obtuse or rounded; petiole twisted,
from 5 to 35 mm. in length; margin uneven,
revolute; coriaceous; both surfaces varying from
pale yellowish-green to grayish-green and more or
less glaucous, glabrous, glandular-punctate and
with numerous small, circular brown dots of cork;
veins of the first order anastomosing to form a
vein nearly parallel with the margin; odor aromatic; taste aromatic, bitter and cooling." U.S.P.
X. For histology see U.S.D., 22nd ed., p. 745.
The oils distilled from the leaves and from
the twigs or wood of the various species of this
very large genus, are so dissimilar in composition
and properties that the generic term "eucalyptus
oil" is without definite meaning unless the species
is known. Gildemeister and Hoffman (Aetherische Oele, 1899, p. 690) divided the eucalyptus
oils into 5 groups according to their constituents,
viz.: Group 1, cineol-containing oils, among which
is the official oil. The most important species
of this group is the E. Globulus but several other
species, notably E. maideni, E. syderoxylon, and
E. polybractea produce oils high in cineol. The
E. incinata, E. cineorijolia, E. dumosa, E. odorata,
and E. salicifolia also belong to this group but
their cineol content rarely reaches the official
requirement. Group 2, citronellal-containing oils,
of which group Eucalyptus maculata is the most
important; Group 3, citral-containing oils, of
which E. staigeriana F. von Muell. is the typical
example; Group 4, peppermint-smelling oils, of
which Eucalyptus piperita is an example; and
Group 5, less known oils of varying odor.
Description. — "Eucalyptus Oil is a colorless
or pale yellow liquid, having a characteristic,
aromatic, somewhat camphoraceous odor, and a
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pungent, spicy, cooling taste. Eucalyptus Oil is
soluble in 5 volumes of 70 per cent alcohol. The
specific gravity of Eucalyptus Oil is not less
than 0.905 and not more than 0.925." N.F.
Standards and Tests. — Congealing tempera*
ture. — Not lower than —15.4°, indicating not
less than 70 per cent of eucalyptol (CioHisO).
Refractive index. — Not less than 1.4580 and not
more than 1.4700, at 20°. Reaction.— A 1 in 5
solution of the oil in 70 per cent alcohol is
neutral to moistened litmus paper. Heavy metals.
— The oil meets the requirements of the test for
Heavy metals in volatile oils. Phellandrene. — ■
No crystals form within 10 minutes in a mixture
of 2.5 ml. of eucalyptus oil, 5 ml. of petroleum
benzin, 5 ml. of a 5 in 8 solution of sodium
nitrite, and 5 ml. of glacial acetic acid. N.F.
Assay. — The assay of eucalyptus oil for its
cineol content has long been a matter of research
and many methods have been proposed. For a
review of these, see U.S.D., 22nd ed., p. 745.
The N.F. utilizes the congealing point of the oil
as an approximation of its content of eucalyptol.
The B.P., however, requires an assay for cineol
by the following method: Three Gm. of the oil
of eucalyptus or eucalyptol (previously dried by
shaking with calcium chloride) is mixed with 2.1
Gm. of melted o-cresol. In this mixture is placed
a thermometer graduated in fifths of a degree,
the mixture is then stirred to induce crystallization, and the highest reading of the thermometer
is taken as the freezing point. The determination
is repeated until consecutive concordant results
are obtained. From a table the per cent of cineol,
corresponding to the observed freezing point, is
noted.
Composition. — The oil from Eucalyptus
Globulus contains principally eucalyptol (cineol)
and a smaller amount of pinene and other terpenes. Schimmel & Co. reported (Ber., April,
1888) obtaining several of the aldehydes of the
fatty series, notably valeraldehyde, and probably
butyraldehyde and capronaldehyde, in oil from
Eucalyptus Globidus.
Eudesmol, C15H26O, a crystalline camphor obtained from the oil of E. piperita Smith, by H. G.
Smith and R. T. Baker, also occurs in oil from
E. Globulus. Semmler and Mayer (Ber., 1912,
45, 1390) suggested that eudesmol is a tricyclic
sesquiterpene alcohol.
Uses. — Eucalyptus oil is an active germicide,
though less active than many other volatile oils.
Eucalyptol is probably a less efficient antibacterial agent than eucalyptus oil. The oil is absorbed
from the intestinal tract, eliminated partially
through the breath, to which it imparts its odor,
and also, as an oxidation product, through the
urine, to which it gives an odor resembling that
of violets.
Eucalyptus oil is used locally as an antiseptic,
especially in the treatment of infections of the
upper respiratory tract and in certain types of
skin disease. Internally it has found use as a
stimulating expectorant in chronic bronchitis.
Sometimes it has been administered by inhalation;
a few drops of the oil are added to boiling water
and the mixture of oil vapor and steam inhaled.
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The oil is also included in some formulations
which are inhaled directly, without the use of
steam. It has been employed in asthma, either
by internal administration or by inhalation.
Eucalyptus oil has also been used as a vermifuge, against the hookworm. At one time it was
used in the treatment of malarial fever, though
there is no basis for such use.
Toxicology. — Several cases of poisoning with
eucalyptus oil have been reported; Barker and
Rowntree (Bull. Johns Hopkins Hosp., 1918, 29,
215) collated 29 cases of poisoning, of which
7 were fatal. The smallest fatal dose was 3.5 ml.,
but recovery occurred after about 20 ml. and in
one case 30 ml. The most common symptoms
were epigastric burning with nausea and usually
vomiting; dizziness and muscular weakness also
occurred almost uniformly. The skin was pale,
or sometimes cyanotic, the extremities cold, the
pulse rapid and weak, the pupils generally contracted; the intellection was almost always affected, the patients in most instances being
dazed and drowsy. In severe poisoning delirium
was common and occasionally associated with
convulsions. One of the earliest symptoms was
a feeling of suffocation. The odor of the oil was
strong on the breath, often remaining for 1 or 2
days, and was sometimes perceptible also in the
urine and feces. In some persons ordinary therapeutic doses give rise to dermatitis.
In the treatment of poisoning emesis should
be induced and gastric lavage performed; nikethamide may be used to counteract depression of
respiration, but it should be used with care if
camphor along with eucalyptus is present. Mucus
should be removed from respiratory passages
and oxygen given where necessary. Antibiotics
should be used prophylactically (Craig, Archives
of Disease in Childhood, 1953, 28, 475).
Eucalyptus oil has been administered in doses
of 0.2 to 0.6 ml. (approximately 3 to 10 minims),
commonly in the form of an emulsion, or on sugar.
Storage. — Preserve "in tight containers."
N.F.

EUCATROPINE

HYDROCHLORIDE.
U.S.P.

Eucatropinium Chloride, 4-Mandeloxy-l,2,2,6-tetramethylpiperidine Hydrochloride, [Eucatropinae Hydrochloridum]

^

Vchcoo

cv

"Eucatropine Hydrochloride, dried over sulfuric acid for 4 hours, contains not less than
99 per cent of C17H25NO3.HCI." U.S.P.
Euphthalmine Hydrochloride (Schering &
Clorhidrato de Eucatropina.

Glatz). Sp.

Eucatropine is closely related to eucaine, one
of the early local anesthetics; the methods of
synthesis are similar. Eucatropine may be prepared by reacting diacetonamine and acetalde-

hyde to produce vinyl-diacetonamine, which is
reduced with sodium amalgam to vinyl-diacetonealkamine; this is methylated at the nitrogen atom
by means of methyl iodide and alkali and then
esterified with an alcoholic solution of mandelic
acid to produce eucatropine, which is phenylglycolyl - methyl - vinyl - diacetone - alkamine, also
referred to as l,2,2,6-tetramethyl-4-mandeloxypiperidine. The hydrochloride of the base is the
official salt.
Eucatropine differs from eucaine (described
in Part II) in having a methyl group attached
to nitrogen and in being a mandelate rather than
a benzoate ester.
Description. — "Eucatropine Hydrochloride
occurs as a white, granular, odorless powder. Its
solutions are neutral to litmus. Eucatropine
Hydrochloride is very soluble in water, and freely
soluble in alcohol and in chloroform; it is insoluble in ether. Eucatropine Hydrochloride melts
between 183° and 186°." U.S.P.
Standards and Tests. — Identification. — (1)
Precipitates are produced in a 1 in 50 solution
of eucatropine hydrochloride by sodium carbonate T.S., mercuric-potassium iodide T.S., iodine
T.S., trinitrophenol T.S. and many other reagents
for alkaloids. (2) The melting point of the free
base obtained in the assay, recrystallized from
petroleum benzin, is between 111° and 114°. (3)
A solution of eucatropine hydrochloride responds
to the test for chloride. Residue on ignition. —
Not more than 0.1 per cent. Atropine, scopolamine or hyoscy amine. — No violet color results
on adding 5 drops of 0.5 N alcoholic potassium
hydroxide together with a fragment of potassium
hydroxide to the residue obtained by evaporating
to dryness a mixture of 5 drops of nitric acid
and 50 mg. of eucatropine hydrochloride. U.S.P.
Assay. — About 500 mg. of eucatropine hydrochloride, previously dried for 4 hours over sulfuric acid, is dissolved in water, the solution made
alkaline with ammonia T.S. and the eucatropine
extracted with ether. The residue remaining after
evaporation of ether is estimated by residual titration using 0.1 iV solutions of sulfuric acid and
sodium hydroxide. U.S.P.
Uses. — Eucatropine hydrochloride, introduced
into medicine in 1897, is used to dilate the pupil
without paralyzing accommodation, as in ophthalmoscopy and in diagnosis of adhesions of the iris.
Mironescu (Therap. Monatsch., 1905, 19, 378)
studied its effects upon rabbits; he found it to
act like atropine and to have very low toxicity.
The utility of eucatropine depends on the
shortness of its action and its relative inertness
except on the iris. Mydriasis develops in about
30 minutes and persists for about 2 hours. Hale
(Illinois M. J., 1903, 5, 539) reported that it
produced only very slight disturbance of accommodation and that it did not affect ocular tension or irritate the cornea, as does cocaine (see
also Gradle, Am. J. Ophth., 1936, 19, 37). It
d«es not cause an increase in intraocular tension
in normal eyes but caution is required in older
people, as is the case with any atropine-like
drug, lest the patient have unrecognized glaucoma. Chen and Poth (J. Pharmacol., 1929, 36,
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429) found the mydriatic power of eucatropine
to be slightly greater than that of cocaine.
A 2 per cent solution is instilled into the conjunctival sac. The maximum amount of the drug
thus applied is usually 2 or 3 drops of a 10
per cent solution, which may be repeated once in
5 minutes.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
EUGENOL.
U.S.P.
[Eugenol]

OCH,

CH2CH— CH«

"Eugenol is obtained from clove oil and from
other sources." U.S.P.
Eugenol, the main constituent of clove oil,
may be obtained from the latter by treatment
with a solution of sodium hydroxide, which converts the eugenol to sodium eugenolate, soluble
in the alkaline solution; this solution is separarated from the residual oil, treated with acid to
liberate free eugenol, which is subsequently
washed and distilled in steam or under vacuum.
Eugenol is also found in pimenta, cinnamon
leaves, sassafras, canella, bay and other plants.
Eugenol is 2-methoxy-4-allylphenol or 3methoxy-4-hydroxy-allylbenzene, and is of chemical interest as the starting compound in a
synthesis of vanillin. It is first converted to isoeugenol (in which the isomeric alpha-propenyl
group replaces the allyl of eugenol) by heating
with alkali, after which it is acetylized and oxidized. Iso-eugenol also occurs naturally in several
oils, including clove, nutmeg and ylang-ylang.
Description. — "Eugenol is a colorless, or pale
yellow liquid, having a strongly aromatic odor
of clove and a pungent, spicy taste. Exposure
to air causes it to become darker and thicker.
Eugenol is optically inactive. Eugenol is slightly
soluble in water. It is miscible with alcohol, with
chloroform, with ether, and with fixed oils. One
volume of Eugenol dissolves in 2 volumes of 70
per cent alcohol. The specific gravity of Eugenol
is not less than 1.064 and not more than 1.070."
U.S.P.
Standards and Tests. — Boiling range. — Eugenol distills between 250° and 255°. Refractive
index. — Not less than 1.5400 and not more than
1.5420 at 20°. Hydrocarbons. — A clear mixture,
which may become turbid on exposure to air, results on mixing 18 ml. of water with a solution
of 1 ml. of eugenol in 20 ml. of 0.5 N sodium
hydroxide. Phenol. — A transient grayish green,
but not a blue or violet, color is produced on
adding 1 drop of ferric chloride T.S. to 5 ml. of
the filtrate from a mixture of 1 ml. of eugenol
with 20 ml. of water. U.S.P.
The B.P.C. refractive index range (20°) for
eugenol is 1.540 to 1.542. The identification tests
for eugenol require formation of a blue color with

ferric chloride in alcohol solution, and development of an odor of vanillin on heating with alkaline potassium permanganate solution.
Uses. — The medicinal properties and uses of
eugenol are practically the same as those of clove
oil (q.v.). Eugenol appears to be slightly less
active as an antiseptic than the natural oil.
Eugenol is used by dentists for disinfecting rootcanals, as a local anodyne for the relief of
hypersensitive dentine and pain and irritation
incident to hyperemic and inflamed vital pulps,
and as a component of the zinc-eugenol cement
employed as a temporary filling for carious teeth.
Eugenol has been used to treat patients with
gastric or duodenal ulcers by instilling it into
the stomach in doses of 0.12 Gm. per Kg. of
body weight; after 15 minutes the eugenol was
aspirated as completely as possible. The course
of treatment consisted of two such applications
each week for three weeks. Of 15 patients thus
treated, complete relief was obtained in 6 patients, partial relief in 5, and no relief in 4. The
period of complete relief persisted for 12, 19
and 21 months, respectively, in 3 patients
(Bandes et al., Gastroenterology, 1951, 18, 391).
Eugenol has also been used internally as an antiseptic antipyretic, in doses of 3 ml. daily.
Dose, 0.12 to 0.3 ml. (approximately 2 to 5
minims). Up to 3 ml. (approximately 45 minims)
has been given in a period of 24 hours. It is
usually used topically.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep. — Zinc Compounds and Eugenol
Cement, N.F.
EVANS

BLUE.

U.S.P.

NaOj!

S03Na

"Evans Blue contains not less than 95 per cent
and not more than 105 per cent of C34H24N6Na40i4S4, calculated on the dried basis." U.S.P.
Azovan Blue, B.P.C. T-1824.

This diazo dye, the tetrasodium salt of 4,4'-bis[7-(l-amino-8-hydroxy-2,4-disulfo)naphthylazo]3,3'-bitolyl, may be prepared by coupling of 1
mole of diazotized o-tolidine with 2 moles of
1 -amino-8-naphthol-2 ,4-disulf onic acid.
Description. — "Evans Blue is a green, bluish
green, or brown powder. It is odorless. The dried
product is hygroscopic. Evans Blue is very soluble in water. It is very slightly soluble in alcohol
and practically insoluble in benzene, in carbon
tetrachloride, in ether, and in chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
On adding sodium nitroferricyanide T.S. to a
solution of a sodium fusion of the dye a redviolet color appears, indicating the presence of
sulfide. On adding ferrous sulfate and ferric chloride to another portion of the same solution a
blue color appears, indicating the presence of
cyanide. (2) A 0.00035 per cent solution of Evans
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Blue exhibits maximum absorbance at about 610
mn. Insoluble substances. — Not over 0.05 per cent
is insoluble in water. Loss on drying. — Not over
15 per cent, when dried at 105° for 2 hours.
Residue on ignition. — Not less than 27 per cent
and not more than 31 per cent, calculated on the
dried basis. Chloride. — No turbidity develops on
adding silver nitrate T.S. under the conditions of
the test. Acetate. — No odor of acetic acid or ethyl
acetate develops on heating a solution of the dye
with a mixture of sulfuric acid and alcohol. Heavy
metals. — The limit is 70 parts per million. U.S. P.
Assay. — The absorbance of a 0.00035 per cent
solution of the dye, in water, is determined at
610 mn, with a suitable spectrophotometer. U.S.P.
Uses. — Evans blue is a diazo dye used as a
diagnostic agent for the determination of blood
volume by the colorimetric method. It serves as
a guide in ascertaining the amount of blood,
plasma, or other fluid to be administered in conditions accompanied by diminished blood volume
and to detect impending shock (see J.A.M.A.,
1952, 150, 1486; also von Porat, Acta med.
Scandinav., Supplement 256, 1951).
When injected intravenously Evans blue combines with plasma albumin and leaves the blood
stream very slowly. Its optical density is in direct
proportion to its concentration. The exact fate of
the dye in the body has not yet been determined.
It is known that it diffuses from the capillaries
into extravascular tissues. Small quantities are
excreted through the bile and some is taken up
by wandering phagocytes. As far as is known it
does not appear in the feces, in the cerebrospinal
fluid, or in the urine if the kidneys are normal.
When used in amounts recommended for determination ofblood volume, no toxic reactions have
been reported, though with considerably higher
dosage there may be blue staining of the skin and
sclerae. Pulmonary embolism has been produced
in experimental animals with large doses.
In normal persons the dye is usually completely
mixed with the circulating blood in 9 minutes, the
time being prolonged to 15 minutes in the presence of severe shock or congestive heart failure.
It is administered intravenously in the fasting
state and under basal conditions. The subject
must be recumbent for at least 15 minutes. Given
as a single injection into the antecubital vein, the
dose is 25 mg. of the dye, as 5 ml. of an 0.5 per
cent aqueous solution, which has been diluted
further with 1 to 2 ml. of sterile isotonic sodium
chloride solution (see J.A.M.A., 1952, 150, 1486).
A 10-ml. sample of blood is withdrawn before the
Evans blue is administered. Exactly 10 minutes
after injection (or 15 minutes in the presence of
shock or congestive heart failure) another 10 ml.
blood sample is withdrawn. Each sample is placed
into a 4-ml. hematocrit tube containing 1 mg. of
dried heparin sodium as an anticoagulant. Hematocrit determinations are made and samples of
the plasma are evaluated for color (optical density) in a suitable photometer. For comparison
a standard containing a 1 : 500 concentration of
the dye employed, in normal dye-free plasma, is
used. The total plasma volume equals 5 ml.
(volume of dye solution injected) X 500 (dilution
of the standard) X optical density of the stand-

ard -s- optical density of unknown dye-tinged
plasma. The total blood volume equals plasma
volume -7- 1 — (0.96 X hematocrit). The average plasma volume in the adult male is 45 ml. per
Kg. of body weight ; the average blood volume is
85 ml. per Kg. of body weight.
Evans blue is administered in a single injection
of 25 mg. of dye (5 ml. of 0.5 per cent solution),
further diluted with 1 to 2 ml. of sterile isotonic
sodium chloride solution. The dye is available in
ampuls containing 5 ml. of 0.5 per cent solution.
EVANS

BLUE

INJECTION.

U.S.P.

"Evans Blue Injection is a sterile solution of
Evans blue in water for injection. It contains not
less than 95 per cent and not more than 105 per
cent of the labeled amount of dried C34H24N6Na40i4S4." U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — Approximately 25 mg. in 5 ml.
EXPECTORANT

MIXTURE.

N.F.

Stoke's Expectorant, Mistura Pectoralis

Mix 35 ml. of senega fluidextract and 35 ml. of
squill fluidextract with 175 ml. of camphorated
opium tincture, add to this a solution of 18 Gm.
of ammonium carbonate in 85 ml. of purified
water, and enough tolu balsam syrup to make
1000 ml. Mix the product thoroughly. N.F.
Alcohol Content. — From 11 to 14 per cent,
by volume, of C2H5OH. N.F.
This is an old, but unscientific, nauseating expectorant. The N.F. gives the average dose as
4 ml. (approximately 1 fluidrachm).
N.F.
Storage. — Preserve "in tight containers."
FENNEL.

N.F., B.P.

Fennel Seed, Fceniculum

"Fennel is the dried, ripe fruit of cultivated
varieties of Fceniculum vulgare Miller (Fam.
Umbelliferce)." N.F. The B.P. definition is
similar.
Fennel Seed or Fruit. Fructus Fceniculi. Fr. Fenouil
doux; Fruit de fenouil. Ger. Fenchel; Fencheltee. It.
Finocchio. Sp. Hinojo.

Fceniculum vulgare is a stout, glabrous, biennial or perennial, aromatic herb 3 to 5 feet
tall with green stems and pinnately decompound
leaves having numerous, filiform, terminal segments. The small yellow flowers are in large,
flat, terminal compound umbels, with from 13 to
20 rays, and destitute of involucres. The fruit is
an oblong oval cremocarp. The plant is a native
of southern Europe and Asia Minor, growing wild
upon sandy and chalky ground throughout the
Continent, and is also abundant in Asia. It is extensively cultivated in Europe, Morocco, Syria,
and India, as well as in this country, especially in
Kentucky. It has escaped from gardens and is
naturalized in the eastern United States. Two
subspecies of Fceniculum vulgare are cited in the
literature, namely, F. piperitum Coutinho, a wild
form occurring in Sicily, and F. capillaceum
(Gilib.) Holmboe, a Mediterranean form with
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leaves divided into hairlike segments, extensively
cultivated in England and on the Continent. F.
capillaceum occurs in 3 varieties, namely, var.
a-vulgare, var. $-dulce, and var. y-azoricum. In
India, fennel is said to be obtained from F. panmorium DC, which is now considered only a
variety of the official plant. The fruits are brownish, 6 to 7 mm. in length and possess a sweet
taste. They are said to yield 0.72 per cent of
volatile oil containing fenchone. Sicilian fennel
or Carosella is the fruit of F. vulgare var. piperitum Hort. ; Subsp. piperitum Coutinho (F. piperitum DC). Its young tender stems enclosed in
the sheathing leaf stalks are eaten raw by the
natives of southern Italy and Sicily.
F. vulgare var. dulce (DC) Alef., Sweet fennel, Florence fennel or Finocchio, bears a general resemblance to F. vulgare, but differs in having its stem somewhat compressed at the base,
its radical leaves somewhat distichous, and the
number of rays in the umbel only from 6 to 8. Its
flowers appear earlier, and its young sweet shoots,
or turions, are eaten in Italy boiled or as a salad.
Prior to World War II, most of our supply
came from Italy, France, Netherlands, Yugoslavia,
Morocco, India, Roumania and Argentina.
French fennel is shipped mostly from Marseilles,
Levant fennel from Trieste, Indian fennel from
Bombay and London. The French, Levant, Italian and Indian fennels are yellow to yellowishbrown. The Roumanian variety is small and
green. Japanese fennel is greenish-brown, ovoid,
and from 3 to 4 mm. long and 2 to 3 mm. broad,
and possesses a sweet, camphoraceous taste. During 1952, a total of 324,161 pounds of fennel
entered this country from the Netherlands,
Czechoslovakia, Argentina, France, W. Germany,
Bulgaria, Syria, Italy and Egypt.
The roots of fennel were formerly employed
in medicine, but are generally inferior in virtues
to the fruit. It is stated that manufacturers of
the oil usually distil the whole plant.
For histological differences of the commercial
varieties, see monograph by Hartwich and Jama
(Ber. deutsch. pharm. Ges., 1909, p. 306). Rosenthaler (ibid., 1913, p. 570) reported a pharmacognostical study pf a Chinese fennel.
Adulterants. — Commercial fennel varies
greatly in quality, this being due either to lack of
care in harvesting or to deliberate adulteration. It
may contain sand, dirt, stem tissues, weed seeds,
or other material to an extent that amounts to
adulteration. The fruits, especially the powder,
may be deficient in volatile oil, inferring that
they have been partly exhausted. Exhausted or
otherwise inferior fennel has been occasionally
improved in appearance by the use of a factitious
coloring. (See Spaeth, Pharm. Zentr., 1908, p.
545; and 1913, p. 736). Bitter fennel (F. piperitum) has in some instances been substituted for
the true article. It may be distinguished from
the latter by its smaller size and bitter taste.
For a discussion of the adulteration of fennel,
see Berger (Pharm. Zentr., 1938, 79, 585).
Fennel is subject to the attacks of insects and
must therefore be carefully stored in tight containers.
Description. — "Unground Fennel occurs

as

nearly cylindrical cremocarps, from 4 to 15 mm.
in length and from 1 to 3.5 mm. in breadth,
some having a slender stalk from 2 to 10 mm.
in length. The cremocarp is light brown to light
olive, with 5 prominent, light-colored, longitudinal primary ribs on each mericarp, and at the
summit a short, conical stylopodium. The commissural surface of the mericarp is fiat, with
3 narrow, light-colored, longitudinal areas separated by 2 darker areas containing vittae. Fennel
has an aromatic and characteristic odor and
taste, resembling that of anise." N.F. For histology see N.F. X.
"Powdered Fennel is yellowish brown. It shows
colorless, irregular, angular fragments of endosperm, the cells being filled with aleurone grains,
each containing a rosette of calcium oxalate 2
to 5 n in diameter; and fragments containing
vittas, the latter being from 100 to 200 n in
width. Fibers are few and strongly lignified, with
numerous oblique, simple pits, and occasional
reticulate thickenings. Tracheids and vessels with
spiral or annular thickenings are few. Numerous
globules of fixed oil separate in mounts made
with chloral hydrate T.S." N.F.
Standards and Tests. — Foreign organic matter.— Not over 4 per cent. Acid-insoluble ash. —
Not over 1.5 per cent. N.F.
Constituents. — The medicinal value of fennel apparently depends on its volatile oil, of
which about 2 to 4 per cent is present (Kofler,
Arch. Pharm., 1935, 213, 388). It also contains
about 12 per cent of a fixed oil.
Uses. — Fennel seed was used by the ancients.
It is an aromatic, and is employed as a carminative, and as a corrigent of less pleasant medicinals,
particularly senna and rhubarb. An infusion may
be prepared by adding 8 to 12 Gm. (approximately 2to 3 drachms) of the seeds to 500 ml.
(approximately 1 pint) of boiling water. In infants the infusion was frequently employed as
an enema for expulsion of flatus.
Dose, of the bruised or powdered seeds, from
0.3 to 1 Gm. (approximately 5 to 15 grains).
Storage. — Preserve "in tight containers." N.F.
Off. Prep.— Fennel Oil, U.S.P.; N.F.; Compound Powder of Liquorice, B.P.
FENNEL OIL.
U.S.P.
[Oleum Fceniculi]

"Fennel Oil is the volatile oil distilled with
steam from the dried ripe fruit of Fceniculum
vulgare Miller (Fam. Umbelliferce). Note. — If
solid material has separated, carefully warm the
Oil at a low temperature until it is completely
liquefied
and thoroughly mix it before using."
U.S.P.
Fr. Essence de fenouil. Get. _ Fenchelol. It. Essenza
di finocchio. Sp. Esencia de Hinojo.

For description of the fennel plant see under
Fennel. Fennel seeds are reported to yield from
about 2.5 per cent to 3.8 per cent of oil. The oil
used in this country is imported.
Description. — "Fennel Oil is a colorless or
pale yellow liquid, having the characteristic odor
and taste of fennel. One volume of Fennel Oil
dissolves in 1 volume of 90 per cent alcohol. The
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specific gravity of Fennel Oil is not less than
0.953 and not more than 0.973." U.S.P.
Standards and Tests. — Congealing temperalure. — Not lower than 3°. Optical rotation. — Not
less than +12° and not more than +24°, in a
100-mm. tube. Refractive Index. — Not less than
1.5280 and not more than 1.5380, at 20°. Heavy
metals. — The oil meets the requirements of the
test for Heavy metals in volatile oils. U.S.P.
Constituents. — Fennel oil contains anethol,
usually in amounts of about 60 per cent, also
d-pinene, phellandrene, dipentene, fenchone,
methyl-chavicol, anisic aldehyde, and anisic acid.
Fenchone is the constituent which gives the disagreeable bitter taste to many of the commercial
oils. Limonene has been reported to be a constituent, at least of some fennel oils. The proportion of the different ingredients in oil of
fennel varies considerably according to its source.
Japanese oil contains about 75 per cent of anethol
and 10 per cent of fenchone. The French (sweet
or Roman) oil is practically free of fenchone,
while that from Russian fruits contains from
18 to 22 per cent of this constituent.
Uses. — Fennel oil is mildly carminative and
is sometimes used in infantile colic, but it is
more important for its use as a flavor.
Dose, 0.2 to 0.3 ml. (approximately 3 to 5
minims).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Glycyrrhiza Syrup, U.S.P.; Fennel Water; Carminative Mixture; Compound
Senna Powder, N.F.
FENNEL

WATER.

N.F.

Aqua Foeniculi

"Fennel Water is a clear, saturated solution of
oil of fennel in purified water, prepared by one
of the processes described under Waters." N.F.
Fr. Eau de fenouil. Ger. Fenchelwasser. It. Acqua
di finocchio. Sp. Ayua de Hinojo.

Uses. — This is a pleasant vehicle with a flavor
suggesting anise water. It is, however, rarely
prescribed.
FERRIC AMMONIUM
CITRATE.
N.F., B.P. (LP.)
[Ferri Ammonii

Citras]

"Ferric Ammonium Citrate contains not less
than 16.5 per cent and not more than 18.5 per
cent of Fe." N.F.
The B.P. defines Ferric Ammonium Citrate as
a complex ammonium ferric citrate, containing
not less than 20.5 per cent and not more than 22.5
per cent of Fe. The LP. rubric is identical with
that of the U.S.P.
B.P. Ferri et Ammonii Citras. LP. Iron and Ammonium
Citrate. Ammonio- ferric Citrate; Soluble Ferric Citrate;
Ammonio-citrate of Iron. Ferri et Ammoniae Citras; Ferrum Ammonio-citricum; Ferroammonium Citricum; Ferri
Citras Ammoniacalis: Ferrum Citricum Amoniatum. Fr.
Citrate de fer ammoniacal; Citrate ferrico-ammonique.
Ger. Braunes Ferri-ammonium-citrat; Eisenoxydammoniumcitrat. It. Citrato di ferro ammoniacale. Sp. Citrato de
hierro amoniacal; Citrato de Amonio Ferrico; Citrato
ferrico-araonico; Citratos de hierro y de amonio.

The B.P. states that this salt may be prepared
by saturating a warm aqueous solution of citric
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acid with freshly precipitated ferric hydroxide,
adding a slight excess of ammonia, evaporating,
and drying the residue at a temperature not
exceeding
In this 40°.
preparation, iron appears to exist in
combination with ammonium citrate as a complex
whose chemical nature is not known with certainty. For a discussion of the reaction of cilric
acid with ferric hydroxide see Peltz and Lynn
(/. A. Ph. A., 1938, 27, 774). They found that
on exposure to sunlight, citric acid is decomposed
by ferric hydroxide, with formation of carbon
dioxide and ferrous compounds.
Description. — "Ferric Ammonium Citrate
occurs as thin, transparent, garnet red scales or
granules, or as a brownish yellow powder. It is
odorless or has a slight ammoniacal odor, and a
saline, mildly ferruginous taste. It is deliquescent
in air and is affected by light. Its solutions are
neutral or acid or alkaline to litmus. Ferric Ammonium Citrate is very soluble in water. It is
insoluble in alcohol." N.F.
Standards and Tests. — Identification. — (1)
When strongly heated, ferric ammonium citrate
chars and finally leaves a residue of ferric oxide.
(2) Addition of ammonia T.S. to a 1 in 100 solution of ferric ammonium citrate darkens the solution but does not produce a precipitate. (3) A
white precipitate is produced on heating to boiling
a mixture of 5 ml. of 1 in 100 solution of ferric
ammonium citrate, 0.3 ml. of potassium permanganate T.S. and 4 ml. of mercuric sulfate T.S.
(4) After precipitating the iron in 10 ml. of a
1 in 10 solution of ferric ammonium citrate by
boiling with an excess of potassium hydroxide
T.S., then filtering, a 4-ml. portion of the filtrate,
slightly acidified with acetic acid, gradually deposits a white, crystalline precipitate when mixed
with 2 ml. of calcium chloride T.S. Tartrate. —
The remainder of the filtrate from the preceding
test, when more strongly acidified with acetic acid
and allowed to stand 24 hours, does not yield a
white, crystalline precipitate. Lead. — The limit
is 20 parts per million, the test being performed
by the dithizone method. Ferric citrate. — A blue
precipitate is not produced when potassium ferrocyanide T.S. is added to a 1 in 100 solution of
ferric ammonium citrate unless the latter has been
acidified with hydrochloric acid. N.F.
The B.P. specifies arsenic and lead limits of 4
and 50 parts per million, respectively; the corresponding LP. limits are 5 and 20 parts per million.
Assay. — About 1 Gm. of the salt is dissolved
in distilled water, acidified with hydrochloric acid
and potassium iodide added. After standing 15
minutes in the dark, the iodine liberated by the
ferric iron is titrated with 0.1 N sodium thiosulfate, using starch T.S. as indicator. A blank on
the reagents is performed. Each ml. of 0.1 N
sodium thiosulfate represents 5.585 mg. of Fe.
N.F. The B.P. assay is similar except that a preliminary oxidation with 0.1 N potassium permanganate isprovided to oxidize any iron which
may not be in the ferric state. The LP. assay is
essentially that of the U.S.P.
Uses. — This compound of iron is characterized
by relative freedom from astringency and local
irritant action. A dose of 6 Gm. daily has been
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found to produce an average rise of 1 per cent
per day in the blood hemoglobin level of patients
with hypochromic anemia (Fowler and Barer,
J.A.M.A., 1939, 112, 110). It is used less frequently than formerly. Aqueous solutions containing up to 50 per cent of the salt, with a little
thymol or chloroform to retard growth of molds,
have been used as dosage forms. Such solutions
should be well diluted with water before use and
taken through a straw or other drinking tube to
minimize discoloration of the teeth. In the drystate, the salt is administered in capsules. For
intramuscular injection, the green ferric ammonium citrate was employed because it was less
likely to coagulate protein and to cause pain.
Ferric ammonium citrate has a mild laxative
action in some patients. 0
Dose, from 1 to 2 Gm. (approximately 15 to
30 grains) three or four times daily after meals.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Ferric Ammonium Citrate Capsules; Beef, Iron and Wine, N.F.
FERRIC

AMMONIUM
CITRATE
CAPSULES.
N.F.

[Capsulae Ferri Ammonii Citratis]

"Ferric Ammonium Citrate Capsules contain
an amount of iron (Fe) corresponding to not less
than 15.5 per cent and not more than 19.5 per
cent of the labeled amount of ferric ammonium
citrate." N.F.
Sp. Cdpsulas de Cxtrato de Amonio Ferrico.

Usual Size. — 500 mg. (approximately lYz
grains).
GREEN FERRIC AMMONIUM
CITRATE.
N.F.
Ferri Ammonii

Citras Viridis

"Green Ferric Ammonium Citrate contains
ferric citrate equivalent to not less than 14.5
per cent and not more than 16 per cent of Fe."
N.F.
Ferrum Citricum Ammoniatum Viride. Ger. Griines
Ferri-ammoniumcitrate. Sp. Citratos de hierro y de amonio
verdes.

The process of manufacturing this salt is essentially the same as for ferric ammonium citrate
except that more citric acid is employed and the
quantity of ammonia added is reduced to that
required to produce a green solution of acid reaction. It would appear that in the green compound
the ferric citrate is present as a different complex
from that represented in the red salt; the composition of neither salt, however, is known with
certainty.
Description. — "Green Ferric Ammonium Citrate occurs as thin, transparent, green scales, as
granules, as a powder, or as transparent green
crystals. It is odorless, and has a mildly ferruginous taste. It may deliquesce in air and is affected
by light. Its solutions are acid to litmus paper.
Green Ferric Ammonium Citrate is very soluble
in water. It is insoluble in alcohol." N.F.
Standards and Tests. — Identification. — (1)
A reddish brown precipitate is produced and am-
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monia evolved on heating 100 mg. of green ferric
ammonium citrate with 5 ml. of potassium hydroxide T.S. (2) The yellow-green color of a 1 in
100 solution of green ferric ammonium citrate is
changed to orange or reddish brown on adding
ammonia T.S., but no precipitate is produced.
(3), (4). These tests are the same as identification tests (3) and (4) under Ferric Ammonium
Citrate. Tartrate. — This is the same as the corresponding test under Ferric Ammonium Citrate.
N.F.
Assay. — This is the same as the assay specified
for Ferric Ammonium Citrate. N.F.
It is commonly believed that the suitability for
injection of ferric ammonium citrate depends
largely on its content of ammonium citrate; when
less than the equivalent of 8 per cent of ammonia
is present, severe local reactions are likely to
occur, while a content considerably above 8 per
cent, as ammonia, is also likely to cause local
irritation.
Uses. — Following administration of iron by
mouth, a considerable, and variable, proportion
remains unabsorbed, probably being precipitated
in the intestines as phosphate, sulfide and other
insoluble salts. When injected parenterally the
dose is, therefore, much smaller than when the
iron compound is given orally.
The red ferric ammonium citrate is not suitable
for injection because it causes severe local irritation; the green ferric ammonium citrate, being
less irritant when thus used, is accordingly official.
But injections of even this salt are quite painful;
procaine or other local anesthetic must be employed. The injections should never be given hypodermically, rather always injected deeply into
the muscles. On occasion, generalized toxic symptoms follow the injection; these include a feeling
of general warmth, palpitation, nausea, hyperpnea
and distention of the veins in the neck.
It is hardly ever necessary, or desirable, to treat
anemia with injections of iron (Heath and Patek,
Medicine, 1937, 16, 267). Most patients with
iron deficiency anemia respond to orally administered iron and are able to tolerate such administration. Parenteral iron is utilized, however, to
form new hemoglobin in patients with hypochromic anemia. Heath, Strauss and Castle
(J. Clin. Inv., 1932, 11, 1293) estimated that
32 mg. of green ferric ammonium citrate given
intramuscularly is equivalent to 1 Gm. administered orally. On this basis, the daily intramuscular
injection, which is painful, of 100 mg. (approximately 1^2 grains) of the green citrate for several weeks would produce only about half the
rise in hemoglobin level which could be obtained
by oral administration of one of the several iron
preparations. The Council on Pharmacy and
Chemistry of the American Medical Association,
in voting to omit ampuls of green ferric ammonium citrate, stated "such preparations have
no place in modern iron therapy; they often
cause untoward reactions and do not provide a
sufficiently effective amount of iron when administered, as they are, by intramuscular or subcutaneous injection" (Reports, 1941). So far efforts
to develop an iron preparation suitable for intravenous injection have failed, due to the occur-
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rence of toxic reactions (Goetsch. Moore and
Minnich, Blood, 1946, 1, 129). However, a colloidal saccharated iron oxide solution for intravenous use has been tested extensively (see
under Ferric Oxide, Saccharated, in Part II), and
appears to have some merit, [vj
The usual dose is 100 mg. (approximately \l/2
grains), given intramuscularly two or three times
a week.
Storage. — Preserve "in tight, light-resistant
containers." X.F.
FERRIC CACODYLATE.
X.F.
Iron Cacodylate, [Ferri Cacodylas]

Fe[(CH3)2As02]3.*H20
"Ferric Cacodylate. dried at 105° for 2 hours,
contains not less than 11 per cent and not more
than 16 per cent of Fe, and not less than 41 per
cent and not more than 45 per cent of As." X.F.
Iron DLmethj-larsonatK

An anhydrous compound of the composition
indicated above would contain 11.97 per cent
of iron and 4S.14 per cent of arsenic, from which
it is apparent that the official product conforms
only approximately to this formula. The article
of commerce is quite variable, even beyond the
rather wide X.F. limits (see Bull. X.F. Com.,
1946. 14, 11). Before World War II ferric cacodylate was manufactured in France, the product
produced there by a secret process being superior,
from the standpoint of the preparation of nonirritant solutions suitable for parenteral injection, to those produced in domestic laboratories.
During the war the product manufactured in this
country, presumably by the interaction of freshly
precipitated hydrous ferric oxide and cacodylic
acid (see Sodium Cacodylate). has been constantly improved so that relatively non-irritant
parenteral solutions may be prepared from it
(see studies of Moore and Sommers. /. .4. Ph. A..
1950. 39, 302).
Description. — "Ferric Cacodylate occurs as a
yellowish, amorphous powder. One Gm. of Ferric
Cacodylate dissolves in about 30 ml. of water.
It In
is very
in alcohol."
order slightly
to effectsoluble
complete
solution X.F.
of ferric
cacodylate in water it is usually necessary to heat
the latter and to continue heating until all of the
solid dissolves. It is characteristic of such solutions that the color becomes darker on prolonged
heating; it is said that a solution which is of
somewhat darker color is likely to be less irritating, on parenteral administration, than a solution
which is lighter in color (.though of equivalent
concentration).
Standards and Tests. — Identification. — (1)
A 1 in 50 solution of ferric cacodylate. acidified
with hydrochloric acid, responds to tests for
ferric salts and iron. (2) Ferric cacodylate burns
with a bluish flame, emitting a garlic-like odor.
(3) The odor of cacodyl is apparent within an
hour after mixing a few drops of a 1 in 100
aqueous solution of ferric cacodylate with 2 ml.
of hypophosphorous acid T.S. Loss on drying. —
Xot over 5 per cent when dried for 2 hours at
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105°. Monomethylar senate. — Addition of calcium
chloride T.S. to a solution of ferric cacodylate
should produce no turbidity, either in the cold or
on heating. Arsenate or phospfiate. — Xo turbidity
should develop within an hour after the addition
of magnesia mixture T.S. to the filtrate obtained
by heating to boiling a solution of ferric cacodylate. containing some hydrochloric acid, which has
been made alkaline with stronger ammonia T.S.
and then filtered. Chloride. — The limit is 200
parts per million. Sulfate. — Xo turbidity is produced within 30 seconds following addition of
barium chloride T.S. to a 1 in 50 solution of
ferric cacodvlate acidified with hvdrochloric acid.
X.F.
Assay. — For iron. — About 500 mg. ferric cacodylate, previously dried at 105° for 2 hours,
is dissolved in distilled water containing hydrochloric acid and the solution heated to boiling.
Ammonia T.S. is added to precipitate hydrous
ferric oxide, which is filtered off, washed with hot
water, dissolved in hydrochloric acid and. after
dilution with distilled water, estimated through
liberation of iodine which is titrated with 0.1 N
sodium thiosulfate. Each ml. of 0.1 AT sodium
thiosulfate represents 5.5 S 5 mg. of Fe. For arsenic.— About 200 mg. of dried ferric cacodylate
is heated in a Kjeldahl flask with potassium sulfate, starch and sulfuric acid which oxidizes the
organic portion of the molecule and reduces the
arsenic to a valence of +3. The arsenic is then
distilled out of the mixture, in hydrogen chloride
vapor, as arsenous chloride, and this is received
in distilled water; after neutralizing the distillate
with sodium hydroxide and adding sodium bicarbonate the trivalent arsenic is oxidized to the
pentavalent state by titration with 0.1 N iodine,
using starch T.S. as indicator. A blank test is
performed on the reagents. Each ml. of 0.1 N
iodine represents 3.746 mg. as As. X.F.
Uses. — This salt has been used, rather empirifor leukemia,
lymphadenosis
disease, cally,
syphilis),
serious
anemias, and (Hodgkin*s
as a tonic
in debilitated and neurasthenic states. Lederer
and Renaer {Schweiz. med. Wchnschr., 1947, 77,
1061) treated anemia successfully with daily
slow intravenous injections. It has been combined
with strychnine and glycerophosphates (see under Arsenic Trioxide and under Sodium Cacodylate for the actions of this arsenical compound).
Pelner (Ind. Med.. 1944. 13, 826) reported dramatic and immediate relief from pain and an
increase in the range of motion in cases of acute
subdeltoid bursitis following intravenous injection of 60 mg. of ferric cacodylate in 5 ml. of
sterile, distilled water (see also Bensema and
Shoun. Arizona Med., 1951. 8, 37). Montgomery
{JAMA., 1916. 66, 491) reported that it may
give rise to a disagreeable garlic-like odor of the
breath, even when given hypodermically.
The usual dose, parenterally. is 60 mg. (approximately 1grain), well-diluted: orally, the
dose should not exceed 30 mg. (approximately
Yi grain) three times daily because inorganic
arsenic may be liberated more rapidly by the
digestive juices than in the tissues.
Storage. — Preserve "in tight containers." N.F.
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FERRIC

CHLORIDE SOLUTION.
N.F. (B.P.)

Iron Perchloride Solution, [Liquor Ferri Chloridi]

"Ferric Chloride
containing, in each
Gm. and not more
not less than 3.85

Solution is a
100 ml., not
than 42.7 Gm.
Gm. and not

water solution
less than 37.2
of FeCta, and
more than 6.6

Gm. of HC1." N.F. The B.P. recognizes Solution
of Ferric Chloride as an aqueous solution containing 15.0 per cent w/v of FeCb (limits, 14.25
to 15.75).
B.P. Solution of Ferric Chloride; Liquor Ferri Perchloridi. Ferrura Sesquichloruretum Solutum; Liquor
Ferri Sesquichlorati; Liquor Stypticus; Ferrum Sesquichloratum Solutum; Solutio Chloruri Ferrici. Fr. Chlorure
ferrique dissous; Solution officinale de perchlorure de fer;
Perchlorure de fer dissous. Ger. Eisenchloridlosung. It.
Cloruro ferrico liquido; Soluzione di cloruro ferrico. Sp.
Solucion de cloruro ferrico; Cloruro ferrico liquido.

Neither the B.P. nor the N.F. gives any formula for preparing this solution. Ferric chloride
may be prepared by the oxidation of ferrous
chloride, formed by action of hydrochloric acid
on iron. As oxidizing agents nitric acid or chlorine may be used. For a description of methods of
preparation, see U.S.D., 22nd ed., p. 612.
Description. — "Ferric Chloride Solution is a
yellowish orange liquid, having a faint odor of
hydrochloric acid and an acid reaction. It is
affected by light. Ferric Chloride Solution is
miscible in all proportions with alcohol. The specific gravity of Ferric Chloride Solution is not
less than 1.29 and not more than 1.35." N.F.
Standards and Tests. — Identification. — A 1
in 10 aqueous dilution of the solution responds
to tests for ferric iron and for chloride. Alkalies
and alkaline earths. — The residue obtained after
evaporating and igniting the filtrate from a portion of solution from which iron has been precipitated with ammonia is not over 0.1 per cent
of the weight of the solution. Nitrate.— -To the
filtrate from a portion of solution from which
the iron has been precipitated with ammonia are
added indigo carmine T.S. and sulfuric acid: the
resulting blue color should not disappear in 1
minute. Ferrous salts. — A brown color, not at
once turning to green or greenish-blue, is produced on the addition of a few drops of freshly
prepared potassium ferricyanide T.S. to a 1 in
20 aqueous dilution of the solution. Copper or
zinc. — The filtrate from the solution after precipitation ofthe iron with ammonia T.S. is colorless and does not yield a precipitate with hydrogen sulfide T.S. Lead. — The limit is 50 parts per
million. N.F. The B.P. includes also limit tests
for copper, zinc, and sulfate; the arsenic and
lead limits are 2 and 15 parts per million, respectively.
Assay. — For iron. — The ferric iron in a 1.5ml. portion of solution liberates an equivalent
amount of iodine which is titrated with 0.1 N
sodium thiosulfate, using starch T.S. as indicator.
Each ml. of 0.1 N sodium thiosulfate represents
16.22 mg. of FeCl3. For hydrochloric acid. — The
total chloride in about 500 mg. of solution is determined by the Volhard method, using 0.1 N
silver nitrate and 0.1 N ammonium thiocyanate
solutions, and the result calculated to per cent of

571

HC1. From this is subtracted the per cent w/v of
FeCte found in the preceding assay, multiplied by
0.6745 (the ratio of 3 times the molecular weight
of HC1 to the molecular weight of FeCte) ; the
difference represents chlorine not combined with
iron, expressed as HC1. Each ml. of 0.1 N silver
nitrate represents 3.647 mg. of HC1. N.F.
The B.P. assay is similar to that of the N.F.
except that any ferrous iron which may be present is first oxidized by 0.1 N potassium permanganate.
Uses. — This preparation is of interest as having led Pravaz to the invention of a syringe —
which was the forerunner of the modern hypodermic syringe — for the purpose of injecting
ferric chloride solution in the destruction of nevi
and other vascular tumors through the precipitation of the blood. This treatment, however, has
passed out of vogue because of the danger of
emboli being carried to other parts. The solution
is, however, a very powerful astringent and styptic and is useful for arresting hemorrhages from
cut surfaces or wounded vessels by causing the
formation of a hard coagulum through precipitation of proteins.
It is, in itself, rarely employed as an internal
remedy but is the basis for the still popular
ferric chloride tincture. E
Dose, of the N.F. preparation, 0.06 to 0.3 ml.
(approximately 1 to 5 minims).
Storage. — Preserve "in tight, light-resistant
containers,
and avoid continuous excessive heat."
N.F.
Off. Prep. — Ferric Chloride Tincture; Ferric
Citrochloride Tincture, N.F.
FERRIC

CHLORIDE

TINCTURE.

N.F.

Iron Tincture, [Tinctura Ferri Chloridi]

"Ferric Chloride Tincture is a hydro-alcoholic
solution containing, in each 100 ml., not less than
13 Gm. and not more than 15 Gm. of FeCte."
N.F.
Tincture of Iron Perchloride. Tinctura Ferri Perchloridi.

Mix 350 ml. of ferric chloride solution with
enough alcohol to make 1000 ml. N.F.
Description. — "Ferric Chloride Tincture is
a yellowish orange liquid, having a slightly ethereal odor, a very astringent taste, and an acid
reaction.
Its specific
is about is1.00."
N.F.
The ethereal
odor gravity
of the tincture
the result
of the formation of a small amount of ethyl
chloride and possibly also some ethyl acetate.
Formation of such esters was formerly considered to be sufficiently important to warrant
aging the tincture three months before use to
permit some esterification to take place.
Standards and Tests. — Identification. — Ferric chloride tincture responds to tests for ferric
iron and for chloride. After the tincture has
been exposed to daylight for some time it yields
a greenish or bluish color with potassium ferricyanide T.S., indicative of the presence of some
ferrous salt. Nitrate. — The test is identical with
that specified for Ferric Chloride Solution. N.F.
Osol (Am. J. Pharm., 1931, 103, 638) observed
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that while there was some reduction of iron
to the ferrous state when ferric chloride tincture
was exposed to sunlight in a clear glass bottle the
extent of the change was not considerable.
Assay. — The assay is based on reactions utilized in the assay for iron under Ferric Chloride
Solution. N.F.
Alcohol Content. — From 58 to 64 per cent,
by volume, of C2H5OH. N.F.
Incompatibilities. — Iron in the tincture is
precipitated by alkalies and by substances producing an alkaline reaction. With iodides it liberates iodine and is reduced to the ferrous state.
Tannin-containing solutions produce with it a
bluish-green color; acacia mucilage yields a
brown semi-transparent jelly. Certain incompatibilities of ferric ion, such as those with benzoate,
salicylate or tannic acid, are avoided through use
of ferric citrochloride tincture.
Uses. — In the past, ferric chloride tincture
was used with the idea that it exerted some
mystical curative properties in erysipelas, diphtheria and other infections. As a hematinic it is
inferior to other compounds of iron because its
marked astringent and irritant effects on the
stomach make it difficult to administer a dose
large enough to be of value. Thus 1 ml. (approximately 15 minims) represents but 45 mg. (approximately 0.7 grain) of iron. The tincture is
an effective protein precipitant and is occasionally used as a styptic. As an astringent it is sometimes mixed with equal parts of glycerin and
water and applied by means of a swab in the
treatment of pharyngitis; its use as a gargle is
not to be recommended as its acidity makes it
injurious to the teeth.
Like other iron salts it forms non-toxic compounds with toxicodendrol and is therefore useful
as a prophylactic against ivy poisoning. It is also
of some value in the early stages of rhus dermatitis but it will not penetrate the skin sufficiently
to neutralize a well-established inflammation.
Traub and Tennen (J.A.M.A., 1936, 106, 1711)
called attention to the permanent pigmentation
following application of a ferric chloride solution
in the treatment of ivy poisoning; the use of
iron-containing lotions in vesicular, bullous or
exudative dermatoses is for this reason to be discouraged. Gradual disappearance in a patient
of this pigmentation over a period of 6 years
was reported by Strauss (Arch. Derm. Syph.,
1947, 55, 692). M
Dose, from 0.3 to 2 ml. (approximately 5 to
30 minims), well diluted with water.
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep. — Iron and Ammonium Acetate
Solution, N.F.
FERRIC
CITROCHLORIDE
TINCTURE.
N.F.
[Tinctura Ferri Citrochloridi]

"Ferric Citrochloride Tincture is a hydro-alcohol solution containing, in each 100 ml., ferric
citrochloride equivalent to not less than 4.48
Gm. of Fe." N.F.

Tasteless
ture of Iron. Tincture of Ferric Chloride; Tasteless Tinc-

Mix 350 ml. of ferric chloride solution with
150 ml. of water, dissolve 450 Gm. of sodium
citrate in this mixture with the aid of gentle
heat, and add 150 ml. of alcohol. When the
solution has cooled, add enough water to make
1000 ml. Set the tincture aside in a cold place
for a few days, in order that excess saline matter
may separate, then filter the liquid. N.F.
The iron in this tincture is present as a complex citrate-containing ion; its exact composition
is not known.
Assay. — A 5 ml. portion of tincture is heated
with a mixture of hydrochloric acid and distilled
water until the solution is clear, after which
it is assayed in the same manner as Ferric Chloride
Solution is assayed for iron. N.F.
Alcohol Content. — From 13 to 15 per cent,
by volume, of C2H5OH. N.F.
Uses. — Because the iron in this tincture is
present as a complex with citrate the characteristic astringent action of hydrated ferric iron is
absent. Accordingly, this tincture was preferred
by some over ferric chloride tincture, which contains the same amount of iron, for use as a
hematinic; neither preparation is much used for
this purpose today. For the same reason the
ferric citrochloride tincture is of no value where
an astringent effect is desired. The tincture may
be combined with tannin-containing drugs without producing a bluish black coloration.
Dose, from 0.3 to 2 ml. (approximately 5 to
30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep. — Iron, Quinine and Strychnine
Elixir, N.F.
FERRIC

GLYCEROPHOSPHATE.
N.F.
[Ferri Glycerophosphas]

Fe[C3H5(OH)2P04]3
"Ferric Glycerophosphate, calculated on the
anhydrous basis, contains not less than 17 per
cent of Fe, corresponding to not less than 94.5
per cent of C9H2iFe20i8P3."
Ferric Glycerinophosphate; Iron Glycerophosphate. Ferrum Glycerinophosphoricum. Ger. Ferriglycerophosphat;
Glycerinphosphorsaures Eisenoxyd.

This salt may be prepared by dissolving freshly
precipitated ferric hydroxide in glycerophosphoric
acid, evaporating the solution under reduced pressure and scaling it upon glass plates.
Description. — "Ferric Glycerophosphate occurs as orange to greenish yellow, transparent,
amorphous scales, or powder. It is odorless, and
nearly tasteless. A solution of Ferric Glycerophosphate (1in 20) is acid to litmus paper.
It is affected by light. One Gm. of Ferric
Glycerophosphate dissolves slowly in about 2 ml.
of water. It is insoluble in alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 aqueous solution of ferric glycerophosphate
responds to tests for ferric iron and for glycero-
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phosphate. Loss on drying. — Not over 12 per
cent, when dried to constant weight at 130°.
Chloride. — The limit is 0.14 per cent. Phosphate.
— The turbidity produced by the addition of
10 ml. of cold ammonium molybdate T.S. to
10 ml. of a 1 in 60 solution of ferric glycerophosphate isnot greater than that produced by
a solution containing 0.96 mg. of potassium
biphosphate in 10 ml. to which 10 ml. of cold
ammonium molybdate T.S. has been added. Sulfate.— The limit is 0.2 per cent. Arsenic. — An
aqueous solution of ferric glycerophosphate
meets the requirements of the test for arsenic.
Lead. — The limit is 50 parts per million. N.F.
Assay. — About 1 Gm. of ferric glycerophosphate isdissolved in water. The solution is acidified with hydrochloric acid, some sodium bicarbonate is added to generate sufficient carbon dioxide
to exclude air from the glass-stoppered flask containing the mixture and, after adding potassium
iodide, the iodine liberated by the reduction of
ferric iron is titrated with 0.1 iV sodium thiosulfate, using starch T.S. as indicator. A blank
test is performed on the reagents. Each ml. of
0.1 N sodium thiosulfate represents 31.09 mg.
Of

C9H2lFe20l8P3.

The salt is official only because it is an ingredient of the Compound Glycerophosphates Elixir.
Dose, from 200 to 600 mg. (approximately 3 to
10 grains).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Compound Glycerophosphates
Elixir, N.F.

FERRIC

HYPOPHOSPHITE.

N.F.

[Ferri Hypophosphis]

"Ferric Hypophosphite, dried at 105° for 2
hours, contains not less than 21.8 per cent of
Fe, corresponding to not less than 98 per cent
of Fe(PH202)3.
"Caution should be observed in compounding
Ferric Hypophosphite with other substances, as
an explosion may occur if it is triturated or heated
with nitrates, chlorates, or other oxidizing agents."
N.F.
Iron Hypophosphate. Ferrum Hypophosphorosum Oxydatum. Fr. Hypophosphite de fer. Ger. Ferrihypophosphit; Unterphosphorigsaures Eisenoxyd. Sp. Hipofosfito
de hierro; Hipotosfito ferrico.

This salt may be prepared by interaction of
aqueous solutions of ferric chloride and calcium
hypophosphite.
Description. — "Ferric Hypophosphite occurs
as a white or grayish white powder, and is permanent in the air. It is odorless, and nearly
tasteless. One Gm. of Ferric Hypophosphite dissolves in about 2300 ml. of water, and in about
1200 ml. of boiling water. It is more readily
soluble in the presence of hypophosphorous acid,
or in a warm, concentrated solution of an alkali
citrate, forming a greenish solution with the
latter." N.F.
Standards and Tests. — Identification. — 1
Gm. of ferric hypophosphite, dissolved in 15 ml.
of acetic acid by boiling and the solution filtered,
responds to tests for ferric iron and for hypo-
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phosphite. Loss on drying. — Not over 3 per cent,
when dried at 105° for 2 hours. Carbonate and
calcium. — No effervescence occurs on adding
500 mg. of ferric hypophosphite to 5 ml. of acetic
acid; on heating to boiling and filtering, the
filtrate shows no turbidity within 1 minute after
adding 0.5 ml. of ammonium oxalate T.S. Phosphate.— No crystalline precipitate results on
adding 0.5 ml. of magnesia mixture T.S. and
ammonia T.S. to the acidified filtrate from 500
mg. of ferric hypophosphite boiled with 10 ml.
of sodium hydroxide T.S. Sulfate. — The limit is
100 parts per million. Arsenic. — 200 mg. meets
the requirements of the test for arsenic. Lead. —
The limit is 50 parts per million. N.F.
Assay. — To about 1 Gm. of ferric hypophosphite, dried at 105° for 2 hours, is added nitrohydrochloric acid (to oxidize hypophosphite ion)
and the mixture evaporated to dryness on a
water bath; hydrochloric acid is added and again
evaporated to dryness, after which the residue
is dissolved in water with the aid of hydrochloric
acid. Potassium iodide is added and the liberated
iodine is titrated with 0.1 N sodium thiosulfate,
using starch T.S. as indicator. A reagent blank
test is performed. Each ml. of 0.1 N sodium
thiosulfate represents 25.08 mg. of Fe(PH202)3.
N.F.
Ferric hypophosphite is a feeble chalybeate,
but the only reason for its official recognition
is that it is an ingredient of the therapeutic
hodgepodge known as Compound Hypophosphites
Syrup.
Dose, from 200 to 600 mg. (approximately 3
to 10 grains).
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Compound Hypophosphites
Syrup, N.F.

SOLUBLE

FERRIC PHOSPHATE.
N.F.

Ferric Phosphate with Sodium Citrate,
[Ferri Phosphas Solubilis]

"Soluble Ferric Phosphate is ferric phosphate
rendered soluble by the presence of sodium cittrate, and yields not less than 12 per cent and
not more than 15 per cent of Fe." N.F.
Soluble Iron Phosphate. Ferri Phosphas, U.S. P. IX;
Ferrum Phosphoricura cum Natrio Citrico; Ferrum Phosphoricum Solubile. Fr. Citro-phosphate de fer et de soude.
Ger. Losliches Ferriphosphat.

The adjective soluble distinguishes this preparation from normal ferric phosphate, which was
at one time official. The latter occurs as an insoluble yellowish powder; the soluble product
occurs as thin, bright-green scales.
Soluble ferric phosphate may be prepared by
dissolving ferric citrate in distilled water and
adding sodium phosphate. From the clear solution a scale salt may be obtained by the usual
procedure. For the process of U.S. P. 1890, see
U.S.D., 22nd ed., p. 469.
Description. — "Soluble Ferric Phosphate occurs as thin, bright green, transparent scales, or
as granules. It is without odor, and has an acid,
slightly salty taste. Soluble Ferric Phosphate is
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stable in dry air when protected from light, but
when unprotected, soon becomes discolored. A
solution of Soluble Ferric Phosphate (1 in 10)
is acid to litmus paper. Soluble Ferric Phosphate
dissolves freely in water. It is insoluble in alcolcol." X.F.
Standards and Tests. — Identification. — (1)
A reddish brown color, but no precipitate, is
formed on adding an excess of ammonia T.S. to
an aqueous solution of soluble ferric phosphate.
(2) After removing the iron from 10 ml. of a 1 in
10 solution of soluble ferric phosphate by boiling
with excess sodium hydroxide T.S. and filtering,
the acidified filtrate yields a precipitate of magnesium ammonium phosphate on addition of
magnesia mixture T.S. and a slight excess of
ammonia T.S. This precipitate, after washing.
turns greenish yellow when treated with a few
drops of silver nitrate T.S. (distinction from
pyrophosphate). Ammonium salts. — A reddish
brown precipitate is formed, but no ammonia is
evolved, on boiling 100 mg. of soluble ferric
phosphate with 5 ml. of sodium hydroxide T.S.
Lead. — The limit is 50 parts per million. X.F.
Assay. — An aqueous solution of about 1 Gm.
of soluble ferric phosphate is reacted with potassium iodide in the presence of hydrochloric acid
and the liberated iodine is titrated with 0.1 N
sodium thiosulfate. A reagent blank test is also
performed.
Each mg.
ml. of
sodium thiosulfate
represents 5.535
of 0.1
Fe. A'N.F.
Uses. — Soluble ferric phosphate is one of the
best preparations to use when it is desired to
administer iron in solution. It is as free from
astringency as any of the official salts of iron,
has little tendency to disturb digestion and is an
active chalybeate. It is. however, rarely used.
The usual dose is 250 mg. (approximately 4
grains) three or four times daily.
Storage. — Preserve ''in well-closed, light-resistant containers." X.F.
Off. Prep. — Iron, Quinine and Strychnine
Phosphates Elixir, NJP.

FERRIC SUBSULFATE
X.F.

SOLUTION.

Monsel's Solution, Basic Ferric Sulfate Solution,
[Liquor Ferri Subsulfatis]

''Ferric Subsulfate Solution is a water solution containing, in each 100 ml., basic ferric sulfate equivalent to not less than 20 Gm. and not
more than 22 Gm. of Fe." NJP.
Add 55 ml. of sulfuric acid to 800 ml. of purified water in a suitable porcelain dish, heat the
mixture nearly to 100°, add 75 ml. of nitric acid,
and mix well. Divide 1045 Gm. of ferrous sulfate, coarsely powdered, into 4 approximately
equal portions, and add a portion at a time to
the hot liquid, stirring after each addition until
effervescence ceases. If. after the ferrous sulfate has dissolved, the solution has a black color,
add nitric acid, a few drops at a time, while
heating and stirring, until red fumes cease to
be evolved. Boil the solution until it assumes
a red color and is free from nitric acid, as indicated by the test below, while maintaining the
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volume at about 1000 ml. by addition of purified
water. Cool, add enough purified water to make
1000 ml. and filter, if necessary, until the product
is clear. Note. — If the solution is exposed to
low temperatures crystallization may occur; the
crvstals will redissolve on warming the solution.
X.F.
The reaction which takes place is suggested to
be as follows:
12FeS04 + 3H2SO4 + 4HX03 -»
3Fe40(S04)5 + 4X0 + 5H2O
Ferric subsulfate contains insufficient sulfate
radical to satisfy completely the valence of the
iron. The four iron atoms shown in the formula
normally combine with six sulfate groups; in the
subsulfate, an oxygen takes the place of one of
these.
For many years the U.S. P.. and later the X.F.,
included also a Ferric Sulfate Solution, which
represented 10 per cent, by weight, of Fe. This
is about half the amount of iron in ferric subsulfate solution but the concentration of sulfuric
acid was sufficient to form the normal sulfate.
Ferric sulfate solution was used to prepare the
freshly precipitated Magma Ferri Hydroxidi
once widely employed as an antidote for arsenic
poisoning (see under Arsenic Trioxide).
Description. — "Ferric Subsulfate Solution is
a reddish brown liquid, odorless or nearly so,
with a sour, strongly astringent taste. Ferric Subsulfate Solution is acid to litmus paper, and it is
affected by light. Ferric Subsulfate Solution is
miscible with water and with alcohol. Its specific
gravity is about 1.543." NJP.
Standards and Tests. — Identification. — Separate portions of a 1 in 20 aqueous dilution of
the solution yield a brownish red precipitate with
ammonia T.S., a blue precipitate with potassium
ferrocyanide T.S., and a white precipitate, insoluble inhydrochloric acid, with barium chloride
T.S. Nitrate. — On adding a clear crystal of ferrous sulfate to a cooled mixture of equal volumes
of sulfuric acid and a 1 in 10 aqueous dilution of
the solution, the crystal does not become brown,
nor does a brownish black color develop around it.
Ferrous salts. — Addition of a few drops of freshly
prepared potassium ferricyanide T.S. to 2 ml. of
a 1 in 20 aqueous dilution of the solution produces
a brown color, the solution remaining free from
even a transient green or greenish blue color. NJP.
Assay. — A 10-ml. portion of the solution is
diluted to 100 ml. with distilled water and a
10-ml. aliquot of the dilution assayed in the same
manner as Ferric Chloride Solution. N.F.
Uses. — This is a powerful and valuable styptic
which will effectively stop bleeding. It may be
applied full strength by means of a small cotton
swab. While not employed for any systemic
effect it has been occasionally employed to check
hematemesis from gastric ulcer in doses of from
0.12 to 0.3 ml. (approximately 2 to 5 minims),
properly diluted.
Storage. — Preserve "in tight, fight-resistant
containers, and in a moderately warm place (not
under 22°)." NJP.
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PILLS. N.F.

Vallet's Mass, [Massa Ferri Carbonatis]

Ferruginous [Pilulae
Pills, Chalybeate
Pills, Blaud's Pills,
Ferri Carbonatis]

"Ferrous Carbonate Mass contains not less
than 36 per cent and not more than 41 per cent
of FeCOs." N.F.

"Each Pill contains not less than 60 mg. of
FeCOs." N.F.

Vallet'sPilulae
Ferruginous
Mass. Massa
Pilularum
Ferri Carbonici;
Ferri Carbonici
Valleti.
Fr. Pilules
de
carbonate ferreux ; Pilules dites de Vallet. Ger. Valletsche
Eisenpillen. It. Pillole di carbonato ferroso ; Pillole di
Vallet. Sp. Masa de carbonato ferroso.

Dissolve 1000 Gm. of ferrous sulfate and 460
Gm. of monohydrated sodium carbonate separately in 2000-ml. portions of boiling purified
water; add 200 ml. of syrup to the solution of
the iron salt, filter both solutions, and cool. To the
sodium carbonate solution, contained in a bottle
of 5000-ml. capacity, gradually add the solution
of the iron salt, rotating the bottle frequently
until carbon dioxide no longer escapes. Add enough
purified water to fill the bottle, stopper it tightly,
and set aside until the ferrous carbonate has
settled. Pour off the supernatant liquid and wash
the precipitate, by decantation, using a mixture of
1 volume of syrup and 19 volumes of purified
water, until the washings no longer have a salty
taste. Drain the precipitate on a muslin strainer
and express as much of the water as possible. Mix
the precipitate at once with 380 Gm. of honey and
250 Gm. of sucrose in a tared dish and evaporate
the mixture, on a water bath, until its weight is
reduced to 1000 Gm. N.F.
The name Vallet's mass, by which this preparation is popularly known, comes from the name of
the Paris physician who, in 1837, proposed this
formula for a ferrous carbonate preparation.
Earlier, in 1831, another Paris physician, Blaud,
had proposed a formula for ferrous carbonate
pills (see the succeeding article) in which potassium carbonate is used as the alkali, together with
modifications of the base.
Ferrous carbonate mass occurs as a soft pilular
mass, a dark greenish-gray in color, becoming
very dark on exposure, and with a strong ferruginous taste. The use of honey, sucrose and syrup
in the preparation of the mass is not only to provide a basis for the mass but, more important,
to retard oxidation of the ferrous iron. For the
formula of so-called powdered Vallet's mass, see
U.S.D., 21st edition, p. 682.
Assay. — About 1 Gm. of the mass is dissolved
in diluted sulfuric acid, the solution diluted with
distilled water, and at once titrated with 0.1 N
eerie sulfate, using orthophenanthroline T.S. as
indicator. The eerie sulfate oxidizes ferrous iron
to the ferric state without oxidizing any of the
saccharine matter, which would be the case with
other oxidants. Each ml. of 0.1 N eerie sulfate
represents 11.59 mg. of FeC03. N.F.
Uses. — Ferrous carbonate mass was once highly
popular for the treatment of simple anemia and
chlorosis; the frequency of its use, however, has
decreased, especially since the introduction of
stable preparations of ferrous sulfate, [v]
Dose, from 0.3 to 1 Gm. (approximately 5 to
15 grains) three times daily.
Storage. — Preserve "in tight, light-resistant
containers." N.F.

Iron Pill. Pilulae Ferri Carbonici (It.) ; Pilulae Ferri
Carbonici Blaudii; Pilula Ferri; Pilulae ex Blaud. Fr.
Pilules ferrugineuses de Blaud. Ger. Blaudsche Pillen.
It. Pillole di carbonato ferroso. Sp. Pildoras de Blaud;
Pildoras de carbonato ferroso.

Triturate 9.5 Gm. of potassium carbonate with
about 5 drops of glycerin and mix thoroughly with
16 Gm. of ferrous sulfate, in clear crystals, and 4
Gm. of finely powdered sucrose, the two latter
having been previously triturated together to a
uniform, fine powder. When the reaction is complete, incorporate 1 Gm. of finely powdered tragacanth and 1 Gm. of althea, in very fine powder,
together with enough purified water, if necessary,
to obtain a mass of pilular consistence. Divide
into 100 pills. N.F.
Assay. — Five pills are pulverized and then
assayed by the method employed for Ferrous
Carbonate Mass. N.F.
Uses. — Introduced by the Paris physician
Blaud, in 1831, these pills were formerly widely
used for treatment of anemia. The official pill,
containing 60 mg. of ferrous carbonate, is not a
convenient form to administer the relatively large
dose (estimated at 2 to 4 Gm.) of ferrous carbonate required by an adult afflicted with severe
anemia. Also, unless the pills are freshly prepared,
there is the possibility that the iron has in large
part oxidized, and that the pill may pass through
the intestinal tract without being absorbed. If a
sufficient number of the pills is taken they may be
of value in less severe forms of anemia.
The N.F. average dose is 5 pills, to be taken
three times daily.
Storage. — Preserve "in well-closed containers." N.F.
SACCHARATED
CARBONATE.

FERROUS
N.F.

[Ferri Carbonas Saccharatus]

"Saccharated Ferrous Carbonate contains, in
N.F.
each 100 Gm., not less than 15 Gm. of FeCOs."
B.P. Saccharated Iron Carbonate. Ferrum Carbonicum
Saccharatum; Ferrum Carbonicum cum Saccharo. Fr.
Carbonate ferreux sucre. Ger. Zuckerhaltiges Ferrokarbonat. It. Carbonato di ferro con zucchero.

Dissolve 85 Gm. of sucrose in 2000 ml. of hot
purified water; then dissolve 500 Gm. of ferrous
sulfate in this solution, add 3 ml. of diluted sulfuric acid, mix, and filter the solution. Dissolve
350 Gm. of sodium bicarbonate in 5000 ml. of
purified water at a temperature not exceeding 50°,
and filter the solution. Gradually add the ferrous
sulfate solution to that of sodium bicarbonate in a
container having a capacity of about 10 liters
and mix the contents by rotating the container.
Fill the container with boiling purified water,
allow the precipitate to subside, and then decant
the clear supernatant liquid. Wash the precipitate
by decantation, using a hot mixture of 1 volume
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of syrup and 19 volumes of purified water, until
the decanted liquid gives but a slight cloudiness
with barium chloride T.S. Drain the precipitate,
transfer it to a porcelain dish containing 615 Gm.
of sucrose and 100 Gm. of lactose, and mix well.
Evaporate the mixture to dryness on a water bath,
reduce the residue to a powder, weigh it, and mix
sufficient well-dried sucrose with it, if necessary,
to make the product weigh 1000 Gm. To minimize oxidation make this preparation in the shortest possible time." N.F.
Ferrous carbonate oxidizes readily to the ferric
state, but in the presence of sugars the rate of
atmospheric oxidation is materially reduced. Thus
saccharated ferrous carbonate is much more dependable as a source of ferrous iron than is ferrous
carbonate by itself.
Amy, Taub and Blythe (/. A. Ph. A., 1934, 23,
672) found saccharated ferrous carbonate to be
stable in all types of glass containers for at least
one year.
,
Description. — "Saccharated Ferrous Carbonate occurs as a light olive-gray, odorless powder,
which gradually becomes oxidized by contact with
air. Saccharated Ferrous Carbonate is only partially soluble in water." N.F.
Standards and Tests. — Identification. — (1)
On adding 5 ml. of hydrochloric acid to 10 to 20
mg. of saccharated ferrous carbonate copious evolution of carbon dioxide occurs and a greenish yellow solution is produced. (2) A solution of 1 Gm.
of saccharated ferrous carbonate in 5 ml. of hydrochloric acid, diluted to 100 ml. with distilled
water, responds to tests for ferrous iron. Sulfate.
— The limit is 0.5 per cent. Lead. — The limit is
50 parts per million. N.F.
Assay. — About 2 Gm. of saccharated ferrous
carbonate is assayed by the method employed for
Ferrous Carbonate Mass. N.F.
Uses. — Ferrous carbonate, in its several official forms, is used for treatment of iron deficiency
(hypochromic) anemia. It is not as astringent as
many other salts of iron, and thus is relatively
well tolerated by the stomach. On exposure to air
ferrous carbonate absorbs oxygen and is changed
to the ferric state; the oxidation is retarded by
the addition of sugar, although the protection
is not complete. N.F. saccharated ferrous carbonate contains one-half or less the amount of ferrous carbonate represented in ferrous carbonate
mass. S
The N.F. gives the usual dose as 250 mg. (approximately 4grains).
Storage. — Preserve "in tight containers." N.F.
FERROUS GLUCONATE.
U.S.P.
[Ferri Gluconas]

[CH2OH(CHOH)4.COO]2Fe.2H20
"Ferrous Gluconate contains not less than 11.5
per
U.S.P.cent of Fe, calculated on the dried basis."
Ferrous gluconate may be prepared by the interaction in solution of barium gluconate and
ferrous sulfate; the liquid is filtered to remove
the barium sulfate and then concentrated, preferably in an inert atmosphere to reduce the tend-
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ency to oxidation, until on standing fine crystals
of ferrous gluconate crystallize. Other methods of
manufacture include neutralization of gluconic
acid with ferrous carbonate, and solution of reduced iron in gluconic acid.
Iron Gluconate. Fergon (Stearns) ; Gluco-Ferrum (Vanpelt
& Brown); Irox (Cole).

Description. — "Ferrous Gluconate occurs as
a yellowish gray or pale greenish yellow powder
with a slight odor resembling that of burned
sugar. Its 1 in 20 solution is acid to litmus. One
Gm. of Ferrous Gluconate dissolves in about 10
ml. of water with slight heating. It is nearly
insoluble in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
Crystals of gluconic acid phenylhydrazide deposit
when a mixture of 5 ml. of warm 1 in 10 aqueous
solution of ferrous gluconate, 0.65 ml. of glacial
acetic acid and 1 ml. of freshly distilled phenylhydrazine is heated on a water bath for 30 minutes,
then cooled, and the inner surface of the container
scratched with a stirring rod. (2) A 1 in 20 aqueous solution of ferrous gluconate responds to the
test for ferrous salts. Loss on drying. — Not over
10 per cent, when dried at 105° for 4 hours.
Chloride. — The limit is 700 parts per million.
Sulfate. — The limit is 0.1 per cent. Oxalic acid.
— A solution of ferrous gluconate is acidified with
hydrochloric acid and extracted with ether; on
evaporating the ether, the residue, when dissolved
in distilled water, produces no turbidity on addition of calcium chloride T.S. in the presence of
acetic acid. Ferric iron. — Ferrous gluconate contains not more than 2 per cent of ferric iron, as
determined by liberation of iodine from potassium
iodide, followed by titration with 0.1 N sodium
thiosulfate. Each ml. of 0.1 N sodium thiosulfate
represents 5.585 mg. of ferric iron.. Reducing
sugars. — From a solution of ferrous gluconate
the iron is precipitated with hydrogen sulfide,
the precipitate filtered off, and the hydrogen sulfide boiled out of the filtrate; on testing the solution with alkaline cupric tartrate T.S. no red
precipitate is obtained. N.F.
Assay. — About 1.5 Gm. of ferrous gluconate
is dissolved in distilled water and treated with
zinc dust and diluted sulfuric acid whereby the
ferric iron in the salt is reduced to the ferrous
state ; the excess zinc is filtered off, and the filtrate
titrated with 0.1 N eerie sulfate, using orthophenanthroline T.S. as indicator. Each ml. of 0.1 N
eerie sulfate represents 5.585 mg. of Fe. N.F.
Uses. — This salt is in common and effective
use for the treatment of iron-deficiency (hypochromic) anemia. Because of the frequency of
gastrointestinal disturbances with adequate doses
of many of the older iron preparations, Reznikoff
and
Go'ebel
(/. Clin.
Inv., it
1937.
tried
ferrous
gluconate
and found
to be16,
both547)
effective
and almost entirely free of untoward effects.
Jasinki (Schweiz. med. Wchnschr., 1950, 80, 59)
reported successful treatment of iron deficiency
anemias and studied the concentration of iron
in blood serum following its oral administration.
Patients with iron deficiency anemia showed a
much higher concentration of iron following ingestion than did non-anemic persons or those with
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anemia not resulting from deficiency of iron. The
increase in serum iron concentration at 1, 3 and 7
hours after an oral dose of ferrous gluconate was
generally greater than after the same dose of iron
in the form of reduced iron. These findings are
compatible with the current concept that absorption of iron is proportional to the degree of tissue
deficiency of that element and also that soluble
ferrous iron is absorbed the best.
Although abdominal distress with ferrous sulfate isinfrequent, it is believed (Teeter, J. A.M. A.,
1945, 127, 973) that the gluconate is often tolerated when the sulfate is not (see also Reznikoff,
Med. Clin. North America, 1944, 28, 368).
Otherwise there is no difference in the action and
uses of these two ferrous salts.
Toxicology. — A study of the oral toxicity of
several iron compounds, by Somers (Brit. M. J.,
1947, 2, 201), indicates that the lethal dose is
related to the content of iron in the compound.
For ferrous gluconate the median lethal dose per
Kg. of body weight is as follows: rabbit, 3.5 Gm. ;
guinea pig, 2.1 Gm.; mouse, 6.6 Gm. See also the
discussion under Ferrous Sulfate.
The usual dose is 300 mg. (approximately 5
grains) 3 or 4 times daily, by mouth, before or
after meals. The range of dose is 200 to 600 mg.,
with a maximum single dose of about 600 mg.,
and a maximum in 24 hours of about 2.5 Gm.
Storage. — Preserve "in tight containers." N.F.

FERROUS

GLUCONATE
U.S.P.

TABLETS.

"Ferrous Gluconate Tablets contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of Ci2H22FeOi4.2H20."
U.S.P.
Usual Size. — 300 mg. (5 grains).
FERROUS IODIDE SYRUP.
N.F.
[Syrupus Ferri Iodidi]

"Ferrous Iodide Syrup contains, in each 100
ml., not less than 6.5 Gm. and not more than 7.5
Gm. of Fel2, representing approximately 5 per
cent of Fel2, by weight." N.F.
Syrupus Ferri Iodureti Gallicus; Sirupus Ferri Iodati.
Fr. Sirop d'iodure de fer; Sirop d'iodure ferreux. Ger.
Jodeisensirup ; Eisenjodiirsirup. It. Sciroppo di joduro
ferroso. Sp. Jarabe de yoduro ferroso, concentrado.

The syrup may be prepared as follows: Place
20 Gm. of iron, in the form of fine, bright wire,
in a 500-ml. flask, add 60 Gm. of iodine and 200
ml. of purified water, and shake the mixture
occasionally, checking the reaction, if necessary,
by placing the flask in cold water. When the
liquid is colored green and the odor of iodine is
lost, heat to boiling, and dissolve 100 Gm. of
sucrose in the hot liquid. Filter the solution immediately into a flask graduated at 1000 ml. and
containing 750 Gm. of sucrose; wash the flask
containing the iron with 240 ml. of hot purified
water in divided portions, passing the washings
successively through the filter. Agitate the mixture until the sucrose has dissolved, warming if
necessary; cool the solution to 25°, add 5 ml. of
hypophosphorous acid and enough purified water
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to make 1000 ml. Mix well and strain. Note. —
To retard discoloration, 1.3 Gm. of citric acid
may replace the hypophosphorous acid. N.F.
Description. — "Ferrous Iodide Syrup is a
transparent, pale yellowish green, syrupy liquid,
having a sweet, ferruginous taste and a slightly
acid reaction. Its specific gravity is about 1.37."
N.F.
Standards and Tests. — Identification. — (1)
A blue precipitate forms on adding a few drops
of potassium ferricyanide T.S. to 5 ml. of the
syrup. (2) A deep blue color develops on adding
3 drops of chlorine T.S. to a mixture of 5 ml.
of the syrup and a few drops of starch T.S. Free
iodine. — No blue color is produced in the syrup
by starch T.S. N.F.
Assay. — The iodide in 10 ml. of syrup is determined by the Volhard method, using 0.1 N
silver nitrate and 0.1 AT ammonium thiocyanate.
Each ml. of 0.1 N silver nitrate represents 15.48
mg. of Fel2. N.F.
It is well known that ferrous iodide syrup
darkens on standing. Although many explanations of the change have been advanced, the work
of Husa and Klotz (/. A. Ph. A., 1934, 23, 679,
774) shows these to be inadequate; they conclude that the deterioration involves several different changes which occur simultaneously, but
at different rates. The darkening is due chiefly
to the decomposition of levulose formed by the
inversion of sucrose; this reaction Krantz (/. A.
Ph. A., 1923, 12, 964) found to be 96.2 per cent
complete in 20 days. By replacing the sucrose
in the syrup with 700 Gm. per liter of dextrose,
a satisfactory product is obtained, according to
Husa and Klotz. This formula has, however, the
disadvantage of having some of the dextrose
crystallize at refrigerator temperatures, for which
reason Husa and Pedrero (ibid., 1950, 39, 67)
recommended reducing the amount of dextrose
to 600 Gm., and incorporating 0.8 Gm. each of
saccharin sodium and sodium benzoate, per liter,
They reported also that use of citric acid in
place of hypophosphorous acid, as authorized by
the N.F., is disadvantageous in that iodine is
liberated under all conditions of storage except
in sunlight. Amy and Steinberg (Am. J. Pharm.,
1931, 103, 504) found that the color of the glass
container has no effect on the stability of the
syrup — a conclusion to be expected from the
preceding.
Incompatibilities. — Ferrous iodide syrup is
decomposed by oxidizing agents with liberation
of iodine and conversion of the ferrous salt to a
ferric compound. The syrup is also incompatible
with alkalies.
Uses. — Ferrous iodide syrup combines the
alterative action of iodine with the hematinic
action of iron. It was a popular remedy in
chronic types of tuberculosis, especially in the
scrofula of children. It has, however, no advantage over an extemporaneous combination of an
iodide with ferruginous tonic, and has the drawback that the dose of either ingredient cannot be
altered singly.
Dose, for an adult, 0.6 to 2.5 ml. (approxi-
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mately 10 to 40 minims); for a child of two
years, 0.12 to 0.5 ml. (approximately 2 to 8
minims).
Storage. — Preserve "in tight containers." N.F.
FERROUS SULFATE.
U.S.P. (B.P.)
LP.
Iron Sulfate, [Ferri Sulfas]

"Ferrous Sulfate contains an amount of FeSCU
equivalent to not less than 99.5 per cent and not
more than 104.5 per cent of FeS04.7H20." U.S.P.
The B.P. requires not less than 97.0 per cent and
not more than the equivalent of 103.0 per cent
of FeSO-i./KbO; the corresponding LP. limits are
99.0 to 104.0 per cent.
B.P. Ferrous Sulphate; Ferri Sulphas. LP. Ferrosi
Sulfas. Green Vitriol; Iron Vitriol; Iron Protosulfate.
Ferrum Sulfuricum Purum; Ferrum Sulfuricum; Ferrum
Vitriolatum Purum; Ferrum Sulfuricum cum Alcohole
Prxcipitatum; Ferrosus Sulphas. Fr. Sulfate de protoxyde
de fer officinal; Sulfate ferreux pur; Protosulfate de fer.
Ger. Ferrosulfat; Schwefelsaures Eisenoxydul; Reiner
Eisenvitriol. It. Solfato ferroso all'alcool ; Vitriolo verde.
Sp. Sulfato ferroso.

The U.S.P. 1870 described a process for making
this salt by the action of sulfuric acid on iron,
followed by crystallization ; a modification of the
process is still employed for preparing the purest
grade of the salt.
Commercial ferrous sulfate, or copperas, is
manufactured in large quantities from iron pyrites
(FeS2) by exposure to air and moisture. Ferrous sulfate is also obtained in many chemical
processes as a by-product, as in the manufacture
of alum, in the precipitation of copper from
solutions of copper sulfate by scraps of iron, in
the manufacture of hydrogen, etc. Commercial
ferrous sulfate is far from being pure. Besides
containing some ferric sulfate, it is generally contaminated with other salts, such as those of
copper, zinc, aluminum, and magnesium.
Description. — 'Terrous Sulfate occurs as
pale, bluish green crystals or granules. It is odorless, has a saline, styptic taste, and is efflorescent
in dry air. Its solutions are acid to litmus. On
exposure to moist air, the crystals rapidly oxidize
and become coated with brownish yellow basic
ferric sulfate. When Ferrous Sulfate has thus
deteriorated, it must not be used. One Gm. of
Ferrous Sulfate dissolves in 1.5 ml. of water, and
in 0.5 ml. of boiling water. It is insoluble in
alcohol." U.S.P. The LP. states that 1 part of
ferrous sulfate is soluble in 4 parts of glycerin.
Standards and Tests. — Identification — Ferrous sulfate responds to tests for ferrous salts,
and for sulfate. Acidity. — The filtrate from a
mixture of 1 Gm. of ferrous sulfate which has
been agitated during 5 minutes with 10 ml. of
alcohol does not immediately redden moistened
blue litmus paper. Heavy metals. — The limit is
160 parts per million. U.S.P. The B.P. and LP.
further specify that 1 Gm. shall form a clear
solution in 2 ml. of recently boiled and cooled
water as a test for absence of basic sulfate of
iron. Both compendia limit arsenic to 2 parts per
million and lead to 30 parts per million.
Assay. — A solution of 1 Gm. of ferrous sulfate in 25 ml. of diluted sulfuric acid is titrated
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with 0.1 N potassium permanganate, which oxidizes the ferrous iron to the ferric state. Each
ml. of 0.1 N potassium permanganate represents
15.19 mg. of FeSOi or 27.80 mg. of FeSO4.7H.2O.
U.S.P.
Incompatibilities. — The cation of ferrous
sulfate is precipitated by alkalies and their carbonates, and the anion by calcium salts. With
preparations containing tannic acid or gallic acid
a bluish-black compound will form if the iron
has become partially oxidized. Even the weakest
of oxidizing agents converts ferrous iron to the
ferric state.
Uses. — In the early years of the 20th century
ferrous sulfate had all but disappeared from use
as a remedial agent. With evidence (see under
Iron) indicating that ferrous salts are more efficient than ferric in treating anemia ferrous sulfate has again come into general use in the treatment of hypochromic anemia. Given in rather
large doses it is prone to upset the gastrointestinal
tract through local irritation; most patients,
however, tolerate it in therapeutic doses. In patients with gastrointestinal symptoms, it may be
wise to commence with a single dose daily and
to increase at weekly intervals to two and then to
three doses.
Anemia following frequent donation of blood
was found to respond to ferrous sulfate administration but not to high-protein diet alone (Bateman, Ann. Int. Med., 1951, 34, 393). Prophylactic use of iron seems to be indicated for individuals donating blood at intervals of 6 to 8
weeks.
Locally ferrous sulfate has been employed in
the treatment of chronic conjunctivitis, leukorrhea and similar conditions in concentrations of
0.2 to 2 per cent.
Especially in the impure form known as copperas, ferrous sulfate has found extensive use as
a disinfectant and deodorant. Its germicidal value
is low, Sternberg having found that a 20 per cent
solution was not certainly fatal to bacteria after
2 hours' exposure. Its deodorant properties, however, are quite marked.
Toxicology. — With widespread and extensive
use of ferrous sulfate in the form of attractively
colored and pleasantly flavored tablets and elixirs,
many cases of accidental poisoning of children
have occurred (see editorial, J.A.M.A., 1952,
148, 1280). Patients should be warned to keep
such preparations out of reach of small children
and it has been suggested that labels on the
containers carry such a warning statement. The
editorial refers to reports of 34 cases of poisoning during the preceding 10 years; almost half of
these terminated fatally. The syndrome is characterized by initial vomiting, hematemesis, tachycardia, and vascular collapse which seems to be
due to shock from the corrosive action on the
stomach. Shock persists for 12 to 24 hours, after
which the patient often appears to improve but
later relapses and sometimes dies. Smith et al.
(New Eng. J. Med., 1950, 243, 641) reported
failure of the gray cyanosis to respond to oxygen
inhalation but that rapid relief followed intravenous injection of methylrosaniline
chloride.
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Spencer (Brit. M. J., 1951, 2, 1112) observed a
rapid rise of serum iron concentration to 15 to
100 times normal and suggested that toxic effects
on the central nervous system caused death.
Autopsy findings include: edema and congestion of the stomach, with hemorrhagic and necrotic patches particularly on the crests of the
rugae and similar changes in the proximal portion
of the small intestine; congestion, cloudy swelling and necrosis of the liver, kidney, heart, pancreas, spleen and lungs. In a case reported by
Swift et al. (J. Pediatr., 1952, 40, 6) there was
thrombosis of the mesenteric vessels draining the
corroded areas. Prain (Brit. M. J., 1949, 2, 1019)
concluded that liver damage resulted in passage
of toxic substances into the systemic circulation
from the intestine. The initial shock was ascribed
by Smith (/. Path. Bad., 1952, 64, 467) to a
high concentration of ferritin (vasodepressor material responsible for shock, according to Mazur
and Shorr— editorial, J.A.M.A., 1952, 150, 36)
resulting from the high concentration of iron
combining with apoferritin in the liver. Observations of Crismon (Am. J. Med., 1950, 8, 523) on
the mesoappendix circulation of the rat have
demonstrated loss of sensitivity to epinephrine
after intravenous injection of ferrous iron; rutin
corrected the depressed sensitivity.
In treatment of poisoning, emesis within an
hour of ingestion is helpful and gastric lavage
with an aqueous solution of sodium bicarbonate
to remove and dilute the iron salt, followed by
bismuth subcarbonate orally as a protective, is
indicated (Thompson, Brit. M. J., 1950, 1, 645).
Dimercaprol is contraindicated since it aggravates the symptoms; the toxicity of the dimercaprol-iron complex is greater than that of the iron
salt. Since iron as a heavy metal may interfere
with the essential function of sulfhydryl groups
in tissues, it is recommended that methionine,
tocopherol (vitamin E), and the vitamin B complex be employed in treatment of iron poisoning.
Dose. — The usual dose for adults and children
is 300 mg. (approximately 5 grains) 3 times daliy
after meals; the range of dose is 200 to 600 mg.
The maximum safe dose is 600 mg. and 1.8 Gm.
in 24 hours is not exceeded. For infants a dose
increasing gradually to 200 mg. daily, divided into
3 or more portions, is given.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Exsiccated Ferrous Sulfate,
U.S.P., B.P., LP.; Ferrous Sulfate Syrup; Ferrous Sulfate Tablets, U.S. P.; Ferrous Carbonate
Mass; Ferrous Carbonate Pills; Saccharated Ferrous Carbonate; Ferric Subsulfate Solution, N.F.
EXSICCATED FERROUS SULFATE.
U.S.P. (B.P.) I.P.
Dried Ferrous Sulfate, [Ferri Sulfas Exsiccatus]

"Exsiccated Ferrous Sulfate contains not less
than 80 per cent of anhydrous ferrous sulfate
(FeS04)." U.S.P. The B.P. requires not less than
77.0 per cent, and the I.P. not less than 80.0 per
cent, of FeSGi; both compendia define the product as ferrous sulfate deprived of part of its water
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at a temperature

B.P. Exsiccated Ferrous Sulphate; Ferri Sulphas Exsiccatus. I.P. Ferrosi Sulfas Exsiccatus. Dried Iron
Sulfate. Ferrum Sulfuricura Siccum. Fr. Sulfate ferreux
desseche. Ger. Getrocknetes Ferrosulfat. Sp. Sulfato
Ferroso
of 40°Desecado.

Description. — "Exsiccated Ferrous Sulfate is
a grayish white powder. Exsiccated Ferrous Sulfate dissolves slowly in water. It is insoluble in
alcohol." U.S.P.
Standards and Tests. — Identification. — Exsiccated ferrous sulfate responds to tests for ferrous salts and for sulfate. Insoluble substances. —
1 Gm. of exsiccated ferrous sulfate is practically
completely soluble in dilute hydrochloric acid
(1 in 4). Heavy metals. — The limit is 200 parts
per million. U.S.P.
The B.P. arsenic limit is 3 parts per million;
that for lead is 50 parts per million. The corresponding I.P. limits are 4 and 50 parts per million,
respectively.
Assay. — Exsiccated ferrous sulfate is assayed
in the same manner as ferrous sulfate. U.S.P.
Uses. — Exsiccated ferrous sulfate is the preferred form of the salt for making tablets and
capsules, the hydrated salt being more troublesome to manipulate in manufacturing processes.
In prescribing the dried sulfate it should be kept
in mind that 200 mg. (approximately 3 grains)
of it is equivalent to about 300 mg. (approximately 5grains) of the hydrated salt.
The average dose is 200 mg. (approximately
3 grains), three times daily after meals, with a
range of 200 to 400 mg.
Storage. — Preserve "in well-closed containers." U.S.P.
FERROUS

SULFATE

SYRUP.

U.S.P.

[Syrupus Ferri Sulfatis]

"Ferrous Sulfate Syrup contains, in each 100
ml., not less than 3.75 Gm. and not more than
4.25 Gm. of FeS04.7H20." N.F.
Dissolve 40 Gm. of ferrous sulfate, 2.1 Gm. of
citric acid, 2 ml. of peppermint spirit, and 200
Gm. of sucrose in 450 ml. of purified water; filter
the solution until clear. Dissolve 625 Gm. of
sucrose in the clear filtrate, and add enough
purified water to make 1000 ml. Mix thoroughly
and strain, if necessary, through cotton. N.F.
This formula, proposed by Clarke (/. A. Ph. A.,
1940, 29, 499) under the name Elixir of Ferrous
Sulfate, was first adopted by the N.F. as being
the best one available from the standpoints of
pharmaceutical elegance, taste and stability; because of the very low alcohol content it was decided to call it a syrup rather than an elixir. A
sample of the syrup stored at 120° F. for a month,
with the container opened nearly every day as
during use, was found to have increased slightly
in its content of ferrous iron due, presumably, to
concentration by evaporation (Martin and Green,
Bull. N.F. Com., 1945, 13, 149).
Assay. — A 25-ml. portion of the syrup is mixed
with diluted sulfuric acid and distilled water and
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the solution titrated with 0.1 N eerie sulfate,
using orthophenanthroline T.S. as indicator. Each
ml. of 0.1 N eerie sulfate represents 2 7.80 mg. of
FeS04.7H20. N.F.
The usual dose is 8 ml. (approximately 2 fluidrachms) three times daily, with a range of dose
of 4 to 12 ml. (representing 160 to 480 mg. of
ferrous sulfate).
Storage. — Preserve "in tight containers." N.F.
FERROUS
SULFATE TABLETS.
U.S.P. (B.P., LP.)
[Tabellae Ferri Sulfatis]

"Ferrous Sulfate Tablets contain not less than
95 per cent and not more than 110 per cent of
the labeled amount of FeSOi.TEbO. An equivalent amount of exsiccated ferrous sulfate may be
used in place of FeS04.7H>0. in preparing the
Tablets." U.S.P. The B.P. recognizes Tablets of
Exsiccated Ferrous Sulphate and requires that
each tablet of average weight contain FeSCu in
an amount not less than 70.0 per cent and not
more than 80.0 per cent of the prescribed or
stated amount of Exsiccated Ferrous Sulphate.
The LP. definition is the same as that of the
U.S.P.
B.P. Tablets of Exsiccated Ferrous Sulphate. I. P.
Compressi Ferrosi Sulfatis. Feosol Tablets (Smith, Kline
& French Laboratories) ; Ferad (Burroughs W ellcome) ;
Ironate (IV yet h): Irosul (Haskell); Sulferrous (Chicago
Pharmacol). Sp. Tabletas de Sulfato Ferroso.

In order to insure having the iron in the ferrous
state the tablets are usually coated to prevent
oxidation; however, they should not be entericcoated because disintegration in the stomach and
upper bowel is desired.
Storage. — Preserve "in tight containers."
U.S.P.
Usual Sizes. — 5 grains (approximately 300
mg.) of ferrous sulfate.
HUMAN

FIBRIN

FOAM.

B.P.

The B.P. defines Human Fibrin Foam as a dry
artincial sponge of human fibrin, prepared by
clotting with thrombin a foam of a solution of
human fibrinogen, then drying the clotted foam
from the frozen state and sterilizing by dry heat
in the final containers. The product prepared in
the United States is subject to the regulations of
the National Institutes of Health of the United
States Public Health Sen-ice.
Description. — Human fibrin foam occurs as
a fine white sponge of firm texture ; it is insoluble
in water. B.P. Fibrin foam (human) consists of
small, yellowish, rectangular, fragile, sponge-like
pieces which become compressible and resilient
when completely wetted with water. NJV.R.
Uses. — Human fibrin foam acts as a mechanical coagulant, and in combination with thrombin
gives a chemical as well as a mechanical matrix
for coagulation of blood in case of hemorrhage. It
is absorbed within a short time after being embedded in living human tissue. Fibrin foam is
used in surgery of the brain, liver, kidneys and
other organs where ordinary methods of hemostasis are ineffective or inadvisable.
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Fibrin foam is used by impregnating it with
a freshly prepared solution of thrombin in normal saline solution and then applying the foam,
cut to shape if desired, to the bleeding area. As it
need not be removed from the area after bleeding has stopped there is no danger of causing
recurrence of bleeding, as would be the case with
a cotton applicator; in time the foam is absorbed,
with minimal tissue reaction. Cooper and Hoen
(Mil. Surg., 1948, 102, 55) used the foam effectively for decubitus ulcers. Quick (J. A.M. A.,
1951, 145, 4) used a pledget soaked in thrombin
solution for bleeding in the wound of a hemophiliac following dental surgery.
A fibrin film has also been prepared by interaction of fibrinogen and thrombin so as to form
a strong, rubbery sheet which can be stretched
reversibly from 2 to 3 times its original length.
It may be prepared in various shapes and thicknesses, also in the form of seamless tubing and
its mechanical properties may be varied from a
soft, rubber-like consistency to a parchment-like
consistency. The fine structure of the film contains pores which in one type are of the order of
60 Angstrom units in diameter; hemoglobin
molecules in solution pass through these pores
readily, but plasma globulins are partially and
fibrinogen molecules are completely retained. The
mechanical properties of certain of these fibrin
films make them suitable for use as dural substitutes and in prevention of meningocerebral adhesions; the duration of their persistence in the
body can be adjusted by suitable treatment of
the film. The films have been used in neurosurgical operations, appearing to be well suited for
such uses; patients observed for as long as 15
months failed to show unfavorable sequelae (see
Fern' and Morrison, /. Clin. Inv., 1944. 23, 566;
Hawn et al., ibid., 1944, 23, 566; Cohn and
Ferry, U. S. Patent 2,385,803 (1945); Ingraham
et al, J. AM. A., 1945, 128, 1088; Singer, /. Neurosurg., 1945, 2, 102). For detailed reports of
other uses of fibrin film see Cohn, Science, 1945,
101, 51; Ingraham and Bailev, J. AM. A., 1944,
126, 102).
680; Frantz, Bull. N. Y. Acad. Med., 1946,
22,
In connection with the uses of fibrin foam
mentioned above, there has been developed a
substitute for it in the form of a partially denatured gelatin occurring in spongy form (see
Absorbable Gelatin Sponge, in Part I). With it
may be employed thrombin derived from bovine
sources, which is stated to be quite as satisfactory as human thrombin. For certain hemostatic
purposes oxidized surgical gauze or cotton is
useful (see Oxidized Cellulose, in Part I).
Fibrin film is applied topically in an amount,
size, and shape determined by the particular surgical requirement of the patient.
Storage. — Human fibrin foam is stored at 2°
to 10° C. when packaged with an accompanying
vial of thrombin. If dispensed by itself, fibrin
foam may be stored at 50° C. It has an expiration date of 3 years when stored under these
conditions. Fibrin foam is a sterile product and
must be dispensed in the container in which it
was placed by the manufacturer.
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Fibrinogen,

Usual Size. — Fibrin foam is usually available
in a combination package containing 250 mg. of
fibrin foam in a sterile jar, a vial containing 200
units of thrombin, and a vial containing 20 ml.
of sodium chloride injection.
HUMAN

FIBRINOGEN.

B.P.

"Human Fibrinogen is a dried preparation of
the soluble constituent of liquid human plasma
which, on the addition of thrombin, is transformed
to fibrin. It has a molecular weight of 400,000
to 500,000. It may be prepared from liquid human plasma by precipitation with organic solvents under controlled conditions of pH, ionic
concentration and temperature. It contains not
less than 15.0 per cent and not more than 16.0
per cent of nitrogen, N, of which not less than
85 per cent is contained in the clot formed by
the addition of thrombin." B.P.
Fibrinogen may be recovered from fraction I
obtained in the Cohn method of fractionating
plasma (see Normal Human Plasma). To comply
with the requirements of the National Institutes
of Health, applicable to this product, the plasma
must be fractionated within 48 hours of withdrawal from the donor. The generic name parenogen has been recognized for the product by the
Council on Pharmacy and Chemistry of the
American Medical Association.
Description. — Fibrinogen, vacuum-dried from
the frozen state, occurs as a white powder or
friable solid, readily soluble in sodium chloride
injection to form a colorless solution which may
clot spontaneously on standing.
Uses. — Fibrinogen is essential for coagulation
of blood, thrombin acting on it to form a fibrin
clot (Stefanini, Am. J. Med., 1953, 14, 64). A
fibrin foam prepared by action of thrombin on
fibrinogen is official in B.P. Fibrinogen itself
probably has limited use in the rare clinical states
of fibrinogen deficiency.
In the course of coagulation of blood thromboplastin from blood platelets and/or damaged tissues converts prothrombin to thrombin, which
acts upon fibrinogen. Fibrin is deposited in many
tissues in response to injury, infection, etc., and
plays an important role in the healing process.
A fibrinolysin is probably essential to dissolve
fibrin clot in injured capillaries, to recanalize
thrombi in large blood vessels and remove inflammatory fibrin deposits from tissues. A profibrinolysin {plasminogen) is thought to circulate
normally and to be activated by a tissue enzyme
(fibrinokinase) to form fibrinolysin (plasmin).
An antiplasmin is probably also present in circulating blood. Excessive fibrinolysin, causing
hypofibrinogenemia and severe hemorrhage, occurs in certain rare situations, as in premature
separation of the placenta with intrauterine fetal
death (Peckham and Middlebrook, Am. J. Obst.
Gyn., 1953, 65, 644), and metastatic prostatic
(Stefanini, Blood, 1952, 7, 1044) or pancreatic
carcinoma (McKay et al., Cancer, 1953, 6, 862).
In the latter condition, multiple peripheral thromboses have been a recognized clinical feature
and the question of the relative importance of
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fibrinolysis or of depletion of fibrinogen due to
extensive intravascular and tissue deposition of
fibrin remains unresolved. Weiner et al. {Am. J.
Obst. Gyn., 1950, 60, 379, 1015) suggest that
thromboplastic material is released from the
uterine contents into the blood stream in complication of pregnancy. This results in extensive
fibrin formation, fibrin deposits in the tissues,
fibrin emboli and an impaired coagulation due to
deficiency of fibrinogen (Weber et al., ibid., 1952,
64, 1037; Page et al, ibid., 1951, 61, 1116).
Thromboplastic activity has been demonstrated
in amniotic fluid (Vecchietti, Riv. Ostet. Ginec,
1953, 8, 443). In several cases fetal death has
been associated with Rh isosensitization. Correction of the hypofrinogenemia requires delivery
of the uterine contents, or excision of the cancer
if possible. Whole blood or plasma in large doses
is required. Fibrinogen intravenously in a dose of
6 Gm., which represents about half of the normal total circulating fibrinogen, is recommended.
In a fatal postoperative case, Steiger et al.
{Obst. Gyn., 1953, 2, 99) found active fibrinolytic activity in the blood and suggested that this
was released as a part of the alarm reaction to
the disease and surgical trauma. Cortisone may
inhibit the fibrinolytic activity.
A rare congenital afibrinogenemia has been reported (Frick and McQuarrie, Pediat., 1954, 13,
44; Bucek, Ann. paediat., 1951, 177, 111; and
others) as an inherited, mendelian recessive trait.
Hemorrhage occurs early in life, although usually
less severely than in hemophilia, and examination
of the blood reveals prolonged coagulation and
prothrombin times and failure of the coagulum
to retract. Hypofibrinogenemia is more frequent
than complete lack of fibrinogen. In such cases
the fibrinogen concentration must be kept above
50 mg. per 100 ml. for safety. Whole blood, stored
plasma or fibrinogen is useful.
The B.P. recognizes human fibrinogen because
of its use, in conjunction with human thrombin,
in certain surgical procedures, as in fixing nerve
sutures and facilitating adhesion of skin and
mucous membrane grafts. For the former purpose
a 2 per cent solution in water for injection is used
along with sufficient human thrombin to cause
clotting in the required time; for the latter purpose 1 to 2 per cent solutions are used. The proportions of the reacting components are determined empirically during use, depending on the
rate of clotting desired. When 0.9 ml. of a 2 per
cent solution of fibrinogen is added to 1 unit of
thrombin contained in 0.1 ml. of isotonic sodium
chloride solution a firm clot results in 60 seconds.
The amount and concentration of human
fibrinogen to be used are determined by the surgeon or physician according to the requirements
of the situation. In the rare cases of afibrinogenemia doses of 2 to 6 Gm., dissolved in sodium
chloride injection, have been administered slowly
intravenously.
Storage. — Store human fibrinogen at 2° to
10° C. (35.6° to 50° F.). Under this condition the
expiration date is 3 years. Dispense it in the
unopened container in which it was placed by the
manufacturer.
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Fluorescein Sodium

FLUORESCEIN

SODIUM.

U.S.P., B.P.

Soluble Fluorescein, Resorcinolphthalein Sodium,
[Fluoresceinum Sodicum]

No.0

COONa

"Fluorescein Sodium, dried at 105° for 4 hours,
contains not less than 98.5 per cent of C20H10Na205." U.S.P. The B.P. purity rubric differs
only in specifying that the result of the assay is
calculated with reference to the substance dried
to constant weight at 105°
Uranin;
Uranine
Yellow;
Fluoresceina Sodica. ,
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Fluorescein may be prepared by the condensation of resorcinol and phthalic anhydride at a
temperature between 180° and 200° in the presence of zinc chloride or sulfuric acid as a dehydrating agent. The reaction product is extracted with water and the residue is dissolved
in alkali; from this solution fluorescein is precipitated by acid. The disodium salt of this compound
is the official fluorescein sodium.
The fluorescent power of solutions of fluorescein
varies with pH. First apparent at a pH of about
4.6, fluorescence reaches a maximum intensity at
pH 8 (Boutaric and Roy, Compt. rend. acad. sc,
1939, 209, 162). Oxidizing agents, such as sodium
hypochlorite and potassium permanganate, decolorize fluorescein solutions.
Description. — "Fluorescein Sodium is an
orange red, odorless powder. It is hygroscopic.
Fluorescein Sodium is freely soluble in water and
sparingly soluble in alcohol." U.S. P.
Standards and Tests. — Identification. — (1)
Even at great dilution solutions of fluorescein
sodium fluoresce strongly; acidification causes the
fluorescence to disappear but subsequent alkalinization restores this property. (2) The product
of the incineration of fluorescein sodium responds
to tests for sodium. (3) A yellow spot is produced
on placing 1 drop of a 1 in 2000 solution of fluorescein sodium on filter paper; the spot becomes
deep pink in color on exposing it, while moist, to
the vapor of bromine for 1 minute, then to ammonia vapor. Loss on drying. — Not over 7 per
cent, when dried at 105° for 4 hours. Zinc. — Addition of potassium ferrocyanide T.S. to the filtrate
obtained from a solution of fluorescein sodium in
saturated sodium chloride solution acidified with
diluted hydrochloric acid produces no turbidity.
Acriflavine. — No precipitate appears on adding a
few drops of a sodium salicylate solution to one
of fluorescein sodium. U.S.P.
Assay. — An aqueous solution of about 500 mg.
of fluorescein sodium, previously dried at 105° for
4 hours, is acidified with diluted hydrochloric acid
and the precipitated fluorescein is extracted with
several portions of a mixture of isobutyl alcohol
and chloroform. The extract is evaporated to dry-

ness, the residue dissolved in alcohol and again
evaporated to dryness, and the weight of the
fluorescein determined after heating at 105° for
1 hour. The weight of the fluorescein obtained,
multiplied by 1.132, represents the weight of
C2oHioNa205. U.S.P. The B.P. assay is the same.
Uses. — Fluorescein sodium is used in medicine
and surgery as a diagnostic agent in various
ophthalmic and circulatory conditions. More recently this dye and a radioactive form of diiodofluorescein have been used in the study and
localization of brain tumors.
Following intravenous injection, fluorescein is
retained in varying degrees by different bodily tissues (Svien and Johnson, Proc. Mayo, 1951, 26,
142). Normally 14 per cent is excreted by the
kidneys and the remainder through the biliary
system. Nearly all of the dye is excreted in 12
hours.
In lesions of the cornea a 2 per cent solution
is dropped into the eye, and those portions which
are denuded of epithelium will show a green discoloration, while healthy portions of the cornea
will remain unstained. The eye is usually anesthetized before instillation of fluorescein. According to Hamberger (Allg. med. Centr.-Ztg., 1909.
p. 368) if 2 to 3 Gm. (approximately 30 to 45
grains) is given orally the body becomes yellow
as in jaundice but in the healthy eye there is no
change of color; when there is intra-ocular disease, however, the aqueous humor assumes a
bright green color. In diseases of the conjunctiva
the eye reacts as though healthy. Fluorescein
sodium has been used in treatment of ocular
methylrosaniline poisoning resulting from fragments of violet-colored indelible pencils (Hosford
and Smith, J.A.M.A., 1952, 150, 1482). It evidently competes successfully with anionic groups
in the tissues for the dye to form a slightly dissociated salt, making removal possible. Trumper and
Honigsberg (J.A.M.A., 1946, 131, 1275) were
able to locate fiberglass embedded in the pharynx
after applying the 2 per cent solution.
During operation for strangulated hernia, the
dye may be injected intravenously to differentiate
normal intestine, which will fluoresce, from nonviable bowel, which fails to do so. Menaker and
Parker (Surgery, 1950, 27, 41) found that it is
useful in delineating the gall bladder and bile
ducts during surgical procedures upon these structures. For this purpose 10 ml. of a 5 per cent
solution of the dye in 5 per cent sodium bicarbonate isinjected intravenously 4 hours prior to
operation. The biliary passages are well visualized
under ultraviolet fight equipped with a Wood's
filter in a darkened operating theater. Lange
(Surg. Gynec. Obst., 1945, 80, 346) used the dye
to differentiate in an extremity tissues with adequate blood supply from that which is devitalized;
the test is unreliable in pigmented areas. Nausea
and vomiting sometimes result. Dye excreted in
the urine gives it a grass-green fluorescent color,
which disappears on the addition of acid (Discombe, Lancet, 1937, 1, 86).
Gasul et al. (J. Pediatr., 1949, 34, 460) described atechnique for measuring circulation time
(the time between injection of fluorescein sodium
into the antecubital vein and the first appearance
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of the dye on the patient's lips) in infants and
children. The average circulation time in normal
patients under 2 years of age is 6.5 seconds; from
3 to 13 years of age the average is 8.5 seconds.
They found it to be a simple, nontoxic and objective procedure.
Much interest has centered about the studies
of Moore and his associates in the use of fluorescein sodium to localize brain tumors (Ann. Surg.,
1949, 130, 637 and Am. J. Roentgen., 1951, 66,
1). His investigations are based upon the property of central nervous system blood vessels to
permit negatively charged dyes to traverse this
blood-brain barrier only under certain pathological
conditions. In the presence of tumor, abscess capsule or subdural hematoma, the dye will penetrate into the lesion but not into surrounding
normal brain tissue. He uses 5 ml. of a 20 per
cent solution intravenously 2 hours before opening the dura. Superficial lesions become fluorescent when exposed to the ultraviolet light emitted
lamp equipped with a Wood's
by a mercury
filter.
Biopsy vapor
material of subcortical lesions is
obtained by aspiration through brain needles and
examined in similar fashion. His studies indicated
that the degree of fluorescence was correlated
with the degree of malignancy. The investigations
of Svien and Johnson (loc. cit.) indicate that the
degree of fluorescence is a function of the degree
of cellularity of the tissue involved, irrespective
of whether or not the cells are malignant. These
authors have extended their studies, using radioactive diiodofluorescein and the Geiger counter
to localize brain tumors without opening the
calvarium.
This dye is used by sanitation experts for the
purpose of tracing the course of underground
streams and the connection between cesspools and
wells. One part in two billion can be recognized
in water.
Storage. — Preserve "in tight containers."
U.S.P.
FLUORESCEIN

SODIUM
U.S.P.

SOLUTION.

"Fluorescein Sodium Solution is a sterile solution for ophthalmic purposes containing, in each
100 ml., not less than 1.86 Gm. and not more
than 2.10 Gm. of C2oHioNa20s. It contains a
suitable antibacterial agent." U.S.P.
Fluorescein sodium solution may be prepared
by dissolving 2 Gm. of fluorescein sodium, 3 Gm.
of sodium bicarbonate, and a "sufficient quantity"
of an antibacterial agent in sufficient purified
water to make 100 ml. U.S.P.
For uses of this solution see under Fluorescein
Sodium.
FOLIC
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U.S.P , B.P., LP.

Pteroylglutamic Acid, [Acidum Folicum]
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o
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"Folic Acid contains not less than 98 per cent
of C19H19N7O6 calculated on the anhydrous
basis." U.S.P. The B.P. defines Folic Acid as
£-(2-amino-4-hydroxy-6-pteridyl)methylaminobenzoyl-L-( + )-glutamic acid; it is required to
contain not less than 94.0 per cent and not more
than the equivalent of 101.0 per cent of C19H19O6N7, calculated with reference to the substance
dried to constant weight at 75° at a pressure not
exceeding 5 mm. of mercury. B.P. The LP. defines itas N-[4'-({ [2-amino-4-hydroxy-6-pteridyl]methyl}amino)benzoyl]-L-(+) -glutamic acid, requiring not less than 85.0 per cent of C19H19O6N7,
calculated with reference to the substance dried
to constant weight at 105°.
The relationship of the nutritional factors variously designated as folic acid, vitamin Be, vitamin Be conjugate, and Lactobacillus casei factor
has been confirmed. Common to all these substances is the component pteroylglutamic acid,
the structure of which is shown above, now called
folic acid and identical with the structure of the
L. casei factor isolated from liver; most of the
factors, however, are conjugates of pteroylglutamic acid with additional molecules of glutamic
acid, COOH.CH2.CH2.CH(NH2)COOH, which
are joined through peptide linkages. Thus, fermentation L. casei factor is pteroyldiglutamylglutamic acid (also called pteroyltriglutamic acid)
and vitamin Be conjugate is pteroylhexaglutamylglutamic acid (also called pteroylheptaglutamic
acid). From such conjugates folic acid may be
liberated by enzymic action, as of conjugase, or
of Taka-Diastase. While many animal species
appear to be able to utilize the conjugates, there
is evidence that some species, as well as many
pernicious anemia patients, are unable to utilize
them.
Two methods of synthesis of pteroylglutamic
acid have been published (Waller et al., Ann.
N. Y. Acad. Sci., 1946, 48, 283; Hultquist et al.,
1947, 48, Art. 5, Supplement). In the first method
2,4,5-triamino-6-hydroxypyrimidine, 2,3-dibromopropionaldehyde, and ^-aminobenzoylglutamic
acid are simultaneously condensed. In the second
method the quaternary salt obtained by the interaction of pyridine and 2,3-dibromopropionaldehyde is added to an aqueous solution of 2,4,5triamino-6-hydroxypyrimidine dihydrochloride
containing potassium iodide; the N-[(2-amino-4hydroxy-6-pteridyl) methyl] pyridinium iodide
which separates is heated with />-aminobenzoylglutamic acid and sodium methylate in ethylene
glycol solution to yield folic acid.
Description. — "Folic Acid occurs as a yellow
or yellowish orange, odorless, crystalline powder.
Folic Acid is very slightly soluble in cold water.
It is insoluble in alcohol, in acetone, in benzene,
in chloroform, and in ether. It readily dissolves
in dilute solutions of alkali hydroxides and carbonates, and is soluble in hot, diluted hydrochloric
acid and in hot, diluted sulfuric acid. It is soluble
in hydrochloric acid and in sulfuric acid, yielding
very pale yellow solutions. U.S.P. Folic acid is
stated to dissolve in water to the extent of about
10 mg. per liter; the sodium salt, however, dis-
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solves to the extent of more than 15 Gm. per liter.
Folic acid is not deliquescent, hydroscopic, or
efflorescent.
Standards and Tests. — Identification. — Folic
acid exhibits ultraviolet absorption maxima at 256
mn, 283 mn, and 369 mji, in 0.1 N sodium hydroxide; the ratio of the absorbancy at 256 ran
to that at 369 mn is between 2.83 and 3.05.
Specific rotation. — The specific rotation, calculated on an anhydrous basis, determined in a
solution in 0.1 N sodium hydroxide containing
50 mg. of folic acid in each 10 ml. is between
+ 18° and +23°. Water.— Not over 8.5 per cent,
determined by the Karl Fischer method. Residue
on ignition. — The residue from 100 mg. is negligible. U.S.P. The B.P. specifies that a 1-cm. layer
of a 0.0015 per cent w/v solution of folic acid in
0.1 N sodium hydroxide shows absorption maxima
at 256 mji, 283 van, and 368 mn, with absorbancies
of about 0.825, 0.795, and 0.285, respectively, at
these wave lengths.
Assay. — Based on the method of Hutchings
et al. (J. Biol. Chem., 1947, 168, 705), the folic
acid is reduced in an acid solution with zinc
amalgam to cleave the pteroylglutamic acid into
p-aminobenzoylglutamic acid and a pteridine. The
former product, a primary aromatic amine, is
measured colorimetrically by the method of Bratton and Marshall, in which the amine is diazotized
by the action of sodium nitrite in the presence of
acid, then coupled with N-(l-naphthyl) ethylenediamine to produce a red derivative the optical
density of which is measured at 550 m\x in a
suitable photoelectric colorimeter. An aliquot portion of unreduced folic acid solution is treated
with the diazotizing and coupling solutions to
obtain the correction for free amine in the folic
acid sample. The reference curve employed in
calculating the results is prepared from U.S. P.
£ara-aminobenzoic acid reference standard, since
this substance gives the same color, when used in
mole-equivalent quantity, as does the ^-aminobenzoylglutamic acid obtained from folic acid.
U.S.P. This procedure may be inapplicable for the
determination of folic acid in some mixtures; in
such cases the microbiological method proposed
by Teply and Elvehjem (/. Biol. Chem., 1945,
157, 303), or one of the modifications of this
method, may be found satisfactory.
Incompatibilities. — While folic acid appears
to be quite stable in dry combinations, it shows
a number of incompatibilities in solution. Whether
alone or in combination, the stability of folic acid
in solution drops as the pH is decreased below 6;
in neutral or alkaline solution folic acid is stable.
Certain factors of the vitamin B complex, and
also ascorbic acid, have a deleterious effect on
folic acid when present in aqueous media; concentrated solutions of sugars tend to overcome
this incompatibility. Scheindlin (Am. J. Pharm.,
1948, 120, 103), studying the compatibility of
folic acid in liquid prescriptions, found significant
inactivation of the substance in the presence of
sulfadiazine. Folic acid is prone to decomposition
by sunlight and ultraviolet light.
Solutions of folic acid may be prepared by add-
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ing sufficient sodium hydroxide to an aqueous suspension of the acid to convert it to the sodium
salt; an excess of alkali should be avoided. Other
alkalis may be used, as for example methylglucamine. The N.N.R. recognizes sodium folate,
which is a water-soluble salt and is available in
1 ml. ampuls containing 15 mg. ; Sodium Folvite
(Lederle) is one of the commercially available
forms.
Uses. — Occurrence. — Folic acid is not plentiful in the average human diet. It is found in yeast,
green vegetables (but storage and cooking often
destroy it), wheat, meat and liver. Intestinal bacteria normally form this vitamin. Only a small
portion is absorbed by the intestine (Spray, Clin.
Sc, 1952, 11, 425) but the daily requirement is
probably low, perhaps as little as 0.5 mg. Even
when dietary sources are inadequate it is probable that normal intestinal flora will synthesize
sufficient for a healthy person. In food it is present as inactive conjugates; the tissues contain
enzymes (conjugases) which split these natural
forms to free folic acid. Foods also contain conjugase inhibitors. The form active in nucleoprotein synthesis is probably folinic acid which is
formed from folic acid in the tissues. Human
breast milk contains about 0.71 microgram of
folic acid per liter and infant feeding formulas
containing 50 per cent of cow's milk will provide
a similar amount of the vitamin (Castle et al.,
J.A.M.A., 1951, 146, 1028). For normal hematopoiesis, folic acid, ascorbic acid and cyanocobalamin are all essential. Following ingestion of 5 mg.
of folic acid Denko (J. Applied Physiol., 1951, 3,
559) observed a peak concentration in the blood
of about 10 micrograms per 100 ml. in 30 to 120
minutes, and often again after 4 hours; urinary
excretion of 35 to 75 per cent of the dose was
complete within 24 hours.
Biochemical Significance. — As discussed
under cyanocobalamin, folic acid is also involved
in the synthesis of nucleic acid in the body (see
Wright et al., Arch. Int. Med., 1953, 92, 357).
The precursors of folic acid include para-aminobenzoic acid, glutamic acid and pteroic acid. Folic
acid is involved in the conversion of uracil to
thymine. In tissues folic acid is reduced to the
5,6,7,8-tetrahydro derivative; ascorbic acid is
essential to this reduction. A formyl group is
added by an unknown mechanism to form folinic
acid, also known as citrovorum factor and Leucovorin. Folinic acid and perhaps folic acid are also
involved in the synthesis of the purines adenine
and guanine, and the pyrimidines cytosine, uracil
and thymine, from simpler precursors. Bound
cyanocobalamin (q.v.) is subsequently involved
in the formation of nucleosides, such as thymidine,
from the purines and pyrimidines by the addition
of a pentose, either ribose or desoxyribose. The
addition of phosphate then forms nucleotides and
polynucleotides and eventually nucleic acids,
which combine with protein to form the nucleoproteins essential for the function of all cells of
the body. Folic acid antagonists (q.v.) act in this
scheme to inhibit formation of folic acid or to
interfere with the conversion of folic to folinic
acid (citrovorum factor) which is so much more
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active in the formation of purines than is folic
acid.
The megaloblastic, macrocytic anemias may be
considered a metabolic deficiency of nucleoprotein because of a deficiency of the B vitamins,
particularly folic acid and cyanocobalamin (Nutrition Rev., 1952, 10, 144). Such a vitamin deficiency may arise from causes encountered in
other nutritional deficiencies, including: inadequate intake, gastrointestinal failure of absorption
(achylia gastrica, absence of intrinsic factor,
diarrhea, neoplasm, inflammation), increased requirements (infection, scurvy, thyrotoxicosis, injury), and failure to utilize (severe liver disease).
In the human folic acid deficiency is manifested
as megaloblastic anemia; subclinical deficiency no
doubt exists and inhibition of purine and pyrimidine synthesis may play an unrecognized role
in other disorders. The extensive literature on the
role of folic acid in normal cellular metabolism
has been reviewed briefly (Lederle Bull., 1952,
17, 39). The initial observation that chickens fed
a purified diet containing the then known factors
of the vitamin B complex — thiamine, riboflavin,
pyridoxine, pantothenic acid, biotin, nicotinic
acid, choline and inositol — developed a macrocytic, hyperchromic anemia led to studies on
rats. These animals thrived nicely on this synthetic diet unless sulfaguanidine was added to
inhibit intestinal bacteria, when the anemia appeared. In monkeys a seemingly related dietary
condition known as vitamin M deficiency has
been observed. Studies of the nutritional requirements of bacteria indicated that growth of Lactobacillus casei in a synthetic medium required the
addition of a substance present in liver, yeast or
green leaves (Snell and Peterson, /. Bad., 1940,
39, 273). Similar studies with Streptococcus
lactis R (Mitchell et al., J.A.C.S., 1941, 63, 2284)
confirmed this finding; the investigators named
the essential factor folic acid. Isolation and crystal ization ofthe L. casei factor was followed by
demonstration of its efficacy in the macrocytic
anemia of chicks and the vitamin M deficiency
in monkeys (Day et al., Proc. S. Exp. Biol. Med.,
1938, 38, 860; Hutchings et al., J. Biol. Chem.,
1941, 140, 681). Further studies in animals deprived of 'folic acid demonstrated essentiality of
the factor in growth, reproduction, lactation,
normal tissue respiration, protein utilization, antibody formation and utilization of formate, serine,
tyrosine, ribosides, glycine and heme. Folic acid
is probably active through its more active derivative folinic acid or citrovorum factor, which has
been shown to be 5-formyl-5,6,7,8-tetrahydropteroylglutamic acid. This conversion seems to be
roughly proportional to the intake of folic acid.
Conversion occurs in the liver and kidney and to
a lesser extent in the bone marrow. It is augmented by ascorbic acid; xanthine oxidase is
involved in the conversion.
Transmethylation. — Both folic acid and
cyanocobalamin are involved in the essential provision of methyl groups in metabolism. The concept of transmethylation initially involved the
transfer of a methyl group from choline to
homocystine
to form methionine
(duVigneaud
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et al., J. Biol. Chem., 1939, 131, 57). Bacterial
synthesis in the intestine was suspected since
feeding succinylsulfathiazole inhibited the conversion (Bennett et al., ibid., 1946, 163, 235). The
addition of crude, but not of refined, liver extract
to the diet neutralized the sulfonamide inhibition.
Later duVigneaud et al. (ibid., 1945, 159, 755)
demonstrated that the methyl group was actually
synthesized in the tissues even in germ-free rats
(J.A.C.S., 1951, 73, 2 782). The lipotropic activity
of a special crude liver extract in patients with
cirrhosis of the liver suggested a similar metabolic
pathway in the human (Labby et al., J. A.M. A.,
1947, 133, 1181). Further animal studies showed
that the lipotropic action was not due to the
choline content of the liver extract (Hall et al.,
Proc. S. Exp. Biol. Med., 1948, 69, 3; J. A.M. A.,
1953, 151, 1; Gyorgy and Goldblatt, J. Exp.
Med., 1949, 90, 73). A similar lipotropic effect
of cyanocobalamin was observed by Drill and
McCormick (Proc. S. Exp. Biol. Med., 1949, 72,
388) and a sparing effect of vitamin B12 on the
choline and methionine requirement of animals
was noted (Schaefer et al., ibid., 71, 193). It
could be concluded that both cyanocobalamin and
folic acid were essential for the normal formation
of methyl groups in metabolism (Stekol et al.,
Arch. Biochem., 1952, 35, 5). Further studies
employing compounds labeled with the radioactive isotope carbon- 14 showed that formate was
utilized in forming the methyl groups of choline
and of methionine (Welch and Sakami, Fed.
Proc, 1950, 9, 245), that the beta carbon of
serine was converted to the labile methyl group
of choline (Jansson and Mosher, J.A.C.S., 1950,
72, 3316), and that the alpha carbon of glycine is
converted to the beta carbon of serine and thence
to choline (Weissbach et al., ibid., 3317). Folic
acid is essential for the utilization of formate
(Plaut et al., J. Biol. Chem., 1950, 184, 795) and
in the form of citrovorum factor for the methylation offoruracil
form thymine
(seep. Jukes'
mins
Bloodto Formation,
1952,
94). B-VitaTherapeutic Uses. — Folic acid is indicated in
the treatment of the macrocytic, megaloblastic
anemias except primary pernicious anemia in
which it corrects the anemia but does not prevent
or alleviate the neurological deterioration of this
disease (Conley and Krevans, New Eng. J. Med.,
1951, 245, 529). Although a synergistic action
of folic acid and cyanocobalamin in pernicious
anemia has been reported (Reisner and Weiner,
ibid., 1952, 247, 15), the major therapeutic action
in such a combination is that of the folic acid
component since the cyanocobalamin is poorly
absorbed in such patients. If the diet is adequate,
sufficient folic acid will be available. In the presence of adequate doses of cyanocobalamin (parenterally or orally) in combination with intrinsic
factor, folic acid is not harmful as was feared
when the progression of neurological damage despite a normal blood count was first observed
during treatment with folic acid alone (Harvey
et al, New Eng. J. Med., 1950, 242, 446). It is
noteworthy, however, that satisfactory clinical
response to citrovorum factor, in an oral dose of
10 mg. daily, was reported in some cases of
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pernicious anemia with neurological abnormality
(»i.).
The other macrocytic anemias are characterized by the absence of neurological manifestations, by good response to folic acid (or folinic
acid) and, in many varieties, poor or no hematopoietic response to cyanocobalamin parenterally
or orally (Nieweg et al., Acta med. Scandinav.,
1952, 142, 45). Hence, folic acid is the treatment
of choice in megaloblastic anemia unless the possibility of primary pernicious anemia cannot be
eliminated in the etiological diagnosis. These
macrocytic anemias include those of postgastrectomy or other gastrointestinal surgery, sprue,
idiopathic steatorrhea, nutritional deficiency, pregnancy, and infancy. After gastric resection neurologic symptoms are rare; should they occur
cyanocobalamin is indicated. In sprue, cyanocobalamin orally is ineffective (Rivas et al., Ann.
Int. Med., 1952, 36, 583) and some cases do not
respond to intramuscular doses (Cohen et al.,
ibid., 1533); oral doses of 10 to 15 mg. of folic
acid daily are effective in relieving the anemia
and symptoms but Rivas et al. (ibid., 1076) recommended the use of both folic acid and cyanocobalamin in addition to maintaining an adequate
diet. In addition to improvement in the form of
the stools and some decrease in frequency of
defecation, Badenoch (Lancet, 1952, 1, 233) reported increased absorption of fat. In idiopathic
steatorrhea (non-tropical sprue), folic acid was
effective whereas the response to liver therapy
was incomplete (Conway, Brit. M. J., 1952, 1,
1098). In nutritional macrocytic anemia, folic
acid was found to be effective (Cohen et al.,
loc. cit.).
In megaloblastic anemia of pregnancy, folic
acid was effective (Israels and DaCunha, Lancet,
1952, 2, 214) whereas cyanocobalamin was inert.
An oral dose of 20 mg. daily is indicated until the
blood count has been normal for a month; in
severely anemic cases. 30 mg. daily intramuscularly or 100 mg. in 250 ml. of isotonic sodium
chloride solution intravenously is suggested, particularly intheislast
trimester iron
of pregnancy.
"While
iron therapy
ineffective,
is indicated
in
most of these patients because of their previously
inadequate diet in an effort to prevent development of hypochromic anemia as the megaloblastic
anemia responds to the folic acid. An adequate
dietary intake of protein, minerals and vitamins
is most important. Ritchie (/. Clin. Path., 1952,
5, 329) described a transient leukemoid response
to treatment with folic acid in these cases. In
most cases of nutritional deficiency the inadequate diet has been composed mainly of carbohydrate. Many of these malnourished persons are
not anemic but if infection or other stressful conditions are present in men or non-pregnant women
the anemia is apt to be of the hypochromic,
erythroblastic type. In other words there is a
deficiency of protein and iron but the intestinal
flora have provided sufficient folic acid to permit
maturation of the megaloblasts in the bone marrow. The simple designation "iron-deficiency
anemia" should be enlarged to the term "proteiniron deficiency" to call attention to the important
and often neglected protein deficiency. In preg-
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nancy, however, the demand for increased blood
volume and for fetal blood formation is tremendous and may exhaust the available supply of
folic acid. The iron deficiency, though present,
becomes of lesser importance and the anemia is
that of a protein-folic acid deficiency.
In the megaloblastic anemia of infancy, folic
acid in doses of 5 mg. orally daily for two weeks
is effective (Woodruff and Peterson, Postgrad.
Med., 1951, 10, 189). After satisfactory response
in either infancy or pregnancy, continuation of
folic acid therapy is unnecessary. Ascorbic acid,
which is essential for the proper utilization of
folic acid, is often deficient in cases of megaloblastic anemia of infancy and should be prescribed even though a frank diagnosis of scurvy
cannot be made (Castle et al., J. A.M. A., 1951,
146, 1028). Since most of these infants have
experienced inadequate pre- and post-natal nutrition, iron therapy is usually indicated as a prophylactic measure against hypochromic anemia
during the rapid red cell regeneration and growth
following the use of folic acid. The infant of a
mother with megaloblastic anemia of pregnancy
is likely to suffer from this type of malnutrition,
particularly if the baby is dependent on the malnourished mother's milk supply (Spies et al.,
J.A.M.A., 1952, 148, 1376); in fact, folic acid
therapy of the mother will show rapid correction
of the infant's anemia. Intercurrent infection is
often present to aggravate the infant's malnutrition. During severe and prolonged infections in
infants dietary supplements including folic acid,
cyanocobalamin and ascorbic acid are important
prophylactic items. Anemia associated with goat's
milk diet in an infant responded to treatment
with folic acid (Launay and Bernard, Presse
med., 1950, 58, 872).
Citrovorum Factor (Folinic Acid, Leucovorin). — As pointed out above, folic acid exists
in tissues in the form of an active derivative (or
derivatives) variously referred to as citrovorum
factor (abbreviated CF). folinic acid, and Leucovorin. By reduction of folic acid in the presence
of formic acid, Shive et al. (J.A.C.S., 1950, 72,
2817) and Brockman et al. (ibid., 4325) obtained
a crystalline substance, identified as 5-formyl-5,6,7,8-tetrahydrofolic acid (Pohland et al., J.A.CS.,
1951, 73, 3247; Roth and others, ibid., 1952, 74,
3247, 3252, 3264), which has the biological activity of products isolated from natural sources.
It would appear that all these substances, if not
actually identical, are closely related. It is probable, however, that reduced formyl derivatives of
other folic acid compounds (see beginning of this
article) exist. Moreover, the presence of an asymmetric carbon atom in citrovorum factor has been
noted by May et al. (ibid., 1951, 73, 3067) and
it has been suggested that the synthetic compound
is a racemic mixture in which only one isomer is
biologically active. CF is an acidic compound
(Lyman and Prescott, /. Biol. Chem., 1949. 178,
523); it is stable in neutral or slightly alkaline
solution, and on steaming for 30 minutes (Broquist et al., Proc. S. Exp. Biol. Med., 1949, 71,
549). It is rapidly destroyed in acid (pH 2) solution but even in dilute acid a conversion occurs
to a compound without activity for Leuconostoc
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citrovorum but which retains activity for the
growth of Lactobacillus casei and Streptococcus
fcBcalis (Jukes et al, Arch. Biochem., 1950, 26,
157). It resists oxidation.
All bacteria and animals requiring folic acid
can thrive on citrovorum factor (Hill and Briggs,
Proc. S. Exp. Biol. Med., 1951, 76, 417). Certain
bacteria, such as Leuconostoc citrovorum, require
citrovorum factor instead of folic acid. CF is
more active parenterally than orally. As discussed
under cyanocobalamin, CF is essential for nucleoprotein synthesis, particularly of thymidine, and
also for transmethylation (v.s.). Cytological
studies of Swendseid et al. (I. Biol. Chem., 1951,
190, 791) found CF uniformly distributed in all
portions of the liver cell whereas vitamin B12
was found only in the mitochondria. Bound forms,
comparable to folic acid conjugates, exist and are
released by a conjugase enzyme found in many
tissues (Hill and Scott, Fed. Proc, 1951, 10, 197).
CF accounts for part of the total folic acid
activity of human urine (Register et al., Proc. S.
Exp. Biol. Med., 1951, 77, 837); the concentration of CF is related to intake of folic acid (Anker
et al., Fed. Proc, 1950, 9, 351) and also to purine
intake. The amount in the urine averages less
than 0.1 mg. per 100 ml. (Broquist et al., J. Lab.
Clin. Med., 1951, 38, 95). Although urinary excretion is increased following ingestion of folic acid,
only about 0.1 per cent of the dose is recovered
in this form (Sauberlich, /. Biol. Chem., 1949,
181, 467). The liver of animals deficient in folic
acid shows a marked decrease in the concentration
of CF but retains the ability (in vitro) to convert
folic acid to CF (Nichol and Welch, Proc S. Exp.
Biol. Med., 1950, 74, 52). In vitro the folic acid
antagonist Aminopterin (Lederle) inhibits conversion of folic acid to citrovorum factor and
in vivo decreases urinary excretion of CF. As
noted in the schema of Wright et al. (Arch. Int.
Med., 1953, 92, 357), discussed under cyanocobalamin, ascorbic acid is essential in the conversion of folic acid to CF. The administration of
ascorbic acid alone does not increase urinary CF
but simultaneous ingestion of ascorbic acid and
folic acid results in a marked rise in urinary CF
(Welch et al, Pharmacol, 1951, 103, 403). In
patients with scurvy only traces of CF are found
in the urine and there is no increase after ingestion of folic acid, alone or with ascorbic acid.
In vitro, however, ascorbic acid increases conversion of folic acid to citrovorum factor. In
promoting growth of L. citrovorum on synthetic
media other reducing agents, such as glutathione
and thioglycollic acid, were as effective as ascorbic
acid but in promoting conversion of folic acid to
folinic acid only ascorbic acid or glucoascorbic
acid was effective. An increase in the amount of
folic acid in the liver follows ingestion of ascorbic
acid, presumably by an action on intestinal bacteria (Dietrich et al, J. Biol. Chem., 1949, 181,
915).
A megaloblastic anemia was produced in monkeys, comparable to cases observed in human
infants using certain prepared feeding formulas,
by feeding a milk diet low in both ascorbic acid
and folic acid (May et al, Am. I. Dis. Child.,
1951, 82, 282). Since CF was much more effective
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than folic acid in correcting this anemia (I. Lab.
Clin. Med., 1950, 36, 963), it was suggested that
the anemia arose from lack of conversion of folic
acid to CF in this ascorbic acid deficiency state.
The tendency of patients with pernicious anemia
to relapse during seasons of low ascorbic acid
intake in the diet is mentioned in the discussion
of Liver Extract Injection. In tissue cultures of
bone marrow from patients with pernicious anemia, Callender and Lajtha (/. Clin. Path., 1951,
4, 204) reported that 0.1 microgram per ml. of
CF caused conversion from megaloblastic to
normoblastic marrow, whereas the same amount
of folic acid failed to produce this change in
cellular characteristics. Megaloblastic anemia in
scurvy may be due to a deficiency of CF but
neither folic acid nor CF benefit other manifestations of ascorbic acid deficiency. Cyanocobalamin also probably plays a role in the conversion of folic acid to CF (Dietrich et al, Proc.
5. Exp. Biol Med., 1949, 181, 915) but the
mechanism remains to be elucidated. In experimental deficiency of folic acid and cyanocobalamin, the latter increases the conversion of folic
acid to CF in the liver. The administration of
thyroid to normal rats, but not folic acid-deficient
rats, increases the urinary excretion of CF (Drysdale et al, Arch. Biochem., 1951, 33, 1), suggesting an increased requirement for the vitamin
in hyperthyroidism. Macrocytic anemia is found
in some patients with myxedema.
The greater activity of CF, as compared with
folic acid, in reversing the antimetabolite effect
of anti-folic acid compounds suggests that the site
of antimetabolite action is the conversion of folic
acid to CF. This has been observed with L. citrovorum (Sauberlich, Arch. Biochem., 1949, 24,
224), other bacteria, insects (Goldsmith and
Harnly, Cancer Res., 1951, 11, 251), mice and
rats (Burchenal and Babcock, Proc. S. Exp. Biol.
Med., 1951, 76, 382), chickens (Cravens and
Snell, ibid., 1950, 75, 43) and monkeys (May
et al, J. Lab. Clin. Med., 1950, 36, 963). CF is
most effective in this respect when administered
simultaneously with the anti-folic acid congener.
Aminopterin is most effective against rapidly
growing cells — embryo and carcinoma (Karnofsky
et al, Proc. S. Exp. Biol. Med., 1949, 71, 447;
Thiersch and Philips, ibid., 1950, 74, 204). In
chick embryos, thymidine reverses Aminopterin
action while thymine and hypoxanthine do not
(Snell and Cravens, ibid., 87). Desoxyribonucleic
acid partially corrects the toxicity of Aminopterin
in mice (Skipper et al, Cancer, 1951, 4, 357).
The several anti-folic compounds seem to be anticitrovorum factor rather than anti-folic in action
(Karnofsky, Merck Rep., 1951, 60, 4). Both interference with conversion of folic acid to CF
and competition with CF in biochemical reactions
seem probable (Greenspan et al, Cancer, 1951,
4, 619; Nichol and Welch, Proc. S. Exp. Biol.
Med., 1950, 74, 403). Oxytetracycline neutralizes
the toxicity of Aminopterin in rats (Waisman
et al, ibid., 1951, 76, 384) and Schwarz (Fed.
Proc, 1951, 10, 394) reported a marked increase
of CF in the contents of the colon of such animals.
Clinical Applications of Citrovorum Factor.— In general those megaloblastic
anemias
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which respond to folic acid also respond to CF.
In pernicious anemia, Ellison et al. (Proc. S. Exp.
Biol. Med., 1951, 76, 366) found 1.5 mg. daily,
administered intramuscularly, to be insufficient.
Meyer et al. (ibid., 86) and also Jarrold et al.
(Science, 1951, 113, 688) reported an incomplete
response to 3 mg. daily, although some cases responded to 1.5 mg. A single intramuscular dose
of 12 mg. produced an incomplete response
(Davidson and Girdwood, Lancet, 1951, 1, 722).
Spies et al. (South. M. J., 1950, 43, 1076) reported response in some cases with a dose of
3 mg. daily for 10 days. In cases with neurological manifestations hematological improvement
occurred with 6 mg., but not with 3 mg., given
intravenously daily (Meyer and Diefenbach, Am.
J. Clin. Path., 1951, 21, 1054). A good response
with 10 mg., but not with 5 mg., administered
orally daily was observed by Moore et al. (N. Y .
State J. Med., 1951, 51, 2645). Watson et al.
(Am. J. Med., 1954, 17, 17) concluded that citrovorum factor, like folic acid, was contraindicated
in primary pernicious anemia because of the failure to prevent progression of neurological damage
but that megaloblastic anemias in patients able
to secrete gastric hydrochloric acid, which often
fail to respond to cyanocobalamin, are usually
corrected by CF therapy. In pernicious anemia
Thedering and Tiethmuller (Deutsche vied.
Wchnschr., 1953, 78, 1470) reported good longterm results with 40 micrograms of cyanocobalamin and 13 mg. of CF intramuscularly every
2 weeks. A specific deficiency of CF, rather than
of folic acid, has not been recognized, unless it
be the megaloblastic anemia of scurvy since ascorbic acid is required for normal conversion of
folic acid to CF. In the megaloblastic anemia of
infancy, Woodruff et al. (Proc. S. Exp. Biol. Med.,
1951, 77, 16) found 75 micrograms daily, given
parenterally, to be effective. In sprue, Romero
et al. (Am. J. Med. Sc, 1952, 224, 9) reported
incomplete response to daily intramuscular doses
of 0.1 or 0.4 mg. but complete clinical and hematological response occurred with 1 mg. daily
for 12 days; CF, like folic acid, controlled the
diarrhea and other gastrointestinal symptoms as
well as the megaloblastic anemia in contrast to
the lack of effect of cyanocobalamin on the gastrointestinal disorder of this syndrome.
In correcting the toxic effects, particularly
ulcerative stomatitis, during Aminopterin therapy
of leukemia. CF has proven very effective (Earle
et al., J. Pediatr., 1951, 39, 560; Schoenbach
et al., J.A.M.A., 1950, 144, 1558). Doses of 1.5
to 9 mg. daily, orally or intramuscularly administered, were employed.
Toxicology. — The most significant untoward
effect of folic acid is the development of neurological damage during its administration to undiagnosed cases of primary pernicious anemia.
Prolonged use in non-anemic and non-diabetic
older persons caused no symptoms and no changes
in the blood (Poliakoff et al., Proc. S. Exp. Biol.
Med., 1949, 72, 392). An instance of hypersensitivity to the intravenous injection has been
reported (Mitchell et al., Ann. Int. Med., 1949,
31, 1102).
Dose. — The usual dose of folic acid is 10 mg.

(approximately Va grain) daily, orally or parenterally, with a range of 5 to 10 mg. A maximum
safe dose has not been established; as much as
100 mg. has been given intravenously, slowly and
well diluted.
Storage. — Preserve "in well-closed, light-resistant containers." U.S. P.
FOLIC ACID CAPSULES.
U.S.P.

"Folic Acid Capsules contain not less than 90
per cent and not more than 115 per cent of the
labeled amount of C19H19N7O6." U.S.P.
Usual Size. — 5 mg.
FOLIC

ACID

INJECTION.

U.S.P.

"Folic Acid Injection is a sterile solution of
folic acid in water for injection prepared with the
aid of sodium hydroxide or sodium carbonate. It
contains not less than 95 per cent and not more
than 110 per cent of the labeled amount of
C19H19N7O6." U.S.P.
Solution Sodium Folate. Solution Sodium Folvite (Lederle).

Description. — "Folic Acid Injection is a
clear, yellow to orange-yellow, alkaline liquid.
of Folic Acid Injection is between 8 and
The
U.S.P.
11." pH
Usual Size.— 15 mg. in 1 ml.
FOLIC

ACID

TABLETS.

U.S.P.

"Folic Acid Tablets contain not less than 90
per cent and not more than 115 per cent of the
labeled amount of C15H15N7O6." U.S.P.
Usual Size. — 5 mg.
FORMALDEHYDE
SOLUTION.
U.S.P. (B.P., LP.)
[Liquor Formaldehydi]

"Formaldehyde Solution contains not less than
37 per cent of HCHO, with methanol added to
prevent polymerization." U.S.P. The B.P. recognizes Solution of Formaldehyde as an aqueous
solution, with a variable amount of ethyl alcohol
or methyl alcohol or both. It contains not less
than 37 per cent w/v and not more than 41
per cent w/v of CH2O. The LP. requires not less
than 35.0 per cent and not more than 36.5 per
cent w/w, or not less than 38.0 per cent and not
more than 40.0 per cent w/v of formaldehyde
(CH2O) and polymers with a variable amount of
methanol.
B.P. Solution of Formaldehyde. LP. Solutio Formaldehydi. Formol; Formalin (Schering & Glatz). Formaldehydum Solutum; Formaldehyd Solutus; Solutio Formaldehydi. Fr. Solute officinale de formaldehyde; Formaline.
Ger. Formaldehydlosung. It. Soluzione di aldeide formica ;
Formolo; Formalina. Sp. Solucion de formaldehido.

Formaldehyde was first prepared in 1868 by
Hofmann by passing a mixture of air and methyl
alcohol vapor over heated platinum, and it is still
commercially obtained chiefly from the oxidation
of methyl alcohol in the presence of various
catalysts, such as copper gauze, mixed iron and
molybdenum oxides, vanadium pentoxide, etc.
Solutions containing 30, 35, or 40 per cent of
formaldehyde are thus prepared, the remainder
consisting chiefly of water and methyl alcohol.
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Formaldehyde has also been prepared by reduction of formic acid. Anhydrous formic acid vapors
are conducted over asbestos mixed with zinc oxide
and powdered zinc. The methyl formate thereby
obtained is subsequently decomposed into methyl
alcohol and formaldehyde. Other methods which
have been used to prepare formaldehyde involve
oxidation of methane, or hydrogenation of carbon
monoxide.
Formaldehyde, a colorless gas at ordinary temperatures and pressures, has a pronounced tendency to polymerize, forming solid compounds of
indefinite molecular weight, the mixture of which
is known as paraformaldehyde. The aqueous solution of formaldehyde probably contains some
paraformaldehyde, and some unconverted methyl
alcohol is always present which is allowed to
remain because of the effect it has of retarding
polymerization. This change, which sometimes
occurs in solutions of formaldehyde when exposed
to low temperatures, is accompanied by the deposition of a white precipitate.
Description. — "Formaldehyde Solution is a
clear, colorless or nearly colorless liquid, having
a pungent odor. The vapor from Formaldehyde
Solution irritates the mucous membrane of the
throat and nose. On long standing, especially in
the cold. Formaldehyde Solution sometimes becomes cloudy, due to the separation of paraformaldehyde. Formaldehyde Solution is miscible with
water and with alcohol." U.S.P. The B.P. gives
the weight per ml., at 20°, as from 1.076 to 1.091.
Standards and Tests. — Identification. — (1)
Metallic silver, either as a finely divided, gray
precipitate, or as a bright, metallic mirror, is produced on adding 1 ml. of silver ammonium nitrate
T.S. to 2 ml. of formaldehyde solution diluted
with 10 ml. of water. (2) A permanent, deep red
color forms on adding 2 drops of formaldehyde
solution to 5 ml. of sulfuric acid containing 20
mg. of salicylic acid and warming gently. Acidity.
— Not more than 1 ml. of 1 N sodium hydroxide
is required to neutralize a mixture of 20 ml. of
formaldehyde solution and 20 ml. of water, using
bromothymol blue T.S. as indicator. U.S.P.
The B.P. identity test specifies addition to 10
ml. of a 1:1000 dilution of solution of formaldehyde 2 ml. of freshly prepared 1 per cent w/v
aqueous solution of phenylhydrazine hydrochloride, 1ml. of solution of potassium ferricyanide,
and 5 ml. of hydrochloric acid: a brilliant red
color results.
Assay. — About 3 ml. of formaldehyde solution is weighed into water, mixed with an excess
of 1 N sodium hydroxide solution, and the formaldehyde oxidized to formic acid by heating with
hydrogen peroxide T.S. The excess of alkali is
determined by titration with 1 N sulfuric acid,
using bromothymol blue T.S. as indicator. Each
ml. of 1 N sodium hydroxide represents 30.03 mg.
of CH2O. U.S.P.
In the B.P. assay, which utilizes the same reaction as does the U.S.P., phenolphthalein is used
as the indicator.
The B.P. also specifies that: "The use of the
name Formalin as a synonym for Solution of
Formaldehyde is limited to Great Britain and
Northern Ireland. In parts of the British Empire
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in which the word Formalin is a trade mark it
may be used only when applied to the product
made by the owners of the trade mark."
Formaldehyde possesses the property of making gelatin and glue insoluble in water, and is
thus used in many technical applications, such as
tanning. It has the same use for waterproofing
wool and textiles made from animal staples. Its
reaction with phenol in the production of plastics
and synthetic resins utilizes large amounts of
formaldehyde. As a reducing agent it is especially
useful in certain dyeing operations. It has also
been used as an alcohol denaturant.
Because of the possible use of formaldehyde
as a preservative of milk and other food products
the detection of small amounts of it is a matter
of great importance. Several of the tests proposed are primarily applicable to milk only, being
based on reactions which take place in the presence of milk proteins, so that if these tests are
to be applied in testing other liquids for the presence of formaldehyde, the material must be mixed
with an equal quantity of milk which has been
shown previously to be free from formaldehyde.
Paraformaldehyde. — Under this title the
U.S.P. X recognized " trioxy methylene," a polymer
of formaldehyde. More properly this should be
referred to as a mixture of polyoxymethylenes,
for there are generally many more than three
formaldehyde groups involved in the polymerization; from ten to one hundred molecules may be
polymerized.
Paraformaldehyde is always produced to a
greater or less extent when solutions of formaldehyde are allowed to evaporate. The change from
the ordinary into the polymeric form also takes
place at low temperatures, especially when the
solution is free from methyl alcohol. Sulfuric acid
also induces polymerization.
It occurs in white friable masses, or a white
powder, having a slight odor of formaldehyde.
Paraformaldehyde is very slowly soluble in cold
water, more readily soluble in hot water with the
formation of formaldehyde; insoluble in alcohol
and in ether; soluble in solutions of fixed alkali
hydroxides. Paraformaldehyde, when heated, is
partly converted into formaldehyde and partly
sublimed unchanged. For other tests and assay
see U.S.D., 21st ed., p. 816.
Paraformaldehyde is employed as a convenient
form for generating small quantities of formaldehyde gas for disinfecting purposes. It may be used
for this purpose in the proportions of 1 to 2 Gm.
for each cubic yard of air space.
On distilling formaldehyde from a 60 per cent
solution containing 2 per cent sulfuric acid it
polymerizes to a crystalline cyclic trimer trioxane,
entirely different from paraformaldehyde, which
may be extracted from the distillate with methylene chloride. The trimer may be depolymerized
by heating, and represents a convenient source of
anhydrous, gaseous formaldehyde for synthetic
reactions.
Uses. — Disinfectant. — The use of formaldehyde was introduced by Trillat in 1888. Its solutions are approximately equivalent, in germicidal
activity, to those containing the same percentage
concentrations of phenol. Burgess found that a
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2 per cent solution of formaldehyde kills E. coli
communis in five minutes; Slater and Rideal
found that a one per cent solution destroys various nonsporulating organisms in 50 minutes. In
sufficient concentration it is an effective germicide against all organisms, the higher the concentration the more rapid being the effect. Its bacteriostatic action is marked; in Slater and Rideal's
experiments a 1:5000 solution absolutely inhibited, and a 1:20,000 solution greatly retarded,
the growth of bacteria.
Because of its local irritant effect formaldehyde
is rarely used for disinfection of body tissues.
Excreta may be disinfected by application of an
equal volume of a 10 per cent solution; articles
of clothing, and surgical instruments and gloves,
may be soaked for one-half to one hour in a 5 or
10 per cent solution of formaldehyde. An interesting use of formaldehyde has been the application of a 5 per cent solution for sterilization of
the eggs of flesh flies employed to obtain sterile
maggots for surgrcal use; 1 per cent of sodium
hydroxide is used in the solution to prevent agglutination. Formaldehyde solution is also an effective deodorizer.
Fumigant. — In the past formaldehyde vapor
was extensively used for disinfection of rooms
and other closed spaces. Various methods of effecting vaporization of the substance were employed,
these including (1) spontaneous evaporation of
a solution sprinkled or sprayed about the space,
(2) heating of the official solution, (3) evolution
of the gas through the heat generated by the
oxidation of a portion of formaldehyde by potassium permanganate, sodium dichromate. chlorinated lime, and (4) heating of paraformaldehyde.
The efficiency of the fumigation is dependent not
only on concentration of formaldehyde, but also
on time of exposure, temperature and humidity.
For a study of the chemical efficiency of the several oxidation methods for generating formaldehyde and of the humidity required and attainable
in the several processes see Horn and Osol {Am.
J. Pharm., 1929. 101, 741). Depending on the
several variables of the fumigation process, from
1 to 2 pints of the official formaldehyde solution
is required for the disinfection of each 1000 cubic
feet of space. Formaldehyde is rarely used in this
manner today, room fumigation being by many
authorities considered of questionable value.
Action ox Protein. — Formaldehyde reacts
with proteins by a complex process involving at
least the amino groups and resulting in the hardening and precipitation of the proteins. Thus,
gelatin capsules may be hardened and their disintegration thereby delayed after treatment with
formaldehyde; this hardening effect, which is
accompanied by decreased solubility in aqueous
media, progressively increases after the treatment. The use of formaldehyde as a fixing fluid
in histological studies involves the same reaction.
Formaldehyde is employed in embalming fluids
but Weed and Baggenstoss (Proc. Mayo, 1952,
27, 124) reported that embalming does not destroy all virulent bacteria in tissues. Another
practical application of the reaction between
formaldehyde and protein is in the Sprensen
"formol titration" in which the basic effect of
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amino groups is suppressed through combination
with formaldehyde while permitting neutralization
of acidity due to carboxyl groups, such as are
formed in the hydrolysis of proteins (see the
assay of Aminoacctic Acid Elixir and the B.P.
assay for trypsin in Pancreatin). Still another
useful property of formaldehyde which may depend on this same reaction is its detoxifying
action in converting toxins, as that of diphtheria,
into toxoids, and the killing of viruses, without
changing their antigenic power significantly, for
preparing
Part IIj. vaccine (see Poliomyelitis Vaccine, in
Topical Use. — Various skin diseases have been
treated by local applications of formaldehyde.
One per cent of the official solution, in a vehicle
of an aqueous jelly prepared from starch, has
been applied to dry eczema; dusting powder containing formaldehyde has been used for weeping
eczemas. Applied 1 to 2 times daily for 1 or more
weeks as full strength solution, or in suspension
in collodion, or 3 to 6 ml. per 15 Gm. Aquaphor,
it has been used to remove warts, corns, moles,
etc. (Lynch and Karon. Arch. Derm. Syph., 1950,
62, 803). Ringworm has been claimed to be cured
by one application of solution. A 1 to 2 per cent
paint has been found useful in treating tonsillitis,
ozena, and tubercular laryngitis; aphthous ulceration of the mouth has been treated with stronger
solutions dispersed in collodion. Preliminary application of local anesthetic is necessary when
stronger solutions are employed. A 1:1000 to
1 : 500 solution has been used in purulent ophthalmia and trachoma as an eye wash; such application isvery painful. Dilute solutions of formaldehyde have also been employed as a vaginal douche
and as an application to ivy poisoning. Diluted
with 1 to 3 volumes of water, the official solution
has found use as a skin hardener and irt the treatment of hyperhidrosis.
Inhalations of formaldehyde vapor have been
employed in the treatment of pulmonary disorders, notably phthisis, with the aim of direct
destruction of bacteria; the treatment is so irritant to mucous membranes that it probably does
more harm than good. |vj
Toxicology. — Although its physiological action is comparatively slight, formaldehyde solution, when swallowed, is a dangerous poison because of its local irritant effects. Symptoms of
poisoning include immediate severe abdominal
pains with blood-stained vomiting, and albuminous, bloody or suppressed urine. Following absorption, formaldehyde depresses the central nervous system; vertigo, depression and coma may be
observed. Severe acidosis may result through
oxidation of formaldehyde to formic acid. Out
of 10 cases collated by McLoughlin (Cleveland
M. J., 1909) three ended fatally. The smallest
fatal dose of which we have knowledge is that of
the case reported by Eli (J. A.M. A., 54). in which
"a few drops of 40 per cent solution of formaldehyde" killed a three-year-old child with symptoms
of edema of the larynx. About one fluidounce of
the official solution may be fatal to an adult.
Diagnosis is usually easy through detection of the
odor of formaldehyde in the vomitus. Treatment
consists of immediate evacuation of the stomach,
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administration of dilute ammonia water as an
antidote, followed by demulcents. If depression
of the central nervous system is severe, stimulants should be given; shock therapy may be
necessary.
As a disinfectant from 10 per cent of the official solution to the full strength solution is used
on inanimate objects. For external use on the skin
or mucous membranes 0.5 to 20 per cent concentrations of the official solution are used.
Storage. — Preserve "in tight containers, preferably at a temperature not below 15°." U.S. P.
BASIC

FUCHSIN.

N.F.

"Basic Fuchsin is a mixture of rosaniline and
pararosaniline hydrochlorides." N.F.
Basic Magenta.

When a mixture of equimolecular quantities of
aniline, o-toluidine and p-toluidine is oxidized,
there is produced the triphenylmethane dye called
rosaniline; simultaneously there is produced some
pararosaniline, which represents the reaction product of two moles of aniline and one mole of
^-toluidine. The hydrochloride of the mixed reaction product is basic fuchsin. This substance is
not to be confused with acid fuchsin, which is a
mixture of sodium and ammonium salts of rosaniline disulfonic acid and rosaniline trisulfonic
acid.
Description. — "Basic Fuchsin occurs as a
dark green powder or greenish glistening crystalline fragments having a bronze-like luster, and
not more than a faint odor. Basic fuchsin is soluble in water, in alcohol, and in amyl alcohol. It is
insoluble in ether." N.F.
Standards and Tests. — Identification. — (1)
Acidification of a 1 in 1000 solution of basic
fuchsin with hydrochloric acid produces a yellow
color (distinction from acid fuchsin). (2) A red
precipitate is produced on adding tannic acid T.S.
to a 1 in 500 solution of basic fuchsin. (3) A solution of basic fuchsin alkalinized with ammonia is
decolorized with zinc dust; when a few drops of
the decolorized solution is placed on a filter paper,
adjacent to some dilute hydrochloric acid, a red
color develops at the zone of contact. Loss on
drying. — The limit is 5 per cent, when dried at
105° to constant weight. Residue on ignition. —
Not over 0.3 per cent. Alcohol-insoluble substances.— Not over 1 per cent. Arsenic. — 200 mg.
meets the requirements of the official test. Lead. —
200 mg. meets the requirements of the official
test. N.F.
Uses. — Basic fuchsin is officially recognized
because of its use as an ingredient of carbolfuchsin solution (Castellani's paint), which is employed as an antifungal topical application.
According to May (J.A.M.A., 1913, 90) fuchsin
is a powerful germicide comparable to phenol in
efficiency; like many other dyes it also stimulates
granulation and epithelization. Favorable reports
concerning the usefulness of basic fuchsin in
treating varicose ulcers, burns and granulating
wounds of various kinds have appeared. Good
results have been reported from its use in various
skin diseases, especially impetigo. It is used in a

concentration of about 1 per cent, either as an
ointment or an aqueous solution.
Deschiens and Lamy (Compt. rend. soc. biol.,
1944, 138, 203) reported that a 1:1000 solution
of basic fuchsin killed Endamceba dysenteries incubated in it at 37° for 4 days. They also gave
basic fuchsin, in doses of 5 to 10 mg. per Kg.
daily for 10 consecutive days, in treatment of
oxyuris infestation in humans; the course of
treatment was repeated, if necessary, once or
twice.
Storage. — Preserve "in well-closed containers." N.F.
GALLAMINE

TRIETHIODIDE.

LP.

Gallamini Triaethiodidum

C6H3[0(CH2)2N+ (C2H5)3]3.3I"Gallamine Triethiodide is 1 ,2 ,3-tri ((3-diethylaminoethoxy) benzene triethiodide. It contains not
less than 97.6 per cent of C30H60O3N3I3." I. P.
The drug is also recognized in the N.N.R.
Flaxedil (Lederle, May & Baker).

Gallamine triethiodide may be prepared by
treating pyrogallol with l-chloro-2-diethylaminoethane hydrochloride in the presence of sodium
hydroxide, then reacting the product with ethyl
iodide.
Description. — Gallamine triethiodide is a
white or faintly yellowish, amorphous or granular
powder; it is slightly hygroscopic. It is odorless
and has a faintly bitter taste. Gallamine triethiodide melts at about 234°. It is very soluble
in water, slightly soluble in dehydrated alcohol
and in acetone, and practically insoluble in benzene, ether, and chloroform. LP.
Standards and Tests. — (1) On warming gallamine triethiodide with sulfuric acid violet
vapors of iodine are released. (2) On adding
0.1 N iodine to a 1 per cent w/v solution in water
the solution becomes cloudy and then yields a
brown precipitate. (3) A 1 per cent w/v solution
yields with trinitrophenol T.S. a golden-yellow
crystalline precipitate, with 0.1 N potassium permanganate an orange precipitate, with silver nitrate T.S. a yellowish-white precipitate which is
insoluble in nitric acid. LP.
Assay. — About 500 mg. of gallamine triethiodide is dissolved in water, 25 ml. of 0.1 N
silver nitrate and nitric acid are added, the mixture is heated to boiling to coagulate the precipitate and, after cooling, the excess silver nitrate
is titrated with 0.1 N ammonium thiocyanate
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 N silver nitrate represents 29.72
mg. of C30H60O3N3I3. LP.
Uses. — Gallamine triethiodide is used to produce muscular relaxation during anesthesia. It
was developed by Bovet {Compt. rend. acad. set.,
1947, 225, 74; Arch, internat. pharmacodyn.
therap., 1949, 80, 172) in the course of a systematic study of the relation of structure to
curare-like (curarimimetic) action of quaternary
ammonium compounds. It may be noted from the
formula given above that this compound contains
three choline-like moieties in ether linkage to a
benzene ring. It could be considered somewhat of
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an isostere of acetylcholine, which is the acetyl
ester of choline. Actually, gallamine does not appear to have an acetylcholine-like (cholinergic)
action, but instead is an inhibitor of the effect of
acetylcholine, particularly on skeletal neuromuscular transmission (somatic anticholinergic effect).
In this respect its action resembles that of <i-tubocurarine in that both agents are said to reduce
the response of the end plate at the neuromuscular junction to the depolarizing action of acetylcholine (Feldberg. Brit. M. J., 1951, 1, 967 J. On
the other hand, this action of gallamine may be
contrasted with that of decamethonium (see
monograph on Curarimimetic Agents and Their
Antagonists, in Part II).
The above similarity in mode of action between gallamine and d-tubocurarine can be demonstrated quite simply in the laboratory. Both
compounds are capable of blocking the stimulatory effect of acetylcholine on the isolated frog
rectus abdominis muscle (Winter and Lehman,
/. Pharmacol, 1950, 100, 489). Likewise, the
curarizing action of gallamine can be antagonized
or reversed by the administration of cholinesterase
inhibitors (Winter and Lehman, loc. cit.). This
compound differs particularly from d-tubocurarine
in that it does not produce a fall in blood pressure. Indeed, both blood pressure and heart rate
are more apt to increase following its administration (Wien, Arch, internat. pharmacodyn. therap.,
1948, 77, 96; Roux, Presse mid., 1949, 57, 12;
Wilson and Gordon, Lancet, 1949, 2, 504).
Whereas d-tubocurarine is said to induce the release of histamine from the tissues, Mushin et al.
{Lancet, 1949, 1, 726) reported gallamine to have
only a minimally detectable histamine-like action.
This compound when administered in dosages
sufficient to produce relaxation of the skeletal
musculature has no consistent effect on the central nervous system with respect to pain threshold,
consciousness, or cerebration (Unna et al.,
J.A.M.A., 1950, 144, 448). Apparently the compound has little effect on transmission in sympathetic ganglia or on synaptic transmission in the
spinal cord (Van Den Ostende, Arch, internat.
pharmacodyn. therap., 1951, 86, 439; Baisset
et al, Toulouse Med., 1949, 50, 521). Gallamine
has an unusually high dosage; in other words, it
is substantially less active in laboratory animals
and in man than is J-tubocurarine. However, its
duration of action is of about the same length or
somewhat longer than d-tubocurarine or decamethonium in man and in laboratory animals
(Unna et al., J. Pharmacol, 1950, 100, 201).
Therapeutic Applications. — Clinically, gallamine has been employed as an adjuvant in general anesthesia, for intubation, and in electroshock (Thompson and Norton. Brit. M. J., 1951,
1, 857) therapy. It is more rapid in onset than
decamethonium and more nearly resembles d-tubocurarine in its type of induction. That is to say,
the compound does not produce fasciculation or
cramping, such as occasionally occurs during the
induction or recovery from decamethonium
(Doughty, Lancet, 1950, 1, 899; Ruddell, ibid.,
1950, 1, 953). Like d-tubocurarine, the dose of
gallamine required for relaxation is less when
combined with ether anesthesia than when ad-
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ministered with cyclopropane or with intravenous
barbiturate anesthesia (Foldes et al, J.A.M.A.,
1952, 150, 1559). One of the first clinical studies
on gallamine was that of Mushin et al. (Lancet,
1949, 1, 726). They considered a dose of 80 mg.
of gallamine to be equivalent in curarizing activity to 15 mg. of d-tubocurarine chloride.
Lamoureux and Bourgeois-Gavardin (Un. med.
Can., 1949, 78, 1164) reported it to facilitate
laryngeal intubation in 50 operations of various
types. Since the earlier reports there have been
a number of articles documenting the general
utility of this agent. Foldes et al. (Anesth. &
Analg., 1954. 33, 122) reported on the combined
administration of gallamine with thiopental sodium and nitrous oxide-oxygen for the production
of muscular relaxation for intra-abdominal surgery on 339 unselected patients. This compound
is compatible with thiopental sodium and the two
can be administered simultaneously. With the exception of tachycardia, no unwanted side effects
accompanied its use. They do not recommend the
agent for patients with hyperthyroidism or for
cardiac patients, because of the propensity of the
agent to produce some elevation of pulse rate and
blood pressure. This appears to be a conservative
position on their part.
Toxicology. — Untoward reactions to the compound are few and are for the most part overt
manifestations of its pharmacodynamic action. In
an early paper Gillespie (Endotracheal Anesthesia, 1948, 2nd Ed., p. 126) warned that severe
laryngeal spasm may follow intubation under very
light anesthesia in the presence of gallamine. In
one degree or another this involved about 4 per
cent of the patients. Doughty (loc. cit.) refers to
one instance wherein it was felt that an antidote
was required during administration. In this instance, injection of neostigmine in a dosage of
2.5 mg. with 0.6 mg. of atropine sulfate effectively
restored full respiratory activity within a minute.
Respiratory arrest following overdosage of such
an agent cannot be considered a toxic manifestation in most instances, since it can be controlled
by manual artificial respiration. The increase in
heart rate may be alarming in some cases, but
that effect, together with the increase in blood
pressure, ordinarily does not contraindicate the
use of this agent except perhaps in cardiac or
thyrotoxic patients.
Dose. — The usual dose of gallamine triethiodide is an initial injection of 80 mg. intravenously. This may last for an average of 20 minutes. Further administration of amounts up to
40 or 80 mg. may be given intravenously. In some
of the cases it may be necessary for the anesthetist to assist respiration if the larger dosage is
repeated. This compound, like other curarimimetic
agents, should be administered only by a trained
anesthetist and under circumstances where equipment for the maintenance of adequate oxigenation under artificial respiratory conditions can be
assured.
Storage. — Preserve gallamine triethiodide in a
tightly-closed container. LP.
Usual Size. — In vials, containing 200 mg. in
10 ml. of aqueous solution.

Part I

Gamboge
GAMBOGE.

N.F.

Cambogia

"Gamboge is the gum-resin obtained from
Garcinia Hanburyi Hooker filius (Fam. Guttiferce)." N.F.
Pipe Gamboge; Cambodia; Gambogia. Gummi Gutta;
Gutti; Gummiresina Gutti; Gumbi Gambse; Gummi Gambae.
Fr. Gomme-gutte. Ger. Gummigutt; Gommegutt. It.
Gomme gotta. Sp. Gomo-resina
guta; Gutagamba.

The name Cambogia (of which Gamboge is
a corruption) appears to have been derived from
the fact that it originally came from the kingdom
of Cambodia, formerly a part of French IndoChina. Many years ago Hanbury, who had received
from Singapore specimens of the gamboge plant
cultivated in that island, and derived from Siam,
found that the plant approached very near to the
Garcinia Morella of Desrousseaux, from which it
could be distinguished only by its pedicellate
flowers and classified it as G. Morella, var. pedicellata. Sir Joseph Hooker, however, determined
(/. Linn. Soc, 14, 480) that the var. pedicellata
is a distinct species, differing from G. Morella in
having not only its flowers pedicellate, but also its
leaves more ovate and much larger, and its fruit
larger; he very properly gave it the specific name
of Hanburyi.
G. Hanburyi is a tree reaching a height of SO
feet found in a limited district including Cambodia, southern Cochin China and the islands
and seacoast of the Gulf of Siam, where it is
known as "Ton Rong."
The oleo-gum-resin constituting gamboge occurs
as a yellowish emulsion in schizogenous resin
canals found in the cortex, pith, leaves, flowers
and fruits. It is collected from trees not less than
10 years of age by making long spiral incisions in
the bark from the base of the trunk upward to
the lower branches. The exuding juice is usually
collected in the hollow internodes of large bamboo
stems, allowed to harden for a month, after which
the bamboo stem segments are heated and the
gamboge removed. This is the best gamboge and
termed pipe gamboge. An inferior variety called
cake or lump gamboge is said to be procured in
Cochin China by breaking off the leaves and
shoots of the tree; the juice, which is contained in
resin canals in the bark, issues in drops, and being
received in suitable vessels, gradually thickens,
and at length becomes solid.
Although the medicinal properties of this gum
were known to the Chinese as far back as the
thirteenth century, it was first brought to Europe
by the Dutch, about the middle of the seventeenth century. We import it from Bangkok and
Saigon through Singapore.
Indian gamboge, formerly recognized by the
B.P. Add. under the name of Cambogia Indica,
is obtained from the Garcinia Morella Desrouss.
Ceylon gamboge, derived from G. pictoria Roxb.,
is procured by incisions, or by cutting away a
portion of the bark, and scraping off the juice
which exudes. The specimens sent to Christison
were in flatfish or round masses, eight or nine
inches in diameter, apparently composed of aggregated irregular tears, with cavities which are
lined with a grayish and brownish powdery in-
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crustation. Itresembled coarse gamboge, and was
identical in composition. In Ceylon it is used as
a pigment and purgative.
New Caledonian gamboge, derived from Garcinia collina Vieil, is described by Heckel and
Schlagdenhauffen {Rep. de Pharm., 1893) as very
similar in its appearance and reactions to ordinary gamboge; its color is, however, deep orange.
A white crystalline compound, which when heated
beyond 235° produced pyrocatechin, was found
in it, and marked the point of difference between
it and other varieties of gamboge.
Description. — "Unground Gamboge occurs as
cylindrical pieces, frequently hollow at the center,
from 2 to 5 cm. in diameter and up to 20 cm. in
length; longitudinally striate, weak reddish brown
to dark orange in color. The brittle, conchoidal
fracture presents a smooth, rather dull, surface.
Gamboge is odorless and has an acrid taste.
"Powdered Gamboge is moderate yellowish
orange. When mounted in chloral hydrate T.S.,
nearly all the particles slowly dissolve, leaving
but a few fragments of vegetable tissues and very
few or no starch grains." N.F.
By virtue of the brilliance of its color, gamboge
is highly esteemed as a pigment.
Standards and Tests. — Identification. — An
emulsion of strong yellow color is obtained on
triturating gamboge with water; on adding ammonia T.S. the emulsion becomes darker, reddish,
and finally almost clear. Starch. — Not even a
transient green color is produced on adding iodine
T.S. to an emulsion of gamboge. Foreign organic
matter. — Not over 1 per cent. Acid-insoluble ash.
— Not over 1 per cent. Alcohol-soluble extractive.
— Not less than 65 per cent. N.F.
Constituents. — Gamboge contains 70 to 80
per cent of resin, 15 to 20 per cent of gum and
4 or 5 per cent of water. The gum is quite soluble
in water, but is not identical with gum arabic.
The resin of gamboge, formerly known as gambogie acid, is soluble in alkaline solutions — from
which it may be precipitated by acids — in alcohol,
ether and other organic solvents. From it have
been separated a-, P-, and y-garcinolic acids.
The seeds of several species of Garcinia furnish oils which have been used as foodstuffs;
that from the G. indica is known as goa butter,
kokum butter or margosteen oil. From the G.
Morella is obtained the so-called gamboge butter,
also called murga or gurgi fat.
Adulterants. — The chief adulterants of gamboge have been rice and wheat starches, sand
and vegetable fragments, all of which can be
readily detected by microscopic examination. The
inferior kinds of gamboge may be known by their
greater hardness and coarser fracture; by the
brownish or grayish color of their broken surface,
which is often marked with black spots; by their
obvious impurities, and by the green, or even blue,
color which their decoction, after cooling, gives
with iodine tincture (starch). When pure, the
gum-resin is completely dissolved by the successive action of ether and water, so that the
amount of residue left by any specimen treated
in the manner just spoken of indicates approximately the measure of the adulteration.
Uses. — Gamboge is a powerful, drastic, hydra-
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gogue cathartic; as it may produce nausea and
vomiting and much griping, when given in full
dose, it is almost always employed only in combination with other cathartics. In large quantities
it is capable of causing fatal effects, and death has
resulted from taking 60 grains of it. Its cathartic
action is conditioned on the presence of bile in
the intestines, probably because the alkalinity of
this fluid renders the resin soluble. It was formerly employed as a hydragogue cathartic in
anasarca, and for the evacuation of intestinal
worms, but is now infrequently employed.
The N.F. gives a dose of 125 mg. (approximately 2 grains) for humans and 15 Gm. (approximately Yiounce) for cattle. 12
Off. Prep. — Compound Mild Mercurous Chloride Pills, N.F.
BIVALENT GAS
ANTITOXIN.

GANGRENE
N.F.

[Antitoxinum Gas-gangraenosum Bivalens]

"Bivalent
Gas Gangrene
Antitoxin
is a sterile
solution
of antitoxic
substances
obtained
from
the blood of healthy animals, which have been
immunized against Clostridium perfringens and
Clostridium septicum toxins. Each package of
Bivalent Gas Gangrene Antitoxin contains not
less than 10,000 antitoxic units of each of the
component antitoxins. Bivalent Gas Gangrene
Antitoxin complies with the requirements of the
National Institutes of Health of the United States
Public Health Service." N.F.
For a discussion of gas gangrene see Pentavalent Gas Gangrene Antitoxin. Bivalent gas gangrene antitoxin contains antitoxic antibody for
the toxins of Clostridium perfringens and Clostridium septicum. These two organisms are the
ones most frequently isolated from cases of gas
gangrene. Moreover, these organisms are frequently found in symbiotic association in infected
wounds, so it is reasonable to have a single dosage
form consisting of antitoxins against the toxins
of both organisms.
The methods of preparation of bivalent gas
gangrene antitoxin are essentially those outlined
under Pentavalent Gas Gangrene Antitoxin except that only toxins of CI. prefringens and CI.
septicum are used.
Description. — "Bivalent Gas Gangrene Antitoxin isa transparent or slightly opalescent liquid,
of a faint brownish, yellowish, or greenish color,
nearly odorless or having an odor due to the
presence of a preservative; it may have a slight
granular deposit. It must be free from harmful
substances detectable by animal inoculation and
must not contain an excessive proportion of preservative (not more than 0.5 per cent of phenol
or 0.4 per cent of cresol, if either of these is
used)." N.F.
Uses. — Bivalent gas gangrene antitoxin is used
in the prophylaxis and therapy of gas gangrene.
It is used as an adjunct to surgical debridement
in cases of traumatic wounds in order to reduce
the frequency of gas gangrene. It is also used
in the therapy of gas gangrene, such use being
limited to cases in which the infecting organisms

are known to be either CI. perfringens, CI. septicum or both. For a further discussion of the use
of gas gangrene antitoxin see Pentavalent Gas
Gangrene Antitoxin.
Dosage. — The initial dose of bivalent gas gangrene antitoxin is the contents of one container
or more. For therapeutic action, the dose may
be repeated at 3- to 8-day intervals (see Pentavalent Gas Gangrene Antitoxin).
Regulations. — "The potency of the Antitoxin
shall be expressed in antitoxic units and the units
shall be those of the Perfringens Antitoxin and
the Vibrion septique Antitoxin prescribed by the
National Institutes of Health of the United States
Public Health Service. The outside label must
indicate the minimum number of antitoxic units
of each antitoxin in the package, the manufacturer's lot number of the Antitoxin, the name,
address, and license number of the manufacturer,
the genus of animal employed when other than
the horse, and the date beyond which the minimum potency of the contents, as declared on the
label, may not be maintained." N.F.
Storage. — 'Preserve Bivalent Gas Gangrene
Antitoxin at a temperature between 2° and 10°,
preferably at the lower limit. It must be dispensed
in the unopened glass container in which it was
placed by the manufacturer." N.F.
TRIVALENT GAS GANGRENE
ANTITOXIN.
N.F. (B.P.)
[Antitoxinum Gas-grangraenosum Trivalens]

"Trivalent Gas Gangrene Antitoxin is a sterile
solution of antitoxic substances obtained from
the blood of healthy animals which have been
immunized against the toxins of Clostridium perfringens, Clostridium septicum and Clostridium
cedematiens (Novyi). Each package of Trivalent
Gas Gangrene Antitoxin contains not less than
10,000 units of Clostridium perfringens and Clostridium septicum antitoxins and 1500 units of
Clostridium cedematiens (Novyi) antitoxin. Trivalent Gas Gangrene Antitoxin complies with
the requirements of the National Institutes of
Health of the United States Public Health Service." N.F.
The B.P. recognizes this product under the title
Mixed Gas-Gangrene Antitoxin; it may be native
serum, or a preparation from native serum, and
may be liquid or dried. If liquid the preparation
must have a potency of not less than 1000 Units
each of CI. welchii (perfringens) and CI. cedematiens antitoxins and 500 Units of CI. septicum
antitoxin per ml. If dried it must have a potency
of not less than 5000 Units each of CI. welchii
(perfrigens) and CI. cedematiens antitoxins and
2500 Units of CI. septicum antitoxin per Gm.
The B.P. also recognizes separately the monovalent antitoxins, under the titles Gas-Gangrene
Antitoxin ((Edematiens ), Gas-Gangrene Antitoxin (Septicum), and Gas-Gangrene Antitoxin
(Welchii). The LP. recognizes only the individual
antitoxins, naming these, respectively. Anti-gasgangrene (Oedematiens) Serum, Anti- gas- gangrene
(Septicum) Serum, and Anti-gas-gangrene (Per-
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fringens) Serum; they may be liquid or dried
preparations.
For a discussion of gas gangrene see Pentavalent Gas Gangrene Antitoxin. Trivalent gas gangrene antitoxin contains antitoxic antibody for
the toxins of CI. perfringens, CI. septicum and
CI. cedematiens, these three organisms being the
ones most frequently isolated from cases of gas
gangrene. This product differs from bivalent gas
gangrene antitoxin by the addition of CI. cedematiens antitoxin and, therefore, has a wider coverage than this antitoxin. The organisms listed
above are sometimes found in symbiotic association in infected wounds so it is reasonable to have
a single dosage form consisting of antitoxins
against the toxins of all three organisms. In
many geographical areas CI. bifermentans and
CI. histolyticum are rarely isolated and, therefore,
it is not considered necessary to have the wide
coverage represented in pentavalent gas gangrene
antitoxin.
The methods of preparation of trivalent gas
gangrene antitoxin are essentially those outlined
under Pentavalent Gas Gangrene Antitoxin except that only the toxins of CI. perjringens, CI.
septicum and CI. cedematiens are used in its
preparation.
Description. — "Trivalent Gas Gangrene Antitoxin isa transparent or slightly opalescent liquid,
of a faint brownish, yellowish, or greenish color,
nearly odorless or having an odor due to the presence of a preservative; it may have a slight granular deposit. It must be free from harmful substances detectable by animal inoculation and must
not contain an excessive proportion of preservative (not more than 0.5 per cent of phenol or
0.4
per
cent of cresol, if either of these is used)."
N.F.
Uses. — Trivalent gas gangrene antitoxin is used
in the prophylaxis and therapy of gas gangrene.
It is used as an adjunct to surgical debridement
in cases of traumatic wounds in order to reduce
the risk of the development of gas gangrene. It is
also used in the therapy of gas gangrene, its
therapeutic use being limited to cases in which the
infecting organisms are known to be the Clostridia
used in the preparation of the antitoxin. For
further discussion of the use of gas gangrene antitoxin see Pentavalent Gas Gangrene Antitoxin.
The usual initial dose of Trivalent Gas Gangrene Antitoxin is the contents of one container
or more. When this product is used for prophylactic purposes a single dose is frequently used.
However, in the therapy of gas gangrene, doses
may be repeated at 3- to 8-day intervals. See
Pentavalent Gas Gangrene Antitoxin for further
discussion of dosage and for precautions concerning the use of this product.
Regulations. — "The potency of the Antitoxin
shall be expressed in antitoxic units and the units
shall be those of the Perfringens, Vibrion septique
and CEdematiens Antitoxins prescribed by the
National Institutes of Health of the United States
Public Health Service. The outside label must
indicate the minimum number of antitoxic units
of each antitoxin in the package, the manufacturer's lot number of the Antitoxin, the name,
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address, and license number of the manufacturer,
the genus of animal employed when other than
the horse, and the date beyond which the minimum potency of the contents, as declared on the
label, may not be maintained." N.F.
Storage. — "Preserve Trivalent Gas Gangrene
Antitoxin at a temperature between 2° and 10°,
preferably at the lower limit. It must be dispensed in the unopened glass container in which
it was placed by the manufacturer." N.F.

PENTAVALENT GAS
ANTITOXIN.

GANGRENE
N.F.

[Antitoxinum Gas-gangraenosum Pentavalens]

"Pentavalent Gas Gangrene Antitoxin is a
sterile solution of antitoxic substances obtained
from the blood of healthy animals which have
been immunized against the toxins of Clostridium
perfringens, Clostridium septicum, Clostridium
cedematiens (Novyi), Clostridium bifermentans
(Sordelli), and Clostridium histolyticum. Each
package of Pentavalent Gas Gangrene Antitoxin
contains not less than 10,000 units each of Clostridium perfringens and Clostridium septicum
antitoxins, 3000 units of Clostridium histolyticum
antitoxin, and 1500 units each of Clostridium
cedematiens (Novyi) and Clostridium bifermentans (Sordelli) antitoxins. Pentavalent Gas Gangrene Antitoxin complies with the requirements
of the National Institutes of Health of the United
States Public Health Service." N.F.
Gas gangrene, while recognized for many years,
remained a little-known infection until the First
World War, when it resulted in large numbers of
fatalities following war wounds which would not
otherwise cause death. In the majority of these
wounds it was possible to isolate Clostridium perfringens but usually other anaerobic spore-forming bacilli such as CI. septicum, CI. cedematiens
(Novyi), CI. bifermentans (Sordelli) and CI.
histolyticum were also found. Subsequent studies
extending through World War II have indicated
that the frequency with which these various
Clostridia are found in contaminated wounds
varies remarkably from one area to another.
Inasmuch as it is usually impossible to determine
the species of organism present in a contaminated
wound in time to use this knowledge in prophylaxis and therapy, it has become the practice to
employ multivalent antitoxins wherever possible.
All of the Clostridia mentioned above elaborate
exotoxins which are partially responsible for their
pathogenicity. Although the antitoxins have no
antibacterial action, the neutralization of the
toxins of the bacteria makes the control of the
infection itself somewhat easier.
Antitoxins against the toxins of the organisms
causing gas gangrene are produced commercially
by methods analogous to those used for other
antitoxins (see Diphtheria Antitoxin) . Certain of
these antitoxins are produced singly in horses
while others are produced, for multivalent preparations, bythe simultaneous immunization of the
animals to two or more toxins. The latter procedure is preferable because it simplifies the subse-
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quent purification of the antitoxin and produces a
final product of greater potency per volume.
In the immunization of horses for the production of gas gangrene antitoxins, the use of toxoids is not as satisfactory as in the case of diphtheria and tetanus toxoids, and the animals are
usually given injections of fully active toxin as
soon as the latter can be tolerated. The actual
procedure for immunization varies in different
laboratories.
When satisfactory antitoxin titers may be demonstrated in the sera of horses on immunization
they are bled and the plasma is collected. This
plasma is concentrated and purified by ammonium sulfate precipitation or enzymatic digestion.
After purification, sera containing various antitoxins may be blended to give the individual
potencies required for the pentavalent antitoxin.
Description. — "Pentavalent Gas Gangrene
Antitoxin is a transparent or slightly opalescent
liquid, of a faint brownish, yellowish, or greenish
color, nearly odorless or having an odor due to
the presence of a preservative; it may have a
slight granular deposit. It must be free from
harmful substances detectable by animal inoculation and must not contain an excessive proportion of preservative (not more than 0.5 per cent
of phenol or 0.4 per cent of cresol, if either of
these is used)." N.F.
Standardization. — Pentavalent gas gangrene
antitoxin is tested for potency by comparison
with the individual standard glycerinated antitoxins supplied by the National Institutes of
Health. These tests are all carried out in mice but
the individual antitoxin titrations are made by
slightly different methods. In general, the antitoxin to be tested is mixed in varying dilutions
with a constant quantity of test toxin. After incubation at room temperature or 37°, the mixture
is injected into mice. The route of injection varies
with the antitoxin being tested. Similar tests are
made with the standard antitoxin and the unitage
of the unknown antitoxin is determined by comparison with the standard. The survival of mice
is the criterion used to determine the endpoint of
the test.
Uses. — Pentavalent gas gangrene antitoxin is
used for the prophylaxis and treatment of gas
gangrene. The possibility of the development of
gas gangrene exists chiefly in instances of traumatic accidents where clothing and soil have
gained access to the injury (see review by Altemeier and Furste, Surg. Gynec. Obst., 1947, 84,
507). The Clostridia causing gas gangrene do not
readily infect healthy tissue and are usually found
to cause infections either in wounds which have
not received prompt medical attention or which
have not been adequately cleansed and debrided
of devitalized tissue. The most important factor
in the prevention of gas gangrene is the complete
surgical removal of all traces of dead and devitalized tissue even to the extent of amputating
an extensively infected extremity. However,
Spring and Kahn (Arch. Int. Med., 1951, 88,
373) have pointed out that crepitus in infected
tissue does not necessarily mean clostridial infection, particularly in a patient with diabetes mellitus and arteriosclerosis obliterans. They found
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other gas-forming organisms in some of these
cases, including E. coli, nonhemolytic streptococci
and B. melaninogetiicus. In such cases, multiple
incisions for drainage and appropriate antibiotic
therapy usually result in healing. The prophylactic
action of the gas gangrene antitoxin is not very
great and, therefore, these agents are recognized
as being only an adjunct to the surgical and antibiotic management of traumatic wounds potentially infected with Clostridia.
During wars the problem of gas gangrene becomes quite serious because of the frequency of
traumatic injuries and the unavoidable delays in
obtaining adequate surgical treatment. In normal
times, however, severe traumatic injuries generally receive rather prompt treatment and the
danger of gas gangrene is lessened materially.
Dowdy et al. (N. Y. State J. Med., 1944, 44,
1890), finding penicillin to be effective against all
Clostridia, recommend it as the chemotherapeutic
agent of choice; they consider both penicillin
and antitoxin to be powerful therapeutic agents.
Herrell et al. (J.A.M.A., 1944, 125, 1003) believe that antitoxin must be used along with penicillin on the basis that the neutralizing effect of
the antitoxin is essential. A dose of 1 to 2 million
units of penicillin, intramuscularly, is indicated.
Oxytetracycline or chlortetracycline, in a dose of
2 Gm. intravenously daily, may be used. Sulfonamides are less effective.
Dose. — The usual dose of antitoxin, administered intramuscularly, is the contents of one or
more packages. Sometimes a portion of the dose is
injected at multiple points around the area of
injury. Since this antitoxin is derived from animal
serum (almost invariably horse serum) adequate
precautions must be taken to prevent serum
reactions.
In the treatment of gas gangrene an attempt
should always be made to identify the causative
organisms and to use antitoxins specific for the
infection. In the absence of this knowledge,
pentavalent gas gangrene antitoxin may be used
(MacLennan and Macfarlane, Lancet, 1945, 2,
301). Dosage is repeated at 3- to 8-day intervals
for therapy, and the indicated surgical procedures
should be carried out. Sulfonamide treatment is
also combined with antitoxin therapy.
Regulations. — "The potency of the Antitoxin
shall be expressed in antitoxic units and the units
shall be those of the Perfringens, Vibrion septique, (Edematiens, Sordelli, and Histolyticum
Antitoxins prescribed by the National Institutes
of Health of the United States Public Health
Service. The outside label must indicate the minimum number of antitoxic units of each antitoxin
in the package, the manufacturer's lot number of
the Antitoxin, the name, address, and license numbers of the manufacturer, the genus of animal
employed when other than the horse, and the date
beyond which the minimum potency of contents,
N.F.
as declared on the label, mav not be maintained.''
Storage. — "Preserve Pentavalent Gas Gangrene Antitoxin at a temperature between 2° and
10°, preferably at the lower limit. It must be dispensed in the unopened glass container in which
it was placed by the manufacturer." N.F.
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ABSORBENT

GAUZE.

U.S.P.

Gauze, Plain Gauze, Non-sterilized Absorbent Gauze,
[Carbasus Absorbens]

"Absorbent Gauze consists of well-bleached
cotton cloth of plain weave." U.S.P.
Tela Depurata; Tela Hydrophila. Fr. Gaze hydrophile
pour pansements. Ger. Verbandmull ; Verbandgaze;
Hydrophiler Mull. It. Garza idrofila. Sp. Gasa hidrofila;
Gasa absorbente.

Description. — "Absorbent Gauze is white cotton cloth of various thread counts and weights.
The following table gives the commercial designations in type and in terms of thread-count and
the standard weight in grams per linear yard. It
also gives the width of the gauze in inches. A
variation of ±.l/i inch shall be allowed in width."
U.S.P. For other standards, and tests, see U.S.P.
XV.

Type

Threads per
25.4 mm. (1 Inch)
Warp

I
II
III
IV
V
VI
VII

44
32
28
24
22
20
20

Filling
36
28
24
20
18
16
12

Standard Weight,
Gm. per Linear
Yard

in
Width

44.S
31.3
27.0

38.5

23.2
21.S
18.8
17.2

Inches

36
36
36
36
36

Storage and Labeling. — "Preserve Absorbent Gauze in well-closed containers. The type,
thread count, length, and width of the Gauze are
stated on the container, and the designation 'unsterilized' or 'not sterilized' appears prominently
thereon." U.S.P.
STERILE ABSORBENT GAUZE.
U.S.P.
Sterile Gauze, [Carbasus Absorbens Sterilis]

"Sterile Absorbent Gauze is absorbent gauze
which has been rendered sterile and protected
from contamination." U.S.P.
Sp. Gasa Absorbente Esteril.

Description and Tests. — "Sterile Absorbent
Gauze complies with the definition, description,
and tests under Absorbent Gauze. Sterile Absorbent Gauze may be supplied in various lengths
and widths, and in the form of rolls or folds.
Dimensions. — The dimensions of Sterile Absorbent Gauze shall be not less than 98 per cent of
the labeled dimensions of the Gauze. Sterility. —
Sterile Absorbent Gauze meets the requirements
of the Sterility Tests for Solids." U.S.P.
Sterilized gauze is most frequently sold in packages of from one yard to ten yards long and upwards. There are also available packages containing several small pieces individually wrapped so
that one may have a dressing for a small wound
without soiling the whole roll; it must be remembered that once the gauze is exposed to air it can
no longer be regarded as sterile.
Storage and Labeling. — "Each Sterile Absorbent Gauze unit is so packaged individually
that the sterility of the unit is maintained until
the package is opened for use. Sterile Absorbent

Petrolatum

597

Gauze is sterilized in the package. The package
bears a statement to the effect that the sterility
of the Gauze cannot be guaranteed if the package
bears evidence of damage or has been previously
opened. The length, width, and type of the gauze
are stated upon the package." U.S.P.
GAUZE

BANDAGE.

U.S.P.

Roller Gauze Bandage,
[Ligamentum Carbasi
Absorbentis]
Sp. Venda de Gasa Absorbente.

Description. — "Gauze Bandage is prepared
from Type I absorbent gauze in various widths
and lengths, and sterilized. Each bandage is in
one continuous piece, tightly rolled, and subfree from loose
threads
ravelings."
U.S.P. For stantially
standards
and tests
see and
U.S.P.
XV.
Gauze bandage is used for surgical purposes.
Storage and Labeling. — "Each Gauze Bandage is so packaged individually that the sterility
of the product is maintained until the package is
opened for use. Gauze Bandage is sterilized in the
package. The package bears a statement to the
effect that the sterility of the Bandage cannot be
guaranteed if the package bears evidence of damage, or if the package has been previously opened.
The width and length of the bandage, and the
name of the manufacturer, packer, or distributor
are stated on the package." U.S.P.

PETROLATUM

GAUZE.

U.S.P.

"Petrolatum Gauze is absorbent gauze saturated
with white petrolatum. The weight of the petrolatum in Petrolatum Gauze is not less than 4
times the weight of the gauze. Petrolatum Gauze
is sterile." U.S.P.
Petrolatum gauze may be prepared as follows: Place 20 Gm. of absorbent gauze, in strips
of suitable length and width, plain or folded, in
suitable containers, and sterilize in an autoclave
at 121° in an atmosphere of steam for 30 minutes.
Place 85 Gm. of white petrolatum in a beaker,
insert a thermometer in the petrolatum, heat to
a temperature of 170° and maintain the temperature between 165° and 170° for 2 hours. Cover
the petrolatum, allow it to cool to about 100°,
then aseptically pour it upon the gauze in such
manner as to cover the entire mass of gauze, and
immediately tightly close the container. U.S.P.
Standards and Tests.— The petrolatum recovered in the assay conforms to the description
and meets the requirements of the test for color
and other tests under White Petrolatum. The conditioned gauze obtained in the assay meets the
requirements of the tests for thread count and
weight under Absorbent Gauze, and for width
and length under Gauze Bandage. Petrolatum
gauze meets the sterility requirements of the
U.S.P.
Assay. — Not less than 20 units of gauze are
weighed and then placed in a heated glass funnel
to allow the petrolatum to melt and drain from
the gauze, the remaining petrolatum being removed by washing with warm benzene. The gauze,
freed from petrolatum, is conditioned in a standard atmosphere (65 per cent relative humidity,
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21° C.) and then weighed. The difference in
weight represents the weight of petrolatum. U.S.P.
Uses. — Petrolatum gauze is widely employed
as a bland, emollient dressing, packing or drain
for burns, wounds, ulcers, fractures and in many
different surgical situations. Nasal bleeding, and
even hemorrhage, may generally be controlled by
a firm packing of petrolatum gauze. It is nontoxic
and nonirritating, does not adhere to the tissue
with which it is in contact and, when it contains
the quantity of petrolatum directed to be used in
the U.S. P. formula, does not cause maceration of
tissue. An excessive amount of petrolatum is to
be avoided because of the danger of tissue maceration. The wide utility of the gauze may be
inferred from the recommendation of Vorhaus
and Weihe (Illinois M. J., 1951, 99, 81) that
sterile petrolatum gauze always be carried in the
physician's bag. Single sterile petrolatum gauze
dressings, packaged in properly sealed sterile containers to ensure maintenance of sterility until
the gauze is used; are commercially available. A
comprehensive review of the more recent literature pertaining to petrolatum gauze and its uses,
and also of the problems arising in its preparation
and sterilization, has been published by Gershenfeld (Am. J. Pharm., 1954, 126, 112). Additional
experimental data concerning preparation and
sterilization of the gauze, obtained by Gershenfeld
and his associates, are reported in Drug Standards, 1954, 22, 205, 210.
Labeling. — "The package label bears a statement to the effect that the sterility of the Petrolatum Gauze cannot be guaranteed if the package
bears evidence of damage or has been opened
previously. The package label states the width,
length, and type or thread count of the Gauze and
the name of the manufacturer, packer, or distributor." U.S.P.
Storage. — "Each Petrolatum Gauze unit is so
packaged individually that the sterility of the
unit is maintained until the package is opened
for use." U.S.P.
GELATIN.

U.S.P., B.P.

[Gelatinum]

"Gelatin is a product obtained by the partial
hydrolysis of collagen derived from the skin,
white connective tissue, and bones of animals.
Gelatin derived from an acid-treated precursor
exhibits an isoelectric point between pH 7 and
pH 9, known as Type A, while Gelatin derived
from an alkali-treated precursor has an isoelectric
point between pH 4.7 and pH 5, known as Type
B." U.S.P. The B.P. defines gelatin as the protein
obtained by extraction from collagenous material.
Gelatina Officinalis; Gelatina Alba. Fr. Gelatine officinale; Grenetine. Ger. Weiszer Leim; Weisze Gelatine.
It. Gelatina officinale. Sp. Gelatina; Grenetina.

The collagens are a class of albuminoids abundant in bones, skin, tendons, cartilage and similar tissues of animals. These collagens may be
hydrolyzed by water at high temperatures producing compounds known respectively as gelatin
or glue, which differ from each other mainly in
the character and quality of the raw stock from
which they are manufactured and also in the rela-
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tive amounts of glutin and chondrin which they
contain. Glutin is present in higher proportions in
glue, to which it imparts its great adhesive power,
while chondrin gives to gelatin its greater gelatinizing power.
Edible gelatin is prepared chiefly from three
carefully selected raw materials: clean bones,
fresh frozen porkskins, and calfskins. Bone stock
is first treated with hydrochloric acid which removes the acid-soluble calcium salts, chiefly the
phosphate, leaving a substance known as ossein.
Following this step the treatment of ossein and
calfskin is essentially the same. They are subjected to a prolonged liming treatment which removes many lime-soluble, extraneous protein substances. The excess lime is then removed by
washing, leaving practically pure collagen. The
acidity is then adjusted to a pH of about 5 or 6
and the collagen extracted with water, at an
elevated temperature in a cooking kettle, forming
gelatin. This weak gelatin solution is then concentrated and clarified by the use of a filter press or
a Kiefer filter. This concentrated solution is gelatinized by chilling, and the resulting gel is cut
into slabs which are placed on wire net frames
which pass through a carefully regulated drying
oven. The surface of sheet gelatin is covered with
lozenge-shaped marks due to impressions left by
the netting upon which it is dried.
In the case of porkskins, the fresh skins are
"acid-plumped" with hydrochloric acid, then well
washed with water and finally extracted with
water at a pH of 3.5 to 5.0 in kettles as already
described. The melted fats rise to the surface
whereas the gelatin solution, by reason of its
greater density, is drawn off at the bottom.
The physico-chemical properties of gelatin are
widely different, dependent upon the nature of its
precursor and consequently it is frequently necessary to know definitely the source of the gelatin
at hand in order to adjudge its suitability for a
specific purpose. One of the major points of difference between the two types of gelatin — i.e.,
that made by a preliminary liming of the precursor and that made by acid hydrolysis not preceded by a liming treatment — is the region of
their isoelectric points, as evidenced by the pH
at which they exhibit maximum turbidity in a 2
per cent gel. The former has an isoelectric point
at approximately pH 4.7 whereas that of the
latter is in the region pH 7 to 9.
The gel strength of gelatin is commercially
specified in terms of "Bloom Rating," the higher
the Bloom the greater being the power of gel
formation. The determination of Bloom Rating
is made by the use of the Bloom gelometer, a
device developed by the industry for this purpose.
In the absence of such an apparatus the Bloom
rating may be approximately estimated by the
following simple test. Weigh out five portions of
the gelatin as follows: 0.9 Gra., 1.0 Gm., 1.1 Gm.,
1.2 Gm., and 1.3 Gm.; to each add sufficient water
to make 100 Gm. of solution. Soak for 15 minutes
and then place the containers in a water bath at
60° until the gelatin has dissolved. Put 10 ml. of
each solution into each of five 12 by 120 mm. test
tubes and places these tubes in an ice bath, making certain that the whole of the gelatin solution
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is well below the level of the bath mixture. The
ice bath and the immersed tubes are then placed
in a refrigerator and the bath maintained at 0°
for six hours. At the end of this period remove
the tubes and determine the minimum amount of
gelatin required to produce a gel so firm that no
perceptible movement of it occurs when the tube
is inverted. The approximate Bloom rating will
be found from the following table:
Minimum
Per Cent
to Produce
Firm Gel
1.3
1.2
1.1
1.0
0.9

Bloom Rating
Bloom Rating
for Gelatin from for Gelatin from
Alkali-Treated
Acid-Treated
Precursor
Precursor
100
150
200
250
above 250

100
150
200
250

Note: The U.S. P. test for gel strength is based
on this method except that conformity to a minimum value only is determined.
Various forms of gelatin are supplied, including
the sheet gelatin already mentioned, shred gelatin
which is made by cutting sheet gelatin into very
narrow shreds by a shearing machine, and granulated gelatin made by grinding the broken sheets
into coarse granules. The latter variety is by far
the most desirable from the standpoint of ease
of handling and use.
In preparing a solution of gelatin it should first
be allowed to hydrate in cold water and thereafter
the temperature raised and maintained until solution iseffected. The prolonged heating of a gelatin
solution will cause it to lose its power of gelation
in the cold, such power being completely lost if
the hydrolysis is continued beyond a certain point.
A solution of high grade gelatin can, however,
be sterilized in an autoclave without losing its
ability to gel.
Description. — "Gelatin occurs in sheets,
flakes, shreds, or as a coarse to fine powder. It is
faintly yellow or amber in color, the color varying
in depth according to the particle size. It has a
very slight, characteristic bouillon-like odor. It is
stable in air when dry, but is subject to microbic
decomposition when moist or in solution. Gelatin
is insoluble in cold water, but swells and softens
when immersed in it, gradually absorbing from
5 to 10 times its own weight of water. It is soluble
in hot water, in acetic acid, and in a hot mixture
of glycerin and water. It is insoluble in alcohol,
in chloroform, in ether, and in fixed and volatile
oils." U.S.P.
Standards and Tests. — Identification. — (1)
A 1 in 100 solution of gelatin yields a precipitate
with acidified dichromate solution, and with trinitrophenol T.S. (2) A 1 in 5000 solution of gelatin is at once rendered turbid by tannic acid T.S.
Residue on ignition. — Not over 20 mg. from 1
Gm. of gelatin. Odor and water-insoluble substances.— A hot solution of gelatin (1 in 40) is
free from disagreeable odor, and is only slightly
opalescent when viewed in a layer 2 cm. thick.
Sulfite. — The limit is 40 parts per million. Arsenic.
— The limit is 1 part per million. Heavy metals. —
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The limit is 50 parts per million. Gel strength. —
1 Gm. of gelatin, when tested as described above
under Bloom Rating, produces a gel showing no
movement when inverted. Bacterial count. — The
total bacterial count does not exceed 10,000 per
Gm. and coliform bacteria are not present in 10
mg. or less. U.S. P.
"Note. — Gelatin to be used in the manufacture
of capsules in which to dispense medicines, or for
the coating of pills, may be colored with a certified color, may contain not more than 0.15 per
cent of sulfur dioxide and may have a lower gel
strength. For the special Gelatin to be used in the
preparation of emulsions, see Emulsions." U.S.P.
The B.P. specifications provide for limits of
2 parts per million of arsenic, 30 p. p.m. of copper,
7 p.p.m. of lead, 100 p.p.m. of zinc, 1000 p.p.m.
of sulfur dioxide, 16.0 per cent loss on drying at
105°, and 3.25 per cent of ash.
Uses. — Pharmaceutical. — Gelatin has many
uses in pharmacy. Its most frequent use is in the
manufacture of both hard and elastic capsules,
the gelatin for the latter containing a plasticizing
substance characterized by the presence of hydroxyl groups, i.e., a polyhydric compound. Many
formulations of dermatologic agents in a plastic
gelatin base, which can be melted so as to permit
application of the preparation to the skin, have
been devised and several continue to be used;
one such preparation which is official is Zinc Gelatin, which is described elsewhere in Part I. The
British Pharmacopoeia provides a formula for
preparing Lamellce, which are small discs containing gelatin in which are incorporated various
medicinal agents intended for application to the
eye. Gelatin is commonly used as the principal
base ingredient of many pastilles or troches, also
of suppositories. Its use in emulsions is discussed
under that title. Finally, it finds an important
application in delaying absorption of certain drugs
which are used parenterally, thereby prolonging
their action; epinephrine and heparin are among
the medicinal agents the duration of action of
w:hich has been thus modified.
Nutritional Aspects. — Gelatin is often of
service as an adjuvant protein food. It is not a
complete protein, lacking especially the essential
amino acid trytophan, but its ease of digestion
and freedom from carbohydrate and fat sometimes make it a valuable dietary component in
various forms of malnutrition. Its protective colloid function has led to the addition of 1 or 2 per
cent of gelatin in preparing modified milk formulas for infant feeding; Berggren (/. Dairy
Science, 1938, 21, 463) demonstrated that it
appreciably lowers the curd tension of cow's milk.
Its amphoteric action makes it especially valuable
as a food in cases of gastric hyperacidity or peptic
ulcer (see Andresen, Surgery, 1939, 5, 535;
Matzner et al., J. Lab. Clin. Med., 1941, 26, 682).
In certain non-mycotic disturbances of the
nails, the oral administration of gelatin daily has
been reported to be of value in restoring the
normal growth and appearance of the nails
(Tyson, /. Invest. Dermat., 1950, 14, 323).
Intravenous Uses. — In 1896 Dastre and
Floresco (Compt. rend. soc. biol., 1896) called
attention to the fact that intravenous injection
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of gelatin solutions greatly accelerated coagulation of blood and used such solutions in the treatment of internal hemorrhages. Solutions of gelatin are difficult to sterilize and a number of cases
of tetanus followed such use in the early days.
Quick (Wisconsin M. J., 1940. 39, 517) revived
this use of gelatin, especially for hemorrhagic
conditions associated with hepatic injury. Now
there is available a gelatin, specially prepared
from refined beef bone collagen, from which
sterile, pyrogen-free, nonantigenic solutions may
be prepared. Under the title Gelatin Solution,
Special Intravenous, the X.X.R. recognizes a 6
per cent solution of such gelatin in isotonic
sodium chloride solution; it is intended for use
as an infusion colloid. The solution is odorless,
clear, amber colored and slightly viscous at temperatures above 29° ; it gels at ordinary room
temperature. The pH of the solution is between
6.95 and 7.40. It is used as a plasma extender
(see also under this title in Part II ) in the treatment of shock. The disadvantage of this solution
is that it gels at room temperature and must be
warmed to about 50° before injection and kept
warm for prolonged administration, as by the drip
method (see Ravdin. J.A.M.A., 1952. 150, 10).
To be suitable for use as a plasma extender the
molecular weight of gelatin should be in the range
of 20.000 to 70,000. Different preparations of
gelatin may van* widely in their properties.
Osseous gelatin composed of relatively long molecular chains is not excreted from the kidney as
quickly as the more degraded and shorter chain
skin gelatins. After testing many types of skin
and bone gelatins Levenson (Surg. Gyn. Obst.,
1947, 84, 925) concluded that there was no
marked superiority of any particular gelatin over
the others when a sufficient concentration and
volume of solution were used.
Gelatin being an incomplete protein it would
appear that it can be utilized by the body as a
protein only if any missing amino acid, notably
trytophan. is supplied (Brunschwig, ibid., 1946,
82, 25). Since this is not provided when gelatin
is given as a plasma extender it is probably not
metabolized (Robscheit-Robbins. /. Exp. Med.,
1944. 80, 145); this, however, is no disadvantage.
It is not stored by the reticuloendothelial system
but is excreted in the urine. At the end of 24
hours from 60 to 100 per cent of injected gelatin
has been found in the urine (Jacobsen. Arch. Int.
Med., 1944. 74, 254). Injected intravenously as
a 6 per cent solution, osseous gelatin causes a
hemodilution maximum 3 to 4 hours later, the
blood volume increase amounting to 70 per cent
of the injected volume (Fletcher. /. Clin. Inv.,
1945. 24, 405). Accompanying the hemodilution
is a decreased hematocrit and a decrease in plasma
proteins. Levenson (loc. cit.) believed that the
red cell mass was decreased, but this has not been
confirmed. The sedimentation rate is increased
and pseudoagglutination occurs, as it does with
all macromolecular solutions used as plasma extenders; this does not interfere with blood typing
and crossing (Koop. Am. J. Med. Sc, 1945. 209,
28), the pseudoagglutination being abolished by
the addition of 1 per cent of glycine solution to
the red cell serum suspension. It was thought at
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first that gelatin increased the bleeding and clotting time (Amberson, Biol. Rev., 1937, 12, 48;
Haimovici. New Eng. J. Med., 1945, 233, 8);
this may have been due to the high calcium content of the preparations used, for Koop (Surg.,
1944. 15, 839) found no changes in the clotting
mechanism. No changes in liver or renal function
have been observed (Michie et al., J. Applied
Physiol, 1952, 4, 677).
Gelatin, effective as a plasma extender in 4 to
6 per cent solution, can be used in the treatment
of shock due to trauma, burns, and vasodilation.
Koop
ClinicsinA the
'. America,
1944.of 24,
found (Surg.
it effective
treatment
the 1300)
early
stages of hemorrhagic shock in 100 patients. On
the basis of use in over 400 patients, Seldon
(Proc. Mayo, 1945. 20, 468) recommended its
use in patients with minimal bleeding, in elderly
patients whose blood pressure tends to fall and
who need more intravenous fluid but not blood.
Kozoll (Am. J. Med. Sc, 1944. 208, 141) and
Evans (Am. J. Surg., 1945, 121, 478) found it
satisfactory in treating bum shock.
A 10 per cent solution has been given to patients with edema due to hypoproteinemia in
chronic renal and liver disease; significant diuresis
occurred in a few patients (Scott, Am. J. Med.
Sc, 1951. 222, 686).
To obviate the disadvantage that gelatin solutions have of setting to a gel. attempts have been
made to modify gelatin so that it will remain
fluid in solutions intended for intravenous use.
Most such modifications yield, as a result of
hydrolysis of the gelatin, particles of such small
molecular dimensions that they are rapidly lost
from the circulation and thus do not have the
required efficiency for treatment of shock. One
product, more efficient than the others, is called
oxy poly gelatin and was introduced by Pauling in
1946. It consists of particles with a molecular
weight ranging from 10.000 to 100.000. but having an average weight of 31.000; solutions of it
remain fluid at temperatures above 18°. When
tested in animals and man it compared favorably
with other plasma extenders (McCarthy et al.,
Am. J. Physiol, 1947. 150, 428; Chen et al.,
U. S. Armed Forces Med. J., 1952. 3, 1479;
Campbell et al, Texas Rep. Biol. Med., 1951, 9,
235). Higgins (J. Applied Physiol, 1952, 4, 776 i
observed 75 per cent retention of it at the end
of an infusion and 9 per cent at the end of 24
hours; 50 per cent appeared in the urine in 8
hours. Earlier preparations produced proteinuria,
tubular damage and uremia in the rat. Higgins
(loc. cit.) found no proteinuria in man; he did
observe, however, itching, erythema, and joint
swelling in 5 of 42 patients.
Topical Hemostatic. — An absorbable sponge,
composed chiefly of gelatin, has been demonstrated tobe a useful hemostatic in operative procedures and in the treatment of wounds; it is
official as Absorbable Gelatin Sponge (see under
this title for further information).
Toxicology. — Patients receiving gelatin are
remarkably free of toxic reactions (Ravdin. Am.
J. Surg., 1950. 80, 744; Seldon. Proc. Mayo,
1945, 20, 468). Although Skinsnes (Surg. Gyn.
Obst., 1947, 85, 563) reported changes in the
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renal tubule, a "gelatin nephrosis," Koop (Arch.
Surg., 1949, 59, 185) felt that these changes were
merely indicative of some substance being vigorously reabsorbed or excreted by the proximal
tubule and that they did not indicate damage.
Mitchie (Am. J. Applied Physiol., 1952, 4, 677)
found no measurable changes in tubular function.
Vascular lesions in dogs have been reported by
Heuper (Am. J. Path., 1942, 18, 895) but this
has not been confirmed (Brook, /. Lab. Clin.
Med., 1947, 32, 1115).
Dose. — As a plasma extender in the treatment of shock, the usual dose of the 6 per cent
special intravenous gelatin solution is 500 ml.,
given intravenously at rates of injection up to
30 ml. per minute if indicated that rapidly; the
gel should be liquefied by warming to about 50°
and kept warm for prolonged administration by
the drip method. As much as 3000 ml. has been
given. It should be used cautiously in the presence of cardiac impairment lest the excessive fluid
volume prove burdensome to the circulation; it
is considered inadvisable to use it in the crush
syndrome or in extensive third-degree burns
because of possible renal damage. The solution
is supplied in 500-ml. bottles (Knox Gelatine
Company).
Storage. — Preserve "in well-closed containers
in a dry place." U.S.P.
Off. Prep. — Zinc Gelatin; Glycerinated Gelatin Suppositories (in Part II), U.S. P.; Gelatin of
Zinc; Lamellae; Suppositories of Glycerin, B.P.

ABSORBABLE

GELATIN
U.S.P.

SPONGE.

[Spongia Gelatini Absorbenda]

"Absorbable Gelatin Sponge is a sterile, absorbable, water-insoluble gelatin-base sponge." U.S.P.
Gelfoam (Upjohn).

In 1945 Correll and Wise (Proc. S. Exp. Biol.
Med., 1945, 58, 233) described a gelatin sponge,
made by foaming a solution of partially denatured
gelatin with air and then drying the foam in an
oven, which possessed hemostatic action when
applied to wounds or used in surgical procedures.
The hemostatic action of the sponge depends in
part on its action as a tampon and in part on the
liberation of thromboplastin from damaged platelets which become traumatized by contact with
the walls of the interstices of the foam structure.
Though the gelatin sponge is water-insoluble it
will absorb about 50 times its weight of water or
about 45 times its weight of blood. Following
application to bleeding tissue it undergoes enzymic
digestion as healing progresses and in two to four
weeks the gelatin is usually completely "absorbed." The use of partially denatured gelatin
prevents its solution before healing takes place.
It is non-antigenic.
Description. — "Absorbable Gelatin Sponge is
a light, nearly white, nonelastic, tough, porous
matrix. It shows no tendency to disintegrate even
with relatively rough handling. A piece of Absorbable Gelatin Sponge may be rapidly wetted by
kneading it vigorously with moistened fingers.
A 10-mm. cube of Absorbable Gelatin Sponge
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weighing approximately 9 mg. will take up approximately fifty times its weight of water or
forty-five times its weight of well-agitated oxalated whole blood. Absorbable Gelatin Sponge will
withstand dry heat at 150° for 4 hours. Absorbable Gelatin Sponge is insoluble in aqueous media,
but is absorbable in body tissues. It is completely
digested by a solution of Pepsin." U.S.P.
Standards and Tests. — Residue on ignition.
— Not over 2 per cent. Digestibility. — The average digestion time of absorbable gelatin sponge in
a 1 in 100 solution of pepsin in 0.1 N hydrochloric acid is not more than 75 minutes. Sterility.
— The substance meets the requirements of the
Sterility Tests for Solids. U.S.P.
Uses. — Absorbable gelatin sponge has found
many applications as a hemostatic, for example in
neurosurgery (Light and Prentice, Neurosurgery,
1945, 2, 433), in gynecologic surgery (Huffman,
Quart. Bull. Northwest. U. Med. Sch., 1948, 22,
53), in traumatic rupture of the liver (Papen and
Mikal, New Eng. J. Med., 1948, 239, 920), in
liver repair surgery (Scott, Am. J. Surg., 1951,
81, 321), in numerous otorhinolaryngologic surgical procedures (Senturia et al., Laryn., 1949,
59, 1068), in proctologic removals (Rosser, South.
M. J., 1950, 43, 26), and in epistaxis (Cope, Eye,
Ear, Nose & Throat Monthly, 1947, 26, 417).
On the basis of animal experimentation it appears that gelatin foam can be used effectively to
fill the pleural cavity after pneumonectomy
(Small et al, Proc. Mayo, 1947, 22, 585). Scott
(loc. cit.) used it as a space filler in liver surgery.
Use of gelatin foam packing enhanced the results
of thoracoplasty (Hedberg, Am. Rev. Tuberc,
1950, 61, 193).
Powdered Gelfoam, followed by thrombin solution, has been administered orally in successful
management of massive gastrointestinal hemorrhage; aluminum hydroxide gel was given to prevent digestion of the clot (Cantor et al., Am. J.
Surg., 1951, 82, 23; McClure, Surgery, 1952,
32, 630).
An insolubilized gelatin film (Gelfilm) has been
used to repair dura and traumatized cortex
(Scheuerman et al., J. Neurosurg., 1951, 8, 608).
A gelatinized bone mass composed of ground
bone (fresh or preserved), blood, and powdered
Gelfoam has been used to repair skeletal defects
and traumatized bone about the face and extremities (Swanker and Winfield, Am. J. Surg.,
1952, 83, 332).
A sponge biopsy technic for diagnosis of cancer,
in which a suspected lesion is wiped with a Gelfoam sponge so as to transfer living cells directly
to the sponge surface for subsequent microscopic
examination for evidence of malignancy, has been
developed (Gladstone, New Eng. J. Med., 1949,
241, 48, and Cancer, 1949, 2, 604). Gelfoam has
also been applied to the biopsy site following excision of a tissue block by the round cutaneous
punch, providing hemostasis and facilitating the
healing process.
The commercially available sponges are small,
dry, crisp, rectangular sheets, which may be cut
into any desired shape with a scalpel, or molded
easily with the fingers. Before use the sheets are
compressed to expel air; they may then be soaked
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in either isotonic sodium chloride solution or a
solution of bovine thrombin and then applied
where required. Sometimes they are applied in the
dry state, blood serving to moisten the sponge.
Storage and Labeling. — Preserve "in a hermetically sealed or other suitable light-resistant
container in such manner that the sterility of the
product is maintained until it is opened for use.
The package bears a statement to the effect that
the sterility of Absorbable Gelatin Sponge cannot
be guaranteed if the package bears evidence of
damage, or if the package has been previously
opened. The label bears the name and address of
the manufacturer, packer, or distributor, and a
lot number which will reveal the processing history of the product." L.S.P.
GENTIAN.
X.F.. B.P.
Gentian Root. [G«ntiana]

"Gentian is the dried rhizome and roots of
Gentiana lutea Linne (Fam. Gentianacece). Gentian yields not less than 30 per cent of watersoluble
extractive.'"rhizome
X.F. The
the
dried fermented
and B.P.
root recognizes
of the same
origin, and requires not less than 33.0 per cent of
water-soluble extractive.
Yellow Gentian Root; Bitter Root; Felwort. Radix
Gentianae. Fr. G«ntiane ; Racine de gentiane; Gentiane
jaune. Ger. Enzianwurzel ; Bitterwurzel; Roter Enzian;
Gelber Enzian: Fieberwurzel; Hochwurzel. It. Genziana.
Sp. Genciana; Raiz de genciana.

Gentiana lutea or yellow gentian is among the
most remarkable of the species which compose
this genus, because of its beauty and large size.
From its perennial rhizome — which is thick, long
and branching — an erect, round stem rises to the
height of 3 or 4 feet, bearing opposite, sessile,
ovate, acute, five- to seven-nerved leaves of a
bright-green color, and somewhat glaucous. The
flowers are large and beautiful, of a yellow color,
and arranged in axillary cymes along the upper
part of the stem. The calyx is gamosepalous.
membranous, yellowish, and semi-transparent,
splitting when the flower opens, and reflected
when it is fully expanded: the corolla is rotate,
and deeply divided into five or six lanceolate,
acute segments; the stamens are five or six. and
shorter than the corolla. The fruit is an ovate
capsule containing winged seeds. The plant grows
among the Apennines, the Alps, the Pyrenees, the
Juras and Vosges. and in other mountainous or
elevated regions of Europe and Asia Minor. The
drug is collected, in the summer months, from
plants two to five years old and usually prepared
by placing the rhizomes and roots in heaps which
are allowed to he on the ground for some time and
ferment. These are then washed, dried in the
open, then in sheds, and cut into variable lengths.
During the process of fermentation the white
internal color of the drug changes to an orange
brown, some of the original bitterness is lost and
the characteristic odor is acquired.
Gentian comes to the United States from various European countries. In 1952 a total of 246. 65S
pound were imported into the U.S.A. from Yugoslavia, France and Spain.
Several other species are used like the official
drug. The roots of G. purpurea L., and G. punc-
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tata L.. inhabiting the same regions as G. lutea,
and of G. pannonica Scopoli. growing in Austria,
are said to be often mixed with the official species.
All of these are usually smaller than the official
article, the G. purpurea rhizomes being crowned
with a number of aerial stem bases with scaly
remains of leaves attached. The German Pharmacopoeia permits the use of the rhizome and roots
of these three species.
One indigenous species. G. Catesbcei (now G.
Elliottii Chapm. ». growing in the southern States,
formerly was recognized in the secondary list of
the U.S. P.. and is reputed to be but httle inferior
to the official species. This plant, popularly called
blue gentian, has a perennial, branching, somewhat fleshy root, and a simple, erect, rough stem,
rising eight or ten inches in height, and bearing
opposite ovate-lanceloate leaves and pale blue
flowers, crowded, nearly sessile, and axillary or
terminal. It grows in the grassy swamps from
Virginia to Florida, where it flowers from September to December. It may be given in powder
in doses of 1 to 2 Gm.. or in the form of extract,
infusion, wine or tincture.
Description. — "Unground Gentian occurs in
nearly cylindrical pieces, sometimes branched,
entire or longitudinally split, from 5 to 40 mm. in
thickness ; the rhizome portions are annulate from
leaf scars and frequently end in a bud; the rhizome and roots are longitudinally wrinkled, sometimes twisted, moderate brown to weak brown
externally. Gentian is brittle when dry, tough and
flexible when damp; internally yellowish brown
to dusky yellowish orange, with a bark from 0.5
to 2.5 mm. in thickness, separated from a porous
wood by a dark cambium zone and radiate in
appearance, especially in the region of the cambium. The odor is strong and characteristic. The
taste is slightly sweet at first, then strongly and
persistently bitter." X.F. For histology see X.F. X.
''Powdered Gentian is yellowish brown to yellowish orange. It consists chiefly of parenchyma
cells containing oil globules, with fragments of
reticulate and scalariform vessels and tracheids;
fragments of cork and collenchyma: occasional
clumps of minute prismatic crystals of calcium
oxalate in angles of parenchyma cells: starch
grains few or absent. Stone cells and fibers are
absent." X.F.
Standards and Tests. — Water. — Not over
15 per cent. Foreign organic matter. — Not over 2
per cent. Identification. — On microsublimation
powdered gentian yields pale, greenish yellow,
acicular crystals which are insoluble in water, in
alcohol, and in ether, but soluble in chloral hydrate and potassium hydroxide solutions. The
crystals are mostly 10 to 150 ji in length, straight
to slightlv curved, and isolated or in small clusters. X.F.
Assay. — Proceed as directed under Watersoluble extractive. X.F.
Constituents. — Kromayer. in 1862, first obtained the bitter principle of gentian as a pure
substance and gave it the name of gentiopicrin.
This principle has been found in many other
species of the genus Gentiana and seems to be a
characteristic constituent of the genus. It is a
glycoside, crystallizing in colorless needles, which
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readily dissolve in water. It is soluble in 95 per
cent alcohol, but dissolves in absolute alcohol only
on heating; it does not dissolve in ether. Sodium
hydroxide forms with it a yellow solution. Dilute
acids hydrolyze gentiopicrin into a sugar and an
amorphous, yellowish-brown neutral substance
named gentiogenin. Fresh gentian roots yield, according toTanret (Pharm. J., 76, 87), about 1.5
per cent of gentiopicrin but dried roots only about
0.1 per cent of gentiopicrin. Asahina, however,
states (Ber., 1939, 72B, 1534) that gentiogenin
is a polymer of the true aglycone which he calls
protogentiogenin. The proportion of gentiopicrin
in the root apparently diminishes on aging (Bridel,
/. pharm. chim., 1920, 22, 411).
Other constituents which have been reported in
gentian include: a second glycoside gentiin, which
forms yellow crystals insoluble in water; gentiamarin, which is soluble in either water or alcohol
and appears to be related to the tannins, giving a
black precipitate with ferric chloride; gentisin
(also called gentianin or gentianic acid), which
is the 3-monomethyl ether of 1,3,7-trihydroxyflavone and forms yellow crystals which are almost insoluble in either water or alcohol and is
apparently physiologically inert (see Shinoda,
/. Chem. S., 1927, 130, 1983); gentisic acid (2,5dihydroxybenzoic acid) and gentianose, a trisaccharide. For further review of the chemistry
of gentian see Redgrove (Pharm. J., 1929, 122,
324).
Adulterants. — The unground drug has been
mixed with rhizomes of Rnmex alpinus which give
the anthraquinone test. Powdered gentian has
been adulterated with ground olive stones, ground
peanut shells, and even quassia root. These are
all readily detected by means of their lignined
tissues, which may be seen through the use of the
microscope.
Uses.— Gentian has been known from earliest
antiquity and is said to have derived its name
from Gentius, a king of Illyria. Many of the complex preparations handed down from the Greeks
and Arabians include it as an ingredient. The
usual preparations of gentian are, however, almost
without physiological properties except for a local
effect on the mucous membrane of the alimentary
tract. Moorhead (/. Pharmacol., 1915, 7, 577)
offered a scientific rationale for the ancient empirical belief in the bitters, by showing that
gentian markedly increased gastric secretions in
cachetic dogs. As a stimulant to gastric digestion,
gentian was perhaps the most popular of all bitters
in the treatment of atonic dyspepsia, anorexia,
and similar complaints. In overdose it acts as a
local irritant and may cause nausea or vomiting.
According to Tanret (Bull. gen. therap., 1905,
p. 730) gentiopicrin is highly poisonous to the
Plasmodium and, in doses of 1.3 to 2 Gm. (approximately 20to 30 grains), is useful in malarial
fevers (it might be pointed out in this connection
that it would require between four and five pounds
of dried gentian root to produce one dose of
gentiopicrin). [v]
Dose of gentian, 1 to 2 Gm. (approximately
15 to 30 grains).
Storage. — Preserve "against attack by insects." N.F.
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Off. Prep. — Compound Gentian Tincture,
N.F., B.P.; Gentian Fluidextract ; Glycerinated
Gentian Elixir, N.F.; Concentrated Compound
Infusion of Gentian; Compound Infusion of
Gentian, B.P.
GLYCERINATED

GENTIAN
N.F.

ELIXIR.

[Elixir Gentianae Glycerinatum]

Dissolve 200 Gm. of sucrose in 200 ml. of purified water, add 400 ml. of glycerin, a mixture of
100 ml. of alcohol and 15 ml. of sweet orange
peel tincture, 10 ml. of gentian fluidextract, 15 ml.
of taraxacum fluidextract, 60 ml. of compound
cardamom tincture, 60 ml. of raspberry syrup, 5
ml. of phosphoric acid, 1 ml. of ethyl acetate, and
sufficient purified water to make 1000 ml. Mix
well and filter, if necessary, until the product is
clear. N.F.
Alcohol Content. — From 12 to 15 per cent,
by volume, of C2H5OH. N.F.
Glycerinated gentian elixir possesses no therapeutic action except such as might be due to the
vehicle for certain "tonic"
a useful when
alcohol,
drugs. Itbut
willisdiscolor
mixed with iron salts.
Storage. — Preserve "in tight containers." N.F.
N.F.
GENTIAN FLUIDEXTRACT.
[Fluidextractum Gentianae]

Prepare the fluidextract from gentian, in moderately coarse powder, by Process A (see under
Fluidextracts) using diluted alcohol as the menstruum. Macerate the drug during 48 hours, and
percolate at a moderate rate. N.F.
Alcohol Content. — From 33 to 39 per cent,
by volume, of C2H5OH. N.F.
Gentian fluidextract is occasionally prescribed
as a simple bitter in doses of 1 ml. (approximately
15 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep. — Glycerinated Gentian Elixir, N.F.
CONCENTRATED COMPOUND INFUSION OF GENTIAN.
B.P.
Infusum Gentianae Compositum Concentratum

Concentrated Compound Infusion of Gentian
is made by macerating gentian, bitter orange peel
and lemon peel with 25 per cent alcohol. It represents approximately 10 per cent w/v of gentian.
When diluted with seven volumes of distilled
water the product is the B.P. Compound Infusion
of Gentian.
The dose of the concentrated infusion is 2 to 4
ml. (approximately 30 to 60 minims) ; that of the
diluted infusion is 15 to 30 ml. (approximately
]/z to 1 fluidounce).
COMPOUND

GENTIAN
N.F. (B.P.)

TINCTURE.

[Tinctura Gentianae Composita]
B.P. Compound Tincture of Gentian. Sp. Tintura de
Genciana Compuesta.

Prepare a tincture from 100 Gm. of gentian, 40
Gm. of bitter orange peel, and 10 Gm. of carda-
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mom seed, all in moderately coarse powder, by
Process P (see under Tinctures), using first a
menstruum of 100 ml. of glycerin, 500 ml. of alcohol and 400 ml. of water, then percolating with
diluted alcohol. Macerate the drugs during 12 to
16 hours, and percolate at a moderate rate. N.F.
The B.P. prepares the tincture by maceration
of 100 Gm. of gentian. 37.5 Gm. of bitter orange
peel, and 12.5 Gm. of cardamom seed with 45
per cent alcohol.
There is generally more or less precipitate in
this tincture; glycerin has been included in an
attempt to prevent precipitation but it does not
entirely avoid it.
Alcohol Content. — From 43 to 47 per cent,
by volume, of C2H0OH. U.S.P.
This tincture is still occasionally employed as a
bitter in treating gastric atony and anorexia.
Dose, from 4 to 8 ml. (approximately 1 to 2
fluidrachms).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat.'' N.F.
GINGER.

X.F., B.P.
Zingiber

"Ginger is the dried rhizome of Zingiber officinale Roscoe (Fam. Zingiberacece) known in
commerce as Jamaica Ginger, African Ginger,
and Cochin Ginger. The outer cortical layers are
often either partially or completely removed."
X.F. The B.P. recognizes the scraped and sundried rhizome of the same species, specifying "unbleached Jamaica Ginger."
Ginger Rhizome. Rhizoma Zingiberis. Fr. Gingembre ;
Racine de gingembre. Ger. Ingwer; Ingber. It. Zenzero.
Sp. Jengibre.

The genus Zingiber includes about 70 species
of perennial herbs, having horizontal tuberous
rhizomes, all native to tropical countries, most
of the commercial ginger being obtained from
Zingiber officinale. This species is a native of
tropical Asia, but now extensively cultivated in
tropical countries of both the Eastern and Western Hemispheres. It has been introduced into
southern Florida, where it thrives in rich soil and
partial shade.
The ginger plant has a perennial, creeping rhizome, and an annual stem, which rises two or
three feet in height, is solid, cylindrical, erect,
and enclosed in an imbricated membranous sheath.
The leaves are sessile, lanceolate or linearlanceolate, acute, smooth, up to eight inches long
by about three-quarters of an inch in breadth,
and stand alternately on the sheaths of the stem.
The flower-stalk rises by the side of the stem
from six to twelve inches high without foliage
leaves, and terminates in an ellipsoidal, obtuse,
bracteal, imbricated spike. The flowers are of a
greenish-yellow color with a purple lip spotted
with yellow and appear two or three at a time
between the bracteal scales. The fruit is an oblong
capsule. The plants mature in from nine to ten
months. The rhizome of the ginger is lifted from
the soil by a single thrust of a fork at the time
when the stems of the plant turn white, before
the rhizome has begun to get tough and fibrous.

Part

I

It is prepared in different ways for the market,
which is an important factor in determining the
appearance of the several varieties. When simply
deprived of roots, and washed, it constitutes the
green ginger which is used for condimental purposes. When, in addition, it is scalded in boiling
water and rapidly dried, it is known as black
ginger. There are other varieties, however, which
after washing are either peeled and bleached,
sometimes with chlorine or sulfurous acid, or
coated with lime. All of the medicinal gingers are
dried before marketing.
In Jamaica, the so-called unbleached Jamaica,
or white ginger, is produced by carefully peeling
the washed fresh rhizomes so that the cork and
outer part of the cortex are removed. These are
washed repeatedly and bleached by exposure to
the sun. The peeled pieces are macerated sometimes in water and sometimes in lime juice, and
not rarely the color of the ginger is improved by
finally coating it with chalk. An inferior white
ginger is produced in the East Indies. The thoroughness ofdesiccation is a matter of commercial
importance. The moisture in ginger should not
exceed 10 per cent, but in the poorer specimens
may constitute one-fourth of the whole weight.
In China the fresh ginger is sometimes rasped
into a powder and as such dried. Formerly East
Indian ginger was imported into the United States
from Calcutta, while the Jamaica or West Indian
ginger came usually through London. At present
the cultivation of ginger is spread almost over the
whole sub-tropical world, and the drug is produced
in Jamaica, St. Lucia. Dominica. Nigeria, West
Indies, Honduras, Mexico, British West Africa.
India. Cochin China, Japan, etc.
The chief varieties of ginger grown in India
are the Cochin and the Calicut, of which the
Cochin is reputed to be the better grade. This
occurs in three forms, viz.. the whitewashed and
bleached, scraped and the unbleached. These
gingers are sent chiefly from the ports of Cochin
and Calicut of Madras to Bombay whence they
are exported to England and America.
In Martinique a ginger is said to be obtained
by the cultivation of Zingiber Zerumbet Rose.
The ginger of Thailand is said to be produced by
Alpinia Galanga Willd. (Galanga, Part II). The
large, ordinary, preserved ginger of China is.
according to C. Ford (Kew Bulletin, 1891). also
the product of the same plant. Preserved ginger
from the West Indies is made from the official
plant. According to Hartwich and Swanlund. the
rhizome of the Zingiber Mioga Roscoe. which is
cultivated in China and Japan, has a taste less
pungent than that of the official ginger, and distinctly recalling bergamot. Its volatile oil differs
from Jamaica ginger in physical properties.
In commerce the varieties of ginger are known
by the place of their production. African and
Cochin ginger on an average yield more resin
than the other varieties; the African also yields
more volatile oil than the Jamaican.
The recent rhizome, known in commerce as
"green ginger." is from one to four inches long,
somewhat flattened on its upper and under surface, knotty, obtusely and irregularly branched
or lobed, externally of a light ash color with cir-
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cular rugae, internally yellowish-white and fleshy.
It sometimes begins to grow when kept in a damp
atmosphere. The black ginger is of the same general shape, but has a dark ash-colored, wrinkled
epidermis, which, being removed in some places,
exhibits patches of an almost black color, apparently the result of exposure. Beneath the epidermis isa brownish cork and a resinous, almost
horny cortical portion. The interior parenchyma
is whitish, the cells being filled with starch with
scattered cells containing resin and oil. The powder is of a light yellowish-brown color. The unbleached Jamaica ginger is pale yellowish-buff on
the outside. The pieces are rounder and thinner,
and afford when pulverized a pale yellowish
powder.
The uncoated ginger of the East Indies resembles the Jamaica, but is darker, being gray
rather than pale yellow. As the Jamaica commands a much higher price than even the uncoated East India production, the latter is occasionally altered to simulate the former. This is
sometimes done by coating the exterior with calcium sulfate or carbonate, sometimes by bleaching
with the fumes of burning sulfur or in other ways,
by which not only the exterior but also the internal parts are rendered whiter than in the unprepared root.
Commercial gingers are known as "scraped,"
"decorticated," and "coated." The "scraped"
gingers are those from which the cortex has been
removed in whole or in part by peeling, as seen
in the Jamaica, and in some Cochin and Japanese
varieties. In the "coated" gingers a portion of the
outer natural layers is retained as in the African,
Calcutta and Calicut varieties. "Bleached" and
"unbleached" gingers are also distinguished, the
former being lighter in color due to careful washing or special treatment. The African is the most
pungent of the gingers.
During 1952 imports of unground ginger
amounted to 3,974,375 pounds, chiefly from
Jamaica, India, Cuba. Nigeria, O.B.M. Africa,
Taiwan, and Hong Kong.
Description. — "Unground Jamaica Ginger
shows a horizontal rhizome laterally compressed
and irregularly branched, from 4 to 16 cm. in
length and from 4 to 20 mm. in thickness with
the cork wholly removed. It is weak orange to
weak yellowish orange externally. The rhizome is
longitudinally striate showing ends of branches
with depressed stem-scars. The fracture is short,
fibrous, starchy, and resinous, and internally yellowish brown to yellowish orange. The odor is
agreeably aromatic and the taste aromatic and
pungent.
"Unground African Ginger occurs with the cork
partly removed on the flattened sides, leaving
light brownish areas, and showing portions with
cork longitudinally or reticulately wrinkled and
grayish brown. Internally it is light yellow to
brown. The taste is aromatic and strongly pungent. Otherwise it resembles Jamaica Ginger.
"Unground Cochin Ginger occurs with the cork
partially or wholly removed on the flattened sides.
It is fight brown to yellowish gray. The fracture
is shorter, less fibrous, and more starchy than the
other varieties. Internally it is weak yellow to
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medium yellow. The odor is aromatic and the
taste is pungent." N.F. For histology see N.F. X.
"Powdered Ginger is weak yellowish orange
(Jamaica Ginger), light yellowish brown to moderate yellow (African and Cochin Ginger). Starch
grains are numerous, from 5 to 40 n in diameter,
occasionally up to 60 \i in the long axis, nearly
spherical, ovoid, ellipsoidal or pear-shaped, frequently with a characteristic beak, slightly lamellated, the hilum is near the smaller end. The
fibers are long, with rounded, pointed or notched
ends, thin-walled, non-lignified or slightly lignified,
with oblique pits and, where they join the parenchyma, distinctly undulate. Long fiber-like cells
with suberized walls and brown to dark brownish
red, resin-like contents are occasionally present.
The vessels are spiral, reticulate or scalariform
and frequently non-lignified. Numerous greenish
yellow to reddish brown secretion cells with volatile oil or resin content are present. Yellowish or
brownish cork cells, thin-walled, occur occasionally in Jamaica Ginger and in scraped Cochin
Ginger, and are fairly numerous in unscraped
Cochin Ginger and in African Ginger." N.F.
Those pieces of ginger which are very fibrous,
light and friable, or worm-eaten, should be rejected. The aromatic taste of ginger gradually
lessens, and eventually disappears, on exposure.
For an article on the microscopic and chemical properties of different varieties of ginger, see
Kraemer and Sindall (Am. J. Pharm., 1908, 80,
303). Kimura and Watanabe have made a comparative pharmacognostic investigation of Japanese ginger, Z. Mioga, with special attention to
the
starch grains (/. Pharm. Soc. Japan, 1929,
49, 62).
Standards and Tests. — Water-soluble extractive.— Not less than 12 per cent. Ether-soluble
extractive. — Not less than 4.5 per cent. N.F. The
B. P. requires not less than 4.5 per cent of alcohol
(90 per cent) -soluble extractive, not less than
10.0 per cent of water-soluble extractive, not less
than 1.7 per cent of water-soluble ash, and not
more than 6.0 per cent of ash.
Constituents. — Garnet and Grier isolated a
pungent constituent from ginger which Thresh
named gingerol. This was later investigated by
Nomura, who identified it as (4-hydroxy-3methoxyphenyl) ethyl methyl ketone, and named
it zingerone. Its composition is C11H14O3 and it
is a crystalline solid melting at 40° to 41°.
Nomura also reported the presence of shogaol
(from shoga, the Japanese name for ginger). This
is an unsaturated ketone, homologous with zingerone and having the formula C17H24O3. Its reactions and synthesis have been worked out by
2445).
Nomura
and co-workers (Chem. Abst., 1930, 24,
Zingerone has a sweet odor and an extremely
pungent taste; it is chemically related to vanillin
and to capsaicin. The pungency of ginger, in contrast to that of capsicum, is destroyed by heating
with alkali hydroxides.
Clevenger (/. A. Ph. A., 1928, 17, 630), examining African and Jamaica ginger, found that from
1 to 3 per cent of volatile oil may be expected;
the oil should have a specific gravity from 0.876
to 0.885, and an optical rotation of —40° to —56°,
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both at 25°, and an index of refraction, at 20°,
from 1.490 to 1.493. Japanese ginger is said to
yield a dextrorotatory oil. The oil from official
ginger consists largely of a mixture of terpenes,
camphene, phellandrene and the sesquiterpene
zingiberene. There is also some citral, cineol and
borneol in the oil.
Ginger root contains also a considerable proportion of starch.
Adulterants. — Powdered ginger is sometimes
adulterated with rice starch, wheat flour, wheat
middlings, powdered flaxseed, or, most frequently,
with powdered ginger which has been exhausted
in making preparations. The loss of pungency is
masked by the addition of capsicum or mustard
and turmeric is added to match the color of the
genuine drug. The detection of spent ginger (the
residue of the drug which has been exhausted in
the preparation of essence), without assay of
some sort, is almost impossible, unless so much
is present as sensibly to alter the taste of the
powder. The tests useful to detect spent ginger
are determinations of ash and the cold water extract. The presence of capsicum may be detected
by a test specified for the formerly official tincture (see U.S.D., 21st ed., p. 1117) and based on
the fact that the pungency of capsicum is not
destroyed by heating with alkali hydroxides, as
is the case with ginger (see under Constituents).
Uses. — Ginger is an agreeable stimulant and
carminative, and was formerly often administered
in dyspepsia and flatulent colic. In serous diarrhea,
resulting from relaxation of the bowel, it may be
of service but should not be employed in the
presence of inflammatory conditions. A hot infusion, called "Ginger Tea," was at one time
highly popular for its diaphoretic effect in "colds,"
the infusion being prepared by adding half an
ounce of the powdered or bruised root to a pint
of boiling water, and given in doses of one or two
fluidounces (30 to 60 ml.).
Under the name of "Essence of Ginger" alcoholic preparations of ginger were formerly sold
and used as intoxicants. A number of cases of
blindness produced by such use have been recorded, the amblyopia having been due to the
use of methyl alcohol in the making of these
"essences." Another group of poisonings by impure essence of ginger have been caused by the
presence of tricresyl phosphate. S
Dose, 0.6 to 1.3 Gm. (approximately 10 to
20 grains).
Off. Prep. — Ginger Fluidextract, N.F.; Compound Powder of Rhubarb; Strong Tincture of
Ginger, B.P.
GINGER

FLUIDEXTRACT.

N.F.

Fluidextractum Zingiberis
Sp. Extracto Fluilo de Jengibre.

Prepare the fluidextract from ginger, in moderately coarse powder, by Process A (see under
Fluidextracts) , using a menstruum of 9 volumes
of alcohol and 1 volume of water. Macerate the
drug overnight, and percolate at a moderate rate.
N.F.
Assay. — A 20-ml. portion of fluidextract is
evaporated on a water bath until the odor of alco-

hol is no longer apparent; the residue is macerated
with several portions of ether, which are filtered
into a tared beaker, the ether evaporated and this
residue dried over sulfuric acid for 18 hours. The
weight of the residue is not less than 900 mg. N.F.
Alcohol Content. — From 69 to 76 per cent,
by volume, of C2H5OH. N.F.
This fluidextract is representative of ginger and
may be used for the same purposes.
Dose, from 0.3 to 1 ml. (approximately 5 to
15 minims).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
GINGER OLEORESIN.
N.F.
[Oleoresina Zingiberis]

"Ginger Oleoresin yields not less than 18 ml.
and not more than 35 ml. of volatile ginger oil
from each 100 Gm. of oleoresin." N.F.
Extract the oleoresin from ginger, in moderately fine powder, by percolation with acetone,
alcohol or ether. Recover the greater part of the
solvent by distillation, transfer the residue to a
suitable container, and allow the remainder of the
solvent to evaporate spontaneously. N.F.
Assay. — The volatile oil in 10 Gm. of oleoresin is determined by Process A for volatile oil
determinations. N.F.
Ginger oleoresin finds some use as a carminative and in the treatment of atonic gastrointestinal
conditions.
Dose, from 30 to 120 mg. (approximately Yz
to 2 grains).
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Aloin, Belladonna, Cascara and
Podophyllum Pills, N.F.
B:P.
SYRUP OF GINGER.
Syrupus Zingiberis

The B.P. preparation is made by mixing 50 ml.
of strong tincture of ginger (B.P.) with sufficient
syrup to make 1000 ml.
The N.F. IX Ginger Syrup was made as follows: Mix 30 ml. of ginger fluidextract with 20
ml. of alcohol, and triturate the liquid with 10 Gm.
of magnesium carbonate and 60 Gm. of sucrose.
To this gradually add 430 ml. of distilled water
and triturate until the sucrose has dissolved. Filter
the solution, dissolve in it 760 Gm. of sucrose,
warming slightly to facilitate solution, and strain
the syrup. When it is cold, add distilled water,
through the strainer, to make 1000 ml. of syrup.
Mix well. N.F. IX.
Alcohol Content. — From 3.5 to 4.5 per cent,
by volume, of C2H5OH. N.F. IX.
This syrup is occasionally employed as a warm
stomachic addition to tonic and purgative mixtures, and sometimes as a flavoring agent.
Dose, 2 to 8 ml. (B.P.) ; the N.F. IX gave the
usual dose as 10 ml.
Storage. — Preserve "in tight containers, and
avoid excessive heat." N.F. IX.

STRONG

TINCTURE
B.P.

OF GINGER.

Essence of Ginger, Tinctura Zingiberis Fortis

Strong Tincture of Ginger is prepared by per-
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colating 50 per cent w/v of ginger with 90 per
cent alcohol. Alcohol content, 82 to 88 per cent,
by volume.
Dose, 0.3 to 0.6 ml. (approximately 5 to 10
minims).
Off. Prep. — Syrup of Ginger; Weak Tincture
of Ginger, B.P.
WEAK TINCTURE OF GINGER.
B.P.
Tinctura Zingiberis Mitis
Tinctura Zingiberis (Ger.). Tincture of Ginger; Tincture of Jamaica Ginger. Fr. Teinture de gingembre. Ger.
Ingwertinktur. It. Tintura di zenzero.

Weak Tincture of Ginger is prepared by diluting
strong tincture of ginger with 4 volumes of 90 per
cent alcohol.
The tincture is a carminative, often being added
to tonic and purgative mixtures in debilitated
states of the alimentary canal.
Dose, from 2 to 4 ml. (approximately 30 to
60 minims).
ANTIHEMOPHILIC
U.S.P.

GLOBULIN.

Antihemophilic Globulin (Human), [Globulinum
Antihemophilicum]

"Antihemophilic Globulin is a sterile preparation containing a fraction of normal human plasma
that is capable of shortening the spontaneous
clotting time of hemophilic blood when it is shed.
It is prepared by fractionation, and contains no
preservative." U.S.P.
Antihemophilic globulin is prepared from normal human plasma by the method of fractionation developed by Cohn; the procedure involves
careful control of such variables as alcohol concentration, pH, and ionic strength. For a discussion of plasma fractionation, see under Normal
Human Plasma. The factor required for antihemophilic activity is found in fraction I, together
with several other substances.
Description. — "Antihemophilic Globulin is a
white or nearly white, amorphous substance dried
from the frozen state." U.S.P.
Standards and Tests. — Water. — It loses not
more than 2 per cent of its weight when dried at
room temperature over phosphorus pentoxide at
a pressure of not more than 1 mm. of mercury.
Other requirements. — The globulin complies with
the solubility, identity, pyrogen, safety, sterility
and potency tests and other requirements of the
National Institutes of Health, including the release of each lot individually before its distribution. U.S.P.
Uses. — Antihemophilic globulin is used to control the bleeding of hereditary hemophilia. Periodic intravenous injection of this globulin preparation appears to produce coagulation times that
are within the normal range (Patek and Stetson,
/. Clin. Inv., 1936, 15, 531; Pohle and Taylor,
ibid., 1937, 16, 741).
Hemophilia is an hereditary disease characterized by a bleeding tendency of variable degree,
from time to time, and a prolongation of the
coagulation time of venous blood uncontaminated
with tissue juice. The management of hemophilia
involves many procedures, such as prevention of
propagation by male patients and female carriers

of the hereditary trait, avoidance of trauma by
these patients, local anticoagulant and antibacterial treatment of wounds, and preoperative
transfusion of whole blood or plasma and careful
selection of the occasion for essential surgical
procedures. The defect in the conversion of prothrombin to thrombin (prothrombin consumption
test, Quick, J.A.M.A., 1951, 145, 2) is an incomplete explanation of bleeding in many cases. An
antibody to the deficient globulin factor may be
present or may appear after the injection of antihemophilic globulin or of whole blood or plasma
(Frommeyer et al., Blood, 1950, 5, 401) or an
anticoagulant may be present in the patient's
blood (Conley et al, J. Clin. Inv., 1950, 29, 1182 ;
Singer et al., Blood, 1950, 5, 1135; Alexander
et al., J. Clin. Inv., 1950, 29, 881). Treatment
with this globulin should be employed only in
acute situations, since antibodies form readily
and the globulin loses its beneficial action.
The usual dose, administered intravenously, is
200 mg., with a range of 200 to 600 mg., the latter
generally not being exceeded in 24 hours. The
dose is usually determined for individual patients
by a titration relating the amount of globulin
administered and the therapeutic response it
produces.
Labeling. — "The package label bears the name
Antihemophilic Globulin {Human) ; the contents
in mg. of protein; the lot number and the expiration date, which is not more than 1 year after
date of manufacture; the manufacturer's name,
license number, and address; and the statement,
'Keep
preferably
50° F.).'"
U.S.P. at 2° to 10° C. (35.6° to
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense
it in the unopened container in which it was
placed by the manufacturer." U.S.P.
IMMUNE
Immune

SERUM

GLOBULIN.

Serum Globulin (Human)

U.S.P.

(U.S.P. XIV)

"Immune Serum Globulin is a sterile solution
of globulins which contains those antibodies
normally present in adult human blood. It contains a suitable antibacterial agent. Each lot of
Immune Serum Globulin is derived from an original plasma or serum pool which represents at
least 1000 individuals. Not less than 90 per cent
of the total protein of Immune Serum Globulin
is globulin." U.S.P.

Measles Prophylactic.

The serum or plasma used for the preparation
of immune serum globulin may be obtained from
the donor either by collection of blood by venipuncture or by collection of blood incidental to
the expulsion of the human placenta at the time
of childbirth, or from the placenta itself. Regardless of the source of the blood the plasma or
serum is separated and from it the globulins are
concentrated by the alcohol method of Cohn et al.
(see Plasma Fractionation under Normal Human
Plasma). Other methods of refining may be used
providing not less than 90 per cent of the total
protein recovered is in the form of globulin as
demonstrated electrophoretically. Immune serum
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globulin was originally prepared by the same
method used for diphtheria antitoxin (McKhann
et al, J. Infect. Dis., 1933, 52, 268); later work,
however, demonstrated the superiority of the alcohol method (see Greenburg et al., J.A.M.A.,
1944, 126, 944 and Sweet and Hickman,
/. Pediatr., 1946, 28, 566).
There is no laboratory method to accurately
standardize human immune globulin. However,
since it is now recognized that the antibody
against measles is present in the gamma globulin
fraction of serum, which also contains diphtheria
antitoxin, anti-influenzal antibody and many other
antibodies, the laboratory demonstration of the
presence of these other antibodies in a preparation of human immune globulin is accepted as
presumptive evidence of the presence of the
measles antibody.
Description. — "Immune Serum Globulin is a
transparent or slightly opalescent liquid, either
colorless or of a brownish color due to denatured
hemogloblin. It is nearly odorless ; it may develop
a slight, granular deposit on aging." U.S. P.
Standards and Tests. — Total solids. — Not
more than 25 per cent, when dried to constant
weight at 105°. Other requirements. — The globulin complies with the identity, pyrogen, safety,
sterility and potency tests and other requirements
of the National Institutes of Health, including
the release of each lot individually before its
distribution.
Uses. — Immune serum globulin is indicated
for the prevention or modification of measles in
susceptible contacts. It is particularly useful in
the control of the disease in hospitals and institutions for children and in patients already ill,
where a natural attack of measles is likely to
further jeopardize health. Complete protection
may be expected in about 70 per cent of individuals and modification in 20 to 30 per cent.
Immune serum globulin should be administered
within the first six days after initial exposure.
Some effect, with increased dose, may be expected
up to the tenth day. Modification of the disease
is usually desired to complete prevention because
it results in lasting immunity. Modification does
not appear to affect the infectiousness of the
disease so that susceptible persons exposed to
treated cases may contract the disease (see also
Measles Immune Serum, in Part II). Immune
serum globulin may also be used as a source of
other antibodies as, for example, in the prophylaxis and treatment of infectious hepatitis.
Dose. — For prophylaxis or complete prevention of measles the usual dose, subcutaneously or
intramuscularly, is 0.22 ml. per Kg. of body
weight; for modification, 0.045 ml. per Kg. of
body weight is administered, either subcutaneously
or intramuscularly. For prophylactic use in infectious hepatitis the U.S. P. gives the dose as 0.1
ml. per Kg. Immune serum globulin is not
for intravenous use. Local tenderness and stiffness of the muscles may develop and persist for
several hours. The occurrence of hypersensitization with repeated injections of globulin should
be borne in mind (J.A.M.A., 1953, 151, 1272).
Immune serum globulin should not be confused
with Poliomyelitis Immune Globulin, Human (see

Part II). Immune serum globulin is not recommended for use in the prevention of poliomyelitis.
Labeling. — "The package label bears the name
Immune Serum Globulin (Human); the lot number; the expiration date, which is not more than
2 years after date of manufacture or date of
issue; the manufacturer's name, license number,
and address; and the statements, 'Contains . . .
mg. of globulin per ml.,' 'Keep preferably at 2°
to 10° C. (35.6° to 50° F.)' and 'Do not give
intravenously.' " U.S.P.
Storage. — "Preserve Immune Serum Globulin at a temperature between 2° and 10°, preferably at the lower limit. Dispense it in the unopened container in which it was placed by the
manufacturer." U.S.P.
Usual Sizes. — 2 and 10 ml.
LIQUID

GLUCOSE.

Glucose,

U.S.P., B.P.

[Glucosum Liquidum]

"Liquid Glucose is a product obtained by the
incomplete hydrolysis of starch. It consists chiefly
of dextrose (r>glucose. C6H12O6), with dextrins,
maltose, and water," U.S.P. The B.P. recognizes
liquid glucose as obtained by the hydrolysis of
starch, and consisting of a mixture of dextrose,
maltose, dextrin and water.
Syrupy Glucose; Starch Syrup. Glucosum. Cer. Starkesirup. Sp. Glucosa Liquida.

Liquid glucose is the product of the acid hydrolysis of starch (which see) at elevated temperatures and, generally, under pressure. Following hydrolytic action, the product is neutralized
with soda ash or limestone, filtered, decolorized
with bone-char, and concentrated in evaporators
to the desired specific gravity. The proportions
of the various hydrolysis products — dextrose,
maltose and dextrins — in liquid glucose depend
on many variables of the manufacturing process,
chief of which are concentration of the starch
suspension, temperature and pH.
In the United States, corn starch is generally
employed as the raw material; in some countries
of Europe, potato starch is utilized. The name
corn syrup is properly applied only to liquid glucose produced by the hydrolysis of corn starch. In
commerce it is offered in three different "purities"
— low, regular, and high — the term purity referring to the percentage of reducing sugars, expressed
as dextrose, in the syrup, calculated on a dry substance basis. The "regular" purity of 43 to 44
forms the bulk of the commercial production.
Liquid glucose is available on the market with
specific gravities ranging from 41° to 46° Baume.
Syrups with a gravity of 41° to 42° Be. are usually called mixing syrups because of their use in
the manufacture of mixed table syrups; confectioners' syrup, used in candy manufacture, is the
term applied to liquid glucose having a gravity
of 43° to 46° Be.
The reducing property of liquid glucose is useful in some manufacturing operations as, for example, in the reduction of indigo to the colorless
derivative, indigo-white. Another useful property
of liquid glucose is that of being able to undergo
alcoholic fermentation, hence its use in the brew-
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ing industry. It is a frequent ingredient in the
manufacture of confectionery, jellies, etc.
It is possible to make glucose not only from
starch but also from many related carbohydrates,
such as cellulose; it is possible, for example, to
prepare it from sawdust.
Glucose is not as sweet as cane sugar and is
more slowly soluble in cold water. Paul {Chem.
Ztg., 1921, 45, 705) evaluated the sweetening
power, compared to sucrose as unity, of dextrose
as 0.52, levulose as 1.03, and lactose as 0.28.
Description. — "Liquid Glucose is a colorless
or yellowish, thick, syrupy liquid. It is odorless,
or nearly so, and has a sweet taste. Liquid Glucose is miscible with water, but is sparingly
soluble in alcohol." U.S.P.
Standards and Tests. — Identification. — A
copious, red precipitate of cuprous oxide forms
on heating a mixture of 5 ml. of hot alkaline
cupric tartrate T.S. and a few drops of a 1 in 20
solution of liquid glucose (distinction from sucrose). Acidity. — Not more than 0.6 ml. of 0.1 iV
sodium hydroxide is required to neutralize 5 Gm.
of liquid glucose mixed with 15 ml. of water, using
phenolphthalein T.S. as indicator. Water. — Not
over 21 per cent. Residue on ignition. — Not over
0.5 per cent. Sulfite. — A blue color forms on adding 0.2 ml. of 0.1 N iodine followed by starch
T.S. to a solution of 5 Gm. of liquid glucose in
50 ml. of water. Arsenic. — The limit is 1.3 parts
per million. Heavy metals. — The limit is 10 parts
per million. Starch. — No blue color forms on adding 0.2 ml. of 0.1 N iodine to a solution of 5 Gm.
of liquid glucose in 50 ml. of water, the solution
having previously been boiled for 1 minute, then
cooled. U.S.P.
The B.P. requires that liquid glucose be dextrorotatory and that the refractive index be not
less than 1.490 at 20°; limits of 1 part per million for arsenic, 2 parts per million for lead, and
450 parts per million for sulfur dioxide are
specified.
Uses. — Dextrose is frequently administered
intravenously, but liquid glucose should never be
so used.
This syrupy glucose is used in medicine for
three purposes: First, for its food value by
either oral or rectal administration; secondly, for
its local dehydrating effect, and thirdly, as a
pharmaceutical agent. Like lactose, its taste is
less sweet than that of sucrose. In cases in which
it is undesirable to administer food by the stomach, rectal enemata of 180 to 250 ml. (approximately 6to 8 fluidounces) of a 10 per cent solution of glucose, every four hours, have been employed. In acidosis, especially that type seen
after prolonged anesthesia, the administration of
large amounts of carbohydrates usually exercises
a most beneficial action. The administration of
glucose immediately before the production of
anesthesia has been recommended as a preventative for vomiting, especially in children. It is
widely employed as the source of added carbohydrate in feeding formulas for infants; an appropriate amount is added to the diluted cow's
milk prior to terminal sterilization; Karo corn
syrup is a familiar commercial preparation in
the United States.
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When given in doses of about 180 ml. (approximately fluidounces)
6
per day in the form
of the concentrated syrup, it is claimed that glucose acts as a diuretic, and is useful in the treatment of cardiac dropsy. If the kidneys are
healthy, the glucose is said not to appear in the
urine.
Locally, glucose has been used for its dehydrating effect, as in the treatment of gunshot
wounds. For this purpose gauze may be saturated
with solutions of glucose, either with or without
the addition of an antiseptic, and placed over the
wounds. It is claimed that this treatment stimulates the flow of lymph and thereby tends to
diminish the severity of infection (see Lancet,
1915, 1, 851).
Pharmaceutical^, glucose is used in solid extracts and other preparations where a uniform,
moist consistence is desired, and as a diluent.
Off. Prep. — Aloin, Belladonna, Cascara and
Podophyllum Pills, N.F.
GLUTAMIC

ACID

HYDROCHLORIDE. N.F.

Acidi Glutamici Hydrochloridum

[HOOC.CH2.CH2.CH(N+H3)COOH]Cl"Glutamic Acid Hydrochloride, dried at 80°
for 4 hours, contains not less than 99 per cent
and not more than 101 per cent of C5H9NO4.
HC1." N.F.
Acidoride (Abbott), Acidulin (Lilly), Aclor (Cole),
Gastuloric (Warren-Teed), Glutan H-C-L (Lederle) ,
Glutasin
(McNeil), Hydrionic (Upjohn), Muriamic (Pitman-Moore).

Glutamic acid, first isolated by Ritthausen
from the sulfuric acid hydrolysate of wheat
gluten, in 1866, has been shown to be a product
of the hydrolysis of many proteins, both of plant
and animal origin. Gliadin, a protein of wheat,
contains about 47 per cent of this amino acid,
while casein contains about 23 per cent. Although
it is a nonessential amino acid, it is one of the
important constituents of body proteins, and also
occurs free in many tissues.
The acid, which is 2-aminopentanedioic acid,
has been synthesized by several methods; levulinic acid is used as the starting material in one
process but the method of Marvel and Stoddard
(/. Org. Chem., 1938-9, 3, 198) involving addition of phthalimidomalonic ester to methyl acrylate appears to be the best of the synthetic
methods. Commercial supplies of the acid are obtained from natural sources, as by hydrolysis of
wheat gluten, corn, soybean protein, and also as
a by-product of beet sugar manufacture. The
product obtained from natural sources is dextrorotatory, and is properly designated l(+) -glutamic acid.
Glutamic acid occurs in white crystals, sparingly soluble in water, and practically insoluble in
alcohol, ether, and acetone. Being an amino acid
it is amphoteric; the official hydrochloride is
obtained by interaction with hydrochloric acid,
while a monosodium salt may be prepared by interaction with sodium hydroxide.
Description. — "Glutamic Acid Hydrochloride
occurs as a white crystalline powder. Its solution
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is acid to litmus. One Gm. of Glutamic Acid
Hydrochloride dissolves in about 3 ml. of water.
It is almost insoluble in alcohol and in ether."
N.F.
Standards and Tests. — Identification. — (1)
Barium glutamate precipitates when alcohol is
added to a solution containing glutamic acid hydrochloride and barium hydroxide. (2) An intense violet-blue color is produced on boiling a
mixture containing glutamic acid hydrochloride,
ninhydrin T.S. and sodium acetate. Specific rotation.— Between +23.5° and +25.5°, when determined in 3 N hydrochloric acid solution containing 125 mg. of dried glutamic acid hydrochloride
in each ml. Loss on drying. — Not over 0.5 per
cent, when dried at 80° for 4 hours. Residue on
ignition. — Not over 0.1 per cent. Readily carbonizable substances. — A solution of 500 mg. of
glutamic acid hydrochloride in 5 ml. of sulfuric
acid is colorless. Sulfate. — Not over 0.1 per cent.
Heavy metals. — The limit is 20 parts per million.
N.F.
Assay. — About 300 mg. of glutamic acid hydrochloride, dried at 80° for 4 hours, is titrated
with 0.1 N sodium hydroxide to neutralize the
hydrochloric acid released by the salt; bromothymol blue T.S. is used as indicator. Each ml. of
0.1
A7 sodium hydroxide
represents 9.180 mg. of
C5H9NO4.HCI.
N.F.
Action. — Metabolically, glutamic acid is one
of the most reactive of amino acids, being involved in various deamination, transamination,
and amination reactions in the body. It participates, for example, in the conversion of ornithine
to citrulline in the Krebs-Henseloit cycle of urea
formation; by a reversible process of oxidative
deamination it is converted to a-ketoglutaric acid,
thereby serving as a link between the metabolism
of proteins and of carbohydrates; it is metabolically related also to histidine. The amide of glutamic acid, known as glutamine, serves as a storage form of ammonia and also as an intermediate
in the removal of ammonia from animal organisms; it is the source not only of urea but the
major part of urinary ammonia as well. Both the
free acid and glutamine are involved in the
metabolism and functioning of nervous tissue;
the concentration of the acid in the brain is
greater than in any other tissue, with the possible
exception of the spleen. Since the brain is commonly considered to utilize principally carbohydrate for its requirement of energy, and to lack
the nitrogen-catabolizing powers of the liver and
kidney, glutamic acid thus occupies a unique
position among amino acids. The amine, but not
the acid, is believed to cross the blood-brain
barrier. The role of the glutamic acid-glutamine
system in the brain appears to involve neutralization of ammonia and removal of ammonium ion
from the brain, an important role in view of the
toxicity of ammonia and its salts to cells in general and nervous tissue in particular.
Uses. — Glutamic acid and its hydrochloride
have been investigated as possible therapeutic
agents for the treatment of petit mal type of epilepsy. Reports of their value in reducing the frequency of seizures in this disease have appeared.
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along with the interesting observation that improvement inmental and physical alertness occurred in patients thus treated. Although originally itwas assumed that the acidifying property
of racemic glutamic acid hydrochloride was responsible for the beneficial effect, later experiments appear to have established that the L-form
of the acid is the sole therapeutic agent (Waelsch
and Price, Arch. Neurol. Psychiat., 1944, 51,
393). A number of investigations seeking to determine the effect of glutamic acid on the intelligence of mentally retarded human patients have
been undertaken. Reports of an intelligenceenhancing effect have appeared (Albert et al.,
J. Nerv. Ment. Dis., 1951. 114, 471; Zimmerman
et al, Am. J. Psychiat., 1948, 104, 593; 1949,
105, 661; Ewalt and Bruce, Texas Rep. Biol.
Med., 1948, 6, 97), along with reports that no
effect whatsoever of this nature could be found
(Oldfelt, /. Pediatr., 1952, 40, 316; Nutrition
Rev., 1951, 9, 113; Milliken and Standen, /.
Neurol. Neurosurg. Psychiat., 1951, 14, 47;
Kantor and Boyes, Science, 1951, 113, 681; Phillips, Fed. Proc, 1954, 13, 112). Whether or not
glutamic acid is useful in improving human intelligence remains in dispute.
Other uses of L-glutamic acid include that of
restoring consciousness to schizophrenic patients
in hypoglycemic coma following insulin treatment, the substance being injected intravenously
in a dose of 20 Gm. of the sodium salt (MayerGross and Walker, Biochem. J., 1949, 44, 92;
Braitinger and Zeise, Munch, med. Wchnschr.,
1952, 94, 834). It has been recommended for
treatment of muscular dystrophies (Tripoli and
Beard, J. A.M. A., 1934, 103, 1595). It is also of
interest that patients with malignant tumors have
a higher plasma glutamic acid concentration than
normal individuals or those with benign tumors
(Beaton et al., Fed. Proc, 1954, 13, 319).
Acidifying Action of Hydrochloride. — By
virtue of its releasing hydrochloric acid in aqueous solution, the hydrochloride is employed as
a means of administering the mineral acid in the
treatment of subchlorhydria, pernicious anemia,
and other conditions of deficient acidity of the
stomach. A dose of 300 mg. (approximately 5
grains) of glutamic acid hydrochloride is equivalent in acidulating power to 0.6 ml. (approximately 10 minims) of the official diluted hydrochloric acid. Rabinowitch {Am. J. Digest. Dis.,
1949, 16, 322) and others reported improved
response to iron therapy when glutamic acid hydrochloride was administered simultaneously.
Studies with dogs (Whipple and RobscheitRobbins, J. Exp. Med., 1940, 71, 569) and rats
(Fitzhugh et al, J. Biol. Chem., 1933, 103, 617)
have indicated that glutamic acid stimulates
hemoglobin formation. Orr (/. Oklahoma M. A.,
1950, 43, 451) reported relief of nausea and
vomiting during the first trimester of pregnancy
with a glutamic acid hydrochloride and ferrous
sulfate preparation.
Monosodium Glutamate. — This salt, representing glutamic acid in which one of the carboxyl
groups has been neutralized with sodium, imparts a saline, beef-broth-like flavor which many
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persons find attractive as a seasoning of foods.
The salt occurs as a white or nearly white crystalline powder, very soluble in water.
Dose. — Glutamic acid, for the uses described
above, is given in amounts of 6 to 20 Gm. (approximately \l/ito 5 drachms) daily, divided into
three or four equal doses. The dose of the hydrochloride, for achlorhydria, is 0.3 to 1 Gm. (approximately 5to 15 grains), during or immediately after meals.
Storage. — Preserve "Glutamic Acid Hydrochloride in well-closed, light resistant containers."
N.F.
GLUTAMIC

ACID HYDROCHLORIDE
CAPSULES.
N.F.

"Glutamic Acid Hydrochloride Capsules contain not less than 93 per cent and not more than
107 per cent of the labeled amount of C5H9NO4.HC1." N.F.
Usual Size.— 300 mg. (approximately 5
grains).
GLYCERIN.

U.S.P., B.P. (IP.)

Glycerol, [Glycerinum]

CH2OH.CHOH.CH2OH
"Glycerin contains not less than 95 per cent
of C3H8O3." U.S.P. The B.P. defines it as propane-1 :2 :3-triol, containing not less than 98.0
per cent of C3H8O3. The LP. requires not less
than 97.0 per cent of QHsO:}. Under the title
Dilute Glycerol (Glycerolum Dilutum) the LP.
recognizes a mixture of propanetriol and water
containing not less than 86.4 per cent and not
more than 88.3 per cent of C3H8O3.
I. P. Glycerol; Glycerolum. Glycerine. Glycerina. Fr.
Glycerine officinale. Gcr. Glyzerin ; Glycerin. It. Glicerina.
Sp. Glicerina.

Discovered in 1779 by Scheele, who called it
the sweet principle of fats, glycerin has its most
important source in oils and fats, in which it
occurs in the form of esters of fatty acids called
glycerides, and from which it may be obtained
by saponification. In time of peace, adequate
amounts of glycerin may be produced as a byproduct in the manufacture of soap. It is found
in the spent lyes from soap; the lye solution is
treated with iron or aluminum salts to precipitate impurities and the filtrate from the mixture
is concentrated to yield crude glycerin, from
which the pure substance may be obtained by
distillation with steam under reduced pressure,
and subsequent evaporation of water.
Glycerin may also be obtained by fermentation
of various carbohydrate substances, the yield
being materially increased by the inclusion of an
acetaldehyde fixative such as sodium sulfite. Normally, fermentation processes cannot compete
with the soap-producing industry, but in times of
war the increased demand for glycerin is such
as to require utilization of every manufacturing
process that is available.
In 1938 synthesis of glycerin from propylene,
occurring in petroleum, began. In the process
propylene is chlorinated to allyl chloride, then

61 1

converted to trichloropropane and finally hydrolyzed to glycerin; conversion of the allyl chloride to allyl alcohol and then, by addition of
HOC1, to alpha-monochlorohydrin, from which
glycerin is obtained by hydrolysis, is an alternative process.
During World War II German chemists developed a process for making glycerin by hydrogenating invert sugar at about 200° and 400
atmospheres pressure. After filtering the reaction
product, treating it with charcoal, and drying
under vacuum, the residue consisted of a mixture
of 40 per cent glycerin, 40 per cent propylene
glycol, and 20 per cent hexahydric alcohol; by
fractionation the glycerin may be separated, although for explosives manufacture the mixture
may be employed.
Description. — "Glycerin is a clear, colorless,
syrupy liquid, having a sweet taste. It has not
more than a slight, characteristic odor, which is
neither harsh nor disagreeable. When exposed
to moist air, it absorbs water. Its solutions are
neutral to litmus paper. Glycerin is miscible with
water and with alcohol. It is insoluble in chloroform, ether, and in fixed and volatile oils. The
specific gravity of Glycerin is not less than 1.249,
indicating not less than 95 per cent C3H8O3."
U.S.P. The B.P. states that when kept for a considerable time at a low temperature glycerin
may solidify to a mass of colorless crystals which
do not melt until the temperature reaches about
20°. The weight per ml., at 20°, is required to be
between 1.255 and 1.260, corresponding to 98.0
to 100.0 per cent of C3H8O3.
Exposed to the air glycerin gradually absorbs
moisture. Pure glycerin boils at 290° at atmospheric pressure; under reduced pressure (12 mm.)
it boils at 170°. Cooled rapidly, it becomes more
viscid, without congealing, even when a temperature of — 40° is attained; but, if kept for some
time at a temperature not above about 0°, it
gradually forms hard but deliquescent crystals,
which melt at 17.9°.
Glycerin possesses extensive powers as a solvent. For example, it dissolves bromine and
iodine, sulfur iodide, potassium and sodium chlorides, the fixed alkalies, some of the alkaline
earths (it increases the solubility of lime in
water), the sodium derivatives of the sulfonamides, and even some of the sulfonamides themselves. Itis a good solvent of pepsin.
Standards and Tests. — Color. — When viewed
downward against a white surface in a 50-ml.
Nessler tube the color of glycerin is not darker
than that of a standard prepared by diluting 0.4
ml. of ferric chloride C.S. to 50 ml. with water,
the standard being viewed similarly. Identification.— Pungent vapors of acrolein are evolved on
heating several drops of glycerin with about 500
mg. of potassium bisulfate. Residue on ignition. —
On igniting 50 Gm. of glycerin in an open, shallow
dish, then igniting the residue in the presence of
sulfuric acid, not more than 5 mg. of ash is obtained. Chloride. — The limit is 10 parts per million. Sulfate. — No turbidity develops on adding
3 drops of diluted hydrochloric acid and 5 drops
of barium chloride T.S. to 10 ml. of a 1 in 10
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solution of glycerin. Arsenic. — The limit is 2 parts
per million. Heavy metals. — The limit is 5 parts
per million. Readily carbonizable substances. — A
mixture of 5 ml. of glycerin and 5 ml. of sulfuric
acid, shaken vigorously for 1 minute and then
allowed to stand 1 hour, is not darker than matching fluid H. Acrolein, glucose, and ammonium
compounds. — A mixture of 5 ml. of glycerin and
5 ml. of a 1 in 10 solution of potassium hydroxide
does not become yellow on heating at 60° for
5 minutes, nor does it evolve ammonia. Fatty
acids and esters. — On boiling 40 ml. (SO Gm.) of
glycerin with 5 ml. of 0.5 N sodium hydroxide
and 50 ml. of freshly boiled water for 5 minutes
not more than 1 ml. of 0.5 N alkali is consumed.
U.S.P.
The B.P. gives the following additional characteristics and tests. On heating in the flame of a
Bunsen burner on a borax head it imparts a green
color to the flame. When strongly heated it acquires afaintly yellow, but not pink, color, and
it eventually volatilizes and burns with little or
no charring, and without emitting an odor of
burnt sugar. The refractive index at 20° is between 1.4696 and 1.4726. The arsenic and lead
limits are 2 parts and 1 part per million,
respectively.
Incompatibilities. — The addition of glycerin
to solution containing borax renders such solutions incompatible with carbonates because of
development of acidity in the former (see under
Boric Acid and Sodium Borate). Oxidizing agents
such as chlorinated lime, chromates, hydrogen
peroxide, or manganese dioxide convert glycerin
to oxalic acid and carbon dioxide. When triturated
with dry oxidizing agents an explosion may take
place. Potassium permanganate decomposes dilute
solutions of glycerin.
Uses. — Pharmaceutical. — The pharmaceutical uses of glycerin are many and varied. Next
to water it is probably the most widely used
vehicle for medicinal substances, whether these
are for internal or external use.
Glycerin is a good solvent for many inorganic
and organic substances. But its value as a vehicle
depends not only on its solvent properties, but
also on one or more of such properties as its high
viscosity, its water-absorbing property, its ability
to lower the surface tension of water, its osmotic
effect, its miscibility with water and alcohol, and
its sweetness. Many official preparations utilize
glycerin in their formulation; a class of preparations, known as glycerites, use it exclusively as
the solvent. In many medicinal preparations
which contain water the inclusion of glycerin prevents or retards hydrolytic decomposition of
therapeutically active ingredients. Thus a combination of solvent action on tannins and retardation of their hydrolysis makes glycerin an important component of liquid dosage forms of
many tannin-containing drugs. Another advantage of glycerin, as compared with syrup, is its
non-fermentability. Its antiseptic action, however,
is so slight that it is hardly useful for this purpose, unless it is present in sufficient concentration to dehydrate bacteria. Ruediger (J.A.M.A.,
1915, 64, 1529) found that 50 per cent glycerin
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destroyed certain-non-sporulating bacteria only
after four days' exposure while spore-forming
bacteria were not destroyed even after fifteen
days of exposure; Goodrich {Pharm. J., 1917, 98,
453 ) stated that 50 per cent glycerin has hardly
more disinfectant action than pure water. On the
other hand its inclusion in a variety of medicinal
preparations for local application, as lotions and
ointments, often enhances their antibacterial
and or other therapeutic effects. It has been used
in the formulation of many preparations, for external application, of sulfonamides and antibiotics.
Sometimes glycerin is used as a plasticizing
agent, as in preserving elasticity in preparations
containing gelatin, such as glycerinated gelatin
suppositories and the gelatin base lamellae of the
British Pharmacopoeia. Similar plasticizing action
is utilized in certain film-producing dermatological
preparations made with methyl cellulose, polyvinyl alcohol, etc.
Medicinal. — When placed in contact with
mucous membranes glycerin absorbs moisture and
causes temporary irritation; such is the action
which is responsible for the effectiveness of glycerin, when applied rectally in suppository form,
in producing fecal discharges in habitual constipation (see Glycerin Suppositories) . When diluted
with water it is demulcent. Its emollient and
lubricant effects are variously utilized, as in some
preparations for treatment of coughs and others
for application to the skin.
In the treatment of various skin diseases glycerin is most frequently employed for its emollient
effect. By virtue of its dehydrating and osmotic
actions it is sometimes used as a local application
to furuncles and other inflammatory processes.
Thus it is widely used, alone or as a vehicle for
other drugs, in inflammations of the external auditory canal or the middle ear. In this connection
it is of interest that in cases of perceptive deafness the effect of instilling glycerin into the external auditory canal was to reduce hearing acuity
by at least 30 decibels (Suzuki and Hirose. Arch.
Otolaryng., 1952, 55, 465). Glycerin itself has
been used in treating burns of the hands and face
where tough film or eschar formation is to be
avoided (MacKenzie, Can. Med. Assoc. /., 1942,
47, 443); the dehydrating action of glycerin prevents growth of bacteria. Glycerin pastes of soluble sulfonamides have been used similarly.
Toxicology. — As has been shown by a number of investigators, when injected intravenously
glycerin causes hemolysis, hemoglobinuria, and
other toxic effects. When taken by mouth, however, it is completely innocuous unless the dose
is large enough to exert an osmotic effect (Johnson and Carlson, Am. J. Physiol., 1933, 103, 517).
Dogs fed 9 Gm. per Kg. of body weight daily for
a year showed no apparent ill effects; humans
who ingested 110 Gm. daily for 50 days showed
no evidence of changes in the blood or of kidney
irritation. Johnson and Carlson found further that
in moderate amounts glycerin is oxidized in the
svstem and can replace a part of carbohvdrate
food. Doerschuk (/. Biol. Chem., 1951, 193, 39)
employed radioactive carbon- 14-labeled glycerin
in his studies of the metabolism of the compound.
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As might be expected, no difference between the
toxicity of natural and synthetic glycerin exists
(Anderson et al, J. A. Ph. A., 1950, 39, 583).
The average dose of glycerin, by mouth, might
be 4 ml. (approximately 1 fluidrachm), though it
is rarely if ever given as such.
Storage. — Preserve "in tight containers."
U.S.P.
GLYCERIN SUPPOSITORIES.
U.S.P. (B.P.)
[Suppositoria Glycerini]
B.P. Suppositories of Glycerin. Suppositoria cum Glycerine Fr. Suppositoires a la glycerine. Ger. Glycerinsuppositorien. It. Coni anali di glicerina solidificata. Sp.
Supositorios de Glicerina.

Heat 91 Gm. of glycerin in a porcelain or other
suitable container, on a suitable bath, to about
115° to 120°, add 9 Gm. of sodium stearate, and
stir the mixture gently with a glass rod while
maintaining the temperature until the sodium
stearate has dissolved. Then add 5 ml. of purified
water, mix thoroughly, and immediately pour
the hot liquid into suitable molds. Remove the
suppositories when cold. If preferred, the sodium
stearate may be prepared by the reaction of
stearic acid with sodium bicarbonate, sodium carbonate, or sodium hydroxide. U.S.P.
The B.P. prepares glycerin suppositories from
glycerinated gelatin containing 70 per cent of
glycerin and 14 per cent of gelatin, the remainder
being water.
Glycerin suppository has been official in the
U.S.P. since 1890. In the earlier processes of
manufacture sodium stearate was prepared from
sodium carbonate and stearic acid, but Prout
(J. A. Ph. A., 1936, 25, 1123) found that the
commercially available sodium stearate could be
used directly.
Uses. — Glycerin suppositories are used to produce fecal discharges in constipation. They act by
local irritation of the mucous membrane of the
rectum, and are often effective, though never
purgative. As an occasional remedy they are
useful, but their habitual employment is probably
injurious to the mucous membrane.
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." U.S.P.
COMPOUND GLYCEROPHOSPHATES
ELIXIR.
N.F.
Compound Glycerophosphates Solution, [Elixir
Glycerophosphatum Compositum]

Dissolve 35 Gm. of sodium glycerophosphate
and 16 Gm. of calcium glycerophosphate in 400
ml. of purified water containing 20 ml. of lactic
acid. Dissolve 3 Gm. of ferric glycerophosphate,
2 Gm. of manganese glycerophosphate and 600
mg. of citric acid in 50 ml. of purified water with
the aid of heat and add to the first solution. Dissolve 125 mg. of strychnine nitrate in 10 ml. of
purified water. Dissolve 875 mg. of quinine hydrochloride ina mixture of 125 ml. of alcohol and
2 ml. of compound cardamom spirit, and add 350
ml. of glycerin to the solution. Mix the three
solutions, add enough purified water to make 1000
ml. and, if necessary, filter the mixture. N.F.
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Alcohol Content. — From 10 to 12 per cent,
by volume, of C2H5OH. N.F.
It is too much to expect that each ingredient of
this "tonic" elixir will be of therapeutic value in
the dose of 8 ml. usually given. Each such dose
represents 280 mg. of sodium glycerophosphate,
128 mg. of calcium glycerophosphate, 24 mg. of
ferric glycerophosphate, 16 mg. of manganese
glycerophosphate, 7 mg. of quinine hydrochloride,
and 1 mg. of strychnine nitrate; the quantity of
the last ingredient approaches a therapeutic dose.
Dose, 8 ml. (approximately 2 fluidrachms).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
GLYCERYL

MONOSTEARATE.

N.F.

Monostearin, [Glyceryl Monostearate]

It is possible to esterify one, two or all three
of the hydroxyl groups of glycerin with various
fatty acids; for example, glyceryl monostearate,
glyceryl distearate, and glyceryl tristearate may
be prepared. Moreover, depending on the position
of the hydroxyl groups to be esterified, two different glyceryl monostearates and two different
glyceryl distearates may be made.
The product known as glyceryl monostearate
is prepared by heating, under pressure and in the
presence of an alkaline catalyst, glycerin and
stearic acid. The product contains 30 to 40 per
cent of glyceryl monostearate, with variable
amounts of the distearate and tristearate and unreacted glycerin and stearic acid. One manufacturer, at least, concentrates the glyceryl monostearate by molecular distillation to produce a
product containing at least 90 per cent of that
ester (Drug Standards, 1952, 20, 35). This ester
is esterified at the alpha hydroxyl group of glycerin. Glyceryl esters may also be prepared by reaction between the appropriate chlorohydrin and
sodium stearate; the reaction is not utilized
commercially.
Description. — "Glyceryl Monostearate occurs
as a white, wax-like solid or as white, wax-like
beads or flakes. It has a slight, agreeable, fatty
odor and taste. It is affected by light. Glyceryl
Monostearate dissolves in hot organic solvents
such as alcohol, mineral or fixed oils, benzene,
ether and acetone. It is insoluble in water but it
may be dispersed in hot water with the aid of a
small amount of soap or other suitable surface
active agent. Glyceryl Monostearate does not
melt below 55°." N.F.
Standards and Tests. — Residue on ignition.
— Not over 0.1 per cent. Acid value. — Not more
than 18. Saponification value. — Not less than 164
and not more than 170. Iodine value. — Not more
than 6. N.F. For data concerning properties of
commercial samples of glvceryl monostearate, see
Green (Bull. N.F. Com., 1946, 14, 160).
Uses. — The specific uses to which glyceryl
monostearate may be put depend to a large extent
on whether or not it contains, or there is added to
it in the process of compounding, soap or other
suitable surface active agent. Though the presence
of two hydroxyl radicals (hydrophilic groups) and
a long hydrocarbon
chain (hyrophobic group)
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confers on the substance some degree of surfaceactive properties (see Surface-Active Agents, Part
II), such properties may need to be enhanced by
the addition of soap or other surface-active agent
(see the description above). Commercial products
often contain such added agents to make it dispersible in water; the ester is then described as
being self-emulsifying. Usually potassium stearate
is incorporated, to the extent of 5 or 10 per cent,
for this purpose, but other substances may be
used. It is apparent that an incomplete specification of the composition of different samples of
glyceryl monostearate may lead to wide discrepancies in the results of their use. The official article should not contain added emulsifying aids.
Glyceryl monostearate has been employed in
the formulation of a variety of cosmetic creams
which are claimed not to crack at freezing temperatures, as do ordinary stearate creams. It is
an ingredient of several dermatological preparations which are used to prevent industrial dermatitis (for typical formulas see Klauder et al.,
Arch. Dermat. Syph., 1940, 41, 331; also Lesser,
Drug Cosmet. Ind., 1943, 53, 630). Sorg and
Jones (/. A. Ph. A., Prac. Ed., 1941, 2, 400) and
Fiero and Dutcher (/. A. Ph. A., 1945, 34, 56)
published formulas including it in several types of
bases — emulsified, non-emulsified and vanishing —
for use in preparing ointments. Some of these formulas are reproduced in the review article by
Green (/. A. Ph. A., Prac. Ed., 1946, 7, 299).
Liquid emulsions for external use are sometimes stabilized by addition of 0.5 per cent of
glyceryl monostearate. When pure, or when containing aharmless surface-active agent like potassium stearate, glyceryl monostearate may be used
in the formulation of medicinal and food products for internal use. It has been suggested as a
coating for hygroscopic powders or tablets to protect them against atmospheric influences.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
N.F.
GLYCERYL TRIACETATE.
Triacetin, [Glycerylis Triacetas]

(CHsCOCOsCsHs
"Glyceryl Triacetate contains not less than 98.5
per cent of C9H14O6." N.F.
Sp. Triacetato de Glicerilo.

By heating glycerin with acetic acid or acetic
anhydride, mono-, di-, and tri-substituted acetate
esters may be obtained. The higher the reaction
temperature and the greater the concentration of
acid or anhydride, the larger the proportion of
triacetate produced. The official product contains
some monoacetate and diacetate as well.
Description. — "Glyceryl Triacetate is a colorless, somewhat oily liquid with a slight, fatty odor,
and a bitter taste. Glyceryl Triacetate is soluble
in water. It is miscible with alcohol, with ether
and with chloroform, and is insoluble in carbon
disulfide. The specific gravity of Glyceryl Triacetate is not less than 1.154 and not more than
1.158." N.F.
Standards and Tests. — Distillation range. —
Not less than 95 per cent distils between 257° and

260°. Refractive index. — Not less than 1.4288
and not more than 1.4296. Identification. — (1)
Pungent vapors of acrolein are emitted on heating
a few drops of glyceryl triacetate with about 500
mg. of potassium bisulfate. (2) The solution resulting from the determination of the saponification value of glyceryl triacetate responds to the
test for acetate. Water. — Not more than 0.3 ml.
of water is obtained from 150 ml. of glyceryl
triacetate by the toluene distillation method.
Acidity. — Not more than 1 ml. of 0.02 N sodium
hydroxide is required for neutralization of 25 Gm.
of glyceryl triacetate. Unsaturated compounds. —
No turbidity or precipitate appears in a mixture
of 10 ml. of glyceryl triacetate with sufficient of
a 1 in 100 solution of bromine in carbon tetrachloride toproduce a permanent yellow color, the
for 18 hours.
mixture
being N.F.
permitted to stand' in a dark place
Glyceryl triacetate has no recognized therapeutic effect. It is official as a solvent for chloroazodin.
Storage. — Preserve "in tight containers, and
do not permit contact with metal." N.F.
Off. Prep. — Chloroazodin Solution, N.F.
GLYCERYL

TRINITRATE TABLETS.
U.S.P. (B.P., LP.)

Nitroglycerin Tablets, Trinitrin Tablets, [Tabellae
Glycerylis Trinitratis]

"Glyceryl Trinitrate Tablets contain not less
than 80 per cent and not more than 112 per cent
of the labeled amount of glyceryl trinitrate
(C3H5N3O9)." U.S.P. The B.P. requires not less
than 81.0 per cent and not more than 121.0 per
cent of the labeled content of glyceryl trinitrate;
the corresponding LP. limits are 80.0 per cent
and 120.0 per cent.
B.P. Tablets of Glyceryl Trinitrate. I.P. Compressi
Glycerylis Trinitratis.

When glycerin is added gradually, in small portions at a time, to a mixture of concentrated nitric
and sulfuric acids at reduced temperature it is
converted into the highly explosive liquid known
as nitroglycerin, also called glonoin and trinitrin.
Since the compound is the glyceryl ester of nitric
acid it is more properly referred to as glyceryl
trinitrate. It was discovered in 1847 by Sobrero,
of Turin, who called it pyroglycerin, but it did
not attract wide attention until 1867, when Alfred
Nobel, a Swedish engineer, suggested its use for
explosive purposes when mixed with inert substances such as kieselguhr or infusorial earth to
make dynamite.
Glyceryl trinitrate, C3H5(N03)3, is an almost
colorless or slightly yellow liquid having a specific
gravity of about 1.6; it is inodorous and of a
sweet, pungent, aromatic taste; very slightly soluble in water, but readily soluble in ether, alcohol,
most immiscible solvents, and oils. It freezes at
about 13°, forming long needles which explode
violently even when broken gently. In the liquid
state contact with flame does not cause it to burn
or explode, but concussion does cause it to explode
with great force. The explosive force of nitroglycerin ismuch greater than that of gunpowder.
According to Nobel, one volume of nitroglycerin
releases on explosion about 10,000 volumes of
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gas, while one volume of gunpowder releases only
about 800 volumes of gas.
Besides the tablet dosage form for medicinal
use, there was formerly official Glyceryl Trinitrate Spirit (N.F. IX), an alcohol solution containing 1per cent w/w of glyceryl trinitrate; this
was hardly a satisfactory form for dispensing and
administering the potent drug.
For pharmaceutical manufacturing use there is
supplied, by a manufacturer of nitroglycerin, a
10 per cent trituration of glyceryl trinitrate in
lactose. When stored in a closed container in a
cool place such trituration is very stable. It is
essential that this trituration not be mixed with
substances having an alkaline reaction, such as
magnesium oxide or magnesium carbonate, as
such substances quickly decompose nitroglycerin
even in the dry state. The B.P. recommends a
base of 15 parts of non-alkalized cocoa powder,
15 parts of sucrose, and 70 parts of lactose for
preparing the tablets.
Assay. — A portion of tablets representing
about 5 mg. of glyceryl trinitrate is mixed with
water and the active ingredient extracted with
ether. This solution is heated with alcoholic potassium hydroxide, which reacts with the glyceryl
trinitrate as follows:
C3H5(N03)3 + 5NaOH -* 2NaN02 +
NaNOs + CH3COONa + HCOONa

+ 3H20

The nitrate and nitrite are subsequently reduced,
in alkaline solution, by Devarda's alloy, thereby
producing three molecules of ammonia for every
molecule of glyceryl trinitrate originally present.
Some alcohol is added and the ammonia is distilled into boric acid solution and titrated with
0.01 N sulfuric acid, using methyl red as indicator. A blank test is performed on the reagents.
Each ml. of 0.01 N sulfuric acid represents 0.757
mg. of C3H5N3O9. U.S.P. This method is a slight
modification of the procedure of Cannon and
Heuermann (J.A.O.A.C, 1951, 34, 716), in which
alcohol is used in the distilling medium to eliminate frothing; the method uses a considerably
smaller amount of sample, and requires much less
time to complete, than the method formerly
official.
In the B.P. assay a sample containing about
1 mg. of glyceryl trinitrate is shaken for one hour
with 5 ml. of glacial acetic acid and then filtered.
One ml. of the filtrate is mixed with 2 ml. of
phenoldisulfonic acid, allowed to stand 15 minutes, the solution mixed with about 8 ml. of water,
alkalinized with strong solution of ammonia,
cooled to 20°, and finally diluted to 20 ml. with
water. This solution, filtered if necessary, is placed
in a suitable colorimeter and the yellow color is
compared with the colors obtained with solutions
containing known amounts of potassium nitrate,
similarly treated. Since in this assay one molecule
of glyceryl trinitrate produces the same color as
three molecules of potassium nitrate, each Gm.
of the latter represents 0.7487 Gm. of C3H5N3O9.
The assay is based on the method of Meek (Quart.
J. P., 1935, 8, 375) for estimating nitrate. The
LP. uses this assay for tablets of glyceryl trinitrate.
Uses. — Although nitroglycerin is a nitrate its
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effects upon the body are essentially the same as
those of the nitrites (see Sodium Nitrite). It has
been generally taught that the organic nitrates are
reduced in the body to nitrites but Krantz et al.
(J. Pharmacol., 1940, 70, 323) presented evidence
which throws some doubt on this. They believe
that organic nitrates act by virtue of their own
structure and suggest that the difference in action
between organic nitrates and inorganic nitrites
involves a difference of their oil-water partition
coefficients. Whatever may be the explanation, the
fact is that the effects of nitroglycerin are indistinguishable from those of sodium nitrite except
in their rapidity.
Action. — Nitroglycerin produces a direct vasodilating effect on the arterioles and venules, resulting in a fall in blood pressure within 2 or 3
minutes after ordinary oral dosage. There is flushing of the face, dilatation of the meningeal vessels
accompanied by a throbbing headache, and increase in cardiac rate induced by reflex effect from
the carotid sinus as the pressure falls. The entire
action is usually over within half an hour. It is
eliminated very rapidly, partly by oxidation.
Wegria et al. (Am. J. Med., 1951, 10, 414) studied
the effects on the cardiovascular system of nitroglycerin administered sublingually in 10 normal
persons, by means of the ballistocardiograph, confirmed in one instance by cardiac catheterization.
They found that cardiac output per minute, systolic output and heart rate increased, but there
was no change in the blood pressure. Their findings suggest that the drug relieves the pain of
myocardial ischemia by increasing the coronary
flow relatively more than the work of the heart.
Because of the danger of producing shock, caution should be exercised, therefore, in administering nitroglycerin to patients who may have
coronary occlusion rather than a simple myocardial ischemia.
Indications. — Nitroglycerin is a volatile substance and unless evaporation is guarded against
its preparations lose potency. Glyceryl trinitrate
tablets are used in the same class of cases as
sodium nitrite, being employed where rapidity of
action is important, as in angina pectoris, threatened apoplexy, asthma, and the like. Russek et al.
(J.A.M.A., 1953, 153, 207) compared the ability
of various drugs to modify the electrocardiographic response to standard exercise (Master
two-step test) in carefully selected patients with
coronary artery disease. In every instance a strikingly favorable effect was observed when 0.4 to
0.6 mg. (approximately Hso to Vioo grain) of
glyceryl trinitrate had been administered sublingual y 5minutes prior to the test. Because of
the fugaciousness of its action and the rapidity
with which patients develop a tolerance (see
Crandall, /. Pharmacol, 1934, 48, 127) it is not
suited for conditions in which prolonged vascular
dilatation is desired. It has been misused as a
cardiac stimulant in various forms of collapse;
it should be remembered that its effect is always
to lower blood pressure and it can do no good in
any form of circulatory failure. It has been recommended in hemoptysis, its action being attributable to the dilatation of the abdominal and contraction of the pulmonary vessels.
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Nitroglycerin is used to relieve spasm of the
sphincter of Oddi induced by morphine in treating postcholecystectomy syndromes. It is effective in relieving night cramps in the legs (see
JAM. A., 1952, 150, 630). Kleckner et al. (Proc.
Mayo, 1950. 25, 657) found that in some patients
with Raynaud's disease benefit may be obtained
by the inunction of an ointment containing 2 per
cent glyceryl trinitrate in lanolin; the ointment
may become impotent because of the extreme
volatility of the glyceryl trinitrate.
Toxicology. — Workers in dynamite factories
are subject to chronic nitroglycerin poisoning
(Rabinowitch. Can. Med. Assoc. J., 1944. 50,
199). The most characteristic symptom of this
intoxication is throbbing headache, at times so
violent that the patient may become maniacal.
The pain is made worse by lying down and is not
alleviated by either acetphenetidin or morphine.
After some time the workers in these factories
appear to develop an immunity to the poison
which, however, is rapidly lost if they cease to be
exposed.
Bresler (Ind. Med., 1949. 18:12, 519) called
attention to the hazards experienced by workers
in the pharmaceutical industry in the handling of
this substance. In addition to headache in severe
cases of poisoning, there may be intense abdominal cramps with nausea and vomiting, psychic
disturbances ranging from dizziness and mental
confusion to maniacal manifestations. Respiration may become labored and slow, the pulse
slows and becomes dicrotic, the skin is cold and
cyanotic. Paralysis occurs, followed by clonic
convulsions, death occurs after 4 to 7 hours from
respiratory failure. Toxic effects may result from
inhalation of the drug as dust, as well as by ingestion, and such effects will follow excessive absorption through the intact skin. Prolonged contact will
produce skin eruptions. Alcohol aggravates the
toxic svmptoms and a case of homicidal mania
was reported by Ebright (J.A.M.A., 1914. 62,
201) in a worker who drank some whisky to
alleviate nitroglycerin headache. Treatment of
nitroglycerin poisoning is unsatisfactory. Depressants and coal tar derivatives should not be
employed. Strong coffee is helpful and in severe
instances caffeine and sodium benzoate may be
administered intravenously. Ergotamine tartrate
may prove to be beneficial. S
Dose. — The usual sublingual dose is 0.4 mg.
(approximately M^o grain), up to 10 times a day,
as required, the range being 0.2 to 0.6 mg.
Storage. — Preserve "in well-closed containers." U.S.P. The B.P. adds that the tablets shall
be kept in a cool place, protected from light.
Usual Sizes. — 0.3. 0.4, 0.6 and 1.2 mg. (approximately }£oo, ^ioo, Hoo, and ^oo grain) hypodermic tablets and tablet triturates.
GLYCOBIARSOL.
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Bismuth N-Glycolylarsanilate

0 // \ °H
\_As_0_BJ0

HOCH,CNH— ff

"Glycobiarsol yields, calculated on the anhy-
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drous basis, not less than 97 per cent and not
more than 103 per cent of CsHoAsBiNOe." N.F.
Milibis (.li'inthrop-Stearns).

Glycobiarsol, a compound containing approximately 15 per cent of pentavalent arsenic and
39 per cent of trivalent bismuth, is the product
of the interaction of sodium p-N-glycolylarsanilate
and bismuth nitrate (for details of synthesis see
U. S. Patent 1,934.017).
Description. — "Glycobiarsol is an odorless,
yellowish white to flesh-colored, amorphous powder. It decomposes when heated. Glycobiarsol is
very slightly soluble in alcohol and in water, and
practically insoluble in benzene, in chloroform,
and in ether." N.F.
Standards and Tests. — Identification. — (1)
A portion of an acid-hydrolyzed solution of glycobiarsol produces with sodium sulfide T.S. a heavy
dark brown precipitate; a second portion of the
solution responds to the test for arsenic. (2) A
third portion of the solution prepared for the
preceding test yields with bromine water a precipitate of 2,4,6-tribromoaniline. Loss on drying.
— Not over 3 per cent, when dried at 105° for 24
hours. Limit for arsenic. — Not less than 14.0 per
cent and not more than 16.0 per cent, calculated
on the anhydrous basis, the compound being decomposed with nitric and sulfuric acids, in the
presence of starch, and the trivalent arsenic thus
produced titrated with 0.1 AT iodine after neutralizing the solution and adding sodium bicarbonate in excess. Limit for free arsanilic acid. —
Not over 0.5 per cent, on the anhydrous basis,
determined by diazotization and coupling with
N-(l-naphthyl)ethylene diamine. Limit for bismuth.— Not less than 36 per cent and not more
than 42 per cent of Bi, the bismuth being precipitated and weighed as BiPO-t. N.F.
Assay. — About 500 mg. of glycobiarsol is
hydrolyzed by heating with diluted hydrochloric
acid, which releases aniline, and the solution is
titrated with 0.1 M sodium nitrite, which quantitatively diazotizes the aniline. Each ml. of 0.1 M
sodium nitrite represents 49.91 mg. of C&H9AsBiXOe. N.F.
Uses. — Bismuth glycolylarsanilate is widely
used in the treatment of intestinal amebiasis. By
virtue of its slight solubility and poor absorption
from the gastrointestinal tract it is well tolerated,
though these properties confine its usefulness to
the intestinal form of the disease. For cases of
extra-intestinal amebiasis or those with deep intestinal ulcers, it needs to be supplemented with
an absorbable amebacide.
In humans. McChesney and Hoppe (Proc. S.
Exp. Biol. Med., 1950, 73, 326) found no bismuth
and only 2 to 4 per cent of the ingested arsenic
in the urine. Insignificant quantities of either of
these elements were found in the tissues of rats
fed the itcompound.
Hansen's
egg infusion
medium
was active In
against
E. histolytica
in a
dilution of 1 to 30.000. and in hamsters it was
more effective than either chiniofon or diiodohydroxyquinoline but somewhat less effective than
carbarsone (Dennis et al., Am. J. Trop. Med.,
1949. 29, 683).
Only 3 of 103 human cases of amebiasis re-
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lapsed after treatment with the drug was discontinued, the average follow-up period being 287
days. Berberian et al. (ibid., 1950, 30, 613) reported negative stool examinations in 25 of 28
cases over an average period of 322 days; the
3 other cases relapsed in 87 days. Radke (Mil.
Surg., 1951, 109, 620), however, in more chronic
cases found 62 per cent failure at 3 months with
the drug; Wilmot et al. (J. Trop. Med., 1951, 54,
161) experienced a similar incidence of failure.
Conn {Postgrad. Med., 1951, 9, 144) treated 36
cases and concluded that the drug was as effective
(only 11 per cent failures), better tolerated and
more convenient than alternating courses of diiodohydroxyquinoline and carbarsone. For colonic
amebiasis without dysentery Sodeman (Med. Ann.
District Columbia, 1951, 20, 409) recommended
administration of 500 mg. three times daily for
8 days. If dysentery is present, he advised use of
1 mg. of emetine per kilo of body weight daily
for 3 or 4 days to control the diarrhea before
treatment with bismuth glycolylarsanilate. If
treatment failed, he recommended giving either
diiodohydroxyquinoline or carbarsone.
A combination of drugs has proved to be more
effective and less toxic for the treatment of systemic amebiasis. Vegas (J. A.M. A., 1953, 151,
1059) reported obtaining best results (clearing of
89 per cent of 102 cases, although some required
a second or even a third course of treatment)
with a combination of 500 mg. of bismuth glycolylarsanilate and 150 mg. of chloroquine phosphate administered twice daily for 15 days. Results were equally good, but untoward effects
were more frequent, with a dose of 400 mg. and
100 mg., respectively, given three times daily.
Side effects observed were nausea, vomiting,
pruritus ani, left lower abdominal pain and diarrhea. The bismuth component of the drug tends
to diminish diarrhea but it is generally recognized
that the dose should be increased in cases of
active diarrhea because of the more rapid elimination of the drug. In combination with oxytetracycline (Terramycin), Vegas reported efficacy of
77.3 per cent at six months.
Prophylaxis of amebiasis seems to have become
a practical reality with use of a combination
tablet of 250 mg. of bismuth glycolylarsanilate
with 75 mg. of chloroquine phosphate. Berberian
et al. (J.A.M.A., 1952, 148, 700) observed that
the ingestion of 6 such tablets in a day, once
weekly, reduced the incidence of infestation from
76 per cent in untreated persons to 25 per cent;
daily use of two of the tablets reduced the incidence to 10 per cent. No untoward effects were
noted. Hoekenga (/. Lab. Clin. Med., 1952, 39,
267) studied the effect of 3 of the tablets taken
on two consecutive days each week for 12 weeks.
At the beginning of the study, 36 per cent of 201
cases had positive stool examinations (7 per cent
had trophozoites as well as cysts) ; at the end of
the 3 months, only 3 per cent of 188 patients
showed cysts in their feces, compared with 29 per
cent of 190 untreated persons. Furthermore, 13
cases of amebiasis and 15 cases of malaria were
admitted to the hospital from the untreated group
whereas there were no such cases in the group receiving prophylactic medication. In this study, a
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dose of 2 tablets daily on two consecutive days
each week was given to children 4 to 6 years of
age, 1 tablet to those 1 to 3 years old, and l/z
tablet for babies under 1 year of age.
Dose. — The usual dose of bismuth glycolylarsanilate, for the adult, is 500 mg. (approximately
ll/2 grains) three times daily.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
N.F.
GLYCOBIARSOL TABLETS.
Bismuth Glycolylarsanilate Tablets

"Glycobiarsol Tablets contain not less than 92.5
per cent and not more than 107.5 per cent of the
labeled amount of CsHoAsBiNOe." N.F.
Usual Sizes. — 250 and 500 mg. (approximately 4and lYi grains).
GLYCYRRHIZA.

U.S.P. (B.P.)

Licorice Root, [Glycyrrhiza]

"Glycyrrhiza is the dried rhizome and roots
of Glycyrrhiza glabra Linne, known in commerce
as Spanish Licorice, or of Glycyrrhiza glabra
Linne var. glandidifera Waldstein et Kitaibel,
known in commerce as Russian Licorice, or of
other varieties of Glycyrrhiza glabra Linne,
yielding a yellow and sweet wood (Fam. Legutninos(B):, U.S.P. The B.P. gives the botanical
source as Glycyrrhiza glabra Linn, and other species of Glycyrrhiza; both peeled and unpeeled
root and stolon are recognized.
B.P. Liquorice. Spanish Licorice Root; Liquorice Root;
Sweet Wood, Glycyrrhiz«e Radix; Liquiritiae Radix. Fr.
Reglisse; Racine de reglisse; Bois doux; Racine douce.
Get. Sussholz ; Lakritzenwurzel; Siiszholzwurzel. It.
Liquirizia; Regolizia; Glicirriza. Sp. Raiz de regaliz ;
Rcgaliz.

Glycyrrhiza glabra is a perennial herb, occurring
in several varieties. Its underground portion consists of a slender branching rhizome bearing a
number of rootlets. The stems are herbaceous,
erect, slightly branching, and usually three or four
feet in height. The leaves are alternate, pinnate,
consisting of several pairs of ovate, blunt, petiolate
leaflets, with a single leaflet at the end, of a palegreen color, and clammy on their under surface.
The flowers are papilionaceous, pale lavender to
violet, and arranged in axillary spikes having long
peduncles. The calyx is tubular and persistent.
The fruit is a compressed, smooth, acute, onecelled legume, containing from one to six small
kidney-shaped seeds. This plant grows best on
sandy or clay soil in valleys which are subject to
occasional inundation from nearby rivers. It is
indigenous to Spain, southern Italy, Greece, Asia
Minor, Syria, Iraq, Caucasian and Transcaspian
Russia and northern China. All of these sources
lie close to the 40th parallel of north latitude.
Small quantities have from time to time been
produced in other countries but as sources of
supply they are negligible. The experimental plantings in the United States, made from about 1895
to 1918, appear to have virtually died out, but it
is thought that the southwest of this country
would provide favorable conditions, such as a
definite dry season and absence of severe freezing.
A small quantity of licorice root has grown wild
in the Salt River Valley in Arizona. The classifica-
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tion of the licorice plant into species and varieties
has not been well established, but Viehoever
(1936, unpublished communication) considers
that Spanish and Italian licorice are from G.
glabra typica and the Anatolian and Russian from
G. glabra glandulifera; Syrian, in the main, is a
hybrid of Spanish and Iraq (violacea). His conclusions are tentative because many specimens
examined were immature. Iraq licorice root, growing in the valleys of the Tigris and Euphrates, is
usually thicker than that from other countries.
Asiatic licorice, known as Chuntschir, is obtained from G. uralensis Fisch. The plant is found
in Siberia, Turkestan and Mongolia, and is grown
on a large scale in the Fengtien province of China.
During the war of 1914-1918, when transportation
of licorice root through the Mediterranean was
prevented, large quantities of Chinese licorice
root were brought to the United States across the
Pacific Ocean. The yield of extract from Chinese
licorice root is about as high as that from Russian
and Anatolian, but the Chinese extract is markedly
pungent, which is undesirable ; it is said to be used
in soy sauce.
G. echinata L. is grown for its root in the
northern provinces of China. It was formerly
exported to Russia.
G. lepidota (Nutt.) Pursh. grows abundantly
from Missouri westward to northern California.
Although McCullough in 1890 reported the presence of glycyrrhizin in its rhizome, Fischer and
Lynn (7. A. Ph. A., 1933, 22, 1225) could find no
glycyrrhizin in this species nor in the licorice
fern (Polypodium vulgare, L., var. occidentale) ;
their sweetness was due to sucrose or other sugars.
In the licorice fern they found also a glycoside,
polypodin.
Propagation of licorice root is best done from
runners, though seeds germinate without difficulty.
The root is dug about every third year, and
enough always remains in the ground to renew
itself during the ensuing three years. When the
fresh root is brought from the digging fields to the
buying stations, piles are made which are turned
periodically while the root is "curing." It is usually fit to be baled about 6 months after digging.
Thoroughly cured root may have a moisture content of from 8 to 10 per cent; above 12 per cent
moisture exposes the baled root to danger of developing mold.
During 1952, there were imported into the
United States 39,718,304 pounds of licorice root
and 645,667 pounds of licorice extract. The supplies of licorice root came from Turkey, Iraq,
Italy, Russia, Syria, British East Africa; the
licorice extract was shipped here mostly from
Spain, a very small amount coming from Japan.
A comparatively small portion of the licorice imported into the United States is used by the drug
industry, the greater bulk of the huge supply
being consumed by the tobacco and confectionery
trades and in fire extinguisher compounds. The
root is collected alike from wild and cultivated
plants, cleaned and variously prepared for the
market.
Licorice is often offered for entry that is poorly
dried, moldly, insect infested or partially decayed;
such roots should be rejected.
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Description. — "Unground Spanish Glycyrrhiza usually occurs in nearly cylindrical pieces
variable in length and from 5 to 20 mm. in thickness. The upper portion is more or less knotty.
Externally it is yellowish brown or dark brown
in color, longitudinally wrinkled, the thinner rhizomes often having prominent alternate buds, the
thicker rhizomes having distinct corky patches;
its fracture is coarsely fibrous. Internally it is
yellow and radiate; its odor is distinctive and its
taste is sweetish and slightly acrid.
"Unground Russian Glycyrrhiza is nearly cylindrical, somewhat tapering, sometimes split longitudinally, variable in length and from 1 to 5 cm.
in diameter; when deprived of the outer corky
layer, it is externally pale yellow; its fracture is
coarsely fibrous. Internally it is pale yellow and
shows a radially cleft wood. Its odor is distinctive; its taste,
see U.S.P.
XV. sweetish." U.S.P. For histology
"Powdered Glycyrrhiza is brownish yellow (unpeeled Licorice) or pale yellow (peeled Licorice).
The elements of identification are: numerous,
mostly simple and elliptical, oval, or spheroidal
starch grains, up to 20 \i in diameter; vessels
mostly with bordered pits up to 200 n in diameter;
numerous wood and phloem fibers which are very
long, much attenuated at the ends and about 10 m>
in width; crystal-fibers with monoclinic prisms of
calcium oxalate, the latter up to 30 n in length;
and fragments of reddish brown cork cells which
are practically absent in the powder prepared
from peeled Licorice." U.S.P.
Standard and Test. — Glycyrrhiza yields not
more than 2.5 per cent of acid-insoluble ash.
U.S.P.
The B.P. requires that it shall yield not less
than 20.0 per cent of water-soluble .extractive;
and that the ash shall not be more than 6.0 per
cent of the peeled, nor more than 10.0 per cent
of the unpeeled, drug. The acid-insoluble ash
should not be more than 1.0 per cent of the peeled,
nor more than 2.5 per cent of the unpeeled, drug.
Constituents. — Licorice root contains from
5 to 10 per cent of its characteristic principle
glycyrrhizin; in addition there are present 5 or
10 per cent of sugars, some bitter substances, beside resins, cellulose, lignin, etc.
Glycyrrhizin, also known as glycyrrhizic acid,
occurs in the root in the form of calcium and
potassium salts; it is said to be approximately 50
times as sweet as sucrose. It is a glycoside for
which the formula C42H62O16 appears to have
been established; on hydrolysis it yields two molecules of glucuronic acid and one molecule of
glycyrrhetinic acid (also called glycyrrhetic acid).
The latter is a pentacyclic terpene of the formula
C30H46O4 (see Ruzicka et al., Helv. Chim. Acta,
1943, 26, 2143, 2278); its structure bears some
resemblance to that common to the steroids,
which may have some connection with the fact
that glycyrrhizin appears to possess in some degree the physiological action of the steroid desoxycorticosterone. Glycyrrhiza appears also to contain a spasmolytic principle, and an estrogenic
substance. For the evidence in support of this
see under Uses. Houseman (loc. cit.) reported a
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hemolytically active saponin in the inner bark of
licorice root.
For the quantitative determination of glycyrrhizin in licorice root the method of Houseman,
referred to under Glycyrrhiza Extract, may be
used, but when applied to root, a preliminary extraction with ether is desirable in order to remove
ether-soluble resins which are present in the root
but not in the extract.
Under the name of Glycyrrhizinum Ammoniatum (Ammoniated Glycyrrhizin) , the U.S. P. IX
recognized a material prepared by precipitating
crude glycyrrhizic acid from a solution of licorice
extract by means of dilute sulfuric or hydrochloric acid, dissolving the well-washed precipitate in ammonia water and drying the solution on
glass or other suitable surface. Lustrous black
flakes are formed as the solution dries.
Uses. — By far the largest part of the licorice
root entering this country is extracted for use in
the tobacco industries as a flavoring and conditioning agent. Considerable is used by the confectionery industry. The residual material of the
root after extracting licorice is used as a fertilizer
for mushrooms and as a stabilizer in the manufacture of foam fire-extinguishers.
Powdered licorice root is used for various pharmaceutical purposes as in the preparation of pills,
either to give them proper consistence or to cover
their surface and prevent them from cohering, as
a diluent of powdered extracts, etc. As a remedial
agent it has been almost entirely replaced by the
extract.
In the form of the extract, glycyrrhiza is frequently incorporated in cough medicaments by
virtue of its demulcent and expectorant properties.
In recent years licorice extract has come into
prominence as an agent of potentially great therapeutic utility. In Denmark, it has been observed
to be effective in the treatment of gastric and
duodenal ulcer, especially the former; a paste is
prepared by mixing 100 Gm. of glycyrrhiza extract, in powder form, with 50 ml. of water, of
which one teaspoonful is taken by the patient
three times daily, about an hour before breakfast
and lunch, and again on retiring. In 27 of 48 patients treated in this manner the symptoms subsided between the first and fourth days; in 10
others between the fourth and eighth days, and
in 6 others somewhat later. Five patients received
no benefit from the treatment (Revers, Nederlandsch Tijdscrift v. Geneeskunde, 1948, 92,
2968). This effect may be attributable to the presence of an unidentified spasmolytic principle in
glycyrrhiza, but not to glycyrrhizin. About 20 per
cent of the patients, however, developed edema
and hypertension or cardiac asthma.
Seeking to find an explanation for the untoward
effects observed by Revers, Borst and his colleagues (Lancet, 1950, 259, 381; 1953, 1, 657)
found that glycyrrhiza extract, administered by
mouth, causes sodium retention and potassium
loss, which leads to an increase in extracellular
fluid and plasma volume and through this to an
increased venous pressure with increase in systolic arterial pressure and in pulse pressure. These
effects they attributed to the presence in glycyr-
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with desoxycorticosteroneexperiments, Groen et al.
1951, 244, 471) not only
of Borst and his associates

but reported a case of Addison's disease which
after preliminary treatment with desoxycorticosterone acetate maintained mineral equilibrium
with administration of 15 Gm. of glycyrrhiza
extract daily; withdrawal of the extract was followed by reappearance of characteristics of the
disease. Another patient, previously maintained
on 2.5 mg. of desoxycorticosterone acetate daily,
was kept in mineral equilibrium with 3.3 Gm. of
ammonium glycyrrhizinate daily. Card et al.
(Lancet, 1953, 1, 663) found that glycyrrhetinic
acid, when given to a patient with Addison's disease, had effects on weight and electrolytes similar to those found after administration of desoxycorticosterone and cortisone; the acid did not,
however, prolong the survival of rats whose
adrenals had been removed.
Investigation of the basis for the empirical use
of glycyrrhiza in a proprietary formula having
estrogenic action, by Costello and Lynn (/. A.
Ph. A., 1950, 39, 177) led to the finding that significant, though small, amounts of estrogenic material are present in glycyrrhiza.
Off. Prep.— Glycyrrhiza Fluidextract, U.S.P.,
B.P.; Pure Glycyrrhiza Extract; Glycyrrhiza
Syrup, U.S. P.; Glycyrrhiza Extract; Aloin, Belladonna, Cascara and Podophyllum Pills, N.F.;
Compound Senna Powder, N.F., B.P.; Elixir of
Cascara Sagrada, B.P.
GLYCYRRHIZA

ELIXIR.

N.F.

Licorice Elixir, [Elixir Glycyrrhiza]
Adjuvant Elixir. Elixir Adjuvans.

Mix 125 ml. of glycyrrhiza fluidextract with
875 ml. of aromatic elixir and filter the liquid.
Alcohol Content. — From 21 to 23 per cent,
by volume, of C2H5OH. N.F.
This elixir is used as a vehicle for various
medicinals; the glycyrrhiza aids in disguising or
obtunding the taste of bitter substances and also
imparts a deep brown color which is sometimes
desirable. Acids, by precipitating glycyrrhizic acid,
render it less effective as a masking vehicle.
Storage. — Preserve "in tight containers." N.F.
GLYCYRRHIZA

EXTRACT.

N.F.

Licorice Root Extract, Licorice, [Extractum
Glycyrrhizae]

"An extract prepared from the rhizome and
roots of species of Glycyrrhiza Tournefort ex
Linne (Fam. Le gummosa) ." N.F.
Succus Liquiritiae. Fr. Sue de reglisse. Ger. Siiszholzsaft; Lakrits; Lakritzensaft. It. Legorizia. Sp. Extracto
de Regaliz.

Commercial glycyrrhiza extract is prepared in
a manner similar to that used for making the
pure extract (q.v.) except that for the former
a more drastic extraction is employed and consequently ahigher yield of extractive obtained.
No filler is added to the commercial extract as
is sometimes supposed, the only difference be-
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tween the two extracts being one of quality; the
pure extract is so designated by virtue of its being
obtained through milder extraction.
The largest proportion of commercial extract
of licorice is made in the United States, with some
prepared in Asia Minor, and a relatively small
amount made in Spain and Italy. The only official
British extract of licorice is nearly the same as
the "pure extract" of the U.S. P.
The most important constituent of licorice
extract is the sweet principle, glycyrrhizin (see
under Glycyrrhiza). Of the several methods which
have been proposed for the determination of this
constituent that of Houseman (J.A.O.A.C., 1922,
6, 191 ) is the simplest and best adapted to commercial use. It is based upon weighing the glycyrrhizin precipitated upon acidification of an aqueous solution of licorice extract from which starch
and gums have previously been precipitated with
alcohol.
Description. — "Glycyrrhiza Extract occurs as
a brown powder, in flattened, cylindrical rolls, or
in masses. The rolls or masses have a glossy black
color externally, and a brittle, sharp, smooth,
conchoidal fracture. The Extract has a characteristic and sweet taste which is not more than
very slightly acrid." N.F.
Standards and Tests. — Insoluble matter. —
Not over 25 per cent is insoluble in cold water.
Foreign starch. — The sediment from a 5 per cent
mixture of the extract with cold water shows no
foreign starch when mounted and examined under
a microscope. Ash. — Not more than 8 per cent in
the anhydrous extract. N.F.
It should be noted that the state of having "a
brittle, sharp, smooth, conchoidal fracture" is
dependent on having the proper relationship of
moisture content and starch content. Licorice extract formerly appeared in brittle, cylindrical rolls
about 6 inches long and up to an inch in diameter;
this form, however, is now seldom seen in America. The commercial licorice extract made in this
country (Licorice Paste, Licorice Mass) is in
blocks weighing 26 pounds. 52 pounds and 260
pounds. It is of a hard tough consistence, the mass
having been run into a mold while hot and then
allowed to cool. This commercial extract usually
contains from 18 to 24 per cent moisture, according to various trade requirements and blends of
root used. The composition of the root, specifically
its starch content, influences the amount of moisture which the licorice mass retains for a given
degree of hardness, as well as the percentage of
material which is insoluble in cold water. Winterdug root usually yields a more starchy extract
than spring-dug root. The "matter insoluble in
cold water" in licorice mass frequently increases
with the age of the mass; thus a freshly prepared
extract which shows 5 per cent insoluble in cold
water may show over twice that amount a month
or two later, due to progressive deposition of insoluble starch.
Spanish licorice mass contains about 10 per
cent glycyrrhizin; Italian and Greek somewhat
more; the highest glycyrrhizin content — about 20
per cent — is shown by extracts from Anatolian.
Russian, Syrian and Iraq roots. The Anatolian

I

and Russian roots also give the highest yields of
extract. Extract from Spanish root is, however,
notably lower in bitter substances, and commands
the highest price, in spite of its lower percentage
of glycyrrhizin. Preparations of licorice are incompatible with acids, which cause partial or complete precipitation of glycyrrhizin according to
their kind and concentration.
The taste of licorice extract is quite characteristic; strongly sweet, with some bitterness, and
"bite." From the common use of anise oil as an
added flavor in licorice confectionery there has
arisen the widespread confusion of anise and
licorice flavors, which actually are not related.
Uses. — In addition to the very large amount
of licorice extract used in tobacco products, and
the much smaller quantity used in confectionery,
licorice is a popular addition to cough preparations because of its demulcent and expectorant
properties. The pure extract is preferred for some
of the medicinal uses. For the uses of glycyrrhiza
extract in the treatment of gastric ulcers, and as
a preparation having desoxycorticosterone-like
action, see under the uses of Glycyrrhiza.
Storage. — Preserve "in well-closed containers." N.F.

PURE

GLYCYRRHIZA
U.S.P.

EXTRACT.

Pure Licorice Root Extract, [Extractum
Glycyrrhiza; Purum]

Moisten 1000 Gm. of glycyrrhiza. in granular
powder, with boiling water, transfer to a percolator, and percolate with boiling water until the
glycyrrhiza is exhausted. Add sufficient ammonia
solution to the percolate to make it distinctly
ammoniacal in odor, then boil the liquid until it
is reduced to a volume of about 1500 ml. Filter
the liquid, and immediately evaporate it to a
residue of pilular consistence. U.S.P.
Succus Liquiritiae Depuratus. Fr. Extrait de reglisse.
Ger. Gereinigter Siiszholzsaft. It. Estratto di liquirizia.
Sp. Extracto de Reyali: Puro.

The color of glycyrrhiza extract, as well as of
the fluidextract. is somewhat variable. At least
two factors are involved: the greater the alkalinity the more intense the color, and the higher
the concentration of iron in the extract the deeper
its color (Collett, Mfg. Chemist, 1950. 21, 421).
It appears also that higher temperatures of
evaporation of solution favor intensification of
color.
Description. — "Pure Glycyrrhiza Extract is
a black, pilular mass having a characteristic, sweet
taste." U.S.P.
Pure glycyrrhiza extract is employed principally
as a flavoring agent, as in the aromatic cascara
sagrada fluidextract. Formerly it was sometimes
employed as an excipient in the extemporaneous
preparation of pills. For other uses see under
Glycyrrhiza.
Storage.
ers." U.S.P. — Preserve ''in well-closed containOff. Prep. — Aromatic Cascara Sagrada Fluidextract, U.S.P.
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GLYCYRRHIZA FLUIDEXTRACT.
U.S.P. (B.P.)
Licorice Root Fluidextract, [Fluidextractum
Glycyrrhizae]
B.P. Liquid Extract of Liquorice; Extractum Glycyrrhizae Liquidum. Fluidextract of Licorice; Fluidextract of
Licorice Root. Extractum Liquiritiae Fluidum. Fr. Extrait
fluide de reglisse. Ger. Siiszholzfluidextrakt. It. Estratto
fluido di liquirizia. Sp. Extracto Fh'iido de Regaliz.

To 1000 Gm. of coarsely ground glycyrrhiza
add about 3000 ml. of boiling water, mix well,
and allow to macerate in a suitable, covered metallic percolator for 2 hours. Then allow percolation to proceed at a rate of 1 to 3 ml. per
minute, gradually adding boiling water until the
glycyrrhiza is exhausted. Add sufficient diluted
ammonia solution to the percolate to make it distinctly ammoniacal in odor, then boil the liquid
until it is reduced to a volume of about 1500 ml.
Filter the liquid and evaporate it on a water bath
to 750 ml., cool, and gradually add 250 ml. of
alcohol and sufficient water to make 1000 ml. of
the product. Mix it thoroughly. U.S.P.
The B.P. Liquid Extract of Liquorice is made
from unpeeled licorice root, in coarse powder, by
percolation with chloroform water. The percolate
is boiled for a short rime and set aside to permit
sedimentation. The supernatant liquid is then
decanted, the residue filtered and the combined
liquids concentrated until the product has a weight
per ml., at 20°, of 1.198 Gm. To this liquid onefourth of its volume of 90 per cent alcohol is
added. After the liquid extract is allowed to stand
it is filtered. The alcohol content is approximately
18 per cent by volume. The reason for the use of
chloroform water in the B.P. process is to avoid
fermentation during the extracting process.
Alcohol Content. — From 20 to 24 per cent,
by volume, of C2H5OH. U.S.P.
Glycyrrhiza fluidextract is of a dark brown
color, the intensity of which increases with pH
and with the concentration of iron in the fluidextract (Collett. Mfg. Chemist, 1950, 21, 421).
It has the sweet taste of licorice. When shaken
with water it foams considerably, a property
which has a practical application in stabilizing the
foam of certain types of fire extinguishing compositions.
The fluidextract is employed as a flavoring
agent, especially for masking bitter or salty tastes.
Its usefulness is attributable partly to its sweetness and partly to its viscid consistency. Acids
reduce its effectiveness through precipitation of
glycyrrhizic acid.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." U.S.P.
Off. Prep.— Glycyrrhiza Syrup, U.S.P.; Glycyrrhiza Elixir; Compound Opium and Glycyrrhiza Mixture; Compound Sarsaparilla Syrup,
N.F.
GLYCYRRHIZA

SYRUP.

U.S.P.

Licorice Syrup, [Syrupus Glycyrrhizae]
Sirupus Liquiritiae. Ger. Siiszholzsirup. Sp. Jarabe de
Regalie.

Mix 0.05 ml. of fennel oil and 0.5 ml. of anise
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oil with 250 ml. of glycyrrhiza fluidextract and
add enough syrup to make 1000 ml. Mix the
product well.
Alcohol Content. — From 5 to 6 per cent, by
volume, of C2H5OH. U.S.P.
This syrup may be useful as a vehicle for bitter
and salty medicaments, though many do not consider it very efficient. In acid media, especially,
it is likely to be ineffective in masking unpleasant
tastes.
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." U.S.P.
Off. Prep.— Five Bromides Elixir, N.F.
GOLD

SODIUM THIOMALATE.
N.F. (B.P.)
Auri Sodii Thiomalas

CH2COONa
.H2O
AuSCHOONa
"Gold Sodium Thiomalate yields not less than
93.3 per cent and not more than 101.5 per cent of
C4H3AuNa204S.H20." N.F.
The B.P. requires Sodium Aurothiomalate to
contain not less than 44.5 per cent and not more
than 46.0 per cent of Au, and not less than 10.8
per cent and not more than 11.3 per cent of Na,
both calculated with reference to the substance
dried over phosphorus pentoxide at a pressure not
exceeding 5 mm. of mercury for 24 hours.
B.P. Sodium Aurothiomalate; Sodii Aurothiomalas.
Disodium Aurothiomalate; Sodium Aurothiomalate. Myochrysine (Sharp &■ Dohtne).

Gold sodium thiomalate may be prepared by
the interaction of sodium thiomalate and a gold
halide; for details see U. S. Patent 1,994,213
(1935). The salt contains approximately 50 per
cent of elemental gold.
Description. — "Gold Sodium Thiomalate occurs as a white to yellowish white, odorless, fine
powder. It is affected by light. Gold Sodium Thiomalate isvery soluble in water; it is insoluble in
alcohol, in ether, and in most organic solvents."
N.F.
Standards and Tests. — Identification. — (1)
A white precipitate, soluble in diluted nitric acid
but reprecipitated upon addition of ammonium
acetate T.S., is produced on adding a solution of
calcium nitrate to a solution of gold sodium thiomalate. (2) No precipitate forms on adding silver
nitrate T.S. to the supernatant liquid separated
from the precipitate in a mixture of gold sodium
thiomalate and calcium nitrate. (3) A yellowish
precipitate, soluble in an excess of ammonia T.S..
is produced on adding silver nitrate T.S. to a
solution of gold sodium thiomalate. (4) Following treatment of a solution of gold sodium thiomalate with ammonia T.S. and hydrogen peroxide
(30 per cent), then evaporating the solution and
igniting the residue, particles of gold separate and
the filtrate responds to tests for sodium and sulfate. pH.— The pH of a 1 in 10 solution is between 5.8 and 6.5. N.F.
Assay. — About 500 mg. of gold sodium thiomalate is heated with a mixture of nitric acid,
sulfuric acid and water until fumes of sulfur
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trioxide are evolved. The mixture is diluted with
water and the precipitated elemental gold is
filtered into a tared Gooch crucible, dried at 105°,
and weighed. The weight of gold, multiplied by
2.072, represents the weight of C4H.3AuNa2S.H2O.
N.F.
Uses. — In one form or another gold has been
used empirically, and more or less enthusiastically,
by physicians since the time of Paracelsus. It has
been employed in many chronic diseases, usually
with indifferent and controversial results. At the
present time gold salts enjoy the confidence of
the therapist in active rheumatoid arthritis and
certain skin diseases, notably chronic discoid lupus
erythematosus. Gold salts have been used in modern times in the treatment of tuberculosis and
malignant disease but, because of unrewarding
results in these conditions, such uses have been
abandoned. The use of gold salts in tuberculosis
led, however, to its use in rheumatoid arthritis,
by Forestier (Bull. soc. med., 1929, 53, 323), and
in chronic discoid lupus erythematosus by Schamberg (Arch. Dermat. Syph., 1927, 15, 119).
Radioactive gold (Au-198) is at present being
tried as palliative therapy in certain types of malignant disease (see in Part II).
Action. — The mechanism of action of gold
salts is unknown. Studies of gold metabolism
(Freyberg et al., J. Clin. Inv., 1941, 20, 401)
have been helpful in clarifying the manner in
which the body handles gold salts. The salts are
poorly absorbed from the gastrointestinal tract
following oral administration. Most of an oral
dose can be recovered in the feces unless gastric
irritation, which is common, results in partial loss
by vomiting. The usual route of administration
is by intramuscular injection. From the injection
site, the gold is slowly absorbed into the blood
stream, where it is bound to protein complexes.
The amount found in red blood cells is negligible.
The chief route of excretion is through the urine,
with small and variable amounts excreted in the
feces. Absorbed gold is concentrated mostly in
the kidney, liver, spleen and skin.
Since gold salts are commonly injected weekly
over long periods of time, it is of interest to outline the results of long-term metabolic studies in
patients under actual therapy. Following weekly
injections of 25 to 50 mg. of a gold salt there is
an initial stepwise increase in the plasma concentration of gold, leveling off at a fairly constant
concentration of 0.4 to 0.8 mg. per 100 ml. Thus
there appears to be no accumulation in the blood
after a certain level is reached, the level being
determined by the size of the weekly dose. In the
24-hour period following an injection there is a
marked increase in urinary excretion of gold,
amounting to 2.5 to 3.5 mg. as compared to 0.8
to 1.2 mg. for 24 hours on days between injections. This suggests that as gold is absorbed from
its intramuscular depot it initially circulates in a
freely excretable form, which rapidly passes out
of the plasma into tissues as well as urine. The
total excretion of gold, measured between two
weekly doses after the patient is on a regular
dosage schedule, is such as to indicate that 75 to
80 per cent of the injected gold is retained in the
body after each injection; this cumulative reten-
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tion can also be demonstrated by measuring blood
levels and excretion after discontinuance of therapy. Depending on the size of the weekly dose
and the duration of treatment, significant blood
levels and excretion of gold will continue for 4
to 15 months after cessation of injections.
Certain other generalizations concerning the
metabolism and action of gold salts may be made.
Since the effective component of a gold compound isgold, and since various compounds differ
in their content of this element, interchange of
such compounds during therapy should not be
made without adjustment of dose to maintain
equivalent amounts of gold per injection (aurothioglucose and gold sodium thiomalate each contain 50 per cent of gold, while gold sodium thiosulfate contains 37 per cent). In general, watersoluble salts of gold administered in an oil suspension give more prolonged, but irregular, absorption and excretion values of gold.
The mode of antirheumatic action of gold is
unknown, but many theories have been postulated.
The effectiveness in rheumatoid arthritis has been
attributed to a liver damage, since gold tends to
accumulate in liver cells, and since hepatitis and
jaundice are among the situations which accompany remissions of rheumatoid arthritis (Hench,
Proc. Mayo, 1938, 13, 161). A bacteriostatic
mechanism has been advanced on the basis of
the effectiveness of gold in preventing and curing
the experimental polyarthritis in rats caused by
pleuropneumonia organisms (Sabin and Warren,
J. Bad., 1940, 40, 823), and also because gold
prevented the experimental arthritis due to the
hemolytic streptococcus organism (Rothbard, et
al., J. Pharmacol., 1941, 72, 164). However interesting these facts may be, there is no demonstrated bacterial etiology in human rheumatoid
arthritis. The most widely accepted, though indefinite, theory is that gold combines with sulfhydryl groups on cellular proteins and thereby
exerts its influence by some unknown mechanism
involving actions of cellular enzyme systems
(Livenson, Exp. Med. Surg., 1945, 3, 146).
Therapeutic Use. — The sole indication for
gold therapy in arthritis is active rheumatoid
arthritis. The fact that it does not exert a widespread antirheumatic effect that might be helpful
in other forms of arthritis restricts its usefulness
and imposes a rigid limitation on the physician.
This limitation is frequently a source of difficulty
in diagnosing atypical cases of rheumatoid arthritis. Only rarely is a therapeutic trial of gold in
confusing cases of arthritis justified. The drug is
not especially beneficial in old burned-out or
arrested cases of rheumatoid arthritis which are
characterized by minimal or questionable activity,
marked joint destruction and crippling. Gold
therapists are agreed that the most favorable
results are likely to be obtained in early cases of
disease (Batterman, J.A.M.A., 1953, 152, 1013).
The results of gold therapy have been difficult
to evaluate because of conflicting reports. Many
studies of gold therapy were performed at a time
when confusion as to the type of compound, its
dosage, and duration of treatment was prevalent.
In addition to these handicaps there is lack of
general agreement among workers in the field as
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to diagnosis and classification of severity of the
disease. Most reliable and enthusiastic workers
feel that in properly selected cases about 70 per
cent can expect to go into remission (Adams and
Cecil, Ann. Int. Med., 1950, 33, 163); the spontaneous tendency of the disease to go into remission, regardless of therapy, in from 15 to 25 per
cent of cases. In addition to the usual and common form of rheumatoid arthritis, gold has been
beneficial in Still's disease or juvenile rheumatoid
arthritis. It has not been of help in rheumatoid
spondylitis.
Toxicology. — Gold salts have considerable
potential toxicity. This is true of practically all
drugs that are of some benefit in rheumatoid
arthritis. The chief toxic manifestations of gold
salts are various types of dermatitis, usually
pruritic in character; somatitis; nausea, vomiting
and diarrhea; nephritis; various hematologic abnormalities such as leukopenia and thrombocytopenia. These toxic symptoms have been reported
to occur in from 4 to 40 per cent of gold-treated
patients. By careful attention to these potential
dangers, physicians can reduce their occurrence
to a minimum and practically eliminate serious
reactions. The following routine procedure should
be observed when gold therapy is employed. The
patient should be informed about toxic symptoms
and told to report to the physician any questionable symptom. The physician should question the
patient, prior to each injection, concerning any
toxic manifestation. Before commencing therapy,
and also at least monthly after instituting therapy,
a white blood cell count, a differential cell count,
and a urinalysis must be performed. If any symptom which might be due to gold is suspected,
therapy should be temporarily interrupted until
the situation is clarified. After the symptom
clears, or is otherwise explained, gold therapy may
be cautiously resumed. Patients should be warned
against the dangers of photosensitization which
may follow exposure to sunlight.
Gold therapy should not be instituted in patients with nephritis, hepatic disease, anemia,
hemorrhagic tendency or other blood dyscrasia,
tuberculosis or in acute disseminated lupus
erythematosus.
Most manifestations of gold toxicity will respond favorably to discontinuance of use of the
drug if the danger is recognized early. Recovery
may be facilitated by judicious use, orally or
intramuscularly, of cortisone or by use of dimercaprol, either locally as in ointment form or intramuscularly inthe same manner as recommended
for poisoning by other heavy metals (Strauss et
al., Ann. Int. Med., 1953, 37, 323).
Dose. — The usual schedule of treatment calls
for initial administration of small doses of gold
salts, gradually increased weekly to a maintenance
level. One can start with an initial dose of 10 mg.
of a gold salt and increase the amount, at weekly
intervals, to a dose of 50 mg., and even up to 75
mg., weekly. Lansbury (Pennsylvania M. J., 1943,
47, 216) advocated beginning doses of 1, 3, 6,
and 15 mg. on successive days, followed by 25
mg. administered once or twice weekly. Courses
of gold therapy have usually consisted of a total
dosage of 500 to 1500 mg. of gold salt; sometimes

Gold

Sodium

Thiosulfate

623

the total dose has been as much as 2000 mg. At
the termination of a course of injections of gold,
some physicians have administered a monthly
dose, rather indefinitely, to reduce tendency to
relapse.
Storage. — Preserve "Gold Sodium Thiomalate
in tight, fight-resistant containers." N.F.
GOLD SODIUM THIOMALATE
INJECTION.
N.F. (B.P.)
Injectio Auri Sodii Thiomalatis

"Gold Sodium Thiomalate Injection is a sterile
solution of gold sodium thiomalate in water for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of C4H.3AuNa2O4S.H2O." N.F.
The B.P. Injection of Sodium Aurothiomalate,
prepared with water for injection, contains Au
equivalent to not less than 42.3 per cent and not
more than 48.3 per cent of the labeled content of
sodium aurothiomalate.
B.P. Injection of Sodium Aurothiomalate.

Storage. — Preserve "in single-dose or multiple-dose containers, preferably of Type I glass."
N.F.
Usual Sizes.— 10, 25, 50, and 100 mg. (approximately y&,Y%, yi, and \Yi grains) in 1 ml.
ampuls.
GOLD

SODIUM

THIOSULFATE.

N.F.

Auri Sodii Thiosulfas

Na3Au(S203)2.2H20
"Gold Sodium Thiosulfate contains not less
than 36.7 per cent and not more than 37.7 per
cent of Au." N.F.
Sodium Gold Thiosulfate; Sodium Aurothiosulfate.

This double salt is formed by combination of
one molecule of aurous thiosulfate and three molecules of sodium thiosulfate.
Description. — "Gold Sodium Thiosulfate occurs as white, needle-like or prismatic, small,
glistening crystals. It slowly darkens on exposure
to fight. Its solution (1 in 20) is neutral or alkaline to litmus. One Gm. of Gold Sodium Thiosulfate dissolves in 2 ml. of water; it is insoluble
in
N.F.alcohol and in most other organic solvents."
Test. — Identification. — The odor of sulfur dioxide isapparent and a brown precipitate of gold
sulfide results when 1 ml. of diluted hydrochloric
acid is added to a solution of 50 mg. of gold
sodium thiosulfate in 1 ml. of water and the mixture heated on a water bath. After washing the
precipitate with hot water by decantation, it is
transferred to a porcelain crucible, mixed with
3 ml. of hydrochloric acid and 1 ml. of nitric acid
and the mixture evaporated almost to dryness on
a water bath. The residue is treated with 10 ml.
of distilled water and filtered if necessary. To
2 ml. of the filtrate, diluted with 5 ml. of distilled
water, 2 ml. of sodium hydroxide T.S. and 1 ml.
of hydrogen peroxide T.S. are added and the mixture heated on a water bath. A purple-red to
brown precipitate is produced. To a 2-ml. portion
of the filtrate, diluted with 5 ml. of distilled

624

Gold

Sodium

Thiosulfate

water, a few drops of stannous chloride T.S. are
added: a purple color, due ta colloidal gold, is
produced.
Assay. — About 500 mg. of the salt is dissolved
in distilled water, boiled with nitric acid, diluted
with water, and the precipitate of metallic gold
produced by the reducing action of sulfur dioxide
filtered off, washed, dried and ignited to constant
weight. N.F.
Uses. — Gold sodium thiosulfate was introduced
as a remedy for pulmonary tuberculosis and seems
to exert, in some cases, a favorable influence.
Such use, however, is not free from danger (see
J.A.M.A., 1925, 84, 287); streptomycin, />-aminosalicylic acid, isonicotinic hydrazide and other
drugs are more effective and gold salts are seldom
used for this purpose. It is strongly antiseptic
toward M. tuberculosis but much less so against
other species of bacteria. Its value in lupus
erythematosus seems to be established (Schamberg. Arch. Dermat. Syph., 1927, 15, 119) but it
is contraindicated in the acute disseminated form
of the disease. Schlossberger (Derm. Ztschr.,
1930, 59, 133) claimed that it was therapeutically
useful in syphilis and trypanosomiasis. It has also
been used for psoriasis. At present it finds its
largest use in the management of rheumatoid
arthritis (Comroe, J. A.M. A., 1945, 128, 848), an
outgrowth of the observations of Forestier {Bull,
soc. med., 1929, 53, 323). The pleuropneumonialike bacteria, which produce chronic proliferative
arthritis in mice, grow readily in vitro in the presence of gold (Sabin and Warren, /. Bad., 1940,
40, 823) although gold therapy is beneficial in
this condition. It has been employed in those
cases of leprosy in which there is an inadequate
tissue response to the disease (Cochrane, Med.
Press, May 9, 1945, p. 295).
Action. — Gold salts are poorly absorbed after
oral administration, passing out in the feces. After
parenteral administration, gold enters the blood
stream and is stored in the tissues, chiefly in the
liver, spleen, kidneys and skin, and gradually
excreted, for the most part, in the urine. After
intramuscular injection, Block et at. (J. Pharmacol., 1944, 82, 391) found that absorption at the
site of injection was incomplete and that gold
remained in the blood, fiver and other tissues 85
days later in rats (for observations on humans
see under Gold Sodium Thiomalate). This prolonged retention of gold explains the seriousness
of toxic reactions when they occur. Libenson
(Exp. Med. & Surg., 1945, 3, 146) suggested that
gold acted by blocking the sulfhydryl groups of
glutathione, etc. and thereby altered oxidationreduction processes within tissue cells.
Therapeutic Use. — Gold salts have been commonly administered in doses corresponding to
50 mg. of gold weekly, given for a period of 10
to 15 weeks. Freyberg (Ohio State M. J., 1942,
38, 813) reported an incidence of toxic reactions
of 41 per cent with this dosage; similar therapeutic effects and a toxicity of 30 per cent were
obtained when half this dose was given. Using a
quarter of the dose, the toxicity was only 18 per
cent but therapeutic benefit was less certain.
Gold therapy is beneficial in some cases of
rheumatoid arthritis but is not indicated in other
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forms of arthritis. Often there is little or no improvement in the arthritic manifestations for 1
to 3 months of the treatment. Relapse occurs in
some instances after treatment has been stopped.
Precautions. — Gold salts should not be administered to patients with a history of any disease having symptoms similar to the toxic reactions of gold, such diseases including purpura,
agranulocytosis, severe anemia, etc., nor should
they be used in patients with severe renal or
hepatic disease, or in pregnancy, or in the presence of diabetes mellitus, eczema, chronic dermatitis or severe asthma. The most careful attention
of the physician is required; indeed, other methods of treatment should be tried before resorting
to gold. The risk should be explained to the patient, and his consent to undergo such therapy
obtained before instituting treatment. During
treatment the patient should be questioned concerning toxic symptoms that may develop and
examined for signs of toxicity before administering each dose; urinalysis and blood examination
should be performed every 2 to 4 weeks. At the
slightest suggestion of toxicity injections should
be discontinued, at least temporarily. Exposure
to sunlight should be avoided to avoid photosensitization. Adequate nutrition, supplying particularly sufficient protein, carbohydrate, thiamine
and ascorbic acid, and including parenteral use of
liver extract, is important in preventing toxic reactions (see Hughes. Brit. M. J., 1950. 1, 634).
Toxicology. — The toxic reactions of gold are
almost legion, resembling those of the arsenicals;
they are discussed under Gold Sodium Thiomalate. Decreased dosage lessens, but does not
eliminate, toxic reactions.
Dose. — The usual dose, according to the N.F.,
is to be determined by the prescriber. Weekly
doses ranging from 5 to 75 mg. (about %a to \yi
grains) have been given; in a course of therapy
a total dose of 0.5 to 1 Gm. is usually uesd but
more is sometimes given. A small test dose should
be used before full dosage is commenced. The salt
is usually given intramuscularly, rarely intravenously, in 1 to 10 per cent solution in water
for injection.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
STERILE GOLD SODIUM
THIOSULFATE.
N.F.
Auri Sodii Thiosulfas Sterile

"Sterile Gold Sodium Thiosulfate contains not
less than 36.7 per cent and not more than 37.7
perThis
centmonograph
of Au." N.F.
provides specifications for the
sterile form of gold sodium thiosulfate employed
to prepare solutions for parenteral administration.
It is required to meet all specifications for Gold
Sodium Thiosulfate and, in addition, must be
sterile.
Storage and Labeling. — Preserve "in tight
containers, so closed that the sterility of the product is maintained until the package is opened for
use. The quantity of Sterile Gold Sodium Thiosulfate and the lot number must be stated on the
label of each package." NJ?.
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Usual Sizes.— 10, 25, SO, 75 and 100 mg. (approximately V%,Y%, $4, \lA, and 1^ grains).
CHORIONIC GONADOTROPHIN.
B.P., I.P.
Gonadotrophinum

Chorionicum

The B.P. defines this substance as a dry, sterile
preparation of the gonad-stimulating substance
obtained from the urine of pregnant women ; it is
required to contain not less than 400 units per mg.
The LP. definition is the same.
Chorionic Gonadotropin (N.N.R.). Entromone (Endo);
Follutein {Squibb).

The B.P. describes the following method of
preparing chorionic gonadotrop(h)in: The urine
is adjusted to pH 6, sufficient alcohol is added to
provide a concentration of 50 per cent v/v, and
the precipitate of inert matter is filtered off. Dehydrated alcohol is added to the filtrate to a concentration ofalcohol between 80 and 90 per cent
v/v, the pH is adjusted to 5, and the resulting
precipitate is separated by centrifuging; after
washing, successively, with 90 per cent alcohol,
dehydrated alcohol, and ether, this precipitate is
dried in vacuo and powdered. The product is
assayed biologically.
Description. — Chorionic gonadotrop(h)in occurs as a white or fawn powder, which is soluble
in water.
Assay. — The assay is based on the principle
that the weight of the ovaries of immature female
rats can be increased by the action of chorionic
gonadotrop(h)in from an unstimulated level of
about 10 mg. to a maximum of about 40 mg. or
more if very large doses are given; the increase
in weight, compared with that produced by the
standard preparation, is used to calculate the results. The characteristic luteinizing action of the
gonadotrop(h)in is verified by microscopic examination ofsections of the ovaries.
The unit employed by the B.P. in evaluating
the potency of this product represents the activity
of 0.1 mg. of a standardized preparation of the
hormone used for comparison in the biological
assay.
Uses. — A general discussion of gonadotropic
hormones is provided in the article on Pituitary,
in Part II. This anterior pituitary-like (APL)
gonadotropin is formed by the cytotrophoblast
of the placenta; it is found in the urine of primates (Selye et al., Proc. S. Exp. Biol. Med.,
1933, 30, 589). It has luteotropic, Leydig-cell,
and adrenocortical-stimulating actions (Brown
and Bradbury, Am. J. Obst. Gyn., 1947, 53, 749;
Bartter et al., J. Clin. Endocrinol., 1952, 12,
1532; Opsahl et al., Yale J. Biol. Med., 1951, 23,
399). It is recommended in the treatment of
cryptorchidism at the age of about 11 years; a
dose of 250 to 1000 units subcutaneously 3 times
weekly (for as long as 2 months) is given until
the testes descend into the scrotum or puberty
develops (Thompson and Heckel, J. A.M. A., 1939,
112, 397). If descent is not accomplished, surgery
should be considered. If assays of urine in such
cases show a high concentration of gonadotropin,
the testes are nonfunctional and therapy with
chorionic gonadotropin is probably useless. In
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hypoleydigism (eunuchoidism), a therapeutic trial
with chorionic gonadotropin will demonstrate the
functional ability of the testes. A dose of 5000
units intramuscularly twice weekly has been used;
appearance in 4 to 6 weeks of secondary sexual
characteristics and an increase in the urinary excretion of 1 7-ketosteroids demonstrate testicular
function and suggests the presence of hypopituitarism. Most cases relapse when chorionic gonadotropin isdiscontinued (Bartter et al., loc. cit.).
These authors reported that one weekly injection,
in an oil and wax vehicle, has the same effect as
daily injections of aqueous solution.
Glass and Johnson (J. Clin. Endocrinol., 1944,
4, 540) tried chorionic gonadotropin in cases of
male homosexuality with inconclusive results.
Some obese adolescents have delayed gonadal development; chorionic gonadotropin therapy will
correct the androgen deficiency but does not benefit the obesity. In men with cirrhosis of the liver,
Klatskin and Munson (Yale J. Biol. Med., 1952,
24, 474) reported gynecomastia, after injections
of chorionic gonadotropin, which they ascribed to
increased formation of estrogen by adrenal glands;
urinary 1 7-ketosteroids did not increase.
Stimulation of androgen formation by the adrenal cortex was described by Plate (Nederland.
Tijdschr. verlosk. en gynae., 1953, 53, 389), but
androgens may also be derived from ovaries in
women. Sternberg et al. (J. Clin. Endocrinol.,
1953, 13, 139) observed stimulation histologically
of Leydig-like cells located in the hilus of the
human ovary after chorionic gonadotropin injections daily for 1 to 3 weeks. Tumors of this cell
type in the ovary have been correlated with
virilism and increased excretion of 1 7-ketosteroids
(Taliaferro et al., Arch. Int. Med., 1953, 91, 675).
Bioassay of the placenta showed high concentrations of chorionic gonadotropin in some cases of
preeclampsia and in diabetes (Loraine and Douglas, J. Obst. Gyn. Br. Emp., 1953, 60, 640).
Studies of pregnancy urine by paper electrophoresis disclosed that chorionic gonadotropin
migrated to the cathode at a characteristic rate
which differed from the rate of migration of pituitary gonadotropin (Stran and Jones, Bull. Johns
Hopkins Hosp., 1953, 93, 51). In cases of anovulatory menstruation (functional uterine bleeding,
hyperestrogenic polycystic glandular hyperplasia
of the endometrium), chorionic gonadotropin
therapy caused ovulation, corpus luteum formation and correction of the menorrhagia (Wahlen,
Acta endocrtnol., 1952, 9, 69; 11, 67) but progesterone isequally effective and may be administered by mouth (de Alvarez, J.A.M.A., 1954,
156, 528).
Leathern and Bradbury (West. J. Surg. Obst.
Gyn., 1949, 57, 173) described antibody in the
blood of a patient after prolonged use of chorionic
gonadotropin.
The only established use of chorionic gonadotropin isin the treatment of cryptorchidism.
The B.P. gives the dose as 500 to 1000 units,
by intramuscular injection, twice weekly.
Storage. — Preserve in a well-closed container,
sealed to exclude microorganisms, at a temperature not exceeding 20°. Under these conditions
potency is retained for 2 years.
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Injection

INJECTION OF CHORIONIC
GONADOTROPHIN.
B.P.
Injectio Gonadotrophini Chorionic!

This injection is a sterile solution of chorionic
gonadotrophin in water for injection containing
0.5 per cent w, v of phenol; it is prepared by
dissolving the contents of a sealed container of
the gonadotrophin in the proper amount of water
for injection, to which has been added the phenol,
immediately before use. The content of chorionic
gonadotrophin in the sealed container is not less
than 90.0 per cent and not more than 110.0 per
cent of the labeled content. The sealed container
may also contain a suitable quantity of sterile
powdered lactose or sterile powdered sodium
chloride. B.P.
SERUM

GONADOTROPHIN.

Part

of Chorionic

B.P., LP.

Gonadotrophinum Sericum

The B.P. defines this gonadotrop(h)in as a dry
sterile preparation of the foUicle-stimulating substance obtained from the serum of pregnant
mares; it is required to contain not less than 100
units per mg. The LP. definition is the same.
Serum Gonadotropin.

The following method of preparation is described by the B.P. : Oxalated blood from pregnant mares in the 60th to 75th day of pregnancy
is allowed to stand overnight, the plasma is separated, adjusted to pH 9 with a sodium hydroxide
solution and an equal volume of alcohol added:
the precipitate of inert protein is filtered off.
Dehydrated alcohol is added to the filtrate to increase the concentration of alcohol to 70 per cent
v v. the pH is adjusted to 5, and the resulting
precipitate is collected and suspended in water.
The pH is adjusted to 9. an equal volume of alcohol is added, and the precipitate of inert matter
is filtered off. To the filtrate dehydrated alcohol
is again added to obtain a concentration of 70
per cent, the pH is adjusted to 5, and the precipitate iscollected, dried in vacuo, and powdered,
and assayed biologically.
Description. — Serum gonadotrop(h)in is a
white powder, soluble in water.
Assay. — The assay is based on the principle
that the weight of the ovaries of immature female
rats can be increased by the action of serum
gonadotrop(h)in from an unstimulated level of
about 10 mg. to a maximum of about 220 mg.;
the increase in weight, compared with that produced by the standard preparation, is the basis
for calculation of results. The characteristic follicular growth stimulation produced by the
gonadotrop(h)in is verified by microscopic examination ofsections of the ovaries.
The unit employed in evaluating the potency
of this preparation represents the activity of 0.25
mg. of a standardized preparation of the hormone
used for comparison in the biological assay.
For uses of this hormonal substance see the
article on Chorionic Gonadotrophin, and also the
discussion of Gonadotropic Hormones, under Pituitary, in Part H.
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The B.P. gives the dose as 200 to 1000 units,
by intramuscular injection, twice weekly.
Storage. — Preserve in a well-closed container,
sealed to exclude microorganisms, at a temperature not exceeding 20\ Under these conditions
potency is retained for 2 years.
INJECTION OF SERUM
GONADOTROPHIN.
B.P.
Injectio Gonadotrophini Serici

This injection is a sterile solution of serum
gonadotrophin in water for injection containing
0.5 per cent w v of phenol: it is prepared by dissolving the contents of a sealed container of the
gonadotrophin in the proper amount of water for
injection, to which has been added the phenol,
immediately before use. The content of serum
gonadotrophin in the sealed container is not less
than 90.0 per cent and not more than 110.0 per
cent of the labeled content. The sealed container
may also contain a suitable quantity of sterile
powdered lactose or sterile powdered sodium
chloride. B.P.
GRINDELIA.

N.F.

Grindelia Robusta. Gum Plant, [Grindelia]

"Grindelia consists of the dried leaf and flowering top of Grindelia camporum Greene, of
Grindelia humilus Hooker et Amott. or of
Grindelia sguarrosa (Pursh) Dunal (Fam. Compositeur NJ.
Gum Plant; Gumweed: Tar Weed. Herba Grindeliz.
Ft. Grindelia. Ger. Grindeliakraut. Sp. Grindelia.

The genus Grindelia includes some twenty-five
species, six or eight of which are found in South
America and the remainder occurring in the
United States, mostly west of the Mississippi.
They are coarse perennial or biennial herbs, being
occasionally shrub-like. Most, if not all. of the
species produce a sticky resinous exudation on
the stem and leaves and especially on the flowerheads, whence they are called '"gum plar
The leaves are alternate, sessile or clasping and
spinulose-dentate. The flowers occur in heads
which are either solitary on the ends of branches,
or in cymes or panicles. Both the outer ray florets
and the central tubular florets are yellow in color.
The ray flowers are pistillate and the involucre is
bell-shaped or hemispherical, the bracts being
imbricated, in several series, being usually subdulate- tipped.
The drug of the market appears to be derived
in part from G. camporum Greene, or Field Gum.:, of California. This occurs abundantly in the
inner coast ranges and in the foothills of the Sierra
Nevada. The leaves are oblong or spatulate. sessile
or clasping, coarsely serrate and of a pale-green
color. The flower-heads are yellow and the involucre consists of several rows of lanceolate,
acuminate, recurved bracts. The achenes are distinctive inthis species and are usually biauriculate
or more rarely unidentate at the summit. Perredes
(Pharm. J., 1909, 29, 596 and 604) reported results of some experiments in the cultivation of
this species.
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G. humilis, known popularly as marsh gumweed, closely resembles the previous species. It
differs in being a marsh plant and less glutinous
and in the fact that its leaves are cuneiform in
shape, darker green and not as thick as in G.
camporum.
G. squarrosa, the curly-cup gumweed, is a common herb on the prairies and dry banks of the
West. It is occasionally found in the East where
it is hardy. It has been reported as occurring
from Manitoba and Saskatchewan to California
and Mexico. It is a glabrous, erect, branching herb
having linear-oblong or spatulate leaves, which are
more or less clasping at the base and sharply
spinulose-dentate. It is especially characterized by
the bracts of the involucre being linear-lanceolate,
subulate tipped and spreading or squarrose at the
summit, giving the species its name. The achenes
are truncate, those of the outer flowers being
usually thicker. The pappus consists of two or
three awns. For a pharmacognostic study of this
species see Wohn {Merck Rep., 1910, p. 310).
It was formerly supposed that the drug of commerce was derived from G. robusta. The studies
of Perredes (Proc. A. Ph. A., 1906, 370) showed
this not to be the case. It is apparently not a very
common plant and is distinguished by having
cordate-oblong, amplexicaul, coarsely serrate
leaves and the involucre being squarrose and leafy
at the base.
The leafy tops of Grindelia species are gathered
in July and dried in the sun. Most of the commercial supplies come from California and other
western states.
Description. — "Unground Grindelia occurs as
cylindrical stems and branches, moderate brown
to moderate yellow with occasional reddish brown
blotches, with alternate leaf-scars, occasionally
with basal portions of leaves, sometimes irregularly flexuous and coated with resin, and terminating in resinous flower heads. The leaves are
usually separate from the stem and broken, oblong
to oblong-spatulate, up to 9 cm. in length, mostly
sessile or amplexicaul, dentate-serrate to spinosely
toothed, weak yellowish orange to weak yellowgreen, resinous, somewhat coriaceous and brittle.
Bracts of flowering branches are almost entire
and usually more or less spreading. The flower
heads are from 5 to 20 mm. in diameter, urnshaped or conical when unexpanded, but flattened
or depressed when partly open, and usually very
resinous; involucre bracts are numerous, imbricated, with recurved tips; ray florets are yellowish, ligulate, and pistillate ; disk florets are brownish, tubular, and perfect. The pappus consists of
2 or 3, mostly unequal, linear awns about the
length of the disk florets; the disk achenes are
ovoid or oblong, compressed, quadrangular, or
triquetrous, and with a diauriculate, broadly
unidenate or broadly truncate, corky, thickened
summit. Grindelia has a balsamic odor, and an
aromatic, bitter and resinous taste.
"Powdered Grindelia is light yellowish brown
to yellow. It shows numerous fibrous fragments
bearing tracheae with annular and spiral thickenings or marked with simple or bordered pores,
associated with numerous, narrow, strongly ligni-

fied wood fibers; pith cells more or less tabular
and containing a layer of protoplasm in which are
imbedded numerous spheroidal granules; fragments of leaf epidermis showing more or less
polygonal areas containing chloroplastids and
basal cells of the glandular hairs; the latter with
compound heads up to 100 n in diameter, each
cell of which contains a rosette of crystals from
5 to 8 n in diameter. The pollen grains are
spherical, about 35 h- in diameter, spinose, and in
section show 3 pores." N.F.
Standards and Tests. — Stems. — Not over
30 per cent of its stems are over 2 mm. in diameter. Foreign organic matter. — Not over 2 per
cent, other than stems. Acid-insoluble ash. — Not
over 2 per cent. N.F.
Constituents. — The activity of the drug probably resides in the resinous component. Clark and
Fischer (Am. J. Pharm., 1888) reported the presence of an alkaloid, grindeline, and Schneegans
(Am. J. Pharm., 1892) the presence of a saponin.
Power and Tutin (Proc. A. Ph. A., 1905 and
1907) were unable to confirm these findings and
attributed the value of the drug to the amorphous
resins which compose over 21 per cent of the
drug. The greater portion of this resinous matter
is a complex mixture of liquid acids which are
chiefly unsaturated cyclic compounds and which
are optically active. They found also traces of a
bright yellow volatile oil having the characteristic
odor of the drug. Power and Salway (/. Chem. S.,
1913, 103, 399) found also grindelol, a polyhydric alcohol derived from "phytosterol."
Bandoni [Semana med. (Buenos Aires), 1931,
1, 1686] found in G. discoidea a small amount of
saponin; the chief constituent is a balsamic resin,
representing about 16 per cent of the dried drug.
Glycosides and alkaloids were absent.
Uses. — Grindelia possesses only feeble physiologic powers. According to Buffington, when given
to lower animals in very large doses it produces
narcosis, with dilated pupils, slowing of the action
of the heart from stimulation of the inhibitory
nerves, and elevation of the blood pressure from
stimulation of the vasomotor center. Dobroklowsky found it to have a primary stimulating, and
later depressant, effect on the isolated frog's
heart. He found further that it acts chiefly upon
the motor nerves and muscles, but Buffington
believed that it paralyzes first the sensory nervetrunks, then the sensory side of the spinal cord,
afterwards involving the motor nerve-trunk and
cord. It is possible that some of these effects may
be due to the fact that the grindelias are capable
of absorbing selenium from the soil.
Grindelia has been used in the treatment of
acute bronchitis, especially when there is a tendency to asthma. Its action is probably simply that
of a stimulating expectorant, but some believe it
exerts also an antispasmodic effect. It has been
frequently used in conjunction with stramonium
leaves in the preparation of "asthma powders" or
cigarettes. Its active principles appear to be excreted from the kidneys; hence, after large doses,
there are sometimes evidences of renal irritation.
In chronic catarrh of the bladder it was used for
its stimulant influence upon the mucous mem-

628

Part

Grindelia

brane. As a local application, grindelia has been
employed in burns, vaginitis, etc., applied either
in the form of a poultice or in solution. Especially
in the form of the aqueous (unofficial) fluidextract it is used as a local application in the
treatment of rhus poisoning.
The N.F. gives the usual dose as 2 Gm. (approximately 30 grains).
GRINDELIA

FLUIDEXTRACT.

N.F.

[Fluidextractum Grindeliae]
Extractum Grindeliae Fluidum. Fr. Extrait Fluide de
grindelia. Ger. Grindeliafluidextrakt.

Prepare the fluidextract from grindelia, in moderately coarse powder, by Process A (see under
Fluidextracts) , using a menstruum of 3 volumes
of alcohol and 1 volume of water. Macerate the
drug during 48 hours, and percolate at a moderate
rate. N.F.
Alcohol Content. — From 57 to 63 per cent,
by volume, of C2IJ5OH. N.F.
Grindelia fluidextract is sometimes used as a
local application for ivy poisoning, for which purpose itis usually diluted with an equal volume of
water. It is also occasionally used as an expectorant in certain types of bronchitis.
The aqueous "fluidextract" of grindelia which
is commercially available is not equivalent to the
official fluidextract and should be dispensed only
when it is specially requested.
Dose, 2 ml. (approximately 30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
GUAIAC.
N.F.
Guaiac Resin, [Guaiacum]

"Guaiac is the resin of the wood of Guajacum
officinale Linne, or of Guajacum sanctum Linne
(Fam. Zygophyllacea)." N.F.
Gum Guaiac. Guaiaci Resina: Resina Guajaci. Fr. Resine
de
gai'ac ; Resine de gayac. Ger. Guajakharz. It. Resina
di guajaco.

Guajacum officinale is a middle-sized or low
evergreen tree indigenous to the West Indies and
northern part of South America. The branches
are knotted, and covered with an ash-colored
striated bark. That of the stem is of a dark-gray
color, variegated with greenish or purplish spots.
The leaves are opposite, leathery, and abruptly
pinnate, consisting of 2, 3 or 4 pairs of leaflets,
which are obovate, smooth, shining, dark green,
up to 1^2 in. long, and almost sessile. The flowers
are of a rich blue color, long peduncled, and occur
in the axils of the upper leaves. The seeds are
solitary, hard, and oblong.
G. sanctum, L., is distinguished from G. officinale by its five-celled fruit and its oblong or
obliquely obovate or sometimes rhomboid-ovate
leaflets, six to eight to each leaf. It grows in Cuba,
Haiti, the Bahama Islands and Florida. Its wood
is smaller than that of G. officinale, and is said by
Fee to be paler and less dense.
Under the title Guaiaci Lignum {Guaiacum
Wood) the B.P. 1914 recognized the heart-wood
of these trees. This wood, which is commonly
known as lignum vitas, or lignum sancti, is remark-
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able for its hardness and density. The color of
the sap-wood is yellow, that of the older and central layers greenish-brown, that of the shavings a
mixture of the two.
Guaiac resin exists in the tree as a physiological product filling up tissues of the wood. It is
obtained in several different ways. The most
simple is by spontaneous exudation. Another
method is by sawing the wood into billets about
three feet long, boring them longitudinally with
an auger, then placing one end of the billet on the
fire, and receiving in a calabash the melted guaiac,
which flows out through the hole at the opposite
extremity. But the method probably most frequently used is to boil the wood, in the form of
chips or sawdust, in a solution of common salt or
in sea water and skim off the substance which
rises to the surface. Guaiac resin is chiefly produced in the eastern portion of the Island of
Haiti, being exported from Azua and Gonai'ves in
bags within cases. Importations during the recent
war period possessed an objectional smoky odor.
Description. — "Guaiac occurs in irregular
masses enclosing fragments of vegetable tissues,
or in large, nearly homogeneous masses, and
occasionally in more or less rounded or ovoid
tears; externally brownish black to dusky brown,
acquiring a greenish color on long exposure, the
fractured surface having a glassy luster, the thin
pieces being translucent and varying in color from
brown to yellowish orange. The powder is moderate yellowish brown, becoming olive-brown on exposure to the air. It has a balsamic odor and a
slightly acrid taste. Guaiac dissolves readily but
incompletely in alcohol, in ether, in chloroform,
in creosote, in solutions of the alkalies, and in
chloral hydrate T.S. It is slightly soluble in carbon disulfide or benzene. Guaiac melts between
85° and 90°." N.F.
Standards and Tests. — Identification. — (1)
A blue color, gradually changing to green and
finally to greenish yellow, forms when 1 drop of
ferric chloride T.S. is added to 5 ml. of a 1 in 100
alcoholic solution of guaiac. (2) A mixture of 5
ml. of a 1 in 100 alcoholic solution of guaiac with
5 ml. of distilled water becomes blue on shaking
with 20 mg. of lead peroxide. On filtering, and
boiling a portion of the filtrate, the color disappears but may be restored by further addition
of lead peroxide and agitation. Addition of a few
drops of diluted hydrochloric acid to a second portion of filtrate discharges the color immediately.
Rosin. — A 1 in 10 solution of guaiac in petroleum
benzin is colorless and when this is shaken with
an equal volume of a fresh aqueous solution (1 in
200) of cupric acetate the former solution has no
more of a green color than a similar mixture of
cupric acetate solution and benzin. Acid-insoluble
ash. — Not over 2 per cent. Alcohol-insoluble
residue. — Not over 15 per cent. N.F.
Constituents. — Guaiac resin is composed
chiefly of resin acids (Liicker, Proc. A. Ph. A.,
1894). Of these guaiaconic acid (or guaiaconresinol) , which composes some 70 per cent of the resin,
occurs in two forms known as alpha- and betaguaiaconic acid. Alpha-guaiaconic acid, present
in larger proportion, has the formula C22H26O6,
melts at about 73°, and is amorphous. The beta
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acid is crystalline, has the formula C21H26O5
and melts at 127°. Guaiaretic acid, C2oH2404,
present to the extent of about 10 per cent, is an
unsaturated acid. Other constituents include vanil in, asaponin (see Winterstein, Ztschr. physiol.
Chem., 1931, 199, 64) and a coloring matter
known as guaiac yellow.
On dry distillation guaiac resin yields gaaiacene,
CsHsO, guaiacol, cresol (see Creosote), guaiem
and finally pyroguaiacin, which is 6-hydroxy-7methoxy-2,3-dimethylnaphthalene. Guaiacene is
the aldehyde of tiglic acid, C5H8O2, while guaiene
is a sesquiterpene related to azulene (see under
Volatile Oils).
According to the experiments of W. Frieboes
(Inaugural Dissertation, Rostock, 1903), the
guaiac saponin (1 to 1000) forms a frothing solution which is persistent, is an excellent emulsifier,
has the power to disperse large proportions of
sparingly soluble substances and is innocuous and
non-irritant.
Incompatibilities. — The incompatibilities of
guaiac include the mineral acids, oxidizing agents,
ethyl nitrite spirit, and acacia. Water added to an
alcoholic solution causes precipitation.
Adulterations. — Guaiac resin has been sometimes adulterated with the rosin of the pine. The
fraud may be detected by the terebinthinate odor
evolved when the adulterated guaiac is ignited, as
well as by its partial solubility in hot turpentine
oil. This liquid dissolves rosin, but not pure guaiac.
Uses. — Formerly guaiac was included in that
mysterious group of drugs known as alteratives,
which were used in all sorts of chronic diseases
for which there was no satisfactory treatment,
such as scrofula, syphilis, chronic rheumatism,
et cetera. Because of its local irritant action upon
the stomach, in full dose it may cause some nausea
which will increase a tendency to sweat, but it is
doubtful whether it has any therapeutic virtue
beyond that of other nauseants. It has been abandoned in the treatment of skin diseases, as has its
use in rheumatic affections. A once-popular dosage
form was the ammoniated guaiac tincture, representing 20 per cent w/v of guaiac macerated with
aromatic ammonia spirit.
Guaiac is used as a reagent for the detection of
occult blood; blue color is produced by it, when
in contact with blood, and in the presence of
hydrogen peroxide. This reaction, however, is not
limited to blood. It is a test rather for the presence of an oxidizing enzyme. The oxidase of acacia
and of certain plant extracts, for example, also
gives the same test with guaiac. It is also used as a
test for the presence of cyanogenetic glycosides.
Guaiac was given in doses of 0.6 to 2 Gm. (approximately 10to 30 grains).
GUAIACOL.

N.F.

[Guaiacol]

"Guaiacol is a liquid consisting principally of
C6H4(OH)(OCH3) 1:2, usually obtained from
wood creosote, or a solid, consisting almost entirely of C6H4(OH)(OCH3) 1:2, usually prepared synthetically." N.F.
Gaiacolum; Guajacolum. Fr. Gaiacol. Ger. Guajacol.
It. Guajacolo. Sp. Guayacol.
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Guaiacol, the monomethyl ether of o-dihydroxybenzene or catechol, may be prepared from the
latter by methylation. Another synthesis utilizes
o-anisidine, which is o-methoxyaniline; on diazotization followed by treatment of the resulting
derivative with copper sulfate solution a hydroxyl
group is introduced in place of the amino group
in the o-anisidine.
Since guaiacol is the principal constituent of
beechwood creosote it is also obtained from this
source by fractional distillation. Guaiacol derives
its name from the fact that it was first isolated
from guaiac resin.
Description. — "Liquid Guaiacol is colorless
or yellowish. Solid Guaiacol is crystalline and is
colorless or yellowish. Guaiacol becomes darker
on exposure to light. The liquid obtained by melting solid Guaiacol does not readily crystallize even
upon chilling. Guaiacol has an agreeable, aromatic
odor. One Gm. of Guaiacol is soluble in from 60
to 70 ml. of water and in about 1 ml. of glycerin,
but it separates from the glycerin solution when
water is added. It is miscible with alcohol, with
chloroform, with ether, and with glacial acetic
acid. The specific gravity of Hquid Guaiacol is
not less than 1.112, and the specific gravity of
melted solid Guaiacol is about 1.132. Solid Guaiacol melts at about 28°." N.F.
Standards and Tests. — Distillation range. —
Not less than 85 per cent of liquid guaiacol distils
between 200° and 210°, when determined by
Method II. Solid guaiacol distils between 204°
and 206°. Identification. — A blue color, changing to green and finally to a yellow, is produced on adding 1 drop of ferric chloride T.S. to
10 ml. of a 1 in 100 alcohol solution of guaiacol.
Impurities. — After shaking 2 ml. of liquefied solid
guaiacol with 4 ml. of petroleum benzin the mixture separates into 2 distinct, clear layers. A permanent turbidity, or failure to separate into layers, indicates presence of impurities. Residue on
ignition. — Not over 0.1 per cent. Hydrocarbons.
— 1 ml. of liquid guaiacol or of melted solid
guaiacol dissolves in 2 ml. of potassium hydroxide
solution (15 in 100) after heating for 1 minute
in boiling water; on cooling, the solution congeals. Failure to congeal indicates presence of
impurities. The mass thus obtained forms a clear
solution with 25 ml. of distilled water. N.F.
Uses. — Guaiacol is locally irritant and somewhat anesthetic; its characteristic odor masks
many unpleasant ones. The studies of Gershenfeld
and Wood (/. A. Ph. A., 1933, 22, 198) indicate
it to be a less active germicide than creosote, in
this respect being about equal to phenol. It is
absorbed readily, not only from the alimentary
canal, but also through the skin; it is eliminated
chiefly through the kidneys conjugated with sulfuric and glucuronic acids. Its general physiological action seems to resemble that of phenol,
although it is less poisonous. In toxic amounts
it produces cardiovascular collapse.
Guaiacol is used internally chiefly as a stimulating expectorant. When given orally it increases
respiratory tract fluid by means of a gastric reflex,
according to Stevens (Can. Med. Assoc. J., 1943,
48, 124). A proprietary cough syrup (Robitussin,
Robins), containing 100 mg. of glyceryl guaia-
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colate and 1 mg. of methamphetamine hydrochloride per 5 ml. was reported to be an effective
expectorant by Cass and Frederick (Am. Pract.
Dig. Treatment, 1951, 2, 844). The similar use
of guaiacol carbonate and potassium guaiacolsulfonate is also noted, though the mechanism of
action may not necessarily be the same. Guaiacol
was once widely used in the treatment of pulmonary tuberculosis but it has no specific effect on
the tubercle bacillus. Given intravenously, guaiacol is excreted by the lungs ; it was formerly used
for the treatment of lung abscesses.
Locally, guaiacol is employed for its anesthetic effect in various skin diseaess and even in
minor nose, throat and dental operations; 12 ml.
of it. diluted to 30 ml. with ohve oil, has been
thus used. Although it has been recommended as
a mild antiseptic in treating chronic ulcers it is
probably never used thus today. S
Dose, orally, 0.3 to 0.6 ml. (approximately 5 to
10 minims) ; intravenously, 0.3 to 0.6 ml. dissolved in 2 ml. of ethyl alcohol and diluted to
18 ml. with a 1 per cent solution of potassium
iodide (Nammach and Tiber. J.A.M.A., 1937,
109, 330), administered slowly every 3 or 4 days;
percutaneously, 10 to 20 drops gently rubbed on
the skin over the abdomen and covered with oiled
silk (but large areas should not be covered).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
HALAZONE.

N.F.

[Halazonum]

H00C-/

\-S02NCI2

"Halazone contains not less than 91.5 per cent
and not more than 100.5 per cent of C7H5O2NOiS." N.F.
p-Sulfonedichloramidobenzoic Acid; />-Sulfobenzoic Acid
Dichloramide.

This compound may be considered to be derived from dichloramine-T by oxidation of the
methyl group to carboxyl. In the synthesis of
halazone ^-toluenesulfonamide is oxidized so as to
convert the methyl group to carboxyl. and the
resulting compound treated with hypochlorite to
form £-sulfonedichloramidobenzoic acid or halazone (see also the method of synthesizing dichloramine-T).
Description. — "Halazone occurs as a white,
crystalline powder having a characteristic chlorine-like odor. It is affected by light. Halazone
dissolves in glacial acetic acid and in solutions of
alkali hydroxides and of alkali carbonates with
the formation of a salt. It is slightly soluble in
water and in chloroform." N.F.
Standards and Tests. — Identification. — (1)
Bromine is liberated when 100 mg. of halazone is
added to 5 ml. of a 1 in 10 aqueous solution of
sodium bromide. (2) Iodine is liberated when 100
mg. of halazone is added to 5 ml. of potassium
iodide T.S. Loss on drying. — Not over 0.5 per
cent when dried over sulfuric acid for 4 hours.
Readily carbonizable substances. — No blackening

occurs although some effervescence may be observed when 100 mg. is dissolved in 0.5 ml. of
sulfuric acid. N.F.
Assay. — About 150 mg. of halazone is mixed
with water and dissolved with the aid of sodium
hydroxide. Potassium iodide and acetic acid are
added, whereupon elemental iodine is liberated
as a result of the reduction of the +1 valence of
chlorine in halazone to the — 1 valence of chloride
ion; each atom of chlorine in halazone liberates
one molecule of iodine. The iodine is titrated with
0.1 N sodium thiosulfate. Each ml. of 0.1 N sodium thiosulfate represents 6.753 mg. of C7H5CI2NO4S. A blank titration is performed on the
reagents. N.F.
Uses. — Halazone, first prepared by Dakin and
Dunham (Brit. M. J., 1917, 1, 682), is a disinfectant used for the sterilization of drinking water.
Dakin and Dunham reported that, in the presence
of some alkali, as supplied by a carbonate, borate
or phosphate, halazone sterilizes water contaminated with such organisms as Bacterium coli,
Bacterium typhosum, Bacterium paratyphosum
A and B, Vibrio cholera, and Bacterium dysenteric, in a period of 30 to 60 minutes when
used in concentrations as low as 1 in 200,000 to
1 in 500,000. Halazone tablets were supplied to
American troops in World War II for sterilization
of polluted water.
The antibacterial action of halazone and related compounds such as succinchlorimide (q.v.),
while commonly associated with the content of
"active chlorine" (not to be confused with "available chlorine") in the compounds, actually probably involves intermediate formation of hypochlorite from which oxygen is subsequently released. Thus, the — NCI2 group of halazone could
react with water to produce HCIO, according to
the equation:
-NCI2 + 2H2O -» — NH2 + 2HC10
The HCIO may then react, in the presence of
oxidizable matter, as follows:
HCIO -> HC1 + [O]
The nascent oxygen, designated [O], thus produced isthen the effective antibacterial agent.
For sterilization of water 4 to 8 mg. (approximately Me to x/z grain) of halazone, in the form
of tablets containing sodium chloride with either
sodium carbonate or sodium borate, is employed
for each liter (approximately 1 quart) of water;
the mixture should be allowed to stand 30 minutes
before drinking.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
N.F.
HALAZONE TABLETS.
[Tabellae Halazoni]

''Halazone Tablets contain not less than 90 per
cent and not more than 135 per cent of the labeled
amount of C7H5CI2NO4S." N.F.
Among other tests it is required that halazone
tablets dissolve in water and that the pH of a
solution containing one 4-mg. tablet in 200 ml. of
distilled water be not less than 7.0.
Halazone tablets usually contain 4 mg. (ap-

Part I

Hamamelis

proximately M.6 grain) of halazone, with sodium
chloride as the tablet base, and a small amount
of either sodium carbonate or sodium borate to
provide a solution having a slightly alkaline reaction (see under Halazone).
U.S.P.,
HALIBUT LIVER OIL.
(B.P., LP.)
Oleum Hippoglossi

"Halibut Liver Oil is the fixed oil obtained
from the fresh or suitably preserved livers of
Hippoglossus hippoglossus Linne (Fam. Pleuronectidae). Halibut Liver Oil contains, in each
Gm., not less than 18 milligrams (60,000 U.S.P.
Units) of vitamin A and not less than 15 micrograms (600 U.S.P. Units) of vitamin D. Halibut
Liver Oil may be flavored by the addition of not
more than 1 per cent of a suitable flavoring substance or a mixture of such substances." U.S.P.
The B.P. requires a minimum of only 30,000
Units of vitamin A activity per Gm.; no rubric
is provided for vitamin D, though it is stated that
the vitamin D activity of the oil is usually between 2500 and 3500 Units per Gm. The I.P.
rubrics are not less than 30,000 International
Units of vitamin A, and not less than 600 International Units of vitamin D, per Gm.
B.P., I.P. Halibut-Liver Oil. I.P. Oleum Jecoris Hippoglossi.

The halibut (Hippoglossus hippoglossus) is one
of the largest of the true fishes, the female often
reaching a weight of 400 pounds. Like others of
the flounder family it has acquired the habit of
swimming on the side, the left side of body becoming the lower side, the left eye migrating, as
the fish matures, to the upper, or right side. It
is found in the deeper coastal waters of both
the Atlantic and Pacific Oceans. The liver is relatively small, compared to the size of the fish,
and is not so rich in oil as the cod liver. On the
other hand the oil from the halibut liver has a
much higher content of both vitamin A and vitamin D than cod liver oil.
Description. — "Halibut Liver Oil is a yellow
to brownish yellow, oily liquid, and has a characteristic, slightly fishy, but not a rancid, odor,
and a fishy taste. Halibut Liver Oil is insoluble
in water. It is slightly soluble in alcohol, but is
freely soluble in ether, in chloroform, in carbon
disulfide, and in ethyl actate. The specific gravity of Halibut Liver Oil is between 0.920 and
0.930." U.S.P.
Standards and Tests. — Identification for
vitamin A. — The oil responds to the test for vitamin A. Acid value. — A solution of 2 Gm. of oil
in 20 ml. of a mixture of equal volumes of alcohol
and ether, previously neutralized with 0.1 N
sodium hydroxide, requires not more than 1 ml.
of 0.1 N sodium hydroxide for neutralization,
using phenolphthalein T.S. as indicator. Unsaponifiable matter. — Not less than 7 per cent and not
more than 22.5 per cent. Iodine value. — Not less
than 125 and not more than 155. Saponification
value. — Not less than 160 and not more than 180.
U.S.P.
As a test for absence of whale-liver oil the
B.P. requires that the absorbancy of a cyclo-

631

hexane solution of the oil, at 300 m\i, is not
greater than 75 per cent of that at 328 mn.
Assay. — Proceed as directed under Vitamins
A and D Assays (see under Oleovitamin A and
Synthetic Oleovitamin D). U.S.P.
Many studies have been made on the vitamin
potencies of halibut liver oil; these are reviewed
by Holmes, Tripp and Satterfield (Ind. Eng. Chem.,
1941, 33, 944) in connection with their own investigation ofthe vitamin potencies and physical
and chemical constants of 7 samples of halibut
liver oil prepared from fish caught off the New
England and Nova Scotia coasts during the summer and fall. The oils were found to contain from
4440 to 135,000 U.S.P. Vitamin A Units and
from 550 to 20,000 U.S.P. Vitamin D Units per
gram. No consistent relation was found between
the unsaponifiable matter and the content of vitamins, although the oil containing the smallest
amount of the former was the least potent in
vitamin content.
Uses. — Halibut liver oil has been used in the
treatment of vitamin deficiencies in place of cod
fiver oil, over which it has the advantage of
much smaller dosage. The vitamin D content
varies and must be ascertained from the label.
The usual dose is 0.1 ml., representing 1.5 mg.
or 5000 U.S.P. Units of vitamin A, daily, with a
range of 0.1 to 0.5 ml. (approximately XYz to 8
minims). A maximum dose of 0.5 ml. per 24 hours
is not usually exceeded. Oils of higher potency
than the U.S.P. minimum requirements should be
given in proportionally smaller dose.
Storage. — "Preserve Halibut Liver Oil in
tight, fight-resistant containers. Halibut Liver Oil
may be bottled or packaged in containers from
which the air has been expelled by the production
of a vacuum or by an inert gas." U.S.P.
HALIBUT LIVER OIL CAPSULES.
U.S.P. (B.P.)
Capsular Olei Hippoglossi

"Halibut Liver Oil Capsules contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of halibut fiver oil, and the
oil from the Capsules contains, in each Gm., not
less than 18 milligrams (60,000 U.S.P. Units) of
Vitamin A. Halibut Liver Oil Capsules contain
either \y2 milligrams or 7^ milligrams (5000 or
25,000
U.S.P. U.S.P. Units) of Vitamin A per capsule."
B.P. Capsules of Halibut-liver Oil. Sp. Cdpsulas de
Aceite de Hipogloso.

Storage. — Preserve "in well-closed containers
and
U.S.P.protect the oil in the Capsules from light."
HAMAMELIS.

B.P.

Witch Hazel Leaves, Hamamelidis Folium

The B.P. recognizes Hamamelis as the dried
leaves of Hamamelis virginiana L. The N.F. IX
name for the same drug was Hamamelis Leaf, of
the Family Hamamelidacece.
Striped Alder Leaves; Winter Bloom Leaves. Fr. Hamamelis de Virginie; Feuilles d'hamameUis. Cer. Hamamelisblatter; Zauberhaselblatter. It. Amamelide. Sp. Hoja de
hamamelis.
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Witch-hazel is an indigenous shrub or a small
tree, from 5 to 25 feet, rarely to 35 feet in height,
growing in almost all sections of the Eastern and
Central United States, usually on hills or in stony
places, and often on the banks of streams. It is
the only species of the genus native to Eastern
North America, occurring from New Brunswick
and Nova Scotia to Minnesota and southward to
Florida and Texas. It is specifically characterized
by its leaves being obovate or oval, wavy-toothed,
and somewhat downy when young. The seeds are
black and shining externally, white, oily, and
farinaceous within, and edible like the hazelnut.
It is remarkable for the late appearance of its
yellow flowers, which expand in its northern range
from October to early December and continue
until the weather becomes very cold in winter.
The fruit is a 2-beaked, 2-celled woody capsule,
each cell containing a single black seed. It ripens
in October and November and, in the South, as
late as March at the same time the blossoms
appear and is in each instance the product of a
blossom of the previous year.
Description. — "Unground Hamamelis Leaf
has a petiole from 1 to 1.5 cm. long; the lamina,
when entire, is broadly elliptical or rhomboidovate, usually inequilateral, from 8 to 12 cm.
long; has an apex usually acute, sometimes
rounded or acuminate; a base slightly heartshaped and oblique; the margin being sinuate or
sinuate-dentate; the upper surface fight olivebrown to moderate olive-green, with a few stiff
hairs; and the lower surface paler in color, somewhat hairy, with midrib and veins prominent, the
secondary veins running straight to the margin."
N.F. IX. For histology see U.S.P., 24th ed.,
p. 528.
"Powdered Hamamelis Leaf is yellowish brown
to fight yellow; has a slight odor and an astringent,
slightly aromatic and bitter taste. Fragments of
epidermal tissue show narrowly elliptical stomata
from 23 to 35 microns in length with 2 to 4
neighbor-cells. The hairs are stellate, with from
4 to 12 cells united at the base, the individual
cells usually curved, with thick walls, narrow
lumina and are up to 500 microns in length. It
also shows numerous fragments of narrow tracheae
mostly spiral, and associated with narrow, strongly
lignified, porous wood fibers. The calcium oxalate
occurs in monoclinic prisms from 10 to 35 microns
in length and is found in the cells of the mesophyll
or in crystal fibers associated with strongly lignified pericycfic fibers." N.F. IX.
For details on the history, nomenclature and
modern utilization of American Witch Hazel, see
Fulling, Economic Botany, 1953, 7, 359.
Standards and Tests. — Stems. — Not over 5
per cent of the stems. Foreign organic matter. —
Not over 2 per cent, other than stems. Acidinsoluble ash. — Not over 2 per cent. N.F. IX.
The B.P. requires not less than 20 per cent of
alcohol (45 per cent)-soluble extractive; the limit
of stems is 3.0 per cent.
The B.P. formerly recognized witch-hazel bark
(Hamamelidis cortex) as well as the leaves. The
bark occurs in "curved or channelled pieces about
one and a half millimetres thick, and from onehalf to two decimetres long, sometimes covered
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with a silvery-grey or dark -grey scaly cork marked
with transverse lenticels, but frequently freed
from the cork, and then exhibiting a nearly smooth
reddish-brown outer surface. Inner surface pale
reddish-pink, and finely striated longitudinally;
fracture laminated and coarsely fibrous. In transverse section, a cortex containing prismatic crystals of calcium oxalate, a complete ring of sclerenchymatous cells, and numerous tangentially
elongated groups of bast fibres. No marked odor;
taste astringent." B.P., 1914.
Constituents. — Hamamelis leaves contain a
considerable amount of tannin; Yosida (Chem.
Abs., 1940, 34, 1130) reported from 2.27 to 9.47
per cent in various species. Mercier (Compt. rend,
soc. biol., 1936, 21, 671) found in the leaves
about 0.2 per cent of choline, besides a saponin
and a glycoside; he states that the fluidextract is
poisonous when injected intravenously.
Uses. — Hamamelis fluidextract is occasionally
employed as a mild atsringent; either it or a dry
extract of the leaf is sometimes used as an ingredient of ointments or suppositories for the
treatment of hemorrhoids.
Witch-hazel bark was supposed to have been
used by the North American Indians as an external application in inflammatory conditions.
Dose, as given in the N.F. IX, 2 Gm. (approximately 30 grains).
Off. Prep. — Dry Extract of Hamamelis;
Liquid Extract of Hamamelis, B.P.; Hamamelis
Water, N.F.
DRY

EXTRACT

OF
B.P.

HAMAMELIS.

Extractum Hamamelidis Siccum

This B.P. preparation is made by exhausting
hamamelis by percolation with 45 per. cent alcohol, removing the alcohol, evaporating the residual
liquid to dryness at a low temperature, and powdering the residue.
It is officially recognized for use in preparing
suppositories, each containing 0.2 Gm. of the
extract in a base of theobroma oil, to be employed
in treating hemorrhoids.
LIQUID

EXTRACT OF
B.P.

HAMAMELIS.

Extractum Ramamelidis Liquidum
Hamamelis Leaf Fluidextract. Fluidextractum Hamamelidis Folii. Fluidextract of Witch Hazel Leaves. ExtractumHamamelisfluidextrakt.
Hamamelidis Fluidum. Fr. Extrait
fluide fluido
d'hama-di
melis. Ger.
It. Estratto
amamelide. Sp. Extracto de hamamelis, fluido.

The B.P. preparation is made by percolating
moderately coarse hamamelis leaf with 45 per
cent alcohol. The N.F. IX fluidextract was made
as follows: Prepare the fluidextract from hamamelis leaf, in moderately coarse powder, by
Process B (see under Fluidextracts) , using first
a menstruum of 9 volumes of alcohol and 1 volume of glycerin, followed by alcohol. Macerate
the drug during 48 hours, and percolate at a moderate rate. N.F. IX.
Alcohol Content. — From 70 to 78 per cent,
by volume, of C2H5OH. N.F. IX.
The tannin content of hamamelis leaf fluidextract is sufficiently high to confer on it a mildly
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astringent action which is occasionally utilized.
The dose is 2 to 4 ml. (approximately 30 to 60
minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F. IX.
Off. Prep. — Ointment of Hamamelis, B.P.
OINTMENT

OF

Unguentum

HAMAMELIS.

B.P.

Hamamelidis

This ointment is prepared by mixing, in a warm
mortar, 10 ml. of the B.P. liquid extract of
hamamelis, 50 Gm. of wool fat, and 40 Gm. of
yellow soft paraffin. The ointment is used in the
treatment of hemorrhoids, sometimes being enclosed in hollow suppositories.
HAMAMELIS

WATER.

N.F.

Witch-hazel Water, Distilled Witch-hazel Extract,
Aqua Hamamelidis

Jowett and Pyman (British Pharm. Conference,
1913) found Scoville's analytical data to agree
fairly closely with their own for another sample
of the volatile oil. According to them the chief
constituent is a sesquiterpene; there are also
present a phenolic substance, a mixture of fatty
acids in the free and combined states, and a mixture of solid saturated hydrocarbons.
Uses. — Hamamelis water has been a popular
household embrocation for many years and it
continues to be thus used, although exactly how
it functions and to what degree have not been
clearly established. Mild astringent and local sedative properties have been attributed to it. Official
recognition of the water is for the purpose of
providing specifications to maintain some constancy of its quality, which otherwise might be
quite variable.
Storage. — Preserve "in tight containers and
avoid excessive heat." N.F.

Witch Hazel Water; Distilled Extract of Witch Hazel;
"Witch Hazel."

After macerating a weighed amount of recently
cut and partially dried dormant twigs of Hamamelis virginiana for 24 hours with twice their
weight of water, distil not more than 850 ml. of
distillate for each 1000 Gm. of twigs taken, add
150 ml. of alcohol to each 850 ml. of distillate,
and mix thoroughly. N.F.
The water obtained by distillation represents a
solution saturated with the volatile components
of hamamelis ; to this is added alcohol to preserve
the solution against growth of mold.
Description. — "Hamamelis Water is clear and
colorless, having a characteristic odor and taste.
It is free from mucoid or fungus growths and
does not have an acetous odor. Hamamelis Water
is neutral, or acid to litmus paper." N.F.
Standards and Tests. — Specific gravity. —
Not less than 0.979 and not more than 0.982.
Non-volatile residue. — Not over 25 mg. from 100
ml. of hamamelis water, the residue being dried
at 105° for 1 hour. Acetone and isopropyl alcohol.— Hamamelis water meets the requirements
of the test for acetone, etc., under Whisky.
Formaldehyde. — No red color is produced on mixing 2 ml. of a 1 in 100 solution of phloroglucinol,
5 ml. of sodium hydroxide T.S. and 2 ml. of hamamelis water. Methanol. — Hamamelis water meets
the requirements of the test for methanol under
Whisky. N.F.
Alcohol Content. — From 14 to 15 per cent,
by volume, of C2H5OH. N.F.
Scoville (Proc. A. Ph. A., 1907, 55, 448) reported his investigations of a volatile oil of witchhazel. The "oil" as received was a soft grease,
occluding water, and had a greenish color and a
strong odor recalling that of hamamelis distillate.
A difference in the odor suggested, however, that,
as in the case of rose distillates, there is some
constituent in the natural oil which is more soluble
in water than in the remaining constituents of the
oil. The oil was found to consist chiefly of a
terpene with about 7 per cent of an alcohol; the
residue on distillation was a waxy solid amounting to over 70 per cent of the weight of the oil.
For analytical data see U.S.D., 22nd ed., p. 174.
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HELIUM.

U.S.P., B.P.

[Helium]

"Helium contains not less than 95 per cent by
volume of He, the remainder consisting mainly
of nitrogen." U.S.P. The B.P. requires not less
than 98.0 per cent v/v of He.
Sp. Helio.

Helium was first observed in the spectrum of
the sun by Lockyer in 1868, who named it from
the Greek word meaning sun. It was discovered by
Ramsay in 1895 in the mineral cleveite, and was
subsequently recognized as one of the components
of air, occurring in it to the extent of about
0.0004 per cent by volume. It remained a laboratory curiosity until it was discovered that certain
varieties of natural gas in western America contained itin appreciable proportions (up to 2 per
cent). It is extracted by liquefying the natural
gas and fractionating the liquid by appropriate
methods.
Description. — "Helium is a colorless, odorless, tasteless gas which is not combustible and
does not support combustion. One liter of Helium
at a pressure of 760 mm. of mercury and at 0°
weighs not less than 174.5 mg. and not more than
232.5 mg., indicating not less than 95 per cent of
He.
U.S.P.Helium is very slightly soluble in water."
Standards and Tests. — Identification. — A
burning splinter of wood is extinguished by
helium. Mixtures of helium and hydrogen are
neither flammable nor explosive when oxygen is
included. Acidity or alkalinity. — Helium, referred
to 760 mm. and 25°, meets the requirements of
the test for Acidity or alkalinity under Oxygen.
Oxidizing substances. — Helium, referred to 760
mm. and 25°, meets the requirements of the test
for Oxidizing substances under Oxygen. Carbon
monoxide. — Helium, referred to 760 mm. and 25°,
meets the requirements of the test for Carbon
Monoxide under Oxygen. U.S.P.
Assay. — While the U.S.P. uses the weight of
a liter of helium as an index of its purity, the
B.P. requires an assay based on the fact that
helium is not absorbed by coconut shell char-
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coal at the temperature of liquid oxygen, while
other gases which may be present with it are.
Specifically, not less than 98.0 per cent v/v of a
given volume of helium subjected to the test
should remain unabsorbed by the charcoal.
Uses.— Barach (J.A.M.A., 1936, 107, 1273)
introduced this gas into medicine. Helium is about
half as soluble in blood as nitrogen is and its diffusibility is about twice that of nitrogen. Sayers
and Yant (Anesth. & Analg., 1926, 5, 127) demonstrated that animals could be released from 10
atmospheres pressure of helium-oxygen in about
one-third of the time required in the case of
nitrogen-oxygen mixtures.
The decompresion from high atmospheric pressures to sea level pressure experienced by deep
sea divers and workers in tunnels, or the rapid
ascent of aviators from atmospheric pressure to
high altitudes results in the release of bubbles of
nitrogen into the blood and tissues, a condition
known as aero-embolism. The bubbles frequently
lodge in joints (causing local pain), in the lungs
(pain, cough and the expectoration of frothy
mucus), in the skin (itching and urticaria), and
in the central nervous system, particularly in the
thoracic and lumbar portions of the spinal cord
(paralysis of the legs). The pain is often so severe
as to cause the patient to bend over and the
syndrome has been referred to as "the bends"
(caisson disease). The formation of bubbles of
nitrogen can be prevented by decompression in
stages (SO per cent reduction at a time) or by
inhaling 100 per cent oxygen to wash the dissolved nitrogen out of the blood and tissues. The
use of 100 per cent oxygen has increased the
ability of the human to tolerate considerable
change in pressure but, even with 100 per cent
oxygen, at 4 atmospheres pressure (a diving
depth of about 100 feet) nausea, cerebral dullness and nervous instability develop in about 30
minutes and convulsions ensue on longer exposure. High pressures may interfere with the elimination and transport of carbon dioxide and,
under pressure, nitrogen seems to have a narcotic
action. The use of helium-oxygen mixtures has
made it possible for divers to descend to a pressure of 16 atmospheres with full retention of
their mental capacity (Behnke and Yarbrough,
U. S. Nav. M. Bull., 1938, 36, 542). Helium has
a fat-water solubility ratio approximately one
half that of nitrogen; not only is there twice as
much nitrogen in the fat depots but exercise increases the rate of elimination of nitrogen, but
not of helium, from these depots.
Barach (loc. cit.) found that a mixture of
helium and oxygen, in the same proportions as
nitrogen and oxygen are contained in the air. — i.e.,
21 per cent of oxygen and 79 per cent of helium —
has a density of 0.341, the ordinary atmosphere
being taken as 1. He kept mice for two and
one-half months in this atmosphere with no apparent effect upon their well-being. Helium seems
to be entirely inert in the body. Because of the
lessened pressure required to move this heliumoxygen mixture he suggested its use for the relief
of various types of obstructive dyspnea, such as
seen in asthma, pneumonia, and heart diseases.
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A mixture of helium and oxygen has been found
of service in respiratory obstructions during anesthesia by a number of clinicians (see Bonham,
Anesth. & Analg., 1939, 33, 2585). Although in
asthma and other forms of obstructive dyspnea
the inhalation of oxygen is beneficial by increasing the oxygen saturation of the blood, it does not
relieve the sensation of dyspnea because the primary difficulty is the mechanical effort required
to pull gas through the partially obstructed
points. In fact, oxygen is denser than ordinary
air. Helium-oxygen mixtures not only require
less effort to respire but produce a decrease in the
elevated negative pressures, which exist in the
lungs of asthmatics during inspiration, and thereby relieve the tendency for blood plasma to pass
into the alveoli of the lungs (pulmonary edema)
and for patchy collapse (atelectasis) of the lung
to develop. However, the degree of anoxia in
many asthmatic patients requires more oxygen
than is provided by the 20 per cent oxygen and
80 per cent helium mixture. An increase in the
percentage of oxygen in the mixture rapidly raises
the density toward that of ordinary air. Barach,
A. L. {Principles and Practices of Inhalation
Therapy, J. B. Lippincott Co., Philadelphia, 1944;
Arch. Int. Med., 1939, 63, 946) restored the
dyspnea-relieving action by administering the
denser mixture in a tight hood under a positive
pressure of 3 to 6 cm. of water; the positive
pressure forces the gas mixture through the partially obstructed bronchi during inspiration, improves the absorption of oxygen, counteracts the
tendency to pulmonary edema and decreases
bronchial constriction during expiration. With the
masks in common use positive pressure can be
maintained only during expiration and the chief
advantage of positive pressure breathing is lost
in the patient with obstructive dyspnea. Dean
and Visscher (Am. J. Physiol, 1941, 134, 450)
disputed Barach's explanation of the mechanism
of action of helium-oxygen mixtures in obstructive dyspnea but the therapeutic value has been
confirmed by Maytum (/. Allergy, 1939, 10,
266) and others.
Helium-oxygen mixtures have been used for
asphyxia of the newborn (see Am. J. Obst. Gyn.,
1940, 39, 63 and 40, 140), for poisoning due to
lung-irritant gases such as phosgene, for the prevention of post-operative atelectasis of the lung
following an anesthesia which has washed out all
the nitrogen, for pulmonary edema in cases with
partial bronchial obstruction (although positive
pressure is probably of more value than the mixture employed), for cases with paralysis of the
respiratory muscles, as in acute anterior poliomyelitis, inwhom the sensation of dyspnea persists in an artificial respirator breathing air. and
for partial laryngeal or tracheal obstructions.
Cleveland and End (Surg. Gynec. Obst., 1942,
74, 760) reported that headache following encephalography lasted only 3 to 4 hours when
helium was the gas introduced into the subarachnoid space and 100 per cent oxygen was
inhaled after the procedure contrasted with an
average of 58.5 hours when air was used both
for the injection and for respiration.
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The administration of helium requires a tightfitting mask; the usual oxygen tent cannot be
used because this readily diffusible gas leaks so
rapidly as to be of no benefit to the patient.
Barach et al. (Ann. Int. Med., 1938, 12, 754)
devised a tight-fitting hood which is the most
effective and economical method of administration and possesses the additional advantage of
making the use of increased pressure possible
during both inspiration and expiration. The carbon dioxide excreted by the patient must be
absorbed in any such closed system by soda-lime
or other agent and provision for water vapor in
the gas mixture must be made. Tanks of pure
helium should not be used in conjunction with
tanks of oxygen because asphyxia would result
if the oxygen tank ran out; tanks containing
about 80 per cent helium and 20 per cent oxygen
are used in conjunction with tanks of oxygen
joined beyond the valves on each tank through a
"Y" tube. The administration of helium is a
highly specialized procedure.
By inhalation, the usual dose is determined according to the needs of the patient; the usual
concentration is 80 per cent with 20 per cent
oxygen.
Storage. — Preserve "in cylinders." U.S.P.
HEPARIN

SODIUM.

U.S.P. (B.P., LP.)

Heparin, [Heparinum Sodicum]

"Heparin Sodium is a mixture of active principles, having the property of prolonging the
clotting time of blood in man or other animal.
It is usually obtained from the livers or lungs
of domestic mammals used for food by man.
The potency of Heparin Sodium is not less than
110 U.S.P. Heparin Units per milligram, and
not less than 90 per cent and not more than 110
per
U.S.P.cent of the potency stated on the label."
The B.P. and LP. define Heparin as a sterile
preparation containing the sodium salt of a complex organic acid present in mammalian tissues,
having the characteristic property of delaying the
clotting of shed blood; the B.P. requires it to
contain not less than 100 units per mg., calculated with reference to the substance dried to
constant weight at 60° at a pressure not exceeding 5mm. of mercury, while the LP. requires the
same potency for the material without providing
any drying specification.
B.P., LP. Heparin; Heparinum.

In 1916 Howell and Holt prepared from liver
a material, which they called heparin, that had
the power of preventing coagulation of blood;
because of the presence of impurities this heparin
was not suitable for medicinal use. Several investigators have contributed to the process of refinement of the material (Schmitz and Fischer,
Ztschr. physiol. Chem., 1933, 216, 264; Charles
and Scott, /. Biol. Chem., 1933, 102, 425; Jorpes,
Biochem. J., 1935, 29, 1817; 1942, 36, 203;
Kuizenga and Spaulding, /. Biol. Chem., 1943,
148, 641, and others). Jorpes (loc. cit.) identified it as a sulfuric acid ester of mucoitin, a
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glycoprotein; its exact composition, however, is
unknown and evidence indicates that it is not a
single compound (for structural data see J.A.C.S.,
1950, 72, 5796). Furthermore, the heparins obtained from different mammalian species are not
absolutely identical.
Heparin occurs in many tissues, especially
those of the liver and lungs. Jorpes' evidence indicates that it exists in the mast cells of Ehrlich,
found chiefly in connective tissue in blood vessel
walls and capillaries.
Units. — In the course of developing standards
for the evaluation of heparin both barium and
sodium salts of highly purified samples of the
substance were prepared. The Toronto unit represented the anticoagulant activity of 0.01 mg. of
a standard barium heparin employed at the University of Toronto. From this standard a sodium
salt (heparin sodium) was prepared, which was
subsequently used as an international standard;
the international unit represents the activity of
7.7 meg. (0.0077 mg.) of the heparin sodium
standard. The international and the Toronto
units are for practical purposes identical, for the
quantity of heparin represented in the respective
specified amounts of the two standards is identical. The international standard heparin sodium
represents approximately 130 units of activity
per mg.; the U.S.P. requires not less than 110
U.S.P. units per mg., while the B.P. and LP.
require not less than 100 units per mg. All of the
units are identical.
Description. — "Heparin Sodium occurs as a
white or pale-colored, amorphous powder. It is
odorless, or nearly so, and is hygroscopic. One
Gm. dissolves in 20 ml. of water." U.S.P.
Standards and Tests. — pH. — The pH of a
1 in 100 solution is between 6 and 7.5. Loss on
drying. — Not over 12 per cent, when dried at
60° over phosphorus pentoxide to constant weight.
Residue on ignition. — Not over 41 per cent.
Barium. — No turbidity, not dispelled by diluted
hydrochloric acid, develops on heating a solution
of heparin sodium with ammonia and hydrogen
peroxide, which oxidizes the heparin and allows
the naturally occurring sulfuric acid to interact
with any barium that may be present. Nitrogen
content. — Not over 3.0 per cent, calculated on
the dried basis. Sulfur. — Not less than 9.5 per
cent of S, calculated on the dried basis. Depressor
substances. — A solution of 10 mg. of heparin
sodium per ml. of saline T.S. meets the requirements of the official test for depressor substances.
Protein. — Trichloroacetic acid solution produces
no precipitate or turbidity with a solution of
heparin sodium. Pyrogen. — Heparin sodium
meets the requirements of the official test for
pyrogen, the test dose being 2 ml. of a solution
containing 1000 U.S.P. Units of heparin sodium
in 1 ml. of pyrogen-free saline T.S. per Kg. of
body weight. U.S.P.
Assay. — The anticoagulant activity of the heparin sodium under test is compared with that of
U.S.P. Heparin Sodium Reference Standard,
using sheep blood plasma to which calcium chloride solution is added as the test medium. U.S.P.
Uses. — Heparin sodium is a potent anticoagu-
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lant drug, the general indications for its administration being the same as those for Bishydroxycoumarin (q.v.). It is used in prophylaxis and
treatment of thromboembolic disorders, including
acute thrombophlebitis, pulmonary embolism,
thromboembolic complications of myocardial infarction and congestive heart failure, in arterial
embolism, vascular surgery, occlusive vascular
disease and frostbite. Since heparin acts rapidly,
it is often administered during the first 48 to 72
hours of bishydroxycoumarin therapy, before the
latter becomes effective therapeutically. It is
also of value as a substitute for citrate in blood
transfusions, as in the replacement of blood in
infants with erythroblastosis fetalis. It has a
marked effect on the lipids in blood.
Action. — Little is known of the metabolism
and excretion of heparin. It appears to have more
than one anticoagulant action. It prevents conversion of prothrombin to thrombin and diminishes the agglutinability of the platelets (Brinkhaus et al., Sciences, 1939, 90, 539). Anlyan and
associates (North Carolina M. J., 1952. 13, 283)
stated that in conjunction with a serum albumin
cofactor it blocks the enzymatic action of thrombin in the conversion of fibrinogen to fibrin.
Vinazzer (Acta med. Scandinav., 1952, 142, 468)
noted that in vitro the coagulability of fibrinogen
was decreased when large doses of heparin were
added to oxalated plasma. Heparin carries a negative electrical charge and its action can be reversed immediately by protamine sulfate, which
bears a positive charge, or by toluidine blue,
which precipitates heparin. For a more detailed
description of the normal blood clotting mechanism see under Bishydroxycoumarin, which inhibits synthesis of prothrombin in the liver.
Another action of heparin which may prove to
be of clinical importance is based upon Hahn's
observation (Science, 1943, 98, 19 ) that it causes
rapid clearing of the alimentary lipemic phase.
Herzstein
(Ann. samples
Int. Med'.,
1954,
290)
found thatet inal.blood
drawn
at 40,
intervals
after heparin administration there is an appreciable reduction in plasma total lipids, primarily
in neutral fat content; plasma cholesterol, cholesterol esters and phospholipid fractions are unaffected. The existence of a direct relationship
between plasma levels of certain physically distinct lipoprotein moieties and the incidence of
atherosclerotic lesions was suggested by Gofman
et al. (Science, 1950, 111, 166) (for further discussion see under Cholesterol). It was reported
by Graham et al. (Circulation, 1951. 4, 666)
that ultracentrifugal studies of the sera of healthy
persons and patients with cardiac infarction reveal a decrease in low-density lipoproteins and a
corresponding increase in high-density molecules
after heparin administration. Their findings indicated that patients with moderate to severe angina are relieved of symptoms by a single injection of 50 to 100 mg. of heparin once or twice
weekly. Tamches (Presse med., 1953, 61, 1382)
considers Graham's explanation of reduction in
size of blood lipoproteins inadequate, since this
would not account for the amelioration of existing arterial lesions in angina pectoris or cerebral
arteritis. Gilbert and associates (J.A.M.A., 1949,
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141, 892) feel that the benefit obtained from
heparin may be due to its vasodilating action
rather than its anticoagulant effect.
Murray and Best (Ann. Surg., 1938, 108, 163)
reported that heparin disappears rapidly from
the blood stream. It must, therefore, be administered repeatedly by subcutaneous, intramuscular
or intravenous injection or by continuous intravenous infusion. Preliminary reports by Litwins
et al. (Proc. S. Exp. Biol. Med., 1951, 77, 325)
regarding the effectiveness of sublingual absorption of heparin have not been confirmed. McDevitt et al. (J. A.M. A., 1952, 148, 1123) found
no significant therapeutic response resulting from
heparin so administered.
Thromboembolism. — According to Loewe
(J.A.M.A., 1946, 130, 386) the fundamental
etiologic factor in production of venous thrombosis is the sudden confinement to bed of an individual who has been ambulatory. Increased platelet count and various changes in the properties
of blood plasma contribute their effects. Clotting
within small veins may propagate into large
radicals and such thrombi may give rise to fatal
embolic phenomena. Loewe found that heparinization was valuable in the prevention and treatment of this condition. Heparin had been used
similarly by Murray (Arch. Surg., 1940, 40, 307 ),
Priestley and Barker (Proc. Mayo., 1941, 16,
60), Durant (Pennsylvania M. J., 1953, 56, 279)
and many others. Adams (Surg. Clinics N. America, 1943, 23, 835) advised its use, together with
sym pathetic nerve block to relieve vasospasm, in
thrombophlebitis. Many reports have appeared
in the literature regarding the use of heparin in
all types of thromboembolic disorders. De Takats
(J. A.M. A., 1950, 142, 527) found that an intramuscular dose of 2 mg. daily of heparin per
pound of body weight was the most satisfactory
treatment for recurrent thrombosis and embolism, half this dose being sufficient in postoperative prophylaxis. In a review of 27,802 patients
undergoing surgery over a five-year period. Ravdin and Kirby (Surgery, 1951, 29, 334) reported
an incidence of approximately 1 per cent of
thromboembolic complications despite all efforts
to prevent them. They presented their indications for different types of management, including
anticoagulant therapy. Bauer (Angiology, 1950.
1, 161) reported a mortality rate of only 0.4
per cent in 438 patients treated with heparin for
incipient thrombosis, the death rate having been
18 per cent in a group of 264 patients prior to
the availability of heparin. The prophylactic use
of heparin in the small dosage of 50 mg. twice
daily for a maximum of 10 days after operation
in a large series of patients with operative areas
susceptible to thromboembolic complications,
significantly reduced the incidence of pulmonary
embolism with no risk from hemorrhage in patients treated by Clovson (J. Internet. Col. Surg.,
1949. 12, 843). Vander Veer and associates (Am.
J. Med. Sc, 1950, 219, 117) and many other
authors agree as to the advisability of prophylactic anticoagulant therapy in susceptible patients. Anderson et al. (J. Lab. Clin. Med., 1951,
38, 585) claimed that the development of venous
thrombosis was significantly delayed when 10 mg.
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of heparin was added to each liter of fluid given
by vein, despite no significant alteration in the
Lee-White coagulation time.
Reports by Homans (Surgery, 1949, 26, 8),
Olivier (Presse med., 1950, 58, 793) and others
indicate the superiority of initial anticoagulant
therapy over femoral vein ligation in postoperative venous thrombosis and thrombophlebitis of
the lower limbs. Experience of Anlyan and associates at the Duke Hospital (Arch. Surg., 1952,
64, 200) has been similar. They recommend the
daily injection of heparin sodium, repository
form, if facilities for prothrombin time determination are not available to guide bishydroxycoumarin therapy. In patients with venous thrombosis during pregnancy, postpartum prophylaxis
with 250 mg. of heparin daily or with adequate
bishydroxycoumarin to provide a prothrombin
index of 40 to 50 is indicated during the initial
five- to eight-day period, according to Jorpes
(Nord. Med., 1950, 43, 199). Merz et al.
(Schweiz. med. Wchnschr., 1951, 81, 565) also
reported good results in obstetrical and gynecological patients. A very low incidence of phlebothrombosis among urologic patients at the Mayo
Clinic has been attained by following a plan of
heparin administration devised by Culp et al.
(J. Urol., 1952, 68, 845). In the experience of
Brown and associates (Am. J. Med. Sc, 1954,
227, 526) there is no difference in the ability of
the various anticoagulant drugs in prevention of
thromboembolic phenomena, but bleeding occurs
more frequently with heparin, indicating that
heparin should be reserved for those patients requiring rapid initiation of therapy.
Myocardial Infarction. — Wright et al. (Am.
Heart J., 1948, 36, 801; Ann. hit. Med., 1949,
30, 80) summarized the existing experience with
heparin and bishydroxycoumarin in diseases of
the heart and blood vessels. In the first 800 cases
of coronary thrombosis with myocardial infarction analyzed from the study of the American
Heart Association results indicated that death
from coronary thrombosis can be reduced from
23 to 13 per cent by anticoagulant therapy and
that incidence of thromboembolic complications
can be reduced from 19 to 9 per cent. More
recent reports indicating the value of anticoagulant therapy in this situation include those of
Tulloch and Gilchrist (Brit. M. J., 1950, 2, 965)
and Schilling (J.A.M.A., 1950, 143, 785). In a
report based upon autopsy findings in 132 patients with myocardial infarction surviving 72
hours after the attack Howell and Kyser (Ann.
Int. Med., 1954, 40, 694) found the incidence of
mural thrombosis less frequent in patients receiving anticoagulant therapy and the occurrence
of embolism more than twice as frequent in
those with mural thrombosis. They observed that
the degree of prothrombin control did not appear
to influence the development of mural thrombosis.
In a survey of the opinions of 228 internists and
cardiologists in the United States Russek and
Zohlman (Am. J. Med. Sc, 1953, 225, 8) found
that 116 (51 per cent) do not use anticoagulants
routinely in myocardial infarction. Serious hemorrhagic complications of treatment were reported
by 104 of the physicians, 64 reporting 122 deaths.
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The following indications for anticoagulant therapy in myocardial infarction were listed by the
specialists surveyed: previous infarction, occurrence of congestive heart failure, presence of a
large infarct, profound or persistent shock, significant cardiac enlargement, previous thromboembolic phenomena, varicosities, arrhythmias,
old age, debility, lethargy, obesity, diabetes,
polycythemia,
eventful course.and any departure from an unIn a subsequent publication the same authors
(Am. J. Med. Sc, 1954, 228, 133) reported
thromboembolic phenomena in only 3.3 per cent
of 122 "good risk" cases of myocardial infarction
(i.e., those with no poor prognostic signs) and
that preventable mortality under ideal anticoagulant therapy would have been only 0.8 per cent
at best. They contend that the risk of anticoagulant therapy in milder cases outweighs any benefit
that it may confer, but note that the value in
properly selected "poor risk" cases must not be
minimized. McCollum (/. Oklahoma M. A., 1952,
45, 15), Papp et al. (Brit. M. J., 1951, 1, 1471)
and Kissane et al. (Am. J. Med. Sc, 1954, 227,
663) agree that such treatment is unnecessary
in milder cases.
Opinion differs as to the efficacy of heparin in
reducing the incidence of anginal attacks in patients with coronary artery disease. Engelberg
(Am. J. Med. Sc, 1952, 224, 487) presented
evidence of benefit obtained from the intravenous injection twice weekly of 100 mg. of heparin, based upon exercise electrocardiograms and
ballistocardiograms as well as subjective improvement. He attributed the response to the
action of heparin in removing lipoprotein sludge
from the intima of the vessels, with improved
oxygen exchange, rather than tc the anticoagulant or vasodilator action. Chandler and Mann
(New Eng. J. Med., 1953, 249, 1045) agreed
that the number and severity of attacks of angina
pectoris may be decreased by this treatment.
However, no significant effect upon electrocardiographic response to standard exercise following
intermittent injection of heparin was found by
Russek etal. (J. A.M. A., 1952, 149, 1008). Binder
and associates (ibid., 1953, 151, 967) were likewise unable to demonstrate any beneficial results.
Congestive Heart Failure. — The addition of
anticoagulant therapy to the usual methods of
treating patients with congestive heart failure has
been shown to reduce the incidence of thromboembolic phenomena in heart disease of all etiologies except luetic aortitis and cor pulmonale,
according to Griffith et al. (Ann. Int. Med., 1952,
37, 867). Their study in 416 patients indicated
that the different anticoagulant drugs were
equally beneficial. The patients who received
heparin alone were given heparin sodium 50 mg.
intramuscularly every 4 hours or a repository
heparin in initial dosage of 400 mg. followed by
200 mg. every 24 hours for maintenance.
Arterial embolism is an indication for anticoagulant therapy. Veal and Dugan (Ann. Surg.,
1951, 133, 603) recommended immediate sympathetic nerve block with a one per cent solution
of procaine (q.v.), to be followed by combined
heparin and bishydroxycoumarin administration
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if the circulation is adequate after 30 minutes;
otherwise embolectomy should be performed, followed after four hours by heparin injection.
Long-term anticoagulant treatment, even for
periods of months, may be needed subsequently.
Freeman and Gilnllan (Surgery, 1952, 31, 115)
advocated constant intraarterial injection of heparin sodium for 1 to 8 days after thromboendarterectomy in patients with occlusive vascular disease, to be followed by management with bishydroxycoumarin. Thrombus formation after arterial suturing operations on arteriovenous fistulae has been reduced by heparin administration
(see Murray, Surg. Gynec. Obst., 1941, 72, 340).
Many papers have appeared regarding the administration ofanticoagulants in occlusive disease of the retinal vessels, cavernous sinus thrombosis, mesenteric artery thrombosis, and peripheral arterial disease. Observations over a 10-year
period led Duff and associates (Arch. Ophth.,
1951, 46, 601) to conclude that short-term intensive heparin therapy is as effective as prolonged bishydroxycoumarin treatment in occlusive vascular disease of the retina. Remy et al.
(Presse med., 1953, 61, 961) reported favorably
on the response in severe arteritis of the lower
limbs, even in the presence of trophic disorders
and necrotic lesions, to the intraarterial injection of heparin directly above the obstruction,
using a total of 400 to 500 mg. daily at the outset in acute cases. Nunez (Circulation, 1952, 5,
670) combined anticoagulant therapy with excision of fixed thrombus and diseased portion of
the arterial intima in artiosclerosis obliterans.
Engelberg and Massell (Am. J. Med. Sc, 1953,
225, 14) stated that in advanced peripheral arteriosclerosis the intravenous administration of 100
mg. of heparin sodium two or three times weekly
produced marked improvement in level walking
tolerance and greater digital blood flow as demonstrated by digital plethysmography. However,
Simon and Wright (J. A.M. A., 1953, 153, 98)
observed no beneficial effects in patients with
intermittent claudication, as tested by an electrically driven treadmill ergometer; Kvale (Proc.
Mayo, 1954, 29, 148) agrees that heparin does
not abate intermittent claudication and is impractical inprevention of thrombosis in chronic
occlusive vascular disease, though he favors its
use in acute occlusion.
Frostbite. — Gangrene may be prevented in
frostbite by means of heparinization shortly after
exposure, in amounts sufficient to maintain the
coagulation time above 30 minutes continuously
for at least 5 days (Lange et al., Proc. S. Exp.
Biol. Med., 1950, 74, 1). Earlier studies with
fluorescein demonstrated that gangrene in frostbite is due to tremendous increase in capillary
permeability, leading to loss of plasma from the
fine vessels, permitting agglutinated masses of
erythrocytes to obstruct the capillaries. Theis
and associates (J.A.M.A., 1951, 146, 992) treated
cases of frostbite at the Cook County Hospital
by injection of enough heparin to maintain the
Lee-White coagulation time above twice normal
while bishydroxycoumarin therapy is being instituted. Kuhlia (J.A.M.A., 1953, 152, 551) combined heparin therapy with sympathetic nerve
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block successfully in two cases of frostbite. Heparin may prove to be of use in treating burns,
in view of the explanation by Dragstedt et al.
(Arch. Surg., 1950, 61, 387) of the sludging
changes in the blood stream following severe
thermal burns in experimental animals. Controlled animal experiments utilizing heparin in
severe thermal burns by Elrod and associates
(Surg. Gynec. Obst., 1951, 92, 35) revealed less
hemoconcentration, less local edema and less
kidney damage in the treated animals as compared with the control group.
The local use of heparin solution may affect
the serous membranes. Beiglbbck and Sickel
(Klin. Wchnschr., 1951, 29, 211) have claimed
marked clinical improvement following injection
of cicatricial contractions, effusions into joints,
hydrocele, and tendon cysts. Howe et al. (Am. J.
Med. Sc, 1952, 223, 258) obtained dramatic
benefit in 5 cases of acute gouty arthritis from
heparin or Paritol, the mechanism being unknown
and apparently not due to the anticoagulant action. Van Creveld and Paulssen (Blood, 1952, 7,
710) found heparinized plasma to be superior to
citrated plasma in relieving hemophilia, small
amounts of heparin causing increased consumption of prothrombin. Magner et al. (Arch. Dermat. Syph., 1951, 64, 320) treated successfully
a patient with pemphigus by means of heparin
after numerous other measures had failed.
Toxicology. — While hypersensitivity to heparin is rare it has been reported. Chernoff (New
Eng. J. Med., 1950, 242, 315) reported a case
of anaphylactic shock and diffuse macular rash
following intravenous heparin and Gotz (Ann.
Int. Med., 151, 35, 919) described an instance
of anaphylactic shock and giant urticaria. Hauch
et al. (Proc. Mayo, 1952, 27, 163) reported 3
instances of hypersensitivity, all of whom had
itching of the conjunctiva and palate, rhinitis
and bronchial asthma. They observed that the
hypersensitivity phenomenon may be specific for
the animal species from which the heparin is
derived rather than being specific for heparin
itself. Diffuse alopecia 8 weeks after use of heparin is reported (Fischer et al., Schweiz. med.
Wchnschr., 1953, 83, 509).
The possibility of hemorrhage is the most
dangerous complication of heparin therapy. Bleeding may be concealed, as in the case of hemothorax. For this reason strict laboratory control
of dosage is necessary. Hohf (J.A.M.A., 1953,
152, 399) reported 3 cases of retroperitoneal
hemorrhage following lumbar sympathetic block
during anticoagulant therapy. However, Pratt
(ibid., 1953, 152, 903) found no incompatibility
in combining the two types of treatment and believes such bleeding is traumatic in origin.
Dosage. — Since heparin is not a pure homogeneous substance and must be assayed by biological methods, the U.S. P. standard of potency is
expressed in terms of units rather than by
weight. One U.S. P. unit is approximately the
quantity of heparin sodium required to maintain fluidity in 1 ml. of plasma prepared according to the directions of the U.S. P. assay of heparin sodium. While the U.S. P. standard provides
for a minimum potency of 110 U.S. P. heparin
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units per mg., it does not limit potency and the
vehicle may contain substances to delay absorption.
Being inactive orally or sublingually, heparin
is usually injected intravenously, either by continuous infusion or by single doses repeated at
intervals. For continuous intravenous infusion
10,000 units (100 mg.) to 20,000 units (200 mg.)
of heparin are added to 1000 ml. of sterile isotonic sodium chloride solution or sterile 5 per
cent dextrose solution and the initial rate of
flow should be about 20 drops per minute. The
rate of infusion is adjusted subsequently according to the coagulation time of venous blood by
the Lee-White test tube method. For therapeutic
effectiveness a coagulation time of 15 to 20 minutes is desired. With the interrupted dosage
method the usual dose is 5000 units (50 mg.)
every 4 hours to a total of 25,000 units (250 mg.)
per day. This method may produce wide fluctuations in coagulation time, with the attendant
danger of hemorrhage, but it does not limit the
patient's movement in bed and avoids local irritation and possible infection from an indwelling
needle.
Aqueous solution of heparin sodium may also
be administered by deep subcutaneous or intramuscular injection. It has been reported (Bauer
et al., Acta med. Scandinav., 1950, 136, 188;
Wynn et al., Brit. M. J., 1952, 1, 893) that clinical response by the intramuscular route is inferior to intravenous administration and that
painful hematomata are likely to occur, particularly in the presence of loose connective tissue
with poor elasticity, high venous pressure, if
doses larger than 150 mg. are used, if injections
are made oftener than every 12 hours, and if the
coagulation time exceeds 20 minutes. The tendency of local hemorrhage into tissues can be
minimized by giving deep subcutaneous injections
with a hypodermic needle (25 or 26 gauge).
Solutions containing 1000 units (about 5 mg.),
5000 units (50 mg.), 10,000 units (100 mg.), and
20,000 units (200 mg.) per ml. are available for
subcutaneous administration or for intermittent
intravenous injection. Subcutaneous injection of
10,000 to 12,000 units (100 to 120 mg.) every 8
hours, or 14,000 to 20,000 units (140 to 200 mg.)
every 12 hours is permissible. Injections containing a high concentration, as 20,000 units or more
per ml., are absorbed slowly from subcutaneous
or intramuscular sites and thus function as repository dosage forms. An aqueous vehicle containing gelatin and dextrose may be used to prolong absorption, as in Heparin Repository (Lederle), which provides 20,000 units in 1 ml.; anticoagulant action commences immediately and
some effect persists for as long as 48 hours (Baker
et al., New Eng. J. Med., 1951, 244, 436). DepoSolution Heparin Sodium (Upjohn) and Heparin
in Pitkin Menstruum (Warner) are similar solutions. The vehicle of such solutions contains
about 18 per cent of gelatin and 8 per cent of
dextrose; vasoconstrictors, as epinephrine and/or
ephedrine, may be present. Such a vehicle must
be warmed to about 80° to liquefy it prior to
subcutaneous injection; it has lost favor because
the rate of absorption was unpredictable and it
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was found that the concentrated aqueous solutions were slowly absorbed. Beiler et al. {Am. J.
Pharm., 1953, 125, 361) reported that phosphorylated hesperidin prolonged the action of heparin.
Heparin is a strong organic acid and local discomfort may persist for a day or two following
its subcutaneous administration. Pain can usually
be controlled by use of salicylates and local heat.
There is no practical way to predict resistance
or sensitivity to heparin, regardless of its mode
of administration and a baseline pretreatment
clotting time should always be obtained. During
continuous intravenous infusion determinations
of the coagulation time may be needed every 4
hours. With deep subcutaneous administration
the coagulation time must be determined each 12
hours in the first 24 hours and at least each 24
hours thereafter. The safest procedure is to ascertain the clotting time before each injection.
Administration of heparin must be delayed 4
hours postoperatively to permit hemostasis. Following embolectomy anticoagulant therapy should
be continued for a minimum of 10 days. Heparin
must not be administered in purpura, increased
capillary fragility or blood dyscrasias with bleeding tendency. Hemorrhage necessitates withdrawal of the drug. Intravenous injection of 10
ml. of a 1 per cent solution of protamine sulfate
(q.v.) will reduce the coagulation time in minutes.
Toluidine blue (q.v.) is also effective in neutralizing its action.
The U.S. P. gives the usual dose of heparin
sodium as 5000 U.S. P. units parenterally, with a
range of 5000 to 30,000 units, which may be repeated according to the changes in the patient's
coagulation time. With the repository form (20,000
units per ml.), the usual dose is 20,000 units
intramuscularly every 12 to 24 hours, with a
range of dose of 20,000 to 40,000 units. The
maximum safe dose varies with the patient.
Storage. — Preserve "in tight containers."
U.S.P.

HEPARIN

SODIUM

INJECTION.

U.S.P. (B.P., LP.)

"Heparin Sodium Injection is a sterile solution
of heparin sodium in water for injection. It exhibits a potency not less than 90 per cent and
not more than 110 per cent of the potency stated
on the label in terms of U.S.P. Heparin Units. It
may contain a substance or substances intended to
delay the absorption of heparin sodium, for the
purpose of prolonging the period of effectiveness,
and a suitable antibacterial agent." U.S.P.
The B.P. and LP. define Injection of Heparin
as a sterile solution of heparin in injection of
sodium chloride; the injection contains not less
than 90.0 per cent and not more than 110.0 per
cent of the labeled amount of heparin (sodium).
The pH of the solution is to be adjusted between
7.0 and 8.5, and it is to be sterilized by filtration
through a bacteria-proof filter.
Labeling. — "When Heparin Sodium Injection
is the long-acting, or repository, form the label
so indicates." U.S.P.
Storage. — Preserve "in single-dose or in mul-
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tiple-dose containers, preferably of Type I glass,
protected from light." U.S.P.
Usual Sizes.— 10,000 and 50,000 Units in
10 ml.; 40,000 Units in 4 ml.; long-acting form,
20,000 Units in 1 ml.

HEXACHLOROPHENE.

U.S.P.

2,2'-Methylenehis(3,4,6-trichlorophenol)

OH

OH

T J
ci ci
"Hexachlorophene, dried at 105° for 4 hours,
contains
U.S.P. not less than 98 per cent of C13H6CU5O2."
Compound G-ll

(Sindar Corp.).

The pronounced , inhibitory effect of soap on
the germicidal action of phenols has made it impossible to utilize a monophenol type of germicide
in soap or other locally applied products containing alkali metal salts of fatty acids. Seeking a
phenolic substance which would not be thus adversely affected Gump (Soap and Sanitary Chemicals, 1945, 21, 36, 50) found several diphenols
to retain a substantial portion of their antibacterial activity in the presence of soap. One compound especially, now known by the generic name
hexachlorophene, was found to be particularly
well suited for incorporation into compositions
containing soap. A related compound, bithionol,
is official and is used similarly.
Hexachlorophene may be prepared by the condensation of two molecules of 2,4,5-trichlorophenol with one molecule of formaldehyde
(Gump, U. S. Patent 2,250,480, July 29, 1941).
When hexachlorophene is added to an excess
of alkali only one of its two hydroxyl groups is
neutralized; it is believed that the unchanged OH
group accounts for the germicidal activity when
the compound is incorporated in a soap base.
Description. — "Hexachlorophene occurs as a
white to light tan, crystalline powder. It is odorless or has only a slight, phenolic odor. Hexachlorophene isinsoluble in water. It is freely
soluble in acetone, in alcohol and in ether. It is
soluble in chloroform and in dilute solutions of
fixed alkali hydroxides. Hexachlorophene melts
between 161° and 167°." U.S.P.
Standards and Tests. — Identification. — (1)
On heating hexachlorophene in a test tube a
colorless to amber liquid is obtained which on
further heating becomes green, blue and finally
purple. (2) A transient purple color develops
immediately when 1 drop of ferric chloride T.S.
is added to a solution of about 5 mg. of hexachlorophene in5 ml. of alcohol. (3) A yelloworange oil, soluble in benzene, in chloroform, and
in ether, is produced on adding a solution of
titanium trichloride to a solution of hexachlorophene in acetone. Loss on drying. — Not over 1
per cent, when dried at 105° for 4 hours. Residue
on ignition. — Not over 0.1 per cent. U.S.P.
Assay. — About 1 Gm. of dried hexachloro-
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phene is dissolved in alcohol and titrated with
0.1 N sodium hydroxide to a pH of 9.0, determined potentiometrically. In this titration one of
the OH groups of hexachlorophene is neutralized
with alkali. Each ml. of 0.1 N sodium hydroxide
represents 40.69 mg. of C13H6CI6O2. U.S.P.
Uses. — Hexachlorophene is used as a disinfectant agent in soap and other dermatologic
formulations. Gump (loc. cit.) assigned to it a
phenol coefficient of approximately 125. It is effective especially against gram-positive bacteria;
gram-negative bacteria are more resistant. No
evidence is available as to its efficacy against
acid-fast bacteria, fungi, bacterial spores, viruses,
or spirochetes.
Hexachlorophene is non-irritating to intact
skin (Traub, Arch. Dermat. Syph., 1945, 52, 385;
Udinsky, /. M. Soc. New Jersey, 1945, 42, 15),
though sensitization has been reported (Seastone,
Surg. Gynec. Obst., 1947, 84, 355). Gump (loc.
cit.) reported the substance to be relatively nontoxic when given orally to guinea pigs, but Price
and Bonnett (Surgery, 1948, 24, 542) found 35
mg. injected intravenously in dogs weighing 7 to
8 Kg. to be fatal.
According to Seastone (loc. cit.), a surgical
scrub procedure utilizing hexachlorophene is
much more effective in reducing the number of
bacteria on the normal skin than is the conventional scrub procedure; a similar observation was
made by Clark et al. (Surgery, 1947, 22, 360).
Seastone and Erickson (Surgery, 1949, 25, 290)
found hexachlorophene to be considerably more
effective as a surgical wash when it is incorporated in a liquid or a gel soap than when it is
used in a solid soap; they used a liquid soap containing 1per cent of hexachlorophene in a 20 per
cent solution of potash soap, a gel soap containing
1 per cent of the germicide in a gel prepared by
dissolving 5 per cent of Ivory soap in water, and
a solid soap containing 2 per cent hexachlorophene. The liquid soap was preferred over the
gel soap because use of the former led to fewer
complaints of irritation than when the gel soap
formulation was used. The technic of the surgical
wash recommended by Seastone and Erickson is :
(1) Wash hands and arms with ordinary soap for
a minute or more, cleansing the nails thoroughly;
(2) rinse in tap water; (3) apply a large palmful
of liquid hexachlorophenol soap to each hand and
arm and develop a lather during a total time of
contact of a minute or more; (4) rinse thoroughly with tap water; (5) immerse hands and
arms in 1:1000 benzalkonium chloride for a few
seconds; (6) dry with a sterile towel.
Freeman (Arch. Surg., 1950, 61, 1145) employed a liquid soap containing 3 per cent of
hexachlorophene for over one year in a large
hospital service and confirmed its value in maintaining alow postoperative wound infection rate
and as a rapid, atraumatic, nonsensitizing disinfectant-detergent ofwide application. His scrub
technic was as follows: (1) Scrape subungual
spaces with the tip of a nail file; (2) wet hands
and arms thoroughly, then wash, using 2 ml. of
detergent on each hand, and rinse completely;
(3) repeat, using a brush, giving each area 15
brush strokes and the nails 25; (4) rinse with
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tap water. He also used the same soap for preoperative preparation of the patient's skin. Cleland (Can. Med. Assoc. J., 1952, 66, 462) developed a brushless technic after finding that
some cases of dermatitis occurred with the brush;
he emphasized that washing should not be followed by an alcohol rinse, which reduces the
effectiveness of hexachlorophene. Nungester et al.
(Surg. Gynec. Obst., 1949, 88, 639) also reported
that alcohol rinse should be avoided. Canzonetti
(Arch. Surg., 1952, 135, 228) found no allergic
reaction to the liquid preparation in more than a
year's use at a general hospital; he used a final
rinse of 1:1000 solution of benzalkonium chloride. Best et al. (Arch. Surg., 1950, 61, 869)
recommended that hospital personnel, especially
those with operating room duties, use a hexachlorophene-containing bar soap in the daily
toilet. In a histologic study (ibid., 1951, 62, 895)
this group demonstrated that hexachlorophene in
bar or liquid soap caused no tissue reaction on
wounds and burned surfaces, and that wound
healing was not delayed; the use of a liquid soap
containing alcohol showed a more marked reaction in all instances. The recommendation is
made that all wounds and surrounding skin be
washed with a soap containing hexachlorophene,
with a final irrigation with water or saline solution, and a sterile dressing to reduce early exposure to bacteria.
Dermatologically, hexachlorophene-containing
soaps and detergents are very useful as adjunctive
treatment, active and prophylactic, in the management of infected, pyogenic dermatoses. Impetigo, folliculitis sycosis of the bearded area, acne,
furuncles, carbuncles, diaper dermatitis, and impetiginized eczematous processes are benefited,
with reduction of usual and infecting skin organisms. Glaser et al. (Am. J. Dis. Child., 1951, 81,
329) found a 1 per cent concentration in a
slightly alkaline oil-in-water emulsion effective in
controlling the incidence of impetigo, diaper rash,
and other minor irritations of newborn and older
infants; no contact dermatitis was observed, even
after months of routine hospital use. Grubb et al.
(J.A.Ph.A., 1952, 41, 59) tested a hexachlorophene-containing lotion on housewives after dishwashing, and found after a test period of 7
weeks a 75 per cent reduction in micrococci isolated from hand washings, and no development
of resistance of micrococci to hexachlorophene.
Hexachlorophene has been incorporated in a
number of liquid and solid soap products, in certain lotions and topically applied preparations,
and even in shaving creams. Gregg and Zopf
(J.A.Ph.A., 1951, 40, 390) found hexachlorophene to be freely soluble in propylene glycol,
polyethylene glycol 400, in white wax, in various
vegetable oils, and also in aqueous solutions of
Tween 20 and Tween 80; although these investigators reported that the last-named substance
enhanced the bactericidal power of hexachlorophene, Lawrence and Erdlandson (ibid., 1953, 42,
352; also Science, 1953, 118, 274) reported observing marked inhibition under certain conditions of the bacteriostatic activity of hexachlorophene and other closely related compounds (for
example, bithionol) by Tween 80. E
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Storage. — Preserve "in tight, light-resistant
containers." U.S.P.

HEXACHLOROPHENE
SOAP.

U.S.P.

LIQUID

"Hexachlorophene Liquid Soap is a solution of
hexachlorophene in a 10 to 13 per cent solution
of a potassium soap. It contains, in each 100 Gm.,
not less than 225 mg. and not more than 260 mg.
of C13H6CI6O2. It may contain suitable water
hardness controls. Hexachlorophene Liquid Soap
may be prepared also in solutions having a larger
concentration of potassium soap. When diluted
according to the directions on the label, such Soap
conforms to the requirements set forth in this
monograph." U.S.P.
Description. — "Hexachlorophene Soap is a
clear, amber-colored liquid. It has a slight, characteristic odor. Its 1 in 20 solution is clear and
has an alkaline reaction." U.S.P.
Standards and Tests. — Identification. — The
tests are based on identification tests (2) and (3)
under Hexachlorophene. Water. — Not less than
86.5 per cent and not more than 90.0 per cent by
weight, determined by distillation with toluene.
Alcohol-insoluble substances. — Not over 3 per
cent. Free alkali hydroxides. — Not over 0.05 per
cent, as KOH. Alkali carbonates. — Not over 0.35
per cent, as K2CO3. U.S.P.
Assay. — For hexachlorophene. — About 10 Gm.
of soap is dissolved in alcohol, barium bromide
is added to precipitate the fatty acids, and the
hexachlorophene in the filtrate is reacted with
ferric chloride to produce a purplish color the
absorbance of which is determined at 550 mix
and quantitatively evaluated by comparison with
standards prepared from known amounts of
U.S.P. Hexachlorophene Reference Standard dissolved in a solution of potassium soap. U.S.P.

HEXAVITAMIN

CAPSULES.

N.F.

Capsulae Hexavitaminarum

"Hexavitamin Capsules contain in each capsule
not less than 1.5 mg. of vitamin A, 10 meg. of
vitamin D, 75 mg. of ascorbic acid, 2 mg. of
thiamine hydrochloride, 3 mg. of riboflavin, and
20 mg. of nicotinamide. The vitamin A and vitamin D conform to the definitions for vitamin A
and vitamin D under Oleovitamin A and D." N.F.
This formulation of vitamins, formerly official
in the U.S.P., represents one of the earlier balanced combinations of the components in approximately the minimum daily requirement of
each per capsule. For discussion of tests, assay
and uses see under Decavitamin Capsules, the
U.S.P. successor to Hexavitamin Capusles.

HEXAVITAMIN

TABLETS.

N.F.

"Hexavitamin Tablets contain in each tablet not
less than 1.5 mg. of vitamin A, 10 meg. of vitamin
D, 75 mg. of ascorbic acid, 2 mg. of thiamine
hydrochloride, 3 mg. of riboflavin, and 20 mg. of
nicotinamide. The vitamin A and vitamin D conform to the definitions for vitamin A and for
vitamin D under Oleovitamin A and D." N.F.
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Part I

Hexestrol
HEXESTROL.

N.F.

HO
OH
C2H5

C2H5

"Hexestrol, dried at 105° for 4 hours, contains
not less than 98.5 per cent of C18H22O2." N.F.
p,p'- ( 1 ,2-Diethylethylene) diphenol. Meso-3,4-bis (^-hydroxyphenyl) -n-hexane. Dihydrodiethylstilbestrol.

This estrogenic substance represents diethylstilbestrol in which the aliphatic double bond connecting the two rings is saturated by addition of
two hydrogen atoms; under certain conditions it
may be prepared by hydrogenation of diethylstilbestrol. Another method is to convert anethole
hydrobromide to 3,4-dianisylhexane by treatment
with a metal, followed by hydrolysis to hexestrol.
For a review of various methods of synthesis see
Solmssen (Chem. Rev., 1945, 37, 481).
Description. — "Hexestrol occurs as a white,
odorless crystalline powder. Hexestrol is freely
soluble in ether; soluble in acetone, in alcohol,
and in methanol; slightly soluble in benzene,
and in chloroform; and practically insoluble in
water and in dilute mineral acids. It dissolves in
vegetable oils and in solutions of fixed alkali
hydroxides. Hexestrol melts between 185° and
188°." N.F.
Standards and Tests. — Identification. — (1)
Antimony pentachloride produces with hexestrol
in chloroform solution a purplish red solution.
(2) A solution of 10 mg. of hexestrol in 1 ml. of
sulfuric acid is colorless (diethylstilbestrol produces an orange color). (3) The diacetate obtained in the assay melts between 137° and 139°.
Acidity or alkalinity. — A solution of 100 mg. of
hexestrol in 5 ml. of 70 per cent alcohol is
neutral to litmus. Loss on drying. — Not over 0.5
per cent, when dried at 105° for 4 hours. Residue
on ignition. — The liimt is 0.2 per cent. N.F.
Assay. — About 500 mg. of dried hexestrol is
converted to hexestrol diacetate by heating with
acetic anhydride in pyridine. Water is added to
hydrolyze the excess acetic anhydride and precipitate the diacetate, which is filtered on a
Gooch crucible, dried between 75° and 80° for
18 hours, and weighed. The gravimetric factor for
calculating the amount of hexestrol present is
0.7628. N.F.
Uses. — Hexestrol is used for the same conditions for which other estrogenic substances are
employed (Harding, Am. J. Obst. Gyn., 1949, 58,
806) ; it is claimed to cause a lower incidence of
toxic symptoms than does diethylstilbestrol. Following administration of 10 mg. intramuscularly
6.8 per cent was found to be excreted in the
urine as glucuronide (Malpress, Biochem. J., 1948,
43, lvi).
Foss and Gaddum {Brit. J. Pharmacol. Chemother., 1947, 2, 143) observed hypertrophy of the
nipples of male guinea pigs following inhalation
of hexestrol and suggested that animals be kept
in manufacturing areas to indicate the presence
in air of concentrations potentially toxic to employees. S

The dose of hexestrol must be individually adjusted, as also with other estrogens. For menopausal symptoms it is 2 to 3 mg. daily by mouth
until symptoms are under control, then 0.2 to 1
mg. daily as a maintenance dose, or by injection
1 mg. in oil solution 3 times weekly followed by
a lower maintenance dose. For senile vaginitis
and kraurosis vulvae, 2 to 3 mg. daily by mouth,
or 1 mg. intramuscularly 3 times weekly, may
be given. To suppress lactation 15 mg. is given
by mouth 1 to 3 times daily for 2 or more days,
or 15 mg. of injection once daily for 2 or more
days.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
HEXESTROL

INJECTION.

"Hexestrol Injection is a
hexestrol in oil or in other
contains not less than 90 per
than 110 per cent of the
C18H22O2."

N.F.

sterile solution of
suitable solvent. It
cent and not more
labeled amount of

N.F.

Assay. — From an ether solution of the injection hexestrol is extracted with portions of
sodium hydroxide T.S., which is later acidified
and the liberated hexestrol extracted with ether.
After evaporating the ether, the residue is dissolved in alcohol and water, and a portion of this
solution reacted with molybdophosphotungstate
T.S., which produces a bluish-green color with
hexestrol. The intensity of the color is measured
AT.F.750 mn and compared with that produced by
at
a known quantity of hexestrol, similarly treated.
Storage. — Preserve "in hermetic or other
suitable containers." N.F.
Usual Sizes. — 1 and 5 mg. in 1 ml.
HEXESTROL

TABLETS.

N.F.

"Hexestrol Tablets contain not less than 90
per cent and not more than 110 per cent of the
labeled amount of C18H22O2." N.F.
Usual Sizes. — 1 and 3 mg.
HEXOBARBITAL

SODIUM.

N.F.

(B.P.) LP.

Sodium 5-(l-Cyclohexenyl)-l,5-dimethylbarbiturate,
[Hexobarbitalum Sodicum]

"Hexobarbital Sodium yields not less than
98.5 per cent and not more than 101 per cent of
Ci2Hi5N2Na03, calculated on the anhydrous
basis." N.F. The B.P. defines Hexobarbitone Sodium as the mono-sodium derivative of 5-cyc/ohexl'-enyl-l :5-dimethylbarbituric acid, obtained by
interaction of hexobarbitone and sodium hydroxide; it is required to contain not less than 98.0
per cent and not more than the equivalent of
101.0 per cent of Ci2His03N2Na, calculated with
reference to the substance dried to constant weight

Part I
at
105°.B.P.
The I.P. specifies the same assay rubric
as the
B.P. Hexobarbitone Sodium; Hexobarbitonum Sodium.
LP. Hexobarbital Sodium; Hex/obarbitalum Nauicum.
Soluble Hexobarbital; Evipal Sodium (Winthrop-Stearns) ;
Evipan Sodium (Bayer Products) ; Cyclonal Sodium (May
&■ Baker) ; Methexenyl Sodium.

For method of synthesis of hexobarbital see
under Hexobarbitone; the sodium derivative is
obtained by interaction of the acid with sodium
hydroxide.
Description. — "Hexobarbital Sodium occurs
as a white, crystalline, odorless, hygroscopic
powder, with a slightly bitter taste. It becomes
discolored on exposure to air. Hexobarbital Sodium is very soluble in water, soluble in alcohol,
but practically insoluble in ether. Its solution decomposes on standing. N.F.
Standards and Tests. — Identification. — (1)
The residue from ignition of hexobarbital sodium
responds to tests for carbonate and for sodium.
(2) A solution of 300 mg. of hexobarbital sodium
in 10 ml. of water is prepared: one portion yields
with mercury bichloride T.S. a white precipitate,
insoluble in an excess of water but partially soluble in an excess of ammonia T.S.; the other
portion yields with silver nitrate T.S. a white
precipitate, soluble in excess water and in excess
ammonia T.S. (3) Ammonia is evolved on heating hexobarbital sodium in a 1 in 4 solution of
sodium hydroxide. pH. — The pH of a 1 in 10
solution is between 10.5 and 12. Loss on drying. —
Not over 2 per cent, when dried at 105° for 15
hours. Heavy metals. — The limit is 20 parts per
million. N.F. The I.P. and B.P. limit loss on
drying to 5 per cent.
Assay. — Essentially the same procedure that
is employed for Cyclobarbital is used. Each ml.
of 0.1 N bromine represents 12.91 mg. of C12H15N2Na03. N.F., I.P. The B.P. assay is based on
release of hexobarbital from the sodium derivative, the former being extracted with ether and
finally weighed.
Uses. — Hexobarbital is one of the most rapidly
acting of all the barbiturates; according to Kennedy (/. Pharmacol, 1934, 50, 347) in the lower
animals after intravenous injection there is complete anesthesia within 2.5 minutes, which lasts
from 0.5 to 3 hours, according to the dose. Weese
and his associates were the earlier investigators
of the pharmacology of hexobarbital {Deutsche
med. Wchnschr., 1932, 58, 1205; ibid., 1933, 59,
47). It is one of the least toxic of barbiturates
in proportion to its narcotic powers. According to
Findlay and Findlay it has a therapeutic ratio of
4.0, which indicates a margin of safety greater
than for more popular agents of this class {Northwest Med., 1936, 35, 418). The insoluble (acid)
form is used in tablets for the treatment of insomnia and as a general sedative in thyroid and
cardiac disease in doses of 250 to 400 mg. (approximately to
4 6 grains) at bedtime.
The soluble sodium compound is used as a surgical anesthetic. It has been injected intravenously, as a substitute for inhalation anesthesia,
for all sorts of surgical operations. It acts rapidly
and for a very short time (15 to 30 minutes),
unless repeated. Bush et al. attributed the ultra-
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short duration of action of hexobarbital to N-demethylation to the correspondingly much less
active nor-hexobarbital {J. Pharmacol., 1953, 108,
104). Betzner in 1935 estimated that 1.5 million
cases of Evipal anesthesia had been reported, with
only 60 anesthetic deaths, which would rank it
close to ether in safety. The chief difficulty in this
use of it is the uncertainty of the dosage and the
fact that for long operations repeated injections
may be necessary. Gwathmey in 1936 advocated
rectal administration of Evipal soluble as a preliminary to inhalation anesthesia, reporting that
by this means there was almost complete absence
not only of the discomfort of induction but also
almost complete absence of after-nausea. Jones
{J. A.M. A., 1938, 110, 1419) employed this
method in 518 cases involving both minor and
major operations; in many of the former no other
anesthesia was necessary. Similarly, Boyan and
Schweizer employed hexobarbital intravenously
in over 100 cases of major surgery with satisfactory results. They indicated as advantages over
other ultrashort barbiturates the low incidence of
laryngospasm and a tendency to produce some
degree of muscular relaxation {N. Y. State J.
Med., 1951, 51, 2651). It has been used with
good results in obstetric anesthesia (Halman, Am.
J. Obst. Gynec, 1935, 30, 118; Thomas, Connecticut M. J., 1942, 6, 5). Volpitto and Benton
found the combination of hexobarbital and d-tubocurarine to be satisfactory for intravenous preparation of the patient for endotracheal intubation
{Anesthesiol., 1950, 11, 164). Although Henley
confirmed the impression of Volpitto and Benton
regarding the utility of this agent for tracheal
intubation {Bull. N. Y. State Soc. Anesth., 1951,
3, 2), Stephan et al. cautioned against the potentially serious cardiovascular depression that
may attend rapid barbiturate administration for
purposes of laryngoscopy and intubation {Anesth.
& Analg., 1953, 32, 361).
In a study of the effects of barbiturate anesthesia upon respiration, Moyer and Beecher
(/. Clin. Inv., 1942, 21, 429) called attention to
several dangerous features of this drug. If anoxia
is present it is possible for overdosage to be completely masked until sudden, severe respiratory
depression ensues, for the eye and respiratory
signs used by anesthetists are not constant during
use of hexobarbital. It is probable that hexobarbital will prove of value in the treatment of
acute convulsions, especially of poisonous origin.
Daly {Anesth. & Analg., 1937, p. 293) reported
a serious case of cocaine poisoning in which life
was apparently saved by intravenous use of Evipal
sodium, (v]
There is no standard dose for anesthesia with
hexobarbital sodium by the intravenous route.
Usually from 2 to 4 ml. of a 10 per cent aqueous
solution will produce unconsciousness in the adult ;
the solution is administered cautiously at the rate
of 1 ml. in 10 seconds. An additional 1 or 2 ml.
may be needed during the course of an operative
procedure. It is unusual that as much as 10 ml. of
the solution, representing 1 Gm. of hexobarbital
sodium, may be necessary; more than this amount
is dangerous.
Storage. — Preserve "in tight containers." N.F.
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Sterile

STERILE HEXOBARBITAL
SODIUM. N.F.
"Sterile Hexobarbital Sodium yields not less
than 98.5 per cent and not more than 101 per
cent of Ci2Hi5N2Na03, calculated on the anhydrous basis." N.F.
This monograph of the N.F. provides, in additions to the regular specifications for Hexobarbital
Sodium, the additional requirements of sterility,
completeness of solution in water, and weight
variation in content of containers.
Under the title Injection of Hexobarbitone
Sodium, the B.P. recognizes the same dosage
form, stating that the contents of a sealed container of hexobarbitone sodium is dissolved in the
requisite amount of water for injection immediately before use.
Storage.
— Preserve "in hermetic containers."
N.F.
Usual Size. — 1 Gm.
grains).
r

(approximately 15

HEXOBARBITONE.

B.P. (LP.)

Hexobarbitonum
C12H16N2O3

The B.P. defines Hexobarbitone as 5-cyclohexr-enyl-l:5-dimethylbarbituric acid and indicates
that it may be obtained by condensation of methyl
a-cyano-a-cyc/ohex-1-enylpropionate with methylurea, followed by hydrolysis of the product. The
LP. calls the same compound Hexobarbital, defining it as l,5-dimethyl-5-cyclohexenyl-l'-barbituric acid and requiring not less than 98.4 per
cent of C12H16O3N2.
I.P. Hexobarbital; Hexobarbitalum. Evipal (Winthrop) ;
Evipan (Bayer Products) ; Cyclonal (May & Baker) ;
Methexenyl.

Synthesis of hexobarbital by condensation of
monomethylurea with methyl-A1-cyclohexenylmethylcyanoacetate in absolute alcohol, in the
presence of sodium, is described in U. S. Patent
1,947,944 (1934).
Description. — Hexobarbitone occurs in colorless crystals, without odor or taste; soluble in
about 3000 parts of water, in dehydrated alcohol,
in chloroform, in ether, and in aqueous solutions
of alkali hydroxides but not of alkali carbonates.
The B.P. gives the melting point as between 145°
and 147°; the I.P. melting range is 144° to 147°.
Standards and Tests. — Hexobarbitone is
identified by preparing its />-nitrobenzyl derivative, which should melt at about 116°; also by
its forming a bright blue, fiocculent precipitate
on adding copper sulfate and pyridine to a solution prepared with the aid of sodium hydroxide.
The B.P. allows 2 mg. of neutral and basic substances per Gm. (the I.P. allows 3 mg. per Gm.) ;
the limit of sulfated ash (B.P.) or residue on
ignition (I.P.) is 0.1 per cent.
Assay. — The principle of the I.P. assay is
the same as that involved in the assay of
Cyclobarbital.
For discussion of uses see under Hexobarbital
Sodium.

Part I
The dose of hexobarbitone is 250 to 500 mg.
(approximately 4 to 8 grains).
Storage. — Preserve in a well-closed container.
I.P.
HEXYLRESORCINOL.

U.S.P.

[Hexylresorcinol]

H

HO
\

/hCH2(CH2)3CH2CH3

"Hexylresorcinol, dried over sulfuric acid for 4
hours, contains not less than 98 per cent of
C12H18O2.

"Caution — Hexylresorcinol is irritating to the
respiratory tract and to the skin, and its solution
in alcohol has vesicant properties." U.S.P.
Caprokol (Sharp and Dohme). Sp. Hexilresorcinol.

Hexylresorcinol may be prepared by condensation of resorcinol with caproic acid in the presence of zinc chloride, the resulting caproylresorcinol being reduced to hexylresorcinol (see
Dohme et al., J.A.C.S., 1926, 48, 1688).
Description. — "Hexylresorcinol occurs as
white, or yellowish white, needle-shaped crystals.
It has a faint, fatty odor and a sharp, astringent
taste, and produces a sensation of numbness when
placed on the tongue. It acquires a brownish
pink tint on exposure to light and air. One Gm.
of Hexylresorcinol dissolves in about 2000 ml.
of water. It is freely soluble in alcohol, in methanol, in glycerin, in ether, in chloroform, in benzene, and in vegetable oils. Hexylresorcinol melts
between 62° and 67°." U.S.P.
Standards and Tests. — Identification. — (1)
A light red color is produced when 1 ml. of nitric
acid is added to 1 ml. of a saturated solution of
hexylresorcinol. (2) A yellow, fiocculent precipitation forms when 1 ml. of bromine T.S. is added
to 1 ml. of a saturated solution of hexylresorcinol.
On adding 2 ml. of ammonia T.S. the precipitate
dissolves, leaving a yellow solution. Acidity. — Not
more than 1 ml. of 0.02 N sodium hydroxide is
required for neutralization of a solution of 250
mg. of hexylresorcinol, using methyl red T.S. as
indicator. Residue on ignition. — Not over 0.1 per
cent. Resorcinol and other phenols. — Addition of
3 drops of ferric chloride T.S. to 50 ml. of a
saturated solution of hexylresorcinol in water produces no red or blue color. U.S.P.
Assay. — From 70 to 100 mg. of hexylresorcinol, previously dried over sulfuric acid for 4
hours, is dissolved in methanol and converted to
dibromohexylresorcinol by addition of an excess
of 0.1 N bromine. The excess of bromine is estimated through liberation of an equivalent amount
of iodine followed by titration of the latter with
0.1 N sodium thiosulfate. Each ml. of 0.1 N
sodium thiosulfate represents 4.857 mg of. C12H18O2. U.S.P.
Uses. — Hexylresorcinol is an important anthelmintic, though it was originally introduced as
an antiseptic.

Part I
Antiseptic. — Hexylresorcinol has the highest
bactericidal effect and lowest toxicity of the alkylsubstituted resorcinols (Leonard, J.A.M.A., 1924,
83, 2005). Its phenol coefficient has been assigned
various values, from a low of 42 to a high of 108
(Leonard and Feirer, Bull. Johns Hopkins Hosp.,
1927, 41, 216; Salle and Lazarus, Proc. S. Exp.
Biol. Med., 1935, 32, 1119, and 33, 393). Klarman (J.A.C.S., 1931, 53, 3397) found a 1 in 7500
dilution to kill staphylococci in 5 minutes and a
1 in 6000 dilution to be similarly effective against
typhoid bacilli. Allen and Wright (Arch. Surg.,
1928, 17, 834) reported, however, that a 1 in
1000 solution required 90 minutes to kill staphylococci and 48 hours to kill Bacillus pyocyaneus.
Its relatively low toxicity has led to its use as a
general antiseptic, especially in the form of a
1 to 1000 aqueous solution containing 30 per cent
glycerin, which solution is known as S.T. 37 (its
surface tension being 37 dynes per centimeter);
it is applied locally to open wounds and to mucous
membranes, being used as a wet dressing, spray,
irrigation or gargle.
The experiments of Leonard (J.A.M.A., 1924,
83, 2005; /. Urol., 1924, 12, 585) led to the use
of hexylresorcinol as a urinary antiseptic; he
found that in urine of pH 6 to 6.4 it killed
Staphylococcus aureus in 1 in 60,000 concentration in 1 hour while at pH 7.6 to 8.2 a concentration of 1 in 18,000 was required for the same
effect. Robbins (/. Pharmacol., 1934, 52, 54)
observed that oral administration of hexylresorcinol to man resulted in elimination of 18 per cent
of it in the urine, largely in conjugated form, and
64 per cent in feces in the uncombined state.
Notwithstanding these unfavorable factors hexylresorcinol has been used as a urinary antiseptic,
though not with the success attending some other
agents (see Walther, J.A.M.A., 1937, 109, 999).
Mandelic acid, the sulfonamides, and the antibiotics are more effective. Hexylresorcinol has
been incorporated in glycerin-gelatin base contraceptive suppositories.
Anthelmintic. — The greater interest in the
internal use of hexylresorcinol is in its anthelmintic action. Lamson et al. (J.A.M.A., 1932, 99,
282; /. Pharmacol., 1935, 53, 198) found that
single doses of hexylresorcinol eliminated, in man,
90 to 95 per cent of roundworms, 80 to 85 per
cent of hookworms, and approximately 50 per
cent of whipworms. In Ascaris lumbricoides (a
roundworm) infestation, Williams (Can. Med.
Assoc. J., 1947, 56, 630) reported cure in 88 of
121 cases from administration of 1 Gm. of hexylresorcinol, on an empty stomach, followed in 3
hours by a saline purge; 30 of the 33 remaining
cases were cured by a second dose. Because of its
low toxicity and high efficacy (70 to 80 per cent)
hexylresorcinol is preferred for treatment of
hookworm infestation (J.A.M.A., 1948, 137,
1002) ; children are administered 0.1 Gm. for each
year of age up to 10 years, in the form of gelatincoated pills. Sandground (New Eng. J. Med.,
1938, 218, 298), while acknowledging the lower
efficacy of hexylresorcinol against tapeworm, as
compared with aspidium or carbon tetrachloride,
maintained that because of its lower toxicity
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hexylresorcinol may be of service particularly in
debilitated patients. Morales and Stevenson
(J.A.M.A., 1950, 142, 368) reported cure in 26
of 28 patients infested with Taenia saginata following a single dose, by duodenal tube, of an
emulsion of 1 Gm. of hexylresorcinol, 1 Gm. of
acacia, and 30 ml. of water. Although the toxicity
of hexylresorcinol is low, because of its poor absorption repeated doses may cause severe gastrointestinal irritation, necrosis of the small bowel,
or injury to the heart and liver.
In a study of the comparative value of various
forms of treatment for oxyuriasis, Wright et al.
(Pub. Health Rep., 1939, 54, 2005) found that
while oral administration of hexylresorcinol was
of little use a 1 to 2000 solution used as an enema
was markedly effective.
For Trichocephalus trichiurus (whipworm) infestation, Basnuevo and Hernandez (Arch. med.
inf., 1952, 21, 47) reported successful results
from use of a retention enema containing 0.3 per
cent of hexylresorcinol and 1 per cent of barium
sulfate in lukewarm water, which was carried up
to the cecum under fluoroscopic guidance; this
enema was used in the proportion of 20 ml. per
pound of body weight up to volumes of 1200 to
1500 ml. for an adult, and was retained for 10
minutes. Use of the enema was repeated at intervals of 3 days until ova of the parasite were no
longer found in the feces. The anus and adjacent
skin were well coated with petrolatum to avoid
irritation. Good results from use of enemas were
also reported by Jung and Beaver (Pediatr., 1951,
8, 548). S
Dose. — The usual adult dose, as an anthelmintic, is1 Gm. (about 15 grains), with a range of
0.1 to 1 Gm.; the maximum safe dose is usually
1 Gm. as a single dose in any 24-hour period. For
children the usual dose is 0.1 Gm. for each year
of age up to 10 years. The drug is usually given
orally after an overnight fast. The presence of
food lessens the effectiveness of the drug. It can
be taken in tablets or pills, covered with a tough
gelatin coating, these being swallowed intact with
the aid of water; they should never be chewed
lest they produce a painful ulceration of oral
mucous membrane. No food should be eaten for
5 hours following administration of hexylresorcinol. A saline purge should be given the following
morning to clear the bowel of dead worms. Treatment may be repeated after 3 days.
The adult dose of hexylresorcinol as a urinary
antiseptic is 300 to 600 mg. (approximately 5 to
10 grains), administered 3 times daily after meals,
and preferably given in capsules containing a 25
per cent solution in olive oil. Children may be
given a 2.5 per cent solution in olive oil in proportionate quantities.
Supply. — Hexylresorcinol is supplied in soft
capsules each containing 150 mg.; in pills containing 100 mg. or 200 mg.; as a 2.5 per cent solution in oil for administration to children; as a 1
in 1000 glycerin and water solution for application to wounds or for use as a gargle or mouth
wash when diluted with water; as a jelly, containing in
1 1000 of hexylresorcinol, which is used
as an application in the treatment of vaginitis and
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Hexylresorcinol

is said to be efficacious against Trichomonas
vaginitis.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
HEXYLRESORCINOL PILLS.
U.S.P.
[Pilulae Hexylresorcinolis]

"Hexylresorcinol Pills consist of hexylresorcinol
covered with a rupture-resistant coating that is
dispersible in the digestive tract. Hexylresorcinol
Pills contain not less than 90 per cent and not
more than 110 per cent of the labeled amount of
C12H18O2." U.S.P.
"Crystoids"
Anthelmintic
(.Sharp and Dohme). Sp. Pitdoras
de Hexilresorcino
l.

Storage. — Preserve "in well-closed containers." U.S.P.
Usual Sizes. — 100 and 200 mg. (approximately \l/2 and 3 grains), the former being orange
in color, the latter red.
HISTAMINE PHOSPHATE.
U.S.P. (B.P.) LP.
Histamine Acid Phosphate, Histaminium Acid Phosphate,
[Histaminae Phosphas]

N~~il
H

Ql
H

CH2CH2NH5

2H2P04"

The B.P., which recognizes this substance as
Histamine Acid Phosphate, defines it as the diacid phosphate of histamine, 4-2'-aminoethyliminazole. The LP. defines it as the di-acid phosphate
of 4- (2-aminoethyl) -imidazole.
B.P. Histamine Acid Phosphate; Histaminae Phosphas
Acidus. LP. Histamini Phosphas. /3-Iminazolylethylamine
Acid Phosphate; Histamine Diphosphate. Sp. Fosfato de
Histamina.

Elimination of a molecule of carbon dioxide
from histidine (see Histidine Monohydro chloride)
produces the physiologically important substance
histamine. In the body this decarboxylation seems
to be effected in the presence of an enzyme,
histidine decarboxylase, found in the liver and
other organs; certain bacteria, particularly of the
B. coli group, bring about the same reaction in the
gastrointestinal tract. Histamine is found in every
tissue of the body, the highest concentration
being in the lung. Histamine is also found in
plants; it was first isolated from ergot by Barger
and Dale in 1910.
Outside the body decarboxylation of histidine
may be effected through certain fermentative
processes; by heating, either alone or in the
presence of acid; or by the action of ultraviolet
light.
Histamine may be synthesized from citric acid
by first converting it to diaminoacetone and then
carrying this substance through a five-step process
to the desired compound (see Pyman, /. Chem. S.,
1911, 99, 668, 1386; 1916, 109, 186); Koessler
and Hanke (J.A.C.S., 1918, 40, 1716) reported
a yield of 165 Gm. of histamine dihydrochloride
from 4530 Gm. of citric acid by a modification
of Pyman's method.

I

The enzyme histaminase, found in the intestinal
mucosa,
histamine. the kidney, and other tissues, destroys
The official histamine phosphate is the salt
formed from one molecule of histamine and two
of phosphoric acid.
Description. — "Histamine Phosphate occurs
as colorless, odorless, long prismatic crystals. It
is stable in air but is affected by light. Its solutions are acid to litmus. One Gm. of Histamine
Thosphate dissolves in about 4 ml. of water."
Histamine Phosphate melts between 127° and
132°." U.S.P. The B.P. and LP. specify that the
salt melts between 130° and 133°, after sintering
Standards and Tests. — Identification. — (1)
127°. red color is produced on adding a solution
Aat deep
of 100 mg. of histamine phosphate in 7 ml. of
distilled water and 3 ml. of sodium hydroxide
T.S. to a mixture of 50 mg. of sulfanilic acid,
10 ml. of distilled water, 2 drops of hydrochloric
acid, and 2 drops of a 1 in 10 solution of sodium
nitrite. (2) Phosphotungstic acid T.S. produces
a precipitate in a 1 in 50 solution of histamine
phosphate. (3) The picrolonic acid salt of histamine melts between 250° and 254°. (4) A 1 in 10
solution of histamine phosphate responds to tests
for phosphate. Loss on drying. — Not over 1.5 per
cent when dried at 105° for 2 hours. U.S.P.
Uses. — Histamine is present in most tissues
of the body, notably the lungs and leukocytes, in
some inactive, bound form (see review by Dale,
Ann. N. Y. Acad. Sc, 1950, 50, 1017). As histidine
is a constituent of many proteins, histamine is
formed in the human intestines. It is excreted in
the free and in a conjugated form following oral
administration to laboratory animals (Williams
et al., J. Pharmacol., 1949, 97, 4). It is absorbed
rapidly after hypodermic injection and by application to the skin and mucous membranes. Only
traces appear in the urine. An enzyme, histaminase, which inactivates histamine slowly is found
particularly in the intestinal mucosa and the kidney. Histamine first came into medical prominence as one of the ingredients of ergot. It has
continued to attract attention because of its possible role in several abnormal conditions ; recently
it has been used in the treatment of headache and
certain allergic disorders.
Action. — Knowledge of the physiological action
of histamine has been confused by the differences
in the responses of various species of animals.
Most tissues react to histamine and the actions
given below are those which probably occur in
human beings.
The outstanding physiological effects are dilatation of capillaries, stimulation of gastric secretion
and stimulation of the visceral muscles. It was the
action upon the uterine muscle that formerly led
it to be included among the important constituents of ergot. Repeated parenteral doses of as
much as 2.75 mg. of histamine diphosphate
exerted no untoward effects in pregnant humans
(McElin and Horton, Am. J. Med. Sc, 1949, 218,
432). So powerful is its effect upon the bronchial
muscles that in some animals, notably the guinea
pig, it may cause a fatal bronchospasm. In the
normal human, bronchial constriction is unim-
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portant (Weiss et al, Arch. Int. Med., 1932, 49,
360), but in patients with bronchial disease even
small doses may cause asthmatic manifestations,
for example as from the amount absorbed percutaneously from the histamine-containing ointments which are popular in the symptomatic
relief of myalgia. Bernheim (/. Pharmacol., 1931,
43, 509) found, contrary to some previous statements, that it stimulates the intestinal muscles in
dogs, cats and guinea pigs, although different portions of the bowel vary in their degree of response.
In man and in the dog it causes a lowering of
blood pressure due to dilatation of the blood
capillaries and also of the arterioles. Not only are
the capillaries increased in size but also in permeability, permitting the escape of fluid and protein. This action suggested to Dale and Richards
(1918) that the circulatory failure, commonly
known as surgical shock, which occurs immediately following severe injuries, was due to the
introduction of histamine into the blood stream,
a theory to which many still adhere (see also
Rich, J. Exp. Med., 1921, 33, 287).
When applied to an abraded or scarified area
of the skin or injected intradermally, histamine
gives rise to an urticaria-like eruption. The initial
erythema becomes surrounded by a flare due to
dilatation of the arterioles which is mediated by
a nervous (axone) reflex. Edema (wheal) then
appears in the central area of erythema and
pseudopods of edema may extend outward from
the wheal. The response of the skin to mild injury,
such as scratching with a blunt instrument, resembles this response to histamine.
Lewis {Brit. M. J., 1926, 2, 11) advanced the
theory that trauma released a histamine-like substance. Ganter and Schretzenmayr {Arch. exp.
Path. Pharm., 1930, 181, 64) observed that in
human beings the reduction of blood pressure
produced by histamine is of relatively short duration and Benson and Horton {Proc. Mayo, 1945,
20, 113) reported that the continuous intravenous
injection of histamine at a rate of 0.03 mg. per
minute produced a rise in pulse rate of about 20
beats per minute and a decrease in diastolic blood
pressure of about 12 mm. of mercury. The compensatory circulatory mechanisms are active and
histamine is rapidly inactivated in the body. The
blood vessels in the meninges and brain dilate as
a result of histamine action and the pressure of
the cerebrospinal fluid increases roughly parallel
with the time and intensity of the flushing of the
face. Headache develops as the blood pressure
and cerebrospinal fluid pressure return toward
normal (Pickering, Clin. Sc, 1933, 1, 77). Headache appears to be due to stretching of structures
adjacent to the meningeal vessels; it can be
alleviated by any factor which increases cerebrospinal fluid pressure or decreases blood pressure.
Histamine did not produce cerebral vasodilatation
nor changes in cerebral oxygen uptake in normal
patients (Alman et al., Arch. Neurol. Psychiat.,
1952, 67, 354). The intravenous infusion to patients having acute cerebral anemia was claimed
to be transiently beneficial (Furmanski et al.,
ibid., 1953, 69, 104).
According to Essex et al. {Am. Heart J., 1940,
19, 554) histamine increases blood flow in the
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coronary arteries of the dog. An intravenous injection of 0.1 mg. of histamine has been used to
measure circulation time but the end-point, which
is flushing of the face, is difficult to determine
with sufficient accuracy.
Allergy. — There is considerable evidence that
histamine is concerned in the production of anaphylaxis (Dragstedt, /. Allergy, 1945, 16, 69),
although this theory is not definitely established
(see also J.A.M.A., 1940, 115, 1023; 1944, 124,
362). Farmer (/. Immunol., 1939, 37, 321) observed that guinea pigs, when given repeated injections of histamine, developed a resistance
against not only this substance but foreign proteins as well and, on the theory that allergic conditions are due to histamine, a number of clinicians have used it, with more or less favorable
results, in the treatment of various allergic manifestations (see Farmer, /. Lab. Clin. Med., 1941,
26, 802). Determinations of nasal mucous membrane content of histamine have not shown a
correlation with allergic disorders nor with the
eosinophil content of the nasal mucus or the
blood (Baxter and Rose, /. Allergy, 1953, 24, 18).
Physical allergy, such as sneezing, etc., in a cold
environment, is commonly associated with flushing of the skin, hypotension and gastric hyperacidity as though an excess of histamine were released in the body as a result of the exposure to
cold (Brown and Barker, Proc. Mayo, 1936, 11,
161). Desensitizing injections of histamine have
been beneficial in physical allergy. Paterson {Can.
Med. Assoc. J., 1945, 52, 400) found histamine
beneficial in vasomotor rhinitis, especially in those
influenced by the weather (see also Thacker,
J.A.M.A., 1946, 131, 1042). Gant et al. {New
Eng. J. Med., 1943, 229, 579) reported good results in the treatment of vasomotor rhinitis with
the oral administration of histamine ; they started
with 1 drop of a 1:1000 solution of histamine,
given in a glass of water on an empty stomach
three or four times daily before meals, and increased the dose by 1 drop each time until toxic
effects were experienced. The average dose required for relief was 5 to 7 drops, although some
patients used as much as 25 drops of a 1:100
solution. Bernstein {Proc. Centr. Soc. Clin. Res.,
1945, 18, 63) prolonged the histamine effect by
using a gelatin solution as the vehicle for injections of histamine and claimed a better therapeutic effect in various allergic conditions. (See
also Antihistaminic Drugs, in Part II.)
Headache.— Horton {J. A.M. A., 1941, 116,
377; J. -Lancet, 1952, 72, 92) reported cases of
a peculiar type of headache which was promptly
relieved by histamine. This syndrome, histaminic
cephalgia, has these salient features : it is a brief,
recurrent, violent, unilateral headache involving
the temple, the eye and the neck. Usually nocturnal in onset, it is associated with congestion
of the nostril and eye on the affected side, and
profuse lacrimation. Pressure over the swollen
temporal artery or over the common carotid
artery gives transient relief. The syndrome may
be precipitated by alcohol or by histamine. It
may be relieved in the individual attack by epinephrine and may be permanently relieved by
desensitization with histamine. Desensitization is
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conducted as follows: Using a solution containing
0.1 mg. of histamine base per ml., subcutaneous
injections are given twice daily, starting with a
dose of 0.25 ml. and increasing by 0.05 ml. at
each dose, for 10 to 14 days or until a dose of
1 ml. is reached. Subsequently, the maximum dose
attained is given at intervals of about 1 week for
a month or more, if necessary, to maintain hyposensitization. The physiological mechanism of
histamine desensitization has been studied by
Ambrus et al. (Am. J. Physiol, 1951, 167, 268).
Acute duodenal ulcer has been observed in association with attacks of histaminic cephalgia
(Alford and Whitehouse, Ann. Allergy, 1945, 3,
200). Daily intravenous injections of 1 mg. of
histamine, according to the method used for
vertigo (v.i.) were used for migraine with benefit
by Butler and Thomas (J.A.M.A., 1945, 128,
173); injections were given daily for 3 to 5 days.
Vertigo. — Sheldon and Horton (Proc. Mayo,
1940, 15, 17) obtained brilliant results with the
drug in Meniere's disease, giving 1 mg. (approximately Vw grain) of histamine base in 250 to 500
ml. of isotonic sodium chloride solution by slowintravenous injection, over a period of \l/2 hours.
Most patients were completely relieved after one
injection. Rainey (J.A.M.A., 1943, 122, 850)
confirmed this report and advised a rate of injection of 20 to 30 drops per minute during the first
5 minutes followed by 60 to 70 drops per minute.
Atkinson (J. A.M. A., 1941, 116, 1753), however,
reported that this treatment is useful only in those
types of labyrinthian vertigo which are allergic
in origin. Atkinson (/. M. Soc. New Jersey, 1944.
41, 11) advocated the intradermal injection of
0.005 mg. of histamine base (0.1 ml. of a 1 : 20.000
dilution of histamine base in isotonic sodium
chloride solution) to distinguish the primary
vasodilator group of cases, which respond well to
histamine desensitization, from the primary vasoconstrictor cases, which are aggravated by histamine treatment but benefited by nicotinic acid
(q.v.) therapy. The histamine-sensitive subject
(primary vasodilator group) shows a greater response to the intradermal dose than does the primary' vasoconstrictor group; the wheal is 1 cm.
or more in diameter, the flare is 3.5 to 4.5 cm. in
diameter and there are one or more pseudopods.
This reaction develops within 5 minutes after
injection and persists for 20 minutes or more.
Browne (/. Allergy, 1942, 14, 19) failed to confirm the validity of this intradermal test with
histamine (see also Thomas and Butler. Am. J.
Med., 1946. 1, 39). To avoid hospitalizing the
patient for intravenous injection, Henderson
(Arch. Otolaryng., 1952, 59, March) administered
an intramuscular injection containing 1.1 mg. of
histamine diphosphate and 40 mg. of diphenhydramine hydrochloride in 8 ml. every day for
8 days, following this with a rest period of 8 days
and then repeating the course of injections if
indicated.
Neuropathy. — Acute multiple sclerosis was
benefited by intravenous administration of 1 mg.
of histamine according to the technic employed
for Meniere's syndrome (Horton et al., J.A.M.A.,
1944. 124, 800; Benson and Horton. Proc. Mavo,
1945, 26, 113) but Carter (/. Nerv. Ment. Dis.,
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1946, 103, 166) failed to confirm the effectiveness
of this treatment. Loomis (Arch. Otolaryng.,
1950, 52, 948) and Skinner (Ann. Otol. Rhin.
Laryng., 1950, 59, 197) employed minute amounts
of histamine subcutaneously or intravenously in
the treatment of paralysis of the facial nerve,
Bell's palsy; encouraging results were obtained.
Gastric Secretion. — Another important physiological action of this drug is a stimulation of
certain glands, increasing notably the salivary,
pancreatic, and gastric secretions (Keeton, Am. J.
Physiol, 1920, 51, 469). Observation of the degree to which the stomach responds to the stimulating effect of food has long been a routine
procedure for the diagnosis of stomach conditions.
As a result of the investigations of Carnot and
co-workers, in 1922, hypodermic injections of
histamine are commonly used as an excitor of
acid secretion (Kay, Brit. M. J., 1953, 2, 77).
Histamine is the most vigorous stimulant of acid
gastric secretion available. The absence of free
hydrochloric acid in the gastric juice after an
injection of histamine indicates the absence of
acid-secreting cells from the stomach. Gastric
achlorhydria after histamine is an essential finding
in the diagnosis of pernicious anemia. Histamine
does not increase the secretion of pepsin. The
response to histamine persists after section of
the vagus nerve (Thornton et al, J. A.M. A., 1946,
130, 764). The histamine test of gastric function
involves the hypodermic injection of about 0.25
to 0.5 mg. of histamine base in the form of a 1 in
1000 solution (approximately equivalent to V250
to M20 grain) to a fasting patient who has just
drunk 300 ml. of fluid. Some base the dose on
body weight, i.e., 0.01 mg. histamine base per
kilogram. The gastric contents are aspirated thereafter even.- 10 or 15 minutes and the acidity determined inthe customary manner. While in the
majority of cases this test causes no distress,
larger doses cause flushing of the face, headache,
asthma, and dizziness, with lowering of the blood
pressure. It is probable that epinephrine is the
most efficient means of combating these symptoms. Bernstein (Ann. Int. Med., 1947. 26, 852)
reported benefit from histamine desensitizing injections inboth the symptomatic and prophylactic
treatment of patients with gastric ulcers.
Pheochromocytoma. — In the diagnosis of this
functioning tumor of the adrenal medulla, particularly inthose patients with intermittent rather
than continuous hypertension, 0.025 mg. of histamine base has been injected rapidly intravenously.
Following a decrease in blood pressure within 30
seconds, a marked rise in blood pressure to a peak
in 1 to 3 minutes, associated with symptoms of
the patient's attacks — pallor, fear, sweating, etc.
— indicates the presence of such a tumor secreting epinephrine and norepinephrine. This test is
dangerous in old persons, or in the presence of
marked hypertension, when phentolamine methanesulfonate is preferred.
Peripheral Vascular Diseases. — Caldwell
and Mayo (Arch. Int. Med., 1931, 47, 403) suggested that the degree of reaction of the skin to
histamine is diagnostic of local circulatory obstruction. In this test the skin of the wrist or
ankle, as the case may be, is cleansed with alcohol
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and a drop of a 1 to 1000 solution of histamine
base is placed on it and the skin scarified, as in
smallpox vaccination, or 0.1 mg. of histamine
base is injected intradermally. In normal individuals a wheal should appear in 2^/2 minutes.
Delay in the reaction is regarded as evidence of
vascular disease. Since the red flare surrounding
the wheal depends on the integrity of the peripheral nerve, this test has been used in instances of
suspected hysterical anesthesia or malingering
(Loeser, JAMA., 1933, 110, 2136).
Intra-arterial Injection. — Histamine has been
given by intra-arterial infusion (2.75 mg. of histamine diphosphate in 500 ml. of isotonic sodium
chloride solution for injection, administered under
pressure during 30 to 45 minutes) for relief of
pain and improvement of circulation attending
chronic obliterative diseases of the peripheral
arteries, including intermittent claudication
(Mufson, Ann. Int. Med., 1948, 29, 903; Dixon
et al., Circulation, 1952, 5, 661; Mackey. Brit.
M. J., 1950, 2, 1086). Injections were given once
weekly. Systemic effect of this local injection of
histamine in one extremity was seldom observed.
Iontophoresis. — On the theory that it would
cause local dilatation of blood vessels. Trumpp
{Munch, med. Wchnschr., 1931, 78, 1862) employed histamine for the relief of myalgia; he
preferred iontophoresis over injection as a means
of administration. For iontophoresis, the gauze
pad connected to the positive pole of the apparatus is moistened with a 1:5000 solution of histamine, or a 2 per cent histamine ointment is
applied to the skin under an anode consisting of
a gauze pad moistened with isotonic sodium chloride solution; a current of 5 to 15 milliamperes
is applied for 5 to 30 minutes. Loewy (Brit. J.
Phys. Med., 1945, 8, 115) considered this procedure to be the most effective counterirritant in
treatment of sprains, contusions, fractures, and
fibrositis.
Histamine dihydrochloride is an active ingredient in several analgesic ointments or creams for
application to the skin, being used in 0.1 to 1 per
cent concentration; Imadyl Unction (HoffmannLa Roche) and Rubiguent (Wyeth) are preparations of this type.
Ernstene and Banks (J.A.M.A., 1933, 100,
328) reported relief from various kinds of itchings following hypodermic infiltration of histamine. Relief from profuse perspiration in patients
with pulmonary tuberculosis following histamine
desensitization injections has also been reported
(Coste et al., Presse med., 1940. 48, 250).
Hapamine (Parke, Davis), a histamine azoprotein representing a chemical combination of histamine and despeciated horse serum globulin, is
employed in solution subcutaneously for histamine desensitization; the initial dose of 0.01 ml.
is increased by 0.01 or 0.02 ml. at each dose given
at intervals of 4 or 5 days until a maximum dose
of 1.5 ml. is reached (see /. Allergy, 1947, 18,
1, 7, 13). It is supplied in 5 -ml. multiple-dose
vials.
Dose. — The usual dose of histamine base for
stimulation of gastric secretion is 0.3 mg. (approximately }4oo grain) subcutaneously, which is
also the maximum that is generally given. For
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other purposes (see above) as much as 1 mg.
(approximately Vw grain) may be given. Administration may be intramuscular, subcutaneous or,
when diluted with 250 to 500 ml. of isotonic sodium chloride solution, intravenous. A solution
containing 2.75 mg. of histamine diphosphate represents the equivalent of 1 mg. of histamine base.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
HISTAMINE
INJECTION.

PHOSPHATE
U.S.P. (B.P., LP.)

[Injectio Histamine Phosphatis]

"Histamine Phosphate Injection is a sterile
solution of histamine phosphate in water for injection. Itcontains not less than 90 per cent and
not more than 110 per cent of the labeled amount
of C5H9N3.2H3PO4." U.S.P. The B.P. provides
no rubric; that of the LP. is the same as the
rubric of the U.S.P. Both the B.P. and LP. indicate that the solution may be sterilized by heating
in an autoclave, or by filtration through a bacteriaproof filter.
B.P. Injection of Histamine Acid Phosphate; Injectio
Histamines Phosphatis Acidi. LP. Injection of Histamine
Phosphate; Injectio Histamini Phosphatis.

Assay. — The U.S.P. and LP. assays are based
on the general colorimetric method for amino
acids proposed by Folin (/. Biol. Chem., 1922,
51, 377) and adapted to the determination of
histamine by Mader et al. (J. A. Ph. A., 1950, 39,
175). This method depends on the fact that
3-naphthoquinone sodium sulfonate produces with
amino acids a striking red color, the intensity of
which follows Beer's law in the range of concentration that may be encountered in the assay.
The intensity of the color is determined by measuring the absorbancy at about 460 mn, and comparing this with the intensity of color of a solution containing U.S.P. Histamine Dihydrochloride
Reference Standard is known concentration.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 1 mg. of histamine base in 1 ml.
HISTIDINE

MONOHYDROCHLORIDE. N.F.

N+H:
Histidinium Chloride, [Histidinae Monohydrochloridum]
H— N

cr.H2o

n—

-CH2CHC00H'

"Histidine Monohydrochloride contains not less
than 98 per cent and not more than 101.2 per
cent of C6H9N3O2.HCI, calculated to the anhydrous basis." N.F.
0-(4-Imidazolyl-alanine Hydrochloride. /3-(4-Imidazolyl)a-aminopropionic Acid Hydrochloride. Larostidin {Hoffmann-La Roche).

Histidine, an amino acid constituent of nearly
all proteins, was discovered, in 1896, almost
simultaneously, by Kossel in the hydrolysate
of fish roe protamine and by Hedin in the acid
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hydrolysate of casein. The methods of both investigators have subsequently been developed into
procedures for the preparation of histidine.
Histidine may also be conveniently obtained
from blood corpuscle paste by acid hydrolysis and
precipitation with mercuric chloride (see Foster
and Shemin. Organic Syntheses, Coll. Vol. II,
1943, p. 330). The naturally occurring histidine
is the L-form (for terminology see under Amino
Acids, Part II) ; in this connection it is of interest
that the acid is levorotatory in water and in alkali
solution, but dextrorotatory in acid solution. Histidine has been synthesized from the sodium derivative of ethyl chloromalonate and 4-chloromethylimidazole ; the resulting racemic histidine
may be resolved by crystallizing the D-tartrate
(see Pyman, /. Chetn. S., 1911, 99, 668, 1386;
1916, 109, 186). Histidine has also been synthesized from imidazolealdehyde and hippuric
acid.
Histidine is capable of forming salts with one
or two molecules of such an acid as hydrochloric;
because the imidazole group of histidine is feebly
basic the salt with two molecules of acid, as
histidine dihydrochloride, hydrolyzes in water to
the monohydrochloride.
Under certain conditions histidine may lose a
molecule of carbon dioxide and be converted to
histamine (see Histamine Phosphate).
Description. — "Histidine Monohydrochloride
occurs as small, colorless crystals which are nearly
odorless and possess a salty taste. A solution of
Histidine Monohydrochloride (1 in 20) is acid
to litmus. One Gm. of Histidine Monohydrochloride dissolves in 8 ml. of distilled water. It is
insoluble in alcohol, in ether, and in chloroform."
NJ.
Standards and Tests. — Identification. — (1)
On gently heating 5 ml. of a 1 in 500 aqueous
solution of histidine monohydrochloride to which
bromine T.S. has been added to the appearance
of a yellow color the solution becomes progressively colorless, red and dark red; finally, dark,
amorphous particles separate. (2) A curdy, white
precipitate, insoluble in nitric acid but soluble in
ammonia T.S., forms on adding 1 ml. of silver
nitrate T.S. to a 1 in 10 aqueous solution of
histidine monohydrochloride. Optical rotation. —
The specific rotation, referred to the moisturefree substance and determined in a solution containing 600 mg. of histidine monohydrochloride
in 23 ml. of 1 N hydrochloric acid, is not less
than +9.7° and not more than +11.2°. Loss on
drying. — Not over 9 per cent, when dried at 130°
for 12 hours. Residue on ignition. — The residue
from 1 Gm. is negligible. Sulfate. — No turbidity
is produced in 2 minutes following addition of
barium chloride T.S. to a 1 in 20 aqueous solution
of histidine monohydrochloride acidified with hydrochloric acid. Heavy metals. — The limit is 20
parts per million. Alkaloids. — Addition of mercuric-potassium iodide T.S. to a 1 in 25 aqueous
solution of histidine monohydrochloride does not
produce turbidity. Protein. — Heating a 1 in 25
solution of histidine monohydrochloride in an
autoclave at 121.5° for 15 minutes and then cooling it to 25° produces no turbidity, as compared
with water treated similarly. Histamine. — His-

Part I
tidine monohydrochloride causes no greater fall
in blood pressure when injected into cats, on the
basis of 10 mg. per Kg., than the equivalent of
0.1 microgram per Kg. of histamine base. N.F.
Assay. — About 400 mg. of histidine monohydrochloride ititrated,
s
in the presence of formaldehyde, with 0.1 N sodium hydroxide to a pH
of 9.4. The formaldehyde, by converting the basic
amino group of histidine to a methyleneimino
group and thus depriving it of its basic character,
permits titration of both the carboxyl and HC1
components of the salt. Each ml. of 0.1 N sodium
hvdroxide represents 9.581 mg. of C6H9X3O2.HC1. N.P.
Uses. — Histidine is one of the amino acids
essential for the white rat (Bothwell and Williams, /. Xutrition, October 1951) but probably
not in human nutrition. It is closely related to
histamine (see Histamine Phosphate). During
human pregnancy there is a characteristic histidinuria. The presence of histidine in the urine
of a woman who does not menstruate within three
days thereafter has been proposed as a diagnostic
test for normal pregnancy (see Cheval and Hans.
J.A.M.A., 1952, 148, 1439 and also discussion of
Progesterone). An increased renal clearance of
histidine from the blood in pregnancy seems to
be related to a decrease in tubular reabsorption
and to a oliminished rate of metabolism (Page
et al., Am. J. Med., 1953, 15, 418); in preeclampsia histidinuria decreases because of a decreased glomerular filtration rate.
Histidine was suggested as a remedy in the
treatment of peptic ulcer. The early reports were
quite favorable. Although Frohlich (Med. Klin.,
1937, 33, 933) observed, from gastroscopic examinations, disappearance of inflammatory lesions
of the stomach mucosa, and although numerous
clinicians have reported favorably upon its beneficial action, Upham and Barowsky (J.A.M.A.,
1937, 109, 422), in a careful study of 150 cases,
concluded that it had no direct curative effect
in peptic ulcers (see also Sandweis, J. A.M. A.,
1936, 106, 1452; Hurst. Pract., 1936. 137, 409;
Delario, Am. J. Digest. Dis., 1946. 13, 260).
From 50 to 70 per cent of patients experience
relief of the symptoms of peptic ulcers after 2 to
5 injections, but a similar result is obtainable
with a soft diet and antacid regimen and the incidence of recurrence of symptoms has been greater
with histidine therapy, perhaps because the injections induce a false sense of security in both
physician and patient which results in a neglect
of good hygiene. The complication of hemorrhage
has been reported during the course of injections.
Similar symptomatic results have been reported
with injections of foreign protein. Benedict (Mil.
Surg., 1938, 83, 401) found histidine useful in
ulcerated conditions of the intestines including
even tuberculous enterocolitis. In artereosclerosis
obliterans, Friedell et al. (J. A.M. A., 1948, 138,
1036) reported relief of pain with 5 ml. of a 4
per cent aqueous solution of histidine hydrochloride injected intravenously and 100 mg. of sodium ascorbate given subcutaneously every 6
hours; Weisman and Allen (Circulation, 1950,
1, 127), however, failed to confirm this finding
or to demonstrate any increase in skin tempera-
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ture following the treatment in patients or normal individuals.
The usual dose is 200 mg. (approximately 3
grains) intramuscularly daily for 20 to 30 days;
the course may be repeated within 6 to 12 months,
if indicated.
Storage. — Preserve "in well-closed containers." N.F.
HISTIDINE MONOHYDROCHLORIDE INJECTION.
N.F.
[Injectio Histidinae Monohydrochloridi]

"Histidine Monohydrochloride Injection is a
sterile solution of histidine monohydrochloride in
water for injection. It yields not less than 92 per
cent and not more than 108 per cent of the
labeled amount of C6H9N3O2.HCl.H2O." N.F.
Storage. — Preserve "preferably in single-dose,
containers, preferably of Type I glass." N.F.
Usual Size. — 200 mg. (approximately 3
grains) in 5 ml.
HOMATROPINE
HYDROBROMIDE
U.S.P., B.P., LP.
Homatropinium Bromide, [Homatropinae
Hydrobromidum]
H2C
HN — CHj
H2C-

" Caution.— H omatropine Hydrobrotntde is extremely poisonous." U.S.P.
The B.P. recognizes Homatropine Hydrobromide as the hydrobromide of an alkaloid, homatropine, prepared from tropine and mandelic
acid; it is required to contain not less than 76.7
per cent and not more than 77.5 per cent of
homatropine, C16H21O3N. The LP. defines it as
the hydrobromide of 3-tropanyl-DL-hydroxyphenylacetate. and specifies the same rubric as
does the B.P.
LP. Homatropini Hydrobromidum. Homatropine Bromide; Homatropine Hydrobromate. Homatropinum Hydrobromicum; Homatropinae Bromhydras; Hydrobromas
Homatropini. Fr. Bromhydrate d'homatropine. Ger. Homatropinhydrobromid ; Bromwasserstoffsaures Homatropin. It.
Bromidrato di omatropina. Sp. Bromhidrato de homatropina.

Homatropine is an ester of the cyclic base
tropine with mandelic acid. It differs from atropine in that the latter is the ester of tropine with
<f/-tropic acid. Homatropine may be prepared
by evaporating tropine and mandelic acid in the
presence of diluted hydrochloric acid.
Description. — "Homatropine Hydrobromide
occurs as white crystals, or as a white, crystalline
powder. It is affected by light. It melts between
211° and 215° with slight decomposition. One
Gm. of Homatropine Hydrobromide dissolves in
6 ml. of water, in 40 ml. of alcohol, and in about
420 ml. of chloroform. It is insoluble in ether."
U.S. P. The B.P. gives the melting point as from
214° to 217°, with partial decomposition; the LP.
specifies it as about 214°, with partial decomposition.
Standards and Tests. — Identification. — (1)
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A brown precipitate results when iodine T.S. is
added to a solution of homatropine hydrobromide. (2) To 1 ml. of a 1 in 100 solution of
homatropine hydrobromide add a slight excess of
ammonia T.S., shake the mixture with chloroform,
and evaporate the chloroform solution to dryness
on a water bath. On warming the residue with
1.5 ml. of a solution of 500 mg. of mercuric chloride in 25 ml. of a mixture of 5 volumes of
alcohol and 3 volumes of water the mixture becomes at first yellow, then brick-red (difference
from most other alkaloids except atropine and
hyoscyamine). (3) Homatropine hydrobromide
responds to tests for bromide. Acidity. — Not more
than 0.2 ml. of 0.02 N sodium hydroxide is required for neutralization of 1 Gm. of homatropine
hydrobromide in 20 ml. of distilled water, using
methyl red T.S. as indicator. Loss on drying. —
Not over 1.5 per cent when dried at 105° for
2 hours. Residue on ignition. — The residue from
200 mg. is negligible. Atropine and other solanaceous alkaloids. — On adding a few drops of alcoholic potassium hydroxide T.S. to the residue
remaining after evaporating to dryness a mixture
of 5 mg. of homatropine hydrobromide and 1 ml.
of nitric acid is not colored violet. Most other
alkaloids. — No precipitate forms on adding tannic
acid T.S. to a 1 in 20 solution of homatropine
hydrobromide. No precipitate forms on adding
platinic chloride T.S. to a 1 in 20 solution of
homatropine hydrobromide. U.S.P.
Assay. — The B.P. and LP. provide a conventional alkaloidal assay procedure in which about
200 mg. of homatropine hydrobromide is dissolved in water, the solution alkalinized with ammonia, the liberated alkaloid extracted with chloroform and, after removing the chloroform and
drying the residue, determining the alkaloid by
residual titration employing 0.05 N solutions of
acid and alkali.
Br"
Stability of Solutions. — Pittenger and
Krantz found (/. A. Ph. A., 1928, 17, 1081) solutions of this salt to be quite stable; sterilization
at 15 pounds pressure for fifteen minutes had no
effect on the activity of the solutions, neither did
exposure to ultraviolet light.
Incompatibilities. — Homatropine hydrobromide is precipitated from its solutions by alkaloidal reagents and by alkali hydroxides and
fixed alkali carbonates.
Uses. — Homatropine hydrobromide is used in
medicine solely as a mydriatic and cycloplegic.
It is much more fleeting in its action than atropine; hence, it is valuable in ophthalmoscopic
examination and in refraction. Where prolonged
mydriasis is sought, as in keratitis and iritis to
prevent the formation of synechia, atropine is
the drug of choice. Whenever the avoidance of
increased intraocular tension for any considerable
time is desired, homatropine is indicated if a
mydriatic is to be used. Glaucoma may follow
the prolonged dilatation of the pupil after atropine in some instances.
For simple mydriasis the use of a 1 per cent
aqueous solution of homatropine hydrobromide
is adequate, but to obtain full paralysis of accommodation the instillation of several drops of
a 2 per cent solution, at intervals of 15 minutes
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for one to two hours, may be required. Much of
the effect vanishes within 24 hours, though 3 or 4
days may elapse before all of its effects have
disappeared. Homatropine is less reliable as a
cycloplegic in children.
The drug is now rarely used internally for
blocking of vagal impulses to the gastrointestinal
tract, atropine or homatropine methylbromide
instead being prescribed. Zulick (/. Pharmacol.,
1915, 6, 473) found that homatropine exerted a
paralyzant effect upon the vagus nerve similar to
that of atropine, although it required much
larger doses.
For external use, a 1 to 4 per cent aqueous
solution is instilled into the conjunctiva. It may
be repeated 3 or 7 times at intervals of 15 minutes. Internally, the usual dose is 0.65 to 1.3
mg. (approximately Vioo to Ho grain). The maximum safe dose is usually 2 mg.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
LAMELLA OF HOMATROPINE.
B.P.
Lamellae Homatropinae

Lamellae of homatropine are discs of gelatin
with glycerin, each weighing about 2.1 milligrams
('32 grain) and containing 0.65 milligram (Moo
grain) of homatropine hydrobromide, unless another amount of the active ingredient is specified.
The method of preparation is discussed under
Lamella.

HOMATROPINE
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METHYLBROMIDE
U.S.P.

Methylhomatropinium Bromide, Homatropinae
Methylbromidum
Malcotran (Maltbie); Mesopin (Endo); Methatropin
(Pharmedic) ; Sovatrin (.Campbell Products).

This salt is the methyl bromide reaction product of homatropine (see Eomatropine Hydrobromide). Addition of a molecule of methyl bromide
occurs at the nitrogen atom, converting it to a
quaternary ammonium compound.
Description. — "Homatropine Methylbromide
occurs as a white, odorless powder. It slowly
darkens on exposure to fight. Its solutions are
practically neutral to litmus. Homatropine Methylbromide isvery soluble in water, and freely
soluble in alcohol. It is almost insoluble in ether
and in acetone, but is freely soluble in acetone
containing about 20 per cent of water. Homatropine Methylbromide melts between 190° and
and 198°. the temperature at which distinct liquefaction of the sample is first observed being taken
as the beginning of melting." U.S.P.
Standards and Tests. — Identification. — (1)
A white precipitate is produced on adding mercuric-potassium iodide T.S. to a 1 in 50 aqueous
solution of homatropine methylbromide. (2) A
red precipitate forms on adding ammonium
reineckate T.S. to a 1 in 50 solution of homatropine methylbromide. (3) A 1 in 20 aqueous
solution of homatropine methylbromide responds
to tests for bromide. Loss on drying. — Not over
1 per cent when dried at 105° for 3 hours. Residue
on ignition. — The residue from 250 mg. is negligible. Homatropine, atropine, and other solanaceous alkaloids. — A 1 in 50 solution of homatro-

pine methylbromide, alkalinized with ammonia, is
shaken with chloroform and the chloroform solution is evaporated to dryness. The residue does
not yield a yellow or red color when warmed
with a mercuric chloride solution. Nitrogen content.— About 300 mg. of homatropine methylbromide, previously dried at 105° for 3 hours, is
assayed by the Kjeldahl method. Not less than
3.70 per cent and not more than 3.85 per cent of
N is found. U.S.P.
Uses. — Homatropine methylbromide is used as
an antispasmodic and inhibitor of secretion, particularly indisorders of the gastrointestinal tract.
Tennenbaum (Arch. exp. Path. Pharm., 1930,
153, 325) found that the degree of action on
the parasympathetic nerve endings was less than
that of homatropine and that the effect on the
nerve centers was much less pronounced. Clinically, ithas been considered to be about one-half
as active and one-thirtieth as toxic as atropine.
Quigley (/. Pharmacol, 1937, 61 130). comparing the two drugs, observed that more than twice
as much homatropine methylbromide was required to produce the same effect on the human
stomach. As much as 8 mg. of homatropine
methylbromide in a single dose seldom caused
dryness of the mouth, disturbance of vision, or
other untoward effects of atropine. According to
Cahen and Tvede (ibid., 1952. 105, 166). however, who have re-evaluated homatropine methylbromide, itis either more or less potent than
atropine, depending on the test employed.
It is used in the irritable colon, mucous colitis,
spastic constipation syndrome to prevent the
colicky pain, check the hypersecretion of mucus
and alleviate constipation. In peptic ulcer, it
is employed to counteract pylorospasm and decrease hyperacidity. In other spastic conditions
of the gastrointestinal tract due either to disease
or to reflex effects arising from disease in other
viscera, such as the heart, kidneys, etc.. it may
relieve the symptoms of pain, flatulence, vomiting, etc. In mild spastic conditions (not severe
colic) of the bile ducts, gall bladder and ureters,
it is often beneficial. It can be instilled into the
conjunctival sac as a mydriatic but is not popular for this purpose.
Dose. — The usual dose is 2.5 mg. (approximately Vn grain), with a range of 2.5 to 5 mg.
(approximately ¥u to V12 grain) by mouth, three
times daily before meals. The maximum safe dose
is usually 7.5 mg. and 30 mg. is seldom exceeded
in 24 hours. For infants, the single dose is about
0.3 mg. (approximately 1>.,oo grain) dissolved in
water, which may be repeated five to seven times
daily before feedings. Subcutaneously or intramuscularly, mg.
5
(approximately ^ grain) may
be given. The U.S. P., on the basis of new dosage
information, gives the usual oral dose as 10 mg.
4 times a day, with a range of 40 to 160 mg. daily.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
HOMATROPINE METHYLBROMIDE
TABLETS.
U.S.P.
[Tabellae Homatropinae Methylbromidi]

"Homatropine Methylbromide Tablets contain
not less than 90 per cent and not more than 110
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per
cent of the labeled amount of Ci7H24BrN03."
U.S.P.
Assay. — The homatropine methylbromide in a
representative sample of powdered tablets is dissolved in water, and in an aliquot portion of this
solution precipitated as the reineckate. The red
precipitate is dissolved in acetone and the absorbancy of the solution is determined at 525 m|i;
from a comparison with the absorbancy of a solution of U.S. P. Homatropine Methylbromide Reference Standard, similarly treated, the content of
the active ingredient in the sample is calculated.
U.S.P.
Usual Sizes. — 2.5 and 10 mg. (approximately
Y2i and % grain) .
HONEY.

N.F.

Clarified Honey, Strained Honey, Mel

"Honey is a saccharine secretion deposited in
the honeycomb by the bee, Apis mellijera Linne
(Fam. Apidce). It must be free from foreign substances such as parts of insects, leaves, etc., but
may contain pollen grains." N.F.
Purified Honey; Mel Depuratum. Fr. Miel blanc; miel.
Ger. Honig. It. Miele. Sp. Miel.

For description of Apis mellijera see under
Yellow Wax. Besides the official species other
bees are used as honey makers. The extremely
vicious, blackish-brown Apis fasciata was kept by
the ancient Egyptians on floating apiaries, which
as the season progressed slowly drifted down the
Nile, following the successive opening of the
flowers. In Senegal, Apis adansonii, and in southern Africa, Apis caffra and Apis scutellata produce
honey; while the Apis unicolor of Madagascar
has been domesticated in that island and introduced into other parts of the world. In India,
honey is made in large quantities by Apis dorsata
{Apis indica, Apis florea), the largest bees known.
From the nectaries of various flowers the bee
and other insects extract a thin, aqueous fluid,
nearly without flavor and insipidly sweet, usually
known as nectar. The precise composition of
nectar varies in different plants and the composition and the flavor of the honey will vary accordingly. Honey made late in the summer from
the flowers of the buckwheat is comparatively dark
in color. The honey made by bees which have fed
on the nectar from poisonous flowers may be quite
toxic; this applies especially to the flowers of the
mountain laurel, of the jimson weed, and of the
yellow jessamine. The honey made from the
nectar of the white clover blossom is very highly
esteemed, as is also that from the raspberry blossom and the basswood flowers. Many apiarists
specialize in honey gathered from certain definite
species of aromatic flowers.
The nectar, when taken in by the bee, is
changed by secretions from glands in the head
and thorax; levulose, dextrose, and, rarely, sucrose
are formed. The finest honey is that which is
allowed to drain from the comb. As beeswax is a
valuable product in itself, centrifugal extractors
are now employed by apiculturists to separate the
honey from the comb, after cleanly slicing off the
ends of the cells with a sharp knife. Centrifuged
honey is much cleaner than that produced by
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other methods. If obtained from hives that have
never swarmed, it is called virgin honey. An inferior kind is procured by submitting the comb
to pressure, and if heat is employed previous to
expression, the product is still more impure.
Description. — "Honey is a thick, syrupy
liquid of a light yellowish to reddish brown color.
It is translucent when fresh, but frequently becomes opaque and granular through crystallization
of dextrose. It has a characteristic odor and a
sweet, faintly acrid taste. Honey is levorotatory,
and it is acid to litmus paper. When Honey is
diluted with twice its weight of distilled water,
the mixture is only moderately turbid, is not
stringy, and has a specific gravity of not less than
1.099." N.F.
Standards and Tests. — Residue on ignition.
— Not over 0.3 per cent, when 10 Gm. is ignited
in the presence of a few drops of olive oil to
prevent spattering. Chloride. — The limit is 150
parts per million. Sulfate. — The limit is 200 parts
per million. Artificial honey. — On triturating
about 1 Gm. of honey with 20 ml. of ether, filtering the mixture and evaporating the ether from
the filtrate, the residue produces with 1 drop of
freshly prepared resorcinol T.S. at most a pink
color which disappears in 30 seconds, but not an
orange, reddish orange, or reddish brown color.
This test depends on the detection of hydroxymethyljur jural, which is formed in perceptible
amounts on acid hydrolysis of sucrose; it is said,
however, that honey heated to 160° F. or stored
for a long time will give a positive reaction. Azo
dyes. — A reddish color is not produced immediately following addition of a few drops of hydrochloric acid to 5 ml. of a 1 in 2 aqueous solution
of honey. Starch or dextrins. — No blue, green, or
reddish color is produced on boiling 2 Gm. of
honey with 20 ml. of distilled water, cooling, and
adding 2 drops of iodine T.S. Acidity. — Not more
than 0.5 ml. of 1 N sodium hydroxide is required
for neutralization of 10 Gm. of honey dissolved
in 50 ml. of distilled water, using phenolphthalein
T.S. as indicator. N.F.
Constituents. — Honey varies somewhat in its
composition. The principal constituents are a mixture of dextrose and levulose in the same proportions as present in artificial invert sugar and in an
amount ranging from 65 per cent to nearly 80 per
cent. Sucrose is present in a concentration of 0.5
per cent to 8 per cent; dextrin, from less than
1 per cent up to 10 per cent. The ash of honey
varies from 0.03 per cent to 0.50 per cent and
the water from 12 per cent to 33 per cent. In a
standard honey the sucrose should not be over
8 per cent, the water not over 25 per cent nor
the ash over 0.25 per cent. Honeys obtained by
bees feeding upon the saccharine exudations of
coniferous trees have been found to contain dextrose as the preponderating sugar and to have a
dextrorotatory optical rotation instead of levorotatory, asin the ordinary varieties. Such honeys
usually come from foreign countries, although
several specimens have been reported from the
western part of the United States, and one specimen containing melezitose was reported from
Pennsylvania, this rare carbohydrate having originated as an exudation on the twigs of Pinus vir-
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giniana. For composition of American honeys
from various floral sources and for methods of
detecting adulterations see Brown and Zerban
(Physical Methods of Sugar Analysis, 1941).
Uses. — Honey is a valuable carbohydrate foodstuff, particularly so because it consists largely
of sugars that are rapidly absorbed. It is often
more acceptable to the stomach, especially in
ailing persons, than cane sugar. Honey is sometimes used as a flavoring agent for medicines,
especially gargles. It is sometimes employed as
an excipient for preparing pills and masses, being
used thus in preparing ferrous carbonate mass, in
which product its reducing action in maintaining
iron in the ferrous state is also utilized. Honey is
also an ingredient of the formerly official mercury
mass, where it served to facilitate the dispersion
of metallic mercury, to obtain the consistency of
a mass, and to prevent oxidation of the mercury.
Dose, 4 to 15 ml. (approximately 1 to 4
flui drachms).
Storage. — Preserve "in well-closed containers.*' X.F.
Off. Prep. — Ferrous Carbonate Mass. X.F.
HYALURONIDASE FOR INJECTION.
U.S.P.
"Hyaluxonidase for Injection is a sterile, dry.
soluble, enzyme product prepared from mammalian testes and capable of hydrolyzing mucopolysac harides ofthe type of hyaluronic acid.
Its potency, in U.S.P. Hyaluronidase Units, is not
less than the labeled potency. Hyaluronidase for
Injection contains not more than 0.25 microgram of tyrosine for each U.S.P. Hyaluronidase
Unit. It may contain a suitable stabilizer." U.S.P.
Alidase (Searle) ; Enzodase (.Squibb) ; Hyalase (Benger) ;
Hyazyme
(Abbott) ; Rondase
(Evans);
Wydase
(fVyeth).

While hyaluronidase occurs in many tissues it
is obtained commercially from bovine testes by
extraction processes involving fractionation with
ammonium sulfate.
Description. — "Hyaluronidase for Injection
is a white, amorphous solid. Its solutions are
colorless and odorless." U.S.P.
Standards and Tests. — Tyrosine. — This is
determined in a sample of hydrolyzed hyaluronidase by measuring the intensity of the red color
produced with nitrous acid, quantitative comparison being made with a solution of tyrosine.
Pyrogen. — 1 ml. of a solution containing 150
U.S.P. Hyaluronidase Units meets the official
requirements. Sterility. — The product meets the
official requirements. US.P.
Assay. — The official assay is based on the
depolymerizing effect of hyaluronidase on hyaluronic acid (provided by potassium hyaluronate\
which effect is accompanied by a reduction of
the turbidity of the reaction mixture; the greater
the concentration of hyaluronidase. the greater
the reduction of turbidity for a given amount of
hyaluronic acid. The turbidity of a series of dilutions of a test solution of the hyaluronidase
sample is determined, measurements being made
in a suitable electrophotometer at 620 mu; quantitative comparison is made by observing the
effect of a series of solutions prepared from
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U.S.P. Hyaluronidase Reference Standard under
identical conditions. U.S.P.
Prior to the establishment of a Hyaluronidase
Unit by U.S.P. XV, the activity of various commercial preparations of hyaluronidase was stated
in terms of several different units, as viscosityreducing units, turbidity-reducing units, Benger
units, Schering units, etc. While no accurate
comparative figures seem to have been published,
the following relationships provide an approximate comparison of the several units: 1 U.S.P.
unit is approximately equivalent to 1 turbidityreducing unit (Wydase), to 3 viscosity-reducing
units (Alidase). to 1.5 Benger units (Hyalase),
and to 0.033 Schering A.G. units (Kinetin).
Although preparations of hyaluronidase derived from bovine testes have been obtained with
activity as high as 2000 U.S.P. units per mg. of
protein these preparations are less stable than
less concentrated ones; most commercial preparations contain less than 1000 U.S.P. units per
mg. Lactose, sodium chloride or other filler, as
well as a preservative, such as thimerosal. are
commonly added to such preparations.
Action. — Hyaluronidase is the enzyme which
depolymerizes hyaluronic acid (Meyer, Physiol.
Rev., 1947. 27, 335). The latter is a viscous
mucopolysaccharide found in the interstitial substances of tissues, the highest concentration occurring in synovial fluid and skin. Hyaluronic
acid, first isolated by Meyer and Palmer (J. Biol.
Chem., 1934. 107, 629) from bovine vitreous
humor, may also be extracted easily from the
Wharton's jelly of the umbilical cord as the
sodium salt (Kaye. Nature, 1950, 166, 478).
Hyaluronic acid contains equimolar quantities of
acetylglucosamine and glucuronic acid and seems
to be a repeating unit of glucuronido-X-acetylglucosamine. polymerized by relatively stable
glucosidic linkages. Hyaluronidase is also found
in many tissues, in some bacteria and certain
snake venoms. By depolymerizing hyaluronic
acid hyaluronidase reduces the viscosity of the
former and facilitates spreading of substances
through the intercellular substance of tissues.
Chain and Duthie (Brit. J. Exp. Path., 1940, 21,
showed that hyaluronidase was the "spreading
factor"biol,
described
(Compt.
rend. soc.
192S. bv
99, Duran-Revnals
6; J. Exp. Med.,
1929,
50, 32 7; Bad. Rev., 1942, 6, IT
An enzyme which acts on the ground substance
of most all tissues possesses extensive scientific
import and therapeutic application (The Ground
Substance of the Mesenchyme and Hyaluronidase,
Ann. X. V. Acad. Sc, 1950. 52, 943-1196). Like
ascorbic acid, it is related to the function of all
tissues and an enormous literature has accumulated. In addition to the viscous mucopolysaccharide hyaluronic acid, another one — chondroitin
sulfate — is an important component of ground
substance. The latter is less viscous and has less
capacity to bind water or function as an ion
exchanger but it is the predominant component
of cartilage. Still other mucopolysaccharides have
been identified. Glycoproteins appear essential to
fibril formation in connective tissue. Fibroblasts
seem related to collagen fibers and mast cells to
the amorphous ground substance. This amorphous
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and hence unintelligible ground substance of the
histologist of the past century is now recognized
as an actively functioning and essential physiological and pathological entity. Hyaline, fibrinoid,
amyloid, etc., changes had been described in tissues and related to certain diseases — rheumatic
fever, lupus erythematosus, etc. — by pathologists
and clinicians. The discovery of cortisone and its
anti-inflammatory action in many diseases focused
attention on mesenchymal tissues and provided
a physiological tool for the biological experimenter. Cortisone inhibits connective tissue formation whereas the thyrotropic and growth
hormones of the anterior hypophysis stimulate
connective tissue formation and the latter promotes collagen fiber formation. Hyaluronidase
increases the permeability of synovial membrane
and cortisone decreases it (Seifter et al., Proc. S.
Exp. Biol. Med., 1949, 72, 277). Synovial fluid in
rheumatoid arthritis contains an increased amount
of partly depolymerized (low-viscosity) hyaluronate; cortisone therapy results in less, but more
viscous, mucopolysaccharide (Ekman et al.,
Scand. J. Clin. Lab. Invest., 1953, 5, 175). Many
major dermatologic and ophthalmologic disorders
consist chiefly of ground substance and connective tissue abnormalities. Atherosclerosis commences with an increase in chondroitin sulfate in
the ground substance in the intima of the vessels
(Taylor, Am. J. Path., 1953, 29, 871). Wound
healing is accomplished by the formation of new
connective tissue. Cortisone in large doses inhibits healing. The healing of fractures and the
formation of peritoneal adhesions involves a
similar process. The spreading of infection is related to the degree of permeability of ground
substance which may be increased by hyaluronidase producing bacteria or diminished by the
action of cortisone. Cortisone inhibits the spreading action of hyaluronidase by changing the character of the ground substance rather than by any
direct antagonism between the steroid and the
enzyme. In other words the initial injection of
cortisone will be spread and absorbed more rapidly in the presence of hyaluronidase but in the
presence of hypercortisonism, either endogenous
or exogenous, hyaluronidase has less spreading
effect. The administration of salicylates likewise
inhibits the spreading action of hyaluronidase
(Shuman, Am. J. Med. Sc, 1950, 220, 665).
Inflammation is primarily a phenomenon of connective tissue.
Uses. — Hyaluronidase has found its therapeutic application in increasing the permeability of
tissues to facilitate absorption of injected fluids
or of certain transudates or even exudates or hemorrhages into tissue as a result of injury or disease. Hyaluronidase for injection is relatively but
not entirely pure ; it contains to a variable degree
other enzymes, such as beta-glucuronidase, present in the testes from which the extract is derived (Chauncey et al., Science, 1953, 118, 219).
The spreading action of the enzyme is presumably
due to partial depolymerization of the viscous
hyaluronate in the tissue. The more rapidly and
extensively spread fluid comes into close contact
with more capillaries and lymphatics and is absorbed more rapidly. External pressure, as from
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an elastic bandage, and a decreased venous pressure, as produced by elevation of the part, favor
spreading and absorption and should be utilized
to obtain the best therapeutic result with the
enzyme. Seifter and Baeder (Proc. S. Exp. Biol.
Med., 1954, 85, 160) showed that partially depolymerized hyaluronic acid itself facilitates
spreading and absorption of injected fluid; in
other words the enzyme needs only to depolymerize some hyaluronate to facilitate spreading.
An incompletely evaluated action following subcutaneous injection of hyaluronidase is the increase in excretion of a dispersing colloid in the
urine (Butt, /. Urol., 1954, 72, 337; Wohlzogen,
Wien. klin. Wchnschr., 1952, 64, 562; Puntriano,
J.A.V.M.A., 1954, 124, 55). In this connection,
Baker et al. (J. Urol., 1954, 71, 511) claimed
that the status of the connective tissue in the
kidney was more important than hypercalcemia
in the production of nephrocalcinosis in patients
with hyperparathyroidism. These observations recall the unsolved question of the relative importance of disturbances in colloids or of crystalloids in the genesis of urolithiasis. With reference to a general, systemic, action of subcutaneous injections of hyaluronidase, Seifter et al.
(Proc. S. Exp. Biol. Med., 1953, 83, 468) reported that fat-cholesterol fed rabbits with hypercholesterolemia showed a return of the elevated
blood cholesterol levels toward normal when
daily injections of hyaluronidase were given;
autopsy, however, showed an increased degree of
atheromatosis and lipidosis in these animals. The
injection of hyaluronidase or the feeding of partially depolymerized hyaluronic acid, as well as
the injection of heparin, released a lipemia-clearing factor in the blood of the animals and the
administration of cortisone antagonized the release of this clearing factor (Seifter and Baeder,
ibid., 1954, 86, 709). Normal blood contains a
nonspecific antihyaluronidase which is present in
a concentration resembling that of heparin in
blood (Glick and Ochs, ibid., 1952, 81, 363). In
rheumatic fever, acute glomerulonephritis and
some other conditions a specific antistreptococcalhyaluronidase is found in the blood in increased
amounts and generally parallel with the titer of
antistreptolysin O (Rantz et al., Am. J. Med. Sc,
1952, 224, 194). It is obvious that mucopolysaccharides play a most important but inadequately
understood role in metabolism and disease. Current therapeutic applications, however, depend
upon the spreading action of hyaluronidase.
Hypodermoclysis. — Use of 150 U.S. P. units
of hyaluronidase per 1000 ml. of parenteral fluids,
such as saline, dextrose, Ringer's, sodium lactate,
plasma, etc., speeds absorption and minimizes the
discomfort from local distention of tissue with
the fluid (Hechter et al., J. Pediatr., 1947, 30,
645; Burket and Gyorgy, Pediatrics, 1949, 3,
56; Schwartzman and Levbarg, /. Pediatr., 1950,
36, 79; Gaisford and Evans, Lancet, 1949, 2,
505; Jaworski and Farley, Am. J. Dis. Child.,
1950, 79, 59). In infants under 2 years of age
receiving 125 ml. of saline-dextrose solution, or
200 ml. if over 2 years of age, Burket and
Gyorgy found the average time required for absorption decreased from 173 minutes in controls

656

Hyaluronidase

for

Injection

to 107 minutes with hyaluronidase; furthermore,
the control sites became so distended that flow
had to be discontinued four times on the average
during the injection. Webb (Arch. Surg., 1952,
65, 770) found that the rate of absorption was
approximately doubled in adults. Abbott et al.
(Surgery, 1952, 32, 305) recalled that subcutaneous infusion of 5 or 10 per cent dextrose
injection in patients already depleted in sodium
and chloride may result in further hypochloremia,
hemoconcentration and circulatory failure (electrolyte depletion shock described by Danowski
et al., J. Clin. Inv., 1947, 26, 887) and reported
that addition of hyaluronidase to the electrolytefree infusion solution did not prevent this loss
of electrolytes from the blood stream into the
pool of fluid injected subcutaneously. Mateer
et al. (Am. J. Med. Sc, 1953, 226, 139) demonstrated on humans that the electrolyte abnormalities were due to the lack of electrolyte in the
parenteral fluid rather than to the presence of
hyaluronidase as' had been implied editorially
(J.A.M.A., 1953, 151, 644). In small children
excessive doses of fluids by hypodermoclysis
must be avoided. Usually, in patients under three
years of age, a single clysis should not exceed
200 ml. and for small or premature infants the
dose of fluid should not exceed 25 ml. per Kg. of
body weight and the rate of infusion should not
exceed 2 ml. per minute in these small infants.
Other Injections. — The addition of hyaluronidase to a variety of substances (Britton and
Habif, Surgery, 1953, 33, 917), such as antibiotics, steroids, alkaloids, tissue extracts, antisera (Boquet et al., Compt. rend. acad. sc, 1952,
234, 482), etc., will speed absorption and onset
of systemic action. Preliminary injection of hyaluronidase will even facilitate absorption and
diminish the discomfort of subsequent heparin
injection (Tuchman and Moolten, Am. J. Med.
Sc, 1950, 219, 147); if the two are mixed in the
syringe, the heparin will inactivate the hyaluronidase. Hyaluronidase has been combined with insulin in psychotic patients to increase the proportion of cases of successful shock therapy and
to speed absorption so that the shock occurs
during the day when adequate nursing personnel
are available to care for the patient (Straccia and
Scheflen, Am. J. Psychiat., 1952. 108, 702; Gysin
and Wilson, Dis. Nerv. System, 1954, 15, May).
Local Anesthesia. — For infiltration anesthesia
with procaine or pontocaine, Kirby et al. (Surgery, 1949, 25, 101) found that addition of 150
to 300 units of hyaluronidase increased the area
of skin anesthesia by 40 per cent; the duration
of anesthesia was shortened unless 0.5 ml. of
1 : 1000 epinephrine hydrochloride solution was
added per 25 to 50 ml. of the anesthetic solution. Addition of the vasoconstrictor does not
interfere with the spreading action of hyaluronidase but it does inhibit absorption into the blood
stream. Britton and Habif (Surgery, 1953, 33,
917) and Cliffton (Am. J. Med. Sc, 1954, 228,
568) reviewed the clinical applications of hyaluronidase. Facilitation of local infiltration anesthesia has been reported in dentistry (Looby and
Kirby, in/. obstetrics
Am. Dent. (Heins,
A., 1949,
pud'endal
block
Am.38,J. 1),
Obst.
Gyn.,
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1951, 62, 658; Baum, ibid., 1950, 50, 1356;
Alvarez and Gray, Obst. Gyn., 1954, 4, 635),
tonsillectomy (Heinberg, Eye, Ear, Nose &
Throat Monthly, 1951, 30, 31), rhytidectomy
and other plastic surgical procedures (Thale,
Plast. Reconstruct. Surg., 1952, 10, 260), minor
procedures on the eyelids or by cone injection for
iridectomy in glaucoma, cataract extraction, etc.
(Atkinson, Arch. Ophth., 1949, 42, 628; Lebensohn, Am. J. Ophth., 1950, 33, 865), sprains,
fractures and other orthopedic procedures (MacAusland et al., J. Bone Joint Surg., 1953, 35-A,
604; Thorpe, Lancet, 1951, 1, 210; Gartland and
MacAusland, Arch. Surg., 1954, 68, 305), athletic injuries (Delarue, Can. Med. Assoc. J., 1954,
70, 408), painful (spastic) flat feet (Locke, /.
Nat. A. Chiropodists, November 1952), speeding
the onset and depth of anesthesia of the ear
drum (Hussarek, Ztschr. Laryng. Rhin., 1954,
33, 18) and speeding the onset of pharyngeal
anesthesia with a spray in preparation for laryngeal intubation (Howland and Papper, Anesth.,
1951, 12, 688). For nerve block anesthesia,
Moore (Anesth., 1950, 11, 470) and Eckenhoff
and Kirby (ibid., 1951, 12, 27) found little advantage with hyaluronidase compared to the
marked benefit in infiltration anesthesia. Increased absorption of penicillin from the maxillary antrum with hyaluronidase was reported
96).
(Som et al., Proc S. Exp. Biol. Med., 1949, 70,
Resorption of Hemorrhage and Transudates.— Infiltration of hyaluronidase solution in
sterile saline or local anesthetic solution around
or into areas of traumatic or postoperative edema
or hematoma followed by application of an elastic
pressure bandage and elevation of the part results in much more rapid absorption than can be
obtained by any other practical procedure in postoperative edema in eye surgery (Tassman, Am. J.
Ophth., 1952, 35, 683), hematoma and lymphedema (Britton and Habif, Surgery, 1953, 33,
917), paraphimosis (Williams and Nichols, /. M.
A. Alabama, 1952, 21, 233), pretibial myxedema
(Rosman, N. Y. State J. Med., 1950, 50, 1939),
dental conditions (Benzer and Schaffer, Oral
Surg. Med. Path., 1952, 5, 1315), hemarthroses
in hemophilia (MacAusland and Gartland, New
Eng. J. Med., 1952, 247, 755; Blattner, /.
Pediatr., 1953, 42, 392), nasal surgery (Cottle
et al., Arch. Otolaryng., 1950, 52, 369). The inflammatory reaction following extravasation of
50 per cent dextrose, neoarsphenamine or other
irritant solutions into tissues is minimized by
immediate infiltration of the area with hyaluronidase in sodium chloride injection or procaine
hydrochloride injection (Petrus and Pisetsky,
Am. J. Psychiat., 1952, 109, 303).
Miscellaneous. — Space does not permit the
recital of other applications of an enzyme which
increases the permeability of the ground substance of tissue. Cornbleet (J.A.M.A., 1954, 154,
1161), for example, used injections of hyaluronidase in combination with surgical removal or
roentgen irradiation of keloids. Weinberg (/.
Thoracic Surg., 1951, 22, 517) injected hyaluronidase with a water-soluble blue dye (Direct Sky
Blue, 4 per cent, Wyeth) into the wall of the
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stomach or the hilum of the lung at the start of
operation for neoplasm to stain the regional
lymph nodes blue and thereby facilitate their
recognition for removal. Kurtin (Arch. Dermat.
Syph., 1954, 69, 368) injected hyaluronidase
solution under the finger or toe-nail to facilitate
surgical avulsion. In Panama, Carriker (Am. J.
Ophth., 1952, 35, 1765) reported that 2 or 3
weekly subconjunctival injections of 50 units of
hyaluronidase in 0.3 ml. of 1 per cent procaine
hydrochloride injection corrected early lesions.
In chronic, indolent ulcers of the leg, Popkin
(Angiology, 1952, 3, 335) reported healing with
hyaluronidase solution applied by iontophoresis
and Spier and Cliffton (Surg. Gynec. Obst., 1954,
98, 667) described good results with a watermiscible preparation containing plasminogen,
streptokinase-streptodornase, hyaluronidase, bacitracin and oxytetracycline. IS
A stabilized solution of hyaluronidase, Solution Wydase (Wyeth) is recognized by N.N.R.
This is available in 1 or 10 ml. multiple dose
vials containing 150 U.S. P. units per ml., preserved with 0.01 per cent thimerosal, stabilized
with 0.1 per cent of disodium calcium ethylenediaminetetraacetic acid and buffered with 0.14 per
cent of sodium phosphate.
Toxicology. — Hyaluronidase is a protein enzyme and hence large and repeated doses may
stimulate antibody formation and cause allergic
reactions. However, hyaluronidase is a very active enzyme effective in doses of less than 1 mg.
and it is a weak antigen. Furthermore most patients do not have repeated need for hypodermoclysis or infiltration anesthesia. Daily use of
very large doses in animals will eventually result
in sensitization. In the daily injection of many
patients with urolithiasis (Butt et al., loc. cit.)
or with chronic lymphedema (Britton and Habif,
loc. cit.), local reactions — erythema, edema —
have rarely appeared. Intravenous administration
of even 75,000 units (500 times the usual therapeutic dose) of hyaluronidase in animals causes
no significant change in blood pressure, respiration, body temperature, kidney function and no
histological changes in the tissues (Seifter, Ann.
N. Y. Acad. Sc, 1950, 52, 1141). It has no effect
on the spread of localized infection provided it
is not injected into the infected area (Hechter
et ah, loc. cit.) and it has even been combined
with antibiotic solutions for injection into areas
of cellulitis to facilitate penetration of the antibiotic. No deleterious effect on bacterial or viral
infections has been recognized from systemic use.
It is now recognized that the spreading of infection described with crude testicular extracts
(Duran-Reynals, loc. cit.) depended upon the
presence of other substances in the extracts since
these results are not obtained with the currently
employed purified hyaluronidase preparations
(Warren, Ann. N. Y. Acad. Sc, 1950, 52, 1157).
Dose. — The usual dose for hypodermoclysis
is 150 U.S.P. iinits, with a range of 15 to 1500
units. The maximum safe dose is unknown; more
than 3000 units in 24 hours is rarely exceeded.
The 150 units may be dissolved in sodium chloride injection for injection into the site of hypodermoclysis prior to commencing the infusion,
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or it may be injected into the rubber tubing of
the clysis equipment close to the needle penetrating the skin, or it may be added to the bottle of
fluid in the proportion of 150 units to 1000 to
2000 ml. of fluid. For infiltration anesthesia, 150
units is used per 25 to 50 ml. of local anesthetic
solution, which may also contain epinephrine if
indicated. For hematomas and other traumatic
exudates, 150 to 500 or even 3000 units in a
volume of sodium chloride injection appropriate
to the size of the area to be infiltrated is used.
Storage. — Preserve "in single-dose containers,
preferably
of Type I glass, in a cool, dry place."
U.S.P.
Usual Sizes.— 150 and 1500 U.S.P. Hyaluronidase Units.
HYDNOCARPUS

OIL.

B.P., LP.

Oleum Hydnocarpi

Hydnocarpus Oil is the fatty oil obtained by
cold expression from the fresh, ripe seeds of
Hydnocarpus wightiana Blume. B.P. The LP.
recognizes also the sources included in the N.F.
IX (see below).
N.F. IX. Chaulmoogra Oil ; Oleum Chaulmoograe. Leprosy Oil. Fr. Huile de chaulmoogra. Get. Chaulmugraol;
Gynokardiaol. It. Olio di chaulmoogra. Sp. Aceite de chaulmugra.

Long official in the U.S.P. and later in the
N.F., under the title Chaulmoogra Oil, this oil
was not admitted to N.F. X. In the preceding
revision it was defined as "the fixed oil expressed
from the ripe seed of Taraktogenos Kurzii King,
Hydnocarpus Wightiana Blume, or Hydnocarpus
anthelmintica Pierre (Fam. Flacourtiacece) . The
fixed oil expressed from the ripe seed of other
species of Hydnocarpus (Fam. Flacourtiacece),
when designated as such and when conforming to
the description and physical properties and meeting the requirements of the tests prescribed bebe one
used."time believed that chaulmoogra
It low,
wasmay at
oil was derived from Gynocardia odorata R. Br.,
but Desprez in 1899 demonstrated the fallacy of
this belief. In the following year Prain attributed
the seeds to Hydnocarpus heterophylla Bl., which
is more properly known as the Taraktogenos
Kurzii King (Fam. Flacourtiacece) . In 1922 J. F.
Rock (Bull. 1057 U. S. Dept. Agriculture) published the results of an extensive exploration
through Burma and Assam. He found that the
seed sold in Burma as from the kalaw was from
the fruit not only of Taraktogenos Kurzii but
also of Hydnocarpus castanea Hf. and Th. and
perhaps other allied species. It has since been
discovered that the seeds of a number of species
of Hydnocarpus yield an oil similar to that obtained from seed of Taraktogenos, and Hydnocarpus species are now the most abundant sources
of chaulmoogra oil. Among those best known are
H. Wightiana Blume and H. anthelmintica Pierre.
Hydnocarpus Wightiana Bl. is an Indian species
commonly known to the natives as kastel or
kantel. It is a tall tree with slightly pubescent
branchlets, thinly coriaceous, elliptic to oblonglanceolate, acuminate, often deeply serrate leaves,
from 4 to 9 in. long, white flowers with ciliate
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petals having ovate, fimbriate scales at their
bases. The fruit is tomentose and from 2 to 4 in.
in diameter. This species is reported by Brandis
to be common along the western Ghats from the
Konkan southwards and also below the Ghats in
Malabar and Kanara. Its fruit is used locally to
intoxicate fish and its seeds in skin diseases.
For descriptions of Taraktogenos Kurzii King,
of Hydnocarpus anthelmintica Pierre, and other
Hydnocarpus species, see U.S.D., 24th ed., p. 249.
A number of other plants of the Flacourtiacece
yield oils which contain chaulmoogric acid.
Among the more important of them are Oncoba
echinata 01. of West Africa, known as gorli or
katoupo; Asteriastigma macrocarpa Bedd. of
Madras; and Carpotroche brasiliensis, which
yields the so-called Brazilian chaultnoogra oil.
For description of these oils see Andre (Compt.
rend. acad. sc, 1925, 181, 1081, and Quart. J. P.,
1928, 1, 235). The oil of Gynocardia, from Gynocardia odorata contains neither hydnocarpic nor
chaulmoogric acids.
Rock (loc. cit.) reported that the oil is extracted by cold expression from seeds which have
been washed, dried in the sun, shelled, crushed
and then submitted to hydraulic pressure; the
expressed oil is filtered.
Description. — Hydnocarpus oil is a yellowish,
or brownish-yellow, oil, or soft cream-colored
fat. Its odor is slight and characteristic; its taste
is somewhat acrid. The oil is partially soluble in
alcohol; miscible with ether, with chloroform,
and with carbon disulfide. Its weight per ml., at
25°, is between 0.946 and 0.956. The melting
point is between 20° and 25°. B.P.
Standards and Tests. — Refractive index. —
Between 1.472 and 1.476, at 40°. Specific rotation.— Not less than 53°, in a 10 per cent w/v
solution in chloroform. Acid value. — Not greater
than 6. Iodine value. — 97 to 103 (iodine monochloride method). Saponification value. — 198 to
204. B.P.
Constituents. — Hydnocarpus oil contains
small amounts of the glycerides of oleic and
palmitic acids, but its most important fatty acids
are chaulmoogric, CsH7(CH2)i2COOH and hydnocarpic, C5Ht(CH)ioCOOH. Both of these are
cyclopentenyl derivatives of normal fatty acids
(tridecanoic and undecanoic, respectively). In
both cases the cyclopentenyl group is substituted
on the carbon atom farthest from the carboxyl
group.
According to Cole and Cardoso (J.A.C.S., 1939,
61, 2351) the mixture of the fatty acids of the
oil from Hydnocarpus Wightiana, which is the
one most commonly used, has the following percentage composition: hydnocarpic, 48.7; chaulmo gric,7.0;
2
gorlic (an unsaturated derivative
of chaulmoogric acid), 12.2; oleic, 6.5; palmitic.
1.8; certain lower homologues of chaulmoogric
acid make up the remainder. Both chaulmoogric
and hydnocarpic acid have been synthesized (see
Perkins
Cruz, J.A.C.S.,
192 7,'
49, Sci.,
1070, 1940,
also
Bokil andandNargund,
Proc. Indian
Acad.
11A, 409).
Uses. — Prior to the availability of the sulfones
(see under Sulfoxone in Part I) and dihydrostreptomycin, chaulmoogra oil and its derivatives pro-
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vided the only effective, albeit unsatisfactory,
therapy for leprosy. Chaulmoogra oil has been
used by the natives of India since time immemorial. An Indian legend relates that a King of
Benares, by the name of Rama, some 3000 years
ago, afflicted with leprosy retired to the jungles,
where he lived largely on the fruit of the Kalaw
tree and became cured of his leprosy. The
Asiatics used chaulmoogra oil both by oral administration and by local application to the external lesions of leprosy.
Because of its local irritant effects on the digestive tract it is almost impossible to continue the
administration of chaulmoogra oil by mouth for a
sufficient length of time to produce the best clinical results. In modern practice it is usually administered byintramuscular injection, but even
here its local irritant action is a hindrance to its
use. Various formulas have been suggested to
lessen the undesirable local effects. Among the
mixtures which were suggested for this purpose
that of Heiser enjoyed at one time a large use;
this consisted of: resorcin, 4 Gm.; camphor, 6
Gra.; olive oil, 60 ml.; chaulmoogra oil, 60 ml.;
of this solution the beginning dose was 1 ml.
injected weekly. For parenteral use the esters
were better tolerated (see Ethyl Chaulmoo grate).
The mode of action of chaulmoogra in leprosy
is uncertain. Stanley (/. Pharmacol., 1932, 45,
121) found that all strains of Mycobacterium
leprce were killed by a 1 : 50,000 solution of mixed
hydnocarpic and chaulmoogric acids. On the other
hand, Walker and Sweeney (/. Prevent. Med.,
1929, 3, 325) found that the characteristic fatty
acids disappeared rapidly from the blood stream
and since clinical experience has demonstrated
that long-continued use of the drug is essential
the bactericidal explanation of its curative effect
appears to be inadequate. Another hypothesis
suggests that the waxy coating of the bacterium
is damaged and that there is enhanced resistance
of the body to the infection. The lepra reaction,
which resembles the Herxheimer reaction during
the treatment of syphilis with active antiluetic
drugs, suggests that chaulmoogra damages the
bacterium and causes a release of substances
from the bacterium which stimulate the immune
processes of the body. While in a large proportion of patients with the maculo-anesthetic variety of the disease there is a complete remission
of clinical evidence of the disease, it is as yet
uncertain whether the apparent cures are permanent (Hollmann, Arch. Dermat. Syph., 1922. 5,
94; Hopkins and Faget, I. A.M. A., 1944, 126,
937). Schujman (Prensa mid. Argent., 1945, 32,
2159) reported that chaulmoogra was of definite
benefit in both tuberculoid and lepromatous cases
but that it could not be considered a fully satisfactory therapeutic agent. Latapi {Prensa med.
Mexicana, 1946, 11, 1), however, reported very
little therapeutic value.
On the ground that the tubercle bacillus, like
the lepra micrococcus, is an acid-fast organism,
various investigators have experimented with
chaulmoogra oil in different types of tuberculosis.
No definite benefit has been demonstrated (for
literature see Fischl and Schlossberger, Handbook
of Chemotherapy, 1933, 1, 56). Sarmiento and
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Mastronardi (Semana medica, 1948, 55, 569)
found local application of the oil to be beneficial
in tuberculous laryngitis. Stanley (Med. Ann.
District of Columbia, 1939, 8, 31) reported favorable results from chaulmoogra oil in chronic
arthritides. Chaulmoogra has been used as a
counterirritant application (30 per cent in lanolin) for bruises and sprains and as a local treatment in various sores and inflammations of the
skin.
Toxicology. — Read (/. Pharmacol., 1924,
24, 221) studied the toxic effects of chaulmoogra
on dogs and rabbits. In the former, whether
given by mouth or by injection, it caused vomiting and loss of appetite, which appeared to be
chiefly of central origin. Large doses also have
a marked hemolytic effect. In fatal intoxications
there were fatty changes of the liver and evidences of irritation of the kidneys. In addition
to the irritation at the site of injection, vertigo,
substernal pain and a choking sensation are not
uncommon. Albumin and casts often appear in
the urine. Malaise, fever, anorexia, abdominal
pain and a burning sensation of the skin may
occur. Two cases of fatty embolism of the lung
were reported by Castel from hypodermic injection.
Dose. — The usual dose is 0.3 ml. (about 5
minims) 3 times daily after meals orally, gradually increased to a total of 4 ml. (approximately
60 minims) daily.
Storage. — Preserve "in well-filled, tight, lightresistant containers." N.F. IX.

The therapeutic activity of chaulmoogra oil
(including the B.P. hydnocarpus oil) appears to
reside in the characteristic component acids
known as chaulmogric and hydnocarpic acids.
The N.F. VIII recognized, under the title ethyl
chaulmoo grate, the mixed ethyl esters of all the
fatty acids of the oil, consisting principally of
ethyl chaulmoograte and ethyl hydnocarpate, but
including other esters as well. The B.P. product
differs from this only in limiting the source of
the acids (see under Hydnocarpus Oil), but is of
essentially the same composition.
Description and Tests. — The B.P. describes
the product as a colorless, or faintly yellow,
limpid oil, having a characteristic odor and a
slightly acrid taste. It is soluble, at 15.5°, in not
less than 6 volumes of 90 per cent alcohol; it is
miscible with solvent ether, with chloroform,
and with carbon disulfide. The constants are as
follows: Acid value, not greater than 1.0; iodine
value, between 88 and 94 (iodine monochloride

INJECTION

OF
OIL.

HYDNOCARPUS
B.P.

Injectio Olei Hydnocarpi

The B.P. defines the injection as hydnocarpus
oil sterilized
by heating
150° for
a period sufficient to ensure
that theat whole
is maintained
at
that temperature for one hour.
The official dose by intramuscular or subcutaneous injection is given as 2 ml. (approximately
30 minims), gradually increased to 5 ml. (approximately 75 minims).
ETHYL

ESTERS
OIL

OF HYDNOCARPUS
B.P., LP.

Oleum Hydnocarpi .ffithylicum

The B.P. defines Ethyl Esters of Hydnocarpus
Oil as a product consisting mainly of the ethyl
esters of chaulmoogric and hydnocarpic acids,
obtained by esterifying the fatty acids of hydnocarpus oil with ethyl alcohol, or with industrial
methylated spirit, the crude product being
washed with a solution of sodium carbonate to
remove fatty acids, and finally purified by distillation under reduced pressure. The LP. recognizes, under the same title, a mixture of the ethyl
esters of chaulmoogric, hydnocarpic, and gorlic
acids and other fatty acids obtained from hydnocarpus oil.
I.P. Aethylis Hydnocarpas. N.F. VIII. Ethyl Chaulmoograte; iEthylis Chaulmoogras. Chaulmestrol {Winthrop); Moogrol {Burroughs Wellcome). Chaulmoogri et
Hydnocarpi ^thylicum. Fr. Esters ethyliques des acides
de
l'huile de chaulmoogra; Hyrganol. Sp. Chaulmugrato
de etilo.
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method); optical rotation, not less than +45°;
refractive index, at 20°, from 1.458 to 1.462;
saponification value, 190 to 196; weight per ml.,
at 20°, between 0.900 and 0.905.
Uses. — The therapeutic properties of ethyl
esters of hydnocarpus oil (ethyl chaulmoograte)
are those of chaulmoogra oil. The ethyl ester
preparation has the advantages over the oil of
being less objectionable to the taste and less irritant when injected. Ethyl chaulmoograte has
some value in sarcoidosis (Schaumann's disease)
but corticotropin is a more useful therapeutic
agent.
Good results in the treatment of leprosy in the
Hawaiian Islands using intragluteal injections
starting at 1 ml. and increasing by 1 ml. every
second or third injection until a maximum dose
of 5 ml. is reached were reported by Hollmann
and Dean (Arch. Dermat. Syph., 1922, 5, 94).
Injections were given once or twice a week for
periods of 2 to 5 years, with suitable rest periods. Determinations of erythrocyte sedimentation rate should be made about every 2 weeks
and injections discontinued temporarily if the
rate is rapid. Intracutaneous injections of a mixture of 75 parts of ethyl esters of hydnocarpus
oil, 1 part of creosote or thymol, and olive oil
to 100 parts were recommended by Cochrane
(Med. Press, May 9, 1945) for treatment of the
following: chronic tuberculoid leprosy, macular
lesions in neural leprosy, and lepromatous leprosy. He employed a dose of 0.5 ml., increasing
by 0.5 ml. weekly until 5 ml. was administered.
From 6 to 12 punctures were made for each ml.
injected. The lesions are treated systematically,
avoiding the same area for a month or longer.
Simultaneous subcutaneous injections are advised
in lepromatous leprosy.
Orally the drug is administered in doses gradually increasing from ^ to 2 ml. three times daily
after meals with a lump of sugar and warm milk,
hot tea or carbonated water. In some patients
therapy.gastric irritation prevents continuation of
severe
Dose, either orally or by injection, from 0.3
to 5 ml. (approximately 5 to 75 minims).
Storage. — Preserve in a well-closed container,
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protected from light, and stored in a cool place.
B.P.
INJECTION
OF ETHYL
ESTERS
HYDNOCARPUS
OIL.
B.P.

OF

Injectio Olei Hydnocarpi jEthylici

This consists of the B.P. Ethyl Esters of
Hydnocarpus Oil sterilized by heating to 150°
for a period sufficient to ensure that the whole
is maintained at that temperature for one hour.
For uses, see the preceding monographs.
HYDRASTIS.
N.F.
Goldenseal,

[Hydrastis]

"Hydrastis consists of the dried rhizome and
root of Hydrastis canadensis Linne (Fam.
Ranuncidacece) . Hydrastis yields not less than
2.5 per cent of the anhydrous ether-soluble alkaloids of Hydrastis." N.F.
Golden Seal; Hydrastis Rhizome; Yellow Root; Orange
Root; Yellow Puccoon; Indian Turmeric; Eye Balm; Eye
Root. Rhizoma Hydrastis; Radix Hydrastidis. Fr. Hydrastis.
Ger. Hydrastisrhizome; Gelbwurzel; Goldsiegelwurzel; Blutkrautwurzel. It. Idraste. Sp. Rizoma de hidrastis.

Hydrastis canadensis was known to the Cherokee Indians long before the discovery of America.
They employed its underground portion alike for
dyeing and as an internal remedy and made the
early settlers acquainted with most of its valuable
properties. It is a small, herbaceous, perennial
plant, with a thick, fleshy, yellow rhizome, from
which numerous long rootlets arise, and an erect,
simple, pubescent stem from six inches to a foot
or more in height. There are usually but two
leaves, which are unequal, one sessile at the top
of the stem, the other attached to the stem a short
distance below by a thick roundish footstalk,
causing the stem to appear as if bifurcate near
the summit. The leaves are pubescent, roundedcordate, with from three to seven, but generally
five, lobes, which are pointed and unequally serrate. A solitary greenish-white flower stands upon
a peduncle rising from the base of the upper leaf.
It is without corolla, but with a greenish-white
calyx, the sepals of which closely resemble petals,
and are very caducous, falling very soon after the
flower has expanded. The fruit is a globose, compound crimson berry, half an inch or more in
diameter, composed of many fleshy carpels, each
tipped with a short curved beak, and containing
one or rarely two seeds. The plant is native to
moist, rich woodlands of eastern North America,
and at one time was abundant in the territory
bordering the Ohio River from Illinois to Virginia. Most of the wild growing plants are now
nearly exterminated, a few stands persisting in
West Virginia, Ohio, Kentucky and Indiana. The
fruit bears a close resemblance to the raspberry,
but is not edible. The Indians employed it for
cuticle staining and dyeing their garments yellow
under the name of yellow puccoon, and it is said
to impart a rich and permanent yellow, and with
indigo a fine green, to wool, silk, and cotton.
There is but one other species of Hydrastis known
— viz., H. jezoensis Sieb. et Zucc. which is found
in northern Japan.
As the natural supplies of hydrastis are becom-
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ing limited many experiments in the cultivation of
hydrastis have been made. It can be grown from
cuttings of the rhizome and from seed. It furthermore can be grown with the natural shade of the
woodlands or by means of artificial shade. The
important articles on the cultivation of hydrastis
are: Van Fleet and Klugh, Circ. No. 6, Bureau
of Plant Industry, U. S. Department of Agriculture; Baldwin, Am. J. Pharm., 1913, p. 147, and
Hirose and Langenhan (/. A. Ph. A., 1930, 19,
349). Most of the commercial supplies are now
obtained from cultivated plants. The most extensive area of hydrastis cultivation is the Skagit
Valley farm in Washington, which is stated to
account for 60 per cent of the total cultivated
production of golden seal root in the United
States. Small collections are made in West Virginia, Tennessee, North Carolina, Ohio, Kentucky
and Indiana.
Description. — "Unground Hydrastis shows a
flexuous, subcylindrical rhizome, from 1 to 5 cm.
in length and from 2 to 10 mm. in thickness;
more or less annulate and wrinkled longitudinally;
brown to dusky yellowish orange; marked by
numerous stem-scars or occasional stem or leaf
bases and numerous roots, the latter frequently
broken, leaving circular yellowish brown to yellow
scars or short protuberances. The fracture is short
and waxy. The roots are numerous, filiform, up
to 35 cm. in length and 1 mm. in diameter; curved,
twisted, and matted together or broken. The fracture is short and brittle, and the roots and rhizomes are weak yellowish orange to moderate
greenish yellow internally. Hydrastis has a distinctive odor and a bitter taste." N.F. For histology see N.F. X.
"Powdered Hydrastis is dark yellow to moderate greenish yellow. It shows fragments of starchbearing parenchyma and fibrovascular bundles;
small tracheae with simple pores or spiral thickenings; lignified fibers from 200 to 300 n in length
with thin walls and simple pits; fragments of
tabular-celled cork, and numerous starch grains
from 2 to 15 ji in diameter, nearly spherical,
mostly simple, a few 2- to 6-compound, the larger
grains showing a central cleft. Calcium oxalate
crystals are absent." N.F.
Standards and Tests. — Identification. — (1)
When moistened with water and mounted in sulfuric acid, hydrastis exhibits formation of numerous acicular crystals, some attaining a length of
200 n. (2) When viewed in ultraviolet light,
filtered through a Corex No. 986 or equivalent
filter, broken or abraded surfaces of hydrastis
exhibit a brilliant yellow fluorescence. Foreign
organic matter. — Not over 4 per cent. Acidinsoluble ash. — Not over 3 per cent. N.F.
Gillis and Langenhan reported extensive phytochemical studies of hydrastis (J. A. Ph. A., 1931,
20, 210 and 339).
Assay. — A 10-Gm. sample of hydrastis, in fine
powder, is macerated with 100 ml. of ether in the
presence of ammonia, and the alkaloids in 50 ml.
of the ether solution extracted with 1 per cent sulfuric acid. The acid solution is made ammoniacal
and the alkaloids transferred to ether; extraction
with which is continued until a 5-ml. portion of
the last portion leaves a residue of not more than
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0.6 mg. ; the combined ether extract are filtered,
evaporated and the residue dried at 105° for 2
hours. Specifications of the final extraction with
ether have been developed with a view to limiting
the amount of berberine extracted to a small
amount; the residue by this method consists
chiefly of hydrastine. For details of the development of this assay see Copley, Bull. N. F. Com.,
1946, 14, 149; also Bull. N. F. Com., 1944, 12,
169; 1945, 13, 125.
Constituents. — Hydrastis contains — besides
albumen, starch, fatty matter, resin, yellow coloring matter, sugar, lignin, and various salts — three
alkaloids: hydrastine (see under Hydrastine Hydrochloride), berberine (see under Berberis) and
canadine. Berberine is usually the most abundant,
commonly being present in proportions of from
2 to 4 per cent.
Canadine was discovered by E. Schmidt in
1888. Gadamer (Arch. Pharm., 1901, 239, 648)
demonstrated that canadine from Hydrastis is
levorotatory tetrahydroberberine. The alkaloid
discovered by Hale, and obtained later by Burt
and by Lerchen, and which was named xanthopuccine, is considered to be identical with canadine.
Adulterants. — Because of the high price usually commanded by hydrastis the temptation to
adulteration is very strong. Among the adulterants which have been reported are the berberinecontaining rhizomes of Coptis teeta, Xanthorrhiza
simplicissima, Poeonia officinalis, all of the RanunculacecB, and also the Jeffersonia diphylla (L.)
Pers., commonly called Twin Leaf. For further
account of the adulterants of this drug see Blague
and Maheu, Bull. sc. Pharmacol., 1926, 33, 375.
Uses. — The effects of hydrastis are, probably,
chiefly those of hydrastine and, to a lesser extent,
of berberine; canadine is of minor importance.
Summarizing his review of the literature pertaining to the pharmacology and therapeutics of
hydrastis and its alkaloids Shideman (Bull. N.F.
Com., 1950, 18, 3) states as follows: (1) Hydrastis appears to have little effect on the central
nervous system unless given in toxic doses, when
it produces convulsions; (2) parenteral administration of the fluidextract produces little or no
effect in the possible therapeutic dose range
unless it is given intravenously when hypotension
results, this hypotensive action being probably
due to a direct myocardial depressant effect of
the crude drug; (3) although no conclusions may
be drawn in regard to its uterine action, all reported results agree that it produces depression
of intestinal smooth muscle.
Clinical usage of hydrastis is based largely on
empiric observations; the available evidence is
sometimes conflicting and in other instances suggests the uncertainty and variability of the effects
produced by the drug. Hydrastis has been employed to check internal hemorrhage, as a bitter
stomachic, and locally in the treatment of "catarrhal" conditions, particularly of the genitourinary tract. If it is true, as has been claimed,
that hydrastis increases the tonus and excites
rhythmic contractions of the uterus it is conceivable that it exercises a uterine hemostatic effect
through compression of blood vessels.
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Dose, of hydrastis, from 1 to 2 Gm. (approximately 15 to 30 grains).
HYDRASTIS

FLUIDEXTRACT.

N.F.

Goldenseal Fluidextract, [Fluidextractum Hydrastis]

"Hydrastis Fluidextract yields, from each 100
ml., not less than 2.25 Gm. and not more
than 2.75 Gm. of the ether-soluble alkaloids of
hydrastis." N.F.
Extractum
Fluidum. Fr. Extrait
fluide fluido
d'hydrastis.
Get. Hydrastis
Hydrastisfluidextrakt.
It. Estratto
di idraste. Sp. Extracto de hidrastis, fluido.

Prepare the fluidextract from hydrastis, in moderately coarse powder, by Process A, as modified
for assayed fluidextracts (see under Fluidextracts), using a menstruum of 2 volumes of alcohol and 1 volume of water. Macerate the drug
during 48 hours, then percolate slowly. Adjust the
concentrated liquid to contain, in each 100 ml.,
2.5 Gm. of the ether-soluble alkaloids of hydrastis,
and 54 per cent, by volume, of C2H5OH. N.F.
Alcohol Content. — From 51 to 57 per cent,
by volume, of C2H5OH. N.F.
This preparation is probably equivalent to
hydrastis in therapeutic activity. The dose is 2 ml.
(approximately 30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
DILUTED

HYDRIODIC

ACID.

N.F.

[Acidum Hydriodicum Dilutum]

"Diluted Hydriodic Acid is a solution containing, in each 100 ml., not less than 9.5 Gm. and
not more than 10.5 Gm. of HI. and not less
than 600 mg. and not more than 1.0 Gm. of
HPH2O2. "Caution.— Diluted Hydriodic Acid
must not be dispensed or used in the preparation
of other products if it contains free iodine." N.F.
Sp. Acido Yodhidrico Diluido.

Hydriodic acid, discovered by Clement and
Desormes in 1813, may be prepared in a number of ways. The usual method consists in passing
hydrogen sulfide into an aqueous suspension of
iodine until the latter has been consumed in the
following reaction:
H2S + I2 -» 2HI + S
The precipitated sulfur is removed by filtration,
and excess hydrogen sulfide expelled by heating
the filtered hydriodic acid. Purification is effected
by distillation. Another method of preparation
involves hydrolysis of phosphorus triiodide, which
is made by direct combination of red phosphorus
and iodine. Hydriodic acid may also be formed
by direct combination of hydrogen and iodine,
using a palladium or platinum catalyst.
The U.S. P. formerly specified a process for preparing a 10 per cent acid. In that method potassium iodide was reacted in molecular proportions
with tartaric acid in a hydroalcoholic medium.
Potassium bitartrate, relatively insoluble in the
solvent,solved : precipitated, leaving hydrogen iodide dis-
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2KI + 2H2C4H4O6 -> 2KHC4H4O0

+ 2HI

The solubility of the bitartrate was further decreased by cooling. After filtering the solution,
heating it to expel alcohol, and adjusting to the
proper strength by dilution, hypophosphorous acid
was added as a preservative.
As Husa has pointed out (/. A. Ph. A., 1931,
20, 759) the official acid may be made from
hydriodic acid now commercially available as a
forty-five per cent acid. This commercial acid is
also preserved by hypophosphorous acid.
Constant boiling hydriodic acid boils at 127°
under a pressure of 774 mm., has a specific gravity
of 1.708 and contains 57.0 per cent HI.
Description. — "Diluted Hydriodic Acid is a
colorless or not more than pale yellow, odorless
liquid. Its specific gravity is about 1.1." U.S. P.
Standards and Tests. — Identification. — Diluted hydriodic acid responds to tests for iodide.
Residue on ignitiqn. — Not over 100 mg. of residue from 5 ml. of the acid. Chloride. — The limit
is 700 parts per million. Free iodine. — Addition
of starch T.S. to diluted hydriodic acid produces
no blue color. Sulfate. — The limit is 90 parts
per million. Arsenic. — The limit is 0.4 part per
million. Barium. — No turbidity develops on adding diluted sulfuric acid to diluted hydriodic
acid. Heavy metals. — The limit is 10 parts per
million. Limit of hypophosphorous acid. — 5 ml.
of diluted hydriodic acid is treated with hydrogen
peroxide solution, which oxidizes the hydriodic
acid to iodine and the hypophosphorous acid to
phosphoric acid. The mixture is heated to volatilize the iodine, and the phosphoric acid is precipitated as ammonium phosphomolybdate ; the
amount of the latter is determined by dissolving
it in a measured excess of 0.5 N sodium hydroxide
and titrating the excess alkali with 0.5 N sulfuric
acid. U.S.P.
Assay for hydriodic acid. — The Volhard
method is employed in determining the concentration of hydriodic acid; an excess of 0.1 N silver
nitrate is added to 5 ml. of diluted hydriodic acid,
the mixture heated until the precipitate has a
bright yellow color and, after cooling, the residual
silver nitrate is estimated by titration with 0.1 N
ammonium thiocyanate using ferric ammonium
sulfate T.S. as indicator. Each ml. of 0.1 N silver
nitrate represents 12.79 mg. of HI.
Incompatibilities. — Diluted hydriodic acid is
incompatible with oxidizing agents in general,
such as chlorates, nitrates, permanganates, hydrogen dioxide, etc., which liberate iodine. It is
also incompatible with salts of mercury, bismuth,
and cupric and ferric salts.
Uses. — Diluted hydriodic acid was introduced
into use as a medicine by Andrew Buchanan, of
Glasgow. The acid is capable of producing the
effects of iodide ion, but its acidity is a serious
objection to the use of the large amounts which
would be required. An additional objection is its
instability. In the form of the syrup it is used
for its expectorant effect.
The acid has been given in doses of 0.6 to 1.3
ml. (approximately 10 to 20 minims) three times
daily, well diluted.

Storage.-^'Preserve "in tight containers, at a
temperature not above 30°." N.F.
HYDRIODIC

ACID

SYRUP.

N.F.

[Syrupus Acidi Hydriodici]

"Hydriodic Acid Syrup contains, in each 100
ml., not less than 1.3 Gm. and not more than 1.5
Gm. of HI." N.F.
Mix 140 ml. of diluted hydriodic acid with 550
ml. of purified water, and dissolve 450 Gm. of
sucrose in this mixture by agitation. Add enough
purified water to make 1000 ml. and filter. N.F.
It is a known fact that in the absence of hypophosphorous acid aqueous solutions of hydriodic
acid do not liberate free iodine if sucrose is present; this is because the dextrose produced by the
inversion of sucrose in the acid medium reduces
any free iodine that may be produced. But such
solutions do show discoloration because of decomposition ofthe levulose formed by the inversion;
the same reaction occurs also in the official syrup
made with diluted hydriodic acid containing hypophosphorous acid. Since the latter effectively
stabilizes hydriodic acid against the liberation of
iodine it is apparent that the use of sucrose for
this purpose is unnecessary. Husa and Klotz (/. A.
Ph. A., 1935, 24, 45) accordingly investigated the
possibility of using dextrose, which does not produce the discoloration observed with levulose, as
the means of conferring the properties of a syrup
on this preparation; they found that greatly increased stability results if sucrose is replaced by
700 Gm. per liter of dextrose. Ewing and Graves
(Bull. N. F. Com., 1951, 19, 102) found the
formula of Husa and Klotz to be the most stable
of many which have been proposed; the former
recommended, however, a syrup containing 600
Gm. of dextrose per liter as more nearly approximating the specific gravity, viscosity and sweetness of the official syrup. Ewe (/. A. Ph. A., 1931,
20, 360) reported that replacement of the sugar
with glycerin also produces a permanent colorless
preparation.
Description. — "Hydriodic Acid Syrup is a
transparent, colorless, or not more than pale,
straw-colored, syrupy liquid. It is odorless and has
a sweet, acidulous taste. Hydriodic Acid Syrup
has a specific gravity of about 1.18." N.F.
Standards and Tests. — Identification. — On
mixing 5 ml. of hydriodic acid syrup with a few
drops of starch T.S. and adding 3 drops of chlorine T.S. the liquid acquires a deep blue color.
Free iodine. — No blue color is produced in hydriodic acid syrup by starch T.S. U.S.P.
Assay. — A 25-ml. portion of hydriodic acid
syrup is assayed by the method described in the
preceding monograph. U.S.P.
Incompatibilities. — Hydriodic acid syrup is
decomposed by oxidizing agents which liberate
from it elemental iodine. When used as a vehicle
for a high concentration of a codeine salt precipitation, probably of a codeine hydriodide, may
occur, especially at lower temperatures.
Uses. — Hydriodic acid syrup possesses the
general therapeutic properties of the iodides, when
used in a sufficient dose. As it contains 1.4 per
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cent w/v of absolute hydriodic acid, for practical
purposes a teaspoonful may be considered to represent somewhat more than 60 mg. (approximately 1grain) of potassium iodide. It is evident
that the doses in which it is usually administered
are too small. The syrup is frequently employed
as an expectorant vehicle. It should be well diluted
at the time of administration, to prevent the possibility of injury to teeth.
Dose, from 4 to 8 ml. (approximately 1 to 2
fluidrachms) .
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." N.F.
HYDROCHLORIC ACID.
U.S.P., B.P., LP.
[Acidum Hydrochloricum]

"Hydrochloric Acid contains not less than 35
per cent and not more than 38 per cent, by
weight,
of HC1." U.S.P. The B.P. and LP. rubrics
are the same.
Muriatic Acid; Chlorhydric Acid. Acidum Muriaticum;
Acidum Chlorhydricum Solutum Depuratum; Acidum Hydrochloratum. Fr. Acide chlorhydrique officinal; Acide
chlorhydnque
Solution
aqueuse officinale d'acide
chlorhydrique. Ger.pur;
Salzsaure
; Chlorwasserstoffsaure.
It. Acido
cloridrico. Sp. Acido clorhidrico; Acido hidroclorico.

Hydrochloric acid, an important normal constituent ofthe gastric juice of all mammals, occurs
also in volcanic exhalations and in the waters of
streams in volcanic regions.
The acid was originally described by Valentine
in the 15th century. He obtained it by distilling
a mixture of sodium chloride and ferrous sulfate,
calling the distillate spirit of salt.
For years hydrochloric acid was obtained on a
commercial scale as a by-product of the LeBlanc
process for the production of alkali from common
salt. Sodium chloride, when reacted with sulfuric
acid, produces sodium sulfate and hydrogen chloride gas. The former was used to produce sodium
hydroxide by suitable reactions and the latter,
when absorbed in water, formed hydrochloric
acid. At the time when this process was important
economically, the production of hydrochloric acid
exceeded the consumption and methods were devised by Weldon and Deacon for converting the
acid into chlorine gas which in turn was used
chiefly in the production of bleaching powder.
The alkali industry, however, has undergone
considerable change and the LeBlanc process is
operated only for the production of "salt-cake"
(sodium sulfate) which is used chiefly in the glass
and paper pulp industries. The major portion of
the hydrochloric acid of commerce is no longer a
by-product of this process.
Alkalies are manufactured at the present by the
Solvay process and by the electrolytic process.
The latter method consists in passing an electric
current through a solution of common salt. Sodium hydroxide solution forms at the negative
electrode (the cathode) as hydrogen gas is
evolved, and chlorine gas is liberated at the positive electrode (anode). The two elements constituting hydrogen chloride are thus the by-products of the electrolytic alkali process. Much of
the acid of commerce is now made by direct union
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of the elements by the burning of chlorine in
hydrogen. Special types of burners, which resemble Bunsen burners, are used; and two procedures may be followed: one in which the burning is conducted with an excess of hydrogen which
is regained after absorption of the hydrogen chloride, and the other in which the excess hydrogen
is allowed to burn in air. The latter procedure is
free from the dangers of explosion. Ihe hydrogen
chloride so produced is of a high degree of purity
and hydrochloric acid of reagent grade may be
prepared. This fact, in itself, is a decided advantage since the hydrochloric acid of the LeBlanc
process is frequently contaminated, particularly
with arsenic compounds which are derived from
the sulfuric acid used in the reaction. Other methods for the manufacture of hydrochloric acid include its production from chlorine and steam,
using iron compounds as catalysts; it is also obtained as a by-product in the chlorination of
hydrocarbons such as pentane and benzene.
Constant boiling hydrochloric acid boils at 110°,
at a pressure of 760 mm., and has a specific
gravity of 1.10 and a content of 20.24 per cent
of hydrogen chloride. Its composition remains
unchanged on evaporation under normal atmospheric pressure; solutions containing less than
20.24 per cent HC1 become stronger on evaporation, those containing more HC1 become weaker
until, in both cases, the composition corresponding to that of the constant boiling acid is reached.
Description. — "Hydrochloric Acid is a colorless, fuming liquid having a pungent odor. The
fumes and odor of the Acid disappear when it is
diluted with 2 volumes of water. It is acid to
litmus even when highly diluted. The specific gravity of Hydrochloric Acid is about 1.18." U.S.P.
Standards and Tests. — Identification. — Hydrochloric acid responds to tests for chloride.
Residue on ignition. — Not over 2 mg. of residue
remains when 20 ml. of hydrochloric acid is evaporated to dryness and ignited after adding 2 drops
of sulfuric acid. Bromide or iodide. — Addition of
chlorine T.S. to a dilute solution of hydrochloric
acid does not liberate bromine or iodine, as evidenced by failure to produce a yellow, orange or
violet color in chloroform. Free bromine or chlorine.— No violet color is produced in chloroform
when the latter, together with potassium iodide
T.S., is added to a dilute hydrochloric acid solution. Sulfate. — No turbidity or precipitate forms
in an hour on adding barium chloride T.S. to a
dilute hydrochloric acid solution. Sulfite. — Neither
turbidity nor decoloration of iodine results when
0.1 N iodine is added to the liquid from the preceding test. Arsenic. — The limit is 0.6 part per
million.
million. Heavy
U.S.P. metals. — The limit is 5 parts per
Pure hydrogen chloride is a colorless gas posses ing a very pungent odor. Under a pressure of
40 atmospheres, and at a temperature of 10°, it
changes to a transparent liquid.
Muriatic acid, thus named by Priestley (from
murum, the old name of chlorine, which in turn
was derived from the Latin murias, brine), is a
commercial form of hydrochloric acid. It has a
yellowish color from the presence of ferric chlo-
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ride, or of a minute proportion of organic matter,
such as cork, wood, etc. It usually contains traces
of sulfuric acid, sometimes free chlorine and
nitrous acid, and other impurities. It is much used
industrially but is entirely unfit for medicinal use.
Assay. — A 3-ml. sample of hydrochloric acid
is weighed in distilled water, and the acid titrated
withindicator.
1 A' sodium
methylhydroxide
red T.S.
as
Eachhydroxide,
ml. of 1 using
N sodium
represents 36.46 mg. of HC1. U.S.P.
Uses. — Hydrochloric acid is used medicinally
only in the form of diluted hydrochloric acid (see
the following monograph).
Toxicological Properties. — Hydrochloric
acid is highly irritating and corrosive, but less so
than sulfuric or nitric acid. When swallowed it
produces hiccough, retching, and agonizing pain
in the stomach. There is much thirst, with great
restlessness, a dry and burning skin, and a small
pulse. At first white vapors having a pungent odor
will be emitted from the mouth. The best antidote is milk of magnesia; sodium bicarbonate is
dangerous because the large quantity of CO2 gas
evolved in reacting with the acid may cause
perforation and peritonitis. In the course of the
treatment, bland and mucilaginous drinks must be
freely given. Milk, egg-white and gruel may be
employed as demulcents.
Schwartz (Arch. Dermat. Syph., 1944, 50, 25)
reported acute dermatitis with melanosis, photosensitization and chloracne due to industrial exposure to hydrochloric acid.
Storage.
— Preserve "in tight containers."
US.P.

DILUTED

HYDROCHLORIC
N.F. (B.P., LP.)

ACID.

[Acidum Hydrochloricum Dilutum]

"Diluted Hydrochloric Acid contains, in each
100 ml., not less than 9.5 Gm. and not more than
10.5 Gm. of HC1." N.F. Both the B.P. and the
LP. require for Dilute Hydrochloric Acid a 10
per cent w, w content of HC1 (limits, 9.5 to 10.5) ;
this is somewhat more concentrated than the
U.S. P. preparation, which is calculated on a w/v
basis.
B.P., LP. Dilute Hydrochloric Acid. Acidum Chlorhydricum Dilutum; Acidum Hydrochloratum Dilutum. Fr.
Acide chlorhydrique dilue ; Solution aqueuse, au dixieme,
d'acide chlorhydrique. Ger. Verdunnte Salzsaure. It. Acido
cloridrico diluito. Sp. Acido clorhidrico diluido.

Diluted hydrochloric acid may be prepared by
mixing 234 ml. of hydrochloric acid with sufficient
purified water to make 1000 ml. N.F.
Description. — '"Diluted Hydrochloric Acid is
a colorless, odorless liquid. Its specific gravity is
about 1.05." N.F.
The standards, tests, and assay are the same as
those described under Hydrochloric Acid, allowance being made for the difference in concentration.
Uses. — Action. — Hydrochloric acid is secreted
by the glands of the stomach; it is essential for
the activation of pepsinogen. Cannon showed that
free acid in the pyloric portion of the stomach
leads to a relaxation of the pylorus and that when
the duodenal contents have become acid through

discharge of the gastric contents there is a closing of this orifice. Moreover, hydrochloric acid
forms with the duodenal mucous membrane a
hormone known as secretin, and perhaps also
others (Ivy, Fhila. Med., 1944, 40, 467; which
stimulate the pancreas. In some cases of gastric
indigestion, and probably also of intestinal indigestion, the cause of the disturbance is a diminution in the amount of hydrochloric acid secreted.
Achlorhydria. — The most important use of
hydrochloric acid in medicine is in the treatment
of the achlorhydria or hypochlorhydria gastrica
in atrophic gastritis, primary pernicious anemia,
superficial gastritis, etc. It may improve the digestion, and thereby the nutrition in chronic
febrile diseases, such as phthisis and undulant
fever, during convalescence from acute illnesses
and in other forms of malnutrition. With the
advent of specific antibacterial therapy and the
shortening of most febrile illnesses, the increased
knowledge of nutrition, and the availability of
parenteral solutions and vitamins, slow convalescence and prolonged secondary malnutrition are
much less common in medical practice. The need
for, and hence the use of, non-specific digestive
aids has become infrequent. Achlorhydria gastrica isfound in about 4 per cent of young adults
and in from 25 to 30 per cent of persons after
45 years of age (Ann. Int. Med., 1939, 12, 1940).
Despite the absence of free hydrochloric acid in
the gastric juice, even after the hypodermic injection of histamine, many of these persons experience no digestive symptoms. In a study of
210 patients with achlorhydria, Bockus et al.
{Am. J. Med. Sc, 1932, 184, 185) observed intermittent diarrhea in 10 per cent, constipation
in 35 per cent, and an abnormally rapid rate of
gastric emptying in 40 per cent. Upper abdominal
distress after meals, simulating the symptoms of
peptic ulcer, may be associated with achlorhydria.
Failure of the gall bladder (atonic biliary dyskinesia) or the pancreas to function normally has
been demonstrated in some of these patients. In
the majority of patients, diarrhea or the other
symptoms are relieved by administration of diluted hydrochloric acid. The acid combines rapidly
with food and does not remain as "free acid."
To produce an acidity sufficient to activate pepsinogen (pH 2 or less) or to approach the usual
acidity of 0.2 to 0.3 per cent hydrochloric acid
in the gastric juice during digestion often required impractical doses of as much as 35 ml. of
diluted hydrochloric acid (Ann. Int. Med., 1943,
18, 182). On this basis the frequently prescribed
and often effective doses of 5 to 10 drops seem
futile.
Pernicious Anemia. — Numerous authors concur in the value of hydrochloric acid in pernicious
anemia. It is not obvious how the drug acts but
clinical experience indicates its value, if given in
sufficient doses, in the relief of dyspeptic symptoms which persist despite adequate dosage of
liver (Med. Clin. North America, 1945, 28, 229).
In some patients use of diluted hydrochloric acid
aggravates, or may actually induce, dyspeptic
symptoms. It should be prescribed for all cases
showing evidence of combined sclerosis of the
spinal cord. Otherwise, it is prescribed only for
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patients with persisting dyspeptic symptoms despite correction of the anemia. The dose of 2 to
8 ml. should be diluted with 200 to 250 ml. of
cold water or citrus fruit juice and sipped throughout the meal rather than taken at one time. To
avoid the effect of acid on the teeth, a straw
should be used. Some deny the efficacy of this
therapy {Ann. Int. Med., 1944, 74, 45).
Antiseptic Action. — Hydrochloric acid, like
other strong acids, is actively germicidal. Loessl
{Zentralbl. Chir., 1929, 56, 2762) recommended
a 1 in 20,000 solution as a surgical antiseptic. He
claimed this solution to be non-irritating and
clinically superior to the surgical solution of
chlorine. Meyer and Vicher {Arch. Surg., 1943,
47, 468) found a 0.5 per cent solution to be an
efficient germicide on the skin. Mellanby {Brit.
M. J., 1942, 2, 1) reported that the treatment of
scabies with sodium thiosulfate and hydrochloric
acid was troublesome and unsatisfactory.
Miscellaneous Uses. — In 1931 Ferguson
stated that the intravenous injection of hydrochloric acid stimulated leukocytosis and was valuable in the treatment of various infections. The
reaction is probably of the same type as that
which follows the injection of foreign proteins
(for literature, see J.A.M.A., 1934, 102, 535).
McGilvra asserted that the intravenous injection
of a few drops of diluted hydrochloric acid
causes rapid recovery from anesthesia. Shambaugh and Boggs {J. A.M. A., 1934, 102, 1292),
however, were unable to demonstrate any effect
of the acid in narcosis of ether, tribromethanol,
or pentobarbital. lY]
The usual dose of diluted hydrochloric acid is
4 ml. (approximately 1 fluidrachm), with a range
of 0.6 to 8 ml.; the dose should be well diluted.
Storage. — Preserve "in tight containers." N.F.
HYDROCORTISONE.
U.S.P.

17-Hydroxycorticosterone; A4-Pregnene-1 1/5,1 7a, 21 -triol-3,20-dione. Kendall's Compound F. Reichstein's Substance
M. Cortef (Upjohn); Hydrocortone (Sharp & Dohme).

The isolation of hydrocortisone from adrenal
glands and the possibility that it is the predominant glycocorticoid secreted by the mammalian
adrenal cortex is discussed under Uses, in this
monograph. It has been produced commercially
by biosynthesis from minced hog adrenals, which
are sprayed with desoxycorticosterone (prepared
from vegetable steroids), aerated, and incubated,
after which hydrocortisone and other hormones
are extracted (see Chem. Eng. News, 1951, 29,
4000). It may also be prepared by synthesis, by
one method being prepared in 7 steps from 20cyano-17-pregnene-21-ol-3,ll-dione (see Wendler
et al., J.A.C.S., 1950, 72, 5793; also Sarett, ibid.,
1948, 70, 1454).
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Hydrocortisone differs structurally from cortisone in that the ketone group at carbon atom 11
in cortisone has been reduced to an alcohol
group, thereby adding two atoms of hydrogen,
for which reason the reduced product is called
hydrocortisone.
Description. — "Hydrocortisone is a white to
practically white, odorless, crystalline powder.
Hydrocortisone is insoluble in water. One Gm.
dissolves in 40 ml. of alcohol and in about 80 ml.
of acetone. It is slightly soluble in chloroform, and
practically insoluble in ether. Hydrocortisone
melts between 212° and 220°." U.S.P.
The solubility of hydrocortisone (free alcohol)
has been reported by Macek et al. {Science, 1952,
116, 399) to be as follows: in water, 0.28 rug.
per ml.; in human plasma, 0.70 mg. per ml.; in
human synovial fluid, 0.25 mg. per ml. The corresponding solubilities of hydrocortisone acetate
are 0.01 mg., 0.02 mg., and 0.04 mg., per ml.,
respectively, in the liquids mentioned.
Standards and Tests. — Identification. — (1)
On heating a methanol solution of hydrocortisone
with a sulfuric acid solution of phenylhydrazine
a yellow color is produced. (2) A solution of 2
mg. of hydrocortisone in 2 ml. of sulfuric acid
has a yellow to brownish yellow color with a
green fluorescence (cortisone acetate gives a
colorless solution at first, becoming yellow in
about a minute, but shows no green fluorescence).
Specific rotation. — Not less than +150° and not
more than +156°, when determined in a dioxane
solution containing 100 mg. in 10 ml. and calculated on the dried basis. Absorptivity. — The absorptivity (1%, 1 cm.) at 242 mn, determined
in a methanol solution containing 0.01 mg. of
hydrocortisone in each ml. but calculated on the
dried basis, is between 428 and 450. Loss on drying.— Not over 1 per cent, when dried in vacuum
at 100° for 4 hours. Residue on ignition. — The
residue from 100 mg. is negligible. U.S.P.
Uses. — The glycocorticoid hormone hydrocortisone has qualitatively the same actions and
uses as cortisone. Both the free alcohol and the
acetate of hydrocortisone are used medicinally;
the acetate has the advantage of greater chemical
stability but the disadvantage, apparently arising
from its substantially smaller solubility in aqueous
media and hence probable lesser absorption, of
being considerably less potent than hydrocortisone when administered orally. Hydrocortisone
(the free alcohol) is therapeutically active when
given orally, being more effective than cortisone
acetate; hydrocortisone acetate, on the other
hand, is considerably less effective than hydrocortisone (alcohol form) and somewhat less effective than cortisone acetate, the comparison of
these substances being on the basis of oral administration ineach case. Moreover, hydrocortisone acetate is practically unabsorbed and ineffective when administered intramuscularly.
When required for acute crises of adrenal insufficiency in Addison's disease or during surgical
adrenalectomy procedures intravenous administration of the alcohol form of hydrocortisone provides the most rapid and effective dosage form
of glycocorticoid action. For topical application
to the conjunctiva, skin and synovial cavities
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hydrocortisone acetate not only possesses greater
inherent therapeutic activity than cortisone acetate but its low solubility and slow absorption
enhance its local action.
Isolation and Occurrence. — Hydrocortisone
was isolated from adrenal tissue by Reichstein
(Helv. chim. acta, 1937, 20, 953), Mason et al.
(J. Biol. Chetn., 1938, 124, 459), and Kuizenga
and Cartland (Endocrinology, 1939, 24, 526). It
was isolated from the urine of a patient with
Cushing's syndrome (Mason and Sprague, J. Biol.
Chem., 1948, 175, 451) and also from normal
human urine (Schneider, ibid., 1952, 199, 235).
It is the principal corticoid found in perfusates
of isolated beef adrenal gland (Hechter et al.,
Recent Progress in Hormone Research, 1951, 6,
215) and in adrenal venous blood in vivo (Reich
et al., J. Biol. Chem., 1950, 187, 411; Bush,
/. Endocrinol., 1953, 9, 95), and in peripheral
blood (Savard et al., Endocrinology, 1952, 50,
366). Hence there is reason to believe that hydrocortisone isthe predominant glycocorticoid secreted by the mammalian adrenal cortex. Of the
13 ± 6 micrograms of 17-hydroxy corticosteroids
per 100 ml. of plasma found in normal humans
(Bliss et al., J. Clin. Inv., 1953, 32, 818) the
predominant constituent is hydrocortisone. In patients with Addison's
no 17-hydroxycorticosteroids
can be disease
demonstrated
in blood
plasma, while in cases of Cushing's syndrome the
concentration is increased above the normal range
(Perkoff et al., Arch. Int. Med., 1954, 93, 1). In
a variety of other diseases, including disorders of
other endocrine glands, the content of 17-hydroxycorticosteroids is within the normal range except
during the hours just before death. In normal
individuals the concentration of these steroids is
highest in the morning and decreases during the
day.
Absorption. — Certain aspects of absorption
have been referred to in the opening paragraph
of this section. Comparative data concerning absorption of the alcohol and acetate forms of
hydrocortisone and cortisone are not complete,
and certain of the published reports are difficult
to reconcile with clinical experiences. As was mentioned, hydrocortisone acetate has practically no
systemic action following intramuscular injection
(Salassa et al., J. Clin. Inv., 1952, 31, 658). Being
only about one-seventh as soluble as cortisone
acetate in body fluids may explain the poor absorption of hydrocortisone acetate (Hollander
et al., I.A.M.A., 1951, 147, 1629). On the other
hand, however, Conn et al. (J. Lab. Clin. Med.,
1951, 38, 799) reported the metabolic effects of
hydrocortisone acetate after oral administration
to be equal in intensity to those following oral or
intramuscular administration of the alcohol form
of hydrocortisone. On continuous intravenous administration ofthe alcohol forms of hydrocortisone and cortisone, respectively, Ingle et al.
(Proc. S. Exp. Biol. Med., 1951, 78, 79) found
the former to be about twice as active on work
performance of adrenalectomized rats; this has
been confirmed in man by Thorn and his associates (New Eng. I. Med., 1953, 248, 417) on the
blood eosinophil response and on other metabolic
criteria (Conn, Tr. Third Con}. Adrenal Cortex,
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J. Macy Jr. Found., 1952, p. 187). The plasma
17-hydroxycorticosteroid concentration following
oral administration of either hydrocortisone or its
acetate rises to a peak at about 1 hour and returns to the initial level in 4 to 8 hours but no
rise was detected after intramuscular injection of
the acetate (Nelson et al., J. Clin. Inv., 1952,
194, 407).
Intermediary Metabolism. — The probability
that hydrocortisone is the principal corticoid secreted by the mammalian adrenal cortex has
been mentioned. Its concentration in the different
tissues in which it is found is increased following
the action of corticotropin. It is formed from
acetate, as demonstrated by use of the radioactive
carbon- 14-labeled compound, by slices of hog
adrenal tissue (Haines, Recent Progress in Hormone Research, 1952, 7, 255) and in perfusion
of beef adrenal glands (Hechter et al., loc. cit.);
it is formed to an even greater extent from
cholesterol, under the same conditions. These observations suggest that there may be different
pathways of synthesis. Furthermore, both progesterone and ll-desoxy-17-hydroxycorticosterone
(see under Desoxycorticosterone Acetate) increase
the production of hydrocortisone in perfusion experiments and in adrenal homogenates. Hydrocortisone israpidly metabolized by homogenates
of rat liver or by perfusion through rat liver, the
ketonic group of ring A being reduced to alcohol
and the side chain at carbon atom 17 being degraded. Following administration of hydrocortisone, cortisone or corticotropin the reduction
product pregnane-3a,llp,17a.21-tetrol-20-one and
the reduced and degraded compound etiocholane3a,ll3-diol-17-one, particularly the latter, are
found in urine, along with hydrocortisone itself
and llp-hydroxyandrosterone (Burstein et al.,
Endocrinology, 1953, 52, 448).
Excretion. — Administration of hydrocortisone
to patients with Addison's disease, or in large
doses to normal humans, increases urinary excretion of 17-ketosteroids and also of steroids with
an a-ketol side chain at carbon atom 17. As is
also the case when cortisone is administered to
the normal person, the content of 17-ketosteroids
may decrease after giving small doses of hydrocortisone. As has been noted, hydrocortisone is
found in the urine of normal humans, patients
with Addison's disease, patients with Cushing's
syndrome, and in normal subjects receiving cortisone. Also, administration of hydrocortisone
results in increased amounts of cortisone in the
urine. Both cortisone and hydrocortisone undergo
similar modifications in body tissues. In Thorn's
castrated and adrenalectomized patient with carcinomatosis, agreater increase in urinary androgenic activity followed the use of hydrocortisone
than when cortisone was employed but the activity
was still much less than that in a normal male
(Munson et al., cited bv Thorn et al., New Eng.
J.Med., 1953,248,376).
Action. — The metabolic action of hydrocortisone differs only quantitatively from that of
cortisone (Pearson et al., J. Clin. Inv., 1951, 30,
665; Fourman et al., ibid., 1950, 29, 1462; Perera
et al., Proc. S. Exp. Biol. Med., 1951, 77, 326:
Conn et al., Science, 1951, 113, 713). Consider-
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ing the potent topical action of hydrocortisone
and its greater systemic activity, Pincus (/. Clin.
Endocrinol, 1952, 12, 1187) suggested that cortisone may be converted to hydrocortisone in the
body, or that when locally applied hydrocortisone
is converted more readily than cortisone to some
more active substance; it may be noted, however,
that cortisone is to some extent effective on
topical application. As with cortisone, hydrocortisone causes decreased carbohydrate tolerance,
glycosuria, increased excretion of nitrogen and
uric acid, retention of sodium and chloride and
water, and increased excretion of potassium and
calcium and phosphorus. It corrects the abnormal
response of the patient with Addison's disease to
a large dose of water, inhibits pituitary function
in the adrenogenital syndrome (Wilkins et al.,
J. Clin. Endocrinol., 1952, 12, 257; Jailer et al.,
J. Clin. Inv., 1952, 31, 880), and depresses uptake of iodine (measured with radioactive iodine131) by the thyroid (Relman and Schwartz, ibid.,
656). In rheumatoid arthritis Clark et al. {ibid.,
621) reported less euphoria than with cortisone.
Woodbury (/. Clin. Endocrinol, 1952, 12, 924)
reported a lesser effect on the electroshock threshold of rats.
Similar to cortisone, hydrocortisone has antiinflammatory action (Dougherty, Recent Progress
in Hormone Research, 1952, 7, 307; Boland,
J.A.M.A., 1952, 150, 1281), and antiallergic action (Goldman et al, ibid., 30; Rosenthal et al,
Lancet, 1952, 1, 1135), and it dissolves lymphoid
tumors (Pearson and Eliel, Recent Progress in
Hormone Research, 1951, 6, 373).
Therapeutic Applications. — Since hydrocortisone has the same metabolic and antiphlogistic
actions as cortisone, it has also the same therapeutic indications. For example, it is effective in
providing symptomatic relief in patients with
rheumatoid arthritis, being more potent than cortisone acetate in this respect (Boland, J.A.M.A.,
1952, 148, 981; ibid., 1952, 150, 1281); it is
also effective in controlling experimental ocular
tuberculosis (Woods and Wood, Arch. Ophth.,
1952, 47, 2 77), and in replacement therapy of
acute adrenal insufficiency (Thorn et al, New Eng.
J. Med., 1953, 248, 420). Schwartz (/. Allergy,
1954, 25, 112) reported relief in 38 of 39 cases
with bronchial asthma and in all 10 cases of ragweed hay fever using an initial daily dose of 80
mg. orally, in divided amounts, rapidly reduced
to a maintenance dose of 40 to 60 mg. daily.
Arbesman and Richard (ibid., 306) reported satisfactory results using a dose two-thirds that required with cortisone acetate.
Hydrocortisone Acetate. — The relative insolubility of hydrocortisone acetate and its high
degree of activity are advantages which have been
effectively utilized in topical application of this
hormone without producing the untoward systemic
effects of excessive glycocorticoid action. For
topical use, microcrystalline suspensions or ointments of hydrocortisone acetate are employed.
For intraarticular injection in the treatment of a
variety of arthritic conditions, Hollander (Ann.
Int. Med., 1953, 39, 735) used a saline suspension
containing 25 mg. of hydrocortisone acetate per
ml. in a dose of 10 to 50 mg., according to the
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size of the joint injected; he administered over
8000 such injections to 852 patients. Relief of
symptoms and signs of inflammation in joint tissues was obtained within a few hours, persisting
for 3 days to several weeks, in cases of rheumatoid
arthritis, osteoarthritis, traumatic arthritis, bursitis, gout, tenosynovitis, lupus erythematosis,
etc. Such local therapy is most useful for monoarticular cases or for incapacitating joint conditions in patients in whom the systemic action
of cortisone or hydrocortisone is contraindicated;
the antiinflammatory action is obviously nonspecific. The technic of intraarticular injections
is described in detail by Hollander (Comroe,
Arthritis and Allied Conditions, 5th edition, 1953).
The microcrystals of hydrocortisone acetate disappear from the synovial fluid within 2 hours
after injection, being adsorbed on the surface of
the synovial membrane. The same joint has been
injected as many as 47 times over a period of
2 years. Efficacy of the treatment has been confirmed (Stevenson et al, Ann. Rheum. Dis., 1952,
11, 112; Kersley and Desmarais, Lancet, 1952, 2,
269). Untoward responses were observed in 2.3
per cent of Hollander's injections, the only common one being an exacerbation of the inflammation for from 2 hours to 3 days, this usually being
followed by improvement over the pre-treatment
state. The only contraindications are the presence
of infection in or near the joint, or such widespread disease as to make local therapy impractical. It has not appeared to be practical to attempt injection of the multiple small articulations
of the spine although small amounts injected into
the vicinity of these joints may relieve pain. In
acute and chronic cases of subdeltoid bursitis,
injection of 25 mg. of hydrocortisone acetate into
the inflamed bursa brought relief of pain and
resolution of the condition usually after the first
injection (Orbach, /. Internal Col. Surg., August
1952) and Becker (Ind. Med., 1953, 22, 555)
reported disappearance of 87 per cent of 30
ganglia (cystic dilatation of a tendon sheath)
following injection of 8 to 12 mg. of hydrocortisone acetate in sterile suspension form in the
ganglion.
In ophthalmologic inflammatory lesions, particularly of the anterior segment of the eye, the
topical efficacy of hydrocortisone is of perhaps
even greater clinical importance since vision is
conserved (Steffensen et al, Am. J. Ophth., 1952,
35, 933). For this purpose a suspension containing 25 mg. per ml. may be diluted with 4 volumes
of 0.85 per cent sterile aqueous sodium chloride
solution or a 1:5000 aqueous solution of benzalkonium chloride and 1 to 2 drops of this preparation instilled into the conjunctival sac every hour
during the day and every 2 to 4 hours during the
night. As with intraarticular injections, hydrocortisone ismore effective than cortisone. A 1.5
per cent ointment of hydrocortisone acetate was
employed by McDonald et al. (Arch. Ophth.,
1953, 49, 400). Topical therapy is effective in
conjunctivitis or keratitis from a variety of
causes, also in milder types of iritis (see table of
therapeutic uses under Cortisone). Ointments or
suspensions containing also an antibiotic, such as
neomycin,
are used similarly. Baer and Lott
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(J. A.M. A., 1954, 155, 973) used ear drops containing 15 mg. of hydrocortisone acetate, 5 mg.
of neomycin sulfate, and 0.2 mg. of myristyl-Ypicolinium chloride per ml. of aqueous suspension
effectively in treating otitis externa. For inflammatory lesions of deeper portions of the eye,
systemic therapy alone or in addition to local
treatment is required.
Dermatitis due to various causes (see under
Cortisone) often responds to topical application
of an ointment containing 2.5 per cent of hydrocortisone acetate; the vehicle may contain lanolin,
liquid petrolatum and white petrolatum where
lubrication is desired, and polyethylene glycol,
propylene glycol, zinc stearate and water where
softening is needed (Sulzberger and Witten, Med.
Clin. North America, March 1954). In atopic and
contact dermatitis, and in pruritus ani and vulvae
an ointment of hydrocortisone acetate has been
found to be particularly effective (see also Alexander and Manheim, /. Invest. Dermat., 1953, 21,
223). Beneficial results have been obtained also
in chronic lichen simplex and in certain other
exudative dermatoses. Improvement usually appeared within 2 to 7 days, but patients often
relapsed about 5 days after discontinuing the
applications. No benefit was observed in psoriasis,
chronic discoid lupus erythematosus, pemphigus
vulgaris and alopecia areata. Robinson and Robinson (J.A.M.A., 1954, 155, 1213) reported relief
during use of hydrocortisone acetate topically in
144 of 172 cases of atopic dermatitis, in 49 of 71
cases of contact dermatitis, in 15 of 17 cases of
stasis dermatitis, and in 45 of 50 cases with
pruritus ani and vulvae ; only in 2 of 14 cases of
discoid lupus erythematosus was benefit obtained
and none was observed in lichen planus, acne
vulgaris, or pityriasis rosea. A 2.5 per cent lotion
of hydrocortisone acetate in a vehicle containing
glycerin, isopropyl alcohol, diglycol stearate, petrolatum, wax. sodium methylparahydroxybenzoate
and water has also been used. Eskind et al. {Arch.
Dermat. Syph., 1954, 69, 410) found that hydrocortisone acetate ointment was no more effective
than a placebo in relieving the pruritus, erythema
and vesiculation of ivy poisoning. Goldman and
Preston (JAMA., 1954, 154, 1348) likewise
found the ointment ineffective but described relief
in 36 of 47 patients following oral administration of 20 mg. of hydrocortisone 5 times daily
for 2 days, followed by the same dose 4, 3 and 2
times daily on the third, fourth and fifth days,
respectively.
Of practical utility for persons who take daily
subcutaneous injections (as of insulin) is the
observation of Cornbleet (J.A.M.A., 1954. 156,
1274) that intracutaneous injection of 2.5 mg. of
hydrocortisone acetate produces an area of hypalgesia persisting for 10 to 14 months. Goldman
(ibid., 1952, 149, 265) reported prevention of
severe irritation in the skin of a sensitive person
following mosquito bites for 4 months after intradermal injection of 0.2 ml. of a 2.5 per cent suspension of hydrocortisone acetate into an area.
Intradermal injection of hydrocortisone inhibits
the tuberculin reaction (Goldman et al., ibid.,
1952, 150, 30). E
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Toxicology. — Hydrocortisone has no untoward
effects other than those of hyperadrenocorticism
if excessive doses are employed systemically; for
precautions in its use see Untoward Effects under
Cortisone Acetate. Following topical therapy with
hydrocortisone acetate, untoward responses may
arise from sensitivity to components of the
vehicles used in the dosage forms.
Keitzer and Cheek (Arch. Int. Med., 1954, 94,
326) caution that a patient under oral cortisone
acetate therapy should not be changed abruptly
to oral hydrocortisone therapy; while a dosage
equivalence, for systemic action, of 65 mg. of
hydrocortisone and 100 mg. of cortisone acetate
was found, these clinicians urge gradual discontinuance of cortisone acetate when it is to be
replaced by hydrocortisone.
Dose. — The usual dose of the alcohol form of
hydrocortisone orally is 10 mg. two to four times
daily, with a range of 5 to 20 mg. The maximum
safe dose is generally 30 mg., and the total dose
in 24 hours seldom exceeds 80 mg. The XX. R.
states that studies thus far indicate that the
clinically effective oral dosage ratio of hydrocortisone (alcohol) to cortisone (acetate) is approximately 1:1.6 (see also the preceding paragraph).
Since hydrocortisone is so active when taken
orally, intramuscular use is seldom practiced. In
the treatment of the crisis of adrenal insufficiency
the alcohol form of hydrocortisone may be given
intravenously in a dose of 25 mg., which is dissolved ina small volume of a hydroalcoholic solution, dispersed in about 120 ml. of isotonic sodium
chloride solution for injection and administered
at a rate of about 12 mg. per hour; ampuls containing 100 mg. of the alcohol form of hydrocortisone, dissolved in 50 per cent ethyl alcohol
to a volume of 20 ml., are commercially available.
For topical uses, including intraarticular injection, the relatively more insoluble hydrocortisone
acetate is preferred and used.
Fluorohydrocortisone Acetate. — The four
9a-halogen derivatives (fluoro-, chloro-, bromo-,
and iodo-) of hydrocortisone and cortisone have
been prepared and found to have adrenocorticallike activity (Fried and Sabo, J.A.C.S., 1954. 76,
1455; Callow et al., Lancet, 1954, 2, 20; Liddle
et al., Science, 1954, 120, 496). The derivatives
of hydrocortisone are more active than those of
cortisone, with fluorohydrocortisone being the
most active. It is more active than desoxycorticosterone acetate in effecting sodium retention
in the adrenalectomized dog and more potent that
cortisone in causing liver glycogen deposition in
adrenalectomized rats and in producing eosinopenia in adrenalectomized dogs. Both the fluoroand chloro-derivatives are more active in the
treatment of Addison's disease than either hydrocortisone or desoxycorticosterone (Lancet, 1954,
2, 26). Fluorohydrocortisone has antirheumatic
action in patients with rheumatoid arthritis
(Boland and Headley. Ann. Rheum. Dis., December 1954, 13; Bunim. ibid., Bayles, ibid.).
Good antirheumatic effect with the very small
doses of 1 or 2 mg. orally, every 6 hours, was
reported (Ward et al., Proc. Mayo, 1954, 29,
649) but there was also troublesome retention of
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sodium, chloride and fluid (edema) and loss of
potassium which precludes successful therapeutic
use except topically in ointments or for intraarticular injection.
Under the trade-marked name Alflorone Acetate (Sharp & Dohme) there have been made
available ointments containing 0.1 or 0.25 per
cent of 9 a-fluorohydrocortisone acetate (also
known by the generic name fludrocortisone acetate) for use in the same manner as ointments of
hydrocortisone acetate. The fluoro-derivative is
claimed to have a degree of inflammatory activity
which makes it as effective as hydrocortisone
acetate in Vio the concentration of the latter. Because of the smaller amount of active principle
required the new ointments are more economical
to use than those of therapeutically effective concentrations ofhydrocortisone acetate. Other preparations ofthe same agent include F-Cortef Ointment (Upjohn), available in 0.1 and 0.2 per cent
concentration, and Florinef Ointment and Lotion
(Squibb), likewise supplied in 0.1 and 0.2 per
cent strength.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
HYDROCORTISONE
U.S.P.

TABLETS.

"Hydrocortisone Tablets contain not less than
90 per cent and not more than 110 per cent of the
labeled amount of C21H30O5." U.S.P.
Assay. — The content of hydrocortisone in the
tablets is determined by measuring the intensity
of the red color produced with triphenyltetrazolium chloride in alcohol solution. U.S.P.
Usual Sizes. — 10 and 25 mg.
HYDROCORTISONE
U.S.P.

ACETATE.

Suspension, Sterile
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sone the absorptivity is 395 ± 10. Loss on drying.
— Not over 1 per cent, when dried in vacuum at
60° for 4 hours. Residue on ignition. — The residue
from 100 mg. is negligible. U.S. P.
Uses. — This relatively insoluble and poorly
absorbed ester of hydrocortisone has, nevertheless, ahigh degree of adrenal glycocorticoid activity in localized areas when it is applied topically
to the skin or conjunctiva or when it is injected
intraarticularly. For application to skin an ointment or lotion is commonly employed; for use
in the eye a suspension or ointment is used; for
intraarterial injection an aqueous suspension is
employed. For uses see under Hydrocortisone.
The usual dose of hydrocortisone acetate by
intraarticular injection is 25 mg., with a range
of 5 to 50 mg., according to the size of the joint
injected. The maximum single dose injected into
a joint is usually 50 mg. but several joints may
be injected simultaneously. For external application ointments, suspensions or lotions containing
0.5 to 2.5 per cent of hydrocortisone acetate are
used.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
HYDROCORTISONE
OINTMENT.

ACETATE
U.S.P.

"Hydrocortisone Acetate Ointment contains not
less than 90 per cent and not more than 110 per
cent of the labeled amount of C23H32O6." U.S.P.
Ointments containing from 0.5 to 2.5 per cent
of hydrocortisone acetate have been variously
used in medicine; for information concerning
their composition and use see under Hydrocortisone.
STERILE
ACETATE

HYDROCORTISONE
SUSPENSION.
U.S.P.

C23H32O6

Hydrocortisone acetate is the acetate ester of
hydrocortisone, the primary alcohol group of
carbon atom 21 being the one esterified; accordingly, hydrocortisone 21-acetate is a more specific
designation of the compound. Hydrocortisone
acetate is considerably less soluble than hydrocortisone inaqueous media (see solubility data
under Hydrocortisone), for which reason it is
more slowly absorbed than the free alcohol and
finds greater utility than hydrocortisone for topical application and intraarticular injection, where
delayed absorption is desirable.
Description. — "Hydrocortisone Acetate occurs
as a white, to practically white, odorless, crystalline powder. Hydrocortisone Acetate is insoluble
in water. One Gm. dissolves in 230 ml. of alcohol
and in 150 ml. of chloroform. Hydrocortisone
Acetate melts between 216° and 222°." U.S.P.
Standards and Tests. — Identification. — The
tests described under Hydrocortisone are employed, also the test for acetate described under
Cortisone. Specific rotation. — Not less than +158°
and not more than +165°, when determined as
directed under Hydrocortisone. Absorptivity. —
When determined as directed under Hydrocorti-

"Sterile Hydrocortisone Acetate Suspension is
a sterile suspension of hydrocortisone acetate in
a suitable aqueous medium. It contains not less
than 90 per cent and not more than 110 per cent
of the labeled amount of C23H32O6." U.S.P.
The pH of the suspension is required to be
between 5 and 7, and it must meet the requirements for Injections.
Assay. — The procedure described under Cortisone Acetate in Water Injection is employed,
except that quantitative comparison is made
with U.S.P. Hydrocortisone Acetate Reference
Standard.
Uses. — The specifications of the U.S.P. for
this preparation are such as to recognize suspensions which may be used in one of two ways : for
intraarticular injection or for ophthalmic application. An available suspension suitable for intraarticular injection contains 25 mg. of hydrocortisone acetate per ml., the vehicle being sodium
chloride injection containing also 0.9 per cent
benzyl alcohol, along with some polysorbate and
sodium carboxymethylcellulose to effect suitable
suspension of the hormone.
For information concerning uses of both types
of suspensions see under Hydrocortisone Acetate.
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HYDROGEN

Peroxide Solution

PEROXIDE
U.S.P. (B.P.)

SOLUTION.

Hydrogen Dioxide Solution, Liquor Hydrogenii Peroxidi

"Hydrogen Peroxide Solution contains, in each
100 ml., not less than 2.5 Gm. and not more than
3.5 Gm. of H2O2. Suitable preservatives, totaling
not more than 0.05 per cent, may be added."
US. P. The B.P. solution is required to contain
not less than 5.0 per cent w/v and not more than
7.0 per cent w/v of H2O2, corresponding to about
20 times its volume of available oxygen.
B.P. Solution of Hydrogen Peroxide. Hydrogen Peroxide; "Peroxide." Hydrogenium Peroxydatum Solutum;
Solutum Hydrogenii Peroxydati Officinale; Solutio Bioxydi
Hydrogenii. Fr. Solute officinal d'eau oxygen6e; Eau
oxygenee officinale. Ger. Wasserstoffsuperoxydlosung.
It. bidxido
Acqua ossigenata;
Biossido
Soluci6n
de
de hidrogeno;
Agua d'idrogeno.
oxidenada; Sp.
Solution
de
Peroxido de Hidrogeno.

Hydrogen peroxide was first prepared by
Thenard, in 1818, by treating barium peroxide
with hydrochloric acid. The same reaction, but
using either sulfuric or phosphoric acid so as to
precipitate the barium ion, was for many years
employed in the commercial production of hydrogen peroxide solution. A somewhat similar reaction between sodium peroxide and sulfuric acid
has also been utilized commercially, the by-product sodium sulfate being precipitated with the
aid of sodium fluoride.
The most important method, however, for preparing hydrogen peroxide in large quantities and
high concentrations involves electrolysis of solutions of sulfuric acid containing one or more of
its salts. Thus, by electrolysis of a concentrated
solution containing potassium bisulfate, ammonium sulfate and sulfuric acid, oxidation of sulfate
to persulfate occurs at the anode and solid potassium persulfate is separated. Treatment of this
salt with strong sulfuric acid and steam hydrolyzes
the persulfate with formation of hydrogen peroxide which may be distilled off, in concentrations
as high as 35 per cent H2O2. If desired, further
concentration may be effected through two stages
of distillation, the final product containing up to
90 per cent of H2O2.
Such high test peroxide was developed during
World War II, principally by the Germans, as a
source of energy for the operation of submarine
engines and for propulsion of rockets, torpedoes
and other military missiles. It is claimed that in
the presence of suitable catalysts it dissociates instantly into 5000 times its volume of steam and
oxygen. Under standard conditions of temperature and pressure one volume of 90 per cent hydrogen peroxide releases 413 volumes of oxygen;
the official hydrogen peroxide solution releases
approximately 10 times its volume of oxygen. The
high-test peroxide can be shipped in aluminum
drums and tank cars ; if the liquid is not permitted
to become contaminated no decomposition occurs.
If allowed to come in contact with combustible
matter a fire may result. It is miscible with many
organic liquids with which the official solution is
immiscible. For data on corrosion and stability
studies of concentrated hydrogen peroxide see
Bellinger et al. (hid. Eng. Chetn., 1946, 38, 310).
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Absolute H2O2 has been obtained by extraction
with ether and evaporation of the latter under
reduced pressure and at low temperature. The
melting point of the pure compound is about — 2°
andBecause
the boiling
is 152.1°.
of thepoint
instability
of hydrogen peroxide
various stabilizing agents are commonly added.
Small concentrations of such substances as acetanilid, oxyquinoline, tetrasodium pyrophosphate
and acids serve to stabilize all concentrations of
hydrogen peroxide solutions. Various metals and
metallic salts, on the other hand, catalyze the decomposition ofthe substance; alkalinization also
accelerates decomposition.
The official hydrogen peroxide solution may be
prepared by diluting any of the stronger solutions,
sufficient preservative being incorporated to stabilize the diluted solution. Even the 3 per cent solution is a powerful oxidizing agent, reacting with
many oxidizable substances. On the other hand,
in the presence of a stronger oxidant, hydrogen
peroxide solution serves as a reducing agent; thus,
potassium permanganate is reduced by it, oxygen
being evolved from the peroxide.
Hydrogen peroxide forms with urea a solid compound called "urea peroxide" or "carbamide peroxide" capable of yielding over 35 per cent of H2O2.
In some countries the compound finds use as a
preservative for milk; 0.1 per cent of it is said
to keep milk for 72 hours. Under the name
Thenardol (named for Thenard, discoverer of hydrogen peroxide) a solution of this substance in
anhydrous glycerin, stabilized with 8-hydroxyquinoline, has been found useful in treating infections of the eye, ear, mouth and skin (Brown
et al, New Eng. J. Med., 1946, 234, 468; Ann.
Allergy, 1946, 4, 33; J. -Lancet, 1947, 67, 405;
Arch. Otolaryng., 1948, 48, 327; and others).
The action of the compound depends on the evolution of hydrogen peroxide when in contact with
water. It is supplied as Glycerite of Hydrogen
Peroxide with Carbamide (International Pharmaceutical Corp.). Urea peroxide is used in industry
as an oxidizing, bleaching and polymerizing agent
in non-aqueous solutions.
Description. — "Hydrogen Peroxide Solution
is a colorless liquid, odorless, or having an odor
resembling that of ozone. It is acid to litmus and
to the taste and produces a froth in the mouth. It
usually deteriorates upon standing or upon protracted agitation, and rapidly decomposes when
in contact with many oxidizing as well as reducing substances. When rapidly heated, it may decompose suddenly. It is affected by light. Its
specific gravity is about 1.01." U.S.P.
Standards and Tests. — Identification. — On
adding a drop of potassium dichromate T.S. to a
mixture of 1 ml. of hydrogen peroxide solution, 10
ml. of water containing 1 drop of diluted sulfuric
acid, and 2 ml. of ether, an evanescent blue color
is produced in the aqueous layer; on agitation and
standing the color passes into the ether layer.
Non-volatile residue. — Not over 30 mg. from 20
ml. of hydrogen peroxide solution, the latter being
evaporated on a water bath and the residue dried
1 hour at 105°. Acidity. — 25 ml. of solution requires not more than 2.5 ml. of 0.1 N sodium
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hydroxide for neutralization, using phenolphthalein T.S. as indicator. Arsenic. — The limit is 2
parts per million. Barium. — No turbidity results
on adding 2 drops of diluted sulfuric acid to 10
ml. of hydrogen peroxide solution. Heavy metals.
— The limit is 5 parts per million. Limit of preservative.— Not more than 50 mg. from 100 ml.
of hydrogen peroxide solution on extracting the
latter with a mixture of chloroform and ether.
U.S.P.
Assay. — A 2-ml. portion of hydrogen peroxide
solution is mixed with water and diluted sulfuric
acid and titrated with 0.1 N potassium permanganate. The following reaction takes place: 5H2O2
+ 2KMn04 + 3H2SO4 -* SO2 + 2MnS04 +
K2SO4 + 8H2O. Each ml. of 0.1 N potassium
permanganate represents 1.701 mg. of H2O2.
U.S.P.
Incompatibilities. — Hydrogen peroxide is decomposed by reducing agents including most organic matter. It reacts with oxidizing agents to
liberate oxygen. Metals, metallic salts, light, agitation and heat increase its decomposition.
Uses. — Hydrogen peroxide is used as an antiseptic, wound cleanser and deodorant. In solution
it is slowly decomposed, liberating a portion of
its oxygen. All tissues, including pus aid blood,
contain an enzyme, catalase, which releases oxygen. Evidently this nascent oxygen has a powerful
oxidizing effect and thereby destroys many forms
of organic matter. In the presence of these
catalyzing agents, the antibacterial powers of the
drug are greatly reduced. Effervescence is much
more rapid on wounds, denuded areas and mucous
membranes than on unbroken skin. Upon the system generally hydrogen peroxide does not, and
cannot, exert any physiological action, because it
cannot exist in the blood. Studies of intravenous
administration in hypoxic animals failed to demonstrate any value and often the condition was
aggravated by gas embolism or methemoglobin
formation (Lorincz et al., Anesthesiology, 1948,
9, 162).
Antiseptic. — The most important use for this
agent is as an antibacterial agent. The germicidal
activity of hydrogen peroxide is generally greatly
overestimated; it persists only as long as oxygen
is being released. Although in relatively dilute
solution it will eventually destroy many of the
pathogenic microorganisms, its action is extremely
slow, unless the solution be fairly concentrated.
Gifford found that a neutral solution containing
15 per cent by volume of H2O2 (therefore stronger
than the official solution) would destroy anthrax
spores after 5 minutes' exposure, and pyogenic
cocci in 1 minute, but that the same solution
when diluted with 4 parts of water did not kill
the pyogenic cocci after 30 minutes. Traugott
found that 1 per cent by weight of H2O2 killed
typhoid bacilli in 5 minutes and staphylococci in
15 to 30 minutes. On the other hand, if allowed
sufficient time, relatively small quantities are
highly efficient. Heinemann (J.A.M.A., 1913, 60,
1603) reached the conclusion from his experiments that 3 teaspoonfuls of the official solution,
after 6 hours' exposure will destroy 99 per cent
of the bacteria present in a liter of drinking
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water; this quantity makes about a 1:1000 solution of hydrogen peroxide. In the presence of
organic matter the compound is so rapidly broken
down that it is much less efficient (see review by
Haase, Pharmazie, 1950, 5, 436).
The addition of hydrogen peroxide solution has
been recommended as an emergency method for
the preservation of milk. It effects a partial or
complete sterilization of the milk and quickly
disappears, being dissociated into water and oxygen. The use in milk and cream has been common in Great Britain. As it was first suggested
by Budd, products so preserved are sometimes
called "buddized."
Cleanser. — Hydrogen peroxide solution is
used in medicine as a means of cleansing wounds,
suppurating ulcers, and the like. Its value in these
conditions is probably more due to removing
organic detritus, which forms a breeding place
for the microorganisms, than to its antibacterial
action. Its styptic effect — probably due to the
activation of the fibrin ferment of the blood and
consequent more rapid coagulation — as well as its
relatively harmless nature make it a very popular
antiseptic for household use. In inflammatory
conditions of the external auditory canal, a dilution with 3 parts of water is a valuable cleanser
prior to the instillation of the appropriate therapeutic agent according to the etiology of the
condition. Without thorough cleansing of the
canal, no chemotherapeutic agent can be effective. In cases with fecal impaction, after rectal
instillation of warm liquid petrolatum at bed
time, an enema of hydrogen peroxide solution
diluted
with of3 teeth
parts orof other
water dental
is often
In"
root
canals
pulpuseful.
cavities,
hydrogen peroxide diluted with an equal volume
of water is used; zinc peroxide (q.v.) is also employed. Ithas sometimes been injected into deep
cavities for the purpose of cleansing by irrigation
and determining the presence of pus, which will
be signalized by effervescence; the method, however, must be used with caution, because if there
is not a free vent for the gas sufficient pressure
may be generated within the cavity to cause
serious local results and even air embolism. Because of its lack of toxicity it is a favorite
disinfectant for application to various mucous
membranes (see also use of "urea peroxide"
above), especially those of the nose and throat.
In diphtheria or tonsilitis the official solution may
be applied undiluted, by means of either an atomizer or cotton applicator. Diluted with equal parts
of water it is often employed as a gargle in
pharyngitis, or as a mouth wash in stomatitis, but
prolonged use causes irritation of the buccal mucous membrane. Diluted with 1 or more parts of
water it has been used as a vaginal douche. Internally the solution has been used with success
by Goodman {Pennsylvania M. J., 1910) and
others, in the treatment of hyperchlorhydria
(gastritis). It has been claimed that it diminishes
the acidity of the gastric juice, increases the secretion of mucus and exercises an antiseptic action
in the stomach.
Campbell and Cherkin {Science, 1945, 102,
535) found that heating pyrogenic solutions of
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gelatin at 100° for 1 to 2 hours in the presence of
0.1 molar concentration of hydrogen peroxide
resulted in destruction of the pyrogens; this finding has been applied practically in preparing certain non-pyrogenic solutions.
For bleaching hair, the undiluted official solution is used, but with care. Prolonged contact
with skin causes erythema, which is transient,
but a concentrated solution, as one of 30 per
cent, causes a burn with a white eschar. H
For external use. hydrogen peroxide solution is
applied topically as required to skin and mucous
membranes. It should be noted that the B.P.
solution is approximately twice the strength of
the U.S. P. preparation and should be diluted with
at least an equal volume of water for most uses.
When taken internally, the usual dose is 4 ml.
(approximately 1 fluidrachm) of the U.S. P. solution.
Storage. — Preserve "in tight, fight-resistant
containers, preferably at a temperature not above
35°." U.S.P.

HYDROXYAMPHETAMINE HYDROBROMIDE. U.S.P.
p-(2-Aminopropyl) phenol Hydrobromide,
Hydroxyamphetaminium Bromide

H0

\

/-CH2CHCH,

Paredrine Hydrobromide (Smith, Kline & French Labs.).

The base of this sympathomimetic agent differs from amphetamine only in having a hydroxyl
group in the para position of the benzene ring.
Hydroxyamphetamine may be synthesized from
the oxime of />-methoxyphenyl acetone, or by
interaction of p-nitrobenzyl chloride and a salt
of nitroethane, or by interaction of anisaldehyde
and nitroethane (Hoover and Hass, /. Org. Chem.,
1947, 12, 501). The hydrobromide is obtained
by neutralization of the base with hydrobromic
acid.
Description. — ''Hydroxyamphetamine Hydrobromide occurs as a white, crystalline powder.
Its solutions are slightly acid to litmus, having a
pH of about 5. One Gm. of Hydroxyamphetamine
Hydrobromide dissolves in about 1 ml. of water
and in about 2.5 ml. of alcohol. It is slightly soluble in chloroform and almost insoluble in ether.
Hvdroxvamphetamine Hvdrobromide melts between 1S9° and 192°." U.S.P.
Standards and Tests. — Identification. — (1)
A purple color is produced on adding 0.5 ml. of
ferric chloride T.S. to a solution of 10 mg. of
hydroxyamphetamine hydrobromide in 10 ml. of
water. (2) An intense blue color forms on adding 2 mg. of hydroxyamphetamine hydrobromide
to a solution of 500 mg. of ammonium molybdate
in 10 ml. of sulfuric acid (similar amino compounds such as amphetamine and methamphetamine. which lack a phenolic hydroxyl. do not
give this reaction). (3) Hydroxyamphetamine
base separated from the salt melts between 127°
and 129°. (4) A pale yellow precipitate, slightly
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soluble in ammonia T.S., is produced on adding
silver nitrate T.S. to a solution of 10 mg. of
hydroxyamphetamine hydrobromide in 10 ml. of
water, acidified with 1 ml. of diluted nitric acid.
Loss on drying. — Not over 0.5 per cent, when
dried at 105° for 2 hours. Residue on ignition. —
Not over 0.1 per cent. Nitrogen content. — Not
less than 5.9 per cent and not more than 6.2 per
cent of N. when determined by the Kjeldahl
method. Bromide content. — Not less than 33.6
per cent and not more than 35.2 per cent of Br,
when determined by the Volhard method. U.S.P.
Uses. — The introduction of the p-hydroxyl
group on the aromatic nucleus of amphetamine
markedly alters its pharmacodynamic properties
(for general discussion see monograph on Sympathomimetic Amines, in Part II). Thus, hydroxyamphetamine is2- to 4-fold more active as a
pressor agent, is relatively inactive when administered orally, does not have as long a duration
of action and is devoid of central nervous system
stimulation. By comparison, amphetamine is a
less potent pressor agent, is active when administered orally, has a prolonged duration of action
and is a useful euphoriant (Bever. Physiol. Rev.,
1946, 315)
26, reported
169). Axelrod
(/. 'Pharmacol,
1954.
110,
that whereas
d-amphetamine
is slowly excreted and metabolized at a rate of
about 8 per cent per hour, the overall clearance
of hydroxyamphetamine from the blood was at a
rate of 40 per cent per hour. About 30 per cent
of the intravenously administered drug was excreted as such and an additional 30 per cent was
eliminated in a conjugated form.
Hydroxyamphetamine has been employed as
the hydrobromide for use as a nasal decongestant
and as a mydriatic agent. According to Powell and
Hyde (/. Kansas Med. Soc, 1938, 39, 525) the
agent is mydriatic, not cycloplegic; thus, there
is no loss of accommodation or alteration of
Br'
intraocular
tension (see also Gettes. Arch. Ophth.,
1950. 43, 446). Griffith (U. S. Nav. M. Bull,
1945, 44, 284) found hydroxyamphetamine to
be useful in the prevention or treatment of
bradycardia induced by a hyperirritable carotid
sinus. Patients with heart block and AdamsStokes syndrome were relieved of syncopal attacks by administration of 10 mg. every 3 hours
orally (Green and Bennett. Am. Heart J., 1945,
30, 415). In 45 patients with established attacks
of paroxysmal auricular tachycardia, the attacks
were terminated in 30 minutes to 20 hours by
administering 10 mg. of hydroxyamphetamine
every 1 to 3 hours or 20 mg. every hour for 3
doses. Ordinarily one is not concerned about serious toxicity of such agents except as arise from
cardiovascular symptomatology or excessive effects such as headache, palpitation, substernal
discomfort, sweating, nausea and vomiting.
Administration. — For external use. 1 or 2
drops of the 1 per cent solution made isotonic
with boric acid is applied to the conjunctival sac
as a mydriatic. In the nose the 1 per cent solution
made isotonic with sodium chloride is used as a
vasoconstrictor in the form of a spray, drops or
on a tampon ; 2 to 5 drops are applied 4 or 5 times
daily. For irrigation of the paranasal sinuses, a
0.25 per cent solution in sterile isotonic solution
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of sodium chloride is used. A 1 per cent solution
containing 5 per cent of microcrystalline sulfathiazole and thimerosal as a preservative has been
widely used in the nose. Orally, 20 to 60 mg.
(approximately ^ to 1 grain) is used 1 to 4 times
daily for postural hypotension, carotid sinus syndrome and heart block.
Storage. — Preserve "in well-closed, lightresistant containers." U.S.P.
HYOSCYAMINE HYDROBROMIDE.
N.F.
/-Hyoscyaminium Bromide

CnEfesNOs.HBr
"Hyoscyamine Hydrobromide is the hydrobromide of an alkaloid usually obtained from Hyoscyamus species or other plants of the Fam.
Solanacece. Caution. — Hyoscyamine Hydrobromide is extremely poisonous." N.F.
Hyoscyamine is one of the naturally occurring
alkaloids of hyoscyamus and related plants of
the Solanacece; it is the levorotatory component
of the racemic mixture known as atropine, the
latter being prepared from hyoscyamine by racemization. A method of obtaining hyoscyamine
from hyoscyamus is described under Atropine;
for another procedure see The Technology and
Chemistry of Alkaloids, by Hamerslag, 1950.
The hydrobromide is obtained from the alkaloid
by interaction with hydrobromic acid.
Description. — "Hyoscyamine Hydrobromide
occurs as white, odorless, crystals or as a crystalline powder. Its solutions, freshly prepared, are
neutral to litmus. It is affected by light. Hyoscyamine Hydrobromide is freely soluble in water.
One Gm. is soluble in about 2.5 ml. of alcohol,
and in about 1.7 ml. of chloroform. It is very
slightly soluble in ether. Hyoscyamine Hydrobromide melts between 149° and 153°." N.F.
Standards and Tests. — Identification. — (1),
(2) The tests described under Atropine are employed, hyoscyamine yielding in test (2) reddishbrown scales, which may be accompanied by
reddish-brown needles. (3) A 1 in 20 aqueous
solution yields a yellowish precipitate, insoluble
in nitric acid, with silver nitrate T.S. Loss on
drying. — Not over 1 per cent, when dried at 105°
for 2 hours. Specific rotation. — Not less than
—20°, when determined in a solution in water
containing 500 mg. of dried hyoscyamine hydrobromide ineach 10 ml. Residue on ignition. — The
residue from 100 mg. is negligible. Other alkaloids.— The test is essentially similar to the corresponding test under Atropine. N.F.
Uses. — The physiological effects of hyoscyamine are qualitatively the same as those of its
racemic derivative atropine, although there are
some quantitative differences. Cushny (/. Pharmacol., 1903, 30, 177) found hyoscyamine (the
levorotatory or naturally occurring isomer) to be
relatively more active in its paralyzing effect on
nerve endings and less active in its stimulant action upon the central nervous system than is
atropine; the peripheral activity of hyoscyamine
is estimated as about twice that of atropine. The
sedative and hypnotic action of hyoscyamine is
weaker than that of scopolamine.
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Hyoscyamine and its salts have been variously
employed for therapeutic purposes. In the treatment of delirium tremens and mania they have
been used for sedative effect. In parkinsonism
they relieve tremor, rigidity and excessive salivation. It is claimed also that they relieve the pain
of neuralgia, and prevent seasickness.
Under the trade-marked name Rabellon (Sharp
& Dohme) there is supplied a tablet containing
0.4507 mg. of hyoscyamine hydrobromide, 0.0372
mg. of atropine sulfate, and 0.0119 mg. of scopolamine hydrobromide which is intended for use in
treating parkinsonism; the initial dosage is 2
tablets 4 times daily, which may be increased by
1 tablet every third day if indicated. Older arteriosclerotic patients may obtain symptomatic
relief of muscular rigidity with 1 tablet 2 or 3
times daily without risk of precipitating glaucoma
(Neal and Dillenberg, N. Y. State J. Med., 1940,
40, 1300;. This combination of alkaloids approximates the composition of an extract of Bulgarian
belladonna which was at one time believed to be
superior to other belladonna preparations for
management of parkinsonism (Hill, Lancet, 1938,
2, 1048).
The usual dose range of hyoscyamine hydrobromide is0.25 to 1 mg. (approximately Vno to
Yqo grain), administered orally or hypodermically;
doses of up to 6 mg. are reported to have been
given in mania.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
N.F.
HYOSCYAMINE SULFATE.
/-Hyoscyaminium Sulfate

(Ci7H23N03)2.H2S04.2H20
"Hyoscyamine Sulfate is the sulfate of an alkaloid usually obtained from Hyoscyamus species
or other plants of the Fam. Solanacece. Caution. —
Hyoscyamine Sulfate is extremely poisonous."
N.F.
Description. — "Hyoscyamine Sulfate occurs
as white, odorless crystals or as a crystalline
powder. It is deliquescent. It is affected by light.
Its solutions are acid to litmus. One Gm. of Hyoscyamine Sulfate dissolves in about 0.5 ml. of
water and in about 5 ml. of alcohol. It is practically insoluble in ether. Hyoscyamine Sulfate,
previously dried at 105° for 4 hours, melts between 204° and 210°." N.F.
Standards and Tests. — Identification. — (1),
(2) These tests are identical with corresponding
tests for Hyoscyamine Hydrobromide. (3) A
1 in 20 solution responds to the test for sulfate.
Loss on drying. — Not over 5 per cent, when dried
at 105° for 4 hours. Specific rotation. — As for
Hyoscyamine Hydrobromide. Readily carbonizable substances. — A solution of 200 mg. in 5 ml.
of sulfuric acid has no more color than matching
fluid A. Residue on ignition. — Not over 0.2 per
cent. Other alkaloids. — This test is the same as
the corresponding one described under Hyoscyamine Hydrobromide. N.F.
The uses and dose of hyoscyamine sulfate are
the same as for Hyoscyamine Hydrobromide.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
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HYOSCYAMUS.

N.F., B.P. (I.P.)

Henbane, [Hyoscyamus]

"Hyoscyamus is the dried leaf, with or without the stem and flowering or fruiting top, of
Hyoscyamus niger Linne (Fam. Solanacecz). Hyoscyamus yields not less than 0.040 per cent of
the alkaloids of Hyoscyamus." N.F. The B.P.
defines the same drug, but requires not less than
0.050 per cent of alkaloids, calculated as hyoscyamine. The I.P. title for the identical drug is
Hyoscyamus Herb; an alkaloid content of not
less than 0.050 per cent is required.
The I.P. also recognizes, in a separate monograph, Hyoscyamus Muticus Herb {Hyoscyami
Mutici Herba), known as Egyptian Henbane,
which consists of the dried leaves and flowering
tops of Hyoscyamus muticus L.; an alkaloid content of not less than 0.5 per cent, calculated as
hyoscyamine, is required.
I.P. Hyoscyamus Herb; Hyoscyami Herba. Hyoscyamus
Leaves; Black Henbar/e; Poison Tobacco; Henbell. Herba
Hyoscyami; Folia Jusquiami. Fr. Jusquiame noire; Feuilles
de jusquiame. Ger. Bilsenkrautblatter; Hiihnertod; Saiikraut; Schlafkraut; Tollkraut. It. Giusquiamo; Josciamo.
Sp. Hoja de belefio; Beleno.

There are about eleven species of the genus
Hyoscyamus known; these are distributed from
the Canary Islands over Europe and northern
Africa to Asia.
Hyoscyamus niger, or henbane, occurs in two
varieties representing annual and biennial plants.
They possess a long, tapering, whitish, fleshy,
branching root, not unlike that of parsley, for
which it has been eaten by mistake, with poisonous effects. The stem is erect, branching, usually
from one to four feet high, and thickly furnished
with leaves. These are alternate, oblong-ovate,
deeply sinuated with pointed segments, undulated,
soft to the touch, and clasping at their base.
The upper leaves are generally entire. Both the
stem and leaves are hairy, viscid, and of a seagreen color. The flowers form long, one-sided,
leafy spikes, which terminate the branches, and
hang downward. They are composed of an urnshaped calyx with five pointed lobes, a bellshaped corolla, wath five unequal, obtuse segments at the border, five stamens inserted into
the tube of the corolla, and a pistil with a blunt,
round stigma. The corolla is of an obscure yellow color, beautifully variegated with purple
veins. The fruit is a two-celled pyxis, invested
with the persistent calyx, and contains numerous
small seeds, which are discharged by the horizontal separation of the lid near the top of the
fruit. The whole plant has a rank, offensive odor.
H. niger is susceptible of considerable diversity
of character, causing varieties which have by
some been considered as distinct species. Thus,
the plant is sometimes annual, the stem simple,
smaller, and less downy than in the biennial plant,
the leaves shorter and less hairy and viscid, and
the flowers often yellow without the purple
streaks.
The plant is found in the northern and eastern
sections of the United States, occupying waste
grounds in the older settlements, particularly
cemeteries, old gardens, and the foundations of
ruined houses. It is not, however, a native of
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this country, having been introduced from Europe. In Great Britain, and on the continent of
Europe, it grows abundantly along the roads,
around villages, amidst rubbish, and in uncultivated places. The annual plant flowers in July
or August, the biennial in May or June.
The seeds are very small, roundish, compressed,
somewhat kidney-shaped, a little wrinkled, of a
gray or yellowish-gray color, of the odor of the
plant, and of an oleaginous, bitterish taste. From
experiments made by Hirtz upon the relative
medicinal power of extracts from the seeds and
from the leaves, he inferred that the former had
ten times the strength of the latter. Henbane
leaves yield, by destructive distillation, a very
poisonous empyreumatic oil.
Since 1941 the plant has been produced in the
United States on an increasing commercial scale.
For information on the cultivation of hyoscyamus
see Newcomb and Haynes {Am. J. Pharm., 1916,
88, 1) and Crooks and Sievers {Medicinal Plants,
U. S. Dept. Agr. Bur. PI. Ind., June, 1941, 11).
Total imports of hyoscyamus into the United
States in 1952 amounted to 117,014 pounds, supplies coming from Egypt, Belgium, Hungary,
and West Germany. It is probable that much of
the Egyptian drug is derived from H. muticus L.
which grows abundantly in that country; the drug
from this source is readily recognized by the
presence of the characteristic branching nonglandular hairs which are found on both the
stems and the leaves (see Am. J. Pharm., 1908,
p. 361). It yields a larger proportion of total
alkaloids than the official species and is now being
imported for alkaloid extraction. The I.P. recognizes this drug in a separate monograph, requiring it to contain not less than 0.5 per cent of
alkaloids.
H. albus L., so named from the whiteness of
its flowers, is used in France indiscriminately
with the former species, with which it appears
to be identical in medicinal properties. Hyoscyamus reticularis L., according to Konowalowa and
Magidson {Arch. Pharm., 1928, 266, 449), contains only a small amount of hyoscyamine, but
about 1 per cent of a liquid base, tetramethyldiaminobutane.
Description. — "Unground Hyoscyamus consists of leaves, stems, and flowering and fruiting
tops and occurs usually much wrinkled, matted,
and broken. The leaves are ovate or ovatelanceolate, inequilateral, with petioles up to onethird the length of the lamina, or sessile; the
apex is acute, the margin either irregularly dentate or pinnatifid with acute triangular lobes;
hairy, densely so on the lower surface. The upper
surface is dark green, the lower surface is light
gray green. The stems are from 2 to 7 mm. in
thickness, cylindrical or somewhat compressed,
longitudinally wrinkled, hairy, gray green. The
flowers are nearly sessile, with an urn-shaped,
hairy, unequally 5-toothed calyx, and a campanulate. slightly zygomorphic corolla, yellowish with
purplish veins. The fruit is a 2-locular pyxis enclosed in the persistent calyx. The odor is distinctive and the taste is bitter and acrid." N.P.
For histology see N.F. X.
"Powdered Hyoscyamus is grayish green to
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dark green. It shows uniseriate hairs; non-glandular hairs unicellular to 1-celled, the distal cell
frequently spherical and glandular in cultivated
drug; glandular hairs with 1- to 4-celled stalk
and a unicellular or multicellular head. Calcium
oxalate crystals occur in single or twin monoclinic prisms or in rosette aggregates from 10 to
25\x in diameter, and in sphenoidal microcrystals
from 6 to 12\i in length. Sclerenchyma fibers attaining alength of 1 mm. and a width of 30m.,
some with wavy walls and ends variously forked,
are present. Nearly smooth pollen grains occur
with 3 radiating furrows having a pore in the
median part of each furrow, which when dry or
in alcohol are distinctly elliptical and approximately 35 by 50n but in water spherical and
about 40^ in diameter. The epidermal cells of
the seed coat have radial and inner greatly thickened walls which are incrusted with granular
crystals of silicic acid." N.F.
The B.P. description of this drug differs from
that of the N.F. in stating that the petioles are
up to 30 centimeters long. Leaf-stalks of this
length are rarely found except in the first year
plants; the N.F. description is based on leaves
of the second year.
Standards and Tests. — Hyoscyamus stems.
— The amount does not exceed 25 per cent, and
none are over 7 mm. in diameter. Acid-insoluble
ash. — Not over 12 per cent. N.F.
Assay. — The assay is performed as directed
for Belladonna Leaf, using 25 Gm. of hyoscyamus.
Each ml. of 0.02 N acid represents 5.788 mg. of
hyoscyamus alkaloids. N.F.
The B.P. assay differs from that of the N.F.
in several respects. Hyoscyamus, in fine powder,
is extracted with a mixture of four parts of
ether and one part of alcohol, the solution being
alkalinized with ammonia water. After complete
extraction of the alkaloids, the concentrated percolate isshaken out first with 0.5 N hydrochloric
acid, then with a mixture of 0.1 N hydrochloric
acid and alcohol until complete extraction is
effected. The acid liquids are extracted with
chloroform to remove impurities; this extraction
is rejected. The aqueous solution is then alkalinized with ammonia water and extracted with
chloroform; the chloroform extract, after washing with water, is evaporated. The residue is dissolved in a measured amount of 0.02 N hydrochloric acid and titrated with 0.02 N sodium
hydroxide, using methyl red as indicator. Each
ml. of 0.02 N hydrochloric acid is equivalent to
5.788 mg. of alkaloids, calculated as hyoscyamine.
The I. P. assay is practically identical with that
of the B.P. except that it permits an alternative
method of completing the assay, which is identical with the alternative method permitted by
the LP. for Belladonna Leaf (and is described in
this volume under that title).
Constituents. — Ladenburg in 1880 demonstrated the presence in hyoscyamus of two alkaloids which he called hyoscyamine and hyoscine.
The latter is now considered to be identical with
the alkaloid scopolamine (see Scopolamine Hydrobromide). Klan (/. A. Ph. A., 1931, 20, 1164)
found that the relative proportion of the two
alkaloids varies greatly with the age of the plant;
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when the leaves first appear the alkaloid is
mostly scopolamine but as they grow older the
hyoscyamine gradually predominates; there is an
analogous difference in the root, the young rootlets showing a larger proportion of scopolamine
and the old ones of hyoscyamine. He also found
traces of tropine and scopoline — decomposition
products of the alkaloids — in withering parts of
the plant. Further information concerning the
alkaloids is provided in separate monographs for
each.
Uses. — The therapeutic effects of hyoscyamus
are very similar to those of belladonna since the
principal active ingredient of both is hyoscyamine, but hyoscyamus must be given in considerably larger doses since it contains much less
alkaloid. The action of hyoscyamus, however, is
more or less modified by the presence of scopolamine, which imparts a central narcotic effect (see
under Scopolamine Hydrobromide). As the proportion of the two alkaloids may vary considerably in different specimens of the plant it would
appear to be more rational, when a combined
effect of the alkaloids is desired, to add scopolamine in the proper proportion to a preparation
of belladonna rather than to depend upon an
uncertain proportion in hyoscyamus.
The most important use of hyoscyamus is to
provide relief of painful spasmodic conditions of
unstriped muscle, as in lead colic and irritable
bladder. It is also employed to allay nervous irritation, asin various forms of hysteria or irritable
cough; it is considered inferior to scopolamine
for these purposes.
Externally, cataplasms or fomentations of
fresh hyoscyamus leaves have been used to allay
pain though it is not certain to what degree these
may have been effective, [v]
The usual dose of hyoscyamus is 200 mg. (approximately 3grains), with a range of 120 to
300 mg.
Storage. — Preserve "against attack by insects." N.F.
HYOSCYAMUS

EXTRACT.

N.F. (B.P.)

Henbane Extract, [Extractum Hyoscyami]

"Hyoscyamus Extract yields, from each 100
Gm., not less than 135 mg. and not more than
175 mg. of the alkaloids of hyoscyamus." N.F.
The B.P. Extract of Hyoscyamus contains 0.3 per
cent of the total alkaloids of hyoscyamus, calculated as hyoscyamine (limits 0.27 to 0.33).
B.P. Dry Extract of Hyoscyamus; Extractum Hyoscyami Siccum. Fr. Extrait de jusquiame. Get. Bilsenkrautextrakt. It. Estratto di giusquiamo. Sp. Extracto
de beleno.

As with belladonna extract, two forms of this
extract are official — the Pilular Extract and the
Powdered Extract.
Pilular Hyoscyamus Extract. — Prepare the
extract by percolating 1000 Gm. of hyoscyamus,
in moderately coarse powder, using a menstruum
of 3 volumes of alcohol and 1 volume of water.
Macerate the drug during 16 hours, then percolate
at a moderate rate. Evaporate the percolate to a
pilular consistence under reduced pressure at a
temperature not over 60°, and adjust the residue,
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by addition of liquid glucose, so that the finished
extract contains 155 mg. of hyoscyamus alkaloids in 100 Gm. of extract. N.F.
Powdered Hyoscyamus Extract. — Prepare
the extract by percolating 1000 Gm. of hyoscyamus, inmoderately coarse powder, using alcohol as the menstruum. Macerate the drug during
16 hours, then percolate slowly. Evaporate the
percolate to a soft extract under reduced pressure
at a temperature not over 60°, add 50 Gm. of dry
starch, and continue evaporation until a dry product results. Powder the residue and adjust it to
contain, by the addition of sufficient starch, 155
mg. of hyoscyamus alkaloids in 100 Gm. of extract. The extract may be deprived of fat by
treating either the soft extract first obtained, or
the dry and powdered extract, as directed under
Extracts. N.F.
The B.P. directs percolation of the moderately
coarse powder of hyoscyamus leaf with 70 per
cent alcohol. The percolate is tested for the
amount of alkaloids and also for the proportion
of total solids; nearly the whole of an amount of
powdered hyoscyamus of known alkaloidal content, which will produce an extract containing
0.3 per cent of alkaloids, is added and the mixture
evaporated at a temperture not exceeding 60°
and dried in a current of air at 80°. The dry residue is then powdered, the remainder of the hyoscyamus added, and the whole mixed and passed
through a No. 22 sieve. The B.P. extract of hyoscyamus isabout double the strength of the N.F.
extract.
The usual dose is 50 mg. (approximately :yi
grain), with a range of 30 to 130 mg. (approximately Yito 2 grains).
Storage. — Preserve "in tight, light-resistant
containers, preferably at a temperature not above
30°." N.F.
HYOSCYAMUS TINCTURE.
N.F. (B.P., LP.)
Henbane Tincture, [Tinctura Hyoscyami]

"Hyoscyamus Tincture yields, from each 100
ml., not less than 3.4 mg. and not more than 4.6
mg. of the alkaloids of hyoscyamus." N.F. The
B.P. Tincture of Hyoscyamus contains 0.005 per
cent w/v of the alkaloids of hyoscyamus, calculated as hyoscyamine (limits 0.0045 to 0.0055).
The LP. rubric is the same.
B.P. Tincture of Hyoscyamus. Fr. Teinture de jusquiame. Ger. Bilsenkrauttinktur. It. Tintura di giusquiamo. Sp. Tintura de beleno.

Prepare the tincture, by Process P, as modified
for assayed tinctures (see under Tinctures), from
100 Gm. of hyoscyamus, in moderately coarse
powder, using a menstruum of 3 volumes of alcohol and 1 volume of water. Adjust the volume of
the product so as to contain 4 mg. of the alkaloids
of hyoscyamus in 100 ml. of tincture. N.F.
The B.P. tincture is prepared by diluting 10
per cent by volume of liquid extract of hyoscyamus with 70 per cent alcohol. It contains more
alkaloid than the N.F. tincture.
Assay. — A 250-ml. portion of tincture is concentrated to about 25 ml. and assayed by the

method summarized under Belladonna Tincture.
Each ml. of 0.02 N sulfuric acid represents 5.788
mg. of the alkaloids of hyoscyamus. N.F.
Alcohol Content. — From 65 to 70 per cent,
by volume, of C2H5OH. U.S.P.
The usual dose is 2 ml. (approximately 30
minims) ; the B.P. gives a range of 2 to 4 ml.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
COMPOUND
HYPOPHOSPHITES
SYRUP.
N.F.
[Syrupus Hypophosphitum Compositus]
Ger. Hypophosphitsirup. It. Sciroppo di ipofosfiti composto. Sp. Jarabe de hipofosfitos. compuesto.

Mix 2.2 Gm. of ferric hypophosphite and 2.2
Gm. of manganese hypophosphite with 3.7 Gm.
of sodium citrate, add 30 ml. of purified water and
warm the mixture until solution results. Dissolve
35 Gm. of calcium hypophosphite, 17.5 Gm. of
potassium hypophosphite and 17.5 Gm. of sodium
hypophosphite in 400 ml. of purified water containing 2ml. of hypophosphorous acid; then dissolve 1.1 Gm. of quinine and 0.1 Gm. of strychnine in 30 ml. of purified water containing 3 ml.
of hypophosphorous acid and add 300 ml. of
glycerin; mix the solutions, and dissolve 250 Gm.
of dextrose in the product. Add enough purified
water to make 1000 ml., and strain. N.F.
Although not infrequently prescribed, the quantities of active ingredients are so small that this
syrup can hardly be expected to have any useful
physiological effect.
The N.F. gives the average dose as 8 ml. (approximatelyfluidrachms).
2
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.
HYPOPHOSPHOROUS

ACID.

[Acidum Hypophosphorosum]

N.F.

"Hypophosphorous Acid contains not less than
30 per cent and not more than 32 per cent of
HPH2O2." N.F.
Fr. Acide hypophosphoreux. Ger. Unterphosphorigesaure.
Sp. Acido Hipofosforoso (31 per cent).

Hypophosphorous acid may be prepared by
several different processes. In one of these barium
hypophosphite interacts with dilute sulfuric acid;
the barium sulfate is precipitated and the hypophosphorous acid is obtained by evaporating the
liquid phase. In a second method calcium hypophosphate reacts with oxalic acid; in this case
calcium oxalate is precipitated, the hypophosphorous acid again being found in the liquid portion. A third method involves interaction between
potassium hypophosphite and tartaric acid in
hydroalcoholic solution; potassium bitartrate precipitates on cooling the mixture, with hypophosphorous acid remaining in solution.
Description. — "Hypophosphorous Acid is a
colorless or slightly yellow, odorless liquid. It is
acid to litmus paper even when highly diluted. Its
specific
gravity
is about 1.13." acid
N.F. is a colorless,
Absolute
hypophosphorous
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syrupy liquid which, at about 17.5°, becomes a
white, crystalline solid melting at 26.5°.
Standards and Tests. — Identification. — Hypophosphorous acid responds to tests for hypophosphite. Arsenic. — The limit is 1.5 parts per
million. Barium. — No turbidity is produced when
30 ml. of a dilution of hypophosphorous acid with
3 volumes of water is neutralized with ammonia
T.S., filtered, a portion of the filtrate acidulated
with hydrochloric acid and potassium sulfate T.S.
added. Oxalate. — A portion of the filtrate in the
preceding test exhibits no turbidity on addition of
calcium chloride T.S. Heavy metals. — The limit is
20 parts per million. U.S.P.
Assay. — About 7 ml., accurately weighed, is
titrated, as a monobasic acid, with 1 N sodium
hydroxide, using methyl red T.S. as indicator.
Each ml. of 1 IV sodium hydroxide represents
66.00 mg. of HPH2O2. N.F.
Incompatibilities. — Hypophosphorous acid is
incompatible with many substances because of its
powerful reducing properties. It reduces bismuth,
mercuric, and mercurous compounds to the metallic state. Ferric and cupric compounds are reduced
to ferrous and cuprous. Permanganates are
changed to manganous compounds; arsenates are
reduced to arsenites and sometimes to metallic
arsenic. When triturated with some oxidizing
agents, like potassium chlorate, it may cause an
explosion.
Uses. — Hypophosphorous acid and its salts
were once believed to have a "tonic" effect upon
the nervous system, but it has been demonstrated
that hypophosphite ion passes through the system
unchanged. The acid is officially recognized because of its use as a stabilizing reducing agent in
several official preparations.
The acid has been administered in doses of
from 0.2 to 0.3 ml. (approximately 3 to 5 minims).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Ferrous Iodide Syrup; Compound
Hypophosphites Syrup, N.F.
ICHTHAMMOL.

N.F., B.P.

Ichthosulfonate, [Ichthammol]

"Ichthammol is obtained by the destructive
distillation of certain bituminous schists, sulfonating the distillate, and neutralizing the product
with ammonia. Ichthammol yields not less than
2.5 per cent of ammonia, and not less than 10
per cent of total sulfur." N.F. The B.P. requirements for ichthammol are not less than 10.5 per
cent (w/w) of organically combined sulfur, calculated to the substance dried at 105°, and not
more than one-fourth of the total sulfur in the
form of sulfates.
Sulfonated Bitumen; Ammonium Sulfoichthyolate. Ichthymall (Mallinckrodt) ; Ichthyol {Schering) ; Ammonium
Sulf qichthyolicum ; Bitumen Sulfonatum; Ammonium Ichthyolicum; Ammonii Sulfoichthyolas. Fr. Ichthyolsulfonate
d'ammonium; Ichthyolammonium. Ger. Ichthyolsulfonsaures
Ammonium; It.
Solfoittiolato di ammonio. Sp. Ictiol ;
Ictiosulfonato amonico.

There has long been used in medicine a group
of tarry preparations obtained by sulfonating bituminous shale. The original preparation of this

type was prepared from the distillate of a deposit
found in the Tyrol. When treated with sulfuric
acid this distillate gave a compound known as
ichthyol- sulfonic acid which was neutralized before being used, generally with ammonia; salts
of sodium, lithium, calcium, zinc and mercury
have also been prepared and used.
Description. — "Ichthammol is a reddish
brown to brownish black, viscous fluid, with a
strong, characteristic, empyreumatic odor. Ichthammol ismiscible with water and with glycerin,
and with fixed oils and fats. It is partially miscible
with alcohol and with ether." N.F.
Standards and Tests. — Identification. — (1)
A dark, resinous mass, insoluble in ether, separates on adding hydrochloric acid to a 1 in 10
aqueous solution of ichthammol. (2) Ammonia
is evolved on boiling an aqueous solution of ichthammol with sodium hydroxide T.S. Loss on
drying. — Not over 50 per cent, when dried at
105° for 6 hours. Residue on ignition. — Not over
0.5 per cent. Limit for ammonium sulfate. — After
washing out interfering substances with a mixture
of alcohol and ether the ammonium sulfate in
the insoluble residue is dissolved in water and
the sulfate precipitated as barium sulfate, which
is finally weighed. Not more than 8 per cent of
ammonium sulfate is permitted. N.F.
Assay. — For ammonia. — A 5-Gm. portion of
ichthammol is mixed with water, an excess of
sodium hydroxide T.S. added, and the ammonia
distilled into a measured excess of 0.5 A'' sulfuric
acid; the excess of acid is titrated with 0.5 IV
sodium hydroxide. Each ml. of 0.5 N sulfuric
acid represents 8.516 mg. of NH3. Assay for total
sulfur. — Oxidation of the sulfur in from 500 mg.
to 800 mg. of ichthammol is effected by warming
with potassium chlorate and nitric acid; the sulfate is precipitated as barium sulfate, which is
finally weighed. Each Gm. of barium sulfate
represents 137.4 mg. of S. N.F.
In the B.P. assay for organically combined
sulfur the sample is mixed with sodium carbonate,
using some chloroform to produce a uniform dispersion, then heated with cupric nitrate to oxidize sulfur to sulfate, which is finally precipitated as barium sulfate. From the percentage of
total sulfur thus obtained, the percentage of sulfur in the form of sulfates is subtracted. The
assay for sulfur in the form of sulfates specifies
addition of a solution of cupric chloride to an
aqueous solution of ichthammol to precipitate
the resinous matter from the latter; in a onehalf aliquot portion of the filtrate the sulfate is
precipitated with barium chloride.
Incompatibilities. — Acids and many metallic salts precipitate ichthammol from solutions;
alkaloids and their salts form less soluble derivatives. Alkalies liberate ammonia. Overheating
causes separation of ichthammol from a suppository mass.
Uses. — Ichthammol was formerly attributed
with an almost magic "alterative" action upon
the skin and was extensively used; its popularity
has waned in recent decades. Such therapeutic
value as it possesses appears to be ascribable to
a combination of properties. It is feebly irritant,
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as a result of which it acts as a local stimulant
and tends to improve peripheral circulation. It
is feebly antiseptic, and appears to penetrate the
skin rather readily. Mild analgesic action has
been claimed for it.
Ichthyol, undiluted, kills staphylococci in 5
minutes but does not destroy the typhoid bacillus
even after an hour; in 1:2000 concentration it
inhibits the growth of streptococci but a concentration of 5 per cent is required to prevent
growth of staphylococci (Abel, Zentralbl. Bakt.,
1893, 14, 413). In a concentration of 66 per
cent ichthammol sterilized rich cultures of B.
subtilis, B. parathyphus (A, B, and C), B. typhus,
B. oedematiens, and B. perjringens in 3 to 24
hours (Nelis and Lafontaine, Compt. rend. soc.
biol, 1948, 142, 1086).
Ichthammol has been advocated and used in
a variety of cutaneous diseases. It is of most
value in subacute and chronic eczematous dermatitis, where it is customarily used in 1 to 5 per
cent strength in a zinc oxide ointment or paste
base. By virtue of its being soluble in water it
may be incorporated in lotions, in concentrations
up to 10 per cent, for similar use. Some value
as topical medication in prurigo, lichen planus,
herpes simplex, psoriasis, and some pyogenic infections has been claimed. In higher concentrations, as 10 or 20 per cent ichthammol ointment,
it has long been favored for use in the early
phases of furuncle and carbuncle formation. The
mildly analgesic and antiseptic properties of ichthammol are utilized in hemorrhoidal and vaginal
suppositories. Its mildly irritant effect has been
used to some advantage in painful rheumatoid
conditions, bursitis, synovitis, sprains, etc. A 5 or
10 per cent ointment has been used for refractory
ulcerative blepharitis.
In addition to its being used in ointment form,
ichthammol is employed in various lotion formulations; one containing 7.5 Gm. of ichthammol.
12 Gm. of calamine, 120 Gm. of Unseed oil, and
120 Gm. of lime water is recommended for acute
dermatitis due to streptococci (Smith, Pract.,
1944, 152, 297; Fergusson, ibid., 1947, 159, 59).
Glycerin solutions containing 5 to 20 per cent of
ichthammol have been used on the skin, in the
external auditory canal, the vagina, etc.
Ichthammol has also been occasionally prescribed internally as an expectorant. Hypoglycemic action has been attributed to it by Schmitz
(Bed. klin. Wchnschr., 1929, 2371).
The usual dose of ichthammol is 200 mg. (approximately 3grains), with a range of 120 to
300 mg.
Storage. — Preserve "in well-closed containers." N.F.
ICHTHAMMOL

OINTMENT.

N.F.

Unguentum Ichthammolis
Unguentum Bitumis Sulfonati; Pomatum cum Ichthyolo
Compositum.
Pommade a l'ichthyolsulfonate d'ammonium ; Pate Fe.
ichthyolee.

Thoroughly mix 100 Gm. of ichthammol with
100 Gm. of wool fat, and then with 800 Gm. of
petrolatum. N.F.

Storage. — Preserve "in tight containers and
avoid
prolonged exposure to temperatures above
30°." N.F.

INOSITOL.

N.F.

1,2,3, 5/4, 6-Hexahydroxycyclohexane,
/-Inositol,
aww Inositol

"Inositol, dried at 105° for 4 hours, yields not
less than 97 per cent of C6H12O6." N.F.
Myoinositol. Bios I; Dambose; Inosin; Inosite; Phaseomannitol; Meat Sugar; Muscle Sugar.

Inositol was discovered in 1850, by Scherer,
who isolated it from animal muscle tissue and
named it from the Greek word inos, meaning
muscle. It has been found in various forms in
many plant and animal tissues. In plants inositol
generally occurs as a hexaphosphate ester known
as phytic acid, which forms complex salts with
potassium, calcium, magnesium, iron, manganese
and other metals. Seeds and cereal grains are
particularly rich in inositol hexaphosphate. Inositol occurs in plants also as the polyhydroxy alcohol component of certain phospholipids called
lipositols; thus, the soybean phosphatides contain a lipositol.
Inositol may be regarded as a cyclic derivative
of D-glucose in which the aldehyde group of the
latter has been converted to a secondary alcohol
group, with linkage being effected between carbon atoms 1 and 6. Altogether there are nine
hexahydroxycyclohexanes, known collectively as
the inositols; the official inositol is the only
isomer which has important biological activity.
While inositol occurs in many natural tissues,
it is obtained commercially in the steep water
in which corn has been soaked prior to manufacture of starch (for a summary of the process see
Chemical Engineering, July 1951, p. 200).
Description. — "Inositol occurs as fine white
crystals or as a white, crystalline powder. It is
odorless, has a sweet taste, and is stable in air. Its
solutions are neutral to litmus. It is optically
inactive. One Gm. of Inositol dissolves in 6 ml.
of water. It is slightly soluble in alcohol and is
insoluble in ether and in chloroform. Inositol
melts between 224° and 227°." N.F.
Standards and Tests. — Identification. — (1)
On boiling a solution containing inositol and lead
subacetate T.S. the mixture becomes translucent
and gelatinizes. (2), (3) Rhodizonic acid, obtained by nitric acid oxidation of inositol, yields
a violet strontium salt and a rose red calcium
salt. (4) Hexaacetylinositol obtained in the assay
melts between 212° and 216°. Loss on drying. —
Not over 0.5 per cent, when dried at 105° for 4
hours. Residue on ignition. — Not over 0.1 per
cent. Chloride. — The limit is 50 parts per mil-
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lion. Sulfate. — The limit is 60 parts per million.
Calcium. — No precipitate is obtained at once
on addition of ammonium oxalate T.S. to a solution of inositol. Iron. — The limit is 5 parts per
million. Heavy metals. — The limit is 25 parts per
million. N.F.
Assay. — About 250 mg. of dried inositol is
converted to hexaacetylinositol by heating with
acetic anhydride in the presence of some sulfuric
acid; the derivative is precipitated with water
and, after hydrolyzing the excess acetic anhydride
by boiling, the hexaacetyl compound is extracted
with chloroform, the solvent evaporated, the residue of the compound dried at 105° for 1 hour,
and finally weighed. The gravimetric factor for
converting the weight of the hexaacetyl compound to inositol is 0.4167. N.F.
Uses. — Inositol is of biochemical interest because it is a constituent of many tissues of the
human body ; medicinally it is of interest because
of the possibility that it may have useful lipotropic activity.
In humans inositol is found in the brain, stomach, kidney, spleen, liver and other tissues; while
it is esterified with phosphoric acid it generally
contains less than the 6 phosphate ester radicals
associated with each molecule of it when present
in plant tissues. The intake of inositol in food
by a person on a diet of 2500 Calories per day is
approximately 1 Gm. daily, which is estimated
to be the probable human requirement (Williams,
J. A.M. A., 1942, 119, 1). Inositol is a product of
hydrolysis of phosphatides in the brain and spinal
cord (Folch and Woolley, /. Biol. Chem., 1942,
142, 963). It is to be noted that inositol and
choline form different types of phospholipids in
the body; thus, inositol has been isolated from
P-cephalins, while choline is found in lecithins
and sphingomyelins (McHenry and Patterson,
Physiol. Rev., 1944, 24, 128).
Inositol is commonly considered to be a member of the vitamin B complex; it is essential for
growth of yeasts, being identical with the bios I
factor (Eastcott, /. Physiol. Chem., 1928, 32,
1094; Burkholder et al., J. Bad., 1944, 48, 386;
Woolley, /. Biol. Chem., 1941, 140, 453; and
others), and also promotes the growth of several
bacterial species.
Various beneficial effects of inositol in many
different animals have been reported, including
those of serving as an antialopecia factor in certain species of mice and of enhancing growth of
some animals (for a review of such reports see
Weidlein's The Biochemistry of Inositol, 1951,
Mellon Institute Bibliographic Series, Bulletin
No. 6). Some of these beneficial effects could
not be confirmed, and it would appear that in
many instances effects attributed to inositol involved a dependence also on the presence of
other factors, such as pantothenic acid and paraaminobenzoic acid.
Definite symptoms of inositol deficiency have
not been observed in man; the presence of the
substance in many foods and the possibility that
man may synthesize inositol make it difficult to
produce such a deficiency.
Lipotropic Action. — Gavin and McHenry (/.

Biol. Chem., 1941, 139, 485; 141, 619) discovered that inositol has lipotropic action on fatty
livers in rats; such an action was confirmed by
Best et al. {Science, 1946, 103, 12; Biochem. J.,
1946, 40, 368) and others. In clinical studies on
patients with fatty livers administration of inositol reduced liver fat levels quickly (Abels et al.,
Proc. S. Exp. Biol. Med., 1943, 54, 157). Dietary
fat, which appears to be necessary for choline to
function, has been found to reduce the effectiveness of inositol (Best et al., J. Biol. Chem., 1950,
186, 317). A synergistic lipotropic action of
inositol and choline has been reported by several
investigators, including Best and his associates
{loc. cit.).
Though the liver is the possible site of formation of inositol-containing phospholipids little is
known of the method of their formation or their
role in fat metabolism. From the absence of any
methyl group in inositol it is apparent that it
cannot in any way serve as a methyl donor, a
role suggested for choline.
Cholesterol Metabolism. — Inositol is apparently concerned with the metabolism of cholesterol; ithas been observed to reduce the cholesteryl ester content of animal livers infiltrated
with excessive fat and cholesterol (Best et al.,
loc. cit.; Ridout et al., Biochem. J., 1946, 40,
494; Beveridge and Lucas, /. Biol. Chem., 1945,
157, 311; and others). In hypercholesterolemic
humans, inositol administered at a dosage level
of 2 Gm. a day for 6 to 10 weeks reduced both
blood cholesterol and cholesteryl esters by approximately 20 per cent (Herrmann, Exp. Med.
& Surg., 1947, 5, 149). It has been hypothesized
that such an effect may be the result of formation of inositol-containing phospholipids which
inhibit formation of lipid-cholesterol macromolecules.
Cirrhosis. — While the usual progressive course
of liver cirrhosis was not altered in 36 patients
receiving inositol, 7 of 10 given inositol with a
high-protein diet experienced a definite subjective
and clinical improvement (Echaurren and Jorquera, Rev. Medica de Chile, 1943, 71, 755, reported through J.A.M.A., 1944, 124, 66). A lowfat and low- cholesterol intake, accompanied by
inositol administration, lowered blood-lipid levels
in a patient with xanthomatous biliary cirrhosis
(Gephardt, Ann. Int. Med., 1947, 26, 764). In a
case of cirrhosis and ascites of dietary origin,
administration of inositol was beneficial and
Broun {Postgrad. Med., 1948, 4, 203) concluded
that use of choline, inositol and other lipotropic
substances probably permits successful treatment
of cirrhosis at a lower level of protein intake
than would otherwise be feasible. Inositol appears to have no favorable action, however, in
cirrhosis resulting from carbon tetrachloride
poisoning.
The dose of inositol has varied widely; the
usual dosage has been 1 to 3 Gm. daily in divided doses but the N.F. gives the usual dose as
2 Gm.
Storage. — Preserve "in well-closed containers." N.F.
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N.F.

"Inositol Tablets contain not less than 93 per
cent and not more than 107 per cent of the labeled
amount of C6H12O6." N.F.
Usual Sizes. — 250 and 500 mg. (approximately 4and iy2 grains).
INSULIN

INJECTION.
(B.P, LP.)

U.S.P.

Insulin, Insulin Hydrochloride, [Injectio Insulini]

"Insulin Injection is a sterile, acidified solution of the active principle of the pancreas which
affects the metabolism of glucose. Insulin Injection possesses a potency of not less than 95 per
cent and not more than 105 per cent of the potency stated on the label, expressed in U.S.P.
Insulin Units. Insulin Injection contains 40, 80,
100, or 500 U.S.P. Insulin Units in each ml."
U.S.P. The B.P. and LP. define Injection of
Insulin as a sterile solution of the specific antidiabetic principle of the mammalian pancreas
containing, according to the B.P., 20, 40, or 80
Units per ml., or, according to the LP., 20, 40,
80, or 100 International Units per ml.
B.P., I. P. Injection of Insulin. Iletin {Lilly'). Solutum
Insulini.
Fr. Solute injectable d'insuline. Sp. Inyeccion
de
Insulina.

In addition to producing digestive enzymes,
the pancreas is concerned with the elaboration of
one and possibly two hormones regulating metabolism of carbohydrates. These hormonal secretions arise from minute nests of cells located
in the body and tail of the pancreas, these being
approximately 0.3 mm. in diameter and separated
from the pancreatic acini by a delicate envelope
of connective tissue provided with a rich supply
of blood; these structures are known as the islets
of Langerhans. In some animals, notably in certain species of fish, the islets are entirely separate from the pancreas. The product of the beta
cells of the islets, which is insulin, is essential
for utilization of glucose; the rate of formation
of the hormone varies directly with the level of
blood sugar. In the condition known as diabetes
mellitus, there is evidence that a deficiency of
insulin is involved in its pathogenesis, giving rise
to an elevation of blood sugar and to the appearance of glucose in urine when the renal threshold
is exceeded. This is known as the underproduction
theory of diabetes and is supported by the low
levels of insulin present in the pancreas of diabetic humans as well as the reduced levels of
insulin found in the serum of diabetic patients
(in some cases no insulin is present). Abnormalities in other endocrine glands (pituitary, adrenal
and thyroid), and possibly hepatic dysfunction,
may rarely be encountered as a cause of diabetes;
even in these instances insulin deficiency is probably responsible for appearance of diabetes. The
overproduction of glucose is a theory of the
pathogenesis of diabetes mellitus (see presentation of evidence in Carbohydrate Metabolism,
Soskin and Levine, 2nd edition) which has not
met with general acceptance. Although cortisone
(q.v.) has marked action on carbohydrate metabolism, studies indicate that only a few cases of

hyperadrenocorticism have diabetes mellitus;
moreover, the functional activity of the adrenal
cortex in diabetes mellitus seems to be depressed
if it is abnormal at all. If adrenal steroids are
involved in the pathogenesis of diabetes mellitus,
present information indicates an interference with
utilization of carbohydrate rather than overproduction of glucose. The overproduction theory
cannot, however, be discarded on the basis of
available information.
The second substance, which also may be a
hormone, isolated from the islets is thought to
arise from the alpha cells and has been designated
the hyperglycemic-glycogenolytic factor, also
known as glucagon and HGF. Direct proof that
the substance is an actual hormone remains to be
provided. The presence of HGF in insulin preparations was suspected from the observation that
prior to their hypoglycemic effect most commercial insulin preparations produced an initial rise
of blood sugar on injection. Certain Danish insulins (Novo brand) do not contain this contaminant. Following its isolation, Sutherland
found that the action of HGF was that of activation of hepatic phosphorylase, resulting in the
hydrolysis of glycogen to glucose and giving rise
to a transient elevation of blood sugar (Recent
Progress in Hormone Research, 1950, Academic
Press; also /. Biol. Chem., 1949, 180, 825).
Glucagon may be a modifying agent in patients
with diabetes (Pincus and Rutman, Arch. Int.
Med., 1953, 92, 666).
In the treatment of diabetes, oral administration of various extracts of pancreas has been attempted without success; insulin, being a protein
hormone, is rapidly destroyed by the action of
the proteolytic enzymes of the pancreas, especially by chymotrypsin. The problem of separating insulin in a form suitable for administration
by
injection was solved by the classical researches
251).
of
Banting and Best (/. Lab. Clin. Med., 1922, 7,
Manufacture. — The commercial production
of insulin has undergone many improvements
since the hormone was first introduced for therapeutic use. While details of manufacturing processes vary to some degree, the process described
by the B.P. is typical. Finely divided pancreas
(which may be beef or pork), either fresh or
frozen from the time of removal from the animal,
is extracted with alcohol acidified with a suitable
mineral acid. The extract, separated from the
marc, is concentrated under reduced pressure
and. after removal of separated fat, crude insulin
is salted out as the hydrochloride or precipitated
as the picrate, which latter is subsequently converted to the hydrochloride. From an aqueous
solution of the hydrochloride insulin is precipitated by adjusting the pH to 5.2 and allowing the
liquid to stand. The precipitate is purified by
crystallization from suitably buffered aqueous
solutions containing zinc chloride; crystallization
is repeated until regular cubic crystals are obtained, having an activity equivalent to not less
than 22 units per mg., calculated with reference
to anhydrous material. The pure crystals are dissolved in distilled water containing 1.45 to 1.75
per cent w/v of glycerin sufficient hydrochloric
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acid to adjust the pH to not less than 3 and not
more than 3.5, and sufficient of a suitable bacteriostatic agent to prevent growth of microorganisms, are added. The solution is sterilized
by filtration through a bacteria-proof filter, assayed biologically, and its strength adjusted to
the desired potency.
Zinc-Insulins. — In 1934, Scott (Biochem. J.,
1934, 28, 1592) discovered that by adding a
small amount of a zinc salt to a solution of
amorphous insulin it is possible to obtain it in
crystalline form, of a higher degree of purity
than the product obtained when zinc is omitted.
The potency of the zinc-insulin crystals, as they
are known, varies between 22 and 24 International Units per milligram, the Permanent Commission on Biological Standardization of the
League of Nations assigning to an international
standard preparation of such crystals an activity
of 22 International Units per milligram; by contrast, the old International standard preparation
of amorphous insulin had an activity of 8 International Units per milligram. The considerably
greater purity of zinc-insulin crystals resulted in
a substantial reduction of instances of hypersensitive response by patients who had received
amorphous insulin.
In the course of a study seeking to elucidate
the nature of the interaction between insulin and
zinc, Hallas-M0ller et at. {Science, 1952, 116,
394) made certain observations which have led
to what appear to be the most significant improvement inthe preparation of insulin injections
since Scott's finding led to the preparation of
injections from zinc-insulin crystals. One of
Hallas-M0ller's observations was that in certain
aqueous media it is possible to prepare both
amorphous and crystalline forms of zinc-insulin,
these varying in zinc content according to the
concentration of insulin and of zinc employed,
and also on the pH of the medium in which the
particles are suspended. A second observation was
that as the zinc content of the crystals is increased up to a certain point the solubility of
the crystals is reduced and hypoglycemic action
is prolonged. The third observation was that the
larger the crystal size, the longer the duration of
the hypoglycemic effect, with amorphous particles
acting for only a short period.
These effects were observed principally in solutions of sodium acetate buffered over a wide
range of pH values; when sodium phosphate was
used (as in the preparation of protamine zinc
insulin and NPH or isophane insulin) the effects
of zinc were neutralized, apparently as a result of
an affinity between zinc and phosphate. Citrate
buffers likewise neutralize the effects of zinc. In
acetate buffers zinc insulin is completely insoluble
in the range of pH 5.0 to 8.0, while in phosphate
buffers the range of complete insolubility is about
pH 5.0 to 6.0, which is substantially the same
range in which zinc-free insulin is precipitated.
Based on these recent observations, the Novo
Laboratories of Denmark introduced three new
preparations of insulin, as follows: (1) one containing relatively large crystals of zinc-insulin,
which have prolonged action (more than 30
hours), and designated Ultralente insulin; (2) a
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preparation containing fine, amorphous particles
of zinc-insulin having a short duration of action
(12 to 14 hours), called Semilente insulin; (3) a
mixture of 3 parts of the amorphous insulin and
7 parts of the crystalline insulin, the mixture
having an intermediate duration of action (about
24 hours), known as Lente insulin. These insulin
preparations are now available in the United
States. The preparations contain thrice-crystallized insulin, are combined with zinc in the proportion of 2 mg. per 1000 units of insulin (which
is several times the content of zinc in zincinsulin crystals used in preparing the official insulin injection), and are suspended in a saline and
acetate buffer medium having a pH of 7.2 (the
pH of U.S. P. insulin injection is between 2.5 and
3.5). Each of the three varieties may be mixed
with either of the others to produce stable mixtures; they should not be mixed with insulin
preparations containing phosphate. It is claimed
that 90 per cent of diabetics requiring insulin
can be successfully treated with a single daily
injection of the appropriate form of one of the
new insulins; the absence of foreign protein in
these insulins materially reduces the chance of
local skin sensitization.
Description. — "Insulin Injection containing
in each ml. not more than 100 U.S. P. Units is a
colorless or almost colorless liquid, and that containing 500 Units may be straw-colored. It is
substantially free from turbidity and from insoluble matter. Insulin Injection contains 0.1 to 0.25
per cent (w/v) of either phenol or cresol. It
contains
1.4 to 1.8 per cent (w/v) of glycerin."
U.S.P.
Standards and Tests. — Identification. — (1)
Into each of six rabbits, weighing from 1.8 to 2.2
Kg. each and from which food has been withheld
for 18 to 24 hours, sufficient insulin injection to
cause convulsions in at least three animals is injected subcutaneously. The convulsions are relieved when 5 ml. of 50 per cent dextrose solution
is injected intravenously, and 4 or more of the
animals remain alive for at least 3 days. (2)
When the pH of insulin injection is adjusted to
between 5.1 and 5.3 a precipitate forms, which
dissolves on subsequent adjustment of the pH
to between 2.5 and 3.5. At a pH between 8.0 and
8.5 insulin injection, adjusted to contain not
more than 100 Units per ml., shows only a slight
haze. pH. — Between 2.5 and 3.5. Nitrogen content.— When determined on a portion of insulin
injection representing not less than 200 U.S. P.
Insulin Units the content of total nitrogen, estimated by semi-micro Kjeldahl method, does not
exceed 0.65 mg. for each 100 Units of the injection prepared from zinc-insulin crystals, and not
more than 0.85 mg. when prepared from other
than such crystals. Zinc. — Injection prepared
from zinc-insulin crystals contains not less than
0.1 mg. and not more than 0.4 mg. of zinc for
each 1000 U.S. P. Insulin Units, while that prepared from other than zinc-insulin crystals contains not more than 0.4 mg. of zinc. Residue on
ignition. — The residue, when determined in a
portion of injection representing not less than 500
Units, is not over 1.0 mg. per 1000 Units. U.S. P.
Assay. — A number of biological methods of
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assaying insulin injection have been employed.
The U.S. P. assay is based on the observation of
the hypoglycemic effect on rabbits; quantitative
results are obtained by comparing the effect produced by dilutions of the insulin injection under
test with that of dilutions of a standard solution
prepared from Zinc-Insulin Crystals Reference
Standard. Blood-sugar determinations are made
on samples of blood withdrawn at intervals of
1 and lYz hours after injection. The chemical
procedure employed for the determination involves deproteinization of the blood sample with
zinc hydroxide, reduction of a measured excess
of alkaline cupric iodide T.S. by the blood-sugar,
and estimation of the excess of cupric ion which
remains after the reaction by titrating the iodine
which is liberated upon acidification with 0.005 N
sodium thiosulfate. A blank titration is performed
on the reagents and the difference in volumes of
thiosulfate required for the two titrations is calculated to the content of blood-sugar, in mg. per
100 ml. U.S. P. The B.P. describes two suggested
methods of assay, one of which is essentially
similar to that of the U.S. P. in measuring the
hypoglycemia produced in rabbits, the other depending on the incidence of convulsions or death
in mice. The LP. directs the assay to be performed by the law of the country concerned.
An in vitro assay of insulin based on fibril precipitation has been described (Forster, /. Pharm.
Pharmacol., 1951, 3, 897); each mg. of insulin
fibrils is equivalent to 25 units of insulin by this
method. Assays of the insulin content of human
serum may be performed by the Bornstein
method (Australian J. Exp. Biol. M. Set., 1950,
28, 93) in which the alloxan-diabetic, adrenalectomized, hypophysectomized rat is used as a
sensitive test animal.
Constitution of Insulin. — Insulin was first
isolated in crystalline form by Abel in 1926.
Scott (loc. cit.) found that addition of small
quantities of zinc salts made it possible to obtain
an almost completely crystalline product. Abel's
crystalline insulin, as well as commercial preparations of insulin, all contain zinc. Although it was
thought at first that the action of crystalline zinc
insulin was slower in onset and of longer duration
after subcutaneous injection in humans, further
study has shown no significant difference and
insulin injection derived from crystals or the
older method may be used interchangeably
(Ricketts and Wilder, J. A.M. A., 1939, 113,
1310). It now appears that zinc is an essential
constituent of insulin, although it is not known
in what manner it is linked in the insulin molecule. At least three other metals have the same
effect in aiding crystallization of insulin; for this
reason it is desirable to designate the crystalline
product obtained in the presence of zinc as zincinsulin. Of the four metals which possess the
property of inducing crystallization of insulin
three (zinc, cobalt and nickel) have been reported to be natural constituents of the pancreas
(cadmium is the fourth). It is not unlikely that
zinc may be involved in controlling the liberation
and activity of insulin in the body.
The non-metallic portion of the insulin mole-
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cule is a complex protein built up of many different amino acids by peptide linkages. With the
notable exceptions of tryptophan, methionine and
hydroxyproline, nearly all the amino acids have
been identified in two types of peptide chains, an
acidic fraction A and a basic fraction B. These
chains have been subjected to acid and proteolytic enzyme hydrolysis to form smaller peptide
groups in which the specific amino acid composition has been determined, thus establishing the
precise structure of the complete protein molecule. This represents a major achievement in
protein chemistry (Sanger, Biochetn. J., 1949,
44, 126; ibid., 1952, 52, 111.) Insulin has been
found to have four terminal free amino acid
groups, two from glycine and two from phenylalanine. The results of studies using modified
insulin derivatives suggest that the carboxyl and
phenolic hydroxyl groups are essential for biologic activity.
Recent evidence indicates that, instead of a
molecular weight of 36,000 or 48,000 as previously supposed, the monomeric form of insulin
has a molecular weight of 12,000, or possibly
6000. This would account for its rapid diffusion
in tissues. The basic molecular weight of 12,000
provides for two chains of polypeptides with two
pairs of sulfur linkages derived from cysteine to
join them. It is believed that insulin crystallized
in the presence of zinc contains three atoms of
the element per molecule of insulin. However,
recent evidence has shown that more than 2.0
per cent zinc may be contained in insulin crystals
prepared under specific conditions and that this
element has a remarkable influence upon the solubility of the preparation (Hallas-M0ller, Science,
1952, 116, 394).
Uses. — The great value of insulin in medicine
is in the treatment of that common metabolic
disorder known as diabetes mellitus. Insulin has
completely revolutionized the treatment of this
disease.
Action. — The action of insulin has been demonstrated to be that of facilitating the rate of
conversion of glucose to glucose-6-phosphate. In
the phosphorylated form, glucose can rapidly
undergo a series of degradative reactions known
as glycolysis. In this way, a portion of ingested
carbohydrate is disposed of and provides energy
for cellular metabolism and function. The ultimate products of oxidative degradation of glucose
through the tricarboxylic acid cycle are CO2 and
H2O, and the high-energy phosphate bonds required for cellular activity. Other important pathways for the disposal of glucose-6-phosphate are
those of conversion into glycogen in liver and
muscle, and the formation of fat within the liver
and fat depots of the body. Here again, the action
of insulin in permitting the phosphorylation of
glucose by the cells is the indispensable initiating
step. Insulin has also been shown to increase the
rate of protein biosynthesis from amino acids,
probably by making available the energy necessary for these reactions from glucose utilization.
In the absence of insulin, glucose is no longer
phosphorylated and oxidized. In these conditions,
the body mobilizes fat which undergoes P-oxida-
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tion within the liver to form acetate fragments.
Oxidation of these substances is achieved by the
same final common pathway as the carbohydratederived substrates to provide energy. However,
when the rate of production of keto-acids, formed
by condensation of the acetate fragments, exceeds the rate of oxidation, ketonemia, and ultimately acidosis, supervene.
The mode of action of insulin in effecting the
formation of glucose-6-phosphate has been disputed. The enzyme hexokinase, located within
the cells, catalyzes phosphorylation of glucose.
This enzyme is inhibited by certain pituitary and
adrenal steroid hormones and is released from
this inhibition by insulin, according to Cori.
Others have suggested that insulin is active at
the cell membrane in altering the surface permeability, permitting glucose to enter the cell rapidly, whereupon it is phosphorylated by hexokinase.
In the treatment of diabetes, insulin will usually effect a rapid lowering of the blood sugar,
replenish hepatic glycogen, increase the rate of
utilization of glucose for energy formation, diminish the rate of ketone body formation and
restore lipogenesis and protein formation. It has
been found clinically that after a few weeks'
treatment with insulin the dose employed may be
very greatly reduced; in other words, there is a
partial recovery of normal pancreatic power just
as has been observed from the dietetic treatment
alone. Banting, Campbell and Fletcher {Brit.
M. J., 1923, 1, 8) and others have shown that
even in diabetic coma it may bring about not
merely a reduction in the excessive dextrose in
the blood but also a restoration of the normal
alkalinity of the body and consequent recovery
in apparently moribund cases of diabetic acidosis.
Diabetic patients who can be controlled by diet
regulation alone need not be subjected to the
risks, expense and nuisance of insulin injections
unless certain complications exist. In the management of various infections, either local or systemic, occurring in diabetic patients, the use of
insulin to regulate the diabetes is very important.
For good therapeutic effects, it is necessary to
give insulin by injection either subcutaneously or
intravenously. Various attempts have been made
to give it by other routes, but while some of
them (percutaneous, rectal, etc.) have given
feeble insulin action, none of them is clinically
reliable. The protein molecule is too large to
penetrate with any readiness either the skin or
mucous membrane; it is not to be expected that
insulin would be absorbed from any portion of the
alimentary canal without decomposition by the
digestive enzymes (Campbell and Morgan, /.
Pharmacol, 1933, 49, 450).
Diabetes Mellitus. — The dose of insulin
varies greatly according to the excess of dextrose
in the blood. The amount of sugar in the blood
of the diabetic depends not merely on the severity of the disease but also on the intake of carbohydrate and calories. Both the dose and the diet
must be controlled. Initially the diet is prescribed
according to the ideal weight, activity and age of
the patient with, for an adult, about 1 Gm. of
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protein per kilogram of body weight, 100 to 200
Gm. of carbohydrate and 50 to 100 Gm. of fat
or more daily to obtain sufficient calories.
In the treatment of mild or moderately severe
diabetes without significant complications a depot
form of insulin, such as isophane insulin (NPH),
is recommended; an initial dose of 10 to 20 units
is given. Subsequent adjustments of the dose are
made on the basis of the content of glucose in
urine and the fasting and/or postprandial blood
sugar level. Thus, if urine glucose remains
strongly positive, the dose of insulin may be increased by 4 units every third day until the glucose content is reduced. Larger adjustments of
the insulin dose may be made when the blood
sugar level remains elevated. If the urine sugar
becomes persistently negative, the dose of insulin is gradually reduced. A decline of blood
sugar to normal (80 to 120 mg. per 100 ml.) is
also an indication for reduction of insulin dosage.
In the presence of complications of medical or
surgical nature, and in diabetic acidosis, more
rapidly acting forms of insulin, such as unmodified or regular insulin, are employed. Urine specimens obtained every 4 or 6 hours are tested by
the Clinitest, Galatest, or Benedict's reagent technics for glucose content. Insulin administration
is dependent upon the degree of glycosuria: thus,
4+, 20 units; 3+, 15 units; 2+, 10 units; 1 + ,
5 units. If acetone is strongly positive in the
urine the rate of insulin administration is doubled,
and the frequency of testing may be increased to
every 2 or 3 hours until acetonuria is diminished
as glucoSe metabolism increases. In the treatment of diabetic coma or severe acidosis, which
may represent a fatal condition, the immediate
administration of 80 to 100 units of regular insulin is recommended. If the blood sugar is over
600 mg. per 100 ml. an additional 100 units of
regular insulin is given. In the presence of peripheral vascular collapse, about half of the insulin
is given intravenously and the remainder intramuscularly. Otherwise all insulin injections are
given subcutaneously. In the routine treatment
of diabetes the depot insulins are usually given
20 to 30 minutes before breakfast; regular insulin isgiven 15 to 20 minutes before each meal.
For comparison of the action of the several modifications of insulin, see under Isophane Insulin
(NPH Insulin).
Miscellaneous Uses. — In recent years the
production of insulin shock has been used to a
considerable extent in treating schizophrenia and
other psychiatric disturbances. Although there is
considerable evidence that it frequently produces
beneficial effects, the treatment is not without
danger and should be undertaken only by those
with special experience in giving such treatments.
For information concerning methods and results
of this treatment see Katzenelbogen et al. {Arch.
Neurol. Psychiat., 1938, 39, 1). Hyaluronidase
is reported to have increased the speed and certainty of coma induction (Straccia, Am. J.
Psychiat., 1952, 108, 702). Sub-coma insulin
shock therapy for various psychiatric disorders
has been recommended for home treatment by
Cohen {New Eng. J. Med., 1949, 240, 669).
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Satisfactory results have been reported in the
treatment of delirium tremens (Tillim, Am. J.
Psychiat., 1953, 50, 697), and of the withdrawal
symptoms of morphine addiction. Favorable results were also reported in the treatment of severe anxiety states (Martin, /. Nerv. Ment. Dis.,
1949, 109, 347). In this connection it is noteworthy that light insulin coma had previously
been advocated for a mild sedation effect. Insulin
therapy has been advocated for treatment of
hyperemesis gravidarum (Bice, Northwest Med.,
1941, 40, 270). and in the diagnosis of adrenal
tumors. The effect of insulin-induced hypoglycemia upon gastric secretions is the basis of a
test for postoperative evaluation of vagotomy
procedures (Thornton, J.A.M.A., 1946, 130,
764). Significant improvement of rheumatoid
arthritis has been reported following repeated
insulin-induced hypoglycemia (Gordon, ibid.,
1951, 145, 842); Kersley. Brit. M. J., 1950, 2,
855); in this connection, insulin has been found
to potentiate the action of cortisone. Thromboangiitis obliterans was found by Franco (Lancet,
1950, 2, 655) to be improved by insulin shock
therapy. Insulin has been employed with varying
results in increasing appetite in undernutrition.
It is significant that slow-acting insulin, administered in gradually increasing doses, has been
found to induce somatic growth, including
growth of the skeleton, in hypophysectomized
rats, while untreated control animals grew not
at all (Salter and Best, Brit. M. J., 1953,2,383). E
Toxicology. — The reduction in blood sugar
effected by injection of insulin may g^e rise to
serious symptoms; if the dose is large enough
the patient may die. In rodents, the toxic effects
are manifested chiefly by convulsions, collapse
and, when the dose is large enough, death by
respiratory failure. These symptoms may be immediately abolished by intravenous injection of
dextrose.
In humans, insulin reactions have two phases:
the first is the hypoglycemia-epinephrine phase
characterized by tremors, headache, sweating,
hunger, pallor, tachycardia; the second is the
central nervous system phase in which prostration, abnormal behavior, diplopia, unconsciousness and ultimately death occur. Patients should
be instructed to carry identification cards and
some form of sugar or fruit for their protection.
Epinephrine may afford rapid but transient relief.
In elderly diabetics or in those with heart disease, itis very important to avoid hypoglycemia.
Local reactions to insulin injection, manifested
as redness, swelling or itching, occur in about 20
per cent of patients within 2 weeks after starting
therapy. These reactions subside spontaneously
in most patients; antihistaminic ointments may
be helpful if discomfort persists. Generalized allergic reactions, such as urticaria, arthralgia and
dyspnea, are rare in insulin therapy. Changing
the brand of insulin to an all-beef preparation
may be effective, or a desensitization schedule
may be attempted using 3 dilutions of insulin —
1:1000, 1:100. and 1:10 — giving 0.1 ml. of the
weakest solution first and increasing by 0.1 ml.
every half hour until 1 ml. is given, then repeat-
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ing this dosage schedule with the 1:100 and
finally with the 1:10 dilution. Other methods for
combating insulin allergy include use of recrystallized insulin or of denatured insulin prepared by
immersing crystalline insulin in boiling water for
30 minutes, which treatment inactivates allergenic
proteins.
Lipoatrophy or insulin dystrophy is another
form of cutaneous reaction to insulin therapy.
Between 30 and 50 per cent of patients receiving
insulin will manifest some degree of atrophy and/
or induration of subcutaneous tissues at the site
of insulin injections. The cause of subcutaneous
fat loss is not known; it has been found that the
tissue may return to normal whether or not insulin injections are continued at the site of the
lesion.
Zinc Insulin Suspensions. — The finding
that a long-acting crystalline zinc insulin and a
short-acting amorphous zinc insulin may be
readily prepared and used either separately or in
admixture to provide a series of prepaartions
having a wide range of time-activity characteristics has been discussed in some detail earlier in
this monograph (see under Zinc Insulins). Three
types of preparations are available commercially:
the short-acting Setnilente insulin, consisting of
amorphous zinc insulin ; the long-acting Ultralente
insulin, consisting of crystalline zinc insulin; a
mixture of 3 parts of the amorphous form and 7
parts of the crystalline variety known as Lente
insulin. According to Venning {Lancet, 1954, 1,
480) the duration of action of Lente insulin is
approximately the same as that of globin zinc
insulin; Ultralente insulin has a duration of action similar to that of protamine zinc insulin,
while Semilente insulin acts less rapidly than
soluble (regular) insulin. Venning found the action of the zinc insulin suspensions to be more
even and less erratic than that of other preparations of insulin; the dose required to achieve
satisfactory control may often be higher than
the dose of insulin previously used. Also, there
is a natural variation from patient to patient of
the duration of action of Lente insulin. The preliminary impression that the hypoglycemic reactions are less severe than with soluble insulin was
not entirely confirmed by further observations.
Obviously, more experimentation will be required
before the exact role of these zinc insulin suspensions is determined. Lente insulin is available in
the United States under the name Lente Iletin
(Lilly). For other reports on the use of these
insulins see Gerritzen, Brit. M. J., 1953, 2, 1030;
Lawrence and Oakley, ibid., 1953, 1, 242; Murray
and Wilson, ibid., 1953, 2, 1023; Nabarro and
Stowers, ibid., 1953, 2, 1027; Oakley, ibid., 1953.
2, 1021. This form of insulin has been accepted
by N.N.R.
Other Insulin Modifications. — Besides the
several official insulin modifications and the zinc
insulin suspensions discussed above many other
attempts have been made to produce a depot
insulin which will permit control of blood sugar
postprandially as well as overnight, so that one
injection daily will suffice to maintain normal
metabolism in diabetes.
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Jenkinson and Milne (Brit. M. J., 1938, 1,
380) employed a mixture of insulin and tannic
acid with some success; Broom and Bavin {Quart.
J. P., 1937, 10, 334) found a combination of
insulin, tannic acid and zinc to be better. An
alum-precipitated insulin was proposed by Rosenthal et al. (Am. J. Med. Sc, 1939, 198, 98), while
Feinblatt (/. Lab. Clin. Med., 1939, 24, 337)
employed successfully a compound of insulin and
methenamine. Histone zinc insulin, prepared by
adding to zinc insulin the protein histone, derived
from thymus, has been studied by Gray and
Sansum (Ann. Int. Med., 1937, 11, 274), and by
Bailey and Marble (J. A.M. A., 1942, 118, 683).
Pectin insulin, introduced in Great Britain under
the name Decurvon, contains 4 to 5 per cent of
pectin with insulin in a medium adjusted to a pH
between 4.0 and 4.4; it is claimed to be absorbed
slowly because of the high viscosity of the solution rather than because of compound formation
of the insulin (see Brahn, Lancet, 1940, 1, 1078).
A depot effect was noted following use of an insoluble streptomycin insulinate, prepared by mixing insulin with streptomycin sulfate solution
(Barnard and Saperstein, /. A. Ph. A., 1951, 40,
55). None of these preparations has demonstrated
any advantages over those which are officially
recognized. Di-insulin, a mixture of insulin with
phenyl-ureido-insulin, introduced in Denmark,
exerts a rapid and prolonged action; because of
irregularities in blood sugar response it has not
received wide trial in the United States.
Dose. — The usual dose of insulin is determined
according to the needs of the patient (see discussion above). The dose range is generally from
5 to 100 U.S. P. units; the maximum safe dose is
100 units. Insulin is usually injected subcutaneously but may be given intravenously or intramuscularly.
The American Diabetic Association has made
recommendations concerning the syringes to be
used in the injection of insulin. Instead of dual
calibrations, syringes should have single calibrations corresponding to the concentration of insulin being used by the patient; the plunger is
colored red for U40 insulin and green for U80
insulin.
Labeling. — "The label of the Insulin Injection
container and the outside label of each retail package states the potency in U.S. P. Insulin Units in
each ml. The outside labeling of each retail packages states also an expiration date which is not
later than 2 years after the date of its removal
from the manufacturer's place of storage, the
temperature of which is above 0° but does not
exceed 15°. Insulin Injection prepared from zincinsulin crystals which contain not less than 22
U.S. P. Insulin Units in each mg., on the anhydrous basis, may be labeled 'Insulin made from
Zinc-Insulin Crystals.' " U.S.P.
Storage. — "Preserve Insulin Injection in a
refrigerator, protected from freezing. Dispense it
in a satisfactory, unopened, multiple-dose container inwhich it was placed by the manufacturer.
The container for Insulin Injection, 40, 80, or
100 U.S.P. Units in each ml., is of approximately
10-ml. capacity and contains not less than 10 ml.
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of the Injection, and the container for Insulin
Injection, 500 U.S.P. Units in each ml., is of
approximately 20-ml. capacity and contains not
less than 20 ml. of the Injection." U.S.P.
GLOBIN ZINC INSULIN INJECTION.
U.S.P. (B.P.)
Globin Insulin with Zinc, Globin Zinc Insulin,
Zinco Insulini Globini]

[Injectio

"Globin Zinc Insulin Injection is a sterile solution of insulin modified by the addition of zinc
chloride and globin. The globin used is obtained
from globin hydrochloride prepared from beef
blood and conforms to the regulations of the federal Food and Drug Administration concerning
certification of batches of drugs composed wholly
or partly of insulin. In the preparation of Globin
Zinc Insulin Injection, the amount of insulin used
is sufficient to provide either 40 or 80 U.S.P. Insulin Units for each ml. of the Injection. Note. —
Globin Zinc Insulin Injection differs in its action
from that of other insulin injections in this Pharmacopeia in both time of onset and duration."
U.S.P.
The B.P. Injection of Globin Zinc Insulin is
defined as a sterile preparation of the specific
antidiabetic principle of the mammalian pancreas
with a suitable globin and zinc chloride, containing 40 or 80 units per ml.
B.P. Injection of Globin Zinc Insulin.

Description. — "Globin Zinc Insulin Injection
is an almost colorless liquid, substantially free
from turbidity and insoluble matter. Globin Zinc
Insulin Injection contains from 1.3 to 1.7 per
cent (w/v) of glycerin, and either from 0.15 to
0.20 per cent (w/v) of cresol or from 0.20 to 0.26
per cent (w/v) of phenol. It contains from 0.25
to 0.35 mg. of zinc for each 100 U.S.P. Insulin
Units. It also contains from 3.6 to 4.0 mg. of
globin (calculated as 6.0 times the nitrogen content of the globin) for each 100 U.S.P. Insulin
Units." U.S.P.
Standards and Tests. — Identification. — (1)
On adjusting globin zinc insulin injection to a pH
between 4.5 and 5.5 a precipitate forms; when the
pH of one portion of such a mixture is adjusted
to between 2.5 and 3.5 and that of another to
more than 11.0, the precipitate dissolves in each
case. (2) This test is the same as identification
test (1) under Insulin Injection. pH. — Between
3.4 and 3.8, determined with a glass electrode.
Sterility. — The injection meets the requirements
of the Sterility Test for Liquids. Total nitrogen.
— Not over 1.50 mg. for each 100 U.S.P. Insulin
Units. Zinc. — The content is between 0.25 and
0.35 mg. for each 100 U.S.P. Insulin Units.
Biological reaction. — This test, which is essentially
an assay, is similar in principle, in most of its
details, and in the interpretation of the data, to
the corresponding test under Protamine Zinc Insidin Injection. U.S.P.
Uses. — Globin zinc insulin injection has the
same action as unmodified insulin except that the
maximum effect occurs 8 to 16 hours after injection. This insulin was developed to fill the need
for an insulin intermediate in action between

686

Insulin

Injection, Globin Zinc

short-acting, unmodified insulin and long, slowacting protamine zinc insulin. (For comparison of
action see discussion of Isophane Insulin Injection.
Unmodified insulin has such a brief action in
diabetic patients that repeated doses are necesduring the day to control post-prandial hyperglycemia. Protamine zinc insulin is so slow
and prolonged in action that a single morning
dose sufficient to result in a normal fasting blood
sugar will not prevent hyperglycemia after meals.
Mixtures of these two types of insulin in various
proportions or multiple doses of one or both have
been used to overcome this difficulty. XPH Insulin is currently being used in place of these
ures.
Comparing equal doses of protamine zinc insulin and globin zinc insulin in uncomplicated
moderately severe diabetes Roberts and Yater
Med., 1947, 26, 41) found better control of blood sugar during the day and at night
with the latter insulin in 70 of 97 cases. Rabinowitch et al. (Can. Med. Assoc. J., 1947, 56, 595)
studied globin zinc insulin in refractory cases and
in cases with a medical or surgical complication
which tended to interfere with the action of insulin. They reported that most effective control
was obtained by using a single morning dose of
globin zinc insulin and an evening dose of protamine zinc insulin. They achieved almost equally
good results using unmodified insulin at 8-hour
intervals but the objection to this schedule was
that it required one additional hypodermic injection each day. In 67 patients maintained on globin
zinc insulin alone Shippe and Shippe ( West Yirg.
J., 1949, 45, 79) found the action similar to
a 2 :1 mixture of crystalline and protamine insulin.
They also reported good results using mixtures of
globin insulin and crystalline insulin in 1:2. 1:1.
and 2 : 1 ratios. Hypoglycemic reactions observed
occurred between 4 and S p.m.
st of 126 hypoglycemic reactions reported
by patients taking a single dose of globin zinc
insulin before breakfast occurred 2y2 to 5 hours
later OVauchope. Brit. M. J., 194S. 2, 191). Although globin insulin has been found superior to
protamine zinc insulin in the post-prandial regulation of the blood sugar, the duration of action
is not adequate for 24-hour control in all cases.
For this reason, the total daily insulin requirement, if greater than 30 or 40 units, is given as
two doses: J_; before breakfast and J 3 before
supper. If the requirement is less than 30 units
per day, a single dose given l/2 hour before breakfast is usually satisfactory. Because of the peak
intensity of action occurring about S hours after
the injection, a mid-aftemoon feeding is advocated for most patients using globin insulin. A
small bedtime feeding should be arranged for
virtually all patients receiving insulin in any
form.
Dose. — The usual dose is given hypodermically
according to the needs of the patient. The range
of dose is 10 to SO U.S. P. units'
Labeling. — 'The label of the Globin Zinc
Insulin Injection container and the outside label
of each retail package must state the potency in
units per ml. This refers to the number of U.S. P.
Insulin Units added in preparing the Injection.
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The outside labeling of each retail package states
also an expiration date which is not more than
IS months after the immediate container was
filled." L.S.P.
Storage. — "Preserve Globin Zinc Insulin Injection at a temperature above 0° but not exceeding 15°. Avoid freezing. Dispense it in a satisfactory, unopened, multiple-dose container in which
it was placed by the manufacturer, which container is of approximately 10-ml. capacity and
shall contain not less than 10 ml. of the Injection." U.S.P.
ISOPHANE

INSULIN
U.S.P.

Isophane Insulin,

NPH

INJECTION.
Insulin

"Isophane Insulin Injection is a sterile suspension, in a buffered water medium, of insulin made
from zinc-insulin crystals modified by the addition of protamine in a manner such that the solid
phase of the suspension consists of crystals composed of insulin, protamine, and zinc. The
protamine is prepared from the sperm or from
the mature testes of fish belonging to the genus
Oncorhynchus Suckley, or Salmo Linne (Fam.
Salmonidee), and conforms to the regulations of
the federal Food and Drug Administration concerning certification of drugs composed wholly or
partly of insulin. In preparing Isophane Insulin
Injection, sufficient insulin is used to provide
either 40 or 80 U.S.P. Insulin Units for each ml.
of the Injection. Note. — Isophane Insulin Injection differs in its action from that of other insulin
injections in this Pharmacopeia in both time of
onset and duration." U.S.P.
The addition of protamine to zinc insulin, in
the proportion required to produce the official
protamine zinc insulin, yields a product having a
more prolonged, though less intense, action than
that of regular insulin. In the official product the
proportion of protamine to insulin may be as high
as 1.5 mg. of the former to 100 units of the
latter. Such a preparation contains approximately
three times the amount of protamine required to
combine with the insulin. The proportion may.
however, be progressively decreased to yield
products having time-activity characteristics ranging from the short profound action of unmodified
insulin to the long, slow effect of protamine zinc
insulin.
Prior to the development of XPH insulin, it
was the practice to make preparations of intermediate time-activity characteristics by extemporaneous aclmixture of unmodified insulin and
protamine zinc insulin. The most useful of these
mixtures, for many patients, proved to be the 2:1
mixture of regular insulin and protamine zinc
insulin. In this mixture protamine is present to
the extent of about 0.5 mg. per 100 units of
insulin, which is the combining proportion, or
so-called isophane ratio, of protamine and insulin.
The development of XPH insulin embodies this
concept of having an isophane ratio of protamine
and insulin in a single preparation. The designation XPH is derived as follows: X refers to the
preparation being neutral (pH 7.2); P stands
for protamine, of which about 0.5 mg. per 100
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units of insulin is present (the designation NPH50 has been used to indicate substantially the
same product) ; H refers to Hagedorn, in whose
laboratory the preparation was developed. NPH
insulin is, essentially, a modification of protamine
zinc insulin which contains less protamine and
less zinc than the latter; also, the interaction
product is crystalline, rather than amorphous, as
is the case with protamine zinc insulin.
Description. — "Isophane Insulin Injection is
a white suspension of rod-shaped crystals approximately 30 m- in length and is free from large
aggregates of crystals following moderate agitation. Isophane Insulin Injection contains either
(1) 1.4 to 1.8 per cent (w/v) of glycerin, 0.15
to 0.17 per cent (w/v) of metacresol, and 0.06 to
0.07 per cent (w/v) of phenol, or (2) 0.42 to 0.45
per cent (w/v) of sodium chloride, 0.7 to 0.9 per
cent (w/v) of glycerin, and 0.18 to 0.22 per cent
(w/v) of metacresol. Isophane Insulin Injection
contains 0.15 to 0.25 per cent (w/v) of dibasic
sodium phosphate. It contains also 0.016 to 0.04
mg. of zinc and 0.3 to 0.6 mg. of protamine for
each 100 U.S. P. Insulin Units. When examined
microscopically, the insoluble matter in Isophane
Insulin Injection is crystalline, and contains not
more than traces of amorphous material." U.S.P.
Standards and Tests. — Identification. — (1)
On acidifying isophane insulin injection to a pH
between 2.5 and 3.5 the suspended solid dissolves,
producing a clear, colorless liquid. (2) This test
is identical with identification test (1) under
Insulin Injection. pH. — It is between 7.1 and 7.4.
Sterility. — The product meets the requirements
of the official sterility tests. Nitrogen content. —
Not over 0.85 mg. for each 100 U.S.P. Insulin
Units. Biological activity of the supernatant liquid.— Not over 1 U.S.P. Insulin Unit per ml. for
an injection containing 40 U.S.P. Units per ml.,
and not over 1.5 Units per ml. for an injection
containing 80 U.S.P. Units per ml. Zinc. — The
content is between 0.016 mg. and 0.04 mg. for
each 100 U.S.P. Units. U.S.P.
Uses. — Isophane or NPH insulin has the same
action as unmodified insulin except for its timeactivity range with respect to blood sugar regulation. In this respect it occupies a position intermediate between that of protamine zinc insulin
and of globin zinc insulin. The onset of activity
TIME
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Peak Action
Duration
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zinc insulin and regular insulin. Kirkpatrick
(Proc. Mayo, 1949, 24, 365) found NPH insulin
superior to previously available insulins in his
patients and predicted that protamine zinc insulin
would be replaced by it. In the stable diabetic patient, almost any depot insulin will provide satisfactory control. In the unstable diabetic, however,
more careful timing of insulin activity is essential
for maintenance of metabolic hemostasis. Such
careful regulation may be achieved by use of mixtures of regular insulin and protamine zinc insulin, especially in a 2:1 ratio or, more conveniently, byNPH insulin (Izzo, /. Clin. Inv.,
1950, 29, 1514).
The treatment of diabetes during complications
such as pregnancy, surgery, or infection requires
an insulin capable of contributing an early action
as well as a prolonged blood-sugar-lowering effect.
Shuman (Am. J. Med. Sci., 1951, 222, 179) described the use of NPH insulin in diabetic control during these complications. Occasionally the
prompt action of NPH is inadequate for control
of the postprandial blood sugar and gylcosuria.
In these instances, Shuman recommends addition
of small amounts of regular insulin directly to
the syringe containing NPH insulin. Since NPH
is an isophane mixture of protamine, zinc and
insulin, the added regular insulin will not be combined with protamine to a significant degree. The
amount of regular insulin added depends upon
the total daily insulin requirements and the
degree of post-prandial glycosuria. The proper
dosage can be reached by testing the urine sugar
at 11:00 a.m. and increasing the regular insulin
component by two units each third day as long
as 1 to 2 per cent glycosuria is present at that
time. The initial dose of regular insulin used may
be about 10 per cent of the NPH dose being
given. Prior to adding the regular insulin, a reduction of the breakfast carbohydrate ration by
15 to 20 per cent may be advocated, adding this
to supper or bedtime feeding when NPH insulin
is more active. When the daily insulin requirements are greater than 80 to 100 units, the total
dose may be divided and given three-fourths before breakfast and one-fourth before supper,
although a single pre-breakfast dose of 160 units
has been found to afford control of the blood
sugar in several cases. NPH insulin is never used

OF VARIOUS

INSULIN

PREPARATIONS

Soluble Unmodified
and Crystalline
Zinc Insulin

Globin Insulin

Isophane
Insulin

Protamine
Zinc Insulin

1 hour
2 to 3 hours
6 to 8 hours

1 to 2 hours
6 to 12 hours
18 to 24 hours

1 to 2 hours
10 to 20 hours
20 to 32 hours

4 to 6 hours
16 to 24 hours
24 to 48 hours

of isophane insulin occurs within 2 hours after
subcutaneous injection, the peak blood-sugarlowering action occurs within 10 to 12 hours, and
the duration of action is 28 to 30 hours. Gabriele
and Marble employed this new insulin in 1949
in 94 boys at a summer diabetic camp (Am. J.
Digest. Dis., 1949, 16, 197) and discovered that
it provided better control of hyperglycemia and
glycosuria than did combinations of protamine

intravenously. Subcutaneous injection, 20 minutes
before breakfast, is advised. It is not recommended for the treatment of diabetic coma. Used
in conjunction with dietary regulation and exercise, itis of value in the control of all diabetics,
and especially those with severe, labile diabetes.
Its time-activity curve makes it a suitable agent
for the control of diabetic patients who are undergoing surgery and anesthesia, although frequently
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small doses of regular insulin are employed to
supplement its action during the immediate postoperative phase.
Hypoglycemic reactions occurring with NPH
insulin are similar to those described under
protamine zinc and unmodified insulins. Patients
should be cautioned never to omit feedings,
especially lunch, as the peak action of this agent
occurs in the late afternoon. The precautions
enumerated in the previous discussions must be
followed in the use of this preparation. Local
allergic reactions have been observed as frequently as with other insulins.
Dose. — The range of dose, which is based on
the needs of the patient, is from 10 to 80 U.S. P.
units, administered subcutaneously.
Labeling. — 'The label of the Isophane Insulin Injection container states that the Injection is to be shaken carefully before use. The
label of the Injection container and the outside
label of each retail package state the potency in
Units per ml. This refers to the number of U.S. P.
Insulin Units added in preparing the Injection.
The outside labeling of each retail package states
also an expiration date which is not later than
IS months after the immediate container was
filled." U.S.P.
Storage. — Preserve "in a refrigerator, protected from freezing. Dispense it in the unopened,
multiple-dose container in which it was placed by
the manufacturer, which container is of approximatelv 10-ml. capacity and contains not less than
10 ml. of the Injection." U.S.P.
PROTAMINE
Protamine

ZINC INSULIN
INJECTION. U.S.P. (B.P.) (LP.)

Zinc Insulin, [Injectio Zinco Insulini
Protaminati]

''Protamine Zinc Insulin Injection is a sterile
suspension, in a buffered water medium, of insulin
modified by the addition of zinc chloride and
protamine. The protamine is prepared from the
sperm or from the mature testes of fish belonging
to the genus Oncorhynckus Suckley, or Salmo
Linne (Fam. Salmonidce). and conforms to the
regulations of the Food and Drug Administration
concerning certification of batches of drugs composed wholly or partly of insulin. In the preparation of Protamine Zinc Insulin Injection the
amount of insulin used is sufficient to provide
either 40 or SO U.S.P. Insulin Units for each ml.
of the Injection. Note. — Protamine Zinc Insulin
Injection differs in its action from that of other
insulin injections in this Pharmacopeia in both
time of onset and duration." U.S.P.
The B.P. defines Injection of Protamine Zinc
Insulin as a sterile suspension of the specific antidiabetic principle of the mammalian pancreas with
a suitable protamine and zinc chloride, containing
40 or SO units per ml.
The LP. recognizes the same preparation under
the title Injection of Insulin Zinc Protaminate.
B.P. Injection of Protamine Zinc Insulin. Injectio
Insulini Protaminati cum Zinco. LP. Injection of Insulin Zinc Protaminate; Injectio Insulini Zinci Protaminati. Protamine Zinc Insulin (Sharp & Dohme, Squibb) ;
Protamine, Zinc and Iletin (Lilly). Sp. Inyeccion de Insu'.ina y Protamina en Zinc.
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In the attempt to develop an insulin compound
which acts more gradually and over a longer
period of time than does insulin itself Hagedorn
et al. (J.A.M.A., 1936, 106, 177) showed that
when a solution of protamine, a basic protein of
simple composition derived from the sperm or
from mature testes of certain fishes (see definition
above ) . in a sodium phosphate buffer is added to
insulin an insoluble compound forms at pH 7.2
which exerts a prolonged hypoglycemic action.
Subsequently it was found that the addition of
zinc to this mixture produced a still greater retardation ofaction and, also, markedly stabilized
the combination of insulin and protamine.
The reaction of this suspension is highly important; the adjustment to a pH of approximately
7.2 corresponds to the isoelectric point of protamine zinc insulin at which it exhibits its maximum
degree of insolubility. At any pH above or below
this point the solubility is increased and. of course,
the intensity and duration of hypoglycemic action
are affected.
Description. — "Protamine Zinc Insulin Injection isa white, or almost white suspension and is
free from large particles, following moderate agitation. Protamine Zinc Insulin Injection contains
from 1.4 to l.S per cent (w v) of glycerin, and
either from 0.1S to 0.22 per cent
:>f cresol
or from 0.22 to 0.28 per cent i w v) of phenol. It
contains from 0.15 to 0.25 per cent (w/v) of
XasHPO-i. It contains from 0.20 to 0.25 mg. of
zinc and from 1.0 to 1.5 mg. of protamine for each
100 U.S.P. Units of Insulin." US.P.
Standards and Tests. — Identification. — (1)
On acidifying protamine zinc insulin to a pH between 2.5 and 3.5. the precipitate dissolves, producing a clear, colorless liquid. (2) This test is
the same as identification test ( 1 > under Insulin
Injection. Reaction. — The pH is between 7.1 and
7.4. when measured using a glass electrode. Nitrogen content. — When determined on a portion of
injection representing not less than 200 U.S.P. Insulin L'nits the content of total nitrogen, estimated
by the semimicro Kjeldahl method, does not exceed 1.25 mg. for each 100 U.S.P. Units. Zinc. —
The zinc content is between 0.20 mg. and 0.25 mg.
for each 100 U.S.P. Insulin Units. Biological Reaction.— This test serves in the place of an assay
and is in many respects similar to the assay
provided under Insulin Injection. The underlying
principle of the test is that there shall be substantially no difference in the average degree of
hypoglycemic action of identical doses of a standard preparation of protamine zinc insulin (containing 40 or 80 units, as the case may be) and
of the injection being tested. The hypoglycemic
action is measured in rabbits, employing the
chemical method utilized in the assay of Insulin
Injection (which see). U.S.P.
The B.P. requires that the clear supernatant
liquid separated from the injection does not contain more than 3.75 per cent of the original activity, when tested by the B.P. biological assay of
insulin (on rabbits). The injection is also required
to comply with a test for retardation of insulin
effect : this test is similar to the rabbit assay with
the principal specification that when the average
blood-sugar percentage of rabbits being injected
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with a standard preparation of regular insulin
has just returned to the initial level, that of rabbits receiving the same dosage of the protamine
preparation shall be not more than 80 per cent of
the corresponding initial value. The I. P. limits the
concentration of insulin in the clear supernatant
liquid to 4.0 per cent of the original activity.
Assay. — The U.S. P. test serving as an assay is
described above, under Standards and Tests. The
B.P. assay is performed on rabbits, being the
same as that required for Injection of Insulin;
solution of the protamine zinc insulin is first
effected by adding 0.3 ml. of 0.01 N hydrochloric
acid per ml. of injection.
Uses. — Protamine Zinc Insulin Injection has
the same action as unmodified insulin (q.v.) except that its maximum action occurs between 12
and 24 hours after injection (for comparison of
action of insulins see Isophane Insulin Injection.
Ricketts (Am. J. Med. Sc, 1941, 201, 51) and
others have found that many patients can be kept
in satisfactory condition with one dose daily. Its
special indication is in those patients requiring
multiple doses of unmodified insulin daily and
in those with frequent attacks of hypoglycemia
under such treatment. Tolstoi (Am. I. Digest.
Dis., 1943, 10, 247), in fact, has used a dose
of 15 to 20 units daily, without rigid control
of the diet, for several years with satisfaction.
However, because of the failure of this preparation to control the blood sugar during the
day following the ingestion of food and because
of nocturnal hypoglycemic reactions, other depot
forms of insulin, such as NPH and globin insulins,
have been more widely employed recently. In the
treatment of diabetic coma, protamine zinc insulin or other depot preparations should not be
used. To change a patient regulated with unmodified insulin to protamine zinc insulin, the dose the
first morning should be about two-thirds of the
previous total daily dose. Because of its slow
action, glycosuria is common at first but the dose
should not be changed for 3 to 5 days, when the
full effect of this slow-acting insulin has been
reached. Unmodified insulin may be used in addition during the first few days but this practice increases the danger of hypoglycemic reactions. The
carbohydrate content of the first meal (breakfast)
may require limitation to avoid hyperglycemia before the dose of protamine zinc insulin becomes
active; the carbohydrate ingested at night may
need to be increased to avoid nocturnal hypoglycemia.
Hypoglycemic reactions develop slowly with
protamine zinc insulin and may not be recognized
until unconsciousness develops. The manifestations are the same as with unmodified insulin but
are milder at first ; a rapid fall of the blood sugar
level seems to stimulate the compensatory mechanisms, such as the secretion of epinephrine, more
actively and many of the symptoms are compensatory innature. The symptoms include: fatigue,
slight weakness, headache, nervousness, irritability, tremors, sweating, hunger. Likewise, because of the continued absorption of the modified
insulin, the reaction is prolonged. Although sugar
relieves the symptoms rapidly, the manifestations
may recur in about an hour. The administration
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of both rapidly-absorbed carbohydrate (sugar)
and slowly-absorbed carbohydrate (bread) is advocated, or the sugar should be repeated after
1 hour. If the patient is unconscious, intravenous
administration of 25 to 50 ml. of 50 per cent
dextrose is necessary.
In the milder cases of diabetes mellitus, protamine zinc insulin in a single dose daily controls
the metabolic abnormality well because of the
rather extraordinary constancy of its action (Ricketts, loc cit.). Because a single dose of protamine
zinc insulin does not adequately control many
cases without an additional daily injection of some
form of insulin, much effort has been expended to
devise an adequate single dose preparation (see
discussion of other modifications under Insidin
Injection). Except for globin zinc insulin and NPH
insulin, none of these has attained any wide use.
It was found that unmodified and protamine zinc
insulin could be mixed in the syringe at the time
of injection by intelligent patients and thus avoid
the necessity of two hypodermic injections (Peck,
Ann. Int. Med., 1943, 18, 177). Although this is
a complicated procedure, it has worked well (for
technic see Wilder, A Primer for Diabetic Patients, 7th ed., W. B. Saunders, 1941). Since there
is an excess of protamine in most available commercial preparations of protamine zinc insulin,
about half of the unmodified insulin, which is
added in the proportions commonly employed, is
converted into the insoluble form of insulin.
Hence, if the action of 10 units of unmodified and
30 units of protamine zinc insulin is desired, 20
units of unmodified and 20 units of protamine
zinc insulin should be mixed in the syringe. Peck
and Schecter (Proc. A. Diabetes A., 1944, 4, 59)
studied these mixtures carefully and Abrahamson
(Am. J. Digest. Dis., 1945, 12, 385) devised a
nomogram to determine the proportions to employ
to achieve the desired effect. A 2 : 1 mixture of
unmodified and protamine zinc insulin is said to
be the most generally useful; a few cases required
3:2 and 1:1 proportions. Fierro and Sevringhaus
(Ann. Int. Med., 1945, 22, 667) confirmed the
value of a 3:1 mixture in the management with
a single dose daily of diabetics requiring more
than 40 units of insulin daily. The use of NPH
insulin has largely replaced insulin mixtures since
this preparation has a prompt phase of hypoglycemic action previously contributed by the
regular component of the mixture.
Dose. — The usual dose is given hypodermically
according to the needs of the patient. The range
of dose is from 10 to 80 U.S. P. units.
Labeling. — "The label of the Protamine Zinc
Insulin Injection container states that the Injection is to be shaken carefully before use. The
label of the Injection container and the outside
label of each retail package state the potency
in units per ml. This potency refers to the number of U.S. P. Insulin Units added in preparing the
Injection. The outside labeling of each retail
package states also an expiration date which is not
later than 24 months after the immediate container was filled." U.S.P.
Storage. — "Preserve Protamine Zinc Insulin
Injection at a temperature above 0° but not exceeding 15°, avoiding freezing. Dispense it in a
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satisfactory, unopened, multiple-dose container in
which it was placed by the manufacturer, which
container is of approximately 10-ml. capacity and
contains
not less than 10 ml. of the Injection."
US.P.
IODINE.

U.S.P., B.P., LP.
[Iodum]

"Iodine contains not less than 99.8 per cent of
I." c7.5.P. The B.P. and I.P. require not less
than 99.5 per cent of I.
Jodum;
Iodinium;
Iodum
Bisublimatum.
bisublime. Ger. Jod. It. Jodio. Sp. Yodo.

Ft.

lode

Iodine, a non-metallic element discovered in
1812 by the French chemist Courtois while working with the ash of sea-weed, was in IS 14 named
by Gay-Lussac after the Greek word meaning
violet, in recognition of the color of its vapor.
Iodine, in combined form, is a constituent of sea
water and of certain algae, particularly the kelps
and rockweeds, which have the power of removing it from water and storing it in their tissues.
Saks of the element occur also in oil-field brines,
as well as in Chile saltpeter, in which latter it
exists as sodium iodate and from which source
most of the world's supply of iodine comes.
From dried sea-weeds the iodine may be extracted in a variety of ways. Usually the weeds
are burned and the ash, which contains from 0.2
to 2 per cent of iodine, is lixiviated with hot
water, the solution run off and concentrated to
separate some of the undesired saline matter, and
the mother liquor treated with sulfuric acid to
liberate hydriodic acid from which elemental
iodine is released by treatment with manganese
dioxide. The iodine is distilled out of the mixture
and purified by sublimation.
In the process of extracting iodine from Chile
saltpeter, which contains about 0.15 per cent of
iodine, the mother liquor remaining after crystallization ofsodium nitrate is treated with sodium
bisulfite, which reduces the iodate to elemental
iodine, in which form it is separated and purified
by sublimation.
Iodine may be recovered from oil-field brines
by treatment of the latter with sodium nitrite and
sulfuric acid, liberating iodine which is adsorbed
on activated carbon. The carbon is filtered off. the
iodine leached out with alkali, the solution concentrated, then chlorinated to liberate iodine
which is distilled out of the liquor and condensed
in a ceramic condenser. Another method of treating the brines consists in precipitation of iodide as
silver iodide, reaction of this substance with steel
scrap to precipitate silver while leaving an equivalent amount of ferrous iodide in solution from
which elemental iodine is liberated with chlorine.
Most of the iodine produced in this country is
extracted in California from the brines of wells
and from sea water, which latter may be treated
in much the same way as the former. Considerably more iodine is imported, however, than is
produced here.
Iodine resembles chlorine and bromine in its
chemical properties, but is somewhat less active.
It forms salts with most of the elements. The
oxides IO2, or I2O4, and I2O5 are well character-
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ized. The important acids of iodine include
hydriodic, hypoiodous, iodic and periodic; each of
these forms a corresponding series of salts. Iodine
forms with chlorine and bromine the compounds
IC1 and I Br, respectively. Both of these are decomposed by water. Iodine dissolves easily in
aqueous solutions of alkali iodides to form
triiodides. such as KI3.
Description. — "Iodine occurs in the form of
heavy, grayish black plates or granules, having
a metallic luster and a characteristic odor. One
Gm. of Iodine dissolves in about 2950 ml. of
water, in 13 ml. of alcohol, in about 80 ml. of
glycerin, and in about 4 ml. of carbon disulfide.
It is freely soluble in chloroform, in carbon tetrachloride, and in ether, and is soluble in solutions
of iodides." U.S. P.
Standards and Tests. — Identification. — (1)
Solutions (1 in 1000) in chloroform, carbon tetrachloride or carbon disulfide have a violet color.
Addition of starch T.S. to a saturated solution of iodine produces a blue color which disappears on boiling but. unless boiled for a long
time, reappears on cooling. Residue on evaporation.— Not over 0.05 per cent, when volatilized
on a steam bath. Chloride or bromide. — A saturated solution in water, decolorized with sulfurous
acid, produces no greater turbidity with silver
nitrate T. S., following preliminary precipitation
of silver iodide in an ammoniacal solution, than
is produced in a control containing 0.1 ml. of
0.02 A hydrochloric acid. U.S.P.
The B.P. and I.P. include a test for limit of
cyanogen which specifies that no blue color shall
be produced on addition of ferrous sulfate and
alkali to a saturated solution of iodine decolorized
with zinc, the mixture being heated and finally
acidified with hydrochloric acid.
Assay. — About 500 mg. of iodine is dissolved
in potassium iodide solution, acidified with diluted
hydrochloric acid, and titrated with 0.1 -V sodium
thiosulfate, using starch T.S. as indicator. Each
ml. of 0.1 N sodium thiosulfate represents 12.69
me. of I. U.S.P.
Bargu and Starling (Pharm. /., 1914. 92, 146^
called attention to the fact that more than 60
compounds besides starch have the property of
showing a blue color with iodine.
Iodine Deficiency. — Iodine is found in plant
foods grown on iodine-containing soil and in
animal foods derived from animals fed on such
iodine-containing plants. In many inland regions
of the world the iodine has been largely leached
out of the soil and the content of this element in
food is low. In these regions goiter is common.
Iodine deficiency results in colloid goiter, in
which there is an increase in colloid in the follicles
and which is deficient in iodine; however, afflicted
individuals still have enough hormone production
to maintain normal metabolism and symptoms
arise from the mechanical pressure of the mass in
the neck. Repeated periods of iodine deficiency
result in alternating hyperplasia and atrophy of
the thyroid and eventually result in toxic nodular
goiter. The hyperplasia arises from overactivity
of the thyrotropic hormone (TSH) of the
anterior lobe of the hypophysis. Iodine deficiency
and the resulting deficiency of thyroid hormone
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result in excessive TSH production. The minimal
daily requirement of iodine in the diet is not
definitely established, although 150 to 300 micrograms daily for an adult has been used as an
estimate. It is certain that 2 to 3 micrograms per
Kg. of body weight is adequate. In the United
States 0.01 per cent of potassium iodide has been
added to table salt (Kimball, J.A.M.A., 1946,
130, 80) and the incidence of goiter has decreased
tremendously during the last three decades
(Marine and Kimball, ibid., 1920, 75, 674). In
coastal regions of the world sea-food provides
sufficient iodine for most individuals.
The subject of thyroid function has been extensively reviewed by Rosenberg and Astwood,
and by Werner (Glandular Physiology and
Therapy, American Medical Association, Lippincott, Philadelphia, 1954, pp. 258 and 309). In
brief, current information indicates that iodide
ion absorbed from food circulates in the blood
and is concentrated to an amazing degree in the
thyroid gland. Intracellularly in thyroid, the
iodide, under the influence of peroxidase-like
enzymes, forms iodinated tyrosine in protein
combination, i.e., it is not present as the free
amino acid. Oxidative condensation of iodinated
tyrosines forms the thyroxyl groups of thyroglobulin, which is stored in the acinar colloid of
the gland. Proteolysis of thyroglobulin releases
thyroxin, tyrosine and iodide. The thyroxin enters
the blood stream to circulate to tissues, while the
iodide and tyrosine are utilized in the thyroid
gland to form new thyroglobulin.
Iodine Metabolism. — Of the 20 to 50 mg. of
iodine in the human body 60 to 80 per cent is
found in the thyroid gland (Riggs, Pharmacol.
Rev., 1952, 4, 284). The intake of iodine varies
greatly, from 150 to 200 micrograms daily in
coastal areas of the world to 50 micrograms or
less in inland regions. Iodide is readily absorbed
from the gastrointestinal tract and the skin (Nyiri
and Jannitti, /. Pharmacol., 1932, 45, 85) and
excreted largely in the urine; on an intake of 150
micrograms daily about 144 micrograms appears
in the urine (mostly in inorganic form) while 6
micrograms is found in the feces (mostly in
organic combination). Most of the iodine in
tissues is in organic form. The amount of inorganic iodine, except following large doses of
iodide, does not exceed 1 microgram per 100 ml.
of blood. Inorganic iodine is found in the extracellular fluids and does not normally exceed 75
micrograms in the entire body. In addition to
excretion into the urine, it is secreted into the
gastric juice and saliva in concentrations about
30 times that in blood plasma. Traces are also
present in tears, sweat, milk, spinal fluid and
serous effusions. Renal excretion and thyroid
storage of iodine accounts for 90 per cent of a
dose of the isotope iodine-131 (Keating and
Albert, Rec. Progr. Hormone Res., 1949, 4, 429;
Pochin, Lancet, 1950, 2, 41, 84). In myxedematous patients or after administration of antithyroid drugs, most of a tracer dose of iodine
appears in the urine, whereas in cases of hyperthyroidism more of the isotope enters the thyroid
rather than the urine. The rates of accumulation
are proportional to the plasma concentration. The
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renal clearance of iodide is about 32 ml. of
plasma per minute while that of the thyroid is
16 ml. per minute (Berson et al., J. Clin. Inv.,
1952, 31, 141; Myant et al., Clin. Sc, 1949,
8, 109). The iodine-accumulating activity of the
thyroid comprises two processes: iodide-concentrating and organic-binding mechanisms (for
further discussion see under Thyroid, in Part I).
In the blood, iodine circulates chiefly as
thyroxin, which is loosely bound to serum albumin
(Rosenberg, /. Clin. Inv., 1951, 30, 1; Laidlaw,
Nature, 1949, 164, 927). Thyroxin iodine may be
separated from inorganic iodine by precipitation
of the serum proteins; this is the serum-precipitable or plasma protein-bound iodine. Total
serum iodine includes inorganic iodide and varies
with the iodine content of the diet and use of
medicinal iodine. The level of protein-bound
iodine is correlated in general with the basal
metabolic rate of the individual (Lowenstein
et al., J. Clin. Endocrinol, 1944, 4, 268). The
concentration increases in hyperthyroidism and
decreases in myxedema (Mann et al., J. Clin. Inv.,
1942, 21, 773) and after treatment of hyperthyroidism bysurgical resection of the thyroid or
administration of propylthiouracil or iodide
(Winkler et al., ibid., 1946, 25, 404; Lowenstein
et al., J. Clin. Endocrinol., 1945, 5, 181). Normally about 4 to 8 micrograms of protein-bound
iodine per 100 ml. of blood is found. Certain
discrepancies appear between protein-bound
iodine concentrations and the clinical status of
the patient, apparently because of the variable
presence of non-thyroxin organic iodine compounds which are also attached to the serum
proteins (Rapport and Curtis, ibid., 1950, 10,
735). For example, following the use of iodized
oil, iodoalphionic acid and other roentgen contrast media high levels of serum-precipitable
iodine are found for many months (Salter et al.,
ibid., 1949, 9, 1080). Furthermore, large doses
of iodides may result in increase in proteinbound iodine due to formation of other iodinated
proteins than thyroxin (Riggs et al., J. Clin. Inv.,
1945, 24, 722). However, thyroxin can be extracted from serum separately from other organic
iodine compounds by butanol and these studies
indicate that thyroxin is the circulating form of
the thyroid hormone and that almost all of the
protein-bound iodine in the absence of artefacts
mentioned above consists of thyroxin (Trevorrow,
/. Biol. Chem., 1939, 127, 737; Mann et al.,
J. Clin. Inv., 1951, 30, 531); by butanol extraction in normal individuals the level is found to
be 3 to 7 micrograms per 100 ml.
When ingestion of iodide is increased an increased concentration of iodide and of thyroxin
is found in the thyroid gland while protein-bound
iodine increases in the blood (Taurog and
Chaikoff, /. Biol. Chem., 1946, 165, 217) but
when the plasma-iodide concentration reaches 6
to 12 micrograms per 100 ml. the binding of
iodine in the thyroid decreases (Wolff and
Chaikoff, ibid., 1948, 174, 555) and less thyroxin
and di-iodotyrosine are found in the thyroid
(Endocrinology, 1948, 43, 174). In patients with
hyperthyroidism binding of iodine in the thyroid
gland ceases at a lower concentration of blood
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also injected in cases of hyperthyroidism to cause
iodine, i.e., at about 5 micrograms per 100 ml.
(Stanley, /. Clin. Endocrinol., 1949, 9, 941;
regression of the hyperplastic thyroid by internal
irradiation as an alternative method of treatment
Childs et al., J. Clin. Inv., 1950, 29, 726). The
iodine concentration in the acinar cell of the
to surgical resection. Iodine, along with bed rest,
thyroid, rather than that in the blood, probably
sedation, and a high-caloric, high-protein and
vitamin diet, is very important in the preoperative
determines the response. After a few days of
inhibition binding occurs again (Wolff et al., preparation of patients with thyrotoxicosis (either
Endocrinology, 1949, 45, 504). The administraGraves' disease or exophthalmic goiter and toxic
tion of thiocyanate prevents the inhibition of
nodular goiter) for thyroidectomy. Iodine is combinding
caused by high
blood-iodine
levels
in (approximately
the form of Lugol's
solution inmonly
dosesadministered
of 0.3 ml.
5 minims)
(Raben, ibid., 296). The inhibitory action of high
3 times daily. The patient must be watched
levels of iodine in the blood may be important
closely, both clinically and by determinations of
in preventing manifestations of hyperthyroidism
basal metabolic rate. On the average, maximum
in association with a variable dietary intake of
iodine. A high level of iodide inhibits the usual
improvement is attained after about 10 days of
this regimen and it is important to operate at
increase in metabolic rate and the glandular
hyperplasia of the thyroid gland which is usually
that point. If thyroidectomy is delayed the thyrotoxicosis returns in several weeks despite concaused by administration of thyrotropin (Andertinued iodine therapy. The patient becomes soson and Evans, Am. J. Physiol., 1937, 120, 597;
Cutting and Robson, /. Pharmacol., 1939, 66,
called iodine-fast and the operative risk is so
great that it has been the practice to postpone
389), although the usual release of previously
surgery rather indefinitely and attempt to weather
isotope-labeled thyroxin from the thyroid occurs
the storm with isolation of the patient, heavy
(Wolff, Endocrinology,
1951, 48, 284). A desedation and forced nutrition without iodine
ficiency of iodine increases goitrogenic action of
antithyroid drugs while a high iodine intake tends
therapy. After about 2 months the patient will
again respond to iodine therapy and is a fit candito counteract the goitrogenic action of thiouracildate for thyroidectomy. The so-called thyroid
type drugs but not of sulfonamide-type antithyroid agents (Mackenzie, ibid., 1947, 40, 137).
crisis, observed either immediately after thyroidectomy or unassociated with surgery, is one of
The decrease in vascularity of the thyroid gland
caused by iodide during the action of the
the most dangerous and dramatic complications
of hyperthyroidism. For this larger doses of
thiouracil-type of drug is utilized clinically during the 1 to 2 weeks just before surgical reseciodinetion are
given—
1 ml.ofofsodium
Lugol's iodide
solu4 times
dailysuch
or as
1 Gm.
tion to minimize hemorrhage during the operation
(McGinty, Ann. N. Y. Acad. Sc, 1949, 50, 403).
intravenously every 6 hours for 3 to 6 doses;
the restlessness is controlled with 15 to 30 mg.
In hyperthyroidism, iodine therapy causes regresof morphine sulfate hypodermically, every 4
sion of the histologic signs of stimulation of the
hours if necessary. At least 100 Gm. of dextrose
thyroid; iodine causes lower acinar cells, larger
follicles, increased colloid and less hyperemia. It is given intravenously and from 2000 to 4000 ml.
of isotonic sodium chloride solution, as well as
has been suggested that iodide inactivates thyrolarge doses of thiamine, niacin, and riboflavin, are
tropin (Albert et al, J. Biol. Chem., 1946, 166,
637; Wright and Trikojus, Med. J. Australia,
given parenterally daily. Patients with non-toxic
enlargements of the thyroid, or even those with
1946, 2, 541), or inhibits the action of thyrotropin on the thyroid gland (Rawson, Ann. N. Y.
mild hyperthyroidism, respond well to iodine
therapy and, where necessary, it seems safe to
Acad. Sc, 1949, 50, 491), or inhibits a proprescribe iodine over rather prolonged periods of
teolytic enzyme in the thyroid which usually releases thyroxin from the gland (DeRobertis and
time. In severe cases of hyperthyroidism the proNowinski, Science, 1946, 103, 421). Goiter in
longed use of iodine courts disaster. The development of thiouracil and similar compounds (see
the newborn has been associated with large doses
of iodide during pregnancy but goiter has not
Methimazole, Methylthiouracil, and Propylthiouracil, in Part I) has advanced the treatment of
been observed following iodide therapy in adults.
hyperthyroidism
greatly but iodine continues to
Therapeutic
Uses. — Iodine was first embe important in this condition.
ployed therapeutically in 1819, by Coindet of
Geneva, in the treatment of goiter. In current
Classical Uses. — For many years potassium
iodide and other iodide salts have been employed
clinical practice, mild and uncomplicated cases
in the management of a great variety of chronic
of hyperthyroidism
are prepared for surgical
resection of the thyroid by iodide therapy during
conditions. Many empirical and often ill-defined
concepts developed. When injected into the blood
1 to 2 weeks in the hospital. Severe cases of
stream the iodides have practically no effect on
hyperthyroidism or those who appear to be bad
circulation. The common belief that iodides dilate
surgical risks are managed, usually at home, with
arterioles is without reasonable foundation
an antithyroid drug such as propylthiouracil until
the basal metabolic rate returns to normal and
(Capps, J.A.M.A., 1912, 59, 1350). The only imthen iodide therapy is added for about a week
portant physiological effect of iodine is its influence upon metabolism through the thyroid and
prior to surgery in the hospital (Bartels, New
related endocrine glands. According to Chistoni
Eng. J. Med., 1948, 238, 6). The iodine and the
{Arch, internat. pharmacodyn. therap., 1911, 21,
antithyroid drug may be continued for 1 to 2
339), the elimination of uric acid and other purine
weeks
following
operation according to the
bases is increased disproportionately by iodides.
severity of the situation and the clinical course.
Sodium Radio-Iodide
(I131) Solution (q.v.) is Grabfield and Prentiss (/. Pharmacol, 1925, 25,
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411) found that iodides caused a marked increase
of nitrogen in the urine, which they interpreted
to mean an increased catabolism. There were
differences in the effects of various salts. Iodide
appears to have some influence upon glands —
beyond its action as a salt — not only increasing
the quantity but changing the character of their
secretions, especially diminishing excessive viscidity. In morbid states attended with fibrinous
exudation iodides have a similar effect on the
exudate. There was a belief that iodide would
even cause absorption of organized fibrous tissue;
this, however, is not well substantiated. In
syphilis and tuberculosis there is often a very
rapid breaking down of characteristic local
lesions. This effect seems to be due to an increased autolysis but the mechanism is unknown.
In syphilis iodides are without direct curative
action, that is, they have no effect upon the
growth of the specific microorganism (Raiziss
and Severac, /. Chemother., 1929, 5, 1). Because,
however, of their power of causing the breakdown of syphilitic lesions they were formerly
considered of utmost importance in the tertiary
stage, not merely because they lessen the extent
of the sequelae of the luetic affection, but because
they drive the spirochetes from their lurking
places into the general circulation where they
may be reached by direct-acting antitreponemal
drugs.
The effect of iodides in tuberculosis is analogous to that in syphilis, but whether this action
in hastening breakdown of lesions will be beneficial or otherwise to the tuberculous patient depends upon the location and character of the
infection. Thus, in phthisis, prior to streptomycin
and other effective chemotherapeutic agents, the
most favorable result was the walling off and ultimate calcification of the local lesion. Iodides, by
softening the infected area, were capable of not
only delaying the whole process but also of
disseminating the microorganisms throughout the
lung. On the other hand, in lymphadenitis they
hasten suppuration and may lead to extrusion of
the bacilli. In a somewhat similar way iodides
may be useful in bone tuberculosis. In leprosy
they apparently have a somewhat similar type of
action, although less marked. They have also a
potent effect in actinomycosis and even appear to
have a direct curative effect (see under Potassium
Iodide and, for other pulmonary fungus infections, Kunstadter et al., Am. J. Med. Sc, 1946,
211, 583, and Friedman and Signorelli, Ann. Int.
Med., 1946, 24, 385, and J.A.M.A., 1946, 130,
545). _
In inflammations of either the serous or mucous
membranes attended with fibrinous exudates or
viscid secretions — as pleurisy, pericarditis, or
bronchitis — iodides are often used because of
their liquefying action. In bronchial asthma, while
they have no direct influence upon the paroxysms,
by their effect in increasing and liquefying the
bronchial secretions they have proved to be
among the most frequently serviceable drugs we
possess. Iodides are of similar value in liquefying
tenacious sputum in chronic bronchitis. They are
contraindicated in acute bronchial infections because they add to the hyperemia. In chronic in-
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flammatory conditions accompanied with formation of fibroid connective tissue — as in interstitial
nephritis, arteriosclerosis, and fibroid degenerations of the nervous centers — they were widely
employed, not, however, because they were of
pro#en utility, but in a kind of despairing hope
that they may have produced some amelioration
of the condition. In degenerative changes occurring as the result of syphilis, however, such as
locomotor ataxia, they often appear to have some
beneficial effect. Iodides are frequently employed
in chronic rheumatism; whether their beneficial
effect is due to an influence on metabolism or to
a softening of fibrinous exudate is uncertain.
Potassium iodide, by virtue of its iodide component forming a freely-soluble complex with
mercuric and lead ions, has been used in treatment of lead poisoning and in mercurial cachexia
to hasten elimination of the heavy metal; such
treatment, however, by mobilizing deposits of the
poisonius metal may cause exacerbation of
symptoms.
For the various internal effects of iodide it is
the rule to administer an iodide as being less
likely to disturb digestion but solutions of the
element itself, such as the official strong iodine
solution, are widely prescribed.
Elemental Iodine. — Elemental iodine has two
important therapeutic properties which its salts
do not share; these are its local irritant and
germicidal effects. As a counterirritant it is used
especially in various forms of arthritis, notably
those due to trauma, but it is also effective in
bronchitis and glandular enlargement. Its action
in these conditions may be supplemented by
systemic effects following absorption through the
skin. Iodine has also been employed for its local
irritant effect as an injection for treatment of
local effusions, such as hydrocele and ganglion,
although surgical repair is usually required.
Antiseptic Uses. — Elemental iodine is one of
the most potent and useful of germicides. According to Gershenfeld and Miller (/. A. Ph. A.,
1932, 21, 894) the phenol coefficient varies between 180 and 237, depending on the character
of the solvent and the species of bacteria. Nye
(J.A.M.A., 1937, 108, 280) found that in the
presence of blood serum a 1 in 2000 solution was
bactericidal to staphylococci and surpassed all
the mercurials tested. Using dilutions of Iodine
Solution, N.F., Gershenfeld et al. (Mil. Surg.,
1954, 114, 172) found that free iodine concentrations as low as 0.0625 per cent were bactericidal for human tubercle bacilli in cultures and
that suspensions of Mycobacterium tuberculosis
var. hominis exposed to 0.5 or even 0.05 per cent
concentration of free iodine for 5 minutes failed
to infect guinea pigs. Albumin decreased the
bactericidal action. Most antiseptics are ineffective against tubercle bacilli. Simons (J.A.M.A.,
1928, 91, 704) found that to kill anthrax spores
much stronger solutions are required; the
formerly official 7 per cent tincture of iodine required 2hours for such action. Gershenfeld (/. .4.
Ph. A., 1955, 44, 77) found that a concentration
of 0.375 mg. of free iodine per ml. prevented
within 1 minute the appearance of cytopathogenic
effects in monkey kidney cells due to Types I
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and II poliomyelitis virus; the same report reviews the effectiveness of iodine as a virucidal
agent.
Disinfection of Drinking Water. — In a study
of the efficacy of elemental iodine as a disinfectant for drinking water, Chang and Mfcrris
(Ind. Eng. Chem., 1953, 45, 1009) determined
the concentration required to kill the cysts of
Endamoeba histolytica, which is probably the
primary consideration in evaluating iodine to be
used for this purpose. They found that a dosage
of 8 parts per million of iodine completely destroyed 30 cysts per ml. within 10 minutes in
most natural waters, exceptions being waters with
iodine demands greater than 4 p.p.m, and those at
a temperature near 0° C. For waters with high
iodine demand, such as those that are highly
colored, more iodine should be used; waters at
low temperatures are satisfactorily disinfected by
increasing the time of treatment to 20 minutes.
The 8 p.p.m. dosage also reduced a count of 1
million enteric bacteria per ml. to less than 5 per
100 ml. within 10 minutes, and the treatment
was effective against leptospira, schistosomes, and
viruses. Certain soluble polyiodides, prepared in
tablet form, may be added to water to attain
this 8 p.p.m. concentration of elemental iodine.
These polyiodides include: (1) tetramethylammonium iodide, (CH3)4Nl3, which dissolves in
water to the extent of 0.25 Gm. per liter; (2)
tetraglycine hydroperiodide, (NH2CH2COOH)4HI. 1^412, known by the trivial name globaline,
soluble to the extent of 380 Gm. per liter; (3)
potassium tetraglycine triiodide, (NH2CH2COOH)4Kl3, also called potadine, very soluble
in water; (4) aluminum hexaurea sulfate triiodide, Al[CO(NH2)2]eS04l3, also known as
hexadine-S, soluble to the extent of 590 Gm. per
liter; (5) aluminum hexaurea dinitrate triiodide,
Al[CO(NH2)2]6(N03)2l3, or hexadine-N, dissolving to the extent of 390 Gm. per liter. Morris
et al. (ibid., 1953, 45, 1013) concluded that
while any of these compounds may be used to
prepare tablets for emergency disinfection of
water, tetraglycine hydroperiodide appeared to
have the best storage properties; the formulation
they found satisfactory contains 20 mg. of tetraglycine hydroperiodide, 90 mg. of disodium dihydrogen pyrophosphate, and 5 mg. of talc. When
dissolved in a quart of water each tablet provides
a concentration of 8 p.p.m. of elemental iodine.
A tablet containing triglycine hydroperiodide,
liberating 7.5 p.p.m. of elemental iodine under
the conditions of usage has been included in the
soldier's canteen for emergency purification of
water (J.A.M.A., 1946, 132, 930). The taste and
odor of water thus purified are less objectionable
than when purified by chlorine-yielding compounds.
Topical Use. — An important advantage of
iodine when used as an antiseptic is its comparatively slight injurious effect on animal tissues.
Several investigators have compared the "toxicity
index" (the concentration injurious to tissue
divided by the antiseptic concentration) of iodine
with various mercury derivatives, phenol, hexylresorcinol, etc., using either leukocytes or chicken
embryo cells as the test tissue, and in practically
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every study iodine gave the most favorable results (Welsh and Hunter, Am. J. Pub. Health,
1940, 30, 129). Shaughnessy and Zichia
(J.A.M.A., 1943, 123, 525) demonstrated efficacy
of iodine tincture in preventing experimental
rabies. Dunham and MacNeal (/. Immunol.,
1944, 49, 129) found 0.1 per cent of iodine to
inactivate the influenza virus in less than 3
minutes.
As a wound disinfectant iodine is one of the
best but it should never be applied in concentrations higher than 2 or 3 per cent. Cognizance
of this fact was taken in U.S. P. XIII in reducing
the strength of iodine tincture from 7 to 2 per
cent.
Iodine has been extensively used to sterilize
the skin prior to operation (Ficarra, J. Internat.
Col. Surg., 1951, 16, 115); for this purpose it
may be employed in strengths of 5 to 10 per
cent. The controversy concerning the possibility
of rendering the skin aseptic by application of
iodine has led to considerable experimentation
and polemics. Certain conclusions seem justifiable: (1) In a large proportion of cases the skin
may be rendered aseptic by simple application
of the solution of iodine; (2) in some instances
application of iodine will not sterilize the skin
but may reduce the number of viable organisms;
(3) in view of this latter fact the surgeon is not
justified in neglecting mechanical measures for
obtaining surface disinfection. Various solvents
have been suggested for preparing iodine solutions for such use; Macdonald and Peck (Lancet,
Sept. 1, 1928) concluded that the best solvent —
giving consideration to germicidal power, irritant
action,
alcohol. penetrating properties, etc. — is isopropyl
Iodine is of value in the treatment of fungus
infections of the skin, such as ringworm, favus,
etc. In these conditions it may be applied either
as an ointment or tincture. Stricklcr (Urol.
Cutan. Rev., 1947, 51, 264) reported on the
superiority of a special iodine ointment for treatment of tinea capitis infestations. Collins and
Hughes (/. Laryng. Otol., 1944, 59, 81) used a
powder containing iodine and boric acid for
effective treatment of chonic suppurative otitis
media caused by coliform or diphtheroid organisms. Prior to the advent of penicillin beneficial
results were obtained in erysipelas by painting
of the affected part with stronger tincture of
iodine (Lammerhirt, Berl. klin. Wchnschr., 1921,
58, 1389). Nascent iodine, as in Heliogen tablets
(containing potassium iodide, chloramine-T and
excipient), has been advocated as a mouth wash
and cleansing solution on skin wounds (Am. J.
Surg., 1952, 78, 446). A compound of polyvinylpyorrolidone and iodine has been applied with
benefit to a variety of skin lesions without producing irritation; it has also been administered
orally or intravenously in a variety of systemic
infections (Shelanski, Drug Trade News, 1951,
26, 36). S
Toxicology. — Iodine is a frequent cause of
poisoning, the symptoms of which are pain in the
epigastrium, followed by nausea and vomiting;
the vomitus may be brown, or blue if there has
been any starch in the stomach, and later may
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become bloody. Purging, excessive thirst, abdominal cramps, and circulatory failure may follow
in severe cases. The treatment should be prompt
administration of a chemical antidote, the most
efficient being sodium thiosulfate; the observations of Myers and Ferguson (Proc. S. Exp.
Biol. Med., 1928, 25, 784) indicated that the
thiosulfate was capable of following iodine into
the blood stream and should be useful if there
are symptoms of constitutional absorption. It is,
however, not likely to be quickly available in an
emergency; in this case a couple of tablespoonfuls
of cornstarch stirred up with water — or in its
absence, bread or other starchy material — forms
a useful substitute. The subsequent treatment
will be that of any toxic gastroenteritis.
When given continuously over long periods of
time, even in medicinal doses, iodine or one of
its salts may give rise to more or less serious
disturbances known as iodism. This is usually
characterized by pain or heaviness in the region
of the frontal sinuses, with or without coryza;
in some instances soreness of the mucous membrane of the mouth and throat, or a mild ptyalism, or a papular eruption is the prominent
symptom. Various skin lesions of all degrees of
severity have followed internal use of iodides in
sensitive persons. Absorption of mammae and
wasting of testicles have been reported as caused
by long-continued use of iodine, but such results
are extremely rare.
Dose. — The usual internal dose is 0.3 ml. (approximatelyminims)
5
of Strong Iodine Solution,
well diluted, which represents about 15 mg. of
iodine and 30 mg. of potassium iodide.
Storage. — Preserve "in tight containers."
U.S.P.
IODINE

AMPULS.

N.F.

Iodine Swabs, [Ampullae Iodi]
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tion with a mixture of 40 Gm. of yellow wax, 40
Gm. of wool fat, and 720 Gm. of petrolatum,
previously melted together and cooled until congealed. Contact with metallic utensils or containers should be avoided during manufacture
and storage of this ointment. N.F.
Assay. — About 1 Gm. of the ointment is
heated with potassium carbonate at a temperature of 650° to 675° whereby the iodine is
reduced to potassium iodide. The halide is extracted with hot distilled water, the solution
slightly acidified with nitric acid, and sufficient
of a dilute potassium permanganate solution
added to liberate enough iodine to give the solution a faint yellow color. Starch T.S. is added
and the mixture titrated with 0.1 N silver nitrate
until the blue color is discharged and a canary
yellow precipitate remains (disappearance of the
blue color is due to depletion of iodide ions).
Each ml. of 0.1 N silver nitrate represents 12.69
mg. of I. N.F.
Uses. — Iodine ointment is antiseptic and
mildly counterirritant. Wetzel and Sollmann
(/. Pharmacol., 1920, 15, 168) reported that
iodine may be absorbed after application of the
ointment but the quantity which enters the system through the intact skin is small. The ointment has been popularly employed as a local
resolvent and counterirritant in various forms of
arthritis, lymphadenitis, and other local tumefactions. The experiments of Sollmann (J. A.M. A.,
1919, 73, 899) show that results are obtained
only after application for several days has caused
considerable irritation of the skin.
Storage. — Preserve "in tight containers and
avoid
prolonged exposure to temperatures above
30°." N.F.
IODINE

SOLUTION.

N.F.

Liquor Iodi

contain,
in each
ml., ofnotI
less"Iodine
than 1.8Ampuls
Gm. and
not more
than 100
2.2 Gm.
and not less than 2.1 Gm. and not more than 2.6
Gm. of Nal. Note. — Iodine Ampuls must contain
Iodine Tincture, U.S.P. Prepare the solution, fill
the cleansed ampuls, and seal them." N.F.
Alcohol Content. — From 44 to 50 per cent,
by volume, of C2H5OH. N.F.
These ampuls are supplied in cartridge-like
devices which permit breaking of the thin, tapering portion of the ampul and absorption of the
iodine tincture in cotton or other absorbent material which serves also as an applicator for the
tincture.
IODINE

OINTMENT.

N.F.

Ungentum Iodi

"Iodine Ointment contains not less than 6.5
per
N.F. cent and not more than 7.5 per cent of I."
Fr. Pommade a l'iodure de potassium iod6e. Ger.
Jodsalbe. It. Unguento con joduro di potassio e jodio;
Poraata jodo-jodurata. Sp. Pomada de yodo yodurada;
Unguento de yodo.

Dissolve 40 Gm. of iodine and 40 Gm. of potassium iodide in 120 Gm. of glycerin, preferably
in a glass mortar, and thoroughly mix this solu-

"Iodine Solution contains, in each 100 ml., not
less than 1.8 Gm. and not more than 2.2 Gm. of I,
and not less than 2.1 Gm. and not more than 2.6
Gm. of Nal." N.F.
Dissolve 20 Gm. of iodine and 24 Gm. of sodium iodide in 50 ml. of purified water, then add
enough purified water to make 1000 ml. N.F.
This solution is identical with the currently
official formula for Iodine Tincture (U.S.P.) in
content of iodine and of sodium iodide but differs
from the latter preparation in the solvent employed; the solution is made with purified water,
the tincture with diluted alcohol.
Description. — "Iodine Solution is a transparent liquid, having a reddish brown color and the
odor of iodine." N.F.
Test. — Identification. — A deep blue color results when a drop of iodine solution is added to
a mixture of 1 ml. of starch T.S. and 9 ml. of
distilled water. N.F.
Assay. — A 5 -ml. portion of solution, diluted
with distilled water, is titrated with 0.1 iV potassium arsenite, which reduces elemental iodine to
iodide, using starch T.S. as indicator. Each ml.
of 0.1 iV potassium arsenite represents 12.69 mg.
of I. To this solution hydrochloric acid and chloroform are added, and the mixture is titrated with
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0.05 M potassium iodate until the purple color of
iodine disappears from the chloroform layer,
signifying that the iodide, which is first oxidized
to elemental iodine, has been finally oxidized to
the plus one valence characteristic of iodine monochloride (see under Potassium Iodide for further
discussion). The difference between the number
of ml. of 0.05 M potassium iodate used and the
number of ml. of 0.1 iV potassium arsenite added,
multiplied by 14.99, represents the number of
mg. of Nal in 5 ml. of iodine solution. In this
assay 1 ml. of 0.1 N potassium arsenite is equivalent to 1 ml. of 0.05 M (or 0.2 N) potassium
iodate by virtue of the fact that potassium arsenite reduces an atom of iodine by only one
valence unit (to iodide) while potassium iodate
oxidizes an iodide ion by two valence units (to
the plus one valence of iodine monochloride).
N.F.
Uses. — The experiments of Karns (/. A. Ph.
A., 1932, 21, 779), of Karns, Cretcher and Beal
(/. A. Ph. A., 1932', 21, 783), and of LaWall and
Tice (J. A. Ph. A., 1932, 21, 122) led to the introduction of two useful iodine-containing antiseptics, currently official under the titles Iodine
Solution and Iodine Tincture, respectively. Both
contain the same concentration of iodine and sodium iodide, but the former utilizes purified
water, and the latter diluted alcohol, as the solvent. The aqueous preparation would appear to
have the greater penetrating power but the hydroalcoholic preparation has the apparent advantage of more rapid evaporation of solvent. The
experiments of Gershenfeld and Miller (/. A.
Ph. A., 1932, 21, 894) demonstrated that both
iodine preparations possess bactericidal efficiency
superior to many proprietary preparations employed as wound disinfectants.
The concentration of sodium iodide is that
corresponding to a solution isotonic with human
blood serum. Sodium iodide is preferable to potassium iodide as the source of halide ions because
the former, a normal physiological constituent, is
less likely to disturb the equilibrium in the tissues.
The concentration of alcohol in the tincture — approximately 47 per cent — provides a sufficient
degree of penetration and evaporation without
exhibiting the dehydrating or blood-cell coagulating effects of higher concentrations of alcohol.
For application to wounds some physicians dilute
these preparations to contain 0.5 or 1 per cent of
iodine; for irrigations a dilution containing 0.1 per
cent of iodine is commonly employed. S
Storage. — Preserve "in tight, light-resistant
containers, preferably at a temperature not above
35°." N.F.
STRONG

IODINE SOLUTION.
U.S.P. (B.P., LP.)

Compound Iodine Solution, Lugol's Solution,
Solutio Iodi Aquosa, Liquor Iodi Fortis

"Strong Iodine Solution contains, in each 100
ml., not less than 4.5 Gm. and not more than 5.5
Gm. of iodine (I), and not less than 9.5 Gm. and
not more than 10.5 Gm. of KI." U.S.P.
Both the B.P. and the LP. recognize this same
solution as Aqueous Solution of Iodine; the B.P.
Strong Solution of Iodine, on the other hand, is
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an alcoholic solution containing 10 per cent w/v
of iodine. The latter is described under Strong
Iodine Tincture.
B.P. Aqueous Solution of Iodine; Liquor Iodi Aquosus.
LP. Solutio Iodi Aquosa. Solutum Iodo-iodatum Forte.
Fr. Solute iodo-iodure fort; Solute dit de Lugol. Get.
Lugolsche Losung. Sp. Solucidn de Yodo Fuerte.

Dissolve 50 Gm. of iodine and 100 Gm. of
potassium iodide in 100 ml. of purified water,
then add enough purified water to make 1000 ml.
U.S.P.
Description. — "Strong Iodine Solution is a
transparent liquid having a deep brown color and
the odor of iodine." U.S.P.
Tests. — Identification. — (1) A deep blue color
is produced when a drop of strong iodine solution
is added to 1 ml. of starch T.S. previously diluted
with 10 ml. of distilled water. (2) The residue
remaining after the evaporation of a few ml. of
solution to dryness, followed by gentle ignition
to volatilize elemental iodine, responds to tests
for potassium and for iodide. U.S.P.
Assay.— The assays for iodine and for potassium iodide are performed in the same manner
as directed for iodine and for sodium iodide under
Iodine Solution. The factor for calculating to mg.
of KI is 16.60. U.S.P.
The B.P. assays for iodine and for potassium
iodide on separate portions of a 1 to 4 aqueous
dilution of the solution. To determine iodine, 20
ml. of the diluted solution is titrated with 0.1 A7
sodium thiosulfate. The assay for potassium
iodide involves titration of 10 ml. of the diluted
solution with 0.05 M potassium iodate in the
presence of hydrochloric acid and chloroform;
from the volume of potassium iodate required is
subtracted one quarter of the quantity of 0.1 N
sodium thiosulfate required in the assay for
iodine. Each ml. of the difference is equivalent to
16.60 mg. of potassium iodide. The LP. assays
are essentially the same as those of the B.P. except that in the assay for potassium iodide there
is added potassium cyanide prior to titration
with potassium iodate; thereby there is produced
iodine monocyanide instead of iodine monochloride. This allows the concentration of hydrochloric
acid in the titrated solution to be reduced to a
point where starch may be employed as the indicator, the chloroform being omitted.
Uses. — Doctor Lugol, to whose investigations
— carried on about 1830— is due chiefly the introduction ofiodine as a drug, used solutions of varying strength according to the purpose for which
they were employed. His iodine lotion, used as a
wash in scrofulous ophthalmia, in ozena, etc., contained two grains of iodine and four of potassium
iodide in a pint of water. His rubefacient iodine
solution was prepared by dissolving half an ounce
of iodine and an ounce of potassium iodide in six
fluidounces of water. Lugol's caustic iodine solution, containing an ounce each of iodine and potassium iodide, dissolved in two fluidounces of
water, was used to destroy soft and fungous
granulations, and in lupus. The official solution is
used chiefly internally as a means of obtaining the
therapeutic effects of iodine. It is also an efficient
antidote to most alkaloidal poisons. E
The usual dose of the U.S.P. solution is 0.3 ml.
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Iodine Tincture, Strong

(approximately 5 minims), three times a day,
given in at least four tablespoonfuls of water or
milk, so as to avoid irritation of the stomach.
The range of dose is 0.1 to 1 ml.; not more than
3 ml. should be given in 24 hours.
Storage. — Preserve "in tight containers, preferably at a temperature not above 35°." U.S.P.
Off. Prep. — Phenolated Iodine Solution, N.F.
PHENOLATED

IODINE
N.F.

SOLUTION.

Boulton's Solution, French Mixture, Carbolized Iodine
Solution, Liquor Iodi Phenolatus

Mix 6 ml. of liquefied phenol and 15 ml. of
strong iodine solution with 165 ml. of glycerin,
and add enough water to make the product measure 1000 ml. Expose this liquid, in a strong, tightly
stoppered, glass container, to sunlight, or heat it
at a temperature not exceeding 70°, until it has
become colorless or faintly yellow. N.F.
The mechanism of the reaction involved in preparing this solution is not known with certainty.
Some believe that a compound of phenol and
iodine results, others that the iodine is converted
to hydrogen iodide.
Description. — "Phenolated Iodine Solution is
a colorless or light yellow liquid, with the characteristic odor and taste of phenol. The specific
gravity of Phenolated Iodine Solution is about
1.047." N.F.
Standards and Tests. — Identification. — A red
precipitate forms on adding mercury bichloride
T.S. to phenolated iodine solution. Free iodine. —
The solution does not turn blue with starch T.S.
Residue on ignition. — The residue from 10 ml. is
negligible. N.F.
Uses. — This solution has for many years been
employed, to a limited extent, as an antiseptic
mouth wash. Tests of its antibacterial powers
apparently have not been published. If an iodophenol is formed one would expect considerable
antiseptic potency. It is used undiluted.
Storage. — Preserve "in tight containers." N.F.
IODINE

TINCTURE.

U.S.P. (B.P.) (LP.)

[Tinctura Iodi]

Tincture
contains,
in each
less"Iodine
than 1.8
Gm. and
not more
than 100
2.2 ml.,
Gm. not
of
iodine (I), and not less than 2.1 Gm. and not
more than 2.6 Gm. of sodium iodide (Nal)."
U.S.P. The tincture is prepared by dissolving 20
Gm. of iodine and 24 Gm. of sodium iodide in
enough diluted alcohol to make 1000 ml. U.S.P.
Under the name Weak Solution of Iodine
(Liquor Iodi Mitis), the B.P. recognizes a similar
solution prepared by dissolving 25 Gm. of iodine
and 25 Gm. of potassium iodide in 25 ml. of water
and diluting this solution to 1000 ml. with 90 per
cent alcohol. It is required to contain 2.5 per cent
w/v of iodine (limits, 2.45 to 2.55), and 2.5 per
cent w/v of potassium iodide (limits, 2.45 to
2.55). B.P.
The corresponding I. P. preparation is designated Ethanolic Solution of Iodine (Solutio Iodi
Spirituosa) and is prepared by dissolving 20 Gm.
of iodine and 25 Gm. of sodium iodide in sufficient 50 per cent alcohol to make 1000 ml. of
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solution. The solution is required to contain 2.0
per cent w/v of iodine (limits, 1.95 to 2.05) and
2.5 2.55).
per cent w/v of sodium iodide (limits, 2.45
to
Description. — "Iodine Tincture is a transparent liquid having a reddish brown color and
the odors of iodine and of alcohol." U.S.P.
Alcohol Content. — From 44 to 50 per cent
of C2H5OH. U.S.P.
Uses. — The U.S.P. iodine tincture contains
the same concentrations of iodine and sodium
iodide as Iodine Solution of the N.F.; the two
preparations differ only in the solvent, the N.F.
solution being prepared with purified water while
the U.S.P. preparation contains diluted alcohol.
Both preparations are effective wound antiseptics
(see under Iodine Solution for discussion) and
are much more acceptable for such use than the
preparation formerly known as iodine tincture
(now the Strong Iodine Tincture of the N.F.).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Iodine Ampuls, N.F.
STRONG

IODINE TINCTURE.
N.F. (B.P.)
Tinctura Iodi Fortis

"Strong Iodine Tincture is an alcohol solution
of iodine and potassium iodide containing, in each
100 ml., not less than 6.8 Gm. and not more than
7.5 Gm. of I, and not less than 4.7 Gm. and not
more than 5.5 Gm. of KI." N.F.
The B.P. Strong Solution of Iodine contains
10.0 per cent w/v of iodine (limits, 9.8 to 10.2)
and 6.0 per cent w/v of potassium iodide (limits
5.8 to 6.2).
B.P. Strong Solution of Iodine; Liquor Iodi Fortis.
Tincture of Iodine, U.S.P. XII. Tinctura Iodi Officinalis
(Fr.); Tinctura Jodi (Ger.) ; Solutio Jodi Spirituosa (It.);
Solutio Iodi Alcoholica (Sp.). Fr. Teinture d'iode. Ger.
Jodtinktur.
alcoholica. It. Tintura di jodio. Sp. Solucion de yodo

Strong iodine tincture may be prepared by dissolving 50 Gm. of potassium iodide in 50 ml. of
purified water, agitating with this solution 70 Gm.
of iodine and, when solution is effected, adding
enough alcohol to make 1000 ml. N.F.
The B.P. directs solution of 60 Gm. of potassium iodide and 100 Gm. of iodine in 100 ml.
of distilled water and dilution of this solution
with 90 per cent alcohol to 1000 ml.
The present Strong Iodine Tincture was official
in the U.S.P. XII as Tincture of Iodine; there
was no change of formula with the change in
name. In the N.F. VII there was official Stronger
Tincture of Iodine, popularly called Churchill's
Tincture of Iodine, prepared from 165 Gm. of
iodine, 35 Gm. of potassium iodide, 250 ml. of
water, and alcohol to make 1000 ml. This preparation, formerly occasionally used as an escharotic, should not be confused with the almost
identically named preparation of the present N.F.
and never dispensed when strong iodine tincture
is requested.
Description. — "Strong Iodine Tincture is a
transparent liquid having a reddish brown color
and the odor of iodine and of alcohol. It is
affected by light." N.F.
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Alcohol Content. — From 83 to 88 per cent
by volume, of C2H5OH. N.F.
Beal et al. (J. A. Ph. A., 1947, 36, 203) found
all official iodine preparations (Iodine Tincture,
Strong Iodine Tincture, Iodine Solution, and
Strong Iodine Solution) to be stable when stored
in all-glass containers, whether these are of clear,
amber or blue glass. A survey of household
samples of strong iodine tincture showed that
these have a tendency to be somewhat stronger,
presumably through evaporation of alcohol as a
result of improper closure (see also Roberts,
Am. I. Pharm., 1932, 104, 635).
Strong iodine tincture was formerly prepared
simply by dissolving iodine in alcohol. Such a
solution, however, is not stable, a considerable
proportion of the iodine being converted to hydrogen iodide. Potassium iodide effectively stabilizes
the solution against such change, and also reduces
the vapor pressure of iodine; both effects are the
result of the reaction of iodide ion with iodine
to form triodide.
'
Uses. — Strong iodine tincture is not intended
to be used as a wound disinfectant; it is far too
concentrated a preparation for this purpose. It is
a powerful local irritant, acting somewhat slowly
but with great persistence. If applied too freely it
will produce an acute dermatitis with desquamation of the cuticle. It is a favorite remedy as a
counterirritant in inflammations of the joint, especially when of a more or less chronic type ; thus it
is widely employed in sprains after the stage of
acute inflammation has subsided, in chronic rheumatism, arthritis deformans, gout, chilblains,
myalgias, and the like. In scrofulous glands and
chronic rheumatic conditions it has been applied
with the idea of obtaining constitutional action
of iodine from its absorption through the skin as
well as its local counterirritant effect. While it is
true that, if evaporation is guarded against, perceptible amounts of iodine may be absorbed following application of the tincture to the skin, as
ordinarily employed the extent of systemic absorption is insignificant. The irritant action of
strong iodine tincture has also been utilized for
obliteration of serous cavities, as in the radical
cure of hydrocele or ovarian dropsies.
Although this tincture is too powerful to be
used as a germicide on raw surfaces it is a valuable disinfectant for the skin where there are no
living tissue cells for it to kill. It is widely used by
surgeons for sterilizing the skin before operation
(see under Iodine). Dermatologists have found it
serviceable in the treatment of various parasitic
skin diseases, whether due to fungi or to bacteria.
It has also been employed as a local remedy in the
treatment of erysipelas, but its application requires some caution and it is better to surround
the inflamed surface with a border of the tincture,
embracing a portion of both the sound and diseased skin with the idea of preventing the progress
of the inflammation, than to attempt cure by
covering the whole surface affected.
For internal use, Lugol's solution (Strong Iodine
Solution) is a preferable preparation though the
strong iodine tincture has been sometimes thus
used. S

Dose, 0.06 to 0.3 ml. (approximately 1 to 5
minims).
Storage. — Preserve "in tight, light-resistant
containers,
25°." N.F. preferably at a temperature not above
IODIZED

OIL.

U.S.P. (B.P.)

[Oleum Iodatum]

"Iodized Oil is an iodine addition product of
vegetable oil or oils containing not less than 38
per cent and not more than 42 per cent of
organically
combined iodine (I). It is sterile."
U.S.P.
The B.P. title for the same product is Injection
of Iodised Oil; it is defined as the iodine addition
product of poppy-seed oil and is required to contain not less than 39.0 per cent and not more than
41.0 per cent of combined iodine.
B.P. Injection of Iodised Oil; Oleum
Sp. Aceite Yodado. Lipiodol (Fotigera).

Iodisatum.

The B.P. states that iodized oil may be prepared by treating poppy-seed oil with hydriodic
acid. Other methods involve interaction of elemental iodine and the oil. The U.S.P. does not
indicate which oil shall be used, thus allowing for
some variation in the viscosity of the product
since oils which are highly unsaturated yield less
viscous products than those which are less unsaturated. For information concerning certain
related products see Iodized Fats and Oils, in
Part II.
Description. — "Iodized Oil is a thick, viscous,
oily liquid, having an alliaceous odor and an
oleaginous taste. Iodized Oil decomposes on exposure to air and sunlight, becoming dark brown
in color. Mix 1 ml. of Iodized Oil with 10 ml. of
petroleum benzin: a clear solution results." U.S.P.
Standards and Tests. — Identification. — On
heating iodized oil with anhydrous sodium carbonate, extracting with hot water, filtering the
mixture and adding to the filtrate, hydrochloric
acid, chloroform and chlorine T.S. the chloroform
layer is colored violet. Acidity. — A red color is
produced when 0.3 ml. of 0.1 N sodium hydroxide
is added to a solution of 1 ml. of iodized oil in
10 ml. of chloroform, using phenolphthalein T.S.
as indicator. Residue on ignition. — Not over 0.1
per cent. U.S.P.
The B.P. identity test directs boiling one drop
of oil with 2 ml. of glacial acetic acid and 100 mg.
of zinc powder for two minutes, adding 5 ml. of
water, shaking, then decanting from any undissolved zinc and, finally, adding 1 ml. of hydrogen
peroxide solution, whereupon iodine should be
liberated. Several tests for purity find no counterpart in the U.S.P. Absence of mercury is
established by the failure of a solution of 1 Gm.
of oil in 10 ml. of ether to produce darkening on
adding a drop of ammonium sulfide solution. The
test for the limit of chloro-compounds requires
that not more than 0.5 ml. of 0.1 N sodium thiosulfate be required to titrate a solution of 1 Gm.
of oil in 20 ml. of acetone to which 1 Gm. of
sodium iodide has been added, the mixture set
aside in the dark for 30 minutes, and 50 ml. of
water and some starch mucilage added. The limit
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of free iodine corresponds to a maximum of 0.1
ml. of 0.1 N sodium thiosulfate required for a
solution of 1 Gm. in 5 ml. of chloroform to which
a solution of 1 Gm. of potassium iodide in 20 ml.
of water has been added. The oil is further required to comply with the official tests for
sterility.
Assay. — About 300 mg. of the oil is assayed
by the procedure described under I ophendylate
Injection. U.S.P.
The B.P. assay specifies that the oil be boiled
with glacial acetic acid and zinc powder under a
reflux condenser to reduce the iodine to iodide
which is titrated with 0.05 N potassium iodate in
the presence of potassium cyanide. Each ml. of
0.05 M potassium iodate is equivalent to 12.69
mg. of combined iodine. This titration is analogous to titration with iodate in the presence of
a high concentration of hydrochloric acid (see
Assay under Potassium Iodide for explanation) ;
instead of IC1 being formed, ICN is produced. In
the presence of HCN it becomes possible to use
starch as indicator. The equivalent weight of
iodine is one-half the atomic weight.
Uses. — Although they have lost favor, fluid
iodized fats have been used as contrast media for
making x-ray pictures, since iodine, whether free
or combined, is radiopaque. For certain purposes,
especially outlining of internal cavities — such as
the bronchi, spinal canal (see Frazier, J.A.M.A.,
1928, 91, 1609), fistulous tracts, paranasal sinuses,
lacrimal ducts, uterus and tubes, otitic brain
abscess (Blonder, J.A.M.A., 1946, 130, 635), etc.
— non-irritant solutions of iodine can be injected
directly into the cavity for x-ray photography.
For this use, 40 per cent iodized oils have been
widely employed because of their lack of irritant
action and low toxicity. A 28 per cent iodized oil
has also been used, as has a 10 per cent solution
with a density less than that of spinal fluid. However, these preparations are not free from danger.
Therapeutic instillation of iodized oil by nasal
catheter into the bronchial tree in certain types
of asthma was formerly viewed with enthusiasm,
but it is now known that its retention for periods
as long as two years may result in continued
severe asthma and pneumonitis.
Absorption. — When iodine is chemically combined with a fatty acid, the combination is absorbed from the intestines undecomposed. The
iodized fat, being more soluble in lipoids, is deposited in the tissues, especially in nerve tissue,
and there slowly liberates its iodine to exert the
characteristic therapeutic effect of iodides. A considerable number of these iodized fats have been
introduced into medicine as sources of iodine;
the advantages claimed for them are less harmful
action upon the stomach, and a more gradual and
continuous remedial action. They are not popular
at present.
Toxicology. — Archibald and Brown
(J. A.M. A., 1927, 83, 1310) pointed out in some
detail the possible injurious effects of local irritation from introduction of iodized oil into the
bronchial tree. The presence of exudative lesions
in pulmonary tuberculosis is considered to be a
contraindication to bronchography with iodized
oil. Firth {J. A.M. A., 1933, 100, 110) called at-
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tention to the possibility of severe iodism from
the oil escaping into the alimentary canal. Hyde
and Hyde (/. Lab. Clin. Med., 1949, 34, 1516)
found that after instillation of 5 to 20 ml. of 40
per cent Lipiodol for bronchograms in 30 patients,
blood iodine concentration after one week was
over 440 micrograms per 100 ml. It fell to an
average of 200 at one month and to normal levels
of 6 to 8 micrograms per 100 ml. after 17 months.
In some cases the level did not return to normal
for two to four years. Among reactions after
bronchography Mahon (J.A.M.A., 1946, 130,
194) reported asthma and urticaria, and in nonallergic patients he observed swelling of salivary
glands and papular and pustular skin eruptions.
One death has been reported from asthma with
thick mucus, resulting in massive atelectasis.
Fischer (Schweiz. med. Wchnschr., 1950, 80,
273) warned that danger of injury is very great
in diseased lung tissue, where foreign body granulomas can be demonstrated frequently. As a substitute for iodized oil, Vogt and Konig (Deutsche
med. Wchnschr., 1949, 74, 1080) used brominated
refined fatty oil in 21 bronchographies; they
stated that the oil is completely coughed up
within 10 minutes and that it does not activate
tuberculosis.
The difficulties in performing diagnostic studies
with iodized oil have been summarized as follows
(Am. Prof. Pharm., 1948, 14, 333) : it is immiscible with aqueous material that may be present
in a cavity; embolism is a constant danger; accidental injection into a blood vessel may be fatal;
its viscid character hinders even distribution,
renders its removal difficult, permitting a quantity
to remain which acts as a foreign body, and slows
its absorption. The Council on Pharmacy and
Chemistry of the A.M. A. listed the dangers of
injection of iodized oils into the cavities, and the
conditions under which such measures are justifiable (J.A.M. A., 1932, 99, 1946; see also N.N.R.,
1955, page 367).
Air and oxygen have largely supplanted iodized
oil as a contrast medium for study of lesions involving the central nervous system, because of
the dangers incidental to the latter. Jaeger (Arch.
Neurol. Psychiat., 1950, 64, 715) demonstrated
the irritating effect of iodized oil on the brain and
spinal cord when dispersed as small particles. In
his study an emulsion of iodized oil was injected
into the cerebrospinal fluid system of dogs; it
was clear that no part of the subarachnoid space
escaped the devastating effects. Necropsy disclosed extensive adhesions at the site of injection,
attempts at encapsulation of the oil, and the tissues at the base of the brain and in the spinal
canal were matted together with exudate and inflammatory granulations. Since blood serum is an
effective emulsifying agent, its presence may bring
about similar results even though the oil itself is
not emulsified when injected. In a case report,
Themel (Zentralbl. Chir., 1952, 77, 1508) discussed the compression of the cauda equina and
meningeal changes, as well as urinary tract infection and uremia, which followed injection of
iodized oil for myelography when blood appeared
in the needle at the time of lumbar puncture. He
strongly urged that in such event oil injection be
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delayed for a considerable period, and that in
every instance of such use efforts be made to
eliminate urinary tract inflammation prior to oil
myelography. In general, subarachnoid injection
of iodized oil is contraindicated unless immediate surgery is contemplated during which it can
be removed. The danger of oil embolism has been
emphasized in the use of iodized oil for uterosalpingography. Brown et al. {Am. J. Obst. Gyn.,
1949, 58, 1041) found that aqueous media are
nonirritating to the structures, are promptly excreted and are preferable to oily preparations for
this purpose.
Dose.— The usual dose is 10 ml. (about 2y2
fluidrachms) by special injection, with a range of
0.5 to 20 ml. The maximum safe dose is usually
20 ml. and the total dose in 24 hours should
seldom exceed 20 ml. Orally, 0.5 to 1 Gm. (approximately iy2 to 15 grains) is used one to
three times daily in capsules.
Storage. — Preserve "in well-filled, tight, lightresistant containers'" U.S.P.

v6

IODOALPHIONIC

ACID.

U.S.P. (B.P.)

0-(4-Hydroxy-3,5-diiodophenyl)-tt-phenylpropionic Acid,
[Acidum Iodoalphionicum]

H0"^

VcH2CHC00H

"Iodoalphionic Acid, dried over sulfuric acid
for 4 hours, contains an amount of iodine equivalent to not less than 98 per cent and not more
than 102 per cent of C15H12I2O3." U.S.P. The
B.P. recognizes this compound as Pheniodol, defining it as P-(4-hydroxy-3:5-di-iodophenyl)-aphenylpropionic acid, and requiring it to contain
not less than 50.5 per cent and not more than 51.5
per cent of I, calculated with reference to the
substance dried to constant weight at 105°.
B.P. Pheniodol. Priodax (Schering).

This contrast medium employed in cholecystography was introduced into European medicine
some years ago under the name Biselectan. The
substance may be prepared by iodinating (3- (4hydroxyphenyl)-a-phenylpropionic acid, the latter obtained by the interaction of cinnamic acid
and 4-hydroxybenzaldehyde (see U. S. Patent
2,345,384, March 28, 1944; also Baker and Sansbury, /. Soc. Chem. Ind., 1943, 62, 191).
Description. — "Iodoalphionic Acid occurs as
white crystals or as a white or faintly yellowish
powder, having a faint characteristic odor and
taste. It is stable in air but is slightly discolored
on prolonged exposure to light. Iodoalphionic Acid
is insoluble in water. It is readily soluble in alcohol, soluble in ether, and slightly soluble in benzene and in chloroform. It is soluble in solutions
of alkali carbonates and hydroxides. Iodoalphionic
Acid melts between 160° and 164°, with some
decomposition." U.S.P. The B.P. gives the melting
point as 158° to 162°.

Standards and Tests. — Identification. — (l)
The solution obtained when a mixture of iodoalphionic acid and sodium carbonate is ignited
and then leached with hot water responds to tests
for iodide. (2) The ethyl ester of iodoalphionic
acid prepared by the interaction of iodoalphionic
acid, absolute alcohol and acetyl chloride melts
between 84° and 87°. Loss on drying. — Not over
0.5 per cent, when dried over sulfuric acid for
4 hours. Residue on ig?iition. — Xot over 0.3 per
cent. Free iodine. — When iodoalphionic acid is
agitated with a mixture of water and chloroform
the latter liquid remains colorless. Halide ions.
— The halide in a saturated aqueous solution
representing 60 mg. of iodoalphionic acid corresponds to not more than 0.1 ml. of 0.02 N hydrochloric acid, when turbidimetrically examined following addition of silver nitrate T.S. Heavy
metals. — The limit is 10 parts per million. U.S.P.
Assay. — About 200 mg. of iodoalphionic acid,
previously dried over sulfuric acid for 4 hours, is
analyzed by the method employed in determining
the iodine content of Iodophthalein Sodium. Each
ml. of 0.05 N silver nitrate represents 12.35 mg.
of C15H12I2O3. U.S.P. The B.P. assay utilizes
nascent hydrogen produced by zinc in sodium hydroxide solution to decompose the sample and
reduce the iodine to iodide, which is subsequently
titrated with 0.05 M potassium iodate solution in
the presence of potassium cyanide, using starch
as indicator.
Uses. — Iodoalphionic acid is employed as a
medium for cholecystography. The patient takes
the drug orally during or after a light fat-free
meal in the late afternoon and eats nothing until
the roentgenologic examination is completed the
next morning. The drug is claimed to cause less
nausea, vomiting and diarrhea than tetraiodophenolphthalein, and has the additional advantage
of leaving no radiopaque shadows in the colon to
overlie the gall bladder.
Side effects may include pain on urination,
nausea, vomiting, diarrhea, griping, headache,
sensation of burning in the esophagus, generalized
itching, dryness of the mouth, general weakness
and flatulence. It is excreted primarily through
the kidneys. Transient increase in blood sugar and
non-protein nitrogen have been demonstrated
(Lominack, /. South Carolina M. Assn., 1951, 47,
237). Pseudoalbuminuria will follow ingestion of
Priodax for a day or two, giving positive tests
for albumin with Exton's reagent, Heller's test or
Roberts' reagent, but is differentiated from albumin by its absence when the urine is boiled
and acidified with acetic acid (Holoubek et al.,
J.A.M.A., 1953, 153, 1018). It is not indicative
of renal damage. Iodoalphionic acid is contraindicated in acute nephritis, uremia and acute disorders of the intestinal tract.
Nonvisualization of the gall bladder following
ingestion of iodoalphionic acid does not necessarily mean that there is disease of the liver or
biliary tract, but may be caused by such disorders
as active peptic ulcer or small bowel disease, increased intestinal motility, concomitant use of
certain drugs, etc. (Martin and Massimiano, New
Eng. J. Med., 1952, 246, 488). However, nonvisualization ordinarily means that there is ob-
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struction of the hepatic or cystic ducts, cholecystitis which diminishes the ability of the gall
bladder to concentrate the dye, or severe liver
disease. The gall bladder may be visualized in
most cases of viral hepatitis, though patients with
a total serum bilirubin level above 5 mg. per cent
or those whose bromsulfalein retention exceeds
15 per cent (45 minutes after intravenous injection of 5 mg. dye/Kg. of body weight) will require adouble dose of iodoalphionic acid (Readinger et al., Am. J. Med., 1950, 8, 611).
Cholecystograms have been obtained in infants
given iodoalphionic acid in the form of powder
suspended in orange juice, dosage being 150 mg.
per Kg. of body weight (Harris and Caffey,
J.A.M.A., 1953, 153, 1333).
The usual adult dose is 3 Gm. (approximately
45 grains) with a range of 1.5 to 12 Gm. The
tablets are swallowed whole, at intervals with several glasses of water, the evening before the
roentgen examination.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
IODOALPHIONIC ACID TABLETS.
U.S.P.
"Iodoalphionic Acid Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of C15H12I2O3." U.S.P.
Usual Size. — 500 mg.
IODOCHLORHYDROXYQUIN.

U.S.P.

S-Chloro-7-iodo-8-quinolinol

CI

"lodochlorhydroxyquin, dried over sulfuric
acid for 4 hours, contains not less than 40 per
cent and not more than 41.5 per cent of iodine
(I), and not less than 11.9 per cent and not more
than 12.2 per cent of chlorine (CI)." U.S.P.
Vioform (Ciba).

This substance is chemically closely related to,
and used for the same purposes as, chiniofon.
lodochlorhydroxyquin differs from the 7-iodo-8hydroxyquinoline-5-sulfonic acid component of
chiniofon only in having a chlorine atom in place
of a sulfonic acid group.
The patent (U. S. 641,491) granted in 1900
for the manufacture of iodochlorhydroxyquin
indicates that it may be prepared by treating an
aqueous solution of an alkali salt of 5-chloro-8hydroxyquinoline with potassium iodide and a
hypochlorite, or by iodizing in some other way.
The precipitate of iodochlorhydroxyquin thus
obtained is heated with a dilute hydrochloric acid
solution to remove unreacted chlorohydroxyquinoline.
Description. — "Iodochlorhydroxyquin occurs
as a voluminous, spongy, brownish yellow powder,
with a slight characteristic odor. It is affected by
light. It melts with decomposition at about 172°.
Iodochlorhydroxyquin is practically insoluble in
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water and in alcohol. It is soluble in hot ethyl
acetate and in hot glacial acetic acid." U.S.P.
Standards and Tests. — Identification. — (1)
When boiled with diluted hydrochloric acid
iodochlorhydroxyquin dissolves slowly, evolving
an odor of iodine. (2) When heated with sulfuric
acid it evolves copious vapors of iodine. (3)
Ignition with sodium carbonate yields chloride
and iodide ions, which are detected by precipitation as the mixed silver halides and separated by
treatment with ammonia solution. Loss on drying.— Not over 0.5 per cent, when dried over
sulfuric acid for 4 hours. Residue on ignition. —
Not over 0.5 per cent. U.S.P.
Assay. — About 1 Gm. of iodochlorhydroxyquin, previously dried over sulfuric acid for 4
hours, is oxidatively decomposed with potassium
permanganate in the presence of sodium hydroxide. Byuse of sodium bisulfite, after acidification, the halogens of iodochlorhydroxyquin are
obtained in solution as chloride and iodide; the
solution is diluted to a definite volume. In an
aliquot portion the chloride and iodide are precipitated as the silver salts with a measured
excess of 0.1 N silver nitrate, the excess of this
solution being determined by titration with 0.1 N
ammonium thiocyanate. In another portion of the
solution the iodide is determined by titration
with 0.05 M potassium iodate (see under Potassium Iodide for explanation). From the volume
of silver nitrate solution required to precipitate
both halides is subtracted the volume of potassium iodate equivalent to the iodide, and the
difference is calculated to the content of CI.
U.S.P.
Uses. — This drug, used today chiefly for amebic
dysentery, was introduced as an almost odorless substitute for iodoform as a surgical dusting
powder; lower toxicity and greater antiseptic
power were claimed for it.
Iodochlorhydroxyquin has merited popularity
for local use in ointment form in the treatment
of a wide range of dermatologic disorders; its
value depends on antieczematous, antibacterial,
antifungal, and antipruritic properties, combined
with unusual tolerance and minimal sensitization.
It is indicated in the treatment of virtually every
kind of eczema, whether acute, subacute or
chronic, including allergic or atopic eczema, infantile eczema, nummular eczema, contact and
"housewives" eczema, psoriasis (eczematized, infected and inteitriginous), the common pyodermas (impetigo, sycosis vulgaris, folliculitis,
impetiginized eczema) and other superficially infected dermatoses, seborrheic dermatitis, dermatophytoses, and pruritic dermatoses, especially
where surface infection, maceration and irritation
play
It aisrole.
employed in 3 per cent strength in a
water-washable base suitable for daytime application, and 3 per cent in petrolatum for night
application in conjunction with protective or
occlusive dressings. The latter type preparation
is best suited for the more chronic, dry conditions. Iodochlorhydroxyquin may be used simultaneously with, or in areas previously treated by,
other common therapeutic topical agents, with
the possible exception of mercury and sulfur,
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where irritating compounds might be formed due
to liberation of small amounts of free iodine. It
may be used in conjunction with the usual types
of wet dressings. lodochlorhydroxyquin stains
the skin and clothing yellow. It is used in dentistry for infected alveolar pockets.
Because of its chemical similarity to chiniofon,
iodochlorhydroxyquin was considered likely to be
effective in amebic dysentery; tests showed it to
be effective in monkeys (Anderson and Koch,
Proc. S. Exp. Biol. Med., 1931, 28, 828). David
et al. (J.A.M.A., 1933, 100, 1658) found that,
while it is slightly more toxic than chiniofon, it
is so much stronger that its therapeutic index —
that is, the ratio between the efficient dose and
toxic dose — is much higher than that of chiniofon.
It was employed in 46 cases of human amebic
dysentery with 82 per cent of apparently permanent cures. No unpleasant symptoms were
observed in any case. D'Antoni {Intemat. Clin.,
1942, 1, 100) rated it as the drug of fourth
choice, advising tha't it be used after chiniofon,
diodoquin and carbarsone had failed to eradicate
the parasite, or in cases in which the other drugs
were contraindicated. He found that it was effective about 80 per cent of the time. It seemed to
be more toxic than diodoquin and chiniofon but
less so than carbarsone. Iodochlorhydroxyquin
can be used by ambulatory cases and, like diodoquin, it has the advantage in the treatment of
children that the tablets can be chewed. For
adults, 250 mg. (approximately 4 grains) is prescribed three times daily after meals for 10 days;
this course may be repeated after a rest period of
7 to 10 days. In particularly severe infestations,
twice this dose has been employed in robust individuals. For children, the dose is 20 mg. (approximately Ygrain)
i
for each 15 pounds of body
weight three times daily after meals. There are
essentially no contraindications to the drug, although caution is required in the presence of liver
disease. In about 40 per cent of patients diarrhea
appears on the second or third day of treatment
but can be controlled after one or two days by
kaolin suspended in aluminum hydroxide gel or
by camphorated opium tincture. Aqueous suspensions may be used as a retention enema. MansonBahr {Brit. M. J., 1941, 2, 255) was not impressed with its value, but Faust (J.A.M.A., 1946,
132, 965) feels that its clinical usefulness has
been insufficiently emphasized.
Against trichomonas vaginitis, it has been used
effectively (Zener, Am. J. Surg., 1939, 44, 416)
by daily insufflation of about 2 Gm. of a powder
composed of 25 per cent iodochlorohydroxyquin,
10 per cent boric acid, 20 per cent zinc stearate,
42.5 per cent lactose and 2.5 per cent lactic acid,
which formulation is officially recognized as Compound Iodochlorhydroxyquin Powder. A similar
effect was obtained by nightly insertion for 1 or
2 weeks of vaginal suppositories containing 250
mg. of the drug with 25 mg. of lactic acid and
100 mg. of boric acid.
Dose. — The usual dose of iodochlorhydroxyquin is 250 mg. (approximately 4 grains) 3 times
a day by mouth for 10 days, with a range of dose
of 250 to 500 mg. The maximum safe dose is
500 mg., and the total dose in 24 hours should
not exceed 1 Gm.

Storage. — Preserve "in tight, light-resistant
containers." N.F.
IODOCHLORHYDROXYQUIN
TABLETS.
N.F.
"Iodochlorhydroxyquin Tablets contain not
less than 92.5 per cent and not more than 107.5
per cent of the labeled amount of iodochlorhydroxyquin (C9H5CIINO)." N.F.
Usual Size. — 250 mg. (approximately 4
grains).
COMPOUND

IODOCHLORHYDROXYQUIN POWDER. U.S.P.

Vioform Insufflate (Ciba).

Mix 25 Gm. of lactic acid with 100 Gm. of
boric acid, then mix with 425 Gm. of lactose,
250 Gm. of iodochlorhydroxyquin, and 200 Gm.
of zinc stearate. U.S.P.
This powder is employed by intravaginal insufflation in the treatment of trichomonas
vaginitis; about 2 Gm. is applied in this manner
daily (Zener, Am. J. Surg., 1939, 44, 416).
IODOFORM.
N.F.
Triiodomethane,

[Iodoformum]

"Iodoform, previously dried over sulfuric acid
for 4 hours, contains not less than 99 per cent of
CHI3." N.F.
Forrayl Triiodide. Iodof orraium. Fr. Iodoforme ; Formene
tri-iode. Ger. Jodoform; Formyltrijodid. It. Jodoformio.
Sp. Yodoformo.

Iodoform, discovered by Serullas about 1828,
was introduced as a remedy, about 1837, by
R. M. Glover of London, and Bouchardat, of
Paris, and was admitted into the U.S.P. of 1870.
Various methods for the manufacture of iodoform by processes that depend upon the interaction of iodine, alcohol, or acetone in the presence of an alkali or alkaline carbonate have been
described. It is now made by electrolysis. An
alkaline solution of sodium iodide is electrolyzed
in the presence of alcohol; from the iodine which
is liberated at the anode, iodoform is obtained
by the following reaction:
CH3.CH2OH + 5I2 + H2O -» CHI3 + CO2 + 7HI
Description. — "Iodoform occurs as a fine
greenish yellow powder, or lustrous crystals. It
has a peculiar, very penetrating, persistent odor.
Iodoform is slightly volatile even at ordinary
temperatures, and distils slowly with steam. One
Gm. of Iodoform dissolves in about 60 ml. of
alcohol, in about 80 ml. of glycerin, in about 10
ml. of chloroform, in about 7.5 ml. of ether, and
in about 34 ml. of olive oil. One Gm. dissolves in
about 16 ml. of boiling alcohol. Iodoform is
practically insoluble in water to which, however,
it imparts its odor and taste. Iodoform melts to
a brown liquid at about 115°, and decomposes at
N.F.
a higher temperature, emitting vapors of iodine."
Standards and Tests. — Loss on drying. — Not
over 1 per cent, when dried over sulfuric acid for
4 hours. Residue on ignition. — Not over 0.2 per
cent. Coloring matter, acids, and alkalies. — -On
shaking 2 Gm. of iodoform with 5 ml. of distilled
water for 1 minute and then filtering, the filtrate
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is colorless and free from bitter taste, and is
neutral to litmus paper. N.F.
Assay. — About 200 mg. of iodoform, previously dried over sulfuric acid for 4 hours, is dissolved in alcohol and the solution allowed to
stand overnight in contact with 30 ml. of 0.1 N
silver nitrate and nitric acid. The excess of silver
nitrate remaining after the silver iodide has precipitated is titrated with 0.1 N ammonium
thiocyanate, using ferric ammonium sulfate T.S.
as indicator. Each ml. of 0.1 N silver nitrate
represents 13.12 mg. of CHI3. N.F.
Uses. — When applied to a mucous membrane,
iodoform exercises a marked anesthetic action.
Although it is itself practically devoid of antibacterial properties, when brought in contact with
bodily secretions it gradually liberates iodine,
which is actively antiseptic (Chargeff, Biochem.
Ztschr., 1929, 225, 69). The experiments of
Gosselin indicate that it is especially inimical to
the tubercle bacillus. When swallowed, iodoform
is partially decomposed in the intestines and absorbed, appearing in the urine partly as an iodide
or an iodate and partly as an unidentified organic
compound; some of it appears to pass through
the alimentary canal unabsorbed. From raw surfaces it is sometimes readily absorbed in the
form of its breakdown products.
Iodoform is used chiefly by topical application.
It has long been used as an antiseptic dressing
in suppurating wounds, gauze impregnated with
iodoform being inserted as packing to prevent
premature granulation tissue formation and to
prevent closure of the wound orifice so that
exudate will drain adequately. The anesthetic
effect of iodoform has been utilized in treatment
of laryngeal tuberculosis and in internal hemorrhoids; in the latter condition suppositories containing 300 to 600 mg. (approximately 5 to 10
grains) are prescribed. It may be applied also to
mucosal inflammations in the sigmoid colon, together with bismuth subcarbonate in a mixture of
equal parts of cod liver oil and cottonseed oil,
given by retention enema. The B.P. formerly
recognized Ointment of Iodoform for the Eye,
containing 4 per cent of the chemical. It was
formerly quite commonly injected, as a 5 per
cent solution in olive oil, into cavities of tuberculous osteomyelitis or lymphadenitis. Scotti (/.
Trop. Med. Hyg., 1937, 40, 174) used iodoform
in amebic dysentery in keratinized capsules, beginning with doses of about 60 mg. daily and
gradually increasing the amount, if no unpleasant
symptoms occurred, up to 200 mg. a day. The
earlier use of iodoform as a substitute for the
iodides in syphilis has been abandoned.
One of the principal obstacles to its employment is the odor, which, to some patients, is
unbearable. Some of the methods for hiding the
odor involve the use of agents, such as tannin,
which cause decomposition of the iodoform and
lessen its efficacy. Probably the best masking
agents to use are volatile oils, such as of anise,
peppermint, fennel, bergamot, almond, etc. On
the other hand, its odor is useful in masking fetid
secretions, as in ileocolostomies, etc. Narat
(J.A.M.A., 1946, 130, 238) suggested that sterilized sawdust containing 10 per cent iodoform,
enclosed in small gauze sacks, be placed locally
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for this purpose. A 2 to 4 per cent ointment is
used on the eyelids. For insufflation, the powdered
drug should be diluted with talcum to produce
a more dense powder and to decrease the concentration ofthe drug, [v]
Toxicology. — When introduced into the circulation of lower animals iodoform exerts a certain degree of narcotic effect from which after
moderate doses the animal completely recovers
after some hours. With larger amounts the narcosis is followed by convulsions and rapid pulse
and after death fatty degeneration is observed in
heart, liver and kidney.
The free use of iodoform locally has led to a
number of cases of poisoning, not a few ending
fatally (Shaw, Lancet, 1933, 2, 250). In the
milder cases the principal symptoms are general
malaise and depression, faintness, headache, loss
of appetite, and a persistent iodoform taste in
the mouth. It may cause dermatitis. In some cases
there is a slight temporary increase of temperature. Mental depression or excitement is especially noticed. Finally the pulse becomes accelerated, soft, and feeble; in some cases the pulse
is very rapid — from 150 to 180 — while the temperature remains normal or is only slightly elevated. In severe cases the manifestations of
iodoform poisoning resemble somewhat those of
meningitis ; they are headache, somnolence (deepening into stupor), contracted, motionless pupils,
abnormal quiet or restlessness ending in active
delirium, with, however, a normal temperature
and an exceedingly rapid pulse. In such cases
death almost always follows; sometimes the
symptoms may develop abruptly even after the
dressing has been removed. It was claimed by
Samter and Retzlaff (Therap. Gaz., 1889) that
potassium bromide is an antidote in iodoform
poisoning.
Langenstein attributed a fatal outcome to local
application of 4 Gm. of iodoform powder. Ordinarily not more than 2 Gm. (approximately 30
grains) should be employed at a time as a wound
dressing. Verneuil sometimes injected as much as
5 Gm. (approximately 75 grains) of iodoform
at a time.
Dose, internally, 30 to 200 mg. (approximately
Yi to 3 grains).
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.
IODOPHTHALEIN SODIUM.
U.S.P. (B.P.)
Soluble lodophthalein, Tetraiodophenolphthalein Sodium,
Tetraiodophthalein Sodium, Tetiothalein Sodium,
[Iodophthaleinum Sodicum]

NoO

COONa

85

3H20

"lodophthalein Sodium contains not less than
The
per cent of tetraiodophenolphthalein.
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separated tetraiodophenolphthalein contains not
less than 60 per cent and not more than 63 per
cent of iodine (I)." U.S.P.
The B.P. title of this substance is lodophthalein,
and it is required that not less than 87.0 per cent
of tetraiodophenolphthalein be present; the iodine
content of the latter is between 60.0 per cent and
63.0 per cent.
B.P. lodophthalein; Iodophthaleinum. Iodeikon; Keraphen (Picker); Shadocol (Davies, Rose); Stipolac (Burroughs Wellcome); T.I.P.P.S. (National Synthetics). Natrium Iodophtaleinicum. Fr. Tetraiodophtaleinate de soSodica. dium; Foriod; Iodtetragnost; Tetraiode. Sp. Yodoftaleina

Tetraiodophenolphthalein, the parent substance
of this compound, may be prepared by adding an
aqueous solution of iodine and potassium iodide
to a solution of phenolphthalein in sodium hydroxide. Upon acidification with hydrochloric acid,
tetraiodophenolphthalein precipitates. After filtration and washing, the precipitate is further purified by dissolving it' in sodium hydroxide and reprecipitating it with hydrochloric acid. After a
second filtration and washing the disodium derivative is prepared by dissolving the precipitate in
sodium hydroxide, from which solution it may be
crystallized.
lodophthalein sodium should not be confused
with phenoltetraiodophthalein sodium, which was
recognized in N.N.R. 1951 under the title Phentetiothalein Sodium and was formerly marketed
under the name Iso-Iodeikon (Mallinckrodt). The
two compounds are isomeric; in phenoltetraiodophthalein sodium the four iodine atoms substitute into the phthalic acid nucleus while in
iodophthalein sodium two atoms of iodine substitute into each of the two phenol residues. Phentetiothalein sodium may be prepared by the
interaction of tetraiodophthalic acid and phenol,
followed by conversion of the reaction product
into a disodium salt.
Description. — "Iodophthalein Sodium is a
pale blue-violet, odorless, crystalline powder, having a saline and astringent taste. On exposure to
air it absorbs carbon dioxide and gradually decomposes with the liberation of the free iodophthalein.
One Gm. of Iodophthalein Sodium dissolves in
about 7 ml. of water. It is slightly soluble in
alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
A cream-colored precipitate forms on adding
diluted hydrochloric acid to a 1 in 50 solution of
iodophthalein sodium. (2) When 100 mg. of iodophthalein sodium is ignited with 500 mg. of
monohydrated sodium carbonate, the mixture
leached with hot water, and filtered, the filtrate
responds to tests for iodides. (3) Iodophthalein
sodium responds to the flame test for sodium.
Free phthalein. — A clear, deep blue liquid is produced when 1 Gm. of iodophthalein sodium is
dissolved in 50 ml. of recently boiled and cooled
water; on standing, this solution may absorb
carbon dioxide and develop a precipitate of free
iodophthalein. U.S.P.
Assay. — For tetraiodophenolphthalein. — A solution of 500 mg. of iodophthalein sodium in 50
ml. of distilled water is acidified with diluted
hydrochloric acid and the resulting precipitate of
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tetraiodophenolphthalein separated on a tared
filtering crucible, washed, dried at 105° for 2
hours, and weighed. For iodine. — About 200 mg.
of tetraiodophenolphthalein obtained in the preceding assay is heated with a mixture of sodium
hydroxide T.S. and a potassium permanganate
solution, after which the oxidized iodine is reduced to iodide with sodium bisulfite in acid solution. After adding a dilute permanganate solution
to liberate just enough elemental iodine to produce afaint yellow color, the solution is titrated
with 0.05 N silver nitrate until the iodide concentration isreduced to such a low level as to fail to
produce a blue color with starch indicator, even
though some elemental iodine is present. Each ml.
of 0.05 N silver nitrate represents 6.346 mg. of
iodine (I). U.S.P.
The B.P. assay for iodophthalein is the same
as that of the U.S.P., but the assay for iodine is
similar to that applied by the B.P. to chiniofon.
Incompatibilities. — Iodophthalein sodium
slowly absorbs carbon dioxide from the air, with
formation of insoluble tetraiodophenolphthalein;
other
effect. acid-reacting compounds have the same
Uses. — Iodophthalein sodium, like iodoalphionic acid and iopanoic acid, is used for roentgenologic examination of the gall bladder. Following oral or intravenous administration it is
concentrated to a sufficient degree in the normal
gall bladder to provide a cholecystogram. Because
it is not completely absorbed from the intestinal
tract, faint residual shadows may be visualized
after the dye has been ingested. Iodophthalein
sodium has also been used as a test of excretory
function of the liver, its action depending upon
the fact that when the liver is normal the compound is eliminated from the blood chiefly
through the liver. Delario (/. Lab. Clin. Med.,
January, 1931) found that after intravenous injection into dogs from 60 to 70 per cent of the
substance was excreted by the fiver, the remainder
being eliminated in part through the kidneys and
in part through intestinal glands. San Julian and
Mejias (Rev. din. espan., 1951, 40, 232) obtained
better results by oral administration than by injection of the compound; also, cholecystograms
were successful more frequently with iodophthalein sodium than when iodoalphionic acid
was used.
Antibacterial Actiox. — Nickel (J. Pharmacol., 1929, 27, 359) found that iodophthalein
sodium has a marked bacteriostatic effect on
gram-positive cocci, and suggested use of the
compound to prevent streptococcal infections of
the gall bladder. It has been used successfully in
the treatment of typhoid carriers (see Enright,
JAM. A., 1941, 116, 220).
Toxicology. — In a considerable number of
patients there are unpleasant symptoms, such as
dizziness, nausea, and lowering of blood pressure,
following intravenous injection; oral ingestion
may cause diarrhea. These reactions indicate the
need for caution in use of the compound. Hsieh
(Ann. Int. Med., 1927, 1, 96) found that doses of
less than 250 mg. per Kg. caused slight, but not
dangerous, changes in the fiver; with larger quantities there was marked fatty degeneration not

Part I
only in the liver but also in the kidney and heart.
Dick and Wallace (Brit. J. Surg., 1928, 15, 360)
considered it especially dangerous in cases of
obstructive jaundice and reported two fatalities;
their doses were larger than are commonly considered to be safe. In the presence of jaundice a
satisfactory shadow of the gall bladder is often
not obtained. Caution is indicated in patients
with myocardial damage or uremia.
Dose. — The usual dose of iodophthalein sodium is 3 Gm. (about 45 grains) intravenously,
with a range of 2 to 4 Gm. The maximum safe
dose is usually 4 Gm., which quantity should
seldom be exceeded in 24 hours. The dose must
be varied somewhat according to the size of the
patient. No food should be permitted for several
hours before or after injection; water may be
taken freely. For a patient weighing between 115
and 160 pounds (52 to 73 Kg.) a solution containing 3Gm. in 24 ml. or 3.5 Gm. in 28 ml. of
freshly distilled water is prepared, the solution
being sterilized by heating the container in boiling water for 20 minutes; patients weighing less
than 115 pounds should receive proportionately
less of the compound but those weighing more
than 160 pounds should generally not be given
more than 3.5 Gm. All solutions must be freshly
prepared immediately before use. The intravenous
dose should be divided into two equal portions
given 30 minutes apart. Extravasation into tissues
must be avoided as necrosis may result. The
densest shadow usually forms about 4 hours after
the injection. A fatty meal is then given and a
second roentgenogram is taken 1 hour after the
meal; a third roentgenogram may be taken 3
hours after the meal.
The oral dose is 4 Gm., dissolved in 30 ml. of
distilled water and added to 120 to 240 ml. of
grape juice, ingested with and after the evening
meal, which should be free of fat; the solution of
the compound should be not more than 48 hours
old. Gelatin capsules, each containing 500 mg. of
iodophthalein sodium, may be taken in place of
the solution. Roentgenograms are taken the following morning.
Phentetiothalein sodium (see above) is used
like iodophthalein sodium but is better suited for
intravenous injection than the latter drug because
the dosage is smaller and it is better tolerated.
The dose is calculated on the basis of 40 mg. per
Kg. of body weight, with a maximum dose of 2.5
Gm. The compound is dissolved in 30 ml. of
freshly distilled water, filtered through fine paper,
and sterilized for 15 minutes in a boiling water
bath. It is injected intravenously by gravity with
about 150 ml. of Ringer's solution in not less than
15 minutes. Best results are obtained if the injection ismade in the morning with the stomach
empty, omitting breakfast and lunch, roentgenograms being taken 4, 8, and 24 hours after injection. It may also be injected between 5 and 9
P.M., in which case the evening meal and breakfast are omitted, films being taken in the morning.
To determine liver function, blood is collected
half an hour and again preferably one hour after
injection; the serum is slightly alkalinized with
5 per cent sodium hydroxide solution and the
color compared with standards (Cole et al.,
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J.A.M.A., 1928, 90, 111). If the compound is to
be used only for gallbladder visualization it may
be administered orally; 4 Gm. is given in capsules,
or dissolved in distilled water and taken with
grape juice during and after the evening meal,
which should be free of fat. Because phenetetiothalein sodium is not absorbed rapidly into the
blood by this method, it is not possible to perform the liver function test following oral
administration.
Storage. — Preserve "Iodophthalein Sodium in
tight containers." U.S.P.
IODOPYRACET INJECTION.
U.S.P. (LP.)
Diodone Injection, [Injectio Iodopyraceti]

H
N+H{
CH2CH20H)2

N-CH2C00"
"lodopyracet Injection is a sterile solution of
the diethanolamine salt of 3,5-diiodo-4-pyridoneN-acetic acid [C2H5l2NOCH2COONH2(CH2CH20H)2] in water for injection. It contains,
in each 100 ml., not less than 34 Gm. and not
more than 36 Gm. of the salt. The separated
3,5-diiodo-4-pyridone-N-acetic acid, when dried
at 105° for 1 hour, contains not less than 61.5
per cent and not more than 63.5 per cent of
iodine
U.S.P.
Three(I)."
concentrations
are recognized by the
B.P., which requires Injection of Diodone (35
per cent) to contain not less than 16.6 per cent
w/v and not more than 18.4 per cent w/v of I,
Injection of Diodone (50 per cent) to contain not
less than 23.7 per cent w/v and not more than
26.3 per cent w/v of I, and Injection of Diodone (70 per cent) to contain not less than 33.2
per cent w/v and not more than 36.8 per cent w/v
of I. It is sterilized by bacteriological filtration
and distributed in ampuls, or the filled ampuls
are sterilized by heating in an autoclave, avoiding
contact of the injection with metal.
B.P. Injection of Diodone; Injectio Diodoni. Diodrast
( Winthr op-S teams) .

The 3,5-diiodo-4-pyridone-N-acetic acid component of iodopyracet may be prepared by interaction of 3,5-diiodo-4-pyridone and monochloroacetic acid (Dohrn and Diedrich, Ann. Chem.,
1932, 494, 284). Several methods may be utilized
for the synthesis of 3,5-diiodo-4-pyridone. These
include (1) heating diiodochelidamic acid (3,5diiodo-4-hydroxypyridone-2,6-dicarboxylic acid,
which is also a starting compound in the synthesis of iodoxyl) with acetic anhydride, followed
by saponification of the product; (2) iodination
of 4-pyridone; (3) iodination of 4-aminopyridine
followed by diazotization of the product. Because
of the poor solubilty of 3,5-diiodo-4-pyridone-Nacetic acid, water-soluble salts of it have been
prepared. Iodopyracet injection contains the
diethanolamine salt, which may be prepared by
the reaction of the acid with diethanolamine (U. S.
Patent 1,993,039).
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An isomeric compound of the acid component
of iodopyracet, the 3,5-diiodo-2-pyridone-N-acetic
acid, has been prepared by Sugii et al. (J. Pharm.
Soc. Japan, 1930, 50, 727; 1931. 51, 416. or
see Chem. Abs., 1930, 24, 5326; 1931, 25, 4549)
starting with pyridine, sodamide and xylene. The
sodium salt was used as a contrast medium in
pyelography.
Description. — "Iodopyracet Injection occurs
as a clear, nearly colorless liquid. It is neutral to
litmus. Its specific gravity is about 1.19." U.S.P.
The B.P. gives the weight per ml. of the several
injections as follows: 35 per cent solution. 1.175
to 1.205, at 20°; 50 per cent solution, 1.255 to
1.285, at 20° ; 70 per cent solution. 1.355 to 1.390,
at
6.0 30°.
and The
8.0. pH range of the solutions is between
Standards and Tests. — Identification. — (1)
The free acid, liberated from the injection by
addition of diluted hydrochloric acid, when dried
at 105° for 1 hour, melts between 245° and 249\
(2) The diethanolamine in the filtrate and washings from the preceding test is in part converted
to diethanolamine trinitrophenolate; when recrystallized from alcohol and dried in a desiccator
over sulfuric acid under vacuum the crystals melt
between 108° and 110°. Residue on ignition. —
Xot over 5 mg. from 5 ml. of injection. Inorganic
iodides. — To a portion of the filtrate used in
identification test (2) add chloroform and ferric
chloride T.S.; no color should appear in the
chloroform layer. Pyrogen. — The injection meets
the requirements of the Pyrogen Test. Other requirements.— The injection meets the requirements for Injections. U.S.P.
Assay. — For iodopyracet. — A 5-ml. portion of
injection is diluted to 50 ml. with distilled water
and in a one-tenth aliquot of this solution the
iodopyracet is precipitated as the silver salt of
3,5-diiodo-4-pyridone-X-acetic acid which is dried
at 105° for 1 hour, and weighed. The weight
multiplied by 0.9961 gives the weight of iodopyracet in 1 ml. of injection. Iodine assay of the
3 p-diiodo-4-pyridone-X-acetic acid. — About 200
mg. of the dried 3,5-diiodo-4-pyridone-X-acetic
acid obtained in identification test (1) is heated
with a mixture of sodium hydroxide T.S. and a
solution of potassium permanganate. The solution
is acidified and the halogen reduced to iodide with
sodium bisulfite. Sufficient of a dilute solution of
potassium permanganate is added to liberate
enough iodine to produce a faint yellow color,
starch T.S. is added, and the solution titrated
with 0.05 N silver nitrate until the iodide ion concentration isdepleted to the point of discharging
the blue color of the starch-iodine-iodide complex.
Each ml. of 0.05 N silver nitrate represents
6.346 mg. of I. US.P. The B.P. employs the
assay procedure directed by that compendium for
Chiniofon.
Uses. — Iodopyracet injection is used for intravenous urography, venography, angiography, angiocardiography, cholangiography, bronchography,
and as a contrast medium in the visualization by
roentgen rays of accessible, normal or abnormal
body cavities such as sinus tracts, the renal pelves,
ureters, etc. This and similar, water-soluble organic iodine compounds (see Iodohippurate So-

Part

I

dium, Methiodal Sodium, Sodium Acetrizoate,
and Sodium Iodomethamate) have low toxicity
and are excreted rapidly by the kidneys after
parenteral injection. Other organic iodine compounds (see Iodoalphionic Acid, Iopanoic Acid,
and Iodophthalein Sodium) are used for roentgenographs visualization of the gall bladder.
Urography. — For excretory urography, the
procedure is briefly as follows: A day or two
before the examination the patient is tested for
sensitivity to the drug by the instillation of a
little of the solution into the conjunctival sac
Asher and Harris. Am. J. Roentgen., 1942, 48,
762) or by injecting 1 ml. intravenously over a
period of one minute (Keats. Bull. Am. Soc. Hosp.
Pharm., May-June. 1951, page 158). In the latter
instance the patient is observed over a 20-minute
period for signs of respiratory* difficulty, sneezing,
itching of the skin or urticaria, nausea or vomiting
and syncope. Oral and skin tests are sometimes
used. It is important to note that not all instances
of hypersensitivity to iodine compounds will be
discovered by such tests. In each instance of fatal
reaction cited by Dotter and Jackson {Radiology,
1950. 54, 52 7), where sensitivity tests had been
performed, results were negative. Food and fluids
are prohibited following the evening meal of the
day before the examination, the fluid restriction
increases the concentration of the drug in the
urinary tract. A cathartic is given the night before
the examination to clear the gastrointestinal tract
of gas and other materials which might cast confusing shadows on the x-ray films; from 30 to 60
ml. of castor oil is preferred. If gas shadows persist on the preliminary films, an injection of
neostigmine methylsulfate or an enema may be
employed. The iodopyracet injection is warmed
to body temperature and 20 ml. (approximately
5 fluidrachms). containing 7 Gm. (approximately
105 grains) of the drug, is injected slowly intravenously, usually in an antecubital vein, with
very close and careful observation of the patient.
From 1 to 3 minutes is used to make the injection and a brief pause after the first 1 or 2 ml.
is advisable. Care should be taken to avoid extravasation ofthe solution into the tissues around
the vein. An injection of epinephrine hydrochloride should be immediately available whenever
these injections are given in case a severe reaction
should occur. Just before the injection is made,
pressure is applied to the lower abdomen, by
means of a strap around the body over a block of
wood to obstruct the ureters as they pass over
the brim of the pelvis, to retain the excreted
iodine compound in the renal pelves and upper
ureters and to insure good filling with the contrast
medium at the time the films are exposed. This
pressure may be continued until all the films are
taken; the discomfort may be minimized by careful adjustment of the pressure block to the size
and shape of the patient. A preliminary film is
taken prior to the injection and other exposures
are made at 5-, 15- and 30-minute or other intervals after the injection. When renal function is
normal, good films are obtained 5 to 15 minutes
after the injection; 30 minutes or longer may be
required in instances of impaired renal function.
After removing the pressure and before voiding.
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a film of the urinary bladder may be made. For
children the dose should be reduced according to
size and age.
In children or patients without usable veins,
the examination may be carried out with subcutaneous orintramuscular injection (Levant and
Lee, Pennsylvania M. J., 1945, 49, 255). For subcutaneous injection, Nesbit advocated dilution of
the indicated dose of iodopyracet injection with
sterile isotonic sodium chloride solution to a total
volume of 100 ml. and the injection of half of this
diluted solution into the subcutaneous tissue in
each subscapular region. Films are taken at longer
intervals because absorption is slower. Hinman
{Arch. Surg., 1951, 63, 585) confirmed the value
of hyaluronidase to facilitate the absorption, improve the roentgenograms and minimize the discomfort of subcutaneous injection, as originally
reported by Burket and Gyorgy {Pediatrics, 1949,
3, 56). Just before injecting the iodopyracet solution, 75 units of hyaluronidase are injected into
each site. Intramuscular injection of 10 to 15 ml.
of iodopyracet injection for adults or 5 to 10 ml.
for children into each gluteal region is preferable
because it causes less discomfort and produces
better shadows on the roentgenograms in about
the same time as after intravenous administration.
A local anesthetic may be added to the intramuscular or subcutaneous injection.
For retrograde pyelography the 35 per cent
iodopyracet injection should be diluted with sterile
isotonic sodium chloride solution to a concentration of 10 to 15 per cent and injected slowly and
carefully into the catheter which has been inserted
into the ureteral orifice by means of a cystoscope;
it is best injected by gravity or with a syringe
with a manometer in the circuit. In the adult
about 20 ml. of the diluted solution is required
to fill the renal pelvis. Bilateral retrograde pyelography should be performed only when necessary
and then only by expert urologists because this
procedure has caused anuria by reflex splanchnic
stimulation.
Iodopyracet Compound Solution, N.N.R. {Diodrast Compound Solution, Winthrop-Stearns)
contains 40.5 per cent of iodopyracet and 9.5 per
cent of the diethylamine salt of 3,5-diiodo-4pyridone-N-acetic acid; the iodine content in
organic combination in this solution is about 25
per cent. This solution, containing more iodine,
is used for obese patients or in instances in which
roentgen shadows are indistinct. The uses, methods of use, dose and toxic effects are the same as
for iodopyracet injection.
Sinus Tracts. — For roentgen visualization of
sinus tracts, fistulae, the paranasal sinuses, the
parotid ducts, the common bile duct by injection
into the draining "T" tube postoperatively, etc.,
the technique is similar to that for retrograde
pyelography.
Venography. — In instances of varicose veins
or other circumstances in which the patency of
venous channels must be determined, iodopyracet
is injected intravenously distal to the site of suspected obstruction. Knowledge of the rate of
venous circulation and experience with the roentgen technic is necessary in order to expose the
films at the proper second following the injection.
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Imler et al. {Am. J. Roentgen., 1944, 52, 514)
recommended venography in cases of superficial
varicosities before surgical procedures or sclerosing injections in patients with a history of thrombosis or thrombophlebitis, with severe symptoms
of fatigue, pain on walking or standing, edema,
etc., and with suspected anomalies of major
venous channels. The precautions with the drug
are the same as for intravenous urography. They
noted three instances of thrombosis of the deep
veins of the leg following venography with concentrated iodopyracet solutions. Similar injections
are used for the roentgen demonstration of
peripheral arterial lesions and bone tumors. Wagner {J.A.M. A., 1944, 125, 958) reviewed the
complications and indications for arteriography.
Gross {Indiana State M. A. J., 1944, 37, 109)
discussed the value of cerebral arteriography in
differential diagnosis of intracranial lesions. Iodopyracet injection occasionally produces convulsive
seizures, Scott and Seaman, Radiology, 1951, 56,
15), and transient hemiplegia has been reported
by Chusid et al. {J. Neurosurg., 1949, 6, 466).
The dangers of cerebral angiography with iodopyracet injection in hydrocephalic infants have
been reported by Tarlov and Rosenberg {Arch.
Neurol. Psychiat., 1952, 67, 496). Obstruction of
the major dural venous sinuses may be studied by
direct injection of iodopyracet through a catheter
into the superior sagittal sinus (Ray et al.,
Radiology, 1951, 57,477).
Angiocardiography. — For roentgen demonstration of the chambers of the heart and the great
vessels, a 70 per cent solution of iodopyracet,
marketed as Diodrast Concentrated Solution,
Winthrop-Stearns {Iodopyracet Concentrated Solution, N.N.R.). has been employed. Sussman
et al. {Am. J. Dis. Child., 1943, 65, 922) presented their observations on 80 patients and discussed the indications and interpretation in congenital heart disease. Zinsser and Johnson {Ann.
Int. Med., 1953, 39, 1200) described a technic
for obtaining a characteristic angiocardiographic
pattern in patients with mitral stenosis but with
little or no valvular insufficiency as a means of
selecting patients for commissurotomy. With the
development of surgical procedures for the correction or alleviation of some of these cardiovascular abnormalities this diagnostic procedure
has assumed more practical importance. It requires, however, such accurate timing and teamwork between physician, patient and roentgenologist that it is employed only in special medical
centers. The dangers and precautions are the same
as for other uses of iodopyracet plus the specific
problems caused by the very rapid intravenous
injection of this concentrated solution in patients
with abnormal cardiovascular systems.
Cholangiography. — Iodopyracet injection has
been used in cases in which it is impossible to
differentiate between hepatocellular damage and
extrahepatic biliary obstruction, and where liver
function tests are equivocal or normal. Keil et al.
{Ann. Int. Med., 1953, 39, 479) made 55 such
examinations by injection of 10 to 15 ml. of
iodopyracet solution into the fundus of the gall
bladder under direct observation during peritoneoscopy, the material being introduced through
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a 5-inch, 20-gauge needle thrust through the abdominal wall after aspiration of a quantity of
bile. Cholangiograms were obtained in a few instances by direct injection of a hepatic duct
through the abdominal wall and liver substance,
by Carter and Saypol (J.A.M.A., 1952. 148, 253)
and by Nurick et al. (Brit. J. Surg., 1953, 41, 27),
the latter claiming that it is no more hazardous
than liver biopsy.
Bronchography. — Many attempts have been
made to prepare a water-soluble organic iodine
preparation of suitable viscosity for bronchography, in order to avoid the known hazards and
disadvantages of iodized oil (q.v.) instillation. Success was achieved by Morales and Heiwinkel
(Acta Radiol., 1948, 30, 257), who incorporated
sodium carboxymethylcellulose to increase the
viscosity of iodopyracet. this preparation now
being marketed under the trade-marked name
Umbradil Viscous B. Use of a similar preparation, known as Ioduron B, was reported by Fischer
(Schweiz. med. Wchnschr., 1948. 78, 1025).
Norris and Stauffer (Ann. Otol. Rhin. Laryng.,
1951, 60, 802) found that by adding appropriate
amounts of iodopyracet to Ioduron B it is possible to obtain a water-soluble contrast medium
of whatever viscosity is desired for bronchography in any particular study. Roentgen study
indicates that the iodopyracet is usually absorbed
within four hours, being excreted via the kidney,
while the sodium carboxymethylcellulose is removed by cough and other mechanisms of bronchial drainage. Of primary advantage is the rapid
elimination in instances of obscure pulmonary
disease in which serial roentgen studies are required and in localization of foreign bodies which
are to be removed later by bronchoscopy under
fluoroscopic guidance. A similar preparation is
claimed by Peck et al. (Surg. Gyn. Obst., 1951,
92, 685) to be safer and more efficient than is
iodized oil. Flipse et al. (Arch Otolaryng., 1953,
57, 188) found no systemic toxicity from the use
of this medium in 58 patients, of whom 38 had
tuberculosis.
The inherent inaccuracy of nerve-blocking procedures for relief of pain may be reduced by
roentgen localization of the needle, using iodopyracet as a contrast medium before injecting
local anesthetic agents, in the experience of Alexander and Lovell (J.A.M.A., 1952, 148, 885).
Landes (ibid., 1952, 149, 1053) cautioned that
perineural fibrosis may follow this procedure.
Iodopyracet injection has been used in studies
of kidney function with the clearance technic, i.e.,
comparison of the amount present in the urine
with the concentration in the blood (Newman
et al, Bull. Joints Hopkins Hosp., 1949. 84, 135).
Toxicology. — Local reactions at the site of
injection are infrequent and usually mild. Systemic reactions are more frequent but rarely
serious providing the precautions and contraindications have been observed and the patient has
been tested for sensitivity. Flushing of the skin
and a sense of warmth is most frequent. Less
often transient nausea, vomiting, erythematous
eruptions, urticaria, dyspnea, lacrimation. salivation, coughing paroxysms, choking sensations
and cyanosis develop. These seldom persist more
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than 1 hour. A fall in blood pressure is produced
by therapeutic doses in animals for about 2 hours
and this has been observed in man. The drug is
contraindicated in patients with severe fiver disease, nephritis and severe uremia, active tuberculosis or hyperthyroidism, extreme debility or advanced age. It should be avoided in patients in
whom a sharp drop in blood pressure might be
deleterious. Epinephrine injection should be available to treat an acute and severe reaction. Neither
intravenous nor retrograde pyelography should be
repeated very often. [YJ
Dose. — The usual dose is 20 ml. intravenously
(slowly, over a period of 3 minutes), intramuscularly or. diluted with sterile isotonic sodium chloride solution to 100 ml., subcutaneously divided
between two injection sites. In children the usual
dose intramuscularly or intravenously is 15 ml.
The range of dose intravenously is 20 to 50 ml.,
and intramuscularly 10 to 20 ml. For angiocardiography, as much as 50 ml. of the 70 per cent solution is injected rapidly (v.s.).
Storage. — Preserve "in single-dose containers, preferably of Type I glass." U.S.P.
Usual Sizes.— 10. 20. or 30 ml. of a 35 per
cent solution. A concentrated solution (70 per
cent) in 20 and 50 ml. ampuls is also available.
IOPANOIC

ACID.

U.S.P.

Iodopanoic Acid

COOH
I
HgCHCHgCHj

"Iopanoic Acid contains an amount of iodine
equivalent to not less than 97 per cent and not
more than 101 per cent of C11H12I3NO2, calculated on the dried basis." U.S.P.
Telepaque (IVinthrop-Stearns).

Iopanoic acid, used as a radiopaque substance,
is P-(3-amino-2,4,6-triiodophenyl)-a-ethylpropionic acid. It may be prepared by reacting mnitrobenzaldehyde with propionic anhydride and
sodium propionate to give a-ethyl-w-nitrocinnamic acid, reducing this with Raney nickel to
3- (w-aminobenzyl) butyric acid, and treating the
last with iodine monochloride to give the triiodo
derivative, which is iopanoic acid. For details of
synthesis see British Patent 655,096 (1951).
Description. — "Iopanoic Acid is a creamcolored powder. It is tasteless or nearly so, and
has a faint, characteristic odor. It is affected by
light. Iopanoic Acid is insoluble in water. It is
soluble in alcohol, in chloroform, and in ether.
It is soluble in solutions of alkali hydroxides and
carbonates. Iopanoic Acid melts between 152°
and 158°, with decomposition." U.S.P.
Standards and Tests. — Identification. — On
heating iopanoic acid with sodium carbonate, then
extracting with hot water, the solution thus obtained responds to tests for iodide. Loss on dry-
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ing. — Not over 1 per cent, when dried at 100°
for 1 hour. Residue on ignition. — Not over 0.1
per cent. Free iodine. — On shaking iopanoic acid
with a mixture of water and chloroform the latter
shows no violet color. Halide ions. — 200 mg. contains no more halide than corresponds to 0.05
ml. of 0.02 N hydrochloric acid. Heavy metals. —
The limit is 20 parts per million. U.S.P.
Assay. — Iopanoic acid is assayed by the
method employed for and explained under Iophendylate Injection. U.S.P.
Uses. — Iopanoic acid is a water-insoluble organic iodine compound administered orally as a
radiopaque medium for roentgenologic examination of the gall bladder. Following ingestion it is
absorbed rapidly, is eliminated in the bile and
begins to concentrate in the gall bladder within
four hours. Maximal concentration occurs 10 to
12 hours after ingestion, persisting until about
16 hours. During this period it produces dense
shadows in the cholecystogram, often permitting
visualization of the extrahepatic ducts. Although
it is chiefly eliminated by the intestinal tract,
there is some renal excretion.
The patient is instructed to take the drug
orally following a light fat-free meal the evening
before the x-ray examination, and is permitted to
take nothing else by mouth until the roentgenograms have been made the next morning, except
for normal quantities of water until retiring. Accumulated gas may be removed shortly before
examination by means of a saline or sodium
bicarbonate enema. Immediately following roentgenography the patient is given a high-fat meal
and additional films are taken one to three hours
later to determine the ability of the gall bladder
to contract. Films taken 10 minutes after the
fatty meal are most likely to provide visualization of the extrahepatic ducts.
Undesirable effects following ingestion of
iopanoic acid are uncommon. Nausea, vomiting,
diarrhea, and burning on urination occur occasionally. Dunne et at. (Cleveland Clinic Quart.,
1951, 18, 98) compared the side effects and the
gall bladder visualization obtained in a series of
232 unselected cases, half of whom received
iopanoic acid as a contrast medium and half
of whom were given iodoalphionic acid (q.v.).
There was somewhat less nausea following administration ofiopanoic acid and the incidence of
diarrhea and of dysuria was much lower; side
effects were noted in approximately one-third as
many patients with iopanoic acid as with
iodoalphionic acid and there were only one-fourth
as many side effects described as severe. A higher
incidence of dense gall bladder shadows was obtained with a 3 Gm. dose of iopanoic acid than
with a 4.5 Gm. dose of iodoalphionic acid, suggesting that a smaller dose of iopanoic acid
may prove to be satisfactory. That such is the
case has been demonstrated by Scott and Simril
(/. Missouri M. A., 1951, 48, 866), who stated
that a dose of 2 Gm. is adequate for patients
weighing less than 150 lbs.
Iopanoic acid produced about 35 per cent
greater opacification of the gall bladder than did
iodoalphionic acid following identical doses of 3
Gm., in the experience of Morgan and Stewart
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(Radiology, 1952, 58, 231). Almost twice as
many of their patients required a second examination with a double dose of iodoalphionic
acid as with iopanoic acid in order to obtain satisfactory visualization. Increased density of the
gall bladder shadow corresponds closely to the
difference in iodine content between the two
preparations. Similar reports of fewer side effects
and greater density on the cholecystogram have
been published by others (Christensen and
Sosman, Am. J. Roentgen., 1951, 66, 764; Abel
et al., Pcrmanente Foundation M. Bull., 1952, 10,
95). Gall bladder contraction following a high-fat
meal is demonstrated in a higher percentage of
patients when iopanoic acid is used than with
iodoalphionic acid, according to Spencer (Gastroenterology, 1952, 21, 535), suggesting that the
latter dye may be more irritant and cause spasm
in the bile duct system.
Visualization of the bile ducts occurs often
enough following the ingestion of iopanoic acid
to make this a useful procedure. Shehadi (Am. J.
Roentgen., 1952, 68, 355) believes this may replace surgical or transabdominal cholangiography,
as described under iodoalphionic acid (q.v.). A
double dose of the dye may be necessary for
such visualization, especially in obese patients.
Satisfactory post-cholecystectomy cholangiography, including visualization of cystic duct
remnants, has been achieved by Twiss et al. (Am.
J. Med. Sc, 1954, 227, 372) by a modification of
the double dose technic. Presumptive evidence of
organic obstruction of the ampulla of Vater or of
the common bile duct sphincter may be obtained.
Administration of iopanoic acid is contraindicated in acute nephritis or uremia and it
should not be given when gastrointestinal tract
disorders prevent its absorption. Pseudoalbuminuria may follow its administration (Seedorf
et al, J.A.M.A., 1953, 152, 1332). The compound has a low toxicity (Hopp and Archer, Fed.
Proc, 1951, 10, 310).
Dose. — The usual dose is 3 Gm., orally, given
10 to 12 hours prior to the time roentgen examination isscheduled, with a range of 2 to 6
Gm. For oral cholangiography a dose of 5 to 6
Gm. is recommended. The maximum safe dose is
usually 6 Gm.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
IOPANOIC

ACID

TABLETS.

U.S.P.

"Iopanoic Acid Tablets contain not less than
95 per cent and not more than 105 per cent of
the labeled amount of C11H12I3NO2." U.S.P.
Assay. — The assay for tablets of iopanoic acid
is quite different from that for the bulk substance. A portion of powdered tablets, equivalent
to about 1 Gm. of iopanoic acid, is treated with
petroleum benzin to remove lubricants; the
iopanoic acid in the residue is dissolved in
neutralized alcohol, and the solution thus obtained titrated with 0.1 iV sodium hydroxide in
the presence of thymol blue indicator. Each ml.
of 0.1 N sodium hydroxide represents 57.10 mg.
of C11H12I3NO2. U.S.P.
Usual Size. — 500 mg.
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CH3
Ethyl Iodophenylundecylate
Injection

CH-CH

2(CH2

)6CH2

C00C2

H5

"lophendylate Injection is a sterile mixture of
isomers of ethyl iodophenylundecylate, in uniform, but unknown, proportions. It contains not
less than 95 per cent of C19H29IO2." U.S.P.
Ethyl 10-(/>-Iodophenyl)undecylate. Pantopaque (Lafayette) .

This radiopaque medium may be prepared by
treating ethyl 10-phenylhendecanoate with iodine
monochloride (for details see U. S. Patent
2,348,231, granted in 1944).
Description. — "lophendylate Injection is a
colorless to pale yellow, viscous liquid, the color
darkening on long exposure to air. It is odorless
or possesses a faintly ethereal odor. lophendylate
Injection is very slightly soluble in water. It is
freely soluble in alcohol, in benzene, in chloroform, and in ether. The specific gravity of lophenU.S.P. dylate Injection is between 1.245 and 1.260."
Standards and Tests. — Identification. — (1)
/»-Iodobenzoic acid obtained by oxidation of
iophendylate injection melts between 268° and
272°. (2) The saponification number of the injection isnot less than 395 and not more than
420. Refractive index. — Between 1.5230 and
1.5260. Other requirements. — The injection meets
the requirements under Injections. Residue on
ignition. — Not over 1.0 per cent. Free acids. — The
addition, with vigorous shaking, of 0.3 ml. of
0.1 N sodium hydroxide to an alcohol solution
of 1 ml. of the injection produces a red color
with phenolphthalein T.S. Free iodine. — No blue
color is produced in the aqueous layer of a mixture of 3 ml. of iophendylate injection and a
solution of potassium iodide containing starch
T.S. U.S. P.
Assay. — About 200 mg. of iophendylate injection is weighed into a tared gelatin capsule and
transferred, along with some lactose, potassium
nitrate and sodium peroxide, to a Parr bomb,
which is fired. Under the oxidative conditions of
the combustion, the iodine of iophendylate is
oxidized to iodate. Any iodide that may be
formed in the combustion is oxidized to iodate by
treating a solution of the alkaline fusion mixture
with bromine T.S. Excess bromine is expelled
from the solution by boiling it after acidifying
with phosphoric acid; some phenol is added to
react with any bromine that may remain in the
solution. Finally potassium iodide is added, which
reacts with iodate to liberate six atoms of iodine
for each atom of iodine represented in iophendylate, and the solution is titrated with 0.1 N
sodium thiosulfate, using starch as indicator. A
blank test is performed on the reagents. Each ml.
of 0.1 N sodium thiosulfate represents 6.939 mg.
of C19H29IO2. U.S.P.
Uses. — This iodized fatty acid is absorbable
from tissue and tissue spaces and its low viscosity
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recommends it for use as a contrast medium
especially in the subarachnoid space of the spinal
meninges. In myelography, it remains as a discrete fluid mass when handled properly, thus providing a good shadow on the roentgen film. It is
usually well tolerated by spinal tissues (Steinhausen et al., Radiology, 1944, 43, 230).
Aspiration of as much of the medium as possible following roentgen examination is recommended; opaque material will usually disappear
within 2 months (Ramsey et al., ibid., 236;
Wyatt and Spurring, Surgery, 1944, 16, 561).
The rate of absorption is about 1 ml. per year
but varies with the condition of the tissues.
Peacher and Robertson (/. Neurosurg., 1945, 2,
220) observed only slight reaction of the tissues
to iophendylate. Hinkel {Am. J. Roentgen., 1945,
54, 230) observed during a myelography rapid
passage of iophendylate into the inferior vena
cava following a cough, with trivial subjective
and objective manifestations. Myelography with
Pantopaque is widely used for demonstration of
tumors or herniation of the intervertebral disc
or other lesions compressing the spinal cord
(Soule et al., ibid., 53, 319; Ford and Key,
/. Bone Joint Surg., 1950, 32-A, 257).
Reports on several thousand human cases in
which from 2 to 6 ml. have been employed
intraspinally indicate that it is generally well
tolerated. The incidence of side effects is only
slightly greater than that following lumbar puncture without the injection of any medication;
backache and slight and transient elevation of
temperature may be observed in 10 to 30 per
cent of cases. To avoid extravasation outside the
meninges, it should not be injected sooner than
10 days after a previous intrathecal puncture.
Meningeal reactions, however, have been observed; Tarlov (J. A.M. A., 1945, 129, 1014) described such a case and advocated that use of
iophendylate should be restricted to those cases
in which such study is required for a diagnosis
and preferably in instances in which the presence
of a lesion which will require surgical removal is
almost certain. It should be injected immediately
before the roentgen examination under fluoroscopic observation, and aspirated and rinsed out
of the spinal canal immediately after the examination. Ifsurgery is performed, any residual
material should be carefully removed. Erickson
and van Baaren {ibid., 1953, 153, 636) described
a case which terminated fatally 15 months following the myelography, due to exudative and adhesive arachnoiditis obstructing the fourth
ventricle of the brain. Passage of the radiopaque
medium to the intracranial subarachnoid space
should be carefully avoided.
An unofficial, aqueous emulsion, Emulsion
Pantopaque 50% V/V (Lafayette), is recognized
in N.N.R. This contains 0.6 per cent of the surface-active compound oleyl methyl taurine
(Chalecke et al., Radiology, 1947, 49, 131). It
may be used as a roentgen contrast medium for
visualization of the biliary tree, sinus and fistulous
tracts, ducts, certain body cavities, empyema
cavities, etc. (George et al., ibid., 137). It has a
low viscosity and surface tension and is miscible
with normal and abnormal tissue fluids. It ad-
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heres well to mucous membrane surfaces. In
large cavities, slow absorption may interfere
with subsequent roentgen examinations. This material does not give a shadow of sufficient density
for bronchography.
Dose. — The usual dose by intrathecal or special
injection as a roentgen contrast medium is 6 ml.,
with a range of 0.5 to 12 ml. The maximum safe
dose will rarely exceed 20 ml.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — 3 ml. The 50 per cent v/v emulsion issupplied in 10-ml. ampuls.
IPECAC.
U.S.P. (B.P.) (LP.)
[Ipecacuanha]

"Ipecac consists of the dried rhizome and roots
of Cephaelis Ipecacuanha (Brotero) A. Richard,
known in commerce as Rio or Brazilian Ipecac,
or of Sephaelis acuminata Karsten, known in
commerce as Cartagena, Nicaragua, or Panama
Ipecac (Fam. Rubiacece). Ipecac yields not less
than 2 per cent of the ether-soluble alkaloids of
Ipecac." U.S.P. The B.P. definition for Ipecacuanha issubstantially the same; not less than
2.0 per cent of the total alkaloids, calculated as
emetine, is required. The LP. requires Ipecacuanha Root to contain not less than 2.0 per
cent of total alkaloids, calculated as emetine, of
which not less than 60 per cent consists of nonphenolic alkaloids, calculated as emetine. Both
the B.P. and the LP. recognize also a standardized powder of ipecac, containing 2.0 per cent of
total alkaloids (see the monograph on Prepared
Ipecacuanha).
B.P. Ipecacuanha. LP. Ipecacuanha Root; Ipecacuanhae
Radix. Bras. Poaya. Fr. Ipecacuanha officinal; Racine
d'ipecacuanha.
Ger.Brasiliana.
Brechwurzel
Ruhrwurzel.
It. Ipe-;
cacuana ; Radice
Sp.; Raiz
de ipecacuana
Ipecacuana.

Ipecac was used as a medicinal agent by the
South American Indians before the advent of the
white man. Its introduction into European medicine was chiefly owing to the success which Dr.
Adrien Helvetius of Paris had in treating dysentery with the drug. His results were so striking
that they attracted the attention of Louis XIV,
who in 1682 offered him public honors and a large
gift of money in exchange for his secret.
The natives of Brazil apparently applied the
term "ipecacuanha" to a number of roots possessing in common emetic properties, and it was
not until Gomez collected some authentic plants
himself that its real botanical source was known.
These were described by Brotero in 1803, under
the name of Callicocca Ipecacuanha.
There exists considerable difference of opinion
as to which of the generic terms should be definitely adopted as the standardized generic name
of the true ipecac species. Chief among those
listed in the literature as synonyms are the following: Uragoga, L. 1731; Psychotria, L. 1759;
Evea, Aublet 1775; Tapogomea, Aublet 1775;
Cephaelis, Swartz 1788; and Callicocca, Schreber
1789. According to the rule of priority in starting nomenclature with 1753, Uragoga would be
correct as the proper designation of the Ipecac
genus and Uragoga Ipecacuanha Baillon {Nat.
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Hist. PL, London, 1881) the proper designation
of the species; but Cephaelis of Swartz is alone
listed in the Nomina Conservanda of the last International Congress of Botanists, evidently because it had received the greatest publicity and
use and is, accordingly, recognized in the U.S.P.
and B.P.
Cephaelis Ipecacuanha is a low, straggling
shrub indigenous to Brazil but also found growing in Colombia where it flourishes in deep, moist
humous soils of forests. Its underground portion
consists of a somewhat branched root system,
made up of a smooth rhizome bearing two kinds
of roots, smooth and annulated, also a submerged portion of the stem which has frequently
been gathered with the roots as the drug of commerce. This stem arches upward becoming green
and angular above ground and attaining a length
of a foot or less. It bears a few opposite,
petiolate, stipulate, obovate and entire leaves and
heads of small, white flowers, the corollas of
which are funnel-shaped. The fruits occur as
clusters of dark purple berries, each containing
two plano-convex seeds.
The U.S.P., B.P., and LP. recognize two sorts
of ipecac. The Rio, or Brazilian, Ipecac is from
the Cephaelis Ipecacuanha. It grows in moist,
dense and shady woods in Brazil and Bolivia. It is
said to be most abundant within the limits of the
eighth and twenty-second degrees of south latitude. Cartagena Ipecac (also called Nicaragua,
Savanilla and Panama Ipecac) is from the C.
acuminata. It grows in the moist forests of
United States of Colombia. The roots are
gathered from January to late March by the
natives who seize all the stems of a clump, loosen
them from the soil and then, by thrusting a
pointed stick under the roots, tear up the whole
mass. The roots are then freed from adhering soil
and packed in bags or bales of hide in which they
are stored until purchased by traders ; Rio ipecac
comes chiefly from the interior provinces of
Mato Grosso and Minas Geraes and is shipped to
the U. S. A. mainly from Rio de Janeiro, Bahia
and Pernambuco. Cartagena ipecac is exported to
this country from Cartagena and Savanilla,
Colombia, and from Corinto, Nicaragua. It differs
from the Rio variety in being thicker, and in
showing less pronounced annulations. There are
two varieties of Cartagena ipecac, viz., the
grayish-brown and the reddish-brown. The latter
has, within recent years, been coming largely
from Nicaragua under the name of Nicaragua
Ipecac, and is characterized by its root being
beset with numerous transverse ridges bearing,
frequently, light-colored abrasions. During 1952,
importations of ipecac amounted to 54,559
pounds, from Brazil, Nicaragua, Panama, Colombia, and the Canal Zone.
Attempts were made by the British, in 1866
and 1872, to cultivate ipecac in India from root
cuttings sent from Brazil, but without commercial success. It is now cultivated on a small
scale at Mungpoo in the Darjeeling district of
Bengal. For pharmacognostic studies on Indian
Ipecac, see Bal and Datta, Indian Jour. Pharm.,
1946, 8, 76. In 1886, it was found that ipecac
flourished in the Straits Settlements. The Johore,
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or Indian, Ipecac is now produced on a commercial scale in the State of Selangor, near Singapore.
Description. — "Unground Rio Ipecac occurs
as a mixture of segments of the roots and
rhizomes, the latter with one or more attached
roots. The roots are in cylindrical pieces, mostly
curved and sharply flexuous. occasionally
branched, from 3 to 15 cm. in length and from
1 to 4 mm. in diameter, reddish brown to dark
brown, either smooth or closely annulated, the
latter with thickened, incomplete rings and
usually exhibiting transverse fissures with vertical
sides. The bark of the smooth root is thin, approximately one-ninth of the diameter of the
root, that of the annulated root approximately
two-thirds of the entire diameter. The fracture
of the bark is short, easily separable from the
tough, fibrous wood. The rhizomes are cylindrical,
attaining a length of 10 cm. and a thickness of 2
mm., finely longitudinally wrinkled, with a few
elliptical scars and a distinct pith approximately
one-sixth of the entire diameter of the rhizome.
The odor is distinctive; the dust is sternutatory.
The taste is bitter, nauseous and acrid." U.S.P.
For histology see U.S.P. XV.
"Unground Cartagena Ipecac. — As compared
with Rio Ipecac. Cartagena Ipecac is up to 6.5
mm. in diameter; externally grayish, grayish
brown or reddish brown, the reddish brown
variety frequently beset with numerous transverse
ridges bearing light-colored abrasions; its annulations are less numerous; its simple starch grains
are, on the average, larger in the xylem rays of
the wood.
"Powdered Ipecac is pale brown, weak yellow
or light olive-gray. The elements of identification
are: the cork cells; the starch grains simple or
2- to 8-compound. the simple grains up to 15 n
in diameter (Rio Ipecac) and up to 22 n in diameter (Cartagena Ipecac); raphides of calcium
oxalate up to 80 u in length and fragments of
the tracheids and vessels with simple and
bordered pits. A few more or less elongated
rectangular stone cells with the thick and pitted
lignified walls from the overground stem of
ipecac may be present." U.S.P.
It is quite common to find in commerce mixtures of Rio and Cartagena ipecac. These are
usually distinguished from each other by the
larger size of the starch grains in the medullary
rays of the wood of the Cartagena variety but
Hartwich (Apoth.-Ztg., 26, 57), pointed out that
the size of the starch grains is not sufficient to
differentiate these varieties and states that there
is a greater difference in the cells of the woody
portion of the root.
Standards and Tests. — Overground stems. —
Not over 5 per cent. Foreign organic matter. —
Not over 2 per cent. U.S.P. The B.P. and I.P.
limit ash to 5.0 per cent, and acid-insoluble ash
to 2.0 per cent.
Assay. — A 10-Gm. portion of ipecac, in fine
powder, is macerated with peroxide-free ether in
the presence of ammonia T.S. A one-half aliquot
of the ether solution is extracted with approximately 1A' sulfuric acid, from which latter the
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alkaloids are transferred to peroxide-free ether
after alkalinization with ammonia T.S. Most of
the ether is evaporated, exactly 10 ml. of 0.1 N
sulfuric acid is added, the remaining ether volatilized and the excess of acid titrated with 0.1 N
sodium hydroxide, using methyl red T.S. as indicator. Each ml. of 0.1 N sulfuric acid represents
24.0 mg. of the ether-soluble alkaloids of ipecac.
U.S.P.
The B.P. and I.P. assays for total alkaloids
differ from that of the U.S.P. in many details
but are based on the conventional methods of
alkaloidal assay. The I.P. assay for non-phenolic
alkaloids is performed by alkalinizing with
sodium hydroxide the titrated liquid left from the
assay for total alkaloids and extracting with
ether. The solvent is evaporated, the residue dissolved in an excess of 0.1 N sulfuric acid and the
excess of acid titrated with 0.1 N sodium hydroxide, using methyl red as indicator.
Constituents. — The alkaloid "emetine" found
in ipecac by Pelletier. in 1817, was shown by
Paul and Cownley (Am. J. Pharm., 1895, p. 256,
and 1901. p. 87) to consist of three alkaloids,
emetine, cephaeline, and psychotrine. These, together with O-methylpsychotrine and emetamine,
isolated by Pyman (/. Chem. S., 1917, 111, 428),
constitute the principal ipecac alkaloids. Those
reported by Hesse (Pharm. J., 1914, 93, 425),
ipecamine and hydro-ipecamine, are of minor importance. There is also present ipecacuanhin
(ipecacuanhic acid), a glycoside which shows
little pharmacologic action. The belief of Huerre
(/. pharm. chim., 1920. 20, 425) that it is of
therapeutic importance seems improbable.
For chemical structure of emetine see under
Emetine Hydrochloride. From the studies of
Carr and Pyman it would appear that cephaeline
differs from emetine in the substitution of a
hydroxyl for a methoxyl group. Therefore,
cephaeline is a phenol but emetine is not (Proc.
Chem. S., 1913, 29, 226). They assigned to psychotrine the formula C2SH36X2O4. Emetamine.
C29H36X2O4. differs from emetine in containing
four less hydrogen atoms, corresponding to the
presence of two additional double bonds.
Pyman (Trans. Chem. Soc, 1917, 111, 438)
showed that psychotrine can be converted either
into O-methylpsychotrine or into cephaeline. which
yields emetine upon methylation. A stereoisomeride of emetine, called iso-emetine, was
prepared by Pyman from methylpsychotrine by
reduction.
Browne (/. A. Ph. A., 1917, 6, 1043) investigated kryptonine (emetoidine) , an alkaloid previously reported by Lloyd. It is a red base of very
bitter taste, possesses emetic action and when
injected intravenously it lowers the blood pressure similarly to emetine. For paramecia and
rabbits it is less toxic than emetine.
The medicinal virtues of ipecac reside chiefly,
if not solely, in the alkaloids emetine and
cephaeline. The other alkaloids play a relatively
unimportant part in any of the therapeutic effects.
Because of the difference in the actions of these
two alkaloids the relative proportions present is
a matter of some interest. From the researches of
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Paul and Cownley, of Lowin, and of Caesar and
Loretz, it is well established that Rio ipecac
yields from 1.4 to 1.9 per cent of emetine and
from 0.5 to 0.6 per cent of cephaeline. Cartagena
ipecac has a higher proportion of cephaeline, averaging from 1.2 to 1.4 per cent, and about the
same proportion of emetine.
Emetine and cephaeline are reported by Friese
(Pharm. Zentr., 1935, 76, 233) to occur in a
number of other South American species of the
Rubiacece, this author finding them in the roots
of Remijia amazonica Schumn., Ferdinandusa
elliptica Schumn. var. Belemnensis Ducke, Tocoyena longiflora Aubl., Caperona decorticans
Spruce, Bothriospora corytnbosa Hook., and emetine in the stem bark of Hillia illustris (Veil.)
Schumn. _
Substitutes and Adulterants. — The chief
adulterant of ipecac is the aerial stem of the
same plant. The submerged portion of the stem
from which roots emanate, and which might be
called the rhizome, is claimed by Viehoever and
Ewing (/. A. Ph. A., 1921, p. 766) to contain the
ether-soluble alkaloids of ipecac in substantial
amounts. The rhizome, which is now recognized
in the official description, must not be confused
with an aerial continuation of it, the overground
stems, which is comparatively low in alkaloidal
content. The latter may be distinguished from the
rhizome by its thinner bark, numerous chloroplasts, by opposite leaf scars at its nodes, and
by the stone cells in the pericycle.
Formerly several roots — some of them not
even closely related to ipecac — appeared in the
markets as false ipecac. Most of them are now
rare in commerce. Among the most important of
these were the following:
Undulated Ipecac. — This is the root of Richardia scabra Linne (Fam. Rubiacea), indigenous
to Brazil. It occurs in somewhat tortuous pieces
which differ from ipecac in being less completely
and regularly annulated and in possessing a
porous wood and a bark that is often violetcolored within.
Greater Striated Ipecac. — The root of Psychotria emetica, L. (Fam. Rubiacece) closely resembles the Cartagena ipecac from which it can
be distinguished by its violet-colored bark and
total absence of starch, as viewed in transverse
sections under a microscope.
Trinidad Ipecac. — The rhizomes and roots of
Asclepias curassavica, L. (Fam. Asclepiadacece)
have been offered as a substitute in Europe.
This spurious article is entirely devoid of ipecac
alkaloids, has a yellowish-brown external color,
a white interior and a bitter taste.
Lesser Striated Ipecac (also called Black Striated Ipecac or False Ipecac) (Holmes). — This
was formerly attributed to an unidentified species
of Richardsonia but Maheu and Chartier (Pharm.
J., 1927, 119, 630) after careful study assign it
to Manettia ignita Schum. (Fam. Rubiacece).
They found emetine in it. It occurs in very short
fragments, 2 or 3 cm. long, and 2 or 3 mm. in
thickness; some nearly cylindrical, others narrowly fusiform; others again formed of roundish
or pyriform segments, somewhat thicker than the
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preceding, placed end to end. The color is generally gray-brown, darker than that of greater
striated ipecac. The longitudinal stria? are fine,
and regular on the transverse section. The cortical
portion is starchy and often dark violet in color,
and its consistence firmer than in the larger
kind; the wood is yellowish, and porous.
White Ipecac is obtained from Ionidium Ipecacuanha St. Hil. (Hybanthus Ipecacuanha (L.)
Baill) (Fam. Violaceai), indigenous to Brazil.
The root is much branched, free from annulations and of a grayish-white or light brownishyellow color. The bark is very thin and the wood
is light yellow and porous. It is distinguished by
the presence of stone cells and freedom from
starch. It contains inulin but no emetine. According to Pelletier, it has, however, emetic
properties.
In addition to the above the following adulterants have occasionally been found as admixtures of the drug: (1) The roots of Heteropteris
pauciflora (Fam. Malpighiacece) which are devoid
of starch and possess rosette aggregates of calcium oxalate and stone cells; (2) numerous other
foreign roots. Kraemer (Proc. A. Ph. A., 1900,
p. 214) published a note on a so-called ipecac
which proved to be derived from Polygala angulata DC.
Uses. — Ipecac is in large doses emetic, in
smaller doses, diaphoretic and expectorant, and
in still smaller doses, stimulant to the stomach,
exciting appetite and facilitating digestion. In
quantities not quite sufficient to cause vomiting,
it produces nausea, and frequently acts on the
bowels. As an emetic it is mild, but tolerably
certain, and free from corrosive or narcotic
properties.
Action. — The researches of Waters and Koch
(/. Pharmacol., 1917, 10, 73) have shown that
psychotrine is practically non-toxic and probably
plays no part in the action of ipecac. Cephaeline
and emetine are similar in their effects although
differing in degree. Emetine is a more active
amebicide but is less irritant and emetic, and
also less toxic, than cephaeline. Eggleston and
Hatcher (/. Pharmacol., 1923, 21, 1) found that
both alkaloids have a direct stimulant action upon
the vomiting center in the medulla. In their opinion the emetic effect is due not only to this
action but in part to the local irritant effect upon
the gastric mucosa. Because of the promptness
with which emesis occurs it is scarcely possible
for enough of the active principles to be absorbed
from the stomach to produce direct systemic
effects. When injected subcutaneously or intravenously inlarge dose, however, the alkaloids act
as depressants to the motor side of the spinal
cord and probably also to the respiratory center.
It would appear that they have some special
predilection for the lungs, for after toxic doses
alternating areas of pallor and intense hyperemia
have been found in the pulmonary tissue. The
toxicology of ipecac was re-evaluated by Radomski et al. (J. Pharmacol. 1952, 104, 421).
Amebiasis. — Originally introduced as a remedy
for dysentery, ipecac for centuries was alternately lauded as a specific and condemned as
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useless in this disease. In 1911 Vedder (see
J. A.M. A., 1914, 62, 501) showed that a 1 to
10,000 infusion of ipecac destroyed the viability
of the EndamebcB, and that the alkaloid emetine
in a 1 to 100,000 solution had the same effect.
He also showed that the drug had no bactericidal
power. Since this research, reasons for the divergence of opinion as to the usefulness of ipecac
are apparent. There are two types of dysentery,
one due to a specific ameba and the other caused
by a bacillus. In the latter form of the disease
the drug is useless but it is of real value in the
amebic type of dysentery. It has, however, been
supplanted by its alkaloid emetine for this
purpose (see Emetine Hydrochloride). Simon
(J.A.M.A., 1918, 71, 2042) maintained that the
whole drug administered by mouth gave better
results than subcutaneous injection of the alkaloid in chronic cases where the ameba has become
encysted. For this purpose, the dried powder in
salol-coated pills was preferred. The dose was 3
to 4.5 Gm. giveiy at bedtime daily until the
patient received a total dose of 30 Gm. The patient was kept at bed rest and given opium tincture to decrease the nausea and vomiting. The
latter was frequently severe enough to demand
cessation of the treatment.
Expectorant. — As an emetic ipecac is rarely
used merely for the purpose of evacuating the
stomach. Some clinicians believed that it has a
direct influence on hepatic secretion, but it is
more probable that its effects on the liver are due
simply to its emetic action. By virtue of their
nauseating effect small doses of ipecac tend to
increase various secretions of the body. Thus it
is widely used as a diaphoretic, especially in combination with opium (see Ipecac and Opium Powder), in the early stages of acute coryza and
other mild infections (see Tomb, South African
M. J., 1945, Nov. 24, p. 429). In the same way
it acts as an expectorant, and in the early stages
of acute bronchitis ipecac syrup has been widely
used. It is beneficial in croup. Perry and Boyd
(/. Pharmacol., 1941, 73, 65) reported marked
increase of bronchial secretions in rabbits following administration of large doses of ipecac.
In humans, Alstead (Lancet, 1939, 2, 932) found
no increase in the volume of sputum in cases of
chronic bronchitis. Ipecac has been used by some
in the treatment of paroxysmal auricular tachycardia. The arrhythmia is abolished through vagal
impulses induced by stimulation of the medulla,
and through induction of nausea and vomiting.
Many years ago Trousseau claimed that ipecac
possessed valuable hemostatic powers, especially
useful in hemoptysis, but this use of it failed to
receive general recognition. The treatment was
revived by Flandin (Presse mid., 1913) and
other French clinicians, [v]
The usual dose is not listed by the U.S. P.
since the whole powder is rarely used in practice
unless as an emergency emetic in which case 1
to 4 Gm. (approximately 15 to 60 grains) is
given with a glass of lukewarm water. The syrup
and the fluidextract are more commonly used. As
a nauseating expectorant or diaphoretic, 30 to
120 mg. (approximately y* to 2 grains) is appropriate.

Part I
PREPAREDB.P.IPECACUANHA.
(LP.)
Ipecacuanha Praeparata

The B.P. recognizes under this title a finely
powdered root which is adjusted to contain 2.0
per cent (limits 1.90 to 2.10) of the total alkaloids of ipecacuanha, calculated as emetine. The
LP. recognizes the same preparation under the
title Standardized Powdered Ipecacuanha Root
(Pulvis Ipecacuanhae Radicis Standardisatus). It
should be kept in a well-closed container.
This is intended as a means of administering a
standardized form of the whole drug. The dose
is from 30 to 120 mg. (approximately l/2 to 2
grains); or as an emetic, 1 to 2 Gm. (approximately 15 to 30 grains).
Off. Prep. — Powder of Ipecacuanha and
Opium; Tablets of Acetylsalicylic Acid with
Ipecacuanha and Opium; Tablets of Ipecacuanha
and Opium, B.P.
IPECAC

FLUIDEXTRACT.
U.S.P. (B.P.)

[Fluidextractum Ipecacuanhae]

"Ipecac Fluidextract yields, from each 100 ml.,
not less than 1.8 Gm. and not more than 2.2 Gm.
of the ether-soluble alkaloids of ipecac." U.S.P.
The B.P. Liquid Extract of Ipecacuanha is required to contain 2.0 per cent w/v of the total
alkaloids of ipecac, calculated as emetine (limits,
1.90 to 2.10).
B.P. Liquid Extract of Ipecacuanha; Extractum Ipecacuanhae Liquidum. _ Extractum Ipecacuanhae Fluidum.
Fr. Extrait fluide d'ipecacuanha. Ger. Brechwurzelfluidextrakt. It. Estratto fluido d'ipecacuana. Sp. Extracto Fluido
de Ipecacuana.

Prepare the fluidextract by exhausting ipecac
by percolation with a menstruum of 3 volumes of
alcohol and 1 volume of water, macerating for 72
hours and percolating slowly. Reduce the percolate, by evaporation at a temperature not over
60°, to 1000 ml. Add 2000 ml. of water and allow
the mixture to stand overnight; filter it and
evaporate the filtrate to a volume of 565 ml. Add
35 ml. of hydrochloric acid and 300 ml. of alcohol,
mix well, and filter. Assay a portion of this liquid
and adjust the remainder of it, by adding a mixture of 30 volumes of alcohol, 3.5 volumes of
hydrochloric acid, and 66.5 volumes of water, to
contain 2.0 Gm. of ether-soluble alkaloids of ipecac in each 100 ml. of fluidextract. U.S.P.
In the preparation of the fluidextract the precipitation with water is for the purpose of removing resinous matter which, if present, would
produce a cloudy syrup; the hydrochloric acid
insures stability of the alkaloids.
The B.P. Liquid Extract of Ipecacuanha is prepared from finely powdered ipecac by percolation.
The menstruum is 80 per cent alcohol. A portion
of the percolate is reserved. The remainder is
concentrated in a vacuum below 60° and this
residue is dissolved in the reserved portion. This
liquid is assayed for alkaloidal content and adjusted to the proper strength. After the liquid
extract is allowed to stand it is filtered.
Assay. — A 10-ml. portion of fluidextract is absorbed on paper or asbestos and dried at a tem-
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perature not over 60°; this material is assayed
in the manner described under Ipecac. Alternatively the extraction of alkaloids from the fluidextract may be made in a liquid-liquid automatic
extractor. U.S.P.
The B.P. assay, performed on 5 ml. of liquid,
begins with an extraction of non-alkaloidal matter
with chloroform, in the presence of dilute sulfuric
acid; the chloroform solution, after washing to
recover any alkaloid which may have been extracted by it, is discarded. The acid liquid is
alkalinized with ammonia and the liberated alkaloids extracted with chloroform ; the chloroform is
evaporated and the alkaloids in the residue estimated by solution in excess 0.1 N sulfuric acid
followed by titration with 0.1 N sodium hydroxide
using methyl red as indicator.
Alcohol Content. — From 28 to 33 per cent,
by volume, of C2H5OH. U.S.P.
Ipecac fluidextract is a limpid, dark reddishbrown, transparent liquid, of a bitterish, slightly
acrid taste, but without the nauseous flavor of the
root. It is a convenient preparation for the inclusion of ipecac in expectorant and diaphoretic
mixtures.
Dose, as emetic, 0.5 to 1 ml. (approximately
8 to 15 minims); as an expectorant, 0.06 to 0.12
ml. (approximately 1 to 2 minims). @
Storage. — Preserve "in tight, light-resistant
containers,
and avoid exposure to excessive heat."
U.S.P.
Off. Prep. — Ipecac Syrup, U.S. P.; Ipecac
Tincture, B.P.; Rhubarb and Soda Mixture, N.F.
IPECAC

SYRUP.

U.S.P.

[Syrupus Ipecacuanhae]
Syrupus Ipecacuanhae Gallicus. Fr. Sirop d'ipecacuanha.
Ger. Brechwurzelsirup. It. Sciroppo di ipecacuana. Sp.
Jarabe de ipecacuana.

Mix 70 ml. of ipecac fluidextract with 100 ml.
of glycerin, and add enough syrup to make 1000
ml. Mix thoroughly. U.S.P.
Alcohol Content. — From 1 to 2.5 per cent,
by volume, of C2H5OH. U.S.P.
This syrup possesses the characteristic effects
of ipecac. |v]
Dose, for an adult, as an expectorant, from 1 to
2 ml. (approximately 15 to 30 minims); as an
emetic, up to 8 ml. (approximately 2 fluidrachms).
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." U.S.P.
TINCTURE

OF IPECACUANHA.
B.P., LP.

Tinctura Ipecacuanhae

The B.P. requires Tincture of Ipecacuanha to
contain 0.1 per cent w/v of the total alkaloids of
ipecacuanha, calculated as emetine (limits, 0.095
to 0.105).

"Ipecac Tincture yields, from each 100 cc,
and not more than 0.22
not less than 0.18 Gm.
of the ether-soluble alkaloids of ipecac."
Gm. IX.
N.F.
The LP. requires 0.18 to 0.22 per cent w/v of
total alkaloids, calculated as emetine, of which not
less than 60 per cent consists of nonphenolic alkaloids, calculated as emetine.
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Tincture, N.F. IX.
Teinture
d'ipecacuanha.
Ger.
Brechwurzeltinktur.
It. Fr.
Tintura
di ipecacuana.
Sp.
Tintura de ipecacuana.

The B.P. tincture is prepared by diluting 5 per
cent by volume of liquid extract of ipecacuanha,
with a mixture of alcohol, dilute acetic acid, water
and glycerin. It is about one-half the strength of
the N.F. IX tincture.
Mix 15 ml. of diluted hydrochloric acid and 200
ml. of alcohol with 600 ml. of water, add 100 ml.
of ipecac fluidextract, and then enough water to
make 950 ml., and filter. Adjust the liquid to
contain 200 mg. of ether-soluble alkaloids of ipecac in each 100 ml. by addition, if necessary, of a
mixture of 1 volume of alcohol and 4 volumes of
water. N.F. IX.
The LP. tincture is prepared from the root, by
percolation with 70 per cent alcohol.
Alcohol Content. — From 20 to 23 per cent,
by volume, of C2H5OH. N.F. IX.
The doses of the N.F. tincture are: as an expectorant from 0.3 to 1 ml. (approximately 5 to
15 minims); as an emetic, up to 8 ml. (approximately 2fluidrachms). The B.P. tincture may be
given in twice these doses, [v]
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F. IX.
IPECAC

AND OPIUM
N.F. (B.P.)

POWDER.

Dover's Powder, Pulvis Ipecacuanhae et Opii
B.P. Powder of Ipecacuanha and Opium. Compound
Powder of Ipecac. Pulvis Ipecacuanha Compositus; Pulvis
Ipecacuanhae
Pulvis
Poudre
d'ipecacuanhaOpiatus;
opiacee; Poudre
dite Doveri.
de Dover.Fr.Ger.
Doversches
Pulver. It. Polvere del Dower. Sp. Polvo de opio e
ipecacuana compuesto; Polvo de Dower.

Triturate together 100 Gm. of ipecac, in very
fine powder, 100 Gm. of powdered opium and
800 Gm. of coarsely powdered lactose until the
mixture is reduced to a very fine, uniform powder.
N.F.
The B.P. product is made in the same manner.
It is required to contain 10.0 per cent of powdered
opium, equivalent to 1.0 per cent of anhydrous
morphine (limits, 0.90 to 1.10).
Description. — "Ipecac and Opium Powder
occurs as a very pale brown powder, exhibiting
coarse, angular, frequently more or less coneshaped, colorless fragments up to 400 n in length,
very slowly soluble in water and in chloral hydrate
T.S., and polarizing light with a strong display of
color {fragments of lactose). Other elements of
identification are the tissues of ipecac and of the
capsules of the opium poppy described in the U. S.
Pharmacopeia, the latter under Powdered Opium."
N.F.
This composition, though called Dover's Powder, does not precisely correspond with that originally recommended by Dover in 1742, which was
prepared as follows: Four ounces of potassium
nitrate and the same quantity of potassium sulfate
were mixed in a red-hot crucible, and afterward
very finely powdered; one ounce of opium, sliced,
was then added, and ground to powder with the
saline mixture; lastly, an ounce of ipecac with
an ounce of licorice root, in powder, were mixed
with the other ingredients.
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Powder

Uses. — This combination was formerly extensively employed as a diaphoretic and sedative,
especially in the early stages of the milder infections, such as colds and influenza, in which an
effort is to be made to abort the disease by sweating. It is taken, preferably, in connection with
hot drinks and other measures for encouraging
sweating, [v]
Dose, 200 to 600 mg. (approximately 3 to 10
grains).
Storage. — Preserve "in well-closed containers." N.F.
TABLETS

OF IPECACUANHA
OPIUM.
B.P.

AND

Tablets of Dover's Powder, Tabellae Ipecacuanhae et Opii

Each tablet of average weight is required to
contain anhydrous morphine in an amount not
less than 0.90 per cent and not more than 1.10
per cent of the prescribed or stated amount of
Powder of Ipecacuanha and Opium.
IPOMEA.
Ipomcea

[Orizaba Jalap,

N.F.
Mexican

Scammony]

"Ipomea is the dried root of Ipomcea orizabensis Ledenois (Fam. Convolvulacece). Ipomea
yields not less than 15 per cent of the total resins
of Ipomea." N.F.
Ipomceae Radix; Orizaba Root; Male Jalap Root. Mex.
Purge macho.

The genus Ipomcea (Fam. Convolvulacece)
comprises about 300 species of herbs and shrubs,
some being erect, others prostate, but very many
climbing. They are remarkable for their showy
flowers, as in /. purpurea Roth, the common morning glory of the garden. Many of the species produce large tuberous roots which contain a drastic
purgative resin and several of them have been
used in medicine.
Ipomcea orizabensis is a climbing vine indigenous to Mexico. It produces a large, fusiform,
more or less branching root attaining a length of
5 dm., yellow on its outer surface, milky-white
within. The stem is cylindrical, slightly villous and
climbing. The leaves are large, petiolate, cordate,
acuminate and villous on the veins. The corolla
is campanulate and reddish-purple. The capsule is
2-locular and 1-seeded. The roots are gathered
around Orizaba in the Mexican Andes, cut into
transverse discs and rapidly dried in the sun.
It is exported from Mexico City to the United
States.
Ipomea root, originally introduced as a substitute for scammony (see U.S.D., 21st ed., p.
964), has officially replaced that drug, which has
not been commercially obtainable for a number
of years. For pharmacognostic differences between
ipomea and scammony see U.S.D., 21st ed.,
p. 594.
Description. — "Unground Ipomea occurs as
nearly flat transverse slices, from 2 to 12 cm. in
diameter, and from 1 to 5.5 cm. in thickness. It
is brown externally, very deeply wrinkled, and
has a tough, fibrous fracture, the cut surface
showing concentric rings with protruding lighter-

colored fibro-vascular bundles. Ipomea has a distinct, somewhat aromatic odor, and a sweet taste,
becoming somewhat acrid." N.F. For histology
see N.F. X.
"Powdered Ipomea is pale brown to weak yellowish orange. It shows starch grains up to 35 n
in diameter, mostly simple, and occasionally 2- to
4-compound, and usually with a central cleft. The
calcium oxalate crystals are numerous, mostly in
rosette aggregates, occasionally in rhombohedra,
from 10 to 45 n in length. Fragments of resin
cells, and vessels mostly with bordered pores and
associated with numerous thick-walled wood
fibers having simple pits are present." N.F.
Standard. — Acid-insoluble ash. — Not over 3
per cent. N.F.
Assay. — The resins in 10 Gm. of ipomea are
extracted by macerating, then percolating, with
a warm mixture of 9 volumes of alcohol and 1
volume of water. An aliquot portion of this hydroalcoholic extract is shaken with chloroform,
in the presence of dilute hydrochloric acid, then
with a mixture of 2 volumes of chloroform and 1
volume of alcohol; the resins transfer to the
chloroform solutions. After evaporation of the
chloroform-alcohol solution the residue of resins
is dried at 105° for 2 hours. N.F.
Constituents. — The activity of ipomea resides
in its resin, the proportion of which, as reported
by different investigators, ranges from 6.5 to 22
per cent. Power and Rogerson (/. Chem. S., 1912,
101, 1, 398) obtained from one sample of ipomea
root 14.55 per cent of resin, of which 71 per cent
was soluble in ether; treatment with animal charcoal decolorized the resin. They concluded that
the resin is exceedingly complex in composition,
but consists largely of glucosides and methyl
pentosides of jalapinolic acid, CioH3o(OH)COOH,
and its methyl ester. Cetyl alcohol and hentriacontane were also found in the resin. Other substances obtained from an alcoholic extract of the
root were: scopoletin, C10HSO4; a dihydroxycinnamic acid; and a volatile oil. The resin of
ipomea resembles that of the true scammony root
in the composition of its glycosides but differs in
other respects, as described in Power and Rogerson's second report.
Allied Species. — Under the name of Turpethum (Turpeth Root) the B.P. of 1914 recognized the dried root and stem of Ipomcea Turpeth urn (R. Br.) which is found in many parts of
Asia, in the East Indian Islands, in Australia, and
is occasionally cultivated as an ornamental garden
According to Merat and De Lens, the root itself
plant.
formerly came into commerce, but at present
turpeth consists of the root and stem of the plant
cut into short lengths, usually from 1.5 to 5 cm. in
diameter; the central woody portion is often removed by splitting the bark on one side. The
pieces are cylindrical, somewhat twisted and externally ofa dull gray color. A transverse section
shows a porous central wood surrounded by a
broad cortical portion, containing yellowish-brown
resin cells, laticiferous vessels and crystals of
calcium oxalate. The fracture is short in the
cortex and fibrous in the central portion. The
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drug has a faint odor and a nauseous taste, which
is perceptible only after it has been some time in
the mouth.
Turpeth contains, besides a small amount of
volatile oil and a yellow coloring matter, a resin
(turpethin) which is very similar to jalap resin
(see under Jalap).
The I. pandurata (L.) Meyer (commonly
known as the wild-potato vine, man-of-the-earth
or wild jalap) is a native climber with a large
perennial root, sometimes 2 or 3 feet in length
and about 3 inches thick. It is actively cathartic
and was at one time employed in medicine. The
/. pes-caprce (L.) Sweet is a perennial creeping
plant native to the subtropical coasts of both
hemispheres and is found in the coastal sands
from Georgia to Texas. For chemical composition see Cwalina and Jenkins (/. A. Ph. A., 1938,
27, 585).
The I. purpurea (L.) Roth, the common morning glory, contains, as was shown by Power and
Rogerson (Am. J. Pharm., 1908), a purgative
resin. The /. triloba of Japan (Pharbitis triloba)
contains a similar resin, and its roots have long
been used as a medicine in that country.
Uses. — Ipomea is a cathartic drug, usually employed in the form of the resin. Although ipomea
was admitted as a substitute for scammony, the
therapeutic identity of the resins from the two is
open to question. According to Bourdier (/. pharm.
chim., 1912, 252), ipomea resin is more irritant
and likely to provoke nausea than is true scammony. Ipomea root is rarely prescribed.
The usual dose is 1 Gm. (approximately 15
grains), with a range of 0.3 to 1.3 Gm.
IPOMEA
Mexican Scammomy

RESIN.

N.F.
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ble extractive. — Not more than 3 per cent. Soluble
impurities. — None of the resin dissolves in distilled water. Aloin. — No red color appears within
15 minutes in a mixture of 500 mg. of the resin
and 5 ml. of ammonia T.S.; the mixture shows a
light blue, but not an olive-green, fluorescence in
ultraviolet light filtered through a Corex No. 986
filter or its equivalent. Guaiac. — The filtrate obtained from a mixture of 20 mg. of the resin with
5 ml. of ether, when evaporated on filter paper,
does not produce a blue color with 1 drop of ferric
chloride T.S. placed on the paper. Rosin. — The
filtrate obtained from a mixture of 1 Gm. of resin
with 10 ml. of petroleum benzin when added to
10 ml. of a freshly prepared 1 in 200 aqueous
solution of cupric acetate is not colored pink.
Rosin, guaiac, or other resins. — The solutions
obtained in the identification test are rendered
only slightly turbid on acidification with hydrochloric acid. N.F.
Ipomea resin has been adulterated with rosin,
guaiac or jalap resin. These are all excluded by
the official tests.
Uses. — Ipomea resin is an energetic cathartic,
likely to occasion griping. Because of the occasional harshness of its action, it is seldom administered, except in combination with other cathartics, the action of which it appears to enhance
while mitigating its own effect. Its tendency to
gripe may be lessened by the addition of an
aromatic.
The usual dose is 200 mg. (approximately 3
grains), with a range of 120 to 300 mg.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Compound Colocynth Extract,
N.F.

Resin, [Resina Ipomaeae]

Scammomy Resin. Resina Scammoniae Mexicanae. Fr.
R6sine de scammonee du Mexique; Rdsine de jalap
d'Orizaba.

Extract the resin from ipomea, in moderately
coarse powder, by percolation with a mixture of 9
volumes of alcohol and 1 volume of water. Concentrate the percolate to the consistence of thin
syrup and pour this slowly, with constant stirring,
into twice its volume of hot water. After the resin
settles, decant the supernatant liquid, wash the
precipitate twice with fresh portions of the same
volume of hot water, collect the resin and dry it
thoroughly. N.F.
Description. — "Ipomea Resin occurs as translucent masses or fragments of a brown to yellowish orange color, breaking with a glossy, resinous
fracture; the odor is characteristic, and the taste
is acrid. Ipomea Resin dissolves in alcohol and in
chloroform." N.F.
Standards and Tests. — Identification. — The
resin dissolves slowly in 5 times its weight of ammonia T.S. and in potassium hydroxide T.S. forming a somewhat cloudy solution which does not
become gelatinous on standing. Loss on drying. —
Not over 4 per cent, when dried at 105° for 2
hours. Residue on ignition. — Not over 0.5 per
cent. Alcohol-insoluble residue. — Not over 0.5
per cent. Non-volatile, ether-soluble extractive. —
Not less than 80 per cent. Petroleum benzin-solu-

IRON.

N.F.

Ferruro

"Elementary Iron (Fe) in the form of fine,
bright wire, filings or powder." N.F.
Iron Filings; Iron Wire; Iron Powder. Ferrum Pulverisatum; Ferrum Pulveratum; Ferrum. Porphirisatum.
Fr. Limaille de fer. Ger. Gepulvertes Eisen; Eisenpulver. It. Ferro porfirizzato. Sp. Hierro.

Iron was known at least as long ago as 4000
B.C. It is one of the most abundant of metals
and is universally distributed in nature, not only
in the mineral kingdom but also in the animal
and vegetable kingdoms.
Metallic iron is found only in the form of meteorites. Its principal ores are hematite (Fe203),
magnetite (Fe304), limonite (2Fe:>03.3H20) and
siderite (FeCOs). Pyrite (FeS2), while abundant,
is not easily reduced and is not used as a source
of metallic iron. The Lake Superior region of the
United States furnishes more than 80 per cent of
the ore mined in this country.
The metallurgy of iron involves first the concentration of the ore followed by reduction to
metallic iron. Reduction is effected in blast furnaces in which a blast of hot air is forced upwards
through a charge of ore, coke and limestone; the
carbon monoxide produced by the burning of
the coke reduces the iron in the ore to metal, the
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limestone acting as a flux to form a slag with the
silica in the ore. Both molten iron and slag collect at the bottom of the furnace; the heavier
iron is separated from the slag which floats on it.
The iron is either run into large buckets to be
fabricated into steel or cast into molds as pig or
cast iron. This product of the blast furnace contains from 92 to 94 per cent of iron, 2.5 to 4.5
per cent of carbon, 1 to 3 per cent of silicon, 0.7
to 0.9 per cent of manganese, and small amounts
of phosphorus and sulfur.
On heating pig iron in a type of reverberatory
furnace most of the impurities are burned out
and the product is wrought iron; it contains 99.8
to 99.9 per cent of iron and 0.1 to 0.2 per cent
of carbon.
Steel is made from pig iron by burning out the
impurities; the hardness and ductility of the steel
are largely controlled by the amount of carbon
remaining in it, as well as the heat treatment it
has received. Special steels may be prepared by
alloying the iron with constituents such as manganese, chromium, vanadium, nickel, tungsten,
molybdenum, etc. Steel is prepared mainly by
two processes, the Bessemer and the Open-Hearth;
these differ in the construction of the furnaces
used and in the products obtained, open-hearth
steel being more uniform in structure and less
likely to contain flaws than Bessemer steel. About
90 per cent of the steel produced in the United
States is made by the open-hearth process.
Properties. — Iron is a hard, malleable, ductile, and tenacious metal, of a grayish-white color
and fibrous texture. Its density is 7.86 at 20° and
it melts at 1535°. It possesses magnetic properties
and is very malleable. Iron is combustile, and,
when heated to whiteness, burns in air, and with
brilliant scintillations in oxygen. At a red heat,
its surface is converted into black oxide, and at
ordinary temperatures, by the combined action of
air and moisture, it becomes covered with rust,
which is a complex hydrated oxide of iron.
Iron forms several combinations with oxygen.
Ferrous oxide, FeO. is black, and may be formed
by the reduction of higher oxides with hydrogen
at about 300°. It absorbs oxygen easily, forming
ferric oxide. The latter compound, known also as
the sesquioxide, Fe203, is formed upon ignition
of ferric salts of volatile acids or of ferric hydroxide; it is reddish in color and non-magnetic. Another oxide occurs in nature as magnetite, Fe304,
or magnetic oxide of iron. This is black and is
formed when either of the other oxides is heated
at a high temperature; although its formula corresponds to FeO.Fe203, it is believed to be a compound, ferrous ferrite, Fe(Fe02)2, rather than a
mixture of the two oxides. Iron forms both ferrous (divalent) and ferric (trivalent) salts; the
former are commonly green in the crystalline
state, the latter yellowish-brown.
Standards and Tests. — Identification. — Iron
dissolves in diluted hydrochloric acid with evolution of hydrogen; the solution responds to the
tests for ferrous salts. Arsenic. — Iron meets the
requirements of the test for arsenic when treated
as described under Reduced Iron. N.F.
Uses. — The experience of the medical profession over several centuries has abundantly estab-
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lished the value of iron as a remedy in certain
types of anemia. While the majority of hematologists believe that the only action of iron is to
furnish a necessary building material out of which
the body can synthesize hemoglobin, direct stimulant effect on the bone marrow has been claimed
(see Heilmeyer, Deutsches Arch. klin. Med., 1937,
179, 216; Fowler and Barer, Am. J. Med. Sc,
1941, 201, 642).
Iron Deficiency. — The iron content of the
adult human has been estimated (Heath and
Patek, Medicine, 1937, 16, 267) as follows: blood
hemoglobin iron, 2.65 Gm.; fixed tissue iron, 0.33
Gm. ; available storage iron, 1.32 Gm. In the
United States, the dietary intake of iron averages
about 12 mg. daily (Darby, J.A.M.A., 1950, 142,
1288). Except for bleeding, there is almost no
loss of iron from the body; most of the iron in
the feces was never absorbed. Hence, the healthy
adult male requires little intake of iron. The
adult female needs further iron to replace that
lost with the menstrual flow and the approximately
300 mg. which is stored in the fetus during gestation. During growth considerable iron is required
for the increasing amount of blood and tissue iron.
Hence, a greater frequency of iron-deficiency
anemia in women and children than in men
(Davidson et al., Brit. M. J., 1935, 2, 195) is to
be expected. Impaired absorption and utilization
of iron as a result of severe infections, achlorhydria gastrica, chronic diarrhea, etc., and chronic
bleeding as from hemorrhoids, menorrhagia, etc.,
are important contributing factors in the development of an iron deficiency state (West et al.,
South. M. J., 1952, 45, 629). Hemoglobin formation occurs in the red blood cell in the bone marrow from iron and other precursors which are
transported in the blood stream. Iron is important
in the enzyme systems of all the cells of the body
as well as in the oxygen transporting function of
hemoglobin.
Absorption. — Iron is unique in that only trivial
quantities of absorbed metal are excreted from
the body. Hence normal equilibrium is maintained
by control of absorption since iron derived from
daily disintegration of erythrocytes is almost completely utilized for formation of new hemoglobin.
The availability of a radioactive isotope of iron
for tracer studies has added considerably to
knowledge of iron metabolism (Finch et al.,
Blood, 1950, 5, 983). Food iron has been labeled
with isotopic iron by addition to soil in which
vegetables are grown and by feeding to chickens
to produce "labeled" eggs and muscle (Chodos
et al., Clin. Res. Proc, 1954, 2, 53). These
labeled foods have been used in feeding experiments and the previous impression that a very
small fraction of food iron is absorbed has been
confirmed (Hahn, Medicine, 1937, 16, 249). Gastric digestion in the presence of reducing agents
such as protein, ascorbic acid, etc., releases some
soluble ferrous iron. This soluble form is available for absorption in the stomach and upper
intestine before alkaline secretions in the lower
intestinal lumen change it to insoluble ferric hydroxide. Best absorption occurs with ferrous iron
in an acid medium (Moore et al., J. Clin. Inv.,
1944, 23, 755). The ferrous ion probably crosses
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the cell membrane and becomes a basic ferric
hydroxide complex which combines with phosphate and the protein apoferritin, which is present
in the mucosal cell in small quantity, to form
ferritin (Granick, Bull. N. Y. Acad. Med., 1949,
25, 403). Ferritin is a stable, iron-protein complex which is not ionized; hence there is no iron
ion and no toxic effect on the cell. When the small
amount of apoferritin which is available has combined with iron, no further iron can enter the cell
(Granick, Physiol. Rev., 1951, 31, 489). The
limited ability of the mucosal cell to form ferritin
in turn limits the amount of iron which can be
absorbed, i.e., provides a mucosal block which,
considering the lack of excretion of iron from the
body, is essential in avoiding an excess of iron.
Normally less than 1 mg. of iron is absorbed
daily but if ferritin is being used rapidly, as in
iron deficiency anemia, from 5 to 15 mg. daily
may be absorbed for a short period of time. No
relationship seems to exist between the concentration of iron in blood serum and the rate of
absorption of iron. In iron-deficient anemia the
intravenous administration of iron to saturate the
blood does not diminish the rate of enteral absorption ofiron. Furthermore, in anemias with a
high serum iron concentration the absorption of
iron is increased. Hahn et al. (Am. J. Obst. Gyn.,
1951, 61, 477) found that 3 times as much iron-59
was absorbed during the last trimester of pregnancy as during the first trimester per dose.
Despite this fact, Lund (ibid., 62, 947) noted
that treatment with iron delayed until the third
trimester failed to correct the anemia in most
cases. Isotopic iron was found in the fetus within
40 minutes of ingestion by the mother and 10
per cent of the dose remained in the child. Absorption may be related to hemoglobin concentration in the blood or, in other words, anoxia
may be the factor which releases iron from ferritin combination in the mucosal cell. The resulting
ferrous ion is absorbed into the blood stream; a
similar action probably occurs with iron stored
in various parts of the body. Ferritin and apoferritin have the same crystal structure but the
former is amber and the latter is colorless. Apoferritin has a molecular weight of about 460,000
and is immunologically specific for the species
of animal regardless of the tissue from which it
is extracted.
Transport. — Ferrous ion released from ferritin in the mucosal cell passes into the blood stream
where it again changes to the ferric form and
combines with a protein called siderophilin. The
protein component is a pseudoglobulin occurring
in fraction IV-7 of blood plasma; it has been
referred to as transferrin. Siderophilin has a
molecular weight of about 90,000 and combines
with two atoms of ferric iron per molecule.
Normally about 100 micrograms of siderophilin
protein is present in 100 ml. of blood serum and
about a third of this is saturated with iron. This
iron-protein complex could cross the capillary
into the tissue but it seems more likely that the
process of formation is reversed by some unknown enzymatic process at the site of utilization
(Theorell et al., Acta Chem. Scand., 1951, 5,
445). In various conditions the amount of sidero-
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philin remains unchanged but the degree of saturation with iron changes considerably. If extra
siderophilin is injected into the blood stream and
then is saturated by intravenous injection of an
iron salt, it is found that the extra iron disappears
from the blood in 7 hours, whereas the extra
siderophilin remains for 48 to 96 hours. In iron
deficiency anemia, the serum iron concentration
is low, i.e., the marrow seems to be using the iron
as rapidly as it becomes available. In pernicious
anemia, however, the serum iron concentration
is high; the marrow is unable to produce erythrocytes and hence does not use the available iron.
In the anemia associated with infectious diseases
the serum iron is low but the iron depots in various tissues are full. Stevens et al. (Ann. Int.
Med., 1953, 38, 199) indicated that increased
stainable hemosiderin in microscopic films of material aspirated from the bone marrow was characteristic of anemia associated with infections,
whereas in iron deficiency anemia there was a
deficiency of hemosiderin in the marrow (see also
Hutchison, Blood, 1953, 8, 236). Cartwright et al.
(J. Clin. Inv., 1951, 30, 161) reported that
trauma, cortisone or corticotropin caused hypoferremia in dogs.
Storage. — In the cells of the body, iron is
stored as ferritin and hemosiderin, which latter
contains 35 per cent more iron than ferritin.
Whenever hemosiderin is increased, ferritin is
also increased and it is thought that hemosiderin
represents a product of overloading with iron.
The hemosiderin iron is available for hemoglobin formation but in excess it may damage
the cell. Most of the stored iron in the body
is in the liver and the spleen, the concentrations being similar. Since the liver is so much
larger it contains the larger amount of iron.
Three weeks after a dose of an iron isotope, it
is found almost entirely in erythrocytes; the concentration inthe liver and spleen is still identical.
After hemorrhage which produces anemia, iron
absorption is rapid but it decreases as soon as the
anemia is corrected despite persisting depletion
of storage iron. Following an excess of iron which
does not exceed the siderophilin capacity of the
blood, the iron is deposited in the peri-portal
parenchymal cells of the fiver and the reticuloendothelial cells all over the body, particularly
in the spleen and lymphatic tissues. Some is found
in the convoluted tubule cells of the kidney, pancreatic acini, duodenal mucous glands and the
cortex of the adrenal gland. Even if the siderophilin capacity is exceeded with ferrous ion, so
that toxic symptoms appear, most of the extra
iron is deposited in the same tissues. If a nonionized iron compound, such as the ascorbate or
saccharate is injected, most of the iron is found
in the reticuloendothelial cells. Intravenously injected hemoglobin is found in the convoluted
tubule cells of the kidney and in the urine; it is
probably filtered by the glomerulus and partly
reabsorbed by the tubules. If non-functioning red
blood cells are injected intravenously, most of the
iron appears in the reticuloendothelial cells of the
spleen. In a hematoma, the red blood cells are
broken down locally and hemosiderin appears in
the tissues. Isotopic studies have confirmed the
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impression that most of the iron available in
siderophilin for new erythrocyte formation comes
from worn-out and disintegrated red blood cells;
perhaps 25 mg. of iron daily comes from this
source whereas not more than 1 mg. daily is absorbed from the gastrointestinal tract.
Excretion. — In a healthy person most of the
iron in feces was never absorbed. Only minute
traces of iron are found in the bile, the pancreatic
juice or other intestinal secretions and in the
urine and sweat. In profuse sweating, elimination
of 0.075 mg. of iron per hour has been reported.
In all excretory fluids most of the iron is in
exfoliated cells. Iron in the feces does not increase
after the intravenous injection of an iron salt.
Hemochromatosis is a condition of excess iron
in the tissues with resulting damage to the cells
and fibrosis. It is characterized by bronzed skin,
cirrhosis of the liver and diabetes. A deficient diet
results in excessive absorption of iron, i.e., a
failure of the normal "mucosal block" to function.
Hemochromatosis has been produced experimentally in dogs on a diet of corn and it is a frequent
finding in prolonged and severe malnutrition in
the South African native. Multiple transfusions
in patients with severe aplastic anemia who are
unable to utilize the iron for new blood formation eventually result in this syndrome. Following the cellular damage there occur fibrosis and
loss of function. After oral administration of 5
to 15 micrograms of iron-59, as ferric chloride,
Peterson and Ettinger {Am. J. Med., 1953, 15,
518) found that two normal individuals absorbed
1.5 and 4.4 per cent of the dose, contrasted with
20 and 45 per cent for two cases of hemochromatosis. At the end of 15 days the normal
persons showed 1 and 4 per cent of the dose in
the red blood cells while the two abnormal patients showed 16 per cent of the dose in erythrocytes. A case of hemochromatosis in a patient
with chronic hemolytic anemia who had ingested
500 Gm. of iron in the form of ferrous sulfate
over a period of 12 years, reported by Wallerstein and Robbins {Am. J. Med., 1953, 14, 256),
suggests that prolonged use of iron therapy in an
individual unable to utilize it can cause hemochromatosis just as well as repeated transfusions
of blood in a patient unable to use iron. The
human being is incapable of excreting iron and
one is reminded of the inability of the rabbit to
excrete cholesterol. Preliminary studies in animals suggest that the newer chelating agents of
the ethylenediaminetetraacetic acid type may have
value in facilitating the excretion of iron (Foreman et al., Proc. S. Exp. Biol. Med., 1952, 79,
520) just as they have in the case of lead.
Anemias. — These are generally classified into
three groups: (1) the hypochromic (and usually
microcytic) in which each individual red blood
corpuscle is relatively poor in hemoglobin; (2)
the hyper chromic, macrocytic in which each corpuscle is abnormally rich in hemoglobin, but in
which there is so great a reduction in the number
of corpuscles that the total hemoglobin is reduced; and (3) the normochromic, normocytic
in which the reduction in total hemoglobin and
number of corpuscles is nearly equivalent. The
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first, or hypochromic, group is due to deficiency
of iron, resulting from inadequate intake in the
food, inadequate absorption by the intestine or
increased loss of iron as in chronic bleeding. In
hypochromic anemia the concentration of serum
iron is low. After a large hemorrhage hemoglobin
regeneration is rapid from the stored iron in the
tissues; enteral absorption is inadequate. The
second is seen in so-called pernicious anemia, and
the third in aplastic (inadequate formation of
blood) and hemolytic (increased destruction of
erythrocytes) anemias. In hemolytic or hypoplastic anemias or pernicious anemia there is an
excess of storage iron and a high concentration
of serum iron. The marrow is unable to make
new red blood cells. Iron has remedial value in
the hypochromic group. A mild, microcytic anemia, secondary to most severe or chronic diseases
(infections or toxemias), is the most frequent
type of anemia. It responds poorly to iron therapy but disappears when the primary disease is
relieved. In infection, absorption is normal, storage iron is plentiful but the serum iron is decreased as is the concentration of siderophilin.
The marrow shows excess hemosiderin. A toxic
effect, perhaps a failure of protein anabolism, has
been suspected. An iron tolerance test was studied
by Crawley {Edinburgh M. J., 1952, 59, 478).
Following a test dose of 1.2 Gm. of ferrous sulfate by mouth, normal persons showed a concentration ofmore than 100 micrograms per 100 ml.
during the first 6 hours. Patients with hypochromic anemia showed a slightly higher average
concentration except for a few who showed less
than 75 micrograms; these latter cases required
intravenous iron therapy. They have impaired
absorption of iron. Blood is the best form of
intravenous iron therapy; 1 pint (approximately
500 ml.) of blood provides 250 mg. of iron.
Medicinal Iron. — There has been a very
marked difference of opinion as to which preparation of iron is the most valuable and what is the
best form of its administration. The theory that
organic compounds of iron — representing so-called
"masked iron" — are better than the inorganic salts
now has no adherents. Indeed Elvehjem {J. A.M. A.,
1938, 98, 1047) presented evidence that organic
iron must be digested to inorganic form before it
can be absorbed in the alimentary canal. Starkenstein and Weden {Klin. Wchnschr., 1928, 7, 1220)
believe that it is only the ferrous salts which
excite the regeneration of corpuscles and that the
reason that results are obtained from ferric salts
is because they are partially reduced in the system
(see also Davidson and Fullerton, Edinburgh
M. J., 1938, 45, 193). On the other hand, Mitchel
and Schmidt (/. Biol. Chem., 1929, 70, 471) consider the only factor of importance to be the
question of solubility, that the more soluble the
iron salt the more pronounced is its action. Others
maintain that the important factor is to choose
the form of iron which can be taken by the individual patient concerned, with least disturbance
of the digestive tract, in a dose large enough to
exert the desired hematinic effect. The accurate
observations, by physicians of the 19th century,
of the therapeutic value of iron went into discard
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about the turn of the century until it was realized
that inadequate doses were in general use. The
doses required far exceed those listed in the U.S. P.
of the early part of this century (Haden, J. A.M. A.,
1938, 111, 1059).
Parenteral Iron. — After hypodermic injection
of large doses of iron the irritation of the alimentary canal is more severe than when the drug
is given by mouth. In view of the relatively poor
absorption of the metal from the intestine it is
only natural that trials of various parenteral
injections be made (see under Green Ferric Ammonium Citrate). However, equally good therapeutic results can be obtained by oral administration of proper doses and the parenteral use of
iron is steadily losing favor, in spite of the recent
availability of a colloidal saccharated ferric oxide
(see Part II) for intravenous administration.
Therapeutic Indications. — Iron therapy is
indicated in hypochromic (iron deficiency) anemia
(Heck, J.A.M.A., 1952, 148, 783) as in the anemia following chronic blood loss, in idiopathic
hypochromic anemia, in chlorosis, in the hypochromic anemia of pregnancy and of infants, and
in hookworm anemia. It is also indicated in other
anemias, such as pernicious anemia, if iron deficiency iscoincident. The response to iron therapy
may be almost as dramatic as the response of
pernicious anemia to liver therapy. For several
days there is little or no change in the blood. The
number of reticulocytes (young erythrocytes) in
the peripheral blood increases to a peak at about
the fifth to tenth day after the start of treatment ;
the magnitude of this increase is inversely proportional to the initial blood hemoglobin level
(Minot and Heath, Am. J. Med. Sc, 1932, 183,
110). At this time the blood hemoglobin level
begins to increase and rises rapidly for 2 to 4
weeks; during this period the rate of increase on
adequate doses of iron is an average of 1 per cent
per day of the normal blood hemoglobin level (14
to 16 Gm. per 100 ml. of blood in the adult);
Wintrobe observed rates as high as 250 mg. of
hemoglobin per day. The rate of regeneration decreases as normal values are approached. Infection, nitrogen retention, malnutrition and hypothyroidism retard regeneration. Symptomatic
improvement begins about the time of the maximum reticulocyte response. Iron therapy is indicated prophylactically in pregnancy and during
lactation, persons who donate blood frequently,
for premature infants and the offspring of very
anemic mothers, and for anyone who must use a
diet of inadequate iron content.
In the days of medical superstition iron was
thought to have other therapeutic properties and
was used in diphtheria, erysipelas, Bright's disease,
etc. Certain of the salts of iron are actively
astringent and may be locally valuable because
of this property, but the iron ion has no systemic
action aside from its hematinic effect which at
present justifies its therapeutic use.
Iron is officially recognized because of its use
in the manufacture of official iron-containing preparations; the form of the element used internally
is Reduced Iron.
Off. Prep. — Ferrous Iodide Syrup, N.F.

Iron,
REDUCED

Reduced

IRON.
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N.F.

Ferrum Reductum

"Reduced Iron is elementary iron obtained by
chemical process in powdered form, containing
not less than 90 per cent of Fe. Note: The forms
of iron covered by the definition include iron produced electrolytically, iron obtained by the decomposition ofiron pentacarbonyl, and iron obtained by the action of hydrogen upon ferric
oxide." N.F.
Quevenne's Iron. Ferrum Redactum (Br.); Ferrum
Hydrogenio
Fr. Fer Eisen.
reduit It.
par Ferro
l'hydrogene;
Fer
reduit. Reductum.
Ger. Reduziertes
ridotto.
Sp. Hierro reducido.

Until recently the only form of reduced iron
recognized officially was that obtained by the
action of hydrogen upon ferric oxide, other sources
and methods not being recognized as producing a
quality of reduced iron suitable for therapeutic
use. Such reduced iron is prepared by reducing
ferric oxide with hydrogen at a dull red heat.
The ferric oxide is first reduced to ferroso-ferric
oxide (Fe304), then to metal; water is produced
in both reactions. The optimum temperature for
conversion to metal is about 400°; below this
part of the oxide escapes reduction, while considerably above it a dense product of decreased
rate of solution in gastric acid is obtained. The
commercial product contains more or less oxide,
chiefly Fe30*4.
In 1950, as a result of investigations (Shelanski,
Bull. N. F. Com., 1950, 18, 81, 87) on animals
which indicated that powdered iron prepared by
certain other reduction processes compared favorably with iron reduced by hydrogen, the N.F.
modified the definition of reduced iron to permit
other methods of reduction. In one of these methods iron is deposited electrolytically from a ferrous sulfate solution on stainless steel cathodes;
the deposited iron is stripped from the electrodes,
washed, powdered, and passed through a 325mesh screen. Being brittle, this iron is readily
pulverized; ordinary iron, on the other hand, is
pulverized with great difficulty. The reduced iron
obtained by this process, known as electrolytic
iron powder, is at least as pure as iron obtained
by hydrogen.
Another acceptable form of reduced iron is
known as carbonyl iron powder, and is prepared
from iron pentacarbonyl, Fe(CO)s. This substance, which is a liquid at ordinary temperatures,
may be readily vaporized and when the vapor is
heated to above 200° the compound decomposes
into iron and carbon monoxide. First separating
as ultramicroscopic crystals, the iron subsequently
forms almost perfect spheres having a diameter
of 1 to 15 microns, the average being 8 microns.
This form of reduced iron is likewise at least as
pure as iron obtained by hydrogen. Carbonyl iron
powder is extensively used in the manufacture of
certain high-frequency electronic equipment.
Description. — "Reduced Iron occurs as an
odorless, grayish black powder, all of which must
pass through a No. 100 sieve. It is lusterless or
has not more than a slight luster. When viewed
under a microscope having a magnifying power
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of 100 diameters, Reduced Iron appears as an
amorphous powder, free from particles having a
crystalline structure. It is stable in dry air." N.F.
Standards and Tests. — Identification. — On
heating reduced iron in a porcelain crucible with
a small Bunsen flame until it becomes bluish
black, but does not glow, then quickly pouring it
from the crucible, the particles of iron glow
brightly as they fall through the air. Acid-insoluble substances. — Not over 10 mg. from 1 Gm. of
reduced iron. Reaction. — Water shaken with reduced iron does not change the color of litmus
paper. Sulfide. — The gas evolved from the reaction of reduced iron with diluted sulfuric acid is
nearly odorless and does not affect paper moistened with lead acetate T.S. within 2 minutes.
Arsenic. — A solution prepared from 100 mg. of
reduced iron meets the requirements of the test
for arsenic. Lead. — The limit is 50 parts per
million. N.F.
Assay. — About 200 mg. of reduced iron is
dissolved in diluted sulfuric acid in a flask with
a valve-stopper attached (to exclude air which
may oxidize the ferrous sulfate formed) and the
resulting solution titrated with 0.1 N eerie sulfate, using ortho-phenanthroline T.S. as indicator.
Each ml. of 0.1 N eerie sulfate represents 5.585
mg. of Fe. N.F.
Uses. — Powder of iron, reduced from the
oxide by hydrogen, was first prepared for medicinal purposes by Quevenne and Miquelard, of
Paris. It is an excellent chalybeate because of its
concentrated state and lack of astringency. This
form of iron is effective in producing the standard
rate of increase in the blood hemoglobin level of
1 per cent per day in cases of hypochromic anemia
(Fowler and Barer, Arch. Int. Med., 1937, 59,
561). It is not as popular now as it was formerly.
Mechanically powdered iron prepared from factory waste has been known to be fraudulently
substituted for the official reduced iron; since
such iron is usually relatively unreactive in gastric juice it is unsatisfactory for therapeutic use.
The value of reduced iron is dependent on its
being in such a state of subdivision and purity
that it dissolves in gastric fluid.
The average dose is 500 mg. (approximately
lyti grains) three or four times daily after meals
in capsules or compressed tablets.
Storage. — Preserve "in well-closed containers." N.F.
IRON
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AND AMMONIUM
ACETATE
SOLUTION.
N.F.

Basham's Mixture, Liquor Ferri et Ammonii Acetatis

addition of 1 Gm. of tartaric acid to each liter
of solution. N.F.
This solution was never intended to be other
than recently prepared for in time precipitation
occurs, even though glycerin has a retarding
action on this change. Some pharmacists prepare
a stock solution of all the ingredients except
ferric chloride tincture and water, adding these
when the preparation is to be dispensed and
thereby always supplying a clear solution which
is prepared quickly and conveniently. The N.F.
permits use of tartaric acid as a stabilizing agent.
It appears to be effective in preventing precipitation, probably through its forming a soluble complex with iron.
Description. — "Iron and Ammonium Acetate
Solution is a clear, reddish brown liquid, having
an aromatic odor. It is acid to litmus." N.F.
Tests. — Identification. — (1 ) The solution yields
a blue precipitate with potassium ferrocyanide
T.S. No precipitate is produced with ammonia
T.S. (2) On heating the solution with an excess
of sodium hydroxide T.S. ammonia is evolved and
ferric hydroxide is precipitated. (3) Ethyl acetate,
recognizable by its odor, is formed on boiling a
mixture of 1 ml. each of sulfuric acid and alcohol
and 5 ml. of iron and ammonium acetate solution. N.F.
Assay. — For iron. — A 25-ml. portion of the
solution is evaporated to dryness, the residue
ignited, then dissolved in hydrochloric acid and
oxidized with hydrogen peroxide solution, and
evaporated again to dryness. After solution in
hydrochloric acid, the ferric iron is estimated
through liberation of an equivalent amount of
iodine from potassium iodide; the halogen is
titrated with 0.1 iV sodium thiosulfate. Each ml.
of 0.1 N sodium thiosulfate represents 5.585 mg.
of Fe. For ammonia. — The ammonia in a 25-ml.
portion of solution is distilled from a mixture
made alkaline with sodium hydroxide into a measured excess of 0.5 N sulfuric acid; the excess
acid is titrated with 0.5 N sodium hydroxide,
using methyl red T.S. as indicator. Each ml. of
0.5 N sulfuric acid represents 8.516 mg. of NH3.
N.F.
Alcohol Content. — From 4 to 6 per cent,
by volume, of C2H5OH. N.F.
Uses. — Basham's mixture was once widely
used as a hematinic and diuretic. There also arose
a superstition that it exercises a curative effect
in nephritis, which its originator, Dr. Basham,
never claimed for it.
Dose, from 8 to 15 ml. (approximately 2 to 4
fluidrachms).
Storage. — Preserve "in tight containers." N.F.

"Iron and Ammonium Acetate Solution yields,
from each 100 ml., not less than 160 mg. and
not more than 200 mg. of Fe, and not less than
600Tomg.500
and ml.
not more
than 800 mg.
of NH3."
N.F.
of ammonium
acetate
solution.

IRON,

which must be slightly acid, add 60 ml. of diluted
acetic acid, 40 ml. of ferric chloride tincture, 120
ml. of aromatic elixir, 120 ml. of glycerin, and
enough purified water to make 1000 ml. The product must not be dispensed unless it has been recently prepared, or previously stabilized by the

Dissolve 8 Gm. of quinine hydrochloride in
240 ml. of alcohol, add 10 ml. of compound orange
spirit, then a solution of 175 mg. of strychnine
sulfate in 10 ml. of purified water. To this add
300 ml. of glycerin, 125 ml. of ferric citrochloride
tincture, and enough purified water to make 1000

QUININE AND
STRYCHNINE
ELIXIR.
N.F.

Elixir I. Q. & S., Elixir Ferri, Quininae et Strychnines
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ml. Mix well and filter, using 10 Gm. of purified
talc, if necessary, to clarify the product. N.F.
Alcohol Content. — From 23 to 26 per cent,
by volume, of C2H5OH. N.F.
Both this elixir and the following one were popular "tonic" preparations which were used to
satisfy a desire to take medicine. As therapeutic
agents they qualify for consideration only as
appetizers containing a small dose of strychnine.
The usual dose is 4 ml. (approximately 1 fluidrachm) .
Storage. — Preserve "in tight, light-resistant
containers. The Elixir should not be dispensed
if markedly darkened in color." N.F.
IRON,

QUININE
AND
STRYCHNINE
PHOSPHATES ELIXIR.
N.F.

Elixir I. Q. & S. Phosphates, Elixir Ferri,
Strychninae Phosphatum

Quininae

et

Dissolve 35 Gm. of soluble ferric phosphate in
250 ml. of purified water by cold maceration,
and add 75 ml. of glycerin. Dissolve 250 mg. of
strychnine phosphate in 250 ml. of alcohol, add
1 ml. of orange oil, 5 Gm. of quinine phosphate,
and 225 ml. of glycerin. Shake to mix thoroughly,
then add the ferric phosphate solution and enough
purified water to make 1000 ml. Allow the mixture to stand 24 hours, shaking it frequently until
the quinine phosphate has dissolved. Filter, using
10 Gm. of purified talc, if necessary, to clarify
the product. N.F.
Alcohol Content. — From 22 to 25 per cent,
by volume, of C2H5OH. N.F.
The dose of this "tonic" preparation is 4 ml.
(approximately 1 fluidrachm).
Storage. — Preserve "in tight, light-resistant
containers. The Elixir should not be dispensed
if markedly darkened in color." N.F.
ISO-ALCOHOLIC

ELIXIR.

N.F.

Iso-Elixir, [Elixir Iso-Alcoholicum]

The concept of "iso-alcoholic elixir," conceived
and developed by Dr. Bernard Fantus (/. A. Ph. A.,
1920, 9, 708), is of an elixir, to be used as a
vehicle, which contains a sufficient concentration
of alcohol to keep in solution the medicament for
which the elixir is to serve as the vehicle. The
concentration of alcohol in such an elixir will
obviously vary, but the desired strength may be
conveniently prepared by the use of two "stock"
elixirs — one nearly aqueous, the other strongly
alcoholic. A requirement of the composition of
each of these elixirs is that they mix with the
other in all proportions to form a clear solution.
The official formulas for the basic elixirs follow:
Low-Alcoholic Elixir: Mix 100 ml. of alcohol,
200 ml. of glycerin, and 500 ml. of purified water;
to the mixture add 10 ml. of compound orange
spirit, agitate from time to time, and allow to
stand 24 hours. Filter this liquid through hard
filter paper until it is clear. In the filtrate dissolve
320 Gm. of sucrose, either by agitation or percolation, and add enough of the solvent mixture to
make 1000 ml. The alcohol content of this elixir
is from 8 to 10 per cent, by volume, of C2H5OH.
High-Alcoholic Elixir: Dissolve 4 ml. of compound orange spirit and 3 Gm. of saccharin in
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700 ml. of alcohol, add 200 ml. of glycerin and
enough alcohol to make 1000 ml. Mix well and
filter. The alcohol content of this elixir is from
73 to 78 per cent, by volume, of C2H5OH.
When iso-alcoholic elixir is specified in a prescription the proportion of its component elixirs
is to be that which will produce a clear solution.
When used for a single liquid galenical the concentration ofalcohol in iso-alcoholic elixir should
be approximately the same as that of the galenical. When galenicals of different alcohol strengths
are to be combined, the concentration of alcohol
in iso-alcoholic elixir should be that which will
produce the best solution possible — usually the
average of the alcohol contents of the several
ingredients. In the case of non-extractive substances, the lowest concentration of alcohol in
the elixir which will yield a clear solution should
be selected. The N.F. provides the following
table for combining the two components to produce any desired concentration of alcohol:
Alcoholic
Elixir
LowUndiluted
4 volumes
3 volumes
2 volumes
1 volume
1 volume
1 volume
None

Suitable as Vehicle
for the
Preparations
Following of
Alcoholic Strengths
0 to 10 per cent
10 to 20 per cent
20 to 30 per cent
30 to 40 per cent
40 to 50 per cent
50 to 60 per cent
60 to 70 per cent
70 per cent or more

Alcoholic
Elixir
HighNone
1 volume
1 volume
1 volume
1 volume
2 volumes
3 volumes
Undiluted

Storage. — Preserve "in tight containers."
ISOFLUROPHATE.
U.S.P.

N.F.

Diisopropyl Fluorophosphate

H

F\

H

(CH3)2C— 0— P— 0— C(CH3)2
O
"Isoflurophate contains not less than 95 per
cent of C6H14FO3P. Caution. — When handling
Isoflurophate in open containers, protect the eyes,
nose, and mouth with a suitable mask, and avoid
contact with the skin." U.S.P.
Dyflos, B.P.C.
DFP.
Floropryl {Merck).

Diisopropyl

phosphorofluoridate.

The alkyl fluorophosphates synthesized by
Lange and von Krueger (Ber., 1932, 65B, 1595)
having been found to give rise to toxic vapors
which produce laryngeal, respiratory, and visual
disturbances, McCombie and Saunders (Nature,
1946, 157, 287) were led, in 1941, to undertake
synthesis of related compounds which offered
promise of usefulness as toxic war gases. They
found diisopropyl fluorophosphate to be one of
the most potent lethal inhalants; the cholinesterase-inhibiting power of the compound was discovered later.
Diisopropyl fluorophosphate may be synthesized by treating isopropyl alcohol with phosphorous trichloride to give first diisopropyl chlorophosphate, which on interaction with sodium
fluoride gives the fluorophosphate; details of synthesis are disclosed in U. S. Patent 2,409,039
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(1946). Another method involves direct chlorination of diisopropyl hydrogen phosphate to the
chlorophosphate, followed by treatment with sodium fluoride; this svnthesis is described in British Patent 601,210 (1948).
Description. — "Isoflurophate is a clear, colorless or faintly yellow, liquid. Its vapor is extremely irritating to the eye and mucous membranes. It is decomposed by moisture with the
formation of hydrogen fluoride. Its specific gravity is about 1.05. Isoflurophate is sparingly soluble
in water. It is soluble in alcohol and in vegetable
oils." U.S.P.
Diisopropyl fluorophosphate is rapidly hydrolyzed in aqueous media to hydrofluoric acid and
diisopropyl phosphoric acid; in a peanut oil solution (1 mg. per ml.) autoclaving for an hour
followed by storage in a rubber-stoppered amber
glass bottle at room temperature for one year
produced no decomposition (Koelle and Gilman,
J. Pharmacol., 1945. 87, 421).
Standards and Tests. — Identification. — (1)
Hydrofluoric acid released by interaction with
sulfuric acid in a platinum crucible etches a
watch glass placed over the crucible. (2) Isoflurophate yields, on decomposition with sulfuric
acid, phosphate which may be identified by formation of a vellow precipitate with ammonium
molybdate T.S. U.S.P.
Assay. — About 0.5 ml. of isoflurophate is
heated with sodium in an alcohol medium to sever
the linkage of fluorine to phosphorus; the fluoride
thereby released is precipitated with lead nitrate,
in the presence of sodium chloride, as lead chlorofluoride and the chloride in this is determined by
adding a measured excess of 0.1 N silver nitrate
and titrating with 0.1 N ammonium thiocyanate.
using ferric ammonium sulfate T.S. as indicator
and nitrobenzene to coat particles of silver chloride to prevent interaction with ammonium thiocyanate. Each ml. of 0.1 N silver nitrate consumed represents 18.42 mg. of C6H14FO3P. U.S.P.
Uses. — Diisopropylfluorophosphate (DFP) is
an irreversible inhibitor of cholinesterase (see
monograph on Parasympathomimetic Agents and
Cholinesterase Inhibitors for a general discussion
of this group of drugs). This class of compounds
was studied intensively as potential chemical warfare (nerve gas) agents (Adrian et al., Brit. J.
Pharmacol, 1947, 2, 56). Their utility for this
purpose depends on the fact that acetylcholine is
the chemical transmitter of nerve impulses at all
junctions in the nervous system with which we
are familiar except at the termination of adrenergic postganglionic neurons of the thoracolumbar
autonomic system. Cholinesterase present at the
sites of humoral transmission is responsible for
hydrolysis of acetylcholine to acetate and the
relatively inert choline, and so limits its duration
of action. Thus, inhibition of acetylcholine hydrolysis broadly may be expected to affect essentially every organ. Whereas initially the inhibition of cholinesterase by DFP is thought to be
reversible (Nachmansohn et al., Arch. Biochem.,
1947, 14, 197; Bullock et al, J. Neurophysiol,
1947, 10, 63; Grundfest, ibid., 1947, 10, 155),
the effect progresses rapidly to the point of irre-

versibility (Mackworth and Webb, Biochem. J.,
1948, 42, 91).
It has been considered that DFP acted solely
through cholinesterase inhibition and that otherwise it was devoid of activity (Leopold and
Comroe, Arch. OphthaL, 1946, 36, 17; Grob and
Harvey, Bull. Johns Hopkins Hosp., 1949, 84,
532 J. However, McNamara et al. (J. Pharmacol.,
1954, 110, 232) demonstrated recently that DFP
and tetraethylpyrophosphate (TEPP) produce
readily reversible decreases in tension of directly
stimulated, denervated skeletal muscle and other
effects not consistent with their effect on cholinesterase. They concluded from their series of
approaches to the problem that the reversible
actions of DFP and TEPP may not result solely
from cholinesterase inhibition.
Koelle and Gilman (Pharmacol. Rev., 1949, 1,
166) discussed the pharmacology and utility of
DFP, as did also Grob and Harvey (Bull. Johns
Hopkins Hosp., 1947, 81, 217, 245, 257, 267)
from a more clinical point of view. Whereas diisopropylfluorophosphate afirst
t
offered hope of
real benefit for myasthenia gravis it is not as
satisfactory for this purpose as is neostigmine
(Comroe et al., Am. J.Med. Sci., 1946, 212, 641).
Actually the action of the compound is so widespread, both centrally and peripherally, that its
utility is quite limited by its toxicity (Scholz,
/. Pharmacol, 1946, 88, 23; Rohwer and Haller,
J. A.M. A., 1950, 144, 104). The principal use of
the agent today is in ophthalmology where its
application is topical, hence its actions are generally restricted. It is a miotic agent of long duration and has been employed for the treatment of
convergent strabismus and for the reduction of
intraocular tension in glaucoma. For these and
other uses see Leopold and Comroe (Arch.
OphthaL, 1946, 36, 33; J. A.M. A., 1946, 132,
389) and Lebensohn (Arch. OphthaL, 1946, 36,
621). General reactions to the use of such eye
drops are uncommon, but Abraham (Am. J.
OphthaL, 1953, 36, 1122) reported local (iris
cysts) and general toxicity (nausea, staggering,
enuresis) following its topical use in the eyes of
two children. In these instances concentrations
of 0.005 to 0.02 per cent were used. Vapors from
the oily liquid produce laryngeal, respiratory and
visual disturbances (McCombie and Saunders,
Nature, 1946, 157, 287).
Application. — From 1 to 3 drops of 0.01 to 0.1
per cent solution of isoflurophate is applied by
corneal instillation in the glaucomatous eye every
8 to 72 hours. Usually only 1 drop is needed every
1 to 3 days. Blurring of vision will be less disturbing ifinstillation is made at bedtime whenever possible.
Storage. — Preserve "in glass, fuse-sealed containers, or in other suitable sealed containers, in
a cool place." U.S.P.
ISOFLUROPHATE
SOLUTION.

OPHTHALMIC
U.S.P.

"Isoflurophate Ophthalmic Solution is a solution of isoflurophate in oil. It contains not less
than 90 per cent and not more than 110 per cent
of the labeled amount of C6H14FO3P." U.S.P.
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Standards and Tests. — This solution is
identified through observation of its effect on the
pupil of the eyes of rabbits; the pupils of treated
eyes should be smaller in diameter than pupils
not treated with the solution. Any reddening of
the conjunctiva of treated eyes should be not
more than slight, and should disappear in 4 hours.
The content of water in the solution is limited
to 0.03 per cent.
Assay. — About 500 mg. of the solution is
ignited with zinc oxide, whereby the phosphate
component of the oil forms a zinc phosphate.
The residue after ignition is dissolved in a sulfuric acid solution; an aliquot portion of the
solution is treated with ammonium molybdate
and the complex molybdophosphoric acid thus
produced is reduced with stannous chloride to
give a blue solution, the intensity of the color
being proportional to the concentration of phosphate and quantitatively evaluated by comparison with a standard phosphate solution similarly
treated. The method was described in some detail
by Szalkowski et al. (J. A. Ph. A., 1949, 38, 337).
Under the name Floropryl a 0.1 per cent solution of isoflurophate in peanut oil is supplied in
5-ml. dropper bottles; for its uses see the preceding article.
Labeling. — The label "bears an expiration
date not later than 2 years from the date of manufacture." U.S.P.
Storage.
— Preserve "in tight containers."
U.S.P.
ISONIAZID.

U.S.P.

Isonicotinylhydrazine

0=C— NHNH,
"Isoniazid. dried in vacuum at 80° for 3 hours,
contains
not less than 97 per cent of C6H7N3O."
U.S.P.
Isonicotinic Acid Hydrazide. Cotinazin (Pfizer). Dinacrin
(Winthrop-Stearns) . Ditubin (Schering). Nydrazid (Squibb).
Pyricidin (Nepera). Rimifon (Hoffmann-La Roche).

The hydrazide of isonicotinic acid, while of
recent therapeutic application, had been synthesized as early as 1912. It may be prepared by the
interaction of the methyl ester of isonicotinic
acid with hydrazine hydrate (see Fox, J. Org.
Chem., 1952, 17, 555). Investigation of the compound as a possible tuberculostatic agent came
as a result of observations that both nicotinamide
and certain thiosemicarbazones possess a degree
of tuberculostatic activity (see Fox, Trans. N. Y.
Acad. Sci., 1953, 15, Ser. II, No. 7, 234). It is
the most active and least toxic of a considerable
number of chemically related compounds which
have been investigated.
Description. — "Isoniazid occurs as colorless
or white crystals or as a white, crystalline powder.
It is odorless and is slowly affected by exposure
to air and light. Its solutions are practically
neutral to litmus. One Gm. of Isoniazid dissolves

in about 10 ml. of water, and in about 50 ml. of
alcohol. It is slightly soluble in chloroform and
in
ether. Isoniazid melts between 170° and 173°."
U.S.P.
Standards and Tests. — Identification. — (1)
The odor of pyridine is perceptible when a mixture of 50 mg. of isoniazid and 500 mg. of anhydrous sodium carbonate is heated in a test tube
over a small flame. (2) Interaction of isoniazid
and an equal weight of vanillin, in aqueous solution, yields a yellow precipitate after standing for
1 hour; the recrystallized precipitate melts between 228° and 231°. Loss on drying. — Not over
1 per cent, when dried in vacuum at 80° for 3
hours. Residue on ignition. — Not over 0.2 per
cent. Heavy metals. — The limit is 20 parts per
million. U.S.P.
Assay. — About 100 mg. of isoniazid, previously dried in vacuum at 80° for 3 hours, is dissolved inwater; sodium bicarbonate and a measured excess of 0.1 N iodine are added and the
solution is permitted to stand for 30 minutes.
After acidification the excess iodine is titrated
with 0.1 JV sodium thiosulfate. A residual titration blank is performed. Each ml. of 0.1 N iodine
consumed represents 3.429 mg. of C6H7N3O. This
equivalent is based on the reaction of two molecules of iodine with each molecule of isoniazid,
the equivalent weight of which is, therefore, onefourth its molecular weight (see Canback, J.
Pharm. Pharmacol, 1952, 4, 407). U.S.P.
Uses. — Isoniazid is used in the treatment of
tuberculosis. It is highly active in vitro and in
experimental animals against human and bovine
strains of the tubercle bacillus (Bernstein et al.,
Am. Rev. Tuberc, 1952, 65, 357; Steeken and
Wolinsky, ibid., 365; Grunberg et al., Dis. Chest,
1952, 21, 369). In vitro, it is effective at concentrations of 0.02 to 0.06 microgram per ml.; by
contrast, streptomycin is inhibitory at 0.52 microgram per ml. while para-aminosalicylic acid is
partially inhibitory at 200 micrograms per ml.
Bacteriostatic activity of isoniazid is limited almost entirely to mycobacteria, except for slight
antifungal inhibition. Clinically, the drug is useful for the treatment of tuberculosis, preferably
in combination with other recognized tuberculostatic agents such as streptomycin or paraaminosalicylic acid. The status of the drug is reviewed by D'Esopo (J.A.M.A., 1954, 154, 52).
Metabolism. — Isoniazid is almost completely
absorbed from the digestive tract. In persons
with normal renal function, 50 to 75 per cent
of the ingested dose may be recovered from the
urine in 24 hours, not more than 10 per cent being
eliminated in the feces (Elmensdorf et al., Am.
Rev. Tuberc, 1952, 65, 429). The peak concentration inthe blood occurs 1 to 3 hours after oral
administration, and the minimal detectable concentration of0.4 microgram per ml. persists for
6 to 24 hours following a single dose of 3 mg.
per Kg. of body weight. The drug passes readily
through the meningeal barrier and is well distributed inall body fluids. On long-continued administration there is no evidence of drug accumulation in tissues or of development of tolerance.
Action
in Tuberculosis. — Aronson
ei al.
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(Proc. S. Exp. Biol. Med., 1952, 80, 259) ascribe
the mode of action of isoniazid at least partly to
an effect on the respiratory enzymes of tubercle
bacilli. In concentrations as low as 10 micrograms per ml. isoniazid reduces oxygen consumption and catalase activity of virulent strains. No
direct inhibitory effect on succinic dehydrogenase
has been observed. Yorida et al. (Nature, 1952,
170, 803) found evidence of competitive action
of isoniazid and pyridoxine in the formation of
indole by E. coli; they suggested that isoniazid
acts as an antimetabolite against the coenzyme
pyridoxal phosphate. Biehl and Vilter (J. A.M. A.,
1954, 156, 1549) demonstrated increased excretion of vitamin Be in patients receiving isoniazid.
Barclay et al. (Am. Rev. Tuberc, 1953, 67, 490),
using isoniazid labeled with radioactive carbon-14,
demonstrated participation of the drug in cellular
metabolism by its blocking the formation of a
substance essential for cell division after the first
generation. Mackaness and Smith (ibid., 1952, 66,
125) reported that isoniazid is able to penetrate
tubercle bacilli even when they are growing within
phagocytes. Using radioactive isoniazid to facilitate detection of the drug, Barclay et al.
(J.A.M.A., 1953, 151, 1384) found that it penetrated tubercles in patients and was present in
significant amounts in their caseous centers.
Use in Tuberculosis. — The therapeutic efficacy
of isoniazid in pulmonary tuberculosis compares
favorably with that of streptomycin or aminosalicylic acid; symptomatic improvement with
isoniazid is often more striking (Selikoff et al.,
J.A.M.A., 1952, 150, 973). Isoniazid is definitely
indicated in miliary and meningeal tuberculosis
(Clark et al, Am. Rev. Tuberc, 1952, 66, 391;
Appelbaum and Anderson, J.A.M.A., 1954, 156,
673). Renal tuberculosis responds to isoniazid,
although blood level determinations must be
made in uremic patients to guard against drug
accumulation which may produce convulsions
(Lattimer, J.A.M.A., 1952, 150, 981).
A comparison, by the United States Public
Health Service (Am. Rev. Tuberc, 1953, 67,
539), of a combination of streptomycin and
aminosalicylic acid, of streptomycin and isoniazid,
and of isoniazid by itself in their effects, respectively, over a 28-week period in 649 patients
with pulmonary tuberculosis caused by bacilli
sensitive to streptomycin at the start of treatment showed improvement to be essentially
similar on the three regimens. An interim report
of the Medical Research Council of Great Britain
(J.A.M.A., 1953, 151, 315) compared the results of treatment of 331 tuberculous patients
with isoniazid and with a combination of streptomycin and aminosalicylic acid. After three
months' treatment the clinical results were about
the same, but bacillary resistance to isoniazid
developed rapidly — 11 per cent in one month, 52
per cent in two months, and 71 per cent in three
months. Lack of progress, as assessed by radiological changes, was found to be related to development of drug resistance. An evaluation of
isoniazid in 2175 cases of pulmonary tuberculosis
observed in Army, Navy and Veterans Administration hospitals was reported in the Transactions
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of the 12th Conference on the Chemotherapy of
Tuberculosis, February, 1953. The therapeutic
efficacy of isoniazid, used by itself in a dose of
150 to 300 mg. per day, was similar to that of a
combination of streptomycin and aminosalicylic
acid in cases without previous chemotherapy.
Cases with previous streptomycin treatment, especially ifstreptomycin-resistant, responded less
favorably. A satisfactory therapeutic effect was
observed on tubercular sinuses, genitourinary tuberculosis, and on the bacteriology of resected
pulmonary specimens. The rapid and frequent
development of drug resistance was delayed by
concurrent administration of streptomycin or
aminosalicylic acid.
It is apparent from the foregoing that drug
resistance is the only serious obstacle to the successful clinical application of isoniazid. As with
streptomycin, bacteria can develop practically
complete resistance to isoniazid in a single step
(Szybalski and Bryson, Am. Rev. Tuberc, 1952,
65, 768), but isoniazid resistance originates about
a thousand times as rapidly as streptomycin resistance (Grace et al., J. A.M. A., 1952, 149,
1241). The Trudeau Foundation (J.A.M.A., 1952,
149, 187) has warned against clinical drug resistance, and Nash and Grosfeld (ibid., 1952, 150,
813) associated bacteriological and clinical relapses with development of resistance. The ultimate role of isoniazid in the treatment of tuberculosis will be determined when its optimal combination with streptomycin and/or aminosalicylic
acid to delay development of drug resistance is
found. A later report from the cooperative investigation ofthe U. S. Public Health Services
(Am. Rev. Tuberc, 1954, 69, 1) advises against
simultaneous use of isoniazid, streptomycin and
aminosalicylic acid because of the development
of bacterial resistance in some cases and because
isoniazid and aminosalicylic acid are just as effective a combination as isoniazid and streptomycin
and also because the results with all three drugs
used simultaneously are not superior to those
with two drugs. It was also noted that a dose of
3 mg. per Kg. of body weight daily was fully
effective and that larger doses caused an increasing incidence of untoward effects. Some patients
experience euphoria during the early weeks of
isoniazid therapy. Of 2 1 patients yielding isoniazidresistant strains of M. tuberculosis after a period
of treatment, 9 showed reversion to sensitivity
within 12 months of discontinuing treatment
(Ogilvie, Brit. M. J., 1954, 2, 829).
In two patients afflicted with lupus vulgaris
for more than 30 years and who had not responded with any degree of success to calciferol,
several months of therapy with isoniazid, at a
level of 4 mg. per Kg. of body weight per day.
produced dramatic clinical improvement, which
was confirmed by histological examination (Goldberg and Simon, J.A.M.A., 1953, 151, 640). Preliminary reports suggest that isoniazid may have
value in the treatment of multiple sclerosis. @
Toxicity. — Animal studies indicate a wide
margin of safety between the effective and the
toxic dose of isoniazid. Toxic doses in animals
produce reversible symptoms, which include
anorexia, weight loss, liver damage, and signs of
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central nervous system stimulation manifested
by tremor, ataxia, rapid respiration, bradycardia,
and convulsions. Phenobarbital diminishes the
convulsive action of isoniazid. Forced feeding has
mitigated hepatic damage. Toxic doses also produce some kidney damage in animals.
Toxic effects observed in human beings include
vertigo, constipation, twitching of lower extremities, drowsiness, headache, hyperreflexia, dryness
of the mouth, and delayed urination. Except in
patients with existing convulsive disorders, toxicity generally has not been observed when a total
daily dose of 5 mg. per Kg. of body weight has
been given. Psychosis developed in a patient receiving daily doses of 6 mg. of isoniazid per Kg.
of body weight (Lancet, 1953, 1, 295), while
peripheral neuropathy developed in two patients
receiving daily doses of 5 mg. and 12 mg., respectively, per Kg. of body weight (Jones and
Jones, Lancet, 1953, 1, 1073); repeated intramuscular administration of nicotinamide (100
mg.) to the psychotic patient and to one of the
patients with peripheral neuropathy effected rapid
clinical improvement in both cases. As noted
above isoniazid acts as an antimetabolite for
pyridoxal phosphate and Ungar et al. (Lancet,
1954, 2, 220) found that pyridoxine protected
rats against the untoward effects of large doses
of isoniazid without inhibiting the antitubercular
action of isoniazid. Biehl and Vilter (Proc. S.
Exp. Biol. Med., 1954, 85, 389) reported that patients receiving 150 to 450 mg. of pyridoxine
daily throughout the period of isoniazid administration did not develop neuritis but pyridoxine,
thiamine or nicotinic acid were of little value
after neuritis developed. However, the epithelial
abnormalities associated with vitamin B6 deficiency are not observed in patients with isoniazid
neuritis (Nutrition Rev., 1954, 12, 228). Sulfhemoglobinemia (Brit. M. J., 1952, 2, 1358) and
agranulocytosis (Lancet, 1953, 1, 145) have been
reported.
Dose. — The usual dose is 100 mg. (approximately 1^2 grains) twice daily, by mouth, with a
range of 50 to 200 mg. In terms of body weight
a dose of 3 mg. per Kg. daily, divided into 2 portions, isthought to be fully effective; with larger
doses the incidence of toxicity increases. In severely ill patients, as those with meningeal or
miliary tuberculosis, the daily dosage is 7 mg.
per Kg. for 7 to 10 days, after which the dose is
reduced to the lower level.
Isoniazid may be used along with either or
both streptomycin and aminosalicylic acid. The
basic regimens during 1953 in Army, Navy and
Veterans Administration hospital studies employed isoniazid in a daily dosage of 300 mg.,
with 1 Gm. of streptomycin given twice a week
and 12 Gm. of aminosalicylic acid administered
daily.
For intramuscular injection, a solution containing 100 mg. per ml. may be administered so as
to provide the same dosage as by the oral route.
A solution of the same concentration may be applied topically, in 10-ml. portions three times
weekly, for local treatment of tuberculous empyema or effusion (J.A.M.A., 1953, 151, 741).
Iproniazid. Marsilid (Hoffmann-LaRoche) . —
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This isopropyl derivative of isoniazid is 1-isonicotinyl-2-isopropylhydrazine, supplied as the phosphate salt; like isoniazid it has tuberculostatic
activity (Steenken and Wolinsky, Am. Rev.
Tuberc, 1952, 65, 365; Benson et al., ibid., 376).
Iproniazid blood levels decline more slowly than
those of isoniazid (Rubin et al., Dis. Chest, 1952,
21, 439). Iproniazid is more effective than isoniazid in controlling the systemic toxic manifestations of pulmonary tuberculosis (Selikoff et al.,
J.A.M.A., 1952, 150, 973). Bosworth and Fielding
(N. Y. State J. Med., 1954, 54, 2327) consider it
the most effective drug they have used for treatment of childhood tuberculous lesions involving
bones and joints. However, iproniazid therapy
results in a higher incidence and a greater severity
of toxic side effects, especially of the nervous
system (see J. AM. A., 1954, 154, 52). Largely for
this reason, the drug is restricted to experimental
use by qualified investigators. On the basis of
reports of mental stimulation in tuberculous patients treated with isoniazid, Smith (Am. Pract.
Dig. Treat., 1953, 4, 519) administered iproniazid
in a dose of 2 mg. per Kg. of body weight to 11
patients with mental illness; while 10 of the patients gained weight during the treatment period
of 2 to 3 weeks none showed marked or sustained
improvement of the mental state.
In tuberculosis the optimal dosage of iproniazid
is 4 mg. per Kg. of body weight, orally, per day.
Storage. — Preserve "in well-closed, lightresistant containers." U.S.P.
ISONIAZID

TABLETS.

U.S.P.

"Isoniazid Tablets contain not less than 93 per
cent and not more than 107 per cent of the
labeled amount of C6H7N3O." U.S.P.
Usual Sizes. — 50 and 100 mg. (approximately
Y\ and V/z grains).
ISOPROPYL

ALCOHOL.

N.F.

Isopropanol, 2-Propanol, [Alcohol Isopropylicum]

CH3.CHOH.CH3
"Isopropyl Alcohol contains not less than 99
per cent by weight of C3H8O." N.F.
Secondary Propyl Alcohol; Dimethylcarbinol.

Isopropyl alcohol was first made in 1855 by
Berthelot by absorbing propylene in sulfuric acid
with subsequent hydrolysis of the resulting sulfuric acid esters. Essentially the same process is
used today, the propylene being obtained as a byproduct in the petroleum and natural gas industries; the alcohol is separated by distillation.
Isopropyl alcohol may also be obtained by the
reduction of acetone, and in certain fermentations
of carbohydrates.
Isopropyl alcohol is offered commercially in
strengths of 91 per cent, 95 per cent, and 99 per
cent, by volume, of CH3CHOHCH3, the remainder being largely water. The first composition is essentially that of the constant boiling
mixture with water, which contains 91.3 per cent
by volume, or 87.7 per cent by weight, of the
absolute alcohol. Concentration of the constant
boiling mixture, which is more readily done than
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with ethyl alcohol, is accomplished by azeotropic
distillation using a hydrocarbon-entraining liquid
such as benzene or hexane. Small quantities of
the alcohol may be deprived of most of its water
by salting out the water with caustic soda or
with potassium carbonate.
Description. — "Isopropyl Alcohol is a transparent, colorless, mobile, and volatile liquid. It
has a characteristic odor and a slightly bitter
taste. Isopropyl Alcohol is miscible with water,
with alcohol, with ether, and with chloroform.
The specific gravity of Isopropyl Alcohol is not
less than 0.7828 and not more than 0.7869." N.F.
Standards and Tests. — Identification. — A
white or yellowish precipitate or turbidity is produced on warming a mixture of isopropyl alcohol,
mercuric sulfate T.S. and water. Distilling range.
— The alcohol distills completely between 81° and
83°. Re fr active index. — Not less than 1.3770 and
not more than 1.3780, at 20°. Acidity. — Not more
than 0.7 ml. of 0.O2 N sodium hydroxide is required for neutralization of 50 ml. of isopropyl
alcohol. Non-volatile residue. — Not over 2.5 mg.
from 50 ml. of isopropyl alcohol. N.F.
Uses. — Pure isopropyl alcohol has many more
uses than merely as the basis of a rubbing compound, and the following summary reviews these
other applications of the alcohol as well.
Bactericidal Action. — Although the N.F. recognizes the 70 per cent concentration of isopropyl
alcohol for use as a rubbing compound there are
no published data to indicate the superiority of
this concentration over any other. Isopropyl alcohol is bactericidal but the concentration at which
it possesses maximum effect appears not to be
definitely established; it is likely that the optimum concentration depends on the organisms involved. On the one hand there are reports that
the optimum concentration lies between 30 and
50 per cent (for references see Bull. N.F. Comm.,
1940, 8, 387) while elsewhere {JAM A., 1945,
128, 986) it is stated that the bactericidal effects
of isopropyl alcohol increase steadily as its concentration approaches 100 per cent. Whitney and
Francke (Bull. N. F. Comm., 1940, 8, 390) reported that in a large hospital the 50 per cent
solution is employed as a surgical disinfectant
and antiseptic; it is used for preoperative preparation by the surgeon, on the field of operation,
to prepare sites for parenteral injection, and as
a liquid in which to "soak" surgical instruments
which have been previously cleansed and sterilized. For this last use from 0.1 to 0.3 per cent
of sodium borate, 0.5 to 5 per cent of saponated
cresol solution, or a low concentration of a mixture of sodium carbonate and sodium nitrite is
added as a rust inhibitor and to prevent dulling
of sharp edges. Isopropyl alcohol should not be
relied on to destroy such spore-bearing organisms
as Clostridium tetani, Clostridium welchii, or
Bacillus anthracis.
Solvent and Other Uses. — Because in so
many of its properties it is similar to ethyl alcohol, isopropyl alcohol is finding increasing application as a replacement for the former. Extracts
of drugs, from which the alcohol is subsequently
evaporated, have been prepared; the efficiency of
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the process of extraction is at least in some cases
equal to that using ethyl alcohol (Chase et al.,
J. A. Ph. A., 1944, 33, 109; Burlage and Hawkins,
ibid., 1946. 35, 379). Use of the alcohol in liquid
galenical preparations, such as fluidextracts and
tinctures, has not been approved. Its use in granulating powders for compression into tablets is
permitted, if the alcohol is subsequently evaporated. Many unofficial preparations for external
use are prepared with isopropyl alcohol and its
use as a replacement for ethyl alcohol in a number of official preparations has been proposed (see
Whitney and Francke, loc. cit.). Burlage (/. A.
Ph. A., 1948, 37, 345) reported solubility data
for many drugs in isopropyl alcohol. While not
suitable, or permitted, for all cosmetic uses, isopropyl alcohol may be used in the formulation of
many products, as for example, suntan and sunburn lotions. The alcohol is used in the preparation of reagents and stains, and for dehydrating
histological specimens. An ingenious and important use of isopropyl alcohol depends on the fact
that when a 10 per cent solution of the alcohol is
frozen in a rubber container the contents may
be easily broken into small pieces by applying
mild pressure to the container. The practical
utilization of this is in the preparation of pliable
ice packs; the usual type of ice bag, or even a
hot-water bag, is filled with the solution and
frozen in the freezing compartment of a refrigerator. If water were similarly frozen in such a
container a rigid, non-usable bag would be obtained. Such bags are especially convenient for
hospital practice (Trevis and Scott, Bull.
A.S.H.P., 1953, 10, 300); the melted contents
may be refrozen as required.
Typical industrial uses include those as a solvent for oils, fats and waxes, generally in mixtures with other solvents, as a component of
cleaning mixtures, as an ingredient of hydraulic
fluids, and as a source, by synthesis, of other substances. Thus acetone was prepared in considerable quantity during World War II by passing
vapors of isopropyl alcohol over suitable catalysts which promoted its dehydrogenation; hydrogen of high purity is obtained as a by-product.
Thymol and other isopropyl derivatives, propylene and various esters of isopropyl alcohol are
some other substances which may be made from
the alcohol.
Toxicology. — On oral ingestion, isopropyl
alcohol produces no exhilaration or euphoria, and
it has an unpleasant taste, for which reasons
there is no motive for the use of the alcohol as
a beverage. It is partly eliminated from the body
as acetone; the latter is detected in the breath in
about 15 minutes and in the urine within an hour,
continuing to be eliminated in this fluid even after
48 hours. Toxic doses given by mouth produce
first narcosis, then anesthesia, and finally coma
and death, probably by paralysis of respiration
or of the heart, or both. Lehman and his coworkers (/. Lab. Clin. Med., 1944, 29, 561;
/. Pharmacol., 1944, 82, 196) found the anesthetic dose for rabbits, by intravenous injection,
to be 3.23 ml. per kilo, while the fatal dose is
8.23 ml. per kilo; the corresponding amounts for
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the dog are 3.35 ml. and 5.12 ml., respectively.
By gastric administration the fatal doses for the
white rat, rabbit, and dog were, respectively, 8.0
ml., 7.0 ml., and 7.5 ml. per kilo. Loffl (Seifensieder Ztg., 1921, 48, 542) reported no harmful
effects to men taking daily doses of 16 ml. of
isopropyl alcohol, but Morris and Lightbody (/.
Indnst. Hyg. Toxicol, 1938, 20, 428) reported
acute symptoms resulting from the ingestion of
25 ml. of isopropyl alcohol diluted to 125 ml.
with water; at first there was reduction of blood
pressure accompanied by dizziness and a flushing
of the face and after 2 or 3 hours headache,
mental depression, body aches, nausea and sometimes vomiting. They warn that the rate of disposal, detoxification and destruction of isopropyl
alcohol is slow, and that the quantity which may
result in accumulation, if given in repeated doses,
is small. Others conclude that repeated administration of small doses will establish a tolerance
and that the human body is capable of absorbing
reasonable amounts without accompaniment of
either toxic or fatal results (Fuller and Hunter,
/. Lab. Clin. Med., 1927, 12, 326). A case of
acute poisoning produced by tepid sponging of a
22-month-old boy with about 1.25 pints of isopropyl alcohol was recorded by Garrison
(J.A.M.A., 1953, 152, 317); the intoxication was
considered to have been the result of inhalation
of vapor. The child recovered slowly after injection of caffeine and administration of oxygen and
fluids.
Storage. — Preserve "in tight containers." N.F.
ISOPROPYL ALCOHOL RUBBING
COMPOUND.
N.F.
Isopropanol Rubbing Compound, Alcohol Isopropylicum
Fricamentum Compositum

"Isopropyl Alcohol Rubbing Compound contains not less than 68 per cent and not more
than 72 per cent of isopropyl alcohol, by volume,
the remainder consisting of water, with or without coal tar colors certified by the Federal Food
and Drug Administration for use in drugs, suitable stabilizers, and perfume oils." N.F.
Description. — "Isopropyl Alcohol Rubbing
Compound is a transparent, mobile, and volatile
liquid having a slightly bitter taste and, in the
absence of added odorous constituents, a characteristic odor." N.F.
Standards and Tests. — Identification. — A
white precipitate or turbidity develops on gently
warming a mixture of 2 ml. of the alcohol compound, 2 ml. of distilled water, and 1 ml. of
mercuric sulfate T.S. Specific gravity. — Not less
than 0.8690 and not more than 0.8790. Acidity. —
Not over 1 ml. of 0.02 N sodium hydroxide is
required for neutralization of 50 ml. of the alcohol compound, using phenolphthalein T.S. as indicator. Non-volatile residue. — Not over 2 mg.
of residue, dried at 105° for 1 hour, remains from
the evaporation of 50 ml. of the alcohol compound. N.F.
Assay. — A 50-ml. portion of the alcohol compound is mixed with 100 ml. of distilled water,
and from the mixture 100 ml. of distillate is
separated. The specific gravity of the distillate
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is not over 0.9545, corresponding to 68 per cent,
and not less than 0.9502, corresponding to 72 per
cent, of isopropyl alcohol in the original sample.
N.F.
Isopropyl alcohol rubbing compound may be
used by local application in the same manner
that ethyl alcohol is used for this purpose. For
information concerning its bactericidal properties,
and its toxicity, see the preceding monograph.
Storage. — Preserve "in tight containers." N.F.
ISOPROTERENOL HYDROCHLORIDE. U.S.P. (LP.)
Isopropylarterenol Hydrochloride, Isoproterenolium
Chloride

/—*

OH

cr

OH
The LP. recognizes this substance as Isoprenaline Hydrochloride, defining it as dl-a.-3 :4-dihydroxyphenyl-fi-wo-propylaminoethanol hydrochloride and requiring it to contain not less than 95.0
per cent and not more than the equivalent of
101.0 per cent of C11H17O3N.HCI, calculated
with reference to the anhydrous substance.
LP. Isoprenaline Hydrochloride; Isoprenalini Hydrochloridum. Isopropylnoradrenaline Hydrochloride. Aludrine
Steams).
Hydrochloride
{Lilly), Isuprel Hydrochloride (Winthrop-

Isopropylarterenol salts, used in Germany during World War II, came into use in this country
after United States technical investigators studied these compounds. The base may be prepared
by the interaction of 3,4-dihydroxy-a-chloroacetophenone with isopropylamine, yielding 3,4-dihydroxy-a-isopropylaminoacetophenone, which is reduced to the alcohol (isopropylarterenol) ; the
hydrochloride and sulfate salts are official in one
or another of the pharmacopeias. For details of
synthesis see U. S. Patent 2,308,232 (1943); also
FIAT Final Report 896, Office of Technical
Services, Department of Commerce, Washington,
D. C. Isopropylarterenol differs from epinephrine
in having an isopropyl group replacing a methyl
group
rine. attached to the nitrogen atom of epinephDescription. — "Isoproterenol Hydrochloride
is a white to nearly white, odorless, crystalline
powder, having a slight, bitter taste. It gradually
darkens on exposure to air and fight. Its solutions
become pink to brownish pink on standing exposed to air, and almost immediately so when
rendered alkaline. Its 1 per cent solution has a
pH of about 5. One Gm. of Isoproterenol Hydrochloride dissolves in 3 ml. of water, and in 50 ml.
of alcohol. It is less soluble in dehydrated alcohol, and is insoluble in chloroform and in ether.
Isoproterenol Hydrochloride melts between 167°
and 172°." U.S.P.
Standards and Tests. — Identification. — (1)
An intensely green color, becoming olive-green
on standing, is produced when 1 drop of ferric
chloride T.S. is added to a solution of 10 mg. of
isoproterenol hydrochloride in 5 ml. of water.
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(2) A white precipitate, becoming brown on
standing, forms when 1 drop of a 1 per cent solution of phosphotungstic acid is added to a solution of 10 mg. of isoproterenol hydrochloride in
1 ml. of water (epinephrine gives no precipitate).
(3) On adding 0.1 ml. of 0.1 .V hydrochloric acid
and 1 ml. of 0.1 N iodine to 10 ml. of a 1 in
10.000 solution of isoproterenol hydrochloride,
followed in 5 minutes by 2 ml. of 0.1 N sodium
thiosulfate, a red-brown color is produced (arterenol gives no color or at most a slight pink
color). (4) Isoproterenol hydrochloride responds
to tests for chloride. Loss on drying. — Not over
1 per cent, when dried in vacuum over phosphorus pentoxide for 4 hours. Residue on ignition.— Not over 0.2 per cent. Sulfate. — The limit
is 0.2 per cent. Isoproterenol. — The absorptivity
at 310 mn is not more than 2. Nitrogen content.
— Not less than 5.5 per cent and not more than
5.8 per cent, when determined by the Kjeldahl
method. Chloride content. — Not less than 14.0
per cent and not more than 14.7 per cent, when
determined by adding an excess of 0.1 N silver
nitrate and titrating this with 0.1 N ammonium
thiocyanate. using nitrobenzene to coat the particles of silver chloride and ferric ammonium
sulfate T.S. as indicator. U.S.P.
Assay. — The U.S. P. does not provide an assay
as such, but directs determination of the nitrogen
and chloride content to be made (see above).
The LP. assay is a spectrophotometric one, the
absorptivity (1%, 1 cm.) at 279 mn in 0.01 N
hydrochloric acid being determined; the absorptivity of the pure compound is taken as 110.0.
Isopropylarterenol Sulfate. — Under this
title the X.X.R. recognizes the dihvdrate sulfate.
CiiHitX03.^H2S04.2H20, of isoproterenol; the
B.P. and LP. recognize the monohydrate, C11H17XO3.MH2SO4.H2O, naming it Isoprenaline Sulphate and Isoprenaline Sulfate, respectively. The
B.P. requires not less than 5.3 per cent and not
more than 5.5 per cent of N, and not less than
6.0 per cent and not more than 6.3 per cent of S,
both calculated with reference to the substance
dried to constant weight at 100° at a pressure not
exceeding 5 mm. of mercury; the LP. requires
not less than 95.0 per cent and not more than
the equivalent of 101.0 per cent of C11H17O3N.J/2H2SO4. calculated with reference to the anhydrous substance. The salt melts at about 128°,
with decomposition: otherwise its physical properties are practically the same as those of the
hydrochloride while chemically it differs only in
the anion component. The sulfate is used for the
same purposes, and in the same dose, as the hydrochloride. Preparations of it are available under
the trade-marked names Isonorin Sidfate (C. D.
Smith), and Norisodrine Sulfate (Abbott).
Uses. — Isopropylarterenol, as the structure
and name indicate, is closely related to arterenol
and also to epinephrine; it is the X-isopropyl.
whereas epinephrine is the X-methyl. derivative
of arterenol. All these substances are classified
as sympathomimetic amines; a general discussion
of them is provided in Part II, under the title
Sympathomimetic Amines.
The intense bronchodilator activity of isopropylarterenol was discovered by Konzett {Arch.
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exp. Path. Pharm., 1940, 197, 27; ibid., 1940,
197, 41; Experientia, 1948, 4, 403) while studying the higher X-alkyl homologs of X-ethylarterenol. Of the generally available sympathomimetic agents, isopropylarterenol is the most
potent bronchodilator and vasodepressor compound. It is some 3 times as potent a bronchodilator agent as epinephrine. The general pharmacology of the agent has been worked out and reported by Lands et al. (J. Pharmacol., 1947, 90,
110; ibid., 1947, 90, 254), Marsh et al. (ibid.,
1948, 92, 108), Chen et al. (J. A. Ph. A., 1951,
15, 273), Gruber and Matthews (Arch. exp. Path.
Pharm., 1953, 219, 1), and Lands and Tainter
(ibid., 1953, 219, 76j. In addition to its bronchodilator and vasodepressor effects, isopropylarterenol produces a profound tachycardia and
changes, especially of the T-wave. of the electrocardiogram. Unfortunately, any dose sufficient to
produce bronchodilation when administered systemically may induce tachycardia. Whereas
epinephrine produces inhibition of intestinal
tonus and amplitude of contraction, isopropylarterenol may produce augmentation of intestinal
activity. Beccari et al. (Science, 1953. 118, 249)
reported the resolution of optically active forms
of the compounds. They indicated that the levorotatory form was more active than the racemate
and that the dextrorotatory form was 90 times
less potent than the levorotatory form.
The principal clinical utility of isopropylarterenol is as a bronchodilator agent. Probably
the most comprehensive available clinical report
on the evaluation of the compound in the management of bronchial asthma is that of Gay and
Long. (J. A.M. A., 1949, 139, 453). They indicated
that the drug effectively produced relief in bronchial asthma when administered by mouth, by
sublingual absorption, by inhalation, and by subcutaneous injection. A wide variation in both
efficacy and toxicity occurred among patients.
The inhalation of a nebulized mist of 1:200 dilution was most effective and was accompanied by
a 4 per cent incidence of side effects. The second
method of choice was sublingual administration,
wherein the incidence of toxicity was 33 per cent.
Oral administration was attended by a 75 per
cent incidence of side effects and so was impractical. When administered systemically or orally
in large doses or to sensitive individuals, the
compound produced symptomatic and electrocardiographic evidence of coronary insufficiency.
Other reports essentially substantiate the efficacy
and toxicity of the agent (Lowell et al., New
Eng. I. Med., 1949, 240, 45; Lipman. Ann. Allergy, 1949, 7, 384; Krasno et al., J. Allergy,
1949, 20, 111).
Toxicology. — Correlation of the method of
administration and the dose with incidence of
side effects was made by Gay and Long (loc.
cit.) ; they found that inhalation of a 1 :200 solution caused side effects in 4 per cent of patients,
with subungual administration of 10 mg. the incidence was 33 per cent, with an oral dose of 15
mg. it was 75 per cent, with an oral dose of 25
to 50 mg. it was 80 per cent, and with subcutaneous administration of a 1:1000 solution the
incidence of side effects was 100 per cent. The
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principal manifestations of toxicity were palpitation (in 90 per cent of the cases showing untoward symptoms), nausea (in 19 per cent),
headache (in 17 per cent), nervousness (in 16
per cent), tremor (in 14 per cent) and vertigo
(in 13 per cent).
The usual dose of isoproterenol hydrochloride
is 10 mg. (approximately Ve grain) sublingually
every 4 hours as necessary, with a range of dose
of 5 to 20 mg. The maximum safe dose is usually
20 mg. and seldom exceeds 60 mg. in 24 hours.
By inhalation the usual dose is 0.25 mg. as necessary; 2.5 mg. should not be exceeded. As indicated above, oral administration is employed infrequently, and it is never given subcutaneously
or intravenously. A 10 per cent (rarely 25 per
cent) powder is used for inhalation (Krasno et al.,
Science, 1948, 108, 476); the powder is more
irritating to the mucous membrane and causes
more side effects than when a solution is inhaled.
Regardless of the route of administration, the
dose must be carefully adjusted to assure maximal relief with minimal side effects.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
ISOPROTERENOL HYDROCHLORIDE INHALATION.
U.S.P.
"Isoproterenol Hydrochloride Inhalation is a
solution of isoproterenol hydrochloride in water
for injection made isotonic by the addition of sodium chloride. It contains not less than 95 per
cent and not more than 105 per cent of the
labeled amount of C11H17NO3.HCI." U.S.P.
"Note. — Do not use the Inhalation if it is
brown in color or contains a precipitate." U.S.P.
Description. — "Isoproterenol Hydrochloride
Inhalation is a colorless or nearly colorless,
slightly acid liquid, gradually turning dark on
exposure to air and light." U.S.P.
Assay. — The inhalation is assayed spectrophotometrically by the method discussed under Isoproterenol Hydrochloride ; the U.S.P. uses an absorptivity (1%, 1 cm.) value of 113.
Usual Concentration. — In 10-ml. bottles
containing 1:100 solution, and in 10-ml. and 50ml. bottles containing 1:200 solution, both being
preserved with 0.5 per cent of chlorobutanol and
0.3 per cent of sodium bisulfite.
Storage.— Preserve "in small, well-filled,
tight containers, protected from light." U.S.P.
ISOPROTERENOL HYDROCHLORIDE TABLETS.
U.S.P.
"Isoproterenol Hydrochloride Tablets contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C11H17NO3.HC1." U.S.P.
These tablets are generally intended to be
used by sublingual administration (see comment
under Isoproterenol Hydrochloride).
Usual Sizes.— 10 and 15 mg. (approximately
Ye and % grain).
JALAP.

N.F.

Jalap Root, [Jalapa]

"Jalap is the dried tuberous root of Exogonium
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purga (Wenderoth) Bentham (Fam. Convolvulacece). Jalap yields not less than 9 per cent of
the total resins of Jalap." N.F.
Vera Cruz Jalap. Radix Jalapa; Tubera Jalapa; Jalapae
Radicis Tubera. Fr. Jalap; Racine de jalap. Ger. Jalapenwurzel; jalapenknollen; Purgirwurzel. It. Gialappa; Sciarappa. Sp. Jalapa.

The name of the plant producing this drug has
undergone many changes. It was first described
by Nuttall in 1830 who named it Ipomcea Jalapa,
Nutt. and Coxe. In 1833, Hayne published a
monograph on the species, reinstated it in the
genus Ipomcea and named it Ipomcea Purga
(Wenderoth) Hayne, a name which persisted in
the British Pharmacopoeia. Choisy, in 1833,
divided the Ipomoeas and placed those bracteate
forms having exserted stamens and salverform
corolla in his genus Exogonium. This group is
recognized as a genus by Peter and Hallier but
merely as a section of Ipomoea by Griesebach
and Meissner. In 1840, Bentham described the
species (PI. Hartw., 1840), first placing it in the
genus Exogonium and naming it Exogonium Purga
(Wenderoth) Bentham, a name which was later
adopted by Engler in his Syllabus der Pflanzenfamilien and by the U.S.P. IX. In 1884, Baillon,
recognizing the priority of the specific name
Jalapa which had been established by Nuttall and
Scheide, again revised the nomenclature and
assigned to it the name of Exogonium Jalapa
(Wenderoth), Baillon.
Exogonium Purga (Ipomcea Purga Hayne) is
a large twining vine of Mexico. The leaves are
petiolate, heart-shaped, entire, smooth, pointed,
deeply sinuated at the base and prominently
veined on their under surface. The lower leaves
are nearly hastate or with diverging angular
points. The large, morning-glory-like, lilac-purple
flowers stand upon peduncles about as long as
the petioles. Each peduncle supports one, two or,
more rarely, three flowers. The calyx is without
subtending bracts, five-leaved and obtuse, with
two of the divisions external. The corolla is
funnel-form. The stamens are five in number,
with oblong, white, somewhat exerted anthers.
The stigma is simple and capitate.
The plant is a native of Mexico, where it is
dug during the whole year, and usually dried over
the hearths of the Indian huts. Because of this
method of drying over fires, the drug usually
possesses a smoky odor and taste. Within recent
years some lots of the drug entering the U. S.
have been sun-dried. These have occurred in
transverse slices of lighter color internally than
the jalap dried over fires. Jalap derives its name
from the city of Jalapa, in the state of Vera
Cruz, in the neighborhood of which it grows, at
the height of about 6,000 feet above the ocean.
The drug is brought from Vera Cruz and Mexico
City in bags containing usually between 100 and
200 pounds. During 1952 imports of jalap into
the United States were 51,647 pounds. It has
also been cultivated in India, Jamaica, South
America and Ceylon.
Description. — "Unground Jalap. — The entire
roots occur as fusiform, irregularly ovoid, subspherical, or pyriform, from 4 to 15 cm. in length
and up to 10 cm. in diameter. The larger roots
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are often incised or cut into quarters or transverse slices. Externally, Jalap is dusky brown to
moderate yellowish brown, longitudinally wrinkled
or furrowed, and with numerous transverse
lenticels; hard, compact, not fibrous; and internally, weak brown to very pale brown, with a
dark cambium line. It has a slight, but distinctive
and smoky odor, and a somewhat sweet and
acrid taste." N.F. For histology see N.F. X.
''Powdered Jalap is light yellowish brown. The
starch grains are numerous, simple or 2- to 4compound, more or less swollen, mostly up to
35 n in diameter, ellipsoidal or ovoid, with 2- to
4-cleft eccentric hilum and concentric or eccentric
lamellae. The calcium oxalate occurs in rosette
aggregates varying from 10 to 35 n in diameter.
The vessels are short, wide, with simple or
bordered pits. Fragments of secretory cells and
dried resinous latex are also present. Stone cells
with broad lumina are few." N.F.
Jalap is likely to be attacked by insect larvae,
which are said to devour the amylaceous or softer
parts, and to leave the resin, so that the wormeaten drug is more powerfully purgative than
that which is sound. Worm-eaten jalap may be
employed for obtaining the resin, but should not
be used medicinally in powder form. The drug is
also liable to various adulterations, or fraudulent
substitutions, which, however, can usually be detected without difficulty.
Jalap powder, when inhaled, irritates the
nostrils and throat, and provokes sneezing and
coughing.
Standards and Tests. — Acid-insoluble ash. —
Not over 0.5 per cent. N.F.
Assay. — A 10-Gm. portion of jalap is assayed
by the method employed for ipomea. N.F.
Constituents. — The purgative powers of jalap
undoubtedly reside in its resin. For a long time,
considerable confusion existed as to the chemical
nature and identity of the resin. The names
convolviilin or jalapin have been applied to it;
it has been shown to be glycosidic in nature,
though Power and Rogerson (J.A.C.S., 1910, 32,
80) believed it to be a complex mixture. Mannick
and Schumann (Arch. Pharm., 1938, 276, 211)
described convolvulin as a white, amorphous compound of colloid character; it is insoluble in
water, but can be peptized by traces of alkali to
form colloidal solutions, which are intensely irritant to mucous membranes. Larger amounts of
alkali hydrolyze convolvulin, destroying the colloidal character of the solution, as well as its
disagreeable taste and its irritating activity; it
yields on hydrolysis 74 per cent of rhamno-convolvulinic acid, C52H92O32.7H2O, which is a glycosidic acid containing two trisaccharide residues.
Other hydrolysis products include tiglic, exogonic,
isovaleric, and methylethylacetic acids. These
authors suggested a structure for convolvulin requiring a molecular weight of 31,018.
Haluska (Bull. N. F. Comtn., 1939, 7, 225)
found an average of 12.47 per cent (with extremes of 9.50 to 15.33 per cent) resin in jalap,
of which 27.85 per cent (average) was soluble in
chloroform.
Adulterants. — Tampico Jalap (Purga de
Sierra Gorda). — This Mexican drug closely re-
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sembles in appearance, odor, and taste the true
jalap, but the tubers are somewhat smaller, more
elongated and shriveled. According to Ambrose
it differs also in the absence of lenticels on the
surface. Hanbury (Am. J. Pharm., July, 1870)
named the plant from which it is obtained /.
simulans. The resin, called tampicin, is completely soluble in ether.
Youngken (/. A. Ph. A., 1940, 29, 62) reported
that the tuberous rool of the Mirabilis Jalapa L.
of Mexico, which is grown in our flower gardens
under the names of "jour-o'clock" and "marvelof-Peru," appeared on the American market as a
fraudulent substitute for jalap. He gave a complete pharmacognostic description of this root and
methods of distinguishing it from jalap. According to Herlant it is easy to detect the presence
of the root of Mirabilis Jalapa, even when
powdered, by the presence of raphides of calcium oxalate.
The root of Piptostegia pisonis Mart. (Fam.
Convohulacece), commonly known as piptostegia
root or Brazilian jalap, once appeared in the
American and European markets. It occurs in
transverse, oval or circular sections up to 0.8 cm.
in thickness. Its cut surface is pale yellowishbrown and shows many resin dots and several
concentric rings. For structural details of this
substitute see Farwell (/. A. Ph. A., 1918, p. 854 ).
Uses. — Jalap was introduced into medical
usage in Europe in the early part of the seventeenth century. It is a powerful, drastic carthartic,
in full dose operating briskly and sometimes painfully, with copious, watery stools. Jalap was once
extensively employed; its popularity has diminished greatly, especially because of the harshness
of its action. Under the name Compound Jalap
Powder, there was long official a mixture containing 35 per cent of powdered jalap and 65 per
cent of potassium bitartrate; the hydragogue
action of the ingredients was utilized in the treatment of conditions characterized by dropsy.
Valett (Compt. rend. soc. biol., 1937, 125, 405
and 407; 1938, 128, 362) reported that the resins
of jalap and ipomea are made soluble in the intestinal juices by the presence of bile and that
the solution of these resins, by dissolving the
lecithin of the cell walls, exerts a strongly hemolytic action. He attributes their irritant effect
to this cytolytic action upon the mucous membrane of the intestines. He has also obtained
evidence of a bacteriolytic action, especially from
jalapin. S
Toxicology. — In overdoses jalap may produce
dangerous hypercatharsis. It is said to purge
when applied to a wound. Jalapin when taken
internally is probably absorbed, but its presence
has never been detected in the urine, and it is
uncertain whether it is eliminated or destroyed.
The usual dose of jalap, powdered, is 1 Gm.
(approximately 15 grains), with a range of 0.3
to 1.2 Gm. (approximately 5 to 20 grains).
JALAP

RESIN.

N.F.

[Resina Jalapae]
Fr. Resine de jalap. Get. Jalapenharz.
gialappa. Sp. Resina de jalapa.

It. Resina

di

Extract the resin from jalap, in fine powder,
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by percolation with a mixture of 9 volumes of
alcohol and 1 volume of water. Concentrate the
percolate to about one-fourth of the weight of
the drug taken, and pour it slowly, with constant
stirring, into about 12 times as much hot water.
When the precipitated resin has subsided decant
the supernatant liquid, and wash the resin twice
with hot water, using about one-third as much
each time as was used for the first precipitation.
Collect the resin, and dry it thoroughly. N.F.
For description of the botanical source and
chemical composition of this resin see under
Jalap.
Description. — "Jalap Resin occurs as masses
or fragments, breaking with a resinous, glassy
fracture; translucent at the edges, and orange to
reddish brown in color; or as a yellowish gray to
brown powder. It has a slight, peculiar odor, and
somewhat acrid taste, and is permanent in air.
Jalap Resin dissolves in alcohol. It is insoluble
in carbon disulfide, benzene, and fixed or volatile
oils." N.F.
Standards and Tests. — Solubility in chloroform.— Not more than 320 mg. of chloroform
insoluble residue (dried at 105°) is obtained from
1 Gm. of powdered jalap resin (dried at 105°).
Loss on drying. — Not over 4 per cent when dried
at 105° for 2 hours. Acid resins. — Not more than
0.5 ml. of 0.5 N alcoholic potassium hydroxide is
required for neutralization of 1 Gm. of jalap
resin, using phenolphthalein T.S. as indicator.
Guaiac. — 200 mg. of the resin conforms to the
requirements of this test under Ipomea Resin.
Rosin. — This test is performed as described under
Ipomea Resin. Rosin or other resins. — Not over
120 mg. of ether-soluble residue, dried at 105°,
is obtained from 1 Gm. of powdered jalap resin.
Rosin, guaiac, or other resins. — Jalap resin is
slowly but completely soluble in 5 times its
weight of ammonia T.S. ; the solution does not
become gelatinous on standing and on acidification with hydrochloric acid only a slight turbidity
is produced. Water-soluble substances. — None of
the resin dissolves in distilled water. Aloin. — This
test is identical with the one described under
Ipomea Resin. N.F.
For further information concerning this resin
see under Jalap.
The usual dose is 125 mg. (aproximately 2
grains).
Off. Prep. — Compound Mild Mercurous Chloride Pills, N.F.
JUNIPER.

N.F.

Juniper Berries, Juniperus

"Juniper is the dried ripe fruit of Juniperus
communis Linne or its var. depressa Pursh
(Fam.
Pinacece). Juniper yields not less than 0.5 ml.
of juniper oil from each 100 Gm. of drug." N.F.
Juniper Berries; Horse Savin Berries. Fructus Juniperi.
Fr. Genivrier; Baies de genievre. Ger. Wacholderbeeren;
Wacholderfruchte. It. Ginepro. Sp. Enebro.

Juniperus communis L. is an evergreen shrub
or low tree usually small, but sometimes 12 to
30 feet high, with numerous very close branches,
and thin, subulate, prickly pointed leaves — occurring in3's — from 12 to 21 mm. long and about
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2 mm. wide, and grayish on lower surface. The
fruit is a dark blue, subglobular galbulus containing three bony seeds.
The common juniper is a native of Europe and
the northern regions of Asia and North America.
/. communis L., var. depressa Pursh, the variety
which thrives northward, is a trailing shrub, seldom more than 2 to 4 dm. high, spreading in all
directions, throwing out roots from its branches,
and forming beds which are often many rods in
circumference. Its leaves are up to 13 mm. long,
green above, sharp-pointed, with a white stripe
on their under surface. The common juniper
flowers in May, but does not ripen its fruit until
late in the following year. All parts of the plant
contain a volatile oil, which imparts to them a
peculiar flavor. The wood has a slight aromatic
odor, and was formerly used for fumigation. A
terebinthinate juice exudes from the tree and
hardens on the bark. This has been erroneously
considered as identical with the gum known commercial y as sandarac.
During World War II importations of juniper
berries from Europe almost ceased except for
small entries from Portugal and Spain, and the
berries of the low juniper (var. depressa) were
collected on a large commercial scale in Maine
and New Hampshire to make up for the short
supplies arriving sporadically from Europe. These
berries are blue in color and, when freshly gathered and dried, possess an aromatic, but somewhat terebinthinate taste. However, it has been
found that the terebinthinate flavor diminishes
appreciably after storing the berries for a year
or more. These domestic berries from Juniperus
communis var. depressa were admitted to the N.F.
VIII as an additional source of Juniper, and are
still officially recognized.
Following cessation of hostilities in Europe,
larger amounts of European Juniper berries were
imported into this country.
Description. — "Unground Juniper is a nearly
globular galbulus, from 5 to 9 mm. in diameter;
externally smooth, shining, purplish black to
dusky red-purple, occasionally reddish brown or
sometimes, usually in the variety depressa, covered with a blue-gray bloom, and with a 3-rayed
furrow at the apex marking the cohesion of the
3 fleshy bracts; internally it has a soft flesh,
moderate yellowish brown to dusky yellow and
contains numerous large schizogenous cavities.
The seeds are usually 3 in number, triangular
ovate, hard, brown, and have large uneven oil
glands on the surface. Juniper has an aromatic
odor, and a sweet, pleasant, terebinthinate, slightly
bitter taste." N.F. For histology see N.F. X.
"Powdered Juniper is moderate brown to dark
yellowish brown. It shows fragments composed of
stone cells, the latter up to 145 n in length;
monoclinic prisms of calcium oxalate occurring
either singly or within parenchyma or stone cells,
from 5 to 30 m* in length, and occasionally larger;
numerous fragments showing the polygonal cells
of the bract epidermis, fragments of oil glands
and resin masses, and of endosperm tissue." N.F.
Standards and Tests. — Immature or discolored fruits. — Not over 10 per cent. Foreign organic matter. — Not over 3 per cent, other than
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immature or discolored fruits. Acid-insoluble ash.
— Not over 2 per cent. N.F.
Assay. — A 200-Gm. sample of juniper, coarsely
comminuted or powdered, is placed in the flask of
the apparatus used for volatile oil determinations
and the assay performed by Process A. N.F.
Constituents. — Whatever therapeutic utility
juniper berries may have is attributable to the
volatile oil they contain. The proportion of oil is
highest in berries which have attained their full
growth and are still green, or in those which are
at the point of ripening; approximately 1 per
cent of oil has been found in the latter (Trommsdorff). In ripe berries the oil has been partly
changed to resin, the change being complete in
black berries.
Juniper Oil was official as recently as in N.F.
IX. It is a colorless or yellowish liquid, having
the characteristic odor and taste of the berries;
it dissolves in 4 volumes of alcohol to form a
cloudy or turbid solution. It contains alphapinene, camphene, cadinene, terpineol, and traces
of esters.
Uses. — Juniper berries, as well as juniper oil,
which is the active constituent of the former,
were formerly employed for their stimulant effect
in chronic disorders of the genitourinary tract.
They were also popular as ingredients of diuretic
compositions, particularly in so-called "patent
medicines." An infusion made by macerating an
ounce of the bruised berries in a pint of boiling
water was sometimes used. The local irritant
effect of the volatile oil is capable of producing
injurious effects upon the kidneys, especially when
these are inflamed.
The usual dose of juniper berries is given by
the N.F. as 4 Gm. (approximately 60 grains).
The oil has been given in doses of 0.06 to 0.3 ml.
(approximately 1 to 5 minutes).
Off. Prep. — Buchu, Juniper and Potassium
Acetate Elixir, N.F.
KAOLIN.

N.F. (B.P.)

[Kaolinum]

"Kaolin is a native hydrated aluminum silicate,
powdered and freed from gritty particles by elutriation." N.F. The B.P. provides separate monographs for Heavy Kaolin and for Light Kaolin;
the former is defined as a native aluminum silicate, powdered and freed from gritty particles by
elutriation, the latter as purified native aluminum
silicate free from gritty particles.
B.P. Heavy Kaolin; Kaolinum Ponderosum. B.P. Light
Kaolin; Kaolinum Leve. China Clay; Porcelain Clay;
White Bole. Bolus Alba; Terra Alba; Argilla Alba. Fr.
Kaolin; Bol blanc. Ger. Weiszer Ton; Porzellanerde.
It. Caolino; Argilla. Sp. Arcilla blanca.

Kaolin is a generic term applied to several native hydrated aluminum silicates, also called
"clays." Not all native hydrated aluminum silicates, however, may be called kaolin. There are
at least three different classes of clays which are
classified geologically as kaolin, namely, the kaolinite, dickite, and nacrite groups, the formula for
each of which is Al2O3.2SiO2.2H2O. Kaolinite is
the most common class, deposits of this group
being widely distributed. The kaolins are not primary minerals; rather are they to be considered
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as decomposition products resulting from the
weathering of rocks.
Perhaps the best clays, from the therapeutic
standpoint, are the fine china clays found especially in England, but also in the United States,
France, Czechoslovakia, Germany and Japan.
These clays are of the kaolinite class and differ
from ordinary rock clays in being whiter, less
contaminated with extraneous minerals, and in
possessing less plasticity with water as a result
of their microcrystalline structure compared with
the amorphous form of other clays. Mutch {Brit.
M. J., 1937, 1, 594) suggested that the term
"medicinal kaolin" be limited to purified china
clays of the kaolinite type.
The ordinary china clay of commerce is obtained by elutriation of the crude mined material,
the larger particles of quartz, mica and partially
altered feldspar being thus removed. Such clays,
however, still contain much fine grit, readily detectable microscopically and by grinding between
the teeth. To obtain clay of a finer state of subdivision, referred to commonly as "colloidal kaolin," the elutriated clay is peptized in water by
adding the proper quantity of a suitable electrolyte, such as sodium pyrophosphate, which confers an electrical charge upon the particles and
keeps the finer ones in suspension while the
heavier grit subsides. The suspension of "colloidal
kaolin" is then removed, flocculated with another
electrolyte or by an electrical field, then collected,
washed and dried. Mutch {loc. cit.) believes that
medicinal kaolin for internal use should be defined "as having been freed from grit not merely
by elutriation but also by peptization and flocculation or by some equivalent process yielding a
high-grade 'colloidal clay.' " He also calls attention to the sticky, flocculated condition assumed
by many kaolins, a property which is conducive
to the formation of intestinal concretions. Halpern et al. (Bull. N. F. Com., 1951, 19, 33) found
variations in the particle size of four different
samples of kaolin meeting official specifications;
they suggest that a specification limiting the proportion of particles exceeding 10 microns in size
be provided.
While kaolin is also employed externally for
its water-binding property, it is generally agreed
that the therapeutic usefulness of kaolin, when
employed internally, is dependent on its adsorptive properties in removing toxic substances from
surrounding fluids. Wide variation of this property, even among kaolins obtained from the same
locality but differing in subsequent treatment, has
been reported by several investigators. Tests for
evaluating samples of kaolin by measuring their
adsorptive capacity for various dyes have been
shown by Mutch to be selective in nature and
not indicative of the ability to adsorb specific
toxic substances. He recommended that the therapeutic effectiveness of kaolin, and allied substances as well, be assayed in terms of the adsorption ofsome definite food poison, decomposition material, or other toxic substance. In Mutch's
experiments, solutions of mussel poison, muscarine, solanine, histamine and tetanus toxin were
employed for this purpose.
Ftdler's earth is a non-plastic clay which is
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closely related to kaolin and possesses essentially
the same properties as the latter. Like kaolin,
its adsorbing and water-binding properties vary
widely. It derives its name from the fact that
it is used in fulling cloth ; today it is widely used
for decolorizing and purifying fats and oils.
Bentonite is also a hydrated aluminum silicate,
differing from kaolin in certain of its properties;
for a description of it see under Bentonite. Terra
Sigillata was a form of clay from Asia Minor,
once so highly esteemed that its production was
permitted only under governmental authority;
it was sent to the market in masses, each bearing
the imprint of the seal of the authority — whence
its name.
In view of the extensive use of various clays as
filtering aids in clarifying and purifying certain
liquids, particularly oils and fats, such clays
should not be used indiscriminately for all liquids.
In addition to the substances mentioned above as
being adsorbed by kaolin, most clays will also
adsorb alkaloids as well as certain members of
the vitamin B complex. Before employing any
clay as a filtering aid one should first determine
what effect it may have on substances intended
to remain dissolved in the filtrate.
Description. — "Kaolin occurs as a soft, white
or yellowish white powder, or as lumps. It has an
earthy or clay-like taste and, when moistened
with water, assumes a darker color and develops
a marked clay-like odor. Kaolin is insoluble in
water, in cold dilute acids, and in solutions of the
alkali hydroxides." N.F.
Standards and Tests. — Identification. — On
heating 1 Gm. of kaolin with a mixture of 10 ml.
of distilled water and 5 ml. of sulfric acid to
fumes of sulfuric anhydride there is precipitated,
on adding 20 ml. of water and boiling a few minutes, a gray impure silica. The filtrate separated
from the mixture responds to tests for aluminum.
Loss on ignition. — Not over 15 per cent. Acidsoluble substances. — Not more than 10 mg. of
residue remains when 10 ml. of filtrate separated
from a digested mixture of 1 Gm. of kaolin and
20 ml. of diluted hydrochloric acid is evaporated
and ignited. Carbonate. — No effervescence occurs
on mixing 1 Gm. of kaolin with 10 ml. of distilled water, then adding 5 ml. of sulfuric acid.
Iron. — Addition of 500 mg. of sodium salicylate
to a mixture of 2 Gm. of kaolin and 10 ml. of
distilled water produces not more than a slight
reddish tint. Lead. — The limit is 10 parts per
million. N.F.
The B.P. description and tests for Heavy
Kaolin are similar; arsenic is limited to 2 parts
per million and lead to 10 parts per million. Light
Kaolin is also described similarly but is required
to meet certain additional tests limiting the size
of particles. A test for the limit of coarse particles starts with the agitation of 5 Gm. of sample
with 60 ml. of a 1 per cent solution of sodium
pyrophosphate in a suitable cylinder, after which
the mixture is allowed to stand for 5 minutes,
then 50 ml. of the suspension is withdrawn with
the aid of a pipette from just below the surface
of the liquid. Fifty ml. of water is added to the
remaining liquid, the mixture is allowed to stand
for 5 minutes, and 50 ml. is withdrawn as before.
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In order to limit the number of particles larger
than 10 microns in diameter, a 20-Gm. sample
is shaken vigorously for 2 minutes with sufficient
water to produce one liter. After standing for
20 minutes, 25 ml. of the suspension is withdrawn
by means of a pipette from a point 10 cm. below
the surface of the liquid. The weight per ml. of
the suspension thus withdrawn must be not less
than 1.0086 Gm. The test for limit of particles
larger than 3 microns in diameter is identical except that the mixture is allowed to stand for 2>y2
hours. The weight per ml. of the sample withdrawn must be not less than 1.0063 Gm.
Uses. — Various forms of clay have been used
in medicine from time immemorial either as external or internal remedies. As an external agent
kaolin is useful for its protective influence and
for its power of absorbing moisture. As a desiccant dusting powder it is sometimes applied to
weeping eczemas, freely discharging ulcers, and
similar conditions. A paste of kaolin in olive oil
is used to protect the skin around ileostomy or
cecostomy openings from the digestive enzymes.
Internally, kaolin has been used as an absorptive in the symptomatic treatment of various
forms of enteritis; it is thought that kaolin provides a protective coating for the irritated mucosa and thereby decreases discomfort; it may
also diminish the loss of water and electrolytes
until specific therapy can be instituted. To be
effective, it needs to be suspended in finely divided form for administration (Smith, Lancet,
1937, 1, 438). However, it often fails to produce
beneficial results. Braafladt (/. Infect. Dis., 1923,
33, 434) has even reported successful use in
Asiatic cholera. Eyerly and Breuhaus (J. A.M. A.,
1937, 109, 191) used it for ulcerative colitis.
Mutch (Brit. M. J., 1937, 1, 596) maintains that
the failures of kaolin therapy have been due
either to the presence of gritty contaminants or
to its tendency to coalesce into sticky masses due
to the presence of an electrolyte, added in the
course of peptization and flocculation and not
subsequently neutralized or removed. Cohn et al.
(J.A.M.A., 1941, 117, 2225) found that kaolin
will produce in the stomach of rabbits granulomas
similar to those seen in cases of silicosis; they
are not certain whether this action was due to the
kaolin itself or to particles of quartz or of sericite
which were present. It would seem that while
certain forms of kaolin may be valuable in these
conditions the official standards are not entirely
adequate to ensure having a product that is
effective and suitable for use as an internal medicament. Kaolin has also been suggested as an antidote for various alkaloidal poisons (see Clowes
and Walters, J.A.M.A., 1920, 75, 655) but, without adsorptive standization in the N.F., the adsorptive property of different samples may vary.
Many preparations of kaolin in combination with
bismuth salts, pectin, belladonna and other drugs
are in use.
The standards of the B.P. for light kaolin en-
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sure a product of greater usefulness for internal
administration. It is directed that "When Kaolinum or Kaolin is prescribed or demanded, Light
Kaolin shall be dispensed or supplied." B.P.
Heavy kaolin is used in making the poultice.
Kaolin has been widely used in the form of the
cataplasm as a carrier of heat and moisture in
various local inflammations. It is also recommended, because of its mechanical properties, as
an aid in cleansing the hands of the surgeon.
Kaolin is not easily affected by most chemical
reagents, and it forms a good diluent or excipient
for silver nitrate, potassium permanganate, or
other salts which are decomposed by organic substances. It is an effective absorbent diluent for
preventing liquefaction of eutectic mixtures; a
weight approximately equal to that of the
eutectic ingredients is required (Bellafiore, /. A.
Ph. A., Prac. Ed., 1943, 14, 580). S
Dose, 15 to 60 Gm. (approximately J/i to 2
ounces) one to three or more times a day.
Storage. — Preserve ''in well-closed containers." N.P.
KAOLIN MIXTURE WITH
PECTIN.
N.F.
Mix 200 Gm. of kaolin with 500 ml. of purified
water. Triturate 10 Gm. of pectin, 5 Gm. of
powdered tragacanth, and 1 Gm. of saccharin
sodium with 20 ml. of glycerin and add to this,
with constant stirring, a solution of 2 Gm. of
benzoic acid in 300 ml. of boiling purified water.
Allow the mixture to stand until it cools to room
temperature and all the pectin is dissolved; then
add 1.5 ml. of peppermint oil, the mixture of
kaolin and water, and sufficient purified water to
make the product measure 1000 ml. N.F.
Standards and Tests. — Identification. — The
test described under Kaolin is applied to a portion of the residue obtained in the test for
Residue on ignition. Specific gravity. — Not less
than 1.10 and not more than 1.15. Residue on
ignition. — The residue from 10 Gm. of the mixture corresponds to not less than 17.5 Gm. and
not more than 19.5 Gm. in 100 ml. N.F.
Uses. — Kaolin mixture with pectin is a gastrointestinal adsorbent and demulcent recommended
particularly for symptomatic relief in diarrhea.
While in large dose pectin has a bacteriostatic
action in the colon (Werch, Bull. U. S. Army
Med. Dept., 1948, 8, 199) the amount of it
present in this and similar products on the market
exerts chiefly the function of a hydrophilic
colloid and demulcent (Brown, /. Kansas M.
Soc, 1947, 48, 309); also stabilization of the
suspension is in large measure achieved through
the use of pectin.
Suspension of the active components of this
mixture in aluminum hydroxide gel is reported to
increase the efficacy of kaolin as an adsorbent
(Emery, J. A.M. A., 1937, 108, 202; Spiesman,
Rev. Gastroenterol, 1943, 10, 191).
A number of preparations of this type, varying in the proportions of the ingredients and
sometimes containing other ingredients, are available commercially. Kalpec (Wyeth) contains 2.92
Gm. of kaolin and 0.26 Gm. of pectin in sufficient
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aluminum hydroxide gel to make 30 ml.
Kaopectate (Upjohn) contains 5.83 Gm. of
kaolin and 0.13 Gm. of pectin in an aromatic,
aqueous vehicle to make 30 ml.
The usual dose of the N.F. preparation is 30
ml. (approximately 1 fluidounce), administered
with half a glass of water 1 to 3 times daily, or
after each loose stool. The use of larger doses is
not necessary to produce a therapeutic effect and
may produce constipation and, in debilitated and
dehydrated patients, even fecal impaction.
Storage. — Preserve "in tight containers." N.F.
B.P.
KAOLIN POULTICE.
Cataplasma Kaolini
Kaolin Cataplasm, N.F. IX.

Mix 565 Gm. of kaolin, in very fine powder
recently dried at 110°, with 45 Gm. of boric
acid, in very fine powder, and thoroughly incorporate with 387 Gm. of warm glycerin, recently
heated to 100°. Add a solution of 0.5 Gm. of
thymol in 2 ml. of methyl salicylate and 0.5 ml.
of peppermint oil, and make a homogeneous
mass. N.F. IX. The B.P. formula is essentially
the same.
Uses. — Kaolin cataplasm is used as a means of
applying heat for counterirritation for deep-seated
inflammations of the chest, joints, and muscles,
and for furuncles. Because glycerin has a much
higher boiling point than water the cataplasm
can be raised to a temperature high enough to
cause serious injury; care should be taken in
applying the cataplasm. Antiphlogistine (Denver
Chemical) is the original preparation of this
type available commercially.
IX.
Storage. — Preserve "in tight containers." N.F
LACTIC

ACID.

U.S.P., B.P., LP.

2-Hydroxypropionic Acid, [Acidum Lacticum]

CHs.CHOH.COOH
"Lactic Acid is a mixture of lactic acid
(C3H6O3) and lactic anhydride (C6H10O5)
equivalent to a total of not less than 85 per cent
and not more than 90 per cent, by weight, of
C3H6O3." U.S.P. Lactic acid of the B.P. is a mixture of lactic acid and its anhydrides, containing
the equivalent of not less than 87.5 per cent w/w
of C3H6O3. The LP. defines it as 2-hydroxypropionic acid containing variable proportions of 2hydroxypropionic acid-2-hydroxypropionate and
lactide; the equivalent of not less than 87.5 per
cent w/w of C3H6O3 is required.
i.(-)-)-Lactic Acid. a-Hydroxypropionic Acid. Ft. Acide
lactique officinal; Acide lactique racemique; Acide propanoloique. Ger. Milchsaure. /(. Acido lattico. Sp. Acido
lactico.

Lactic acid was discovered in milk by Scheele
in 1780; subsequently it was shown to be a
product of the fermentation of lactose and other
sugars. Fermentation is the sole commercial
source employed in this country. The manufacturing process starts with a mash consisting of
a fermentable carbohydrate substrate (molasses,
whey or corn sugar are commonly employed)
together with suitable mineral and proteinaceous
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nutrients in the presence of an excess of calcium
carbonate (which by neutralizing the lactic acid
as it is formed prevents the pH from dropping
below the optimum for lactic acid production).
Any of several strains of the lactobacillus family
can be used to inoculate the medium but the
preference is for thermophilic bacteria of the
type of Delbruckii which exhibit optimum activity at 50°. The limit of concentration of lactic
acid obtainable in the fermentation is governed
by the solubility of calcium lactate, approximately 15 per cent at the temperature of fermentation. From the calcium lactate solution the
lactic acid is liberated by acidulation with sulfuric
acid; the calcium sulfate which is formed is
separated and the liquid is concentrated to yield
a crude, commercial or technical grade of lactic
acid containing 22, 44 or 80 per cent of lactic
acid.
A better quality of lactic acid is the edible
grade, customarily sold in 50 and 80 per cent
concentrations. Still better is the plastics grade,
offered in the same concentrations, and the best
quality is that meeting the U.S. P. tests. In producing the better grades of lactic acid either a
refined sugar is used in the fermentation process,
or the acid produced as described above is purified. Color, flavor and odor of the less pure acids
are removed chiefly by refining with vegetable
carbon, while such metals as iron and copper are
removed by treatment with sodium or calcium
ferrocyanide. In some processes a solvent such
as isopropyl ether is employed to extract lactic
acid from impure solutions; the ether solutions
are in turn extracted with water. In preparing
the official acid steam distillation under high
vacuum is sometimes utilized; in another process
the acid is esterified with methanol to methyl
lactate, which is fractionally distilled and thereafter hydrolyzed by boiling with water. For a
more detailed description of the methods for
producing the various grades of lactic acid see
Peckham {Chem. Eng. News, 1944, 22, 440).
Lactic acid may also be prepared by the alkaline degradation of hexose sugars, especially at
pressures above atmospheric, and it may be synthesized by the interaction of acetaldehyde and
carbon monoxide at high pressure (for references
see the paper by Peckham). Allgeier et al. (Ind.
Eng. Chem., 1929, 21, 1039) prepared the acid
from commercial mill sawdust by first hydrolyzing it to form sugars, then fermenting the
product.
As the molecule of lactic acid contains an
asymmetric carbon atom, it is capable of existing
in mirror-image forms, one levorotatory, the
other dextrorotatory; a mixture of the two is
inactive (racemic). Fermentation lactic acid is
generally the racemic variety, though under certain conditions it is possible to have a dextrorotatory or a levorotatory product. A dextrorotatory
form of lactic acid, called sarcolactic acid, is
found in muscles; this is sometimes written as
(f-lactic acid but actually its structural configuration, by comparison with the standard for
stereoisomerism, is that of the /-acid. In accordance with recent rules of nomenclature this acid
should be designated as L(+)-lactic acid, the l
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indicating its structural configuration and the
( + ) its dextrorotation. The other form should
be designated as d(-) -lactic acid. A surprising
fact concerning these acids is that their respective
salts have optical activities opposite to those of
the acids.
Description. — "Lactic Acid is a colorless, or
yellowish, nearly odorless, syrupy liquid. It
absorbs water on exposure to moist air, and
cannot be distilled under normal pressure without decomposition. The specific gravity of Lactic
Acid is about 1.206. Lactic Acid is miscible with
water, with alcohol, and with ether. It is insoluble
in chloroform." U.S.P.
Standards and Tests. — Identification. — Lactic acid responds to tests for lactate. Residue on
ignition. — Not over 6 mg. from 5 ml. of lactic
acid. Carbonizable substances. — No dark color
forms at the zone of contact of lactic acid on
sulfuric acid during 15 minutes at a temperature of 15°. Chloride. — No opalescence is produced immediately on adding silver nitrate T.S.
to a 1 in 100 solution of lactic acid. Citric, oxalic,
phosphoric, or tartaric acid. — No turbidity is produced when a 1 in 10 solution of lactic acid is
boiled for 2 minutes with 4 volumes of calcium
hydroxide T.S. Sulfate. — No turbidity is produced
on adding barium chloride T.S. to a 1 in 100
aqueous solution of lactic acid containing hydrochloric acid. Heavy metals. — The limit is 10 parts
per million. Sugars. — No red precipitate is produced on adding 5 drops of lactic acid to 10 ml.
of hot alkaline cupric tartrate T.S. U.S.P. Arsenic
and lead limits of 4 and 10 parts per million, respectively, are specified by the B.P.
Assay. — A weighed sample of about 2.5 ml. of
lactic acid is boiled with 50 ml. of 1 iV sodium
hydroxide for 20 minutes; the excess of alkali
is titrated with 1 N sulfuric acid, using phenolphthalein as indicator. A residual blank titration
is performed. Each ml. of 1 N sodium hydroxide
represents 90.08 mg. of C3H6O3. In this assay it
is necessary to boil the lactic acid with sodium
hydroxide in order to ensure complete hydration
of lactic anhydride to the acid, which is neutralized, along with the acid present in the sample,
to sodium lactate. U.S.P.
Uses. — At one time hypnotic properties were
attributed to lactic acid but today it is rarely
used as an internal remedy except in infant-feeding formulas. In the preparation of acidified milk,
lactic acid is added to whole milk in the proportion of 45 to 60 minims of the acid to a pint
of milk. Thus used, the acid should be added
drop by drop to cold milk, stirring well to prevent formation of large curds. A fine flocculent
curd results which will flow through an ordinary
rubber teat. Sugar or honey is added to the milk
after this treatment. The milk should not be
boiled or strongly heated after addition of acid
lest large clots form.
In concentrated form lactic acid is an active
caustic. For this reason adequate directions must
be given when lactic acid is dispensed for the
infant's formula. Young and Smith (J.A.M.A.,
1944, 125, 1179) reported 3 deaths due to caustic
poisoning within a few hours after a mixture of
equal parts of milk, water and lactic acid was
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administered by stomach tube to premature infants. Another death, due to esophageal stenosis
developing at 7 months of age following administration ofone teaspoonful of lactic acid at the
age of 2 weeks, was reported by Trainer et al.
(Am. J. Dis. Child., 1945, 69, 173); these authors
call attention to the use of lactic acid in the 19th
century for removal of granulation tissue, epitheliomas, etc.
Intravenous injections of lactic acid have been
found effective in arousing patients with hepatic
coma
(Treppinger,
zurof klinischen
Chirurgie,
1950, 181, Beitr'dge
81). A total
5 ml. of
lactic acid in 50 ml. of isotonic sodium chloride
solution was generally administered, in one or
more injections; certain patients required more
lactic acid. Administration of dextrose had been
ineffective. Since glycogen deficiency is considered
to be the cause of hepatic coma the utility of
lactic acid was considered to depend on the
ability of damaged liver cells to synthesize
glycogen from lactic acid even though they are
unable to do so from dextrose.
Waugh (Brit. M. J., 1945, 1, 873) relieved
pain and improved function in osteo-arthritis of
the hip by injecting a lactic acid solution, of pH
5.8 and containing procaine, into and around the
joint; Mawson (Brit. M. /., 1946, 2, 691) used a
0.2 per cent solution, adjusted to pH 5.2 and injected in amounts of 15 to 20 ml., for the same
purpose. Carey (Am. J. Path., 1942, 18, 23 7:
Proc. S. Exp. Biol. Med., 1944, 55, 194) reported.
however, that an 0.05 per cent solution of lactic
acid destroys the motor end plates of nerve in
muscles. While finding Waugh's lactic acid and
procaine injection to be useful in the treatment
of arthritis, Baker and Chayen (Lancet, 1948.
254, 93) observed no striking difference in the
favorable results obtained when an isotonic solution of procaine or even an isotonic solution of
sodium chloride was similarly used; they suggested that the benefit obtained is largely the
result of the lubricating action of the injected
fluid. On the basis of his observation that lactic
acid with procaine injections did not produce results different from those in a control group,
Lawrence (ibid., 1953, 2, 913) concluded that
the acid has no therapeutic action in osteoarthritis.
Sokoloff (Rev. Gastroenterol., 1945, 12, 425)
found that 54 per cent of 62 cases with amebiasis
were benefited by administering up to 3 tablespoonfuls daily of a special anhydrous acid which
had been prepared for him and which he refers
to as trilactic acid. This acid, probably representing a compound in which two molecules of
water have been split out of three molecules of
lactic acid, dissolves very slowly in water and
reaches the colon and cecum without being
greatly affected by gastric juice. The official lactic
acid is actively absorbed in the small intestine
and is therefore of little if any use in treating
infection of the large intestine. Besides promoting
the growth of acidophilic bacteria the trilactic
acid is also an amebicide.
When diluted, lactic acid is stimulant and germicidal. Bergeim and Cornbleet (Am. J. Med.
Sc, 1943, 205, 785) state that recent perspira-

tion, when acid, is mildly antiseptic due to the
presence of lactic acid. Lovelock, Tidwell and
Raymond (Nature, 1944, 153, 743) vaporized
lactic acid by steam distillation from a brass
boiler and found a concentration of 3.5 mg. per
cubic meter of air to be an effective aerosol bactericide.
Lactic acid is employed in spermicidal jellies
in 2 per cent concentration; the effect is due to
the acidity of the preparation rather than to any
specific effect of lactic acid (see Brown et al.,
Human Pert., 1943, 8, 65). A 3 per cent solution
has been recommended by Sneguirewa for irrigation in foul leukorrheas.
Applied topically on patients with herpes simplex, pruritus ani and vulvae tinea, seborrhea,
ichthyosis and certain other skin disorders, Stern
(Urol. Cutan. Rev., 1946, 50, 106) found 3 per
cent of lactic acid in a greaseless cream base to
produce good clinical results. ®
Dose, from 0.3 to 2 ml. (approximately 5 to
30 minims).
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Compound Iodochlorhydroxyquin
Powder, U.S.P.; Compound Glycerophosphates
Elixir; Compound Pepsin Elixir, N.F.
LACTOSE.

U.S.P., B.P.

Milk Sugar, Saccharum Lactis, [Lactosum]
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"Lactose is a sugar obtained from milk."
U.S.P.
Sugar of Milk; Lactin. Fr. Lactose; Sucre de lait;
Lactine; Lactobiose. Ger. Milchzucker. It. Zucchero di
latte; Lattosio. Sp. Lactosa; Azucar de leche.

As in the case of dextrose, which forms alphaand beta- isomers depending on the relative positions of H and OH attached to the number 1
carbon atom, lactose likewise exists in alpha- and
beta- forms, for the same reason. Since the alphaform of lactose is further capable of existing in
anhydride and hydrate forms, three varieties of
milk sugar are known. These are known as alphaanhydride-lactose, alpha-hydrate-lactose and betaanhydride-lactose, the latter known also as betalactose.
The milk sugar of commerce is the alphahydrate and is obtained by crystallization at temperatures below 90°, as indicated in the manufacturing process outlined below. By drying the
solid alpha-hydrate at 120° in vacuo the alphaanhydride is obtained. When aqueous solutions
of the alpha-hydrate or common form of lactose
are heated above approximately 93.5° dehydration and transition to a beta-anhydride-lactose
occur, the latter being considerably more soluble
than ordinary milk sugar. Depending upon the
temperature of crystallization, therefore, it is
possible to obtain alpha-hydrate or betaanhydride or a mixture of both sugars. For a
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detailed discussion of the equilibrium which
exists between the various forms of lactose in
aqueous solution the reader is referred to a paper
by Bell {hid. Eng. Chem., 1930, 22, 51).
The alpha-hydrate or common variety of sugar
of milk may be prepared as follows: The whey
left after the first curding of the milk (by the
separator system) is run into vats, heated with
about 1 per cent of hydrochloric acid to remove
coagulable protein, then neutralized with calcium
hydroxide. The whey is then generally filtered
through a filter press and the filtrate evaporated
in vacuo to a thick syrup, run into pans, and
allowed to stand for two days, when granular
crusts form. These are separated by centrifuging,
and washed with cold water to remove calcium
chloride and soluble impurities. The crude milk
sugar is dissolved in water, the resulting solution
treated with boneblack, and the colorless syrupy
liquid concentrated in vacuo to a pasty mass,
which is washed with cold water in a centrifuge.
The mass of lactose is then dried and powdered.
Several methods describing the preparation of
beta-lactose have been patented, all of them involving separation of this form of the sugar at
temperatures above the transition temperature of
the alpha-hydrate form. Because of the greater
solubility of hypodermic tablets prepared with
this substance as the diluent beta-lactose is by
some manufacturers preferred for this use.
Description. — "Lactose occurs as white, hard,
crystalline masses or as a white powder. It is
odorless, and has a faintly sweet taste. It is
stable in air, but readily absorbs odors. Its solutions are neutral to litmus. One Gm. of Lactose
dissolves slowly in 5 ml. of water, and in 2.6 ml.
of boiling water. Lactose is very slightly soluble
in alcohol and is insoluble in chloroform and in
ether." U.S.P.
Standards and Tests. — Identification.— On
warming a mixture of 5 ml. of sodium hydroxide
T.S. and 5 ml. of a hot saturated solution of
lactose, the liquid becomes yellow, and finally
brownish red. On adding several drops of cupric
sulfate T.S. a red precipitate of cuprous oxide
forms. Specific rotation. — Not less than +52.2°
and not more than +52.5°, when determined in
a solution containing 10 Gm. of dried lactose and
0.2 ml. of ammonia T.S. in 100 ml. Residue on
ignition. — Not over 0.1 per cent. Heavy metals. —
The limit is 5 parts per million. Other sugars. —
From 2.5 Gm. of lactose there is extracted not
over 12 mg. of sugars soluble in 90 per cent
alcohol. Clarity and color of solution. — A solution of 3 Gm. of lactose in 10 ml. of boiling
water is clear, colorless, and odorless. U.S.P. The
B.P. limits for arsenic, copper, and lead are 1, 3,
and 2 parts per million, respectively.
Lactose does not undergo direct fermentation
with yeast; after hydrolysis with acids, however,
it may be fermented with formation of ethyl
alcohol. Nitric acid converts lactose to mucic
acid. In the presence of dilute sulfuric acid
lactose is hydrolyzed to a mixture of galactose
and dextrose, both having a composition represented by C6Hi20c.
Uses.— Sugar of milk is less sweet than sucrose.
Because of its relative tastelessness it is some-
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times preferred as an article of diet to supply a
high caloric intake, and is used in modifying
cow's milk for infant feeding. Lactose may cause
more flatulence than the dextrin type of carbohydrate. In the process of metabolism lactose is
hydrolyzed to a mixture of galactose and glucose
(dextrose) ; sucrose, it will be recalled, is hydrolyzed to levulose and glucose.
Lactose is believed to encourage the growth of
Bacillus acidophilus in the intestines more than
do other carbohydrates and is recommended as
an article of diet when this type of therapy is
employed. Beta-lactose, which is sweeter than
lactose, is stated to be still more efficacious for
the same purpose. Herz {Munch, med. Wchnschr.,
1951, 93, 2152) obtained good results from use
of beta-lactose in the management of putrefactive
processes resulting from dyspepsia or constipation
unassociated with spastic conditions. The intestinal flora showed a shift toward a predominance of gram-positive bacteria, which reverted
to a predominance of gram-negative organisms
upon cessation of therapy. The average daily
dose was 75 Gm., with length of treatment extending from 1 to 6 weeks.
Like other crystalloids, lactose is capable of
functioning osmotically to exert laxative and
diuretic effects when administered in large doses
and has been used therapeutically for these
effects. Lactose may be found in urine during
lactation and the latter part of pregnancy and
may require special tests to differentiate it from
dextrose. However, the usual urinary reducing
substance encountered during pregnancy prior to
lactation is dextrose, which results from lowering
of the renal threshold for this substance in a
significant number of patients.
In pharmacy lactose finds considerable use as
a diluent, also as a base for preparing hypodermic
tablets. The greater solubility of beta-lactose has
led to its use in place of lactose for the latter
purpose by some manufacturers.
Lactose is used more or less ad libitum for the
purposes discussed above.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Saccharacted Ferrous Carbonate,
N.F.; Ipecac and Opium Powder, N.F., B.P.
B.P.

LAMELLA.

Lamellae
Medicated Gelatin Disks; Ophthalmic Discs. Gelatina
Medicata in Lamellis; Gelatina in Lamellis; Disci; Lamella:
Ophthalmicae. Fr. Disques de gelatine. Gcr. Gelatinelamellen. It. Dischi oftalmici. Sp. Discos oftalmicos.

Under this title the British Pharmacopoeia
recognizes discs prepared from gelatin, glycerin
and distilled water, which contain small amounts
of alkaloids and are intended to be inserted by
oculists under the eyelid to produce the characteristic effect of the alkaloid when the disc dissolves.
The base used in preparing the lamellae contains
18 per cent of gelatin, 2 per cent of glycerin, and
80 per cent of distilled water, all by weight. The
alkaloid is dissolved in this base, with the aid of
gentle heat, and the solution is poured on a sheet
of plate glass, previously thinly coated with
white beeswax. The film is dried at a temperature
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ring, free from red, is produced at the junction
of the liquids. Specific rotation. — Not less than
+32.0° and not more than +34.5°, when determined in a methanol solution containing 200
mg. of dried lanatoside C in each 10 ml. Loss on
drying. — Not over 7.5 per cent, when dried in
vacuum over sulfuric acid to constant weight.
LANATOSIDE C. N.F LP.
Residue on ignition. — Not over 0.1 per cent. N.F.
[Lanatosidum
C]
Uses. — Lanatoside C and its therapeutically
CH3
equivalent desacetyl derivative deslanoside, which
latter has replaced lanatoside C in preparing inOH
jections because it is more stable in solution, have
1=0
the actions and uses of other digitalis glycosides
(see under Digitalis) but as deslanoside is most
frequently used intravenously.
Action. — All of the digitalis glycosides have
similar pharmacological action although the dosage varies and there are differences in absorption from the gastrointestinal tract, in rates of
inactivation in vivo, in potencies by different
0— (Digitoxose) - glucose -acetyl, less 4hL0
assav methods and assay animals, etc. (DeGraff,
Bull. N. Y. Acad. Med., 1942, 18, 246). In gen"Lanatoside C is a glycoside obtained from the
leaves of Digitalis lanata Ehrh. (Fam. Scrophueral, lanatoside C has a greater and more persistent action than strophanthin, but it is less
lariacece). Caution. — Lanatoside C is extremely
cumulative than digitoxin and it has a wider
Poisonous." N.F. The LP. definition is similar.
range between the therapeutic and toxic dose
Digilanid C. Cedilanid (Sando3). Sp. Lanatosida C.
than most of the other glycosides (Moe and
Lanatoside C is the genuine glycoside of
Visscher, /. Pharmacol., 1938, 64, 65). Compared
Digitalis lanata which has no counterpart, as do
with digitoxin, it is poorly absorbed from the
lanatoside A and lanatoside B from the same
gastrointestinal tract. Friedman and Bine (/. Clin.
plant, in Digitalis purpurea. Stoll was successful,
Inv., 1949, 28, 32) devised a method whereby
by using an extraction process in which the
amounts of lanatoside C as small as 0.1 microenzymatic hydrolysis usually occurring in such
gram per ml. of blood plasma could be differentiated by their action on the embryonic duck
processes is avoided, in separating each of these
lantosides.
heart, and determined that more than 80 per cent
Lanatoside C yields various hydrolysis
of a dose administered intravenously to human
subjects disappeared within 22.5 minutes, approducts, depending on the conditions of hydrolysis. Thus it is possible to remove the acetyl
parently bydiffusion. They noted further that the
group only, leaving desacetyl-lanatoside C, which
rate of disappearance was unaffected by the presis official in the U.S. P. as deslanoside and which
ence or absence of congestive heart failure. In
because of its greater stability has replaced
two patients manifesting digitalis intoxication 24
hours after administration of lanatoside C, no
lanatoside C for preparing injections of this
detectable quantities of the drug remained. Bine
glycoside (lanatoside C is used in preparing
et al. (Proc. S. Exp. Biol. Med., 1952, 79, 513)
tablets). It is also possible to split off both the
acetyl group and glucose of lanatoside C (see
ascertained that in rats the urinary excretion durthe formula above), leaving digoxin, which still
ing the first 24 hours after intravenous adminiscontains three molecules of the characteristic
tration was six times that of digitoxin. Friedman
digitalis sugar digitoxose. Complete hydrolysis
and Bine (Am. Heart J., 1948, 35, 984), employing the embryonic duck heart, found that the
of lanatoside C removes the digitoxose also, leaveffects of lanatoside C were not enhanced by the
ing digoxigenin as the aglycone. For further information concerning lanatoside C see under
presence of excessive amounts of calcium and
that typical effects occurred in its absence. They
Digoxin.
observed
(ibid.; Am. J. Med. Sc, 1947, 214, 633)
Description. — "Lanatoside C occurs as colorthat the absence of potassium
enhances the
less or white crystals or as a white, crystalline
action of lanatoside C, while excess potassium
powder. It is odorless. It melts indistinctly, and
inhibits its effects. This action of excess potaswith decomposition, above 240° after previous
sium may result from a direct depression of
sintering. It is hygroscopic, rapidly absorbing
irritability of heart muscle or by serving as a
about 7 per cent of moisture when exposed to air.
Lanatoside C is insoluble in water. It is soluble
source of potassium to a heart apparently losing
it after exposure to toxic amounts of digitalis.
in dioxane and in pyridine. One Gm. dissolves in
about 20 ml. of methanol and in about 2000 ml.
On the contrary Zeeman et al. (ibid., 1954, 227,
65) found no significant changes in potassium
of chloroform. It is practically insoluble in ether
content of the heart muscle in dogs after lethal
and in petroleum benzin." N.F.
doses of lanatoside C.
Standards and Tests. — Identification. — A
Like other digitalis glycosides, lanatoside C
solution of lanatoside C in acetic acid containing
some ferric chloride is underlaid with sulfuric
reduces venous pressure, circulation time, diastolic heart volume, oxygen consumption and
acid; an intense indigo-blue color is immediately
cardiac rate, but increases cardiac output, pulse
formed in the acetic acid layer, and a brown

not exceeding 36°, then separated from the glass
and cut into discs about 3 mm. (about Y% inch)
in diameter.
The following lamellae are official: Lamellae of
Atropine, Lamellae of Cocaine, Lamellae of
Homatropine, and Lamellae of Physostigmine.
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pressure and mechanical efficiency of the heart in
patients with heart failure (LaDue and Fahr,
Am. Heart J., 1943, 25, 344; Eichna et al,
J. Pharmacol., 1943, 78, 22).
Therapeutic Uses. — Lanatoside C (deslanoside) is employed therapeutically for the same
conditions as digitalis. It is especially indicated
for rapid intravenous digitalization, for patients
who are intolerant to Digitalis purpurea preparations, for auricular fibrillation due to hyperthyroidism and for most supraventricular tachycardias, such as paroxysmal auricular tachycardia,
auricular flutter, etc. (Rutledge, Lahey Clin. Bull.,
1943, 3, 91; Prinzmetal and Kennamer, J.A.M.A.,
1954, 154, 1049). It has proved to be effective
and safe in the routine management of patients
with heart disease, according to the principles
discussed under Digitalis (Parsonnet and Bernstein, Am. Heart J. 1943, 26, 39). After an
intravenous dose of 1.6 mg. in patients with
heart failure and auricular fibrillation, the apical
rate decreased by IS to 80 contractions per
minute during the first IS minutes, in 30 minutes
all the patients felt better and after 12 hours the
apical rate was 85 per minute or less in all patients (Nicholson, New Eng. J. Med., 1943, 229,
619); this procedure was equally effective in
cases of congestive heart failure with normal
sinus rhythm (LaDue, South. M. J., 1943, 36,
124). Whereas auricular fibrillation in hyperthyroidism often responds poorly to powdered
digitalis, LaDue (loc. cit.) found 1.2 mg. of
lanatoside C intravenously very effective. It has
the advantage over strophanthin in that it can
be given to fully digitalized patients who develop
a supraventricular arrhythmia or tachycardia, the
initial dose being 0.8 mg. intravenously (Harsl0f,
Ugeskr. f. laeger, 1949, 111, 661).
Arrhythmia. — In three instances of auricular
flutter Fahr and LaDue (Am. Heart J., 1941, 21,
133) reported restoration of normal rhythm
within 24 hours following intravenous lanatoside
C; they also reported termination of attacks of
paroxysmal auricular tachycardia following 1.2
mg. administered intravenously. Schwab and
Willis (South M. J., 1942, 35, 687) confirmed
this report and Tandowsky (Am. Heart J., 1945,
29, 71) reported successful prophylactic use of
lanatoside C for this condition. Barrow (Ann. Int.
Med., 1950, 32, 116) considers it to be the drug
of choice in treatment of an acute attack of a
supraventricular tachycardia. The average time
for conversion to normal sinus rhythm in his 26
cases was 19 minutes after intravenous injection.
While he found 0.8 mg. to be the smallest effective dose, the average effective dosage was 1.2
mg. in the majority of cases. He advised administration ofan additional 0.4 mg. if rhythm is not
normal within 30 minutes. Incidence of nausea
was minimal. Weisberger and Feil (Am. Heart J.,
1947, 34, 871) used lanatoside C intravenously
with success in terminating 17 episodes of
paroxysmal auricular tachycardia resistant to
other methods of treatment in 13 patients; in 16
instances the tachycardia ceased within 40
minutes, the average time being 17.6 minutes. In
5 patients carotid sinus pressure was effective
immediately after the drug, when there was no
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previous response. It is usually considered that
administration of lanatoside C is contraindicated
in the presence of any ventricular arrhythmia
(Barrow, loc. cit.). However, Shapiro et al.
(Permanente Found. M. Bull, 1952, 10, 27)
claim that in instances of ventricular tachycardia
not initiated by acute myocardial infarction or
digitalis poisoning and not abolished by quinidine
or procaine amide hydrochloride (q.v.), intravenous administration of lanatoside C is effective and without danger, although the mode of
action is not evident.
Erickson and Fahr (Am. Heart J., 1945, 29,
348), using lanatoside C, confirmed Christian's
clinical impression (see under Digitalis) of the
value of digitalis glycosides in the prevention of
decompensation in patients with heart disease
who have not as yet developed heart failure. In
the all too frequent problem-patient, who has
developed congestive heart failure in spite of
digitalization and the use of a maintenance dose,
Ray and LaDue (ibid., 1945, 30, 335) reported
that 0.4 to 0.8 mg. of lanatoside C intravenously
restored compensation in a high percentage of
cases without causing toxic manifestations.
Toxicology. — Toxic manifestations of lanatoside C (deslanoside) are the same as with other
digitalis glycosides. Kwit et al. (J. Pharmacol.,
1940, 70, 254) reported the incidence of mild
toxic symptoms as 7.6 per cent with a digitalizing
dose; double the dose produced an incidence of
50 per cent of toxic symptoms. As with other
glycosides, lanatoside C (deslanoside) must not
be given intravenously in the presence of
coronary thrombosis. If extrasystoles develop
during an intravenous administration the injection should be discontinued, at least temporarily.
Under the name Digilanid (Sandoz) a mixture
of 47 per cent of lanatoside A, 17 per cent of
lanatoside B, and 36 per cent of lanatoside C
has been marketed in injection, solution, suppository and tablet dosage forms; the uses and
dose of the mixture are similar to those of lanatoside C. As lanatosides A and B have been shown
to produce in therapeutic doses toxic arrhythmias
lanatoside C would appear to have an advantage
over the mixture in this regard at least.
Dose. — The oral digitalizing dose of lanatoside
C is between 6 and 8 mg. ; this may be divided
into three parts and administered at intervals of
4 to 6 hours. On the following days 1 to 1.5 mg.
is given daily until compensation is restored,
after which a maintenance dose of 0.25 to 0.5 mg.
is usually given. Absorption by the oral route is
inefficient and somewhat variable. For intravenous
doses of the desacetyl derivative (deslanoside)
see under Deslanoside.
Storage. — Preserve "in light-resistant containers." N.F.
LANATOSIDE C TABLETS.
N.F. (LP.)
"Lanatoside C Tablets contain not less than 90
per cent and not more than 110 per cent of the
labeled amount of C49H76O20." N.F. The corresponding LP. limits are 85.0 per cent and 120.0
perCompressi
cent.
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Assay. — The greenish blue color produced by
the digitoxose moiety of digitalis glycosides with
a reagent of sulfuric acid, acetic acid, and ferric
chloride is used to determine the content of
lanatoside C, quantitative evaluation being
achieved through comparison with the color produced in a similar reaction with N.F. Lanatoside
C Reference Standard (see also discussion under
Assay of Digitoxin). N.F.
Usual Size. — 0.5 mg.
LARD.

Adeps

N.F.

"Lard is the purified internal fat of the abdomen of the hog, Sus scrofa Linne var. domesticus
Gray (Fam. Suidce)." N.F.
Prepared Lard. Adeps Praeparatus; Adeps Suillus;
Axungia SuUIk. Fr. Axonge ; Saindoux. Ger. Schweineschmalz; Schmalz; ^chweinefett. It. Sugna; Grasso suino.
Sp. Grasa de cerdo; Manteca; Manteca de cerdo.

Lard is the most important of the animal fats.
It appears on the market in a number of different grades, according to the part of the animal
from which it is derived and the method employed in rendering it. The greater part of the
lard produced in this country consists of prime
steam lard, which includes fat from all parts of
the animal except the leaf fat, and is rendered by
a wet method. Such lard is often stiffened by the
incorporation of leaf lard, hydrogenated lard
stearin or lard stearin obtained as a residue in
the manufacture of edible lard oil. In some plants
a lard comparable to the prime steam grade is
produced by a dry rendering process, rather than
steam rendering. Such lard cannot be labeled
prime steam lard; it has a flavor somewhat different from the latter and is generally somewhat
darker in color. Otherwise it is identical with
prime steam lard and its flavor is preferred by
some.
Leaf lard, the grade which conforms to the
pharmacopceial requirements, is the hard internal
fat of the hog. It is almost always rendered by
a dry process, and is firmer and lower in iodine
value than ordinary prime steam lard; it also has
somewhat better keeping qualities.
Neutral lard is a special product made by wet
rendering selected stock at a low temperature,
with the object of producing a very mild flavored
fat for margarine manufacture; since the development of efficient processes for deodorizing vegetable oils the production of this grade of lard has
materially declined.
Rendered pork fat is the fat rendered from
certain less desirable packing house products.
The production of lard in the United States
amounts to about 2 billion pounds annually, which
is approximately half the world production.
Description. — "Lard is a white, soft, unctuous mass, having a faint odor and a bland taste,
free from rancidity. Lard is insoluble in water,
very slightly soluble in alcohol, and readily soluble in ether and in chloroform. Lard melts between 36° and 42°, forming a clear liquid from
which no water layer separates." N.F.
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Standards and Tests. — Alkalinity. — Water
boiled with lard should not be alkaline to litmus
paper. Chloride. — The limit is 350 parts per
million. Beef stearin. — 5 Gm. of lard is dissolved
in 20 ml. of ether and allowed to stand 18 hours
at 20° ; the crystals which have formed, when
examined microscopically, should consist of flat,
rhomboidal plates, terminating obliquely at one
end and grouped irregularly. Beef stearin, if present, crystallizes as cylindrical rods or needles
with sharp ends and grouped in fan-shaped
clusters. Cottonseed fats. — On agitating 5 ml. of
melted and filtered lard with 5 ml. of alcohol
containing 50 mg. of silver nitrate and 1 drop
of nitric acid and heating the mixture in a boiling water bath for 5 minutes no reddish or
brown color appears in the liquid fat, and no dark
color is produced at the zone of contact of the
liquids. Free fatty acids. — Not more than 2 ml.
of 0.1 N sodium hydroxide is required for neutralization of10 Gm. of lard. Iodine value. — Not
less than 46 and not more than 70. Saponification
value. — Not less than 195 and not more than
203. Solidification range of fatty acids. — Not below 36° and not above 42°. N.F.
Lard from hogs which have been fed with
cottonseed meal will not only show the tests for
cottonseed oil (Becchi and Halphen tests), but
even the presence of phytosterol (Emmett and
Grindley, J.A.C.S., 1905, 270). The slight reaction shown under these conditions is not likely
to be confused, however, with the marked reaction which occurs in a sample of lard which is
actually adulterated.
Constituents. — Like most animal fats and
oils, lard consists of stearin, palmitin, and olein,
its consistence, when pure, depending largely
upon the relative proportions of these principles.
Dumont and De Clercq (/. pharm. Belg., 1934,
16, 227, 243) devised a method for testing lard
base ointments to detect substitution. Glacial
acetic acid is added to a chloroform solution of
the fat; the appearance of a turbidity indicates
the presence of petrolatum or lanolin.
Lard oil, which was formerly recognized by the
U.S. P. VIII under the name of Oleum Adipis, is
made by keeping lard at low temperatures and
then subjecting it to pressure. In this way the
stearin of the lard is separated from the olein,
the latter oozing out from the presses in the form
of a yellowish- white oil; the stearin which remains islargely used in making soap. Lard oil is
a colorless or pale yellow liquid which, below 10°,
begins to deposit white granular fat and forms a
solid white mass at approximately 0°. Its specific
gravity is from 0.905 to 0.915; it shows a
saponification value of 195 to 197 and an iodine
value between 56 and 74. It is not pure olein but
contains varying proportions of stearin.
Stability. — Exposed to the air, lard absorbs
oxygen and becomes rancid (see also Spontaneous
Changes in Oils, under Fixed Oils). This change
involves the formation of ketones and peroxides,
occurs more rapidly if the fat is alkaline and is
also hastened by light and high temperatures.
Lard should be stored in well-closed containers,
protected from fight and heat. When rancid it is
irritating to the skin, of objectionable odor, and
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may react chemically with medicaments incorporated in it.
Many instances have been proposed as antioxidants to improve the keeping quality of lard.
Digestion with benzoin or poplar buds has long
been practiced and is effective (see Benzoinated
Lard). Guaiac, incorporated in concentrations of
about 0.05 per cent, materially extends the keeping time of lard and is employed commercially;
it retains its protective action even in alkaline
media, as in soda crackers and other prepared
foods (see Mitchell and Black, Ind. Eng. Chem.,
1943, 35, SO) Nordihydroguaiaretic acid, occurring
in the common desert plant, Larrea divaricata,
and having the composition:
(HO)2C6H3CH2.CH(CH3)—
CH(CH3)CH2C6H3(OH)2
is a remarkably effective antioxidant, a concentration of 0.01 per cent greatly extending the
keeping time; it has the disadvantage of not
being stable in contact with alkaline substances
(see Daubert, /. A. Ph. A., 1944, 33, 321). The
use of cacao butter, hydrogenated oils and distillates from them, coniferyl or vanillyl alcohols
and their esters, and phosphorous acid have all
been patented for this purpose. Oat flour was
recommended by Conn and Asnis (Ind. Eng.
Chem., 1937, 29, 951) while Lea (Chem. Abs.,
1936, 30, 310) found glycine, asparagine, sodium
citrate, and sodium malonate are all effective
antioxidants. Certain phenolic compounds, notably pyrocatechol, are of value. Olcott and
Emerson (J.A.C.S., 1937, 59, 1008) reported that
the isomeric tocopherols and their allophanates
are valuable antioxidants in lard. The degree of
protection is not proportional to their vitamin E
activity. Ascorbic acid, in both the d- and lforms, has been employed as an antioxidant
(/. A. Ph. A., 1944, 33, 324).
Incompatibilities. — Lard is hydrolyzed by
alkali hydroxides and carbonates, forming glycerin
and soap. Lard which has become rancid will
liberate iodine from iodides.
Uses. — Lard is emollient, and has been occasionally employed by itself for this purpose; its
chief use in pharmacy is as an ingredient of ointments and cerates. The experiments of Johnston
and Lee (/. A. Ph. A., 1943, 32, 278) and of
Moncorps (Arch. exp. Path. Pharm., 1929, 141,
50, 87) and others indicate that absorption of
medicaments from a lard base, for some drugs at
least, is greater than from other ointment bases
(see also under Ointments) .
Storage. — Preserve "in well-closed containers,
preferably at a temperature not above 30°." N.F.
Off. Prep. — Benzoinated Lard; Compound
Tar Ointment, N.F.
BENZOINATED

LARD.

N.F.

Adeps Benzoinatus
Benzoated Lard. Adeps Benzoatus; Adeps Suillus Benzoinatus; Axungia Suillae Benzoinata. Fr. Axonge benzoinee. Ger. Benzoeschmalz. It. Sugna benzoinata; Grasso
con benzoino. Sp. Grasa de cerda benzoinada ; Manteca
Bcnsoinada; Grasa balsamica.

Thoroughly mix 10 Gm. of coarsely powdered
Siam benzoin with 1000 Gm. of lard previously
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melted on a water bath, cover the container,
and keep the mixture at a temperature near,
but not above, 60° for 2 hours. Strain through
muslin and stir occasionally until cool. If the
benzoinated lard is for use during the warm
season or in southern latitudes 50 Gm. or more
of the lard may be replaced by white wax which
is melted first, then the melted lard added, and
the mixture stirred until it congeals. N.F.
That the balsamic or resinous principles, in
certain substances like benzoin, exercise a valuable function in preserving fats has been proved
by abundant experience. But there is a lack of
agreement as to which constituents of benzoin
are effective in retarding the development of
rancidity in lard. The retarding action has been
variously ascribed to benzoic acid, cinnamic acid,
volatile oil, resin and odorous constituents. Husa
(/. A. Ph. A., 1926, 15, 1071), however, found
benzoic and cinnamic acids to be ineffective in
retarding the development of rancidity in lard,
Atkins (Pharm. J., 1937, 139, 546) found Siam
benzoin to be a better preservative than Sumatra
benzoin, the greater efficacy of the former being
attributed to its content of coniferyl benzoate.
To ensure a pleasant and agreeable product the
N.F. directions for limiting the temperature should
be strictly followed, as a high heat volatilizes the
odorous principles and imparts an empyreumatic
odor. For other preservatives which have been
employed, see under Lard.
Storage. — Preserve "in well-closed containers,
preferably at a temperature not above 30°." N.F.
LAVENDER

OIL.

U.S.P., B.P.

Lavender Flowers Oil, [Oleum Lavandulae]

"Lavender Oil is the volatile oil distilled with
steam from the fresh flowering tops of Lavendula
officinalis Chaix ex Villars (Lavandula vera DeCandolle) (Fam. Labiatce). It contains not less
than 35 per cent of esters calculated as linalyl
acetate (C12H20O2)." U.S. P.
The B.P. recognizes oil distilled from the fresh
flowering tops of Lavandula intermedia Loisel.,
referred to as English and Commonwealth oils, or
of Lavandula officinalis Chaix, callel foreign oil;
the former are required to contain between 7.0
and 14.0 per cent w/w, and the latter not less
than 35.0 per cent w/w, of esters, calculated as
linalyl acetate.
Oleum Lavandulae Florum; Oleum Lavandula; ^Ethereum;
Essentia Lavandulae. Fr. Essence de lavande. Ger. Lavendelol. It. Essenza di lavanda. Sp. Esencia de espliego.

This oil is usually distilled from the flowers
and flower stems together, but is of finer quality
when obtained from the former exclusively. Dried
lavender flowers are reported to yield from 1 to
1.5 per cent of oil. It is said that the portion of
oil first distilled is most fragrant, and is often
kept separate, and sold at a higher price. For
further information concerning production of lavender oil see Drug Cosmet. Ind., 1953, 72, 618.
Description. — "Lavender Oil is a colorless or
yellow liquid, having the characteristic odor and
taste of lavender flowers. One volume of Lavender Oil dissolves in 4 volumes of 70 per cent
alcohol." U.S.P.
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Standards and Tests. — Specific gravity. —
Not less than 0.875 and not more than 0.888.

Dose, from 0.06 to 0.3 ml. (approximately 1 to
5 minims ).

Optical rotation. — Between —3° and —10°, in a
100-mm. tube. Refractive index. — Not less than
1.4590 and not more than 1.4700, at 20°. Alcohol.
— The volume of oil does not diminish when it
is shaken with an equal volume of water. Foreign
water soluble esters. — Lavender oil is shaken with
5 per cent alcohol to extract esters soluble in this
liquid; a portion of the hydroalcoholic solution
representing the extract from 15 ml. of oil is
neutralized, then heated with 5 ml. of 0.5 N
potassium hydroxide: not less than 4.7 ml. of
0.5 ATtion hydrochloric
acid isU.S.P.
required for neutralizaof the excess alkali.

Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Aromatic Ammonia Spirit; Soft
Soap Liniment, U.S.P. ; Compound Lavender
Tincture, N.F.; Ammoniated Liniment of Cam-

Assay. — The ester content of 5 ml. of oil,
accurately weighed, is determined by saponification with 50 ml. of 0.5 A7 alcoholic potassium
hydroxide, the excess alkali being titrated with
0.5 N sulfuric acid, using phenolphthalein T.S. as
indicator. Each ml- of 0.5 N alcoholic potassium
hydroxide consumed represents 98.15 mg. of total
esters, calculated as linalyl acetate. U.S.P.
Constituents. — The principal constituent of
lavender oil is linalool, which occurs as esters of
acetic, butyric, valerianic and caproic acids and
also as free linalool. There is also present linolene. alpha-pinene, caryophyllene, geraniol, coumarin, furfurol, valeric aldehyde, amyl alcohol,
dextro-borneol, nerol, and cineol. English lavender oil contains limonene, levolinalyl acetate, a
sesquiterpene and cineol, in which content it
differs from the French oil. Although the English
oil is much lower in ester content, the odor is
preferred to many of the French oils of higher
ester value. The varieties of species of Lavandula are many. In France the wild plant is mostly
used, while in England the cultivated plant is
exclusively used.
Oil of spike or oil of spike lavender is obtained
from the broad-leaved variety of lavender which
grows wild in Europe, the Lavandula latifolia
Chat. This species has been cultivated on a large
scale in Spain, France and Great Britain. Its odor
is less fragrant than that of common oil of lavender, and somewhat resembles that of turpentine
oil, with which it is said to be often adulterated.
It is used by artists in the preparation of varnishes. The oil of spike contains about 30 per
cent of cineol and but small quantities of esters.
Oil of lavandin, a volatile oil distilled with
steam from Lavandula hybrida Reverchon (also
classified as Lavandula officinalis Chaix ex Lavandula latifolia Mil.), a hybrid between Lavandula
officinalis and L. latifolia, is produced in southern
France. This oil is in considerable demand by
soap manufacturers because of the decline of
many of the French lavender planations and the
consequent soaring price and scarcity of true
lavender oil. It contains from 15 to 32 per cent
of esters, calculated as linalyl acetate.
Uses. — Lavender oil is used chiefly as a perfume, though possessed of carminative and stimulant properties; it has been sometimes used in
cases of nervous languor and headache. Lavender
Spirit, a 5 per cent v/v solution of the oil in
alcohol, was official in N.F. IX.

phor, B.P.
COMPOUND

LAVENDER
N.F.

TINCTURE.

Compound Lavender Composita]
Spirit, [Tinctura Lavandulze
Lavender Drops. Spiritus Lavandulae Compositus. Sp.
Tintura de Espliego Compuesta.

Prepare the tincture, by Process M (see under
Tinctures), macerating 20 Gm. of cinnamon, 5
Gm. of clove, 10 Gm. of myristica, and 10 Gm.
of red saunders, all in moderately coarse powder,
with a menstruum of 750 ml. of alcohol containing 8 ml. of lavender oil and 2 ml. of rosemary
oil, and 250 ml. of water. Complete the preparation using a menstruum of 3 volumes of alcohol
and 1 volume of water. N.F.
Alcohol Content. — From 67 to 72 per cent,
by volume, of C2H5OH. N.F.
This tincture possesses a mildly stimulating action on the gastrointestinal mucosa, for which reason it was formerly popular as a medicament for
mild cases of nausea or flatulence.
Dose, from 2 to 4 ml. (approximately 30 to 60
minims).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
LEAD
Plumbum

Pb (207.21)
Fr. Plomb- Ger

Blei. It. Piombo. Sp. Plomo.

Lead is not official in its metallic state but
several compounds of it are officially recognized
for medicinal use. It occurs in nature in a number of minerals, among which are cerussite,
PbCCfe; crocoite, PbCrO*; wolfenite, PbMod;
anglesite,
PbS. all
The obtained
world's
commercialPbSO*;
suppliesandaregalena,
practically
from galena, which comes from Spain. Germany
and England, and especially in the United States,
which now leads the world in the production of
lead. Some less important deposits are found in
Italy. Lead was known to the Romans under the
name of Plumbum Nigrum, tin being called Plumbum Album. Lead is extracted from galena by
roasting and smelting, by roasting with reduction
or by an electric process.
Lead is a soft, bluish-gray and very malleable
metal, having a bright surface when recently
melted or cut. It has a perceptible taste, and a
peculiar odor when rubbed. It undergoes little
change in the air, but is acted on by air and
water, which produce the hydroxide, which is
afterwards changed, in part, into carbonate, by
absorbing carbon dioxide from the atmosphere.
Water containing much free CO2 dissolves lead
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and acquires poisonous qualities. The chemical
effect of water on the metal is all the greater the
purer the water. Water vapor passed through
leaden pipes has a similar corroding effect, which
is more pronounced when the lead is pure. Spring
and river water act on lead differently according
to the predominating constituents in the water.
Hard water forms a protective coating of lead
carbonate or lead sulfate on the inner surface of
pipes through which it flows, but this protective
condition disappears in waters which have been
treated with chlorine or hypochlorites for the
purpose of purification. Metallic lead is liable to
the attacks of certain insects, which bore into
and sometimes through it, not using it as food,
but apparently in search of secure places of retreat for future development. Lead has a density
of 11.34 and melts at 327.5°. In oxygen, it burns
with a blue flame throwing off dense yellow
fumes. The best solvent for lead is nitric acid.
Lead forms a suboxide, Pb20; a monoxide, PbO;
a sesquioxide, Pb203; a dioxide or peroxide, PbCte;
and a compound of the monoxide and the dioxide,
lead orthoplumbate, Pb304.
Lead forms two classes of compounds. In one
it acts as a base (as illustrated by lead acetate),
and in the other it is found in the acid group,
forming compounds known as plumbates and
plumbites.
Uses. — The soluble salts of lead, like those of
other heavy metals, have the property of precipitating protein and are, therefore, astringent. The
insoluble salts were formerly frequently employed
for their local protective properties in the treatment of various skin diseases, but the fear of
absorption and consequent poisoning has greatly
reduced their employment in recent times. As an
internal remedy lead compounds have no therapeutic importance although in 1926 Dr. Bell, of
Liverpool, published the results of intravenous
injection of colloidal suspensions of metallic lead
in the treatment of cancer. Marked regression of
the tumors and apparently sometimes even symptomatic cures were reported. The dose required
was large enough to be dangerously toxic and
interest in this treatment has not persisted. For
review of the literature see F. C. Wood {J. A.M. A.,
1927, 89, 1216); Knox {J. A.M. A., 1929, 92,
106) ; and a symposium in the Brit. M. J., Nov.
20, 1926.
Toxicology. — In sufficient amount the soluble
preparations of lead are violent irritant poisons
(see Lead Acetate).
Chronic Poisoning. — The insoluble preparations of lead are incapable of acting as acute irritant poisons, but are the common causes of a
chronic lead poisoning or saturnism. Since lead is
stored in the body, it is a cumulative poison.
Chronic lead poisoning is a subject of great economic importance as well as medical interest. The
number of deaths from it reported in the United
States has been more than one hundred a year,
and it is probable that a great many cases are
not diagnosed. The most common form of the
poisoning, the so-called colica pictonum, is very
common among painters, makers of white lead,
and other artisans who work in the metal. It is,
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however, also frequently seen in other persons,
into whom the lead finds entrance in almost innumerable ways, in the past especially with drinking water and food. Much of ingested lead is lost
in the feces and much of the lead absorbed from
the intestine is excreted quickly again in the bile.
Intoxication by inhalation also occurs, as in industries where lead fumes and finely divided
dusts may occur, and by inhalation when leadcontaining battery-boxes are burned as fuel.
Symptoms. — Colica pictonum usually begins
with dyspeptic symptoms and obstinate constipation, associated with violent pain of a twisting
character, which seems to center round the umbilicus; the abdominal walls are spasmodically
retracted. Pain is due to segmental spasm of the
musculature of the colon. Accompanying these
symptoms there are loss of appetite, pallor, lassitude, and failure of the general health. The stools
are whitish and usually constipated, although occasionally there is diarrhea. A characteristic, but
not constant, symptom is a blue line situated
upon the margin of the gums where they join
the teeth, due to the deposit of the lead sulfide
as a result of bacterial action. This blue line, if
present, is pathognomonic, but may be absent
even in the most severe cases. A moderate anemia, 3.5 to 4 million red blood cells per cu. mm.
of blood, is commonly associated with increased
rate of erythrocyte formation as demonstrated by
an increase in the circulating reticulocytes and the
presence of stippled red blood cells which are the
result of the action of lead on the reticulocytes.
The presence of stippled erythrocytes is suggestive but not pathognomonic since stippling is
seen in various anemias. The pulse is usually slow
and hard.
Various symptoms of disorder of the nervous
system or of nutrition may occur later. Mental
depression is frequent and mostly non-specific in
character. Occasionally these nervous disturbances
are the sole evidence of the intoxication, although
more frequently they are either accompanied with,
or preceded by, the typical lead colic. Children
are particularly prone to lead encephalopathy;
epileptiform convulsions may occur and brain
atrophy and mental retardation may follow (Ross
and Brown, Can. Med. Assoc. J., 1951, 64,
285). The most characteristic of the nervous phenomena is the paralysis associated with wasting
and degenerative changes in the muscles. The
muscles involved are those most used by the individual, as the wrist drop of the painter, the
scapulohumeral weakness of the laborer with a
shovel, and the sartorius paralysis of the tailor.
Weakness clears rapidly on removal from lead
exposure but actual paralysis requires weeks or
months for nerve regeneration to take place.
Rarer manifestations are: paraplegia simulating
anterior poliomyelitis (Braff et al., U. S. Armed
Forces Med. J., 1952, 3, 1353); cerebritis with
wild delirium and sometimes convulsions; occasionally arthritis very much like that of typical
gout may be seen. Chronic lead poisoning in rare
cases may take on many other forms; indeed, it
has been said that lead poisoning may simulate
any known nervous disease. A peculiar form of
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lead poisoning occurred among the workers in the
manufacture of tetraethyl lead, a compound used
in the formulation of "ethyl gas" as an automobile fuel. These cases were characterized by a
predominance of cerebral manifestations and an
absence of the intestinal symptoms (for description of these cases see Hamilton, J. A.M. A., 1925,
85, 1481, and Kehoe, ibid., 86, 108).
Diagnosis. — The diagnosis of chronic lead poisoning isof the utmost importance to avoid serious damage, but often is difficult. In doubtful
cases a chemical examination of the urine for
presence of lead should be made. Laboratory procedures inthe diagnosis of lead poisoning include
a blood count for anemia, a search for stippled
erythrocytes, and a determination of lead in a
24-hour urine specimen or a blood sample. More
than 0.1 mg. of lead per liter of urine or more
than 0.05 mg. per 100 ml. of whole blood in a
patient with symptoms of lead poisoning establishes the diagnosis. Other disorders must not be
mistakenly attributed to lead poisoning just because a person is exposed to lead. The appearance
of small quantities of lead in the urine is not diagnostic of lead poisoning, for, as has been shown
by many chemists, a large proportion of the general population are daily absorbing and excreting
lead. Several investigators have stated that the
amount of coproporphyrin in the urine affords a
reliable diagnostic test for lead poisoning. The
porphyrin is extracted by ether from 50 ml. of a
24-hour sample of urine and the amount present
determined by the characteristic red fluorescence,
measured by means of a photometer. Kark and
Meiklejohn (/. Clin. Inv., 1942, 21, 91) reported
that this porphyrinuria was not due to hemolysis.
Watson and Larson {Physiol. Rev., 1947, 27,
478) described the increased urinary excretion of
coproporphyrin III in lead poisoning; the fecal
excretion of coproporphyrin I is increased (see
also Grinstein et al., J. Biol. Chem., 1950, 182,
723).
In children, x-ray examination of the long bones
may be helpful ; lead, bismuth and perhaps other
substances cause lines of increased density at the
growing end of the bones (Radner, Acta Radiologica, 1944, 25, 719).
Treatment. — The management of chronic lead
poisoning revolves itself into three stages : to stop
the absorption of lead, to overcome the dangerous systemic effects, and eventually to remove the
metal from the body. The most important step
in the first of these is to find the source. While
in the majority of instances the disease is an
occupational one, yet in some cases much ingenuity is required to trace its origin. It has
been attributed in obscure cases to the use of
various cosmetics containing lead, to lead-foil
around chewing tobacco or confectionery, to biting of silk thread which has been weighted with
lead, to the use of improperly glazed earthenware
vessels, etc., but outside of workers in the metal
it most commonly found entrance into the body
with drinking water coming through lead pipes;
in children, chewing on objects painted with a
lead-containing paint is a frequent cause of poisoning.
The symptoms of plumbism are the result of
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the action of the metal on the nervous and muscular tissues to which it is carried by the circulation. When these symptoms are severe it is obvious that it is highly important to remove the
metal from the blood system as rapidly as possible. In 1925 Aub and co-workers showed that
there is a marked parallelism between the metabolism of calcium and of lead and that any
measure which increased the deposit of calcium
in the bones tends also to increase the storage
of lead in the bones and consequently to lessen
the amount of the metal circulating in the body
(Aub et al, Medicine, 1925, 4, 1; J. A.M. A., 1935,
104, 87). Calcium deposition, by removal of the
lead from the circulation, would tend to lessen its
deleterious influence on the various bodily functions. Conversely, those measures which mobilize
the stored lead tend to aggravate toxic symptoms.
Among the measures which encourage the mobilization of lead are low calcium intake, iodides,
parathyroid hormone and acidulating drugs such
as ammonium chloride; high calcium intake, high
phosphate intake, and vitamin D tend to storage
of lead and relief of symptoms (see Tompsett and
Chalmers, Brit. J. Exp. Path., 1939, 20, 408).
Belknap (J.A.M.A., 1935, 104, 205) claimed that
the proportion of stippled erythrocytes in the
blood is a crude indication of the amount of circulating lead.
In the practical treatment of lead poisoning
if there are active symptoms the first attention
should be to prevent further absorption of lead
by the administration of laxative doses of sodium
or magnesium sulfate; secondly, to increase the
storage of lead in the bones by the use of calcium
and vitamin D and, thirdly, to relieve all the
symptoms.
After the acute symptoms have subsided there
is considerable difference of opinion as to whether
attempts should be made to hasten elimination
of stored lead from the body. It is apparent that
any mobilization — which is obviously necessary
to bring about elimination of lead — is liable to
cause a recurrence of symptoms. Because of this
Kehoe et al. (J. Ind. Hyg. Toxicol, 1933, 15,
320) do not favor deleaving therapy. Any such
measures that are undertaken, such as administration of iodides or ammonium chloride (6 to 8
Gm. daily for 4 to 6 weeks), must be performed
with great care.
Complexing Compounds. — Kety and Letonoff
{Am. J. Med. Sc, 1943, 205, 406) found that
sodium citrate forms with lead phosphate a
slightly ionized but soluble compound and that
the citrate increases urinary excretion of lead
while diminishing its toxic symptoms (see under
Sodium Citrate for details). Beneficial clinical
effects from use of sodium citrate were confirmed
by Shields et al {Med. J. Australia, 1950, 37,
886) and Hardy at al {Arch. Ind. Hyg. Occupat.
Med., 1951, 3, 267) but studies in animals with
the radioactive isotope lead-210 failed to disclose
any increase in blood disappearance rate, tissue
concentration or excretion following administration of sodium citrate (Schubert and White,
/. Lab. Clin. Med., 1952, 39, 260).
Dimercaprol has not been found to be of value
in the management of lead poisoning.
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Deleading and rapid relief of toxic symptoms
have been achieved through use of the chelating
agent calcium disodium ethylenediaminetetraacetate (Calcium Disodium Ver senate, Bersworth
Chemical Co.); the complexing action of this
salt is discussed under Ethylenediaminetetraacetic
Acid, in Part II. In 3 children with lead encephalopathy, Karpinski et al. (J. Pediatr., 1953,
42, 687) gave 250 mg. of the salt intravenously
every 6 hours for 4 days, followed by a rest
period of 2 days and then a repetition of the
course of treatment. Irritability decreased the second day, muscular tremors decreased the fourth
day, and pupillary reflexes returned the sixth day.
The concentration of lead in the urine and blood
was very high but the element was present as a
stable complex which caused no toxic symptoms.
Following a dose of the chelating salt, Foreman
et al. (Arch. Indust. Hyg., 1953, 7, 148) found
95 per cent or more of it in the urine within 24
hours; 5 adults and 3 children with lead poisoning
were treated successfully with a dosage of 0.5
Gm. per 30 pounds of body weight (dissolved in
600 ml. of 5 per cent dextrose solution) given
intravenously over a period of an hour; the maximum dosage in 24 hours was 1 Gm. per 30 pounds
and in 10 days 7.5 Gm. per 30 pounds of body
weight (see also Am. Pract. Dig. Treat., 1954,
5, 219), and Hardy et al., J. A.M. A., 1954, 154,
1171).
For the relief of the constipation and colic,
both of which are due to spasmodic contractions
of the intestinal muscles, intravenous calcium
gluconate is indicated, followed by a saline
cathartic. Atropine sulfate or nitroglycerin are
often helpful. The severity of pain often calls
for morphine but opiates are rather ineffective.
The peripheral neuritis should be treated with
appropriate measures. For further information
concerning chronic lead poisoning see Occupational Lead Exposure and Lead Poisoning, Committee on Lead Poisoning, American Public
Health Association, 1945.
LEAD

ACETATE.

N.F., B.P.

Sugar of Lead, Plumbi Acetas

(CH3COO)2Pb.3H20
"Lead Acetate contains not less than 85.3 per
cent and not more than 89.6 per cent of
C4He04Pb, corresponding to not less than 99.5
per
N.F. cent of the hydrated salt CiHeC^PbJHO."
The B.P. specifies that it should contain not
less than 99.5 per cent, and not more than the
equivalent of 104.5 per cent of C4H604Pb.3H20.
Salt of Saturn; Neutral or Normal Lead Acetate.
Plumbum Aceticum; Saccharum Saturni; Plumbi Acetas
Neutrus. Fr. Acetate neutre de plomb ; Acetate de plomb
cristallise; Sel de Saturne. Gcr. Bleiazetat; Essigsaures
Blei; Bleizucker. It. Acetato di piombo neutro ; Sale di
Saturno. Sp. Acetato de plomo, neutro; Acetato de Plomo;
Azucar de Saturno.

Lead acetate is made by the action of acetic
acid on metallic lead or on litharge. In the first
process, concentrated acetic acid is passed over
sheets or coils of lead placed in open, stone containers. The lead goes into solution as the basicacetate and is converted to the normal salt by
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addition of acetic acid. This liquid is concentrated
and lead acetate is crystallized from it. The salt
is also made by dissolving litharge in an excess
of acetic acid, concentrating, and crystallizing.
Description. — "Lead Acetate occurs as colorless, shining, transparent prisms or plates, as
heavy, white, crystalline masses, or as granular
crystals. It has a faintly acetous odor, is efflorescent, and absorbs carbon dioxide on exposure to
air, becoming incompletely soluble in water. Its
solutions are slightly alkaline to litmus. One Gm.
of Lead Acetate dissolves in 1.6 ml. of water
and in about 30 ml. of alcohol. One Gm. of it
dissolves in 0.5 ml. of boiling water. It is freely
soluble in glycerin." N.F.
Standards and Tests. — Identification. — A 1
in 10 solution of lead acetate responds to tests for
lead and for acetate. Carbonate. — A 1 in 10 solution of lead acetate in recently boiled water, containing 0.05 ml. of glacial acetic acid for each 10
ml. of solution, is clear, or not more than slightly
turbid. Alkalies and alkaline earths. — A solution
of 2 Gm. of lead acetate in 100 ml. of distilled
water and 1 ml. of glacial acetic acid is treated
with hydrogen sulfide to precipitate the lead,
after which the mixture is filtered. To 50 ml. of
the filtrate 5 drops of sulfuric acid are added and
the solution evaporated to dryness and the residue
ignited to constant weight: the weight of the
residue does not exceed 5 mg. Iron or copper. —
Potassium ferrocyanide T.S. produces no blue or
red precipitate with 1 in 10 solution of lead
acetate. N.F.
Assay. — About 1.5 Gm. of lead acetate is dissolved in glacial acetic acid and the solution
diluted to 100 ml. with distilled water. To a
25-ml. portion of this solution 50 ml. of 0.1 N
potassium dichromate is added, which precipitates
the lead as chromate. The mixture is diluted to
200 ml., the precipitate filtered off, and the excess
of potassium dichromate in a 100-ml. aliquot of
the filtrate determined by liberation of an equivalent amount of iodine which is titrated with 0.1 N
sodium thiosulfate. Each ml. of 0.1 N potassium
dichromate represents 10.84 mg. of C4He04Pb.
N.F. The B.P. assay also involves precipitation of
lead chromate, but differs from the N.F. assay in
that the precipitate is filtered into a Gooch crucible, washed with hot water, and dried to constant weight at 120°.
Incompatibilities. — Lead acetate is precipitated by chlorides, iodides, bromides, tartrates,
phosphates, citrates, and sulfates. It is also precipitated by lime water, by ammonia, and by
potassium and sodium hydroxides; the last two,
if added in excess, dissolve the precipitate at first
formed. Hard water, because of the calcium sulfate, carbonates and sodium chloride which such
water usually contains, also precipitates the lead.
A number of vegetable tinctures, notably that of
opium and those containing tannins, produce
precipitates.
Uses. — Lead acetate is an active astringent
with but slight irritant effect. It was formerly
believed to exercise some peculiar local antiphlogistic action beyond its merely astringent
powers and was very widely employed in all sorts
of irritated conditions of the skin or mucous
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membranes. Internally it was also employed as
an astringent in treatment of certain types of
diarrhea and in rectal suppositories for hemorrhoids. It is today rarely used therapeutically,
partly because more effective agents are available
and
ing. partly because of the danger of lead poisonAs a local astringent over the unbroken skin
it may be used in strengths of about 1 to 2 per
cent. Over mucous membranes it should be more
dilute, usually about 0.2 to 0.5 per cent. Burow's
solution (Aluminum Acetate Solution) containing 150 Gm. of lead acetate per liter has been
used, when diluted with 16 to 32 volumes of
water, as a wet dressing in various dermatoses, |v]
Toxicology. — In overdoses lead acetate may
act as a local irritant to the stomach and may
cause severe or, occasionally, fatal intoxication.
The usual symptoms are a metallic taste in the
mouth followed by a burning sensation in the
throat and, ordinarily within about half an hour,
nausea and vomiting, the matter ejected being
white and curdy from the presence of lead chloride. Later severe cramp-like pains in the abdomen may appear, usually with constipation —
although in some cases the bowels may be loose
— the stools being black from the formation of
lead sulfide. Afterwards there may be signs of involvement of the nervous system — as local
paralysis — and in the fatal cases collapse develops after three or four days. The treatment
consists in immediate evacuation of the stomach,
preferably by stomach tube, or by use of zinc
sulfate or alum as emetics, followed by the administration of30 to 60 Gm. of magnesium sulfate, which acts both as a cathartic and as a
chemical antidote. In the absence of a sulfate,
sodium chloride may be used as a less efficient
chemical antidote. The subsequent treatment involves the use of calcium salts, to encourage the
removal of lead from the bloodstream (see under
Lead), and the meeting of symptoms which may
arise by appropriate measures.
Dose, topically, in 0.2 to 2 per cent aqueous
solution; orally, 30 to 120 mg. (approximately
y2 to 2 grains).
Storage. — Preserve "in tight containers."
N.F.
Off. Prep. — Lead Subacetate Solution, N.F.,
B.P.
LEAD

MONOXIDE.

N.F.. B.P.

Litharge, Plumbi Oxidum, Plumbi Monoxidum

"Lead Monoxide, when freshly ignited, contains not requires
less thannot97 less
per than
cent 99.0
of PbO.''
The B.P.
per centN.F.
of
PbO, calculated with reference to the substance
ignited to constant weight.
Oxide of Lead; Yellow Oxide of Lead; Lead Protoxide.
Plumbum Oxydatum; Lithargyrum; Plumbum Oxydatum
Fusum. Fr. Oxyde de plomb ; Protoxyde de plomb fondu.
Ger. Bleiglatte; Bleioxyd. It. Litargirio; Protossido di
piombo. Sp. Litargirio ; Protoxido de plomo.

Lead monoxide occurs in two forms. One of
these is an amorphous powder called massicot
which is prepared by heating lead carbonate to a
low redness. The other is litharge, a semi-crystalline product prepared at a much higher temperature. Practically all of the litharge of commerce

is obtained as a by-product in the process for
extracting silver from argentiferous galenas in
the process known as "cupellation." In this the
alloy of silver and lead is heated in a reverberatory furnace, the floor of which is covered with
either bone-ash or a special clay and the wall
provided with openings for an air-blast. When
the metal is melted a current of air is blown over
the surface which oxidizes the lead and the resulting oxide floats on the surface of the molten
metal and is removed either by means of ladles
or allowed to run off through lateral openings.
Litharge varies in color from a pale yellow to a
shade of orange; massicot usually has a redder
tint, sometimes being almost scarlet, and is occasionally referred to as "red litharge." The red
color has been attributed to the presence of
minium but Leblanc claimed that the two varieties
differ in color, structure, and density only, and
not in chemical composition.
Description. — "Lead Monoxide occurs as a
heavy, yellowish or reddish powder, or as minute
scales, without odor or taste. On exposure to the
air, it slowly absorbs moisture and carbon dioxide.
When heated, Lead Monoxide becomes darker in
color, but assumes its original color on cooling.
It fuses at a red heat. When heated in contact
with charcoal, it is reduced to metallic lead. Lead
Monoxide is almost insoluble in water, to which,
however, it imparts a faintly alkaline reaction. It
is insoluble in alcohol. It is dissolved by acetic
acid, by diluted nitric acid, and by warm solutions
of the hydroxides of the fixed alkalies." N.F.
Standards and Tests. — Identification. — A 1
in 10 solution of lead monoxide in diluted nitric
acid is colorless and, when nearly neutralized by
ammonia T.S., responds to tests for lead. Loss on
ignition. — Not over 4 per cent. Acetic acid-insoluble substances. — Not over 2 per cent. Alkalies and alkaline earths. — When tested in a
manner similar to that employed for Lead Acetate
not over 5 mg. of residue is obtained from 5
Gm. of lead monoxide. N.F.
Assay. — About 400 mg. of freshly ignited lead
monoxide is dissolved in glacial acetic acid,
diluted with distilled water, 50 ml. of 0.1 N
oxalic acid added to precipitate the lead, the mixture diluted to 200 ml. and filtered. A 100-ml.
portion of the filtrate is made acid with diluted
sulfuric acid, heated, and the excess of oxalic
acid titrated with 0.1 N potassium permanganate.
Each ml. of 0.1 N oxalic acid represents 11.16
mg. of PbO. N.F. The B.P. assay is based on
precipitation of lead chromate, which is weighed.
Uses. — Litharge is never used internally. It
was formerly used as an ingredient in external
applications, such as lead ointment and lead
plaster, and is still used in preparing lead subacetate solution.
Storage. — Preserve "in tight containers." N.F.
B.P.Off. Prep. — Lead Subacetate Solution, N.F.,
LEAD

SUBACETATE SOLUTION.
N.F. (B.P.)

Goulard's Extract, Liquor Plumbi Subacetatis

"Lead Subacetate Solution is a water solution
containing, In each 100 ml., lead subacetate, ap-
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proximately Pb20(CH3.COO)2, equivalent to not
less than 22.5 Gm. of Pb." N.F. The B.P. Strong
Solution of Lead Subacetate contains not less
than 19.0, nor more than 21.5, per cent w/w of
total Pb and has an alkalinity corresponding to
not less than 10.2, nor more than 11.6, per cent
w/w of PbO.
B.P. Strong Solution of Lead Subacetate; Liquor
Plumbi Subacetatis Fortis. Liquor Plumbi Subacetici;
Plumbum Subaceticum Solutum; Acetum Plumbicum;
Acetum Saturninum. Fr. Acetate basique de plomb
dissous ; Sousacetate de plomb liquide; Extrait de saturne.
Ger. Bleiessig; Bleisubacetatlosung; Bleiextrakt. Sp. Acetato de plomo liquido; Subacetato plumbico liquido.

Triturate 140 Gm. of lead monoxide with 100
ml. of purified water to form a smooth paste and
transfer the mixture to a bottle of about 1000-ml.
capacity with the aid of 100 ml. of purified water.
Dissolve 220 Gm. of lead acetate in 700 ml. of
purified water, and add this solution to the lead
monoxide mixture. Shake the mixture vigorously
during 5 minutes, then set it aside for 7 days,
shaking frequently during the period. Filter, with
minimum access to air, and pass enough recently
boiled purified water through the filter to make
1000 ml. N.F.
The solution may also be prepared by boiling
together a mixture of all the ingredients for 30
minutes, adding purified water as necessary to
maintain the volume, cooling, filtering, and adding
enough purified water to make 1000 ml. During
filtration the funnel should be covered to minimize absorption by the solution of carbon dioxide.
N.F.
Brodie and Dean (Bull. N.F. Com., 1950, 18,
20) found that it is unnecessary to have the reactants stand for 7 days in the first method of
preparation; after one hour of standing the product will meet the official specifications.
The B.P. preparation is about 10 per cent
weaker than the N.F. product but is made in
much the same manner, without heat.
Description. — "Lead Subacetate Solution is
a clear, colorless, odorless liquid, having a very
sweet, astringent taste. On exposure to the air, it
absorbs carbon dioxide, which causes the formation of a white precipitate. It is alkaline to litmus
but not to phenolphthalein T.S. Its specific gravity is about 1.25." N.F.
Standards and Tests. — Identification. — (1)
The solution responds to tests for lead and for
acetate. (2) A dense white precipitate results
when 1 ml. of the solution is added to 5 ml. of a
1 in 10 mucilage of acacia (difference from normal
lead acetate). Alkalies and alkaline earths. — A
residue not exceeding 0.25 per cent of the weight
of lead subacetate solution taken is obtained in a
test similar to that described under Lead Acetate.
Copper or iron. — The solution yields a white precipitate with potassium ferrocyanide T.S. but
remains free from even a transient red or blue
color. N.F.
Assay. — A 5-ml. portion of the solution, of
which a one-fourth aliquot portion is employed,
is assayed in the manner described under Lead
Monoxide. Each ml. of 0.1 N oxalic acid represents 10.36 mg. of Pb. N.F.
The B.P. assay for lead utilizes the same reaction as does the N.F. An assay for total alka-
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linity is also required; in this assay an aliquot
portion of the filtrate obtained from precipitation
of lead with 0.1 N oxalic acid is titrated with
0.1 N sodium hydroxide, using phenolphthalein
indicator. The volume of alkali required, in ml.,
is subtracted from 20 (which represents the volume which is required to neutralize the oxalic acid
in the aliquot portion); each ml. of the difference
represents 11.16 mg. of PbO.
Incompatibilities. — Carbon dioxide precipitates white lead carbonate, this occurring merely
by exposure to air, or by mixture with distilled
water, if this has not been recently boiled. Solutions of acacia, of tannins, of vegetable coloring
principles, and many animal substances, particularly albumin, produce with it precipitates.
Uses. — This solution is an astringent, antiseptic and reputedly sedative external application.
It was formerly widely used, especially mixed
with an equal volume of opium tincture — a mixture which was often referred to as lead water
and laudanum, but not to be confused with lead
and opium lotion — in inflammation arising from
sprains, bruises, burns, blisters, etc., to which it
was applied by means of cloths which were removed as soon as they became dry. Blackburn
(J. A.M. A., 1906, 46, p. 954) reported erythema
following local application of lead water and
laudanum, and severe blistering, apparently resulting from this embrocation, has been observed.
If applied to the skin denuded of cuticle, constitutional effects may result from the absorption of
the lead. Lead and opium lotion was official as
recently as in N.F. IX, the formula specifying 18
Gm. of lead acetate, 35 ml. of opium tincture and
sufficient distilled water to make 1000 ml.; this
lotion was used like the preceding. Lead subacetate solution has been used as a precipitant on
the skin following exposure to poison ivy; it was
applied with cotton pledgets and then washed
away quickly with plenty of water. When used by
itself, lead subacetate solution should be diluted
with 4 volumes of water. The common name of
Goulard's extract is derived from a surgeon of
Montpellier by whom it was introduced, in 1760,
into general usage, though it had some use prior
to that time, |v]
Storage. — Preserve "in small, well-filled, tight
containers." N.F.
Off. Prep. — Diluted Lead Subacetate Solution, N.F., B.P.
DILUTED LEAD
SOLUTION.

SUBACETATE
N.F. (B.P.)

Lead Water, Liquor Plumbi Subacetatis Dilutus

"Diluted Lead Subacetate Solution is a solution
containing, in each 100 ml., lead subacetate, approximately Pb20(CH3.COO)2, equivalent to not
less than 700 mg. and not more than 800 mg. of
Pb." N.F. The B.P. Dilute Solution of Lead Subacetate ismuch weaker; it represents about 0.25
per cent w/v of Pb. It must be freshly prepared.
B.P. Dilute Solution of Lead Subacetate. Goulard's
Water or Lotion. Aqua Plumbi; Aqua Saturnica; Aqua
Yejeto-rnineralis. Fr. Lotion a l'ac6tate basique de plomb;
Eau blanche. Ger. Bleiwasser. It. Acqua vegetominerale ;
Acqua saturnina. Sp. Agua vejeto-mineral; Agua blanca;
Agua de Goulard.

Mix 35 ml. of lead subacetate solution with

Solution, Diluted

Part I

enough recently boiled purified water to make
1000 ml. N.F.
The B.P. Dilute Solution of Lead Subacetate
is prepared by diluting 12.5 ml. of the strong
solution with sufficient distilled water to make
1000 ml.

gives the aroma of a fresh lemon. Lemon oil is
used solely for its flavoring value.
Description. — "Lemon Oil is a pale yellow
to deep yellow or greenish yellow liquid, having
the characteristic odor and taste of the outer part
of fresh lemon peel. One volume of Lemon Oil
dissolves in 3 volumes of alcohol. It is miscible
with dehydrated alcohol, with carbon disulfide,
and with glacial acetic acid." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.849 and not more than 0.855.
Optical rotation. — Not less than +57° and not
more than +65.6°, in a 100-mm. tube. Refractive
index. — Not less than 1.4738 and not more than
1.4755, at 20°. Reaction. — A 1 in 3 solution of
recently expressed oil in alcohol is neutral or only
slightly acid to moistened litmus paper. Foreign
oils. — When distilled in the manner described
under Orange Oil lemon oil gives the following
results: the optical rotation of the first 5 ml. is
not more than 6° less than that of the original
oil, and the refractive index is not less than 0.0010
and not more than 0.0027 lower than that of the
original oil. U.S.P.
Assay. — The B.P. assay is based on the interaction of the aldehydes with hydroxylamine hydrochloride, the hydrochloric acid liberated in
this reaction being titrated with 0.5 TV potassium
hydroxide (in 60 per cent alcohol), using methyl
orange as indicator. The results are calculated in
terms of citral.
Constituents. — Lemon oil consists chiefly of
dextrorotatory limonene, which, together with
phellandrene, makes up nearly 90 per cent of the
oil. Its pleasant aroma is due to the presence of
about 4 to 8 per cent of the aldehyde citral and
a small amount of citronellal. Pinene, octyl and
nonyl aldehydes, terpineol, octylene,. camphene,
methyl heptenone, linalyl acetate, bisabolene, cadinene, methyl anthranilate and geranyl acetate
have also been reported in small amounts. A
lemon-camphor, citraptene, which appears to be
dimethoxycoumarin, is present to the extent of
2 per cent. This constituent has been found to be
identical with limettin.
For use in perfumery there have been introduced commercially oils of lemon from which the
terpenes have been removed. The ordinary terpeneless oils contain from 42 to 45 per cent of
citral, while those that are sold as sesquiterpeneless contain from 65 to 72 per cent citral. The
latter variety lacks the sweetness and delicateness of odor of oils containing less citral, the
overpowering odor of the latter constituent destroying the balance of harmony in the odor of
the oil.
Adulterants. — Lemon oil has been adulterated by addition of fixed oils and alcohol, and
sometimes with purified turpentine oil. The most
insidious adulteration of lemon oil is citrene, the
terpene left after the extraction of citral from
lemon oil which has been used in making terpeneless oil.
Uses. — Lemon oil is used for its flavoring
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Description. — "Diluted Lead Subacetate Solution isa colorless liquid, usually showing a slight
turbidity; it has a sweet, astringent taste. It is
alkaline to litmus." N.F.
This solution is applied without dilution (see
the preceding article).
Storage. — Preserve "in small, well-filled, tight
containers." N.F.
LEMON

OIL.

U.S.P., B.P.

[Oleum Limonis]

"Lemon Oil is the volatile oil obtained by expression, without the aid of heat, from the fresh
peel of the fruit of Citrus Limon (Linne) Burmann filius (Fam. Rutacece), with or without the
previous separation of the pulp and the peel.
"Note. — Do not use Lemon Oil that has a
terebinthinate odor." U.S.P.
The B.P. requires the oil to contain not less
than 4.0 per cent w/w of aldehydes, calculated
as citral, CioHieO.
Oleum Citri; Oleum Citri ^ithereura; Oleum Limonum;
Essentia Limonii. Fr. Essence de citron. Ger. Zitronenol ;
Citronenol. It. Essenza di limone. Sp. Esencia de limon.

The outer portion of the rind of the lemon contains a volatile oil, which, being enclosed in distinct internal secretion glands, may be separated
by several methods. In an older process of simple
expression, the rind is first grated from the fruit,
and then submitted to pressure in a bag of fine
cloth. The oil thus obtained is allowed to stand
till it becomes clear, when it is decanted, and
kept in stoppered bottles. The oil may also be
obtained by distillation, but though clearer and,
as a result of the absence of mucilage, less liable
to change on keeping, it has less of the characteristic flavor of the fruit. In Calabria and Sicily,
another method which has been employed for
separating the oil is to put the grated rind into
hot water and skim off the oil as it rises to the
surface. A method producing fine oil is that known
as the ecuelle process. The ecuelle is an instrument, usually made of tinned copper, bowl-shaped,
and armed with concentric rows of short spikes.
Attached to the bottom of the bowl is a hollow
handle, closed at the bottom. This acts as a
reservoir for the oil as the fruit is rubbed by the
workmen over the sharp teeth. American lemon
oil as produced in California is made by high pressure from whole lemons. The lemons are thoroughly washed and cleaned and the whole lemon
fed into a hydraulic pressure machine. The lemon
oil and lemon juice are separated by a centrifugal
machine in a very few minutes after pressing.
In 1952, the United States imported 35,820
pounds of lemon oil and 1405 pounds of terpeneless lemon oil from Brazil, Italy and Spain.
The American lemon oil is lower than the
European hand-pressed oil in its citral contant,
but its ester contant is higher than that of the
hand-pressed oil, and for flavoring purposes it

properties.
Storage. — Preserve "in well-filled, tight containers and avoid exposure to excessive heat."
UJ5J>.
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Off. Prep. — Aromatic Ammonia Spirit, U.S.P.,
B.P.; Compound Orange Spirit, U.S. P.; Aromatic
Eriodictyon Syrup; Magnesium Citrate Solution,
N.F.
LEMON

PEEL.

U.S.P., B.P.

Limonis Cortex

"Lemon Peel is the outer yellow rind of the
fresh ripe fruit of Citrus Limon (Linne) Burmann
filius (Fam. Rutaceat)." U.S.P. The B.P. recognizes Dried Lemon Peel and Fresh Lemon Peel,
from the same source.
Cortex Citri Fructus; Pericarpium Citri. Fr. Citron;
Limon; ficorce de citron; Ecorce de limon. Ger. Zitronenschale ; Limonenschale. It. Limone. Sp. Limon ; Corteza
de Limon.

For information concerning the genus Citrus,
see Bitter Orange Peel.
Citrus Limon, or lemon tree, closely resembles
Citrus Aurantium, before described. Like the
orange tree it is a native of Asia. It is now known
to grow wild in northern India, and was introduced into Europe from Persia or Media. It was
first cultivated in Greece, afterwards in Italy, as
early as the second century, and has now spread
over the whole civilized world, being raised by
artificial heat where the climate is too cold to
admit of its exposure during winter to the open
air. The leaves are larger than those of the orange,
slightly indented at the edges, and their petioles
are destitute of the winged appendages that characterize the other species. The flowers, moreover,
have a purplish tinge on their outer surface, and
the fruit is different in appearance from the
orange, having a pointed, nipple-shaped summit.
The lime is smaller than the lemon, with a
smoother and thinner rind, oval, rounded at the
extremities, of a pale-yellow or greenish-yellow
color, and abounding in a very acid juice. It is
the product of C. aurantijolia (Christm.) Swingle.
Description. — "Lemon Peel occurs as the
outer lemon-yellow or dark yellow layer, separated from the fresh fruit by grating or paring."
U.S.P. For histology see U.S.P. XV.
Constituents. — Lemon peel contains a bitter
principle, and yields, on expression or distillation,
an essential oil, which is used for its flavor. When
the white, spongy portion of the rind is boiled in
water, and the extract evaporated, crystals of the
flavanone hesperidin are deposited. This glycoside, found also in bitter orange peel, is hydrolyzed by diluted acids to hesperetin, C16H14O6,
rhamnose and glucose (for further information
see Bitter Orange Peel). The identity of other
constituents is not certain; these may include
hesperidin chalcone, eriodictyol glycoside, and
quercitrin (see Vitamin P, Part II).
Uses. — The rind of the lemon is used to prepare lemon oil, lemon syrup, and lemon tincture,
popular flavors for medicinals.
Off. Prep.— Lemon Oil; Lemon Tincture,
U.S.P., B.P.; Syrup of Lemon; Tincture of
Lemon, B.P.

LEMON

TINCTURE.

U.S.P. (B.P.)

Lemon Peel Tincture* [Tinctura Limonis]
B.P. Tincture of Lemon. Alcoholatura Citri. Fr. Alcoolature de citron. Ger. Citronenschalenessenz. Sp.
Tintura de corteza de limon; Tintura de Limdn.
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Prepare the tincture, by Process M (see under
Tinctures), from 500 Gm. of lemon peel, the
outer yellow rind grated or pared from the fresh
fruit, macerating the drug in 900 ml. of alcohol
and completing the preparation with alcohol. Talc
is employed as the filtering medium. U.S.P.
Alcohol Content. — From 70 to 75 per cent,
by volume, of C2H5OH. U.S.P.
The B.P. Tincture of Lemon is prepared by
macerating 25 per cent w/v of fresh lemon peel
with 60 per cent alcohol.
Uses. — Formerly, lemon tincture was used as
an aromatic addition to tonic infusions, etc. It is
now used only for its flavoring effect. Gerstenzang
(/. A. Ph. A., 1938, 27, 657) proposed a formula
for a 5 per cent hydroalcoholic solution of lemon
oil, colored with tartrazine, as being more economical than the official process.
Dose, from 4 to 8 ml. (approximately 1 to 2
fluidrachms).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." U.S.P.
H.
Off. Prep.— Citric Acid Syrup, U.S.P.

LEVARTERENOL

BITARTRATE.

U.S.P., LP.

Levarterenolium

Bitartrate,

/-Norepinephrine

Bitartrate

HC4H40^.H20
OH
CHCH2N+H2
The LP. defines Levarterenol Bitartrate as /-<*3 :4-dihydroxyphenyl-3-aminoethanol (/-bitartrate
monohydrate, and requires it to contain not less
than 95.0 per cent and not more than the equivalent of 101.0 per cent of C8H11O3N.C4H6O6, calculated with reference to the anhydrous substance.
Levophed Bitartrate (Winthrop- Stearns) . Noradrenalin
Bitartrate.

Levarterenol occurs in adrenal glands, along
with epinephrine (see under Uses in this article,
also under Sympathomimetic Amines, in Part II).
It differs from epinephrine in not having a methyl
group attached to the nitrogen atom; accordingly,
it is named /-norepinephrine, or /-a-(aminomethyl)3,4-dihydroxybenzjl alcohol.
Levarterenol may be synthesized by first interacting pyrocatechol and chloroacetyl chloride in
the presence of phosphorus oxychloride to give
4-chloroacetylpyrocatechol, which is treated with
ammonia to give 4-aminoacetylpyrocatechol; the
latter product is treated with hydrogen in the
presence of palladium to reduce the carbonyl
group and form arterenol. This racemic compound
is resolved with rf-tartaric acid to separate levarterenol as the bitartrate. For further information see Tullar, J.A.C.S., 1948, 70, 2067, also
British Patent 656,500 (1951).
Description. — "Levarternol Bitartrate occurs
as a white or faintly gray, crystalline powder. It
is odorless, and slowly darkens on exposure to air
and light. Its solutions are acid to litmus, having
a pH of about 3.5. One Gm. of Levarterenol Bi-
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tartrate dissolves in about 2.5 ml. of water, and
in about 300 ml. of alcohol. It is practically insoluble in chloroform and in ether. Levarterenol
Bitartrate melts between 100° and 106°, the melt
being turbid." U.S.P.
Standards and Tests. — Identification. — (1)
An intense green color develops on adding a drop
of ferric chloride T.S. to a solution of 10 mg. of
levarterenol bitartrate in 2 ml. of water. (2) On
adding 1 ml. of 0.1 N iodine to 10 ml. of a 1 in
10,000 solution of levarterenol bitartrate, followed in 5 minutes by 2 ml. of 0.1 AT sodium thiosulfate, the solution is colorless or has at most
a slight pink or slight violet color (epinephrine
and isoproterenol give a strong red-brown or violet
color). Specific rotation. — Not less than —10°
and not more than —12°, calculated on the anhydrous basis, when determined in a solution
containing 500 mg. of levarterenol bitartrate in
each 10 ml. Water . — Not less than 4.5 per cent
and not more than 5.8 per cent, when determined
by the Karl Fischer method. Residue on ignition.
— The residue from 200 mg. is negligible. Arterenone. — The absorptivity (1%. 1 cm.) at 310
mn is not more than 2. Nitrogen content. — Not less
than 4.50 per cent and not more than 4.75 per
cent of N, calculated on the anhydrous basis,
when determined by the Kjeldahl method. U.S.P.
Assay. — The LP. assays levarterenol bitartrate
by determining the absorbance of a solution in
0.01 .V hydrochloric acid at 2 79 ran; the content
of anhydrous levarterenol bitartrate is calculated
on the basis that the absorptivity (1%, 1 cm.)
of the pure compound is 85.0.
Uses. — Levarterenol, used in the treatment of
hypotension, has its roots in the beginnings of the
developmental history of sympathomimetic amines.
Its racemate was svnthesized as early as 1904 by
Stolz
1904,'
37, 4149),
1908189).
by
Flacher(Ber.,
{Ztschr.
physiol.
Chem., and
1908.in 58,
Barger and Dale (/. Physiol, 1910, 41, 19) described its comparative pharmacology' in 1910.
Although numerous attempts were made to resolve the racemate into its optically active forms,
it was not successfully accomplished until 1948
(Tullar,
1948' researches
70, 2067). seeking to idenAction.J.A.C.S.,
— Important
tify the role of levarterenol with the adrenergic
transmission of some nerve impulses have been
reported relatively recently (von Euler. Acta
physiol. Scandinav., 1946. 12, 73; ibid., 1948, 16,
63; Pharmacol. Rev., 1951, 3, 247); this aspect is
discussed further in the monograph on Sympathomimetic Amines, in Part II. Levarterenol was
found to be present in, and liberated from, the
adrenal gland (Biilbring and Burn, Nature, 1949,
163, 363; von Euler and Hamburg, ibid., 1949.
163, 642; Goldenberg et al., Science, 1949, 109,
534) and to be actually a contaminant of biologically-derived U.S.P. standard epinephrine
(Auerbach and Angell, Science, 1949. 109, 537;
Tullar, ibid., 1949, 109, 536). Excessive amounts,
in proportion to epinephrine, were found to be
present in the pheochromocytoma, a tumor of the
adrenal medulla (Holton. Nature, 1949. 163, 217;
Goldenberg et al., loc. cit.; Beyer et al., Ann. Int.
Med., 1951, 35, 117; editorial, ibid., 1953, 39,
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1333). This abnormality Goldenberg {Am. J.
Med., 1948, 5, 792) identified with a fault in
transmethylation of arterenol to epinephrine in
the tumor, which process has been shown to be a
normal pathway for the synthesis of epinephrine
in the adrenal medulla (du Vigneaud, Proc. Am.
Philos. Soc, 1948, 92, 12 7; Biilbring, Brit. J.
Pharmacol, 1949, 4, 234).
Levarterenol is reported to be some 40 times
more potent as a pressor agent than the dextrorotatory' form (Luduena et al, J. Pharmacol,
1949, 95, 155; Swanson and Chen, J. A. Ph. A.,
1952, 41, 1S7). The levo-arterenol is a more general systemic vasoconstrictor agent than is /-epinephrine which constricts most profoundly the
cutaneous arteriolar bed. Thus, the systemic
pressor effect of levarterenol is the greater (Goldenberg et al, Am. J. Med., 1948, 5, 792 ; Wakin
and Essex. Circulation, 1952, 5, 370). Its pressor
effect can be depressed but not easily reversed by
adrenergic blocking agents, as is the case for epinephrine (Nickerson, /. Pharmacol, 1949, 95,
27). Levarterenol produces an increase in pulmonary venous pressure (Fowler. /. Clin. Inv., 1951,
30, 517). It is not as potent a hyperglycemic or
bronchodilator agent as is epinephrine (Chen
et al, J. A. Ph. A., 1951, 49, 2 73 J, nor is it as
potent an inhibitor of intestinal activity (Gruber
and
Matthews, Arch. exp. Path. Pharm., 1953,
219,1).
In man, levarterenol produces a generalized
increase in peripheral resistance; it slows the
heart rate reflexly and causes a secondary increase
in coronary flow and cardiac output (Goldenberg
et al, Am. J. Med., 1948, 5, 792; Swan. Lancet,
1949, 2, 508). Whereas it produced Little (King
et al. J. Clin. Inv., 1952, 31, 273) or no decrease
in cerebral blood flow (Sensenbach and Ochs, Am.
J. Med., 1951, 11, 250), levarterenol caused a
decrease in renal blood flow due to efferent arteriolar constriction (Smythe et al, J. Clin. Inv.,
1952, 31, 499; Mover and Handley, Circulation,
1952, 5, 91). Its duration of action is as transient
as for epinephrine; hence, it is administered
clinically by constant venoclysis.
Therapeutic Uses. — The utility of Levophed
clinically is based on its general vasoconstrictor
action for the elevation of blood pressure. Thus,
it has received some measure of acceptance for
the maintenance of blood pressure during the
critical several hours following sympathectomy
when the ability of the patient to maintain adequate svstemic blood pressure is impaired (Wilson
and
Ba'ssett.
Mich.Ann.
M. Surg.,
Bull, 1951,
1950,133,
16, 37).
57;
Deterling
and U.
Apgar.
Likewise, it has been employed to support blood
pressure following the removal of pheochromocytomas (Wright and Jones, South. M. J., 1951,
44, 14) and in spinal anesthesia for urological
surgery' in older patients (Bittrich and Mayer,
Urol. Cutan. Rev., 1949. 53, 513).
Levarterenol is the first of the sympathomimetic
amines to have some measure of acceptance for
the supportive treatment of shock from a variety
of conditions (Goldenberg et al, loc. cit.; Luger
et al, J.A.M.A., 1951, 146, 1592; Miller et al,
ibid., 1953, 152, 1198). Miller et al. indicated its
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use for interim therapy of oligemic shock until
whole blood was available. It is of value in the
treatment of shock associated with barbiturate
intoxication, bulbar poliomyelitis, virus pleuroperitonitis, ruptured ectopic pregnancy and of
surgical shock (Fremont et al., Arch. Surg., 1954,
68, 44; Barlow et al., South African Med. J.,
1953, 27, 557) and anaphylactic shock, viz., penicillin sensitivity (Nikishin, Ohio State M. J.,
1953, 49, 305). It has much less tendency to
cause cardiac irregularities or dangerous cardiac
embarrassment than epinephrine, even in the presence of myocardial damage. Yoe (Am. J. Med.,
1954, 16, 683) found it useful in combination
with infusions of normal human serum albumin
in the shock phase of epidemic hemorrhagic fever
observed in Korea. Hall (J.A.M.A., 1955, 157,
653) administered intravenously a total of 1.452
Gm. (363 ampuls) of levarterenol base in 22 days
to a patient with prolonged shock developing 2
weeks after removal of common duct stones; the
full recovery was complicated by a large skin
ulceration at the site of subcutaneous extravasation of the drug.
Myocardial Infarction. — In the hypotensive
shock associated with acute occlusion of a coronary artery, levarterenol appeared to meet the
clinician's need for a vasopressor agent but the
fear arising from the familiar unfavorable response from epinephrine has resulted in very slow
acceptance of any vasopressor drug in the treatment of cardiogenic shock. Levarterenol must be
used with intelligence and in association with
other indicated measures such as blood transfusion, digitalis, quinidine. anticoagulants, etc.
(Miller et al, J.A.M.A., 1953, 152, 1198). When
blood pressure is unobtainable, Silber and Katz
(Circulation, 1953, 7, 445) commence therapy
with an intraarterial transfusion of blood or blood
plasma as indicated (it seems likely that the intravenous route is as effective) and use levarterenol to maintain the rise in blood pressure obtained. Judson (Med. Clin. North America, 1953,
37, 1313) stresses the importance of maintaining
circulation and hence oxygenation to the uninfarcted heart muscle, the brain and other essential tissues. Levine and Levine (ibid., 955) noted
the lack of acceleration of the heart or stimulation of the nervous system with levarterenol.
Studies of Berglund et al. (Fed. Proc, 1954, 13,
11) indicate that levarterenol restores the depressed coronary blood flow, the systemic blood
pressure and cardiac output toward normal in an
animal with a clamp on a coronary artery. In
fact, a definite stimulation in the force of myocardial contraction was observed. Sayen et al.
(J. Clin. Inv., 1952, 31, 658) reported an increase
in the oxygen content in the area of muscle supplied by the occluded artery in the dog after
levarterenol which was greater than that following inhalation of oxygen; the concentration of
oxygen is highest if both oxygen and levarterenol
are used. Any relief which hypotension gives a
damaged heart seems to be more than counterbalanced by the damage which results from the
anoxia (Gilchrist, Brit. M. J., 1952, 2, 351).
Numerous clinical reports have established the
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value of levarterenol for shock in acute myocardial infarction. A satisfactory rise in blood
pressure is reported in 8 of 9 cases by Miller
et al. (loc. cit.), in 12 of 14 by Skelton et al.
(Am. J. Med., 1953, 15, 330), in 12 of 14 by
Kurland and Malach (New Eng. J. Med., 1952,
247, 383), in 9 of 13 by Calenda et al. (Am. J.
Med. Sc, 1953, 226, 399), in 6 of 7 by Gazes
et al. (Circulation, 1953, 8, 883), and in 6 of 6
by Smith and Guz (Brit. M. J., 1953, 2, 1341);
not all of these patients survived but many patients in critical condition did recover. S
Toxicology. — Aside from its marked action
on the circulation, which requires continuous observation ofthe patient during its administration,
the chief hazard in the use of levarterenol is the
failure to recognize a masked internal hemorrhage
which is responsible for the shock. Even in the
dilute solution employed clinically levarterenol is
a severe irritant to the vein at the site of injection (Greenwald et al., New Eng. J. Med., 1952,
246, 252); the needle or plastic tube must be
inserted well into the vein and great care must
be taken to avoid extravasation which will result
in severe phlebitis and even sloughing. Warming
the tissues proximal to the site of injection may
minimize the danger of irritation.
Dose. — The usual dose is 5 micrograms per
minute intravenously with a range of 1 to 10
micrograms. For intravenous injection, 4 ml. of a
0.2 per cent levarterenol bitartrate solution
(equivalent to 0.1 per cent of levarterenol base)
is added to 1000 ml. of 5 per cent dextrose solution for injection, to 5 per cent dextrose in isotonic sodium chloride solution for injection, or to
plasma. A calibrated dropper must be used, such
as the Murphy drip apparatus, in order to determine the rate of injection accurately. The rate
of infusion must be adjusted frequently according to the changes in the patient's blood pressure
and heart rate. Thus, dosage is really symptomatic. This is an extremely potent agent with a
transient duration of action. Its venoclysis must
be supervised closely in order to avoid excessive
elevation of blood pressure or an insufficient
effect. Small variations in the rate of injection
cause considerable changes in the circulation of
the patient. The drug is not entirely free of the
danger of auricular or ventricular arrhythmia in
the patient with myocardial damage (see also
under Mephenterr.iine Sulfate).
It is common to commence with a dose of 1 to
2 micrograms of levarterenol base per 10 Kg. of
body weight, at the rate of 5 micrograms per
minute, determine the blood pressure every 2
minutes and adjust the rate to the desired blood
pressure, which for this purpose is about 100 mg.
of mercury (systolic). Usually 2 to 4 micrograms
per minute (0.5 to 1 ml. of the dilution of 4 ml.
in 1000 ml.) of the base is the maintenance dose.
As the blood pressure stabilizes in response to
therapy, blood pressure should be taken every
5 minutes.
Levarterenol bitartrate is available as a 0.2 per
cent solution in isotonic sodium chloride solution
for injection, preserved with 0.2 per cent sodium
bisulfite, in ampuls of 4 ml.
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Storage.— Preserve "in tight, light-resistant
containers." U.S.P.
LEVARTERENOL
BITARTRATE
INJECTION.
U.S.P. (LP.)

"Levarterenol Bitartrate Injection is a sterile
for
solution of levarterenol bitartrate in water
injection. It contains not less than 90 per cent
and not more than 105 per cent of the labeled
amount of CsHnNO3.C4H6O6.H2O. Note— Do
not use the Injection if it is brown in color or
contains a precipitate." U.S.P.
The LP. defines Injection of Levarterenol as
a sterile solution of Levarterenol Bitartrate in
water for injection, and requires not less than 0.90
mg. and not more than 1.10 mg. of C8H11O3N
(levarterenol base) per ml. It is indicated that it
may be prepared by dissolving 0.2 Gm. of levarterenol bitartrate in a solution of 0.1 Gm. of
sodium pyrosulfite (bisulfite) in 10 ml. of water
for injection, mixing this solution with one containing 0.8 Gm. of sodium chloride in 75 ml. of
water for injection, then adding sufficient water
for injection to make 100 ml. The solution is
sterilized by heating in an autoclave to maintain
the whole of the solution at 115° to 116° for 30
minutes.
I. P. Injection of Levarterenol; Injectio Levarterenoli.

The pH of the injection is required to be between 3and 4.5. It is assayed by measuring the
absorbance of the solution, after dilution with
hydrochloric acid and water, at 2 79 mn.
Storage. — Preserve "in single-dose containers, preferablv of Tvpe I or III glass, protected
from
light."
U.S.P.
' in 4 ml.
Usual
Size.
— 8 mg.
LIDOCAINE.
N.F.
a-Diethylaminoaceto-2,6-xylidide

C2H5

^— NHCOC
H2N

N

Ws

"Lidocaine, dried in a vacuum over calcium
chloride for 24 hours, contains not less than 99
per cent and not more than 101 per cent of
C14H22N2O." N.F.
o-Diethylaraino-2,6-dimethylacetanilid.

Lidocaine base was synthesized by Lofgren, in
1946, by interaction between 2.6-dimethylaniline
and chloroacetyl chloride to give co- chlor 0-2.6 dimethylacetanilid which on treatment with diethylamine gives lidocaine (for details of synthesis see Lofgren and Lundquist, U. S. Patent
2.441,498 (1948). Under the trade-marked name
Xylocaine Hydrochloride (Astra) it is available
for medicinal use in the form of an aqueous solution of the hydrochloride salt, which latter is
prepared in the solution by neutralization of
lidocaine with hydrochloric acid.
Description. — "Lidocaine occurs as a white
or slightly yellow, crystalline powder. It has a

characteristic odor and is stable in air. Lidocaine
is very soluble in alcohol and in chloroform. It
is freely soluble in benzene and in ether, but is
practically insoluble in water. It dissolves in oils.
Lidocaine melts between 66° and 69°." N.F.
Standards and Tests. — Identification. — (1)
A bright green color and a fine precipitate develop
on adding 10 drops of cobaltous chloride T.S. to
a solution of 100 mg. of lidocaine in 1 ml. of
alcohol and shaking for 2 minutes. (2) A yellow
to green color develops on boiling a mixture of
100 mg. of lidocaine dissolved in 5 ml. of water,
1 ml. of diluted nitric acid, and 3 ml. of mercuric
nitrate T.S. (anesthetics derived from p-aminobenzoic acid turned red or orange). (3) Lidocaine
picrate melts between 231° and 232°. Loss on
drying. — Not over 0.5 per cent, when dried in
vacuum over calcium chloride for 24 hours. Residue on ignition. — Not over 0.5 per cent. Sulfate.
— Barium chloride T.S. produces no turbidity
when added to an acid solution of lidocaine.
Heavy metals. — No color or precipitate develops
on saturating an acid solution of lidocaine with
hydrogen sulfide. Halides. — Silver nitrate T.S.
produces no opalescence when added to an acid
solution of lidocaine. N.F.
Assay. — About 500 mg. of dried lidocaine is
dissolved in 40 ml. of 0.1 A7 sulfuric acid and the
excess of acid is titrated with 0.1 A sodium hydroxide, using a mixture of bromocresol blue T.S.
and methyl red T.S. as indicator. Each ml. of
0.1 N sulfuric acid represents 23.43 mg. of
C14H22N2O.

N.F.

Uses. — In the form of an aqueous solution of
its hydrochloride, lidocaine is used as a local anestheticfor
; a general discussion of such agents see
the monograph on Local Anesthetics, in Part II.
The first clinical report of the use of lidocaine
hydrochloride was that of Lofgren and Lundquist
(Svensk. Kern. Tidskr., 1946, 58, 206). In the
first systematic pharmacologic studies Goldberg
(Svensk. Tandl. Tidskr., 1947. 40, 819; Acta
Physiol. Scand., 1949, 18, 1; Svensk. Ldk., 1948,
45, 107) reported that it is an active local anesthetic when applied topically or by infiltration,
that it is stable, and that it does not produce
irritation. The compound was reported to be
about as toxic as procaine, but since it is more
potent lidocaine was considered to be the safer
agent. Thus, the agent was considered to be 2 to
4 times safer than procaine, and 5 to 10 times
safer than tetracaine. Its activity is enhanced by
epinephrine.
Many reports emanating from a number of
countries have attested to the clinical utility of
this local anesthetic agent. Thus, in Scandinavia.
Stovener (Nord. Med., 1950. 44, 1605) and
Moberg and Dhunar (/. Bone Joint Surg., 1951,
33A, 884) reported successful use of a 2 per cent
solution of lidocaine hydrochloride for brachial
plexus block in 54 and 300 instances, respectively. They both reported that the drug took
effect rapidly and that its duration of action was
longer than for procaine. In Switzerland. Koenig
(Schweiz. med. Wchnschr., 1950. 80, 942) employed the 2 per cent solution, in amounts of 12
to 30 ml., for continuous peridural anesthesia in
12 of 15 obstetric and gynecologic patients. He
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also employed the agent with good to excellent
results in epidural and saddle block anesthesia
and in other types of analgesia. In this country,
Haines and Grabstald (/. Urol, 1949, 62, 901)
reported that in some 250 cases they found lidocaine to be an ideal agent for bladder and urethra
anesthesia prior to cystoscopic examination. From
Italy, Ciocatto (Anesth. & Analg., 1950, 29, 353)
reported on his experience with lidocaine; he
administered it by infiltration, topically, for conduction block, for peridural, epidural and for
spinal anesthesia. He reported it to be a most
efficient anesthetic agent that affords rapid, complete and long-lasting anesthesia without signs of
toxicity and local irritation. Carnegie and Hewer
{Lancet, 1950, 2, 12) reported that 2 per cent
lidocaine hydrochloride with 1:80,000 of epinephrine hydrochloride was fairly satisfactory,
but not as effective, for bronchoscopies as 10 per
cent cocaine. This concentration was not particularly effective as a corneal anesthetic agent. Their
experience with lidocaine for infiltration and nerve
block attested to the rapidity of the onset of its
action.
In this country, Dabbs and Southworth {Anesth.
& Analg., 1949, 28, 174; ibid., 1953, 32, 159)
studied a number of dosage forms of lidocaine in
1498 cases. In addition, they reported a review of
cases from the literature which indicated that in
68,281 instances the incidence of toxicity was
quite low. They recommend that the total dose
not exceed 500 to 1000 mg. for adults, although
they reported an instance where 3000 mg. was
administered. Hanson and Hingson {ibid., 1950,
29, 136) analyzed their experience with lidocaine
hydrochloride as follows: 1 or 2 per cent solution
in a total dose of 20 to 30 ml. (200 to 600 mg.)
was usually employed for local infiltration and
pudendal block; 44 ml. of 1 per cent solution was
the average dose for continuous caudal anesthesia. In both types of anesthesia the duration
was approximately 2 hours. Spinal anesthesia of
2.5 hours' duration was produced by 7.5 ml. of
1 per cent solution. Their dosage for peridural
and continuous peridural technics was 32.5 ml.
of 1 per cent solution; they recommend that epinephrine not be employed with lidocaine for this
purpose. They used 30 mg. mixed with 10 per
cent glucose for hyperbaric saddle block anesthesia. Finally, they reported 12 cases where an
average total of 800 mg. was administered as 0.5
per cent solution slowly intravenously for relief
of pain in terminal malignant cases. Other more
recent papers likewise attest to the more rapid
onset and greater efficacy of lidocaine as compared with procaine (Crawford, Anesthesiol,
1953, 14, 278; Anesth. & Analg., 1953, 32, 350).
Lidocaine hydrochloride has been employed
principally as the 2 per cent solution in dental
surgery. Lozier {Oral Surg., Oral Med., Oral
Path., 1949, 2, 1460) reported that in 1950 dental
cases 2 per cent lidocaine hydrochloride with
either 1:100,000 or 1:50,000 of epinephrine hydrochloride was practically the only agent that
usually produced adequate analgesia in operative
cases where other agents failed. The experiences
of Lazansky and Robinson {ibid., 1949, 2, 1286)
and Lloyd and Blythe (/. A. Dent. A., 1949, 39,
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296) support this enthusiastic acceptance of lidocaine in dental procedures.
The usual dose of lidocaine hydrochloride for
infiltration anesthesia in minor surgery is 2 to 50
ml. of the 0.5 per cent solution, with 1:100,000
of epinephrine hydrochloride. In major surgery
up to 100 ml. may be required. If larger amounts
(up to 200 ml.) are employed, the 0.25 per cent
solution should be used. For nerve block anesthesia a1 or 2 per cent solution is used. For block
anesthesia of the fingers or toes, a 2 per cent solution without epinephrine is satisfactory. For spinal
anesthesia, an average dose of 7.5 ml. of a 1 per
cent solution has been used. For dental procedures
a 2 per cent solution containing 1:50,000 of epinephrine hydrochloride is used. For topical application to mucous membranes, as of the mouth,
urethra or peritoneum, a 1 per cent solution is
applied with cotton pledgets. The maximum safe
dose is as a rule 500 mg. in 24 hours, and a concentration of0.5 per cent should not be exceeded
for infiltration anesthesia.
Storage. — Preserve "in tight containers." N.F.
LIDOCAINE HYDROCHLORIDE
INJECTION.
N.F.
"Lidocaine Hydrochloride Injection is a sterile
solution of lidocaine hydrochloride in water for
injection. It contains not less than 95 per cent and
not more than 105 per cent of the labeled amount
of C14H22N2O.HCI." N.F.
Usual Sizes. — 20-ml. and 50-ml. vials containing 0.5, 1 or 2 per cent of lidocaine hydrochloride, with or without 1 : 100,000 of epinephrine
hydrochloride; 1.8-ml. cartridges of 2 per cent
solution, with or without epinephrine, are also
available; also 20-ml. and 50-ml. vials, and 1.8-ml.
cartridges of 2 per cent solution with 1 : 50,000
of epinephrine hydrochloride. All solutions contain 0.1 per cent of methylparaben, also sodium
chloride to render them isotonic.
LIME.

N.F.

Calcium Oxide, Quicklime, Calx

"Lime, when freshly ignited to constant weight
with a blast lamp, contains not less than 95 per
cent of CaO." N.F.
Burnt Lime. Calcium Oxydatum; Calcii Oxydum; Calcaria Usta; Calx Usta. Fr. Oxyde de calcium; Oxyde
de calcium anhydre; Chaux; Chaux vive; Chaux caustique.
Ger. Gebrannter Kalk ;_ Atzkalk; Calciumoxyd. It. Cake
viva. Sp. Oxido de calcio.

Formerly calcium oxide was official for the purpose of making lime water but it has been supplanted for this purpose by slaked lime (see Calcium Hydroxide) . It remains officially recognized
because of its use as an ingredient for making
sulfurated lime solution.
Lime is prepared by calcining some form of
the native carbonate, as marble, limestone, chalk,
clamshells, etc.; the carbon dioxide is driven off,
and lime remains. The quality of the carbonate
employed determines how pure a product will be
obtained.
Description. — "Lime occurs as hard, white
or grayish white masses or granules, or a white
powder. It is odorless. One Gm. of Lime dissolves
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in about S40 ml. of water, and in about 1740 ml.
of boiling water. It is soluble in glycerin and in
syrup, but is insoluble in alcohol." X.F.
Standards and Tests. — Identification. — < 1 )
Heat is generated and a white powder of calcium
hydroxide or slaked lime is obtained on moistening lime with water; when the powder is mixed
with 3 or 4 times its weight of water an alkaline
magma, milk of lime, results. (2) A solution of
1 Gm. of lime in 20 ml. of water with enough
acetic acid to effect solution responds to tests for
calcium. Reaction. — When agitated with lime,
water becomes alkaline to litmus paper. Loss on
ignition. — Not over 10 per cent. Insoluble substances.— Not over 50 mg. of insoluble matter is
obtained after dissolving 5 Gm. of lime in a dilute
hydrochloric acid solution. Carbonate. — After
decanting the milky liquid obtained by slaking
1 Gm. of lime with 50 ml. of water, the residue
gives not more than a slight effervescence on
adding an excess of diluted hydrochloric acid.
Alkalies or magnesium. — When 500 mg. of lime
is dissolved with the aid of diluted hydrochloric
acid and then tested as described in the test for
magnesium and alkali salts under calcium bromide not over 9 mg. of residue is obtained. X.F.
Assay. — About 1 Gm. of lime, previously
ignited to constant weight with a blast lamp, is
dissolved in diluted hydrochloric acid and a onetenth aliquot portion of the solution is reacted
with a measured excess of 0.1 .V oxalic acid in an
ammoniacal medium. The mixture is filtered and
the oxalic acid in one-half of the filtrate is titrated
with 0.1 .V potassium permanganate. Each ml. of
0.1
A" oxalic
of CaO.
X.F. acid required represents 2.S04 mg.
Toxicology. — Calcium oxide may cause a
form of caustic poisoning like that of the hydroxides (see under Potassium Hydroxide^, but internal poisoning is uncommon. Local burns from
quicklime and dermatitis from industrial exposure are. however, not infrequent. In the treatment of these the first thing is to neutralize the
caustic by washing with a weak acid, preferably
a dilute solution of acetic acid: after-treatment is
on the same lines as other bums. A 4 per cent
solution of ammonium chloride was found more
effective than acetic acid for bums of the eve
(Pether. Brit. M. J., 1959. 1, 66S i. v
Storage. — Preserve "in tight containers." X.F.
Off. Prep. — Sulfurated Lime Solution. X.F.
SULFURATED LIME SOLUTION.
X.F.
Vleminckx'

Solution. Vleminckx'
Calcis Sulfurats

Lotion, Liquor

Slake 165 Gm. of lime, mix with 250 Gm. of
sublimed sulfur, and add the mixture gradually
to 1750 ml. of boiling water. Boil this mixture,
while agitating frequently, until its volume is reduced to 10C0 ml. Continue boiling the mixture
for 1 hour, keeping the volume at about 1000 ml.
by the addition of water. Cool, filter, and add
enough water through the filter to make 1000
ml. X.F.
In the preparation of this solution there are
produced calcium disulfide, calcium pentasulhde
and calcium thiosulfate. as follows :

I

CaO + HiO-»Ca(OH>i.
3Ca(OHj2 + 6S -» 2CaS2 + CaSsOa + 3HiO
3Ca(OH)2 + 12S- 2CaSs + CaSsOa + 3H2O
Description. — "Sulfurated Lime Solution is
a clear, orange liquid, with a slight odor of hydrogen sulfide. It is alkaline to litmus." X.F.
Tests. — Identification. — { 1 ) Addition of an excess of diluted hydrochloric acid to the solution
changes its color to a greenish yellow, precipitates sulfur, and liberates hydrogen sulfide, with
effervescence. ( 2 ) On boiling the liquid from the
preceding test, filtering, then adding, successively,
a slight excess of ammonia T.S.. a slight excess
of acetic acid, and 1 ml. of ammonium oxalate
T.S.. a white precipitate of calcium oxalate is
produced. X.F.
Uses. — Vleminckx' solution, diluted, may be employed to obtain the effect of sulfides in the treatment of skin diseases (see Sulfurated Potash).
It is used mainly in cases of severe, cystic acne
vulgaris: from 1 to 4 teaspoonfuls of the solution added to a pint of hot water provides a
valuable hot dressing for infected areas of the
face. Limited use initially is advisable in order
to detect possible irritation. Addition of 150 to
200 ml. of the solution to a tub of water has been
utilized as a means of providing a sulfur bath of
limited adjunctive antiparasitic usefulness in the
treatment of seborrheic dermatoses and pyogenic
infections. Disadvantages of sulfurated lime solution are its odor of hydrogen sulfide, its tendency
to discolor fingernails when in contact with it. and
its effect in blackening white metals.
Storage. — Preserve "in completely filled, tight
containers." X.F.
B.P.
CHLORINATED LIME.
Calx Chlorinata

The B.P. requires this substance to contain not
less than 30.0 per cent w w of available chlorine.
Chloride of Lime; Bleaching Powder. Calx Chlorata:
Calcaria Chlorata; Calcicus Chloruratus; Chlorurerum Calcis; Calcana Oxymuriatica. Fr. Chlorure de chaux; Chlorure de chaux sec du commerce; Hypochlorite de chaux sec:
Poudre de blanchiment. Ger. Chlorkalk. It. Cloruro di
calce. Sp. Cloro-hipoclorito de calcio.

Chlorinated lime, originally prepared as a
bleaching agent in 1798 by Tennant. of Glasgow,
is made commercially by passing chlorine gas
over calcium hydroxide. A series of horizontally
placed drums or cylinders provided with revolving endless screws receive dry calcium hydroxide,
which, from the time it enters the top cylinder
until it is discharged from the bottom one. meets
a continuous stream of chlorine gas passing in
the opposite direction.
Description. — Chlorinated lime occurs as a
dull white powder, having the odor of chlorine.
On exposure to air it slowly decomposes by reaction with carbon dioxide and moisture, and then
must not be used. It is partly soluble in water or
in alcohol. Acids decompose it with evolution of
chlorine: even so weak an acid as carbonic will
bring this about, but it is more rapid with strong
acids like hydrochloric. When exposed to heat,
it gives off oxygen and some chlorine, and is
converted into calcium chloride.
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Chlorinated lime is an oxidizing agent, its action
being commonly attributed to the nascent oxygen
formed by its decomposition in the presence of
moisture.
Composition. — The formula of the principal
constituent of chlorinated lime is commonly represented asCa(OCl)Cl, corresponding to the substance sometimes referred to as calcium chlorohypochlorite. Present also are varying amounts
of calcium hydroxide and moisture. Solutions of
bleaching powder, upon evaporation, or freezing,
yield crystals of hydrated calcium hypochlorite,
also small amounts of calcium chloride, calcium
chlorate, calcium hydroxide and calcium carbonate.
Chlorinated lime may contain an excess of
lime, from inadequate chlorination. If much calcium chloride is present, the product will be
quite moist, a sign of inferior quality.
Assay. — The N.F. assay of chlorinated lime
(official as a reagent) involves liberation of iodine
from potassium iodide in the presence of acetic
acid; the liberated halogen is titrated with 0.1 N
sodium thiosulfate. Each ml. of 0.1 N sodium
thiosulfate represents 3.547 mg. of available chlorine (CI). Not less than 30 per cent of available
chlorine is required. The assay of the B.P. is
essentially the same.
Uses. — In the presence of moisture chlorinated lime exerts the well-known germicidal
effects of the hypochlorites (see also Sodium
Hypochlorite Solution). Whether the germicidal
action is the result of liberation of chlorine, or
of nascent oxygen by decomposition of hypochlorite, orboth, cannot be stated with certainty;
many of the facts concerning the action of hypochlorite-containing compounds suggest that nascent oxygen may be the active agent. Nissen
reported (Ztschr. Hyg. Infektionskr., 1897, 8, 62)
that 0.2 per cent of chlorinated lime kills practically all forms of vegetative bacteria within 5
minutes, and Moll (Zentralbl. Bakt., 1920, 84,
416) found that even the highly resistant tetanus
spores are killed in 10 minutes by a 20 per cent
solution of chlorinated lime. According to Stokes
and Hatchel (J.A.M.A., 1912, 59, 1505), chlorinated lime equivalent to 0.4 to 1.5 per cent of
available chlorine killed 90 per cent of the bacteria in drinking water.
Because it is cheap, as well as efficient, chlorinated lime is probably the best of all chemical
agents for disinfection of urine, feces, sputum,
or similar matters. For this purpose, sufficient
chlorinated lime to represent about 2 parts per
hundred of excreta should be intimately mixed
and the mixture allowed to stand for 1 or 2 hours.
A solution of 1 pound of chlorinated lime to a
bucketful of water makes an excellent disinfectant for washing the walls and floors of dissecting
rooms, privies, docks, and other places with offensive effluvia, not only for its germicidal, but especially for its deodorizing effect. The same solution is also useful for sterilizing dishes and other
utensils which have been used by patients with
infectious diseases. Because of its decolorizing
effect it is not a suitable agent for the sterilization of colored goods or clothing.
Chlorinated lime may be used for extempo-
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raneous purification of polluted water; for this
purpose from 1 to 2 ounces may be mixed with
about 65 gallons of the water. The water must
afterwards be exposed for some time to the air,
and allowed to settle, before it is fit to drink.
Such a procedure destroys E. coli (Bull. Hyg.,
1943, 18, 929) and also the cysts of Endameba
histolytica (War Med., 1944, 5, 46). For water
not grossly polluted, sufficient chlorinated lime to
represent about 1 part of available chlorine per
million parts of water is sufficient. This destroys
all pathogenic bacteria and imparts little taste or
odor to the water. It was formerly used on a
large scale for this purpose by many municipalities but has now been replaced by chlorine.
For more directly medicinal purposes chlorinated lime has been superseded by solutions of
sodium hypochlorite.
Chlorinated lime may be employed in chemical
warfare as a decontaminant (neutralizing agent)
for chemicals of the mustard gas type. It reacts
quickly with mustard gas, decomposing it; with
liquid mustard it reacts violently, causing flame
and also volatilizing the substance. If the bleaching powder is mixed with three parts of sand or
earth, this violent reaction does not occur. One
pound of bleaching powder is required per square
yard of gassed area. For the decontamination of
equipment, a suspension of bleaching powder in
an equal weight of water is applied. The skin of
human beings or animals may be decontaminated
with a suspension of one part of powder to two
parts of water, but the application should be removed within 5 minutes to avoid irritation to the
skin. An anti-gas ointment, consisting of chlorinated lime 50 Gm., calcium hydroxide 1.5 Gm.
and white soft paraffin 50 Gm., was made available to casualty stations by the British during
World War II (Brindle and Rosser, Quart. J. P.,
1940, p. 265) to be applied to the skin within 3
minutes of exposure and wiped off after 1 minute; precautions are necessary in the manufacture
of this ointment to avoid explosions.
Off. Prep. — Surgical Solution of Chlorinated
Soda, B.P.
LINSEED.

N.F.

Flaxseed, Linum

"Linseed is the dried ripe seed of Linum
tissimum Linne (Fam. Linacece). Linseed
not less than 30 per cent of non-volatile,
soluble extractive, of which not more than

usitayields
ether2 per

cent is unsaponifiable matter." N.F.
Semexi Lini. Fr. Lin; Semence de lin. Ger. Leinsamen ;
Flachssamen. It. Seme di lino. Sp. Semilla de lino;
Linaza.

Common flax is an annual plant, with an erect,
slender, smooth stem, about two feet in height,
branching at the top, and bearing alternate, linearlanceolate, sessile leaves. The flowers are terminal, and of a delicate blue color. The fruit is a
globular capsule, about the size of a small pea,
having the persistent calyx at the base, crowned
with a sharp spine, and containing ten seeds in
distinct cells. This highly valuable plant, now
almost everywhere cultivated, is said by some to
have been originally derived from Egypt, by
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others from the great elevated plain of Central
Asia. Its original home is unknown. It flowers
in June and July, and ripens its seeds in August.
The flax plant was cultivated for its fiber and
seeds by the early American colonists and in
1792 the United States exported nearly 300,000
bushels of flaxseed. Very early the linseed oil
industry was developed in the United States and
in 1810 there were nearly 300 linseed oil mills in
the 14 states, more than half of them being in
Pennsylvania. It is estimated that during 1951
the United States produced 34,959,000 bushels
of flax. The leading flax producing states are
Minnesota, North Dakota, California, Arizona,
Kansas, Montana, Iowa, and South Dakota.
Description. — "Unground Linseed is ovoid
or oblong-lanceolate, obliquely pointed at one
end, from 4 to 6 mm. in length, 2 to 3 mm. in
width, and 1.5 mm. thick, and has one edge more
acute than the other; is externally brown to
dusky red; and is smooth and shiny. The raphe
is a distinct, lighter-colored ridge along one edge
and the hilum and micropyle are located in a
slight depression just below the pointed end.
Internally, Linseed is oily and light yellowish
brown to weak yellow. Linseed has a slight odor
and a mucilaginous, oily and distinctive taste."
N.F. For histology see N.F. X.
"Powdered Linseed is yellowish brown. It consists chiefly of large oil globules and irregular
fragments of endosperm, embryo, and seed coat.
The seed coat is characterized by tabular pigment
cells filled with reddish brown to yellowish
brown, amorphous contents and by the somewhat
radially elongated stone cells with orange to yellowish brown, porous walls and rather large lumina, and elongated, colorless cross cells. The
aleurone grains vary from 3 to 20 m. in diameter.
"Linseed Meal is fight yellowish brown to weak
yellow and contains numerous dark-colored fragments of the seed coat. The fragments of both the
coat and kernel are usually very coarse and conN.F. tain the same cellular tissues as the powder."
The ground seeds are supplied in commerce
under the name linseed meal. This is highly oleaginous, and when mixed with hot water forms a
soft adhesive mass. The residue remaining after
extracting oil from linseed is sometimes called
"linseed meal"; this is unfit for medicinal use.
being used as a cattle food. Linseed meal is
sometimes adulterated with corn meal, or other
meals containing starch, whose presence is at
once revealed by the iodine test. It has been
found in the market adulterated with petroleum
or other mineral oil.
Standards and Tests. — Cottonseed meal. —
Linseed meal and powdered linseed do not show
irregular epidermal cells with thick stratified yellowish walls and brown contents, twisted hairs or
palisade cells, in excess of the tolerance on foreign
seeds. Cruciferous seed meals. — Linseed meal
and powdered linseed do not show the histological
characteristics of cruciferous seeds in an amount
in excess of the tolerance on foreign seeds. Starch
or starch-bearing seeds. — Not more than faint
blue color results when iodine T.S. is added to

Part I
the filtrate separated from a mixture of 1 Gm. of
powdered linseed or linseed meal with 50 ml. of
distilled water which has been boiled, then cooled.
Foreign seeds and foreign organic matter. — Not
over 2 per cent. Acid-insoluble ash. — Not over 1
per cent. N.F.
Assay. — A determination of Nonvolatile,
Ether-soluble Extractive, using 20 Gm. of ground
or powdered Linseed, is performed. The extractive weighs not less than 6 Gm. Determine the
unsaponifiable matter in 5 Gm. of this anhydrous
extractive : not more than 2 per cent of unsaponifiable matter remains. N.F.
Constituents. — Linseed contains from 30 to
40 per cent of a characteristic fixed oil, besides
wax, resin, tannin, gum and protein. For some
years there has been a discussion as to the presence of starch. Certain tissues of the seed coat
beneath the mucilaginous epidermis may give a
starch reaction and it is stated that even the cells
may contain starch (Proc. A. Ph. A., 1907, 55,
326). The present indications are that starch
grains are not usually present in the ripe seed
although they may occur in appreciable quantities
in the immature seeds (Pharm. Ztg., 51, p. 658).
The investing coat of the seed contains a gummy
matter or mucilage amounting to about 6 per
cent of the seeds. This is readily soluble in hot
water, forming a thick viscid mucilage, which
deposits white flakes upon the addition of alcohol
and affords a copious dense precipitate with lead
subacetate. Proteins are present to the extent of
about 20 per cent and sugars to the extent of
about 18 per cent.
The ash of flaxseed amounts to from 2 to 6
per cent of the weight of the seed.
The gum of linseed contains, when dried, more
than 10 per cent of mineral substances. By boiling with nitric acid, the gum yields crystals of
mucic acid; with diluted mineral acids, it is
broken up into a dextrogyrate gum, sugar, and
cellulose.
Jorissen and Hairs (Drogues Simples, t. 2, 685)
obtained from the young plant a cyanogenetic
glycoside, to which they gave the name of linamarin. This glycoside remains in the press cake
remaining after expression of linseed oil and used
as a cattle feed; if a process of hot expression
(see under Linseed Oil) is employed, the enzyme
which hydrolyzes linamarin appears to be inactivated and the press cake is innocuous to cattle.
Uses. — Because of the mucilage and oil it contains, flaxseed is both demulcent and emollient.
The meal mixed with hot water forms an emollient poultice which is of value in the treatment
of local inflammations such as furunculosis. Its
usefulness appears to be due partially to the oil,
which softens the skin, and partially to the fact
that the flaxseed poultice retains heat better than
most substitutes. There was a popular notion
that the mucilaginous substances can be absorbed
from the alimentary tract and exercise an internal
demulcent action, and an infusion made by treating the whole seeds with boiling water was widely
employed in inflammations of the respiratory or
urinary tracts. But as the gums, like other carbohydrates, are hydrolyzed by digestive juices, no
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benefit is to be expected from such use of the
drug. The whole seed has been occasionally given
in tablespoonful doses as a laxative. |v]
LINSEED

OIL.

N.F., B.P.

Flaxseed Oil, Raw Linseed Oil, Oleum Lini

"Linseed Oil is the fixed oil obtained from the
dried ripe seed of Linum usitatissimum Linne
(Fam. Linacece). Note. — Linseed Oil that has
been 'boiled,' i.e., treated with a drier and heated,
must not be used or dispensed as a drug." N.F.
The B.P. recognizes Linseed Oil as the fixed oil
obtained from the ripe seeds of Linum usitatissimum L.
Flaxseed Oil. Oleum Seminis Lini. Fr. Huile de lin.
Ger. Leinol ; Leinsamenol. It. Olio di lino. Sp. Aceite
de linaza.

Linseed oil may be obtained by either cold or
hot expression from the seeds of Linum usitatissimum, or common flax, which contains about 32
to 43 per cent of the oil. Cold expression is employed in some European countries where the
oil is utilized for edible purposes; in the United
States, processes involving hot expression are
generally used. In the latter methods the processing begins with a cleaning of the seeds by
screening and blowing, after which they are
crushed, heated to about 85° to 95° , and then subjected to pressure to separate the oil. Refining of
the oil was originally effected by storing it, sometimes for several years, until the mucilaginous
impurities had precipitated and settled. A more
rapid method utilizes the charring effect of 1 to 2
per cent of sulfuric acid on the impurities, causing
these to separate as a flocculent precipitate; the
acid is washed out with water. More commonly
the oil is refined by a caustic soda process similar
to that utilized in refining cottonseed oil. The
refined oil may be bleached by heating it to about
100° with 2 to 5 per cent of fuller's earth, then
filtering through a press. When required, this oil
may be chilled or "wintered" until the wax in it,
originating in the seed coats, has separated.
Description. — "Linseed Oil is a yellow, oily
liquid, having a characteristic odor and a bland
taste. When exposed to air, it gradually thickens,
darkens in color, and acquires a more pronounced
odor and taste. Linseed Oil is slightly soluble in
alcohol, but is miscible with ether, with chloroform, with petroleum benzin, with carbon disulfide, and with turpentine oil. The specific gravity
of Linseed Oil is not less than 0.925 and not more
than 0.935." N.F.
Standards and Tests. — Non-drying oils. —
The oil, when spread in a thin layer on a glass
plate and allowed to stand in a warm place protected from dust, is gradually converted into a
hard, transparent film. Mineral or rosin oils. —
On saponifying a portion of the oil with a hydroalcoholic solution of potassium hydroxide a clear
solution results and addition of distilled water to
the solution yields a clear liquid free from oily
drops. Rosin or rosin oils. — No purplish color
forms in the acetic anhydride layer separated
from a warmed solution of the oil in the anhydride when a few drops of the former are mixed
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with a drop of sulfuric acid on a white porcelain
surface. Unsaponifiable matter. — Not over 1.5
per cent. Saponification value. — Not less than 187
and not more than 195. Iodine value. — Not less
than 170. Acid value. — Not more than 7.5 ml. of
O.liV sodium hydroxide is required for neutralization of 10 Gm. of oil. N.F. The B.P. gives the
refractive
index, at 40°, as between 1.4725 and
1.4750.
Linseed oil is the most important of the socalled "drying" oils, which have the property of
absorbing oxygen and forming a hard film when
exposed to air. A still greater affinity for oxygen
may be induced in the oil by heating it with
small quantities of the resinate, linoleate or other
compound of lead, manganese or cobalt. Because
of this "drying" property of linseed oil it finds
extensive use in the manufacture of paint, enamel,
lacquer, varnish, printing ink, linoleum, oil-cloth,
waterproofings, and soft soap.
Constituents. — The fatty acid components of
linseed oil are as follows: solid fatty acids (including palmitic, stearic and myristic acids), 8 to
10 per cent; oleic acid, from 14 to 35 per cent;
linoleic acid, 5 to 23 per cent; linolenic acid, 20
to 60 per cent.
Uses. — Linseed oil is laxative in a dose of
about 30 ml. (approximately 1 fluidounce) but,
because of its disagreeable taste, it is seldom
given internally. It has been occasionally employed in purgative enemata. Boiled linseed oil,
which contains compounds of lead or other toxic
elements, should never be used for any medicinal
purpose.
Under the name Carron Oil, a mixture of equal
volumes of linseed oil and calcium hydroxide
solution was long popular as an application in
burns and scalds; the name originated from the
use of the preparation in the Carron Iron Works,
in Scotland. The product, which was official as
recently as in N.F. VIII, under the name Lime
Liniment, is a water-in-oil emulsion resulting
from the formation of calcium soaps of the free
acids in linseed oil, with perhaps some saponification of the glycerides. [Yl
Dose, 30 to 60 ml. (approximately 1 to 2 fluidounces).
N.F.Storage. — Preserve "in tight containers."
LITHIUM
Lithium

Li (6.940)
Lithium (so called from the Greek word meaning "stony") was discovered by Arfvedson in
1817 in certain minerals from the iron mines of
Sweden; these and other sources, discovered
later, include such minerals as petalite, lepidolite, spodumene and amblygonite. Traces of the
element, occurring as various salts, are found in
many mineral (so-called lithia) waters, in certain
salt beds, and even in vegetable and animal
matter.
Methods of extracting lithium from its mineral
sources are modifications of two main processes:
The first involves a high-temperature reaction
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between the ore, usually a silicate, and a salt of
the aiKali or alkaline earth metals; the second
involves reaction, at temperatures of about 300°,
between a silicate or phosphate ore and sulfuric
or other acid. In both methods the lithium salt
is extracted with water and purined. Lof and
Lewis (.Ind. Eng. Litem., 1942, 34, 209) have
found that gaseous hydrogen chloride reacting
with lepidolne (a micaceous silicate containing
about o.5 per cent of lithium oxide) at temperatures approaching the melting point of the ore
(about
) resulted
volatilization
lithium
chloride 935"
which
could bein condensed
as of
solid
with
essentially complete extraction of lithium from
the ore. The process has not yet been utilized
commercially. Lithium element is made by electrolysis of the fused chloride.
Lithium, a member of the alkali group of
metals, is the lightest metal known. It resembles
sodium in appearance and behavior; it must be
kept immersed in a hydrocarbon. The density of
lithium is 0.534 at 20°; the melting point, 186°;
the boiling point, about 1200°. The slight solubility in water of certain compounds of lithium,
such as the hydroxide, carbonate and phosphate,
is in striking contrast to the ready solubility of
corresponding compounds of other alkali metals.
Lithium element, alloyed with aluminum, zinc,
and magnesium, produces a group of strong,
light, and corrosion-resistant metals. An alloy of
30 per cent of lithium and 70 per cent of magnesium has a specific gravity of only 1.4 and is
reported to be used in aircraft construction. The
element is used as a deoxidant in iron and steel,
to improve the electrical conductivity of copper
and bronze, and to increase the strength and wear
resistance of bearing metals. One of the most
important uses of the chloride is as a dehumidi lying agent in the held of industrial air drying.
Physiologic Properties. — In sufficient quantities, lithium acts upon the system very much
like potassium, being depressant to the nerve
centers and to the circulation. The non-toxic salts
of lithium, like those of potassium, have a diuretic
effect, and if given in sufficient dose may aid in
the elimination of various substances from the
blood, and incidentally the poisons of gout, but
are probably not superior to the potash salts. The
old belief that lithium salts were of peculiar value
in gouty conditions is not supported by either
scientific or clinical evidence (Talbot, v.i.).
Toxicology. — Coincident with the widespread
prescribing of low-sodium diets various salt substitutes, i.e., non-sodium-containing substances
or mixtures with a saline taste for increasing the
palatability of foods prepared without salt, salinelike flavorings depending on lithium chloride were
actively promoted and used with satisfaction until
a report in the lay press of a death ascribed to a
lithium-containing salt substitute caused an hysterical situation. Several case reports of untoward
effects appeared rapidly (Hanlon et al., J. A.M. A.,
1949, 139, 688; Corcoran et al, ibid., 685). The
early symptoms included drowsiness, weakness,
anorexia, nausea, tremors and blurring of vision.
In a critical evaluation of this phenomenon of
alleged lithium poisoning, Talbot {Arch. Int.
Med., 1950, 85, 1) pointed out that animal stud-
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ies and metabolic studies in normal humans and
trials in several university cardiac clinics had
shown no untoward effects. Radomski et al. (/.
Pharmacol., 1950, 100, 429) re-evaluated the
animal toxicology of lithium chloride. Talbot
agreed with the concept of a salt depletion
syndrome described by Soloff and Zatuchni
{JAMA., 1949, 139, 1136) in patients on saltpoor regimens with or without mercurial diuretics
and lithium chloride salt substitutes. Untoward
effects were found only in patients with a blood
serum lithium concentration of greater than 1
milliequivalent per liter in association with a depletion of serum sodium. Supplying sodium in
such cases relieved the symptoms. In the presence
of sodium depletion, lithium induces electrolyte
imbalance and symptoms of insufficient blood
sodium concentration. Since a salty flavor, althoughwere
desirable,abandoned
is not essential,
'lithium
' salt
substitutes
in medical
practice.
Of the several salts of lithium which were once
official (bromide, benzoate, carbonate, citrate,
salicylate), only the bromide continues to be recognized (see following article).
LITHIUM

BROMIDE.

X.F.

[Lithii Bromidum]

'Lithium Bromide, dried at 150° for 4 hours,
contains not less than 99 per cent of LiBr." X.F.
Lithium Bromatum. Fr. Brornure de lithium. Cer.
Lithiumbromid;
Broniuro de litio. Bromlithium. It. Bromuro di litio. Sp.

Lithium bromide may be obtained by neutralizing hydrobromic acid with lithium carbonate.
Description. — "Lithium Bromide occurs as a
white, or pinkish white, granular powder, odorless, and with a sharp, slightly bitter taste. It is
very deliquescent. Its solutions are neutral or
alkaline to litmus. One Gm. of Lithium Bromide
dissolves in about 0.6 ml. of water; it is freely
soluble in alcohol and is soluble in ether.'' X.F.
Standards and Tests. — Identification. — A 1
in 20 aqueous solution of lithium bromide responds to tests for lithium and for bromide.
Loss on drying. — Not less than 10 per cent and
not over 15 per cent, when dried at 150° for 4
hours. Chloride. — 100 mg. of lithium bromide
shows no more chloride than corresponds to 1.0
ml. of 0.02 N hydrochloric acid. Iodide. — Addition of a few drops of ferric chloride T.S. and
1 ml. of chloroform to 10 ml. of a 1 in 20 aqueous solution of lithium bromide produces not
even a transient purplish color in the chloroform.
Bromate. — No yellow color is produced immediately following addition of 1 ml. of diluted sulfuric acid to about 1 Gm. of powdered lithium
bromide. Sulfate. — No turbidity is produced on
addition of 1 ml. of barium chloride T.S. to 5 ml.
of a 1 in 100 aqueous solution of lithium bromide,
acidified with 4 drops of hydrochloric acid. Other
alkalies. — Not over 2 mg. from 400 mg. of lithium
bromide. Heavy metals. — The limit is 10 parts
per million. N.F.
Assay. — About 350 mg. of lithium bromide,
previously dried at 150° for 4 hours, is dissolved
in distilled water, 50 ml. of 0.1 N silver nitrate is
added, and the excess of this solution determined
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by titration with 0.1 N ammonium thiocyanate,
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 N silver nitrate represents 8.686
mg. of LiBr. N.F.
Uses. — Lithium bromide was introduced by
S. Weir Mitchell, who suggested that it was more
hypnotic than the other bromides but this has
not been demonstrated. It has a disagreeable
taste. Sodium bromide is preferable.
Dose, 0.65 to 1.3 Gm. (approximately 10 to
20 grains), but see the discussion of Toxicology,
under Lithium.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Five Bromides Elixir; Bromides
Syrup, N.F.
LIVER

EXTRACT.

U.S.P.

Dry Liver Extract, Extractum Hepatis

"Liver Extract is a dry, brownish, somewhat
hygroscopic powder, and contains that soluble
thermostable fraction of mammalian livers which
increases the number of red blood corpuscles in
the blood of persons affected with pernicious
anemia. Liver Extract contains folic acid and
vitamin B12 activity. The approximate antianemia potency of Liver Extract in pernicious
anemia is expressed in U.S.P. Units (oral). The
Extract conforms to all other requirements outlined under Anti-anemia Preparations." U.S.P.
Sp. Extracto de Higado.

Since the announcement, in 1926, of the spectacular results achieved by Minot and Murphy
with raw liver therapy in patients afflicted with
pernicious anemia, research has been directed toward the concentration and eventual isolation of
the anti-anemia principle of liver. With this as
the objective, many extracts of liver were prepared, some of which are highly effective. The
following summary of the steps and results of
the method of liver fractionation developed by
the pioneer workers in this field will indicate the
origin of the different fractions which have been
studied and used clinically.
On grinding the raw livers of food animals
with water maintained at a temperature of about
85°, a portion remains insoluble or is coagulated
by heat, while a considerable part dissolves. By
clinical test it was established that the insoluble
part is devoid of anti-anemic activity while the
filtrate separated from it is active. Adjustment
of pH of the aqueous mixture, at first considered
to be essential, appears to be of no consequence.
Concentration of the filtrate obtained in this first
step, under vacuum, produces what is referred to
in the literature as the Cohn fraction D; it is an
active liquid extract. On adding to this fraction
70 per cent alcohol a precipitate is produced
which Whipple and his colleagues (Am. J. Med.
Sc, 1930, 179, 628) called the secondary anemia
fraction; the principle active in pernicious or
"primary" anemia remains in the filtrate separated from this precipitate. Concentration of this
latter filtrate, followed by addition of 90 per cent
alcohol, produces a precipitate, known as Cohn
fraction G, which is high in anti-anemic activity;
the filtrate separated from it is inactive. The
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Cohn fraction G represents the first liver extract
of small bulk and high anti-anemia potency to
have been available (for details of its preparation see Cohn et al., J. Biol. Chem., 1928, 77,
325). It is now known that the active fractions
contain vitamin B12, and that the activity is proportional to the concentration of this principle.
For information concerning its discovery, see
under Cyanocobalamin.
The U.S.P. does not give any process for preparing liver extract. When dry extract of liver
was official in the B.P. it directed the liver to be
extracted first with acidified 80 per cent alcohol,
then with 50 per cent alcohol; the filtered extracts were mixed, then concentrated by evaporation under reduced pressure. An equal volume of
dehydrated alcohol was added: the resulting precipitate was discarded and the liquid portion
reduced to a syrupy consistence. The latter was
poured into ten times its volume of dehydrated
alcohol; the precipitate thus produced was dehydrated with alcohol until it became brittle, after
which it was filtered off, dried in vacuo, reduced
to powder, again dried in vacuo, and finally
mixed with not less than one-tenth of its weight
of finely powdered sodium chloride.
Assay. — Many biological methods of assaying
liver preparations have been proposed since it
was discovered that liver contains a factor active
against pernicious anemia. Until it was established that vitamin B12 is the active constituent
the U.S.P. required each lot of recognized liver
preparation to have its potency determined by
observation of clinical and hematopoietic responses in human patients afflicted with Addisonian pernicious anemia. A U.S.P. Unit was
defined as that amount of an otherwise acceptable
product which produced, when administered
daily, clinical and hematopoietic responses in
Addisonian pernicious anemia considered by the
U.S.P. Anti-anemia Preparations Advisory Board
to be satisfactory. A distinction was made between "unit (injectable)" and "unit (oral)," depending on the mode of administration of the
preparation. Certain official preparations containing liver, including liver extract, are still evaluated thus.
When Shorb (/. Biol. Chem., 1947, 160, 455)
observed that the organism Lactobacillus lactis
Dorner required a growth factor which was found
to be present in liver extracts almost in linear
proportion to the anti-pernicious anemia potency
of the extracts, and which factor was later established as being identical with the anti-pernicious
anemia factor, now known to be cyanocobalamin
or an analog of essentially the same activity, the
basis for a satisfactory microbiological assay of
liver preparations was also established. The
U.S.P. employs such an assay method for determining vitamin B12 activity of liver injections.
The organism used is the Lactobacillus leichmannii, which requires vitamin B12 for normal
metabolism; in the absence of the vitamin it
does not grow but as the vitamin is supplied
growth and reproduction proceed in proportion
to the concentration of vitamin B12 present, up
to the optimum concentration of the vitamin.
Since growth and reproduction of the test organ-
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ism are accompanied by a progressive increase
in the turbidity in incubated cultures of the organism a measurement of turbidity, with a suitable electrophotometer, provides a quantitative
basis for assay of liver preparations for content
of vitamin B12. In the official assay a standard
concentration-response curve is prepared by plotting the transmittance for each level of U.S. P.
Cyanocobalamin Reference Standard added to
culture media, otherwise devoid of vitamin B12,
containing Lactobacillus leichmannii and then incubated for 16 to 24 hours until there is no
substantial increase in turbidity in a 2-hour period. The concentration of vitamin B12 in a test
solution of the material to be assayed is obtained
by comparing the transmittance of this solution,
inoculated with the same organism and similarly
incubated, with the standard concentrationresponse curve.
Uses. — A diet of liver produces an almost
immediate improvement in the blood condition
of practically all cases of true pernicious anemia
which persists as long as the patient continues the
diet. A properly made extract is as efficient as
whole liver. Because of this striking result in
pernicious anemia many physicians were led to
experiment with liver or its extract in the treatment of other types of blood impoverishment.
Minot {J. A.M. A., 1935, 105, 1176) pointed out
that there are three types of anemia which result
from the absence of certain food elements — which
are respectively: iron, vitamin C. and the liver
principle — and that none of these substances
exerts any specific curative effect in either of the
other two types of anemia. Liver therapy is of
little or no direct value in scorbutic or chlorotic
anemias. In sprue, while the results are not as
striking as in true pernicious anemia, according
to Castellani (J. Trop. Med. Hyg., 1930, 33, 126)
a liver diet is distinctly beneficial (see also Liver
Injection and Folic Acid). In the secondary anemias— from hemorrhage, malaria, etc. — while
liver extract is of less value than iron, a number
of clinicians have found that combinations of
liver and iron produce better clinical results than
iron alone. Fisher and Peabody (Proc. S. Exp.
Biol. Med., 1941, 46, 207) suggest as an explanation of this clinical observation the fact that
commercial fiver extract has the power of reducing ferric iron to the ferrous state.
It is important that the patient should receive
sufficient dosage; it is generally held that less
than one hundred grams of raw liver three times
a day is not likely to produce beneficial effects.
Formerly the doses of the various extracts of
fiver on the market were expressed in terms of
the equivalent amount of raw liver. This practice
was unsatisfactory as different methods of preparation may give varying degrees of extraction
of the active substance. The establishment of the
anti-anemia unit, now correlated with vitamin B12
activity, by the U.S. P. brought order out of this
chaos. The only criterion of dosage is the experimental one of the effect in cases of pernicious
anemia.
The usual dose is 1 U.S. P. unit daily, with a
range of 1 to 20 units.
Labeling. — "Label Liver Extract to show the
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potency assigned to it by the U.S. P. Anti-anemia
Preparations Advisory Board. The label bears no
declaration of the content of vitamin B12 activity." U.S.P.
Storage. — Preserve "in tight or in hermetic
20°." U.S.P.preferably at a temperature not above
containers,
LIVER

INJECTION.

U.S.P.

Liver Extract for Parenteral Use, Injectio Hepatis

"Liver Injection is a sterile solution in water
for injection of that soluble thermostable fraction of mammalian livers which increases the
number of red blood corpuscles in the blood of
persons affected with pernicious anemia. Each
ml. of Liver Injection has a vitamin B12 activity
equivalent to that of either 10 or 20 micrograms of cyanocobalamin. The potency is not
less than 100 per cent and not more than 150
per cent of that stated on the label. Liver Injection may contain not more than 0.5 per cent of
cresol
U.S.P. or of phenol as a bacteriostatic agent."
Purified Solution of Liver; Parenteral Solution of Liver.
Sp. Inyeccion de Higado.

The Cohn fraction G (see under Liver Extract)
has been used to prepare solutions of liver
intended for intravenous administration; thus,
Castle and Taylor (J. A.M. A., 1931, 96, 1198)
employed that part of the Cohn fraction which
was precipitated by 95 per cent alcohol to prepare
an aqueous injection. Notwithstanding the fact
that apparently all protein substances have been
removed from such solutions intravenous administration isfollowed by a large proportion of
delayed reactions. Intramuscular injection generally does not have this disadvantage of intravenously administered solutions while producing
aanemia.
satisfactory response in patients with pernicious
Strauss, Taylor and Castle (J. A.M. A., 1931, 97,
313) prepared an injection for intramuscular
administration by dissolving the Cohn fraction G
in distilled water, heating, adding a preservative
and buffering to a pH of approximately 7.4, and
filtering; the filtrate represented 50 Gm. of fresh
liver in 10 ml.
In recent years a question has arisen as to
whether the high-potency, or so-called "refined,"
liver extracts are in some patients as effective as
injectable extracts which have not been so extensively fractionated. These less purified or
crude liver injections are also given official recognition (see the following monograph).
The U.S.P. specifies that Liver Injection meet
the requirements under Injections, except that at
times it may show a slight turbidity or precipitate.
Uses. — Pernicious Anemia. — When administered intramuscularly liver extract is about 30
times more efficacious in pernicious anemia than
is the same quantity given by mouth (Dameshek
and Castle, I. A.M. A., 1934, 103, 802). Although
there is unavoidable loss of some of the original
potency of the liver in preparing the extract, the
advantages of parenteral administration more
than make up for the loss of active substances.
Not only is the parenteral form superior to the
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oral form of liver extract because of the smaller
dose required, but Fouts and Zerfas (Arch. Int.
Med., 1932, 50, 2 7) found that it will improve
the quality of the blood in cases of pernicious
anemia which have not been benefited when the
drug was given by mouth. In cases of pernicious
anemia with degeneration of the posterolateral
columns of the spinal cord, parenteral use of
liver is superior to the oral route. Since liver therapy should be continued for the rest of the patient's life in cases of pernicious anemia, it is
important to establish the diagnosis before administering liver to an anemic patient. Lapses in
therapy may result in irreversible damage to the
nervous system.
The response of patients with pernicious anemia
to treatment with liver extract is usually dramatic.
Within about 3 days the patient feels and looks
better and has an improved appetite and often
the finger-pads appear pink. Between 5 and 10
days after institution of adequate therapy, an
increase in the number of reticulocytes (young
red blood cells) occurs in the blood without any
significant change in the total erythrocyte count.
The degree of the increase in reticulocytes is
inversely proportional to the severity of the anemia, as shown in the following table:
Red Blood Cell Count
Million per cu. mm.
Initial

After 2 weeks

0.5
1.0
1.5
2.0
2.5
3.0
3.5

2.0
2.4
2.7
3.1
3.4
3.7
4.1

Maximum Retiadocyte
Count After 5 to
10 Days in Per Cent
59
41
28
19
12
—

8

A significant rise in the erythrocyte count is seldom detectable until about 2 weeks after the
start of treatment. The rate of increase in the
red count during the first 2 weeks is likewise
inversely proportional to the red count when
treatment was begun. Such observations as these
have been employed in the assay of the potency
of liver extracts. After 2 weeks the rate of increase in the erythrocyte count diminishes and,
regardless of the initial level, a full 6 to 8 weeks
is required to attain a normal red cell count. The
concentration of hemoglobin usually increases
more or less parallel with the red cell count; if
it lags behind, iron therapy is indicated. The rapidity of the action of liver extract therapy is
illustrated by a disappearance of the increased
numbers of megaloblasts from the bone marrow
within 24 to 48 hours after treatment is commenced. Glossitis, if present, is commonly healed
within the first week and the patient usually has
no complaints after 2 weeks. Although numbness
and tingling of the extremities may clear up
within 2 weeks, the ataxia and other manifestations of combined sclerosis, if present, often per-
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sist for weeks or even months. In fact, even
though symptomatic improvement occurs, abnormal findings on neurological examination usually
persist forever. The neurological damage associated with many cases of pernicious anemia is
the most serious feature of this disease.
The dose of liver extract in pernicious anemia
is determined by the response of the individual
patient. By definition, the U.S. P. anti-anemia
unit was that amount which is required daily to
correct the anemia and to maintain a normal
erythrocyte count in a patient with pernicious
anemia in relapse who has not been treated for
several weeks (presently an equivalent amount,
in micrograms, of cyanocobalamin activity). So
far as the treatment of pernicious anemia is concerned, the Anti-Anemia Preparations Advisory
Board of the U.S. P. considers liver injections to
be solutions of vitamin B12 (Heinle et al.,
J.A.M.A., 1953, 151, 40). It is current practice
(Farrar and Hyman, Med. Clin. North America,
1945, 28, 229) to use larger doses initially than
an average of 1 unit per day. Many dosage
schemes are in satisfactory use. The one recommended by Murphy is a good example: 15 units
of liver injection intramuscularly daily for 3 days,
followed by 15 units weekly until the red blood
cell count is normal (about 6 to 8 weeks), followed by a maintenance dose averaging about 1
unit daily, which may be conveniently administered in doses of 15 units every 2 weeks. Patients
vary greatly in the dose required. In patients
with marked neurological damage, much larger
doses are indicated such as 200 units during the
first week followed by 50 units weekly until the
red cell count is normal, and then a maintenance
dose of at least 30 units every 2 weeks. Liver
therapy must be continued for the rest of the
patient's life.
Other Uses. — In recent years many other diseases have been treated with liver injection.
Other macrocytic anemias with megaloblastic
bone marrow usually respond to treatment (Arch.
Int. Med., 1946, 71, 211). Pellagra responds to
large doses. Until the recent studies with folic
acid, large doses of liver injection, along with an
adequate diet, produced the best results in sprue
(Am. J. Trop. Med., 1942, 22, 609; Puerto Rico
J. Pub. Health, 1943, 18, 314). It is employed
for the subacute combined sclerosis of the spinal
cord syndrome without pernicious anemia, and
for atrophic gastritis (Arch. Int. Med., 1940, 65,
78). It is used for celiac disease (J'.-Lancet, 1946,
66, 142), intolerance to treatment with arsenical
and other heavy metal drugs (N. Y. State J.
Med., 1944, 44, 992), cirrhosis of the liver, ulcerative colitis (Am. J. Digest. Dis., 1939, 6, 161),
granulocytopenia (J. A.M. A., 1933, 100, 1917;
Science, 1943, 98, 20), roentgen illness, hyperemesis gravidarum, shock incident to severe thermal burns (Am. Heart J., 1945, 29, 499), lupus
erythematosus (South. M. J., 1941, 34, 394), and
as a source of vitamin B-complex vitamins in
malnourished patients. For this last liver injection crude is preferred. Sokal (Arch. Int. Med.,
1945, 75, 324, 327) reported an effect of some
extracts on the metabolism of carbohydrate by
the liver. In a controlled studv in which liver
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injection or isotonic sodium chloride solution
was employed parenterally O'Brien (Brit. M. J.,
1954, 2, 136) concluded that use of liver injection as a tonic for various disorders in general
practice was of no value.
Crude Versus Concentrated Extracts. —
Considerable discussion of the relative merits of
liver injection crude and of more concentrated
and refined extracts has arisen. From the nature
of the extraction process employed, as well as of
composition of the B vitamins present (Clark,
Am. J. Med. Sc, 1945, 209, 520) there appears
to be little known difference between the extracts; in pernicious anemia there seems to be
no difference in the results provided equivalent
doses in terms of cyanocobalamin (or U.S. P. antianemia units) are employed (Murphy and Howard, J.A.M. A., 1939, 112, 106; Strauss et al.,
New Eng. J. Med., 1942, 226, 1013).
Other Extracts. — The findings noted in the
preceding paragraph do not preclude the possibility of preparing a liver extract of materially
different composition and therapeutic action
(Watson and Castle, Am. J. Med. Sc, 1946, 211,
513). Davis (South. M. J., 1951, 44, 577) reported improved appetite and diuresis in 4 of 8
patients with cirrhosis of the liver and ascites
following daily intravenous administration of a
special liver extract (Intraheptol, Lederle) representing in each ml. 2>3.3> Gm. of whole liver
prepared especially for intravenous use in treatment of hepatitis. The patient should be tested
for sensitivity to this extract by observing the
response to 0.1 ml. given intramuscularly; when
the intravenous injection is given it should be
diluted to 50 ml. or more with isotonic sodium
chloride or dextrose injection and administered
slowly (see discussion under Cyanocobalamin ) .
Another preparation is the aqueous extract of
pregnant mammalian fiver employed by Collens
et al. (Am. J. Med., 1952, 12-, 53) in the treatment of diabetic neuritis; a dose of 5 ml. administered intramuscularly daily produced rapid
symptomatic remission in 56 cases and marked
improvement in 50 others of a group of 127
cases. Assays showed this extract to contain 0.09
microgram of vitamin B12 and 0.15 microgram of
folic acid per ml. Rabinowitch (ibid., 59) confirmed the symptomatic improvement afforded by
this material in 18 of 20 cases in whom the diabetic disorder in carbohydrate metabolism was
not controlled with appropriate diet and insulin.
Untoward Effects. — Severe untoward anaphylactoid reactions to intramuscular injections
of liver extract are infrequent (Farrar and Hyman. loc cit.). The injections should be given
into the gluteal muscles with the patient prone
(see under Bismuth Subsalicylate for technic).
Local pain and tenderness, flushing of the upper
part of the body and a sensation of faintness are
the most common complaints. Less often fever
and local induration, which persists for days, occur. Injections should be continued because these
reactions usually cease after a few weeks. An
anaphylactic type of reaction is very rare; however, erythema, urticaria, tachycardia, hypotension, angioneurotic edema and asthma can be

terrifying. A hypodermic injection of 0.5 ml. of
1:1000 epinephrine hydrochloride solution should
be immediately available whenever liver is injected. In some instances it seems probable that
the intramuscular injection may have inadvertently entered a small vein. Allergic reactions are
more likely to occur after a period of neglected
treatment or in patients receiving injections at
intervals of two or more weeks. Small doses
(0.125 ml.) repeated every 30 to 60 minutes will
avoid serious reactions. These cases may tolerate
small doses three times a week but reactions
often recur as soon as the interval between doses
is lengthened again. Changing to extract marketed
by another manufacturer may not avoid untoward symptoms. Some evidence suggests that the
sensitivity is to some ingredient common to all
liver extracts rather than to the animal species of
liver (Engelhardt and Derbes. South. M. J., 1944,
37, 31). Many commercial extracts are derived
from a mixture of pig and cow livers. An extract
prepared from the liver of horses was available
for a few years and was useful in some patients.
Oral liver extract may be tried but sensitivity
reactions may follow its ingestion also. Oral use
of dried, defatted gastric mucosa of the pig, and
sometimes brewer's yeast powder, was resorted
to prior to the availability of cyanocobalamin.
Dose. — The usual dose is that volume, administered intramuscularly, which contains activity
equivalent to 1 microgram of cyanocobalamin;
this is generally administered in doses equivalent
to 10 to 15 micrograms of cyanocobalamin at
intervals of 10 to 15 days. The usual range of a
single dose is equivalent to 1 to 20 micrograms of
cyanocobalamin. Doses equivalent to several
hundred micrograms of cyanocobalamin have
been used for experimental purposes. ■
Labeling. — "Label Liver Injection to show
that each ml. has vitamin B12 activity equivalent
to that of 10 (or 20) micrograms of cvanocobalamin." U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I or III
glass. Protect from light." U.S.P.
Usual Sizes. — Liver injection usually available contains vitamin B12 activity equivalent to
that of 10 and 20 micrograms of cyanocobalamin
per ml., in 1-. 10-, and 30-ml. containers.
LIVER

INJECTION

CRUDE.

U.S.P.

Injectio Hepatis Cruda

"Liver Injection Crude is a sterile solution in
water for injection of that soluble thermostable
fraction of mammalian livers which increases the
number of red corpuscles in the blood of persons
affected with pernicious anemia, developed by
stopping the processes of extraction at such a
stage that the final product is derived directly
from an alcohol solution of a concentration not
higher than 70 per cent, by volume, of C2H5OH.
Each ml. of Liver Injection Crude has vitamin
B12 activity equivalent to either 1 microgram or
2 micrograms of cyanocobalamin. The potency is
not less than 100 per cent and not more than 150
per cent of that stated on the label. Liver Injec-
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tion Crude may contain not more than 0.5 per
cent of cresol or of phenol as a bacteriostatic
agent." U.S.P.
Liver injection crude represents the liquid fraction, subsequently dealcoholized, remaining after
precipitation with 70 per cent alcohol and prior
to the step in which alcohol is added to a concentration of90 per cent, which latter ultimately
yields the concentrated and purified liver injection
(see under Liver Extract for a summary of the
fractionation process). It is a less extensively
fractionated and concentrated preparation containing some vitamin B12 and also vitamins and
other factors present in the purified injection;
some clinicians are of the opinion, however, that
it represents activity which is not present in the
purified preparation.
Uses. — The therapeutic uses of this injection
are discussed under Liver Injection. The crude
form is used by many physicians as a parenteral
nutritional supplement in malnourished patients.
For example, Wilson (/. Kentucky M. A., 1952,
50, 417) reported superior response to dietary
therapy in patients with celiac disease who received 2units of crude liver extract (equivalent
to 2 micrograms of cyanocobalamin) intramuscularly 2or 3 times weekly for many weeks. Further
discussion of the action of this preparation may
be found under Cyanocobalamin and Folic Acid.
The usual dose of liver injection crude is the
same, in terms of the cyanocobalamin activity
represented, as that of liver injection.
Labeling. — "Label Liver Injection Crude to
show that each ml. has vitamin B12 activity
equivalent to that of 1 microgram (or 2 micrograms) of cyanocobalamin." U.S.P.
Storage. — As for Liver Injection. U.S.P.
Usual Sizes. — Liver injection crude usually
available contains vitamin B12 activity equivalent
to that of 1 and 2 micrograms of cyanocobalamin
per ml., in 1-ml., 10-ml., and 30-ml. containers.
LIVER SOLUTION.
U.S.P.
Liquid Liver Extract, Liquor Hepatis

"Liver Solution is a brownish liquid, and contains that soluble thermostable fraction of mammalian livers which increases the number of red
blood corpuscles in the blood of persons affected
with pernicious anemia. Liver Solution contains
folic acid and vitamin B12 activity. The approximate anti-anemia potency of Liver Solution in
pernicious anemia is expressed in U.S.P. Units
(oral). The Solution conforms to all other requirements outlined under Anti-anemia Preparations. Liver Solution contains a suitable preservative, and may be flavored." U.S.P.
Sp. Solution de Higado.

The U.S.P. does not provide any method of
preparing this solution. Any one of several active
fractions prepared as outlined under Liver Extract
will meet the requirements for the preparation.
Preservation. — "If alcohol is used to preserve Liver Solution, its concentration is not
more than 25 per cent, by volume; if glycerin is
used,
U.S.P. not more than 40 per cent, by volume."

Uses. — This solution is intended simply as a
liquid oral dosage form (see Liver Extract) and
should not be confused with the purified solution
which is intended for hypodermic injection (see
Liver Injection) .
The usual dose is one U.S.P. Unit daily, orally,
with a range of 1 to 20 units.
Labeling. — "Label Liver Solution to show
the potency assigned to it by the U.S.P. Antianemia Preparations Advisory Board and the
name and proportion of the preservative contained in it. The label bears no declaration of the
content of vitamin B12 activity." U.S.P.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
LIVER

CONCENTRATE.

N.F.

[Concentratum Hepatis]

"Liver Concentrate is the dried, unfractionated
product resulting from the water or acidified
water extract derived from mammalian livers
suitable for use as food by man. Each Gm. of
Liver Concentrate contains the equivalent of not
less than 200 meg. of riboflavin, 1 mg. of nicotinic
acid, and 12 mg. of choline.
"Liver Concentrate is prepared from finely
minced, fresh or frozen livers by extraction with
water, with or without the addition of acid. The
protein is coagulated by heat, the insoluble material removed, and the solution is both concentrated and dried in vacuum.
"Liver Concentrate shall not be subjected to
any fractionation process, such as those involving
solvents or adsorbents, and it does not contain
added diluents or preservatives other than an
amount, not to exceed 5 per cent, of a harmless
substance to prevent caking." N.F.
Besides the liver preparations official in the
U.S.P., several other derivatives from liver have
been used in the manufacture of various combinations, chiefly with minerals and vitamins, commonly used in treating secondary anemias. Such
liver preparations were formerly labeled "liver
concentrate," or "liver concentrate 1:20," etc.,
but at that time there had been no official standards for such substances. The National Formulary devised standards for four preparations of
liver commonly used in such formulations. None
of the liver preparations described by the N.F.
is intended for use in the treatment of pernicious
anemia. This product, liver concentrate, is what
is commonly called Cohn fraction D (see under
Liver Extract).
Description. — "Liver Concentrate occurs as
a hygroscopic, light tan to dark brown powder
having a characteristic odor and taste. Liver
Concentrate only partially dissolves in water, and
in alcohol." N.F.
Standards and Tests. — Solubility test. — A
2-Gm. portion of liver concentrate is agitated
with sufficient water to make 100 ml.; after centrifuging, a 25-ml. portion is evaporated to dryness on a water bath, dried first at 105° for 1
hour, then at 60° in a vacuum for 2 hours, and
weighed. The residue does not weigh more than
400 mg. Loss on drying. — Not over 10 per cent,
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when dried in a vacuum at 60° for 2 hours. N.F.
Assays for riboflavin, nicotinic acid and choline
are performed.
The usual dose is to be determined by the
physician according to the needs of the patient.
As a nutritional supplement the dose is about
500 mg. (approximately ll/i grains).
Storage. — Preserve "in tight containers, preferably in a cool place." ^V.F.
DESICCATED LIVER.
X.F.

This is the sub-fraction of Cohn fraction D
which is supposed to contain the pernicious anemia principle of liver (see under Liver Extract)
but it does not represent the final and more potent
fraction. Liver fraction 1 is not intended, however, to be used for the treatment of pernicious
anemia; the official specifications are provided
for the purpose of standardizing such a preparation when it is used in combinations intended
for use primarily in the treatment of secondary
anemias.

Desiccated Liver Substance, [Hepar Desiccatum]

Standards and Tests. — Solubility test. — Xot
more than 300 mg. of residue is obtained when
the test described under Liver Concentrate is
performed on liver fraction 1. Loss on drying. —
Xot over 35 per cent, when dried first at 105° for
1 hour, then in a vacuum at 60° for 2 hours. X.F.
Assays for riboflavin, nicotinic acid and choline
are performed.
The usual dose is to be determined by the
physician according to the needs of the patient.
It is about 500 mg. (approximately ll/z grains)
when used as a nutritional supplement.
Storage. — Preserve "in tight containers, preferably at a temperature not above 8° or by the
incorporation of 0.1 per cent benzoic acid." X.F.
LIVER FRACTION 2. X.F.

"Desiccated Liver is the dried, undefatted
powder prepared from mammalian livers suitable
for use as food by man. Each Gm. of Desiccated Liver contains the equivalent of not less
than 50 meg. of riboflavin, not less than 250 meg.
of nicotinic acid, and not less than 10 mg. of
choline.
"Desiccated Liver is prepared from sound,
clean and entire- glands that are freed from external connective tissue and external fat and
dried in a vacuum at a temperature not exceeding 60°. It is free from diluents or preservatives.
One part of Desiccated Liver is obtained from
approximately 4 parts, bv weight, of fresh
glands." X.F.
Description. — "Desiccated Liver occurs as a
brownish powder having a characteristic odor and
taste. Desiccated Liver only partially dissolves
in water, in alcohol, and in ether." X.F.
Standards and Tests. — Solubility test. —
Xot more than 180 mg. of residue is obtained
when the test described under Liver Concentrate
is performed on desiccated liver. Loss on drying.
— Xot over 6 per cent, when dried in a vacuum
at 60° for 2 hours. Residue on ignition. — Xot
over 7 per cent. X.F.
Assays for riboflavin, nicotinic acid and choline are performed.
Uses. — This preparation, which is not intended for treatment of pernicious anemia, is one
of the four liver preparations, commonly used in
products for treatment of secondary anemias,
for which standards have been provided bv the
X.F. Yudkin (Brit. M. J., 1952, 2, 1388) reported increased rate of gain in weight and
height of 2-year-old children when 1.2 Gm. of
dry, powdered liver was added to the daily diet;
this dose supplied less than 1 microgram of vitamin Bl2.
The usual dose is to be determined by the
physician according to the needs of the patient.
It is about 500 mg. (approximately iy2 grains)
when used as a nutritional supplement.
Storage. — Preserve "in tight containers and
avoid exposure to excessive heat." N.F.
LIVER FRACTION
1. X.F.

Insoluble Liver Fraction, [Pars Hepatis II]

"Liver Fraction 2 is a product containing that
portion of liver concentrate insoluble in 70 per
cent alcohol. It does not contain added diluents
or preservatives other than an amount, not to
exceed 5 per cent, of a harmless substance to
prevent caking. Each Gm. of Liver Fraction 2
contains the equivalent of not less than 200 meg.
of riboflavin, and not less than 100 meg. of nicotinic acid." X.F.
This is the sub-fraction of Cohn fraction D
which Whipple and his colleagues called the secondary' anemia fraction of liver (see under Liver
Extract). It is not intended to be used for the
treatment of pernicious anemia.
Description. — "Liver Fraction 2 occurs as a
brownish powder which is somewhat hvgroscopic."
X.F.
The X.F. provides that liver fraction 2 shall
not lose more than 6 per cent of its weight when
dried in a vacuum at 60° for 2 hours; assays for
riboflavin and nicotinic acid are also provided.
The usual dose is to be determined by the
physician according to the needs of the patient.
It is about
500 treatment
mg. (approximately
when
used for
of anemias ~y2
othergrains)
than
macrocytic anemia.
Storage. — Preserve "in tight containers and
avoid exposure to excessive heat." X.F.
LIVER
WITH
STOMACH.
U.S.P.

Soluble Liver Fraction, [Pars Hepatis I]

Hepar cum Stomacho

"Liver Fraction 1 is the product in paste form,
containing that portion of liver concentrate soluble in 70 per cent alcohol, and free from diluents.
Each Gm. of Liver Fraction 1 contains the equivalent of not less than 150 meg. of riboflavin, not
less than 1 mg. of nicotinic acid, and not less
than 10 mg. of choline." X.F.

"Liver with Stomach is a brownish powder
resulting from mixing a concentrated water solution of mammalian liver with minced fresh hog
stomach tissue. The water extract of liver employed is soluble in approximately 70 per cent
alcohol, by volume, and insoluble in approximately
95 per cent alcohol, by volume. After admixture
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the product is dried under reduced pressure, and
defatted. It contains factors, including native
vitamin B12 and intrinsic factor activity, which
increase the number of red blood corpuscles in
the blood of persons affected with pernicious
anemia. The approximate anti-anemia potency of
Liver with Stomach in pernicious anemia is expressed in U.S. P. Units (oral). Liver with Stomach conforms to all other requirements under
Anti-anemia Preparations." U.S. P.
Sp. Higado con Estomago.

Liver with Stomach has been stated to be represented bythe product Extralin (Liver-Stomach
Concentrate, Lilly), manufacture of which is described in detail in U. S. Patent No. 1,894,247
(January 10, 1933). Extralin is prepared with an
extract of liver containing the Cohn fraction D.
This extract is made by grinding mammalian
livers into water, adjusting the mixture to the
isoelectric point (approximately pH 5 to pH 6),
heating to about 80° to coagulate protein, stirring for 30 minutes, filtering, then reducing the
filtrate to a small volume, under vacuum. This
is mixed with finely minced fresh hog stomachs
or fresh hog stomach linings, the pH adjusted to
about 5, and the mixture allowed to interact or
digest for about 2 hours at 37.5°, after which it
is spread into a thin layer on pans and dried
under vacuum. The dried product is ground, extracted with petroleum ether to remove fat,
again dried under vacuum, and finally ground to
the proper fineness. This powder represents 2 to
4 parts of original liver to 1 part of original
stomach tissue material.
Uses. — The experiments of Walden and
Clowes (Proc. Soc. Exp. Biol. Med., 1932, 29,
873) reported that digestion of stomach tissue
with liver tissue results in a preparation having
greater potency than the liver from which it was
derived; the increase in activity, according to
Walden and Clowes, is three- to four-fold. Extralin has the same action and uses as liver extract
but with the advantage that the high anti-anemia
potency of the former permits administration, in
a few capsules daily, of adequate doses for the
patient with pernicious anemia. The majority of
patients with pernicious anemia respond well to
oral administration of the liver-stomach concentrate. It may be used also in other conditions
which are benefited by liver therapy, though in
most of these conditions parenteral administration of liver injection is preferred.
The usual dose of liver with stomach is 1 U.S. P.
unit, according to the potency assigned to each
lot by the U.S. P. Anti-anemia Preparations Advisory Board. This is usually 3 or 4 capsules 3
times daily, at mealtimes.
Related Products. — A number of combinations of liver and stomach are available. These
include Lextron (liver-stomach concentrate with
ferric ammonium citrate, vitamin B12 activity,
thiamine chloride and riboflavin), Lextron Ferrous (identical with the preceding but containing
ferrous sulfate in place of ferric ammonium citrate), Lextron F.G. (identical with the preceding
but containing ferrous gluconate as the iron salt),
Reticulex (liver-stomach concentrate containing
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intrinsic factor, with ferrous sulfate, ascorbic
acid, folic acid and vitamin B12 activity), and
Trinsicon (special liver-stomach concentrate containing intrinsic factor, with ferrous sulfate, ascorbic acid, folic acid and vitamin B12 activity).
All are marketed by Lilly.
Labeling. — "Label Liver with Stomach to
show the potency assigned to it by the U.S. P.
Anti-anemia Preparations Advisory Board. The
label bears no declaration of the content of vitamin B12 activity." U.S.P.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." U.S.P.
LIVER WITH STOMACH CAPSULES.
U.S.P.
Capsulae Hepatis cum

Stomacho

"Liver with Stomach Capsules contain liver
with stomach." U.S.P.
Storage. — Preserve "in well-closed containers, preferably at a temperature not above
30°." U.S.P.
LOBELIA.
Indian Tobacco,

N.F.
[Lobelia]

"Lobelia consists of the dried leaves and tops
of Lobelia inflata Linne (Fam. Lobeliacece) ." N.F.
Wild Tobacco; Asthma Weed; Emetic Weed. Herba
Lobelise. Fr. Lobelie enflee. Cer. Lobelienkraut ; Indianischer Taka. It. Lobelia; Tabacco indiano. Sp. Lobelia;
Tabaco indio.

Lobelia inflata is an annual herb common in
roadsides, thickets, and neglected fields throughout the eastern United States and Canada, usually
a foot or more in height, with a fibrous root, and
a solitary, erect, angular, very hair stem, much
branched about midway. Its leaves are alternate,
petiolate, the upper sessile, ovate, or oblong, up
to 9 cm. long, irregularly toothed, pubescent, pale
green. The flowers are numerous, small, disposed
in leafy terminal, axillary racemes. The ovoid,
tubular calyx is five-toothed and much inflated in
fruit. The corolla, which is of a delicate blue, has
a labiate border, with the upper lip divided into
two, the lower into three, segments. The united
anthers are curved, and enclose the stigma. The
fruit is an oval, striated, 2-celled, inflated capsule,
crowned with the persistent calyx, and containing
numerous very small, oblong, reticulated, brown
seeds. Most of the commercial supplies of the
drug come from the Blue Ridge Mountains, also
from Michigan and New York.
All parts of it are medicinal, but, according to
Eberle, the root and inflated capsules are most
powerful. The plant should be collected in August
or September, when the capsules are numerous,
and should be carefully dried. The German Pharmacopoeia directs that lobelia should be gathered
at the end of the flowering period. A number of
the foreign pharmacopeias do not permit the
inclusion of the fruit. The drug of commerce ofttimes is collected late in the season after most of
the leaves have fallen and the plant has gone to
seed. At times the commercial drug consists of
the entire herb, and again may consist chiefly of
the thick and inert stems. It has been suggested
that in cultivating Lobelia inflata the seeds should
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be planted in the autumn (Ann. Rep. U. S. Dept.
Agric, 1905, p. 147).
Dried lobelia has a slightly irritating odor, and
when chewed, though at first without much taste,
soon produces a burning acrid impression upon
the posterior parts of the tongue and palate, very
closely resembling that occasioned by tobacco,
and attended in like manner with a flow of saliva
and a nauseating effect.
Description. — "Unground Lobelia occurs as
leaves with flowering tops (usually also with
fruits) and stems. The leaves are alternate, sessile,
often narrowing into a short petiole, and are
usually broken. When entire, the lamina is ovate
or oblong, from 2 to 9 cm. in length, pale olive to
dusky yellow-green and with scattered bristly
hairs, obtusely dentate or irregularly serratedenticulate, each tooth having a brownish, glandlike apex. The stems are cylindrical, with 2 to 5
wings and hairy in the upper part, channeled and
nearly glabrous in the lower part. The flowers
occur in long, loose racemes and have short
pedicels. The calyx tubes are ovoid, with 5 subulate teeth; the corollas are tubular, from 3 to 4
mm. in length, 5-parted, the upper 2-lobed portion cleft nearly to the base. The 5 stamens
possess anthers united above into a curved tube
enclosing the bifid stigma. The capsules are ovoid
or ellipsoidal, from 5 to 8 mm. in length, wholly
inferior and enclose numerous dark-colored,
oblong, and coarsely reticulate seeds. Lobelia has
a slight and irritating odor, and a strongly acrid
taste.
"Powdered Lobelia is dusky yellow to weak
greenish yellow. It shows fragments of seed-coat
composed of elongated polygonal cells with thick,
yellowish walls; occasional non-glandular hairs,
elongated-conical, up to 1.11 mm. in length and
up to 60 m. wide at the base; fragments of stem
with vessels having annular or spiral thickenings
or simple pits, and associated with narrow wood
fibers, the walls of the latter being rather thin,
more or less lignified and pitted. Fragments of the
epidermis of the leaf show elliptical stomata up
to 35 m. in length, and usually with 3 or 4 neighbor-cells. The pollen grains are nearly spherical,
with a slightly warty outer surface and 3 pores,
and are from 20 to 30 m- in diameter." N.F.
Methods for the assay of lobelia and its preparations are described by Lynch and Evers (Analyst, 1939, 64, 581) and by Caulkin (Quart. J. P.,
1939, 12,438).
The morphology of Lobelia inflata is described
and illustrated by Holm in Merck Rep., 16,
p. 341.
Standards and Tests. — Stems. — Lobelia contains not over 15 per cent of its stems over 3 mm.
in diameter. Foreign organic matter. — Not over
4 per cent, other than stems. Acid-insoluble ash.
— Not over 5 per cent. N.F.
Constituents. — The principal alkaloid of lobelia islobeline, C22H27NO2, occurring in needles
melting at 130° to 131°. It is levorotatory. Closely
allied to lobeline, and comprising the lobeline
group of alkaloids, are the following: cf,/-lobeline,
an optically inactive isomer of lobeline : lobelanine,
C22H25NO2;
nor-lobelanine, C21H23NO2;
lobe-
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lanidine, C22H29NO2; and nor-lobelanidine, C21H27NO2. The alkaloids lobinine, C18H27NO2,
and isolobinine, C18H25NO2, have also been reported (see Thoma, Ann. Chem., 1939, 540, 99).
Little work was done on the separation of the
alkaloids of lobelia until 1921, when Bohringer
and Sonne patented a process for the isolation
and separation of alpha-, beta-, and gamma-lobeline. Until that time the mixture of alkaloids was
known as lobeline. The alpha-lob eline of Bohringer
is identical with the pure substance for which the
name of lobeline is now reserved. In addition to
those already mentioned, Wieland et al. (Ann.
Chem., 1939, 540, 103) described several alkaloids apparently closely related to lobinine.
Manske (Can. J. Research, 1938, 16B, 445) reported an alkaloid, C28H38NO2, which he calls
lobinaline, in L. cardinalis L.; it differs in pharmacologic action from lobeline.
The lobeline group of alkaloids are derivatives
of piperidine; they yield acetophenone more or
less readily. Aqueous solutions of lobeline are unstable, acquiring a yellow color and losing activity
on heating or storage. Small amounts of hydrochloric acid stabilize the solution ; for data on the
stability of such solutions, see Reimers (Scientia
Pharm., 1937, 8, 119).
The alkaloid content of lobelia ranges from
0.13 to 0.63 per cent, an average value being
about 0.4 per cent. Up to half of the total alkaloids may be lobeline.
Uses. — Lobelia is said to have been used as a
medicine by the aborigines of America, but was
first introduced to the medical profession by
Cutler, of Massachusetts. The leaves or capsules,
chewed for a short time, cause giddiness, headache,
general tremors, and ultimately nausea and vomiting. When swallowed in the full dose, lobelia produces speedy and severe vomiting, attended with
continued and distressing nausea, copious sweating, and great general relaxation. When toxic
doses are taken, these symptoms are very severe,
and have added to them burning pain in the fauces
or esophagus, progressive failure of voluntary
motion, rapid, feeble pulse, fall of temperature,
and finally collapse with stupor or coma ; in some
cases convulsions precede death. Death has often
resulted from its empirical use. Its poisonous
effects are most likely to occur when, as sometimes happens, it is not rejected by vomiting.
Action. — The physiological actions of lobeline
(Norris and Weiss, /. Pharmacol., 1927, 31, 43),
which is the dominant alkaloid of lobelia, are
quite complex, in many respects being very similar to those of nicotine. Like the latter alkaloid,
it is a primary stimulant and a secondary depressant to the autonomic ganglia, and the changes in
the body functions will depend to a certain extent
on the relative sensitivity of the sympathetic and
parasympathetic systems to the alkaloid. It also
exerts a stimulating effect on certain medullary
centers, especially the emetic center and the respiratory center and. in sufficient quantity, has
a curare-like paralyzing action on the nerves to
the voluntary muscles.
Curtis and Wright (Lancet, 1926, 211, 1255)
reported the following changes in circulation : first
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a slowing of the pulse with considerable fall in
blood pressure, the pulse soon returning to normal and the blood pressure going higher than
normal. With large doses there follows a rapid
pulse and marked lowering of blood pressure.
A marked hyperpnea occurs, resulting from stimulation of receptors in the carotid body similar
to the action of cyanide ion or nikethamide; the
effect lasts for only about 10 minutes. When the
respiratory center has been depressed by chloral
and morphine this stimulating action on respiration isrelatively slight. Some dilatation of bronchi
has been reported (Foster et al., J. Pharmacol.,
1946, 87, 73). Bjorkman {Compt. rend. soc. biol.,
1926, 94, 947), on the other and, observed no
bronchodilating action but found that lobeline
antagonized the action of such bronchial constrictors as pilocarpine and arecoline.
The effect of lobeline on the superior cervical
ganglion of the cat was studied by Konzett {Arch,
internat. pharmacodyn. therap., 1951, 85, 446),
who found that large doses inhibited the response
to acetylcholine while moderate doses exerted no
effect and small ones increased the response. The
spasmolytic action of lobelia tincture given intravenously to asthmatic cats was confirmed by
Lendle and Richter {Klin. Wchnschr., 1950, 28,
665) but lobeline and 8 other lobelia alkaloids
were ineffective while isolobinine was as effective
as epinephrine. In rats, intravenous administration of 0.2 mg. of isolobinine per Kg. of body
weight caused immediate convulsions, respiratory arrest and death, being comparable to the
response of 2 mg. per Kg. of nicotine.
Wieland and Mayer {Arch. exp. Path. Pharm.,
1922, 82, 195) reported that pure alpha-lobeline
is not an excitant either of the emetic center or
the sympathetic ganglia. Lendle and Richter {loc.
cit.) concluded that lobelia tincture has no spasmolytic action by mouth but acts as an emetic by
irritating the gastric mucosa; isolobinine was
thought to be the active irritant. Konzett {loc.
cit.) concluded that the action of lobeline on the
autonomic ganglia was one-fifth to one-twentieth
that of nicotine. The actions of the secondary
alkaloids of lobelia have not been carefully
studied; in general they seem to resemble those
of lobeline except that they are somewhat more
feeble.
Therapeutic. — Lobelia should never be employed as an emetic. Its most important use in
medicine is as a nauseating expectorant in bronchitis, especially when associated with bronchial
spasm. Large doses will sometimes cause complete
cessation of the asthmatic paroxysms, but it is
more commonly employed between the paroxysms
for its combined expectorant and antispasmodic
actions. Such combinations as ethereal tincture
(1 in 5) of lobelia, 0.6 ml.; tincture of stramonium, 1.2 ml.; potassium iodide, 200 mg. ;
mucilage of tragacanth and chloroform to a volume of 15 ml. were formerly administered 1 to 3
times daily. A mixture of equal parts of lobelia,
stramonium and tea impregnated with potassium
nitrate and flavored with anise oil was burned,
in quantities of half a teasponful, and the fumes
inhaled; the treatment was performed 6 to 8
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times daily. The eclectic physicians used lobelia
in treating a large variety of convulsive and inflammatory disorders, including epilepsy, tetanus,
diphtheria, and tonsilitis.
Lobeline. — Some years ago the alkaloid lobeline
(also known as alpha-lobeline) was enthusiastically recommended as a respiratory stimulant in
narcotic poisoning but in this depressed state the
reflexes from the carotid sinus often failed to
stimulate respiration and repetition of the dose
could lead to circulatory collapse (see Marshall,
Arch. Int. Med., 1928, 42, 180; also Harkins,
Bull. Acad. Med. Toronto, 1938, 11, 124). Lobeline has also been recommended as a respiratory
stimulant for resuscitation of the newborn but
Lim and Snyder {Am. J. Obst. Gyn., 1945, 50,
146) consider it to be not only ineffective but
dangerous. Franck {Schweiz. med. Wchnschr.,
1950, 80, 1309) found subcutaneous administration of lobeline to be effective in some cases of
urticaria. Lobeline has been used to measure circulation time (Berliner, Arch. Int. Med., 1940,
65, 896; Hussey, Ann. Int. Med., 1942, 17, 849);
for this purpose 3 to 7.5 mg. of the hydrochloride
or sulfate is given intravenously, with the objective end-point being a grimace or cough. Patients
may experience an unpleasant choking sensation.
Recent hemoptysis is the only contraindication
as coughing may cause recurrence. Toman {Am. J.
Surg., 1943, 60, 270) used lobeline for restoring
normal respirations in asphyxia resulting from
traumatic shock. For dosage see under Lobeline
Hydrochloride, which is official in LP. E3
Toxicology. — After oral administration of
lobelia and its preparations in sufficient dose
vomiting usually occurs and prevents more serious systemic effects. The untoward effects of
parenteral administration have been discussed
above; fortunately the alkaloids are metabolized
fairly rapidly and survival follows if the immediate circulatory and respiratory depression can
be combated.
The usual dose of lobelia is 100 mg. (approximately 1^2 grains).

LOBELIA

TINCTURE.

N.F.

[Tinctura Lobelias]
Fr. Teinture de lobelie. Ger. Lobelientinktur. It.
Tintura di lobelia. Sp. Tintura de lobelia.

Prepare the tincture from 100 Gm. of lobelia,
in moderately coarse powder, by Process P (see
under Tinctures), using as menstruum I a mixture of 995 ml. of diluted alcohol and 5 ml. of
acetic acid, and as menstruum II diluted alcohol.
Macerate the drug during 24 hours, and percolate at a moderate rate. N.F.
Alcohol Content. — From 44 to 47 per cent,
by volume, of C2H5OH. N.F.
Lobelia tincture provides the best dosage form
of the drug; the usual dose is 1 ml. (approximately 15 minims), with a range of 0.6 to 2 ml.
(approximately 10 to 30 minims). In asthmatic
patients it has been administered in 1-ml. doses
every hour until an effect is produced.
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
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LP.

Lobelini Hydrochloridum

C22H27O2N.HCI
Alpha-Iobeline Hydrochloride.

Lobeline is the principal alkaloid of lobelia; it
is a N-methylpiperidine derivative, with the side
chains CgH5.CO.CH2- and C6H5.CHOH.CH2attached adjacent to the nitrogen atom. For further discussion see Constituents, under Lobelia;
for a method of separating it see Hamerslag, The
Technology and Chemistry of Alkaloids, 1950.
Description. — Lobeline hydrochloride is a
white, crystalline powder, odorless, and with a
bitter taste which is followed by a sensation of
numbness. It is soluble in about 40 parts of water,
and in 10 parts of alcohol; very slightly soluble in
ether; freely soluble in chloroform. After drying
over sulfuric acid it melts not below 178°. LP.
Standards and Tests. — Identification. — (1)
The aromatic odor of acetophenone is perceptible
after warming 1 ml. of a 1 in 50 solution of
lobeline hydrochloride with a few drops of sodium
hydroxide T.S. (2) A red color is produced on
adding a drop of formaldehyde T.S. to a solution
of a few mg. of lobeline hydrochloride in 1 ml.
of sulfuric acid. (3) Lobeline hydrochloride responds to tests for chlorides. Solubility in chloroform.— 50 mg. dissolves completely in 1 ml. of
chloroform. Melting temperature of base. — Lobeline base isolated from the salt melts not below
118°. Reaction. — A 1 in 50 solution of the hydrochloride isneutral or faintly acid to litmus T.S.
Specific rotation. — Not less than — 55.75° and
not more than — 58.25°, when determined in a
1 in 50 solution in water. Loss on drying. — Not
over 1.0 per cent, when dried to constant weight
over sulfuric acid. Residue on ignition. — Not over
0.25 per cent. LP.
For uses of lobeline hydrochloride see under
Lobelia.
The LP. gives the following doses when used
subcutaneously: usual single dose, 10 mg. (approximately %grain); usual daily dose, 20 mg. ;
maximum single dose, 20 mg.; maximum daily
dose, 50 mg. The following doses are employed
intravenously: usual single dose, 3 mg.; usual
daily dose, up to 10 mg.; maximum single dose,
6 mg.; maximum daily dose, 20 mg.
Storage. — Preserve in a tightly-closed container, protected from light. LP.
INJECTION OF LOBELINE
HYDROCHLORIDE.
LP.
Injectio Lobelini Hydrochloridi

This injection is a sterile solution of lobeline
hydrochloride in water for injection; it is sterilized by filtration through a suitable sterile bacteria-proof filter. The injection should be kept
preferably in single-dose, hermetically-closed containers or in multiple-dose containers. The content of C22H27O2N.HCI is required to be not less
than 90.0 per cent and not more than 110.0 per
cent of the labeled amount of lobeline hydrochloride.

Ar.F.

N.F.

[Lycopodium]

"Lycopodium consists of the spores of Lycopodium clavatum Linne (Fam. Lycopodiacea)."
Club Moss; Vegetable Sulfur; Stag's Horn. Pulvis
Lycopodii; Lycopodii Sporae. Fr. Lycopode. Ger. Barlappsporen; Barlappsamen; Blitzpulver; Hexenmehl. It.
Licopodio. Sp. Licopodio.

Lycopodium clavatum is a perennial, evergreen club moss with a trailing, branching stem,
several feet long, thickly beset with linear-awlshaped, flat, ribless, smooth leaves, tipped with
a fine bristle, curved upward, and of a light green
color. The fructification is in terminal spikes,
single or in pairs, with crowded, ovate, entire,
pointed scales, bearing in the axil a transversely
oval sporangium which splits nearly to the base
and contains the narrow reticulate spores. The
plant is a native of Europe, Asia, and America,
being especially common in the dry woods northward. The spores are collected in the United
States, Canada, the Ukraine, Poland, Switzerland,
Germany and Japan. Most of the drug of commerce before the Second World War was gathered
in Russia, Poland and Japan. (For details of collection and yield see Pharm. Zentr., 1932, 73,
49.) At present, considerable lyocopidum is collected in Maine and New Hampshire and prepared
for the domestic market.
Description. — 'Lycopodium occurs as a pale
yellow, very mobile light powder composed of
spores shaped somewhat like a 3-sided pyramid
with a convex base, from 25 to 40 ja in diameter.
The outer surface of the spore is reticulate, the
reticulations being polygonal and formed by
straight-sided delicate ridges which form a delicate fringe at the edges of the spore. When viewed
with the rounded surface of the spore on the
under side, a distinct triangular marking is seen,
formed by the edges of the flat surfaces of the
spore. Lycopodium is odorless and tasteless." N.F.
Standards and Tests. — Identification. — Lycopodium isnot wetted by water but floats upon it;
when boiled with water it sinks. When thrown
into a flame lycopodium burns with a quick flash.
Pine pollen. — Lycopodium contains few, if any,
pollen grains consisting of a central convex generative cell separating 2 spherical cells or wings
containing air, the pollen grains from 40 to 70 n
in diameter. Starch or dextrin. — Boiled with distilled water and cooled, lycopodium produces no
bluish, purplish, or reddish color with iodine T.S.
Sulfur. — Upon ignition, lycopodium does not emit
the odor of sulfur dioxide. Acid-insoluble ash. —
Not over 0.75 per cent. N.F.
Constituents. — Lycopodium is composed of
nearly 50 per cent of fatty oil, from 3 to 6 per
cent of nitrogen, in the form of albuminous principles, and considerable carbohydrate material.
The ash, which ranges from 3 to 5 per cent, is
about half P2O5. The ease with which lycopodium
ignites renders it something of a fire hazard. The
fatty oil is mainly olein although there is present
small amounts of phytosterin, and traces of the
glycerides of arachitic, palmitic and stearic acids.
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A distinctive acid, lycopodic acid, has been reported to the extent of about 2 per cent in the oil.
The lycopodic acid crystallizes in silky needles, it
is doubly refracting like quartz, and appears to
be isomeric with dioxystearic acid. (See Arch.
Pharm., 1908, 246.)
Acnmatowicz and Uzieblo (Roczniki Chem.,
1938, 18, 88) found about 0.12 per cent alkaloids in L. clavatum L. Of these, three were isolated; they include lycopodine, clavatine, and
clavatoxine, given in the order of decreasing
abundance. All of them are bitter, levorotatory,
and have physiological activity. Oficjalski {Bull,
sc. Pharmacol., 1937, 44, 470) tested the toxicity
of a number of alkaloids of several species of
lycopodium; clavatine is toxic to test animals in
doses of approximately 0.1 gram per kilo.
Adulterants. — Lycopodium has been frequently adulterated with such substances as
slightly roasted and colored starch, dextrin, powdered colophony, talc, various pollens and a number of other substances. All of these may be
readily detected under the microscope.
Uses. — Lycopodium was formerly used as an
absorbent application to excoriated surfaces, but
has been largely replaced by other dusting powders. It is sometimes used as a dusting powder
for cacao butter rectal suppositories, which may
be made irritating because of this treatment; a
case of lycopodium granuloma resulting from the
use of such suppositories has been reported
(J.A.M.A., 1937, 109, 1192). Lycopodium was
largely used in facilitating the rolling of pill
masses, and of preventing the adhesion of the pills
when formed. The club moss itself (under the
titles of Herba Lycopodii or Herba Musci Clavati)
was formerly valued as a diuretic and antispasmodic; its decoction was employed in rheumatism,
diseases of the lungs and kidneys, but it has fallen
into complete desuetude.
In microscopy lycopodium is used to give, by
comparison, an idea of the approximate size of the
elements which are being observed, as the spores
are almost uniformly 40 m- in size.
MAGNESIA

MAGMA.

Milk of Magnesia, [Magma

U.S.P. (B.P.)
Magnesias]

"Magnesia Magma is a suspension of magnesium hydroxide containing not less than 7 per
cent and not more than 8.5 per cent of Mg(OH)2.
Note. — To minimize the action of the glass container on Magnesia Magma, 0.1 per cent of citric
acid may be added. Not more than 0.5 ml. of a
volatile oil or a blend of volatile oils, suitable for
flavoring purposes, may be added to each 1000 ml.
of Magnesia Magma." U.S.P.
The B.P. recognizes as Mixture of Magnesium
Hydroxide an aqueous suspension of hydrated
magnesium oxide containing the equivalent of
8.25 per cent w/v of Mg(OH)2 (limits, 7.75 to
8.75).
B.P. Mixture of Magnesium Hydroxide; Mistura Magnesii Hydroxidi. Cream of Magnesia. Sp. Magma de
Magnesia.

Magnesia magma may be prepared by the direct
hydration of magnesium oxide or by double de-
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composition of magnesium sulfate and sodium
hydroxide. The method of the U.S.P. X, the last
to give a process for preparing magnesia magma,
was as follows:
"Magnesium Sulphate, 300 Gm.; Sodium Hydroxide, 100 Gm.; Distilled Water, a sufficient
quantity to make about 1000 cc.
"Dissolve the magnesium sulphate in sufficient
distilled water to make 650 cc, place this in a
vessel of about 5000 cc. capacity, and heat to
boiling. Dissolve the sodium hydroxide in sufficient distilled water to make 1000 cc, add this
slowly to the boiling solution of magnesium sulphate, and continue the boiling for thirty minutes.
Transfer the mixture to a cylindrical container of
not less than 5000 cc. capacity, and fill with hot
distilled water. Allow to stand until separation
has occurred, and remove the supernatant liquid.
Wash repeatedly with hot distilled water until
sulphates have practically been eliminated, as
shown by testing the supernatant liquid with
barium chloride T.S. Concentrate the mixture by
evaporation until it contains not less than 7 per
cent of magnesium hydroxide." U.S.P. X.
The process described in the B.P. is a combination of the precipitation method and the hydration
method. In the process the major proportion of
magnesium hydroxide is produced by hydrating
light magnesium oxide while simultaneously preparing an additional amount by a reaction between a solution of magnesium sulfate and a solution of sodium hydroxide. The precipitate of magnesium hydroxide is collected on a strainer, allowed to drain, then washed with distilled water
until the washings give only a slight reaction for
sulfates.
For other formulas see U.S.D., 20th ed., p. 671.
Description. — "Magnesia Magma is a white,
opaque, more or less viscous suspension from
which varying proportions of water usually separate on standing. It has a pH of about 8." U.S.P.
Standards and Tests. — Identification. — A
solution of 1 ml. of the magma in 2 ml. of diluted
hydrochloric acid responds to tests for magnesium. Soluble alkalies. — A 5 ml. portion of filtrate
from the magma requires not more than 0.4 ml.
of 0.1 N sulfuric acid for neutralization, using
methyl red T.S. as indicator. Soluble salts. — A
5-ml. portion of filtrate from the magma, when
evaporated to dryness in the presence of sulfuric
acid and then ignited, yields not more than 8 mg.
of residue. Carbonate and acid-insoluble matter. —
Addition of 2 ml. of diluted hydrochloric acid to
1 ml. of magma causes not more than a slight
effervescence and produces a not more than
slightly turbid solution. Arsenic. — The limit is
0.8 part per million. Calcium. — Not over 26 mg.
of calcium sulfate is obtained from 10 ml. of
magma. Heavy metals. — The limit is 5 parts per
million. U.S.P.
Assay. — A 5-Gm. portion of magma is dissolved in 25 ml. of 1 N sulfuric acid and the
excess of acid titrated with 1 N sodium hydroxide,
using methyl red T.S. as indicator. Each ml.
of 1 iV sulfuric acid represents 29.17 mg. of
Mg(OH)2.
The B.P. U.S.P.
utilizes the same assay as does the
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U.S. P. except that methyl orange is used as the
indicator.
Uses. — Magnesia magma, popularly known as
milk of magnesia, is an excellent and convenient
alkali, useful as an antacid and mild laxative in
hyperacidity of the stomach, whether due to
hyperchlorhydria or fermentative dyspepsia, and
is useful for the other purposes for which magnesium hydroxide or oxide is used. A teaspoonful
(approximately 4 ml. or 1 fluidrachm) of magma
represents about 300 mg. (approximately 4l/>
grains) of magnesium hydroxide or about 200
mg. (approximately 3 grains) of magnesium oxide.
Because of the smallness of its particles magnesia magma acts more promptly than magnesium
oxide. In the management of peptic ulcer, Rossett
and Stephenson (Rev. Gastroenterol., 1952, 19,
3 79) used a mixture of 4 parts by volume of aluminum hydroxide gel with 1 part of magnesia
magma; Flexner (J. A.M. A., 1945. 129, 901) in
discussing the paper by Collins recommended use
of 5 teaspoonfuls of such a mixture after each
meal and a double dose at bedtime. Milk of magnesia is also employed as a mouth-wash, especially for the correction of acid conditions of the
mouth. For this purpose the addition of a trace
of some aromatic oil, such as peppermint or anise,
is of advantage. |vj
Dose. — The usual dose., as an antacid, is 4 ml.
(approximately 1 fluidrachm); as a cathartic. 15
ml. The range of dose is 4 to 30 ml. A maximum
safe dose is not determined but laxation usually
limits the total dose in 24 hours to 30 ml.
Storage. — Preserve "in tight containers, preferably at a temperature not above 35°. Do not
permit it to freeze." U.S.P.
MAGNESIUM.
Mg. (24.32)
Magnesium is a member of the alkaline earth
group of elements. It occurs widely and is abundantly distributed, but never in the free state. The
chief naturally occurring compounds are the silicates (talc, serpentine, asbestos, and meerschaum >
and the carbonates (magnesite. dolomite, and
dolomitic limestones). Carnallite. a double chloride with potassium, and kieserite, a native magnesium sulfate, are also important. The dissolved
solids in sea water contain a considerable proportion of magnesium compounds.
There was little or no production of magnesium
metal in the United States prior to 1914, most of
it coming from Germany. When foreign supplies
were cut off during World War I. magnesium
metal was produced in the United States from
brine wells in Michigan, which had previously
been worked for bromine, chlorine, and other
chemicals. The tremendous increase in the demand for magnesium occasioned by World War
II made it necessary to expand rapidly the manufacture of the metal. To meet this demand a
process was developed for recovering magnesium
from sea water. In a plant erected at Freeport.
Texas, to extract magnesium from the sea, 100,000.000 gallons of water is handled daily; one
ton of magnesium metal is obtained by the processing of 800 tons of sea water.
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The method of producing magnesium is relatively simple. Oyster shells, dredged from the
ocean bed, are burned to make lime; the sea
water, mixed with this, forms a precipitate of
magnesium hydroxide. This is converted into the
chloride by treatment with hydrochloric acid; the
magnesium chloride is dried and melted under
conditions minimizing formation of magnesium
oxychloride. Electrolysis of the fused material
produces both chlorine and metallic magnesium.
Magnesium may also be produced by reduction
of magnesium oxide by heating with carbon. The
magnesium oxide is readily obtained by calcination of magnesite and the carbon is provided in
the form of coke, charcoal or petroleum coke.
Reduction occurs at about 2000° ; as magnesium
boils at 1120° the metal appears first as vapor
which is condensed in the form of a powder. This
powder is subjected to a second distillation under
vacuum and is finally obtained cast into ingots.
Properties. — Magnesium is a silvery-white
metal having a density of 1.738; it melts at 651°.
It is malleable and ductile — properties which permit it to be drawn and rolled into ribbons, in
which form it frequently appears. When finely
divided or as a thin foil, it is easily ignited and
burns with a brilliantly white, intensely hot flame.
This makes magnesium useful in signal flares,
photographic flash bulbs, and incendiary bombs.
So intense is the heat of a burning magnesium
bomb, that water, rather than quenching the
flames, actually hastens the combustion by its
dissociation into hydrogen and oxygen. In massive
form, magnesium is not flammable and is an invaluable constituent of alloys because of its
lightness.
Magnesium provides a practical means of preventing corrosion in underground metallic structures, such as pipe lines, through connecting the
latter, by means of a wire, to cylinders of metallic
magnesium which function as galvanic anodes
and thereby prevent corrosion of the object which
it is desired to protect and which serves as the
cathode. The magnesium anodes are in time consumed, and are said to be "expendable"; in from
1 to 10 years, depending on the extent of electrolytic action, they must be replaced.
In its chemical properties magnesium resembles
calcium; it is bivalent in the compounds it forms.
It is readily dissolved by acids but is insoluble in
water and in alkalies.
Medicinal Properties. — Although magnesium
ion is an active poison when introduced into the
general circulation the poor absorption of magnesium salts and their rapid elimination by the
kidneys account for a relatively low incidence of
systemic symptoms following oral administration.
Magnesium is widely distributed in foods, including meat, cereals, vegetables and milk; an average diet provides about 0.22 Gm. daily which
usually maintains a positive balance of magnesium. The body contains about 21 Gm. of magnesium, of which the skeleton contains about 11
Gm. and the muscles about 6 Gm. Magnesium is
normally present in blood serum to the extent of
1 to 3 mg. in 100 ml.; erythrocytes contain more
than does serum. The element seems to be an
integral part of bone; it is also found in teeth.
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About 20 to 30 per cent of circulating magnesium
is bound to protein (Softer et al., J. Clin. Inv.,
1939, 18, 597). In hyperthyroidism the bound
fraction is increased while in hypothyroidism it
is markedly decreased (Dine and Lavietes, ibid.,
1942, 21, 781). Sunderman et al. {Am. J. Med.
Sc, 1952, 224, 112) have observed greater binding of magnesium to serum albumin than to
globulin. Magnesium is essential for normal neuromuscular function. Hirschfelder and Haury
{JAM A., 1934, 102, 1138) and others demonstrated that, in cases of poor kidney function, it
may give rise to marked constitutional effects;
the urine normally eliminates about 100 mg. daily.
Thatcher (J. A.M. A., 1928, 91, 1185) collected
records of 12 cases of poisoning, several of them
fatal, resulting from intestinal absorption of magnesium sulfate.
In animals, magnesium deficiency results in
vasodilatation, irritability, cardiac arrhythmia,
spasticity and convulsions (Kruse et al., J. Biol.
Cliem., 1933, 100, 603; Lowenhaupt et al., Arch.
Path., 1950, 49, 427). Human cases of tetany
associated with a low blood level of magnesium
which were relieved by intravenous administration
of the ion were reported by Hirschfelder and
Haury (loc. cit.). Magnesium ion is essential in
culture media for normal nitrogen metabolism of
gram-positive bacteria particularly (Webb, Science, 1953, 118, 607).
When injected intravenously magnesium is depressant to the entire central nervous system including the cerebrum, spinal cord and medullary
centers. According to Smith et al. {Am. J. Physiol.,
1939, 126, 720) magnesium causes a progressive
lowering of the blood pressure, at first due to its
effects upon the nervous system but, when the
dose is large enough, there is also a direct action
upon the cardiac muscle. Severe effects upon the
heart are only demonstrable with artificial respiration because smaller quantities (20 mg. of
magnesium in 100 ml. of blood serum in the dog)
kill by arrest of the breathing. Mild depression
occurs at blood serum levels of 5 mg. per 100 ml.
in dogs. This stoppage of the respiration is due
chiefly to a curare-like effect upon the motor
nerves, but with large enough doses there is a
direct central depression (see Neuwirth and Wallace, /. Pharmacol., 1929, 35, 171). Magnesium
is essential for the action of certain peptidases
and phosphatases. When applied locally magnesium salts are paralyzant to peripheral sensory
nerves and may act therefore as local anesthetics.
For this systemic action on the central nervous
system magnesium — especially in the form of the
sulfate — has been used clinically in the treatment of convulsions of tetanus or of puerperal
eclampsia (see Stander, J. A.M. A., 1929, 92, 631;
Stroganoff and Davidovitch, /. Obst. Gyn. Br.
Emp., 1937, 44, 289) either by intraspinal or subcutaneous injection, but great care is required in
this use of the drug because of its depressant action upon the nervous system. The antagonist
is intravenous calcium. In animals magnesium
inhibits the uterine contraction caused by calcium
ion (Reynolds, Am. J. Physiol., 1933, 105, 358),
and Van Dyke and Hastings (ibid., 1928, 83,
563) reported that it would inhibit the oxytocic
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action of pituitary extracts on the guinea pig
uterus. Abarbanel (Am. J. Obst. Gyn., 1945, 49,
473) applied these observations successfully to
the management of tetanic contractions of the
human gravid uterus (Bandl's ring and following
the use of oxytocic drugs) ; he used 10 ml. of a
20 per cent aqueous solution of magnesium sulfate intravenously. Despite the efficacy of magnesium ion, its potential toxicity calls for great
caution in its clinical use. Haggard and Greenberg
(J. A.M. A., 1932, 98, 1133), from an experimental
study, reached the conclusion that it is of no
practical value in strychnine poison. Formerly, it
was quite extensively employed by intraspinal injection as a general anesthetic and intramuscularly
as an adjuvant to other pain-relieving drugs (Harrar, Am. J. Obst. Gyn., 1927, 13, 486), but its
superiority over less dangerous substances is not
obvious.
Theoretically, magnesium salts might be useful as local anesthetics but is is very doubtful if
they would have any advantage over other drugs
of this type. There is no reason to believe that
they are capable of penetrating the skin. The use
of magnesium sulfate dressings with the idea of
relieving pain perception is probably fatuous,
although they are valuable as hypertonic compresses or soaks. However, this property permits
intramuscular injection of hypertonic magnesium
sulfate solutions with a minimum of pain, although sloughing or a sterile abscess may result.
Magnesium salts are in common use as antacids
and cathartics.
MAGNESIUM
CARBONATE.
U.S.P. (B.P.)
[Magnesii Carbonas]

"Magnesium Carbonate is a basic hydrated
magnesium carbonate or a normal hydrated magnesium carbonate. It contains the equivalent of
not less than 40 per cent and not more than 43.5
per cent of MgO." U.S.P. The B.P. recognizes
two forms of the carbonate : the Light Magnesium
Carbonate, which may be prepared by boiling
together dilute aqueous solutions of magnesium
sulfate and sodium carbonate; and the Heavy
Magnesium Carbonate, prepared similarly, but
using concentrated solutions.
B.P. Light Magnesium Carbonate; Magnesii Carbonas
Levis. B.P. Heavy Magnesium Carbonate; Magnesii
Carbonas Ponderosus. Magnesium Carbonicum; Magnesium Carbonicum Leve; Magnesium Hydrocarbonicum. Fr.
Hydrocarbonate de magnesium; Magnesie carbonatee;
Magnesie blanche. Ger. Basisches Magnesiumkarbonat ;
Basisch-kohlensaures Magnesium. It. Carbonato di magnesio; Carbonato basico di magnesio. Sp. Carbonato de
magnesio; Magnesia carbonatada.

Magnesium carbonate occurs naturally as the
mineral magnesite and, in combination with calcium carbonate, as dolomite. From both of these
magnesium carbonate may be prepared by successive steps involving calcination, hydration of
the residue, and treatment of the mixture with
carbon dioxide to form soluble magnesium bicarbonate while precipitating calcium carbonate;
after filtration the solution is boiled to precipitate
basic magnesium carbonate. In another method
dolomite is calcined, reacted with ammonium
chloride to extract calcium oxide in soluble form
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while magnesium hydroxide is precipitated and
eventually converted to carbonate as in the foregoing method. Much magnesium carbonate is prepared from sea water bitterns and other brines by
adding milk of lime to precipitate the less soluble
magnesium hydroxide; this is carbonated, the
solution filtered and the carbonate precipitated by
heating. As indicated in the B.P. definition, magnesium carbonate may also be obtained by double
decomposition of solutions of magnesium sulfate
and sodium carbonate.
The density of the product obtained is dependent on several variables of each process, such as
concentration, temperature, extent of aging, etc.
Both light and heavy varieties are obtainable and
are officially recognized by the B.P. in separate
monographs; the U.S. P. includes both under the
same title. Likewise depending on the variables
of the manufacturing process, the composition of
the product varies between that of a basic hydrated magnesium carbonate, to which the formula (MgC03)4.Mg(OH)2.5Hi«0 has been assigned, and that of normal hydrated magnesium
carbonate.
Description. — ''Magnesium Carbonate occurs
in fight, white, friable masses, or as a bulky, white
powder. It is odorless, and is stable in air. Magnesium Carbonate is practically insoluble in water,
to which, however, it imparts a slightly alkaline
reaction. It is insoluble in alcohol, but is dissolved
by dilute acids with effervescence." U.S.P.
Standards and Tests. — Identification. — Magnesium carbonate dissolves in diluted hydrochloric
acid with effervescence and the resulting solution
responds to tests for magnesium. Soluble salts. —
Not over 10 mg. is obtained from 1 Gm. of magnesium carbonate. Acid-insoluble substances. —
Not over 2.5 mg. from 5 Gm. of magnesium carbonate which has been mixed with water and dissolved with hydrochloric acid. Arsenic. — The limit
is 5 parts per million. Calcium oxide. — Not over
0.6 per cent. Heavy metals. — The limit is 30 parts
per million. Iron. — The limit is 200 parts per
million. U.S.P.
The following B.P. tests are particularly of interest. The test for calcium requires that the
residue of calcium sulfate obtained from 1 Gm. of
sample shall be not more than 20 mg. in the case
of light magnesium carbonate, and not more than
7 mg. for heavy magnesium carbonate. Of the
light variety, 0.5 Gm. should comply with the
limit test for chlorides ; of the heavy form, 1 Gm.
should pass the test. In the test for limit of
sulfates, 0.25 Gm. of the light carbonate, and 0.2
Gm. of the heavy carbonate, should comply with
the requirements. The arsenic and lead limits for
both are 2 and 15 parts per million, respectively
On ignition, both forms should leave not less
than 42.0 per cent, and not more than 45.0 per
cent, of residue.
Assay. — About 1 Gm. is dissolved in 30 ml.
of 1 N sulfuric acid and the excess of acid titrated
with 1 A' sodium hydroxide, using methyl orange
T.S. as indicator. From the volume of acid required the volume equivalent to the calcium oxide
content is deducted. Each ml. of the difference
represents 20.16 mg. of MgO. U.S. P.
Uses. — Magnesium carbonate is antacid and,

in sufficient dose, following interaction with acid
in the stomach, acts as a saline laxative. Unless
thus converted in the alimentary canal it produces
no purgative effect. It is useful in all cases which
require a slightly laxative antacid, and, though
prone to produce flatulence in consequence of the
liberation of carbon dioxide in the stomach and
bowels and therefore, in ordinary cases, inferior
to magnesium oxide, it often functions favorably,
in sick stomach attended with acidity. It is best
administered dispersed in an aqueous medium. E
Magnesium carbonate was formerly widely employed as a clarifying and filtering agent, but it
has long been recognized that it has a very limited
use in this connection because of its neutralizing
power upon acids, and the fact that it imparts
alkalinity to aqueous solutions, as a result of
which any alkaloids that are present may be precipitated and certain other substances, such as
vitamins, may be decomposed. For this reason it
was abandoned many years ago as a filtering
medium in the preparation of the official aromatic
waters.
The usual dose as an antacid is 600 mg. (approximately 10grains) and as a cathartic 8 Gm.
(approximately 120 grains). A maximum safe
dose is not determined but laxation usually limits
the total daily dose to 8 to 15 Gm.
Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep. — Magnesium Citrate Solution; Tolu
Balsam Syrup. U.S. P.; Aromatic Eriodictyon
Syrup. X.F.; Compound Powder of Rhubarb, B.P.
MAGNESIUM

CITRATE
N.F.

SOLUTION.

Liquor Magnesii Citratis

"Magnesium Citrate Solution contains, in each
100 ml., an amount of magnesium citrate corresponding to not less than 1.6 Gm. and not more
than 1.9 Gm. of MgO." N.F.
Solution of Citrate of Magnesium; Citrate of Magnesia;
"Citrate." Limonada Magnesii Citrici; Potio Magnesii
Citrici Effervescens; Limonata Aerata Laxans. Fr. Limonade citro-magnesienne ; Limonade purgative au citrate de
magnesie. Ger. Abfuhrlimonade. It. Limonata citromagnesiaca ; Soluzione di citrato di magnesia. Sp. Limonado de citrato magnesico ; Solution de Citrato de Magncsio; Limonada purgante.

Dissolve 33 Gm. of citric acid in 150 ml. of hot
purified water in a suitable dish, add a mixture
of 15 Gm. of magnesium carbonate and 100 ml. of
purified water, and stir until solution is effected.
Add 60 ml. of syrup, heat the mixture to the boiling point, at once add 0.1 ml. of lemon oil previously triturated with 5 Gm. of talc, and filter the
mixture, while hot, into a strong bottle of suitable
capacity which has been previously rinsed with
boiling purified water. Add enough boiled purified
water to make 350 ml. of solution. Stopper the
bottle with purified cotton, allow to cool, drop in
2.5 Gm. of potassium bicarbonate, and immediately stopper the bottle securely. Lastly, shake
the solution occasionally until the potassium
bicarbonate is dissolved. Note. — The potassium
bicarbonate may be replaced by 2.1 Gm. of sodium bicarbonate; in addition, the solution may
be carbonated with CO2 under pressure. The
stability of the solution is improved by adjusting
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the quantity of magnesium carbonate for each
350 ml. of solution to correspond to 6.0 Gm. of
MgO and by sterilizing the solution after it has
been bottled. N.F.
This preparation was first given official recognition in the second edition of the U.S. P. (1850).
The chief objection to the earlier formulas was
that magnesium citrate, when the solution was
kept for some days, crystallized out in the form
of a white granular precipitate. Procter found
the precipitate to have the formula Mg3(C6Hs0"7)2.14H20. The formation of a precipitate in
magnesium citrate solution still remains a problem, though not so serious a one as formerly because of the recognition and possibility of control of certain variables of the process.
It appears to be essential that an excess of
citric acid over the amount necessary to form
normal magnesium citrate be present, but the
amount of acid must be kept at a minimum in
order not to have a sour taste in the finished
product. In the U.S. P. X the amount of citric
acid was raised from 33 to 35 Gm. per 350 ml.;
in the U.S. P. XI the amount was reduced to 33
Gm. because of the sour taste of the former preparation. In a study of the stability of solutions
prepared by the U.S. P. XI formula (which continues to be the official formula), Osol and Tice
(/. A. Ph. A., 1936, 25, 1108) showed that the
amount of magnesium oxide in official samples of
magnesium carbonate was an important variable
in determining whether or not precipitation would
occur; carbonates approaching the lower official
limit of magnesium oxide content produced more
stable solutions than those approaching the upper
limit of oxide content. These investigators also
showed that sterilization of the finished product
in some manner retards precipitation on standing.
Cognizance of both variables is taken in the
official directions for preparing the solution.
Crossen and Rogers (/. A. Ph. A., 1938, 27, 119)
showed that solution of magnesium citrate calculated to contain only the dibasic citrate produced
no precipitate on standing, but that solutions
calculated to contain the normal or tribasic magnesium citrate did show precipitation. They demonstrated also that sucrose and carbon dioxide
each contribute to the instability of solution of
magnesium citrate.
The U.S. P. 1890 recognized a granular effervescent magnesium citrate containing magnesium
carbonate, sodium bicarbonate, citric acid and
sugar (see U.S.D., 19th edition, p. 726); this
is a convenient solid preparation of magnesium
citrate.
Description. — "Magnesium Citrate Solution
is a colorless to slightly yellow, clear, effervescent liquid, having a sweet, acidulous taste and a
lemon flavor." N.F.
Standards and Tests. — Identification. — (1)
The solution responds to tests for magnesium.
(2) A white precipitate forms on heating a mixture of 5 ml. of magnesium citrate solution, 1 ml.
of potassium permanganate T.S. and 5 ml. of mercuric sulfate T.S. Chloride. — The limit is 100
parts per million. Stdfate. — The limit is 150 parts
per million. Tartaric acid. — No crystalline precipitate (potassium bitartrate) forms on adding
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glacial acetic acid and potassium acetate to the
solution. Minimum of total citric acid. — The
citric acid in 10 ml. of magnesium citrate solution
is precipitated as calcium citrate, which is ignited
to calcium oxide, dissolved in an excess of 0.5 N
hydrochloric acid and the excess of acid titrated
with 0.5 N sodium hydroxide, using phenolphthalein T.S. as indicator. Not less than 26 ml.
of 0.5 N hydrochloric acid is required (9.10 Gm.
in 100 ml. of the solution). N.F.
Assay. — For magnesium oxide. — The magnesium in a 2.5-ml. portion of solution is precipitated
as the 8-hydroxyquinolate ; this is dried at 105°
for 2 hours, cooled and weighed. The weight of
magnesium hydroxyquinolate, multiplied by 4.626,
gives the equivalent weight of MgO in 100 ml. of
the solution. N.F.
Uses. — Magnesium citrate solution is a mild
cathartic. Being easy to take and acceptable to
the stomach, the solution has been widely used.
Magnesium citrate is a minor component of a
substitute for sodium chloride (Neocurtasal,
Winthrop-Stearns) .
The dose of magnesium citrate solution is from
180
to 350 ml. (approximately 6 to 12 fluidounces).
Storage. — Preserve "in a cold place, preferably in a refrigerator, keeping the bottle on its
side. Package Magnesium Citrate Solution in
bottles containing not less than 340 ml. and not
more than 360 ml. or in bottles containing not
less than 195 ml. and not more than 205 ml."
N.F.
MAGNESIUM

HYDROXIDE.

N.F.

[Magnesii Hydroxidum]

"Magnesium Hydroxide, dried at 105° for 2
hours, contains not less than 95 per cent of
Mg(OH)2"
MagnesiumN.F.hydroxide, in powder form, may
be prepared by dehydration of the precipitate
obtained by the interaction of magnesium salts
and sodium hydroxide. It may also be obtained
from sea watter bitterns, as explained under
Magnesium Carbonate.
Description. — "Magnesium Hydroxide occurs as a bulky white powder. Magnesium Hydroxide dissolves in dilute acids. It is practically
insoluble in water and in alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 solution of magnesium hydroxide in diluted
hydrochloric acid responds to tests for magnesium. Loss on ignition. — Not less than 30 per cent
and not more than 33 per cent. Soluble salts. —
Not over 10 mg. is obtained from 500 mg. of
magnesium oxide. Not more than 2 ml. of 0.1 TV
sulfuric acid is required for neutralization of an
aqueous extract representing 1 Gm. of magnesium
hydroxide, using methyl red T.S. as indicator.
Carbonate. — Addition of acetic acid to an aqueous
dispersion of magnesium hydroxide produces no
effervescence. Arsenic. — 200 mg. of magnesium
hydroxide meets the requirements of the test for
arsenic. Calcium oxide. — Not over 1 per cent.
Heavy
metals. — The limit is 40 parts per million.
N.F.
Assay. — About 250 mg. of dried magnesium
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hydroxide is dissolved with the aid of diluted
hydrochloric acid and made up to a volume of
100 ml. A one-fourth aliquot of this solution is
analyzed by the method described under magnesium citrate solution. N.F.
Uses. — Magnesium hydroxide is used for the
same purposes as magnesia magma and the magnesium oxides.
The dose is from 300 to 600 mg. (approximately 5to 10 grains) when used as an antacid,
and from 2 to 4 Gm. (approximately 30 to 60
grains) as a laxative.
Storage. — Preserve "in tight containers." N.F.
MAGNESIUM HYDROXIDE
TABLETS.
N.F.
"Milk of Magnesia Tablets," [Tabellae
Magnesii Hydroxidi]

"Magnesium Hydroxide Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of Mg(OH)2, the
amount being expressed by weight." N.F.
Storage. — Preserve "in well-closed coners." N.F.
MAGNESIUM

OXIDE.

U.S.P. (B.P.)

Heavy Magnesium Oxide (U.S.P. XIV), Magnesium
Oxide (U.S.P. XIV)

"Magnesium Oxide, after ignition, contains not
less than 96 per cent of MgO." U.S.P. The B.P.
recognizes, in two separate monographs. Heavy
Magnesium Oxide and Light Magnesium Oxide;
the former may be prepared by heating heavy
magnesium carbonate to a dull red heat, the latter
by similar heating of light magnesium carbonate.
B.P. Heavy Magnesium Oxide; Magnesii Oxidi Ponderosum. B.P. Light Magnesium Oxide; Magnesii
Oxidum Leve. Calcined Magnesia. Magnesium Oxydatum;
Magnesia Usta. Fr. Oxyde de magnesium; Magnesie
calcinee; Magnesie. Ger. Gebrannte Magnesia; Magnesiumoxyd. It. Magnesia calcinata; Ossido di magnesio. Sp.
Oxido de magnesio.

Magnesium oxide may be obtained by ignition
of magnesium carbonate, the density of the product depending in large part on the density of the
carbonate employed, and to a lesser extent on the
intensity of heat applied; use of heavy magnesium carbonate and application of a high degree
of heat favor production of heavy magnesium
oxide while light magnesium carbonate and a
lower ignition temperature result in a product of
lesser density (for details of manufacture see
Smith, Chemical Enginering, 1946, 53, 119).
Magnesium oxide may also be obtained by heating
magnesium hydroxide.
Until the present revision of the U.S.P. that
compendium provided separate monographs for
the light and heavy forms of magnesium oxide;
the former was recognized as Magnesium Oxide,
the latter as Heavy Magnesium Oxide. Both
forms are recognized now in one monograph.
Description. — "Magnesium Oxide occurs as
a very bulky, white powder known as Light
Magnesium Oxide or as a relatively dense, white
powder known as Heavy Magnesium Oxide. Five
Gm. of Light Magnesium Oxide occupies a volume of approximately 40 to 50 ml., while 5 Gm.
of Heavy Magnesium Oxide occupies a volume of
approximately 10 to 20 ml. Magnesium Oxide is
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practically insoluble in water and is insoluble in
alcohol. It is soluble in dilute acids." U.S.P.
Standards and Tests. — Identification. — A
solution of magnesium oxide in diluted hydrochloric acid responds to tests for magnesium.
Loss on ignition. — Not over 10 per cent. Free
alkali and soluble salts. — Not over 10 mg. in 500
mg. of magnesium oxide. Not more than 2 ml. of
0.1 N sulfuric acid is required for neutralization
of an aqueous extract representing 1 Gm. of
magnesium oxide, using methyl red T.S. as indicator. Acid-insoluble substances. — Not over 2
mg. from 2 Gm. of magnesium oxide mixed with
water and dissolved with hydrochloric acid. Carbonate.— Addition of acetic acid to an aqueous
dispersion of magnesium oxide produces no effervescence. Arsenic. — The limit is 12.5 parts per
million. Calcium oxide. — Not over 1.5 per cent.
Heavy metals. — The limit is 40 parts per million.
Iron. — The limit is 500 parts per million. U.S.P.
The B.P. limit for arsenic is 4 parts per million;
that for lead is 30 parts per million.
Assay. — About 500 mg. is ignited to constant
weight and analyzed by the method described
under magnesium carbonate. U.S.P. The B.P.
provides no assay.
Incompatibilities. — In contact with water,
magnesium oxide is slowly hydrated and. if only
a limited amount of water is available, it may set
to a mass of cement-like hardness. Glycerin is
sometimes of value in preventing such a reaction.
"While magnesium oxide (the light variety especially) is often serviceable in preventing liquefaction in eutectic compositions sometimes it
causes a concrete mass to form; magnesium carbonate isgenerally preferable for this purpose.
Uses. — Magnesium oxide is used in medicine
chiefly as a gastric antacid. One gram will neutralize approximately 500 ml. of 0.1 N hydrochloric acid. Being practically insoluble in water,
magnesium oxide dissolves, to form magnesium
chloride, only when it interacts with gastric hydrochloric acid. The neutralizing action of magnesium oxide is slower than that of sodium bicarbonate but is more prolonged. An advantage
of magnesium oxide is that any excess of it remains in the stomach and serves to neutralize
acid that is subsequently secreted. Since magnesium chloride is formed on neutralization, repeated doses of magnesium oxide may produce
undesirable catharsis. This action may be combated through alternate administration of a basic
calcium salt, which is constipating. The small
amount of magnesium which is absorbed is ordinarily quickly excreted by the kidneys. In the
presence of renal impairment, however, enough
may accumulate to produce a dangerous toxic
depression of the central nervous system. It may
be administered dispersed in water or milk.
Magnesium oxide is frequently combined with
other substances; thus, it is prescribed with aluminum hydroxide gel for constipated patients
requiring antacid therapy. A tablet containing 75
mg. of magnesium oxide and 225 mg. of sodium
carboxymethylcellulose (Carmethose. Ciba) combines laxative, antacid, and demulcent actions.
Magnesium oxide is used in the preparation of
certain irrigation solutions employed for dissolv-
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ing renal calculi in situ (see under Citric Acid).
Thenebe {Arch. Pediat., 1952, 69, 285) administered 2 tablespoonfuls of magnesium oxide, suspended in cold water, orally every 4 hours in the
management of acute nephritis in children.
Husa and Becker (/. A. Ph. A., 1940, 29, 78,
136) found light magnesium oxide and magnesium
carbonate more useful than heavy magnesium
oxide, talc, lactose or various starches in retarding liquefaction of eutectic mixtures or hygroscopic substances to be enclosed in capsules.
Either chemical is also more effective than tribasic calcium phosphate or silica gel (Husa and
Macek, ibid., 1942, 31, 213). Usually 1 or 2
grains of light magnesium oxide or magnesium
carbonate per capsule is effective for this purpose, [v]
The usual dose as an antacid is 250 mg. (approximately 4grains), and as a cathartic 4 Gm.
(approximately 60 grains). A maximum safe dose
is not determined; the total dose in 24 hours is
limited by the laxative action.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Aromatic Cascara Sagrada Fluidextract, U.S. P., B.P.; Sodium Bicarbonate and
Magnesium Oxide Powder; Sodium Bicarbonate
and Magnesium Oxide Tablets, N.F.; Mixture of
Magnesium Hydroxide, B.P.
TRIBASIC MAGNESIUM
PHOSPHATE.
N.F.
[Magnesii Phosphas Tribasicus]

Mg3(P04)2.5H20
"Tribasic Magnesium Phosphate, ignited to
constant weight, contains not less than 98 per
cent of Mg3(P04)2." N.F.
Tertiary Magnesium Phosphate; Magnesium Phosphate
Basic; Trimagnesium Phosphate. Sp. Fosfato de magnesio
tribasico.

Tribasic magnesium phosphate may be prepared by the interaction of magnesium chloride,
or sulfate, with a soluble phosphate in an aqueous
medium containing sufficient alkali to minimize
formation of other magnesium phosphates.
Description. — "Tribasic Magnesium Phosphate occurs as a white, odorless, and tasteless
powder. Tribasic Magnesium Phosphate is readily soluble in diluted mineral acids but is almost
insoluble in water." N.F.
Standards and Tests. — Identification. — (1)
Ammonium molybdate T.S. produces in a diluted
nitric acid solution of tribasic magnesium phosphate a greenish yellow precipitate of ammonium
phosphomolybdate, soluble in ammonia T.S. (2)
The filtrate separated from 100 mg. of tribasic
magnesium phosphate dissolved in 0.7 ml. of diluted acetic acid and 20 ml. of water to which
1 ml. of ferric chloride T.S. has been added responds to tests for magnesium. Loss on ignition.
— Not less than 20 per cent and not more than
2 7 per cent. Acid-insoluble substances. — Not over
4 mg. from 2 Gm. of tribasic magnesium phosphate. Soluble salts. — Not over 15 mg. from an
aqueous extract representing approximately 1
Gm. of tribasic magnesium phosphate. Carbonate.
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— No effervescence occurs when hydrochloric
acid is added to an aqueous suspension of tribasic magnesium phosphate. Chloride. — The limit
is 0.14 per cent. Nitrate. — Indigo carmine T.S.
produces a blue color which persists for at least
5 minutes in a solution of tribasic magnesium
phosphate prepared with the aid of hydrochloric
acid. Sulfate. — The limit is 0.6 per cent. Arsenic.
— A 5-ml. portion of a 1 in 25 solution of tribasic
magnesium phosphate in diluted nitric acid meets
the requirements of the test for arsenic. Barium.
— A solution of tribasic magnesium phosphate in
dilute hydrochloric acid produces no turbidity
with potassium sulfate T.S. within 15 minutes.
Calcium. — A solution of tribasic magnesium phosphate containing acetic acid produces not more
than a slight turbidity with ammonium oxalate
T.S. within 5 minutes. Heavy metals. — The limit
is 30 parts per million. Dibasic salt and magnesium oxide. — Not less than 14.8 ml. and not more
than 15.4 ml. of 1 N hydrochloric acid is required for neutralization of 1 Gm. of tribasic
magnesium phosphate, previously ignited to constant weight. N.F.
Assay. — A 200-mg. portion of tribasic magnesium phosphate is analyzed in the same manner
as Tribasic Calcium Phosphate. Each ml. of 1 ^
sodium hydroxide represents 5.715 mg. of Mg3(PO-O2. N.F.
The dibasic magnesium phosphate (sometimes called secondary magnesium phosphate),
MgHP04.3H20, is also commercially available.
It has been suggested as a mild saline laxative, in
doses of from 2 to 4 Gm. (approximately 30 to
60 grains).
Uses. — Tribasic magnesium phosphate is used
as a gastric antacid like tribasic calcium phosphate {q.v.). According to Freezer et al. {Guy's
Hosp. Rep., 1928, 8, 19), 1 Gm. of magnesium
phosphate is equivalent in neutralizing power to
about 0.46 Gm. of sodium bicarbonate. Upon
reaction with hydrochloric acid in the stomach
tribasic magnesium phosphate may be ultimately
converted to magnesium chloride which, if formed
in sufficient quantity, has a laxative effect. Although ithas been used by the medical profession for a number of years, clinical reports as to
its superiority over the calcium salt are lacking.
The usual dose is 1 Gm. (approximately 15
grains) with a range of 0.6 to 2 Gm.
Storage.— Preserve "in well-closed containers." N.F.
TRIBASIC

MAGNESIUM PHOSPHATE TABLETS.
N.F.

[Tabellae Magnesii Phosphatis Tribasici]

"Tribasic Magnesium Phosphate Tablets contain not less than 93 per cent and not more
than 107 per cent of the labeled amount of
Mgs(P04)2.5H20."
N.F. and 500 mg. (approxiUsual Sizes. — 300
mately 5and lYz grains).
MAGNESIUM

STEARATE.

U.S.P.

"Magnesium Stearate is a compound of magnesium with variable proportions of stearic acid
and palmitic acid. It contains the equivalent of
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not less than 7 per cent and not more than 8 per
cent of MgO." US.P.
Magnesium stearate may be variously produced, as by interaction of aqueous solutions of
magnesium chloride and sodium stearate, or by
interaction of magnesium oxide or carbonate with
stearic acid at elevated temperatures.
Description. — "Magnesium Stearate occurs
as a tine, white, bulky powder, having a faint,
characteristic odor. It is unctuous, adhering readily
to the skin, and is free from grittiness. Magnesium Stearate is insoluble in water, in alcohol,
and in ether." US.P.
Standards and Tests. — Identification. — (1)
On heating magnesium stearate with a dilute hydrochloric acid the fatty acids are liberated and
float as an oily layer, and the water layer responds to tests for magnesium. (2) The fatty
acids liberated from magnesium stearate solidify
at a temperature not below 54°. Loss on drying.
— Xot over 4 per cent, when dried at 105° to
constant weight. Arsenic. — The limit is 2 parts
per million. Lead. — The limit is 10 parts per million (dithizone test). U.S. P.
Assay. — The assay described under Zinc
Stearate is applied, except that the ammonium
chloride used in the latter assay is omitted. Each
ml. of 0.1 N sulfuric acid represents 2.016 mg.
of MgO. U.S.P.
Uses. — Magnesium stearate is included in the
U.S. P. in recognition of its widespread use as a
lubricant in the manufacture of tablets, thus providing specifications to insure having a satisfactory material.
Magnesium stearate is also employed in the
formulation of some baby powders.
Storage. — Preserve "in well-closed containers." U.S.P.
MAGNESIUM

SULFATE.

U.S.P.

(B.P.)

Epsom Salt, [Magnesii Sulfas]

MgS04.7H20
"Magnesium Sulfate, rendered anhydrous by
ignition, contains not less than 99.5 per cent of
MgSO-t." U.S.P. The B.P. requires not less than
99.5 per cent of MgSO*. calculated with reference
to the substance dried to constant weight at 300°.
B.P. Magnesium Sulphate; Magnesii Sulphas. Sulfate
of Magnesia. Magnesium Sulfuricum. Fr. Sulfate de Magnesium; Sulfate de magnesie; Sal dit de Sedlitz. Ger.
Magnesiumsulfat; Bittersalz; Sedlitz-salt. It. Solfato di
magnesio;
Sale amaro;Sal Sale
Inglese;
d'Epsom. Sp.
Sulfato de magnesio;
amarga;
Sal deSale
Epsom.

Magnesium sulfate is a constituent of many
saline springs, first having been crystallized from
the waters of springs at Epsom, England, by
Grew, in 1675. It is also found in sea water, from
which it may be obtained. Deposits of the salt in
the form of layers, masses or large crystals have
been found in caves and caverns. The mineral
kieserite, MgS04.H20. is an important source
from which the heptahydrate may be prepared,
as are also kainite, MgSO4.K2SO4.MgCl2.6H2O.
and schonite, MgSO4.K2SO4.6H2O. The reaction
of magnetite, MgC03. or dolomite, MgC03.CaCO3, with sulfuric acid, also yields the salt.
Description. — "Magnesium Sulfate occurs as

small, colorless crystals, usually needlelike, with
a cooling, saline, and bitter taste. Its solutions are
neutral to litmus. It effloresces in warm, dry air.
One Gm. of Magnesium Sulfate dissolves in 1 ml.
of water and dissolves slowly in about 1 ml. of
glycerin. One Gm. of it dissolves in 0.2 ml. of
boiling
U.S.P. water. It is sparingly soluble in alcohol."
Standards and Tests. — Identification. —
Magnesium sulfate responds to tests for magnesium and sulfate. Loss on ignition. — Xot less than
40 per cent and not more than 52 per cent.
Chloride. — The limit is 140 parts per million.
Arsenic. — The limit is 4 parts per million. Heavy
metals. — The limit is 10 parts per million. US.P.
The B.P. arsenic and lead limits are 2 and 5
parts per million, respectively.
Assay. — About 300 mg. of ignited magnesium
sulfate is dissolved in water and the magnesium
precipitated as magnesium ammonium phosphate,
MgXH4P04.6H20, and converted by ignition to
magnesium pyrophosphate, Mg2P20r, in which
form it is weighed. The factor for calculating the
equivalent weight of MgS04 is 1.0S2. U.S.P.
Incompatibilities. — Magnesium sulfate in
aqueous solution is precipitated by soluble alkali
hydroxides as magnesium hydroxide; by soluble
carbonates as basic magnesium carbonate; and by
the alkaline phosphates, alkaline arsenates, soluble sulfites, oxalates or tartrates as the corresponding magnesium compounds. Magnesium sulfate is not precipitated by dilute solutions of
ammonium hydroxide or ammonium carbonate.
Uses. — Magnesium sulfate is variously used
in medicine for its osmotic action, for the systemic effects of magnesium ion, or for the precipitating action of sulfate ion.
As a Cathartic. — Because of its- osmotic action magnesium sulfate (its ions are poorly absorbed) increases the content of water in the
bowel and probably through resulting distensive
stimulation effects active catharsis; waterly stools
are produced, with little pain or nausea. It may
be used whenever it is desired to empty the alimentary canal, especially when prompt action is
desired, as in cases of poisoning or certain types
of acute enteritis. It has also been used for its
dehydrating effect in treatment of increased intracranial pressure and in eclampsia. As an aid
in reducing edema it has been supplanted by more
efficient diuretics. Although rather widely used
as a habitual laxative it is generally less satisfactory for this purpose than vegetable cathartics.
As ax Antidote. — Magnesium sulfate is indicated in treatment of poisoning by a variety of
agents. Barium poisoning may occur in industry
or through accidental administration of a soluble
barium salt in a radiopaque medium composition.
When magnesium sulfate is given the barium ion
is precipitated as barium sulfate and the excess
magnesium sulfate, by its cathartic action, hastens elimination. In poisoning by morphine, barbiturates, quinine, salicylates, aspidium, etc.,
magnesium sulfate may be left in the stomach,
after gastric lavage, to hasten excretion of any
drug left unabsorbed in the intestine.
Cholagogue Effect. — An increased discharge
of bile usually follows introduction of magnesium
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sulfate solution into the duodenum. According to
Gantt (Am. J. Med. Sc, 1930, 179, 380), however, this cholagogic effect does not occur invariably (see also Bergh and Layne, Am. J. Digest.
Dis., 1942, 9, 162).
Anti-inflammatory Action. — Applied locally,
magnesium sulfate is often useful in various inflammatory conditions, its utility probably depending on its osmotic action. A saturated solution is widely employed as a local application in
various local inflammations such as sprains,
bruises, cellulitis, epididydimitis, etc. Use of a 25
per cent solution in treating first and second
degree burns has been claimed to be of value
(Meltzer, J. Pharmacol, 1918, 12).
Systemic Action. — When introduced into the
circulatory system magnesium sulfate produces
the characteristic actions of magnesium ion and
has been employed for such systemic action as
an anticonvulsant and anesthetic (see the article
on Magnesium). Magnesium deficiency states may
occur in patients in whom prolonged administration of parenteral fluids is required, muscular
tremors or delirium being observed in some such
instances. Similar manifestations of magnesium
deficiency may occur in delirium tremens. Flink
et al. (J. Lab. Clin. Med., 1954, 43, 169) recommended in such cases intramuscular injection of
2 Gm. of magnesium sulfate, as a 50 per cent
solution, 4 times daily for several days.
Given intravenously or intramuscularly, magnesium sulfate has been used successfully in
managing hypertensive encephalopathy (Rubin
and Rapoport, Am. J. Med. Sc, 1941, 201, 734)
and in eclampsia. The syndrome following the
bite of the black widow spider was relieved after
one intravenous injection of 20 ml. of a 10 per
cent solution (Thesing, Cincinnati J. Med., 1945,
26, 63). Abarbanel (Am. J. Obst. Gyn., 1945, 49,
473) relieved tetanic contraction of the gravid
human uterus with such an injection. When other
measures have failed, magnesium sulfate has been
used for paroxysmal ventricular or auricular
tachycardia (Boyd and Scherf, Am. J. Med. Sc,
1943, 206, 43; Zimdahl, Ann. Int. Med., 1946,
25, 531); the dose is 10 to 20 ml. of a 20 per
cent solution. Because of its depressant action on
heart muscle, however, its use is probably undesirable inthe presence of marked myocardial disease (J.A.M.A., 1953, 152, 373) and it is contraindicated if the patient has had bundle branch
block or complete heart block before the onset
of paroxysmal ventricular tachycardia.
For intraspinal injection in tetanus a 25 per
cent solution is recommended, the usual dose
being 0.1 ml. per Kg. of body weight, which corresponds to a dose of 1.6 Gm. of magnesium sulfate for a 150-pound person. Intramuscularly or
subcutaneously the dose is about 1 Gm., which
may be repeated, if required, in 30 to 60 minutes ;
a 25 to 50 per cent solution is used. By the intravenous route the concentration should never exceed 10 per cent; calcium gluconate injection
should be available for immediate use when necessary. The respiration and blood pressure should
be carefully observed during and after administration of magnesium sulfate. The concentrations
referred to in the preceding are in terms of the
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official hydrated magnesium sulfate, rather than
of the anhydrous salt. |v]
Toxicology. — While undesirable constitutional reactions from magnesium sulfate when
used as a cathartic are rare, fatal magnesium
poisoning has followed both oral and rectal administration. This is particularly likely to occur
in children with parasitic infestations. Premonitory symptoms
consist
of "feeling
hot allin over"
and extreme
thirst.
As death
may occur
from
10 minutes to 2 hours, therapy must be commenced quickly. Calcium ion is the specific antidote, the treatment consisting of intravenous administration of 1 Gm. of calcium gluconate
(Fawcett and Gens, J.A.M.A., 1943, 123, 1028).
Dose. — The usual dose, as a cathartic, is 15
Gm. (approximately Yz ounce) orally, with a
range of 10 to 30 Gm. For parenteral doses see
above.
Storage. — Preserve "in well-closed containers." U.S.P.
MAGNESIUM SULFATE
INJECTION.
N.F.
Magnesium Sulfate Ampuls, [Injectio Magnesii Sulfatis]

"Magnesium Sulfate Injection is a sterile solution of magnesium sulfate in water for injection,
and contains the equivalent of not less than 93
per cent and not more than 107 per cent of the
labeled amount of MgS04.7H20." N.F.
Storage. — Preserve "in single-dose or multipledose containers, preferably of Type I glass." N.F.
Usual Sizes. — 5, 10, and 20 ml. of 10 per
cent w/v solution; 2, 10, and 20 ml. of 25 per
cent w/v solution; 2 ml. of 50 per cent w/v solution.
EXSICCATED MAGNESIUM
SULFATE.
B.P.
Dried Epsom Salts, Magnesii Sulphas Exsiccatus

Exsiccated Magnesium Sulphate contains not
less than 62.0 per cent and not more than 70.0
per cent of MgSOi. It may be prepared by drying the hydrated salt at 100° until it has lost
approximately 25 per cent of its weight. B.P.
This form of magnesium sulfate is recognized
by the B.P. for use in preparing effervescent, as
well as non-effervescent, aperient powders or
granules; also for use in making M orison's paste,
which is prepared from 450 Gm. of exsiccated
magnesium sulfate, 550 Gm. of glycerin, both
previously heated at 120° for one hour and then
cooled, and 5 Gm. of phenol. Morison's paste is
employed as an application to carbuncles and
boils, and should be an essentially anhydrous
preparation in order for it to function most effectively as a dehydrating agent.
The dose of exsiccated magnesium sulfate is 2
to 12 Gm. (approximately 30 to 180 grains).
B.P.Storage. — Preserve in a well-closed container.
MAGNESIUM TRISILICATE.
U.S.P., B.P.
[Magnesii Trisilicas]

2Mg0.3Si02.*H20
"Magnesium Trisilicate is a compound of mag-
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nesium oxide and silicon dioxide with varying
proportions of water. It contains not less than
20 per cent of magnesium oxide (MgO) and not
less than 45 per cent of silicon dioxide (SiOs)."
U.S.P. The B.P. defines it as having the approximate composition 2Mg0.3SiO:>. containing water
of hydration and of crystallization; it requires
not less than 30.0 per cent and not more than
31.5 per cent of MgO, also not less than 66.0 per
cent and not more than 69.5 per cent of Si02, both
calculated with reference to the substance ignited
to constant weight at a temperature not lower
than 1000°. The difference between the U.S.P
and B.P. rubrics disappears when allowance is
made for the fact that the U.S.P. rubric is based
on the substance containing up to 34 per cent of
water.
Hydrated Magnesium Silicate; Magnesium Meso-trisilicate. Magsorbent (Fougera); Trimax (Winthrop-Stearns) ;
Trinesium (Abbott); Tri-Sil (Warren-Teed); Trisomin
(Lilly). Sp. Trisilicato de Magnesia.

Mutch (Brit! M. J., 1936. 1, 143) observed
that hydrated silicates of magnesium possess antacid and adsorbent properties which are developed to a maximum in the trisilicates but which
become negligible in the tetrasilicates or talcs. A
synthetic trisilicate. Mg2Si30s.uH20, approximating the composition of meerschaum, was
found to be the most satisfactory of all the silicates examined.
Magnesium trisilicate may be prepared by the
interaction of solutions of soluble magnesium
salts and soluble silicates.
Various synthetic varieties of magnesium trisilicate are sold; since the commercial products
may differ in chemical composition and in adsorbent power it is imperative that conformance
to the official specifications be assured.
Description. — "Magnesium Trisilicate occurs
as a fine, white, odorless, tasteless powder, free
from grittiness. Magnesium Trisilicate is insoluble in water and in alcohol. It is readily decomposed by mineral acids." U.S.P.
Standards and Tests. — Identification. — (1)
The filtrate separated from a mixture of 500 mg.
of magnesium trisilicate with 10 ml. of diluted
hydrochloric acid, neutralized to litmus paper
with ammonia T.S.. responds to tests for magnesium. (2) On fusing magnesium trisilicate in a
bead of sodium ammonium phosphate supported
in a platinum loop silica is seen to float about in
the bead and to produce, on cooling, an opaque
bead having a weblike structure. Loss on ignition.
— Not over 34 per cent. Acid-consuming capacity.
— Each Gm. of anhydrous magnesium trisilicate
consumes not less than 140 ml. and not more
than 160 ml. of 0.1 A hydrochloric acid, the test
being performed by shaking 200 mg. of the hydrated substance with 30 ml. of 0.1 N hydrochloric acid and 20 ml. of distilled water at 37°
during 4 hours and titrating the excess of acid
in a 25-ml. portion of supernatant liquid with
0.1 N sodium hydroxide, using methyl orange
T.S. as indicator. Soluble salts. — Not over 38
mg. in 2.5 Gm. of magnesium trisilicate. Chloride.
— The limit is 550 parts per million. Sulfate. —
The limit is 0.5 per cent. Free alkali. — Not over
1 ml. of 0.1 N hydrochloric acid is required to
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neutralize an aqueous extract representing 1 Gm.
of magnesium trisilicate, using phenolphthalein
T.S. as indicator. Arsenic. — 200 mg. of magnesium trisilicate meets the requirements of the
test for arsenic. Heavy metals. — The limit is 30
parts per million. U.S.P.
In the B.P. identity test 500 mg. of sample is
boiled with 10 ml. of solution of sodium carbonate, the mixture filtered, and the filtrate acidified with hydrochloric acid and boiled: a white
gelatinous precipitate is slowly produced. The
residue on the filter is washed with water, dissolved in dilute hydrochloric acid and filtered:
the filtrate yields the reactions characteristic of
magnesium. The B.P. limit of arsenic is 4 parts
per million; that of lead is 30 parts per million.
On ignition to constant weight at a temperature
not lower than 1000° magnesium trisilicate loses
not less than 20.0 per cent and not more than
30.0 per cent of its weight.
Assay. — For magnesium oxide. — About 1.5
Gm. of magnesium trisilicate is heated with 50
ml. of 1 N sulfuric acid after which the excess
acid is titrated with 1 AT sodium hydroxide, using
methyl orange T.S. as indicator. Each ml. of 1 A
sulfuric acid represents 20.16 mg. of MgO. For
silicon dioxide. — The silica in 700 mg. of magnesium trisilicate is liberated by heating with a sulfuric acid solution; the precipitate is filtered off
on paper, washed with hot water, dried and ignited. Correction for adsorbed impurities is made
by heating the impure silica with hydrofluoric
acid and sulfuric acid, the Si02 being volatilized
as SiF4 and the impurities remaining behind: the
loss in weight, which represents Si02. is not less
than 45 per cent of the weight of magnesium trisilicate. Ratio of MgO to SiO-2. — The ratio of the
percentage of Si02 to the percentage of MgO is
not less than 2.10 and not more than 2.30. U.S.P.
The B.P. assay for silica is essentially similar
to that of the U.S.P.; the assay for magnesium
is performed upon the filtrate from the silica determination and is based on a gravimetric estimation of magnesium pyrophosphate.
Uses. — This compound was introduced bv
Mutch (Brit. M. J., 1936. 1, 143, 205 and 254)
as a gastric antacid especially useful in the treatment of peptic ulcer. He believed that the antacid property of magnesium trisilicate results
from the following reaction:
Mg2Si308.«H20+4HCl->
2MgCl2+3Si02+ O+2H2O)
Mann (Guy's Hosp. Rep., 1937. 87, 151). however, believes that the hydrated silicic acid which
is produced in the foregoing reaction acts as an
adsorbent for hydrochloric acid, thus enhancing
the therapeutic effectiveness of magnesium trisilicate in reducing gastric acidity.
Magnesium chloride reacts with the intestinal
contents to form magnesium carbonate, which is
excreted in the stool, and sodium chloride, which
is resorbed. The gelatinous consistency which
magnesium trisilicate assumes in the stomach
causes it to adhere to the crater of an ulcer, thus
forming a localized antacid coating at the desired
site. Although the greatest neutralization of acid
occurs in the first hour after ingestion, about 4
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hours are required for attainment of equilibrium.
One Gm. of magnesium trisilicate will neutralize
about 150 ml. of 0.1 N hydrochloric acid in 4
houis. The period of useful antacid action is approximately equal to the time required for gastric
digestion to take place, and to the usual interval
between meals. Mutch referred to such other advantages as that it cannot make the gastric juice
alkaline, even after excessive doses, and that since
magnesium is virtually unabsorbed there is no
disturbance of the acid-base equilibrium of body
fluids. On the other hand Hansen {Nord. Med.,
1951, 46, 1297) reported observing in patients
with duodenal or gastric ulcer a gastric pH as
high as 9 following administration of sodium
bicarbonate or magnesium trisilicate, with a resulting secondary secretion of acid. Magnesium
trisilicate does not inactivate pepsin in solutions
more acid than pH 6 (Schiffrin and Komarov,
Am. J. Digest. Dis., 1941, 8, 215).
Tidmarsh and Baxter {Can. Med. Assoc. J.,
1938, 39, 358) tested the toxicity of magnesium
trisilicate on several generations of rats without
finding any disturbance of health; in clinical use
these investigators did observe an occasional tendency to a laxative effect. In humans Heffner et al.
{Am. J. Digest. Dis., 1941. 8, 219) reported increased urinary content of silica during its use,
and West and Pennoyer {ibid., 1945, 12, 199)
reported increased blood serum and urine magnesium levels and some decrease in protein absorption.
Good clinical results in peptic ulcer were observed by Kraemer and Aaron {ibid., 1940, 7,
57), Silverman and Katz {South. M. J., 1941, 34,
638), Lawrence {Lancet, 1952, 1, 482), Bolt and
Pollard (/. A. Geriatric S., 1953, 1, 295) and
others. Laxation is troublesome in some patients.
Mixtures of magnesium trisilicate and aluminum
hydroxide are effective and popular; 500 mg. of
the former in a teaspoonful of aluminum hydroxide gel is a typical combination, and is represented by Gelusil (Warner) and A-M-T (Wyeth)
and others. Barrett (/. Urol, 1951, 66, 315)
used a combination of these agents in the management of recurrent phosphatic renal lithiasis
but found basic aluminum carbonate gel to be
more effective. Under the generic name almagucin
the N.N.R. recognizes a mixture of gastric mucin, dried aluminum hydroxide gel and magnesium trisilicate for oral administration in the
control of symptomatic gastric hyperacidity and
as an adjunct in the treatment of peptic ulcer;
Mucotin (Harrower) is such a combination which
contains 0.16 Gm. of gastric mucin, 0.25 Gm. of
dried aluminum hydroxide gel, and 0.45 Gm.
of magnesium trisilicate in a tablet or 40 mg. of
gastric mucin, 62 mg. of aluminum hydroxide gel,
and 0.11 Gm. of magnesium trisilicate in each
ml. of a flavored suspension (see Hardt and
Steigmann, Am. J. Digest. Dis., 1950, 17, 195).
Huyck et al. {J. A. Ph. A., Prac. Ed., 1946, 7,
128) found light magnesium trisilicate to be useful as an oil-in-water emulsifier; it probably
functions mechanically rather than by formation
of a soap.
Dose. — The usual dose is 1 Gm. (approximately 15 grains), by mouth, 4 times daily, with
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a range of 1 to 4 Gm. The maximum safe dose is
not determined but laxation usually limits the
total dose in 24 hours to about 4 to 8 Gm.
Storage. — Preserve "in well-closed containers." U.S.P.
MAGNESIUM TRISILICATE
TABLETS.
U.S.P.
[Tabellae Magnesii Trisilicatis]

Standards and Tests. — Not less than 20 tablets are weighed, powdered to a fineness passing
through a 200-mesh sieve, *and tested as follows:
Identification. — The tests are as specified under
MagJiesium Trisilicate, except that in test (2)
the powder is first ignited to destroy any organic
matter present. Alkalinity. — This test, and the
limit established, are essentially as specified for
Magnesium Trisilicate. Acid-consuming capacity.
— A volume not less than 85 ml. and not more
than 160 ml. of 0.1 N hydrochloric acid is required
for neutralization of 1 Gm. of magnesium trisilicate (hydrated) in a test otherwise identical with
that required for Magnesium Trisilicate. U.S.P.
Usual Sizes. — 5, 7j/2 and 10 grains (approximately 0.3, 0.5 and 0.6 Gm.).
Labeling. — "The label shall indicate the
quantity of magnesium trisilicate contained in
each tablet." U.S.P.
MALT

EXTRACT.

N.F. (B.P.)

[Extractum Malti]

"Malt Extract is the product obtained by extracting malt, the partially and artificially germinated grain of one or more varieties of Hordeum
vulgar e Linne (Fam. Graminece). The malt is
infused with water at 60°, the expressed liquid
concentrated at a temperature not exceeding 60°,
preferably under reduced pressure. The extract
may be mixed with 10 per cent, by weight, of
glycerin. It contains dextrin, maltose, a small
amount of glucose, and amylolytic enzymes. Malt
Extract is capable of converting not less than
5 times its weight of starch into water-soluble
sugars."
N.F. Extract of Malt is prepared from
The B.P.
sound malted grain of barley, Hordeum distichon
L., or H. vidgare L., or a mixture of this with
not more than 33.0 per cent of sound malted grain
of wheat, Triticum cestivum L. The product contains nitrogen equivalent to not less than 4.0 per
cent w/w of protein.
B.P. Extract of Malt.

For description of the barley plant and its
varieties see under Hordeum, Part II.
Malt extract contains reducing sugars equivalent to from 45 to 55 per cent of maltose, with
smaller quantities of dextrin and protein, and
contains in addition a characteristic enzyme,
diastate. This enzyme appears to act very much
like the ptyalin of the saliva, converting starch
into maltose; it differs from that enzyme, however, in that whereas ptyalin acts most rapidly at
the body temperature (37°) that of malt is most
active at a temperature of about 55°. The amylolytic property of diastase is reduced in the presence of acid or alkali.
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Description and Tests. — "Malt Extract is other countries. Wahl showed that malt contains
a proteolytic, as well as an amylolytic, ferment.
a sweet, viscous, light brown, liquid extract havUses. — Malt extract, though not as popular
ing an agreeable, characteristic odor. Malt Extract partially dissolves in cold water, but readily
as formerly, finds use in medicine for three purdissolves in warm water. Its solution is not clear
poses: first, as a nutritious and assimilable food
and deposits a voluminous, flocculent precipitate
in malnutrition; second, for the purpose of increasing the digestion of starches in certain types
upon standing. The specific gravity of Malt Extract is not less than 1.350 and not more than
of dyspepsia. In those rare cases where there
is an organic deficiency of saliva, or in the more
1.430." N.F.
frequent condition where the patient does not
The B.P. requires a refractive index of 1.4892
masticate his food, it may be of service, but as
to 1.4976 at 20°. An arsenic limit of 1 part per
its action upon starch, like that of ptyalin, is
million is also specified.
inhibited by the rising acidity of the stomach at
Assay. — After determining the percentage of
mealtime, its range of usefulness as a digestant
moisture in potato starch by drying at 120° for
is not very wide. The third use of malt extract
4 hours, a quantity equivalent to 5 Gm. of dried
is as a vehicle. It is a good emulsifying agent and
starch is weighed, made into a paste with boiling
possesses also considerable power in masking
water, and after cooling to 40° mixed with 20 ml.
unpleasant flavors. For both these reasons, as
of a 5 per cent w/v aqueous solution of malt
well as for its own nutritive value, malt extract
extract at the same temperature and the mixture
is frequently used in conjunction with cod liver
kept at this temperature for exactly 30 minutes.
oil. It is also employed as a vehicle for cascara
A thin, clear liquid should result and on the addisagrada, creosote, and other drugs.
tion of a portion of it to a diluted solution of
Dose, from 8 to 15 ml. (approximately 2 to 4
0.1 N iodine no blue or reddish color should defluidrachms).
velop. N.F. In the B.P. the content of protein
is determined by the Kjeldahl method.
Storage. — Preserve "in tight containers which
What is claimed to be the most accurate method
have been sterilized prior to filling." N.F.
Off. Prep.— Cod Liver Oil Emulsion with
of measuring the enzymic activity of malt extract
Malt,
is one involving measurement of maltose proB.P. N.F.; Extract of Malt with Cod Liver Oil,
duced from a given volume of a 2 per cent soluSOLUBLE MANGANESE CITRATE.
ble starch solution, at 70° and a pH of 4.6, in one
hour. The results of this analysis are expressed
N.F.
Solubilis]
in "Lintner degrees" of diastatic activity. The
Manganese and Sodium
Citrate, [Mangani Citras
various grades of malt extract on the market
have diastatic activities ranging from zero to 250
(Hind, Pharm. J., 1931, 127, 363). Because of
"Soluble Manganese Citrate is manganous citrate rendered soluble by means of sodium citrate,
the -greater stability of non-diastatically active
and contains not less than 48 per cent and not
malt extracts, such preparations are used in the
formulation of some pharmaceuticals to impart
more
than manganese
52 per centcitrate
of Ci2HioMn30i4.'
Soluble
may be preparedX.F.
by
the characteristic flavor of the extract.
A dry malt extract has come into extensive
precipitating manganese carbonate by the interaction of manganese sulfate and sodium carbonuse for the manufacture of many dry pharmaate solutions, digesting the filtered and washed
ceutical preparations; it is made by drying the
precipitate, first with sufficient of a citric acid
liquid extract and adding tribasic calcium phossolution to form the normal manganese citrate and
phate to reduce hygroscopicity. A diastatic power
then with sodium citrate until complete solution
of close to 500 degrees Lintner is claimed for
some of the dry extracts.
is effected. A modification of this procedure consists in dissolving the manganese carbonate in
Diastase. — Under the name of Diastasum
sufficient citric acid solution to form the soluble
(Diastase), the U.S. P. IX recognized a mixture
containing the active enzymes of malt. It was
salt, the free citric acid being subsequently neutralized with sodium hydroxide. After filtration
capable of digesting 50 times its weight of starch
the solution is spread on glass plates so that, on
and was officially described as follows: "Diastase
drying, the salt is obtained in the form of scales.
occurs as a yellowish-white, amorphous powder
or in translucent scales; odorless and tasteless.
Description. — "Soluble Manganese Citrate
It converts starch into dextrin and maltose. Diasoccurs as a pale orange or pinkish white powder,
as granules, or as translucent scales, and is
tase gradually loses its amylolytic power on keepstable in the air. It is odorless, and has a slightly
ing; this power is destroyed by heating its solubitter,
astringent taste. One Gm. of Soluble Mantions above 85° C, or by the addition of much
acid and is diminished by the presence of acids
ganese Citrate is slowly soluble in about 4 ml. of
water; it is slightly more soluble in boiling water,
or alkalies. Diastase is soluble in water, the solutions being more or less turbid; almost insoluble
and slightly soluble in alcohol." N.F.
Standards and Tests. — Identification. — A 1
in alcohol." U.S.P. IX. It was assayed by a process essentially the same as that for malt extract.
in 20 aqueous solution of soluble manganese citrate responds to tests for manganese and for
Taka-diastase (see also Part II) is the name
of a proprietary form of diastase which is not
citrate. Readily carbonizable substances. — A soprepared from malt but is produced by the
lution of 500 mg. of the salt in 5 ml. of sulfuric
growth of certain species of Aspergillus upon rice
acid, the mixture having been heated on a water
hulls or wheat bran. In Japan taka-diastase is bath for 15 minutes, is not darker than matching
used in the brewing industry as malt is used in
fluid J. Chloride. — The limit is 150 parts per
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million. Sulfate. — The limit is 0.2 per cent. Arsenic.— Soluble manganese citrate meets the requirements ofthe test for arsenic. Iron. — A 1 in
100 aqueous solution of soluble manganese citrate is not more than slightly reddened by ammonium thiocyanate T.S. Lead. — The limit is 20
parts per million. N.F.
Assay. — About 500 mg. of soluble manganese
citrate is dissolved in distilled water, the solution
treated with hydrogen peroxide solution and the
manganese precipitated with ammonia T.S. The
precipitate is filtered off on a Gooch crucible and
ignited to constant weight as manganous-manganic
oxide (Mn304). Each Gm. of it represents 2.373
Gm. of Ci2HioMn3Oi4. N.F.
Uses. — At one time it was widely believed
that manganese was an essential constituent of
red blood cells and was, therefore, like iron a
necessary adjunct in the synthesis of hemoglobin
and in the treatment of anemia (see also Manganese, in Part II). This view is no longer accepted (Elvehjem, Physiol. Rev., 1935, 15, 471).
Meyers and Beard (J. A.M. A., 1929, 93, 1210)
found that in experimental nutritional anemia it
increased the hematinic effect of iron in much the
same way that arsenic does. Manganese is essential in the experimental production of polycythemia with cobalt (Orten et al., J. Biol. Chem.,
1933,99,457). Faludi (Deutsche med. Wchnschr.,
1928, 54, 470) employed an albumin compound
of manganese in the treatment of both secondary
and pernicious anemias.
The usual dose is 200 mg. (approximately 3
grains), with a range of 120 to 300 mg.
Storage. — Preserve "in well-closed containers." N.F.
MANGANESE

GLYCEROPHOSPHATE
N.F.

[Mangani Glycerophosphas]

"Manganese Glycerophosphate, dried at 110°
to constant weight, contains not less than 98 per
cent of CsHiMnOeP." N.F.
Manganese glycerophosphate may be prepared
by digesting manganese carbonate with glycerophosphoric acid. The N.F. V. recognized soluble
manganese glycerophosphate, which represented
70 to 75 per cent of manganese glycerophosphate
solubilized by the presence of citric acid.
Description. — "Manganese Glycerophosphate
occurs as a white or pinkish white powder. It is
odorless, and nearly tasteless. One Gm. of Manganese Glycerophosphate dissolves in about 5 ml.
of an aqueous solution of citric acid (1 in 4). It
is slightly soluble in water and insoluble in alcohol." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 20 solution of manganese glycerophosphate
in diluted hydrochloric acid responds to tests for
manganese and for glycerophosphate. (2) Heated
with 5 times its weight of potassium bisulfate,
manganese glycerophosphate emits pungent vapors
of acrolein. Loss on drying. — Not over 12 per
cent cent, when dried to constant weight at 110°.
Chloride. — The limit is 0.15 per cent. Phosphate.
— 250 mg. of manganese glycerophosphate shows
no more precipitate of ammonium phosphomolyb-
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date than produced by 0.96 mg. of potassium Diphosphate in a control test. Sidfate. — The limit
is 0.2 per cent. Arsenic. — The salt meets the requirements of the test for arsenic. Lead. — The
limit is 20 parts per million. N.F.
Assay. — The manganese in about 1 Gm. of
manganese glycerophosphate, previously dried to
constant weight at 110°, is precipitated as manganese ammonium phosphate and the latter substance ignited to manganese pyrophosphate
(Mn2P2G"7). Each Gm. of the weighing form is
equivalent to 1.586 Gm. of CaHrMnOeP. N.F.
Uses. — This salt is supposed to act as a hematinic and nerve tonic in conditions of neurasthenia
but its value is extremely doubtful. It is rarely
prescribed by itself but is an ingredient of compound glycerophosphates elixir. For the effects
of manganese see Soluble Manganese Citrate,
and Manganese (Part II).
The usual dose is 200 mg. (approximately 3
grains), with a range of 120 to 300 mg.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Compound Glycerophosphates
Elixir, N.F.
MANGANESE

HYPOPHOSPHITE.
N.F.

[Mangani Hypophosphis]

"Manganese Hypophosphite, dried at 105° for
1 hour, contains not less than 97 per cent of
Mn(PH202)2.H20.
"Caution should be observed in compounding
Manganese Hypophosphite with nitrates, chlorates, or other oxidizing agents as an explosion
may occur if it is triturated or heated." N.F.
Manganous Hypophosphite. Manganum Hypophosphorosum. Fr. Hypophosphite de manganese. Ger. Manganohypophosphit; Unterphosphorigsaures Manganoxydul. Sp. Hipofosfito de manganeso ; Hipofosfito manganoso.

Manganese hypophosphite may be prepared by
the interaction of manganese sulfate and calcium
hypophosphite; the precipitated calcium sulfate
is filtered off and the manganese hypophosphite
obtained in the filtrate by evaporating it to crystallization.
Description. — "Manganese Hypophosphite
occurs as a pink, granular or crystalline powder,
and is permanent in the air. It is odorless, and
nearly tasteless. One Gm. of Manganese Hypophosphite dissolves in about 6.5 ml. of water at
25° or in about 6 ml. of boiling water. It is insoluble in alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 aqueous solution of manganese hypophosphite responds to tests for manganese and for
hypophosphite. Loss on drying. — Not over 2 per
cent, when dried at 105° for 1 hour. Carbonate.
— No effervescence occurs when 500 mg. of the
salt is added to 5 ml. of acetic acid. Phosphate. —
A white precipitate is produced when 250 mg. of
manganese hypophosphite is boiled with 10 ml.
of sodium hydroxide T.S.; on standing in contact
with air the precipitate acquires a brown color.
The filtrate from this mixture, after slight acidification with hydrochloric acid, boiling for a
minute and then rendering alkaline with am-
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monia T.S., yields no precipitate on addition of
0.5 ml. of magnesia mixture T.S. Sulfate. — The
limit is 0.2 per cent. Calcium. — No turbidity of
calcium oxalate is produced when ammonium oxalate T.S. is added to a solution from which the
manganese has been precipitated by sodium hydroxide in the presence of hydrogen peroxide
solution. Arsenic. — A 5-ml. portion of a 1 in 30
solution of manganese hypophosphite meets the
requirements of the test for arsenic. Lead. — The
limit is 20 parts per million. N.F.
Assay. — About 120 mg. manganese hypophosphite, dried at 105° for 1 hour, is assayed as directed under Calcium Hypophosphite. Each ml. of
0.1 N bromine represents 2.537 mg. of Mn(HaPOs^JEfeO. N.F.
Uses. — This salt is included in compound hypophosphites syrup on the supposition it may
exert some hematinic effect. It is rarely prescribed in any other way. For the effects of
manganese see Soluble Manganese Citrate, and
Manganese (Part II).
The usual dose is 200 mg. (approximately 3
grains), with a range of 120 to 300 mg.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Compound Hypophosphites Syrup. N.F.
MANNITOL.
N.F.
D-Mannitol, Mannite, Manna Sugar

CH2OH.HCOH.HCOH.HOCH.HOCH.CH2OH
"Mannitol, dried at 105° for 4 hours, yields not
less than 98 per cent and not more than 102 per
cent of CeHi-iOe." N.F.
The hexahydric sugar alcohol mannitol occurs
naturally in a number of plants and fungi. In
manna (see in Part II). it is present to the extent
of 30 to 90 per cent; the sugar may be extracted
with boiling alcohol. Mannitol may be prepared
by electrolytic reduction of D-glucose.
Description. — ''Mannitol occurs as a white,
crystalline powder. It is odorless and has a
sweetish
Its density
is about
1.52 at
One
Gm. taste.
of Mannitol
dissolves
in about
5.5 20°.
ml.
of water, in about 83 ml. of alcohol, and in about
2.3 ml. of pyridine. It is soluble in aniline and in
alkaline solutions. It is insoluble in ether. Mannitol melts between 165° and 167°." N.F.
Standards and Tests. — Identification. — (1)
Mannitol prevents precipitation of ferric hydroxide when sodium hydroxide solution is added to a
solution of mannitol containing ferric chloride
T.S. (2) The hexaacetate of mannitol melts between 123° and 126°. Specific rotation. — Between
+23° and +24°, when determined in a solution
containing 10 Gm. of mannitol, alkalinized with
sodium borate, in 100 ml. Acidity. — Not more
than 0.3 ml. of 0.02 N sodium hydroxide is required for neutralization of 5 Gm. of mannitol
in 50 ml. of carbon dioxide-free water, using
phenolphthalein as indicator. Loss on drying. —
Not over 0.3 per cent when dried at 105° for 4
hours. Chloride. — The limit is 70 parts per million. Sulfate. — The limit is 100 parts per million.
Arsenic. — The limit is 1.3 parts per million. Ab-

sence ofreducing sugars. — Alkaline cupric citrate
solution (Benedict's solution) is not more than
slightly reduced on heating with a solution of
mannitol. N.F.
Assay. — About 10 mg. of mannitol is reacted
with a measured excess of an acid solution of
potassium periodate; the equation for the reaction is as follows:
C6Hi406+5HI04->2HCHO+
4HCOOH+ 5HIO3+H2O
The excess periodic acid and the iodic acid formed
in the reaction then react with iodide in the acid
solution to liberate iodine, as follows:
HIO3+HIO4+ 1 2HI-> 7I2+ 7H2O
The iodine is titrated with 0.02 N sodium thiosulfate, and a residual blank titration is performed
on the reagents. Since the equivalent weight of
mannitol is one-tenth of its molecular weight, as
is apparent from the first equation above, each
ml. of 0.02 N sodium thiosulfate represents 0.3643
mg. of CeHu06. N.F.
Uses. — Following administration of mannitol
to animals, only a portion of it is converted to
glycogen in the liver, most of it being eliminated
unchanged in the urine (see Carr and Krantz, in
Advances in Carbohydrate Chemistry, Vol. 1,
1945). It is filtered at the glomeruli and only
minimally reabsorbed by the tubules; it is not
secreted by tubule cells or excreted by tubules.
Mannitol is sometimes used, in the manner
than inulin is similarly used, to test kidney function by observing glomerular filtration rate as
measured by renal plasma clearance of the substance (see Smith et al., J. Biol. Chem., 1940,
135, 231; Chasis et al., J. Clin. Iwv., 1945, 24,
583). A sterile 25 per cent solution is administered by venoclysis, after which the concentration of mannitol in blood plasma and in urine is
measured at definite intervals, along with a
measurement of urine volume. The glomerular
filtration rate is the volume, in ml., of plasma
that must have been filtered at the glomerulus
to supply the amount of mannitol excreted in
the urine per minute; the observed rate is commonly corrected to a standard body surface area
of 1.73 square meters. Since mannitol is subject
to approximately 10 per cent tubular reabsorption, the validity of the results is questioned by
some investigators.
A 2.5 per cent solution of mannitol in water is
used as an irrigating fluid in transurethral resection of the prostate; this solution has the advantage over water of being nonhemolytic, thereby avoiding passage of hemolyzed blood into the
circulation and causing hemoglobinemia, with its
resulting renal complications.
Mannitol has been suggested to be used as a
sweetening agent for diabetic persons and also as
a laxative agent; neither of these uses has become
In pharmacy mannitol is sometimes used as a
popular.
diluent and excipient.
Storage. — Preserve "in well-closed containers." NJ?.
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INJECTION.

N.F.

"Mannitol Injection is a sterile supersaturated
solution of mannitol in water for injection. It
may require slight warming before use if crystallization has occurred. It contains not less than 95
per cent and not more than 105 per cent of the
labeled amount of CeHi-tOe." N.F.
The pH of mannitol injection is required to be
between 6.5 and 7.3.
Storage. — Preserve "in single-dose or multiple-dose containers, preferably of Type I glass."
N.F.
Usual Size. — 12.5 Gm. of mannitol in 50 ml.
MASTIC.

N.F.

Mastich, Mastiche

"Mastic is the concrete resinous exudation
from Pistacia Lentiscus Linne (Fam. Anacardiacece). Mastic yields not more than 3 per cent of
ether-insoluble residue, and not more than 20 per
cent of alcohol-insoluble residue." N.F.
Pistacia Galls; Mastix. Resina Mastix. Fr. Resine mastic.
Ger. Mastix. Sp. Almaciga

Pistacia Lentiscus, which is also called mastic
tree, lentisk or lentiscus, is a dioecious shrub or
small evergreen tree, seldom more than twelve
feet in height, much branched towards the top,
and furnished with abruptly pinnate leaves possessing winged petioles. The flowers are small,
greenish and occur in axillary clusters. The fruit
is an orange-red obovate drupe. The tree is a
native of the countries bordering upon the Mediterranean. The fruit yields on expression a fixed
oil, of a deep green color, which the Arabs use
both as an article of diet and for light. A resinous
exudation from the stem and branches is the
official part.
The mastic imported into the United States
and Great Britain is obtained chiefly from the
island of Chios, in the Grecian Archipelago,
where the tree is cultivated for this product. The
drug is formed within oleoresin reservoirs which
occur in the inner bark of the trunk and branches.
It is produced by making longitudinal incisions at
close intervals with a knife from the base of the
trunk upward to the thicker branches. From
these the juice slowly exudes, and either hardens
in tears upon the bark, or drops on the ground,
where it is received upon cloths or the bare earth,
and concretes in irregular masses. The tears are
most esteemed, and are the only form recognized by the N.F. They are of various sizes, subglobular, lenticular or pyriform, often compressed,
smooth, semi-transparent, of a pale-yellow color,
of a shining fracture, friable, and usually covered with a whitish powder, occasioned by their
friction against each other. They are brittle, but
unlike sandarac become plastic when chewed.
The masses consist of yellowish agglutinated
tears, with others of a darker color and less
translucent, and often fragments of wood, bark,
or earthy matter intermingled.
During 1952 importations of mastic amounted
to 5354 pounds, from Greece and Syria.
Under the names of Bombay mastic and East
Indian mastic, there occur in India masses of
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oleoresin said to be derived from the Pistacia
Khinjuk Stokes, and probably other species of
Pistacia, having the general appearance of true
mastic with a darker color, but lacking fragrance,
and dissolving in hot alcohol.
Chian turpentine, which is also collected in the
island of Chios, as well as in Cypress, is from the
Pistacia Terebinthus L., a small Mediterranean
tree. It is a thick, tenacious liquid varying from
yellow to green in color, with an odor similar to,
but more pleasant than, that of turpentine. On
exposure to air it thickens into a translucent yellowish mass.
Description. — "Mastic occurs as subglobular,
lenticular, elongated or pear-shaped tears, about
3 mm. in diameter. It is moderate yellow to pale
greenish yellow, transparent, and with a glass-like
luster, the surface being sometimes slightly dusty.
Mastic is brittle, and becomes plastic when
chewed. It has a slightly balsamic odor, and a
mildly terebinthinate taste." N.F.
Standards and Tests. — Acid number. — Not
less than 50. Foreign organic matter. — Not over
1 per cent. Acid-insoluble ash. — Not over 0.25 per
cent. N.F.
Assay. — For alcohol-insoluble residue. — A
2-Gm. portion of mastic, in fine powder, is extracted with alcohol in a continuous extraction
apparatus for 3 hours or until completely exhausted. The insoluble residue is dried in the
extraction thimble at 105° for 1 hour, and then
weighed. For ether-insoluble residue. — The preceding method is applied to another 2-Gm. portion of mastic, except that the extraction is made
with absolute ether. N.F.
Constituents. — Tschirch and Reutter (Arch.
Pharm., 1904, 104) found in mastic approximately
42 per cent of free resin acids. These are: the
isomeric a- and $-masticinic acids, C23H36O4;
masticolic acid, C23H36O4; amorphous o--masticonic acid, C32H48O4 (20 per cent) ; &-masticonic
acid, C32H48O4 (18 per cent). Besides these,
mastic contains 30 per cent a-masticoresene,
C35H36O4, soluble in alcohol; 20 per cent of
$-masticoresene (masticin), insoluble in alcohol,
and 2 per cent of an ethereal oil, possessing a
pale yellow color and a somewhat camphoraceous
odor. Finally, there is also a bitter principle,
which has not been isolated in pure form. Further information on the chemical nature of the
resenes of mastic is given by Casparis and Naef
(Pharm. Acta Helv., 1934, 9, 19). For a chemical
investigation of Egyptian mastic, by Reutter, see
Schweiz. Wchnschr. Pharm., 1913, 537.
Adulterants. — Mastic has been adulterated
with colophony, olibanum, sandarac, and other
resinous bodies, and, in seasons of scarcity, with
sea salt.
Uses. — Mastic was formerly thought to possess properties analogous to those of the turpentines, but it is at present scarcely ever given
internally except in certain cathartic pills. In the
East, however, an aqueous infusion is said to be
still used in cholera infantum.
Dissolved in alcohol or turpentine oil, it forms
a brilliant varnish. A solution made by macerating
15 Gm. of mastic and 1 Gm. of caoutchouc in
60 ml. of chloroform, filtered before use, forms
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a valuable varnish for microscopic work. Cotton
saturated with an ethereal solution of mastic has
been used as a temporary protective for carious
cavities in the teeth. Mastic has been recommended by various surgeons as a dressing for
wounds and in surgery to fix skin bacteria on the
hands and operative area. For report of a study
of the use of mastic as an enteric coating for
pills see Bukev and Klemme (/. A. Ph. A., 1939,
28, 87).
Dose, 1 to 2 Gm. (approximately 15 to 30
grains).

STERILE MECHLORETHAMINE
HYDROCHLORIDE.
N.F.
Mechlorethaminium Chloride, Nitrogen Mustard

[ CH3N+H

(CH2CH2CI) 2] Cl-

"Sterile Mechlorethamine Hydrochloride contains not less than 9S per cent and not more than
104 per cent of C5H11CI2X.HCI." NJ.
"Caution. — Extreme care should be observed in
handling Sterile Mechlorethamine Hydrochloride,
as it is highly toxic and the powder or its solution
is a vesicant and a strong nasal irritant." NJ*.
2,2-Dichloro-N-methyldiethylamine Hydrochloride; Methyl
Bis (0-chloroethyl) amine Hydrochloride; HXo Hydrochloride. Mustine Hydrochloride. Mustargen Hydrochloride
(.Sharp & Dohme).

Mechlorethamine hydrochloride, a derivative of
the nitrogen analog of the so-called "mustard
gas," S(CH2CH2C1)2, a chemical warfare agent
(see under this title in Part II), may be prepared
by the action of thionyl chloride on 2,2-dihydroxyN-methyldiethylamine (Prelog, Chem. Zentralbl.,
1935, II, 2817; Jensen, ibid., 1942, I, 30; see also
papers by Fruton et al., J. Org. Chem., 1946).
Description. — ''Sterile Mechlorethamine Hydrochloride occurs as a white, crystalline powder.
It is hygroscopic. Sterile Mechlorethamine Hydrochloride melts between 108° and 111°." N.F.
Standards and Tests. — pH. — The pH of a
1 in 500 solution is between 3.0 and 5.0. Water. —
Not over 0.4 per cent, when determined by the
Karl Fischer method. Sterility. — The substance
meets the requirements of the official sterility test
for solids. X.F.
Assay. — Alkalimetric titration. — About 20 mg.
of mechlorethamine hydrochloride, in absolute
alcohol solution, is diluted with some water and
titrated with 0.01 AT sodium hydroxide potentiometrically to the point of maximum change of
pH per unit volume of alkali. The titration must
be performed quickly in order that hydrolysis of
the chloroethyl radical (which releases hydrochloric acid) will not interfere with the titration
of HC1 released by the salt. Each ml. of 0.01 N
sodium hydroxide represents 1.925 mg. of C5H11CI2N.HCI. Ionic chloride— About 20 mg. of
mechlorethamine hydrochloride, in absolute alcohol solution, is diluted with water, some nitric
acid is added, and the solution titrated rapidly
with 0.01 N silver nitrate, the end-point being
determined by observation of the point of inflection of current flowing between a platinum and
a large area calomel electrode. Each ml. of 0.01 N
silver nitrate represents 1.925 mg. of C5H11CI2N.HCI. N.F.

Action. — This drug and its therapeutic applications developed out of studies of potential
chemical warfare agents (q.v.), specifically those
related to "mustard gas" or dichlorodiethylsulfide.
While studying the vesicant action of the latter
compound on the skin and exposed mucous membranes of the respiratory tract. Krumbhaar and
Krumbhaar (/. Med. Res., 1919, 40, 497) called
attention to the leukopenia due to depression of
bone marrow which characterized fatal cases. In
anticipation of military use of such war gases,
including the nitrogen analogues of "mustard gas"
that had been prepared, studies of the pharmacological action of the compounds were conducted
in the hope of developing an effective antidote
(Gilman and Philips, Science, 1946, 103, 409).
The formation of crystalline hydrochloride salts
of the compounds facilitated the pharmacological
study. The susceptibility of lymphoid tissue to
the cytotoxic action of nitrogen mustards suggested clinical trial in the malignant lymphomas
and other diseases involving the hematopoietic
system. The resemblance between the action of
these compounds and the effects of roentgen
irradiation on tissues is extraordinary (Gellhorn
and Jones, Am. J. Med., 1949, 6, 215). After
intravenous injection of a dose comparable to
that employed in human therapeutics into a normal dog (Cameron et al., J. Path. Bad., 1947,
59, 425; Anslow et al., J. Pharmacol., 1947, 91,
224; Karnofsky et al., Am. J. Path., 1948, 24,
275), there is a latent period of 30 to 60 minutes
with no obvious effect. Then salivation appears
and vomiting follows for several hours. Diarrhea
may appear. Histological examination reveals
necrotic changes in the gastrointestinal epithelium.
Within 24 hours after this injection of nitrogen
mustard the total leukocyte count in the blood
decreases due to disappearance of lymphocytes.
During the next few days granulocytopenia also
develops. At this point the bone marrow is hypoplastic and there is widespread destruction of the
lymphoid tissue. Thrombocytopenia is inconstant
and anemia does not appear for several weeks, if
at all. With such a dose, most animals recover
from the hematopoietic and gastrointestinal damage completely. After intravenous injection the
drug is removed rapidly from the blood stream
and reacts quickly with the tissues. Using mechlorethamine labeled with the isotope carbon- 14,
Skipper et al. (Cancer, 1951, 4, 1025) found
about 15 per cent of the carbon to be exhaled in
24 hours with 5 per cent being eliminated in the
urine.
Studies of the chemical properties of mechlorethamine and related nitrogen or sulfur mustards
disclosed that in aqueous solution at the pH of
body tissues ethylenimmonium cation and chloride anion were formed (Golumbic et al., J. Org.
Chem., 1946, 11, 518, 536, 543). This cation will
react with a variety of important physiological
substances, such as the essential sulfhydryl compounds inwhich the sulfur is bound in an unavailable form while releasing hydrogen as cation
(Fruton et al., ibid., 559, 571, 581, 675, 681).
The site of cellular action appears to be the
nucleus. In Amblystoma punctatum mitotic activity comes to a standstill in 24 hours in the inter-
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phase state; these nuclei in embryonic tissue
continued to grow and then disintegrated into
fragments (Bodenstein and Gillette, /. Exp. Zool.,
1947, 104, 311; 1946, 103, 1). In adult tissue,
nuclear fragmentation and death of the cell was
observed (Friedenwald et al., Bull. Johns Hopkins
Hosp., 1948, 82, 81). In Drosophila melanogaster
dilute concentrations caused alterations in chromosomes (Auerbach et al., Science, 1947, 105,
243) and mutants were produced in Penicillium
notatum (Stahmann and Stauffer, ibid., 106, 35)
and in Neurospora crassa (Horowitz et al., ibid.,
1946, 104, 233).
Uses. — In clinical studies, methyl bis((3-chloroethyl) amine is the nitrogen mustard used. Tris(3-chloroethyl) amine has been used but causes
more phlebitis and greater leukopenia. Orally, triethylene melamine (see in Part II) has a similar
action. The toxic action of the "mustards" is not
limited to neoplastic cells but certain types seem
to be more susceptible than normal cells. Demonstration of inhibition of antibody formation, by
nitrogen mustard, in animals injected with foreign
protein (Bukantz et al., J. Lab. Clin. Med., 1948,
33, 1463; Schwab et al., J. Exp. Med., 1950, 91,
505), led to its trial in the treatment of nephrosis
and intractable asthma.
Neoplastic Disease. — Mechlorethamine hydrochloride has proven most useful in Hodgkin's
disease (Gellhorn and Collins, Ann. Int. Med.,
1951, 35, 1250). A reduction in the size of enlarged lymph nodes, a decrease in fever and pain,
an increased appetite, a gain in weight and an
increase in well-being occur for 6 to 8 weeks and
often persist for as long as a year. Severe pruritus
and other systemic manifestations usually respond
promptly (Bauer and Erf, Am. J. Med. Sc, 1950,
219, 16). Terminal cases resistant to irradiation therapy often respond and in some cases
sensitivity to roentgen irradiation may return
(Dameshek et al., Blood, 1949, 4, 338; Beattie
and Howells, Quart. J. Med., 1954, 23, 231).
Rhoads (J.A.M.A., 1948, 136, 305) found that
70 per cent of cases would respond to nitrogen
mustard therapy although the average remission
does not exceed one month. When vital structures in the mediastinum are compressed by
tumor, mechlorethamine induces more rapid relief
with less danger of initial exacerbation due to
swelling than is the case with roentgen radiation.
In cases of lymphosarcoma, therapeutic results
with nitrogen mustard are often similar to those
in Hodgkin's disease. Reduction in the size of
enlarged lymph nodes and remission of symptoms
occur for a few weeks to a year or more. It is
particularly indicated in those cases which have
become resistant to roentgen therapy or in cases
with such diffuse disease as to make irradiation
of all the tumors impractical. Large cell lymphosarcoma responds best; lymphocytic sarcoma is
less responsive and reticulum cell sarcoma rarely
improves.
In leukemia, mechlorethamine is effective in
subacute myelogenous leukemia in decreasing the
number of white blood cells in the blood and the
size of the spleen and liver (Goodman et al.,
J.A.M.A., 1946, 132, 126). In subacute lymphocytic leukemia, roentgen therapy seems superior
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because of the greater danger of serious bone
marrow depression with the mustards. In acute
leukemia, particularly in children, the folic acid
antagonists induce results superior to any other
method of therapy. For palliative therapy in cases
with diffuse involvement of the skin with lymphoblastoma, mycosis fungoides, Kaposi's sarcoma,
etc., mechlorethamine or triethylene melamine are
the treatment of choice. Bierman et al. (J. Nat.
Cancer Inst., 1951, 11, 891) recommended intraarterial injection for cutaneous lesions.
In bronchogenic carcinoma which has advanced
to an inoperable state, mechlorethamine will provide decrease in cough, dyspnea, sputum and
hemoptysis and increase appetite, weight and
strength in most patients for periods of 2 to 12
weeks (Lynch et al., Surgery, 1950, 27, 368;
Roswit and Kaplan, Radiology, 1951, 57, 384).
In all neoplasms, chemotherapy is resorted to
only after the possibility of cure by surgical excision or irradiation is hopeless. Mechlorethamine
has been employed in many other neoplastic conditions with equivocal transitory or no benefit,
including lymphoepithelioma (Cowdry, J. A.M. A.,
1947, 135, 1067), Boeck's sarcoid (Snider, South.
M. J., 1948, 41, 11), neuroblastoma (Rhoads,
J.A.M.A., 1948, 136, 305), Ewing's tumor (Taffel,
Yale J. Biol. Med., 1947, 19, 441), carcinoma of
the genitourinary and gastrointestinal tracts and
the oral cavity (Rhoads, loc. cit.), carcinoma of
the breast (Karnofsky, N. Y. State J. Med., 1947,
47, 992;, melanosarcoma (Rhoads, J.A.M.A.,
1946, 131, 656) and fibrosarcoma (Wintrobe
et al, Ann. Int. Med., 1947, 27, 529). Spurr et al.
(J. Lab. Clin. Med., 1950, 35, 252) used mechlorethamine effectively in polycythemia vera but
less toxic measures are usually effective in this
disease. In a retinoblastoma, Kupfer (Am. J.
Ophth., 36, 1721) reported a good response for
at least 10 months in a boy 6 years of age. Injection of mechlorethamine hydrochloride into the
peripheral artery supplying the tumor was performed with benefit for cases of cancer of the
head and neck or brain by Klopp et al. (Ann.
Surg., 1950, 132, 811). Sullivan et al. (Cancer,
1953, 6, 121) placed a small polyvinyl catheter
into the artery through a 19-gauge needle and
gave repeated small doses with subjective benefit
in 7 and objective improvement in 4 of 14 cases;
destruction of tumor cells was found in 5 of 9
cases examined histologically. Cromer et al. (Am.
J. Obst. Gyn., 1952, 63, 538) used intraarterial
injections for uterine and vaginal cancer.
In glomerulonephritis, Baldwin et al. (Arch.
Int. Med., 1953, 92, 162) gave mechlorethamine
hydrochloride in two doses of 0.2 mg. per Kg. of
body weight on successive or alternate days. In
10 cases of chronic glomerulonephritis, remissions
lasting 3 to 12 days were observed in 22 of 41
courses of treatment. In 1 of 5 cases in the acute
stage prompt and permanent remission appeared.
In one case in the nephrotic stage, several temporary remissions after treatment over a period of
months was followed by permanent remission.
No untoward effects were recognized but treatment with nitrogen mustard was not recommended
for all patients with nephritis. Kelley and Panos
(/. Pediatr., 1952, 41, 505) reported diuresis
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after 9 of 13 courses of mechlorethamine in 9 patients. In addition to the inhibiting action of the
mustards on antibody formation (v.s.), Kelley
and Panos refer to the ability of mechlorethamine
to inhibit the Schwartzman reaction (Stetson and
Good, J. Exp. Med., 1951, 93, 49) by decreasing
the number of polymorphonuclear leukocytes
which ordinarily accumulate at the site of this
tissue reaction. However, Caskey et al. (Proc. S.
Exp. Biol. Med., 1951, 77, 105) failed to prevent
or alleviate the nephrotoxic nephritis in rats,
which is presumably an antigen-antibody reaction
in the kidney cells, with mechlorethamine; also,
Kelley and Panos (/. Pediatr., 1952, 41, 518)
found no effect of mechlorethamine therapy on
the abnormal serum mucoprotein concentrations
in nephrotic patients. Since mechlorethamine
causes lymphopenia and eosinopenia in the blood,
just as cortisone and corticotropin do, JimenezDiaz et al. (Helv. med. acta, 1950, 17, 583;
J.A.M.A., 1951, 147, 1418) treated rheumatoid
arthritis and iritractable bronchial asthma with
nitrogen mustard and found it effective; an increase in urinary excretion of 17-ketosteroids was
observed. Salomon (N. Y. State J. Med., 1952,
52, 1310) confirmed the benefit in severe asthmatics. Shutkin (J. Bone Joint Surg., 1951, 33-A,
265) reported improvement in rheumatoid arthritis; like corticotropin, mechlorethamine caused
depletion of the adrenal ascorbic acid and cholesterol in animals. Perhaps endogenous cortisone
plays a role in the therapeutic action of nitrogen
mustard (Braunsteiner et al., Klin. Wchnschr.,
1952, 30, 128). In systemic lupus erythematosus.
Dubois (Arch. Int. Med., 1954, 93, 667) reported
diuresis in the edematous patient with a nephrotic
type of syndrome but mechlorethamine could not
replace cortisone in the symptomatic management
of these cases. S
Toxicology. — Like "mustard gas," mechlorethamine has vesicant action on the skin and
mucous membranes; great care must be taken to
avoid contact with the eyes. Should the material
touch the skin or mucosa, immediate washing
with copious amounts of clean water is indicated,
followed by application of a 2 per cent aqueous
solution of sodium thiosulfate. For intravenous
injection only a dilute solution can be used; the
maximum concentration is 1 mg. per ml. and this
is best diluted further by injecting it into the
tubing of an intravenous infusion of saline or
dextrose solution. Otherwise the incidence of
phlebitis is troublesome. Extravasation outside of
the vein will result in severe irritation and even
sloughing. Within 8 hours after injection almost
all patients complain of nausea and about 50 per
cent have severe vomiting. Intramuscular injection of 50 mg. of pyridoxine hydrochloride immediately after the injection of the nitrogen mustard has been recommended (Salomon, loc. cit.).
Marks (New Eng. J. Med., 1954. 250, 999 ) used
chlorpromazine before the injection and reported
complete relief of vomiting in 3 and improvement
in 5 of 10 cases. Weakness and anorexia are
usual on the dav of the injection. Roswit and
Pisetsky (/. Nerv. Ment. Dis., 1952. 115, 356)
described a toxic psychosis after the injection.
Leukopenia, however, is the greatest hazard of
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therapy; a leukocyte count of 2000 to 3000 is
usual within 1 to 3 weeks after a course of treatment. If the dose exceeds 0.4 mg. per Kg. of body
weight, leukopenia is severe and thrombocytopenia, hemorrhage and anemia may develop; repeated blood transfusions and antibiotic therapy
comprise the treatment. Weisberger et al. (Am. J.
Med. Sc, 1952, 224, 201) used 15 Gm. of
L-cysteine orally 1 hour before or 10 to 30 Gm.
slowly intravenously (as a 20 per cent aqueous
solution of the hydrochloride adjusted to a pH
of 7) just before the injection of mechlorethamine and described prevention of the leukopenia
and some alleviation of the nausea. Richmond
and Beardsley (Ann. Int. Med., 1953, 39, 1327)
described ureteral obstruction due to uric acid
precipitation during the destruction of large numbers of cells with mechlorethamine; they recommend a large fluid intake and 2 Gm. of sodium
bicarbonate orally every 6 hours to prevent precipitation. In all patients, careful hematological
studies must be done before each injection of
nitrogen mustard if fatalities due to pancytopenia
are to be avoided.
Dose. — The usual dose is to be determined by
the physician according to the needs of the patient. In general a dose of 0.1 mg. per Kg. of
body weight is given intravenously for 4 doses
daily or on alternate days. More than 8 mg. should
not be given as a single dose. A total dose of as
much as 0.8 mg. per Kg. has been given over a
period of several days but each patient must be
watched carefully to evaluate sensitivity to the
drug. Two to three weeks should elapse between
courses of therapy. The maximum concentration
of the solution for injection should not exceed
1 mg. per ml. and more dilute solutions are less
irritating.
Storage. — Preserve "in hermetic containers."
N.F.
STERILE MECHLORETHAMINE
HYDROCHLORIDE
TRITURATION.
N.F.
"Sterile Mechlorethamine Hydrochloride Trituration isa trituration of mechlorethamine hydrochloride in sodium chloride or other suitable
diluent. It contains not less than 9.7 per cent and
not more than 10.3 per cent of C5H11CI2N.HCI."
N.F.
"Caution. — Extreme care should be observed
in handling Sterile Mechlorethamine Hydrochloride Trituration, as it is highly toxic and the
powder or its solution is a vesicant and a strong
nasal irritant." NJ?.
Because of the pronounced vesicant property
of mechlorethamine hydrochloride and the mechanical difficulty of dispensing small quantities
of the crystalline powder in exact amounts a 10
per cent w/w trituration, prepared with sodium
chloride as the diluent, is the form in which this
nitrogen mustard is supplied. The trituration is
packaged in vials containing 100 mg.. representing 10 mg. of mechlorethamine hydrochloride. To
prepare a solution 10 ml. of a suitable solvent,
commonly water for injection, is injected into
the vial through the rubber stopper; the tritura-
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tion dissolves quickly and completely, and the
required volume of solution is injected intravenously. Any solution which remains should be
discarded since mechlorethamine hydrochloride
rapidly undergoes hydrolytic decomposition.
Identification. — 100 mg. of the trituration is
transferred to a test tube containing 1 ml. of
0.1 iV sodium thiosulfate and, after shaking, the
tube is allowed to stand for 2 hours, at the end of
which time addition of 1 ml. of 0.1 N iodine
should produce the color of free iodine. N.F.
The content of water in the trituration is limited
to 1 per cent; other tests and standards, and the
assay, are discussed in the preceding monograph,
as are also the uses.
Storage. — Preserve "in hermetic containers."
N.F.
MENADIOL SODIUM
DIPHOSPHATE.
U.S.P.

6H20

OP03Na2
"Menadiol Sodium Diphosphate contains not
less than 97.5 per cent of CiiHsNa408P2, calculated on the anhydrous basis." U.S.P.
Sodium Menadiol Diphosphate. Synkavite Sodium Diphosphate (Hoffmann-La Roche).

This compound is the hexahydrate of the tetrasodium salt of 2-methyl-l,4-naphthalenediol diphosphate. Itresembles the B.P. compound acetomenaphthone in being an ester of menadiol, which
is the alcohol form of menadione. But whereas
acetomenaphthone is an acetic acid ester and is
almost insoluble in water, the phosphoric acid
ester of menadiol, through neutralization with
alkali of the two unesterified hydroxyl groups of
each of the two phosphoric acid molecules, is very
soluble in water. For details of synthesis of
menadiol sodium diphosphate see U. S. Patent
2,354,132.
Description. — "Menadiol Sodium Disphosphate occurs as a white to pink powder, having
a characteristic odor. It is hygroscopic. Its solutions are neutral or slightly alkaline to litmus,
having a pH between 7 and 9. Menadiol Sodium
Diphosphate is very soluble in water, and is insoluble inalcohol." U.S.P.
Standards and Tests. — Identification. — (1)
Menadione, obtained by oxidation of menadiol
sodium diphosphate, has the melting point of that
substance and responds to identification tests
under Menadione. (2) Menadiol sodium diphosphate responds to the test for phosphate using
ammonium molybdate T.S. as a precipitant.
Water. — Not less than 18 per cent and not more
than 21.5 per cent, when determined by drying
at 120° to constant weight. U.S.P.
Assay. — About 100 mg. of menadiol sodium
diphosphate is dissolved in a mixture of glacial
acetic acid and water and titrated potentiometrically with 0.02 N eerie sulfate, which oxidizes
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the menadiol component to menadione, as in the
titration of menadione. Each ml. of 0.02 N eerie
sulfate represents 4.221 mg. of CnHsNa408P2.
U.S.P.
Uses. — Menadiol sodium diphosphate has the
action and uses of menadione, with the advantage
of water solubility which adapts it to parenteral
use. Also, it is absorbed from the intestinal tract
in the absence of bile. The salt represents, however, only about one-third of its weight of
menadione, for which reason the dose is about
3 times that of menadione.
Hay et al. (Lancet, 1951, 1, 423) reported
effective use of the compound prior to labor to
prevent hemorrhagic disease of the newborn.
Coombs (Laryn., 1950, 60, 296) used it to prevent post-tonsillectomy hemorrhage. Covert (Am.
J. Med. Sc, 1952, 224, 439) suggested its use to
prevent excessive responses to bishydroxycoumarin
therapy in patients with congestive heart failure.
The usual dose, administered orally or parenteral^ (subcutaneously, intramuscularly or intravenously), is5 mg. daily, with a range of 4 to 10
mg. daily. In bishydroxycoumarin poisoning 75
mg. may be given intramuscularly and repeated
as often as necessary.
Synkavite sodium disphosphate is supplied in
tablets containing 5 mg., also in ampuls containing 5 or 10 mg. in 1 ml., or 75 mg. in 2 ml.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
MENADIONE.
U.S.P. (B.P.), IP.
2-Methyl-l,4-Naphthoquinone, Menaphthene,
Menaphthone, [Menadionum]

"Menadione, when dried over sulfuric acid for
4 hours, contains not less than 98.5 per cent of
C11H8O2. Caution. — Menadione powder is irritating to the respiratory tract and to the skin,
and an alcoholic solution has vesicant properties."
U.S.P. The B.P. defines Menaphthone as 2-methyl1,4-naphthoquinone, and requires not less than
98.5 per cent of C11H8O2. The LP. requires not
less than 98.5 per cent of CiiHsCb, calculated
with reference to the substance dried in a vacuum
desiccator over sulfuric acid for 4 hours.
B.P. Menaphthone; Menaphthonum. Synthetic Vitamin
K; Vitamin K3; Antihemorrhagic Vitamin. Aquakay,
Aquinone (Bischoff) ; Kappaxin (IVinthrop) ; Kayquinone
(Abbott); Kolkiot (Cole); Menaquinone (Drug Products);
Synkay (Blue Line) ; Thyloquinone (Sgnibb). Sp. Menadiona.

In 1929 Dam of Copenhagen observed that
chicks fed on a fat-free diet developed hemorrhages of the skin and mucous membranes. Six
years later he showed that this tendency could be
cured by feeding certain green leaves — such as
spinach or alfalfa — and suggested for the food
element the title of vitamin K from the Danish
word Koagulation. Shortly it was found that a
similar curative effect was exercised by certain
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food stuffs, especially fish which had undergone
bacterial decomposition.
Research directed toward the isolation of naturally occurring antihemorrhagic principles led
to the separation, by McKee. in 1939, of vitamin
Ki from alfalfa, and of vitamin K2 from putrefied
fish meal. Fieser (J.A.C.S., 1939, 61, 3467)
showed that vitamin Ki has the structure of
2-methyl-3-phytyl-1.4-naphthoquinone. and synthesized it from 2 -methyl- 1.4-naphthohydroquinone and phytol (an alcohol obtained from chlorophyll); itwas given official recognition in the
present edition of the U.S. P. under the name
phytonadione. The structure of vitamin K2 differs
from that of vitamin Ki only in having a difamesyl side chain in place of the phytyl side
chain in Ki (Binklev et al, J. Biol. Chem., 1940,
133, 721).
When it was found that vitamins Ki and K2
are naphthoquinones, a number of investigators
studied the effects of various other naphthoquinones. Of the large number of these which have
been found to have more or less antihemorrhagic
activity the 2-methyl-l,4-naphthoquinone, officially designated menadione but sometimes also
referred to as vitamin K3 (Poncher and Kato.
J. AM. A., 1940. 115; 14). has been demonstrated
to be at least twice as active as vitamin Ki. The
corresponding hydroquinone (2-methyl-l.4-naphthohydroquinone) appears to have the same activity as menadione. A convenient procedure for the
preparation of menadione was published bv Fieser
(J. Biol. oxidation
Chem., 1940.
133, 391); the 'process
involves
of methylnaphthalene
with
chromic anhydride in an acetic acid medium with
recrystallization of the precipitated quinone from
methanol solution. For the preparation of menadione from naphthalene see Sah (Rec. trav. chim..
1940. 59, 461).
Other naturally occurring naphthoquinones
which have antihemorrhagic activity include
juglone (5-hydroxy-1.4-naphthoquinone) from the
walnut, lawsonc ' 5 -hydroxy- 1.4-napthoquinone )
from Lawsonia inermis or henna, plumbagin (5hydroxy-2-methyl- 1.4-napthoquinone) from Plumbago officinalis (Ansbacher and Fernholz. /. Biol.
Chem., 1939. 131, 399). Phthiocol, which is
2 -methyl- 3 -hydroxy- 1.4-napthoquinone, isolated
from the human tubercle bacillus (Anderson and
Newman, ibid., 1933. 103, 197). has a very slight
antihemorrhagic action (Almquist and Klose.
J.A.C.S., 1939. 61, 1611). Pldorone, which is
^-xyloquinone. occurring in beechwood tar. possesses some action.
As the natural vitamins and menadione are oilsoluble and practically insoluble in water, a number of water-soluble compounds, suitable for use
by injection, have been developed. Menadione
sodium bisulfite and menadiol sodium diphosphate
are the official water-soluble compounds. Synkamin
(Parke. Davis), chemically 2-methyl-4-amino-lnaphthol hydrochloride (referred to by Poncher
and Kato as vitamin Ks)t is another such compound available on the market. For a comprehensive review, especially of the chemistry, of
compounds having vitamin K activity see Doisy
et al. (Chem. Rev., 1941. 28, 477V
Description. — "Menadione occurs as a bright
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yellow, crystalline powder, and is nearly odorless.
It is affected by sunlight. Menadione is practically
insoluble in water. One Gm. dissolves in about
60 ml. of alcohol, and in about 10 ml. of benzene.
It is moderately soluble in chloroform and in
carbon tetrachloride, and is soluble in vegetable
oils. Menadione melts between 105° and 107°."
U.S.P.
Standards and Tests. — Identification. — A
mixture of 50 mg. of menadione, 75 mg. of sodium
bisulfite and 5 ml. of distilled water is heated on a
steam bath until an almost colorless solution is obtained. After diluting with water to make 50 ml.,
a 2 -ml. portion of the solution is mixed with 2 ml.
of a mixture of equal volumes of alcohol and
stronger ammonia T.S. and 3 drops of ethyl
cyanoacetate : a deep purplish blue color is produced which, on addition of 1 ml. of a 1 in 3
sodium hydroxide solution, changes to green and
then to yellow. Loss on drying. — Not over 0.3
per cent, when dried over sulfuric acid for 4
hours. Residue on ignition. — Not over 0.1 per
cent.
J*. tests are similar except that a test for
The USB.P.
limit of chromium is provided. In this test the
violet color produced by reaction with diphenylcarbazide should be no deeper than that given by
a limiting quantity of potassium dichromate similarly treated.
Assay. — About 150 mg. of menadione, previously dried over sulfuric acid for 4 hours in the
dark, is dissolved in a mixture of glacial acetic
acid and diluted hydrochloric acid. The quinone
groups of menadione are reduced to hydroquinone
by nascent hydrogen generated by zinc added to
the mixture, and afterwards quantitatively reoxidized to quinone by titration with 0.1 N eerie
sulfate, using orthophenanthroline T.S. as indicator. A blank test is performed on the reagents.
The equivalent weight of menadione is one-half
its molecular weight, and each ml. of 0.1 N eerie
sulfate represents 8.609 mg. of CnHsOa. U.S.P.
The I. P. employs the same assay.
The B.P. assay is based on reduction of the
quinone groups to hydroquinone by titration with
0.1 N titanous chloride in an atmosphere of carbon dioxide, using indigo carmine as indicator.
Each ml. of 0.1 N titanous chloride likewise
represents 8.609 mg. of CiiHsOa.
Incompatibilities. — Menadione is incompatible with alkalis and with reducing agents. Its
dosage forms should be protected from fight as
much as possible. It is said to be partially decomposed on heating in an autoclave at 15 pounds
pressure for 30 minutes but that at the temperature of boiling water it may be heated for 25 minutes without injury (OlwinV
Uses. — Action. — The coagulation of blood is
effected by the enzyme thrombin, which changes
fibrinogen of blood into insoluble fibrin. Thrombin is not found as such in circulating blood; it
occurs there as the inactive precursor prothrombin which is changed into the active form through
the combined action of thrombokinase. found in
blood platelets and in a number of tissue juices,
and calcium. Prothrombin is apparently elaborated
in the liver, the latter requiring some form of
vitamin K for its syn thesis. In view of this the
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blood plasma prothrombin concentration, which
is usually measured as prothrombin time (activity) in comparison with a normal control sample,
is a criterion of vitamin K adequacy as well as
of the presence of certain other types of hemorrhagic disease (Quick and Hussey, Am. J. Med.
Sc, 1952, 223, 401; Volk and Losner, ibid., 224,
27). For the test a sample of blood plasma, obtained under certain specified conditions, is added
to a thromboplastin solution and the time of appearance of the fibrin strands measured.
On the basis that quinones combine with the
-SH group of proteins Lyons (Nature, 1945, 155,
633) theorized that thrombin A and fibrinogen
react to liberate -SH and fibrinogen B, which is
transformed to fibrin gel by thrombin B or by
minute amounts of menadione through oxidation
of the remaining -SH groups to -S-S- linkages;
Dam (Vitamins and Hormones, 1948, 6, 28) has
criticized this theory. In hemorrhagic diseases of
vitamin K deficiency feeding of prothrombin does
not correct the hypoprothrombinemia; however,
peptic digestion of prothrombin yields quinone
compounds. In large doses menadione causes
eosinophilic hypertrophy of the pituitary gland
(Tamburino, Arch. ital. anat. istol. patol., 1951,
24, 284). Lemonde et al. (Ann. Endocrinol., 1952,
13, 897) suggested that increased secretion of
somatotrophic hormone may be responsible for
the increased resistance of such animals to experimental infection. Studies with carbon- 14-labeled
menadione (Solvonuk et al., Proc. S. Exp. Biol.
Med., 1952, 79, 597) showed rapid absorption
and urinary excretion in mice but no absorption
in dogs with a cholecystnephrostomy.
Vitamin K in the diet comes chiefly from green
leaves such as spinach, cabbage, cauliflower and
lettuce; meat and other animal products are poor
sources. The vitamin may be formed by bacteria
in the intestinal tract of adults. The daily requirement ofvitamin K has not been established;
it is probably very small, since 1 mg. will correct
most deficiencies.
Therapeutic Uses. — Vitamin K is not a useful
remedy in all hemorrhagic diatheses; it is effective only in those which are due specifically to a
low prothrombin content of blood. This condition
occurs quite frequently in newborn infants (hemorrhagic disease of the newborn) and it is therefore considered good practice to protect infants
either by giving menadione to the mother before
or during labor, or directly to the newborn (Waddell and Whitehead, South. M. J., 1945, 38, 349),
but Potter (Am. J. Obst. Gyn., 1945, 50, 235)
and others have concluded that vitamin K did not
decrease the incidence of fetal mortality or of
bleeding in infants, although it is agreed that it
prevents hypoprothrombinemia. In adults hypoprothrombinemia may arise either as the result of
dietetic deficiency or, more commonly, from the
failure of intestinal absorption of vitamin K. For
intestinal absorption there must be present sufficient fat to dissolve the vitamin and enough bile
to emulsify the fat for its absorption. It is because of this last factor that most cases of human
deficiency are associated with diseases of the liver
or bile passages. Menadione has been used as a
test of liver function; an increase of 20 per cent
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in a depressed blood prothrombin activity following injection of 2 mg. of menadione demonstrates
normal liver function (Althausen, Am. J. Med.,
1948, 4, 208).
Menadione has largely solved the problem of
postoperative bleeding in jaundiced patients
(Andrus and Lord, J. A.M. A., 1940, 114, 1336).
It is used along with ascorbic acid in the treatment of salicylate poisoning (Dietrick et al., U. S.
Armed Forces M. J., 1952, 3, 149). The combination is also prescribed in the prevention and treatment of epistaxis following nose and throat surgery (Neivert et al., Arch. Otolaryng., 1948, 47,
37). For a review of the literature on menadione
see Dam (Vitamins and Hormones, 1948, 6, 28).
Use in Bishydroxycoumarin Therapy. — With
the application of bishydroxycoumarin (q.v.) in
the management of patients with thrombosis to
induce hypoprothrombinemia and the realization
that certain commonly used drugs, such as salicylates, cause hypoprothrombinemia, menadione
was tried in patients in whom an excessive depression of prothrombin had been produced; the usual
doses proved to be ineffective and transfusions
were necessary. Although it is claimed that watersoluble vitamin K-like substances fail to counteract the action of bishydroxycoumarin (see Bingham et al, Am. J. Med. Sc, 1941, 202, 563;
Davidson and MacDonald, ibid., 1943, 205, 24)
while vitamin Ki (phytonadione of U.S. P. XV)
is thus effective, certain evidence indicates that
the former may also be effective, particularly if
a sufficiently large dose is used (see under Menadione Sodium Bisulfite). Experiments on dogs
with vitamin K depletion as a result of cholecystnephrostomy showed menadione and several of its
soluble derivatives to be as effective as vitamin
Ki in restoring normal prothrombin time following administration of bishydroxycoumarin (Collentine and Quick, Am. J. Med. Sc, 1951, 222,
7). It is believed that both vitamin K and bishydroxycoumarin possess an affinity for the apoenzyme which is essential for prothrombin formation; combination with bishydroxycoumarin
prevents combination with vitamin K to form the
active enzyme. Much more menadione is required
to counteract the hypoprothrombinemic effect of
bishydroxycoumarin than of a dietary deficiency
of vitamin K (Overman et al., J. Biol. Chem.,
1942, 145, 155). While there is considerable
debate concerning the efficacy of menadione the
studies referred to above, as well as those of
Overman et al. (J.A.M.A., 1951, 145, 393) in
humans, clearly demonstrate that all forms of
vitamin K-like substances counteract to some
extent the hypoprothrombinemic action of bishydroxycoumarin; the fact of the considerable
variation in the menadione content of the several
compounds may have been neglected in some of
the studies. It appears to be established, however,
that vitamin Ki (phytonadione) is more effective
and more rapidly active in correcting the effect of
bishydroxycoumarin; its use is discussed under
Phytonadione.
Other Uses. — Vitamin K and its analogues have
been suggested for use in conditions other than
bleeding associated with hypoprothrombinemia;
these include its use in chronic intractable urti-
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caria (Black, /. Allergy, 1945, 16, 83), and in
essential hypertension (Ferreira, Sao Paulo Med.,
1944, 2, 165; Shapiro et al., J. Pharmacol, 1945,
84, 93; 85, 294), and in the treatment of nausea
of pregnancy (see under Menadione Sodium
Bisidfite).
Antibacterial Action. — Menadione and related compounds possess the bactericidal action
characteristic of naphthoquinones and naphthohydroquinones; certain antibiotic substances (actinomycin A, fumigatin, spinulosin, citrinin, etc.)
have such a structural component (Waksman and
Woodruff, /. Bad., 1941, 42, 231). Menadione
is bactericidal to Streptococcus hemolyticus,
Staphylococcus aureus, and the pneumococcus in
a concentration of 10 micrograms per ml. of culture medium (Armstrong and Knutson, Proc. S.
Exp. Biol. Med., 1943, 52, 23) but is inactive
against E. coli. In a concentration of 5 mg. in 100
ml. menadione inhibited growth of M. tuberculosis (Heise and Steenken, Am. Rev. Tuberc,
1941, 44, 635)/ In mice inoculated with tubercle
bacilli, menadione or Synkavite decreased the
mortality, the treated animals showing minimal
proliferative type of lesions rather than the extensive caseous disease in the controls (Simonnet,
Am. J. Med. Sc, 1954, 227, 700). Merklen and
Riou (Bull. soc. path, exot., 1953, 46, 741) found
menadione useful in the treatment of the lepra
reaction and the neurological manifestations of
leprosy for which the sulfones have not proved to
be very effective. Gram-positive bacteria seem
to be more sensitive to the bactericidal action of
menadione than gram-negative ones. Since menadione inhibits lactic acid formation from dextrose in saliva (Calandra et al., J. Dental Res.,
1944, 23, 31) a chewing gum containing 0.75 mg.
of menadione sodium bisulfite was employed experimentally after meals with the finding of a
marked reduction in the incidence of new dental
caries at the end of 1 year in susceptible young
adults. The antibacterial action of menadione is
inhibited by the presence of substances containing
the -SH group, such as cysteine or thioglycolic
acid (Cavallito, /. Biol. Chem., 1946, 164, 29).
The injection of vitamin K into and around deep
lesions of trichophytosis has been reported to
have a beneficial effect (Nekam and Polgar, Acta
Dermato-Venereol., 1951, 31, 344).
Vitamin Ko, a synthetic analogue of vitamin K
having the composition of 2-methyl-4-amino-lnaphthol hydrochloride, has been found to exhibit
marked inhibitory activity toward a number of
parasitic and saprophytic microorganisms (Pratt
et al., J. A. Ph. A., 1950, 39, 127); it is effective
in concentrations from 10 to 300 parts per million, depending on the organism. The low toxicity
of the compound suggests its use not only for
topical treatment of dermatophytic infections
but also as a preservative for pharmaceuticals,
foods, and beverages. Oxidation of the vitamin in
aqueous solution was retarded by inclusion of
12.5 to 25 per cent of propylene glycol and 0.15
per cent of sodium metabisulfite. [v]
Toxicology. — Shimkin (/. Pharmacol., 1941,
71, 210) found that menadione definitely has
toxic effects, 5 mg. subcutaneously
being an

almost certainly lethal dose for mice (this corresponds to about 200 mg. per Kg. of body weight).
On the other hand, doses of up to 200 mg. of
vitamin
Ki (phytonadione) per mouse did not
kill.
Dose. — The usual dose of menadione is 2 mg.
(about Vao grain) by mouth 3 times daily, with a
range of 1 to 3 mg. The maximum safe dose is
usually 3 mg. and except in unusual circumstances
this dose should not be exceeded in a period of
24 hours. Larger doses of menadiol sodium diphosphate, menadione bisulfite and phytonadione
are given to correct dangerous hypoprothrombinemia. In patients with biliary obstruction it is
generally advisable to administer a bile preparation simultaneously. If the patient is vomiting an
oil solution of menadione may be injected intramuscularly (not intravenously). Simultaneous administration ofliquid petrolatum is said to interfere with the effectiveness of menadione in
pregnancy (Javert and Macri, Am. J. Obst. Gyn.,
1941, 42, 409). Percutaneous administration, in
the form of 1 Gm. of a 1 per cent ointment, has
proved to be effective in infants (Russell and
Page, Am. J. Med. Sc, 1941, 202, 355).
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
MENADIONE CAPSULES.
U.S.P.
[Capsulae Menadioni]

"Menadione Capsules usually consist of an oil
solution of Menadione encapsulated with gelatin.
Menadione Capsules contain not less than 90 per
cent and not more than 120 per cent of the
labeled amount of CiiH802." U.S.P.
Assay. — The contents of a counted number of
capsules, representing about 25 mg. of menadione, is dissolved in about 50 ml. of ether and
diluted to 100 ml. with alcohol. A 1-ml. portion
of this solution is reacted with 2 ,4-dinitrophenylhydrazine, the mixture finally diluted with alcohol
to 50 ml. and the absorbance at 635 m\i is determined. From the absorbance of 0.25 mg. of U.S.P.
Menadione Reference Standard, treated identically, the amount of menadione in the capsules
is calculated. U.S.P.
Usual Sizes. — 1 and 2 mg. (approximately
Vm and Vzo grain).
MENADIONE INJECTION.
N.F. (B.P.) (LP.)
[Injectio Menadioni]

"Menadione Injection is a sterile solution of
menadione in oil. It contains not less than 90
per cent and not more than 120 per cent of the
labeled amount of menadione (C11H8O2)." N.F.
The B.P. recognizes Injection of Menaphthone
as a sterile solution of menaphthone (menadione)
in ethyl oleate or a suitable oil; not less than 91.0
per cent and not more than 107.5 per cent of the
labeled amount of C11H8O2 is required. When
the volume in each container does not exceed 30
ml. sterilization is performed by heating at 150°
for one hour; larger containers are heated for a
longer time to ensure the contents of each container being maintained at 150° for one hour. The
LP. rubric is the same as that of the N.F.
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B.P. Injection of Menaphthone; Injectio Menaphthoni.
I. P. Injection of Menadione.

Assay. — The injection is assayed by the
method described under the assay of menadione
capsules. N.F. The B.P. employs a modification
of the titanous chloride titration method described
under menadione.
Storage. — Preserve "in single-dose or multipledose containers, preferably of Type I glass." N.F.
Usual Sizes. — 1 ml. containing 1 or 2 mg.
(approximately %o or %o grain).
MENADIONE

TABLETS.

U.S.P. (LP.)

[Tabellae Menadioni]

"Menadione Tablets contain not less than 95
per cent and not more than 110 per cent of the
labeled amount of CiiH802." U.S.P. The LP.
rubric is identical with this.
LP. Tablets
of Menadione;
Sp. Tabletas de Menadiona.

Compressi

Menadioni.

Assay. — A representative portion of powdered
tablets, equivalent to about 20 mg. of menadione,
is extracted with chloroform; the filtered solution is evaporated to dryness and the residue of
menadione analyzed by the method employed for
Menadione, except that 0.02 N eerie sulfate is
used for the titration. Each ml. of 0.02 N eerie
sulfate represents 1.722 mg. of OiHsCte. U.S.P.
Usual Sizes. — 0.5, 1, and 2 mg. (approximately Y120, %o and %o grain).
MENADIONE

SODIUM
U.S.P.

BISULFITE.

[Menadioni Sodii Bisulfis]

S03Na
CH,

:
r
£
C

3H,0

"Menadione Sodium Bisulfite contains not less
than 94 per cent of CuH802.NaHS03, calculated
on the anhydrous basis." U.S.P.
Hykinone

(Abbott).

Sp. Bisulfito

de Menadiona

Sodica.

The structure of menadione sodium bisulfite
has been the subject of considerable controversy,
which appears to have been settled by the investigations ofCarmack et al. (J.A.C.S., 1950,
72, 844). Attention is called to the fact that
menadione reacts readily in aqueous solution with
sodium bisulfite to form two series of isomeric
addition compounds, one having high antihemorrhagic activity equivalent to that of the parent
quinone, the other having only a small fraction of
the activity. The compound having weak activity
has been shown to be a salt of 2 -methyl- 1,4naphthohydroquinone-3-sulfonic acid (Baker et
al., ibid., 1942, 64, 1096). The highly active
isomer, which is the official "menadione sodium
bisulfite," is interpreted by Carmack et al., on the
basis of evidence obtained from ultraviolet ab-
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sorption spectra, to have the structure of sodium
2-methyl-l,4-dioxotetralin-2-sulfonate, represented
by the official structural formula.
For detailed information concerning the synthesis of menadione sodium bisulfite, through
interaction of menadione and sodium bisulfite,
see Moore (ibid., 1941, 63, 2049), Baker et al.
(ibid., 1942, 64, 1096; 1943, 65, 1775), and U. S.
Patent 2,367,302 (1945). The utility of this particular form of menadione depends on its being
soluble in water.
Description. — "Menadione Sodium Bisulfite
occurs as a white, crystalline, odorless hygroscopic
powder. One Gm. of Menadione Sodium Bisulfite
dissolves in about 2 ml. of water. It is slightly
soluble in alcohol, and is almost insoluble in ether
and in benzene." U.S.P.
Standards and Tests. — Identification. — (1)
The menadione obtained in the assay melts between 104° and 107° and responds to the identification test under Menadione. (2) A bright yellow precipitate of menadione forms on the addition of 0.1 N sodium hydroxide, drop by drop, to
a 1 in 100 aqueous solution of menadione sodium
bisulfite. Water. — Not less than 11 per cent and
not more than 16.5 per cent, when dried at 100°
in a vacuum oven for 3 hours. 2-Methyl-l,4naphthohydro quinone- 3- sulfonate. — No precipitate forms on adding 2 drops of orthophenanthroline T.S. to a solution of 100 mg. of menadione
sodium bisulfite in 5 ml. of distilled water. U.S.P.
Assay. — To an aqueous solution containing
about 300 mg. of menadione sodium bisulfite is
added sodium hydroxide T.S. to precipitate menadione; this is extracted with chloroform, the solution filtered, the filtrate evaporated to dryness,
and the residue assayed in the same manner as
menadione. U.S.P.
Uses. — This compound is used for the same
purposes as menadione (Butt et al., Proc. Mayo,
1940, 15, 69); because of its solubility in water
it can be administered by intramuscular or intravenous injection. Large doses (72 mg. in 10 ml.)
are given slowly (1 ml. per minute) intravenously to counteract excessive hypoprothrombinemia resulting from dicoumarol therapy (Cromer
and Barker, Proc. Mayo, 1944, 19, 217); if
bleeding is severe a transfusion of fresh citrated
blood is also given. Presently, an emulsion of
vitamin Ki is reported to be more effective and
more
rapidly
tonadione)
. effective for this purpose (see PhyIn nausea and vomiting of pregnancy, Merkel
(Am. J. Obst. Gyn., 1952, 64, 416) reported remission of symptoms within 3 days in 64 of 70
cases following daily administration of 25 mg. of
ascorbic acid and 5 mg. of menadione sodium
bisulfite by mouth. It should be noted that the
bisulfite represents only about 50 per cent of
menadione.
Dose. — The usual dose is 2 mg. (approximately
Vza grain) daily, administered intravenously or
subcutaneously, with a usual range up to 2 mg.
In emergencies, as in cases of toxicity from bishydroxycoumarin or related drugs, up to 100 mg.
may be given. The maximum safe dose is usually
100 mg. and this dose is rarely exceeded in a
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24-hour period. The efficacy of therapy is determined by the prothrombin time of the blood.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
MENADIONE SODIUM BISULFITE
INJECTION.
U.S.P.
[Injectio Menadione

Sodii Bisulfitis]

"Menadione Sodium Bisulfite Injection is a
sterile solution of menadione sodium bisulfite in
water for injection. It contains not less than 90
per cent and not more than 110 per cent of the
labeled amount of C11HsO2.NaHSO3.3H2O."
US.P.
Sp. Inyeccion de Bisulfito de Menadiona

Sodica.

Storage. — Preserve "in single-dose containers."
U.S.P.
Usual Sizes. — 5 and 10 mg. in 1 ml.; 72 mg.
in 10 ml.
MENTHOL.

U.S.P., B.P.

[Menthol]

"Menthol is an alcohol obtained from diverse
mint oils or prepared synthetically. Menthol may
be levorotatory (/-Menthol), from natural or
synthetic sources, or racemic (tf/-Menthol), produced synthetically." U.S.P. The B.P. defines
Menthol as natural laevo-menthol obtained from
the volatile oils of various species of Mentha, or
synthetic laevo-menthol, or racemic menthol.
Peppermint Camphor; Hexahydrothymol; 3-Hydroxy-4isopropyl-1-methylcyclohexane; 4-Isopropyl-l-methyl-3-cyclohexanol: 3-/>-Mentbanol; Menthanol-3. Mentholum. Fr.
Menthol; Alcool mentholique; Menthol gauche; Camphre
de menthe. Ger. Menthol; Menthacampher; Pfefferminzcampher. It. Mentolo; Canfora di menta. Sp. Mentol;
Alcohol mentolico.

Natural menthol, known also as peppermint
camphor, may be obtained from peppermint oil —
whether American. Chinese, or Japanese — either
by cooling the oil to the point of crystallization
of menthol or by fractional distillation of the oil.
Both the Chinese peppermint oil, which is obtained from the Mentha arvensis var. glabrata,
and the Japanese oil, from M. arvensis var.
piperascens, are richer in menthol than is American oil obtained from M. piperita. Before the
outbreak of World War II. from 70 to 85 per cent
of the world production of natural menthol came
from Japan. Later, considerable natural menthol
was imported from Brazil.
Synthetic menthol was produced commercially
as early as 1913. but the adverse market conditions during World War I prevented development
of the industry until some years later. Menthol
may be synthesized by several methods from a
number of compounds. Being a hexahydrothymol.
menthol may be prepared by hydrogenation (re-
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duction) of thymol. Other substances, also terpene derivatives, from which menthol may be
synthesized are pulegone, piperitone, menthone,
and certain citronella oils. Pulegone, for example,
may be reduced by metallic sodium, in alcohol,
the mixture being heated in an autoclave and the
product fractionally distilled. Using citronella
oil, the J-citronellal is distilled off and this aldehyde first converted, through an intramolecular
aldol condensation, into a mixture of isomeric
isopulegols from which a mixture of isomeric
menthols is obtained by hydrogenation in the
presence of a nickel catalyst. The product is
predominantly /-menthol, with smaller amounts of
rf-neomenthol and rf-isomenthol. The /-menthol,
which is identical in physical and chemical properties with natural menthol, is separated from the
mixture by a process involving esterification and
fractional crystallization, the menthol being finally
recovered from its ester by hydrolysis. Synthetic
/-menthol differs in odor from natural menthol
because the latter retains a portion of the oil
from which it was obtained; the odor of the
synthetic substance may be made to simulate the
natural by spraying with peppermint oil.
Some synthetic menthols are not chemical individuals but rather are mixtures of various isomers of menthol. Because the molecule contains
three asymmetric carbon atoms a total of twelve
isomers, eight of them optically active and four
racemic, are possible and have been prepared;
these are designated, respectively, /-menthol.
J-menthol. (//-menthol, /-isomenthol, <f-isomenthol.
(//-isomenthol. /-neomenthol, d-neomenthol, dlneomenthol, /-neoisomenthol. </-neoisomenthol,
and ^/-neoisomenthol. Their melting points vary
from —15° for rf-neomenthol to +82.5° for disomenthol. The /-menthol exists in several crystalline modifications, but as the lower melting
forms are unstable the melting point of 43° is
usually well defined; the (//-menthol exists in
two crystalline modifications melting at 28° and
38° respectively. The neomenthols show a great
tendency, when melted, to remain in liquid form
for a long time unless a seed crystal is added to
induce crystallization. For further information
concerning the synthesis of menthol and the properties of the several isomers see Bliss and Glass
(J. A. Ph. A., 1940, 29, 171), and Huggett {Quart.
J. P., 1942, 15, 218).
Menthol is a secondary alcohol which may be
considered to have been derived from the saturated cyclic hydrocarbon p-menthane, C10H20.
Upon oxidation menthol yields the ketone
menthone.
Description. — "Menthol occurs as colorless,
hexagonal crystals, usually needle-like, or in fused
masses, or as a crystalline powder, and has a
pleasant, peppermint-like odor. Menthol is
slightly soluble in water. It is very soluble in
alcohol, in chloroform, in ether, and in petroleum
benzin. It is freely soluble in glacial acetic acid,
in liquid petrolatum, and in fixed and volatile
oils." U.S.P.
Standards and Tests. — Melting range of
l-Menthol. — Levo menthol melts between 41° and
43°. Congealing range of dl-Menthol. — Racemic
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menthol congeals at a temperature between 27°
and 28°; after a few minutes of stirring of the
mass the temperature quickly rises to 30.5° to
32°. Identification. — Menthol, when triturated
with about an equal weight of camphor, chloral
hydrate, phenol, or thymol, liquefies. Specific
rotation. — The specific rotation of levo menthol,
determined in an alcohol solution containing 10
Gm. of camphor in 100 ml., is between —45° and
—51°. The specific rotation of racemic menthol,
determined in the same manner, is between —2°
and +2°. Readily oxidizable substances in racemic
Menthol. — The purple color of a mixture of 500
mg. of racemic menthol with 0.3 ml. of 0.1 N
potassium permanganate diluted to 10 ml. with
distilled water, warmed to between 45° and 50°,
persists for at least 5 minutes. Non-volatile residue.— Not more than 1 mg. from 2 Gm. of
menthol. U.S.P.
The B.P. standards and tests differ in many respects from those of the U.S. P. Tests for identity
applicable to all forms of menthol include: (1)
the production of an orange-yellow color on adding to a solution of 10 mg. of menthol in 1 ml.
of sulfuric acid, 1 ml. of a 1 per cent w/v solution of vanillin in sulfuric acid, the color changing to violet on adding 1 ml. of water (distinction from thymol); (2) the requirement that no
green color be developed on adding to a few
crystals of menthol, dissolved in 1 ml. of glacial
acetic acid, 3 drops of sulfuric acid and 1 drop
of nitric acid (distinction from thymol). Tests
for purity, also applicable to all forms of menthol, require that an alcoholic solution be neutral
to solution of litmus, that no color be produced
on adding ferric chloride test solution to an alcohol solution of menthol (absence of phenolic substances), that not more than 0.05 per cent of
residue remain on volatilizing menthol on a
water-bath, in an open dish. Laevo-menthol, levo
menthol, natural or synthetic, is further required
to have a melting-point between 42° to 44°, and
a specific rotation, in a 10 per cent w/v solution
in 90 per cent alcohol, of —49° to —50°. Racemic
menthol should have a freezing-point of 27° to
28°, rising on prolonged stirring to 30° to 32°,
and a melting-point of 32.5° to 34°.
Incompatibilities. — A liquid or a soft mass
is produced when menthol is triturated with
camphor, phenol, chloral hydrate, betanaphthol,
resorcinol, thymol and many other substances. It
is decomposed by oxiding agents. Addition of
water to its alcoholic solution causes it to separate
as an oily liquid.
Uses. — Menthol is used chiefly topically as an
antipruritic, mild anesthetic and counterirritant.
Action. — When locally applied, it stimulates
the nerves for the perception of cold, but depresses those for pain. It is actively germicidal,
being more powerful than phenol (see under
Volatile Oils); Gershenfeld and Miller (Am. J.
Pharm., 1933, 105, 490) found that even the
saturated aqueous solution, which is very dilute,
has some distinct antiseptic properties.
The physiological properties of several of the
isomeric menthols have received study. The isomenthols are rather more toxic than are other
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isomers (Wokes, Quart. J. P., 1932, 5, 233; Bliss
and Glass, /. A. Ph. A., 1940, 29, 171). Seel
(Arch. exp. Path. Pharm., 1927, 122, 338) reported, however, that d/-neomenthol and dl-\somenthol are only half as toxic, and d/-neoisomenthol equally toxic, as /-menthol. Macht (Arch,
internat. pharmacodyn. therap., 1939, 63, 43)
studied the effect of several of the isomers on
circulation, respiration, kidney and liver function, nervous system, and various isolated living
tissues; Huggett (Quart. J. P., 1942, 15, 218)
questioned some of the conclusions because
Macht appeared to be unaware of the existence
of certain of the isomers and did not compare
enantiomorphs. One important conclusion by
Macht was that all isomers examined produced
some degree of local anesthesia. Wokes (loc. cit.)
found (/-menthol to have considerably greater
germicidal activity than /-menthol, with dlmenthol being intermediate in effect. The "cooling" effect of /-menthol was found by Bliss and
Glass to be superior to that produced by other
isomers; the odor and taste, too, of /-menthol
were superior, with some of the isomers productions. ing sharp, irritating and disagreeable percepTherapeutic. — Menthol is one of the most
widely used of antipruritics in dermatologic therapy of various diseases accompanied by itching.
Menthol relieves by substituting a cool sensation
for that of itching. It is usually incorporated in
0.25 to 1 per cent strength in lotions, emulsions,
ointments, creams, oils or pastes for local application. Probably by virtue of the same local anesthetic property it is also frequently of service in
nausea and gastrodynia. In headache and other
forms of neuralgia the external application of
menthol frequently produces a considerable degree of relief; the action in such cases is probably that of a counterirritant rather than an
anesthetic. An ether solution containing 10 to
50 per cent of menthol, applied 2 or 3 times
daily, has been used to control superficial inflammations, such as boils or carbuncles.
Menthol has been widely used in 1 or 2 per
cent solution in liquid petrolatum, and also in
inhalers, for treatment of upper respiratory infections. Through its local anesthetic action and
stimulation of cold receptors in the nose application of menthol is followed by a feeling of decreased nasal congestion. Actually the reverse is
true; when incorporated with vasoconstrictor
substances in inhalers menthol may largely offset
the beneficial effect of the vasoconstrictor and
actually increase congestion. Menthol is often
added to hot water for inhalations in acute bronchitis, the local anesthetic effect of the vapor
alleviating the cough and sense of oppression in
the chest; it may, however, cause irritation. It
has occasionally been employed as a gastrointestinal antiseptic, [v]
Compound Menthol Spray of N.F. IX was
prepared by agitating 10 Gm. of menthol, 10 Gm.
of camphor, 5 ml. of methyl salicylate, and 2 ml.
of eucalyptol with 75 ml. of light liquid petrolatum until solution was effected, then diluted with
light liquid petrolatum to a volume of 1000 ml.
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It was applied in the nostrils by spraying or
dropping.
Camphorated Menthol of 'N.F. VII, prepared
by warming together a mixture of equal parts of
camphor and menthol, previously powdered, until
a solution resulted, was used as a counterirritant
anodyne for local application in neuralgias.
Toxicology. — A number of cases of dangerous asphyxiation, at least one of which ended
fatally, have followed local application of menthol in infants for relief of coryza (see Lublinski,
Berl. klin. Wchnschr., 1912, 49).
When administered internally in sufficient
quantity menthol has an action on the central
nervous system which causes in lower animals
ataxia, increased respiration, convulsions, paralysis and death from asphyxia. The fatal dose of
natural menthol is about 1 Gm. per Kg. of body
weight (Seel, Arch. exp. Path. Pharm., 1927, 122,
338). It is reported that Schwenkenbecher
{Munch, med. Wchnschr., 1908) took 8 Gm. of
menthol without any more serious symptoms than
a subjective sensation of coldness. Ingestion of a
peppermint liquor, which contains menthol,
caused in a child abdominal pain, vomiting, ataxia
and stupor, with a flushed face and slow respiration; in another case muscular rigidity persisted
for davs (Wetzel, Arch. /. Kinderheilk., 1943,
129, 74).
The dose of menthol, by mouth, is 30 to 120
mg. (approximately Yi to 2 grains). Topically, it
is used in 1 to 10 per cent concentration.
Labeling. — "Label Menthol to indicate
whether it is levorotatory or racemic." U.S.P.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." U.S. P.
Off. Prep. — N.F. Antiseptic Solution; Compound Ephedrine Spray; Compound Menthol
Ointment; Compound Zinc Sulfate Powder, N.F.
COMPOUND

MENTHOL
N.F.

OINTMENT.

Unguentum Mentholis Compositum
Inunctum Mentholis Compositum; Pomatum Mentholi et
Salicylatis Methyli. Sp. Pomada de mentol y salicilato de
metilo.

Melt 50 Gm. of white wax with 750 Gm. of
hydrous wool fat on a water bath. Dissolve 100
Gm. of menthol in 100 Gm. of methyl salicylate,
and add this mixture to the melted base; stir
until the whole congeals. N.F.
Uses. — This ointment is used as a local application for the relief of neuralgic and rheumatic
pains. Its effect depends on the local anesthetic
effect of menthol, the counterirritant action of
methyl salicylate, the massage required for its
application and the psychological effect of its use.
Storage. — Preserve "in tight containers and
avoid prolonged exposure to temperatures above
30°." N.F.
MEPACRINE METHANESULPHONATE.
B.P. (LP.)
Mepacrinae Methanosulphonas

The B.P. defines this substance as 2-chloro-5(4-diethylamino- 1 -methylbutylamino ) - 7 -methoxyacridine dimethanesulphonate
and requires it

to contain not less than 99.0 per cent of
C23H30ON3Cl.2CH3.SO3H, calculated with reference to the substance dried to constant weight
at 130°. The I. P., which uses the American system in numbering the acridine nucleus, identifies
the chemical as 3-chloro-9(4'-diethylamino-lmethylbutylamino)-7-methoxyacridine dimethanesulfonate, requires the same content of the active
component, except that the calculation is made
with reference to the substance dried to constant
weight at 100°.

LP. Mepacrine Methanesulfonate; Mepacrini Methanosulfonas.
sulfonate. Quinacrine Methanesulfonate. Atabrine Methane-

For general discussion of the chemical and
therapeutic properties of this compound see under
Quinacrine Hydrochloride. It is prepared by treating an alcoholic solution of mepacrine base with
menthanesulfonic acid and precipitating the
methanesulfonate with ether. The official salt is
a monohydrate.
Description. — A bright yellow crystalline
powder, odorless and having a bitter taste. It is
soluble in 3 parts of water or 36 parts of alcohol.
The tests for identity are similar to those described inthe U.S. P. for quinacrine hydrochloride
except the test for chloride. In the place of this
it is directed to fuse 100 mg. of the methanesulfonate with anhydrous sodium carbonate, extract with water and filter; the filtrate should
give reactions characteristic of sulfates. The pH
of a 2 per cent w/v aqueous solution is between
3 and 5. A test for limit of 2-chloro-7-methoxyacridone is included. The loss in weight, when
dried at 130°, is not less than 2.0 per cent and
not more than 4.0 per cent.
Assay. — The assay process is the same as
that of the B.P. for Mepacrine Hydrochloride.
Each Gm. of the residue is equivalent to 1.481
Gm. of C23H30ON3CI.2CH3SO3H. The LP. assay
is practically identical with that applied by the
U.S. P. to quinacrine hydrochloride.
This substance is used in the treatment of
malarial fevers. For description of its therapeutic
value see under Quinacrine Hydrochloride. Because of its being more soluble in water than the
hydrochloride it is preferable for parenteral injections.
The dose as given in the B.P. is from 100 to
300 mg. (approximately \]/i to 3 grains) by
intramuscular injection, a sterile solution being
prepared by dissolving it in the requisite amount
of water for injection, immediately before use.
INJECTION OF MEPACRINE
METHANESULPHONATE.
B.P, LP.
Injectio Mepacrinae Methanosulphonatis

This injection is prepared by dissolving the
contents of a sealed container of mepacrine
methanesulphonate in the requisite amount of
water for iniection immediately before use. The
quantity of C23H30ON3Cl.2CH3.SO3H.H2O in the
sealed container is not less than 89.0 per cent and
not more than 110.0 per cent of the labeled
quantity.
B.P.
Since solutions
of mecaprine methanesulphonate
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are unstable they must be prepared immediately
before use, as directed above.
MEPERIDINE HYDROCHLORIDE.
U.S.P. (B.P., I.P.)
Ethyl l-Methyl-4-phenylpiperidine-4-carboxylate Hydrochloride, Pethidine Hydrochloride, Meperidinium
Chloride, [Meperidince Hydrochloridum]

COOC2H5

CV

The B.P. and LP. define Pethidine Hydrochloride as the hydrochloride of ethyl l-methyl-4phenylpiperidine-4-carboxylate. The B.P. requires
not less than 99.0 per cent of C15H21O2N.HCI,
calculated with reference to the substance dried
to constant weight at 105°; the LP. rubric is the
same except that there is no specification for
drying.
B.P. Pethidine Hydrochloride; Pethidinae Hydrochloridum. LP. Pethidini Hydrochloridum. Isonipecaine;
Dolantin;
Dolantol;
Demerol
Hydrochloride
(W 'inthrop) .

Meperidine, originally synthesized in a search
for spasmolytic agents but eventually found to
have a predominant analgesic action (see Eisleb
and Schaumann, Deutsche med. Wchnschr., 1939,
65, 967), was first prepared by Eisleb from benzyl
cyanide and methyI-6w((3-chloroethyl) amine, the
latter compound being one of the therapeutically
useful nitrogen "mustards." The l-methyl-4phenyl-4-cyano-piperidine obtained by the interaction of the starting substances was hydrolyzed
to l-methyl-4-phenyl-4-piperidinecarboxylic acid
and the chloride of this was esterfied with ethyl
alcohol to produce meperidine base (see U. S.
Patent 2,167,351, July 25, 1939). Other processes
of synthesis have also been developed (see U. S.
Patent 2,242,575, May 20, 1941; also U. S. Patent
2,382,285, August 14, 1945).
Description. — "Meperidine Hydrochloride occurs as a fine, white, crystalline, odorless powder.
It is stable in air at ordinary temperatures. Its 1
in 20 solution is acid to litmus, having a pH of
about 6. Meperidine Hydrochloride is very soluble in water. It is soluble in alcohol, and is
sparingly soluble in ether. Meperidine Hydrochloride melts between 186° and 189°." U.S.P.
The B.P. indicates that meperidine hydrochloride
is soluble in chloroform.
Standards and Tests. — Identification. — (1)
Oily droplets of meperidine base separate on
adding sodium carbonate T.S. to a solution of
meperidine hydrochloride; on drying the base on
a porous plate, a colorless or pale yellow solid
remains. (2) A yellow crystalline precipitate of
meperidine picrate is produced on adding a solution of trinitrophenol to a solution of meperidine
hydrochloride in alcohol and allowing the mixture
to stand for 2 hours ; the washed precipitate, dried
at 105° for 2 hours, melts between 188° and 191°.

Hydrochloride
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(3) A solution of meperidine hydrochloride responds to the test for chloride. Loss on drying. —
Not over 1 per cent, when dried over sulfuric acid
for 4 hours. Residue on ignition. — Not over 0.1
per cent. Chloride content. — About 500 mg. of
meperidine hydrochloride, previously dried over
sulfuric acid for 2 hours, is assayed for chloride
by the Volhard method, nitrobenzene being used
to coat the particles of silver chloride. Not less
than 12.2 per cent and not more than 12.7 per
cent of CI is found. U.S.P. The B.P. specifies, as
an identification test, that a cream-colored precipitate be produced on adding a few drops of
potassium mercuric iodide solution to 5 ml. of a
1 per cent w/v solution of meperidine hydrochloride.
Assay. — The B.P. directs 600 mg. of meperidine hydrochloride to be dissolved in 50 ml. of
water, acidified with 5 ml. of dilute sulfuric acid,
and titrated with 0.1 N silver nitrate, using 6
drops of 0.25 per cent w/v solution of phenosafranine as indicator. Each ml. of 0.1 iV silver
nitrate represents 28.38 mg. of C15H21O2N.HCI.
The LP. directs solution of 300 mg. of meperidine hydrochloride in water, alkalinization with
sodium hydroxide to release meperidine base, extraction ofthe base with ether, addition of 20 ml.
of 0.1 N hydrochloric acid to the ether extracts,
evaporation of ether and titration of excess acid
with 0.1 A7 sodium hydroxide, using methyl red as
indicator. Each ml. of 0.1 N hydrochloric acid
represents 28.38 mg. of C15H21O2N.HCI.
Uses. — Action. — Meperidine hydrochloride is
used primarily as an analgesic and spasmolytic.
Its analgesic power ranks between that of codeine
and of morphine when effective doses are given
(Barlow et al, Proc. S. Exp. Biol. Med., 1942,
49, 11; Climenko, Fed. Proc, 1942, 1, 15). It is
effective whether given orally or parenterally.
Absorption from the gastrointestinal tract is
rapid. Its metabolism in man is imperfectly
understood. Following administration of labeled
meperidine to rats significant amounts of radioactivity are found in the liver, stomach, small
and large intestines, urine and feces (Plotnikoff
et al., J. Pharmacol., 1952, 104, 377). Evidence
for demethylation was established by the presence of radioactive carbon dioxide in expired air
and by identifying normeperidine in the urine. It
is also hydrolyzed in vivo and excreted in the
urine as l-methyl-4-phenylisonipecotic acid
(Plotnikoff, loc. cit.). It has been found in the
saliva of patients within half an hour after an
intramuscular dose of 100 mg.; no significant
amount was detected in the milk of lactating
women. The urine of newborn infants contained
less than 1 per cent of a 100-mg. dose which had
been administered to the mothers once or twice
during labor (Way et al., J. Pharmacol., 1949,
96, 477).
Meperidine hydrochloride has a relaxing action
on the smooth muscle of the small and large intestine, the uterus, the urinary bladder, and the
bronchial tree; the effect is due in part to an
atropine-like action on the parasympathetic endings but in larger measure to a papaverine-like
direct depressant action on the muscles (Yonk-
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man et al, Ann. Int. Med., 1944, 21, 7; Climenko
and Berg, /. Urol, 1943, 49, 255; Solomons and
Widdess, Brit. M. J., 1943, I, 643; Batterman
and Himmelsbach, J.A.M.A., 1943, 122, 222).
In the intact intestine of dogs and in isolated
duodenal strips of cats and rabbits, meperidine
increases tonus and peristalsis and decreases organ
volume (Gruber et al, J. Pharmacol., 1941, 73,
319). Gaensler et al (Surgery, 1948, 23, 211)
found it to be a spasmogenic rather than a
spasmolytic agent on the sphincter mechanism at
the lower end of the common bile duct. In a
study of the effects on renal hemodynamics Habif
et al. (ibid., 1951, 30, 241) found glomerular
filtration and renal plasma flow decreased. There
was a marked depression in urine flow and electrolyte (Na, K and CI) excretion, but urinary
concentration of the electrolytes usually increased. Ferrer and Sokaloff (Am. J. Med. Sci.,
1947, 214, 372) suggest that meperidine has an
antidiuretic effect in patients with congestive
heart failure and point out that this may account
for poor response to mercurial therapy in such
patients when both drugs are used.
Analgesia. — Meperidine hydrochloride is employed for the relief of severe pain or as a
spasmolytic, or both, in many conditions, including biliary, renal or gastrointestinal colic, bronchial asthma, the anginal syndrome and distress
of congestive heart failure, hypertensive headache, arthritic pain, various neurologic pains, etc.
In colicky pain the spasmolytic effect is particularly beneficial; constipation, commonly seen
after opiate therapy, is absent (Batterman, Arch.
Int. Med., 1943, 71, 345; Fed. Proc, 1942, 1,
143). Batterman, in a report (Connecticut State
M. I., 1944, 8, 13) based on the study of 4000
cases, pointed out that meperidine hydrochloride,
in contrast to morphine, may be used relatively
freely to relieve the severe pain of malignancies
or chronic hopeless diseases, with little if any
occurrence of general tolerance to the analgesic
effects. It is also useful for chronic nerve pains,
such as neuritis, radiculitis, tabes dorsalis, and
intercostal neuralgias following thoracoplasty. In
256 arthritic patients Batterman (Ann. Int.
Med., 1945, 22, 382) found parenteral administration of the drug to produce satisfactory
analgesia in 83 per cent of the patients, with an
additional 13 per cent experiencing moderate relief. Way (/. A. Ph. A., 1946, 35, 44) found, in
tests on rabbit cornea, frog sciatic nerve, and
human skin, that meperidine hydrochloride has
about 0.7 of the activity of cocaine as a local
anesthetic.
In surgery, administration of meperidine hydrochloride 20 minutes to an hour before operation
has a desirable sedative effect and relieves much
of the apprehension of the patient. Many reports
of the use of the drug as preanesthetic medication, either alone or in combination with
scopolamine or barbiturates, have been published
(Rovenstine and Batterman, Anesth., 1943. 4,
126; Weinstein, Am. J. Surg., 1943, 60, 267; Hori
and Gold, Can. Med. Assoc. J., 1944, 51, 509).
Administration of the drug in the immediate
postoperative period makes the patient comfortable and reduces restlessness; it rarely results in
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deep narcosis, respiratory depression or urinary
retention, and the cough reflex is unaltered so
that expectoration is not interfered with as in
the case of morphine.
In operative dentistry it has been found safe
and effective for relieving apprehension and producing desirable sedation. An antisialogogue
action has been demonstrated (Sherman and
Omon, /. A. Dent. A., 1951, 42, 294). Its use,
alone and in conjunction with other agents, for
endotracheal intubation has been reported (Ruben
et al, Brit. J. Anaesth., 1951, 23, 33).
Subcutaneous administration of 100 mg. to patients with postoperative or chronic elevations of
cerebrospinal fluid pressure had no significant
effect on the pressure (Bopay et al, Bull. Am.
Coll Surgeons, 1950, 35, 65).
Meperidine has been used in children by
Spruckhoff (Deutsche med. Wchnschr., 1941, 67,
383) as a spasmolytic in the croup of measles,
diphtheria and pseudocroup. Hori and Gold (loc.
cit.) reported its use in children for preoperative
and postoperative medication. Dosage for children ranges from 5 to 50 mg., depending on age
and weight; 1.5 mg. per Kg. of body weight is a
conservative subcutaneous dose.
In obstetrics meperidine hydrochloride is useful
for both its analgesic and spasmolytic effects; it
produces satisfactory analgesia and shortens labor
in the primipara, yet is without significant effect
upon the baby. Used by itself, it does not produce
amnesia; if this is desired, scopolamine or barbiturates are also given. With large doses (300 to
500 mg.) a moderate sedative effect is observed
with the patient frequently sleeping between pains
but awakening when spoken to; a euphoric effect
is also noted, with a feeling of added braveness.
Postpartum depression, confusion, or other similar symptoms are apparent. For reports of such
use, with technics of administration, see Gilbert
and Dixon, Am. J. Obst. Gyn., 1943, 45, 320;
Roby and Schumann, ibid., 1943, 45, 318; Schumann, ibid., 1944, 47, 93; Gallen and Prescott,
Brit. M. J., 1944, 1, 176; Donnelly, Am. J. Med.
Sc, 1944, 207, 804; Cripps et al., Brit. M. J.,
1944, 2, 498; Marshall, N. Y. State J. Med.,
1945, 45, 432; Winters et al, Am. J. Obst. Gyn.,
1951, 61, 629; Manson, U. S. Armed Forces
M. J., 1950, 1, 1437.
Asthma. — Several investigators have reported
on its value in relieving acute asthmatic attacks.
Batterman (loc. cit.) found 25 to 35 mg. of the
drug, injected subcutaneously, to give relief
within 10 minutes; Barach (Bull. N. Y. Acad.
Med., 1944, 20, 538) gave 100 mg. by mouth or
by injection in intractable bronchial asthma;
Noth et al. (Ann. Int. Med., 1944, 21, 17) reported three patients who obtained no relief from
epinephrine or aminophylline to be benefited by
meperidine hydrochloride. The drug should not be
employed continuously or routinely, as the patient may become irrational (Hobbs, Brit. M. J.,
1944, 2, 328). Glaser (Ann. Allergy, 1945, 3,
373) administered a mixture of meperidine
hydrocloride and epinephrine hydrochloride, in
the same syringe, in treating asthma in infants
and children; the dose of the former drug was
1.5 mg. per Kg. S
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Toxicology. — Administration to man in doses
of 50 to 150 mg. at three- or four-hour intervals, as it is given clinically, produces mild
circulatory or respiratory effects only occasionally. Prolonged use has resulted in no alteration
of the hematopoietic system or impairment of
kidney function. Blood sugar levels are not
altered. In bed patients receiving the drug by the
parenteral route, dizziness is observed in approximately 2 per cent, nausea and vomiting in
4 and 8 per cent, respectively, of cases; in ambulatory patients these effects are both more
frequent and more severe. Perspiration and dryness of the mouth may at times be marked. Since
these reactions subside if the drug is continued
they are not an indication to discontinue medication. Excessive doses, as employed in abuse of
the drug, may result in tremors and possibly convulsions; the latter have occurred if the dose
exceeds 0.2 Gm. every two hours. With therapeutic doses cerebral irritation, such as tremors
and uncoordinated muscular movements, may
occur in an occasional patient (for literature on
side effects see Fitzgerald and McArdle, Lancet,
1943, 1, 296; Hecht et al, J.A.M.A., 1943, 121,
1307). Meperidine hydrochloride should be administered with caution, if at all, to patients with
intracranial lesions (Guttmann, J.A.M.A., 1944,
124, 155).
Meperidine hydrochloride, tested on animals, is
relatively nontoxic. Eisleb and Schaumann {loc.
cit.) reported the minimum lethal dose for mice
to be 150 mg. per Kg. subcutaneously and 60 mg.
per Kg. intravenously; for rabbits 30 mg. per
Kg. intravenously and 700 mg. per Kg. orally.
Administration of 75 mg. of the drug per Kg.
to 8 adult dogs and 40 mg. per Kg. to 24
monkeys, each day for 10 months, produced only
a slight degree of anorexia and a slight falling
off in weight ; upon necropsy no histologic changes
in liver, kidneys, spleen, gastric mucosa, or bone
marrow were observed. Hecht et al. {loc. cit.),
who gave meperidine hydrochloride for periods
up to 211 consecutive days, reported that regular
urinalyses, blood counts, electrocardiograms and
liver function tests showed no alteration attributable to the drug. Cohen {Ann. Allergy,
1950, 8, 547) reported ingestion of 1.25 Gm. in
a suicidal attempt; only mild toxic symptoms developed and recovery was rapid. N-Allylnormorphine, administered intravenously in doses of
10 to 40 mg., will effectively prevent or counteract respiratory depression resulting from overdosage (Eckenhoff et al., Am. J. Med. Sci., 1951,
222, 115; 1952, 223, 191; Radoff and Huggins,
Proc. S. Exp. Biol. Med., 1951, 78, 879).
Clinical research indicates that when meperidine hydrochloride is administered for relief of
pain in amounts not in excess of 150 mg. every
3 hours habituation and physical dependence on
the drug are not likely to occur. In absence of
pain, physical dependence has been produced experimental y informer or active morphine addicts
when daily amounts in excess of therapeutic
dosages were administered for upwards of 2
months. For references to tolerance and addiction
liability see Andrews (/. Pharmacol., 1942, 75,
338; 1942, 76, 89); Himmelsbach {ibid., 1942,
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75, 64; 1943, 79, 5); Batterman {Arch. Int.
Med., 1943, 71, 345); Noth et al. {Ann. Int.
Med., 1944, 21, 17); Council on Pharmacy and
Chemistry, J.A.M.A., 1946, 132, 146); Curry
{ibid., 1947, 133, 243); Isbell (/. Pharmacol,
1949, 97, 182; Rasor and Crecraft {J. A.M. A.,
1955, 157, 654).
Meperidine hydrochloride was included by Act
of Congress under the Harrison Act and therefore
its distribution and sale are governed by regulations of the Federal Bureau of Narcotics.
Ketobemidone, chemically 4-(w-hydroxyphenyl)-l-methyl-4-piperidyl ethyl ketone or 4propionyl -4 - m-hy dr oxyphenyl- 1 -methylpiperidine ,
is a compound closely related to meperidine
which causes addiction with the facility and
violence of diamorphine (heroin) hydrochloride.
For this reason it has not been introduced into
clinical medicine (Isbell, /. Pharmacol., 1949, 97,
182). For pharmacological properties and analgesic potency of the compound see Cahen et al.
{ibid., 1948, 94, 328), and Petersen {Acta
Pharmacol. Toxicol., 1951, 7, 51).
Dose. — The usual dose of meperidine hydrochloride, orally or subcutaneously, is 100 mg.
every 4 hours as necessary, with a range of 25 to
100 mg.; the maximum safe dose is 100 mg. and
the total dose in 24 hours should not exceed 600
mg.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
MEPERIDINE
INJECTION.

HYDROCHLORIDE
U.S.P. (B.P., LP.)

Injectio Meperidine Hydrochloridi

"Meperidine Hydrochloride Injection is a
sterile solution of meperidine hydrochloride in
water for injection. It contains not less than 95
per cent and not more than 105 per cent of the
labeled amount of C15H21NO2.HCI." U.S.P. The
corresponding B.P. limits are 94.0 per cent and
105 per cent; the B.P. states that the solution is
sterilized by heating in an autoclave (30 minutes
at 115° to 116°) or by filtration through a
bacteria-proof filter. The LP. limits are the same
as those of the U.S.P.
B.P. Injection of Pethidine Hydrochloride; Injectio
Pethidinae
Hydrochloride I. P. Injectio Pethidini Hydrochloride

The pH of meperidine hydrochloride injection
is between 4.5 and 6. U.S.P.
Assay. — A volume of injection equivalent to
about 100 mg. of meperidine hydrochloride is
alkalinized with sodium hydroxide to liberate
meperidine base, which is extracted with ether.
The combined ether solution, after washing, is
mixed with 30 ml. of 0.02 N sulfuric acid,
warmed to expel the ether, and titrated with
0.02 N sodium hydroxide. Each ml. of 0.02 N
acid represents 5.676 mg. of C15H21NO2.HCI.
U.S.P. The B.P. assay is practically identical.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 50 mg. in 1 ml., in 2 -ml. ampuls
and 30-ml. vials.
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MEPERIDINE
TABLETS.

Hydrochloride Tablets
HYDROCHLORIDE
U.S.P. (B.P., LP.)

Tabellae Meperidine Hydrochloridi

"Meperidine Hydrochloride Tablets contain not
less than 95 per cent and not more than 105 per
cent of the labeled amount of C15H21NO2.HCI."
U.S.P. The corresponding limits of the B.P. are
92.5 per cent and 107.5 per cent; those of the
LP. are 94.0 and 106.0 per cent.
B.P. Tablets of Pethidine Hydrochloride; Tabellae
Pethidinae Hydrochloridi. LP. Compressi Pethidini Hydrochloridi.

Usual Sizes. — CH3
50 mg. and 100 mg.
MEPHENESIN.
N.F.

&

0CH2CH(0H)CH20H

"Mephenesin yields not less than 96 per cent of
C10H14O3." N.F.
3-o-Toloxy-l,2-propanediol. Dioloxol (Carnrick); Lissephen
(Abbott); Mephson (Tutag) ; Myanesin (British Drug
Houses); Myoxane (Ascher); Oranixon (Organon) ; Sinan
(Warren-Teed);
Tolansin
(Squibb); Tolulexin
(Miller). (Physicians' Drug); Tolserol

The most active of a large number of alphaglyceryl ethers tested for ability to depress reflex
activity in the spinal cord, by Berger and Bradley
(Brit. J. Pharmacol., 1946, 1, 265) proved to be
the a-(o-tolyl)glyceryl ether. It may be synthesized bythe interaction of sodium o-cresolate
and l-chloropropane-2,3-diol.
Description. — "Mephenesin occurs as a white
crystalline powder with a faint characteristic
odor. It has a bitter taste, and produces a numbness of the tongue. One Gm. of Mephenesin dissolves in about 100 ml. of water. It is freely
soluble in alcohol, in chloroform, and in ether,
and sparingly soluble in benzene. Mephenesin
melts between 70° and 73.5°." N.F.
Standards and Tests. — Identification. — (1)
A pink color develops on solution of 10 mg. of
mephenesin in 0.5 ml. of sulfuric acid; addition
of 1 drop of 3 per cent formaldehyde solution
produces an intense red color. (2) Mephenesin is
oxidized with potassium permanganate T.S. in
alkaline solution and the phenolic derivative is
coupled with diazotized />-nitroaniline to produce
a deep red color, which is discharged on acidification. Water. — Not over 0.5 per cent, when determined by drying in vacuum over phosphorus
pentoxide for 24 hours at room temperature or
by the Karl Fischer method. Residue on ignition.
— Not over 0.1 per cent. Arsenic. — The limit is
10 parts per million. Heavy metals. — The limit
is 20 parts per million. N.F.
Assay. — About 120 mg. of mephenesin is dissolved in sufficient alcohol to make 100 ml. A
2-ml. portion of this solution is diluted to
exactly 50 ml., with alcohol, and the absorbancy
determined at 272 m\i. An absorptivity (1%, 1
cm.) of 93.0 for the pure substance is used to
calculate the per cent of mephenesin in the
sample. N.F.
Uses. — A general discussion of mephenesin
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and certain pharmacologically related compounds
is provided in the monograph on Skeletal Antispasmodic Compounds in Part II. Mephenesin
was first described as a skeletal antispasmodic
agent by Berger and Bradley (Brit. J. Pharmacol.,
1946, 1, 265); their basic studies on the compound were extended and reported in a rapid succession ofpublications (ibid., 1947, 2, 241 ; Quart.
J. P., 1947, 20, 94; Lancet, 1947, 1, 97). They
suggested that its depressant action was on reflex
activity in the spinal cord since it antagonized the
effects of strychnine, particularly. It was shown
not to be a curarimimetic agent, for it did not
block neuromuscular transmission of nerve impulses (see monograph on Curarimimetic Agents).
They appreciated that in larger doses than those
that first affected the cord, mephenesin depressed
higher centers in the brain stem. It was anticipated that the compound would be of use as an
adjunct to anesthesia and for the relief of certain
hyperkinetic states and muscle spasm. Mallinson
(Lancet, 1947, 1, 98) reported favorably on it
as a new synthetic curarizing agent in anesthesia,
but it has not been accepted for this purpose as
being as satisfactory as the curarimimetic quaternary ammonium compounds (Griffith et al., Anesthesiology, 1949, 10, 61).
Action. — Henneman,
et al. (J. Pharmacol.,
1949, 97, 331) and Kaada
(/. Neurophysiol.,
1950, 13, 89) studied the effects of mephenesin
on various reflex systems within the brain stem.
Henneman et al. reported that the compound
blocked multisynaptic transmission in the spinal
cord. The compound abolished facilitation and inhibition of stretch reflexes originating from various levels in the brain stem, particularly in the
facilitatory and inhibitory centers in the brain.
Mephenesin did not inhibit monosynaptic transmission except at excessive dosages. Kaada independently came to similar conclusions with respect
to the reduction of facilitation and inhibition of
spinal reflex (knee jerk) following stimulation of
the brain stem reticular formation, or from stimulation of the anterior lobe of the cerebellum, or
as produced by the repetitive discharges of cortical evoked potentials. Thus, both groups of investigators concluded that the more complex
multisynaptic pathways are particularly vulnerable
to mephenesin. Henneman and Scherrer (/. Pharmacol., 1949, 97, 342) considered that the drug
depressed activity of the association cells rather
than having an effect on synaptic transmission.
Presumably these pathways are involved in such
disorders as petit mal epilepsy, spasticity, rigidity,
certain hyperkinetic movements and perhaps certain types of pain.
Mephenesin is less active when administered
orally than when given intravenously, although
it is commonly administered by mouth. Actually
Berger and Schwartz (J.A.M.A., 1948, 137, 772)
claimed excellent results following oral administration of the compound to patients with spastic
and hyperkinetic states. Regardless of mode of
administration its duration of action is approximately 3hours, except as it may break the cyclic
spasm-pain-spasm situation which can be relieved
indefinitely in some instances. Presumably the
lack of reliable oral efficacy and its short dura-

Part I
tion of action are due to the metabolization of
the compound to 3- (o-toloxy) -lactic acid and (3(2-methyl-4-hydroxyphenoxy)-lactic acid. Thus,
little mephenesin is excreted as such (Riley and
Berger, Arch. Biochem., 1949, 20, 159; Riley, /.
Pharmacol, 1950, 99, 329).
Muscle Spasticity. — Bickers and his associates (New Eng. J. Med., 1950, 242, 502) reviewed the indications for mephenesin as gained
from their own experience and from the literature. They reported that effective doses of the
drug could relieve some forms of hyperkinesia and
rigidity without sedation or loss of mobility. Improvement was reported to follow its use in epilepsy, Huntington's chorea, some types of myoclonus, rigidity of multiple sclerosis, transverse
myelitis and syringomyelia. No improvement was
seen in dystonia musculorum deformans, parkinsonism or Wilson's disease. Effron (J.A.M.A.,
1950, 144, 5; Am. J. Med. Set., 1951, 221, 561)
reported mephenesin to be only slightly effective
in relieving spastic disorders such as Parkinson's
disease, hemiplegia, paraplegia or cerebral palsy.
Likewise, Hipps (South. Med. J., 1949, 42, 1090)
reported that the compound relieved muscle
spasm in 49 per cent of 19 cerebral palsy children,
but in only 16 per cent was there improvement
in muscle tone. In 10 of 21 cases of spastic
paralysis, including multiple sclerosis, cerebral
thrombosis, and other motor neurone diseases,
Laurence (Lancet, 1952, 1, 178) reported muscular relaxation but this was symptomatically beneficial in only 2 cases. Libet and Rubin (/. Nerv.
Mental Dis., 1952, 116, 198) described temporary (30 to 60 minutes) reduction in spasticity in
20 of 26 cases of multiple sclerosis with mephenesin elixir; in those cases in which increased weakness did not occur the drug was useful in facilitating the daily therapeutic exercises. In cases with
nystagmus due to brain stem disease, intravenous
mephenesin decreased ocular movement (Bender
et al.. Am. J. Ophth., 1951, 34, 579); in normal
individuals intravenous injection caused coarse
nystagmus when the eyes were turned away from
the mid-position.
In controlling the muscular rigidity and spasms
of tetanus, Boles and Smith (J.A.M.A., 1951,
146, 1296) and Godman (Calif. Med., 1951, 74,
126) found mephenesin in combination with
phenobarbital most useful; 0.5 to 8 Gm. was
given as crushed tablets by duodenal tube every
2 to 4 hours.
In rheumatic disorders, particularly the fibrositis syndrome, Peckover (Lancet, 1953, 1, 1105)
found mephenesin, in doses of 1 to 3 Gm. by
mouth 3 to 5 times daily, most effective in relieving pain and limitation of motion (see also
Nesbit, Clin. Med., 1953, 60, 269). Hermann and
Smith (J. -Lancet, 1951, 71, 271) reported favorably on its oral use in a variety of arthritic disorders including rheumatoid arthritis, rheumatoid
spondylitis, osteoarthritis, lumbosacral sprain,
lumbago, fibrositis, bursitis, and torticollis. Tablets were less effective than capsules or an elixir.
The addition of 300 mg. of glutamic acid hydrochloride to the mephenesin tablet improved its
efficacy. An initial morning dose of 23 mg. per
Kg. of body weight was used in this study fol-

Mephenesin

801

lowed by 0.5 to 0.75 Gm. every 3 hours as
needed. Peckover emphasized the need for the
full dose of 1 to 3 Gm. from 3 to 5 times daily
in the form of a rapidly disintegrating tablet.
Mead et al. (Brit. J. Physical Med., 1951, 14,
223) used intravenous injections effectively prior
to heat, massage and exercise therapy in a variety
of arthritic conditions with limitation of motion.
The response of the patient with nerve root compression symptoms to intravenous mephenesin
was proposed by Schlesinger and Stinchfield (/.
Bone Joint Surg., 1951, 33-A, 480, 501) as a
diagnostic test; if pain subsides and the patient
is able to raise the legs from the table in a
supine position the symptoms are due to muscle
spasm and conservative therapy is indicated; if
there is no improvement, herniated nucleus pulposis is probably causing the symptoms.
Psychoses. — Mephenesin has been reported to
be beneficial in the treatment of anxiety (Paul,
Psychosom.Med., 1952, 14, 378) and postalcoholic
states (Herman and Effron, Quart. J. Studies on
Alcohol, 1951, 12, 261). Spreng (/. Nerv. Ment.
Dis., 1953, 118, 545) reported that when 48
acutely toxic alcoholics were compared with a
group of 86 similar patients who received mephenesin in0.5 Gm. doses orally twice a day the
rate of improvement of the treated patients as
based on intoxication, excitement, confusion and
incoordination was somewhat (though statistically
questionably) more rapid than for those that received the control hospital routine. McLaughlin
and Schlan (///. Med. J., 1953, 103, 197) indicated that when administered to 63 psychiatric
patients mephenesin reduced or abolished gross
tremor, relieved anxiety and calmed hypomanic
patients. They reported it to be useful for controlling withdrawal symptoms when administered
before symptoms appeared during withdrawal of
the addicting drug. Hecker et al. (Dis. Nerv. System, 1951, 12, 99) gave a dose of 4 to 6 Gm.
intravenously over a period of 1 to ll/2 hours for
its calming effect to facilitate psychotherapeutic
interviews in the manner in which barbiturates
are used for narcoanalysis; it was useful in 12
of 26 cases. Temporary improvement of 4 schizophrenic cases out of 11 psychotic persons treated
was reported by Holt (/. Nerv. Ment. Dis., 1952,
115, 343). Woringen et al. (Revue Neurologique,
1952, 87, 515) reported that the administration
of mephenesin made possible the induction of
artificial hibernation of patients by refrigeration
as required in certain types of neurosurgery. iY]
Toxicology. — Manifestations of toxicity resulting from mephenesin administration include
flushing of the face, nausea, vomiting, dizziness,
urinary urgency, weakness, pruritus, anorexia, occasional phlebitis following intravenous administration and (rarely) leukopenia. It is seldom that
toxic symptoms are sufficient to necessitate withdrawal of the drug in cases where it is effective.
Syncope in 2 cases and weakness and dizziness in
another were reported by Finneson and Raizen
(N. Y. State J. Med., 1951, 51, 1187) after taking the elixir on an empty stomach. Intravenous
injections must be given with caution. Mead
et al. (loc. cit.) described pallor, sweating, coldness, somnolence, nausea, vomiting, weakness,
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hypotension and bradycardia in 5 of their 38
cases; 3 reactions were frightening and required
epinephrine and oxygen therapy. Hematuria has
followed injection of solutions containing more
than 1 per cent of the drug.
The usual dose is 1 Gm. (approximately IS
grains) by mouth 3 to 5 times daily after meals
or interval feedings (not on an empty stomach),
with a range of 1 to 3 Gm. The maximum safe
dose is usually 3 Gm. and a total dose of as much
as 15 Gm. daily is rarely used. Intravenously,
30 to 150 ml. of a 2 per cent solution is given
at a rate of about 7 ml. per minute; this may
be added to 1 liter of a 5 or 10 per cent dextrose
solution for injection.
Mephenesin is available in tablets and capsules
of 250 and 500 mg., an elixir containing 100 mg.
per ml., and a parenteral solution containing 20
mg. per ml. Mephenesin carbamate (Tolseram,
Squibb) has recently been made available; it appears to be better tolerated than mephenesin.
Storage. — Preserve "in tight containers, and
avoid exposure to excessive heat." N.F.
MEPHENESIN CAPSULES.
N.F.
"Mephenesin Capsules contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C10H14O3." N.F.
Usual Sizes. — 250 and 500 mg. (approximately 4and 7J4 grains).
MEPHENESIN TABLETS.
N.F.
"Mephenesin Tablets contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C10H14O3." N.F.
Usual Sizes. — 250 and 500 mg. (approximately 4and 1Y* grains).
MEPHENTERMINE
SULFATE.
U.S.P.
N.aa-Trimethylphenethylamine Sulfate,
Mephenterminium Sulfate

CH3 H

S04".2H20

"Mephentermine Sulfate, dried at 105° for 3
hours, contains not less than 98 per cent of
(CiiHi7N)2.H2S04." U.S.P.
Wyamine Sulfate (WyetK).

Mephentermine base, chemically 2V.a,a,-trimethylphenethylamine. and pharmacologically a
sympathomimetic amine, is synthesized from
phenyl isopropyl ketone by a series of reactions
which are described in U. S. Patent 2,590,079
(1952). The sulfate is obtained by neutralization
of the base with sulfuric acid.
Description. — "Mephentermine Sulfate occurs as white, odorless crystals or crystalline
powder. Its solutions are acid to litmus, having
a pH of about 6. One Gm. of Mephentermine
Sulfate dissolves in 20 mi. of water and in about
150 ml. of alcohol. It is practically insoluble in
chloroform." U.S.P.

Standards and Tests. — Identification. — (1)
A 1 in 500 solution yields precipitates with
iodine T.S., mercuric-potassium iodide T.S., and
trinitrophenol T.S. (2) The picrate of mephentermine melts between 154° and 158°. (3) A
solution of mephentermine sulfate responds to
tests for sulfate. Water. — Not over 8 per cent,
when determined by drying at 105° for 3 hours.
Residue on ignition. — Not over 0.1 per cent.
U.S.P.
Assay. — About 400 mg. of mephentermine sulfate, previously dried at 105° for 3 hours, is dissolved in water, the solution saturated with sodium chloride, then alkalinized with sodium hydroxide, and the mephentermine base extracted
with ether. To the washed ether solutions 30 ml.
of 0.1 N sulfuric acid is added and, after expelling the ether, the excess acid is titrated with
0.1 N sodium hydroxide, using methyl red T.S.
as indicator. Each ml. of 0.1 N sulfuric acid
represents 21.23 mg. of (CnHi7N)2.H2S04.
U.S.P.
Uses. — Action. — Mephentermine sulfate is a
sympathomimetic agent (see the monograph on
Sympathomimetic Amines, in Part II, for a general discussion). Seifter et al. (Abstracts Div.
Med. Chem., A.C.S., September, 1949) demonstrated that mephentermine had sympathomimetic
properties similar to those of other beta-phenylethylamines. Eckfeld et al. (J. A. Ph. A., 1954,
43, 705) further defined the pharmacological
properties of this agent and compared its actions
with those of amphetamine, d-desoxyephedrine
and /-ephedrine. The acute LD50 of mephentermine determined by intra-abdominal administration to mice is 89 mg. of base per Kg. ; it is thus
Yz as toxic as amphetamine or d-desoxyephedrine
and 3 times more toxic than /-ephedrine. The
approximate acute intravenous LD50 in rabbits is
13 mg. of base per Kg. Unlike epinephrine it does
not cause hyperglycemia in rabbits. Nasal instillation constricts the small blood vessels of the
mucosa, thereby increasing the air space of the
nasal passages. Absorption from the frontal sinus
mucosa after exposures from 5 minutes to 2
hours is minimal and is no greater than after
/-ephedrine; the average blood pressure elevation
determined in dogs is 4 mm. of mercury.
Mephentermine has approximately Yz to Y* the
potency of amphetamine or d-desoxyephedrine as
a cerebral stimulant for chicks, cats or dogs and is
used for mood elevation in doses up to 25 mg.
orally 2 to 3 times daily. It fails to antagonize
barbiturates; and like epinephrine potentiates
thiopental anesthesia in mice. It has no effect on
normal ciliary activity of the trachea, lacks
spasmolytic action on isolated smooth muscle
of the intestine, causes no anesthesia when
applied topically to the eye and, in common with
other sympathomimetic amines, produces pupillary dilatation.
The pressor responses and effect on heart rate
obtained in intact and vagotomized dogs show
that mephentermine closely resembles /-ephedrine
both qualitatively and quantitatively. Although
approximately 100 times less potent than epinephrine, the duration of action at equipressor
doses is 3 to 5 times longer. Unlike epinephrine,
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however, mephentermiae causes tachyphylaxis
wherein dogs show progressively decreasing
pressor responses and even complete reversal
after repeated intravenous injections. Dibenamine
effectively blocks or reverses the characteristic
pressor response of mephentermine. Mephentermine enhances and prolongs the pressor responses
of subsequently injected epinephrine and is
effective against hexamethonium-induced hypotension; the latter effect of mephentermine, however, is of short duration.
The positive inotropic action reported by Goldberg et al. (J. Pharmacol, 1953, 108, 177) for
open chest dogs was confirmed on the isolated
frog heart by Glassman and Seifter {ibid., 1954,
112, 364). The latter authors demonstrated that
mephentermine is more potent than epinephrine,
/-norepinephrine, amphetamine, <f-desoxyephedrine
or /-ephedrine for restoring the contractility of
the depressed or hypodynamic heart; moreover,
in simultaneous perfusion studies, it is effective
in preventing or terminating epinephrine arrhythmia both in the dynamic and hypodynamic
preparation. Lynch et al. {Anesthesiology, 1955,
16, 632) reported that pretreating dogs under
cyclopropane anesthesia with mephentermine
completely protects them against doses of epinephrine that cause fatal ventricular fibrillation in
100 per cent of control dogs at similar cyclopropane blood concentrations.
Although Seifter has found that most of a
dose of mephentermine can be accounted for as
phenyl or ^-hydroxyphenyl tertiary butyl amine
in animals, Beyer and Lee (/. Pharmacol., 1942,
74, 155; ibid., 1943, 79, 85) found that aralkylamines that possess a terminal methyl group on
the side chain are refractory to enzymatic
deamination and, on the whole, are quite stable
metabolically.
Clinical Applications. — Clinical studies show
that mephentermine is useful to combat the
hypotensive state which accompanies myocardial
infarction (Hellerstein and Brofman, Modern
Concepts of Cardiovascular Disease, 1951, 20,
104). Brofman et al. {Am. Heart J., 1952, 44,
396) administered doses of 5 to 35 mg. intravenously to patients and found that it produced
a prompt increase in both systolic and diastolic
blood pressure with little or no alteration of heart
rate or rhythm. Hellerstein and associates {ibid.,
1952, 44, 407) administered mephentermine to
18 patients in shock accompanying myocardial
infarction in symptomatic doses of 10 to 50 mg.
intravenously or intramuscularly to maintain
adequate blood pressure. They found that 14 patients responded satisfactorily from a blood pressure standpoint, without evidence of increased
cardiac irritability or embarrassment secondary
to the improved circulatory status. Thus, they
conclude that the use of pressor amines in the
treatment of shock accompanying myocardial infarction appears to rest upon a firm clinical basis.
The drug combats the hypotension associated with
spinal anesthesia.
Mephentermine is a volatile amine. As a nasal
decongestant it is supplied in inhalers containing
250 mg. of the amine, with menthol and lavender
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oil added as aromatics . {Wy amine Inhaler,
Wyeth).
Dose. — The usual dose is 20 mg. (about l/s
grain), intravenously or intramuscularly, with a
range of dose of 20 to 80 mg. The maximum
safe dose is usually 80 mg. and the total dose in
24 hours should seldom exceed 200 mg. In
myocardial infarction, 15 mg. is administered as
soon as possible after signs of shock; the dose
is repeated if the desired response is not obtained.
In general anesthesia, 15 mg. is administered
during light anesthesia and 30 mg. during deep
anesthesia; additional 15 mg. doses are given as
required. In spinal anesthesia, 30 mg. is given
and an additional 15 to 30 mg. as required by the
degree of hypotension; in obstetrical cases, a
single dose should not exceed 15 mg. In surgery
and postoperatively, 15 to 30 mg. is given depending on severity and duration of shock; additional 15 mg. doses are given as required. Orally,
12.5 to 25 mg. is used for mild hypotensive
states two or three times daily.
Storage. — Preserve "in well-closed, fight-resistant containers." U.S.P.
MEPHENTERMINE
SULFATE
INJECTION.
U.S.P.
"Mephentermine Sulfate Injection is a sterile
solution of mephentermine sulfate in water for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of anhydrous mephentermine sulfate
[(CiiHi7N)2.H2S04]."
U.S.P. sulfate injection is
The pH of mephentermine
between 4 and 6.5.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 20 mg. in 1 ml.; 200 mg. in
10 ml. (as anhydrous mephentermine sulfate).
MEPHOBARBITAL.

N.F. (B.P.)

5-Ethyl-l-methyl-S-phenylbarbituric Acid

B.P. Methylphenobarbitone; Methylphenobarbitonum.
Phemitone. Methylphenobarbital. Mebaral (WinthropStearns) ; Prominal {Bayer Products) .

Mephobarbital differs from phenobarbital in
having a methyl group replacing a hydrogen atom
attached to a nitrogen in phenobarbital. It may
be prepared by condensing diethyl ethylphenylmalonate with methylurea.
Description. — "Mephobarbital occurs as a
white crystalline powder. It is stable in air. A
saturated solution is acid to litmus. Mephobarbital issoluble in chloroform; slightly soluble
in alcohol, in ether and in water. It is soluble in
solutions of fixed alkali hydroxides or carbonates.
N.P.
Mephobarbital melts between 176° and 181°."
Standards and Tests. — Identification. — (1),
(2) These tests are practically identical with the
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identification tests under Barbital. (3) Mononitromephobarbital melts between 155° and 160°.
Loss on drying. — Not over 1 per cent, when
dried at 105° for 4 hours. Residue on ignition. —
Not over 0.1 per cent. N.F.
Uses. — Mephobarbital belongs to the class of
barbiturates (see monograph on Barbiturates, in
Part II, for a general discussion of these compounds). Early descriptions of the pharmacology
of mephobarbital and its principal utility in the
therapy of epilepsy were presented by Weese
(Deutsche med. Wchnschr., 1932, 58, 696) and
by Blum (ibid., 1932, 58, 698). Millman (Brit.
M. J., 1937, 2, 61) reported it to be roughly
three times as effective as phenobarbital in the
treatment of epilepsy. There was little evidence
of tolerance, for a dose of 200 mg. administered
three times a day to adults was satisfactory in
the management of seizures over long periods of
time. Petersen and Keith (Can. Med. Assoc. J.,
1940. 43, 248) pointed out that when mephobarbital was substituted for phenobarbital in patient management, the change-over should be
made gradually to avoid the appearance of
seizures. Whereas Henderson (Brit. M. /., 1937,
2, 63^) did not find the drug to be very effective
in petit mal, Cohen and Myerson (New Eng. J.
Med., 1942. 227, 336) considered it to be
efficacious in petit and grand mal. They considered it to be an excellent sedative for the
treatment of agitated, depressed and anxiety
states. Berris (Neurology, 1954. 4, 116) reported that mephobarbital is the least toxic of
standard anticonvulsant medication and that its
toxic reactions (drowsiness, principally) are never
serious. When used alone a dosage of 100 to 200
mg. three times a day is usually adequate and in
some cases is superior to phenobarbital. The
addition of the drug to more toxic anticonvulsants
often makes it possible to reduce their dosage
and thus minimize their toxicity.
Smith and Brown (/. Nerv. Merit. Dis., 1953.
117, 544) reported the use of mephobarbital in
the treatment of chronic alcoholism. It was of
greatest benefit in the patient who was tense,
restless, insomnic and constantly agitated. The
drug did not produce undue drowsiness or
euphoria. Those patients who could be maintained on the drug were able to continue to abstain from the use of alcohol. They considered
it particularly valuable during the period of recovery from a prolonged alcoholic bout, and as
an aid for the preparation of the patient for
other forms of therapy.
Although the development of patient tolerance
to mephobarbital apparently is uncommon, Gluckman and Gruber (Proc. Soc, 1952, 79, 87) reported that it could be demonstrated in rabbits
by daily repeated intravenous administration. In
laboratory assays of antiepileptic agents Brown
et al. (J. Pharmacol., 1953, 107, 273) ranked
mephobarbital intermediate in action between the
more potent phenobarbital and the weaker
trimethadione. Contrary to clinical impression the
laboratory comparisons of efficacy are consistent
with knowledge of the metabolic fate of mephobarbital. Butler et al. (J. Pharmacol, 1952, 106,
364) reported that mephobarbital
underwent
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N-demethylation in large measure to phenobarbital in the rat and the dog. They concluded
that the demethylation occurred to a considerable extent in the liver, for partial hepatectomy
diminished the rate of dealkylation. Perhaps the
slow release of phenobarbital by X -demethylation
of mephobarbital accounts for the lesser drowsiness and more uniform apparent activity of
mephobarbital. Meller and Resch (Postgrad.
Med., 1949, 6, 452) advocated a combination of
90 to 180 mg. of mephobarbital with 60 to 120
mg. of diphenylhydantoin, administered 3 times
daily, for prevention of grand mal epilepsy
attacks.
Dose. — In epilepsy the average total daily dose
for adults usually varies from 400 to 600 mg.
(approximately 6 to 10 grains), but as little as
200 mg. or as much as 800 mg. may be required.
Patients having night seizures and requiring not
over 400 mg. daily may receive the entire dose
at bedtime; patients with day seizures may receive half the dose during waking hours and half
at night. Children under 5 years commonly receive a total daily dose of 30 to 60 mg. ; older
children receive 60 to 300 mg. Treatment should
be commenced with a small initial dose, with
gradual increases over a period of 4 to 5 days
until optimum dosage is established. As a sedative
the dose of mephobarbital is 30 to 60 mg., 3 or 4
times daily.
Storage.
ers.'' N.F. — Preserve "in well-closed containMEPHOBARBITAL

TABLETS.

N.F.

"Mephobarbital Tablets contain not less than
94 per cent and not more than 106 per cent of
the labeled amount of C13H14N2O3." N.F.
Assay. — A portion of powdered tablets, equivalent to about 300 mg. of mephobarbital, is
treated with petroleum benzin to remove lubricants, then extracted with chloroform to dissolve
the mephobarbital. The chloroform solution is
evaporated to dryness, the residue dried at 105°
for 1 hour and weighed as mephobarbital. N.F.
Usual Sizes.— 30, 100, and 200 mg. (y2, iy2,
and 3 grains).
MERALLURIDE.

U.S.P.

[Meralluridum]

"Meralluride consists of methoxyhydroxymercuripropylsuccinylurea (the mercuri compound.
CgHieHgXzOe), and theophylline in approximately molecular proportions. Meralluride. dried
at 105° for 3 hours, contains not less than 94 per
cent and not more than 106 per cent of the
labeled amounts of the mercuri compound and of
anhydrous theophylline (C7H&N4O2)." U.S.P.
Mercuhydrin (.Lakeside).

The "mercuri compound" referred to in the
above definition may be prepared according to
the process described in U. S. Patent 2,208,941
in which allylurea and succinc anhydride are
fused together to form allylsuccinylurea which is
subsequently reacted with mercuric acetate in the
presence of methanol to add a -HgOH and a
methoxyl (-OCH3) group to the carbon atoms of
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the allyl group which are joined by a double
bond. The resulting compound is the mercuri
component of meralluride.
Description. — "Meralluride occurs as a white
to slightly yellow powder. It is slowly affected
by light. Its saturated solution is acid to litmus.
Meralluride is slightly soluble in water and
moderately soluble in hot water. It is soluble in
glacial acetic acid, and in solutions of alkali
hydroxides." U.S.P.
Standards and Tests. — Identification. — (1)
On heating meralluride with a solution of formic
acid a gray precipitate of metallic mercury forms;
the crystals of allylsuccinylurea which separate
in the cooled filtrate melt between 145° and 148°.
(2) The precipitate of mercury obtained in the
preceding test responds to tests for mercury. (3)
Meralluride responds to identification test (1)
under Theophylline. Loss on drying. — Not over 3
per cent, when dried at 105° for 3 hours. Residue
on ignition. — Not over 0.1 per cent. Mercury ion.
— Addition of sodium sulfide T.S. to a portion of
a solution of meralluride in sodium acetate T.S.
and sodium hydroxide T.S. produces only a slight
coloration noticeable immediately when compared with the remainder of the solution not
treated with sodium sulfide T.S. U.S.P.
Assay. — For the mercuri compound. — About
300 mg. of dried meralluride is assayed by the
method described under the assay for the mercuri
compound in Mer extrophy lline. Each ml. of 0.1 N
ammonium thiocyanate represents 22.44 mg. of
the mercuri compound (C9HieHgN206). For theophyl ine.— About 700 mg. of dried meralluride is
assayed by the method described under the assay
for theophylline in Mercuropkylline. Each ml. of
0.1 N ammonium thiocyanate represents 18.02
mg. of anhydrous theophylline (C7H8N4O2).
U.S.P.
Uses. — Meralluride is a mercurial diuretic
used for the preparation of solutions of its sodium
salt for injection; for uses of the latter see the
following monograph. Meralluride, buffered with
sodium bicarbonate, is utilized for rectal administration inthe form of suppositories. The latter
are suitable as a supplement to parenteral injections of the sodium salt in order to prolong the
edema-free period. Suppositories alone may control mild cases of edema after "dry weight" has
been achieved (see Kissin and Stein, Am. Pract.,
1949, 3, 684; Levokove and Sarrow, N. Y. State
J. Med., 1951, 51, 1410). It is claimed that
rectal irritation is minimal or absent in most
cases. Suppositories containing 600 mg. of
meralluride in a water-dispersible base are
marketed. The usual dose is one suppository
given daily. As a supplementary measure to
parenteral administration one suppository may
be given daily, beginning 1 to 3 days after injection.
Tablets for oral administration, containing 60
mg. of meralluride and 100 mg. of ascorbic acid,
were available as Tablets Mercuhydrin with
Ascorbic Acid (Lakeside). These too were used in
maintenance of patients with mild degrees of
edema or as a supplement to reduce the frequency
of parenteral administration. The usual dosage was
1 or 2 tablets daily. Shaffer et al. {Am. J. Med.
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Sc, 1950, 219, 674) reported that they were as
effective as tablets containing 120 mg. meralluride
alone and produced fewer reactions. Greiner and
Gold {J. A.M. A., 1953, 152, 1130) reported that
an oral dose of 720 mg. meralluride with ascorbic
acid is comparable in diuretic effect to 0.25 ml.
meralluride sodium injection administered intramuscularly; 32 per cent of the patients had
gastrointestinal symptoms.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
MERALLURIDE

INJECTION.

Meralluride Sodium Injection,

U.S.P.

[Injectio Meralluridi]

"Meralluride Injection is a sterile solution of
meralluride in water for injection made by the
addition of just sufficient sodium hydroxide solution to effect solution of the meralluride. An additional amount of theophylline may be added also.
It contains not less than 94 per cent and nor more
than 106 per cent of the labeled amount of the
mercuri compound (C9Hi<>HgN206) and of
theophylline (C7H8N4O2.H2O)." U.S.P.
Mercuhydrin Sodium Injection (Lakeside).

Description. — "Meralluride Injection is a
clear, colorless to faintly yellow liquid, having an
alkaline reaction. The pH of Meralluride Injection is between 7 and 8.5." U.S.P.
Uses. — Meralluride injection is a mercurial
diuretic used in edema accompanying congestive
heart failure, nephrosis, ascites of liver disease
and in other conditions in which mercurial
diuretics are indicated.
A study of the relative effectiveness of
meralluride when administered by various routes
indicated that a dose of the injection produced
essentially the same degree of diuresis whether
administered intravenously, intramuscularly or
subcutaneously (Marsh et al., New Eng. J. Med.,
1952, 247, 593). When given by the oral route
the drug was found to be much less effective than
when given by injection.
It is well known that occasional severe systemic
reactions will follow intravenous administration
of the mercurials, in some instances leading to
fatality (for detailed discussion of the action and
toxic effects of this group of drugs see under
Mersalyl). Schroeder (J.A.M.A., 1951, 147,
1109) stated that the immediate reactions to
intravenous injection attributed to sudden cardiac
failure are not observed with preparations that
do not contain theophylline. It is deemed advisable to administer mercurial diuretics by other
than the intravenous route when possible. While
earlier mercurial preparations were quite irritating
to tissues when injected locally, meralluride injection has proved to be superior in this regard.
Modell et al. (J. Pharmacol., 1945, 84, 284)
found it to be less irritating than mercurophylline,
when injected intramuscularly, based on observations made during a blind-test study.
If injection is made deep into the muscles of
the buttock, there is usually little pain or sign of
local irritation. If, however, the material is deposited into adipose tissue overlying the muscle
fibrous nodules may develop. Ray and Burch
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(Am. J. Med. Sc, 1949, 217, 96) reported that
mercurial diuretics are absorbed more rapidly
from muscle than from subcutaneous tissue; the
slow absorption from fatty tissue apparently is
responsible for the occurrence of such nodules.
Sussman (N. Y. State J. Med., 1950, 50, 987)
observed that mercuhydrin sodium solution injected through a small hypodermic needle produced no local reaction except for a stinging
sensation, fleeting in duration. Warshaw et al
(I.A.M.A., 1951, 145, 1049) studied local effects
following 1132 injections in 200 cardiac patients
by the subcutaneous route, using a 26-gauge, 24inch needle, the material thus being deposited
into subdermal tissues relatively free from fat.
Three out of four patients showed either no reaction, or a reaction of no consequence; in the
fourth patient pain, ecchymosis or fibrous nodules
were of sufficient intensity to threaten continuation of this method of treatment.
Among reported instances of toxicity have
been
reactionsandof' fatal
an allergic
nature, fever, acute
dehydration,
toxic nephrosis.
Contraindications to use of the injection are
acute nephritis and chronic kidney disease in
which tubular and glomerular changes are
marked. During prolonged dosage the urine
should be examined periodically for albumin,
casts, and erythrocytes. Although meralluride is
less toxic than some other mercurial diuretics,
the general precautions for this group of drugs
must be observed.
The usual dose of the available injection is
1 ml. intramuscularly once or twice a week, with
a range of 1 to 2 ml.; the maximum safe dose is
2 ml. and the total dose in 24 hours should not
exceed 2 ml. In view of occasional cases of
idiosyncrasy, some advocate that the initial dose
should not exceed 0.5 ml. The diuretic action is
enhanced by administration of ammonium
chloride (g.v.) for 2 to 3 days prior to injection
of the mercurial.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 1 and 2 ml. ampuls, and 10 ml.
vials, each ml. containing 130 mg. of meralluride
sodium (equivalent to 39 mg. of mercury) and
10 mg. of excess theophylline. The injection in
the vials is preserved with 0.18 per cent methylparaben and 0.02 per cent propylparaben.
MERBROMIN.
N.F.
[Merbrominum]

C00N0

HgOH

"Merbromin is the disodium salt of 2,7-dibromo-4-hydroxymercurifluorescein. When dried
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at 105° for 5 hours, Merbromin contains not less
than 24 per cent and not more than 26.7 per cent
of Hg, and not less than 18 per cent and not
more than 21.3 per cent of Br." N.F.
Mercurochrome (Hynson, Westcott & Dunning); Mercuranin.

Merbromin may be prepared by dissolving dibromofluorescein in dilute sodium hydroxide and
boiling with an acid solution of mercuric acetate.
The precipitated salt is dissolved in dilute sodium
hydroxide and the solution evaporated. The trihydrated salt contains, theoretically, 24.93 per
cent of mercury and 19.87 per cent bromine.
Description. — "Merbromin occurs as iridescent, green scales or granules. It is odorless, and
is permanent in air. Merbromin is freely soluble
in water, practically insoluble in alcohol and in
acetone, and insoluble in chloroform and in
ether." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 2000 aqueous solution of merbromin shows
a yellow-green fluorescence. (2) A reddish orange
precipitate is produced on adding 3 ml. of diluted
sulfuric acid to 20 ml. of a 1 in 50 aqueous solution of merbromin. The filtrate separated from
the mixture is nearly colorless or only slightly
yellow. (3) The residue remaining after incineration of merbromin responds to tests for sodium,
for bromide, and for carbonate. Loss on drying.
— Not over 5 per cent, when dried at 105° for 5
hours. Bromide ions. — No turbidity is produced
on adding a few drops of diluted nitric acid and
silver nitrate T.S. to a portion of the filtrate
obtained in identification test (2). Mercury ions.
— No precipitate or darkening in color results on
adding hydrogen sulfide T.S. to a portion of the
filtrate obtained in identification test- (2). N.F.
Assay. — For bromine. — About 500 mg. of
dried merbromin is ignited with a flux composed
of anhydrous sodium carbonate, light magnesium
oxide and reduced iron. The bromide thus produced is extracted with hot water, precipitated
as silver bromide, and weighed in this form.
Each Gm. of silver bromide represents 425.6 mg.
of Br. For mercury. — About 300 mg. of dried
merbromin is dissolved in water and oxidized
with potassium permanganate in the presence of
sulfuric acid. The excess of permanganate is reduced with oxalic acid, and the mercury precipitated with hydrogen sulfide. The mercuric sulfide
is collected on a Gooch crucible and weighed
after drying at 105°. Each Gm. of mercuric
sulfide represents 862.2 mg. of Hg. N.F.
Incompatibilities. — Merbromin precipitates
most local anesthetics from aqueous solutions of
their salts. Merbromin is also incompatible with
acids, and with the salts of most alkaloids.
Uses. — Merbromin is used almost exclusively
for its antibacterial properties. In a report to the
Council on Pharmacy and Chemistry Von
Oettingen (J.A.M.A., 1932, 99, 127) gave the
phenol coefficient as 1.7 to 4.6, depending on the
species of bacteria tested. This evidence suggests
that merbromin is much less active as a germicide
than some other mercurial compounds. Birhaug
(/. Infect. Dis., 1933, 53, 250) found merbromin
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to inhibit growth of bacteria in concentrations of
1 in 18,000 to 1 in 3000, depending on the species
of bacteria tested. As with other germicides the
action of merbromin is materially reduced in the
presence of body fluids. When applied to living
skin it is fixed in the superficial layers and exerts
no antibacterial effects. Scott and Hill (J.A.M.A.,
1929, 93, 111) found that while aqueous solutions of merbromin have little value as a skin
disinfectant, in a solvent medium of alcohol,
acetone and water a 2 per cent concentration of
Mercurochrome was quite efficient as a skin disinfectant.
Morton et al. {ibid., 1948, 136, 37) found that
the marketed aqueous solution of merbromin,
thimerosal and nitromersol possessed shortcomings as disinfectants; thus, hemolytic streptococci in a state of bacteriostasis produced by the
compounds were still infectious in the animal
body. Brewer {ibid., 1948, 137, 858) found,
however, that the bacteriostasis resulting from
treatment of pathogenic bacteria with 1 per cent
solution of Mercurochrome (merbromin) impaired the infectivity of these bacteria for experimental animals to such an extent that the
chance of infection was practically eliminated.
Also, Powell {ibid., 1948, 137, 864) found
Merthiolate (thimerosal) germicidal against small
but significant doses of virulent hemolytic streptococci. Cromwell {ibid., 1949, 140, 401) found
Metaphen (nitromersol) disinfecting solution and
tincture germicidal in vitro. Summing up the various reports Smith {ibid., 1949, 140, 401) stated
that these organomercurial compounds might render bacteria noninfective under some conditions
but that the results varied under conditions only
partly controllable, especially as related to clinical
practice (see also under Mercurial Antiseptics,
in Part II). Engley {Ann. N. Y. Acad. Sci., 1950,
53, 197) indicated that the mercurials were
unable to prevent infection after exposure of
virulent streptococci to mercurial action in the
phenol coefficient type of test followed by injection into mice; also, mercurial compounds
active in ordinary culture media were found to
be inactive in the presence of serum and of
thioglycollate. Adhesive bandage preparations
containing a mercurial showed no antibacterial
activity in the presence of serum. On the other
hand Brewer (ibid., 211) presented evidence that
some mercurials are as effective as such germicides as phenol, iodine, and quaternary ammonium
compounds against tetanus spores; the greater
germicidal action of mercurials when combined
with a surface tension depressant was also observed.
Merbromin has been used extensively as a
surgical antiseptic, especially in the treatment of
small wounds; its lack of irritant action and
tissue-staining property have enhanced its popularity as a surface disinfectant. It has also been
used as a disinfectant for mucous membranes,
including the mouth and throat ; for this purpose
its staining property lessens its usefulness. Mayes
{J.A.M.A., 192 7, 81, 1685) reported favorably
concerning the value of the aqueous solution as
a vaginal and uterine antiseptic in obstetrics.
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Ferguson and Edgerton {Virginia Med. Month.,
1950, 77, 643) employed a 75 per cent solution
of Mercurochrome in treating Trichomonas vaginalis vaginitis; due to a powerful oxytocic effect
caution was exercised in avoiding introduction of
such a high concentration in the uterus, especially in pregnancy.
Prior to the availability of antibiotics, merbromin was used as a blood disinfectant in the
treatment of septicemia (Walker, Arch. Path.
Lab. Med., 1926, 1, 199; Gatch and Owen,
J.A.M.A., 1925, 85, 894). Intravenous use of
merbromin is not recognized for when taken internally or by intravenous injection the drug
may cause severe toxic symptoms of mercurial
poisoning.
Toxicology. — Gaul and Underwood {J. A.M. A.,
1941, 140, 861) presented data on the incidence of
sensitization reactions of the skin to organomercurials, challenging their therapeutic usefulness.
Untoward reactions were not observed by patchtesting postoperative patients, where the compounds were applied as antiseptics to intact skin.
On injured skin, however, routine patch-testing
of dermatologic patients over a 3-year period
showed 13 per cent of positive reactions in 238
cases of use of Merthiolate tincture, 28 per cent
in 25 cases tested with Metaphen, 20 per cent in
68 cases tested with Mercresin, and 24 per cent
in 25 cases tested with Mercurochrome.
One objection to the use of merbromin as a
general surgical disinfectant is its pronounced
staining property. Such stains may be removed
from the skin by use of a 2 per cent solution
of potassium permanganate followed by 5 per
cent solution of oxalic acid or by use of solutions of hypochlorites.
As a general surgical disinfectant, merbromin
is usually applied in strengths of 2 to 5 per cent.
For instillation in the urethra, bladder and renal
pelvis a 1 per cent solution is used. A 2 per cent
solution causes only temporary discomfort to the
anterior urethra when used in treatment of acute
anterior gonorrhea. No systemic effects have
been observed following local application of
merbromin in humans. @
Storage. — Preserve "in tight containers." N.F.
MERBROMIN

SOLUTION.

N.F.

Liquor Merbromini

"Merbromin Solution contains, in each 100 ml.,
not less than 1.8 Gm. and not more than 2.2 Gm.
of C2oHsBr2HgNa206. The merbromin contains
not less than 24 per cent and not more than
26.7 per cent of Hg, and not less than 18 per
cent and not more than 21.3 per cent of Br."
N.F.
Dissolve 20 Gm. of merbromin in sufficient
water to make 1000 ml. of solution. N.F.
Description. — "Merbromin Solution is a
clear, red liquid with a yellow-green fluorescence.
The specific gravity of Merbromin Solution is
not less than 1.010 and not more than 1.015."
N.F.
Uses. — This solution was very popular among
the laity as a local application for minor wounds.
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Its practical value as an antiseptic is open to
question (see under Merbromin).
Storage. — Preserve "in tight containers." N.F.
SURGICAL MERBROMIN SOLUTION.
N.F.
Liquor Merbromini Chirurgicalis

"Surgical Merbromin Solution contains, in each
100 ml., not less than 1.8 Gm. and not more
than 2.2 Gm. of C2oH8Br2HgNa206. The
merbromin contains not less than 24 per cent
and not more than 26.7 per cent of Hg, and not
less than 18 per cent and not more than 21.3
perDissolve
cent of 20
Br."Gm.
N.F.of merbromin in 350 ml. of
water, add 100 ml. of acetone and enough neutralized alcohol to make 1000 ml. of solution. N.F.
Description. — "Surgical Merbromin Solution
is a clear, red liquid with a yellow-green fluorescence. The specific gravity of Surgical Merbromin Solutionis not less than 0.9110 and not
more than 0.9140." N.F.
Uses. — This aqueous-alcohol-acetone solution
has more rapid action than the aqueous solution,
and is used chiefly for preoperative skin disinfection. For further discussion see under Merbromin.
Storage. — Preserve "in tight containers." N.F.
STERILE MERCAPTOMERIN
SODIUM.
U.S.P.
Disodium N-[3-(Carboxymethylmercaptomercuri)2-methoxypropyl]-a-camphoramate
CH;
OCH3
CH3
CH
— NH— CH2CH— CH2HgS— CH2C00Na
NaOOC

"Sterile Mercaptomerin Sodium, dried in vacuum at 50° for 18 hours, contains not less
than 95 per cent and not more than 105 per cent
of Ci6H25HgNNa206S." U.S.P.
Thiomerin Sodium (Wyeth),

This compound represents an interaction
product of the mercuri component of mercurophylline with sodium mercaptoacetate, rather
than with theophylline as in mercurophylline. For
information concerning the synthesis of the
mercuri component see under Mercurophylline ;
for details of the interaction of this component
with sodium mercaptoacetate see U. S. Patent
2,576,349 (1951).
Description. — "Sterile Mercaptomerin Sodium occurs as a white, hygroscopic powder or
amorphous solid having a characteristic honeycomb structure. Its 1 in 50 solution is neutral or
slightly alkaline to litmus. Sterile Mercaptomerin
Sodium is freely soluble in water and is soluble
in alcohol. It is slightly soluble in chloroform
and in ether." U.S.P.
Standards and Tests. — Identification. — (1)
On adding saturated potassium iodide solution
to a solution containing mercaptomerin sodium,
sodium acetate and cobaltous chloride a reddish
brown color develops. (2) No precipitate forms
on adding a sodium sulfide solution to one of
mercaptomerin sodium; on acidification a black
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precipitate of mercuric sulfide is produced.
Allylcamphoramic acid obtained in the filtrate
from this precipitate melts between 171° and
177°. (3) The residue from the ignition of
mercaptomerin sodium is alkaline to litmus
paper, effervesces with acids, and responds to the
flame test for sodium. Loss on drying. — Not over
5 per cent, when dried at 50° for 18 hours. Completeness ofsolution. — A 1 in 10 solution of
mercaptomerin sodium is clear and colorless.
Mercury ion. — Not more than a pale yellow or
slightly brown solution results when sodium
sulfide T.S. is added to an aqueous solution of
mercaptomerin sodium, acidified with acetic acid.
Sterility. — The product meets the requirements
of the official sterility tests. Weight variation. —
The requirements of the official test for weight
variation in content of containers are met. U.S.P.
Assay. — About 500 mg. of dried mercaptomerin sodium is decomposed by heating with a
mixture of sulfuric and nitric acids to fumes of
sulfur trioxide. After diluting with water potassium permanganate T.S. is added to oxidize any
reducing substances that may be present and the
mercuric ion in the solution is titrated, in the
presence of nitric acid, with 0.1 iV ammonium
thiocyanate to form non-ionized mercuric thiocyanate. Ferric ammonium sulfate is used as the indicator. Each ml. of 0.1 N ammonium thiocyanate
represents 30.30 mg. of Ci6H25HgNNa20eS. In
the assay the mercuric ion obtained from one
molecule of mercaptomerin sodium reacts with
two molecules of ammonium thiocyanate. U.S.P.
Uses. — Mercaptomerin sodium is an effective
mercurial diuretic which produces much less
local irritation on injection than do other organic
mercurial diuretic agents. Development of this
compound appears to have been stimulated by the
observation of Long and Farah (/. Pharmacol.,
1946, 88, 388) that dimercaprol, with its two
sulfhydryl radicals, cleared cardiac arrhythmias
produced by mercurial compounds in dogs, though
the diuretic effect of the mercurial was lost. Incorporation ofa single sulfhydryl radical in an
organic mercurial salt, as in mercaptomerin sodium, greatly diminishes cardiac toxicity while
retaining great diuretic potency.
Lehman (Proc. S. Exp. Biol. Med., 1947, 64,
428) states that mercaptomerin sodium is more
stable in the body than the corresponding theophylline complex (mercurophylline) ; intravenous
doses of 4 ml. per Kg. in cats (corresponding to
240 ml. for an average man) caused no cardiac
reaction, while other mercurial diuretics in doses
of 0.1 ml. per Kg. (6 ml. for an average man)
resulted in arrhythmias and conduction defects.
For discussion of the mechanism of action of
mercurial diuretics see under Mersalyl.
Mercaptomerin sodium is indicated in edema of
congestive heart failure, nephrosis, ascites of liver
disease, and in carefully selected cases of subacute and chronic nephritis. It has been generally
maintained that the mercurial diuretics are too
dangerous to be used in the presence of recent
cardiac infarction. The small risk of toxic effects
on the heart with mercaptomerin sodium, however, led Atkinson and Segrist (/. M. A. Alabama,
1951, 21, 118) to administer it to patients with
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acute myocardial infarction if shock is absent
after the initial 24 hours, as a preventive of
congestive failure and other complications, with
beneficial results.
The versatility exhibited by mercaptomerin
sodium has been demonstrated by Brimi (/.Lancet, 1950, 70, 298), who noted no significant
difference in diuretic response whether this compound is injected intravenously, intramuscularly,
or subcutaneously. Grossman et al. {Circulation,
1950, 1, 508) found diuresis to begin 30 to 50
minutes sooner after injection by vein than under
the skin. They state that the diuretic efficacy of
subcutaneous administration of mercaptomerin
sodium is comparable to that of intravenous injection of mercurophylline or intramuscular injection of meralluride. According to Enselberg
and Simmons {Am. J. Med. Sc, 1950, 219, 139),
Stewart and associates {Circulation, 1950, 1, 502)
and Gold et al. {Am. J. Med. Sc, 1952, 223,
618) mercaptomerin sodium given subcutaneously
effects diuresis comparably to that which obtains
following intramuscular injection of other commonly employed diuretics. The more prolonged
and even diuresis resulting from subcutaneous
administration of mercaptomerin sodium has been
described by Batterman {J.A.M.A., 1949, 140,
1268), Stewart et al. {loc. cit.), and Herrmann
et al. {Texas State J. Med., 1950, 46, 75).
In contrast to older mercurial diuretics this
substance may be given subcutaneously in therapeutic dosage without causing pain or other local
reaction beyond that noted with insertion of a
needle. Krehbiel and Stewart {J. A.M. A., 1951,
146, 250) instructed patients in the technique
of self-administration of mercaptomerin sodium
with great success, citing similar practice in the
insulin therapy of diabetes mellitus as a precedent. In a comprehensive survey of the local
response to mercaptomerin sodium Gold et al.
{loc. cit.) found that the early experimental lots
caused pain, small nodules or purpura in 25 per
cent of injections, but their experience with the
preparation presently available was good. Olsen
{Rocky Mountain M. J., 1951, 48, 97) taught
his patients to self-administer 0.1 to 0.3 ml. of
a 13 per cent w/v solution daily, subcutaneously,
to avoid the fluctuations in water and sodium
retention incident to larger weekly doses; excellent results, without untoward effects, were obtained.
Toxicology. — So far systemic reactions have
been conspicuous by their absence. No evidence
of kidney damage in clinical practice has been
reported. One reported instance of allergic reaction (Weissman and Gelfand, J.A.M.A., 1951,
147, 1559) was characterized by fever, erythematous eruption, and circulatory collapse. Instances of crampy abdominal pain and of leg
pain (like the heat cramps of hyponatremia)
have followed unduly rapid diuresis from large
dosage. Intravenous injection has not been known
to produce vascular thrombosis. Freedom from
direct cardiac toxicity has been noted by
McHardy and associates {South. M. /., 1951, 44,
44) and other clinicians. As with other mercurial
diuretics, acute glomerulonephritis, ulcerative
colitis, and malignant hypertension contraindicate
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its use. It should be discontinued if idiosyncrasy
becomes apparent.
Dose. — Sterile mercaptomerin sodium is supplied in vials containing 1.4 Gm. or 4.2 Gm.
which is dissolved with 10 or 30 ml., respectively,
of sterile water to provide a 13 per cent w/v
solution; each ml. of the solution represents 130
mg. of mercaptomerin sodium (equivalent to 43
mg. of mercury). This solution should be kept
under refrigeration, as it is sensitive to heat; if
turbidity appears it should be discarded. The
usual dose of this solution is 1 ml., administered
subcutaneously, 1 or 2 times a week; the range
of dose is 0.2 to 2 ml. The maximum safe dose
is 2 ml., and this should not be exceeded in 24
hours. Mercaptomerin sodium may also be administered intramuscularly or intravenously. It
should not be injected into edematous or adipose
tissue. Repeated injections should be given at
different sites. Preliminary administration of
ammonium chloride enhances the diuresis and
may prevent muscle cramps.
Storage. — Preserve "in tight containers so
closed that the sterility of the product is mainU.S.P. tained until the package is opened for use."
RED

MERCURIC

IODIDE.

N.F., LP.

Mercuric Iodide, Hydrargyri Iodidum Rubrum

"Red Mercuric Iodide, dried at 105° for 3
hours, contains not less than 99 per cent of
Hgl2." N.F. The LP. requires not less than 99.0
per
cent of Hgl2, without any requirement as to
drying.
Biniodide of Mercury. Hydrargyrum Diioduretum;
Hydrargyrum Bijodatum; Mercurius Jodatus Ruber; Hydrargyrum Iodatum Rubrum; Hydrargyri Biiodurum. Fr.
Iodure mercurique ; Biiodure de mercure. Ger. Queck.
silberjodid. It. Joduro mercurico; Joduro rosso di mercuric Sp. Biyoduro de mercurio; Yoduro rojo de mercurio.

The process of the U.S. P. VIII for preparing
this salt involved double decomposition between
mercury bichloride and potassium iodide, resulting in the formation of potassium chloride, which
remains in solution, and mercuric iodide, which
precipitates. The salt may also be prepared by
triturating the proper proportion of mercury and
iodine in the presence of a little alcohol.
As commonly found, red mercuric iodide occurs
in crimson acicular crystals. If the red tetragonal
crystals are heated above 127°, they change into
yellow rhombic crystals, which reform the original
red iodide upon cooling. If the unstable yellow
form persists at ordinary temperatures, it rapidly
changes to the red iodide when rubbed. The
yellow iodide is stable only above 127° and below
the melting point, which is 259°. With iodides of
the alkali metals red mercuric iodide forms complex salts of the type M2Hgl4.
Description. — "Red Mercuric Iodide occurs
as a vivid red amorphous powder without odor.
It is stable in air and nearly tasteless. It is
affected by light. One Gm. of Red Mercuric
Iodide dissolves in about 115 ml. of alcohol, in
about 910 ml. of chloroform, in about 120 ml.
of ether, and in about 20 ml. of boiling alcohol.
It is dissolved by solutions of the soluble iodides,
mercuric chloride, sodium thiosulfate, and by hot
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solutions of the alkali chlorides, but is practically
insoluble in water." N.F.
Standards and Tests. — Identification. — (1)
On boiling 100 mg. of red mercuric iodide with
2 ml. of sodium hydroxide T.S., filtering, and
strongly acidifying the filtrate with nitric acid,
the liquid becomes colored because of liberation
of iodine; on adding starch T.S. a blue color is
formed. (2) When heated to about 150°, red
mercuric iodide becomes yellow, but assumes the
red color on cooling. At about 250° it fuses to
a dark red liquid which on cooling forms a yellow,
crystalline mass. At about 350° it volatilizes.
(3) Metallic mercury precipitates on heating red
mercuric iodide with potassium hydroxide T.S.
and adding a little lactose. Loss on drying. — Not
over 2 per cent. Residue on ignition. — Not over
0.2 per cent. Residue insoluble in potassium
iodide solution. — Not over 4 mg. remains insoluble when 2 Gm. of red mercuric iodide is
dissolved in a solution of 2 Gm. of potassium
iodide in 100 ml. of distilled water. Soluble
mercury salts. — The nitrate separated from a
mixture of 500 mg. of red mercuric iodide and
10 ml. of distilled water does not become more
than slightly colored on adding hydrogen sulfide
T.S. N.F.
Assay. — About 1 Gm. of red mercuric iodide,
dried at 105° for 3 hours, is mixed with hydrochloric acid, distilled water and chloroform and
shaken until solution is effected, after which the
mixture is titrated with 0.05 M potassium iodate
until the iodine color in the chloroform layer is
discharged. In this assay the iodide ion is oxidized
first to iodine, then to iodine monochloride, IC1.
Because of the confusion that may arise from
the fact that potassium iodate takes part in
another quantitative reaction entirely different
from this one, it has been considered advisable to
express the concentration of the iodate solution
on a molarity basis. Each ml. of 0.05 M potassium iodate represents 22.72 mg. of Hgl2. N.F.
Incompatibilities. — Red mercuric iodide has
incompatibilities similar to those of mercury
bichloride.
Uses. — Mercuric iodide resembles mercury bichloride inits activities and therapeutic uses. It
is an intense local irritant and is capable of causing violent gastroenteritis. It is also an active
antiseptic, probably equal to the bichloride in
power, although its sparing solubility has limited
its practical employment. In an evaluation of
germicidal (bactericidal, not bacteriostatic,
action) soaps (J. A.M. A., 1944, 124, 1195) only
those preparations containing 1 or 2 per cent of
mercuric iodide killed Staphylococcus aureus in
an exposure of 1 minute, a period taken as representing average hand washing time. As an internal
remedy mercuric iodide was formerly used in the
later stages of syphilis, especially in conjunction
with sodium iodide.
The complex salt potassium mercuric iodide
has been used as a practical disinfectant;
Macfarlan (Am. J. Med. Sc, 1920, 159) asserted
that it was superior to the bichloride, especially
because of its lesser irritant and toxic properties
(see Potassium Mercuric Iodide, Part I). E)
Dose, 3 to 5 mg. (approximately Via to Vn,

Part

I

grain) orally, three times daily. As an antiseptic,
a 1:10,000 to 1:5000 aqueous solution has been
employed.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
STRONG OINTMENT OF MERCURIC
NITRATE.
B.P.
Ointment of Mercuric Nitrate, Unguentum
Hydrargyri Nitratis Forte

The B.P. requires this ointment to contain not
less than the equivalent of 6.7 per cent of Hg.
It is prepared by dissolving 75.5 Gm. of yellow
mercuric oxide in 70 Gm. of nitric acid, adding
304.5 Gm. of distilled water and warming the
solution to 55°; this is added to a mixture of 35
Gm. of wool alcohols, 50 Gm. of white beeswax,
and 465 Gm. of white soft paraffin, previously
melted together and adjusted to a temperature
of 55°, the whole being stirred until cold.
For many years the U.S. P., and later the N.F.,
officially recognized a mercuric nitrate ointment,
of approximately the concentration of the B.P.
preparation, which was prepared by incorporating
a solution of metallic mercury in nitric acid into
lard which had been treated with nitric acid. By
reaction with nitric acid the olein of lard was
converted to the solid isomer elaidin which,
being yellow to orange in color, imparted a yellow
color to the ointment. The ointment was popularly known, because of its color, as citrine ointment. Though once widely and considerably used,
it was never a satisfactory product, at least from
the pharmaceutical standpoint; this shortcoming,
together with the introduction of other products
for similar therapeutic use, resulted in the virtual
abandonment of the ointment, at least in this
country. The new B.P. formula, official for the
first time in the 1953 edition of the compendium,
is much improved over the older formulas. For
the N.F. VIII formula see U.S.D., 24th ed.,
p. Uses.
675. — Mercuric nitrate ointment is antiseptic
(Reddish and Wales, /. A. Ph. A., 1929, 18, 576)
and stimulating. It was formerly extensively employed as a parasiticide in various skin diseases
— as impetigo, sycosis, ringworm, etc. — but it is
infrequently used today. It may be diluted with
yellow, soft paraffin (petrolatum) when a less
intense effect is desired. The ointment should not
be used indiscriminately for it may lead to
salivation. E
DILUTE

OINTMENT
NITRATE.

OF MERCURIC
B.P.

Unguentum Hydrargyri Nitratis Dilutum

Dilute Ointment of Mercuric Nitrate is required to contain not less than the equivalent of
1.2 per cent of Hg; it is prepared by mixing one
part of strong ointment of mercuric nitrate with
four parts of yellow soft paraffin (petrolatum).
B.P.
YELLOW

MERCURIC
N.F., B.P., LP.

OXIDE.

Yellow Precipitate, Hydrargyri Oxidum Flavum

"Yellow Mercuric Oxide, dried at 105° for 2
hours, contains not less than 99.5 per cent of
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HgO." N.F. The B.P. and the I.P. both require
not less than 99.3 per cent of HgO, the former
specifying the calculation to be made with reference to the substance dried at 105° for one hour,
the latter referring to the substance dried at
150° for one hour.

1 to 5 per cent ointment for the treatment of
infected conditions of the skin, conjunctiva
(especially for styes), and external auditory canal.
It has been used for epidermophytosis, pruritus
ani and infestation with lice. Although it is less
efficient in severe infections than, for example,
ammoniated mercury it is also much less irritating. Mercuric ion is slowly liberated on contact with the skin. Its reputation probably depends more upon tradition than evidence of
benefit.

Yellow Precipitate; Mercuric Oxide; Precipitated Mercuric Oxide. Hydrargyrum Oxydatura Flavum; Hydrargyrum Oxydatum via Humida Paratum; Hydrargyrum
Oxidatum Praecipitatum. Fr. Oxyde mercurique jaune;
Oxyde jaune de mercure; Oxyde mercurique par precipitation. Ger. Gelbes Quecksilberoxyd; Gelfalltes Quecksilberoxyd. It. Ossido mercurico giallo. Sp. Oxido de mercurio
amarillo; Oxido Mercurico Amarillo.

Yellow mercuric oxide may be prepared by the
interaction of aqueous solutions of mercuric
chloride and sodium hydroxide.
Yellow mercuric oxide differs from the red
oxide only in being in a finer state of subdivision;
on triturating the red oxide it acquires an orange
and finally a yellow color. Because of its greater
surface area, yellow mercuric oxide is more
quickly reactive than is the red oxide.
Description. — "Yellow Mercuric Oxide occurs
as a yellow to orange-yellow, heavy, impalpable
powder. It is odorless and is stable in air, but
becomes discolored on exposure to light. It is
not alkaline when moistened with hot water.
Yellow Mercuric Oxide is practically insoluble
in water, and is insoluble in alcohol. It is readily
soluble in diluted hydrochloric and diluted nitric
acids, forming colorless solutions." N.F.
Standards and Tests. — Identification. — A
solution of 1 Gm. of yellow mercuric oxide in
20 ml. of distilled water containing just enough
hydrochloric acid to effect solution responds to
tests for mercuric compounds. Loss on drying. —
Not over 2 per cent, when dried at 105° for 2
hours. Residue on ignition. — Not over 0.2 per
cent. Acid-insoluble substances. — A solution of
500 mg. of yellow mercuric oxide in 25 ml. of
either diluted hydrochloric acid or diluted nitric
acid is not more than slightly turbid. Distinction
from red mercuric oxide. — On heating 500 mg.
of yellow mercuric oxide with a solution of 1 Gm.
of oxalic acid in 1 ml. of ammonia T.S. and 9 ml.
of distilled water the oxide is converted into
white or yellowish white mercuric oxalate in 2
hours. Red mercuric oxide, whose particles have
a smaller surface area, does not react with oxalic
acid in this period of time. N.F. Both the B.P.
and the I.P. limit loss on drying to 1.0 per cent.
Assay. — A dilute nitric acid solution of about
500 mg. of yellow mercuric oxide, previously
dried at 105° for 2 hours, is titrated with 0.1 iV
ammonium thiocyanate, using ferric ammonium
T.S. as indicator. Each ml. of 0.1 N ammonium
thiocyanate represents 10.83 mg. of HgO. N.F.
Incompatibilities. — Trituration of mercuric
oxide with reducing agents may lead to the formation of mercurous compounds and, possibly,
metallic mercury. In the preparation of ointments, contact with metal should be avoided.
Uses. — Mercuric oxide, like other salts of this
metal, possesses antiseptic properties. The experiments of Sternberg, carried out many years ago.
indicated that it was about one-fifteenth as
efficient as mercuric chloride. It was used in
medicine almost exclusively in the form of a

Storage. — Preserve "in well-closed, light-resistant containers." N.F.
Off. Prep. — Yellow Mercuric Oxide Ointment,
N.F.; Mercury Oleate, N.F., B.P.; Eye Ointment
of Atropine with Mercuric Oxide; Eye Ointment
of Mercuric Oxide; Strong Ointment of Mercuric
Nitrate, B.P.
YELLOW MERCURIC OXIDE
OINTMENT.
N.F.
Unguentum Hydrargyri Oxidi Flavi

'Yellow Mercuric Oxide Ointment contains not
less than 0.9 per cent and not more than 1.1 per
cent of HgO." N.F.
Ointment of Yellow Mercuric Oxide; Ointment of Yellow
Oxide of Mercury. Pomatum cum Hydrargyro Oxydato
Flavo; Unguentum Hydrargyri Flavum; Pomatum Oxydi
Hydrargyri Flavi. Fr. Pommade a l'oxyde mercurique
jaune;
Pommade d'oxyde
de mercure.
Gelbedi
Quecksilberoxydsalbe.
It. jaune
Unguento
di ossidoGer.
giallo
mercurio; Pomata di ossido giallo di mercurio. Sp. Pomada
de 6xido de mercurio amarillo; Unguento de Oxido
Mercurico Amarillo.

Triturate 10 Gm. of yellow mercuric oxide, in
very fine powder, with 10 Gm. of liquid petrolatum until the mixture is smooth, then incorporate 980 Gm. of white ointment. Contact of
the ointment with metallic utensils or containers
other than those made of stainless steel, tin or
tin-coated material must be avoided. N J*.
Assay. — A 10-Gm. sample of the ointment is
treated with toluene to dissolve the ointment
base; glacial acetic acid and potassium iodide are
added to dissolve the mercuric oxide. Granular
zinc is next added, and the mixture boiled under
a reflux condenser for 2 hours; this treatment
reduces mercuric ion to metallic mercury, which
amalgamates with the zinc. The amalgam is
washed, dissolved with nitric acid, the solution
treated with potassium permanganate T.S. to insure oxidation of the mercury to mercuric ion,
and the solution is finally titrated with 0.1 N
ammonium thiocyanate, using ferric ammonium
sulfate as indicator. Each ml. of 0.1 N ammonium
thiocyanate represents 10.83 mg. of HgO. N.F.
Bergwall (see Pharm. J., 192 7, 119, 526) reported that this ointment decomposes and recommended that it be kept in light-proof containers
and that a label stating "to be kept away from
light" be placed on the dispensing container.
Uses. — Yellow mercuric oxide ointment possesses distinct antiseptic properties (Husa and
Radin, /. A. Ph. A., 21, 861, 1932). It was
originally introduced as a remedy for conjunctivitis and blepharitis, especially styes, by Squire
of England, but achieved wide use only after the
recommendation of Dr. Pagenstecker in 1865,
after whom it is sometimes called Pa^enstecker's

812

Mercuric Oxide

ointment. It is still extensively employed for
these purposes, but Hosford and McKenney
(J.A.M.A., 1933, 100, 17) believed that its value
is greatly overestimated.
For ophthalmic use, this ointment is usually
supplied in collapsible tubes containing ]/% ounce
or 34 ounce of the ointment and provided with
an elongated tip to aid in its application. A 2
per cent ointment is also commonly used. Both
are referred to as Yellow Mercuric Oxide Ophthalmic Ointment. The B.P. lists an Eye Ointment of Mercuric Oxide {Oculentum Hydrargyri
Oxidi) which contains 1.0 per cent of the oxide.
The B.P. also recognizes Eye Ointment of
Atropine with Mercuric Oxide which contains, if
another strength is not specified, 1.0 per cent of
atropine sulfate and 1.0 per cent of yellow
mercuric oxide. The base of both ointments is a
mixture of 10 per cent of wool fat and 90 per
cent of yellow soft paraffin (petrolatum) ; the
melted mixture is filtered, then sterilized by heating at 150° for a sufficient time to maintain this
temperature for one hour.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
MERCURIC

Part I

Ointment, Yellow

OXYCYANIDE.

B.P., LP.

Hydrargyri Oxycyanidum

The B.P. requires Mercuric Oxycyanide to contain not less than 14.5 per cent and not more
than 16.5 per cent of HgO, and not less than
83.5 per cent and not more than 85.5 per cent
of Hg(CN)2j the compound may be prepared
by the interaction of mercuric oxide and an
excess of mercuric cyanide in the presence of
water. The LP. requires not less than 14.5 per
cent and not more than 17.2 per cent of HgO,
and not less than 82.8 per cent and not more
than 85.5 per cent of Hg(CN)2.
Mercuric Subcyanide. Hydrargyrum Oxycyanatura; Hydrargyrum Oxycyanatum cum Hydrargyro Cyanato; Hydrargyri Cyanurum Basicum. Fr. Oxycyanure mercurique.
Get. Quecksilberoxyzyanid; Zyanidhaltiges Quecksilberoxyzyanid. Sp. Cianuro de mercurio, basico.

The composition of the salt recognized
by the B.P. and the LP. is approximately
Hg0.5Hg(CN)2, which is materially different
from the mercuric oxycyanide usually supplied in
this country and formerly recognized by the
N.N.R. (1947). The latter contains less mercuric
cyanide, having a composition approximately
represented by HgO.Hg(CN)2; the N.N.R. required this to contain from 44.3 to 48.0 per cent
of mercuric oxide, and from 51.7 to 56.0 per cent
of mercuric cyanide.
The B.P. salt is a white crystalline powder,
almost completely soluble in 35 parts of water,
the solution being alkaline to litmus. It gives the
characteristic reactions of mercury and of
cyanides. Tests for purity include a limit test for
chlorides, a maximum loss of 1.0 per cent on drying at 105°, and a residue on ignition of not more
than 0.1 per cent.
Assay. — The assay consists of two parts: the
first for the percentage of mercuric oxide and the
second for the percentage of mercuric cyanide.
Using 0.1 N hydrochloric acid the oxide content

is determined by direct titration, in the presence
of sodium chloride, and employing methyl orange
as indicator:
HgO + 2NaCl + 2HC1 -» Na2HgCl4 + H20
Each ml. of 0.1 N hydrochloric acid represents
10.83 mg. of HgO. To this titrated solution is
then added an excess of potassium iodide:
Hg (CN)2 + 4KI -» K2HgI4 + 2KCN
and the potassium cyanide liberated is titrated
using the same volumetric solution and indicator:
2KCN + 2HC1 -► 2HCN + 2KC1
Each ml. of 0.1 N hydrochloric acid required in
the second titration represents 12.63 mg. of
Hg(CN;2. B.P., LP.
Incompatibilities. — Tannic acid produces
first a yellow color and then a precipitate. With
ammonium chloride a white precipitate forms
which dissolves in excess of the ammonium salt
solution. This salt also exhibits many of the incompatibilities ofmercuric salts.
Uses. — Mercuric oxycyanide has been used,
especially in France, for the intravenous or occasionally intramuscular administration of mercury
in the treatment of syphilis. The injections may
be painful and are by some syphilographers considered not to be as safe as are other forms of
mercury; they must be given daily if persistent
action is desired.
Like mercuric cyanide, the oxycyanide has been
proposed as a substitute for mercury bichloride.
The claim that it is as great or greater in antiseptic power than bichloride is open to question;
it may be definitely inferior. Not being ionized,
it may be less irritating than mercury bichloride
and it does not precipitate protein like the latter
salt. It has been used in 1 in 10,000 concentration for irrigation of the urinary bladder. Solutions 1in 5000 or slightly stronger may be used
for local applications as an antiseptic. Solutions
containing 1 in 10.000 to 1 in 5000 are occasionally used in conjunctivitis. For disinfection of
instruments, a solution containing 1 in 200 of
mercuric oxycyanide is used. Steel instruments are
not corroded by the salt.
Dose, by injection or by mouth, 5 to 10 mg.
(approximately Vn to % grain).
MERCUROPHYLLINE.

U.S.P.

[Mercurophyllina]

"Mercurophylline consists of the sodium salt
of P-methoxy-a-hydroxymercuripropylamide of
trimethylcyclopentanedicarboxylic acid (the mercuri compound, CuH^HgNNaOo. mol. wt.
509.96), and theophylline, in approximately molecular proportions. Dried at 105° for 4 hours, it
contains not less than 94 per cent and not more
than 106 per cent of the labeled amount of the
mercuri compound and of anhydrous theophylline
(C7H8N4O2)." U.S.P.

Mercuzanthin, formerly Mercupurin (Campbell Products).

Organic mercury compounds in which the
mercury is finked to a carbon atom of a lateral
aliphatic chain, and which also contain a carboxyl
group, possess useful diuretic action. Such a
compound is the mercuri component of mercurophylline. The trimethylcyclopentanedicarboxylic

Part I
acid of this mercuri component is better known
as camphoric acid. In one method of synthesis
the anhydride of comphoric acid is reacted with
allylamine (CH2 = CHCH2NH2), which forms
an amide at a carboxyl group of the acid; then
a methoxyl (-OCH3) and a -HgOH group are
added at the double bond of the allyl group by
heating the amide with mercuric acetate and
methanol. The resulting acid form of the mercuri
component of mercurophylline is converted to
the sodium salt, and then combined with theophylline (see also U. S. Patent 2,117,901).
Description. — "Mercurophylline occurs as a
white or slightly yellow, odorless powder. It is
moderately hygroscopic and slowly darkens on
exposure to light. Its solutions are alkaline to
litmus paper. One Gm. of Mercurophylline dissolves in about 5 ml. of water. It is soluble in
alcohol, but insoluble in ether and in mineral
oils." U.S.P.
Standards and Tests. — Identification. — (1)
A solution of mercurophylline is heated in dilute
hydrochloric acid solution, then extracted with
ether: the residue obtained from the ether extract,
dried at 80° for 2 hours, melts between 157° and
161°. (2) Mercurophylline responds to identification test (1) for theophylline. (3) The residue
obtained on ignition of mercurophylline is alkaline to moistened litmus paper, effervesces with
acids, and responds to the flame test for sodium.
Loss on drying. — Not over 7 per cent, when
dried at 105° for 4 hours. Clarity of solution. —
A solution of 500 mg. of mercurophylline in 10
ml. of water is clear, or requires not more than
2 drops of ammonia T.S. to make it so. Chloride.
— The limit is 560 parts per million. Sulfate. —
No turbidity is produced on adding barium
chloride T.S. to a solution of mercurophylline.
Mercury ion. — No deeper color than yellow is
formed immediately and no precipitate is produced within 5 minutes after adding sodium
sulfide T.S. to a buffered solution of mercurophylline. U.S.P.
Assay. — For the mercuri compound. — About
300 mg. of mercurophylline, previously dried at
105° for 4 hours, is oxidatively decomposed by
heating with sulfuric and nitric acids, followed by
treatment with potassium permanganate to insure
completeness of oxidation. The resulting solution
of mercuric ion is titrated, in the presence of
nitric acid and using ferric ammonium sulfate as
indicator, with 0.1 N ammonium thiocyanate.
Each ml. of 0.1 N ammonium thiocyanate represents 25.50 mg. of the mercuri compound
(Ci4H24HgNNa05). For theophylline. — About
700 mg. of dried mercurophylline is dissolved in
water and the theophylline component is precipitated as silver theophylline by adding silver
nitrate in the presence of ammonia. The precipitate isseparated by filtration, washed with
water, dissolved in warm, dilute nitric acid and
the silver ion thereby released is titrated with
0.1 N ammonium thiocyanate, using ferric ammonium sulfate as indicator. Each ml. of 0.1 N
ammonium thiocyanate represents 18.02 mg. of
anhydrous theophylline (C7H8N4O2). U.S. P.
Uses. — For discussion of the action, uses and
untoward effects of mercurial diuretics see under
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Mersalyl. The inclusion of theophylline as a component of mercurophylline enhances somewhat
the diuretic action but especially the rapidity
and completeness of absorption following intramuscular injection; sloughs and venous thromboses occur with less frequency and severity. The
mercurial is thus well tolerated by intramuscular
or intravenous administration. The theophylline
also inhibits decomposition of the mercurial
component, as it does also in the combination of
mersalyl and theophylline. Nevertheless, a number
of sudden deaths following use of mercurophylline
have been reported (Friedfeld et al., J.A.M.A.,
1941, 117, 1806; Waife and Pratt, Arch. Int.
Med., 1946, 78, 42).
Oral administration of mercurophylline is also
effective, but less efficient than either intravenous
or intramuscular injection; the drug may be used
orally an as adjunct. Enteric-coated tablets are
available for oral use (see Batterman et al.,
J.A.M.A., 1944, 124, 1243). If too large a single
dose is given nausea, vomiting and dizziness may
occur (Solomon and Abraham, N. Y. State J.
Med., 1948, 48, 1593). Kidney malfunction is a
contraindication to oral administration of the drug
(Batterman et al., Am. Heart J., 1946, 31, 431).
As in the case of mersalyl, the action of mercurophylline and other mercurial diuretics is enhanced by concomitant use of ammonium
chloride (Greiner et al., J. Pharmacol., 1953,
108, 481). m
Dose. — The usual dose of mercurophylline by
intramuscular injection is 135 mg. (in 1 ml.)
given once or twice a week; the range of dose
is 65 to 270 mg.; the maximum safe dose is
270 mg. and this should usually not be exceeded
in 24 hours. Solutions for intramuscular injection
may contain benzyl alcohol to lessen pain on injection. The dose by intravenous administration
is the same, but the solution should be more
dilute and not contain benzyl alcohol. The usual
dose by mouth is 200 mg. daily, with a range of
100 to 200 mg. ; the maximum safe dose is 200
mg., which should not be exceeded in 24 hours.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
MERCUROPHYLLINE
U.S.P.

INJECTION.

[Injectio Mercurophyllinae]

Mercurophylline Injection is a sterile solution
of mercurophylline in water for injection. An additional amount of theophylline may be added.
Mercurophylline Injection contains not less than
94 per cent and not more than 106 per cent
of the labeled amount of the mercuri compound
(CuH^HgNNaOs) and not less than 94 per cent
and not more than 106 per cent of the labeled
amount of theophylline (C7H.8N4O2.H2O)." U.S.P.
Description. — "Mercurophylline Injection is
a clear, faintly yellow, odorless liquid and has
a slightly alkaline reaction. The pH of Mercurophylline Injection is between 7.5 and 9.0." U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." UJSJ>.
Usual Size. — 135 mg. in 1 and in 2 ml.
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MERCUROPHYLLINE
U.S.P.

Tablets

TABLETS.

[Tabellae Mcrcurophyllinae]

"Mercurophylline Tablets contain not less than
90 per cent and not more than 110 per cent of
the labeled amount of the mercuri compound
(Ci4H24HgNNa05), and not less than 90 per
cent and not more than 110 per cent of the
labeled amount of theophylline (C7H8N4O2.H2O)." U.S.P.
Usual Size. — 100 mg.
MILD

MERCUROUS CHLORIDE.
N.F. (B.P., LP.)

Calomel, Mercurous Chloride, [Hydrargyrum
Chloridum Mite]

"Mild Mercurous Chloride, dried over sulfuric
acid for 5 hours, contains not less than 99.6 per
cent of HgCl." N.F. The B.P. and LP. recognize
Mercurous Chloride containing not less than 99.6
per cent of HgCl, without any requirement as to
drying. The LP. in addition recognizes Precipitated Mercurous Chloride (Hydrargyri Subchloridum Praecipitatum) of the same minimum
purity.
B.P. Mercurous Chloride; Hydrargyri Subchloridum.
Mercury Subchloride. Hydrargyrum Chloratum (Mite) ;
Hydrargyrum Chloruretum; Hydrargyrum Protochlorurum.
Fr. Chlorure mercureux; Protochlorure de mercure. Ger.
Quecksilberchlortir ; Mercurochlorid; Calomel. It. Cloruro
mercuroso. Sp. Protocloruro de mercurio; Cloruro Mereurioso Mitigado.

The original method for the manufacture of
mercurous chloride was similar to that used in
the production of mercuric chloride. An intimate
mixture of mercuric sulfate, mercury, and sodium chloride was heated, the mercurous chloride
vaporizing and condensing in the form of a white,
translucent, fibrous cake. The cake was removed,
ground to a powder, washed repeatedly with boiling water to remove soluble impurities, and
dried. Instead of condensing the calomel in a
cake, the vapor may be led into chambers containing air or steam, in which it falls as a very
fine, white powder which requires no grinding.
Mercurous sulfate may replace the mixture of
mercuric sulfate and mercury. Mercurous chloride may also be prepared similarly from a
mixture of mercuric chloride and mercury. The
powder so obtained usually has a yellow tinge.
Still another method for preparing mercurous
chloride is by the reaction of a solution of a
soluble mercurous salt with a solution of a
chloride.
Mercurous chloride may be obtained in a very
light, voluminous form by the method of Duret
(/. Soc. Chem. Ind., 1919, 338A). This is a
precipitation method utilizing mercuric chloride,
hydrochloric acid, sodium bicarbonate, dextrose
and magnesium chloride. Much greater germicidal properties have been claimed for the product obtained in this way.
Description. — "Mild Mercurous Chloride occurs as a heavy, white, impalpable powder, becoming yellowish white when triturated with
strong pressure, It is odorless and is stable in
air, but gradually darkens when exposed to light.
Mild Mercurous Chloride is blackened by contact
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with calcium hydroxide T.S., with solutions of
alkali hydroxides, or with ammonia T.S. Mild
Mercurous Chloride is insoluble in water, in alether, that
and mercurous
in cold dilute
acids."
N.F.
The LP.cohol, instates
chloride
consists
of particles varying from 4 to 20 microns in diameter, together with not more than a small proportion of particles having dimensions outside
these limits, when a small quantity of the substance is suspended in a drop of cyclohexanol
and examined under a microscope.
Standards and Tests. — Identification. — When
heated, in a dry glass tube, with an equal weight
of anhydrous sodium carbonate, mild mercurous
chloride yields metallic mercury which condenses
on the wall of the tube. When the residue in the
tube is dissolved in nitric acid, filtered, and silver
nitrate T.S. added to the filtrate, a white, curdy
precipitate is produced. Loss on drying. — Not
over 0.5 per cent, when dried over sulfuric
acid for 5 hours. Residue on ignition. — Not over
0.1 per cent. Ammonia. — No ammonia is evolved
on heating mild mercurous chloride with sodium
hydroxide T.S Mercury bichloride. — A 2-Gm.
portion of mild mercurous chloride is shaken with
20 ml. of ether, which dissolves any mercury
bichloride that may be present. The residue remaining after evaporation of the ether shows no
more chloride, when dissolved in 10 ml. of distilled water and 2 drops of diluted nitric acid,
than corresponds to 0.1 ml. of 0.02 N hydrochloric acid (35 parts per million). N.F.
The B.P. tests for mercuric chloride by shaking 2 Gm. with 20 ml. of water, filtering, and
testing the filtrate with hydrogen sulfide; no
darkening should occur.
Assay. — About 700 mg. of mild mercurous
chloride, dried over sulfuric acid for 5 hours, is
mixed with distilled water and 50 ml. of 0.1 N
iodine and a solution of potassium iodide added.
The iodide effects an auto-oxidation-reduction of
mercurous chloride, one molecule of HgCl being
reduced to metallic mercury and another being
oxidized to the mercuric state ; the iodine oxidizes
the former product to the mercuric state. When
complete solution results, the excess of iodine is
titrated with 0.1 N sodium thiosulfate, using
starch T.S. as indicator. Each ml. of 0.1 N iodine
represents 23.61 mg. of HgCl. N.F.
Incompatibilities. — Soluble hydroxides and
carbonates are incompatibile with mercurous chloride in the presence of moisture, yielding black
mercurous oxide and basic carbonate, respectively.
Ammonia water gives a black mixture of mercury and NH2HgCl; ammonium carbonate acts
similarly. Alkali iodides in solution form with
calomel first mercurous iodide, which then undergoes auto-oxidation-reduction to mercury and
mercuric iodide. In the presence of an excess of
soluble iodide, a soluble, complex salt is formed.
The alkali bromides act in a similar manner. Considerable controversy once arose as to whether a
reaction occurs between alkali chlorides and mercurous chloride, converting the latter into mercury and mercuric chloride. This possibility
appears to have been disproved.
Many oxidizing substances react with mercurous chloride with formation of mercuric com-
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pounds. Various reducing substances react with
mercurous chloride, forming metallic mercury.
A number of substances decompose mercurous
chloride into mercury and mercuric chloride. Certain alkaloids, as cocaine and pilocarpine, and
also substances such as sucrose, lactose, acacia,
and tragacanth bring about this reaction in greater
or less degree, as evidenced by a darkening of
the mixture. Caution should be exercised in prescribing mercurous chloride to avoid such combinations as may result in the formation of more
soluble, and consequently more toxic, mercuric
derivatives.
Uses. — Calomel possesses cathartic, diuretic,
antiseptic, and antisyphilitic actions. It was once
highly popular as a laxative and was the remedy
of choice for "biliousness." It is so insoluble that
ordinarily it is relatively non-irritant to mucous
membranes. In the presence of alkali and bile in
the intestine it is in small part oxidized to the
mercuric state, in which form it is irritant and
active. It causes the formation of a semi-fluid
stool about 12 hours after ingestion; its laxative
action, which involves both upper and lower
bowels, is thorough. Most of a dose of calomel
is probably eliminated from the bowel; only the
dissolved portion is absorbed and some of this,
at least, is in the mercuric state.
The former impression that calomel stimulates
hepatic secretion is erroneous (Schmidt et al.,
Am. J. Digest. Dis., 1938, 5, 613). It does increase the amount of biliverdin in the feces, possibly through increased intestinal motility or
through its antiseptic effect in preventing normal
transformations of natural bile (Von Oettingen
and Sollmann, J.A.M.A., 1926, 87, 1990). It
probably causes evacuation of the gall bladder.
Calomel was formerly used to cleanse the intestines in enteritis, both because of the thoroughness of its effect and its antiseptic action. When
used as a purgative better effects may be obtained, with less discomfort, by giving it in divided doses; thus, 15 mg. (approximately 54
grain) may be given every half hour until 200
to 250 mg. (approximately 3 to 4 grains) have
been administered. It is important that administration of calomel be followed, the next day,
by a saline laxative for the reason that if laxation should fail sufficient mercury may be absorbed to cause salivation, dermatitis, etc. Pink
disease in infants, a febrile erythematous condition, has been related to hypersensitivity to mercury often present as calomel in teething powders
(Baumann, Schweiz. med. Wchnschr., 1949, 79,
725; Gaisford, Pract., 1950, 165, 553; Farquhar,
Lancet, 1953, 2, 1186); dimercaprol (q.v.) is useful in treatment of this condition.
As a diuretic calomel has beeen replaced by
the complex organic mercurial compounds (see
Mersalyl). According to Fleckseder (Wien. klin.
Wchnschr., 1911, p. 1421) calomel was useful in
the severe dropsy of heart disease when other
drugs had failed.
An injection containing 5 per cent of calomel
in oil was used intramuscularly in the treatment
of syphilis, in a dose of 0.6 to 1.2 ml. of the
injection once weekly (B.P. 1932) but this was
very painful and has been replaced by more ef-
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fective antiluetic drugs. Calomel was also administered by mouth, often concurrently but not in
combination with potassium iodide, in the treatment of tertiary syphilis.
Although calomel has long been used both externally and internally for its disinfectant properties, the studies of Schamberg and Kolmer
(J.A.M.A., 1915, 64, 618) indicated that its germicidal power had been underestimated. According to these investigators, it is equivalent to
mercury bichloride on an equal weight basis. Externally calomel is used as a dusting powder in
various infections of the eye and in venereal
ulcers, also as an ointment in various ulcerated
conditions of the nasal or other mucous membranes. A30 per cent ointment is rubbed into the
external genitalia immediately after sexual contact (within an hour) for the prevention of syphilis (U. S. Nav. M. Bull., 1945, 45, 381). Internally ithas been used for its antiseptic action
in various types of enteritis or dysentery.
Under the name Black Lotion, a product of the
interaction of mild mercurous chloride and lime
water was long popular as a germicidal and stimulant local application. The N.F. VIII directed
this to be prepared by triturating 9 Gm. of mild
mercurous chloride and 1 Gm. of finely powdered
acacia in a mortar, gradually adding 100 ml. of
water, then diluting to 1000 ml. with freshly prepared calcium hydroxide solution. The black
color of the mixture is due to the mercurous
oxide formed in the reaction, [vj
Dose. — The usual dose of calomel, as a cathartic, is 120 mg. (approximately 2 grains) given in
several portions; as much as 300 mg. (approximately 5 grains) has been given, especially in
divided dosage (see above).
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
Off. Prep. — See preparations described in following, also Santonin
and Mild Mercurous Chloride Tablets.
N.F.
MILD

MERCUROUS
OINTMENT.

CHLORIDE
N.F.

Calomel Ointment, Unguentum Hydrargyri Chloridi Mitis

"Mild Mercurous Chloride Ointment contains
not less than 28.5 per cent and not more than
31.5 per cent of HgCl." N.F.

Ointment of Mercurous Chloride. Unguentum Hydrargyri
Subchloridi. Ointment of Subchloride of Mercury. Pomatum
Prophylacticum ; Pomatum Chloruri Hydrargyrosi Praecipitati. Fr. Pommade prophylactique au calomel; Pommade
de calomel a trente pour cent. It. Unguento di cloruro
mercuroso; Pomata di calomelano. Sp. Pomada de cloruro
mercurioso precipitado.

Mix 300 Gm. of mild mercurous chloride with
350 Gm. each of hydrous wool fat and white
petrolatum. N.F.
Assay. — About 1 Gm. of the ointment is
warmed with xylene to dissolve the fatty base,
then mixed with acetic acid and potassium iodide
T.S. which effects an auto-oxidation-reduction of
calomel (see the assay of Mild Mercurous Chloride). The oxidized mercury is then reduced by
zinc, with which it amalgamates. The zinc amalgam is separated, washed with xylene and distilled water, dissolved in diluted nitric acid, and
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the solution oxidized with a slight excess of potassium permanganate T.S. The excess of permanganate is reduced by a few drops of hydrogen
peroxide T.S. and the mercuric ion estimated by
titration
with 0.1 ATsulfate
ammonium
ferric ammonium
T.S. asthiocyanate,
indicator. using
Each
ml. of 0.1 N ammonium thiocyanate represents
11.80 mg. of HgCl. N.F.
Uses. — Calomel ointment is actively antiseptic
and has been used chiefly in the treatment of
various infections and parasitic infestations of
the skin. For some purposes the N.F. ointment
may require dilution. A popular preparation of
calomel in ointment form is the PCP of dermatologic formularies; this contains 2 per cent of
phenol, 3 to 4 per cent of calomel in Lassar's
zinc oxide paste.
Vichers, Snyder and Gathercoal (/. A. Ph. A.,
1937, 26, 1241) reported that a specially prepared colloidal calomel yielded an ointment having much higher antiseptic power than one made
from official calomel. From the fact that official
calomel varies in particle size from 2 to 50 microns, with certain old calomels having a maximum particle size of 110 microns, and that colloidal calomel consists of particles 0.8 micron or
less in size, Vichers and co-workers raised the
question as to whether the reduction in size of
the particles might account for the increased
effectiveness. As against this possible explanation, Schiller {Am. J. Pharm., 1938, 110, 289)
believes, on the basis of his experimental evidence, that the increased effectiveness of the colloidal calomel ointment may be largely dependent
on the greater availability of water (containing
mercurous ions) in the ointment. The calomel
used in the experiments of Vichers et al. was
prepared by adding to a solution containing gelatin and sodium chloride, a dilute, slightly acidified solution of mercurous nitrate, dialyzing the
resulting suspension until free from acidity and
soluble salts and, finally, concentrating the suspension in a vacuum pan to produce a magma
containing 1 Gm. of calomel in 3 Gm. of preparation.
Storage. — Preserve "in tight containers and
avoid prolonged exposure to temperatures above
30°." N. F.
COMPOUND
MILD MERCUROUS
CHLORIDE PILLS.
N.F.
Compound

Cathartic Pills, Pilulae Hydrargyri
Mitis Compositae

C. C. Pills; Compound

Part

Mild

Chloridi

Calomel Pills.

Prepare 100 pills, according to the general directions (see under Pills), from 8 Gm. of compound colocynth extract, 6 Gm. of mild mercurous chloride, 2 Gm. of jalap resin, in fine powder,
and 1.5 Gm. of gamboge, in very fine powder,
using diluted alcohol as an excipient. N.F.
Compound cathartic pills were officially recognized as long ago as the second edition of the
U.S. P. Although they are actively purgative their
use in habitual constipation, because of the content of calomel, should be avoided.
Dose, from 1 to 3 pills.
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MILD MERCUROUS CHLORIDE
TABLETS.
N.F. (B.P., LP.)
Calomel Tablets, Tabellae Hydrargyri
[Calomel Tablets]

Chloridi Mitis

"Mild Mercurous Chloride Tablets contain not
less than 92.5 per cent and not more than 107.5
per cent of the labeled amount of HgCl." N.F.
The B.P. purity rubric is the same. The corresponding LP. limits are 90.0 and 110.0 per cent.
B.P. Tablets of Mercurous Chloride; Tabellae Hydrargyri Subchloridi. LP. Compressi Hydrargyri Subchloridi.

Usual Sizes. — Vi
, ^2 and 1 grain (approximately 6, 15, 30 and 60 mg.)
MILD MERCUROUS CHLORIDE AND
SODIUM
BICARBONATE
TABLETS.
N.F.
Calomel and Soda Tablets, Tabellae Hydrargyri
Chloridi Mitis et Sodii Bicarbonatis

"Mild Mercurous Chloride and Sodium Bicarbonate Tablets contain not less than 92.5 per cent
and not more than 107.5 per cent of the labeled
amount of HgCl for tablets containing more than
15 mg., and not less than 90 per cent and not
more than 110 per cent for tablets containing 15
mg. or less of HgCl." N.F.
Usual Sizes. — Via, %, Yt. and 1 grain (approximately 6,15, 30 and 60 mg.) of mild mercurous
chloride.
YELLOW
Mercurous

MERCUROUS
N.F.
Iodide, Hydrargyri

IODIDE.

Iodidum

Flavum

"Yellow Mercurous Iodide, dried over sulfuric
acid for 4 hours, contains not less than 99 per
cent of Hgl." N.F.
Green Iodide of Mercury; Protoiodide of Mercury.
Hydrargyri Iodidum Viride; Hydrargyrum Jodatum; Hydrargyrum Iodatum Flavum; Hydrargyri Protoiodurum;
Hydrargyri Protoioduretum; Hydrargyrum Ioduretum. Fr.
Iodure mercureux ; Protoiodure de mercure. Ger. Quecksilberjodur; Mercurojodid. It. Joduro mercuroso. Sp.
Protoyoduro de mercurio.

The method provided by the U.S. P. VIII for
preparing this salt was essentially a double decomposition reaction involving solutions of mercurous nitrate and potassium iodide, yellow mercurous iodide and potassium nitrate being formed.
Yellow mercurous iodide may also be prepared
by triturating a mixture of iodine and mercury,
moistened with alcohol. A purer product can be
obtained by boiling a solution of mercurous nitrate, containing nitric acid, with an excess of
iodine.
Description. — "Yellow Mercurous Iodide occurs as a strong yellowish orange, amorphous
powder, without odor or taste. It decomposes
upon exposure to fight. Yellow Mercurous Iodide
is practically insoluble in water, and is insoluble
in alcohol and in ether." N.F.
Standards and Tests. — Identification. — (1)
Yellow mercurous iodide is blackened by ammonia
T.S. and by sodium hydroxide T.S. (2) Iodine
vapor is evolved on heating yellow mercurous
iodide with sulfuric acid and a little manganese
dioxide. (3) On adding 500 mg. of yellow mercurous iodide to 10 ml. of potassium iodide T.S.
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mercuric iodide is formed, which dissolves, leaving a residue of metallic mercury which coagulates after standing about 10 minutes. Loss on
drying. — Not over 2 per cent, when dried over
sulfuric acid for 4 hours. Residue on ignition. —
Not over 0.1 per cent. Mercuric iodide. — The
turbidity produced with hydrogen sulfide T.S. by
an alcoholic extract representing 250 mg. of yellow mercurous iodide is not darker than that produced by 1 ml. of a 1 in 2000 mercuric chloride
solution, similarly treated. N.F.
When pure, mercurous iodide is yellow, but it
easily decomposes on exposure to light, becoming
greenish. Amy et al. (J. A. Ph. A., 1931, 20,
1153) found that mercurous iodide darkens even
when kept in containers of colored glass, except
when light is excluded. They found also that the
blackening of the chemical was a surface phenomenon only and that the black film protects
the inner layer of chemical from the light. When
heated cautiously, mercurous iodide acquires a
red color, but on cooling returns to its original
color.
Assay. — About 1 Gm. of yellow mercurous
iodide, dried over sulfuric acid for 4 hours, is
assayed by the method used for mild mercurous
chloride. Each ml. of 0.1 iV iodine represents
32.75 mg. of Hgl. N.F.
Incompatibilities. — Upon exposure to light
yellow mercurous iodide becomes dark as a result of the liberation of mercury, mercuric iodide
being formed simultaneously. With soluble iodides in solution it forms metallic mercury and
mercuric iodide. It exhibits many of the incompatibilities ofmercurous chloride.
Uses. — Mercurous iodide has been used orally
in the treatment of the late stages of syphilis in
debilitated, elderly patients. It has the advantage,
like calomel, of being relatively non-irritant to
the stomach. It should never be given at the same
time with potassium iodide, which converts it
into mercuric iodide and metallic mercury.
Dose, from 10 to 30 mg. (approximately Ve to
V'i grain) three times daily.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
YELLOW

MERCUROUS IODIDE
TABLETS.
N.F.

Mercurous Iodide Tablets, Tabellae Hydrargyri
Iodidi Flavi

"Yellow Mercurous Iodide Tablets contain not
less than 91 per cent and not more than 109 per
cent of the labeled amount of Hgl." N.F.
Assay. — A representative portion of powdered tablets equivalent to about 100 mg. of yellow mercurous iodide is dissolved in a mixture of
distilled water and hydrochloric acid and titrated
with 0.02 M potassium iodate, in the presence of
chloroform. The iodate oxidizes mercurous ion to
mercuric, and the iodide first to elemental iodine
and then to the +1 valence of iodine monochloride. Each ml. of 0.02 M potassium iodate represents 8.734 mg. of Hgl. N.F.
Usual Sizes.— ^, Yq, % and Yi grain (approximately 8,10, 15 and 30 mg.).
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N.F., B.P., LP.

Hydrargyrum, Quicksilver

Hg (200.61)
The B.P. recognizes mercury as containing not
less than 99.5 per cent of Hg. The other compendia have no assay rubric.
Hydrargyrum Depuratum; Mercurius Vivus; Argentum
Vivum. Fr. Mercure; Mercure purifie. Ger. Quecksilber.
It. Mercuric Sp. Mercurio; Plata liquida Hidrargirio.

Mercury, apparently known since about 300
B.C. and named hydrargyrum by Pliny after the
Greek words signifying water and silver, occurs
naturally as the element and also amalgamated
with silver and gold. It is found also as native
calomel, but most abundantly as the sulfide or
native cinnabar. This ore is found in many parts
of the world. The most ancient mine is that of
Almaden in Spain, which was worked before the
Christian era. This mine, and the mines of California, are still the most productive. Some mercury is mined in Bavaria, Jugoslavia, Italy, Peru,
Mexico, China and Australia.
Mercury is obtained from cinnabar by roasting
it in air; the sulfur is oxidized to sulfur dioxide
while the mercury forms vapor of the element
which is condensed and collected under water.
Mercury, as found in commerce, is contained
in cylindrical wrought iron bottles, called flasks,
each containing 75 pounds. Important uses of the
metal are in mining silver and gold, in making
thermometers and barometers, in silvering mirrors, in the construction of mercury-vapor ultraviolet lamps, in mercury boilers, and in the manufacture of various medicinal compounds.
Description. — "Mercury occurs as a bright,
shining, silver white metal, liquid at ordinary
temperatures, and easily divisible into globules.
Mercury has a specific gravity of about 13.5.
Mercury is insoluble in the ordinary solvents, in
hydrochloric acid, and at ordinary temperatures
in sulfuric acid, but it is soluble in the latter
upon boiling. It is readily and completely soluble
in nitric acid." N.F.
Standards and Tests. — Residue on ignition.
— Not over 0.01 per cent of residue remains from
the evaporation and ignition of a solution of 5
Gm. of mercury in a mixture of 5 ml. of nitric
acid and 3 ml. of water. Foreign substances. —
Globules of mercury, when placed on white
paper, retain their globular form, roll about
freely, and leave no streaks on the paper. N.F.
The B.P. description and tests are similar to
those of the N.F. The former, however, in a test
to determine non-volatile residue, directs only
that the mercury, when volatilized at 300°, leave
a residue not exceeding 0.02 per cent. The B.P.
includes no other test for purity. The B.P. assay
is based on solution of mercury in nitric acid
followed by titration with ammonium thiocyanate.
When perfectly pure, mercury is not affected
by air or water, but as it is ordinarily found it
develops a slight tarnish. When heated to near
the boiling point, it gradually combines with oxygen, and is converted into mercuric oxide; at
the boiling temperature it gives up the oxygen
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with which it had combined, and is reduced
again to the metallic state. It boils at 356.9°,
yielding a colorless vapor, and congeals at —39°,
forming a malleable solid of tin-white color. It
is a good conductor of heat, and its specific heat
is small. It is not dissolved by hydrochloric acid,
nor by cold sulfuric acid; but boiling sulfuric acid
or cold nitric acid dissolves it, producing mercurous sulfate and mercurous nitrate, respectively, with the liberation, in the former case, of
sulfurous acid; in the latter, of nitrogen dioxide.
Its combinations are numerous, and many of
them constitute important medicines. It forms
two classes of salts: mercurous, univalent, and
mercuric, bivalent.
Mercury, as it occurs in commerce, is usually
sufficiently pure for pharmaceutical purposes. Occasional y itcontains foreign metals, as lead, tin,
zinc, and bismuth. The impure metal has a dull
appearance, leaves a mark on white paper, is less
fluid and mobile, as shown by its not forming
perfect globules, is not completely volatilized on
heating, and when shaken in a glass bottle coats
its sides with a pellicle, or if very impure, deposits
a black powder. If agitated with strong sulfuric
acid, the contaminating metals become oxidized
and dissolved, and thus the mercury may to a
limited extent be purified. Mercury may be purified by treating it with weak nitric acid, or with
a solution of mercuric chloride, whereby the ordinary contaminating metals will be removed. It
may also be purified by distillation. For further
details regarding the purification of mercury, see
U.S.D., 19th edition, p. 635.
Uses. — Since mercuric ion precipitates protein, mercuric salts are protoplasmic poisons and
metallic mercury and its various other compounds
are at least potentially so. The toxicity, and often
the action, of mercury compounds are proportional
to the content of mercuric ion. Mercury and its
salts and other compounds have been variously
used, as antiseptics (see under Mercury Bichloride), as parasiticides and fungicides (see under
Ammoniated Mercury), as antiluetic agents (see
under Mercuric Succinimide, in Part II), as diuretics (see under Mersalyl), and as cathartics
(see under Mild Mercurous Chloride).
Absorption and Elimination. — Metallic mercury in bulk is practically not absorbed, but when
it is dispersed in very small globules having a
large total surface area, or when it is present in
the form of a salt or certain other of its compounds, itis absorbed by the mucosa of the alimentary tract. It is also absorbed through the
skin, and by inhalation as mercury vapor. Absorption isthought by some to follow conversion
to an albuminate of mercury which is soluble in
an excess of protein; others suggest that an oxide
of mercury is formed in the intestinal tract and
that this is dissolved by lipids. Following absorption mercury is excreted chiefly through the kidneys and the colon, although it has been detected in practically every secretion of the body;
thus it is found in sweat, bile, and milk. Elimination is comparatively slow. While most of a dose
of mercury is excreted during the first week the
excretion nevertheless continues for months (Sollmann et al., Arch. Dertnat. Syph., 1935, 32, 1).
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Intake of as little as 0.4 mg. of mercury daily
may result in poisoning. The metal tends to accumulate inthe body; with an intake of 0.02 mg.
daily a person may excrete 0.008 mg. in the
urine and 0.005 mg. in the feces with resulting
slow accumulation. Mercury does not remain
long in the blood; the blood concentration seldom
exceeds 0.05 mg. per 100 ml. except shortly after
an injection. Mercury passes the placenta into
the fetus; it is stored in bones in a manner resembling the behavior of lead. After inunction of
mercury as much as 1 mg. per liter has been
found in the urine. After intramuscular injection
mercury has remained at the site of injection for
months, although as much as 3 mg. per liter was
found in urine after a dose of 100 mg. of a suspension of finely divided mercury. The equivalent of 500 mg. of mercury was found in the liver
and kidneys of a man who had not received mercurial treatment for several months prior to his
death (Walker, J. A.M. A., 1941, 117, 2296). It
is also found in the spleen, intestinal wall, heart,
skeletal muscles, lungs and bones (Sollman and
Schreiber, Arch. Int. Med., 1936, 57, 46; Young
et al, Arch. Dermat. Syph., 1930, 21, 539).
When present in blood in higher concentrations
it acts as a local irritant to various glandular
structures and leads to increased secretion. The
salivary glands are the most sensitive, so that
ptyalism is an early symptom of chronic mercury
poisoning; however, the kidneys and bowels are
affected also.
Therapeutic Uses. — Mercury was the first
antisyphilitic drug which had real therapeutic
action; it is, however, treponemistatic but not
treponemicidal in vivo. Eagle (/. Pharmacol.,
1939, 66, 436) found that the antitreponemal
action of mercury, and also of arsenic and of
bismuth, was inhibited by compounds containing
sulfhydryl groups, such as glutathione and cysFi'ldes the
(Brit.antibacterial
J. Exp. Path.,
21, 67)
showedteine'that
action1940,
of mercury
compounds could be explained by their combination with sulfhydryl components of enzymes and
other substances essential to the survival of the
cell. The introduction of arsenicals and bismuth
compounds displaced mercury and its compounds
in the therapy of syphilis. While mercury compounds have been used as an adjunct during the
interim periods of arsenical treatment, similar
use of bismuth injections proved to be more
effective and less toxic. Sollmann and associates
have discussed the relative value of various mercurial compounds for treatment of syphilis (Arch.
Dermat. Syph., 1935, 31, 15; 32, 1). As penicillin has been established to be efficacious in syphilis all of these drugs are now used infrequently.
At one time mercurials were highly regarded
for their antiphlogistic action in the treatments
of inflammations of serous membranes, as in
pleurisy, iritis and peritonitis, especially when the
exudate was of a fibrinous nature. In analogous
conditions involving mucous membranes the effects of mercurials were much less apparent. The
explanation of the action of mercury compounds
in these conditions is obscure; today the mercurials are rarely, if ever, used in this manner.
The history of the use of mercury as a diuretic
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has been one of fluctuating popularity. Introduced for such use by Jendrassik in 1886 mercury compounds were largely used for several
years for this effect but by the end of the first
decade of the 20th century the practice was all
but forgotten. Following the studies of Saxl, in
1920, with merbaphen, certain complex organic
mercurial compounds came into general use, especially inthe treatment of cardiac edema (Grossman, Arch. Int. Med., 1953, 92, 459). While injectable compounds of mercury are preferred,
practically all absorbable mercurials will produce
some effect. The increased volume of urine is
due to an effect upon the tubular epithelium
hindering resorption of water (see discussion of
Nephrotropic Agents, in Part II).
Mercury Mass, a semisolid dispersion of finely
divided mercury, was long popular as a cathartic
and was recognized in the official compendia of
the United States and Great Britain. The formula
of the N.F. IX was as follows: Triturate 10 Gm.
of mercury oleate in a mortar, gradually add 330
Gm. of mercury, then a small portion of honey,
and triturate until globules of mercury are no
longer visible under a lens magnifying 10 diameters. Incorporate sufficient honey to make the
total amount of it used 320 Gm., along with 90
Gm. of glycerin, 100 Gm. of glycyrrhiza, and 150
Gm. of althea, both in very fine powder. Triturate
the mass until it is homogeneous. The dose as a
laxative varied from 0.3 to 1 Gm. (approximately
5 to 15 grains).
Toxicology. — In using mercury or its compounds therapeutically it was often necessary to
give doses large enough to produce the symptoms
of mild poisoning — salivation or ptyalism. The
first observable signs of mercury-induced ptyalism
are a coppery taste in the mouth, a slight soreness of the gums, and an unpleasant sensation in
the sockets of the teeth when the jaws are firmly
closed. Shortly afterwards the gums begin to
swell, a fine of whitish matter, and in some an
adjacent black line, is seen along their edges, and
the breath has a peculiar and very disagreeable
odor, called the mercurial fetor. Bismuth may
produce similar changes in the gums. The lead
fine on the gums is grey and the gingivitis is less
marked. The saliva becomes increased in quantity and more viscid, and, if the affection advances, the gums, tongue, throat, and face become
much swollen ; ulcerations attack the lining membrane of the mouth and fauces; the jaws become
excessively painful; the tongue is coated with a
thick whitish fur, and the saliva flows in streams
from the mouth. If the use of the metal was nevertheless continued, as was formerly sometimes the
custom, the devitalized tissue provided a favorable place for bacterial growth and extensive
necrosis developed. Agranulocytosis must be considered in the differential diagnosis. The inflammation of the salivary glands is the result of an
effort at excretion and those drugs, such as potassium iodide, which tend to hasten elimination of
the metal will aggravate the symptoms. The most
important element of the treatment is local cleanliness (Hunter, Pract., July, 1953). Antiseptic
and astringent mouth washes should be used frequently and ulcerated spots may be touched with
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solutions of silver nitrate. If the flow of saliva is
excessive full doses of atropine may be given.
Mercurialism was one of the earliest recognized
industrial diseases (Lewis, J. A.M. A., 1945, 129,
125). Acute and chronic industrial mercurialism
must not be confused with acute poisoning by
ingestion of mercuric chloride or other soluble
salts of mercury. Acute industrial poisoning is
largely a disease of the oral mucous membrane;
chronic intoxication is a disease of the nervous
system. Such poisoning results largely from the
inhalation of metallic mercury vapor. Mercury
vaporizes at room temperature and hazardous concentrations result from seemingly negligible spillage; more than 1 part in 50,000,000 of air is
probably toxic on prolonged exposure. The violent corrosive action and the nephrotoxic action
of mercuric chloride are absent in poisoning with
metallic mercury. Acute mercurialism is manifested by acute spongy gingivitis, ulcerative stomatitis or, occasionally, colitis, anorexia, weakness and dyspepsia. Except for leukocytosis in
some instances and the presence of mercury in
the urine, laboratory findings are not significant.
Lewis advocated the dithizone test for mercury
in the urine (see Gettler and Lehman, Am. J.
Clin. Path., Tech. Supp., 1938, 2, 161). The element may be detected in urine also by immersing a carefully cleaned coil of copper wire
in 20 ml. of urine acidified with 4 ml. of concentrated hydrochloric acid and boiling gently
for 1 hour. After washing the wire thoroughly
with distilled water, a silvery coating suggests
the presence of mercury (Gettler and Kaye,
/. Lab. Clin. Med., 1950, 35, 146). Antimony,
arsenic, bismuth, selenium, sulfur or tellurium
may cause a dark discoloration. For further identification, filter
a
paper in a watch glass is moistened with a few drops of a cuprous iodide solution which is prepared by dissolving 5 Gm. of
copper sulfate and 3 Gm. of anhydrous ferrous
sulfate (precipitated with ethyl alcohol) in 10
ml. of distilled water and mixing, with continuous
stirring, with a solution of 7 Gm. of potassium
iodide in 50 ml. of distilled water. The silvery
copper wire is placed on the moistened filter
paper and covered with a watch glass for 1 hour.
A salmon-pink color develops due to formation
of cuprous mercuric iodide. As little as 0.02 mg.
of mercury can be detected in this manner. A
quantitative method for determining mercury in
blood and in urine was reported by Kozelka
(Ann. Chem., 1947, 19, 494).
In exposed workers the diagnosis of subacute
mercurialism may be made on the basis of chronic
gingivitis, dental alveolar absorption, salivation,
anorexia, weight loss, asthenia and occasionally
pallor, and nervous irritability ("mad as a hatter" in Alice in Wonderland of Lewis Carroll).
Chronic mercurialism is manifested by the
"shakes." This tremor is of variable intensity
although a fine component may be constantly
present. The tremor is increased when the part
is used (in contrast to parkinsonism which it
otherwise resembles) and by fatigue and emotional strain. A handwriting test shows a rapid
decline in legibility after one or two words have
been written. Muscle pain, tension and cramps,
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especially at night, are frequent symptoms. Irritability, mental depression and in advanced cases
even confusion are seen. Dermographia, excessive
perspiration and blushing, exaggerated tendon reflexes and pallor may be observed. The lesion is
thought to be in the basal ganglia but the cerebral cortex may also be affected. Such intoxication
has been a problem in the mining and smelting of
cinnabar, in the fur, felt and hatting trades (Neal
et al, Pub. Health Bull., 1941, No. 263 and 1937.
No. 234). in the manufacture of Edison storage
batteries, in calibration of apparatus in the glass
industry, in manufacture of mercury fulminate
in the explosives industry, in reclaiming of precious
metals by the amalgam process from dental and
other wastes, in installation of mercury boilers
and vapor turbines, in many laboratory procedures, and in the manufacture of tungsten and
molybdenum rod and wire in the electrical industries. Sanitary engineering to prevent toxicity
from mercury involves careful housekeeping, design of equipment to prevent accumulation of
mercury and to promote collection of spillage,
ventilation to insure a minimum concentration of
mercury in the air and housing of apparatus
within hoods which are forcibly exhausted. Supervised personal hygiene of workmen, preemployment examination and frequent medical observation are also essential. Persons with chronic disease or dental abnormalities should not be employed.
Treatment of acute mercurialism consists of
dental care including the eradication of the associated fusospirochetal infection of the gums.
Saline laxatives and a high caloric soft diet are
indicated. Dimercaprol is useful (see under Mercury Bichloride). Early chronic intoxication responds slowly to removal from exposure, sedation,
nutritious diet, vitamin supplements and physical
therapy. Advanced involvement of the nervous
system is extremely refractory to treatment.
Miners may be affected in as short a time as 1
year whereas in the felt hat industry many years
of exposure are required.
Dermatitis is another important untoward effect
of mercury and its compounds because of their
tendency to sensitize the skin to subsequent applications and the frequent use of this group of
antiseptics (Underwood et al., J.A.M.A., 1946,
130, 249). After several days of improvement
of a dermatitis under treatment with a mercurial
antiseptic, a ring of erythema suddenly appears
followed by edema, gaping of wound edges and
a purulent exudate. Further application of this
or another mercurial compound aggravates the
lesion and in a few days a spreading, fine, vesicular and faintly erythematous dermatitis appears;
hemorrhagic bullae may develop. The lesion requires weeks to heal. Sensitization seems to affect
primarily the hair follicles and sweat glands.
Most of the inorganic and organic compounds of
mercury have caused dermatitis. Inflammatory
changes in the skin increase the danger of sensitization. Underwood recommended that the label
on mercury preparations for local use carry a
warning of the presence of a sensitizing chemical.
Dermatitis has been a problem in the industrial
handling
of mercury
fulminate
(Schwartz,
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J.A.M.A., 1944, 125, 186). The patch test may
be helpful in identifying the sensitizing agent.
Treatment consists of avoiding the etiologic substance and cleansing the lesions with very mild
local remedies which do not contain mercury.
Serious urticaria from minimal contact with mercury (dental fillings, etc.) is reported (Bass,
J. Pediatr., 1943, 23, 215).
The corrosive and nephrotoxic actions of mercuric ion are discussed under Mercury Bichloride.
Storage. — Preserve "in strong, well-closed
containers." N.F.
Off. Prep. — Strong Mercurial Ointment, N.F.;
Ointment of Mercury. B.P.
STRONG

MERCURIAL
N.F.

OINTMENT.

Mercurial Ointment, Unguentum Hydrargyri.
Unguentum Hydrargyri Forte

"Strong Mercurial Ointment contains not less
than 47.5 per cent and not more than 52.5 per
cent of Hg." N.F.
Unguentum Hydrargyri Fortius; Pomatum Hydrargyricum; Pomatum Hydrargyri Duplex. Fr. Pommade mercurielle (a parties egales) ; Onguent napolitain. Sp.
Pomada mercurial doble; Unguento Mercurial Fuerte.

Triturate 40 Gm. of mercury oleate, in a
warm mortar, gradually add 500 Gm. of mercury,
and when all of the mercury has been dispersed,
set the mixture aside for about 15 minutes. Melt
together 300 Gm. of wool fat, 50 Gm. of white
wax. and 110 Gm. of white petrolatum, cool
partially, add about 25 Gm. of this mixture to
the mercurial mixture, and continue trituration
until the globules of mercury are no longer visible
under a lens magnifying 10 diameters. Incorporate the remainder of the base. N.F.
As the name Unguentum Hydrargyri is applied
in Europe to an ointment containing only 30 per
• cent of mercury it was decided that the name of
this ointment, containing 50 per cent of the
metal, should be changed in order to avoid conflict with the Protocol Internationale; also that
the weaker preparation, containing only 10 per
cent of mercury, be designated Mild Mercurial
Ointment. According to Cole and Sollmann {Arch.
Dermat. Syph., 1930, 21, 372) more mercury is
absorbed from inunctions of 50 per cent ointments than from those of lesser concentration.
The required degree of dispersion of mercury
in this ointment is facilitated by the inclusion of
mercury oleate which appears to form a film over
the globules of mercury. It is inadvisable to
triturate the ointment ingredients for a long period, or with undue pressure, lest the mercury
globules coalesce: rapid, fight trituration produces the finest degree of dispersion of mercury.
DeKay and Kessler (/. A. Ph. A., 1944, 33, 118)
found that formation of a protective film around
each globule of mercury, the attainment of the
proper consistency of the dispersing mixture, and
the wetting of the mercury by the dispersing
mixture are requisites for the preparation of a
satisfactory ointment. The ointment should not
be stored in a warm place because the consequent
reduction of consistence will favor coalescence
and separation of the mercury.
Eschenbrenner (Pharm. Zentr., 1933, 74, 425)
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suggested that the mercury in mercurial ointments may be best extinguished by hand trituration in a mortar with yeast extract as the extinguishing medium. It is especially suited to
preparations of small quantities and results in
much finer globules of mercury than any of the
methods described in the German Pharmacopoeia.
For details of many of the older processes see
U.S.D., 19th ed., p. 1310, and a paper by Dieterich (Am. J. Pharm., 1880).
When freshly prepared, mercurial ointment has
a bluish color, which darkens with aging. On
standing, some of the mercury is oxidized and
the presence in the ointment of mercury oxides
has been reported.
Assay. — About 800 mg. of the ointment is
heated with a mixture of nitric acid and distilled
water until red fumes cease to be evolved and
the solution is colorless. After diluting with water
and filtering the mixture to remove the base, the
mercury in the filtrate is estimated by titration
with 0.1 AT ammonium thiocyanate. Each ml. of
0.1 iV ammonium thiocyanate represents 10.03
mg. of Hg. N.F.
Uses. — Mercurial ointment was intended for
the introduction of mercury into the general system, especially for the treatment of late syphilis.
Its use has been rendered obsolete by penicillin.
The ointment is official because it is an ingredient
of Mild Mercurial Ointment.
There can be no question of the fact of absorption of mercury from the ointment. Cole and
Sollmann (Arch. Dermat. Syph., 1926, 14, 683)
suggested that absorption takes place chiefly
through the hair follicles. They found that when
there are daily inunctions with mercurial ointment the absorption increases progressively. In
applying mercurial inunctions, those areas of the
body were selected where the skin is comparatively thin. The ointment was vigorously rubbed
in for 20 or 30 minutes, applying from 2 to 4
Gm. at each inunction. The area of skin used for
the application was about the size of the palm of
the hand and the same area was not used more
often than once weekly. To minimize the danger
of dermatitis and folliculitis only mild pressure
was used in rubbing and relatively hairless areas
selected. Specific rotation of sites was prescribed, such as the following: first night, left
upper arm; second night, right upper arm; third
night, left side of chest (at level of fourth to
sixth ribs) ; fourth night, right side of chest ;
fifth night, inner aspect of left thigh; sixth night,
inner aspect of right thigh. On the seventh night
a hot bath with soap was taken. The same program was repeated during the following weeks.
The wearing of the same underwear throughout
the week probably increased the absorption of
mercury. Too large doses of mercury by inunction
may cause ptyalism, just as certainly as by mouth.
Dose, '2 to 4 Gm. (approximately ^ to 1
drachm). It is best dispensed in dosage packets,
each wrapped separately in waxed paper.
OINTMENT

OF

MERCURY.

B.P.

Unguentum Hydrargyri

This preparation of the B.P. is required to con-
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tain 30.0 per cent of mercury (limits, 28.5 to
32.0). It corresponds to the Mercurial Ointment
of the International Protocol.
Mercury Ointment; Pomatum Hydrargyri. Ger. Quecksilbersalbe. It. Unguento mercuriale; Unguento cinereo;
Pomata mercuriale. Sp. Pomada mercurial ; Unguento
mercurial.

Ointment of Mercury is prepared by dispersing mercury by trituration with oleated mercury
and then with a portion of a base composed of
wool fat, white beeswax and white soft paraffin
(white petrolatum) until metallic globules cease
to be visible under a lens magnifying 10 diameters; the remainder of the base is then incorporated.
For uses of this ointment see under Strong
Mercurial Ointment.
MILD

MERCURIAL OINTMENT.
N.F. (B.P.)

Blue Ointment, Diluted Mercurial Ointment,
Unguentum Hydrargyri Mite

"Mild Mercurial Ointment contains not less
than 9 per cent and not more than 11 per cent
of Hg." N.F.
The B.P. Dilute Ointment of Mercury is required to contain 10.0 per cent of mercury (limits,
9.0 to 11.0).
B.P. Dilute Ointment of Mercury; Unguentum Hydrargyri Dilutum. Fr. Poramade Mercunelle Faible;
Onguent Gris. Sp. Unguento Mercurial Mitigado.

Incorporate 200 Gm. of strong mercurial ointment with 800 Gm. of white ointment. N.F.
The B.P. directions for preparing this ointment
are to mix by trituration one part of ointment of
mercury (which contains 30 per cent of mercury)
and two parts of simple ointment.
Uses. — Mild mercurial ointment is intended as
an application in the treatment of pediculosis
pubis, though it is not capable of killing the nits;
accessory means must be employed to eradicate
the latter. For antisyphilitic inunctions the strong
mercurial ointment was employed.
AMMONIATED
MERCURY.
U.S.P., B.P., LP.
White Precipitate, Hydrargyrum Ammoniatum

"Ammoniated Mercury contains not less than
98 per cent and not more than 100.5 per cent of
HgNH2Cl." U.S.P.
The B.P. requires not less than 97.0 per cent
and not more than the equivalent of 100.5 per
cent of NH2HgCl. The LP. requires not less
than 98.0 per cent of NEteHgCl.
LP. Hydrargyri Amirnochloridum. Mercurammonium
Chloride; Mercuric Ammonium Chloride; Mercuric Amidochloride. Hydrargyrum Praecipitatum Album; Hydrargyrum
Bichloratum Ammoniatum; Chloretum Amidohydrargyricum.
Fr. Chloroamidure de mercure. Ger. Weiszes Quecksilberprazipitat. Sp. Mercurio Amoniacal.

Three classes of compounds of mercury with
ammonia are generally recognized. These are:
(1) additive compounds; (2) ammonolyzed compounds, in which the acid radical of a mercuric
salt is in part replaced by NH2, NH or N; and
(3) compounds which are both hydrolyzed and
ammonolyzed.
If mercuric
chloride is slowly
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added to a hot mixture of ammonium hydroxide and ammonium chloride, there is formed
HgCb.2NH3, the so-called fusible white precipitate. This is an example of the first class, an
additive compound. If ammonium hydroxide is
added to mercuric chloride, infusible white precipitate, NtteHgCl, is obtained, an example of
the second class. This is the official ammoniated
mercury. An example of the third class of compounds is the iodide of Millon's base, the product obtained when ammonia is added to Nessler's reagent (alkaline K.2Hgl4). The formula
of this compound is usually considered to be
HgO(NH2)HgI.
The additive compounds mentioned above are
classed as ammines; these are inorganic compounds in which NH3 groups are coordinated
by a central atom (Hg). The structure of the
official ammoniated mercury is represented thus:
H2N.Hg.Cl. Considerable controversy exists as
to the structure of the derivatives of Millon's
base, and various formulas have been offered.
Description. — "Ammoniated Mercury occurs
in white, pulverulent pieces or as a white, amorphous powder. It is odorless, and is stable in air,
but darkens on exposure to light. Ammoniated
Mercury is insoluble in water and in alcohol. It
is readily soluble in warm hydrochloric, nitric,
and acetic acids." U.S.P. The B.P. states that
ammoniated mercury is gradually decomposed by
prolonged washing with water, a yellow basic
salt being formed.
Standards and Tests. — Identification. — (1)
One Gm. of ammoniated mercury dissolves in a
cold solution of 5 Gm. of sodium thiosulfate in
5 ml. of distilled water with evolution of ammonia.
When this solution is heated for a short time, red
mercuric sulfide is precipitated; on protracted
boiling the color of the precipitate turns to black.
(2) Ammoniated mercury becomes yellow and
ammonia is evolved on being heated with sodium
hydroxide T.S. (3) A red precipitate forms on
adding potassium iodide T.S. to a solution of ammoniated mercury in diluted nitric acid; the precipitate issoluble in an excess of reagent. The
nitric acid solution yields a white precipitate with
silver nitrate T.S. Residue on ignition.— Not over
0.2 per cent. Mercurous compounds. — 1 Gm. of
ammoniated mercury is completely soluble in 10
ml. of warm hydrochloric acid. U.S.P.
Assay. — About 400 mg. of ammoniated mercury is dissolved in an acetic acid solution and the
mercury reduced to metal by zinc, with which it
amalgamates. After decanting the supernatant
liquid and washing the amalgam with distilled
water the metal is dissolved in a nitric acid solution. After adding potassium permanganate T.S.
to the production of a persistent pink color, which
is then just discharged with oxalic acid T.S., the
mercury in the cooled solution is estimated by
titration with 0.1 N ammonium thiocyanate, using
ferric ammonium sulfate T.S. as indicator. Each
ml. of 0.1 N ammonium thiocvanate represents
12.60 mg. of HgNH2Cl. U.S.P.
The B.P. and LP. assay is a volumetric method
in which the ammoniated mercury is dissolved
with the aid of potassium iodide, and the solution
then titrated with 0.1 N hydrochloric acid, using

methyl orange as indicator. The reaction with the
iodide may be represented thus:
NH2HgCl + 4KI + 2H2O ->
KC1 + K2Hgl4 + NH4OH

+ KOH

The alkalies (ammonium and potassium hydroxides) liberated in this reaction are titrated by the
hydrochloric acid.
Uses. — Ammoniated mercury is used only in
external therapy of skin diseases. It has long
occupied an important role in the treatment of
primary superficial infections and dermatoses
secondarily infected with pyogenic organisms, although its importance has diminished with the
development of the newer antibiotic ointments
which are characteristically more effective against
bacteria and less prone to sensitize. In ointment
form, up to 5 per cent of ammoniated mercury
may be used in impetigo contagiosa, superficial
and deep folliculitis, and pustular secondary infection superimposed on other dermatoses. It has
had great usefulness, usually with salicylic acid,
in initial treatment of psoriasis. Simple ringworm
of the body and secondarily infected tinea may
respond to its local use. It may be used in the
parasitic pediculosis pubis, and in the treatment
of pyoderma complicating louse infestation. For
ophthalmic uses see under Ammoniated Mercury
Ophthalmic Ointment.
Ammoniated mercury is a potential allergenic
sensitizer, capable of eliciting allergic reactions
of the skin on topical application. In the concentrations usuaUy employed, and up to 10 per cent,
it rarely acts as a primary irritant.
Ammoniated mercury has been commonly incorporated inlotion and ointment form for its
bleaching effect in freckling, the effect depending
on a superficial exfoliative action; this effect is
transient and such use of ammoniated mercury is
best avoided, since the tendency is to employ
higher concentrations and to use the chemical
over a prolonged period, thereby resulting in
sensitization and irritation. Finnerud and Tobin
(Arch. Dermat. Syph., 1937, 36, 236) reported
a case of slate gray pigmentation of the face and
neck in a patient using an ammoniated mercury
freckle cream.
Huyck (/. Ala. Acad. Sci., 1952, 21-22, 37)
discussed the difference in skin reactions obtained
when the ratio of ammoniated mercury to salicylic
acid is varied in ointments containing these substances used for treatment of psoriasis. When the
molar ratio of salicylic acid to ammoniated mercury is 2:1, all of the ammoniated mercury is
converted to chloride and salicylate; the mercuric
chloride has irritating action on the skin, and a
combination of the chloride and salicylic acid is
more irritating than the chloride alone. An ointment containing an excess of ammoniated mercury, in which basic mercuric salicylate and
ammonium chloride are produced, is less irritating
than one containing an excess of salicylic acid.
Ammoniated mercury must not be used in conjunction with sulfur or iodine, as the latter are
incompatible with the mercury compound and
produce undesired reaction products and also
discoloration. 12
Toxicology. — Ammoniated mercury has been
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swallowed by mistake. It is highly poisonous, producing gastric pain, nausea, and purging. Recovery
followed taking 2 Gm. {Lancet, July 4, 1857);
an emetic of zinc sulfate, along with milk, was
used in the treatment.
When applied too vigorously, ammoniated mercury may cause dermatitis and may also be absorbed and cause ptyalism; Gibbs et al. (J. Pharmacol., 1941, 72, 16) reported that if it is used
with caution the danger of such undesirable effects
is very slight.
Ammoniated mercury is used only by topical
application, and is never given internally.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
AMMONIATED
OINTMENT.

MERCURY
U.S. P. (B.P.)

White Precipitate Ointment, Unguentum
Hydrargyri Ammoniati

"Ammoniated Mercury Ointment contains not
less than 4.5 per cent and not more than 5.5 per
cent of HgNH2Cl." U.S.P.
B.P. Ointment of Ammoniated Mercury. Unguentum
Hydrargyri Album; Unguentum Praecipitati Albi. Ger.
Quecksilberprazipitatsalbe ; Weisze Pracipitatsalbe. Sp.
Ungiiento de Mer curio Amoniacal.

Levigate 50 Gm. of ammoniated mercury, in
very fine powder, with 30 Gm. of liquid petrolatum to a smooth paste, and then incorporate
920 Gm. of white ointment. U.S.P.
The B.P. prepares Ointment of Ammoniated
Mercury by incorporating 2.5 per cent of ammoniated mercury with simple ointment.
Assay. — About 3 Gm. of ammoniated mercury ointment is extracted with ether and the
mixture shaken with a hydrochloric acid solution
which latter dissolves the ammoniated mercury.
The aqueous layer is filtered and the mercury
in it precipitated with hydrogen sulfide gas. The
mercuric sulfide is washed with water, alcohol,
and carbon tetrachloride, after which it is dried
at 105° for 2 hours. The gravimetric factor for
conversion to HgNHoCl is 1.083. U.S.P.
Uses. — Ammoniated mercury ointment is used
locally in the dermatologic therapy of the conditions mentioned under Ammoniated Mercury.
The U.S.P. ointment is sometimes diluted to a
final concentration of 1 per cent of ammoniated
mercury, which proportion is still clinically effective. S
Storage. — Preserve "in well-closed containers." U.S.P.
AMMONIATED
MERCURY OPHTHALMIC OINTMENT. U.S.P.
Unguentum Hydrargyri Ammoniati Ophthalmicum

"Ammoniated Mercury Ophthalmic Ointment
contains not less than 2.7 per cent and not more
than 3.3 per cent of HgNH2Cl." U.S.P.
Levigate 30 Gm. of ammoniated mercury, in
very fine powder, with 10 Gm. of liquid petrolatum and incorporate the mixture into 960 Gm.
of white petrolatum. U.S.P. This ointment is not
self -sterilizing.
Uses. — This ointment is employed in the
treatment of blepharitis, being rubbed into the
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margin of the eyelid after first removing scales or
crusts. In chronic and phlyctenular conjunctivitis,
and phlyctenular keratitis, the ointment is applied in small amount on the everted lower lid.
In the occasional patient who is hypersensitive
to mercury the application of the ointment may
cause an inflammatory reaction with marked
swelling. Pigmentation of the lids may follow
prolonged use.
Storage.— Preserve "in an ophthalmic ointment tube." U.S.P.
MERCURY

BICHLORIDE.
(B.P., LP.)

U.S.P.

Corrosive Sublimate, Mercuric Chloride,
Hydrargyri Bichloridum

"Mercury Bichloride, dried over sulfuric acid
for 4 hours, contains not less than 99.5 per cent
of HgCte. Caution. — Mercury Bichloride is extremely poisonous." U.S.P. Both the B.P. and LP.
require not less than 99.5 per cent of HgCte,
without any drying specification.
B.P. Mercuric Chloride; Hydrargyri Perchloridum.
LP. Hydrargyri Bichloridum. Perchloride (Bichloride) of
Mercury. Hydrargyrum Bichloratum; Hydrargyri Chloridum
Corrosivum; Hydrargyrum Bichloruretum. Fr. Chlorure
mercurique; Bichlorure de mercure; Chlorure d'hydrargyre;
Sublime corrosif. Ger. Quecksilberchlorid; Mercurichlorid;
Atzender Quecksilbersublimat; Atzublimat; Sublimat. It.
Cloruro mercurioo. Sp. Bicloruro de mercurio.

Mercury bichloride may be prepared by heating
mercuric sulfate, obtained by the interaction of
mercury and sulfuric acid, with sodium chloride
and a small quantity of manganese dioxide; the
bichloride sublimes and is deposited on the cooler
areas of the clay or glass reaction vessel. On the
large scale it is usually made by direct combination of gaseous chlorine with mercury heated
nearly to boiling; the resulting bichloride sublimes. Mercury bichloride has also been made by
dissolving mercuric oxide (red precipitate) in
hydrochloric acid, evaporating the solution to
dryness, dissolving the dry mass in water, and
crystallizing.
Description. — "Mercury Bichloride occurs as
heavy, colorless, odorless crystals, as crystalline
masses, or as a white powder. Its 1 in 20 solution
is acid to litmus, but becomes neutral upon the
addition of sodium chloride. One Gm. of Mercury
Bichloride dissolves in 13.5 ml. of water, in 3.8
ml. of alcohol, in about 12 ml. of glycerin, and
in 25 ml. of ether. One Gm. dissolves in 2.1 ml.
of
boiling water and in 1.6 ml. of boiling alcohol."
U.S.P.
Mercuric chloride is dissolved by sulfuric,
nitric, or hydrochloric acid. At 277° it melts,
and at about 304° it vaporizes, forming dense,
white, acrid fumes which condense to form white,
shining needles. The hydroxides of the alkali
metals or of the alkaline earths yield with solutions of mercuric chloride a yellow precipitate of
mercuric oxide. This is the compound formed in
the preparation of yellow lotion, (see under
Uses). When a solution of mercuric chloride is
treated with an excess of ammonium hydroxide,
a white, bulky precipitate of mercuric amidochloride, HgNH^Cl, is formed; this is the compound official as ammoniated mercury (see Am*
moniated Mercury). The presence of sodium or
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ammonium chloride increases the solubility of
mercuric chloride in water. The product obtained
by crystallization from a solution of equal parts
of ammonium and mercuric chloride was at one
time known as "sal alembroth" or "salt of wisdom." The addition of potassium iodide to a solution of mercuric chloride first gives a precipitate
of mercuric iodide; further addition of the reagent causes the solution of this precipitate with
the formation of potassium mercuric iodide,
K2Hgl4.
Standards and Tests. — Identification. — A 1
in 20 aqueous solution of mercury bichloride responds to tests for mercuric compounds and for
chloride. Loss on drying. — Not over 1 per cent,
when dried over sulfuric acid for 4 hours. Residue on ignition. — Not over 0.1 per cent. Etherinsoluble residue. — Not over 0.3 per cent. U.S.P.
Assay. — About 500 mg. of mercury bichloride,
previously dried over sulfuric acid for 4 hours,
is dissolved in warm distilled water containing
hydrochloric acid; hydrogen sulfide is passsed
through the solution to precipitate mercuric sulfide which is collected on counterpoised filter
papers or in a Gooch crucible. The precipitate is
washed, successively, with distilled water, alcohol,
and carbon tetrachloride, the last removing sulfur
precipitated with the mercuric sulfide. The adhering carbon tetrachloride is displaced by washing
with alcohol, after which treatment the precipitate is dried in air, then at 105° for 2 hours. The
weight of mercuric sulfide, multiplied by 1.167,
represents the equivalent weight of HgCte. U.S.P.
The assay used by both the B.P. and the LP.
is volumetric. The weighed sample is reacted with
an excess of potassium iodide, as follows:
HgCl2 + 4KI -* K2HgI4 + 2KC1
An excess of formaldehyde and of sodium hydroxide are then added, the formaldehyde reducing the
mercury to the metallic state:
K2HgI4 + HCHO + 3NaOH -»
Hg + HCOONa + 2KI + 2NaI + 2H20
This reaction is complete in two minutes using
the concentrations recommended. The mixture is
then acidified with acetic acid, and an accurately
measured excess of 0.1 N iodine is added, whereupon the mercury is dissolved by virtue of its
oxidation to the mercuric state:
Hg + I2 + 2KI -* K2HgI4
The excess of iodine is then titrated with 0.1 N
sodium thiosulfate. Each ml. of 0.1 AT iodine consumed represents 13.58 mg. of HgCl2 (based on
the mercury being oxidized from a valence of
0 to +2).
Incompatibilities. — Mercury bichloride is
incompatible with alkali metal hydroxides and
carbonates, soap, lime water, tartar emetic, silver
nitrate, the lead acetates, sulfides, and soluble
iodides. It is reduced by many vegetable and
animal substances. It is slowly reduced to calomel
by sarsaparilla syrup and by honey, but is not
affected by simple syrup. Its solubility and stability in water are increased by addition of ammonium chloride, sodium chloride or hydrochloric
acid.
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Uses. — The only common use of mercury bichloride isas a disinfectant. It is a protoplasmic
poison which precipitates protein. When administered inlarge doses it irritates the stomach and
intestines. Formerly it was used both by injection
and oral administration in the treatment of
syphilis, but it has been superseded by penicillin;
for information concerning such use of mercury
bichloride see U.S.D., 24th ed., p. 687.
Externally applied, mercury bichloride is stimulant, escharotic, and germicidal. The powdered
chemical has been used as an escharotic, but it
is inferior to silver nitrate or potassium hydroxide. Mercury bichloride has had its widest usage
in dermatologic therapy in the form of alcoholic
solutions applied in the treatment of seborrhea
of the scalp. For this purpose it is commonly
employed in 1 in 2000 to 1 in 1000 concentration, usually in conjunction with resorcinol. Used
by itself in 1 in 1000 to 1 in 500 concentration
in alcohol it has been found effective in the
treatment of acne varioliformis of the scalp, a
resistant follicular disease. A 1 in 1000 solution
in 70 per cent alcohol is also used, in combination with salicylic acid, in acne vulgaris. Aqueous
solutions of mercury bichloride have been used as
compresses or "soaks" in secondarily infected
dermatoses, but such use is not recommended.
Disinfectant. — Ever since the studies of Koch
and Behring over 75 years ago, salts of mercury,
especially the bichloride, have been classed among
the most potent and reliable germicides. Most
earlier investigators failed to recognize the extraordinary bacteriostatic (inhibiting) power of
mercury bichloride; many findings interpreted as
resulting from a killing action were really evidences ofbacteriostasis (see J. A.M. A., 1944, 124,
1195). The multifarious incompatibilities of
mercury bichloride hamper its action under most
conditions of practical use. Its antiseptic action
is greatly lessened by the presence of protein,
sulfides, carbonates, and many other substances,
both organic and inorganic. In vitro, the highest
dilution of mercury bichloride capable of killing
microorganisms after a 10-minute, but not a 5minute, exposure was reported by Birkhaug (/.
Infect. Dis., 1933, 53, 250) as follows: Staphylococcus aureus, 1 in 16.000; Streptococcus
hemolyticus, 1 in 32,000; Pneumococcus type I,
1 in 20,000; E. coli, 1 in 10,000; Gonococcus,
1 in 20,000; B. subtilis, 1 in 12,000. Nye
(J. A.M. A., 1937, 108, 280) found that in 50 per
cent serum solution even a concentration of 1 in
1000 was inefficient against most vegetative
bacteria. The observations of Clock (Surg. Gynec.
Obst., 1933, 56, 149) and of Brewer (J.A.M.A.,
1939, 112, 2009) indicated that no solution of
mercury bichloride can be relied upon to kill
bacterial spores even after several hours' exposure. In contrast to this, esteem for its bacteriostatic action has increased among bacteriologists
in recent years. Under laboratory conditions a
1 in 30,000 solution will almost completely prevent all bacterial growth and as low as 1 in
500,000 exerts a distinct inhibiting action. Dunham and MacNeal (/. Immunol, 1944, 49, 123)
found that
3 minutes'
a 1 in 1000
solution
inactivated
the exposure
influenza to
virus.

Part I
For disinfecting inanimate objects or skin mercury bichloride may be used in strengths of 1 in
1000 or 1 in 2000. It has corrosive action on steel
instruments and causes deterioration of rubber.
A 1 in 4000 solution has been employed to rinse
diapers, following washing, in the management
of "napkin dermatitis" but in the home less
dangerous substances such as boric acid or the
newer surface-active antiseptics (see Methylbenzethonium Chloride) are preferred. On open
wounds or raw surfaces it should not be used
stronger than 1 in 6000 or 10,000. It is not generally applicable for mucous surfaces because of
its high toxicity. A 1 in 5000 solution has been
instilled into the conjunctival sac. A 0.3 per cent
ointment for ophthalmic use is official. Injections
of the 1 in 1000 solution have been given into
the body of the guinea worm or, with less success, into its burrow in the subcutaneous tissue
to kill the worm and enable its extraction. Prior
to the availability of chlorophenothane, a 1:500
or 1 : 1000 mercuric chloride solution in 50 per
cent ethyl alcohol was one of the standard
remedies for body, head or crab louse infestation.
It is desirable that solutions of mercury bichloride be colored so that the chance of accidental poisoning may be minimized. |v)
Toxicology. — Because of the ease with which
it is obtained, corrosive sublimate has been used
commonly for suicidal purposes, and the widespread employment of the tablets for preparing
disinfectant solutions has led to a number of
accidental cases of poisoning. Troen et al. (New
Eng. J. Med.,^ 1951, 244, 459) reviewed 54 cases
of mercury bichloride poisoning over a period of
13 years at the Boston City Hospital; 44 of these
were suicidal. The patient may develop one of
several clinical courses after ingestion of this
drug. A few patients have no symptoms, but
gastrointestinal symptoms usually appear (in 36
of Troen's cases), these varying from a mild
gastritis, with prompt recovery, to severe
necrotizing ulceration of the mucosa. Death
within 48 hours occurs from severe hemorrhagic
necrosis of the upper gastrointestinal wall.
Hemetemesis and melena are prominent. Patients
with renal involvement invariably also have
severe gastrointestinal symptoms. The more important renal disease appeared in 18 of Troen's
series, and 9 of these died in one to three
weeks, with the remainder clearing the urine
rapidly. Among the fatal cases anuria developed
in from a few hours to three days after poisoning. A severe necrotizing nephrosis develops, with
destruction of the proximal convoluted tubules;
the glomeruli are spared. This is evident in patients dying in the first week after ingestion,
while those dying after seven days show evidence
of regeneration of the kidney lesion. Mercury
bichloride is absorbed from the stomach in about
ten minutes, and excretion of the metal begins
soon after ingestion and takes place through the
large bowel, kidney, liver, gastric mucosa, salivary
glands and skin. The lethal dose of mercury bichloride has been discussed by many, but its
definite establishment is impossible because of
variants such as difficulty of establishing the
actual dose ingested and the amount retained. In
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Troen's series the smallest lethal dose was 2 Gm.
The smallest dosage producing urinary changes
was 0.33 Gm., and the highest dose that did
not cause this was 2.5 Gm. In patients showing
urinary changes the dosage was almost uniformly
higher when anuria was produced than when
there was no change in urinary output. It is not
necessary for the poison to be swallowed in order
to produce serious or even fatal results; H. C.
Wood, Jr. (Am. Med., 1902, 4, 1006), found
references to more than 150 cases of poisoning
from its use in intra-uterine douches, of which a
large number ended fatally, and Craig (J. A.M. A.,
1906, 47, 1484) reported death from the application of an alcoholic solution to the back and arm.
The mortality of bichloride poisoning, despite
the improvements which have been made in its
treatment in recent years, still remains very high.
The likelihood of death will depend upon the
dose ingested, the form in which it was taken,
the promptness with which vomiting occurs or is
induced, and to some extent upon subsequent
treatment. It may be said in a general way that
recovery may reasonably be expected, with proper
treatment, after the ingestion of one corrosive
sublimate tablet (0.5 Gm.), that after two tablets
the chances of death are just about fifty per cent.
Treatment of Poisoning. — The most important factor in the management of this poisoning
is the immediate and complete emptying of the
stomach. In addition to supportive and symptomatic measures, dimercaprol therapy is beneficial.
It is highly important that the mercury be removed before it has had an opportunity to combine with the proteins of the gastric mucosa, and
hence no time should be lost in seeking for the
ideal emetic but rather to give promptly whatever is at hand. Theoretically, apcmorphine administered hypodermically would be the most
desirable, but zinc sulfate, copper sulfate, or
mustard water may be used. Even after the patient has vomited it is highly desirable to wash
out the stomach by means of the stomach tube.
It is recommended that this gastric lavage be
continued until the returning water no longer
reacts with a sulfide and vomiting has ceased.
Morphine may be given for pain.
The question of the best chemical antidote for
mercury bichloride has been the subject of much
experimental study. It must be remembered that
the danger is not merely from the caustic action
upon the mucosa but still more from the systemic action of the metal after its absorption.
The traditional antidote of albumin — such as 6
raw eggs and/or 500 ml. of milk — lessens the
caustic effect and may somewhat delay absorption (Sollmann and Barlow, J. A.M. A., 1927, 88,
623), but its effect upon mortality rate is comparatively slight, as was shown by Fantus (/.
Lab. Clin. Med., 1916, 1, 879). Probably no
antidote for mercury bichloride is of much avail
if more than 15 or 20 minutes has intervened
between the taking of the poison and the administration of the antidote. Among the suggested
antidotes the most useful are activated charcoal,
sodium formaldehyde sulfoxylate and dimercaprol,
in increasing order of efficacy.
Activated charcoal, highly recommended by
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Leschke {Munch, med. Wchnschr., 1931, 78,
1908), has two important advantages; first, it is
more likely to be quickly available and, secondly,
it is harmless in overdose. It acts by adsorption
of the mercury ion; the more charcoal present
the more rapid is the adsorption. It should be administered indoses of 30 to 60 Gm., stirred into
a little water.
Calcium sulfide precipitates mercury very
promptly and, theoretically, should be a complete antidote. Unfortunately, however, the sulfides are actively poisonous and it would not be
safe to administer more than 300 mg. of calcium
sulfide, which would theoretically neutralize approximately 2.3 times its weight of mercuric
chloride (see Haskell and Courtney, /. Lab. Clin.
Med., 1918). Sodium thiosulfate, 1 Gm. in 10 ml.
of water intravenously two or more times daily,
has been thought to be beneficial by some authors
(Blaisdell, /. Maine M. A., 1932, 23, 3) but
Melville and Bruger (/. Pharmacol, 1929, 37, 1)
found no protective action in dogs.
Sodium formaldehyde sulfoxylate, introduced
by Rosenthal (/. Pharmacol., 1935, 54, 34), is
under certain conditions an effective antidote. It
will rapidly reduce mercuric chloride to the relatively innocuous mercurous form and under
laboratory conditions it has been shown capable
of saving animals after as much as five or ten
times the ordinary lethal dose if administered
within two minutes after the mercurial, but
Modell et al. (J. Pharmacol., 1937, 61, 66) found
that if fifteen minutes intervened between the
swallowing of the solution of mercury bichloride
and administration of this antidote the effects
were comparatively insignificant. Contrary to the
claims of Rosenthal these authors report that the
intravenous injection of sodium formaldehyde
sulfoxylate is useless to protect against the constitutional effects of mercury. It does not seem
to be effective after mercury has entered the cells
of the body. The product of the reaction between
this antidote and mercury bichloride, although
less poisonous than the bichloride, is by no means
harmless and it must be removed from the
stomach as rapidly as possible. Monte and Hull
(J.A.M.A., 1940, 114, 1433), in 40 cases of bichloride poisoning treated with sodium formaldehyde sulfoxylate, reported that 78 per cent died.
The dose of this antidote is about 8 Gm. (approximately 2drachms), dissolved in half a glass of
water. It is however best used in the form of a
5 per cent solution for washing out the stomach;
two portions of 250 ml. each are advocated.
Whether it is possible to counteract the effects of
mercury after its absorption still remains a matter
of difference of opinion. Intravenous injection of
10 Gm. of sulfoxylate dissolved in 100 to 200 ml.
of 0.9 per cent sodium chloride solution, as advocated by Rosenthal, was questioned by Brown
and Kolmer (/. Pharmacol, 1934, 52, 462) on
the ground that the antidote itself is too poisonous. Wolpaw and Alpers (/. Lab. Clin. Med.,
1942, 27, 1387) used colonic irrigations twice
daily, employing 4 to 5 liters of a 0.1 per cent
solution, in addition to gastric lavage and intravenous administration. Intravenous injections
of calcium sulfide and of strontium thioacetate
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have been suggested, but the evidence indicates
their uselessness (Young and Taylor, /. Pharmacol, 1931, 42, 185).
The great danger of mercuric poisoning is the
damaging effect of the metal on the kidneys.
The experiments of MacNider, which seem to
demonstrate that the kidney is less easily damaged by mercury when the alkali reserve of the
blood is high, have suggested as the basis of subsequent treatment the use of alkalizing drugs,
such as sodium bicarbonate or lactate, either by
mouth or intravenously. Whatever the form of
alkali employed it is probably a matter of small
moment whether it is introduced intravenously,
by mouth or, as suggested by Lambert and Patterson, by colonic irrigation. The alkalizing agent
should be given in sufficient quantity to correct
acidosis and render the urine alkaline. Troen
(loc. cit.) stressed the importance of differentiating the early anuria due to inadequate circulating blood volume, for which a high fluid intake is indicated, and the anuria due to renal
tubular damage. At one time the forcing of fluids
in such cases was almost standard procedure in
the attempts to wash out mercury and promote
diuresis. As early as 1919 it was realized that
promotion of diuresis by forcing of fluids did not
materially aid in cases of mercury bichloride
poisoning (Sansum, J.A.M.A., 1918, 70, 824);
besides its futility actual harm is done by such
therapy (Stock, Am. J. Med., 1949, 7, 45). Use
of sweat baths was once recommended, apparently with the idea that mercury can be
eliminated through the skin. There is no reason
to believe in the usefulness of this measure.
Cecostomy has again been advocated, by Abeshouse (/. Urol, 1945, 53, 27), with constant
colonic lavage, in addition to gastric lavage, and
maintenance of fluid and electrolyte balance. In
anuric cases renal decapsulation is advocated by
some (Herman, Surg. Clinics N. America, 1936,
16, 515; Reif and Bramley. /. Urol, 1943, 49,
583) but it must not be delayed too long and
other measures must not be neglected. High
spinal anesthesia has been suggested in place of
decapsulation.
Dimercaprol — The most effective antidote for
mercury, as well as for arsenic, poisoning is
dimercaprol {J.A.M.A., 1946, 131, 824); 25 of
26 cases treated with the antidote have been reported as surviving. A larger dose of dimercaprol
is required in poisoning by mercury bichloride
than in poisoning with arsenicals (Longcope and
Luetscher, Ann. Int. Med., 1949, 31, 545). The
initial dose is 5 mg. per Kg. of body weight, administered intramuscularly in oil, followed in 1
or 2 hours by 2.5 mg. per Kg. and this repeated
once or twice at intervals of 2 to 4 hours. On
the second and third days 2.5 mg. per Kg. should
be given once or twice daily. The sooner the
treatment is started the better; other supportive
measures, including high fluid intake, are essential.
Application. — As a disinfectant mercury bichloride isemployed in aqueous solutions ranging
in concentration from 1 in 20,000 to 1 in 1000;
in certain dermatologic treatment methods (see
above) the concentration may reach 1 in 500,
and alcohol may sometimes be used as the sol-
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vent. Formerly, a dose of mercury bichloride of
1.5 to 8 mg. (approximately Yio to JA grain),
preferably given after meals, in solution, was
used. It is seldom used by mouth at present.
Under the title Yellow Lotion the N.F. VIII
recognized a preparation made by dissolving 3
Gm. of mercury bichloride in 35 ml. of boiling
distilled water which was gradually added, with
constant agitation, to sufficient calcium hydroxide
solution to make 1000 ml. The resulting suspension of mercuric oxide was employed as a germicidal and stimulant application for sluggish skin
infections and syphilitic ulcers. S
Storage. — Preserve "in tight containers."
U.S.P.
MERCURY

BICHLORIDE
MIC OINTMENT.

OPHTHALN.F.

Unguentum Hydrargyri Bichloridi Ophthalmicum

Dissolve 0.3 Gm. of mercury bichloride in 20
ml. of boiling water and incorporate the solution
in 979.7 Gm. of white petrolatum. N.F.
This ointment is employed as a bland antiseptic application in various forms of conjunctivitis, ulcers of the cornea, and phlyctenular
affections; it serves to keep the conjunctival sac
filled with antiseptic and prevents adhesion of
the eyelid margins overnight. The ointment is
also applied in the conjunctival sac after cataract
extraction and other operations upon the globe.
Storage. — Preserve "in an ophthalmic ointment tube." N.F.
SOLUTION OF MERCURIC
CHLORIDE.
B.P.
Liquor Hydrargyri Perchloridi
Solution of Bichloride of Mercury; Mercury Bichloride
Solution. Liquor Hydrargyri Bichloridi.

The B.P. Solution of Mercuric Chloride is prepared by dissolving 1 Gm. of mercuric chloride
in sufficient distilled water to make 1000 ml. of
solution.
This solution provides a convenient method for
dispensing mercuric chloride. It was formerly
administered orally in the treatment of syphilis,
usually in combination with potassium iodide.
Dose, from 2 to 4 ml. (approximately 30 to 60
minims).
MERCURIC BICHLORIDE LARGE
POISON TABLETS.
N.F.
Large Corrosive Sublimate Tablets, Large Bichloride
Tablets, Toxitabellae Hydrargyri Bichloridi Magna

"Mercury Bichloride Large Poison Tablets contain an average of not less than 420 mg. and not
more than 520 mg. of HgCte, with a sufficient
quantity of a suitable excipient or diluent. Mercury Bichloride Large Poison Tablets must be of
a distinctive color, not white; they must be of an
angular or irregular shape, not discoid. When sold
in small quantities, the Tablets must be dispensed inglass containers of a distinctive, angular
shape, having irregular or roughened sides or
edges. On the exterior of each container must be
placed a red printed label bearing the word
'POISON' and a statement indicating the amount
of mercury bichloride in each Tablet." N.F.
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Corrosive Sublimate Tablets; Bichloride Tablets; Mercuric Chloride Tablets. Toxitabellae Hydrargyri Chloridi
Corrosivi. Sp. Comprimidos de sublimado corrosivo;
Tabletas grandes venenosas de bicloruro de mercuric

Uses. — The convenience of having mercury bichloride tablets for the preparation of antiseptic
solutions has led to the official recognition of such
a tablet. Because of the large number of cases of
poisoning resulting from inadvertent swallowing
of the tablets it is desirable that they be made
sufficiently distinctive to render a mistake less
likely to be made. Hence the direction that they
be made in some shape other than discoid, and
that they be colored. Among the popular shapes
used are oblong-rectangular ("coffin-shaped") and
triangular. The U.S. P. X directed they be colored
blue with indigo carmine, but the N.F. does not
specify the color.
The official large tablet contains about 470 mg.
(approximately 7% grains) of mercury bichloride;
one tablet dissolved in a pint of water (approximately 475 ml.) makes a 1 to 1000 solution. The
inclusion of sodium chloride in the tablets facilitates solution of the mercury bichloride.
MERCURY BICHLORIDE SMALL
POISON TABLETS.
N.F.
Small Corrosive Sublimate Tablets, Small Bichloride
Tablets, Toxitabella; Hydrargyri Bichloridi Parvae

"Mercury Bichloride Small Poison Tablets contain an average of not less than 110 mg. and not
more than 140 mg. of HgCte, with a sufficient
quantity of a suitable excipient or diluent.
Mercury Bichloride Small Poison Tablets must
be of a distinctive color, not white; they must
be of an angular or irregular shape, not discoid.
When sold in small quantities, the Tablets must
be dispensed in glass containers of a distinctive,
angular shape, having irregular or roughened sides
or edges. On the exterior of each container must
be placed a red printed label bearing the word
'POISON' and a statement indicating the amount
of mercury bichloride in each Tablet." N.F.
One of these tablets dissolved in a pint (approximately 475 ml.) of water makes about a 1
in 4000 solution, which is more frequently used
than 1 in 1000.
MERCURY

OLEATE.

N.F. (B.P.)

Oleatum Hydrargyri

"Mercury Oleate contains the equivalent of not
less than 24 per cent and not more than 26 per
cent of HgO. Caution. — Mercury Oleate must
not be dispensed if globules of mercury have
separated."
The B.P. N.F.
Oleated Mercury contains 20.0 per
21.0). of yellow mercuric oxide (limits, 19.0 to
cent
B.P. Oleated Mercury; Hydrargyrum Oleatum. Oleate
of Mercury; Mercuric Oleate. Hydrargyrum Oleinicum;
Hydrargyrum Oleicum; Hydrargyrum elainicum. Fr. Oleate
de mercure. Ger. Quecksilberoleat; Olsaures Quecksilberoxyd.
/*. Oleato di mercurio. Sp. Oleato de Mercurio.

Mix 25 Gm. of yellow mercuric oxide, in very
fine powder, with 75 Gm. of oleic acid in a nonmetallic vessel and warm the mixture at a temperature not exceeding 50°, while stirring constantly, until the mercuric oxide has dissolved.
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Add enough oleic acid to make the product weigh
100 Gm.; mix thoroughly. N.F.
The B.P. Oleated Mercury is made from yellow
mercuric oxide, oleic acid and liquid paraffin.
Description. — "Mercury Oleate is a yellowish
brown, somewhat transparent substance, ointment-like inconsistence, and having the odor of
oleic acid. It is affected by light and is darkened
by hydrogen sulfide. Mercury Oleate is slightly
soluble in alcohol and in ether, and is readily
soluble in fixed oils." N.F.
Assay. — Mercury oleate is assayed by the
method described under the assay of mercury
mass; each ml. of 0.1 N ammonium thiocyanate
represents 10.83 mg. of HgO. N.F.
The B.P. dissolves the oleate in a mixture of
benzene, glacial acetic acid and alcohol, then
passes hydrogen sulfide into the solution. The
precipitate of mercuric sulfide is filtered through
a Gooch crucible, then washed with benzene and
afterwards with alcohol. The residue is dried at
120° and weighed.
Uses. — The chief use of mercury oleate has
been as a local application in the treatment of
parasitic skin diseases, and as an ingredient of
strong mercurial ointment, formerly applied by
inunction to introduce mercury for the treatment
of late syphilis. Under the name of Riasol (Shield
Laboratories) mercury oleate (0.45 per cent) is
chemically combined with soaps, phenol (0.5 per
cent) and cresol (0.75 per cent) in an oily
emulsified liquid vehicle for local treatment of
psoriasis of the body and scalp. Mercury oleate
has also been employed in the treatment of
various types of chronic arthritis and lymphadenitis.
Dose, 2 to 8 Gm. (approximately z/2 to 2
drachms), applied externally.
Storage.— Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Strong Mercurial Ointment, N.F. ;
Ointment of Oleated Mercury; Ointment of
Mercury, B.P.
OINTMENT OF
MERCURY.

OLEATED
B.P.

Unguentum Hydrargyri Oleati
Mercuric Oleate Ointment.

This ointment contains the equivalent of 5.0
per cent of HgO (limits, 4.5 to 5.5) ; it is prepared by mixing 1 part of oleated mercury with
3 parts of simple ointment.
Cole and Sollmann {Arch. Dertnat. Syph., 1930,
21, 372) found that inunctions with ointments of
the oleate do not yield any better results than
those of plain mercurial ointment. This ointment
may be used, however, for the same class of
cases as mercurial ointment.
MERSALYL.

U.S.P., B.P, LP.

Mersalyl Sodium, [Mersalyl]
NqOOC-CH20
CO-NH-CH2CH(OCH5)

"Mersalyl,

dried

over

sulfuric

CH2HgOH

acid

for

18

hours, contains not less than 97 per cent and not
more than 103 per cent of CiaHisHgNNaOe."
U.S.P. The B.P, which defines Mersalyl as the
sodium salt of 0-carboxymethylsalicyl-(3-hydroxymercuri-2-methoxypropyl)amide, requires it to
contain not less than 2.6 per cent and not more
than 2.9 per cent of N, and not less than 38.5 per
cent and not more than 40.5 per cent of Hg, both
calculated with reference to the substance dried
to constant weight over phosphorus pentoxide at
a pressure not exceeding 5 mm. of mercury. The
LP. defines Mersalyl as the sodium salt of salicyl( 3 - hy droxymer curie - 2 - methoxypropyl ) - amide - O acetic acid and requires not less than 2.5 per
cent and not more than 2.8 per cent of N, and
not less than 38.5 per cent and not more than
40.5 per cent of Hg, both calculated with reference to the substance dried for 18 hours in a
vacuum desiccator over sulfuric acid.
B.P., LP. Mersalylum. Sp. Mersalil.

Mersalyl, chemically the sodium salt of salicylallyamido-O-acetic acid, was introduced under
the name Salyrgan. It may be synthesized by the
following process: Salicylic acid is heated with
allyl isothiocyanate to form salicylallylamide;
this is reacted with monochloroacetic acid, in the
presence of sodium hydroxide, to form the sodium salt of salicylallylamide-O-acetic acid. The
acid liberated from this last compound is reacted
with mercuric acetate and methyl alcohol to form
the complex acid of which mersalyl is the sodium
salt. In another process salicylamide is successively interacted with ethyl chloroacetate and
allyl bromide, and the product hydrolyzed to
salicylallylamide-O-acetic acid.
Description. — "Mersalyl occurs as a white
or almost white, crystalline powder. It is odorless, and has a bitter taste. It is somewhat deliquescent, and is gradually decomposed by light.
Its solutions are alkaline to litmus. One Gm. of
Mersalyl dissolves in about 1 ml. of water, and
in about 2 ml. of alcohol. It is insoluble in
chloroform and in ether." U.S.P.
Standards and Tests. — Identification. — (1)
A gray precipitate of metallic mercury forms on
boiling, under a reflux condenser, a solution of
mersalyl with formic acid. The crystals of salicylal ylamide-O-acetic acid which form when
the filtrate separated from this mixture is cooled
melt, after washing with cold water and drying
over sulfuric acid in a vacuum desiccator for 24
hours, between 119° and 122°. (2) The precipitate of metallic mercury obtained in the preceding
test, when dissolved in a few drops of hot nitric
acid, responds to tests for mercury. Loss on drying.— Not over 7 per cent, when dried over
sulfuric acid for 18 hours. Chloride. — A filtered
solution of 100 mg. of mersalyl in 5 ml. of distilled water containing 2 drops of nitric acid
does not become opalescent immediately upon
addition of 2 drops of silver nitrate T.S. Sulfate.
— A filtered solution of 100 mg. of mersalyl
in 5 ml. of distilled water containing 2 drops of
hydrochloric acid does not become turbid immediately upon addition of 2 drops of barium
chloride T.S. Mercury ions. — No color is produced immediately on adding 2 drops of sodium
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sulfide T.S. to a solution of 500 mg. of mersalyl
in 10 ml. of distilled water. Readily oxidizable
substances. — The pink color produced when 0.05
ml. of 0.1 N potassium permanganate is added
to a filtered solution of 500 mg. of mersalyl in
10 ml. of distilled water and 1 ml. of diluted
sulfuric acid is not decolorized immediately.
U.S. P. The B.P. limits arsenic to 4 parts per
million; the LP. limits it to 5 parts per million.
Assay. — For mercury. — About 300 mg. of
mersalyl, previously dried over sulfuric acid for
18 hours, is analyzed by the method employed
for the assay for mercury under Mercurophylline.
Each ml. of 0.1 TV ammonium thiocyanate represents 25.29 mg. of CisHieHgNNaOe. U.S.P.
The B.P. assays for mercury by heating
mersalyl with an aqueous solution of formic
acid, the metallic mercury thus formed being
amalgamated with zinc powder; the amalgam is
removed by filtration, washed, dissolved in nitric
acid, and titrated with 0.1 A^ ammonium thiocyanate. The assay for nitrogen is performed by the
Kjeldahl method. The LP. assay for mercury is
practically the same as the U.S.P. assay; the
assay for nitrogen utilizes the Kjeldahl method,
modified in several details from the B.P. procedure.
The B.P. states that solutions of mersalyl, containing sodium chloride or other salt, may become toxic unless some substance, such as theophylline, which inhibits the decomposition of the
mercurial complex, is present.
Uses. — Action.— The introduction of mersalyl
as a diuretic, in 1924, followed the observation,
initially made with Merbaphen, of the diuretic
effect of organic mercurials which had been developed as antisyphilitic agents (see also
Nephrotropic Agents in Part II). It is now known
that mersalyl, in common with the other mercurial diuretics, acts by virtue of the effect of the
mercury ion on the sulfhydryl enzyme systems
of the renal tubular cells (see Grollman, Modern
Medicine, June 1, 1951, page 59). The primary
effect is to depress renal tubular absorption of
sodium, resulting in the elimination of water. According to Grollman, only the distal tubule is involved. He states that, as a consequence, any
reduction in glomerular filtration rate permits of
overabsorption of salt and water in the proximal
segment of the tubule, resulting from prolonged
contact of the filtrate with the epithelium, thus
limiting the capacity of the kidney to respond to
the mercurial agent. It is possible that this explains the potentiating effect of aminophylline
(q.v.) when it is used in conjunction with mercurial diuretics. Schroeder (J. A.M. A., 1951, 147,
1109) states that it is not yet known whether
mercury ion inhibits tubular reabsorption of
sodium ion, chloride ion, or both. His studies
have shown that mercurial diuretics increase
urinary excretion of chlorides, usually in the
form of sodium chloride, resulting in elimination of excess water, as do the osmotic diuretics,
and thereby promoting loss of edema fluid. Farnsworth and Krakusin (J. Lab. Clin. Med., 1948,
33, 1534) found that chloride ion may at times
carry with it increased amounts of potassium,
calcium and magnesium, and Grossman et al.
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{Circulation, 1950, 1, 508) demonstrated that
there is increase in excretion of uric acid.
Schroeder {J. A.M. A., 1951, 147, 1109) analyzed the distribution of mercury in the tissues
of a patient who died within fifteen minutes after
the injection of a mercurial diuretic. Mercury
was found in the liver, heart muscle and lungs,
with only traces in the kidneys, indicating to
him that it is stored in these depots, with gradual
release into the blood stream and urine. DeGraff
{J. A.M. A., 1948, 136, 1025) states that when a
mercurial diuretic is given intravenously, diuresis
begins in about one-half hour and reaches its
peak in four hours. The response ceases after
12 to 24 hours; during this period about 85 per
cent of the injected mercury is excreted in the
urine. It is known that in normal individuals
and in persons without edema or renal disease the
response is similar to, but of a lesser order than,
that which obtains in the presence of edema. Ammonium chloride (q.v.) or ammonium nitrate are
frequently administered for two or three days
prior to the use of a mercurial diuretic to augment
its action, response often being increased by 15
or 20 per cent. The simultaneous administration
of 10 ml. of a 20 per cent solution of sodium
dehydrocholate and a mercurial diuretic may enhance the diuresis (see Ox Bile Extract). The
concomitant use of morphine or meperidine may
inhibit the diuretic response.
Therapeutic Action. — The principal use of
the mercurial diuretics is in edema of cardiac
origin, either peripheral or pulmonary, the
diuresis produced being roughly proportional to
the amount of edema present (Gold et al., N. Y.
State J. Med., 1946, 46, 69). It is also useful in
instances of congestive heart failure with no
apparent edema but with prolongation of the
circulation time. Good results are sometimes obtained in nephrosis and in ascites secondary to
cirrhosis of the liver. A preliminary report by
Smith et al. (New Orleans Med. Surg. J., 1951,
104, 144) indicates that mersalyl may be of value
in treatment of pre-eclampsia. They found no
trace of mercury in the amniotic fluid, suggesting
that the fetus is unharmed.
Mercurial diuretics should be administered
early in the morning in order that nocturia will
not disturb the night's rest which is so essential
to the patient with a failing heart. The response
in different individuals is variable, as is the response on different occasions in the same individual; in some instances as much as 10 liters of
urine are excreted following a single dose. Tolerance to the drug does not develop and it has
been used weekly over a period of several years
with no diminution in its diuretic action and without untoward results (see Marsh, Jackson Clin.
Bull, 1946, 8, 79). The frequency of and the
need for continuing injections are determined by
the circumstances under which the cardiac failure
occurs, as well as by the response. Stewart
(Cardiac Therapy, Hoeber-Harper, New York,
1952, p. 41) uses mercurial diuretics every third
day in bed-patients with congestive heart failure,
provided there is satisfactory diuresis. After the
patient is mobilized the interval is increased to
once weekly and then to whatever interval may
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be necessary to keep the individual free of
failure. He advocates using full therapeutic
dosages, rather than daily injection of smaller
doses, as recommended by some clinicians. More
frequent administration may lead to accumulation of mercury in the tissues.
Toxicology. — Certain electrolyte disturbances
are known to occur in the course of overly intensive application of the mercurial diuretics. In
some instances they lead to failure of diuretic
response and if unrecognized can lead to fatality.
Several authors have described the low-salt
syndrome as one form of electrolyte disturbance
(see Schroeder, J. A.M. A., 1949, 141, 117; Soloff
and Zatuchni, ibid., 1949, 139, 1136). An early
sign of this syndrome is weight loss on the day
after injection, followed by a rapid gain. There
may occur weakness, apathy, anorexia, vomiting,
mental aberration, abdominal and muscle cramps,
fever, dryness of the mouth, excessive thirst and
diminished urinary output. Circulatory collapse,
coma and death may follow. Commonly there will
be found low serum sodium and chloride levels,
low carbon dioxide-combining power, with acidosis
and azotemia. Oral administration of hypertonic
saline solution or intravenous administration of a
3 to 5 per cent sodium chloride solution may
yield gratifying results. It is important that this
syndrome be not confused with the uremia of
terminal renal failure.
Another important type of electrolyte disturbance is the hypochloremic alkalosis syndrome described by Schwartz {Bull. New Eng. Med.
Center, 1950, 12, 213) and by Schwartz and
Wallace (/. Clin. Inv., 1950, 29, 844; ibid., 1951,
30, 1089). Its clinical features are quite similar
to those of the low-salt syndrome and symptoms
of progressive cardiac decompensation accompany
both situations. Differentiation is based on
laboratory data. Although serum chloride is reduced, the serum sodium is normal. Carbon
dioxide combining power remains normal or is
elevated and azotemia is not usually present.
Response to mercurial diuretics may be restored
by a high chloride intake without the addition
of sodium. Stapleton and Harvey {Arch. Int.
Med., 1952, 90, 425) recommended administration of ammonium chloride by mouth in daily
doses of 6 to 8 Gm. When necessary a one per
cent solution of ammonium chloride may be administered intravenously. It should be given
slowly, at a rate not exceeding 200 ml. hourly,
daily dosage being 4 to 8 Gm. Diluted hydrochloric acid U.S. P. may be used to supplement
this therapy or may be substituted when intolerance for ammonium chloride exists. A dosage
of 5 ml. in a full glass of water four times daily
is equivalent in chloride content to approximately
3 Gm. of ammonium chloride.
Additional reactions have been described as
being caused by the diuretic action of the organic
mercurials. Digitalis may be mobilized from the
extracellular fluid into the blood stream, producing digitalis intoxication, particularly in the presence of ascites or pleural effusion. It probably
occurs less frequently than has been supposed
and may be obviated by the initial administration
of smaller doses in patients who have been fully
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digitalized. Russek and Zohman {J.A.M.A., 1949,
139, 922) reported three instances of cerebral
thrombosis which followed profound diuresis occasioned by the use of a mercurial diuretic. An
appreciable decrease in the circulating blood
volume, cardiac output, systemic blood pressure
and cerebral blood flow were apparently causative. Five cases of acute urinary retention in men
have been reported by Schneierson and Bergman
{J.A.M.A., 1949, 141, 382), resulting from profound diuresis produced by a mercurial diuretic
in the presence of prostatic enlargement with
partial obstruction.
Local tissue reactions to the mercurial diuretics
may result from their subcutaneous or intramuscular administration, producing a smarting or
burning sensation, erythema, histamine-like
phenomena, and even sterile abscess formation.
Mercurial poisoning occurs rarely from these
substances. It is manifested by symptoms of
irritation of the gastrointestinal tract, including
gingivitis and stomatitis. An instance of fatal
toxic nephrosis has been reported by Bruno {New
Eng. J. Med., 1948, 239, 769). One case of
agranulocytosis following a mercurial diuretic was
described by Bender et al. {Ann. Int. Med., 1950,
33, 1285) and another instance has been reported
by Silverman and Worthen {J. A.M. A., 1952,
148, 200).
Several fatalities following intravenous injection of mercurial diuretics have been reported;
mersalyl does not appear to be any more toxic
than other organic mercurial diuretics (but see
Nuhfer et al., Fed. Proc, 1942, 1, 162). The fact
that some fatalities occurred when previous injections had not produced any reactions suggests
that the reaction was anaphylactic in nature.
However, some fatalities have followed the first
injection. The effect may be a direct toxic action
on the heart muscle or else on the vagus nerve
(Jackson, /. Pharmacol, 1926, 29, 471) with
production of ventricular fibrillation (Barker
et al., J. A.M. A., 1942, 119, 1001). Caution is
indicated in patients with acute myocardial infarcts. Considering the extensive use of the mercurial diuretics, the number of deaths reported
is very small. DeGraff and Nadler {J.A.M.A.,
1942, 119, 1006) reported that approximately
6000 injections have been given each year since
1934 in the Bellevue Hospital in New York City,
with no serious toxic reactions nor deaths which
might be attributed to the drug.
Wexler and Ellis {Am. Heart J., 1944, 27, 86)
divided the toxic reactions observed into immediate and delayed types. The immediate, fatal or
non-fatal reactions are characterized by dyspnea,
pallor or cyanosis, irregular breathing, a fall in
blood pressure, cardiac irregularity, unconsciousness and convulsions. Cardiac arrest may occur
before respiratory paralysis within 5 minutes
after the injection. Mild, non-fatal, immediate
reactions may be manifested by a sense of apprehension, substernal discomfort, transient dyspnea,
orthopnea, cyanosis, sweating and tachycardia.
Delayed reactions occur 1 to 2 hours after the
injection and usually with symptoms of asthma
or pulmonary edema. Hypersensitiveness may
present itself with symptoms of fever, erythema,
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paresthesias, ulcerative stomatitis and exfoliative dermatitis. Sensitivity appears to be related
to the molecular structure of the particular drug
administered and often may be avoided by use
of another compound.
There is no certain way of avoiding a reaction.
It is advisable to give a small dose as a test; if
no untoward reactions develop in 24 hours, the
therapeutic dose may be given. The presence of
ulcerative colitis is considered a contraindication.
Jaffee et al. (Am. J. Med. Sc, 19S0, 220, 60)
stated that the presence of acute glomerulonephritis, renal insufficiency, high blood ureanitrogen, severe albuminuria, and hematuria contraindicate use of mercurials. Fishberg (Hypertension and Nephritis, 4th ed., p. 156-162) recommended that mercurial diuretics be avoided
if the kidney is unable to concentrate urine beyond a specific gravity of 1.015. Pines et al.
{Brit. Heart J., 1944, 6, 197) suggested the addition of 0.5 ml. of a 20 per cent solution of
magnesium sulfate to the injection to prevent
fatal reactions. Studies by Cohn (N. Y. State J.
Med., 1950, 50, 1489) indicate that the use of an
antihistaminic agent may be protective against
hypersensitivity reactions. Experimental studies
by Ruskin and Johnson (Proc. S. Exp. Biol. Med.,
1949, 72, 577) and by Craver et al. (Am. Heart
J., 1950, 40, 590) indicate that BAL (dimercaprol) affords protection against the cardiac
toxicity of the mercurial diuretics.
Summary. — Mersalyl is representative of a
number of organic mercurial preparations which
promote diuresis by virtue of their effect on the
sulfhydryl enzyme systems of the renal tubular
cells. The chief clinical application of the mercurials isin edema of congestive heart failure
which cannot be adequately controlled by
digitalis and sodium restriction. They enjoy great
popularity at the present time and in most instances produce no untoward reactions, provided
the indications and contraindications for their use
are properly observed. It is important to evaluate
the metabolic state of the patient and to note
any evidence of toxicity following their administration in order to avoid unfortunate consequences. The toxic effects described above include electrolyte disturbances, local tissue reactions, mercurialism, the various sequelae of
profound diuresis, allergic response and cardiotoxic effects which may be fatal. The dosage and
preferred mode of administration of each preparation are discussed under the individual drugs. For
other organic mercurial diuretics in current use see
under Meralluride, Mercaptomerin Sodium, Mercurophylline and Chlormerodrin. The mercurial
diuretics have been used mostly by injection.
Mersalyl was formerly used only intravenously
because subcutaneous or intramuscular use caused
severe reactions with sloughing. In combination
with theophylline, however, intramuscular injections, tablets (Batterman et al., Am. Heart J.,
1941, 21, 98) and rectal suppositories have been
used effectively and provide, respectively, about
100, 70 and 50 per cent of the effect obtained by
intravenous injections.
Mersalyl is no longer administered by itself;
it is employed in the form of mersalyl and theo-
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phylline (see following monograph for dose, etc.).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
MERSALYL AND THEOPHYLLINE
INJECTION.
U.S.P. (B.P.) (LP.)
[Injectio Mersalylis et Theophylline]

"Mersalyl and Theophylline Injection is a
sterile solution in water for injection of approximately 2 parts by weight of mersalyl
(Ci3Hi6HgNNaOe) to 1 part by weight of theophylline (C7H8N4O2.H2O). It contains not less
than 94 per cent and not more than 106 per cent
of the labeled amount of mersalyl (C13H16HgNNaOe), and of theophylline (C7H8N4O2.H2O)." U.S.P. The B.P. recognizes the same solution under the title Injection of Mersalyl, and
requires 10 per cent w/v of mersalyl (limits, 9.5
to 10.5). The LP. has the same rubric as the
U.S.P.
B.P. Injection of Mersalyl; Injectio Mersalyli. I. P.
Injection of Mersalyl and Theophylline; Injectio Mersalyli et Theophylline Mersalyn Solution (.Kirk); SalyrganTheophylline Solution (Winthrop-Stearns) . Sp. Inyeccion
de Mersalil y Teofilina.

The B.P. directs that this injection be prepared by dissolving 10 Gm. of theophylline in
80 ml. of water for injection, then dissolving 5
Gm. of theophylline without heating, adjusting
the pH of the solution to 7.8 by addition of a
potassium hydroxide solution, and diluting with
water for injection to 100 ml. The solution is
filtered, avoiding contact with metal, and sterilized by passing it through a bacteria-proof filter.
Uses. — Theophylline is included in this injection for a more important purpose than that of
serving as an adjuvant diuretic. The B.P. states
that mersalyl containing sodium chloride, or
other salt, may become toxic unless some substance, such as theophylline, which inhibits decomposition ofthe mercurial complex, is present.
DeGraff (/. Pharmacol., 1938, 62, 26) maintains
that theophylline lessens the local irritation and
improves the absorption of the mercurial when
injected intramuscularly. Aging of the combination of mersalyl and theophylline is claimed to
be necessary before decreased toxicity is observed. A discussion of the action and toxic
effects of mercurial diuretics is provided under
Mersalyl. |v]
Dose. — This injection is commonly supplied in
a concentration of 100 mg. of mersalyl and 50
mg. of theophylline in each ml. The usual dose
of mersalyl is 100 mg. (1 ml. of injection)
intramuscularly (or intravenously) once or twice
a week, with a range of 100 to 200 mg. ; the maximum dose is generally 200 mg. (rarely 400 mg.),
which should not be exceeded during a 24-hour
period. The upper outer quadrant of the buttock
is preferred for intramuscular injection; if the
gluteal area is edematous the deltoid muscle may
be used. If given by the intravenous route injection should be made very slowly to avoid shock.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Size. — 100 mg. (approximately V/2
grains) of mersalyl and 50 mg. (approximately
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•)4 grain) of theophylline per ml., in 1-ml., 2 -ml.,
and multiple-dose containers.

MERSALYL AND THEOPHYLLINE
TABLETS. U.S.P.
[Tabellae Mersalylis et Theophylline]

"Mersalyl and Theophylline Tablets contain
not less than 90 per cent and not more than 110
per cent of the labeled amounts of mersalyl
(CisHieHgNNaOe), and of theophylline (CtHsN4O2.H2O)." U.S.P.
Salyrgan-Theophylline Tablets

(IVinthrop-Stearns) .

The available tablets contain 80 mg. of
mersalyl and 40 mg. of theophylline, and are
enteric-coated. The tablets may be used as an
adjunct to injections to decrease their frequency
or to replace injections entirely; the dosage must
be individualized. Dosage schedules may vary
considerably; thus, as a diuretic dose 5 tablets
may be given after breakfast once a week, or 1
tablet may be given three or four times daily for
two or three days of the week. The average maintenance dose is 1 or 2 tablets daily. Rest periods
of several days to a week or two are recommended where use is continuous.
Rectal suppositories, containing 400 mg. of
mersalyl and 200 mg. of theophylline, are also
available. These are intended to be used as a
supplement to injection treatments, a suppository
being used once or twice a week.
Storage. — Preserve "in well-closed containers." U.S.P.
METHACHOLINE
CHLORIDE.
U.S.P., B.P.
Acetyl-0-methylcholine Chloride, Methacholinium
Chloride, [Methacholinae Chloridum]

[CH3CO.OCH(CH3)CH2N+(CH3)3]ClThe B.P. requires Methacholine Chloride to
contain not less than 21.6 per cent and not more
than 22.3 per cent of CH3CO, and not less than
17.8 per cent and not more than 18.4 per cent of
CI, both calculated with reference to the substance dried to constant weight at 105°. While
the U.S.P. does not directly provide a purity
rubric, exactly the same requirements as those
of the B.P. are provided for in tests for content
of acetyl and for chloride.
Trimethyl-beta-acetoxy-propyl-ammonium chloride. Mecholyl Chloride (Merck). Sp. Cloruro de Metacolina.

Methacholine Chloride, related to Carbachol
and to Acetylcholine Chloride, may be prepared
from propylene chlorohydrin (CH2CI.CHOH.CH3) and trimethylamine, which form P-methylcholine chloride, followed by acetylization with
acetic anhydride to acetyl-P-methylchohne chloride.
Description. — "Methacholine Chloride occurs
as colorless or white crystals, or as a white, crystalline powder. It is odorless or has a slight
odor, and is very deliquescent. Its solutions are
neutral to litmus. Methacholine Chloride is very
soluble in water and freely soluble in alcohol and
in chloroform. Methacholine Chloride, previously
dried in the capillary tube at 105° for 4 hours,
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melts between 170° and 173°." U.S.P. The B.P.
states that methacoline chloride is soluble in 0.4
part of water and in 1.2 parts of alcohol.
Standards and Tests. — Identification. — (1)
Small rhombohedric plates form when platinic
chloride T.S., previously diluted with water, is
added to methacholine chloride (difference from
acetylcholine chloride, which forms needles
radiating from a central point, and from choline
chloride, which forms no crystals). (2) Ethyl
acetate, recognizable by its odor, is produced on
heating gently a mixture of 1 ml. of 1 in 10
methacholine chloride solution, 1 ml. of alcohol,
and 1 ml. of sulfuric acid. (3) Trimethylamine,
recognizable by its odor, is produced on heating
a mixture of 5 ml. of a 1 in 10 solution of
methacholine chloride and 2 Gm. of potassium
hydroxide. (4) A 1 in 50 solution of methacholine
chloride responds to tests for chloride. Loss on
drying. — Not over 1.5 per cent, when dried for 4
hours at 105°. Residue on ignition. — Not over
0.1 per cent. Acetylcholine chloride. — No precipitate results when a mixture of 3 ml. of a
1 in 5 solution of sodium perchlorate and 2 ml.
of a 1 in 10 methacholine chloride solution is
immersed in ice water for 5 minutes. Acetyl
group. — About 500 mg. of methacholine chloride,
previously dried at 105° for 4 hours, is heated
with an excess of 0.1 N sodium hydroxide on a
steam bath for 45 minutes, saponifying the
acetyl group. The excess of alkali is titrated with
0.1 A" sulfuric acid, using phenolphthalein T.S. A
blank test is performed. Each ml. of 0.1 N sodium hydroxide represents 4.304 mg. of CH3CO;
the content of acetyl is not less than 21.6 per cent
and not more than 22.3 per cent. Chloride content.— About 500 mg. of dried methacholine
chloride is dissolved in water, an excess of 0.1 N
silver nitrate added in the presence of nitric
acid, and the excess of the reagent titrated directly with 0.1 A7 ammonium thiocyanate after
adding nitrobenzene to prevent reaction with
silver chloride. Ferric ammonium sulfate T.S. is
the indicator. Each ml. of 0.1 A7 silver nitrate
represents 3.546 mg. of CI; the content of
chloride is not less than 17.8 per cent and not
more than 18.4 per cent. U.S.P.
Assay. — The B.P. assays for acetyl, and for
chloride, are identical with the corresponding
tests in the U.S.P.
Stability. — Methacholine chloride, because of
its deliquescence, should be handled in such a
manner as to minimize exposure to moisture. Solutions should be prepared preferably in quantities
which will be used within a week or two ; they are
not stable for long periods of time and should
be refrigerated to delay hydrolytic decomposition
and mold growth. If dispensed in capsule form
liquefaction is likely to occur in 24 hours. Inert
fillers, such as lactose, and anhydrous sodium
sulfate, may retard liquef action; alkaline substances should not be used as adsorbents because
of the possibility of producing decomposition of
methacholine chloride. Since the bromide of
methacholine is less hygroscopic than the chloride,
and tablets of the former are available (Mecholyl
Bromide, Sharp & Dohme, containing 200 mg.
per tablet), it would appear that a more practical
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procedure is to use the more stable tablets ; these,
however, should also be protected from moisture.
Action.— Methacholine is a very active parasympathomimetic drug (see discussion of Parasympathomimetic Agents and Cholinesterase Inhibitors, inPart II), with actions similar to those
of acetylcholine (see under Acetylcholine
Chloride) and carbachol {q.v.). Although it was
studied in 1911 by Hunt and Taveau, clinical
application was delayed until the extensive studies
of Simonart (/. Pharmacol., 1932, 46, 157) and
Starr et al. {Am. J. Med. Sc, 1933, 186, 313).
In brief, it causes a slowing of the heart, fall in
blood pressure, constriction of the bronchioles,
dilatation of the peripheral blood vessels, constriction of the pupils, increase in intestinal tone
and peristalsis and stimulation of the detrusor
muscle of the urinary bladder. It is less readily
hydrolyzed in the body than is acetylcholine
(Renshaw et al, J. Pharmacol, 1938, 62, 450)
and thereby its action is of sufficiently long duration to be of clinical value; on subcutaneous administration itis from 10 to 20 times as active
as acetylcholine. In therapeutic doses, the "nicotinic" action is insignificant, i.e., it has very little
effect on the autonomic ganglia and the neuromuscular junctions in voluntary muscle. Atropine abolishes its "muscarinic" action (see under
Physostigmine and Neostigmine) ; its action is
prolonged, through inhibition of cholinesterase
action, by physostigmine and neostigmine. Fraser
et al. {Clin. Sc, 1937, 3, 77) reported increased
muscle power in patients with myasthenia gravis,
but neostigmine is to be preferred because of less
marked side effects. In the experimental animal,
Burke et al. {Am. J. Physiol, 1953, 174, 254)
observed that prior intraperitoneal injection of
methacholine caused a decrease in the mortality
of mice exposed to x-radiation. Atropine counteracted this sparing effect of methacholine on mortality but it had no effect on survival.
Circulation. — After injection of 20 mg. intramuscularly or subcutaneously, Starr {loc. cit.)
observed the following response: the blood pressure decreased within 1 minute, then rose after
3 to 7 minutes; the pulse was increased after
about 1 to 15 minutes, the face and neck became
flushed and the subject felt warm at first and
then cold. After 3 minutes, sweating, salivation,
lacrimation and palpitation appeared. The reaction subsided in 20 to 30 minutes. Orally, a
dose of 1 to 1.5 Gm. is required to produce a
similar, although much milder, action. The
bradycardia is very transient. Essex et al. {Am.
Heart J., 1940, 19, 554) reported that it increased
the blood flow in the coronary arteries of unanesthetized dogs. Prolongation of auriculoventricular conduction time (P-R interval in the
electrocardiogram) is produced and Starr et al.
{Am. J. Med. Sc, 1936, 191, 210) found that
quinidine as well as atropine antagonized the
action on the heart. Hoff and Nahum {Am. J.
Physiol, 1935, 110, 675) reported that it prevented the ventricular fibrillation experimentally
induced with epinephrine or electric shock.
After oral doses of about 1 Gm., Goldsmith
{Am. Int. Med., 1936 9, 1196) reported an increase in skin temperature of the fingers and to a
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lesser extent of the toes; the rise was greater in
patients with vasospastic peripheral vascular conditions such as Raynaud's phenomenon. Page
{Am. J. Med. Sc, 1935, 189, 55) found no increase in peripheral skin temperature in hypertensive patients. Engle and Binger {Am. J. Med.
Sc, 1939, 198, 609) reported a greater fall in the
blood pressure of individuals with high blood
pressure than in normal persons; it inhibited the
cold pressor response (the rise in blood pressure
following immersion of the hand in ice water) in
patients with essential hypertension. Because of
its transient action and side effects, it has no
place in the treatment of hypertension and may
cause a harmful drop in pressure. The pressure
of the cerebrospinal fluid is increased (Myerson
et al, loc. cit.), probably secondary to the
vascular action.
Gastrointestinal Tract. — Comroe and Starr
(/. Pharmacol, 1933, 49, 283) reported methacholine to increase tone, peristalsis and amplitude of contractions. It stimulated the secretion
of acid and pepsin by the stomach. Bauman and
Whipple {Am. J. Med. Sc, 1944, 207, 281) reported stimulation of the secretion of a concentrated pancreatic juice. Nausea and involuntary
vomiting and defecation are sometimes induced
by subcutaneous doses of 2.5 to 20 mg. and
almost always by an oral dose of 1 Gm. White
and Jones {New Eng. J. Med., 1938, 218, 791)
observed mucosal changes by sigmoidoscopy following methacholine similar to those characteristic of the mucous colitis syndrome. Abbott
{Am. J. Med. Sc, 1933, 191, 323), with a recording balloon in the human stomach, found that
it decreased the contractions of the empty
stomach but increased the tone and peristaltic
waves of the food-containing stomach. It seems
to have no effect on the gall bladder, although
Schube et al. {New Eng. J. Med., 1937, 216, 694)
reported inhibition of gall-bladder emptying following the ingestion of a fatty meal.
Respiration. — Bronchial constriction and an
increased secretion of bronchial mucus are produced by parenteral administration of methacholine (Starr et al, 1933, loc cit.) and Hurtado
and Kaltreider (/. Clin. Inv., 1934, 13, 1053)
reported the decreased vital capacity which would
be expected. Some patients manifest a slight increase in the depth of respiration and some cough
but rales have not been observed. Sometimes a
sensation of substernal pressure or constriction
is experienced which seems to be due to something other than a decreased coronary blood flow.
Both epinephrine and atropine counteract this
action on respiration. Oral doses have little, if
any, such action.
Sweating. — Perspiration induced by the drug
is often great enough to drench the clothing and
salivary flow increases even 10 times the normal.
These effects are inhibited by atropine or
epinephrine and enhanced by neostigmine (Myerson et al, J. Pharmacol, 1937, 60, 296; Am. J.
Med. Sc, 1937, 194, 75). Oral doses do not cause
lacrimation. Wilson {Brain, 1934, 57, 422) found
excessive sweating with methacholine following
degeneration of the sympathetic nerves to a part
but a diminished sweating in instances of degen-
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eration of the sensory nerve. List and Peet (Arch.
Neurol. Psychiat., 1938, 40, 269) reported that,
following postganglionic sympathectomy in humans, heating of another part of the body did not
cause sweating of the sympathectomized part but
that either methacholine or pilocarpine still caused
sweating of the part; after degeneration of the
sensory nerve to a part, reflex or drug-induced
sweating was abolished. Page (loc. cit.) found no
sweating of the extremities of hypertensive patients with methacholine.
Urinary Tract. — Urinary blood flow is not increased bythe drug (Comroe and Starr, loc. cit.) ;
in fact, both urinary output and the size of the
kidney are decreased (Loman et al., New Eng. J.
Med., 1938, 219, 655) and contractions of the
ureters and urinary bladder are increased. The
detrusor muscle of the urinary bladder is stimulated to contract (Levin, /. Pharmacol., 1938,
62, 449); this is the basis for an important
therapeutic application in the management of
neurogenic urinary retention. This action is enhanced by neostigmine.
Therapeutic Uses. — Paroxysmal Tachycardia.
— Methacholine is employed chiefly in the management of disorders of the cardiovascular system. In paroxysmal tachycardia of supraventricular origin, reflex vagal stimulation, induced in
many ways, often terminates the attack. If pressure on the carotid sinuses one at a time (carotid
artery at the angle of the mandible with the head
rotated slightly) failed to stop the tachycardia,
which it fails to do in about two-thirds of the
cases, Starr (1933 and 1936, loc. cit.) terminated
88 per cent of the attacks he treated with
methacholine. He gave a dose of 15 mg. subcutaneously. If the tachycardia persisted at the
height of the flush, he massaged the site of injection gently. If this failed, Morgan (Ann. Int.
Med., 1943, 19, 780) repeated the carotid sinus
pressure. If the tachycardia persisted, Starr
waited 20 to 30 minutes for the reaction to subside and then gave 30 mg. subcutaneously. In
young adults, a dose of 15 to 30 mg. was usually
adequate; in patients over 50 years of age and
in the obese 45 mg. was necessary at times.
Quinidine, preferred as a prophylactic measure in
paroxysmal tachycardia, seemed to diminish the
effect of methacholine. Occasionally cases of
auricular flutter, which may be difficult to differentiate from paroxysmal tachycardia, were converted to auricular fibrillation and rarely to
normal rhythm according to Starr, but usually
there was only a transient slowing due to the
prolongation of auriculo-ventricular conduction
time. Furman and Geiger (J.A.M.A., 1952, 149,
269) called attention to 3 instances of serious
reactions, including a fatality, following use of
methacholine and neostigmine in paroxysmal
supraventricular tachycardia. From this experience out of a large series of cases they caution
against potentiation of methacholine action by
neostigmine, warning that methacholine should
not be injected sooner than 4 hours after
neostigmine. This potentiation is due to the inhibition of cholinesterase by neostigmine, which
enzyme is responsible for the inactivation of
methacholine.
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Peripheral Vascular Disease. — Starr reported that oral doses of 20 to 100 mg. three
times daily relieved attacks of Raynaud's phenomenon in everyday life but did not prevent
symptoms on exposure to severe cold. Kovacs
et al. (Am. Heart J., 1936, 11, 53) administered
the drug by iontophoresis and observed increased
warmth and color of an extremity with insufficient blood supply, a decrease in attacks of
blanching, intermittent claudication, etc. and the
healing of ulcers. He applied asbestos paper (or
cotton gauze) saturated with an 0.5 per cent
aqueous solution of methacholine carefully to all
portions of the part and connected the positive
pole of a galvanic (direct) current to this compress. The current was slowly increased to 20 to
30 milliamperes using a large indifferent electrode
moistened with isotonic solution of sodium
chloride on the back attached to the negative
pole. After 15 to 30 minutes, the current was
decreased gradually. Such treatment was given
daily or two or three times weekly for about 2 to
6 weeks. The skin under the solution became
warm, flushed and sweaty and an erythematous
rash usually appeared. The solution may be applied around but not over any ulcer or other break
in the skin surface until a good scab has formed.
An ointment has also been employed for this purpose under an electrode moistened with saline solution. Patients with thromboangiitis obliterans
(Buerger's disease) or arteriosclerosis obliterans,
in whom there is an element of spasm (or a high
basal vascular tone, see Naide and Sayen, Am. J.
Med. Sc, 1945, 209, 478), were benefited
(Kovacs, loc. cit.; Kramer, Am. J. Med. Sc, 1937,
193, 405) to the extent of increased exercise
tolerance before pain appeared and alleviation of
impending gangrene. Iontophoretic or oral, rather
than subcutaneous, administration is advocated
for these cases. Saylor et al. (J. A.M. A., 1936,
107, 114) and Kovacs (Arch. Phys. Ther., 1937,
18, 103) reported good results with application
by iontophoresis to the intact tissues around
varicose ulcers; ligation or injection with sclerosing solutions of the varicose veins, if indicated,
should be carried out. In thrombophlebitis,
Murphy (Surg. Gynec. Obst., 1937, 65, 100) and
Sokolov and Meyers (Am. Heart J., 1939, 17,
316) reported that therapy by iontophoresis
enabled patients to walk without the use of
compression
bandages and cleared lymphedema
rapidly.
In both osteoarthritis and rheumatoid arthritis,
iontophoresis has seemed to have symptomatic
value (Kovacs, 1936, loc. cit.). Boyd et al. (An.
Int. Med., 1936, 10, 728) found it of most value
in those cases with cold, moist, pale or cyanotic
hands and feet. In scleroderma, Duryee and
Wright (Am. Heart J., 1937, 14, 603) found
that iontophoresis softened and loosened the tight
skin, healed ulcers and restored sweating and
hair growth.
Other Uses. — Abdominal distention, either
postoperatively or in association with acute infections, responded well to the insertion of a
rectal tube and subcutaneous injection of 10 to
20 mg. of methacholine (Abbott, loc. cit.). However, neostigmine is preferred because of less
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side effect. Methacholine has been employed by
mouth in cases of atonic constipation. Law
(J.A.M.A., 1940, 114, 2537) used injections in
the treatment of megacolon (Hirschsprung's disease) and as a preoperative, prognostic test of
the value of a sympathectomy in this condition.
For postoperative and other urinary retention
it has been used, but neostigmine or carbachol is
preferable because of fewer untoward actions.
Langworthy (Internat. Clin., 1936, 3, 98) used it
effectively to correct residual urine in patients
with tabes dorsalis and similar neurological disturbances of the urinary bladder.
In ozena, a few drops of a 2 or 3 per cent
aqueous solution in the nose three times daily
for several weeks has been beneficial in relieving
the bad breath (Van Dellen. /. Pharmacol, 1937,
59, 413). Dameshek and Feinsilver (J.A.M.A.,
1937, 109, 561) used a subcutaneous injection
of 10 to 30 mg. as a diagnostic test for poisoning
with the bellodonna alkaloids; the absence of the
usual response to methacholine confirms the suspicion of this poisoning. Jacoby (Am. J. Obst.
Gyn., 1936, 31, 93) used vaginal iontophoresis
with benefit in pelvic inflammatory disease and
tried it orally for dysmenorrhea. Methacholine has
been employed as a diagnostic agent to test for
pheochromocytoma, a medullary tumor of the
adrenal gland. The positive pressor response in
such cases to this vasodepressor agent is not well
understood. Unlike acetylcholine, which can stimulate the adrenal medulla to secrete epinephrine,
methacholine does not possess this nicotinic attribute of its analog. It has been proposed that the
depressor response to methacholine reflexly initiates the release of the tumor's pressor secretion
(epinephrine and norepinephrine) but this explanation is not established. Actually methacholine
is one of the less reliable diagnostic drugs for
this tumor (Anderson et al., Am. Heart J., 1952,
43, 252; Entwisle et al., Am. J. Med., 1951, 11,
461; Sprague et al., J.A.M.A., 1953, 151, 629).
Toxicology. — Although very alarming syncope with cardiac asystole has followed intravenous or excessive subcutaneous doses of methacholine, no deaths have been recorded. Nausea
and vomiting are frequent with therapeutic doses
and involuntary defecation is troublesome. It
precipitates asthmatic seizures in patients with
bronchial asthma (Villaret et al., Compt. rend,
soc. biol., 1934, 116, 1343). A sensation of substernal pressure is not uncommon. Transient heart
block is frequent and Page (loc cit.) reported a
depression of the T wave and alterations in the
S-T segment in the electrocardiogram in most
cases. In patients with thyrotoxicosis, Nahum and
Hoff (J.A.M.A., 1935, 105, 254) observed auricuar fibrillation to follow its use. It should not be
given at the same time as neostigmine (see
above) or physostigmine unless it is desired to
prolong and intensify its action and in this case
the doses should be decreased; 20 mg. subcutaneously with 0.5 mg. of neostigmine methylsulfate caused heart block of some duration
(Myerson et al., Am. J. Med. Sc, 1937, 194,
75). No chronic toxicity has been observed.
Treatment of untoward effects consists of the
recumbent posture and 0.5 to 1 mg. of atropine
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sulfate intramuscularly or intravenously, according to the severity of the reaction. Epinephrine is
indicated in asthmatic attacks.
It should never be given intravenously. The
patient should lie down for about 1 hour after its
administration subcutaneously or by iontophoresis
and a bed pan should be immediately available because arising to defecate often results in fainting.
A small dose should be tried first to ascertain
susceptibility. It should not be given to patients
with asthma, hyperthyroidism, hypertension, coronary occlusion or Addison's disease (Perera,
J.A.M.A., 1945, 128, 1018) even though wellcontrolled with cortical extract. During iontophoresis, patients must be observed for systemic
reaction.
Dose. — The usual dose of methacholine chloride is 20 mg. (about ]/z grain) subcutaneously
with a range of 10 to 60 mg. The initial dose
should be about 10 mg. (approximately % grain)
subcutaneously. If no untoward manifestations
arise and if further effect is needed, 25 mg. (approximately }igrain) may be given 10 to 30
minutes later. Atropine sulfate for parenteral use
should always be handy when it is administered.
Orally, it must be used in solution; 200 to 500
mg. (approximately 3 to 7j4 grains) may be
added to milk three times daily. For iontophoresis a 0.2 to 0.5 per cent aqueous solution in distilled water is employed. An 0.25 per cent ointment is in use for local application. It is not
absorbed on subungual administration (Walton,
J.A.M.A., 1944, 124, 142).
The dose of methacholine bromide, N.N.R.
(Mecholyl Bromide) is 200 to 600 mg. (approximately 3to 10 grains) by mouth two or three
times daily. The response to oral administration
is indefinite and variable; there is no virtue in
exceeding a total dose of 2 Gm. (approximately
30 grains) daily.
Methacholine chloride is supplied in the form
of crystals for the preparation of solutions for
iontophoresis or for oral use, and in ampuls containing 25 mg. (approximately $i grain) for the
preparation of injection. The corresponding bromide (Mecholyl Bromide, Sharp & Dohme) is
available as tablets containing 200 mg. (approximately 3grains) of the chemical.
Storage.
— Preserve "in tight containers."
U.S.P.
METHACHOLINE
CAPSULES.

CHLORIDE
N.F.

[Capsulae Methacholinae Chloridi]

''Methacholine Chloride Capsules contain not
less than 90 per cent and not more than 110 per
cent of the labeled amount of CsHisClNCte." N.F.
Sp. Cdpsulas de Cloru.ro de Metacolina.

For comment concerning the dispensing of
methacholine chloride in capsules, see Stability,
under Methacholine Chloride).
Storage. — Preserve "in tight containers." N.F.
STERILE METHACHOLINE
CHLORIDE.
U.S.P.
This is a sterile form of methacholine chloride
intended for use in preparing an injection im-
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mediately before use (see comment on Stability
under Methacholine Chloride.
Usual Size. — 25 mg.
METHADONE
HYDROCHLORIDE.
U.S.P., B.P., I.P.
Methadonium

Chloride

CH2CH3
CO

H.

CH:

;-CH2CH-NT(CH3

)2

cv
''Methadone Hydrochloride, dried at 105° for
1 hour, contains not less than 98.5 per cent of
C21H27NO.HCI." U.S.P.
The B.P. defines Methadone Hydrochloride as
the hydrochloride of (±)-2-dimethylamino-4:4diphenylheptan-5-one, and requires not less than
99.0 per cent of C21H27ON.HCI, calculated with
reference to the substance dried to constant
weight at 105°. The I.P. defines the compound
as the hydrochloride of the racemic form of
6-dimethylamino-4,4'-diphenyl-3-ketoheptane, requiring not less than 98.7 per cent and not more
than 100.0 per cent of the active component.
Amidone Hydrochloride. Adanon Hydrochloride (Winthrop-Stearns) ; Dolophine Hydrochloride (Lilly): Hoechst
10820; Physeptone (.Burroughs Wellcome).

This synthetic analgesic drug was introduced
into this country by technical investigators studying developments in medicinal chemistry in Germany during World War II. Several syntheses
have been published; one of these utilizes diphenylacetonitrile and l-dimethylamino-2-chloropropane as the interacting starting compounds
(see Bockmuhl and Ehrhart, Ann. Chem., 1948.
561, 52; also Schultz et al., J.A.C.S., 1947, 69,
188, 2454; Easton et al., ibid., 1947, 69, 2941).
The official drug is the racemic form.
Description. — "Methadone Hydrochloride occurs as colorless crystals or as a white, crystalline, odorless powder. Methadone Hydrochloride
is soluble in water, freely soluble in alcohol and
in chloroform, and practically insoluble in ether
and in glycerin." U.S.P.
Standards and Tests. — Identification. — (1)
The picrolonate of methadone melts between
160° and 162°. (2) A yellow precipitate forms
on adding methyl orange T.S. to a solution of
methadone hydrochloride in water. (3) Methadone hydrochloride responds to tests for chloride.
pH. — The pH of an aqueous solution is between
3.0 and 6.5. Loss on drying. — Not over 0.3 per
cent, when dried at 105° for 1 hour. Residue on
ignition. — Not over 0.1 per cent. U.S.P.
Assay. — About 150 mg. of dried methadone
hydrochloride is dissolved in water, the solution
alkalinized with sodium hydroxide, and the liberated methadone base extracted with several portions of ether. A measured excess of 0.02 N sulfuric acid is added, the ether evaporated, and the
excess acid titrated with 0.02 N sodium hydrox-
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ide using methyl red as indicator. Each ml. of
0.02 N sulfuric acid represents 6.918 mg. of
C21H27NO.HCI. U.S.P. The B.P. and I.P. assays
utilize the same principle.
Uses. — This potent, synthetic analgesic drug
has certain structural resemblances to both morphine and meperidine (May, Am. J. Med., 1953,
14, 540). As an analgesic, Denton and Beecher
(J.A.M.A., 1949, 141, 1146) found it to be at
least as effective as morphine and Isbell and
Fraser (/. Pharmacol., 1950, 99, 355) reported
equal liability to cause addiction. The levo-isomer
is responsible for both its analgesic and addicting properties (Isbell and Eisenman, ibid., 1948,
93, 305; Thorp, Brit. J. Pharmacol. Chemother.,
1949, 4, 98). Definite analgesia was produced by
5 mg. in humans (Scott and Chen. /. Pharmacol.,
1946, 87, 63). Like morphine, methadone depresses respiration, causes vagal slowing of the
heart and salivation. In mice, it causes the tail to
stand erect; in rats, it results in postural rigidity;
in cats, it produces nervous excitation — all of
these effects are also characteristic of morphine
action. In dogs, it increases the tone and amplitude of contractions of the intestine; on prolonged administration the propulsive activity of
the bowel is diminished as a result of the
sustained increase in tonicity. Gaensler and
McGowan {Gastroenterology, 1950, 16, 484)
demonstrated increased pressure in the biliary
tract of humans due to spasm of the sphincter
of Oddi in the duodenal wall. It is about twice
as toxic as meperidine but its analgesic effect is
about ten times greater. In doses up to 45 mg.
daily for as long as 6 months, neither leukopenia,
anemia nor hepatic dysfunction appeared. In
humans, from 20 to 35 per cent of a dose is excreted in the urine. Way et al. (J. Pharmacol.,
1949. 97, 222) studied the absorption and excretion in the rat and Adler and Eisenbrandt (Proc.
S. Exp. Biol. Med., 1949. 72, 347) studied storage in the tissues of the rat with methadone
labeled with the radioactive isotope carbon- 14.
Extensive clinical evaluation has demonstrated
efficacv similar to that of morphine (C. C. Scott
et al., Anesth. & Analg., 1947, 26, 12 ; W. W. Scott
et al., ibid., 18; Bryan and Smyth, Am. J. Med.,
1947, 3, 122; Kohlstaedt et al, ibid., 122; Troxil,
J.A.MA., 1948, 136, 920; Christensen and Gross,
ibid., 137, 594; Remy, Deutsche med. Wchnschr.,
1949, 74, 872; Robbins, Anesth., 1949, 10, 280).
Methadone causes similar sedation and narcosis.
As an analgesic, 10 mg. of methadone hydrochloride seems to be equivalent to 1 5 mg. of morphine
sulfate (Kirchhof and David, Anesth., 1948, 9,
585). It causes more nausea and vomiting on oral
administration than morphine but less than morphine when injected. It may cause constipation
and, like morphine, it causes marked respiratory
depression. It is a slowly acting, cumulative drug
which equals morphine in analgesic potency on
prolonged administration (Isbell, Ann. Int. Med.,
1948, 29, 1003). Hence, it is an excellent drug in
cases with chronic severe pain but it is a poor
drug for rapid relief of pain after a single dose.
It is irritating on subcutaneous injection and
nausea and vomiting interfere with its oral use.
During obstetrical delivery, Lund {Am. J. Obst.
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Gyn., 1948, 55, 1007) was not favorably impressed with methadone as an analgesic. Smith
and Nagyfy {ibid., 1949, 58, 695) found that 10
mg. subcutaneously was an effective analgesic for
labor pains but discontinued its use because of
the fetal depression it caused; they preferred
prisilidene hydrochloride. Davis et al. (J.A.M.A.,
1952, 148, 1193) used 10 mg. simultaneously
with 0.5 mg. of scopolamine hydrobromide subcutaneously in1000 deliveries with satisfaction;
fetal apnea occurred in the usual incidence. Inhalation anesthesia must be used with caution
after methadone to avoid apnea. Ishmael and
Stacy (/. Oklahoma S. Med. A., 1947, 40, November) reported efficacy for rheumatic and
other pain in the locomotor system. For combat
injuries under rugged field conditions in Korea,
Beecher et al. (U. S. Armed Forces Med. J., 1951,
2, 1269) found racemic methadone as effective
as morphine or /-isomethadone in identical doses.
In a syrup, it was promoted as a cough medicine
in doses of 1 or 2 mg. but gastrointestinal disturbances detracted from its acceptance by some
patients and its potency resulted in overdosage
in children and the death of an infant (Pharm. J.,
1951, 1, 52). m
dl- Isomethadone hydrochloride (6-dimethylamino-4,4-diphenyl-5-methylhexan-3-one hydrochloride) isformed during the synthesis of dlmethadone from the reaction of diphenylacetonitrile and chloroisopropyldimethylamine (Bockmuhl and Erhart, loc. cit.). Isbell and Fraser
(/. Pharmacol, 1950, 99, 355) found it to be
about half as active an analgesic as methadone
and equally addicting. Only the levo form is active.
Prescott et al. (Lancet, 1949, 1, 340) reported
less nausea and vomiting and dizziness than with
methadone.
Phenadoxone hydrochloride (Heptalgin, Glaxo),
is closely related to methadone hydrochloride,
being 6-moipholino-4,4-diphenylheptan-3-one hydrochloride; itis a relatively inactive analgesic
compared with methadone with little euphoric
and minor addicting properties (Isbell and Fraser,
loc. cit.). For further information concerning it
see under Phenadoxone Hydrochloride.
Toxicology. — Methadone may cause nausea,
vomiting, dizziness, faintness, pruritus, dry mouth
and constricted pupils. Oral administration is
often poorly tolerated, particularly in ambulatory
patients. Children do not tolerate large doses of
the drug. Tolerance develops more slowly than
with morphine. Single analgesic doses seldom
cause euphoria but large doses in addicts may produce euphoria for 1 to 2 days. It may cause drug
addiction and it may be used to prevent withdrawal symptoms in morphine addicts (Wolff,
J. Pharm. Pharmacol., 1951, 3, 1). Withdrawal
manifestations may be less violent in methadone
than in morphine addicts. The degree of physical
dependence is less with methadone. Anslinger
(J. A.M. A., 1949, 138, 609) indicated that both
morphine and heroin addicts were using methadone as a substitute. Fraser et al. (J.A.M.A.,
1952, 148, 1205) and Finestone and Eksterowicz
(Am. Pract. Dig. Treat., 1953, 4, 640) used Nallylnormorphine intravenously effectively in cases
of respiratory depression following methadone.
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Dose. — The usual dose is 7.5 mg. orally or
subcutaneously every 4 hours as necessary for
pain, with a range of dose of 5 to 10 mg. The
maximum safe dose, save in addicts, seldom exceeds 10 mg. and a total dose of 45 mg. in 24
hours is rarely exceeded. Methadone is more
effective orally than morphine and is thereby convenient for cases of advanced carcinoma. The
duration of action is about 4 hours. Fewer gastrointestinal disturbances follow its parenteral than
its oral use. For a child under 1 year of age, a
dose of 0.3 mg. has been prescribed every 4 to 6
hours for the cough in pertussis.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
METHADONE
HYDROCHLORIDE
INJECTION.
U.S.P.
"Methadone Hydrochloride Injection is a sterile
solution of methadone hydrochloride in water for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of C21H27NO.HCI. U.S.P.
The pH of this injection is required to be between 3.0 and 6.5.
Storage.— Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 10 mg. in 1 ml.; 200 mg. in
20 ml.
METHADONE
TABLETS.

HYDROCHLORIDE
U.S.P. (B.P.)

"Methadone Hydrochloride Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of C21H27NO.HCI."
U.S.P. The corresponding B.P. limits, for Tablets
of Methadone Hydrochloride, are 92.5 per cent
and 107.5 per cent, respectively.
Usual Sizes. — 2.5, 5, 7.5, and 10 mg.
METHAMPHETAMINE
HYDROCHLORIDE. U.S.P.
Desoxyephedrine Hydrochloride, Methamphetaminium
Chloride, <f-l-Phenyl-2-methylaminopropane
Hydrochloride

u

CHoCH

CH*

HNCH,

cr
Amphedroxyn Hydrochloride (Lilly) ; Desoxyn Hydrochloride (Abbott); Dexoval Hydrochloride (Vale); Doxyfed
Hydrochloride (Raytner) ; Efroxine Hydrochloride (Maltbie) ;
Methedrine Hydrochloride (Burroughs Wellcome) ; Norodrin
Hydrochloride (Endo) ; Pervitin Hydrochloride (Smith,
Kline & French Labs.); Semoxydrine Hydrochloride
(Mas3 .
sengill) ; Syndrox Hydrochloride (McNeil)
H

Methamphetamine base is dex/ro-l-phenyl-2methylaminopropane. It differs from ephedrine in
containing no oxygen, the OH of ephedrine being
replaced by H, in view of which it is sometimes
called desoxyephedrine. As it may also be considered aN-methyl derivative of amphetamine it
is also properly called N-methylamphetamine,
which has been contracted to methamphetamine
as the official title.
Methamphetamine may be prepared by the
reduction of either ephedrine or pseudoephedrine;
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(Helv. Chim. Acta, 1929, 12, 365) described its preparation by catalytic reduction
with hydrogen of bromopseudoephedrine hydrobromide or of chloropseudoephedrine hydrochloride. Ogata (/. Pharm. Soc. Japan, 1919, 451,
751) synthesized it by reducing the condensation
product of benzylmethylketone and methylamine.
He reported the d-, 1-, and racemic forms of the
base all to be liquid at room temperature. For a
review of the extensive earlier literature concerning methamphetamine see Haley (/. A. Ph. A.,
1947, 36, 161).
Description. — "Methamphetamine Hydrochloride occurs as white crystals or as a white,
crystalline powder. It is odorless. Its solutions are
acid to litmus. One Gm. of Methamphetamine
Hydrochloride dissolves in 2 ml. of water, in 3 ml.
of alcohol, and in 5 ml. of chloroform; it is very
slightly soluble in absolute ether. Methamphetamine Hydrochloride melts between 171° and
175°." U.S.P.
Standards and Tests. — Identification. — (1)
A crystalline precipitate is produced on adding
mercury bichloride T.S. to a solution of methamphetamine hydrochloride (ephedrine, epinephrine
and phenylephrine do not give a precipitate).
With iodine T.S. a brown precipitate is produced.
(2) A crystalline precipitate is produced on adding trinitrophenol T.S. to a solution of methamphetamine hydrochloride. (3) Methamphetamine
hydrochloride responds to the tests for chloride.
Specific rotation. — Not less than 4-16° and not
more than 4-19°, when determined in an aqueous
solution containing 200 mg. of dried methamphetamine hydrochloride in each 10 ml. Loss on
drying. — Not over 0.5 per cent, when dried at
105° for 2 hours. Residue on ignition. — Not over
0.1 per cent. Chloride content. — Between 18.8 and
19.3 per cent of CI. Nitrogen content. — Between
7.3 and 7.7 per cent. UJS.P.
Uses. — Methamphetamine is a sympathomimetic amine (see monograph on Sympathomimetic
Amines, in Part II, for a general discussion of
this class of compounds). Because of the interest
in the central stimulant action of methamphetamine and its ability to allay fatigue, the compound was studied intensively during the war
years; little of fundamental importance has been
added to our knowledge of the drug since that
time. Several reviews and outstanding articles
concerning it have been published (Ivy and
Goetzl, War Med., 1943, 3, 60; Novelli and
Tainter, /. Pharmacol, 1943, 27, 325; Foltz ei al.,
J. Lab. Clin. Med., 1943, 28, 606; Haley, /. A.
Ph. A., 1947, 36, 161); that of Haley provides
the best review of more recent date.
Action. — Intravenous administration of methamphetamine isattended by a prompt and sustained increase in blood pressure and pulse rate.
Swanson et al. (J. Pharmacol., 1943, 79, 329)
reported that the levo isomer is more potent than
the dextro form and that the racemic mixture is
intermediate in its pressor action. Graham et al.
(Ind. Eng. Chem., 1945, 37, 149) placed the
pressor potency of methamphetamine and amphetamine, respectively, as ^275 and ^50 that of
epinephrine. Raymond-Hamet (Compt. rend. soc.
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biol., 1943, 216, 83) described the tachyphylactic
decrease in potency with repeated intravenous
injections of the compound. The effects of the
compound on respiration and intestinal activity
are not profound. It is claimed to have some
bronchodilator activity (Graham et al., loc. cit.),
and to inhibit peristaltic activity (Reiser, Arch,
exp. Path. Pharm., 1940, 195, 603), but neither
of these effects is sufficient to be considered a
primary pharmacodynamic attribute. The duration of action of methamphetamine, like that of
amphetamine, is prolonged. Very likely it is excreted as such slowly over a period of days, as
Beyer and Skinner (/. Pharmacol., 1940, 66, 318)
found to be true for its X-demethylated analog.
The central stimulating action of the compound
is its principal attribute. Its analeptic action has
been demonstrated for several laboratory species
and is considered to be greater than that of amphetamine (Hauschild, Klin. Wchnschr., 1938, 17,
1695; Jacobsen et al., ibid., 1938, 17, 1580;
324).
Novelli and Tainter, /. Pharmacol., 1943, 77,
Therapeutic Uses. — Clinically, the stimulating effect of methamphetamine on the central
nervous system is manifested in several ways.
Jacobsen et al. {loc. cit.), Warstadt (Wien. med.
Wchnschr., 1938, 88, 1227), and Postma (Ned.
Tijdschr. Geneesk., 1943, 87, 366) found it effective orally in antagonizing barbiturate hypnosis.
Pullen (Klin. Wchnschr., 1939, 18, 1502) and
Siegmund (Deut. med. Wchnschr., 1939, 65, 754)
employed the compound to counteract acute alcoholism. Like amphetamine, methamphetamine
does not improve intelligence but does relieve
both mental and physical fatigue (Pellmont, Arch,
exp. Path. Pharm., 1942, 199, 2 74; Alwall, Acta
Med. Scand., 1943, 114, 33; Foltz etal, J. Lab.
Clin. Med., 1943, 28, 603).
Methamphetamine has been found to be distinctly beneficial in depressed psychopathic states
(Flugel, Klin. Wchnschr., 1938, 17, 1286). Intravenous injection of 15 to 20 mg. in humans,
as an adjuvant to psychotherapy, was followed
immediately by a short period of tension, with
palpitation and dry mouth, followed by a sense of
relaxation, confidence and well-being (Straker,
Am. J. Psychiat., 1953, 109, 853); an increase in
self-esteem and a decrease in personal antagonisms
and inhibitions were observed in depressed, anxious, hysterical and stuttering patients. In chronic
anxiety states, neurodermatitis, and acute posttraumatic anxieties, Ling and Davies (ibid., 1952,
109, 38) found that intravenous administration
had the effect of releasing traumatic material; in
the interview patients relived the painful experience with considerable relief of tension. It is considered a drug of choice in the treatment of
narcolepsy (Eaton, Proc. Mayo, 1943, 18, 262).
It is useful in the management of mental depression with or without other neurological conditions
such as encephalitic (but not arteriosclerotic)
parkinsonism (Warstadt, Wien. med. Wchnschr.,
1938, 88, 1227). It is helpful in controlling the
oculogyric crises of parkinsonism.
In obesity, methamphetamine is a useful adjunct. It depresses the motility of the gastro-
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intestinal tract and suppresses the sensation of
hunger; it facilitates adherence to a reduction
diet and corrects the sense of depression which
results in overeating in some patients (Douglas,
West. J. Surg. Obst. Gyn., 1951, 59, 238). In
overweight children, in whom a desire to reduce
weight is usually lacking, Reilly (South. Med. J.,
1952, 45, 217) found methamphetamine useful;
his criterion for obesity in children is 20 per cent
over average weight for height and age, while for
infants it is 30 per cent. Reilly attempted to keep
the child's weight stationary, rather than actually
decrease the body weight, and permit normal
growth to correct the disproportion of fat in the
body.
Methamphetamine has enjoyed some acceptance
as a pressor agent employed in conjunction with
spinal and regional block anesthesia (Yeakel and
Seldon, Anesth., 1948, 9, 605; Poe and Karp,
ibid., 1949, 10, 484). While it is probably as acceptable as ephedrine for this purpose there are
a number of more potent agents that have less
central stimulation and do not manifest tachyphylaxis, and thus are more suitable for this purpose. In this connection, it enjoyed a substantial
popularity as a nasal decongestant for use with
the sulfonamides several years ago (Turnbull,
J. A.M. A., 1943, 123, 536; Hamilton et al., J. A.
Ph. A., 1944, 33, 142). However, the development
of more suitable nasal decongestants and chemotherapeutic agents has outmoded both components
of this combination for use in the nose.
The report by Lombardini et al. (Northwest
Med., 1948, 47, 805) indicating a utility of methamphetamine for the management of nocturnal
enuresis, like the similar claim for amphetamine,
probably stems from its use as a mild analeptic
agent.
Toxicology. — Toxic reactions to methamphetamine are referable usually to insomnia, excitement, deep irregular respiration, arrhythmia,
muscular twitching and unconsciousness. Delirium
and hallucinations may develop. Since the compound is only slowly excreted, recovery from
serious overdosage may require several days
(Dittmar, Deutsche med. Wchnschr., 1942, 68,
266). Contraindications to its use include severe
hypertension, hyperthyroidism, insomnia, arteriosclerosis in the aged, nephritis, coronary artery
disease and myocardial damage.
Dose. — The usual dose is 5 mg. (about ¥12
grain) once or twice daily by mouth, with a range
of 2.5 to 5 mg. The maximum safe dose is usually
10 mg. and the total dose in 24 hours is usually
about 15 mg. To avoid insomnia, the drug should
not be administered after 4 p.m. In hypnotic or
other emergencies, 10 to 15 mg. may be injected
slowly intravenously and repeated in 15 or 20
minutes if the full effect of the previous injection
has provided insufficient stimulation for the particular patient. Intramuscularly, the comparable
stimulating dose is 15 to 30 mg. Subcutaneously,
the prophylactic dose before spinal or barbiturate
anesthesia to avoid hypotension is 20 mg. In
psychotic patients as much as 15 to 20 mg. has
been given slowly intravenously to facilitate
communication.
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Storage. — Preserve in "tight, light-resistant
containers." U.S.P.

METHAMPHETAMINE HYDROCHLORIDE TABLETS. U.S.P.
"Methamphetamine Hydrochloride Tablets contain not less than 90 per cent and not more than
1 10 per cent of the labeled amount of C10H15N.HC1." U.S.P.
Assay. — A portion of powdered tablets, equivalent to about 100 mg. of methamphetamine hydrochloride, isheated with a dilute solution of
hydrochloric acid to hydrolyze starch and other
polysaccharides that might be present and which
would lead to low results in the determination of
the active constituent. The hydrolyzed mixture
is made alkaline with sodium hydroxide solution,
and the methamphetamine base is distilled into
a measured volume of 0.05 N sulfuric acid, the
excess of which is titrated with 0.05 N sodium
hydroxide. Each ml. of 0.05 N sulfuric acid represents 9.285 mg. of C10H15N.HCI. U.S.P.
Usual Sizes. — 2.5 and 5 mg.
METHANTHELINE

BROMIDE.

U.S.P.

0-Die thy laminoe thy 1-9-xanthenecarboxy late
Methobromide

H

0II
+
C— qCH2CH2N(C2H5)2

CH,

"Methantheline Bromide contains not less than
98 per cent of C2iH2eBrN03, calculated on the
dried basis." U.S.P.
Banthine Bromide (Searle).

Methantheline base may be synthesized by first
preparing xanthene-9-carboxylic acid from xanthene and n-butyl lithium followed by carbonation
with carbon dioxide; the acid is heated with diethylaminoethyl chloride in isopropyl alcohol to
give the desired amino ester, from which the
official methobromide is obtained by treatment
with methyl bromide. For details of synthesis see
Burtner and Cusic, J.A.C.S., 1943, 65, 1582.
Description. — "Methantheline Bromide is a
white or nearly white powder. It has a very bitter
taste and is practically odorless. Its solutions are
acid, having a pH of about 5. Methantheline
Bromide is very soluble in water, freely soluble
in alcohol and in chloroform, and practically insoluble in ether. Its water solution decomposes
on standing. Methantheline Bromide melts between 171° and 177°." U.S.P.
Standards and Tests. — Identification. — (1)
A solution of methantheline bromide yields with
silver nitrate T.S. a precipitate of silver bromide,
slightly soluble in ammonia. Crystals of xanthene9-carboxylic acid obtained after alkaline hydrolysis of methantheline bromide melt between 218°
and 223°. (2) On adding sulfuric acid to crystals
obtained in the preceding test a bright yellow to
orange solution is obtained. Loss on drying. — Not
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over 0.5 per cent, when dried at 105° for 4 hours.
Residue on ignition. — Not over 0.15 per cent.
Bromide content. — Not less than 18.6 per cent
and not more than 19.2 per cent, when determined
by the Volhard method (see following monograph). U.S.P.
Assay. — About 150 mg. of methantheline
bromide is assayed by the Kjeldahl method,
wherein the nitrogen of the compound is converted to ammonia, which is distilled out of the
reaction mixture and quantitatively neutralized.
Each ml. of 0.01 AT sulfuric acid consumed in the
neutralization represents 4.204 mg. of C21H26BrNOs. U.S.P.
Uses. — Action. — Methantheline bromide belongs to the class of parasympatholytic agents
(for general discussion of such agents, also called
Parasympathetic Blocking Agents and Anticholinergic Agents, see in Part II). The pharmacodynamic actions of methantheline in laboratory
animals were first described in reasonable detail
by Hambourger et al. (J. Pharmacol., 1950. 99,
245). The particular significance of this agent has
been that it is the prototype of recent quaternary'
anticholinergic agents. In general, the quaternary
ammonium compounds are more active peripherally than their tertian- analogs. Hambourger
et al. reported methantheline to have an autonomic blocking action 1.11 times that of the reference compound, tetraethylammonium bromide.
Although this ganglionic blocking action suggested
a utility similar to that of tetraethylammonium
and hexamethonium as a vasodilator agent, the
peripheral anticholinergic action is actually the
more intense. Thus, the principal effect of methantheline is to inhibit the visceral cholinergic
mediation of impulses at the neuromuscular junction, particularly to the intestinal tract. To about
the same extent methantheline inhibits salivarysecretion, the contractions of the bladder and gastric secretion of acid. At about ten times the
visceral anticholinergic dose methantheline can
be shown to inhibit somatic cholinergic mediation
of impulses at the skeletal neuromuscular junction, but this effect is not seen at clinically useful
doses.
Use in Peptic Ulcer. — Grimson and his associates (Gastroenterology, 1950, 14, 301; ibid.,
1950, 14, 583; J. A.M. A., 1950, 143, 873) confirmed the anticholinergic action of methantheline
in man and dog and pointed up its utility for the
relief of pain and spasm in peptic ulcer and the
enteropathies. Almost simultaneously Benjamin
et al. {Gastroenterology , 1950, 15, 727) reported
results of their studies to the effect that methantheline inhibited secretory response to histamine in the vagotomized gastric pouch of dogs.
It was about Vs as active as atropine in depressing
gastric secretion in man. Throughout the next
several years a rapid succession of papers documented the anticholinergic action of methantheline. Papers dealing particularly with the use of
the agent in the treatment of peptic ulcer include
the following: McDonough and O'Neil. Gastroenterology, 1951, 19, 265; Plummer et al., South.
M. J., 1951, 44, 801: Poth and Fromm, ibid.,
1951, 44, 807; Berk, Am. J. Med. Sci., 1951, 221,
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567. In general the investigators employed 25
to 100 mg. of methantheline orally every four
hours. The higher doses usually produce dryness
of the mouth and frequently induce blurring of
vision, increased heart rate or difficulty in urination. There is no doubt that when employed in
maximally tolerated doses the compound does
give relief from pain. When employed with good
judgment and attention to other details of therapy, the drug adds greatly to the comfort of the
patient. On the other hand, its abuse simply to
allay pain has permitted some ulcers to erode
to perforation with the necessity for surgical
intervention (Stone, J.A.M.A., 1952, 150, 1655;
Rauch and Bieter. Surgery, 1953, 33, 21). It has
no demonstrable direct effect on the healing of
an ulcer. Continuing the classical debate regarding the cause of the pain in cases of peptic ulcer,
Palmer et al. (Am. J. Med. Sc, 1952, 224, 603)
performed roentgen studies with an acid suspension of barium sulfate during the action of methantheline bromide and concluded that any pain
relief was due to a decrease in the gastric acidity.
Ruffin et al. (J. A.M. A., 1953, 153, 1159) have
written on the role of anticholinergic drugs for
the treatment of peptic ulcer from the perspective of time and experience and their paper warrants careful reading. They list as contraindications to anticholinergic therapy:
(1) severe
gastric retention, (2) obvious pyloric stenosis due
to scarring, (3) perforation into the peritoneal
preoperative administration for abcavity, (4)
dominal surgery, and (5) immediately preceding
roentgenologic study of the upper gastrointestinal
tract particularly. Taubenhaus et al. (Proc. S.
Exp. Biol. Med., 1953, 84, 646) observed that
methantheline bromide, like cortisone, inhibited
granulation tissue formation around injections of
turpentine in animals.
Methantheline is particularly effective in inhibiting motility of the stomach and small intestine (Lepore et al., Gastroenterology, 1951, 17,
551). It has not proven as useful in the management of pain and hypermotility of the colon,
although in maximally tolerated doses it may be
expected to give some relief in spastic colon or
colitis of an inflammatory or functional origin
(Kern et al, ibid., 1951, 17, 198; Plummer et al.,
South. M. J., 1951, 44, 801; Streicher and Wise.
/. Lab. Clin. Med., 1952, 40, 950).
Urinary Tract Uses. — The drug is particularly useful for the inhibition of cholinergic
mediation of nerve impulses to the urinary- bladder, such as occur in the neurogenic contracted
bladder. This circumstance is encountered in patients having multiple sclerosis, hemiparesis, postoperative cordotomy, luetic paresis and neurogenic enuresis (Lapides and Dodson, /. Urol.,
1953, 69, 96; Draper et al, ibid., 1953, 69, 632).
In enuresis O'Malley and Owens (Missouri Med.,
1953, 50, 188) reported success in 11 cases following administration of 50 mg. by mouth at
bedtime.
Howard et al. (Ann. Surg., 1952, 135, 91) and
Annis and Hallenbeck (Gastroenterology, 1951,
17, 56) reported that methantheline reduced the
volume of pancreatic secretion to approximately
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30 per cent of normal. The utility of this procedure in acute pancreatitis has not been
established.
Miscellaneous Uses. — Interestingly, methantheline has been shown to have a useful anhidrotic action (Rodman, J. A. Ph. A., 1953, 42,
551; Zupko and Prokop, ibid., 1954, 43, 35),
sufficient to warrant its prescription in cases of
hyperhidrosis or sweating of a sufficient degree to
be objectionable socially or to contribute to the
chronicity of certain dermatologic conditions.
Thus, Brown and Sandler {Arch. Dermat. Syph.,
1951, 64, 431) found that cases with contact
dermatitis of the hands with excessive sweating
responded, with 74 per cent marked improvement
and 19 per cent moderate improvement, following methantheline administration orally. Brown
et al. {Northwest Med., 1951, 50, 432) reported
value in acute herpes zoster. A case of trigeminal
neuralgia in a man of 70 years improved on
methantheline bromide (Stich, N. Y. State J.
Med., 1952, 52, 604). Raiford (South. Med. J.,
1952, 45, 633) used a 4 per cent ointment succes ful y as a cycloplegic 3 times daily for 2 days
for infants and pre-school children to determine
refractive error for prescribing glasses; a 2 per
cent solution applied twice for older children was
also effective. In preanesthetic medication it has
been used instead of atropine to decrease gastrointestinal activity, secretion from the respiratory
mucous membrane and vaso- vagal reflexes (Fisher
and Winsor, Anesth., 1952, 13, 147).
Toxicology. — In general the toxicity of
methantheline is referable to its visceral anticholinergic action, such that excessive doses produce dryness of the mouth, blurring of vision,
difficulty in initiating micturition, occasionally
constipation, and dryness of the skin. Other reactions referable to elation in psychotic patients
have been noted by Asher and Cohen (Gastroenterology, 1951, 17, 178). Benson et al. (Arch.
Pediat., 1951, 68, 420) reported on dosage, sensitivity and reactions to methantheline in pediatric
practice. A case of exfoliative dermatitis due to
methantheline bromide was reported by Clark
and McNaughton (Arch. Dermat. Syph., 1952,
84, 101). Methantheline is contraindicated in
cases of glaucoma and must be used cautiously
in older men with prostatic obstruction.
Propantheline Bromide. Pro-Banthine Bromide (Searle). — This compound is P-diisopropylaminoethyl-9-xanthenecarboxylate methobromide
and differs from methantheline bromide only in
the presence of two isopropyl groups in place of
the two ethyl radicals. It is a white crystalline
powder which is readily soluble in water and in
the secretions of the gastrointestinal tract. It is
reported to be 2 to 5 times as active as methantheline bromide in antagonizing the hypotensive
action of acetylcholine in anesthetized cats and
the spasm caused by acetylcholine in the excised
rabbit ileum, and 3 times as active in inhibiting
chromodacryorrhea in rats. Its ganglionic blocking action, as demonstrated by the nictitating
membrane of the cat, is similar to that of tetraethylammonium bromide and somewhat more intense than that of methantheline bromide. With
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toxic doses it exerts curare-like action on skeletal
muscle. It therefore antagonizes all the common
actions of acetylcholine. Its toxicity is of the
same order of magnitude as that of methantheline
bromide: the LD50 in mice intraperitoneally is
73 mg. per Kg., while orally it is 620 mg. per Kg.;
in rats intraperitoneally it is 25 and orally 1080
mg. per Kg.; rats survived 540 mg. per Kg. daily
by stomach tube for 5 days and with 300 mg. per
Kg. in the diet daily for 9 months showed only
slight retardation of growth, with no histopathological changes.
In humans, an oral dose of 30 mg. decreased
secretion of gastric acid for 1 to 3 hours (Kirsner
and Palmer, J.A.M.A., 1953, 151, 798). Inhibition of gastric motor activity was reported for
2 hours by Roback and Beal (Gastroenterology ,
1953, 25, 24) and it was concluded that 30 mg.
had an action similar to that of 100 mg. of methantheline bromide. Inhibition of abnormally rapid
intestinal motility has also been observed. A
slight increase in pulse rate and blood pressure
may occur in some patients. The side effects are
the same as with methantheline bromide but are
alleged to be less marked. Glaucoma is the only
absolute contraindication for its use. Brown
(Cleveland Clin. Quart., 1953, 20, 415) reported
efficacy in the treatment of peptic ulcer, gastric
hyperacidity and hypermotility of other causes,
pancreatitis, regional enteritis, functional diarrhea
and the gastric "dumping syndrome" (see also
Schwartz et al., Gastroenterology, 1953, 25, 416).
Like methantheline bromide it is prescribed in
hyperemesis gravidarum and spasm of the ureter
or urinary bladder. In cases with partial pyloric
obstruction due to edema around an ulcer, the
decrease in hypermotility may result in significant
obstruction and gastric dilatation. The drug must
not be relied upon alone in the treatment of patients; diet, rest, antacids and other indicated
measures must not be neglected. Keizur and
Hodges (Northwest. Med., 1954, 53, 27) gave it
at bedtime for enuresis.
The usual dose of propantheline bromide is 15
mg. by mouth 4 times daily, with a range of
15 to 30 mg. Parenterally, the usual dose is 30
mg., dissolved in 1 ml. of water for injection
intramuscularly or in 10 ml. intravenously, 1 to
4 times daily until oral administration is feasible.
It is available in 15 mg. tablets and in sterile
ampuls containing 30 mg. of powder for injection.
Dose. — The usual dose of methantheline bromide is 50 mg. (approximately }i grain) by
mouth every 6 hours, with a range of 25 to 100
mg. The maximum safe dose is usually 200 mg.
and 800 mg. is seldom exceeded in a 24-hour
period. If side effects are troublesome, the daytime doses are decreased. If gastric retention
develops in cases of peptic ulcer due to edema
obstructing the pyloris, gastric aspiration and continuation ofthe regimen, including methantheline
bromide, is indicated; if obstruction does not subside in a few days, it is probably due to fibrotic
or other mechanical obstruction and surgical intervention must be considered. Maintenance therapy requires about half of the therapeutic dose.
For infants, 12.5 mg. has been given 2 or 3 times
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daily and for children 1 year of age or older 12.5
to SO mg. is used 4 times daily. Parenterally, in
adults, 50 mg. is given every 6 hours dissolved
in 1 ml. of water for injection intramuscularly
or 10 ml. intravenously. For children, the parenteral dose is about half of the usual oral dose.
Methantheline bromide is available in tablets and
also as a sterile powder in ampuls containing
50 mg.
Storage. — Preserve in "well-closed containers." U.S.P.
METHANTHELINE
BROMIDE
TABLETS.
U.S.P.
"Methantheline Bromide Tablets contain not
less than 95 per cent and not more than 105 per
cent of the labeled amount of C2iH26BrN03."
U.S.P.
Assay. — The content of methantheline bromide in the powdered tablets is determined by
the Volhard method for estimation of bromides.
A measured volume of 0.1 N silver nitrate, in
excess of that required to precipitate bromide ion,
is added and the excess is titrated with 0.1 N
ammonium thiocyanate using ferric ammonium
sulfate T.S. as indicator. Each ml. of 0.1 N silver
nitrate represents 42.04 mg. of C2iH26BrN03.
U.S.P.
Usual Size. — 50 mg.
METHAPHENILENE

HYDROCHLORIDE. N.F.

N,N-Dimethyl-N'-(a-thenyl)-N'-phenylethylenediamine
Hydrochloride

CH2NCH2CH2NH(CH3)2

Cf

"Methaphenilene Hydrochloride, dried at 105°
for 4 hours, yields not less than 97.5 per cent and
not
N.F. more than 102.5 per cent of C15H20N2S.HCI."
Diatrin Hydrochloride {Warner).

Methaphenilene base is structurally closely related to methapyrilene base, differing from the
latter in the replacement of the pyridine radical
of methapyrilene by a phenyl radical. Methaphenilene may be prepared by condensation of
N,N-dimethyl-N'-phenylethylenediamine (prepared from aniline and dimethylaminoethyl chloride) with 2-thenylmethyl chloride in the presence
of sodamide (for details of synthesis see Leonard
and Solmssen, J.A.C.S., 1948, 70, 2066; see also
Kyrides et al., ibid., 1950, 72, 745).
Description. — "Methaphenilene Hydrochloride occurs as a white to pale yellow crystalline
powder with a faint characteristic odor. It is
stable at ordinary temperatures. It is affected by
light. Methaphenilene Hydrochloride is soluble in
water, sparingly soluble in alcohol and in chloro-
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form, and practically insoluble in ether. A solution (1 in 50) is clear and colorless. Metha189°." N.F.phenilene Hydrochloride melts between 184° and
Standards and Tests. — Identification. — (1)
A solution of 50 mg. of methaphenilene hydrochloride in 2 ml. of sulfuric acid is pale yellow,
turning to light orange on standing; on adding
2 drops of a 1 in 100 solution of isatin in sulfuric
acid a deep cherry-red color develops within a
minute. (2) A pink precipitate forms on adding
3 drops of ammonium reineckate T.S. to a 1 in
50 solution of methaphenilene hydrochloride. (3)
A white precipitate is produced on adding diluted
nitric acid and silver nitrate T.S. to a solution of
methaphenilene hydrochloride. pH. — The pH of
a 1 in 50 solution is between 5 and 7. Loss on
drying. — Not over 0.5 per cent, when dried at
105° for 4 hours. Residue on ignition. — Not over
0.15 per cent. Heavy metals.— The limit is 20
parts per million. Chloride. — Not less than 11.8
per cent and not more than 12.1 per cent. N.F.
Assay. — The absorbance of an aqueous solution of methaphenilene hydrochloride is measured
at 242 mn, and the concentration calculated from
an absorptivity of 489 at this wavelength for a
1 per cent solution in a 1-cm. cell. N.F.
Uses. — Antihistaminic activity of methaphenilene hydrochloride has been demonstrated in
animals and in human patients by Combes et al.
(Ann. Allergy, 1949, 7, 676; /. Invest. Dermat.,
1949, 13, 139). It ranked sixth in order of effectiveness of 13 antihistaminic agents tested by
Sternberg et al. (J.A.M.A., 1950, 142, 969) for
ability to raise the histamine whealing threshold
in man. In cases of hay fever, urticaria and other
allergic disorders, Marton (Ann. Int. Med., 1950,
33, 1444) reported therapeutic efficacy with a
dose of 50 mg. daily and a lesser incidence of
side effects than with diphenhydramine or tripelennamine. Kugelmass (N. Y. State J. Med.,
1949, 49, 2313) found it to be more effective and
less toxic than either tripelennamine or diphenhydramine in allergic disorders of children and
infants; a dose of 0.5 to 1.5 mg. per pound of
body weight, depending on the age, was employed.
Drake (J.A.M.A., 1950, 142, 477) reported development of critical agranulocytosis in an 81year-old patient who had received 50 mg. of
Diatrin hydrochloride every 8 hours for approximately 45 days; the patient recovered after blood
transfusions and administration of antibiotics.
The usual dose is 50 mg. 1 to 4 times daily by
mouth, with a range of 12.5 to 50 mg. The total
dose mg.
in 24 hours should generally not exceed
200
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
METHAPHENILENE
HYDROCHLORIDE TABLETS. N.F.
"Methaphenilene Hydrochloride Tablets contain not less than 95 per cent and not more than
105 per cent of the labeled amount of C15H20N2S.HCI." NJ.
Usual Size. — 50 mg.
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Methapyrilene

METHAPYRILENE

HYDROCHLORIDE. U.S.P.

2- [(2-Dimethylaminoe thy l)-2-theny la mino] pyridine
Hydrochloride, Methapyrilenium Chloride

or ^

H+
CH2— NCH2CH2N(CH3)2

cv

"Methapyrilene Hydrochloride, dried at 105°
for 3 hours, contains not less than 98 per cent of
C14H19N3S.HCI." U.S.P.
N.N-Dimethyl-N'- (a-pyridyl) -N'- (2-methylthienyl) ethylenediamine Hydrochloride. Thenylpyramine Hydrochloride.
Histadyl {Lilly). Semikon Hydrochloride {Massengill).
Thenylene Hydrochloride {Abbott).

Methapyrilene base is an analog of both tripelennamine and pyrilamine in which a thenyl
radical replaces the benzyl of tripelennamine and
the methoxybenzyl of pyrilamine, respectively.
Methapyrilene may be prepared by condensing
2-(2-thienylmethyl)aminopyridine with dimethylaminoethyl chloride in the presence of sodamide,
or by condensing N,N-dimethylaminoethyl-aaminopyridine with 2-thienylmethyl chloride (see
Weston, J.A.C.S., 1947, 69, 980; also Clapp et al.,
ibid., 1947, 69, 1549).
Description. — "Methapyrilene Hydrochloride
occurs as a white, crystalline powder, usually having a faint odor. Its solutions are slightly acid to
litmus, having a pH of about 5 to 6. One Gm. of
Methapyrilene Hydrochloride dissolves in about
0.5 ml. of water, in 5 ml. of alcohol, and in about
3 ml. of chloroform. It is practically insoluble in
ether and in benzene. Methapyrilene Hydrochloride melts between 159° and 163°. U.SJ>.
Standards and Tests. — Identification. — (1)
A pronounced orange-brown color is produced
when 25 mg. of methapyrilene hydrochloride is
dissolved in 5 ml. of sulfuric acid, the color
changing to a greenish-yellow upon dilution with
20 ml. of water and the solution acquiring a slight
turbidity. (2) A 1 in 100,000 solution exhibits
absorption maxima at 238 m^, ± 1 m|i and 304
mu. ± 1 mn, and a minimum at 272 m\i ± 1 mix;
the absorptivity (1%, 1 cm.) at 238 nui is between 601 and 621. (3) Methapyrilene hydrochloride responds to tests for chloride. Loss on
drying. — Not over 0.5 per cent, when dried at
105° for 3 hours. Residue on ignition. — Not over
0.3 per cent. U.S.P.
Assay. — About 500 mg. of methapyrilene hydrochloride, dried at 105° for 3 hours, is assayed
by the nonaqueous titration method described
under Antazoline Hydrochloride. In this assay
methapyrilene hydrochloride reacts as a diacidic
base. Each ml. of 0.1 N perchloric acid represents
14.89 mg. of C14H19N3S.HCI. U.S.P.
Uses. — The pharmacologic properties of methapyrilene hydrochloride have been studied by Roth
et al. (Arch, internat. pharmacodyn. therap.,
1948, 75, 362), Ercoli et al. (Arch. Biochem.,
1947, 13, 487), Feinberg and Bernstein (/. Lab.
Clin. Med., 1947, 32, 1370), and Lee et al.

Hydrochloride

843

(J. Pharmacol., 1947, 90, 43). The drug possesses
both antihistaminic and local anesthetic actions;
its antiacetylcholine action is weak. Methapyrilene
hydrochloride ranked tenth in order of effectiveness of 13 antihistaminic drugs tested by Sternberg et al. (J.A.M.A., 1950, 142, 969) for ability
to raise the histamine whealing threshold in man.
Its therapeutic efficacy and low incidence of untoward side effects are such, however, as to give
the drug a satisfactory rating among antihistaminic agents (Friedlaender and Friedlaender,
Am. J. Med. Sc, 1948, 215, 530; Gay et al, Bull.
Johns Hopkins Hosp., 1948, 83, 356; Saletta,
Ann. Allergy, 1949, 7, 366; Blumenthal, J. -Lancet,
1949, 69, 215; Schwartz et al., Ann. Allergy,
1950, 8, 117; and others).
Brewster (U. S. Nav. M. Bull, 1949, 49, 1)
used it in the treatment of the common cold, and
Johnson (Am. Pract. Dig. Treat., 1951, 2, 250)
reported good symptomatic relief with 50 mg.
every 4 hours during the day in combination with
15 mg. of belladonna extract and 2.5 mg. of
racemic methamphetamine hydrochloride (2 tablets of Corenil, McNeil). But Browning (New
Eng. J. Med., 1950, 243, 993) and Shaw and
Wightman (N. Y. State J. Med., 1951, 51, 387)
denied the value of the antihistaminic in the
"common cold." However, it would seem clear
that so-called "blind placebo" studies, which are
essential in true evaluation of therapeutic merit
(Hailman, J.A.M.A., 1953, 151, 1430), may neglect varying etiology in a statistical handling of
a symptom. In the individual whose nasal obstruction and discharge are of allergic pathogenesis, an antihistaminic drug is indicated. Price
and Binns (/. Pediatr., 1951, 38, 597) reported
that combined rest, diet, the appropriate antibiotic, shrinkage of the obstructive swelling with
nasal vasoconstrictor solutions and methapyrilene
by mouth gave better results in chronic sinobronchitis in children than the individual components of this regimen alone. The importance
of an allergic element in respiratory symptoms,
including severe conditions such as bronchiectasis,
is gaining recognition. In hay fever Mothersill
(Ann. Allergy, 1950, 8, 223) reported superior
symptomatic relief when 8 mg. of ephedrine sulfate was combined with 25 mg. of methapyrilene.
Finch (Am. J. Obst. Gyn., 1949, 58, 591) used
methapyrilene for the treatment of nausea and
vomiting of pregnancy, as well as that resulting
from therapeutic doses of diethylstilbestrol. Selecman and Miller (Surgery, 1949, 25, 605) reported
relief in a patient with thrombophlebitis migrans
who had not responded to ligation of the vein, nor
to sulfonamides and heparin. Bryant (Am. Pract.
Dig. Treat., 1950, 1, 132) quieted manic psychotic
patients within 24 hours by oral administration
of 400 mg. of methapyrilene hydrochloride, followed by 200 mg. every 6 hours. Hartman (Ann.
Allergy, 1949, 7, 679) employed enteric-coated
tablets effectively and reported relief for 8 to 10
hours and a lesser incidence of untoward gastrointestinal symptoms.
Epstein and Macaulay (/. Invest. Derm., 1949,
12, 145) and Bereston (ibid., 1949, 12, 157) used
a 2 per cent ointment in a Carbowax vehicle
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Toxicology.— Accidental ingestion of 800 mg.
of methapyrilene hydrochloride by a 20-monthold child resulted in cyanosis, unconsciousness,
convulsions and cardiorespiratory depression; a
short-acting barbiturate was used to control convulsions and with supportive measures the child
recovered (Snyderman, J. Pediat., 1949, 35, 376).
The fatal poisoning of a healthy girl 16 months
of age by accidental ingestion of 100 mg. of
methapyrilene hydrochloride was reported bv
Rives et al. (J.A.M.A., 1949, 140, 1022). Nausea,
vomiting and drowsiness, followed rapidly by
excitation, tremors, and convulsions, preceded
death; autopsy showed cerebral edema and upper
nephron nephrosis, with immediate anuria and
tremendous rise in nonprotein nitrogen. A case of
suicide with this agent has been recorded (New
Eng. J. Med., 1953, 249, 566). An instance of
local cutaneous sensitivity to methapyrilene was
reported by Loveman and Fliegelman (Arch. Dermat. Syph., 1951. 63, 250). See also the general
discussion of Antihistaminic Drugs in Part II.
Dose. — The usual adult dose is 50 mg. (approximately }grain)
i
1 to 4 times daily by mouth,
with a range of 25 to 100 mg. The maximum safe
dose is 100 mg. and the total dose in 24 hours
should generally not exceed 400 mg. The dose for
children is 25 mg.
Tablets, both sugar-coated and enteric-coated,
and capsules ("Pulvules") of the antihistaminic
are available. A syrup containing 20 mg. in 5 ml.
is also marketed, as is an 0.5 per cent solution
for application in the nose, an 0.5 per cent ointment for the eye, and a 2 per cent cream for the
skin. For parenteral use a concentration of 20 mg.
per ml. is employed. Under the name Nuclon
(Smith, Kline & French) there is marketed a
capsule containing 37.5 mg. of methapyrilene
fumarate (equivalent in action to 25 mg. of the
hydrochloride salt), 1.25 mg. of d-amphetamine
sulfate, and 2.5 grains of acetylsalicylic acid; the
product is employed in the treatment of colds.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.

METHAPYRILENE HYDROCHLORIDE TABLETS. U.S.P.

■
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"Methapyrilene Hydrochloride Tablets contain
'CH, 107
not less than 93 per cent and not more than
per cent of the labeled amount of C14H19N3S.HCI." U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for methapyrilene hydrochloride being substituted.
CH2 100 mg.
Usual Sizes. — 25, 50, and
METHENAMINE.
U.S.P.
H2

topically for pruritic dermatoses; relief was obtained in a high percentage of cases. More rapid
and certain control of pruritus of varied etiology,
including sunburn and insect bites, was claimed
by Lubowe (TV. Y. State I. Med., 1950, 50, 1743)
from use of a cream containing 2 per cent of
methapyrilene hydrochloride, with chloral hydrate, camphor, hyoscyamine oleate, and menthol
in a water-soluble carbowax base (Calthenamine
Cream, Leeming). By oral administration of 100
mg. 3 or 4 times daily, Kierland and Potter (Am.
J. Med. Sc, 1948, 216, 20) produced satisfactory
relief in allergic dermatoses, particularly the urticaria type of lesion. For blepharitis or conjunctivitis ofhypersensitivity type, McPherson (Arch.
Ophth., 1950, 44, 405) reported good results with
a 0.5 per cent ophthalmic solution and ointment;
in non-allergic conditions the effect was less
satisfactory. Methapyrilene appears to be second
to tripelennamine in the ability to absorb the
erythema-producing wave lengths of sunlight
(Friedlaender et al., J. Invest. Derm., 1948, 11,
397).

Hexamethylenamine, Hexamethylenetetramine,
[Methenamina]

H,C
^^
^CH2 H2C' N

"Methenamine, dried over sulfuric acid for 4
hours, contains not less than 99 per cent of
C6H12N4." U.S.P.
Hexamine. Hexamina. Forrnin (Merck) ; Hexaloids
(Lilly); Solurea (McNeil); Uritone (Parke, Davis); Urotropin (Schering & Glatz). Hexatuethylenamina. Fr. Hexamethylene-tetramine; Fonnine. Ger. Hexamethylentetramin. It. Esametilentetramina. Sp. Hexametilentetramina ;
Metenamina.

Methenamine may be prepared by the interaction of stronger ammonia water and formaldehyde solution. The reaction may be represented
as follows :
6HCHO

+ 4NHs -* (CH2)eN4 + 6H2O

Description. — "Methenamine occurs as colorless, lustrous crystals, or as a white, crystalline
powder. It is practically odorless. When brought
into contact with fire, it readily ignites, burning
with a smokeless flame. It sublimes at about 260°
without melting. Its solutions are alkaline to
litmus. One Gm. of Methenamine dissolves in 1.5
ml. of water, in 12.5 ml. of alcohol, and in about
10 ml. of chloroform." U.S.P.
Standards and Tests. — Identification. — Formaldehyde, recognizable by its darkening paper
moistened with silver ammonium nitrate T.S. and
by its odor, is evolved on heating a 1 in 10 solution of methenamine with diluted sulfuric acid.
On adding an excess of sodium hydroxide solution
to the resulting solution, ammonia is evolved.
Loss on drying. — Not over 2 per cent, when dried
over sulfuric acid for 4 hours. Residue on ignition.— Not over 0.05 per cent. Chloride. — The
limit is 140 parts per million. Sulfate. — Addition
of barium chloride T.S. to a 1 in 50 solution of
methenamine, acidulated with hydrochloric acid,
produces no turbidity within 1 minute. Ammonium salts.— A mixture of 10 ml. of a 1 in 20
solution of methenamine and 1 ml. of Nessler's
reagent is not darker than a mixture of 10 ml. of
distilled water and 1 ml. of the same reagent.

Part I
Heavy metals. — The limit is 10 parts per million.
U.S.P.
Methenamine is slightly hydrolyzed, even by
water, with liberation of ammonia and formaldehyde. This decomposition is prevented or diminished in the presence of alkali and increased in
the presence of acid. Being a feeble base methenamine combines with acids to form salts. It decomposes salts of weak alkalies; thus, it liberates
NH3 from ammonium salts.
Assay. — About 1 Gm. of methenamine, dried
over sulfuric acid for 4 hours, is heated with an
excess of 1 A7 sulfuric acid, which converts it to
a mixture of 4 molecules of ammonia and 6 molecules of formaldehyde for each molecule of
methenamine represented. After the hydrolysis is
complete, as evidenced by the absence of an odor
of formaldehyde, the excess of acid is titrated
with 1 N sodium hydroxide, using methyl red T.S.
as indicator. Each ml. of 1 N sulfuric acid represents 35.05 mg. of CeH12N4. U.S.P.
Incompatibilities. — Methenamine yields a
semisolid or nearly liquid mass when mixed
with aspirin, lithium benzoate, sodium benzoate,
sodium salicylate, phenyl salicylate, antipyrine,
potassium acetate, menthol or phenol. It is
hydrolyzed, in aqueous solution, by acids or acidreacting salts, yielding formaldehyde and an ammonium salt.
Uses. — Methenamine continues to be used as
a urinary antiseptic although it is prescribed far
less frequently than before the advent of mandelic
acid and its salts, the sulfonamides, and the antibiotics. The fact that it is nontoxic, even when
it remains unexcreted, makes it especially useful
in some patients with renal insufficiency.
Action. — Locally methenamine is mildly irritant and feebly antiseptic. It is absorbed rapidly
from the alimentary tract and circulates in the
blood unchanged. Although the greater part is
eliminated through the kidneys it has been detected in practically every secretion of the body.
After it has passed through the kidney and if the
urine is acid in reaction, as it normally is, the
methenamine is slowly hydrolyzed with liberation
of formaldehyde. The rapidity of its decomposition appears to be in direct proportion to the
degree of acidity and there is strong evidence that
when the urine is alkaline the drug remains unchanged in the bladder.
Methenamine was originally introduced into
medicine as a solvent for uric acid but Haskins
(Arch. Int. Med., Dec. 1915) showed that it is
clinically inefficient. Today it is used chiefly as a
urinary antiseptic in cystitis and pyelitis. As its
antiseptic action is due to the liberation of formaldehyde inthe presence of acids, it is of no
value in cases where the urine is alkaline. If the
urine can be maintained at a pH of 5.0 it is an
efficient antiseptic (see Helmholtz, /. Pediatr.,
1932, 1, 73). As all body fluids, except the secretions of the kidney and the lower gastrointestinal
tract, are usually alkaline in reaction, it would
seem unlikely that methenamine could have any
systemic antiseptic action. It has been used for
infections of the gall bladder and bile passages,
the early stages of acute coryza and acute bron-
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chitis (Eisenberg, J.A.M.A., June 29, 1912), and
tetanus on the ground that it facilitates the passage of antitoxin from the blood stream into the
spinal fluid (Coudy, J.A.M.A., 1932, 98, 413).
Unless enteric-coated tablets are used, 10 to 30
per cent of the administered dose will be lost due
to decomposition by gastric acid. To maintain an
acid urine, some acid-forming salt should be
simultaneously administered. Sodium acid phosphate, ammonium chloride or ammonium nitrate
may be given in doses of 5 to 8 Gm. (approximately 75 grains to 2 drachms) daily. When
methenamine is given in divided doses totaling
4 to 5 Gm. (approximately 60 to 75 grains) daily
and the urine volume maintained at 1200 ml. per
day, the concentration of formaldehyde in the
urine will be about 1 :5000.
Methenamine has been administered intravenously in several conditions but has not found
wide use. Bailey (Pract., 1933, 1, 346) gave 5 ml.
of a 40 per cent solution in pyelitis once or
twice daily. From 2 to 6 ml. of a 5 per cent
solution has been administered intravenously, 3
times weekly, in Sydenham's chorea (DeCapua,
J.A.M.A., 1929, 91, 808). As much as 1 Gm. has
been injected in cases of tetanus (Vener and
Bower, ibid., 1941, 116, 162 7). In intractable
cases of urticaria or angioneurotic edema 5 ml. of
a 40 per cent solution has been injected intra1086). m venously (Vaughan, South. M. J., 1940, 33,
Toxicology. — When given in very large doses
methenamine often causes violent inflammation
of the urinary tract, as evidenced by albuminuria,
hematuria, and tenesmus. Generally the inflammatory condition is limited to the bladder, but
fatal nephritis has been reported (Abt, Med. Clin.
Chicago, 1917, 2, 904). As these irritations are
caused by formaldehyde the treatment consists in
administering a sufficient dosage of sodium bicarbonate or citrate to keep the urine alkaline, along
with large amounts of water to dilute the formaldehyde.
Heat Source. — A novel use of methenamine
depends on its ready flammability and the fact
that it burns with a smokeless flame. One 300-mg.
tablet, placed on a metal or other non-flammable
surface and ignited with a match, will develop
sufficient heat to boil enough water to sterilize a
hypodermic needle or the reaction mixture of a
test for albumen or sugar in urine.
Dose. — The usual dose of methenamine is 1
Gm. (about 15 grains) by mouth 4 times daily,
with a range of 500 mg. to 1.5 Gm. The maximum
safe dose is usually 1.5 Gm. and the total dose in
24 hours rarely exceeds 9 Gm.
Storage. — Preserve "in well-closed containers." U.S.P.
METHENAMINE

TABLETS.

U.S.P.

[Tabellae Methenaminae]

"Methenamine Tablets contain not less than
95 per cent and not more than 105 per cent of
the labeled amount of CeHi2N4." U.S.P.
Usual Sizes. — 5 and lYi grains (approximately 300 and 500 mg.).
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METHENAMINE AND SODIUM
BIPHOSPHATE TABLETS.
N.F.
Tablets of Methenamine and Acid Sodium Phosphate

"Methenamine and Sodium Biphosphate Tablets contain not less than 92.5 per cent and not
more than 107.5 per cent of the labeled amounts
of (CH2)eN4 and of NaH2P04.H20." N.F.
Assay. — For methenamine. — A representative
portion of powdered tablets, equivalent to about
250 mg. of methenamine, is dissolved in water and
boiled with sulfuric acid until all of the formaldehyde is driven off. The ammonium ion in the
residual liquid is estimated by alkalinizing it with
sodium hydroxide and distilling the ammonia thus
liberated into a measured excess of 0.5 N sulfuric
acid. The excess of acid is titrated with 0.5 N
sodium hydroxide, using methyl red T.S. as indicator. Each ml. of 0.5 N sulfuric acid represents
17.52 mg. of C6H12N4. For sodium biphosphate.
— A representative portion of powdered tablets,
equivalent to about 60 mg. of sodium biphosphate,
is heated with a mixture of nitric and sulfuric
acids until all organic matter is destroyed. The
phosphate ion in the liquid is precipitated as
yellow ammonium phosphomolybdate, (NHi)3PO4.I2M0O3, which is finally dissolved in a measured excess of 0.5 N sodium hydroxide and the
excess of alkali titrated with 0.5 N sulfuric acid,
using phenolphthalein T.S. as indicator. Each
molecule of ammonium phosphomolybdate reacts
with 23 molecules of sodium hydroxide; accordingly, each ml. of 0.5 N sodium hydroxide represents 3.000 mg. of NaH2P04.H20. N.F.
Uses. — The rationale of the use of this tablet
is to provide a urinary acidifier to insure hydrolysis of methenamine (g.v.) in the urinary tract.
It is better, however, to administer the biphosphate separately, between doses of methenamine,
in order that hydrolysis of the latter be not
accelerated by biphosphate other than in the urinary tract.
Usual Sizes.— 5 or 7^ grains (approximately
300 or 500 mg.) of each chemical.

METHENAMINE

MANDELATE.

U.S.P.
Hexamethylenamine Mandelate, Hexamethylenetetramine
Mandelate, Methenaminium Mandelate

C6H12N4.C8H8O3
"Methenamine Mandelate contains not less
than 46 per cent of methenamine (C6H12N4) and
not more than 50 per cent of mandelic acid
(CsHsOa), calculated on the dried basis." US. P.
Mandelamine (Nepera).

Methenamine mandelate is a salt of methenamine, which is a weak base, and mandelic acid;
it is prepared by the interaction of equimolecular
quantities of the two substances. For details of
manufacture see U. S. Patent 2,124,321.
Description. — "Methenamine Mandelate is a
white, crystalline powder. It has a sour taste and
is practically odorless. Its solutions are acid to
litmus, having a pH of about 4. Methenamine
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Mandelate is very soluble in water. One Gm. of
Methenamine Mandelate dissolves in about 10 ml.
of alcohol, in 20 ml. of chloroform, and in 350
ml. of ether. Methenamine Mandelate melts between 12 7° and 130°." U.S.P.
Standards and Tests. — Identification. — (1)
This is identical with the identification test for
methenamine. (2) On adding 5 ml. of sulfuric
acid to a solution of 100 mg. of methenamine
mandelate in 2 ml. of water, to which 3 ml. of
potassium dichromate T.S. has been added, the
characteristic odor of benzaldehyde is apparent.
Loss on drying. — Not over 1.5 per cent, when
dried over sulfuric acid for 18 hours. Residue on
ignition. — Not over 0.1 per cent. Chloride. — The
limit is 100 parts per million. Sulfate. — No turbidity appears within 1 minute after adding 5
drops each of diluted hydrochloric acid and
barium chloride T.S. to a solution of 200 mg. of
methenamine mandelate in 10 ml. of water. Heavy
metals. — The limit is 15 parts per million. U.S.P.
Assay. — For methenamine. — About 1 Gm. of
methenamine mandelate is hydrolyzed, in the
presence of diluted hydrochloric acid, to ammonia
(4 molecules) and formaldehyde (6 molecules).
The hydrolyzed solution is interacted with Nesslers solution containing some acacia, whereby
the formaldehyde is oxidized to formic acid, and
one atom of elemental mercury is produced for
each molecule of formaldehyde oxidized. The
acacia serves to produce, by its protective action,
a fine dispersion of mercury. A measured excess
of 0.1 N iodine is added, and this oxidizes the
mercury to the mercuric state; the excess iodine
is titrated with 0.1 N sodium thiosulfate. The
gram-equivalent weight of methenamine in this
reaction is one-twelfth of its gram-molecular
weight (since one molecule of iodine is required
for oxidation of each atom of mercury, of which
six are formed in the interaction with the formaldehyde resulting from the hydrolysis of one
molecule of methenamine). Each ml. of 0.1 N
iodine represents 1.168 mg. of CeHi2N4. For
mandelic acid. — The mandelic acid in about 1 Gm.
of methenamine mandelate is directely titrated,
in water solution, with 0.1 N sodium hydroxide,
in the presence of phenolphthalein as indicator.
Each ml. of 0.1 N sodium hydroxide represents
15.22 mg. of C8H803. U.S.P.
Uses. — Methenamine mandelate is used in the
management of urinary tract infections, including pyelitis, pyelonephritis, cystitis and infections
accompanying neurogenic bladder. It is effective
against the common invaders of the urinary tract :
Escherichia coli, Staphylococcus aureus or albus,
Streptococcus fcecalis and some other strains.
Proteus vulgaris, JErobacter. oerogenes and
Pseudomonas aeruginosa are often resistant but
not more so than to other available antibacterial
agents. Its efficacy is of similar order to that of
sulfonamide drugs, over which it has the advantage that bacterial resistance does not seem to
develop and untoward effects are less frequent.
On the other hand, sterilization of the urinary
tract is less frequently attained than with antibiotic substances to which an infection is susceptible. The most important use of methenamine
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mandelate is in those infections which are often
incurable because of stone or other obstruction,
inlying catheter drainage, residual urine in the
bladder in neurological disorders, etc. (Hinman,
Calif. Med., 1952, 76, 1).
The urinary antiseptic action of methenamine
mandelate depends both on the mandelic acid,
which escapes oxidation in the body and is excreted in the urine, and the formaldehyde, which
is formed in an acid urine from methenamine
excreted by the kidney. An acid urine is essential
for the action of this drug and the urine must be
tested to insure having a pH no higher than 6.
Although the excreted mandelic acid tends to
acidify the urine the amount may be insufficient.
Ammonium chloride or sodium acid phosphate in
doses of 0.5 to 1 Gm. four times daily should be
administered to acidify the urine if necessary
before commencing therapy. Unfortunately, in
the presence of urea-splitting bacteria in the urinary tract, acidification of urine is sometimes
almost impossible. Methenamine mandelate is
well absorbed from the gastrointestinal tract,
widely distributed in tissues, filtered by the glomerulus of the kidney, and reabsorbed in the
renal tubule.
Following a single dose of 1 Gm., Knight et al.
(Antibiot. Chemother., 1952, 2, 615) found a
mean peak blood serum concentration of 1.9 mg.
per 100 ml. at 6 hours in 6 patients; at 24 hours
the concentration had decreased to 0.7 mg. per
100 ml. Using a dose of 3 Gm. every 12 hours
the serum concentration increased to a mean peak
of 4.4 mg. per 100 ml. on the third day and continued at this level. Following the single dose a
maximum mean concentration of 180 mg. per
100 ml. was reached in the 9- to 12-hour urine
collection. On the twice-daily dose schedule, the
concentration during the second and third 24-hour
periods was only 21.2 and 29.4 mg. per 100 ml.,
respectively, but increased during the fourth and
fifth days to 153 and 157 mg. per 100 ml., respectively. The mandelic acid concentration in
the urine rarely exceeded 100 mg. per 100 ml.,
which is less than the usually effective antibacterial concentration. During the fourth and fifth
days pain and burning on urination occurred in
all cases; the usual therapeutic dose, however, is
only half that employed in these studies. Following the single dose of 3 Gm. approximately half
was excreted in the urine and one-third was recovered during the period of administering 3 Gm.
twice daily. Following intravenous injection of
1 Gm. of methenamine mandelate dissolved in
20 ml. of water for injection, the mean concentration in blood serum after one-half hour was
1 mg. per 100 ml. while at 4 hours it was 0.4 mg.
During the first 4 hours one-third of the dose appeared in the urine; an additional 18 per cent
appeared during the next 20 hours. Inhibitory
concentrations for various bacteria in culture
media buffered to pH 7 varied widely, for the different organisms, being as follows (in mg. per
100 ml.) : B. proteus, 30 to 40; E. coli, 30 to 250;
Ps. ceruginosa, 40 to 250; Staph, aureus, 30;
S. hemolyticus, 15. As Hanzlik and Collins {Arch.
Int. Med., 1913, 12, 578) showed that free for-
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maldehyde does not exist in blood or tissues when
methenamine is present, these inhibitions probably are not attributable to formaldehyde. The addition of as much as 40 per cent of blood serum to
cultures did not inactivate the inhibitory effect
of methenamine mandelate. In urine, in vitro,
concentrations of methenamine mandelate of 35
to 50 mg. per 100 ml. effectively inhibited growth
of Staph, aureus, B. proteus, E. coli and A. cerogenes, while 100 mg. per 100 ml. inhibited Ps.
ceruginosa, for 24 hours. Higher concentrations
than these were attained in the urine of the patients. However, the blood serum of these patients
failed to show antimicrobial activity. Hence, a
full understanding of the mechanism of action is
not available. Although the bacterial count of the
urine in these cases decreased to a very low level,
sterile cultures were never obtained. It is therefore suggested that bacteria in tissues which are
not in contact with the urine are unaffected by
this therapy. In contrast with other commonly
used urinary antiseptics, such as the sulfonamides,
streptomycin, etc., bacterial resistance to methenamine mandelate does not develop (Scudi and
Duca, /. Urol., 1949, 61, 459).
In neurogenic bladder with infected residual
urine, Simons (ibid., 1950, 64, 586) reported
sterilization of urine in 36 of 122 infected cases.
In 15 cases a total dose of 133 Gm. over a period
of 40 days was required; 12 required 224 Gm. in
71 days. If the usual dose of 1 Gm. three times
daily fails, Simons advised 4 Gm. daily for at least
45 days. If after 5 months of treatment, using
500 Gm. of methenamine mandelate, the drug
proves ineffective, this treatment may be abandoned. Simons emphasized that even in these
neurologic cases, urinary tract infection was more
often hematogenous rather than local in origin.
In the common urinary tract infections — with
E. coli, Staph, aureus and albus, Strep, fcecalis—
Carroll and Allen (/. Urol, 1946, 55, 674) reported efficacy in 74 per cent of cases in an average of 6 days of treatment.
Toxicology. — With therapeutic doses untoward symptoms are infrequent. With larger doses
dysuria occurs. The only contraindication is renal
insufficiency. Methenamine mandelate is ineffective in persistently alkaline urine. The nausea and
vomiting observed with mandelic acid in effective
doses in some patients are not a problem with the
combination.
Dose. — The usual dose is 1 Gm. (about 15
grains) up to 4 times daily by mouth, with a
range of 250 mg. to 1 Gm. The maximum safe
dose is usually 1 Gm. and the total daily dose
rarely exceeds 4 Gm.
Storage. — Preserve "in well-closed containers." U.S.P.
METHENAMINE
TABLETS.

MANDELATE
U.S.P.

"Methenamine Mandelate Tablets contain not
less than 95 per cent and not more than 105 per
cent of the labeled amount of C6H12N4.C8H8O3."
U.S.P.
Usual Sizes. — 250 and 500 mg.
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Methimazole

Part

METHIMAZOLE.

U.S.P.

l-Methyl-2-mercaptoimidazole

CH>

(J
U

M

SH

"Methimazole, dried at 105° for 2 hours, conU.S.P. tains not less than 98 per cent of C4H6N2S."
Tapazole (.Lilly).

This thyroid-inhibiting drug may be prepared
by the interaction of aminoacetaldhyde diethylacetal with methyl isothiocyanate (Wohl and
Marckwald, Ber., 1889, 22, 1354).
Description. — "Methimazole occurs as a
white to pale buff, crystalline powder, having a
faint, characteristic odor. Its solutions are practically neutral to litmus. One Gm. of Methimazole
dissolves in about 5 ml. of water, in about 5 ml.
of alcohol, in about 4.5 ml. of chloroform, and in
about 125 ml. of ether. Methimazole melts between 144° and 147°." U.S.P.
Standards and Tests. — Identification. — (1)
A yellow color, changing to green «r yellowish
green, is obtained when methimazole and sodium
nitroferricyanide interact in the presence of sodium hydroxide; on addition of acetic acid a blue
color is produced. (2) A solution of methimazole
yields with mercuric chloride a white precipitate,
is colored intensely blue by molybdophosphotungstic acid, but produces no precipitate with
trinitrophenol. Loss on drying. — Not over 0.5 per
cent, when dried at 105° for 2 hours. Residue on
ignition. — Not over 0.1 per cent. U.S.P.
Assay. — About 250 mg. of dried methimazole
is dissolved in water, partially neutralized by
addition of 0.1 N sodium hydroxide. 0.1 Ar silver
nitrate added, and titrated with 0.1 N alkali to
a blue-green color with bromothymol blue. This
assay is based on the interaction of the -SH
group of methimazole with silver nitrate, whereby
-SAg is formed and an equivalent amount of
nitric acid is produced. Each ml. of 0.1 N sodium
hvdroxide represents 11.42 mg. of C4H6N2S.
U.S.P.
Uses. — Methimazole is a new and very potent
antithyroid drug, the indications for its use being
similar to those for propylthiouracil (q.v.). Its
powerful antithyroid activity was observed by
Stanley and Astwood (Endocrinology, 1949, 44,
588) in testing several similar compounds by a
radioactive iodine technic (ibid., 1948, 42, 107).
As little as 5 mg. completely inhibited the uptake
of tracer amounts of radio-iodide for nearly 24
hours. This compound causes enlargement and increased vascularity and friability of the thyroid
gland, as do the thiouracil derivatives (DeCourcy,
Ohio State J. Med., 1952, 48, 417).
A good therapeutic response was obtained in
all of 35 patients with hyperthyroidism treated
by Hallman and Bondy (Am. J. Med., 1951, 11,
724), no toxic effects appearing in this series.
Most of the patients responded to a dose of 5 mg.
four times daily; some patients received as much
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as 40 mg. daily. The rate of response was significantly more rapid than in a group of 50 patients treated with propylthiouracil. In combination with iodine it provided satisfactory preparation for subtotal thyroidectomy. The drug did
not interfere with the uptake of radioactive iodide
in therapeutic amounts. These investigators consider it to be the antithyroid drug of choice.
Taylor et al. (Am. J. Med. Sc, 1951, 222, 138)
found that a euthyroid status was achieved in
about 40 per cent of the time and with only 6 per
cent of the dose required for propylthiouracil,
the average time for patients with toxic diffuse
goiter to become euthyroid being 2 months and
the average for those with toxic nodular goiter
was 87 days. Exophthalmos did not progress as is
sometimes the case with propylthiouracil.
Therapy of hyperthyroidism with methimazole
and propylthiouracil was compared by Irwin
et al. (J.A.M.A., 1952, 149, 1637). They found
methimazole to be ten times as potent and the
time required for control of symptoms to be 60
per cent less than with the latter drug. Size of the
goiter and degree of toxicity were important factors as regards dosage and the time required to
control symptoms. Kendrick et al. (Arch. Int.
Med., 1952, 89, 368) obtained good response in
26 of 32 patients treated with methimazole, remission being attained in 4 to 16 weeks. The
drug was found to be an effective antithyroid
agent, more than 10 times as potent as propylthiouracil, byBartels and Sjorgen (/. Clin. Endocrinol., 1951, 11, 1057), with higher dosage being
required in patients with toxic adenomatous goiters than in those with primary hyperthyroidism.
Toxicology. — Toxic reactions occurred in 16
of 214 patients (7.5 per cent) treated by Bartels
(Ann. Int. Med., 1952, 37, 1123). Most common
were skin manifestations, which necessitated withdrawal of the drug in most cases, though a few
patients tolerated lower doses alone or in combination with an antihistaminic drug. Agranulocytosis occurred in one patient of this series.
Irwin et al. (loc. cit.) cited a personal communication from Hines, reporting an incidence of side
effects in 4.6 per cent of 1300 patients who had
been treated with methimazole. as compared with
2.7 per cent in about 2000 patients treated with
propylthiouracil. The incidence of agranulocytosis
or fever was almost the same in both groups,
whereas methimazole had caused more skin eruptions and urticaria. Agranulocytosis and toxic
hepatitis have occurred during the administration
of a dose of only 10 mg. daily (Rosenbaum and
Reveno, J.A.M.A., 1953, 152, 27). Agranulocytosis has also been reported by Croke and Berry
(ibid., 1952, 148, 45) and by Specht and Boehm
(ibid., 1952, 149, 1010), the latter case being
a fatality. Other toxic manifestations have included neuropathy with foot drop (Accetta et al.,
ibid., 1954, 155, 253); loss of sense of taste
(Hallman and Hurst, ibid., 1953, 152, 322) ; polyarteritis nodosa (Foss, Brit. M. J., 1950, 1, 1252),
and joint pains.
In summary, methimazole is used in preoperative preparation of patients with hyperthyroidism
and in long-term medical management of selected
cases. It is from 10 to 20 times as potent as
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propylthiouracil, and controls toxicity more
rapidly. Serious toxic effects of the drug are similar in kind and incidence to those characteristic
of propylthiouracil, while skin manifestations are
more common.
Dose. — The usual initial dose of methimazole
is 10 mg. (approximately Ye grain), administered
orally every 8 hours; the range of dose is 5 to
20 mg. After the hyperthyroidism has been controlled, which may require 2 months or more,
the usual maintenance dose is 5 to 10 mg. daily.
Higher dosage may be needed in patients with
toxic adenomatous goiter.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
METHIMAZOLE
TABLETS.
U.S.P.
"Methimazole Tablets contain not less than
94 per cent and not more than 106 per cent of
the labeled amount of C4H6N2S." U.S.P.
Usual Sizes. — 5 and 10 mg.
METHIODAL SODIUM.
U.S.P.
Sodium Monoiodomethanesulfonate, [Methiodalum
Sodicum]

ICH2S03Na
"Methiodal Sodium, dried at 105° for 4 hours,
contains an amount of iodine equivalent to not
less than 98 per cent and not more than 102 per
cent of CH2INa03S." U.S.P.
Abrodil. Skiodan (IVinthrop-Stearns).

According to U. S. Patent 1,842,626 (January
26, 1932), this roentgenographic contrast medium
may be prepared by the interaction of methylene
iodide, CH2I2, and crystallized sodium sulfite at
70° C. for a period of 8 hours.
Description. — "Methiodal Sodium occurs as
a white, crystalline powder. It is odorless and
has a slight saline taste, followed by a sweetish
after-taste. On exposure to light it decomposes,
and becomes yellow. Its solutions are neutral to
litmus. Methiodal Sodium is soluble in water.
It is very soluble in methanol, slightly soluble in
alcohol, and practically insoluble in acetone, in
ether, and in benzene." U.S.P.
Standards and Tests. — Identification. — (1)
A solution prepared from methiodal sodium which
has been fused with anhydrous sodium carbonate
responds to tests for iodide and (2) produces a
deep violet color with sodium nitroprusside T.S.
(3) An intense yellow color is imparted to a
non-luminous flame by the residue from the ignition of methiodal sodium. Loss on drying. — Not
over 1 per cent, when dried at 105° for 4 hours.
Halide ions. — The limit is 350 parts per million.
Sulfate. — No turbidity is produced on adding
diluted hydrochloric acid and barium chloride
T.S. to a solution of methiodal sodium. Arsenic.
— The limit is 10 parts per million. Heavy metals.
—The limit is 10 parts per million. U.S.P.
Assay. — About 200 mg. of methiodal sodium
is analyzed by a slight modification of the method
employed in the assay of I odophthalein Sodium
for iodine. Each ml. of the 0.05 N silver nitrate
employed in the assay represents 12.20 mg. of
CH2INa03S. U.S.P.
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Uses. — Methiodal sodium, containing approximately 52 per cent of iodine, is used as a contrast
medium to render the urinary tract radiopaque
for roentgenography. It may be administered intravenously orby direct injection into the ureters.
Following intravenous injection it exerts a diuretic action, chiefly within the first half-hour. It
is excreted rapidly by the kidney, the urinary
concentration being 4 to 6 per cent within a few
minutes after injection. Ordinarily 75 per cent is
eliminated within 3 hours, more than 90 per cent
in 10 hours and the remainder is excreted within
24 hours. The technic for intravenous urography
and the precautions to be observed are similar to
those described under Iodopyracet (q.v.).
Methiodal sodium does not produce inflammation of the ureter or renal pelvis when used in
retrograde fashion. Solutions may be made for
retrograde urography by dissolving powder or
tablets of methiodal sodium in water for injection. They are sterilized by boiling or autoclaving. Solutions which are protected from light are
stable for long periods of time, but the unused
portion should be resterilized before use.
The average adult dose of methiodal sodium
for intravenous urography is 2 Gm. per 15 pounds
of body weight, administered in a sterile aqueous
solution containing 20 to 40 Gm. in 100 ml. For
retrograde pyelography an aqueous solution containing 10 to 20 Gm. of methiodal sodium in
100 ml. is injected through a ureteral catheter
into the renal pelvis. In thin patients a 10 per
cent solution usually suffices. A 5 per cent solution may provide better contrast if a ureteral
calculus is suspected. Cystograms may be made
with a 3 to 5 per cent solution.
The U.S.P. gives the usual dose as 20 Gm. in
50 ml. of water for injection, administered intravenously, with a range of dose of 10 to 30 Gm.
For retrograde urography 3 to 20 per cent solutions are used.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
METHIODAL

SODIUM
U.S.P.

INJECTION.

"Methiodal Sodium Injection is a sterile solution of methiodal sodium in water for injection.
It contains not less than 95 per cent and not
more than 105 per cent of the labeled amount of
CH2INa03S." U.S.P.
The pH of the injection is required to be
between 5 and 8. U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes.— 10 and 20 Gm. in 50 ml.; 40
Gm. in 100 ml.
METHIONINE.

N.F.

dl- Methionine, a-Anuno-Y-methylmercaptobutyric Acid

CH3.S.CH2CH2CH(NH2)

COOH

"Methionine, dried at 105° for 4 hours, conN.F. tains not less than 98 per cent of CsHuNOsjS."
Meonine (Wyeth).
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Methionine

In 1922 this sulfur-containing amino acid was
discovered in the hydrolysis products of casein;
the L-form is the naturally occurring isomer.
Methionine may be synthesized by several processes. In one process ethyl sodium phthalimidomalonate and P-chloroethylmethyl sulfide are the
starting compounds (for details of synthesis see
Barger and Weichselbaum, Organic Syntheses,
Collective Volume II, page 384, 1943).
Description. — "Methionine occurs as white,
crystalline platelets or as a powder. It has a characteristic odor. One Gm. of Methionine dissolves
in about 30 ml. of water. It is soluble in dilute
acids and in solutions of alkali hydroxides. It is
very slightly soluble in alcohol, and practically
insoluble in ether." N.F.
Standards and Tests. — Identification. — (1)
A yellow color appears on adding dry methionine
to a saturated solution of anhydrous cupric sulfate in sulfuric acid. (2) A reddish purple color
is produced on adding a solution of hydrochloric
acid to an alkaline mixture of methionine, aminoacetic acid, and sodium nitroprusside. pH. — The
pH of a 1 in 100 solution is between 5.6 and 6.1.
Clarity and color of solution. — A solution of 450
mg. of methionine in 15 ml. of water is clear and
colorless. Loss on drying. — Not over 0.5 per cent,
when dried at 105° for 4 hours. Residue on ignition.— Not over 0.1 per cent. Chloride. — The
limit is 200 parts per million. Sulfate. — The limit
is 500 parts per million. Ammonium salts. — The
equivalent of 470 meg. of ammonium chloride is
the limit permitted in 500 mg. of methionine.
Heavy metals. — The limit is 20 parts per million.
Iron. — 500 mg. of methionine contains no more
iron than corresponding to 1 ml. of a 1 in 200
dilution of ferric chloride T.S. N.F.
Assay. — About 300 mg. of dried methionine
is dissolved in water, the solution is buffered with
sodium acetate, and the methionine converted to
a periodid& in which one molecule of iodine is
combined with one molecule of methionine; the
iodination is facilitated by the presence of iodide.
A measured excess of 0.1 N iodine having been
used for the iodination reaction, the excess is
titrated with 0.1 N sodium thiosulfate. A residual blank titration is performed. Each ml. of
0.1 N iodine represents 7.461 mg. of C5H11NO2S.
N.F.
Uses. — Methionine is considered to be essential for growth of animals since it can furnish
both labile methyl groups and sulfur necessary
for normal metabolism. In animal experiments it
has been established that cystine, one of the
more important amino acids in metabolism, obtains approximately 80 per cent of its sulfur from
methionine by an interaction of the latter with
the amino acid serine; the carbon of cystine,
however, apparently comes predominantly from
the serine. From studies with suitably labeled
methionine it has been demonstrated also that
the methyl group of the compound may be utilized in the synthesis of choline and creatinine;
other substances, too, probably obtain their required methyl groups from methionine.
While methionine plays an important role in
animal nutrition, it appears that the need for
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this amino acid in human nutrition is not so
great, according to experiments of Cox et al. (J.
Nutrition, 1947, 33, 437), who found no significant increase of nitrogen retention following administration ofmethionine to suitably selected
and controlled human patients. These investigators suggested that the greater need for methionine by animals may be due to the fact that they
are covered with hair, which contains large
amounts of cystine for the synthesis of which
methionine is required.
Among the significant animal experiments
which shed light on the role of methionine are
those of Gyorgy and Goldblatt (/. Exp. Med.,
1942, 75, 355), on rats, in which it was found
that when the rats received a diet low in casein,
with moderately high fat content, and without
any choline, liver injury invariably followed
within 100 to 150 days. While L-cystine aggravated the occurrence of cirrhosis, the incidence
and severity of hepatic injury was reduced when
only choline was added to the diet, but the improvement was not dramatic. When L-cystine was
combined with choline, or when methionine was
given
vented. by itself, liver injury was entirely preMethionine has been reported to be beneficial
in the prevention and treatment of liver injury
due to poisoning by arsenic, chloroform, carbon
tetrachloride, or trinitrotoluene; in addition it
has been recommended in the treatment of
eclampsia, shock, infectious hepatitis and cirrhosis of the liver. Beattie and his associates
(Brit. M. J., 1944, 1, 209) reported a case involving acute carbon tetrachloride poisoning in
which recovery appeared to be influenced by massive doses of methionine. Eddy (I. A.M. A., 1945,
128, 994; Am. J. Med. Sc, 1945, 210, 374)
described cases of carbon tetrachloride or trinitrotoluene poisoning which were successfully
treated with a high-protein, low-fat diet together
with doses of 6 to 12 Gm. of methionine daily;
the diet has a beneficial action. Beams and Endicott (Gastroenterology, 1947, 9, 718) suggested
that methionine was responsible for favorable
histologic changes in the liver of patients with
cirrhosis, nine of whom received a high-protein,
low-fat
diet extract
supplemented
with brewer's
crude liver
and methionine
whileyeast,
five
were treated similarly except for the methionine
supplement.
Philpott et al. (Am. J. Obst. Gyn., 1949, 57,
125) suggested that methionine ingested by the
mother improved the survival rate of erythroblastotic infants. Goldstein (Arch. Pediat., 1949, 66,
553) reported that ingestion of 200 to 500 mg.
of
daily urine
corrected
"napkinCombinations
dermatitis"
duemethionine
to ammoniacal
in infants.
of lipotropic agents (as methionine, choline and
inositol) have been widely prescribed in the
management of obese, hypertensive or atherosclerotic individuals on empirical grounds. Eggers
(N. Y. State J. Med., 1951, 51, 2255) described
improvement in patients with vitreous opacities
with such therapy.
The report of Peters and Croft (Nature, 1945,
155, 175; Lancet, 1945, 1, 266) of the use of
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methionine in patients with severe burns, in
whom liver damage frequently occurs, is not supported by clinical investigations. The administration of an excess of one amino acid is of little
use in the production of new protein since a
proper proportion of all essential amino acids is
required, together with sufficient calories and an
anabolic hormonal balance.
In patients with infectious hepatitis Wilson
et al. (Brit. M. J., 1945, 1, 399) reported no significant effect on the severity or duration of the
disease when methionine was administered.
Dose. — The usual dose of methionine is 3
Gm., orally, 1 to 3 times daily, with a range of
3 to 20 Gm. daily. A 3 per cent solution in dextrose injection or in water for injection may be
autoclaved and given intravenously (slowly) in a
dose corresponding to 5 to 10 Gm. of methionine
daily.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
METHIONINE CAPSULES.
N.F.
"Methionine Capsules contain not less than 90
per cent and not more than 110 per cent of the
labeled amount of C5H11NO2S." N.F.
Usual Size. — 500 mg. (JYi grains).
METHIONINE TABLETS.
N.F.
"Methionine Tablets contain not less than 90
per cent and not more than 110 per cent of the
labeled amount of C5H11NO2S." N.F.
Usual Size. — 500 mg. (ll/2 grains).
METHOIN.
B.P.

I

1

NH.CO.N(CH3).CO.C(C2H5)(C6H5)
Methoin is 5-ethyl-3-methyl-5-phenylhydantoin.
B.P.
Mesantoin

(Sandoz);

Mesontoin;

Phenantoin.

Methoin may be prepared by methylation, as
with dimethyl sulfate, of 5-ethyl-5-phenylhydantoin.
Description. — Methoin occurs as colorless,
lustrous plates; it is odorless and tasteless.
Methoin is almost insoluble in water, soluble in
13 parts of alcohol, soluble in ether and in aqueous solutions of alkali hydroxides, and very soluble in chloroform. It melts between 137° and
138°. B.P.
Standards and Tests. — Identification. — A
solution of methoin in a large excess of sodium
hydroxide solution yields, on acidification with
hydrochloric acid, a white precipitate which is
insoluble in sodium carbonate solution or strong
solution of ammonia (distinction from 5-ethyl-5phenylhydantoin). Acidity or alkalinity.— An
aqueous solution is neutral to litmus. S-Ethyl-Sphenylhydantoin. — On shaking a chloroform solution of methoin with dilute solution of ammonia and acidifying the latter with hydrochloric
acid the solution remains clear and nothing is
extracted from it with chloroform. Loss on drying.— Not over 0.5 per cent, when dried to constant weight at 105°. B.P.
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Tablets of Methoin are also official in the B.P.,
but no assay rubric is specified.
Uses. — Methoin is employed, like diphenylhydantoin, as an anticonvulsant. Swinyard and
Goodman (Fed. Proc, 1946, 5, 205) reported
the ratio of its toxic to protective dose to be 12,
while for diphenylhydantoin the ratio is 2.
Methoin is useful in grand mal, but not in petit
mal, seizures. It is a very effective drug, and
an extensive literature concerning it has accumulated. Careful observation of the patient is required to prevent toxic reactions from the compound. Kozol (Arch. Neurol. Psychiat., 1950, 63,
235) carefully studied 200 epileptics treated with
the drug; 132 were greatly improved (90 per
cent fewer attacks per month and a 75 per cent
increase in the interval between attacks), 43
were rated as improved, and 25 were not benefited. Clein (Northwest Medicine, 1945, 44, 210)
and Loscalzo (Neurology, 1952, 2, 403) found a
combination of Mesantoin and phenobarbital to
be especially effective; Kozol (Am. J. Psychiat.,
1946, 103, 154) reported Mesantoin and diphenylhydantoin sodium together to produce results that were better than with either drug alone
or with combinations containing phenobarbital.
Rompel (Monatsschr. Psych. Neurol., 1952, 124,
1) prescribed methoin daily to alleviate the effects
of electroshock therapy.
Toxicology. — Among the untoward effects
of the drug are drowsiness and development of
a measles-like rash in about 10 per cent of patients; these effects may sometimes be controlled
by adjusting the dosage to produce desensitization. A case of fatal aplastic anemia following
concurrent use of Mesantoin and Tridione for 6
months was reported by Harrison et al. (J. A.M. A.,
1946, 132, 11). Other hematopoietic reactions
have been reported. MacArthur (Lancet, 1952,
1, 592) described a case of agranulocytosis in a
child and cited 5 cases of agranulocytosis and 12
of pancytopenia reported in the literature. Abbott
and Schwab (New Eng. J. Med., 1954, 250, 197)
made careful hematologic studies for 21 months
of 79 patients receiving a dose of 100 mg. 3 times
daily; in 23 per cent of the patients the neutrophil leukocyte count decreased below 2500 per
cu. mm. and in 5 patients the drug was discontinued because the count had fallen to less than
1600 per cu. mm. Hunter and Jenkins (J.A.M.A,
1951, 147, 744) reported a brown pigmentation
of the face and neck without other evidences of
toxicity in 5 patients; a histologic study identified
the pigment as melanin. Ruskin (ibid., 1948, 137,
1031) described a fatal case of bullous dermatitis. Belinson (Dis. Nerv. Syst., 1948, 9, 252)
indicated that dermatitis was avoided if the initial dose was small (25 mg. daily) and increased
very gradually.
Dose. — The usual initial dose for an adult is
100 mg. orally 3 times daily (the B.P. gives the
dose as 50 to 100 mg.). This may be increased
slowly (about once a week by not more than 100
mg. daily). The maximum safe dose seldom exceeds 1Gm. daily. The dose for children varies
from 100 to 400 mg. per day.
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Methoxamine

METHOXAMINE

Hydrochloride

HYDROCHLORIDE.

u.s.r.

0-Hydroxy-£-(2,5-dimethoxyphenyl)isopropylainine
Hydrochloride. Methoxaminium
Bromide

CH3Q
OH
I
H+
CHCH — NH2
CH,
OCH,
Vasoxyl Hydrochloride (Burroughs Wellcome).

Methoxamine. a sympathomimetic amine, may
be synthesized by treating 2,5-dimethoxypropiophenone with nitrous acid to give a-isonitroso2,5-climethoxypropiophenone, which on catalytic
reduction of the isonitroso and carbonyl groups
yields methoxamine. For details of svnthesis see
Baltzley and Buck (J.A.CS., 1940, 62, 161), also
U. S. Patent 2,359,707. The hydrochloride is obtained by neutralizing the base with hydrochloric
acid.
Description. — •Methoxamine Hydrochloride
occurs as colorless or white, plate-like crystals or
as a white, crystalline powder. It is odorless or
has only a slight odor. Its solutions are acid to
litmus, having a pH of about 5. One Gm. of
Methoxamine Hydrochloride dissolves in about
2.5 ml. of water and in 12 ml. of alcohol. It is
almost insoluble in chloroform and in ether.
Methoxamine Hvdrochloride melts between 212°
and 216°." U.S.P.
Standards and Tests. — Identification. — (1)
A deep red color, extractable with butanol, is
produced when methoxamine hydrochloride is
reacted with ^-mtroaniline in an alkaline solution.
(2) Methoxamine hydrochloride responds to tests
for chloride. Loss on drying. — Not over 1 per
cent, when dried at 105° for 2 hours. Residue on
ignition. — Not over 0.2 per cent. Nitrogen content.— Not less than 5.5 per cent and not more
than 5.8 per cent, when determined on dried
methoxamine hydrochloride by the Kjeldahl
method. Chloride content.— Not less than 14.1
per cent and not more than 14.5 per cent, when
determined on dried methoxamine hydrochloride
by the Volhard method. U.S.P.
Uses. — Methoxamine hydrochloride is a sympathomimetic amine used for its vasopressor effect
(see monograph on Sympathomimetic Amines,
in Part II, for a general discussion of this group
of compounds).
The relationship of structure to activity of
various methoxyphenyl s>"mpathomimetic amines
has been studied bv Gunn and his associates (/.
Physiol,
1932, 74,
1939.intro95,
485).
Extension
of '224;
these 1934.
studies81,led422;
to the
duction of methoxamine (Hjort. /. Pharmacol.,
1948, 92, 283) and of Orthoxine (Graham and
Cartland. ibid., 1944. 81, 360).
Hjort and his associates described the basic
pharmacology of methoxamine in a comparison
of dimethoxyphenylhydroxyisopropylamines. This
compound was found to diminish, rather than
augment, heart rate when administered intravenously. Although the methoxyarylalkylamines
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are not as potent as the better known phenolic
sympathomimetic amines, methoxamine does have
a sustained pressor action. The fact that it did
not induce tachycardia or cardiac arrhythmias,
that its pressor effect was sustained, and that it
did not cause excitement or analepsis was reported on favorably by King and Dripps ( Surg.
Gynec. Obst., 1950. 90, 659). In a comparative
study invoking 500 patients they found methoxamine to be useful as a pressor agent for hypotensive conditions attending spinal anesthesia
and surgery. They administered the compound
intramuscularly in doses of 10 and 15 mg. to
minimize the depressor response to subsequent
spinal anesthesia. In shock it is not a substitute
for blood or plasma. Stutzman et al. (J. Pharmacol., 1949. 97, 385) reported that methoxamine
did not induce cardiac arrhythmias when injected
during CIcyclopropane
anesthesia, as is noted to
"
follow the injection of sympathomimetic amines
having a catechol nucleus. Nathanson and Miller
{Am. J. Med. Sci., 1952, 223, 270) studied
methoxamine from the standpoint of its cardiovascular effects. When administered in doses of
5 to 10 mg. intravenously the compound consistently abolished the carotid sinus-induced
cardiac standstill. They found that it did not
increase ventricular rate when injected into patients with complete heart block but it did
diminish cardiac rate when administered to the
patient with sinus rhythm. This sinus bradycardia
could be blocked or reversed by atropine.
Patients to whom methoxamine hydrochloride
was administered intravenously experienced mild
headache in some instances, fullness in the neck
and chest, urinary urgency, vomiting and pilomotor erection. They did not report the sensation of apprehension, palpitation, etc.. known to
follow similar injections of epinephrine.
Dose. — The usual dose is 15 mg. (about %
grain i intramuscularly, with a range of 5 to 20
mg. The maximum safe dose is usually 20 mg.
and a total dose of 60 mg. in 24 hours is not ordinarily exceeded. The dose should not be repeated
until the previous dose has acted (at least 15
minutes). Intravenously the usual dose is 5 mg..
with a range of 2.5 to 10 mg.. administered slowly
in emergency hypotensive states.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
METHOXAMINE
HYDROCHLORIDE
INJECTION.
U.S.P.
•Methoxamine Hydrochloride Injection is a
sterile solution of methoxamine hydrochloride in
water for injection. It contains not less than 93
per cent and not more than 107 per cent of the
labeled amount of C11H17NO3.HCI." U.S.P.
The pH of the injection is required to be between 3.0 and 5.0.
Assay. — A volume of injection representing
about 100 mg. of methoxamine hydrochloride is
alkalinized with sodium hydroxide and the solution is saturated with sodium chloride, after
which methoxamine base is extracted with several portions of ether. The combined ether extracts are washed. 20 ml. of 0.05 A" sulfuric acid
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is added, the ether is volatilized by heating, and
the excess acid is titrated with 0.05 N sodium
hydroxide, using methyl red as indicator. Each
ml. of 0.05 TV sulfuric acid represents 12.39 mg.
of C11H17NO3.HCI. U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass, and protect from
light." U.S.P.
Usual Size.— 20 mg. in 1 ml. An injection
containing 15 mg. of methoxamine hydrochloride
and 10 mg. of procaine hydrochloride in 1 ml. is
available for use as the prophylactic intramuscular dose immediately prior to spinal anesthesia.
METHYL

SALICYLATE.

U.S.P., B.P.

Betula Oil, Gaultheria Oil, Sweet Birch Oil,
Wintergreen Oil, [Methylis Salicylas]

COOCH,

"Methyl Salicylate is produced synthetically or
is obtained by maceration and subsequent distillation with steam from the leaves of Gaultheria
procumbens Linne (Fam. Ericacece) or from the
bark of Betula lenta Linne (Fam. Betulacece) . It
contains not less than 98 per cent of CsHsCte."
US.P. The B.P. requires not less than 99.0 per
cent w/w of CsHsOs.
Teaberry Oil. Methyliura Salicylicum. Fr. Salicylate de
m£thyle; Ester methylsalicylique. Ger. Methylsalizylat ;
Salicylsauremethylester. It. Sahcilato dl metile. Sp. Salicilato de metilo ; Ester metilsalicilico.

Methyl salicylate occurs in a number of volatile oils. Commercially it is prepared chiefly by
the esterification of synthetic salicylic acid. Although there was, at one time, a widespread
belief that synthetic methyl salicylate was more
toxic than the natural oil, this appears not to be
true (see J.A.M.A., 1913, 61, 979). Because of
the established identity in action and because of
the essential chemical identity of the synthetic
and natural oil, the U.S. P. at the ninth revision
dismissed the title of "Oil of Wintergreen."
Methyl salicylate may be made by distilling
salicylic acid or a salicylate, with methyl alcohol
and strong sulfuric acid. The sulfuric acid takes
no part in the reaction except to serve as a dehydrating agent.
Many investigators have attempted to devise
tests for differentiating the oils of wintergreen
and birch and methyl salicylate, but as soon as
a reaction was proposed and described, its unreliability was generally demonstrated by other
investigators. Dodge (Drug Markets, June, 1928,
509), after a discussion of the difficulty of distinguishing natural and synthetic methyl salicylate, suggested that the presence of phenol, as
reported by LaWall (Am. J. Pharm., 1920, 92,
891), may serve as a basis of identification. He
found, from many years of experience, that commercial methyl salicylate contains phenol in
amounts ranging from 0.02 to 0.04 per cent,
while the pure, natural oil does not respond to
phenol tests.
Description.— "Methyl Salicylate is a colorless, yellowish, or reddish liquid, having the char-
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acteristic odor and taste of gaultheria. It boils
between 219° and 224° with some decomposition.
Methyl Salicylate is slightly soluble in water. It is
soluble in alcohol and in glacial acetic acid. One
volume of synthetic Methyl Salicylate dissolves
in 7 volumes of 70 per cent alcohol. One volume
of natural Methyl Salicylate dissolves in 7 volumes of 70 per cent alcohol, the solution having
not more than a slight cloudiness. The specific
gravity of Methyl Salicylate is not less than 1.180
and not more than 1.185 for the synthetic variety, and not less than 1.176 and not more than
1.182 for that prepared from gaultheria or from
betula." U.S.P.
Standards and Tests. — Identification. — A
mixture of 1 drop of methyl salicylate, 5 ml. of
distilled water and 1 drop of ferric chloride T.S.
is colored deep violet. Optical rotation. — Synthetic
methyl salicylate and that from betula are optically inactive. Methyl salicylate from gaultheria
levorotatory, not exceeding —1.5° in a
slightly tube.
is
100-mm.
Refractive index. — Not less than
1.5350 and not more than 1.5380, at 20°. Heavy
metals. — Methyl salicylate meets the requirements of the test for Heavy metals in volatile
oils. Acidity. — Not more than 0.45 ml. of 0.1 N
sodium hydroxide is required for neutralization
of the aqueous layer separated from a mixture of
5 ml. of methyl salicylate shaken with 25 ml. of
freshly boiled and cooled distilled water; phenol
red pH indicator is used as the indicator. U.S.P.
Assay. — A 2-ml. portion of methyl salicylate,
accurately weighed, is first neutralized with 0.1 N
sodium hydroxide and then saponified by heating
with 50 ml. of 0.5 TV alcoholic potassium hydroxide; the excess of alkali is titrated with 0.5 N
hydrochloric acid, using phenolphthalein T.S. as
indicator. A residual titration blank test is performed. Each ml. of 0.5 N potassium hydroxide
represents 76.08 mg. of CsHsOs. U.S.P.
Uses.— Methyl salicylate has long been used,
formerly under the name oil of wintergreen, for
the treatment of various forms of rheumatism.
Administered by mouth it is more prone to disturb the stomach, and is probably less efficient,
than sodium salicylate. It is capable of being
absorbed through the skin and has been applied
externally for systemic effect, either undiluted or
by mixing it with an equal weight of lard and
applying it locally, with an impermeable dressing
to prevent evaporation. Brown and Scott (/.
Pharmacol, 1934, 50, 32) found that a 50 per
cent solution of methyl salicylate in alcohol was
absorbed better than fatty mixtures. Methyl salicylate iswidely employed, in liniments and ointments, for its counterirritant effect.
When methyl salicylate was given orally, it
was preferably prepared in emulsion dosage form,
although it was sometimes administered by dropping it into a teaspoonful of sugar. Capsules of
it were objectionable because of greater irritation of the stomach.
Toxicology. — A number of cases of fatal
poisoning by methyl salicylate, especially in infants, have been reported. Craig (Archives of
Disease in Childhood, 1953, 28, 475) reported it
to be responsible for 36 of 54 deaths from accidental ingestion of volatile oils by children; vola-
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tile oils as a group head the morbidity and mortality lists for accidental poisoning in childhood,
in Great Britain. The effects are similar to those
of other salicylates. In alcoholic persons the prognosis is poor. The lethal dose has varied from
10 ml. for a child up to 30 ml. for an adult. The
symptoms have been vomiting, acidotic type of
respiration, suddenly developing pulmonary edema, and convulsions. Pneumonia often follows.
The odor in methyl salicylate poisoning is characteristic ofthe substance. Meyerhoff (J.A.M.A.,
1930, 94, 1751) reported post-mortem evidence
of nonspecific degenerative changes in the liver
and kidney; Olmsted and Aldrich (ibid., 1928,
90, 1438) considered the symptoms as being due
to acidosis and recommended large doses of sodium bicarbonate in the treatment. Gastric lavage,
followed by magnesium sulfate, is indicated regardless of the time which has elapsed; parenteral fluids in adequate amounts, as well as stimulants, are important (Laforet and Collins, Connecticut State M, /., 1946, 10, 196). Craig (loc.
cit.) advised intravenous therapy at the first sign
of acidosis, glucose being given to counter the
toxic effect of salicylate on the liver and one-sixth
molar sodium r-lactate to counter the acidosis;
vitamins K and C should also be given, along
with antibiotics if pulmonary7 signs appear; therapy can be controlled by studying the carbon
dioxide-combining power of the blood.
Dose. — Methyl salicylate has been administered orally in an average dose of 0.75 ml. (about
12 minims). Topically it is applied in concentrations of 10 per cent and higher, including even the
undiluted preparation. Application forms include
solutions, liniments, creams and ointments.
Labeling. — "Methyl Salicylate is labeled to
indicate whether it was made synthetically or
distilled from either of the plants mentioned
above." U.S.P.
Federal law requires that any preparation containing more than 5 per cent of methyl salicylate
bear a warning on its label that use of the preparation otherwise than as directed may be dangerous and that it should be kept out of reach of
children to prevent accidental poisoning.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Aromatic Cascara Sagrada Fluidextract, U.S.P.; N.F. Antiseptic Solution; Alkaline Aromatic Solution; Cod Liver Oil Emulsion;
N.F. Dentifrice; Ephedrine Spray; Ephedrine
Sulfate Jelly; Compound Menthol Ointment;
Compound Sarsaparilla Syrup, N.F.; Kaolin Poultice, B.P.
METHYLCELLULOSE.

U.S.P.

"Methylcellulose is a methyl ether of cellulose
containing not less than 26 per cent and not more
than 33 per cent of methoxy (OCH3) groups,
calculated on the dried basis. The viscosity of a
solution containing 2 Gm. of Methylcellulose in
each 100 ml. is not less than 80 per cent and
not more than 120 per cent of that stated on the
label for viscosity types of 100 centipoises or less;
and not less than 75 per cent and not more than

140 per cent of that stated on the label for viscosity types higher than 100 centipoises." UJS.P.
Methocel (.Dow).

Methylcellulose is obtained by interacting alkali cellulose, the latter prepared by the action
of caustic soda on purified cotton or wood cellulose, under pressure with methyl chloride. Of the 3
hydroxyl groups in each of the glucose anhydride
units that comprise cellulose approximately two
are etherified, i.e., converted to methoxyl (OCH3)
groups; methyl cellulose is, therefore, correctly
classified as a cellulose ether and not an ester.
For a given type of cellulose, the solubility of
its methyl ethers depends on the extent of methylation; above or below approximately two methoxy
groups per glucose anhydride unit the solubility
in water decreases. Solubility in water arises
from the fact that methylcellulose is a hydrophilic
colloid, the individual fibers being successively
hydrated; if the temperature is raised, the solubility decreases, presumably as a result of the
breaking away of some of the hydrating water
molecules from the fibers. The viscosity of the
solution also decreases as it is heated, but if the
heating is continued beyond a certain temperature
for solutions of moderate concentration the viscosity increases markedly and the solution is
transformed to a firm gel in which the methylcellulose isextensively precipitated. Cooling the
gel will cause it to revert to a clear solution.
Methylcellulose is available in six forms which
differ in the degree of viscosity imparted to aqueous solutions of identical concentration. The
forms are designated, respectively, as 15 cps, 25
cps, 100 cps, 400 cps, 1500 cps, and 4000 cps;
the "cps" stands for the viscosity unit centipoise(s). The viscosity of a solution of a particular methylcellulose is determined by the extent
of polymerization of the cellulose used in its
manufacture. The greater the degree of polymerization— that is, the larger the number of glucose
anhydride units in each individual cellulose chain —
the greater the viscosity of solutions of its alkali
cellulose and methylcellulose derivatives. Since
cellulose undergoes degradation, i.e., its chains
become shorter, on purification the viscosity of
derivatives is decreased as the purity of the cellulose isincreased. In the manufacture of methylcellulose the viscosity is also determined in part
by the extent of oxidation by air during the
process; admission of air to the reaction mixture
brings about a reduction in the degree of polymerization of the cellulose and produces a lowviscosity type product.
Description. — "Methylcellulose is a grayish
white fibrous powder. Its aqueous suspensions are
neutral to litmus paper. Methylcellulose swells
in water and produces a clear to opalescent,
viscous, colloidal solution. It is insoluble in alcohol, in ether, and in chloroform. It is soluble
in glacial acetic acid and in a mixture of equal
parts
of alcohol and that
chloroform."
U.S.P. is less
Notwithstanding
methylcellulose
soluble in hot water than in cold water, solutions
are best prepared by mixing the substance first
with approximately half the required water at
boiling temperature, allowing the mixture to soak
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for 20 to 30 minutes, then adding the remaining
water, either as cold water or as ice. The hot
water facilitates wetting of all portions of the
methylcellulose. Wetting agents accelerate solution of methylcellulose in cold water. Solutions
of methylcellulose are not affected by changes in
acidity or alkalinity in the range pH 2 to 12.
Standards and Tests. — Identification. — (1)
1 Gm. of methylcellulose dispersed in 100 ml. of
water forms a clear to opalescent solution, depending upon the viscosity; the solution is not
precipitated by most electrolytes and on addition of alcohol remains clear until the concentration reaches 40 per cent. (2) On heating a portion
of the solution obtained in (1) it becomes cloudy
and as it is boiled flakes of methylcellulose separate; on cooling the methylcellulose redissolves.
(3) On pouring a small portion of the solution
obtained in (1) on a glass plate or other smooth
surface and allowing the moisture to evaporate, a
thin, self-sustaining film is obtained. Loss on
drying. — Not over 5 per cent, when dried at 105°
for 1 hour. Residue on ignition. — Not over 1 per
cent. Viscosity. — 2 per cent w/v solutions are
tested in a viscosimeter of the Ubbelohde type.
U.S.P.
Assay. — A 50-mg. portion of methylcellulose
is analyzed for its content of methoxyl by converting the radical to methyl iodide, distilling
this out of the reaction mixture, and oxidizing
the iodide to iodate ion; this is finally made to
liberate six atoms of iodine which is titrated with
0.1 N sodium thiosulfate. Each ml. of 0.1 N
sodium thiosulfate represents 0.5152 mg. of
(-OCH3).iV.F.
Uses. — Methylcellulose, by virtue of its pronounced hydrophilic property, is used as a laxative in chronic constipation. It increases the bulk
of the intestinal contents by its absorbing water
and swelling, and generally forms stools having
the consistency of a gel. It does not irritate the
intestinal mucosa, and is not otherwise toxic.
Swelling of methylcellulose in the intestine imparts a sense of fullness to the patient, for which
effect this substance is sometimes employed in
preparations intended to curb appetite in obese
persons.
Pharmaceutical. — Methylcellulose is variously
used to increase the viscosity and stabilize suspensions, lotions, pastes, and some ointments.
Thus Osborn and Dekay (/. A. Ph. A., Prac. Ed.,
1941, 2, 420) found that 15 to 20 per cent of the
15 cps type and from 10 to 15 per cent of the
1500 cps type could be used to prepare satisfactory water-soluble ointment bases; as an emulsifying agent for liquid petrolatum or cod liver oil
from 5 to 10 per cent of the 15 cps type was
rated as "very good." Davies (Pharm. J., 1948,
160, 82) employed as an ointment base 6 per
cent of 50 cps methylcellulose, 10 per cent of
glycerin, 0.1 per cent of chlorocresol as a preservative, and 83.9 per cent of water. The various uses of methylcellulose in extemporaneous
compounding, especially of dermatologic formulations, are reviewed by Goldstein (/. A. Ph. A.,
Prac. Ed., 1953, 14, 111); some applications are
given also by Jaggard and Zopf {ibid., 1953, 14,
218). Methylcellulose has also found application
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in the formulation of some ophthalmic preparations, in which it serves to provide a bland vehicle having a high degree of transparency, a refractive index similar to that of the cornea, and
possesses an emollient and cohesive action which
is useful in application of contact lenses and
gonioscopic prisms (for information on ophthalmic uses see Bergy, Am. Prof. Pharm., 1952, 18,
340). Welsh (South. M. J., 1953, 46, 819) has
found a concentration range of 0.5 to 0.8 per cent
of the 4000 cps type of methylcellulose to have
the optimal viscosity to hold various ophthalmic
solutions (antibiotics, sulfonamides, cortisone) in
the conjunctival sac. Methylcellulose is employed
as a suspending and dispersing agent at least in
some suspensions of procaine penicillin G. [v]
The usual dose of methylcellulose as a laxative
is 1 Gm. (approximately 15 grains), up to 4 times
daily, with a range of 1 to 4 Gm. At least 1 glass
of water or milk should be taken with the dose to
prevent fecal impaction, which may occur in absence of adequate fluid; tablets should not be
chewed lest esophageal obstruction occur.
Labeling.— "Label Methylcellulose to indicate
the viscosity of its solution (under the conditions
specified above)." U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
METHYLENE

BLUE.

N.F., B.P.

Methylthionine Chloride, Coeruleum Methylenum

(CH3)2N

N(CH3)2.3H20

"Methylene Blue contains not less than 98.5
per cent of C16H18CIN3S, calculated on a moisture-free basis." N.F. The B.P. requires methylene blue to contain not less than 85.0 per cent of
C16H18N3CIS (with reference to the compound
containing 3 molecules of water of crystallization,
this corresponding to a theoretical content of
water of 14.46 per cent).
Tetramethylthionine Chloride; Methylthioninae Chloridum;
Methylenium Caeruleum. Fr. Bleu de methylene officinal;
Bleu de phenylene. Ger. Methylenblau. Sp. Azul de
metileno ; Cloruro de metiltionina.

Methylene blue is a synthetic dye belonging to
the class of thiazines or dyestuffs in which two
benzene nuclei are united by a nitrogen atom and
a sulfur atom. Discovered by Caro, in 1876,
methylene blue may be prepared by the interaction of a hydrochloric acid solution of N,Ndimethyl-/>-phenylenediamine and hydrogen sulfide, in the presence of ferric chloride as an oxidant. The B.P. indicates that it may be prepared
by the interaction of dimethyl-^-phenylenediamine with thiosulfuric acid, followed by oxidation of the product and conversion to the chloride.
A zinc chloride double salt of methylene blue
is, unfortunately, also known as methylene blue.
This does not meet the official standards and
should not be used medicinally. Also, methylene
blue should not be confused with methyl blue, a
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dark blue powder which is used as an antiseptic;
the latter is sodium triphenyl-para-rosanilinesulfonate.
Description. — "Methylene Blue occurs as
dark green crystals or as a crystalline powder,
having a bronze-like luster. It is odorless or has
a slight odor. It is stable in air. Solutions of
Methylene Blue have a deep blue color. One Gm.
of Methylene Blue dissolves in about 25 ml. of
water and in about 65 ml. of alcohol. It is
soluble in chloroform." N.F.
Standards and Tests. — Identification. — (1)
Hydrochloric acid changes the color of a methylene blue solution to a lighter blue. (2) Sodium
hydroxide T.S. changes the color of a methylene
blue solution to a purplish shade; in excess, the
alkali produces, on standing, a dull violet-colored
precipitate. (3) A diluted sulfuric acid solution
of methylene blue is gradually decolorized by
zinc dust. Loss on drying. — Not over 18 per cent,
when dried at 105° for 18 hours. Residue on
ignition. — Not over 1.2 per cent. Arsenic. — 200
mg. meets the requirements of the test for arsenic.
Copper or zinc. — A 1-Gm. portion of methylene
blue is ignited, the residue dissolved in diluted
nitric acid, and the filtrate separated from the
mixture made ammoniacal. The precipitate is filtered off, and the copper and zinc in the filtrate
are estimated as follows: No turbidity is produced on adding hydrogen sulfide T.S. to a onehalf aliquot of the filtrate (zinc) ; any dark color
produced is not more intense than that produced
by 0.2 mg. of copper, similarly treated (0.02 per
cent Cu). X.F. The B.P. arsenic limit is 8 parts
per million ; that of lead is 50 parts per million.
Assay. — About 100 mg. of methylene blue
is dissolved in distilled water and precipitated as
the perchlorate by addition of a saturated solution of potassium perchlorate; the precipitate is
dried at 105° for 1 hour and weighed. The weight
of the precipitate, multiplied by 0.8333, represents the weight of C16H18CLX3S. N.F.
In the B.P. assay methylene blue is dissolved
in water and hydrochloric acid, the solution
heated to the boiling point, the air in the flask
replaced by carbon dioxide, and the solution quantitatively reduced by titration with 0.1 N titanous
chloride to the disappearance of its blue color.
Uses. — Methylene blue is the first dye to have
been used as an antiseptic. Its bactericidal properties, however, are very mild and its present
uses center mainly in its chemical reactivity and
its tissue staining property. In relatively high
concentrations it oxidizes the ferrous iron of
reduced hemoglobin to the ferric state, thereby
changing hemoglobin to methemoglobin. In low
concentrations it appears to increase the speed
of the reverse reaction, changing methemoglobin
to hemoglobin. Some experiments indicate that
methylene blue inhibits amine oxidase in tissues
(West. /. Pharm. Pharmacol., 1951, 3, 656).
Methylene blue has been used as a genitourinary antiseptic in cystitis and urethritis, both by
internal administration and by irrigation, the
latter with 0.1 to 0.2 per cent solutions; other
and more efficient bacteriostatic and bactericidal
agents have replaced it for this purpose. It is
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excreted in the urine, giving it a blue or greenish
color. When pure, methylene blue produces no
symptoms except occasional irritation of the
bladder. Some preparations of it, however, have
been contaminated with arsenic and zinc and
have produced nausea, vomiting and diarrhea.
Methylene blue has been used in treating Vincent's infection ("Buchin, Bull. V. S. Army M.
Dept., 1945, 4, 209). In 1 in 5000 to 1 in 1000
solution it has been used as a colonic lavage in
dysentery and ulcerative colitis. A 3 to 5 per
cent solution has been applied in treating intertriginous eczema. Some cases of chronic malaria
are said to have responded to intravenous therapy
with methylene blue (see J. A.M. A., 1946, 132,
481), and symptoms of altitude sickness have
been suppressed by its oral administration (/.
Aviat. Med., 1948, 19, 221). Simultaneous ingestion of 25 mg. of the dye with 100,000 units of
penicillin G prolonged the presence of penicillin
in the blood of humans (Imbriano and Alpa,
Semana medica, 1952, 59, 546).
The property of the dye of changing hemoglobin to methemoglobin has been utilized in
treating cyanide poisoning (Chen et al., Am. J.
Med. Sc, 1934, 188, 767 J, for cyanide combines
with methemoglobin to form a non-toxic compound (see under Hydrocyanic Acid). Although
it has been advocated in carbon monoxide poisoning, Haggard and Greenberg (J. A.M. A., 1933,
100, 2001) pointed out that the mechanisms of
the toxic effects of cyanide and carbon monoxide
are essentially different and that methylene blue
is ineffective in the latter case, and even injurious.
Hartman (/. Clin. Inv., 1938, 17, 699) found
methylene blue useful in preventing and relieving
the cyanosis caused by sulfanilamide, and Etteldorf (/. Pediatr., 1951, 38, 24) used.it to treat
the methemoglobinemia caused in premature infants by marking ink.
The property of methylene blue of staining
tissues, along with its non-toxicity, has made it
useful for outlining sinus tracts and fistula?, for
diagnosing bronchopleural fistulae. for determining
the patency of fallopian tubes (Zentralbl. Gynak.,
1942, 66, 1394), and for delineating the peritoneum during extra-peritoneal Caesarian section
(Bourgeois. Am. J. Obst. Gym., 1945, 50, 191).
The addition of 2 drops of Loeffler's methylene
blue solution to 10 ml. of urine has been advocated as an early test for jaundice; if bilirubin
is present a green color ensues (Chapin. J. A.M. A.,
1946, 130, 1071). Figge (ibid., 1945, 128, 613)
stated, however, that this is a non-specific test,
depending merely on the combination of yellow
and blue color and that any yellow or light red
substance in the urine will give a positive test.
Dose. — The usual dose range of methylene blue
is 60 to 300 mg. (about 1 to 5 grains), preferably administered in capsules. For reduction of
methemoglobin from 1 to 1.5 mg. per Kg. of
body weight may be given slowly intravenously
as the 1 per cent aqueous solution. For staining
tissues in vivo a sterile 0.5 per cent aqueous solution is used.
Storage. — Preserve "in well-closed containers." N.F.
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Methylparaben
METHYLPARABEN.

Methyl Parahydroxybenzoate,

U.S.P.

[Methylparabenum]

H0 \ VC00CH3
"Methylparaben. dried at 80° for 2 hours,
contains
not less than 99 per cent of CsHsOa."
U.S.P.
Methyl Cheraosept (Chemo Puro); Methyl Parasept
(Heyden Chemical); Tegosept M; Nipagin M; Solbrol.

Para-hydroxybenzoic acid may be made by
the action of carbon dioxide under pressure on
potassium phenolate at 200°. This is the same
process as is used in preparing salicylic acid,
except for the higher temperature. The acid is
subsequently esterified with methyl alcohol to
produce the methyl ester, or with the alcohol
corresponding to any desired ester, several of
which are useful (see below).
Description. — "Methylparaben occurs as
small, colorless crystals, or as a white, crystalline powder. It is odorless or has a faint characteristic odor, and has a slight burning taste.
One Gm. of Methylparaben is soluble in about
400 ml. of water, in 2.5 ml. of alcohol, and in
10 ml. of ether. It is slightly soluble in benzene
and in carbon tetrachloride. One Gm. is soluble
in 50 ml. of water at 80°. Methylparaben melts
between 125° and 128°." U.S.P.
Standards and Tests. — Identification.— The
melting point of />-hydroxybenzoic acid separated
following saponification of methylparaben is between 212° and 215°. Residue on ignition. — Not
over 0.1 per cent. Acidity. — An aqueous solution
of methylparaben, saturated at 80°, is neutral or
acid to litmus. Chloride. — The limit is 350 parts
per million. Sulfate. — A saturated aqueous solution of methylparaben produces no turbidity with
barium chloride T.S. within 10 minutes. U.S.P.
Assay. — A 2-Gm. portion of methylparaben,
previously dried at 80° for 2 hours, is heated with
40 ml. of 1 N sodium hydroxide to saponify the
ester. The excess alkali is titrated with 1 N sulfuric acid, using bromothymol blue T.S. as indicator, and titrating to a pH of 6.5 (which is the
pH of sodium p-hydroxybenzoate formed in the
titration, the acid reaction resulting from the
acidity of the phenolic group of />-hydroxybenzoate ion). A residual titration blank is performed. Each ml. of 1 N sodium hydroxide represents 152.2 mg. of CsH803. U.S.P.
Uses. — While />-hydroxybenzoic acid, unlike
its ortho isomer salicylic acid and also unlike
benzoic acid, possesses relatively weak bacteriostatic properties, its esters are more potent in
this respect than are the acids mentioned. As a
generalization, the esters of />-hydroxybenzoic
acid are two to three times as effective in inhibiting microbial growth, the larger the alkyl group
of the ester the greater being the inhibiting
action. Besides methylparaben, the following
other esters of />-hydroxybenzoic acid have been
prepared and are or have been available under
the trade-marked names indicated: the ethyl
ester, supplied as Ethyl Chemosept, Ethyl Para-
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sept, Tegosept E, and Nipagin A; the propyl
ester, official as Propylparaben, supplied as
Propyl Chemosept, Propyl Parasept, and Tegosept
P; the butyl ester, supplied as Butyl Chemosept,
Butyl Parasept, Butyl Tegosept, and Butoben;
the benzyl ester, supplied as Benzyl Parasept,
Benzyl Tegosept, and Nipabenzyl.
Therapeutic. — Several of the esters of p-hydroxybenzoic acid have been recommended for
use in antimycotic therapy. A 5 per cent solution of the methyl ester, in alcohol, has been used
to treat epidermophytosis of the feet (Lomholt,
Med. Klin., 1938, 34, 118). A 5 per cent solution
of the same ester, in 70 per cent alcohol, and a
5 per cent ointment, have been used to treat
trichophytosis of the scalp (Bang. Dermatol.
Wchnschr., 1937, 105, 1096). A salve containing
5 per cent of the propyl ester and 10 per cent of
salicylic acid has been used to control infections
due to Microsporon audouini. A 4:1 mixture of
the methyl and propyl esters has been used to
prevent the moniliasis so frequently encountered
in broad spectrum antibiotic therapy (McVay and
Sprunt, Proc. S. Exp. Biol. Med., 1952, 78, 759) ;
patients were given the mixture orally (0.8 to
1.42 Gm. of total esters daily), vaginally, or
rectally. The mixture was found to be effective,
in vitro, in inhibiting Candida albicans and C.
krusei isolated from patients.
Pharmaceutical. — The esters of ^-hydroxybenzoic acid are not considered to be efficient
bacteriostatic agents for the preservation of parenteral products; for example, 0.2 per cent of
chlorocresol is considerably more efficient than
the same concentration of methylparaben. It is
variously reported that a combination of two or
more esters possesses a kind of synergistic effect
in that the bacteriostatic efficiency is greater than
the sum of activities attributable to each component, and that such a combination may be
effective against a wider spectrum of organisms.
In this latter connection it is claimed that propylparaben prevents development of molds and
yeasts more so than does methylparaben. Also,
since the water solubility decreases while the solubility in oils increases with increase in size of the
alkyl group, it is believed that the propyl ester
is more effective in oily media than is the methyl
ester, while the reverse appears to be true for
aqueous media.
The combination of methyl and propyl esters
is frequently used for preservation of pharmaceutical preparations; thus, the official Hydrophilic Ointment contains the combination. The
British Pharmaceutical Codex recognizes a Solution for Eye-drops (Liquor pro Guttis), to be
used as a vehicle for preparing various ophthalmic
solutions; it is prepared by dissolving 229 mg. of
methylparaben and 114 mg. of propylparaben in
freshly boiled and cooled distilled water to make
1000 ml. of solution.
The several esters of p-hydroxybenzoic acid,
alone or in combination, have been or are being
used for the preservation of practically every
preparation subject to microbial deterioration, as
well as in some which are subject to certain
chemical decompositions, such as hydrogen peroxide solution. Syrups, infusions, emulsions, oph-

858

Methylparaben

Part I

thalmic preparations, ointments, jellies, suppositories, and solutions for parenteral administration
are examples of medicinal products in which the
microbial-inhibiting effect of various /(-hydroxybenzoic acid esters have been utilized. The concentrations ofthe several esters employed vary
from product to product, and must be empirically
determined; as a rule, aqueous preparations are
saturated, or nearly so, with a particular ester.
Methylparaben is commonly employed, when it
is used as a preservative, in concentrations of 0.1
to 0.2 per cent, while propylparaben is usually
similarly employed in concentrations approaching
that of saturation in water (approximately 0.05
per cent). For specific uses and details of use of
the esters, with many references, see Neidig and
Burrell (Drug Cosmet. Ind., 1944, 54, 408), also
Aalto et al. (J. A. Ph. A., 1953, 42, 449).
Toxicology. — The esters of />-hydroxybenzoic
acid are all less toxic than either benzoic acid or
salicylic acid. Schubel and Manger (Arch. exp.
Path. Pharm., 1929, 146, 208; Miinch. med.
Wchnschr., 1930, 77, 13) found the toxic doses,
for different animals, in Gm. per Kg. of body
weight, to be of the order: methyl ester, 2 Gm.;
ethyl ester, 4 Gm.; propyl ester, 3 to 4 Gm.;
benzoic acid, 1 Gm. The lethal doses for the
same compounds were 3, 5, 6, and 2 Gm., respectively. No pathological changes in the liver
and kidneys were observed in dogs and rats receiving injections of propyl ^-hydroxybenzoate
(Eschenbrenner, Pharm. Ztg., 1932, 77, 275). No
toxic effects were observed in the studies of
McVay and Sprunt (loc. cit.).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Hydrophilic Ointment, U.S.P.
METHYLROSANILINE
CHLORIDE.
U.S.P. (B.P.)
Crystal Violet, Gentian Violet, Methyl Violet,
[Methylrosanilinae
Chloridum]
NT(

CH3)2

cr
(CH3)2N-<^

Vc-/

Vn(CH^>2

"Methylrosaniline Chloride is hexamethylpararosaniline chloride, usually admixed with pentamethylpararosaniline chloride and tetramethylpararosaniline chloride. It contains not less than
96 per cent of methylrosaniline chloride, calculated on the dried basis as hexamethylpararosaniline
chloride
(C25H30CIN3)." US.P. The B.P.
rubric is the same.
B.P. Crystal Violet; Viola Crystallina. Methylrosaniline;
Methylrosanilinum, N.F. VI. Aniline Violet. Sp. Cloruro
de metilrrosanilina.

From the official definition it is evident that
methylrosaniline chloride is not a single chemical
compound, but is usually a mixture of the hexa-,
penta-, and tetra-methyl derivatives. The syno-

nyms listed for this product — gentian violet,
methyl violet, and crystal violet — are not identical, but differ in the following manner. Gentian
violet is a mixture of the pentamethyl and hexamethyl compounds; or, it may be defined as a
mixture of methyl violet and crystal violet. The
latter is almost pure hexamethylrosaniline chloride; methyl violet is mostly the pentamethyl
derivative with some hexa- and tetra-compound
as well. It is likely that the hexa- and pentamethyl compounds are therapeutically equivalent.
The form which has been used to the largest extent is gentian violet, although crystal violet is
the one most easily obtained in a pure form.
Pyoktanin (Merck) is a brand of gentian violet.
Upon methylation of pararosaniline or fuchsin
the red color is changed to violet, the intensity
of the violet color increasing with the number of
methyl groups introduced. Methylrosaniline chloride is usually prepared by the oxidation of a
mixture of dimethyl-£-toluidine and dimethylaniline with a mild oxidizing agent such as cupric
sulfate in the preesnce of sodium chloride or
nitrobenzene.
Description. — "Methylrosaniline Chloride occurs as a dark green powder or as greenish glistening pieces having a metallic luster, with not more
than a faint odor. Methylrosaniline Chloride is
soluble in water. One Gm. dissolves in about 10
ml. of alcohol, and in about 15 ml. of glycerin.
It is soluble in chloroform, and is insoluble in
ether." U.S.P. Tura et al. (J. A. Ph. A., Prac. Ed.,
1955, 16, 237) found the solubility in water of
several commercial samples to vary from 1 Gm.
in about 11 ml. to 1 Gm. in about 16 ml.
Standards and Tests. — Identification. — (1)
On sprinkling 1 mg. of methylrosaniline chloride
on 1 ml. of sulfuric acid the dye dissolves, producing an orange or brown-red color. On cautiously diluting this solution with distilled water,
the color changes to brown, then to green, and
finally to blue. (2) Addition of tannic acid T.S. to
a 1 in 500 solution of methylrosaniline chloride,
acidified with hydrochloric acid, produces a deep
blue precipitate. (3) Warming a 1 in 500 solution
of methylrosaniline chloride, acidified with hydrochloric acid, with zinc dust results in rapid decolorization of the solution. On placing a drop of
the decolorized solution adjacent to a drop of
ammonia T.S. on a filter paper, the zone of contact assumes a blue color. Loss on drying. — Not
over 7.5 per cent, when dried at 105° for 4 hours.
Residue on ignition. — Not over 1.5 per cent.
Arsenic. — 200 mg. of methylrosaniline chloride,
after preliminary oxidative treatment, meets the
requirements of the test for arsenic. Lead. — The
limit is 30 parts per million. Alcohol-insoluble
substances. — Not over 1 per cent. U.S.P.
Assay. — About 400 mg. of methylrosaniline
chloride is reduced (at the nitrogen atom having
the double bond) by a measured excess of 0.1 N
titanium trichloride, the excess of which is subsequently titrated with 0.1 N ferric ammonium sulfate, using ammonium thiocyanate as indicator.
The equivalent weight of hexamethylpararosaniline
chloride is one-half its molecular weight, and each
ml. of 0.1 N titanium trichloride represents 20.40
mg. of C25H30CIN3. US.P.
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Uses. — Gentian violet remains an important
antibacterial, antifungal and anthelmintic dye even
in this era of antibiotics. It is bactericidal to grampositive organisms, particularly staphylococci,
B. diphtheria, and B. pyocyaneus (Churchman,
J. Exp. Med., 1921, 33, 569); gram-negative
bacteria and tubercle bacilli are not affected. It
inhibits also the growth of the causative agent of
Vincent's angina, as well as growth of many
molds, as Monilia, Torula, Epidermophyton, and
Trichophyton. It has in addition anthelmintic
activity, and it forms with necrotic tissue a precipitate, a property utilized in the treatment of
burns and external otitis, regardless of the etiology
of the latter (Sullivan, N. Y. State J. Med., 1953,
53, 2486).
Locally gentian violet is non-toxic. When taken
orally it may cause nausea, vomiting, diarrhea
and even lassitude. Intravenous injection of impure preparations may produce severe shock-like
reactions.
Skin and Mucous Membrane Infections. —
In aqueous solution methylrosaniline chloride
solutions are used locally in conditions in which
gram-positive bacteria or molds are active. Sutton
(J. A.M. A., 1938, 110, 1733) recommended their
use in impetigo, furunculosis, secondarily infected dermatoses, and dermatomycoses. Methylrosaniline chloride is often helpful in controlling
pruritus ani and vulvae because it clears up secondary infections. Although aqueous solutions
stain skin and clothing, the stains may be removed
by washing. Methylrosaniline chloride may also
be applied locally by using a soft, indelible lead
pencil (/. Omaha Mid-West. Clin. Soc, 1945, 6,
89). Application of a 10 per cent solution is effective in Vincent's angina (Wechels, Ther. Geg.,
1924, 302); a 1 per cent solution is useful in
thrush. Gorrell {Clin. Med., 1945, 302) used a
1 per cent aqueous solution in treating leukorrhea
when molds or yeasts were present in the discharge. Before the advent of antibiotics the dye
was used intravenously in the treatment of systemic infections due to gram-positive organisms,
especially for staphylococci septicemia {J. A.M. A.,
1928, 90, 764).
Anthelmintic Uses. — Methylrosaniline chloride iseffective against Oxyuris vermicularis (pinworm), Strongyloides stercoralis, and certain fluke
infestations. The common pinworm infestation is
treated by giving 60 mg. in enteric-coated tablets
(4-hour disintegration time) three times a day,
before meals, for 8 to 10 days. Children should
be given 10 mg. a day for each year of age, in
divided doses. After an interval of a week the
course should be repeated (Sawitz, GP, 1951, 3,
71). All members of a family or others in close
contact must be treated simultaneously or reinfestation will occur. Wright and Brady (J.A.M.A.,
1940, 114, 861) reported 90 per cent of cures
following use of methylrosaniline chloride. Mild
nausea and vomiting are not indications to stop
using the drug, although the method of administration may be changed from the oral route to
duodenal intubation (Faust, ibid., 1941, 117,
1331). Concomitant infestation with ascarides or
severe heart, kidney, or liver disease are contra-
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indications. Brown (/. Pediatr., 1946, 28, 160),
however, used it safely in the presence of
ascariasis.
Strongyloides infestation may be treated at the
same dosage level, using tablets disintegrating in
not more than 1 hour, until a total of 3.3 Gm. of
dye has been given. In severe cases 20 ml. of 0.5
per cent aqueous solution may be given slowly
intravenously daily for 20 days without untoward
effects, according to Palmer (Am. J. Trop. Med.,
1950, 30, 91), who obtained clinical and laboratory cure in 41 of 45 patients; the remaining 4
were cured with a second course. He prepared
fresh solution every 5 days, using triple-distilled
water for injection and filtering the solution
through sterile filter paper three times.
Treatment of Burns and Other Wounds. —
For treatment of burns, Aldrich (New Eng. J.
Med., 1933, 208, 299; 1937, 217, 911) recommended application of an aqueous solution containing 2per cent of gentian violet, 1 per cent of
neutral acriflavine, and 1 per cent of brilliant
green. This "triple dye" (see J.A.M.A., 1946, 131,
825) solution is sprayed on the burned area repeatedly, as quickly as the preceding application
dries, until an eschar is formed; subsequently the
solution is applied 2 or 3 times daily. Under the
generic name Acriflavine-Brilliant Green-Methylrosaniline Mixture the N.N.R. recognized a mixture containing 23 per cent of acriflavine, 31 per
cent of brilliant green, and 46 per cent of methylrosaniline chloride, available under the trademarked name Dymixal (McNeil), for use in
treating burns, either in the form of a jelly or a
2.6 per cent aqueous solution. Connell (ibid.,
1933, 100, 1219) used a jelly containing 1 per
cent of gentian violet and 3 per cent of tragacanth
for the same purpose.
In leg ulcers a 2 per cent aqueous solution of
methylrosaniline chloride has been employed successfully, being applied from 3 to 5 times daily
until a firm, dry, adherent crust formed; the
ulcers heal in a short time, leaving smooth scars,
of fine texture (Thurmon and Chaimson, New
Eng. J. Med., 1935, 216, 11; Morris, ibid., 1945,
233, 180). (3
Dose. — The usual dose of methylrosaniline
chloride is 60 mg. (about 1 grain) three times
daily, orally, for 1 to 2 weeks ; the range of dose is
10 to 60 mg. Up to 20 ml. of 0.5 per cent solution
(representing 100 mg. of dye) has been given
intravenously daily for 20 days (see above).
Topically a 1 or 2 per cent solution is used.
Storage. — Preserve "in well-closed containers." U.S.P.
METHYLROSANILINE
CHLORIDE
SOLUTION.
U.S.P.
Dissolve 10 Gm. of methylrosaniline chloride
in a mixture of 100 ml. of alcohol and 800 ml. of
purified water and add enough purified water to
make 1000 ml.; mix thoroughly. U.S.P.
This solution is to be used externally for the
purposes described under Methylrosaniline Chloride; itis not a parenteral dosage form of the dye.
Storage.
— Preserve "in tight containers."
U.S.P.
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METHYLROSANILINE CHLORIDE
TABLETS.
U.S.P.
"Methylrosaniline Chloride Tablets contain not
less than 90 per cent and not more than 110 per
cent
U.S.P. of the labeled amount of C2.-.H3UCIX3."
Usual Sizes. — 10 and 30 mg.
METHYLTESTOSTERONE.
U.S.P., B.P, IP.
[Methyltestosteronum]

The B.P. defines Methyltestosterone as 17methyl-4-androsten-17-ol-3-one; the LP. designates it as 17-hydroxy-17-methyl-3-keto-androstene-4.
1 7 - Methyltestosterone. A* - 1 7 -methy landrostenol - 1 7 -one - 3 .
Metandren (Ciba) . Neo-Hombreol M (Roche-Organon) ;
Oreton-M (Schering). Sp. Metiltestosterona.

Methyltestosterone, the orally effective form of
testosterone, does not occur naturally. It may be
synthesized from cholesterol. This substance is
first converted to 5.6-dibromocholesteryl acetate
(to protect the double bond in the 5.6-position
and the hydroxy 1 group at 3), which is oxidized
with chromic acid chiefly to dehydroe/>/androsterone (also known as dehydroisoandrosterone
and more exactly as A;5-androsten-3(P)-ol-17one). This last substance is itself a degradation
product of testosterone, occurring in the urine of
men in small amounts. The 17-keto group in dehydroe/>/androsterone reacts with Grignard compounds to give tertiary alcohols; by such a reaction with methyl magnesium halide, A5-17-methylandrostene-3.17-diol is produced, the 3-hydroxy
group of which is oxidized to a keto group to
produce methyltestosterone. For details of this
synthesis, with many references, see the chapter
by Schwenk, on Synthesis of the Steroid Hormones, in the A.A.A.S. volume on The Chemistry
and Physiology of Hormones, 1944.
Description. — "Methyltestosterone occurs as
white or creamy white crystals or crystalline
powder. It is odorless and is stable in air. but is
slightly hygroscopic. It is affected by fight.
Methyltestosterone is insoluble in water. It is
soluble in alcohol, in methanol, in ether, and in
other organic solvents, and sparingly soluble in
vegetable oils. Methvltestosterone melts between
163° and 168°." U.S'.P.
Standards and Tests. — Identification. — The
absorptivity (1%, 1 cra.i in alcohol solution at
241 m|i is between 520 and 540. Specific rotation.
— Xot less than +84° and not more than +87°,
when determined in benzene solution containing
100 mg. of dried methyltestosterone in each 10
ml. Loss on drying. — Not over 1 per cent, when
dried in vacuum over sulfuric acid for 4 hours.
U.S.P.
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Uses. — The action and uses of this compound
are similar to those of testosterone except that
methyltestosterone is active when administered
orally or sublingually (Walton, J.A.M.A., 1944,
124, 139). Orally, doses 3 to 5 times as large as
those of testosterone or its propionate, given intramuscularly, are needed; sublingual doses from
one-half to two-thirds of the oral dose are effective (Kearns, /. Clin. Endocrinol., 1941, 1, 126).
The oral efficacy of methyltestosterone is dependent on lack of inactivation in the liver (Burrell and Greene, Endocrinology, 1942, 31, 73).
Like testosterone and its propionate, methyltestosterone is absorbed through the intact skin
(Hurxthal. /. Clin. Endocrinol, 1943, 3, 551).
The metabolism of methyltestosterone differs
from that of testosterone (Biskind and Mark,
Bull. Johns Hopkins Hosp., 1939, 65, 212; Reifenstein et al., J. Clin. Inv., 1945, 24, 416). There
is no increase in excretion of 1 7-ketosteroids in
urine, such as occurs after testosterone therapy
(Frame et al., Bull. Johns Hopkins Hosp., 1944,
75, 95). It causes creatinuria (Wilkins and
Fleischmann, /. Clin. Endocrinol., 1945, 24, 21),
whereas testosterone will correct the creatinuria
of hyperthyroidism. With large doses of methyltestosterone adecrease in glucose tolerance is
observed in some patients (McCullagh and Lewis,
ibid., 1942, 2, 507).
This orally effective form of testosterone has
resulted in a more general use of androgenic
therapy. It is used as replacement therapy in
male hypogonadism (Escamilla and Gordan, ibid.,
1950, 10, 248). Since androgenic therapy depresses spermatogenesis, it should not be employed ifsperm persist and particularly if preservation of fertility is desired. Carcinoma of the
prostate is a contraindication. Methyltestosterone
is used for cryptorchidism if signs of testicular
failure are present. In the female it is used for
functional uterine bleeding (see discussion under
Progesterone) , to inhibit lactation postpartum in
the same way that estrogens are employed, for
endometriosis and certain types of dysmenorrhea
and premenstrual tension, in the management of
metastatic carcinoma of the breast, and in the
stimulation of libido (Barfield et al., Am. J.
Obst. Gym., 1951. 61, 1354). Relief of the pruritus in obstructive jaundice has been reported
(Lloyd-Thomas and Sherlock, Brit. M. J., 1952,
2, 1289). In certain combinations, such as 5 mg.
of methyltestosterone and 0.02 mg. of ethinyl
estradiol, it is widely employed in treatment of
menopause, postmenopausal osteoporosis, and
other conditions requiring prolonged therapy
(Glass and Shapiro. GP, 1951, 3, 39; Reifenstein and Albright, /. Clin. Inv., 1947, 26, 24).
For other uses of methyltestosterone see under
Testosterone. @
Toxicology. — Methyltestosterone on rare
occasions produces jaundice characterized by a
non-tender liver, decreased cholesterol esters in
the blood without increase in serum alkaline phosphatase or decrease in serum protein or change in
flocculation tests. Histologically there is bile pigment plugging of the intercellular canaliculi without cellular necrosis (Wood, JAMA., 1952, 150,
1484; Brick and Kyle, New Eng. J. Med., 1952,
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246, 176). Patients recover on discontinuing the
methyltestosterone therapy.
Dose. — The usual dose of methyltestosterone
is 10 mg. (about % grain) by mouth 3 times daily,
with a range of 10 to 40 mg. Up to 180 mg. has
been given in 24 hours to relieve engorgement of
the breast. The usual buccal dose is 5 mg., up to
4 times daily, with a range of 5 to 20 mg. In
metastatic carcinoma of the breast 100 to 200
mg. is given by mouth, or 50 to 100 mg. buccally,
daily. An ointment containing 2 or 4 mg. of
methyltestosterone per Gm. of ointment is used
for percutaneous administration.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
METHYLTESTOSTERONE
U.S.P. (B.P.)

TABLETS.

[Tabellae Methyltestosteroni]

"Methyltestosterone Tablets contain not less
than 90 per cent and not more than 110 per cent
of the labeled amount of C20H30O2." U.S.P. The
B.P. provides no purity rubric.
Sp. Tabletas de Metiltestosterona.

Assay. — A representative portion of powdered
tablets, equivalent to 100 mg. of methyltestosterone, isextracted with benzene for 6 hours in
a micro-Soxhlet extractor. The solution is diluted
to 10 ml., at 20°, in a volumetric flask, and the
optical rotation of the solution determined for
the D-line of sodium. Each 0.00864° is equivalent to 1 mg. of methyltestosterone. The methyltestosterone ina one-half aliquot of the benzene
solution is recovered by evaporation: after recrystallization the recovery of crystals is not less
than 75 per cent of the amount present; they
melt between 162° and 167°. U.S.P.
Usual Sizes. — 10 and 25 mg.; also 5 mg.
for buccal use.

METHYLTHIOURACIL.

1

V

U.S.P., B.P.

NH

CH,

The B.P. defines Methylthiouracil (Methylthiouracilum) as 4-hydroxy-2-mercapto-6-methylpyrimidine, requiring it to contain not less than
98.0 per cent of C5H6ON2S, calculated with reference to the substance dried to constant weight
at 105°. The U.S.P. gives no definition.
6-Methyl-2-thiouracil. Antibason; Methiacil (Schwarz);
Muracil (Organon) ; Thimecil (.Physicians' Drug).

Methylthiouracil may be prepared by the general process for synthesizing 6-alkyl derivatives
of thiouracil described under Propylthiouracil; in
the case of methylthiouracil ethyl acetoacetate is
condensed with thiourea. As with propylthiouracil
two isomeric forms of methylthiouracil exist, the
one represented by the U.S.P. structural formula
shown above, the other differing from this in the
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migration of the hydrogen atoms from the two
nitrogen atoms to oxygen and sulfur, respectively.
The B.P. structural formula shows the latter
form.
Description. — "Methylthiouracil occurs as a
white, odorless, crystalline powder. It melts with
decomposition at about 330°. Methylthiouracil
is very slightly soluble in water, sparingly soluble
in alcohol, and slightly soluble in chloroform and
in ether. It is freely soluble in ammonia and in
solutions of alkali hydroxides." U.S.P.
Standards and Tests. — Identification. — (1)
When methylthiouracil interacts with sodium nitroferricyanide in the presence of sodium hydroxide and is then acidified with acetic acid a blue
color is produced. (2) A white precipitate is produced when barium hydroxide T.S. is added to
the interaction product of methylthiouracil and
bromine (with thiouracil the white precipitate
turns violet). Loss on drying. — Not over 0.5 per
cent, when dried at 105° for 2 hours. Residue on
ignition. — Not over 2.5 mg. of sulfated residue
from 1 Gm. of methylthiouracil. Sulfate. — No
precipitate is produced within 1 minute when
barium chloride T.S. is added to a solution of
methylthiouracil. Nitrogen content. — Not less
than 19.3 per cent and not more than 20.0 per
cent, determined by the Kjeldahl method. Sulfur
content. — Not less than 22.2 per cent and not
more than 22.8 per cent. U.S.P. The B.P. limits
arsenic and lead to 4 and 10 parts per million,
respectively; a limiting test for thiourea is provided.
Assay. — The B.P. assay for methylthiouracil
is similar to that employed by the U.S.P. (and
B.P.) for propylthiouracil and by the U.S.P. for
methimazole. Whereas methimazole contains only
the -SH group which reacts with silver nitrate,
both methylthiouracil and propylthiouracil form
in alkaline solution an — SH and an —OH group
which react with silver nitrate, releasing two
equivalents of nitric acid to be titrated with sodium hydroxide. Each ml. of 0.1 N sodium hydroxide represents 7.109 mg. of C5H6ON2S.
Uses. — The action and uses of methylthiouracil are similar to those described for propylthiouracil (q.v.). It was first reported to be an
effective inhibitor of the function of the thyroid
gland by Danish investigators (Magnuson and
Sorensen, Acta med. Scandinav., 1946, 125, 263).
Since that time many reports have appeared in
the literature regarding its efficacy in the preoperative preparation of patients with hyperthyroidism for thyroidectomy and for the long-term
medical management of thyrotoxicosis. Its potency is about equal to that of propylthiouracil,
although some investigators have found it to be
somewhat more effective. It is generally agreed
that the incidence of toxic reactions is considerably higher than is the case with propylthiouracil
therapy. In a series of 1500 patients prepared for
thyroidectomy with propylthiouracil Bartels
(Ann. Int. Med., 1952, 37, 1123) found an incidence of untoward reactions of only 1.6 per cent,
as compared with 13 per cent in 100 patients
who had received methylthiouracil.
In a survey of 200 patients with thyrotoxicosis
subjected to long-term therapy with methylthi-
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ouracil over a period extending from IS months
to more than three years, Poate (Med. J. Australia, 1950, 1, 139) concluded that the drug will
effect cure in 64 per cent of patients with an
acute toxic diffuse goiter but that patients with
toxic adenomatous goiter or with a very large
hyperplastic goiter of more than four months'
duration should be operated upon after preparation with the drug. He found it to be useful in
treating recurrence following thyroidectomy or
x-ray therapy of hyperthyroidism. In a series of
cases reported by Iversen (/. Clin. Endocrinol.,
1951, 11, 298), 21 of 144 patients exhibited recurrence after being symptom-free for periods
ranging from 6 to 45 months following treatment.
He found the incidence of recurrence to be
higher and the therapeutic results much poorer
in patients with toxic adenomatous goiters than
in those with toxic diffuse goiter, and recommended thyroidectomy in such patients. Hallahan
and Perloff (/. Philadelphia General Hosp., 1950,
1, 40) found that methylthiouracil appeared to
control the toxic symptoms of hyperthyroidism
more rapidly than did propylthiouracil and that
the degree of glandular enlargement occurring
during treatment was less.
Methylthiouracil has been used in patients with
angina pectoris without any evidence of hyperthyroidism. In Sniekotta's group of patients, 16
out of 20 were greatly improved (Deutsche med.
Wchnschr., 1949, 74, 340); Frisk and Lindgren
(Acta med. Scandinav., 1948, 132, 69) reported
improvement in 8 of 9 cases treated. 133
Toxicology. — The toxic reactions listed under propylthiouracil (q.v.) must also be guarded
against in the use of methylthiouracil. The most
serious complication of therapy is agranulocytosis.
Leukopenia, drug fever and various skin eruptions may occur. Diffuse arteritis has been reported by Hadders and Van Rijssel (Nederland.
Tijdsch. v. Geneeskunde, 1950,94, 1849). Schneeberg (J.A.M.A., 1952, 149, 1091) reported 2
instances in which the sense of taste was lost.
Poate (Med. J. Australia, 1950, 1, 689) proposed
simultaneous administration of equal amounts of
methylthiouracil and propylthiouracil in order to
minimize the toxic effects of larger doses of either
drug.
Dose. — The usual initial dose in hyperthyroidism is 50 mg. 4 times daily orally, with a range
of 150 to 250 mg. daily. The maximum dose is
400 mg. daily. Duration of treatment and the
appropriate maintenance dose depend upon clinical response, as discussed under Propylthiouracil.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.

METHYLTHIOURACIL

TABLETS.

U.S.P.
"Methylthiouracil Tablets contain not less than
93 per cent and not more than 107 per cent of
the labeled amount of C5H6N2OS." U.S.P. The
corresponding B.P. limits for Tablets of Methylthiouracil are 92.5 and 107.5 per cent, respectively.
Assay. — A portion of tablets representing
about 200 mg. of methylthiouracil is extracted

with ether to remove lubricants, the residue is
extracted with ammoniacal water to dissolve
methylthiouracil, the mixture filtered, and the
methylthiouracil in the aqueous filtrate precipitated by adding acetic acid. The precipitate is
filtered on a tared filtering crucible, dried and
weighed. U.S.P. The B.P. employs a Kjeldahl
method for nitrogen to assay for methylthiouracil
in tablets.
Usual Size. — 50 mg.
METOPON

HYDROCHLORIDE.

LP.

C18H21O3N.HCI
Metopon hydrochloride is 6-methyldihydromorphinone hydrochloride and contains not less than
99.0 per cent of C18H21O3N.HCI, calculated with
reference
hours. LP. to the substance dried at 105° for 3
Methyldihydromorphinone hydrochloride.

This nuclear substitution derivative of morphine is most closely related to dihydromorphinone hydrochloride (see under this title). Metopon
hydrochloride differs from the latter in that a
methyl group replaces a hydrogen atom in the
CH2 group adjacent to the ketone radical of
dihydromorphinone ; metopon is, accordingly, a
methyldihydromorphinone. Metopon hydrochloride was developed in the course of a coordinated
program of several agencies seeking to find a
nonaddicting, pain-relieving drug comparable to
morphine. Its preparation from thebaine is described by Small et al., J.A.C.S., 1936, 58, 1457;
it has also been prepared from dihydrocodeinone
3, 204).
enol
acetate
(Small et al., J. Org. Chem., 1938,
_
Description. — Metopon hydrochloride occurs as a white, crystalline powder, odorless or
having a faint odor, and possessing a bitter taste.
It is soluble in about 2 parts of water; sparingly
soluble in alcohol; very slightly soluble in ether
and in benzene. I. P.
Standards and Tests. — Identification. — (1)
A pale peach color is produced when a solution
of w-dinitrobenzene interacts with metopon hydrochloride inthe presence of sodium hydroxide.
(2) A red color, fading to a bright yellow-orange,
is produced by interaction with sodium nitroprusside in the presence of sodium hydroxide. (3)
Metopon base melts between 240° and 245°. (4)
Metopon hydrochloride responds to tests for
chlorides. Specific rotation. — Between —92° and
— 102°, when determined in 1 per cent w/v solution in water at 24° C. Loss on drying. — Not over
0.25 per cent, when dried at 105° for 3 hours.
Residue on ignition. — Not over 0.1 per cent. LP.
Assay. — About 100 mg. of metopon hydrochloride isdissolved in water, alkahnized with
sodium carbonate, and the metopon base extracted with a mixture of 3 volumes of chloroform and 1 volume of isopropyl alcohol. The
mixed extracts are evaporated to dryness, the
residue is dissolved in methanol, titrated with
0.01 N hydrochloric acid in the presence of
methyl red until the yellow color starts to change
to orange, after which some water is added and
the titration is completed to a red color. Each ml.
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of 0.01 N hydrochloric acid represents 3.358 mg.
of C18H21O3N.HCI. LP.
Uses. — Metopon hydrochloride is a narcotic
analgesic drug with actions similar to those of
morphine sulfate; it is an excellent drug for oral
use in effecting relief of chronic pain.
Under the auspices of the Committee on Drug
Addiction of the National Research Council,
U.S.A., the drug has been studied on 1841 patients (Council on Pharmacy and Chemistry,
J.A.M.A., 1947, 137, 365). The analgesic effectiveness of metopon hydrochloride is at least
double that of morphine (Lee, ibid., 1941, 116,
216; /. Pharmacol, 1942, 75, 161; Houde et al.,
Ann. N. Y. Acad. Sc, 1948, 51, 161; Eddy, Pub.
Health Rep., 1949, 64, 93) ; its duration of action
is about the same. Keats and Beecher (/. Pharmacol., 1952, 105, 109) found 3.5 mg. of metopon hydrochloride to have analgesic potency in
man equivalent to that of 10 mg. of morphine
sulfate. Tolerance to metopon hydrochloride appears to develop more slowly and to disappear
more quickly; physical dependence builds up
more slowly than with morphine. Therapeutic
analgesic doses produce little or no respiratory
depression and much less mental dullness than
does morphine. Metopon hydrochloride is almost
as effective when administered orally as when it
is given parenterally. In morphine addicts metopon appears to prevent only partially impending
signs of physical and psychic dependence (Himmelsbach, /. Pharmacol., 1939, 67, 239) but it
may cause addiction.
Metopon hydrochloride gives adequate relief
from pain in patients with incurable cancer.
Doses comparable to equally effective doses of
morphine cause less nausea, vomiting, diarrhea
and mental agitation (J.A.M.A., 1951, 145, 486).
Metopon hydrochloride is not recommended as a
preanesthetic sedative because of the unpredictable respiratory depression which may develop
when an inhalation anesthetic is given.
Metopon hydrochloride is available only in
capsules containing 3 mg. of the drug.
Dose. — The usual dose of metopon hydrochloride is3 mg. (approximately V20 grain) by
mouth, with a range of 3 to 9 mg. (1 to 3 of the
commercially available capsules), to be repeated
only on recurrence of pain; the dose should be
kept at the lowest level required to give adequate
relief from pain. Tolerance to the drug may be
delayed or interrupted by withholding the drug
occasionally for 12 hours, if possible.
Storage. — Preserve in a tightly-closed container, protected from light. LP.
MONOETHANOLAMINE.
HOCH2CH2NH2

N.F. (B.P.)

"Monoethanolamine contains not less than 97.5
per cent of C2H7NO." N.F. The B.P. name for
this compound is Ethanolamine, the rubric being
not less than 96.0 per cent.
B.P. Ethanolamine; JEthanolamina. 2-Aminoethanol;
fl-Aminoethanol.

Monoethanolamine is prepared by the action
of ammonia on ethylene oxide.
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Description. — "Monoethanolamine is a clear,
colorless, moderately viscous liquid having a distinctly ammoniacal odor. It is affected by light.
Monoethanolamine is miscible with water, with
acetone, with alcohol, with glycerin, and with
chloroform in all proportions. It is immiscible
with ether, with petroleum benzin, and with fixed
oils, although it will dissolve many essential oils.
The specific gravity of Monoethanolamine is not
less than 1.014 and not more than 1.021. Not less
than 95 per cent of Monoethanolamine distils
between 167° and 173°." N.F. The B.P. gives the
freezing point as from 9.5° to 10.5°, and the refractive index as between 1.453 and 1.459, at 20°.
Assay. — About 1 Gm. of monoethanolamine
is weighed into water, and the solution titrated
with 0.5 N hydrochloric acid using methyl red
T.S. as indicator. Each ml. of 0.5 N acid represents 30.54 mg. of C2H7NO. N.F.
Uses. — Monoethanolamine is recognized in
the N.F. because it is an alkalinizing component
of thimerosal solution. The B.P. lists it because
it is used in preparing injection of ethanolamine
oleate, which latter is used as a sclerosing agent
for obliteration of varicose veins.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
MORPHINE
"An alkaloid [C17H19O3N + H2O = 303.18]
obtained from opium." U.S.P. IX.
Morphinum Fr. Morphine. Ger. Morphin. It. Morphina.
Sp. Morfina.

Although morphine base is no longer official,
for convenience the chemical and therapeutic
properties are considered under this title and the
various salts under their official names.
Various processes for separating and purifying
morphine are employed. In certain of these the
morphine is extracted from opium by maceration
with water (which may be acidulated), then precipitated by ammonia, and the crystals afterwards purified, as by repeated solution in diluted
acid and reprecipitation. Serturner, the discoverer of morphine, prepared an infusion of opium
in distilled water, precipitated the morphine with
ammonia, dissolved the precipitate in diluted
sulfuric acid, precipitated again with ammonia,
and crystallized the morphine from alcohol solution.
Morphine may alsc be separated by making
opium into a thin paste with calcium chloride
solution, which converts the alkaloids into hydrochlorides and precipitates the meconic and other
acids of the drug as calcium salts. Water is then
used for extraction, some sodium sulfite being
added to prevent oxidation. A concentrated solution of sodium acetate is added to precipitate
narcotine and papaverine. To the filtrate a small
amount of alcohol is added and the morphine
precipitated by careful addition of ammonium
chloride and slaked lime. The filtrate, after precipitation and removal of morphine, is extracted
with benzene or chloroform to recover codeine.
The morphine is subsequently purified.
Properties. — Morphine crystallizes from alcohol in the form of small, colorless, shining crys-
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tals. It was officially described as follows: "Colorless or white, shining, rhombic prisms, in fine
needles, or as a crystalline powder; odorless;
permanent in the air. One Gm. of Morphine dissolves in 3,340 mils of water, 210 mils of alcohol,
1,220 mils of chloroform, 6,250 mils of ether, and
in 100 mils of lime water, at 25°; also in 1,075
mils of boiling water and 98 mils of boiling alcohol; insoluble in benzene. A saturated aqueous
solution of Morphine is alkaline to litmus."
U.S.P. IX. For tests and standards see U.S.D.,
24th ed., p. 714.
Morphine is a tertiary nitrogen base containing
a phenanthrene nucleus; it has two hydroxy 1
groups, one being phenolic and the other a secondary alcohol. Morphine has been synthesized by
a 2 7-step process, starting with 2-naphthol-6sulfonic acid, by Gates and Tschudi (J.A.C.S.,
1952, 74, 1109).
Morphine crystallizes with one molecule of
water, which is lost at about 100°. The anhydrous
base melts
at 253°
to 254° it
withsublimes
decompo-at
sition.
Under certain
conditions
about 200°. The alkaloid has been detected in
the smoke from the opium pipe. It is very
slightly soluble in alkali carbonates, readily soluble in alkali hydroxides, less soluble in the alkaline-earth hydroxides. Ammonia precipitates the
base from aqueous solutions of its salts; but the
base is somewhat more soluble in solutions of
ammonia than in pure water. In considering solubility data for morphine, it should be remembered that subdivision has a marked effect ; amorphous or freshly precipitated material is said to
be much more soluble than when crystalline.
Solutions of morphine or its salts are levorotatory. The alkaloid is a mono-acid base; its
aqueous solution is alkaline to litmus. Solutions
of morphine salts have a pH of about 4 to 5.
Many color and precipitation tests for morphine
have been described; the more important of
these are included in the tests for identity of its
official salts.
Methods for the quantitative determination of
morphine have been proposed in large number.
These depend mostly upon isolation and weighing the alkaloid (or titrating it); upon quantitative precipitation with a reagent such as potassiomercuric iodide; or upon its reducing action on
such reagents as potassium ferricyanide or iodic
acid. Certain of the color reactions of morphine
have been used as the basis of colorimetric
methods for its determination.
Morphine is easily oxidized; it is this property
which is responsible for many of the color reactions used to identify it. Salts of gold and silver
are easily reduced by morphine, as are ferricyanides, ammoniacal copper solutions, and iodates.
In alkaline solution it is oxidized by air. The
oxidation product of morphine is usually the
dimolecular compound, pseudomorphine.
For further information on the chemical and
physical properties of morphine, see Henry's
Plant Alkaloids, 4th ed., 1949. also Chemistry of
the Opium Alkaloids (Supplement No. 103 to
Pub. Health Rep., 1932) by Small and Lutz.
Pharmacological Action. — Morphine is the
chief narcotic principle of opium, from which it
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differs somewhat in its mode of action. Morphine
continues to be one of the most important, though
most troublesome, drugs in common clinical use.
An average dose of morphine sulfate (8 to 15
mg.) administered hypodermically in the human
is followed by a pleasant drowsiness characterized
by muscular relaxation, freedom from anxiety,
a rapid flow of ideas, shortening of the sense of
time, disappearance of fears, doubts and inhibitions and increased ability to discriminate but
inability to concentrate, lessened physical activity, dimness of vision and lethargy. Pain and
hunger are abolished and vomiting, if it occurs,
is not unpleasant. Respiration is slowed and the
pupils are small. Sleep ensues unless the environment prevents it and dreams may be experienced.
These psychic effects are more persistent than the
analgesic action. With doses of 15 to 20 mg. the
psychic phenomena are very transient as the
patient goes to sleep and is aroused only with
difficulty; even severe pain is relieved; respiration is slow; the pupils are constricted; there is
a "hang-over" depression and constipation afterward and at times nausea and vomiting. Morphine excites some persons, especially women;
nausea and vomiting is the most common untoward effect but delirium and even convulsions
may appear before the depression (see Wolff et
at., J. Clin. Inv., 1940, 19, 659). The effects of
morphine are so protean that they can best be
considered by taking the different functions of the
body seriatim.
Nervous System. — Morphine is a cerebral depressant but a spinal stimulant. The relative
predominance of one or the other of these actions depends upon the relative degree of development of the brain or spinal cord; thus in the
frog, it produces violent convulsions of. the strychnine type. In the cat, morphine causes wild mania
with tonic and clonic convulsive episodes which
may persist for hours and the same response occurs after removal of the cerebrum (Hambourger,
Proc. S. Exp. Biol. Med., 1937, 36, 36). In man,
the spinal symptoms are usually imperceptible
and for medical purposes it is a general depressant. However, because of this action on the
spinal cord it is of no value in strychnine poisoning or other convulsive disorders. The primary
action upon the cerebrum seems to be a diminution in the powers of perception, especially of
pain, although there is often an evident lowering
in the acuity of other special senses. With somewhat larger doses mentation becomes depressed
and a tendency to drowsiness is manifest, and
after toxic doses a deep comatose sleep may follow. The respiratory center is markedly depressed. With usual doses the motor cortex is not
depressed and pain is often relieved with doses
which do not cause sleep (unconsciousness).
Ether and similar anesthetic substances and the
barbiturates depress the motor cortex. Morphine
does not depress the peripheral nerve endings.
Morphine relieves pain by increasing the
threshold for the perception of pain and by altering the psychic response so that the patient is
better able to tolerate the pain — i.e., the anxiety,
fear, etc., is relieved by the euphoric effect (Wolff
et al., loc. cit.). The euphoric action is observed
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within 30 minutes of the injection of morphine,
whereas the rise in the threshold is delayed until
about 60 minutes. In the presence of severe pain
the drug increases the pain threshold but little,
as measured by perception of heat on the skin.
The simultaneous use of epinephrine likewise
abolishes the pain threshold-increasing action.
The sleep which morphine facilitates was found
to increase the pain threshold by as much as 50
per cent, using heat as the stimulus to produce
pain (see also discussion under Acetanilid) . Morphine is effective against pain arising in the
viscera as well as in the muscles, joints, etc. It is
more effective against dull continuous pain than
sharp and intermittent pain. It fails aaginst the
lightning pains of tabes dorsalis.
After subcutaneous injection of 10 mg. of morphine sulfate, Seevers and Pfeiffer (/. Pharmacol.,
1936, 56, 166) found that the maximum analgesic effect appeared in 60 to 90 minutes; after
intravenous administration it developed in 20
minutes but both the degree and duration of the
analgesic action were less than with subcutaneous
administration. Hardy et al. (J. Clin. Inv., 1940,
19, 649) confirmed these observations and further found that with subcutaneous doses of 0.5
to 15 mg. the elevation in pain threshold was
proportional to the dose — viz. threshold increased
10 per cent by 0.5 mg., 32 per cent by 5 mg.,
47 per cent by 8 mg., 71 per cent by 15 mg. and
93 per cent by 30 mg. The duration of this increase in pain threshold was over 6 hours for
8 mg. and not quite 7 hours for 15 mg. The maximum increase in the threshold with codeine sulfate subcutaneously was 50 per cent with a dose
of 60 mg. which is, in this respect, equivalent to
8 mg. of morphine sulfate. Seevers and Pfeiffer
found that the differences in the rate of action of
morphine, codeine, dihydromorphinone and heroin
administered subcutaneously were largely due to
differences in absorption since intravenously all
four acted in 20 minutes. Smith and Schotz
(/. M. A. Alabama, 1945, 14, 265) advocated
intravenous injection slowly in 2 ml. of water to
produce its effect in about 5 minutes; a pause
after the first few drops is essential to avoid
severe reactions in patients with an idiosyncrasy
to morphine.
Contraction of the pupil is due to action on the
brain stem. In the cat and other animals which
are excited by morphine the pupil dilates. Atropine counteracts the miosis. In clinical doses, the
heart rate is slowed due to the physical inactivity
of the patient; in doses short of paralysis of the
respiratory center, morphine has but little effect
on the vagal or vasomotor centers. With large
doses the "T" waves of the electrocardiogram
may be depressed or inverted; this can cause
confusion in interpreting the tracings of patients
with suspected coronary occlusion.
Respiration. — Cushny and Lieb (J. Pharmacol., 1915, 6, 450) found that in the period of
respiratory depression produced by morphine
there is an abnormal insensibility to carbon dioxide, and according to Macht (/. Pharmacol., 1915,
7, 339) small doses of morphine may lessen the
sensitiveness of the respiratory center to carbon
dioxide without reducing the normal volume of
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air breathed. Cohen and McGuigan (/. Pharmacol., 1924, 33, 145) believe that the diminution of
respiration is not due to a true depression of the
respiratory center but simply to a blockage of
the afferent impulses which ordinarily excite this
center (see also under Ether). The stimulating
effect of pain on respiration is diminished by
morphine and Cheyne-Stokes respiration not infrequently follows its use in patients with severe
infections or intoxications. The discomfort of
dyspnea is relieved, much like that of pain,
through depression of the perception of the discomfort. By quieting the patient and thereby
decreasing physical activity to a minimum, it is
perhaps the most important drug in the treatment
of cardiac asthma (it is contraindicated in bronchial asthma) and other forms of acute cardiac
failure. It depresses the cough reflex. Morphine
tends to cause contraction of bronchial muscles.
Dripps and Comroe (Anesth., 1945, 6, 462) reported that the effect depends on the type of
respiration present, the dose and the route of
administration.
Digestive Tract. — The action of morphine on
the gastrointestinal system is a controversial subject (see Krueger, Physiol. Rev., 1937, 17, 618).
The action does not seem to arise from the
central nervous system. Gastric secretion is diminished, the motility of the stomach decreased
and the tone of the smooth muscle of the stomach
and the pyloris is increased. As a result, gastric
emptying is delayed; atropine antagonizes this
effect on the stomach (Veach, /. Pharmacol.,
1937, 61, 230). A similar effect is found in both
the small and large intestine — increased muscle
tone with decreased propulsive contractions —
which is minimized by atropine. The delay in
passage of the chyme results in increased water
absorption and the formation of hard fecal
masses. The cerebral action of morphine interferes with the defecation reflex. Constipation is
a common result of morphine therapy and fecal
impaction is not infrequent. Both biliary and
pancreatic secretion is diminished. Morphine
causes a 10-fold or more increase in pressure in
the biliary tract which appears within 5 minutes
after subcutaneous injection, reaches a peak in
1 5 minutes and persists for about 2 hours (Walters
et al., J.A.M.A., 1937, 109, 1591). Hence, the
relief of pain in biliary colic almost consistently
caused by morphine is of cerebral origin. Conditions in the biliary tract may actually be aggravated; atropine does not prevent this action of
morphine. Amyl nitrite by inhalation, nitroglycerin under the tongue or aminophylline intravenously, however, counteract this undesirable
action.
Genitourinary Tract. — A similar undesirable
effect is found in the urinary tract; morphine
relieves the pain but increases the tone and contractions ofthe ureters (Ockerblad et al., J. Urol.,
1935, 33, 356), the detrusor muscle of the urinary bladder and the sphincter, resulting in urgency but inability to void. Atropine has some
inhibiting action here but the nitrites are more
effective. In patients with dysmenorrhea, Bickers
{Am. J. Obst. Gyn., 1941, 42, 1023) reported
that morphine relieved the spasm and decreased
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the amplitude of contractions of the uterus within
10 minutes.
Skin. — Therapeutic doses cause relaxation of
the cutaneous blood vessels with the result that
the skin of the face, neck and upper chest becomes red and hot. Sweating occurs probably
secondary to the increased peripheral blood flow
and itching and sneezing may result, particularly
as the morphine action wears off.
Metabolism. — A decrease in body temperature
might be expected from the peripheral dilatation
of the blood vessels and the decreased muscular
activity but this is not significant clinically. Likewise, a decrease in metabolism results from the
inactivity and is probably a factor in the beneficial action of morphine in acute cardiac failure,
etc. The hyperglycemia which is produced with
large doses in animals has no recognized clinical
significance.
Absorption and Excretion. — Morphine is readily absorbed from the gastrointestinal tract and
the subcutaneous tissues. It has generally been
believed that the major part of absorbed morphine is changed into dioxymorphine and that
which is not so altered is excreted chiefly through
the intestinal glands and only a small amount
through the kidneys; Fry et al. (Arch. Int. Med.,
1929, 44, 862) in a study of human addicts
found that approximately 10 per cent of the ingested morphine could be recovered from the
urine. Gross and Vincent (/. Pharmacol., 1940,
68, 413) found, however, that in dogs 60 to 80
per cent of the morphine could be recovered
from the urine. Oberst (/. Pharmacol., 1940, 69,
240) reported from 18 to 47 per cent of combined
morphine in the urine. It would appear that the
greater part of ingested morphine is conjugated
in the body in some easily hydrolyzable form
that is excreted through the kidneys, small
amounts being excreted uncombined through the
intestinal glands and the kidneys.
Dsikowsky {Arch, internat. pharmacodyn.
therap., 1936, 53, 457) found that morphine
markedly lessens the diuretic action of water
although it does not diminish the output of sodium chloride or urea by the kidney. DeGraff
reported that morphine interfered with the diuretic action of the mercurial diuretics (see under
Mercurophylline Injection). The physiology of
morphine antidiuresis was investigated and reported by Crawford and Pinkham (/. Pharmacol.,
1955, 113, 431).
Clinical Uses. — Morphine may be used in
medicine for any of seven therapeutic purposes:
(1) To relieve pain, for the intensity of which
action morphine is without a rival. Because of
its unpleasant action upon the digestive organs
and the ever-present danger of formation of the
habit it should, however, be reserved for the
more severe degrees of suffering, such as biliary
or renal colic, myocardial infarction, severe injuries or when other analgesics have failed. It is
the general opinion that the analgesic action of
morphine is greatly enhanced by combining it
with even relatively feeble synergists, such as
the "coal-tar" analgesics or scopolamine, although Wolff et al. (loc. cit.) found no such
synergism on the pain threshold. In instances of
metastatic malignancy, if pain is severe enough
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to require morphine, its use is justified even to
the point of addiction. The smallest effective
doses at the longest possible intervals should be
employed and discontinued as soon as possible.
Usually it is advisable not to inform the patient
that an opiate is being given and it is seldom, if
ever, wise to entrust the hypodermic administration of morphine to the patient. When morphine
is needed, however, there should be no hesitation
in using it in adequate doses. The susceptibility
of a personality to desire to escape from reality
is a major factor in the etiology of morphine
addiction. In the syndrome of the so-called acute
surgical abdomen (acute appendicitis, acute cholecystitis, etc.) the use of morphine should be
delayed until the diagnosis and a decision regarding surgical intervention have been made. However, Singer (Am. J. Surg., 1936, 34, 5) advocated its use intravenously to eliminate the
psychic element in cases in which apprehension
prevented satisfactory examination. (2) As a
hypnotic, for which purpose morphine is today
rarely employed except when the insomnia is due
to pain. In the purely nervous types of sleeplessness it is less valuable than the barbiturates and
other hypnotics. Its anticonvulsant action is very
feeble. (3) As a sedative to the respiratory center, being especially of value in cardiac asthma
(pulmonary edema due to failure of the left
ventricle) and certain types of cough, such as
whooping cough. In bronchial asthma (allergic)
it is contraindicated because its depression of
respiration and tendency to cause further bronchial constriction have caused fatal aggravation of
the condition. In true bronchitis, it must be used
with circumspection. In the acute stage, or
where the mucous membranes are dry, it often
does harm by further checking the bronchial secretions; when the secretions are very profuse
it may so benumb the respiratory center as to
stop expectoration and thereby lead to retention
of fluid in the chest. Small doses of codeine are
usually effective and preferable. (4) To check
diarrhea and to relieve intestinal colic, for which
uses clinical experience has established its utility
although the mode of action is somewhat uncertain. When the diarrhea is due to irritation of the
intestinal tract it is generally to be avoided, as
it defeats nature's purpose to get rid of the irritant. Whole opium (q.v.) is usually preferred to
morphine when an action upon the intestines is
desired. (5) For the purpose of aiding in the
production of diaphoresis it has been used, especially in the form of Dover's powder, in the
early stages of colds, in rheumatism, influenza,
etc. (6) To allay vomiting, especially of reflex
origin. (7) For its calmative effect, by which it
protects the system against exhaustion in debilitated conditions, as certain forms of typhoid
fever. For the same purpose it is also a very
valuable drug in the treatment of internal hemorrhage, traumatic or other shock associated with
pain, congestive heart failure, acute myocardial
infarction,
threatened abortion, thyrotoxic crises,
etc. 0
Toxicology. — For information concerning
morphine poisoning and addiction, see under
Opium. Morphine must be used with caution in
infants, the old and debilitated, patients with
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increased intracranial pressure, cerebral edema
or toxic psychoses, myxedema or prostatic obstruction. The individual who vomits in response
to morphine may be handled by giving 1 or 2 mg.
followed in 15 to 30 minutes by the full dose.
Urticaria and other allergic phenomena have been
reported (Jordan and Osborne, J.A.M.A., 1939,
113, 1955).
As morphine is ineffective locally and the soluble salts are more convenient for any internal
employment, morphine alkaloid is no longer
official.
MORPHINE

INJECTION.

U.S.P. (LP.)

[Injectio Morphinae]

"Morphine Injection is a sterile solution of a
suitable salt of morphine in water for injection.
It contains not less than 93 per cent and not
more than 107 per cent of the labeled amount of
the morphine salt, the name of which must be
stated on the label. Suitable preservatives, totaling not more than 0.7 per cent, may be added."
U.S.P. The LP. rubric is the same, but morphine
hydrochloride and morphine sulfate are the only
salts recognized as sources of the morphine; sterilization byheating in an autoclave at 120° for
15 minutes, or by filtration through a bacteriaproof filter, is officially recognized.
I.P. Injection of Morphine; Injectio Morphini. Sp.
Inyeccidn de Morfina.

Assay. — The injection is assayed by essentially
the same method as is employed for Morphine
Sulfate Tablets (g.v.).
The usual dose, subcutaneously, is 15 mg. (approximately %grain) every 4 hours as necessary,
with a range of dose of 8 to 20 mg.; the maximum
safe dose is generally 20 mg. and the total dose
in 24 hours should exceed 100 mg. only under
special circumstances. Appropriate doses for infants and children are as follows: 1 month — 0.6
mg. (approximately Yloo grain) ; 3 months — 1 mg.
(approximately %o grain); 12 months — 1.5 mg.
(approximately Yio grain); 2 years — 2 mg. (approximately %ograin) ; 5 years — 3 mg. (approximately Y2o grain); older — according to bodyweight.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes.— 10, 15, 20 or 30 mg. (approxiin 1 ml. mately Ye,JA, Vs or y2 grain) of a morphine salt

MORPHINE HYDROCHLORIDE.
U.S.P., B.P., I.P
Morphinium Chloride, [Morphinae Hydrochloridum]

cr.3Hao

Hydrochloride
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The U.S.P., B.P. and I.P. all recognize the
same salt, containing three molecules of water
of crystallization. The B.P. requires not less than
86.6 per cent and not more than 89.0 per cent of
anhydrous morphine, calculated with reference to
the substance dried to constant weight at 130°;
the I.P. requires not less than 75.2 per cent and
not more than 76.1 per cent of anhydrous morphine referred to the substance as found. The
U.S.P. has no comparable rubric.
I.P. Morphini Hydrochloridum. Morphine Hydrochlorate ;
Morphine Chloride. Morphinum Chlorhydricum; Morphinum
Hydrochloricum; Morphia: Murias; Morphine Chlorhydras.
Fr. Chlorhydrate de morphine ; Hydrochlorate de morphine.
Ger. Morphinhydrochlorid ; Salzsaures Morphin. It. Cloridrato
morfico.di morfina. Sp. Clorhidrato de morfina ; Cloruro

Morphine hydrochloride may be prepared in
the same manner as morphine sulfate, except
that hydrochloric acid is used.
Description. — "Morphine Hydrochloride occurs as white, needle-like crystals, as a white or
slightly off-white crystalline powder, or as cubical
masses. It is odorless. When exposed to air it
gradually loses a portion of its water. It darkens
on prolonged exposure to fight. Its solutions are
acid to litmus, having a pH of about 5. One Gm.
of Morphine Hydrochloride dissolves in 18 ml.
of water and in 55 ml. of alcohol. It is soluble in
glycerin, and is insoluble in chloroform and in
ether." U.S.P.
Standards and Tests. — Identification. —
Morphine hydrochloride responds to identification tests (1), (2) and (3) under Morphine Sulfate. It also responds to tests for chloride. Specific rotation. — Not less than —112° and not
more than —115°, calculated on the anhydrous
basis, when determined in a solution containing
200 mg. in each 10 ml. Water. — Not over 15 per
cent, when dried at 105° for 4 hours. Residue on
ignition. — The residue from 500 mg. is negligible.
Acidity. — Not more than 0.5 ml. of 0.02 N sodium hydroxide is required to neutralize 500 mg.
of morphine hydrochloride, using methyl red
T.S. as indicator. Ammonium salts. — Ammonia is
not produced on warming morphine hydrochloride with sodium hydroxide T.S. Apomorphine. —
When a mixture of sodium bicarbonate, iodine
T.S. and a solution of morphine hydrochloride
is shaken with an equal volume of ether, both
layers remain free from even a transient green
color. Foreign alkaloids. — This is identical with
the corresponding test under Morphine Sulfate.
U.S.P.
The B.P. limits loss on drying, to constant
weight at 130°, to 14.5 per cent; the corresponding I.P. limit is 15.0 per cent, the sample being
dried to constant weight at 100°. Both compendia require that the dried material be not
more than faintly yellow in color. The assay is
performed by the method described under Morphine Sulfate.
Sterilization. — According to van Arkel and
van Waert (Pharm. Weekblad, 1950, 85, 319)
sterilization in streaming steam for 1 hour converts 1per cent of the morphine in a 1 per cent
solution of morphine hydrochloride to pseudomorphine; the extent of decomposition is higher
in more dilute solutions. Addition of 0.05 per cent
of sodium bisulfite prevents such decomposition.
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Uses. — This salt of morphine has been more
widely used in Europe than in this country. For
medicinal properties, see Morphine.
The usual dose, orally or subcutaneously. is
15 mg. (approximately Y\ grain) every 4 hours
as necessary, with a range of dose of 8 to 20 mg.;
the maximum safe dose is generally 20 mg. and
the total dose in 24 hours should exceed 100 mg.
only under special circumstances. For doses for
children see under Morphine Injection.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SOLUTION OF MORPHINE
HYDROCHLORIDE.
B.P.
This solution contains 10 Gm. of morphine hydrochloride ina solvent comprised of 20 ml. of
dilute hydrochloric acid, 250 ml. of 90 per cent
alcohol, and distilled water to produce 1000 ml. of
solution. The solution is intended for oral, rather
than hypodermic, administration. The dose is 0.3
to 2 ml. (approximately 5 to 30 minims).
MORPHINE SULFATE.
U.S.P..
Morphinium

(B.P.). IP.

Sulfate,

[Morphinae

Sulfas]

( C1-H19NO3) 2.H2SO4. 5H2O

The U.S.P., B.P. and LP. all recognize the
same salt, containing five molecules of water of
crystallization. The B.P. requires not less than
83.3 per cent and not more than 85.7 per cent of
anhydrous morphine, calculated with reference to
the substance dried at 145° for 1 hour; the LP.
requires not less than 75.0 per cent and not more
than 77.0 per cent of anhydrous morphine referred to the substance as found. The U.S.P. has
no comparable rubric.
B.P. Morphine Sulphate; Morphinae Sulphas. LP.
Morphini Sulfas. Morphinum Sulfuricum; Morphis Sulfas.
Fr. Sulfate de morphine neutre. Ger. _ Morohinsulf at ;
Schwefelsaures Morphin. It. Solfato di morfina. Sp. Sulfato
de Morfina.

Morphine sulfate may be prepared from morphine alkaloid by neutralization with sulfuric acid
and subsequent concentration of the solution to
the crystallizing point. The crystalline masses are
often cut into the rectangular blocks so characteristic of this alkaloidal salt.
Description. — "Morphine Sulfate occurs as
white, feather)', silky crystals, as cubical masses
of crystals, or as a white, crystalline powder. It is
odorless and when exposed to air gradually loses
water of hydration. It darkens on prolonged exposure to light. One Gm. of Morphine Sulfate
dissolves in 16 ml. of water and in 570 ml. of
alcohol. One Gm. dissolves in 1 ml. of water at
80° and in about 240 ml. of alcohol at 60°. It is
insoluble in chloroform and in ether." U.S.P.
Standards and Tests. — Identification. — (1)
An intense purple color at first, quickly changing
to deep blue-violet, is produced on adding 0.5 ml.
of sulfuric acid, containing 1 drop of formaldehyde T.S. in each ml., to 1 mg. of morphine
sulfate. (2) An intense purple color is produced
on adding 0.5 ml. of sulfuric acid, containing
5 mg. of molybdic acid in each ml., to 1 mg. of
morphine sulfate. (3) A bluish green color is
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produced immediately on adding a few drops of
potassium ferricyanide T.S., containing 1 drop of
ferric chloride T.S. in each ml., to a solution of
2 mg. of morphine sulfate in 2 ml. of water. (4)
A blue color is produced on adding 1 drop of
ferric chloride T.S. to a solution of 5 mg. of
morphine sulfate in 5 ml. of sulfuric acid, the
mixture being heated in boiling water for 2 minutes; on adding a drop of nitric acid a dark redbrown color results. (5) A 1 in 50 solution of
morphine sulfate responds to tests for sulfate.
Specific rotation. — Not less than —107° and not
more than —109.5°, when determined in a solution containing the equivalent of 200 mg. of
morphine sulfate in each 10 ml. and calculated on
the anhydrous basis. Residue on ignition. — The
residue from 500 mg. is negligible. Acidity. — Not
more than 0.5 ml. of 0.02 A sodium hydroxide is
required for neutralization of 500 mg. of morphine sulfate, methyl red T.S. being used as indicator. Water. — Not over 12 per cent, when determined bydrying at 130° for 6 hours. Meconate.
— Xo red color is produced on adding a few drops
of ferric chloride T.S. to 5 ml. of a 1 in 30
aqueous solution of morphine sulfate previously
mixed with 5 ml. of diluted hydrochloric acid.
Ammonium salts. — Ammonia is not produced on
warming 200 mg. of morphine sulfate with 5 ml.
of sodium hydroxide T.S. Foreign alkaloids. —
The matter extracted by chloroform from a solution of 1 Gm. of morphine sulfate in sodium
hydroxide T.S., when dissolved in 10 ml. of 0.02 A
sulfuric acid, requires at least 7.5 ml. of 0.02 .V
sodium hydroxide for neutralization of the excess of acid: methvl red T.S. is used as indicator.
US.P.
The B.P. limits loss on drying, at 145° for 1
hour, to 12.0 per cent; the LP. limit is the same,
except
4 hours.that the drying is performed at 130° for
Assay. — The U.S.P. does not require an assay
for morphine sulfate, but the B.P. and LP. specify a method in which foreign alkaloids are first
extracted with chloroform (the portions being
reserved for the determination of foreign alkaloids) from a sodium hydroxide solution of 500
mg. of morphine sulfate, then ammonium sulfate
is added, and the morphine shaken out with a
mixed chloroform and alcohol solvent. After removing the solvent, the alkaloid is dissolved in
excess 0.1 N hydrochloric (B.P.) or sulfuric (LP. )
acid and titrated with 0.1 .V sodium hydroxide,
using methyl red as indicator. Each ml. of 0.1 A
hydrochloric acid is equivalent to 28.53 mg. of
anhydrous morphine.
Uses. — In the United States morphine sulfate
is used almost to the exclusion of all other morphine salts. For medicinal properties, see MorFormerly the U.S.P. recognized a Solution of
phine.
Morphine
Sulfate containing 1 grain of the salt
in 1 fluidounce of distilled water; such a solution
— which was intended for oral administration —
soon deteriorates through growth of microscopic
plants of the Confervoidece.
The usual dose, orally or subcutaneously, is 15
mg. (approximately yi grain) every 4 hours as
necessary, with a range of dose of 8 to 20 mg. ;
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the maximum safe dose is generally 20 mg. and
the total dose in 24 hours should exceed 100 mg.
only under special circumstances. For doses for
children see under Morphine Injection.
Storage.— Preserve "in tight, light-resistant
containers." U.S.P.
INJECTION OF MORPHINE
SULPHATE.
B.P.
Inj-ectio Morphinae Sulphatis

This injection is defined as a sterile solution
of morphine sulphate in water for injection containing 0.1 per cent w/v of sodium metabisulphite; the solution is sterilized by filtration
through a bacteria-proof filter or by adding the
equivalent of 0.2 per cent w/v of chlorocresol or
0.002 per cent w/v of phenylmercuric nitrate to
the solution
heating
at' 98° to 100°
for 30is
minutes.
The and
content
of anhydrous
morphine
required to be not less than 66.0 per cent and
not more than 83.0 per cent of the content of
morphine sulphate stated on the label. B.P.
MORPHINE SULFATE TABLETS.
U.S.P.
[Tabellae Morphinae Sulfatis]

"Morphine Sulfate Tablets contain not less
than 93 per cent and not more than 107 per
cent of the labeled amount of (Ci7Hi9NOs)2.H2SO4.5H2O." U.S.P.
Sp. Tabletas de Sulfato de Morfina.

Assay. — A portion of powdered tablets equivlent to about 100 mg. of morphine sulfate is
treated with acidified water saturated with sodium
chloride. The mixture is then alkalinized with
ammonia and the liberated morphine is extracted
with a mixture of 85 volumes of chloroform and
15 volumes of isobutanol. These extracts are
washed with water, the latter is extracted with
small portions of the chloroform-isobutanol mixture, and the combined chloroform-isobutanol
extracts are filtered and evaporated to a small
volume. Exactly 25 ml. of 0.02 N sulfuric acid is
added, the solution is heated until the chloroform iscompletely volatilized, and the excess acid
is subsequently titrated with 0.02 N sodium hydroxide, using methyl red T.S. as indicator. Each
ml. of 0.02 N sulfuric acid represents 7.589 mg.
of (Ci7Hi9N03)2.H2S04.5HoO. U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.
Usual Sizes.— 5, 8, 10, 15, and 30 mg. (!i2,
%, Ye, %, and y2 grain).
INJECTION OF MORPHINE
ATROPINE.
B.P.

AND

Injectio Morphinae et Atropinae

This injection is prepared by dissolving 0.06
Gm. of atropine sulfate, 1 Gm. of morphine sulfate, and 0.1 Gm. of sodium metabisulphite in
sufficient water for injection to produce 100 ml.
The injection is sterilized by adding 0.2 per cent
w/v chlorocresol or 0.002 per cent w/v phenylmercuric nitrate and heating at 98° to 100° for
30 minutes, or by filtration through a bacteriaproof filter. B.P.
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For uses see Morphine and Atropine Sulfates
Tablets.
MORPHINE
SULFATES

AND ATROPINE
TABLETS.
N.F.

[Tabellae Morphinae et Atropinae Sulfatum]

"Morphine and Atropine Sulfates Tablets contain not less than 91 per cent and not more than
109 per cent of the labeled amount of morphine
sulfate, (Ci7Hi9N03)2.HoS04.5H20." N.F.
Uses. — Morphine and atropine sulfates are
used together frequently. As preanesthetic medication, the atropine not only lessens the secretions
of the respiratory mucosa and salivary glands
during ether anesthesia but also minimizes depression of the respiratory center caused by
morphine. In renal colic atropine exerts an antispasmodic effect and counteracts the undesirable
increases in ureteral tone produced by morphine.
Although the combination is commonly employed
in biliary colic, the action of atropine is much
weaker than on the ureter and nitroglycerin or
aminophylline is to be preferred in place of atropine. Atropine counteracts the constipating action
of morphine and the combination is valuable for
intestinal colic. In acute coronary thrombosis
morphine is used to relieve pain and atropine to
lessen the vasovagal reflexes aggravating the myocardial ischemia and which are not infrequently
responsible for vomiting and other disturbances.
The N.F. gives the usual dose as 15 mg. (approximately yigrain) of morphine sulfate and
0.4 mg. (approximately M50 grain) of atropine
sulfate.
Storage. — Preserve "in tight containers." N.F.
Usual Sizes.— 8, 10, 15, and 30 mg. (}i, Ye,
54, and Yi grain) of morphine sulfate, and 0.4
mg. (M50 grain) of atropine sulfate.
BLACK MUSTARD.
N.F.
Brown

Mustard, Sinapis Nigra

"Black Mustard is the dried ripe seed of
Brassica nigra (Linne) Koch or of Brassica
juncea (Linne) Czerniaew, or of varieties of
these species (Fam. Crucijerce). Black Mustard
vields not less than 0.6 per cent of allyl isothio'cyanate (C3H5NCS)." N.F.
Red Mustard; Chinese Mustard. Semen Sinapis; Sinapis
Nigrae Semina. Fr. Moutarde noire; Graine de moutarde
noire. Cer. Schwarzer Senf; Senfsamen. It. Senape nera.
Sp. Semilla de mostaza , Mostaza Negra.

Common black mustard {Brassica nigra) is an
annual herb, with a stem three or four feet in
height, divided and subdivided into numerous
spreading branches. The leaves are petiolate and
variously shaped. Those arising from the root
are large, rough, lyrate, and unequally toothed,
those on the stem are smooth, and less lobed,
and the uppermost are entire and narrow. The
flowers are small, tetramerous, yellow, with cruciform calyx and corolla, tetradynamous stamens
and bicarpellate pistil, and stand closely together
upon pedicels at the upper part of the branches.
The pods (siliques) are smooth, erect, nearly
parallel with the branches, quadrangular, and
furnished with a slender beak; seeds numerous,
campylotropous, dark brown.
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It is a native of Europe and S. W. Asia and
cultivated in our gardens, and has become naturalized in some parts of this country. It is
cultivated extensively in Chile on a commercial
scale. Many forms of the plant have been described in horticultural literature. The flowers
appear in June. The seeds are kept in the pharmacies, both whole and in the state of very fine
powder as prepared by the manufacturers for the
table. The powdered seed, mixed with spices and
ground into a smooth paste with water in a mill,
affords the condiment known as French mustard
or German mustard. The seed of Sinapis alba
when treated in the same manner, but without
added spices, is known as English mustard.
Brassica juncea (L.) Czerniaew (Sinapis juncea
L.) or Chinese mustard is a coarse annual herb
indigenous to Asia and extensively grown in India
and southern Russia. It possesses large ovate to
obovate and lyrate radical leaves with angled or
toothed blades and two kinds of stem leaves, the
lower toothed and petiolate, the upper oblong to
oblong-lanceolate and usually sessile. This species has numerous horticultural varieties.
Under the title Sinapis Alba, the U.S.P. formerly recognized "the ripe seeds of Sinapis alba
Linne (Fam. Crucijerce), without the presence or
admixture of more than 5 per cent of other seeds
or other foreign matter." U.S.P. IX. These seeds
are much less pungent than the "black" mustard.
Yellow or white mustard is a native of Europe
and is extensively cultivated, being occasionally
spontaneous, in the United States. The commercial supplies are obtained from England, Holland, Germany and California. It is rather smaller
than the preceding species. The lower leaves are
deeply pinnatifid, the upper sublyrate, and all
irregularly toothed, rugged, with stiff hairs on
both sides, and pale green. The flowers are in
racemes, with yellow petals, and linear, green,
calycine leaflets. The pods are spreading, bristly,
rugged, roundish, swelling in the position of the
seeds, ribbed, and provided with a very long
ensiform beak.
The seeds of white mustard were officially described as follows: "Sub-globular, from 1.5 to 2.5
mm. in diameter; testa yellowish, nearly smooth;
embryo yellowish, oily, with two large cotyledons ;
inodorous, taste mildly pungent, acrid. The powder is light yellowish or pale brownish-yellow,
developing a slight odor when moistened." U.S.P.
IX. For microscopic characters of these seeds see
U.S.D., 22nd ed., p. 981; also Winton and Winton
(Structure and Composition of Foods). An adulterant of white mustard is the seed of the white
Indian colza, obtained from Brassica campestris
Sarson (L.) Prain. It is distinguished in having a
more pronounced ridge over the radicle. Under
the microscope the seeds have an indistinct epidermis, the collenchymatous subepidermal layer
is wanting, and the palisade cells are quite large
compared with those of white mustard.
In 1953, 30,473.842 pounds of whole mustard
seed was imported into this country chiefly from
Denmark, United Kingdom, Netherlands, India,
W. Germany, and Canada. In addition, 519,937
pounds of ground and prepared mustard were
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imported, chiefly from United Kingdom, France,
W. Germany, and Switzerland.
Description. — "Unground Black Mustard is
spheroidal or irregularly spheroidal in shape and
is from 1 to 1.6 mm. in diameter (Brassica nigra)
or up to 2.5 mm. in diameter (B. juncea varieties). The testa is dusky red to moderate yellowish brown and minutely pitted or reticulate. The
embryo is dusky yellowish orange to moderate
yellow, oily and with 2 large cotyledons. The
odor when dry is slight but on crushing and
moistening, very irritating, strongly pungent and
characteristic. The taste is strongly pungent and
acrid.
"Powdered Black Mustard is fight olive brown.
It consists mostly of tissues of the embryo, the
cells containing small aleurone grains and a fixed
oil, the latter forming in large globules on the
addition of chloral hydrate T.S.; fragments of
seed-coat are conspicuous, with large polygonal
areas, enclosing small reddish orange to yellow
stone cells, each of the latter with a dark lumen
and few or no starch grains. In the preparation
of powdered Black Mustard, a portion of its
fixed oil and a portion of its seed-coat may be
removed to facilitate the powdering." N.F.
Both white and black mustard yield a powder
which has a somewhat unctuous appearance, and
cakes when compressed. This is commonly called
mustard flour, or simply mustard, and is prepared
by crushing and pounding the seeds and then
sifting them, the purest flour being obtained by
a second sifting or bolting which removes the
hulls and then removing some of the fixed oil.
Both the black and the white seeds are used in
its preparation. Powdered mustard has been adulterated with wheat flour colored by tumeric, to
which cayenne pepper was added to render the
mixture sufficiently hot. Such sophisticated articles cannot meet the requirements of the official
assay. Carles contributed a valuable article on
the pharmacognosy of the different mustard seeds
and the commercial varieties of mustard flour in
/. phar. chim., 1913, pp. 438 and 535.
Standard and Test. — Other seeds or other
N.F.
foreign
organic matter. — Not over 5 per cent.
Assay. — A 5-Gm. sample is macerated with
water, and the resulting allyl isothiocyanate is
distilled into a mixture of ammonia T.S. and
20 ml. of 0.1 N silver nitrate. By interaction of
allyl isothiocyanate and ammonia NH2.CS.NHC3H5 (thiosinamine) is formed, which decomposes
into allyl cyanamide and hydrogen sulfide, the
latter being precipitated as silver sulfide. The
excess of silver nitrate in an aliquot portion of
filtrate obtained from the mixture is titrated with
0.1 N ammonium thiocyanate. Each ml. of 0.1 N
silver nitrate represents 4.958 mg. of C4H5NS,
based on the equivalent weight of allyl isothiocyanate being half its molecular weight. N.F.
Constituents. — Mustard seeds yield upon
pressure a fixed oil of greenish-yellow color, little
odor, and a mild, not unpleasant, taste; the portion which remains is even more pungent than
the impressed seeds. The fixed oil consists of
the glycerides of stearic, oleic, and erucic acid,
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C22H42O2, a homolog of oleic acid. Small quantities of behenic acid, C22H44O2, also occur in oil
of black mustard.
On distillation with water black mustard seeds
yield a very pungent volatile oil. This oil does
not preexist in the seeds, but is produced by the
hydrolysis of the glycoside sinigrin {potassium
myronate) occurring in the seed. Sinigrin,
KC10H16O9NS2.H2O, is hydrolyzed in the presence of myrosin, an enzyme in the seed, yielding
C3H5CNS (allyl isothiocyanate) , acid potassium
sulfate, and glucose. If the enzyme is destroyed,
as by heating the mustard, no volatile oil will be
formed.
An analogous but different reaction takes place
in the case of white mustard; this contains a
glycoside called sinalbin, which on enzymic hydrolysis yields glucose, />-hydroxybenzylisothiocyanate, choline and sinapinic acid.
Adulterants. — The most common adulteration of black mustard is charlock, which is the
seed of Brassica Kaber (DC) Wheeler (B. arvensis Rabenhorst; Sinapis arvensis L.). This
plant is especially abundant in the northwestern
part of the United States, and the Dakota mustard contains varying mixtures of brown mustard
and charlock. The presence of charlock is very
easily determined microscopically by heating with
a solution of chloral hydrate, which changes the
color of the palisade cells to a crimson red.
Viehoever et al. reported that some supplies imported from Europe as rape seed, but offered for
sale as mustard seed, represented the seed of
Brassica campestris chinoleifera. According to
these authors the volatile oil obtained from this
variety of seed is crotonyl isothiocyanate which
is not a suitable substitute for mustard oil either
for condimental or medicinal use. More than 40
per cent of fixed oil was found which had the
general composition of the rape oils. For further
details, including gross and microscopical features,
see /. Agr. Res., 1920, 20, 117, and /. A. Ph. A.,
1921, 10, 16. Weed seeds, occasionally in excess
of 5 per cent, are also common adulterants of this
drug.
Uses. — Mustard powder is an efficient and
prompt — although unpleasant — stimulant emetic,
especially valuable in narcotic poisoning. As a
condiment mustard stimulates the gastric mucous
membrane, increasing, according to Gottlieb
(Arch. exp. Path. Pharm., 1894, 33, 261), also
pancreatic secretion. It will sometimes relieve obstinate hiccough.
The most important medicinal use of mustard,
however, is as a rubefacient. It has been frequently, and advantageously, employed in the
form of a poultice (commonly but erroneously
referred to as "mustard plaster"). As the irritant
effects depend upon hydrolysis of sinigrin, and
consequent formation of allyl isothiocyanate, any
liquid which interferes with this chemical reaction
should be avoided; the addition of alcohol, vinegar, glycerin, etc., as is sometimes advised, is
undesirable. If pure mustard is used, however,
the cataplasm will generally be too potent, so
that it is usually desirable to mix the mustard
with some inert diluent, such as flour, before

moistening. The proportion of mustard and flour
will vary from 1:1 to 1:10, according to circumstances. If the mustard poultice, even when diluted, is allowed to remain too long upon the
skin, the inflammatory reaction will go beyond
the stage of erythema, to that of vesication, and
even to pustulation. Volatile oil of mustard is
highly injurious to walls of capillaries and consequently a"mustard burn" heals very slowly.
Neither the degree of erythema nor the amount
of pain produced by a mustard poultice is a
safe indication for the length of time that it
should be left upon the skin. The physician
should always give the patient definite instruction as to when the application is to be removed.
Volatile oil of mustard has been given internally in colic. In overdoses it is highly poisonous,
producing gastroenteric inflammation, and probably interfering with vital processes by pervading
the whole system. Its odor is perceptible in the
blood, and it is said to impart an odor of horseradish to the urine. E
Dose, of mustard seed, as an emetic, 10 Gm.
(approximately 2% drachms) in about 200 ml.
of warm water.
MUSTARD

PLASTER.

N.F.

Mustard Paper, Emplastrum Sinapis

"Mustard Plaster is a uniform mixture of powdered black mustard, deprived of its fixed oil,
and a solution of a suitable adhesive, spread on
paper, cotton cloth, or other suitable backing
material. Each 100 square centimeters of spread
plaster contains not less than 2.5 Gm. of black
mustard which has been deprived of its fixed
oil." N.F.
Mustard Leaves. Cbarta Sinapis; Charta Sinapisata. Fr.
Papier-moutarde; Sinapisme en feuille. Ger. Senfpapier.
It. Carta senapata. Sp. Papel sinapico; Eplasto de Mostaza.

No process for preparing this plaster is given
by the N.F. That formerly official was as follows :
"Black Mustard, in No. 60 powder, one hundred grammes ; Rubber, ten grammes ; Petroleum
Benzin, Carbon Disulfide, each, a sufficient quantity. Pack the Black Mustard in a conical percolator, and gradually pour Petroleum Benzin upon
it until the percolate ceases to produce a permanent, greasy stain upon blotting paper. Remove
the powder from the percolator, and dry it by
exposure to the air. Having meanwhile dissolved
the Rubber in a mixture of one hundred cubic
centimeters, each, of Petroleum Benzin and Carbon Disulfide, mix the purified Mustard with a
sufficient quantity of the solution to produce a
semi-liquid magma, and apply this, by means of
a suitable brush, to one side of a piece of rather
thick, well-sized paper, so as to cover it completely, and then allow the surface to dry. A surface of sixty square centimeters should contain
about 4 Gm. of Black Mustard deprived of oil.
Before it is applied to the skin, Mustard Paper
should be dipped in warm water for about fifteen
seconds." U.S.P. VIII.
Standard. — "When moistened thoroughly with
tepid water and applied to the skin, the Plaster
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produces a decided warmth and reddening of the
skin within five minutes." -V.F.
Mustard plaster is especially subject to deterioration. Itshould never be exposed to a
damp atmosphere for any length of time before
using. Commercial mustard plasters, spread
either upon cloth or paper, are available. They
should be kept in well-closed containers.
Uses. — For uses of mustard plaster, see Black
Mustard.
Experience has shown that the ready-made
mustard papers err rather from too much than
from too little activity: the official mustard plaster can rarely be bome for more than fifteen
minutes.

"Note. — Before it is applied. Mustard Plaster
should be thoroughlv moistened with tepid water."
X.F.
Storage. — Preserve "in well-closed containers,
preferably at a temperature not above 35°. Protect it from direct sunlight." X.F.
MYRCIA OIL.
X.F.
Bay Oil, [Oleum Myrciae]

•'Myrcia Oil is a volatile oil distilled from the
leaves of Pimenta racemosa (Miller) J. W. Moore
(Fam. Myrtacece). Myrcia Oil yields not less
than 50 per cent and not more than 65 per cent.
by volume, of phenols." -V.F.
Oil of Bay; Oil of Myrcia. Fr. Essence de bav. Ger.
Bayol.

oil. commonly
called
"bay oil
oil."obtained
should
notThis
be confused
with the
aromatic
from sweet bay (Laurus nobilis) or with that
from
bay thelaurel
(L'mbelhdarm
in
using
official
name myrciacalifornica).
oil it shouldAlso,
be
recognized that the plant from which it is derived
does not belong to the genus Myrcia.
Pimenta racemosa is a small tree, native in
the West Indies, with large leathery leaves. The
flowers are white and borne in cymes and the
fruit is a small globular berry resembling allspice. Two varieties of P. racemosa occur in
coastal districts where the pure species abounds,
and which are locally known respectively as
"Bois dTnde." and "Bois d'Inde Citronelle.'' The
leaves of these are said to be frequently admixed
with leaves of true bay. to the great detriment
of the oil subsequently distilled. The oil from the
"Citronelle" variety (P. racemosa var. citrifolia)
contains citral and possesses the flavor of lemon
(Kew Bull., 191S. p. 158). According to Franck
(Pharm. J., 1921, 106, 318). "The picking is
best done in June, when men and boys break off
smaller branches and cam- them to the distilleries.
Here the leaves are cooked in immense brass decanters, from which the bay oil is drawn off. and
the leaves tossed out. apparently unchanged,
except from green to coppery brown. One hundred and thirty pounds of leaves are required to
produce a quart of oil." The distilled oil tends to
separate into two parts; one fighter than water
rises to the top of the distillate, the other heavier
sinks to the bottom. These oils must be separated
from the water and afterwards mixed in the
proper proportions.
Formerly the finest bay oil was produced in
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St. Thomas and St. John (Virgin Islands) but in
recent years production has shifted to Puerto
Rico. Dominica. St. Lucia and Montserrat. The
average annual production in Puerto Rico is about
30.000 pounds. There the trees are mostly cultivated on small plantations. The first harvest of
leaves, according to Guenther. can be obtained in
the fifth year and regular trimming keeps the trees
at a height of 10 to 12 feet. Oil is produced
throughout the year but the chief harvest lasts
from January to June. The leaves are distilled
as soon as possible after they are clipped although they are stored at times for as long as a
month. The yield of oil ranges from 0.75 to 1.25
per cent. (For additional information on the production of oil of bay in Puerto Rico and Dominica see Drug Cosmet. Ind., Sept.. 1940).
The original bay rum was the product directly
distilled from the leaves of the bay tree. The
dried leaves were mixed with rum and water,
containing a little salt, and the whole of the
distillate from this collected. Poucher (Pharm. J.,
1924. 112, 186) states that this sort of bay rum
is no longer produced.
Description. — "Myrcia Oil is a yellow or
brownish yellow liquid with a pleasant, aromatic
odor, and a pungent, spicy taste. Myrcia Oil
yields solutions that are clear or but slightly
turbid with equal volumes of alcohol or of glacial
acetic acid." V.F.
Standards and Tests. — Identification. — (1)
A semi-solid mass forms when the oil is mixed
with an equal volume of concentrated sodium hydroxide solution. (2) A fight green color results
when 1 drop of ferric chloride T.S. is added to
a solution of 2 drops of myrcia oil in 4 ml. of
alcohol. If the test is made with a 1 to 5 dilution
of the ferric chloride T.S. a yellow color results
but soon disappears. (3) The filtrate separated
from 1 ml. of oil shaken with 20 ml. of hot distilled water gives not more than a slight acid
reaction with litmus paper, and on addition of
1 drop of ferric chloride T.S. yields only a transient grayish green, but not a blue or purple,
color. Specific gravity. — Not less than 0.950 and
not more than 0.990. Optical rotation. — The oil
is levorotatory. the angle of rotation in a 100mm.
tube than
not exceeding
—
Not less
1.5070 and—3°.
not Refractive
more than index.
1.5160.
at 20°. Reaction. — An alcohol solution of the oil
is acid to litmus paper. V.F.
Assay. — The procedure is the same as that
specified for Clove Oil, except that the volume
of the residual oily layer should not be less than
3.5 ml. nor more than 5 ml. V.F.
Constituents. — Myrcia oil has as its principal constituent eugenol. which comprises 40 to
55 per cent of the oil. Also present are chavicol.
methyleugenol. methylchavicol. myrcene. citral.
and /-phellandrene. Pinene and dipentene. stated
to be present by early investigators, have not
been found in later studies.
Uses. — Myrcia oil is an active antiseptic. 1
part in 1000 being sufficient to prevent growth
of bacteria (Peck. J.A.M.A., 1899, 32, 6). It is.
however, almost never employed by itself. In the
form of the compound spirit, which is practically
equivalent to bay rum, it serves as a pleasant
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perfume for various external medicines. The
spirit has also been used in nervous headache,
faintness and other nervous disorders, either held
to the nostrils, or applied on soft linen to the
head and forehead. It is also pleasing to the
feeble and convalescent patient when sprinkled
on the bed-covering or atomized in the sickroom.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
COMPOUND

MYRCIA

SPIRIT.

N.F.

[Spiritus Myrciae Compositus]

Mix 8 ml. of myrcia oil and 0.5 ml. each of
orange oil and pimenta oil with 610 ml. of
alcohol and gradually add water to 1000 ml. Set
the mixture aside in a well-closed container for
8 days, then filter, using 10 Gm. of purified talc
if necessary to produce a clear liquid. N.F.
Alcohol Content. — From 54 to 59 per cent,
by volume, of C2H5OH. N.F.
For uses of this spirit see under Myrcia Oil.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
MYRISTICA.

N.F. (B.P.)

Nutmeg, [Myristica]

"Myristica is the dried ripe seed of Myristica
fragrans Houttuyn (Fam. Myristicacea), deprived of its seed-coat and arillode and with or
within a thin coating of lime." N.F. The B.P.
recognizes Nutmeg as the dried kernels of the
seeds of Myristica fragrans Houtt.
B.P. Nutmeg. Semen Myristicae; Nux Moschata. Fr.
Muscade ; Noix de muscade. Ger. Muskatnusz. It. Noce
moscata. Sp. Nuez moscada; Nuez de especia; Nuez de
Banda.

The nutmeg tree is about thirty feet high,
with numerous branches, and an aspect somewhat resembling that of the orange tree. The
leaves are alternate, petiolate, oblong-oval,
pointed, entire, bright green and somewhat glossy
on their upper surface, whitish beneath, and of
an aromatic taste. The staminate and pistillate
flowers are upon different trees. The former are
disposed in axillary, peduncled, solitary clusters;
the latter are single, solitary, and axillary; both
are minute and of a pale yellowish color. The
fruit, which appears on the tree mingled with
the flowers, is round or oval, of the size of a
small peach, smooth, yellow when ripe, and
marked with a longitudinal furrow. The external
covering, which is at first thick and fleshy and
abounds in an austere, astringent juice, afterwards becomes dry and coriaceous, and, separating
into two valves from the summit, discloses a
scarlet reticulated arillode, commonly called
mace, closely investing a thin, hard, brown, shining shell, which contains the seed or nutmeg.
The tree is produced from the seed. It does
not flower until the eighth or ninth year, after
which it bears flowers and fruit together, without
intermission, and is said to continue bearing for
seventy or eighty years. Little trouble is requisite
in its cultivation. A branch of the staminate tree
is grafted into all the young pistillate plants
when about two years old, so as to insure their
early fruitfulness. Hart reported in 1907 a group
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of nutmeg trees growing in Trinidad bearing
both staminate and pistillate flowers and suggested that an attempt should be made to perpetuate this variety by grafting.
The nutmeg tree is a native of the Moluccas
and other neighboring islands, and abounds especially in that small cluster distinguished by the
name of Banda, whence the chief supplies of
nutmegs were long derived. But numerous varieties of the plant are now cultivated in Sumatra,
Java, Singapore, Penang, Ceylon, and other parts
of the East Indies, and have been introduced into
the Isles of France and Bourbon, Cayenne, and
several of the West Indian islands. The Myristica
fragrans was introduced into Grenada about 1843,
and now this island is the principal place of cultivation of nutmeg in the Western Hemisphere.
Various species of the genus Myristica, other than
the official one, yield commercial seeds or products. The larger part of the nutmegs of commerce
before the Second World War still came from
the Dutch Banda Islands. The Penang nutmegs
are distinguished by not being limed.
In the Moluccas the tree yields three crops
annually. There the fruit is gathered by hand, or
by means of a hooked stick before the husk splits
and the outside covering rejected. In Grenada
the husk is allowed to split while the fruit is on
the tree and the ripe fruit is collected from the
ground. The arillode, constituting the mace of
commerce, is then carefully separated, so as to
break it as little as possible. It is flatteend, dried
in the sun, and afterwards sprinkled with salt
water, with the view of contributing to its preservation. The "nuts" are dried in the sun, in ovens
or in brick buildings. In the latter instance they
are placed in trays over low charcoal fires with
occasional turning. Drying is considered completed when the kernel rattles in the shell. They
are then broken open, and the kernels, having
been removed and steeped for a short time in a
mixture of lime and water or dusted with dry lime,
in order to preserve them from the attacks of
worms, are graded and packed in casks or chests
for exportation. They keep better if rubbed over
with dry lime than when prepared in the moist
way. Despite this protection, commercial nutmegs are sometimes wormy. Nutmegs from the
East Indies are usually limed while those from
the West Indies are not limed. During 1952 this
country imported 5,413,327 pounds of unground
nutmegs mostly from Indonesia, Leeward Islands,
Trinidad, India, New Guinea, Malaya, Africa,
and Netherlands.
Shriveled or damaged nutmegs and nutmegs in
the shell (whole seeds deprived of arillodes) are
imported for distilling purposes.
Description. — "Unground Myristica is ovoid
or ellipsoidal in shape and is from 20 to 35 mm.
in length and from 15 to 28 mm. in thickness.
Externally it is light brown to dark brown. The
surface is reticulately furrowed, the broad end
with a large, circular, upraised scar from which
arises a raphe extending to a depression at the
opposite end. The cut surface has a waxy luster
and a mottled appearance, given by the dark
perisperm and the lighter colored endosperm.
The odor is characteristically aromatic and the
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taste pungently
aromatic." N.F. For histology see
N.F.
X.
"Powdered Myristica is brown to moderate
yellowish brown and consists of irregular fragments; perisperm with large, circular or elliptical
volatile-oil reservoirs, small thin-walled parenchyma cells with reddish orange to orange or brown
contents and occasional spiral tracheids and vessels. The endosperm shows more or less polygonal parenchyma cells containing starch, large
aleurone grains, fat, and occasionally brown to
yellowish orange pigment. Fixed oil globules are
numerous, and the starch grains are single or 2to 3-compound, or in aggregates, the individual
grains, spherical, planoconvex or polygonal, from
3 to 22 n in diameter, with a distinct, sometimes
cleft hilum." N.F.
The microscopical structure of nutmeg and
mace have been well illustrated by Winton and
Moeller in the Microscopy of Vegetable Foods.
It has been stated that much of the ground nutmeg of commerce has been made from small,
stunted and worthless nutmegs, so-called "grinding nutmegs." The powdered drug has been adulterated with corn meal, powdered beans, curcuma
and various nutshells.
Nutmegs have been punctured and boiled in
order to extract their essential oil, and the orifice
afterwards closed so carefully as not to be discoverable except by breaking the kernel. The
fraud may be detected by their lightness. The
largest nutmegs now command the highest prices.
They should be rejected when very light in
weight, with a feeble taste and odor, worm-eaten,
musty, or marked with black veins.
Standards and Tests. — Acid-insoluble ash. —
Not over 0.5 per cent. Non-volatile, ether-soluble
extractive. — Not less than 25 per cent. iVJ7.
Constituents. — Nutmeg contains from 5 to
15 per cent of a volatile oil to which it owes its
medicinal value (see Myristica Oil), from 25 to
40 per cent of a fixed oil and from 5 to 15 per
cent of ash, the remainder being starch, fiber,
water, etc.
The concrete, or expressed, nutmeg oil {Oleum
Myristicce Expressum,B.P. 1885, Oleum Nucistce),
often called oil of mace, or nutmeg butter, is
obtained by bruising nutmegs, exposing them in
a bag to steam, and then compressing them
strongly between heated plates. A liquid oil flows
out, which becomes solid when it cools. This oil
may also be obtained by solvent extraction of
the nutmeg. The best nutmeg butter was imported from the East Indies; it is a soft solid,
unctuous to the touch, of a yellowish or orangeyellow color, more or less mottled, with the odor
and taste of nutmeg. It melts at about 45° and
has a specific gravity of 0.995. In 1874 Playfair
separated from this a crystallizable fat, myristin,
which is the glyceride of myristic acid, C14H28O2.
Power and Salway (Trans. Chem. Soc, 1908, p.
1653) found the expressed oil of nutmeg to contain 73 per cent of trimyristin, 12.5 per cent of
essential oil, smaller quantities of oleic acid,
linoleic acid, resinous material with traces of
formic, acetic and cerotic acids, with 8.5 per cent
of unsaponifiable residue. Myristin is also found
in spermaceti, in coconuts, in poppy oil and in
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the fixed oil of linseed. It may be obtained directly from nutmeg by extracting with benzene,
filtering the liquid, and allowing it to crystallize
by spontaneous evaporation.
For a description of certain allied botanical
products, variously designated as nutmeg of one
variety or another, or related to nutmeg, see
U.S.D., 24th ed., p. 726.
Uses. — Nutmeg owes its medicinal and toxic
properties solely to the volatile oil which it contains. For a discussion of the effects and uses
of this, see Myristica Oil. Powdered nutmeg is
rarely used in medicine alone, although it has
been used in dysentery (see Leidy, Med. Rec,
March 1, 1919). It is an ingredient of several
official preparations. The expressed oil is occasionally used as a gentle external stimulant and
was an ingredient in the Emplastrum Picis of the
1885 British Pharmacopoeia.
Nutmeg has been given in doses of 0.3 to 1.3
Gm. (approximately 5 to 20 grains).
Off. Prep.— Myristica Oil, U.S.P., B.P.; Compound Lavender Tincture; Aromatic Rhubarb
Tincture, N.F.; Aromatic Powder of Chalk, B.P.
MYRISTICA

OIL.

U.S.P. (B.P.)

Nutmeg Oil, [Oleum Myristica;]

"Myristica Oil is the volatile oil distilled with
steam from the dried kernels of the ripe seed
of Myristica fragrans Houttuyn (Fam. Myristicacece)." U.S.P. The B.P. recognizes the same
product.

B.P. Oil of Nutmeg. Oleum Macidis (Ger.); Oleum
Myristicae ^Ethereum. Fr. Essence de muscade. Ger.
Atherisches Muskatol ; Macisol; Muskatblutenol. It.
Essenza di noce moscata. Sp. Esencia de Nuez Moscada.

For a description of the nutmeg plant see
Myristica.
The oil is obtained from powdered nutmegs by
distillation with water, usually after the removal
of their fat. Nutmeg oil is sometimes made from
the light, worm-eaten nuts, of which large quantities are rejected in sorting the different qualities in Holland; the worm robs the nutmeg of its
fat oil, while the essential oil remains in the nut
in full. Nutmeg yields from 3 to 8 per cent of
volatile oil.
Description. — "Myristica Oil is a colorless
or pale yellow liquid having the characteristic
odor and taste of nutmeg. One volume of Myristica Oil dissolves in 1 volume of alcohol. One
volume of East Indian Myristica Oil dissolves in
3 volumes of 90 per cent alcohol. One volume of
West Indian Myristica Oil dissolves in 4 volumes
of 90 per cent alcohol." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.880 and not more than 0.910 for
East Indian oil, and not less than 0.854 and not
more than 0.880 for West Indian oil. Optical
rotation. — Not less than +8° and not more than
+30° for East Indian oil, and not less than
+25° and not more than +45° for West Indian
oil, at 25°, and using a 100-mm. tube. Refractive
index. — Not less than 1.4740 and not more than
1.4880 for East Indian oil and not less than
1.4690 and not more than 1.4760 for West Indian
oil, at 20°. Residue on evaporation. — Not over 60
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mg. from 3 ml. of East Indian oil, and not over
50 mg. from West Indian oil. U.S.P.
Constituents. — Power and Solway {Trans.
Chem. Soc, 1907, 2037) analyzed volatile oil of
nutmeg and found that about 80 per cent of it is
dextro-camphene and dextro-pinene, with about
8 per cent of dipentene, besides small proportions
of eugenol and iso-eugenol, linalool, borneol, terpineol, geraniol and safrol; they found about
4 per cent of myristicin, small amounts of free
myristic acid, and traces of esters of this and
other fatty acids.
Myristicin, C11H12O3, is of interest as the
poisonous ingredient of nutmeg (see under Uses).
It is the methylene ether of 3-methoxy-4,5-dihydroxy-allylbenzene. It occurs with the related
substance apiol in parsley.
Uses. — Besides its aromatic property, nutmeg
oil possesses considerable narcotic power. It
causes in the lower animals dilatation of the
pupils, unsteadiness of the gait followed by sleepiness, with slow respiration, and, if the dose is
large enough, loss of reflexes. According to Dale
(Proc. Roy. Soc. Med., Feb., 1909), doses large
enough to produce narcosis in the cat are invariably fatal through fatty degeneration of the liver.
A number of fatal cases of nutmeg poisoning have
been reported in human beings (see Power and
Solway, Am. J. Pharm., 1908, p. 563). These
authors cited a case in which 2 drachms of powdered nutmeg produced drowsiness deepening into
stupor, the patient continuing for several hours
alternately delirious and sleeping. Dale found
that a dose of 1.9 Gm. per kilo caused in a cat
a semi-comatose condition with death in 24 hours
with fatty degeneration of the liver.
The toxic ingredient in oil of nutmeg is believed to be myristicin. Dale found that myristicin caused similar symptoms but the quantity required was much larger than would be contained
in a toxic dose of powdered nutmeg, the fatal
dose of myristicin for a cat being between 0.5
and 1 ml. per kilo; Power and Solway suggested
that this difference may have been due to imperfect absorption and stated that 2 minims (0.12
ml.), hypodermically, produced in the cat extensive degeneration of the liver (see also Christomanos, Arch. exp. Path. Pharm., 1927, 123, 252).
Nutmeg oil is used as a flavoring agent ; also as
a carminative and as a local stimulant to the
gastrointestinal tract.
Dose, 0.03 to 0.2 ml. (approximately Yz to
3 minims).
Labeling. — "Label Myristica Oil to indicate
whether it is East Indian or West Indian Oil."
U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Aromatic Ammonia Spirit, U.S.P.,
B.P.; Pepsin and Rennin Elixir, N.F.
MYRRH.

N.F.

Gum Myrrh, [Myrrha]

"Myrrh is the oleo-gum-resin obtained from
Commiphora molmol Engler, Commiphora abyssinica (Berg) Engler or from other species of
Commiphora (Fam. Burseracea)." N.F.

Guramiresina Myrrha. Fr. Myrrhe.
Myrrhengummi. It. Mirra. Sp. Mirra.

Get. Myrrhe;

The name myrrh is possibly derived from the
Arabic and Hebrew word "Mur" meaning bitter.
The drug is called "Mulmul" and "Ogo" by the
natives
of Somaliland and "Heerabol" by the
Indian traders.
Though myrrh has been employed from the
earliest times, not all the plants yielding it have
been definitely determined. According to Engler
{Die Natiirlichen Pflanzenfamilien, 1931, 19,
437), Commiphora molmol Engl, yields the genuine Somali myrrh or "molmol." This species occurs in northern Somaliland. According to Deflers
and Schweinfurth (Ber. deutsch. pharm. Ges.,
1893), C. abyssinica (Berg) Engl., occurring in
southern Arabia, Eritrea and northern Abyssinia,
yields genuine Arabian myrrh. Formerly, Myrrha
(Nees) Engl, of southern Arabia and Yemen was
thought to be the principal myrrh-yielding species,
but Engler stated it is not aromatic and yields no
myrrh. It seems probable that other species of
Commiphora found in northern Africa, Arabia
and Yemen also yield myrrh. One of these,
C. Schimperi (Berg) Engl., which occurs in Abyssinia and Yemen, appears to be an additional
likely source of the drug.
The genus Commiphora Jacq. contains about
80 species and is distributed in tropical Africa
and to a lesser extent in tropical Asia.
Commiphora molmol Engler, the didin of
Somalis, which appears to be the main source of
myrrh, is a sparingly branched, xerophytic, low
tree, up to about 3 meters in height with grayish
green, chiefly trifoliate leaves with large, lanceolate to cuneate-lanceolate leaflets, the terminal
leaflets being frequently toothed toward the summit, the lateral leaflets being mostly very small.
The flowers are small and axillary. The fruit is
a 2-valved drupe possessing one sterile compartment and a thick endocarp. The sterile compartment is weakly arched and smooth on its outer
surface, the fertile compartment contains a single,
enclosed seed and is strongly arched and warty
on its outer surface.
Commiphora abyssinica (Berg) Engl., the
source of some Arabian myrrh and probably of
some African myrrh, is a related species, up to
10 meters in height, which is characterized by its
pale, spinose branches, alternate, simple to trifoliate leaves, the latter with sessile leaflets, each
of which is ovate-oblong to lanceolate with a
cuneate base and crenate-serrate margin. Its
flowering branches are short and often 3-flowered; the flowers small with a finely scabrous
calyx. Its fruits are ovoid drupes with short,
acutely tipped summits.
Commiphora Schimperi (Berg) Engl., known in
Abyssinia as "oanka" and in Yemen as "gataf,"
is characterized by its short, glabrous and spiny
branches, membranous, trifoliate leaves with oblong to rhomboid leaflets, its glomerules of small
flowers and its sub-ovoid, apiculate, drupe fruits.
Myrrh is collected in Somaliland and Arabia
by making incisions into the bark of the stems
of the trees. Within this bark occur schizogenous secretion reservoirs in which a yellowishwhite ol«o-gum-resin is formed. These are punc-
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tured by the cuts, and a yellowish gummy oleoresin exudes. Upon hardening, when it becomes
yellowish-brown to reddish-brown, it is scraped
off the bark. Some natural exudate also exudes
spontaneously through cracks in the bark and is
also gathered.
The greater bulk of the drug used in this country in recent years is gathered in Somaliland and
S. Arabia and has been shipped from Africa and
Arabia to this country and Europe. In 1952, importations ofmyrrh amounted to 19,040 pounds,
from British Somaliland.
Several varieties of myrrh have occurred in
commerce. The official description corresponds
to the Somali and Arabian myrrhs. The Arabian
myrrh is less aromatic than the African variety,
of a dark reddish brown color and is devoid of
whitish streaks internally. Guban myrrh, produced along the Somali coast, in the district of
Guban, is stated to be somewhat inferior to
Somali myrrh, produced farther inland. East Indian myrrh, also known as perfumed bdellium,
is believed to represent some of the myrrh of the
Old Testament.
Adulterants. — The chief adulterants of
myrrh have been the bdelliums, pebbles and gumoleo-resins of less aromatic odor from other species of Commiphora, notably C. Stocksiana Engl..
C. Roxburghii (Stocks) Engl, and C. agallocha
(Roxb.) Engl., East Indian species, used to adulterate Arabian myrrh. It is sometimes admixed
with small stones which are added when the
myrrh is in a moist state. It has been adulterated
with Senegal gum and chestnuts.
Borisch (Pharm. Ztg., 1931, 76, 787) stated
that the best method of differentiating between
the true myrrhs and bdellium is the determination
of the petroleum ether-soluble portion which
gives high values for the adulterants.
Description. — "Unground Myrrh occurs in
rounded or irregular tears or masses of agglutinated tears, moderate yellow to dark or reddish
brown in color and more or less covered with a
lighter-colored yellowish dust. The fracture is
waxy, granular, conchoidal; internally yellowish
or reddish brown, sometimes marked with nearly
white spots or lines, oily, translucent at the edges.
Its odor is balsamic, aromatic, not terebinthinate,
and its taste is aromatic, bitter, and acrid.
"Powdered Myrrh is weak yellowish orange to
strong yellowish brown, and consists of numerous
angular fragments of resin and gum, a few fragments of lignified tissue and a very few starch
grains." N.F.
Standards and Tests. — Identification. — (1)
Myrrh is colored purplish to violet when treated
with nitric acid. (2) An ether solution of myrrh
is colored reddish violet when treated with bromine vapor. (3) Myrrh forms a yellowish brown
emulsion when triturated with water. Acid-insoluble ash. — Not over 5 per cent. Alcohol-soluble
extractive. — Not over 30 per cent. N.F.
Ground between the teeth myrrh is at first friable, but presently softens and becomes adhesive.
It is flammable, but does not melt on heating.
The specific gravity has been reported as 1.36.
Pieces of India myrrh enclosing large crystals
of sodium chloride, as if the juice had fallen from
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the tree and concreted upon the ground where
this mineral abounds, have been seen. Pieces of
bdellium, and other gummy or resinous substances of unknown origin, are often mixed with
it because the natives frequently collect bdelliums
and myrrh at the same time.
Myrrh is partially soluble in water, alcohol,
and ether. Triturated with water it forms an
opaque yellowish or whitish emulsion, which deposits the larger portion of the solid on standing.
On distillation a volatile oil is obtained, having
the flavor of myrrh. The gum-resin is soluble in
solutions of alkalies and when triturated with
them forms a viscous liquid. Dezani {Pharm. J.,
1924, 59, 60) suggested the following test for
myrrh: Dissolve the substance in a mixture of
8 parts chloroform, 3 parts glacial acetic acid, and
1 part ethyl acetate; then add 1 or 2 drops of
concentrated sulfuric acid. With as little as 0.5
mg. of myrrh, an intense violet or blue color is
produced.
Constituents. — The chemistry of myrrh is
still in a very unsatisfactory state; many of the
constituents reported as present must be considered questionable and the formulas assigned to
them as uncertain. In a general way myrrh consists of about 25 to 45 per cent of resin, 55 to
60 per cent of gum, 3 to 8 per cent of volatile
oil, with traces of free acetic, formic and myrrholic acids and small amounts of water and
inorganic salts.
The volatile oil, which has been called myrrhol
or myrrhenol, contains eugenol. w-cresol, cuminaldehyde, cinnamaldehyde, pinene, dipentene,
heerabolene (a sesquiterpene), other terpenes.
and esters of formic, acetic and myrrholic acids.
The resin, which has been called myrrhin, is
neutral but becomes acid on heating, in recognition of which it has also been called myrrhic
acid. From the resin have been isolated several
complex acids, including a-, 0-, and y-commiphoric
acids, commiphorinic acid, a- and $-heerabomyrrholic acids, also the resin phenols a- and Pheerabomyrrhol, and heeraboresene.
The gum, which has been likened to arabin from
acacia, yields pentosans, galactan, xylan, and
araban; the gum also contains an oxidizing enzyme.
Uses. — Although myrrh has been an important article of commerce from times of greatest
antiquity, it was prized chiefly as a constituent
of incense and perfumes, rather than for medicinal properties. The ancient Greek physicians
used it as a local remedy and apparently also
internally to some extent. It probably does not
possess any important therapeutic virtues which
are not found in many other resinous substances.
Like other oleoresins it is locally stimulating and
may, perhaps, for this reason excite peristalsis
in the alimentary tract; it has been used as an
ingredient of certain cathartic pills and occasionally in atonic dyspepsia. Especially in the form
of the tincture it has been used as a stimulant
and protectant application in diseases of the oral
cavity and as an ingredient of stimulant mouth
washes.
Myrrh has been assigned a dose of 0.3 to 1.2
Gm. (approximately 5 to 20 grains).
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TINCTURE.

N.F.

Prepare a tincture, by Process M (see under
Tinctures), from 200 Gm. of myrrh, in moderately coarse powder, using alcohol as the menstruum to make 1000 ml. N.F.
Alcohol Content. — From 83 to 88 per cent,
by volume, of C2H5OH. U.S.P.
Uses. — Myrrh tincture is used as a local application to stimulate spongy gums, aphthous
sore mouth, and ulcerations of the throat; diluted,
it is employed as a mouth wash in stomatitis and
other affections. Internally it has been used as a
carminative.
Dose, from 1 to 2 ml. (approximately 15 to 30
minims).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
HYDROCHLORIDE.

N.F.

Naepainium Chloride

h<nO
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hours.
Residue on ignition. — Not over 0.1 per
cent. N.F.

[Tinctura Myrrhae]

NAEPAINE

Hydrochloride

COCH 2 CH 2 NH„CH0(CHJ,CH_
2
2
2 3
3

"Naepaine Hydrochloride, dried at 105° for 4
hours, yields not less than 98.5 per cent of C14H22N2O2.HCI. N.F.
Mono • n - amylaminoethyl - p - aminobenzoate hydrochloride.
Amylsine Hydrochloride (Novocol). Formerly called Amylcaine Hydrochloride, but not to be confused with Amyiocaine
Hydrochloride.

This local anesthetic compound may be prepared by reacting />-nitrobenzoyl chloride with
ethylene chlorohydrin to form a p-nitro-P-chloro
ester, which is treated with n-amylamine and the
nitro group reduced to amine to form naepaine
base; the hydrochloride is obtained by neutralization with hydrochloric acid. For details of synthesis see U. S. Patent 2,139,818 (1938).
Description. — "Naepaine Hydrochloride occurs as small, white crystals or as a fine, white
powder. It is odorless and is stable in air. Naepaine
Hydrochloride exhibits local anesthetic properties
when placed on the tongue. Naepaine Hydrochloride is soluble in water and sparingly soluble in
alcohol. It is insoluble in benzene, in chloroform,
and in ether. Naepaine Hydrochloride melts between 175° and 177°." N.F.
Standards and Tests. — Identification. — ( 1 )
A white precipitate forms on adding mercuric
potassium iodide T.S. to a solution of naepaine
hydrochloride. (2) A yellow precipitate is produced with trinitrophenol T.S. (3) Naepaine base
separated from the salt melts between 64° and
66°. (4) An orange colored precipitate forms on
adding betanaphthol and sodium hydroxide T.S.
to a diazotized solution of naepaine hydrochloride.
(5) A yellow oil separates on adding sulfuric acid
and sodium nitrite to an aqueous solution of
naepaine hydrochloride and then heating (distinction from cocaine). (6) Naepaine hydrochloride
responds to tests for chloride. Loss on drying. —
Not over 0.2 per cent, when dried at 105° for 4

Assay. — The assay is performed as for Butethamine Hydrochloride. Each ml. of 0.02 N sulfuric acid represents 5.736 mg. of C14H22N2O2.HC1. N.F.
Uses. — Naepaine hydrochloride is a local anesthetic (see monograph on Local Anesthetics, in
Part II, for a general discussion of this class of
compounds). In common with many other local
anesthetic agents its structure is that of an aminoethanol ester of />-aminobenzoic acid. It differs
from procaine in the presence of the mono-substituted n-amylamino group where procaine has
the more conventional diethylamino group. From
this comparison one might expect a cross-hypersensitivity to this agent in patients who cannot
tolerate procaine and sulfonamides. Although instances of this cross-hypersensitivity are not common, the caution is justifiable on the basis of
cross-sensitivity reactions of p-aminophenyl derivatives. Like procaine, naepaine diminishes the
pressor response to epinephrine in the experimental animal (Butts and Koelle, Anesth. & Analg.,
1040, 19, 309).
As an infiltration and conduction anesthetic
agent it is much more active than procaine and
only about 1.5 times as toxic as the latter compound. However, it is chiefly employed as a
topical local anesthetic in the eye. It does not produce mydriasis or alteration of intraocular tension
(Abramson and Goldberg, /. Pharmacol., 1938,
62, 69). Both Abramson and Goldberg (loc.-cit.)
and Butts and Koelle (Joe. cit.) commented on
the lack of local irritation following application
of naepaine to the eye.
CI"
For production
of corneal anesthesia where
mydriasis is not desired, naepaine hydrochloride
is applied as a 2 or 4 per cent solution, of which
1 or 2 drops is generally adequate.
Storage. — Preserve "in well-closed containers." N.F.
NALORPHINE

HYDROCHLORIDE.
U.S.P.

W-Allylnormorphine Hydrochloride,
Nalorphinium
Chloride

N-CH2CH=CH2

Malline Hydrochloride

(.Merck).

Nalorphine base represents morphine in which
the methyl group has been replaced by allyl
(-CH2CH:CH2). The method of preparation,
utilizing normorphine obtained from morphine,
has been described by Weijlard and Erickson
(J.A.C.S., 1942, 64, 869), also in U. S. Patent
2,364,833 (1944).
Description. — "Nalorphine Hydrochloride occurs as a white or practically white, odorless,
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crystalline powder, slowly darkening on exposure
to air and light. Its solutions are acid to litmus,
having a pH of about 5. One Gm. of Nalorphine
Hydrochloride dissolves in about 8 ml. of water
and in about 35 ml. of alcohol. It is insoluble in
chloroform and in ether, and is soluble in diluted
alkali hydroxide solutions. Nalorphine Hydrochloride melts between 260° and 263°." U.S.P.
Standards and Tests. — Identification. — (1)
An intense purple color is produced at once on
adding a sulfuric acid solution of molybdic acid
to nalorphine hydrochloride. (2) A deep bluish
green color is produced at once on adding a solution of potassium ferrocyanide, containing some
ferric chloride, to a solution of nalorphine hydrochloride. (3)A solution of nalorphine hydrochloride responds to tests for chloride. Specific rotation.— Not less than —122° and not more than
—125°, when determined in a solution containing 200 mg. of nalorphine hydrochloride in each
10 ml., but calculated on the dried basis. Loss on
drying. — Not 'over 0.5 per cent, when dried at
100° in vacuum for 2 hours. Residue on ignition.
— Not over 0.1 per cent. U.S. P.
Uses. — Because of the similarity of its structure to that of morphine and other opiates, nalorphine is classified under the Harrison Narcotic
Act as a narcotic agent; however, its utility is
based primarily on (1) its extremely low order
of narcotic action and (2) its ability to prevent localization of morphine and many pharmacologically related compounds at their site
of pharmacodynamic action or to displace them
therefrom.
Unna (/. Pharmacol., 1943, 79, 2 7) first described the ability of N-allylnormorphine to antagonize the acute depressant or toxic effect of
morphine administered to dogs and cats. Actually,
coadministration of N-allylnormorphine with morphine resulted in a value for acute subcutaneous
toxicity that was less than for either compound
administered alone. Thus, the subcutaneous LD50
for N-allylnormorphine was 670 mg. per Kg.; for
morphine sulfate it was 660 mg. per Kg.; for
morphine sulfate following premedication with
N-allylnormorphine it was 820 mg. per Kg. Hart
and McCawley (ibid., 1944, 82, 339) likewise
observed that N-allylnormorphine antagonized the
respiratory depressant effect of morphine but that
it did not influence markedly its analgesic action.
Gruber and Gruber (ibid., 1953, 109, 157) studied
its ability to antagonize intestinal spasm in dogs
as induced by a number of analgesic agents. They
demonstrated that N-allylnormorphine would
counteract the increased intestinal tonus induced
by morphine, Demerol. Dromoran. Dilaudid,
Metopon, methadone and Nisentil. Thus, the antagonistic action of the compound transcends the
opiates and may be demonstrated for other analgesic agents as well. This evidence indicates that
the antagonistic action of N-allylnormorphine is
not on a chemical basis, since the structures of
the various compounds antagonized differ substantially among themselves. On the other hand,
the antagonistic effect of N-allylnormorphine is
not limited simply to an analeptic action, for as
was indicated above it is capable of inhibiting the
action of a number of agents on intestinal motility
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(Gruber and Gruber, loc. cit.; Winter et al.,
J. Pharmacol, 1954, 111, 152). Similarly, the
compound is capable of blocking effectively the
antidiuretic action of morphine (Winter et al.,
ibid., 1954, 111, 360). Thus, Winter (loc. cit.)
has indicated that N-allylnormorphine probably
competes with the several drugs mentioned at
their sites of action. This might be thought to
constitute a competitive type of inhibition between a natural and a refractory substrate for a
specific component that gives functional definition
to an enzymatic reaction.
Although N-allylnormorphine causes a substantial increase in respiratory rate when administered to patients or laboratory animals depressed
by morphine, it seems not to have a respiratorystimulating effect when administered alone. When
10 mg. of N-allylnormorphine was administered
intravenously to each of 5 symptom-free subjects,
it produced some diminution in respiratory rate
and resting minute volume, sedation, and miosis
(Salomon et al, Am. J. Med., 1954, 17, 214).
On the other hand, when it is administered to
patients heavily narcotized by morphine (Eckenhoff et al, Anesthesiology, 1952, 13, 242; Am. J.
Med. Sci., 1951, 222, 115), Demerol (Eckenhoff
et al, ibid., 1952, 223, 191; Paterson and Prescott, Lancet, 1954, 1, 490), methadone (Eckenhoff
et al, loc. cit.), Dilaudid (Chase et al, J.A.M.A.,
1952, 150, 1103; Bornstein et al, ibid., 1953,
151, 908), Dromoran (ibid.), Pantopon (Eckenhoff et al, Am. J. Med. Sci., 1951, 222, 115) or
heroin (Strober, J.A.M.A., 1954, 154, 327), the
compound produces a marked increase in respiratory rate.
Adriani and Kerr (Surgery, 1953. 33, 731)
studied the effect of N-allylnormorphine as an
antagonist to a number of narcotks in surgical
patients. However, N-allylnormorphine does not
counteract the respiratory depression from all
causes. It has little or no effect on respiratory depression induced by cyclopropane, ether, nitrous
oxide or barbiturates (Eckenhoff et al, Anesthesiology, 1952, 13, 242). In addition to its antagonistic effect on respiratory depression to overdosage or unusual sensitivity to narcotics in adults, the
compound has been found to be particularly useful in counteracting asphyxia neonatorum due to
oversedation of the mother (Eckenhoff et al, Am.
J. Obst. Gyn., 1953, 65, 1269; Paterson and Prescott, Lancet, 1954, 1, 490). Thus, the compound
is recommended for the prevention of asphyxia
neonatorum by injection into the parturient patient just prior to delivery or in the management
of asphyxia neonatorum attributable to narcotic
overdosage.
N-Allylnormorphine has been shown to counteract the profound depressant effect of opiate
poisoning on blood pressure (Eckenhoff et al,
loc. cit.). Since the duration of action is short,
attention should be given to the patient over a
period of time even after apparent effectiveness
of this agent in counteracting morphine or other
opiate-induced intoxication. In some instances the
administration of the agent by venoclysis in a
large volume of saline is recommended. E.
Toxicology. — N-allylnormorphine apparently
has a very wide margin of safety, for no toxic
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effects have been noted following its use. It is
said not to retard labor, nor to affect adversely
uterine tonus or the delivery of the placenta.
Occasionally, high dosages may be accompanied
by dysphoria, miosis, lethargy or mild drowsiness,
and sweating. Nausea, pallor, and hot and cold
flashes sometimes have been observed. In morphine addiction, the administration of N-allylnormorphine may be followed by typical abstinence
changes such as yawning, rhinorrhea, lacrimation,
vomiting and restlessness. These withdrawal symptoms may actually be most alarming to the addict,
since they are immediately precipitated by Nallylnormorphine and to a severe extent (Isbell,
J.A.M.A., 1952, 149, 1220).
Dose. — The usual dose for undue respiratory
depression due to narcotic overdosage is 5 mg.
intravenously, with a range of 5 to 40 mg. This
dosage may be repeated at 10- to 15-minute intervals if required on a symptomatic basis. In
severe respiratory depression the total dosage may
be safely as high as 40 mg. As an emergency
measure in asphyxia neonatorum, the injection
of 0.2 mg. of nalorphine hydrochloride has been
recommended. This dose may be repeated at frequent intervals and, if depression is severe, up to
0.5 mg. may be employed as the initial dose. The
compound is supplied in 1 and 2 ml. ampuls containing 5mg. per ml.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
NALORPHINE HYDROCHLORIDE
INJECTION.
U.S.P.
"Nalorphine Hydrochloride Injection is a suitably buffered, sterile solution of nalorphine hydrochloride in water for injection. It contains not
less than 90 per cent and not more than 110 per
cent of the labeled amount of C19H21NO3.HCI."
U.S.P.
The pH of the injection is required to be between 6.0 and 7.5. The commercially available
injection is stabilized with 0.2 per cent of sodium
bisulfite and buffered with 1.5 per cent of sodium
citrate.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Sizes. — 5 mg. in 1 ml.; 10 mg. in 2 ml.
NAPHAZOLINE

HYDROCHLORIDE.
N.F.

2-(l-Naphthylmethyl) -imidazoline
Hydrochloride,
Naphazolinium Chloride

"Naphazoline Hydrochloride, dried at 105° for
2 hours, contains not less than 98 per cent of
C14H14N2.HCI." N.F.
Privine Hydrochloride (.Ciba).

Hydrochloride
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According to U. S. Patent 2,161,938 (June 13,
1939) this vasoconstrictor may be synthesized by
boiling a mixture of naphthyl-(l)-acetimidoethylether hydrochloride and ethylenediamine in a
medium of absolute alcohol; the residue remaining after distillation of the alcohol is extracted
with benzene, in the presence of potassium hydroxide, to obtain the naphazoline base. The
hydrochloride is the official salt.
Description. — "Naphazoline Hydrochloride
occurs as a white, crystalline powder. It is odorless and has a bitter taste. Naphazoline Hydrochloride isfreely soluble in water and in alcohol.
It is very slightly soluble in chloroform, and
practically insoluble in ether. Naphazoline Hydrochloride melts between 255° and 260°." N.F.
Standards and Tests. — Identification. — (1)
Naphazoline base, liberated with sodium hydroxide T.S., melts between 117° and 120°. (2) A
mauve, crystalline precipitate is produced on adding ammonium reineckate T.S. to a solution of
naphazoline base in a dilute solution of hydrochloric acid. (3) A solution of naphazoline hydrochloride responds to the test for chloride. pH. —
The pH of a 1 in 100 solution in recently boiled
and cooled water is not less than 6.1, and the
solution is clear and colorless. Loss on drying. —
Not over 0.5 per cent, when dried at 105° for 2
hours. Residue on ignition. — Not over 0.2 per
cent. U.S.P.
Assay. — About 300 mg. of naphazoline hydropreviouslyanddried
105° forwith
2 hours,
dissolved chloride,
in water
madeat alkaline
sodiumis
hydroxide T.S. saturated with sodium chloride.
The naphazoline base is extracted into ether, most
of the ether is evaporated, 30 ml. of 0.05 N hydrochloric acid is added and, after evaporating
the remainder of the ether, the excess acid is
titrated with 0.05 N sodium hydroxide, using
methyl red T.S. as indicator. Each ml. of 0.05 N
hydrochloric acid represents 12.34 mg. of C14H14N2.HCI. U.S.P.
Uses. — Action. — A study of the relationship
between chemical structure and pharmacologic
activity of certain derivatives of imidazoline,
undertaken by Hartmann and Iser (Arch. exp.
Path. Pharm., 1939, 192, 141), revealed that
phenyl-substituted alkyl imidazolines almost without exception decrease blood pressure, the most
pronounced effect being obtained with 2-phenylmethylimidazoline (also known as 2-benzylimidazohne), which they called Priscol (official in
U.S.P. as Tolazoline Hydrochloride, see formula)
and in which a C6H5CH2- group replaces the
hydrogen atom in the 2 -position of imidazoline.
If the phenyl group is replaced by a naphthyl
(C10H7-) radical, forming naphthylmethylimidazoline, the resulting derivative — which is the base
of naphazoline hydrochloride — markedly raises
blood pressure, presumably by arterial constriction. Certain other modifications also result in
compounds which elevate blood pressure. Ahlquist
et al. (J. Pharmacol., 1947, 89, 271), reporting
on the pharmacology of Priscol, stated that its
effect on arterial pressure represents the algebraic
summation of two oppossing actions: peripheral
vasodilation and increased cardiac output; in
CI" many dogs a pressor response results but in most
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cats a depressor response is produced. The naphthyl derivative, exactly designated 2-(l-naphthylmethyl) imidazoline, was introduced in America
as a hydrochloride under the name Privine Hydrochloride.
Meier and Muller (Schweiz. med. Wchnschr.,
1941, 71, 554) found that perfusion of the peripheral arterioles with a 1 in 1,000,000 solution of
naphazoline caused an arterial constriction of
about the same degree as a similar solution of
epinephrine; and that the application of a 1 in
5000 solution of naphazoline applied to the cornea
of a rabbit caused marked ischemia. Craver et al.
{Fed. Proc, 1944, 3, 69) found that, in anesthetized dogs, a medium dose of naphazoline
(about 0.005 mg. per Kg.) produced about onethird as much rise in blood pressure as did the
same dose of epinephrine; in larger amounts
naphazoline was much less efficient than epinephrine. They also reported that the compound
is very poorly absorbed through mucous membranes and that therefore its local application has
little or no systemic effect. Yonkman et al.
(J. Pharmacol., 1945, 84, 197) reported that
naphazoline, in adequate dosage, in anesthetized
cats simultaneously elevated arterial tension, retracted the nictitating membrane, induced salivation and dilated the pupil; retraction of the
nictitating membrane seemed to be induced both
cholinergically and adrenergically. Interestingly,
Hazard et al. (Compt. rend. soc. biol., 1952, 146,
181) reported that naphazoline reverses the hypotensive effect of small doses of epinephrine. Moreover, the hypotensive effect of N-isopropylnorepinephrine (Aludrine, Isuprel) is changed to a
hypertensive response following naphazoline; this
reversal is of shorter duration than that of ergotamine but longer than that induced by posterior
pituitary extract.
Therapeutic. — Naphazoline hydrochloride,
when applied to nasal mucous membranes, effects
a prolonged reduction of the local swelling and
congestion. It is used to provide symptomatic
relief of disorders of the upper respiratory tract,
such as nasal congestion of allergic and inflammatory origin, acute and chronic rhinitis, vasomotor
rhinitis, and acute and chronic rhinosinusitis.
Babel (Schweiz. med. Wchnschr., 1941, 71, 561)
used naphazoline hydrochloride in ophthalmologic
practice as a mild mydriatic and as a vasoconstrictor when applied to the conjunctiva or cornea.
Lower doses of atropine are said to be required
to produce mydriasis when administered topically
along with naphazoline (Nordheim, Med. Tydschr.
Geneek., 1953, 97, 1956).
Toxicology. — Schiller (New Eng. J. Med.,
1945, 232, 333) reported that prolonged intranasal use of Privine hydrochloride produced
marked vasomotor reactions and aggravated symptoms of rhinitis, with the initial beneficial results
tending to make patients chronic users; Thomas
and Fabiano (South. M. J., 1946, 39, 658)
ordered 8 patients suffering from allergic rhinitis
to discontinue use of the drug, after which relief
followed. Feinberg and Friedlaender (J. A.M. A.,
1945, 128, 1095) recommended, because of the
frequency of rebound congestion of the mucosa,

that use of Privine hydrochloride in the commonly
used concentrations be discouraged in all cases
where prolonged medication is required. Scheer
(Med. Times, 1946, 74, 197), however, claimed
that Privine hydrochloride is no more prone to
produce secondary congestion than other vasoconstrictors ifproperly used, i.e., not more than
2 or 3 drops in each nostril, with patients being
cautioned not to use the solution too often or too
long.
Privine hydrochloride is marketed in two solutions of 0.1 per cent concentration, one intended
for ophthalmic use and the other for nasal instillation; a0.05 per cent solution, for nasal decongestion especially in children, is also supplied
(for further information concerning these solutions see the following monographs). A nasal
jelly containing 0.05 per cent of Privine hydrochloride in a buffered water-soluble base containing glycerin, tragacanth, and aromatics. and
preserved with thimerosal, is likewise available.
Dose. — For nasal decongestion the 0.05 or
0.1 per cent solution is instilled in doses of
several drops for adults, the strength of solution
used depending on the degree of relief obtained
and the sensitivity of the mucosa of the individual; children should be given the weaker solution. For ocular decongestion 1 to 3 drops of the
0.1 per cent ophthalmic solution is instilled in the
conjunctival sac of the affected eye.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
MILD

NAPHAZOLINE HYDROCHLORIDE SOLUTION.
X.F.

Liquor Naphazolinae Hydrochloride Mitis

"Mild Naphazoline Hydrochloride Solution is
a solution of naphazoline hydrochloride in water
adjusted with suitable buffers and with sodium
chloride and/or potassium chloride to a suitable
pH and tonicity. It may contain a preservative.
It contains, in each 100 ml., not less than 45 mg.
and
N.F. not more than 55 mg. of C14H14N2.HCI."
The N.N.R. gives the composition of 0.05 per
cent Privine Hydrochloride Solution to be as
follows: "A solution containing 0.5 mg. of naphazoline hydrochloride, 2.6 mg. of exsiccated sodium
phosphate, 3.3 mg. of sodium chloride, 2.2 mg. of
potassium chloride, and 7.4 mg. of potassium
biphosphate in each cubic centimeter. Preserved
with thimerosal 1 : 100.000." The solution is stated
to be buffered to a pH of 6.2 to 6.3. Because of
interaction with aluminum, atomizers made of this
material should not be used for the solution.
Uses. — This solution is intended primarily for
use on children, being half the strength of the
strong solution of naphazoline hydrochloride.
Several drops may be instilled into the nostrils
at intervals of several hours. The solution may
be administered to adults when the effect of the
stronger solution is too intense. For indications
see under Naphazoline Hydrochloride.
Storage. — Preserve "in tight, light-resistant
containers." NJ7.
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NAPHAZOLINE HYDROCHLORIDE SOLUTION.
N.F.

Liquor Naphazolinae Hydrochloride Fortis

"Strong Naphazoline Hydrochloride Solution is
a solution of naphazoline hydrochloride in water
adjusted with suitable buffers and with sodium
chloride and/or potassium chloride to a suitable
pH and tonicity. It may contain a preservative.
It contains in each 100 ml. not less than 93 mg.
and
N.F. not more than 107 mg. of C14H14N2.HCI."
Two solutions of 0.1 per cent concentration
of naphazoline hydrochloride are marketed, one
intended for nasal and the other for ophthalmic
application. The composition of the solution for
nasal instillation differs from that of the 0.05 per
cent solution described in the preceding monograph only in containing 3.2 mg. of sodium chloride per ml. of solution, the smaller amount of
salt compensating for the slightly greater osmotic
effect of the higher concentration of naphazoline
hydrochloride.
The 0.1 per cent solution for ophthalmic use is
described by N.N.R. only as "a buffered solution
containing 1 mg. of naphazoline hydrochloride in
each cubic centimeter. Preserved with 0.0065 per
cent methylparaben and 0.0035 per cent propylparaben."
For uses of the solutions described above see
under Naphazoline Hydrochloride.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
NEOARSPHENAMINE.
B.P, LP.
Neoarsphenamina

Neoarsphenamine is no longer official in either
U.S.P. or N.F.; the definition of N.F. IX was as
follows :
"Neoarsphenamine consists chiefly of sodium
3,3' - diamino - 4,4' - dihydroxyarsenobenzene - N methanal sulfoxylate. It contains not less than
19 per cent of arsenic (As). Neoarsphenamine
must be prepared in an establishment licensed for
the purpose by the United States Government
upon recommendation of the Surgeon General of
the United States Public Health Service. Each
lot of the product before being offered for sale
must comply with the toxicity, labeling, and
other requirements of the National Institutes of
Health,
and be released by the Institutes." N.F.
IX.
The B.P. requires neoarsphenamine to contain
not less than 18.0 per cent and not more than
21.0 per cent of As; the LP. limits are 19.0 to
21.0 per cent of As.
I.P. Neoarsphenaminum. Neosalvarsan (Winthrop) .
Novarsenobenzol ; Arsphenamine-S ; Novarsenobenzene; Neo
diarsenol; Neokharsivan. Fr. Diamino-dihydroxy-arsenobenzene-monomethylene-sulfoxylate de sodium; Neotreparsenan;
Rhodarson; Uclarsyl; 914. Cer. Neosalvarsan. It. Diossidiamino-arsenobenzolo-monometilen-solfossilato di sodio; Neoarsfenamina. Sp. Novarsenobenzol ; Neoarsfenamina.

The difficulties and inconvenience involved in
preparing arsphenamine for injection stimulated
research to find a soluble derivative which would
be neutral and effective. The most satisfactory
derivative was one prepared by the reaction of
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arsphenamine with sodium formaldehyde sulfoxylate, yielding a product whose predominant constituent has the formula (NH2)(OH)C6HsAs:As
CeHs (OH) (NH.CH2G.SONa) .
Neoarsphenamine, as the new derivative was called, may also
be prepared directly from 3-nitro-4-hydroxyphenyl-arsonic acid.
That at least two, and probably three, tautomeric forms of sodium formaldehyde sulfoxylate
must exist has been deduced by Jurist and
Christiansen (/. A. Ph. A., 1930, 19, 464). This
finding led these authors to expect a corresponding number of forms of neoarsphenamine.
Myers (/. A. Ph. A., 1930, 19, 1051) discussed
the clinical preparation of solutions and the undesirable variation in potency of the different
neoarsphenamine preparations on the market.
Description. — "Neoarsphenamine occurs as a
yellow powder. It is odorless or has a slight
odor. Its solutions are neutral or slightly alkaline to litmus paper. In the dry state or in solution it is readily oxidized by exposure to the air,
becoming darker and more toxic. Higher temperatures accelerate the oxidation. Neoarsphenamine
is very soluble in water. It is soluble in glycerin,
slightly soluble in alcohol, and almost insoluble
in dehydrated alcohol, in chloroform, and in
ether." N.F. IX. The B.P. specifies that the pH
of a 6.0 per cent solution (w/v) in water is between 7.0 and 9.0.
Standards and Tests. — Identification. — (1)
A heavy precipitate is produced within a minute
on adding 0.5 ml. of diluted hydrochloric acid to
20 ml. of a 1 in 100 solution of neoarsphenamine.
(2) A purple or purplish red color, changing to
dark red, is produced when 2 drops of freshly
prepared ferric chloride T.S. are added to 5 ml. of
a 1 in 1000 solution of neoarsphenamine. (3)
Sulfur dioxide is evolved on heating a mixture
of 10 ml. of a 1 in 100 solution of neoarsphenamine and 10 ml. of diluted hydrochloric acid. (4)
The solution resulting from the assay for arsenic
yields with hydrogen sulfide a yellow precipitate
which is soluble in ammonium carbonate T.S.
Loss on drying. — Not over 1.5 per cent, when
dried in a vacuum desiccator over fresh phosphrous pentoxide. Completeness of solubility. —
A portion of 0.6 Gm. of neoarsphenamine dissolves
completely, within 5 minutes, in 3 ml. of water
in a test tube or small cylinder, gently rotated.
N.F. IX. The B.P. and I.P. tests are similar to
the foregoing; the B.P. sets the limit of loss on
drying at 2.0 per cent.
The N.F. IX and I.P. assays for arsenic are
identical with each other and with the assay
provided by the N.F. X for acetarsone; the
B.P. assay likewise is identical with the one
specified by that compendium for the same substance, but this assay differs from the procedure
employed by the N.F. (for explanation of the
assays see under Acetarsone).
Both the B.P. and the I.P. prescribe essentially
identical biological tests for therapeutic potency,
in which the power of neoarsphenamine to clear
mice infected with trypanosomes is compared
with that of a standard preparation of neoarsphenmine; a test for undue toxicity also is specified
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by both pharmacopeias, this consisting of a comparison of the mortality rates, in mice, resulting
from the administration of the neoarsphenamine
under test and of a standard preparation of the
arsenical.
Schamberg and Kolmer (J.A.M.A., 1933, 100,
180) found that there was a considerable variation in both the toxicity and curative powers of
different commercial brands of neoarsphenamine,
and they recommended that it be biologically
standardized for therapeutic as well as for toxic
properties.
Roth (J. A.M. A., 1922, 88, 1191) observed that
even in sealed ampuls neoarsphenamine undergoes
chemical changes, some samples showing obvious
deterioration in a few weeks. These changes —
which may be manifested by such obvious alterations as lower solubility or difference in color —
take place more rapidly the higher the temperature; he advised, therefore, that the drug be kept
under the same storage conditions as biological
products.
Uses. — Neoarsphenamine was widely employed, before the advent of antibiotics, for the
same purposes as arsphenamine, over which it has
the advantage of not requiring neutralization prior
to injection. Neoarsphenamine is perhaps slightly
less toxic than arsphenamine. It is, however, unstable; solutions must be freshly prepared at the
time of use, and should not be shaken.
In the treatment of syphilis neoarsphenamine
was used in the same manner as oxophenarsine
hydrochloride (q.v.), except for the difference in
dosage. Cook and Campbell (U.S. Nav. M. Bull.,
1936, 34, 97) reported that in over 800,000 injections of neoarsphenamine in the U. S. Navy
the mortality rate was one in 24,458 injections.
The toxic effects are similar to those caused by
arsphenamine (see U.S.D., 24th ed., p. 109 ff.).
Aside from its use as an antisyphilitic, neoarsphenamine has been used in various other diseases
such as amebic dysentery (Bruce. Ann. Int. Med.,
1946, 24, 1025), tularemia (Fisher, /. Indiana
M. A., 1933, 26, 273), Rocky Mountain spotted
fever (Baker, Rocky Mountain M. J., 1938, 35,
36), "eosinophilic pneumonopathy" (Ensign.
J. A.M. A., 1952. 150, 1205), etc. It has been
used also in other spirochetal diseases, such as
yaws, Vincent's fusospirochetosis, Mai del Pinta
(Herrejon, Prensa med. Mexicana, 1945, 10,
137), relapsing fever (Coghill, Lancet, 1951, 1,
604; Agarwal, Indian Med. Gaz., 1951, 86, 446)
and spirochetal rat bite fever.
Dose. — The average dose for an adult male is
450 to 600 mg. (about 7 to 10 grains) and for
an adult female 450 mg. (approximately 7 grains)
intravenously with a range of 150 to 600 mg.
Children may be given 100 to 200 mg. (approximately lyi to 3 grains) with a maximum total
single dose of 15 mg. per kilogram of body weight.
The concentration should not exceed 200 mg. per
ml. of sterile, freshly distilled water but generally
the solution is considerably more dilute. The solution should be discarded if particulate matter
remains visible or if the characteristic canary
yellow color is absent. Only freshly prepared solutions are to be injected and administration must
be slow. Intramuscular injection has been widely

used but the solution is quite irritating. It is
seldom given more often than once a week.
Neoarsphenamine is supplied in ampuls containing 300, 450 and 600 mg., to be dissolved immediately before use.
Labeling. — "The ampul label must bear the
official title, the amount in grams or milligrams of
the Neoarsphenamine contained in the ampul, the
lot number of the product, and the name of the
manufacturer. The label on the outside of the container of one or more ampuls must bear the official
title, the amount in grams or milligrams of the
Neoarsphenamine contained in the individual
ampul, the lot number of the product, the name
and address of the manufacturer, the U. S. license
number of the manufacturer, and the expiration
date for the product. The expiration date (the
date beyond which the contents cannot be expected beyond reasonable doubt to retain its stability) shall not be more than 3 years from the
date of release of that lot by the National Institutes of Health." N.F. IX.
Storage. — "Preserve Neoarsphenamine at a
temperature preferably not above 25° in hermetic
containers of colorless glass, from which the air
has been excluded either by the production of a
vacuum or bv displacement with a non-oxidizing
gas." N.F. IX.
The B.P. requires that neoarsphenamine be
keptused
at aif temperature
that it not
be
it has becomebelow
darker15°in and
color.
C00C2H5

NEOCINCHOPHEN.

N.F.

[Neocinchophenum]
H,C

Tolysin (Lederle); Neoquinophan; Ethyl 6-Methyl-2phenylcinchoninate. Sp. Neocincofeno.

This compound, originally introduced under the
trade name Novatophan (but not identical with
the compound now marketed under this name,
which is the methyl ester of cinchophen) differs
from cinchophen, first, in that one of the hydrogen atoms of the ring is replaced by methyl,
and. second, in that the hydrogen of the carboxyl
is replaced by ethyl.
Neocinchophen may be obtained by passing hydrogen chloride gas through an ethyl alcohol solution of 6-methyl-2-phenylquinoline-4-carboxylic
acid. The resulting ester is precipitated by water
and is subsequently extracted with ether, from
which solution it is crystallized. To prepare 6methyl-2-phenylquinoline-4-carboxylic acid a mixture of pyruvic acid, benzaldehyde and />-toluidine
is interacted in alcohol solution.
Description. — "Neocinchophen occurs as a
white to pale yellow, crystalline powder. It is
odorless and tasteless, is stable in air, but is
affected by light. Neocinchophen is nearly insoluble in water, is soluble in hot alcohol, and is very
soluble in ether and in chloroform. NeochinchoN.F.
and— 77°."
melts between
phen
Standards
and 74°
Tests.
Identification. — (1)
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Iodoform, recognizable by its odor, is produced
on adding 5 ml. of iodine T.S. to 100 mg. of
neocinchophen which has been boiled with 1 ml.
of sodium hydroxide T.S. (2) A yellow precipitate is produced on adding an excess of bromine
T.S., drop by drop, to a solution of 100 mg. of
neocinchophen in 1 ml. of sulfuric acid. (3) A
yellow color is produced on adding a few drops
of ferric chloride T.S. to 5 ml. of a 1 in 100 alcohol solution of neocinchophen (cinchophen produces a reddish brown color). Loss on drying. —
Not over 2 per cent, when dried over sulfuric acid
for 4 hours. Residue on ignition. — Not over 0.1
per cent. Cinchophen. — No precipitate is produced
on neutralizing with hydrochloric acid the filtrate
from a warmed mixture of 500 mg. of neocinchophen with 10 ml. of ammonia T.S. N.F.
Uses. — Neocinchophen has been used as an
analgesic and antipyretic and to increase urinary
excretion of uric acid; its therapeutic uses are
similar to those of cinchophen (q.v.). Because of
the hepatitis which followed use of cinchophen
the U.S. P. deleted this compound and for a time
recognized neocinchophen, but the latter was
deleted as more effective agents became available.
Barber and Gilman (/. Pharmacol., 1935, 55,
100) found neocinchophen to be decidedly less
toxic than cinchophen, and also weaker in its
antipyretic activity. Nevertheless, neocinchophen
has been included in the category of cinchophen
substitutes which have caused jaundice and have
even been fatal (Palmer and Woodall, J. A.M. A.,
1936, 107, 760). Neocinchophen should be discontinued inausea,
f
anorexia or urticaria develops.
McCracken et al. (ibid., 1946, 131, 367) concluded that the beneficial effect of neocinchophen
in acute gout may justify the risk of toxic effects.
Presently, however, colchicine, probenecid, phenylbutazone and corticotropin are in general use for
treatment of gout.
The dose of neocinchophen is 300 mg. (approximately 5grains) up to 4 times daily, but for a
few days only.
Labeling. — In view of the potential dangers of
this drug the U. S. Food and Drug Administration
requires that special attention be called on the
label to its possible harmful effects.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
NEOCINCHOPHEN

TABLETS.

N.F.

[Tabellae Neocinchopheni]

"Neocinchophen Tablets contain not less than
94 per cent and not more than 106 per cent of
the labeled amount of C19H17NO2." N.F.
Assay. — A representative portion of powdered
tablets is treated with petroleum benzin to remove
soluble lubricants, then with chloroform to extract neocinchophen, which is weighed after
evaporating the chloroform. N.F.
Usual Sizes.— 300 and 500 mg. (5 and iy2
grains).
NEOMYCIN

SULFATE.

U.S.P.

"Neomycin Sulfate is the sulfate of an antibacterial substance produced by the growth of
Streptomyces jradice Waksman. It contains an
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amount of neomycin sulfate equivalent to not
less than 60 per cent of neomycin base, calculated
on the dried basis." U.S.P.
Mycifradin

Sulfate

(Upjohn).

History and Production. — Discovery of
streptomycin in 1943 was a long stride forward in
the battle against infectious disease because then,
for the first time, man had available a chemotherapeutic agent capable of effectively inhibiting
gram-negative and acid-fast bacteria. However, it
was soon realized that streptomycin was not the
ultimate answer to the problem of controlling
such pathogens because many of them rapidly
acquired resistance to the antibiotic. Therefore,
workers in many laboratories started searching
for antibiotics that would be effective against
streptomycin-resistant gram-negative and acidfast bacteria.
In 1949, Waksman and Lechevalier (Science,
1949, 109, 305) announced discovery of such an
antibiotic in culture filtrates of an actinomycete
designated as Streptomyces 3535 and later identified as Streptomyces jradice. The culture was
isolated from soil collected in the barnyard of the
New Jersey State Agricultural College. The new
antibiotic was named neomycin. It not only was
active against many streptomycin-resistant strains
of bacteria but had less tendency than streptomycin to induce emergence of resistant strains.
Neomycin is produced industrially by submerged fermentation and subsequent recovery of
the active antibiotic in accordance with the principles outlined in the general article on Antibiotics
(Part II). Details of the discovery, production,
isolation, assay, chemistry, and medicinal application of neomycin have been reviewed by Waksman (Neomycin, 1953, Rutgers University Press).
Chemistry. — Neomycin is the name applied
to a complex antibiotic originally thought to consist of at least four closely related components;
these were designated as neomycins A, B, and C,
and fradicin. Early work on separating the several fractions was done by Swart et al. (Arch.
Biochem., 1949, 24, 92), Peck et al. (J.A.C.S.,
1949, 71, 2590), Regna and Murphy (ibid., 1950,
72, 1045), and Dutcher et al. (ibid., 1951, 73,
1384). The chemical work on fractionating the
neomycin complex and distinguishing its components has been reviewed by Waksman (loc.
cit.). Swart et al. (J.A.C.S., 1951, 73, 3253), on
the basis of distribution studies made with a
Craig countercurrent apparatus, suggested that
there is no such entity as neomycin B and that
in reality it is the neomycin complex lacking the
A component. Later Dutcher and Donin (ibid.,
1952, 74, 3420) suggested that neomycins B and
C are, in reality, identical and that neomycin A
and neamine (a product isolated by hydrolysis of
neomycin with 6 N sulfuric acid) are identical.
Hamre et al. (Antibiot. Chemother., 1952, 2,
135) described a means of differentiating the
neomycin fractions on the basis of comparative
bioassays in broth and on seeded agar plates using
Klebsiella pneumonia, and Bacillus subtilis as
test organisms.
Notwithstanding the fact that several neomycins may exist, the neomycin now regularly
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available for clinical use and distributed as the
water-soluble sulfate appears to be a single entity.
In the following paragraphs the term neomycin
will stand for neomycin sulfate unless indicated
otherwise.
Degradation studies show that neomycin base
is closely related chemically to streptomycin; for
example, hydrolysis of the streptidine moiety of
streptomycin yields l,3-diamino-2,4,5,6-tetrahydroxycyclohexane, whereas degradation of free
neomycin yields the corresponding 4,5,6-trihydroxy
derivative. The complete chemical structure of
neomycin is not known. Van Slyke determinations
suggest that all the nitrogen is present in primary
amino groups (Dutcher et al, loc. cit.) but Leach
et al. (J.A.C.S., 1951, 73, 2797) concluded from
infrared studies that polyamide linkages and some
free amino groups are present in the molecule.
Acid, carbonyl, and methoxyl groups are lacking
(Dutcher et al, loc. cit.).
Description. — "Neomycin Sulfate occurs as
white to slightly yellow crystals or powder. It is
odorless or practically odorless, and is hygroscopic. Its solutions are dextrorotatory. One Gm.
of Neomycin Sulfate dissolves in about 1 ml. of
water. It is very slightly soluble in alcohol and
insoluble
in acetone, in chloroform, and in ether."
U.S.P.
Stability. — Pharmaceutical^ available forms
of neomycin are stable at room temperature.
Solutions are stable over a wide range of pH
values and there is little loss of antibiotic potency
when aqueous solutions are stored at room temperature, even for several months. Simone and
Popino (/. A. Ph. A., 19S5, 44, 275) reported
dilute solutions to be stable up to 2 years at room
temperature. The solutions do darken, however,
and to preserve their pharmaceutical elegance they
should be refrigerated. Simone and Popino found
that use of antioxidants in a solution buffered to
pH 6 to 7 retarded color development.
Neomycin is precipitated from aqueous solutions by sulfonic acids and such compounds should
be avoided in formulating neomycin dosage forms,
such as ointments.
Standards and Tests. — Identification. — (1)
A solution of 5 mg. of neomycin sulfate in 2 ml.
of sulfuric acid is colorless (erythromycin gives
a red-brown solution) ; upon dilution with 3 to 4
volumes of water the solution remains clear
(tyrothricin and gramicidin are precipitated on
dilution). (2) Neomycin sulfate responds to identification tests for sulfate. Loss on drying. — Not
over 8 per cent, when dried in vacuum at 60° for
3 hours. pH. — The pH of a solution containing
33 mg. of neomycin sulfate in each ml. is not less
than 5.0 and not more than 7.5. Safety. — Neomycin sulfate, injected intravenously into mice,
produces no fatalities under the conditions of the
test. U.S.P.
Assay. — Neomycin sulfate is assayed by the
official microbial assay, which may be performed
by observing growth inhibition of Micrococcus
pyogenes var. aureus in a cylinder-plate method
of assay or of Klebsiella pneumonice in a turbidimetric method of assay. U.S.P.
Action. — Neomycin is not destroyed significantly in the gastrointestinal tract but absorption
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from the intestine is limited. Therefore, the oral
route of administration is not suitable for systemic medication but may be used for curtailing
enteric microorganisms. Following parenteral administration inexperimental animals, neomycin
can soon be detected in the blood, spinal fluid, and
urine. The antibiotic does not accumulate in the
tissues and seems to be excreted rapidly (Poth
et al, South. M. J., 1951, 44, 226).
In man, peak plasma levels are generally attained within an hour after intramuscular injection and range from about 4 micrograms following
a dose of 0.66 mg. per Kg. to about 20 micrograms per ml. after a dose of 3.3 mg. per Kg.
Detectable amounts remain in the blood for from
4 to 8 hours following such dosages (Felsenfeld
et al., Am. J. Clin. Path., 1950, 20, 670). Neomycin also appears quickly in the urine, 72 micrograms per mL having been found 2 hours after
injection of 1.16 mg. per Kg.
Uses. — Neomycin is active against numerous
species of gram-positive and gram-negative bacteria and against the acid-fast mycobacteria, including strains of Myco. tuberculosis H37Rv resistant to streptomycin (Waksman et al., Am.
Rev. Tuberc, 1949, 60, 78). In experimental infections with either gram-positive or gram-negative bacteria in animals and against species of
Treponema and against Endamoeba histolytica
neomycin is often more effective than streptomycin. Unfortunately, because of its toxic effects
on the kidneys and on the acoustic nerve, clinical
use of neomycin is not as broad as in vitro tests
and animal experiments suggest it might be.
Waksman (loc. cit.) is of the opinion that "proper
evaluation of the role that this antibiotic will
play in the field of chemotherapy" has been deterred by "uncritical optimism in the lay press"
following its first clinical trials and "contrasting
premature condemnation in medical circles."
Parenteral. — Neomycin was found more effective in extrapulmonary tuberculosis than in advanced pulmonary forms of the disease and was
better tolerated in youthful patients than in older
ones (Felsenfeld et al., Am. J. Trop. Med., 1950,
30, 499; Am. J. Clin. Path., 1950, 20, 670; and
Volini et al, Dis. Chest., 1951, 20, 19). The drug
was ineffective in tuberculous meningitis. Doses
ranged from 0.5 to 2 Gm. daily for from 4 to 7
weeks.
Waisbren and Spink (Ann. Int. Med., 1950, 33,
1099) treated 63 patients harboring varied infections with neomycin, administering 0.5 Gm. intramuscularly 4times daily. Seven patients with
tuberculosis were not improved but among 40
patients with urinary infections due to Proteus
vulgaris, Escherichia coli, Mrobacter cerogenes,
or Pseudomonas ceruginosa, 3 1 were cured in from
3 to 8 days. Also successfully treated were bacteremia due to a gram-negative bacillus, staphylococcic infections, Proteus morganii infections,
and bronchiectasis and peritonitis due to P. vulgaris. The above dosage level maintained a serum
concentration of 10 micrograms per ml.
Kadison et al (J.A.M.A., 1951, 145, 1307)
reported favorable to excellent response of varied
infections, including pulmonary tuberculosis, brucellosis, shigellosis, salmonellosis, and Escherichia,
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JErobacter, or Pseudomonas invasions in 20 of
29 patients treated intramuscularly with neomycin in doses ranging from 200 to 1000 units
(approximately 1 to 5 mg. of neomycin) per Kg.
of body weight. Evidence of acquired resistance
of pathogens during treatment was minimal but
in both of the above series of patients there were
several manifestations of toxicity (see Toxicology
below). A similar, though less extensive, observation was made by Duncan (J.A.M.A., 1951, 145,
75) in curing 10 cases of urinary tract infections
with neomycin; Nesbit et al. (Antibiot. Chemother., 1952, 2, 447) reported success in 12 of 18
chronic infections resistant to other drugs. Waksman {loc. cit.) has reviewed other reports on use
of neomycin in systemic infections. At present,
clinical use of neomycin is limited chiefly to
topical application and, for intestinal disorders or
in intestinal surgery, to the oral route.
Topical. — On the basis of experience with
three different formulations of neomycin used on
264 patients with various pyogenic infections.
Livingood (J.A.M.A., 1952, 148, 334) concluded
that neomycin "is probably the local treatment of
choice in management of cutaneous pyogenic infections except in the case of some infections due
to hemolytic Streptococcus" (see also Arch.
Dermat. Syph., 1954, 69, 43). The preferred
methods of use were as an ointment containing
5 mg. of neomycin per Gm. of petrolatum-lanolin
base or as an aqueous solution (containing 1 to 5
mg. per ml.) applied as a compress, soak, or as
ear drops. They considered results in otitis externa
"particularly impressive." There was no evidence
of sensitization or of primary irritant reactions
but localized cutaneous moniliasis developed in 7
patients after prolonged application of neomycin.
This complication cleared spontaneously when
therapy was discontinued. They suggested addition
of an antimycotic agent to topical neomycin preparations to prevent development of moniliasis.
Similarly, Kile et al. (J.A.M.A., 1952, 148, 339)
"were impressed" by the effectiveness of neomycin ointment (5 mg., or 1000 units, per Gm.)
and the relative absence of irritation when it was
employed in a series of 869 cases. In a series of
675 patients with skin infections they found that
"neomycin was more effective for most skin infections than other topical agents. . . ." Most
cases of pyogenic skin infections showed definite
improvement in 2 to 5 days after start of treatment with the ointment and healing proceeded
satisfactorily. These authors had better results
with a grease-base ointment than with a watermiscible type. Both Livingood et al. and Kile and
associates noted that hemolytic streptococci did
not respond as well as other organisms. Gregory
(/. Maine M. A., 1953, 43, 1) reported rapid
response of erysipeloid in fishermen with neomycin topically and penicillin intramuscularly. In
ophthalmic practice, aqueous solutions containing
40 mg. of neomycin per ml. may be used safely
and effectively (Vogel et al., Am. J. Ophth., 1951,
34, 1357).
To relieve the irritation that often accompanies
ocular infections and may retard healing, in ophthalmic use, hydrocortisone acetate may be added
to neomycin; suitable proportions are neomycin
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sulfate, 5 mg. (equivalent to 3.5 mg. of neomycin
base) and hydrocortisone acetate, 10 mg. per Gm.
of ointment. Topical ointments not intended for
ophthalmologic use sometimes contain in addition
methylparaben, 0.2 mg., and butyl-£-hydroxybenzoate, 1.8 mg.
Enteral. — Neomycin is an effective intestinal
antiseptic. Following oral administration, the antibiotic retains its activity until excreted in the
feces. Hence, in preoperative preparation of the
intestinal tract, the doses remain effective as long
as retained. Several days of conventional sulfonamide treatment may be required to lower the
microflora content of the bowel to the same low
level that is achieved with orally administered
neomycin in a few hours. Virtual elimination of
bacteria may occur in 4 days following oral doses
of 1 Gm. neomycin sulfate per hour for 4 doses
and then 1 Gm. every 4 hours for 4 more doses
(Poth et al., South. M. J., 1951, 44, 226). In
emergency cases calling for immediate surgery,
the bowel may be flooded with a 1 per cent solution of neomycin (Poth, J.A.M.A., 1953, 153,
1516). Joint use of phthalylsulfathiazole may be
useful in preventing outgrowth of resistant ALrobacter cerogenes. The reduction in bacteria may
be followed by a transient rise in the yeast population but this created no clinical problem in 50
cases reported by Davis et al. {Surgery, 1954, 35,
434) in which 1 Gm. every 4 hours was ingested
during the 24 hours before surgery or 4 Gm. was
used 24 hours before operation; a low-residue
diet and daily saline catharsis was used during the
3 preoperative days. Munthe Fog {Acta Chir.
Scand., 1953, 106, 325) advocated joint use of
neomycin (3 Gm.) and bacitracin (3 Gm.) daily
for 3 days. This treatment eliminated all bacteria
from the intestines of the 47 patients studied.
McVay et al. {Am. J. Med. Sc, 1952, 223,
20) treated amebiasis patients with 50,000 units
of neomycin orally every 3 hours for 1 day and
then 50,000 units 4 times daily until a total of
1,600,000 units had been given. Patients became
asymptomatic and clear of amebae and 50 per
cent remained so for a follow-up period of three
months. A second course of treatment cleared the
remainder, following reappearance of amebae in
the stools. H
Toxicology. — The acute toxic dose (LD50)
of neomycin for mice has been reported as 14.8
mg. per Kg. intravenously, 116 mg. per Kg. intraperitoneally, 120 mg. per Kg. subcutaneously, and
more than 2880 mg. per Kg. orally (Spencer et al.,
Fed. Proc, 1950, 9, 317).
Chronic toxicity, when present, is manifest as
renal damage and impaired auditory function. In
humans, partial to total and transient to permanent deafness, vestibular dysfunction, renal damage (with casts in the urine, microscopic hematuria, and albuminuria), and increase in serum
nonprotein nitrogen have been reported following
intramuscular injection of neomycin for several
days (Kadison et al., loc. cit.; Waisbren and
Spinck, loc. cit.; Carr et al., J. A.M. A., 1950, 144,
65). The severity and transientness or permanency of symptoms depend on the duration and
intensity of dosage. Milder symptoms disappear
spontaneously when the drug is withdrawn. A dose
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of 10 mg. per Kg. of body weight per day for 5 to
8 days is usually safe (Pulaski, Pract., 1953, 120,
669).
Applied topically or orally neomycin is not
absorbed and may be used with impunity. It is
relatively nonsensitizing to the skin and even in
the eye seldom causes irritation. However, Poth
{J. A.M. A., he. cit.) decried widespread use of
neomycin topically and advocated that its use be
restricted to "intestinal antisepsis" in order to
avoid as much as possible development of resistant strains of organisms that might eventually
lessen effectiveness of the drug as an adjunct to
intestinal surgery. Thus far there has been little
evidence of acquired resistance to neomycin.
Summary. — Neomycin is a basic, broad-spectrum antibiotic biosynthesized by the actinomycete Streptomyes fradice. The base or one of
the components of the mixture of bases, called
neomycin, probably is related chemically to streptomycin. Stable salts are formed easily; the sulfate is prepared industrially for medicinal use.
Neomycin is absorbed readily following intramuscular injection and is effective in curing many
systemic infections, especially those due to streptomycin-resistant gram-negative bacteria and acidfast mycobacteria. However, because of the ototoxic and nephrotoxic properties of the antibiotic,
it cannot at present be recommended for parenteral systemic effect except in patients with normal renal function having severe infections that
do not respond to other antibiotics and that are
caused by organisms demonstrated to be sensitive
to neomycin in vitro.
Neomycin is not absorbed through the skin and
is extremely useful in pyogenic skin infections.
It is nonirritating and nonsensitizing and is invaluable to dermatologic practice.
Similarly, neomycin, since it is not absorbed
from or destroyed in the gastrointestinal tract,
has a valuable place in preoperative preparation
for intestinal surgery and is useful in treating
salmonellosis, shigellosis, amebiasis, and other
enteric infections. An aqueous suspension with
kaolin, pectin, and methylcellulose is sometimes
used.
Neomycin is not inactivated by other antibiotics and there are available ointments and
troches formulated with neomycin and bacitracin
or gramicidin, or polymyxin. For nasal drops,
neomycin is formulated with bacitracin and a
vasoconstrictor.
Dosage. — The usual dose is 1 Gm. of base
every 4 hours by mouth, with a range of total
daily dose of 4 to 10 Gm. of base. The maximum
single dose seldom exceeds 4 Gm. orally. For external use a 0.5 per cent ointment is employed
and aqueous solutions containing up to 4 per cent
neomycin sulfate are used. Neomycin ointments
may be applied to the skin freely as needed. Solutions containing up to 40 mg. per ml. may be instilled into the eye every two to three hours or as
needed without causing untoward effects. For intestinal disorders in adults, doses ranging from
25 to 75 mg. four times daily generally are sufficient, but may be increased in case of severe infection. For infants 25 mg. four times daily for
five to six days is usually adequate; twice the

infant dose may be used for children from 1 to 5
years
old.
Parenteral
administration for systemic effect is
not indicated except under special circumstances
(see above). When parenteral doses are given,
they should be intramuscular and the daily dose
should be divided into equal portions given at
6-hour intervals. The total daily dose by the intramuscular route should never exceed 2 Gm. Smaller
doses often suffice.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
NEOMYCIN SULFATE OINTMENT.
U.S.P.
"Neomycin Sulfate Ointment contains an
amount of neomycin sulfate equivalent to not less
than 85 per cent of the labeled amount expressed
in terms of neomycin base, the labeled amount
being not less than 3.5 mg. of neomycin base in
each Gm. of ointment." UJS.P.
The U.S.P. allows not more than 1 per cent of
water in the ointment. For uses see under Neomycin Sulfate.
Storage. — Preserve "in collapsible ointment
tubes,
preferablv at a temperature not above
30°." U.S.P.
NEOMYCIN

SULFATE

TABLETS.

U.S.P.
"Neomycin Sulfate Tablets have a potency of
not
less than 85 per cent of the labeled potency."
U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Usual Size. — 500 mg.
NEOSTIGMINE
BROMIDE.
N+(CH3
U.S.P.,)3 B.P., LP.
3-Dimethylcarbamoxyphenyl
tri methyl ammonium
Bromidum]
Bromide, Neostigminium
Bromide, [Neostigmine

0-C-N(CH3)2
0

"Neostigmine Bromide, dried at 105° for 3
hours, contains not less than 98 per cent of C12Hi9BrN202." U.S.P. The B.P. and LP. define
Neostigmine Bromide as the dimethylcarbamic
II
ester of 3-hydrox\rphenyltrimethylammonium bromide, with the same purity rubric as that of the
U.S.P., except that B.P. calculates with reference
to the substance dried to constant weight at 105°,
and the LP. specifies a drying period of 6 hours
I. P. Neostigrnini Bromidum. Prostigmin Bromide
at 100°.
(Hoffmann-La
Roche). Sp. Bromuro de Neostigmina.

The work of Stedman and collaborators (Biochem. J., 1926, 20, 719) demonstrated that the
activity of physostigmine is due largely to the
presence of the methylcarbamic ester group
(CH3NHCOO— ) and that other related com-
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pounds showing cholinesterase inhibitory action
are basically substituted phenyl esters of alkylcarbamic acids. Of the many synthetic compounds
having this fundamental structure which were
subsequently investigated, neostigmine was found
to be particularly effective therapeutically.
Neostigmine possesses a much simpler structure than does physostigmine, being the dimethylcarbamic ester of 3-hydroxyphenyl-dimethylamine. According to Aeschlimann's patent (U. S.
1,905,990, April 1933) it may be prepared from
the potassium salt of 3-hydroxyphenyl-dimethylamine by heating with an equimolecular quantity of dimethylcarbamyl chloride in benzene.
After washing the benzene solution it is distilled
in vacuum to prepare the parent substance, from
which water-soluble addition products are obtained by the use of methyl bromide and dimethyl
sulfate, respectively, yielding the two official compounds. The bromide addition compound is considerably less hygroscopic than the methylsulfate,
and is used in the manufacture of tablets.
Description. — "Neostigmine Bromide is a
white, crystalline powder. It is odorless, and has
a bitter taste. Its solutions are neutral to litmus.
It melts with decomposition at about 167°. One
Gm. of Neostigmine Bromide dissolves in about
1 ml. of water. It is soluble in alcohol. It is practically insoluble in ether." U.S.P.
Standards and Tests. — Identification. — (1)
Following hydrolytic decomposition of neostigmine bromide, in the presence of sodium hydroxide, addition of diazobenzenesulfonic acid T.S.
produces a cherry-red color with the dimethylaminophenol thus produced. (2) A solution of
neostigmine bromide responds to identity tests
for bromide. Loss on drying. — Not over 2 per
cent, when dried at 105° for 3 hours. Residue on
ignition. — Not over 0.1S per cent. Sulfate. — No
turbidity is immediately produced when barium
chloride T.S. is added to a solution of neostigmine
bromide. U.S.P. The B.P. and LP. specify a test
to exclude 3-hydroxyphenyltrimethylammonium
bromide, which requires that 1 Gm. of neostigmine bromide dissolve in 10 ml. of chloroform to
give a clear solution; the LP. also provides a test
for dimethylaminophenol, which specifies that no
color be produced on adding diazobenzenesulfonic
acid T.S. to a cold, alkalinized solution of neostigmine bromide.
Assay. — A solution of about 100 mg. of neostigmine bromide, previously dried at 105° for 3
hours, is dissolved in water, sodium hydroxide
solution added, and the dimethylamine produced
by hydrolysis of the neostigmine distilled into a
boric acid solution. The amine is titrated with
0.02 N sulfuric acid, using methyl red T.S. as
indicator. A blank test is performed on all reagents. Each ml. of 0.02 N sulfuric acid represents
6.064 mg. of Ci2Hi9BrN202. U.S.P. The LP.
assay is similar in principle to that of the U.S. P.,
but the B.P. assay is based on a Kjeldahl determination ofnitrogen.
Uses. — Action. — The physiological action of
neostigmine is very similar to that of physostigmine, causing in the normal animal a slowing of
pulse rate and a fall of blood pressure (which is
independent of cardiac changes), increased in-
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testinal peristalsis, contracted pupils, sweating,
and the other symptoms of parasympathetic stimulation. To a large extent these effects are the
result of inhibition of cholinesterase (see under
Acetylcholine Chloride), as evidenced by the fact
that when mixed with blood it prevents destruction of acetylcholine (see also under Parasympathomimetic Agents and Cholinesterase Inhibitors, in Part II ). Mendez and Ravin (/. Pharmacol., 1941, 72, 80) suggested, however, that
this effect does not completely explain the action
of the drug. They found that in cats the primary
fall of blood pressure was followed by a secondary
rise above normal, and that after administration
of atropine neostigmine produced only a rise. A
systematic pharmacologic evaluation of the relationship of structure to activity for a series of
neostigmine analogs was reported by Randall and
Lehmann (ibid., 1950, 99, 16).
Anticurare Action. — With the development of
curarimimetic agents for use as skeletal muscle
relaxants during surgery neostigmine has found
use as an antidote or antagonist to certain of
these compounds. In this connection it is essential
to recognize the three categories of curarimimetic
agents and consider the utility or contraindications of neostigmine in each. (1) Tubocurarine
and dimethyltubocurarine, which act by inhibiting
acetylcholine depolarization of the skeletal neuromuscular junction, are both antagonized by
neostigmine. Thus, by inhibiting cholinesterase,
neostigmine permits sufficient acetylcholine to
accumulate to overcome the action of tubocurarine. Hunter (Brit. M. I., 1953, 1, 640)
recommended that 1.3 mg. of atropine sulfate be
given with each 2.5 mg. of neostigmine used for
this purpose in order to block its profound visceral
cholinergic effects (bradycardia, intestinal cramps,
etc.). (2) Decamethonium bromide, which paralyzes by blocking the repolarizing of the neuromuscular junction, is not antagonized by neostigmine (Unna et al., J. A.M. A., 1950, 144, 448).
(3) With succinylcholine, which inhibits hydrolysis of the ester linkage of acetylcholine by esterase
and thus delays its metabolic inactivation (see
under Curarimimetic Agents, in Part II), neostigmine is contraindicated. Besides its anticholinergic action, neostigmine directly stimulates
skeletal muscle to contract.
Use for Spastic Muscles. — To explain the
action of neostigmine on muscle spasm of poliomyelitis, Kabat and Knapp (J. A.M. A., 1943, 122,
989) postulated that it acted by stimulating certain neurons in the central nervous system which
were depressed as a result of the disease. But
Kremer (Quart. J. Exp. Physiol, 1942, 31, 337)
and others reported, however, that neostigmine
depressed the central nervous system. Fox and
Spankus (J.A.M.A., 1945, 128, 720) did not observe any beneficial effects from neostigmine in
acute poliomyelitis. Indeed it is difficult to rationalize the use of the drug for this purpose in terms
of the pharmacology which has been established
for it. Perhaps Orth (Wisconsin M. J., 1945, 44,
993) is correct in ascribing such beneficial effects
as neostigmine may appear to exert in this disease to a vasodilator action. Likewise, there appears to be little rationale for use of neostigmine
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in cerebral palsy (Perlstein and Barnett, J. A.M. A.,
1950, 142, 403). Cohen {Rheumatism, 1953, 9,
7) summarized his own experience as well as that
of others on the use of neostigmine or Stigmonene
in rheumatoid arthritis in the observation that
276 cases were benefited and 120 were not. At
best neostigmine has value for symptomatic relief
in cases with muscle spasm and is not a specific
for the disease (Howell, Brit. J. Physical Med.,
1953, 16, 192). A decrease in involuntary activity
of relaxed muscles following neostigmine therapy
was observed in electromyograms by Wrammer
{Acta med. Scandinav., 1950, 138, 1, Supp. 242);
a decrease in deep tendon reflexes was also
described.
Myasthenia Gravis. — This affliction is the
oldest and best established clinical indication for
neostigmine (Walker, Proc. Roy. Soc. Med., 1935,
28, 759); the drug gives strikingly rapid and uniform relief of the serious muscular weakness and
fatigability. Acetylcholine is thought to be necessary for passage of an impulse from nerve to
muscle; in myasthenia gravis an abnormal reaction between acetylcholine and cholinesterase at
the myoneural junction is assumed. Neostigmine
inhibits the cholinesterase activity. To maintain
an even and continuous action the drug is given
orally several times daily at intervals determined
by the response of the patient. In 45 ambulatory
patients Viets {J.A.M.A., 1945, 127, 1089) employed an average dose of 163 mg. of neostigmine
bromide daily by mouth; 15 mg. was sufficient
for some cases, but one patient was given 375
mg. daily. Absorption could be delayed and prolonged by taking food at the same time as the
drug. Riker et al. {Ann. Int. Med., 1951, 35,
463) had a patient who required 1.26 Gm. of
neostigmine daily without toxic side effects but
with poor control of symptoms ; after thymectomy,
which they considered of questionable benefit,
control of the patient was achieved with 336 mg.
during 24 hours with simultaneous administration of the irreversible cholinesterase inhibitor
tetraethylpyrophosphate. Probably the generally
greater utility of neostigmine, as compared with
irreversible inhibitors such as tetraethylpyrophosphate, isattributable to the direct muscle stimulating action of neostigmine which augments normal innervation. Neostigmine is also used parenterally (see Neostigmine Methylsulfate) in myasthenia gravis, as well as in abdominal distention,
urinary retention, poliomyelitis and other neuromuscular disorders.
Miscellaneous Uses. — Neostigmine has been
advocated in an astonishingly wide variety of
conditions: seasickness (Wolf, /. Clin. Inv., 1943,
22, 877), flatulence and heartburn in pregnancy
and other conditions (Wiley, Am. J. Obst. Gyn.,
1946, 51, 221), megacolon (Yeazell and Bell,
Surgery, 1943, 13, 941), post-concussional headache and dizziness (Malone, J. A.M. A., 1942, 119,
861), idiopathic tinnitus aurium (judge. Mil.
Surg., 1942, 90, 177), hyperthyroidism (Bram,
Med. Rec, 1944, 157, 90) and thyrotoxic myopathy (Sheldon and Walker, Lancet, 1946, 1,
342). Pelner and Aibel (/. Lab. Clin. Med., 1942,
27, 1546) treated patients with severe periodic
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headache with desensitizing doses of neostigmine
(see also under Histamine Phosphate). Using an
aqueous solution of 15 mg. of neostigmine bromide in 30 ml., they prescribed doses starting
with 1 drop in a glass of water three times daily
before meals and increased the dose by 1 drop at
each dose until a maximum dose of 30 drops was
reached. They reported benefit in both the histamine cephalgia syndrome and in migraine. Levine
and Blumfield {Ann. West. Med. Surg., 1952, 6,
642) reported on the oral use of neostigmine
bromide in preventing attacks of paroxysmal
supraventricular tachycardia, as recommended by
Pelner {Med. Rec, 1941, 153, 209;. Furman and
Geiger {J.A.M.A., 1952, 149, 269) warned, however, against the serious and possibly fatal outcome of combining neostigmine with methacholine in an attempt to revert paroxysmal supraventricular tachycardia to normal rhythm. These
two drugs have a synergistic action; while each
may be useful by itself, the combination may be
harmfully potent. In glaucoma, a 5 per cent solution of neostigmine is instilled (Linn and Tomarelli, Am. J. Ophth., 1952, 35, 46). In normal
eyes miosis appears in 30 minutes and persists
for 3 hours with a decrease in intraocular pressure and with minimal conjunctival irritation. For
other uses see under Neostigmine Methylsulfate.
Toxicology. — In usual therapeutic doses,
Inglefinger {New Eng. J. Med., 1943, 229, 114)
reported fewer untoward side effects than with
physostigmine although the toxic effects were
similar in comparable doses. No fatalities have
been reported with neostigmine. Untoward effects
are more frequent following parenteral than oral
exhibition. The manifestations are those of cholinergic stimulation: crampy abdominal pain,
fibrillary twitching or spasm of . the skeletal
muscles (watch the face), bradycardia, salivation,
contracted pupils and collapse. The manifestations may be largely prevented or alleviated by
the administration of about 0.6 mg. of atropine
sulfate. Goodman {J.A.M.A., 1937, 108, 965)
ingested 45 mg. at a single dose; symptoms were
severe and were relieved partially by atropine.
Dose. — The usual dose of neostigmine bromide is 15 mg. (about lA grain) by mouth 3 times
daily, with a range of 15 to 30 mg. Except in
unusual circumstances, the maximum safe dose
is 30 mg.. and the total dose in 24 hours generally
does not exceed 100 mg.
Besides the tablet dosage form, neostigmine
bromide is supplied as a 5 per cent solution,
buffered with 1 per cent of boric acid, for ophthalmic use in the treatment of glaucoma {Ophthalmic Solution Prostigmin Bromide).
Storage. — Preserve "in tight containers."
U.S.P.
NEOSTIGMINE BROMIDE
U.S.P. (LP.)

TABLETS.

[Tabellae Neostigmine Bromidi]

"Neostigmine Bromide Tablets contain not less
than 93 per cent and not more than 107 per cent
of theLP.labeled
of Ci2Hi9BrN202." U.S.P.
The
rubricamount
is the same.
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LP. Tablets of Neostigmine Bromide; Compressi Neostigmini Bromidi. Sp. Tabletas de Bromuro de Neostigmina.

Usual Size. — 15 mg. (approximately % grain).

NEOSTIGMINE

METHYLSULFATE.

U.S.P., (B.P.), LP.
Neostigminium Methylsulfate, [Neostigmina;
Methylsulfas]

[C12H19N2O2] + CH3SO4"Neostigmine Methylsulfate, dried at 105° for
3 hours, contains not less than 98 per cent of
C13H22N2O6S." U.S.P. The B.P. and LP. define
the substance as the dimethylcarbamic ester of
3-hydroxyphenyltrimethylammonium methylsulfate, the purity rubric being the same as that of
the U.S. P., except that the B.P. reference state
is
substance
weight dried
at 105°at
andthethat
of the dried
LP. to
is constant
the substance
100° for 6 hours.
B.P. Neostigmine Methylsulphate ; Neostigminae
Methylsulphas. LP. Neostigmini Methylsulfas. Prostigmin Methylsulfate (Hoffmann-La Roche). Sp. Metilsulfato
de Neostigmina.

Description. — "Neostigmine Methylsulfate is
a white, crystalline powder. It is odorless, and has
a bitter taste. Its solutions are neutral to litmus.
One Gm. of Neostigmine Methylsulfate dissolves
in about 10 ml. of water. It is less soluble in alcohol. Neostigmine Methylsulfate melts between
142° and 145°." U.S.P.
Standards and Tests. — Identification. — (1)
This test is the same as identification test (1)
under Neostigmine Bromide. (2) Fusion with sodium carbonate of neostigmine methylsulfate, followed by oxidation with bromine, yields a solution
which responds to the identification test for sulfate. Loss on drying. — Not over 1 per cent, when
dried at 105° for 3 hours. Residue on ignition. —
Not over 0.1 per cent. Chloride. — No opalescence
results immediately on addition of diluted nitric
acid and silver nitrate T.S. to a solution of neostigmine methylsulfate. Sulfate. — No turbidity results immediately on the addition of diluted hydrochloric acid and barium chloride T.S. to a
solution of neostigmine methylsulfate. U.S.P.
Assay. — The several compendia employ the
respective assays described under neostigmine
bromide.
Neostigmine methylsulfate, because of its hygroscopic nature, is not suited for the manufacture of tablets; its solutions, however, are more
stable than those of the bromide.
Uses. — This salt is used parenterally for the
same purposes as neostigmine bromide (q.v.). As
a diagnostic test for myasthenia gravis, Viets
(J.A.M.A., 1945, 127, 1089) injected 1.5 mg. of
neostigmine methylsulfate along with 0.6 mg. of
atropine sulfate; weakness of voluntary muscles
decreased in a few minutes and the patient regained normal ability to move, swallow, etc. In
very severe cases he administered as much as 31
mg. in 24 hours subcutaneously or intramuscularly
in doses of 1.5 to 3 mg. as frequently as every
hour. In 5 per cent dextrose solution it was given
at the rate of 1.5 to 3 mg. per hour by the intravenous drip method.
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Abdominal Distention. — Perhaps the most
important use of neostigmine methylsulfate is to
combat abdominal distention due to paralytic
ileus postoperatively, during pneumonia, etc., in
doses of 0.5 mg. and to treat retention of urine in
similar cases. Spreading peritonitis would seem
to be a contraindication, but O'Connor (TV. Y.
State J. Med., 1945, 45, 1535) used it with benefit in cases of perforated appendicitis with peritonitis. Tractenberg and Oliver (Am. J. Surg.,
1941, 53, 284), Boehme (Surg. Clinics N. America, 1944, 24, 560) and others reported favorably
on the treatment and the prophylaxis of abdominal distention in relation to surgical procedures;
gangrene and mechanical obstruction of the bowel
seem to be the only contraindications. Schiff et al.
(Surgery, 1950, 28, 977) suggested its use to prevent formation of abdominal adhesions after
surgical procedures.
Urinary Retention. — Neostigmine methylsulfate is also used effectively to cause emptying of
the urinary bladder without catheterization, particularly postoperatively (Marden and Williamson, Surg. Gynec. Obst., 1939, 69, 61; and
others). Prophylactically, several injections of
0.25 mg. have been given during the day before
operation and every 4 to 6 hours after operation
for 4 to 6 doses. Patients unable to void after 12
to 18 hours were given three hourly doses in addition. The compound is also used to improve
visualization of abdominal structures in x-ray
examinations of the kidneys, etc., by dispelling
gas collections in the intestine (Farrell, New Eng.
J. Med., 1938, 219, 270), and to aid passage of
ureteral calculi (Higgins, Ann. Surg., 1942, 115,
369). Pelner (Am. J. Digest. Dis., 1942, 9, 417)
used it for non-calculous obstruction of the duct
of the parotid gland.
Neuromuscular Disorders. — Following the
report by Kabat and Knapp (J.A.M.A., 1943,
122, 989) of its beneficial effect in the impaired
function of poliomyelitis a wave of enthusiastic
reports on the use of this drug in all sorts of
neuromuscular disorders appeared. That neostigmine increases the range of motion in many cases
of paralytic poliomyelitis has been confirmed by
many (see Brainerd et al., J.A.M.A., 1945, 128,
718) although the justification of using this drug
in all cases is questioned. If spasm of certain
antagonist muscles is an important factor in the
weakness of some muscles in this disease, which
seems to be true, any agent which will relax the
spasm is certainly indicated. Curare might be expected to cause relaxation of such spasm but neostigmine in large doses tends to cause muscular
twitching and spasm (see under Neostigmine
Bromide). The action on the myoneural junction
and spinal cord and its beneficial action in poliomyelitis and the other conditions is not nullified
by the simultaneous use of atropine (Schweitzer
and Wright, /. Physiol, 1937, 89, 165), whereas
most of the untoward effect (cholinergic) is
abolished by atropine and it is current practice
to inject from 0.43 to 0.65 mg. of atropine sulfate
with each 1 mg. of neostigmine methylsulfate.
Watkins and Brazier (Arch. Phys. Med., 1945,
26, 325) reported decreased activity in electro-
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myographs after the drug. It has also been applied
to the management of the Guillain-Barr6 syndrome (J.A.M.A., 1946, 131, 285). It has been
advocated in spastic cerebral palsy in adults
(Rabat and Jones, J. Nerv. Ment. Dis., 1946,
103, 107) and in children (Jepson, /. Pediatr.,
1946, 28, 65); in chronic (not acute) cases of
rheumatoid arthritis with limitation of motion
(Trommer and Cohen, J.A.M.A., 1944, 124,
1237); joint stiffness after fractures (Kabat and
Jones, Am. J. Surg., 1946, 71, 55); acute and
chronic cervical fibrositis and low back pain (Kabat
and Jones, Arch. Phys. Med., 1945, 26, 691;
ibid., 1946, 27, 208); trigeminal neuralgia and
acute obstructions of the eustachian tube with
deafness (Davis and Rommel, Arch. Otolaryng.,
1939, 29, 751 ; Eye, Ear, Nose & Throat Monthly,
1940, 19, 238). However, Balboni et al. (Am. J.
Med. Sc, 1946, 212, 153) failed to confirm its
value in rheumatoid arthritis.
Neostigmine methylsulfate should be immediately available when curare is used during anesthesia to combat respiratory depression should it
occur (Cullen, Surgery, 1943, 14, 261; J. A.M. A.,
1945, 129, 517). According to Bell and Boone
(J.A.M.A., 1945, 129, 1016) it gave immediate
relief of the syndrome following the bite of the
black widow spider.
Obstetrical Uses. — As a test for pregnancy
and in the treatment of amenorrhea, neostigmine
methylsulfate has been used with considerable
success. Soskin et al. (J. A.M. A., 1940, 114, 2090)
injected 1 mg. and, if necessary, repeated this
dose on the second and third day; in patients
with amenorrhea menstrual flow appeared within
24 to 72 hours unless pregnancy existed. This
procedure did not cause abortion in early pregnancy nor precipitate labor in the latter months;
it may be used for abdominal distention and
urinary retention during the post-partum period.
Xatenchon (West. J. Surg. Obst. Gyn., 1946, 54,
149) claimed this to be a good office procedure
and Corber (Can. Med. Assoc. J., 1945, 53, 67)
and others have confirmed its value. Woodbury
et al. (J.A.M.A., 1945, 128, 585) reported reduction in blood pressure with the drug in some cases
of pre-eclampsia. Slaughter and Munsell (/. Pharmacol., 1940, 68, 104) observed that, although
it has no analgesic effect, it markedly potentiates
the effect of morphine ; they used the combination
effectively during labor (Rocky Mountain M. J.,
1942,39, 24).
Cardiovascular Disorders. — De Takats (Arch.
Surg., 1944, 48, 105) reported that neostigmine
decreased the tendency to intravascular clotting
(thrombosis) during the immediate postoperative
period. In peripheral vascular inadequacy, such as
Raynaud's phenomenon, thromboangiitis obliterans, arteriosclerosis, etc., Perlow (/. Pharmacol.,
1939, 66, 66; J. A.M. A., 1940, 114, 1991) used it
with benefit. In paroxysmal tachycardia, Waldman and Moskowitz (Ann. Int. Med., 1944, 20,
793; see also Goldfinger and Wosika, Am. J.
Med. Sc, 1946, 212, 418) found it useful in both
treatment and prophylaxis (see discussion of
Methacholine Chloride and the warning under
Neostigmine Bromide).
Topical Applications. — Topically, neostigmine

methylsulfate has been used in 2.5 to 5 per cent
solution in the conjunctival sac as a miotic to
decrease intraocular tension in glaucoma (Clarke,
Am. J. Ophth., 1939, 22, 249; Montalvan, ibid.,
1943, 26, 57). In atrophic rhinitis, 0.25 ml. of the
1:2000 solution has been used as a nasal spray 4
times daily after cleansing of the nasal cavity
(Bernheimer and Soskin, Arch. Otolaryng., 1940,
32, 957; Fitzhugh, ibid., 1945, 42, 404), in addition to oral and parenteral exhibition of the drug.
For untoward effects, see discussion under Neostigmine Bromide. [Y)
Dose — The usual dose is 0.5 mg. (about Vko
grain) intramuscularly or subcutaneously every
4 to 6 hours, with a range of 0.25 to 1 mg. The
maximum safe dose is usually 1 mg. and 6 mg. is
not exceeded in 24 hours except under unusual
circumstances. Atropine sulfate must be readily
available for injection when this drug is used.
Storage. — Preserve "in tight containers."
U.S.P.
NEOSTIGMINE
INJECTION.

METHYLSULFATE
U.S.P. (B.P.,I.P.)

[Injectio Neostigmine Methylsulfatis]

"Neostigmine Methylsulfate Injection is a sterile solution of neostigmine methylsulfate in water
for injection. It contains not less than 90 per cent
and not more than 110 per cent of the labeled
amount of C1.3H22N2O6S." U.S.P. The B.P. provides no assay rubric; it is stated that the solution
may be sterilized by heating in an autoclave or
by filtration through a bacteria-proof filter. The
LP. assay rubric is identical with that of the
U.S.P.
B.P. Injection of Neostigmine Methylsulphate ; Injectio
Neostigminae Methylsulphatis. LP. Injection of Neostigmine Methylsulfate; Injectio Neostigmini Methylsulfatis.
Sp. Inyeccion de Metilsulfato de Neostigtnina.

Storage. — Preserve "in single-dose or in multiple-dose containers, protected from fight."
U.S.P.
Usual Sizes. — 0.5 mg. in 1 ml.; 5 and 10 mg.
in 10 ml.
NICOTINAMIDE.

U.S.P., B.P., LP.

Niacinamide, Nicotinic Acid Amide, [Nicotinamidum]

CONH2

"Nicotinamide, dried over sulfuric acid for 4
hours, contains not less than 98.5 per cent of
C6H6N20." U.S.P.
The B.P. and I. P. define Nicotinamide as pyridine-3-carboxylic acid amide, and require it to
contain not less than 98.5 per cent of C6H6ON2;
the reference state of the former compendium is
the substance dried over phosphorus pentoxide at
a pressure not over 5 mm. of mercury for 18
hours, while that of the latter is the substance
dried over sulfuric acid for 4 hours.
Sp. Nicotinamida.

Nicotinamide, which differs from nicotinic acid
in having an NH2 group replacing OH in the
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carboxyl group of the latter, has been prepared
by a variety of methods. The B.P. states that it
may be synthesized by the action of thionyl chloride on nicotinic acid, followed by treatment of
the resulting acid chloride with ammonia. Meyer
(Rec. trav. chim., 1925, 44, 323) obtained it by
passing gaseous ammonia into a suspension of
nicotinic acid anhydride in benzene; LaForge
(J.A.C.S., 1928, 50, 2477) made it by reacting
ethyl nicotinate with concentrated aqueous ammonia at 0°; Keimatsu et al. (J. Pharm. Soc.
Japan, 1933, 53, 994) prepared it by passing ammonia gas into nicotinic acid at 230°, the resulting
amide being subsequently extracted with ethyl
alcohol and benzene.
Description. — "Nicotinamide occurs as a
white, crystalline powder. It is odorless or nearly
so, and has a bitter taste. Its solutions are neutral
to litmus. One Gm. of Nicotinamide dissolves in
about 1 ml. of water, in about 1.5 ml. of alcohol,
and in about 10 ml. of glycerin. Nicotinamide
melts between 128° and 131°." U.S.P. The B.P.
gives the pH of a 10 per cent w/v solution in
water as between 5.5 and 7.5.
Standards and Tests. — Identification. — (1)
A dark blue precipitate is slowly produced on the
addition of cupric sulfate T.S. to the acidified
solution remaining in the distilling flask after the
assay has been completed. (2) Ammonia is
evolved on boiling a solution of 20 mg. of nicotinamide in 5 ml. of sodium hydroxide T.S. (3)
Pyridine is produced when 10 mg. of nicotinamide ischarred on a platinum foil. Loss on drying.
— Not over 0.5 per cent, when dried over sulfuric
acid for 4 hours. Residue on ignition. — Not over
0.1 per cent. Heavy metals. — The limit is 30 parts
per million. Readily carbonizable substances. — A
solution of 200 mg. of nicotinamide in 5 ml. of
sulfuric acid has no more color than matching
fluid A. U.S.P.
The B.P. includes an identity test in which
cyanogen bromide and aniline are added to a solution of nicotinamide to produce a golden-yellow
color. The arsenic limit is 2 parts per million,
and the lead limit 10 parts per million. The LP.
allows up to 30 parts per million of lead.
Assay. — A solution of about 300 mg. of nicotinamide, dried over sulfuric acid for 4 hours, is
made strongly alkaline with sodium hydroxide and
the ammonia thus released distilled into boric
acid solution, the ammonia being titrated with
0.1 N sulfuric acid. A blank test is performed on
all the reagents. Each ml. of 0.1 N sulfuric acid
represents 12.21 mg. of C6H6N2O. U.S. P.
The B.P. and LP. assays are essentially similar
to that of the U.S. P., except that 0.1 N hydrochloric acid and 0.1 N sulfuric acid, respectively,
are employed to collect the ammonia, and the
excess of acid is titrated with 0.1 N sodium
hydroxide.
Uses. — Nicotinamide is chiefly used in place
of nicotinic acid for treatment of pellagra and
other conditions (see Nicotinic Acid) ; it seems to
be equally efficacious (see Alport, Lancet, 1938,
2, 1460). It does not produce the unpleasant
flushing of the skin which is frequent after full
doses of nicotinic acid and, hence, it is ineffective
in those conditions in which nicotinic acid is used
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as a vasodilator. Unna (J. Pharmacol., 1939, 65,
95) found that it was about twice as poisonous
as the acid itself but this seems to have no clinical
significance since doses as large as 500 mg. (approximately 7}igrains) parenterally are usually
well tolerated.
The usual therapeutic dose in cases of nutritional deficiency of nicotinic acid is 50 mg. orally
or parenterally 3 to 10 times daily.
Storage. — Preserve "in tight containers."
U.S.P.
NICOTINAMIDE

CAPSULES.

U.S.P.

"Nicotinamide Capsules contain not less than
95 per cent and not more than 115 per cent of the
labeled amount of C6H6N20." U.S.P.
Usual Size. — 50 mg. (approximately Y\ grain).
NICOTINAMIDE INJECTION.
U.S.P. (B.P., LP.)
Niacinamide Injection, [Injectio Nicotinamidi]

"Nicotinamide Injection is a sterile solution
of nicotinamide in water for injection. It contains not less than 95 per cent and not more than
110 per cent of the labeled amount of C6H6N2O."
U.S.P. The B.P. requires not less than 93.5 per
cent and not more than 105.0 per cent of the
labeled amount of nicotinamide; it is indicated
that the solution may be sterilized by heating in
an autoclave or by filtration through a bacteriaproof filter. The LP. rubric is the same as that
of the U.S.P.
p.P., LP. Injection of Nicotinamide. Sp. Inyeccidn de
Nicotinamida.

All three pharmacopeias require the pH of the
injection to be between 5.0 and 7.0.
Assay. — The U.S.P. assay is that developed
by Goodyear and Murphy (/. A. Ph. A., 1944,
33, 129). This involves a Hofmann reaction of
the nicotinamide with potassium hypobromite to
form 3-aminopyridine, which is diazotized with
sodium nitrite in the presence of sulfuric acid
and the resulting diazo compound coupled with
N-(l-naphthyl)ethylenediamine (as the dihydrochloride) to produce a red dye having maximum
light absorption at 500 m\i. The content of nicotinamide is determined from a standard curve
prepared from data obtained with Nicotinamide
Reference Standard similarly treated. U.S.P.
Goodyear and Murphy found the results by this
method to be reproducible with a precision of
±2 per cent. Nicotinic acid does not interfere
since it does not contain the CONH2 group essential for the Hofmann reaction. Interference
has been encountered with ascorbic acid because
of the utilization of the hypobromite in oxidizing
the acid. Complex vitamin preparations containing
yeast and liver extracts cannot be assayed by this
method because of the presence of interfering
substances, although the method may be used for
qualitative detection of nicotinamide.
The B.P. and LP. assays are based on alkaline
hydrolysis of nicotinamide followed by distillation and titration of ammonia released during
hydrolysis.
Storage. — Preserve "in single-dose or mul-
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tiple-dose
containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 50 and 100 mg. (approximately
Ya and 1^2 grain) per ml. in 1-ml. or 2-ml. ampuls or in multiple dose containers.
NICOTINAMIDE TABLETS.
U.S.P. (B.P., LP.)
Niacinamide

Tablets,

[Tabellae

Nicotinamidi]

"Nicotinamide Tablets contain not less than
95 per cent and not more than 115 per cent of
the labeled amount of CeHeNoO." U.S.P. The
corresponding B.P. limits are 92.5 and 107.5 per
cent, while those of the LP. are 90.0 and 110.0
per cent.
B.P., LP. Tablets of Nicotinamide. LP. Compressi
Nicotinamidi. Sp. Tabletas de Nicotinamida.

Usual Sizes. — 25, 50 and 100 mg. (approximately Yz, Ya and 1>2 grains).
NICOTINIC
Niacin,

ACID.

U.S.P., B.P., LP.

[Acidum Nicotinicum]

COOH

"Nictonic Acid, dried at 105° for 1 hour, contains not less than 99.5 per cent of C6H5NO2."
U.S.P. The B.P. defines Nicotinic Acid as pyridine-3-carboxylic acid and requires it to contain
not less than 99.5 per cent of C6H5O2N, calculated with reference to the substance dried to
constant weight
at 105°.
The LP. with
purityreference
rubric,
otherwise
identical,
is calculated
to the substance dried over sulfuric acid for 3
hours.
0- or 3-Pyridinecarboxylic Acid; P-P Factor. Sp. Acido
Nicotinico.

Nicotinic acid has been known since 1867,
when it was prepared by the oxidation of nicotine.
In 1913 Funk isolated it from rice polishings but
as it was not of value in treating experimental
polyneuritis its importance was not recognized. In
1935 Warburg and Christian found the amide of
nicotinic acid to be a component of a coenzyme
occurring in red blood corpuscles of the horse;
in that same year Euler and associates found the
acid in cozymase, and Kuhn and Vetter isolated
it from heart muscle. Two years later Elvehjem
and his associates identified nicotinic acid amide
as the active constituent of liver concentrates
which had been found to be effective in the treatment of canine black tongue and in a short time
the value of nicotinic acid and its derivatives in
the treatment of pellagra was established. Nicotinic acid is commonly considered to be a member
of the B complex group of vitamins.
Nicotinic acid may be prepared by oxidation
of nicotine with nitric acid or potassium permanganate: inthe reaction the methylpyrrolidine
group attached in the P-position to the pyridine
nucleus of nicotine is oxidized with formation of
a carboxyl group and yielding directly P-pyridinecarboxylic, or nicotinic, acid. Nicotinic acid may
also be prepared by the oxidation of quinoline or
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from pyridine by converting it first to 3-bromopyridine, then to 3-cyanopyridine (nicotinonitrile), followed by hydrolysis to nicotinic acid
(McElvain and Goese, J.A.C.S., 1941, 63, 2283).
According to Elvehjem (Bull. N. Y. Acad.
Med., 1939, 16, 173) the alpha and gamma
isomers of pyridinecarboxylic acid (picolinic and
isonicotinic acids) are therapeutically inert.
The name niacin has been suggested as a more
desirable designation than nicotinic acid in order
that there may be no popular misconception that
the substance has the effect of nicotine.
Description. — "Nicotinic Acid occurs as white
crystals or crystalline powder. It is odorless or
has a slight odor. One Gm. of Nicotinic Acid dissolves in 60 ml. of water. It is freely soluble in
boiling water and in boiling alcohol, and also in
solutions of alkali hydroxides and carbonates. It
is almost insoluble in ether. Nicotinic Acid melts
between 234° and 237°." U.S.P.
Standards and Tests. — Identification. — (l)
A deep red to deep wine red color is produced
when 10 mg. of a mixture of nicotinic acid with
twice its weight of 2,4-dinitrochlorobenzene is
melted by gentle heating, cooled, and 3 ml. of
alcoholic potassium hydroxide T.S. added. (2)
A blue precipitate gradually forms when 3 ml.
of cupric sulfate T.S. is added to a solution of
50 mg. of nicotinic acid in 20 ml. of water neutralized to litmus paper with 0.1 N sodium
hydroxide. Loss on drying. — Not over 1 per cent,
when dried at 105° for 1 hour. Residue on ignition.— Not over 0.1 per cent. Chloride. — The
limit is 200 parts per million. Sidjate. — The limit
is 200 parts per million. Heavy metals. — The
limit is 20 parts per million. U.S.P.
Under tests for identity the B.P. employs one
in which pyridine is produced on heating nicotinic
acid with four times its weight of soda lime;
another test requires that a solution of the acid,
when mixed with solutions of cyanogen bromide
and aniline, produce a golden-yellow color or,
with stronger solutions, a red precipitate. The
arsenic and lead limits are 2 and 10 parts per
million, respectively.
Assay. — About 300 mg. of nicotinic acid,
previously dried at 105° for 1 hour, is dissolved
in water and titrated with 0.1 N sodium hydroxide,
using phenolphthalein T.S. as indicator. Each ml.
of 0.1 N sodium hvdroxide represents 12.31 mg.
of C6H5NO2. U.S.P., B.P., LP.
Uses. — Pellagra, common among the poor in
subtropical countries, has long been associated
with dietary deficiency, particularly where corn
or other foods deficient in tryptophan provide the
chief article of diet. The view that pellagra is an
avitaminosis is mainly attributable to Goldberger
(Pub. Health Rep., 1922, 37, 462; 1924, 39, 87;
1925. 40, 54), who called the essential food factor
the P-P or pellagra-preventive factor. Liver extract was found to be highly effective in treating
pellagra (Fouts et ah, Proc. S. Exp. Biol. Med.,
1936, 35, 245), and the active component in the
liver extract was demonstrated to be nicotinic
acid (Elvehjem and associates, Physiol. Rev.,
1940. 20, 249).
The essential amino acid tryptophan is a precursor of nicotinic acid in metabolism, and pyri-
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doxine and vitamin E seem to be essential for
normal conversion of tryptophan to nicotinic acid.
The daily human requirement for nicotinic acid
has not been conclusively determined. Dann (Fed.
Proc, 1944, 3, 159) believes that less than 10
mg. is probably adequate for an adult. If corn
is the chief article of diet, more than 10 mg.
will be required. The National Research Council
in 1953 placed the requirement at 12 to 16 mg.
daily for a moderately active male and 10 to 12
mg. for a female; 4 to 5 mg. for infants under
one year, 8 mg. for children of 4 to 6 years;
12 mg. for children of 10 to 12 years; 13 mg.
for girls of 13 to 15 years; 19 mg. for boys 16
to 20 years; 15 mg. during pregnancy and lactation (/. A. Dietet. A., 1954, 30, 105).
Pellagra. — The characteristic symptoms of
pellagra are dermatitis, diarrhea, and dementia.
The skin becomes red, resembling sunburn; this
involves chiefly the unclothed areas of the body.
The skin is dry and scaly, and often thin; bullae
may develop in the more severe cases. Lesions of
the skin become dark brown in color and desquamate; scars remain. Histologic examination of
the skin shows dyskeratosis and atrophy of the
epidermis, inflammation of the cutis and, later,
increased pigmentation (Arch Dermat. Syph.,
1942, 46, 100). The tongue and mouth become
scarlet-red in color and swollen, so that indentations are seen where the teeth have been in
contact with the tongue; large, red, fungiform
papillae may stand out over the dorsum of the
tongue; later there is atrophy of both the fungiform and filiform papillae and the tongue may
appear pale and smooth; multiple deep fissures
often form (South. M. J., 1945, 38, 111; Can.
Med. Assoc. J., 1945, 52, 227). A watery diarrhea
is usual. Headache, vertigo, insomnia, depression,
irritability and loss of memory usually precede
the dementia (Am. J. Med. Sc, 1940, 199, 268).
Peripheral neuritis may occur (Am. J. Med. Sc,
1940, 199, 840).
Pellagra often develops secondary to many
other diseases (Bean, Spies and Blankenhorn,
Medicine, 1944, 23, 1) which interfere with the
intake, absorption or utilization of nicotinic acid.
A red pigment may appear in the urine in
instances of deficiency of nicotinic acid; this
pigment was at first thought to be a porphyrin
(Am. J. Med. Sc, 1943, 205, 209) but it is
probably urosein (Am. J. Med. Sc, 1940, 199,
853).
Vilter and Spies (J. A.M. A., 1939, 112, 420)
demonstrated that nicotinic acid is not utilized
as such by the body; it is important as a component of the enzyme systems. In the form of
its amide nicotinic acid combines with phosphoric
acid, adenine and ribose to form two coenzymes
which are used for transferring oxygen in the
fundamental oxidative processes of the cells.
One of these coenzymes is diphosphopyridine
nucleotide, also known as coenzyme I, cozymase,
codehydrogenase I, and DPN ; its structure includes one molecule each of nicotinamide and
adenine, two molecules of r>ribose, and two molecles of phosphoric acid. The other is triphosphopyridine nucleotide, also known as coenzyme II,
codehydrogenase II, Warburg's yellow enzyme
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co ferment, and TPN; its structure differs from
that of diphosphopyridine nucleotide only in containing three, rather than two, molecules of phosphoric acid. The two coenzymes function as
prosthetic groups of a large variety of metabolic
enzymes; in participating in biochemical oxidative processes they appear to act by accepting
two atoms of hydrogen at the double bond attached to the pyridine nitrogen atom of the
nicotinamide component, forming dihydrocoenzyme I and dihydrocoenzyme II, respectively,
which are subsequently reoxidized back to coenzyme Iand coenzyme II.
Nicotinic acid seems to be essential for the
normal functioning of all cells and it is particularly important in the conversion of carbohydrates
into energy (Sydenstricker, Arch. Int. Med., 1941,
67, 746). Although a decrease in coenzyme I
has been reported in the blood, liver and muscles
in nicotinic acid deficiency, this has not been
confirmed by others (see Sydenstricker). Najjar
and Wood (Proc. S. Exp. Biol. Med., 1940, 44,
386) reported the presence in urine of a substance, subsequently designated F2 and shown to
be N1-methylnicotinamide, which possesses a
bluish fluorescence in ultraviolet fight when
treated with alkali and butanol; this substance
was shown to be absent in nicotinic acid deficiency and to vary with the intake of nicotinic
acid or nicotinamide. Previous methods measured trigonelline in the urine (Perlzweig et al.,
I.A.M.A., 1942, 118, 28); Huff and Perlzweig
(/. Biol. Chem., 1943, 150, 395) showed that
the trigonelline method measured F2. Xanthurenic
acid is formed in the transformation of tryptophan to nicotinic acid and in nicotinic acid deficiency states a decrease in urinary N1-methylnicotinamide is associated with excretion of
xanthurenic acid. For diagnosis of nicotinic acid
deficiency Najjar advocated administration of
100 mg. of nicotinamide orally and the determination of the amount of F2 excreted in the urine
during the next 4 hours (Bull. Johns Hopkins
Hosp., 1944, 74, 392, 400); in the normal individual from 2.1 to 4 mg. of N-methylnicotinamide
chloride will be excreted. Coulson, Ellinger and
Smart (Brit. M. J., 1945, 1, 6) made a similar
report; Mickelsen and Erickson (Proc S. Exp.
Biol. Med., 1945, 58, 33) confirmed these reports,
but were unable to distinguish between individuals receiving 0.12 and 10.12 mg. of nicotinamide
daily, or between an intake of 12.4 and 22.4 mg.
daily. Beyer et. al. (Am. J. Physiol., 1950, 160,
311) found that N-methylnicotinamide was excreted by the combined processes of glomerular
filtration and tubular secretion. Najjar et al.
(Bull. Johns Hopkins Hosp., 1945, 76, 83) demonstrated that the liver in the dog is capable of
methylating nicotinamide to an appreciable degree
in vivo and that humans with diseases of the liver
appear to show a diminution of their capacity to
methylate a given dose of nicotinamide. Swendseid et al. (Proc S. Exp. Biol. Med., 1951, 78,
230) found no defect in the ability of treated
or untreated patients with pernicious anemia to
methylate nicotinamide.
The effect of nicotinic acid in pellagra is most
dramatic. Patients tortured with inflamed skins
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and mucous membranes, almost comatose, become mentally alert and comfortable, with their
eruptions rapidly fading, within 24 hours after
injection of the drug (Spies et al., J.A.M.A.,
1938, 110, 622). It should be emphasized that
multiple deficiency usually exists and that nicotinic acid alone will not produce a complete cure.
In spite of the efficacy of nicotinic acid in pellagra, Remington (South. M. J., 1944, 37, 605)
stated that pellagra remains an enigma; the incidence of the disease remains high, although the
mortality in 13 of the southern states of the
U. S. A. decreased 77 per cent between 1928 and
1940. Robert and Najjar (Bull. Johns Hopkins
Hosp., 1944, 74, 400) reported a case of pellagra
developing in a child receiving a yeast extract
daily, representing thiamine, 0.3 mg., riboflavin,
10 mg., and nicotinic acid, a trace.
Gillman and Gillman (J.A.M.A., 1945, 129, 12)
concluded that administration of vitamins in
severe nutritional edema associated with pellagrous lesions hi infants can be extremely dangerous and is contraindicated; in such cases desiccated stomach was the most effective remedy.
The syndrome included marked edema, hypoproteinemia and feces containing increased amounts
of unsplit fat. This syndrome is presently referred to as kwashiorkor and appears to be associated with a diet deficient in protein, particularly
animal protein, but sufficiently high in carbohydrate to provide a fairly adequate caloric
intake (Trowell, Ann. N. Y. Acad. Sc, 1954, 57,
722); these cases show fatty infiltration of the
fiver in contrast to cases with deficiency of total
calories but relatively balanced intake of protein,
carbohydrate and fat. In kwashiorkor both the
endocrine and exocrine glands as well as the fiver
are damaged. The Gillmans' observations, by repeated biopsies on the fiver in their cases, present
information of the greatest clinical importance
regarding fatty infiltration, fibrosis and necrosis
(Gillman and Gilbert, Ann. N. Y. Acad. Sc, 1954,
57, 737).
The greater incidence of pellagra in corneating populations has long been recognized.
Goldberger observed that protein was beneficial
in pellagra, especially in the form of the amino
acids tryptophan and cystine. Handler (Proc. S.
Exp. Biol Med., 1943, 52, 263) reported that
nicotinic acid deficiency in dogs (black tongue)
cannot be produced unless corn is included in
the diet. Elvehjem and his associates (/. Nutrition, 1942, 23, 417) pointed out that: (1) the
corn-containing, pellagra-producing diet may contain more nicotinic acid than a non-pellagra producing diet composed of milk, eggs, oats, etc.;
(2) a high intake of nicotinic acid will neutralize
the effect of corn (Proc. S. Exp. Biol. Med.,
1945, 58, 334); (3) in rats, although pellagra
does not develop on a diet low in nicotinic acid,
failure of growth occurs and the addition of nicotinic acid permits growth (Science, 1945, 101,
283) ; (4) tryptophan will likewise counteract the
effect of "grits" in the diet of the rat (Science,
1945, 101, 489). Elvehjem suggested that corn
impairs synthesis of nicotinic acid by intestinal
bacterial flora and Ellinger and Coulson (Nature,
1944, 154, 270) reported that the administration
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of sulfasuxidine, but not of sulfathiazole, decreases the amount of N-methylnicotinamide
chloride in the urine of humans. On the other
hand, Handler and Dann (/. Biol. Chem., 1942,
146, 357) observed that on a purified diet containing 10 per cent of casein, the addition of 1
per cent of nicotinamide inhibited the growth of
rats while the use of 1 per cent nicotinic acid
did not affect growth but caused fatty liver. They
believe that the fatty liver arises from the loss
of methyl groups resulting from the excretion of
the nicotinic acid or amide as trigonelline in the
urine (see also Najjar's work above) ; both
growth inhibition and fatty liver could be prevented by the use of methionine or choline and
homocystine with excretion of trigonelline being
further increased. Fatty fivers did not occur
unless growth occurred. These findings were confirmed by Foa (Proc. S. Exp. Biol. Med., 1944, 1,
55). The Gillmans made similar observations in
the child with pellagra; all 7 cases treated with
vitamins died with the liver being more fatty
than on admission; only 2 of the 7 treated with
liver extract died but after 3 weeks of treatment,
with marked clinical improvement, fatty liver
still persisted; after 10 Gm. of desiccated stomach
was adminstered daily for only 5 days fatty
change in the liver had all but cleared in 10 days.
Both Spies (Proc. S. Exp. Biol. Med., 1934, 32,
328) and Sydenstricker (Am. J. Med. Sc, 1936,
192, 1; 1939, 197, 755) and their associates reported that normal gastric juice or desiccated
stomach was effective in the treatment of human
pellagra. In adult pellagrins the Gillmans reported
that nicotinic acid removes fat from the liver
(Nature, 1944, 154, 148) but leaves a massive
deposition of pigment in the liver cells. The
interrelation of calories, vitamins, essential amino
acids, etc., cannot be neglected in practical therapeutics. Imbalance in the supply of the several
factors of the vitamin B complex may prove
very serious in animals (Morgan, Science, 1941,
93, 261) or man (Lehmann and Nielsen, Acta
med. Scandinav., 1939, 99, 577).
Alcoholism. — The typical clinical manifestations of pellagra have long been recognized in
the chronic alcoholic. Jolliffe (J.A.M.A., 1940,
114, 307) and Cleckley (J. A.M. A., 1939, 112,
2107) and their associates characterized delirium
tremens and other states of postalcoholic stupor
as an encephalopathy due to a sudden and almost
complete deficiency of nicotinic acid; time is
insufficient for the dermatitis and other manifestations ofpellagra to have developed. Jolliffe
and his associates (Quart. J. Stud. Alcohol, 1941,
2, 73) ascribed the Wernicke syndrome of polioencephalitis superior — delirium, exhaustion, headache, bilateral ophthalmoplegia with ptosis, optic
neuritis, muscular weakness and ataxia, stupor
and death in 1 or 2 weeks — to acute deficiency.
Gottlieb (Brit. M. J., 1944, 1, 392) described
aniacinosis, an acute deficiency of nicotinic acid,
as mental confusion, delusions, hallucinations,
stupor, manic excitement and confabulation; these
cases may show a fiery-red, "toxic" tongue without loss of papillae. Their condition is seriously
aggravated following parenferal administration of
saline or glucose solutions or of sedatives; death
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is frequent in 4 or 5 days due to "bronchopneumonia." Acute aniacinosis must be considered in
the differential diagnosis of uremia, cerebral accident, arteriosclerotic dementia, tumor of the
frontal lobe, bromide poisoning and syphilis of
the central nervous system. Doses of 100 mg. of
nicotinic acid orally every hour for 10 doses daily,
or intravenously as the amide up to 1 to 2 Gm.
daily for 3 to 5 days, are necessary in stuporous
cases. In these severe conditions at least 25 mg.
of thiamine should also be given daily and a high
vitamin and protein diet prescribed as rapidly as
the patient can eat.
Miscellaneous Applications. — Secondary invasion of spirochetes and fusiform bacilli and of
fungi in the stomatitis of pellagra is frequent and
this Vincent's infection responds to the administration of nicotinic acid but, in the absence of
deficiency, no effect can be expected in Vincent's
angina (King, Dentistry, 1943, 3, 696). Dysphagia
in pellagrins, but not that associated with other
diseases, responded rapidly to treatment with
nicotinic acid and other members of the vitamin B
complex (Fisher, South. M. J., 1944, 37, 446).
Pellagra, pernicious anemia and sprue appear to
be allied diseases in which both malnutrition and
liver insufficiency are concerned (Harris and
Harris, Am. J. Digest. Dis., 1942, 9, 29).
P. Gyorgy discussed the effect of diet (Am. J.
Clin. Path., 1944, 14, 67) and antibiotics (Ann.
N. Y. Acad. Sc, 1954, 57, 925) on liver injury.
Nicotinic acid is used in the treatment of acrodynia (Pract., 1941, 146, 264), lupus erythematosus disseminatus (Klin. Wchnschr., 1939,
18, 1117), achlorhydria gastrica (Med. Clin.
North America, 1943, 27, 379), typhoid fever
(/. Indian M. A., 1943, 13, 74), and amblyopia
(Lancet, 1944, 1, 528). The skin lesions often
associated with diabetes mellitus, such as the
monilia infections, are related to a deficiency of
nicotinic acid which causes an increased vulnerability of the skin (New Eng. J. Med., 1942, 227,
893); nicotinic acid has been found to be effective therapy. Castle and his associates (Science,
1944, 100, 81) confirmed previous reports that
nicotinic acid is not the extrinsic factor concerned
in pernicious anemia, and Sydenstriker and his
colleagues (Am. J. Med. Sc, 1939, 197, 755) reported that liver extract prepared from an untreated pellagrin was effective in treatment of
pernicious anemia but not in the treatment of
pellagra. Nicotinic acid has been advocated in
the treatment of angina pectoris (v.i.) but the
cardiovascular disturbances in pellagra have been
ascribed to an associated deficiency of thiamine;
Rachmilewitz and Braun (Am. Heart J., 1944, 27,
203) reported 2 cases in which T-wave changes in
the electrocardiogram were corrected by the administration ofnicotinic acid alone. The content
of coenzyme I in muscle is diminished in conditions of nicotinic acid deficiency (J. Biol. Chem.,
1941, 138, 667, 676) and it is markedly diminished inthe myocardium of animals following ligation of the coronary artery (Am. Heart J.,
1945, 29, 384).
Vasodilator Action. — Even therapeutic doses
of nicotinic acid produce unpleasant flushing,
especially in the "blush area" of the face and
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neck, with heat and itching, which are sometimes
accompanied by sweating, nausea, abdominal
cramps and, after intravenous injection, occasionally acceleration of the pulse; however, no serious
symptoms have been observed in humans. Chen
et al. (Proc. S. Exp. Biol. Med., 1938, 38, 241)
found that doses of 2 Gm. daily for 12 to 20 days
were lethal for dogs weighing 14 to 15 Kg. The
intravenous injection of 0.5 Gm. per Kg. causes
rise of blood pressure (McCrea, /. Pharmacol.,
1938, 63, 25) but Unna (ibid., 1939, 65, 95) believes this is due to an acid reaction, as sodium
nicotinate had no such effect. Despite the flushing of the face, Elkin and Cooper (Surgery, 1951,
29, 323) were unable to demonstrate any increase
in blood flow in the muscles of the leg after intravenous injection of nicotinic acid in normal
humans or those with peripheral vascular insufficiency as measured by the rate of disappearance
of radioactive Na24Cl previously injected into
the muscle. Schulze (Klin. Wchnschr., 1952, 30,
8) found no increase in skin temperature of the
fingers or toes after oral or intravenous administration of nicotinic acid or sodium nicotinate, respectively, although the ear became warmer.
In addition to the use of nicotinic acid for the
correction of primary or secondary deficiency of
this substance in disease, it has been employed in
the management of several conditions for its vasodilating action; nicotinic acid amide does not
induce this vasodilatation (Bean and Spies,
J.A.M.A., 1940, 114, 439; Field and Robinson,
Am. J. Med. Sc, 1940, 199, 275). In addition
to the increased blood flow in the skin, dilatation
of piarachnoid blood vessels was observed
(Moore, Arch. Int. Med., 1940, 65, 1) and increased intracranial blood flow was demonstrated
(Arch. Neurol. Psychiat., 1941, 46, 649) but there
is no increase of flow to the brain itself (Scheinberg, Circulation, 1950, 1, 1148) and it is questionable ifthere is significant increase in circulation to the viscera. Improvement in some cases
of mental depression (Washburne, Ann. Int. Med.,
1950, 32, 261) and of depressed senile psychoses
(Gregory, Am. I. Psychiat., 1952, 108, 888) is
reported. Levy (J.A.M.A., 1953, 153, 1260) recommended 200 mg. pentylenetetrazol and 100 mg.
nicotinic acid three times daily by mouth in the
minor psychotic manifestations of senility. Moore
(loc cit.) reported that nicotinic acid injected
intravenously or intramuscularly along with thiamine was beneficial in patients with multiple
sclerosis and is a much simpler and less dangerous
procedure than fever therapy.
Atkinson employed nicotinic acid intravenously
and then orally and intramuscularly in the management of Meniere's syndrome (Arch. Otolaryng., 1944, 40, 101) and migraine (Ann. Int.
Med., 1943, 18, 797, and 1944, 21, 990); he believes that both these syndromes result from
vascular disturbances of one of two types: (1) a
primary vasodilatation followed by focal edema in
the brain (migraine) or labyrinth (Meniere's) or
(2) a primary vasoconstriction causing scotoma
(migraine) or vertigo (Meniere's) followed by
vasodilatation which produces headache. Atkinson found that patients in the first group give a
large and immediate reaction to the intradermal
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injection of histamine and respond well to the
elimination of an allergen, if present. The second
group are aggravated by histamine therapy but
benefited by a vasodilator such as nicotinic acid.
Kodicek et al. (Proc. Roy. Soc. Med., 1950, 43,
283) confirmed these observations in cases of
Meniere's syndrome. Grenfell (Am. Pract. Dig.
Treat., 1949, 3, 543) reported relief of migraine
in 13 of 15 cases with flushing doses given intravenously. Browne (/. Allergy, 1942, 14, 19)
denied the validity of the intracutaneous test in
distinguishing these clinical types. Some cases of
tinnitus aurium (Atkinson, Ann. Otol. Rhin.
Laryng., 1944, 53, 742) and of eighth nerve deafness (Selfridge, ibid., 1939, 48, 39) were benefited by nicotinic acid.
Nicotinic acid may be of benefit in the management of allergic asthma (/. Allergy, 1942, 13,
397; Brit. M. J., 1943, 1, 600); in combination
with calcium lactate orally better results than
with either alone were obtained in cases of urticaria (/. Allergy, 1944, 15, 141). Lynch (Arch.
Dermat. Syph., 1940, 42, 481) reported improvement in 55 per cent of cases of adolescent acne
vulgaris. Some cases of dermatitis herpetiformis
responded to nicotinic acid but not to nicotinamide
(Johnson and Binkley, /. Invest. Dermat., 1950,
14, 233).
In dysmenorrhea, Hudgins (Am. Pract. Dig.
Treat., 1952, 3, 892) reported relief with 100 mg.
twice daily by mouth and every 3 hours when
cramps were present.
Nicotinic acid decreased cyanosis and sensitivity to cold in patients with frostbite (Presse
med., 1942, 50, 62 7). Ingram (Brit. M. J., 1949,
2, 1284) used it in chilblains. Nicotinic acid has
been advocated for trigeminal neuralgia (Lancet,
1941, 2, 555) and for the untoward effects of the
sulfonamide drugs (Lancet, 1943, 1, 810).
Esters of nicotinic acid are used in ointments
for topical application to produce warmth and
redness of the skin in rheumatic disorders. Methyl
nicotinate, a water-soluble, crystalline solid melting at about 42°, is one of the more commonly
employed esters, being used in concentrations up
to 5 per cent. Benzyl nicotinate is used similarly.
Tetrahydrofurfuryl nicotinate, available in a 5
per cent cream under the trade-mark Trafuril
(Ciba), is used as a rubefacient application but it
has been observed that when applied over affected
joints, forearm or chest of patients with active
rheumatoid arthritis little or no erythema is produced (Nassim and Banner, Lancet, 1952, 262,
699). Streitfeld and Saslaw (Proc. S. Exp. Biol.
Med., 1953, 84, 629) found that while a 5 per
cent petrolatum-lanolin ointment of Trafuril
causes localized cutaneous hyperemia or edema or
both in healthy children or those with congenital
or nonrheumatic heart disease, patients with active rheumatic fever, tonsillitis, or a streptococcal
sore throat either fail to react or respond with
blanching or very faint hyperemia.
Therapeutic value of nicotinic acid in angina
pectoris was reported by Neuwahl (Lancet, 1942,
2, 419) and others but neither Stokes (Brit.
Heart J., 1944, 6, 157) nor Hurxthal and Wilson
(Lahey Clin. Bull, 1944, 3, 237) found it of any
value in decreasing the severity or the frequency
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of attacks. Goldzieher and Popkin (J. A.M. A.,
1946, 131, 103) reported successful results in
treating severe headache by intravenous injection
of 100 mg. of nicotinic acid in the form of the
sodium salt. Stefanini (Am. J. Digest. Dis., 1950,
17, 337) described an increase in the flow of bile
from the bile ducts of normal humans and patients with hepatic disease following intravenous
injection of 30 mg. of sodium nicotinate. S
Dose. — The usual therapeutic dose of nicotinic
acid is 50 mg. 3 to 10 times daily by mouth or
parenterally. The range of dose is up to 500 mg.
daily. Larger doses have been given but are probably unnecessary. The minimum daily nutritional
requirement is 15 mg. for an adult (v.s.). The
dose of nicotinic acid should be individualized. It
may be administered in a 1 per cent solution in
physiological saline solutions intravenously in
doses of 50 to 200 mg. or more daily divided into
2 or more portions. Hypodermic administration
is practical. Parenteral administration is indicated
in cases with severe diarrhea or other instances of
poor intestinal absorption. For children up to 6
years of age, 10 mg. tablets may be given every
hour for 10 doses daily; for children 6 to 12 years
of age, 20 mg. tablets may be given every hour.
Storage.
ers." U.S.P. — Preserve "in well-closed containNICOTINIC
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CAPSULES.

N.F.

"Nicotinic Acid Capsules contain not less than
95 per cent and not more than 110 per cent of the
labeled amount of CeHsNOV N.F.
For tests and explanation of assay see Nicotinic
Acid Tablets.
Usual Sizes. — 25, 50, and 100 mg. (approximately }i,}i, and 1^ grains).
NICOTINIC

ACID

INJECTION.

U.S.P.

"Nicotinic Acid Injection is a sterile solution
of nicotinic acid in water for injection prepared
with the aid of sodium carbonate or sodium hydroxide. It contains not less than 95 per cent
and not more than 110 per cent of the labeled
amount of C6H5N02." U.S.P.
For tests and explanation of assay see Nicotinic
Acid Tablets.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Size. — 100 mg. in 10 ml.
NICOTINIC ACID TABLETS.
U.S.P. (B.P.)
[Tabellae Acidi Nicotinici]

"Nicotinic Acid Tablets contain not less than
95 per cent and not more than 115 per cent of the
labeled amount of C6H5N02." U.S.P. The B.P.
limits are 92.5 per cent and 107.5 per cent,
respectively.
B.P. Tablets of Nicotinic Acid. Sp. Tabletos de Acido
Nicotinico.

Assay. — A solution representing 5 meg. of
nicotinic acid is interacted with cyanogen bromide, which produces with nicotinic acid a yellow
color, the intensity of which is compared, in a
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photoelectric colorimeter at 450 mn, with that of
a standard containing 5 meg. of Nicotinic Acid
Reference Standard, similarly treated. U.S.P. The
B.P. extracts nicotinic acid, from a portion of
powdered tablets containing about 300 mg. of
acid, with alcohol and, after evaporating the
alcohol in the presence of water, titrates with
0.1 N sodium hydroxide, using phenolphthalein
as indicator.
Usual Sizes. — 25, 50 and 100 mg. (approximately }i, Ya. and 1^ grains).
NIKETHAMIDE.

U.S.P, B.P. (LP.)

JVJV-Diethyl-3-pyridinecarboxamide,

[Nikethamidum]

CON(C2H5)2

The B.P. defines this substance as the diethylamide of pyridine-3-carboxylic acid; it is required
to contain not less than 98.0 per cent of CioH14ON2. The LP. definition and purity rubric are
the same.
LP. Nicethamidum. Pyridine-j9-carboxylic acid diethylamide. Coramine (Cifca).

Nikethamide may be prepared, as the B.P. indicates, bythe action of thionyl chloride on nicotinic acid, and treatment of the resulting acid
chloride with diethylamine.
Description. — "Nikethamide occurs as a clear,
colorless to pale yellowish, somewhat viscous
liquid, which crystallizes on standing in the cold
and melts again as the temperature rises. It has
a faint, characteristic, aromatic odor and a peculiar, bitter taste. Its solutions are clear and
nearly colorless, and have no more than a faint
odor of diethylamine. Nikethamide is miscible
with water, with alcohol, and with ether. The
specific gravity of Nikethamide is not less than
1.058 and not more than 1.066. The congealing
range of Nikethamide is between 22° and 24°.
The refractive index of Nikethamide is not less
than 1.522 and not more than 1.524 at 25°."
U.S.P.
Standards and Tests.— (1) and (2) On heating nikethamide in sodium hydroxide solution the
odor of diethylamine becomes apparent and on
cooling and acidifying the solution a precipitate
of nicotinic acid, responding to tests and the melting point for the latter, is produced. (3) A fiocculent, light green precipitate results on the addition of cupric sulfate T.S. and a solution of
potassium thiocyanate to a solution of nikethamide. pH.— The pH of a 1 in 4 solution of
nikethamide, prepared with freshly boiled and
cooled distilled water, is between 6.5 and 7.5,
when determined with a glass electrode. Residue
on ignition. — Not over 0.05 per cent. Chloride. —
The limit is 70 parts per million. Diethylamine.
— A red color is produced on adding 0.1 ml. of
0.1 iV hydrochloric acid and methyl red T.S. to
10 ml. of a 1 in 10 solution of nikethamide. Reducing substances. — The pink color of a solution
of nikethamide containing some potassium permanganate isnot discharged within 2 minutes.
Other inorganic impurities. — No distinct yellow
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color is produced on adding sodium hydroxide
T.S. to an acid solution of nikethamide which has
been heated and then cooled. Water. — A solution
of 1 ml. of nikethamide in 5 ml. of carbon disulfide is clear. U.S.P.
Assay. — About 400 mg. of nikethamide is
heated with 50 per cent sulfuric acid, following
which the diethylamine produced by this hydrolysis is distilled out of the alkalinized mixture into
25 ml. of 0.1 N hydrochloric acid and the excess
acid titrated with 0.1 TV sodium hydroxide in the
presence of methyl red as indicator. Each ml. of
0.1 iV hydrochloric acid represents 17.82 mg. of
C10H14N2O.

B.P., LP.

Uses. — Nikethamide was introduced as an
analeptic superior to camphor. Essentially, it is
a respiratory stimulant acting through the carotid
sinus reflex. In large doses it stimulates higher
motor centers, causing convulsions, although it is
less potent than picrotoxin or pentylenetetrazol
(Berger, Munch, med. Wchnschr., 1935, 85, 597).
With toxic doses death due to respiratory paralysis follows the convulsions. The circulatory action
of nikethamide is unimpressive. It has no direct
effect on heart muscle (Kropp, /. Pharmacol.,
1944, 82, 48), and a doubtful effect on coronary
circulation. It will excite the heart poisoned by
chloral (Myers, /. Hygiene, 1940, 40, 474).
Nikethamide is promptly inactivated but too
rapid injection may cause convulsions and respiratory failure.
As a respiratory stimulant it is useful in counteracting the respiratory depression of morphine
and chloral, but is inefficient in barbital poisoning
(Riishede, Lancet, 1950, 2, 789; Marshall, /. Pharmacol., 1937, 60, 472). Snapper (Am. J. Med.
Sc, 1942, 204, 409) found it valuable in acute
opium poisoning; he gave 5 ml. of a 25 per cent
solution intravenously, repeating every few minutes, with severe itching being the only toxic
effect. Gunther (U. S. Nov. M. Bull., 1945, 44,
300) found intravenous injection of nikethamide
to increase intraocular pressure, which is low in
shock, thereby supporting the venopressor mechanism and venous return to the heart. Oral or
intramuscular use was ineffective. However, there
is no basis for its use in circulatory collapse
except perhaps in treating circulatory depression
of central origin. Barnard
(Ohio State M. J.,
1945, 41, 1107) found nikethamide to accentuate
the syncope experienced by some blood donors,
rather than to control it. Lim and Snyder (Am. J.
Obst. Gyn., 1945, 50, 146) considered nikethamide
inadequate as a respiratory stimulant in resuscitation of the newborn. Respiratory stimulation is
only slight and transient. The margin of safety
between the effective and convulsive dose is small,
especially under narcosis and anoxemia, and death
often follows convulsions. Stangl (Schweiz. med.
Wchnschr., 1951, 81, 967) reported nikethamide
helpful in control of shock occurring during pneumothorax therapy. It may benefit abnormal respiration associated with cardiac disease (Stroud,
Ann. Int. Med., 1940, 14, 361).
Skorodin (/. Nerv. Ment. Dis., 1946, 95, 146)
suggested that nikethamide be used in therapy of
certain psychoses, in place of pentylenetetrazol or
insulin. Patients were given 10 to 15 ml. of a 25
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per cent solution intravenously. They developed
tachypnea, tachycardia, a rise in blood pressure,
itching, sweating and tremors, but no convulsions.
Nikethamide has also been used in combination
with electroshock therapy (Fabing, Am. J. Psychiat., 1949. 106, 308).
Nikethamide exerts a nicotinic acid-like effect
and may be used in treating pellagra, but it must
be given in disproportionately large doses (Smith,
/. Pharmacol, 1940, 68, 458). E
Dose. — The usual dose is 1 ml. of a 25 per
cent solution, administered intravenously or intramuscularly, with a range of 1 to 5 ml. The maximum single dose is 5 ml., and the total dose in 24
hours should not exceed 5 ml. If administered
orally the dose is the same as by injection.
Storage. — Preserve "in tight containers."
US.P.
NIKETHAMIDE INJECTION.
U.S.P. (B.P, I.P.)
"Nikethamide Injection is a sterile solution of
nikethamide in water for injection. It contains not
less than 95 per cent and not more than 105 per
cent of the labeled amount of C10H14N2O."
U.S.P. The B.P. requires Injection of Nikethamide
to contain 25.0 per cent (limits, 24.0 to 26.0) per
cent w/v of nikethamide. The I.P. rubric is the
same as that of U.S.P. According to B.P. and I.P.
the solution may be sterilized by heating in an
autoclave or by filtration through a bacteria-proof
filter.
B.P. Injection of Nikethamide; Injectio Nikethamide
I.P. Injection of Nikethamide; Injectio Nicethamidi.

Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 400 mg. in 1.5 ml.; 1.25 Gm.
in 5 ml.
NITRIC ACID.
N.F. B.P.
[Acidum Nitricum]

"Nitric Acid contains not less than 67 per cent
and not more than 71 per cent of HNO3." N.F.
The B.P. requires 70.0 per cent w/w of HNO3
(limits, 69.0 to 71.0).
Acidum Nitricum Depuratum. Fr. Acide azotique officinal; Acide azotique purine; Acide nitrique purine. Ger.
Salpetersaure. It. Acido nitrico. Sp. Acido nitrico.

Nitric acid appears to have been known since
the 8th century, and the process of preparing it by
the distillation of a mixture of sulfuric acid and
niter was described by Glauber about 1648.
Until recent times the most important method
for the industrial production of nitric acid was
by the distillation of sodium nitrate (Chile saltpetre) and sulfuric acid. This process has been
largely displaced by methods involving oxidation
of ammonia, especially those in which the latter
is produced by synthesis from nitrogen and hydrogen, as in the Haber process (see Ammonia).
The oxidation of ammonia is effected by air, in
the presence of a catalyst, such as platinum gauze.
The reactions of oxidation vary somewhat with
the conditions prevailing in the process, but in
general result in conversion of NH3 to NO, then
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to NO2, and finally produce nitric acid when the
latter oxide is absorbed in water; the NO simultaneously formed is in turn oxidized to NO2. An
acid containing about 60 per cent of HNO3 may
be produced by this method; higher concentrations are obtained by distilling the product with
sulfuric acid.
Nitric acid may also be produced by direct
combination of nitrogen and oxygen from air at
the high temperatures obtainable by an electricarc discharge ; the NO2 eventually produced is absorbed inwater. The low efficiency of this process
in comparison with the method described above
has led to its virtual abandonment.
Description. — "Nitric Acid is a fuming liquid,
very caustic, and having a characteristic, highly
irritating odor. It boils at about 120°. Nitric Acid
is acid to litmus even when highly diluted. Its
specific gravity is about 1.41." N.F.
Nitric acid when distilled at atmospheric pressure shows a maximum boiling point at 121.70°.
This "constant boiling acid" contains 68.18 per
cent of HNO3. This does not represent a chemical
combination of the water and acid, however, as
a change in pressure produces a change in composition of the constant boiling acid.
Pure hydrogen nitrate, HNO3, exists below
—41° in the form of white crystals, which on
melting decompose to some extent into N2O5 and
water. The boiling point of pure HNO3 is about
86° at atmospheric pressure. Its specific gravity
is 1.502. The reddish acid called aqua fortis is
nitric acid containing more or less nitrogen dioxide
(NO2). This acid is sometimes sold under the
name of fuming nitric acid.
Nitric acid is not only a strong acid but also
exerts a powerful oxidizing effect liberating
nascent oxygen by the following decomposition:
2HNO3 -» H2O + 2NO + 30
It oxidizes sulfur and phosphorus, giving rise to
sulfuric and phosphoric acids, and all the metals,
except chromium, tungsten, columbium, cerium,
titanium, osmium, rhodium, gold, platinum, and
iridium. "When mixed with hydrochloric acid,
mutual decomposition takes place, according to
the reaction
HNO3 + 3HC1 -* NOC1 + CI2 + 2H2O
and nitrohydrochloric acid is formed. Strong nitric
acid rapidly oxidizes organic matter. It stains the
skin and most animal matter an indelible yellow
color, the compound produced being known as
xanthoproteic acid. By prolonged action it oxidizes
carbonaceous material to carbon dioxide.
Standards and Tests. — Identification. — (1)
Nitric acid responds to tests for nitrate. (2)
Brownish red fumes are evolved when nitric acid
acts upon copper, mercury, silver and many other
metals. (3) Woolen fabrics and animal tissues
are stained bright yellow by nitric acid. Residue
on ignition. — Not over 2 mg. from 30 ml. of nitric
acid. Arsenic. — 0.5 ml. of nitric acid meets the
requirements of the test for arsenic. Chloride. —
No opalescence is produced when 1 ml. of silver
nitrate T.S. is added to a 1 in 10 solution of nitric
acid. Sulfate. — No turbidity is produced when 5
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drops of barium chloride T.S. is added to 10 ml.
of a 1 in 10 solution of nitric acid. Heavy metals.
— The limit is 10 parts per million. N.F.
The B.P. tests for purity include also those for
limit of copper, zinc, and iron; the arsenic and
lead limits are 1 and 2 parts per million, respectively.
Assay. — About 2 ml. of nitric acid is weighed,
diluted with water, and titrated with 1 N sodium
hydroxide using methyl red T.S. as indicator.
Each ml. of 1 N sodium hydroxide represents
63.02 mg. of HNOs. N.F.
Incompatibilities. — Nitric acid has the general incompatibilities of the strong mineral acids.
In addition, it is an energetic oxidizing agent and
reacts violently with many organic substances.
It liberates iodine from iodides and bromine from
bromides and oxidizes ferrous salts to ferric. With
many alkaloids, yellow, brown or red colors are
produced.
Uses. — Nitric acid is capable of replacing hydrochloric acid in activating the peptic enzyme,
but it is no longer so employed. It differs from
hydrochloric acid in being astringent and was
therefore often preferred where there was looseness of the bowels associated with digestive
failure.
Externally, diluted solutions of nitric acid in
the proportion of about 0.75 ml. of the strong
acid to 500 ml. of water have been employed as
astringent and antiseptic applications to ulcers.
The most important medical use of this acid,
however, is as an escharotic. Its caustic and disinfectant properties have been utilized in treating
venereal ulcers and poisoned wounds, especially
the bites of rabid animals and snakes. For destruction of small tumors, such as warts, 1 or 2
drops of the official nitric acid may be applied by
means of a glass rod, repeating in 2 or 3 days if
necessary. Too deep caustic action may be prevented by washing the part in an alkaline solution
as soon as the proper degree of effect has been
obtained. It has also been used to treat gangrenous
stomatitis, arresting the phagedenic ulceration and
promoting healing.
Toxicology. — Swallowing of concentrated
nitric acid is immediately followed by burning
heat in the mouth, esophagus, and stomach, acute
pain, abundant eructations, nausea, and hiccough.
These effects are soon followed by repeated and
excessive vomiting of matter having a peculiar
odor and taste, swelling of the abdomen with tenderness, afeeling of coldness on the surface,
"goose-flesh"; icy coldness of the extremities,
small depressed pulse, anxiety, continual tossings
and contortions, and extreme thirst. The cases
are almost always fatal. Sometimes immediate
collapse masks all other symptoms. Antidotes include repeated large doses of alkaline solutions,
especially milk of magnesia or chalk, with mucilaginous drinks, olive or almond oil in large doses,
as emollients. Shock should be treated with fluids
and plasma.
Nitric acid has been given in doses of 0.2 to
0.5 ml. (3 to 8 minims), diluted with 100 to 250
ml. of water and taken through a glass tube.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Bismuth Magma; Ferric Subsul-
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fate Solution, N.F.; Strong Ointment of Mercuric
Nitrate, B.P.
NITROFURAZONE.

N.F.

5-Nitro-2-furaldehyde semicarbazone

CH=N-NH-C-NH2
02N

"Nitrofurazone has a specific absorbance,
E(l%, 1 cm.), at 375 nut of 790 ± 16, equivalent
to not less than 98 per cent and not more than
102 per cent of CeHeNiCh." N.F.
Furacin (Eaton).

Nitrofurazone may be prepared by the interaction of an alcohol solution of 5-nitro-2-furaldehyde with an aqueous solution of semicarbazide
hydrochloride and sodium acetate (for details see
U. S. Patent 2,416,234, issued February 18, 1947).
Description. — "Nitrofurazone occurs as an
odorless, lemon-yellow, crystalline powder. It is
nearly tasteless, but develops a bitter aftertaste.
It darkens slowly on exposure to light. One Gm.
of Nitrofurazone dissolves in 4200 ml. of water,
in 590 ml. of alcohol, in 350 ml. of propylene
glycol, and in polyethylene glycol mixtures up to
about 1 per cent. It is practically insoluble in
chloroform and in ether. Nitrofurazone turns
brownish black on heating at high temperatures
and decomposes between 236° and 240°." N.F.
Standards and Tests. — Identification. — (1)
10 mg. of nitrofurazone dissolves in 10 ml. of
1 in 10 sodium hydroxide solution to form a dark
orange-red solution. (2) When treated with zinc
and diluted sulfuric acid in the presence of alcohol
nitrofurazone dissolves slowly to form an almost
colorless solution. pH. — A saturated solution has
a pH of 6.0 to 6.5. Loss on drying. — Not over
0.1 per cent, when dried at 105° for 1 hour. Residue on ignition. — Not over 0.05 per cent. N.F.
Assay. — The absorbance of an aldehyde-free
alcohol solution of nitrofurazone is measured at
375 mn, and the amount of C6H6N4O4 calculated
from an absorptivity (1%, 1 cm.) of 790 at this
wave length. N.F.
Uses. — Following the observation by Dodd
and Stillman (7. Pharmacol., 1944, 82, 11) that
dervatives of furan nitrated in the 5-position
possessed bacteriostatic and bactericidal activity,
in vitro, the derivative 5-nitro-2-furaldehydesemicarbazone, now known as nitrofurazone, was
selected for further investigation. Nitrofurazone
was found to be inhibitory in broth concentrations
of 1 in 200,000 to 1 in 100,000 and bactericidal
in concentrations of 1 in 75,000 to 1 in 50,000. It
is effective, both in vitro and in vivo, against a
variety of gram-negative and gram-positive bacteria; it has little bactericidal effect on Diplococcus pneumonias, and the least bacteriostatic
action on Pseudomonas aeruginosa. The action of
nitrofurazone and related nitrofurans against bacteria appears to be due to interference with essential enzyme systems in bacterial cells. Induced
resistance to sulfathiazole, penicillin or streptomycin does not entail resistance to nitrofurazone.
In preliminary experiments Snyder et al. (Mil.
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Surg., 1945, 97, 380) found a 1 in 500 solution
of nitrofurazone in a water-soluble vehicle containing propylene glycol and polyethylene glycol
1500 to be effective in treating 10 cases of infected war wounds, as evidenced by rapid clinical
improvement and accompanying reduction of bacterial flora. In a study of 212 patients Downing
et al. (J.A.M.A., 1947, 133, 299) found nitrofurazone effective in treating ulcers — traumatic,
postoperative, and decubitus — and also of value
in treating superficial infectious eczematoid dermatitides. No therapeutic value was demonstrated
in fungous infections, industrial dermatoses, acne
vulgaris and other miscellaneous dermatoses; they
stressed the danger of local sensitization. Further
studies by Downing et al. (New Eng. J. Med.,
1948, 239, 862) involved treatment of 245 patients with nitrofurazone soluble dressing (nitrofurazone ointment, N.F.) and S3 with nitrofurazone solution; effectiveness in impetigo, ecthyma,
and hypostatic and decubitus ulcers was observed,
with some value in infectious eczematoid dermatitis. Sensitization was considered high, occurring in 6 per cent of 203 cases remaining in the
hospital under observation. Sensitivity was thought
to be due to a synergistic action of nitrofurazone
powder and polyethylene glycol on abnormal skin.
Eichenlaub and Osbourn (Med. Ann. District
Columbia, 1948, 17, 452) observed a good cure
rate in impetigo with the soluble dressing; they
estimated sensitization to be 1 to 2 per cent.
In addition to its use in superficial mixed infections common to the cutaneous lesions already
mentioned, nitrofurazone has been used in the
treatment of burns, in the form of the soluble
dressing, a solution applied by spraying, and as a
soluble powder. In skin grafting it has been used
to promote healthy granulation tissue, and prevent pyogenic infection that might dislodge a
graft. Nitrofurazone has been used topically in
managing acute or chronic purulent otitis media
of bacterial origin arising from either the external
or middle ear. except in severe otitis media associated with cholesteatoma. Youngblood (/. Urol.,
1953, 70, 926) used at first a 0.2 per cent solution of nitrofurazone and later 0.2 per cent urethral suppositories for treatment of nonspecific
urethritis in women and also, in several cases, in
men. The results were considered highly satisfactory; only a few cases of sensitivity were found.
Sommerville and Devine (Brit. J. Dermat.,
1952, 64, 361) treated 25 patients with varicose
ulcers and observed healing ; in 8 cases dermatitis
occurred, in 3 of which the cause was directly
traceable to the nitrofurazone ointment. Sulzberger commented editorially (1952 Year Book
of Dermatology) that this indicated that nitrofurazone should not be used on diseased skin
because of high sensitizing tendency, [v]
Toxicology. — Prolonged topical therapy with
nitrofurazone increases the risk of sensitization,
and it is recommended that use of nitrofurazone
be restricted to a 5- to 7-day period, with close
observation of patients, discontinuance of therapy
when infections are eradicated, and application of
the medication only to the wound and not to the
surrounding skin. Systemic toxicity due to absorption ofthe compound is unlikely. On exposure
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to sunlight the bright yellow of the nitrofurazone
changes to dark brown; this is not associated with
any ill effects. Photosensitization from sunlight
has not been encountered.
The toxicity of nitrofurazone has been determined in animals and in human beings. The oral
lethal dose for 50 per cent of mice treated (LD50)
was found to be 580 mg. per Kg. Monkeys fed
300 mg. daily for 5 weeks showed no effects on
body weight, electroencephalograms, blood cell
counts, renal and hepatic histology, and electrocardiograms. The compound has been given to
humans, in some cases in doses of 4 Gm. daily for
3 days, and in others in doses of 1 Gm. daily for
49 days; nausea was the only reaction observed,
this occurring in about 20 per cent of the cases.
Application. — Nitrofurazone is applied topically in 0.2 per cent concentration in ointment or
solution form, either directly or on dressings
which are used to cover infected areas. Contact
of ointment with infecting microorganisms is
essential for their destruction. For topical application in purulent otitis, 0.5 ml. of 0.2 per cent
solution is instilled in the external meatus 3 or 4
timestiondaily
after a preliminary cleansing irrigaand drying.
Preparations. — Besides the official ointment
and solution, several other preparations of Furacin are supplied. These include a 0.2 per cent
Ear Solution, which is an anhydrous solution in
polyethylene glycol 300; a 0.02 per cent Nasal
Solution, plain, or with 1 per cent of ephedrine
hydrochloride or 0.25 per cent phenylephedrine
hydrochloride in an isotonic aqueous medium; a
0.02 per cent aqueous Ophthalmic Solution; a 1
per cent Ophthalmic Ointment in a petrolatum
base; a 0.2 per cent Soluble Powder prepared in
a solid polyethylene glycol base; 0.2 per cent
Urethral Suppositories with 2 per cent diperodon
hydrochloride; 0.2 per cent Vaginal Suppositories.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
NITROFURAZONE OINTMENT.
N.F.
Nitrofurazone Soluble Dressing, Unguentum
Nitrofurazoni

'Nitrofurazone Ointment contains in each 100
Gm. not less than 190 mg. and not more than 210
mg. of C6H6N4O4. Caution. — Avoid contact at all
times with direct sunlight, excessive heat, and
alkaline materials!" N.F.
Furacin Soluble Dressing (Eaton).

Melt 450 Gm. of polyethylene glycol 1540 and
50 Gm. of polyethylene glycol 4000 in a dry vessel
of stainless steel, glass, or other vitreous material;
add 250 Gm. of polyethylene glycol 300 with agitation, and adjust temperature to 70°. Add 2 Gm.
of nitrofurazone slowly with constant agitation,
and stir until it is all dissolved (about 45 minutes). Add 248 Gm. of polyethylene glycol 300
and mix thoroughly. N.F.
Description. — "Nitrofurazone Ointment is
yellow, opaque, waxy, and of ointment-like consistency. One Gm. of Nitrofurazone Ointment
dissolves in 9 ml. of water to form a clear solution." NJ.
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For uses of this ointment see under Nitrojurazone.
Storage. — Preserve "in tight, light-resistant
containers. Avoid exposure to direct sunlight and
to excessive heat." N.F.
NITROFURAZONE SOLUTION.
N.F.
Liquor Nitrofurazoni

"Nitrofurazone Solution contains in each 100
Gm. not less than 190 mg. and not more than 210
mg. of C6H6N4O4. Caution. — Avoid contact at all
times with direct sunlight, excessive heat and
alkaline materials!" N.F.
Furacin Solution

(Eaton).

Heat a mixture of 325 Gm. of polyethylene
glycol 1540 and 325 Gm. of polyethylene glycol
300 in a dry vessel of stainless steel, glass, or
other vitreous material, to a temperature between
60° and 70°, with stirring. When uniform add
2 Gm. of nitrofurazone slowly, stirring until all is
dissolved (about 30 minutes). Allow the mixture
to cool to 45°, then add, slowly and with continuous stirring, a mixture of 10 Gm. of octylphenoxy polyethoxyethanol (33 per cent water
solution) and 338 Gm. of water; mix thoroughly
and filter. N.F.
Description. — "Nitrofurazone Solution is a
light yellow, clear, somewhat viscous liquid having a faint characteristic odor. Nitrofurazone
Solution is miscible with water in all proportions." N.F.
For uses of this solution see under Nitrofurazone.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
NITROGEN.
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mains unabsorbed (oxygen is absorbed by the
reagent). U.S.P.
Uses. — Nitrogen was made official in order to
supply standards for the gas when it is used to
provide an atmosphere of inert gas replacing air
in ampuls and other containers holding oxidizable
medicinal substances. It is often used also pumping oxidizable liquids. Similar uses are made of it
in the food industry. Liquid nitrogen may be used
to cool certain materials to the point of their
becoming brittle and capable of being ground at
the low temperature to a fine powder (Chemical
Engineering, June 1951, 107). Savitt (J.A.M.A.,
1954, 155, 666) uses liquid nitrogen as an
escharotic, in the same manner that solid carbon
dioxide is similarly used. In the treatment of
common warts liquid nitrogen is applied at weekly
intervals for 4 to 8 weeks; a cotton-tipped applicator stick is moistened with the liquid and applied for 10 to 15 seconds for small warts, 30
seconds for large warts, and 60 seconds for plantar
warts. The patient is warned to keep the lesions
dry. Mathewson (N . Y. State J. Med., 1955, 55,
374) froze plantar warts for 15 minutes with
liquid nitrogen, then lifted them out when a good
blister or bulla formed.
Nitrogen gas has been used for extermination
of rats on ships; for this purpose it is sometimes
mixed with carbon monoxide
CH3 or carbon dioxide to
make it more effective.
Storage. — Preserve "in cylinders." U.S.P.
N.F.
NITROMERSOL.
[Nitromersol]

U.S.P.

[Nitrogenium]

"Nitrogen contains not less than 99 per cent
by volume of N2." U.S.P.
Nitrogen comprises about four-fifths of air. It
was first isolated by the English chemist Rutherford, in 1772, who obtained it from the atmosphere and named it mephitic air. Priestley later
called it phlogisticated air. Its present name was
given to it in 1785 by Cavendish after he produced nitric acid from it. Nitrogen is usually prepared by fractional distillation of liquid air.
Description. — "Nitrogen is a colorless, odorless, tasteless gas. It is non-flammable and does
not support combustion. Under ordinary atmospheric conditions it is practically inert. One liter
of Nitrogen at 0° and at a pressure of 760 mm.
of mercury weighs 1.251 Gm. One volume of
Nitrogen dissolves in about 65 volumes of water
and in about 9 volumes of alcohol at 20° and at a
pressure of 760 mm. of mercury." U.S.P. Nitrogen liquefies at —195.8°, and solidifies at —210°.
Standards, Tests, Assay. — Identification. —
The flame of a burning wood splinter is extinguished by nitrogen. Carbon dioxide. — The limit
is about 400 parts per million. Assay and oxygen.
— When 100 ml. of nitrogen is equilibrated with
copper in contact with ammonium chloride-ammonium hydroxide T.S. not less than 99 ml. re-

"Nitromersol, dried at 105° for 2 hours, yields
not less than 98 per cent and not more than 100.5
per cent of C7H5HgN03." N.F.
Metaphen (Abbott).

Chemically, nitromersol is the anhydride of
4-nitro-3-hydroxymercuri-or^o-cresol. Its preparation isdescribed in U. S. Patent Reissue 17,563
(September 22, 1925) as follows: Orf/zo-toluidine
is nitrated with a mixture of nitric and sulfuric
acids to produce 4-nitro-oriAo-toluidine ; this is
diazotized in a hot solution to form 4-nitro-ort hocresol, which is treated with mercuric acetate in
the presence of an excess of acetic acid to yield
crude nitromersol. The latter is purified, in order
to separate it from nitroindazole, by solution in
sodium or potassium hydroxide, filtered, and the
filtrate acidified to precipitate pure nitromersol.
Solutions of nitromersol in water are prepared
by dissolving it in sodium hydroxide to form the
sodium derivative; the anhydride ring of nitromersol isthereby opened.
Description. — "Nitromersol occurs as brownish yellow to yellow granules or as a brownish yellow to yellow powder. It is odorless and tasteless.
Nitromersol dissolves in solutions of alkalies and
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of ammonia by opening the anhydride ring and
the formation of a salt. It is insoluble in water
and is almost insoluble in alcohol, in acetone, and
in ether." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 1000 solution of nitromersol in dilute sodium hydroxide has a reddish orange color which
is discharged by diluted hydrochloric acid, a yellowish flocculent precipitate forming. (2) A yellowish precipitate forms when diluted hydrochloric
acid is added to a solution of nitromersol prepared
with sodium hydroxide; when the precipitate is
dissolved in a sodium hydroxide solution, treated
with sodium hydrosufite and the mixture boiled,
a deposit of mercury forms. The filtrate separated
from the yellow precipitate is reserved for the
test for mercury ions below. Loss on drying. —
Not over 1 per cent, when dried for 2 hours at
105°. Mercury ions. — Upon addition of hydrogen
sulfide T.S. to the filtrate separated in identification test (2) above no darkening occurs although
a small amount of a flocculent, light-yellowish
precipitate may form. Residue on ignition. — Not
over 0.1 per cent. Alkali-insoluble substances. —
Not over 0.1 per cent. Uncombined nitrocresol.
— Not more than 5 mg. of nitromersol dissolves
when 500 mg. of nitromersol is shaken with 50
ml. of benzene. N.F.
Assay. — About 200 mg. of nitromersol, previously dried for 2 hours at 105°, is digested with
sulfuric acid and 30 per cent hydrogen peroxide
until a colorless solution is produced. After adding
enough potassium permanganate T.S. to produce
a permanent pink color, and just discharging the
color with hydrogen peroxide T.S., the solution
is titrated, in the presence of nitric acid, with
0.1 JV ammonium thiocyanate, using ferric ammonium sulfate T.S. as indicator. Each ml. of
0.1 N ammonium thiocyanate represents 17.59
mg. of CiHsHgNOs. N.F.
Uses. — Metaphen, as this product is known on
the market, is employed chiefly as a disinfectant
for the skin and mucous membranes, and for instruments. There is little doubt that it is more
powerful in its bacteriostatic properties than is
mercuric chloride, although its germicidal action
is probably less (Nye, J.A.M.A., 1937, 108, 280).
Birkhaug
'(J.A.M.A.,
1930, 95, it917)
reported
that
in
1 in 200,000
concentration
inhibited
growth
of the colon bacillus and that its bacteriostatic
action was obvious against staphylococci even in
a dilution of 1 in 16 million (see also under
Merbromin, in Part I).
It has only a slight protein-precipitating action,
and is relatively non-irritating and non-toxic. Like
other mercurials, it has a tendency to sensitize the
skin. 'White rats tolerated intravenous injections
of 6 mg. of metaphen per Kg. of body weight, and
intramuscular injections of 30 mg. per Kg. (Accepted Dental Remedies, 8th edition, 1942).
Although several investigators reported sterilization of skin from application of a 1 in 500 solution of metaphen. White and Hill (J. A.M. A., 1930,
95, 27) criticized the experiments on which these
reports were based because, in their opinion, not
sufficient care had been taken to avoid deception
from the extraordinary bacteriostatic power of
the chemical; they found that a 1 in 500 solution

applied to the skin for 5 minutes could not be
relied upon to produce sterility. Meyer and Arnold
(Am. J. Digest. Dis., 1938, 5, 418) found a 1 in
200 alcohol-acetone-aqueous solution to be highly
effective as an antiseptic when applied at the zone
of contact of the lips.
Nitromersol is most commonly supplied in the
form of a 1 in 500 aqueous solution, and a 1 in
200 alcohol-acetone-aqueous solution; in both
these solutions it is converted to a sodium derivative (see the succeeding monographs). The former
is used for the disinfection of open wounds, the
latter chiefly as a preoperative disinfectant and a
general surgical antiseptic. It should be kept in
mind that neither solution is appreciably effective
against sporulating pathogenic organisms.
Trippe (Ann. Int. Med., 1933, 6, 901) used
nitromersol internally in the treatment of gastric
and duodenal ulcers. A 1 in 5000 solution in olive
oil has been injected in the treatment of certain
cases of empyema following tuberculous pleural
effusion or pneumothorax, and a 1 in 1000 aqueous solution has been used intravenously for treating certain bloodstream infections. 139
For application to the skin and for disinfection
of instruments concentrations ranging from 1 in
5000 to 1 in 1000 are commonly employed; for
ophthalmological and for urethral irrigation from
1 in 10,000 to 1 in 5000 solutions are recommended. A1 in 3000 ophthalmic ointment is available for treating infections of the eye.
Storage. — Preserve "in tight containers." N.F.
NITROMERSOL SOLUTION.
N.F.
[Liquor Nitromersolis]

"Nitromersol Solution yields, from each 100
ml., not less than 180 mg. and not more than 220
mg. of C7H5HgN03." N.F.

Solution Metaphen 1:500 (Abbott).

Dissolve 0.4 Gm. of sodium hydroxide and 4.25
Gm. of monohydrated sodium carbonate in 50 ml.
of purified water, add 2 Gm. of nitromersol and
stir until solution is effected. Gradually add
enough purified water to make 1000 ml. N.F.
Description. — "Nitromersol Solution is a
clear, reddish orange solution. It is affected by
light. The specific gravity of Nitromersol Solution
is
not less than 1.005 and not more than 1.010."
N.F.
Storage. — Preserve "in tight, light-resistant
containers. Caution. — Dilutions of Nitromersol
Solution should be prepared as needed as they
tend to precipitate upon standing." N.F.

NITROMERSOL

TINCTURE.

N.F.

[Tinctura Nitromersolis]

"Nitromersol Tincture yields, from each 100
ml., not less than 450 mg. and not more than 550
mg. of CiHoHgNOa." N.F.
Tincture Metaphen,

1:200

(Abbott).

Dissolve 5 Gm. of nitromersol in a mixture of
100 ml. of acetone, 500 ml. of alcohol and a solution of 1 Gm. of sodium hydroxide in 50 ml. of
purified water, then add enough purified water to
make 1000 ml. Note — Nitromersol Tincture may
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be colored by the addition of any suitable coal
tar color or combination of colors certified by the
Federal Food and Drug Administration for use
in drugs.
Description. — "Nitromersol Tincture is a
clear, brilliant red liquid with the characteristic
odor of acetone and of alcohol. It is affected by
light. The specific gravity of Nitromersol Tincture is not less than 0.9050 and not more than
0.9150." N.F.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
NITROUS

OXIDE.

U.S.P., B.P., LP.

Nitrogen Monoxide, [Oxidum Nitrosum]

"Nitrous Oxide contains not less than 95 per
cent by volume of N2O." U.S.P. The LP. purity
rubric is the same, but the B.P. requires not less
than 99.0 per cent v/v of N2O.
B.P. Nitrous Oxide; Nitrogenii Monoxidum. LP. Oxydum Nitrosum. Laughing Gas. Nitrogenium Oxydulatum.
Fr. Azotprotoxyd. Ger. Stickstoffoxydul; Stickoxydul; Lustgas; Lachgas. Sp. Oxido nitroso.

Nitrous oxide, discovered by Priestley in 1772,
was demonstrated to have anesthetic properties
by Sir Humphry Davy in 1799. Its remarkable
exhilarating properties early led to its being called
laughing gas.
Nitrous oxide may be made by gently heating
pure ammonium nitrate in aluminum vessels. The
salt
begins
decompose
nitrous
oxideto and
water: at about 190°, forming
NH4NO3 -» 2H2O + N2O
The nitrous oxide thus prepared is about 95 per
cent pure, the impurities being chiefly nitrogen
and the higher oxides of nitrogen. The gas is
scrubbed to remove alkaline and acid substances,
treated with iron filings to reduce higher oxides
of nitrogen, dried, and compressed in stages to
remove non-liquefiable gases, such as nitrogen and
oxygen, and also to avoid the high temperatures
which would be attained in a single stage of compression and which would cause material decomposition into higher oxides of nitrogen.
Nitrous oxide is supplied in cylinders under a
pressure of 1000 pounds per square inch; thus
confined it exists as a liquid.
Description. — "Nitrous Oxide is a colorless
gas, without appreciable odor or taste. One liter
of Nitrous Oxide at 0° and at a pressure of 760
mm. of mercury weighs 1.977 Gm. One volume
of Nitrous Oxide dissolves in about 1.5 volumes
of water at 20° under normal pressure. It is more
freely soluble in alcohol than in water. It is soluble in ether and in oils." U.S.P.
Nitrous oxide is 1.53 times as heavy as air. At
—89.5° it liquefies, and at —102.3° it forms colorless crystals. Under 50 atmospheres pressure it
may be compressed to a clear, colorless liquid at
28°. Although it supports combustion more vigorously than air, hemoglobin is unable to use it as a
source of oxygen. Nitrous oxide is non-flammable.
Standards and Tests. — Acidity or alkalinity.
— This test is identical with the corresponding
test under Cyclopropane. Carbon dioxide. — This
test is identical with the corresponding test under
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Cyclopropane. Oxidizing substances. — Passage of
2000 ml. of nitrous oxide through 15 ml. of freshly
prepared starch-potassium iodide T.S. containing
1 drop of glacial acetic acid does not alter the
color of the solution, as shown by comparison
with a portion of the acidified solution through
which gas has not been passed. Reducing substances.— Neither the color nor the intensity of
the color of a mixture of 0.2 ml. of 0.1 N potassium permanganate and 100 ml. of distilled water
is changed by passing 2000 ml. of nitrous oxide
through the mixture. Halogens. — Passage of 2000
ml. of nitrous oxide through a mixture of 1 ml. of
silver nitrate T.S. and 100 ml. of distilled water
produces no greater degree of opalescence than in
a mixture of 1 ml. of silver nitrate T.S. and 100
ml. of distilled water. U.S.P.
As identity tests the B.P. and LP. require that
a glowing splinter of wood burst into flame on
being plunged into the gas and that when mixed
with an equal volume of nitric oxide the gas
should produce no red fumes, the latter test distinguishing itfrom oxygen.
The B.P. and LP. require that nitrous oxide
contain not more than 50 parts per million of
carbon monoxide, the latter being determined by
passing 5 to 10 liters of gas through a purifying
train including chromic-sulfuric acid mixture, solid
potassium hydroxide, and phosphorus pentoxide,
respectively, then through a tube containing
iodine pentoxide maintained at a temperature of
120°. Any liberated iodine is absorbed in potassium iodide solution and then titrated with 0.002 N
sodium thiosulfate solution. Water vapor and
carbon dioxide are determined by observing the
increase in weight of tubes containing phosphorus
pentoxide and soda lime, respectively.
Other B.P. and LP. tests include the following:
(1) A test for uncondensable gases, determined
by exposing a measured volume of gas to the temperature ofliquid oxygen (the limit is 1 per cent
v/v); (2) a test for absence of arsine and phosphine which depends upon passing a measured
volume of the gas through mercuric chloride
paper, no visible stain being produced.
Assay. — The nitrous oxide in a 100-ml. portion of gas is condensed by liquid nitrogen or
liquid oxygen used as a bath for the bulb in which
the condensation is effected; the impurities are
not condensed. The latter, present as gas, cause
an increase of pressure in the condensation bulb,
the extent of increase being measured by a mercury manometer attached to the bulb; from the
increase in pressure the volume of uncondensable
gas in the nitrous oxide is calculated. U.S.P.
The B.P. does not provide a specific assay, but
utilizes essentially the same as the U.S.P. assay
in the test for limit of uncondensable gases.
Uses. — Although Sir Humphry Davy as far
back as 1800 suggested the use of nitrous oxide
for the production of anesthesia, the first practical employment of it was in 1844 by Horace
Wells, of Connecticut. Nitrous oxide is remarkable among anesthetics in being almost physiologically inert, except for the high incidence of
asphyxia during its use (Courville, Medicine,
1936, 15, 129). Although as it is ordinarily administered there are marked alterations in the
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circulation owing to partial asphyxia, by proper
with thiopental sodium intravenously, meperidine
hydrochloride and succinylcholine chloride. Foldes
admixture with oxygen it is possible in most patients to induce with nitrous oxide a state of
{Anesth., 1950, 11, 737) preferred nitrous oxideoxygen anesthesia for old people to other inhalaanesthesia (plane 1 of stage III — see under Ether)
without any considerable change in either the
tion or intravenous anesthetics; if further relaxarapidity of the pulse, the blood pressure (Wright
tion was required, he supplemented with ether
unless renal or hepatic disease was severe.
and Thompson, /. Pharmacol., 1930, 38, 247), or
the respiration. It is not depressant to the spinal
Storage. — Preserve "in cylinders." U.S.P.
cord. The proportion of nitrous oxide required to
produce anesthesia is so large that a mixture of
NUX VOMICA.
N.F., B.P. (LP.)
the gas, in anesthetizing dose, with air does not
Strychni Semen, [Nux Vomica]
furnish enough oxygen to support life; therefore
if the anesthesia is to last more than a couple of
"Nux Vomica is the dried ripe seed of Strychminutes it is necessary to use pure oxygen instead
nos Nux-vomica Linne (Fam. Loganiacea) . Nux
Vomica contains not less than 1.15 per cent of
of atmospheric air mixed with the nitrogen monstrychnine (C21H22N2O2). N.F. The B.P. and LP.
oxide (see J.A.M.A., 1946, 130, 213).
require not less than 1.20 per cent of strychnine.
For operations of short duration, such as exThe B.P. and the LP. also recognize nux vomica
traction ofteeth, opening of abscesses, the second
standardized to contain 1.2 per cent of strychnine,
stage of parturition, and the like, it is satisfactory
and in common use. The mortality in this group
under the titles Prepared Nux Vomica and Standardized Powdered Strychnos Seed, respectively
of operations is almost nil; it has been estimated
(see the following monograph).
variously as from one death in a hundred thousand
to one in 5 million. The two great drawbacks to
I. P. Strychni Semen; Strychnos Seed. Dog Button;
Quaker Button; Poison Nut. Fr. Noix vomique. Ger.
its more frequent employment are its cumberBrecknusz; Krahenaugen; Strychnossamen. It. Noce
someness of transportation and the inadequate
vomica. Sp. Nuez vomica.
anesthesia without anoxia for many purposes. By
Nux vomica first appeared in Europe during
administering it in conjunction with pure oxygen
either the 15th or 16th century. The seeds were
the inhalation may be continued for long periods
first described by Valerius Cordus during the 16th
of time, so that it can be employed in major operations, but even a mixture of 86 per cent nitrous
century and are mentioned in Langham's Garden
of Health (1578). Gerard in The Herbal also
oxide and 14 per cent oxygen will not provide
wrote about the drug and gives good sketches
complete anesthesia to pain and sufficient muscular relaxation for some operations without the
(1597); he says that "because of its poisonous
character, it was not to be given inwardly, but
addition of other analgesic drugs (Kaye, Med. J.
Australia, 1951, 1, 577). In unskillful hands the
mixed with other compositions and that very cauattempt to produce adequate anesthesia results
tiously by the hands of a faithful Apothecarie."
in serious degrees of anoxia. For very short periods
Originally its European use was confined to that
in young and robust individuals such anoxia does
of a drug-shop poison for killing animals. It was
introduced into the U.S. P. of 1820 and its extract
not seem to have serious consequences but in
older individuals with local or general circulatory
and tincture were recognized in the Dublin Pharmacopoeia of1826.
deficiencies the results may be tragic (O'Brien
and Steegmann, Ann. Surg., 1938, 107, 486). With
Strychnos Nux-vomica is a tree attaining a
height of over 40 feet, with numerous strong
the help of preoperative sedation with morphine
branches, covered with a smooth, dark gray bark.
or other drugs, adequate anesthesia may be obThe young branches are long, smooth, and dark
tained but most of the preoperative sedatives degreen, with opposite, ovate, petiolate, entire,
press respiration and a mixture of anesthetic gases
smooth, and shining leaves. The flowers are small,
containing less than 30 per cent oxygen is dangerous. Usually it is easier, safer and preferable
white, funnel-shaped and in terminal corymbs.
The fruit is a round berry, about as large as an
to add ether or some other anesthetic gas to the
nitrous oxide when deep or prolonged anesthesia
orange, with a smooth, yellow or orange-colored,
hard, fragile rind, and many seeds in a juicy pulp.
is required. In the presence of anemia or trauIt has frequently been asserted that the pulp is
matic shock, anoxia during anesthesia is particuinnocuous, but Fliickiger and Hanbury, and also
larly deleterious.
Dunstan and Short {Pharm. J., 3d series, 15, 1)
Wasmuth and Hale {Cleveland Clin. Quart.,
have
demonstrated that it contains strychnine.
1954, 21, 46) commence anesthesia with a mixDunstan and Short have also proved that of the
ture of 80 per cent nitrous oxide and 20 per cent
commercial varieties of nux vomica, Bombay seed
oxygen in a semi-closed system; deep respiration
stands first in percentage of contained strychnine,
is maintained by compressing the rubber bag in
then Cochin, and lastly Madras {Pharm. J., 1883,
the system at the appropriate time in the respira14, 1053).
tory cycle. When a steady anesthesia is attained,
The tree is a native of India, growing in Bengal.
the concentration of oxygen is increased to 50 per
Malabar, on the Coromandel Coast, in Ceylon, in
cent. Supplementary infiltration of the skin to be
many islands of the Indian Archipelago, in Cochin
incised with procaine solution usually avoids the
China, and in northern Australia. The fruits are
need to supplement the inhalation with ether or
other anesthetic agent. Golden (Internat. J.
collected when fully mature and the seeds removed from the pulp by washing, or the pulp may
Anesth., 1953, 1, 35) recommended the supplebe rotted off the seeds. These are then dried in the
mentation of nitrous oxide anesthesia for prosun on mats, graded and marketed. Most of the
longed procedures requiring muscular relaxation
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world's supply comes from India, two-thirds ot
the available supply being furnished by the
Madras Presidency. The chief importers are the
United States and Great Britain. The drug is
largely shipped to the United States in small sacks
from Madras, Cochin, Cocanada, Calcutta and
Bombay, some coming indirectly through London. During 1952, importations of nux vomica,
from India, amounted to 159,956 pounds.
The wood and root are very bitter, and were
employed in the East Indies for the cure of intermittent fevers. The radices colubrinee and lignum
colubrinum of the older writers, long known in
Europe as narcotic poisons, have been erroneously
ascribed to this species of Strychnos; they are
derived from S. Colubrina L. They were found by
Pelletier and Caventou's researches to contain a
large quantity of strychnine. The bark has been
mistaken for cusparia, and hence is sometimes
referred to as false angustura. For a description
of commercial varieties of nux vomica seeds, see a
paper by Youngken and Slotter in Am. J. Pharm.,
1920, p. 538.
Description. — "Unground Nux Vomica occurs
as orbicular seeds, nearly flat, occasionally somewhat bent, from 10 to 30 mm. in diameter, and
from 3 to 6 mm. in thickness. Externally it is
grayish, or from pale brown to pale olive and
is covered with appressed hairs, giving it a silky
luster. The hilum is indicated by a circular scar
at the center of the seed and is connected with the
micropyle by a radial raphe. The seed is very hard
when dry. Beneath the thin and hairy seed coat is
a large yellow to pale yellowish green endosperm,
at one end of which is embedded a small embryo
with two cordate 5- to 7-nerved cotyledons, and
a short, terete radicle. Nux Vomica is odorless,
but possesses an intensely and persistently bitter
taste." N.F. For histology see N.F. X.
"Powdered Nux Vomica. — The powder is pale
brown to yellowish gray. It consists chiefly of
thick-walled endosperm cells containing globules
of fixed oil and a few small aleurone grains up to
30 n in diameter, fragments of strongly lignified,
non-glandular hairs, the basal portions of which
are about 75 \i high and wide, and the walls of
which possess large, circular, or long, slit-like pits.
A few small, nearly spherical starch grains occur
in Powdered
the tissues nux
of thevomica
adheringhaspulp."
beenN.F.
adulterated
with ground olive stones and the raspings of vegetable ivory.
Standards and Tests. — Foreign organic matter.— Not over 1 per cent. Acid-insoluble ash. —
Not over 1 per cent. N.F.
Assay. — The alkaloids in 15 Gm. of nux
vomica are extracted by maceration with 150 ml.
of a mixture of 3 volumes of ether and 1 volume
of chloroform, in the presence of stronger ammonia T.S. An aliquot of 100 ml. of the extract is
evaporated in the presence of dilute sulfuric acid,
the acid solution is filtered to remove fat, then
alkalinized with ammonia, and the alkaloids transferred to chloroform. The chloroform is evaporated and the residue of strychnine and brucine is
dissolved in a dilute sulfuric acid solution and
treated with a mixture of nitric acid and sodium
nitrite to decompose the brucine, while leaving
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the strychnine scarcely affected under the conditions of the treatment. The reaction mixture is
poured into a sodium hydroxide solution, which
liberates strychnine base and converts the phenolic
decomposition product of brucine to a watersoluble derivative; this mixture is extracted with
several portions of chloroform to remove the
strychnine. After washing the combined chloroform extracts with water, the former is evaporated nearly to dryness, then heated with 7 ml.
of 0.1 N sulfuric acid until the chloroform has
been expelled, after which the excess acid is
titrated with 0.02 N sodium hydroxide, using
methyl red T.S. as indicator. Each ml. of 0.1 N
sulfuric acid represents 33.44 mg. of C21H22N2O2. N.F.
The B.P. and LP. assays, which are identical,
are based on the same general principles as the
N.F. assay but differ in several details. The alkaloids are extracted in a continuous extraction
apparatus with an alkalinized mixture of alcohol
and chloroform, following which the solvent is
removed and the residue dissolved in dilute acid.
This aqueous acid solution is extracted with
chloroform to remove fat, after which the aqueous solution is made ammoniacal, the alkaloids
extracted with chloroform, and the assay completed substantially as directed by the N.F. The
content of strychnine found by this procedure is,
however, multiplied by 1.02 to correct for loss of
strychnine in the assay.
For the assay of total alkaloids in nux vomica
see U.S.D., 21st ed., p. 718.
Constituents. — The therapeutic value of nux
vomica is due entirely to the two alkaloids, brucine and strychnine, although other substances of
some interest are also present. The total alkaloidal
content ranges from 2 to 2.7 per cent.
Strychnine, C21H22N2O2, was discovered by
Pelletier and Caventou in 1818, in both nux
vomica and the bean of St. Ignatius. It generally
constitutes a little less than one-half of the total
alkaloids. For account of a method of separation
and its chemical properties see Strychnine.
Brucine, C23H26N2O4, is a dimethoxystrychnine. Morrison and Bliss (/. A. Ph. A., 1932, 21,
753) found a larger proportion of brucine than
strychnine in 7 of 8 samples of nux vomica; of the
total alkaloids strychnine represented from 41 to
54 per cent. Brucine may be separated from
strychnine by virtue of the lesser solubility of its
oxalate in dehydrated alcohol or of its hydiiodide
in water, or by the insolubility of strychnine
chromate in water. Potassium ferrocyanide precipitates the strychnine from a hydrochloric acid
solution of the alkaloids, the brucine remaining in
solution. Brucine is crystallizable from aqueous
alcohol, the crystals then containing four molecules of water of crystallization. Brucine is odorless and has a harsh, very bitter taste; it is sparingly soluble in water, very soluble in alcohol,
and dissolves in 4 parts of chloroform, 440 parts
of ether, 60 parts of benzene, and 120 parts of
petroleum benzin. It is permanent in air. The
hydrated crystals melt at 105°, while the anhydrous base melts at 178°, with some decomposition. It forms crystallizable salts with acids.
Concentrated nitric acid produces with brucine
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or its salts an intense crimson color, which changes
to yellow on heating, and upon the addition of
stannous chloride becomes violet. Dissolved in
diluted sulfuric acid, brucine forms with potassium dichromate a red color changing to orange.
Brucine oxidized with bromine yields a red color
when heated with hydrochloric acid; a brown
color changing to green, then yellow, when heated
with ammonia, the yellow solution developing a
green fluorescence when hydrochloric acid is
added. These and other color reactions of brucine
are described by Frangois (Bull. trav. soc. phartn.
Bordeaux, 1930, 68, 156). Microchemical tests
for brucine have been described by Whitmore and
Wood (Mikrochemie, 1939, 27, 249; 28, 1). A
study of the quantitative separation of strychnine
and brucine in mixtures is presented by Horn and
co-workers (7. A. Ph. A., 1940, 29, 183).
In addition to the two chief alkaloids several
other bases have been described. Boorsma reported (Pharm. J., 1902) a base which he calls
strychnicine; this is of very low toxicity. Ruickoldt (Arch. exp. Path. Phartn., 1930, 149, 370)
described an alkaloid vomicine which, while possessed of some physiological powers, differs materially from strychnine. Schaefer (/. A. Ph. A.,
1914, 3, 1677) found an alkaloid, which he named
struxine, C21H30N2O4, in a concentration of 0.1
per cent in the drug coming from Cochin China.
This base may be a decomposition product of
either brucine or strychnine. Warnat (Helv. Chim.
Acta, 1931, 14, 997) obtained the alkaloids
pseudo-strychjiine, alpha- colubrine, and beiacolubrine in the mother liquors from strychnine
crystallization. Pseudo-strychnine is believed to
be a hydroxystrychnine, while the two colubrines
appear to be isomeric monomethoxystrychnines,
thus standing midway between strychnine and
brucine, which is a dimethoxy derivative. Pseudostrychnine is not bitter and is only mildly toxic;
the isomeric colubrines are intermediate between
strvchnine and brucine in toxicity.
Dunstan and Short (Pharm. J., 1883, 14, 1025)
found in nux vomica seeds, but more abundantly
in the pulp surrounding them, the glycoside
loganin, C25H34O14. It is present in the pulp to
the amount of 4 or 5 per cent; it was obtained by
exhausting the pulp with a mixture of chloroform
and alcohol. Loganin is easily soluble in water and
alcohol, less soluble in ether, chloroform, and
benzene. Its most characteristic reaction is found
in its behavior with concentrated sulfuric acid. A
very small quantity of loganin, when gently
warmed with a few drops of concentrated sulfuric
acid, yields a fine red color, which, on standing,
develops into a deep purple.
In addition to these constituents, there are
present a yellow coloring matter, a fixed oil, gum,
starch, a small quantity of wax, and several earth
phosphates. The unsaponifiable portion of the oil
was identified as a mixture of phytosterins (Arch.
Pharm., 1912, p. 398). There is present also an
organic acid which has been called igasuric acid
but Sander (Arch. Pharm., 1897, 133) believed it
to be caffeotannic acid. Meyer investigated the
fatty oil, and found it to consist of the glycerides
of capric, caprylic, caproic, butyric and palmitic
acids (Am. J. Pharm., 1874, 405).

Allied Plants. — The following species of
Strychnos have been shown to contain either
strychnine or brucine, or both; 5. ignatia (see
Ignatia, Part II); S. cinnamomijolia Thw. (Short,
Yearbook Pharm., 1924) ; 5. colubrina L. (Greenish, Pharm. J., 1878) ; S. ligustrina Blume (Greenish, Yearbook Pharm., 1879); S. Rheedii (Clark
and Dunstan, Imp. Inst. Rep., 1901-1902); 5.
Tieute Lesch (Am. J. Pharm., 1866). The Congo
poison known as Cupua Apus, according to Vinci
(Arch, internat. pharmacodyn. therap., 1911), is
produced from the Strychnos Kipapa Gilg. The
bark of the root contains 6 per cent of strychnine and the wood 0.1 per cent.
Strychnos Nux-blanda Hill, of Burma produces
seeds which contain neither strychnine nor brucine and are devoid of bitterness. According to
A. W. Hill this species differs from S. Nux-vomica
in the long calyx segments, the larger, abruptly
acute leaves, larger fruits with more numerous
seeds, the latter having a felty-white surface,
without the satiny luster of genuine nux vomica
seeds (Kew Bull., 1917, p. 121). The seeds of
5. potatorum, L. fil., of India and Ceylon contain
no alkaloids and are used in India for clearing
muddy water. They have been substituted for nux
vomica, from which they may readily be distinguished byammonium vanadate reagent.
Uses. — The medicinal and toxic properties of
nux vomica are primarily those of its principal
alkaloid (see Strychnine). The belief held by
some physicians that it acts more favorably as
a bitter upon the stomach has only this much
of justification — namely, that it is more slowly
absorbed, and therefore acts locally somewhat
more persistently. In addition to strychnine, nux
vomica contains the alkaloid brucine. E
Brucixe. — It was once taught that brucine
closely resembled strychnine in its physiological
action, except that it was less poisonous and that
it was depressant to the peripheral sensory nerves.
Dickson and Harvey (Pharm. J., 1908, 81, 367),
however, experimenting with pure brucine, reached
the conclusion that its dominant action was a
paralysis of the peripheral motor nerves, and that
the convulsive action which is the characteristic
effect of strychnine is almost entirely absent in
the case of brucine. Morrison and Bliss (/. A.
Ph. A., 1932, 21, 753) reported that brucine
causes violent convulsions in doses about 40 times
as large as strychnine. According to the observation of Mays, brucine is an active paralyzant of
sensory nerves and a 5 or 10 per cent solution
applied to the mouth causes local anesthesia.
Burnett claimed that a 5 per cent solution is a
valuable local anodyne in inflammations of the
external ear. Brucine has been given orally in
doses from 5 to 30 mg. (approximately V12 to }4
grain).
The average dose of nux vomica (in standardized form, see Prepared Nux Vomica) is 60 to
250 mg. (approximately 1 to 4 grains).
PREPARED NUX VOMICA.
B.P. (I.P.)
Nuz Vomica Praeparata

This is a standardized form of nux vomica pre-
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pared by adding to finely powdered nux vomica,
if necessary, a suitable proportion of powdered
exhausted nux vomica or powdered lactose to provide a content of strychnine of 1.2 per cent
(limits, 1.14 to 1.26). The I.P. recognizes a similar product under the name Standardized Powdered Strychnos Seed, in the Latin Pulvis Strychni
Seminis Standardisatus ; in adjusting the potency
to 1.2 per cent of strychnine, an admixture of
suitable proportions of powdered nux vomica
having lower or higher alkaloidal content may be
made, or powdered exhausted seed, or powdered
lactose or rich starch used to dilute powdered seed
of higher potency.
When nux vomica is prescribed, this standardized form of the drug should be dispensed.
The dose is from 60 to 250 mg. (approximately
1 to 4 grains).
NUX

VOMICA

EXTRACT.

N.F. (B.P.)

Powdered Nux Vomica Extract, Extractum Nucis Vomicae

"Nux Vomica Extract contains, in each 100
Gm., not less than 7 Gm. and not more than 7.75
Gm. of strychnine (C21H22N2O2). N.F. The B.P.
Dry Extract of Nux Vomica is considerably
weaker, containing only 5.0 per cent (limits, 4.75
to 5.25) of strychnine.
B.P. Dry Extract of Nux Vomica; Extractum Nucis
Vomicae Siccum. Extractum Strychni Spirituosum. Fr.
Extrait de noix vomique. Ger. Brechnuszextrakt. //.
Estratto di noce vomica idroalcoolico. Sp. Extracto de
nuez vomica.

Extract the fat from 1000 Gm. of nux vomica,
in moderately coarse powder, by percolation with
petroleum benzin until a few drops of the percolate leave no greasy stain when evaporated from
filter paper. Dry the defatted drug in air until
the odor of benzin is no longer apparent and then
extract it, by Process B (see under Extracts).
using as Menstruum I a mixture of 750 ml. of
alcohol, 10 ml. of acetic acid, and 240 ml. of distilled water, and as Menstruum II a mixture of
3 volumes of alcohol and 1 volume of distilled
water. Macerate the drug during 24 hours, and
percolate it at a moderate rate until extraction is
complete. Combine the reserve and weak percolates, and concentrate the liquid at a temperature not above 100° to a volume of about 200 ml.
Evaporate this to dryness at a temperature not
above 60°, powder the product and. after assaying
it, add enough dry starch to have in each 100 Gm.
of the product 7.4 Gm. of C21H22N2O2. N.F.
The B.P. Dry Extract of Nux Vomica contains
approximately 5 Gm. of strychnine in 100 Gm. It
is made from moderately coarse nux vomica by
percolation with 70 per cent alcohol. After the
drug has been exhausted the percolate is concentrated to a small volume and defatted by agitation
with hard paraffin at 60°. The mixture is cooled
and the liquid separated from the solidified paraffin. This liquid is assayed for content of strychnine, and of total solids. To the remaining liquid
the requisite amount of calcium phosphate is
added to make the dry extract contain 5 per cent
of strychnine. The mixture is evaporated to dryness, the residue is dried at 100°, powdered, and
passed through a No. 22 sieve.
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Dose, 15 to 30 mg. (approximately j4 to Y2.
grain).
Storage. — Preserve "in tight, light-resistant
containers,
30°." N.F. preferably at a temperature not above
NUX

VOMICA FLUIDEXTRACT.
N.F. (B.P.)
Fluidextractum Nucis Vomicae

"Nux Vomica Fluidextract contains, in each
100 ml., not less than 1.05 Gm. and not more
than 1.25 Gm. of strychnine (C21H22N2O2)." N.F.
The B.P. requires 1.5 per cent w/v of strychnine
(limits, 1.425 to 1.575).
B.P. Liquid Extract of Nux Vomica; Extractum Nucis
Vomicae Liquidum. Extractum Strychni Fluidum. Fr.
Extrait fluide de noix vomique. Ger. Brechnuszfluidextrakt.
It. Estratto fluido di noce vomica.

Prepare the fluidextract from nux vomica, in
moderately coarse powder, by Process B, as modified for assayed fluidextracts (see under Fluidextracts), using as Menstruum I a mixture of 2
volumes of acetic acid, 3 volumes of water, and
15 volumes of alcohol, and as Menstruum II a
mixture of 3 volumes of alcohol and 1 volume of
water. Macerate the drug during 48 hours, and
percolate it at a moderate rate. Chill the percolate
until the fat has separated and filter while it is
cold. Adjust the liquid to contain, in each 100 ml.,
1.15 Gm. of strychnine and 60 per cent, by
volume, of C2H5OH. N.F.
The B.P. Liquid Extract of Nux Vomica is prepared by percolation, using as a menstruum 70 per
cent alcohol. After removing the alcohol from the
percolate, the concentrated liquid is agitated with
hard paraffin at 60° to remove the fat. Alcohol is
then added, the liquid assayed for its content of
strychnine, and the remainder of it diluted with
45 per cent alcohol to contain the required amount
of strychnine. After standing 24 hours the liquid
is filtered.
Alcohol Content. — From 57 to 63 per cent,
by volume, of C2H5OH. N.F.
Dose, from 0.06 to 0.2 ml. (approximately 1 to
3 minims). N.F.
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
NUX VOMICA TINCTURE.
N.F. (B.P.) (I.P.)
Tinctura Nucis Vomicae

"Nux Vomica Tincture contains, in each 100
ml., not less than 105 mg. and not more than 12 5
mg. of strychnine (C21H22N2O2)." N.F. The B.P.
requires Tincture of Nux Vomica to contain 0.125
per cent w/v of strychnine (limits, 0.119 to
0.131). The I.P. limits are the same as those of
the B.P.
B.P. Tincture of Nux Vomica. I.P. Tincture of Strychnos Seed; Tinctura Strychni. Fr. Teinture de noix
vomique. Ger. Berchnusztinktur. It. Tintura di noce
vomica. Sp. Tintura de nuez v6mica.

Prepare the tincture, by Process P as modified
for assayed tinctures (see under Tinctures), from
100 Gm. of nux vomica, in moderately coarse
powder, macerating the drug during 24 hours with
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a mixture of 7.5 ml. of hydrochloric acid, 150 ml.
of alcohol, and 42.5 ml. of water, then percolating
slowly with a menstruum of 3 volumes of alcohol
and 1 volume of distilled water. The tincture is
adjusted, by the addition of sufficient of a mixture which in each 100 ml., contains 0.8 ml. of
hydrochloric acid and proper volumes of alcohol
and water, to make each 100 ml. contain 115 mg.
of strychnine and 69.5 per cent of C2H5OH. Keep
the tincture at 5° for 30 minutes, then filter it.
N.F.
The B.P. Tincture of Nux Vomica is prepared
by diluting 83.4 ml. of liquid extract of nux
vomica with sufficient 45 per cent alcohol to make
1000 ml.
The process of preparing nux vomica tincture
has undergone many changes through successive
revisions of the official compendia. It has been
prepared from the crude drug as well as from nux
vomica extract. In the U.S. P. X acetic acid was
employed in the menstruum to increase extraction
efficiency; the U.S. P. XI substituted hydrochloric
acid as yielding a more brilliant product and one
which did not show the slight precipitation generally found in tinctures prepared by the U.S. P. X
process. Watts (7. A. Ph. A., 1938, 27, 138) called
attention to the fact that the total solids content
of tinctures prepared with hydrochloric acid was
higher than that of tinctures prepared with acetic
acid in the menstruum; she also confirmed the
findings of Dickey and Nitardy (/. A. Ph. A.,
1933, 22, 40) that it was immaterial from the
standpoint of extraction efficiency which acid was
used. The formula utilizing hydrochloric acid continues to be officially recognized.
Chilling of the tincture to 5°, followed by filtration, is for the purpose of separating as much fat
as possible in order that the product may be more
likely to remain clear.
Alcohol Content. — From 67 to 72 per cent,
by volume, of C2H5OH. N.F.
Incompatibilities. — Neutralization of the
acidity of this tincture, through combining it with
alkaline substances, especially if accompanied by
dilution with water or low-alcoholic liquids, may
result in precipitation of the alkaloids with resulting danger to the patient. Iron salts cause a darkening in color due to the formation of ferric
tannate.
Uses. — The concentration of strychnine in this
tincture is so small that in the commonly used
doses it will not produce to any material extent
the systemic effects of the alkaloid. Its most important use is as a bitter tonic in gastric atony.
Dose, from 0.6 to 2 ml. (approximately 10 to
30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
and to excessive heat." N.F.
OCTYLPHENOXY
POLYETHOXYETHANOL.
N.F.
CH3C(CH3)2CH2C(CH3)2.C6H4.0(CH2CH20)^H
"Octylphenoxy Polyethoxyethanol is a 33 per
cent solution of mono-p-isooctyl phenyl ether of
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polyethylene glycol in which x varies from 5 to 15.
and which has an average molecular weight of
646, corresponding to the formula C34H62O11."
N.F.
Polyethyleneglycol isooctyl phenyl ether.

This surface-active agent is prepared by reacting />-isooctyl phenol with ethylene oxide, usually in the presence of a basic catalyst such as a
tertiary amine; for details of synthesis see U. S.
Patent 2,276,597 (1942). A 33 per cent water
solution of the substance is official.
Description. — "Octylphenoxy Polyethoxyethanol occurs as a clear, pale yellow, viscous
liquid, having a faint odor and a bitter taste.
Octylphenoxy Polyethoxyethanol is miscible with
water, with alcohol, and with acetone. It is incompletely miscible with glycerin, and is insoluble in
chloroform, in carbon tetrachloride, in ether, and
in petroleum ether." N.F.
Standards and Tests. — Specific gravity. —
Not less than 1.029 and not more than 1.033.
Refractive index. — Not less than 1.3835 and not
more than 1.3845. pH. — The pH of a 1 in 20
solution is between 7 and 9. N.F.
Uses. — This substance is recognized by the
N.F. as a "pharmaceutical necessity" since it is an
ingredient of the official Nitrofurazone Solution,
in which it serves as a surface-active (wetting)
agent. For a discussion of the mechanism of
action of such compounds see the article on Surface-Active Agents, in Part II.
Storage. — Preserve "in tight containers." N.F.
EMULSIFYING

OINTMENT.

B.P.

Unguentum Emulsificans

This is prepared by melting together 30 per
cent of emulsifying wax, 50 per cent of white
petrolatum, and 20 per cent of liquid petrolatum.
This ointment is employed as an ingredient of
the B.P. Simple Cream but because it is miscible
with water in all proportions, forming oil-in-water
emulsions which vary in consistency from that of
milk to thick nonpourable creams, it may be employed as an ointment base for aqueous ingredients or to produce a lotion embodying as well
certain greasy or oily components.
SIMPLE-CREAM.

B.P.

Hydrous Emulsifying Ointment, Unguentum
Emulsificans Aquosum

This ointment is prepared by melting 300 Gm
of emulsifying ointment and stirring this gently
with a warm solution of 1 Gm. of chlorocresol in
699 Gm. of distilled water until the product is
cold.
This product was described by Bennet, in A
General Survey of the British Pharmacopoeia
1948, as being a water-miscible ointment base of
convenient consistence, easily removed from the
skin by washing with water, and compatible with
a wide range of medicaments. The chlorocresol is
included to prevent growth of molds.
Storage. — The cream should be kept in a wellclosed container and stored in a cool place. B.P.
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EYE

OINTMENTS.

B.P.

Oculenta

Under this title the B.P. recognizes the following preparations :
Eye Ointment of Atropine, containing 1.0 per
cent of atropine sulfate, if the strength is not
stated.
Eye Ointment of Atropine with Mercuric Oxide,
containing 1.0 per cent of atropine sulfate and
1.0 per cent of yellow mercuric oxide, if the
strength is not stated.
Eye Ointment of Hyoscine, containing 0.25 per
cent of hyoscine hydrobromide, if the strength is
not stated.
Eye Ointment of Mercuric Oxide, containing
1.0 per cent of yellow mercuric oxide, if the
strength is not stated.
Eye Ointment of Penicillin, containing 2000
Units of amorphous penicillin or benzylpenicillin
in 1 Gm., if the strength is not stated.
Eye Ointment of Sulphacetamide, containing
6.0 per cent of sulphacetamide sodium, if the
strength is not stated.
The base used in the preparation of these ointments is,in all cases except that of eye ointment
of penicillin, a sterilized mixture of 90 parts of
yellow soft paraffin and 10 parts of wool fat; in
the case of the penicillin ointment the base is a
sterilized mixture of 5 parts of liquid paraffin and
95 parts of white soft paraffin. Sterilization of the
base is achieved by heating the melted mixture,
previously filtered through coarse filter paper
placed in a heated funnel, at 150° for 1 hour. In
general the medicament is incorporated by triturating itwith a small portion of melted base until
the mixture is smooth, after which the remainder
of the melted base is added, and trituration is
continued until the ointment is cold. If an alkaloidal salt or sulphacetamide sodium is to be incorporated, solution of the medicament should be
first effected in the smallest possible quantity of
water for injection, before incorporation in the
base.
Eye ointments should be packed in small, sterilized, collapsible tubes.
HYDROPHILIC

OINTMENT.

U.S.P.

Unguentum Hydrophilicum

Melt 250 Gm. each of stearyl alcohol and white
petrolatum on a water bath, and adjust the temperature ofthe melted mixture to about 75° ; then
add a solution of 0.25 Gm. of methylparaben,
0.15 Gm. of propylparaben, 50 Gm. of polyoxyl
40 stearate and 120 Gm. of propylene glycol in
330 Gm. of purified water, this mixture also
having been warmed to about 75°. Stir the mixture until it congeals. U.S.P.
Hydrophilic ointment was first recognized in
U.S.P. XIII, the then official formula differing
from the present one in containing glycerin in
place of propylene glycol and 1 per cent of sodium
lauryl sulfate instead of polyoxyl 40 stearate. The
U.S.P. XIII formula was developed and tested by
Zopf and his colleagues (/. A. Ph. A., Prac. Ed.,
1945, 6, 365). In U.S.P. XIV the glycerin, which
caused the ointment to soften when it was tritu-
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rated or used as a levigating agent, was replaced
by propylene glycol, which corrected this defect.
In the present formula the sodium lauryl sulfate
has been replaced by the nonionic surfactant
polyoxyl 40 stearate, as recommended by Barr
et al. {ibid., 1954, 15, 758), in anticipation of
avoiding instances of skin irritation produced by
the U.S.P. XIV ointment and attributed to sodium lauryl sulfate, which is anionic and recognized to be a primary irritant.
The use of two />-hydroxybenzoic acid esters,
methylparaben and propylparaben, as antimicrobial preservatives is based on several reasons.
Some evidence indicates that the methyl ester is
more effective against molds, while the propyl
ester is more effective against yeasts; also, the
propyl ester appears to be more efficient than the
methyl ester in an oil base; moreover, the combination ofmethyl and propyl esters seems to be
more effective than equivalent concentrations of
either alone. Barr et al. (loc. cit.) believe that
propylene glycol may function as an accessory
preservative to fortify the action of the parabens
in this ointment. The base does not support
growth of test strains of various bacteria, yeasts
and molds which were used to contaminate it.
Hydrophilic ointment is of the oil-in-water type
and is readily removed from skin and clothing by
washing with water; the ointment is compatible
with many substances employed in dermatologic
practice (see the paper of Barr »t al.).
Storage. — Preserve "in tight containers."
U.S.P.
HYDROUS

OINTMENT.

Unguentum

B.P.

Aquosum

This ointment is prepared by adding distilled
water gradually, with constant stirring, to an
equal quantity of melted ointment of wool alcohols, triturating vigorously until a smooth cream
is obtained, and stirring until cold.
Hydrous ointment is employed in Great Britain
as an ointment base of the "washable" type.
WHITE OINTMENT.
U.S.P. (B.P.)
Simple Ointment, Unguentum Album
B.P. Simple Ointment; Unguentum Simplex. Unguentum Cereum. Fr. Onguent simple. Ger. Wachssalbe. Sp.
Ungilento Blanco.

Melt 50 Gm. of white wax in a suitable dish on
a water bath, add 950 Gm. of white petrolatum,
warm the mixture until it is liquefied, then discontinue heating and stir it until congealed. U.S.P.
Wool fat, formerly an ingredient of this ointment,
was omitted from the U.S.P. XIV formula because of the sensitization which it sometimes
causes.
The B.P. Simple Ointment contains 5 per cent
wool fat, 5 per cent hard paraffin, 5 per cent cetostearyl alcohol, and 85 per cent of either white or
yellow petrolatum, the selection depending on the
color of the ointment in which this base is to be
employed.
Uses. — This ointment is largely used as a base
in official and other ointments which are white or
light in color; for darker ointments the Yellow
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Ointment is used. Both bases are occasionally employed as a mild dressing for blistered or excoriated surfaces.
Off. Prep. — Ammoniated Mercury Ointment;
Mild Mercurial Ointment; Sulfur Ointment: Zinc
Oxide Ointment, U.S.P., B.P.; Ethyl Aminobenzoate Ointment; Yellow Mercuric Oxide Ointment; Boric Acid Ointment; Phenol Ointment,
US. P.; Oleated Mercury, B.P.
YELLOW

OINTMENT.

U.S.P. (B.P.)

Unguentum Flavum
B.P. Simple Ointment; Unguentum
guento Amarillo.

Simplex. Sp. Un-

Melt 50 Gm. of yellow wax in a suitable dish
on a water bath, add 950 Gm. of petrolatum,
warm the mixture until it is liquefied, then discontinue heating and stir it until congealed. US.P.
Wool fat, formerly an ingredient of this ointment,
was omitted from the U.S.P. XIV formula because of the sensitization which it sometimes
produces.
The B.P. Simple Ointment (see under White
Ointment), when made with yellow petrolatum, is
very similar to the U.S.P. yellow ointment.
For uses of the ointment see under White
Ointment.
Off. Prep.— Chrysarobin Ointment, US J3.;
Belladonna Ointment; Iodine Ointment; Pine Tar
Ointment, N.P.; Dilute Ointment of Mercurv,
B.P.
OLEIC

ACID.

U.S.P., B.P.

[Acidum Oleicum]

"Oleic Acid is obtained from tallow and other
fats, and consists chiefly of cw-9-octadecenoic
acid [CH3(CH2)7CH:CH(CH2)7COOH]." US.P.
The B.P. states that it consists chieflv of C17H33.COOH.
Oleinic Acid; Elaic Acid. Acidum Oleinicum; Acidum
Elainicum. Fr. Acide oleique, Ger. Olsaure; Elainsaure.
Sp. Acido oleico; Acido elainico.

Oleic acid is the most widely distributed of all
fatty acids, being the chief acid component of the
depot fats of herbivorous animals and of many
fruit and seed fats and oils. A commercial form of
the acid, known as red oil, consists of the mixed
liquid acids remaining after crystallization of the
solid acids from the total acid fraction of the hydrolysis products of fats and oils. In the Emersol
process (Ind. Eng. Chem., 1947, 39, 126, and see
under Stearic Acid), oleic acid may be obtained
by evaporating the methanol solution remaining
after crystallization of stearic and palmitic acids.
Purification of the liquid acid fraction, by means
of which other liquid acids are largely eliminated,
may be effected by vacuum distillation. It is reported that separation of the mixed acids from
saponified olive oil may be effected by crystallization from acetone at low temperatures. At —20°
deposition of saturated acids occurs, while at
—60° oleic acid crystallizes and may be purified
by several recrystallizations. Dutton (/. Phys.
Chem., 1944, 48, 179) separated stearic from
oleic acid by passing a solution of the mixed acids
through an absorption column containing a mixture of an activated charcoal and "Hyflo Super

Cel." These acids may also be separated by treating their respective lead salts with ether; lead
stearate is insoluble in ether, while lead oleate is
soluble. The acids are subsequently liberated from
their lead salts.
Oleic acid is a member of the unsaturated acid
series containing one double bond. It differs from
stearic acid only in having this double bond; by
catalytic hydrogenation it can be converted to
stearic acid. Saturation of the double bonds may
also be effected by addition of halogens, which
reaction is the basis for the determination of the
iodine and the bromine number of oils and fats.
The double bond in oleic acid occurs at the center
of the carbon chain, as has been demonstrated by
splitting the molecule into pelargonic and azelaic
acids, each of which contains 9 carbon atoms.
The structure of oleic acid suggests that geometrical isomers may exist. By treating oleic acid
with sodium nitrite and sulfuric acid, or by heating it with selenium, it is in part converted to
elaidic acid; the latter has the frarw-configuration
while oleic acid possesses the m-structure. Elaidic
acid is a solid at room temperature.
Although it was known for many years, oleic
acid was not used in a medicinal connection until
1872 when John Marshall (Lancet, 1872, 709)
introduced certain oleates as substitutes for some
of the older ointments.
Description. — "Oleic Acid is a pale yellow to
brownish yellow, oily liquid. It has a peculiar,
lard-like odor and taste. On exposure to air it
gradually absorbs oxygen and darkens. When
strongly heated in air, Oleic Acid is decomposed
with the production of acrid vapors. Its specific
gravity is about 0.895. Oleic Acid is almost insoluble inwater. It is miscible with alcohol, with
chloroform, with ether, with benzene, and with
fixed and volatile oils." USJ*.
Standards and Tests. — Congealing temperature.— Not above 10°. Residue on ignition. — Not
over 5 mg. from 5 ml. of oleic acid. Mineral acids.
— Methyl orange T.S. does not redden the filtered
aqueous liquid separated from a mixture of 5 ml.
of oleic acid with 5 ml. of water. Xeutral fat or
mineral oil. — The solution resulting when 1 ml. of
oleic acid is boiled with 500 mg. of sodium carbonate and 30 ml. of water is clear or, at most,
opalescent, while hot. Acid value. — Not less than
188 and not more than 203. Iodine value. — Not
less than 85 and not more than 95. US.P.
The B.P. specifies, as a test for stearic acid,
that oleic acid should not become cloudv above
Incompatibilities. — Oleic acid reacts with
alkalies to form soaps. With some metals, as
zinc,
10°. lead and calcium, it forms soaps which are
not soluble in water but are soluble in most fixed
oils. It is decomposed by oxidizing agents. Addition compounds are formed with iodine.
Uses. — Oleic acid is used in the preparation of
several official products (see below). When taken
internally, in sufficient amount, it causes destruction of red blood cells and consequent anemia
(Adler, Proc. S. Exp. Biol. Med., 1911, 9, 1; see
also Jefferson and Necheles, ibid., 1948, 68, 248).
In oral doses of 5 ml., it caused contraction of the
gall bladder and an increased flow of bile from
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the liver whereas 500 mg. of bile acid had no
cholagogue action and less marked choleretic
action (Lipschutz and Feder, Am. J. Digest. Dis.,
1941, 8, 173). According to Burr {Fed. Proc,
1942, 1, 224), oleic acid is not one of the unsaturated fatty acids which appear to be essential
in animal, and perhaps human, nutrition.
The B.P. formerly assigned a dose of from 0.3
to 1 ml. (approximately 5 to 15 minims).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Benzyl Benzoate Lotion; Medicinal Soft Soap, U.S.P.; Mercury Oleate, N.F.,
B.P.; Saponated Benzyl Benzoate, N.F.
OLEOVITAMIN

A.

U.S.P. (B.P.)

[Oleovitamina A]

"Oleovitamin
is eitherin marine
concentrate
or a Asolution
marine liver
liver oil,
oil oror ina
edible vegetable oil of vitamin A alcohol
(C20H29OH) or the edible fatty acid esters (including the acetate) of vitamin A alcohol derived
from natural or synthetic sources. The vitamin A
activity of Oleovitamin A is not less than that
declared on the label." U.S.P.
The B.P. recognizes Concentrated Solution of
Vitamin A as one containing in 1 Gm. not less
than 45,000 and not more than 55,000 units of
vitamin A activity and states that it may consist
of a suitable fish liver oil or blend of fish liver
oils, or be prepared by dissolving, at a temperature not exceeding 60°, a source of vitamin A in
a suitable vegetable oil, such as arachis oil. Sources
of vitamin A acceptable to the B.P. include any
of the following materials or any suitable mixture
of them: A fish-liver oil rich in vitamin A; the
unsaponifiable matter, separated from the glycerides, of such oil; a concentrate prepared by partial saponification, distillation or extraction of
such oil, or by distillation or extraction of such
unsaponifiable matter, or by any other suitable
method; synthetic vitamin A or its esters.
B.P. Concentrated Solution of Vitamin A ; Liquor Vitamini A Concentratus. Vitamina A Naturalis in Oleo,
U.S.P. XI Sup. Sp. Oleovitamina A.

Precursors. — The precursors of vitamin A
are certain of the carotenoids, which are a group
of pigmented substances found chiefly in various
plants but also in certain animals. Of these, four
will yield vitamin A in the body, namely, a-carotene, ^-carotene, y-carotene (the term carotin, or
carrotin, was formerly applied to a mixture of the
various carotenes), and cryptoxanthin, but practically all of our vitamin A is made by the breaking down of P-carotene. This substance consists
of two P-ionone rings united by a polyene chain.
On splitting the chain in half there are formed,
after oxidation to the alcohols, two molecules of
vitamin A. It is generally believed that this
hydrolysis of P-carotene is brought about by a
special enzyme found in the liver. Although the
carotenes are all deeply colored, vitamin A itself
is colorless. Contrary to a widespread belief, the
color of foodstuffs does not provide a reliable
index of its vitamin A efficiency, because some
foods, such as milk and fish-liver oils, may contain considerable quantities of the colorless vita-
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min, and certain vegetables may be colored red
or yellow with carotenoids which do not yield
vitamin A. Nevertheless, the color of vegetables
is of considerable importance as indicative of their
value as a source of this vitamin; as P-carotene
is a constant associate of chlorophyll, green leaves
are always an important source, as are also many
red and yellow foods, such as carrots, tomatoes,
pumpkins, etc.
Separation. — The aliphatic primary alcohol
structure of vitamin A is important in connection
with its biochemical properties. It allows for
esterification to form compounds with fatty acids,
proteins and bile acids. In oils, vitamin A exists
chiefly, if not entirely, in the form of esters.
These esters may be saponified to liberate the
alcohol form of the vitamin, which may be extracted with the unsaponifiable portion of the oil.
By shaking a petroleum ether solution of this unsaponifiable portion with 80 to 90 per cent methyl
alcohol the latter removes vitamin A, leaving
behind the precursors of the vitamin along with
other unsaponifiable matter. In this way concentrates containing several hundred thousand U.S.P.
vitamin A units per gram may be prepared. Methods of direct extraction of the oil, which do not
require preliminary saponification, have been perfected to the point of commercial production of
concentrates containing 1,000,000 U.S.P. vitamin
A units per gram.
About 1929, chemists working on high vacuum
experiments discovered the technique known as
"molecular distillation" in which distillation is
carried out under high vacuum with the condenser
placed at a distance from the liquid being distilled
which is less than the mean free path of the molecules of the latter. Application of this process to
the distillation of vitamins permitted separation
of the natural vitamin A esters, along with natural
antioxidants, present in selected fish-liver oils.
High stability, blandness, and uniform purity,
color and clarity characterize the potent concentrates obtained by this process.
The sources which have been utilized in this
country for the production of vitamin A include
soupfin shark, grayfish (dogfish), halibut, lingcod,
sablefish, tuna, and cod. Whale-liver oil has long
been used abroad as a source of vitamin A. The
studies of Embree and Shantz (J.A.C.S., 1943,
65, 910) in which, after distilling out all of the
free vitamin A in saponified whale-liver oil, it was
found that relatively high heating of the oil remaining in the still produced further large yields
of vitamin A, led to the discovery of a new precursor of vitamin A, which was called kitol (from
ketos, the whale). This new substance was found
to have a structure corresponding to the mirrorimage of P-carotene; kitol is apparently not split
into vitamin A in the animal body but can be thus
changed during high vacuum distillation. It has
been suggested that kitol may be the form in
which the whale inactivates the excess of vitamin
A in its body.
Vitamin A2. — It has been established that
the vitamin A obtained from the livers of saltwater fish differs from that extracted from the
livers of fresh-water fish; vitamin from the former
source, called Vitamin Ai when it is necessary to
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distinguish it from the vitamin of the latter
source, contains one less conjugated double bond
than does the vitamin from fresh-water fish, which
is called vitamin A2. The vitamin A2 appears to
have only about one-third of the biological activity of vitamin Ai.
Stereoisomers. — Vitamin A (the one obtained from salt-water fish) is generally, if not
always, accompanied by a geometrical isomer
known as neovitamin A. Vitamin A is believed
to have a Jrans-configuration about each double
bond of an allyl group while in neovitamin A the
double bond has a cw-configuration; to distinguish
between the two isomers the former is called
^raws-vitamin A, while the latter is sometimes
called cw-vitamin A but more frequently is referred to as neovitamin A. Synthetic vitamin A
contains neovitamin A in about the same proportion as the latter is found in the vitamin from
liver oils; the content of neovitamin A is about
35 per cent of, the total vitamin A content. It is
claimed that the two isomers have identical biological activity, although some evidence indicates
that neovitamin A has only about 80 per cent of
the biological activity of trans-vitamin A. Still
other stereoisomers exist, reference being made
to a di-trans isomer, a di-cis isomer, and two
mono-cis isomers (see Hubbard and Wald, Science, 1952, 115, 60).
Anhydrovitamin A, also called cyclized vitamin
A, sometimes accompanies vitamin A or is produced from the latter by a process of dehydration; itis practically inactive.
Synthesis. — Vitamin A has been synthesized
by several different methods, these employing
citral or (3-ionone (which may be prepared from
citral) as the starting compound; for a condensed
description of commercial processes see Chem.
Eng., 1950, April, p. 146, and Chem. Eng. News,
1951, 29, 1316, 3962.
Description. — "Oleovitamin A is a yellow to
red oily liquid which may solidify upon refrigeration. Oleovitamin A may be nearly odorless or
may have a fishy odor but no rancid odor or taste.
It is unstable to air and light. Oleovitamin A is
insoluble in water, and in glycerin. It is soluble in
absolute alcohol, and in vegetable oils. It is very
soluble in ether, and in chloroform." U.S.P.
Stability. — Pure vitamin A, in the form of
the free alcohol, occurs in yellow prisms melting
between 62° and 64°. Because it is a highly unsaturated compound it undergoes atmospheric oxidation rather readily, although its solutions in oil
generally have good stability. Esters of the vitamin are somewhat more stable, for which reason
they are preferred for use in many dosage forms;
the two esters commonly employed are vitamin A
acetate and vitamin A palmitate, the latter being
the preponderant ester in fish liver oils. Pure
vitamin A acetate occurs as pale yellow prismatic
crystals, melting between 57° and 58°; pure vitamin A palmitate also occurs as yellow crystals,
or
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and A29°.is
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unit of 28°
vitamin
equal to 0.30 microgram of vitamin A
one Gm. of pure vitamin A alcohol
3,300,000 U.S.P. units, one Gm. of pure
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units, and

one Gm. of pure vitamin A palmitate represents
1,800,000 U.S.P. units.
To further improve the stability of vitamin A
and its esters it is customary to include one or
more stabilizing agents in formulations containing
the vitamin, these agents being of the antioxidant
type. Among antioxidants which are used for this
purpose are ascorbic acid, ascorbyl palmitate,
nordihydroguaiaretic acid, propyl gallate, tocopherols, and citric acid. A highly stable preparation
of vitamin A acetate, made in the form of freeflowing spherical granules, is available for manufacturing use. In this product the vitamin is enveloped in a matrix of gelatin plasticized with
syrup; it is supplied, under the trade-marked
name Crystalets (Pfizer), in a standardized potency of 500,000 U.S.P. units per Gm.
Standards and Tests. — Identification for vitamin A.— Antimony trichloride T.S. produces
with a chloroform solution of the vitamin a transient blue color. Free fatty acids. — Not more than
1 ml. of 0.1 N sodium hydroxide is required for
neutralization of 2 Gm. of oleovitamin A. U.S.P.
Assay. — The U.S.P. formerly employed a biological method of assaying for vitamin A but
several years ago adopted an ultraviolet spectrophotometric procedure. This is based on observation of the absorbancy of vitamin A, after hydrolyzing esters to alcohol, at 325 mn, at which
wavelength the vitamin exhibits maximum absorbancy. While the absorbancy at this wavelength
is proportional to the concentration of vitamin A,
many sources of the vitamin contain substances
other than the vitamin which absorb light of the
same wavelength; this latter absorption is referred
to as the extraneous absorption. Morton and
Stubbs (Biochem. J., 1948, 42, 195) suggested
that, since the extraneous absorption is a straight
fine for any individual sample over the portion of
the absorption curve which is examined in the
procedure, correction for such absorption may be
made by taking readings of the absorbancy at the
maximum for vitamin A and also at points on
either side of the maximum where the absorbancy
of the vitamin is the same fraction of that at the
maximum. The points selected were those at
which 6/7 of the absorption at the maximum
occurs; these points were found, by experiment,
to be at 310 mn, and 334 ran, respectively. It is
for this reason that the U.S.P. directs absorbancy
readings to be made at 325 mn, 310 mn, and
334 mn; from these readings a corrected absorbancy is calculated, and from this the content of
U.S.P. units of vitamin A is finally calculated.
For an explanation of the derivation of the several constants which appear in the U.S.P. equations for calculating the results, see Methods of
Vitamin Assay, by the Association of Vitamin
Chemists, Inc., 2nd Edition, Interscience Publishers, New York. The B.P. employs essentially
the same procedure, except that the absorbancy
measurements are made at slightly different wavelengths. In this connection it should be pointed
out that the wavelength of maximum absorbancy
of trans-vitamin A (see above) is 325 mn while
that of neovitamin A is 328 mn; also, the ester
form absorbs at a slightly higher wavelength than
does the alcohol form of the vitamin.
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Water-Miscible Vitamin A. — Since it appears that vitamin A is absorbed better and utilized more rapidly from an aqueous dispersion
than from an oil solution, aqueous media or those
that are miscible with water have become popular
vehicles for administering vitamin A. Formulas for
several such media have been recently patented.
In one of these ethyl alcohol is used, along with
glycerin or lactic acid or a combination of the
two. In another glycerin is employed, along with
a protein such as gliadin or zein. In a third formulation a polysorbate-type compound, such as
polysorbate 80, is used to effect a clear aqueous
dispersion of vitamin A (see the monograph on
Water-Miscible Vitamin A, in Part I).
Uses. — Vitamin A has at least two specific
functions in the body. It is a component of the
conjugated protein rhodopsin (visual purple)
found in the rods of the retina and concerned with
accommodation to light; it is also a component
of iodopsin (visual violet), a conjugated protein
in retinal cones concerned with color vision.
Knowledge of the chemistry of rod vision in particular has been notably advanced by the studies
of Wald and his associates {Science, 1951, 113,
287). Rhodopsin, a red light-sensitive pigment
of rod vision, on illumination with white light
yields the prosthetic group retinenei (vitamin Ai
aldehyde) and the protein opsin; this retinene
may be enzymatically reduced to vitamin Ai.
Under certain conditions rhodopsin may be synthesized either from retinenei or vitamin Ai and
opsin. From observations of Hubbard and Wald
(ibid., 1952, 115, 60) that rhodopsin could not
be directly obtained from crystalline vitamin A
and crystalline neovitamin A (which represent
trans-isomers) while it could be obtained from
vitamin A from fish liver oils (which represents
a cis-isomer), it was concluded that retinenei
enters rhodopsin as a cis-isomer but emerges apparently as the all-trans-isomer, which latter is
reisomerized to the active form by light or heat.
These investigators point out, however, that it is
probably not necessary to feed the active isomer
to make it available in vision, for vitamin A apparently isomerizes in the body to give active
forms. Vitamin A is also essential for normal
metabolism, development and maturation of epithelial cells.
The recommended daily dietary allowance of
vitamin A is 5000 units for adults (with 6000
units during the last trimester of pregnancy and
8000 units during lactation), 1500 units for infants under 1 year of age, 2000 units for children
from 1 to 3 years, 2500 units for those 4 to 6
years old, 3500 units when 7 to 9 years of age,
and 4500 units in the age group of 10 to 12 years
(/. A. Dietet. A., 1954, 30, 105).
Vitamin A deficiency may arise either from improper diet, poor absorption, or inability of the
liver to cleave the carotene molecule. Natural
vitamin A occurs only in animal products. Most
diets contain adequate amounts of carotene and/or
vitamin A.
Absorption. — Vitamin A is absorbed by the
intestinal mucosa and passes into the lymph as an
ester which is stored largely in the liver. Carotene
is converted into vitamin A in the intestinal
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mucosa. Vitamin A esters in fish liver oils are
absorbed following release of the vitamin in alcohol form. The presence of fatty foods in the intestines seems to be essential for absorption of vitamin A and carotene and the presence of bile and
pancreatic juice is also necessary to aid absorption of the fat. Mendeloff (Proc. Centr. Soc. Clin.
Res., 1953, 26, 70) observed that higher blood
concentrations were obtained when vitamin A was
administered with meals rather than between
meals. Infection interferes with metabolism of
vitamin A (Spector et al., Am. J. Dis. Child.,
1943, 66, 376). In blood plasma the concentration of free vitamin A is about 30 micrograms
per 100 ml. Liver contains 60 to 120 meg. per Gm.
In hypothyroidism, diabetes mellitus, and nephrosis utilization of carotene is impaired and the
concentration in the blood is increased. In the
presence of fever the plasma concentration of
vitamin A may decrease to zero. Abels et al.
(J. Clin. Inv., 1941, 20, 749) found low plasma
levels of vitamin A in patients with gastrointestinal and other carcinomas notwithstanding adequate intake; this was corrected by administration of yeast or lipocaic. Meyer et al. (Arch.
Surg., 1943, 47, 26) found low plasma levels to
be associated with liver damage (hepatitis, etc.)
and Adlersberg et al. (Gastroenterology, 1945, 4,
164) used the response of the plasma level to a
large oral dose of vitamin A as a test of liver
function. In patients with nephrosis, the plasma
vitamin A concentration is high and the rise after
a dose of the vitamin is excessive; Kagan et al.
(J. Clin. Inv., 1950, 29, 141) attribute this to
inability of the liver to store the vitamin.
Liquid petrolatum markedly diminishes absorpof carotene because it is a solvent for carotene
which is not capable of being absorbed; the vitamin itself, however, seems to be absorbed, at least
under some conditions (Curtis and Ballmer,
J.A.M.A., 1939, 113, 1785). A study of the effect
of mineral oil on absorption of vitamin A from
the diet was conducted by Steigmann et al. (Gastroenterology, 1952, 20, 587). On diets containing 2500 units of vitamin A daily, mostly in the
form of carotene, the blood concentration of the
vitamin in healthy human subjects remained constant. With an intake of 1500 units daily the level
decreased slowly, while on 3000 units daily in the
diet a slow increase in concentration of vitamin
A in blood was observed. On the 2500-unit diet,
ingestion of 30 ml. of mineral oil with one meal,
or of 5 ml. 3 times daily with meals, was followed by a definite decrease in the blood level of
vitamin A. However, no deleterious effect was
produced by 5 ml. of mineral oil with one meal
a day, or by 2.5 ml. 3 times a day with meals, or
by 30 ml. taken at bedtime. When the vitamin
store in the body is low, carotene is rapidly converted into vitamin A and what is not used is
stored in the liver. After the body stores are well
filled the carotene, although it may be absorbed,
no longer appears to be changed to vitamin A and
it is possible to have a carotenemia of a degree
sufficient to impart a distinctly yellowish tinge
to the blood and also to cornified epithelium such
as calluses on the palms and soles.
The development of aqueous dispersions of
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vitamin A and of synthetic vitamin A and its
esters has instigated studies of relative absorbability. In a group of patients with acne vulgaris,
Davidson and Sobel (/. Invest. Dermat., 1949,
12, 221) reported higher blood serum concentrations of vitamin A after ingestion in aqueous than
in oily vehicles. In lactating women on a balanced
diet, Sobel et al. (Am. J. Dis. Child., 1950, 80,
932) found a greater increase of the vitamin in
both blood and milk after 1000 units per pound
of body weight as a single dose in aqueous than
in an oil vehicle. Barnes (Am. J. Obst. Gyn., 1951,
61, 368) found that fetal vitamin A content depended upon the carotene level in the mother's
blood rather than on the vitamin A level; carotene crossed the placenta and was converted into
vitamin A in the fetal tissues. In infants 2 to 3
months of age, Lewis et al. (Pediatr., 1950, 5,
425) compared the effect of ingesting 450 units
homogenized in milk and 900 units in an oil or
an aqueous dispersion vehicle; 7.1, 32.7, and 4.4
per cent, respectively, of the dose was recovered
in the feces. In children 5 to 12 years of age, the
concentration of vitamin A in the blood following
a single dose of 5000 units per pound of body
weight was greater after ingestion of fish liver oil
emulsified in milk (particle size 1 to 2 microns)
than as an individual dose of the oil. A multiplevitamin mixture with sub-microscopic particles
was absorbed better than an emulsion with particle
size ranging from 1 to 20 microns or an oily
preparation with macroscopically visible particles.
Patients with cystic fibrosis of the pancreas or
obstruction of the common bile duct failed to
absorb vitamin A from an oily preparation.
Popper et al. (Proc. S. Exp. Biol. Med., 1950, 73,
188) studied the absorption of vitamin A palmitate compared with that of vitamin A alcohol.
In healthy or ill persons, including those with
liver disease, there was no significant difference
in the consistently higher blood level obtained
after administration of aqueous dispersions. Regardless of the form of vitamin administered, it
appeared in blood as vitamin A ester. In patients
with active sprue, but not in cases of sprue in
remission, Fox (/. Lab. Clin. Med., 1949, 34,
1140) found poor absorption of unemulsified vitamin A but normal absorption of emulsified dosage
forms of the vitamin; aqueous dispersion of 15
per cent of vitamin A acetate was achieved by
addition of 15 per cent of polysorbate 80.
Avitaminosis. — Dermatologic. — The outstanding pathological conditions produced by this avitaminosis are keratinization of epithelium, apparently of all mucous membranes of the body, and
loss of visual purple from the retina. As a result
of the former there is diminution in the secretion
of the salivary, lacrimal, and perhaps other glands;
this effect seems to be due rather to blocking of
ducts by desquamated cells than by action on the
secretive cells. The unhealthy condition of the
mucous membrane of the respiratory tract renders animals abnormally susceptible to respiratory
infections. Lehman and Rapaport (J. A.M. A.,
1940, 114, 386) described a specific form of
dermatitis which is apparently due to lack of vitamin A; characteristic of this was the appearance
of keratotic plugs projecting from the hair follicles
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and causing a peculiar roughness of the skin.
Obermayer and Frost (Arch. Dermat. Syph.,
1945, 51, 309) reported favorably on the therapeutic use of vitamin A for keratosis blennorrhagica, asteatosis, lichen pilaris, lichen spinulosus, nummular eczema, keratosis follicularis,
pityriasis rubra pilaris, and some cases of acne
vulgaris. In ichthyosis, Rapaport et al. (J. Pediatr.,
1942, 21, 733) found vitamin A beneficial although not completely curative. For clinical conditions with dry and scaling skin, Bereston (/. Clinical Nutrition, 1954, 2, 133) affirmed the value
of ingesting vitamin A. For senile keratoses, Savitt
and Obermeyer (/. Invest. Dermat., 1950, 14,
283) described improvement in 7 of 11 cases after
2 months of dral administration of the vitamin.
In cases of diabetes mellitus using a low-calorie
and low-fat diet, Beidleman (J. Clinical Nutrition,
1953, 1, 119) reported benefit of hyperkeratoses
with vitamin A therapy. Arsenical keratoses were
improved in 2 of 3 cases reported by Savitt and
Obermeyer (loc. cit.). In keratosis palmaris and
plantaris and other congenital dermatological abnormalities, Porter (Brit. J. Derm., 1951, 63,
123) reported rather inconclusive results. Fishman
(Arch. Dermat. Syph., 1951, 64, 56) recommended vitamin A for acrodermatitis pustulosa
perstans. In hyperkeratosis of the mouth, Ziskin
et al. (Oral Surg., Oral Med., Oral Path., 1951,
4, 422) used vitamin A with benefit. For leukoplakia of the vulva, as well as of the mouth,
Hyams and Gallaher (Am. J. Obst. Gyn., 1950,
59, 1346) recommend large oral doses; itching
and irritation are relieved. Pierard and Fontaine
(Arch, beiges derm, syph., 1954, 10, 57) used
oral vitamin A for morphea guttata. In cases of
psoriasis, Charpy (Presse med., 1951, 59, 487)
described changes in blood eosinophil and lymphocyte counts and urinary excretion of oxysteroids
suggesting that large doses of vitamin A stimulated the pituitary-adrenal axis.
In acne vulgaris, treatment with vitamin A has
resulted in both favorable and disappointing results. Davidson and Sobel (/. Invest. Dermat.,
1949, 12, 221) reported moderate to complete
clearing of lesions and no recurrent lesions in 28
of 30 cases within 2 to 4 weeks of daily use orally
of 40,000 units in aqueous dispersion. Savitt and
Obermeyer (ibid., 1950, 14, 283) described improvement in20 of 40 college students. Goldman
(Postgrad. Med., 1951, 9, 526) reported benefit
in adolescent patients with comedo type of lesion.
Lahiri and Scandrett (/. Indian M. A., 1954, 23,
247) reported improvement in 60 of 75 patients
treated over a period of 3 months. Kline (Arch.
Dermat. Syph., 1950, 62, 661) confirmed the
value of intramuscularly administered vitamin A
in acne vulgaris, particularly in the cystic type
of lesion; he recommended, however, use of a
multivitamin preparation rather than vitamin A
alone. Mitchell and Butterworth (ibid., 1951, 64,
428) reported intramuscular injections of vitamin A to be of no value in management of acne
vulgaris.
Topical application of cod liver oil ointment
has been beneficial in treatment of chronic ulcers,
dermatitis, etc., but has never become popular
because of the fishy odor (Behrman et al., Ind.
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Med. Surg., 1949, 18, 512). Similar use of formulations of synthetic vitamins A and D overcomes
this objection; for example, an ointment containing 150,000 units of vitamin A, 50,000 units of
vitamin D, 10 Gm. of anhydrous lanolin, and
hydrophilic petrolatum to make 100 Gm. is thus
used. Creams containing vitamin A should contain an antioxidant that will not irritate the skin.
Since many patients with dry, scaly skin show no
evidence of vitamin A deficiency, the rationale for
vitamin A therapy was in question until it was
shown that oral (Studer and Frey, Schweiz. med.
Wchnschr., 1949, 79, 382) or topical (Sabella
et al, Proc. S. Exp. Biol. Med., 1951, 76, 499)
administration of vitamin A to rats inhibited
keratinization of the skin. Daily topical application for 10 days resulted in doubling of the thickness of the epidermis with increase in the extent
of the stratum granulosum and a decrease in
keratin formation or an increase in keratohyalin
formation. Topical application of estrogens caused
no change in the epidermis and did not inhibit the
action of vitamin A. Flesch (J. Invest. Dermat.,
1952, 19, 353) found that topical application of
1000 to 5000 units per Gm. of vehicle corrected
dry, rough skin resulting from exposure to cold,
detergents, etc. Studies by Flesch suggest that the
action of vitamin A on skin is a pharmacologic
rather than a physiologic one. It is postulated
that the unsaturated bonds of vitamin A act on
free sulfhydryl groups of epidermal protein; it is
pointed out also that human sebum contains such
bonds and may play a role in maintaining soft
skin. In cold weather sweat and sebum secretion
are diminished and dry, rough skin is common.
Topical application of vitamin A benefits dry
skin, asteatosis (sebum deficiency), and ichthyosis.
Topical application of large amounts of vitamin
A does not seems to result in any significant absorption and systemic action. In rats, Sobel and
Rosenberg {Proceedings, American Chemical Society, Sept. 11, 1953) found that topical application was only one-seventh as effective as oral
administration in treatment of vitamin A deficiency. No increase in concentration of vitamin
A in the liver or subcutaneous fat of rabbits following application of 15,000 units daily for 10
days was observed; also, in humans, no increase
of vitamin A in blood plasma followed application
of an ointment containing a high concentration of
the vitamin (de Ritter, cited by Siemers and
Sleezer, Drug Cosmet. Ind., 1954, 74, 38).
Urologic. — Apparently the desquamated epithelium in the urinary tract may act as a nidus
for formation of stones of the kidney, provided
conditions are such as to encourage precipitation
of calcium salts (Ezickson and Feldman, J. A.M. A.,
1937, 109, 1706). Although Jewett et al. (ibid.,
1943, 121, 566) found no evidence that subclinical vitamin A deficiency was a factor in
urolithiasis Higgins (Postgrad. Med., 1952, 12,
345) reported impaired dark adaptation in 40 per
cent of patients with renal lithiasis. Moreover,
Lattimer (Am. J. Med., 1953, 5, 256) recommended administration of 100,000 units of vitamin A daily in management of cases of recurrent
renal lithiasis.
Ophthalmologic. — The symptom
which first
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drew attention to avitaminosis A is the peculiar
inflammation of the conjunctiva and cornea,
known as xerophthalmia (Vaughan, Arch. Ophth.,
1954, 51, 789); this is characterized by dryness,
loss of luster, and appearance of chalky (Bitot)
spots. Necrosis and ulceration of the cornea, and
loss of the eye, may follow. Cornfeld and Cooke
(Pediatr., 1952, 10, 33) induced all the manifestations of vitamin A deficiency by feeding a synthetic diet deficient in the vitamin. The utility of
the vitamin in this manifestation of avitaminosis
is apparent. Hickey (Eye, Ear, Nose & Throat
Monthly, 1951, 30, 499) recommended administration of 100,000 units daily in the treatment of
chalazion. In addition to a balanced diet, Atkinson
(ibid., 1952, 31, 79) gave 200,000 units of vitamin A daily in management of early senile cataract. The suggestion that retrolental fibroplasia
in premature infants might be due to administration of vitamin A was disproven by Dancis et al.,
New Eng. J. Med., 1951, 245, 402.
A characteristic symptom of vitamin A deficiency isthe loss of ability to see in dim light
(Rowland and Sloan, /. Aviation Med., 1945,
p. 49). Following exposure to light the visual
purple in the rods of the retina is bleached; in
the presence of vitamin A the rhodopsin is regenerated indark environments. As the cones are
relatively insensitive, the eye is unable rapidly to
adapt to sudden changes in illumination when
there is an insufficient supply of vitamin A. Photophobia is often present in such patients. Not all
cases of nightblindness, however, respond to vitamin A therapy (Kimble and Gordon, /. Biol.
Chem., 1939, 128, 111); riboflavin and ascorbic
acid may also be required.
Rhinolaryngologic. — In ozena, Strandbygaard
(Arch. Otolaryng., 1954, 59, 485) reported relief
in 27 of 35 patients following daily intramuscular
injections of 100,000 to 300,000 units of vitamin
A for 2 to 3 months. Tinnitus was benefited by
intramuscularly administered vitamin A in 6 of
9 cases by Bau et al. (Eye, Ear, Nose & Throat
Monthly, 1951, 30, 83), and in 4 of 6 cases by
Hundley (/. Arkansas M. S., 1951, 48, 49).
Tschirren (Helv. Physiol. Pharm. Acta, 1951, 9,
82) claimed that vitamin A protected against the
vertigo and deafness caused by streptomycin
therapy. In 15 of 30 cases of deafness, Anderson
et al. (Eye, Ear, Nose & Throat Monthly, 1950,
29, 63) reported improvement with twice- weekly
injections of 50,000 units of vitamin A for 6
weeks; Bau et al. (loc. cit.) described improvement in 16 of 24 cases. Baron (Laryn., 1951, 61,
530) found no value in vitamin A for deafness;
Lobel (Arch. Otolaryng., 1951, 53, 515) suggested that those patients with a subnormal
plasma vitamin A concentration and an elevated
blood cholesterol and pyruvic acid concentration
be selected for treatment with vitamin A and the
vitamin B complex.
Miscellaneous. — In the premenstrual tension
syndrome, Argonz and Abinzano (/. Clin. Endocrinol, 1950, 10, 1579) gave 100,000 units twice
daily orally during the second half of each interval for 2 to 6 cycles and reported relief of
mastodynia, abdominal pain, dependent edema
and nervousness which persisted for some months
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after treatment; placebos were used without benefit in this study. In postmenopausal vaginal cornification, Piatt (Am. J. Clin. Path., 1951, 21, 38)
found vitamin A to be effective. A study of the
blood plasma vitamin A concentration during the
menstrual cycle, by Laurence and Sobel (/. Clin.
Endocrinol., 1953, 13, 1192), disclosed low levels
at the time of menstruation and high levels at the
mid-interval time. During febrile illnesses during
the last trimester of pregnancy, Leitner (Brit.
M. J., 1950, 2, 720) recommended a vitamin A
supplement as a protective measure. Millen et al.
(Lancet, 1953, 2, 1234) described fetal hydrocephalus invitamin A-deficient rabbits. In growing
children, tooth enamel, which is the product of
epithelial cells, does not develop normally if vitamin A is deficient. Crane (Connecticut State M. J.,
1950, 14, 40) recommended a high intake of vitamin A for patients with multiple sclerosis. According to Kor and Kapadia (Indian J. Med. Sc,
1954, 8, 625) oligospermia was benefited by vitamin A therapy. A decrease in the blood pressure
of patients with essential hypertension following
intramuscular injections of 7500 units of vitamin
A 3 times weekly was reported by Llecoq and
Dhotel (Compt. rend. soc. biol., 1951, 145, 1820).
Formerly it was believed that vitamin A was
essential for growth of the young and it was at
one time popularly referred to as the "growth
vitamin"; it is doubtful, however, that in this
respect vitamin A deficiency is any more significant than that from any other state of malnutrition. The fetal plasma level of vitamin A
seems to be independent of the level in maternal
blood, whereas the concentration of carotene in
fetal blood varies with that in maternal blood
(Lund and Kimble, Am. J. Obst. Gyn., 1943, 46,
207). The lessening of resistance to systemic infections formerly attributed to lack of vitamin A
is no greater than that resulting from other
avitaminoses. On the other hand, a follow-up study
of several years' duration of the relationship of
nutrition to disease disclosed that active pulmonary tuberculosis developed in those members of
the study group who had shown subnormal concentrations ofvitamins A and C in blood prior to
onset of active tuberculosis (Getz et al., Am. Rev.
Tuberc, 1951, 63, 694).
For further information concerning the pathology and physiology of vitamin A see Bessey and
Wolbach (J.A.M.A., 1938, 110, 2072).
Toxicology. — Hypervitaminosis A was described byJosephs (Am. J. Dis. Child., 1944, 67,
H) and numerous other cases reported by Rothman and Leon (Radiology, 1948, 51, 368), Wyatt
et al. (J.A.M.A., 1950. 144, 304), Fried and
Grand (Am. J. Dis. Child., 1950, 79, 475), Caffey
(Am. J. Roentgen., 1951, 65, 12), Gribetz et al.
(Pediatr., 1951, 7, 372). Bair (J. A.M. A., 1951,
146, 1573), Goldzier et al. (J. Pediatr., 1952, 41,
198), Naz and Edwards (New Eng. J. Med., 1952,
246, 87), and Reyersbach et al. (ibid., 978).
Hypervitaminosis A has been observed usually in
children or infants following prolonged ingestion
of excessive amounts (about 250,000 units daily)
of vitamin A. The clinical features include localized periosteal swellings associated with pain and
tenderness, hepatomegaly, sparse and coarse hair,
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and irritability. Increased levels of blood serum
lipids, vitamin A, and phosphate, along with decreased serum protein, are frequently observed.
Recovery is prompt following withdrawal of the
vitamin A concentrate. A case of hypervitaminosis A in an adult was reported by Sulzberger and
Lazar
(J. A.M.
A., 1951,
146, 788');(melanosis-like
bone changes
were not
present
but chloasma
pigmentation), along with other changes of the
skin, appeared to be attributable to excessive
vitamin A intake. The resemblance of the dermal
changes to those seen in hypovitaminosis A and
in hypothyroidism was noted.
A wide margin of safety exists between the
prophylactic and toxic dose of vitamin A; with
any reasonable surveillance of dosage hypervitaminosis should not occur.
Dose. — The dose of vitamin A has been expressed in units, but is now increasingly stated in
terms of weight. One U.S. P. Unit of vitamin A
activity is the specific biologic activity of 0.3
microgram of vitamin A (alcohol form) ; the
same unit is employed by the B.P. and LP. The
usual prophylactic dose of vitamin A is 1.5 mg.
(5000 U.S. P. units) daily; the usual therapeutic
dose is 7.5 mg. (25,000 units), with a range of
7.5 to 60 mg. (25,000 to 200,000 units), administered daily orally. The daily requirement for
health in the average adult is 5000 units, which
is usually met by the carotene contained in green
vegetables and dairy products included in an
adequate diet; supplements are needed by the
infant until vegetables are consumed in adequate
amount.
Storage. — Preserve "in tight containers, preferably under vacuum or under an atmosphere of
an inert gas." U.S.P.
OLEOVITAMIN

A CAPSULES.

U.S.P.

"Oleovitamin A Capsules contain not less than
95
per cent of the labeled amount of vitamin A."
U.S.P.
Storage. — Preserve "in well-closed containers,
and
U.S.P.protect the oil in the capsules from fight."
Usual Sizes. — 1.5, 7.5, and 15 mg. of vitamin
A (5000, 25,000, and 50,000 U.S.P. units).
SYNTHETIC OLEOVITAMIN
U.S.P. (B.P.)

D

Viosterol in Oil (Applying only to Activated Ergosterol
in Oil), [Oleovitamina D Synthetical

"Synthetic Oleovitamin D is a solution of
calciferol or of activated 7-dehydrocholesterol in
an edible vegetable oil, or a solution in an edible
vegetable oil of the products produced by the
activation of either ergosterol or 7-dehydrocholesterol. Synthetic Oleovitamin D contains, in each
Gm., not less than 250 micrograms (10,000 U.S.P.
Units) of Vitamin D." U.S.P.
The B.P. recognizes Concentrated Solution of
Vitamin D as one containing 10.000 units of antirachitic activity (vitamin D) in 1 Gm. It may
consist of a suitable fish-liver oil or blend of fishliver oils, or it may be prepared by dissolving, at
a temperature not above 60°, a source of vitamin
D in a suitable vegetable oil, such as arachis oil.
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As the source of vitamin D any of the following
substances, or any suitable mixture of them, may
be used: calciferol; a fish-liver oil rich in vitamin
S; the unsaponifiable matter, separated from the
glycerides. of such oil; a concentrate prepared by
partial saponification, distillation or extraction of
such oil, or by distillation or extraction of such
unsaponifiable matter; any other source of the
antirachitic substance found in fish livers.
B.P. Concentrated Solution of Vitamin D ; Liquor Vitamini D Concentratus. Sp. Oleovitamina D Sintetica.

Although the existence of at least ten chemically
distinct forms of vitamin D, all sterol derivatives,
is today recognized we still speak of this vitamin
in singular number. Two of the group are especially important in medicine and doubtless contribute the major therapeutic activity of antirachitic foods and medicines. These are calciferol
(vitamin D2 or viosterol) produced in the activation of ergosterol, and activated 7-dehydrocholesterol (vitamin D3).
Ergosterol is the principal sterol of yeast and
molds, and may be obtained from these sources
in quantities up to 2 per cent of the dry material.
Its structure is that of 3(cw)-hydroxy-24-methyl5,7,22-cholestatriene, differing from that of cholesterol inhaving a methyl group attached at the
number 24 carbon atom and in the presence of
a double bond linking carbon atoms 7 and 8, and
another linking carbon atoms 22 and 23. It occurs
as a colorless or white solid, melting at 166°,
insoluble in water, sparingly soluble in alcohol,
ether and petroleum benzin, but soluble in chloroform and benzene. On irradiation (activation)
with ultraviolet light it undergoes a series of progressive molecular rearrangements to form, successively, lumisterol, tachysterol, calciferol, toxisterol and, finally, a mixture of suprasterol I and
suprasterol II. Of these substances calciferol
possesses much the greatest antirachitic activity.
Isomeric with ergosterol, its structure differs from
the latter in the rupture of the bond between carbon atoms 9 and 10 (see formula under Calciferol,
in Part I).
Although at no stage of irradiation is any of
the products present alone, it is possible under
optimum conditions of irradiation to convert
about 50 per cent of ergosterol to calciferol, the
remainder consisting chiefly of tachysterol and
lumisterol. Tachysterol, so named because of the
rapidity with which it undergoes certain reactions,
is of interest in that its dihydro derivative is used
in the treatment of hypocalcemia (see under
Dihydrotachy sterol) .
Calciferol may be separated from other irradiation products by precipitation as calciferyl 3,5dinitrobenzoate, which is subsequently hydrolyzed
back to calciferol and further purified by recrystallization. For additional information concerning
calciferol see under this title, in Part I. A solution
of calciferol in an edible vegetable oil is one of
the products recognized by the U.S.P. as Synthetic Oleovitamin D, and by the B.P. as Concentrated Solution of Vitamin D.
From cholesterol, an animal sterol, it is possible to prepare 7-dehydrocholesterol, and this upon
irradiation with ultraviolet light likewise yields a
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product of high antirachitic activity from which
may be separated vitamin D3, official as activated
7-dehydrocholesterol (see under this title for its
formula). Chemically, vitamin D3 is a demethyldihydrocalciferol. It occurs in fish-liver oils, from
which it may be separated by many methods,
some of which are indicated in the sources of vitamin D recognized by the B.P. (see the definition
at the beginning of this article). The U.S.P. recognizes this form of the vitamin as the other permitted source of vitamin D for Synthetic Oleovitamin D.
Some other sterols which are capable of activation to produce substances having antirachitic
activity are: 22-dihydroergosterol (the activated
form of which has been called vitamin D4),
7-dehydrositosterol, and 7-dehydrostigmasterol. It
is noteworthy that there is no vitamin Di; originally this name was given to a mixture of lumisterol and calciferol which was erroneously believed to be pure vitamin D.
Instead of using ultraviolet light as the source
of activation energy, low-speed electrons produced
by suitable controlled electrical means have been
employed as the energy source for activating the
several provitamins D.
Description. — "Synthetic Oleovitamin D is a
clear, colorless to fight yellow, oily liquid. It is
almost odorless, and has a bland taste. Synthetic
Oleovitamin D is slightly soluble in alcohol. It is
miscible with ether and with chloroform." U.S.P.
Standard and Test. — Free fatty acids. — Not
more than 1.5 ml. of 0.02 N sodium hydroxide is
required for neutralization of the acids in 2 Gm.
of synthetic oleovitamin D. U.S.P.
The B.P. describes Concentrated Solution of
Vitamin D as a pale yellow, or yellow, oily liquid,
of faint but not rancid odor, and of a bland or
slightly fishy taste. As tests for purity an acid
value not greater than 2.5, and vitamin A activity
of not more than 5000 units per gram, are
prescribed.
Assay. — The assay for vitamin D is biological
and consists in the observation of the dose of the
preparation under test necessary to produce in a
group of vitamin D-depleted rats the required
degree of calcification of their leg bones; U.S.P.
Reference Standard Vitamin D is used to establish a quantitative evaluation in terms of micrograms of the vitamin. U.S.P.
Vitamin D Unit.— The "unit" of vitamin D,
which is identical in the U.S.P., the B.P., and the
LP., is the antirachitic activity contained in 0.025
microgram of a preparation of crystalline vitamin D3 (activated 7-dehydrocholesterol). The
relation of this unit to the one formerly defined
in terms of vitamin D2 (calciferol) is discussed
under Vitamin D Unit, in the monograph on
Calciferol.
Uses. — Rickets, formerly prevalent in the
United States, particularly in infants and children in industrial cities, is due to a deficiency of
vitamin D. This vitamin is essential for adequate
absorption of calcium from the gastrointestinal
tract, for normal regulation of the excretion of
phosphate by the kidney, for deposit of calcium
phosphate in osteoid tissue of bone, and probably
for other actions as yet unrecognized. Even seem-
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ingly good diets are frequently deficient in vitamin D, since only fish oils and eggs contain
appreciable amounts of the vitamin. The fortification of milk with 400 units of vitamin D per
quart of milk appears to have been an effective
public health measure in the United States (see
J.A.M.A., 1952, 148, 1226; 1933, 101, 1728). If
there is adequate exposure to sunlight, vitamin D
is formed from sterols in the skin but in northern
regions, particularly where smoke in industrial
areas decreases the effective radiation, this source
of the vitamin is totally inadequate. Enteral absorption of vitamin D is related to absorption of
fat and to factors which affect fat absorption (see
under Oleovitamin A). The body stores vitamin
D. A deficiency of vitamin D in infancy or childhood, when bones are growing, results in formation of uncalcified osteoid tissue at sites of bone
growth. In adults deficiency of vitamin D, which
is usually associated with general nutritional deficiency and is perhaps most frequent and severe
during the course of pregnancy, results in generalized demineralization of the bones with softening and deformity — osteomalacia (see also under
Calcium, in Part I).
Rickets. — This is a disease of infancy and
childhood in which the most characteristic lesion
is a failure of bones to ossify. In mild deficiencies
the infant is irritable, its sleep is restless, and
there is "beading" of the ribs (enlargement of the
costochondral junctions — the rachitic rosary —
which differs from a somewhat similar enlargement observed in scurvy in being a non-tender
enlargement) . In severe deficiency states the child
is "sick," pale and fretful, and certain bony deformities develop. Besides the rachitic rosary two
other characteristic changes appear in the chest:
Harrison's groove, which is a transverse depression
around the lower rib cage at the site of attachment of the diaphragm with an outward flaring
of the lower (caudal) costal margin, and the
funnel chest due to retraction and deformity of
the sternum. The head appears large and flat because of the prominence of both frontal areas;
soft spots (craniotabes) may be found on the
skull, and closure of suture lines may be delayed.
Enlargement of the growing end of long bones,
as at the wrist, knee and ankle, is observed. Deformities develop — such as bowleg, knock-knee,
flatfoot, deformed pelvis — the nature of these depending upon the predominant mechanical strains
of posture for the age of the patient. Muscle
weakness, manifested by "pot belly," flatfoot,
etc., is characteristic. Tetany, with characteristic
spasm of muscles in flexion (carpopedal spasm),
develops in some cases. Roentgen examination of
bones shows generalized demineralization and
cupping of the epiphyses, with frayed margins.
There is an abnormal excretion of calcium and of
phosphates through the alimentary tract which is
often, but not always, associated with a reduction
of calcium and inorganic phosphate of the blood.
In the blood there is an increase in concentration
of the enzyme known as alkaline phosphatase,
which hydrolyzes organic phosphoric acid esters
into ionizing inorganic phosphate. This rise of
blood phosphatase is one of the most reliable
clinical signs of rickets. Phosphatase is abundant
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in the osteoblastic cells of actively growing bones.
Utilizing a water-soluble, phosphorylated vitamin
D2, Zetterstrom et al. (Acta chem. Scandinav.,
1951, 5, 283, 343) demonstrated activation of
alkaline phosphatases of bone, kidney and intestine. If vitamin D is essential for activation of
these phosphatases, a deficiency of the vitamin
will result in poor intestinal absorption, poor
renal tubular reabsorption of phosphate, and poor
ossification; these abnormalities are found in
rickets.
Administration of vitamin D to the rachitic
patient results in correction of the abnormal calcium and phosphate metabolism. There follows
quickly an increase in the concentration of blood
serum phosphorus and a decrease in phosphatase,
although the latter remains elevated until healing
of the bone lesions is complete. The usual reciprocal lowering of blood serum calcium may occur
to a sufficient degree to cause hypocalcemic
tetany, which will require parenteral or oral administration ofa soluble calcium salt for its control. The normal or the rachitic organism seems
capable of absorbing both phosphate and soluble
calcium salts from the gastrointestinal tract. The
observations of Harrison and Harrison (/. Biol.
Chem., 1951, 188, 83) with the isotope calcium-45
in rachitic rats indicate that vitamin D increases
the efficiency of a transport mechanism across the
intestinal wall under conditions where the diffusion
gradient is insufficient to permit adequate absorption of food calcium. Studies with isotopic phosphorus showed no effect of vitamin D on intestinal
absorption. In the rachitic organism, however, the
deficient renal tubular reabsorption of phosphate
was corrected by vitamin D. Studies of deposition
of isotopes in bone have been difficult to interpret
because of the rapid exchange between blood,
interstitial fluid and bone. Since specific activity
of the isotope increases to a much greater extent
in the epiphyses than in the diaphyses of bone, at
72 hours, under influence of vitamin D in the
rachitic animal, it seems probable that the vitamin has an effect on bone deposition. A subnormal
blood serum citrate concentration in rachitic infants was restored to normal in 5 to 10 days after
vitamin D was given (Harrison and Harrison.
Yale J. Biol. Med., 1952, 24, 273). Inhibition of
the antidiuretic hormone of the pituitary gland by
the blood of subjects receiving large doses of vitamin D, but not by incubation with the blood of
persons not receiving the vitamin, was reported
by Braun-Falco
and Weber
(Klin. Wchnschr.,
1952, 30, 337). A greater increase in the concentration of cocarboxylase in the blood of subjects
receiving both vitamin D and thiamine was described by Raiha and Forsander (Science, 1952,
115, 242).
Both vitamin D and parathyroid extract tend
to produce an increase in blood-calcium but their
mode of action is essentially different. In antirachitic doses vitamin D increases intestinal absorption of calcium but has only a slight augmenting effect on urinary phosphate excretion.
Parathyroid hormone acts chiefly to increase excretion ofphosphate in the urine; it has no direct
effect on intestinal absorption of calcium or phosphate. As the blood phosphate decreases as a
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result of phosphate diuresis, the blood calcium
increases from interstitial fluid and tissue stores.
Dihydrotachysterol (q.v.) improves intestinal calcium absorption only slightly but it causes phosphate diuresis and is used in lieu of parathyroid
hormone. In the large doses of 100,000 units or
more daily vitamin D causes, however, phosphate
diuresis and a reciprocal increase in serum calcium. It is interesting to note that the calcemic
(increasing of calcium in the blood) effects of the
sterols of the vitamin D group differ very markedly; dihydrotachysterol has a strong tendency
to increase blood-calcium but has little antirachitic value; toxisterol has also a strong calcemic action but no antirachitic effect; calciferol,
on the other hand, has strong antirachitic action
and less of the calcemic effect. For literature on
the physiology of vitamin D see Clinical Nutrition, by Joliffe, Tisdall and Cannon, 1950.
In the practical treatment of rickets it should
be borne in mind that ossification of bones requires not only a sufficient quantity of vitamin D
— which may be obtained either through exposure
to sunlight or from food — but also an ample quantity of both calcium and especially phosphate in
the diet. Nelson {J. A.M. A., 1941, 116, 187) reported that vitamin D will actually retard union
of broken bones when there is a deficiency of
phosphate in the diet, although it accelerates healing if the supply of phosphate is abundant. Certain cases of rickets in childhood fail to respond
to vitamin D therapy. Chronic nephritis with failure of phosphate excretion results in reciprocal
depression of blood serum calcium and manifestations of rickets (renal rickets). The Fanconi
syndrome — renal glycosuria, phosphaturia, aminoaciduria— depends on the abnormal renal tubular
function in this condition. Cystinurics and persons
with steatorrhea may also develop rickets. Certain other cases of rickets with low blood serum
phosphate do not respond to usual doses of vitamin D but are corrected by large doses, such as
50,000 to 500,000 units daily, which are toxic and
require very close observation (Pedersen and McCarroll, /. Bone Joint Surg., 1951, 33, 203).
Single, massive-dose therapy of rickets has been
employed; Vollmer (Ztschr. Kinderh., 1928, 45,
265) recommended 600,000 units intramuscularly.
This seems to be indicated in premature infants
and in those instances where daily oral administration of the vitamin cannot be depended upon.
Such a dose is rapidly effective in cases of rickets
and as a prophylactic measure further vitamin D
therapy is not needed for 3 or 4 months. The dose
may be given orally but the prolonged protection
is less dependable.
Dental Aspects. — Vitamin D is essential for
normal formation of teeth, including enamel, dentine and alveolar bone. Inadequate vitamin D and
mineral intake from birth to adult stage, and particularly from birth to 6 or 7 years of age, when
permanent teeth are being laid down, results in
enamel hypoplasia (Warkany, Med. Clin. North
America, 1943, 27, 361). Furthermore, McBeath
and Verlin (/. A. Dent. A., 1942, 29, 1393) reported a reduction in incidence of dental caries
of one-half or more in well-fed children given
vitamin D; they reported also that 800 units of
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vitamin D derived from cod liver oil was more
beneficial than the same or a larger dose derived
from vitamin D2. Brown and Robertson {Can.
Med. Assoc. J., 1943, 48, 297) confirmed the
value of vitamin D in arresting progressive adolescent dental caries. The Council on Dental
Therapeutics (/. A. Dent. A., 1945, 32, 224)
decided that any beneficial effect in relation to
dental caries in the general public remains to be
established.
Other Uses. — In addition to its undoubted
value in rickets, vitamin D has been employed
more or less successfully in chronic arthritis
(Dreyer and Reed, Arch. Phys. Med., 1935, 16,
537; Traeger et al., Ind. Med., 1945, 14, 202),
psoriasis (Wright, Arch. Dermat. Syph., 1941, 43,
145), and various allergic states. In the treatment
of arthritis, electron-activated ergosterol (Ertron,
Whittier) is administered initially in a dose
equivalent to 150,000 units of vitamin D activity
daily by mouth; at intervals of 3 days the dose
is increased by 50,000 units daily to a maximum
of about 300,000 units daily. Intramuscular injection of 500,000 units in 1 ml. of sesame oil has
been given every 1 to 2 weeks. Treatment is continued until symptomatic relief or toxic symptoms
of hypercalcemia appear (v.i.). It is questionable
whether therapeutic efficacy is sufficiently certain
to justify the untoward effects of such large doses.
See also the discussion under Calciferol, in Part I,
and the report of the Council on Pharmacy,
J.A.M.A., 1939, 113, 592.
Mild estrogenic action has been reported in
post-menopausal women with doses of 150,000
units daily (Freedman, Am. J. Obst. Gyn., 1951,
62, 1273).
In patients with steatorrhea, deficiency of all
the fat-soluble vitamins is common and significant,
and responds to administration of large doses of
the vitamins (Albright and Stewart, New Eng. J.
Med., 1940, 223, 229); in such cases fat-free
vehicles for the vitamins are preferred.
It is popular practice to prescribe vitamin and
mineral supplements to the diet during pregnancy
and lactation. Numerous products containing calcium, phosphorus and vitamin D are in use and
are certainly indicated for the woman who does
not use milk and other dairy products in her regular diet. Such combinations have been empirically
found useful also in alleviating pain in cases of
osteoarthritis and osteoporosis in the elderly
patient.
Toxicity. — Large doses of vitamin D may
cause serious poisoning; death has resulted, in
experimental animals and in man (Bauer and
Freyberg, J.A.M.A., 1946, 130, 1208), due to
renal insufficiency. Excessive irradiation of ergosterol produces the compound toxisterol, which has
practically no antirachitic effect but which is
poisonous; while some toxic effects of vitamin D
have been due to contamination with this substance the characteristic toxic effects have been
produced with purified calciferol and other members of this group (Freeman et al., ibid., 1946,
130, 197). The cause of the toxic effects has been
attributed to the great increase in blood calcium
but calcinosis may be related to cellular injury
rather than simple overloading of tissues with
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excess calcium (Reed. Am. Pract. Dig. Treat.,
1950, 1, 164). Continual supervision of the patient isessential when very large doses are being
employed. The quantity which is required to cause
toxic effects varies greatly but is much larger
than the ordinary antirachitic dose: quantities of
more than 100,000 units daily should be used
only with caution.
Steck and colleagues (Ann. Int. Med., 1937,
10, 951) found that dogs generally survived
22,000 units of calciferol per Kg. of body weight
for indefinite periods of time and that in more
than 700 human subjects who had received 100,000 units daily less than 10 per cent showed toxic
symptoms and there were no effects from which
recovery did not take place when the vitamin
was withdrawn. Several observers have reported
almost unanimously toxic effects from doses of
more than 150.000 units a dav. Ross and Williams
reported (Am. J. Dis. Child., 1939. 58, 1142)
two deaths in individuals who received from
20,000 to 40.000 units a day for some months.
On the other hand children with so-called vitamin
D-resistant rickets tolerate and need 200.000 to
300.000 units daily.
The early symptoms of poisoning are anorexia
with frequent micturition and loss of weight;
later nausea, vomiting, headache, lassitude and
diarrhea may develop. Chaplin et al. (Am. J. Med.
Sc, 1951. 221, 369) reviewed 113 reported cases
of vitamin D intoxication. If vitamin D is continued metastatic calcifications may develop in
the kidney, arteries and other soft tissues, particularly ifa high calcium and phosphorus diet is
used. Osteoporosis may result. Calcinosis universalis may actually immobilize the patient —
reminiscent of the mythological characters who
turned into stone. Albuminuria, casts, and a fixed,
low specific gravity of the urine are frequent.
Band keratitis is reported. Blood serum calcium,
phosphate, phosphatase and urea may be increased. Normochromic anemia occurs. Beare and
Millar (Lancet, 1951, 1, SS4) reported convulsions. In cases where large doses of the vitamin
are being taken there should be frequent determinations ofcalcium, phosphate and urea nitrogen
in blood. Such doses should not be given to patients with impaired kidney function: renal function should always be observed closely during
administration of high doses. A simple and reasonably accurate method of observing such patients isin the use of the Sulkowitch urine test
(for formula see under Calcium, in Part I). If in
this test no white precipitate forms there is very
little calcium in the urine and the blood serum
calcium is probably between 5 and 7.5 mg. per
100 ml. If there is a fine white turbidity, there is
a moderate amount of calcium and the serum calcium is probably within the normal range. If
there is a heavy precipitate, hypercalcemia is
probably present. Metastatic calcification may
occur without hypercalcemia but with an increased
urinary excretion. Increased urinary calcium
within 6 hours after a glass of milk or administration of other high-calcium substances is a normal finding. Treatment of poisoning consists of
withdrawal of the vitamin and application of supportive measures for the symptoms and metabolic
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disturbances
(Adams, New Eng. J. Med., 1951,
244, 590).
Dosage. — The U.S. P. gives the usual daily
dose of vitamin D as 400 U.S. P. units (10 meg.),
which is the prophylactic dose against rickets in
infants (either breast or artificially fed) and children; all children should receive a vitamin D
supplement to their diet. Administration of vitamin D should be continued throughout childhood
and adolescence. The range of dose is rather wide,
sometimes extending to 5000 units (125 meg.)
daily; the maximum safe dose in rickets is 40,000
units (1 mg.) daily. An adult requirement has not
been specified by the U.S.A. National Research
Council (Shank, /. A. Diet. A., 1954, 30, 105).
The prophylactic dose in premature infants is
about 3000 units (75 meg.) daily during the first
6 to 12 months. In single, massive-dose prophylaxis as much as 600,000 units (15 mg.) is given
once, intramuscularly or orally, in concentrated
dosage form. The curative dose in advanced
rickets in children is usually 1200 to 1500 units
(30 to 37.5 meg.) daily, although 5000 units (125
meg.) is commonly prescribed. In hypocalcemic
tetany up to 200,000 units (5 mg.) is given.
Pregnant and lactating women should receive 400
units daily. In adults a dose of 500 to 1500 units
daily is usually adequate. In arthritis 300,000
units (7.5 mg.) has been given daily, but this
requires close supervision because of the danger
of
(see also under Calciferol, in
Part intoxication
I).
Labeling. — "Label Synthetic Oleovitamin D
to indicate whether it is derived from ergosterol
or from 7-dehydrocholesterol."" U.S.P.
Storage. — Preserve "in small, tight containers/* U.S.P.
OLEOVITAMIN

A AND

D.

N.F. (B.P.)

"Oleoviumin A and D is a solution of vitamin
A and vitamin D in fish liver oil or in an edible
vegetable oil. The vitamin A conforms to the
definition of Oleovitamin A in U.S. P. XV. The
vitamin D conforms to the definition of Synthetic Oleovitamin D in U.S. P. XV or it may be
derived from a natural source. Oleovitamin A and
D contains not less than 90 per cent of its labeled
amounts of vitamins A and D.'" NJ7.
Under the name Concentrated Solution of Vitamins A and D (Liquor Yitaminorum A et D Concentratus) the B.P. recognizes a solution containing in 1 Gm. not less than 45,000 and not more
than 55.000 units of vitamin A activity, and 5000
units of antirachitic activity (vitamin D); the
solution may consist of a suitable fish-liver oil or
blend of fish-liver oils, or it may be prepared by
dissolving, at a temperature not exceeding 60\ a
source of vitamin A and a source of vitamin D
in a suitable vegetable oil. such as arachis oil. For
allowable sources of these vitamins see the B.P.
definitions under Oleovitamin A and Synthetic
Oleovitamin D.
For information concerning the components of
this preparation see the monographs on Oleovitamin A and Synthetic Oleovitamin D.
Labeling. — "'Label Oleovitamin A and D to
indicate the content of vitamin A in mg. per Gm.

Olive Oil
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The vitamin A content may also be expressed in
U.S. P. units of vitamin A per Gm. Label Oleovitamin Aand D to show whether it contains activated ergosterol, activated 7-dehydrocholesterol,
or vitamin D from a natural source. State its vitamin D content in meg. per Gm. Its vitamin D
content may also be expressed in U.S.P. units of
vitamin D per Gm." N.F.
Storage. — Preserve "in tight containers, protected from light and air, preferably under an
atmosphere of an inert gas. Store in a dry place."
N.F.

OLEOVITAMIN A AND D
CAPSULES. N.F.
"Oleovitamin A and D Capsules contain not
less than 90 per cent of the labeled amounts of
vitamins A and D. The oil in Oleovitamin A and
D Capsules conforms to the definition for Oleovitamin A and D." N.F.
OLIVE OIL.
U.S.P, B.P.
[Oleum Olivx]

"Olive Oil is the fixed oil obtained from the
ripe fruit of Oleo europcea Linne (Fam. Oleacece)." U.S.P. The B.P. definition is practically
identical.
Sweet Oil. Oleum Olivarum. Fr. Huile d'olive. Ger.
Olivenol. It. Olio di olive. Sp. Aceite de olivas; Aceite
de Oliva.

Olea europcea L. is a small fruit tree, usually
from 15 to 25 feet in height, though sometimes
much larger, especially in Greece and the Levant.
It has a solid, erect, unequal stem, with numerous
straight branches, covered with a grayish bark.
The leaves are evergreen, opposite, oblong or
lanceolate, entire, two or three inches in length,
smooth and of a dark green color on their upper
surface, whitish and almost silvery beneath. The
flowers are small, white or whitish, usually imperfect, with a small 4-toothed calyx, a 4-cleft
corolla, 2 stamens and a pistil. They are disposed
in axillary racemes (occasionally in terminal
racemes), born on the wood of previous season's
growth. The fruit, or olive, is a smooth, oblong
or oval drupe, greenish at first, but of a deep
purple or violet color when ripe, with a fleshy
mesocarp and a very hard endocarp. It is borne
on two-year-old wood. Clusters of not less than
thirty flowers yield only two or three ripe olives.
The olive tree, which is probably native to
western Asia or the eastern Mediterranean district, isnow found growing wild in all countries
bordering on the Mediterranean, and has been
cultivated from time immemorial in Spain, the
south of France, and Italy. It begins to bear fruit
after the second year, is in full bearing at 6 years,
and continues to flourish for a century. There
are many varieties, said by Jamieson {Vegetable
Oils and Fats, 1943) to number about 300, distinguished bythe form of the leaves and the
shape, color, and size of the fruit. The variety
longifolia of Willdenow is said to be chiefly cultivated in Italy and the south of France, and the
latifolia in Spain. The latter bears much larger
fruit than the former, but the oil is less esteemed.
The olive is largely cultivated on a commercial

921

scale in southern California, from the upper end
of the Sacramento valley to the borders of Mexico, large orchards being found on the slopes of
the Sierras. The "Mission" variety produces most
of the oil. It is also grown in the north of Africa,
especially in the vicinity of Tunis.
Olives are cultivated especially in Spain in the
district of Cadiz. Two classes are produced, the
one known as the "Queen olive," a large olive,
which is mostly exported to the United States;
the other the Manzanillo, or small olive, which
is chiefly consumed in Spain, South America and
Cuba.
Pickled olives, made by soaking green olives
first in dilute solution of sodium hydroxide and
then in salt water, are largely used as an article
of food; the ripe olive which, in the United
States, is chiefly obtained from California, is
dark-purple, often almost black, very different in
taste from the ordinary unripe pickled fruit, and
is said to contain about 50 per cent of olive oil,
so that it provides an excellent means of administering fat.
The leaves and bark of the olive tree have an
acrid and bitter taste, and were at one time used
medicinally. In hot countries, a substance resembling the gum-resins exudes spontaneously from
the bark; the gum contains a crystallizable carbohydrate known as olivile.
The pericarp, or fleshy part, of the ripe olive,
contains a fixed oil, from 10 to 40 per cent, which
constitutes its greatest value, and for which the
tree is chiefly cultivated in southern Europe. The
olives ripen from November to March, and the
oil is obtained by first bruising them in a mill and
then submitting them to pressure. The product
varies much, according to the state of the fruit
and the circumstances of the process. The best,
called virgin oil, is obtained from fruit handpicked before perfect maturity and immediately
pressed. The common oil used for culinary purposes and in the manufacture of soaps is procured
from very ripe olives, or from the pulp of those
which have yielded the virgin oil. In the latter case
the pulp is thrown into boiling water, and the oil
removed as it rises. An inferior kind, employed in
the arts, especially in the preparation of the
coarser soaps, plasters, unguents, etc, is afforded
by fruit which has been thrown into heaps, and
allowed to ferment for several days, or by the
marc left after the expression of the finer kinds
of oil, broken up, allowed to ferment, and again
introduced into the press. Solvent extraction of
oil remaining in press cakes is also performed; the
product is, of course, inferior.
Separation and clarification of olive oil are
effected in many ways. Centrifugal methods are
employed by the more modern mills in separating
oil from juice, followed by filtration through
capillary filters which also remove moisture. Further refining, where necessary, may be achieved
by treating the oil with caustic soda to neutralize
fatty acids, the soaps from which are then
removed; with oils that are very bad this treatment is followed by another using bleaching earth
or carbons and, sometimes, deodorization under
diminished pressure by superheated steam.
During 1952 the importations of olive oil ex-
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ceeded 30,000,000 pounds, which arrived from
Spain, Portugal, Italy, France, Turkey, Israel,
French Morroco and Tunisia.

Constituents. — Ripe olive pulp contains, besides the usual vegetable constituents, about 1 per
cent of a bitter glvcoside known as oleuropein

Description. — "Olive Oil is a pale yellow, or
light greenish yellow, oily liquid, having a slight,
characteristic odor and taste, with a faintly acrid
after-taste. Olive Oil is slightly soluble in alcohol.
It is miscible with ether, with chloroform, and
with carbon disulfide." US.P.
Standards and Tests. — Specific gravity. —
Xot less than 0.910 and not more than 0.915.
Cottonseed oil. — A 5-ml. portion of olive oil is
heated gently with 5 ml. of a mixture of equal
volumes of amyl alcohol and a 1 per cent solution
of sulfur in carbon disulfide until the carbon disulfide is expelled, then the test-tube containing
the mixture is immersed in a boiling, saturated
solution of sodium chloride. Xo reddish color develops within 2 hours. This is the well-known
Halphen test for cottonseed oil. Peanut oil. — The
saturated acids of the glycerides of olive oil are
isolated by a process of saponification, precipitation of both saturated and unsaturated acids as
the lead salts, separation of the two fractions by
ether (the saturated acid salts being insoluble,
the unsaturated acids soluble, in ether), liberation of the saturated acids by hydrochloric acid
and extraction of the former with ether, and
evaporation of the ether to leave a residue of
saturated acids. The residue of acids is dissolved

(see Cruess,
J. P.,
10, The
564)oilandis
some
50 to 60Quart'.
per cent
of 1937,
fixed oil.
composed chiefly of various glyceryl esters of
oleic and palmitic acids, with a small proportion
of linoleic acid; traces of arachidic acid esters
have also been detected. The unsaponifiable
matter of olive oil, comprising usually less than
1 per cent, contains a phytosterol and an unusually high percentage of the hydrocarbon
squalene, C30H50 {Analyst, 1939, p. 354). The
greenish color of the oil is due to dissolved chlorophyll; this is more pronounced in oils of lower
grade, due to more extended treatment of the

in 90 per cent alcohol and kept at 15° for 30
minutes: no crystals should separate from the
mixture. This test is based on the fact that if
peanut oil is present its characteristic acids,
arachidic and lignoceric, will crystallize from a
90 per cent alcohol solution when this is cooled.
Sesame oil. — On agitating a mixture of 10 ml. of
olive oil. 10 ml. of hydrochloric acid, and 0.1 ml.
of a 1 in 50 alcohol solution of furfural no pink
to crimson color appears in the acid layer when
the emulsion breaks. Should any color appear in
the acid layer, 10 ml. of water is added and the
mixture again shaken vigorously: in the absence
of sesame oil the pink color is fugitive. Teaseed
oil. — The test depends on the fact that a mixture
of olive oil, acetic anhydride, chloroform and
sulfuric acid shows a green color by both reflected
and transmitted light which fades to a brownish
gray on diluting the mixture with ether. If teaseed oil is present the solution before dilution
with ether will have a brown color by transmitted
light and after dilution a transient red color. This
is the Fitelson test (JA.O.A.C, 1936, 19, 493;
1937, 20, 419). Free fatty acids. — Xot more than
5 ml. of 0.1 N sodium hydroxide is required for
neutralization of the free fatty acids in 10 Gm.
of oil. Iodine value. — Xot less than 79 and not
more than 88. Saponification value. — Xot less
than 190 and not more than 195. Solidification
range of fatty acids. — Xot below 17° and not
above 26°.' U.S. P.
The B.P. gives the refractive index, at 40°, as
from 1.4605 to 1.4635. Other specifications are
essentially the same as those of the U.S. P.
Olive oil, when exposed to the air. is prone to
become rancid, acquiring a disagreeable odor, a
sharp taste, and a slightly higher viscosity; the
change is promoted by heating.

Adulterants. — The most common adulterpulp. ants of olive oil are the oils of cottonseed, peanut, corn, lard and teaseed. Less frequently employed are the oils of sesame, poppy-seed, and
even coconut and fish oils. For the detection of
these added oils the several constants of olive oil,
together with the tests for specific adulterants,
are generally adequate.
Most of the spurious and adulterated olive
oil in the United States has been of domestic
origin; the oil as imported in original packages
is mostly genuine. In several states it has been
judicially decided that the synonyms "sweet oil"
and "salad oil," when unqualified, mean olive oil.
A low grade of olive oil used for soap making
and other technical purposes is imported at a
lower rate of duty than is collected on edible
olive oil. The use of such low grade oil for table
purposes by those who are not particular about
quality and flavor led to the requirement on the
part of the U. S. Treasury Department that
such "technical oil" must be denaturated for
admission.
Uses. — Olive oil is nutritious and mildly laxative and may be used in milder cases of chronic
constipation, especially when associated with malnutrition (J.A.M. A., 1919, 73, 1441). Like other
fats it delays gastric emptying. It causes contraction of the gall bladder and is used for diagnostic
purposes. In atonic conditions of the gall bladder
it is used therapeutically, although, at first, it
may cause discomfort. In the form of an enema
(150 to 500 ml. warmed to almost body temperature) itis often a useful remedy in fecal impaction. It is extensively used as an emollient but.
although efficient, has no advantage over other
less expensive fixed oils and its odor is sometimes
objectionable. iYJ
As an emollient, olive oil is applied topically
to the skin or mucous membranes. Internally, the
usual dose, as a laxative or cholagogue. is from
15 to 60 ml. (approximately Yz to 2 fluidounces).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Scarlet Red Ointment, ALP.
OPIUM.

U.S.P.. B.P., LP.

Gum Opium, [Opium]

"Opium is the air-dried milky exudate obtained
by incising the unripe capsules of Papaver somni-
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ferum Linne or its variety album De Candolle
(Fam. Papaveracece) . It yields not less than 9.5
per cent of anhydrous morphine." U.S.P.
The B.P. defines Opium as the latex obtained
by incision from unripe capsules of Papaver somniferum L., dried, or partly dried, by heat or
spontaneous evaporation, and worked into somewhat irregularly shaped masses (natural opium)
or molded into masses of more uniform size and
shape (manipulated opium) ; not less than 9.5
per cent of anhydrous morphine is required.
The B.P. recognizes Turkish, Persian, Indian,
and European opium as commercial varieties.
The LP. defines Opium as the dried latex obtained by incision from fully grown but unripe
capsules of Papaver somniferum L.; a content of
not less than 10.0 per cent of anhydrous morphine is required.
Raw Opium; Thebaicum; Meconium. Succus Thebaicus.
Fr. Opium officinal. Ger. Opium; Mohnsaft. It. Oppio.
Sp. Opio. Turk. Affioni. Arab. Ufyoon. Pers. Sheerikhaskash.

Opium is generally believed to be derived
exclusively from Papaver somniferum — and its
variety album — although every species of poppy
is capable of yielding it to a greater or less extent.
Papaver somniferum L., or Opium Poppy, is
an annual, glabrous and glaucous herb up to four
feet in height, indigenous to Asia but cultivated
in many tropical, subtropical and temperate
countries. It possesses large, oblong, sinuate to
dentate-serrate leaves, clasping at the base, and
long peduncles, with nodding buds that expand
into erect flowers, which while usually purplish,
are, in its varieties, sometimes white, pink, violet,
or red in color. Each flower consists of a receptacle bearing two green sepals, four colored petals,
numerous stamens and a syncarpous pistil composed of a globose ovary showing many projecting parietal placentae bearing the ovules and a
compound, radiate, sessile stigma. The fruits are
globose capsules each with an 8-12 rayed sessile
stigma and containing numerous small oily seeds.
There are several varieties of this species, of
which the two most prominent are designated as
white and the black poppy, from the color of
their seeds. The Papaver somniferum var. album
DC, white poppy, is annual, with a cylindrical,
smooth, erect, glaucous, often branching stem,
usually rising two or three feet in height, but
sometimes five or even six feet in favorable situations. The leaves are large, variously lobed and
toothed, and alternately disposed on the stem,
which they closely embrace. The flowers are terminal, very large, and of a white or silver-gray
color. In India they appear in February, in
Europe and the United States not earlier than
June, July, or August. The calyx is smooth and
composed of two sepals, which fall when the four
petals expand. The ovary is smooth and globular,
supports a radiate stigma, and is surrounded by
numerous stamens with short, slender filaments
and erect, oblong, compressed anthers. The capsule is smooth and glaucous, rounded, from two
to four inches in diameter, somewhat flattened at
the top and bottom, and crowned with the persistent stigmas, the diverging segments of which
are arranged in a circle upon the summit. It con-
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tains numerous minute white seeds, which when
perfectly ripe escape through small openings between the rays of the stigma. In the black poppy,
the flower is usually violet-colored, the capsule
somewhat smaller and more globular, and the
seeds of a slate color.
All parts of the poppy contain a white opaque
juice, but the leaves apparently contain none of
the characteristic alkaloids. It is in the capsules
that the juice is most abundant and the medicinal
activity is chiefly found. They contain the same
principles as opium but in much smaller amounts.
Van Itallie and Steenhauer {Pharm. Weekblad,
1927, 64, 902) found as high as 0.5 per cent of
morphine in poppy capsules, but Mahiguchi (/.
Pharm. Soc. Japan, 1926, p. 185) reported only
one-tenth of this amount in the capsules of the
Japanese opium poppy. Poppy capsules were official in B.P. 1948 and N.F. IV, the latter defining
them as "the dried, fully grown, unripe fruits of
Papaver somniferum Linne (Fam. Papaveracece) .
Separate and reject the seeds before using the
fruit in pharmaceutical preparations." A syrup
prepared from the capsules was formerly used as
a mild narcotic.
The seeds are devoid of narcotic properties,
and are used as food. The seeds of P. somniferum
L. var. nigrum DC. are obtained from plants cultivated in Europe. They are slate-colored, commercially known as maw seed (probably a corruption of the German mohnsamen) and frequently used for culinary purposes. They contain
a bland oil, called commercially poppy seed oil,
or maw oil, which may be extracted by expression. The oil has a straw-yellow color, is odorless
and has a pleasant almond-like taste. It is without narcotic properties, and resembles olive oil,
as a substitute for which, and an adulterant of
which, it has been largely used on the continent
of Europe. It has a low congealing point, thickening only at —15° and solidifying at —20°. The
black variety is specially used for expression of
oil, as its culture is easier, and the proportion of
oil in both varieties is practically the same, ranging between 50 and 60 per cent. As the oil cake
generally retains about 8 per cent of the oil, the
yield by expression is from 42 to 50 per cent.
Poppy oil contains the glycerides of stearic and
palmitic acids, together with those of linoleic,
linolenic, and oleic acids. Of the liquid fatty
acids, linoleic constitutes about 65 per cent, oleic
30 per cent, and linolenic 5 per cent. Myristic and
lauric acid appear to be absent. The oil is employed for culinary and pharmaceutical purposes,
in the manufacture of soap, and in many other
ways.
The poppy does not appear to elaborate the
milky fluid in which its narcotic properties reside
before a certain period of its growth. In Persia,
the young plants which are pulled up to prevent
too thick a crop, are said to be used as potherbs,
and the nwoyv of the Greeks, which is believed
to be identical with the Papaver somniferum, was
claimed by Hippocrates to have been nutritive.
Though generally believed to be a native of
Asia Minor, this species of poppy grows wild in
the south of Europe, and even in England. It was
cultivated by the ancient Greeks, and is men-
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tioned by Homer as a garden plant. It is at present cultivated extensively in India, Persia, Turkey,
Yugoslavia, Macedonia, Bulgaria, China, Manchuria, and Asia Minor for opium, and in other
parts of Europe for its seeds. Attempts have been
made in the United States to produce opium from
the poppy, but although it is possible to obtain
the product, commercial success has not been,
and probably never will be, achieved because of
the cost of labor. For further details on this subject see U.S.D., 20th ed., p. 808. The opinion that
a hot climate is not necessary for the production
of the narcotic principles would seem to be established by the facts that the opium of Anatolia is
richer in morphine than that of the much hotter
regions of Bengal and Upper Egypt, and that
good quality of opium has been produced in the
northern United States as well as in France, Germany and Denmark (see Baggesgard-Rasmussen,
Dansk. Tids. Farm., 1936, 10, 1).
Opium is obtained from the capsule of the
poppy in a manner almost the same as that
described by Dioscorides eighteen hundred years
ago. A few days after the petals have fallen from
the flower, when the capsule is approaching maturity, horizontal, vertical or spiral incisions into
the capsule are made, usually with a severalbladed knife, care being taken not to penetrate
the cavity. The white juice which exudes is allowed to harden for 24 hours, when it is scraped
off with a large, blunt knife, a portion of the
epidermis of the capsule being removed and constituting about 6 to 10 per cent of the product.
In some places the poppy-head yields opium but
once, but in Persia and probably other very hot
countries the operation is repeated two or three
times after periods of rest. The quality of the
product depends largely upon the weather; if very
hot and dry, the juice will be scanty and very
thick, but if the weather is moist the product
will be larger but more aqueous. After its collection, the poppy juice is worked up into opium in
a manner which differs in different producing
countries. An opium-like substance has been in
past times, and perhaps even is at present in some
districts, produced by making an aqueous extract
from the nearly ripe capsule of the poppy. According to the writings of Dioscorides the ancient
Greeks were acquainted with both processes of
producing the drug from the poppy capsuple. The
term 6;uov, derived from ojto;, juice, they applied
to the substance procured by incisions, which
answers precisely to modern opium. The inspissated expressed juice they called nnxooviov, from
urixwv, the name of the plant.
Commercial History. — Commercial opium
comes chiefly from Turkey, Asia Minor, Macedonia, Yugoslavia, Bulgaria, Persia and India.
Turkey opium constitutes the principal commercial article. Since the passage of the Narcotic
Drugs Import and Export Act in 1922 which
established the Federal Narcotics Control Board,
the quantities of opium imported into the United
States have been greatly reduced. During 1953
a total of 381,708 pounds of opium entered this
country through legitimate channels, the shipments coming from Turkey. Iran, India, and
Yugoslavia.

Part I
The commercial opiums may be classified into
the following varieties: (1) Turkish opium; (2)
Macedonian opium; (3) Bulgarian opium; (4)
Persian opium; (5) Indian opium; (6) Chinese
opium; (7) Egyptian opium.
Turkish Opium (Smyrna, Asia Minor, or Constantinople Opium). — This opium is produced in
the central and northwestern districts of European Turkey, Asia Minor and to a smaller extent
also includes some drug sent into Turkey from
Bulgaria and Macedonia.
It represents the most important and abundant
opium on the American market and is imported
chiefly from Istanbul and Smyrna in tin- or zinclined wooden cases.
As seen on our markets it occurs as compressed
spheroidal or flattened masses of variable size,
usually from half a pound to two pounds in
weight. These masses usually possess a hard crust
on the outside but are soft, plastic, and reddish
brown within. They are covered externally with
the remains of poppy leaves and with adhering
reddish winged fruits of a species of Rumex, the
latter being placed in packing between the masses
to prevent their cohering. The odor is quite characteristic, recalling potatoes stored in a cellar,
and the taste is bitter.
Two important varieties of Turkish opium
occur in commerce, "Soft Shipping Opium" and
"Druggist's Opium." The former opium occurs
in masses having a somewhat uniform pasty texture within and containing 25 per cent to 30 per
cent or more of moisture. The second variety
occurs in harder masses possessing a granular
internal appearance, and varies in moisture content from 10 per cent to 25 per cent.
There occur in commerce two sub-varieties of
"Druggist's Opium," namely, "Turkey Old Packing" and "Turkish Government Monopoly
Opium." The "Old Packing" type occurs in firm,
rounded or subcorneal masses weighing from 250
to 1000 Gm. It is wrapped in poppy leaves, contains epidermis of poppy capsules, and may contain some Rumex fruits. It contains about 20 per
cent of moisture. The "Turkish Government
Monopoly Opium" is made by passing the crude
opium through a mill and then pressing it into
cheese-shaped masses each of which is about 5 in.
in diameter, 3}i in. thick and weighs about 4 lb.,
6 oz. It possesses a yellowish-brown surface, is
covered with coarsely powdered leaf and bears a
gold and black label on its curved side with the
letters IMU within a star and crescent design.
It is exported from Istanbul in tin-lined cases
each containing about 40 masses. It contains about
13 per cent of anhydrous morphine.
Little of the opium is produced in the immediate neighborhood of Smyrna, the greater portion being brought, on the backs of camels, from
a distance of from ten to eighteen days' journey.
In Turkey the district of Anatolia has been
a large producing center. The various towns in
the Sanjak, or Province of Samsun, which are
engaged in the growing of this plant, use Samsun as a port of shipment to Istanbul and European ports. Planting takes place usually in the
month of January and the opium is collected
about the end of July. After the latex has been
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completely withdrawn from the capsules these
continue to ripen and eventually are gathered
and the seeds removed. The poppy seeds are
purchased by the Samsun export commission and
are exported to various countries where they are
used as a food or as a source of oil. Curiously,
the United States provides a market only for blue
seeds, seeming never to be interested in white.
According to the opinion of local shippers, this
preference on the part of the United States is
only one of habit or custom, as there is absolutely no difference between the two kinds of
seeds (Pharm. J., 1921, 106, 320).
Macedonian, or Salonican, Opium. — The
opium poppy has long been cultivated in Greek
Macedonia, largely in the regions of Langaza and
the peninsula of Chalchidice. Most of this "soft
shipping opium" is obtained from plants representing hybrids between Papaver somnijerum var.
album and a violet-gray form. While the output
of native Macedonian opium is comparatively
small, this opium has been in great demand by
drug manufacturers. In recent years this kind of
opium has been mainly produced in Yugoslavia
and is favored by morphine manufacturers in the
United States owing to its high morphine content.
According to Valdegrice, the opium produced
in Salonica and environs is free from capsule
fragments and contains in the moist condition
from 13 per cent to 17 per cent of morphine,
0.464 per cent codeine, and 0.075 per cent of
narceine (/. pharm. chim., 1918, 18, 81). The
opium produced in Serbian Macedonia, according
to Brunetti (Pharm. J., 1918, 101, 107), is collected in a number of localities — the most esteemed coming from Kavadar, Veles and Chtap —
and is richer in codeine than the opium from Asia
Minor. Macedonian opium is reported by Vrgoe
to be adulterated with dried or hard-baked powdered bread, the fleshy portion of apricots, melon,
egg yolk, roasted starch and (seldom) powdered
dates. For cultivation and harvest of this variety
of opium see Chem. Drug., 1930, 112, 100.
Iranian or Persian Opium. — This variety of
opium is produced chiefly in the vicinity of Shiraz,
Ispahan and Meshed, Iran. The latex is collected
by the natives from the poppy capsules and
kneaded, frequently with added gum, into a
homogeneous mass, after which it is cut into
brick-shaped masses weighing about a pound,
dried in the sun, and wrapped in red or less often
white paper and tied with red or yellow string.
Occasionally the Iranian or Persian opium has
occurred in wrapped cones or sticks. It contains
less moisture than Turkish opium and its interior has a homogeneous texture. When dry it
is hard and tough. Its odor is musty and its
taste very bitter.
The most important local varieties of Persian
or Iranian opium appear to be the so-called
Meshed opium, which occurs in grayish-brown
shining sticks, wrapped in paper, and Ispahan
opium, of similar appearance, but of a purer
brown color. According to Schindelmeiser (Apoth.Ztg., 1904, 19, 19) Meshed opium, when moisture-free, yields from 5.9 to 8.7 per cent of
morphine; Ispahan opium contains from 11.9 to
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19 per cent of morphine. Tschakida of the Persians is a dark brown, blackish, impure opium
occurring in cakes prepared for smoking and,
according to Schindelmeiser, contains not more
than 0.4 per cent of morphine.
Indian Opium. — The opium of Hindustan is
distributed extensively through continental and
insular India, where it is habitually employed as
a narcotic. Indian opium is usually relatively
poor in morphine; in many samples the proportion of narcotine is higher than morphine. It is
stated that the quality of Indian opium has much
improved in recent years. For identification tests
and chemical data concerning the three forms of
Indian opium see Rakshit, Indian J. Pharm., 1942,
4, Indian
53.
opium, largely produced at Ghazipur,
is of three kinds, "excise opium," "provision
opium" and "medicinal opium." All of these are
dark brown to blackish, homogeneous, and when
fresh occur in pasty masses. Excise opium is
Indian opium of 90° consistency put up in cubeshaped masses of about two pounds each for use
in India. Provision opium is made up into three
and one-half pound balls or cakes, usually of 70°
consistency. These are shipped to Great Britain
and the United States for alkaloid manufacture.
It yields up to 13 per cent of morphine.
Indian Medicinal Opium. — This grade of Indian
opium occurred on the markets during the First
World War, in the form of cubes or square blocks
each weighing about two pounds. It is now used
in part by the Indian Medical Department, the
balance being shipped to London and the United
States in cases. It is wrapped in waxed paper.
Bengal Opium (Benares Opium, Patna Opium).
— This was produced in Hindustan chiefly under
government supervision. It occurred in round
balls, weighing three pounds and a half, invested
by a coating half an inch thick, composed of agglutinated leaves and poppy petals. The interior
of the mass was of a brownish-black color, of
the consistence of a stiff paste.
Malwa Opium. — Malwa opium is a variety once
made by licensed cultivators on the tablelands of
Malwa, northeast of Bengal. Its quality varied
greatly. It occurred in round balls. It seems never
to have been encased in poppy remnants. The
masses were commonly quite hard, dry, and
brittle, of a light-brown color, a shining fracture,
a compact homogeneous texture, and free from
mechanical impurities.
Chinese Opium. — This variety is produced in
China and largely used by the Chinese; occasional
lots, however, are smuggled into other countries.
It occurs in flattened globular cakes that are
frequently wrapped in white paper.
Egyptian Opium. — Much opium was formerly
produced in Upper Egypt, especially in the district of ancient Thebes, which was supposed to
yield it in greatest perfection, hence the term
Opium Thebaicum, and the old name of laudanum, Tinctura Thebaica. The cultivation of the
opium poppy in Egypt was prohibited in 1918
in order to increase the area under food cultivation (Chem. Drug., 1918, 90, 846). It was an
inferior variety, as the best of it, examined by
Merck, yielded only 6 or 7 per cent of morphine.
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For further description see U.S.D., 21st ed., p.
798.
Sand, ashes, the seeds of different plants, extracts of the poppy, Lactuca virosa, Glycyrrhiza
glabra, and Glaucium flavum Crtze., gum arabic,
tragacanth, salep, aloes, even small stones and
minute pieces of lead and iron, are among the
substances which have been used to adulterate
opium.
Opium is regarded as inferior when it has a
blackish color, a weak or empyreumatic odor, a
sweet or slightly nauseous and bitter taste, a soft,
viscid, or greasy consistence, a dull fracture, or
an irregular, heterogeneous texture, from the
intermixture of foreign substances. It should not
impart a deep-brown color to the saliva, nor
leave a dark uniform trace when drawn over
paper, nor form with water a thick viscid solution. The best test is the assay for alkaloids.
Description. — "Opium occurs in more or less
rounded, oval, brick-shaped or elongated, somewhat flattened masses usually about 8 to 15 cm.
in diameter and weighing about 300 Gm. to 2 Kg.
each. Externally, it is pale olive-brown or olivegray, having a coarse surface and being covered
with a thin coating consisting of fragments of
poppy leaves and. at times, with fruits of a
species of Rutnex adhering from the packing; it
is more or less plastic when fresh, becoming hard
or tough on keeping. Internally, it is reddish
brown and coarsely granular. Opium possesses a
very characteristic odor and a very bitter taste."
U.S.P. The B.P. description includes also the
characteristics of Persian, Indian, or European
opium, most of which have been mentioned above.
Opium yields its active principles to water,
alcohol, and diluted acids, but not to ether, benzin
and some of the other immiscible solvents. Alcohol dissolves about four-fifths of it.
Assay. — A portion of 6 Gm. of opium is extracted with water, the aqueous extract concentrated and calcium hydroxide added, the base
liberating the alkaloids from their salts with
meconic, lactic and other acids but simultaneously
dissolving the morphine, because of the presence
in it of a phenolic group, and precipitating at
least part of the acids. The mixture is directed
to be made up to a weight of 54 Gm. with water,
filtered, and 34 Gm. of the filtrate (representing
4 Gm. of opium, as 3 Gm. of calcium hydroxide
is assumed to be insoluble) taken for the separation of morphine. Ammonium chloride is added
to the filtrate to reduce its alkalinity through
formation of ammonium hydroxide whereupon
morphine is precipitated on standing. A little
alcohol is added to facilitate formation of large
crystals of morphine, along with ether to dissolve
most of the "by-alkaloids" still present in the
mixture. The crystals of morphine are filtered off,
washed with water saturated with morphine, and
then dissolved in boiling reagent methanol to separate it from any acid-consuming compounds
that may be present (particular care must be
exercised to see that all the morphine is dissolved,
it being slowly soluble in boiling methanol). To
the alcohol solution are added 25 ml. of 0.1 N
sulfuric acid and distilled water, and the mixture
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carefully boiled to volatilize the alcohol. The excess of acid is titrated with 0.1 N sodium hydroxide, using methyl red T.S. as indicator. Each ml.
of 0.1 N sulfuric acid represents 28.53 mg. of
anhydrous morphine. U.S.P. To avoid the error
which may be introduced in this assay by the
presence of acid in methanol of reagent quality —
which we have found may exceed the error which
it is sought to avoid by using methanol to separate the morphine from acid-consuming impurities— a separate titration of the 0.1 iV acid should
be made under the conditions of its use in the
assay. The B.P. and LP. assays are similar in
principle but differ from each other and from that
of the U.S. P. in detail. For discussion of the
problems of opium assaying see UJS.D., 24th ed.,
— It was through the researches
p. Constituents.
786.
into the nature of opium that chemists were led
to the discovery of the alkaloids. To Sertiirner,
an apothecary at Eimbeck, in Germany, belongs
the credit of having opened the important field
of alkaloidal research (see Tainter, Ann. N. Y .
Acad. Sc, 1948, 51, 3). The oldest clear evidence
of a knowledge of the narcotic powers of opium
appears to be a reference by Heraclides of Tarentum in the 3rd century B.C. Its mode of collection and its characteristic effects were described
by Dioscorides in the 1st century A.D.
In 1803 Derosne made known the existence of
a crystallizable substance which he had discovered
in opium, and which he erroneously believed to
be the active principle. In the following year
Seguin discovered another crystallizable body,
which later was proved to be the true narcotic
principle of opium, but he did not fully investigate its nature, and no immediate practical advantage accrued from his excellent analysis.
About the same time, Sertiirner was engaged in
a similar investigation, the results of which, very
analogous to those obtained by Seguin, were published in a German journal, without, however,
attracting general attention. In 1817, Sertiirner
announced the existence of a saline compound in
opium, consisting of an alkaline principle combined with a characteristic acid, and clearly
demonstrated the nature of a substance which,
though discovered both by Seguin and himself,
had been hitherto but vaguely known. This alkaloid, to which he correctly attributed the narcotic
powers of opium, he named morphium, since
changed to morphine. The acid he called meconic,
a term derived from the Greek name of the
poppy. The correctness of the statements of
Sertiirner was confirmed by Robiquet (Ann.,
1833, 5, 82), who also demonstrated that the
substance obtained by Derosne and called by
him the salt of opium was a principle altogether
distinct from morphine, though supposed to possess considerable pharmacologic activity. Believing it to have narcotic power. Robiquet called it
narcotine, a title which it still retains. A number
of other alkaloids have since been discovered in
opium, although most of these are present in very
limited amount, and the existence of some is not
quite definitely established as it is possible that
they are decomposition products, due to the fact
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that they were found in mother liquors from
which the more valuable alkaloids had previously
been extracted.
It would appear that opium contains some
25 alkaloids, namely: morphine, codeine, thebaine, papaverine, protopapaverine, pseudopapaverine, papaveramine, laudanine, laudanidine,
laudanosine, meconidine, codamine, gnoscopine,
porphyroxine, narceine, narcotine, oxynarcotine,
hydrocotarnine, lanthopine, protopine, cryptopine,
neopine, tritopine, pseudomorphine and rhoeadine.
Of these several are official and described elsewhere in this work; the remainder are described
below in alphabetical order.
There are present also at least two organic
acids, lactic and meconic, and three neutral principles, meconin, meconoisin and opionin; these
are described later in this monograph.
Of these principles, morphine is by far the
most important. It is generally believed to exist
in opium combined in part with meconic acid as
a meconate, and to a certain extent also as a
sulfate, although A. R. L. Dohme (Am. J.
Pharm., 1891, p. 168) reported that a dialysis of
opium indicated that the morphine is combined
with sulfuric acid alone. The results of Wood
and Osol (Am. J. Pharm., 1939, 111, 380) on
the assay of a sample of opium ninety years old
show that the morphine content of opium does
not alter greatly under ordinary methods of
storage.
The relative proportion of the various alkaloids
differs considerably in samples of opium. The
ordinary ranges of the more important alkaloids
are: morphine 5 to 15 per cent; narcotine 2 to 8
per cent; codeine 0.1 to 2 per cent; papaverine
0.5 to 1 per cent; thebaine 0.15 to 0.5 per cent;
narceine 0.1 to 0.4 per cent. The other bases are
present in only very small proportions. The
amount of labor that has been expended in attempting to determine the chemical structure of
the opium alkaloids is so enormous that it cannot even be summarized here; the interested
reader will find an excellent epitome of the subject in Bentley's The Chemistry of the Morphine
Alkaloids, 1954, in Henry's Plant Alkaloids,
Fourth Edition, 1949, in Supplement 103 to the
Public Health Reports on the Chemistry of the
Opium Alkaloids (1932), and in Fieser and Fieser,
Natural Products Related to Phenanthrene, 3rd
ed., 1949.
The formation of alkaloids in opium has been
the object of the studies of A. Muller (Pharm.
Ztg., 1914, 59, 600). He found the seeds to be
alkaloid-free, but that the sprouts, after two
weeks, show the presence of alkaloids. The alkaloidal content of the plant slowly increases until
the flowers appear, when there is a sharp increase
lasting until the floral leaves fall. After the ripening of the capsule, the alkaloidal nitrogen content
of the entire plant was found to be 0.0094 per
cent; of the stem and leaves alone, 0.0085 per
cent; and of the capsule walls only 0.0168 per cent.
The alkaloidal content was found to vary from
day to day, being less on cloudy than on sunny
days. His conclusions were that the alkaloids of
the poppy plant are not excretion material in-
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tended to protect the plant from animal enemies,
as has been suggested, but that they are present
to afford a source of nitrogen for the synthesis of
reserve protein.
Codamine, C20H25NO4, is isomeric with laudanine, but is readily distinguished from it by the
effect of ferric chloride and nitric acid, both of
which color it deep green. From ether it crystallizes in hexagonal prisms which melt at 127°. It
is moderately soluble in water, and very soluble
in alcohol.
Codeine, C18H21NO3, and its phosphate and
sulfate are official and are described under
Codeine.
Cotarnine, C12H15NO4, was first obtained by
Wohler by the oxidation of narcotine with manganese dioxide in the presence of sulfuric acid.
It is also produced from the same source by
oxidation with nitric acid. (See Cotarnine Hydrochloride.)
Cryptopine, C21H23NO5. — This alkaloid was
discovered by J. Smiles of the laboratories of
T. and H. Smith, of Edinburgh (Pharm. J., 1867),
while working with thebaine residues. (For details of the method of separation, see U.S.D.,
19th ed., p. 895.) The quantity of cryptopine in
opium is extremely small but commercial papaverine has been reported to contain as much as 4
per cent of cryptopine. Cryptopine melts between
220° and 221°; it is almost insoluble in water,
sparingly soluble in cold alcohol and in ether. It
forms crystallizable salts with the acids, which
are distinguishable from all the other salts of the
opium alkaloids by a strong tendency to gelatinize. Heathcote (/. Pharmacol., 1925, 25, 35)
studied the physiological action of cryptopine. It
is a feebly toxic substance resembling papaverine
in its general effects.
Gnoscopine, C22H23NO7, was found by T. and
H. Smith in 1878. It is now regarded as racemic
narcotine. It is crystallizable, melts at 232°, is
soluble in chloroform and carbon disulfide, slightly
so in benzene, not in ether. It has been deracemized into the d- and /-forms.
Hydrocotarnine, C12H15NO3, is obtained from
the mother liquors of thebaine, and, as the name
indicates, can be formed from cotarnine, by the
action of zinc and hydrochloric acid. It is a basic
hydrolytic product of narcotine (which see). This
alkaloid is very soluble in alcohol, acetone, chloroform, benzin, and ether; it melts at 56°. It was
physiologically studied by Stockman and Dott
(Brit. M. J., Jan., 1891), who found that it
produces in the lower animals symptoms similar
to those caused by narcotine.
Lanthopine, C23H25NO4, forms colorless miconstitutioncroscopic
is prisms,
not which
known.fuse at about 200°. Its
Laudanidine, l-Laudanine, C20H25NO4, was
discovered in 1890 by Klauder, who named it
tritopine. In 1894 Hesse isolated an alkaloid
which he named laudanidine and surmised to be
an optically active form of laudanine. Spath and
Seka, in 1925, demonstrated that the two alkaloids are the same substance.
Laudanine, C20H25NO4, as first prepared, is
mixed with cryptopine, from which it must be
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separated. It crystallizes from its solution in boiling alcohol in transparent granules or hexagonal
prisms melting at 166°; it is optically inactive,
tasteless, and poisonous, the hydrochloride resembling strychnine in its effects. Laudanine is
sometimes accompanied by its isomeride laudanidine, which is the levo form.
Laudaxosixe, C21H27XO4. exists in the mother
liquors of thebaine. with cryptopine and protopine. It is insoluble in water and the alkalies,
but it is soluble in alcohol, acetone, and chloroform. It melts at 89°. The complete synthesis
of laudanosine has been effected by Pictet and
Finkelstein (Compt. rend. acad. sc, 1909, 148).
Mecoxidixe, C21H23XO4. was discovered by
Hesse in 1870. It is brownish-yellow, amorphous,
alkaline, melts at 58", and is not stable, the salts
also being easily altered. It is easily soluble in
alcohol, ether, benzene, chloroform, and acetone.
Morphixe. C17H19XO3. and its preparations
are discussed under Morphine.
Narceixe, C23H27NOS.3H2O. discovered by
Pelletier in 1832. occurs as white, silky crystals,
inodorous, of bitter taste. The anhydrous form
melts at about 138°. It is slightly soluble in cold
water, more so in hot water, and is soluble in
alkalies. The discordancy of the statements of
physiologists and clinicians concerning the action
of narceine can be explained only by the presence
of impurities in the specimens used. The pure
alkaloid would seem to be very feeble in its influence.
Xarcotixe. C22H23XO7. — This alkaloid occurs
in opium chiefly in the free state. It crystallizes
in white, silky needles, melting at 176°. With acids
narcotine forms unstable salts that hydrolyze extensively inwater; the alkaloid can be extracted
by immiscible solvents from acid solutions. Its
salts are dextrorotatory. It is a weak monoacidic tertiary base which is convertible into narceine. It has been synthesized by Perkin and
Robinson (Trans. Chem. Soc, 1911. 99 1 by condensation of meconin and cotamine. On long
boiling, or heating with nitric acid, it is decomposed into cotamine and meconin. C10H10O4. and
on heating with water to 100° in sealed tubes,
into hydrocotarnine and opianic acid. C10H10O5.
Xascent hydrogen (from zinc and hydrochloric
acid) converts it into hydrocotarnine and meconin, while oxidizing agents form cotamine and
opianic acid. It may be obtained by digesting
opium in ether, and slowly evaporating the ethereal solution, which deposits crystals of narcotine.
The proportion of narcotine in opium varies
widely in the different varieties, and in different
specimens of the same variety. Thus, in Smyrna
opium it has been found in quantities varying
from 1.30 to nearly 11 per cent.
Xarcotolixe, C21H21XO7. was isolated from
opium-poppy capsules by Wrede (Arch. exp. Path.
Pharm., 1937. 184, 331). It differs from narcotine in having a phenolic hydroxyl group in place
of a methoxyl group in the former.
Xeopixe, C18H21XO3. was discovered by T.
and H. Smith in the final mother liquors obtained
in the extraction of opium alkaloids. It is isomeric with codeine, and is known as 3-codeine.
Oxyxarcotixe,
C22H23XOS. — This alkaloid,
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which is found in crude narceine. may be crystallized from alcohol in very fine needles, which are
difficultly soluble in boiling water. It is oxidized
by ferric chloride to hemipinic acid and cotamine,
thus proving its close relationship to narcotine.
Papaveramixe. C21H25XO6. — This alkaloid was
also obtained by Hesse (J. pharm. chim., 1903,
68") in purifying papaverine. Its constitution is
unknown.
Papaverixe. C20HJ1XO4. — The discovery of
this alkaloid was announced by G. Merck in 1848.
The hydrochloride of this base is official (see
Papaverine Hydrochloride).
Porphyroxixe. C19H23XO4. was discovered in
Indian opium by Rakshit (Trans. Chem. Soc,
1919, 115) after the name had previously been
applied by Merck in 1837 to a product which
was subsequently found to be a mixture of alkaloids. Solutions of this alkaloid in dilute acids
become red upon exposure to air.
Protopixe. C20H19XO5 (Macleyine, Fumarine).
— This alkaloid, first isolated by Hesse from
opium, has since been found in the plants of
many genera. It melts at 207°, dissolves readily
in chloroform, but is considerably less soluble in
acetone and in alcohol. Schmidt (Arch. Pharm.,
1893, 231, 136) stated that protopine is identical
with macleyitie, an alkaloid, which has been found
by Eykman in Macleya cordata, and that it is
also found in Sangninaria canadensis, Stylophorum diphyllum, Eschscholtzia californica, and
other plants. (See Danckwortt. Arch. Pharm.,
1912. 250, 590.)
Pseudomorphixe. C34H36X2O6. was discovered
by Pelletier in 1835, and is identical with the
substances which have been called oxymorphine.
oxydimorphine, dehydromorphine, and phormin.
It may be prepared from morphine by oxidation
with potassium permanganate in the presence of
sodium bicarbonate; two molecules of morphine
join in forming the compound. It is insoluble in
water, alcohol, ether, chloroform, and diluted
sulfuric acid, but easily soluble in solution of
potassium or sodium hydroxide, lime, or in alcoholic solution of ammonia, though sparingly in
an aqueous solution of ammonia.
Rhceadixe, C21H21XO6. discovered by Hesse
in 1865. is described under Poppy flowers.
Thebaixe {ParamorphineK C19H21XO3, was
discovered by Pelletier and Thiboumery (1835);
it occurs to the extent of from 0.1 to 1.0 per
cent in opium. It is white, crystallizable. and of
an acrid and styptic rather than bitter taste,
fusing at 193°. It is very slightly soluble in water.
very soluble in alcohol and ether when cold, and
still more so when heated. Thebaine forms salt
with acids. It is closely related to morphine and
codeine. For account of its physiological properties see under Uses.
Xaxthalixe. Papaveraldine, C20H19XO5, is a
base first obtained by T. and H. Smith (Pharm.
J., 1893. 772) from the acid mother liquors resulting from crystallization of morphine or codeine
hydrochloride.
The non-nitrogenous principles in opium include
two acids and at least one well-defined lactone.
One of the acids, which was discovered by T. and
H. Smith, of Edinburgh, and first named by them
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thebolactic acid in the belief that it differed from
ordinary lactic acid, was shown by Buchanan
(Ber., 1870) to be identical with it. Lactic acid
appears to be a constant constituent in opium.
Meconic Acid, C7H4O7.3H2O, the other acid,
occurs in white crystalline scales; 1 Gm. dissolves
in about 100 ml. of water. It is 3-hydroxy-4-oxol,4-pyran-2,6-dicarboxylic acid. A characteristic
identification reaction is the production of a
blood-red color with ferric salts, the color not
being discharged with mercuric salts as is the
case with the similar reaction produced by thiocyanates. It forms an insoluble calcium salt, by
which means it may be separated from an aqueous
extract of opium. When heated, it loses first its
water of crystallization, and then at 120° a molecule of CO2, and yields comenic acid, C6H4O5;
this at 260°, or over, loses another molecule of
CO2, and yields pyro comenic acid, C5H4O3.
Meconic acid was formerly recognized by the
British Pharmacopoeia, but was dropped at the
1898 revision. It appears to be nearly devoid of
active physiological properties. Serturner took
4.5 grains of sodium meconate, and Grape and
Loewer 12 grains of the pure acid, without producing any symptoms; according to Mulder,
Pereira, Lange, and others, 20 grains of the acid
cause no sensible effect in the dog.
Meconin (Opianyl), C10H10O4, a neutral principle announced in 1832, by Couerbe, is identical
with a substance discovered several years previously by Dublanc, Jr., but of which no report
was published. It occurs also in Hydrastis and
has been synthesized from guaiacol by Fritsch
(Ann. Chem., 1898, 301). It may also be produced by the oxidation of narcotine with nitric
acid. It occurs in white, acicular crystals, soluble
in about 700 parts of cold water, very soluble in
alcohol, chloroform, and the essential oils, but
only sparingly in ether; melting point, about
102°; sublimable on careful heating. Chemically,
it behaves as a lactone. The method by which
it was obtained from opium is described in the
USD., 20th ed., p. 816.
Uses. — Whole opium is much less used in
therapeutics than formerly. When the pure alkaloids, as morphine and codeine, became generally
available they were preferred and more lately
synthetic compounds with comparable analgesic
action, such as meperidine, came into general use.
Opium tincture and camphorated opium tincture
are the most generally used dosage forms of
whole opium.
Opium contains many alkaloids, which may be
divided into two classes, the so-called phenanthrene and the benzylisoquinoline derivatives. Of
the former morphine and codeine (methylmorphine) are most important. Opium owes its activity chiefly to the morphine it contains ; its physiologic actions and therapeutic uses are very similar to those of the dominant alkaloid. The third
important phenanthrene alkaloid in opium is
thebaine (dimethylmorphine) , which is much less
narcotic than morphine; in large dose in some
species of animals it may produce convulsions
similar to those of strychnine, and it may paralyze
the peripheral motor nerves.
Of the benzylisoquinoline derivatives the most
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important are papaverine, described elsewhere,
and narcotine and narceine. Narcotine is the
most abundant of the alkaloids after morphine.
This alkaloid appears to be almost, if not entirely, free of the characteristic narcotic properties of morphine. In large doses it is a spinal
stimulant and produces in the lower animals
convulsions. According to Macht (J. Pharmacol.,
1915, 7, p. 339), narcotine differs essentially
from morphine in its action upon the respiratory
center, acting as a stimulant rather than a depressant. He found also that because of this antagonistic action upon respiration very much
larger doses of morphine can be given if combined
with narcotine, without dangerous respiratory depression. According to Dikshit (Indian J. Med.
Res., 1932, 19, 765) narcotine, like papaverine,
inhibits the intestinal peristalsis but is not sufficiently active to be clinically useful for this purpose. A dose of 130 to 200 mg. was used. For
further information on the minor alkaloids of
opium, see Macht (J. Pharmacol., 1915, 7, and
1916, 8); and Pal (Deutsche med. Wchnschr.,
1913, 39, and 1914, 40).
When ingested, the alkaloids of opium are
readily absorbed from the intestinal tract. Morphine is almost entirely detoxified in the tissues,
particularly in the liver, after preliminary storage
in skeletal muscle and the liver. The fraction
that is eliminated is lost largely through the
kidney within four hours. The most important
medicinal use for opium, in place of the pure
alkaloids, has been for the effects on the gastrointestinal tract. As in other instances, the predominant action is that of the morphine content,
since the antispasmodic effect of the benzylisoquinoline alkaloids is relatively small. It delays
the emptying time of the stomach and alters peristalsis in the small and large intestine by producing marked muscle spasm. In this way opium
has found wide use in the symptomatic treatment
of diarrhea of many etiologies, especially in the
severe dysenteries, despite vigorous objection on
the grounds that toxins and pathogenic bacteria
were retained in the intestine for possible absorption. The availability of more effective
chemotherapeutic agents has materially reduced
this use of opium. As a hypnotic the pure alkaloids are preferable inasmuch as they may be
given hypodermically and the dose can be determined with greater accuracy. Because of its
power of dilating the vessels of the skin opium
tends to increase the sweat and was therefore
used in minor infections, such as colds, grippe,
muscular rheumatism, and the like. As a sudorific
it was generally combined with ipecac in the
form of Dover's powder.
Opium was formerly largely used locally in the
form of its tincture, either in combination with a
solution of lead subacetate or by itself. It possesses feeble counterirritant and anesthetic powers.
Recognizing the advantages of opium over morphine in some conditions,- and the desirability of
hypodermic administration, various preparations
which represent the alkaloids of opium in approximately their natural proportions have been devised. The Danish Pharmacopeia (1948) recognizes, under the title of tetraponum, a mixture of
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the hydrochlorides of morphine, narcotine, codeine and papaverine colored with a dye. The
British Pharmaceutical Codex formulation of the
hydrochlorides of the same alkaloids is called
papaveretum. Opialum (Alcaloidetum Opii) is a
mixture of six alkaloids recognized by the Swiss
Pharmacopoeia. Pantopon (Hoffmann-La Roche)
is a proprietary mixture of this type. Such a mixture is less depressing to respiration than the
same amount of morphine alone, [vj
Poisoning. — In moderately large doses opium
produces, generally, a pleasurable feeling of languor followed by drowsiness. In toxic dose the
most prominent symptom is sleep, from which,
in the moderate degrees of poisoning, the patient
can easily be awakened by loud noises, shaking,
etc. At this stage of poisoning the respirations are
generally slower than normal but of good depth,
the pulse is slow and full, the skin warm, flushed
and moist, the pupil contracted. As intoxication
deepens respirations become slower, more shallow
and often irregular, and the skin is frequently
cyanotic from imperfect aeration of the blood;
the pupils grow smaller and are eventually reduced in size to almost complete invisibility; the
patient can be aroused only with difficulty and
when left to himself immediately sinks back into
a comatose sleep. The reflexes are not greatly
affected. When the dose has been very large there
may develop, late in the poisoning, failure of the
circulation with rapid, feeble pulse and cold,
clammy, cyanotic skin. The quantity required to
take fife varies enormously according to the individual susceptibility of the patient. Several fatalities have been reported from less than 30 mg. of
morphine and from 300 mg. of opium, whereas
an addict may receive as much as 2 Gm. of morphine in four hours with no serious effect (Light
and Torrance, Opium Addiction, American Medical Association, 1929-30; Seevers and Woods.
Am. J. Med., 1953, 14, 546). In acute poisoning
death usually occurs within 12 hours of respiratory paralysis. If the patient survives this long
the prognosis is usually good unless pneumonia
develops. Headache, constipation, a pruritic dermatosis and dysfunction of urination may follow
recovery for some days.
Treatment of Opium Poisoning. — For the evacuation of the stomach, unless the drug has been
taken in solid form, the stomach tube is preferable to emetics, the latter often failing to act
because of the effect of the drug upon the vomiting center. In the absence of a stomach tube,
2 Gm. of zinc sulfate may be given as an emetic.
The best chemical antidote is potassium permanganate, which oxidizes the active principle of the
drug to a harmless compound; 300 mg. of permanganate may be given at a dose. Where the
stomach tube is employed, it is well to wash out
the stomach with a 1 to 500 solution of potassium
permanganate, leaving 100 ml. of this solution in
the stomach to neutralize any alkaloid which may
be excreted later. If this antidote is not at hand
tannic acid may be used as a partial but less satisfactory antidote; it is well to follow this with a
saline cathartic as the tannate of morphine is
slowly absorbable. Aside from the prevention of
absorption, the most important measures
are
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those directed towards maintaining respiratory
function. The patient should, if possible, be kept
awake. Many of the measures which have been
employed for preventing sleep have done as much
harm in exhausting the patient as the wakefulness
has done good. The best means for this purpose
is the faradic battery, using either a brush electrode or a bare metal upon the skin; with this
apparatus exquisite pain can be caused without
any injury to the body. Slapping the skin with the
fringe of a wet towel is also useful, but care must
be exercised not to bruise. Alternate dashes of
warm (about 40°) and cold water (10°) upon the
bare chest may also be useful. Occasionally by
repeated shouting the patient may be kept from
going to sleep. The advice, so often given, to keep
the patient constantly walking is not sound.
Among the respiratory stimulants nikethamide,
caffeine, and other xanthine derivatives, especially
aminophylline, are most useful. Methamphetamine, atropine and pentylenetetrazol may also be
used. Inhalation of 50 per cent oxygen to avoid
anoxia is important until the respiratory rate returns toward normal; the use of 3 to 7 per cent
carbon dioxide may stimulate respiration. The
intravenous injection of salt and dextrose solution
is important to prevent dehydration and the resulting acidosis. Catheterization of the urinary
bladder is usually necessary. Cardiac stimulants
may occasionally be required in severe cases.
Schmidt (/. Pharmacol, 1929, 35, 297) found
epinephrine of great value in the late stages of
opium poisoning, when most other stimulants will
fail to act. Ephedrine is valuable in stimulation
of the medullary centers and may help in raising
the blood pressure. Above all else the maintenance
of a steady flow of oxygen to the tissues is of
paramount importance.
Opium Habit. — The use of opium or one of its
various derivatives, especially morphine and diacetylmorphine, is one of the most common and
most injurious of drug addictions. In the Orient
it has been commonly employed by smoking but
among the European peoples the hypodermic
needle has been the favorite method of the morphine addict; diacetylmorphine is usually taken
as a snuff.
Opium addiction has become such an important
economic problem, not only in Asia but also in
Europe and America, that the League of Nations
had a special committe for the control of this
habit. The United Nations Commission on Narcotic Drugs perpetuates the work of this committee. Technical and scientific reports are published
quarterly as the Bulletin on Narcotics, by the
United Nations, Department of Social Affairs.
The subject has many ramifications into the fields
of pharmacology, psychiatry, sociology and criminology. Interested readers of the subject are
referred, for a key to the literature on the medical
aspect of the problem, to the monograph of Light
and Torrance {Opium Addiction, American Medical Association. 1930), the paper of Schmidt and
Livingstone (/. Pharmacol, 1933, 47, 411 and
473) and the Svmposium on Drug Addiction
arranged
by N. B. Eddy (Am. J. Med., 1953, 14,
537 to 585).
Because of the wide variations in the content
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of therapeutically active alkaloids in this form of
opium, which is standardized only as to minimum
content of morphine, the opium described in this
monograph is not intended to be used therapeutically; its only use is as a source of Granulated
Opium and Powdered Opium, the latter of which
may be given internally.
GRANULATED OPIUM.
U.S.P.
[Opium

Granulatum]

"Granulated Opium is opium dried at a temperature not exceeding 70°, and reduced to granules, all of which will pass through a number 16
standard mesh sieve and not more than 10 per
cent through a number 60 standard mesh sieve.
Granulated Opium yields not less than 10 per
cent and not more than 10.5 per cent of anhydrous morphine. Granulated Opium of a higher
morphine percentage may be reduced to the official
standard by admixture with granulated opium of
a lower percentage, or with any of the diluents,
with the exception of starch, permitted for powdered extracts under Extracts." U.S.P.
Sp. Opio Granulado.

Description. — "When powdered, Granulated
Opium corresponds to the description under Powdered Opium, except as to the size of the particles." U.S.P.
This form of opium was introduced into the
U.S.P. for the reason that, being a coarse powder,
it is better suited for use in making liquid preparations ofopium.
Granulated opium is prepared by a special milling and sifting process, the finer portions being
separated and used in the preparation of powdered
opium.
Storage. — Preserve "in well-closed containers." U.S.P.
POWDERED

OPIUM.

U.S.P., B.P. (LP.)

[Opium Pulveratum]

"Powdered Opium is opium dried at a temperature not exceeding 70°, and reduced to a very fine
powder. Powdered Opium yields not less than 10
per cent and not more than 10. S per cent of anhydrous morphine. Powdered Opium of a higher
morphine percentage may be reduced to this
standard by admixture with powdered opium of
a lower percentage or with any of the diluents,
with the exception of starch, permitted for powdered extracts under Extracts." U.S.P.
The B.P. requires its Powdered Opium to contain 10.0 per cent of anhydrous morphine (limits,
9.5 to 10.5); powdered lactose suitably colored
with burnt sugar, or powdered cocoa husk may be
used as diluents to adjust the potency. The LP.
requires its Standardized Powdered Opium to contain 10 per cent of anhydrous morphine (limits,
9.8 to 10.2) ; powdered lactose, or rice starch, or
powdered opium of lower morphine content may
be used as diluents.
I.P. Standardized Powdered Opium; Pulvis Opii
Standardisatus. Fr. Poudre d'opium. Ger. Opiumpulver.
It. Polvere di oppio. Sp. Polvo de opio; Opio pulverizado.

Description. — "Powdered Opium is light
brown to moderate vellowish brown. It consists
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chiefly of yellowish brown to yellow, more or less
irregular and granular fragments, varying from
15 to 150n in diameter; a few fragments of
strongly lignified, thick-walled, 4- to 5-sided or
narrowly elongated, epidermal cells of the poppy
capsule; very few fragments of tissues of poppy
leaves, poppy capsules, and occasionally Rumex
fruits. In addition, there will be the microscopic
characteristics of the diluent if any has been used
in the preparation of the powder." U.S.P.
Under the name of Opium Deodoratum (Deodorized Opium, Denarcotized Opium) the U.S.P.
formerly recognized a preparation freed from
certain nauseating constituents. This was prepared as follows:
"Powdered Opium, five hundred grammes;
Purified Petroleum Benzin, a sufficient quantity.
Macerate the powdered opium for twenty-four
hours in a wide-mouthed, well-closed bottle with
sufficient purified petroleum benzin to cover it
completely, shaking the mixture occasionally.
Then decant the clear benzin layer as closely as
possible and repeat the maceration for twentyfour hours with another portion of purified petroleum benzin. Again decant the clear benzin layer
and transfer the remaining contents of the bottle
to a plain filter. Closely cover the funnel, allow
the mixture to drain and then slowly percolate the
residue with purified petroleum benzin until the
latter passes through without color. Remove the
filter containing the Opium from the funnel,
expose the powder to the open air, so that it may
dry thoroughly, and add sufficient sugar of milk
to restore the original weight. Care should be used
to guard against the danger due to the inflammability of the benzin. Granulated opium may also
be
deodorized
in the manner directed above."
U.S.P. IX.
Powdered opium is the preferred dosage form
whenever it is desired to administer opium in the
solid state. For uses see under Opium.
Powdered opium is given in doses of 30 to 200
mg. (approximately H to 3 grains) ; for usual
variations of opium dosage see under Opium
Tincture.
Storage. — Preserve "in well-closed containers."
U.S.P.
Off. Prep. — Camphorated Opium Tincture,
U.S.P.; Ipecac and Opium Powder, N.F., B.P.;
Aromatic Powder of Chalk with Opium; Tablets
of Acetylsalicylic Acid with Ipecacuanha and
Opium; Tablets of Ipecacuanaha and Opium, B.P.
OPIUM

TINCTURE.

U.S.P. (B.P., I.P.)

Deodorized Opium Tincture, Laudanum, [Tinctura Opii]

"Opium Tincture yields, from each 100 ml.,
not less than 0.95 Gm. and not more than 1.05
Gm.Theof B.P.
anhydrous
U.S.P.
standardmorphine."
for Tincture
of Opium is the
same as that of the U.S.P. The I.P. requires either
1 per cent w/v or 1 per cent w/w (limits in either
case, 0.95 to 1.05) of anhydrous morphine, the
country concerned deciding which basis of standardization isto be followed.
B.P., I.P. Tincture of Opium. Tinctura Opii Deodorati;
Tinctura Thebaica; Tinctura Meconii; Tinctura Opii Simplex. Fr. Teinture d'opium. Ger. Einfache Opiumtinktur.
It. Tintura di oppio; Tintura tebaica. Sp. Tintura de opio;
Tintura tebaica.
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Pour 500 ml. of boiling water on 100 Gm. of
granulated opium in a suitable vessel and stir the
mixture frequently during 24 hours. Transfer the
mixture to a percolator; when the liquid has
ceased to drop, continue the percolation slowly,
using water as the menstruum, until the opium is
exhausted. Evaporate the percolate to 400 ml.,
boil it actively for at least 15 minutes, then allow
it to stand overnight. Heat the mixture to 80°,
add 50 Gm. of paraffin, and continue heating until
the paraffin has melted; beat the mixture thoroughly and set it aside to cool. Remove the paraffin, rinse it with a little water, adding the rinsings
to the liquid, then filter the mixture and add
enough water through the filter to make the liquid
measure 750 ml. To the filtered liquid add 188
ml. of alcohol, assay a portion of this liquid, then
dilute the remainder of it with sufficient of a mixture of 1 volume of alcohol and 4 volumes of
water to make the product contain 1 Gm. of anhydrous morphine in each 100 ml. Mix thoroughly.
U.S.P. The treatment with melted paraffin is for
the purpose of extracting waxy and fatty materials which are largely responsible for the characteristic, and to many unpleasant, odor of opium.
The B.P. and LP. prepare the tincture by extracting opium with boiling distilled water, then
adding alcohol and. after a period of maceration,
straining and filtering the mixture; following
assay it is diluted to contain the required concentration ofmorphine. Neither the B.P. nor the
LP. applies any treatment to remove waxy and
fatty constituents from the tincture.
Assay. — A 60-ml. portion of tincture is evaporated on a water bath to volatilize the alcohol;
after diluting this with water the assay is completed in the same manner as the aqueous extract
is analyzed under Opium. U.S.P.
Alcohol Content. — From 17 to 19 per cent,
by volume, of C2H5OH. U.S.P.
The tincture is probably the best of the official
preparations where the effects of whole opium are
desired. On standing it sometimes deposits a heavy
sediment, particularly if loss of alcohol by evaporation occurs. Care should be taken to prevent
concentration of the tincture by evaporation as
this increases its potency; death has resulted in
infants from doses which would have been entirely
safe if the tincture had not become concentrated
in this way. [v]
According to the U.S.P., the usual dose of
opium tincture is 0.6 ml. (approximately 10
minims) four times a day; the range of dose is
0.3 to 1 ml. (approximately 5 to 15 minims). The
maximum single dose is 1 ml., with a maximum
total dose of 6 ml. in 24 hours. The B.P. gives
the range of dose as 0.3 to 2 ml. (approximately
5 to 30 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to excessive heat."
U.S.P.
Off. Prep. — Camphorated Opium Tincture,
U.S.P., B.P.
CAMPHORATED
OPIUM
TINCTURE.
U.S.P. (B.P., LP.)
Paregoric,

"Camphorated

[Tinctura Opii Camphorata]

Opium

Tincture

yields,

from

I

each 100 ml., not less than 35 mg. and not more
than 45 mg. of anhydrous morphine." U.S.P.
The B.P. requires Camphorated Tincture of
Opium to contain 0.05 per cent w/v of anhydrous
morphine (limits, 0.045 to 0.055 per cent) ; the
LP. requires Benzoated Tincture of Opium to
contain 0.05 per cent w/v of anhydrous morphine
(limits, 0.046 to 0.053).
B.P. Camphorated Tincture of Opium. LP. Benzoated
Tincture of Opium; Tinctura Opii Benzoica. Paregoric
Elixir; Compound Tincture of Camphor. Tinctura Opii
Benzoica; Tinctura Camphorse Composita; Tinctura Thebaica
Benzoica; Elixir Paregoricum. Fr. Elixir paregorique ;
Teinture
d'opium benzoique;
Teinture d'opium
camphree.
Get. Benzoesaurehaltige
Opiumtinktur.
Sp. Tintura
de
opio benzoica; Elixir paregorico; Tintura de Opio Alcanforado.

Dissolve 40 ml. of opium tincture, 4 ml. of
anise oil, and 4 Gm. each of benzoic acid and
camphor in 900 ml. of diluted alcohol, add 40 ml.
of glycerin, and enough diluted alcohol to make
1000 ml. Agitate the mixture, then filter it. The
tincture may also be prepared by macerating 4.3
Gm. of powdered opium, 3.8 ml. of anise oil and
3.8 Gm. each of benzoic acid and camphor in a
mixture of 900 ml. of diluted alcohol and 38 ml.
of glycerin during 5 days, with occasional agitation. The mixture is filtered, the filter washed
with enough diluted alcohol to make 950 ml. of
filtrate and, after assaying a portion of this liquid,
sufficient of a liquid containing 0.4 ml. of anise oil,
0.4 Gm. each of benzoic acid and camphor, and
4 ml. of glycerin in enough diluted alcohol to
make 100 ml. is added to produce a tincture containing 40 mg. of anhvdrous morphine in each
100 ml. U.S.P.
The B.P. tincture represents 50 ml. of tincture
of opium, 5 Gm. of benzoic acid, 3 Gm. of camphor, and 3 ml. of anise oil in sufficient 60 per
cent alcohol to produce 1000 ml. The LP. tincture
represents 50 ml. of tincture of opium. 5 Gm. of
benzoic acid, 2 Gm. of camphor, and 5 ml. of
anise oil in sufficient 70 per cent alcohol to produce 1000 ml.
The U.S.P. formula utilizing opium tincture
was introduced to provide the pharmacist with
the means of preparing this tincture more readily
than by the use of powdered opium. Some objection has been raised to the formula as yielding a
product which precipitated continuously and for
that reason an alternative formula, using powdered opium, is provided.
Assay. — A 100-ml. portion of the tincture is
evaporated to about 10 ml. after adding 2 ml.
of approximately normal sulfuric acid. After adding more of the acid solution and nearly saturating
it with sodium chloride the mixed alkaloids are
liberated with ammonia and extracted by shaking
with a mixture of 85 volumes of chloroform and
15 volumes of alcohol. The morphine in this liquid
is then extracted by shaking it with a solution of
sodium hydroxide saturated with sodium chloride
(morphine, being phenolic, dissolves in the alkali
while most of the other alkaloids do not). From
the alkaline solution the morphine may be liberated by neutralization with acid followed by addition of the weakly ionizing ammonium hydroxide;
the alkaloid is then extracted with the chloroformalcohol solvent employed above. The solvent is
evaporated, an excess of 0.02 N sulfuric acid

Part I

Orange

added to neutralize the morphine, and the excess
of acid titrated with 0.02 N sodium hydroxide,
using methyl red T.S. as indicator. Each ml. of
0.02 N sulfuric acid represents 5.707 mg. of anhydrous morphine. U.S.P.
The B.P. and I. P. have identical assays, which
consist in evaporating 10 ml. to dryness and then
extracting the morphine with solution of calcium
hydroxide. By treating this solution with ammonium sulfate morphine is liberated and is extracted
with several portions of a mixture of chloroform
and alcohol. After evaporating the solvent the
residue is dissolved in normal hydrochloric acid
and diluted to 250 ml. The morphine in a 20-ml.
aliquot of this is reacted with sodium nitrite in
the presence of ammonia, which results in the
formation of a yellowish-brown color the intensity
of which is matched with a control to which a
standard solution of morphine is added.
Alcohol Content. — From 44 to 46 per cent,
by volume, of C2H5OH. U.S.P.
Uses. — Camphorated opium tincture is widely
employed with the idea that it is a mild anodyne
for the relief of cough, nausea, and abdominal
pains. As its narcotic effects depend entirely upon
the opium which the preparation contains its
mildness is due solely to the fact that it is usually
given in relatively small doses. In diarrheas the
effect of the opium is somewhat enhanced by the
camphor. The superstition that it is especially
suited for children is without foundation; if morphine isindicated for infants the alkaloid itself is
just as useful if given in equivalent dose.
This product, since each fluidounce represents
approximately 1.95 grains of opium, is an "exempt
preparation" under the provisions of the Harrison
Anti-Narcotic Act and, therefore, no prescription
is required for its sale. The act directs that sales
must be made to consumers only in such quantity
and with such frequency as will restrict its use to
the intended medicinal purposes and requires that
a record be kept of all sales. Few pharmacists will
sell more than one fluidounce to a customer, [vj
The usual dose is 4 ml. (approximately 1 fluidrachm), up to 4 times daily, by mouth, with a
range of 4 to 10 ml. The maximum safe dose is
10 ml. and the total dose in 24 hours should not
exceed 60 ml. For children, the dose is in proportion to age.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." U.S.P.
Off. Prep. — Compound Opium and Glycyrrhiza Mixture; Expectorant Mixture, N.F.
COMPOUND
GLYCYRRHIZA

OPIUM AND
MIXTURE.
N.F.

Mistura Opii et Glycyrrhizae Composita [Brown Mixture]
Compound Mixture of Glycyrrhiza. Mistura Glycyrrhizae
Composita; Mistura Fusca.

Dilute 120 ml. of glycyrrhiza fluidextract with
120 ml. of glycerin and 500 ml. of purified water,
add a solution of 0.24 Gm. of antimony potassium
tartrate in 12 ml. of hot purified water, 120 ml.
of camphorated opium tincture, 30 ml. of ethyl
nitrite spirit, and enough purified water to make
1000 ml. N.F.
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Alcohol Content. — From 9 to 11 per cent,
by volume, of C2H5OH. N.F.
Greenfield and Kuhl (7. A. Ph. A., 1940, 29,
35) found that the decomposition rate of ethyl
nitrite in this preparation is so rapid and extensive as to render the former valueless in compound
mixture of opium and glycyrrhiza. It has been
suggested many times that this preparation be
filtered and dispensed clear but there are no advantages inmaking a mixture transparent.
Uses. — Compound opium and glycyrrhiza mixture is rather commonly given, very often to children, for certain favorable effects in bronchitis,
although the combination is hardly a logical one.
It is also commonly employed as a vehicle, especially for ammonium salts, in the early stages of
acute bronchitis. Because of the antimony potassium tartrate and opium in the mixture it may be
objectionable in the large doses in which it is
sometimes given; it is a nauseating expectorant
in larger dose.
Dose, from 4 to 15 ml. (approximately 1 to 4
fluidrachms) for an adult; proportionate doses
for children. It should be well shaken prior to
administration.
Storage. — Preserve "in tight containers." N.F.
ORANGE FLOWER OIL.
N.F.
Neroli

Oil, Oleum Aurantii Floris

"Orange Flower Oil is the volatile oil distilled
from the fresh flowers of Citrus Aurantium Linne
(Fam. Rutacee)." N.F.

Oil of Neroli Bigarade. Oleum Neroli; Oleum Aurantii
Floris ^Ethereum; Essentia Floris Aurantii. Fr. Essence de
fleur d'oranger; Neroli. Get. Orangenblutenol. It. Essenza
di
fiori d'arancio
Esencia
de neroli. amaro. Sp. Esencia de flor de'naranjo;

Various sweet-smelling oils have been prepared
from different varieties of oranges. From the
flowers of the sweet orange is obtained a very
fragrant oil known as neroli petale. From the
flowers of the bitter orange is obtained a similar,
although somewhat less fragrant oil called neroli
bigarade; this is the oil official in the N.F. (see
Perf. Ess. Oil Rec, 1946, 37, 234). It is chiefly
produced around Cannes, Juan les Pins and Grasse
in southern France from flowers of cultivated
bitter orange trees, but also in the environs of
Seville, Spain, in Sicily and in Haiti. The flowers
are harvested during May and early June, as they
begin to open, gathered into baskets and sold to
field brokers who deliver them to the distillers. It
requires more than 1000 pounds of flowers to
yield one pound of oil. It has been claimed that
alteration of certain of the constituents of the
natural oil occurs during distillation, and that a
superior oil may be obtained by extracting with
volatile solvents (for details, see Guenther, Am.
Perfumer, Jan., 1933). The oil of petitgrain
bigarade is an inferior product distilled from the
leaves of the same tree. It is produced mainly in
Algeria and southern France and is sold to manufacturers oftoilet waters ; it is also used to adulterate the true oil of orange flowers.
Description. — "Orange Flower Oil is a pale
yellow, slightly fluorescent liquid, which becomes
reddish brown on exposure to light and air. It has
a distinctive, fragrant odor, similar to that of
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orange blossoms, and an aromatic, at first sweet,
then somewhat bitter, taste. Orange Flower Oil is
affected by light and may become turbid or solid
at low temperatures. It is neutral to litmus. Orange
Flower Oil is miscible with an equal volume of
alcohol and with about 2 volumes of 80 per cent
alcohol, the solution becoming cloudy on the
further addition of alcohol of the same percentage." N.F.
Standards and Tests. — Identification. — An
alcohol solution of the oil has a violet fluorescence. Specific gravity. — Not less than 0.863 and
not more than 0.880. Optical rotation. — Not less
than +1.5° and not more than +9.1°, when determined in a 100-mm. tube. N.F.
Constituents. — Neroli oil is one of the most
complex of all of the volatile oils in its composition. It contains the following constituents:
/-a-pinene, /-camphene, limonene, dipentene, decyl
aldehyde, phenylethyl alcohol, nerol, linalool, dterpineol, nerolidol, geraniol, acetic esters of the
various alcohols mentioned, indol, traces of benzoic, palmitic and phenylacetic acids in the form
of esters, linalyl acetate, and several paraffin
hydrocarbons. A fluorescent substance, methyl
o-aminobenzoate, also called methyl anthranilate,
is present. Schimmel also found traces of phenyl
acetonitrile, a ketone with a jasmin-like odor,
and also a high boiling sesqui-terpene alcohol
called nerolidol.
Orange flower oil is used only as a flavor and
a perfuming agent.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
ORANGE

FLOWER

SYRUP.

N.F.

Syrupus Aurantii Florum
Syrupus Citri Vulgaris Floris. Fr. Sirop de fleur
d'oranger. Ger. Pomeranzenblutensirup. Sp. Jarabe de flor
de naranjo; Jarabe de Azahar.

Mix 225 ml. of orange flower water with an
equal volume of purified water, dissolve in the
liquid 850 Gm. of sucrose by agitation, without
heating, and add enough purified water to make
1000 ml. Mix thoroughly and strain. The syrup
may also be prepared by percolating the mixture
of orange flower water and purified water through
the sucrose until it is dissolved, sufficient water
being added through the percolator to make
1000 ml. N.F.
This syrup is used as a flavor.
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." N.F.
ORANGE

FLOWER

WATER.

N.F.

Aqua Aurantii Florum

"Orange Flower Water is a saturated solution
of the odoriferous principles of the flowers of
Citrus Aurantium Linne (Fam. Rutacece), prepared by distilling the fresh flowers with water
and separating the excess volatile oil from the
clear, water portion of the distillate." N.F.
Stronger Orange Flower Water. Aqua Aurantii Florum
Fortior; Aqua Aurantii; Hydrolarum Floris Citri Vulgaris;
Aqua Naphae; Aqua Neroli. Fr. Eau distillee de fleur
d'oranger. Ger. Orangenbliitenwasser; Neroliwasser. /*.
Acqua di dearancio
fiori de
d'arancio.
destilada
flor de; Acqua
naranjo;di Agua
Azahar. Sp. Agua

Orange flower water has been manufactured
chiefly in Italy and France although some has
been distilled in this country. The flowers of the
bitter orange are preferred as yielding the most
fragrant product. In preparing this water the
initial distillate is generally returned to the still
with a fresh portion of flowers in order to obtain
a higher concentration of the odoriferous principles in the distillate; this procedure may be repeated several times, the product being designated
double distilled, triple distilled or quadruple distilled. For the former process of preparing orange
flower water see U.S.D., 21st ed., p. 167.
Description. — "Orange Flower Water is
nearly colorless, clear or only faintly opalescent,
possessing the pleasant odor and taste of orange
blossoms. It must be free from empyreuma,
mustiness, and fungoid growths." N.F.
Standards and Tests. — Residue. — Not over
15 mg. on evaporating 100 ml. of orange flower
water on a water bath, and drying at 105° for
1 hour. Acidity. — The water is neutral or slightly
acid to litmus. Heavy metals. — The limit is 2
parts per million. N.F.
Uses. — Orange flower water is used as a vehicle
of pleasant odor and flavor for some orally administered medicinal preparations, also as a perfume in some lotions.
Off. Prep. — Compound Benzaldehyde Elixir;
Bitter Orange Elixir; Orange Flower Syrup, N.F.
BITTER

ORANGE

PEEL.

N.F. (B.P.)

Aurantii Amari Cortex

"Bitter Orange Peel is the dried rind of the
unripe but fully grown fruit of Citrus Aurantium
Linne (Fam. Rutacece)" N.F. The B.P. defines
it as the dried outer pericarp of the ripe, or nearly
ripe, fruit.
The British Pharmacopoeia recognizes in addition to the dried orange peel also Fresh BitterOrange Peel {Aurantii Cortex Recens).
B.P. Dried Bitter-Orange Peel; Aurantii Cortex Siccatus. Wild, Seville or Curasao Orange Peel. Pericarpium
Aurantii; Cortex Aurantii Fructus; Cortex Pomorum
Aurantii. Fr. Ecorce d'orange amere; Ecorce de bigarade.
Ger. Pomeranzenschale ; Orangenschale. Sp. Corteza de
naranja amarga.

The citrus trees, lemon and orange, appear to
have been cultivated in ancient India as far back
as history goes, the names of the fruits being of
Sanskrit etymology. There is considerable difficulty in classifying the species of this genus,
partly because of similarities and partly because
of tendency to hybridization; some regard the different fruits as distinct species, while others consider them as merely varieties. Engler (Die naturIvchen Pflanzenfamilien, 1897) divided the species
Citrus Aurantium L. into a number of sub-species,
some of which have been considered by others as
distinct species, as follows:
C. Aurantium amara L. (C. Bigaradia Duhamel;
C. Aurantium var. Bigaradia Hook, f.), known
as the bitter or Seville orange, or bigarade;
C. Aurantium sinensis Gallesi (C. Aurantium L.
var. dulcis, L.), sweet orange or Malta orange;
C. Aurantium Bergamia (Risso et Poiteau) Wight
et Arnott, which is the bergamot; and several
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other varieties which are not of medicinal importance.
Swingle, the chief authority on Citrus, considered the sweet orange as a species. As such, its
name becomes Citrus sinensis (Linne) Osbeck.
He also treated the bergamot as a species but
suspects it may be a hybrid.
In all its varieties the orange tree is a beautiful
evergreen growing to a height of about 30 feet and
having the fruit mingled in every stage of its
growth with blossoms and foliage. It is a native
of China and India, was introduced into Europe
by the Arabians about the ninth century and is
now cultivated in subtropical lands all over the
world. The American supply is grown chiefly in
California, Florida and the West Indies. The stem
of the tree is rounded, much branched, and covered with a smooth, shining, greenish-brown bark.
In the wild state, and before inoculation, it is
often furnished with axillary spines. The leaves
are ovate, pointed, entire, smooth, and of a shining
pale green color. When examined in transmitted
light, they exhibit numerous small transparent
vesicles, filled with volatile oil, and when rubbed
between the fingers, are highly fragrant. The
flowers, which have a delightful odor, are large,
white, and attached by short peduncles, singly or
in clusters, to the smallest branches. The calyx is
saucer-shaped, with pointed teeth. The petals are
oblong, concave, white, and beset with numerous
small glands. The stamens are polyadelphous,
being arranged in three or more distinct groups,
each ending in several staminal leaflets bearing
yellow anthers. The ovary is roundish, and bears a
cylindrical style, terminated by a globular stigma.
Beneath the ovary occurs a nectar disk. The fruit
is a hesperidium, often somewhat flattened at its
base and apex, rough, of a yellow or orange color,
and divided internally into a number of crescentic
loculi, each covered with a membranous endocarp
and containing from 2 to 4 seeds, surrounded by
a juicy pulp which originates from hairs growing
inward from the endocarp and becoming succulent.
The rind of the fruit consists of a thin exterior
layer, abounding in schizo-lysigenous cavities filled
with a fragrant volatile oil, and of an interior one,
which is thick, white, spongy, bitter, and inodorous.
The fruit of the bitter orange is smaller than
that of the sweet orange and of a deep orange red
color, its pulp more acid and slightly bitter in
taste. It is round but flattened above and below,
and has a rough rind. The commercial supplies
come chiefly from the south of Spain and Sicily,
but it is also cultivated in Florida. The flowers of
this tree yield a very fragrant oil (see Orange
Flower Oil). The fresh flowers may be kept for
some time by mixing them well with half their
weight of sodium chloride, pressing the mixture in
a suitable jar, and keeping it well closed in a
cool place.
The leaves, which are bitter and aromatic, also
yield a volatile oil which is often mixed with the
oil of the blossoms.
The fruit of the sweet orange is larger and of a
lighter color, and the pulp is less acid and free
from bitterness. Because of its superior flavor this
orange is usually given the preference for eating,
and several variations have been produced. Among
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these are the seedless variety called the navel
orange, popular in this country, and the blood
orange, the pulp of which has a red instead of
yellow color.
Small unripe oranges, about the size of a cherry
or less, previously dried, and rendered smooth by
a turning-lathe, are sometimes found in commerce
under the name of orange berries. They are subglobular, 5 to 20 mm. in diameter, of a grayish or
greenish-brown color, fragrant odor, and bitter
taste, and are said to be used for flavoring cordials. Avolatile oil is obtained from them by distillation, known to the French as essence de petit
grain. The oil, however, which now goes by this
name is said to be distilled from the leaves, and
those of the bitter orange yield the best.
Bitter orange peel has a grateful aromatic odor,
which depends upon the volatile oil contained in
its schizo-lysigenous cavities, and a warm, bitter
taste.
Description. — "Unground Bitter Orange Peel
occurs in irregular bands (ribbons) or quarters
from to 2 to 6 mm. in thickness ; its outer surface
is weak brown to moderate olive and shows numerous pits and fine reticulate ridges; its inner surface is weak yellow to weak greenish yellow with
many slight conical projections and fine anastomosing lines formed by the vascular bundles;
its fracture is hard and short. It has a fragrant
and aromatic odor and an aromatic and bitter
taste." N.F. For histology see N.F. X.
"Powdered Bitter Orange Peel is weak yellow
to weak greenish yellow. Its elements of identification are: numerous fragments of parenchyma,
the cell walls from 4 to 12 \x thick; fragments of
oil reservoirs with oil globules; very small
tracheae with close spiral markings or simple pits
and calcium oxalate prisms from 15 to 45 n in
length."
N.F. requires that the outer surface of
The B.P.
fresh orange peel be red or deep orange red and
rough, and that of the dried bitter orange peel
shall be of a dark orange-red color and somewhat
rough, with only a small amount of white spongy
part of pericarp present.
For the preparation of powdered bitter orange
peel the German Pharmacopoeia directs that the
drug should be previously dried over freshly burnt
lime. Bitter orange peel has been adulterated with
sweet orange peel. The latter is distinguished by
the pieces being thinner and of a more orange-red
color. They are less aromatic and less bitter.
Constituents. — Tanret found in the rind of
the bitter orange, (1) a crystalline acid, C44H28O14; (2) a non-crystalline resinous body; (3) the
glycoside hesperidin; (4) isohesperidin, a crystalline glycoside isomeric with hesperidin; (5)
aurantiamarin, another glycoside to which, in part,
the bitterness of the peel is due (Pharm. J., 1886,
839).
More recent work has established that hesperidin, C28H34O15, is a tasteless, colorless, crystalline
a melting
point
of 261°.
When
treated glycoside
with with
diluted
acids it
yields
hesperetin,
C16H14O6, glucose and rhamnose, the sugars being
hydrolysis products of the biose rutinose, with
which the hesperetin is glycosidally combined
(Ber., 1938, 71 B, 2511). Hesperetin is now
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known to be the methyl derivative of eriodictyol,
and it is of interest that the substance citrin
("vitamin P") which has been obtained by SzentGyorgyi as a crystalline material from citrus juice,
appears to consist of hesperidin, quercitrin, and
eriodictyol glycoside, to which last Szent-Gybrgyi
attributed the protective effect of "vitamin P"
against capillary fragility. Higby (/. A. Ph. A.,
1943, 31, 74), investigating crude hesperidin obtained from orange, showed that the water-soluble
yellow pigment in it is a hesperidin chalcone and
that the latter, or any other water-soluble form
of hesperidin such as a salt, affords the protection
against capillary fragility that is characteristic of
"vitamin P." Pure hesperidin, very slightly soluble in water, has no such protective action. Thus,
Szent-Gyorgyi's belief that eriodictyol glycoside
is the therapeutically active component of "vitamin P" appears not to be correct (see also Wawra
and Webb, Science, 1942, 96, 302).
Kolle and Gloppe (Pharm. Zentr., 1936, 77,
421) extracted from bitter oranges another glycoside, isomeric with hesperidin, which they called
neohesperidin. This is more soluble in water and
in alcohol than hesperidin, it melts sharply at
244°, and on hydrolysis it yields hesperetin, glucose and rhamnose. It differs from hesperidin in
that the two sugars appear to be linked directly
to the hesperetin, rather than in the form of
rutinose. For method of preparing hesperidin see
U.S.D., 21st ed., p. 207.
Orange peel also contains albumin, pectin, resin,
a trace of fixed oil, volatile oil, a principle resembling tannin in its action on salts of iron, and
notable amounts of certain vitamins. Fresh orange
peel, the waste material from the orange oil industry, has become one of the sources of commercial
pectin. The bitter principles are much more abundant in the white spongy inner portion of the peel
than in the outer yellowish layer. For description
of the volatile oil see Bitter Orange Oil.
Uses. — The juice of the orange is a good source
of vitamin C, and contains also considerable
amounts of vitamins A and B. The rind contains
practically no vitamin C but, according to Willimott and Wokes (Chetn. Drug., 1927, 106, 32) is
rich in vitamin A. Bitter orange peel is a feeble
stomachic and was an ingredient of the simple
bitters and used also in the form of an infusion;
indeed, it continues to have official recognition
for these purposes (see Official Preparations
below). Its most important use, however, is as a
flavoring agent, although for this purpose the
bitter orange peel is usually less highly regarded
than the sweet. Violent colics, convulsions, and
even death have been caused in children by eating
large quantities of the rind.
Off. Prep. — Bitter Orange Peel Tincture;
Compound Gentian Tincture, N.F., B.P.; Concentrated Compound Infusion of Gentian, B.P.
BITTER ORANGE OIL.
N.F.
Oleum Aurantii Amari

"Bitter Orange Oil is the volatile oil obtained
by expression from the fresh peel of the fruit of
Citrus Aurantium Linne (Fam. Rutacece)." N.F.
Oleum Aurantii Corticis (Ger.). Fr. Essence de bigarade.
Ger. Pomeranzenschalenol.

Description. — "Bitter Orange Oil is a pale
yellow or yellowish brown liquid, with the characteristic, aromatic odor of the Seville orange,
and an aromatic, somewhat bitter taste. It is
affected by light and its alcohol solutions are neutral to litmus. Bitter Orange Oil having a terebinthinate odor is not to be dispensed. Bitter Orange
Oil is miscible with about 4 volumes of alcohol,
in all proportions with dehydrated alcohol, and
with an equal volume of glacial acetic acid." N.F.
Standards and Tests. — Specific gravity. —
Not less than 0.845 and not more than 0.851.
Optical rotation. — Not less than +88° and not
more than +98°, when determined in a 100-mm.
tube. Refractive index. — Not less than 1.4725 and
not more than 1.4755, at 20°. Identification. —
The first 12 per cent fraction of a distillate of the
oil has an optical rotation not more than 2° lower
or more than 4° higher than that of the original
oil. Washed citrus oils. — The residue from 5 Gm.
of oil,100
dried
constant weight at 100°, is not less
than
mg.to N.F.
This oil is used only as a flavoring agent.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
BITTER ORANGE ELIXIR.
N.F.
Elixir Curassao,

Elixir Aurantii Amari

Mix 1 ml. of bitter orange oil and 20 ml. of
bitter orange peel tincture with 300 ml. of alcohol;
add 400 ml. of syrup, 20 ml. of orange flower
water, and enough purified water, in several portions and shaking the mixture after each addition,
to make 1000 ml. Allow the mixture to stand for
24 hours, then filter it, using if necessary 10 Gm.
of talc. N.F.
Alcohol Content. — From 26 to 30 per cent,
by volume, of C2H5OH. N.F.
This elixir is used solely as a vehicle.
Storage. — Preserve "in tight containers." N.F.
BITTER ORANGE PEEL TINCTURE.
N.F. (B.P.)
Tinctura Aurantii Corticis Amari
B.P. Tincture of Orange; Tinctura Aurantii. Fr. Teinture d'orange amere (ecorce). Ger. Poraeranzentinktur.
It. Tintura di arancio amaro. Sp. Tintura de Corteza de
Naranja Amarga.

Prepare the tincture, by Process P (see under
Tinctures), from 200 Gm. of bitter orange peel,
in moderately coarse powder, using a menstruum
of 2 volumes of alcohol and 1 volume of water.
Macerate the drug during 12 to 16 hours, and
percolate at a moderate rate. N.F.
The B.P. Tincture of Orange is prepared by
macerating the equivalent of 25 per cent w/v of
fresh bitter orange peel with 90 per cent alcohol.
The two tinctures differ in that the B.P. employs the fresh peel, while the N.F. uses the dried
form. The latter has a greenish-brown color and
a bitterish taste from the extraction of hesperidin
in the inner layer of the rind. The B.P. tincture
more closely resembles the U.S. P. Sweet Orange
Peel Tincture in its aromatic qualities.
Alcohol Content. — From 58 to 62 per cent,
by volume, of C2H5OH. N.F.
Bitter orange peel tincture is used as a flavoring
agent.
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Off. Prep.— Bitter Orange Elixir, N.F.; Syrup
of Orange, B.P.
SWEET

ORANGE
Aurantii

PEEL.

U.S.P.

Dulcis Cortex

"Sweet Orange Peel is the fresh, outer rind of
the non-artificially colored, ripe fruit of Citrus
sinensis (Linne) Osbeck (Fam. Rutacece). Note.
—U.S.P.
Exclude the inner, white portion of the rind."
Fr. Oranger vrai ; Ecorce (zeste) de l'orange douce.
Ger. Apfelsinenschale. Sp. Corteza de Naranja Dulce.

For information concerning the tree which produces this fruit see under Bitter Orange Peel.
Description. — "Unground Sweet Orange Peel
occurs as the outer, orange-yellow layer separated
from the fresh fruit by grating or paring and
consists of epidermal cells, parenchyma, and oil
reservoirs with globules of volatile oil. It has a
highly fragrant odor and a pungently aromatic
taste." U.S.P. For histology see U.S.P. XV.
Uses. — The sweet orange peel is employed
only as a flavoring agent.
SWEET
ORANGE
PEEL
TINCTURE.
U.S.P.
Tinctura Aurantii

Dulcis

Alcoolature
d'orange.
Ger. Apfelsinenschalentinktur.
Sp.Fr.Tintura
de Corteza
de Naranja
Dulce.

Prepare the tincture, by Process M (see under
Tinctures), from 500 Gm. of sweet orange peel,
macerating with 900 ml. of alcohol and completing the preparation with alcohol. Use talc as the
filtering medium. U.S.P.
Alcohol Content. — From 73 to 76 per cent,
by volume, of C2H5OH. U.S.P.
This tincture has no medicinal properties, being
used as a pleasant adjuvant and flavoring agent.
Gerstenzang (/. A. Ph. A., 1938, 27, 657), calling
attention to the high cost of this preparation as
made by the official process, proposed a formula
for a 5 per cent hydroalcoholic solution of orange
oil, colored with tartrazine, as an alternative formula. It has been stated that the official tincture
contains but 0.5 to 1 per cent of volatile oil.
Because of its alcoholic content and its lack of
medicinal properties sweet orange peel tincture is
subject to restrictions of the Bureau of Internal
Revenue as concerns its manufacture and sale.
Off. Prep. — Orange Syrup, U.S.P.; Glycerinated Gentian Elixir; Pentobarbital Elixir; Pepsin
and Rennin Elixir; Terpin Hydrate Elixir, N.F.
ORANGE

OIL.

U.S.P.

Sweet Orange Oil, Oleum Aurantii

"Orange Oil is the volatile oil obtained by expression from the fresh peel of the ripe fruit of
Citrus sinensis (Linne) Osbeck (Fam. Rutacece).
Note. — Do not use Orange Oil that has a terebinthinate odor." U.S.P.
Essence of Orange; Oil of Orange Peel. Oleum Aurantii
Dulcis; Oleum Aurantii -lEthereum; Essentia Aurantii;
Oleum Aurantii Corticis. Fr. Essence d'orange; Essence
de Portugal. Ger. Apfelsinenschalenol. Sp. Esencia de
naranja.

For description of the orange tree, see under
Sweet Orange Peel.
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Orange Oil is obtained by expression. One
method which has been employed in Sicily from
very early times is to remove the pulp of the fruit
and press the rind by hand against a sponge
which absorbs the oil as it is expressed. Sometimes the oil is expressed by machinery. The
"ecuelle" process (see under Lemon Oil) is largely
employed in France and also in Jamaica; the
oranges are rolled in vessels thickly studded with
sharp points and the oil collected as it oozes out
of the wounds. In French Guinea the oil is obtained by scraping the fruit peel with a tablespoon
which is sharpened on the edges. The oil is
dropped from the spoon into a small enamel
container. For details of the French Guinea industry, see Guenther, Am. Perfumer, 1942, 44, 31.
American orange oil is produced in California
and Florida. In California it is made by crushing
the entire fruit with subsequent centrifuging and
separating of the solids, juice and oil. In Florida
only the peel of the fruit, which represents the
waste from canneries and the raspings of the fruit
obtained before canning, is employed. There the
oil is extracted either by passing the peel between
ribbed drums, by grinding and pressing the peel
in a screw press or by rasping the whole fruit.
The American oil has a much yellower color than
the hand-pressed oil.
During 1952, importations of orange oil
amounted to 40,333 pounds, the main countries
supplying it being France, Italy, Spain, Dominican
Republic,
Jamaica, British East Africa and French
Africa.
Description. — "Orange Oil is an intense yellow, orange, or deep orange liquid, having the
characteristic odor and taste of the outer part of
fresh sweet orange peel. Orange Oil is miscible
with dehydrated alcohol and with carbon disulfide.
One volume of Orange Oil dissolves in 1 volume of
glacial acetic acid." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.842 and not more than 0.846.
Optical rotation. — Not less than +94° and not
more than +99°, in a 100-mm. tube. Refractive
index. — Not less than 1.4723 and not more than
1.4737, at 20°. Heavy metals. — The oil meets
the requirements of the test for Heavy metals
in volatile oils. Washed citrus oils. — (1) The
residue from 5 Gm. of oil, kept on a steam bath
for 5 hours and then dried at 105° for 2 hours,
is not less than 85 mg. (2) The oil does not
form a clear solution with 2 volumes of
90 per cent alcohol. Foreign oils. — The first 10
per cent fraction of a distillate of the oil has an
optical rotation equal to the original oil or differing from it by not more than 2 degrees, and a
refractive index which is not less than 0.0008 and
not more than 0.0015 lower than that of the original oil, at 20°. U.S.P.
Constituents. — Orange oil contains, according
to the findings at Wallach, at least 90 per cent of
d-limonene; of the remainder, about 5 per cent
consists of odorous constituents, among which are
citral, traces of citronellal, and the methyl ester
of anthranilic acid. California oil of orange contains limonene, decyl aldehyde, formic, capric
and caprylic acid, octyl alcohol, linalool and ter-
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pineol. The inner thick part of the rind contains
also hesperidin.
Use. — The oil is used chiefly as a flavoring
agent though Zickgraf (Munch, med. Wchnschr.,
1910, 57, 1070) reported it to be effective in
chronic bronchitis for the same class of cases in
which turpentine oil was formerly used. It had
the advantage over the latter of being much more
pleasant to take and non-irritant to the kidneys.
Dose, 0.2 to 0.3 ml. (approximately 3 to 5
minims).
Storage. — Preserve "in well-filled, tight containers and avoid exposure to excessive heat."
U.SJ>.
Off. Prep. — Compound Orange Spirit; Phenobarbital Elixir, U.S.P.; Compound Cardamom
Spirit; Iron, Quinine and Strychnine Phosphates
Elixir; Compound Myrcia Spirit; Compound Pepsin Elixir, N.F.
COMPOUND

ORANGE

Spiritus Aurantii

SPIRIT.

U.S.P.

Compositus

"Compound Orange Spirit contains, in each 100
ml., not less than 25 ml. and not more than 30
ml. of the mixed oils." U.S.P.
Sp. Espiritu de Naranja Compuesto.

Mix 200 ml. of orange oil, SO ml. of lemon oil,
20 ml. of coriander oil, and 5 ml. of anise oil with
enough alcohol to make 1000 ml. U.S.P.
Assay. — From a 2 -ml. portion of the spirit
the combined oils are salted out with saturated
calcium chloride solution, collected with the aid
of 1 ml. of kerosene above the aqueous solution
in the calibrated portion of a Babcock bottle by
centrifuging, and the number of divisions of separated liquid read. From this reading 5 divisions
(each division represents 0.2 ml.) is subtracted
for the kerosene, and the remainder multiplied by
10.5 to give the volume of mixed oils in 100 ml.
of spirit (the theoretical factor is 10 but to correct for oil which has not separated and for contraction on mixing oil with kerosene the actual
factor is larger) . U.S.P.
Alcohol Content. — From 65 to 70 per cent,
by volume, of C2H5OH. U.S.P.
This spirit is used solely as a flavor.
Storage. — Preserve "in tight containers, protected from light." U.S.P.
Off. Prep. — Aromatic Elixir, U.S.P.; Aminoacetic Acid Elixir; Aminopyrine Elixir; Beef,
Iron and Wine; Buchu, Juniper and Potassium
Acetate Elixir; Iron, Quinine and Strychnine
Elixir; Isoalcoholic Elixir, N.F.
ORANGE

SYRUP.

U.S.P. (B.P.)

Syrupus Aurantii
B.P. Syrup of Orange. Sirupus Aurantii Corticis. Fr.
Sirop d'ecorce d'orange amere. Ger. Pomeranzensirup ;
Pomeranzenschalensirup. It. Sciroppo di arancio amaro.
Sp. Jarabe de corteza de naranja; Jarabe de Naranja.

Triturate 15 Gm. of talc with 50 ml. of sweet
orange peel tincture and 5 Gm. of citric acid, and
gradually add 400 ml. of purified water. Filter
until clear, washing the mortar and filter with
enough purified water to make 450 ml. of filtrate.
Dissolve in this 820 Gm. of sucrose by agitation,
without heating, and add enough purified water to

make 1000 ml. Mix thoroughly and strain. U.S.P.
"Do not use Orange Syrup that has a terebinthinate odor or taste or shows other indications of
deterioration." U.S.P.
Alcohol Content. — From 2 to 5 per cent, by
volume, of C2H5OH. U.S.P.
The B.P. syrup is prepared by mixing the B.P.
tincture of orange with seven volumes of syrup.
The B.P. tincture of orange is prepared from
fresh, bitter orange peel, and beside the difference
in flavor, the B.P. product contains no citric acid.
This syrup has an agreeable, slightly acid flavor,
for which it is alone employed.
Storage. — Preserve "in tight containers, preferably in a cold place." U.S.P.
ORRIS.
N.F.
Orris Rhizome, Orris Root, Iris

"Orris is the peeled and dried rhizome of Iris
germanica Linne, including its variety florentina
Dykes (Iris florentina Linne, or of Iris pallida
Lamarck (Fam. Iridacece). N.F.
Rhizoma Iridis; Radix Iridis Florentinae. Fr. Racine
d'iris.
Ger. Veilchenwurzel
; Schwertelwurz;
Iriswurzel;
Violenwurzel.
It. Iride; Ireos;
Giaggiolo.

Iris germanica, commonly known as Fleurde-Lys, is a perennial herb with dark blue or
purplish flowers, native to central and southern
Europe, but extensively cultivated as an ornamental plant in the United States and more or
less sparingly naturalized in Virginia. It is cultivated on a commercial scale in Italy, especially
in the neighborhood of Verona, and also in
Morocco. /. pallida Lam., which is a native of the
eastern Mediterranean countries, has pale bluish
flowers. The rhizomes of these two species constitute what is known as Verona orris. The true
Florentine orris is the variety florentina Dykes of
I. germanica. It has large white flowers and is of
about the same distribution as the /. pallida. Its
rhizome is generally the most fragrant although
it is less widely cultivated than the other two
species.
The rhizomes of these herbs resemble one another so closely that it is often impossible to
distinguish between them. They are gathered
usually in the summer from plants three years
old and dried in the sun. The fresh rhizomes are
without odor and have an acrid taste, but during
the process of slow curing, they lose much of their
acridity and develop the characteristic fragrance.
The Florentine variety is usually fighter in color
and more pronounced in odor than the Veronese
and also more carefully peeled. At present most
of the so-called Florentine orris is obtained from
the /. pallida which is cultivated in the neighborhood of Florence, Italy. The roots are gathered
from July to September from plants three years
old by uprooting the entire plant and dividing
the rhizome at the first knob. The upper portion,
with the attached leaves, is kept for replanting
and the remainder of the rhizome, deprived of its
fibrous roots, is washed and peeled and dried in
the sun for about a week. When dry it is stored
in piles and aged for three years. At the end of
that time when broken, it shows crystals of
myristic acid and has developed the characteristic
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violet odor. For further details of orris culture
see Guenther (Am. Per}. Ess. Oil. Rev., Feb. and
March, 1935). In 1952 there was imported into
the U. S. 21,707 pounds of orris from Italy.
Description. — "Unground Orris occurs in
pieces of various forms and sizes, usually jointed
and branched, from 5 to 10 cm. long and from
1.5 to 3 cm. wide, rounded or flattened, and with
knotty enlargements. The under surface shows
numerous root-scars, and the upper surface shows
leaf-scars. Externally and internally it is yellowish
white to weak yellowish orange. The fracture is
hard, rough, and at times mealy, showing a narrow cortex, a distinct endodermis, and a large
stele with numerous vascular bundles, especially
near the endodermis. It has a fragrant odor, resembling that of violet flowers, and a slightly
aromatic, bitterish, somewhat irritating taste."
N.F. For histology see N.F. X.
"Powdered Orris is yellowish white to weak
yellow. It shows numerous fragments of starchbearing parenchyma; the starch grains are ovoid
or oval, truncate, some curved or with irregular
protuberances, mostly single, from 20 to 50 y,
in length, and with an X-shaped cleft in the large
rounded end of the grain, 2 of the fissures extending to the small end of the grain. Vessels having
spiral, annular, scalariform, or reticulate markings
up to 25 n in width; and calcium oxalate prisms,
up to 500 n in length and 30 \i in width, are also
present." N.F.
Standards and Tests. — Foreign organic matter.— Not over 1 per cent. Acid-insoluble ash. —
Not over 1 per cent. N.F.
Constituents. — Orris root contains much
starch, a bitter and acrid fixed oil or soft resin
and a crystallizable volatile oil. The substance
iridin, which is 3',5,7-trihydroxy-4',5',6-trimethoxyisoflavone-7-glucoside, has been reported to be
present. On distillation with steam the root yields
about 0.1 or 0.2 per cent of a semi-solid aromatic
substance known as oil of orris or butter of orris.
This consists chiefly of myristic acid, with smaller
amounts of other acids, including caprylic, pelargonic, capric, undecylic, lauric, tridecylic and benzoic; a small amount of the odorous principle
irone is also present. The fragrance of the root
and of the oil is due principally to the latter substance, which is a methyl ketone closely allied to
the ionones (see Guenther, Am. Perfumer, 1935,
30, 17). In attempting its synthesis, Tiemann prepared an isomeric compound pseudo-ionone which
however did not possess a pleasant odor but
could be changed into ionone which has the violetlike odor. This complex ketone is now manufactured synthetically for use in perfumery. Ionone
of commerce is a mixture of alpha- and betaisomers. Alpha-ionone has a sweet penetrating
odor resermbling orris while beta-ionone is said
to resemble more closely the violet odor.
Uses. — Orris root, like other species of the
genus, is emeto-cathartic but is rarely, if ever,
used for this purpose in medicine. Its chief use,
and the one for which it is officially recognized,
is as a perfuming and flavoring agent for cosmetics, dentrifrices, etc. It is to be noted, however, that many persons are allergic to orris and
a number of cases of coryza, asthma, or skin
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eruptions have followed its use. Because of this
sensitizing property orris root is rarely recommended at present. Rackemann (J.A.M.A., 1925,
84, 489) presented evidence that sensitivity may
be acquired from repeated exposure.
B.P.
ORTHOCAINE.
Orthocaina

HO.C6H3(NH2)C02.CH3
Orthocaine is defined by the B.P. as the methyl
ester of 3-amino-4-hydroxybenzoic acid. It may
be prepared by esterifying the reduction product
of 3-nitro-4-hydroxybenzoic acid with methyl alcohol.
Orthoform (Winthrop). Methyli Amynoxybenzoas. Sp.
Aminoxibenzoato de metilo; Ortoformo; Ortocaina.

Description and Tests. — Orthocaine occurs
as a white, or faintly yellow, odorless and tasteless powder; sparingly soluble in water, soluble
in 7 parts of alcohol and in 50 parts of ether. It
melts between 141° and 143°. A saturated aqueous
solution gives a transient red color with a solution of ferric chloride. A solution of orthocaine,
diazotized with sodium nitrite and coupled with
3-naphthol, yields a deep orange-yellow precipitate. It may be distinguished from ethyl aminobenzoate by the fact that its solution in dilute
hydrochloric acid does not yield a precipitate
with the iodine test solution of the B.P., and from
procaine hydrochloride and amylocaine hydrochloride byits not forming a precipitate with a
solution of potassium mercuri-iodide. A 10 per
cent solution in alcohol should be colorless or
faintly yellowish and neutral to litmus. A saturated aqueous solution should not give a precipitate with silver nitrate. On drying it loses not
more than 1.0 per cent of its weight, and on
incineration leaves a residue of not more than
0.1 per cent.
Orthocaine hydrochloride is soluble in water,
but is so acid in its reaction as to interfere with
its use.
Uses. — Orthocaine, introduced into medicine
in 1897 by Einhorn and Heinz, has very little
systemic effect, whether given orally or parenterally. Heinz found that 90 grains (6 Gm.) produced no distinct symptoms in the lower animals ;
also, according to Neumayer (Munch, med.
Wchnschr., 44, 1897), 60 grains (4 Gm.) taken
by a man in the course of a day produced no
symptoms whatever, not even evidences of gastrointestinal irritation. Orthocaine is a topical
anesthetic. Because of its insolubility its field of
usefulness is practically the same as that of ethyl
aminobenzoate (q.v.). Sollmann (/. Pharmacol.,
1919, 13, 429) showed that at least as far as the
effects on mucous membranes are concerned, orthocaine isdecidedly the weaker.
Orthocaine has been employed to relieve the
pain in various ulcerated conditions such as tuberculous laryngitis, cancerous sores, keratitis,
etc. In the form of an ointment it has been used
to relieve itching in various skin diseases and
in pruritus vulvae. Insufflations of a powder dosage form into the posterior part of the pharynx
may greatly alleviate the paroxysms of whooping
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cough. In diseases of the larynx a 5 per cent w/v
solution in diluted alcohol has been sprayed on
the affected part.
Internally orthocaine has been used as a gastric
local anesthetic in peptic ulcer, cancer, and other
forms of gastralgia. also to suppress vomiting.
Occasionally orthocaine produces marked irritation and even violent inflammation at the site
of application; several cases have been reported
in which it produced sloughing comparable to
that caused bv phenol (Ingram. Brit. J. Derm.,
1933. 526).
Orthocaine has been given in doses of 100 to
200 mg. (approximately \y2 to 3 grains), and a
maximum single dose of 1 Gm. and during 24
hours of 3 Gm. have been officially mentioned,
but the consensus appears to be that considerable
risk attends its internal administration and that
it should not be thus used. Topically it is used in
undiluted form in certain diseases, and as a 5 to
10 per cent ointment, lotion or powder in other
conditions.
OUABAIN.
G-Strophanthin,

U.S. P.. B.P.. LP.
[Ouabainum]

8H20

"Ouabain is a glycoside obtained from the seeds
of Strophanthns gratus (Wall, et Hook.) Baillon
and from the wood of Acokanthera Schimperi (A.
DC.) Schwf. (Fam. Apocynacece). Caution. —
Ouabain is extremely poisonous." USJ*. The
B.P. and LP. recognize the same sources of the
glycoside.
Gratus-Strophanthin; Strophanthin Thorns; Acocantherin.
Sp. Uabaina; Ouabaina.

Strophanthus gratus, the principal source of
ouabain, is a shrub to small tree native to tropical
Africa. Its branches bear oblong, coriaceous
leaves, terminal sessile cymes of large white flowers often tinged with pink and obtusely acuminate
follicle fruits. Its dried seeds are somewhat
spindle-shaped, compressed, brown, somewhat
twisted, with sharp-angled margin. Sections of
these seeds are colored pale orange, pink or red
when mounted in SO per cent sulfuric acid.
Various tribes of eastern Africa prepare vegetable arrow poisons, probably from different species of Acokanthera, although the names wabayo
and auabaio stem to have been used as synonyms
by missionaries and others sending the extract to
Europe. Of the four principal species of Acokanthera the .4. Schimperi B. and H. is found abun-

dantly inthe highlands of Abyssinia and throughout a great portion of eastern Africa; A. deflersit
Schwf.. which resembles the last-named species
closely but. according to Schweinfurth, differs in
that its flowers are larger, sweet-smelling and pure
white, has been found in the neighborhood of
Yemen; .4. Ouabaio Arnaud, a small tree having
berry-like fruits each containing four small seeds,
is indigenous to Somaliland. and A. venenata
Don. is a native of South Africa. From Acokanthera abyssinica K. Shum. is prepared the Shashipoison of German eastern Africa. For further
information on these arrow-poisons see BernhardSmith. Poisonous Plants of All Countries, 1923,
and Raymond {Analyst, 1939, 64, 113).
The activity of some of the Acokanthera arrow
poisons would appear to be, at least in part, attributable to the presence of the glycoside ouabain. It is now known that this substance is
identical with g-strophanthin obtained from
Strophanthus gratus and the official ouabain is
directed to be obtained from the seeds of this
species.
Schwartze and co-workers (/. Pharmacol.,
1929. 36, 481) prepared ouabain from Strophanthus gratus seeds by the following process: The
ground seeds, from which the silky covering had
been removed, were treated with petroleum ether
or benzene to remove fat after which the material
was percolated with 70 per cent ethyl alcohol.
The alcoholic extract was concentrated, mixed
with water, treated with an excess of hot basic
lead acetate solution, and filtered. Excess of the
lead salt was precipitated with ammonium sulfate,
and most of the water evaporated with a current
of warm air. The moist residue was extracted
with absolute alcohol from which solution the
ouabain was crystallized by addition of a little
ether. After several recrystallizations in this manner, the glycoside was recrystalhzed several times
from water. These investigators give many physical and chemical data for ouabain from different
sources and call attention to the fact that ouabain
crystallized from water contains 20 per cent of
water, while that crystallized from alcohol contains approximately 12.5 per cent of water.
Except for the possible presence of impurities
g-strophanthin and ouabain from different sources
are structurally identical.
Description. — "Ouabain occurs as white,
odorless crystals, or crystalline powder. It is
stable in air, but is affected by light. Its solutions
are neutral to litmus. It melts indistinctly and
with decomposition at about 190°. One Gm. of
Ouabain dissolves slowly in about 75 ml. of water,
and in about 100 ml. of alcohol. It is more soluble
in hot water and in hot alcohol." US. P.
Standards and Tests. — Identification. — (1)
A solution of 2 mg. of ouabain in 2 ml. of sulfuric
acid develops a color which is dark red by transmitted fight but shows a greenish fluorescence in
reflected light. (2) A brownish solution, showing
turbidity, results when ouabain dissolved in diluted sulfuric acid is boiled 1 or 2 minutes. On
cooling the mixture and filtering it a red precipitate of cuprous oxide is produced on boiling the
filtrate with solution of sodium hydroxide and
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alkaline cupric tartrate T.S. Specific rotation. —
Not less than —31° and not more than —32.5°,
when determined in a solution containing the
equivalent of 100 mg. of anhydrous ouabain in
each 10 ml. Water. — Not less than 18 per cent
and not more than 22 per cent, when dried for
3 hours at 130°. Residue on ignition. — The residue
from 100 mg. of ouabain is negligible. Alkaloids.
— No precipitate is produced on adding tannic
acid T.S. or iodine T.S. to a 1 in 100 solution of
ouabain. U.S.P.
A reaction to distinguish ouabain from other
cardiac glycosides is described by Sanchez (/.
pharm. chim., 1936, 24, 549) ; dimethylaminobenzaldehyde yields a stable violet blue coloration in this test. A summary of methods for
detection of ouabain is given by Raymond
(Analyst, 1938, 63, 478).
Uses. — Action. — The pharmacological action
of ouabain seems to be qualitatively identical to
that of strophanthus, digitoxin and other cardiac
glycosides of the digitalis group. Spuhler (Arch.
mal. du cceur, March, 1936) believed that ouabain
differed from digitalis in that it had a marked
action on the autonomic nervous system. Cardiologists in Europe and Latin America, where it has
enjoyed wider usage than in the United States,
have claimed that ouabain is more effective in
improving left ventricular function than the other
cardiac glycosides, while it exerts less effect on
the conduction mechanism of the heart. Objective
studies regarding this have been equivocal
(Queries and Minor Notes, J.A.M.A., 1953. 153,
1496). In experiments with dogs intravenous administration of ouabain produces a moderate
initial decrease in coronary sinus outflow, followed
by a marked and sustained increase in outflow,
in the absence of any significant changes in blood
pressure or heart rate (Sherrod. /. Pharmacol.,
1952, 104, 445). A comparative study of the
pharmacodynamic effects of ouabain and digoxin
in human subjects, utilizing intracardiac catheterization, has been made by Ahmed, Bayliss et al.
(Clin. Sc, 1950, 9, 1). Those with a normal
cardiovascular system showed no significant
changes in cardiac output or venous pressure following ouabain administration. In half of the
subjects with hypertensive or ischemic heart disease who showed immediate rise in cardiac output
after ouabain there was an accompanying fall in
venous pressure; the rise in output resulting from
digoxin was less and in no instance did it occur
without a drop in venous pressure.
Of all the digitalis glycosides which have been
studied, ouabain acts most rapidly (some effect
in 5 to 10 minutes and full effect in 20 to 60
minutes) and its effect is dissipated the most
rapidly (12 to 24 hours). For comparison, after
intravenous injection lanatoside C is second in
rapidity of action and digitoxin is relatively slow
(some effect in 1 hour and full effect in about
6 hours) and the effect of digitoxin is dissipated
slowly (about a week). The summation of toxic
effects between digitalis and ouabain was demonstrated many years ago by Hatcher. The question
of absorbability of ouabain from the human alimentary canal has not been answered positively
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(Dimitracoff, Presse med., 1938, 46, 1527; Lendle
and Schwerbroch, Arch. exp. Path. Pharm., 1938,
188, 317). It has been determined by Zollner
and Foth (Arch. Pharm., 1951, 284, 253) that
neither ouabain nor strophanthin is absorbed to
a significant degree from the intestinal tract of
the cat. They also demonstrated that the effectiveness of these substances is decreased approximately 50 per cent after being exposed for 3
hours to filtered human gastric juice at 37° C.
For therapeutic purposes ouabain is administered
by parenteral injection and not by mouth.
Therapeutic Applications. — Wyckoff and
Goldring (Arch. Int. Med., 1927, 39, 488) made
a careful study of ouabain in human patients
with auricular fibrillation. They found that in 50
per cent of their cases there was slowing of the
pulse within 5 minutes after intravenous injection, and in practically all of them the therapeutic
benefit was obvious within 15 minutes; by the
method of summation of doses they reached the
conclusion that the effect of ouabain was entirely
dissipated within 5 days. This glycoside is used
chiefly like strophanthin in the treatment of
severe congestive heart failure where the patient
must be digitalized as rapidly as possible. It is
likewise used in instances of auricular fibrillation,
auricular flutter, and paroxysmal auricular tachycardia in which cardiac failure which would
threaten life is imminent. In paroxysmal auricular
fibrillation or tachycardia, however, mechanical
measures such as carotid sinus pressure should be
tried first, as described under Quinidine Sulfate.
The advantages of ouabain are that it is commercially available relatively pure and that its
action is so rapid that it can be given in repeated
doses at short intervals if the first dose is ineffective. Prinzmetal and Kennamer (J.A.M.A., 1954.
154, 1049) begin with 0.5 mg. intravenously,
followed by 0.1 mg. every hour until the desired
effect is obtained or until a total dose of 1 mg.
has been given. They recommend that it be dissolved in glucose solution and given by infusion.
Although it is possible by injections twice daily
to maintain a condition of therapeutic digitalization (Chavez. Arch. Int. Med., 1943, 72, 168),
treatment is inconvenient and of questionable advantage. Batterman et al. (Am. Heart J., 1940.
20, 443) obtained good effects by the combined
use of ouabain and digitalis. Because of its short
action and the time required for digitalis to become effective, it is current practice to start digitalis (see under Digitalis) immediately after
emergency administration of ouabain, [v]
Dose. — The usual initial dose of ouabain by
intravenous injection is 0.5 mg. (approximately
Vbo grain), with a range of dose up to 0.5 mg.
Doses of 0.1 mg. (approximately \mn grain) may
be given at intervals of 30 minutes to an hour
until the desired effect is obtained or until a total
dose of 1 mg. (approximately Voo grain) has been
given. A 0.25-mg. dose may be given twice daily
for maintenance therapy. It must not be given to
patients who have taken any drug of the digitalis
group during the preceding 2 weeks. Acute or
recent myocardial infarction is usually considered
to be a contraindication. It is sometimes given
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intramuscularly, but is not injected subcutaneously.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
OUABAIN INJECTION.
U.S.P. (B.P.)
"Ouabain Injection is a sterile solution of ouabain in water for injection. It contains, in each
ml., not less than 90 per cent and not more than
1 10 per cent of the labeled amount of C29H44O12.8H2O." U.S.P. The B.P. provides no assay rubric;
it is indicated that the solution may be sterilized
by heating in an autoclave (to maintain the solution between 115° and 116° for 30 minutes) or
by nitration through a bacteria-proof filter.
B.P. Injection of Ouabain; Injectio Ouabaini.
Inyeccion de uabaina; Inyeccion de Ouabaina.

Sp.

Assay. — The ouabain in 5 ml. of injection is
adsorbed on a column of purified siliceous earth.
Following elution of the ouabain an aliquot portion of eluate containing about 250 meg. of ouabain is evaporated, the glycoside interacted with
alkaline picrate solution and the absorbance at
495 m\i measured and quantitatively compared
with that produced by U.S.P. Ouabain Reference
Standard treated with the reagent. U.S.P.
Storage. — Preserve "in single-dose containers,
preferablv
of Tvpe I glass, protected from light."
U.S.P.
Usual Sizes. — 0.25 mg. in 1 ml.; 0.5 mg. in
2 ml.
OX
Powdered

BILE

EXTRACT.

Oxgall Extract, Extractum

N.F.
Fellis Bovis

aqueous solution of the extract is neutral or acid
to litmus paper. Insoluble substances.- — Not over
0.1 per cent of insoluble residue, dried at 105°
for 1 hour, is obtained when 5 Gm. of ox bile
extract is warmed with 100 ml. of 80 per cent
alcohol. N.F.
Assay. — A solution containing 1 mg. of ox bile
extract in each ml. is prepared, using 60 per cent
acetic acid as the solvent. A 1-ml. portion of this
solution is treated with a solution of furfural and
then with a sulfuric acid solution, and after an
interval of time the absorbancy of the solution
at a wave length between 640 and 680 m\i is
determined, using a photoelectric colorimeter. By
reference to the absorbancy of a solution containing a known amount of N.F. Cholic Acid Reference Standard, similarly treated, the amount of
cholic acid in the sample of ox bile extract is
determined. N.F.
Constituents. — The constituents of bile includes the bile salts, bile pigments, lecithin and
cholesterol, as well as mucin and other proteins,
fatty acids, and inorganic salts. The proportion
of these varies principally with the source —
whether from the liver or the gallbladder. The
accompanying table indicates the average of several analyses of bile from each source.
Of the several constituents the most important
are the bile salts, which occur as sodium salts of
the conjugated bile acids. These acids are compounds formed between one of two amines known
as taurine, XH2.CH2.CH2.SO2OH. and glycine,
NH2.CH2.COOH. with one or another of a group
of acids commonly referred to as the cholic acids.
COMPOSITIONS

"Ox Bile Extract contains an amount of the
sodium salts of ox bile acids equivalent to not
less than 45 per cent of cholic acid (C24H4n05)."
N.F.
Purified Ox Bile; Extractum Bilis Bovis Depuratum; Fel
Tauri Depuratum; Fel Bovinum Purificatum. Fr. Extrait
de bile de bceuf purifie. Ger. Gereinigte trockne Ochsengalle. It. Bile depurata secca ; Estratto secco di fiele.
Sp. Extracto de bilis de buey.

The N.F. does not give a method of preparing
this extract. The U.S.P. XI process was as follows: "Evaporate 800 Gm. of ox bile to a
volume of 200 cc. and slowly add 500 cc. of
alcohol with constant stirring. Allow the mixture
to stand for twenty-four hours, with occasional
stirring, then decant the clear liquid. Mix the
residue with 250 cc. of alcohol, filter, and wash
the filter with 250 cc. of alcohol. Combine the
alcoholic solutions, filter this liquid if necessary,
and evaporate it to dryness at a temperature
not exceeding 80° C. Powder the residue and
mix it with sufficient starch, dried at 100° C, to
make the product weigh 100 Gm." U.S.P. XI.
This preparation furnishes a moderately pure
and concentrated form of bile salts suitable for
internal administration.
Description. — "Ox Bile Extract is a brownish
yellow, greenish yellow or brown powder or granules having a characteristic odor and a bitter taste.
Ox Bile Extract is soluble in water and in alcohol.
The
N.F. water solution foams stronglv when shaken."
Standards and Tests. — Acidity. — A 1 in 20

I

Water
Bile salts
Mucin, pigments
Cholesterol
Fat, incl. lecithin
Inorganic salts

OF HUMAN

31 LE

From the
Liver

From the
Gallbladder

per
cent
97.13
1.55
0.49
0.12
0.06
0.72

86.00
per cent
8.20
2.25
2.17
0.66
0.78

The latter acids, properlyCH,designated as the unconjugated bile acids, belong to the group of
sterids and are hydroxy derivatives of cholanic
acid. C24H40O2. which has the structural formula :

/>u CH-CH.-CH9-C00H
QH3 1

*

Important derivatives of cholanic acid found in
bile from various animal species include the compound specifically designated cholic acid (cholaUc
acid), C24H40O5, which is 3a,7a,12a-trihydroxyI 3
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cholanic acid; desoxycholic (deoxycholic) acid,
C24H40O4, which is 3a,12a-dihydroxycholanic
acid; chenodesoxycholic acid, which is 3a,7adihydroxycholanic acid and is isomeric with
desoxycholic acid; hyodesoxycholic acid, which
is 3a,6a-dihydroxycholanic acid and is isomeric
with both desoxycholic and chenodesoxycholic
acids; lithocholic acid, C24H40O3, which is 3ahydroxycholanic acid. Trickey {J.A.C.S., 1950,
72, 3474) reported that 40 per cent of the unconjugated bile acids of the hog consisted of
hyodesoxycholic acid, 20 per cent were keto acids
(mostly 3a-hydroxy-6-ketoallocholanic acid), 9
per cent of an unknown dihydroxycholanic acid
(probably chenodesoxycholic acid), and about 6
per cent of a C27 acid, the remainder being a
residue which was not examined. With fatty acids
desoxycholic acid forms a series of molecular
compounds called choleic or cholenic acids.
Taurocholic acid, C26H45NO7S, resulting from the
conjugation of cholic acid with taurine, is the
form of this bile acid that is believed to be characteristic ofcarnivorous animals, while glycocholic
acid, C26H43NO6, the product of conjugation of
cholic acid with glycine, is supposed to be characteristic ofherbivorous animals. In human and
ox bile both forms are found, as sodium salts.
Some of the commercially available bile acid
preparations represent oxidation products of the
natural acids. One of the most important of these
derivatives is dehydrocholic acid, which is 3,7,12triketocholanic acid; it represents cholic acid in
which the CHOH groups have been oxidized to
ketone groups. Dehydrocholic acid is official and
is described in Part I of this volume.
The color of bile is due to the presence of two
pigments known as bilirubin (C33H36N4O6) and
biliverdin (C33H34N4O6), which are apparently
derived from hemoglobin of blood. Biliverdin appears to be the precursor of bilirubin; biliverdin
is formed by reticuloendothelial cells and is
carried to the liver where most of it is reduced
to bilirubin, which becomes the predominant pigment of bile. The customary tests for presence of
these pigments is to oxidize them, for example
with nitric acid, which produces a play of colors
passing from red to green, to purple, and eventually to yellow. For condensed information concerning the various compounds which may be
obtained by various reactions see Gray's The
Bile Pigments, 1953.
Bile obtained from the gallbladder is much
more concentrated than that directly secreted by
the fiver.
Uses. — Ox bile extract is used as replacement,
therapy in those conditions in which there is a
deficiency of bile in the intestine resulting in
impaired digestion and absorption of food. Its
action may be largely that of aiding emulsification, which might also be accomplished by other
surface-active agents, such as polysorbate 80. Bile
was highly esteemed by the ancients for a large
variety of conditions but more recently it fell
into desuetude and for many years was rarely
employed.
Action. — Although bile contains no enzyme it
plays an essential role in the processes that comprise digestion. In the first place it aids in the
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neutralization of chyme which, as it comes from
the stomach, has an acidity that is too high for
activation of pancreatic enzymes. Second, it
markedly accelerates the lipolytic action of
steapsin. Its most important role, however, is
concerned with absorption, especially of fats, but
also of certain vitamins (notably carotene, calciferol, and menadione), and of calcium and iron.
Its ability to promote absorption of fats is
apparently attributable to emulsification and to
formation of conjugated compounds with fatty
acids which are soluble in intestinal fluids. It acts
similarly in facilitating absorption of cholesterol.
All of these beneficial effects reside chiefly in the
characteristic bile acids which are formed (secreted) by liver cells. There is considerable
evidence that the most active components, both
in accelerating the action of lipase and in promoting absorption, are the conjugated bile salts
sodium glycocholate and sodium taurocholate
(Searle and Annegers, Gastroenterology, 1951, 19,
558) ; dehydrocholic acid was found to be ineffective in promoting absorption in bile fistula
dogs. For literature on the role of bile acids in
digestive secretion see Sobotka, Physiological
Chemistry of the Bile, 1937; Bockus, Gastroenterology, Vol. Ill, 1946; McGowan and
Sarkisian, Rev. Gastroenterol., 1951, 18, 19).
The bile pigments and cholesterol play no role
in the physiological functions of bile and may be
regarded as excreted waste products. Friedman
et al. {Science, 1952, 115, 313) observed that
patients with hypercholesterolemia also showed
an excessive concentration of cholate in blood
serum; included in the group were cases of
nephrosis, xanthomatosis, diabetes mellitus, myocardial infarction and hypothyroidism. The average cholate level in normal young adults was 5.3
mg. per 100 ml., while in nephrosis it was 19.9
mg. Abell et al. {Fed. Proc, 1954, 13, 172) reported increased excretion of both cholesterol and
bile acids following cholesterol feeding in dogs,
this being lessened when thiouracil was also fed.
Feldman and Weinberg {Proc. S. Exp. Biol.
Med., 1950, 73, 619) found that dehydrocholic
acid had no effect on the disappearance rate
of intravenously injected cholesterol. Pollak
{Geriatrics, 1951, 6, 234) observed intimalsubintimal lesions in arteries following injection
of colloidal desoxycholic acid, the lesions resembling those caused by hydrophobic colloids
and being aggravated by simultaneous injection
of cholesterol (see also discussion of Atherosclerosis, under Cholesterol).
Formation. — The composition of bile varies
greatly, depending upon its source (whether it
is from the gallbladder or hepatic ducts — see
table above), and depending also upon the health
of the liver cells, the lipid content of the blood,
and the rate of formation of bile salts. The
electrolytes of human bile are similar to those in
blood plasma. The pH varies from 7.7 to 8.6.
Perfusion experiments in rat livers with potassium-42, which is radioactive, demonstrated rapid
passage into liver and bile (Leong et al., Fed.
Proc, 1954, 13, 379). The volume of bile produced per day is about 15 ml. per kilo of body
weight or about 1 liter for the adult human al-
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though actual measurements have varied from
500 to 1200 ml. daily. The pressure in the biliary
tract has been found to be equivalent to 200 to
340 mm. of water. The rate of bile flow varies
with many factors. It is decreased during rest
and is estimated during sleep as about two-thirds
of the rate when awake. Sympathomimetic stimuli
and the emotional reaction of rage, the feeding
of dextrose alone under fasting conditions, the
exclusion of bile from the intestinal tract and the
action of poisons such as chloroform, carbon
tetrachloride and phosphorus cause a decrease in
bile formation and flow. Bile flow is increased by
vagal stimulation and the emotional reaction of
fear, by the inclusion of meat and especially liver
in the diet, by the feeding of olive oil alone in
the fasting state and by the feeding of bile —
which is the greatest stimulus to the flow of bile.
Natural bile salts (conjugated, hydroxy form)
and conjugated ketocholanic (oxidized form) salts
increase the formation of both bile salts and the
volume of bile. The unconjugated and oxidized
bile acids stimulate the flow of a watery bile without any increase in the content of bile acids;
Schmidt et al. (Am. J. Digest. Dis., 1938, 5, 613)
suggested that this was a toxic effect, but Berman
et al. (Am. J. Digest. Dis., 1940, 7, 280) were
unable to demonstrate any toxic effects from prolonged administration of the oxidized bile acids to
animals. The choleretic effect of bile has been
correlated with an increase of blood flow in the
hepatic artery. Salicylates have a hydrocholeretic
effect, i.e., an increase in the volume of bile without an increase of bile salts. Other drugs such as
calomel, ammonium chloride, urea, calcium gluconate, chondroitin and sulfanilamide have no effect
on the flow of bile.
Bile Salts. — In human bile most of the bile
salt is present in conjugated form and there is
about twice as much of the glycocholic as of the
taurocholic acid form. The hydroxy rather than
the keto or oxidized bile acids are present in
natural human bile. The amount of bile acid varies
as noted above; in gallbladder bile concentrations
of bile acids as high as 34.3 parts per 1000 have
been measured while the bile discharged from
human bile fistulas varies from 2.2 to 18.3 parts
per 1000. The exact origin of the bile acids is
unknown but they seem to be formed and conjugated with the amino acids in the liver cells.
Following enteral administration of desoxycholic
acid labeled in the carboxyl group with radioactive
carbon-14, Matschiner et al. (Fed. Proc, 1954,
13, 261) found no radioactivity in the expired
air, less than 1 per cent of the dose in the urine
(unless the common bile duct was obstructed),
and most of the activity in the bile (chiefly as
taurocholate conjugate) and in the feces. Bile
salts are not absorbed by the normal gallbladder
but they are by the diseased gallbladder. When
injected intravenously bile salts disappear from
the blood stream within one-half hour and appear
almost quantitatively in the bile in a few hours.
Normally very little of the bile salts is lost in
the feces but is absorbed and again passes into the
bile in the liver — the so-called enterohepatic circulation. The liver cells appear to secrete further
bile salt only as required. None of the forms of
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the bile salts appears to cause contraction of the
gallbladder (cholecystagogue) or stimulate pancreatic secretion.
Parenteral Action. — When introduced into
the circulation bile causes a reduction in the blood
pressure and slowing of the pulse. Whether or
not the slowing of the pulse is partly indicative
of inhibitory stimulation is questionable. Perfusion of bile salts through the isolated heart causes
decreased rate and amplitude of contraction, and
eventually ventricular fibrillation (Wakim et al.,
Am. Heart J., 1939, 18, 171). The mechanism of
this action and the constituent responsible are
subjects of controversy. Since bile salts inactivate
cholinesterase (Sobotka and Antopol, Enzymologia, 1937, 4, 189), bradycardia could arise from
a decreased rate of hydrolysis of acetylcholine.
The increase in motor activity of the gastrointestinal tract, the hyperactivity, twitching and
spasm of the skeletal muscles caused by injections
of bile salts, and the decreased concentration of
cholinesterase in the blood serum of jaundiced
patients are findings which are compatible with
this theory. Perhaps the pruritus associated with
obstructive jaundice has a similar mechanism.
Konzett and Rothlin (Helv. Physiol. Pharmacol.
Acta, 1951, 9, 177) reported that sodium desoxycholate, sodium taurocholate, and sodium glycocholate in decreasing order of activity inhibited
temporarily the action of acetylcholine on the
superior cervical ganglion; sodium dehydrocholate
did not have this anticholinergic action.
Therapeutic Uses. — In addition to its action
in emulsifying and promoting digestion and absorption oflipids, bile has a mild laxative action
and is often efficacious in patients with chronic
hepatobiliary disease. Its presence in the intestinal
tract is essential for activity of some cathartics.
Presence of bile in the tract diminishes multiplication of some bacteria.
Crude oxgall is rarely used for medicinal purposes. It is, however, variously used technically,
as in the cleaning of cloth.
The dose of ox bile extract is from 120 to 500
mg. (approximately 2 to l1^ grains), by mouth,
two or three times daily after meals.
Storage. — Preserve "in tight containers." N.F.
OX

BILE

EXTRACT
Capsulae

Eztracti

CAPSULES.
Fellis

N.F.

Bovis

"Ox Bile Extract Capsules contain an amount
of ox bile extract which will yield upon assay a
quantity of cholic acid corresponding to not less
than 40 per cent of the labeled amount of the extract." N.F.
Usual Size. — 300 mg. (5 grains).

OX BILE EXTRACT

TABLETS.

N.F.

Tabellae Extracti Fellis Bovis

"Ox Bile Extract Tablets contain an amount of
ox bile extract which will yield upon assay a
quantity of cholic acid corresponding to not less
than 40 per cent of the labeled amount of the
extract." N.F.
Usual Sizes. — 200 and 300 mg. (3 and 5
grains), usually enteric and chocolate coated.
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Oxophenarsine

OXOPHENARSINE HYDROCHLORIDE. U.S.P., B.P., LP.
3-Amino-4-hydroxyphenylarsinoxide Hydrochloride,
Oxophenarsinium Chloride, [Oxophenarsinae
Hydrochloridum]

AsO

CV

"Oxophenarsine Hydrochloride, dried in a vacuum desiccator over phosphorus pentoxide for 24
hours, contains not less than 30 per cent and not
more
cent limits
of total
(As)."
U.S.P. than
XV. 32TheperB.P.
for arsenic
both trivalent
arsenic and total arsenic are 30.0 per cent to 32.0
per cent of As; not less than 14.8 per cent and
not more than 16.0 per cent of CI is also required.
All limits are established with reference to the
substance dried as specified by the U.S.P. The
LP. differs from the B.P. only in requiring not
less than 29.5 per cent and not more than 32.0
per cent of trivalent arsenic.
"Oxophenarsine Hydrochloride is usually distributed as a mixture with buffering agents and
suitable substances to render its solution physiologically compatible with human blood. Each such
mixture contains total arsenic equivalent to not
less than 92.5 per cent and not more than 107.5
per cent of the labeled amount of Oxophenarsine
Hydrochloride." U.S.P.
LP. Oxophenarsini Hydrochloridum. 2-Amino-4-arsenosophenol Hydrochloride. Mapharsen (Oxophenarsine Hydrochloride Hemialcoholate, Parke, Davis). Sp. Clorhidrato de
Oxofenarsina.

Oxophenarsine may be prepared from 3-amino4-hydroxyphenylarsonic acid — the derivative from
which many other organic arsenicals (see under
Arsphenamine) are obtained — by reduction with
potassium iodide and sulfur dioxide. The resulting base is converted to the hydrochloride; in one
product (Mapharsen) an ethyl alcohol solvent
medium is employed at this stage with the result
that the salt contains half a molecule of alcohol
of crystallization. For details of manufacture see
Raiziss-Gavron's Organic Arsenical Compounds
(1923). Replacement of the arsineoxide oxygen
of this compound by two chlorine atoms converts
it to dichlorophenarsine hydrochloride (see Dichlorophenarsine Hydrochloride). In water both
compounds hydrolyze to the hydrated form of
oxophenarsine, which is the "arsenoxide" to which
arsphenamine is believed to be gradually converted in the body and the presence of which in
arsphenamine, in any appreciable quantity, increases its toxicity.
Description. — "Oxophenarsine Hydrochloride
occurs as a white or nearly white, odorless
powder. Oxophenarsine Hydrochloride is soluble
in water, in solutions of alkali hydroxides and
carbonates, and in dilute mineral acids." U.S.P.
Stability. — Oxophenarsine hydrochloride is extremely stable when anhydrous, the amount of
decomposition in 5 years being scarcely percep-
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tible the
; stability decreases with increasing water
content (Banks, /. A. Ph. A., 1949, 38, 503).
Solutions prepared from multiple-dose packages
of oxophenarsine hydrochloride are adequately
stable for 3 days when maintained at room temperature or below; diffused light does no harm
but
509).sunlight is deleterious (Banks, ibid., 1949, 38,
Standards and Tests. — Identification. — (1)
A salmon-colored precipitate, rapidly changing to
yellow, forms when sodium hydrosulfite is added
to a solution of oxophenarsine hydrochloride. (2)
A nearly white to yellow precipitate forms on
adding hypophosphorus acid to a solution of
oxophenarsine hydrochloride containing hydrochloric acid. Distinction from dichlorophenarsine
hydrochloride. — On gently boiling a mixture of
oxophenarsine hydrochloride and acetone the
escaping vapors do not turn moistened blue
litmus paper red. Loss on drying. — Oxophenarsine
hydrochloride loses not over 1 per cent of its
weight when dried in a vacuum desiccator over
phosphorus pentoxide for 24 hours; mixtures
similarly tested lose not over 0.5 per cent. Completeness ofsolution. — It is completely soluble in
water in a concentration as great as is recommended for its intravenous administration; mixtures are completely soluble in 1 per cent concentration. Other requirements. — Oxophenarsine
hydrochloride mixtures (containing only this substance as the active therapeutic agent) meet the
requirements of the National Institutes of Health,
including the release of each lot individually before its distribution. U.S.P.
Assay. — For trivalent arsenic. — About 250 mg.
of dried oxophenarsine hydrochloride is dissolved
in water, some diluted sulfuric acid is added, and
the trivalent arsenic oxidized to the pentavalent
state by titration with 0.1 ./V iodine. Each ml. of
0.1 N iodine represents 3.746 mg. of trivalent
arsenic. Not less than 29.5 per cent and not more
than 32 per cent of trivalent arsenic is required.
For total arsenic. — From 130 to 150 mg. of dried
oxophenarsine hydrochloride is subjected to a wet
oxidation with 30 per cent hydrogen peroxide in
the presence of sulfuric acid; the arsenic is oxidized to the pentavalent state, while the carbon
is oxidized to carbon dioxide. Hydrazine sulfate
is then added to reduce the arsenic to the trivalent state, and the excess reductant is decomposed
by boiling, following which the arsenic is quantitatively oxidized by titration with 0.1 N potassium bromate, using methyl orange T.S. as indicator. In this titration the red color of the
indicator is discharged by elemental bromine when
this is liberated at the endpoint by interaction
with excess potassium bromate; the yellow color
observed at the endpoint is that of elemental
bromine, and not of methyl orange. Each ml. of
0.1 N potassium bromate represents 3.746 mg. of
As, and 11.77 mg. of oxophenarsine hydrochloride.
U.S.P.
The B.P. and LP. assay for trivalent arsenic
is the method employed by the U.S.P.; the assay
for total arsenic, however, is identical with the
B.P. (and LP.) assay for acetarsone. The assay
for chloride involves preliminary decomposition
of the sample with strong hydrogen peroxide solu-
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tion in the presence of sodium hydroxide, followed by a Volhard titration of chloride after
adding nitrobenzene.
Uses. — This compound, which is the hydrochloride of "arsenoxide" (see under Arsphenatnine, in Part II), is the most active organic
arsenical developed in the pre-antibiotic era. It is
highly effective in the treatment of syphilis and
other treponemal diseases. The dose is smaller
than for other commonly used arsenicals, and
untoward effects are less frequent.
The observations that arsphenamine becomes
more toxic when it has become oxidized, and that
it does not exert its lethal effect on parasites until
some time has elapsed, led to the theory that the
action of arsphenamines is dependent on their
being oxidized in the body to "arsenoxide"
(Voegtlin and Smith, /. Pharmacol., 1920, 15,
475). In his classical researches Ehrlich had dismissed "arsenoxide," which is 3-amino-4-hydroxyphenyl arsineoxide, as being too toxic for use
(15 mg. per Kg. compared with 100 mg. per Kg.
for arsphenamine). A re-evaluation of "arsenoxide" by Tatum and Cooper (ibid., 1934, 50,
198) indicated that while this compound is about
10 times as poisonous as neoarsphenamine, it is
even more actively curative in experimental syphilis; in other words it has a higher therapeutic
index. Extensive clinical use has amply confirmed
their hypothesis.
Since "arsenoxide" base is not stable there
came into use its hydrochloride salt, which is
oxophenarsine hydrochloride, also dichlorophenarsine hydrochloride; hydrolysis of the latter removes the two chlorine atoms attached to arsenic
and yields the same product as that resulting
from hydration of oxophenarsine. Because solutions of both compounds are too acid for parenteral use it is customary to mix some buffer with
the dry powder in the ampul. The elaborate precautions necessary in preparing and handling
arsphenamine solutions may be eliminated because increased toxicity due to oxidation of compounds of the type of arsphenamine fails to develop in the case of oxophenarsine. Furthermore,
so-called "speed shock" is not produced and rapid
intravenous injection is actually perferred as it
induces less discomfort than does slower injection.
It is excreted more rapidly — about 2 days in contrast to 5 to 7 days for arsphenamine — and is
thereby less cumulative. Mapharsen largely replaced other arsenicals in the treatment of syphilis (Moore, Bull. N. Y. Acad. Med., 1945, 21, 3).
The outstanding success with penicillin in the
treatment of treponemal diseases such as syphilis
and yaws has changed the position of the organic
arsenical drugs from one of major importance in
therapeutics almost to that of historical interest
only. Penicillin is more effective therapeutically,
almost free of untoward effects and far easier to
administer. Early impressions that the addition of
oxophenarsine and bismuth to penicillin therapy
gave superior results have not been confirmed. In
a series of 1769 cases, Bauer (/. Ven. Dis.
Inform., 1951, 32, 359) found no significant difference in the results with penicillin alone compared with the combination.
In studies on the mode of action of "arsenox-
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ide," Ercoli and Carminati (Science, 1952, 116,
579) observed that dimercaprol reverses the antispirochetal, but not the antibacterial, action of
arsenic and gold compounds, also of penicillin,
bacitracin and chloramphenicol, but that it does
not exert such antagonism to the action of streptomycin, aureomycin, oxytetracycline and subtilin. In mice, "arsenoxide" had a synergistic
effect on the action of penicillin, streptomycin or
bacitracin on the protozoan Borrelia duttoni, but
in combination with oxytetracycline, aureomycin,
or chloramphenicol there was inhibition of the
immediate action of the antibiotic and also a
diminution of the delayed action of the arsenical.
In rats, studies with the radioactive phosphorus-32
(Cantrell, Fed. Proc, 1953, 12, 308) indicated
that oxophenarsine alters the character of phospholipids in trypanosomes. In a clinical study
Langer et al. (Ztschr. Haut- u. Geschlechtskr.,
1950, 9, 68) found increased incidence of untoward toxic effects if penicillin and an arsenical
were administered simultaneously. On the other
hand, Eagle et al. (Ven. Dis. Inform., 1946, 27,
3) reported a synergistic effect of penicillin and
oxophenarsine in treating experimental syphilis
in the rabbit; the use of a subcurative dose (0.4
mg. per kilogram of body weight daily for 4 days)
of oxophenarsine reduced the amount of penicillin
required to about one-eighth of that needed when
penicillin alone was employed.
Experimental studies by Eagle and Hogan
(Ven. Dis. Inform., 1943, 24, 159) showed that
the curative dose of oxophenarsine for early syphilis was 5 to 7 mg. per kilogram of body weight
in the rabbit and 20 to 35 mg. per kilogram in
the human and that the toxicity varied inversely
with the period of time employed for the administration of this dose. They also showed that continuous intravenous administration had no advantage over multiple intravenous injections and
that the results were improved by the simultaneous use of bismuth.
With the formerly standard 18-month treatment employing alternating courses of Mapharsen
and bismuth from 80 to 85 per cent of patients
with early syphilis were cured, as measured by
seronegativity of the blood and spinal fluid and
by freedom from early relapse. However, this
method of treatment was not entirely satisfactory
because about 5 per cent of such patients developed late cardiovascular- or neuro-syphilis and
because the prolonged period of weekly injections
was impractical. Many patients failed to complete
the prescribed course of treatment and the program was too dangerous, time-consuming and expensive for all patients. Hence, studies with massive doses of arsenicals in a short period of time
were conducted by Chargin, Leifer and Hyman
and others (see Hyman, Bull. N. Y. Acad. Med.,
1941, 17, 135). A dose of 4 to 5 Gm. of neoarsphenamine administered by continuous intravenous injection over a period of five days was curative but the incidence of death and of serious
encephalopathy was so high as to make the treatment prohibitive. Mapharsen was substituted, in
a dose of 20 to 35 mg. per kilogram of body
weight (about 1.2 to 2.1 Gm. total dose), with
the same clinical results and much less toxicity,
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although the mortality due to the treatment was
still high at about 1 in 200 patients. This procedure possessed the practical advantage that
most patients completed the treatment, but it required hospitalization and expert care for at least
five days. Many variations of this procedure have
been proposed and employed.
The U. S. Army Medical Corps (Turner and
Sternberg, J.A.M.A., 1944, 124, 133) adopted a
26-week program for ambulant management of
early syphilis and late latent syphilis, this being
as follows: Administration of 60 mg. of Mapharsen twice weekly intravenously during the
first 10 weeks and during the last 10 weeks;
intramuscular injections of bismuth weekly for
the first 5 weeks, the middle 6 weeks when Mapharsen is omitted, and the last 5 weeks of the
26-week period of treatment. The mortality with
treatments completed under 10 days' time has
been about 1 in 200 cases. For the 12 -week
schedule the mortality has been between 1 in 400
and 1 in 1000, while for the 26-week program it
has been less than 1 in 3000, which is almost the
same as with the 18-month program. The proportion of patients cured seems to be about the same
in all treatment programs.
For the manifold details, precautions and variations of the therapy of syphilis, a text on the
subject should be consulted; the reviews by Beerman et al. {Arch. Int. Med., 1953, 91, 493, 633;
1952, 89, 309, 464; 1951, 87, 287, 424) provide
much useful information.
Miscellaneous Applications. — Oxophenarsine is beneficial in all conditions in which the
arsphenamines have been found to be effective;
the antibiotics, however, are usually more effective and less toxic. Oxophenarsine is employed
topically, in saturated aqueous solution, in Vincent's angina; intravenously it is employed in
cases not responding to local treatment or in
those with fusospirochetal bronchitis (Horowitz
and Horowitz, Mil. Surg., 1945, 97, 112). Wolff
{Ann. Int. Med., 1946, 24, 203) found that
louse-borne Asiatic relapsing fever, due to
Spirillum recurrentis, responded rapidly to 40 mg.
of Mapharsen intravenously; the dose was repeated in 3 to 5 days if necessary. Rat-bite fever
due to Spirillum minus also responds well but
Haverhill fever due to Spirillum moniliformis is
unaffected. In lupus erythematosus, Human
{Arch. Dermat. Syph., 1946, 53, 26) reported
good results, after other measures had failed,
with Mapharsen, starting with 5 mg. intravenously and increasing the dose by 5 mg. each week
until a maximum of 30 to 40 mg. was reached,
then continuing injections until a total dose of
1.2 Gm. had been given. For a bacterial pyuria
McMartin and Milan {J.A.M.A., 1952, 148,
1117) advised slow intravenous administration of
2 doses of 30 mg., dissolved in 10 ml. of sodium
ascorbate solution, followed by 2 doses of 40 mg.,
and then 2 doses of 60 mg., with intervals of 4
days between doses.
Toxicology. — In prolonged treatment schedules, Mapharsen has resulted in fewer toxic reactions than has neoarsphenamine or arsphenamine. Carter et al. {U. S. Nav. M. Bull., 1944,
42, 229) reported 323 severe reactions and 50
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deaths following the administration of 1,364,814
doses of neoarsphenamine in the U. S. Navy and
only 23 severe reactions with 1 death following
397,680 doses of Mapharsen. Although less frequent, all types of reaction known with other
trivalent arsenicals have been reported (see review by Stokes et al., Am. J. Med. Sc, 1941,
202, 606).
Untoward responses to the intensive methods
such as the 5-day, continuous, intravenous program require comment separate from the consideration ofthe toxicology of Mapharsen. Fever
during the first day of treatment is not uncommon and does not indicate discontinuation of
the treatment but temperature elevations above
101° F. on subsequent days demands termination
of the injections. Nausea and vomiting may occur
and are usually controllable with sedatives and
adequate nutrition. Erythema of the ninth day
may occur after the course of injections is completed in the 5-day program; if this reaction
appears in a 10-day procedure, treatment should
be stopped because of the danger of causing
encephalopathy. Exfoliative dermatitis has been
very rare with the 5-day schedule. The nitritoid
reaction has been almost unknown with Mapharsen although a less serious and acute, shocklike reaction has been reported in a few instances.
Peripheral neuritis, which was common when
neoarsphenamine was used, has been infrequent
with Mapharsen. Jaundice has likewise been uncommon; its appearance demands termination of
treatment and active therapy for the hepatitis.
Injections may be continued in spite of mild
purpura but they should be stopped if extensive
purpura develops. Agranulocytosis and aplastic
anemia have been rare. Albumin and erythrocytes
in the urine are not uncommon but severe renal
damage has been rare. Encephalopathy has been
the most dreaded reaction. If mild headache responds to acetylsalicylic acid or codeine, treatment may be continued. If severe and persistent
headache develops, treatment should be discontinued. Vertigo, mental derangement, convulsions,
etc., may develop rapidly. For encephalopathv,
Stokes et al. {Am. J. Med. Sc, 1943, 206, 521)
recommended daily spinal drainages, intravenous
injections of hypertonic (50 per cent) sucrose
solution, sedation as needed, epinephrine for collapse and an oxygen tent or mask.
Dose. — The usual dose, given intravenously
every 4 to 7 days, is 40 mg. for a woman, 60 mg.
for a man. For a child the dose is 0.5 to 1.5 mg.
per Kg. of body weight.
Labeling. — "The ampul label bears the official
title; the amount in Gm. or in mg. of the
Oxophenarsine Hydrochloride contained in the
ampul;
the label
lot number;
and theofmanufacturer's
name. The
on the outside
the container
of one or more ampuls bears the official title;
the amount in Gm. or in mg. of the Oxophenarsine Hydrochloride contained in the individual
ampul; the names of the admixed substances, if
any; the lot number; the expiration date, which
is not more than 3 years after date of release by
the N.I.H. ; and the manufacturer's name, license
number, and address." U.S.P.
Storage. — Preserve "at a temperature prefer-
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ably not above 25°, in hermetic containers of
colorless glass, which have been sterilized prior
to filling, and from which the air has been excluded either by the production of a vacuum or
by displacement with a non-oxidizing gas." U.S.P.
OXOPHENARSINE TARTRATE.
B.P.
C6H6O2NAs.C4HeO6.2H2O
Oxophenarsine Tartrate is the hydrogen tartrate of 3-amino-4-hydroxyphenylarsenic oxide;
it contains not less than 19.0 per cent and not
more than 19.6 per cent of trivalent arsenic, and
not more than 19.6 per cent of total arsenic,
both calculated with reference to the substance
dried over phosphorus pentoxide at a pressure
not exceeding 5 mm. of mercury for 24 hours.
B.P.
Neo-Halarsine (May & Baker).

Description. — Oxophenarsine tartrate occurs
as a white or nearly white powder. It is soluble
in 25 parts of water, also in alcohol, in solutions
of alkali hydroxides and carbonates, and in dilute
mineral acids. B.P.
Oxophenarsine tartrate is used for the same
purposes as oxophenarsine hydrochloride, but because of the lower content of arsenic in the
former it is used in larger dose; 1.5 mg. of oxophenarsine tartrate contains about the same
weight of arsenic as 1 mg. of the hydrochloride.
The B.P. gives the dose of oxophenarsine tartrate,
by intravenous injection, as 45 to 90 mg.
Storage. — Preserve in an hermetically sealed
container at a temperature below 20°. B.P.
OXYCODONE
HYDROCHLORIDE. IP.
C18H21O4N.HCI
Oxycodone Hydrochloride contains not less
than 88.5 per cent and not more than 90.5 per
cent of C18H21O4N, calculated with reference to
the substance dried to constant weight at 100° ; a
variable amount of water of crystallization is
present. LP.
Eucodal Hydrochloride; Eukodal Hydrochloride.

The base oxycodone is 14-hydroxydihyd.rocodeinone (sometimes called dihydrohydroxycodeinone), and is obtained by catalytic hydrogenation or reduction of 14-hydroxycodeinone
prepared from thebaine by interaction with hydrogen peroxide in glacial acetic acid (Freund
and Speyer, /. prakt. Chem., 1916, 94, 135).
Description. — Oxycodone hydrochloride occurs as a white, crystalline powder; it is odorless and has a saline and bitter taste. It is soluble in 6 parts of water and in 60 parts of 90 per
cent ethanol. Oxycodone hydrochloride melts,
after drying at 100°, between 274° and 278° on
rapid heating.
Standards and Tests. — Identification. — 0)
A drop of formaldehyde T.S. produces with a
solution of 50 mg. of oxycodone hydrochloride
in 1 ml. of sulfuric acid a deep-yellow color,
changing to red-violet and then to blue-violet.
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(2) A drop of nitric acid added to a solution of
50 mg. of oxycodone hydrochloride in 2 ml. of
sulfuric acid produces a reddish-brown
color.
(3) Oxycodone base melts between 218° and
223", with decomposition. (4) Dinitrophenhydrazine forms a yellow precipitate with oxycodone
hydrochloride in water solution. (5) The salt
responds to tests for chloride. Reaction. — An
aqueous solution is neutral to litmus. Specific
rotation. — About —125°, in a 5 per cent w v
solution in water. Sulfate. — Barium chloride T.S.
produces no turbidity in a solution of oxycodone
hydrochloride. Morphine. — No blue color is produced on adding potassium ferricyanide and ferric chloride to a solution of oxycodone hydrochloride. Loss on drying. — Not less than 11 per
cent and not more than 14 per cent, when dried
to constant weight at 100°. Residue on ignition. —
Not more than 0.1 per cent. LP.
Assay. — About 500 mg. is dissolved in water,
the solution alkalinized with ammonia, and the
oxycodone base extracted with chloroform. After
evaporating most of the chloroform a measured
excess of 0.1 N sulfuric acid is added, the remainder of the chloroform is volatilized, and the
excess acid titrated with 0.1 A* sodium hydroxide,
using methyl red T.S. as indicator. Each ml. of
0.1 N sulfuric acid represents 31.54 mg. of
C1KH21O4N.

LP.

Uses. — This derivative of morphine, more immediately related to dihydrocodeinone, is a sedative and analgesic used in many countries but not
in the United States because of its tendency to
cause addiction. It may be used for relief of pain
and in various situations where morphine may be
employed; the chief advantage claimed for it is
that it does not have the unpleasant after-effect
on the stomach so frequently observed when morphine is used. Myers (/. Hygiene, 1940, 40, 228,
583) has reported a study of its effects on the
alimentary canal. Oxycodone acts, under certain
conditions, like physostigmine in sensitizing muscles to acetylcholine (Compt. rend. soc. biol.,
1940, 133, 429, 595); it has been used locally
as a miotic in treating various diseases of the
eye. Oxycodone hydrochloride is sometimes used
as a sedative in the treatment of cough.
The dose of oxycodone hydrochloride is usually in the range of 3 to 10 mg. (approximately
¥20 to Vn grain; ; to relieve pain larger doses are
sometimes given subcutaneously.
Storage. — Preserve in well-closed containers,
protected from light. LP.
OXYGEN.

U.S.P., B.P., I.P.
[Oxygenium]

"Oxygen contains not less than 99 per cent by
volume of 02.': U.S.P. The B.P.. indicating that
oxygen may be prepared by fractional distillation
of liquid air or by electrolysis of water, requires
not less than 98.0 per cent by volume of O2, the
residue consisting either of argon with a trace
of nitrogen, or of hydrogen. The I.P. purity
rubric is not less than 99.0 per v/v of O2.
Fr. Oxygene. Ger. Sauerstoff. It. Ossigeno. Sp. Oxigeno.
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Oxygen was discovered about 1774 almost
simultaneously by Priestley and Scheele. Both
evolved it from metallic oxides, or calces as they
were called. Not recognizing it as an element,
Priestley called it dephlogisticated air, and
Scheele called it fire air. Oxygen is the most
abundant of the elemental substances, constituting, according to some calculations, one-half of
the weight of the earth and its atmosphere.
For experimental and laboratory purposes oxygen is usually prepared by heating a mixture of
potassium chlorate and manganese dioxide, the
latter substance acting as a catalyst allowing the
reaction
2KC103 -> 2KC1

+

302

to take place at lower temperatures. For industrial purposes oxygen was formerly prepared
by the Brin process: barium oxide heated to
500° in a current of carbon dioxide-free air
forms barium peroxide; when the temperature
is raised to 800° oxygen is liberated and the
barium oxide regenerated. Instead of varying
the temperature, the barium oxide may be made
to absorb oxygen from air under pressure, and
release it under reduced pressure. Oxygen may
be prepared by electrolysis of water, hydrogen
being produced simultaneously. Today by far the
most important source of oxygen is the fractionation of liquid air. Liquefied air boils at about
— 191°. This is higher than the boiling point of
liquid nitrogen ( — 195.8°) and lower than that of
liquid oxygen ( — 183.0°). As a result, nitrogen
evaporates more rapidly from liquid air than
does oxygen, and the residual liquid becomes
progressively richer in oxygen.
Oxygen has also been produced commercially
by heating sodium permanganate or by liberating
it from sodium peroxide by action of water.
Oxygen is supplied for laboratory or medicinal
purposes compressed into steel cylinders.
Description. — "Oxygen is a colorless, odorless, tasteless gas. which supports combustion
more energetically than air. One liter of Oxygen
at 0° and at a pressure of 760 mm. weighs 1.429
Gm. One volume of Oxygen dissolves in about
32 volumes of water and in about 7 volumes of
alcohol at 20° and at a pressure of 760 mm. of
mercury." U.S.P.
Standards and Tests. — Identification. — A
glowing splinter of wood held in oxygen bursts
into flame. Acidity or alkalinity. — The test is
identical with the corresponding one described
under Cyclopropane. Carbon dioxide. — This test
is identical with the corresponding test specified
for Cyclopropane. Other oxidizing substances.—
This test is identical with the corresponding test
described under Nitrous Oxide. Halogens. — This
test is the same as the test for halogens under
Nitrous Oxide. Carbon monoxide. — Approximately 1000 ml. of oxygen is treated with freshly
prepared alkaline sodium hydrosulfite T.S., which
absorbs the oxygen while leaving the carbon
monoxide; the residual gas is passed through a
solution containing blood, pyrogallol and tannic
acid. If carbon monoxide is present a character-
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istic pink coloration is observed; no such coloration is permitted. U.S.P.
Assay.- — A 100-ml. portion of oxygen is agitated, in a gas pipette containing ammonium
chloride-ammonium hydroxide T.S. solution in
contact with a coil of copper wire in which
system the oxygen is absorbed. The residual gas,
if any, measures not over 1 ml. U.S.P.
The B.P. assay is similar to that of the U.S.P.
X; an accurately measured volume of the gas
is shaken with an alkaline solution of pyrogallol;
not less than 98.0 per cent by volume should be
absorbed. The LP. employs this same assay, but
requires not less than 99.0 per cent of the gas
to be absorbed.
Uses. — Under normal circumstances, with the
body at rest, the hemoglobin of the blood coming
from the lungs is about 90 per cent saturated
with oxygen. But when there is for any reason
imperfect oxygenation of the blood in the lungs —
as not infrequently occurs not only in diseases
of the respiratory tract, such as pulmonary
edema, pneumonia, etc., but also in certain types
of circulatory failure — inhalation of oxygen is
beneficial. Scheinberg and Jayne (Circulation,
1952, 5, 225 ) described a decrease in cerebral
blood flow during inhalation of 85 to 100 per
cent oxygen. Oxygen is especially valuable when
the oxygen-carrying power of the blood is reduced— as, for instance, in carbon monoxide
poisoning or nitrite poisoning — through chemical
change in the hemoglobin.
The development of adequate and practicable
methods for administration of oxygen has resulted in use of oxygen therapy in the treatment
of a long list of abnormal conditions: pneumonia,
pulmonary edema, pulmonary infarction, atelectasis in the newborn, massive collapse of the
lung, pulmonary emphysema, bronchial asthma,
tracheal or laryngeal obstruction, paralysis of
respiratory muscles, blast injury of the lungs,
irritant respiratory gases, asphyxia due to carbon
monoxide, cyanide, etc., drowning, hemorrhage,
traumatic shock, congestive heart failure, coronary thrombosis, cerebral thrombosis or hemorrhage, head trauma, headache after lumbar puncture or encephalogram, abdominal distention,
migraine, sea sickness, gas gangrene and tetanus
infections, during anesthesia, during aerial transport of patients and for high-altitude flying for
pilots, and in other conditions. The indications
and results of oxygen inhalation cannot be considered in detail here (see Barach. Principles and
Practices of Inhalation Therapy, J. B. Lippincott
Co.. 1944, and Andrews. Manual of Oxygen Therapy Techniques, Year Book Publishers, Inc.,
1943). Oxygen therapy occupies an important
and valuable place in therapeutics. Sudden discontinuation ofoxygen therapy in premature infants after the first week of life seemed to increase the incidence of ocular damage due to
retrolental fibroplasia, in the experience of
Szewczyk (Am. J. Ophth., 1953. 36, 1336).
Administration of oxygen by intravenous injection in the management of shock at a rate of
10 ml. per minute has been reviewed by Cole
(Anesth., 1951, 12, 181). Liquid oxygen has been
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used to freeze small dermatologic lesions such as
hemangiomas and keratoses (Kile and Welsh,
Arch. Dermat. Syph., 1948, 57, 57).
The utility of oxygen depends on its being
essential to the system. There is no benefit to
be expected from the old-fashioned method of
waving in front of the patient's face a rubber
tube connected with an oxygen tank; nor is there
any great benefit to be expected by having the
patient inhale a few whiffs of oxygen. Normal
man requires about one cubic foot of oxygen per
hour, and any arrangement which does not furnish this quantity more or less continuously for
considerable periods of time is not likely to be of
material benefit.
Administration. — Various methods for inhaling oxygen have been devised. One is to fill a
collapsible rubber bag from an oxygen tank and
have the patient inhale from this bag by means
of a face mask provided with a valve. High concentrations of oxygen are obtainable; the mask
is uncomfortable over long periods of time.
Fowler et al. (Proc. Mayo, 1953, 28, 743) employed with benefit oxygen inhalations under
pressure with a special mask for 20 minutes 4
times daily in patients with emphysema; in some
patients 0.5 ml. of 1:200 solution of isoproterenol
hydrochloride was simultaneously inhaled as an
aerosol. Using this Bennett apparatus. Segal et
al. (New Eng. J. Med., 1954, 250, 225) found
that intermittent positive pressure breathing with
oxygen was most beneficial in acute bronchial
asthma.
A method advocated by Barach (J. A.M. A.,
1927, 89, 1865) is to insert a small metal or rubber tube into each nostril, the tube being connected to an oxygen tank provided with a valve so
that the pressure of the gas can be regulated. He
reported that if the gauge on the tank is set at
2 liters per minute the inspired air will contain
approximately 30 per cent oxygen. A catheter may
be passed through one nostril to a point just
behind the margin of the soft palate.
A commonly used apparatus is the oxygen tent,
the walls of which are made of an impervious
material and which is large enough to receive
the patient's head and shoulders and leave considerable air space besides. The oxygen passes
over ice to keep the tent cool and moist. Sodalime in the apparatus absorbs the carbon dioxide
exhaled. With care a concentration of oxygen in
the tent between 40 and 50 per cent can be obtained. The bed clothing must be tucked tightly
around the edges of the tent to maintain an effective concentration of oxygen. The oxygen content of the mixture in the tent must be determined frequently. It should be borne in mind
that large amounts of oxygen in the air greatly
increase the combustibility of all organic matter
and there is always considerable danger of fire
from electric sparks, matches, etc. The ordinary
oxygen tent can be operated with one large tank
(220 cubic feet). For usual or prolonged therapy, the concentration of oxygen should not exceed 70 per cent. For certain indications and for
short periods, 100 per cent oxygen is used with
a mask. To obtain about 50 per cent oxygen in
the inspired air the rate of flow of oxygen from

the tank required is approximately as follows:
pharyngeal catheter, 5 liters per minute: B.L.B.
mask, 4 Sliters per minute; tent, 10 liters per
minute.
Toxicology. — Pure oxygen is so irritant locally
that it is difficult to respire it for more than 7
hours. While short exposures seem to have no
other injurious effect than the irritating action on
the mucous membranes, it is probable that human
beings at least cannot live indefinitely in an
atmosphere of pure oxygen. Disorientation, drowsiness and coma were described in chronically
anoxic, emphysematous patients as a result of the
inhalation of oxygen (Comroe et al., J. A.M. A.,
1950, 143, 1044). Becker-Freyseng and Clamann
(Bed. klin. Wchnschr., 1939, 18, 1382) stayed
for several days in an atmosphere of 90 per cent
oxygen; one of them became ill with fever, rapid
pulse and dyspnea and the other had an attack
of paroxysmal tachycardia on the third day; both
suffered with paresthesias during the exposure
and for 10 days afterwards. At a pressure of 3
or 4 atmospheres there are signs of circulatory
disturbance after a few hours' exposure to pure
oxygen (Behnke. Am. J. Physiol., 1936, 114,
436). Muscular exercise further decreases the
tolerance to oxygen under increased atmospheric
pressure. According to Bean (Am. J. Physiol.,
1941, 133, 208) oxygen under pressure is toxic
to unicellular organisms. At atmospheric pressure
up to 50 and probably even 70 per cent of oxygen does not cause any significant alterations in
the physiological processes. Decreased excretion
and thereby a retention of carbon dioxide are common. Because a mask must be removed occasionally for eating, washing, etc., 100 per cent
oxygen has been used in this interrupted manner
for 48 hours without deleterious effect. After 48
hours the physician must watch for pulmonary
edema and the pure oxygen should be interrupted
with air or 50 per cent oxygen for 1 hour at a
time 4 times daily. Bean et al. (International
Physiol. Congress, 1953) reported that hypophysectomy minimized the untoward effects of
oxygen poisoning. With the tent and the catheter
deleterious concentrations are not obtained in
average use. In patients with marked pulmonary
insufficiency, oxygen therapy is not without danger; Lovejoy et al. (Am. J. Med., 1954, 16, 4)
reported studies on 3 patients with pulmonary
emphysema and fibrosis who became comatose
during oxygen therapy. In these cases oxygen
inhalation decreases breathing; the reduction in
carbon dioxide exhaled results in respiratory
acidosis. Mechanical ventilation in a Drinker
respirator gradually corrected the acidosis.
It should be kept in mind at all times that
increased oxygen tension increases the hazard of
explosions during inhalation of potentially explosive anesthetic gases (Orr, Surg. Clinics N.
America, 1950, 30, 751).
Storage. — Preserve "in cylinders. It is common practice to degrease Oxygen cylinders. Containers used for Oxygen must not be treated with
any toxic, sleep-inducing, or narcosis-producing
compounds, and must not be treated with any
compound that will be irritating to the respiratory
tract when the Oxygen is used." US J*.
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Oxytetracycline

OXYTETRACYCLINE.
9H

U.S.P.

N(CH3)2
2H,0
C0NH2

"Oxytetracycline, dried in vacuum at 60° for
3 hours, contains not less than 90 per cent of
C22H24N2O9." U.S.P.
Oxytetracycline Base. Terramycin (Pfizer).

For information concerning this amphoteric
antibiotic base see under Oxytetracycline Hydrochloride.
Description. — "Oxytetracycline is a yellow,
odorless, crystalline powder. It is stable in air,
but exposure to strong sunlight causes it to
darken. It deteriorates in solutions of pH below
2, and is rapidly destroyed by alkali hydroxide
solutions. Its saturated solution is nearly neutral
to litmus, having a pH of about 6.5. One Gm.
of Oxytetracycline dissolves in about 2000 ml. of
water, and in about 100 ml. of alcohol. It readily
dissolves in dilute hydrochloric acid." U.S.P.
Standards and Tests. — Identification. — Tests
(1) and (2) under Oxytetracycline Hydrochloride are applied. Specific rotation. — Not less than
—207° and not more than —2 16°, when determined
in 0.1 N hydrochloric acid solution containing
100 mg. per 10 ml., calculated on the anhydrous
basis. Water. — Not more than 7.5 per cent, when
determined by drying in vacuum at 60° for 3
hours. Safety. — As for Oxytetracycline Hydrochloride. U.S.P.
Assay. — The brown color produced by interaction of oxytetracycline and ferric chloride in
an acidified solution is measured in a photoelectric
colorimeter at 490 mu. and is compared with the
intensity of color produced by an accurately
weighed quantity of U.S.P. Oxytetracycline Reference Standard similarly treated. U.S.P.
Uses. — Oxytetracycline base, while very slightly
soluble in water, lends itself readily to preparation of aqueous suspensions suitable for oral administration ofthe antibiotic. Such suspensions
are within the range of stability of the substance
(see Stability, under Oxytetracycline Hydrochloride) because
;
of the poor solubility of the antibiotic the suspension is relatively tasteless. Oxytetracycline hydrochloride, while having the apparent advantage of a high degree of solubility
in water, has the disadvantage of undergoing
hydrolysis with liberation of oxytetracycline to
form a cloudy or turbid mixture; also, the resulting mixture is bitter. Oxytetracycline is used
for the same purposes as the hydrochloride: it is
always given by the oral route.
Oral administration of oxytetracycline base
produces blood serum levels of the antibiotic
essentially of the same magnitude and time characteristics as the same dose of oxytetracycline
hydrochloride
(see Action, under Oxytetracy-
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cline Hydrochloride). In the small group of patients studied by Caffrey et al. (Antibiot. Chemother., 1952, 2, 72) oxytetracycline base produced
side effects, such as nausea, vomiting and diarrhea,
in 27 per cent of patients receiving it, while oxytetracycline hydrochloride produced such reactions
in 34 per cent of patients.
The dose of oxytetracycline, which is used only
orally, is the same as for oxytetracycline hydrochloride, when given orally.
Besides the official Oral Oxytetracycline for
Suspension, there are also available a powder
from which to prepare pediatric drops, and
tablets containing 50 mg., 100 mg. and 250 mg.
of oxytetracycline.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
ORAL OXYTETRACYCLINE FOR
SUSPENSION.
U.S.P.
"Oral Oxytetracycline for Suspension is
tetracycline admixed with suitable, harmless
persing and flavoring agents. It contains not
than 90 per cent of the labeled amount of

oxydisless
C22-

H24N2O9." £/.£./>.

Under the trade-marked name Terramycin
Oral Suspension (Pfizer), there is supplied a vial
containing 1.5 Gm. of oxytetracycline which is
mixed with a raspberry-flavored diluent to give
a suspension containing 250 mg. of the antibiotic per 5 ml. (1 teaspoonful). Terramycin
Pediatric Drops is supplied in the form of a
vial containing 1 Gm. of oxytetracycline to which
10 ml. of raspberry-flavored non-alcoholic vehicle is added; this concentrated preparation may
be administered directly to infants or mixed with
most foods and liquids.
For doses see under Oxytetracycline Hydrochloride.

OXYTETRACYCLINE HYDROCHLORIDE. U.S.P., LP.
Oxytetracyclinium Chloride
C22H24N2O9.HCI
Terramycin Hydrochloride (.Pfizer).

Discovery and Production. — Oxytetracycline is the result of a carefully planned research program carried out by a group of skilled
investigators in the laboratories of the producer
of the antibiotic. It is significant that this team
of eleven scientists included bacteriologists,
pharmacologists, chemists, and biochemists, in
sharp contrast to the accidental observation by a
lone research worker that led to the discovery
of penicillin and the beginning of the present
antibiotic era.
The program that led to oxytetracycline began
with collection of thousands of soil samples
from far-flung regions of the earth. After studying about 100,000 of these samples and investigating 75 possible antibiotics from them, success
was achieved with a pinch of soil collected in
Indiana. In 1950 the group announced discovery
of a previously undescribed species of actinomycete that biosynthesized a new broad-spectrum
antibiotic capable of inhibiting growth and repro-
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duction of some large viruses and some protozoa
in addition to rickettsias and most bacteria
(Finlay et al., Science, 111, 85). The new antibiotic they called Terramycin and the new actinomycete they named Streptomyces rimosus: the
latter name referred to the cracked appearance
of the colonies on agar media.
Terramycin is produced industrially by submerged fermentation (see Antibiotics, in Part
II) in tanks with capacity up to 25,000 gallons.
From crude fermented broth having an average
titer of approximately 1 mg. per ml., about 4.5
pounds of Terramycin can be recovered per 1000
gallons.
Procedures for extracting Terramycin from the
fermented liquor and obtaining the crystalline
antibiotic and its hydrochloride are developed
around the differential solubilities of the free base
and its salts in different solvents and the partition coefficients of the base and salts between
aqueous and organic solvent phases at different
pH values. The five principal steps, after filtration of the broth, involve (1) complexing the
antibiotic with a pair of multivalent metal ions
such as Ba and Mg, (2) releasing the antibiotic
from the complex by use of acid, (3) precipitation by neutralization of the filtered acidic aqueous solution, (4) solubilization in methanol containing calcium chloride, and (5) precipitation
of the hydrochloride by addition of HC1. Further
purification is achieved by successive conversion
of the salt to the base and vice versa; the crystalline base is obtained in this stage of operations.
Oxytetracycline and its hydrochloride are distributed under section 505 of the Food, Drug,
and Cosmetic act. This means that individual lots
of the antibiotic are not examined and certified
by the government, but are released by the manufacturer when they have been shown to be safe
for use.
Description. — "Oxytetracycline Hydrochloride is a yellow, crystalline powder. It is odorless,
has a bitter taste and is hygroscopic. It decomposes above 180°, and exposure to strong sunlight
or to temperatures above 90° in moist air causes
darkening but no appreciable loss in potency. Its
potency is affected in solutions of pH below 2,
and is rapidly destroyed by alkali hydroxide solutions. The pH of a 1 per cent solution is about 2.5.
One Gm. of Oxytetracycline Hydrochloride dissolves in 2 ml. of water, but the solution becomes
cloudy or turbid due to liberation of oxytetracycline base. One Gm. dissolves in 35 ml. of alcohol and in 45 ml. of methanol. It is less soluble in
dehydrated alcohol, and is insoluble in chloroform
and in ether." U.S.P.
Chemistry. — The fundamental structure common to oxytetracycline (Terramycin) and chlortetracycline (Aureomycin) is the tetracycline
nucleus. Terramycin, by virtue of the OH group
substituted for one H on carbon 5 in ring B of
the fundamental compound, is called oxytetracycline. The empirical formula is C22H24N2O9;
the chemical, according to the naming and numbering system of Chemical Abstracts, is 4dimethylamino-l,4,4a,5,5a,6,ll,12a-octahydro-3,5,6,10,12, 12a-hexahydroxy-6-methyl-l,ll-dioxo-2naphthacenecarboxamide. Oxytetracycline is am-
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photeric, forming crystalline salts with either
acids or bases.
The chemistry of oxytetracycline and its salts
and degradation products has been reported extensively ina series of papers in the Journal of
the American Chemical Society; the salient features have been summarized by Regna (Trans.
N. Y. Acad. Sc, 1952, 15, 12). Proof of structure and the work leading to it have been set
forth by Hochstein et al. (J.A.C.S., 1953, 75,
5455).
The hydrochloride is temporarily soluble in
water to the extent of 500 mg. per ml., but at
pH values above 1.0 the solution soon becomes
turbid due to hydrolysis of the salt and consequent liberation and precipitation of the free
oxytetracycline base, the solubility of which in
water at room temperature is about 1/2000 that
of the hydrochloride. For measures necessary to
overcome the limitations that the solubility characteristics ofthe antibiotic in water impose on
preparation of parenteral solutions, see Oxytetracycline Hydrochloride for Injection.
Stability. — Oxytetracycline hydrochloride is
stable in dilute acidic solutions. A 1 per cent solution in distilled water has a pH of about 2.5 and
shows no detectable loss of potency for at least
30 days at 25° C. Regna and Solomons reported
that dilute solutions are stable for a similar period
over the pH range 1.0 to 9.0 when stored at 5° C.
(Ann. N. Y. Acad. Sc, 1950, 53, 229). At higher
temperatures, however, stability of oxytetracycline hydrochloride solutions is dependent on
pH; at 25° and pH 7.0 the half-life in terms of
antibiotic potency is about 7 days, and the solutions are rapidly inactivated in alkaline media.
At 37° the half-life varies from about 5.5 days
at pH 2.5 to about 0.5 day at pH 10.0. In the
dry state, the hydrochloride and the free base are
both very stable; there is no loss of potency for
at least 2 years at room temperature and only
about 5 per cent loss in 4 months at 50° C.
Standards and Tests.— Identification. — (1)
A solution of 1 mg. of oxytetracycline hydrochloride in 2 ml. of sulfuric acid is light red
(chlortetracycline hydrochloride gives a dark blue
color, rapidly changing to dark olive-green; tetracycline gives a red-purple in the same test). (2)
An orange-red to brownish red color is produced
on adding diazobenzenesulfonic acid T.S. to a
solution of oxytetracycline hydrochloride containing sodium carbonate. (3) Oxytetracycline
hydrochloride responds to tests for chloride.
Specific rotation. — Not less than —192° and not
more than —200°, when determined in a solution
containing 100 mg. in 0.1 N hydrochloric acid,
calculated on the anhydrous basis. Loss on drying.— Not over 1.5 per cent, when dried in vacuum at 60° for 3 hours. Heavy metals. — The
limit is 30 parts per million. Safety. — 0.5 ml. of
a solution containing 3 mg. of oxytetracycline
hydrochloride per ml. in sodium glycinate T.S.
meets the requirement of the test. U.S.P.
For an assay applicable to oxytetracycline
hydrochloride see under Oxytetracycline.
Action. — Oxytetracycline hydrochloride is an
efficient broad-spectrum antibiotic that is suitable for oral or topical administration. Under

Part I
some circumstances, it may be given intravenously or intramuscularly.
Absorption. — Following oral administration, the
drug is rapidly absorbed from the gastrointestinal
tract and promptly reaches nearly all tissues and
fluids throughout the body. A single oral dose of
2 Gm. gives biologically demonstrable blood levels
in 30 minutes, maximum levels of about 4 to 5
micrograms generally are attained within 2 hours,
and significant levels are maintained for six to
eight hours. Serum levels of 0.5 to 1.25 or more
micrograms per ml. usually can be detected after
24 hours. Doubling the dose does not generally
double the maximum concentration of antibiotic
in the serum, but it does prolong the time during
which the level remains above any given submaximal value. For a general review of the
pharmacology of oxytetracycline and its salts see
the symposium volume "Terramycin" (Ann.
N. Y. Acad. Sc, 1950, 53, 223-460). There currently being no satisfactory quantitative chemical
tests for oxytetracycline in body fluids or tissues,
the concentrations are estimated from biologic
tests and are subject to the inaccuracies inherent
in bioassay technics. Nonetheless, the data are
useful for purposes of comparison.
Following oral administration of the free,
amphoteric form of oxytetracycline, sometimes
referred to as oxytetracycline base and officially
designated simply oxytetracycline, the antibiotic
is readily absorbed from the gastrointestinal tract
to produce serum levels of essentially the same
magnitude and time characteristics as the same
dose of oxytetracycline hydrochloride (Caffrey
et al, Antibiot. Chemother., 1952, 2, 72). In this
connection it is significant that the molecular
weight of oxytetracycline. which contains two
molecules of water of crystallization, is the same
as that of oxytetracycline hydrochloride, which
contains no water of crystallization; accordingly,
both dosage forms represent exactly the same
content of the active component.
In clinical practice, serum levels adequate for
controlling oxytetracycline-sensitive bacterial infections usually are maintained with a total daily
dose of 1 Gm., given orally or intravenously, in
4 equal portions at 6-hour intervals. A single
intravenous dose of 250 mg. usually produces
levels of 5 to 10 micrograms per ml. within an
hour; after 12 hours, the concentration commonly
ranges from 1 to 5 micrograms per ml. (Sayer
et al., Am. J. Med. Sc, 1951, 221, 256).
Excretion. — Oxytetracycline appears in the
urine within 30 minutes after administration, and
up to 15 per cent of the administered dose may
be eliminated via this pathway in 24 hours. Ultimately, nearly 50 per cent of the administered
dose often can be recovered in a biologically
active form in the urine. Evidence is lacking
that renal dysfunction interferes with excretion
of oxytetracycline as it does with excretion of
penicillin.
A few hours after a single dose of 0.5 Gm., the
concentration in the urine may reach 140 micrograms per ml.; a 1-Gm. dose gives a maximum
concentration of about 300 micrograms, and following administration of 2 Gm., the level may
reach 400 micrograms per ml. (Welch et al.,
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J. A. Ph. A., 1950, 39, 185; Welch, Ann. N. Y.
Acad. Sc, 1950, 53, 253). The high urinary concentrations of oxytetracycline in a biologically
active form have significance in the treatment of
infections established in the urinary tract. Aureomycin and Chloromycetin also are excreted in
large amounts via the renal system, but normally
neither of these broad spectrum antibiotics attains such high concentrations as Terramycin in
the urine.
In the feces also large amounts of oxytetracycline in biologically active form are excreted;
as much as 600 micrograms may be recovered
per gram of feces following a single 0.5-Gm. dose
of the drug. With the multiple doses now commonly used, concentrations of 2500 micrograms
per gram of feces may be found (Herrell et al.,
Proc Mayo, 1950, 25, 183). The amounts of
Terramycin found in the feces are several times
the amounts of Aureomycin or Chloromycetin
that occur following similar dosage. Up to 80
per cent of the administered dose has been recovered inthe feces when free amphoteric Terramycin was given (Andina and Allemann, Schweiz.
Med. Wchnschr., 1952, 82, 253).
Oxytetracycline soon becomes widely distributed throughout the animal body, and in man
tends to concentrate in the liver and the bile.
Concentrations in the bile often are from 4 to
8 times those in the serum at a given time
(Herrell et al., loc cit.; Zaslow and Rosenthal,
Ann. Surg., 1954, 139, 478). Thus, Terramycin,
like its close chemical relative, Aureomycin, which
also is concentrated in the liver, has become an
important agent for chemotherapeutic treatment
of various bacterial and viral infections that tend
to lodge in the liver and that, before the discovery
and development of these drugs, would have
called for surgical intervention. Even when recourse to surgery is necessary, it may be more
successful if preceded by a properly selected
regimen of Terramycin or Aureomycin therapy.
Oxytetracycline reaches therapeutically effective concentrations in the pleural fluid following
oral administration. It also readily traverses the
placental barrier; the concentration in the fetal
blood may equal that in the maternal blood but
usually is somewhat less, sometimes being as low
as one-fourth. Early reports suggested that oxytetracycline might reach significant concentrations
in the cerebrospinal fluid, but more recent evidence indicates that the drug normally passes the
blood-spinal fluid barrier in therapeutically effective amounts only when there is damage or inflammation of the meninges.
Uses. — There is hardly a tissue or organ system of the body that is not subject to serious
infections which are amenable to treatment with
oxytetracycline and its hydrochloride, since the
antibiotic spectrum includes gram-positive and
gram-negative bacteria, rickettsias, some of the
larger viruses, and some protozoans. Even
helminth infestations, notably pinworms, may be
treated successfully with this drug (Pelaez, Bol.
Colegio Medico Habana, 1952, 3, 362; Bumbalo
and Gustina, Postgrad. Med., 1953, 14, 79).
Bacterial Infections.— Oxytetracycline hydrochloride iseffective in treating most infections
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due to nonacid-fast, gram-positive organisms, and
often is indicated when the pathogen is resistant
to penicillin. Because the drug is readily transported to most tissues and body fluids, it is useful
for generalized infections (bacteremia, septicemia) as well as for infections of specific tissue
and organ systems. However, oxytetracycline is
less desirable pharmacologically than penicillin,
and it often favors emergence
of pathologic
moniliasis (vs.). Therefore, penicillin remains
the drug of choice for treatment of diseases
caused by organisms susceptible to it (Denny
et al., Pediatrics, 1953, 11, 7). A great many
diseases caused by gram-negative organisms respond favorably to Terramycin. In combination
with sulfadiazine, Moll and Warmington
(/.
Pediatr., 1954, 44, 541) reported efficacy in
meningitis in children due to either meningococcus
or H. influenza. Pulaski (he. cit.), and Garfinkel
et al (J.A.M.A., 1953, 151, 1157) found Terramycin to be efficient in controlling bacillary
dysentery due to Shigella dysenteries. Although
not generally considered to be the most effective
agent in typhoid fever or in salmonellosis,
Terramycin has proved to be useful in curing
infant diarrheas due to Salmonellas as well as to
species of Shigella, of E. coli and other organisms. Oxytetracycline is particularly effective
in acute and chronic infections of the urinary
tract, particularly
those
due
to jErobacter
cerogenes, to Escherichia coli, or to pleuropneumonia-like organisms. Because of the high concentrations itattains in the urine, Terramycin
often is the most effective agent for treatment of
these infections.
Several strains of Pseudomonas aeruginosa and
of Proteus also are sensitive to Terramycin, but
frequently the pseudomonads and species of
Proteus are less susceptible to Terramycin and
Aureomycin than are other gram-negative species,
and occasionally, following treatment of mixed
infections with either antibiotic, these organisms
remain as persisters that can be eliminated only,
if at all, by use of polymyxin. Indeed, one of the
hazards attending prolonged use of oxytetracycline or chlortetracycline in mixed infections,
whether of the urinary tract or of other systems,
is the emergence of resistant, pathogenic strains
of Pseudomonas or of Proteus that seem to
acquire invasiveness along with resistance. Such
strains may break out of the confines of the
genitourinary or gastrointestinal tracts and may
establish infections in other systems. Frequently,
streptomycin is helpful in preventing or treating
generalized spread of gram-negative organisms
during treatment of urinary tract infections.
Rickettsial Infections. — Terramycin is indicated for all rickettsial infections. Like the
other broad-spectrum antibiotics, chlortetracycline hydrochloride and chloramphenicol, Terramycin, in the customary clinical doses, does not
kill the rickettsias but does inhibit their multiplication. Thus the orgainsms are held at bay
until the resistance mechanisms of the host are
mobilized and actively functioning. Having recovered from a rickettsial infection, the host
generally is somewhat resistant to reinfection.
But there is a correlation between the dosage of
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antibiotic and the later titer of complimentfixing antibodies in the host. Excessive doses of
antibiotic during the infection result in significantly lower titers after the infection has been
cured. Hence the host has lower resistance to
reinfection and doses far in excess of those required to adequately suppress the invading
pathogen may be not only wasteful and costly
for the patient, but, in the long view, may be less
beneficial than the minimal dose that is capable
of providing protection. Usually 1 to 2 Gm. daily,
divided into 4 equal portions, is sufficient.
Viral Infections. — Among viral infections
which are benefited by oxytetracycline are psittacosis (Pollard et al., Antibiot. Chemother., 1954,
4, 138), ornithosis, some cases of primary
atypical pneumonia (Meiklejohn et al., J. A.M. A.,
1954, 154, 553) and lymphogranuloma inguinale
(venereum) (Dunlop and Robinson, Am. J. Syph.
Gonor. Ven. Dis., 1954, 38, 24). These diseases
usually respond to 250 mg. of the antibiotic
orally every 4 to 6 hours. The smaller viruses of
rabies, poliomyelitis and influenza are resistant.
Although not curative, Cat (Am. J. Trop. Med.,
1952, 1, 799) reported value in the management
of trachoma with topical application. Symptoms
of psittacosis in the early stages of infection often
closely resemble those of virus (atypical) pneumonia or of rickettsial or even bacterial pneumonias. Itis fortunate, therefore, that Terramycin
is equally effective in treating most of these infections. However, as Pratt and Dufrenoy (Antibiotics, 2nd ed., 1953, Lippincott) have pointed
out, if Terramycin is used, it may be advantageous to use penicillin or erythromycin concomitantly even though the etiologic agent is not
highly susceptible to the latter drug. The purpose of this is to prevent or curtail emergence of
Terramycin-resistant staphylococci which may
emerge rapidly during treatment with this drug
Brucellosis. — This disease, also known as
(v.i).
undulant fever, Malta fever, etc., annually takes
a heavy toll among humans and domestic animals.
In dramatic contrast to the pre-antibiotic era,
human patients or domestic animals with acute
brucellosis may now have normal temperature
restored in 3 to 5 days after the start of Terramycin or Aureomycin therapy. The spleen and
liver may return to normal size and blood cultures may become normal in about a week. Convalescence usually requires another two weeks.
Treatment consists of administering Terramycin
(or Aureomycin or chloramphenicol), 3 to 4
Gm. daily in divided oral doses, for about 3
weeks, supplemented by Brucella antigen (see
also under Cortisone Acetate, in Part I). Care
must be taken to prevent relapse. The rationale
for concomitant use of antigen with antibiobtics
in brucellosis has been discussed by Leon et al.
(Science, 1952, 115, 576), who emphasized that
the success of treatment of infectious diseases
with broad-spectrum antibiotics depends largely
upon efficient and prompt immunologic response
of the host and ability of the defense mechanisms
of the host to "continue and consolidate the inhibitory action when the antibiotic is stopped." In
brucellosis the natural immunologic response de-
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velops very slowly. Therefore, when the action
of the antibiotic is suspended, the infection flares
up and acute relapses occur or chronic disease
develops. This course of events can be prevented
by artificially stimulating immunity reactions by
administration of antigen simultaneously with
antibiotics. However, because of the allergenic
nature of Brucella antigen, a special dosage schedule, starting with very small amounts and gradually increasing the dose of species-specific antigen
is advocated to avoid violent hypersensitivity reactions and to desensitize the patient while
simultaneously building up immunity. The authors
call this technic immunodesensitization. Such high
and prolonged dosage with chloramphenicol as is
necessary to control Brucella infections entails
the risk of inducing hematologic abnormalities.
Terramycin or Aureomycin in similar doses often
causes gastric upset, but of the two Terramycin
seems to be better tolerated. However, tolerance
for Terramycin vs. Aureomycin depends on individual factors, and Aureomycin may be preferable for some patients. Severe cases may require
mixed therapy; a successful regimen :s 2 Gm.
of streptomycin or of dihydrostreptomycin (or
1 Gm. of each) injected daily while oral doses
of Terramycin or of Aureomycin are continued
along with antigen. Sometimes concomitant administration of cortisone acetate, sulfadiazine,
and the antibiotics is beneficial.
Pneumonic Plague. — In this disease McCrumb et al. (Am. J. Med., 1953, 14, 284) found
oxytetracycline or chloramphenicol or streptomycin effective if treatment was commenced during the first 20 hours after the onset of the illness. In patients who could not tolerate paraaminosalicylic acid along with streptomycin in
the treatment of pulmonary tuberculosis, Miller
et al. (Am. Rev. Tuberc, 1952, 66, 534) substituted oxytetracycline with apparent benefit.
Parasitic Infections. — Experience with large
numbers of patients among troops in Korea
proved Terramycin to be an efficient amebicide.
Pulaski reported "excellent initial responses and
low relapse rates in amebic dysentery" (Surg.
Gyn. Obst., 1953, 97, 353). Most and Assendelft
(Ann. N. Y. Acad. Sc, 1952, 55, 1114) summarized clinical evidence concerning Terramycin
treatment of amebiasis as follows: Daily doses
of 2 Gm. for 10 days were found to control acute
severe amebic dysentery in more than 90 per cent
of 140 cases reported in various parts of the
world. In a large series of patients (more than
700) on a similar dosage regimen Endamoeba histolytica appeared to be eradicated from 80 to
90 per cent of patients followed with check-ups
for from several weeks to nearly 2 years. These
investigators concluded that simultaneous administration of Terramycin to all inhabitants of a
building or institution with a high incidence of
amebiasis markedly reduces the prevalence of
E. histolytica for 1 to 6 months. McHardy and
Frye (J.A.M.A., 1954, 154, 646) confirmed the
efficacy of oxytetracycline but observed a high
incidence of stomatitis. Bumbalo et al. (J.
Pediatr., 1954, 44, 386) reported a cure rate of
85 per cent in enterobiasis (pin-worm infestation).
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Oxytetracycline hydrochloride inhibits the
oocyst phase of Plasmodium gallinaceum in the
mosquito vector of malara and prevents formation of sporozoites. There is evidence that the
drug may be beneficial in treatment of human
patients with P. vivax and P. falciparum infections (Ruiz-Sanchez, Antibiot. Chemother., 1952,
2,51).
In Trichomonas vaginalis vaginitis Lang et al.
(Obst. Gyn., 1953, 2, 527) used oxytetracycline
vaginal suppositories or tablets with good effect.
With the tablets no significant increase in monilial
vaginitis followed the treatment, as was the case
when suppositories were used.
Other practical applications of Terramycin in
tropical diseases are discussed in the symposium
volume on the Use of Antibiotics in Tropical Diseases, of the New York Academy of Sciences,
1952, 55, 969-1284.
Enterobiasis (pin worm infection) usually
yields promptly to adequate dosage with Terramycin. Loughhn et al. (Antibiot. Chemother.,
1951, 1, 588) found a cure rate of 100 per cent
following a 1-week course of treatment with Terramycin base. Doses were 1 Gm. daily for patients
under 5 years of age, 1.5 Gm. for those between
5 and 10 years, and 2 Gm. for all others. In a
later paper, Loughlin and Mullin (Antibiot. Med.,
1955) concluded that this antibiotic "is the most
efficient single anthelmintic in enterobiasis," an
opinion confirmed by numerous other reports in
the literature. The authors found that Scotch tape
impressions taken from 88 of 92 treated patients
"became negative following treatment . . . and
remained negative." They believe that the drug is
most effective in "halting auto-infection or autoinoculation, and in consequence, preventing re1, 280). lapse." See also Owings (Antibiot. Med., 1955,
Systemic Infections. — An intimation of the
wide range of application of Terramycin in systemic infections may be gleaned from the series
of papers presented at the Symposium on the Use
of Chemotherapeutic and Antibiotic Agents at
the 101st Annual Session of the American Medical Association and published in the Journal of
that association during 1952, as follows: blood
stream and heart (Herrell, 150, 1450); respiratory tract (Romansky and Kelser, 150, 1447);
gastrointestinal tract (Hughes. 150, 1456); genitourinary tract (Nesbit and Baum, 150, 1459);
skeletal system (Altemeier and Largen. 150,
1462). Attention should be directed also to the
summaries of Terramycin treatment of pneumonias of different types by Jackson et al. (Ann.
hit. Med., 1951, 35, 1175) and Weiss et al.
(J.A.M.A., 1954 154, 1167), and of urinary tract
infections by Womack et al. (Arch. Int. Med.,
1952, 89, 240), by Jones et al. (J. Nat. M. A.,
1952, 44, 126), and by Blahey (Can. Med. Assoc.
J., 1952, 66, 151). See also the Table in the
article on Antibiotics, in Part II.
Cellulitis. — In a wide variety of soft tissue
infections, including traumatic cases, Terramycin
(500 mg. given orally 4 times daily) has proved
to be highly successful either as the sole remedial
measure or in conjunction with appropriate surgical drainage. Indeed, surgery often becomes un-
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necessary when use of this antibiotic is instituted
(Wright et al., Antibiot. Chemother., 1951, 1,
165). Cure of a carbuncle due to Gaffkya
tetragena, which had not responded to penicillin,
was reported by Zeligman and Sinesi (Arch.
Dermat. Syph., 1953, 68, 382).
Peritonitis and Hepatitis. — The response of
peritonitis to antibiotics is variable, depending
on the specific strain of the causal organism.
Terramycin frequently effects cures when other
antibiotics fail (Reiss et al., Arch. Surg., 1952,
64, 5). Terramycin and Aureomycin appear to be
about equally effective in treatment of pancreatic
fibriosis (Shwachman et al., J.A.M.A., 1952, 149,
1101) and of acute viral hepatitis (Colbert et al.,
Proc. S. Exp. Biol. Med., 1952, 79, 339).
Venereal Diseases and Urethritis. — Oxytetracycline hydrochloride is effective in the treatment of syphilis and gonorrhea (Willcox, Brit. J.
Ven. Dis., 1953, 29, 179), but penicillin remains
the drug of choice. The former antibiotic is
effective in yaws (Loughlin et al., Antibiot.
Chemother., 1954, 4, 155). In a series of 72 patients with nonspecific urethritis refractory to
other antibiotics and other forms of treatment
Ferguson and Miller (/. Urol, 1952, 67, 762)
found that 66 were cured by intraurethral administration of 2.5 per cent Terramycin solution. In
such cases Willcox (Brit. J. Ven. Dis., 1953. 29,
255) found oxytetracycline, administered in a
dose of 2 Gm. orally daily for 5 days, to be the
most effective antibiotic agent.
Dental Uses. — In dental practice and in oral
surgery. Terramycin often is useful prophylactically or in treatment of established infections.
For well established and deep infections systemic
medication is indicated, for more readily accesor purely
localcontaining
infections2 or
Vincent's
angina,sible an
ointment
Gm. forTerramycin
per 50 Gm. of vehicle may be indicated. Frequently, when the ointment is used, prudence
dictates fortification with systemic therapy. Applications ofTerramycin in mouth infections have
been discussed by Cipes (A7. Y. State Dent. J.,
1952, 18, 199) and Winter and Van Gaasbeek
(ibid., 119). Lane et al (J. A.M. A., 1953, 15, 986)
treated actinomycosis of the face successfully
with 0.5 Gm. orally every 6 hours.
Topical Uses. — The usefulness of oxytetracycline hydrochloride is not limited to systemic
infections. Ophthalmic oxytetracycline hydrochloride is official. Systemically this antibiotic
does not penetrate the ocular chambers well.
Locatcher-Khorazo (Am. J. Ophth., 1953, 36,
475) found 0.5 per cent ointment an effective
antibacterial agent in the conjunctival sac but
that it was inferior to a penicillin-streptomvcin
ointment. Sorsby et al. (Brit. M. J., 1953, 2, 301)
confirmed efficacy of Terramycin but preferred
chloramphenicol. Other unofficial formulations are
available (v.i.) for local medication. Topical
therapy may be useful in various cutaneous or
superficial infections, but generally it is advisable
to fortify the local treatment with systemic
medication. Following systemic administration to
rabbits, the concentration of Terramycin in the
skin is several times that in the blood (Welch,
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Ann. N. Y. Acad. Sc, 1950, 53, 253). This has
suggested that, if the same situation holds in
man. systemic Terramycin might be useful in the
treatment of pyodermas and prophylactically in
the treatment of severe burns.
Dermatologic Applications. — Oral Terramycin has proved valuable in skin conditions with
involvement of pyogenic organisms and in controlling the infectious component of many
secondarily infected dermatoses, when given in
500 mg. doses 4 times daily to adults or 50 mg.
per Kg. of body weight daily in 4 divided doses
for children. In cystic and pustular acne, Terramycin (2 to 3 Gm. the first day, 1 to 2 Gm. the
second day, and 1 Gm. daily thereafter) has
been held to be "of great help" often within 24
hours, and to be responsible for "gradual disappearance of the suppurative lesions" within 10
days (Reiss, N. Y. State J. Med., 1952, 52,
1031). Very low oral doses of Terramycin (50 to
100 mg. daily in adults) have been used successfully in treating resistant acne. Even though used
for protracted periods, side effects were not noted
by Barnard and Orens (ibid., 1952, 52, 1528).
In burns contaminated by gram-positive organisms, Terramycin appears no more useful than
penicillin. But in the less common instances when
burns are invaded by gram-negative pathogens,
systemic Terramycin is an effective agent (Ritchie
and Wallace. Antibiot. Chemother., 1952, 2, 394)
and may advantageously be supplemented by
topical use of Terramycin ointment or of dry
Terramycin. The antibiotic deserves more study
for use in burns and other afflictions in which the
integrity of tissue structure is impaired because
of its reported ability to promote tissue growth
and healing in lesions of yaws and skin infections
(Loughlin and Joseph, ibid., 1951, 1, 76; Wright
and Tschan, Arch. Dermat. Syph., 1953, 67, 125).
However, Lund (International Forum, 1953, 1,
No. 3), although not referring specifically to
antibiotics, is of the opinion that "there is absolutely no evidence that any substance can accelerate healing beyond the optimal rate for a given
wound in a given patient under ideal conditions." !yj
Toxicology. — Oxytetracycline hydrochloride
is characterized by low acute toxicity. The LD50
in mice is 178 mg. per Kg., intravenously; 830
mg. per Kg., subcutaneously; and 6696 mg. per
Kg., orally (P'an et al., Ann. N. Y. Acad. Sc,
1950, 53, 238). Upon prolonged administration
of doses in the normal therapeutic range, there
are no symptoms of central nervous effects, but
fatty liver may ensue (Sborov, Gastroenterology,
1951, 18, 598).
The most common undesirable side effects of
systemic therapy with oxytetracycline hydrochloride in man are manifested in the gastrointestinal tract (Miller and Walker, New Eng. J.
Med., 1953, 249, 479). They include nausea;
vomiting; loose stools, sometimes reaching a
state of diarrhea; pruritus ani; and occasionally
lesions of the mouth. These symptoms, which
may occur in up to 35 per cent of patients receiving the drug, have been ascribed to the profound alteration in composition of the intestinal
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microflora that the drug induces (Loh and Baker,
Arch. Int. Med., 1955, 95, 74). The symptoms
subside and gradually disappear when the drug
is withdrawn, and generally it is not necessary
to discontinue administration of oxytetracycline
hydrochloride until the course of therapy is completed, although, following use of troches,
Kutscher et al. observed such a high incidence of
severe reactions associated with the oropharyngeal
region that it was deemed expedient to terminate
Terramycin treatment in nearly 15 per cent of 143
cases (/. Allergy, 1952, 23, 177). The oral lesions
and cracked lips, reminiscent of B avitaminosis,
often can be prevented by concomitant administration of vitamins of the B complex. Aluminum
hydroxide gels can be used to reduce nausea and
vomiting, but they interfere with absorption of
the antibiotic. A simple and effective way to reduce gastrointestinal irritation without retarding
absorption is to administer milk with the antibiotics. In presurgical preparation for procedures
involving the colon, a nonresidue diet is indicated
and milk is undesirable. In such instances, or
when the patient dislikes milk, various antacids
can be used to diminish heartburn, nausea, and
vomiting. Parsons and Wellman {Proc. Mayo,
1951, 26, 260) reported that effective agents are
sodium bicarbonate and Aciban (calcium casemate and calcium carbonate).
To counteract the nutritional deficiencies that
may arise during infectious disease and especially
when broad spectrum antibiotics are administered,
"stress fortified" broad spectrum antibiotics are
now available. Such formulations provide the patient with the vitamin intake recommended by the
National Research Council for "stress" situations.
With such preparations, as the dose of antibiotic
increases, so does the intake of the vitamins. For
discussion of the rationale of using stress fortified
antibiotics see the editorial by Marti-Ibanez (Antibiot. Med., 1955, 1, 247).
Uncommon side effects reported during systemic treatment with Terramycin include restriction of peripheral fields of vision, facial neuralgia,
and coryza. These and other unusual responses to
Terramycin have been recorded by Harris
(Antibiot. Chemother., 1953, 3, 982).
At first, the common annoying gastrointestinal
symptoms were considered merely the more or
less inconsequential price one must pay to obtain
elimination of the infection. However, there has
been growing concern about more serious consequences arising from alteration of the intestinal
microbial population. This is not limited to oxytetracycline hydrochloride; it applies equally to
chlortetracycline hydrochloride and, to less extent,
to chloramphenicol. Accompanying the symptoms
mentioned above, there regularly is a large increase in the incidence of apparent pathologic
moniliasis and especially of infections (or superinfections) due to Candida albicans (Sharp,
Lancet, 1954, 1, 390). The regular emergence of
these organisms in the mouth and gastrointestinal
tract of patients receiving broad-spectrum antibiotics has been ascribed to the suppression of
normal microbial inhabitants of these areas that
ordinarily overgrow, and perhaps through anti-
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biotic action of their own, prevent rapid proliferation of Candida and of other yeasts and
fungi. When the normal competition is removed
during broad-spectrum antibiotic therapy, the
slower-growing yeasts and fungi are able to predominate.
Another theory postulates that the normal
microflora supply certain nutritional requirements
of the host and that when the host is deprived
of these factors, the integrity of the mucous membranes isaffected, thus opening a portal of entry
for microorganisms normally unable to penetrate
intact, healthy mucosas (Harris, J. A.M. A., 1950,
142, 161). Other workers have suggested that the
antibiotic directly stimulates growth and virulence
of yeasts and fungi (Seligmann, Proc. S. Exp.
Biol. Med., 1953, 83, 778). Huppert et al. investigated this possibility in vitro {J. Bad., 1953,
65, 171) and found that Aureomycin in relatively high concentrations (0.1 mg. per ml.) did
stimulate growth of Candida albicans, in vitro,
but they were unable to demonstrate a similar
effect with Terramycin or with chloramphenicol.
Kligman pointed out that occurrence of these
organisms along with other side reactions (glossitis, stomatitis, etc.) during treatment with
broad-spectrum antibiotics is not tantamount to
a diagnosis of moniliasis, but is part of the complex general problem of superinfection with
antibiotic-resistant microorganisms, both bacterial
and fungal (J. A.M. A., 1952, 149, 979). Regardless of the explanation, there is a marked increase
in the relative, if not absolute, abundance of
yeasts and fungi in patients undergoing Terramycin or Aureomycin therapy. These organisms
probably are responsible for the anal itching that
occurs. Growth of Candida albicans and of many
other yeasts and fungi is completely inhibited in
media containing from 0.5 to 5 micrograms of
candicidin per ml.; Kligman suggested use of
candicidin concomitantly with broad-spectrum
antibiotics to prevent development of yeastlike
flora in the gastrointestinal tract during therapy
with Terramycin or Aureomycin {Proc. S. Exp.
Biol. Med., 1953, 82, 399). Candicidin is one of
the antibiotic products elaborated by Streptomyces griseus.
Annoying as symptoms accompanying increase
in yeast and fungus populations may be to the
patient, the replacement of respiratory or gastrointestinal microflora with antibiotic-resistant
strains of pathogenic staphylococci, streptococci,
and other bacteria probably is a far more serious
clinical problem. Emergence of resistant Pseudomonas ceruginosa and of Proteus organisms during
treatment of urinary tract infections and the
clinical consequences were mentioned above. Frequently, when other measures fail, these superinfections can be eliminated by use of polymyxin.
Staphylococci also rapidly acquire resistance to
oxytetracycline hydrochloride and may cause serious enteritis (Dearing et al., Gastroenterology,
1954, 26, 38). Occasionally during treatment of
bacterial pneumonia with Terramycin, pathogenic
Terramycin-resistant strains of Staphylococcus
aureus replace the flora of the sputum, sometimes
completely, so that only staphylococci can be
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recovered. Similar replacement of fecal flora has
been reported (Finland et al., Arch. Int. Med.,
1954, 93, 25). These changes are accompanied
in many cases by persistent leukocytosis. Jackson
et al. concluded that in such cases "the beneficial
effects of Terramycin were in part vitiated . . .
by some
superinfections
with staphylococcus"
in
of their patients,
apparently curedandof that
the
original pneumococcal pneumonia, death resulted
from staphylococcosis attributable, in part at
least, to the effects of Terramycin {Ann. Int.
Med., 1951, 35, 1175). These undesirable effects
have not been limited to treatment of pneumonia
nor exclusively to therapy with Terramycin
(Hazen
al., J.ofPediatr.,
1951, 39,
1). For 'further et
discussion
the problem
of acquired
resistance toTerramycin, see the general article on
Antibiotics, in Part II.
Summary. — Oxytetracycline (available in different pharmaceutic forms under the trademark
Terramycin) is an amphoteric base that may be
considered a derivative of naphthacene. It is a
broad-spectrum antibiotic of proven clinical efficacy in many diseases caused by gram-positive
and by gram-negative bacteria, rickettsias, some
large viruses, some protozoa, and possibly in
some helminthic infestations. Oxytetracycline
hydrochloride is rapidly distributed to all parts of
the body following oral or intravenous administration and relatively high concentrations are
quickly attained in the urine and in the liver.
This probably accounts for the outstanding success of the drug in infections of the urinary tract
and the liver.
The antibiotic is relatively free of acute toxicity, but may induce nausea, vomiting, diarrhea,
and pruritus ani in 15 to 35 per cent of patients
treated with it. These symptoms may be so severe as to necessitate discontinuance of the drug
in 4 to 5 per cent of the patients receiving systemic medication and in a larger percentage of
those receiving troches. With the increased widespread use of this and other broad-spectrum antibiotics, there has been a higher incidence of
infections or of superinfections by yeasts and
fungi, especially Candida albicans. Hypotheses to
account for this fact are discussed. Staphylococci
rapidly acquire resistance to oxytetracycline hydrochloride and occasionally have emerged as
pathogenic survivors or have established fatal
secondary or superinfections following use of the
antibiotic in treatment of pneumococcic infections of the respiratory tract. Concomitant use
of penicillin may prevent emergence of these
resistant staphylococci. Strains of Proteus or of
Pseudomonas frequently emerge as resistant persisted when oxytetracycline hydrochloride is used
in mixed infections of the urinary tract. Elimination of these may call for use of polymyxin.
Dose. — The usual oral dose is 250 mg. 4 times
a day, with a range of 1 to 6 Gm. daily. The usual
intravenous dose is 500 mg. daily, with a range of
500 mg. to 2 Gm. daily. Doses for children should
be reduced in proportion to the weight of the
patient, and the total daily dose probably should
not exceed 40 mg. per Kg. Recommended oral
doses of oxytetracycline and its hydrochloride are
based on a daily schedule of 15 to 25 mg. per Kg.
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of body weight for moderately ill adult patients,
up to 50 mg. per Kg. for those who are critically
ill. The daily dose should be given in 4 equal
portions at 6-hour intervals.
Duration of dosage varies according to the
infection. Normally, if clinical improvement is
not evident in 36 to 48 hours, the drug should
be discontinued. (See general article on Antibiotics, Part II, for the necessity of taking a
culture before beginning antibiotic therapy of
infections of unknown etiology.) If clinical improvement isevident under oxytetracycline treatment, therapy should be continued for 24 to 48
hours after normal temperature is restored. Treatment beyond this time serves no useful purpose
and increases the risk of inducing untoward
reactions.
The following are recommendations that have
been made for total daily dose and duration for
different types of infections on the basis of wide
experience: urinary, 3.5 to 4 Gm. (Blaney, Can.
Med. Assoc. J., 1952, 66, 151); peritonitis, 1 Gm.
intravenously every 12 hours for 2 to 4 days
followed by 0.5 Gm. orally every 6 hours for 8
to 10 days (Reiss, Arch. Surg., 1952, 64, 5); ear,
nose, and throat, 2 Gm. orally for 10 to 20 days
(Arslan and Yido. Athena, 1952, 18, 1); enterobiasis, 1to 2 Gm. for 5 to 6 days (Loughlin
et al., Antibiot. Chemother., 1951, 1, 588);
laryngeal papilloma, 50 mg. per Kg. for 2
months (Bradbum, Laryn., 1951, 61, 1105);
lymphogranuloma venereum and granuloma inguinale, 4Gm. for 10 to 20 days (Niedelman
et al., Am. J. Spyh. Gonor. Ven. Dis., 1951, 35,
482); subacute bacterial endocarditis. 3 Gm. for
40 days, followed by 2 Gm. for 20 days (Rantz,
J.A.M.A., 1951, 147, 124); amebiasis, 3 Gm. for
5 days followed by 2 to 3 Gm. for another 5
875).
days (Crosnier et al., Bull. Soc. Med., 1951, 67,
Because of the almost inevitable alteration of
gastrointestinal microflora and because the accompanying changes in mucosae may render these
tissues more susceptible to invasion by microorganisms, intensive therapy with oxytetracycline hydrochloride may be contraindicated in
very seriously debilitated patients such as those
suffering from advanced neoplastic disease (Bateman et al., Arch. Int. Med., 1952, 90, 763).
For treatment of acute infections, particularly
in infants and young children, intramuscular Terramycin sometimes is recommended. A dose of 6
to 12 mg. per Kg. at 24-hour intervals has been
recommended for moderately severe infections
caused by typical gram-positive organisms, Hemophilus influenza, or gonococci (O'Regan and
Schwarzer, /. Pediatr., 1954, 44, 172). Infections
due to E. coli or to Proteus vtdgaris may require
doses of 25 mg. or more per Kg. at intervals of
12 hours.
Dosage Forms. — Besides the official dosage
forms of oxytetracycline and oxytetracycline hydrochloride described in preceding and following
articles, several others are available. These include aerosol, dental (cones and paste), nasal,
ophthalmic ointment, otic, topical ointment, topical powder, troches, soluble tablet, and vaginal
tablet forms.
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Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
OXYTETRACYCLINE
HYDROCHLORIDE
CAPSULES.

U.S.P.

"Oxytetracycline Hydrochloride Capsules contain oxytetracycline hydrochloride equivalent to
not less than 90 per cent of the labeled amount of
C22H24N2O9." U.S.P.
Usual Sizes.— 50, 100, and 250 mg.
OXYTETRACYCLINE HYDROCHLORIDE FOR INJECTION.
U.S.P.
"Oxytetracycline Hydrochloride for Injection
is a sterile dry mixture of oxytetracycline hydrochloride with a suitable buffer, the latter usually
consisting of an amino acid. It contains oxytetracycline hydrochloride equivalent to not less
than 90 per cent of the labeled amount of
C22H24N2O9." U.S.P.
The solubility characteristics of oxytetracycline
in water are such that a simple parenteral solution of high concentration can be obtained only
at high pH values. It would seem logical, therefore, to use water-soluble alkali metal salts of
oxytetracycline for preparation of parenteral solutions; however, such salts are inferior to the hydrochloride instability and in handling properties.
Armstrong et al. found that dry mixtures of oxytetracycline hydrochloride and the sodium salt of
an amino acid produced preparations suitable for
formulation as parenteral solutions. The most satisfactory mixture proved to be 9 parts of purified
sodium glycinate with 10 parts of oxytetracycline
hydrochloride (/. A. Ph. A., 1952, 41, 1). Addition of an appropriate amount of water for injection or other diluent to the mixture yields a clear
solution of pH 9.0 to 9.25 and containing biologic
activity equivalent to 100 mg. of Terramycin per
ml. Besides water for injection, other acceptable
solvents for the dry mixture are sodium chloride
injection and dextrose injection.
The dry mixtures are very stable; at room temperature there is no loss of potency in one year;
at 50° the loss is less than 10 per cent in 11
months. Aqueous solutions undergo slow deterioration. Solutions having 100 mg. of Terramycin
activity per ml. lose 2 per cent of their potency
in 2 hours and about 8 per cent of their potency
in 24 hours at room temperature; when stored
under refrigeration (5°) they lose about 3 per
cent of their biologic activity in 24 hours and
about 8 per cent in 3 days (Armstrong et al., loc.
cit.). Despite reasonable maintenance of antibiotic activity, the solutions do darken from
yellow-amber to mahogany brown, even when
refrigerated.
Uses. — The action, uses, doses, etc., are the
same as described for Oxytetracycline Hydrochloride. Frequently, however, 0.5 to 1 Gm. is administered daily intravenously in divided doses
once every 12 hours instead of 4 times daily. In
severe infections the dose may profitably be increased but no single dose should exceed 1 Gm.;
usually the total daily dose will not exceed 2 Gm.
Normally, high doses are not indicated; they
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would be considered priming doses to be used
only in the early phases of treatment and only in
extreme instances. For infants and children, a
daily intravenous dose of 10 to 20 mg. per kilogram of body weight is indicated.
The intravenous route should not be used for
treating mild infections, and in more severe infections normally should not be used when the
patient is able to accept oral medication. Subcutaneous injection of oxytetracycline hydrochloride
is contraindicated. For strictly confined infections
in sites not readily penetrated by the blood
stream, however, small doses of sterile Terramycin solutions may be injected directly into the
localized infected area.
While the oral route remains the most convenient, it is possible to obviate the gastrointestinal
disturbances that sometimes follow use of the
drug by administering it intramuscularly. Intramuscular injections are not complicated by development of thrombophlebitis and other undesirable
secondary effects that may ensue when the drug is
given intravenously. There may be mild local irritation at the site of injection. O'Regan and
Schwarzer (/. Pediatr., 1954, 44, 172) reported
that 17 of 81 patients had some degree of local
irritation following intramuscular oxytetracycline
hydrochloride; 60 per cent of the patients had
only slight tenderness which lasted one day or
less; others experienced no unpleasant effects.
The authors recommended that to reduce incidence of local reactions, injections should be made
deeply into gluteal muscles at intervals of 24
hours, alternating the buttocks. The concentration should be 100 mg. per ml.
Storage. — Preserve "in single-dose or in multiple-dose containers." U.S.P.
Usual Sizes.— The equivalent of 250 and 500
mg. of oxytetracycline.

OPHTHALMIC OXYTETRACYCLINE
HYDROCHLORIDE. U.S.P.
"Ophthalmic Oxytetracycline Hydrochloride is
a sterile mixture of oxytetracycline hydrochloride
with a suitable buffer and/or bacteriostatic agent.
It contains not less than 90 per cent of the labeled
amount of C22H24N2O9." U.S.P.
Uses. — The producer of oxytetracycline hydrochloride supplies an ophthalmic solution and
ointment for topical application to the eyes as
required in treating bacterial conjunctivitis, influenzal conjunctivitis, and ocular infections due
to susceptible viruses. Local instillation of a 0.5
per cent solution prepared with Terramycin hydrochloride (having a pH of 8.2) every 2 hours
was effective in curing 117 of a series of 135
patients with various eye infections and caused an
unfavorable reaction in only 1 patient (Town,
Am. J. Ophth., 1951, 34, 723). The infections
included conjunctivitis due to Staphylococcus
aureus and/or S. albus (alone or with other organisms and sometimes associated with blepharitis and/or keratitis), corneal ulcers, and superficial punctate keratitis. Later experience in Terramycin treatment of ocular infections has amply
confirmed the earlier reports. Ocular infections
due to Pseudomonas or to Proteus organisms
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usually are not readily amenable to treatment
with Terramycin and respond poorly, if at all.
Highly satisfactory clinical response in trachoma has been achieved with Terramycin ophthalmic solutions and Terramycin ointments.
Mitsui et al. studied a series of nearly 700 cases
{Arch. Ophth., 1951, 46, 235): they reported
that, without exception, trachoma of less than 8
weeks' duration responded in 2 to 3 weeks to
local application of 0.1 or 0.5 per cent solution
four times daily or in 2 weeks to ointment applications four times daily. In 80 per cent of the
chronic cases, a 0.5 per cent ointment effected
cure in 12 weeks. Combined use of surgery and
either ointment or solution gave cure in an average of 6.1 weeks in 82 per cent of the severe cases
and in 4.7 weeks for 95 per cent of the moderate
cases. These recovery rates were significantly
superior to either treatment alone. The authors
found that in trachoma systemic administration
of Terramycin, either as sole treatment or as an
adjunct to topical Terramycin, did not improve
on the results obtained topically. They suggested
that, regardless of the route of administration,
the efficacy of Terramycin in trachoma is due to
an effect on the desoxyribonucleic acid system.
Similar outstanding results have been achieved
in treating trachoma in children (Mitsui and
Tanaka. Antibiot. Chemother., 1951, 1, 146);
topical application of ointment containing 0.5 per
cent Terramycin hydrochloride, 4 to 8 times
daily, resulted in disappearance of inclusion
bodies, discharge, and hyperemia within 48 to 72
hours, and follicles disappeared within 10 days.
Use of cortisone is contraindicated in infectious
diseases undergoing systemic antibiotic treatment.
However, subconjunctival injection of cortisone
(5 mg. in 0.2 ml. normal saline) plus subconjunctival injection of ophthalmic Terramycin gave
more favorable results than Terramycin alone in
experimental pneumococcal conjunctivitis in rabbits (Lepri, Am. J. Ophth., 1952, 35, 935). Cortisone alone had no effect on the organisms in vitro,
and in vivo had no effect on the course of the
infection, although it did ameliorate somewhat
the inflammatory reaction. The superiority of
cortisone plus antibiotic in the experimental infections isattributed to the salubrious effect of
reducing the continuous inflammatory irritation
while simultaneously attacking the pathogens.
Similar results were obtained with cortisone plus
penicillin (100,000 units in 0.2 ml. of 1 per cent
procaine plus Adrenalin twice daily). Lepri (loc.
cit.) concluded that a combination of the antibiotic and cortisone is not contraindicated in local
treatment of infections of the anterior segment of
the eye.
A formulation that combines the anti-inflammatory effect of hydrocortisone and the antiinfective activity of Terramycin in one preparation is available as Cortril Acetate Ophthalmic
Suspension with Terramycin (Pfizer). This is a
sterile suspension, dispensed in 5-ml. bottles, containing 15 mg. of hydrocortisone acetate and 5
mg. of Terramycin Hydrochloride in each ml.
Storage. — Preserve "in tight containers."
U.S.P.

OXYTOCIN

INJECTION.
(B.P., LP.)

U.S.P.

"Oxytocin Injection is a sterile solution in
water for injection of the water-soluble oxytocic
principle from the posterior lobe of the pituitary
body of healthy, domestic animals used for food
by man. Each ml. of Oxytocin Injection possesses
an oxytocic activity equivalent to 10 U.S.P. Posterior Pituitary Units." U.S.P. The B.P. and LP.
recognize a product of the same potency; sterilization by heating in an autoclave is indicated for
the injection.
B.P., LP. Injection of Oxytocin; Injectio Oxytocini.
Pitocin (.Parke, Davis).

Oxytocin is the characteristic hormone of posterior pituitary with pronounced uterine-contracting and milk-releasing effects. It is commonly
obtained by a lengthy and cumbersome process
of fractionation of an extract of posterior pituitary to separate it from the hormone vasopressin.
Details of the separation are disclosed in U. S.
Patent 1,960,493 (May 20, 1934), and the principles utilized in the separation are summarized
by Irving in the A.A.A.S. volume The Chemistry
and Physiology of Hormones, 1944.
In 1953 du Vigneaud and his associates
(J.A.C.S., 1953, 75, 4879) announced the results
of studies, of many years' duration, of the structure of a very pure sample of oxytocin and also
reported synthesis of a substance indistinguishable from oxytocin. It is a polypeptide containing
a ring composed of one molecule each of the five
amino acids cystine, tyrosine, isoleucine, glutamic
acid and aspartic acid, joined to an open chain
composed of one molecule each of proline, leucine
and glycine; three molecules of ammonia are also
joined, in amide linkage, one molecule each to
the aspartic acid, glutamic acid and glycine components. The pure oxytocin employed in the experiments ofdu Vigneaud et al. was purified by
countercurrent distribution technics (see also /.
Biol. Chem., 1953, 200, 559).
While oxytocin is the characteristic oxytocic
hormone of posterior pituitary it is of interest
that vasopressin (see Vasopressin Injection),
which resembles oxytocin in that six of the eight
constituent amino acids of the two polypeptides
are identical, also has some inherent oxytocic
activity (/. Biol. Chem., 1953. 205, 45).
Standards and Tests. — Pressor activity. —
The pressor activity in each ml. of the injection
is not greater than that represented by 0.5 U.S.P.
Posterior Pituitary Unit, the test being performed
as directed in the assay under Vasopressin Injection. Other requirements. — The injection meets
the requirements under Injections. U.S.P.
Assay. — It is directed to proceed as in the
assay under Posterior Pituitary Injection. U.S.P.
Uses. — Oxytocin injection is used to cause
contraction of the uterine muscle after delivery
of the placenta. More recently it has been employed by slow intravenous injection to increase
the force of uterine contractions in cases of
inertia and even to induce active labor under
certain circumstances. For a review of its actions,
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and chemistry, see Heller, /. Pharm. Pharmacol.,
1955, 7, 225.
Third Stage of Labor. — Following the demonstration by Dale that extracts of the posterior
lobe of the pituitary gland caused contraction of
the uterus of animals, Bell (Brit. M. J., 1909, 2,
1609) reported effective use of an extract of posterior pituitary gland to control uterine hemorrhage following delivery of the placenta due to
atony of the uterus. Posterior pituitary injection
was widely employed for this purpose until the
partially separated oxytocin injection became
available; at present ergonovine maleate is more
commonly used following delivery of the placenta. Oxytocin acts directly on the uterine muscle
to cause clonic contractions. The sensitivity of
the uterine muscle varies with animal species
and with the functional state of this organ, i.e.,
whether pregnant, non-pregnant, menstrual, etc.
(Getting, J.A.M.A., 1935, 104, 738). Following
intramuscular injection, the effect on the uterus
appears in 3 to 7 minutes and persists for 30 to
60 minutes. Following intravenous injection, contraction appears in 15 to 60 seconds and is of
shorter duration, depending on the dose employed.
Ergonovine has the advantage of being effective
orally or parenterally and having a duration of
predominantly tonic contraction of 3 to 8 hours.
Some obstetricians routinely give 1 ml. of oxytocin injection intramuscularly as soon as the
fetal head is delivered to shorten the third stage
of labor. Others feel that use at this time may
cause tetanic contraction of the uterus and actually delay the discharge of the placenta. Since
shock may follow this dose, some advocate a
dose of 0.1 to 0.3 ml. as adequate to facilitate
delivery of the placenta.
Uterine Inertia. — Efficacy in the third stage
of labor led to the use of posterior pituitary extract and later oxytocin injection for uterine
inertia (Hofbauer, Zentralbl. Gyndk. u. Grenzgeb.,
1911, 35, 137) in prolonged labor and Watson
(Can. Med. Assoc. J., 1913, 3, 739) reported the
successful induction of labor. Widespread and
indiscriminant and inexpert use of posterior pituitary injection in obstetrics resulted in frequent
fatal accidents — rupture of the uterus, fetal
death, maternal shock, etc. — and use other than
following delivery of the placenta was condemned
and abandoned (Rucker and Haskell, J.A.M.A.,
1921,76, 1390; Scott, Am. J. Obst. Gyn., 1926, 12,
571). In this period most of the injections were
given intramuscularly and overdosage was difficult to avoid and impossible to control. Hofbauer
(J. A.M. A., 1927, 89, 24) recommended nasal
administration on cotton pledgets; although absorption was slower than after intramuscular injection, it was still unpredictable and unsafe.
Injections in oil and other vehicles delaying absorption were tried, with indifferent results
(Dieckman and Kharasch, Am. J. Obst. Gyn.,
1942, 44, 820). The need in obstetrical practice
for an agent to stimulate uterine contractions
persisted.
The availability of oxytocin injection led to a
re-evaluation. Using minute intramuscular doses,
safety and therapeutic value in uterine inertia
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were reported by Eastman (ibid., 1947, 53, 432)
and Reid (ibid., 1946, 52, 719). Slow intravenous
administration of a dilute solution was proposed
by Hellman (ibid., 1950, 59, 41), Stone (ibid.,
49), Theobald et al. (Brit. M. J., 1948, 2, 123)
and Page (Proc. S. Exp. Biol. Med., 1943, 52,
195). For this purpose 0.5 ml. of oxytocin injection is added to 500 ml. of 5 per cent dextrose
injection and given intravenously at a rate of
12 to 15 drops per minute during the first 30
minutes; subsequently the rate of injection is
determined by the frequency, intensity and duration of uterine contractions. The virtue of the
intravenous method of administration is the disappearance ofaction on the uterus within a few
minutes of discontinuing the injection. This enables the physician to adjust carefully the dose
to the needs of the patient and to avoid overdosage. To supplement labor Stone and Tanz (Obst.
Gyn., 1953, 1, 346) used this procedure successfully in 94 per cent of 213 cases, including 16
breech presentations and 8 twin pregnancies. The
criteria for safety of intravenous oxytocin injection established by Hanley (West. J. Surg. Obst.
Gyn., 1951, 59, 262) and Eastman (Obst. Gyn.
Survey, 1951, 6, 655) include: a soft cervix, 50
per cent cervical effacement, 1 to 2 cm. dilatation
of the cervix, and a pelvis of sufficient size to
permit delivery of the fetus. Judd (J.A.M.A.,
1954, 156, 1475) concluded that intravenous
Pitocin was easier on the mother and the fetus
in instances of uterine inertia than a mid-forceps
delivery. Judd felt that this procedure should not
be used routinely for the induction of labor
however.
Induction of Labor. — In toxemic pregnancies
(preeclampsia), Fulsher (West. J. Surg. Obst.
Gyn., 1954, 62, 231), Carey (/. Obst. Gyn. Br.
Emp., 1954, 61, 59) and others have found slow
intravenous injection of oxytocin injection to be
an effective, safe and useful procedure to induce
labor. The rate of flow was regulated to produce
an effective uterine contraction of 30 seconds'
duration every 2 minutes.
Stone and Tanz (loc. cit.) induced labor successfully with 0.5 ml. in 500 ml. of 5 per cent
dextrose injection in 339 cases among 363 cases
so treated. In 22 cases more than one dose was
required. The remaining 2 cases were preeclamptic
and required cesarean section because of their
toxemia. Whereas an average of 6 hours for induction of labor after artificial rupture of the
membranes was observed, effective uterine contractions appeared in about 30 to 100 minutes
after the start of the infusion. Page (West J.
Surg. Obst. Gyn., 1954, 62, 125) recommends
determination of the sensitivity of the uterus by
small (0.3 unit) and increasing (up to 2 units)
intramuscular doses of oxytocin injection diluted
with 10 parts of water for injection every half
hour until effective uterine contractions develop.
This procedure gives an idea of the rate of intravenous injection subsequently required for continuation oflabor. For intravenous injection, Page
uses two bottles of 5 per cent dextrose injection
connected by a Y tube to a short, 2 2 -gauge intravenous needle. The infusion is started with the
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dextrose injection from one bottle and shifted to
the other bottle which contains 1 ml. of oxytocin
injection per liter of dextrose injection. To the
first bottle is then added 200 mg. of meperidine,
with or without scopolamine as desired, and a
quarter of this solution is infused every few hours
as needed for analgesia. Page continues the oxytocin injection during the second and third stages
of labor and usually increases the rate of injection
when the fetal head is delivered. After the delivery of the placenta ergonovine is injected into
the tubing close to the needle in the vein.
Intravenous Pitocin is recommended by Page
for atonic uterine inertia, to induce labor following artificial or spontaneous rupture of the
membranes, to prevent or treat postpartum hemorrhage due to uterine atony, and for missed
abortion. This procedure is contraindicated in
instances of cephalopelvic disproportion or other
cases of dystocia, patients with a previous cesarean
section or grand multiparity which are susceptible
to uterine rupture, cases with a dead fetus or
abruptio placentae and in hypertonic patterns of
labor. If a uterine contraction persists longer than
60 seconds, the oxytocin injection must be discontinued until the uterus relaxes.
Milk Ejection. — The other major action of
oxytocin injection is a "let-down" effect on the
mammary gland (Nickerson et al., Am. J. Obst.
Gyn., 1954, 67, 1028); 0.2 ml. intramuscularly
or 0.05 ml. intravenously causes an increase in
the flow of milk but not an increase in the total
amount of milk secreted. Oxytocin stimulates the
muscle in the mammary gland to contract, thus
squeezing the milk from the alveoli into the ducts
(J.A.M.A., 1954, 155, 1337). This effect is not
exerted by vasopressin injection. Suckling releases oxytocin from the pituitary gland. This
endocrine response is inhibited by epinephrine or
by fright. After suckling the alveoli are not completely empty since oxytocin injection will cause
a further release of as much as 20 per cent of the
amount of milk already removed. If injections are
repeated, an increase in the total milk production
may occur. Oxytocin injection has been used in
the treatment of mammary engorgement. In the
cow at least, mating seems to increase oxytocin
release as indicated by increased uterine motility
and milk ejection. It is possible that interference
with this phenomenon may be a factor in some
instances of infertility. Unlike the antidiuretic
factor of the pituitary, the oxytocic factor is not
inactivated by normal fiver (Tuzunkam, Istanbul
Contrib. Clin. Sc, 1952-3, 2, 321).
It is to be hoped that the availability of synthetic oxytocin and, hopefully, vasopressin may
clarify some of the persisting confusion regarding
the action of these principles previously available
only in partially purified state. For example Dahl
{Acta Obst. Gyn. Scandinav., 1950, 30, 9), after
an extensive study of the action of oxytocin and
vasopressin in vitro and in vivo on the human
non-pregnant, pregnant and post-partum uterus,
concluded that vasopressin was 10 times as active
as oxytocin on the uterine muscle. Demunbrun
et al. (Am. J. Physiol., 1954, 179, 429) studied
dogs from which the posterior lobe only of the
pituitary had been removed surgically. Such ani-

mals showed a decrease in renal blood flow, glomerular filtration rate and functional renal tubular
mass which was restored to normal by treatment
with Pitocin but not with Pitressin. The diureticantidiuretic hormone has usually been associated
with the pressor fraction of the pituitary. Schild
et al. (Lancet, 1951, 1, 250) noted that oxytocin
in the pregnant human caused contraction of the
body of the uterus but relaxation of the cervix.
Vasopressin was more active on the uterine muscle
during the second trimester of pregnancy than
oxytocin. As already noted (v.s.), purified vasopressin seems to contain some oxytocic activity.
Toxicology. — Aside from uterine rupture or
tetanic contraction of the uterus with resulting
fetal asphyxia (Ferguson et al., New Eng. J. Med.,
1952, 246, 694) from inexpert use of oxytocin
injection in obstetrics, sudden death has followed
posterior pituitary injection (Hesselschwerdt and
Medbury, Anesth., 1949, 10, 544) and even oxytocin injection (Krettek and Russum, /. Iowa M.
Soc, 1952, 42, 255). The mechanism is thought
to be an almost complete spasm of the coronary
blood vessels due to the direct action on the
muscle. This results in severe shock and has
caused fatality. Cyclopropane anesthesia, perhaps
due to the anoxia frequently associated with its
use, seems to increase the risk of arrhythmia following the use of posterior pituitary, vasopressin
or oxytocin injection (Morris et al., Am. J. Obst.
Gyn., 1952, 63, 171). Some authors ascribe this
"obstetrical shock" reaction to an allergic reaction
arising from a component of the injection. Within
a few seconds after intravenous injection or 30 to
60 minutes after subcutaneous injection, anxiety,
dyspnea, and precordial pain appear; these symptoms are associated with cyanosis or a bright red
color of the skin and mucous membranes, hypotension, tachycardia, edema and collapse. Some
cases pass into shock without warning symptoms.
Epinephrine is indicated to counteract the constriction of coronary arteries.
Dose. — The usual dose is 1 ml., intramuscularly, repeated in 30 minutes if necessary, with
a range of dose of 0.3 to 1 ml. intramuscularly.
These doses are used after delivery of the placenta
to prevent or control hemorrhage or for the control of post-abortal bleeding. Prior to delivery of
the placenta, and certainly prior to the delivery
of the fetal head in labor, initial intramuscular
doses should not exceed 0.1 ml. until the response
of the patient has been observed. For the details
of intravenous administration of a 5 per cent dextrose injection containing 1 ml. of oxytocin injection per liter for atonic uterine inertia or for
the induction of labor see above.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes.— 5 U.S.P. Units in 0.5 ml.; 10
U.S. P. Units in 1 ml.
PAMAQUIN.

B.P., LP.

Pamaquinum
C42H45N3O7

Pamaquin, known in the United States as Pamaquine Naphthoate but no longer officially recog-
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nized in this country, was denned in N.F. IX as
follows: "Pamaquine naphthoate is the methylenebis-P-hydroxynaphthoate of 6-methoxy-8-(lmethyl-4-diethylamino)butylaminoquinoline. It
contains, when dried at 105° for 6 hours, not less
than 43 per cent and not more than 45 per cent
of 6-methoxy- 8 - ( 1 -methyl-4-diethylamino )butylaminoquinoline (pamaquine base) and not less
than 53 per cent and not more than 57 per cent of
methylene-bis-3-hydroxynaphthoic acid." N.F. IX.
The B.P. and the I.P. define Pamaquin as the 8(4-diethylamino-l-methylbutylamino)-6-methoxyquinoline salt of 2 :2'-dihydroxy-l : l'-dinaphthylmethane-3:3'-dicarboxylic acid; both compendia
provide the same purity rubric as did the N.F.,
except that the results are calculated with reference to the substance dried to constant weight at
105°, in the case of the B.P., and to the substance
dried at 100° for 6 hours, in the case of the I.P.
N.F. IX. Pamaquine Naphthoate; Pamaquine Naphthoas. Pamaquine. Aminoquin Naphthoate. Plasmochin
Naphthoate (IVinthrop) . Praequine. Sp. Naftoato de pamaquma.

Plasmochin, or pamaquine, was discovered in
1924 as the result of systematic research, in Germany, for synthetic antimalarials; the second important compound resulting from this research was
Atabrine, official as Quinacrine Hydrochloride.
Pamaquine base is closely related to primaquine
base (see Primaquine Phosphate) being a diethyl
derivative of the latter.
The starting point for the manufacture of
pamaquine is 3-nitro-/>-anisidine, available from
the dyestuff industry. By a Skraup synthesis, using
glycerin and sulfuric acid, the starting compound
is converted to 6-methoxy-8-nitroquinoline which
is reduced by iron in acid solution to 6-methoxy8-arninoquinoline. Into this last compound is introduced the same basic side chain that is found
in quinacrine, except that it must be introduced
through the amino group of the quinoline, which
necessitates a somewhat different procedure from
that employed for quinacrine. The same ketone
(l-diethylaminopentanone-4) obtained from diethylaminoethanol which is utilized in the quinacrine synthesis is prepared also for this process
but it is hydrogenated in the absence of ammonia,
yielding the alcohol (l-diethylamino-4-pentanol)
which is subsequently converted into its bromide
(l-diethylamino-4-bromopentane), or chloride,
and then condensed with 6-methoxy-8-aminoquinoline to yield pamaquine. This base, which is
an oil, is purified by distillation in high vacuum
and converted to the naphthoate.
Description. — "Pamaquine Naphthoate occurs
as a yellow to orange yellow, odorless powder. It
is tasteless, or nearly so, and has a local anesthetic
effect when placed on the tongue. It is affected
by light. Pamaquine Naphthoate dissolves in alcohol and in acetone, but is insoluble in water."
N.F. IX.
Standards and Tests. — Identification. — (1)
A yellow precipitate is produced on adding 1 ml.
of hydrochloric acid to a solution of 200 mg. of
pamaquine naphthoate in 5 ml. of acetone. On
adding 5 ml. of distilled water, filtering the mixture, and adding to 1 ml. of the filtrate a solution
of 40 mg. of potassium iodate in 1 ml. of distilled
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water an intense violet color is produced suddenly
after an interval of about 2 minutes. (2) A green
color is gradually produced on adding 3 drops of
formaldehyde solution to a mixture of 20 mg. of
finely powdered pamaquine naphthoate and 2 ml.
of sulfuric acid. (3) A suspension of 200 mg. of
pamaquine naphthoate in 5 ml. of sodium hydroxide T.S. is extracted with 20 ml. of ether. On
evaporating the ether to dryness, dissolving the
residue in 6 ml. of a 1 in 10 solution of acetic acid,
and adding a hot solution of 50 mg. of chloranil in
3 ml. of glacial acetic acid and heating, an intense
blue color is produced. Loss on drying. — Not over
4 per cent, when dried at 105° for 6 hours. Residue on ignition. — Not over 1 per cent. N.F. IX.
The B.P. and I.P. specify, among other tests, limit
tests for certain foreign organic compounds and
for 8-amino-6-methoxyquinoline.
Assay. — For methylene -bis -§ -hydroxy naphthoic acid. — About 1 Gm. of pamaquine naphthoate, previously dried at 105° for 6 hours, is
treated with diluted hydrochloric acid to precipitate the acid component of the salt. This is filtered
through a tared filtering crucible, washed with
water, and the precipitate dried at 105° for 2
hours and weighed. For pamaquine base. — The
filtrate
from with
the preceding
assaynitrite
is cooled
to 15°
and titrated
0.1 M sodium
to diazotize
the pamaquine base. The end-point is the production of a blue color when a portion of the titration
mixture is streaked on starch-iodide paste. Each
ml. of 0.1 M sodium nitrite represents 31.54 mg.
of pamaquine base (C19H29N3). N.F. IX. The
B.P. and I.P. assay for the acid component is
essentially the same as that of the N.F.; pamaquine base, however, is determined in the filtrate
and washings from the preceding assay by alkalinizing with sodium hydroxide, extracting the
liberated base with several portions of ether and,
after evaporating the ether, drying the residue of
pamaquine base and weighing it.
Uses. — Pamaquine is used effectively in combination therapy with quinine for the cure (prevention of relapse) of P. vivax and P. malaria
malaria. Because of its toxicity, close medical
supervision is required during the period of its
use. Although the combination therapy is also
effective in P. falciparum malaria, the risk of
toxicity need not be incurred since the short persistence ofthe exo-erythrocytic stage of this parasite and the indirect gametocytocidal effects of
the available less toxic suppressive drugs, such as
chloroquine or quinacrine, make the use of a
gametocytocidal drug, such as pamaquine, unnecessary. Even in the case of P. vivax infestations
in which the prolonged use of suppressive drugs
does not produce a cure, pentaquine or primaquine
are preferred, particularly the latter drug, because
they are equally effective and less toxic.
Action. — Pamaquine is absorbed rapidly and
almost completely from the gastrointestinal tract.
Three hours after an oral dose of 20 mg. a peak
concentration in the blood plasma of 64 to 198
micrograms per liter was found (Zubrod et al.,
J. Clin. Invest., 1948, 27, Suppl., 114). The level
varies considerably for different people but is
quite constant for the same person. After intramuscular injection of 20 mg. the higher peak of

964

Pamaquin

200 to 400 micrograms per liter is found within
30 to 60 minutes, but at 3 hours the level is similar to that after oral administration. As small a
dose as 20 mg. of quinacrine with the pamaquine
results in a much higher pamaquine level and for
a much longer time. It disappears rapidly from the
blood. Within 15 minutes after intravenous injection of 20 mg. none is found and 8 hours after
an oral dose of 30 mg. only traces remain. In the
tissues of the dog. after a dose of 10 mg. per kilo
of body weight, the amount present was found to
be: liver 37.6, lung 26, brain 10.6, heart 6. and
whole blood 1.3 times the plasma concentration.
It appears in the urine, but on a dose of 20 mg.
three times daily only 1 per cent is excreted by
this route. Pamaquine is destroyed in the feces.
Pharmacodynamic studies have reported arrhythmia (Eichholtz, Klin. Wchnschr., 1935. 14, 716),
increased cardiac rate, blood pressure and respiration due to action on the vagus center (Tsikimanauri, Arch. Schi§s-Tropen-Hyg., 1931. 35,
89) and increased amplitude of "T" waves in the
electrocardiogram (Heimann and Shapiro, Brit.
Heart J., 1943, 5, 131).
Antimalarial Action. — Pamaquine was the
first synthetic antimalarial agent used in man following demonstration of its efficacy in malaria in
the canary. Action on the trophozoites was reported satisfactory for P. malaria but not so for
P. falciparum and only weak for P. vivax (Sioli,
Arch. Schiffs-Tropen-Hyg., 1926, 30, No. 3. 19;
Miihlens, ibid., 25). Good gametocytocidal action
for P. falciparum but an unsatisfactory one for
P. vivax has been demonstrated (Ciuca et al..
Arch, roumaines Path. Microbiol., 1942, 12, 411;
Dick and Bowles, Trans. Roy. Soc. Trop. Med.
Hyg., 1947, 40, 447). Most important for current therapy is its ability to destroy the exoerythrocytic stage of both types of parasite
(James et al., Lancet, 1931, 2, 341). In P. falciparum malaria it is not very effective in controlling the symptoms of the malarial paroxysm
and, as indicated in the opening paragraph, a
gametocytocidal agent is not needed.
With P. vivax malaria, where the disease can be
readily suppressed with chloroquine or quinacrine,
relapses after the suppressive drug is discontinued,
sometimes after an interval of many months, are
most troublesome. A drug which will destroy the
persistent exo-erythrocytic stage of this parasite
in the tissues is required. As already stated, pamaquine is less efficient than other drugs in controlling symptoms (Monk. Trans. Roy. Soc. Trop.
Med. Hyg., 1948, 41, 657; Brit. M. J., 1948, 1,
1221). As a suppressive drug it is active but
inefficient, and toxicity prevents general use
(Decourt
'et al.,
Bull.Bull.
Soc.Acad.
Path,Med.
exot.,Paris,
1936,1939,
29,
480;
Dupoux
et al.,
121, 591; Schneider et al., Bull. Soc. Path, exot.,
1948, 41, 194). The incidence of relapse is high
when it is discontinued. However, in combination
with quinine its efficacy in preventing relapse is
well known. Sinton et al. {Indian J. Med. Res.,
1930, 17, 793) reported that with quinine therapy
alone 75 per cent of cases relapsed within 8 weeks,
with pamaquine alone 25 per cent relapsed, but
with both drugs no patients relapsed. Because of
the fear of toxic effects, the U. S. Army discon-
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tinued the use of pamaquine in 1943 (J. A.M. A.,
1943, 123, 205). In the extensive studies of antimalarial agents of the 1940-50 decade, pamaquine
alone or with quinine was surprisingly ineffective
in tolerated doses in preventing mosquito-induced
experimental infections in volunteers (Craige et
al., Am. J. Trop. Med., 1947, 27, 309; Feldman
et al., J. Clin. Invest., 1947, 26, 77; Jones et al,
ibid., 1948, 27, Suppl., 6). In field studies, however, the previously reported good results from
doses of 10 mg. of pamaquine and 0.66 Gm. of
quinine three times daily for 14 days were confirmed (Most et al, Am. J. Med. Sc, 1946, 212,
550; Spicknall and Terry, South. M. J., 1948, 41,
338). Perhaps partial immunity plays a role under
field conditions as well as variations in the susceptibility ofstrains of the parasite. Ruhe et al.
(Am. J. Hyg., 1949, 49, 367) demonstrated the
necessity of concurrent administration of the two
drugs. On this dose, toxic effects are infrequent
and usually mild, but close medical supervision
is essential because of the gravity of the hemolytic
anemia which may occur. The advantage of primaquine is its apparent safety without close supervision. Monk (Brit. M. J., 1948, 1, 1221) reported on the simultaneous use of 10 mg. of
pamaquine with 0.1 or 0.3 Gm. of chloroguanide
three times daily; with the larger dose of the
latter drug cyanosis occurred in 40 per cent of
cases. Craige et al. (loc. cit.) called attention to
the marked toxicity of combined pamaquine and
quinacrine therapy.
In P. malaria malaria, the combination of
pamaquine and quinine is effective in the control
of symptoms and in the prevention of relapse.
The mechanism of antimalarial action is unknown.
Jones (Fed. Proc, 1949, 8, 304) described interference with conversion of hexose diphosphate in
tissues, which is not observed with quinine, quinacrine or chloroguanide.
Toxicology. — Toxic reactions occurred in
about 10 per cent of 4361 ambulatory laborers
receiving suppressive therapy with pamaquine
alone — 0.1 Gm. three times daily for 5 days, rest
2 days, then 10 mg. three times daily for 5 days
(Hardgrove and Applebaum. Ann. Int. Med.,
1946, 25, 103). Toxicity appeared after about
4 days of therapy. Symptoms consisted of abdominal pain, dark urine, anorexia, jaundice, headache,
nausea, vomiting, fever, weakness, malaise and
backache and lasted for 3 to 4 days. Jaundice,
generalized and upper abdominal tenderness, enlarged spleen and liver, cyanosis, pallor, urobilinuria. methemoglobinuria, hemoglobinuria, anemia, indirect van den Bergh reaction in the blood
plasma and albumin, casts and red cells in the
urine were the findings. The syndrome seems to
be due to intravascular hemolysis and resembles
"black water fever."
Three toxic effects involving the blood are observed: (1) methemoglobin and methemalbumin
formation; (2) hemolytic anemia and (3) neutropenia. When added to blood in vitro in as low a
concentration as 1:50.000 methemalbumin is
formed (Tate and Vincent, Parasitology, 1934.
26, 523). In human patients Rosenfeld et al.
(J. Clin. Invest., 1948, 27, Suppl., 138) observed
methemoglobin but not methemalbumin in the
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erythrocytes (but not free in the serum) after the
administration of pamaquine, pamaquine and quinine or quinacrine but not after quinine alone.
Further studies by Blake (ibid., 144) indicate
that quinine increases the intravascular conversion of hemoglobin to hematin, while pamaquine
retards the conversion of hematin to bilirubin.
Since methemalbumin is normally formed when
hemoglobin is free in the blood it is increased as
a result of administration of these drugs. Monk
(loc. cit.) did not discontinue treatment because
of cyanosis, which is obvious when more than 7
per cent of the total hemoglobin is present as
methemalbumin, but hemolytic anemia demands
immediate cessation of therapy. Hemolytic anemia is more common in colored races. Earle et al.
(J. Clin. Invest., 1948, 27, 121) reported an incidence of 5 to 10 per cent by the fifth day of
quinine-pamaquine therapy in non-Caucasians.
Hemoglobinuria is not always a sign of anemia
and does not seem to be correlated with the dose
of pamaquine, the concentration of pamaquine in
the blood or the presence of fever. It was always
present after quinacrine-pamaquine therapy. Dixon
(/. Roy. Army Med. Corps, 1933, 60, 431) noted
a correlation with constipation. Leukocytosis followed by leukopenia was observed regularly by
Earle et al. (loc. cit.) with the use of 30 mg., but
not 10 mg., pamaquine three times daily with quinine. Agranulocytosis levels or symptoms are not
observed (Zubrod et al., Fed. Proc, 1946, 5, 217).
Only one instance of agranulocytosis with toxic
hepatitis seems to have been reported (Hasselmann and Hasselmann-Kahlert, Deutsche med.
Wchnschr., 1929, 55, 1635).
Poisoning should be treated vigorously with rest
and a high fluid and carbohydrate intake with
sufficient sodium bicarbonate to alkalinize the
urine; transfusions are important if the anemia is
severe or if shock is impending. Pamaquine may
be administered simultaneously with quinine but
the use of quinacrine interferes with the metabolism of pamaquine. It may be used after quinacrine ifan interval of 2 or more days has elapsed.
Dose. — The dose of pamaquine naphthoate,
which contains 45 per cent of the base, is 20 mg.
(approximately Ys grain) 3 times daily, along
with 0.6 Gm. of quinine sulfate 3 times daily, for
14 days to cure (destroy the exo-erythrocytic
stage) P. vivax malaria. It is supplied as tablets
containing 20 or 40 mg. of the naphthoate. Under
the name Plasmochin Naphthoate with Quinine
Sulfate (Winthrop-Stearns ) tablets containing 20
mg. of the first chemical with 0.13 Gm. (approximately 2 grains) of quinine sulfate have been
recommended to be taken 3 times daily after
meals for 3 days to destroy gametocytes in
P. falciparum malaria and render the patient noninfectious to mosquitoes.
Storage. — Preserve "in tight, light-resistant
containers." N.F. IX.
PANCREATIN.

N.F., B.P.

[Pancreatinum]

"Pancreatin is a substance containing enzymes,
principally pancreatic amylase, trypsin, and pancreatic lipase, obtained from the pancreas of the
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hog, Sus scrofa Linne var. domesticus Gray (Fam.
Suidce) or of the ox, Bos taurus Linne (Fam.
Bovidce). Pancreatin converts not less than 25
times its weight of N.F. Potato Starch Reference Standard into soluble carbohydrates, and not
less than 25 times its weight of casein into proteoses. Pancreatin of a higher digestive power
may be brought to this standard by admixture
with lactose, or with sucrose containing not more
than 3.25 per cent of starch, or with pancreatin of
lower digestive power." N.F.
The B.P. recognizes Pancreatin as a preparation
of the pancreas, containing the enzymes trypsin,
amylase, and lipase. It may be prepared from the
fresh pancreas of certain animals commonly employed for food, by extraction of one part of
pancreas with four parts of alcohol (25 per cent).
The dried product may be diluted with lactose.
It possesses the specified minimum activity in respect to trypsin, lipase and amylase.
Fr. Pancreatine.

Ger. Pankreatin. Sp. Pancreatina.

The term "pancreatin" has been used for many
different preparations from the pancreatic gland,
and has long been popularly applied to various
extracts made from the gland.
Pancreatic Juice. — As obtained from a fistula, uncontaminated pancreatic juice is a thin,
watery fluid closely resembling saliva. It varies in
composition, the average water content being 98.7
per cent; the solid components include albumin,
globulin, non-coagulable protein, other organic
compounds, and inorganic salts. The proportion
of sodium bicarbonate, together with alkaline
phosphate, is sufficient to give the juice a slight
alkalinity; the pH is between 7.5 and 8. There is
no assurance, however, that juice obtained from
a fistula is identical with that produced under
physiological conditions.
Pancreatic juice obtained by a cannula in such
a way as to avoid contact with blood, intestinal
lining, or wounded tissues is practically without
proteolytic or lipolytic activity; some of its
enzymes, at least, exist in inactive or zymogen
form. Pancreatic juice which has been activated
in the intestine, or by other means, contains
trypsin, chymotrypsin, carboxy peptidase, amylopsin (pancreatic amylase), and steapsin (pancreatic
lipase). Separation of these enzymes, mainly by
processes of selective adsorption and elution, has
been effected and several have been crystallized;
they are protein in character.
The power of activating the zymogen of trypsin,
called trypsinogen, appears to reside in an intestinal enzyme called enter okinase; the trypsin
in turn activates chymotrypsinogen, the zymogen
of chymotrypsin. Activation of trypsinogen may
also occur when pancreas is kept for a period in a
medium of slight acidity. Trypsin splits proteins
to the proteose-peptone stage; chymotrypsin acts
similarly except that it appears to be more active
in coagulating milk. A pH between 8 and 9 is believed to be best suited for optimum activity of
both enzymes. Carboxypeptidase hydrolyzes proteoses and peptones at the end of the chain having
a free carboxyl group.
Amylopsin, known also as pancreatic amylase,
hydrolyzes starches; while it resembles ptyalin in
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some respects it differs from it in its ability to
digest even uncooked starch grains. The optimum
pH for the functioning of amylopsin is about 7.1.
Steapsin, also called pancreatic lipase, is the
fat-splitting enzyme of pancreatic juice. It exists
there is an inactive form, called prolipase; in the
intestine it is activated by some means as yet not
fully explained while in vitro it may be activated
by boiled extracts of pancreas, by blood serum,
or even by lead salts. The optimum pH for
steapsin cannot be stated with certainty for it is
dependent on, among other variables, the nature
of the fat to be hydrolyzed.
The official pancreatin contains all of these
enzymes, with more or less extraneous matter.
Preparation. — Various methods of manufacturing pancreatic extracts are employed. Water
readily dissolves all the enzymes and the first edition of the N.F. suggested the following method:
Fresh, clean pancreas is minced and mixed with
one-half its weight of cold water. The mass is
kneaded, transferred to a strainer, forcibly expressed and the liquid filtered. To the filtrate is
added an equal volume of alcohol; the precipitate
is collected, drained, freed of liquid by pressure
and spread in shallow dishes to dry at a temperature not exceeding 40°. The product may then be
reduced to a powder. Extraction of minced pancreas with chloroform water followed by filtration of the solution and evaporation to dryness
under reduced pressure, is also said to be employed. Still another method of extraction is by
macerating the minced gland with 4 times its
weight of 25 per cent alcohol for 4 or 5 days.
It is said that if the pancreas is allowed to stand
for 2 or 3 days before extracting, the resulting
pancreatin will be richer in trypsin and amylopsin,
but will have very little fat-splitting power. Pancreatin containing 3 times the amount of trypsin
and twice the amount of amylase required by
the N.F., as well as having a content of lipase
2 to 3 times that of certain commercial samples
of pancreatin was prepared by Bauer and Vazakas
(/. A. Ph. A., 1951, 40, 552). Their process consisted in treating ground fresh pancreas first with
acetone, then with a mixture of acetone and ether,
and finally with ether alone; the dried residue,
powdered and sifted, is the active pancreatin.
Bauer and Vazakas found that all concentrations
of alcohol slowly inactivated pancreatic lipase,
also that the lipase was irreversibly inactivated
by hydrochloric acid and must be protected from
the action of stomach juices if it is to be therapeutically effective.
Description. — "Pancreatin occurs as a creamcolored, amorphous powder, having a faint, characteristic, but not offensive odor. Pancreatin
changes protein into proteoses and derived substances, and converts starch into dextrins and
sugars. Its greatest activities are in neutral or
faintly alkaline media; more than traces of mineral acids or large amounts of alkali hydroxides
render it inert. An excess of alkali carbonate also
inhibits its action. Pancreatin is slowly and incompletely soluble in water; it is insoluble in
alcohol." N.F.
Standard and Test. — Fat. — The fat extracted
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by ether from 2 Gm. of pancreatin weighs not
more than 60 mg. N.F.
The B.P. describes an identification test in
which a boiled and an unboiled solution of pancreatin, both previously adjusted to pH 8.0, are
mixed with Congo-red fibrin and maintained at a
temperature of 38° to 40° for an hour: the unboiled liquid is stained red, indicating its enzymic
activity, while the boiled liquid remains colorless
in consequence of the destruction of the enzymes
during the initial heating.
Assay. — For starch digestive power. — A portion of 150 mg. of pancreatin is mixed with starch
paste containing the equivalent of 3.75 Gm. of
N.F. Potato Starch Reference Standard and the
mixture
is maintained
temperature
of 40°
for 5 minutes.
No blue at
or aviolet
color should
be
produced when 0.1 ml. of this mixture is added
to a mixture of 0.2 ml. of 0.1 N iodine and 60 ml.
N.F.
of water, at a temperature between 23° and 25°.
The assay for amylase of the B.P. utilizes six
5-mg. portions of soluble starch to which are
added 0.07, 0.08, 0.09, 0.1, 0.11 and 0.12 mg.,
respectively, of pancreatin. After one hour of
digestion, it is required that the tests made with
0.1 mg. portions, or more, of pancreatin show no
blue color with iodine solution, indicating complete digestion of the starch.
For casein digestive power. — A solution of pancreatin and casein, containing 0.4 mg. of the
former and 10 mg. of the latter, is maintained at
a temperature of 40° for 1 hour, at the conclusion
of which period the mixture is acidified, should
not show any more haze than a similar mixture
containing the same amount of pancreatin reference standard. N.F.
The assay for trypsin as described in the B.P.
involves the estimation of the degree of digestion
of purified casein by pancreatin. By this digestion
the casein is hydrolyzed to amino acids. As the
amino acids cannot be directly titrated with alkali
because of their amphoteric nature they are
treated with formaldehyde to convert the amino
groups to methyleneimino derivatives, whereupon
the carboxyl groups of the acids are free to be
titrated. In the B.P. assay two portions of purified casein are treated with boiled and unboiled
pancreatin, respectively, and the acidity of each
determined after treatment with formaldehyde.
The portion containing the unboiled pancreatin
solution
in
acidity.is required to show a specified increase
For fat digestive power. — The B.P. provides an
assay for lipase which is based on the fact that
this enzyme catalyzes the hydrolysis of triacetin
(glyceryl triacetate) to glycerin and acetic acid,
which latter may be quantitatively titrated with
standard alkali. In the assay two portions of a
solution of triacetin are treated with boiled and
unboiled pancreatin, respectively, and the acidity
of each determined after a digestion period. The
portion containing the unboiled pancreatin solution is required to show a specified increase in
acidity.
Incompatibilities. — Pancreatin is rendered
inert by mineral acids or alkali hydroxides or car-
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bonates. It is precipitated by many metallic salts
and by strong alcohol.
Uses. — Pancreatin was first introduced into
medicine as an emulsifying agent, especially for
cod liver oil. It is today probably never used for
this purpose but rather for its enzymic action in
various forms of digestive failure.
The question of the probable digestive effects
of pancreatic enzymes when administered by
mouth has been the subject of some difference of
opinion. While the enzymic effect of pancreatin in
the stomach must be relatively small, a portion
may escape gastric digestion and exert its hydrolytic activity in the intestinal tract. Any evaluation must take cognizance of the following: (1)
The tryptic enzyme is most active in a feebly
alkaline medium. The presence of acid not only
retards the action of trypsin but actually destroys
the enzyme (see Long and Hull, J.A.C.S., 1917,
39, 162). (2) Trypsin is destroyed by artificial
gastric juice although Long and Hull found that
it may resist peptic digestion for considerable
time, provided sufficient other protein is present
to combine with free hydrochloric acid. (3) Amylopsin acts well in a neutral or faintly acid medium. (4) The fat-splitting enzyme, steapsin, is
the least stable of all pancreatic enzymes and is
especially susceptible to the action of acids.
The use of pancreatin in the treatment of intestinal disorders has been largely discarded. Most
of it is destroyed in the stomach and even when
enteric-coated, to ensure its passage into the intestine, itis doubtful whether it significantly augments intestinal digestion. In cases of pancreatic
achylia, Beazell et al. (J. A.M. A., 1941, 116, 2735)
employed 4 Gm. before and 4 Gm. after each
meal in the form of enteric-coated tablets. This
dose represents about 15 per cent of the normal
daily secretion of pancreatic juice. Bockus {Gastroenterology, Vol. 1, p. 253, 1943) advised administration ofpancreatin to patients with achylia
gastrica and associated steatorrhea, and also for
such patients who do not respond to therapy with
dilute hydrochloric acid.
Pancreatin has been used to predigest certain
foods, such as milk; this was done by adding to a
pink of milk about 5 grains of pancreatin and 20
grains of sodium bicarbonate in a fluidounce of
warm water and maintaining the temperature at
110° F. for 20 to 60 minutes. Nutritive enemata
have been similarly pancreatinized. Pancreatic
extracts are sometimes employed in the manufacture of protein hydrolysates. 13
Trypsin. — Preparations of trypsin have long
been used for their proteolytic activity in digesting false membranes and dead tissue, as in inoperable cancer, and in treatment of tuberculous abscesses. Recently considerable interest in these
and other uses of trypsin has been shown by
clinicians, and preparations for topical or parenteral administration have been made available.
Topical Uses. — A topical application form of
the enzyme is Tryptar (Armour), which is a purified, crystalline trypsin derived from mammalian
pancreas. It is supplied in a 30-ml. vial containing 250,000 Armour units (25 mg.) of trypsin,
along with a 25-ml. vial containing S0rensen's pH
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7.1 phosphate buffer solution as the diluent. This
preparation is used for physiological debridement
of surface lesions covered with necrotic tissue and
pyogenic membranes such as amputation stumps,
osteomyelitis, diabetic gangrene, varicose ulcers,
decubitus ulcers, second and third degree burns,
carbuncles, furuncles, sinus tracts, fistulae, and
infected compound fractures. It may also be injected into subcutaneous hematomas, soft tissue
abscesses, and empyema of the chest. To surfaces
it may be applied as a dusting powder, with a
compress moistened with a solution of the enzyme
in the phosphate buffer, or as an irrigation. Solutions should be prepared immediately prior to
application. If application causes pain up to 10 ml.
of 1 per cent procaine hydrochloride may be added
to 25 ml. of Tryptar solution. Application is made
about 3 times daily. Intrapleural injection is
made once daily and should be preceded by administration ofan antihistaminic drug to prevent
fever and symptoms characteristic of histamine
absorption.
Reiser et al. {Arch. Surg., 1951, 63, 568), Madden and Ravits {J. A.M. A., 1952, 149, 1616),
Roettig et al. {Dis. Chest, 1952, 21, 245), and
Miller et al. {Mil. Surg., 1953, 113, 270) reported
favorable results following use of the enzyme in
a variety of surface lesions and in empyema. The
enzyme dissolves fibrinous strands and surface
coagula of purulent and necrotic lesions in a matter of minutes; it digests slimy, viscid coatings
and attacks necrotic tissue. It does not digest
collagen fibers. There is an immediate outpouring
of serous exudate which floats the necrotic debris
from the wound surface. The exudate becomes
watery and fresh and viable leukocytes appear.
Infecting bacteria diminish in number as they are
deprived of the necrotic tissue which served as
their culture medium. No direct bactericidal or
bacteriostatic action is recognized. The watery
exudate diminishes, leaving a clean, granulating
surface.
Enzyme action is observed only between pH 6.8
and 7.5 and requires use of a buffer solution to
maintain the pH in the functioning range; the
enzyme is not active below body temperature.
Action of the enzyme may be terminated quickly
by irrigating the area with a sodium bicarbonate
solution. In 17 patients with empyema given
250,000 units (25 mg.) of trypsin in 50 ml. of
phosphate buffer solution from 1 to 20 times the
viscosity of the exudate diminished and the general toxemia of the patient decreased rapidly.
Previous administration of an antihistaminic drug
minimized histamine-like reactions which follow
instillation. Following use of an aerosol of 125,000
units in 3 ml. of phosphate buffer solution Limber
et al. {J.A.M.A., 1952, 149, 816) reported a decrease in the viscosity and amount of sputum and
less cough in tuberculosis, bronchiectasis, postoperative atelectasis and pneumonia. Wild {Am.
J. Dis. Child., 1953, 86, 273) used the aerosol
effectively in treating pulmonary complications of
bulbar poliomyelitis.
Parenteral Uses. — Rapid resolution of inflammation, liquefaction of exudates, and decrease of
edema in ischemic leg ulcers, infected diabetic
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ulcers, diabetic gangrene, thrombosis of the central retinal vein, thrombophlebitis, thromboangiitis obliterans, coronary occlusion and acute
rheumatoid arthritis was reported by Innerfield
et al. {J. AM. A., 1953. 152, 597) following intravenous administration twice daily of 10 mg. of
trypsin dissolved in 100 ml. of sodium chloride
injection containing also 10 mg. of methapyrilene
hydrochloride, the rate of injection not exceeding
30 drops per minute. It was postulated that trypsin
activated a fibrinolytic system, as demonstrated
in vitro by Lewis and Ferguson (Am. J. Physiol.,
1952. 170, 636). which resulted in lysis of intracapillary and lymphatic thrombi with improved
circulation to the area and repair of the inflammatory reaction. With slow administration the only
common side effect was facial flushing in 12 per
cent of cases: 538 patients received a total of
6456 injections. Contraindications were reported
to be hepatic insufficiency, congestive heart failure, cachexia, hemorrhagic states, severe anoxia
and a depressed prothrombin inhibitor level in
the blood. Intracutaneous testing for sensitivity
was recommended before instituting a second
course of trypsin injections. Using the larger dose
of 250 mg. in 500 ml. of sodium chloride injection
intravenously at a rate of 1 drop per second in
10 patients with acute and 20 with chronic thrombophlebitis. Laufman and Roach
(Arch. Surg.,
1953. 66, 552) described an anti-inflammatory
action but the results were not strikingly better
than in an untreated group of similar cases.
Thrombophlebitis at the site of injection was
difficult to avoid, and a transient chill appeared in
6 cases and abdominal cramps in 2 cases. Peck
(J.A.M.A., 1954. 154, 1260) likewise treated
cases of chronic thrombophlebitis, reporting improvement in the inflammatory reaction but a
considerable incidence of febrile reactions. Taylor
et al. (ibid., 1954. 155, 347) reported results of
an extensive study of intravenous use of trypsin
in laboratory animals and concluded that the procedure had no effect on the blood-clotting mechanism or on resolution of experimental thrombi
and that large doses in rabbits were often fatal.
A suspension of 5 mg. of crystalline trypsin in
1 ml. of sesame oil (Par enzyme, National), supplied in 5-ml. vials, was used intramuscularly in
doses of 0.5 ml. 1 to 3 times daily by Innerfield
(ibid., 1954. 156, 1056) in 18 patients with
chronic recurrent thrombophlebitis. Treatment
was continued for 5 to 13 weeks until the gross
evidence of a clot, which was present in all IS
cases at the onset, had disappeared. Circulation
returned to the part and edema improved. When
treatment was stopped, thrombophlebitis recurred
in 15 of the IS cases but again responded to intramuscular injections of Parenzyme. A weekly maintenance dose was recommended. Xo embolic episodes occurred. Pain and induration at the injection site appeared after 15 per cent of intragluteal
injections but these reactions usually ceased after
3 or 4 days of injections. All of the cases had
previously failed to respond to anticoagulant therapy. Trypsin does not lyse a clot but it is hypothesized that it activates a lytic substance in
blood. Fisher and Wilensky (.V. Y. State J. Med.,

1954, 54, 659) described improvement in acute
thrombophlebitis within 4 days with intramuscular injections of trypsin.
Trypsin Inhibitor.— Antitryptic agents, such as
soybean trypsin inhibitor, have been tried experimentally in the treatment of hemorrhagic pancreatitis where it seems that the action of trypsin
on the tissues is partly responsible for the fatality
of this condition (Rush and Cliffton. Surgery,
1952, 31, 349). The soybean inhibitor decreased
the proteolytic activity of the blood of such animals but it has a marked anticoagulant action
which is dangerous (Glendening and Page, /. Clin
Inv., 1951. 39, 1298).
Dose. — The dose of pancreatin is from 500 mg.
to 1 Gm. (approximately ~y2 to 15 grains).
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." N.F.
PAPAVERINE HYDROCHLORIDE.
U.S.P., B.P.. LP.
Papaverinium

Chloride,

[Papaverinae

Hydrochloridum]
OCH,
OCH,

''Papaverine Hydrochloride is the hydrochloride
of an alkaloid obtained from opium or prepared
synthetically." U.S.P. The B.P. definition is essentially the same. The LP. defines Papaverine Hydrochloride asthe hydrochloride of 6 : 7 :3' :4'-tetramethoxy-1-benzylisoquinoline.
I.P. Papaverini Hydrochloridum. Papaverinum Hydrochloricum. Fr. Chlorhydrate de papaverine. Gcr. Papaverinhydrochlorid ; Salzsaures Papaverin. It. Cloridrato di
papaverina. Sp. Clorhidrato de papaverina.

Papaverine was discovered as an alkaloid of
opium by Merck, in 1848; it occurs in that drug
to the extent of about 1 per cent. Its structure
is that of a tetramethoxy-1-benzyhsoquinoline;
Pictet and Gams (Compt. rend. acad. sc, 1909,
149, 210) synthesized it from o-dimethoxybenzene
I veratrole). A commercial synthesis of papaverine
uses homoveratroyl-homoveratrylamine (prepared
by a three-step synthesis) as the starting compound; this is treated with phosphorus oxychloride to yield dihydropapaverine from which, by
catalytic dehydrogenation in the presence of palladium on charcoal, is obtained papaverine.
Papaverine can be obtained from opium after
removing morphine and codeine from the alkaloidal liquors, the papaverine being precipitated,
together with narcotine. by adding sodium acetate.
The separation of papaverine from narcotine is
effected by use of oxalic acid or a ferricyanide.
both of which form sparingly soluble salts 'with
papaverine. The alkaloid crystallizes in rhombic
prisms
or in needles,
147°; itinisalcohol,
insoluble in water
and in melting
alkalies,atsoluble
ether, chloroform and benzene.
Papaverine acts as a mono-acid base, forming
salts which are usually sparingly soluble in water.
Description. — '"Papaverine Hydrochloride occurs as white crystals or as a white, crystalline
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powder. It is odorless, and has a slightly bitter
taste. It is optically inactive. Its solutions are acid
to litmus. One Gm. of Papaverine Hydrochloride
dissolves in about 30 ml. of water, and in about
120 ml. of alcohol. It is soluble in chloroform, but
is practically insoluble in ether." U.S. P.
Standards and Tests. — Identification. — (1)
A 1 in 50 solution of papaverine hydrochloride
yields precipitates with mercury bichloride T.S.,
iodine T.S., potassium ferricyanide T.S., and
picric acid T.S. (2 ) Papaverine base separated by
adding ammonia T.S. to a solution of the hydrochloride, then extracting with ether and evaporating the solvent, melts between 145° and 148°.
(3) A solution of 1 mg. of papaverine hydrochloride in 0.1 ml. of sulfuric acid containing 1 drop
of formaldehyde T.S. in each ml. is colorless or
faintly yellowish green; the color gradually
changes to deep rose, and finally becomes brown
(difference from morphine and its esters, which
produce purple or violet colors). (4) A 1 in 50
solution of papaverine hydrochloride responds to
tests for chloride. Loss on drying. — Not over 1
per cent, when dried at 105° for 2 hours. Residue
on ignition. — Not over 0.3 per cent. Cryptopine,
thebaine, or other organic impurities. — The color
of a solution of 50 mg. of papaverine hydrochloride in 2 ml. of sulfuric acid is not deeper than
pale pink, or not more than slightly brown. Morphine.— The carbon tetrachloride layer in a mixture of a solution of 10 mg. of papaverine hydrochloride in 10 ml. of distilled water, a few drops
of hydrochloric acid, a few drops of a saturated
solution of iodine pentoxide, and 5 ml. of carbon
tetrachloride is not colored violet. U.S.P.
Uses. — Papaverine is the principal benzylisoquinoline derivative of the opium alkaloids. Its
chief effect is in diminishing smooth muscle spasm
rather than in affecting the central nervous system. It relaxes the smooth muscle of the intestinal
and biliary tracts, bronchial tree, ureter, and blood
vessels, including the coronary supply. In the
vasculature it acts particularly where there is
spasm. Macht (/. Pharmacol., 1915, 7, 339)
found that papaverine, like narcotine, antagonizes
morphine in its effect upon the respiratory center.
Jayne et al. (J. Clin. Inv., 1952, 31, 111) demonstrated that papaverine hydrochloride administered intravenously in doses of 200 mg. produces
an increase of 13 per cent in cerebral blood flow.
It is thought that the mechanism whereby it increases cerebral blood flow and decreases cerebral
vascular resistance is its direct vasodilating effect
on cerebral vessels. Although Gross and Slaughter
(/. Pharmacol, 1931, 43, 551) asserted that the
action on the intestines is too feeble to be of an}'
significance the experimental findings of Mulinos
et al. (J. Pharmacol., 1939, 66, 27) and the clinical results of Bargen and Jackman (Surg. Gynec.
Obst., 1939, 68, 749) leave little doubt of its
efficiency. It is frequently prescribed in various
forms of gastric or intestinal spasms, asthma,
biliary colic, and other conditions of excitability
of the involuntary muscles. Papaverine has been
used successfully in treatment of several hundred
cases of pyloric spasm in newborn and young
nursing infants during a 36-year period by Mayer-
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hofer (Annales Paedriatica, 1951, 176, 73). Dosage is 10 mg. in powder form 3 or 4 times daily
before feeding; suppositories, drip enemas or injections are substituted if vomiting is severe. It
is of no avail if there is hypertrophic stenosis of
the pylorus.
Much interest in recent years has centered on
the effects of papaverine as an arterial dilator.
McCall et al. (Am. J. Obst. Gyn., 1951, 61, 393)
contributed a significant study regarding the
effects of the drug on cerebral blood flow and
related metabolic functions of the brain in women
with preeclampsia and hypertensive toxemia of
pregnancy. They reported significant lowering of
mean arterial pressure, rapid decrease of cerebral
vascular resistance to normal, increase of cerebral
blood flow, and increased oxygen utilization by
the brain, suggesting that it may be a valuable
adjunct in therapy of toxemia of pregnancy.
Russek and Zohman (J.A.M.A., 1948, 136, 930)
found that it reduces severity and frequency of
seizures of patients with cerebral angiospasm.
Combination with phenobarbital permits of smaller
dosage than when papaverine is used alone. These
authors reported the drug to be effective in treatment of idiopathic grand mal seizures in 2 patients who failed to respond favorably to barbiturates (N. Y. State J. Med., 1949, 49, 1315).
Papaverine has enjoyed wide popularity in therapy of coronary artery disease in recent years.
However, Gray et al. (New Eng. J. Med., 1945,
232, 389) found no change in a standard exercisetolerance test in patients with angina pectoris who
had taken as much as 200 mg. of papaverine orally
4 times daily for a week. Larger doses are impractical because of gastric distress. Intravenous
administration produces a more favorable response, but the effect is limited to about one hour.
Studies by Simon et al. (J. Lab. Clin. Med.,
1949, 34, 992) confirmed its ineffectiveness in
this disorder; some of their patients exhibited
constipation and drowsiness. Nyman (Acta med.
Scandinav., 1948, 131, 565) found that papaverine
is inferior to aminophylline as a coronary dilator.
Russek et al. (J. A.M. A., 1953, 153, 207) compared the ability of various drugs to modify the
electrocardiographic response to standard exercise
(Master two-step test) in carefully selected patients with coronary artery disease. Large doses
of papaverine hydrochloride (60 to 120 mg. by
vein or 100 to 518 mg. by oral administration)
produced a favorable response, but usual therapeutic dosage provided only negligible effects.
Mokotoff and Katz (Am. Heart J., 1945, 30,
215) found that papaverine surpasses aminophylline in reducing the size of experimental myocardial infarcts in dogs, when given for 8 weeks
in dosage comparable to therapeutic and nontoxic doses in man. Relief of pain in cardiac infarction was described by Gray et al. (New Eng.
J. Med., 1945, 232, 389) when the drug is given
intravenously in doses of 65 to 100 mg., the effect
beginning in five minutes and lasting up to one
hour. However, two deaths were reported by
Sagall and Darfman (New Eng. J. Med., 1945,
233, 590) with apnea following intravenous papaverine. In doses of 40 mg. injected into the ante-
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cubital vein it has been used by Elek and Solarz
(Am. Heart L, 1942, 24, 821) to measure circulation time. Normal values are from 15 to 27 seconds, adeep breath of the abdominal type being
the end point.
Papaverine has been used in arterial embolism,
both pulmonary and peripheral. Its proper use in
conjunction with embolectomy has been described
by Lesser (J.A.M.A., 1943, 122, 285). He advocated trial of intravenous papaverine in doses of
30 to 60 mg. in early cases, repeated within an
hour if necessary. If an operation is required it is
best to resume its use postoperatively to reduce
reflex vasospasm. Mulinos (Am. J. Med. Sc,
1939, 197, 793) has used it successfully in Raynaud's disease. Redisch (/. M. Soc. New Jersey,
1949, 46, 368) advocates intraarterial injection
of 50 mg. of papaverine in acute arterial embolism
of all kinds. He also recommends oral doses of 50
to 100 mg. 3 times daily in vasospastic disorders.
Dose. — The usual dose is 30 mg. (approximately Yzgrain) intramuscularly or intravenously,
with a range of 30 to 60 mg. ; the maximum safe
dose is 60 mg. and the total dose in 24 hours
should not usually exceed 120 mg. The dose orally
is from 60 to 200 mg. (approximately 1 to 3
grains).
Storage. — Preserve "in tight, light-resistant
containers." UJ>.P.
PAPAVERINE HYDROCHLORIDE
INJECTION.
U.S.P. (LP.)
[Injectio Papaverine Hydrochloride

"Papaverine Hydrochloride Injection is a sterile
solution of papaverine hydrochloride in water for
injection. It contains not less than 95 per cent and
not more than 105 per cent of the labeled amount
of C20H21NO4.HCI." U.S.P. The LP. definition
and rubric are the same; sterilization by heating
in an autoclave to maintain the injection at 115°
to 116° for 30 minutes or filtration through a
bacteria-proof filter is indicated.
Assay. — An accurately measured volume of the
injection, equivalent to about 120 mg. of papaverine hydrochloride is diluted with water, made
alkaline with ammonia T.S., and extracted with
chloroform. The chloroform extract is washed
with water, evaporated to small volume, then,
after the addition of some alcohol, evaporated to
dryness and dried at 105° for 2 hours. The weight
of the alkaloid obtained, multiplied by 1.107, represents the equivalent weight of C20H21NO4.HCI.
U.S.P., LP.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 30 mg. (Y2 grain) in 1 ml.;
60 mg. (1 grain) in 2 ml.; 300 mg. (5 grains) in
10 ml.
PARA-AMINOBENZOIC
PABA,

ACID.

N.F.

[Acidum Para-aminobenzoicum]

H2N-^

VcOOH

"Para-aminobenzoic Acid, dried at 105° for 2

hours, contains not less than 98.5 per cent of
C7H7NO2." N.F.
Vitamin H' .

Para-aminobenzoic acid is widely distributed in
plant and animal tissues, relatively high concentrations being found in yeast, liver and rice polishings. It is commonly considered to be associated
with, if not a member of, the B complex group
of vitamins ; it is a structural component of folic
acid vitamins. The commercial product is manufactured by reduction of para-nitrobenzoic acid
obtained by oxidation of para-nitrotoluene (see
Adams et al., J.A.C.S., 1927, 49, 1095).
Description. — "Para-aminobenzoic Acid occurs as white, or slightly yellow, odorless crystals
or as a crystalline powder. It discolors on exposure
to fight. One Gm. of Para-aminobenzoic Acid dissolves in 170 ml. of water, in 9 ml. of boiling
water, in 8 ml. of alcohol, and in 50 ml. of ether.
It is slightly soluble in chloroform, soluble in
warm glycerin, freely soluble in solutions of alkali
hydroxides or carbonates, and sparingly soluble
in diluted hydrochloric acid. Para-aminobenzoic
Acid melts between 186° and 189°." NJ?.
Standards and Tests. — Identification. — (1)
A brown precipitate is produced on adding potassium iodide T.S., diluted hydrochloric acid, and
sodium hypochlorite T.S. to an alkaline solution
of para-aminobenzoic acid. (2) A red color is produced on adding sodium nitrite and betanaphthol
to a solution of para-aminobenzoic acid. Loss on
drying. — Not over 0.2 per cent, when dried at
105° for 2 hours. Residue on ignition. — Not over
0.1 per cent. Heavy metals. — The limit is 20 parts
per million. N.F.
Assay. — About 300 mg. of para-aminobenzoic
acid, previously dried at 105° for 2 hours, is
quantitatively diazotized by titration with 0.1 M
sodium nitrite, as described under Sulfanilamide.
Each ml. of 0.1 M sodium nitrite represents 13.71
mg. of C7H7NO2. N.F.
Uses. — Para-aminobenzoic acid is used in the
treatment of certain of the so-called collagen diseases, including rheumatoid arthritis. Prior to the
development of the "broad-spectrum" antibiotics,
it was the most effective agent for treating rickettsial infections. It antagonizes the antibacterial
action of many of the sulfonamides.
Action. — Para-aminobenzoic acid inhibits the
bacteriostatic activity of sulfonamides having a
structure similar to that of the acid (see Landy
and Wyeno, Proc. S. Exp. Biol. Med., 1941, 46,
59). This antisulfonamide action led to the theory,
proposed by Woods and Fildes, that para-aminobenzoic acid is an essential growth factor for
bacteria, possibly as a constituent of an enzyme
system required in their metabolism. In the presence of a sufficient concentration of a sulfonamide
which is structurally related to the acid, the sulfonamide displaces the acid in the bacterial enzyme system and thereby prevents normal functioning of the system, with the result that the
activity of the bacteria involved is inhibited.
Addition of sufficient para-aminobenzoic acid to
displace the sulfonamide permits resumption of
normal functioning and growth of the bacteria.
This inhibiting effect of the acid has been utilized

Part I
practically in the laboratory in testing the sterility
of sulfonamides which are related to para-aminobenzoic acid; the acid is added to culture media
employed in the test to counteract the inhibiting
effect of the sulfonamide on any bacteria that are
present. Sulfonamides which differ materially in
structural characteristics from para-aminobenzoic
acid do not function in this particular competitive
system; they may, however, be involved in another bacterial enzyme system.
Para-aminobenzoic acid is essential for normal
growth in several animal species. In man it appears to have beneficial effects. Darkening of grey
hair has occurred during prolonged administration
but this is infrequent and unpredictable. It has
been demonstrated to have antithyroid activity
(Astwood, /. Pharmacol, 1943, 78, 79; Goodwin
et al., Lancet, 1942, 2, 1211). It also possesses a
pronounced detoxifying action against lethal doses
of organic arsenicals (Sandground, Science, 1943,
97, 73).
Antirickettsial Action. — Following experiments with animals in which it was clearly established that para-aminobenzoic acid inhibited
typhus rickettsias (for review see J A.M. A., 1945,
129, 678), the acid was used for treatment of
rickettsial diseases in human patients. Its efficacy
in louse-borne typhus was reported by Yeomans
et al. (J.A.M.A., 1944, 126, 349), Snyder et al.
(Ann. Int. Med., 1947, 27, 1), and Chung et al.
(J. A.M. A., 1950, 144, 798). Smith found the drug
beneficial in endemic (murine) typhus (ibid.,
1946, 131, 1115). Its clinical value in Rocky
Mountain spotted fever was attested by Flinn
et al. (ibid., 1946, 132, 911), Ravenel (South.
M. J., 1947, 40, 801), Ross et al. (Pediat., 1948,
2, 163), and Hootens et al. (Va. Med., 1949, 76,
131). Tierney (J.A.M.A., 1946, 131, 280) treated
scrub typhus or Tsutsugamushi diseases successfully with para-aminobenzoic acid.
The high dosage required by rapid excretion
of the acid, and the accompanying leukopenic side
effect have relegated para-aminobenzoic acid to a
minor role. Keefer (Merck Rep., 1952, 61, 3)
gives the broad-spectrum antibiotics as first choice
for the treatment of rickettsial diseases. Nevertheless, para-aminobenzoic acid remains a valuable adjunct to treatment (Blattner, South. M. J.,
1951, 44, 685).
"Collagen Diseases." — Para-aminobenzoic
acid is useful in a number of dermatological conditions. Gratifying results were obtained by Zarafonetis et al. in lymphoblastoma cutis, scleroderma, dermatomyositis (Ann. Int. Med., 1949,
30, 1188) and dermatitis herpetiformis (Arch.
Dermat. Syph., 1951, 63, 115). Some cases of
acute disseminated lupus erythematosus are benefited. Promising results in atopic dermatitis were
obtained by Weiner (/. Invest. Dermat., 1950,
15, 295) and in both atopic dermatitis and eczema
by Loewenthal (ibid., 1951, 17, 1). Termine
(J.A.M.A., 1950, 142, 501) used the acid to
control dermatoses resulting from sulfonamide
and penicillin therapy. Ricci (Acta Vitaminologica, 1950, 4, 241) was able to control serum
sickness in children with para-aminobenzoic acid
given orally or intramuscularly.
Arthritis. — The concomitant use of para-
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aminobenzoic acid and a salicylate may be useful
in treating rheumatic fever and arthritis. Simultaneous administration increases the concentration
of both drugs in blood (Dry et al., Proc. Mayo,
1946, 21, 497). Smith (J.-Lancet, 1950, 70, 192)
reported more benefit with the combination than
with sodium salicylate alone in 125 arthritis patients. Hollander and Harris (Am. J. Med. Sci.,
1951, 221, 398) found the combination of doubtful superiority. Weisel et al. (Am. J. Med. Sci.,
1951, 222, 243) reported a synergistic effect by
combining cortisone with sodium para-aminobenzoate; this observation, however, has not been
widely confirmed. Zarafonetis et al. (Arch. Int.
Med., 1953, 92, 204) recommended use of 2 Gm.
of the potassium or sodium salt six times daily
with 0.6 Gm. of acetylsalicylic acid four times
daily as effective suppressive therapy in the longterm management of rheumatoid arthritis.
Other Uses.— Benda et al. (J.A.M.A., 1949,
141, 1183) observed a tuberculostatic effect of
para-aminobenzoic acid and a delaying action on
elimination of streptomycin. However, paraaminobenzoic acid has been replaced by paraaminosalicylic acid in the treatment of tuberculosis.
Topically applied, para-aminobenzoic acid is a
useful sun-screening agent. Protective action
against sunburn has been reported by Rothman
and Henningsen (/. Invest. Dermat., 1947, 9,
307), Shaw (/. Term. M. Assoc, 1946, 39, 329)
and Hemphill (Northwest Med., 1951, 50, 424).
Toxicology. — Undesired side effects may accompany administration of the high doses required to maintain high blood levels. Nausea,
sometimes with vomiting, is most frequent. Drug
fever and dermatitis have been observed. An
alleged fatal case of toxic hepatitis has been reported. Hypoglycemia is usually due to restricted
dietary intake. Depression of the leukocyte count
may follow high dosage. Dermatitis and/or fever
associated with gold therapy of arthritis may be
aggravated by use of para-aminobenzoic acid.
Dose. — The usual dose is 2 Gm. (approximately
30 grains) every 2 to 3 hours for 5 or 6 doses
during the waking day, by mouth, with a range
of 1 to 4 Gm. The maximum safe dose is 10 Gm.,
and the total dose in 24 hours should seldom exceed 12 Gm. The sodium or potassium salt is
given in a 10 per cent solution with milk, fruit
juice, or soft drinks; the potassium salt is usually
better tolerated. The sodium salt must be discontinued if edema appears; the potassium salt
should not be given in the presence of advanced
renal insufficiency. For intravenous or intramuscular use, a 25 per cent solution of sodium paraaminobenzoate is prepared in 0.85 per cent sodium
chloride solution. Para-aminobenzoic acid solutions should be stored in the dark, preferably
under refrigeration. For topical use, creams or
ointments containing from 5 to 15 per cent of the
acid have been employed.
Storage. — Preserve "in tight, light-resistant
containers." N.P.
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less than 94 per cent and not more than 106 per
cent of the labeled amount of CtHtNOs." X.F.
Usual Size. — 500 mg. (approximately iy2
grains I.
PARA-AMINOHIPPURIC ACID.
X.F.
4-Aminobenzoylglycine, PAHA,

p-Aminobenzoylglycine

XH2.C6H4.COXHCH2COOH
"Para-aminohippuric Acid, dried at 105° for 2
hours, contains not less than 98 per cent of
C9H10X2O3."

X.F.

Para-aminohippuric acid is synthesized by
treating aminoacetic acid (glycine) with paranitrobenzoyl chloride, followed by catalytic reduction of the resulting para-nitrohippuric acid
to the amino compound (Landsteiner and van der
Scheer. J. Exp. Med., 1932. 55, 731).
Description. — "Para-aminohippuric Acid occurs as a white crystalline powder. It discolors on
exposure to light. One Gm. of Para-aminohippuric
Acid dissolves in 45 ml. of water, in 50 ml. of
alcohol, and in 5 ml. of diluted hydrochloric acid.
It is sparingly soluble in benzene, in carbon tetrachloride, inchloroform, and in ether. It is freely
soluble in solutions of alkali hydroxides or carbonates with some decomposition. Para-aminohippuric acid melts between 197° and 199°."' X.F.
Standards and Tests. — Identification. — (1)
On diazotization of para-aminohippuric acid and
coupling with betanaphthol a red color is produced. (2) Addition of potassium iodide and sodium hypochlorite to a solution of para-aminohippuric acid produces a red color. (3) Crystals obtained by interaction of para-aminohippuric acid,
the amino group of which has been acetylated.
■with benzaldehyde. melt between 236c and 238°.
Loss on drying. — Xot over 0.25 per cent, when
dried at 105° for 2 hours. Residue on ignition. —
Xot over 0.25 per cent. Heavy metals. — The limit
is 10 parts per million. X.F.
Assay. — About 150 mg. of dried para-aminohippuric acid is dissolved in water containing hydrochloric acid, the solution cooled, and the primary amine group quantitatively diazotized by
titration with 0.1 M sodium nitrite using starch
iodide paste as external indicator. Each ml. of
0.1 M sodium nitrite represents 19.42 mg. of
C9H10X2O3. X.F.

Uses. — Para-aminohippuric acid is used in
preparing Sodium Para-aminohippurate Injection
(q.v.) which is employed as a diagnostic agent to
measure kidney function.
Storage. — Preserve "in tight, light-resistant
containers.'" X.F.

PARACHLOROPHENOL.
4-Chlorophenol,

X.F.

[Parachlorophenol]

Cl.CeH4.OH
Parachlorophenol contains not less than 99
per cent of CeHsClO.^ X.F.
Parachlorophenol may be prepared by the action of sodium hydroxide on p-dichlorobenzene at
elevated temperature and under pressure. It may
also be obtained by the reaction of sulfurylchloride on phenol.
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Description. — "Parachlorophenol occurs as
white or pink crystals, having a characteristic
phenolic odor. When undiluted, it whitens and
cauterizes the skin and mucous membranes.
Parachlorophenol melts at about 42°. Parachlorophenol isvery soluble in alcohol, in glycerin, in chloroform, in ether, and in fixed and
volatile oils. It is soluble in petrolatum. It is
sparingly soluble in water and in liquid petrolatum." X.F.
Standards and Tests. — Identification. — (1)
A white precipitate, at first redissolving. is produced on adding bromine T.S. to a solution of
parachlorophenol. (2) A violet-blue color is produced on adding ferric chloride T.S. to a solution
of parachlorophenol. (5 1 A green color is imparted to a non-luminous flame when a copper
wire holding a few crystals of parachlorophenol
is held in the edge of the flame. (4j Parachlorophenoxyacetic acid, prepared by the interaction
of parachlorophenol. monochloroacetic acid and
sodium hydroxide, melts at about 155°. Congealing temperature. — Between 42° and 44 \ Xonvolatiie residue. — Xot over 0.1 per cent, when
finally dried at 105° for 1 hour. Clarity and reaction of solution. — A 1 in 100 solution of parachlorophenol isclear and acid to litmus. Chloric
Xo turbidity or opalescence results on adding
silver nitrate T.S. to a solution of parachlorophenol acidified with diluted nitric acid X.F.
Assay. — About 50 mg. of parachlorophenol is
treated with 20 ml. of 0.1 A* bromine, converting
the former to a dibromo derivative, and simultaneously forming two molecules of HBr. The
excess of bromine is determined by liberating an
equivalent amount of iodine with potassium iodide, then titrating
with 0.1is A*performed.
sodium thiosulfate.
A residual
blank titration
Each ml.
of 0.1 .V bromine represents 3.214 mg. of
CeHsClO. X.F.
Uses. — The antiseptic action of monochlorophenol was first studied by Karpow. in 1893.
against anthrax spores and found to be greater
than that of phenol or cresol; of the three isomers
of monochlorophenol the para compound was the
most effective. Woodward et al. (/. Lab. Clin.
Med.. 1933-34. 19, 1216) determined the phenol
coefficient of orthochlorophenol as 3.7, and that
of the meta and para compound each as 4.0.
Spengler (Arch. sci. bio!., 1S96. 4, 1) reported 2
per cent solutions of parachlorophenol to sterilize
tuberculous sputum within 2 hours and 10 per
cent solutions to have been used successfully in
treating superficial or deep tuberculous erosions
of the larynx.
The bactericidal action of parachlorophenol
varies with the solvent, according to Engelhardt
(Biochem. Zentralbl., 1927. 190, 217); in solvents of low dielectric constant — such as alcohol,
acetone, chloroform, ether, and xylene — parachlorophenol has no marked antiseptic action,
while in solvents with a high dielectric constant
— such as water, glycerin, and nitrobenzene — it
evidences marked antiseptic activitv.
Meleney et al. {J. A.M. A.. 1946. 130, 121), observing that gram-negative organisms in wounds
rapidly produced inactivation of penicillin when
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the latter is applied locally, investigated parachlorophenol as an agent that might be combined
with penicillin for the specific purpose of acting
upon the gram-negative, and perhaps other, organisms that inactivate the antibiotic. They found
that 0.25 per cent of parachlorophenol with 250
units of penicillin per gram of a propylene glycolCarbowax ointment base applied directly to
wounds infected with gram-negative organisms
yielded very gratifying results. Of the antiseptics
tested, including 9-aminoacridine hydrochloride
and 5-nitro-2-furaldehyde semicarbazone, parachlorophenol was the most effective ; it eliminated
Proteus vulgaris, Pseudomonas pyocyanea, the
typhoid bacillus, and other organisms from
wounds.
Meleney (personal communication) sometimes
employs parachlorophenol by itself in the above
base; he also uses it in solution locally in the
treatment of sinus tracts and occasionally in the
bladder for the treatment of gram-negative infections. Pulaski {Surgery, 1949, 25, 681) noted use
of a 0.25 per cent solution of parachlorophenol in
isotonic sodium chloride solution for irrigation of
the sinus tract.
Heated just enough to melt it (at about 42°),
parachlorophenol is sometimes used as a paint in
the treatment of lupus and pharyngeal tuberculosis
and in hyperplasia of the buccal mucosa (Huyck,
Drug Standards, 1951, 19, 27).
Parachlorophenol is sometimes combined with
camphor, as in the official Camphorated Parachlorophenol.
Toxicity. — The systemic toxicity of parachlorophenol, when injected subcutaneously into mice,
is 0.6 mg. per gram of body weight; other toxicity
data are given in Bulletin No. 190 of the National
Institutes of Health, on Phenol and Its Derivatives, page 195 (1949). The toxic manifestations
of parachlorophenol in animals are similar to
those produced by phenol, except that the stimulant effect of the latter on the central nervous
system is not evident.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
CAMPHORATED

PARACHLOROPHENOL. N.F.

[Parachlorophenol Camphoratum]

"Camphorated Parachlorophenol contains not
less than 33 per cent and not more than 31 per
cent of parachlorophenol (C6H5CIO) and not less
than 63 per cent and not more than 67 per cent of
camphor (C10H16O). The sum of the percentages
of parachlorophenol and camphor is not less
than 97 per cent and not more than 103 per cent."
N.F.
Triturate 350 Gm. of parachlorophenol with
650 Gm. of camphor until the mixture has liquefied and is thoroughly mixed. N.F.
Assay. — For parachlorophenol. — About 1 Gm.
of sample is treated with sodium hydroxide and
potassium permanganate solution, the chlorine
reduced to chloride with sodium sulfite in sulfuric
acid solution, and the chloride precipitated as
silver chloride, which is finally weighed. Each
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Gm. of silver chloride corresponds to 896.8 mg.
of CcHsClO. For camphor. — About 300 mg. is
heated in a pressure bottle with dinitrophenylhydrazine T.S. which precipitates the camphor as
a dinitrophenylhydrazone. The precipitate is filtered into a Gooch crucible, dried at 80°, and
finally weighed. The weight of the precipitate,
multiplied by 0.4580, represents the weight of
camphor present in the sample. N.F.
This preparation replaced the formerly official
Camphorated Phenol, N.F. VIII, which was made
by triturating together 300 Gm. of phenol and
600 Gm. of camphor until the mixture liquefies,
then adding enough liquid petrolatum to make
the product measure 1000 ml. Like the preparation it replaced, camphorated parachlorophenol
is employed in dentistry in the treatment of infected root canals. It is sometimes applied directly
to lesions of lupus and pharyngeal tuberculosis.
A 5 to 20 per cent solution in glycerin is used in
treating infections of the buccal mucosa. A 1 or
2 per cent ointment is applied in erysipelas and
keratitis. A solution in liquid petrolatum has
been instilled into the trachea in acute and
chronic laryngitis, tracheitis and tracheobronchitis
(Huyck, Drug Standards, 1951, 19, 22).
Storage. — Preserve "in tight, fight-resistant
containers." N.F.
PARAFFIN.

U.S.P. (B.P.)

[Paraffinum]

"Paraffin is a purified mixture of solid hydropetroleum."
Theis
B.P. callscarbons
thisobtained
Hardfrom
Paraffin
and statesU.S.P.
that it
a mixture of solid hydrocarbons obtained from
either petroleum or shale oil.
B.P. Hard Paraffin ; Paraffinum Durum. Paraffine; Solid
Paraffin; Paraffin Wax. Paraffinum Solidum; Ceresinum.
Fr. Paraffine. Ger. Zeresin. It. Paraffina solida. Sp.
Parafina solida.

The substance now called paraffin was first
found in petroleum by Fuchs in 1809 but the
name was originally applied by Baron von Reichenbach to a waxy substance obtained through
the destructive distillation of wood in 1830. He
derived it from parum affinis, and thus intended
to indicate its very neutral character. But the
name is now popularly applied to a solid white
diaphanous substance, resembling white wax,
which is procured from petroleum or bituminous
shales by distillation, or from ozokerite by purification (see also article on Ceresin, in Part II).
It may be classed as hard paraffin wax or soft
paraffin wax, depending on the melting point. In
the manufacture from petroleum, as carried out
in the United States, the residuum from the distillation of crude petroleum is taken. This is redistilled and the paraffin oil distillate thus obtained
is treated first with a sulfuric acid solution, then
with one of sodium hydroxide, the mixture being
kept liquid by use of steam. After settling, the
paraffin oil is chilled to a semisolid consistency,
subjected to pressure, and the refined heavy oil
which drains off collected as lubricating oil. The
press cake may be melted, then allowed to solidify, and finally submitted to still greater pressure
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at a higher temperature than before, when the
product is known as "refined wax." To convert it
into block paraffin it is suitably washed, pressed,
melted, and filtered through bone black or other
medium, after which it is solidified as a hard,
translucent, colorless substance.
Description. — ''Paraffin occurs as a colorless
or white, more or less translucent mass showing
a crystalline structure. It is without odor or taste,
and is slightly greasy to the touch. Paraffin is
freely soluble in chloroform, in ether, in volatile
oils and in most warm fixed oils. It is slightly
soluble in dehydrated alcohol and insoluble in
water and in alcohol. Paraffin congeals between
47° and 65°." N.F.
Standards and Tests. — Identification. — (1)
Paraffin burns with a luminous flame and deposits
carbon. (2) Heated with an equal weight of sulfur, paraffin evolves hydrogen sulfide and becomes
black from liberation of carbon. Readily carbonizable substances. — Sulfuric acid, when shaken
with an equal volume of paraffin while the mixture
is kept at 70°, does not become darker than the
color produced in a mixture of 3 ml. of ferric
chloride C.S., 1.5 ml. of cobaltous chloride C.S.,
and 0.5 ml. of cupric sulfate C.S., the latter mixture being overlaid with liquid petrolatum. Acidity
or alkalinity. — Hot alcohol, shaken with an equal
volume of melted paraffin, remains neutral to
litmus paper. U.S.P. The B.P. melting point is in
the range of 50° to 57°.
Uses. — In pharmacy paraffin is used chiefly to
harden ointments. It is official in U.S. P. as a
"pharmaceutic necessity" used to effect deodorization of opium tincture (q.v.).
Formerly paraffin was used in cosmetic surgery
by injecting the melted substance to fill undesirable hollows; the treatment, however, resulted in
a number of cases of extensive sloughing of tissue
and was abandoned. Potts (Bidl. U. S. Army M.
Dept., May, 1945) found mosquito netting impregnated with a mixture of 75 per cent paraffin
and 25 per cent petrolatum to be a satisfactory
dressing for granulating wounds and a covering
for skin grafts; mosquito netting was chosen because the fine mesh of ordinary surgical gauze
similarly impregnated seals the wound and does
not allow adequate drainage. Pliable paraffin,
N.N.R. 1952, is a mixture containing about 95
per cent paraffin, with gum elemi. Japan wax.
asphalt and eucalyptol (Parresine, Abbott) which
is used to impregnate net mesh gauze for use as
a nonabsorbent protective.
Storage. — Preserve "in well-closed containers
40°."
and
U.S.P.avoid exposure to temperatures above
PARAFFIN

OINTMENT.

Unguentum

B.P.

Paraffini

This ointment contains 2 per cent of white
beeswax, 3 per cent of hard paraffin, 5 per cent
of cetostearyl alcohol, and 90 per cent of white
or yellow soft paraffin ; white soft paraffin is to be
used if paraffin ointment is required for a white
ointment, and yellow soft paraffin if it is needed
for a colored ointment. This preparation is em-

ployed as a general ointment base, and is also the
base of the B.P. ointment of boric acid.

PARALDEHYDE.
Paracetaldehyde,

HjC^cr

U.S.P., B.P.

[Paraldehydum]

ch3

The B.P. recognizes paraldehyde as the product
of polymerization of acetaldehyde. No direct
specification of purity is provided for this compound by either compendium; the B.P. states that
a suitable antioxidant may be added in an amount
not exceeding 0.01 per cent w/v.
Paracetaldehyde. Fr. Paraldehyde. Ger. Paraldehyd.
It. Paraldeide. Sp. Paraldehido.

Small quantities of acids like hydrochloric and
sulfuric, and certain salts like zinc chloride, convert acetaldehyde at ordinary temperatures into
its polymer paraldehyde. Commercially it is prepared by action of hydrochloric acid upon acetaldehyde until the reaction mixture is no longer
soluble in an equal volume of water. The product
is then shaken with a dilute solution of sodium
bicarbonate, dried over anhydrous potassium carbonate, and fractionally distilled.
Description. — "Paraldehyde is a colorless,
transparent liquid. It has a strong, characteristic,
but not unpleasant or pungent odor, and a disagreeable taste. Its specific gravity is about 0.99.
One ml. of Paraldehyde dissolves in about 8 ml.
of water, and in about 17 ml. of boiling water. It
is miscible with alcohol, with chloroform, with
ether,
and with volatile oils." U.S.P. Paraldehyde
is
flammable.
Standards and Tests. — Identification. —
Heated with a small quantity of diluted sulfuric
acid, paraldehyde is converted into acetaldehyde,
recognizable by its odor. Distillation range. —
Paraldehyde distils between 120° and 126°. Contemperature.
— Not
11°. Acidity.
—
Not moregealing
than
0.5 ml.
of 1below
N sodium
hydroxide
is required to neutralize a mixture of 6 ml. of
paraldehyde, 100 ml. of water, and 5 drops of
phenolphthalein T.S. Non-volatile residue. — Not
more than 3 mg. from 5 ml. of paraldehyde. Chloride.— No opalescence is immediately produced
when 1 drop of nitric acid and 3 drops of silver
nitrate T.S. are added to 5 ml. of a 1 in 10 solution of paraldehyde. Sulfate. — No turbidity is
produced on adding 1 drop of hydrochloric acid
and 3 drops of barium chloride T.S. to 5 ml. of a
1 in 10 solution of paraldehyde. Amyl alcohol.
— A clear solution results on mixing 1 ml. of
paraldehyde with 10 ml. of water, at 25°. Acetaldehyde.— The test depends on the fact that acetaldehyde, ifpresent, will liberate hydrochloric acid
from a solution of hydroxylamine hydrochloride,
while forming acetaldoxime ; the amount of acid
liberated is measured by titration with 0.5 N
sodium hydroxide, of which not more than 1 ml.
is required when the comparison is made with a
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blank test similarly performed, but omitting the
paraldehyde. U.S.P.
The B.P. provides a limit test for "peroxidized
compounds" in which a solution of 5 ml. of paraldehyde in 75 ml. of recently boiled and cooled
water is mixed with 5 ml. of dilute sulfuric acid
and 10 ml. of potassium iodide solution and set
aside in a stoppered vessel for 15 minutes, in the
dark; the mixture is then titrated with 0.1 N
sodium thiosulfate, set aside again for 5 minutes,
and the titration completed with the same solution: not more than 2 ml. is required.
Toal (Quart. J. P., 1937, 10, 439; 1939, 12,
573) found that paraldehyde on standing deteriorates, becoming more acid and developing peroxides. Small amounts of phenolic compounds
retard its decomposition.
Uses. — In moderate doses paraldehyde causes,
in both man and lower animals, sleep indistinguishable from natural sleep and unaccompanied
with any marked change in the circulation, respiration, or sensibility. Sleep often begins in
about 10 minutes and will tend to last from 4 to
8 hours unless pain occurs. A patient should be
undressed and in bed when dosage is given because sleep occurs promptly. When given in excess it produces, like other aliphatic narcotics, a
deep coma similar to ether anesthesia. In this
stage there is diminution of reflex activity and
slowing of respiration, but circulation is scarcely
affected. Although not as powerful as some somnifacient drugs it is active enough for the majority
of patients and has the advantage of being much
less dangerous. Its unpleasant odor remains on
the breath several hours. After absorption 70 to
98 per cent of paraldehyde is destroyed in the
body. According to Levine (/. Pharmacol., 1940,
69, 316) 11 to 28 per cent is exhaled and very
small amounts, 0.1 to 2.5 per cent, are excreted in
the urine. It, therefore, may be used in renal
disease. It is used effectively in patients with
delirium tremens, the mentally disturbed and
those with convulsions of status epilepticus
(Whitty, Lancet, 1949, 2, 591). Paraldehyde is
very useful to allay restlessness during the recovery period following head injury, since it
does not depress medullary centers as do morphine
and other narcotics (Walker, Modern Med., 1952,
20, 17, 91).
Paraldehyde is occasionally used preliminary to
surgical anesthesia by ether or nitrous oxide.
Since 1935 it has been extensively employed as an
analgesic and amnesic in childbirth. For this it is
often given in large doses by rectum. Kane and
Roth (J.A.M.A., 1936, 107, 1710) gave 1.3 ml.
per 10 pounds of body weight (mixed with a
small amount of benzyl alcohol, for local anesthetic effect), followed immediately by 30 ml. of
isotonic sodium chloride solution. Sometimes it
is mixed with olive oil (Colvin and Bartholomew,
ibid., 1935, 104, 362), the usual dose being about
24 ml. While results in the majority of cases are
satisfactory, the method is more dangerous than
ether anesthesia and fatalities have been reported.
The smallest fatal dose on record is 12 ml., reported by Shoor (ibid., 1941, 117, 1535). Im-
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paired hepatic function may be a factor in the
occasional case of hypersensitivity to paraldehyde.
Despite its convenience this method of producing
obstetrical anesthesia should not be employed
routinely. Oral administration of paraldehyde in
obstetrics is preferred by some.
The odor of paraldehyde is decidedly unpleasant and this limits its use. Paraldehyde should
not be given orally in peptic ulcer or rectally in
colitis since it is irritant. For the same reason it
should not be given subcutaneously. It is useful
in delirium tremens in doses up to 30 ml. by
mouth.
Paraldehyde has been given intravenously, in
doses of 1 to 5 ml., diluted with several volumes
of isotonic sodium chloride solution and injected
slowly; intramuscularly it may be employed undiluted and in slightly larger dose than by the
intravenous route. It is claimed that the substance
remains sterile and may be injected without further sterilization; some, however, sterilize the
substance in an autoclave as a precaution. Sciatic
nerve injury has followed intramuscular use of
paraldehyde (Woodson, ibid., 1943, 121, 1343).
Death from acute right heart failure, following
intravenous administration of paraldehyde, has
been reported by Burstein (ibid., 1943, 121, 187).
Even so, paraldehyde is one of the best and least
toxic of hypnotics and sedatives. Injections should
be made with caution and should never be continued beyond the desired degree of depression.
A convulsive cough occurs shortly after intravenous injection is begun; unless the arm is held
firmly the needle may be jerked out of the
vein.
Toxicology. — Paraldehyde is undoubtedly
one of the safest hypnotics. Although fatal poisoning has been reported (Kotz and Roth, ibid.,
1938, 110, 2145) doses have been far in excess
of those recommended as a hypnotic. In the few
fatal cases reported, deep coma with labored respiration, cyanosis (methemoglobinemia has been
reported) and pulmonary edema occurred. Postmortem, there has been evidence of toxic hepatitis. Symptoms and treatment of acute poisoning
are the same as for chloral hydrate. Fatalities
have occurred with doses as small as 25 ml. orally,
yet up to 150 ml. has been tolerated.
Dose. — The usual dose, by mouth or rectum,
is 4 ml. (approximately 1 fluidrachm), up to 3
times a day, with a range of 1 to 30 ml. The maximum safe dose is 30 ml., and the total dose in
24 hours should not exceed 30 ml. The taste and
odor are masked by administration on shaved or
cracked ice; syrups of orange and cinnamon, aromatic elixir, fruit juice, warm milk, or wine may
help disguise the taste. For rectal use paraldehyde
is diluted with two volumes of olive oil or with
isotonic sodium chloride solution and employed
as a retention enema.
Storage. — Preserve "in well-filled, tight, lightresistant containers which hold not more than 120
Gm., in a moderately warm place, but preferably
at a temperature not above 30°. The restriction
of 120 Gm. applies only to those containers from
which prescriptions are filled." U.S.P.
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PARA-NITROSULFATHIAZOLE.

Part I
N.F.

NO2.C0H4.SO2NH.C3H2NS
"Para-nitrosulfathiazole, dried at 105° for 4
hours, contains not less than 97.5 per cent and not
more than 102.5 per cent of C9H-N3O4S2." N.F.
Nisulfazole (Breon).

This compound differs from sulfathiazole only
in having a nitro (-NO2) group in place of the
amino (-NH2) group of sulfathiazole. Para-nitrosulfathiazole may be prepared by condensation
of ^-nitrobenzenesulfonyl chloride with 2-aminothiazole.
Description. — "Para-nitrosulfathiazole occurs
as a yellow powder. It has a slightly bitter taste,
and is odorless. Para-nitrosulfathiazole is very
slightly soluble in water, in chloroform, and in
ether; slightly soluble in alcohol; and practically
insoluble in benzene. It is freely soluble in solutions of fixed alkali hydroxides. Para-nitrosulfathiazole melts between 258° and 266°." N.F.
Standards and Tests. — Identification. — (1)
A yellow, flocculent precipitate of the silver salt
of ^-nitrosulfathiazole forms on adding silver
nitrate T.S. to an acetone solution of para-nitrosulfathiazole containing sodium acetate. (2) On
heating para-nitrosulfathiazole in a test tube over
a flame it turns brown and emits an odor of
nitrobenzene; finally brown fumes evolve. Loss
on drying. — Not over 3 per cent, when dried at
105° for 4 hours. Residue on ignition. — Not over
1 per cent. N.F.
Assay. — About 500 mg. of dried para-nitrosulfathiazole istreated with zinc and acetic and
hydrochloric acids to reduce the nitro group to
amino, after which the solution is quantitatively
diazotized by titration with 0.1 M sodium nitrite,
as in the assay of Sulfathiazole. Each ml. of
0.1 M sodium nitrite represents 28.53 mg. of
C9H7N3O4S2. N.F.

Uses. — Para-nitrosulfathiazole is instilled rectally as an adjunct in the treatment of ulcerative
colitis and proctitis. It is more effective for
lesions in the recto-sigmoid area than for disease
involving the entire colon. This compound differs
from sulfathiazole in the substitution of a nitro
group for the amino group. It is poorly absorbed
from the gastrointestinal tract and is reduced
even less than nisulfadine (see under Sulfonamides, in Part II). Experiments with dogs
showed that only a trace of sulfathiazole appeared
in the blood 7 hours after oral administration.
Its antibacterial activity against E. coli is greater
than that of an equal concentration of sulfathiazole, probably due to the combined action of the
sulfathiazole and the nitro compound (Colglazer,
/. Lab. Clin. Med., 1950, 35, 875). Major (Am.
J. Med., 1946, 1, 485) found it to be a useful
adjunct in the management of chronic ulcerative
colitis. Wills (Rocky Mountain M. J., 1949, 46,
743) reported efficacy in controlling the active
stages. Durkee (/. Kansas S. M. Soc, 1952, 53,
127) recommended that it be instilled rectally as
an enema of 400 to 500 ml. of water containing
30 ml. of the 10 per cent suspension. The kneechest posture was advised during the administration. The drug is not recommended as a prophy-

lactic intestinal antiseptic nor in ano-rectal infections nor in sloughs following operative proce-

dures.
Toxicology. — Nausea occurred so frequently
with oral administration of para-nitrosulfathiazole
that this route was abandoned. No toxic reactions
have been reported with rectal instillation, except in a few instances with extensive granulating
ulceration of the mucosa of the colon.
The usual dose is 10 ml. of a 10 per cent stabilized suspension, undiluted or diluted with an
equal volume or more of water, after each evacuation of feces and at bedtime. After improvement
occurs, 15 to 30 ml. is instilled at bedtime for 2
to 4 weeks after the rectal mucosa appears normal. Doses as large as 30 or 60 ml. are employed
in severe cases.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
PARA-NITROSULFATHIAZOLE
SUSPENSION.
N.F.
"Para-nitrosulfathiazole Suspension is a suspension containing not less than 93 per cent and
not more than 107 per cent of the labeled amount
of C9H-N3O4S2. It may be stabilized by the use
of an appropriate suspending agent and preservative." N.F.
The commercially available suspension (Nisulfazole Suspension, Breon) contains 100 mg. of
para-nitrosulfathiazole per ml.; the suspension is
preserved with peppermint oil and benzalkonium
chloride.
Description. — "Para-nitrosulfathiazole Suspension isa pale yellow, viscous suspension, from
which small amounts of water may separate on
standing. It is affected by light." N.F.
Assay. — The absorbance, at 410 mm of a dilution of para-nitrosulfathiazole suspension is measured and quantitatively evaluated by comparison
with the absorbance of a solution containing a
known amount of para-nitrosulfathiazole. N.F.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
PARATHYROID

INJECTION.

Parathyroid Extract, Parathyroid Solution,
Parathyroidei]

U.S.P.
[Injectio

"Parathyroid Injection is a sterile solution in
water for injection of the water-soluble principle
or principles of the parathyroid glands which
have the property of relieving the symptoms of
parathyroid tetany and of increasing the calcium
content of the blood serum.
"One ml. of Parathyroid Injection possesses a
potency of not less than 100 U.S.P. Parathyroid
Units, each Unit representing one one-hundredth
of the amount required to raise the calcium content of 100 ml. of the blood serum of normal
dogs 1 mg. within 16 to 18 hours after administration." U.S.P.
Paroidin (.Parke, Davis) ; Solution Parathyroid Extract
(.Lilly); Solution Parathyroid Hormone (Squibb). Sp.
Inyeccidn de Paratiroides.

The parathyroids are 4 small bodies, located
in 2 pairs, near the lateral lobes of the thyroid
gland. In the human being they are ordinarily
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about Y\ of an inch in their longest diameter.
Because of their anatomical propinquity they are
liable to be injured in operations on the thyroid
and our first knowledge of their physiological importance was the result of their accidental removal in thyroidectomies. A pharmacognostic
study of the parathyroid has been made by
Youngken (/. A. Ph. A., 1939, 28, 638).
In 1922 Dr. A. M. Hanson was granted a
patent, which he assigned to the Smithsonian Institution, for a process of extracting the active
principle of parathyroid. The process starts with
the extraction of fresh bovine parathyroid glands,
freed of fat and connective tissue, with a dilute
hydrochloric acid (about 0.5 per cent) at elevated
temperature for one hour. The mixture is cooled,
filtered, and the filtrate precipitated with an
aqueous solution of trinitrophenol. This precipitate is extracted with a mixture of acetone and
alcohol, containing some hydrochloric acid; to
this extract is added an excess of acetone which
precipitates the active fraction. This material is
dissolved in water, sterilized, and standardized,
after which a suitable preservative is added.
Assay. — Mature male dogs, weighing between
8 and 16 Kg., free from gross evidence of disease
and accustomed to venipuncture, are employed in
each test. The content of calcium in the blood
serum is determined before subcutaneous injection of the preparation to be tested, as well as
between 16 and 18 hours after. Estimation of
calcium involves precipitation of the oxalate, separation and washing by centrifugation, and titration of the combined oxalic acid with 0.01 N potassium permanganate. Each ml. of 0.01 N potassium permanganate represents 0.2 mg. of calcium.
For each dog there is determined the increase in
serum calcium, expressed in mg. per 100 ml. of
serum for each ml. of preparation injected. The
potency of the preparation is satisfactory if the
average of the 10 or more values obtained in the
test is not less than 1 mg. of calcium per 100 ml.
of serum, per ml. of the injection. U.S.P.
Miller (J. A. Ph. A., 1938, 27, 90) showed that
the variation in the responses of different dogs
is so great that accurate estimations of potency
can be obtained by the U.S.P. method only when
impracticably large numbers of animals are tested.
He suggested that the difficulty would be largely
obviated if there were a reference standard
official for parathyroid as for other biologically
standardized drugs. Bliss and Rose {Am. J. Hyg.,
1940, 31, 79) published elaborate statistical data
on the biological assay of parathyroid and prepared a test-standard which gave them an accuracy within a limit of IS per cent.
Uses. — Removal of the parathyroid bodies
causes the following changes: (1) decreased urinary excretion of phosphates, (2) a consequent
raising of the phosphate level of the blood, (3)
a lowering of the calcium level of the blood and
(4) a consequent reduction of calcium excretion.
Injection of active parathyroid extracts in normal animals has exactly opposite effects. Calcium
concentration in the blood increases in about 4
hours, reaches a maximum in about 12 to 18
hours, and returns to the initial level in about 24
hours. The cause of these changes is not defi-
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nitely known but the most plausible theory at
present is that the primary action of the parathyroid isto increase the elimination of phosphate
which leads to a low phosphate level of the blood
making this fluid a better solvent for calcium. As
a result of this the calcium contained in the blood
increases and, if the intake be insufficient, this
increase is at the expense of the calcium in the
bones. Functioning tumors or hyperplasia of the
parathyroid glands causes hyperparathyroidism
with hypercalcemia, demineralization of the
bones, metastatic calcification of soft tissues, renal
lithiasis. etc. (Woolner et al., Cancer, 1952, 5,
1069; Murphy et al., Arch. Int. Med., 1952, 89,
783). For further information on the physiology
and pathology of the parathyroid see Albright
and Reifenstein, Jr., Parathyroid Glands and
Metabolic Bone Diseases, Williams & Wilkins Co.,
Baltimore, 1948. Howard et al. (J. Clin. Endocrinol., 1953, 13, 1) described marked differences
in the response of normal and abnormal patients
to intravenous injection of a calcium salt (15
mg. per Kg. of body weight over a period of 4
hours). Normal persons showed a rise in the
concentration of serum inorganic phosphate and
a reduction in the urinary excretion of phosphorus. Patients with hyperparathyroidism showed
smaller rises in serum phosphate and only a
slight reduction or an actual increase in the urinary phosphorus excretion. Patients with surgical
hypoparathyroidism showed a great increase in
urinary phosphorus.
The symptoms of parathyroid deficiency are
chiefly abnormal irritability of the nervous and
muscular systems; if the deficiency is marked this
increased irritability will be shown in the form of
spasmodic contractions or convulsions known as
tetany. In less severe deficiency a chronic form
of the disease is manifested by loss of calcium
from the bones, abnormal tooth development and
the appearance of cataracts in the eyes. Parathyroid deficiency is frequently the consequence
of injury to the glands, especially from operations
on the thyroid gland, but may be congenital or
due to degeneration of the parathyroid.
The most important use of parathyroid extract
at present is in the treatment of tetany, especially
in the post-thyroidectomy patient. While there are
many varieties of convulsions in children which
are sometimes known as tetany, parathyroid extract is useful only in those types which are due
to a diminution in the calcium content of blood
(see Aub, J.A.M.A., 1935, 105, 197). A highcalcium and low-phosphorus diet is important. As
in the majority of cases parathyroid deficiency is
due to actual destruction of the gland, it would
seem that use of the hormone, being substitutionary, would have to be continued indefinitely, as is
the case with insulin in diabetics. Certain drugs
related to vitamin D, especially dihydrotachysterol, which are effective by mouth may be used
in chronic hypoparathyroidism. Nowadays injection of parathyroid extract is usually reserved
for temporary alleviation of more severe manifestations ofthe deficiency. On repeated administration the extract becomes ineffective; an immunity or tolerance seems to develop. Local allergic
reactions may be severe.
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Gordon and Cantarow {J. A.M. A., 1927, 88,
1301) employed it in treatment of internal hemorrhage on the theory that an increase in blood
calcium hastens coagulation of the blood. Hajos
{Deutsche vied. Wchnschr., 1930, 66, 471) recommended itagainst allergic disturbances. It has
been used for non-thrombopenic purpura (Farrar
and Roxby, Clinics, 1943, 2, 1295). It has been
advocated in chronic ulcerative colitis (Haskell
and Cantarow, Am. J. Med. Sc, 1935, 190, 676).
Aub and co-workers {Am. J. Pub. Health, 1932,
22, 825) presented evidence that, in the same
way that it releases calcium from bones into
blood, parathyroid extract will also release lead
and other metals from bone and may be, therefore, of service in certain types of chronic plumbism. Flinn {J.A.M.A., 1931, 96, 1763) reported
a similar action in radium poisoning. Ott and
Scott (1910) found that parathyroid extract had
a powerful diuretic influence and McCann,
J.A.M.A., 1928,, 90, 249, reported great benefit
from its use in the treatment of nephritic edema.
Brougher {Northwest. Med., 1944, 43, 198) used
it in preeclampsia.
It must be remembered that an excess of calcium in the blood is almost as deleterious as a
deficiency, and that parathyroid extract is capable
of great harm in unsuitable cases or in excessive
doses. Excess calcium in blood may lead either
to acute depression of the nervous system (Fitz
and Hallman, Arch. Int. Med., 1952, 89, 547),
with vomiting, bloody stools, and death, or, if the
overdosage is not so great, to deposit of lime
salts in various internal organs, including the
heart, kidnevs, etc. (see J. A.M. A., 1927. 89, 240
and 565). Engel {Arch. Path., 1952, 53, 339)
described depolymerization and mobilization into
the blood stream of the glycoprotein of bones
and cartilage. It is important, therefore, that
in using this drug the effects be controlled by
estimates of blood calcium. Calcium levels greater
than 15 mg. per 100 ml. of serum are dangerous.
Estimation of urinary calcium by means of Sulkowitch reagent is a fairly satisfactory and much
simpler substitute for blood calcium determinations (see under Calcium and Oleovitamin D).
Dose. — Parathyroid injection contains 100
units per ml. The usual dose for adults is 50
units daily, with a range of 25 to 100 units; in
acute and severe seizures 100 to 300 units (1 to
3 ml. of the solution) is often needed. For children the dose must be reduced proportionately
to their size. For infants the initial dose is 10 to
20 units. It may be administered either hypodermically or intramuscularly. There is no convincing evidence that the active principle of this
gland is absorbable from the alimentary tract. 0
Storage. — Preserve "in a cold place, in singledose or in multiple-dose containers, preferably of
Tvpe I or II glass." U.S.P.
Usual Sizes.— 100 U.S.P. Units in 1 ml.; 500
U.S.P. Units in 5 ml.
PEANUT

OIL.

U.S.P. (B.P.)

Arachis Oil, Oleum Arachidis

"Peanut Oil is the refined fixed oil obtained
from the seed kernels of one or more of the
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cultivated varieties of Arachis hypogcea Linne
(Fam.
Leguminosce)"
U.S.P. The B.P. definition
for
Arachis
Oil is similar.
B.P. Arachis Oil; Oleum Arachis. Earth-nut Oil.
Ground-nut Oil. Nut Oil. Ft. Huile d'arachide. Ger.
Erdnuszol. It. Olio di arachide. Sp. Aceite de Cacahuete.

The Arachis hypogaa L. is a leguminous annual plant, probably native to Brazil but abundantly cultivated in our Southern States, in Central America, India, Manchuria, China, and many
other countries. The fruit, commonly called peanuts or earthnuts, bears neither botanical, chemical nor nutritional relationship to the true nuts.
A remarkable characteristic of the plant is that
its fruit ripens under the surface of the ground,
into which the pods penetrate after flowering until
the young fruit is completely buried under the
soil in the course of its growth.
The kernels or seeds contain about 45 per cent
of fixed oil consisting of glycerides containing a
large proportion of oleic acid with smaller
amounts of linoleic, hypogeic, arachidic and lignoceric acids. The oil is expressed and refined by
essentially the same methods as are employed for
cottonseed oil. Before clarification and decolorization with charcoal and fuller's earth it is yellowish or green in color and has a faint odor and
distinct taste of the nuts; after purification it is
nearly colorless and tasteless, with very little
odor. Upon exposure to air the oil slowly thickens
and becomes rancid.
Description. — "Peanut Oil is a colorless or
pale yellow, oily liquid with a bland taste. It may
have a characteristic nutty odor. Peanut Oil is
very slightly soluble in alcohol. It is miscible with
ether,
U.S.P. with chloroform, and with carbon disulfide."
Standards and Tests. — Identification. — This
is essentially the test specified for detection of
peanut oil in Olive Oil; the requirement in this
instance, however, is that the characteristic fatty
acids of peanut oil shall crystallize from 90 per
cent alcohol, and that these shall have a melting
point, after recrystallization and drying, between
73° and 76°. Specific gravity. — Not less than 0.912
and not more than 0.920. Refractive index. — Not
less than 1.4625 and not more than 1.4645 at 40°.
Cottonseed oil. — The test is identical with the
corresponding one under Olive Oil. Rancidity. —
No red or pink color develops on adding a solution
of phloroglucinol in ether to a solution of peanut
oil in ether, in the presence of hydrochloric acid.
Free fatty acids. — Not more than 2 ml. of 0.02 N
sodium hydroxide is required for neutralization of
the acids in 10 Gm. of oil. Iodine value. — Not less
than 84 and not more than 100. Saponification
value. — Not less than 185 and not more than 195.
Solidification range of fatty acids. — Not below
26° and not over 32°. Unsaponifiable matter. —
Not over 1.5 per cent. U.S.P.
Uses. — Peanut oil of U.S.P. grade was found
to be a satisfactory replacement for many of the
pharmaceutical applications of olive oil when the
latter was not available during World War II. It
is often employed as a vehicle for medicaments
to be administered by injection in oil solution or
suspension. During World War II the B.P. specifically authorized its use as a replacement for
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olive oil in making various official liniments, ointments, plasters and soaps.
An emulsion containing 40 per cent of peanut
oil (Lipomul, Upjohn), with dextrose and purified
soybean phosphatide finds use as an oral highfat, high-calorie dietary supplement (Kuhn et al.,
J. Clinical Nutrition, 1953, 1, 218).
Peanut oil of edible grade is used in manufacturing some margarines; for such use it is partially hydrogenated. Some is used as a salad and
cooking oil and at times in the manufacture of
some shortenings. Inedible grades are used in the
manufacture of soap.
Storage. — Preserve "in tight, light-resistant
containers,
and avoid exposure to excessive heat."
U.S.P.
PECTIN.

N.F.

[Pectinum]

"Pectin
is athepurified
product
obtained from
dilute carbohydrate
acid extract of
the inner
portion of the rind of citrus fruits, or from apple
pomace. It consists chiefly of partially methoxylated polygalacturonic acids. Pectin yields not less
than 7 per cent of methoxyl groups and not less
than 78 per cent of galacturonic acid when calculated on a moisture and ash free basis. Note. —
Commercial pectin for the production of jellied
food products is standardized to the convenient
'150 jelly grade' by addition of dextrose or other
sugars and sometimes contains sodium citrate or
other buffer salts. This monograph refers to the
pure pectin to which no such additions have been
made." N.F.
Sources. — The usual commercial sources of
pectin are citrus fruits and apples. In the latter it
is accompanied by starches and coloring matter
which are seldom completely separated from the
pectin. In citrus fruits the pectin is located
mainly
in the with
white cellulose.
peel portion
of "albedo"
is
associated
Pectin
is found and
in
many other fruits, including pears and grapes, and
occurs also in carrots, turnips, beets, and other
root-organs.
Extraction. — The greater portion of the pectin
in fruit is present in a form, insoluble in cold
water, known as protopectin. This is converted,
in the commercial extraction process, into watersoluble pectin by the combined action of weak
acid and heat. Such an extract may then be
clarified and concentrated, and the pectin precipitated bythe addition of alcohol. The product
is then washed and dried. Instead of alcohol precipitation, the pectin may be "salted-out" or may
be precipitated by metallic ions, such as copper
or calcium.
Structure and Reactions. — Pectin is thought
to be a large chain molecule made up of galacturonic acid anhydride units, partly methoxylated.
The free carboxyl groups, of which one is present
for every 3 to 10 esterified, give acid properties
to the molecule. The length of the pectin molecule
varies greatly, corresponding to molecular weights
ranging from 150,000 to 300,000. The viscosity
and jelly strength of pectin sols depend primarily
on the large size of the molecule, while the degree
of methoxylation affects such characteristics as
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the setting time and reactivity with metallic ions.
Certain nongalacturonide substances, such as
galactan and araban, may constitute one-third or
more of pectin, and may also modify its characteristics. The term pectinic acid is used to
describe well-defined, purified pectins of high
molecular weight ; pectic acid differs from pectinic
acid in being more completely demethylated.
Pectin forms in water a sol containing negatively charged, highly hydrated particles. There
are two ways in which these sols form gels. The
true gel, similar to fruit jelly, forms when pectin
and acid concentrations are suitable and when
soluble solids, such as sugar, are present to the
extent of 45 per cent or higher. Another type of
gel may be formed through action of the enzyme
pectase in the presence of a trace of an alkaline
earth metal. This pectate gel is less elastic than
the true pectin gel and extrudes water (exhibits
syneresis) to a greater extent. Pectin sols do not
show the sol-gel transformation under temperature changes shown by sols of gelatin or agar.
Pectin, in many reactions, behaves like a typical organic acid of high molecular weight. Unlike
the proteins, it is not amphoteric and does not
show an isoelectric point. Pectin and products
obtained from it react with many metal ions to
form insoluble compounds. The ratio in which
they react depends on the chain length of the
pectin molecule and on the extent to which it has
been demethylated. Some heavy metal ions, as,
for example, lead, react so readily with pectin
that they can be quantitatively removed from
solutions. This suggested the use of pectic acid as
an antidote in heavy metal poisoning. The alkali
metals and ammonia also form salts with pectin,
but these are water soluble. Stuewer and Olsen
(7. A. Ph. A., 1940, 29, 303) prepared a number
of organic base derivatives of pectin.
Pectin is more stable in acid than in alkaline
solution. With alkalies, the first action is to
saponify the ester methyl groups; further treatment may break the glycosidic linkages by which
the galacturonic acid units are held. Boiled with
hydrochloric acid, pectin yields furfural, carbon
dioxide, and water; for each mole of galacturonic
acid, one mole of carbon dioxide is formed.
Pectins vary considerably in their gel-forming
property, hence, commercial preparations of the
substance are generally standardized, by the addition of a sugar, to a definite gel-forming power.
Thus "150 jelly grade" pectin produces a satisfactory jelly when one pound is mixed with 150
pounds of sugar in a medium containing a final
concentration of 65 per cent of sugar and adjusted to the proper acidity. A "200 jelly grade"
pectin may be mixed in the proportion of one
pound of pectin to 200 pounds of sugar. The
N.F. monograph describes pure pectin which contains no added sugars.
Description. — "Pectin occurs as a coarse or
fine powder, yellowish white in color, almost odorless, and with a mucilaginous taste. Pectin is
almost completely soluble in twenty parts of
water, forming a viscous opalescent colloidal solution which flows readily and is acid to litmus. It
is insoluble in alcohol or in diluted alcohol, and
in other organic solvents. Pectin dissolves in water
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more readily if first moistened with alcohol,
glycerin, or simple syrup, or if first mixed with 3
or more parts of sucrose." N.F.
Standards and Tests. — Identification. — (1)
A stiff gel is produced when a heated solution of
1 Gm. of pectin in 9 ml. of water is cooled. (2)
A translucent, gelatinous precipitate is produced
on adding alcohol to an equal volume of a 1 in
100 aqueous solution of pectin (difference from
most gums). (3) A stable precipitate or gel forms
on adding 1 ml. of thorium nitrate T.S. to 10 ml.
of a 1 in 100 aqueous solution of pectin (difference from gums). (4) A transparent gel or semigel forms on adding 1 ml. of a 1 in 50 solution
of potassium hydroxide to 5 ml. of a 1 in 100
aqueous solution of pectin, the mixture being
allowed to stand at room temperature for 15 minutes (difference from tragacanth). (5) A voluminous, colorless, gelatinous precipitate which on
boiling becomes white and nocculent is produced
on acidifying the gel obtained in the preceding
test (pectic acid). (6) A distillate obtained from
a solution of pectin which has been heated with
sodium hydroxide solution, then acidified slightly
with sulfuric acid, responds to the test for
methanol given under Whisky. Loss on drying. —
Not over 10 per cent, when dried at 105° for 2
hours. Ash. — Not over 4 per cent. Acid-insoluble
ash. — Not over 0.4 per cent. Arsenic. — A 400mg. portion of pectin produces no more of a stain,
when tested for arsenic, than in a blank containing 1.4 ml. of standard arsenic solution, similarly
treated. Lead. — The limit is 5 parts per million.
Starch. — Not even a transient blue color is produced on adding a few drops of iodine T.S. to a
cooled 1 per cent aqueous solution of pectin,
previously brought to boiling. Sugars and organic
acids. — A portion of 1 Gm. of pectin is agitated
with 200 ml. of a mixture of approximately 50
per cent alcohol containing some hydrochloric
acid; a 25-ml. portion of filtrate separated from
the mixture yields not more than 20 mg. of resion drying in a vacuum oven at 50° for 2
hours.due N.F.
Assay. — For methoxyl groups. — A 5-Gm.
sample is treated with a mixture of hydrochloric
acid and 60 per cent alcohol, and the precipitated,
pure pectin is washed and dried for 1 hour at
105°, and weighed. One-tenth of the dried sample
is dissolved in water and the solution titrated with
0.5 AT sodium hydroxide, using phenolphthalein
T.S. as indicator, to neutralize the free galacturonic acid component. A measured excess of
0.5 A7 sodium hydroxide is added and the mixture allowed to stand to saponify the methylated
molecules; a volume of 0.5 N hydrochloric acid
equivalent to the alkali is added and the excess
of acid titrated with 0.5 N sodium hydroxide,
using phenolphthalein T.S. as indicator. Each ml.
of 0.5 N sodium hydroxide added in this last titration represents 15.52 mg. of — OCH3. For galacturonic acid. — The volume of 0.5 N sodium hydroxide used in the first titration of the preceding
assay, added to that required in the last titration,
is proportional to the galacturonic acid (both
free and esterfied). Each ml. of the total represents 97.07 mg. of C5H9O5COOH. N.F.
Incompatibilities. — Alkalies cause a pro-

gressive hydrolysis resulting in a demethylation
followed by splitting of the glycosidic linkages of
the galacturonic acid units. Heavy metals and
strong alcohol cause precipitation.
Uses. — Pectin solutions, of approximately 1
per cent concentration in buffered, isotonic sodium chloride solution, have been used intravenously as a substitute for human plasma in the
treatment of hemorrhage, shock, etc. (Baier et al.,
Science, 1945, 101, 670). According to Dietrick
and Oettel (Deutsche med. Wchnschr., 1937, 63,
1691) it has no effect on the clotting of blood,
in vitro, but when injected it diminishes coagulation time by increasing the blood thrombocytes
(platelets). Deuel (Schweiz. med. Wchnschr.,
1945, 75, 661 ) reported an increased aggregation
of the erythrocytes. Hueper (Arch. Path., 1942,
34, 883) and Popper et al. (Arch. Surg., 1945,
50, 34) demonstrated that pectin is not innocuous ;it is retained in the viscera and has caused
degenerative changes.
Pectin is probably the important component in
the apple or banana diet for diarrhea. Howard
and Tompkins (J. A.M. A., 1940, 114, 2355) recommended use of pectin in infantile diarrheas.
They used a mixture of 6.3 parts of pectin, 4.3
of agar, and 89.4 of Dextri-Maltose which they
added to the usual milk mixture in the proportions
of 250 Gm. to each 500 to 750 ml. Pectin is used
in conjunction with kaolin and bismuth salts for
diarrhea (see Kaolin Mixture with Pectin).
Pectin has been employed also in forming
pastes for external application in the treatment
of bed sores and ulcers, the paste keeping the surface moist and providing a salt medium in which
cell proliferation appears to be enhanced. Two
pastes of this type were official in N.F. IX.
Pectin Paste was prepared by dissolving 2 Gm.
of benzoic acid in 825 ml. of Ringer's solution
No. 1 heated to 100°, then stirring this into a
mixture of 75 Gm. of pectin and 180 Gm. of
glycerin until a homogeneous paste is formed.
Thin Pectin Paste was made by dissolving 2 Gm.
of benzoic
950 ml. of hot
tion No. 1 acid
and inincorporating
the Ringer's
solution soluin a
mixture of 35 Gm. of pectin and 70 Gm. of
glycerin. Pectin powder has been applied topically
for hemostatic effect.
Aside from its therapeutic use, pectin may be
used to advantage in many ways. Because of its
stability in acid media, its efficiency as an emulsifying and gelling agent, and its ability to bind
large amounts of water in a semi-solid preparation, pectin finds use in the preparation of pharmaceutical and cosmetic products. Thus, stable
suspensions of penicillin may be prepared with
pectin (U. S. Patent 2,518,510— August 15, 1950).
A disadvantage of pectin is that it is decomposed
in alkaline media. For reports of a symposium
on pectin, see the Bull. N. F. Com., 1940, 9,
No. 1; for a discussion of its uses in cosmetics,
see Lesser, Drug Cosmet. Ind., 1939, 45, 549.
Storage. — Preserve "in tight containers." N.F.
PENICILLIN.
Penicillin is a generic name for a family of
antibiotic substances biosynthesized by several
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species of Penicillium and other fungi. The
penicillins are organic acids but, by extension,
the name is used to refer also to salts and esters
that are prepared from the acids and are used
for medicinal purposes. Therapeutic and prophylactic applications of the numerous forms of
penicillin that are available are essentially similar
and are governed by the same fundamental principles. Differences exist only in detail. Therefore,
the penicillins will be discussed first as a class.
The general discussion will be followed by
shorter, more specific, articles on each of the
principal forms of penicillin in current medicinal
use, namely, the water-soluble salts of penicillin
G, procaine penicillin G, benzathine penicillin G,
L-ephenamine penicillin, penethamate hydriodide,
etc.
Several penicillin acids are elaborated by different strains of Penicillium. But industrial production is geared to recovery of a specific one,
designated benzyl penicillin or penicillin G (see
below).
Microbiologic Source. — Hundreds of species
of Penicillium are known (Raper and Thorn,
Manual of the Penicillia, 1949, Williams and
Wilkins) and many of them elaborate antibiotic
substances; almost two dozen antibiotics, exclusive of penicillins, have been isolated in essentially
pure chemical form from culture media fermented
by as many different species of Penicillium. But
only the penicillins have the proper combination
of physico-chemical, biologic, and pharmacologic
properties to make them suitable for wide chemotherapeutic use. These antibiotics are elaborated
by various natural strains and artifically induced
mutants of Penicillium notatum and of P.
chrysogenum.
The Penicillia are common inhabitants of the
soil and their spores are almost universally present in the air. Thousands of strains of P. notatum
and of P. chrysogenum have been isolated and
tested as sources of penicillin; successful industrial production has depended largely on selection
of strains with superior antibiotic-biosynthesizing
ability. Technics for inducing mutant strains have
been discussed by Roegner et al. {Am. J. Bot.,
1954, 41, 1) and also in the general article on
Antibiotics (Part II).
History and Production. — The name penicillin was coined in 1929 by Professor Alexander
Fleming {Brit. J. Exp. Path., 1929, 10, 226) to
designate the antibacterial substance produced by
the colonies of Penicillium that he found contaminating some of his bacterial cultures. In 1930
Raistrick and his colleagues showed that the mold
produced penicillin when cultured on Czapek-Dox
medium, a simple medium consisting of salts and
dextrose. These observations went essentially unnoticed for ten years. In 1940, Chain, Florey,
Heatly, Abraham, and coworkers at Oxford embarked on a systematic study of antibacterial
substances from microbes, and especially of penicillin. They cultured Penicillium notatum on a
modified Czapek-Dox medium and from the culture filtrate extracted crude penicillin which they
concentrated 1000-fold or more and then dried.
Their studies, which demonstrated in animal protection experiments that penicillin was a most
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potent chemotherapeutic agent, really initiated
the present era of antibiotic therapy.
The exigencies of war and the need for quickly
restoring battle casualties to active duty led the
Governments of the United States and of Great
Britain to pool their scientific and industrial resources in an effort to quickly devise practicable
means of producing penicillin on an industrial
scale.
The first method of producing penicillin commercially involved surface culture, the mold
being grown on the surface of a nutrient medium
in many shallow containers; manipulation of
these was time-consuming and laborious. This
process subsequently was replaced by submerged
fermentation technics, in which the mold is cultured in tanks containing from 1000 to 20,000
gallons of culture medium. The problems that had
to be solved before large-scale biosynthesis by
this technic could become practicable, the composition of the fermentation medium, and other
aspects of antibiotic production on an industrial
scale are discussed in the general article on
Antibiotics (Part II). In the early days of commercial penicillin production, the harvested crude
culture liquor contained from 2 to 5 units of
penicillin per ml.; present processes routinely
yield liquor containing 1000 or more units per
ml. Three major factors have contributed to the
increase: (1) selection of higher-yielding strains
of Penicillium, (2) conversion from surface to
submerged fermentation, and (3) improvements
in composition of the culture medium, especially
through addition of precursors (see below).
Some strains of Penicillium, including those
commonly employed for industrial biosynthesis of
penicillin, have the ability to incorporate preformed moieties of the molecule into the structure of penicillin, and more than three dozen
different penicillins have been produced by supplying different precursors in the fermentation
medium. The various types of penicillin and the
evidence for the direct incorporation of preformed moieties into their molecular structures
have been reviewed by Pratt and Dufrenoy
(Antibiotics, 2nd ed., 1953, Lippincott).
Currently, only two of the precursors have
major industrial significance. These are the
aliphatic groups, provided by lard oil used as a
defoaming agent (see Part II), and the phenyl
group, supplied as phenylacetic acid or as phenylacetamide. The aliphatic groups from lard oil
tend to favor biosynthesis of the clinically less
desirable «-heptyl penicillin but this tendency
can be counteracted and the biosynthesis can be
steered toward production of benzyl penicillin by
addition of phenylacetic acid, phenylacetamide,
or various other compounds embodying the phenyl
group with appropriate substituents.
The antibiotically active penicillin is recovered
from the harvested crude culture liquor in accordance with the principles and procedures
described under "Recovery and Purification" in
the general article in Part II. In brief, purification of penicillin involves a successive series of
extractions alternately with water and with
organic solvents. The underlying principle is based
on the fact that the antibiotic is an organic acid
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and at acid pH values exists as the free acid which
is preferentially soluble in organic solvents, but
that in neutral or alkaline solutions it exists in
the salt form and partitions preferentially into
the aqeuous phase. Simultaneously, concentration
of the penicillin is effected through use of progressively smaller volumes of solvents.
Since the structural integrity of the penicillin
molecule in solutions is readily impaired at extremes of pH, and since deterioration increases
with rise in temperature, all reactions involved in
recovery and purification are carried out at near
freezing temperatures to retard the destructive
process. In modern industrial isolation and purification, exchanges of penicillin (acid) and penicillinates (salts) between organic solvent and
aqueous phases are carried out by continuous

types of penicillin are shown in Table 1. Also included isallylmercaptomethyl penicillin, which is
produced biosynthetically when an appropriate
precursor is supplied in the culture medium.
All of the penicillins are relatively strong monobasic acids and readily form salts. The potassium,
sodium, procaine and dibenzylethylenediamine
salts of benzyl penicillin are official (see following
monographs).
The fundamental structure of penicillin contains
three asymmetric carbon atoms (bold face in
structure in Table 1), one of which is shared by
the 6-lactam and thiazolidine rings. These asymmetric carbons are responsible for the optical
rotation of penicillin solutions, and the thiazolidine and 8-lactam structures are intimately associated with the antibiotic activity of the compounds.

-i

Table 1. Principal Types of Biosynthetic Penicillins
H H H -S--C(CH3)2
C--C
Fundamental Structure:
I
be replaced by any suitable
R
C X — C— COO[H]— .[May
inorganic or organic cation to form
H
(a salt (penicillinate).

o o

R-group

Common Name
(Penicillin)

NChemical Name

United
States

In vitro activity of sodium
salt (unit*/mg.) against

United
Kingdom

Benzyl penicillin

G

II

<(__)>-CH2

/>-Hydroxybenzyl

X

III

HO-^(_ _^-CH2CH3CH2CH = CHCH2-

penicillin
A1 Pentenyl penicillin

F

I

CH3CH2CH2CH2CH2-

n-Amyl penicillin

CH3CH2CH2CH2CH2CH2CH2-

n-Heptyl penicillin
Allylmercaptomethyl

-

CH2=CHCH2SCH2-

Staphylococcus
aureus
1667

Dihydro F Dihydro
K(IV) I
K
0

900
1500
1670
2300

Bacillus
subtilis
1667
1500
970
660
700

0

penicillin
*The term unit, as it applies to potency of penicillins, is defined below. (See Assay.)
**Yalues for potassium salt.
countercurrent extraction in which a stream of
crude penicillin liquor continuously flows in one
direction against a counter-flowing stream of an
appropriate solvent that has a different density.
Processes for crystallizing penicillin salts have
been perfected, and the final step in processing is
elimination of all traces of moisture and of solvents from the crystalline product. It is significant
that solutions prepared from crystalline salts of
penicillin may be considerably less stable than
solutions of equal concentration prepared from
less highly purified salts.
Chemistry. — In the course of developing
methods for producing penicillin, it soon became
apparent that different strains of Penicillium, or
the same strains provided with different substrates,
produce a variety of closely related antibiotic substances. These different penicillins all have the
same fundamental chemical structure; they differ
only in a substituent group. The principal natural

Any treatment that causes disruption of the spatial
30** or that *
arrangement of these three carbon 16atoms
1240*
ruptures either the thiazolidine or 3-lactam rings
results in decrease in optical activity and concomitant complete loss of antimicrobial activity.
Solubility in various solvents, pharmacologic
properties, and clinical effectiveness of the different types of water-soluble penicillins depend
largely on the R group that is attached, through
an amide linkage, to the remainder of the molecule. In fact, the very existence of some types of
penicillins was first recognized because of differences insolubility of the free acids in different
organic solvents. For example, benzyl penicillin
(G) is soluble in chloroform while the p-hydroxy
derivative (X) is relatively insoluble in this solvent. All of the penicillinates that are formed by
reacting penicillin with inorganic cations, such as
potassium, sodium, etc., are freely soluble in water
but they differ in pK values, ranging from 2.5 for
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sodium benzyl penicillin to 5.0 for the corresponding salt of »-heptyl penicillin. They are moderately
soluble in alcohol but are inactivated by it, as
they are by glycerin and other alcohols.
The several types of penicillins can be separated from each other by means of their differential solubilities in various solvents and by chromatography. Tests for establishing the identity
of penicillin G are given in the U.S.P., which also
prescribes assays.
The exhaustive research on the degradation
products of penicillin, the proof of structure, and
other aspects of the chemistry of this family of
antibiotics has been compiled and reviewed by
Clarke et al. (The Chemistry of Penicillin, 1949,
Princeton Univ. Press). In this volume is summarized most war-time research of both the American and the British scientists on penicillin. Also
included is the work leading to laboratory synthesis of benzyl penicillin in the form of its triethylammonium salt by du Vigneaud et al. (Science, 1946, 104, 431). The synthesis involves
many steps, yields are low, and the synthesis
cannot compete industrially with biosynthetic
production of penicillin.
Stability. — The crystalline salts of penicillin
now available are of sufficient purity so that they
are stable without refrigeration when dry. Although the vials carry an expiration date on the
labels, the salts probably are, for all practical purposes, stable for several years at room temperature, so long as they are dry and are protected
from moisture. The sodium salt of benzyl penicillin issomewhat less subject to loss of activity
than is the potassium salt, although commercial
forms of the latter are less hygroscopic than corresponding sodium forms. Buckwalter and Holleran
(Antibiot. Chemother., 1954, 4, 25) compared
loss of activity in many different batches of both
salts at elevated temperatures. At 34° to 40° several lots of each salt showed no loss of activity
in one year. Average figures were 1.5 per cent
loss for sodium penicillinate and 2.8 per cent for
the potassium salt. At 52° to 56°, sodium benzyl
penicillinate decreased in potency 2.2 per cent in
one year; the potassium salt 3.4 per cent. At room
temperature (22° to 28°) the average loss for
sodium benzyl penicillin was 1.9 per cent after 3
years and 12.4 per cent after 6 years; for potassium penicillin, 1.6 per cent in 2 years and 8 per
cent in 4 years.
Penicillin is extremely hygroscopic. Therefore,
once the vial is opened its contents are subject to
rapid deterioration. Water is the worst enemy of
penicillin. The fundamental course of deterioration is hydrolysis which causes disruption of the
P-lactam ring, a process that is accelerated with
increase in temperature. Buckwalter and Duda
(Antibiot. Chemother., 1953, 3, 1113) found that
solutions of potassium benzyl penicillin (at 5° to
9°) lost 4.7 per cent of their potency in one week.
Among the degradation products are biologically
inactive penillic and penicilloic acids, which reduce
the pH and catalyze further decomposition. Details of the degradation process and products have
been reported by Clarke et al. (loc. cit.).
Decomposition of penicillin solutions can be retarded bybuffering to pH 6.0 to 7.0; the optimum
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is 6.8. Benedict et al. (J. Bad., 1945, 49, 85;
ibid., 1946, 51, 291) have given a comprehensive
survey of stability of water-soluble penicillin salts
in aqueous solutions at different temperatures and
hydrogen ion concentrations. Phosphates or citrates are suitable buffering agents for penicillin
and several dry mixtures of penicillin salts and an
appropriate amount of phosphate or citrate to
yield the proper pH when reconstituted in diluent
are available. Phosphate may also have a stabilizing action on penicillin that is independent of
buffer effect (Pulvertaft and Yudkin, Nature,
1945, 156, 82; Pratt, /. A. Ph. A., 1947, 36, 69;
Pratt, Nature, 1947, 159, 223). A similar effect
is exerted also in the presence of impurities that
occur in crude penicillin liquors (Pratt, PI. Physiol.,
1947, 22, 308). Methenamine also exerts a stabilizing action on simple and buffered solutions
of penicillin (Hobbs, et al., J. Pharm. Pharmacol.,
1952, 4, 911). Other substances that have been
proposed as stabilizing agents for aqueous solutions of sodium and of potassium benzyl penicillin
1009).been reviewed by Woodard (ibid., 1952, 4,
have
The U.S. P. permits storage of sterile solutions
of water-soluble salts of benzyl penicillin for 3
days under refrigeration; the B.P. permits storage, under refrigeration, for 4 days.
Penicillin is extremely sensitive to a number of
metals. Prime offenders are copper, mercury, and
zinc, which attack the thiazolidine ring of the penicillin molecule. Inactivation of penicillin by zinc
is of particular interest to pharmacists and physicians, since zinc compounds are used in processing rubber. This may explain the inactivating
effect of rubber tubing and stoppers on aqueous
solutions of penicillin.
Penicillin is rapidly inactivated also by oxidizing and by reducing agents, by alcoholic groups,
and by cysteine and certain other thiol-containing
compounds.
The stability of several penicillin products has
been reported by Buckwalter and associates in a
series of papers published during 1953 and 1954
in Antibiotics and Chemotherapy as follows:
Product
V
Potassium Penicillin G
Buffered tablets
Soluble tablets
Tablets with sulfonamides
Buffered powder, oral
Buffered
mides powder, oral, with sulfonaWith vasoconstrictor
Troches

Page
540
3
3
3
3
3
4
4

543
545
1020
117
1023
120
OL*

Procaine Penicillin G
Aqueous suspension
In oil, with aluminum stearate
Ointment
With buffered potassium penicillin G
and dihydrostreptomycin
With buffered crystalline penicillin
for aqueous injection
Troches
Tablets, with aspirin, phenacetin, caffeine and antihistamine
Products for treatment of bovine
mastitis

3
3
3
3

578
292
1111
1113

3
4

698
1120

4

122
1117

3

*Vol. 3 published in 1953; Vol. 4 in 1954.

984

Part I

Penicillin

All the above comments regarding stability of
penicillin in solution refer to sterile preparations.
Loss of potency is almost certain to occur much
more quickly in contaminated solution because
many organisms produce an enzyme, penicillinase,
that rapidly destroys penicillin. Penicillinase-producing strains are especially abundant among
Escherichia coli and other gram-negative bacteria.
Some gram-positive organisms, especially strains
of Micrococcus pyogenes var. aureus (Staphylococcus aureus), also elaborate penicillinase.
Naturally, organisms that produce penicillinase
tend to be resistant to penicillin, although the
whole question of resistance vs. sensitivity cannot be answered on the basis of presence or absence of the enzyme. Many initially resistant organisms do not produce penicillinase, at least not
in detectable amounts, and acquisition of resistance
by strains repeatedly subcultured in increasing
concentrations of penicillin is not necessarily accompanied by development of penicillinase-biosynthesizing ability.
Destruction of orally administered penicillin in
the intestine by Escherichia coli and other organisms that produce penicillinase can be retarded
by concomitant administration of sodium sulfanilate or of sodium benzoate, which inactivate
the enzyme, or of bromosaligenin, which inhibits
Escherichia coli.
Assay. — When penicillin first became available
for therapeutic use, the drug was only partially
purified. Hence, potency was expressed in terms
of biologically defined (and determined) units.
The convention of unitage seems to be established
and persistent, and doses are still prescribed in
these terms although several penicillin salts are
sufficiently purified to warrant a gravimetric basis
of dosage.
Historically, one unit of penicillin was defined
as the minimum amount of the antibiotic that
would just inhibit the growth of a prescribed
strain of Staphylococcus aureus in 50 ml. of nutrient broth under specified conditions. Later when
crystalline benzyl penicillinates were prepared, it
was found that one unit was equivalent to 0.6
microgram of the purified sodium salt. Thus, 1
mg. of this product had a potency of 1667 units.
The potency of other pure crystalline salts of
penicillin G is shown in Table 2 and the potency
of the sodium salt of other types of biosynthetic
penicillin in Table 1.
Table 2. Theoretical Potency of Different
Salts of Benzyl Penicillin
Salt
Calcium
Potassium
Sodium
Procaine

Units*/mg.
1591
1595
1667
1009

N,N'-dibenzylethylenediamine dipenicillin
(Benzathine) (anhydrous)
1307
N-methyl- 1 ,2 -diphenyl-2 -hydroxyethylamine (L-ephenamine)
1058
Diethylaminoethyl ester hydroiodide
(Penethamate hydroiodide)
1058
* Based on microbiologic assay using Micrococcus
pyogenes var. aureus (Staphylococcus aureus) FDA
strain 209 as the test organism.

In 1945, when sufficient supplies of penicillin

to provide for civilian as well as military use became available, the antibiotic was still only a
partially purified product — potency of the sodium
salt produced in different batches varied from
about 600 or 700 to more than 1000 units per mg.
Hence, by mutual agreement among representatives of industry and of the Federal Government,
it was decided that a system of predistribution
testing and certification by the Food and Drug
Administration would be in the public interest.
Congress implemented the agreement by appropriately amending the Food, Drug, and Cosmetic
Act of 1938 to prohibit distribution in interstate
commerce of penicillin from any batch that had
not been tested and certified by the Food and
Drug Administration. Later, when streptomycin
was produced for commercial distribution it also
was declared a certifiable drug. Subsequently, by
request of the manufacturers, Aureomycin. bacitracin, and Chloromycetin were included in the
predistribution certification program. The law pertains to any product that contains these antibiotics— not only to products consisting exclusively of the antibiotic.
The standards of identity, strength, quality,
purity, and other characteristics (such as stability,
particle size. pH. lack of pyrogens, etc.. deemed
necessary for some formulations) are established
by the Federal Security Administrator and are set
forth in monographs in the Federal Register.
Standards for the official tests and methods to be
used in the examinations also are prescribed. Various chemical and physical tests for penicillins are
described in the Federal Register, in the U.S. P.,
and in the B.P.
Pratt and Dufrenoy (Antibiotics, 2nd ed., 1953,
Lippincott) have pointed out that although chemical and physical assay methods for penicillin have
been developed. '"In chemotherapy . . . the clinician wants to know the anti-infective potency of
the antibiotic against a specific population of
pathogens." Therefore, since chemical or physical
assays cannot give this information and since "the
sensitivity of different strains of the same species
of pathogen may cover a wide range . . . microbiologic assays . . . have permanent value in the
clinical
of antibiotics."
Soon application
after discovery
of the fact that different
types of penicillin (benzyl, n-heptyl, etc.) exist,
it was recognized that the several types differ in
relative in vitro activity and in vivo therapeutic
efficacy. For example, n-heptyl penicillin is more
active than benzyl penicillin against Staphylococcus aureus in vitro (Table 1) but, unit for unit,
is only about 40 per cent as effective in vivo.
Similarly, against Diplococcus pneumonia; (Type
I), penicillin K is nearly twice as active as penicillin G in vitro but penicillin G is about five
times as effective as penicillin K against experimental infections caused by the same organism,
and against infections due to Streptococcus pyogenes (strain C) penicillin G is ten times as
efficient as penicillin K, although the latter seems
to be superior in in vitro tests. Equivalent therapeutic effect can be achieved with penicillin K if
the dose is increased sufficiently. For explanation
of clinical inferiority of penicillin K, see under
Action below.
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Ultimately differential microbiologic assays were
developed, using specified strains of Staphylococcus
aureus and of Bacillus sub tilts as the test organisms; and it was found that results of these differential assays, expressed in terms of a subtilis/
aureus ratio, provide a better index of the therapeutic efficacy of a given penicillin than do assays
based on a single organism. The subtilis /aureus
ratio is the figure obtained when the potency of a
given product, as determined in the conventional
cylinder-plate assay against B. subtilis, is divided
by the potency of the same product, as indicated
by a similar assay performed with 5. aureus as the
test organism. See Table 1 for some typical results
of differential assays. Penicillins with subtilis/
aureus ratios appreciably lower than 1.0 generally
are therapeutically inferior to penicillin G; those
with values higher than 1.0 may be superior.
Special features, such as hypoallergenicity may
sometimes make it practicable to use types of
penicillin with a ratio less than 1.0, viz., allylmercaptomethyl penicillin (penicillin O).
The principles upon which microbiologic assays
of penicillin depend, the technics of performing
them, and the pitfalls that must be avoided in
interpreting them have been reviewed by Pratt
and Dufrenoy (loc. cit.).
Presently available penicillins are virtually exclusively salts of benzyl (G) penicillin. However,
occasionally small amounts of other types, notably
n-heptyl (K) penicillin also are present. Limits
of other types of penicillins permitted in preparations labeled Penicillin G are specified by the
F. D. A.
Crystalline sodium penicillin G, having a potency of 1667 units per mg., is accepted as the
Penicillin Master Standard by the F. D. A. as the
ultimate standard for evaluating all penicillin
products; it is also the International Standard
and represents the first crop of crystals resulting
from the recrystallization of the pooled samples
of sodium penicillin G contributed by manufacturers in the United States and in England. The
International Standard was agreed upon in 1944
by scientists representing the United States, Great
Britain, France, Canada, and Australia.
Action. — Fundamentally, the action of all
types of penicillin probably is similar, and all may
have the same qualitative range of activity against
pathogenic microorganisms (v.i.). But there are
important quantitative differences in therapeutic
effectiveness, due largely to differences in stability
of the several types of penicillin and especially to
their different pharmacologic behavior in the body.
For example, following administration of a single
large dose, penicillin K is excreted more rapidly
than penicillin G. Therefore, therapeutic blood
levels are more difficult to maintain with the
former antibiotic than with the latter. Eagle et al.
(J. Clin. Inv., 1947, 26, 903) have reported on
the renal clearance of the several penicillins in
man.
Rates of excretion alone cannot account for the
lower blood levels, however, since even in renalligated animals penicillin K disappears from the
blood considerably more rapidly than penicillin G.
This suggests more rapid excretion of penicillin K
via some other pathway or differential inactivation
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in vivo by some constituent of the blood. The
latter view seems to be supported by the in vitro
observation that the rate of inactivation of the
various penicillins by serum is K>G>F>X.
However, caution is necessary in attempting to
translate results of in vitro experiments of this
kind in terms of what happens in the living
animal.
Numerous experiments have shown that higher
blood levels are attained and that therapeutic
blood levels are maintained for a longer period
of time following a given dose of a salt of penicillin X than following a comparable dose of a
similar salt of penicillin G. There seems little
doubt that unit for unit the water-soluble salts of
/>-hydroxybenzyl penicillin are therapeutically superior to corresponding benzyl penicillinates. However, current industrial methods are not conducive
to production and processing of penicillin X and,
since equally satisfactory results can be achieved
merely by increasing the dose of penicillin G,
there is little incentive for manufacturers to convert to production of penicillin X. Except for
relatively small amounts of allylmercaptomethyl
penicillin, or penicillin 0, all industrial biosynthesis of penicillin aims at production of the
benzyl or G type. However, this is subsequently
converted to simple or to more complex compounds, each of which has specific virtues, and is
made available in various forms — to mention only
a few, the potassium, sodium, procaine, or
L-ephenamine salts; the double salt, N,N'-dibenzylethylenediamine dipenicillin G or benzathine penicillin G; and the hydriodide of the
diethaminoethyl ester of penicillin G. In the discussions that follow, the term penicillin means
the simple, water-soluble potassium or sodium salt
of benzyl penicillin unless specifically indicated
to the contrary.
Water-soluble Penicillin. — Following intramuscular or oral administration of adequate doses,
penicillin quickly appears in the blood and diffuses to most tissues and fluids except cerebrospinal fluid, to which it gains access in significant
quantities only when there is inflammation or
damage to the meninges or when very large doses
are given. Diffusion is relatively poor also into
abscess cavities, central nervous tissue, bone marrow when no infection is present, sweat, saliva,
tears, and maternal milk. Penicillin activity can
be detected in the blood about 20 minutes after
an adequate oral dose but, in general, to achieve
a given concentration in the plasma from 3 to 5
or even 10 times as much penicillin must be given
by the oral route as by the intramuscular. Inefficiency of oral administration is due primarily to
the inactivating effect of gastric secretions and
food and to incomplete absorption in the upper
intestinal tract and to subsequent destruction by
penicillinase-producing microorganisms in the
lower regions. The antibiotic is absorbed better in
patients with achlorhydria gastrica than in those
with normal gastric acidity (Cutting et al.,
J. A.M. A., 1945, 129, 425); Henderson and McAdam {Lancet, 1946, 1, 922) reported that in
infants under one year, and especially in the first
month of life, blood levels appear more slowly
but persist longer following oral dosage with peni-
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cillin than after intramuscular injection. However,
these are exceptional circumstances and normally,
from the standpoint of achieving therapeutically
effective blood levels with the minimal amount of
penicillin, the intramuscular route of administration is preferable to the oral. When formulated
with appropriate antacids and buffers or, for insoluble penicillins, in suspensions, effective therapy
may be achieved by the oral route and this pathway of administration is becoming popular. For
advantages of the oral route see below.
Subcutaneous and rectal administration are contraindicated because of irregularity of absorption
and unsatisfactory blood levels achieved. Intrathecal and subarachnoid injections have been used
occasionally but are generally contraindicated because of the risk of convulsions and other toxic
reactions induced by penicillin so administered.
In patients with normal renal function, penicillin isexcreted rapidly from the blood stream
into the urine. After intramuscular injection,
maximum blood levels are attained in from 15 to
30 minutes. The concentration remains maximal
for a short time and then declines logarithmically.
Thus a more or less constant percentage (but not
constant absolute amount) of the penicillin present in the serum is lost in each unit of time. Data
of Eagle et al. (J. Bact., 1949, 57, 119) indicate
that the rate of loss is from 65 to 80 per cent per
hour, smaller doses being dissipated somewhat
more rapidly than larger ones. The renal clearance
of water-soluble salts of penicillin approximates
total renal plasma flow and about 80 per cent of
an intramuscularly or intravenously administered
dose may be recovered in biologically active form
from the urine within four to six hours after a
single dose. In fact, in England in the early days
of penicillin, when the antibiotic was still very
scarce, urine of patients receiving penicillin therapy was collected and the penicillin was recovered
for reuse. About 20 per cent of a single oral dose
of penicillin appears in the urine within four to
six hours. As would be expected, patients with
impaired renal function show higher and more prolonged blood levels than do those with normal
kidneys. Penicillin seems to be excreted both in
the glomeruli (about 20 per cent) and in the
tubules (about 80 per cent) according to Beyer
{Science, 1947, 105, 94). Work on excretion of
penicillin and maintenance of blood levels has
been reviewed by Florey et al. (Antibiotics, 2
vols., 1949, Oxford Univ. Press), by Welch and
Lewis (Antibiotic Therapy, 1951, Arundel Press),
by Florey (The Clinical Applications of Antibiotics: Penicillin, 1952. Oxford Univ. Press),
and by Pratt and Dufrenoy (loc. cit.).
Although the renal pathway is the major route
of excretion, it is not the only route. Some excretion occurs via the bile, in which Rammelkamp
and Helm (Proc. S. Biol. Med., 1943. 54, 31)
found penicillin to be more concentrated than in
the blood. Anderson and Brodersen (/. Clin. Inv.,
1949, 28, 821) found that loss of penicillin from
the serum was still appreciable in bilaterally
nephrectomized dogs but that it was much less
when, in addition to nephrectomy, the cystic and
common bile ducts were ligated and that it was
virtually checked when both nephrectomy and
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hepatectomy were performed. However, only a
small portion is excreted via the liver as compared
with the kidneys.
The rapid disappearance of penicillin from the
blood was one of the big obstacles in the early use
of this drug. Up to 95 per cent of a given intramuscular dose may disappear from the blood
stream within 3 to 4 hours. Consequently, in
order to maintain therapeutic concentrations in
the blood, injections were given 6 to 8 times daily
when doses were of the magnitude of 20,000 to
50,000 units or every six hours when they were
200,000 to 300,000 units. Since larger doses of
penicillin provide higher initial plasma levels, and
since the die-away curves of penicillin levels in
the blood are logarithmic, that is, a constant percentage of the amount present is lost in each unit
of time, obviously the larger the dose the longer
the plasma level will remain above any given
value. It is equally obvious, however, that intramuscular or intravenous administration of very
large doses of water-soluble penicillins is unwarranted because the excess penicillin, beyond the
optimum concentration for checking the pathogen,
is wasted and. indeed, may be undesirable (Eagle,
1947, Proc. Conference on Antibiotic Research,
Washington, D. C.). Several in vitro studies have
shown that there is an optimal concentration of
penicillin for most rapid killing of bacteria and
that concentrations greatly in excess of the optimum markedly retard killing (Eagle, Science,
1948. and
107, Burnell,
45'; Pratt
and 1954,
Dufrenoy,
loc. cit.;
Kirby
/. Bact.,
67, 50).
Therapeutic Blood Levels. — All of the
early clinical studies on penicillin therapy and
much of the more recent work was based on the
premise that continuous maintenance of a certain
minimum level in the blood was essential. It was
the general consensus that most infections amenaable to penicillin therapy could be treated satisfactorily bymaintaining a blood level of 0.03 to
0.05 unit (0.02 to 0.03 microgram) of the antibiotic per ml. as long as fever persisted and for
24 to 48 hours thereafter. Some authors have
advocated maintaining levels as high as 0.1 microgram (0.16 unit) per ml.
It has been estimated that in order to maintain
assayable levels in the blood serum at least 2500
units (1500 micrograms) of penicillin must be
absorbed every hour. However, Eagle (Ann. Int.
Med., 1948, 28, 260) pointed out that the concentration inthe blood stream is important only
insofar as it is an accurate index of the concentration of antibiotic at the site of infection in the
tissues. To exert systemic antimicrobial action in
a patient, penicillin must reach at least a threshold
concentration at the sites at which pathogens are
present. Once this threshold has been attained and
maintained for a proper length of time, clinical
protection may persist even after the penicillin
titer of the plasma has fallen below demonstrable
levels. Therefore, less emphasis is now placed on
maintenance of "therapeutic blood levels" than
in the early days of penicillin therapy. Nonetheless, since the time during which therapeutic
effects may be expected bears a definite relationship to the time during which at least a threshold
concentration exists in the blood, it is convenient
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(and customary) to evaluate different penicillin
preparations and technics of administration in
terms of the duration of blood levels they provide.
The general consensus is that, to provide adequate
therapy for infections in well vascularized sites,
plasma concentrations should be maintained at
levels from 2.5 to 10 times the concentration desired at the infected site. Higher plasma levels
are generally required to provide therapeutically
satisfactory concentrations in cerebrospinal fluid,
central nervous tissue, thick-walled abscesses or
other poorly vascularized infection sites.
Tompsett et al. (J.A.M.A., 1949, 139, 557)
advocated "discontinuous therapy," a technic in
which doses are such that at times penicillin is
absent from the blood or is present in such a low
concentration that it cannot be detected. Such
dosage regimens, when properly scheduled, provide effective therapy; but care must be exercised
to avoid excessively long or too frequently recurring intervals of sub-threshold penicillin concentration. Most clinicians prefer the less heroic but
more certain technic of using a dosage form or
schedule that will provide for continuous maintenance of the serum level at or above the threshold concentration deemed necessary to control
the invading pathogen.
Prolonging Duration of Action. — Research
aimed at providing prolonged blood levels of penicillin has attacked the problem in two principal
ways: (1) by a physiologic approach and (2) by
a pharmaceutical chemical approach in which the
physical-chemical but not the biologic properties
of the antibiotic are altered.
The physiologic approach to the problem has
been concerned for the most part with blocking
urinary excretion of penicillin and this has been
accomplished by providing simultaneously with
penicillin agents that are excreted via the same
mechanism and that might, therefore, be expected
to compete with the antibiotic for excretion.
Beyer et al. (J.A.M.A., 1944, 126, 1007) gave
intravenous injections of penicillin dissolved in
6 per cent para-aminohippurate, adjusted to pH
7.0. When blood levels of />-aminohippuric acid
were maintained at or above 10 mg. per 100 ml.,
the duration of effective penicillin levels was increased 3to 6 fold. However, in order to maintain />-aminohippuric acid at or above 10 mg. per
100 ml., the intake rate had to be about 80 mg.
per Kg. per hour. Such a dose was too large to be
practical and, moreover, had to be given intravenously, which was a decided disadvantage.
Benzoic acid is assumed to be detoxified in the
normal liver by conjugation with glycine to form
hippuric acid. Therefore, Spaulding et al. (Science,
1947, 105, 210) and others tried oral administration of sodium benzoate along with penicillin.
This technic was effective, however, only when
the intake of liquid was drastically curtailed.
Obviously, this was unsatisfactory because one of
the desiderata in treatment of acute systemic infections isto ensure adequate fluid intake.
Unlike benzoic acid, its />cra-dipropylsulfamyl
derivative, probenecid (Benemid, Sharp & Dohme)
is effective irrespective of fluid intake. Oral doses
of Benemid (0.5 to 1 Gm.) every 6 hours provide
for a 2- to 5-fold prolongation of penicillin plasma
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levels. It can be given by mouth formulated with
penicillin as an oral preparation or it can be given
orally and the penicillin injected intramuscularly.
The results are essentially the same. Probenecid
has replaced the />ara-benzylsulfonamide derivative of benzoic acid (Carinamide) that was used
by Beyer et al. (loc. cit.) as an agent to retard
excretion of penicillin. Miller and Verwey (Antibiot. Chemother., 1954, 4, 169), basing their
judgment on the results of treating experimental
streptococcal infections in mice, concluded that
probenecid plus penicillin and triple sulfonamides
provides more effective therapy than either penicillin plus probenecid, or penicillin plus triple
sulfonamides.
Another physiologic method tried but soon
abandoned as impractical was chilling the site of
injection to retard circulation locally and hence
dissipation of the antibiotic. Simultaneous injection of penicillin and a vasoconstrictor has been
advocated for the same purpose and preparations
embodying both penicillin and a vasoconstrictor
have been made commercially available.
The pharmaceutical chemical approach to the
problem of prolonging duration of therapeutically
effective blood levels of penicillin has been more
fruitful than the technics just described. Three
principal methods have been used: (1) formulation of suspensions of water-soluble salts of penicillin in nonaqueous vehicles so that the watersoluble penicillin will be released gradually, (2)
laboratory preparation of sparingly soluble salts
or esters of benzyl penicillin that, when injected,
will constitute a reservoir from which the antibiotic will be released slowly, and (3) combination of the preceding methods.
The first really successful method for prolonging penicillin blood levels for a clinically significant period of time following intramuscular
injection was devised by Romansky and Rittman
(Science, 1944, 100, 196) who formulated sodium
benzyl penicillin in a vehicle of vegetable oil and
beeswax. Blood levels in excess of 0.03 unit per
ml. could be maintained for at least 12 hours following injection of 300,000 units of penicillin suspended in 1 ml. of the vehicle. To reduce the
injection schedule to once in 24 hours, a 600,000unit dose was given. Despite the vast improvement this technic provided over former methods,
it had several disadvantages, not the least of which
were the frequent local irritation and pain and the
less frequent appearance of a sterile abscess developing around the pellet which the oil-wax mixture formed at the injection site. Moreover, difficulties were often encountered in injecting the oil
and wax preparations due to clogging of needles.
"Insoluble" Penicillins. — The secondmethod,
namely, preparation of sparingly soluble salts of
benzyl penicillin which, suspended in appropriate
vehicles, can be injected as suspensions has been
the most satisfactory technic for prolonging duration of penicillin action. A further advantage of
some of these salts is that they are so slightly
soluble that the antibiotic is released slowly
enough to avoid wasteful initial high peak concentrations. Inaddition, some of these salts have
proved to be hypoallergenic. The first insoluble
salts of penicillin to be tested were 9-aminoacri-
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dine penicillinates. These provided adequately
caine penicillin alone probably is adequate. One
hour after injection of 300,000 units of procaine
prolonged blood levels and were able to protect
mice against experimental pneumococcal and
penicillin in aqueous suspension, blood levels of
streptococcal infections. But the salts proved to
penicillin generally are about 1 to 1.5 micrograms
be unsatisfactory for human or veterinary mediper ml.; a level of about 0.15 to 0.4 microgram
cation because of excessive irritation at the sites
per ml. is produced in one hour by an equal dose
of injection.
of procaine penicillin in oil, with or without aluProcaine benzyl penicillin was the first theraminum monostearate (Welch and Lewis, loc. cit.).
Little
is
gained by providing penicillin concentrapeutically successful "insoluble" penicillin salt to
tions greatly in excess of the threshold concentrabe prepared (Sullivan et al., Science, 1948, 107,
169) and it has become the most popular basic
tion necessary and sufficient to inhibit the organisms. But there is no question that the additional
salt of penicillin. More than 70 per cent of dotherapeutic coverage (through higher serum level)
mestic production of penicillin is as the crystalline
procaine salt. Procaine penicillin G is soluble in
provided by the combined water-soluble and procaine penicillin formulations is helpful in combatwater only to the extent of 6.7 mg. per ml. Being the more severe or more resistant infections
cause of its low solubility, procaine penicillin in
that are susceptible to penicillin therapy.
aqueous suspension or in oil is slowly absorbed
Chloro procaine penicillin O is a depot type
following deposition in the tissue by deep intramuscular injection.
penicillin salt embodying allylmercaptomethyl
Maintenance of therapeutically effective blood
penicillin and 2-chloroprocaine in place of the
usual penicillin G and procaine. It is similar in
levels can be further prolonged by adding appropriate stearates to oil suspensions of procaine
action to procaine penicillin but, due to the penicillin O, is hypoallergenic (see under Unofficial
penicillin. A single deep intramuscular injection
Penicillin Compounds). Chloroprocaine penicillin
of 300,000 units of crystalline procaine penicillin
G suspended in 1 ml. of vegetable oil generally
O is sold (Upjohn).
under the trade-marked name Depo-CerO-Cillin
provides detectable blood levels of penicillin for
L-Ephenamine penicillin G is the generic name
12 to 24 hours and addition of 2 per cent alumifor N-methyl-1.2-diphenyl-2-hydroxymethylamine
num monostearate to the preparation may mainpenicillin G, which is distributed under the tradetain serum levels of penicillin above 0.03 unit per
ml. for from 2 to 4 days; the average duration
marked name Compenamine (Commercial Solvents Corp.). This penicillin salt, first prepared
for most patients is about 2.5 days. In order to
in an attempt to produce a hypoallergenic penicilensure therapeutically adequate serum levels, however, the U.S. P. recommends a dosage schedule of
lin preparation, subsequently proved to be also a
300,000 units once or twice daily for this product.
useful repository type penicillin. L-Ephenamine
Factors that influence the rate of release of
penicillin is very close to procaine penicillin in
theoretical potency (1058 units per mg. for the
penicillin from the repository are viscosity, size
former and 1008 units per mg. for the latter) and
of particles, and the amount of muscular moveunit for unit is identical with procaine penicillin
ment in which the patient engages. The viscosity
in antimicrobial activity, in the rate of absorption
of the preparation depends, in turn, on the amount
and excretion, and in the blood levels it provides.
and the physical properties of the oil that is used,
For further information on L-ephenamine penicilthe amount and kind of stearate {i.e., mono-, di-,
lin see under Toxicology, and under Unofficial
or tri-) that is used, the particle size of the peniPenicillin Compounds.
cillin, and on the technics of sterilization and subEven more effective than procaine or L-ephensequent handling. Most current preparations conamine penicillins for prolonging therapeutically
tain 300,000 units or 600,000 units of crystalline
effective blood levels of penicillin is the double
procaine penicillin per ml. of sesame oil (or peanut oil) with 2 per cent aluminum monostearate.
salt, N,N'-dibenzylethylenediamine dipenicillin G.
This compound, for some time referred to as
Preparations containing 800.000 units per ml.
DBED, has now been given the generic name
also are available. The crystal size of the procaine
benzathine penicillin G. It is distributed under
penicillin is an important factor and many manufacturers now use micronized salts. The micronizathe trade-marked names Bicillin (Wyeth), Neolin
(Lilly) and Per map en (Pfizer).
tion process reduces the particle size of the crysIn humans, a single intramuscular injection of
tals so that most of them fall within the dimensional limits of 5 to 10 microns.
300,000 units of benzathine penicillin G in aqueous suspension produces assayable blood levels of
Mixtures of a soluble salt of benzyl penicillin
penicillin for from 5 to 7 days; a single injection
(such as potassium penicillinate) and procaine
of 600,000 units for periods up to 2 weeks, durpenicillin G are made available by several manuing the first half of which the penicillin concenfacturers. The advantage claimed for such preptration usually is in the therapeutic range of 0.03
arations isthat they provide both prompt action,
due to the high initial levels produced by the
to 0.05 unit per ml. Repetition of the 300,000unit dose daily provides a slow cumulative rise in
soluble salt, and the prolonged action characterisconcentration; for example, in adults, an average
tic of the insoluble procaine salt. In severe, fulmilevel of about 0.02 unit per ml. on the first day
nating infections accompanied by unusually high
may
to 0.07 unit per ml. by the end of the
fever and prostration, rapid action and relatively
fourthriseday.
high dosage are required, and the water-soluble
Because of the extremely low solubility of
sodium or potassium salt of penicillin G may be
benzathine penicillin G in aqueous media, high
indicated if the infection is due to a penicillinblood levels are not achieved with it, but low
sensitive organism. But in many instances, pro-
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therapeutic levels may be provided for a long
time. When a single dose of 1,250,000 units was
given to each of 17 subjects, all had assayable
concentrations of penicillin in the blood after
three weeks (averaging 0.07 unit per ml.) and 12
of the subjects had assayable blood levels at the
end of the fourth week (averaging 0.05 unit per
ml.). Benzathine penicillin G is especially useful
when clinical judgment dictates a relatively low
plasma level of penicillin for a long time, as in
prophylaxis against hemolytic streptococcal infections in rheumatic fever subjects.
When higher initial therapeutic concentrations
are desired along with the prolonged action of
benzathine penicillin G, this long-acting penicillin
may be fortified by addition of procaine penicillin
G and/or potassium penicillin G.
Benzathine penicillin G is distributed also in
tablets for oral use and in stable oral suspension.
These preparations yield blood levels comparable
in magnitude and duration to those provided by
similar oral doses of water-soluble penicillins. For
further information on benzathine penicillin G
see under that title, also under Toxicology in this
article.
Benzyl penicillin and diethylaminoethyl alcohol
can be combined, by the removal of water, to
form an ester which is another active repository
type penicillin. As the hydriodide salt, it was
distributed under the trade-marked name NeoPenil (Smith, Kline & French). The chemical
name is penicillin G diethylaminoethyl ester
hydriodide. The generic name is penethamate
hydriodide. The solubility of this compound in
water at room temperature (25°) is less than 1
per cent and, like procaine penicillin, it is released only slowly from the site of injection.
Blood levels achieved following intramuscular
injection of 500,000 units (the recommended
dose) of Neo-Penil are of the same order of magnitude as those achieved with the basic 300,000unit dose of procaine penicillin and are maintained
about as long. A maximum concentration of about
1.0 to 1.25 units of penicillin per ml. is reached
in about 2 hours and then the level declines
slowly to about 0.2 to 0.25 after 12 hours.
A pharmacologic feature that uniquely distinguishes Neo-Penil from other repository penicillin
preparations is its tendency to provide high concentrations ofantibiotics in the lung tissue and
in sputum (Barach, Bull. N. Y. Acad. Med., 1952,
28, 353) and in the cerebrospinal fluid (Gylfe,
Antibiot. Chemother., 1954, 4, 133). Concentrations of penicillin in the lung may be from 5 to
10 times greater following use of Neo-Penil than
after administration of an equivalent dose of procaine benzyl penicillin (see also under Toxicology
and Unofficial Penicillin Compounds).
Hydrabamine penicillin G, a rosin amine salt
of penicillin, and penicillin V, are two new compounds in this category; they are described under
Unofficial Penicillin Compounds.
Uses. — Penicillin, because of its low toxicity,
is the antibiotic of choice in all systemic infections due to organisms that are inhibited by clinically achievable serum and tissue levels of the
drug. The only exception to this rule is in treatment of patients who react allergically to it.
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Longacre, on the basis of review of the literature,
placed the incidence of allergic response to penicillin administered for systemic effect as between
6 and 10 per cent (Antibiot. Chemother., 1951,
1, 223). Even the hypersensitive patient generally
need not be denied penicillin when it is needed,
now that hypoallergenic products are available.
Incidence of reaction to L-ephenamine penicillin,
to benzathine penicillin G, or to penicillin O is
rare.
The relative freedom of penicillin from toxicity
and the development of hypoallergenic penicillins
should not, however, be considered a license to
use the antibiotic indiscriminately. (See discussion
of Emergence of Resistant Strains of Pathogens,
in the general article on Antibiotics, in Part II.)
Indications. — The range of antibacterial activity (antibiotic spectrum) of penicillin is shown
diagrammatically in the general article on Antibiotics, in Part II, and specific applications are
given in Table 3 of that article. Nearly all species
of cocci and gram-positive bacteria are sensitive
to penicillin, as are most spirochetes (including
Spirochaeta pallida, or Treponema pallidum).
Among the actinomycetes, Actinomyces bovis,
A. Israeli, and some species of Nocardia generally
can be inhibited by clinically practicable doses of
penicillin. Miyagawanella psittacii, cause of psittacosis, also frequently responds to penicillin,
although one of the broad-spectrum antibiotics
may be preferred for treatment of this disease.
Most strains of hemolytic and viridans streptococci, of gonococci, and of pneumococci are very
sensitive to penicillin and are inhibited in vitro
by concentrations from 0.01 to 0.03 unit per ml.
although occasionally as much as 0.1 unit per ml.
may be needed to check growth of some variants.
Concentrations of 0.03 to 0.05 unit of penicillin
per ml. in the patient's blood usually are indicative
of a tissue concentration adequate to cope with
infections caused by these organisms. Non-hemolytic streptococci, meningococci, and Clostridia
(Clostridium Welchii, etc.) are less sensitive and
concentrations of 0.1 to 0.2 unit per ml. may be
required to inhibit them. Of the common grampositive organisms, staphylococci are the least
sensitive; as early as 1945, Rammelkamp and
Kirby (Bull. N. Y. Acad. Med., 21, 656) considered ablood level of at least 0.3 unit per ml.
essential to ensure control of all strains of these
organisms. Higher levels may be required today.
Staphylococci are either more adaptable than
other gram-positive organisms to unfavorable circumstances or they have a higher mutation rate
which, as Hinshelwood (Bull. World Health Org.,
1952, 6, 1) has pointed out, may mean the same
thing. In any event, with each passing year a
higher incidence of penicillin-resistant staphylococci
has been encountered in clinical practice (Finland
et al., Am. J. Clin. Path., 1950, 20, 325; Kirby
and Ahem, Antibiot. Chemother., 1953, 3, 831;
Kenny et al, ibid., 1953, 3, 1221). In 1946, 90
per cent of staphylococci isolated from patients
were inhibited by 1.2 units or less of penicillin
per ml., but by 1949 about 166 times as much
penicillin was required to inhibit the same proportion of staphylococci similarly isolated. This is
but part of the price that is being paid for the
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casual and undisciplined way in which antibiotics
in general and penicillin in particular have been
administered whether the situation under treatment warranted use of an antibiotic or not. See
also the report of Hardy (Quart. Bull. Northwest.
U. Med. School, 1954, 28, 263) and comments on
use of antibiotics in the common cold under section headed Virus Infections in discussion of
Chlortetracycline Hydrochloride.
Frequently, at the present writing, organisms
that have acquired resistance to penicillin can be
controlled by erythromycin (Ilotycin, Lilly, or
Erythrocin, Abbott) or by carbomycin (Magnamycin, Pfizer). But as these antibiotics become
widely used, a greater incidence of resistance to
them by species of organisms initially sensitive
may be anticipated. Indeed, this has already begun to occur with erythromycin (Lepper et al.,
Antibiotics Annual, 1953-1954, p. 308; see also
discussion of Erythromycin).
The dosage of penicillin and the routes and
schedules of administration are determined by
the sensitivity of the invading microorganism and
the site of the infection. Infections in pleura,
joints, meninges, bone, interior of the eye, walledoff abscesses, and necrotic tissue generally require
larger doses than those that suffice for more accessible sites of infection. In some instances, direct
injection into the infected area is necessary; when
this is done, generally it is desirable to fortify
the treatment with systemic injection also. This
has a dual purpose: (1) to provide reinforcement
for the direct local injection, (2) to check any of
the pathogens that may be discharged from the
localized region of infection and may establish new
sites of infection in other tissues or may cause
bacteremia.
Except in case of severe fulminating infections,
it is always best to determine the sensitivity of
the pathogen before starting treatment with penicillin or with any antibiotic. In emergency cases
of undetermined etiology when informed clinical
judgment indicates the immediate need for antibiotic therapy without waiting for the laboratory
report, the best procedure is to use penicillin and
streptomycin concomitantly. Between them these
two antibiotics have essentially the same antibacterial spectrum as the broad-spectrum antibiotics
and they are not so prone to cause undesirable
side effects. In such emergencies when antibiotic
therapy is instituted before the laboratory report
on sensitivity has been received, long-acting penicillin preparations that maintain therapeutic blood
levels for more than 18 to 24 hours should not be
employed. For further discussion of this point see
the general article on Antibiotics, in Part II.
With minor exceptions and additions the grouping of indications for penicillin compiled by
Keefer et al. in 1945 (J.A.M.A., 128, 16) still
holds. In the light of current experience the following recommendations can be made.
A. Penicillin is indicated and is generally the
antibiotic of choice in the following: 1. All penicillin-sensitive staphylococcic infections, with or
without bacteremia : acute and chronic osteomyelitis, carbuncles and abscesses, meningitis, cavernous or lateral sinus thrombosis, pneumonia and
empyema, carbuncle of the kidney, wound infec-
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tions and burns, endocarditis. 2. Hemolytic streptococcic infections, with or without bacteremia:
cellulitis, mastoiditis, pneumonia and empyema,
puerperal sepsis, peritonitis, endocarditis. 3. Anaerobic streptococcic infections. 4. Clostridial infections: gas gangrene, malignant edema. 5.
Pneumococcic infections of meninges, pleura, and
endocardium, as well as sulfonamide-resistant
pneumococcic pneumonias. 6. All meningococcic
infections. 7. All gonococcic infections. 8. All
cases of syphilis, yaws, and pinta. 9. Anthrax.
10. Chronic pulmonary suppuration prior to surgical intervention. 11. All cases of bacterial endocarditis due to susceptible organisms (often
mixed antibiotic therapy is indicated, see below).
12. Vincent's infection (fusospirochetosis). 13.
Borrelia infections. 14. Rat bite fever. 15. Leptospirosis, including Weil's disease. 16. Erysipeloid
(swine erysipelas). 17. Prophylactically, preceding and following tonsillectomy, tooth extraction,
or other minor surgery in patients with rheumatic
or congenital heart disease.
B. Penicillin alone is generally helpful and is
often the drug of choice, but is frequently better
with additional supportive treatment (as shown
in parentheses), in the following: 1. Actinomycosis (appropriate sulfonamide or potassium iodide). 2. Cervicitis and cervical erosion (bacitracin). 3. Diphtheria (antitoxin). 4. Empyema
(appropriate sulfonamide). 5. Endocarditis, subacute bacterial (streptomycin, occasionally other
antibiotics). 6. Erysipeloid (streptomycin). 7.
Gas gangrene (appropriate sulfonamide). 8. Ludwig's angina (appropriate sulfonamide). 9. Lung
abscesses (Terramycin or appropriate sulfonamide). 10. Lymphogranuloma venereum (streptomycin). 11. Meningococcemia, fulminating
(appropriate sulfonamide). 12. Peritonitis (appropriate sulfonamide). 13. Infected root canals
in pulpless teeth (bacitracin and streptomycin).
14. Tetanus (toxoid, if patient has had recent
immunizing treatment; otherwise immune serum.
In the latter instance, to be prepared for anaphylactoid reaction, stand by with sterile syringes
and solution of epinephrine).
C. Penicillin is ineffective in: 1. All gramnegative bacillary infections. 2. All brucella infections. 3.Tuberculosis. 4. Acute, disseminated
lupus erythematosus. 5. Acute rheumatic fever.
6. Acute and chronic leukemia. 7. Chronic ulcerative colitis. 8. Coccidiomycosis. 9. Infectious
mononucleosis. 10. Pemphigus. 11. Rheumatoid
arthritis. 12. The following non-bacterial diseases:
blastomycosis, histoplasmosis, toxoplasmosis, malaria, moniliasis, amebiasis, leishmaniasis, helminthiasis, cancer, poliomyelitis, virus infections.
The indications and contraindications for penicillin given above have become so well established
during the past decade of clinical experience with
this drug and have been reviewed in detail so
often that documentation and further review of
the literature would be superfluous. For more specific accounts and literature references see Pratt
and Dufrenoy {Texas Repts. Biol. Med., 1951, 9,
76; also Antibiotics, 2nd ed., 1953, Lippincott),
Welch and Lewis (Antibiotic Therapy, 1954,
Arundel Press), Hussar and Holley (Antibiotics
and Antibiotic Therapy, 1954, Macmillan), Flippin
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and Eisenberg (Antimicrobial Therapy in Medical
Practice, 1955, Davis), and Florey (The Clinical
Application of Antibiotics: Penicillin, 1952, Oxford
Univ. Press). For comments on recommended
doses in specific infectious diseases see under
Dosage, also the following: respiratory infections
(Romansky and Reiser, J.A.M.A., 1952, 150,
1447), blood stream and heart (Herrell, ibid.,
1952, 150, 1450), genitourinary tract (Nesbit
and Baum, ibid., 1952, 150, 1459), skeletal system (Altemeier and Largen, ibid., 1952, 150,
1462).
Penicillin generally is considered therapeutically
ineffective in typhoid fever and other related
enteric fevers. However, because of its extremely
low toxicity, it would be desirable to extend the
range of therapeutic effectiveness of penicillin as
much as possible, and there have been sporadic
reports of successful penicillin therapy of typhoid
during the last ten years. Most of the early reports
were based on work with partially purified amorphous penicillin and generally they have been
discounted because the former amorphous products were known to contain many impurities,
some of which either enhanced the antibiotic
action of penicillin or may have had some antibacterial action per se. Therefore, the cure of
typhoid fever with preparations of crystalline
penicillin merits attention. Schimmel et al. (J. M.
Soc. New Jersey, 1951, 48, 323) prescribed
1,000,000 units of sodium penicillin intramuscularly every 3 hours around the clock and 500 mg.
of Benemid orally every six hours for typhoid
(3 patients) and concluded that "Penicillin in
adequate dosage is capable of eliminating typhoid
infections in man," thus confirming the prediction of Welch and Randall (/. Lab. Clin. Med.,
1947, 32, 190), based on in vitro studies, that
penicillin should give a favorable response in
typhoid fever if large enough doses are used. The
work of Welch and Randall also suggested that
penicillin X should be superior to G in typhoid.
In the above cases, "use of Benemid in conjunction with . . . penicillin gave . . . the same
benefit (in terms of elevated plasma concentrations) as might have been anticipated if the penicillin dose had been two to five times that actually
given."
Earlier, Pratt and coworkers (/. Bact., 1948,
55, 75) showed that penicillin used jointly with
nonbacteriostatic trace amounts of cobalt was
capable of protecting mice inoculated with a
quantity of typhoid organisms several times the
MLD. Subsequently, the penicillin-cobalt regimen
was used successfully in treating Salmonella infections inchickens (Pital et al., Science, 1953,
117, 459) and in treating human patients with
various infections (Liguori, Minerva Medica,
1952, 43, 149; Kammerer and Eberle, Klin.
Wchnschr., 1952, 30, 1083).
At present, however, Chloromycetin is unquestionably the antibiotic of choice for treatment of
typhoid fever and related infections, although
penicillin may also play an important role. If
perforation should occur, mixed therapy with
intramuscular penicillin and streptomycin should
be started at once while Chloromycetin is continued. lY]
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Precautions. — A situation that must be
guarded against in penicillin therapy, and for that
matter in antibiotic therapy in general, is development of a carrier state. This is emphasized by
the report of Wilson and Cockroft (Can. Med.
Assoc. J., 1952, 66, 458). Penicillin resistance
in vivo probably develops most readily when inadequate concentrations of the antibiotic in body
fluids or tissues suppress the more susceptible
organisms but permit the more resistant variants
to continue to multiply, although perhaps at a
reduced rate, and become ensconced in suitable
tissues or to establish subclinical infections. This
can be precluded in large measure by ensuring
adequate dosage early in the course of infection.
Although care should be exercised to avoid unnecessarily high doses that might retard the rate
of killing, it is probably safer to err on the high
side than on the low side in penicillin therapy.
Lifesaving as antibiotics often are, they should
be considered as complementing — not replacing —
sound, established medical procedures. Livingood
(Texas State J. Med., 1951, 47, 469) has pointed
out that antibiotics have revolutionized management of pyogenic cutaneous infections but that
they have not eliminated well-established dermatologic principles, including proper hygiene of the
skin, local debridement, etc. Similar comments,
mutatis mutandis, can be made also regarding the
relationship of antibiotic therapy to systemic infections and to surgical procedures. In compound
fractures, for example, antibiotics have greatly
improved results but have not significantly altered
methods (Key, J.A.M.A., 1951, 146, 1091).
It is axiomatic that a prime objective in the
treatment of infectious disease is eradication of
the cause — not mere suppression of symptoms.
Thus, the advent of penicillin and other antibiotics has increased rather than decreased the
need for conscientious and accurate diagnosis and
laboratory study of the etiologic agent. Treatment must be specific and not symptomatic.
Treatment must be based on diagnosis — not diagnosis made on the basis of response to antibiotic
treatment. In pneumococcal pneumonia, penicillin
is indicated as the most effective agent, but in
primary atypical (virus) pneumonia, Friedlander's (Klebsiella) pneumonia, or influenzal
(Hemophilus influenza) pneumonia, penicillin has
relatively little therapeutic effect and may so
alter the morphology and biochemical reactions
of the pathogens that subsequent identification
of the organisms and definitive diagnosis of the
disease are made difficult, if not impossible.
Rutherford (Calif. Med., 1951, 75, 98), discussing
treatment of otitis media, pointed out that antibiotics may so conceal manifestations of infection
that dangerous residual disease is not recognized.
Yow and Shoemaker also have considered the
influence of antibiotics on the production and
recognition of infections (Am. Surg., 1953, 19,
107). They advocate that exact recording of any
previous antibiotic therapy, no matter how long
ago, should be an essential part of the history of
any patient with infectious disease, since "This
information may aid in making clinical diagnosis,
including the causative organism and its sensitivity. . . ."
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Flippin (Philadelphia Med., 1952, 48, 149, 171)
has summarized the views of many workers in the
field of antibiotics as follows: "One should reserve the use of these agents for the treatment
of serious infectious diseases and restrict their
prophylactic use to those conditions in which the
complication to be avoided is a serious one and
which occurs frequently in the absence of precauIn accordance with the above principle and
tions."
in order to avoid the possibility of inducing sensitization phenomena that might preclude use of
penicillin when it is needed urgently, many authorities recommend that penicillin not be used topically or for local medication in circumstances
when other antibiotics, such as tyrothricin and
bacitracin, are equally effective.
Toxicology. — Penicillin is generally acknowledged to be the least toxic of all the systemic
antibiotics. In the majority of patients there are
no unpleasant sequelae and recovery from penicillin-susceptible infections is uneventful following use of adequate doses. Goldstein commented
that penicillin is unique in that its systemic toxicity is so low that it cannot be detected because
the toxicity of the sodium or potassium or other
cation exceeds that of the drug itself (New Eng.
J. Med., 1949, 240, 137). Toxicity of penicillin,
therefore, need be considered only in terms of
its allergic and its sensitization potentials.
Despite its nontoxic character, right from the
early days of penicillin therapy it has been recognized that the drug elicits cutaneous reactions in
some patients and more generalized systemic
allergic reactions in others. At first, these were
thought to be caused by incomplete removal of
histamine or histaminelike substances present as
impurities in the only partially purified penicillin
products then available. That some reactions were
due to such substances is attested by the fact
that the incidence of cutaneous reactions to penicillin therapy was substantially reduced when
crystalline penicillin came into general use (Lepper
et al., J. Clin. Inv., 1949, 28, 826). These authors
reported also that, on the basis of their study of
1303 patients, incidence of hypersensitivity reactions to injections of aqueous crystalline penicillin was 1.2 per cent, to procaine penicillin in
oil 1.4 per cent, and to crystalline penicillin in
oil and beeswax 2.7 per cent. A summary of the
general trend of number of reactions to penicillin
for the years 1947 through 1950 showed a remarkably constant (and low) number of reactions considered of sufficient severity to warrant
reporting in the literature (the range per year
being 127 to 148) despite an enormous increase
in the number of patients treated (Kitchen et al.,
Am. J. Syph. Gonor. Ven. Dis., 1951, 35, 578).
This can be attributed to the continuously increasing purity of the penicillins available during
those years.
Reactions to local penicillin therapy may be
somewhat higher than to systemic therapy. Brown
(Ann. Allergy, 1948, 6, 723) considered the overall incidence of reactions to all dosage forms of
penicillin to be between 5 and 10 per cent. Longacre estimated reactions to occur in 6 to 10 per
cent of patients receiving systemic penicillin medi-
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cation and in perhaps 10 to 20 per cent of those
receiving local penicillin therapy.
All the varied complications induced by antimicrobial agents, including sulfonamides, have
been competently reviewed by Finland and Weinstein (New Eng. J. Med., 1953, 248, 220).
Kutscher and Lane (Oral Surg., Oral Med., Oral
Path., 1952, 5, 347) in a survey of the clinical
toxicity of antibacterial drugs, listed most cases
of manifestations of toxicity occurring during
and after systemic therapy up to 1950 that have
been reported in English-language publications.
The mechanisms by which cutaneous reactions to
antibiotics develop have been discussed by Rostenberg and Webster (J. A.M. A., 1954, 154, 221).
They point out that allergy is only one of several
possible explanations for the reactions.
Reactions to penicillin are of three principal
types: (1) local contact, manifest as local irritation of skin or mucous membrane or pain at the
site of injection; (2) dermatological allergic, i.e.,
urticarial, erythematous, eczematoid; and (3)
systemic allergic; which leads to anaphylactoidlike or serum sickness-like effects or to cardiovascular and renal abnormalities.
• The cutaneous symptoms may occur within a
few minutes after administration of the drug or
not until several days after therapy has been
terminated. Generally, they subside spontaneously
in from a few hours to a few days. Frequently,
administration of an antihistaminic affords relief,
and use of such an agent prophylactically often
prevents reaction in patients with a past history
of allergy or known to be sensitive to penicillin.
Simon (Ann. Allergy, 1950, 8, 194) found a reaction rate of 6.5 per cent among 400 patients receiving aqueous benzyl penicillin but the reaction
rate was only 2.4 per cent among 292 comparable
patients who were also given doxylamine succinate
(Decapryn, Merrell). In order to be prepared, one
should always anticipate the possibility of an
allergic reaction to benzyl penicillin in patients
with a past history of any type of allergy or of
any fungous infection. Exacerbation of dermatophytic fungus infection and of aspergillosis during
systemic penicillin therapy have been noted (Abbott et al., Brit. M. J., 1952, 1, 523; Wybel, Arch.
Path., 1952, 53, 167); it was more frequent with
less pure preparations.
A more satisfactory approach to the problem
of treating the patient of known or suspected
penicillin-sensitivity is to prescribe one of the
hypoallergenic penicillins, such as L-ephenamine
penicillin G, allylmercaptomethyl penicillin (penicillin O), or benzathine penicillin G. Reaction
rates to all of these products probably are considerably less than 1 per cent among the population of patients at large (Longacre. loc. cit.\
Kadison et ah, Am. Pract. Dig. Treat., 1951, 2,
411; Adair et al, Am. J. Med., 1951, 11, 188;
O'Brien and Smith. Am. J. Syph. Gonor. Ven.
Dis., 1952, 36, 519), and, even among patients
known to be sensitive to water-soluble or to procaine salts of penicillin, the reaction rate to these
hypoallergenic penicillins may be less than 10 per
cent. See the discussions of individual penicillin
salts which follow.
The systemic allergic responses to penicillin,
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involving anaphylactoid-like reactions and symptoms of serum sickness, are more serious and
more difficult to combat. Fortunately, they also
are much more uncommon. Pelner and Waldman
(Am. Pract. Dig. Treat., 1952, 3, 293) advocated
intravenous injection of 5 ml. of a 20 per cent
solution of sodium dehydrocholate once every 24
or 48 hours (depending on the severity of reaction) and one 250-mg. tablet three times daily as
effective treatment for severe serum sickness
reactions to penicillin. They reported 14 cases so
treated and considered the treatment superior to
the conventional use of epinephrine, etc.
Several deaths have been attributed to anaphylactoid reactions following injection of penicillin (Waldbott, J. A.M. A., 1949, 139, 526;
Everett, ibid., 1951, 146, 1314; Cohen, /. Neuropath. Exp. Neurol., 1952, 11, 335; Christenson
et al., U. S. Armed Forces Med. /., 1953, 4, 249;
Feinberg et al., J.A.M.A., 1953, 152, 114; Pick
and Patterson, Brit. M. J., 1953, 2, 605). However, according to the criteria of Higgins and
Rothchild (New Eng. J. Med., 1952, 247, 644) it
is questionable whether all alleged cases of penicillin anaphylaxis and especially of fatality have
been proved to be due to the antibiotic. In several
instances no physician was in attendance at the
time of the attack — in others no autopsy was
performed. In several cases other drugs were used
with penicillin. Some authors have commented on
"the alarming increase in the number of severe
penicillin reactions" (Pelner and Waldman, loc.
cit.) and on the "increasing frequency" of "severe
and even fatal reactions to penicillin" (Feinberg
et al., loc. cit.). However, one should not jump
to conclusions. Recently chloramphenicol was
condemned widely as a cause of fatal aplastic
anemia. Subsequent objective and critical evaluation of the cases involved led to quite a different
conclusion (see under Chloramphenicol) . A higher
incidence of penicillin reactions might be expected
as more and more syphilitics are treated with this
drug, since certain diseases, notably syphilis,
seem to predispose the patient to severe reactions
of the Jarisch-Herxheimer type, to the Schwartzman phenomenon, and to other manifestations
that are seen much less frequently in nonsyphilitic
patients. However, the severe syphilitic reactions
are no more common with penicillin than with
other types of therapy (Kaplan, N. Y. State J.
Med., 1951, 51, 346). Dermo^raphia has been
reported also in syphilitics following penicillin
therapy (Kalz and Prichard, Arch. Dermat. Syph.,
1952, 65, 568). These authors observed incidence
of side reactions (not counting Jarisch-Herxheimer
or Schwartzman effects) in 53 of 100 unselected
syphilis patients and they noted that cutaneous
tactile sensitivity was increased in 80 of the
patients.
Ever since the phenomenal increase in production and widespread use of penicillin began, concern has been expressed that because of increased
use for minor ailments and for prophylaxis, the
public was in danger of becoming sensitized to
the drug, and the assumption has been made that
incidence and severity of allergic reactions to penicillin isincreasing (Pelner and Waldman, loc. cit. ;
Feinberg et al., loc. cit.; Gilman, U. S. Armed
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Forces Med. J., 1951, 1, 1155). Other authors,
basing judgment on extensive surveys, have held
an opposing view (Brown, loc. cit.; Kitchen et al.,
loc. cit.).
Objective appraisal of the facts indicates that
(1) some patients do become sensitized to penicillin, i.e., do not react to a first dose or course of
treatment but react to a subsequent dose or
course of therapy and that it is a potential hazard
in indiscriminate use of the drug which might preclude its later use in a serious infection for which
it would be antibacterially effective; (2) sensitization is most common when the antibiotic is
used locally, either topically, or for absorption
through the mucous membranes in the mouth;
(3) in systemic therapy, sensitization to penicillin
is greater when the antibiotic is given by injection
than when it is given orally.
Smith (J. A.M. A., 1952, 149, 639), reporting
on a long-term, well-controlled study on prophylactic use of oral penicillin, stated that "there
were no sensitivity reactions in patients receiving
oral penicillin for rheumatic fever prophylaxis,"
and Hofer (/. Pediatr., 1949, 35, 135) reporting
on a similar study in which 8500 doses of penicillin were given during seven months observed "no
untoward reactions of penicillin sensitivity." Perhaps the most conclusive evidence is available
from the long-term Navy program of gonorrhea
prophylaxis with oral penicillin. The general conclusion drawn from the available data is that
"there is no evidence of sensitization to the drug
or of other toxic manifestation" (Kitchen, Am. J.
Syph. Gonor. Ven. Dis., 1951, 35, 578). Similar
conclusions were reached by Babione et al. (U. S.
Armed Forces Med. J., 1952, 3, 973) from study
of a three-year prophylactic program with Army
personnel. The consensus is that orally administered doses of systemic penicillin have extremely
low sensitization potential and do not elicit fever
or other sensitivity reactions (J.A.M.A., 1951,
147, 207; Keefer, Postgrad. Med., 1951, 9, 101).
The above conclusion refers only to penicillin
administered orally for systemic effect following
absorption from the gastrointestinal tract. It does
not refer to penicillin given in the form of troches
for absorption through oral or pharyngeal mucosae.
A second concern, arising from widespread use
of penicillin, has been that pathogens might acquire resistance to the antibiotic so that gradually
the drug would lose its efficacy in average clinical infections. Both of these worries (sensitization of patient and development of increased resistance by pathogens) were intensified as the
development of oral dosage forms of penicillin
made administration of the drug easier and led
to its even greater use.
There is no question that staphylococci do acquire resistance readily and that much higher
concentrations of penicillin often are required to
control these organisms today than ten or even
five years ago. This is especially true among individuals frequently or continuously exposed to
penicillin. Many individuals, especially in hospitals and clinics, have become penicillin-resistant
staphylococcus carriers (see especially reports by
Finland et al.t Am. J. Clin. Path., 1950, 20, 325;
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Kirby and Ahem, Antibiot. Chemother., 1953, 3,
831; Kenny et al, ibid., 1953, 3, 1221).
Acquisition of resistance by other organisms
has not, however, been a clinical problem. Long
(N. Y. State J. Med., 1952, 52, 1536) concluded
that "There is no evidence that penicillin resistance is of much importance in the treatment of
beta hemolytic streptococcal, pneumococcal,
gonococcal, meningococcal, spirochetal, or certain
other infections," a view with which Finland
(Brit. M. J., 1953, 2, 1115) and others concur.
These authors acknowledge, however, that a
problem exists with the staphylococci and also
with enterococci causing subacute bacterial endocarditis. Welch and his colleagues demonstrated a
significant increase in the resistance of streptococci, staphylococci, and neisserias recovered
from the throat and mouth when school children
used a penicillin dentifrice for three years (Antibiot. Chemother., 1952, 2, 252). However, this
is essentially a local use of penicillin and perhaps
should not be compared with studies on systemic
use.
Best evidence on the emergence of resistant
organisms comes again from the long-term, wellcontrolled studies made with Army and Navy
personnel in prophylaxis for gonorrhea. These
studies have revealed no evidence of the emergence of resistant neisserias. Similarly, in a fiveyear rheumatic fever prophylaxis program in Chicago, school children were given two 100,000-unit
tablets four times daily for one week of every
month during the school year (Kohn et al.,
J.A.M.A., 1950, 142, 20; ibid., 1953, 151, 347);
no instance in which there was increase in resistance by group A hemolytic streptococci during
the five-year period was found. They reported
further that other gram-positive organisms from
throat cultures of these children had no greater
resistance to penicillin than did similar organisms
isolated from swabs taken from untreated subjects.
Among the gravest dangers of casual use of
penicillin and other antibiotics is the increase of
strains of Proteus, Pseudomonas, Candida, and
other actual or potential pathogens that frequently
seem to acquire invasiveness when the normal
microbial population of the animal body is seriously altered. This problem is greater with the
broad-spectrum antibiotics than with penicillin
but may occur with the latter also (Finland and
Weinstein, loc. cit.).
Finally, as was pointed out above, casual and
unwarranted use of penicillin, as of other antibiotics, may lead to insurmountable difficulties in
diagnosis and may seriously delay institution of
proper treatment and, therefore, delay recovery
of the patient. Oatway (Arizona Med., 1951, 8,
25) reported on 20 patients in whom delays ranging from 2 weeks to 3 to 6 years in diagnosis of
pulmonary tuberculosis resulted from incautious
use of antibiotics for lung infections.
Without denying the prophylactic value of penicillin, especially for rheumatic fever and gonorrhea, the sane attitude toward therapeutic use of
penicillin would seem to be that the defense
mechanisms of the body itself are able to cope

Part

I

with most minor infections, that penicillin is an
adjunct to and not a substitute for sound medical
procedure, and that normally it should not be
used unless laboratory tests and firm diagnosis so
indicate.
Summary. — Penicillins comprise the most important group of antibiotics elaborated by species
of Penicillium. At least five different penicillins
are produced naturally. All of them are organic
acids with the same fundamental structure, but
differing in the R group that is attached, through
an acetamide linkage, to the remainder of the
molecule. The type of penicillin that is formed is
determined by the strain of Penicillium notatumchrysogenum used for biosynthesis and by the
composition of the nutrient medium in which the
mold is cultured.
Most important of the natural penicillins found
in the fermented medium are benzyl penicillin
(penicillin G), which is the most desirable form
clinically, and n-heptyl penicillin (penicillin K).
Industrial biosynthesis of penicillin is steered toward elaboration of benzyl penicillin by providing
the mold with appropriate precursors, such as
phenylacetic acid, phenylacetamide, etc., that
supply preformed benzyl groups that can enter
into an acetamide linkage with the fundamental
portion of the molecule. About three dozen "unnatural" penicillins have been biosynthesized by
providing the mold with different compounds embodying various moieties that the organism can
incorporate, as the R group, into the molecule.
One of these, allylmercaptomethyl penicillin
(penicillin 0) has significance because it may be
tolerated by persons sensitive to penicillin G but
such allergic cases may become sensitive to penicillin 0 also.
Being fairly strong acids, the penicillins readily
form salts with cations, and the term penicillin
as it is commonly used refers to a salt of penicillin. The potassium, sodium, procaine and benzathine salts are all official. Other salts found in
therapeutic use include N-methyl-l,2-diphenyl-2hydroxyethylamine penicillin (L-ephenamine),
and N,N'-bis-(dehydroabietyl)ethylenediamine
penicillin G (hydrabamine penicillin G).
The crystalline salts of penicillin are very
stable when dry and do not need to be refrigerated. But the dry salts are extremely hygroscopic
and must be protected from moisture. Solutions
of penicillin salts deteriorate rapidly, due to hydrolytic opening of the P-lactam ring and consequent restoration of penillic and penicilloic acids
which lower the pH and thus favor more rapid
autocatalytic decomposition. Solutions prepared
from crystalline salts of penicillin are less stable
than solutions of equivalent concentration prepared from less highly purified salts, and concentrated solutions lose potency more rapidly than
less concentrated ones. Solutions should always
be stored under refrigeration. Deterioration of
penicillin solutions may be retarded by use of
phosphate or citrate buffers; the optimum pH
for stability is 6.8. Three to four days is the maximum safe period for storage of penicillin solutions
even when buffered and kept in a refrigerator.
Penicillin is assayed both by microbiologic
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methods and by chemical and physical methods.
For the clinician, the microbiologic determination
of potency is a more meaningful method, since his
interest is in the activity of a given product
against a specific population of pathogens. Only
a microbiologic determination of microbial susceptibility tothe antibiotic can give this information. Crystalline sodium benzyl penicillin has a
potency of 1667 units per mg.; one unit is equivalent to 0.6 microgram. This is the International
Standard for comparison of potency of all penicillin products.
Penicillin is rapidly distributed to most body
fluids and tissues following intravenous or intramuscular injection; more slowly following oral
administration. In order to achieve equivalent
blood levels and therapeutic effects at least three
to five times as much penicillin must be given by
the oral route as when it is administered parenterally. A blood level of 0.03 to 0.05 unit per ml.
generally is accepted as the minimum therapeutic
level. Higher levels are required for treating a
number of diseases.
The antibiotic is rapidly excreted in the urine.
Therefore, to avoid the necessity of frequently
repeated doses, attempts to prolong the duration
of therapeutic blood levels have aimed ai retarding urinary excretion by using renal blocking
agents or by concomitantly administering probenecid or other agents that will compete with
penicillin for glomerular and tubular excretion.
Alternatively, non-aqueous suspensions of penicillin and various water-insoluble salts of penicillin
that, when properly formulated, can be deposited
as a reservoir or depot in the tissues and from
which the antibiotic is released gradually have
been employed. The depot or reservoir technic
has been more widely used than the renal blocking
or competition technic. Different preparations are
available that will provide adequate blood levels
for from 2 hours to 7 days following a single
injection of 300,000 units.
Penicillin is indicated for all infections due to
sensitive gram-positive bacteria and gram-negative
cocci. It is the drug of choice for syphilis and
often is effective in actinomycosis and in psittacosis. Itis ineffective against gram-negative rods
and against protozoan or fungal diseases.
Toxicity is not a problem with penicillin and
in most nonsyphilitic patients the antibiotic can
be used systemically with no untoward effects.
From 6 to 10 per cent of the population appear
to be hypersensitive to the drug administered
systemically and exhibit various dermatologic and
cutaneous reactions to it. Occasionally, anaphylactoid reactions follow injection: In syphilitics,
injection of penicillin, as of other effective medicaments, may be followed by Herxheimer reaction and Schwartzman phenomena.
Applied topically, penicillin is more allergenic.
Cutaneous and mucosal reactions occur in from
10 to 20 per cent of patients.
Evidence for claims of serious increase in sensitization ofpatients by random use of systemic
penicillin is not convincing. Nor is there convincing evidence that pathogens, with the exception
of staphylococci, have increased significantly in
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resistance to penicillin since its widespread use
started about 1945 or 1946. Staphylococci, however, have shown a continuous increase in resistance to penicillin and to all other antibiotics
in communities where the antibiotics have been
used extensively.
Casual and random use of penicillin as of all
other antibiotics for minor infections or for illdefined infections is dangerous because any unwarranted use is a further step toward increasing
and perpetuating in the human population a reservoir of pathogenic antibiotic-resistant staphylococci that often establish superinfections which
sometimes terminate in death of the patient. Indiscriminate use of antibiotics in ill-defined infections is condemned further because selection of
an antibiotic that is incapable of controlling the
given infection may so obscure the symptoms of
the disease that correct and definitive diagnosis
is made difficult if not impossible. This may
result in delay of proper treatment and, therefore,
prolong the illness or even help to establish a
chronic diseased state.
When topical or local penicillin therapy seems
to be indicated, generally bacitracin or tyrothricin
can be used equally effectively, and these are
recommended as substitutes for penicillin in order
to minimize the risks of inducing sensitization
responses in the patient and of engendering emergence of penicillin-resistant pathogens.
Penicillin can be used effectively in mixed
therapy with streptomycin, bacitracin, and some
other antibiotics as well as with appropriate sulfonamides. Sulfanilamide, sulfaguanidine, or other
sulfonamides extremely sensitive to the competitive action of />ara-aminobenzoic acid should be
avoided in mixed therapy with procaine penicillin,
since procaine may be metabolized to PAB in
quantities
fonamides. large enough to antagonize such sulDosage. — The absolute doses and dosage
schedules required for treatment of a given infectious disease depend on the form of penicillin
that is employed. Specific doses are discussed
under the respective penicillin products in subsequent sections. The present discussion is in general terms and relates to two fundamental forms
of penicillin, namely, the water-soluble potassium
and sodium salts of benzyl penicillin and the
relatively insoluble procaine salt of benzyl penicillin.
The following recomendations are based on
current literature and are to be considered only
as approximations to be modified by the physician
on the basis of bedside experience and clinical
judgment. Finland (Brit. M. J., 1953, 2, 1115)
is not in sympathy with the massive doses that
sometimes are advocated today (except for bacterial endocarditis, for which he believes watersoluble penicillins may be preferable to repository
types, and for syphilis). He believes that "the
inordinately high and ever increasing" dosages of
penicillin being prescribed have "little or no relation to any established factors other than fashion
Injection. — In order to enandIntramuscular
usage."
sure maintenance of blood levels continuously
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above the theoretical minimum therapeutic range
of 0.03 to 0.05 unit per ml., a minimum daily dose
of 200.000 to 300.000 units currently is advocated,
regardless of which penicillin is used. Watersoluble potassium or sodium benzyl penicillin in
doses of 50.000 units in sterile isotonic saline
even- 4 to 6 hours or a single daily dose of 300.000
units of procaine benzyl penicillin in oil with
aluminum monostearate generally is adequate for
pneumococcal pneumonia, most infections with
hemolytic or viridans streptococci (except subacute bacterial endocarditis |, fusospirochetosis
(Vincent's angina), and most urinary infections
due to penicillin-sensitive organisms.
Two to two and one-half times the above doses
may be indicated for staphylococci (abscesses.
boils, carbuncles, etc.), Clostridia (gas gangrene),
meningococcal meningitis, non-hemolytic streptococci, and any type of streptococcal meningitis,
or empyema.
For treating carbuncles or poorly vascularized
tissues, direct injection of penicillin into the site
of infection often is a helpful supportive adjunct
to systemic treatment. In empyema, direct injection into the afflicted cavity, following aspiration
of pus even' one or two days, is indicated.
Higher doses are needed for staphylococcic
bacteremia or osteomyelitis, for subacute bacterial
endocarditis, and for meningitis due to staphylococci or pneumococci. For these conditions, total
daily doses of 3.000.000 to 5.000.000 units of
water-soluble penicillin (in 4 to 6 equal doses) or
1,200.000 or more units of procaine penicillin in
two doses may be required. Finland {Circulation,
1954, 9, 292) suggested that in bacterial endocarditis, "perhaps the very high peaks of concentrations which are obtained by intermittent intramuscular injections of soluble preparations of
penicillin are more desirable than the lower and
more sustained concentrations achieved with
equal or smaller total amounts of repository preparations, including the aqueous suspensions of
procaine penicillin." Finland favors "intermittent
intramuscular injections at inten'als of two to
four hours . . . [as] the optimum method of
administration" for bacterial endocarditis. He
considers individual doses of 100.000 to 500.000
units (total daily dose. 1.200.000 to 3.000.000
units) adequate when the causal organism is sensitive in vitro to 0.01 to 0.1 unit of penicillin
per ml. (see also Finland, Xew Eng J. Med., 1954.
250, 372, 419).
Usually a single injection of 100.000 units of
sodium or potassium pemcillin or 300,000 units of
the procaine salt is curative in gonorrhea. For
syphilis, the recommendations of Curtis et al.
(J.A.M.A., 1951. 145, 1223). utilizing procaine
penicillin in oil with aluminum monostearate. were
as follows: for early syphilis, 1,200.000 units in
each buttock followed by 4 injections of 600,000
units each at 4-day inten'als: late and latent
syphilis, a total dose of 6.000.000 units given as
600.000 units daily for 10 days or 600.000 units
twice weekly for 5 weeks: neurosyphilis. 600.000
units daily or twice weekly until a total dose of
6.000.000to 12.000.000 units has been given: in
pregnancy, a total dose of 4,800,000 units divided
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into 8 daily injections if patient is in last trimester
or into 4 weekly or 8 semiweekly doses if in first
or second trimester. The prophylactic dose is
1.200,000 units in one injection. Penicillin is the
drug of choice for all forms of syphilis and yaws.
Some physicians maintain that a single 200,000to 300,000-unit dose of potassium or sodium penicillin given once daily is clinically as satisfactory
as the same total dose given in four installments
6 hours apart. For many infections this is undoubtedly true. But prudence and caution dictate
that if these forms of penicillin are used the total
daily dose should be divided in order to get maximum therapeutic effect. The total curative dose
of penicillin in experimental infections in animals
decreases as the number of injections increases.
For example, in one series of experiments, the
total curative dose of sodium penicillin G for
pneumococcal infections in mice was 113 mg. per
Kg. when given in a single injection; 6.8 mg. per
Kg. when given in 4 injections 1 hour apart; and
only 1.18 mg. per Kg. when given in 10 hourly
injections. In syphilis in rabbits. 300.000 units
per Kg. was required in a single dose; 80,000
units per Kg. sufficed when 8 injections were
given 4 hours apart; and only 360 units per Kg.
was needed for cure if 50 closes were given at
4-hour inten'als.
In planning any therapeutic program, the dosage
must be gauged on the basis of severity, site, and
kind of infection, as well as on the clinical response. Full dosage should be continued for at
least 24 to 48 hours after restoration of normal
temperature and subsidence of other clinical manifestations of the disease process; in meningitis,
osteomyelitis or staphylococcal bacteremia, it
should be continued about a week after apparent
cure. Doses should not be tapered off ; full dosage
should be maintained as long as needed and then
terminated abruptly. In the event of relapse, due
to penicillin-sensitive organisms, full dosage should
be reinstituted or an even higher dosage given
than that used in the first course of treatment;
before doing this, however, one must be sure
that the relapse is due to a penicillin-sensitive
organism.
Currently, the water-soluble salts of penicillin
are not frequently used alone for injection, mainly
because of the obvious disadvantages attending
any treatment schedule calling for multiple daily
injections. More commonly, these salts are formulated with procaine penicillin or other sparingly
soluble salts in order to provide a rapid therapeutic coverage until the less soluble salts reach
therapeutic levels in the blood and tissues.
Oral Administration. — Water-soluble crystalline penicillin is effective for systemic medication
by the oral route when dosage is adequate. To
achieve equivalent therapeutic effects, the oral
dose should be at least three to five times the
intramuscular dose for mild infections; five to ten
times for severe infections.
The following are some typical oral doses to be
given three to four times daily: in hemolytic
streptococcic infections (erysipelas, scarlet fever,
tonsillitis, otitis media), 200.000 units; in staphylococcic infections, 400,000 units; in pneumo-
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coccic infections, 200,000 to 400,000 units; in
fusospirochetosis, 200,000 units. In cases of meningitis larger doses are needed. In chronic gonorhea or gonorrhea with complications a dosage of
500,000 units every 4 hours may be indicated.
For acute gonorrhea, the usual dose is 100,000
units every 3 hours for 6 doses daily for 1 or 2
days, or 500,000 units every 6 hours for 3 doses.
In general, in severe infections the parenteral
route is preferable because of the more prompt
and reliable effect it provides: in fulminating infections itis demanded.
Intrathecal Injection. — This route has been
recommended for treating meningitis but is dangerous.
Inhalation. — Penicillin aerosols have been
used as a means of providing relatively high concentrations of penicillin in lungs, sputum, and
bronchioles. The method provides a high concentration of penicillin locally on the surface of the
respiratory tract but is unreliable for systemic
medication. It has been used mainly as an adjunct
to systemic penicillin therapy in bronchial and pulmonary infections.
Topical. — Penicillin may be applied for local
therapy in ointments, ophthalmic ointments,
creams, vaginal suppositories, and in various other
forms. It is also available in lozenges and troches
for local medication in the mouth.
Incidence of contact dermatitis and other reactions is relatively high. Longacre (loc. cit.) estimated the reaction rate to local penicillin to be
from 10 to 20 per cent. To avoid the possibility
of sensitivity reactions and to avoid the possibility
of engendering penicillin-resistant strains of pathogens, many workers advocate that whenever possible other antibiotics that are not so often used
systemically be substituted for penicillin in topical
preparations. Bacitracin and tyrothricin are both
suitable substitutes, since they have about the
same range of antibacterial action.
Failure of Penicillin Therapy. — The most
common causes for failure of penicillin therapy
are (1) inadequate dosage, (2) an infection due
to an insensitive organism, (3) an erroneous diagnosis, (4) an overwhelming infection, (5) an extremely advanced case of infection, or (6) use of
penicillin solution or other preparation stored so
long that it has deteriorated.
Storage. — Crystalline penicillins, when dry.
may be stored safely without refrigeration for at
least 18 months without significant loss of potency. Storage temperature should not exceed 15°
for penicillin salts of lower purity. Solutions of
soluble penicillins deteriorate rapidly and should
be stored in a refrigerator (4°).
Storage conditions for ointments and other
penicillin formulations depend on the purity of
the penicillin and on the water content or the
hygroscopicity of the product.
Unofficial Penicillin Compounds. — The following unofficial penicillin compounds have therapeutic utility by virtue of some specific property,
such as reduced tendency to cause sensitivity or
allergic reactions, or a disposition to concentrate
in certain tissues in preference to others.
Potassium Penicillin O, N.N.R. Cer-O-Cillin
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Potassium (Upjohn). — Penicillin O is allylmercaptomethyl penicillin, characterized by having
CH2=CH-CHo-S-CH2- as the R group; it is a
biosynthetic product elaborated by certain strains
of Penicillium when they are provided with allylmercaptoacetic acid in the nutrient medium. This
penicillin is available as the potassium salt and
also as the chloroprocaine salt (see following description). The dosages and indications for these
compounds are the same as for potassium (or
sodium) penicillin G, or for procaine penicillin G,
except that the penicillin O salts often may be
used safely in patients who react unfavorably to
penicillin G.
Marsh and Tillotson (New Eng. J. Med., 1951,
245, 17) observed reactions in but 4 of 52 patients treated with penicillin O; two of these
patients were known to be sensitive to penicillin
G. Three patients previously showing sensitivity
reactions to benzyl penicillin (penicillin G) did not
react to penicillin O. Volini et al. (J.A.M.A., 1950,
143, 794) did not encounter a single reaction to
penicillin O among 57 patients known to be sensitive to penicillin G. In a total of 152 individuals
known to be sensitive to penicillin G use of penicillin O evoked no reaction in 136 and only mild
reaction in the remaining 16.
Penicillin O cannot be called nonallergenic, but
it is distinctly hypoallergenic. When reactions do
occur (in about 0.5 per cent of patients), they
are generally mild. Volini et al. (loc. cit.) and
Cushing (Balyeat Hay Fever & Asthma Clin.
Proc, 1951. 21, 22) reported that after treatment
with penicillin O 22 of 24 patients previously observed to be sensitive to penicillin G were able to
tolerate the latter without reaction.
Under the name Cer-O-Cillin Potassium (Upjohn) crystalline potassium penicillin O is available in dry form for preparing injections and also
in tablets for oral administration.
Chloroprocaine Penicillin O, N.N.R. DepoCer-O-Cillin Chloroprocaine (Upjohn). — This is
a crystalline salt obtained by neutralization of
penicillin O (see the preceding description) with
2 -chloroprocaine, the salt representing one molecule each of the interacting substances. It is classified as a water-insoluble salt of penicillin O and
has the same indications and dosage as procaine
penicillin G, except that chloroprocaine penicillin
O is especially useful for patients who are allergic
to penicillin G. This salt is administered intramuscularly as an aqueous suspension commonly
containing 300,000 units per ml.
l-Ephenamine Penicillin G. Compenamine
(Commercial Solvents). — This salt is obtained by
interaction of penicillin G with the antiallergic
base N-methyl-l,2-diphenyl-2-hydroxyethylamine,
CeH5.CHOH.CH(CoH5)NHCH3. The salt is less
soluble in water than is procaine penicillin G (2.2
mg. per ml. for the former and 7.2 mg. per ml.
for the procaine salt). Hence the dosage forms of
L-ephenamine penicillin are also of the repository
type. The theoretical potency of the crystalline
salt is 1058 units per mg. As marketed, it has a
potency of not less than 900 units per mg. The
compound is stable. Sterile suspensions suffer no
significant loss of potency in 1 week at room tern-

998

Penicillin

perature or in 3 weeks at refrigerator temperature.
Unit for unit, L-ephenamine penicillin is virtually identical with procaine penicillin in blood
levels attained, duration of action, rate of excretion, and therapeutic effect. It is indicated in
treatment of all conditions that respond to penicillin, especially for patients who are hypersensitive to procaine penicillin G or other forms of
penicillin G.
In a series of skin patch tests with 15 patients
who gave positive reactions to procaine penicillin
G, only 3 were sensitive to L-ephenamine penicillin G (Kadison et al., Am. Pract. Dig. Treat.,
1951, 2, 411). The same authors, in treating a
clinical series of 12 known procaine penicillinreactors, found that the L-ephenamine salt was
well tolerated by all but one who developed an
urticarial eruption. Longacre (Antibiot. Chemother., 1951, 1, 223), in a more extensive series
(196 patients), found reactions in only 5. Longacre pointed out that 3 of these 5 patients were
simultaneously' receiving "other drugs known to
produce reactions" and that of the other 2 cases,
"one had a history of previous severe penicillin
reaction and the other a history of previous nonpenicillin allergic condition, which was reactivated
while receiving Compenamine." Longacre concluded that the incidence of allergic reaction to
Compenamine is probably less than 1 per cent and
that it can be given to patients known to react
to other forms of penicillin "with considerable
assurance that if any reaction at all occurs, it will
be minimal."
The usual dosage of L-ephenamine penicillin G
is 1 ml. containing 300,000 units daily. In severe
infections this may be increased to two injections
daily given one after the other or 12 hours apart.
Injections are made into the upper outer quadrant
of the buttock, the triceps, deltoid, or anterior
thigh muscle, administration being completed as
promptly as possible ; the injection site should not
be massaged.
In syphilis, 2 doses of 1 ml. each are given
daily (a total of 600,000 units) until at least 6 million units have been administered. In early syphilis
the minimum total dose, given on the same schedule as above, is 4.8 million units. L-Ephenamine
penicillin G is available in dry powder (Compenamine), inaqueous suspension (Compenamine
Aqueous), and dispersed in peanut oil (Compenamine inOil).
Hydrabamine Penicillin G, N.N.R. Compocillin (Abbott). — This dipenicillin compound is a
mixture of crystalline penicillin G salts consisting
chiefly of the salt of the diacidic base N,N'-bis(dehydroabietyl)ethylenediamine, with smaller
amounts of salts of the dihydro- and tetrahydroderivatives, collectively referred to as rosin amine
bases. Hydrabamine penicillin G is a white powder, nearly odorless, practically insoluble in water
and in alcohol.
When administered orally this penicillin compound promptly produces satisfactory penicillin
blood levels with dosages of 300,000 to 600,000
units at intervals of 6 hours. The blood level
produced by a single oral dose of this magnitude
falls rapidly after 6 hours. The hydrabamine base
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component is mostly unabsorbed following oral
administration. Hydrabamine penicillin G has
about the same toxicity in animals as benzathine
penicillin G. In clinical usage looseness of stools
has been observed on occasion; urticaria has been
attributed to the compound.
Prophylactic use of hydrabamine penicillin G
should be limited to streptococcal and pneumococcal infections of the throat and ears, to tonsillectomies and dental extractions, and to patients
with a history of rheumatic fever or rheumatic
heart disease.
For treatment of acute infections in adults hydrabamine penicillin G is given orally in initial
doses of 300,000 to 600,000 units every 6 hours;
subsequent dosage is regulated according to the
response. In children similar doses 4 times daily
may be adequate. To maintain continuous prophylaxis in rheumatic fever, approximately 300,000
units orally once or twice daily is suggested; patients with streptococcal infections who have had
rheumatic fever or show signs of rheumatic heart
disease should receive 800,000 (children) to
1,200,000 (adults) units per day in 4 divided
doses for the first 5 days, then 600,000 to 750,000
units daily in 3 divided doses for the next 5 days.
Compocillin Oral Suspension contains 600,000
units of hydrabamine penicillin G per ml.
Penicillin G Diethylaminoethyl Ester Hydriodide. Penethamate Hydriodide. Neo-Penil
(Smith, Kline & French Labs.). — This compound
is an ester of penicillin G and diethylaminoethyl
alcohol, (C2H5)2NCH2CH20H, supplied in the
form of a hydriodic acid salt of the ester. The
salt occurs as a white, crystalline powder, soluble
to the extent of less than 1 per cent in water, at
room temperature. It has no antibacterial activity
in the ester form, but when it reaches the blood
stream it begins to undergo hydrolysis, whereby
free, and active, penicillin is released. The antibiotic spectrum of the compound is therefore
identical with that of penicillin and the substance
is useful for all conditions that respond to repository penicillin. The theoretical potency of the
crystalline product is 1058 units per mg. Before
dilution, Neo-Penil is stable for one year at room
temperature ; after dilution, it retains full potency
for one week at room temperature or for 3 weeks
when refrigerated.
A peculiar feature of Neo-Penil is its ability to
produce relatively high concentrations of penicillin in lung tissue, in sputum, and in cerebrospinal
fluid. It is surmised that the unhydrolyzed inactive
ester readily passes from the blood into the lung
tissue and into the cerebrospinal fluid and then
subsequently is hydrolyzed. Jensen et al. (Acta
path, microbiol. Scand., 1951, 28, 407) reported
lung tissue levels of penicillin 3 to 5 times greater
for periods of 1 to 5 hours following intramuscular injection of penethamate hydroiodide than
after administration of an equivalent dosage of
procaine penicillin. Neo-Penil accumulates in
sputum also, and may reach levels 3 times as high
as sodium penicillin and about 8 times as high as
procaine penicillin in 2 hours (Heathcote, Lancet,
1951, 1, 1255). After 6 hours, levels of Neo-Penil
are still 3 to 5 times as high as concentrations of
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the other penicillins. Flippin (Pennsylvania M. J.,
1952, 55, 44) reported from 5 to 8 times as much
Neo-Penil as ordinary penicillins in bronchial
secretions following equivalent doses; Barach
(Bull. N. Y. Acad. Med., 1952, 28, 353) reported
levels 5 to 10 times as high with this form of
penicillin as with other penicillin preparations.
Preliminary results in humans indicating that
Neo-Penil also produces higher levels than other
penicillins in the spinal fluid (Schimmel et al.,
Am. J. Med. Sc, 1952, 222, 247) were subsequently confirmed by Gylfe et al. (Antibiot.
Chemother., 1954, 4, 133) who found therapeutic
levels of penicillin in the spinal fluid of 49 of 68
patients given parenteral Neo-Penil, but not in
any of 54 patients receiving procaine penicillin.
In experimental animals it accumulates also in
lymph nodes and in red and white blood cells.
Presumably similar results will be found in humans also.
Since the unhydrolyzed ester is inactive antimicrobially, of course, its therapeutic effectiveness
depends on the rate of hydrolysis.
To achieve blood levels comparable to those
produced by an injection of 300,000 units of procaine penicillin, 500,000 units of Neo-Penil should
be administered. Thus the usual dose for adults
or older children is 500,000 units once or twice
daily. In chronic pulmonary infections that are
amenable to penicillin therapy 2 injections of
500,000 units each 12 hours apart usually are
sufficient, although total daily doses up to 2,000,000 units (500,000 every 6 hours) have been used.
For children under 50 pounds the recommended
dose is 10,000 units per pound of body weight
once or twice daily.
Neo-Penil is administered only by intramuscular injection; it is toxic when given intravenously.
Following intramuscular injection, plasma levels
can be increased 2- to 4-fold by concomitant
administration of probenecid (Flippin et al.,
Antibiot. Chemother., 1952, 2, 208). The same
authors showed that although certain tissue levels
are higher with Neo-Penil than with procaine penicillin, the plasma levels are somewhat lower.
Hence the recommended dose of 500,000 units of
Neo-Penil for 300,000 of the procaine salt. They
showed also that absorption is poor and irregular
from the gastrointestinal tract.
With increasing clinical experience it became
apparent that Neo-Penil is a more toxic compound
than was recognized when it was first introduced,
clearly being more toxic than procaine penicillin
G. A number of severe anaphylactoid reactions
have followed its administration, several of these
terminating fatally (Report of Council on Pharmacy and Chemistry, J.A.M.A., 1953, 151, 1105;
Antibiot. Chemother., 1953, 3, 891). In consideration of this, and also of the finding that while
this penicillin preparation has an affinity for
bronchial mucosa it does not by virtue of this
more favorably influence pulmonary infections
than other and safer forms of penicillin, Neo-Penil
was withdrawn from the market.
Penicillin V. Phenoxymethyl Penicillin. PenVee-Oral (Wyeth). V-Cillin (Lilly) .—This is a
chemically new type of penicillin in which the R
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component is the phenoxymethyl (C6H5OCH2-)
group, whereas in penicillin G it is the benzyl
(C6H5CH2-) group. It is produced biosynthetically by Penicillium chrysogenum Q 176 through
the use of suitable nutrients and precursors, as
described by Brandl and Margreiter (Oesterr.
Chem.-Ztg., 1954, 55, 12). Although various salts
can be prepared, as in the case of penicillin G, the
antibiotic has found widest use as penicillin V
acid. In this form it is crystalline and not hygroscopic; hence it is stable when stored at relatively high humidity. Giovannini (Wien. med.
Wchnschr., 1954, 104, 910) demonstrated that
penicillin V acid is extremely resistant to destruction in simulated gastric juice. Its solubility at
pH levels of 1, 2, 3 and 4 was found to be 120,
240, 540 and 600,000 micrograms per ml., respectively. The properties of insolubility in acid
and solubility in the more alkaline medium of
the duodenum suggested its suitability for oral
administration. Giovannini found that penicillin V
blood levels observed in rabbits after intraduodenal administration corresponded closely to those
secured after intramuscular injection of the potassium salt of penicillin V (penicillin V acid
being relatively insoluble). Oral penicillin V appeared to be virtually completely absorbed in the
upper portion of the small intestine. In human
subjects, Brandl et al. (ibid., 1953, 103, 602)
reported blood levels averaging 0.183 microgram
(0.31 unit) per ml. 1 hour after an oral dose of
only 600 micrograms (1000 units) per Kg. body
weight. In another study in ambulatory male
adults on single oral doses of 125 mg. (200,000
units), average serum levels of 0.458 microgram
(0.776 unit) per ml. were observed after 1 hour.
Clinical observations by Haussmann and Zischinsky (ibid, 1953, 103, 725) and by Sinios (Med.
Klin., 1954, 49, 2031) indicated that in the treatment of infections, oral penicillin V gave results
which closely resembled those obtained with soluble penicillin G injected intramuscularly in the
same dosages.
The toxicity of oral penicillin V is of the same
order as that of oral penicillin G (Brandl et al.,
loc. cit.).
Penicillin V Unit. — When assayed by the classic
staphylococcus inhibition method of Florey, Brunner (Scientia Pharm., 1954, 22, 151) obtained a
potency evaluation of 2500 units per mg. of penicillin Vacid, as compared with 1667 units per mg.
for sodium penicillin G, an activity ratio of 1.5
to 1. Using Sarcina lutea, a nonpathogen, as the
test organism, penicillin V acid was shown to
have an activity ratio to penicillin G of 0.45.
Thus, unitage values per mg. for one type of
penicillin differ from corresponding values for
another, depending on the test organism used.
Accurate dosage can be expressed in terms of
mg. of antibiotic. The Federal Food and Drug
Administration has assigned a potency of 1695
units per mg. of penicillin V acid. This is based
on iodometric titration according to the formula
Mol. wt. penicillin G -4- Mol. wt. penicillin V
acid X 1667. Conversion of G units to V units
can be effected for comparison of tissue levels
by multiplying by the appropriate factor, depend-
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tract isCHnot
materially affected by presence of
food. The salt is tasteless, and extraordinarily
stable in aqueous suspension; both these advantages are likewise attributable to its relative insolubility inwater.

ing on whether S. lutea or Staph, aureus is used
as the test organism.
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"Benzathine Penicillin G contains not less than
85 per cent of C48H56N6O8S2.4H2O and not less
than 1050 Units per mg. of total penicillins as
benzathine penicillin G. It conforms to the regulations of the federal Food and Drug Administration
concerning certification of antibiotic drugs. Benzathine Penicillin G not intended for parenteral use
is exempt from the requirements of the tests for
Pyrogen and Sterility.'" U.S.P.
Benzethacil, Bicillin, Penadur {Wyeth); Duapen (Ayerst,
McKenna & Harrison); Neolin {Lilly); Permapen {Pfizer).

Benzathine penicillin G is the salt of penicillin
obtained by neutralization of penicillin with the
base iV^iV'-dibenzylethylenediamine ; since the latter is a diacidic base two molecules of penicillin
react with one of the base. Benzathine penicillin G
is characterized by very slight solubility in water,
which confers upon it exceptional prolongation of
antibiotic action in the body. In this connection
it is of interest that the salt monobenzylethylenediamine dipenicillin G, which differs from benzathine penicillin G in that the ethylenediamine
component contains only one benzyl group, is
considerably more soluble in water than is the
official salt; its solubility is still, however, low
enough to delay its absorption and prolong its
action.
Description. — "Benzathine Penicillin G is a
white, odorless, crystalline powder. Its saturated
solution is slightly acid or neutral to litmus, having a pH of 5.0 to 7.5. One Gm. of Benzathine
Penicillin G dissolves in about 5000 ml. of water
and in about 1000 ml. of alcohol." U.S.P.
Standards and Tests. — Those of identification, pyrogen, safety and sterility are similar in
principle to corresponding tests described under
Potassium Penicillin G. The limit of water, determined by the Karl Fischer method, is 8 per cent.
U.S.P.
Assay. — The absorptivity (1%, 1 cm.) of a
solution containing about 50 mg. of benzathine
penicillin G in 100 ml. of a methanol solution is
determined at 263 m\i and from this the content
of C48H56N6O8S2.4H2O is calculated. U.S.P.
Uses. — Benzathine penicillin G is very slightly
soluble in water, by virtue of which it has more
prolonged action than the soluble penicillin salts;
comparable blood levels are. however, produced.
This penicillin salt may be administered by intramuscular injection or by the oral route; its limited
solubility minimizes destruction by gastric digestive fluid and absorption from the gastrointestinal

Intramuscular Administration. — By the intramuscular route, a single injection of benzathine
penicillin G produces an effective blood level of
penicillin for 1 to 4 weeks, depending on the size
of the dose (Welch et al., Antibiot. Chemother.,
1953, 3, 1053; Putnam and Roberts, ibid., 1954,
4, 931).
A single injection of 600,000 units was used by
Breese (J.A.M.A., 1953, 152, 10) to treat beta
hemolytic streptococcal infections in pediatric
private practice. As compared with previous methods, fewer bacteriologic and clinical relapses or
recurrences were experienced with benzathine
penicillin G therapy. Chamovitz and Catanzaro
{Antibiotics Annual, 1953-1954, 113) treated
streptococcal illnesses in Air Force recruits with
single doses of 600.000 or 1,200,000 units.
Benzathine penicillin G markedly inhibited antistreptolysin formation, eradicated the streptococcus from the throat, and prevented non-suppurative complications — not true of the untreated
controls. These studies led Rammelkamp and
Stolzer {Pediatric Clinics of North America, 1954,
265) to recommend benzathine penicillin G injection as the agent of choice to prevent the initial
attack of rheumatic fever by adequate treatment
of the preceding streptococcal illness.
The value of single monthly injections of benzathine penicillin G in preventing recurrent attacks of rheumatic fever has been well documented by Stollerman et al., New Eng. J. Med.,
1955, 252, 787; Am. Pract. Dig. Treat., 1954,
5, 589). Over a two-year period, no recurrences
developed in 138 out-patient children. There were
only two significant rises in antistreptolysin titers
and three throat cultures positive for Group A
streptococci. The carrier state, if present at the
beginning of prophylaxis, was eliminated in 90 per
cent of the cases. These observations on prevention of rheumatic recurrences and elimination of
carriers have been confirmed respectively by Diehl
et al. {J.A.M.A., 1954, 155, 1466) and by Wannamaker et al. {New Eng. J. Med., 1953, 249, 1).
For the therapy of acute purulent otitis media
in children, Walker (/. Pediatr., 1954, 44, 50)
found a single dose of 600,000 units of benzathine
penicillin G equally effective with or without procaine penicillin. On the other hand, Hamburger
and associates observed better results in adult
pneumococcal pneumonias when single injections
combined 600,000 units benzathine penicillin G
with equal unitage of procaine or potassium penicillins (Skillman et al., Antibiotics Annual, 1954-
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1955, page 76) than when the former was used
alone (Antibiot. Chemother., 1954, 4, 76). Feldman et al. (J.A.M.A., 1954, 155, 109) obtained
a good therapeutic response in streptococcal
pharyngitis in Air Force recruits with a mixture of 600,000 units of benzathine penicillin G
and 300,000 units each of procaine and potassium
penicillins.
In a series of 185 children with scarlet fever,
Pew (J.-Lancet, 1955, 75, 27) found that oral
administration of 75,000 to 300,000 units of
benzathine penicillin G 3 times daily brought
about improvement in 24 to 48 hours and recovery without complications or relapses after
treatment for 5 days. In children with cultures
positive for hemolytic streptococci, smears became negative in from 24 to 72 hours — nearly all
were negative in 48 hours or less. It was recommended that vitamin B complex be given with
the penicillin.
Benzathine penicillin is useful for the control
of acute gonococcal urethritis and the treponemal
diseases. O'Brien and Smith (Am. J. Syph. Gonor.
Ven. Dis., 1952, 36, 519) obtained a high cure
rate in nearly 1000 male cases of gonorrhea
treated with 300,000 or 500,000 units. Prolonged
penicillin protection provides more time to round
up and treat infectious contacts.
A single injection of 2,400,000 units of benzathine penicillin G is equivalent to 4,800,000 units
PAM (procaine penicillin in oil and aluminum
monostearate) for the treatment of primary or
secondary syphilis (Smith et al., ibid., 1954, 38,
136; Shafer and Smith, Bull. World Health Org.,
1954, 10, 619). In the treatment of yaws, benzathine penicillin G in single injections of 600.000
units or 1,200,000 units has been reported equally
effective by Grin et al. (Am. J. Syph. Gonor. Ven.
Dis., 1954, 38, 397). Rein et al. (J. Invest.
Dermat. 1953, 21, 435) advocate a combination
of benzathine, procaine and potassium penicillins
for treatment of treponemal diseases.
Due to the infrequency of required injections,
benzathine penicillin G is indicated for prevention
and treatment of secondary infection following
tonsillectomy and tooth extraction for patients
with a history of rheumatic fever, in rheumatic
heart disease, and whenever prolonged penicillin
protection is desired. Karelitz et al. (J. Pediatr.,
1954, 44, 357) used single doses to prevent
bacterial complications in measles. Kleinman
(Minn. Med., 1954, 37, 479) aborted an epidemic
of acute glomerulonephritis on an Indian reservation by giving mass prophylaxis with single doses
of benzathine penicillin G. Hankins and Yeager
(J.A.M.A., 1954, 155, 1306) found single doses
effective for prevention or treatment of surgical
infections. Nathanson et al. (Antiobiot. Chemother., 1953, 3, 368) used benzathine penicillin G
for prevention and treatment of dental oral infections. For the purposes mentioned doses of
600,000 to 1,200,000 units are usually employed.
Oral Administration. — Effective absorption
of benzathine penicillin G from the gastrointestinal tract is not impaired by food intake. Because of limited solubility of this antibiotic salt
in the stomach, destruction by gastric juice proceeds slowly (Scott et al., Antibiot. Chemother.,
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1954, 4, 691); buffering agents are not required
when benzathine penicillin G is administered
orally. From studies with carbon- 14-labeled
benzathine penicillin G the evidence indicates that
at least 50 per cent of the antibiotic is absorbed
when administered orally (Walkenstein et al.,
Antibiotics Annual, 1953-54, 108). Effective blood
levels are produced by oral doses of 200,000 to
300,000 units given at intervals of 6 to 8 hours
(Welch et al., Antibiot. Chemother., 1953, 3,
1053). Duration of action may be prolonged by
simultaneous use of probenecid.
Clinically, benzathine penicillin G is indicated
orally for prevention or treatment of infections
amenable to penicillin therapy. Finberg et al.
(ibid., 1953, 3, 353) obtained good results with
an oral suspension of the antibiotic in pneumococcal pneumonias, and beta hemolytic streptococcal infections have responded well (ibid.,
Lepper et al., ibid., 1952, 2, 175; Coriell et al.,
ibid., 1953, 3, 357). Daly (ibid., 1954, 4, 687)
used a combination of benzathine penicillin G
and triple sulfonamides successfully for oral
therapy of upper respiratory infections.
For long-term prophylaxis in preventing streptococcal infections in patients with rheumatic
fever or congenital heart disease tablets of
benzathine penicillin G are particularly useful.
Tidwell (Northwest Med., 1954, 53, 470) gave
one 200,000-unit tablet of benzathine penicillin G
daily to 59 rheumatic and cardiac children and
their siblings in his private practice, with good
prophylactic results; he also reported similarly
successful results in 318 rheumatic fever patients,
in the course of a county program, on the same
dosage (Northwest Med., 1955, 54, 467). Markowitz and Hemphill
(Antibiotics Annual, 19541955, page 83) found benzathine penicillin G
tablets preferable to triple sulfonamides in preventing recurrent attacks of the latter disease. S
Toxicology. — Following oral administration,
loose stools have been observed in some patients,
but in most cases no other signs of toxicity have
been reported. Hypersensitivity reactions to
benzathine penicillin G have been reported infrequently. In a series of 1377 adults who received
single intramuscular doses ranging from 300,000
to 2,500,000 units O'Brien and Smith (Am. J.
Syph. Gonor. Ven. Dis., 1952, 36, 519) reported
a 0.3 per cent incidence of systemic reactions.
Reactions in approximately 1 per cent of 700
adult patients were reported by Smith et al (ibid.,
1954, 38, 136); each patient had received a
single dose of 2,500,000 units for treatment of
early syphilis. In a total of 4073 injections of a
1,200,000-unit dose given monthly to 408 children
(138 out-patients and 270 in-patients), in the
course of rheumatic fever prophylaxis studies, one
serum sickness-type reaction and four reactions
classified as urticaria or angioneurosis — a patient
incidence of 1.2 per cent of reactions — were observed by Stollerman (Am. Rheumatism Association Meeting, June 1954).
Local intolerance (pain, soreness, and tenderness at site of injection) is more pronounced with
benzathine penicillin G than with the more soluble penicillin salts. Stollerman (loc. cit.) observed
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that local pain, tenderness, and induration lasting
24 to 48 hours were common, but that no patient developed an abscess or other serious reaction at the injection site.
Dose. — The usual dose of benzathine penicillin G orally is 200,000 U.S. P. units 1 to 4 times
daily, with a range of 50,000 to 1,000,000 units.
Intramuscularly the usual dose is 600,000 U.S. P.
units (500 mg. of benzathine penicillin G), repeated every 2 weeks as necessary. The range of
intramuscular dose is 300,000 to 3,000,000 units.
The maximum safe dose is limited only by the
volume of solution which can be injected conveniently and comfortably.
Supply. — For injection the following dosage
forms are available: 10-ml. multiple dose vials,
containing 300,000 units per ml. (Bicillin) ; a disposable cartridge containing 600,000 units
(Bicillin and Permapen) ; disposable syringes containing 1.2 and 2.4 million units {Bicillin). For
oral use the following are available: a 10-ml.
bottle containing 150,000 units per ml. (Bicillin
Drops)', a suspension containing 150,000 units in
5 ml. (Oral Suspension Bicillin) ; suspensions
containing 300,000 units in 5 ml. (Oral Suspension Bicillin, Neolin, and Permapen) ; tablets containing 100,000 or 200,000 units (Bicillin). Combinations ofbenzathine penicillin G with procaine
penicillin G and potassium penicillin G, for injection, are also available (Bicillin All Purpose;
Duapen Forte Aqueous, Ayerst, McKenna &
Harrison; Panbiotic, Bristol). Tablets containing
benzathine penicillin G with sulfadiazine, sulfamerazine, and sulfamethazine are also available.
Storage. — Preserve "in tight, light-resistant
containers." US.P.
STERILE BENZATHINE PENICILLIN G SUSPENSION.
U.S.P.
"Sterile Benzathine Penicillin G Suspension is
a sterile suspension of benzathine penicillin G in
water for injection with suitable, harmless dispersing agents and buffer substances. It contains
not less than 90 per cent of the labeled amount of
U.S.P. Penicillin Units. The labeled amount is
not less than 300,000 U.S.P. Penicillin Units (247
mg. of benzathine penicillin G) per ml. Sterile
Benzathine Penicillin G Suspension conforms to
the regulations of the federal Food and Drug
Administration concerning certification of antibiotic drugs." U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 300,000 and 600,000 units in
1 ml.; 1,200,000 units in 2 ml.; 3,000,000 units in
10 ml.
POTASSIUM PENICILLIN
U.S.P., (B.P.), (LP.)
Benzyl
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CH2C0-NH-CH
I -N
CO

o-

G

G.
Potassium

\

CH,

COOK

"Potassium Penicillin G contains not less than
85 per cent of C16H17KN2O4S and not less than
90 per cent of total penicillins, calculated as
potassium penicillin G. Potassium Penicillin G not
intended for parenteral use is exempt from the
requirements of the tests for Pyrogen and Sterility." U.S.P.
Under the title Benzylpenicillin the B.P. recognizes either the crystalline potassium salt or the
crystalline sodium salt of an antimicrobial acid
produced by the growth of Penicillium notatum
or related organisms under appropriate conditions
in a suitable culture medium, or produced by any
other means. The B.P. requires not less than 85
per cent of benzylpenicillin, and not less than
93 per cent of total penicillins.
The LP. recognizes Benzylpenicillin Potassium
and Benzylpenicillin Sodium in separate monographs. The rubric for the potassium salt is
identical with that of the U.S.P.; it is further
required that when tested by biological assay
benzylpenicillin potassium contain not less than
1480 International Units per mg.
B.P. Benzylpenicillin (Potassium Salt) ; Benzylpenicillinum. I. P. Benzylpenicillin Potassium; Benzylpenicillinum Kalicum. Crystalline Penicillin G Potassium.

For information concerning this water-soluble
salt of penicillin see the general monograph on
Penicillin. The crystalline potassium salt has been
reported to be less hygroscopic than crystalline
sodium or ammonium penicillin or amorphous
sodium or calcium penicillin (Carr and Riddick,
Ind. Eng. Chem., 1947, 39, 1021). See also under
Stability in the general monograph on Penicillin.
Description. — "Potassium Penicillin G occurs
as colorless or white crystals, or as a white to
slightly yellow, crystalline powder. It is odorless
or practically so, and is moderately hygroscopic.
Its solutions are dextrorotatory. It is decomposed
by prolonged exposure to temperatures of about
100°, moisture accelerating decomposition. It is
not appreciably affected by air or by light. Its
solutions deteriorate at room temperature, but
solutions stored below 15° remain stable for several days. It is rapidly inactivated by acids and
by alkali hydroxides. Its activity is destroyed
also by oxidizing agents. Potassium Penicillin G
is very soluble in water, in saline T.S., and in
dextrose solutions. It is moderately soluble in
alcohol, but is inactivated by this solvent, by
glycerin, and by many other alcohols." U.S.P.
Standards and Tests. — Identification. — (1)
The presence of penicillin is established by experiments demonstrating (a) failure of a culture of
S. aureus to grow in the presence of penicillin
and (b) growth of a culture of the same organism in the presence of penicillin and sufficient
penicillinase to inactivate the penicillin. (2) When
mounted in liquid petrolatum and examined with a
polarizing microscope potassium penicillin G exhibits birefringence and extinction as the microscope stage is rotated. (3) The acid form of penicillin isprecipitated on adding hydrochloric acid to
a 1 in 50 solution of the penicillin salt ; the precipitate dissolves in a moderate excess of the acid, also
in acetic acid, in amyl acetate, in alcohol, in chloroform, and in ether. (4) After ignition of the salt
the residue yields a solution which responds to
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the flame test for potassium. pH. — The pH of a
solution containing about 30 mg. per ml., prepared with carbon dioxide-free water, is between
5.0 and 7.5, when determined with a glass electrode. Loss on drying. — Not over 1.5 per cent,
when dried at 105° for 2 hours. Beat stability. —
Heating at 100° ±2° for 96 hours does not produce more than a 10 per cent difference in the
content of total penicillins, compared with the
result obtained in the assay. Pyrogen. — A test
dose of 1 ml. per Kg. of a solution in pyrogenfree water containing 1.2 mg. (2000 U.S. P. units)
per ml. meets the requirements of the official
pyrogen test. Safety. — A test dose of 0.5 ml. of a
solution containing 2.5 mg. (4000 U.S.P. units)
per ml. meets the requirements of the test. Sterility.— Potassium penicillin G is required to be
free of bacteria, molds and yeasts. U.S.P.
The B.P. and I. P. require the specific rotation,
determined in a 2.0 per cent w/v solution in
freshly boiled and cooled water, to be not less
than + 270°. The absorbance of a freshly prepared 0.18 per cent w/v solution in wrater at 280
mu. is not more than 0.18 and the difference between the absorbances at 263 mu and at 280 mu
is not less than 0.72.
Assay. — For total penicillins. — From 2 5 to 35
mg. of potassium penicillin G is hydrolyzed to
penicilloic acid in the presence of alkali, after
which a measured excess of 0.01 N iodine is added
and the excess of halogen titrated with 0.01 N
sodium thiosulfate; for discussion of the assay
see Mundell et al. (J. A. Ph. A., 1946, 35, 373).
The total penicillin equivalent of the iodine solution is determined by a similar titration of
U.S.P. Penicillin G Sodium Reference Standard.
For potassium penicillin G. — This component
is estimated gravimetrically by precipitation, from
60 to 70 mg. of sample, of N-ethyl piperidine
penicillin, which is weighed after drying under
vacuum at room temperature for 1 hour. U.S.P.,
B.P., LP.
For uses and doses of this water-soluble salt
of penicillin see under Penicillin.
Storage. — Preserve "in tight containers, which,
if intended for parenteral use, are sterile at the
time of filling and closing. When the Potassium
Penicillin G is packaged for dispensing, the container is of colorless, transparent glass, with a
closure through which a hypodermic needle may
be introduced and withdrawn without destroying
its effectiveness. Each container holds 100,000
Units (60 mg.) or whole multiples thereof up to
and including 500,000 Units, or 1,000,000 Units
(600 mg.) or whole multiples thereof up to and
including 5,000,000 Units, except that when packaged and labeled solely for dental use, each such
container
may contain not less than 10,000 Units."
U.S.P.
PROCAINE PENICILLIN
U.S.P., (B.P., LP.)

G.

Penicillin G Procaine (U.S.P. XIV)
Cl6H1sN2O4S.Ci3H20N2O2.H2O

"Procaine Penicillin G has a potency of not
less than 900 U.S.P. Penicillin Units per mg. (89
per cent). It contains not less than 85 per cent
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of procaine penicillin G. It conforms to the regulations of the federal Food and Drug Administration concerning certification of antibiotic drugs.
Procaine Penicillin G not intended for parenteral
use is exempt from the requirements of the tests
for Pyrogen and Sterility." U.S.P.
The B.P. and LP. recognize this salt of penicillin under the title Procaine Benzylpenicillin,
defining it as the monohydrate of the procaine
salt of benzylpenicillin; both compendia require
not less than 950 Units (International) of penicillin per mg., not less than 37.5 per cent and not
more than 40.5 per cent of procaine, C13H20O2N2,
and a content of not less than 85 per cent of
procaine benzylpenicillin monohydrate in the
preparation.
B.P. Procaine Benzylpenicillin; Procainae Benzylpenicillinum. I.P. Procaini Benzylpenicillinum.

The observation that a difficultly soluble salt
of penicillin is produced when solutions of an
alkali salt of penicillin and of procaine hydrochloride are mixed led to the discovery of procaine penicillin as a clinically useful repository
form of penicillin which provides slow release of
penicillin following its injection (Sullivan et al.,
Science, 1948, 107, 169; Salivar et al, J.A.C.S.,
1948, 70, 1287). Procaine penicillin G is a true
salt formed by interaction of equimolecular quantities of potassium penicillin G or sodium penicillin G with procaine hydrochloride. The anhydrous compound produced by such a reaction
contains 41.5 per cent of procaine base and has
a theoretical potency of 1041 penicillin units per
mg. The hydrated salt which is official (see formula above) has a potency of 1009 units per mg.
Description. — "Procaine Penicillin G occurs
as white or faintly yellow, fine crystals or as a
white, very fine, microcrystalline powder. It is
odorless or practically so, and is not appreciably
affected by air or light. Its solutions are dextrorotatory. Procaine Penicillin G is rapidly inactivated by acids, by alkali hydroxides and by
oxidizing agents. One Gm. of Procaine Penicillin
G dissolves in 250 ml. of water, in about 120 ml.
of
alcohol, and in about 60 ml. of chloroform."
U.S.P.
Standards and Tests. — Identification. — (1)
Procaine penicillin G responds to identification
tests (1) and (2) under Potassium Penicillin G.
(2) A saturated solution of procaine penicillin G
yields a brown precipitate with iodine T.S., and
a white precipitate with mercuric-potassium iodide
T.S. (3) The diazotized procaine component
when coupled with betanaphthol yields a scarletred precipitate. Water. — Not more than 4.2 per
cent, when determined by the Karl Fischer
method. pH. — The pH of a saturated solution is
between 5.0 and 7.5. Pyrogen, Safety, Sterility. —
See under Potassium Penicillin G (the strength
of the solutions for the pyrogen and safety tests
differ from those of the potassium salt). U.S.P.
Assay. — The assays for total penicillins and for
procaine penicillin G are identical in principle
with the assays described under Potassium Penicillin G. U.S.P. The B.P. and I.P. assay for
procaine by releasing the base from about 100
mg. of the salt through interaction with sodium
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carbonate; the procaine is extracted with chloroform, the latter solvent shaken with 20 ml. of
0.01 N sulfuric acid to remove the base, and the
excess acid titrated with 0.01 N sodium hydroxide
in the presence of methyl red as indicator. Each
ml. of 0.01 N sulfuric acid represents 2.363 mg.
of procaine. C13H20O2N2.
Uses. — This "insoluble" form of penicillin is
the most widely used of penicillin salts; about
three-fourths of the total production of penicillin
in the United States is in the form of this
product. Its uses are discussed in the general
monograph on Penicillin.
The procaine component of this salt may be
metabolized in the body to £ara-aminobenzoic
acid (PABA) and. since PABA antagonizes some
sulfonamides, care should be exercised in selecting sulfonamides which may be used at the same
time as procaine penicillin. In general, sulfanilamide and sulfaguanidine are contraindicated;
sulfadiazine, sulfathiazole and sulfapyridine are
less sensitive to antagonism by PABA and are
more suitable for use with procaine penicillin.
Some individuals are sensitive to medicinals
containing the para-amino group and so may react allergically to procaine penicillin although not
to other penicillin salts. ®
The customary intramuscular dose of procaine
penicillin G for average susceptible infections is
300.000 to 600,000 units (approximately 300 to
600 mg.) once or twice daily. For more detailed
information see Dosage, under Penicillin.
STERILE PROCAINE PENICILLIN
SUSPENSION.
U.S.P., (B.P.), (LP.)

G

"Sterile Procaine Penicillin G Suspension is a
sterile suspension in water for injection of procaine penicillin G and one or more suitable, harmless suspending or dispensing agents, buffer substances and preservatives. It contains not less
than 90 per cent of the labeled amount of U.S. P.
Penicillin Units. The labeled amount is not less
than 300,000 U.S.P. Penicillin Units per ml. It
conforms to the regulations of the federal Food
and Drug Administration concerning certification
of antibiotic drugs." U.S.P.
The B.P. and LP. recognize a sterile mixture of
procaine benzylpenicillin with suitable dispersing
agents, with or without a suitable buffering agent.
to which the requisite amount of water for injection isadded. In a separate monograph the
LP. recognizes also the aqueous suspension itself.
B.P. Injection of Procaine Benzylpenicillin. LP. Procaine Benzylpenicillin for Injection; Procaini Benzylpenicillinum pro Injectione. LP. Aqueous Injection of
Procaine Benzylpenicillin; Injectio Procaini Benzylpenicillini Aquosa. Abbocillin-DC (Abbott) ; Aquacillin A. S.
(Schenley) ; Ayercillin (Suspension) (Ayerst, McKcnna &
Harrison); Com-Pen Aqueous (.Commercial Solvents):
Crysticillin A.S. (Squibb) ; Diurnal-Penicillin Readmixed
{Upjohn); Duracillin A.S. (Lilly); Flo-Cillin Aqueous
(Bristol); Hydracillin (Premo); Hypercillin in Aqueous
Suspension (Cutter); Injection Dorsallin A.R. (SmithDorsey) ; Ledercillin Suspension (Lederle) ; Millicillin Suspension (E. S. Miller) ; Parencillin in Aqueous Suspension
(Merrell); Plasmacillin AQ (Rexall); Premocillin (Premo);
Redi-Pen (Elder); Sharcillin Aqueous (Sharp & Dohme^;
Til-Cillin Aqueous (Tilden); Wycillin Suspension (Wyeth).

Procaine penicillin G is supplied both in dry
form, which may be made into a suspension by
adding water for injection, or already prepared

as a suspension. While the soluble penicillin salts
have limited stability in aqueous solution the
solubility of procaine penicillin G is so small (the
equivalent of 5200 units per ml.) that the average
decomposition of suspensions containing 300,000
units per ml. is about 5 per cent after storage for
2 years at room temperature, and considerably
less than this when stored at lower temperatures
(Buckwalter et al., Antibiot. Chermother., 1953,
3, 292). The inclusion of 2 per cent of procaine
hydrochloride, which dissolves in water and reduces the solubility of procaine penicillin G to
the equivalent of 1500 units per ml. enhances the
stability of the antibiotic (Buckwalter et al., loc.
cit.). In some formulations sodium citrate, sometimes with citric acid, is used as a buffering agent.
The inclusion of methylcellulose, or of sodium
methylcarboxycellulose, is said to produce crystals
of procaine penicillin G which do not block
syringes and also facilitates dispersion of the
crystals; other harmless suspending or dispersing
agents are also permitted to be used. Particle
size is important in formulating procaine penicillin G for both aqueous and oil suspensions. To
ensure maximum fluidity of the preparation, and
to minimize clogging of syringes and needles, the
crystals should be of appropriate dimensions and
as nearly uniform as possible in size. If too large
or too small, even though uniform, clogging ma}'
occur, just as it does when there is great discrepancy in size. Preparations with at least 80
per cent of the particles under 50 microns in any
dimension are satisfactory.
For uses and dosage see under Procaine Penicillin G, and also under Penicillin.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Tvpe I or
III glass." U.S. P.
Usual Sizes.— 300.000 U.S.P. Units in 1 ml.;
1.500,000 U.S.P. Units in 5 ml.; 3,000,000 U.S.P.
Units in 10 ml.
STERILE
WITH

PROCAINE
ALUMINUM
SUSPENSION.

PENICILLIN
STEARATE
U.S.P.

G

"Sterile Procaine Penicillin G with Aluminum
Stearate Suspension is a sterile suspension of procaine penicillin G in oil that has been gelled with
2 per cent of aluminum monostearate. It contains
not less than 90 per cent of the labeled amount of
U.S.P. Penicillin Units. The labeled amount is not
less than 300.000 U.S.P. Penicillin Units per ml.
It conforms to the regulations of the federal
Food and Drug Administration concerning certification ofantibiotic drugs." U.S.P.
Avercillin (Oil) (Ayerst, McKenna & Harrison) ; DepoPenicillin (Upjohn); Duracillin in Oil (Lill\); Flo-Cillin 96
(Bristol); Hypercillin (Cutter) ; Lentopen (Wyeth); Millicillin (Miller) ; Monocillin (Schenley) ; Parencillin in Oil
(Merrell) ; Pazillin (Sharp & Dohme) ; Plasmacillin (Rexall); Prosil-G (Pitman-Moore); Til-Cillin in Oil (Tilden).

Herrell et al. (Proc. Mayo, 1947, 22, 567) were
the first to observe the superiority of a suspension
of procaine penicillin in oil over the so-called
Romansky formula recognized in U.S.P. XIII
under the title Penicillin Injection in Oil and
Wax (see Prolonging Duration of Action, under
Penicillin, also US.D., 24th ed., p. 844). Later,
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Thomas et al. {J. A.M. A., 1948, 137, 1517) found
that a suspension of procaine penicillin in peanut
oil which was gelled by incorporation of 2 per
cent of aluminum monostearate yielded its penicillin even more slowly, in some cases for as long
as 96 hours at adequate levels, than did a suspension of identical concentration of procaine
penicillin in peanut oil alone or in peanut oil plus
wax. The gel produced with aluminum monostearate isthixotropic, i.e., it becomes liquid on
agitation and in this state may be conveniently
injected. Most of the preparations currently available are prepared with peanut or sesame oil as
the vehicle.
This preparation is used in the same manner
and in the same dose range as other penicillin
preparations which are administered by injection;
for this information see under Penicillin and
Procaine Penicillin G. There are available also
certain so-called fortified preparations which contain, in an oil vehicle, both procaine penicillin G
and crystalline penicillin G (commonly the potassium salt) ; the latter antibiotic, being more
rapidly absorbed, produces effective blood levels
more quickly than does the procaine derivative
which, however, maintains the levels for a long
time. When oil solutions are used care must be
exercised to avoid injection into a vein, lest an
oil embolism result.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I or
Type III glass." U.S.P.
Usual Sizes.— 300,000 U.S.P. Units in 1 ml. ;
3,000,000 U.S.P. Units in 10 ml.
STERILE PROCAINE PENICILLIN G
AND
BUFFERED
CRYSTALLINE
PENICILLIN G FOR SUSPENSION.
U.S.P. (B.P.)
"Sterile Procaine Penicillin G and Buffered
Crystalline Penicillin G for Suspension is a sterile,
dry mixture of procaine penicillin G and buffered
crystalline penicillin G and one or more suitable,
harmless suspending or dispersing agents. It contains not less than 90 per cent of the labeled
amount of U.S.P. Penicillin Units. It contains
buffered crystalline penicillin G equivalent to not
less than 50,000 U.S.P. Units for each 300,000
U.S.P. Units of procaine penicillin G. It conforms
to the regulations of the federal Food and Drug
Administration concerning certification of antibiotic drugs." U.S.P.
The B.P. does not specify the proportion of
the two forms of penicillin G but does indicate
in the monograph that when no strength is specified an injection containing 300,000 Units of
procaine benzylpenicillin and 100,000 Units of
benzylpenicillin in 1 ml. shall be dispensed.
B.P. Injection of Procaine Benzylpenicillin with Benzylpenicillin. Fortified Injection of Procaine Penicillin G.
Abbocilhn 800 M (Abbott); Aquacillin D. A. (Schenlev) ;
Aquapropen (Massengill) ; BiPen (Commercial Solvents);
Crystifor (Squibb) ; Diurnal-Penicillin Fortified (Upjohn);
Duracilhn Fortified (Lilly); Eldi-Pen (Elder); Forticillin
(Premo) ; Homocillin (Rexall) ; Ledercillin Parenteral
(Lederle) ; Magnacillin (Standard) ; Myropen (Meyer) ;
Pen-Aqua (Bristol) ; Pronapen (Pfizer) ; Sharcillin Fortified
(Sharp & Dohme); Wycillin Fortified (H'yeth).

The U.S.P. requires the pH of a saturated solu-
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tion of this preparation to be between 5.0 and
7.5. The content of water is limited to 4.2 per
cent (Karl Fischer method). The product must
be sterile, and tests for pyrogen and safety are
provided.
Assay. — For total penicillins. — The procedure
described under Potassium Penicillin G is employed. For buffered crystalline penicillin G. — In
a measured volume of a solution of the sample
the content of penicillin G combined with procaine is determined colorimetrically through diazotization of the procaine component and coupling
with N-(l-naphthyl)ethylenediamine; the result
of this determination, expressed in penicillin units,
is subtracted from the content of total penicillins
in a like volume of solution by the iodometric
procedure, the difference being the content of
buffered crystalline penicillin G. For procaine
penicillin G. — The difference between the content
of total penicillins and that of buffered crystalline
penicillin G represents the content of procaine
penicillin G. U.S.P.
Uses. — This mixture of a soluble salt of penicillin (the crystalline penicillin G component)
and an insoluble salt (procaine penicillin G) provides the prompt action and accompanying high
levels of penicillin produced by the soluble salt
and the prolonged action characteristic of the
insoluble procaine salt. For uses see the general
monograph on Penicillin.
The usual dose is 400,000 units of the mixed
salts 1 or 2 times daily intramuscularly.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I or
III glass." U.S.P.
Usual Sizes.— 400,000, 2,000,000 and 4,000,000 U.S.P. Units of mixed penicillin salts in 1-,
5-, and 10-dose vials.
SODIUM

PENICILLIN
(B.P.) (LP.)

G.

U.S.P.

Benzyl
Penicillin Sodium,
Crystalline Penicillin
Sodium, Penicillin G Sodium (U.S.P. XIV)

G

"Sodium Penicillin G contains not less than 85
per cent of Ci6Hi7N2Na04S, and not less than 90
per cent of total penicillins, calculated as sodium
penicillin G. Sodium Penicillin G not intended
for parenteral use is exempt from the requireU.S.P. ments of the tests for Pyrogen and Sterility."
Under the title Benzylpenicillin the B.P. recognizes either the crystalline potassium salt or the
crystalline sodium salt of an antimicrobial acid
produced by the growth of Penicillium notation or
related organisms under appropriate conditions
in a suitable culture medium, or produced by any
other means. The B.P. requires not less than 85
per cent of benzylpenicillin, and not less than 93
per cent of total penicillins.
The LP. recognizes Benzylpenicillin Potassium
and Benzylpenicillin Sodium in separate monographs. The rubric for the sodium salt is identical
with that of the U.S.P.; it is further required
that when tested by biological assay benzylpenicillin sodium contain not less than 1500 International Units per mg.
B.P. Benzylpenicillin (Sodium Salt) ; Benzylpecicillinum. LP. Benzylpenicillin Sodium; Benzylpenicillinum
Natricum.
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The description, standards and tests (except
for the difference in the cation), assays and
storage are the same as for Potassium Penicillin
G. For uses and dose of this water-soluble salt
of penicillin see under Penicillin.
BUFFERED CRYSTALLINE
PENICILLIN G. U.S.P.
"Buffered Crystalline Penicillin G is crystalline
potassium penicillin G or crystalline sodium penicillin G buffered with not less than 4 per cent
and
not
U.S.P. more than 5 per cent of sodium citrate."
Cillenta Liquid SO (Ayerst, McKenna & Harrison) ;
Cillgran (.Columbus) ; Cilloral Powder (Bristol) ; Dorsallin
Buffered Powder (Smith-Dorsey); Dramcillin (White);
Dropcillin (White); Evrocillin PO (Evron); Liquacillin
(Lilly) ; Orapen, Liquid (Schenley) ; Penisem (Massengill) ;
Remanden Granules (Sharp & Dohme) ; Sharcillin (Sharp
& Dohme); Sugracillin (Upjohn).

As has been pointed out in the general article
on Penicillin, in the discussion of Stability, decomposition of penicillin can be retarded by
buffering to pH 6.0 to 7.0, the optimum being at
6.8. Sodium citrate serves this purpose. Buffered
crystalline penicillin G is supplied in the dry
state, to be dissolved in water or other aqueous
diluent when the dosage form is dispensed; the
product retains practically full activity for some
days, especially if it is refrigerated. Certain of
the commercial products are intended for oral
administration, while others are to be administered parenterally; it is important that the intended use of a product be determined.
For uses and doses of this dosage form see the
general article on Penicillin. The U.S.P. gives the
usual oral dose as 200,000 U.S.P. Units four times
a day, and the intramuscular dose as 50,000 Units
four times a day; the range of dose, orally, is
50,000 to 1,000,000 Units, while the range of
intramuscular dosage is 25,000 to 1,000,000 Units.
PENICILLIN G TABLETS.
U.S.P. (B.P.)
Crystalline Penicillin G Tablets

"Penicillin G Tablets contain potassium penicillin G or sodium penicillin G with one or more
suitable, harmless buffer substances. They contain not less than 90 per cent of the labeled
amount of penicillin G. The labeled potency is
not less than 50,000 U.S.P. Penicillin Units per
tablet. Penicillin G Tablets conform to the regulations of the federal Food and Drug Administration concerning certification of antibiotic drugs."
U.S.P. The B.P. requires not less than 90.0 per
cent of the prescribed or stated number of units ;
incorporation of up to 5 per cent of sodium
citrate, referred to the weight of benzylpenicillin
present, is permitted.
B.P. Tablets of Penicillin. Bupenna (Burroughs) ; Cillenta
(Ayerst, McKenna & Harrison) ; Cilloral (Bristol) ; Jacilin
(Jamieson) ; Oracillin (Merrell); Orapen (Schenley) ; Penioral (Wyeth); Pentabs (Rexall); Pentids (Squibb) ; TilPen (Tilden).

The U.S.P. limits loss on drying of the coarsely
powdered tablets to 1 per cent, when dried in
vacuum at 60° for 3 hours. The content of penicillin isdetermined by microbial assay (see Assay,
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under Penicillin). In the manufacture of penicillin
G tablets the potassium salt, being less hygroscopic than the sodium salt, is commonly used.
Uses. — There has been a growing interest in
oral dosage forms of penicillin since several reports have indicated that equally satisfactory
therapeutic results may be obtained with oral as
with parenteral penicillin, that oral forms have
no greater tendency than parenteral forms to
induce emergence of resistant strains of pathogens, and that incidence of sensitivity reactions
may be lower following oral administration. It is
important to remember, however, that lower
sensitivity occurs only when penicillin given orally
jor systemic effect is absorbed from the gastrointestinal tract; this statement is not applicable
when troches or other forms of penicillin are kept
in contact with buccal or oral mucosae. Furthermore, itmust be remembered that oral systemic
doses must be at least 3 to 5 times greater than
parenteral doses to provide equivalent therapeutic
effect.
The U.S.P. gives the usual dose as 200,000
U.S.P. Units four times a day, with the range
of dose being 50,000 to 1,000,000 units. For details of dosage see the general article on Penicillin.
Storage. — Preserve "in tight containers."
U.S.P. Since penicillin is extremely hygroscopic,
and since the antibiotic deteriorates rapidly in the
presence of moisture, care must be taken to protect the tablets from moisture during storage.
Usual Sizes.— 100.000. 200.000, and 500,000
U.S.P. Units.
AMORPHOUS

PENICILLIN.

B.P.

Amorphous Penicillin is defined by the B.P. as
the calcium salt, the potassium salt, or the sodium
salt of the antimicrobial acid produced by the
growth of PeniciUium notatum or related organisms under appropriate conditions in a suitable culture medium, with impurities being removed as completely as practicable and the purified penicillin dried under conditions designed to
ensure the sterility and stability of the final
product. Not less than 1100 units per mg. is required. The respective salts are designated as
Amorphous Penicillin {Calcium Salt), Amorphous
Penicillin (Potassium Salt), or Amorphous Penicillin (Sodium Salt).
This form of penicillin differs from benzyl
penicillin in containing small amounts of other
penicillins, some of which are less active than
benzylperucillin. Some impurities are present,
which increase stability of aqueous solutions by
buffer action. Injections of this penicillin may
cause pain and hypersensitivity and while the
B.P. permits use of this form in preparing injection of penicillin such use has been largely, if not
entirely, superseded by benzylpenicillin.
Description. — Amorphous penicillin occurs as
a pale yellow to light brown amorphous hygroscopic powder, as larger particles or masses, or as
white granules, scales, or amorphous powder. It
is very soluble in water, but insoluble in fixed
oils and in liquid paraffin. B.P.
The B.P. permits use of this form of penicillin
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(but benzylpenicillin is also permitted to be used)
in preparing cream of penicillin, eye ointment of
penicillin, injection of penicillin, lozenges of penicillin, and ointment of penicillin.
Storage. — Preserve in sealed, sterile containers, maintained at as low a temperature as possible, not exceeding 15°. B.P.
CREAM OF PENICILLIN.
B.P.
Cremor Penicillini

This preparation of the B.P. is made by dissolving the desired amount of amorphous penicillin or benzylpenicillin (1000 Units per Gm. if
not otherwise ordered) in a solution, at 60°, containing 0.25 Gm. of sodium citrate and 0.1 Gm.
of chlorocresol in 47 ml. of distilled water, adding this to a melted mixture, also at 60°, of 7
Gm. of emulsifying wax, 5 Gm. of hard paraffin
and 41 Gm. of liquid paraffin, shaking the whole
for a few minutes, then cooling rapidly. The
proportions of hard paraffin and liquid paraffin
may be changed, and white soft paraffin may be
substituted, to produce a preparation of the desired consistency.
Cream of penicillin is used by local application
(see under Penicillin Ointment for discussion of
local uses).
PENICILLIN

FOR INHALATION.
N.F.

"Penicillin for Inhalation is crystalline potassium penicillin, crystalline procaine penicillin, or
crystalline sodium penicillin, with or without suitable, harmless diluents. It complies with the requirements ofthe federal Food and Drug Administration." N.F.
Uses. — Inhalation of penicillin dust has been
found to be effective for treatment of bacterial
infections of the upper respiratory tract and those
of the trachea, bronchi and bronchioles, including bronchiectasis (Krasno and associates,
Science, 1947, 106, 249, and American Practitioner, 1949, 3, 649; Toplin and Bryan, Science,
1947, 105, 502). Allergic reactions are rare. Reduction in incidence of postoperative pulmonary
complications in patients who inhaled penicillin
dust before and after major surgical procedures
was reported by Toplin et al. (J.A.M.A., 1948,
138, 4).
Penlator (Lederle) provides in a cartridge
100,000 units of procaine penicillin G, while
Penicillin Dispolator (Squibb) contains 100,000
units of sodium penicillin in each cartridge; both
products are intended for application by inhalation, either nasally or by mouth.
INJECTION

OF PENICILLIN.
B.P. (LP.)

The B.P. recognizes Injection of Penicillin as
a sterile solution of amorphous penicillin or
benzylpenicillin in water for injection, prepared
by use of an aseptic technic; a suitable buffering
agent may be added. The LP. recognizes Injection of Benzylpenicillin as a sterile solution of
benzylpenicillin potassium or benzylpenicillin sodium inwater for injection, prepared by dissolving
the contents of a sealed container in the requisite
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amount of water for injection, using aseptic
technic; when several doses are contained in a
single container a suitable bacteriostatic is added
in sufficient concentration to prevent growth of
microorganisms.
PENICILLIN

OINTMENT.

N.F. (B.P.)

"Penicillin Ointment is calcium penicillin,
crystalline penicillin, or procaine penicillin in a
suitable ointment base with or without a suitable
anesthetic. It complies with the requirements of
the federal Food and Drug Administration." N.F.
The B.P. requires not less than 90.0 per cent of
the prescribed or stated number of units.
B.P.

Ointment

of Penicillin;

Unguentum

Penicillini.

The B.P. provides a formula for preparing
ointment of penicillin by triturating either amorphous penicillin or benzylpenicillin, in the required quantity, with 5 Gm. of liquid paraffin
until smooth and then gradually adding 95 Gm.
of white soft paraffin (white petrolatum).
Uses. — Penicillin ointments have found various uses, as in treatment of superficial infections
of the skin and infected wounds, a concentration
of 1000 or 10,000 units (commonly of procaine
penicillin G) per Gm. of ointment being employed.
A sterile ointment, containing 1000 or 5000
units of procaine penicillin G per Gm. of ointment, is employed in treating superficial infections of the eye and as an adjunct to systemic
therapy in the treatment of gonococcal conjunctivitis. For ophthalmic use the B.P. recognizes Eye Ointment of Penicillin {Oculentum
Penicillini), which is prepared by triturating,
under aseptic conditions, the requisite quantity of
amorphous penicillin or benzylpenicillin with a
congealed mixture of 5 Gm. of liquid paraffin and
95 Gm. of white soft paraffin (white petrolatum)
previously melted, filtered through paper and
sterilized by heating at 150° for a sufficient time
to maintain the base at this temperature for one
hour, and then cooled.
Ointments containing 10,000 or 20,000 units of
sodium or potassium penicillin G per Gm. of
base are supplied for treatment of Vincent's infection and superficial dental infections.
PENICILLIN

TROCHES.

N.F. (B.P.)

"Penicillin Troches are composed of sodium
penicillin, calcium penicillin, potassium penicillin,
procaine penicillin, L-ephenamine penicillin G, or
crystalline penicillin O, and one or more suitable
or harmless diluents, binders, and lubricants,
with or without one or more suitable and harmless local anesthetics, chemical antimicrobial
agents, masticatory substances, colorings, and
flavorings. The Troches comply with the requirements of the federal Food and Drug Administration." N.F.
The B.P. Lozenges of Penicillin are prepared
by compression of a mixture of amorphous penicillin or benzylpenicillin and previously prepared
dry granules of sucrose, lactose, or a mixture of
the two, and suitable binding agents. Each lozenge
weighs about 1 Gm. and contains not less than
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90.0 per cent of the prescribed or stated number
of Units. If the quantity of penicillin is not
specified lozenges containing 1000 Units each are
to be dispensed.
Uses. — Penicillin troches are employed in local
treatment of infections of the oral cavity. They
should disintegrate slowly, releasing penicillin
over a period of 45 to 60 minutes, after which
another troche is employed, this process being
continued for 24 hours, except at meal-time. It
is inadvisable to continue such medication for
more than two days because of probable development of stomatitis. On continued use a yellowishbrown to black discoloration of the tongue is observed in a high proportion of patients.

STERILE PENICILLINDIHYDROSTREPTOMYCIN FOR
SUSPENSION.
U.S.P.
"Sterile PenicilUn-Dihydrostreptomycin for
Suspension is a sterile, dry mixture of procaine
penicillin G and/or potassium or sodium penicillin
and dihydrostreptomycin sulfate. It contains not
less than 85 per cent of the labeled amount of
penicillin, and not less than 90 per cent of the
labeled amount of dihydrostreptomycin base. It
contains not less than 250 mg. of dihydrostreptomycin base for each 300,000 U.S.P. Penicillin
Units, except that if it contains a mixture of two
salts of penicillin, it contains not less than 100,000
U.S.P. Units of potassium or sodium penicillin
for each 300,000 U.S.P. Units of procaine penicillin. Sterile PenicilUn-Dihydrostreptomycin for
Suspension may contain suitable, harmless buffer
substances and suspending agents. It conforms to
the regulations of the federal Food and Drug
Administration concerning certification of antibiotic drugs." U.S.P.
Cillimycin (Wyeth); Combiotic (.Pfizer); Dicrysticin
(Squibb) ; Dihydrocillin, Fortified (Upjohn); Fortimycin
(Premo); Homocillin (Rexall); Pen-Aqua-DS (Bristol);
Penimycin (Liberty); Penstrep (Merck); Sharcillin, Fortified, DH (Sharp & Dohme); Streptocillin (Merrell, Tosse);
Syncrobin (Schenlev) ; Synergistin (Consolidated Midland) ;
Vi-Di-Pen (Vitarine).

Description. — "Sterile Penicillin-Dihydrostreptomycin for Suspension is a white or practically white, crystalline powder. It is odorless.
Sterile Penicillin-Dihydrostreptomycin for Suspension issoluble in water, and is sparingly soluble in alcohol." U.S.P.
The pH of a solution or suspension of the contents of a vial of this preparation in the volume
of diluent indicated on the label is between 5.0
and 7.5. The content of water in the dry mixture
is not more than 4.2 per cent. The assays for the
penicillin are performed as explained under Sterile
Procaine Penicillin G and Buffered Crystalline
Penicillin G for Suspension; the assay for dihydrostreptomycin ias microbial procedure applied
after the penicillin present is inactivated with
penicillinase.
Uses. — This combination of antibiotics is employed in the treatment of mixed infections
caused by gram-positive and gram-negative organisms as, for example, peritonitis, septicemia,
certain urinary tract infections, abscesses, and

infected wounds; also for initial therapy of infections ofunknown etiology, and for prophylaxis
in surgery. For information concerning the component antibiotics and their doses see under
Penicillin, Dihydrostreptomycin Sidfate, and
Streptomycin Sulfate. The mixture is administered only by intramuscular injection.
Storage. — Preserve "in sterile, single-dose or
multiple-dose containers." U.S.P.
Usual Sizes.— 600,000, 900,000, 1,500,000
and 3,000,000 U.S.P. Units of procaine penicillin
G with not less than 250 mg. of dihydrostreptomycin base for each 300,000 Units of procaine
penicillin.

PENTAMIDINE DIMETHYLSULFONATE.
LP.
Pentamidini

Dirr.ethylsulfonas

C19H24O2N4.2CH3SO3H
Pentamidine Dimethylsulfonate is p,p'-diamidinodiphenoxy-l,5-pentane disulfonate; it contains
not less than 63.2 per cent and not more than 64.2
per cent of C19H24O2X4. LP.
This compound is a diamidine (for structural
formula and comparison with other therapeutically useful diamidines see the general article on
Diamidines, in Part II). Pentamidine base may
be synthesized by saturating a dehydrated alcohol
solution of 4,4'-dicyanodiphenoxypentane with dry
hydrogen chloride and treating the resulting
iminoether hydrochloride with sodium hydroxide;
the base is subsequently converted to the dimethylsulfonate salt (see U. S. Patent 2,410,796,
issued in 1946; also Ashley et al., J. Chem. S.,
1942, 103). Other salts of pentamidine are also
available, as the naphthoate; pentamidine isethionate, Ci9H2402N4.2CH2(OH)CH2S03H, is recognized in the British Pharmaceutical Codex.
Description. — Pentamidine dimethylsulfonate
occurs as a white or very faintly pink, odorless,
granular powder. It is slightly soluble in water;
practically insoluble in alcohol, in ether, and in
chloroform. Pentamidine dimethylsulfonate melts
between 185° and 190°. LP.
Standards and Tests. — Identification. — (1)
Ammonia is evolved on warming the salt with
sodium hydroxide T.S. (2) Glyoxal-bisulfite compound forms with pentamidine dimethylsulfonate
in the presence of sodium hydroxide a voluminous
white precipitate; on heating, the precipitate becomes adeep violet and the filtered solution a pale
pink. (3) The filtrate separated in the assay yields
on evaporation a residue which does not produce
a precipitate with barium chloride T.S. unless
previously ignited. Clarity of solution. — A solution
of 1 Gm. in 5 ml. of water at 80° is clear or only
very slightly turbid. Reaction. — The pH of a 5
per cent solution is between 4.6 and 6.0. Loss on
drying. — Not over 1.5 per cent, when dried at
120° for 3 hours. Residue on ignition. — Not over
0.1 per cent. LP.
Assay. — About 1 Gm. is dissolved in water
with the aid of heat, the pentamidine base precipitated byadding 20 ml. of 1 N sodium hydroxide and cooling the mixture in ice, after which the
precipitate is collected on a tared sintered-glass
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crucible, washed with 40 ml. of ice-cold water, and
dried to constant weight at 100°. LP.
Uses. — This diamidine (see Diamidines, in
Part II) is used in the treatment of early cases
of African trypanosomiasis or in its prophylactic
management. It is also used in leishmaniasis, particularly incases resistant to or sensitive to antimonial drugs. In England the isethionate salt is
available.
The pharmacological and therapeutic actions
of diamidines were reviewed by Schoenbach and
Greenspan {Medicine, 1948, 27, 327). In the
United States stilbamidine isethionate N.N.R. has
attracted attention in management of fungous infections such as blastomycosis and actinomycosis
and in certain neoplastic conditions such as multiple myeloma; hydroxystilbamidine has also been
employed. Although stilbamidine seems to be a
more active antiprotozoal agent it is toxic and
pentamidine has been preferred for treatment of
trypanosomiasis and leishmaniasis.
Early cases of African trypanosomiasis respond
well to 10 intramuscular injections of 3 to 6 mg.
per Kg. of body weight at intervals of 1 to 2 days
or, with more toxicity, to 10 intravenous doses of
3 to 4 mg. per Kg. of body weight (Lawson, Brit.
M. I., 1942, 2, 480). In early cases, before there
is severe involvement of the central nervous system, as indicated by a cerebrospinal fluid cell
count of less than 80 per cu. mm., pentamidine is
as effective as tryparsamide and much less toxic.
It seems to be as effective as the more complex
suramin sodium. For injection a 10 per cent solution of pentamidine salt is employed. This is quite
irritating on intramuscular injection, and intravenous injection causes hypotension, vertigo, headache, nausea, vomiting, dyspnea, tachycardia and
syncope unless given slowly and cautiously. Chills
and fever may follow intravenous injection. A
single intravenous dose of 100 mg. should not be
exceeded in adults, and 50 mg. in children under
12 years of age. Some of the untoward effects of
pentamidine injection arise from the release of
histamine (Blaschko et al., Biochem. J., 1951, 49,
250). It is of interest that previous injection of
suramin sodium inhibits the histamine-like untoward effects of pentamidine injection (Guimaraes
and Lourie, Brit. J. Pharmacol. Chemother., 1951,
6, 514). Although painful, intramuscular injections are preferred because of lesser toxicity.
In early cases of African sleeping sickness
Lowrie {Ann. Trop. Med., 1942, 36, 113) found
that pentamidine was effective and superior to
stilbamidine; in late cases he recommended tryparsamide. Saunders et al. {ibid., 1944, 38, 159)
found that patients with cerebrospinal fluid cell
counts of less than 30 per cu. mm. usually recovered; those with higher counts often relapsed
after initial improvement. Ceccaldi et al. {Bull,
soc. path, exot., 1949, 42, 152) reported disappearance of trypanosomes from the blood in all
of 21 cases treated; neurological signs developed
in only 4 of these following 10 intravenous doses
of 2 mg. per Kg. of body weight.
In the prophylaxis of trypanosomiasis, in exposed populations, Van Hoof {Trans. Roy. Soc.
Trop. Med. Hyg., 1947, 40, 728) reported that a
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single intramuscular dose of 5 mg. per Kg. of body
weight (4 mg. per Kg. for children) protected the
patients for 6 to 8 months. In nearly 20,000 persons given this intramuscular dose, Scaillet and
Haddad {Trop. Dis. Bull., 1950, 47, 453) reported
salivation and syncope occurring in 0.1 per cent
of cases. When the dose was reduced to half, and
repeated in 2 hours, this untoward reaction was
eliminated. When examined 6 months later the
incidence of trypanosomes in blood in the treated
group was 0.17 per cent as compared with 1 per
cent in the control group.
In kala-azar pentamidine is useful in patients
intolerant to antimonial compounds which, however, are more effective. Hazarika {Indian Med.
Gaz., 1949, 84, 140) reported a cure rate of 94.4
per cent and a relapse rate of 38 per cent in such
antimony-resistant cases receiving 10 to 20 injections of 0.75 to 2 mg. of diamidine per Kg. of
body weight. Stilbamidine seems to be more effective (Sen Gupta, Trop. Dis. Bull, 1944, 41, 736)
but pentamidine is preferred because it is less
toxic.
In multiple myeloma stilbamidine has been
widely used, with benefit in some cases. Brewer
{Brit. M. J., 1948, 2, 978) mentioned 2 terminal
cases treated with pentamidine without benefit.
Inhibition of mumps and of influenza virus in
tissue culture was reported by Eaton et al. {J. Immunol., 1952, 68, 321) in concentrations of 5 to
20 micrograms per ml. of medium.
Toxicology. — Untoward reactions following
intravenous injection are described above. The
late neurological damage frequently observed with
stilbamidine has not been reported with pentamidine, which seems to differ in its action on
protoplasm. The histamine-like responses to pentamidine may be prevented or treated with epinephrine or an antihistaminic drug.
Dose. — The usual dose is 200 mg. intramuscularly in 10 per cent solution, with a range of dose
of 50 to 250 mg. Procaine hydrochloride may be
added to the injection to minimize pain. Atropine
sulfate is used to minimize systemic reactions.
Epinephrine should be available to treat severe
hypotension if it develops. The drug is also given
intravenously in similar doses but reactions are
frequent.
Storage.
tainer. LP. — Preserve in a tightly-closed con-
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Pentaquini Phosphas

Pentaquin Phosphate is 8-(5-wo-propylamino)6-methoxyquinoline phosphate; it contains not
less than 97.5 per cent of C18H27ON3.H3PO4,
calculated with reference to the substance dried
at 105° for 2 hours. LP.
"Pentaquine Phosphate, dried at 105° for 2
hours, contains not less than 97.5 per cent of
C18H27N3O.H3PO4." U.S.P. XIV.
SN 13276.

This antimalarial may be prepared by the condensation of 8-amino-6-methoxyquinoline and 5chloro-N-isopropylamylamine (see Drake et al.,
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J.A.C.S., 1946, 68, 1529). For a variant of the
process see Green (ibid., 1951, 73, 986). It was
not admitted to U.S. P. XV (see under Uses) ; the
following specifications from U.S. P. XIV constitute essentially the specifications of the LP.
Description. — "Pentaquine Phosphate is a
yellow, crystalline powder. It is odorless and has a
bitter taste. It is not affected by air, but may be
discolored by prolonged exposure to light. Its solutions are slightly acid to litmus paper, having a
pH of about 5. One Gm. of Pentaquine Phosphate
dissolves in about 25 ml. of water. It is almost insoluble in alcohol, and is insoluble in chloroform
and in ether. Pentaquine Phosphate melts between
18S° and 192°." US.P. XIV.
Standards and Tests. — Identification. — (1)
A brown precipitate is produced on adding iodine
T.S. to a solution of pentaquine phosphate. (2) A
green color is produced on adding cupric sulfate
T.S. to a solution of pentaquine phosphate; subsequent addition of sodium hydroxide T.S. yields
a pink precipitate, the pink color quickly fading.
(3) Dropwise addition of bromine T.S. to a solution of pentaquine phosphate produces an intense
blue-violet color (quinacrine hydrochloride gives
a bright red color). (4) A yellowish to brownish
oily precipitate is produced on adding sodium hydroxide T.S. to a solution of pentaquine phosphate. (5) The aqueous solution remaining after
extraction of pentaquine base in the assay responds to tests for phosphate after neutralization
with diluted nitric acid. Loss on drying. — Not
over
per cent, when dried at 105° for 2 hours.
US.P.0.5XIV.
Assay. — About 300 mg. of dried pentaquine
phosphate is dissolved in water, pentaquine base
is liberated with sodium hydroxide T.S. and extracted with several portions of ether. After washing the ether extract with water and filtering, the
ether is evaporated and the residue dried at 105°
for 1 hour and weighed. The weight of the base,
multiplied by 1.326. represents the weight of
C1SH27X3O.H3PO4. U.S.P. XIV.
Uses. — Pentaquine phosphate is used along
with quinine sulfate for the treatment of relapsing
P. vivax malaria. On exo-erythrocytic forms of
P. vivax it has the curative action shown by
pamaquine phosphate, but the pentaquine salt is
about three-fourths as toxic. Pentaquine phosphate was official in U.S. P. XIV. but in U.S.P. XV
it was replaced by the equally effective and considerably less toxic primaquine phosphate. Both
pamaquine and pentaquine require hospitalization
of the patient during treatment in order to provide for the daily urinalyses and blood hemoglobin
determinations which are essential for safe use of
these antimalarials, especially in the colored races.
Actiox. — Pentaquine is absorbed rapidly and
completely from the gastrointestinal tract. It does
not accumulate in tissues. Following an oral dose
of 20 mg. of the base, the peak blood plasma concentration isabout 120 micrograms per liter and
is attained in about 2l/2 hours. The blood level
reaches a "plateau" concentration after about 3
days of administration of the drug, as compared
with 8 days required for pamaquine to reach an
equilibrium state in the body. After the last dose
of pentaquine, traces remain in the blood at 24

hours (Monk, Trans. Roy. Soc. Trop. Med. Hyg.,
1948. 41, 663). About 10 per cent of a dose is
excreted in the urine. Studies using pentaquine
labeled with radioactive carbon- 14 indicated the
drug to be both demethoxylated and dealkylated,
with excretion occurring in the urine and, as carbon dioxide, from the lungs (Smith, Fed. Proc,
1953, 12, 367; see also Elderfield and Smith,
J.A.C.S., 1953, 75, 1022).
Antimalarial Action. — Pentaquine is a true
causal prophylactic for experimental and natural
mosquito-induced P. vivax malaria of the Chesson
strain (Jones et al., J. Clin. Invest., 1948, 27,
Suppl., 6) and the St. Elizabeth strain (White
et al., J. Nat. Malaria Soc, 1948, 7, 316), although toxic doses of the drug were required with
heavy infestations in non-immune persons. In
combination with quinine therapy, it is less toxic
and more effective. It is not used for the control
of the malarial paroxysm. Under natural field conditions the relapse rate is low (Monk, loc. cit.)
but on a dose of 20 mg. of the base 3 times daily
at least 50 per cent of patients manifest untoward
effects (Loeb et al., J. A.M. A., 1946, 132, 321).
Prior to the clinical use of primaquine, the pentaquine-quinine regimen was the most effective and
least toxic one for relapsing P. vivax malaria, the
dosage being 10 mg. of pentaquine base and
300 mg. of quinine sulfate 3 times daily for 14
days (Straus and Gennis, Ann. Int. Med., 1950,
33, 1413, and others). Pentaquine destroys the
gametocytes of both P. falciparum and P. vivax.
For Trypanosoma cruzi infection (Chagas' disease) experimentally induced in dogs, tolerated
doses of pentaquine were found to be ineffective
(Goble. Am. J. Trop. Med., 1952. 1, 189).
Toxicology. — The toxicological features are
similar to those experienced with pamaquine, but
are less frequently encountered. On a dose of
60 mg. per day of pentaquine base, cyanosis
(methemoglobinemia) and abdominal cramps appear in most patients, while anorexia and "drug
fever" occur in some. Postural hypotension has
been observed after large doses. Acute hemolytic
anemia occurs in the colored race. Wallace
(/. Trop. Med. Hyg., 1949, 52, 93) reported that
simultaneous use of chloroquine with pentaquine
caused no toxic effects.
Dose. — The dose is 10 mg. of pentaquine base,
with 300 mg. of quinine sulfate. 3 times daily with
meals for 14 days. The patient must be watched
daily for signs of hemolytic anemia. Tablets containing 13.3 mg. of pentaquine phosphate, equivalent to 10 mg. of pentaquine base, are commercially available.
Storage. — Preserve "in well-closed, light-resistant containers." US.P. XIV.
PENTOBARBITAL SODIUM.
U.S.P. (B.P.)
Soluble Pentobarbital,

[Pentobarbitalum Sodicum]

O/ CH3
CH(CH2)2CH3
>"
-/
HN
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"Pentobarbital Sodium contains not less than
98.5 per cent of CnHi7N2Na03, calculated on the
anhydrous basis." U.S.P. The B.P. requires Pentobarbitone Sodium to contain not less than 98.5 per
cent and not more than the equivalent of 101.0
per cent of CnHi703N2Na, calculated with reference to the substance dried to constant weight
at 105°.
B.P. Pentobarbitone Sodium; Pentobarbitonum Sodium.
Soluble Pentobarbitone. Nembutal {Abbott); Pental (Vanpelt & Brown) ; Embutal. Sp. Pentobarbital Sodico.

Pentobarbital sodium is the sodium derivative
of 5-ethyl-5-(l-methylbutyl)barbituric acid. It
may be prepared by the method commonly used
for synthesizing barbiturates, which is the interaction of the appropriately substituted malonic
ester and urea in the presence of sodium ethoxide.
Description. — "Pentobarbital Sodium occurs
as white, crystalline granules, or as a white powder. It is odorless, and has a slightly bitter taste.
Its solutions are alkaline to litmus and to phenolphthalein T.S. Pentobarbital Sodium is very soluble in water, and is freely soluble in alcohol, but
practically insoluble in ether. Its solutions decompose on standing, heat accelerating the decomposition." U.S.P.
Standards and Tests. — Identification. — (1)
A white precipitate of pentobarbital forms on
adding a slight excess of diluted hydrochloric acid
to a solution of pentobarbital sodium. (2) The
nitrobenzyl derivative of pentobarbital melts between 136° and 140°. (3) The residue from the
ignition of pentobarbital sodium effervesces with
acids. (4) The residue of pentobarbital in the
assay melts between 127° and 131.° Loss on drying.— Not over 5 per cent, when dried at 105° for
6 hours. Heavy metals. — The limit is 30 parts per
million. Readily carbonizable substances. — A solution of 500 mg. of pentobarbital sodium in 5 ml.
of sulfuric acid has no more color than matching
fluid C at the end of 5 minutes. Free pentobarbital.
—Not over 0.5 per cent. U.S.P. The B.P. lead
limit is 10 parts per million.
Assay. — About 500 mg. of pentobarbital sodium is assayed by the procedure described under
Phenobarbital Sodium. The factor for converting
the weight of the residue to CnHi7N2Na03 is
1.097. U.S.P. The B.P. assay is similar in principle but ether, rather than chloroform, is used
to extract pentobarbital.
Incompatibilities. — Pentobarbital sodium has
the incompatibilities common to sodium derivatives of barbiturates. Its aqueous solutions undergo
hydrolytic decomposition on standing, this being
all the more rapid the higher the temperature and
retarded when the solutions are refrigerated. Free
pentobarbital is produced in the presence of acids
and usually precipitates from aqueous solutions or
solutions of low alcoholic content.
Uses. — Pentobarbital is one of the most frequently employed of the short- to moderately
long-acting barbiturates (see monograph on Barbiturates, inPart II, for a general discussion of
this subject). This duration of action, as classified by Fitch and Tatum (Am. J. Surg., 1930, 9,
110), makes it superior to the long-acting compounds for the management of simple insomnia.
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It is sufficiently rapid and profound in onset of
depressant action as to limit its use as a daytime
mild depressant.
The compound is well and rapidly absorbed following oral administration. It is quite generally
distributed in tissues, being localized in fat to a
substantially lesser amount than its thio analog,
thiopental (Brodie et al., J. Pharmacol., 1953,
109, 26). Some 60 to 82 per cent of an oral dose
of the nitrogen- 15-labeled compound administered
orally to dogs was excreted in 24 hours, less than
8 per cent of which was completely degraded (van
Dyke et al., ibid., 1947, 94, 364; Maynert and
van Dyke, ibid., 1950, 98, 174). A substantial
number of metabolites of pentobarbital have been
found in urine by paper chromatographic separation (Algeri and McBay, Am. J. Clin. Path., 1953,
23, 654). Maynert and Dawson (/. Biol. Chem.,
1952, 195, 389) and Brodie et al. (loc. cit.) are
agreed that the principal metabolite of pentobarbital iscf-5-ethyl-5-(3-hydroxy-l-methylbutyl)barbituric acid. This metabolism of the compound
takes place in large measure in the liver.
In addition to its predominant use as a somnifacient drug, pentobarbital is employed as a premedicant for surgery, as a principal anesthetic
agent alone or in combinations (Barlow et al.,
J. Pharmacol., 1931, 41, 366). Recent studies on
its use as an intravenous anesthetic in obstetrics
include those by Rucker (/. M. Alabama, 1953,
23, 59) and Bertling and Burwell (N. Carolina
M. J., 1951, 12, 429). Substantially larger doses
of the agent are required and are safely employed
for this purpose because of the presence of pain
and sensory stimulation generally. Field and
Ackerman (Oral Surg., 1952, 5, 43) and Kelleher
and Griffin (/. Oral Surg., 1953, 11, 199) reported
on its use in oral surgery. Intravenous pentobarbital, with or without gaseous anesthesia, has
been employed for general surgery (Coviello et al.,
N. Y. State J. Med., 1951, 51, 1815), including
the fenestration operation (Carron, Anesth., 1951,
12, 465). Employed symptomatically intravenously it is a reliable agent for management of
convulsions induced by local anesthetics, strychnine, etc. Conversely the analeptic drugs, such as
amphetamine, methamphetamine and picrotoxin,
are
employed as antidotes to pentobarbital overdosage.
Dose. — The usual hypnotic dose for adults is
100 mg. (approximately lYi grains) once or twice
daily (commonly one-half hour before retiring),
with a range of 100 to 500 mg. For operative procedures 200 mg. is administered slowly intravenously, with a usual range of dose of 100 to 300
mg. The maximum safe dose is usually 500 mg.
and a total dose of 500 mg. is seldom exceeded
in 24 hours.
Storage. — Preserve "in tight containers."
U.S.P.
PENTOBARBITAL SODIUM
CAPSULES.
U.S.P.
"Pentobarbital Sodium Capsules contain not
less than 90 per cent and not more than 105 per
cent of the labeled amount of CuHi7N2Na03."
U.S.P.
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Usual Sizes. — 50 and 100 mg. (approximately
Y$ and \l/i grains).
PENTOBARBITAL
[Elixir

ELIXIR.

N.F.

Pentobarbital]

"Pentobarbital Elixir contains, in each 100 ml.,
not less than 330 mg. and not more than 400 mg.
of C11H18N2O3."

N.F.

Dissolve 4 Gm. of pentobarbital sodium in 200
ml. of purified water, add 450 ml. of glycerin, 125
ml. of alcohol, 30 ml. of sweet orange peel tincture, 2 Gm. of caramel, and 150 ml. of syrup.
Mix thoroughly, add 6 ml. of diluted hydrochloric
acid, and enough purified water to make 1000 ml.
Mix well and filter, if necessary. N.F.
This elixir, while made from pentobarbital sodium, is acidified with diluted hydrochloric acid
so that pentobarbital is produced; if the elixir
were not thus acidified it would soon lose its therapeutic activity through hydrolytic decomposition
of pentobarbital induced by the alkalinity of the
solution.
Alcohol Content. — From 12 to 15 per cent
by volume of C2H5OH. N.F.
The N.F. gives the usual dose as 4 ml. (approximatelyfluidrachm),
1
which represents about
14.5 mg. of pentobarbital.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
PENTOBARBITAL
INJECTION.
[Injectio Pentobarbital!

SODIUM
N.F.
Sodici]

"Pentobarbital Sodium Injection is a sterile
solution of pentobarbital sodium in a suitable
solvent.
contains
not cent
less ofthan
per cent
and
not
more "Itthan
105 per
the 90labeled
amount
of CnHi7N;>Xa03. Note: Solutions of pentobarbital sodium in water decompose on standing." N.F.
In order to avoid hydrolytic decomposition of
pentobarbital sodium ampuls of the substance
are commonly prepared either to contain the dry,
sterile powder, which is dissolved in water for
injection just before use, or a propylene glycol
solution, the latter generally containing 2 per cent
of benzyl alcohol as a local anesthetic. The N.F.
requires the pH of the injection to be between
8 and 10.
Storage. — Preserve "in single-dose or multiple-dose containers, preferably of Type I glass."
N.F.
Usual Sizes. — 150 mg. in 1 ml.; 300 mg. in
2 ml.
STERILE PENTOBARBITAL
SODIUM.
U.S.P.
[Pentobarbitalum

Sodicum
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Capsules

Sterile]

"Sterile Pentobarbital Sodium contains not less
than 98.5 per cent of CnHi7X2Na03, calculated
on the anhydrous basis." U.S.P.
This monograph provides official specifications
for what are commonly referred to as dry ampuls
of pentobarbital sodium, the contents of which
are prepared for injection by dissolving in water

for injection just prior to use. Besides having to
conform to the specifications for Pentobarbital
Sodium, the sterile form must also dissolve in
carbon dioxide-free water to give a clear solution,
it must be sterile, and the amount of it present
in the container must meet the requirements of
the official test for Weight Variation in Content
of Containers. U.S.P.
Storage. — Preserve "in single-dose containers."
U.S.P.

PENTOBARBITAL SODIUM
TABLETS. N.F.
[Tabellae Pentobarbitali Sodici]

"Pentobarbital Sodium Tablets contain not less
than 90 per cent and not more than 105 per cent
of the labeled amount of CnHi7N2Na03." U.S.P.
Sp. Tabletas de Pentobarbital Sodico.

Usual Sizes,
and 1^2 grains).

-30, 50 and

100 mg.

(y2, }i

PENTYLENETETRAZOL.
U.S.P. (B.P, LP.)
Pentamethylenetetrazol

Ho

Hj

N— N
/
H2C— C—
2 Cz
N— N

The B.P. calls this compound Leptazol and defines it as l:5-pentamethylenetetrazole; it is required to contain not less than 99.5. per cent of
C6H10N4, calculated with reference to the substance dried over phosphorus pentoxide at a pressure not exceeding 5 mm. of mercury for 24 hours.
The LP. name for the substance is Pentetrazol,
defined as pentamethylene-1 : 5-tetrazole ; no purity rubric is specified.
B.P. Leptazol; Leptazolum. LP. Pentetrazol; Pentetrazolum. Pentamethylentetrazole; Metrazol (Bilhuber-Knoll) ;
Cardiazol (Bilhuber-Knoll).

Pentylenetetrazol may be prepared by the interaction, incold benzene solution, of hydrazoic
acid and cyclohexanone.
Description. — "Pentylenetetrazol occurs as
white crystals. It is odorless and has a slightly
pungent, bitter taste. Its 1 in 10 solution is neutral to litmus. Pentylenetetrazol is freely soluble
in water and in alcohol. It is soluble in ether, in
chloroform, and in carbon tetrachloride. Pentylenetetrazol melts between 57° and 59°." U.S.P.
The B.P. gives the melting point as between 57°
and 60°, the LP. as 58° to 60°.
Standards and Tests. — Identification. — (1)
A white precipitate is produced on adding a saturated solution of mercuric chloride to a 1 in 10
solution of pentylenetetrazol. (2) The precipitate
obtained in the preceding test, after recrystallization from hot water or alcohol and drying at room
temperature, melts between 176° and 178°. Loss
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on drying. — Not over 0.2 per cent, when dried
over sulfuric acid for 18 hours. Residue on ignition.— The residue from 200 mg. is negligible.
Ether-insoluble substances. — Not over 1 per cent.
U.S.P. The LP. provides limit tests for chloride,
nitrate, sulfate, and ammonia and ammonium
salts.
Assay. — The B.P. assay process is based on
the interaction of a measured excess of a solution
of cuprous chloride with the pentylenetetrazol, a
copper derivative of the latter being precipitated ;
the precipitate is removed by filtration and the
cuprous ion in the filtrate is oxidized to the cupric
state and quantitatively determined by titrating
with 0.1 N sodium thiosulfate the iodine which it
releases upon addition of iodide. A residual titration blank is performed on the cuprous chloride
solution.
Uses. — Pentylenetetrazol is a central nervous
system stimulant, acting on higher centers to produce violent convulsions. It also acts on the
medulla, stimulating respiratory, vasomotor, and
vagal centers. Medullary stimulation is more
prominent when this area is depressed than when
it is functioning normally. As the drug excites
both sympathetic and parasympathetic systems
the effect depends upon the status of the organism
at the time. Unlike strychnine it does not significantly affect sensitivity to external stimuli. In
the presence of high spinal anesthesia severe
bradycardia may result ; this may be treated with
atropine. High dosage produces epileptiform convulsions and overdosage may be treated with intravenous barbiturates or tribromoethanol rectally. Curare will protect against the convulsions.
Death following an overdose is due to respiratory
paralysis, medullary depression and anoxemia.
Pentylenetetrazol has been used as a central
nervous system stimulant to counteract the depressant action of overdoses of the barbiturates,
avertin, paraldehyde, alcohol, opiates and chloral
hydrate. Whitehead (Surg. Gynec. Obst., 1942,
72, 1020) found it an aid in resuscitation from
overdoses of chloroform. Koppanyi suggested that
in barbiturate poisoning 5 ml. of a 10 per cent
solution be given intravenously initially (Am. J.
Med. Sci., 1950, 220, 559); some report that in
such patients pentylenetetrazol by itself provides
quite adequate analepsis (Androp, Psych. Quart.,
1944, 18, 13; Engstrand, Lancet, 1948, 68, 59;
Silver, /. Phila. Gen. Hosp., April, 1952). The
drug is more rapidly absorbed than is picrotoxin,
and its latent period is shorter.
Pentylenetetrazol has also been used in the
convulsive therapy of schizophrenia (deMeduna,
Arch. Neurol. Psychiat., 1936, 35, 361; Wolfe,
West. J. Surg. Obst. Gyn., 1945, 53, 203) and
other psychotic states, although it is now generally
replaced by electric shock therapy. While there
is much evidence of mental improvement, there
is also danger of serious injury. The acute anterior
flexion of the body during convulsions may cause
a high incidence (43 per cent) of compression
fractures of lumbar vertebrae, especially in patients over 55 and under 21 (Polatin, J. A.M. A.,
1939, 112, 1684). Osteoporosis is an absolute contraindication touse of such therapy ; arthritis and
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other bony disorders are only relative contraindications. Easton (Am. J. Psychiat., 1942, 98, 538)
recommended routine pre- and post-treatment
lumbar spine x-rays. Levy (Arch. Neurol. Psychiat., 1942, 47, 1009) reported that disturbed
cerebral function may follow a course of therapy,
evidenced by epileptoid changes in the encephalogram and temporary impairment of the sensorium.
Cases have been reported of spontaneous convulsions, resembling epilepsy, occurring 3 to 24
months after therapy (Liebert, J. A.M. A., 1942,
118, 119).
Pentylenetetrazol is not a cardiovascular stimulant as was first thought and is not indicated in
circulatory collapse or shock. Lim and Snyder
(Am. J. Obst. Gyn., 1945, 50, 146) believe it is
not only not useful in the resuscitation of the
newborn but is actually harmful. It has been used
as a diagnostic aid in epilepsy by Meltzer and
Reder (N . Y. State J. Med., 1950, 50, 319). For
treatment of senile arteriosclerosis it has been
reported to reduce fatigue and mental confusion
(Chesrow, Geriatrics, 1951, 6, 319).
Dose. — The usual dose, as an analeptic, intravenously or subcutaneously, is 100 mg. (approximately V/2 grains), with a range of 100 to 500 mg.
The maximum safe dose is 500 mg., and the total
dose in 24 hours should not exceed 2000 mg.
Doses may be repeated in ^2 to 2 hours as required. For intravenous injections a 10 per cent
solution is employed. To produce convulsions,
from 200 to 500 mg. (approximately 3 to 7^2
grains) is given intravenously; larger amounts
may be administered by those trained in convulsive therapy. The drug may also be given
orally, 100 mg. tablets being supplied for such use.
Storage. — Preserve "in tight containers."
U.S.P.
PENTYLENETETRAZOL
INJECTION.
U.S.P. (B.P.) (LP.)
[Injectio

Pentylenetetrazolis]

"Pentylenetetrazol Injection is a sterile solution of pentylenetetrazol in water for injection.
It contains not less than 95 per cent and not
more than 105 per cent of the labeled amount of
CeHio04." U.S.P.
The B.P. Injection of Leptazol is required to
contain 10.0 per cent w/v of leptazol (limits, 9.5
to 10.5). It is prepared by dissolving 10 Gm. of
leptazol and 0.25 Gm. of sodium phosphate in 85
ml. of water for injection, adjusting to pH 7.8 by
addition of dilute hydrochloric acid or solution
of potassium hydroxide, diluting to 100 ml. with
water for injection, filtering (avoiding contact
with metal), and sterilizing by heating in an autoclave (maintaining the solution at 115° to 116°
for 30 minutes) or by filtration through a bacteria-proof filter. The LP. Injection of Pentetrazol
is a sterile solution in water for injection containing 0.25 per cent w/v of sodium phosphate,
the injection being prepared in the manner of the
B.P. preparation; the rubric is the same as that
of the U.S.P.
B.P. Injection of Leptazol; Injectio Leptazoli. I.P.
Injectio Pentetrazoli ; Injection of Pentetrazol.
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The U.S.P. and I.P. require the pH of the injection tobe between 6 and 8.5; the corresponding B.P. limits are 7.6 and 8.0.
Assay. — A portion of injection equivalent to
about 200 mg. of pentylenetetrazol is saturated
with ammonium sulfate to decrease the aqueous
solubility of pentylenetetrazol which is then extracted with several portions of carbon tetrachloride. The solvent is evaporated, and the residue
of pentylenetetrazol dried at 80° for 1 hour and
weighed. U.S.P., I.P. The B.P. utilizes the procedure which it specifies for pentylenetetrazol.
Storage. — Preserve "in single-dose or in multiple-dose containers. It may be packaged in 100ml. multiple-dose containers." U.S.P.
Usual Sizes. — 100 mg. in 1 ml.; 300 mg. in
3 ml.; 3 Gm. in 30 ml.
PEPPERMINT.
,

U.S.P.

Mentha Piperita

"Peppermint consists of the dried leaf and
flowering top of Mentha piperita Linne (Fam.
Labiata:)." U.S.P.
American Mint; Lamb Mint; Brandy Mint. Folia (herba)
Menthae Piperitae. Fr. Menthe poivree; Feuilles de menthe.
Ger. Pfefferminzblatter; Minzenblatter; Pfefferminztee. It.
Menta piperita. Sp. Menta; Menta Piperita; Menta Inglesa.

The genus Mentha, according to Briquet, Hegi
(Must. Flor. v. Mitteleuropa, 1914, 5 (4), 2335)
and other taxonomists, consists of a small number of species, each of which may be divided into
several subspecies and numerous varieties. The
mints found throughout Europe, Asia Minor and
North Africa have been grouped by these authorities into five main species, namely: Mentha
rotundifolia (L.) Huds. (w o oily -mint) } M. spicata
L., (spearmint), M. longifolia (L.) Huds. (the
European horse-mint), M. aquatica L. (watermint) and M. arvensis L. (field-mint). Each
of these 5 species hybridize with the other four
and the hybrids have been given specific names.
Their varieties also hybridize among themselves.
There are also a number of clons of these species
and hybrids. The majority of the hybrids are
sterile, a number are fertile and some partially
fertile. A large number of these species, varieties, hybrids and clons have been introduced into
the United States where they have run wild by
seed and by clon until nearly every meadow has
its mint variety, frequently varying only slightly
from that in a neighboring meadow.
Peppermint is a perennial herb native to low
wet soils of Europe. Shiirhoff considered it to
be a triple hybrid between M. silvestris, M. rotundifolia and M. aquatica (Arch. Pharm., 1929,
267, 515). Ruttle considers it more probably a
cross between M. aquatica and the hybrid (between M. spicata and M . rotundifolia) known as
M. niliaca Jacq. em Briquet. (Herbarist, 1938,
4, 19). The evidence to date would tend to indicate that the peppermints are variable in genetic
composition, probably representing a group of
hybrids, all of which contain M. aquatica and
M. spicata characters in varying percentages and
some, in addition, characters of M. rotundifolia.
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See also Tschirch (Handb. d. Pharmacog., 1932,
2, 726).
Peppermint seems to have been cultivated millennia ago by the Egyptians and is now grown on
a commercial scale in Europe, North America,
and eastern Asia; it is also found growing wild
in South America and Australia. The oldest existing peppermint district is in the neighborhood of
Mitcham (Surrey), England. The best American
grown peppermint has been obtained from Michigan, northern Indiana, and the Pacific Northwest,
where most of the peppermint used in the U. S.
is produced.
The peppermint produces prolific creeping stolons from which arise numerous quadrangular,
purplish or green, erect stems which branch toward the top. The leaves are opposite, petiolate,
ovate, sharply serrate, pointed, smoother on the
upper than on the under surface, and of a dark
green color above, paler beneath. Its small purple
flowers occur both in terminal, obtuse spikes, and
in paired axillary cymes, the latter only in the
upper leaf axils. The calyx is tubular, often
purplish, furrowed, glabrous below, and 5-toothed,
the teeth being hirsute. The corolla is purplish,
tubular, with its border divided into four segments, of which the uppermost is broadest, and
notched at its summit. The 4 short stamens are
concealed within the tube of the corolla; the style
projects beyond it, and terminates in a bifid
stigma. The fruit consists of 4 ellipsoidal nutlets.
The plant should be cut for medicinal use during
the dry periods of summer, while in flower. Two
varieties of peppermint occur under cultivation
in the United States and Europe, viz., white mint
and black mint. White mint or M. piperita L. var.
officinalis Sole (M. piperita forma pallescens) is
slender, 1 to 2 feet in height, with light colored
stems and leaves. Black mint or M. piperita var.
vulgaris Sole (M. piperita forma rubescens) is
stout, 2 to 3 feet in height, with usually purplecolored stems and dark green foliage. This variety
is stated to yield more volatile oil than white
mint, the oil from the latter being stated to possess afiner odor.
Description. — "Unground Peppermint occurs
as leaves, slender stems, and flowering tops. The
leaves are opposite, usually more or less crumpled
and frequently detached from the stem. The petiole is from 4 to 15 mm. in length, slightly pubescent; the blade, when entire, is ovate-oblong to
oblong-lanceolate, from 1 to 9 cm. in length with
an acute apex, a narrowed or rounded base, and
a sharply serrate margin; light green to dark
green in color; its upper surface is nearly glabrous,
its lower surface with a few hairs on the veins
and many amber-colored glandular hairs. The
stem is quadrangular, from 1 to 3 mm. in diameter, glabrous except for a few scattered deflexed
hairs, green to dark purple. The flowers occur as
a compact, oblong or oval spike of verticillasters,
from 1 to 1.5 cm. in breadth, rounded at the summit, and in fruit attaining a length of from 3 to
7 cm. The bracts are oblong-lanceolate, from 4 to
7 mm. in length; the calyx, tubular-campanulate,
equally 5-toothed, pubescent, and glandularpunctate, green to dark purple; the corolla is
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glabrous, light purple, tubular-campanulate, 4cleft, about 3 mm. in length; stamens 4, short
and equal; style 2- or rarely 3-cleft at the summit. The nutlets are ellipsoidal, about 500 n hi
diameter. It has an aromatic, characteristic odor
and a pungent taste, and produces a cooling sensation in the mouth.

(C10H19.OH), free and as esters." U.S.P.
The B.P. recognizes the oil distilled from the
fresh flowering tops of Mentha piperita Linn. It
is rectified, if necessary, and contains not less
than 4.0 per cent and not more than 9.0 per cent
of esters, calculated as menthyl acetate, and not
less than 45.0 per cent of free menthol, C10H20O.

"Powdered Peppermint is green to light olivegreen. It shows fragments of leaf epidermis with
wavy vertical walls and, if from the lower surface
of the leaf, with numerous stomata and glandular
and non-glandular hairs, the latter especially numerous along the veins; glandular hairs with a
1- to 2-celled stalk and 1- to 8-celled head, usually
set in a depression in the leaf and containing
volatile oil and frequently yellowish or brownish
crystals which are birefringent; non-glandular
hairs with thin, papillose walls and frequently
with short, longitudinal striations, 1 to 8 cells and
up to 1400 n in length, the terminal cell pointed
or sometimes globular; fragments of chlorenchyma
with vascular tissue, the vessels spiral or with
simple pits and but slightly lignified; fragments
of collenchyma and of thin-walled, non-lignified
fibers associated with parenchyma. The pollen
grains are spheroidal and smooth." U.S.P.
Peppermint is quite frequently contaminated
with spearmint and there is sometimes difficulty
in distinguishing between them. The outstanding
physical differences between these are the following: The petioles of peppermint are 4 to 12 mm.
in length whereas those of pure strain spearmint
are less than 5 mm. in length. The blades of peppermint are of a darker shade of green than those
of spearmint. Moreover, upon masticating the
leaves of peppermint and drawing in the breath,
a cooling sensation is experienced, no such sensation being evidenced with spearmint leaves.
Constituents. — The medicinal properties depend on a volatile oil, of which from 1 to 1.25 per
cent can be obtained from the herb (see Peppermint Oil). The leaves are said to contain some
tannic acid.
Standard and Test. — Stems or other foreign
organic matter. — The amount of peppermint
stems over 3 mm. in diameter or other foreign
organic matter does not exceed 2 per cent. U.S.P.
Uses. — Peppermint is an aromatic stimulant,
formerly much used to allay nausea, relieve spasmodic pains of the stomach and bowels, expel
flatus, or to cover the taste or modify the nauseating or griping effects of other medicines. It is
official because of its being an ingredient of Peppermint Spirit.
Dose, 4 Gm. (approximately 60 grains).

Oleum Menthae Piperitae ^Ethereum; Essentia Menthae.
Fr. Essence de menthe poivrde. Ger. Pfefferminzol. It.
Essenza di menta. Sp. Esencia de menta ; Esencia de
Menta Piperita.

PEPPERMINT

OIL.

U.S.P., B.P.

Oleum Mentha? Piperitae

"Peppermint Oil is the volatile oil distilled
with steam from the fresh overground parts of
the flowering plant of Mentha piperita Linne
(Fam. Labiates), rectified by distillation and
neither partially nor wholly dementholized. It
yields not less than 5 per cent of esters, calculated as menthyl acetate (C10H19.C2H3O2), and
not less than 50 per cent of total menthol

For information concerning the peppermint
plant and its cultivation see Peppermint.
Peppermint varies considerably in the quantity
of oil which it contains. Zeller reported a yield
from the fresh herb of 0.37 to 0.68 per cent, from
the dried plant, 1.14 per cent. The yield is generally less than 1 per cent. Peppermint oil is distilled in the United States, but is also imported,
recently from Brazil. Before World War II it
was largely imported from Japan.
Description. — "Peppermint Oil is a colorless
or pale yellow liquid, having a strong, penetrating
odor of peppermint, and a pungent taste, followed by a sensation of cold when air is drawn
into the mouth. One volume of Peppermint Oil
dissolves
in 3 volumes of 70 per cent alcohol."
U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.896 and not more than 0.908.
Optical rotation. — Between —18° and —32°, in a
100-mm. tube. Refractive index. — Not less than
1.4590 and not more than 1.4650, at 20°. Dimethyl
sulfide. — A white film does not form at the zone
of contact within 1 minute when a distillate from
the oil is carefully superimposed on mercury bichloride T.S. Japanese mint oil. — On heating a
solution containing the oil and nitric acid in
glacial acetic acid a blue color develops which
deepens and shows a copper-colored fluorescence
and then fades, leaving a golden yellow solution.
U.S.P.
Assay. — For esters. — About 10 Gm. of oil is
first neutralized and then heated with a measured
volume of 0.5 N alcoholic potassium hydroxide
to saponify the esters; the excess of alkali is
titrated with 0.5 N sulfuric acid. A residual titration blank is performed. Each ml. of 0.5 N alcoholic potassium hydroxide consumed in the saponification represents 99.15 mg. of esters, calculated
as menthyl acetate, in the oil taken for assay.
For total menthol. — A 10-ml. portion of oil is
acetylized by heating with acetic anhydride in the
presence of anhydrous sodium acetate. The excess of anhydride, and the by-product acetic acid,
are removed by washing with sodium carbonate
T.S. diluted with distilled water; the acetylized
oil is dried with anhydrous sodium sulfate and
filtered. A 5-ml. portion of this oil is weighed,
and saponified in the same manner as the ester
assay is performed. The formula provided by the
U.S. P. for calculating the per cent of total menthol includes a term for reducing the weight of
acetylized oil to the corresponding weight of original oil, assuming that all of the menthyl acetate in
the acetylized oil was originally menthol, and
another term in which the error of this assump-
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tion, to the extent that the esters in the original
oil did not increase in molecular weight on acetylization, is corrected. U.S.P.
The B.P. includes an assay for esters (see under
Lavender Oil) and another for free menthol. The
latter assay utilizes essentially the same analytical
procedure as does the U.S.P. for total menthol,
but the results are calculated to the free alcohol.
For a criticism of the U.S.P. assay for menthol,
and a suggested modification in which a mixture
of acetic anhydride and pyridine is used as the
acetylizing agent, see Wilson (/. A. Ph. A., 1942,
31, 85). _
Constituents. — American peppermint oil contains, according to Power and Kleber (Schim.
Rep., April, 1897), the following constituents:
acetaldehyde, isovaleraldehyde, dimethyl sulfide,
amyl alcohol, isovaleric acid, pinene, phellandrene,
cineol, limonene, menthone, menthol, the acetate
and isovalerate of menthol, and cadinene. Menthol, its oxidation product menthone, and the
acetic and isovaleric esters of menthol have been
identified in English and French peppermint oils,
which probably also contain most of the other
constituents mentioned above. Menthol and its
esters are regarded as the main constituents of
peppermint oil. The dimethyl sulfide and some
of the other constituents are objectionable from
the flavoring standpoint, and are largely removed
by the steam distillation which is required for
rectification.
Studies of several abnormal peppermint oils
containing large amounts of pulegone have been
reported by Foote and Matthews (/. A. Ph. A.,
1942, 31, 65).
Adulterants. — Peppermint oil has been variously mixed and adulterated with the following
substances: alcohol, turpentine oil, copaiba oil.
erigeron oil (from the erigeron plant growing with
the peppermint plant, and being collected with it
for distillation), eucalyptus oil, pennyroyal oil.
and others. Most of these are detectable by the
official tests or assay, or are readily recognized by
the odor or taste which they impart to the oil.
For further information concerning some of these
adulterants and for methods of their detection,
see U.S.D., 19th ed., pp. 854, 855.
Uses. — Peppermint oil possesses the physiological actions and therapeutic effects of menthol;
it is, however, more irritant locally. It has been
preferred for internal use because of its more
pleasant taste. It is generally regarded as an excellent carminative (see Sapoznik, J.A.M.A., 1935,
104, 1792) and gastric stimulant, and is still
widely employed in flatulence, nausea, and gastralgia. In a study on human beings Van Liere
and Northrup concluded it had no perceptible
effect on the emptying time of the stomach (/.
Pharmacol., 1942, 76, 38). Heinz (Therap. Halbtnonatsh., April 1, 1920) claimed that it is an
active cholagogue and recommended its use in
gallstones. As a local application for coryza it
was used in strengths of from 0.5 to 1 per cent in
liquid petrolatum or olive oil. Incorporated into
a lozenge it has been used as a pleasant and efficient antiseptic and anesthetic in pharyngitis. For
internal administration it may be dispersed in

sugar and then given in aqeous solution, or more
commonly in the form of the spirit. It is popular
as a flavoring agent.
Dose, 0.06 to 0.3 ml. (approximately 1 to 5
minims).
Storage. — Preserve "in tight containers.''
U.S.P.
Off. Prep.— Peppermint Spirit, U.S.P., B.P.;
Peppermint Water, U.S.P.; Dentifrice; Aromatic
Sodium Perborate, N.F.; Concentrated Peppermint Water; Emulsion of Peppermint; Kaolin
Poultice, B.P.
EMULSION

OF

Emulsio

PEPPERMINT.

B.P.

Mentha: Piperita:

This contains 10 per cent of Peppermint Oil
in water, emulsified with 0.25 per cent of liquid
extract of quillaja. It is equivalent in content of
peppermint oil to the B.P. Spirit of Peppermint
and is used for the same purposes.
Dose, from 0.3 to 2 ml. (approximately 5 to 30
minims).
PEPPERMINT
Essence

SPIRIT.

of Peppermint,

U.S.P. (B.P.)

Spiritus

Mentbae

Piperitas

"Peppermint Spirit contains, in each 100 ml.,
not less than 9 ml. and not more than 11 ml. of
peppermint
oil." U.S.P.
B.P. Spirit of Peppermint.

Tinctura

Olei Mentha;

Piperita;
^Etherei;
Mentha;. Fr. Teinture
d'essencedi
de
menthe.
Get. Spiritus
Pfefferminzspiritus.
It. Alcoolato
menta ; Spirito di menta. Sp. Alcohol de menta ; Espiritu
de Menta Piperita; Espiritu de menta.

Macerate 10 Gm. of peppermint, in coarse
powder, during 1 hour in 500 ml. of purified
water, then strongly express it, and add the moistened leaves to 900 ml. of alcohol. Allow the mixture to stand 6 hours with frequent agitation,
then filter, and add to the filtrate 100 ml. of peppermint oil and enough alcohol to make 1000 ml.
U.S.P.
Maceration of the peppermint in water removes
water-soluble matter from the leaves and results
in a more permanent green color being produced
in the spirit.
The B.P. Spirit of Peppermint contains the
same proportion of volatile oil, but no peppermint leaves. It does not, therefore, have the
green color of the U.S.P. spirit.
Assay. — A 5-ml. portion of spirit is transferred
to a Babcock bottle, mixed with 1 ml. of kerosene, and the oil salted out with an acidified calcium chloride solution. The volume of peppermint
oil-kerosene mixture which separates is brought
into the graduated neck of the bottle and its
volume measured. After subtracting 5 divisions
for the kerosene added (1 division representing
0.2 ml.) the remaining number of divisions is
multiplied by 4.2 to obtain the volume of peppermint oil in 100 ml. of spirit (the theoretical factor is 4, but incomplete separation of the oilkerosene mixture and a slight contraction in volume when the two are mixed requires compensation for what would otherwise be a low result).
U.S.P. The B.P. does not provide an assay.
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Alcohol Content. — From 79 to 85 per cent,
by volume, of C2H5OH. U.S.P.
This spirit provides a convenient form for
administering peppermint oil. S
Dose, from 0.6 to 2 ml. (approximately 10 to
30 minims), given on sugar, or mixed with sweetened water, up to 3 times daily.
Storage. — Preserve "in tight containers, protected from light." U.S.P.
Off. Prep. — Ferrous Sulfate Syrup, U.S. P.;
Rhubarb and Soda Mixture, N.F.
PEPPERMINT
Aqua

WATER.
Mentha:

U.S.P. (B.P.)

Piperita;

"Peppermint Water is a clear, saturated solution of peppermint oil in purified water, prepared
by
one
U.S.P. of the processes described under Waters."
B.P. Distilled Peppermint Water; Aqua Menthae Piperitae Destillata. Hydrolatum Mentha; Piperita;; Aqua Distillata Menta;. Fr. Eau distillee de raenthe poivree. Ger.
Pfeffenminzwasser. It. Acqua di menta piperita. Sp. Agua
destilada de menta; Agua de Menta piperita; Agua de
menta.

The B.P. water may be prepared by either of
the solution methods recognized by the U.S.P. for
preparing aromatic waters, or the B.P. concentrated peppermint water may be diluted with 39
volumes of distilled water.
Uses. — Peppermint water is useful as a carminative and is also one of the most popular of
aqueous vehicles. It is especially useful as an
ingredient in mouth washes because the menthol
content produces a pleasant and cool sensation on
mucous membranes. The usual dose is 15 ml. (approximatelyfluidrachms)
4
3 times daily.
CONCENTRATED
WATER.

PEPPERMINT
B.P.

Concentrated Peppermint Water is made by
dissolving 20 ml. of peppermint oil in 600 ml.
of 90 per cent alcohol and diluting to 1000 ml.
with distilled water. After adding talc the preparation is occasionally shaken for a few hours, and
then filtered. It contains approximately 54 per
cent of alcohol. Concentrated peppermint water
is used by diluting with 39 times its own volume
of distilled water to make a preparation corresponding to peppermint water.
PEPSIN.

N.F, B.P.

[Pepsinum]

"Pepsin is a substance containing a proteolytic
enzyme obtained from the glandular layer of the
fresh stomach of the hog, Sus scrofa var. domesticus Gray (Fam. Suidce). Pepsin, when assayed
as herein directed, digests not less than 3000 and
not more than 3500 times its weight of coagulated
egg albumen. A pepsin of higher digestive power
may be reduced to the official standard by admixture with a pepsin of lower power or with
lactose." N.F. The B.P. defines pepsin as a substance containing a proteolytic enzyme of the
gastric juice of animals; it may be obtained from
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the mucous membrane of the stomach of certain
animals commonly employed for food. It is required to dissolve not less than 2500 times its
weight of coagulated egg albumen; pepsin which
dissolves more than 2500 times its weight of
coagulated egg albumen may be diluted with
lactose or sucrose.
Fr. Pepsine. Ger. Pepsin. It. Pepsina. Sp. Pepsina.

There is secreted by the chief cells of the
fundic glands in the stomach an enzyme which,
in the presence of acid, is capable of converting
proteins into proteoses and peptones. This enzyme
was given the name pepsin by Schwann in 1836.
Though pepsin digests proteins it is significant
that living matter, such as fish or worms or frogs
or even bacteria, placed in a strong solution of
pepsin, is not affected. The organisms are uninjured and live indefinitely. Any dead tissue may
be dissolved, but the living cells are not injured.
None of the enzyme is taken up by the tissue of
the animal since the amount of enzyme in the
solution remains constant. If dead animal tissues
are placed in the same solution they are rapidly
digested. Before digestion occurs, the measurement of the amount of enzyme in the surrounding solution shows that the enzyme is rapidly
taken up by the dead tissue and disappears from
the surrounding solution. When the tissue has
been digested and dissolved the enzyme may be
liberated again. There is reason to believe that
the surface film of living cells is not pure protein,
its behavior being more like that of a lipid, by
virtue of which living cells are prevented from
being digested. When the cell dies this film is destroyed and the enzyme enters and digests the
protein.
Pepsin is usually prepared from the inner
mucous membrane of the stomach of the pig, by
macerating with dilute hydrochloric acid in the
presence of glycerin. From this solution it is
precipitated by certain salts such as sodium chloride or ammonium sulfate. This precipitate is
redissolved in water and evaporated to a syrup
in vacuo at a temperature not exceeding 45° and
then the syrupy solution may be spread on glass
sheets to produce scales. The crude pepsin may
also be purified by dialysis or by precipitation
from the aqueous solution by the addition of
dehydrated alcohol.
A crystalline material has been obtained by
Northrop (Sci. Monthly, 1932, p. 333) which has
the properties of pepsin in that it hydro lyzes egg
albumen, edestin, casein and gelatin in acid solution and is rapidly inactivated by heat or alkalies.
The product was obtained by dialysis of a protein
fraction from gastric juice against dilute acid,
using concentrated solutions and low temperatures. It contains 14.5 per cent of nitrogen and
has a diffusion constant corresponding to a molecular weight of about 10,000. Its activity corresponds to about 1:20,000 by the N.F. assay
process.
Description. — "Pepsin occurs as lustrous,
transparent or translucent scales; as granular or
spongy masses, ranging in color from weak yellow
to light brown; or as a fine, white to weak yellow
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amorphous powder, free from offensive odor and
having a slightly acid or salty taste. Pepsin is
not more than slightly hygroscopic. Dry pepsin
is not injured by heating to 100°. The activity
of pepsin in solution is destroyed by alkalies or
by temperatures exceeding 70°. A solution of
pepsin (1 in 50) is acid to litmus. Pepsin is freely
soluble in water, the solution being more or less
opalescent. It is practically insoluble in alcohol, in
chloroform, and in ether." NJF.
Test. — Identification. — An aqeous solution of
pepsin yields precipitates with solutions of tannic
acid or gallic acid and with solutions of the salts
of many heavy metals. On heating a solution of
pepsin in acidified water to 100°, it becomes milky
or yields a light, flocculent precipitate, and loses
all proteolytic power. N.F.
The B.P. prescribes the following identification
test: A weighed portion of pepsin is dissolved in
0.02 N hydrochloric acid and separated into two
portions. One of these is boiled to destroy the
enzyme; the other is not boiled. To each portion
is added a few shreds of carmine-dyed fibrin and
the two solutions are then warmed at 38° to 40°
for one hour; the unboiled solution is colored
red while the solution which had the pepsin destroyed remains practically colorless.
Assay. — 100 mg. of pepsin is dissolved in ISO
ml. of a diluted acid prepared by mixing 35 ml.
of 1 N hydrochloric acid with 385 ml. of water.
A solution of 100 mg. of Reference Pepsin in 150
ml. of the diluted acid is also prepared. One or
more hen eggs are immersed in boiling water for
15 minutes, then cooled rapidly to room temperature by immersion in cold water, the albumen
separated and rubbed through a clean dry No. 40
sieve. Portions of 10 Gm. of this albumen are
placed in each of 3 wide-mouthed bottles of about
100-ml. capacity. To each bottle is added 35 ml.
of the diluted acid prepared as directed above,
after which the bottles are placed in a water bath
at 52°. After the contents of the bottles have
reached that temperature, there is added to one
bottle exactly 5 ml. of the acidified solution of
the pepsin to be tested, to another 4.3 ml. of the
same solution and 0.7 ml. of the diluted acid,
and to the third 5 ml. of the acidified solution of
the Reference Pepsin. After inverting the bottles
3 times, they are kept at 52° for 2J^ hours, agitating the contents every 10 minutes by inverting
the bottles once. The contents of the bottles are
transferred to 100-ml. conically shaped measuring
vessels of specified dimensions (see N.F.) and
the volume of undissolved albumen in each measured. The volume in the vessel corresponding to
5 ml. of the solution of pepsin being assayed is
not greater than the volume of undissolved albumen in the vessel corresponding to 5 ml. of the
Reference Pepsin solution, and the volume of the
undissolved albumen in the vessel corresponding
to 4.3 ml. of the solution of pepsin being assayed
is not less than the volume of the undissolved
albumen in the vessel corresponding to 5 ml. of
the Reference Pepsin solution. N.F.
The B.P. method of assay is similar to that of
the N.F. except that no reference standard is
used, it being required only that the volume of
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undissolved
egg albumen not exceed a specified
volume.
Several other methods of assay have been suggested; for details of some of these, see U.SJ).,
23rd edition, page 829. Griitzner's method —
which has been adopted as an identification test
by the B.P. — utilizes thread fibrin which has been
dyed in ammoniacal carmine for a few seconds;
after drying it, the red-colored fibrin is suspended
in an acid solution of the pepsin. The color produced at the end of a specified time is matched
against that of a standard calibrated pepsin of
known strength. Other workers have recommended
Congo red, diphenylrosaniline and magneta in
place of carmine for dyeing the fibrin. A quick
method of assaying pepsin, using milk as the
substrate, has been developed by Andersen et al.
{Drug Standards, 1951, 19, 135) ; in the hands of
an experienced operator this method checks very
well with results obtained by the N.F. procedure.
Incompatibilities. — Pepsin is an unstable
body, being destroyed or inactivated by tannins,
alcohol, the salts of the heavy metals, strong
acids, and by alkalies. Prolonged agitation or
temperatures above 70° inactivate it.
Uses. — Gastric juice was used by Dr. P. S.
Physick, the celebrated physician of Philadelphia,
a century ago as a local application in cancers
and sloughing ulcers, with a view to removing
the dead flesh and correcting the offensive odor
and affording a healthy stimulus to the diseased
surface. It has been employed locally also for
dissolving the diphtheritic false membrane and
to hasten the sloughing off of necrotic detritus in
wounds.
Protein digestion is carried on by enzymes
secreted by the stomach, the pancreas and the
intestine. Pepsin is the proteolytic enzyme of the
stomach. Although normally pepsin initiates protein digestion and carries it to the peptone stage,
its function is not vital. Its absence can apparently be compensated for completely by the action
of the intestinal and pancreatic secretions. Consequently, the absence of pepsin is not, per se, a
cause for dyspepsia. Although pepsin has, in the
past, been used in the treatment of gastric achylia,
there is little evidence that it is of any real value.
The elixir has been used as a vehicle for iodides,
salicylates, etc.
When pepsin is used as a digestive enzyme it
must be given in an active form and in sufficient
dose to have some influence. The enzymic activity
of pepsin is so easily destroyed by heat and
chemical agents, that it should be administered
either alone as a powder or in solution with a
small quantity of hydrochloric acid only, [v]
Dose, of official pepsin, from 0.3 to 1 Gm.
(approximately 5 to 15 grains).
Storage. — Preserve "in tight containers and
avoid excessive heat." N.F.
COMPOUND
PEPSIN ELIXIR.
N.F.
Lactated Pepsin Elixir, Compound Digestive Elixir,
[Elixir Pepsini Compositum]

"Compound Pepsin Elixir possesses, in each
100 ml., a proteolytic activity equal to not less
than 1.75 Gm. of Reference Pepsin." N.F.
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Add 35 Gm. of pepsin to 500 ml. of cold purified water containing 1 ml. of lactic acid, and
allow the mixture to stand in a cool place until
the pepsin is thoroughly softened; then stir very
gently until dissolved, and add 250 ml. of glycerin. Dissolve 2 ml. of orange oil and 14 ml. of
amaranth solution in 200 ml. of alcohol and
gradually add this solution to the pepsin solution
with gentle stirring. Finally add enough purified
water to make 1000 ml. and filter, if necessary.
Note. — Pepsin solutions are reduced in proteolytic activity by agitation and storage, particularly at or above normal room temperature. In
order to compensate for this, an excess of pepsin
has been used in the formula.
Alcohol Content. — From 16 to 19 per cent,
by volume, of C2H5OH. N.F.
This elixir is more important as a vehicle than
as a therapeutic agent. Its enzyme component
may be precipitated or inactivated upon addition
of various substances, and its acidity often introduces incompatibilities, but it is effective in
increasing the palatability of many medicinal
substances. The assigned dose is 8 ml. (approximately 2 fluidrachms), representing about 140
mg. (approximately 2 grains) of pepsin.
Storage. — Preserve "in tight, fight-resistant
containers. Avoid excessive heat and undue agitation." N.F.
PEPSIN

AND

Pepsin Essence,

RENNIN

ELIXIR.

N.F.

[Elixir Pepsini et Rennini]

"Pepsin and Rennin Elixir possesses, in each
100 ml., a proteolytic activity equal to not less
than 2.25 Gm. of Reference Pepsin." N.F.
Add 45 Gm. of pepsin and 18 Gm. of rennin
to 500 ml. of cold purified water, and allow the
mixture to stand in a cool place until the pepsin
is thoroughly softened; then stir very gently until
the solids are dissolved, and add 150 ml. of glycerin. Dissolve 50 ml. of sweet orange peel tincture and 0.1 ml. of myristica oil in 165 ml. of
alcohol, and gradually add this to the aqueous
solution. After stirring gently, add enough purified water to make 1000 ml. and filter, if necessary. Note. — Pepsin solutions are reduced in
proteolytic activity by agitation and storage, particularly at or above normal room temperature.
In order to compensate for this, an excess of
pepsin has been used in the formula.
Alcohol Content. — From 17 to 20 per cent,
by volume, of C2H5OH. N.F.
This elixir, like compound pepsin elixir, is
more useful as a vehicle than as a therapeutic
agent. The N.F. dose is 8 ml. (approximately 2
fluidrachms) representing about 180 mg. (approximately 234 grains) of pepsin and 140 mg. (approximately grains)
2
of rennin.
Storage. — Preserve "in tight, light-resistant
containers. Avoid excessive heat and undue agitation." N.F.
PERSIC

OIL.

U.S.P.

Apricot Kernel Oil, Peach Kernel Oil, [Oleum Persicae]

"Persic Oil is the oil expressed from the kernels
of varieties of Prunus Armeniaca Linne (Apricot
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Kernel Oil), or from the kernels of varieties of
Prunus Persica Sieb. et Zucc. (Peach Kernel Oil)
(Fam. Rosacea)." U.S. P.
Ger. Pfirsichkernol. Sp. Aceite Persico.

The peach tree, Prunus Persica Sieb. et Zucc.
(Amygdalus Persica L. ; Persica vidgaris Mill.),
is a native of China and widely cultivated in
warm temperate climes in two forms, the "clingstones" and the "free-stones." Peaches are important crops in Georgia and California, and
large canneries using many tons of the fruit are
to be found in those states. The peach tree is
closely related to the almond trees. It possesses
broad lanceolate to oblong-lanceolate, serrulate
leaves with short, glandular petioles, pink flowers which appear in early spring before the leaves,
and a soft, fleshy, drupaceous fruit, pubescent
when mature, containing a deeply pitted, hard
stone which envelops an exalbuminous seed.
Peaches and apricots contain considerable saccharine matter, which renders their juices susceptible of alcoholic fermentation, the distilled
liquors prepared from them being known as peach
brandy and apricot brandy, respectively. The
seeds, flowers, leaves, and bark have the odor and
taste of bitter almonds, and on hydrolysis yield
hydrocyanic acid. The leaves of the peach yield
a volatile oil upon distillation. The distilled water
prepared from them was found in one instance to
contain 1.4 parts of hydrocyanic acid in 1000 but
in another only 0.4 part in 1000.
The leaves of the peach are said to be laxative,
and were formerly used as an anthelmintic, and
in whooping-cough. Both the leaves and the
blossoms of the peach tree, as well as the kernels,
are poisonous.
The kernels from the pits of peach fruit contain from 32 to 35 per cent of fixed oil. Because
of the difficulty in cracking the thick, hard shells
as compared with cracking the much thinner apricot pits, comparatively little peach kernel oil is
prepared. Data concerning the composition of
peach kernel oil are meager.
The apricot tree, Prunus Armeniaca L., is believed to be native to Siberia and China and is
cultivated in America, especially in California.
It possesses ovate to rounded ovate, closely serrate leaves with abruptly pointed apices, pink,
solitary flowers appearing before the leaves on
short spurs formed the previous year. The fruit
is a fleshy, yellow drupe sometimes with a red
blush and with a smooth flat stone which has a
sharp keel along one edge flanked on each side
by a sharp ridge. The seed is about as broad as
long, rounded or heart-shaped and flattened.
Apricot kernels contain from 40 to 45 per cent
of oil which may be removed by pressing the
kernels; when first expressed the oil is nearly
colorless but on standing it gradually becomes
yellow. The color may be removed by bleaching
with fuller's earth or activated carbons. The composition of acids in an apricot oil has been reported as follows: oleic, 60.61; linoleic, 29.95;
palmitic, 2.43; stearic, 1.09; lignoceric, 0.05. The
press cake remaining after expression of oil may
be used as a fertilizer, or macerated with water
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and then distilled with steam to recover volatile
oil after which the residual meal is used as a
fertilizer or as a livestock feed, if it has been
determined to be free of hydrocyanic acid. The
shells from apricot fruit kernels are used as fuel.
Description. — "Persic Oil is a clear, pale
straw-colored or colorless, oily liquid. It is almost odorless, and has a bland taste. Persic Oil
is slightly soluble in alcohol. It is miscible with
ether, with chloroform, with benzene, and with
petroleum benzin."' U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.910 and not more than 0.923.
Mineral oil. — A 10-ml. portion of oil is saponified
with a 1 in 6 solution of sodium hydroxide and
alcohol; the solution is heated to evaporate the
alcohol and the residue mixed with distilled water.
A clear solution results. Other oils. — Persic oil
meets the requirements of the tests for cottonseed oil and for sesame oil under Olive Oil. It is
not turbid at temperatures above 15°. Free fatty
acids. — Not over 2 ml. of 0.02 N sodium hydroxide is required for neutralization of 10 Gm. of
the oil. Iodine value. — Not less than 90 and not
more than 108. Saponification value. — Not less
than 185 and not more than 195. U.S.P.
The physical and chemical properties of persic oil and almond oil are almost identical, making it very difficult to differentiate them. Martinenghi (Chem. Abs., 1939, 33, 5215) described
a method for detecting apricot kernel oil in almond oil which depends on the formation of an
orange color by reaction with nitric and sulfuric
acids.
Uses. — Persic oil was introduced as a substitute for expressed almond oil when imports of the
latter had been greatly diminished during World
War II. It may be used for any of the purposes
for which almond oil is suitable; thus, the U.S.P.
permits it to be used in place of expressed almond oil in Rose Water Ointment.
Labeling. — "Label Persic Oil to indicate
whether it was derived from apricot kernels or
from peach kernels." U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.
PERTUSSIS IMMUNE HUMAN
SERUM.
U.S.P.
Pertussis Immune

Serum

(Human)

"Pertussis Immune Human Serum is the liquid
or dried serum of blood obtained from donors
who have recovered from pertussis and who for
the preceding 7 or more days have been without
fever or other active clinical manifestations of
the disease, or from donors who have been actively immunized with pertussis vaccine. Pertussis
Immune Human Serum is suitably irradiated with
ultraviolet light, and contains a suitable antibacterial agent approved by the National Institutes
of Health." U.S.P.
Description. — "Liquid Pertussis Immune Human Serum is a transparent or slightly opalescent liquid, of yellow or deep pink color. It is
nearly odorless or has an odor due to the preservative. The dried serum has a yellow, creamy,

or pink color." U.S.P. It complies with the safety,
sterility and other requirements of the National
Institutes of Health of the United States Public
Health Service.
Uses. — Pertussis immune human serum is indicated for the prophylaxis and treatment of
whooping cough (McGuinness et al., J. Clin. Inv.,
1947, 16, 185; Kohn et al., Am. J. Dis. Child.,
1947, 74, 321). The best results are obtained
if the serum is administered early in the incubation period; however, the serum appears to be
of value in treatment of the disease, particularly ifadministered early. If there is no response
following the third injection, it is questionable if
further injections will be of benefit. If improvement follows the second or third dose additional
doses should be given at 5- to 7-day intervals
to prevent relapse. Following casual or short exposure, in infants and children under 5 years of
age, a single dose of 20 ml., and in children 5
years and older a single dose of 20 to 40 ml.
depending upon the intensity of exposure, is indicated intramuscularly. Following intimate exposure or for household contacts in children
under 5 years of age, two doses of 20 ml. at 3- to
6-day intervals, and in those over 5 years of age,
two doses of 20 to 40 ml. at 3- to 6-day intervals
are indicated intramuscularly. For treatment in
infants and children under 3 years three doses
of 20 ml. at 48-hour intervals are used; a fourth
and fifth dose are sometimes necessary. In critically ill infants 60 to 100 ml. intravenously is
recommended, with repeat doses as indicated. In
children over 3 years of age an initial dose of 60
ml. followed by repeat doses of 20 ml. at 24- to
48-hour intervals are used.
Pertussis immune human serum is also available in concentrated form with proportionately
smaller doses. There is also available a hyperimmune concentrated serum of rabbit origin of
which smaller doses are indicated.
Labeling. — "The package label bears the name
Pertussis Immune Serum (Human) ; the lot number; the expiration date, which for liquid serum
is not more than 1 year after date of manufacture or date of issue, and for the dried serum not
more than 5 years after date of manufacture or
date of issue; the manufacturer's name, license
number, and address; the statements, 'No U.S.
Standard of Potency' and 'Despite careful donor
selection and ultraviolet irradiation, this serum
may contain the virus of homologous serum
hepatitis'; and a statement of recommended
dose." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. The
dried serum may be stored at room temperatures.
Dispense Pertussis Immune Human Serum in the
unopened container in which it was placed by
the manufacturer. U.S.P.
Usual Size. — 20 ml. or its equivalent of dried
serum supplied with diluent.
PERTUSSIS VACCINE.
U.S.P. (B.P.)
[Vaccinum Pertussis]

"Pertussis Vacine is a sterile bacterial fraction
or suspension, in an isotonic sodium chloride

Pertussis Vaccine
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solution or other suitable diluent, of killed pertussis bacilli (Hemophilus pertussis) of a strain
or strains selected for high antigenic efficiency.
It has a potency of not less than 4 protective
units per individual immunizing dose based on the
N.I.H. Standard Pertussis Vaccine. It contains a
suitable antibacterial preservative approved by
the National Institutes of Health." U.S.P.
The B.P. Whooping-cough Vaccine is a sterile
suspension of H. pertussis in the cultural condition known as Phase I and prepared from cultures which have been freshly isolated or which
have been preserved in the dried form soon after
isolation from patients with whooping-cough. It
contains in each ml. not less than 10,000 million
and not more than 20,000 million killed Phase I
H. pertussis bacilli, being a suspension in injection of sodium chloride.
B.P. Whooping-Cough

Vaccine.

In the past, there has been some question as
to whether pertussis vaccine was capable of inducing immunity to whooping cough. It is now
recognized, as a result of the work of Kendrick
(Am. J. Pub. Health, 1936, 268) and Sauer
(J. A.M. A., 1939, 112, 305), and others, that this
vaccine when properly prepared and injected in
adequate doses has the ability to reduce the incidence of whooping cough among children receiving the vaccine. A satisfactory vaccine is one
which is prepared from cultures of Haemophilus
pertussis which are in the "smooth" state and
hence contain the antigen responsible for inducing immunity. Since multiple transfers through
laboratory culture media frequently cause this
organism to degenerate into the "rough" nonantigenic state, care must be exercised to maintain the organisms in their original undegenerated
state. Many years ago Sauer advocated that only
freshly isolated strains be used because at that
time no way was known to maintain smooth cultures reliably in the laboratory. It is now the
practice of most manufacturers of pertussis vaccine to select strains which contain naturally a
high concentration of the protective antigen and
to keep these strains in the dried state with a
minimum number of transfers through laboratory
media. By this method antigenicity is maintained
satisfactorily.
H. pertussis was originally believed to resemble H. influenzae in requiring hemin and coenzyme for growth, and the Bordet-Gengou medium
which was widely used for the preparation of
pertussis vaccine contained animal or human
blood which is a good source of these factors.
Hornibrook (Pub. Health Rep., 1939, 54, 1847)
demonstrated that "smooth" antigenic cultures
could be prepared in a medium containing only
starch, acid-hydrolyzed casein, cystine, nicotinic
acid, and inorganic salts. This work was confirmed by Verwey et al. (J. Bact., 1945, 49,
520) and Cohen and Wheeler (Am. J. Pub.
Health, 1946, 36, 371). Pertussis vaccine may
also be prepared by growing the organisms in a
casein hydrolysate liquid medium. Most manufacturers today use liquid medium for vaccine
production. The classical Bordet-Gengou medium
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may be used; however, human blood may not be
used and when blood is a constituent of the
medium the harvested bacteria must be washed.
For a discussion of the status of the use of casein
hydrolysate liquid media see Verwey et al. (J.
Bad., 1949, 58, 127). Cultures of H. pertussis
are incubated from 48 to 72 hours at 370° C.
If the organisms are grown on Bordet-Gengou
agar they are harvested from the surface of the
medium, washed, and resuspended in buffered
sterile salt solution containing a mercurial antiseptic such as thimerosal (phenolic antiseptics
are not as satisfactory). The suspension is diluted
to the appropriate density by photoelectric comparison with a turbidity reference standard supplied by the National Institutes of Health of the
United States Public Health Service. In the event
that a liquid casein hydrolysate medium is used,
the original culture, properly adjusted in density
and killed by a mercurial antiseptic, is suitable
for injection without washing of the organisms
and resuspension in salt solution. This can be
done because acid-hydrolyzed casein has little if
any sensitizing effects when injected into humans.
The strength and potency of pertussis vaccines
were formerly expressed by bacterial count, which
was stated on the label, and varied between manufacturers. Under recent regulations of the N.I.H.
the potency of the vaccine is now expressed as
antigenic or immunizing units. Bacterial count
is now disregarded except that a given vaccine
may not exceed 96 opacity units (48 opacity
units if the vaccine is precipitated or adsorbed)
in the total human immunizing dose. One opacity
unit is equal to approximately one billion organisms. Under the present regulations a total human
immunizing dose must contain 12 units.
Description. — "Pertussis Vaccine is a more
or less turbid, whitish liquid, nearly odorless, or
having
U.S.P. a faint odor due to the preservative."
Assay. — The potency of pertussis vaccine is
determined in mice by comparison of the vaccine
with the standard reference vaccine. Mice receive dilutions of both vaccines intraperitoneally
followed by a challenge dose of virulent culture
intracerebrally. By statistical calculation with the
death and survival rates of both groups of mice
the immunizing value of the unknown, in antigenic units, is determined. Pertussis vaccine also
complies with the identity, safety, toxicity and
sterility tests and other requirements of the National Institutes of Health, including the release
of each lot individually before its distribution.
Uses. — Pertussis vaccine is used for the active
immunization of children against whooping cough.
Because of the severity of whooping cough
during the first year of life prophylactic immunization should begin at the age of 3 months or as
soon thereafter as possible. Immunization may be
started earlier and in the presence of an epidemic
infants as young as one month may be injected.
When infants under 3 months are immunized the
total dosage should be increased to include a
fourth injection (Miller et al., Report of the
Committee on Immunization and Therapeutic
Procedures for Acute Infectious Diseases, Ameri-
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can Academy of Pediatrics, Evanston, Illinois,
1951). Older children may also be immunized.
Recall or stimulating booster doses should be
given within one year of initial immunization,
again at 3 years of age, at the time of entry into
school and also in the presence of an epidemic
if a booster dose has not been given recently.
Local reaction and fever of short duration may
occur. Marked reactions should be followed by
reduction in size of dose, but immunization continued until total dose is administered. Children
known to have diseases of the central nervous
system should not be immunized. Encephalopathy symptoms rarely occur with pertussis vaccine (Globus and Kohn, J.A.M.A., 1949, 141,
507).
Dose. — The usual dose is a series of 3 injections of 0.5 or 1 ml., as specified in the labeling,
administered subcutaneously or intramuscularly,
and given 4 to 6 weeks apart. The total immunizing dose must contain 12 protective units.
Labeling. — "The package label bears the
name Pertussis Vaccine; the lot number; the expiration date, which is not more than 18 months
after date of manufacture or date of issue; the
manufacturer's name, license number, and address; and the statements, 'Keep at 2° to 10° C.
(35.6° to 50° F.),' 'Do not freeze,' and 'Total
immunizing dose contains 12 units.' "
Storage. — Preserve "at a temperature between
2° and 10°, with precautions to prevent freezing.
Dispense it in the unopened container in which
it was placed by the manufacturer." U.S.P.
Usual Sizes. — 1.5, 7.5, 15, and 20 ml.
ALUM

PRECIPITATED PERTUSSIS
VACCINE.
U.S.P.

"Alum Precipitated Pertussis Vaccine is a sterile bacterial fraction or suspension, in a suitable
diluent, of killed pertussis bacilli (Hcemophilus
pertussis) of a strain or strains selected for high
antigenic efficiency and precipitated by alum and
resuspended. It has a potency of not less than
4 protective units per individual immunizing dose
based on the N.I.H. Standard Pertussis Vaccine.
It contains a suitable antibacterial agent approved by the National Institutes of Health, and
not more than 15 mg. of alum in the volume
stated
U.S.P. in the labeling to constitute one injection."
Alum precipitated pertussis vaccine is made in
a manner generally similar to that described for
Pertussis Vaccine. However, the organisms, instead of being made into a simple suspension, as
in the case of pertussis vaccine, are precipitated
by the addition of alum. When the organisms
are in salt solution after harvesting from BordetGengou agar, there is little material in solution
which will form insoluble complexes with alum
and therefore it is necessary to make the pH
slightly alkaline to obtain a precipitate of aluminum hydroxide. This precipitate carries the organisms with it, chiefly by adsorption and occlusion within the precipitate. In instances where
pertussis organisms are precipitated from casein
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hydrolysate medium suspensions, there is material in the medium which will form complexes
with alum to give the type of precipitate obtained with the diphtheria toxoid, and therefore
an alkaline reaction is not required. After precipitation of the suspension, the supernatant
liquid is drawn off and the precipitate is resuspended in a buffer solution containing a suitable
(usually mercurial) preservative.
Description. — "Alum Precipitated Pertussis
Vaccine is a markedly turbid, whitish liquid. It is
substantially odorless or may have a faint odor
due to the preservative." U.S.P.
The vaccine is required to comply with the
identity, safety, toxicity, sterility, and potency
tests and other requirements of the National Institutes ofHealth, including the release of each lot
individually before its distribution.
The potency of the vaccine is expressed in protective units; in production the vaccine is adjusted so that one human injection, of 0.5 or 1
ml., contains 4 protective units. Total bacterial
count is disregarded in evaluating the vaccine
except that the total human immunizing dose
shall contain no more bacteria than the equivalent
of 48 opacity units. The opacity unit is represented bya standard of finely ground Pyrex glass,
distributed by the N.I.H., equivalent to approximately 1billion pertussis bacteria.
Uses. — Alum precipitated pertussis vaccine is
used for active immunization of children against
whooping cough (Lippsett et al., J. Pediatr.,
1953, 42, 301). The toxicity of alum precipitated
pertussis vaccine is similar to that of pertussis
vaccine except that there is more of a tendency
for development of local irritation and a lower
frequency of systemic reactions; this difference
appears to be due to the "depot effect" of the
alum precipitated vaccine. As with other injections containing alum, evidences of local irritation
are increased if the injections are made near the
surface, or if traces of alum are left in the skin.
It is usual to inject the vaccine through a needle
which has been carefully wiped free of any alum
precipitate, and to make the injection a deep
intramuscular one. It is likely that all injections
of this material cause a small vaccine cyst which,
if located near the skin surface or permitted to
communicate with the skin through deposition of
precipitate in the needle track, may become a
draining sterile abscess.
The possibility of development of encephalopathies should be kept in mind (Globus and
Kohn, J.A.M.A., 1949, 141, 507). Children known
to have diseases of the central nervous system
should not be immunized.
Aluminum Hydroxide Adsorbed Pertussis Vaccine, N.N.R., is a similar preparation differing
only in that the organisms are adsorbed on preformed aluminum hydroxide rather than on aluminum hydroxide precipitated in the bacterial suspension byaddition of alum to the solution.
Dose. — The usual dose consists of 3 injections
of 0.5 or 1 ml., as specified in the labeling, administered intramuscularly only, and given 4 to 6
weeks apart. The total immunizing dose must
contain 12 protective units. A "booster" dose of

Peruvian Balsam

Part I
0.5 or 1 ml. is recommended at 1 year and 5 years
of age.
The labeling and storage directions are identical
with those for Pertussis Vaccine.
Usual Sizes. — 0.5, 1.5, 6, and 7.5 ml.
PERUVIAN
Peru Balsam,

BALSAM.
[Balsamum

U.S.P.

Peruvianum]

"Peruvian Balsam is obtained from Myroxylon
Pereirce
U.S.P. (Royle) Klotzsch (Fam. Le gummosa)."
Black Balsam; Indian Balsam. Balsamum Peruvianum
Nigrum; Balsamum Indicum. Fr. Baume de Perou ; Baume
de San-salvador. Ger. Peru-balsam; Peruanischer (Indischer, Schwarzer) Balsam. It. Balsamo del Peru. Sp.
Balsamo del Peru; Balsamo Peruviano.

The term balsam of Peru is a survival of the
times when the products of the Spanish colonial
coast were assembled at Callao, Peru, for shipment to Europe. Little if any of the balsam originates there today.
Myroxylon Pereirce is a tall tree with ashcolored bark which attains the height of 50 feet.
At about 5 feet above ground the trunic divides
into horizontal or slightly obliquely ascending
branches which combine to form an egg-shaped
crown. These bear alternate, imparipinnate leaves
with the usually 5, at least 4, less frequently 6,
coupled leaflets and an extra terminal one. The
leaflets almost always are alternate along the
midrib, oblong to oval-oblong in shape, acute at
apex and rounded at the base. The blooming axillary twigs are marked by a scattering of pointshaped bright lenticels. Each of these terminates
in a loose raceme of nodding flowers which are
highly odorous. Each of the flowers possesses a
green, cup-shaped, slightly toothed calyx, a bluishwhite, papilionaceous corolla, 10 stamens with
white filaments and red anthers (the latter constituting the most showy portion of the flower)
and a green pistil. The fruit is a yellowish-brown
legume. This tree is a native of Central America,
especially in Salvador. It is found in the wild
forests, singly or in groups, but the trees are
owned by individuals. It is never found at a
greater height on the mountains than one thousand
feet, and begins to be productive after five years,
and continues to yield for thirty years or more.
Small amounts of the balsam also come from
Guatemala and Mexico.
Early in November or December the bark is
beaten on four sides of the trunk, so as to
separate it from the wood without breaking it,
intermediate strips being left sound, in order not
to destroy the tree. The bruised bark soon spilts,
or cuts are made on it. Five or six days after the
beating the injured surface is set on fire, and
about a week later the bark, if it has not fallen
off spontaneously, is removed. The juice now
begins to exude freely from the exposed wood,
which the natives cover with rags. The latter,
when saturated, are placed in boiling water in
large jars, and the liquid allowed to stand, whereupon the more dense balsam subsides; this is put
into calabashes or bladders. Seven to ten days
later a second flow of balsam occurs, and this is
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collected as before. Subsequently the exposed
parts are scraped or otherwise wounded, and a
third balsam is obtained. These three grades of
balsam are said to be known respectively as
Tagauzonte, balsamo de trapo, balsamo de contrapique. The balsam is then sold in neighboring
towns, where it is purified by heating and straining and packed in jars or metallic drums for export. The destroyed bark is said to renew itself in
two years, so that a tree can be worked for a
long time ; two pounds is stated to be the average
yearly yield. For an account of the production of
the balsam in Salvador, see Guenther {Drug
Cosmet. hid., 1940, 47, 26).
Peruvian balsam is also produced in Dutch
Guiana but according to Hollman and Van der
Wielen this Surinam balsam differs considerably
from the commercial balsam {Pharm. Ztg., 1927,
72, 95). Experiments at cultivating the tree in
the East Indies have not been successful.
It is exported to the United States chiefly from
San Julian, El Salvador and Nicaragua, often in
tin canisters. The balsam commonly shows a whitish scum on the surface, with more or less crystallized material which may be dissolved with the
aid of heat.
A substance called white balsam {Balsamo
bianco) is procured from the fruit, in Mexico.
This has been confused with balsam of tolu, but
is quite distinct. It is of semi-fluid or soft-fluid
consistence, somewhat granular, and, on standing,
separates into a white, resinous, crystalline deposit,
and a supernatant, translucent, more fluid, portion.
The odor, quite distinct from that of the balsams
of tolu and Peru, is not disagreeable. The balsam
obtained from fruits has been reported to have
the following composition: oleoresin 67.68, wax
14.83, acid resin 11.93, coumarin 0.39, tannin
0.40, glucose 0.13, water and undetermined matter
4.64 per cent {Chem. Abs., 1927, 21, 1329).
Stenhouse in 1850 obtained from it a crystallizable resin, which he named myroxocarpin {Pharm.
J., 10, 290). Tschirch {Harze und Harzbehalter,
1900, p. 166) gave the compound the name
myroxoresene.
Besides the official species, there are several
allied trees which furnish products possessing
more or less similar properties. The M. peruiferum L. fil. yields an oleoresin sometimes known
as Brazilian balsam. It resembles Peruvian balsam
but is harder and redder in color. A balsam is
also derived from the M. punctatum Klotzsch.
This tree is by some considered as identical with
the M. Balsamum which yields the tolu balsam.
The bark of this species has been used in Paraguay under the name of quinoquino as a remedy
for wounds and ulcers.
From the pods of the related Myrospermum
frutescens Jacq. which grows in Trinidad, Cartagena and Paraguay has been prepared a tincture
which was used as a lotion in rheumatic pains,
and also from the incisions in the stem a balsam
very similar to that of tolu balsam. For description of this balsam see U.S.D., 22nd ed., p. 210.
Description. — "Peruvian Balsam is a dark
brown, viscid liquid. It is transparent and appears
reddish brown in thin layers. It has an agreeable
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odor resembling vanilla, a bitter, acrid taste, with
a persistent after-taste, and is free from stringiness or stickiness. It does not harden on exposure
to air. Peruvian Balsam is nearly insoluble in
water, but is soluble in alcohol, in chloroform, and
in glacial acetic acid, with not more than an
opalescence. It is only partly soluble in ether and
in petroleum benzin. The specific gravity of Peruvian Balsam is not less than 1.150 and not more
than 1.170." U.S.P.
Standards and Tests. — Fixed oils. — A clear
solution results when 1 Gm. of Peruvian balsam
is shaken with 3 Gm. of chloral hydrate dissolved
in 2 ml. of water. Rosin. — Absence of this constituent isconfirmed by the official test for rosin.
Turpentine. — On evaporating 2 ml. of the filtrate
from a warmed mixture of 1 Gm. of Peruvian
balsam and 5 ml. of petroleum benzin no odor of
turpentine oil is noticeable. Acid value. — Not less
than 56 and not more than 84. Cinnamein, saponification value. — After neutralization of the free
acids in 3 Gm, of Peruvian balsam the esters,
known collectively as cinnamein, are extracted
with ether. An aliquot of the filtered ether solution is evaporated, and the residue dried at 100°
for 30 minutes; the weight of the residue is not
less than 50 per cent and not more than 60 per
cent of the weight of the balsam represented in
the aliquot portion. The saponification value of
the residue of cinnamein is not less than 230 and
not more than 240. U.S.P.
Constituents. — Peruvian balsam is a complex
mixture consisting approximately of about 25 to
30 per cent of resin and from 50 to 65 per cent
of a volatile oil, to which is due chiefly its therapeutic virtues.
The oil, known in commerce as cinnamein, is
composed mostly of esters of benzoic and cinnamic acids, the most important being benzyl
cinnamate, cinnamyl cinnamate, and benzyl benzoate. In addition there are small quantities of
benzyl alcohol and a constituent which Thorns
called peruviol, but which Parry suggested is
identical with nerolidol. Tschirch attributed the
characteristic odor largely to this latter ingredient.
Nerolidol is 3,7,ll-trimethyl-l,6,10-dodecatrien-3ol, C15H26O, a tertiary alcohol, found in neroli
oil. The oil of Peruvian balsam also contains small
quantities of vanillin.
The resinous part of the balsam, according to
Tschirch, consists largely of an alcohol called
peruresinotannol and esters of this alcohol with
cinnamic acid.
Adulterants. — Formerly Peruvian balsam was
much adulterated with castor oil, copaiba, turpentine, gurjun balsam, etc., but during recent
years the rigid official tests have excluded most
of the grossly adulterated samples from importation. For a discussion of other tests see U.S.D.,
24th ed., p. 859.
A synthetic substitute known as synthetic balsam of Peru, or Perugen, made by mixing benzyl
benzoate with storax, benzoic and tolu balsams
closely resembled the genuine. The characteristic
odor and taste of the natural balsam were absent
in the substitute.
Uses. — Peruvian balsam has been used as a

stimulating dressing in indolent ulcers, and was
recommended by Leshure (J.A.M.A., 1926, 86,
550) and others as a first dressing for wounds,
often being mixed with an equal quantity of castor
oil when used for this purpose. In addition to
stimulating local tissue resistance and exerting
a protective action, Malannik {Munch, med.
Wchnschr., 1912) reported that it has bactericidal
action. Peruvian balsam has had wide application
in the past in treating scabies, its action apparently depending on the esters of benzoic and cinnamic acids which it contains. Its antiscabetic
use has, however, been lessened by the increasing
use and effectiveness of benzyl benzoate itself.
The balsam is most often combind with sulfur in
an ointment in the therapy of scabies, but it may
also be used alone. A recommended formula
(Friedman, The Story of Scabies, 1947, p. 423)
for antiscabetic use calls for 15 parts of Peruvian
balsam, 10 parts of castor oil, and 75 parts of
petrolatum. Occasionally Peruvian balsam causes
dermatitis.
The balsam is a component of certain rectal
suppositories widely used for symptomatic relief
of hemorrhoids and other anal conditions. One
such preparation, Amisol (Warner), contains 3
per cent of the balsam, with 2.25 per cent of
bismuth subgallate, 1.75 per cent of bismuth resorcin compound, 11 per cent of zinc oxide, and
18 per cent of boric acid, in a cacao butter base.
Peruvian balsam was formerly used internally
as a stimulating expectorant in asthma and
chronic bronchitis, but it has been probably completely replaced by the less disagreeable tolu
balsam. When used internally it is best administered in the form of an emulsion.
Dose, 0.3 to 1 ml. (approximately 5 to 15
minims), by mouth. Topically it is applied to the
skin as required, usually in the form of an ointment or an alcoholic solution.
Storage. — Preserve "in tight containers and
avoid exposure to excessive heat." U.S.P.
PETROLATUM.

U.S.P. (B.P.)

Petroleum Jelly, Yellow Petrolatum, [Petrolatum]

"Petrolatum is a purified mixture of semi-solid
hydrocarbons obtained from petroleum. Not more
than 10 parts per million of rfZ-a-tocopherol may
be added as a stabilizing agent." U.S.P. The B.P.
recognizes the same substance under the title
Yellow Soft Paraffin.
B.P. Yellow Soft Paraffin; Paraffinum Molle Flavum.
Amber Petrolatum; Soft Petrolatum; Paraffin Jelly. Vaselinum
Flavum.
Ger. Gelbes
Vaselin.
It. Vaselina.
Sp.
Parafina blanda ; Petrolato.

Petrolatum is prepared from the residue left in
the stills after distillation of petroleum, or from
the sediment deposited in storage tanks containing
crude petroleum or certain fractions of it. The
residue or sediment may be purified by one or a
combination of several processes; these include
such operations as treatment with sulfuric acid,
percolation through a column of adsorptive clay,
and selective solvent extraction. The color of the
resulting petrolatum varies with the nature of the
starting material and the degree of purification;
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the composition, and consequently the physical
properties, of it depend largely on the still residue
or sediment employed. For a discussion of petrolatum, from the standpoint of its use in pharmaceutical practice, see Meyer, J. A. Ph. A., 1935,
24, 319.
Petrolatum, as obtained from American petroleum, consists mainly of the higher members
of the paraffin series, but contains also unsaturated hydrocarbons. The product of Russian petroleum differs in containing a large proportion of
naphthenes. In the American product, hydrocarbons containing approximately 16 to 32 carbon
atoms per molecule are represented. The unsaturated hydrocarbons have, usually, lower melting
points than those of the paraffin series, and give
petrolatum its oleaginous characteristics.
The deterioration of petrolatum, and its stabilization by incorporation of tocopherol, is discussed under Liquid Petrolatum.
Description. — "Petrolatum is an unctuous
mass, varying in color from yellowish to fight
amber. It has not more than a slight fluorescence
even after being melted, and is transparent in thin
layers. It is free or nearly free from odor and
taste. Petrolatum is insoluble in water. It is almost insoluble in cold or hot alcohol, and in cold
dehydrated alcohol. It is freely soluble in benzene, in carbon disulfide, in chloroform, and in
turpentine oil. It is soluble in ether, in petroleum
benzin, and in most fixed and volatile oils. Petrolatum melts between 38° and 60°." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.815 and not more than 0.880, at
60°. Melting range. — Between 38° and 60°. Residue on ignition. — Not over 0.05 per cent. Organic
acids. — Not more than 0.4 ml. of 0.1 N sodium
hydroxide is required for neutralization of 20 Gm.
of petrolatum, using phenolphthalein T.S. as indicator. Alkalinity. — A 35-Gm. portion of petrolatum, shaken with boiling water, does not cause
phenolphthalein T.S. to be colored when added to
the aqueous phase. Acidity. — If in the preceding
test the addition of phenolphthalein does not produce a pink color, add 0.1 ml. of methyl orange
T.S. : no red or pink color is produced. Fixed oils,
fats, or rosin. — The aqueous layer separated from
a heated mixture of petrolatum and a solution of
sodium hydroxide does not yield any oily or solid
matter on addition of an excess of diluted sulfuric
acid. Consistency. — Not less than 100 and not
more than 275. Color. — Melted petrolatum is not
darker than a solution prepared from 3.8 ml. of
ferric chloride C.S. and 1.2 ml. of cobaltous chloride C.S., the comparison being made in reflected
light against a white background, the petrolatum
tube being held at such an angle that there is no
fluorescence. U.S.P.
Uses. — Petrolatum is used almost exclusively
as a bland, neutral, protective dressing and as an
ointment base; it is employed thus in many official ointments. For local applications it has the
advantage over vegetable and animal fats that it
does not become rancid. It is not suited, however,
for the preparation of ointments when absorption
is desired, for it does not readily penetrate the
skin (see also Ointments, in Part II). It is some-
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times used as a substitute for butter and animal
fats for culinary purposes in low-calorie or lowfat diets; it has no food value. Randolph first
demonstrated its non-absorbability from the intestinal tract in 1885 and his finding has been
abundantly confirmed. He also showed that when
taken internally, in doses of from 4 to 15 Gm.
(approximately 1 to 4 drachms), it acts as a
feeble laxative and soothes irritation, thereby
being advantageous in inflammations of the gaslatum). S trointestinal mucous membrane (see Liquid PetroStorage. — Preserve
U.S.P.
WHITE

"in

PETROLATUM.

tight

containers."

U.S.P. (B.P.)

White Petroleum Jelly, Petrolatum Album

"White Petrolatum is petrolatum wholly or
nearly decolorized. Not more than 10 parts per
million of J/-a-tocopherol may be added as a
stabilizing agent." U.S.P. The B.P. recognizes a
mixture of semisolid hydrocarbons, obtained from
petroleum, and bleached, as White Soft Paraffin.
B.P. White Soft Paraffin; Paraffinum Molle Album.
Vaselinum Album. Fr. Vaseline officinale; Petroleine. Ger.
Weiszes Vaselin. Sp. Petrolato Blanco.

In the manufacture of petrolatum (q.v.), purification isusually accompanied by lightening of
color; by carrying the decolorization far enough
the product may be obtained almost water white.
Description. — "White Petrolatum is a white
or faintly yellowish, unctuous mass, transparent
in thin layers even after cooling to 0°." U.S.P.
The B.P. gives the melting point as between 38°
and Tests. — Color. — Melted white
andStandards
56°.
petrolatum is not darker than a solution prepared
from 1.6 ml. of ferric chloride C.S. and 3.4 ml.
of water, the comparison being made in reflected
light against a white background, the petrolatum
tube being held at such an angle that there is no
fluorescence. Other tests. — In other respects white
petrolatum has the characteristics, and meets the
requirements of the tests described under Petrolatum. U.S.P.
Uses.— -See under Petrolatum. White petrolatum
ments. isE a constituent of many official ointStorage. — Preserve "in tight containers."
U.S.P.

HYDROPHILIC PETROLATUM.
U.S.P.
[Petrolatum Hydrophilicum]

On a water bath melt together 30 Gm. of stearyl
alcohol, 80 Gm. of white wax and 860 Gm. of
white petrolatum, then add 30 Gm. of cholesterol
and stir until it completely dissolves. Remove the
mixture from the water bath and stir until it congeals. U.S.P.
This ointment base is capable of absorbing
water and aqueous solutions and is useful when
such solutions are to be incorporated in ointments.
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U.S.P. (B.P.)

Heavy Liquid Petrolatum, Liquid Paraffin, White
Mineral Oil, [Petrolatum Liquidum]

"Liquid Petrolatum is a mixture of liquid hydrocarbons obtained from petroleum." Not more
than 10 parts per million of d /-a- tocopherol may
be added as a stabilizing agent." U.S.P. The B.P.
definition is practically identical with this.
B.P. Liquid Paraffin; Paramnum Liquidum.
Oil; Paraffin Oil. Nujol (Stanco). Oleum Vaselini
(Viscosum) ; Oleum Paraffins. Fr. Huile de
fluide; Huile de Vaseline epaisse. Ger. Fliissiges
Paraffinol. It. Olio di Vaselina. Sp. Parafina
Petrolato Liquido.

Mineral
Fluidum
Vaseline
Paraffin;
liquida;

Liquid petrolatum is obtained by distilling the
residuary liquid, boiling between 330° and 390°,
remaining after removing the lighter hydrocarbons from petroleum. It is purified and decolorized by successively treating it with sulfuric acid,
caustic soda, and then passing it while hot through
animal charcoal or fuller's earth. On cooling, some
solid paraffins will separate; the liquid is then
redistilled, and the portion boiling below 360°
rejected. Oils of American origin consist chiefly
of aliphatic hydrocarbons containing 15 to 20
carbon atoms, with the lower molecular weight
hydrocarbons predominating in light mineral oils
and thereby imparting to them a lower specific
gravity and a lower viscosity than in the case of
"heavy" oils. Russian or Caucasian oils contain
principally cyclic polymethylene (so-called naphthene) hydrocarbons, with the hydrogen atoms of
the ring carbons often being replaced by low
molecular weight alkyl groups. For additional information see Petroleum, in Part II.
While it is commonly assumed that liquid petrolatum is chemically inert, it has been found that
highly refined oils slowly undergo various reactions when exposed to heat and light. The most
common of these is oxidation. The first stage of
this oxidative deterioration is the formation of
peroxides, the time required for perceptible
amounts of peroxides to be formed being called
the induction period; the induction period may
vary from months to years. After the appearance
of peroxide further oxidation, which is autocatalyzed, proceeds very rapidly, aldehydes and organic acids being formed, with the result that the
oil is spoiled in odor and taste. The more highly
refined the oil, the more prone it is to oxidation.
This is because of the destruction of natural
inhibitors in the oil during the process of refining. For this reason the U.S.P. recently sanctioned
the use of tocopherol as an inhibitor which would
improve the stability of liquid petrolatum. For a
report on the stabilization of medicinal white oil,
see Salzmann and Sonneborn (Bull. N. F. Com.,
1951, 19,41).
Description, — "Liquid Petrolatum is a colorless, transparent, oily liquid, free or nearly free
from fluorescence. It is odorless and tasteless
when cold, and develops not more than a faint
odor of petroleum when heated. Liquid Petrolatum is insoluble in water and in alcohol. It is
miscible with most fixed oils but not with castor
oil. It is soluble in volatile oils." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.860 and not more than 0.905.

Viscosity. — Liquid petrolatum has a kinematic
viscosity not less than 38.1 centistokes at 37.8°.
Acidity or alkalinity. — On boiling 10 ml. of liquid
petrolatum with an equal volume of reagent alcohol the latter remains neutral to moistened litmus
paper. Readily carbonizable substances. — This test
has the same requirement and is performed in
almost the same manner as the corresponding test
under Paraffin. Solid paraffin. — On immersing in a
mixture of ice and water for 4 hours a standard
oil-sample bottle filled with dried liquid petrolatum the latter is sufficiently clear so that a black
line 0.5 mm. in width, held vertically behind the
sample bottle, is easily seen. Sulfur compounds. —
On heating 2 drops of a saturated solution of lead
monoxide in a 1 in 5 sodium hydroxide solution
with 4 ml. of liquid petrolatum and 2 ml. of dehydrated alcohol at 70° for 10 minutes, and then
cooling, the mixture does not become dark. US.P.
The B.P. requires the kinematic viscosity to be
not less than 64 centistokes at 37.8°.
The U.S.P. and N.F. recognize two types of
liquid petrolatum for two distinct usages. When
employed in an atomizer, as a local application
to the nose or throat, it is obvious that an oil of
relatively low viscosity will be preferable as it
will atomize more readily. When taken internally
it has been supposed (though apparently erroneously) that an oil of high viscosity would be less
likely to ooze through the anus.
The "white" Russian oil was preferred by some
physicians as a laxative, because the analogous
liquid obtained from Pennsylvania petroleum,
which belongs to the methane series, does not
emulsify as readily as the naphthenes (cyclic
polymethylene hydrocarbons) found in Russian
or Caucasian oils and the emulsions are not stable.
It is stated that the manufacturers of commercial
petrolatum laxatives nearly always use naphthene oils, because they are said to emulsify
readily in the alimentary tract, and the users do
not suffer from "leakage." The so-called "Russian"
type of oil, containing naphthenes, is found also
in certain American wells, particularly in California.
Uses. — Since the introduction of liquid petrolatum for treatment of chronic constipation, by
the English physician Lane, in 1913, such use of
the substance has become very popular. Liquid
petrolatum is not a cathartic; its laxative action
has been attributed to a hypothetical lubricating
effect upon intestinal mucosa and also to its
property of softening fecal masses. Schlagintweit
(Arch. exp. Path. Pharm., 1927, 124, 59) concluded that liquid petrolatum is emulsified, probably in the stomach, and passes down the intestinal tract as an emulsion and thereby hinders
absorption of water from the colon. The increased
content of water in the feces thus attained not
only increases their bulk but keeps them soft.
Liquid petrolatum will not cause evacuation when
constipation is due to atony of the colonic musculature. In some patients there is an unpleasant
oozing of the oil through the anal sphincter; it
was once believed that this was more likely to
occur with light petrolatums than with the more
viscid type represented by heavy liquid petrolatum but an investigation performed under the
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auspices of the Council on Pharmacy and Chemistry of the American Medical Association
(J.A.M.A., 1915, 64, 808) showed that there was
no difference either in therapeutic effects or liability to leakage between heavy and light oils.
Possibly the facility with which an oil is emulsified
is responsible for differences that may be observed.
There has been considerable polemical discussion as to the relative advantages of liquid petrolatum and vegetable cathartics in treatment of
chronic constipation. Two main objections have
been raised against liquid petrolatum, namely,
possible interference with intestinal absorption,
and a fear — based upon known carcinogenic effects
of crude oil — that it might give rise to cancer of
the bowel. Olsen (J.A.M.A., 1928, 91, 143) concluded that it did not affect either digestion or
absorption of protein or carbohydrate food; however, itlessens absorption of vitamins A, D, and
K (Elliott et al., Proc. S. Exp. Biol. Med., 1940,
43, 240), presumably because of its solvent effect
on these vitamins (Jackson, /. Nutrition, 1931,
4, 171). Quantitative studies of plasma vitamin A
concentration indicated that ingestion of 30 ml.
of liquid petrolatum at bedtime did not decrease
the concentration but that when the same quantity was mixed with the noon meal of a diet
containing 2500 units of vitamin A (mostly as
carotene) the plasma concentration did decrease;
a single dose of 5 ml. had no such effect, but
when 5 ml. was ingested three times daily with
meals the plasma concentration of vitamin A
again decreased (Steigmann et al., Gastroenterology, 1952, 20, 587). Mellanby (/. Physiol., 1927,
64) stated that liquid petrolatum inhibits the
absorption of bile from intestines and thus has a
deleterious influence upon pancreatic digestion.
While crude lubricating oils are carcinogenic,
Wood (J.A.M.A., 1930, 94, 1641) found no evidence of such effect in purified medicinal petrolatums.
Morgan (J.A.M.A., 1941, 117, 1335) and
Becker (Am. J. Digest. Dis., 1952, 19, 344)
called attention to undesirable features of liquid
petrolatum for continuous administration, these
being as follows: some fecal material tends to
remain in the rectum at all times rather than the
periodic arrival of a fecal mass to stimulate
defecation ; a dirty mixture of oil and feces
covers the rectal mucosa at all times; oil interferes with the absorption of carotene and -to a
lesser extent of fat-soluble vitamins; digestion
is impaired because of more rapid passage of
material through the intestine; anal leakage may
result in pruritus ani; the oil may be absorbed
on infiammed or ulcerated areas. Five cases of
oil aspiration pneumonitis in elderly patients who
had been habitually taking mineral oil for laxative purposes were reported by Schneider (New
Eng. J. Med., 1949, 240, 284). Use over many
years is seldom if ever indicated. At any rate it
is in widespread use and, for short periods of
administration, no serious objections can be justified for most patients.
In cases of fecal impaction, 30 to 90 ml. of
warm liquid petrolatum instilled at bedtime often
softens the hard mass sufficiently for a cleansing
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enema of tap water to wash the mass out of the
lower intestine the following morning; at least
the oil softens it sufficiently to facilitate manual
removal.
Liquid petrolatum has been combined, in the
form of an emulsion, with magnesium hydroxide,
cascara sagrada, phenolphthalein, etc. to increase
the laxative action.
Liquid petrolatum is frequently used as a
levigating agent in incorporating solid ingredients
into ointments, and is an ingredient of several
official ointments.
Dose. — The usual adult dose is 15 ml. (approximately Yzfluidounce) once or twice a day, with
a range of 15 to 30 ml.; the dose for children
depends on the age.
Storage. — Preserve "in tight containers."
U.S.P.
LIGHT
Light

LIQUID
PETROLATUM.
N.F. (B.P.)

Liquid Paraffin, Light White Mineral
Petrolatum Liquidum Leve

Oil,

"Light Liquid Petrolatum is a mixture of liquid
hydrocarbons obtained from petroleum. Not more
than 10 parts per million of dl-ct- tocopherol may
be added as a stabilizing agent." N.F.
B.P. Light Liquid Paraffin ; Paraffinum Liquidum
Leve. Sp. Petrolato Liquido Liviano.

Description and Tests. — The official description and statement of solubility are identical
with corresponding specifications for Liquid Petrolatum. With the exception of the specific
gravity, which is not less than 0.828 and not
more than 0.880, and the kinematic viscosity,
which is not more than 37 centistokes at 37.8°,
light liquid petrolatum conforms to requirements
provided for liquid petrolatum. N.F. The B.P.
limits
kinematic
viscosity, also at 37.8°, to
not
morethe than
33.1 centistokes.
Uses. — Until recent years light liquid petrolatum was widely employed as a demulcent for
the mucosa of the upper respiratory tract in acute
coryza, pharyngitis, and laryngitis. Application
of the oil by atomization or dropping into the
nostril was commonly practiced. Light liquid
petrolatum served also as a vehicle for topical
application of vasoconstrictor and other types of
drugs to the mucosa. While such uses continue,
light liquid petrolatum is much less frequently
used thus than formerly for the reason that it has
been observed that the oil may trickle into the
bronchi and cause lipoid pneumonia; its administration in this manner to infants, the aged and
the debilitated is contraindicated (Sodemann and
Stuart, Ann. Int. Med., 1946, 24, 241). Even oral
administration of heavy liquid petrolatum for
laxative purposes has caused several cases of oil
aspiration pneumonitis in elderly persons taking
the oil habitually (Schneider, New Eng. J. Med.,
1949, 240, 284).
Light liquid petrolatum has also been used as
a dressing for wounds and ulcers for the purpose of excluding air. It is sometimes used to
cleanse dry and inflamed areas of skin which
become irritated by application of soap and water.
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Storage. — Preserve "in tight containers." NJ.
Off. Prep. — Ephedrine
Spray; Compound
Ephedrine Spray, N.F.
LIQUID

PETROLATUM
N.F. (B.P.)

Mineral Oil Emulsion,

[Emulsum

Part I

Liquid

EMULSION.
Petrolati Liquidi]

B.P. Emulsion of Liquid Paraffin: Emulsio Paraffini
Liquidi. Emulsio Olei Vaselinis. Fr. Emulsion d'Huile de
vaseline.
Sp. Emulsion de Petrolato Liquido.

Mix 500 ml. of liquid petrolatum with 125 Gm.
of acacia, in very fine powder, in a dry mortar;
add 250 ml. of purified water all at once, and
emulsify the mixture. Then add, in several portions and triturating after each addition, a mixture of 100 ml. of syrup. 50 ml. of purified water,
and 40 mg. of vanillin dissolved in 60 ml. of
alcohol. Finally add enough purified water to
make 1000 ml. and mix well. The vanillin may be
replaced by not more than 1 per cent of any
other flavoring substance or any mixture of
official flavoring substances. In place of alcohol,
60 ml. of sweet orange peel tincture or 2 Gm. of
benzoic acid may be used as a preservative. Other
permissible modifications are discussed under
Emulsions. N.F.
The B.P. Emulsion of Liquid Paraffin contains
50 per cent v/v of liquid petrolatum; it is emulsified with a mixture of 12.5 per cent w/v of
acacia and 0.5 per cent w v of tragacanth and
contains also glycerin, chloroform, sodium benzoate, and vanillin, and distilled water.
Uses. — This emulsion is a pleasant dosage form
of liquid petrolatum when the laxative action of
the latter is desired. Although studies in rats
demonstrated enteric absorption of as much as
60 per cent of ingested finely emulsified liquid
petrolatum (Frazer. Analyst, 194S, 63, 309;
Molander. Yale J. Biol. Med., 1949, 21, 1949),
studies on thoracic duct lymph of dogs by Berry
and Ivy {Am. J. Physiol, 1950, 162, 80) disclosed no evidence of absorption of liquid petrolatum in any of the particle sizes tested (from
0.5 to 200 microns).
The usual dose of the emulsion is 30 ml. (approximatelyfluidounce).
1
Storage. — Preserve ''in tight containers." iVJ7.
PHENOLPHTHALEIN
IN LIQUID
PETROLATUM
EMULSION.
N.F.
Place 10 Gm. of agar in a suitable container
graduated to 350 ml., and boil it with about 400
ml. of purified water for about 20 minutes, or
until it has dissolved. Continue the heat, if necessary, until the solution measures 350 ml., allow
it to cool to about 45°, stirring frequently to prevent formation of an agar film on the surface and
adding additional purified water, if necessary, to
maintain the volume. Emulsify 160 ml. of heavy
liquid petrolatum with 40 Gm. of acacia, in fine
powder, and 80 ml. of purified water. Then add
340 ml. more of liquid petrolatum, in portions,
emulsifying each portion thoroughly and adding
the agar solution in portions as required to maintain the proper consistence. Dissolve 50 mg. each
of vanillin and saccharin, and 4 Gm. of phenol-

phthalein in 60 ml. of alcohol, and gradually add
this solution to the emulsion. Note. — The vanillin
may be replaced by not more than 1 per cent of
any other official flavoring substance or mixture
of flavoring substances; 60 ml. of sweet orange
peel tincture, or 2 Gm. of benzoic acid may be
used as a preservative in place of alcohol. The
acacia or agar, or both, may be partly or entirely
replaced with chondrus. gelatin, tragacanth, or
mixtures of these, provided the emulsion is similar in viscosity and appearance to the emulsion
made by the formula given above. A mechanical
mixer or homogenizer greatly facilitates preparation of the emulsion. N.F.
Alcohol Content. — From 4 to 6 per cent, by
volume, of C2H5OH. when alcohol is present. N.F.
Uses. — There are on the market a number of
emulsions of mineral oil containing small amounts
of agar. Because agar is useful in certain types
of constipation the laity — and even some physicians— have gained the impression that such emulsions are more efficacious than the plain oil. But
the proportion of agar in them — which is approximately the same as in the N.F. preparation — is
too small to have any influence upon intestinal
activity. The inclusion of phenolphthalein in the
emulsion changes its nature from that of an intestinal lubricant to an active cathartic. While
the preparation is widely used by the public its
regular use in habitual constipation is undesirable
in view of its active purgative properties.
The usual dose is 15 ml. (approximately 4
fluidrachms) . which contains 60 mg. (approximately 1grain) of phenolphthalein.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." N.F.
PETROLEUM
Petroleum

Ether,

BENZIN.
Purified

N.F.
Benzin

"Petroleum Benzin is a purified distillate from
petroleum, consisting of hydrocarbons, chiefly of
the methane series. Caution. — Petroleum Benzin
is highly flammable, and its vapor, when mixed
with air and ignited, may explode." N.F.
Purified Petroleum Benzin; Benzin. Fr. Ether de petrole.
Ger. Petroleumbenzin; Erdolbenzin. It. Etere di petrolic
Sp. Bencina de petr61eo.

Petroleum benzin. officially recognized because
of its extensive use as a solvent, consists largely
of pentanes, hexanes and heptanes, with appreciable quantities of the higher hydrocarbons of
the methane series. It is obtained as a fraction in
the refining of petroleum.
Description. — "Petroleum Benzin is a clear,
colorless, nonfluorescent, volatile liquid, having an
ethereal or faint, petroleum-like odor, and a
neutral reaction. Petroleum Benzin is practically
insoluble in water. It is freely soluble in dehydrated alcohol, and is miscible with ether, chloroform, benzene, and with fixed and volatile oils,
with the exception of castor oil. The specific
gravity of Petroleum Benzin is between 0.634 and
0.660." N.F.
Standards and Tests. — Distillation range. —
Petroleum benzin distils completely between 35°
and 80°. Residue on evaporation. — Not over 1
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mg. from SO ml. of petroleum benzin. Oils, fats,
and sulfur compounds. — No disagreeable or sulfuretted odor is evolved when petroleum benzin
is permitted to evaporate from filter paper placed
on a warm glass plate, and no greasy stain remains on the paper. Sulfur compounds or silverreducing substances. — No brown color is apparent
on boiling petroleum benzin with alcoholic ammonia T.S. and several drops of silver nitrate
T.S. Benzene. — No odor of nitrobenzene is apparent after heating a mixture of petroleum
benzin, sulfuric acid and nitric acid, then setting
the mixture aside for a period, and finally diluting
it with water. N.F.
Uses. — This useful product of petroleum was
first introduced into the U. S. Pharmacopoeia of
1880. It is used extensively as a solvent, being
employed especially for defatting drug extracts
when these contain a considerable proportion of
inactive fatty or oily material. In certain cases,
as with the extracts prepared from digitalis, ergot
and nux vomica, the drug is defatted before the
extract is prepared. The B.P. directs its use in
defatting thyroid; petroleum benzin is similarly
used in preparing other glandular drugs for medicinal use. Petroleum benzin is also a good solvent
for resins, rubber, and some of the alkaloids.
Petroleum benzin has some narcotic powers and
has, like commercial mixtures derived from petroleum, such as gasoline and naphtha, been used
by depraved humans for the purpose of producing intoxication. It was suggested by Schleich as
a diluent for chloroform in producing surgical
anesthesia, but H. C. Wood, Jr. (Pennsylvania
M. J., April 15, 1899), showed that it was a
direct depressant to both the heart and vasomotor
system far beyond its power as a narcotic, and
the method yielded unfavorable results in practice
(see also Charlier, Arch, internat. pharmacodyn.
therap., 1939, 61, 123).
Petroleum benzin has been widely used as a
solvent for removing adhesive plaster; its flammability and explosiveness have resulted in several fatalities and its use for this purpose should
be discouraged. It has also been used as a solvent
for iodine in the disinfection of the skin, but if
evaporation is prevented it has a marked irritant,
and even caustic, action; indeed Sehrwald
(Deutsche med. Wchnschr., 1913, p. 318) recommended itclinically as a counterirritant.
Toxicology. — A number of cases of benzin
poisoning, both acute and chronic, have been reported. The toxic effects of benzin, kerosene,
gasoline and naphtha are similar. In most of the
cases, whether the poison has been swallowed or
inhaled, the benzin odor can be noticed in the
breath. After it is swallowed (Aikman, N. Y.
State J. Med., 1936, 36, 1769), symptoms of
inebriation resembling those induced by alcohol
appear within % to 1 hour. Symptoms of gastroenteritis may develop. In addition to confusion,
vertigo and drowsiness, frequently there is vomiting, fever and cyanosis, due to methemoglobinemia. Bronchitis and pneumonia due to
aspiration during vomiting is frequent during the
first few hours or may be delayed and result from
the irritation caused by the excretion of benzin
through the lungs. Inhalation of strong vapors of
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benzin rapidly produces severe pulmonary irritation. Immediate lavage of the stomach is indicated but must be performed with great care to
minimize danger of aspiration. Saline cathartics
are beneficial. In addition to general supportive
measures, oxygen and transfusions are indicated
for cyanosis and carbon dioxide is needed to
combat respiratory depression. In chronic cases
the symptoms have been headache, giddiness,
numbness and paresthesia of the extremities,
vomiting, loss of memory, general weakness,
especially in the legs, tenderness and pain along
the nerve trunks, and progressive anemia. A concentration inair of 0.1 per cent gives a recognizable odor; in 1 hour this concentration caused
dizziness, nausea and headache. In 5 minutes, 1
per cent in the air caused dizziness, the appearance of drunkenness and anesthesia similar to the
action of ether. Lacrimation and nasal irritation
occurred also (J. Ind. Hyg. Toxicol., 1943, 25,
225). The most marked effect of benzin is extensive hemorrhage in the lungs, due to an effort
at elimination (see /. Pediatr., 1944, 25, 31;
Arch. Pediat. Uruguay, 1944, 15, 557). In 9 fatal
cases of chronic poisoning by petroleum benzin,
Santesson found a widespread fatty degeneration
affecting especially the liver, kidneys and cardiac
muscles. Schustrow and Salistowskaja (Deutsches
Arch. klin. Med., 1926, 150, 271) found that it
has destructive action on both red and white
blood corpuscles.
Storage. — Preserve "in tight containers, reN.F. mote from fire, at a temperature not above 30°."
Off. Prep. — Ergot Fluidextract; Nux Vomica
Extract, N.F.
PHENACAINE

HYDROCHLORIDE.
N.F.

[Phenacainae Hydrochloridum]
.H20

OC2H5

OC2H5

cr
"Phenacaine Hydrochloride, dried at 105° for 6
hours, yields not less than 98 per cent and not
more than 102 per cent of C18H22N2O2.HCI."
N.F.
Holocaine Hydrochloride (Winthrop). Holocainae Chlorhydras. Sp. Clorhidrato de holocaina ; Clorhidrato de
Fenacaina.

The base of this salt, which was introduced
under the trade-marked name Holocaine, may be
prepared by many methods, including condensation of />-phenetidin with acetophenetidin in the
presence of phosphorus oxychloride.
Description. — "Phenacaine Hydrochloride occurs as small, white crystals. It is odorless, has a
faintly bitter taste, producing transient numbness
of the tongue, and is permanent in air. One Gm.
of Phenacaine Hydrochloride dissolves in 50 ml.
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of water. It is freely soluble in alcohol and in
chloroform, and is insoluble in ether. When dried
at 105°, for 6 hours, Phenacaine Hydrochloride
melts at a temperature not below 190°." N.F.
Standards and Tests. — Identification. — (1)
A flesh-colored precipitate, changing color in a
few minutes to violet, is produced when a few
drops of sodium hypochlorite T.S. are added to
a saturated solution of phenacaine hydrochloride.
When the mixture is shaken with ether, the latter
is colored deep red. (2) A solution of phenacaine
hydrochloride responds to the test for chloride.
(3) The base obtained in the assay melts between
116° and 118°. Acidity. — Not more than 0.5 ml.
of 0.02 N sodium hydroxide is required for
neutralization of 1 Gm. of phenacaine hydrochloride, using methyl red T.S. as indicator. Loss
on drying. — Not over 7 per cent, when dried for
6 hours at 105°. Residue on ignition. — Not over
0.15 per cent. Acetophenetidin. — No ruby red
color forms on adding potassium dichromate T.S.
to a previously boiled and cooled solution of
phenacaine hydrochloride in hydrochloric acid.
N.F.
Assay. — About 500 mg. of dried phenacaine
hydrochloride is added to an ammoniacal solution
which liberates phenacaine base; this is extracted
with several portions of chloroform, successively
applied. The chloroform is evaporated, employing
alcohol to expel the last traces of it, and the
residue
of phenacaine base dried at 105° for 1
hour. N.F.
Incompatibilities. — Phenacaine hydrochloride is precipitated from aqueous solutions by
alkalies and by alkaloidal precipitants in general.
It has been reported that precipitation of the
base may be caused by the alkalinity of the glass
container in which a solution is dispensed.
Uses. — Phenacaine is used as a local anesthetic. While it is more poisonous than most of
the more recent cocaine substitutes — and even
more than cocaine itself — it is distinctly more
potent as an anesthetic. It is one of the few of
this group of compounds which rivals cocaine in
its ability to penetrate mucous membranes and
it is, therefore, used especially for surface anesthesia. Because of its toxic properties it is infrequently employed by laryngologists, but it is a
favorite anesthetic in ophthalmology where the
quantities used are so small that toxicity is a minor
consideration. It has the advantages over cocaine
of not dilating the pupil, nor constricting blood
vessels, nor drying the conjunctiva. According to
Heinz and Schlosser (Klin. Monatsbl. Augen., 35,
1897) it has also marked antibacterial properties,
a 1 per cent solution being germicidal.
For external use, phenacaine hydrochloride
may be applied to the conjunctiva either in a 1
or 2 per cent ointment or as 5 drops of a 1 per
cent aqueous solution; it produces anesthesia
within 5 to 10 minutes.
Storage. — Preserve "in well-closed containers."
N.F.

PHENADOXONE
Phenadoxone

HYDROCHLORIDE.
B.P.

Hydrochloride

is

the

hydro-

chloride of 6-morpholino-4:4-diphenylheptan-3one; it contains not less than 98.5 per cent of
C23H29O2N.HCI, calculated with reference to the
substance dried to constant weight at 105°. B.P.
Heptalgin (Glaxo). Heptazone Hydrochloride; Morphodone Hydrochloride. Hoechst 10600.

Phenadoxone hydrochloride, a World War
II development of German chemists, differs
from methadone hydrochloride in that the
dimethylamino group of the latter is replaced
by the 6-membered cyclic radical morpholino,
CH2.CH2.O.CH2.CH2.N-. Phenadoxone base may
be prepared by interaction of diphenylmethyl
cyanide and 2-chloro-l-morpholinopropane or 1chloro-2-morpholinopropane, in the presence of
sodamide, followed by treatment of the resulting
mixture of isomeric bases with ethylmagnesium
iodide to form ketones, from the hydrochlorides
of which phenadoxone hydrochloride is separated
(for details see Bockmiihl and Ehrhart, Ann.,
1948, 561, 52).
Description. — Phenadoxone hydrochloride occurs as a colorless, crystalline powder; odorless,
and with a slightly bitter taste. It dissolves in 25
parts of water and in 10 parts of alcohol; it is
very soluble in chloroform. B.P.
Standards and Tests. — Identification. — (1)
Phenadoxone hydrochloride melts at about 225°,
with decomposition. (2) The melting point of
phenadoxone picrolonate obtained in the assay is
about 206°. (3) The salt responds to tests for
chloride. Acidity. — The pH of a 5 per cent w/v
solution is 3.5 to 5.0. Sulfated ash. — Not over
0.1 per cent. Loss on drying. — Not over 0.5 per
cent, when dried to constant weight at 105°. B.P.
Assay. — About 200 mg. of phenadoxone hydrochloride isdissolved in water, and the base precipitated as phenadoxone picrolonate by adding
a water solution of picrolonic acid. The precipitate iscollected on a filter, dried at 105°, and
weighed. The factor for converting the weight of
the picrolonate to the hydrochloride is 0.6302.
B.P.
Uses. — Phenadoxone hydrochloride, structurally related to methadone hydrochloride, is like
that substance an analgesic. Pharmacological
studies indicated it to be more active, when administered subcutaneously to rats, than morphine,
methadone and meperidine, and less toxic to mice
than methadone, in this respect comparing favorably with morphine and meperidine (Basil et al.,
Brit. J. Pharmacol. Chemother., 1950, 5, 125). In
humans Nathan (Brit. M. J., 1952, 2, 903) found
10 mg. of phenadoxone hydrochloride to have the
same activity as 10 mg. of methadone hydrochloride when both were given intramuscularly;
when given orally, however, 50 mg. of phenadoxone hydrochloride was found to have the
same activity as 7.5 mg. of methadone hydrochloride. Comparing phenadoxone hydrochloride
with morphine, 10 mg. of the former exhibited
the same activity as 16 mg. of morphine when
injected, but when given by mouth 50 mg. of the
phenadoxone salt was found equivalent to 16 mg.
of morphine. Although Wilson and Hunter (ibid.,
1948, 2, 553) reported that 20 mg. of phe-
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nadoxone hydrochloride was a fairly satisfactory
analgesic when taken orally, Nathan found oral
doses of 30 nag. or less to be useless; the latter
investigator considers phenadoxone unreliable
when given orally, although he suggested an oral
dose range of 30 to 70 rag. Nathan gave the
parenteral dose as 10 mg., stating that 20 mg.
may be dangerous.
Toxicology. — Phenadoxone hydrochloride, like
methadone hydrochloride and morphine, may
cause such unpleasant side effects as dulling of intellectual activity, anorexia, dizziness, nausea,
vomiting and sweating. The drug does not appear
to cause addiction, although evidence concerning
this is scanty; Nathan gave the drug in amounts
of 250 to 300 mg. daily to 2 patients for long
periods without their requesting it on cessation of
use.
The B.P. gives the oral dose as 25 to 50 mg.,
and that by subcutaneous or intramuscular injection as 5 to 15 mg. Phenadoxone hydrochloride should never be administered intravenously
as it highly toxic by this route. The B.P.
recognizes Tablets of Phenadoxone Hyrdochloride.

PHENINDAMINE

TARTRATE.

2-Methyl-9-phenyl-tetrahydro-l-pyridindene
Phenindaminium Tartrate

U.S.P.
Tartrate,

N+HCH,
HC4H40i

"Phenindamine Tartrate, dried at 105° for 3
hours, contains not less than 98 per cent of
C19H19N.C4H6O6." U.S.P.
Thephorin Tartrate (Hoffmann-La Roche).

Phenindamine base, while belonging to the
class of pyridindene antihistamines, can also be
considered to be an ethylenediamine derivative
in which the aliphatic side chain -CH2.CH2.N(CH3>2 has undergone ring formation. Phenindamine may be prepared by cyclodehydration of 3benzoyl-4-hydroxy- 1 -methyl-4-phenylpiperidine by
heating with strong hydrobromic or sulfuric acid
(see Plati and Wenner, /. Org. Chetn., 1950, 15,
209; also U. S. Patents 2,470,108-9, May 17,
1949).
Description.— "Phenindamine Tartrate occurs
as a creamy white powder, usually having a very
faint odor. Its solutions are acid to litmus. One
Gm. of Phenindamine Tartrate dissolves in about
40 ml. of water, and in about 350 ml. of alcohol.
It is practically insoluble in chloroform, in ether,
and in benzene. Phenindamine Tartrate melts between 160° and 162°; on heating to about 163°
it resolidifies, and at about 168° it melts again,
with decomposition." U.S.P.
Standards and Tests.— Identification.— (1)
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An orange-brown color is produced when 25 mg.
of phenindamine tartrate is dissolved in 5 ml. of
sulfuric acid, the color disappearing when the
solution is diluted with 20 ml. of water, leaving
a clear solution. (2) A 1 in 50,000 solution exhibits an ultraviolet absorbancy maximum at 259
mfx ±1 mn, and a minimum at 241 nut ±: 1 mn,
the absorptivity (1%, 1 cm.) at 259 mpi is between 216 and 228. (3) Phenindamine tartrate,
after separating phenindamine base, responds to
tests for tartrate. Loss on drying. — Not over 1.5
per cent, when dried at 105° for 3 hours. Residue
on ignition. — Not over 0.25 per cent. U.S.P.
Assay. — About 800 mg. of phenindamine tartrate, dried at 105° for 3 hours, is assayed by
the nonaqueous titration method described under
Antazoline Hydrochloride, omitting the treatment
with mercuric acetate. Phenindamine tartrate
functions as a monoacidic base in the assay. Each
ml. of 0.1 N perchloric acid represents 41.15 mg.
of C19H19N.C4H6O-6. U.S.P.

Uses. — The pharmacological actions of this
substance have been reported by Lehmann (/.
Pharmacol, 1948, 92, 249) and Lehmann et al.
{Arch, internat. pharmacodyn. therap., 1949, 78,
253). It has the usual antitistaminic actions, a
moderate antiacetylcholine action, and some effect
on epinephrine action. Phenindamine tartrate
ranked fifth in order of effectiveness of 13 antihistaminic drugs tested by Sternberg et al.
(J.A.M.A., 1950, 142, 969) for ability to raise
the histamine whealing threshold in man. Studies
of the metabolism of phenindamine by Dailey
et al. (Proc. S. Exp. Biol. Med., 1950, 74, 394)
indicated rapid absorption from the gastrointestinal tract and less than 12 per cent excretion
in the urine and feces. It was found in the lungs,
liver, kidney and brain of animals in a high proportion of the dose administered, but it did not
accumulate in the tissues on repeated administration. In human volunteers, a dose of 25 mg.
intravenously 3 minutes before intravenous injection of 25 micrograms of histamine prevented the
usual circulatory response to the histamine
(Gatzek and Mechelke, Arch. exp. Path. Phartn.,
1950, 211, 438); for comparable inhibition the
following doses of other antihistaminic compounds were required: pyrilamine, 0.5 mg. ;
tripelennamine, 15 mg.; antazoline, 200 mg.
Extensive clinical and therapeutic trials of
phenindamine have been reported (McGavack
et al, Am. J. Med. Sc, 1948, 216, 437; Criep
and Aaron, /. Allergy, 1948, 19, 304; Reynolds
and Horton, Proc. Mayo, 1947, 22, 574; Schwartz
and Leibowitz, N. Y. State J. Med., 1949, 49,
533; Weder, Schweiz. med. Wchnschr., 1950, 80,
287; and others). In their analysis of reports in
the literature Loveless and Dworin {Bull N. Y.
Acad. Med., 1949, 25, 473) noted relief to have
been obtained in 69 per cent of 1877 allergic
cases; the incidence of side effects was 24 per
cent. Although the characteristic effect of other
antihistamines, namely drowsiness, has been reported with this drug, it is notable that many
individuals experience stimulation of the central
nervous system and insomnia with phenindamine.
Boyd et al. {N. Y. State J. Med., 1948, 48, 1596)
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reported that it is less toxic than diphenhydramine or tripelennamine, weight for weight, in
daily doses ranging from 150 to 600 mg.
Gordon (Laryng., 1948, 58, 1265) and
Brewster (Illinois M. /., 1949, 96, 302) reported
shortening of the duration and severity of colds
and other upper respiratory tract infections following use of phenindamine, but Buchan et al.
{Arch. Ind. Hyg. Occupational M., 1951, 4, 32)
observed no significant differences between cases
treated with phenindamine alone or with analgesics and sedatives, or with a placebo (also
Cowan and Diehl, J. A.M. A., 1950, 143, 421).
Maietta (Ann. Allergy, 1952, 10, 324) reported
satisfactory relief over a period of 2 years in 20
patients from use of phenindamine in treating
primary dysmenorrhea, this study involving use
also of placebos. Schloss (Gastroenterology, 1949,
13, 311) relieved the gastrointestinal symptoms
of food allergy with the drug. Maietta (J. -Lancet,
1949, 69, 282) employed an aqueous solution
containing 25 mg. per ml. in effective parenteral
therapy of status asthmaticus, acute urticaria,
and migraine; the dose was 25 mg. subcutaneously, 15 to 25 mg. intramuscularly, or 12.5 mg.
intravenously. Drowsiness sometimes occurred,
but not as frequently as with oral administration.
Parkinsonism. — Berger (N. Y. State J. Med.,
1949, 49, 1817) observed less rigidity and improved coordination in both idiopathic and postencephalitic parkinsonism following use of
phenindamine. In a comparative study of phenindamine, diphenhydramine, trihexyphenidyl and
hyoscine, alone and in various combinations, and
also methapyrilene, mephenesin and tripelennamine. Effron and Denker (J. A.M. A., 1950, 144,
5) obtained the best therapeutic results from a
combination of trihexyphenidyl and phenindamine, starting with 1 mg. three times daily of the
former, increasing to 5 mg. four times daily, and
with 25 mg. three times daily of the latter, increasing to 50 mg. four times daily. Rigidity improved the most, but tremor was diminished in
some cases. Hyoscine was more effective against
salivation. Cohen and Criep (/. Nerv. Ment. Dis.,
1952, 115, 57) reported good results with
phenindamine, but Ottesen (Nord. Med., 1951,
46, 1675) was not impressed with the value of
the drug in the arteriosclerotic type of parkinsonism.
Topical Uses. — Wooldridge and Joseph (Arch.
Dermat. Syph., 1949, 60, 390) used a 5 per cent
Thephorin (as phosphate) ointment, made with
a Carbowax vehicle, effectively in cases of neurodermatitis, some of which had not been benefited
by oral administration of the antihistamine.
D'Avanzo (New Eng. J. Med., 1949, 241, 741)
confirmed this finding, but observed that some
of his cases became refractory and several became sensitized to the drug. Rapid relief of bee
sting discomfort followed local application of a
5 per cent ointment (Strauss, J.A.M.A., 1949,
140, 603). With passage of time and wider use
of antihistaminic preparations topically, reports
of instances of acquired sensitivity to all chemical
types of these drugs, including phenindamine
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tartrate, have become
numerous
(Ellis and
Bundick, J.A.M.A., 1952, 150, 773). In the case
of phenindamine
cream, Stritzler (/. Allergy,
1950, 21, 432) reported an incidence of sensitization of 2.4 per cent among 1343 cases; other
cases have been reported since that time, involving this and other antihistaminic creams,
ointments and lotions. Peck (N. Y. State J. Med.,
1950, 50, 2690) reported development of crosssensitivity as a result of the use of antihistamine
creams, e.g., acquired sensitivity to phenindamine
followed by a reaction to a dye in Nylon stockings. As with most active and useful drugs, antihistaminic agents must be used with care and
discretion. In acute, exudative dermatoses the
topical use of antihistaminic compounds is usually
contraindicated.
With regard to the vehicle,
Finkler (Urol. Cutan. Rev., 1952, 56, 83) concluded that a vanishing cream base was slightly
superior to the Carbowax vehicle for ano-genital
pruritus. In controlled studies using symmetrical
portions of the body, Baldridge (Arch. Dermat.
Syph., 1951, 63, 260) found the benefit from
the vehicle to be as good as that from the
phenindamine-containing cream. Landis and Krop
(Proc. S. Exp. Biol. Med., 1951, 76, 538) reported that phenindamine is fungistatic in a dilution of 1:51,200 but not fungicidal even at a
concentration of 10 per cent; addition of histamine eliminated the fungistatic action. Phenindamine does not absorb the burn-producing components of ultraviolet light (Friedlaender et al.,
J. Invest. Derm., 1948, 11, 397).
A case of difficulty in urination was reported
in a man who had used phenindamine (Uhle and
Knoch, J.A.M.A., 1951, 146, 1319).
Dose. — The usual dose of phenindamine tartrate is 25 mg. (approximately % grain) up to 4
times daily by mouth, with a range of 10 to 50
mg. The maximum safe dose is 50 mg. and the
total dose in 24 hours should generally not exceed 200 mg.
Tablets containing 25 mg., a syrup containing
10 mg. per 4 ml., a 5 per cent Carbowax base
ointment, and a 5 per cent lotion of phenindamine tartrate are available. Thephorin- AC tablets,
containing 10 mg. of Thephorin, 160 mg. of
acetylsalicylic acid, 160 mg. of acetophenetidin,
and 15 mg. of caffeine, are supplied for treatment
of the common cold, coryza, and upper respiratory infections.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.

PHENINDAMINE TARTRATE
TABLETS. U.S.P.
"Phenindamine Tartrate Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of C19H19N.C4H6O6."
U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for phenindamine tartrate being substituted.
Usual Size. — 25 mg.
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MALEATE.

N.F.

Maleate, l-Phenyl-l-(2-pyridyl)-3Maleate, Pheniraminium Maleate

I
CHCH2CH2NH(CH3)2

CH
CH
I
C-OH
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"Pheniramine Maleate, dried at 65° for 6
hours, contains not less than 99.0 per cent of
C20H24N2O4." N.F.
Trimeton Maleate (Schering).

The antihistamine base pheniramine is classified as a derivative of aminopropane characterized by the fact that the X component (see the
general article on Antihistaminic Drugs, in Part
II) is carbon, rather than nitrogen or oxygen. For
methods of synthesizing it see Sperber et al.
(J.A.C.S., 1949, 71, 887; ibid., 1951, 73, 5752).
The acid maleate salt of the base is official. The
U.S. P. recognizes chlorpheniramine maleate,
which differs from pheniramine maleate in having
a chlorine atom replacing the hydrogen atom in
the para-position of the phenyl ring of the base
of the latter compound (for structural formula
see Chlorpheniramine Maleate).
Description. — "Pheniramine Maleate occurs
as a white crystalline powder with a faint aminelike odor. One Gm. of Pheniramine Maleate dissolves in 5 ml. of water. Pheniramine Maleate is
very soluble in alcohol, but only slightly soluble
in benzene and in ether. Pheniramine Maleate
melts between 104° and 108°." N.F.
Standards and Tests. — Identification. — (1)
Maleic acid separated from the salt melts between 130° and 133°. (2) The precipitate obtained by interaction of pheniramine base and
picric acid melts between 198° and 204°. Absorptivity.— In methanol solution the absorptivity (1%, 1 cm.), at 263 m^ is between 135 and
145. pH. — A 1 in 100 solution has a pH between
4.5 and 5.5. Loss on drying. — Not over 0.5 per
cent, when dried at 65° for 6 hours. Residue on
ignition. — Not over 0.1 per cent. Heavy metals. —
The limit is 20 parts per million. N.F.
Assay. — About 500 mg. of dried pheniramine
maleate is dissolved in glacial acetic acid and
titrated with 0.1 A7 perchloric acid in glacial
acetic acid using methylrosaniline chloride T.S.
as indicator. Pheniramine behaves as a diacidic
base in this titration. Each ml. of 0.1 A perchloric
acid represents 17.82 mg. of C20H24N2O4. N.F.
Uses—The clinical efficacy of this histamineantagonizing agent in allergic disorders was reported by Brown (Ann. Allergy, 1948, 6, 393),
Wittich (ibid., 1948, 6, 497), and Schiller and
Lowell (New Eng. J. Med., 1949, 240, 215).
LaBelle and Tislow (Fed. Proc, 1948, 7, 236)
reported on its pharmacological properties. Loveless and Dworin (Bull. N. Y. Acad. Med., 1949,
25, 473), in their review of the literature on
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13,000 patients treated with eleven antihistaminic drugs, fisted pheniramine, tripelennamine
and phenindamine as the most satisfactory of
this class of drugs for treatment of sundry allergic
conditions; the incidence of side effects was the
lowest with the three antihistaminic compounds
(25 per cent for each). Waldbott and Gadbaw
(/. Michigan M. Soc, 1949, 48, 724) also reported good results with pheniramine but with a
somewhat higher incidence of side effects. It
ranked seventh in order of effectiveness of 13
antihistaminic compounds tested by Sternberg
et al. (J.A.M.A., 1950, 142, 969) for ability to
raise the histamine whealing threshold in man.
Hirsh (Am. Practitioner, 1951, 2, 32) reported
better results with 10 mg. every 4 hours than
with
a lactose
in casesdisorders
of "common
Good
resultsplacebo
in allergic
of thecold."
eye
were reported by Kahan and Carter (/. M. Soc.
New Jersey, 1951, 48, 510). With a 1 to 3 per
cent ointment, Turell (A. Y. State J. Med., 1951,
51, 1408) obtained temporary symptomatic relief in recalcitrant pruritus ani. Incorporated in
neocalamine lotion, Vickers (J. Maine M. A.,
1951, 42, 347) used it to treat dermatitis
venenata successfully.
Epstein (/. Invest. Derm., 1949, 12, 151) described a case of dermatitis medicamentosa following its use. Cases of toxic psychosis due to
the drug have been reported (Waldman and
Pelner, J. A.M. A., 1950, 143, 1334; Yapalater
and Rockwell, ibid., 428).
Under the name Avil, the />ara-aminosalicylate
of pheniramine has been investigated pharmacologically byLindner (Arch. exp. Path. Pharm.,
1950, 211, 328) and its therapeutic efficacy reported by Grimm (Munch, med. Wchnschr.,
1950, 92, 1122); the dose employed was 25 to
50 mg. 1 to 3 times daily, orally, but intravenous,
subcutaneous and intramuscular administration
was also utilized. A 5 per cent solution or ointment was used for pruritus. Side effects, which
were of short duration and tolerable, consisted of
palpitation of the heart, mental unrest, dizziness,
nausea,
heaviness in the limbs and general weariness.
Dose. — The usual dose of
is 40 mg. (approximately 2/i
For children under 10 years
mg.
daily.of the maleate may be

pheniramine maleate
grain) 3 times daily.
of age a dose of 7.5
given 3 or 4 times

Storage. — Preserve "in tight containers." N.F.
PHENIRAMINE MALEATE
OPHTHALMIC SOLUTION.
N.F.
"Pheniramine Maleate Ophthalmic Solution
contains not less than 90 per cent and not more
than 110 per cent of the labeled amount of
C20H24N2O4."

N.F.

Description. — "Pheniramine Maleate Ophthalmic Solution is a clear, colorless solution of
pheniramine maleate in water. The pH of
Pheniramine Maleate Ophthalmic Solution is between 4.5 and 5.2." N.F.
The available solution contains 0.5 per cent of
pheniramine maleate; for its use see the preceding monograph.
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Storage. — Preserve "in well-closed, light-resistant containers." N.F.

PHENIRAMINE MALEATE
TABLETS. N.F.
"Pheniramine Maleate Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of C20H24N2O4." N.F.
Usual Size. — 40 mg.
PHENOBARBITAL.

U.S.P. (B.P.) LP.

Phenobarbitone,
Phenyl ethyl malonylurea.
[Phenobarbitalum]

The B.P. defines Phenobarbitone as 5-ethyl-5phenylbarbituric acid; the LP. definition of
Phenobarbital is the same.
B.P. Phenobarbitone; Pheaobarbitonum. Luminal (Winthrop); Phenylethylbarbituric Acid. Acidum Phenyhethylbarbituricum. Fr. Phenylethylmalonyluree. Ger. Phenylathylbarbitursaure. It. Acido feniletilbarbiturico. Sp.
Acido feniletilbarbiturico; Fenobarbital.

Phenobarbital differs from barbital in that one
of the ethyl groups of the latter has been replaced
by a phenyl group. It was originally introduced
under the trade-mark Luminal.
Phenylethylbarbituric acid may be prepared by
condensing one of several different phenylethylmalonic acid derivatives with urea. The derivatives of the parent acid may be esters, amides,
chlorides, nitriles, etc.
Description. — "Phenobarbital occurs as white,
odorless, glistening, small crystals, or as a white,
crystalline powder. It is stable in air. Its saturated solution is acid to litmus. One Gm. of
Phenobarbital dissolves in about 1000 ml. of
water, in 10 ml. of alcohol, in about 40 ml. of
chloroform, and in 15 ml. of ether. It is soluble
in solutions of fixed alkali hydroxides or carbonates. Phenobarbital melts between 174° and 178°."
U.S.P. The B.P. gives the melting point as 173°
to For
177°.data on the solubility of phenobarbital in
various alcohol and water mixtures, and in alcohol, glycerin and water mixtures see, respectively,
Leuallen (/. A. Ph. A., Prac. Ed., 1949, 10, 722),
Schmitz and Hill (ibid., 1950, 11, 500), and
Krause and Cross (/. A. Ph. A., 1951, 40, 137).
Standards and Tests. — Identification. — (1)
Ammonia is evolved on boiling 200 mg. of phenobarbital with 10 ml. of sodium hydroxide T.S.
(2) The di(/>-nitrobenzyl)-derivative of phenobarbital melts between 183° and 185°. (3) A
mixture of phenobarbital, potassium nitrate, and
sulfuric acid is heated in a boiling water bath for
20 minutes. The mixture is cooled and to it is
added water, followed by cautious addition of
ammonia T.S. until it is alkaline; it is then
boiled until evolution of nitrogen ceases. After
cooling colorless ammonium sulfide T.S. is added.

Solution
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A brown ring is produced, which gradually
diffuses to give an orange-red precipitate. Loss on
drying. — Not over 1 per cent, when dried at 105°
for 2 hours. Residue on ignition. — Not over 0.15
per cent. Readily carbonizable substances. — A
solution of 500 mg. of phenobarbital in 5 ml. of
sulfuric acid has no more color than matching
fluid A. Phenylbarbituric acid. — A clear and complete solution results on boiling 2 Gm. of phenobarbital with 10 ml. of alcohol under a reflux
condenser for 3 minutes. U.S.P.
Incompatibilities. — Because of its insolubility in water and limited solubility in liquids of
low alcohol content, phenobarbital sometimes
causes difficulties in liquid mixtures. A suitable
remedy may be the addition of alcohol, substitution of phenobarbital sodium, or the use of a
suspending agent, depending on the particular circumstances. The sodium derivative can be used
only in neutral or alkaline media since it is converted to phenobarbital by acids.
Uses. — Phenobarbital is one of the oldest and
most useful of barbiturates. Its pharmacodynamic
actions are slow in onset, sustained, and more
powerful than those of barbital. The compound
is well absorbed when administered orally, and
its metabolic fate is one of slow excretion by the
kidneys over a period of days to a week or so
(Maynert and van Dyke, Pharmacol. Rev., 1949,
1, 217). Presumably its depressive action on the
central nervous system may be attributed to depressing interneuronal transmission secondary to
an increase in threshold for local depolarization
required for synaptic transmission (Eules, /.
Neurol., 1946, 9, 87). See also the general article
on Barbiturates, in Part II.
Phenobarbital is probably the safest useful
agent for the management of grand mal epilepsy,
for which purpose it has been used since the first
of the century (Hauptmann, Munch, med.
Wchnschr., 1912, 59, 1907). The comparative
utility of this and other agents for the management of epilepsy has been reviewed adequately
by Toman and Goodman (Physiol. Rev., 1948,
28, 409). Since it is employed for many years in
any particular patient, the general subject of barbiturate addiction and habituation is important
to these patients. Perhaps in the sense of narcotic
addiction one should write or speak of acute or
chronic barbiturate intoxication, but Isbell and
Fraser (Pharmacol. Rev., 1950, 2, 355), who
write with authority, have preferred to consider
barbiturates as addicting. It is important to point
out in this connection that unless phenobarbital
is withdrawn and replaced by another drug slowly,
over a period of perhaps two weeks, attacks of
epilepsy more severe than those prior to therapy
may be precipitated (Schmidt, Munch, med.
Wchnschr., 1938, 85, 1944). Recent studies dealing with the antiepileptic effects of phenobarbital
and similarly useful agents include those of Frommel (Helv. physiol. pharm. Acta, 1953, 11, 231),
Ruskin (Am. J. Psychiat., 1950, 107, 415) and
Brick (Virginia Med. Month., 1951, 78, 423).
Phenobarbital is not an analgesic agent when
employed in sedative doses (Kuhn, /. Pharmacol.,
1951, 101, 47); in fact, where pain is present it

Part I
will not induce sleep except when the pain is
obtunded by an analgesic agent.
It has been used in large measure along with
antispasmodic agents, both skeletal and visceral,
in the management of a number of autonomic disorders (Radatz, Deutsche Med. J., 1953, 4, 366;
Roth, Med. Klin., 1952, 47, 1703). Thus, Craig
(Med. Times, 1953, 81, 486) employed phenobarbital plus ergotamine tartrate for premenstrual
tension. Barden et al. (J. Maine M. A., 1954, 45,
11) employed it with belladonna as a sedativeantispasmodic preparation. Schimert (Am. Heart
J., 1953, 46, 726) studied its use in the management of functional cardiovascular disturbances.
It has been combined with ephedrine to mask the
latter compound's central nervous stimulating
action when administered to allergic or asthmatic
patients, and is commonly employed with intestinal antispasmodics to reduce the psychogenic
element in the complaint.
Toxicology. — Although when employed in
proper dosage phenobarbital is usually a reasonably safe remedy, in overdose — or in certain individuals from ordinary doses — it may give rise
to serious poisoning. Most of the reported cases
of phenobarbital poisoning have occurred in
persons who possess an idiosyncrasy to the drug.
The most frequent symptoms in this group of
cases have been various types of eruptions on
the skin, frequently accompanied with fever,
various mental disturbances, and sometimes dizziness, nausea, and diarrhea. (McGeachy and
Bloomer, Am. J. Med., 1953, 14, 600).
Pike and Nielson (J. A.M. A. 1941, 116, 700)
referred to several cases of severe exfoliative
dermatitis from the use of phenobarbital of which
two ended fatally. Sneddon and Leishman reported severe and fatal phenobarbital-induced
eruptions (Brit. M. J., 1952, 1, 1276). For review of literature on poisoning by this drug see
Menninger (J.A.M.A., 1928, 91, 14). Occasional
cases have shown amaurosis, albuminuria, or
ataxia. Huddleson (ibid., 1929, 93, 1637), in a
statistical study of a thousand cases in which
phenobarbital was given, found that 2.2 per cent
showed some toxic symptoms, most frequently involving the nervous system. Phillips (ibid., 1922,
78, 1199), from a study of the reported cases of
poisoning, reached the conclusion that the single
dose should never exceed 100 mg. nor the daily
dose 200 mg.
The management of acute phenobarbital intoxication due to overdosage is made more difficult
by its prolonged duration of action. In addition
to analeptic therapy such as amphetamine,
methamphetamine, picrotoxin, and perhaps other
agents, antibiotic or sulfonamide therapy should
be instituted parenterally to minimize the risk of
hypostatic pneumonia. Hughes and Closen (Rev.
med. Liege, 1951, 6, 256) reported on a case of
phenobarbiturate coma following absorption of 8
Gm. of the drug wherein methamphetamine was
administered by continuous venoclysis symptomatically. Care should be exercised when shortacting analeptic agents are employed so that the
patient does not relapse unintentionally as the
effect of the stimulant diminishes.
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Dose. — The usual dose is 30 mg. (approximately Yi grain) up to 4 times daily by mouth,
with a range of 15 to 100 mg. (approximately
34 to 1^2 grains). The maximum safe dose seldom
exceeds 100 mg. and the total dose in 24 hours
rarely is more than 200 mg. In anxiety or in
epilepsy the initial dose of 15 mg. 3 or 4 times
daily is increased as needed by increments of 15
to 30 mg. This compound is less used as an
hypnotic agent in simple insomnia than formerly
because barbiturates of more rapid onset and
shorter duration of action are available.
Storage. — Preserve "in well-closed containers."
U.S.P.
PHENOBARBITAL

ELIXIR.

U.S.P.

[Elixir Phenobarbitali]

"Phenobarbital Elixir contains, in each 100 ml.,
not less than 370 mg. and not more than 430
mg. of C12H12N2O3." U.S.P.
Sp. Elixir de Fenobarbital.

Dissolve 4 Gm. of phenobarbital in 150 ml. of
alcohol, add 2.5 ml. of orange oil, 450 ml. of
glycerin, 150 ml. of syrup, 10 ml. of amaranth
solution, and enough purified water to make 1000
ml. Mix well and filter, if necessary. U.S.P.
Assay. — A 25-ml. portion of phenobarbital
elixir is acidified with diluted hydrochloric acid,
saturated with sodium chloride, and shaken with
chloroform to extract the phenobarbital. The several chloroform extracts are combined, washed
with distilled water, the chloroform evaporated
and
residue
dried at 105°
for 2the
hours
prior of
to phenobarbital
weighing.
Alcohol Content. — From 12 to 15 per cent,
by volume, of C2H5OH. U.S.P.
If this elixir is combined with an aqueous preparation itshould be kept in mind that since there
is hardly more alcohol in the elixir than is necessary to keep the phenobarbital in solution, the
addition of water may cause precipitation of
phenobarbital.
The usual dose is 5 ml. (approximately 1
fluidrachm), representing 20 mg. (approximately
5l/3tograin)
15 ml.of phenobarbital; the range of dose is
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
PHENOBARBITAL TABLETS.
U.S.P. (B.P.) (LP.)
[Tabella Phenobarbitali]

"Phenobarbital Tablets contain not less than
94 per cent and not more than 106 per cent of
the labeled amount of C12H12N2O3." U.S.P. The
corresponding limits of the B.P. are 92.5 and
107.5 per cent. The LP. limits are the same as
those of the U.S.P.
B.P. Tablets of Phenobarbitone; Tabellae Phenobarbitoni. I. P. Compressi Phenobarbitali; Tablets of Phenobarbital. Sp. Tabletas de Fenobarbital.

Assay. — A representative portion of powdered
tablets, equivalent to about 300 mg. of phenobarbital, isdissolved as far as possible in a 1 in
50 solution of sodium hydroxide which is satu-
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rated with sodium chloride. If lubricants other
than stearic acid are present this solution is
shaken with ether to remove such lubricants. The
alkaline aqueous solution is acidified with hydrochloric acid and the liberated phenobarbital extracted with chloroform. After washing the chloroform extracts with water, the chloroform is
evaporated and the residue of phenobarbital dried
for 2 hours at 105° and weighed. If stearic acid
or stearates have been employed as lubricants the
weighed residue, since it will be contaminated
with these, is dissolved in alcohol and treated
with saturated barium hydroxide solution to precipitate barium stearate which is removed by
filtration. The filtrate is acidified, and the phenobarbital again extracted with chloroform and
determined by weighing following evaporation of
the chloroform. U.S.P., LP.
The B.P. assay consists of extraction of phenobarbital with ether in a continuous extraction
apparatus; the ether is evaporated and the residue
of phenobarbital is dried to constant weight at
105°.
No correction
is applied for stearic acid
or
stearates
in the tablet.
Usual Sizes. — }%, y2, 1, and \]/2 grains (approximately 15,30, 60 and 100 mg.).
PHENOBARBITAL
SODIUM.
U.S.P. (B.P.) LP.
Soluble

Phenobarbital,
Soluble Phenobarbitone,
[Phenobarbitalum Sodicum]

"Phenobarbital Sodium contains not less than
98.5 per cent of Ci2HnN2Na03) calculated on the
anhydrous
The B.P. basis."
defines U.S.P.
Phenobarbitone Sodium as the
mono-sodium derivative of 5-ethyl-5-phenylbarbituric acid and requires it to contain not less than
98.0 per cent and not more than the equivalent
of
per cent
of substance
Ci2HiiG*3N2Na,
with101.0
reference
to the
dried tocalculated
constant
weight at 130°. The LP. requires not less than
98.0 per cent of the active component, calculated
with reference to the substance dried to constant
weight at 100°.

B.P. Soluble Phenobarbitone; Phenobarbitonum Solubile. I. P. Phenobarbitalum Natricum. Sodium Phenobarbital. Luminal Sodium (Winthrop). Phenobarbitalum
Solubile. Ger. Phenylathylbarbitursaures Natrium. Sp.
Fenobarbital Sddico.

Phenobarbital sodium is the sodium salt of the
enolic form of phenobarbital and may be prepared
by interaction of sodium hydroxide and phenobarbital.
Description. — "Phenobarbital Sodium occurs
as flaky crystals, as white, crystalline granules, or
as a white powder. It is odorless, has a bitter
taste, and is hygroscopic. Its solutions are alkaline to litmus and to phenolphthalein T.S. Phenobarbital Sodium is very soluble in water, soluble
in alcohol, but practically insoluble in ether and
in chloroform. Its solutions decompose on standing, heat accelerating the decomposition." U.S.P.
Standards and Tests. — Identification. — (1)
A white precipitate of phenobarbital is produced
on adding a slight excess of diluted hydrochloric
acid to a 1 in 10 solution of phenobarbital sodium.
(2) The residue of phenobarbital obtained in the
assay melts between 174° and 178°, and responds
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to identification tests under Phenobarbital. Loss
on drying. — Not over 7 per cent, when dried at
150° for 4 hours. Heavy metals. — The limit is 30
parts per million. Readily carbonizable substances.
— A solution of 500 mg. of phenobarbital sodium
in 5 ml. of sulfuric acid has no more color than
matching fluid A. Free phenobarbital. — Not more
than 0.5 per cent is dissolved by benzene. U.S.P.
The B.P. and LP. specify a limit of lead of 10
parts per million.
Assay. — A solution of 300 mg. of phenobarbital sodium in 15 ml. of water is acidified with
hydrochloric acid, and the liberated phenobarbital
extracted with chloroform. The chloroform is
evaporated, and the residue of phenobarbital dried
at 105° for 2 hours, then weighed. U.S.P. The B.P.
and LP. assays are similar except that ether is
used to extract the phenobarbital.
Incompatibilities. — Aqueous solutions of soluble phenobarbital hydrolyze to form phenylethylacetylurea and/or other therapeutically inactive substances, the rate of decomposition varying
with the temperature and the reaction of the solution (see Husa and Jatul, /. A. Ph. A., 1944, 33,
217; O'Reilly and Wright, /. Pharm. Pharmacol.,
1954, 6, 253); Walker and Gray, Can. Med.
Assoc. J., 1954, 71, 8). It has been reported that
a 10 per cent solution decomposed to the extent
of 22 per cent in one month when kept at 39° but
that it was practically permanent for 2 months
when stored at 1°. Acids and acid- reacting salts
precipitate phenobarbital from a solution of the
sodium derivative. Many of the popular vehicles,
such as citric acid syrup, orange syrup, pepsin
elixir and numerous proprietaries, are incompatible for this reason. Dissolved in a solution or elixir
of thiamine hydrochloride, precipitation may or
may not occur depending on the alcohol content
of the vehicle. The neutralizing effect of the sodium compound on the acidity of the vehicle is,
however, a serious matter, as destruction of the
vitamin may result. If such a combination is necessary, phenobarbital should be used in place of
the sodium derivative and either suspended in the
mixture or sufficient alcohol added to keep it in
solution. In the latter case, sufficient thiamine
may be added to replace that lost through use of
alcohol for a portion of the prescribed vehicle.
Ammonium salts are incompatible with phenobarbital sodium, ammonia being liberated and
phenobarbital precipitated. With chloral hydrate
phenobarbital is precipitated and chloroform is
formed. Phenobarbital sodium solutions, being
alkaline, may cause other incompatibilities characteristic ofalkalies.
Uses. — The actions of phenobarbital sodium
are essentially those of phenobarbital except that
the former may be somewhat more rapidly absorbed from the alimentary tract. Hypodermic
injection of an aqueous solution prepared immediately before use has been recommended as a
sedative (Behneman, Calif. & West. Med., 1928,
29, 100). Aqueous solutions have also been used
intravenously as an anesthetic, to control convulsions and to quiet manic states. In cases of
poisoning with substances causing central nervous
system irritation the shorter-acting barbiturates
are generally preferred. E
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The usual dose is 30 mg., orally or parenterally
administered, up to 4 times daily; the range of
dose is 15 to 100 mg.
Storage. — Preserve "in tight containers."
U.S.P.

[Tabellae Phenobarbitali Sodici]

[Injectio Phenobarbitali Sodici]

"Phenobarbital Sodium Injection is a sterile
solution of phenobarbital sodium in a suitable solvent. It contains not less than 90 per cent and
not more than 105 per cent of the labeled amount
of Ci2HnN2Na03. Note: Solutions of phenobarbital sodium in water decompose on standing."
N.F. The B.P. defines Injection of Phenobarbitone
Sodium as a sterile solution of phenobarbitone
sodium in water for injection which is free from
carbon dioxide, prepared by dissolving the contents of a sealed container in the required amount
of water for injection immediately before use;
the assay rubric is 88.0 to 111.0 per cent of
Ci2HnN2Na03, referred to the labeled amount
of pentobarbitone sodium. The LP. Injection oj
Phenobarbital Sodium is prepared by dissolving
the contents of a sealed container of Phencbarbital
Sodium for Injection in the requisite amount of
water for injection immediately before use.
Injectio

In order to avoid hydrolytic decomposition of
phenobarbital sodium, ampuls containing the dry
powder, which is dissolved in water for injection
just before use. or a solution of the barbiturate in
propylene glycol, the latter frequently also containing 2per cent of benzyl alcohol as a local anesthetic, are commercially available. The N.F. requires the pH to be between 8.5 and 10.
Storage. — Preserve "in single-dose or multiple-dose containers, preferablv of Type I glass."
N.F.
Usual Sizes. — 150 mg. in 2 ml.; 300 mg. in
5 ml.
STERILE PHENOBARBITAL
SODIUM.
U.S.P. (LP.)
[Phenobarbitalum

Sodicum

the official test for Weight Variation in Content
of Containers. U.S.P.
Storage. — Preserve "in single-dose containers."
U.S.P.

PHENOBARBITAL SODIUM
TABLETS. N.F. (B.P.) (LP.)

PHENOBARBITAL SODIUM
INJECTION.
N.F. (B.P.) (LP.)

B.P. Injection of Phenobarbitone Sodium;
Phenobarbitoni
Sodii.

1037

Sterile]

"Sterile Phenobarbital Sodium contains not less
than 98.5 per cent of Ci2HnN2Na03, calculated
on the anhydrous basis." U.S.P. The LP. requires
the amount of Ci2Hn03N2Na in the sealed container to be not less than 88.0 per cent and not
more than 111.0 per cent of the labeled quantity.
I. P. Phenobarbital Sodium for Injection; Phenobarbitalum Natricum pro Injectione.

This monograph provides official specifications
for what are commonly referred to as dry ampuls
of phenobarbital sodium, the contents of which
are prepared for injection by dissolving in water
for injection just prior to use. Besides having
to conform to the specifications for Phenobarbital
Sodium, the sterile form must also dissolve in
carbon dioxide-free water to give a clear solution,
it must be sterile, and the amount of it present
in the container must meet the requirements of

"Phenobarbital Sodium Tablets contain not less
than 90 per cent and not more than 105 per cent
of the labeled amount of Ci2HuN2Na03." N.F.
The corresponding B.P. limits are 90.0 per cent
and 110.0 per cent, while those of the LP. are
88.5 per cent and 110.0 per cent.
B.P. Tablets of Soluble Phenobarbitone; Tabellae
Phenobarbitoni Solubilis. LP. Tablets of Phenobarbital
Sodium. Compressi Phenobarbitali Natrici. Sp. Tabletas
de Fenobarbital Sodico.

Usual Sizes. — Yi, 1, and l}i grains (approximately 30, 60 and 100 mg.).
PHENOL.

U.S.P., B.P., LP.

Carbolic Acid, [Phenol]

CeHsOH
"Phenol contains not less than 98 per cent of
CeHeO." U.S.P. Both the B.P. and LP. require
not less than 98.0 per cent of CeHeO.
I. P. Phenolum. Phenic Acid; Phenic Alcohol. Acidum
Carbolicum; Acidum Phenicum; Phenolum. Fr. Phenol
officinal; Phenol synthetique; Acide phenique cristallise.
Ger. Phenol; Karbolsaure. It. Acido fenico; Fenolo. Sp.
Fenol ; Oxibenzol; Acido carbolico.

This important substance was discovered in
1834, in coal tar, by Runge, who gave it the
name of carbolic acid.
In the distillation of coal-tar the fraction boiling between 170° and 225° is called carbolic oil,
and contains phenol, naphthalene, and pyridine
bases. The carbolic oil is cooled, whereupon the
naphthalene separates as a solid. The remaining
oil is washed with caustic soda, dissolving the
phenol. The alkaline solution, containing sodium
phenolate, is acidified to liberate phenol and the
latter is distilled under reduced pressure. The
product is crude ; it must be redistilled and washed
to form pure, crystallized phenol.
The crude liquor was formerly sold under the
improper name of coal-tar creosote, but was recognized in the U. S. Pharmacopoeia. 1890, as
Acidum Carbolicum Crudum, Crude Carbolic
Acid; for the official description see U.S.D., 23rd
ed., p. 840. It is superior in germicidal power to
pure phenol (see Cresol).
Phenol may be synthesized in several ways, but
a very large portion of this chemical produced in
the United States is made from benzene by chlorination to chlorobenzene, followed by hydrolysis
to phenol. The hydrolysis may be effected either
by alkali or by steam. In the Dow process chlorobenzene, sodium carbonate and water are reacted
continuously under 3000 pounds pressure, at 320°
to 400°; a yield of 90 per cent or better is obtained. Large amounts of phenol are required in
the manufacture of explosives and synthetic resins.
Description. — "Phenol occurs as colorless to
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light pink, interlaced, or separate, needle-shaped
crystals, or as a white or light pink, crystalline
mass. It has a characteristic odor. It whitens and
cauterizes the skin and mucous membranes. When
gently heated. Phenol melts, forming a highly
refractive liquid. It is liquefied by the addition of
10 per cent of water. It boils at about 182° and
its vapor is flammable. Phenol gradually darkens
on exposure to light and air. One Gm. of Phenol
dissolves in 15 ml. of water and in about 70 ml.
of liquid petrolatum. It is very soluble in alcohol,
in glycerin, in chloroform, in ether, and in fixed
and volatile oils. Phenol congeals at a temperature
not lower than 39°." U.S. P.
Standards and Tests. — Identification. — (1)
A white precipitate, redissolving at first but later
becoming permanent as more reagent is added,
forms on the addition of bromine T.S. to a solution of phenol. (2) A violet blue color develops
when 1 drop of ferric chloride is added to 10 ml.
of a 1 in 100 solution of phenol. Non-volatile
residue. — Not over 0.05 per cent fails to volatilize
at 105°. Clarity of solution and reaction. — A 1 in
15 solution of phenol is clear, and neutral or only
faintly acid to litmus paper. U.S.P.
Phenol is likely to become colored pinkish or
brown when exposed to light and air. The coloration has been ascribed to various causes, such
as ammonia and ammonium nitrite in the air. rust
spots in tinned iron vessels, alkali in glass vessels,
organic matter, etc. Some attribute it to oxidation,
others believe a dye is formed, rosolic acid being
mentioned. Stannous chloride solution acquires a
green color when shaken with the red-colored
phenol. Demant recommended removal of the red
color by adding to 89 parts of the melted substance 11 parts of alcohol, subjecting the mixture
to freezing, and then draining off the portion remaining liquid; perfectly white crystals can be
thus obtained. Another remedy is to heat the
phenol with white woolen cloth; the wool is said
to absorb the color. A slight discoloration does
not interfere with any of the medicinal uses of
phenol. Amy reported that addition of tin salts
will stabilize colorless phenol.
Phenol is a very weak acid. It forms salts with
the fixed alkalies, but not with carbonates. It is
so feebly acidic that it is liberated from its salts
by carbon dioxide. Nitric acid converts it into
picric acid, for the manufacture of which considerable phenol is required. When melted phenol
is shaken with one-fourth its volume of water, and
cooled at 4.5°, it crystallizes in the form of a
hydrate, C6H5.OH.H2O, which fuses at 17°.
Phenol, at room temperature, forms with water a
pair of partially miscible liquids. Their mutual
miscibility increases with increasing temperature,
and at about 66° the two liquids become miscible
in all proportions.
Assay. — About 1.5 Gm. of phenol is dissolved
in enough water to make 1000 ml. of solution. To
an aliquot of this solution, representing 38 to 41
mg. of phenol, is added 30 ml. of 0.1 N bromine,
followed by hydrochloric acid; the halogen produces a precipitate of tribromophenol and three
molecules of hydrogen bromide for each molecule
of phenol involved in the reaction. After 15 minutes the excess of bromine is determined through
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liberation of an equivalent amount of iodine,
which is titrated with 0.1 N sodium thiosulfate,
using starch as the indicator. A residual blank test
is performed. Each ml. of 0.1 N sodium thiosulfate bromine represents 1.569 mg. of CeHeO (the
equivalent weight of phenol being one-sixth of its
molecular weight;. U.S.P.
Incompatibilities. — Aqueous solutions of
phenol produce a green or violet color with ferric
salts; traces of iron in certain chemicals such as
alum, borax, etc., may produce a green color in
powder mixtures. With solution of lead subacetate
phenol produces a precipitate which is dissolved
by acetic acid and. if the concentration of phenol
is not too high, by glycerin. Albumin is coagulated
and collodion is gelatinized by phenol. With ammonia water a colorless solution is obtained which
slowly turns green and later to blue. Potassium
permanganate, hydrogen peroxide, and other oxidizing agents oxidize phenol. Phenol is soluble in
about 15 parts of water; stronger solutions may
be obtained by addition of glycerin. For solution
in fixed oils and liquid petrolatum, crystallized
phenol must be used as liquefied phenol is insoluble due to its water content. Soluble phenolates,
which slowly darken in color, are formed with
alkalies. When triturated with camphor, menthol,
thymol, antipyrine, acetanilid, chloral hydrate,
phenyl salicylate and certain other chemicals it
produces either a liquid or a semi-solid mass.
Uses.— Phenol is locally irritant, anesthetic
and mildly caustic. When applied undiluted to the
skin or mucous membrane it causes a sharp pain,
followed by numbness, and is accompanied by
whitening and corrugation of the surface due to
precipitation of protein. In dilute solution, up to
3 or 4 per cent, it is only mildly irritant, but
actively anesthetic and germicidal. In appropriate
strengths phenol rapidly and certainly destroys
vegetative forms of bacteria, but against the more
resistant spores it is comparatively useless. A 1
per cent solution will destroy non-sporulating
microorganisms after sufficiently prolonged exposure; a2 per cent solution does so promptly.
On the other hand, anthrax spores may not be
killed even after 24 hours of exposure to a 5 per
cent solution. It is antiseptic — that is. it inhibits
the multiplication of bacteria — when present in
the proportion of about 1 to 800. Its value as a
germicide is due largely to the fact that its activity is but slightly diminished in the presence of
proteins. Although in sufficient concentration
phenol precipitates albumin, it does not do so by
formation of a chemical compound, as does mercury bichloride, but rather by changing the character of the solvent ; the precipitation is analogous
to that which takes place when water is added to
an alcoholic solution of resin. Partly because of
the widespread familiarity with phenol and partly
for certain technical reasons it has been widely
adopted as a standard for comparison of disinfectant power. The idea of using phenol as a
means of comparison of bactericidal power of
disinfectants was originally suggested by Walker
and Rideal in 1903. Various modifications of
technic have been introduced, of which the most
(Bull. U. S. Hyg. Lab., 1912) and that of Reddish
important are those of Anderson and McClintic
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(Am. J. Pub. Health, April, 1927). The phenol
coefficient may be briefly defined as representing
the amount of phenol required to exercise the
same degree of germicidal action against the
species of bacteria used as the test organism,
under certain standard conditions of testing, as
one part of the disinfectant to be tested: for instance, ifdisinfectant X has a phenol coefficient
of 2 that means that it would require 2 parts of
phenol to have the same effect as 1 part of X, or
in popular parlance that X is twice as strong as
phenol; a phenol coefficient of 0.5 means that the
disinfectant is only one-half as active as phenol.
The character of the solvent greatly influences
the germicidal power of phenol. In the true fats it
is practically inert and its antibacterial effects are
greatly reduced by petrolatum. The presence of
alcohol or glycerin is said to diminish the germicidal effect of aqueous solutions while sodium
chloride enhances it.
Phenol is widely used as a disinfectant, not
only for sanitary but for surgical and medical purposes. For the disinfection of the surgeon's hands
its local anesthetic action is a great disadvantage
and its uncertain effect upon sporulating organisms almost excludes its use for disinfecting surgical instruments. As a dressing for wounds it is
sometimes useful, especially in burns and other
painful ulcerations, for its local anesthetic action
but it interferes in some way with the nutrition
of the part, and a number of cases of local gangrene have followed use of phenol dressings.
Chlunsky (Zentralbl. inn. Med., 1912, p. 226)
claimed that addition of camphor lessens the
caustic action of phenol but his conclusion has not
been established. Phenol was used in oil or water
solutions in the treatment of coryza; it is probable, however, that any benefit was attributable
to its anesthetic, rather than antiseptic, action.
For ordinary surgical purposes it may be used
in strengths of from 3 to 5 per cent. Liquefied
phenol has often been applied undiluted as a
germicide and caustic in badly infected wounds.
In 0.5 per cent concentration it is sometimes employed as an antibacterial agent in injections.
Phenol has also been used as a local anesthetic
in urticaria, sunburn, and other conditions attended
with itching or burning of the skin; often it is
used in 1 per cent concentration in calamine lotion.
It has been used in conjunction with camphor as
a fungistatic agent, but local tissue necrosis has
been reported (Hubler, J.A.M.A., 1943, 123, 990;
see also under Camphor). It is applied locally to
cauterize animal bites. At one time it was injected
locally and intrathecally in the treatment of tetanus (Suvansa, Lancet, May 16, 1931). A 5 to 10
per cent solution in pure almond oil is used as
a sclerosing injection for internal hemorrhoids
(Turell, Am. J. Med. Sc, 1947, 213, 350). S
Under the name Camphorated Phenol (N.F.
VIII), a mixture of 300 Gm. of phenol, 600 Gm.
of camphor and sufficient liquid petrolatum to
make 1000 ml. has been employed as an application to ulcers and cavities remaining after the
extraction of teeth; the camphor has the property
of counteracting the caustic effect of the phenol.
Toxicology. — Because of the ease with which
it is obtained and the rapidity and certainty of its
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effects, phenol is frequently used as a poison for
suicidal purposes, and cases of accidental poisoning
are also quite common. The symptoms usually
develop very rapidly; indeed death has occurred
in 2 or 3 minutes, the patient dying in immediate
coma and collapse. After ingestion of small
amounts the symptoms are nausea and vomiting,
collapse with pallor and cold sweats, feeble pulse,
stupor deepening into complete insensibility and
disturbances of the breathing, the respirations are
usually hurried and shallow, often irregular and
sometimes paroxysmally arrested. There is usually
paralysis of both sensation and motion, but in
some cases violent epileptiform convulsions have
occurred. The urine is generally scanty and albuminous and of a greenish or blackish color. The
diagnosis is usually not difficult, being made upon
the odor, the smoky urine, and the presence of
white corrugated spots in the mucous membrane
of the mouth or throat. The ordinarily fatal dose
of phenol is about 15 Gm. (l/t ounce), but De
Vries (Therap. Monatsh., 1890, 4, 644) reported
death of a woman who had taken 1.5 Gm. (22
grains). On the other hand, recovery has followed
after ingestion of an ounce of phenol. In fatal
cases death usually occurs in less than 2 hours
from respiratory failure, although in some instances weakness of the heart has been the cause
of the lethal termination. Deichmann and Witherup
have found (/. Pharmacol, 1944, 80, 233) that
the degree of toxicity depends upon the amount of
phenol ingested and that the concentration is not
an important consideration. Absorption through
the skin depends upon the area exposed rather
than the concentration.
In the treatment of carbolic acid poisoning the
stomach should be emptied immediately, preferably by means of the stomach pump. There is no
efficient chemical antidote known for phenol. It
was at one time supposed that sulfates would unite
with the poison to form innocuous phenolsulfonates ; but neither inorganic sulfaces nor sulfuric
acid will combine with phenol at body temperature. While alcohol is an excellent solvent for removing phenol from the skin, in the stomach it
speeds absorption and is contraindicated. Lavage
of the stomach with olive oil is the safest antidote,
a quantity of oil being left in the stomach. From
60 to 120 ml. of a 50 per cent solution of magnesium sulfate left in the stomach is less desirable.
The urine is kept alkaline by administration of
sodium bicarbonate and sodium citrate. Pain in
the alimentary tract, due to local caustic action
of phenol, is relieved by use of Orthoform; occasionally morphine may be necessary. Stimulation,
by means of caffeine and sodium benzoate hypodermically, and by external application of heat, is
applied as necessary. Shock may be treated by the
usual measures and intravenous fluids are used to
promote diuresis. Artificial respiration may be required. The patient should be kept in bed until
signs of hemorrhage and renal irritation have
disappeared.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep.— Liquefied Phenol; US. P., B.P.
Phenol Ointment; Compound Zinc Sulfate Powder, N.F.; Glycerin of Phenol, B.P.
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Part I
U.S.P, B.P., IP.

Liquefied Carbolic Acid

"Liquefied Phenol is phenol maintained in a
liquid condition by the presence of 10 per cent
of water. It contains not less than 88 per cent of
CeHeO." U.S.P. The B.P. recognizes Liquefied
Phenol as containing 80.0 per cent w/w of CeHeO
(limits, 77.0 to 81.5); the LP. requires not less
than 82.0 per cent and not more than 86.5 per
cent, w/w, of phenol.
I.P. Phenol Liquefactum. Phenol Liquid. Phenolum
Liquidum. Fr. Phenol aqueux; Phenol liquefie. Ger. Verfiiissigtes Phenol; Fliissige Karbolsaure. It. Acido fenico
liquido ; Fenolo liquido. Sp. Fenol Licuado.

Liquefied phenol may be prepared by melting
phenol in an unstoppered container in a water
bath, then adding to it 1 Gm. of purified water
for each 9 Gm. of phenol. US. P. The B.P. prepares liquefied phenol by mixing 800 Gm. of
phenol with 200 Gm. of water; the I.P. formula
calls for 85 Gm. of phenol and 15 Gm. of water.
Description. — "Liquefied Phenol is a colorless liquid, which may develop a red tint upon
exposure to air or light. It has a characteristic,
somewhat aromatic odor. It whitens and cauterizes
the skin and mucous membranes. Its specific
gravity is about 1.065. Liquefied Phenol is miscible
with alcohol, with ether, and with glycerin. A mixture of Liquefied Phenol and an equal volume of
glycerin is miscible with water." U.S.P.
For uses, see under Phenol. S
"Note. — When phenol is to be mixed with a
fixed oil, liquid petrolatum, or petrolatum, use
crystalline Phenol." U.S.P.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep. — Phenolated Calamine Lotion,
U.S.P.; Calamine Lotion. B.P.; Phenolated Iodine
Solution, Compound Sodium Borate Solution, AT.F.
GLYCERIN

OF

PHENOL.

B.P.

Glycerinum Phenolis

This preparation is required to contain phenol
equivalent to 16.0 per cent w/w of CeHeO (limits,
15.0 to 16.5). It is made by mixing 160 Gm. of
phenol with 840 Gm. of glycerin, the mixture
being gently warmed, if necessary, to effect
solution.

develops the caustic property of phenol; glycerin
should be used as the diluent.
Storage. — Preserve in a well-closed container.
B.P.
PHENOL

OINTMENT.

N.F.

Carbolic Acid Ointment, Unguentum

Phenolis

"Phenol Ointment contains not less than 1.8
per cent and not more than 2.2 per cent of
CeHeO." N.F.
Carbolized Petrolatum. Pomatum cum Phenolo; Unguentum
Phenicatum; Pomatum Acidi Phenici. Fr. Pommade au
phenol; Vaseline pheniquee; Vaseline phenolee. It. Unguento con fenolo; Pomata fenata. Sp. Pomada de acido
fenico; Vaselina fenicada; Unguento de Fenol.

Dissolve 20 Gm. of phenol in 20 Gm. of glycerin and incorporate the solution into 960 Gm. of
white ointment. N.F.
Assay. — A 2-Gm. portion of ointment is dissolved in petroleum benzin, and the solution
shaken with distilled water to extract the phenol.
The aqueous extract is assayed as directed under
Phenol. N.F.
Uses. — Despite the concordant conclusions of
numerous investigators that phenol ointments
made with fatty bases are not antiseptic, and the
strong indications that those made with hydrophilic bases may be (for literature see Gershenfeld. Am. J. Pharm., 1940, 112, 281; Clark, Am.
J. Pharm., 1939, 111, 228; Foley and Lee, /. A.
Ph. A., 1942, 31, 105), the fatty base continues
to be specified. The ointment is useful, however,
as an antipruritic in various skin diseases. Prolonged application of a phenol-containing ointment is contraindicated over large body areas, as
toxicity may result from absorption of phenol into
the blood stream.
Storage. — Preserve "in tight containers and
avoid
prolonged exposure to temperatures above
30°." N.F.
PHENOLPHTHALEIN.

U.S.P., B.P.

[Phenolphthaleinum]

Glycerinum Acidi Carbolici; Glyceritum cum Phenolo.
Fr. Glycere phenole ; Glycerine phenolee.

The Eighth Edition of the National Formulary
recognized Phenol Glycerite which was prepared
by dissolving 10 Gm. of sodium citrate in 10 ml.
of hot distilled water and incorporating this solution with a mixture of 200 ml. of liquefied phenol
and 790 ml. of glycerin. The sodium citrate served
to prevent darkening of the preparation.
Glycerin of phenol is commonly considered to
be too concentrated to use undiluted. Diluted with
an equal volume of glycerin it may be used as an
application in the treatment of ulcerative stomatitis and tonsillitis. Diluted with two or more
volumes of glycerin it may be employed in treating otitis media and boils in the ear. The preparation should never be diluted with water, as this
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Fr. Phtaleine du phenol. Ger. Phenolphthalein. It.
Fenolftaleina. Sp. Fenolftaleina.
ii

Phenolphthalein may be prepared by heating a
mixture of phenol and phthalic anhydride in the
presence of sulfuric acid. The crude phenolphthalein issubsequently purified by dissolving
in alkali, precipitating with acid, then dissolving
the precipitate in alcohol and decolorizing with
charcoal.
An impure form known as yellow phenolphthalein issaid to conform to all official tests
except in being a bright canary yellow; the color
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is apparently due to some impurity which is a
drastic cathartic, for the yellow form is considered
to be about two or three times as purgative as the
white (see Hubacher and Doernberg, /. A. Ph. A.,
1948, 37, 261; also Loewe and Loewe, Arch,
internat. pharmacodyn. therap., 1949, 80, 236).
Description. — "Phenolphthalein occurs as a
white or faintly yellowish white, crystalline powder. It is odorless, and is stable in air. Phenolphthalein isalmost insoluble in water. One Gm.
dissolves in IS ml. of alcohol, and in about 100
ml. of ether. The melting temperature of Phenolphthalein isnot lower than 258°." U.S.P.
Standards and Tests. — Identification. —
Phenolphthalein dissolves readily in solutions of
alkali hydroxides, and in hot solutions of alkali
carbonates, forming red solutions. The solutions
are decolorized upon addition of an excess of acid.
Loss on drying. — Not over 1 per cent, when dried
over sulfuric acid for 4 hours. Residue on ignition.— Not over 0.1 per cent. Arsenic. — The limit
is 10 parts per million. Heavy metals. — The limit
is 1 5 parts per million. Color of solution. — A solution of 500 mg. of phenolphthalein in 30 ml. of
alcohol has no more color than matching fluid A.
Fluorane. — A 500-mg. portion of phenolphthalein
dissolves completely in a mixture of 4 ml. of sodium hydroxide T.S. and 50 ml. of water. Sensitivenes .— A mixture of 50 ml. of cold, recently
boiled water and 0.5 ml. of a 1 in 100 alcohol
solution of phenolphthalein requires not more than
0.25 ml. of 0.02 N sodium hydroxide to produce a
pink color. U.S.P. The B.P. limits arsenic to 2
parts per million.
Uses. — Phenolphthalein was introduced as a
laxative in 1902 by Vamossy, who discovered its
cathartic properties during his investigation of its
harmlessness as a reagent to be used in denaturing
artificial wines, a study undertaken at the request
of the Federal Public Health Council in Hungary
(Vamossy, Am. J. Digest. Dis., 1936, 3, 22).
Being odorless, tasteless, and stable, it may be
incorporated in pleasant-tasting vehicles and mineral oil emulsions. These properties have led to
extensive popularity of the drug, so that it has
become probably the most frequently used organic
laxative (Hubacher and Doernberg, /. A. Ph. A.,
1948, 37, 261).
Phenolphthalein is insoluble in water and passes
unchanged through the stomach. In the intestine
it is dissolved by the combined action of bile salts
and alkaline intestinal contents. Its action is said
to be due in part to direct motor stimulation
(Steigmann et al., Am. J. Digest. Dis., 1943, 10,
208) of the intestine and in part to irritation of
the mucosa by the dissolved salts (Berthomeau
and Daguin, Presse med., 1908, 16, 378). Blick
et c/._ (Am. J. Digest. Dis., 1942, 9, 292) stated
that it acts entirely by direct stimulation of the
intestinal musculature. The colon is affected more
than the small intestine and evacuation is usually
produced in four to six hours. About 15 per cent
of the drug is absorbed from the intestine and
excreted, mostly through the kidneys (Fantus
et al., J. Pharmacol., 1941, 72, 252); however, a
small amount is excreted in the bile to be again
partially resorbed. Thus the aperient action may
be prolonged for several days. H. C. Wood, Jr.
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(J.A.M.A., 1911, 54, 248) found that it increased
intestinal secretions, and that, when given intravenously to dogs in doses equivalent to 4 Gm.
for a man, it produced no change in circulation
or respiration.
Studies by Abel and Rowntree (/. Pharmacol.,
1909, 1, 231) and by Steigmann and Dyniewicz
(Am. J. Digest. Dis., 1944, 11, 279, 284) indicated that it produces no increase in blood pressure, no hemolysis of erythrocytes and no change
in capillary permeability. Urine examination in
1000 instances following phenolphthalein administration led Fantus and Dyniewicz (J.A.M.A.,
1937, 108, 439) to conclude that it does not cause
renal irritation, even in patients with kidney damage. These authors (ibid., 1938, 110, 1656) found
it impossible to kill animals of several different
species with any dosage of phenolphthalein. Fantus
et al. (Am. J. Digest. Dis., 1941, 8, 176) found
that it did not affect the liver, even in the presence of jaundice.
The tastelessness of phenolphthalein has led to
an enormous use of the drug by the laity as a
cathartic. Its incorporation in candy and chewing
gum forms has led in some instances to overdosage, particularly in children. There has been
considerable controversy regarding the safety of
the drug. An article by Newman (J.A.M.A., 1933,
101, 761) cited from the literature some 20 cases
of so-called "phenolphthalein poisoning" — chiefly
among children who had eaten some of the medicated chocolate — of which one ended fatally.
Vamossy (loc. cit.) took issue with Cleeves
(J. A.M. A., 1932, 99, 654), who had attributed the
death as being due to an acute enterocolitis caused
by phenolphthalein. In his argument Vamossy
claimed that the true etiology of the disease
process had not been discovered and that the overdose of phenolphthalein was coincidental. Blatt
et al. (J. Pediatr., 1943, 22, 719) reported the
accidental ingestion of 12, 15, 96, and 130 grains,
respectively, in four small children without any
significant toxic manifestations.
Phenolphthalein, however, is known to produce
skin eruptions in sensitized individuals. Abramowitz (Am. J. Digest. Dis., 1950, 17, 79), who had
investigated the allergic manifestations of phenolphthalein since 1918, stated that he had never
encountered any other form of reaction to the
drug and that allergic manifestations are rare. It
is one of numerous drugs which may produce a
fixed drug eruption, z.e., repeated eruption at the
site of previously affected areas of skin. The characteristic eruption is erythematous or bullous, less
commonly urticarial or eczematous. Pigmentation
usually follows except in the urticarial variety,
fading in time if the drug be discontinued. Relapses are common, especially following further
ingestion of phenolphthalein (see Abramowitz and
Noun, Arch. Dermat. Syph., 1937, 35, 875).
In cases of overdosage Fantus and Dyniewicz
(J. A.M. A., 1938, 110, 1656) recommended administration ofactivated charcoal in at least 25
times the dose of phenolphthalein that has been
swallowed. If the quantity of phenolphthalein is
very large the subsequent administration of 15
ml. (approximately Yi ounce) of castor oil may
be advisable. Magnesium sulfate is less efficient
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for this purpose. In an alkaline medium phenolphthalein turns red; in patients using alkalies or
following a soap suds enema, the urine and feces
may turn red and be mistaken for blood. S
Dose. — The usual dose is 60 mg. (about 1
grain), with a range of 30 to 60 mg. The maximum safe dose is not definite but a dose of more
than 200 mg. daily is seldom useful.
Storage. — Preserve "in well-closed containers."
U.S.P.
Off. Prep.— Phenolphthalein Tablets, N.F.,
B.P.; Phenolphthalein in Liquid Petrolatum Emulsion, N.F.
PHENOLPHTHALEIN
N.F. (B.P.)

TABLETS.

[Tabellae Phenolphthaleini]

"Phenolphthalein Tablets contain not less than
92.5 per cent and not more than 107.5 per cent of
the labeled amount of C20H14O4." N.F. The corresponding B.P. limits are 90.0 per cent and 110.0
per cent.
B.P. Tablets of Phenolphthalein; Tabellae Phenolphthaleini.

Assay. — A representative portion of powdered
tablets, equivalent to about 650 mg. of phenolphthalein, isheated with alcohol to extract the
phenolphthalein and an aliquot portion of the
filtered mixture, representing about 130 mg. of
phenolphthalein, is evaporated to dryness. The
residue is treated with iodine, in the presence of
potassium hydroxide, to convert the phenolphthalein to the tetraiodo-derivative which is precipitated in an acid medium, filtered on a Gooch
crucible, washed and dried at 130° for 3 hours.
The weight of the precipitate, multiplied by
0.3872, represents the weight of C20H14O4. N.F.
The B.P. assay is dependent on the fact that
phenolphthalein is soluble in ether but practically
insoluble in petroleum ether, while the fat in the
chocolate basis so frequently employed in the tablets issoluble in both liquids. Two extractions are
made, one with petroleum ether and the other with
ether, of two separate samples, and the amount
extracted from 1 Gm. of powdered tablets calculated in each case. The difference in the weights
represent the weight of phenolphthalein in 1 Gm.
of powdered tablets.
Usual Sizes. — 1 and 2 grains (approximately
60 and 120 mg.).
PHENOLSULFONPHTHALEIN.
U.S.P. (B.P.)
. Phenol

Red,

[Phenolsulfonphthaleinum]

The B.P. requires Phenolsulphonphthalein to
contain not less than 94.0 per cent of C19H14O5S.
B.P.

Phenolsulphonphthalein ;

Phenolsulphonphtha-

leinum. Fr. Sulfone phtaliine du phenol ; Rouge de phenol.
Sp. Fenolsulfonftalelna.

Phenolsulfonphthalein is prepared by fusing
o-sulfobenzoic acid with phenol at about 130°.
The product differs from phenolphthalein in containing an SO2 group in place of a CO group in
phenolphthalein.
Description. — "Phenolsulfonphthalein occurs
as a crystalline powder, varying in color from
bright to dark red. It is stable in air. One Gm. of
Phenolsulfonphthalein dissolves in about 1300 ml.
of water and in about 350 ml. of alcohol. It is
almost insoluble in chloroform and in ether. It is
readily soluble in solutions of alkali hydroxides
and their carbonates. U.S.P.
Standards and Tests. — Identification. — (1)
Phenolsulfonphthalein is soluble in solutions of
alkali hydroxides and carbonates, forming colors
varying from deep red in concentrated solutions to
a violet tinted red in dilute solutions. The red
color is changed to orange or yellow upon addition
of a slight excess of acid. (2) An intense blueviolet color is produced on dissolving 5 mg. of
phenolsulfonphthalein in a few drops of sodium
hydroxide T.S., adding 2 ml. of 0.1 N bromine and
1 ml. of diluted hydrochloric acid, then, after
allowing the mixture to stand 5 minutes, alkalinizing with sodium hydroxide T.S. Loss on drying.— Not over 1 per cent, when dried over sulfuric
acid for 4 hours. Residue on ignition. — Not over
0.2 per cent. Arsenic. — The limit is 10 parts per
million. Insoluble substances. — Not over 0.2 per
cent is insoluble in a solution of sodium bicarbonate in water. Sensitiveness. — A mixture of 1
ml. of a 1 in 1000 alcohol solution of phenolsulfonphthalein, 0.5ml. of 0.02 N sodium hydroxide, and distilled water to make 100 ml. is intensely
red. U.S.P.
Assay. — About 150 mg. of phenolsulfonphthalein is dissolved in 30 ml. of 0.1 N sodium hydroxide, diluted with water to 200 ml., in a glassstoppered flask, then reacted with 50 ml. of 0.1 N
bromine in the presence of 10 ml. of hydrochloric
acid for 5 minutes; 1 Gm. of potassium iodide is
added and the solution is titrated with 0.1 N
sodium thiosulfate, using starch as indicator. Each
ml. of 0.1 N bromine represents 4.430 mg. of
C19H14O5S. B.P. This is a standard bromination
method used for assaying phenols; in this case a
tetrabromo derivative of phenolsulfonphthalein is
formed and since four molecules of bromine are
required, the equivalent weight of phenolsulfonphthalein isone-eighth its molecular weight.
Uses. — Phenolsulfonphthalein is used in medicine as a test for the functional capacity of the
kidney (Geraghty and Rowntree, J. A.M. A., 1911,
57, 811). The determination is carried out as
follows: Half an hour after the patient drinks a
glass of water the bladder is emptied and exactly
6 mg. of phenolsulfonphthalein, dissolved with the
aid of a little sodium bicarbonate in 1 ml. of
water, is injected intramuscularly. The urine may
be collected either by having the patient micturate
at the end of fifteen minues or by leaving a catheter in the bladder and allowing the urine to drain
through the catheter into a vessel containing a
drop of a 25 per cent solution of sodium hydroxide
until the appearance of a pinkish tint. This time
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is noted and the catheter withdrawn. Subsequently
the urine is collected 1 and 2 hours after the ingestion, and after this it is reserved for 24 hours.
The quantity of the dye in the urine is determined
by alkalinizing with sodium hydroxide, diluting to
one liter and comparing the depth of color with
a standard solution containing 6 mg. of alkaline
phenolsulfonphthalein per liter. In health the dye
appears in the urine within 5 to 10 minutes; about
one-half of the dose is eliminated in the first hour,
and 60 to 75 per cent in 2 hours. In cases of kidney disease the elimination is more or less delayed
according to the character of the lesion, the test
being an index of renal blood flow. Congestive
heart failure will, therefore, produce low values.
In the presence of hepatic failure the values will
be high, since some of the dye is excreted by
the liver.
Intravenous administration is preferred to avoid
the variable factor of absorption from the muscle ;
the normal findings by this route are: initial appearance in 5 to 10 minutes, 25 to 45 per cent
elimination in 15 minutes, 50 to 65 per cent in
1 hour, 65 to 85 per cent at the end of 2 hours.
The preservation of this dye excretion function
is no proof that the kidney is perfectly healthy.
With the development of more sensitive tests,
such as the urea clearance and the much simpler
concentration test (specific gravity), the phenolsulfonphthalein test has become less popular
(Freyberg, J.A.M.A., 1935, 105, 1575).
A phenolsulfonphthalein test for the determination of tubal patency (uterine) has been developed
by Speck (J. A.M. A., 1950, 143, 357); he asserts
that it is accurate, simple and safe. It is based on
the premise that there is little or no absorption
of phenolsulfonphthalein by the normal vaginal
mucosa, endocervix, endometrium or endosalpinx,
but that it is readily absorbed from the peritoneal
cavity. If the tubes are patent injection of this
substance into the uterus will result in its passage
through the tubes into the peritoneal cavity, where
it is absorbed and excreted through the kidneys.
If the tubes are closed the urine fails to turn pink
when alkalinized. E
Dose. — The usual dose is 6 mg. (approximately
Vio grain) as the monosodium salt, intramuscularly or intravenously.
Storage. — Preserve "in well-closed containers."
U.S.P.

PHENOLSULFONPHTHALEIN
INJECTION.
U.S.P.
"Phenolsulfonphthalein Injection is a sterile solution of phenolsulfonphthalein rendered soluble
with sodium bicarbonate or sodium hydroxide in
water for injection made isotonic with sodium
chloride. It contains not less than 95 per cent and
not more than 105 per cent of the labeled amount
of CigHuOsS." U.S.P.
Sp. Inyeccidn de Fenolsulfonftaleina.

The injection may be prepared as follows : Add 6
Gm. of phenolsulfonphthalein to 100 ml. of water
for injection, then dissolve 1.43 Gm. of sodium
bicarbonate, added in small portions and with
stirring. To this add 9 Gm. of sodium chloride
and boil the mixture gently until the volume has
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been reduced to about 70 ml. Filter through cotton into a suitable flask, and wash the filter with
water for injection. Dilute to about 950 ml. with
water for injection, and test the solution for sensitiveness asdirected below. If necessary, adjust
the solution to the proper sensitiveness by addition of a weak solution of sodium hydroxide.
Then dilute with water for injection to 1000 ml.,
mix well, distribute into suitable containers, and
sterilize. The sodium bicarbonate may be replaced
by 17 ml. of 1 N sodium hydroxide. Other concentrations may be similarly prepared, using proportional quantities of the ingredients. U.S.P.
Standards and Tests. — pH. — Between 6.0
and 7.5. Identification. — The injection responds
to identification test (2) under Phenolsulfonphthalein. Sensitiveness. — The injection is diluted
to contain 1 mg. of phenolsulfonphthalein in 1 ml.
of dilution. To 0.2 ml. of this dilution are added
50 ml. of recently boiled and cooled water, and
0.2 ml. of 0.02 N sodium hydroxide: a strong
violet-tinted pink color is produced, which changes
to pale yellow upon adding 0.2 ml. of 0.02 N
sulfuric acid. U.S.P. The assay utilizes the principle of the B.P. assay explained in the preceding
monograph.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — 1 ml. containing 6 mg. (approximately Mo grain).

PHENOTHIAZINE.

N.F.

Thiodiphenylamine, [Phenothiazina]

Phenothiazine was first synthesized by Bernthsen in 1888. It is the parent substance of the
thiazine dyes, which include Lauth's violet
(thionine) and methylene blue. These are characterized by a six-membered heterocyclic ring
containing an atom of nitrogen and an atom of
sulfur in opposite positions in the ring. Phenothiazine isprepared by heating a mixture of diphenylamine and sulfur, in the presence of a
small amount of iodine as a catalyst, at a temperature of about 180°. The product may be purified
by recrystallization from toluene, with charcoal
as a clarifying agent.
When phenothiazine is exposed to air its color
slowly changes from pale yellow to dark green,
a change that is not clearly understood. Oxidation of phenothiazine yields a quinoid substance
known as phenothiazone. The hydroxy derivative
of phenothiazone is known as thionol. Both products can take up two hydrogen atoms — one at the
quinoid oxygen, one at the nitrogen — to form
their respective leuco bases, with which they form
reversible oxidation-reduction systems. Thionol
and leucothionol are excreted following ingestion
of phenothiazine.
Description. — "Phenothiazine occurs as a pale
greenish yellow to dark greenish gray powder,
granules, or flakes. It is tasteless and has a slight
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characteristic odor. Phenothiazine is slowly oxidized when exposed to the air over a long period
of time, the color becoming darkened. One Gm.
of Phenothiazine dissolves in about 75 ml. of alcohol, in about 5 ml. of acetone, and in about 20 ml.
of chloroform. It is usually incompletely soluble
in ether, and is insoluble in water. The freezing
point of Phenothiazine is not less than 179°."
N.F.
Standards and Tests.— Identification. — (1)
A green solution results on the addition of 1 drop
of ferric chloride T.S. to 10 ml. of a 1 in 2000
alcohol solution of phenothiazine. (2) A deep
red solution is produced on slowly adding 20 ml.
of a 1 in 100 alcohol solution of phenothiazine to
a mixture of 1 ml. of hydrochloric acid, 100 ml.
of water, and 5 ml. of hydrogen peroxide T.S.,
the mixture being maintained at a temperature of
80°. Loss on drying. — Not over 1 per cent, when
dried over sulfuric acid for 3 hours. Residue on
ignition. — Not over 0.2 per cent. Ether-insoluble
substances. — N'ot over 1.5 per cent. N.F.
The specification of the freezing point of phenothiazine, rather than the melting point, as was the
case in a previous edition of the N.F., is in
recognition of the fact that phenothiazine. when
flaked, melts about 3° lower than material obtained by slow cooling. Both forms when melted,
however, will freeze, under the controlled conditions of a freezing-point determination, to give
the same crystalline form of the solid and, therefore, the freezing points will be identical (see
Bidl. N.F. Cotnm., 1944, 12, 47).
Uses.— Phenothiazine first attracted attention
in 1935 through the publication of Smith and his
associates who believed that it offered promise of
the long-sought agricultural insecticide which
should be non-toxic to the higher animals (for review of its fungicidal and insecticidal properties,
see Calco Technical Bulletin No. 713, American
Cyanamid Company). Subsequently DeEds and
his co-workers showed that the products formed
in the body after its ingestion are actively antiseptic and used it with beneficial effect in a
number of cases of cystitis and pyelitis as a
urinary antiseptic. They employed it in doses
ranging from 0.8 to 3.5 Gm. a day. Graham
(Proc. Roy. Soc. Med., 1942, 35, 431) concluded,
however, that phenothiazine was not a satisfactory urinary antiseptic in man because of the low
proportion of useful results as compared with the
relatively high toxicity of the drug.
Phenothiazine has been suggested as an anthelmintic for humans, having been found to be in
varying degree effective against threadworms,
roundworms, and pinworms (see Manson-Bahr,
Lancet, 1940. 2, 808; Freedman, Brit. M. J., 1942,
1, 397; Kuitunen-Ekbaum, Can. Pub. Health J.,
1941, 32, 308; Miller and Allen, Can. Med. Assoc.
J., 1942, 46, 111; Bercovitz et al., J. A.M. A.,
1943, 122, 1006; Most, Am. J. Trop. Med., 1943,
23, 459). At the same time a number of toxic
reactions have been reported, whether used as
an anthelmintic or as a urinary antiseptic. The
toxic effects consist primarily of liver damage and
destruction of red blood cells; cases of mild
anemia, hemolytic anemia (at least one being
fatal), toxic hepatitis, abdominal cramps with
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tachycardia, and hematuria have been reported
(see Miller and Allen, Can. Med. Assoc. J., 1942,
46, 111; Johnstone, Brit. M. J., 1942, 1, 259;
DeEds, J. Pharmacol., 1939, 65, 353; Hubble,
Lancet, 1941, 2, 600; Bercovitz et al., J. A.M. A.,
1943, 122, 1006; Lancet, 1943, 2, 453). Because
of the toxic effects it is not used in routine treatment for humans.
Phenothiazine is the nucleus of several drugs
of wide current interest, including profenamine
hydrochloride, promethazine hydrochloride and
pyrathiazine hydrochloride (in Part I) and chlorpromazine and Diparcol (in Part II).
Talmage et al. (Science, 1953, 118, 191) found
that phenothiazine, as normally administered to
stock animals, suppressed the uptake of radioactive iodine by the thyroid of the rat about as
effectively as does thiouracil; it remains to be
seen whether other animals react similarly.
There has been some complaint from persons
who have employed phenothiazine as an insecticide of an irritant action upon the skin. This
effect apparently occurs only in those who are
exposed to sunlight and is probably due to a photosensitizing action of leucothionol (DeEds,
J. A.M. A., 1940, 114, 2095).
At present phenothiazine is used, medicinally,
chiefly by veterinarians, for its vermifuge action.
For further information and doses see under
Veterinary Uses and Doses of Drugs, [v]
PHENTOLAMINE

HYDROCHLORIDE. U.S.P.

2-(AT-p-Tolyl-.W-m-hydroxyphenylaminomethyl)imidazoline Hydrochloride, Phentolaminium Chloride

OtO
N^N'H

cr
"Phentolamine Hydrochloride, dried at 60° in
vacuum for 2 hours, contains not less than 98
per cent of C17H19N.sO.HCl." U.S.P.
Regitine Hydrochloride

{Ciba).

This adrenergic-blocking imidazoline (compare
with the official imidazolines Naphazoline Hydrochloride and Tolazoline Hydrochloride) may be
obtained by interaction of />-methyl-/>'-hydroxydiphenylamine and 2-chloromethylimidazoline,
followed by conversion of the resulting phentolamine base to the hydrochloride; for details of
svnthesis see Urech et al., Helv. Chim. Acta, 1950,
33, 1386. also U. S. Patent 2,503,059 (1950).
Description. — "Phentolamine Hydrochloride
occurs as a white or slightly grayish, crystalline,
odorless powder. Its solutions are acid to litmus,
having a pH of about 5, and foam on shaking.
One Gm. of Phentolamine Hydrochloride dissolves
in about 50 ml. of water and in about 120 ml. of
alcohol. It is very slightly soluble in chloroform
and in ether. Phentolamine Hydrochloride melts
between 238° and 242°." U.S.P.
Standards and Tests. — Identification. — (1)
A solution of phentolamine hydrochloride yields
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precipitates with iodine T.S., mercuric-potassium
iodide T.S., trinitrophenol T.S., and ammonium
reineckate T.S. (2) Phentolamine trichloroacetate
obtained in the assay melts between 136° and
141°. (3) Phentolamine hydrochloride responds
to tests for chloride. Loss on drying. — Not over
0.5 per cent, when dried at 60° in vacuum for 2
hours. Residue on ignition. — Not over 0.1 per
cent. U.S.P.
Assay. — About 150 mg. of dried phentolamine
hydrochloride is dissolved in water and the base
precipitated as phentolamine trichloroacetate,
which is collected in a tared, sintered-glass crucible
and finally dried in vacuum over sulfuric acid to
constant weight. The factor for calculating the
equivalent weight of C17H19N3O.HCI is 0.7146.
U.S.P.
Uses. — Phentolamine was described by Meier
et al. (Proc. S. Exp. Biol. Med., 1949, 71, 70) as
an imidazoline derivative having marked adrenolytic properties (see the monograph on Adrenergic Blocking Agents, in Part II, for a general discussion of this subject). Reversal of the pressor
response to epinephrine was produced in cats,
dogs and rabbits. They reported that it was active
when administered parenterally or following ileal
intubation to dogs or cats. However, the spread
in the acute toxicity data between an oral LD50
of 1250 mg. per Kg. and parenteral toxicity (I.V.
LD50 = 75 mg. per Kg.; subcutaneous LD50 =
250 mg. per Kg.) in rats suggested that absorption following oral administration might not be
striking. Shortly thereafter, Trapold et al. (J.
Pharmacol., 1950, 100, 119) reported that phentolamine was a more active adrenergic blocking
agent than its predecessor, Priscoline (tolazoline),
and that it lacked histaminic and cholinergic
properties attributed to its imidazoline analog.
Both groups commented on the tachycardia produced by the phentolamine in laboratory animals.
Trapold et al. (Joe. cit.) attributed toxic reactions
to the drug in part to its ability to produce hypoglycemia. Like Priscoline, phentolamine caused
an increased sensitivity to insulin. However, the
effect was immediately reversible when the drug
was withdrawn.
Johnson et al. {J. Pharmacol, 1953, 108, 144)
compared phentolamine with Priscoline and Ilidar
as adrenergic blocking agents for the peripheral
vascular bed. The intraarterial doses of all three
drugs to anesthetized dogs caused vasodilatation
which persisted for from 1 to 15 minutes. The
vasodilatation in muscle vascular beds probably
was not significantly greater than for skin. The
ratio of the doses of Ilidar and of Priscoline to
phentolamine remained the same, or 10:10:1,
for epinephrine-reversal, blocking of norepinephrine constriction, and blocking of epinephrine
dilatation in muscle. Quite apart from its adrenergic-blocking action, or so believed, Leimdorfer
{Arch, internat. pharmacodyn. therap., 1953, 94,
119) reported that phentolamine was capable of
blocking cardiac arrhythmias induced in the dog
by epinephrine, norepinephrine or nicotine.
The clinical interest in phentolamine has centered around its use in peripheral vascular diseases
and in the control of the hypertension attending
the pheochromocytoma.
Emlet et al. {Am. J.

Phentolamine
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Med., 1951, 11, 241) reported that V\i to lA mg.
per Kg. of phentolamine administered intravenously or intramuscularly reduced the blood pressure of patients having a pheochromocytoma or
uremia. Sikes and Barrow {ibid., 1951, 11, 616)
confirmed the hypotensive effect when 20 to 60
mg. of phentolamine was administered to patients.
They considered that oral administration of the
drug was unsatisfactory because of unpleasant
side effects and rapid tachyphylaxis. Grimson
{ibid., 1953, 14, 588) reported that when phentolamine administration to hypertensive patients
is superimposed on hexamethonium therapy some
additional reduction in blood pressure occurs and
that tachycardia frequently is less troublesome
than when the imidazoline is administered alone
in doses of 50 mg.
In the diagnosis of pheochromocytoma, phentolamine is the preferred test drug {Ann. Int.
Med., 1953, 39, 1333). It has largely replaced
piperoxane, which had superseded Dibenamine.
It is almost free of unpleasant side effects. It is
easier to administer and seems to be more accurate in indicating the presence of this epinephrine
and/or norepinephrine-secreting tumor. It does
not cause in these cases the alarming rise in blood
pressure which sometimes occurs with the other
drugs in instances of essential hypertension. The
test consists of determining the basal blood pressure level, then injecting 5 mg. of phentolamine
methanesulfonate in 1 ml. of water for injection
intravenously in an adult or 1 mg. in a child,
after which the blood pressure is determined every
30 seconds for 3 minutes and then every minute
for 7 minutes. A decrease in systolic blood pressure of 35 mm. of Hg and of 25 mm. in diastolic
blood pressure indicates the presence of a pheochromocytoma. Gifford et al. {J. A.M. A., 1952,
149, 1628) reported no false negative tests.
Uremia, recent administration of sedative, narcotic or antihypertensive drugs may cause a false
positive
test.
the patient's
resting blood
pressure isless
thanIf 170/110,
the histamine
test {q.v.)
is preferred by Sprague et al. {ibid., 1953, 151,
629). The only unpleasant effects following intravenous administration of phentolamine methanesulfonate are tachycardia and flushing.
Since the principal utility for phentolamine is
in the field of general or localized peripheral vascular disease, Clarke and his associates {Circulation, 1953, 8, 715) compared its effects on digital
blood flow with those of Priscoline and heat.
When administered in sufficient amounts the drug
is a potent vasodilator for man. Administered
intramuscularly to normal patients it will produce
an increase in resting blood flow roughly equal to
that of indirect heating. When compared in patients with vasospastic peripheral vascular disease
it was less effective than body heating. Actually
they found phentolamine to be less active than
Priscoline when administered parenterally, and
orally.
disappointingly
ineffective when administered
Toxicology. — Administered orally phentolamine produced toxic side effects in 11 of 18 patients. These undesirable effects included nausea
and/or vomiting, chills, dizziness, tachycardia,
anorexia, precordial pain or diaphoresis. The most
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common deterrent to oral administration was
diarrhea (10 of 18 patients). The size of the dose
seemed to have little to do with the occurrence
of side effects.
Dose. — The usual dose of phentolamine hydrochloride is50 mg. orally 4 times daily, with a
range of 50 to 100 mg. Intravenously or intramuscularly, phentolamine methanesulfonate is
used in a dose of 5 mg., with a range of 5 to
30 mg.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.

PHENTOLAMINE HYDROCHLORIDE
TABLETS. U.S.P.

"Phentolamine Hydrochloride Tablets contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C17H19N3O.HC1." U.S.P.
Usual Size. — 50 mg.
PHENTOLAMINE
Phentolaminium

METHANESULFONATE. U.S.P.
Methanesulfonate

"Phentolamine Methanesulfonate, dried at 60°
in vacuum for 4 hours, contains not less than 98
per cent of C1-H19N3O.CH4SO3." U.S.P.
Regitine

Methanesulfonate

(Ciba).

This phentolamine salt is approximately 50
times as soluble in water as the hydrochloride. Its
use for preparation of injectable dosage forms
not only facilitates solution of the drug prior to
injection but also permits preparation of relatively concentrated solutions which are used in
dispensing the drug in ampuls and which solutions, by being more concentrated, are more
quickly lyophilized (evaporated to dryness from
the frozen state). Because of the practical difficulty of accurately measuring 5 mg. (the usual
dose) of the solid drug into an ampul, a solution
is prepared and dispensed into ampuls; however,
since the solution deteriorates markedly in several
months it is apparent that the water must be removed and this is done by lyophilization.
Description. — "Phentolamine Methanesulfonate occurs as a white, odorless, crystalline powder. Its solutions are acid to litmus, having a pH
of about 5, and slowly deteriorate. One Gm. of
Phentolamine Methanesulfonate dissolves in
about 1 ml. of water, in 4 ml. of alcohol, and in
about 700 ml. of chloroform. Phentolamine Methanesulfonate melts between 175° and 180°."
U.S.P.
Most of the tests, and the assay, are identical
with those for Phentolamine Hydrochloride, the
monograph for which discusses the uses also of
the methanesulfonate.
The usual adult dose of phentolamine methanesulfonate, administered intramuscularly or intravenously, is5 mg., dissolved in 1 ml. of water for
injection, with a range of 5 to 30 mg.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
PHENTOLAMINE
METHANESULFONATE FOR INJECTION.
U.S.P.
"Phentolamine Methanesulfonate for Injection
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is sterile phentolamine methanesulfonate or a
sterile mixture of phentolamine methanesulfonate
with suitable buffer or diluents. It contains not
less than 90 per cent and not more than 110 per
cent of the labeled amount of C17H19N3O.CH4SO3." U.S.P.
Storage. — Preserve "in single-dose containers,
preferably
of Type
glass." U.S.P.
Usual Size.
— 5 Img.
PHENYL

SALICYLATE.

N.F.

Salol, [Phenylis Salicylas]

HO.C6H4.COOC6H5
Phenolum Salicylicum; Phenoli Salicylas. Fr. Salicylate
de phenyle; Salicylate de phenol. Gcr. Phenylsalizylat ;
Salicylsaurephenylester. It. Salicilato di fenile ; Etere fenilsalicilico. Sp. Salicilato de fenol; Ester fenilsalicilico;
Salicilato de fenilo.

Phenyl salicylate was introduced into medicine
in 1886 by Nencki, of Basel. It may be prepared
in various ways, as by heating salicylic acid with
phenol in the presence of alkali and either phosphorus pentachloride or phosphorus oxychloride.
Nearly the theoretical yield of phenyl salicylate
may be obtained by heating salicylic acid to 230°
without access of air, whereby carbon dioxide is
eliminated from one molecule of phenyl salicylate
to form a molecule of phenol, which then condenses with another molecule of phenyl salicylate.
Description. — "Phenyl Salicylate occurs as
fine white crystals or as a white, crystalline powder, having a characteristic odor and taste. One
Gm. of Phenyl Salicylate dissolves in about 6700
ml. of water and in 6 ml. of alcohol. It is very
soluble in chloroform, in ether, and in fixed and
volatile oils. Phenyl Salicylate melts between 41°
and 43°." N.F.
Standards and Tests. — Identification. — (1)
Salicylic acid separates, and the odor of phenol
is apparent, on heating phenyl salicylate with
sodium hydroxide T.S. for a few minutes, then
acidifying the solution with hydrochloric acid. (2)
A reddish purple color is produced on adding
ferric chloride T.S.. well diluted with water, to
a 1 in 20 alcohol solution of phenyl salicylate.
Loss on drying. — Not over 1 per cent, when dried
over sulfuric acid for 4 hours. Residue on ignition.— Not over 0.1 per cent. Free phenol or salicylic acid. — Addition of ferric chloride T.S. to
the filtrate separated from a mixture of phenyl
salicylate and water produces no reddish purple
color. Chloride and sulfate. — Portions of filtrate
separated in the preceding test produce no turbidity when tested with silver nitrate T.S. and
barium chloride T.S., respectively. N.F.
Incompatibilities. — Liquids or soft masses
are formed when phenyl salicylate is triturated
with camphor, chloral hydrate, terpin hydrate,
thymol and many other substances. Alkalies cause
its hydrolysis to phenol and a salicylate.
Uses. — Phenyl salicylate is hydrolyzed in the
small intestine to phenol and salicylic acid; the
extent and rapidity of this decomposition depend
upon the amount of phenyl salicylate ingested and
the alkalinity of the juice in the intestine. With
large doses of phenyl salicylate, salicylate intoxication may occur, while sufficient phenol is produced to blacken the urine. Because the hydrolysis
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in the intestines proceeds somewhat slowly, phenyl
salicylate has been used as an internal antiseptic
in the treatment of enteritis and intestinal fermentation, but adequate doses are toxic. It has
also been used in rheumatism, but it is much less
prompt and certain in its action and more dangerous than the corresponding dose of sodium
salicylate. Hesselbach observed that it is prone
to affect the secreting structure of the kidneys,
and two fatal cases of poisoning by it have been
reported {Lancet, May, 1891). It is especially
dangerous when the kidneys are diseased.
Phenyl salicylate has been used as a test of
gastric motility, the time required for appearance
of salicylic acid in the urine depending largely
upon the rapidity with which it passes out of the
stomach. It is used for "enteric coating" of tablets to prevent solution in the acid gastric contents but its value in this respect is questionable.
It has been employed as a surgical dusting powder on the basis that it will be slowly hydrolyzed
by wound secretions, liberating its antiseptic constituents. In a comparative study of sunburnpreventive applications {J. A.M. A., 1946, 130, 1),
10 per cent of phenyl salicylate in red ("vet")
petrolatum was found to be the most effective, [vj
The usual dose is 300 mg. (approximately 5
grains) orally, with a range of 300 mg. to 1 Gm.
Storage. — Preserve "in tight containers at a
temperature not above 35°." N.F.
Off. Prep. — Acetophenetidin and Phenyl Salicylate Tablets; Phenyl Salicylate Tablets, N.F.

PHENYL

SALICYLATE
N.F.

TABLETS.

Salol Tablets

"Phenyl Salicylate Tablets contain not less than
91 per cent and not more than 109 per cent of
the labeled amount of C13H10O3." N.F.
Assay. — A representative portion of powdered
tablets, equivalent to about 300 mg. of phenyl
salicylate, is heated with sodium hydroxide T.S.,
converting the former to phenol and salicylic acid,
as sodium salts. The mixture is acidified with hydrochloric acid, extracted with ether and, after
evaporating the solvent, the salicylic acid in the
residue is titrated with 0.1 N sodium hydroxide,
using phenolphthalein T.S. as indicator. Each ml.
of 0.1 N sodium hydroxide represents 21.42 mg.
of C6H4(OH)COOC6H5. N.F.
Storage. — Preserve "in tight containers at a
temperature not above 35°." N.F.
Usual Sizes. — 1, 2%, and 5 grains (approximately 60, ISO, and 300 mg.).
PHENYLEPHRINE

HYDROCHLORIDE. U.S.P.

Phenylephrinium Chloride, /-l-(m-Hydroxyphenyl)-2methylaminoethanol Hydrochloride

K
L HO )

CH,
V-CHCH,— N+H
'
OH

Isophrin
Hydrochloride
(BroemmtV) ;
Hydrochloride (Winthrop-Steartu) .

cr
Nec-Synephrine

Hydrochloride
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This sympathomimetic amine may be synthesized from w-hydroxybenzaldehyde, which is
successively converted to the cyanhydrin by
treatment with hydrogen cyanide, the cyanhydrin
hydrolyzed by acid to the corresponding primary amine, and the latter converted to racemic
phenylephrine hydrochloride by treatment with
formaldehyde. U. S. Patent 1,932,347 (October
24, 1933) describes a process in which mhydroxy-methylaminoacetophenone hydrochloride,
C6H4(OH)COCH2NHCH3.HCl, is dissolved in
water and the ketone group reduced to the alcohol
(phenylephrine hydrochloride) by hydrogenation
in the presence of colloidal palladium; the racemate is obtained in this method also. Resolution
of the racemate may be effected by treatment
with optically active acids, as tartaric, bromocamphorsulfonic, etc. (see U. S. Patent 1,954,390,
April 10, 1934). Phenylephrine differs from epinephrine in containing one less hydroxyl group,
that in para-position, in the phenyl ring.
Description. — "Phenylephrine Hydrochloride
occurs as white or nearly white crystals. It is
odorless, and has a bitter taste. Its solutions are
acid to litmus. Phenylephrine Hydrochloride is
freely soluble in water and in alcohol. Phenylephrine Hydrochloride melts between 140° and
145°." U.S.P.
Standards and Tests. — Identification. — (1)
Phenylephrine base melts between 169° and 172°.
(2) A reddish purple color, not extractable by
ether, results when cupric sulfate T.S. and a solution of sodium hydroxide are added to a solution
of phenylephrine hydrochloride. (3) A permanent
amethyst-purple color results when ferric chloride T.S. is added to a solution of phenylephrine
hydrochloride. (4) A solution of phenylephrine
hydrochloride responds to tests for chloride. Specific rotation. — Not less than —42° and not more
than —46°, when determined in a solution containing 200 mg. of dried phenylephrine hydrochloride ineach 10 ml. Loss on drying. — Not over
1 per cent, when dried at 105° for 2 hours. Residue on ignition. — Not over 0.2 per cent. Sulfate. —
The limit is 0.2 per cent. Ketones. — Phenylephrine hydrochloride yields no more color with
sodium nitroferricyanide than is produced in a
blank test performed with the reagents. Chloride
content. — Not less than 17.0 per cent and not
more than 17.7 per cent. U.S.P.
Uses. — Structurally phenylephrine differs from
epinephrine only in removal of the ^-hydroxyl
group from the latter, this conferring on phenylephrine additional biological stability with minimum sacrifice of activity (see general discussion
of Sympathomimetic Amines, in Part II). Phenylephrine is a potent vasoconstrictor; its pressor
activity is roughly Vlo that of epinephrine. Moreover, phenylephrine tends to slow heart rate
rather than accelerate it. Whereas epinephrine is
prone to induce cardiac irregularities when administered during certain gaseous general anesthesias, phenylephrine does not possess this propensity (Orth et al., J. Pharmacol., 1939, 67, 1).
This comparative safety of phenylephrine has
encouraged its use in paroxysmal supraventricular
tachycardia to induce refiexly a reversion of
rhythm to normal (Cunningham and Schnitzker,
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J. Pediatr., 1950, 37, 727). Cohen (A\ Y. State
J. Med., 1952, 52, 2038) reported on its use in
shock accompanying infarction. It has been used
most satisfactorily to combat hypotension secondary to loss of vasomotor tone accompanying spinal
analgesia (Kreul and Orth. Anesth., 1951, 12,
455). Care should be exercised that injection of
phenylephrine hydrochloride not be made around
the vein, for local necrosis has been reported to
follow its extravasation (Peirce and Polley, New
Eng. J. Med., 1954, 250, 114).
Phenylephrine hydrochloride is sometimes administered orally in treatment of orthostatic hypotension and allergic disorders. The mild gastrointestinal symptoms occasionally observed with
the large doses required by the oral route may
usually be avoided by giving the drug after meals.
Phenylephrine hydrochloride is employed extensively as a local vasoconstrictor by laryngologists and also as a nasal decongestant, either
alone or in combination with other drugs. It is
also used in the eye as a mydriatic, preliminary
to fundoscopic examination. With cycloplegics it
is used to detect refractive errors. It is also used
to aid in prevention or freeing of posterior
synechiae. In glaucoma it is used as a temporary
vasoconstrictor to lower intraocular tension.
Dose. — The usual subcutaneous or intramuscular dose is 5 mg., 3 times daily, with a range of
1 to 10 mg. In the treatment of paroxysmal
tachycardia a 0.2 per cent solution may be injected intravenously, the initial dose not exceeding 0.5 mg. and subsequent doses not greater than
0.2 mg., depending on the initial blood pressure
response. In orthostatic hypotension the initial
oral dose is 150 mg. daily, decreasing to 60 mg.
daily; in allergic states from 30 to 75 mg. daily,
in divided doses, is recommended. For topical use
0.3 ml. of 0.25 or 0.5 per cent aqueous solution
may be used every 4 hours; the range of dose by
this route is 0.1 to 0.5 ml.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
PHENYLEPHRINE HYDROCHLORIDE INJECTION.
U.S.P.
"Phenylephrine Hydrochloride Injection is a
sterile solution of phenylephrine hydrochloride in
water for injection. It contains not less than 95
per cent and not more than 105 per cent of the
labeled amount of C9H13XO2.HCI." U.S.P.
The trade-marked product. Solution NeoSynephrine Hydrochloride, supplied in 0.2 per
cent and 1 per cent concentration, also contains
0.1 per cent of sodium bisulfite as a preservative
and sodium chloride in sufficient amount to make
the solution isotonic.
The U.S.P. specifies that the pH of the injection is not below 3. The assay is the bromination procedure discussed under Phenol; since a
tribromo derivative of phenylephrine forms, the
equivalent weight, as with phenol, is 6.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass,
protected from light." U.S.P.
Usual Sizes. — 4 mg. in 2 ml.; 10 mg. in 1 ml.;
50 mg. in 5 ml.

PHENYLEPHRINE HYDROCHLORIDE SOLUTION.
U.S.P.
"Phenylephrine Hydrochloride Solution contains not less than 95 per cent and not more
than 105 per cent of the labeled amount of
CyHi3X02.HCl." U.S.P.
Description. — "Phenylephrine Hydrochloride
Solution is a clear, colorless, or slightly yellow
liquid. It is odorless, and neutral or acid to litmus." U.S.P.
The X.X.R. has currently accepted seven different solutions, supplied under the trade-marked
name Xeo-Synephrine Hydrochloride (WinthropStearns), and two solutions available under the
trade-marked name Isophrin Hydrochloride
(Broemmel). which come into the category of
the official phenylephrine hydrochloride solution.
These solutions contain from 0.125 to 10 per cent
of phenylephrine hydrochloride, the concentration and nature of the vehicle determining the
specific use of the solution. A solution containing
0.125 per cent of phenylephrine hydrochloride is
used as a decongestant for minor irritations of
the conjunctiva, a 2.5 per cent solution is used
as a mydriatic and a 10 per cent solution is employed for strong mydriatic effect; all these solutions contain 0.001 per cent of Aerosol OT 100
(dioctyl sodium sulfosuccinate) to increase penetration. Solutions containing 0.25 to 0.5 per cent
of phenylephrine hydrochloride are available for
topical application to nasal mucous membrane.
PHENYLETHYL
Phenethyl

Alcohol,

ALCOHOL.

N.F.

2-Phenylethanol

C6H5CH2CH2OH
Phenyethyl alcohol is a natural constituent of
the volatile oil obtained from several sources, including rose (about 60 per cent), geranium and
neroli. It is commonly prepared by synthesis, of
which there are several processes. One of these
utilizes condensation of the magnesium compound of bromobenzene with ethylene chlorohydrin (glycol monochloride). Another consists of
the reduction of the ethyl ester of phenylacetic
acid with metallic sodium. The product is variously purified.
Description. — "Phenylethyl Alcohol occurs as
a colorless liquid with a roselike odor and a sharp,
burning taste. One Gm. of Phenylethyl Alcohol
dissolves in 50 ml. of water. It is very soluble in
alcohol, in fixed oils, in glycerin, and in propylene
glycol, and is slightly soluble in mineral oil. The
specific gravity of Phenylethyl Alcohol is not less
than 1.017 and not more than 1.020." AT.F.
Standards and Tests. — Identification. — Benzoic acid obtained by oxidation of phenylethyl
alcohol (1) responds to the test for benzoate and
(2) melts
andand123°.
Refractive
index.
— Xot between
less than 119°
1.5310
not more
than
1.5330 at 20°. Residue on ignition. — The residue
from 10 ml. is negligible. Chlorinated compounds.
— Ignition of phenylethyl alcohol on oxidized copper gauze does not impart even a transient green
color to the flame. Aldehyde. — Xo yellow color
appears in the water layer when a mixture of
phenylethyl alcohol is shaken with an equal vol-
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ume of sodium hydroxide T.S. and allowed to
stand for an hour. N.F.
Uses. — Phenylethyl alcohol is recognized officially for its possible utility as an antibacterial
agent in ophthalmic solutions.
The requirement of the federal Food and Drug
Administration that liquid ophthalmic preparations packed in multiple-dose containers should
contain one or more suitable and harmless substances that will prevent growth of microorganisms, or should be so packaged as to volume and
type of container and so labeled as to afford adequate protection and minimize the hazard of injury resulting from contamination during use,
has stimulated search for antibacterial agents
suitable for this purpose. If the results of planned
clinical tests are favorable, phenylethyl alcohol
would appear to be an excellent antibacterial preservative for this purpose. According to Goldstein (/. A. Ph. A., Prac. Ed., 1953, 14, 498) of
the American Pharmaceutical Association Laboratory, inclusion of 0.5 per cent of this alcohol in
ophthalmic solutions prevented survival of Pseudomonas (zruginosa (which had been found as the
contaminant of certain manufactured ophthalmic
preparations) and also showed no evidence of
incompatibility with medicinal agents commonly
used in formulation of such solutions (see also
Brewer et al, J. A. Ph. A., 1953, 42, 584). Earlier
Lilley and Brewer (ibid., 1953, 42, 6) observed
that the action of phenylethyl alcohol was
markedly inhibitory on gram-negative organisms
but only slightly so on gram-positive organisms
in 0.25 per cent concentration; at 0.5 per cent
concentration, however, no growth of either type
organism occurred. Also, with the exception of
Candida albicans, 16 molds and yeasts were inhibited by phenylethyl alcohol in 0.25 per cent
concentration. Grote and Woods (ibid., 1955, 44,
9) found a 0.3 per cent aqueous solution of
phenylethyl alcohol not to be irritating to rabbit
eye and not to destroy the natural antiseptic
action of lysozyme in lacrimal fluid. Heller et al.
(J. A. Ph. A., Prac. Ed., 1955, 16, 29) reported
that 1.5 per cent of phenylethyl alcohol is bactericidal within 30 minutes against a variety of
organisms, and at this concentration only slightly
irritating to rabbit eye; they noted, however, development ofa flocculent precipitate after standing several weeks though this did not appear to
have any effect on germicidal activity.
In perfumery phenylethyl alcohol is used in
the compounding of rose and similar flower oils.
A possible objection to the use of phenylethyl
alcohol in some ophthalmic preparations is its
characteristic rose odor.
Phenoxyethyl alcohol, described in the British
Pharmaceutical Codex as phenoxyethanol, is
C6H5O.CH2CH2OH, and is closely related to
phenylethyl alcohol. It occurs as a colorless
liquid, soluble in 43 parts of water (at 15.5° C).
It is an antiseptic effective especially against
Psendomonas aeruginosa and is used as a 2.2 per
cent aqueous solution or as a 2 per cent cream
for local treatment of pyocyaneous infections of
superficial wounds, burns and abscesses.
Storage. — Preserve "in tight, light-resistant
containers in a cool, dry place." N.F.

Phenylmercuric Nitrate
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PHENYLMERCURIC
NITRATE.
N.F., B.P., LP.
Phenylhydrargyri Nitras

"Phenylmercuric Nitrate is a mixture of phenylmercuric nitrate and phenylmercuric hydroxide
containing not less than 62.75 per cent and not
more than 63.5 per cent of Hg." N.F. The B.P.
defines this substance as basic phenylmercuric
nitrate, represented by the formula CeHsHgOH.C6HsHgN03, and requires that it contain not less
than 98.0 per cent of Ci2Hn04NHg2, calculated
with reference to the substance dried over phosphorus pentoxide at a pressure not exceeding 5
mm. of mercury for 24 hours. The LP. defines
it as an equimolecular compound of phenylmercuric nitrate and phenylmercuric hydroxide, requiring not less than 62.2 per cent and not more
than 63.5 per cent of Hg, calculated with reference to the substance dried for 2 hours at 100°.
Basic Phenylmercuric Nitrate. Merphenyl Nitrate {Hamilton); Phe-Mer-Nite (Massengill).

Phenylmercuric nitrate may be prepared by the
interaction of ice-cold chloroform solutions of
nitrogen tetroxide and of diphenylmercury, the
product being crystallized from alcohol.
This compound should not be confused with
the normal salt which may be prepared by the
same reaction, by avoiding all contact with water,
even that present in alcohol. The normal salt has
the formula CeHoHgNOa and melts between 130°
and 132°; in aqueous solution, or even in moist
air, it is converted to the basic compound (Pyman
and Stevenson, Pharm. J., 1934, 79, 269). An
excess of nitric acid is required to prevent this
change in aqueous solution. Unfortunately the
literature on the antibacterial action of these
compounds is confused; several workers have assumed that the phenylmercuric nitrate they experimented with was the normal salt which seems
improbable in view of the instability of that salt
in water.
For information concerning phenylmercuric
chloride, official in N.F. IX, see U.S.D., 24th ed.,
p. 876. The LP. also recognizes phenylmercuric
borate, a white, crystalline powder, soluble in
about 25 parts of water; it contains almost exactly
the same amount of mercury as phenylmercuric
nitrate, and is used similarly.
Description. — "Phenylmercuric Nitrate occurs as a white, crystalline powder. It is affected
by light and its saturated aqueous solution is acid
to litmus. Phenylmercuric Nitrate is very slightly
soluble in water. It is slightly soluble in alcohol
and in glycerin. It is more soluble in the presence
of either nitric acid or alkali hydroxides. Phenylmercuric Nitrate melts between 175° and 185°."
N.F. The B.P. states that phenylmercuric nitrate
is soluble in 1500 parts of water and in 1000
parts of alcohol; it is more soluble in glycerin and
in fixed oils. The melting point is between 185°
and 190°, with decomposition. The pH of a 0.02
per cent w/v solution, in water, is about 4.2. The
LP. gives the melting point as between 183° and
184.5°, with decomposition.
Standards and Tests. — Identification. — (1)
A yellow mixture, having the characteristic odor
of nitrobenzene, results when 3 ml. of sulfuric
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acid is added to 100 mg. of phenylmercuric nitrate. (2) A white precipitate is produced on adding 1ml. of diluted hydrochloric acid to 5 ml. of
a saturated aqueous solution of phenylmercuric
nitrate. (3) A black precipitate is produced on
heating for 10 minutes, in a boiling water bath, a
mixture of 5 ml. of saturated aqueous solution of
phenylmercuric nitrate and 5 ml. of ammonium
sulfide T.S. Residue on ignition. — Not over 0.1
per cent. Mercury ions. — No yellow precipitate is
produced (mercuric ions) and the solution does
not darken (mercurous ions) on adding sodium
hydroxide T.S. to a saturated solution of phenylmercuric nitrate. Phenylmercuric ions. — A solution of 200 mg. of phenylmercuric nitrate in nitric
acid and water is titrated with 0.05 AT ammonium
thiocyanate, using ferric ammonium sulfate T.S.
as indicator. Each ml. of 0.05 N ammonium thiocyanate isequivalent to 13.89 mg. of phenylmercuric ion. of which the content is not less than
87.0 per cent and not more than 87.9 per cent.
N.F.
Assay. — The mercury in about 400 mg. of
phenylmercuric nitrate is reduced to the element
by warming with formic acid and zinc dust in an
aqueous medium. The amalgam thus produced is
washed, dissolved in diluted nitric acid, and the
mercuric ion obtained by this treatment is titrated with 0.1 AT sulfate
ammonium
thiocyanate,
ferric ammonium
T.S. as
indicator. using
Each
ml. of 0.1 N ammonium thiocyanate represents
10.03 mg. of Hg. N.F. The B.P. assay is essentially similar.
Incompatibilities. — Solutions of phenylmercuric nitrate produce with soluble chlorides a
precipitate of phenylmercuric chloride. On standing, solutions of phenylmercuric nitrate may yield
mercuric and mercurous ions, and metallic mercury; they should not be used when a precipitate
is present.
Uses. — Phenylmercuric nitrate is used as an
antiseptic. Its antibacterial power cannot be
stated with certainty as the reported experiments
have been with one or another of the proprietary
brands. Birkhaug (/. Infect. Dis., 1933, 53, 250)
reported that 1 part in 4,000,000 prevented the
growth of bacteria and some species were inhibited bv as little as 1 in 120,000,000. On the
other hand Nye (J.A.M.A., 1937, 108, 280) found
that 1 in 1500 did not kill staphylococcus after
5 minutes' exposure (1 in 8000 of mercury bichloride did kill under the same conditions).
Gershenfeld and Tomkin (Am. J. Pharm., 1939,
111, 382) reported a bactericidal effect, after
prolonged exposure, from 1 in 50.000 phenylmercuric nitrate. It would seem that phenylmercuric
nitrate is a very powerful bacteriostatic but as a
bactericide it is probably inferior to mercuric
chloride. It cannot be depended on to kill bacterial
spores even after several hours' exposure.
Weed and Ecker (/. Inject. Dis., 1933, 52, 354)
tested the toxicity of several phenylmercuric compounds and although their report does not allow
definite conclusions to be made as to the lethal
dose of these salts, it is obvious that they are
much less toxic to the general system than most
of the mercurial compounds. Birkhaug (loc. cit.)
found the lethal intravenous dose for rabbits to

be about 10 mg. and himself took within 24 hours
four doses of 40 mg. with no apparent effect beyond some looseness of the bowels; his urine
after the third dose became so strongly antiseptic
that even when diluted in the proportion of 1 to
500 it inhibited the growth of all the organisms
he tested except for E. coli, which was inhibited
by a 1 in 4 dilution.
Although not to be recommended for sterilizing
instruments, phenylmercuric nitrate may be used
as a general surgical antiseptic having the advantage over mercuric chloride of being less irritant
and less poisonous. For prophylactic disinfection
of the intact skin and minor lesions a 1 in 1500
solution is applied full strength. For application
to mucous membranes or for application of wet
dressings or continuous irrigation to wounds a
1 in 15,000 to 1 in 24,000 aqueous solution has
been used. To prevent solutions for the latter use
from becoming too concentrated 0.5 per cent of
sodium chloride may be added, which by forming
the less soluble phenylmercuric chloride limits the
concentration to less than 1 part in 20,000. The
1 in 1500 solution should never be used on wet
bandages or dressings as such a strong solution
may produce irritation, "burns" or poisoning in
individuals having undue sensitivity. A 1 in 1500
oxycholesterin base ointment is also available for
prophylactic disinfection of minor injuries, or
for treatment of superficial infections (see Levine,
J.A.M.A., 1933, 101, 2109). S
Sterilization of Injections. — Phenylmercuric
nitrate is one of the two "bactericides" permitted
to be used in the B.P. process for sterilizing parenteral injections by heating with a bactericide. In
this process the injection is prepared by dissolving or suspending the medicament in a 0.2 per
cent w/v solution of chlorocresol in water for
injection, or in a 0.002 per cent w/v solution of
phenylmercuric nitrate in water for injection;
the preparation is distributed in the final containers, and these are sealed. When the volume in
each container does not exceed 30 ml., the containers are heated at 98° to 100° for 30 minutes;
when the volume exceeds 30 ml., the containers
are heated for a sufficient time to ensure that the
solution or suspension in each container is maintained at 98° to 100° for 30 minutes. Davison
(/. Pharm. Pharmacol., 1951, 3, 734) found, however, that in his experiments even relatively low
concentrations of bacterial spores survived when
either chlorocresol or phenylmercuric nitrate was
used according to the official directions; in the
discussion of Davison's findings other investigators reported having found the procedure effective.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
PHOSPHORIC ACID.
N.F, B.P.
[Acidum Phosphoricum]

"Phosphoric Acid contains not less than 85 per
cent and not more than 88 per cent of H3PO4."
N.F. The B.P. acid contains 89.0 per cent w/w of
H3PO4 (limits, 88.0 to 90.0).
Orthophosphoric Acid; Syrupy Phosphoric Acid. Acidum
Phosphoricum
Solutum.
Fr. Acide Concentratum
phosphorique; Acidum
officinal; Phosphoricum
Solution officinale
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d'acide
phosphorique.
Ger. Phosphorsaure. /*. Acido fosforico; Acido
ortofosforico.

Phosphoric acid, discovered by Marggraf in
1743, was formerly prepared, according to the
pharmacopeial process, by oxidation of elemental
phosphorus with a diluted nitric acid. This process
may be employed commercially, but most of the
phosphoric acid is at present made by action of
diluted sulfuric acid on phosphate rock or bone
ash (tricalcium phosphate). The insoluble calcium
sulfate produced in the reaction is allowed to
settle, and the clear liquid containing the phosphoric acid drawn off and concentrated by evaporation. Apurer and more concentrated acid, meeting official requirements, is obtained by so-called
thermal methods, in which tricalcium phosphate
is heated, either in a blast or electric furnace,
with coke and sand, when the following reaction
occurs:
Ca3(P04)2 + 5C + 6Si02->
P2+ 5CO + 3(Ca0.2Si02)
The phosphorus is then oxidized to the pentoxide,
which on hydration yields phosphoric acid. Phosphorus pentachloride (or oxychloride) also yields
phosphoric acid on hydrolysis.
Description. — "Phosphoric Acid is a colorless,
odorless liquid of syrupy consistence. Phosphoric
Acid is miscible with water and with alcohol. The
specific gravity of Phosphoric Acid is about 1.71."
N.F.
Standards and Tests. — Identification. —
Phosphoric acid, neutralized with sodium hydroxide T.S. using phenolphthalein T.S. as indicator,
responds to tests for phosphate. Nitrate. — The
blue color of a mixture of 5 ml. of 1 in IS solution
of phosphoric acid and 0.1 ml. of indigo carmine
T.S. is not discharged in 1 minute. Phosphorous
or hypophosphorous acid. — Addition of 2 ml. of
silver nitrate T.S. to 5 ml. of a warm solution (1
in 15) of phosphoric acid does not produce a
brown color. Sulfate. — No precipitate is produced
immediately on adding 1 ml. of barium chloride
T.S. to 1 ml. of a 1 in 15 dilution of phosphoric
acid mixed with 6 ml. of water. Arsenic. — A 2 -ml.
portion of a 1 in 15 dilution of phosphoric acid
meets the requirements of the test for arsenic.
Alkali phosphates. — No turbidity is produced on
adding 6 ml. of ether and 2 ml. of alcohol to 1
ml. of phosphoric acid. Heavy metals. — The limit
is 20 parts per million. N.F.
The B.P. includes limit tests for calcium, aluminum, chlorides, and iron; the arsenic and lead
limits are 4 and 10 parts per million respectively.
Absolute phosphoric acid, H3PO4, is a crystalline solid, fusing at 42.3°. It is soluble in either
alcohol or water. When exposed to the air it
deliquesces to a thick syrupy liquid.
Assay. — About 1 Gm. of phosphoric acid is
mixed with water, sodium chloride is added to
repress hydrolysis of the disodium phosphate
formed in the titration, and the solution titrated
with 1 N sodium hydroxide, using phenolphthalein
T.S. as indicator. Each ml. of 1 N sodium hydroxide represents 49.00 mg. of H3PO4. N.F.
Glacial Phosphoric Acid. — (Metaphosphoric Acid; Monobasic Phosphoric Acid; Fr.
Acide metaphosphorique ; Ger. Metaphosphor-
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sdure; Eisphosphorsdure.) When orthophosphoric
acid is heated between 250° and 260°, two molecules condense, with the loss of one molecule of
water, to form pyrophosphoric acid:
2H3PO4 -» H2O + H4P2O7
At a red heat, another molecule of water is removed and the product is metaphosphoric acid:
H4P2O7 -» H2O + 2HP0.3
The latter occurs as a clear, very viscous liquid.
The reagent sold as Glacial Metaphosphoric Acid
Sticks contains in addition the equivalent of 17
to 18 per cent of Na20. The acid dissolves readily
in water, passing into the ortho acid slowly in the
cold, rapidly if the solution is boiled. It is said
to exist in several polymeric forms.
The three hydrates of phosphorus pentoxide,
represented by the three acids mentioned, may be
distinguished by the solubilities of certain of
their salts. Silver nitrate forms with the ortho
acid a yellow precipitate; with pyrophosphoric
acid a white, crystalline precipitate; with the
meta acid, a white, gelatinous precipitate. Metaphosphoric acid is further distinguished from the
other two in that it coagulates albumen.
Uses. — Phosphoric acid is employed in the
manufacture of phosphates and in processes and
preparations where a weakly ionizing acid is required. It has the same medicinal properties and
uses as the diluted phosphoric acid, making allowance for the difference in strength, but is
practically never prescribed.
Storage. — Preserve "in tight containers." N.F.
Off. Prep.— Diluted Phosphoric Acid, N.F.,
B.P.; Glycerinated Gentian Elixir, N.F.
DILUTED

PHOSPHORIC
N.F. (B.P.)

ACID.

[Acidum Phosphoricum Dilutum]

"Diluted Phosphoric Acid contains, in each
100 ml., not less than 9.5 Gm. and not more than
10.5 Gm. of H3PO4." N.F. The strength of the
B.P.
10.5). acid is 10.0 per cent w/w (limits, 9.5 to
B.P. Dilute Phosphoric Acid. Fr. Acide phosphorique
dilue ; Solution aqueuse, au dixieme, d'acide phosphorique.
Ger. Verdiinnte Phosphorsaure. Sp. Acido fosforico diluido.

Diluted phosphoric acid may be prepared by
mixing 69 ml. of phosphoric acid with sufficient
purified water to make 1000 ml. N.F.
The B.P. directs that 112 Gm. of phosphoric
acid be mixed with 888 Gm. of distilled water.
Description. — "Diluted Phosphoric Acid is a
clear, colorless, odorless liquid. Its specific grav1.057."
N.F.phosphoric acid is likely
Onity is about
standing,
diluted
to show evidence of growth of microscopic plants.
Incompatibilities. — Diluted phosphoric acid
is incompatible with salts of silver, lead, and
mercury, and also with many compounds of iron,
aluminum and calcium, insoluble precipitates
being formed unless the acid is considerably in
excess, when the precipitate may redissolve.
Uses. — Phosphoric acid, in the form of various
salts and esters, plays an exceedingly important
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role in human biochemistry. Hardly a tissue
exists which does not contain, or for its proper
functioning depend upon, a number of compounds which are salts or esters of phosphoric
acid. It is estimated that the average person
contains 700 Gm. of phosphorus, of which 600
Gm. is present in bones, principally as phosphates
of calcium. Phosphoric acid, in the form of the
ions H2PO-1"- and HPG"4 = . participates in the
various buffer mechanisms of blood. Phosphorylation, i.e., esterification with phosphoric acid, is
one of the most important and frequently encountered chemical reactions which occur in the
body. For example, carbohydrates cannot be absorbed until their monosaccharide end products
are phosphorylated; the release of muscular and
other forms of energy involves the utilization of
energy-rich phosphate bonds produced by phosphorylation; several vitamins function as coenzymes in a large number of enzyme reactions only
after they have been phosphorylated.
As important, as phosphoric acid is, it has few
therapeutic uses. It is probably never employed
as a source of the body's requirements; its calcium salts are used for this purpose, when needed.
The diluted acid may be used to supply acid for
peptic digestion. Mixed with lime juice or lemon
juice, or diluted with water, diluted phosphoric
acid has been used to relieve thirst. It has been
employed as a urinary acidifier in the treatment
of certain types of cystitis, but sodium Diphosphate is more efficient. A 4-ml. dose of diluted
phosphoric acid every hour for 12 doses daily is
claimed to remove lead deposits from the body
in the treatment of chronic lead poisoning (Medicine, 1925, 4, 1). A 0.7 molar (5 per cent) phosphoric acid gel, having a pH of about 1. was used
by Schweitzer and Bradsher (New Eng. J. Med.
1951, 244, 705) as a dressing for debridement of
burns to hasten removal of slough.
Dose, from 1 to 4 ml. (approximately 15 to 60
minims)
well diluted.
Storage. — Preserve "in tight containers." N.F.

PHTHALYLSULFACETAMIDE.

N.F.

"Phthalylsulfacetamide, dried at 105° for 4
hours, contains not less than 99 per cent of
C16H14N2O6S." N.F.
Thalamyd

(Schering).

Phthalylsulfacetamide is the ester obtained by
interaction of a molecule each of sulfacetamide
(g.v.,) and phthalic anhydride; the esterification
occurs at the -NH2 group of the former.
Description. — "Phthalylsulfacetamide occurs
as white or creamy white crystals or as a crystalline powder, possessing a slight odor. It decomposes with liquefaction between 186° and
202°. Phthalylsulfacetamide is very slightly soluble in water, soluble in acetone, and freely soluble in solutions of alkali hydroxides." N.F.
Standards and Tests. — Identification. — (1)
Cupric sulfate T.S. produces in an alkaline solution of phthalylsulfathiazole a Light blue precipitate. (2) A greenish yellow fluorescence results

when phthalylsulfacetamide is heated with resorcinol until it melts and turns brick red in color
and is then dissolved in sodium hydroxide T.S.
(3) A deep red color is produced on adding
sodium hydroxide T.S. to a mixture of phthalylsulfacetamide. phenol and sulfuric acid which has
been previously heated. Acidity. — Not over 0.5
ml. of 0.1 N sodium hydroxide is required to
neutralize an aqueous solution obtained by shaking the equivalent of 1.2 Gm. of phthalylsulfacetamide shaken with 40 ml. of chilled water. Residue on ignition. — Not over 0.1 per cent. Clarity
and color of solution. — A solution of 1 Gm. in a
mixture of 20 ml. of water and 10 ml. of sodium
hydroxide T.S. is clear and not more than
slightly yellow. Chloride. — The limit is 140 parts
per million. Sulfate. — The limit is 400 parts per
million. Heavy metals. — The limit is 20 parts per
million. Limit of free sulfacetamide. — 0.24 per
cent. N.F.
Assay. — About 1.2 Gm. of dried phthalylsulfacetamide is refluxed with hydrochloric acid to
hydrolyze the compound to sulfacetamide and
phthalic acid, the former substance then being
quantitatively diazotized by titration with 0.1 M
sodium nitrite (for explanation of assay see under
Sulfanilamide). Each ml. of 0.1 M sodium nitrite
represents 36.24 mg. of C16H14N2O6S. N.F.
Uses. — This poorly absorbed sulfonamide compound has the same action and uses as an intestinal antibacterial agent as succinvlsulfathiazole or
phthalylsulfathiazole.
153,
1519) reported that itPoth
was (J.A'.M.A.,
absorbed to 1953,
a greater,
although variable, extent from the gastrointestinal tract, even though it is seldom detectable in
the blood, and hence resulted in a higher incidence of untoward effects. Turell and Wilkinson
(Surgery, 1950, 28, 651) concluded, however,
that this greater penetration of the bowel wall
was an advantage in preoperative sterilization of
the intestinal tract. Crenshaw (South, M. J.,
1949. 42, 935) and Coller and DeWeese
(J. A.M. A., 1949, 141, 641) reported also on the
preoperative use of this sulfonamide. Definite
improvement in 65 per cent of cases of ulcerative
colitis was reported by Heineken and Seneca
(Rev. Gastroenterol., 1948, 15, 611). In children
with Shigella son?iei dysentery, Lehr et al. (Fed.
Proc, 1950, 9, 295) reported it to be as effective
as sulfadiazine in eliminating the organism from
the stools, in 4 to 7 days in 11 of 27 cases, although less so than a mixture of sulfadiazine,
sulfamerazine and sulfacetamide, which was effective in 20 of 24 cases. Wright (Can. Med.
Assoc. J., 1949. 61, 63) reported prompt cure of
a case of typhoid fever. Among 43 cases of
cholera treated with it only 1 died in an epidemic
in Egypt in which the general mortality rate was
49.2 per cent (Seneca and Henderson, Am. J.
Trop. Med., 1949, 29, 425). Untoward reactions
have been rare (Henderson and Seneca, Am. J.
Digest. Dis., 1949, 16, 372). S
Dose. — The usual dose is 2 Gm. (about 30
grains) by mouth 3 times a day, with a range of
1.5 to 4 Gm. On a basis of body weight the dose
for adults or children is 200 mg. per kilogram
daily, divided into 3 or 4 portions.
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solution it titrated with 0.1 M sodium nitrite (for
explanation of reaction see under Sulfanilamide) .
Each ml. of 0.1 M sodium nitrite represents
PHTHALYLSULFACETAMIDE
40.34 mg. of C17H13N3O5S2. U.S.P.
TABLETS.
N.F.
Uses. — Phthalylsulfathiazole is the preferred
sulfonamide for gastrointestinal antisepsis (Strei"Phthalylsulfacetamide Tablets contain not less
cher, J. A.M. A., 1945, 129, 1080). It is a relathan 95 per cent and not more than 105 per cent
tively insoluble sulfonamide which is sparingly
of the labeled amount of C16H14N2O6S. N.F.
absorbed from the gastrointestinal tract; the conUsual Size. — 500 mg.
centration of free and conjugated sulfathiazole
in the blood is low (0.2 to 3 mg. for the free
PHTHALYLSULFATHIAZOLE.
U.S.P.
form and 0.7 to 3 mg. for the conjugated form
[Phthalylsulfathiazolum]
per 100 ml.). Occasionally, blood levels may
S — ji reach 6 mg. per 100 ml. Angelo (Rev. Gastro■nhh
enterol., 1948, 15, 145) reported that absorption
(x
was increased through large granulating lesions
of the intestine. Phthalylsulfathiazide is excreted
rapidly in the urine. It possesses twice the bacteriostatic activity against coliform organisms of
an equal quanity of succinylsulfathiazole (Poth
and Ross, /. Lab. Clin. Med., 1944, 29, 785;
Mattis et al., J. Pharmacol., 1944, 81, 116).
"Phthalylsulfathiazole, dried at 105° for 4
In the preparation of the colon for surgical
hours, contains not less than 98 per cent
n — ofu
procedures,
Poth (Surgery, 1945, 17, 773) conC17H13N3O5S2." U.S.P.
cluded that phthalylsulfathiazole was the most
2-(N4-phthalylsulfanilamido)thiazole. Sulfathalidine (Sharp
effective agent; he recommended 1.5 Gm. by
& Dohme).
mouth every 4 hours for 7 days prior to operation. If a count of the number of E. coli in the
Phthalylsulfathiazole may be prepared by heatfeces can be made, the drug is continued until
ing phthalic anhydride and sulfathiazole in anhythe count is less than 20 per Gm. It exerts a
drous ethanol (see Moore and Miller, J.A.C.S.,
prolonged inhibitory action on the bacterial flora
1942, 64, 1572; U. S. Patents 2,324,013-4, July
of the intestine and prevents the overgrowth of
13, 1943). Like succinylsulfathiazole, it is a dibasic acid ester of sulfathiazole.
A. cerogenes in the intestine. For the greatest
effect, purgation must be used in conjunction
Description. — "Phthalylsulfathiazole occurs as
with its administration. Poth (J.A.M.A., 1953,
a white or faintly yellowish white, crystalline
153, 1516) later recommended that it be given
powder. It has a slightly bitter taste and is odorless. It may slowly darken on long exposure to
in combination with neomycin, which exerts a
light. Phthalylsulfathiazole is practically insoluble
rapid bactericidal action. This sulfonamide does
not cause fluid feces and it is effective even in
in water and in chloroform. It is slightly soluble
in alcohol, and very slightly soluble in ether. It
the presence of a watery diarrhea if the usual
is readily soluble in solutions of alkali hydroxides
dose is doubled. It has also been employed in
and their carbonates, and in hydrochloric acid.
connection with anorectal surgery for 24 hours
Phthalylsulfathiazole darkens and intumesces at
before and 4 to 14 days after the operation by
Angelo (loc. cit.), who also recommended it in
244° to 250° and melts, with decomposition, bethe management of acute diverticulitis. S
tween 272° and 2 77°, the bath being preheated
to about 220°." U.S.P.
Toxicology. — Mild reactions occur in less
Standards and Tests. — Identification. — (1)
than 1 per cent of cases, these consisting of headache, malaise, anorexia and a moderate rise in
On warming an aqueous mixture of phthalylsulfathiazole and sodium bicarbonate the sulfonamide
temperature; the drug need not be discontinued.
dissolves with evolution of carbon dioxide. (2)
Angelo reported 5 cases of a maculopapular rash
and 3 of excessive intestinal bleeding among 587
Resorcinphthalein, obtained by heating phthalylsulfathiazole, resorcinol and sulfuric acid, shows
patients with intestinal disease receiving the drug.
a vivid green fluorescence in alkaline solution: in
Severe reactions, such as granulocytopenia, are
extremely infrequent but obviously can occur
acid solution the fluorescence disappears. Acidsince the concentration of the drug in the blood
ity.— Not more than 5 ml. of 0.02 N sodium hydroxide isrequired for neutralization of a satumay be quite high on occasion (Fisch, Gastrorated aqueous solution representing 500 mg. of
enterology, 1950, 16, 782). Its tendency to cause
ropy, tenacious stools may make cleansing of the
phthalylsulfathiazole. Loss on drying. — Not over
bowel difficult.
2 per cent, when dried at 105° for 4 hours. ResiDose. — The usual dose is 1.5 Gm. (approxidue on ignition. — Not over 0.1 per cent. Chlomately 23 grains) 4 times a day, by mouth, with
ride.— The limit is 150 parts per million. Sulfate.
a range of 4 to 8 Gm. daily. On a basis of body
— The limit is 400 parts per million. Heavy
weight, the usual dose is 20 mg. per kilogram
metals. — The limit is 20 parts per million. U.S.P.
(approximately 10 mg. per pound) every 4 hours
Assay. — About 1 Gm. of phthalylsulfathiazole,
by mouth. An enema containing 10 Gm. of
previously dried at 105° for 4 hours, is hydrosodium bicarbonate and a suspension of 6 Gm.
lyzed, by heating with hydrocloric acid, to sulfathiazole and phthalic acid. The sulfathiazole in
of phthalylsulfathiazole in 1000 ml. of tap water
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
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may be used. For preoperative sterilization of
the intestinal lumen, Poth (loc. cit.) uses 1.5
Gm. every hour for 4 doses and then every 4
hours for 4 doses, i.e., 20 hours of preparation;
a dose of 1 Gm. of neomycin is given orally
with each dose of phthalylsulfathiazole. If the
patient's condition permits, 60 ml. of castor oil
is administered 1 hour before starting the course
of treatment.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
PHTHALYLSULFATHIAZOLE
TABLETS.
U.S.P.
"Phthalylsulfathiazole Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of C17H13N3O5S2." U.S.P.
Usual Size. — 500 mg.
PHYSOSTIGMINE SALICYLATE.
U.S.P., B.P.. LP.
Eserine

Salicylate, Physcstigminium Salicylate,
[Physostigminae Salicylas]

C7H503-

"Physostigmine Salicylate is the salicylate of
an alkaloid usually obtained from the dried ripe
seed of Physcstigma venenosum Balfour (Fam.
Leguminosce)." U.S.P.
I. P.Physostigminsalizylat.
Physostigmini Salicylas.
Fr. Salicylate
d'eserine.
Ger.
It. Salicilato
di fisostigmina.
Sp. Salicilato de eserina ; Salicilato de Fisostigmina.

The seeds of the Physostigma venenosum Balfour (Fam. Leguminosce) were formerly official
but were deleted at the tenth revision of the
U.S.P.
Physostigma venenosum is a perennial, woody,
climbing plant indigenous to West Africa, frequenting especially the banks of streams. The
leaves are pinnately-compound, stipulate, each
possessing 3 ovate, acuminate leaflets. The flowers
are in axillary, multiflorous, pendulous racemes.
The corolla is papilionaceous, of a pale pink color
with a purplish tinge. The legume when ripe is
about 7 inches long, and contains 2 or 3 reniform
or oblong seeds. It ripens at all seasons, but is
most abundant during the rainy season from June
to September. The seeds are the part used. The
plant has been introduced into India and Brazil,
and is said to flourish in the latter country. The
market supplies are obtained from the regions
surrounding the mouth of the Niger and the
lower portion of the Calabar River, the chief port
of export being Lagos (Apoth.-Ztg., 26, p. 568;
27, p. 137). For additional data on botanical description, history, etc., of Physostigma venenosum, see Sharp, Pharm. J., 1916, p. 619.
The seeds {Physostigma U.S.P. IX, Calabar
Bean; Chopnut; Ordeal Bean of Calabar; Esere
Nut; Faba Calabarica) were officially described
as follows : "Oblong or ellipsoidal, somewhat com-

pressed reniform, from 15 to 30 mm. in length
and from 10 to 15 mm. in thickness; externally
reddish or chocolate brown, smooth, somewhat
wrinkled near the brownish-black groove, the latter
being about 2 mm. in width and extending almost
the entire length of the convex edge and in which
are found frequently the remains of the white
membranous funiculus, the margins of the seedcoat on both sides of the groove somewhat elevated, of a yellowish-red or brownish-red color
and somewhat thickened; embryos large, white,
with short hypocotyl and two concavo-convex
cotyledons; taste at first starchy, afterwards
acrid." U.S.P. IX. For description of microscopic
characters and assay for alkaloids see U.S.D.,
22nd ed., p. 838.
Calabar beans are occasionally substituted by
a number of more or less similar seeds of African
plants. Hartwich (Schweiz. Wchnschr. Pharm.,
1905, p. 441) called attention to a false physostigma found in the Hamburg drug market which
is derived from Pentaclethra macrophylla Benth.,
a leguminous tree indigenous to tropical Africa.
The seeds are dark reddish-brown, from 5 to 7
cm. long, about 5 cm. broad and about 1 cm.
thick. They are flattened-oval or roundish-triangular. Other substitutes have included the seeds
of Entada phaseloids (L.) Merrill (E. scandens
Benth.), which are round, flat, brown and shining,
about 5 cm. in width, and the seeds of Mucuna
urens De Candolle which are flattened and discoid
and about 5 cm. in width.
The seeds of Physostigma cylindrospermum
Holmes have occurred as an occasional adulterant
of Calabar beans. These are subcylindrical, up to
4 cm. long and possess a shorter raphe than the
genuine article.
In 1864 Jobst and Hesse isolated an alkaloid
to which they gave the name of physostigmine.
The following year Vee and Leven obtained an
alkaloid which they called eserine, from the
African name for the drug. This latter was subsequently shown to be identical with physiostigmine. Polonovski, in 1915, reported another alkaloid which he called geneserine, C15H21N3O3. In
subsequent contributions, with various associates,
he demonstrated that this is an amine oxide of
physostigmine and that it can be prepared from
that alkaloid by the action of hydrogen peroxide.
He expressed the opinion that a similar oxidation
takes place in the bean by enzymic action (Bull,
sc. Pharmacol., 1924, 31, 63 and 138; Compt.
rend. acad. sc., 1925, 181). Physiologically geneserine isvery similar to physostigmine but is
about one-tenth as active (see Heathcote, /.
Pharmacol, 1932, 46, 375).
Eseramine, C16HJ5X4O3, was reported by
Ehrenberg in 1893 and its presence has been confirmed by Salway (Trans. Chem. Soc, 1911, 99,
2148). We know of no study of its activity. In
addition to these alkaloids various other bases
have been reported but not confirmed. Bohringer
in 1888 reported a base which he called eseridine,
but Salway (loc. cit.) was unable to confirm his
results. It has been stated (Merck's Berichte,
1926, 40, 37) that eseridine is identical with
geneserine. Isophysostigmine was reported by
Ogiu in 1904, who stated that it was isomeric
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with physostigmine and more active physiologically. Its presence was denied by Salway. Calabarine was reported by Harnack and Witkowski in
1876, who stated that it differed materially from
physostigmine in being a stimulant to the spinal
cord. It seems probable that the opinion of Husemann, that it is a decomposition product of physostigmine, iscorrect. Indeed it seems that in
view of the close chemical relationship between
the bases separated from Calabar bean that many
of them are degradation products of other bases.
Physovenine, obtained by Salway, C14H18N2O3,
and which he regarded as an intermediary in the
decomposition of eserine, has a miotic effect like
the mother alkaloid.
Physostigmine base occurs: "In colorless or
pinkish crystals, slightly soluble in water, but
readily soluble in alcohol and in diluted acids.
The aqueous solution has an alkaline reaction,
when warmed with or when shaken with dilute
solution of potash becomes red, and when evaporated to dryness over a water bath leaves a
bluish residue, the acidified solution of which is
beautifully dichroic, being blue and red." B.P.
Description. — "Physostigmine Salicylate occurs as white or faintly yellow, shining, odorless
crystals, or as a white or faintly yellow powder.
It acquires a red tint when long exposed to light
and air. A cold, saturated solution of Physostigmine Salicylate is neutral or acid to litmus. One
Gm. of Physostigmine Salicylate dissolves in 75
ml. of water, in 16 ml. of alcohol, in 6 ml. of
chloroform, and in about 250 ml. of ether." U.S. P.
The B.P. gives the melting point of the dried
salt as between 184° and 187°.
Stability. — In aqueous solution, especially in
the presence of alkali, physostigmine and its salts
undergo a progressive change in color, at first becoming red, then blue, and finally brown. According to Ellis and co-workers (/. Pharmacol.,
1943, 79, 364) this decomposition of physostigmine involves first hydrolytic cleavage of its
methyl carbamyl group with loss of methylamine
and carbon dioxide and formation of the hydroxy
derivative eseroline; this compound is then oxidized to a dioxy derivative rubreserine, so named
because of its red color; further degradation results in the formation of the colored derivatives
eserine blue and eserine brown.
The same workers observed that both rubreserine and eserine blue inhibit destruction of acetylcholine by cholinesterase, but that they are considerably weaker than physostigmine; it required
a solution of these degradation products about
100 times as concentrated as that of physostigmine to produce a similar degree of retardation
of the destruction. Eseroline exerted practically
no effect in inhibiting cholinesterase. The studies
of these investigators seem to demonstrate (1)
that coloration of physostigmine solutions always
indicates some loss of potency and (2) that
eventually the solutions become therapeutically
worthless. The decomposition may be retarded by
previously rinsing out the bottle with diluted
hydrochloric acid, and subsequently with distilled
water, or by coating the inner surface of the dispensing vial with paraffin. That addition of boric
acid to solutions of physostigmine salts will re-
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tard the decomposition has been claimed and
denied (Rae, Pharm. J., 1946, 156, 329); 0.1
per cent of potassium metabisulfite is satisfactory
as a preservative but the acidity of the solution
may be excessive for ophthalmic application. Preservation of physostigmine solutions for 6 months
by addition of 1:1000 of ascorbic acid has also
been claimed (ibid., 1951, 166, 11).
Besides physostigmine salicylate the LP. recognizes physostigmine sulfate, which was formerly
recognized also by the B.P. The sulfate, however, is very deliquescent and at least in the
United States is rarely, if ever, used.
Standards and Tests. — Identification. — (1)
A blue residue results when 5 mg. of physostigmine salicylate is evaporated on a water bath
with a few drops of ammonia T.S.; on dissolving
the residue in alcohol and adding an excess of
acetic acid a red, fluorescent solution is produced.
(2) A pink color rapidly develops on adding a
few drops of sodium hydroxide T.S. to a cold
saturated solution of physostigmine salicylate.
(3) A deep violet color is produced on adding
ferric chloride T.S. to a solution of physostigmine salicylate. Specific rotation. — Not less than
—91° and not more than —94°, when determined
in a solution containing 100 mg. of dried physostigmine salicylate in 10 ml. Loss on drying. —
Not over 2 per cent, when dried over sulfuric
acid for 4 hours. Residue on ignition. — The residue from 100 mg. is negligible. Sulfate. — The
filtrate separated after precipitating salicylic acid
from a cold, saturated solution of physostigmine
salicylate with a slight excess of diluted hydrochloric acid is not rendered turbid at once by the
addition of barium chloride T.S. Readily carbonizable substances. — A solution of 100 mg. of
physostigmine salicylate in 5 ml. of sulfuric acid
has no more color than matching fluid I. U.S.P.
Uses. — Action. — As described elsewhere in
this volume (see Parasympathomimetic Agents
and Cholinesterase Inhibitors, in Part II), the
action of the parasympathetic nerves is intermediated bythe formation of acetylcholine at the
peripheral ends of these nerves. The action of
acetylcholine is normally very fleeting because
of its hydrolysis by a specific enzyme. Physostigmine inhibits the destructive action of this
cholinesterase (Manning and Hall, /. Pharmacol.,
1937, 61, 350) and thereby prolongs and exaggerates the effects of the acetylcholine. The
changes in body function which are produced by
the injection of physostigmine are, therefore,
very similar to those which would occur from
simultaneous stimulation of all the parasympathetic nerves and include: contraction of the
pupil, increased tonus of the intestinal musculature, constriction of the bronchi and stimulation
of secretion of the salivary and sweat glands.
This, however, does not seem to explain all the
observed facts. In the first place, if its only action
were to prevent the destruction of acetylcholine
it could only cause these symptoms when something had excited the parasympathetic nerves; in
the second place, Manning and Hall (loc. cit.)
found that while small doses of physostigmine
would exaggerate the changes following parasympathetic stimulation they did not cause
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spontaneously such manifestations of parasympathetic action, but that large doses did cause
spontaneous parasympathetic symptoms with no
signs of greater cholinesterase inhibition than
the small dose; in the third place, parasympathetic stimulation slows the pulse and dilates the
arteries causing a drop in the blood pressure, but
Freeman and Carmichael (/. Pharmacol., 1936,
58, 409) found that, in human beings at least,
physostigmine increases the rate of the pulse and
causes a slight rise in the blood pressure. In the
lower animals the chief effect on pulse rate is
slowing (Heathcote, ibid., 1932, 44, 95). Some
have attempted to explain these irregularities on
the basis of the stimulating action of acetylcholine
on the autonomic ganglia, but the experiments of
Maurer (ibid., 1939, 66, 25) indicate that physostigmine acts specifically on the autonomic
ganglia rather than through its cholinesterase
inhibition. In addition to the autonomic effects,
physostigmine has a depressant action upon the
motor centers in the spinal cord (Merlis and
Lawson, /. Neurophysiol., 1939, 2, 566). It also
affects the voluntary muscles antagonizing the
action of curare and in large doses causing spontaneous fibrillary contractions of these muscles.
Therapeutic Applications. — As a practical
remedy physostigmine is used for six purposes:
(1) to contract the pupil in glaucoma and other
diseases of the eye, when it may be directly instilled into the conjunctival sac in strengths of
from 0.2 to 0.5 per cent, and in acute cases even
1 per cent, solution or ointment. It is also instilled into the eye following the use of mydriatics, so as to shorten the period of dilatation
of the pupil. (2) As a stimulant to peristalsis it
is useful in chronic constipation, phantom tumor,
postoperative intestinal atony, flatulent colic and
other conditions of deficient activity of the alimentary muscles. Edmunds (/. Pharmacol., 1923,
20, 405) concluded from his experimental studies
that the occasional clinical failure of physostigmine to stimulate the intestinal muscles can be
explained because of its action in increasing the
output of epinephrine in the body, whose effects
upon the intestines are antagonistic. Martin and
Weiss (J.A.M.A., 1925, 84, 1407) used physostigmine with striking effects in postoperative
flatulence. They believe that the reason it has so
frequently failed in the hands of others is on
account of insufficient dosage; they recommend
that from 3 to 4 mg. (approximately Via to ^is
grain) be injected intramuscularly. These doses
cause, besides the expulsion of gas, usually
perspiration with increase of the pulse rate and
frequently a rise in blood pressure. In many
cases there was vomiting as well as belching. It
is also used for postoperative urinary retention
(see also under Neostigmine Methylsulfate). (3)
As a sedative to the spinal cord it has been used
in tetanus and strychnine and atropine poisoning,
but clinical experience has shown that it is of
much less value than other agents. (4) In the
treatment of myasthenia gravis where, however,
it has been largely superseded by neostigmine.
Presumably the reason that these two compounds
are more effective in the management of myasthenia gravis than are the longer-acting cholin-
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esterase inhibitors, such as diisopropylfluorophosphate (DFP) is because the former compounds
stimulate skeletal muscle directly whereas DFP
does not (Riker and Wescoe, /. Pharmacol.,
1946, 88, I] Miquel, ibid., 67). (5) Following
the demonstration of the effect of neostigmine on
neuromuscular function, Cohen, et al (J.A.M.A.,
1946, 130, 265; Rheumatism, 1953, 9, 7) and
others found physostigmine to be effective in
rheumatoid arthritis, fibrositis and bursitis for
the relief of pain due to muscle spasm and of
stiffness and limitation of motion. They gave subcutaneous injections of 0.6 mg. along with 0.6 mg.
of atropine sulfate (Phyatromine, KremersUrban) ; in a few cases 1.2 mg. of physostigmine
was necesary. Fewer untoward effects were reported than with neostigmine in similar cases.
(6) Neostigmine and physostigmine are the
antagonists of choice for excessive doses of tubocurarine. They permit the concentration of
acetylcholine at the skeletal neuromuscular junction to build up sufficiently to depolarize the end
plate and induce contraction of muscle fibers
(Smith et al., J. Pharmacol, 1952, 35, 12).
Physostigma. — Calabar bean was introduced
to the medical profession in 1840 by a missionary,
Dr. Daniell, who had been laboring in western
Africa. Among the negroes of the Calabar coast
this bean was used, under the name of esere as
an ordeal, and, when given by their head men,
usually proved fatal to the accused, unless free
vomiting occurred (Dragstedt, Quart. Bull. Northwest. U. Med. Sch., 1945, 19, 137). A draught
containing 19 seeds pounded and infused in
water is said to have killed a man in an hour. In
the experiments of Fraser, it was found that the
integuments of the seeds, as well as the shell,
are distinctly purgative. It is probable that in the
fresh bean they are also emetic, and that the
priests or chiefs who administer the ordeal took
advantage of this in regulating the effects of the
poison to suit their own purposes; sometimes,
however,
even the pure alkaloid causes vomiting, m
Toxicology. — Of 70 children poisoned in
Liverpool by eating Calabar beans which had been
thrown upon a waste heap, vomiting occurred, or
was produced by emetics, in all except one, in
whom four kernels caused death. The nausea and
vomiting came on in about half an hour, the
nervous symptoms in less than an hour. There are
generally diminution of reflexes, coarse muscular
tremors which may be sufficiently violent to suggest convulsions, contraction of the pupil, and
progressive diminution of motor power. In fatal
cases death is generally due to paralytic asphyxia.
In the treatment of physostigmine poisoning
the stomach should be thoroughly washed out
either with an emetic or by stomach pump, and
tannic acid or compound iodine solution given as
a chemical antidote. Atropine, as the physiological antagonist, is of utmost importance; Weiss
(/. Pharmacol., 1926, 27, 181) found that cats
can be protected against 15 times the usually fatal
dose of physostigmine by the use of atropine,
which may be given in doses of 1.2 mg. (approximately %o grain) hypodermically. Strychnine and
other stimulants may be employed as indicated.
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Dose. — The usual dose of physostigmine salicylate is 2 mg. (approximately Yso grain) orally
1 to 3 times daily, with a range of 1 to 3 mg. The
maximum safe dose seldom exceeds 4 mg. at a
time. Topically a 0.1 to 1 per cent aqueous solution is used on the conjunctiva. Subcutaneously
or intramuscularly from 0.6 to 2 mg. (approximately ^oo to Mo grain) has been used.
Storage. — Preserve "in tight, light-resistant
containers which contain not more than 1 Gm."
U.S.P.
INJECTION OF PHYSOSTIGMINE
SALICYLATE.
LP.
Injectio Physostigmini Salicylatis

This injection is a sterile solution of physostigmine salicylate in water for injection containing
0.05 per cent w/v of sodium pyrosulfite (sodium
bisulfite) ; it is sterilized by dissolving 0.2 per
cent w/v of chlorocresol or 0.002 per cent w/v of
phenylmercuric borate or phenylmercuric nitrate
and heating the sealed containers at 98° to 100°
for 30 minutes or by filtration through bacteriaproof filters. Not less than 90.0 per cent and not
more than 110.0 per cent of the labeled content
of C15H21O2N3.C7H6O3 is required.
The injection is assayed by oxidation of the
physostigmine with potassium ferricyanide in the
presence of alkali (see preceding monograph) and
determination of the absorbancy of the solution
at 480 mix; the content of physostigmine salicylate
is calculated from a reference curve prepared with
reagent physostigmine salicylate similarly treated.
The LP. also recognizes Injection of Physostigmine Sulfate, which is prepared and assayed similarly.
Storage. — Preserve preferably in single-dose,
hermetically closed containers, or in multiple-dose
containers, protected from light.
LAMELLA

OF

PHYSOSTIGMINE.
B.P.

Lamellae Physostigminae
Discs of Physostigmine; Lamella of Eserine. Sp. Discos
of talmicos con eserina.

Lamellae of physostigmine are discs of gelatin
with glycerin, each weighing about 1.3 milligrams
(Vho grain) and containing 0.065 milligram (Mooo
grain) of physostigmine salicylate, unless another
amount of the active ingredient is specified. The
method of preparation is discussed under Lamella..
PHYTONADIONE.

U.S.P.

2-Methyl-3-phytyl-l,4-naphthoquinone,

CH3

CH3

CH2CH=C(CH2)3CH

Vitamin Ki

CH,

CH,

(CH2)3,CH (CH2)3CHCH3

The occurrence, isolation and synthesis of
vitamin Ki are discussed in the monograph on
Menadione, which substance is a synthetic
analogue of the vitamin.
Phylloquinone. Mephyton (Merck).
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Description. — "Phytonadione is a clear, yellow, very viscous, odorless or nearly odorless
liquid, having a specific gravity of about 0.967.
It is stable in air, but decomposes on exposure to
sunlight. Phytonadione is insoluble in water. It is
soluble in alcohol, in benzene, in chloroform, in
ether, and in vegetable oils." U.S.P.
Standards and Tests. — Identification. — (1)
A purple color, gradually changing to reddish
blue and finally to reddish brown, is produced on
adding 1 ml. of a 1 in 6 solution of potassium
hydroxide in methanol to 1 drop of phytonadione
dissolved in 10 ml. of methanol. (2) A suspension
of 500 mg. of phytonadione in 10 ml. of methanol,
when mixed with a solution of 750 mg. of sodium
hydrosulfite in 2 ml. of water, becomes soluble
on shaking and the reddish purple color which
develops soon fades and leaves a colorless solution. (3) The derivative formed in the preceding
test melts between 88° and 90°. Reaction. — A 1
in 20 solution of phytonadione in alcohol is
neutral to litmus paper. Refractive index. — Between 1.5230 and 1.5252, at 25°. Menadione. —
No purple or blue color is produced when 1 drop
of ethyl cyanoacetate is added to 20 mg. of
phytonadione mixed with 0.5 ml. of a mixture of
equal volumes of ammonia T.S. and of alcohol.
U.S.P.
Uses. — Phytonadione, or vitamin Ki, possesses
the characteristic physiological properties attributed to vitamin K activity in the human; these
have been described under Menadione (vitamin
K3). Phytonadione has a more prolonged effect
than menadione and is acknowledged to be more
effective than any of the vitamin K analogues in
reversing the hypoprothrombinemia induced by
bishydroxycoumarin and similar anticoagulant
agents (James et al., Arch. Int. Med., 1949, 83,
632, and others). Gamble et al. {Arch. Int. Med.,
1955, 95, 52) demonstrated greater activity and
dependability of phytonadione in combating hypoprothrombinemia caused by bishydroxycoumarin
and related drugs than of the water-soluble
vitamin K-like substances such as menadione
sodium bisulfite. In the average case with dangerously low prothrombin activity but without actual
hemorrhage, a dose of 1 to 5 mg. of phytonadione
was effective orally; in cases with severe bleeding
due to the use of these anticoagulants, 10 to 50
mg. intravenously of phytonadione together with
blood transfusions as indicated to correct the loss
in blood volume was effective. No untoward
effects with these doses of phytonadione were
observed.
Administration of 50 mg. of vitamin Ki in
emulsion form, dispersed in fresh blood or 5 per
cent dextrose solution and given intravenously,
resulted in a rapid return to normal of patients
with elevated prothrombin times resulting from
use of bishydroxycoumarin (Rehbein et al., Ann.
Surg., 1952, 135, 454). The effect on prothrombin
is detectable within 15 minutes, and a safe
prothrombin time is usually produced within 3 to
6 hours; bleeding usually ceases. Vitamin Ki is
effective in counteracting the action of ethyl
biscoumacetate, cyclocumarol (Link Compound
63), Warfarin, and phenylindanedione, as well as
bishydroxycoumarin (Van Buskirk, New Eng. J.

1058

Part I

Phytonadione

Med., 1953, 248, 57). It does not counteract the
effect of heparin.
When emergency surgery is required in patients receiving a prothrombin-depressing drug,
the operation may be performed without hemorrhage 2to 12 hours after an intravenous dose of
50 mg. of vitamin Ki. The vitamin is supplied
in the form of a 5 per cent aqueous emulsion,
stabilized with lecithin, to facilitate its intravenous injection by making it miscible with blood or
other aqueous media used in the injection. The
vitamin is, however, also effective when given by
mouth; Fuller and Barker (Minn. Med., 1951,
34, 326) recommended administration of 500 mg.
orally in those cases with dangerous depression
of prothrombin but no actual bleeding. Toohey
(Brit. M. J., 1952, 2, 687) reported that 500 mg.
by mouth was effective within 8 hours even in
cases with prothrombin levels of less than 10 per
cent of normal; bile is necessary in the intestine
for absorption. In cases of obstructive jaundice
from 4 to 10 mg.,has been given by mouth daily.
Vitamin Kx Oxide, prepared from phytonadione
by treatment with hydrogen peroxide, is also more
effective than menadione and its derivatives and
had some use in treating anticoagulant-induced
hypoprothrombinemia. Its action is slower and
less predictable than that of vitamin Ki and,
also, its suspension is less stable than that of
vitamin Ki; for these reasons its use has been
abandoned.
Dose. — In patients who are bleeding of
hypoprothrombinemia induced by anticoagulant
compounds phytonadione is administered slowly
intravenously in doses of 100 to 150 mg., and
sometimes as high as 200 mg. ; in patients who
are not bleeding a dose of 50 mg. is usually adequate. For controlling excessively high prothrombin times caused by small doses of anticoagulants
doses of 0.5 to 2.5 mg. of phytonadione, given
intravenously, may be effective. In other conditions where vitamin K therapy is indicated the
dosage varies from 2 to 10 mg. For oral dosages
see above. Prothrombin times should be checked
regularly.
When phytonadione is given intravenously its
emulsion is dispersed in blood, in 5 per cent
dextrose solution, in isotonic sodium chloride
solution for injection, or in water for injection;
the rate of injection should not exceed 10 mg. of
phytonadione per minute since rapid injection
may lead to sweating, flushing of the face, and a
sense of constriction in the chest. No evidence
of its causing thromboses has appeared.
Supply. — Phytonadione is available, under the
name Mephyton (Merck), as a 5 per cent aqueous
emulsion, stabilized with 1 per cent of lecithin,
in ampuls containing 1 ml. (representing 50 mg.
of phytonadione).
Storage. — "Preserve Phytonadione in tight
containers, protected from light." US J*.
PICROTOXIN.
Cocculin,

N.F., B.P, LP.
[Picrotoxinum]

"Picrotoxin is an active principle obtained from
the seed of Anamirta Cocculus (Linne) Wight et
Arnott (Fam. Menispermacea) ." N.F. The B.P.

and
this. LP. definitions are essentially identical with
_Fr. Picrotoxine.
Picrotoxina.

Cer.

Pikrotoxin;

Pikrotoxinsaure.

Sp.

Picrotoxin, first isolated by Boullay in 1812,
is an amaroid, or non-nitrogenous bitter principle,
occurring in the fruit of Anamirta Cocculus; the
plant is described in the monograph on Coccidus.
Picrotoxin, for a long time believed to be a
chemical entity, seems now to be established
as an equimolecular mixture of picrotoxinin,
CisHieOe, and picrotin, C15H18O7, both of which
appear to possess two lactone rings. The detailed
structure of these substances has not been determined (for studies on the nature of the skeleton
structure of picrotoxinin see Conroy, J.A.C.S.,
1952, 74, 491). Picrotoxinin resembles picrotoxin
in physiological action and toxicity.
Clark (J.A.C.S., 1935, 57, 1111) gives the following method of preparing picrotoxin: The
ground berries are boiled with ethyl alcohol, and
the extract filtered hot. After concentration, two
volumes of hot water are added to the alcoholic
extract, and the mixture is then cooled by addition of ice and filtered. The clear filtrate is concentrated under reduced pressure. During this
process picrotoxin crystallizes out and may be
purified by solution in hot acetone and precipitation with water. The yield amounts to about 1.4
per cent of the weight of the berries.
Description. — "Picrotoxin occurs as flexible,
shining, prismatic crystals or as a microcrystalline
powder. It is odorless, and stable in air, but is
affected by light. Its solutions are neutral to
litmus. One Gm. of Picrotoxin dissolves in about
350 ml. of water, in about 30 ml. of boiling water,
and in about 3 ml. of boiling alcohol. It is more
readily soluble in diluted acids and alkalies. It is
sparingly soluble in ether and in chloroform.
Picrotoxin melts between 198° and 200°." N.F.
Standards and Tests. — Identification. — (1)
Concentrated sulfuric acid dissolves picrotoxin,
forming a golden yellow solution which gradually
changes to reddish brown. (2) A red color, gradually fading, results when a 1 in 4 solution of
sodium hydroxide is added to a mixture of about
200 mg. of potassium nitrate and 3 or 4 drops of
sulfuric acid on which a few particles of picrotoxin have been sprinkled. (3) A red precipitate
forms, slowly in the cold but rapidly on boiling,
when a few particles of picrotoxin are added to
2 ml. of alkaline cupric tartrate T.S. diluted
with 10 ml. of water. Residue on ignition. — The
residue from 200 mg. is negligible. Alkaloids. —
No precipitate is produced on adding platinic
chloride T.S., tannic acid T.S. or mercuric potassium iodide T.S. to a saturated solution of picrotoxin. N.F.
Uses. — Picrotoxin powerfully stimulates the
central nervous system. At first higher cortical
centers are affected as well as the midbrain and
medulla. Large doses stimulate the spinal cord.
Symptoms of poisoning are salivation, miosis,
nausea, vomiting, rapid and shallow respirations,
confusion, unconsciousness, and clonic coordinated convulsions. Respiratory paralysis occurs
terminally. Picrotoxin logically is valuable in
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treatment of poisoning by central nervous system
depressants, particularly barbiturates. It is of
interest that in normal animals convulsive doses
must be given to affect respiration, whereas lesser
doses do this in anesthetized animals.
Picrotoxin was officially recognized in U.S. P.
1890, when it was given to treat epilepsy and
chorea; it is no longer thus used. Modern usage
began with the discovery of Koppen, in 1892,
that picrotoxin could overcome the narcosis produced by chloral hydrate but this attracted little
attention until Maloney and Tatum (/. Pharmacol., 1932, 44, 337) advocated its use as a respiratory stimulant in barbiturate poisoning. Since
that time its antidotal effect on depressant poisons
has been intensively studied. It is one of the
most reliable agents in barbiturate poisoning
(Reifenstein, Ann. Int. Med., 1939, 13, 1013).
According to Marshall (/. Pharmacol., 1937, 60,
472), while antagonizing respiratory depression
of phenobarbital, chlorobutanol or paraldehyde,
it has little effect against urethan or alcohol.
Koppanyi (ibid., 1936, 58, 199) reported it to
be of no value in morphine poisoning. As picrotoxin disappears from the blood within 15 to 30
minutes (Duff and Dille, ibid., 1939, 67, 353)
it is usually necessary to repeat dosage frequently. However, the clinical effect of a dose
of picrotoxin may occur 10 to 30 minutes after
oral administration so that during infusion muscular twitching may not afford sufficient warning
before convulsions begin. An inhalation anesthetic
such as ether or a rapidly eliminated intravenous
barbiturate such as pentobarbital sodium should
be given to control such convulsions from overdosage. For a report of its use in treating barbiturate poisoning see Gold. Am. J. Med., 1946,

i, 93. m

Dose. — The dose in barbiturate poisoning is
variable, depending upon the individual patient.
It should be given slowly or in divided doses;
only the intravenous route should be used. There
are many dosage technics. Intravenous injection
of 1 ml. per minute of sodium chloride injection
containing 1 mg. per ml. can be given until there
is improvement. Koppanyi and Fazekas (Am. J.
Med. Sc, 1950, 220, 559) suggest 5 ml. of 10
per cent pentylenetetrazol first; if there is no response 25 mg. of picrotoxin should be given,
followed by 15 mg. every 15 minutes until response occurs. Alternatively 6 mg. of picrotoxin
may be given initially. If this does not produce
signs of awakening after 15 minutes 12 mg. is
injected. Should this produce no effect 15-mg.
doses are administered at intervals of 15 minutes
until evidence of increased muscle tonus and reflex activity occur. No attempt should be made
to restore consciousness with picrotoxin; this will
lead to convulsions. Return of corneal and pupillary reflexes is the criterion of adequate dosage.
Total doses of several grams have been needed in
a few instances.
The B.P. gives the dosage of picrotoxin in barbiturate poisoning as 6 mg., by intravenous injection, every 10 minutes until corneal reflexes
return.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
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PICROTOXIN INJECTION.
N.F. (B.P., LP.)
[Injectio Picrotoxini]

"Picrotoxin Injection is a sterile solution of
picrotoxin in isotonic sodium chloride solution.
It contains, in each ml., not less than 90 per cent
and not more than 110 per cent of the labeled
amount of C30H34O13." N.F.
The B.P. defines Injection of Picrotoxin as a
sterile solution of picrotoxin in water for injection; the solution is sterilized by heating in an
autoclave (to maintain the solution at 115° to
116° for 30 minutes) or by filtration through a
bacteria-proof filter. No assay rubric is specified.
The LP. definition and rubric are essentially the
same as those of the N.F. but it is indicated that
alcohol or chlorobutanol may be added as a
preservative and that the solution should be adjusted to pH 5.5 to 6.0; autoclaving or filtration
is employed for sterilization.
B.P., LP. Injection of Picrotoxin. Sp. Inyeccidn de
Picrotoxina.

Bryan and Marshall (Quart. J. P., 1948, 21,
305), seeking the reason for the large range of
dosage of picrotoxin required to revive cases of
barbiturate poisoning, found that the pH of
picrotoxin solutions is of primary importance in
governing stability of the substance. At pH 8.5
to 9.0 solutions of picrotoxin lose half their
analeptic activity overnight at room temperature;
also, solutions at pH 6.1 to 6.7 may undergo
measurable loss of activity when autoclaved.
They recommend that solutions should contain a
suitable buffer to maintain the pH at not over 6.5,
that solutions be sterilized by bacteriologic filtration and not by any method involving heating,
and that only freshly distilled water and the best
quality of glass containers be used.
Assay. — After acidifying a volume of injection
containing about 50 mg. of picrotoxin the latter is
extracted with chloroform; the combined chloroform extracts are washed, the solvent evaporated,
the residue dried at 105° for 2 hours, and
weighed. N.F., LP.
Storage. — Preserve "preferably in hermetic,
single-dose or multiple-dose containers, preferably
of Type I or III glass. Protect the Injection from
light." N.F.
Usual Size. — 3 mg. in 1 ml.
PILOCARPINE
Pilocarpinium

Chloride,

HYDROCHLORIDE.
U.S.P.
[Pilocarpinae

Hydrochloridum]

cv
"Pilocarpine Hydrochloride is the hydrochloride
of an alkaloid obtained from the dried leaflets
of Pilocarpus Jaborandi Holmes, or of Pilocarpus
microphyllus Stapf (Fam. Rutacea)." U.S.P.
Pilocarpine Chloride; Pilocarpinum Hydrochloricum. Fr.
Chlorhydrate de pilocarpine. Ger. Pilokarpinhydrochlorid;
Salzsaures Pilocarpin. It. Cloridrato di pilocarpina. Sp.
Clorhidrato de pilocarpina.
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For a discussion of pilocarpus and pilocarpine
see under Pilocarpine Nitrate.
Description. — "Pilocarpine Hydrochloride occurs as colorless, translucent, odorless, faintly
bitter crystals. It is hygroscopic and is affected
by light. Its solutions are acid to litmus. One Gm.
of Pilocarpine Hydrochloride dissolves in about
0.3 ml. of water, in about 3 ml. of alcohol, and
in about 360 ml. of chloroform. It is insoluble
in ether. Pilocarpine Hydrochloride melts between
200° and 203°." U.S.P.
Standards and Tests. — Identification. — (1)
This is the same as identification test (1) under
Pilocarpine Nitrate. (2) A solution of pilocarpine
hydrochloride responds to tests for chloride. Specific rotation. — Not less than +88.5° and not
more than +91.0°, when determined in a solution
containing 200 mg. of dried pilocarpine hydrochloride in each 10 ml. Loss on drying. — Not
over 3 per cent, when dried at 105° for 2 hours.
Residue on ignition. — Not over 0.3 per cent.
Readily carbonizable substances. — A solution of
250 mg. of pilocarpine hydrochloride in 5 ml. of
sulfuric acid has no more color than matching
fluid B. Other alkaloids. — This is the same as the
corresponding test under Pilocarpine Nitrate.
U.S.P.
The action, uses and dose of pilocarpine hydrochloride are the same as for Pilocarpine
Nitrate. |v]
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
PILOCARPINE NITRATE.
U.S.P., B.P., I.P.
Pilocarpinium Nitrate,

[Pilocarpine Nitras]

C11H16N2O2.HNO3

"Pilocarpine Nitrate is the nitrate of an alkaloid obtained from the dried leaflets of Pilocarpus
Jaborandi Holmes, or of Pilocarpus microphallus
Stapf (Fam. Rutacea)" U.S.P. The B.P. gives
its source as Pilocarpus micro phyllus Stapf and
other species of Pilocarpus. No source is indicated
by the I.P.
I.P. Pilocarpini Nitras. Pilocarpinum Nitricum. Fr.
Arotate de pilocarpine; Nitrate de pilocarpine. Ger. Pilocarpinnitrat. Sp. Nitrato de pilocarpina.

Under the titles Pilocarpus (U.S.P. IX) or
Jaborandi Folia (B.P. 1898) the dried leaflets of
various species of Pilocarpus were formerly official.
The terms jaborandi or jamguarandi are still
commonly applied in commerce to these leaves
although in South America they are used to designate various pungent, sudorific plants, some of
which have no botanical relation at all with pilocarpus. What is called jaborandi in this country
in South America is known as Arruda do Mato or
as Arruda brava or, rarely, as Jamguarandi or
Jaurandi.
The genus Pilocarpus consists of woody shrubs
belonging to the Rutacece and inhabiting tropical
and subtropical America, including Cuba. Guadeloupe, Martinique, and probably other islands.
For detailed botanical and histological studies of
the commercial species of Pilocarpus, see articles
by Holmes (Pharm. J., 1903, 17, 713. and 1904,
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18, 54), and Tunman (Schweiz. Wchnschr. Pharm.,
17, p. 177).
P. Jaborandi Holmes (P. officinalis Pohl) yields
the commercial variety known as Pernambuco
jaborandi. It inhabits the northern and northeastern part of Brazil. Its leaves are two or three
jugate and are especially separated from those of
the P. pennatifolius by the fact that all of the
leaflets except the terminal one have their bases
cordate, while the bases of all the leaflets of
P. pennatifolius are attenuate. This commercial
variety is practically no longer obtainable, only
occasional lots being imported. These leaves were
described in the U.S.P. IX as follows: "Leaflets
when entire, oval, oblong, or elliptical from 4 to
10.5 cm. in length and from 2 to 4 cm. in breadth
and with short, stout petiolules; summits more
or less rounded or acute and emarginate; bases
rounded or acute and mostly unequal; margins
entire and narrowly revolute ; very smooth, shiny,
coriaceous and glandular-punctate; upper surfaces
grayish to brownish-green, mid-ribs mostly depressed, under surfaces yellowish- or greenishbrown and slightly pubescent on the prominent
midvein; peculiarly aromatic when crushed; taste
bitterish, becoming somewhat pungent and having
a sialagogue effect." U.S.P. IX.
P. pennatifolius Lemaire (P. simplex Baillon),
which yields Paraguay jaborandi, inhabits the
southern portion of Brazil and Paraguay, whence
its leaves were formerly largely exported through
Buenos Aires and Rio de Janeiro; at present they
seem to have almost disappeared from commerce.
The leaflets are grayish-green in color, oval, elliptical, obtuse, attenuate at the summit, which is
feebly emarginate, and also attenuate at their base
but not petioluated.
P. selloanus Engler appears to be a variety of
P. pennatifolius Lemaire, from which it differs
almost solely in the length of its flower stalk,
which is six times as long as the flower bud, while
that of P. pennatifolius is but three to four times
as long as the bud. P. selloanus seems to be the
more southern plant of the two, and is especially
abundant in Paraguay. It has been imported from
Rio de Janeiro.
P. microphyllus Stapf, which yields Maranham
jaborandi, grows in the northeastern part of
Brazil. The leaves are alternate, imparipinnate,
having from one to five pairs of leaflets, or are
often apparently simple owing to the failure of
the lateral leaflets to develop. The leaflets vary
very much in form, the base usually being attenuate and feebly cordate or unequal. They were
described in the U.S.P. IX as follows: "Leaflets
rhomboidally oval to obovate or elliptical, from
1.5 to 5 cm. in length and from 1 to 3 cm. in
breadth, the lateral ones nearly sessile, the terminal ones on margined petiolules, from 0.5 to 1.5
cm. in length; of a nearly uniform grayish or yellowish-green color, rather thin but otherwise resembling Pernambuco Jaborandi." U.S.P. IX.
P. spicatus A. Saint-Hilaire (P. parviflorus
Martius et Nees) inhabits the southern and northern portions of Brazil and can be recognized at
once by its having simple leaves which are from
3 to 11 cm. long and from 1 to 4 cm. broad, and
are tender or coriaceous and more or less pubes-
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cent and dotted. They are brownish-green above,
paler beneath, and attached by a short twisted
petiole. They appeared in commerce in 1895 under
the name of Arocati Jaborandi. P. subcoriaceus
Engler is probably a variety of this species.
P. racenwsus Yahl, a native of Martinique, Cuba,
Guadeloupe and probably other of the West
Indian Islands, appeared first in commerce in
1903 as a variety of jaborandi under the name of
Guadeloupe jaborandi. The leaves are proportionately broader than those of Pernambuco jaborandi, more obovate in outline, of a purer green
color, and are trifoliate or apparently simple. Considerable diversity of result has been obtained by
chemists in the examination of the Guadeloupe
jaborandi. See Rocher (Am. J. Pharm., 1900).
Other species, while never official, have appeared in commerce. These include: P. trachylophus Holmes, whose leaflets are smaller than
those of the P. jaborandi, and are oblong, elliptical, obtuse, and emarginate at the summit with
cordate bases, symmetrically and shortly petiolate. The plant grows in northeastern Brazil, especially inthe provinces of Ceara and Maranhao,
and the leaves, although they contain so little of
the alkaloid (about 0.2 per cent) as to be of small
value, have been sent into commerce in considerable quantities. Their color upon the upper surface
is dark olive green, below yellowish-green. The
under surface is covered with short hairs.
The most common adulterant appears in lots
of P. microphyllus, which often contain leaves of
the leguminous plant Tunatea decipiens (Holmes),
O Kze (Swartzia decipiens Holmes). In general
appearance the two leaves resemble one another,
both being imparipinnate and having the leaflets
about the same size and shape, but in P. microphyllus the leaflets are opposite and the petioles
are only slightly pubescent, while in the Tunatea
the leaflets are alternate, and the petioles very
pubescent. Then again, the absence of secreting
hairs, the deep green of the upper and lighter
green of the lower surface of the leguminous leaf
serve easily to distinguish it from the true drug.
For microscopic characters of pilocarpus leaves,
and method of alkaloidal assay, see U.S.D., 22nd
ed., p. 843.
The following alkaloids have been obtained
from various species of pilocarpus: pilocarpine,
pilocarpidine, isopilocarpine, pilosine and pseudopilocarpine. The material reported by Harnack
and Meyer (1880) as jaborine appears to be a
mixture of alkaloids. For further information concerning the minor alkaloids see Henry, Plant
Alkaloids, 1949.
Pilocarpine. — Pilocarpine, the principal alkaloid, may be obtained from pilocarpus leaves by
exhaustion with 80 per cent alcohol containing
hydrochloric acid. The alcoholic extract is concentrated, diluted with water, and filtered; the
alkaloid is precipitated by adding ammonia in
excess and extracted with chloroform. This crude
alkaloid is purified by repeating the separatory
treatment.
Pilocarpine acts as a mono-acidic base, forming
well-crystallized salts with acids. The free base
occurs either as a colorless oil or as crystals melting at 34°. It is freely soluble in water, ethyl alco-
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hol, or chloroform, but almost insoluble in ether;
its solutions are dextrorotatory, as are those of its
salts. Chemically, pilocarpine is the lactone of
pilocarpic acid, C11H18N2O3, and yields the sodium salt of that acid when dissolved in sodium
carbonate solution. It is a derivative of glyoxaline,
C3H3N2, a heterocyclic base. Synthesis of pilocarpine was achieved by Preobrashenski (Ber.,
1936, 69, 1835).
Description. — "Pilocarpine Nitrate occurs as
shining, white crystals. It is stable in air but is
affected by light. Its solutions are acid to litmus.
One Gm. of Pilocarpine Nitrate dissolves in 4 ml.
of water and in 75 ml. of alcohol. It is insoluble
in chloroform and in ether. Pilocarpine Nitrate
melts between 170° and 173°." U.S.P. The B.P.
and the LP. give the melting range as 174° to 178°.
Standards and Tests. — Identification. — (1)
To a solution of 15 mg. of pilocarpine nitrate in
2 ml. of water in a test tube is added 2 ml. of
faintly acid hydrogen peroxide T.S. and the mixture overlaid with 1 ml. of benzene, after which
3 or 4 drops of a 1 in 300 solution of potassium
dichromate are added and the mixture shaken
gently: the benzene layer becomes colored violet,
while the water layer remains yellow. (2) A mixture of equal volumes of 1 in 10 pilocarpine
nitrate solution and ferrous sulfate T.S. is superimposed on sulfuric acid: the zone of contact
becomes brown. Specific rotation. — Not less than
+ 79.5° and not more than +82°, when determined
in a solution containing 200 mg. of dried pilocarpine nitrate in each 10 ml. Loss on drying. —
Not over 2 per cent, when dried over sulfuric acid
for 2 hours. Residue on ignition. — Not over 0.2
per cent. Chloride. — No opalescence is immediately produced on adding a few drops of silver
nitrate T.S. to 5 ml. of a 1 in 50 solution of pilocarpine nitrate. Readily carbonizable substances.
— A solution of 100 mg. of pilocarpine nitrate in
5 ml. of sulfuric acid has no more color than
matching fluid A. Various other alkaloids. — No
turbidity results when a few drops of ammonia
T.S. or potassium dichromate T.S. are added to a
1 in 100 solution of pilocarpine nitrate. U.S.P.
The B.P. and I. P. both give the specific rotation,
in a 10 per cent w/v solution in water, as between
+80° and +83°. Loss on drying to constant
weight is limited to 0.5 per cent, the B.P. specifying the drying temperature as 105°, the LP.
Uses. — Action. — Pilocarpine is a physiological
as 100°.
antagonist
of atropine, exciting those nerve endings which are paralyzed by that alkaloid. Thus it
causes contraction of the pupil, increased flow of
saliva, free sweating, and increased peristalsis of
the intestines. Warnant (Arch, intemat. pharmacodyn. therap., 1930, 37, 61) confirmed the
observations of previous experimenters that it
causes an intense bronchial spasm. The effect on
the circulation, however, does not strictly follow
the picture of parasympathetic stimulation. While
most earlier investigators reported a diminished
pulse rate, from more recent investigations it
would seem that the first action is to cause an
increased rapidity of the pulse which, if the dose
is large enough, may be followed by a slowing. In
most of the studies made upon human beings
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acceleration of the pulse has been the chief effect;
Blomberg and Ronnell (ibid., 1930. 37, 369),
using doses of 5 to 10 mg.. found uniformly an
increase in pulse rate lasting approximately half
an hour with a gradual return to normal and some
increased blood pressure. Whereas pilocarpine
ordinarily produces a fall in blood pressure it induces pressor effect in animals subjected to the
ganglionic blocking action of nicotine, curare, or
tetraethylammonium. This rise in blood pressure
is blocked by adrenergic blocking agents and by
atropine. Presumably pilocarpine by virtue of a
muscarinic (cholinergic) action can cause a release of epinephrine from the adrenal medulla
which in turn causes the rise in blood pressure
(Root. /. Pharmacol, 1951, 101, 125).
The effects upon secretion are especially pronounced; the volume of sweat released by a single
dose of the alkaloid has been estimated at from
250 to 500 ml. This sweat contains not only electrolytes but also urea and other substances. Ewing
observed that in the case of the salivary glands
at least (/. Pharmacol., 1911, 3, 1) the increase
is not merely in the volume of water, but represents also excitation of glandular activity because
the solid components and enzyme of the secretion
are also augmented. There is no direct effect on
kidney function.
Although there are many similarities in the
effects of this alkaloid and physostigmine. its
mode of producing the changes is quite different
(see under Parasympathomimetic Agents and
Cholinesterase Inhibitors, in Part II) ; pilocarpine
does not inhibit cholinesterase as does physostigmine. Blakely and Wilkinson (Brit. J. Exp. Path.,
1933, 14, 349) found that pilocarpine causes an
increase in the secretions of the stomach. It acts
directly on the effector cells of structures innervated by postganglionic cholinergic nerves and its
action persists after section of these nerves. Pilocarpine has the muscarinic but not the nicotinic
effects of acetylcholine; its action resembles that
of muscarine and arecoline.
Therapeutic. — Pilocarpine is still used, though
infrequently, in internal medicine as a sudorific
to aid in elimination of toxic substances through
the skin; such use is commonly in conjunction
with some form of external heat so as to direct
the flow of blood towards the skin. If used in large
dose pilocarpine may give rise to a dangerous
pulmonary edema. The mechanism of this is threefold, involving an increase in bronchial secretions,
a reduction of the force of circulation, and a
spasm of bronchial muscles. Occurrence of edema
is an indication for immediate administration of
atropine. Administration, hypodermically, of more
than 8 mg. of pilocarpine is very rarely needed.
In connection with ganglionic blocking drugs,
such as hexamethonium bromide, pilocarpine has
been used to minimize the undesired parasympatholytic effects (dry mouth, impaired close vision,
constipation, etc.) of such drugs (Freis et al.,
Circulation, 1954, 9, 540). Furstenberg (Trans.
Am. Laryng. Rhin. Otol. Soc, June. 1944, p. 48)
gave 10 mg. by mouth 3 times daily before meals
to patients with inadequate saliva and dry mouth.
Hinrichsen (Deutsche med. Wchnschr., 1927, p.

924) reported it to be of value in overcoming the
retention of urine so frequently seen after pelvic
operations. Reid (J. A.M. A., 1911, 56, 1739)
recommended it in treating pruritus. It has been
claimed to be of value also in catarrhal jaundice.
Locally, pilocarpine is widely employed by
ophthalmologists as a miotic in 0.5 to 2 per cent
solution or ointment for treating glaucoma
(Schlossman, J.A.M.A., 1949, 139, 82; Prijot and
Weekers. Ophthalmologica, 1952, 124, 12; Valente,
Rev. med. aeronaut., 1953, 5, 5). It is also employed to reverse the mydriatic and cycloplegic
effects of atropine
following ophthalmologic examination. lYj
Toxicology. — When an overdose of pilocarpine (or jaborandi) has been taken the symptoms
begin with flushing of the face and neck, followed shortly by free sweating and salivation,
both of which may be extremely profuse. Frequently there is nausea and sometimes vomiting;
the pulse is usually somewhat more rapid than
normal; the pupils contracted; often there is
diarrhea. In patients with circulatory disturbances, pulmonary edema may occur and rapidly
prove fatal. The antagonism between pilocarpine
and atropine is about as complete as any between
two drugs, so that the most certain treatment for
poisoning by pilocarpine or jaborandi. after evacuating the stomach, is prompt administration of
a full dose of atropine.
Dose. — The usual dose of pilocarpine, either
as the hydrochloride or nitrate, is 5 mg. (approximately Ma grain) subcutaneously or orally. If possible, smaller doses should be tried first and gradually increased. The maximum safe dose is seldom
more than 20 mg. Topically, a 0.5 to 2 per cent
aqueous solution or ointment is applied to the
conjunctiva.
Storage. — Preserve "in tight, light-resistant
containers." US.P.
PIMENTA OIL.
N.F.
Allspice Oil, Pimento Oil, [Oleum Pimentae]

"Pimenta Oil is the volatile oil distilled from
the fruit of Pimenta officinalis Lindley (Fam.
Myrtacece). Pimenta Oil yields not less than 65
per cent, by volume, of phenols." N.F.

Oleum Amomi. Fr. Essence de piment. Ger. Pimentol;
Xelkenpfefferol.

Pimenta officinalis Lindley (Myrtus Pimenta
L.; Eugenia Pimenta DC.) (Fam. Myrtacece) is
an evergreen tree, 25 to 40 feet in height, with an
erect trunk and round-topped crown. The leaves
are opposite, entire, ovate-oblong, and glandulardotted beneath. The flowers are small, white and
borne in racemose cymes. Each consists of a subglobose receptacle bearing at its summit four calyx
teeth, four petals, numerous stamens and a twocelled inferior ovary. The fruit is a two-celled and
two-seeded inferior berry, each cell containing a
single plano-convex, reddish-brown seed.
This tree is a native of the West Indies and the
adjoining coast of continental America. The earlier
Spanish adventurers mistook the berries for a
species of pepper, which mistake is commemorated
in the botanical name of the genus, "pimenta"
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(from the Spanish word for a pepper) and is also
perpetuated in one of the common English names,
Jamaica pepper. Because of the similarity of its
odor to a mixture of clove it is also known as
clove-pepper, but in this country is most frequently called allspice because its odor is supposed to suggest a mixture of clove, cinnamon,
and nutmeg.
Pimenta is cultivated in Central America and
the surrounding countries, but the supply to the
United States comes largely from Jamaica, where
the tree is so abundant as to form in the mountainous districts whole forests, and to require no
further cultivation than the clearing out of the
underbrush. The berries are gathered after having
attained their full size, but while yet green, and
are carefully dried in the sun. When sufficiently
dry, they are put into bags and casks for exportation. During 1952 a total of 1,481,647 pounds of
the unground spice was imported from Jamaica,
Mexico, Guatemala, Leeward Islands and the
Bahamas. The fruits of four other species of the
genus Pimenta, found in Venezuela, Guiana, and
the West Indies, are employed in their native
countries as spices.
The dried berries were formerly recognized by
the N.F. and were described as follows :
"Sub-globular, from 4 to 7 mm. in diameter,
apex with four calyx teeth forming a minute ring ;
externally dark brown, somewhat rough and glandular-punctate; pericarp brittle, about 1 mm. in
thickness; two-celled and two-seeded; dissepiments thin; seeds plano-convex, slightly reniform,
externally reddish brown, smooth, somewhat wrinkled and shiny. Odor and taste, particularly of the
pericarp, aromatic and distinctive." N.F. V. For
microscopic characteristics of these berries see
U.S.D., 22nd ed, p. 766.
The berries yield from 1 to more than 4 per
cent of volatile oil.
Description. — "Pimenta Oil is a colorless,
yellow, or reddish yellow liquid. It becomes darker
with age, and possesses the characteristic odor and
taste of allspice. It is affected by light. Pimenta
Oil dissolves in 2 volumes of 70 per cent alcohol.
The specific gravity of Pimenta Oil is not less than
1.018 and not more than 1.048." N.F.
Standards and Tests. — Optical rotation. —
Between 0° and —4°, when determined in a 100mm. tube. Refractive index. — Not less than 1.5270
and not more than 1.5400, at 20°. N.F.
Assay. — A 10-ml. portion of oil is reacted with
potassium hydroxide T.S. to form water-soluble
potassium salts of the phenols in the oil. The
volume of the non-phenolic constituents, which
are insoluble in the reaction mixture, is measured
in the graduated portion of the cassia flask in
which the reaction occurs; this volume must not
exceed 3.5 ml. N.F.
Constituents. — Pimenta oil contains from 60
to 75 per cent of eugenol. It also contains cineol.
levophellandrene, caryophyllene, eugenol methyl
ether and palmitic acid. There is present also a
small amount of resin and an unknown odorous
principle.
Uses. — Pimenta is an aromatic spice, and was
formerly used in medicine chiefly as an adjuvant
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to tonics and purgatives. It was considered to be
of some value as a carminative. The oil has also
been used as a carminative, but is used chiefly as
a flavor.
Dose, of the volatile oil, from 0.06 to 0.3 ml.
(approximately 1 to 5 minims).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Compound Myrcia Spirit, N.F.

PINE

OIL.

N.F.

[Oleum Pini]

"Pine Oil is the volatile oil composed chiefly of
tertiary and secondary terpene alcohols obtained
by extraction and fractionation or by steam distillation ofthe wood of Finns palutris Miller and
other species of Pinus (Fam. Pinacece)." N.F.
The waste, consisting of stumps and dead and
down timber, obtained in the operation of the
turpentine and lumbering industries in the pine
forests along the southeastern coasts of the United
States contains a resinous heartwood, known as
"lightwood" because of its burning qualities, from
which may be obtained the pine oils. The chief
source is the longleaf southern pine (Pinus palustris), but other woods, including the slash pine
(Pinus Heterophylla) and the shortleaf pine
(Pinus Schinata) have also been used; for a description of these pines, from which turpentine
may also be separated, see under Turpentine.
Steam distillation of the chipped or shredded
wood yields a low boiling distillate of wood turpentine and a higher boiling distillate composed
of pine oil; the two are entirely different products.
To recover rosin in the chips they may be extracted with a suitable solvent, usually light petroleum distillate, and the extract separated by fractionation into solvent, rosin, and pine oil.
Description. — "Pine Oil is a colorless to light
amber liquid having a characteristic pinaceous
odor. Pine Oil is miscible with alcohol in all proportions." N.F. and Tests. — Specific gravity. —
Standards
Not less than 0.925 and not more than 0.940.
Refractive index. — Not less than 1.4780 and not
more than 1.4820, at 20°. Distillation range. — Not
less than 95 per cent of the oil distils between
200° and 225°. Unpolymerized residue. — Not more
than 0.125 ml. of unpolymerized oil is obtained
when 5 ml. of pine oil is reacted with 38 N sulfuric
acid in a Babcock bottle, the volume of unpolymerized oil being that of the liquid which rises
into the graduated neck of the flask after centrifuging the reaction mixture. N.F.
Constituents. — The constituents of pine oils
are camphene, a-pinene, (3-pinene, Mimonene, dipentene, cineol, Y-terpinene, a-terpineol in large
proportions, borneol, methyl chavicol, fenchyl alcohol and camphor (see Wirth, Bull. N. F. Com.,
1943, 11, 168); separation of the constituents for
commercial utilization is discussed by Palmer
(Ind. Eng. Chem., 1942, 34, 1028). These constituents are quite different from those found in
turpentine oil (q.v.), which consist largely of
a-pinene and P-pinene.
Uses. — Pine oil finds extensive use as the prin-
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cipal active ingredient of a class of preparations
employed for general disinfecting and deodorizing
purposes, especially in the veterinary field. Under
the title Pine Oil Emulsion Concentrate the N.F.
IX recognized "a concentrate prepared from pine
oil and water, using soap, sulfonated oil, or other
suitable emulsifying agent. Pine Oil Emulsion
Concentrate contains not less than 65 per cent, by
volume, of pine oil and not more than 10 per cent
of water." In cattle sprays pine oil serves as an
excellent carrier for pyrethrins and rotenone;
Pearson (Univ. Delaware Agr. Exp. Sta. Bull.,
Tech. Bull., XVI, 1935) demonstrated that pine
oil activates the toxicity and repellance of pyrethrum extracts in proportion to the amount used.
Similar results were observed with pine oil-derris
root combinations. Pine oils have many important
industrial uses; in flotation processes in mining;
as wetting and emulsifying agents in textile manufacture; as constituents in the manufacture of
paints and synthetic resins; as sources of materials used in the, essential oil and perfume industries.
Storage. — Preserve "in tight containers." N.F.

DWARF

PINE

NEEDLE

OIL.

N.F.

Pine Needle Oil, Oleum Pini Pumilionis

"Dwarf Pine Needle Oil is the volatile oil distilled with steam from the fresh leaves of Pinus
Mugo Turra and its variety pumilio (Haenke)
Zenari (Fam. Pinacece). Dwarf Pine Needle Oil
contains not less than 3 per cent and not more
than 10 per cent of esters calculated as bornyl
acetate, C12H20O2." N.F.
Dwarf Pine Oil. Fr. Essence de pin de montagne. Gcr.
Latschenkiefernol. It. Essenza di pino. Sp. Esencia de pino
enano.

Pinus Mugo Turra {P. montana Mill.; P.
Pumilio Haenke) known as Swiss mountain pine,
Scotch pine, or dwarf pine, varies in habit from
a low prostrate shrub — which is its most frequent
form — to a pyramidal tree which attains a height
of 40 feet. Its branchlets are brownish and bear
bright green acute leaves in fascicles of 2 and up
to 2 inches in length. Its cones are ovate or conicovate and from Yx to 234 inches long. It is a
native of the mountains of central Europe and is
widely grown in this country as an ornamental
evergreen shrub. The exudate obtained by cutting
off the branches is called Hungarian balsam.
The volatile oils of several of the coniferous
trees are used for medicinal purposes and different
ones have from time to time been official in several countries. The B.P. 1885 recognized an oil
from the leaves of the P. sylvestris L. but this has
been replaced by a similar product from Abies
sibirica (see Oil of Siberian Fir).
Description. — "Dwarf Pine Needle Oil is a
colorless or yellowish liquid, having a pleasant,
aromatic odor, and a bitter, pungent taste. Dwarf
Pine Needle Oil dissolves in 4.5 to 10 volumes of
90 per cent alcohol, often with turbidity." N.F.
Standards and Tests. — Specific gravity. —
Not less than 0.853 and not more than 0.871.
Optical rotation. — Between —5° and —15.5°, in a
100-mm. tube. Refractive index. — Not less than

1.4750 and not more than 1.4800, at 20°. Distillation limits. — Less than 10 per cent of the oil
distils below 165°. N.F.
Assay. — The esters in 10 ml. of oil are saponified by heating with 25 ml. of 0.5 N alcoholic potassium hydroxide, after which the excess of the
alkali is titrated with 0.5 TV sulfuric acid, using
phenolphthalein T.S. as indicator. A residual blank
titration is performed. Each ml. of 0.5 N alcoholic
potassium hydroxide consumed in the saponification represents 98.15 mg. of esters, calculated as
bornyl acetate, C10H17.C2H3O2. N.F.
Constituents. — Pine oil contains levo-pinene,
levo-phellandrene. sylvestrene, bornyl acetate, and
in the last portions of the distillate, cadinene.
Bdcker and Hahn (/. prakt. Chem., 1911, 83, 489)
isolated from this oil an aldehyde (C15H26O), an
oxygenated compound (C14H24O), and a substance of the formula CsHi40 which has the characteristic odor of the oil. This last is a cyclic
ketone, and has been named pumilone. It is believed that pine oil owes at least part of its odor
to bornyl acetate, which is ordinarily present to
the extent of about 3.5 per cent, although Schimmel & Co. (Schim. Rep., Oct., 1897) found in a
sample of American fir oil as much as 12.1 per
cent.
Uses. — In medicine dwarf pine needle oil has
been employed for many of the purposes for
which turpentine oil has been used. As an expectorant inchronic bronchitis it has been given
by mouth but more frequently it has been administered as an inhalant because of its pleasant
odor. For this purpose a few drops may be placed
in boiling water and the vapors inhaled. It has
also been employed internally in the treatment of
chronic rheumatism.
The oil has been given in doses of 0.3 to 0.6 ml.
(approximately 5 to 10 minims).
Storage. — Preserve "in tight containers." N.F.
Off. Prep.— Ephedrine Sulfate Jelly, N.F.

PIPEROCAINE

HYDROCHLORIDE.
U.S.P.

Piperocainium Chloride, 3-Benzoxy-l-(2-methylpiperidino)propane Hydrochloride, [Piperocainae
Hydrochloridum]

P

^-C-O—

CH2CH2CH2-N
CH,

Metycaine Hydrochloride

(.Lilly).

)

cr

According to U. S. Patent 1,784,903 (December 16, 1930) this local anesthetic may be prepared by the interaction of 2-methylpiperidine
and gamma-chloropropyl benzoate at a temperature of 120° to 140° for 30 to 40 minutes; the
reaction product is submitted to a purification
process to separate any unchanged amine (for
details see McElvain. J.A.C.S., 1927, 49, 2835).
Description. — "Piperocaine Hydrochloride occurs as small, white crystals, or as a white crystalline powder. It is odorless and is stable in air. Its
solutions are acid to litmus, having a pH of
about 6. One Gm. of Piperocaine Hydrochloride
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dissolves in 1.5 ml. of water and in 4.5 ml. of
alcohol. It is readily soluble in chloroform, but
almost insoluble in ether and in fixed oils. Piperocaine Hydrochloride melts between 172° and
175°." U.S.P.
Standards and Tests. — Identification. — (1)
Separate portions of a piperocaine hydrochloride
solution yield precipitates with gold chloride T.S.,
iodine T.S., mercuric-potassium iodide T.S., and
with trinitrophenol T.S. (2) A colorless to light
yellowish oil separates upon addition of sodium
bicarbonate or sodium hydroxide T.S. to a solution of piperocaine hydrochloride. (3) Piperocaine hydrochloride responds to tests for chloride.
Acidity. — One Gm., dissolved in 20 ml. of water,
requires not more than 0.5 ml. of 0.02 N sodium
hydroxide for neutralization, using methyl red
T.S. as indicator. Loss on drying. — Not over 1
per cent, when dried at 105° for 2 hours. Residue
on ignition. — Not over 0.15 per cent. Sulfate. —
No turbidity results on the addition of diluted
hydrochloric acid and barium chloride T.S. to a
solution of piperocaine hydrochloride. Readily
carbonizable substances. — A solution of piperocaine hydrochloride in sulfuric acid remains colorless for at least 30 minutes. Chloride content. —
Not less than 11.6 per cent and not more than
12.1 per cent. U.S.P.
Uses. — This local anesthetic is widely used for
topical, infiltrative, regional, spinal and caudal
anesthesia. When subcutaneously administered the
action and toxicity are similar to those of procaine hydrochloride but when given intravenously
piperocaine hydrochloride is more toxic (Beyer
and Latven, /. Pharmacol., 1952, 106, 37). The
sensitivity reactions are comparable with those
induced by procaine. Beilly and Peck (Am. J.
Obst. Gyn., 1949, 57, 1015) reported 2 cases of
meningitis and 15 cases of meningismus among
6000 continuous caudal anesthesias.
Piperocaine ranks with procaine as one of the
less toxic moderately active local anesthetics. So
long as it is kept out of the vascular system it is
quite safe, but it does produce a profound sustained hypotension when administered intravenously. Although it is only moderately effective
when administered topically to the eye or the skin
it has found wide usage for various types of block
anesthesia. The scope of utility of piperocaine
has included low spinal anesthesia in vaginal delivery' (Crowter and McNulty, Ann. West. Med.
Surg., 1951, 5, 531); control of bleeding during
fenestration operations by sympathetic block
(Goffen et al., Anesth. & Analg., 1950, 29, 340),
and as a local anesthetic in dental surgery (Costich,
/. A.Dent. A., 1950, 40, 163).
Administration. — Topically, piperocaine hydrochloride isemployed in the following concentrations and forms : For the eye, a 2 per cent solution or a 4 per cent ointment; for the nose and
throat, a 2 to 10 per cent solution to which
1:25,000 of epinephrine hydrochloride may be
added; for the genitourinary tract, a 1 to 4 per
cent solution; for the skin a 5 per cent ointment;
for rectal use, 5 per cent suppositories. For infiltration anesthesia of small areas a solution of
0.25 to 1 per cent concentration is employed; in
dentistry a 2 per cent solution, sometimes with
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1:60,000 of epinephrine hydrochloride, is used
(Costich, /. A. Dent. A., 1950, 40, 163); in
regional nerve block or caudal anesthesia a 1.5
per cent solution is in use; for spinal anesthesia
the dose is 50 to 150 mg. (based on a maximum
of 0.75 mg. per pound of body weight) in 1.5 to
5 per cent solution, the specific use determining
the density (McElrath et al, Am. J. Obst. Gyn.,
1949, 58, 1084).
The rare instances of toxic accidents following
inadvertent intravenous anesthesia include convulsions which may be controlled by the intravenous administration of a rapidly acting barbiturate such as pentobarbital symptomatically. A
vasopressor agent may be employed slowly intravenously symptomatically to bring the blood
pressure back to a reasonable value after profound
spinal anesthesia or intravenous injection.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
PIPEROCAINE HYDROCHLORIDE
INJECTION.
U.S.P.
"Piperocaine Hydrochloride Injection is a sterile solution of piperocaine hydrochloride in water
for injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of C16H23NO2.HCI." U.S.P.
The pH of the injection is required to be between 3.5 and 6. The assay is based on liberation
of piperocaine base with sodium hydroxide, extraction of the base with ether, and estimation of
it by adding a measured excess of sulfuric acid
followed by titration with 0.1 N sodium hydroxide.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I or II
glass, protected from light." U.S.P.
Usual Sizes. — 1 per cent in 30 ml.; 1J-4 per
cent in 5 ml.; 2 per cent in 30 ml.; 3 per cent in
1.5 ml.; 5 per cent in 3 ml.; 20 per cent in 5 ml.
POSTERIOR

PITUITARY.

U.S.P., LP.

Hypophysis Sicca, Pituitary, [Pituitarium Posterius]

"Posterior Pituitary is a powder prepared from
the clean, dried, posterior lobe of the pituitary
body of domestic animals used for food by man.
Each milligram of Posterior Pituitary possesses
an activity equivalent to not less than 1 U.S.P.
Posterior Pituitary Unit." U.S.P.
The LP. definition is essentially the same; the
potency is required to be such that 1 milligram
shall possess activity equivalent to not less than
1 International Unit (oxytocic).
Pituitarium, U.S.P. X. Pulvis Posthypophysae. Fr. Poudre
de lobe posterieur d'hypophyse ; Poudre de posthypophyse.
Sp. Polvo-tipo de lobulo posterior de hipofisis; Pituitaria
Posterior.

For information concerning the pituitary body
see under Pituitary, in Part II. In preparing the
official posterior pituitary the glands are removed
from animals immediately after slaughtering and
are commonly frozen until ready for processing,
which includes defatting and dehydration with
acetone, followed by drying and powdering.
Description. — "Posterior Pituitary occurs as
a yellowish or grayish, amorphous powder and
has a characteristic odor. Posterior Pituitary is
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only partially soluble in water." U.S.P. For a histological description see U.S. P. XV, also Youngken
(/. A. Ph. A., 1935, 24, 576). The U.S.P. specifies
that the loss on drying in vacuum at 60° for 4
hours shall not exceed 5 per cent.
Assay. — A dilute acetic acid extract of posterior pituitary is assayed by the method explained
under Posterior Pituitary Injection. U.S.P.
Constituents. — The several prominent physiological actions of posterior pituitary injection have
been considered by some to be attributable to a
single substance, a kind of "mother-molecule,"
which could cleave into fractions having specific
effects (see Abel, /. Pharmacol., 1930. 40, 139;
Van Dyke, ibid., 1942, 74, 190;. In 1928, Kamm
and his associates announced the preparation of
two non-crystalline preparations having in a high
degree pressor and oxytocic activities, respectively. The pressor principle, variously called
beta-hypophamine, pitressin, vasopressin, and
postlobin-V , clearly appears to be responsible for
the cardiovascular effects, while the oxytocic principle, known by the names alpha-hypophamine,
pitocin, oxytocin, and postlobin-0 , brings about
the action on the uterus. These principles are
further described in the monographs on Oxytocin
Injection and Vasopressin Injection, in Part I.
The antidiuretic effect is believed by some to be
a property of the pressor principle but there is
some evidence to indicate that it may be attributable to a separate antidiuretic component. While
much has been learned about the components of
posterior pituitary there are still many unsolved
problems.
Uses.— In 1895 Oliver and Schafer (/. Physiol.,
18, 277) discovered that intravenous injection of
an aqueous extract of the hypophysis produced a
rise in blood pressure of a magnitude comparable
to that produced by suprarenal extract and surpassing it in duration. Further studies showed
that pituitary extract affects several body functions, which are described in the following.
Effect on* Blood Pressure. — The characteristic rise of blood pressure is due to constriction
of arteries and increased force of the heart beat;
it occurs even after section of the spinal cord or
when the drug is perfused through excised organs.
The effect is directly on muscle fibers, and the
rise of blood pressure lasts about half an hour. If
a second dose is administered immediately after
the blood pressure returns to normal the elevation
is less extensive, becoming continuously less after
each successive injection (tachyphylaxis) ; eventually the drug produces a drop instead of an increase in blood pressure. This is apparently due,
at least in part, to a weakening of the heart
muscle, caused by a combination of constriction
of coronary arteries and a direct action on heart
muscle (see Gruber and Kountz, /. Pharmacol.,
1930, 40, 253). There is, however, a depressant
component of pituitary extract which directly
contributes to the fall of blood pressure. It has
been suggested that this depressant substance is
histamine, but this does not seem to be the only
factor (see Larson, ibid., 1936, 56, 396). Unlike
epinephrine there is increased force of contraction
with decreased heart rate, according to Howell
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(/. Exp. Med., 1898, 3, 245). A constriction of
coronary vessels occurs, in contrast to dilatation
caused by epinephrine. A characteristic change in
the T wave of the electrocardiogram in normal
animals and humans, and in patients with coronary
disease, is produced by posterior pituitary extract
(Essex et al., Am. Heart I., 1940, 19, 554;
Graybiel and Glendy, ibid., 1941, 21, 481; Melville, /. Pharmacol., 1938, 64, 86). In the bird,
a fall in blood pressure may be produced by posterior pituitary extract (Paton and Watson,
/. Physiol., 1912, 44, 413); this depressor action
is due to the oxytocic fraction and is the basis of
the assay procedure for oxytocin injection (Coon,
Arch, internet, pharmacodyn. therap., 1939, 62,
79). In humans the vasopressor fraction is generally vasoconstrictor in action (Abell and Page,
/. Exp. Med., 1942, 75, 305; but under some circumstances posterior pituitary extract may cause
an increase in blood flow, for example to the arm
(Sunahara et al., Rev. Canad. Biol., 1950, 9, 96).
In a warm environment Ladell (South African J.
Med. Sc, 1948, 13, 145) found no effect of posterior pituitary extract on resting heart rate or
rectal temperature but it tended to increase sweating of persons who usually perspired little, and
decreased sweating in those who ordinarily perspired profusely; vasoconstriction decreased skin
temperature and hence perspiration in the latter
whereas in the former vasoconstriction in the
periphery resulted in increased internal body temperature and increased sweating to reduce the
elevated temperature.
Oxytocic Action. — Posterior pituitary extract,
whether parenterally injected or applied directly
to the uterus, produces marked increase in both
the tonus and height of contraction of muscle
fibers and, after a sufficient dose, causes spasmodic
contraction. Mendenhall {I. A.M. A., 1929, 92,
1341) contended that during labor the drug causes
tonic, instead of interrupted, uterine contractions,
but Stein (ibid., 1930, 94, 1429) maintained that
this is a question of dosage and that with small
quantities it merely augments the natural contractions (see further discussion under Oxytocin
Injection, in Part I) . A spontaneously more active
uterus is more responsive to pituitary extract
(Reynolds, Am. J. Physiol., 1930, 92, 430). During the early stage of pregnancy the human uterus
responds to the pressor but not the oxytocic fraction of pituitary (Geiling and Oldham, J.A.M.A.,
1941, 116, 302); the non-gravid uterus is more
sensitive to the pressor fraction. The cervix portion of the uterus is quite insensitive to posterior
309).
pituitary
extract (Newton, /. Physiol., 1937, 89,
Action on Smooth Muscle of Intestine and
Urinary Bladder. — The third important effect
of pituitary extract is upon intestinal muscles. In
connection with this there is considerable divergence in experimental evidence, in part apparently
due to variations in response of different animals
and in conditions of the experiments; it would
seem also that different segments of intestines
vary in their response. Larson (/. Pharmacol.,
1941, 72, 362) reported that when either the
official posterior pituitary injection or the vaso-
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pressor fraction was hypodermically administered
in sufficient dose to unanesthetized dogs there was
an increase in peristaltic movements of the upper
part of the colon but usually no increase in tonus
while the lower segment of the colon usually
showed no increase in either movement or tone.
These effects were not observed when the drug
was given intravenously, or when the oxytocic
fraction was given either subcutaneously or intravenously. Steggerda et al. (Am. J. Physiol., 1938,
123, 400) found that in unanesthetized cats there
was increased tonus of the upper part of the colon
with expulsion of feces. Quigley et al. (J. Pharmacol., 1934, 51, 316), measuring the rapidity
of bolus progress through the upper bowel in
dogs, found considerable variation in individual
experiments but in the majority of cases a slowing was observed. Most observations on human
beings indicate that there is an increase in intestinal peristalsis (see Kirklin and Seedorf, Am. J.
Roentgen., 1939, 42, 811) although some investigators reported the opposite effect. In man
Guthrie and Bargen (Surg. Gynec. Obst., 1936,
63, 743) observed increased motility with little
change in tone after administration of posterior
pituitary extract; the vasopressor fraction increased tone while the oxytocic fraction decreased
it. Increased tone and motility in the distal portion of the bowel were noted in intubation studies
following administration of the vasopressor fraction (Elsom et al., Am. J. Digest. Dis., 1939, 6,
593). The stimulant action of the vasopressor
fraction on the intestine was also observed by
Gaddum (/. Physiol, 1928, 65, 434); Melville
and Stehle (/. Pharmacol, 1934, 50, 165) noted,
as did Gruber and Robinson (ibid., 1929, 36,
203), that the unanesthetized dog behaves differently from the human. Williams and Streeten
(Brit. J. Pharmacol. Chemother., 1952, 7, 47)
reviewed the confused literature and re-evaluated
the problem with studies using cannulated ThiryVella loops in the jejunum of conscious dogs; they
found that posterior pituitary extract and vasopressin increased the amount of propulsive work
done by the intestine whereas oxytocin had no
effect. Relaxation of the circular and contraction
of the longitudinal muscle of the small intestine
has been attributed to the oxytocic fraction. A
decrease in gastric secretion, similar to that caused
by other vasoconstrictor drugs, has been observed
following posterior pituitary extract (Cutting et
al, Proc. Roy. Soc. London, 1937, 123, 27). Posterior pituitary also stimulates the muscle of the
urinary bladder, particularly if it is atonic.
Lactation. — The contraction of the smooth
muscle of mammary alveoli, causing milk to flow
into the ducts, following administration of the
oxytocic fraction is discussed under Oxytocin Injection, inPart I.
Renal Function. — Injections of pituitary extract sometimes increase and sometimes lessen
urinary output; the dominant action appears to
be antidiuretic. The physiological mechanism of
these changes is not understood (Smith, Physiology of the Kidney, Oxford University Press,
1937). The diuretic effect is not considered to be
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caused by a separate hormone, but rather to differences in experimental methods and conditions
and to the net effect arising from simultaneous
physiological actions of pituitary extract on other
structures. The antidiuretic effect is either the
property of the pressor principle or of a separate
hormone; the action seems to be on the renal
tubule. Findley (Texas State J. Med., 1943, 39,
232) showed that a small reduction in the glomerular filtrate absorbing capacity of the tubules
(less than 20 per cent) may result in a very great
increase in urinary volume (500 per cent).
Metabolic Effects. — The injection of posterior pituitary extract in normal animals causes
an increase in blood sugar and antagonizes the
hypoglycemic effect of insulin; this action is
associated with the vasopressor fraction (Ingle
and Nezamis, Am. J. Physiol, 1949, 157, 59).
An effect on blood serum cholesterol and phospholipids was described by Wachtel (Nature,
1939, 163, 254).
Salt and water metabolism are affected by posterior pituitary extract. This antidiuretic action
is employed in the treatment of diabetes insipidus
(v.i.) and is discussed in more detail under Vasopressin Injection, in Part I.
Therapeutic Uses. — In clinical medicine posterior pituitary, especially the injection, is employed for three principal purposes. The first of
these is to stimulate the uterus, especially during
childbirth. Its injudicious use in the early stages
of labor is open to the same objections that have
been presented under ergot and which have been
the cause of many injuries and some deaths.
Sharkey (J. A.M. A., 1940, 115, 1315), from a
study of the literature as well as from his own
experience, concludes that "use of a solution of
posterior pituitary to accentuate the pains of normal labor and hasten delivery is to be condemned"; that if used the preferable dose of posterior pituitary injection is 0.06 ml. and never
more than 0.2 ml. because of the danger of uterine
spasm during the first or second stage of labor.
The impairment of coronary blood flow caused by
the vasopressor fraction also makes posterior
pituitary injection undesirable, particularly in association with anesthetic agents which sensitize
the myocardium to fibrillation; oxytocin injection
(q.v.), however, can be used effectively and safely.
Leff (Am. J. Obst. Gyn., 1945, 49, 734), however, changed from use of an ergot alkaloid immediately after expulsion of the placenta to administration of 10 U.S. P. units of the oxytocic
fraction of posterior pituitary. He claims that
retraction of the lower uterine segment did not
occur when ergot was employed and persistent
and recurrent bleeding was frequent in spite of a
well-contracted uterus. With pituitary extract alternate contraction and relaxation of the uterus
occurs with retraction of the cervix. After 20
minutes he advocated intramuscular injection of
ergot. MacArthur (ibid., 1946, 51, 438) confirmed the findings (see also under Oxytocin
Injection).
The second use of posterior pituitary extract
is to stimulate intestinal peristalsis for relief of
tympany, especially that due to postoperative
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atony or the toxemia of an infection such as pneumonia. It has also been used to eliminate gas
shadows in the abdomen during roentgen examination of the gall bladder or kidneys; the vasopressor fraction is preferred for this purpose. For
this purpose, however, neostigmine methylsulfate
has become more popular.
By its antidiuretic action posterior pituitary
has proved to be of symptomatic value in the
management of diabetes insipidus; a low-salt diet
and moderate restriction of protein is helpful
(Findley, loc. cit.). Injections are given subcutaneously or intramuscularly, generally once or
twice daily. A suspension in vegetable oil of the
tannate of the pressor-diuretic-antidiuretic fraction, Vasopressin Tannate, N.N.R., available as
Pitressin Tannate in Oil (Parke, Davis), is especially useful because of its prolonged action (see
Greene and January, JAM. A., 1940, 115, 1183);
the usual dose is 0.3 to 1 ml., representing 1.5 to
5 pressor units, intramuscularly (never intravenously), every 36, to 48 hours. Choay and Choay
(Rev. neurol., 1924, 40, 267; Presse med., 1946,
54, 500) recommended nasal inhalation of posterior pituitary powder as a snuff in the treatment
of diabetes insipidus and reported satisfactory use
of this procedure over a period of 20 years. Shorr
and Carter (/. Clin. Endocrinol., 1947, 7, 828)
confirmed the efficacy and practicality of this
method of treatment. A powder inhalator has
been made available (Armour) to facilitate nasal
application of posterior pituitary powder.
Miscellaneous Uses. — Although clinical experience has shown that posterior pituitary injection
by itself is of secondary importance in shock it
greatly enhances the action of epinephrine and
ephedrine (Melville, /. Pharmacol., 1933, 47,
355). For intractable, massive pulmonary hemorrhage Trimble and Wood (Dis. Chest, 1950, 18,
345) gave 10 units of posterior pituitary injection
in 10 ml. of sodium chloride injection intravenously over a period of 10 minutes. McLaurin
(Laryngoscope, 1948, 58, 1315) administered posterior pituitary injection with benefit in posttonsillectomy hemorrhage.
Toxicology. — The toxic effects of injection of
posterior pituitary preparations are those of
shock — palor, rapid pulse, fall in blood pressure,
air hunger, edema and coma — and are relieved by
epinephrine. Caution should be exercised in administering itto patients with heart disease (see
discussion under Vasopressin Injection). Although
very small doses are used to precipitate labor,
even average doses during the first or second
stages of parturition may result in rupture or circulatory failure. Large doses at any time may
cause intestinal cramps. Hypersensitivity reactions have been reported (JAM. A., 1944, 125,
786), and urticaria and angioneurotic edema described.
Dose. — The usual dose of posterior pituitary
powder is 10 mg. intranasally as a snuff 3 times
daily; the range of dose is 5 to 20 mg. To obtain
the full physiological effect of posterior pituitary
it must be administered parenterally ; the dose of
the official injection is given in the following
monograph.

Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." U.S. P.
POSTERIOR
INJECTION.
Posterior

PITUITARY
U.S.P. (LP.)

Pituitary Solution, Pituitary Solution,
[Injectio Pituitarii Posterioris]

"Posterior Pituitary Injection is a sterile solution in water for injection, slightly acidified with
acetic acid, of the water-soluble principle or principles from the posterior lobe of the pituitary
body of healthy domesticated animals used for
food by man. Each ml. of Posterior Pituitary
Injection possesses an activity equivalent to 10
U.S.P. Posterior Pituitary Units." U.S.P. The
LP. requires Injection of Posterior Pituitary to
contain 10 International Units (oxytocic) per ml.
Posterior Pituitary Liquid; Posterior Pituitary Extract;
Pituitary Extract. Infundin (Burroughs Wellcome) ; Pituitrin (Parke, Davis). Liquor Pituitarii Posterioris; Liquor
Pituitarii; Solutum Extracti Posthypophysae. Fr. Solute
injectable de lobe posterieur d'hypophyse ; Solute posthypophysare. Sp. Inyeccion de Pituitaria Posterior.

The U.S.P. does not provide directions for the
preparation of this injection. The B.P. 1948 indicated that it may be prepared from pituitary
bodies which are frozen, and the posterior lobes
dissected from the frozen material and either
used immediately for the preparation of the extract or dried and powdered, after first removing
water by immersion in several successive changes
of a large volume of acetone. The subdivided
lobes are extracted with distilled water adjusted
to pH 3 to 4 with acetic acid, the solution being
warmed sufficiently to coagulate the proteins and
destroy the autolytic enzymes present. The extract is filtered, the filtrate assayed and adjusted
to the required activity and acidity, and filled into
suitable glass containers. Sterilization may be
effected by bacterial filtration before filling into
the containers, in which case a suitable antiseptic
is added, or by heating in an autoclave after filling
into the containers.
Besides the injection of official strength, which
is sometimes referred to as "obstetrical," some
manufacturers also supply a similar product containing 20 U.S.P. units per ml., which injection
is described as "surgical."
Description. — "Posterior Pituitary Injection
is a clear or only faintly opalescent liquid, colorless, or nearly so, and has a faint, characteristic
odor." U.S.P.
Assay. — Formerly the U.S.P. assay was based
on the observation of the oxytocic activity of
posterior pituitary injection in inducing contractions of guinea pig uterus, quantitatively compared with the similar activity of U.S.P. Posterior
Pituitary Reference Standard. At the present time
the assay is based on the fall of blood pressure
which occurs in adult chickens following intravenous administration of dilutions of posterior
pituitary injection ; a quantitative evaluation may
be made by use of a solution prepared from the
reference standard, similarly injected. While extracts of posterior pituitary when injected intravenously in small doses cause an immediate and
sharp rise in blood pressure due to direct periph-
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eral vasoconstriction, it was discovered that a
marked depressor action due to dilatation of systemic arterioles also occurred. This latter effect
has been correlated with the oxytocic action of
the pituitary extracts and the conditions for its
quantitative measurement worked out by Coon
(Arch, internat. pharmacodyn. therap., 1939, 62,
79). U.S. P. This same assay is employed by the
U.S. P. for oxytocin injection. The B.P. describes
this method, and also a method similar to the
former guinea pig uterus method of the U.S. P.
except that rat uterus is used instead, as suggested procedures for assaying its injection of
oxytocin.
A review of various methods for bioassay of
posterior pituitary principles is given by Irving
in the A.A.A.S. volume. The Chemistry and Physiology of Hormones, 1944.
Besides the official posterior pituitary injection
a sterile solution for injection of substantially the
water-soluble oxytocic principle of posterior pituitary, under the title Oxytocin Injection, and a
similar solution of substantially the water-soluble
pressor principle, under the title Vasopressin Injection, are official. For information concerning
these preparations see under the respective titles,
in Part I.
Stability.— Smith and McClosky (U. S. Hygienic Lab. Bull., 138, 1924) found that pituitary
solutions carefully prepared and sterilized did
not decrease in activity for at least one year if
kept at a low temperature. In warm places deterioration takes place more or less rapidly, depending on the temperature; at 37° solutions
retain substantially complete activity for 2
months but at 60° practically complete destruction of active principles occurs within 3 months.
Uses. — Posterior pituitary injection possesses
the physiological actions and therapeutic properties of posterior pituitary (q.v.). It is used for its
cardiovascular, renal, gastrointestinal and obstetric action. In the early stages of herpes zoster a
daily intramuscular dose of 5 or 10 units has
been used with advantage, [v]
The usual dose of posterior pituitary injection
is 10 U.S. P. units, subcutaneously, with a range
of dose up to 10 units, this usually being the
maximum safe dose in obstetrical practice. Under
certain circumstances as much as 20 units is
given, with caution. The intramuscular route is
also employed, and small doses may be given intravenously, with care.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes.— 5 U.S.P. Units in 0.5 ml.; 10
Units in 1 ml.
PLAGUE

VACCINE.

U.S.P., B.P.

[Vaccinum Pestis]

"Plague
Vaccine
is a solution
sterile suspension,
in isotonic sodium
chloride
or other suitable
diluent, of killed plague bacilli (Pasteurella pestis)
of a strain selected for high antigenic efficiency.
It contains, in each ml., not less than 2 billion
plague bacilli. It may contain not more than 0.5
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per cent of phenol or not more than 0.4 per cent
of cresol, as a preservative." U.S.P.
The B.P. specifies that the vaccine is to be
prepared from the capsulated form of P. pestis io
such a manner that the final vaccine contains the
greatest possible amount of capsular material.
Sp. Vacuna Antipestosa.

Plague is caused by Pasteurella pestis, a gramnegative bacterium. Epidemics of this disease
have been recorded even in ancient times and
occasional epidemics still occur in various parts
of the world. The disease is endemic on the west
coast of North America as well as in parts of
Asia, Africa and Europe. In most parts of the
world the rat is considered to be the reservoir of
infection; transmission to humans is brought
about by the rat flea. However, in the western
United States plague is endemic in various other
wild rodents such as flying squirrels, ground squirrels and field mice, and fleas from these animals
have been found to be infected (Link, J.A.M.A.,
1950, 144, 375). Despite this situation, epidemics
of plague have not occurred recently in the United
States.
Preparation. — Plague vaccine is prepared by
growing fully virulent Pasteurella pestis on a suitable culture medium (either agar or broth) and
harvesting the organisms after incubation at 37°.
The organisms are usually killed with formaldehyde although heat and sucrose solution have
been used as killing agents. The vaccine is adjusted to a density of 2 billion organisms per ml.
and after tests of potency, safety and sterility, it
is considered ready for use.
Description. — "Plague Vaccine is a turbid,
whitish liquid, nearly odorless or having a faint
odor due to the preservative." U.S.P.
Assay. — Plague vaccine is tested for antigenicity by immunization of susceptible mice which
are subsequently challenged with living virulent
plague bacilli. The immunizing dose of vaccine
protecting mice from death is compared with the
immunizing dose of a control vaccine required to
cause protection. Plague vaccine must at least
equal the mouse protective power of the control
vaccine supplied by the National Institutes of
Health of the U. S. Public Health Service. Plague
vaccine complies also with the safety, sterility,
and other requirements of the National Institutes
of Health of the U. S. Public Health Service.
Uses. — Plague vaccine is recommended for all
individuals residing in an area where serious
danger from plague exists or during an epidemic;
it is not advised otherwise. Partial protection after
vaccination persists for 4 to 6 months and a
booster dose of 1 ml. is advocated every 4 months
if danger persists (Love et al., Med. Clin. North
America, 1954, 38, 1493). Local and systemic
reactions to the vaccine are frequent but not serious. Since antibiotic therapy (chloramphenicol,
chlortetracycline, streptomycin) is effective only
if administered early in the disease, vaccination
is worthwhile (McCrumb et al., J. Infect. Dis.,
1953, 92, 273).
The usual dose comprises two subcutaneous in-
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jections of 0.5 and 1 ml. at an interval of 7 to
10 days.
Labeling. — "The package label bears the name
Plague Vaccine; the bacterial count; the lot number; the expiration date, which is not more than
18 months after date of manufacture or date of
issue; the manufacturer's name, license number
and address: and the statement 'Keep at 2° to
10° C. (35.6° to 50° F.)." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense
it in the unopened container in which it was
placed by the manufacturer." US. P.
Usual Sizes. — 2 and 20 ml.
PLANTAGO
Psyllium

Seed,

Plantain

SEED.
Seed,

N.F.

Plantaginis Semen

"Plantago Seed is the cleaned, dried, ripe seed
of Plantago Psyllium Linne. or of Plantago indica
Linne {Plantago arenaria Waldstein et Kitaibel),
known in commerce as Spanish or French Psyllium Seed; or of .Plantago ovata Forskal, known
in commerce as Blond Psyllium or Indian Plantago Seed (Fam. Plantaginacea)." N.F.
B.P.C. Ispaghula (from P. ovata). Spogel Seeds (from
P. oi-ata). Flea Seed. Semen Psyllii. Fr. Psyllium. Get.
Flohsamen; Heusamen.

Various plantain seeds have been used medicinally in Europe and Asia for several centuries
but they did not come into common use in the
United States until the second decade of the
present century. Because of the earlier absence
of standards for this drug in the United States,
considerable seed of inferior grade was offered
to the trade, and even substitutes having no
botanical relationsihp to psyllium have been
marketed.
The genus Plantago, or the plantain group,
comprises about 200 species of annual or perennial, acaulescent or caulescent herbs or subshrubs
widely distributed mainly in temperate regions of
both hemispheres. The leaves are simple, either
radical or cauline, usually ribbed. The flowers are
small, whitish, in a spike or head raised on a
naked scape or on axillary peduncles. The fruit
is a 2-celled pyxis containing two to many seeds
and dehiscent transversely, the top falling off at
maturity and allowing the dissepiment and attached peltate seeds and placenta to fall out.
Seeds hemianatropous, albuminous with oily endosperm and straight embryo.
De Jussieu recognized two distinct groups of
true plantains, the stemless, which he placed
under Plantago, and those with stems, which he
grouped under Psyllium. Harms divided the genus
into the subgenera Euplantago (acaulescent) and
Psyllium (caulescent). However, the term "psyllium" is applied in pharmaceutical circles as a
general term for all medicinally used plantain
seeds in drug commerce; two of the officially
recognized species are true Psylliums.
Plantago Psyllium L., the source of some of
the French — and most of the best Spanish —
psyllium seed of commerce, is an annual, erect,
glandular hairy, caulescent herb, native to Mediterranean countries. It bears flattened, linear to
linear-lanceolate leaves from the upper axils of

which peduncles arise which terminate in ovatecapitate spikes. The spikes are up to 12 mm. in
length, glandular hairy and bearing ovate-lanceolate bracts, each with a herbaceous midrib and
hyaline lamina laterally. The flowers arising in
the axils of the bracts possess 4 similar persistent
sepals of lanceolate outline with a green, herbaceous midrib extended as a cusp and a hyaline
lamina, beset, like the bracts, with glandular and
non-glandular hairs, a salverform corolla of 4
gamopetalous, hyaline petals inserted below the
ovary, the limb with 4 lanceolate, acuminate lobes.
4 stamens with 2-celled anthers and a superior
2-celled ovary with peltately attached ovules. The
fruit is membranous, 2-celled pyxis.
Plantago indica L. [Plantago arenaria Waldstein et Kitaibel, Plantago ramosa (Gilib.)
Aschers], the source of most of the French — and
some of the Spanish — black psyllium seed, is an
annual, much-branched, glandular hairy herb of
similar distribution to the preceding.
Plantago ovata Forskal (P. Ispaghula Roxb.)
is an annual, acaulescent herb native to India
and extensively cultivated in the northwestern
provinces of that country and to a lesser extent
in Persia and scattered Mediterranean countries
for its seeds which are variously termed, blond
psyllium seed, Indian plantago seed, white
psyllium, or psylla seeds, Spogel seeds, and
Ispaghula seeds. Its leaves are sessile, linearlanceolate to lanceolate, attenuated, acute, usually
entire, somewhat denticulate, and sparsely clothed
with woolly hairs. The flowers are small and
crowded on short, cylindrical-ovate to oblong
spikes which terminate long woolly peduncles
that arise from the axils of the leaves. Subtending each flower is a large, broadly ovate, membranous bract with a green keel. Each flower
possesses 4 oblong-ovate sepals, a gamopetalous
corolla with a papery tube and spreading limb
of 4 rounded-ovate, mucronulate segments, 4 exserted stamens with long filaments and large
versatile anthers, a superior. 2-celled ovary with
a single ovule in each cell, a slender exserted
style and clavate stigma. Blond psyllium seed
is collected by nomadic tribes in the Punjab and
northwestern frontier provinces of India.
During 1953 a total of 3,808,863 pounds of
psyllium seed came from India, Japan and France.
Description. — "Unground Plantago Seed. —
The seed of Plantago Psyllium is ovate to ovateelongate, concavo-convex; mostly from 1.3 to 2.7
mm. in length, rarely up to 3 mm., and from
0.6 to 1.1 mm. in width. It is light brown to
moderate brown, darker along the margin, and
very glossy ; the convex dorsal surface exhibiting a
lighter-colored longitudinal area extending nearly
the length of the seed and representing the embryo
lying beneath the seed coat, and a transverse
groove nearer the broader end. The concave
ventral surface has a deep cavity, in the center
of the base of which is an oval yellowish white
hilum.
"The seed of P. indica is ovate-oblong to elliptical, concavo-convex; from 1.6 to 3.0 mm. in
length and from 1.0 to 1.5 mm. in width. Externally itis dark reddish brown to moderate
yellowish brown, occasionally somewhat glossy,
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often dull, rough, and reticulate ; the convex dorsal
surface having a longitudinal lighter-colored area
extending lengthwise along the center and beneath
the seed coat, and a median transverse groove,
dent, or fissure. The ventral surface has a deep
concavity, the edges somewhat flattened and frequently forming a sharp indented angle with the
base of the cavity, the latter showing a lightcolored oval hilum.
"The seed of P. ovata is broadly elliptical to
ovate, boat-shaped; from 2 to 3.5 mm. in length
and from 1 to 1.5 mm. in width. It is pale brown
to moderate brown with a dull surface; the
convex surface having a small, elongated, glossy
brown spot. The concave surface has a deep
cavity in the center of the base of which occurs
a hilum covered with a thin membrane.
"All varieties of Plantago Seed are nearly odorless and have a bland mucilaginous taste." N.F.
For histology see N.F. X.
For further information on the botany and
pharmacognosy of psyllium seed see Youngken
{Am. J. Pharm., May, 1934; /. A. Ph. A., 1932,
21, 1265, and 1935, 24, 207); Skyrme {Quart.
J. P., 1935, 8, 1 and 161).
Standards and Tests. — For quality. — On
mixing 1 Gm. of plantago seed with 20 ml. of
water in a 25-ml. graduated cylinder during 24
hours and then allowing the seed to settle for
12 hours, the total volume occupied by the
swollen seeds amounts to not less than 14 ml.
in the case of Plantago Psyllium, not less than
10 ml. in the case of P. ovata, and not less than
8 ml. in the case of P. indica. Foreign organic
matter. — Not over 0.5 per cent. Total ash. — Not
over 4 per cent. Acid-insoluble ash. — Not over
1 per cent. N.F.
Adulterants. — The chief impurities found in
French and Spanish psylliums have been foreign
seeds, including those of the Cruciferce, membranous fragments of the capsules and tiny snail
shells.
Plantago lanceolata L. is a European species
which is widely naturalized in this country where
it is known popularly as English plaintain, ribwort, rib grass, snake-plantain, rat-tail and numerous other pseudonyms. Its roasted seeds have
been used in France as an adulterant of P. arenaria.
Youngken has reported a dangerous substitute
for Indian psyllium which has appeared in commerce. This is the nutlets of Lallemantia Royleana Benth. (Fam. Labiatce), an annual herb of
India and Persia {J. A. Ph. A., 1934, 23, 397).
This, while yielding considerable mucilage when
ingested, forms rigid peltate processes after the
bursting of the outer walls of the epidermal cells.
These by interlocking with intestinal contents
may form bezoar-like masses which occlude the
lumen of the bowel. Christensen states that the
seeds of Plantago Iceflingii L. and of P. amplexicaulis Cav. are commercially sold in India.
Constituents. — Zornig stated that psyllium
contains the glycoside acubin, the enzymes invertin and emulsin, and a mucilaginous principle
called xylin. Wiegand found in it oxalic acid and
mucic acid. Hepburn and Laughlin {Am. J.
Pharm., 1930, 102, 565) reported the following
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composition of psyllium seed, expressed in percentage units: moisture, 8.50; crude fat, 6.40;
crude protein, 17.83; crude fiber, 11.50; nitrogenfree extractives, 52.61; total ash, 3.16. The nitrogen-free extractives (gums) contained pentosans
9.85 and galactans 0.31. The crude gum was tasteless and odorless.
Uses. — Plantago seed is used in medicine practically exclusively in the management of chronic
constipation. Its action is probably purely mechanical. The outer seed covering, being hard and
indigestible, acts as a mechanical irritant similar
to but more harsh than bran; the gums of the
spermoderm, being largely of the indigestible
type, retain water and thereby give bulk and
softness to the fecal masses. The use of the drug,
however, in improper cases is as potent for harm
as it is for good in appropriate cases. The irritation of the undisintegrated seeds in inflammatory
or irritable conditions of the alimentary tract
may lead to spasm and increase the constipation.
As the seeds are largely indigestible their retention
in the intestines may form a nucleus for a mechanical obstruction, at least two such cases of
which have been recorded. To minimize the possibility of the occurrence of harmful effects, the
seeds should be soaked in water for several hours
before taking. The seeds should not be ground or
masticated before taking, as it has been demonstrated in experimental animals that when comminuted and then ingested they release a pigment
which deposits in the renal tubules (Thienes and
Hall, Am. J. Digest. Dis., 1941, 8, 307), although
no effect on urea clearance, phenolsulfonphthalein
excretion or microscopy of urine was observed.
Presently, a mucilage-forming mixture composed chiefly of hemicellulose obtained from the
seeds of Plantago Lceflingii is much more widely
used than the whole seeds. Such a product is
Mucilose (Winthrop-Stearns). This is an odorless,
tasteless, granular or flaky material which forms
a thick mucilage with water. It is employed in
the treatment of constipation as a bulk laxative
in the same manner as the whole seed, over which
it has the advantage of being free of the irritant
husks of the seed and thus is less likely to form
impactions in the intestines. Under some circumstances the pentoses present are partially digested
in the intestines to form mildly irritant substances. Itis given in doses of 1 or 2 teaspoonfuls, once or twice daily, stirred up in a glass of
water which may be flavored with fruit juices or
other flavorings.
The usual dose of plantago seed is 7.5 Gm.
(approximately 2 drams) with a glass of water,
once daily; the range of dose is 4 to 15 Gm.
NORMAL

HUMAN PLASMA.
U.S.P. (B.P.)

Citrated Normal Human

Plasma

"Normal Human Plasma is the sterile plasma
obtained by pooling approximately equal amounts
of the liquid portion of citrated whole blood from
eight or more adult humans. It has been treated
with ultraviolet irradiation for the purpose of
destroying possible bacterial and viral contaminants. Only those persons may serve as a source

1072

Plasma, Normal

Human

of Normal Human Plasma who are in physical
condition to give blood and are free of those
diseases transmitted by transfusion of plasma, as
far as can be determined from the donor's personal history and from such physical examination
and clinical tests as appear necessary for each
donor on the day upon which the blood is drawn.
"The blood is drawn under aseptic precautions
into individual sterile centrifuge bottles containing 50 ml. of a sterile, 4 per cent solution of
sodium citrate in water for injection for each 500
ml. of whole blood. The cell-free plasma is separated by centrifugation in the individual bottles,
and is pooled, and distributed into final containers through a closed system.
"Normal Human Plasma may be dispensed as
liquid, frozen, or dried plasma. Liquid plasma
contains 5 per cent of dextrose as a stabilizing
agent.
"Plasma for processing to liquid, frozen, or
dried forms may be recovered also from citrated
whole blood intended for whole blood transfusion
when anticoagulant, acid citrate dextrose solution
is used in the amount of 75 ml. of Solution A or
125 ml. of Solution B for each 500 ml. of whole
blood, and provided the blood has been stored
continuously at a temperature between 4° and
10°." U.S.P.
The B.P. recognizes only Dried Human Plasma.
It is prepared like the U.S. P. product except that
in order to ensure cross-neutralization hemagglutinins bysoluble blood group substances the
supernatant fluids are pooled so that contributions from donors of A, O, and of B or AB
groups respectively are represented in approximately the ratio 9:9:2.
Plasma represents the entire liquid portion of
blood. It includes the protein fibrinogen, distinguishing itfrom serum, which is the liquid separated from clotted blood, which contains no
fibrinogen. The cellular elements of blood may
be separated by centrifugation if some substance
is added to blood to prevent clotting. Among
anticoagulants which have been employed are
hirudin (see Leech, in Part II) and heparin, both
of which act by inhibiting conversion of prothrombin to thrombin; oxalates, which precipitate
calcium, and citrates, which probably form a nonionized calcium compound. The first three agents
are more or less toxic to humans. Citrate anticoagulants are safe and are commonly employed.
In producing plasma the blood from each
donor is drawn into an individual container under
the strictest aseptic technic, using a completely
closed system. Immediately after the blood is
mixed with citrate anticoagulant the container is
placed in a refrigerator at a temperature between 5° and 10° ; freezing must be avoided.
The cellular elements of blood are separated by
centrifuging, yielding a light amber liquid portion
comprising slightly more than half the volume
of original blood, and a sediment of red and
white cells. The plasma is withdrawn from each
bottle without disturbing the sedimented cells,
again using a closed system, and is immediately
mixed with plasma from several other donors to
form a pool; regulations require that not less
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than eight individual plasmas shall enter into
each pool, but in practice there are usually
twenty or more. Pooled plasma must be clarified to remove all particulate matter which may
interfere with sterilization by ultraviolet irradiation. The pool is then subjected to ultraviolet
irradiation to destroy all bacterial and viral contaminants, after which it is tested for sterility.
If the plasma is intended for distribution as a
liquid, 5 per cent of dextrose is added. No preservative isadded, sterility being maintained by
use of good technic and irradiation. The hemoglobin content of the plasma pool may not exceed 25 mg. per 100 ml.
Plasma obtained in this manner may be preserved in one of three ways: (1) by storage in
a suitable glass container at a temperature between 15° and 30°; (2) by rapid freezing; (3) by
desiccating the frozen plasma in a high vacuum
at temperatures below freezing. The desiccated
plasma is dispensed in the container from which
it is to be injected; accompanying it is a sealed
container holding the requisite amount of water
for injection or other suitable solvent, which
should not be added to the plasma more than 6
hours before use.
Which of the three forms of plasma is to be
selected for use will depend on the purpose for
which it is to be administered. In the liquid state
plasma retains the colloidal properties necessary
for treatment of shock, but the more labile components, such as prothrombin and fibrinogen
which function in coagulation of blood, and the
complement and antibodies concerned with immunity, deteriorate with time. In the frozen state
the labile components are better preserved, as
they largely are also when the plasma is dried.
The stability and characteristics of the three
types of plasma have been discussed by Strumia
and McGraw {J.A.M.A., 1942, 118, 427), and
Newhouser and Lozner {New Eng. J. Med.,
1943, 228, 671).
The composition of a typical sample of desiccated plasma is, in percentage units, as follows:
Water, 8.2; albumin, 44.9; globulin, 25.5; lipoids,
7.8; lecithin, 2.6; sugar, 1.1; nonprotein nitrogen 0.2; ash, 10.7 (Harper et al., J.A.M.A., 1941,
116, 1760).
Description. — "Liquid Normal Human Plasma,
when freshly collected, is a slightly opalescent
liquid of a faint yellowish or amber color and
is practically odorless. It contains no visible particles and is free from blood cells. Increased
opalescence or a precipitate may develop on
standing. Frozen Normal Human Plasma is made
from liquid normal human plasma frozen promptly
after filling. Dried Normal Human Plasma is
made from plasma containing no added dextrose,
by drying from the frozen state under vacuum.
It is fight yellow to deep cream in color, and
microscopically is of a honeycomb-like structure
and shows no evidence of fusion." U.S.P.
Standards and Tests. — Water content of
dried plasma. — Not over 1 per cent, when dried
over phosphorus pentoxide at a pressure not exceeding more than 1 mm. of mercury. Other requirements.— Normal
human
plasma
complies
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with the pyrogen and sterility tests and other
requirements of the National Institutes of Health.
U.S.P.
Plasma Fractionation. — The albumin of
human plasma, representing less than 60 per cent
of plasma proteins, accounts for nearly 80 per
cent of the osmotic efficiency of plasma proteins,
upon which effect the therapeutic utility of
plasma depends. The need for large amounts of
albumin in treating battle casualties prompted
study of methods for separating this component
of blood during World War II. Cohn and his
associates at the Harvard University Medical
School developed a process of fractionation by
means of which it became possible not only to
obtain albumin but other therapeutically useful
plasma components as well. Conn's process was
based on fractional precipitation of plasma proteins from alcohol-water systems of various
concentrations at different (low) temperatures,
and at various pH values. Five fractions were
obtained, some of these being separated into subfractions. Thus fraction I was rich in fibrinogen; fraction II consisted of the immunitybearing gamma-globulins; fraction III contained
isoagglutinins useful in blood typing, also lipoproteins, beta-globulins, thrombin, prothrombin,
and a fibrinolytic enzyme; fraction IV contained
the remaining beta-globulins and most of the
alpha-globulins; fraction V represented up to 90
per cent of the albumin. For details of the process see Cohn et al. (J. Clin. Inv., 1944, 23, 417;
Science, 1945, 101, 51); U. S. Patent 2,390,074
(1945); also Callaham (Chem. Met. Eng., 1946,
June, 101).
With the object of obtaining better separation
of plasma components and minimizing certain
denaturation reactions occurring in the preceding
process subsequent research at the Bussey Institution of Harvard University was focused on the
interaction of plasma proteins with metals, particularly zinc (Scientific American, 1954, 190,
54). The addition of a zinc salt to human plasma
precipitates approximately one-third of the proteins. The precipitate contains all of the fibrinogen, immune globulins, the beta-lipoproteins, and
the more labile proteins. These components can
be extracted from the precipitate by chemical
and simple ion-exchange processes. The supernatant fluid contains the albumin, the ironbinding globulin, most of the carbohydratecontaining proteins, and the alpha-lipoproteins.
These proteins in the supernatant liquid are responsible for more than 80 per cent of the osmotic efficiency of whole plasma, and appear to
be remarkably stable; this solution, called Stable
Plasma Protein Solution (SPPS). may be pasteurized at 140° F. for 10 hours, without deterioration, to destroy the virus of hepatitis. In connection with this metal-ion precipitation process
there has been developed an apparatus which
may revolutionize blood transfusion methods and
by use of which the processing of blood is
made virtually automatic. It consists of an ionexchanger, a heat-exchanger, and a centrifuge
with a complex multi-chamber bowl. The apparatus, developed in Cohn's laboratory, is still in
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the experimental stage but has wide application,
ranging from simple separation of plasma from
whole blood to the unusual technic of immunophoresis. In this latter application the blood
donor is connected, via a vein, directly to the
apparatus, which removes only the immune globulins, returning the red blood cells and other
components to the donor. With the apparatus
selective removal of any of the various blood
components appears to be possible, the remaining
ones being returned to the donor.
For a description of the albumin component,
and a discussion of its uses, see under Normal
Human Serum Albumin.
Gamma-globulins, which represent about 1 1 per
cent of the total plasma proteins, are from the
public health standpoint the most important
fraction of plasma; thus many of the antibodies
for infectious diseases are gamma-globulins. The
solutions prepared by Cohn represented an approximately 25-fold concentration of the globulins in pooled plasma. Titers for some diseases
are comparable to or exceed those of corresponding convalescent sera. Preparations of the gammaglobulin fraction have been successfully applied
in prophylaxis and treatment of measles (Greenberg et al., J.A.M.A., 1944, 126, 944; Cohn et
al, J. Clin. Inv., 1944, 23, 417); the results
clearly demonstrated the superiority of such a
preparation over one prepared from placental
material (see Immune Serum Globulin). Stokes
and Neefe (J.A.M.A., 1945, 127, 144) reported
successful use of human gamma-globulin in preventing infectious hepatitis; the findings were
confirmed by Havens and Paul (ibid., 1945, 129,
270). Early administration of globulin has been
found effective in preventing hepatitis following
administration of blood products to wounded men
(Grossman et al, ibid., 1945, 129, 991). Gammaglobulin, specially standardized for the purpose,
is used for passive prophylaxis of poliomyelitis
(see Poliomyelitis Immune Globulin, Human).
Cohn (Science, 1945, 101, 51) recommended
that where the value of convalescent serum has
been demonstrated in prevention or treatment
of any disease, the effectiveness of a concentrate
from pooled normal plasma should be investiThe isohemagglutinins may be concentrated
gated.
and used for typing blood (see under Citrated
Whole Human Blood, in Part I), in connection
with transfusion (Janeway, Bull N. Y. Acad.
Med., 1945, 21, 202).
Prothrombin obtained by fractionation of
plasma is converted to thrombin by human thromboplastin. Thrombin is available as a sterile, dry
powder ready for reconstitution and use for
stopping flow of blood (see under Thrombin,
and Fibrin Foam, in Part I).
Uses. — Normal human plasma is capable of
serving all the purposes for which whole blood
is employed except that of restoring hemoglobin.
While blood from different individuals may be
incompatible, plasma rarely exhibits such incompatibility. Plasma has the further advantages of
stability during long storage and, when it is in
desiccated form, of being conveniently trans-
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ported (Harkins and McClure, Ann. Surg., 1941,
114, 891). Even in instances of acute hemorrhage plasma, and also plasma extenders, may
often be used in an emergency. It has been demonstrated that the important factor in hemorrhage is not primarily the loss of red blood cells
but rather the decrease in blood volume which
causes a fall in blood pressure and ultimately
brings about circulatory failure and tissue anoxia.
Oxygenation of tissues may be maintained with
approximately 2 million red cells per cubic millimeter if there is adequate blood pressure and
sufficient volume to effect their circulation
(Elliot, N. Carolina M. J., 1940, 1, 283). In
pediatrics plasma has been recommended both
for prevention and treatment of circulatory failure in children, being as effective as whole blood
in increasing blood volume (Andrews et al., Arch.
Pediat., 1941, 58, 21). Its effectiveness has also
been demonstrated in correcting dehydration and
intoxication in infants and children (Aldridge,
Arch. Dis. Child., 1941. 16, 182; Platou and
Divan, Minn. Med., 1944, 27, 190) and in the
treatment of neonatal diarrhea (Thalheimer et
al, J. Pediatr., 1942, 20, 507). The serious disadvantage of plasma is the high incidence of
homologous serum hepatitis following use of
pooled plasma (see discussion under Toxicology).
The conditions for which plasma is useful have
been categorized, by Strumia and McGraw (loc.
cit.), into six groups, as follows: (1) surgical
shock, (2) burns, (3) hypoproteinemia (which
may be nephrotic or from impaired intestinal
absorption, as in diarrhea or faulty liver function), (4) cerebral edema, (5) hemorrhagic diseases (such as hemophilia), and (6) infections.
In the first four of these groups the chief therapeutic element of the plasma is its content of
protein; any one of the official forms is useful
but desiccated plasma permits of more rapid introduction of protein. In hemorrhagic diseases
frozen whole plasma had been considered the
best form to use, with the desiccated variety the
least efficient. For infections frozen plasma not
more than 2 months old was preferred; liquid
plasma,
if storedefficient
at a temperature
not above
4°,
was considered
for a little over
a month.
Desiccated plasma has been the preferred type
for most purposes, primarily because it is the
least affected by adverse conditions of shipment
and storage. The preference for one form of
plasma over another may be modified in the light
of certain findings discussed later in this monograph (under Room Temperature Storage of
Plasma). One advantage of using desiccated
plasma to elevate blood protein level is that it
can be injected in a concentrated state. Hill and
associates (J.A.M.A., 1941, 116, 395) reported
favorable results in surgical shock with injections
of plasma four times the normal concentration;
they administered from 100 to 300 ml. of the
concentrated plasma at a time.
For decubitus ulcers Clark and Rusk (ibid.,
1953, 153, 787) applied a thick paste consisting of balsam of Peru and dried plasma and
covered the area with oiled silk for 3 days; a
debriding effect and stimulation of granulation
tissue and epithelium were observed.
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Toxicology. — Although in the majority of
cases injections of plasma are safer than transfusions of blood the former procedure is not
innocuous. The possibility of unpleasant effects
is of course greatly increased by any shortcoming
in the technic of collection or administration of
plasma. Some serious, and a few fatal, results
following administration of plasma have been
reported. Unless the plasma is filtered before use,
to render it perfectly clear, it may give rise to
fibrin emboli (Lewis, J.A.M.A., 1941, 116, 2713).
A suitable filter for removing fibrin particles is
incorporated in the tubing units supplied by commercial laboratories for administering plasma.
Obviously plasma that is contaminated with
bacteria should not be employed but even
bacteria-free plasma which has been produced
in improperly cleansed apparatus may produce
undesirable reactions from pyrogenic substances
which it is likely to contain. Reactions may also
follow use of plasma with a high content of
hemoglobin. It is commonly accepted that tests
of compatibility with the recipient's blood are
not necessary because the isoagglutinins are partially suppressed by the pooling of plasma of
different individuals and further inhibited by the
recipient's blood (J.A.M.A., 1941, 117, 934). The
researches of Jakobouricz and Bryce (Med. J.
Australia, 1941, 1, 318) indicate that mixtures
of blood types A and B or AB are comparatively
safe but that type O plasma should be present
in minimal proportion. Clinical experience with
thousands of injections of plasma has demonstrated that any dangers from its use are comparatively remote. In case of cardiac weakness,
injections of plasma may cause congestive
heart failure unless given very slowly (Hill,
loc. cit.).
Hepatitis. — The great and serious problem
with pooled human plasma (or serum) has been
the transmission of homologous serum jaundice
(viral hepatitis). Following transfusion of citrated whole blood, Moore (J.A.M.A., 1952, 149,
1613) observed a single case af jaundice in 200
patients receiving such transfusions and but one
fatality in 6000 transfusions. With pooled
plasma, however, the incidence has been much
higher since one infected donor contributes virus
which finally appears in many bottles of plasma.
Wiener et al. (ibid., 1953, 151, 1438) reported
an incidence of hepatitis of 12 per cent when
pooled plasma was administered, as compared
with an incidence of 0.5 per cent when blood,
usually derived from a single donor, is employed.
The first epidemic of homologus serum hepatitis
observed during World War II was related to
use of a yellow fever vaccine which had been
stabilized with human serum later found to cantain the virus of hepatitis (Turner et al., Ann.
Int. Med., 1944, 20, 193). An incidence of 3.6
per cent of hepatitis in 332 battle casualties in
Korea who received whole blood alone, and 21.9
per cent in 255 casualties receiving both pooled
plasma and whole blood was reported by Sborov
et. al. (Arch. Int. Med., 1953, 92, 678). Recognition of the relationship involved was slow because of the long incubation period of homologous serum jaundice, which is in most cases
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about 3 months. Hassig et al. (Schweiz. med.
Wchnschr., 1953, 84, 487) and many others have
reported the greater incidence of hepatitis in
patients receiving pooled plasma; the risk from
use of pooled plasma justifies its use only where
it is immediately required to save life when
whole blood is not available. This problem stimulated the development of plasma expanders such
as dextran and polyvinylpyrrolidone.
The detection of virus in plasma or other substances requires administration of the material
to human volunteers; progress in investigation of
this problem is as a consequence slow and tedious. Ultraviolet irradiation of pooled plasma is
a requirement for the official product and it was
hoped that this would eliminate transmission of
jaundice. Although such irradiation undoubtedly
decreases incidence of jaundice, the disease is
not thereby entirely eliminated (Greenlee et al.,
Texas State J. Med., 1951, 47, 831; Thompson
and Sutliff, South. M. J., 1952, 45, 801; Murphy
and Workman, J.A.M.A., 1953, 152, 1421; Albrecht et al., ibid., 1423). Two types of viral
hepatitis are recognized (Stimson, /. Pediatr.,
1954, 45, 606): infectious hepatitis, formerly
called catarrhal jaundice, which is a contagious
disease due to hepatitis virus A, probably transmitted by ingestion and having an incubation
period of a few days; and homologous serum
jaundice or serum hepatitis, which is non-contagious and is most often transmitted by injection of human blood product containing hepatitis
virus B, under the skin of a patient. Contaminated syringes, needles, surgical instruments, etc.,
which have not received adequate heat sterilization may also transmit the virus. Patients with
hepatitis or a history of hepatitis or even of
exposure to a patient with hepatitis within 6
months should not be used as donors of blood
or plasma. On the other hand, virus has been
demonstrated to be present in the blood of apparently healthy persons with no history of jaundice (Stokes et al., J. A.M. A., 1954, 154, 1059;
Neefe et al., ibid., 1066; Murray et al., ibid.,
1072). The inability to avoid asymptomatic carriers of virus as donors and the failure of ultraviolet irradiation to destroy the virus in plasma
have tended to restrict use of pooled plasma to
life-saving emergency states.
Room Temperature Storage of Plasma. — Allen
et al. (J.A.M.A., 1954, 154, 103) observed that
homologous serum jaundice was not occurring in
the hospital served by their blood bank. Inquiry
showed that the difference in technic consisted of
storage of plasma at room temperature (78° to
96° F.), in liquid state, because facilities for refrigeration or lyophilization had been inadequate. Contrary to the comman assumption, these
investigators found that the value of protein in
plasma stored in this manner was not impaired
when the product was used in managment of
hypoproteinemia or for restoration of plasma volume in treatment of shock or hemorrhage. Moreover, storage of liquid plasma at room temperature for 30 months did not alter its therapeutic
value. After 6 to 9 months of storage, when any
hepatitis virus has disappeared, the plasma may
be lyophilized, if desired to facilitate transporta-
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tion or storage. In human volunteers Murray
et al. (ibid., 1954, 155, 13) demonstrated virus
activity in 3 to 5 subjects inoculated with plasma
stored for 3 months but in only 1 (probable)
subject of 19 inoculated with plasma stored for
6 months in the liquid state at room temperature.
It would appear that storage for more than 6
months is necessary and that such room temperature storage in the liquid state may largely,
if not entirely, eliminate the hazard of transmitting homologous serum jaundice.
In view of the findings cited above it is apparent that in hemorrhage fresh citrated whole
blood from a carefully selected donor is preferably used. For restoration of blood volume
before fresh whole blood is available, plasma
stored for 9 months at room temperature, or
plasma volume extenders, are indicated. For correction of hypoproteinemia plasma stored for 9
months at room temperature appears to be effective and safe. For combating infection the appropriate antibiotic or other chemotherapeutic
agent, or the gamma globulin fraction of plasma
known to contain the needed antibody, is preferred to whole plasma (or serum) or convalescent plasma (or serum) because gamma globulin
does not transmit the virus of hepatitis. The
albumin fraction also appears to be free of hepatitis virus but prothrombin, fibrinogen and fibrin
fractions are known to have transmitted the
disease.
Hemolysis. — In pooled plasma the isoantibodies for group A or B cells are diluted sufficiently so that intravascular hemolysis is not recognizable. Furthermore, some group A and B
substance is present in these plasmas which tends
to react with any isoantibodies present. However,
the B.P. specifies the proportions of the several
groups to be used in preparing a plasma pool.
Neverthless, Keitel and Wich (Am. J. Dis. Child.,
1954, 87, 537) reported hemolysis in 5 of 21
infants receiving pooled plasma for treatment of
dehydration with gastroenteritis presumably of
viral etiology. All 5 infants belonged to blood
groups Ai or AiB and were Rh+; the other infants belonged to other blood groups.
Dose. — The usual dose is 500 ml. (approximately 1pint) intravenously, with a range of 100
to 5000 ml. The maximum single dose, or during
24 hours, varies widely, according to the patient.
In a general way it may be stated that when
used to increase coagulability of blood or of its
content of complement the dose of liquid plasma
is ordinarily about 100 to 200 ml. In shock or
hemorrhage the usual dose is 500 ml. and upwards. In severe burns up to 5000 ml. may be
administered during the first 24 hours. The dosage of plasma is determined chiefly by the condition of the patient. Measurements of blood
pressure, plasma protein concentration, and hematocrit and hemoglobin values are useful procedures in determining adequate dosage; plasma
is frequently given until normal values for these
properties or constituents are established. When
it is impossible to administer plasma by vein, it
may be given in the marrow cavity of the
sternum or, in small children, in the tibia. In
small quantities it may be given intramuscularly,
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if necessary. Intra-arterial injections are rarely
employed in profound shock.
Labeling. — "The package label bears the name
Normal Human Plasma; the volume of original
normal human plasma represented in the container; the lot number; the expiration date,
which for liquid plasma is not more than 2 years
after date of manufacture or date of issue, and
for frozen and for dried plasma not more than
5 years after date of manufacture or date of issue;
the directions for use; the manufacturer's name,
license number, and address; the statements, 'No
preservative added but treated with ultraviolet
irradiation,' and 'Despite careful donor selection
and ultraviolet irradiation, this plasma may contain the virus of homologus serum hepatitis'; a
statement giving the method of defibrination, if
applicable; and in the case of dried plasma packaged in combination with diluent, the statement,
'Do not freeze.' The container label for liquid
or frozen plasma indicates the contained volume;
and for liquid plasma the amount of added dextrose." U.S.P.
Storage. — "Preserve liquid Normal Human
Plasma in colorless, transparent glass containers
of Type I, Type II, or Type IV, or of a suitable
plastic material, at a temperature between 15° and
30°, and frozen Normal Human Plasma at a temperature not above —18°. It is imperative that
frozen plasma be kept continuously in the frozen
state until just before use, when it is liquefied by
placing in a water bath at 37°. Preserve dried
Normal Human Plasma at room temperature but
do not expose to excessive heat, nor to freezing
temperatures if packaged with a diluent. Dispense Normal Human Plasma in the unopened
container in which it was placed by the manufacturer." U.S.P.
Usual Sizes. — SO, 250, and 500 ml.
ADHESIVE PLASTER.
U.S.P.
Adhesive Tape, Emplastrum Adhesivum
Fr. Kautschukheftpflaster.
Sparadrap caoutchouteIt. adhesif
a l'oxyde
de zinc.
Ger.
Empiastro
di caucciu.
Sp.
Esparadrapo adhesivo de caucho ; Emplasto Adhesive

Adhesive plaster consists of the well-known
pressure-sensitive adhesive mass spread on a
bleached muslin backing. The adhesive mass
formerly used was a composition of lead oleate
and rosin but now it is prepared from an elastomer (either natural or synthetic rubber), resins
and suitable fillers. Specialized equipment is required for the grinding, milling and preparation
of the ingredients and the mixing and spreading
of the finished adhesive mass upon the cloth.
Waterproof adhesive plaster is prepared by
spreading regular plaster mass on bleached muslin
carrying an embossed white waterproof coating.
This plaster is highly water-repellent and to a
substantial degree waterproof.
Moleskin plaster differs from regular adhesive
plaster in having a heavier, stronger napped cotton backing of the type commonly referred to
as moleskin.
Elastic adhesive plaster consists of an unbleached, uniformly woven, all-cotton elastic
fabric upon which is spread adhesive plaster mass.
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This plaster is capable of a stretch of 80 per cent
above its original length. The mass is spread to
within % inch of the fringed edge.
All pressure-sensitive plasters are subject to
some deterioration with age. The rate of decomposition isproportionate to the temperature. In
general, the cooler the storage atmosphere, the
better is the lasting quality of the plaster. Exposure to sunlight should be avoided.
Description. — "Adhesive Plaster consists of
a mixture which has pressure-sensitive adhesive
properties, spread evenly upon fabric or film, the
back of which may be coated with a water-repelU.S.P.lent film. The plaster mass is free from lumps."
Standards and Tests. — Dimensions. — The
length of adhesive plaster is not less than 98 per
cent of the labeled length; the width (average
of 5 measurements is not more than 1.6 mm.
(Vie inch) less than the labeled width. Tensile
strength. — Not less than 20.41 Kg. (45 pounds)
per 2.54 cm. (1 inch) of width, when determined
warpwise. Adhesive strength. — The force required
(average of 10 tests) to pull a 2 -square-inch area
of plaster from a bakelite surface at 37°, is
not less than 18 Kg. (40 pounds). U.S.P.
Uses. — The uses of this popular substance are
numerous and varied. Thus the surgeon utilizes
it to immobilize various parts of the body, as in
sprains and strains; to afford supports in certain
types of relaxations; to hold dressings in place,
etc. In acute pleurisy or pneumonia, strapping
the chest will often greatly assuage the pain, by
preventing movement between the inflamed pleural surfaces.
In large strappings, or on patients who perspire
freely or whose skin secretion is abnormally oily,
plain adhesive plaster may be preferable to waterproof plaster. The backing of waterproof adhesive tends to retard evaporation through the
plaster, and an accumulation of perspiration between the adhesive and skin may result in a
loosening of the plaster.
Moleskin plaster lends itself especially well to
supportive strapping and many other uses in the
practice of industrial and orthopedic surgeons.
Elastic adhesive plaster is used primarily for conditions requiring a close-fitting bandage support,
as for varicose veins, sprains, strains, and certain
muscular and ligamentous involvements.
Plasters should be applied only to a dry, clean
skin, free from oily secretions. Even traces of
powder, oil,
glycerin,
water orTheother
stancesgrease,
interfere with
adhesion.
usesubof
counterirritants should be avoided before adhesive plaster is applied.
Large strappings of adhesive plaster are easily
and painlessly removed by the use of a suitable
solvent. Carbon tetrachloride and other chlorinated hydrocarbons do not present the dangerous
fire hazard of ether, benzin, and other flammable
solvents; proper ventilation precautions must be
taken, however, to avoid toxic concentrations of
vapor from any of the chlorinated compounds.
Storage. — Preserve "preferably at a temperature not above 30° and do not expose to sunlight." U.S.P.
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STERILE

ADHESIVE
U.S.P.

Sterile Adhesive Tape, Emplastrum

PLASTER.
Adhesivum

Sterile

Description. — "Sterile Adhesive Plaster consists of a mixture having pressure-sensitive properties, spread evenly upon fabric or film, the
back of which may be coated with a water-repellent film. The plaster mass is free from lumps.
The adhesive surface is protected by strips of
Holland cloth or other protective material of a
width not less than the width of the Plaster.
Sterile Adhesive Plaster is protected from contamination by suitable packaging and must be
sterilized after packaging." U.S.P.
Tests. — Sterility. — Sterile Adhesive Plaster
meets the requirements of the Sterility Tests for
Solids. Other requirements. — Sterile Adhesive
Plaster meets the requirements for Dimensions,
and for Tensile strength and Adhesive strength
under Adhesive Plaster. U.S.P.
Labeling. — "The label bears a statement to
the effect that the sterility of the Plaster cannot be
guaranteed if the package bears evidence of damage or has been previously opened. The package
label indicates the length and width of the Plaster,
and the name of the manufacturer, packer, or
distributor/' U.S.P.
Storage. — "Package each Sterile Adhesive
Plaster unit individually so that the sterility of
the unit is maintained until the package is opened
for use. Each Sterile Adhesive Plaster unit is
sterilized in the package. Preserve Sterile Adhesive Plaster preferably at a temperature not above
30° and do not expose to sunlight." U.S.P.

PODOPHYLLUM.

MaHdrake,

May

Apple,

U.S.P.

[Podophyllum]

"Podophyllum consists of the dried rhizome and
roots of Podophyllum pelt at um Linne (Fam.
Berberidacece) . Podophyllum yields not less than
5 per cent of podophyllum resin." U.S.P.
Under the title Indian Podophyllum (Podophyllum Indicum) the B.P. 1948 recognized the dried
rhizome and roots of Podophyllum emodi Wall.
(P. hexandrum Royle) ; the B.P. 1953 recognizes
this, as well as P. peltatum, as a source of
podophyllum resin.
Podophyllum
Root; Lemon;
Devil's Apple;
Umbrella
Plant;
Vegetable Calomel ; Wild
Vegetable
Mercury.
Rhizoma
(Radix) Podophylli. Fr. Podophylle. Ger. Podophyllwurzel;
Maiapfelwurzel. It. Podofillo. Sp. Rizoma de podofilo.

Podophyllum peltatum is an indigenous perennial herb having a prolifically branching rhizome system. Each rhizome branch is horizontal,
usually several feet in length, about one-quarter
of an inch thick, brown externally, smooth,
jointed, and furnished with roots at the joints.
Two kinds of stems arise from separate joints of
the rhizome and its branches, viz., the flowerless
and the flowering stems. The flowerless stem
terminates in a peltate leaf having 7 to 9 wedgeshaped lobes. The flowering stem bifurcates at
its summit to form two stalked, 5- to 7-lobed
leaves from the fork of which a stalked, pendulous, white flower arises. The calyx is composed
of six oval, obtuse, concave, fugacious sepals. The
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corolla has from six to nine white, fragrant petals,
which are obovate, obtuse, concave, with delicate
transparent veins. The stamens are from thirteen
to twenty, shorter than the petals, with oblong
yellow anthers, of twice the length of the filaments. The stigma is sessile, fleshy and undulate.
The fruit is a large oval, lemon-yellow berry,
crowned with the persistent stigma, and containing a sweetish and slightly acrid fleshly pulp, in
which about twelve ovate seeds are embedded,
each inclosed in a fleshy aril.
The May apple is extensively diffused through
the eastern United States, growing luxuriantly in
colonies, in moist open places of shady woods and
in low marshy grounds from Canada to Minnesota
and southward to Florida and Texas. It is propagated by its creeping rhizome, and is often found
in large patches. The flowers appear about the
end of May and the beginning of June, and the
fruit ripens in the latter part of July. The leaves
are said to be poisonous. The fruit, when ripe, has
a subacid, sweetish, peculiar taste, agreeable to
some palates, and may be eaten freely with impunity. From its color and shape, it is sometimes
called wild lemon. The rhizome is said to be most
efficient when collected after the falling of the
leaves. It shrinks considerably in drying.
The commercial supplies of podophyllum are
obtained chiefly from Virginia, Kentucky, North
Carolina, Tennessee and Indiana. The dried rhizome is much wrinkled lengthwise, is yellowish
or reddish-brown externally, and furnished with
roots of a similar but somewhat paler color. It
was determined, by an experiment of Wm.
Saunders, that these roots contain as much active
matter as the rhizome itself.
Wallis and Goldberg report a commercial sample of powdered American podophyllum to have
contained an admixture of both Indian podophyllum and of guaiacum wood. They give as a
good reagent for the identification and distinction
of the resins of the American and Indian drugs,
5 per cent aqueous solution of copper acetate,
which gives a bright green coloration with an
alcoholic solution of the resin of Podophyllum
peltatum but a brown precipitate with an alcoholic solution of the resin of Podophyllum emodi
(Quart. J. P., 1931, 4, 28).
Description. — "Unground Podophyllum consists of a nearly cylindrical rhizome, joined, compressed or flattened somewhat on the upper and
lower surfaces, and sometimes branched. It occurs
in pieces usually less than 20 cm. in length, the
internodes being from 2 to 9 mm. in diameter
and having some of the nodes thickened. The
rhizome is dusky red to light yellowish brown;
longitudinally wrinkled or nearly smooth, with irregular, somewhat V-shaped scars of scale leaves;
some of the nodes are annulate, the upper portion
having large, circular, depressed stem-scars and
buds or stem-bases. On the lower portion there
are numerous root-scars or roots from 2 to 7 cm.
in length and about 2 mm. in thickness. The
fracture is short and weak yellowish orange to
pale yellow. It has a slight odor and a disagreeably bitter XV.
and acrid taste." U.S.P. For histology
see U.S.P.
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"Powdered Podophyllum is pale brown to weak
yellow. It has a slight odor and a disagreeably
bitter and acrid taste. It contains numerous
starch grains, simple or 2- to 6-compound; the
individual grains being spheroidal, piano- to
angular-convex, or polygonal, from 3 to 20 \i in
diameter, occasional rosette aggregates of calcium
oxalate, up to SO \.i in diameter; vessels with
simple pits or reticulate thickenings, fragments
of starch- and resin-bearing parenchyma and
reddish brown to yellow cork cells." U.S.P.
For a detailed histological study of podophyllum see Wallis and Goldberg. Quart. J. P., 1937,
10, 40.
Standards and Tests. — Indian Podophyllum.
— Macerate 500 mg. of powdered podophyllum
for 10 minutes with 10 ml. of alcohol, filter and
add to the filtrate several drops of a strong solution of copper acetate: a green color, but no
brownish precipitate, is produced. Foreign organic matter. — Not over 2 per cent. Acid-insoluble ash.— Not over 2 per cent. L'.S.P.
Assay. — A 10-Gm. portion of podophyllum is
extracted with hot alcohol and from a one-tenth
aliquot of the alcohol solution the resin is extracted with chloroform, in the presence of 0.6 per
cent hydrochloric acid. The chloroform-alcohol
solution of the resin is evaporated to dryness, the
residue of resin dried at 80°, and weighed. U.S.P.
Constituents. — The first constituent isolated
from podophyllum, in 1S80, was podophyllotoxin,
C22H22OS, a complex polycyclic substance, the
structural formula for which appears to have been
finallv established by Hartwell and Schrecker
(J.A'.CS.,
1951, white
73, 2909).
It melting
is a neutral
principle, forming
crystals
at about
118° when hydrated or about 157° when anhydrous. It is insoluble in water or ether, freely
soluble in alcohol; the latter solution is levorotatory. Although podophyllotoxin has marked toxic
and cathartic properties, it does not appear to be
the chief cathartic principle of the drug. For
method of separating podophyllotoxin see U.S.D.,
21st ed., p. 870.
Recently, two new constituents, closely related
to podophvllotoxin. were isolated bv Hartwell
and co-workers (J.A.C.S., 1947, 69, 2918; 194S.
70, 2835); these were named a-peltatin and (3peltatin. The beta compound differs from the
alpha in having a methoxyl group in place of
one of the hydroxyl groups of the alpha compound. More recently Stoll et al. (ibid., 1954, 76,
6413) isolated glucosides of podophyllotoxin and
3-peltatin.
Hydrolysis of podophyllotoxin by alkali in
aqueous media forms podophyllic acid, C22H24O9.
This was obtained in crystalline form by Viehoever and Mack (/. A. Ph. A., 1938, 27, 632)
who showed it to be mildly toxic and to have
uncertain laxative properties. Picropodophyllin,
isomeric with podophyllotoxin, is the anhydride
of podophyllic acid and is formed on alkaline
hydrolysis of podophyllotoxin in alcoholic medium. It occurs in white needles melting at 228°;
an alcoholic solution is weakly dextrorotatory.
It is apparently physiologically inert. Podophyllotoxin and picropodophyllin furnish identical
decomposition products ; when oxidized with nitric
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acid, oxalic acid is the principal product: when
fused with alkalies, orcinol and acetic acid are
produced. Both substances contain three methyl
groups and no hydroxyl. It would appear that the
chief activity of the drug resides in an amorphous
resinous substance, podophyllo-resin. Podwyssotzki also obtained podophylloquercetin, the
coloring principle, which is responsible for the
varying color of resin of podophyllum and which
Dunstan and Henry showed to be identical with
quercetin.
Carter (Am. J. Pharm., 1886, p. 449) found in
the leaves tannin, uncrystallized sugar, coloring
matter, and 6 per cent of resin. He stated that
the resin has a bitter taste and a much milder
action than that of the rhizome. The amount of
resin which can be obtained from the rhizome
varies somewhat according to the method used
for its precipitation, as well as with the quality
of the root. Barclay (Pharm. J., February, 1903)
reported from 1.6 to 3.86 per cent, but Umnev
(Pharm. J., 1911, 87, 156) after five years' experience and handling several thousand pounds
stated that the average resin content is about 6.6
per cent.
Indian Podophyllum. — Podophyllum emodi
Wall. (Fam. Berberidacea;), also designated
P. hexandrum Royle, is a perennial herb which is
indigenous to Tibet and Afghanistan. It somewhat resembles our American podophyllum but
its rhizome is more knotted owing to the smaller
development of its internodes. Its aerial stem rises
to a height of 6 to 12 inches before the opening
of the leaves, which attain a diameter of 6 to 10
inches when fully expanded. The latter are curiously refiexed, droop umbrella-like and are often
spotted. The plant produces in May a large subsessile, pinkish-white flower which arises from the
axil of one of the leaves, maturing before the
latter are fully expanded. The fruit is about the
size of a small lemon, of a bright orange color,
being fully ripe in about August or September.
Description and Tests. — The rhizome occurs in
contorted pieces usually about 3 or 4 cm. long
and from 1 to 2 cm. in thickness and somewhat
flattened, bearing below numerous root-scars or
stout roots and crowned with short remains of
aerial stems having cup-shaped scars. The fracture is short, the fractured surface pale brown
and mealy or horny. In transverse section the
rhizome exhibits an outer layer of thin-walled
cork, a cortex of starch and resin parenchyma,
with a ring of yellow, radially elongated, vascular
bundles surrounding a large central pith. The odor
is slight and the taste bitter and acrid. The
greater part of the drug consists of the roots,
which are mostly detached.
The B.P. specified as a test for identity that
the alcoholic extract yield a brown precipitate,
but no green color, with strong solution of copper
sulfate.
According to Wallis and Goldberg (Quart J.
P., 1937, 10, 311), who reported on the histology
of Indian podophyllum, the powdered drug may
be distinguished from powdered American podophyllum by the following characters: "(1) The
complete absence of epidermal cells with brown
contents, (2) the presence of cluster crystals of
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calcium oxalate, which are comparatively few in
number and do not exceed 60 microns in diameter, (3) the almost complete absence of pericyclic fibers, (4) a fairly large amount of thinwalled, isodiametric cork cells and (5) the more
abundant sclerenchymatous cells which are irregular or somewhat contorted in form."
Constituents. — While there is considerable variation in the content of resin in individual specimens of both American (P. peltatum) and Indian
(P. emodi) podophyllum, it appears that the
average concentration of resin in the former is
lower than in the latter. The content of resin in
American podophyllum is stated to be in the
range of 2 to 8 per cent, as compared with 6 to
12 per cent in Indian podophyllum. The composition of the resins is, however, not identical.
Nadkarni et al. (J.A.C.S., 1952, 74, 280) found
the resin of Indian podophyllum to contain 36
to 39 per cent of podophyllotoxin ; American
podophyllum contains 20 per cent or somewhat
more of podophyllotoxin. Also, Nadkarni and his
associates (ibid., 1953, 75, 1308) found in Indian
podophyllum the two new compounds, 4'-demethylpodophyllotoxin and picropodophyllin glucoside, but neither a-peltatin nor (3-peltatin. More
recently Stoll et al (ibid., 1954, 76, 3103, 5004)
isolated from Indian podophyllum the 3-dglucosides of both podophyllotoxin and 4'-demethylpodophyllotoxin ; the former is present in
dried rhizomes to the extent of 0.5 to 1 per cent,
the latter to the extent of 0.2 to 0.5 per cent.
They state that the aglucone podophyllotoxin is
responsible for the antimitotic effect of the resin
and its influence on the growth of tumors.
Uses. — Podophyllum is a slow but active and
certain cathartic, producing copious liquid discharges, often with much griping. It has been
attributed with cholagogic properties and used in
various forms of hepatic torpor but its virtues in
this direction are probably no greater than those
of other active purgatives. In small doses it is
frequently used in chronic constipation, especially
in conjunction with aloe or cascara. |v]
In overdoses podophyllum acts as an irritant
poison (see under Toxicology, in the following
monograph, for further information).
The range of dose of podophyllum is 120 to
600 mg. (approximately 2 to 10 grains), but it
is rarely if ever administered as the crude drug.
PODOPHYLLUM
RESIN.
B.P. (LP.)
Podophyllin,

U.S.P,

[Resina Podophylli]

The B.P. defines Podophyllum Resin as a mixture of resins obtained from the dried rhizome
and roots of either Podophyllum peltatum L., or
Podophyllum hexandrum Royle (Indian podophyllum). The LP. defines Resin of Podophyllum as
a mixture of substances, obtained by precipitation of an ethanolic extract of the rhizome of
Podophyllum peltatum L. with slightly acidulated
water; it is required to contain not less than 40.0
per cent and not more than 50.0 per cent of
podophyllotoxin.
I. P. Resin of Podophyllum; Podophylli Resina. Podophyllinum. Fr. Resine de podophylle.
Ger. Podophyllin;

Podophyllumharz.
de podofilo.

It. Podofillina.

Resin
Sp.

Podofilino;
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Extract 1000 Gm. of podophyllum, in fine powder, by slow percolation with alcohol until the
drug is exhausted of its resin. Concentrate the
percolate by evaporation until the residue has the
consistence of a thin syrup, then pour this, with
constant stirring, into 1000 ml. of water containing 10 ml. of hydrochloric acid, the liquid having
been cooled to below 10°. After the precipitate
has settled, decant the clear liquid, and wash the
precipitate with two 1000-ml. portions of cold
water. Dry the resin and powder it. U.S.P. The
B.P. and I. P. give no method for preparing the
resin.
Three methods have been commercially employed for obtaining the resin from podophyllum :
(1) by pouring an alcoholic extract of the rhizome into plain water, (2) by pouring the alcoholic extract into acidulated water (which is the
official process), and (3) by pouring the extract
into acidulated water containing about 5 per cent
of alum. According to Lohmann (Proc. A. Ph. A.,
1903) the first method gives a grayish-white precipitate, the second a light brown, and the third a
greenish-yellow. In this country only the resin
procured by the second method conforms to the
requirements of the U.S.P. but since the B.P.
has no specification in this respect any one of
the three products would appear to be acceptable.
Description. — "Podophyllum Resin occurs as
an amorphous powder, varying in color from
light brown to greenish yellow, turning darker
when subjected to a temperature exceeding 25° or
when exposed to fight. It has a slight, peculiar,
faintly bitter taste. Its alcohol solution is acid to
moistened litmus paper. It is highly irritating to
the eye, and to mucous membranes in general.
Podophyllum Resin dissolves in alcohol with only
a slight opalescence. It is only partially soluble
in ether and in chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
Podophyllum resin dissolves in potassium or sodium hydroxide T.S. forming a yellow liquid,
which gradually darkens on standing, and from
which the resin is reprecipitated by acids. (2) A
hot, aqueous solution of podophyllum resin deposits most of its contents on cooling, and if the
cooled liquid is filtered, the filtrate has a bitter
taste, and turns brown upon adding a few drops
of ferric chloride T.S. Residue on ignition. — Not
over 1.5 per cent. Reaction. — A solution of the
resin in alcohol is acid to litmus paper. Distinction from resin of podophyllum emodi. — On adding 400 mg. of podophyllum resin to 3 ml. of 60
per cent alcohol, followed by 0.5 ml. of potassium hydroxide T.S., the mixture does not gelatinize when shaken gently. U.S.P.
The B.P., since it also permits the use of
Indian podophyllum as a source of the resin, gives
as a method of distinguishing between the resins
the test, described in the U.S.P., of gelatinization
of an alcoholic solution in the presence of potassium hydroxide. It requires also, as a further distinction between the two resins, that when 500 mg.
of resin is shaken with 30 ml. of dilute solution
of ammonia for 30 minutes, not more than 50
mg. of insoluble residue is obtained from the
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P. pelt at um resin, while not less than 180 mg.
and not more than 250 mg. of residue is obtained
from P. hexandrum resin. Not more than 3.0 per
cent of water-soluble extractive is obtained from
either resin.
The solubility of podophyllum resin in alkaline
solutions, from which it is precipitated by acids,
differentiates it from the resins of jalap and
scammony. Podophyllum resin is insoluble in turpentine oil. The name podophyllin, given to it by
eclectic practitioners who have long used the
resin, is inappropriate and should be abandoned.
For description of the chemistry of this resin
see under Podophyllum.
Assay. — Podophyllum resin is shaken with
chloroform, filtered, a portion of the filtrate
mixed with petroleum ether to precipitate podophyllotoxin, which is collected on a tared filter,
dried at 70°, and weighed. I. P.
Uses. — Podophyllum resin is an active cathartic. Recent interest in the substance centers, however, in its topical action on certain neoplasms.
The resin is used in combination with milder
laxatives in chronic constipation; it forms the
basis
several
proprietary
pills." but
It was
at one oftime
supposed
to be a "fiver
cholagogue,
Ivy
demonstrated that it increases neither the formation nor the flow of bile. A small proportion of
belladonna or hyoscyamus extract mitigates its
irritant action.
In handling podophyllum resin precautions
should be taken to prevent its coming in contact
with the eyes, for it is a powerful irritant and
frequently produces conjunctivitis.
Topical application of resin of podophyllum
produces rapid involution of condylomata lata, or
acuminata, commonly known as "venereal warts"
(Kaplan. New Orleans Med. Surg. J., 1942. 94,
338, and Am. J. Surg., 1944, 120, 251). Sullivan
and King (Arch. Dermat. Syph., 1947, 56, 30;
Science, 1946, 104, 244) demonstrated profound
morphologic changes in the epithelial cells during
involution and the similarity of the cytologic
effects of resin of podophyllum and colchicine;
Sullivan and Wechsler {Science, 1947, 105, 433)
showed the cytologic effects to be interference
with mitosis in the metaphase. The initial treatments utilized 25 per cent resin in liquid petrolatum, but Sullivan and King used 20 per cent
resin of podophyllum in 95 per cent ethyl alcohol
and found less irritation of the adjacent mucous
membrane than with petrolatum preparation because it was easier to confine to the local ar^a.
At first Sullivan {Arch. Dermat. Syph., 1949, 60,
1) showed that of all the ingredients of resin of
podophyllum available — podophyllotoxin, podophylloresin, quercetin, and alpha-peltatin — only
podophyllotoxin was capable of curing condylomata acuminata and therefore responsible for
producing the nuclear alterations and cell changes
similar to those produced bv podophvllin. Hartwell
1947, 69, 2918;
72, 246)of
then (J.A.C.S.,
described beta-peltatin
as a 1950'.
component
podophyllin and Sullivan and Hearin {Arch.
Dermat. Syph., 1952, 66, 706) later included both
alpha- and beta-peltatins as agents effective topically against moist genital warts. A 1 per cent solution in benzoin tincture was used. Clinical response
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to these compounds was identical with that to
podophyllotoxin and podophyllin. except that the
peltatins produced negligible irritation of adjacent normal tissue. Patch tests of these compounds showed a low sensitizing index, while
podophyllotoxin produced positive reactions in 8
per cent of people. An additional advantage is
that the peltatins may be dissolved in caustic
bases (Leiter et al., J. Nat. Cancer Inst., 1950,
10, 1273) and hence might be used in treating
ordinary cornified verrucae, whereas podophyllotoxin dissolved in similar solution is converted
to picropodophyllin and podophyllic acid, which
are ineffective against condylomas.
Podophyllin resin has not enjoyed the success
in treatment of ordinary warts that it has in
verruca acuminatum, due apparently to the massive keratin of common warts barring penetration
and action. In plantar warts, however, Kurtin
and Yonteff (Arch. Dermat. Syph., 1948. 57,
395) and Duthie and McCallum (Brit. M. J.,
1951, 1, 216) had considerable success with 25
per cent resin of podophyllum in liquid petrolatum. Walz (Arch. Dermat. Syph., 1952, 66,
706) found a 25 per cent solution of the resin
in compound benzoin tincture, applied weekly,
to be effective in ambulatory treatment of a series
of plantar verrucae.
Tomskey et al. (J. Urol., 1942, 48, 401) treated
lesions of granuloma inguinale with 20 per cent
podophyllin in olive oil. alone and with tartar
emetic internally, and cured many outpatients. In
view of this success with local treatment and the
encouraging results with the broad-spectrum antibiotics in granuloma inguinale, it would appear
that podophyllin may be a valuable adjunctive
treatment, decreasing the healing period and
affording high cure rates.
Variable results with podophyllum resin in the
treatment of tinea capitis (Young. Arch. Dermat.
Syph., 1951, 64, 607; Monash, ibid., 1952, 65,
610; Reiss and Doherty, J.A.M.A., 1951, 147,
225), together with possible danger from contact
with children's eyes, place this mode of therapy
in scalp ringworm in the questionable category.
Use of podophyllum resin in other special dermatologic diseases has been reported. Garb (Arch.
Dermat. Syph., 1950. 61, 690) demonstrated good
results in the treatment of localized neurodermatitis, with reduction of thickening and itching. He applied ointments containing 2.5 to 7.5
per cent of the resin. O'Farrell (Urol. Cut an.
Rev., 1951, 55, 318) used a 2.5 per cent ointment of podophyllin resin in hypertrophic lesions
of localized neurodermatitis, with good results.
Barefoot (Arch. Dermat. Syph., 1951, 63, 256)
used 20 per cent resin and 95 per cent alcohol
locally in the successful treatment of multiple
lesions of molluscum contagiosum, which is a
local virus lesion. Nelson (ibid., 1953, 67, 488)
reported on 123 patients with various forms of
dermatitis, treated with 0.1 per cent podophyllin
in a zinc ointment base; 66 per cent showed considerable improvement, and the effect on pruritus
was frequently remarkable. However, he encountered reactions in 9 per cent of his patients.
The effect of podophyllin on the cell naturally
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led to investigation of its effect on cancerous
tissue. Some initial clinical reports (Smith and
Garrett, Arch. Dermat. Syph., 1950, 61, 946)
indicated successful use in the treatment of
seborrheic, senile and roentgen keratoses, and
basal cell cancers of the skin. However, Sims
and Pensky (ibid., 1951, 64, 142) applied resin
of podophyllum in liquid petrolatum to a series of
twenty uneroded basal cell carcinomas of the
skin, then excised the tissues after a period;
minimal or no cytologic changes were found in
the underlying tumors histologically. Sullivan
{Bull. Johns Hopkins Hosp., 1949, 85, 200) described good results initially in the treatment
with podophyllin of cutaneous carcinoma, but in
a follow-up reported recurrence in all cases (Arch.
Dermat. Syph., 1952, 90, 368). They indicated
that podophyllum resin should be used only for
small intraepidermal (superficial) epitheliomas,
directly accessible to the action of the resin.
Smith and Garrett (South M. J., 1950, 43, 493)
used 20 per cent of the resin in compound
benzoin tincture to treat multiple superficial
epitheliomata successfully, and Hall (Arch.
Dermat. Syph., 1950, 62, 362) treated senile
keratoses with 25 per cent podophyllin solution
in equal parts of 95 per cent ethyl alcohol and
acetone. Ormsbee et al (Proc. S. Exp. Biol. Med.,
1947, 66, 586) showed that podophyllum resin
exerts a selective damaging effect on mouse
tumor cells in tissue cultures, confirmed by in
vivo studies on tumor-bearing mice. Belkin (/.
Pharmacol, 1948, 93, 18) noted the effect of the
resin on transplanted mouse tumors, and Greenspan et al. (J. Nat. Cancer Inst., 1950, 10, 1295)
and Leiter et al. (ibid., 1950, 10, 1273) stated
that podophyllotoxin, and alpha and beta-peltatin
injected subcutaneously into tumor-bearing mice,
representing 6 types of transplanted tumors, induced extensive damage in all types. |v]
Toxicology. — Exposure to podophyllum resin
dust may cause severe conjunctivitis and keratitis.
Ingestion of 300 to 600 mg. will cause severe
vomiting, diarrhea, weakness, vertigo, headache,
vascular collapse, slow respiration and albuminuria
(Dudley, Med. Record, 1890, 37, 409); ingestion
of 5 grains proved fatal to a woman of 60, the
patient dying in coma 31 hours later. Death following application of an ointment containing 25
per cent of podophyllum resin to a large condyloma acuminatum of the vulva was reported
by Ward et al. (South. M. J., 1954, 47, 1204);
failure to remove the ointment within 30 to 60
minutes after application was considered the
probable principal reason for poisoning. Collapse,
oliguria, anuria, nitrogen retention, adynamic
ileus, and coma preceded death on the seventh
day. Ward et al. state that they routinely instruct
ambulatory patients to wash the treated area 30
to 60 minutes following application of podophyllin, whether in ointment or solution.
Topically, a 25 per cent solution in liquid petrolatum, preferably containing up to 20 per cent
of paraffin, is commonly used. As a cathartic, the
oral dose is 8 to 16 mg. (approximately Y& to Ya
grain).
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." U.S. P.
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Off. Prep. — Aloin, Belladonna, Cascara and
Podophyllum Pills, N.F.
POLYETHYLENE

GLYCOL

300.

N.F.

"Polyethylene Glycol 300 is a condensation
polymer of ethylene oxide and water, represented
by the formula HOCH2(CH20CH2)„CH2OH
where n varies from 5 to 5.75. It has a molecular
weight of not less than 285 and not more than
315." N.F.
For a discussion of polyethylene glycols see
under Polyethylene Glycol 400.
Description. — "Polyethylene Glycol 300 occurs as a clear, colorless or practically colorless,
viscous liquid, having a slight, characteristic odor.
It is slightly hygroscopic. Polyethylene Glycol
300 is miscible with water, with alcohol, with
acetone and with other glycols. It is insoluble in
ether and in aliphatic hydrocarbons, but is soluble
in aromatic hydrocarbons. A 25 per cent aqueous
solution is free from haze or turbidity. The specific gravity of Polyethylene Glycol 300 is not
less
than
1.124 and not more than 1.130 at 20°."
N.F.
Standards and Tests.— pH— The pH of a
1 in 20 solution is between 4.0 and 7.0. Residue on
ignition. — The limit of sulfated residue is 0.10
per cent. Average molecular weight. — This test is
based on esterification of the glycol with a measured excess of phthalic anhydride in a pyridine
medium; the amount of anhydride required is
determined by titration with 1 N sodium hydroxide of the esterified sample and of a residual
blank. N.F.
Uses. — This liquid polyethylene glycol is recognized by the N.F. as a "pharmaceutical necessity" since it is an ingredient of Nitrofurazone
Ointment and Nitrofurazone Solution. The glycol
is used also in certain non-official dermatologic
formulations. Its clinical trial as a vehicle for
intramuscular or subcutaneous administration was
suggested by Carpenter and Shaffer (/. A. Ph. A.,
1952, 41, 27).
Storage. — Preserve "in tight containers." N.F.
POLYETHYLENE
GLYCOL 400. U.S.P.
[Glycol Polyethylenum 400]

"Polyethylene Glycol 400 is a condensation
polymer of ethylene oxide and water, represented
by the formula H(OCH2CH2)„OH, in which n
varies from 8 to 10." U.S.P.
Starting with ethylene oxide, CH2OCH2, and
water, which interact to produce ethylene glycol,
HOCH2.CH2OH, progressive condensation polymerization of the latter with ethylene oxide,
under pressure and in the presence of a catalyst,
leads to the formation of polyoxyethylene glycols
of the general formula HOCH2(CH2OCH2)nCH2OH. Hibbert and his students (Can. J. Research,
1936, B14, 77; J.A.C.S., 1939, 61, 1905) reported syntheses of such glycols in which n is as
high as 185, corresponding to a molecular weight
of about 8200; still higher polymers have been
synthesized.
Polyoxyethylene glycols having average molecular weights between 200 and 700 are liquids,
while those with molecular weights higher than
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1000 are wax-like solids; the latter are offered
under the trade-marked name Carbowax (Carbide and Carbon Chemicals Corporation). The
polyethylene glycol 400 described hereunder is a
polyoxyethylene glycol having an average molecular weight between 380 and 420.
Description. — "Polyethylene Glycol 400 occurs as a clear, colorless or practically colorless,
viscous liquid, having a slight characteristic odor.
It is slightly hygroscopic. Polyethylene Glycol 400
is miscible with water, with alcohol, with acetone,
and with other glycols. It is insoluble in ether
and in aliphatic hydrocarbons, but is soluble in
aromatic hydrocarbons. The specific gravity of
Polyethylene Glycol 400 is not less than 1.110
and not more than 1.140." U.S.P.
Test. — Acidity. — The limit, calculated as
CH3COOH, is about 0.02 per cent. U.S.P.
Uses. — Polyethylene glycol 400 is official because it is an ingredient of Polyethylene Glycol
Ointment. It is employed also in the formulation
of other ointment bases, partly to reduce hardness of the base ' imparted by high-molecularweight components, partly to reduce rate of dehydration of a base that contains a considerable
proportion of water, and in part to confer lubricity. Because it facilitates dispersion of insoluble
components in aqueous mixtures it is sometimes
used as an ingredient of lotions ; the lubricity and
hygroscopicity of the glycol are also useful when
the water evaporates following application of the
lotion. Polyethylene glycol 400, like other glycols
of this class, has many industrial uses.
The polyethylene glycols are considered to be
inert when taken by mouth, the polyethylene
glycol 6000 being least toxic of all (Smyth et al.,
J.A.Ph;A., 1955,44,27).
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Polyethylene Glycol Ointment,
U.S.P.
POLYETHYLENE

GLYCOL

1540.

N.F.

"Polyethylene Glycol 1540 is a condensation
polymer of ethylene oxide and water represented
by the formula HOCH2(CH2OCH2)nCH20H
where n varies from 28 to 36. It has a molecular
weight of not less than 1300 and not more than
1600." N.F.
Carbowax Compound 1540 (.Carbide and Carbon Chemicals Corporation).

For a discussion of polyethylene glycols see
under Polyethylene Glycol 400.
Description. — "Polyethylene Glycol 1540 occurs as a white, waxy, plastic material, having a
consistency similar to beeswax, and having a
slight, characteristic odor. One Gm. of Polyethylene Glycol 1540 dissolves in about 1 ml. of
water, in about 100 ml. of absolute alcohol, and
in about 3 ml. of chloroform. It is insoluble in
ether. Polyethylene Glycol 1540 melts between
42° and 46°." N.F.
Standards and Tests.— pH — The pH of a
1 in 20 solution is between 4.0 and 7.0. Acidity. —
The limit, calculated as CH3COOH, is about 0.02
per cent. Residue on ignition. — The limit of sulfated residue is 0.10 per cent. Average molecular

weight. — The corresponding test specified for
Polyethylene Glycol 300 is employed. N.F.
Uses. — This solid polyethylene glycol is recognized by the N.F. as a "pharmaceutical necessity" since it is an ingredient of Nitrofurazone
Ointment and Nitrofurazone Solution. The glycol
is used also in certain non-official dermatologic
formulations.
N.F.Storage. — Preserve in "well-closed containers."
POLYETHYLENE
GLYCOL
U.S.P.

4000.

[Glycol Polyethylenum 4000]

"Polyethylene Glycol 4000 is a condensation
polymer of ethylene oxide and water represented
by the formula H(OCH2CH2)nOH, in which n
varies from 70 to 85." U.S.P.
Carbowax Compound 4000 (Carbide and Carbon Chemicals Corporation).

For a discussion of the preparation of polyethylene glycols see under Polyethylene Glycol
400. The average molecular weight of polyethylene
glycol 4000 is between 3000 and 3700.
Description. — "Polyethylene Glycol 4000 occurs as a pale creamy-white, waxy solid or flakes,
resembling paraffin in appearance and texture. It
is practically odorless and tasteless. One Gm. of
Polyethylene Glycol 4000 dissolves in about 4 ml.
of water, in about 2.5 ml. of alcohol, and in about
2 ml. of chloroform. It is insoluble in ether.
56°." U.S.P. Glycol 4000 melts between 53° and
Polyethylene
Standards and Tests. — Completeness and
color of solution. — A solution of 5 Gm. of the
glycol in water to make 50 ml. is practically clear
and colorless. pH. — The pH of a 5 per cent solution is between 4.5 and 7.5. Acidity. — The limit,
calculated as CH3COOH, is about 0.02 per cent.
Residue on ignition. — The limit of sulfated ash is
0.25 per cent. U.S.P.
Uses. — This glycol is the solid component of
Polyethylene Glycol Ointment. Other formulas in
which it is used are given under that title, also in
a report by McClelland and Bateman, /. A. Ph. A.,
Prac. Ed., 1949, 10, 30. Polyethylene glycol 4000
has been used experimentally, with good results,
as a binder in dry compression of tablets (Miller
and Chavkin, /. A. Ph. A., 1954, 43, 486), while
polyethylene glycol 6000 has been used as a
tablet coating (Gans and Chavkin, ibid., 1954,
43, 483).
Storage. — Preserve in "well-closed containers."
U.S.P.
Off. Prep. — Polyethylene Glycol Ointment,
U.S.P.
POLYETHYLENE
Unguentum

GLYCOL
MENT. U.S.P.

OINT-

Glycolis Polyethyleni

Heat 400 Gm. of polyethylene glycol 4000 and
600 Gm. polyethylene glycol 400 on a water bath
to 65°; remove from the bath and stir until congealed. If a firmer preparation is desired, up to
100 Gm. of polyethylene glycol 400 may be replaced by an equal amount of polyethylene glycol
4000. U.S.P.

Part I
This preparation is one of several ointment
bases developed by Zopf and his associates at the
State University of Iowa College of Pharmacy
(/. A. Ph. A., Prac. Ed., 1950, 11, 32). It is a
homogeneous, white, semisolid base having the
consistency of petrolatum ; it is completely soluble
in water and does not stain clothing or bed linens.
After initial clinical testing failed to disclose any
irritant or other untoward effects, the base was
considered to be a safe vehicle for use in local
treatment of many types of dermatitis. Because
absorption of a medicinal agent incorporated in
the base is greater than that observed when petrolatum is employed as the vehicle, the concentration of the medicinal agent may in some instances
have to be reduced when polyethylene glycol
ointment is used as the base. Antiseptics, for example, are as effective in lower concentrations in
this base as they are in higher concentrations in
oleaginous bases.
Stability tests performed at 40° for 6 weeks
indicated that the base is a satisfactory vehicle
for sulfur, phenol, ammoniated mercury, mercuric oxide, benzalkonium chloride (dissolved in
1 ml. of water per 100 Gm. of base), ichthammol,
boric acid, tannic acid, Peru balsam, resorcinol
and ethyl aminobenzoate. Up to 3 per cent of
salicylic acid may be satisfactorily incorporated.
Sulfonamides are compatible with the base,
though a yellow color may sometimes develop.
While the base is miscible with water, its high
solubility limits the amount of water that can be
incorporated to approximately 3 per cent. Before
incorporating zinc oxide, sulfur, and other substances in powder form, these should first be
triturated with a small amount of glycerin, propylene glycol or polyethylene glycol 400.
When more than 3 per cent of water must be
incorporated Zopf recommends use of a modified
base having the composition: Polythylene glycol
4000, 475 Gm.; polyethylene glycol 400, 475 Gm.;
cetyl alcohol, 50 Gm. This base is more firm than
the preceding one but it possesses better "slip"
when applied to the skin. It is possible to incorporate as much as 10 per cent of water or an
aqueous solution, or up to 5 per cent of an alcoholic solution, in the base. It is recommended as a
vehicle for salicylic acid and its derivatives, especially in concentrations above 3 per cent.
A third base developed by Zopf, containing
some water, has the composition: Polyethylene
glycol 4000, 500 Gm.; polyethylene glycol 400,
400 Gm.; Span 40 (sorbitan monopalmitate,
Atlas Powder), 10 Gm.; water, 90 Gm. The polyethylene glycols and the Span are heated together
to 70°, then the water, heated to the same temperature, isincorporated and the whole stirred
until is has congealed. This base is a glossy,
white semisolid, having a better cosmetic appearance than the anhydrous bases. It is compatible
with most therapeutic agents commonly used in
ointments. If desired, the ratio of the polyethylene
glycol components may be varied somewhat to
produce harder or softer bases.
Untoward Effects. — Smyth et al. (J. Ind.
Hyg. Toxicol., 1952, 281; /. A. Ph. A., 1945, 34,
172), Maynard (/. Invest. Dermat., 1946, 8,
171), and Tusing et al. (J. A. Ph. A., 1954, 43,
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489) studied the polyethylene glycols and showed
them to be of a low order of toxicity and apparently no more capable of sensitizing the skin than
many other materials commonly used in ointment
bases. Strauss (Arch. Dermat. Syph., 1950, 61,
420), however, reported two cases of demonstrable
sensitivity to polyethylene glycols in ointment
bases, and stressed recognition of the possibility
that the sensitizer in an eczematous contact dermatitis may be the active ingredient or a compound of the base or both; patch-testing with
various concentrations of polyethylene glycols
suggested that the degree of sensitivity varied
directly with their molecular weight. Sulzberger
and Baer (Year Book of Dermatology and Sy philology, 1953-1954, 19) expressed some disappointment in polyethylene glycol bases after longer
usage, mentioning as disadvantages (1) possible
irritation to diseased or dry skin, (2) possible
allergic sensitization in a small percentage of
cases and increase in sensitizing potential of active ingredients, and (3) less effectiveness in removing scales, particularly from the scalp, and
reduced emollient and lubricating effect when
compared with grease bases.
.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Compound Undecylenic Acid
Ointment, N.F.
POLYMYXIN

B SULFATE.

U.S.P.

"Polymyxin B Sulfate is an antibacterial substance produced by the growth of Bacillus polymyxa. It has a potency of not less than 6000
U.S.P. Polymyxin Units per mg., calculated on
the dried basis. Polymyxin B Sulfate not intended
for parenteral use is exempt from the requireU.S.P. ments of the tests for Pyrogen and Sterility."
Aerosporin Sulfate (.Burroughs Wellcome).

History. — During the summer of 1947 three
laboratories independently reported on investigations of antibiotic substances obtained from the
soil organism Bacillus polymyxa. The antibiotics
reported first by Benedict and Langlykke (/.
Bad., 1947, 54, 24) of the Northern Regional
Research Laboratory, and then by Stansly et al.
(Bull. Johns Hopkins Hosp., 1947, 81, 43) of the
American Cyanamid Company were both obtained from cultures of B. polymyxa and are in
all likelihood identical; the name polymyxin was
proposed for this antibiotic. The third report,
made by Ainsworth et al. (Nature, 1947, 160,
263), of the Wellcome Research Laboratories in
England, described aerosporin, an antibiotic produced by Bacillus aerosporus Greer. Since the
latter organism is considered to be identical with
B. polymyxa, the question of the possible identity
of aerosporin with polymyxin arose; in time it
was established that while the two antibiotics
contain several amino acids and a fatty acid in
common, there are definite differences between
the two. In the meantime at least three other and
apparently different antibiotic substances have
been recognized as being produced by different
strains of B. polymyxa.
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By agreement of the investigators concerned it
was decided to name each of the antibiotics as a
polymyxin, differentiation of the specific substances being made by appending letters of the
alphabet (originally the generic name was bacillosporin, but subsequently the taxonomicallyderived name polymyxin was adopted). Following
this nomenclature aerosporin was renamed polymyxin A, and the original polymyxin of Stansly
et al., and Benedict and Langlykke, was renamed
polymyxin D; the three other related antibiotics
subsequently announced were designated, respectively, polymyxin B, polymyxin C, and polymyxin E. It is to be noted, however, that aerosporin is used as a trade-mark for polymyxin B
(see preceding page).
Production. — Polymyxin is produced biosynthetically in aerated fermentation tanks in accordance with the principles outlined in the general article on Antibiotics (in Part II). Many
different strains of Bacillus polymyxa have been
used for production. In the Lederle Laboratories
alone, more than 65 strains were isolated from
soils collected in 22 states. The composition of
the fermentation medium must be adjusted according to the specific strain of B. polymyxa
employed, since, although most strains will grow
luxuriantly on a variety of culture media, many
of them are more particular regarding biosynthesis
of antibiotics and elaborate industrially significant
amounts only when provided with specific factors
(Stansly et al., J. Bad., 1948, 55, 573). Generally, addition of yeast extract or of various industrial by-products, including corn steep liquor, soy
bean oil meal, etc., increases the yield. Under
favorable conditions (20° to 30°, pH about 6 to
7, proper agitation, aeration, etc.) the fermented
liquor can be harvested in from 2 to 3 days.
Chemistry. — Polymyxins are basic polypeptides that are readily soluble in water. The acid
salts are soluble in water and in methanol, but
solubility decreases with ascent in the alcohol
series. They are insoluble in ether, acetone, chlorinated solvents, and hydrocarbons, and the relative solubilities of the constituents of the several
polymyxins in water and in different organic solvents have been used to separate the fractions by
chromatography.
Chromatographic separation has revealed that
all the polymyxins contain threonine, a,Y-diaminobutyric acid, and a branched-chain fatty acid,
identified as (+)-6-methyloctanoic acid. In addition, polymyxins A and E contain leucine: polymyxin B embodies leucine and phenylalanine in
the molecule: polymyxin C contains phenylalanine: and polymyxin D contains leucine and
serine. Bell et al. (Ann. N. Y. Acad. Sc, 1949,
51, 897) postulated a cyclic structure, corresponding to C50H97CI4N15O15, for polymyxin D
hydrochloride. For further information concerning polvmyxins see the symposium in Ann. N. Y.
Acad. Sc., 1949, 51, 853-1000.
Description. — "Polymyxin B Sulfate is a
white to buff-colored powder. It is odorless or has
a faint odor. Its solutions are slightly acid or are
neutral to litmus, having a pH of 5 to 7.5. Polymyxin B Sulfate is freely soluble in water, and
is slightly soluble in alcohol." U.S.P.

Part I
Stability. — Polymyxins are thermostable in
aqueous solutions at or near neutrality and in
dilute acidic alcohol solutions near neutrality, but
their antibiotic activity is lost rapidly, even at
room temperature, in strong acids or alkalies. The
antibacterial activity of polymyxin is reversed in
the presence of magnesium, cobaltous, ferrous, or
manganous ions (Newton, Nature, 1953, 172,
160) and compounds releasing these ions should
be avoided in formulating preparations containing polymyxin. Experimental evidence suggests
that these bivalent ions do not inactivate polymyxin but that they interfere with its absorption by the bacteria. The effect is partly reversed
by citrate.
Standards and Tests. — Identification. — (1)
A blue color is produced on boiling a solution
containing polymyxin B sulfate, triketohydrindene, and pyridine. (2) A reddish violet color is
produced on adding cupric sulfate solution to a
solution of polymyxin B sulfate alkalinized with
sodium hydroxide. Loss on drying. — Not over 4
per cent, when dried in vacuum at 60° for 3 hours.
Residue on ignition. — Not over 5 per cent. Pyrogen.— A test dose of 1 ml. of solution containing
20.000 U.S.P. units of polymyxin B sulfate per
ml., per Kg., meets the requirements of the official test. Safety. — A test dose of 0.5 ml. of solution containing 1200 U.S.P. units per ml. meets
the official requirements. Sterility. — The substance meets the requirements for sterility. U.S.P.
Assay. — A cylinder-plate technic, employing
Brucella bronchiseptica as the test organism, is
employed in the official assay. For a discussion of
assay procedures see Stansly and Schlosser. /.
Bad., 1947, 54, 585; also Reese and Eisenberg,
Ann. N. Y. Acad. Sc, 1949, 51, 968, and Stansly,
ibid., 980.
Potency of polymyxin B sulfate is expressed in
terms of a standard having an arbitrarily assigned
value of 10,000 units per mg. for the purified
material. Commercially available polymyxin B
sulfate has a potency of 6000 to 7000 units per
mg. It is conventional to label polymyxin preparations in terms of units and also in terms of equivalent weight, on the basis of 10,000 units per mg.
for a purified standard. Thus 10 mg. of polymyxin
refers to an activity of 100,000 units or 10 mg.
of the standard but not to the actual weight of
polymyxin B sulfate present in the vial. In general, doses referred to in terms of weight in the
literature should be interpreted in the same way.
Action. — Polymyxin is virtually unabsorbed
from the gastrointestinal tract, except in the
newborn (Brownlee et al., Brit. J. Pharmacol.
Chemother., 1952, 7, 170). For this reason it is
not administered orally except for elimination of
certain intestinal infections or for preoperative
preparation of the bowel. It appears to be especially useful in eliminating Pseudomonas infestations (Mills and Kagan, Ann. Int. Med., 1954, 40,
26). Only a small portion of an orally administered dose is recovered in biologically active form
from feces.
Administered either subcutaneously or intramuscularly, polymyxins enter the blood stream
and are lost at about the same rate as penicillin
or streptomycin. Measurable blood levels persist
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for from 4 to 6 hours. The antibiotics seem to
remain in the plasma and not to enter the cells.
In man, 1 hour after a single intramuscular dose
of 250,000 units the blood level may be less than
2.4 units per ml. but on the fifth day of a onceevery-4-hours schedule of the same dose, the level
may range approximately from 5 to 10 units per
ml. After repeated dosage, levels as high as 26
units per ml. have been observed (Brownlee et al.,
loc. cit.). Even when high levels of polymyxin
are achieved in the blood, none is detected in the
cerebrospinal fluid (Bryer et al., Ann. N. Y.
Acad. Sc, 1949, 51, 935; Brownlee et al., loc.
cit.).
Very small amounts of polymyxin are excreted
in biologically active form in the urine following
intramuscular injection; in dogs less than 0.3 per
cent of a 10,000-unit dose of polymyxin B was
excreted in 24 hours, and only 0.8 per cent of a
similar dose of polymyxin D. According to Brownlee and Bushby {Lancet, 1948, 2, 127) these antibiotics are not excreted in the bile either. It
appears that polymyxins must undergo chemical
change in the body.
Following intracisternal injection of about 333
units per Kg. in rabbits, detectable amounts of
polymyxin remain in the cerebrospinal fluid for
at least six hours.
Uses. — As mentioned before, only polymyxin
B is used clinically today, and in the following
section the term polymyxin refers to the sulfate
of polymyxin B unless otherwise specified. Polymyxin is one of the most potent antibiotics available for use against gram-negative bacteria and
these organisms rarely develop resistance to it
in vivo. It is effective against E. coli, Shigella,
Ps. aeruginosa, A. aerogenes, Kl. pneumoniae, and
H. inflnenzce. Proteus vulgaris is somewhat more
resistant but this organism is so resistant to other
antibiotics that polymyxin is often useful in controlling infections with it. However, the relatively
high toxicity of polymyxin limits its clinical usefulness for systemic therapy (v.i.) and normally
it is not used systemically for more than a few
days. In general, polymyxin is used in dermatologic preparations to control infections due to
gram-negative organisms and is resorted to in systemic therapy only for attacking gram-negative
pathogens that are refractory to other antibiotics.
Urinary Tract Infections. — Intramuscular
injection of polymyxin (in divided doses to give
a daily total of 2.5 mg. per Kg. of body weight)
is often successful in eliminating infections of
the urinary tract when the offending pathogen is
a gram-negative species. Following treatment of
urinary mixed infections with one of the broadspectrum antibiotics, there frequently remains
a resistant population of Proteus or of Pseudomonas that becomes predominant and that may
establish a chronic infection. Polymyxin often is
the only agent that can eliminate these persisters.
Sherwood et al. (Antibiotics Annual, 1953-1954,
p. 560) found that 50 units or less of polymyxin
inhibited the growth of all 31 strains of pseudomonads they isolated. These authors maintain
that strains of Pseudomonas claimed to be resistant to polymyxin have not been properly
tested. They also stated that "successful treat-
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ment of an infection with polymyxin B can only
be possible if the isolated pseudomonad is the
primary infecting agent and is fully sensitive to
low levels of the antibiotic. Organisms other than
pseudomonads, when present in the same infection area, should receive equal attention, and
the proper antibiotic therapy or treatment be instituted ifthe mixed infection is to be adequately
Neter et al. (J. Urol., 1952, 67, 773) studied
controlled."
synergism between polymyxin B and Terramycin
against E. coli, A. arogenes, Ps. aeruginosa, and
P. morganii. They found that, when used together,
only from J^> to Vvs as much of each antibiotic
was necessary to achieve a given degree of control as when either antibiotic was used alone.
Enteritis. — In infants (about 15 pounds) seriously debilitated by continued Pseudomonas or
Proteus enteritis, polymyxin (4 mg. intramuscularly or 50 mg. orally every 4 hours) has been
credited with reducing fever and checking diarrhea within 24 hours (Walker, /. Pediatr., 1952,
41, 176). The same author also noted beneficial
effects in pyelonephritis (see also Hopper et al.,
Am. J. Med. Sc, 1953, 225, 402) and in osteomyelitis due to these organisms. Direct infusion
of the antibiotic into the bone marrow has been
used in treating osteomyelitis. Garfinkel et al.
(J.A.M.A., 1953, 151, 1157) did not find polymyxin orally to be much more effective than sulfadiazine, which was a failure, in the control of
acute Shigella dysentery in Korea. Polymyxin,
alone or in conjunction with neomycin, has been
used successfully for clearing the bowel of coliform and other gram-negative bacteria in preoperative treatment (Jawetz and Bierman, Gastroenterology, 1952, 21, 139). The mixture appears
to be more effective than a single antibiotic (Poth
et al, Texas Repts. Biol. Med., 1950, 8, 353).
Meningitis. — Intrathecal administration of
polymyxin is useful in treating meningitis due to
gram-negative organisms (Swift and Bushly,
Lancet, 1951, 261, 183). Doses were 7500 to
12,500 units intramuscularly every 4 hours and
30,000 units intrathecally in a concentration of
30,000 units per ml. of sodium chloride injection
daily for 3 or 4 days and then on alternate days
if still needed; for children under 2 years of age,
the intrathecal dose was 12,000 units. Because of
convulsions following intrathecal injection of only
20,000 units, Teng and Johnson (Neurology, 1953,
3, 831) advocated intrathecal doses of 15,000
units in the adult, ranging down to 500 units in
the newborn. Biehl and Hamburger (Arch. hit.
Med., 1954, 93, 367) commented on the rapidity
of response of Ps. aeruginosa meningitis in a 2year-old boy to 10,000 units intrathecally and
37 mg. intramuscularly.
Topical Use. — Polymyxin is used frequently
to treat localized infections. Graves (Eye, Ear,
Nose & Throat Monthly, 1952, 31, 32) obtained
excellent results in 89 patients with otitis externa
with Polycin (Pitman-Moore) ointment. This
ointment was applied several times daily for 1 to
3 weeks. Polycin contains 8000 units of polymyxin
and 400 units of bacitracin per gram of watermiscible base composed of polyethylene glycols
(Carbowax). In treating various infected skin
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lesions with a similar preparation, Gastinean and
Florestano (Arch. Dermat. Syph., 1952, 66, 70)
had only 3 failures among 147 patients. Both
gram-positive and gram-negative organisms were
present in many of the lesions. When mixed
gram-negative species are responsible for infection, ointments containing polymyxin and neomycin may prove to be more effective than those
containing a single antibiotic, according to the
in vitro results of Rhodes and Ferlauto (Antibiotics Annual, 1953-4, p. 565). Pass and Ratner
(J. A.M. A., 1954, 155, 1153) used an ointment
containing 10.000 units of polymyxin with 500
units of bacitracin per Gm. of petrolatum vehicle
effectively in 577 patients with pyogenic infections
of the skin. Appel (Antibiot. Chemother., 1953,
3, 1258) used 0.1 per cent polymyxin and 3 per
cent oxytetracycline in a petrolatum vehicle effectively inpyogenic dermatoses without any irritation or sensitization among 200 cases. In a
later report, based on study of 400 patients with
a variety of dermatologic infections, the same
author (Appel, Antibiotics Annual, 1954-1955, p.
949) commented on the "extraordinary range of
effectiveness" and the "nearly perfect record of
safety" of this antibiotic combination. Among the
conditions cured or markedly improved in 90 per
cent or more of the patients treated were infectious eczematoid dermatitis, impetigo, folliculitis,
acne necrotica miliaris, seborrheic dermatitis,
furunculosis. and infectious eczematoid dermatitis
of the ears ("otitis externa").
Eye infections, especially the more acute forms
of conjunctivitis, keratitis and dacrocystitis. also
often respond well to polymyxin. Hurwitz (Am.
J. Ophth., 1952, 35, 1134) obtained good to excellent results in 76 of 94 such cases treated for
2 to 5 days with solutions containing polymyxin
and gramicidin. Mitsui et al. (Antibiot. Chemother., 1952, 2, 501) recommend 0.5 per cent chlortetracycline and 20,000 units of polymyxin per
Gm. of ointment for conjunctivitis due to KochWeeks bacillus which they implicate in the transmission and aggravation of the destructive virus
infection, trachoma.
Burns are among the most common causes of
casualties in war and civilian disasters, and pseudomonads are among the most common bacterial
invaders of burns. Jackson et al. (Lancet, 1951,
261, 137) found that routine prophylactic and
therapeutic use of a cream or spray containing
0.1 per cent polymyxin and 1000 units of penicillin per Gm. or per ml. effectively prevented or
cured infection in 207 badly burned patients.
Toxicology. — The LD50 of polymyxin B for
mice is about 6 mg. per Kg. (intravenous), about
12 mg. per Kg. (intraperitoneal), and about 82.5
mg. per Kg. (subcutaneous), according to the
data of Brownlee et al. (Ann. N. Y. Acad. Sc,
1949, 51, 952). However, there was much lot-tolot variation in the polymyxin available at that
time.acute
Bryersubcutaneous
et al. (ibid.',LD50
1949,in 51,
the
mice935)
to bereported
250 to
300 mg. per Kg. with one batch of polymyxin
and 400 to 500 mg. per Kg. with another batch.
There is less variation in the polymyxin available
today.
Lethal doses cause death by respiratory failure
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in less than 2 minutes. The principal untoward
effect of sub-lethal doses of polymyxin is renal
damage. In rats given 10 mg. polymyxin A per
Kg. subcutaneously in a single dose the urine
volume increased 8 times and the urine protein
28 times, and after 6 days the values were still
2 to 3 times normal (Light et al., Antibiot.
Chemother., 1952, 2, 63). Similar doses of polymyxin B caused a 5-fold increase in volume and
a 3-fold increase in protein. However, following
withdrawal of polymyxin B, control levels were
re-established in the experimental animals after
24 hours. According to Brownlee et al. (loc. cit.),
proteinuria does not occur in man following normal therapeutic doses of polymyxin.
Central nervous effects may occur in man following parenteral administration of polymyxin.
The effects include circumoral paresthesia, dizziness, mild ataxia, and leg weakness. Jawetz and
Coleman (/. Lab. Clin. Med., 1949, 34, 751)
found that these manifestations of toxicity appeared within 48 hours after administration of
20 mg. of the drug every 4 hours for a day and
that they generally disappeared within a day or
two when the drug was discontinued.
Polymyxin, as currently available, is less severely toxic than when it was first distributed,
but still pain at the site of injection and transient
fever are common occurrences; in doses exceeding 2.5 mg. per Kg. of body weight per day signs
of nephrotoxicity appear. In mild cases the specific gravity of the urine becomes fixed at about
1.010; in more severe cases oliguria, albuminuria,
cylindruria, hematuria, pyuria and increased blood
non-protein nitrogen develop. These renal abnormalities disappear in 3 to 4 days after the antibiotic is discontinued. Even at the lower dosage
levels, temporary' paresthesia of the head, and
dizziness and weakness are experienced.
Summary. — Polymyxin is a generic name for
a family of polypeptide antibiotics biosynthesized
by strains of Bacillus polymyxa. Polymyxin B
appears to be the least toxic of the five polymyxins thus far isolated and, as the sulfate, it is
the only one currently used in clinical practice.
Polymyxin B is specifically active against gramnegative bacteria and is one of the most potent
antibiotics for controlling them. Most species are
inhibited by concentrations of 0.2 microgram or
less of polymyxin B per ml. The drug is particularly useful for eradicating species of Pseudomonas and Proteus, organisms that are notoriously
difficult to control with other antibiotics.
Like most polypeptide antibiotics of bacterial
origin, polymyxin is relatively toxic when injected
intramuscularly or intravenously. This imposes
serious limitations on its systemic use. The major
toxic effect is manifested in proteinuria and other
renal abnormalities. Because of these untoward
effects, the polymyxins seem to be indicated only
in severe infections which have proven refractory
to sulfonamides, streptomycin and other antibiotics Pseudomonas
;
infections in particular are in
this category.
The drug
tinal tract.
beneficially
preparation

is not absorbed from the gastrointesTherefore, it can be used safely and
in "sterilization" of the bowel in
for surgery and is effective in intes-
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tinal infections due to gram-negative organisms,
especially Proteus or Pseudomonas.
Polymyxin is very effective in topical medication for controlling gram-negative pathogens in
ocular infections, ear infections, and in dermatology. Often its efficacy is enhanced by joint use
of bacitracin, gramicidin, or neomycin.
Bivalent metal ions should be avoided in formulations embodying polymyxin. E
Dose.— The usual dose is 750,000 U.S.P. units
4 times a day, by mouth, with a range of 500,000
to 1,000,000 units (for definition of the unit see
under Assay, above) .
Intramuscularly, 15,000 to 25,000 units per Kg.
of body weight daily is used in the treatment of
resistant urinary tract infections. The total daily
dose should not exceed 2,000,000 units; this is
divided into 4 equal portions given 6 hours apart.
For parenteral use, 300,000 units may be dissolved in 0.5 ml. of 1 per cent procaine hydrochloride solution or larger volumes of water for
injection or sodium chloride injection. Because
of the toxicity of polymyxin when injected, other
antibiotics are preferred for systemic medication ;
polymyxin is used as a last resort. In patients
with impaired renal function, only half these
doses are recommended since similar concentrations in the blood are attained with smaller doses
than in normal individuals (Yow and Moyer,
Arch. Int. Med., 1953, 92, 248).
For external application ointments or aqueous
solutions containing 0.1 per cent of polymyxin B
sulfate are employed.
Storage. — Preserve "in tight containers, protected from light." U.S.P.
POLYMYXIN B SULFATE TABLETS.
U.S.P.
"Polymyxin B Sulfate Tablets have a potency
of not less than 85 per cent of the labeled potency." U.S.P.
Usual Size. — 500,000 units.
POLYOXYL 40 STEARATE.
U.S.P.
"Polyoxyl 40 Stearate is the monostearate
ester of a condensation polymer represented by
the formula H(OCH2CH2)nO.COCi6H32CH3, in
which n is approximately 40." U.S.P.
Myrj 52 (.Atlas Powder Co.).

Polyoxyl 40 stearate, a water-soluble surfaceactive agent (surfactant) may be obtained by
esterification of a suitable polyethylene glycol
with stearic acid, or by direct interaction of
ethylene glycol with stearic acid.
Description. — "Polyoxyl 40 Stearate is a
waxy solid, light tan in color, and is odorless or
has a faint, fat-like odor. Polyoxyl 40 Stearate
is soluble in water, in alcohol, in ether and in
acetone. It is insoluble in mineral oil and in
vegetable oils." U.S.P.
Standards and Tests. — Identification. — The
solidification temperature of the mixed fatty
acids obtained from polyoxyl 40 stearate is not
below 53°. Congealing range. — Between 39° and
44°.
Saponification
value. — Not less than 25 and
not more
than 35. U.S.P.
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Uses. — Polyoxyl 40 stearate is a non-ionic
surface-active agent employed as an emulsifying
agent in Hydrophilic Ointment; it may be used
similarly also in preparing other emulsions. For
a discussion of structural characteristics of such
agents see Surface- Active Agents, in Part II.
Storage. — Preserve "in tight containers."
U.S.P.
POLYSORBATE
Polyoxyethylene
(20)

80.

U.S.P.

(20) Sorbitan Mono-oleate,
Sorethytan
Mono-oleate,
[Polysorbas 80]

"Polysorbate 80 is a complex mixture of polyoxyethylene ethers of mixed partial oleic esters
of sorbitol anhydrides." U.S.P.
Monitan; Olothorb (Sharp 6- Dohme); Sorlate (Abbott);
Tween 80 (Atlas Powder Co.).

Elimination of one molecule of water from the
hexahydric alcohol sorbitol produces inner ethers
or anhydrides called sorbitans; when these tetrahydroxy compounds are partially esterified with
fatty acids there are produced various oilsoluble but water-dispersible surface-active products offered under the trade-marked name Spans
(Atlas). When the Spans are reacted with polyoxyethylene compounds the unesterified OH groups
in the former add the polyoxyethylene chains to
form a class of compounds called Tweens. These
latter products, because of the large number of
hydroxyl groups and oxygen atoms in the polyoxyethylene component, are soluble in water.
The Tweens are excellent emulsifiers, producing
emulsions of the oil-in-water type. The various
Spans and Tweens vary in the degree of hydrophilic and lipophilic properties, depending on the
length of the fatty acid chain and that of the
polyoxyethylene chain (in the case of the
Tweens), thus providing products covering a
wide range of surface activity from one which is
predominantly hydrophilic to that of predominant
lipophilic character:
Polysorbate 80 is the product obtained by the
interaction of sorbitan mono-oleate with 20 moles
of ethylene oxide, the latter forming three polyoxyethylene chains which are attached at the three
unesterified hydroxyl groups of sorbitan monooleate.
Description. — "Polysorbate 80 is a lemon- to
amber-colored, oily liquid having a faint, characteristic odor, and a warm, somewhat bitter,
taste. Polysorbate 80 is very soluble in water,
giving an odorless and nearly colorless solution.
It is soluble in alcohol, in cottonseed oil, in corn
oil, in ethyl acetate, in methanol, and in toluene.
It is insoluble in mineral oil. The specific gravity
of Polysorbate 80 is between 1.06 and 1.10. The
viscosity of Polysorbate 80 is between 270 and
430 centistokes." U.S.P.
Standards and Tests. — Identification. — (1)
On boiling a solution of polysorbate 80 with
sodium hydroxide T.S., then acidifying with diluted hydrochloric acid, a strongly opalescent
solution results. (2) Bromine T.S. is decolorized
when added dropwise to a solution of polysorbate
80. (3) A mixture of 3 volumes of polysorbate
80 and 2 volumes of water yields a gelatinous
mass at normal room temperature or lower. pH. —
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A 1 in 20 solution has a pH between 5 and 7.
Residue on ignition. — Not over 0.15 per cent.
Free fatty acids. — Not more than 4 ml. of 0.1 N
sodium hydroxide is required for neutralization
of 10 Gm. of polysorbate 80. Saponification value.
—Between 45 and 60. U.S.P.
Uses. — Polysorbate 80 is official because it is
used as a non-ionic surface-active agent in the
preparation of Coal Tar Ointment and Coal Tar
Solution. Tween 80, the commercially available
polysorbate-80, may also be used as an emulsifying, dispersing or solubilizing agent in medicinal
products intended for internal use, and in foods.
Thus, it may be employed in effecting dispersions
of oil-soluble vitamins, hormones, and procaine
penicillin in aqueous media; in some cases clear
dispersions may be prepared, especially if the
Tween 80 is combined with another Tween which
produces the required balance of hydrophilic and
lipophilic properties. Clear, aqueous solutions of
phenobarbital, corresponding in concentration to
phenobarbital elixir, were prepared by Applewhite et al. (J. A. Ph. A., 1954, 15, 164) by incorporating 8per cent of polysorbate 80 in the
solution; glycerin, citric acid, fruit flavor and a
sweetening agent were used to mask the undesirable odor and taste of polysorbate 80 (see
also Bogash, Bull. Am. Soc. Hosp. Pharm., 1953,
10, 365).
Extensive pharmacological studies on various
species of animals have demonstrated the Tweens
to be safe for use as emulsifiers in food and
medicinal products (see Hopper et al., J. A.
Ph. A., 1949, 38, 428). Long-term feeding experiments have shown no toxic manifestations in several generations of animals. Administration of 4.5
to 6 Gm. daily to more than 100 human subjects
for periods up to 4 years produced no untoward
effects (Krantz et al., Ball. Sch. Med. Univ.
Maryland, 1951, 36, 48). In human beings
Jones et al. {Ann. Int. Med., 1948, 29, 1) found
administration of 15 Gm. of Tween 80 daily for
several months caused no untoward symptoms or
any other evidence of toxicity; the possibility
of oxalic acid poisoning from the polyoxyethylene
component appears to be negligible. These experiments of Jones and his associates were preliminary to their study of the effect of Tween 80
on the absorption of fat and fat-soluble substances, notably vitamin A, in humans. Addition
of 2 Gm. of the surface-active agent to test doses
of vitamin A produced a significant increase in
absorption of the vitamin. Inclusion of 1.5 Gm.
of the Tween with each of the three meals of an
underweight patient with sprue who had been
eliminating excessive amounts of fat in the stools
resulted in diminution of the fat loss, accompanied by a steady gain in weight. Boyd and
Helfrick (/. Pediatr., 1951, 38, 493) reported
the case of a 2-year-old child with severe celiac
disease who was given 40 mg. of polysorbate 80
for each Gm. of fat ingested per day (in equal,
divided doses) and after a year of this regimen
remained free of any symptoms of the disease
upon discontinuing the fat-emulsifying agent.
On the assumption that faulty fat absorption
may produce abnormalities in skin metabolism,
McCorriston
(Arch. Dermat. Syph., 1952, 65,
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224) gave 2 Gm. of polysorbate 80 three times
daily to 80 patients with atopic dermatitis,
psoriasis and various other dermatoses, for 2
weeks to 3 months while on a moderate-fat diet,
and received the clinical impression that the
treatment was in general beneficial, though
further study was considered necessary before
reaching a final decision.
Significantly,
and Boger
(J. Lab.' Clin.
Med.,
1949, 34, Schwartz
1443) found
that polysorbate
80
did not enhance absorption of orally administered
penicillin. That polysorbate 80 may in some
cases interfere with action of certain surfaceactive agents is apparent in the finding of
Kradolfer (Schweiz. Z. allgem. Path. Bakt., 1950,
13, 326) that the tuberculostatic activity of certain quaternary ammonium compounds was inhibited.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Coal Tar Ointment; Coal Tar
Solution, U.S.P.
POPLAR

BUD.

N.F.

Populi Gemma

"Poplar Bud is the air-dried, closed, winter
leaf bud of Populus candicans Aiton, known in
commerce as Balm of Gilead Buds, or of Populus
Tacamahacca Miller (Populus balsamifera Linne),
known in commerce as Balsam Poplar Buds (Fam.
Salicacece). Poplar Bud yields not less than 40
N.F.
per cent of anhydrous alcohol-soluble extractive."
Balsam Poplar Buds; Balm of Gilead Buds; Tacamahac;
Willow Poplar Buds. Gemmae Populi; Oculi Populi. Fr.
Peuplier noir; Bourgeons de peuplier. Ger. Pappelknospen ;
Pappelsprossen.

In most trees of the genus Populus, the leafbuds are covered with a resinous exudation, which
has a peculiar, agreeable, balsamic odor, and a
bitter, balsamic, somewhat pungent taste. It is
abundant in the buds of Populus candicans Aiton,
the true Balm of Gilead and the chief source of
the official article. They contain resin and a
peculiar volatile oil. The buds of P. Tacamahacca
Mill., the Balsam Poplar or Tacamahac, growing
in the northern parts of North America and
Siberia, are also highly balsamic; and a resin is
said to be furnished by the tree. The buds recognized by the N. F. V included those from P. nigra
L., the black poplar of Europe, but these have
not occurred in American commerce for a number
of years.
Description. — "Unground Poplar Bud is conical or pyramidal, pointed, up to 25 mm. in length
and 15 mm. in thickness; externally it is weak
reddish brown to moderate brown, glossy and
glutinous when fresh; consists of a few small immature leaves at the center toward the base, enclosed by about 15 oblong, pointed, concave,
closely imbricated scales agglutinated with a thick
oleoresin containing numerous microscopic crystals of salicin which display colors with polarized
light. The odor is pleasant and balsamic ; and the
taste, aromatic and bitter. The flower buds are
thin, and contain but 4 or 5 scales and small
immature flowers." N.F. For histology see N.F. X.

Part I

Potassic Saline

Bruch and Wirth reported (/. A. Ph. A., 1936,
25, 672) on the pharmacognosy of poplar bud
and in addition described the histological features
of buds of several unofficial species of poplars.
They showed that the flower buds of the officially
recognized species are inferior in alcohol-soluble
extractive to the leaf buds.
Standards and Tests. — Flower buds. — Not
over 16 per cent. Foreign organic matter. — Not
over 2 per cent. Acid-insoluble ash. — Not over 1
per cent. N.F.
Assay. — A 2-Gm. portion of poplar bud, in
coarse powder, is extracted by shaking with alcohol, and a one-half aliquot of the extract evaporated to dryness and the weight of the residue
determined. N.F.
Constituents. — The leaf buds of the poplar
contain besides the glycosides salicin and populin
(which has been identified as salicin benzoate),
an oleoresin which yields a terpene, probably
dipentene, to which its therapeutic use is attributed. The flower buds of P. tremuloides yielded
a bitter resin of yellowish-brown color, strong,
hop-like odor, having a melting point of 51° {Am.
J. Pharm., 1889, p. 240).
Poplar buds contain an antioxidant substance(s)
which lessens the tendency of certain ointments
to become rancid, for which purpose the buds
have occasionally been used. The unguentum
populeum or Pommade aux bourgeons de Peuplier
of the French Codex is prepared from white
poppy, belladonna, henbane, black nightshade,
dried poplar buds and lard. This anodyne ointment has been employed in Europe; directions
for preparing it are given in the U.S.D., 23rd
edition, p. 882.
Uses. — The therapeutic action of poplar bud
is analogous to that of the turpentines. It has
been used externally as a mild counterirritant in
muscular rheumatism. Internally it has been used
chiefly as a stimulating expectorant in subacute
or chronic bronchitis. It is recognized officially
because it is an ingredient of compound white
pine syrup.
The N.F. gives the usual dose as 4 Gm. (approximatelydrachm).
1
Off.
Prep.
—
Compound White Pine Syrup,
N.F.
LACTATED POTASSIC SALINE
INJECTION.
U.S.P.
Darrow's Solution

"Lactated Potassic Saline Injection is a sterile
solution of potassium chloride, sodium chloride,
and sodium lactate in water for injection. It contains, in each 100 ml., not less than 240 mg. and
not more than 280 mg. of potassium chloride
(KC1), not less than 380 mg. and not more than
420 mg. of sodium chloride (NaCl), and not less
than 550 mg. and not more than 630 mg. of
sodium lactate (CsHsNaOa). It contains no
bacteriostatic agents." U.S.P.
Standards and Tests.— pH— The pH of the
injection is between 6.5 and 7.5. Arsenic. — The
limit is 0.1 part per million. Heavy metals. — The
limit is 0.3 part per million. Pyrogen. — The injection meets the requirements of the official test.
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Other requirements. — All requirements for injections must be met. U.S.P.
Assay. — For potassium chloride. — The assay
described under Ringer's Injection is employed
except that the amount of potassium chloride in
the volume of injection taken is such as to
permit use of 0.1 N eerie sulfate and 0.1 N
ferrous ammonium sulfate in the titration. For
sodium chloride. — The content of chloride (from
potassium chloride and sodium chloride) is determined by the Volhard method; from this is subtracted the chloride equivalent to the potassium
chloride found in the preceding assay, and the
difference is calculated to sodium chloride. For
sodium lactate. — 50 ml. of the injection is evaporated to dryness and the residue ignited, which
converts sodium lactate to sodium carbonate, the
potassium chloride and sodium chloride not being
affected. The sodium carbonate is assayed by
residual titration with 0.1 N sulfuric acid and
0.1 N sodium hydroxide, using methyl orange as
indicator. U.S.P.
Uses. — Darrow's solution (J. A.M. A., 1952,
143, 365, 432) has been advocated for the treatment of dehydration and acidosis associated with
infantile diarrhea. The survival rates of patients
with this disorder prior to the inclusion of potassium in the infusing solutions was low; the principal fluids employed, saline and sodium lactate,
failed to improve their clinical status. It is probable that the sodium-containing solutions aggravated the condition by increasing the rate of loss
of body potassium, with sodium replacing the
intracellular cation which was lost by way of the
gastrointestinal tract and urine. The inclusion of
potassium in the therapeutic regimen supplied this
vital substance (see under Potassium Chloride)
for cellular metabolism so that sodium was displaced from the cells. The sodium chloride and
lactate components are necessary to combat dehydration, peripheral circulatory collapse due to
electrolyte and plasma volume contraction, and
to correct the acidosis associated with infantile
diarrhea. The conditions of acidosis, dehydration
and hypokalemia are not confined to pediatric
patients alone, but are frequently encountered in
adult surgical and medical problems. Darrow's
solution has been employed in the management of
patients sustaining potassium losses in association
with the removal of gastrointestinal secretions,
diabetic acidosis under treatment with glucose and
insulin and in certain postoperative cases. Recently modifications of Darrow's solution have
been prepared with sodium acid phosphate and
disodium acid phosphate in order to supply the
phosphate ion which is also lost from the intracellular fluids in addition to potassium (Davidson, Lancet, 1951, 2, 17). Dextrose has also been
added to Darrow's solution and its modifications
to supply caloric needs.
These potassium-containing solutions should be
employed only in the presence of adequate renal
function. Because of its potassium content,
Darrow's solution should not be employed for
restoration of electrolytes and fluids ordinarily
supplied by other types of parenteral solutions.
If the clinical circumstances are those in which
potassium losses are known to occur and in the
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presence of symptoms of hypopotassemia (weakness, flaccidity, ileus, dyspnea), Darrow's solution may be employed provided the urine volume
is not abnormally low. The use of a flame photometer for potassium determinations provides a
simple, rapid and accurate means of control of
therapy. The electrocardiogram may also provide
a rapid means of diagnosis of hypopotassemia
and will serve as a check on development of
elevated potassium levels; it is more accurate
with respect to the latter when serum concentrations reach 6.5 milliequivalents per liter.
Lactated potassic saline injection is used either
intravenously or by hypodermoclysis. In infants
it may be diluted with 1 to 2 parts of 5 per cent
dextrose solution by simultaneous administration
via Y-tube connection. Initial treatment for
peripheral circulatory collapse with blood or
other fluids and pressor agents used for this purpose ismandatory to promote renal function prior
to administration of the potassium solution. The
total daily dose should seldom exceed 80 ml.
(representing 216 Gm. of potassium chloride) per
kilogram of body weight, spread over 8 to 12
hours with an administration time of at least 4
hours. Occasionally, in severe cases, this dosage
may be exceeded.
Toxicology. — Overdosage of potassium may
produce changes in cardiac function resulting in
cessation of heart action in diastole. The recommended antidote for potassium intoxication to
counteract its cardiac inhibitory effect and to
move potassium into cells, thus reducing serum
concentration, is calcium gluconate (20 ml. of 10
per cent injection), with dextrose (100 ml. of 50
per cent injection) and unmodified insulin (30
units).
Dose. — The U.S. P. gives the usual dose as 40
to 100 ml. per Kg. (see above for route and details of administration).
Storage. — Preserve "in single-dose containers,
preferably of Type I or IV glass." U.S. P.
Usual Sizes. — 100, 250, 500, and 1000 ml.
POTASSIUM.
Potassium

K (39.100)
Kalium. Fr. Potassium. Ger. Kalium. It. Potassio. Sp.
Potasio.

The metal potassium was discovered in 1807
by Humphry Davy, who obtained it by electrolysis of fused potassium hydroxide. It was
afterwards obtained in larger quantity by GayLussac and Thenard, by bringing the fused alkali
in contact with white-hot iron, which removes
oxygen and liberates the metal. The process of
Brunner, as modified by Wbhler, consists in reducing potassium carbonate with charcoal. Castner prepared it by electrolyzing potassium chloride. It has also been prepared at low cost by
heating a mixture of potassium fluoride or potassium fluosilicate with powdered metallic aluminum.
6KF -f- Al2 -» 6K + 2A1F3
Metallic potassium may be purified by distillation.

Part I
Potassium is solid, softer and more ductile than
wax, readily cut with a knife, and of a silverwhite color. A newly cut surface is brilliant, but
the metal quickly tarnishes by combining with
oxygen in air, and assumes the appearance of
lead. Because of its affinity for oxygen it must
be kept submerged in pure liquid hydrocarbons,
such as petroleum distillates. For the same reason,
when a freshly cut surface is exposed to air, it
becomes luminous in the dark. Its density is
0.862, melting point 63.6°; it boils at about 757°
with production of greenish vapors. When cast
on water it floats, takes fire, and burns with a
rose-colored flame, producing an aqueous solution of potassium hydroxide. It forms many salts
and compounds, combining with most non-metals,
and with several metals.
Physiological Role. — Tissue Potassium. —
The principal intracellular cations of human and
animal tissue are potassium and magnesium, the
anions being proteinate, phosphate, and some sulfate. Physiologically, potassium ion is one of the
most important in the body. It is present in most
foods, being readily absorbed from these sources
in the gastrointestinal tract. Under normal conditions itis lost from the body almost entirely
by renal excretion. The excretory mechanisms
differ from those of sodium in that potassium
enters the urine not only by way of glomerular
filtration but also by way of tubular excretion.
Oral administration of large doses of potassium
salts is followed by so rapid a urinary excretion
of potassium that the blood concentration is
scarcely affected; the osmotic effect accompanying excretion accounts for the diuretic action of
potassium salts.
Through use of radioactive potassium as a
tracer it has been shown that the total exchangeable potassium in the normal male is 40 to 50
milliequivalents per Kg. of body weight (corresponding to 109 to 136 Gm. of potassium in a
person weighing 70 Kg.), of which 97 per cent is
intracellular. Thus, cell fluid may contain up to
150 milliequivalents per liter, contrasted to the
normal level of serum potassium of about 5
milliequivalents per liter. The mechanisms involved in maintaining the high cellular concentrations are not clearly understood. The ion appears
to enter the cell during active metabolic phases,
particularly in association with glucose utilization
and acetylcholine synthesis; entrance of the ion
may be favored by selective surface permeability
factors. When protoplasm is formed in cells potassium and nitrogen enter the cell in the ratio of
2.7 milliequivalents (105 milligrams) of potassium
per Gm. of nitrogen, which is the normal intracellular ratio of these elements. Deposition of
glycogen in liver is accompanied by deposition of
potassium.
Potassium Deficiency. — Depletion of body
potassium produces a rather characteristic clinical picture consisting of marked weakness of
muscles, tachycardia, rapid shallow respirations,
gastrointestinal ileus, and occasionally hypotension; a flaccid paralysis or tetraplegia may be
present. A variety of factors may produce this
state, such as excessive vomiting, diarrhea, drainage of potassium-rich gastrointestinal secretions,
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diabetic acidosis wherein cellular potassium is lost
by glucosuric diuresis, poor nutritional intake,
chronic disease states, certain forms of nephritis,
and other abnormal conditions. In some conditions, as in diabetic coma, increased serum potassium levels may be present in conjunction with
cellular depletion. The renal mechanism for conserving potassium in the face of depletion of this
ion is slow, and depends upon the reduction of
serum levels. Continued urinary excretion of potassium may lead to serious depletion, especially in
the presence of trauma or other circumstances in
which the mechanisms for sodium retention are
active because ion exchange of potassium for sodium in the distal tubules of the kidney continues
to operate (Berliner, Am. J. Med., 1951, 11, 274).
In chronic potassium depletion, however, the urine
levels of this ion may decrease to a degree corresponding to an excretion of 1 milliequivalent per
day, compared to normal excretion of approximately 50 milliequivalents per day on a minimal
oral intake. Increased urinary excretion of potassium has been observed in association with any
condition resulting in increased tissue destruction ;
under these conditions, potassium leaves the cell
with nitrogen in a ratio of 2.7 milliequivalents
of potassium per Gm. of nitrogen (see also
above) .
Certain hormones, such as the growth hormone
of anterior pituitary and testosterone, tend to
conserve potassium, while the 11-oxysteroid hormones of the adrenal cause tissue losses of
potassium. Experimental depletion of cellular
potassium by dietary restriction and desoxycorticosteroid hormone administration results in
degenerative changes within the heart and skeletal
muscles, the kidney, and cartilages of animals.
Potassium is required for normal cardiac action;
lack of it causes the heart to stop in systole,
while too high a concentration causes it to stop
in diastole in consequence of a depressant action
on the myocardium. In association with acetylcholine itis essential for nerve impulse conduction and transmission; high concentrations, however, depress conduction in the voluntary nervous
system, producing a local anesthetic effect. Potassium isapparently needed for protein biosynthesis, particularly in muscle, and in carbohydrate
metabolism, as in the synthesis of glycogen and
probably also for the process of phosphorylation of
glucose. Synthesis of high energy phosphate compounds essential for muscular contraction requires the presence of potassium. The ratio of
potassium to sodium in urine and sweat is an
index of adrenal cortical activity; during adrenal
stimulation the potassium content of these body
fluids increases as sodium decreases.
Treatment of Deficiency. — Administration
of potassium by oral or intravenous routes in the
treatment of medical and surgical patients has
become commonplace. Indications for its use include those clinical states known to be associated
with potassium losses (see above), low serum
levels as determined by flame spectrophotometric
procedures, symptoms attributable to hypopotassemia and, least reliably, electrocardiographic
changes attributable to hypopotassemia. These
changes consist primarily of a prolonged QT
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interval with widening of the T wave or an
abnormal U wave.
The principal concern in the administration of
potassium salts is the danger of a rapid rise of
the serum potassium level, which may produce
cardiac standstill; a level four times normal may
be fatal. Generally speaking, if the patient does
not have renal disease and the urinary output is
adequate, potassium therapy may be safely conducted.
Potassium chloride is the salt most frequently
administered orally, although the citrate, acetate,
bicarbonate or nitrate is sometimes given.
Patients receiving corticotropin, cortisone or
hydrocortisone therapy for long periods may develop potassium deficiency as a result of increased renal loss of the element; to prevent this
from 2 to 4 Gm., or even more, of potassium
chloride may be given daily, in divided doses. In
cardiac patients, electrocardiographic manifestations of digitalis toxicity have been observed to
respond favorably to administration of potassium
chloride or other potassium salts in doses up to
5 Gm. daily for 5 to 7 days (Enselberg, Am.
Heart J., 1950, 39, 713). In patients with congestive failure, potassium therapy must be employed cautiously because of delay in its renal
excretion (Brown, /. Lab. Clin. Med., 1951, 37,
506). Many patients on oral feedings can be
given sufficient dietary potassium in fruit juices,
meat broths and other foods to replace minor
deficiencies.
Patients receiving parenteral nutrition should
be given potassium-containing solutions if losses
of this ion have been sustained or if parenteral
feeding continues beyond 24 to 48 hours. In most
instances, potassium chloride has been suitable
for such use and is especially indicated in hypochloremic alkalosis; it has been suggested, however, potassium phosphate solutions, buffered to
a pH of 7.4, may provide more nearly physiologic
replacement. It is generally recommended that
the rate of intravenous administration should not
exceed 20 milliequivalents of potassium per hour.
As much as 3.7 milliequivalents of potassium per
Kg. of body weight has been given daily at this
rate (Tarail, /. Clin. Inv., 1949, 29, 99). It has
been recommended that almost all patients emerging from diabetic coma be given parenteral potassium chloride after 6 to 8 hours of treatment
with insulin and glucose since potassium losses
have invariably been found to be serious. Danowski (ibid., 1949, 28, 1) gave potassium chloride
at a rate as rapid as 1 Gm. per hour in treating
diabetic acidosis.
From 2 to 6 Gm. of potassium chloride may be
given daily in the parenteral feeding programs of
postoperative patients requiring such feeding for
more than 24 to 48 hours; a solution of the potassium salt is added directly to the intravenous
fluid being administered. By this means potassium
balance may be maintained for weeks, if required. Correction of postoperative asthenia and
gastrointestinal ileus have been observed as a
result of potassium replacement (Gazes, /. Lab.
Clin. Med., 1951, 37, 902). Reversal of acute
potassium losses may occur promptly after oral
or intravenous replacement. In chronic types of
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depletion, however, such as are encountered in
prolonged semi-starvation, congestive failure and
similar conditions, the marked deficits may not
respond to prolonged therapy, presumably because of the continued operation of forces preventing cellular uptake of potassium.
Hyperkalemia (Toxicology). — Elevation of
serum potassium may result from inadequate
renal excretion (as in anuria or oliguria), from a
transfer of cellular potassium to extracellular
fluid, from contraction of volume of extracellular
fluid, or from injudicious use of potassium salts.
Adrenal insufficiency may produce minor increases in serum potassium. Symptoms found in
hyperpotassemia closely resemble those of hypopotassemia; these include asthenia, hypotension,
mental confusion, paresthesias, pallor, bradycardia
and cardiac arrhythmias. Characteristic electrocardiographic alterations appear with serum potassium levels higher than 6.5 milliequivalents
per liter and include initially peaking or "tenting"
of T waves which show a narrow base, then prolongation of the QRS and PR intervals and
finally auricular standstill with progressive widening of the QRS to the point of cardiac arrest.
Hyperpotassemia may be treated by administering sodium chloride intravenously, by intravenous injection of calcium chloride or calcium
gluconate (10 to 20 ml. of a 10 per cent solution),
by giving dextrose intravenously (100 ml. of a
50 per cent solution or 1000 ml. of a 10 per cent
solution with 30 units of unmodified insulin injection), or by administration of a cationexchange resin which removes potassium, given
orally or as a retention enema.

SULFURATED
Potassa

POTASH.

U.S.P.

Sulfurata

"Sulfurated Potash is a mixture composed
chiefly of potassium polysulfides and potassium
thiosulfate. It contains not less than 12.8 per
cent of sulfur in combination as sulfide." U.S.P.
Liver of Sulfur. Kalium Sulfuratum; Hepar Sulfuris;
Potassii Polysulphurum. Fr. Sulfure de potasse ; Foie de
soufre potassique. Ger. Schwefelleber. It. Fegato di solfo ;
Polisolfuro di potassio. Sp. Polisulfuro de potasio; Potasa
sulfurada.

Sulfurated potash may be prepared by the
process described in the U.S.P. of 1890, as follows: "Sublimed Sulphur, one hundred grammes,
Potassium Carbonate, dried two hundred grammes.
Mix the powdered and dried Potassium Carbonate thoroughly with the Sublimed Sulphur,
and gradually heat the mixture, in a covered
crucible, which should be only half filled with it.
until the mass ceases to foam and is in a state
of perfect fusion. Then pour the fused mass on
a cold marble slab, and, after it has cooled, break
it into pieces, and keep it in a well-stoppered
bottle."
When potassium carbonate is melted with half
its weight of sulfur, the sulfur reacts with the
base, carbon dioxide being expelled. The composition ofthe resulting compounds of potassium
and sulfur will vary with the reaction temperature. If this does not exceed about 185°, the
products will include mainly potassium trisulfide
and thiosulfate; if above approximately 300°,

potassium pentasulfide and sulfate are produced.
The reaction at the lower temperature may be
represented as:
3K2CO3 + 8S -+ 2K2S3 + K2S2O3 + 3C02
while at the higher temperature the potassium
thiosulfate is changed as follows :
4K2S2O3 -* 3K2SO4 + K2S5
The potassium pentasulfide formed may very
likely be decomposed at this high temperature
into sulfur, which burns off, and K2S3.
Description. — "Sulfurated Potash occurs as
irregular pieces, liver-brown when freshly made,
changing to a greenish yellow. It has an odor of
hydrogen sulfide and a bitter, acrid, and alkaline
taste. It decomposes upon exposure to air. One
Gm. of Sulfurated Potash dissolves in about 2
ml. of water, usually leaving a slight residue.
Alcohol dissolves only the sulfides." U.S.P.
Sulfurated potash absorbs moisture and carbon
dioxide on exposure to air, and simultaneously
undergoes a variety of reactions, including oxidation of the sulfide components.
Standards and Tests. — Identification. — (1)
A 1 in 10 solution is light brown in color and is
alkaline to litmus. (2) Hydrogen sulfide is evolved
and sulfur precipitated on adding an excess of
acetic acid to a solution of sulfurated potash.
(3) An abundant, white, crystalline precipitate
forms within 15 minutes on adding sodium bitartrate T.S. to the filtrate separated from the mixture in the preceding test. Minimum of sulfides.
— This test is based on the fact that if sulfurated
potash contains at least 12.8 per cent of sulfur in
sulfide combination the cupric ion in a weight of
cupric sulfate equal to that of sulfurated potash
mixed with it will be completely precipitated as
cupric sulfide, as evidenced by the failure of
hydrogen sulfide T.S. to produce further precipitation. U.S.P.
Incompatibilities. — Solutions of sulfurated
potash are decomposed by acids, which liberate
hydrogen sulfide and precipitate sulfur. The solutions are also incompatible with most metals, the
latter being precipitated as sulfides.
Uses. — Sulfurated potash was formerly employed internally in chronic rheumatism, skin
diseases, asthma, etc.. but is no longer used thus.
In sufficient dose it may have the same systemic
effects as those of sulfur but it is much more
irritant to the stomach. Sulfurated potash is, however, useful as an external application in the
treatment of various skin diseases. Alkaline
sulfides exercise a solvent action on the horny
component of the skin, for which reason sulfurated potash is useful in psoriasis and other conditions in which there is excessive scale formation.
By virtue of the antiparasitic action of hydrogen
sulfide or some other sulfur compound, sulfurated
potash is useful in the treatment of scabies, ringworm, tinea versicolor, and other parasitic diseases. In acne rosacea and other skin diseases
characterized by sluggish circulation the local
stimulant action of sulfurated potash tends to restore tone to the dilated blood vessel. It may be
used either as a lotion or ointment, commonly in
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concentrations of 1 to 5 per cent. It is employed
in white lotion (g.v.) The odor of sulfurated
potash, whether in solution or ointment, may be
favorably modified by addition of a small proportion of anise oil.
Storage. — Preserve "in tight containers which
contain not more than 120 Gm. of the product.
The restriction of 120 Gm. applies only to containers from which prescriptions are filled." U.S. P.
POTASSIUM

ACETATE.

N.F.

[Potassii Acetas]

CH3COOK
"Potassium Acetate, dried at 150° for 2 hours,
contains not less than 99 per cent of C2H3KO2."
N.F.
Kalium Aceticum; Sal Diureticum. Fr. Acetate de potassium; acetate de potasse sec. Cer. Kaliumacetat; Essigsaures
Kalium. It. Acetato di potassio. Sp. Acetato de potasio.

Potassium acetate may be made by interaction
of potassium carbonate or bicarbonate and acetic
acid, followed by evaporation of the water and
fusion of the residue, which is quickly powdered
and packaged to avoid absorption of moisture.
To prepare the crystalline form, the suspension
of crystals is centrifuged in a current of warm
air.
Description. — "Potassium Acetate occurs as
colorless, monoclinic crystals or as a white, crystalline powder. It has a saline and slightly alkaline taste. Potassium Acetate deliquesces on exposure to moist air. One Gm. of Potassium Acetate dissolves in 0.5 ml. of water and in 3 ml. of
alcohol. One Gm. of it dissolves in about 0.2 ml.
of boiling water." N.F.
Standards and Tests. — Identification. — A 1
in 10 solution responds to tests for potassium and
for acetate. Alkalinity. — A 1 in 20 solution is
alkaline to litmus, but does not affect phenolphthalein T.S. Arsenic. — A solution of potassium
acetate meets the requirements of the test for
arsenic. Heavy metals. — The limit is 20 parts per
million. N.F.
Assay. — The dried salt is ignited to potassium
carbonate, which is estimated by residual titration employing 0.5 N sulfuric acid and 0.5 N
sodium hydroxide. Each ml. of acid represents
49.07 mg. of C2H3KO2. N.F.
Uses. — The effects of potassium acetate are
very similar to those of potassium citrate (see
also under Potassium Chloride), except that the
acetate is less likely to cause diarrhea. It is
oxidized in the body and appears in the urine as
carbonate, rendering the urine alkaline. The
acetate is less palatable than the citrate. Because
of the presence of potassium ion, which is excreted rapidly by the normal kidney, potassium
acetate possesses a diuretic action.
Sampson and Anderson {J. A.M. A., 1932, 99,
2257) recommended it in doses of 2 to 10 Gm.
for relief of cardiac arrhythmias, such as extrasystoles and ventricular tachycardia; later {Am.
Heart J., 1943, 26, 164) they recommended it
either orally or intravenously (2 Gm. in the form
of a 10 per cent solution) to abolish ectopic beats
caused by digitalis. In the absence of quinidine,
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Eichert (U. S. Nav. M. Bull., 1946, 46, 405) used
in paroxysmal auricular fibrilit prophylactically
lation. It has been used as an expectorant (see
Potassium Citrate). W\
The usual dose is 1 Gm. (approximately 15
grains) administered orally up to 4 times daily;
as much as 4 Gm. has been given at a dose.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Buchu, Juniper and Potassium
Acetate Elixir, N.F.
POTASSIUM

ARSENITE SOLUTION.
N.F. (B.P., LP.)

Fowler's Solution, Liquor Potassii Arsenitis

"Potassium Arsenite Solution contains, in each
100 ml., the equivalent of not less than 950 mg.
and not more than 1.05 Gm. of AS2O3." N.F. The
B.P. recognizes a similar solution under the title
Arsenical Solution, and the LP. provides still
another formula under the title Solution of Potassium Arsenite; both pharmacopeias specify the
same limits for content of AS2O3 as does the N.F.
B.P. Arsenical Solution; Liquor Arsenicalis. LP. Solution of Potassium Arsenite; Solutio Kalii Arsenitis.
Solutum (Liquor) Kalii Arsenicosi; Liquor Fowleri; Kalium
Arsenicosum Solutum; Solutio Arsenitis Potasii. Fr. Solute
d'arsenite
de potassium;
Liqueur de
Fowlersch
Losung;
Kaliumarsenitlosung.
It. Fowler.
Liquore Ger.
arsenicale
del Fowler; Soluzione di arsenito di potassio. Sp. Solucion
de arsenito de potasio; Licor de Fowler.

Boil 10 Gm. of arsenic trioxide and 7.6 Gm. of
potassium bicarbonate with 100 ml. of purified
water, in a flask, until solution is effected. Cool
the solution, transfer it to a 1000-ml. graduated
container, and rinse the flask in which the liquid
was boiled with portions of purified water until
the solution measures 950 ml. Add 30 ml. of alcohol and enough purified water to make 1000 ml.
Mix the solution thoroughly, and filter it, if necessary. N.F.
In the process of preparing this solution the
arsenic trioxide reacts with potassium bicarbonate
forming a mixture of arsenites and metaarsenites
of potassium and liberating carbon dioxide. The
excess potassium bicarbonate, upon boiling the
solution, loses carbon dioxide, and forms potassium carbonate.
Equivalent in strength to the N.F. product, the
B.P. and LP. preparations utilize potassium hydroxide solution to interact with the arsenic
trioxide, afterward adjusting the reaction to
neutrality toward litmus with dilute hydrochloric
acid, but while the B.P. solution is finally diluted
with distilled water the LP. employs 20 per cent
alcohol as the diluent.
This preparation originated with Fowler, of
Stafford, England, and was intended as a substitute for the celebrated remedy known under
the name of "the tasteless ague drop."
Arsenious Acid Solution, N.F. IX, contained
the same proportion of AS2O3, but was acid in reaction, thus avoiding incompatibilities due to the
alkalinity of potassium arsenite solution. The
former was prepared by boiling 10 Gm. of arsenic
trioxide with a mixture of 50 ml. of diluted
hydrochloric acid and 250 ml. of distilled water
until solution was effected; when cool the solution was diluted to 1000 ml., and filtered if
necessary.
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Description. — "Potassium Arsenite Solution
is
N.F.a clear, colorless liquid, alkaline to litmus."
Standards and Tests. — Identification. — A
yellow precipitate, soluble in ammonium carbonate T.S., is produced on adding hydrochloric acid
and hydrogen sulfide T.S. to potassium arsenite
solution. Arsenate. — No red or reddish brown
color is observed at the junction of a mixture of
4 ml. of potassium arsenite solution acidulated
with diluted nitric acid and 1 ml. of silver nitrate
T.S. on which has been superimposed a layer of
ammonia T.S. N.F.
Assay. — A 20-ml. portion of solution, first
acidified with diluted hydrochloric acid to neutralize its alkalinity, is mixed with sodium bicarbonate and the trivalent arsenic oxidized to the
pentavalent state with 0.1 N iodine. Each ml. of
0.1 iV iodine represents 4.946 mg. of AS2O3. N.F.
Alcohol Content. — From 1 to 3 per cent, by
volume, of C2H5OH. N.F.
According to Fresenius, solutions of alkaline
arsenites slowly absorb oxygen from the air, and
are in part converted into arsenates. Hence it is
advisable to keep this solution in small bottles
which are well filled. The precipitate found in
this solution after storage in a glass bottle is
silicic acid, produced by the action of the alkaline
solution on the glass.
Incompatibilities. — Potassium arsenite solution is alkaline in reaction and for this reason
often shows the incompatibilities of alkalies. In
particular, precipitation of alkaloids may occur.
Most metals except the alkali metals are precipitated. Oxidation of arsenite to arsenate occurs by
reaction with oxidizing agents. Lime water, potassium iodide and tannic acid cause precipitation.
Uses. — This preparation is generally used when
arsenic is given internally (see under Arsenic
Trioxide). It is usually administered in ascending
doses until the pufifiness about the eyes or disturbance of the bowels indicates arsenical action.
Arsenic has been used for years somewhat
empirically in the treatment of blood dyscrasias.
Myers and Beard (J. A.M. A., 1929, 93, 1210)
concluded that arsenic improved the action of
iron in nutritional anemia but that the response
to iron is usually adequate. In chronic myelogenous leukemia it has produced gratifying temporary
improvement of as satisfactory a nature as some
of the more popular newer chemicals. Forkner
(J.A.M.A., 1940, 115, 126) prescribed 0.3 ml.
of Fowler's solution 3 times daily for 3 days,
then increased the dose 0.05 ml. daily until toxic
manifestations appeared or the leukocyte count
approached normal; after 2 to 5 days without
arsenic therapy he gradually decreased the maximum dose attained to a maintenance level of 0.3
to 0.5 ml. three times daily. Radiation therapy
with roentgen rays or radioactive phosphorus is
the more widely used treatment for leukemia. In
the acute inflammatory forms of skin diseases
arsenic should be avoided. It has been useful in
certain types of chronic eczema (Wise and Wolf,
J. A.M. A., 1938, 111, 2106), lichen planus or
psoriasis. For this purpose an initial dose of 0.1
ml. of the solution 3 times daily may be in-
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creased by0.05 ml. daily until a maximum single
dose of 0.5 ml. is reached. This dose may be
continued for 1 or 2 weeks. Cannon (N . Y. State
J. Med., 1936, 36, 219) and Kandel and Le Roy
(Arch. Int. Med., 1937, 60, 846) frequently
found arsenical poisoning in such patients. For
lack of other therapy, arsenic has been prescribed
for chorea. [3
Toxicology. — The considerable following of
a clinic where an asthma remedy was prescribed
and used for long periods of time (see J.A.M.A.,
1946, 130, 379) has resulted in a series of case
reports of chronic arsenical poisoning. This prescription contained Fowler's solution, among
other ingredients. Two cases of hyperpigmentation of the skin (melanosis), one of them showing keratoses and keratoderma of the palms and
soles, were reported by Pascher and Wolf
(J. A.M. A., 1952, 148, 734); one of these seemed
to have taken about 1 ml. of Fowler's solution
daily for about 15 months. A similar case reported by Silver and Wainman (ibid., 1952, 150,
584) had used about 0.6 ml. daily for 9 months
and 0.3 to 0.6 ml. daily for an additional 19
months (with relief of her intractable asthma!),
when arsenic poisoning was recognized as the
cause of her melanosis, keratosis, gastroenteritis,
hepatitis and neuritis. Other cases of poisoning in
asthmatics have been reported (Unger and
Unger, ibid., 562; Pelner and Waldman, ibid.,
1511 and N. Y. State J. Med., 1951, 51, 2511).
A case of arsenical hepatitis in a patient receiving 0.25 to 0.5 ml. three times daily for 2
years in the treatment of dermatitis herpetiformis was treated successfully with dimercaprol
by Wade and Frazier (Lancet, 1953, 1, 269).
Four cases of cirrhosis of the liver with ascites
and keratoses, two of whom died, were observed
by Franklin et al. (Am. J. Med. Sc, 1950, 219,
589) in patients receiving 0.2 to 0.6 ml. of
Fowler's solution three times daily for 2 years or
more in the treatment of leukemia, psoriasis or
dermatitis herpetiformis.
Dose. — The dose is 0.2 to 0.3 ml. (approximately 3to 5 minims), 1 to 3 times daily, which
may be gradually increased.
Storage. — Preserve "in tight containers." N.F.
POTASSIUM BICARBONATE.
U.S.P., B.P.
[Potassii Bicarbonas]

"Potassium Bicarbonate, dried for 4 hours over
sulfuric acid, contains not less than 99 per cent
of KHCO3." U.S.P. The B.P. specifies that the
salt, as is, contains not less than 99.0 per cent
and not more than the equivalent of 100.5 per
cent of KHCO3.
Potassium Acid Carbonate; Potassium Hydrogen Carbonate; Bicarbonate of Potash. Potassii Carbonas Acidus;
Kalium Bicarbonicum. Fr. Carbonate acide de potassium;
Bicarbonate de potasse. Ger. Kaliumbikarbonat ; Doppelt
kohlensaures Kalium. It. Bicarbonato di potassio. Sp.
Carbonato de potasio, acido; Bicarbonato de Potasio;
Bicarbonato potasico.

Potassium bicarbonate is prepared by saturating
a concentrated solution of potassium carbonate
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with carbon dioxide. After nitration, the solution
is concentrated at not above 60°, and cooled to
crystallize the bicarbonate. More commonly, the
solution is evaporated to dryness; the residue is,
however, likely to be contaminated.
Description. — "Potassium Bicarbonate occurs
as colorless, transparent, monoclinic prisms or as
a white, granular powder. It is odorless, and is
stable in air. Its solutions are neutral or alkaline
to phenolphthalein T.S. One Gm. of Potassium
Bicarbonate dissolves in 2.8 ml. of water. It is
almost insoluble in alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 10 solution responds to tests for potassium
and for bicarbonate. Normal carbonate. — Addition of 2 ml. of 0.1 N hydrochloric acid and 2
drops of phenolphthalein T.S. to a solution of
1 Gm. of potassium bicarbonate in 20 ml. of
water
at a which
temperature
15° produces
a solution
does notnotat above
once assume
a red
tint. Heavy metals. — The limit is 10 parts per
million. U.S.P.
Assay. — About 4 Gm. of dried potassium bicarbonate isdissolved in water and titrated with
1 N sulfuric acid, using methyl orange T.S. as
indicator. Each ml. of 1 iV sulfuric acid represents 100.1 mg. of KHCO3. U.S.P.
When heated to redness potassium bicarbonate
loses carbon dioxide and water and is completely
converted to carbonate. The same decomposition
occurs when aqueous solutions of bicarbonate are
heated, the extent of the reaction depending upon
the temperature.
Uses. — Potassium bicarbonate was recently
suggested by Ohnysty and Wolfson (New Eng.
J. Med., 1944, 231, 381) to be used in place of
sodium bicarbonate to alkalinize the urine when
giving sulfonamides to patients on the verge of
or in frank cardiac failure. Whereas sodium ion
increases the tendency toward pulmonary and
systemic edema, potassium ion avoids this and
even has a diuretic action. It is contraindicated
in Addison's disease and in severe renal insufficiency. Toxic effects are manifested as intermittent bradycardia, weakness, and electrocardiogram evidence of partial heart block.
Occasionally potassium bicarbonate is used as
a gastric antacid, [v]
The usual dose of potassium bicarbonate to
alkalinize urine is 1 Gm. 4 times daily; the range
of dose is 500 mg. to 2 Gm. (approximately 7^
to 30 grains).
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Alkaline Aromatic Solution; Magnesium Citrate Solution ; Potassium Arsenite Solution, N.F.
POTASSIUM
BITARTRATE.
N.F. (B.P.)
Cream of Tartar, Acid Potassium Tartrate,
[Potassii Bitartras]

KOOC.CHOH.CHOH.COOH
"Potassium Bitartrate, dried at 105° for 3
hours, contains not less than 99.5 per cent of
C4H5KO6." N.F. The B.P. recognizes potassium
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bitartrate as containing not less than 99.5 per cent
C4H5O6K, calculated with reference to the substance dried to constant weight at 105°.
B.P. Potassium Acid Tartrate; Potassii Tartras Acidus.
Crystals of Tartar. Kalium bitartaricum; Tartarus Depuratus. Fr. Tartrate acide de potassium ; Bitartrate de
potasse; Creme de tartre. Ger. Weinstein; Saures weinsaures Kalium. It. Tartrato di potassio acido; Cremore di
tartaro. Sp. Bitartrato de potasio; Tartrato monopotasico;
Cremor tartaro.

During fermentation of wines, especially those
that are tart, a crystalline crust, called crude
tartar, or argol, is deposited in the casks. That
deposited from red wines is of a reddish color, and
called red tartar, while that derived from white
wines is of a dirty-white color, and is known as
white tartar. Both consist essentially of potassium
bitartrate, or cream of tartar as it is commonly
called; some calcium tartrate, coloring matter,
yeast and other organic material are also present.
The deposition of tartar appears to develop as
follows: The acid tartrate exists naturally in the
juice of the grape, held in solution by saccharine
matter. When the juice is submitted to fermentation in the process for converting it into wine, the
sugar disappears, and is gradually replaced by
alcohol, in which the salt is insoluble. It is from
argol that acid potassium tartrate is obtained by
a process of purification.
The process for purifying argol is based upon
the great difference in the solubility of the salt in
hot and cold water. Solution of the argol in hot
water, filtration, clarification if necessary, and
crystallization yield a salt of high purity.
Description. — "Potassium Bitartrate occurs
as colorless or slightly opaque crystals, or as a
white, crystalline powder, having a pleasant, acid
taste. A saturated aqueous solution of Potassium
Bitartrate is acid to litmus. One Gm. of Potassium Bitartrate dissolves in 165 ml. of water and
in 8820 ml. of alcohol. One Gm. dissolves in 16
ml. of boiling water." N.F.
Standards and Tests. — Identification. — (1)
When sufficiently heated, potassium bitartrate
chars and emits flammable vapors having an
odor resembling that of burning sugar. Ignition
at higher temperatures finally leaves a residue of
potassium carbonate, which colors a non-luminous
flame a reddish purple. (2) A saturated aqueous
solution of potassium bitartrate yields a yellowish
orange precipitate with sodium cobaltinitrite T.S.
(3) A mirror of silver is formed on the wall
of a test tube in which a saturated aqueous solution of potassium bitartrate, first neutralized with
sodium hydroxide T.S., then mixed with silver
nitrate T.S. and enough ammonia T.S. to dissolve
the white precipitate, is boiled. Insoluble matter.
■— No undissolved residue remains when 500 mg.
of potassium bitartrate is agitated with 3 ml. of
ammonia T.S. Ammonia. — No odor of ammonia
is noticeable on heating 500 mg. of potassium
bitartrate with 5 ml. of sodium hydroxide T.S.
Heavy metals. — The limit is 20 parts per million.
N.F.
Assay. — About 6 Gm. of potassium bitartrate,
previously dried at 105° for 3 hours, is dissolved
in boiling distilled water and titrated with 1 iV sodium hydroxide, using phenolphthalein T.S. as
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indicator. Each ml. of 1 AT sodium hvdroxide represents 18S.2 mg. of C4H5KO6. X.F.
Uses. — The tartrates differ from salts of most
other organic acids in that they are not oxidized
in the body, being eliminated unchanged through
the kidneys. They do not, therefore, act as systemic alkalinizers. although they do have a mild
diuretic effect. Large doses cause renal tubular
damage (Underhill. /. Pharmacol., 1931. 43, 359) ;
however, because of poor absorption of tartrates
from the gastrointestinal tract, toxic action seldom
occurs when they are administered orally. When
given by mouth, in doses of 8 to 24 Gm.. potassium bitartrate has a mild, cathartic action which
is due to its poor absorption. A watery stool results in Yi to 2 hours.
Seelig {JAMA., 1944. 125, 1208) recommended itas a dusting powder for surgical gloves
in preference to the more commonly used talc,
which produces granulomas when introduced into
wounds and body cavities. Potassium bitartrate
has no such toxic reaction; it may be steam sterilized, and it is somewhat bacteriostatic to staphylococci and E. coli. H
The usual dose is 2 Gm. (approximately 30
grains').
Storage. — Preserve "in tight containers." N.F.
POTASSIUM BROMIDE.
X.F.. B.P.. LP.
[Potassii

Bromidum]

"Potassium Bromide, dried at 105° for 4 hours,
contains not less than 99 per cent of KBr.?' X.F.
The B.P. requires not less than 9S.S per cent of
KBr. calculated with reference to the substance
dried to constant weight at 105° ; the LP. requires
not less than 98. 5 per cent of KBr. calculated
with reference to the substance dried at 110° for
4 hours.
LP. Kalii Bromidum. Kalium Bromatum. Fr. Bromure
de potassium. Ger. Kaliumbromid ; Bromkalium. It.
Bromuro
di potassio. Sp. Bromuro
de potasio.

Potassium bromide was formerly prepared
largely by interaction of solutions of potassium
carbonate and ferrous bromide (the latter being
made from iron and bromine > : ferrous carbonate
produced in the reaction precipitates, while potassium bromide remains in solution and is subsequently crystallized from it. In current manufacturing processes potassium bromide, along with
potassium bromate. is prepared by reaction between potassium hydroxide and bromine :
6KOH + 3Br2 -> 5K.Br + KBrOs + 3H-0
The solution of these salts is evaporated to dryness, mixed with charcoal and heated, whereby
the potassium bromate is converted into potassium
bromide :
KBrOs + 3C -» KBr + 3CO
The mass is lixiviated with water, filtered and the
solution of potassium bromide allowed to crystallize. In either method the final crystallization
takes place from a slightly alkaline solution in
order to yield a more stable salt.
Description. — "Potassium Bromide occurs as
white, odorless, cubical crystals or as a granular
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powder. It is stable in air. One Gm. of Potassium
Bromide dissolves in 1.5 ml. of water, in 250 ml.
of alcohol, and in 5 ml. of glycerin." N.F.
Standards and Tests. — Identification. — A 1
in 5 solution of potassium bromide responds to
tests for potassium and for bromides. Loss on
drying. — Not over 1 per cent, when dried at 105°
for 4 hours. Alkalinity. — A boiling solution containing 1Gm. of potassium bromide. 10 ml. of
distilled water. 0.1 ml. of 0.1 A" sulfuric acid, and
1 drop of phenolphthalein T.S. remains colorless.
Bromate. — Xo yellow color appears at once on
adding 1 ml. of diluted sulfuric acid to 1 Gm. of
powdered potassium bromide. Iodide. — Chloroform is not colored violet on adding it to a mixture of a few drops of ferric chloride T.S. and 10
ml. of a 1 in 20 solution of potassium bromide.
Sulfate. — The limit is 250 parts per million. Arsenic.— The limit is 10 parts per million. Barium.
— A 1 in 10 solution, acidified with hydrochloric
acid, is not immediately rendered turbid by addition of potassium sulfate T.S. Heavy metals. —
The limit is 10 parts per million. X.F. The B.P.
limits loss of weight, on drying to constant weight
at 105°, to 1.0 per cent; the LP. limits loss on
drying, at 110° for 4 hours, to 1.0 per cent. The
B.P. and LP. limit arsenic to 2 parts per million,
and lead to 10 parts per million.
Assay. — About 400 mg. of potassium bromide,
previously dried at 105° for 4 hours, is dissolved
in water and the bromide estimated by Yolhard
titration, in which a measured excess of 0.1 N
silver nitrate is added, and the excess of the solution titrated with 0.1 A" ammonium thiocyanate,
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 A7 silver nitrate represents 11.90
mg. of KBr. X.F.
The B.P. and LP. assay is similar but the result is corrected for the amount of chloride present, as determined by a test in which an aqueous
solution of potassium bromide is heated with
nitric acid so as to expel bromine and the chloride
in the residual liquid is determined by the Yolhard
method (the chloride in 1 Gm. of potassium bromide should not require more than 1.3 ml. of 0.1 A7
silver nitrate).
Uses. — The physiological and therapeutic properties of potassium bromide are similar to those
of sodium bromide (q.v.). Because of the depressant effects of potassium ion on the heart when
injected into the blood stream, some clinicians
prefer sodium bromide for certain cardiac patients. Generally, potassium ion may be taken
orally without untoward effects because of its
rapid excretion, but marked impairment of renal
function may occasionally cause accumulation and
toxic effects. Of all the bromides, sodium bromide
is least irritating to the stomach, for which reason it is usually preferred.
The usual dose, according to the X.F.. is 1 Gm.
(approximately 15 grains): the B.P. gives a range
of 0.3 to 1.2 Gm. (approximately 5 to 20 grains).
The LP. gives the maximum single dose as 2 Gm.,
and the maximum daily dose as 6 Gm.
Storage. — Preserve "in well-closed containers." X.F.
Off. Prep. — Five Bromides Elixir; Bromides
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Syrup; Three Bromides Elixir; Three Bromides
Tablets, N.F.; Tablets of Potassium Bromide,
B.P.
TABLETS OF POTASSIUM
BROMIDE.
B.P.
These tablets, which may be prepared by dry
granulation and compression, are required to contain not less than 93.0 per cent, and not more
than 105.0 per cent, of the stated amount of
potassium bromide.
Usual Size. — 5 grains (approximately 0.3
Gm.).
POTASSIUM

CARBONATE.

N.F.

[Potassii Carbonas]

K2C03.1^H20
"Potassium Carbonate, dried at 180° for 4
hours, contains not less than 99 per cent of
K2CO3." N.F.
Salt of Tartar. Kalium Carbonicum. Fr. Carbonate
neutre de potassium; Carbonate de potasse purine; Sel de
tartre. Ger. Kaliumkarbonat ; Kohlensaures Kalium; Weinsteinsalz. It. Carbonato di potassio. Sp. Carbonato de
potasio; Carbonato potasico.

Impure potassium carbonate, called potash or
pearl-ash, was formerly obtained exclusively from
the ashes of wood by lixiviating them, evaporating to dryness the resulting solution and calcining
the residue in iron pots — whence the name potash.
In more recent years the residues of beet root
molasses, after fermentation of the sugar and distillation ofthe spirit, have served as a source of
potash. The molasses contains 40 to 50 per cent of
sugar and 3 to 4 per cent of potassium salts. The
suint of sheep's wool constitutes another source of
potash, the potassium in this case being combined
with fatty substances.
Much potassium carbonate is produced from
potassium sulfate and potassium chloride by a
process analogous to Leblanc's soda process (see
Sodium Carbonate) .
Potassium carbonate may be prepared from
potassium chloride also by the following process:
To a concentrated solution of the chloride, hydrated magnesium carbonate is added, and carbon
dioxide is passed through the mixture, whereupon
an insoluble double salt separates :
3MgC03 + 2KC1 + CO2 + 9H20 -»
2(MgC03.KHC03.4H20)

+ MgCl2

By heating this with water, under pressure, it decomposes into insoluble magnesium carbonate and
soluble potassium carbonate, which remains in
solution and is obtained therefrom by evaporation.
2MgC03.KHC03.4H20^
K2C03 + 2MgC03 + 5H20 + C02
Feldspar, marl and other minerals rich in potassium compounds are occasionally utilized for
the production of potassium carbonate and other
salts of the element. During World War I potash
salts were very scarce in the United States because ofour dependency on the German Stassfurt
deposits of potassium salts. A number of sources
were utilized economically at that time which in
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times of peace are too expensive. Among these
wartime processes was one utilizing seaweed. Now
many natural sources of potassium salts are available in the United States; indeed, complete independence from foreign sources of the element was
long ago achieved.
Description. — "Potassium Carbonate occurs
as a white, granular powder. It is odorless, has a
strongly alkaline taste, and is very deliquescent.
Its solutions are alkaline to litmus and to phenolphthalein T.S. One Gm. of Potassium Carbonate
dissolves in 1 ml. of water, and in about 0.7 ml. of
boiling water. It is insoluble in alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 10 solution of potassium carbonate responds to
tests for potassium and for carbonate. Loss on
drying. — Not less than 10 per cent and not more
than 16.5 per cent at 180°. Insoluble substances.
— No residue remains when 1 Gm. of potassium
carbonate is dissolved in 20 ml. of water. Arsenic.
— The limit is 10 parts per million. Heavy metals.
— The limit is 20 parts per million. N.F.
Assay. — About 2.5 Gm. of dried potassium
carbonate is dissolved in water and titrated with
1 N sulfuric acid, using methyl orange T.S. as
indicator. Each ml. of 1 N sulfuric acid represents
69.11 mg. of K2C03. N.F.
Potassium percarbonate, K2C206, was prepared
by Constans and von Hansen by electrolyzing a
saturated solution of potassium carbonate while
gradually lowering the temperature. It is a bluish,
amorphous, hygroscopic powder, decomposing
water at ordinary temperatures with formation
of bicarbonate.
Uses. — Potassium carbonate is too irritant to
be valuable as a gastric antacid. It was at one time
largely used as a systemic alkalizer and diuretic in
treating rheumatic and gouty conditions, but
has been replaced by the less irritating citrate and
acetate. Its greatest use is for pharmaceutical and
chemical manufacturing operations.
In large quantities it acts as a corrosive poison,
and can cause death in a few hours. The symptoms and treatment are similar to those described
under Potassium Hydroxide.
Potassium carbonate has been given in doses of
300 mg. to 1.2 Gm. (approximately 5 to 20
grains), well diluted.
Storage. — Preserve "in tight containers." N.F.
Off. Prep.— Ferrous Carbonate Pills, N.F.
POTASSIUM

CHLORATE.

N.F.

[Potassii Chloras]

"Potassium Chlorate contains not less than 99
per cent of KCIO3. Great caution should be observed in handling this salt, as dangerous explosions are liable to occur when it is heated or subjected to concussion or to trituration with organic
substances, such as cork, tannic acid, dust, sucrose,
etc., or with charcoal, sulfur, sulfides, hypophosphites, reduced iron, or other easily oxidizable
substances." N.F.
Chlorate of Potash. Kalium Chloricum; Chloras Kalii.
Fr. Chlorate de potassium; Chlorate de potasse. Ger.
Kaliumchlorat ; Chlorsaures Kalium. It. Clorato di potassio.
Sp. Clorato de potasio.

Potassium chlorate may be prepared by several
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processes. The most important of these involves
electrolysis of warm solutions of potassium chloride; the chlorine and potassium hydroxide formed
during electrolysis are reacted to produce potassium chlorate and potassium chloride, the former
crystallizing out of the reaction mixture. Potassium chlorate may also be prepared by passing
chlorine into a warm solution of potassium hydroxide forming the same products as in the electrolytic process. In a third method either milk of
lime or a suspension of magnesium oxide is reacted with chlorine to produce calcium chlorate
and calcium chloride or the corresponding magnesium salts; the clear supernatant liquid from
this reaction is mixed with potassium chloride and
evaporated to a concentration such that, on cooling, crystals of potassium chlorate separate.
Description. — "Potassium Chlorate occurs as
colorless, odorless, lustrous, monoclinic prisms or
plates, or as a white, granular powder. It is stable
in the air. An aqueous solution of Potassium
Chlorate (1 in 20) is neutral to litmus. One Gm.
of Potassium Chlorate dissolves in about 16.5 ml.
of water and in about 1.8 ml. of boiling water. It
is soluble in glycerin, but is almost insoluble in
alcohol." N.F.
Standards and Tests. — Identification. — (1)
On heating to about 400°, potassium chlorate
liberates oxygen and finally leaves a residue of
potassium chloride which responds to tests for
potassium and chloride. (2) Upon adding 1 ml.
of hydrochloric acid to about 200 mg. of potassium chlorate the liquid is colored deep greenish
yellow, and chlorine and its oxides are liberated.
Heavy
metals. — The limit is 20 parts per million.
N.F.
Assay. — About 300 mg. of potassium chlorate
is dissolved in water and the chlorate reduced to
chloride by sodium nitrite. The chloride is estimated by adding 0.1 N silver nitrate, followed by
titration of the excess of silver ion, in an aliquot
of the filtrate separated from the mixture, with
0.1 N ammonium thiocyanate, using ferric ammonium sulfate T.S. as indicator. Each ml. of
0.1 N silver nitrate represents 12.26 mg. of
KClOs. N.F.
Incompatibilities. — Potassium chlorate is incompatible inthe dry state with all easily oxidizable substances. With ammonium chloride it is
said also to form an explosive compound. In solution it is decomposed by the mineral acids.
Uses. — In the belief that potassium chlorate
yielded oxygen in the system, the salt was formerly used in the treatment of various infectious
diseases as well as for local disinfectant action.
However, this reaction cannot occur in the body
because decomposition of the salt takes place only
in highly acid media. As a local antiseptic it is
extremely feeble. According to the experiments of
Sternberg a 4 per cent solution — which is almost
saturated at ordinary temperatures — is without
germicidal power. It is used as a local cleansing
solution in stomatitis, pharyngitis, vaginitis, and
other inflammations as well as in hemorrhoids
and indolent ulcers. Although Zahorsky (Arch.
Pediat., 1943, 60, 438) revived its use in the
treatment of ulcerative stomatitis in children, the
consensus is that it is too toxic for such use. Such

Part I
beneficial influence as it may exert is due to its
saline properties.
Toxicology. — In overdose potassium chlorate
is an active poison. As little as IS Gm. has caused
death in an adult. It has an irritant effect on the
gastrointestinal tract, causing abdominal pain,
nausea, vomiting, and diarrhea. After absorption,
it causes hemolysis of the red cells and the formation of methemoglobin. The patient appears
cyanotic and dyspneic (Gordon and Brown,
Lancet, 1947, 2, 502). The kidney is injured either
directly by the drug or by the hemoglobinuria.
Oliguria and albuminuria occur (see Richardson,
/. Pharmacol., 1937, 59, 101). Treatment consists
of gastric lavage, saline cathartics, the use of
methylene blue to change methemoglobin back to
hemoglobin, transfusion, and the use of alkalies to
treat the hemoglobinuria. IS
Since potassium chlorate is no longer given internally no dosage is indicated. Formerly solutions
containing from 1 to 4.5 per cent of potassium
chlorate were used as a mouth wash and gargle;
in some instances these solutions contained also
ferric chloride, and in others hydrochloric acid,
which caused the release of some chlorine.
Storage. — Preserve "in well-closed containers." N.F.
POTASSIUM CHLORIDE.
U.S.P., B.P., LP.
[Potassii

Chloridum]

"Potassium Chloride, dried at 105° for 2 hours,
contains not less than 99 per cent of KC1." UJ5.P.
The B.P. and LP. require not less than 99.5 per
cent KC1, calculated with reference to the substance dried to constant weight at 130°.
I. P. Kalii Chloridum. Kalium Chloratum; Sal Digestivura
Sylvii. Fr. Chlorure de potassium. Ger. Kaliumchlorid ;
Chlorkalium. It. Cloruro di potassio. Sp. Clorv.ro de
Potasio.

This salt is found in large deposits in the United
States and Germany in the form of the mineral
sylvite; it also occurs in combination with sodium
chloride as the mineral sylvinite, and with magnesium chloride as carnallite. Large deposits of
the last-named mineral are found at Stassfurt, in
Germany. Potassium chloride is also obtained
from the water of the Dead Sea. Accelerated development of the potash industry in the United
States has resulted in the finding, in Texas, New
Mexico and California, of natural sources of potassium chloride adequate to supply our needs. For
a symposium on the production of potassium chloride and potash compounds in the United States,
see Ind. Eng. Chem., 1938, 30, 853.
Description. — "Potassium Chloride occurs as
colorless, elognated, prismatic, or cubical crystals,
or as a white, granular powder. It is odorless, has
a saline taste, and is permanent in air. Its solutions are neutral to litmus. One Gm. of Potassium
Chloride dissolves in 2.8 ml. of water, and in
about 2 ml. of boiling water. It is insoluble in
alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 20 solution of potassium chloride responds to
tests for potassium and for chloride. Loss on
drying. — Not over 1 per cent, when dried at 105°
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for 2 hours. Acidity or alkalinity. — A solution of
5 Gm. of potassium chloride in 50 ml. of recently
boiled and cooled water is not turned pink on
addition of 3 drops of phenolphthalein T.S.; on
subsequently adding 0.3 ml. of 0.02 N sodium hydroxide a pink color results. Iodide or bromide.
— Chloroform does not acquire a transient violet
or permanent orange color when agitated with a
solution of 2 Gm. of potassium chloride in 6 ml.
of distilled water to which mixture 5 ml. of halfstrength chlorine T.S. is added dropwise. Arsenic.
— The limit is 10 parts per million. Calcium and
magnesium. — No turbidity develops within 5 minutes in a mixture of 20 ml. of a 1 in 100 solution
of potassium chloride, 2 ml. each of ammonia
T.S., ammonium oxalate T.S., and sodium phosphate T.S. Heavy metals. — The limit is 10 parts
per million. Sodium. — A 1 in 20 solution of potassium chloride does not impart a pronounced yellow
color to a non-luminous flame. U.S.P. The B.P.
and LP. limit arsenic to 1 part per million and
lead to 5 parts per million.
Assay. — About 250 mg. of dried potassium
chloride is dissolved in water, the chloride precipitated with 50 ml. of 0.1 N silver nitrate, and
the excess of silver ion titrated with 0.1 N ammonium thiocyanate, using ferric ammonium sulfate T.S. as indicator. The silver chloride is prevented from reacting with the thiocyanate by
coating its surface with nitrobenzene. Each ml. of
0.1 N silver nitrate represents 7.456 mg. of KC1.
U.S.P. The B.P. and LP. employ direct titration
with 0.1 N silver nitrate, in neutral solution, using
potassium chromate as indicator.
Uses. — The significance of potassium ion in
physiology and medicine is discussed under Potassium, in Part I, in connection with which certain
uses of potassium chloride are also discussed.
Aside from its essential role in the daily diet and
in certain parenteral fluids (see Lactated Potassic
Saline Injection and Ringer's Injection) used for
supportive therapy or correction of potassium
depletion, potassium chloride has been recommended for the management of hay fever, allergic
sinusitis, nasal polyposis, asthma and migraine. It
has also been prescribed in cutaneous allergies
such as urticaria and eczematoid dermatitis. In
these allergic states 300 to 500 mg. or more of
potassium chloride is administered orally 3 times
daily. Intravenous administration of potassium
chloride has been found valuable in the treatment
of bulbar poliomyelitis by Laws et al. (J.A.M.A.,
1951, 146, 1017). Familial periodic paralysis, a
condition in which potassium moves into the cells
and produces hypopotassemia with paralysis, responds rapidly to oral or intravenous potassium
therapy (Gass et al., Medicine, 1948, 27, 105).
Protracted insulin coma not responsive to intravenous glucose was found to respond to potassium
intravenously administered (Starck, Arch. Neurol.
Psychiat., 1949, 62, 280). Another use for potassium chloride is in the treatment of postgastrectomy dumping syndrome (Smith, Lancet, 1951,
261, 745) and other gastrointestinal disorders
(Smith, Gastroenterology, 1950, 16, 73). Salt substitutes containing potassium chloride have been
recommended for use in patients on low-sodium
diets because of associated potassium depletion.
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For further discussion concerning potassium see
Hoffman, J. A.M. A., 1950, 144, 1157; Fajans, Am.
Pract. Dig. Treat., 1953, 4, 594; Peters, J. -Lancet,
1953, 73, 180; Pediatrics, 1955, 15, 488.
Dose. — The usual dose of potassium chloride,
by mouth, is 1 Gm. (approximately 15 grains), up
to 6 times daily, in dilute aqueous solution. The
intravenous dose is usually in the range of 250
mg. to 2 Gm., and is administered slowly. For
prophylactic purposes a dose of 1.5 Gm. (representing approximately 20 milliequivalents) dissolved in 10 ml. of water for injection and added
to 500 to 1000 ml. of sodium chloride injection
or 5 per cent dextrose injection is administered
intravenously over a period of an hour. In infants
intravenous injection of up to 3.5 milliequivalents
(250 mg. of potassium chloride) per Kg. of body
weight over a period of 4 to 8 hours is usually
safe. In the presence of actual flaccid paralysis or
respiratory embarrassment a 1 per cent solution
of potassium chloride in water for injection is
approximately isotonic and may be given slowly
intravenously until symptoms are corrected, when
the 0.15 per cent solution should be substituted
to avoid hyperkalemia. Determinations of blood
potassium levels and electrocardiographic examinations should be made frequently to guard against
overdosage.
Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep. — Potassium Chloride Injection;
Potassium Chloride Tablets; Lactated Potassic
Saline Injection; Ringer's Solution, U.S.P.;
Ringer's Injection; Lactated Ringer's Injection,
U.S.P., B.P.
POTASSIUM
CHLORIDE
INJECTION.
U.S.P.
"Potassium Chloride Injection is a sterile solution of potassium chloride in water for injection.
It contains not less than 95 per cent and not more
than
U.S.P.105 per cent of the labeled amount of KC1."
Labeling. — "The label states the potassium
chloride content in terms of weight and of milliequivalents ina given volume." U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I or IV glass." U.S.P.
Usual Sizes. — 1.5 Gm. in 10 ml.; 3 Gm. in
20 ml. ; 5 Gm. in 50 ml.
POTASSIUM CHLORIDE
TABLETS.
U.S.P.
"Potassium Chloride Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of KC1." U.S.P.
Usual Sizes. — 300 and 500 mg. (5 and iy2
grains) .
POTASSIUM CITRATE.
N.F., B.P.
[Potassii Citras]

CH2 (COOK) .C(OH) (COOK). CH2 (COOK). H20
"Potassium Citrate, dried at 180° for 4 hours,
contains not less than 99 per cent of C6H5K3O7."
N.F. The B.P. requires not less than 99.0 per cent
of C6H5O7K3.H2O, the substance not being dried.
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Citrate
Potash. Kaliuni
Citricum. Fr.Kaliuni.
Citrate It.de Citrato
potassium. Ger.ofKaliumcitrat
; Citronensaures
di potassio. Sp. Citrato de Potasio.

Potassium citrate may be prepared by interaction of potassium hydroxide, carbonate or bicarbonate with citric acid in an aqueous medium
followed by crystallization of the salt.
A long popular dosage form of potassium citrate was Potassium Citrate Solution, last official
in N.F. IX; this was prepared by mixing equal
volumes of a water solution containing 80 Gm. of
potassium bicarbonate in 500 ml. with a water
solution containing 60 Gm. of citric acid in 500
ml. The mixed solution, which contained some
free citric and carbonic acids and was for this
reason rather more palatable than a solution of
potassium citrate alone, contains about 8 Gm. of
anhydrous potassium citrate in 100 ml.
Description. — "'Potassium Citrate occurs as
transparent crystals, or as a white, granular powder. It is odorless, has a cooling, saline taste, and
is deliquescent when exposed to moist air. One
Gm. of Potassium Citrate dissolves in 1 ml. of
water. It is almost insoluble in alcohol." N.F.
Standards and Tests. — Identification. — A
solution of potassium citrate responds to tests for
potassium and for citrate. Loss on drying. — Not
less than 3 per cent and not more than 6 per cent,
when dried at 180° for 4 hours. Alkalinity. — A 1
in 20 solution is alkaline to litmus, but no pink
color results when 1 drop of phenolphthalein T.S.
is added to 10 ml. of the solution. Tartrate. —
No crystalline precipitate is produced on adding
acetic acid to a solution of potassium citrate under
the conditions of the test. Heavy metals. — The
limit is 10 parts per million. N.F. The B.P. specifies limit tests for sodium, chloride, oxalate and
sulfate; the limit of arsenic is 2 parts per million
and that of lead is 10 parts per million.
Assay. — About 2 Gm. of dried potassium citrate is ignited to carbonate, which is estimated
by reaction with a measured excess of 0.5 N sulfuric acid followed
by titration
0.5 A* sodium
hydroxide,
using methyl
orange with
as indicator.
Each
ml.
0.5 A* acid represents 51.07 mg. of C6H5K3O7.of N.F.
Incompatibilities. — The slight alkalinity of
aqueous solutions of potassium citrate may cause
reaction with acidic substances. Alkaloids may be
precipitated. With calcium and strontium salts
insoluble citrates are formed. Hydroalcoholic
solutions may separate into two layers upon addition of fairly large amounts of potassium citrate,
the upper layer being alcoholic and containing
whatever alcohol-soluble ingredients are present.
Schmitz and Hill (/. A. Ph. A., Prac. Ed., 1945.
6, 280), on the basis of a number of experiments,
made the observation that separation occurs when
the sum of the per cent of alcohol and the per
cent of citrate is greater than 55. Syrup increased
the tendency to separate. Glycerin above 11 per
cent exerted a stabilizing effect. A simple solution
to the problem may be doubling the volume by
addition of water.
Uses. — Potassium citrate is an electrolyte
which increases various secretions by what is
known as salt action. By increasing the electrolyte
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concentration of blood, the osmotic balance between this fluid and the surrounding tissues is disturbed, thereby attracting water into the vessels
and tending to produce a hydremic state. This
tendency towards an increase in the volume of the
blood is counteracted by greater activity on the
part of various glandular structures. Not only is
the secretion of urine greater, but there is also an
increase in the bronchial, sweat, and other glands.
As citrates are oxidized in the body to carbonates,
the salt tends to correct any systemic hyperacidity. Probably the most frequent use of potassium citrate currently is as an expectorant in the
early stages of acute bronchitis or tracheitis; by
increasing the secretion of the mucous glands it
indirectly exercises a sedative action on the inflamed mucous membrane. It is valuable as a
sudorific in the early stage of milder infections.
It is sometimes useful as a diuretic, although caution must be observed in using it when there is
serious disease of the kidneys as toxicity may
result from retention of potassium. It has proved
to be especially useful in cases of cystitis where
the urine is excessively acid.
Potassium citrate has been used to alkalinize
the urine during administration of sulfonamides
to prevent crystalluria. It is sometimes used as an
antacid for gastric hyperacidity and by the same
mechanism to protect penicillin and other drugs
which are decomposed by acids during their passage through the stomach. [vj
The usual dose is 1 Gm. (approximately 15
grains ) by mouth, with a range of 1 to 3 Gm.
When a decided effect is desirable, as much as 15
Gm. may be given during 24 hours.
Storage. — Preserve "in tight containers." N.F.
POTASSIUM
GUAIACOLSULFONATE.
N.F.
[Potassii

Guaiacolsulfonas]

C6H3.OH.OCH3.SO3K
"Potassium Guaiacolsulfonate. dried at 105°
for 2 hours, contains not less than 96 per cent of
C7H-KO5S." N.F.
Thiocol (Hoffmann-La Roche) Kahum Gaiacolum Sulfonatuni; Kalium Sulfoguajacolicum. Fr. Gaiacolsulfonate
de potassium; Sulfogaiacolate de potassium. Ger. Guajakolsulfosaures Kalium; Tbiokol. It. Solfoguajacolato di
potassio.

Potassium guaiacolsulfonate is obtained by reacting sulfuric acid with guaiacol at 70° to 80°.
then adding barium carbonate to form barium
guaiacolsulfonate. and finally decomposing this
salt with potassium sulfate to form barium sulfate
and potassium guaiacolsulfonate.
The commercial salt is usually a mixture of
isomeric compounds. Clark and Kirch (J. A.
Ph. A,, 1935, 24, 564) described a means of separating the isomers and. from an examination of
the salt from seven different sources, concluded
that all of them were mixtures of the 1:2:4 and
1:2:5 isomers, the former predominating; the
1:2:6 isomer has never been made. Lead subacetate, they found, precipitates both the isomers,
while neutral lead acetate does not precipitate the
1:2:5 compound the latter is much more easily
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soluble in water than the 1:2:4 form. The numbers refer, of course, to the positions of the
hydroxyl, methoxyl, and sulfonate groups in the
basic benzene structure.
Description. — "Potassium Guaiacolsulfonate
occurs as white crystals, or as a white crystalline
powder. It has a slightly aromatic odor, and a
slightly bitter taste. Its aqueous solutions are neutral or alkaline to litmus and it is affected by light.
One Gm. of Potassium Guaiacolsulfonate dissolves
in about 7.5 ml. of water. It is insoluble in alcohol and in ether." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 100 solution of potassium guaiacolsulfonate
is colored violet-blue on adding 2 drops of ferric
chloride T.S. (2) The ash remaining after ignition
of potassium guaiacolsulfonate imparts a violet
color to a non-luminous flame. Loss on drying. —
Not over 2 per cent, when dried at 105° for 2
hours. Sulfate. — No turbidity develops within 1
minute in a mixture of 10 ml. of a 1 in 20 aqueous
solution of potassium guaiacolsulfonate, 5 drops
of barium chloride T.S. and 3 drops of hydrochloric acid. Heavy metals. — The limit is 20 parts
per million. N.F.
Assay. — About 500 mg. of dried potassium
guaiacolsulfonate is dissolved in water and the
sulfur converted to sulfate through action of nitric
acid, after which it is precipitated as barium sulfate and weighed as such after ignition. The weight
of the precipitate, multiplied by 1.038, represents
the weight of C-H7KO5S. N.F.
Uses. — Potassium guaiacolsulfonate was introduced into medicine on the theory that it would
liberate guaiacol in the body and exert the beneficial effects of the latter drug in bronchitis. There
is, however, no reason to believe that the body
can decompose sulfonates of any members of the
phenolic group; indeed, the body detoxifies
phenols by conjugating them as sulfonates. Nevertheless, potassium guaiacolsulfonate continues to
be included in some formulations used for treating
bronchitis. |v]
The usual dose is 500 mg. (approximately 7y2
grains) every 2 or 3 hours.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
POTASSIUM HYDROXIDE.
U.S. P.. B.P., LP.
Caustic Potash, [Potassii Hydroxidum]

"Potassium Hydroxide contains not less than
85 per cent of total alkali, calculated as KOH, including not more than 3.5 per cent K2CO3. Caution.— Great care is necessary in handling Potassium Hydroxide, as it rapidly destroys tissues."
U.S.P. The B.P. and LP. specify not less than
85.0 per cent of total alkali, calculated as KOH,
and not more than 4.0 per cent of K2CO3.
I-P- Kalii Hydroxydum. Lye; Potash Lye; Potassa.
Kalium Hydroxydatum Purum; Kali Causticum Fusum;
Kalium Hydricum; Potassii Hydras. Fr. Hydroxyde de
potassium officinal; Hydrate de potasse pure; Potasse
caustique pure. Ccr. Kalium hydroxyd ; Atzkali; Kaliv/.j1"3,1-.^Idrato
di potassio;
caustica.
Sp.
Hidroxido de
potasio;
Hidrato Potassa
de Potasio;
Hidrato
potasico.

Formerly both Pharmacopeias described proc-
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esses for manufacture of potassium hydroxide
based on decomposition of a solution of potassium
carbonate by calcium hydroxide and evaporation
of the resulting solution of potassium hydroxide
after separation of precipitated calcium carbonate.
With some refinements, this process is still employed on a commercial scale but potassium hydroxide isnow largely produced by electrolysis of
a concentrated potassium chloride solution. The
metal released at the cathode acts with water to
form potassium hydroxide and hydrogen, while
chlorine is liberated at the anode. The resulting
solution is evaporated to dryness and the remaining water expelled by melting the potash.
Description. — "Potassium Hydroxide occurs
in white, or nearly white, fused masses, in small
pellets, in flakes, in sticks, and in other forms. It is
hard and brittle and shows a crystalline fracture.
Exposed to air, Potassium Hydroxide rapidly absorbs carbon dioxide and moisture, and deliquesces.
Its solutions, even when greatly diluted, are
strongly alkaline. One Gm. of Potassium Hydroxide dissolves in 1 ml. of water, in about 3 ml. of
alcohol, and in about 2.5 ml. of glycerin. It is very
soluble in boiling alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 25 solution of potassium hydroxide responds
to tests for potassium. Heavy metals. — The limit
is 30 parts per million. Insoluble substances. — A
solution of 1 Gm. of potassium hydroxide in 20
ml. of water is complete, clear, and colorless.
U.S.P. The B.P. and LP. provide tests limiting
aluminum, iron and matter insoluble in hydrochloric acid, sodium, chloride, and sulfate; the
B.P. arsenic and lead limits are 4 and 5 parts per
million, respectively, while the corresponding
limits of the LP. are each 5 parts per million. The
LP. heavy metals limit is 30 parts per million.
Assay. — A solution of 1.5 Gm. of potassium
hydroxide in recently boiled and cooled water is
cooled to 15° and titrated with 1 N sulfuric acid,
using phenolphthalein T.S. as indicator. Methyl
orange T.S. is then added and the titration continued to its end point. Each ml. of the total
volume of 1 N sulfuric acid consumed represents
56.10 mg. of KOH; each ml. of the difference
between the volume required in the methyl orange
titration and that required in the phenolphthalein
titration represents 138.2 mg. of K2CO3. The
volume of acid consumed in the phenolphthalein
titration represents that required for neutralization of KOH and of K2CO3 to the bicarbonate
stage; the additional amount of acid consumed
after methyl orange is added is required for neutralization ofthe KHCO3 formed in the preceding
titration. U.S.P. The B.P. employs the method
described under Sodium Hydroxide; the LP.
method is the same as that of the B.P.
Official potassium hydroxide may be converted
to a product of a higher degree of purity by digestion in alcohol — which dissolves only the hydroxide
— evaporating the solution to dryness, and fusing
the dry mass obtained. Potassium hydroxide, thus
prepared, is referred to as potash by alcohol.
Uses. — Because of the powerful effect of hydroxyl ion in dissolving body tissues potassium
hydroxide is a very potent escharotic. It is the
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old causticum commune acerrimum or strongest
common caustic. Its action is not only very thorough, but it penetrates more deeply than either
silver nitrate or nitric acid. It is also powerfully
germicidal. A 1 per cent solution is sufficient to
kill all vegetating bacteria. Because of difficulty
of controlling its action it is not employed for
destruction of benign growths but is occasionally
used in bites by rabid animals. In the application
of potassium hydroxide as a caustic the surrounding skin should be protected by petrolatum. A
stick of the caustic, previously moistened, is
rubbed over the area to be cauterized. After the
action is considered to have proceeded far enough,
the part should be washed with diluted acetic acid
and then cleansed with distilled water. A 10 per
cent solution of potassium hydroxide is the standard preparation for a mounting medium in the
direct microscopic examination for fungi in skin
and nail scrapings. Kligman {Arch. Dermat. Syph.,
1951, 63, 252) described the direct application of
this solution to chronic, hyperkeratotic fungous
infection, where its macerating and keratolytic
effect facilitates the removal of blunt scrapings
for direct examination. It should not be used on
acutely inflamed areas. Sulzberger mentions use
of strong solutions of potassium hydroxide (30 to
50 per cent) for local planing-down of chronic,
elevated hyperkeratotic lesions of the skin, [v]
Toxicology. — Because of their powerful caustic action, the alkali metal hydroxides are dangerous poisons. Accidental poisoning, especially in
children, is not uncommon because of frequent
use in the kitchen as a cleanser. The symptoms
are violent pains in the throat and epigastrium,
and vomiting. At first the vomitus consists of the
contents of the stomach; later it has a brown
color from the presence of decomposed blood.
Collapse ensues rapidly. The mucous membranes
of the mouth have a slippery feel and are swollen
and often brown in color. In those cases which do
not immediately prove fatal there is caused so
much destruction of the membranes of the esophagus that stricture develops and the patient is
unable to swallow. Operation is required to prevent starvation.
In the treatment of poisoning by caustic alkalies
all attempts at evacuation of the stomach either
by emetics or by the stomach pump should be
avoided because of the grave danger of rupturing
the weakened walls of the stomach. Fortunately
there are efficient and rapidly acting antidotes.
The best antidote is acetic acid which in the form
of vinegar is usually promptly available. Olive oil,
or other bland fixed oil, is also very useful, forming with the hydroxide a comparatively non-irritating soap and also acting as a demulcent to the
inflamed tissue. In the absence of vinegar, other
acids, as lemon or orange juice, or even the mineral acids — if well diluted — may be employed.
Subsequent treatment involves the combating of
the collapse and the relief of such symptoms as
arise.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Medicinal Soft Soap, U.S.P.;
Saponated Cresol Solution, N.F., B.P.; Solution
of Potassium Hydroxide, B.P.

Part I
SOLUTION OF POTASSIUM
HYDROXIDE.
B.P.
Liquor Potassii Hydroxidi

"Potassium Hydroxide Solution contains, in
each 100 ml., not less than 4.5 Gm. and not more
than 5.5 Gm. of total alkali, calculated as KOH,
of which
N.F.
VIII. not more than 0.35 Gm. is K2CO3."
The B.P. solution contains 5 per cent w/v total
alkali, calculated as KOH (limits, 4.75 to 5.25).
Dissolve 60 Gm. of potassium hydroxide in
enough distilled water to make 1000 ml. Note. —
The amount of potassium hydroxide specified in
this formula is based on a strength of 85 per cent
of total alkali. Potassium hydroxide of greater
strength may be used in proportionately smaller
quantity. N.F. VIII.
Description. — "Potassium Hydroxide Solution
is a clear, colorless, odorless, strongly caustic
liquid. When exposed to the air, it readily absorbs carbon dioxide, and it is alkaline to litmus
paper." N.F. VIII.
Uses. — Potassium hydroxide solution, while it
is antacid, is rarely prescribed because of its irritant action.
Potassium hydroxide solution has been given in
doses of 0.6 to 2 ml. (approximately 10 to 30
minims), well diluted.
"Caution. — Potassium Hydroxide Solution
should be freely diluted with water before being
taken into the mouth." N.F. VIII.
Storage. — Preserve "in well-filled bottles of
hard glass, with tight rubber stoppers, or glass
stoppers well coated with petrolatum." N.F. VIII.
POTASSIUM HYPOPHOSPHITE.
N.F.
Potassii Hypophosphis

KH2PO2
"Potassium Hypophosphite, dried at 105° for
1 hour, contains not less than 98 per cent of
KPH2O2. Caution should be observed in compounding Potassium Hypophosphite with other
substances, as an explosion may occur if it is
triturated or heated with nitrates, chlorates, or
other oxidizing agents." N.F.
Kalium Hypophosphorosum. Fr. Hypophosphite de potassium. Ger. Kaliumhypophosphit; Unterphosphorigsaures
Kalium. Sp. Hipofosfito de potasio.

This salt is usually prepared by mixing solutions
of calcium hypophosphite and potassium carbonate. By double decomposition, calcium carbonate
and potassium hypophosphite are formed. The
calcium carbonate is separated, and the clear solution is evaporated to dryness, under reduced pressure. Particular care must be taken at this point
to prevent an explosion. To purify the salt it maybe dissolved in alcohol, the solution evaporated to
a syrupy consistence and then set aside to crystallize. Potassium hypophosphite may also be prepared by boiling phosphorus with a solution of
potassium hydroxide while carbon dioxide is
passed through the liquid to prevent decomposition of the salt by alkali. The reaction may be
represented as follows :
3KOH + 4P + 3H20 -» 3KH2PO2 + PH3

Potassium
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Description. — ''Potassium Hypophosphite occurs as white, opaque, hexagonal plates, as crystalline masses, or as a granular powder, and is very
deliquescent. It is odorless, and has a pungent,
salty taste. An aqueous solution of Potassium
Hypophosphite (1 in 20) is neutral or alkaline to
litmus. One Gm. of Potassium Hypophosphite dissolves inabout 0.6 ml. of water and in about 9 ml.
of alcohol. It is more soluble in boiling water or
boiling alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 aqueous solution of potassium hypophosphite responds to tests for potassium and for
hypophosphite. Loss on drying. — Not over 5 per
cent, when dried at 105° for 1 hour. Alkalinity. —
Not more than 1.5 ml. of 0.1 N hydrochloric acid
is required for neutralization of 1 Gm. of potassium hypophosphite, using methyl orange T.S. as
indicator. Phosphate. — No turbidity is produced
in 1 minute in a mixture of 10 ml. of a 1 in 20
aqueous solution of potassium hypophosphite, 0.5
ml. of magnesia mixture T.S. and sufficient ammonia T.S. to produce a slight alkalinity. Arsenic.
— A 5-ml. portion of a 1 in 25 solution of potassium hypophosphite meets the requirement of the
test for arsenic. Calcium. — No turbidity is produced in 1 minute in a mixture of 10 ml. of a 1 in
20 aqueous solution of potassium hypophosphite,
0.5 ml. of ammonium oxalate T.S. and sufficient
ammonia T.S. to produce a slight alkalinity. Heavy
metals. — The limit is 20 parts per million. N.F.
Assay. — Potassium hypophosphite is assayed
as directed under Calcium Hypophosphite. Each
ml. of 0.1 TV bromine represents 2.602 mg. of
KPH2O2. N.F.
Uses. — This salt was introduced along with
other hypophosphites because of the claims made
by Churchill for their curative value in phthisis
(see also Hypophosphorus Acid). It has, however,
no therapeutic effect justifying its continued
recognition.
Dose, 0.5 to 1 Gm. (approximately 7>^ to 15
grains).
Storage— Preserve "in tight containers." N.F.
Off. Prep. — Compound Hvpophosphites Syrup,
N.F.
POTASSIUM

IODIDE.

U.S.P., B.P., LP.

[Potassii Iodidum]

"Potassium Iodide, dried at 105° for 4 hours,
contains not less than 99 per cent of KI." U.S.P.
The B.P. and LP. also require not less than 99.0
per cent of KI, the B.P. calculating the assay
result with reference to the substance dried to
constant weight at 105° and the LP. calculating it
reference to the substance dried at 110° for
4with
hours.
IP- Kalii Iodidum. Kalium Jodatum; Jodetum Kalicum;
potassii Hydnodas; Potassii Iodurum; Kalium Ioduretum.
rr. Iodure de potassium. Ger. Kaliumjodid. It. Joduro
di potassio. Sp. Yoduro de potasio.

Potassium iodide may be prepared by methods
analogous to those employed for manufacturing
potassium bromide. An aqueous solution of potassium hydroxide is treated with iodine in slight
excess, which produces potassium iodide and potassium iodate.

Iodide
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6KOH + 3I2 -> 5KI + KIO3 + 3H20
On evaporating the solution to dryness the mixed
salts are obtained, but on heating the dry mass
with charcoal the iodate is reduced to iodide :
KIO3 + 3C -» KI + 3CO
The potassium iodide is dissolved out of the mass,
and the solution set aside to crystallize.
In another process a solution of ferrous iodide
is prepared and this is reacted with potassium
carbonate to yield a precipitate of ferrous carbonate and a solution containing the potassium iodide.
Large quantities of potassium iodide are manufactured from cuprous iodide obtained from South
American sodium nitrate works. The cuprous
iodide is suspended in water acidified with hydrochloric acid, and a stream of hydrogen sulfide
passed through, whereby hydrogen iodide is produced in the solution. This solution is filtered,
neutralized with potassium carbonate, and evaporated to crystallization.
Description. — "Potassium Iodide occurs as
hexahedral crystals, either transparent and colorless or somewhat opaque and white, or as a white,
granular powder. It is stable in dry air, but slightly
deliquescent in moist air. Its solutions are neutral
or alkaline to litmus. One Gm. of Potassium Iodide
dissolves in 0.7 ml. of water, in 22 ml. of alcohol,
and in 2 ml. of glycerin. One Gm. dissolves in 0.5
ml.Van
of boiling
water." out
U.S.P.(Pharm. Ztg., 1914, p.
Vorst pointed
342) that the red spots sometimes seen upon crystals of potassium iodide are not necessarily due to
free iodine; in a case which he investigated, the
salt dissolved to a colorless solution leaving an
insoluble red precipitate, which was found to be
a mold.
Standards and Tests. — Identification. — A solution of potassium iodide responds to tests for
potassium and for iodide. Loss on drying. — Not
over 1 per cent, when dried at 105° for 4 hours.
Alkalinity. — No color is produced in a mixture of
1 Gm. of potassium iodide dissolved in 10 ml. of
water, 0.1 ml. of 0.1 N sulfuric acid, and 1 drop
of phenolphthalein T.S. Iodate, nitrite, thiosulfate,
and barium. — No distinct yellow color appears in
30 seconds, and no turbidity in 1 minute, on adding 2 drops of diluted sulfuric acid to a solution
of 500 mg. of potassium iodide in 10 ml. of recently boiled and cooled distilled water. Nitrate,
nitrite, and ammonia. — Litmus paper is not colored
blue when held in the vapor from a heated mixture
containing 5 ml. of sodium hydroxide T.S., 200
mg. of aluminum wire, and a solution of 1 Gm. of
potassium iodide in 5 ml. of water. Heavy metals.
— The limit is 10 parts per million. U.S.P. Both
the B.P. and the LP. limit arsenic to 2 parts per
million and lead to 10 parts per million.
Assay. — About 500 mg. of potassium iodide,
previously dried at 105° for 4 hours, is dissolved
in water, hydrochloric acid and chloroform are
added, and the mixture titrated with 0.05 M potassium iodate until the purple color of iodine
disappears from the chloroform. In this titration
iodide ion is first oxidized to iodine, which produces the purple color in chloroform, then to
iodine monochloride (IC1), in which iodine has
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a valence of plus one; disappearance of the purple
color indicates complete oxidation to the monochloride. The complete reaction may be represented by the equation:
2KI + KIOs + 6HC1 -> 3IC1 + 3KC1 + 3H20
From this equation it is apparent that iodide ion
gains two valence units, while the iodine of iodate
loses four valence units. The equivalent weight of
potassium iodide is thus one-half its molecular
weight, and the equivalent weight of potassium
iodate is one-fourth its molecular weight, i.e., a
0.05 M solution of potassium iodate is 0.2 N.
From these considerations it is apparent that each
ml. of 0.05 M potassium iodate represents 16.60
mg. of KI. U.S.P.
Incompatibilities. — With certain alkaloids
potassium iodide is incompatible, partly on account of the fact that it is permitted to contain
a small amount of carbonate to retard discoloration, and partly because with some alkaloids insoluble iodides are formed; alcohol sometimes
prevents precipitation. Fatal results have been
caused by the crystallization of strychnine iodide
from a liquid, the precipitate having been ingested
in a large single dose. It is advisable for pharmacists to place a "shake-well'' label upon the bottle
containing such mixtures in order to ensure uniform dosage of the active principle.
In the presence of acid, iodine is slowly liberated through atmospheric oxidation ; sugar retards
the reaction. Oxidizing agents liberate iodine, thus
with ethyl nitrite spirit, iodine and gaseous oxides
of nitrogen are produced. Mercurous chloride
reacts with potassium iodide to form metallic
mercury and mercuric iodide, the latter, in the
presence of excess potassium iodide, forming the
soluble double salt, potassium mercuric iodide.
Because of its deliquescent nature, potassium
iodide requires drying and incorporation with suitable diluents before encapsulation.
Uses. — The general therapeutic properties of
potassium iodide are the same as those of other
iodides (see Iodine). It has been used in late
syphilis (see under Oxophenarsine Hydrochloride), chronic fibrinous inflammations, and certain
metallic poisons, e.g., lead. It is used as an expectorant ininstances of chronic bronchitis with
thick and tenacious sputum. It is a valuable
adjunct in the treatment of morning cough in
progressive bronchospastic disease (Bradford. Am.
Pract. Dig. Treat., 1952. 3, 349). After oral
administration, iodide ion appears in the bronchial
secretion within 15 to 30 minutes (Tuft and
Levin, Am. J. Med. Sc, 1942. 203, 717). In acute
catarrhal respiratory inflammations iodides are not
prescribed because they increase the irritation.
In the presence of pulmonary tuberculosis, either
active or arrested, iodides are avoided by most
physicians. However, when administered in large
dosage in conjunction with streptomycin. Woody
et al. (Diseases of Chest, 1951, 19, 373), found
that in selected cases of far-advanced pulmonary
tuberculosis the need for surgical collapse therapy
may be averted. Potassium iodide is employed in
bronchial asthma, its beneficial action being due
chiefly to its effect in liquefying the secretions.
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Alstead (Lancet, 1939, 2, 932) was unable to
demonstrate any increase in the volume of the
sputum but the value of potassium iodide in the
asthmatic is being reemphasized (see J.A.M.A.,
1946, 131, 23). Hirschfelder and Wilkinson (/.
Pharmacol., 192 7, 31, 205) suggest that the action
of potassium ion in relaxing bronchi may contribute to the improvement. The mechanism of the
beneficial action of iodides on gummas and other
late syphilitic lesions has not been established.
Iodides have been used in the late stages of leprosy. With mercury bichloride, potassium iodide
forms a soluble potassio-mercuric iodide which
was the basis of the so-called "mixed treatment"
for syphilis. Potassium iodide was at one time
widely used as an "alterative." Gaul and Underwood (Arch. Dermat. Syph., 1949. 58, 439) postulated that there may be a deficiency of iodine
in acne vulgaris of adolescence and used iodides
therapeutically. Potassium iodide is used in the
management of hyperthyroidism (see under
Iodine).
Large doses of iodides appear to have a specific
curative effect in sporotrichosis, blastomycosis
and actinomycosis (Keeney, Med. Clin. North
America, 1945. 29, 323). In coccidioidomycosis,
histoplasmosis, dermatophytosis and torulosis, iodides have been ineffective (Beck and Voyles.
Arch. Int. Med., 1946, 77, 516). Iodides are
beneficial in mild cases of bronchopulmonary
moniliasis (Wvlie and De Blase. J. A.M. A., 1944,
125, 463). Smith (J.A.M.A., 1949, 141, 1223)
states that patients with blastocmycosis, moniliasis and some other mycoses, who have a decided
sensitivity to the antigens of their fungus, may
be made worse by administration of iodides. If
they are first partly desensitized with an autogenous or stock vaccine, administration of iodides
may be beneficial. He found potassium iodide to
be a useful supplementary treatment in certain
less common mycotic infections, as nocardiosis,
cryptococcosis, geotrichosis, mucormycosis, chromoblastomycosis, mycetoma, aspergillosis and
penicilliosis.
Potassium iodide was occasionally employed as
an external application in the form of a 10 per
cent ointment, but there is no evidence of much
absorption by this route. [v]
Dose. — The usual dose is 300 mg. (approximately 5grains) by mouth up to 4 times daily,
with a range of 300 mg. to 2 Gm.; the maximum
safe dose is 2 Gm. and the total dose in 24 hours
should seldom exceed 6 Gm. In special cases
much larger doses (until symptoms of iodism
occur, such as 25 Gm. per day in sporotrichosis,
etc.) may be given. It is usually prescribed in
solution, well diluted with water or milk. Garfield
(New Eng. I. Med., 1943. 229, 971) advocates
use of enteric coated tablets. For intravenous administration, sodium iodide is used.
Storage. — Preserve "in well-closed containers."
U.S.P.
Off. Prep. — Strong Iodine Solution, U.S.P.,
B.P.; Iodine Ointment: Iodine Tincture; Potassium Iodide Solution; Potassium Iodide Tablets.
N.F.; Strong Solution of Iodine; Weak Solution
of Iodine, B.P.
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IODIDE
N.F.

SOLUTION.

Saturated Potassium Iodide Solution, Liquor
Potassii Iodidi

"Potassium Iodide Solution contains, in each
100 ml., not less than 97 Gm. and not more than
103 Gm. of KI." N.F.
Dissolve 1000 Gm. of potassium iodide in 680
ml. of hot purified water; cool to about 25°, and
add enough purified water to make 1000 ml.; filter
if necessary. If the solution is not to be used
within a short time 500 mg. of sodium thiosulfate
should be added to each liter. N.F.
Description. — "Potassium Iodide Solution is
a clear, colorless, and odorless liquid with a characteristic, strongly salty taste. It is neutral or
alkaline to litmus. Its specific gravity is about
1.700." N.F.
The usual dose is 0.3 ml. (approximately 5
minims), representing 300 mg. of potassium iodide. For variations of dosage see under Potassium Iodide. Each minim of the solution represents approximately 1 grain of potassium iodide.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
POTASSIUM

IODIDE

TABLETS.

N.F.

"Potassium Iodide Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of KI for tablets of 300
mg. or more, and not less than 92.5 per cent and
not more than 107.5 per cent for tablets of less
than 300 mg." N.F.
Storage. — Preserve "in tight containers." N.F.
Usual Sizes. — 120 and 300 mg. (2 and 5
grains).
POTASSIUM
Potassii

MERCURIC
N.F.

IODIDE.

Hydrargyri Iodidum

K2HgI4
"Potassium Mercuric Iodide, dried at 120° for
4 hours, contains not less than 98 per cent and
not more than 102 per cent of K2HgLi." N.F.
Potassium Iodohydrargyrate, Potassio-mercuric Iodide,
Potassium Iodomercuriate, Mercuric Potassium Iodide.

This is a complex salt, not a double salt, in
which the mercury is present in the anion
(Hgl4)=. It may be prepared by crystallization
from the solution obtained when one mole of
mercuric iodide is mixed with two moles of potassium iodide in the presence of water.
Description. — "Potassium Mercuric Iodide
occurs as odorless, yellow crystals, deliquescent
in air. It is neutral or alkaline to litmus. Potassium Mercuric Iodide is very soluble in water.
It is soluble in alcohol, in ether, and in acetone."
N.F.
Standards and Tests. — Identification. — (1)
Chloroform shows the characteristic color of
iodine when it is added to a solution containing
potassium mercuric iodide and ferric chloride.
(2) A precipitate of mercury results when formaldehyde T.S. is added to an alkaline solution
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of potassium mercuric iodide. (3) On heating to
fusion, potassium mercuric iodide turns red,
changing to yellow on cooling. At higher temperatures mercuric iodide is volatilized. Loss on
drying.
—
Not
over 4 per cent, when dried at 120°
for 4 hours. N.F.
Assay. — A 500-mg. portion of dried potassium
mercuric iodide is assayed by the method employed for thimerosal. N.F.
Uses. — Potassium mercuric iodide is a powerful germicide for many nonsporulating bacteria;
its activity is essentially the same as that of red
mercuric iodide, over which it has the advantage
of being very soluble in water. When allowance
is made for the fact that potassium mercuric
iodide contains less mercury than does mercury
bichloride,
the two salts have about the same
toxicity.
Potassium mercuric iodide is used externally
for skin disinfection and irrigations, also for disinfection of instruments, excreta and discharges.
It is not precipitated by albumin. It is employed
in aqueous solution in concentrations of 1:10,000
to 1:100. Since solutions prepared from potassium mercuric iodide alone have a tendency to
decompose, with precipitation of mercuric iodide,
it is essential to add to such solutions potassium
iodide in an amount equivalent to about 20 per
cent of the weight of potassium mercuric iodide
employed. If potassium mercuric iodide is unavailable, solutions may be prepared by dissolving equal weights of red mercuric iodide and
potassium iodide in a small amount of water and
then diluting to the proper strength (each Gm.
of mercuric iodide used produces 1.7 Gm. of potassium mercuric iodide) ; solutions thus prepared
contain about 20 per cent excess of potassium
iodide. Discs Potassio-Mercuric Iodide (Parke,
Davis) are available for extemporaneous preparation of solutions.
Mayer's reagent, employed for detection of
alkaloids, and Nessler's reagent, used for estimation of small amounts of ammonia, both contain
potassium mercuric iodide as the essential ingredient; the latter reagent is alkaline in reaction.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
POTASSIUM NITRATE.
N.F., B.P.
[Potassii Nitras]

"Potassium Nitrate, dried at 105° for 4 hours,
contains not less than 99 per cent of KNO3."
N.F. The B.P. also requires not less than 99.0
per cent of KNO3, but the substance is not
dried.
Saltpeter; Nitrate of Potash; Nitre; Niter. Kalium Nitricum; Sal Nitri; Nitras Potassicus. Fr. Azotate de potassium; Nitrate de potasse. Get. Kaliumnitrat ; Kalisalpeter;
Salpeter. It. Nitrato di potassio; Nitro; Sal nitro. Sp.
Nitrato de potasio.

Potassium nitrate, or niter, is found naturally
in many areas, existing in the soil, on which it
forms a saline efflorescence, in the fissures of
calcareous rocks, and in caves.
In recent years potassium nitrate has been
largely manufactured from native potassium chloride and native sodium nitrate, two cheap and
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abundant crude materials, which by interaction
in concentrated aqueous solution yield potassium
nitrate:
KC1 + NaNOs -» KNO3 + NaCl
This so-called
saltpeter"'
duced as 99.9 "conversion
per cent pure
nitrate. can be proArtificial niter beds, formerly extensively employed as a means of producing potassium nitrate,
are no longer used. They were formed of animal and vegetable remains, together with ashes
and calcareous earth, which were mixed with a
portion of loose soil and placed under sheds, to
shelter the mixture from the rain, while the sides
were left open, to permit free access of air. The
mixture was frequently turned over with a spade,
and sprinkled with urine, as a substance containing a large quantity of nitrogen. At the end of
2 or 3 years the nitrogen is converted into nitric
acid, and this, by reacting with potassium compounds in the vegetable remains, forms niter.
When the bed contained about 4 ounces of the
salt for each cubic foot of material, the potassium
nitrate was extracted with water and crystallized.
The continuous formation of niter in niter
earths and in artificial niter beds results from
oxidation of ammonia to nitric acid, formation of
which depends upon the presence of nitrifying
microorganisms (Bacillus nitrificans). Nitrification is not a simple chemical oxidation process, as
was at one time supposed. The ammonia is dedived, for the most part, from the protein of the
organic remains in the niter earths.
Description. — 'Potassium Nitrate occurs as
colorless, transparent prisms, or as a white, crystalline powder. It is odorless, has a salty taste,
and produces a cooling sensation in the mouth.
It is slightly hygroscopic in moist air. An aqueous solution of Potassium Nitrate (1 in 10) is
neutral to litmus. One Gm. of Potassium Nitrate
dissolves in 3 ml. of water, and in about 620 ml.
of alcohol. One Gm. dissolves in 0.5 ml. of boiling water." N.F.
Because potassium nitrate contains a high proportion of oxygen it facilitates combustion of
many substances and is sometimes used for such
a purpose.
Standards and Tests. — Identification. — A 1
in 10 solution responds to tests for potassium and
for nitrate. Loss on drying. — Not over 1 per cent,
when dried at 105° for 4 hours. Chlorate. — No
yellow color is produced on sprinkling 100 mg.
of potassium nitrate on 1 ml. of sulfuric acid.
Chloride. — The limit is 580 parts per million.
Heavy metals. — The limit is 20 parts per million.
Sodium. — A solution of potassium nitrate does
not impart a distinct yellow color to a colorless
flame. N.F. The B.P. arsenic limit is 2 parts per
million; the lead limit is 10 parts per million.
Assay. — About 400 mg. of dried potassium
nitrate is converted to chloride by heating with
hydrochloric acid, the excess of the latter being
volatilized. The chloride is then estimated by the
Volhard method. Each ml. of 0.1 N silver nitrate
represents 10.11 mg. of KNO3. N.F. In the B.P.
assay the nitrate ion is reduced to ammonia by
Devarda's
sodium
the ammoniaalloy
is and
distilled
into hydroxide
a measuredsolution;
excess
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of 0.1 iV hydrochloric acid and the excess acid is
titrated with 0.1 A" sodium hydroxide. A blank
determination is performed on the reagents.
Uses. — Potassium nitrate may be used whenever the effect of potassium ion is desired;
possible therapeutic uses are discussed under
Potassium Chloride and also under Potassium.
Potassium nitrate, unlike potassium salts of
organic acids which are oxidized by the body,
does not alkalize the system. Keith (J. A.M. A.,
1936. 107, 2049) found the nitrate to increase
output of urine more than any of the potassium
salts he tested; he administered to adults 3 Gm.
in enteric-coated tablets 3 times daily. Like other
potassium salts its use is dangerous when there
is faulty kidney function (Keith and Burchell,
Am. J.sium'Med.
nitrate S'c,
has 1949,
been 217,
used 1).
in Locally,
stomatitispotasand
angina but it is even less effective than the
chloride which it was intended to replace.
Formerly it was included in so-called asthmatic
powders containing stramonium leaves, the purpose being to facilitate combustion of the powder
rather than to contribute any therapeutic effect.
While potassium nitrate is not a very potent
poison large doses may cause violent gastroenteritis which may end fatally; death has been
reported from 30 Gm., although recovery occurred after 60 Gm. The symptoms are vomiting,
often with much pain, usually followed by profuse purgation. Prolonged exposure to small
amounts may lead to anemia, with easy fatigability, low blood pressure, and mild nephritis. This
type of poisoning is an industrial hazard encountered inmining the salt. The injurious effects
are probably largely the result of loss of chloride
from the system. Comly (J. A.M. A., 1945. 129,
112) reported that use of well-water containing
a high concentration of nitrate for preparing infant feeding formulas is a common cause of
cyanosis due to methemoglobinemia. @
Dose. — The usual dose is 1 Gm. (approximately 15 grains), up to 9 times daily, well diluted or in the form of enteric-coated tablets.
Storage. — Preserve "in tight containers." N.F.
Off. Prep.— Toughened Silver Nitrate, B.P.

POTASSIUM

PERMANGANATE.
U.S. P.. B.P.

[Potassii Permanganas]

"Potassium Permanganate, dried over sulfuric
acid for 18 hours, contains not less than 99 per
cent of KMnO-t. Caution. — Great care should be
observed in handling Potassium Permanganate, as
dangerous explosions are liable to occur if it is
brought into contact with organic or other readily
oxidizable substances, either in solution or in the
dry condition." U.S.P. The B.P. also requires not
less than 99.0 per cent of KMn04. but the salt
need not be dried.
Permanganate of Potash; Chameleon Mineral. Kalium
Hypermanganicum; Kalium Permanganicum. Fr. Permanganate de potassium; Cameleon violet. Ger. Kaliumpermanganat; Ubermangansaures Kali. It. Permanganato
di potassio. Sp. Permanganato de potasio; Camaleon
violeta.

This salt is still largely prepared by the process
of Wohler in which a mixture of potassium chlo-
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rate and manganese dioxide is added to a solution
of potassium hydroxide; the potassium chlorate
oxidizes the manganese dioxide, converting it into
manganic acid, which forms with potassium hydroxide the manganate, according to the equation :
3Mn02 + 6KOH + KCIO3 -*
3K2Mn04 + KC1 + 3H20
When the aqueous solution is boiled and treated
with carbon dioxide, a part of the green potassium
manganate, which is sometimes called chameleon
mineral, is oxidized to potassium permanganate:
3K2Mn04 + 2C02-»

2KMn04 + Mn02 + 2K2CO3

Description. — "Potassium Permanganate occurs as dark purple crystals, almost opaque by
transmitted light and of a blue metallic luster by
reflected light. Its color is sometimes modified by
a dark bronze-like appearance. It is stable in air.
One Gm. of Potassium Permanganate dissolves in
15 ml. of water, and in 3.5 ml. of boiling water."
U.S.P.
Standards and Tests. — Identification. — A
solution of potassium permanganate is deep violetred when concentrated, and pink when highly
diluted, and responds to tests for permanganate.
Loss on drying. — Not over 0.5 per cent, when
dried over sulfuric acid for 18 hours. U.S. P.
Assay. — About 500 mg. of potassium permanganate, previously dried over sulfuric acid for 18
hours, is dissolved in water and, after adding sulfuric acid, the permanganate ion is reduced to
manganous with a measured excess of 0.1 N oxalic
acid, the latter being oxidized to carbon dioxide.
The excess oxalic acid is titrated with 0.1 ./V potassium permanganate. Each ml. of 0.1 N oxalic acid
represents 3.161 mg. of KMnCk, this factor being
based on potassium permanganate having an
equivalent weight one-fifth of its molecular
weight. U.S.P.
When suddenly heated, potassium permanganate
crystals detonate, evolving oxygen and leaving a
black residue which reacts alkaline. Moderately
heated, the crystals are partially volatilized, forming a violet vapor having a disagreeable metallic
odor. Potassium permanganate is one of the most
powerful oxidizing agents known. It causes combustion of certain flammable substances, and oxidizes most organic substances. If it is pure and
protected from contamination with organic substances or other reducing agents it is entirely
stable.
Incompatibilities. — Potassium permanganate
is a powerful oxidizing agent. It liberates halogen
from solutions of hydrochloric or hydriodic acid
or acid solutions of their salts. It oxidizes most
reducing agents, including organic matter, and
when triturated with many of these substances it
may explode.
Uses. — Potassium permanganate has three
therapeutic properties, namely, bactericidal, oxidizing, and astringent. In the absence of organic
matter it is distinctly superior in disinfectant
power to phenol, but it is so rapidly reduced in
the presence of body fluids as to be almost inert.
Cleansing
Uses. — Because of its oxidizing
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action, as distinguished from its disinfectant property, potassium permanganate is a useful cleansing
agent for wounds and mucous membranes. It is
employed particularly in suppurating and fetid
conditions, as cancerous ulcerations and ozena.
In dilute solutions (1 in 4000 to 1 in 1000) it is
extensively employed for washing internal cavities, as the vagina or bladder. It has been used
as a wound styptic (Auregan, Bull. Acad. med.
Paris, 1926, 96, 576). A 5 per cent solution was
used to clean out dead tissue in tropical ulcer
(Todd, Brit. M. J., 1939, 2, 688). The chief objection toits use is the deep stain it leaves on the
skin which, however, may be removed with dilute
oxalic or sulfurous acid.
Dermatologic Uses. — Potassium permanganate solutions are used as compresses, wet dressings or soaks in acute dermatoses, especially
where there is secondary infection. A 1 in 9000
solution (prepared by dissolving a 5-grain tablet
in 3 quarts of water) is commonly used in acute
vesicular dermatophytosis, exuding eczemas, and
impetiginized dermatoses. Potassium permanganate baths are often convenient and effective in
more generalized exudative, vesicular and bullous,
and eczematous dermatoses, where localized compresses are inadequate due to the large area of
involvment; 5 to 15 Gm. of potassium permanganate crystals (or 15 to 45 of the 5-grain tablets)
are dissolved in 1 quart of water and this solution
added to a tubful of water. The potassium permanganate must be completely dissolved in order
to avoid chemical burning of the skin from contact with undissolved solid. Mild antisepsis, drying of exuding areas, and deodorization of foulsmelling surface affections (pemphigus) are simultaneously achieved, and toughening and tanning of the skin may also result. A stronger solution, as 1 in 3000, may be helpful in hyperidrosis
of the feet.
Antidotal Action. — By virtue of its oxidizing
property, potassium permanganate will destroy
many poisons. It is useful in 1 in 5000 solution as
a gastric lavage in internal poisonings. Hatcher
(J.A.M.A., 1935, 105, 502) has shown experimentally that it will rapidly destroy a number of
organic poisons. The rapidity of this action is
not proportional to the concentration of permanganate but depends largely on the ratio between
the quantity of poison to that of permanganate.
Its practical value in the treatment of poisons is
limited by the toxic action of overdoses of permanganate. Itis practically useful in poisoning
by morphine, strychnine, aconitine, and picrotoxin; it will oxidize cyanides in alkaline but not
in acid solution. It may be useful for washing out
the stomach in poisoning with phenol or barbiturates, but the quantity required to destroy these
poisons is so large that it cannot be depended on
to act as an antidote. According to Hatcher, it is
of no service for the destruction of atropine,
cocaine, or phosphorus, this in contradiction to
Thornton (Titer. Geg., 1893, 9, 8) and the advice
of many toxicologists.
Potassium permanganate has been widely
lauded as an antidote to snake venom. Widenmann (Zentralbl. Bakt., 1915) showed that if
applied immediately after the introduction of the
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poison it would save rabbits from double the
lethal dose, but it must be used within five minutes to be of any value (Reese, Am. Med., 1934,
40, 103). The majority of herpetologists today
consider the permanganate treatment of snake
bite to be of no practical use and capable of
doing harm, [v]
Toxicology. — In overdose potassium permanganate may give rise to serious poisoning. Rubin
and Dorner {Deutsches Arch. klin. Med., 1910,
98, p. 267) reported a fatal case in which an
unknown quantity was taken with suicidal intent.
The symptoms were violent vomiting, profuse
salivation with brownish masses of mucus, rapid
respiration, albuminuria, and death 50 hours later.
At autopsy there was found a bronchial pneumonia and punctiform hemorrhages in the pericardium.
Green and Warr (South M. J., 1941, 34, 1288)
reported on 31 cases of potassium permanganate
poisoning, not one of which resulted in death.
The clinical features in these cases, derived from
local oxidizing effect on tissues, were marked
upper gastrointestinal irritation with early vomiting, soreness of the mouth and esophagus, mucous membrane irritation, and an almost pathognomonic brownish-black film with a slightly metallic luster of the buccal mucosa and tongue.
Staining of the vomitus. resembling coffee-ground
material, was frequent. There was relatively little
systemic effect attributable to absorption of the
drug. There were 4 instances each of cardiovascular depression and renal irritation. Treatment
consisted mainly of copious lavage, forcing of
fluids, and symptomatic measures. Follow-up of
the cases failed to reveal esophageal stricture or
other permanent damage. McDonough (New Eng.
J. Med., 1945. 232, 189; see also Alment. Brit.
M. J., 1953, 2, 759, and Philipp, Lancet, 1953, 2,
1278) reported 65 cases of vaginal bleeding following the insertion of a tablet of potassium
permanganate into the vagina in an attempt at
criminal abortion. Abortion occurred in only 6
cases. Examination showed eroded and bleeding
areas covered with a black eschar on the cervix
and vaginal fornices.
Topically, potassium permanganate is used in
1 in 10.000 to 1 in 500 aqueous solution. Although
it is rarely used internally, the dose is from 60
to 120 mg. (approximately 1 to 2 grains).
Storage. — Preserve "in well-closed containers."
U.S.P.
POTASSIUM
PERMANGANATE
TABLETS.
U.S.P.
"Potassium Permanganate Tablets contain not
less than 95 per cent and not more than 105 per
cent of the labeled amount of KMn04 for tablets
of 300 mg. or more, and not less than 93 per cent
and not more than 107 per cent for tablets of less
than 300 mg." U.S.P.
Usual Sizes. — 1, 3, and 5 grains (60, 200, and
300 mg.).
POTASSIUM

PHOSPHATE.

N.F.

Dibasic Potassium Phosphate, Dipotassium Hydrogen
Phosphate

"Potassium

Phosphate,

dried

at

105°

for 4

hours, contains not less than
K2HPO4." N.F.

98 per cent

of

Dipotassium Phosphate.

This salt may be prepared by neutralizing two
of the three hydrogens of phosphoric acid with
potassium hydroxide or potassium carbonate solution, then evaporating the solution.
Description. — "Potassium Phosphate occurs
as a colorless or white, gmnular salt. It is deliquescent when exposed to moist air. Its solutions
are alkaline to phenolphthalein T.S. One Gm. of
Potassium Phosphate dissolves in 3 ml. of water.
It is very slightly soluble in alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 solution responds to tests for potassium and
for phosphate. Loss on drying. — Not over 2 per
cent, when dried at 105° for 4 hours. Insoluble
substances. — Not over 0.2 per cent is insoluble
in hot water. Chloride. — The limit is 500 parts per
million. Sulfate. — The limit is 0.25 per cent.
Arsenic. — The limit is 10 parts per million. Heavy
metals. — The limit is 20 parts per million. N.F.
Assay. — About 250 mg. of dried potassium
phosphate is assayed by the procedure discussed
under Aluminum Phosphate Gel, the principal difference being that 1 N volumetric solutions are
used instead of 0.5 N solutions. Each ml. oi I N
sodium hydroxide represents 7.573 mg. of
KuHP04. N.F.
Uses. — Potassium phosphate is a mild saline
purgative similar in its action to sodium phosphate. It is sometimes also employed for diuretic
effect.
The usual dose is 4 Gm. (approximately 60
grains) .
Storage. — Preserve "in tight containers." N.F.
POTASSIUM

SODIUM TARTRATE.
N.F. (B.P.)

Rochelle Salt, [Potassii Sodii Tartras]

KOOC.CHOH.CHOH.COONa.4H20
"Potassium Sodium Tartrate, dried at 150° for
3 hours, contains not less than 99 per cent of
C^KXaOe." N.F.
The B.P. recognizes Sodium Potassium Tartrate
containing not less than 99.0 and not more than
the equivalent of 104.0 per cent of C4U$06NaK.4H20.
B.P. Sodium Potassium Tartrate; Sodii et Potassii
Tartras. Seignette Salt. Kalium Natrium Tartaricum;
Tartarus Natronatus; Soda Tartarata. Fr. Tartrate droit
de potassium et sodium; Tartrate sodicopotassique; Tartrate de potasse et de soude. Ger. Kaliumnatriumtartrat ;
Weinsaures Kalium-Xatrium; Rochellesalz. It. Tartrato
sodico-potassico ; Tartrato di soda e di potassia. Sp.
Tartrato de potasio y de sodio; Tartrato Sodico-Potasico.
Sal de la Rochela.

This salt, first prepared in 1672 by Seignette.
an apothecary of Rochelle. in recognition of which
it is frequently called Rochelle salt, or Seignette 's
salt, may be prepared by adding a concentrated
solution of sodium carbonate to a suspension of
potassium acid tartrate until the solution is neutralized.
Description. — "Potassium Sodium Tartrate
occurs as colorless crystals, or as a white, crystalline powder, having a cooling, saline taste. As
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it effloresces slightly in warm, dry air, the crystals
are often coated with a white powder. One Gm.
of Potassium Sodium Tartrate dissolves in 1 ml.
of water. It is practically insoluble in alcohol."
N.F.
Standards and Tests. — Identification. — (1)
On ignition the salt emits an odor of burning
sugar, and leaves a residue which is alkaline to
litmus paper and which effervesces with acids.
(2) A white precipitate forms within 15 minutes
after adding 10 ml. of acetic acid to 10 ml. of a
1 in 20 solution of potassium sodium tartrate.
(3) A 1 in 10 solution of potassium sodium tartrate responds to tests for tartrate. Loss on drying.
— Not less than 21 per cent and not more than
26 per cent, when dried for 3 hours at 150°.
Alkalinity. — A 1 in 20 solution is alkaline to litmus
paper but 10 ml. of the solution is not colored on
adding 1 drop of phenolphthalein T.S. Ammonia.
— The odor of ammonia is not noticeable on heating a 1 in 10 solution of potassium sodium tartrate with sodium hydroxide T.S. Heavy metals. —
The limit is 10 parts per million. U.S.P. The B.P.
arsenic and lead limits are 2 and 20 parts per
million, respectively.
Assay. — A 2-Gm. portion of potassium sodium
tartrate obtained in the determination of loss on
drying is ignited to carbonate, to which is added
a measured excess of 0.5 N sulfuric acid; the
excess is titrated with 0.5 N sodium hydroxide.
Each ml. of 0.5 N sulfuric acid represents 52.54
mg. of C4H4KNa06. N.F. The B.P. assay is essentially similar.
Uses. — Potassium sodium tartrate is used as a
mild saline cathartic; it owes its cathartic action
to the tartrate ion, which is poorly absorbed from
the gastrointestinal tract. In therapeutic doses
there is no danger of toxic effect from the tartrate
(see Potassium Bitartrate). It is an ingredient in
the effervescing aperient called Seidlitz powders
(see Compound Effervescent Powders).
Rochelle salt crystals, due to the fact that they
are piezoelectric, i.e., develop electric potential
with pressure, are used in various types of electromedical equipment where it is necessary to convert vibrations into electrical potentials {e.g., in
the electric stethoscope and the hearing aid microphone) or to convert electrical potentials into
acoustic or mechanical motion {e.g., in the inking
oscillographs of electroencephalographs and in
the hearing aid receiver).
The usual dose is 10 Gm. (approximately 2l/2
drachms). The B.P. gives the dose as 8 to 16 Gm.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Compound Effervescent Powders,
N.P., B.P.
POTASSIUM

THIOCYANATE.

N.F.

Potassium Sulfocyanate. Potassium Rhodanate,
[Potassii Thiocyanas]

"Potassium Thiocyanate, dried at 105° for 4
hours, contains not less than 99 per cent of
KSCN." N.F.
Potassium Rhodanide. Kalium Sulfocyanatum. Fr. Sulfocyanure de potassium. Ger. Kaliumrhodanid; Kaliumsulfocyanid; Rhodankalium.
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fusing sulfur with potassium cyanide, or by the
interaction of potassium sulfide and potassium
cyanide in aqueous solution.
Description. — "Potassium Thiocyanate occurs
as colorless, transparent, prismatic crystals that
are hygroscopic. It is odorless, and has a cooling,
salty taste. It is affected by light. A solution of
Potassium Thiocyanate (1 in 10) is neutral to
litmus. One Gm. of Potassium Thiocyanate dissolves in about 0.5 ml. of water and in about 12
ml. of alcohol. It dissolves in about 0.2 ml. of
boilinghol."water
and in about 8 ml. of boiling alcoN.F.
Standards and Tests. — Identification. — A 1
in 10 aqueous solution of potassium thiocyanate
responds to tests for potassium and for thiocyanate. Loss on drying. — Not over 5 per cent, when
dried at 105° for 4 hours. Chloride. — The limit
is 0.1 per cent. Cyanide. — No green or blue color
is developed on adding solutions of ferrous sulfate
and ferric chloride. Sidjate. — The limit is 250
parts per million. Ammonium salts. — No odor of
ammonia is apparent on heating a mixture of potassium thiocyanate and sodium hydroxide T.S.
Arsenic. — The limit is 10 parts per million. Heavy
metals. — The limit is 20 parts per million. N.F.
Assay. — About 200 mg. of dried potassium
thiocyanate is dissolved in water, an excess of
0.1 N silver nitrate added, and the excess silver
nitrate titrated with 0.1 N ammonium thiocyanate. Each ml. of 0.1 N silver nitrate represents
9.718 mg. of KSCN. N.F.
Uses. — Potassium and sodium thiocyanate were
widely used in the management of essential hypertension prior to the advent of more active
hypotensive drugs such as the veratrum alkaloids,
the methonium compounds and hydralazine hydrochloride. Pauli, in 1903, had noted a hypotensive
effect with potassium thiocyanate but toxic reactions discouraged its use. Westphal {Klin.
Wchnschr., 1936, 5, 1995) revived its use but it
was not until Barker {J.A.M.A., 1936, 106, 762)
showed that the dangers of its administration
could be avoided and its efficacy increased by
following and controlling the concentration of
thiocyanate in the blood that the drug came into
extensive use. Griffith et al. {Am. Heart J., 1941,
21, 94) used a microtechnic for determining the
thiocyanate concentration in blood. The effect of
the salt is due to the thiocyanate ion and as this
ion does not dissociate in the body, no cyanide
effect is to be feared. In fact, in cyanide poisoning, detoxification involves conversion of cyanide
into the stable and relatively non-toxic thiocyanate ion.
Thiocyanates are readily absorbed from the
gastrointestinal tract and distributed throughout
the extracellular fluids of the body; indeed, this
phenomenon has been utilized as a laboratory
method of measuring the volume of the extracellular fluids (Wallace and Brodie, /. Pharmacol, 1937, 61, 397, 412). Thiocyanate is distributed in the same manner as chloride and
iodide. After equilibrium it attained determination of the concentration in the blood following a
known dose represents the dilution of this dose by
the body fluids. Excretion is mainly by the kidneys but the rate of excretion is extremely vari-
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able in different patients. It is this marked variation in excretion which makes so essential the
determination of the blood level of thiocyanate
during its therapeutic use, not only to prevent
dangerous toxic effects but also that the patient
with rapid excretion may receive an adequate
dose to produce a therapeutic action.
Many clinical workers believe that thiocyanate
has a definite hypotensive effect in the arterial
hypertensive patient. However, a hypotensive
action has not been demonstrated in normal or
hypertensive animals and the mechanism of any
hypotensive action is unknown. Griffith et al.
{loc. cit.) and others believe that thiocyanate relaxes smooth muscle as do the nitrites. Robinson
{New Eng. J. Med., 1939, 221, 964), however,
could find no evidence of peripheral dilatation in
the arteries or arterioles during clinical response
to thiocyanate therapy. A decrease in the viscosity of the blood has been suggested, but not demonstrated, as the mode of action. An interesting
theory is that the effect is produced by depressing
the formation of thyroid hormone (Rawson et al.,
Ann. Int. Med., 1943, 19, 829), similar to the
action of thiourea and its derivatives, with a resultant hypothyroid state. The thyroid gland may
enlarge during thiocyanate therapy and manifestations of hypothyroidism have resulted (Barker
et al, J. A.M. A., 1941, 117, 1591; Estes and
Keith, Am. J. Med., 1946, 1, 45). In such cases
biopsy has shown the thyroid gland to be very
hyperplastic, and a decreased blood iodine and an
increased urinary excretion of thyrotrophic hormone (pituitary) have been reported. The administration of iodine along with thiocyanate has
prevented this development of clinical myxedema.
After large doses of thiocyanate, as is also the
case with large doses of iodide, the uptake of
the radioactive iodine- 131 by the thyroid is inhibited (Astwood, /. Pharmacol, 1943, 78, 79;
Wolff et al., Endocrinology, 1946. 39, 140;
Franklin et al, J. Biol. Chem., 1944. 153, 151).
Likewise, in the thyroid gland loaded with inorganic iodide after treatment with propylthiouracil, administration of thiocyanate. like that
of iodide, causes an immediate discharge of the
iodide from the thyroid and an increase in blood
serum iodide (Childs et al, J. Clin, hiv., 1950.
29, 726). The untoward effect of thiocyanate
therapy on the thyroid has been relieved by administration ofdesiccated thyroid. Thomas {Ann.
Int. Med., 1952, 37, 106) suggested that therapeutic benefit of thiocyanate depended on an
alteration in the humoral equilibrium of the
thyroid-pituitary-adrenal glands. In vitro studies
of tissue oxidation by Olsen {Am. I. Med., 1950.
9, 405) suggested that therapeutic concentrations
of thiocyanate ion might interfere with conversion of amino acids to pressor amines.
Moister and Freis {Am. J. Med. Sc, 1949, 218,
549) found that the thiocyanate administered
could not be recovered after several weeks of use
and suggested that the beneficial effects depended on the conversion of thiocyanate to some
other substance in the tissues. Wood and
Williams (/. Biol. Chem., 1949, 177, 59) found
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evidence of destruction of isotope-labeled thiocyanate ion in the thyroid of rats.
Administration. — It is very important to remember that thiocyanates are not innocuous; a
number of deaths have been recorded (Russell
and Stahl, J.A.M.A., 1942, 119, 1177). The dosage must at all times be regulated by frequent
observation of the blood level; equipment suitable for use in the physician's office is available.
The upper limit of safety is considered to be
about 12 mg. of thiocyanate per 100 ml. of serum,
but the lowest level which produces therapeutic
effects should be maintained. An initial dose of
200 mg. (approximately 3 grains) three times
daily for 3 days and then twice daily for 4 days
will generally result in a blood level of from 4
to 8 mg. per 100 ml. of serum on the eighth day
(Ayman, Med. Clin. North America, 1944, 28,
1141). If there is no appreciable clinical improvement, this dose may be continued 2 or 3 times
daily until a blood level of 10 to 12 mg. is
reached; this often occurs in 2 to 3 weeks. After
this a maintenance dose is prescribed, the size of
this dose being regulated by determinations of the
blood concentration. The maintenance dose averages 120 to 200 mg. daily but varies widely from
100 mg. three times weekly for one patient up
to 600 mg. daily for another. The blood concentration should be determined weekly until the
level is constant on a constant dose and then at
intervals of 4 to 8 weeks as long as treatment is
continued. Griffith advocated small doses at first
and only very gradual increases in the dose until
clinical improvement resulted; he often used several months to reach the 10 to 12 mg. blood level,
if necessary. Patients with renal insufficiency
may show an unusually rapid elevation of the
blood level and such patients seldom show a good
therapeutic response to thiocyanate therapy. Patients with serious coronary artery disease may
show unfavorable reactions. Patients with congestive heart failure may develop toxic thiocyanate blood levels during diuresis as a result of
mobilization of thiocyanate previously held in
edema fluid.
Best clinical results seem to be obtained in
those patients who demonstrate only slight damage to their arteriolar system and in whom renal
function is good (Durant, Pennsylvania M. J.,
1943, 47, 1077). Fanson et al. {New Eng. I.
Med., 1943, 229, 540) reported a significant decrease in blood pressure in 28 and symptomatic
improvement in 53 of 100 cases. Headache, usually hemicrania of the migraine type, dizziness,
light-headedness and faintness were often relieved
and without a decrease in blood pressure in 25 of
their cases. Mild, or early, so-called grade 1 cases
responded best and most frequently but some of
the more severe, or advanced, cases, including a
few instances of grade 4 or malignant essential
hypertension, experienced benefit from thiocyanate administration. Relief of hypertensive headache within a few hours after the intravenous
injection of 1.396 Gm. of sodium thiocyanate in
20 ml. of water for injection was reported by
Saint-Pierre et al. {I. A.M. A., 1953, 152, 493) in
11 of 15 cases. Immediate dilution by the blood
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volume of an adult should give a concentration
of about 6 mg. per 100 ml., which is well below
the toxic concentration. The unsatisfactory status
of the treatment of high blood pressure prior to
the introduction of the ganglionic blocking
agents (see Part II) is well illustrated by the
report of Flaxman (Ann. Int. Med., 1944, 20,
120), based on a S-year study, that the effect of
treatment with reassurance and sedation (phenobarbital) was almost identical with the results of
surgical sympathectomy reported by Woods and
Peet (J.A.M.A., 1941, 117, 1508). To eliminate
this response to general medical care, Durant,
Fanson and others have used a 3-month preliminary period of observation and symptomatic
treatment before starting the thiocyanate. Fanson
reported that the response was as good in patients
with blood levels under 8 mg. per 100 ml. of
serum as in those with higher blood concentrations.
Toxicology. — Minor toxic reactions to thiocyanate therapy are frequent, Fanson reporting
untoward effects in 20 per cent of his cases.
Fatigue and lassitude are experienced in the early
weeks of treatment even with low blood concentrations. Ifnot excessive, such a sedative action
is not undesirable. Less common toxic effects include macular or squamous, pruritic or non-pruritic, skin lesions, which may also appear in cases
with low blood levels. Occasionally, painful erythematous rashes may occur. The thyroid gland
may enlarge (v.s.) with or without the manifestations of hypothyroidism. Thrombophlebitis
(Koffler and Freireich, Am. J. Med. Sc, 1944,
207, 374), purpura and serious internal bleeding
such as intracranial hemorrhage have been reported. Griffith advised performance of the tourniquet test for capillary fragility before instituting
thiocyanate treatment and, if the number of
petechia produced in the skin was greater than
normal, he advocated correction of the abnormal
capillary fragility by the administration of rutin
before using thiocyanate. The symptoms of dangerous toxicity include nausea and vomiting,
which may be the first symptoms. Toxic psychoses
with delirium, hallucinations, convulsions, stupor,
vascular collapse, uremia and death may develop
insidiously (Barnett et al, J.A.M.A., 1951, 147,
1554) in patients whose blood concentration of
thiocyanate is not followed adequately. The
syndrome resembles bromide poisoning in many
respects and may be treated by a high fluid intake to promote excretion (Dombalski et al,
Proc. Mayo, 1953, 28, 272). Reactions of the
severe type are rarely encountered with a concentration of thiocyanate less than 12 mg. per
100 ml. of serum.
Dose. — The usual dose of potassium thiocyanate is300 mg. (about 5 grains) by mouth from 1
to 3 times daily, with a range of 100 to 600 mg.,
controlled by frequent estimations of the concentration ofthiocyanate in the blood (v.s.). It
may be conveniently administered in the form of
an aqueous solution; aromatic elixir is commonly
used as a vehicle.
Storage. — Preserve "in tight, light-resistant
containers." N.F.

Primaquine
PRIMAQUINE

Phosphate

PHOSPHATE.
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U.S.P.

8-(4-Amino-l-methylbutylamino)-6-methoxyquinoline
Diphosphate, Primaquinium Phosphate

H
CH3CH(CH2)3NH2

HN+H

2H2P04*

"Primaquine Phosphate, dried at 105° for 2
hours, contains not less than 98 per cent of
C15H21N3O.2H3PO4." U.S.P.
The antimalarial base primaquine (often referred to as compound SN 13,272 developed in
the comprehensive antimalarial research program
of World War II) is the primary amine form of
pamaquine base, i.e., the latter is a diethyl derivative ofprimaquine in which two ethyl groups
replace the two hydrogen atoms of the NH2
group of primaquine (see the structural formula) .
Accordingly, the synthesis of primaquine is essentially the same as the synthesis of pamaquine,
with some modifications; for details of synthesis
see Elderfield et al, J.A.C.S., 1946, 68, 1525. The
diphosphate salt of this diacidic base is official.
Description. — "Primaquine Phosphate occurs
as an orange-red, crystalline powder. It is odorless
and has a bitter taste. Its solutions are acid to
litmus. One Gm. of Primaquine Phosphate dissolves in about 15 ml. of water. It is insoluble
in chloroform and in ether. Primaquine Phosphate
melts between 200° and 205°." U.S.P.
Standards and Tests. — Identification. — (1)
On adding a drop of gold chloride T.S. to a solution of 0.1 mg. of primaquine phosphate in 1 ml.
of water a violet-blue color is produced at once.
(2) Trinitrophenol T.S. forms with primaquine
phosphate a yellow precipitate which melts between 208° and 210°. (3) After separating
primaquine base liberated by alkali, the remaining aqueous solution responds to tests for phosphate. Loss on drying. — Not over 1 per cent,
when dried at 105° for 2 hours. U.S.P.
Assay. — About 700 mg. of primaquine phosphate is dissolved in water, the solution acidified
with hydrochloric acid, cooled, and titrated with
0.1 M sodium nitrite, which quantitatively
nitrosates the =NH group to =N.NO. Starch
iodide paste is used as an external indicator. Each
ml. of 0.1 M sodium nitrite represents 45.54 mg.
of C15H21N3O.2H3PO4. U.S.P.
Uses. — This 8-aminoquinoline derivative has
proven to be the least toxic and the most clinically useful of the pamaquine-type compounds
for the cure (destruction of the exo-erythrocytic
stage) of P. vivax malaria; it is not used as a
suppressive drug. Primaquine is the first compound which is safe for general use in effective
doses in all races. Its metabolism in the body,
antimalarial action and toxic effects are similar
to those of pamaquine (see Myatt and Coatney,
Arch. Int. Med., 1954, 93, 191; also Archambeault, J.A.M.A., 1954, 154, 1411).
Primaquine is well absorbed from the gastro-
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intestinal tract. The blood plasma concentrations
are about one-half those produced by the same
dose of pamaquine (Clayman et al., J. A.M. A.,
1952, 149, 1563). The plasma level is not increased by the simultaneous use of quinine. No
effect on gastric secretion or liver function has
been observed. Its antimalarial action is on the
exo-erythrocytic stage of the parasite. Garrison
et al. (ibid., 1562) studied its effectiveness in
three groups of over 200 troops each. Each group
received the usual suppressive treatment with
chloroquine for the erythrocytic phase, this consisting of 300 mg. three times the first day and
once on the second and third days. In one group
receiving in addition 15 mg. of primaquine base
daily for 14 days there were no relapses and no
untoward effects except one case with pruritus
due to the chloroquine. In another group receiving in addition to the chloroquine 2 7 mg. of
pamaquine base in 3 portions daily for 14 days,
there was one relapse and several cases with
crampy abdominal pain. In the group receiving
chloroquine only, 27.6 per cent relapsed within
4 months and one case experienced pruritus. In
partially immune patients, 10 mg. daily of
primaquine base is probably effective. Edgcomb
et al. (/. Nat. Malaria Soc, 1950, 9, 285) found
that a daily dose of 22.5 mg., along with quinine
for the erythrocytic stage, cured experimental
mosquito-induced infections with the Chesson
strain (Southwest Pacific) of P. vivax. For very
heavy infestations in non-immune persons a dose
of 30 mg. daily may be needed but it is believed that 15 mg. daily will cure 99 per cent of
cases. Either chloroquine or quinine may be used
as the suppressive drug to control quickly the
symptoms of the malarial paroxysm. Information on simultaneous use with quinacrine or other
suppressive drugs is not available.
In rheumatoid arthritis. Brennecke et al. (J.
Lab. Clin. Med., 1951, 38, 795) reported relief
of symptoms in 35 patients, including 3 with
spondylitis, during the use of primaquine.
Methemoglobinemia and mild leukopenia were
observed. In experimental Trypanosoma cruzi
(Chagas' disease) infection in mice, it was curative (Pizzi, Proc. S. Exp. Biol. Med., 1951, 78,
643).
Toxicology. — During a two-week treatment
with 15 mg. of primaquine base daily, no untoward symptoms were experienced; a moderate
leukocytosis and methemoglobinemia of less than
7.8 per cent of the total hemoglobin in the blood
were observed in the Caucasian race. On 22.5
mg. daily. 12 per cent had abdominal complaints.
On 30 mg. daily, 10.3 per cent had abdominal
cramps. 14.9 per cent showed a decrease of blood
hemoglobin of 2 Gm. per 100 ml. and all showed
a moderate leukocytosis. On 60 mg. daily, there
were abdominal cramps, anorexia, nausea, vomiting, pyrosis, weakness, and cyanosis. At 120 mg.
daily the manifestations were more severe and
leukopenia developed in 2 of 6 subjects. The
maximum tolerated dose seemed to be 240 mg.
daily. The simultaneous use of quinine minimized
the cyanosis, and aminophylline relieved the
abdominal cramps. Weekly or biweekly use of 30
mg. for 52 weeks was well tolerated in 90 per

I

cent of subjects. However, in the Negro race a
dose of 15 mg. daily causes hemolytic anemia in
some and a dose of 30 mg. daily caused severe
acute hemolytic anemia in 5 per cent of 110
volunteers, like that observed with a similar dose
of pamaquine (Hochwald et al, J.A.M.A., 1952,
149, 1568). Initial experience indicates it to be
safe for use in mestizoes with anemia due to
malnutrition and intestinal parasites.
Dose. — To prevent relapses in P. vivax malaria the usual dose of primaquine base is 15 mg.
(corresponding to 26.5 mg. of the official
primaquine phosphate) daily, administered as a
single or divided dose, along with the usual suppressive doses of quinine sulfate or chloroquine
phosphate, for a period of 2 weeks. The U.S.P.
gives the range of dose as 10 to 15 mg. (corresponding to 17.5 to 26.5 mg. of primaquine
phosphate). The usual dose has proven to be safe
for Caucasians and Negroes without close medical supervision (Alving et al., ibid., 1558). It is
contraindicated in patients with hemolytic anemia
and should not be used in combination with
quinacrine hydrochloride.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.

PRIMAQUINE PHOSPHATE
TABLETS. U.S.P.
"Primaquine Phosphate Tablets contain not less
than 93 per cent and not more than 107 per
cent of the labeled amount of C15H21N3O.2H3PO4" U.S.P.
Usual Size. — 26.5 mg., corresponding to IS
mg. of base.
PROBARBITAL SODIUM.
N.F.
CH(CH3)2
NoO

"Probarbital Sodium, dried at 105° for 3
hours, contains not less than 98 per cent of
CoHi3N-Na03." X.F.
Sodium
(Squibb).

5-ethyl-S-isopropylbarbiturate. Ipral Sodium

Probarbital is synthesized by heating ethylisopropyl malonic ester with urea; the sodium
derivative is precipitated when a methanol solution of sodium methylate is added to a methanol
solution of probarbital. Details of synthesis are
described in U. S. Patents 1,255,951 (1918) and
1,576,014 (1926).
Description. — "Probarbital Sodium occurs as
a white powder. It is odorless, has a bitter taste,
and is hygroscopic. Its solutions are alkaline to
litmus. Probarbital Sodium is very soluble in
wrater. It is slightly soluble in alcohol, and is insoluble in chloroform and in ether." N.F.
Standards and Tests. — Identification. — (1)
Probarbital obtained in the assay melts between
200° and 205°. (2) Ammonia is evolved on heating probarbital sodium with sodium hydroxide
solution. (3) Portions of a water solution of
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probarbital sodium produce a white precipitate
with mercuric nitrate T.S., soluble in ammonia
T.S., and a white precipitate with silver nitrate
T.S. Loss on drying. — Not over 1 per cent, when
dried at 105° for 4 hours. Chloride. — After precipitating probarbital with acid the filtrate develops no opalescence with silver nitrate T.S.
Sulfate. — A nitrate prepared as in the preceding
test shows no turbidity on addition of barium
nitrate T.S. Heavy metals. — Saturation with hydrogen sulfide of the filtrate separated after probarbital has been precipitated with acid produces
no coloration. Readily carbonizable substances. —
A solution of 100 mg. of probarbital sodium in
1 ml. of sulfuric acid is colorless. Uncombined
probarbital. — The proportion of absolute ethersoluble extract does not exceed 0.2 per cent. N.F.
Assay. — This is identical with the method applied in the case of Barbital Sodium and discussed in that monograph. The weight of the
residue of probarbital, multiplied by 1.111, represents the weight of C9Hi3N2Na03. N.F.
Uses. — For a general discussion of the class of
drugs to which probarbital sodium belongs see
the monograph on Barbiturates, in Part II. Probarbital, the S-ethyl-5-isopropyl analog of amobarbital, which is 5-ethyl-5-isoamylbarbiturate,
might be anticipated to have the same intermediate duration of action as the latter, as was
reported by Fitch and Tatum (/. Pharmacol.,
1932, 44, 325). Probarbital is well absorbed and
promptly active when administered orally. Its
metabolic fate apparently has not been completely investigated (see Maynert and van Dyke,
Pharmacol. Rev., 1949, 1, 217; Raventose, /.
Pharm. Pharmacol, 1954, 6, 217) but it is likely
that it would be similar to that of amobarbital.
The compound is excreted fairly rapidly.
Probarbital sodium is generally employed as an
hypnotic agent in insomnia and, preoperatively,
to permit smoother induction of anesthesia. See
the monograph on Amobarbital, in Part I, for
comparable uses.
The usual dose is 250 mg. (approximately 4
grains), orally, with a range of 50 to 500 mg.,
up to 3 times daily. The maximum single dose
is usually 500 mg., and the total dose in 24
hours seldom exceeds 1 Gm.
Storage. — Preserve "in well-closed containers." N.F.

PROBARBITAL SODIUM
TABLETS. N.F.
"Probarbital Sodium Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of C9H13N2Na03." N.F.
Usual Size. — 4 grains (approximately 260
mg.).
PROCAINAMIDE

H.

HYDROCHLORIDE.
U.S.P.

p-Amino-JV-(2-diethylarninoethyl)benzarnide
Hydrochloride, Procainamidium Chloride

NH2-^

VcONH-CH2CH2-N*(C2H5)2

Hydrochloride
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"Procainamide Hydrochloride contains not less
than 98 per cent of C13H21N3O.HCI, calculated
on the dried basis." U.S.P.
Procaine Amide Hydrochloride. Pronestyl Hydrochloride
{Squibb).

Procainamide may be prepared by reacting pnitrobenzoyl chloride with N,N-diethylethylenediamine and catalytically reducing the nitro group
on the resulting amide. The official hydrochloride
may then be precipitated from dry ether solution with HC1 gas. For details of synthesis see
Baltzley et al., J.A.C.S., 1942, 64, 2231.
Description. — "Procainamide Hydrochloride
is a white to tan, crystalline powder. It is odorless. Its 1 in 10 solution has a pH between 5 and
6.5. Procainamide Hydrochloride is very soluble
in water. It is soluble in alcohol, slightly soluble
in chloroform, and very slightly soluble in
benzene and in ether. Procainamide Hydrochloride melts between 165° and 169°." U.S.P.
Standards and Tests. — Identification. — The
benzoyl derivative of procainamide melts between
180° and 187°. Loss on drying. — Not over 0.3
per cent, when dried at 105° for 4 hours. Residue
on ignition. — Not over 0.1 per cent. Heavy
metals. — Not over 20 parts per million. U.S.P.
Assay. — About 500 mg. of procainamide hydrochloride isdissolved in a mixture of water and
hydrochloric acid, the solution cooled with ice,
and the primary amine group quantitatively
diazotized by titration with 0.1 M sodium nitrite,
using starch iodide paste as an external indicator.
Each ml. of 0.1 M sodium nitrite represents
27.18 mg. of C13H21N3O.HCI. U.S.P.
Uses. — Procainamide hydrochloride, introduced
into medicine in 1949, is used in the treatment
of cardiac arrhythmias occurring in patients with
heart disease or during general anesthesia.
Metabolism. — In recent years procaine hydrochloride (q.v.) has been used in a great
variety of conditions, among them being the prevention or correction of abnormal heart rhythms
occurring during general anesthesia, by virtue of
its ability to depress the irritability of the ventricular muscle. Being hydrolyzed rapidly in the
blood and acetylated in the liver, its action is
transient. Procainamide hydrochloride, unlike
procaine hydrochloride, is only slightly hydrolyzed by plasma enzymes (to ^ara-aminobenzoic
acid and diethylaminoethylamine), its effect
thereby being prolonged. It differs from procaine
in that it does not produce significant cerebral
stimulation, while the latter tends to produce
convulsions through its cerebral action. The drug
is almost completely absorbed by the gastrointestinal tract, oral administration resulting in
plasma levels and urinary excretion rates comparable to those obtained by intravenous administration. Although some is probably hydrolyzed,
60 per cent is excreted unchanged in the urine,
the fate of the remainder being unknown. It acts
almost immediately following intravenous injection, the plasma level declining 10 to 15 per cent
hourly. Therapeutic levels are attained 30 minutes
to one hour after oral ingestion.
Pharmacodynamic Action. — It was demonstrated by Mark et al. (J. Pharmacol., 1950, 98,
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21) that procainamide prevented the development of epinephrine-induced ventricular arrhythmias in dogs under cyclopropane anesthesia.
Schlachman et al. {Am. Heart J., 1951, 42, 284)
found that experimentally-induced auricular fibrillation in dogs was converted to sinus rhythm in
each instance by intravenous injection of procainamide; in one animal the transition occurred
within 0.5 second, indicating that the action is
not due to a metabolized product of the drug. In
a study by McCord and Taguchi {Circulation,
1951, 4, 387) intravenous injection of the drug
exerted a pronounced effect on the auricles in
patients with supraventricular arrhythmias; however, in 4 patients it failed to convert auricular
flutter to normal sinus rhythm.
The hemodynamic changes following procainamide administered intravenously have been investigated byMcClendon et al. {Am. J. Med. Sc,
1951, 222, 375) by cardiac catheterization in 10
patients. Results demonstrated that procainamide
usually produced a fall in cardiac output, a decrease in blood flow through the pulmonary
vessels, accompanied by a fall in pulmonary
arterial pressure, a fall in mean radial arterial
pressure with variable changes in peripheral resistance, and significant slowing of the velocity of
blood flow. Changes were more pronounced in patients with diseased heart and least evident in
those with normal heart. They concluded that
the drug exerts its major effect through a primary
myocardial depressant action.
Therapeutic Applications. — There is general
agreement that procainamide is more effective in
arrhythmias of ventricular origin than in the
auricular arrhythmias. In a study by Kinsman
et al. {ibid., 1951, 222, 365) intravenous administration ofthe drug failed in general to influence
those arrhythmias of supraventricular origin, excepting auricular ectopic beats and paroxysmal
auricular fibrillation, while ventricular ectopic
contractions were abolished in 12 of 14 instances.
Ventricular tachycardia was stopped abruptly in
2 of 4 patients. Stearns et al. {J.A.M.A., 1952,
148, 360) reported that ventricular tachycardia
was abolished in 7 of 8 patients; multiple ectopic
ventricular beats were eliminated in 8 of 12 patients and decreased in 3. Tachycardia originating
in the auriculoventricular node was abolished in
3 of 4 patients. Effective doses of the drug administered intravenously ranged from 60 to 800
mg. Of 14 patients with ventricular or auriculoventricular nodal arrhythmias attributed to
digitalis intoxication, 13 responded to the intravenous injection of procainamide and in general were well controlled by subsequent oral
therapy with the drug. Response was less striking in those patients with supraventricular arrhythmias, other than nodal tachycardia, than in
the arrhythmias of ventricular origin.
The action of orally administered procainamide on supraventricular disturbances of the
heart beat was studied by Schack et al. {Brit.
Heart J., 1952, 14, 465). They noted that auricular fibrillation and auricular flutter of more
than 3 years' duration were resistant to the drug,
while nodal rhythms were quite sensitive. These
authors state that the kind of heart disease pres-
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ent and its duration, the presence of congestive
heart failure and the influence of digitalis all
have little relation to the response. They found
that some arrhythmias that were refractory to
quinidine were abolished by Pronestyl and vice
versa. The danger of using procainamide in auricular flutter has been pointed out by Zapata-Diaz
{Am. Heart J., 1952, 43, 854), who asserts that it
can lead to a 1 : 1 atrioventricular response with aberrant intraventricular conduction, eventually inducing ventricular flutter or fibrillation. Similar
aberrant ventricular conduction at a rapid rate
in therapy of auricular fibrillation led Kelley
et al. {ibid., 1952, 44, 851) to recommend full
digitalization of patients with auricular fibrillation before administration of Pronestyl is attempted. Acase in which procainamide was used
effectively in ventricular tachycardia after failure
with quinidine was reported by Irvin and Cutts
{J. A.M. A., 1951, 146, 1282). The prophylactic
action of procainamide administered orally prior
to chest surgery performed under cyclopropane
anesthesia has been reported by Joseph et al.
{Surg. Gynec. Obst., 1951, 93, 75).
In his paper on cardiac resuscitation Leeds
{J.A.M.A., 1953, 152, 1409) warned against the
use of procainamide in event of asystole, since it
may further depress a myocardium that is not
contracting. However, if ventricular fibrillation
develops and if application to the heart of a
defibrillating current fails to restore normal
rhythm, 200 mg. of procainamide hydrochloride
should be administered intravenously or directly
into the auricle.
Pronestyl has been used in conjunction with
hexamethonium bromide to produce controlled
hypotension and, consequently, ischemia of sufficient degree for relatively "bloodless field" surgery. In younger patients Mason and Pelmore
{Brit. M. J., 1953, 1, 233) found that hexamethonium alone increases the pulse rate but fails
to lower blood pressure significantly. Subsequent
injection of Pronestyl tends to prevent the tachycardia and blood pressure falls secondarily.
The efficacy of procainamide in skeletal pain
has been investigated by Traut {J.A.M.A., 1952,
150, 785), who found it to be ineffective as an
analgesic when administered orally, but that injection into painful soft tissues in fibrositis and
radiculitis and into the periarticular tissues in
degenerative arthritis will provide relief for considerable periods. A dosage of 10 to 60 ml. of a
1 per cent solution in isotonic sodium chloride
was injected at one time into one site.
Toxicology. — The chief toxic effect of procainamide ishypotension, as discussed above in
relation to the hemodynamic changes exerted by
the drug. Berry, Bellet et al. {Am. J. Med., 1951,
11, 431) observed instances of coronary insufficiency and of convulsions resulting from its
hypotensive action when administered intravenously. According to Kinsman et al. {loc. cit.),
the degree of blood pressure fall is greater if the
injection is more rapid, total dose being of less
importance. Duration of the hypotensive effect is
ordinarily not more than 15 or 20 minutes.
Stearns et al. {loc. cit.) observed hypotension
associated with signs and symptoms of collapse
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in 14 of 33 patients. They stated that the fall in
blood pressure was not related to control levels
in pressure or to type of arrhythmia and occurred
even when the rate of injection was only 25 mg.
per minute. It is believed by Roesler that the
danger of hypotension is greater in those subjects who are not well anesthetized.
Prolongation of the QRS complexes in the
electrocardiograms of patients who have received
procainamide intravenously has been widely observed; itwas present in 93 per cent of Kinsman's cases. Other effects noted have included
transient flattening, notching, or even inversion
of T waves, marked sinus arrhythmia, wandering
of the pacemaker, nodal rhythm, ventricular
escape, and first degree a-v block. A case of fatal
ventricular fibrillation following Pronestyl therapy
has been reported by Read (J.A.M.A., 1952, 149,
1390), and an instance of ventricular acceleration has been noted by Denney and associates
(ibid., 1952, 149, 1391).
A limited number of other toxic reactions have
been reported in the literature. Fever has been
noted by Bakos and Askey (ibid., 1952, 149,
1393) and an instance of skin eruption associated with fever has been observed by Hellman
(ibid., 1952, 149, 1393). Koffler (ibid., 1953,
152, 28) cited one patient who developed angioneurotic edema following oral ingestion of the
drug. One non-fatal instance of severe agranulocytosis following maintenance dosage with procainamide was reported by Inouye et al. (ibid., 1951,
147, 652). Subjective symptoms of toxicity are
infrequent and may include weakness, nausea,
vomiting, flushing of the face and dizziness.
Summary. — Procainamide hydrochloride is a
depressant of the heart muscle and is used particularly to abolish abnormal rhythm of ventricular origin. It is of less value in the supraventricular arrhythmias except for auricular
ectopic beats and paroxysmal auricular fibrillation. Its chief toxic action is its tendency to
produce hypotension which may endanger life,
and clinical judgment must be exhibited to determine whether its use must be discontinued or
whether vasoconstrictors should be administered.
It also produces disturbances of intraventricular
conduction as manifested by widening of the
QRS complex in the electrocardiogram. It should
be administered orally wherever possible, its intravenous injection being reserved for situations
in which immediate abolition of susceptible arrhythmias isnecessary, or in patients under anesthesia (see also Ambonestyl Hydrochloride) .
Dose. — The usual dose is 1.5 Gm. by mouth
4 times daily, with a range of 500 mg. to 1.5 Gm.
The usual dose by intravenous injection is 1 Gm.,
with a range of 250 mg. to 1 Gm. The dose varies
according to the variety of arrhythmia and other
features of the particular patient at the time.
For example, in ventricular tachycardia the initial
dose is 1 Gm. orally, followed by 0.5 to 1 Gm.
every 4 to 6 hours as indicated, or 0.2 to 1 Gm.
injected intravenously at a rate not exceeding
1 ml. per minute, the solution containing 100
mg. per ml. For treatment of auricular arrhythmias, the total daily oral dose ranges from 1 to
5 Gm., given in 3 or 4 divided doses. The initial
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dose is 1.25 Gm., followed by 0.75 Gm. if there
are no changes in the electrocardiogram. Further
doses of 0.5 to 1 Gm. may then be given every
2 hours until the arrhythmia is abolished. The
maintenance dose is Q.5 to 1 Gm. every 3 to 6
hours. In these conditions the intravenous dose
averages 0.5 Gm.; doses up to 1 Gm. are sometimes used. For the treatment of runs of ventricular extrasystoles the dose is 0.5 Gm., given
orally every 4 to 6 hours. During anesthesia, 0.1
to 0.5 Gm. is given intravenously, the rate not
exceeding 0.2 Gm. (2 ml.) per minute.
Storage. — Preserve "in tight containers."
U.S.P.
PROCAINAMIDE HYDROCHLORIDE
CAPSULES.
U.S.P.
"Procainamide
not less than 95
per cent of the
HC1." U.S.P.
Usual Size. —

Hydrochloride Capsules contain
per cent and not more than 105
labeled amount of C13H21N3O.250mg.

PROCAINAMIDE HYDROCHLORIDE
INJECTION.
U.S.P.
"Procainamide Hydrochloride Injection is a
sterile solution of procainamide hydrochloride in
water for injection. It contains not less than 95
per cent and not more than 105 per cent of the
labeled amount of C13H21N3O.HCI." U.S.P.
The commercially available injection contains
0.9 per cent benzyl alcohol and 0.09 per cent
sodium bisulfite as preservatives. The U.S.P. requires the pH of the injection to be between 4.0
and 6.0.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass.
It may be packaged in 100-ml. multiple-dose containers." U.S.P.
Usual Size. — 1 Gm. in 10 ml.
PROCAINE HYDROCHLORIDE.
U.S.P., B.P, LP.
Procaine, Procainium Chloride,
Hydrochloridum]

[Procainae

0

u

C— 0— CH2CH2—
II

NH (C2H5)2

cr
The B.P. defines Procaine Hydrochloride as the
hydrochloride of the base prepared by the interaction of chloroethyldiethylamine and sodium
/>-aminobenzoate ; it is required to contain not
less than 99.0 per cent of C13H20O2N2.HCI, calculated with reference to the substance dried to
constant weight at 105°. The LP. defines the
substance as the hydrochloride of diethylaminoethanol 4-aminobenzoate, but specifies no purity
rubric.
I. P. Procaini Hydrochloridum. Procaine; Neocaine
(Anglo-French); Novocain (IVinthrop-Stearns) ; Ethocaine;
Syncaine; Kerocaine; Polocaine; Planocaine; Ethocainae
Chlorhydras. Fr. Chlorhydrate de p-aminobenzoyl-di6thylaminoethanol ; Allocaine; Herocaine; Paracaine; Scurocaine. Get. Novokainhydrochlorid. It. Cloridrato di
p-amidobenzoil-dietilaminoetanolo. Sp. Clorhidrato de
etocaina ; Clorhidrato de Procaina.

Procaine base may be prepared in several ways.
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All of the methods involve the preparation of
ethylene chlorohydrin, CH2CI.CH2OH, and diethylamine, (C2Hs)2NH
In one method ethylene chlorohydrin is heated
with £-nitrobenzoyl chloride and the resulting
chloroethyl-/>-nitrobenzoic ester is heated under
pressure at 120° with diethylamine for 24 hours.
This produces the diethylaminoethyl ester of pnitrobenzoic acid, which is subsequently reduced
with tin and hydrochloric acid to procaine.
In another method ethylene chlorohydrin is
condensed with diethylamine to form chloroethyldiethylamine which is then heated with sodium
/>-aminobenzoate to form procaine base. In still
another process />-aminobenzoic acid is condensed
with ethylene chlorohydrin by heating to 100°
in the presence of sulfuric acid; the resulting
compound is heated with diethylamine in a sealed
tube to form procaine. The hydrochloride of the
base is the official salt. A number of other salts
have been prepared.
Description. — "Procaine Hydrochloride occurs as small, white crystals, or as a white, crystalfine powder. It is odorless and is stable in air.
Its solutions are acid to litmus. It exhibits local
anesthetic properties when placed on the tongue.
One Gm. of Procaine Hydrochloride dissolves in
1 ml. of water and in 30 ml. of alcohol. It is
slightly soluble in chloroform, and almost insoluble in ether. Procaine Hydrochloride melts
between 153° and 156°." U.S.P. The B.P. re-,
quires the melting point to be between 154° and
156°, while the LP. gives the melting range as
153° to 157°.
Standards and Tests. — Identification. — (1)
Separate portions of a 1 in 10 solution of procaine hydrochloride yield precipitates with gold
chloride T.S., iodine T.S., mercuric potassium
iodide T.S., and with trinitrophenol T.S. (2) A
1 in 10 solution of procaine hydrochloride remains unchanged on adding a 1 in 20 solution of
sodium bicarbonate, but with sodium hydroxide
T.S. or sodium carbonate T.S. it yields a colorless, oily precipitate which becomes crystalline on
standing. (3) A scarlet red precipitate is produced on adding a solution of betanaphthol to a
diazotized solution of procaine hydrochloride
(phenacaine yields a yellow precipitate). Distinction from cocaine. — On adding potassium permanganate T.S. to an acidified solution of procaine hydrochloride the violet color is immediately discharged. Acidity. — Not more than 0.5
ml. of 0.02 N sodium hydroxide is required for
neutralization of 1 Gm. of procaine hydrochloride,
using methyl red T.S. as indicator. Loss on drying.— Not over 1 per cent, when dried over sulfuric acid for 4 hours. Residue on ignition. — Not
over 0.15 per cent. Readily carbonizable substances.— A solution of 500 mg. of procaine
hydrochloride in 5 ml. of sulfuric acid has no
more color than matching fluid G. p-Aminobenzoic
acid. — After extracting procaine base from a
solution of the hydrochloride the remaining solution istreated with p-dimethylaminobenzaldehyde,
which should not produce a color darker than
that of a dilute ferric chloride standard. U.S.P.
As an identification test the B.P. gives the melt-
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ing point of procaine base as about 60° ; the LP.
gives a range of 57° to 60°.
Assay. — The B.P. assays procaine hydrochloride by quantitative diazotization of the primary
amine group through titration with 0.1 M sodium
nitrite. Each ml. of 0.1 M sodium nitrite represents 27.28 mg. of C13H20O2N2.HCI.
Stability of Solutions. — Bullock and Cannell
{Quart. J. P., 1941, 14, 241) found procaine hydrochloride solutions to have maximum stability
at pH 3.3; in the range of pH 2.4 to 4.0 solutions may be autoclaved at 15 pounds pressure
for 2 hours with at most 2.5 per cent decomposition. Such solutions, while stable, are irritating and are not as effective as solutions buffered
to slight alkalinity so that lipoid-soluble procaine base may be progressively liberated on contact with tissues. On the other hand the alkaline
solutions cause hydrolytic decomposition of procaine (and also of epinephrine when it is present).
Bullock and Cannell proposed that a double
strength solution of procaine hydrochloride and
epinephrine hydrochloride be prepared so as to
have a pH of 3.3, then mixed with an equal
volume of a sodium phosphate buffer solution
immediately before use. Better still, a dry mixture of procaine hydrochloride, epinephrine hydrochloride, sodium chloride, and sodium phosphate as buffer may be dispensed in ampuls and
dissolved in water for injection prior to use (for
directions for preparing the dry mixture, and
also for many other data concerning stability of
procaine hydrochloride solutions, see Bullock,
ibid., 1938, 11, 407). Other stability studies have
been reported by Briggs and Callow (ibid., 1941,
14, 127).
Cannell (/. Phartn. Pharmacol., 1951, 3, 741)
found that in solutions containing procaine hydrochloride and dextrose condensation can occur with
formation of N-(D)glucoside. Similar reactions
can take place between certain other local anesthetics and certain other sugars, as indicated by
changes in optical activity of solutions. The
pharmacological action of procaine glucoside was
not determined.
Incompatibilities. — Alkaloidal reagents, including iodine and mercuric chloride, precipitate
procaine. Alkalies liberate the base, which is only
slightly soluble in water ; sodium bicarbonate does
not produce a sufficiently high pH for the base
to be released. Therapeutically procaine inhibits
sulfonamide activity but is not necessarily contraindicated if cognizance is taken of the effect.
Uses. — Procaine hydrochloride was long used
solely as a local anesthetic. While this use is still
its most important one, more recently procaine
hydrochloride has found therapeutic utility, both
by intravenous and oral routes of administration,
in a variety of conditions in which its mechanism
of action is ill-defined.
Action.— Sollmann (J. A.M. A., 1918, 70, 216)
showed that when a comparison is made of the
effectiveness of local anesthetics it is essential to
take into consideration the method of use; thus,
procaine when applied directly to nerve trunks
or when injected subcutaneously is approximately
as effective as cocaine, but when applied over
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mucous membranes it has only about one-sixteenth the effect of cocaine. Procaine is, however, much less toxic than cocaine, especially
when injected subcutaneously. Eggleston and
Hatcher (/. Pharmacol., 1919, 13, 433) found
the intravenous fatal dose of procaine for the cat
to be about 3 times that of cocaine. Schmitz and
Lowenhart (ibid., 1924, 24, 167) found the subcutaneous lethal dose of procaine for the cat to
be about 50 times that of cocaine; for mice the
lethal dose of procaine was observed to be 6
times that of cocaine. The reason for the difference between the intravenous and subcutaneous
fatal dose appears to be attributable to the
rapidity with which procaine disappears from
blood; Dunlop (ibid., 1935, 55, 464) reported
that within 2 minutes after its injection only
traces of procaine could be found in blood. Procaine differs from cocaine in not affecting the
pupil or causing local vasomotor spasm. It is
practically nonirritant to mucous membranes and
other tissues.
Infiltration Anesthesia. — There is abundant
evidence to show that for intradermal, neural or
spinal anesthesia procaine is a very valuable
anesthetic. On the other hand it is generally not
satisfactory for producing surface anesthesia of
membranes of either the nose or the eye.
Many applications of local anesthesia by local
infiltration of procaine have also been described.
It has been found capable of immediate restoration of function when injected directly into the
region of sprains. McLaughlin (Mil. Surg., 1945,
97, 457) reported that in 90 per cent of instances
of sprained ankles immediate relief was obtained
within the first 24 hours by injecting 20 ml. of a
1 per cent solution of procaine hydrochloride.
Hipps and Neely (Med. World, 1945, 63, 109)
used it locally to maintain ambulatory treatment
of painful pes planus (flatfoot) in military personnel. Branson and Rhea (New Eng. J. Med.,
1953, 248, 631) injected 2 to 3 ml. of 1 per cent
procaine hydrochloride solution through normal
skin adjacent to plantar warts into the base of
the wart at the level of the stratum germinativum
with relief of symptoms in 95 per cent of 48
cases and disappearance of the wart in 73 per
cent of the cases; the injection elevates the wart
and causes immediate blanching of the adjacent
skin, followed by softening in 24 hours and darkening in 5 to 7 days. Hyaluronidase is frequently
added to the procaine solution for infiltration
into sprains, traumatic hematomas and exudates
to facilitate its action. Other local uses of procaine hydrochloride include paravertebral blocking to relieve the pain of herpes zoster (Lovell,
South. M. J., 1946, 39, 777) and perivascular infiltration in occipital cephalalgia and migraine.
Injection of procaine hydrochloride solution into
the frontal lobe of the brain has been employed
with some measure of success to predict the
probable therapeutic response to prefrontal
lobotomy (Putnam, Trans. Am. Neurol. Soc,
1950, 75, 125; Bailey et al., J. Neurosurg., 1952,
9, 21). Myers et al. (J.A.M.A., 1953, 153, 1015)
reported dramatic improvement following infiltration of45 ml. of 1 per cent solution of procaine hydrochloride into the frontal lobe of the
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brain of a patient with obsessive-compulsive
psychosis. Nine schizophrenic patients were similarly injected with less or no improvement but
without the regressive phenomena which attend
prefrontal lobotomy.
Shannon and Zielinski (Mil. Surg., 1944, 95,
6) added 0.25 ml. of 2 per cent procaine solution
to each 4 ml. of amorphous penicillin solution to
prevent pain and muscle spasm. Subsequent developments inthis use of procaine are described
under Procaine Penicillin G. Garcia (Med. Times,
1945, 73, 157) reported procaine to reduce the
pain of extravenous arsenical and other irritating
injections. Besides its use by local infiltration,
procaine may be injected into sensory nerve
trunks to produce regional anesthesia. Judovich
(Am. J. Med. Sc, 1945, 209, 240) described its
many uses for relief of somatic pain.
Spinal Anesthesia. — Procaine has found extensive use in producing spinal anesthesia in
abdominal operations by injection into the subarachnoid space, usually through the third or
fourth lumbar interspace, the level of anesthesia
being controlled by the position of the patient.
Anesthesia is effected by application of procaine
within the spinal fluid to the posterior nerve roots.
Preliminary injection of a pressor amine such as
ephedrine sulfate, 15 mg. for each 50 mg. of
procaine hydrochloride used, helps to prevent a
fall in blood pressure. The procaine hydrochloride crystals are dissolved in spinal fluid, about
1 ml. being withdrawn for each 100 mg. ; a total
dose of 200 mg. is seldom exceeded at one time.
The sequelae of spinal anesthesia have been summarized byAikenhead (Can. Med. Assoc. J., 1942,
52, 162); they include headache, aseptic meningitis, cranial nerve paralyses, lesions of the cauda
equina, conus medullaris, sacral radiculitis, hemorrhage, and low back pain. A similar review was
presented by Yaskin and Alpers (Ann. Int. Med.,
1945, 23, 184).
Extradural spinal block has been used by Evans
(Proc. Roy. Soc. Med., 1945, 38, 299) for
regional anesthesia, as in thoracic surgery, to
obviate the danger of involving the medullary
centers and of death.
Continuous spinal anesthesia has been used
with great success by injecting small amounts at
intervals to prolong the anesthesia and minimize
the dose required (Lemmon, Ann. Surg., 1944,
120, 129); he recommended that 500 mg. of
procaine hydrochloride be dissolved in 10 ml.
of spinal fluid, an initial dose of 3 ml. administered, followed by an additional 1 ml. after 3
minutes (if necessary), with anesthesia being
maintained by giving 50 mg. (1 ml. of the solution) every 30 minutes. A revision of his technic
by Tuohy (J.A.M.A., 1945, 128, 262) utilizes a
ureteral catheter attached to the needle instead
of a malleable needle. In 2000 cases Lemmon
found an average fall in blood pressure of only
12.7 mm. of mercury.
Caudal Anesthesia. — Great success in securing obstetrical analgesia has been attained by
Edwards and Hingson (Am. J. Surg., 1942, 57,
459) and others by injecting the caudal canal
with a 1.5 per cent solution of procaine hydrochloride in normal saline solution. The rate of

1118

Procaine

Hydrochloride

flow is usually adjusted to 30 drops per minute
for 20 minutes; analgesia is maintained thereafter
with a flow of 15 drops per minute. Labor must
be well established before the method is suitable. Rosenfeld (Am. J. Obst. Gyn., 1945. 50,
527) described the paracervical injection of procaine hydrochloride for analgesia in the perineal
stage of labor. Low spinal anesthesia is also used
in obstetrical practice.
Intravenous Analgesia. — In obstetrics Allen
{Am. J. Surg., 1945, 70, 283) used 0.6 to 1 per
cent of procaine hydrochloride in 5 per cent
dextrose solution intravenously. The less concentrated solution, given at the rate of 0.5 to 5
ml. per minute, produces analgesia, while a
central effect with dimming of consciousness follows administration of the 1 per cent solution
at a rate of 10 to 13 ml. per minute. Allen
(Anesth. & Analg., 1946, 25, 1) also used procaine intravenously in various conditions for relief of pain, the injured tissue being directly
affected by virtue of the local increase in capillary
permeability. Most patients do not tolerate more
procaine than that which causes dizziness; the
occasional hypersensitive individual must be discovered by preliminary skin-testing.
Other Uses. — Intravenous. — Intravenous administration ofprocaine hydrochloride was used
by State and Wagensteen (J.A.M.A., 1946, 130,
990) in the therapy of delayed serum sickness.
Preliminary reports from France (ibid., 1946,
131, 699; 1947, 133, 729) indicated a variety of
other uses, as in pulmonary embolism, angina
pectoris, chronic dyspnea (Mushin and RendellBaker, Lancet, 1949, 256, 619), and for anesthetic purposes. It will be recalled that procaine
is rapidly hydrolyzed in the body (Brodie et al.,
J. Pharmacol, 1948, 94, 359; Anesth. & Analg.,
1950, 29, 29) with formation of />-aminobenzoic
acid and diethylaminoethanol ; the latter has
transient adrenergic-blocking action.
General analgesia with 0.1 per cent solution
of procaine hydrochloride in isotonic sodium
chloride solution, administered intravenously at a
rate of 1000 ml. or less per hour, was studied
extensively by Barbour and Tovell (Anesth.,
1948, 9, 514) and found to give favorable results
and no untoward effects. Bittrich and Powers
(Anesth. & Analg., 1948, 27, 181) found the
procedure very useful in thoracic surgery where
cardiac arrhythmias often present an emergency
problem (see also Tpuroff and Adelman,
J.A.M.A., 1949, 139, 844). Confirming these observations, Edmonds et al. (ibid., 1949, 141, 761)
advised a rate of injection of 40 mg. per minute
in connection with use of other anesthetic agents.
Pooler (Brit. M. J., 1949, 2, 1200) employed the
procedure to facilitate deep breathing following
upper abdominal surgery, and Bevan (Lancet,
1953, 2, 1332) reported use of intravenous procaine in treating chest wall injuries.
In nonsurgical conditions intravenous administration of procaine has been recommended for
tinnitus aurium (Lewy, Arch. Otolaryng., 1937,
25, 178), pruritus in jaundiced patients, delayed
serum sickness, reactions to penicillin (Dressier
and Dwork, J.A.M.A., 1947, 133, 849), spasm
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and pain in rheumatoid arthritis (Graubard and
Peterson, ibid., 1949, 141, 756) and other chronic
neuromuscular disorders (although Marton et al.,
Anesth., 1949, 10, 629 reported that the transient
benefit did not justify the frequency of untoward effects), sulfathiazole anuria (Friis, /. Urol.,
1949, 61, 184), bronchial asthma, contact and
exfoliative dermatitis (Appelbaum and Aromson, Ann. Int. Med., 1949, 31, 146), herpes
zoster (Lovell, South. M. J., 1946, 39, 777),
obstetrical anesthesia (Johnson and Gilbert,
Anesth. & Analg., 1946, 25, 133), asphyxia due
to carbon monoxide poisoning (Olson et al., Bull.
Los Angeles Neurol. Soc, 1949, 14, 23; Amyes
et al, J.A.M.A., 1950, 142, 1054), scleroderma
(Bennee, Can. Med. Assoc. J., 1954, 70, 71),
and other conditions. Intraarterial injections were
used in treatment of traumatic injuries by
Lavrova (Khirurgiya, Moscow, 1947, 1, 18). Procaine corrects ventricular fibrillation induced by
epinephrine, particularly during cyclopropane
anesthesia (Burstein, Anesth., 1946, 7, 113; 1949,
10, 133) but it should be emphasized that it does
not benefit supraventricular arrhythmias such as
paroxysmal auricular tachycardia and that its
central stimulating action in patients not under
the influence of a general anesthetic constitutes a
real hazard (Pool, I.A.M.A., 1949, 141, 362).
While its use in many conditions remains empiric,
the utility of intravenous procaine in therapeutics
is, as Graubard and Peterson (Anesth., 1949, 10,
175) suggested, the aggregate of actions that it
can exert simultaneously, these including analgesic, sympatholytic and vasodilating and, secondarily, parasympatholytic and antispasmodic
effects. In the report of Keats et al. (J.A.M.A.,
1951, 147, 1761) to the Council on Pharmacy
and Chemistry of the American Medical Association it is indicated that the analgetic effect of
intravenous procaine is slight (40 per cent incidence) and attended by some unpleasant side
effects.
Oral. — Oral administration of procaine hydrochloride to an 18-year-old girl with severe intractable asthma, who had failed to respond to
any accepted remedy and who had previously experienced violent side reactions from intravenous
procaine, resulted in freedom from the attacks
(Schapiro and Sadove, Ann. Allergy, 1950, 8, 85).
The initial dosage was 600 mg. 4 times daily;
after 10 days this was increased to 750 mg. 4
times daily; after another 10 days the dosage
was changed to 1.5 Gm. before arising and 750
mg. before retiring. There were no side reactions,
and the blood count remained normal.
There have been reports of successful use of
procaine hydrochloride solution orally for relief
of gastrointestinal pain and pylorospasm (Koka
and Lajtha, Brit. M. J., 1950, 1, 1174; Balfour
and Warton, Gastroenterology,
1951, 18, 606;
1952, 22, 257; Cove, Brit. J. Radiol, 1951, 24,
659; Oren, South. M. J., 1953, 46, 946). Beinhauer had only modest success when he administered 250 mg. of powdered procaine hydrochloride and 150 mg. of ascorbic acid (in capsules)
every 3 hours orally to patients with pruritus;
complete relief was obtained in 22.2 per cent,
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temporary relief in 27.9 per cent, and failure in
49.9 per cent of 145 patients (Arch. Dermat.
Syph., 1954 69, 188). Considering the relative
instability of the procaine molecule it is surprising that any systemic action by oral administration can be elicited. El
Efocaine (Fougera) is a solution composed of
1 per cent procaine, 0.25 per cent procaine hydrochloride, per
5
cent butyl />-aminobenzoate, 2 per
cent polyethylene glycol 300, 78 per cent propylene glycol, 0.1 per cent sodium metabisulnte
and 1:2500 phenylmercuric borate. A single injection provides local anesthesia for 6 to 12 days or
longer (Ansboro et al., Anesthesiology, 1952, 13,
306; Puderbach and Shaftel, Lancet, 1952, 72,
203; Bartlett and Eastwood, Surgery, 1952, 32,
956; Bonica, J. A.M. A., 1952, 150, 1581; Cotton
and Paulsen, Am. J. Surg., 1954, 87, 120). It has
been advocated for persistent pruritus (Perrin,
Arch. Dermat. Syph., 1953, 68, 201) and pruritus

weeks for arteriosclerotic peripheral vascular insufficiency. Anaphylactic reactions occur as a result of the current widespread use of procaine

ani (O'Brien, /. M. Soc. New Jersey, 1954, 51,
316). Crystals of anesthetic are precipitated after
injection at the pH of tissues and are absorbed
very slowly. Considering the composition of this
mixture and the precipitation after injection, it
is not surprising that severe irritation with prolonged pain and tenderness, actual necrosis, neuritis and even transverse myelitis have been reported fairly frequently with this injection
(Moore, Surgery, 1954, 35, 109; Nowill et al,
Arch. Surg., 1953, 67, 738). These reactions have
dampened enthusiasm despite the obvious advantages of such a long-acting injection. The usual
dose is 1 to 4 ml. by injection into tissue or
around nerve trunks for prolonged local or regional anesthesia. It is available in 20-ml. multiple-dose vials.
Toxicology. — While in general use of procaine hydrochloride is relatively safe, Mayer
(J.A.M.A., 1928, 90, 1290) collected records of 8
deaths following use of procaine as a local anesthetic. Meeker and Frazer (/. Pharmacol., 1923,
22, 375) expressed some doubt that all the reported fatalities were attributable to the anesthetic. Taking into consideration its potency and
low toxicity it is one of the most satisfactory
local anesthetics for intraneural anesthesia or that
produced by other methods of injection. No
untoward effect on liver function has been observed (Jacoby et al., Anesth., 1948, 9, 481).
Rapid intravenous injection, however, may result
in convulsions and even death due to central
action but this can be antagonized and controlled, to a limited extent, by intravenous injection of a rapidly acting barbiturate, such as
thiopental sodium. Intravenous injections of procaine should always be given cautiously, and
only by persons experienced in treating the accidents of anesthesia.
In addition to fatal reactions resulting from
action on the central nervous system, anaphylactic
reactions may occur which are neither prevented
nor corrected by barbiturates. Schiff and Schiff
(Anesth., 1949, 10, 753) reported an anaphylactic
reaction to the thirteenth intravenous injection
of 1 Gm. in 500 ml. of sodium chloride injection
which had been given over a period of several
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penicillin.
Dose. — The usual dose of procaine hydrochloride as a local anesthetic is the amount of a 1 or
2 per cent aqueous solution that is sufficient for
the purpose. The usual dose intraspinally is up
to 150 mg., given as a 1 to 5 per cent solution
(but see above). Intravenously the dose is 1000
ml. of 0.1 per cent solution in sodium chloride
injection, given over a period of an hour or
longer. Graubard (loc. cit.) used a dose of 4 mg.
per Kg. of body weight over a period of 20
minutes; ascorbic acid was added to all solutions
in a concentration of 0.1 per cent for the purpose of increasing resistance to toxic side effects
of procaine. For the dose for children see Schrum,
/. Pediatr., 1949, 34, 433. Orally, from 250 mg.
to 1 Gm. (approximately 4 to 15 grains) may be
administered up to 3 times daily, either as the
powder or in aqueous solution.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
STERILE

PROCAINE HYDROCHLORIDE. U.S.P.

"Sterile Procaine Hydrochloride conforms to
the Description and the Identification tests and
meets the other requirements under Procaine
Hydrochloride." U.S.P.
This monograph of the U.S.P. recognizes containers of dry, sterile procaine hydrochloride for
use in preparing sterile injections as needed by
adding the appropriate solvent.
Usual Sizes.— 50, 100, 150, 200, 300, 500, and
1000 mg. Not over 1 Gm. is permitted in each
sterile container.
PROCAINE HYDROCHLORIDE
INJECTION.
U.S.P. (LP.)
[Injectio Procaines Hydrochloride]

"Procaine Hydrochloride Injection is a sterile
solution of procaine hydrochloride in water for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of C13H20N2O2.HCI." U.S.P. The LP.
has the same definition and rubric; it is indicated
that the solution is sterilized by heating in an
autoclave (to maintain a temperature of 115° to
116° for 30 minutes) or by filtration through a
sterile, bacteria-proof filter.
I.P. Injection of Procaine Hydrochloride; Injectio
Procaini Hydrochloride

Assay. — A volume of injection representing
about 150 mg. of procaine hydrochloride is made
ammoniacal and the procaine base extracted with
chloroform. After evaporating nearly all of the
solvent, some alcohol is added, along with 25
ml. of 0.05 AT sulfuric acid; the remainder of the
chloroform is evaporated and the excess acid is
titrated with 0.05 N sodium hydroxide in the
presence of methyl red T.S. as indicator. Each
ml. of 0.05 N sulfuric acid represents 13.64 mg.
of C13H20N2O2.HCI. U.S.P., LP.
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Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass.
It may be packaged in 100-ml. multiple-dose containers." U.S.P.
Usual Sizes. — 1 per cent in 1, 30, and 100
ml.; 2 per cent in 1, 2, 5, 30, 50, and 100 ml.

Usual Sizes. — 20, 50, 75 and 150 mg. (approximately Ys,24, 1% and 2l/2 grains).
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PROCAINE HYDROCHLORIDE
AND
EPINEPHRINE INJECTION.
U.S.P. (B.P.)
Injectio Procainae Hydrochloride et Epinephrine

"Procaine Hydrochloride and Epinephrine Injection is a sterile solution of procaine hydrochloride and epinephrine in water for injection.
It contains not less than 95 per cent and not
more than 105 per cent of the labeled amount
of C13H20N2O2.HCI and not less than 90 per
cent and not more than 120 per cent of the
labeled
U.S.P. amount of epinephrine (C9H13NO3)."
The B.P. requires Injection of Procaine and
Adrenaline to contain 2 per cent w/v of procaine
hydrochloride (limits, 1.9 to 2.1).
B.P. Injection of Procaine and Adrenaline; Injectio
Procainae et Adrenalinae Fortis.

The B.P. injection contains 2 Gm. of procaine
hydrochloride, 0.5 Gm. of sodium chloride, 0.1
Gm. of chlorocresol, 2 ml. of solution of adrenaline hydrochloride, and 0.1 Gm. of sodium metabisulfite in sufficient water for injection to
produce 100 ml.; the solution in the container is
sterilized by heating at 98° to 100° for a sufficient time to insure the solution being maintained
in this range for 30 minutes.
Assay. — The content of procaine hydrochloride is determined by the method described in
the preceding monograph. The assay for epinephrine is a colorimetric procedure in which the
absorbance of an interaction product of epinephrine and a reagent containing ferrous sulfate
and sodium citrate is determined at 530 m\i and
compared with that of a solution containing a
known amount of U.S.P. Epinephrine Bitartrate
Reference Standard, similarly treated. U.S.P.
Uses. — The constrictive action of epinephrine
on arterioles delays absorption of procaine hydrochloride and prolongs its action when employed
in infiltration anesthesia. Caution to avoid insufficient circulation to the anesthetized area is
important; in the fingers and toes and other areas
with terminal end-arteries epinephrine is usually
contraindicated.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass.
It may be packaged in 100-ml. multiple-dose containers." U.S.P.
Usual Sizes. — 2 per cent procaine hydrochloride and 1 in 25,000 or less of epinephrine in 1
and in 30 ml.

PROCAINE HYDROCHLORIDE
TABLETS. N.F.
"Procaine Hydrochloride Tablets contain not
less than 92.5 per cent and not more than 107.5
per cent of the labeled amount of C13H20N2O2.HC1." N.F.

PROFENAMINE
Profenamini

HYDROCHLORIDE.
LP.
Hydrochloridum

Profenamine Hydrochloride is N-(2-diethylaminopropyl-l)phenothiazine hydrochloride. It
contains not less than 98.0 per cent of C19H24N2S.HC1. LP.
Ethopropazine Hydrochloride; Phenopropazine Hydrochloride. Lysivane Hydrochloride (May & Baker); Parsidol
Hydrochloride (Rhone -Poulenc). 10-(2-Diethylamino-lpropyl)phenothiazine
Hydrochloride.

Profenamine hydrochloride is a homolog of
promethazine hydrochloride, differing from the
latter only in that it is a diethylamino-derivative
while promethazine hydrochloride is a dimethylamino-derivative. Profenamine may be synthesized by the same reactions as promethazine,
except that the diethylamine or 2-chloro-ldiethylaminopropane is used instead of the corresponding methyl compounds.
Description. — Profenamine hydrochloride occurs as a white, crystalline powder which slowly
darkens on exposure to light. It is readily soluble
in hot water and in dehydrated alcohol; slightly
soluble in acetone; practically insoluble in benzene and in ether. It melts at 211° to 212°, with
decomposition. LP.
Standards and Tests. — Identification. — The
picrate of profenamine melts between 146° and
149°. Reaction. — The pH of a saturated aqueous
solution at 20° is between 4.5 and 6.5. Loss on
drying. — Not over 1.0 per cent when dried to
constant weight at 100°. Residue on ignition. —
Not over 0.1 per cent. LP.
Assay. — Profenamine hydrochloride is assayed
by a Kjeldahl determination of nitrogen. LP.
Uses. — Profenamine base is a phenothiazine
derivative with anticholinergic action used in the
treatment of parkinsonism. It has certain structural similarities to promethazine, Diparcol, chlorpromazine, and Multergan, all of which are discussed in this volume. Pharmacologically these
phenothiazine derivatives possess to varying
degrees all of the following actions: local anesthetic, antihistaminic, anticholinergic, adrenergicblocking, ganglionic-blocking, and inhibition of
cerebral cortical and brain stem action (Weese,
Arch. exp. Path. Phartn., 1954, 222, 15). In
therapeutics profenamine and Diparcol have been
used mainly in parkinsonism, promethazine as an
antihistaminic and in motion sickenss, chlorpromazine as a sedative in anxiety and manic
syndromes and to potentiate the action of analgesic drugs, and Multergan as a gastrointestinal
antispasmodic and anticholinergic agent.
Profenamine has strong antinicotinic and antimuscarinic action, and it is a spasmolytic. It is
useful in the treatment of extrapyramidal parkinsonism. It is most effective for the muscular
rigidity, but has less marked action against
tremor or akinesia (Palmer and Gallagher, Brit.
M. /., 1950, 2, 559). Sigwald (Presse mid., 1949,
57, 819) found profenamine more effective in
parkinsonism
than caramiphen,
Diparcol, pro-
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methazine and diphenhydramine. It may reduce
oculogyric crises. Posture, gait, facial expression,
speech and muscular activity improve markedly
in postencephalitic, arteriosclerotic or idiopathic
parkinsonism. Palmer and Gallagher found profenamine less toxic than Diparcol and reported
that dry mouth and blurred vision were not
troublesome with effective doses. Timberlake and
Schwab (New Eng. J. Med., 1952, 247, 98) reported successful treatment of 19 to 53 per cent
of parkinsonism. Gillespy (Brit. M. J., 1951, 2,
301) described marked improvement in 28 and
moderate improvement in 12 of 52 patients
treated with the drug over a period of 8 months.
Garai (Lancet, 1951, 1, 429) reported improvement in 31 of 43 patients but most of his patients
preferred trihexyphenidyl because of its greater
efficiency, lesser toxicity, and the greater sense
of well-being from its use. Profenamine has been
used with some success in hepatolenticular degeneration and in congenital athetosis. As a prophylactic against air-sickness in aviation trainees
Chinn et al. (U. S. Armed Forces M. J., 1953, 4,
1609) reported a decrease of nausea and vomiting
of questionable statistical significance with 25mg. doses of profenamine.
Toxicology. — Side effects necessitated discontinuance of profenamine in 9 of 43 of Garai's
(loc. cit.) patients. Depersonalization, accentuation of parkinsonism, ataxia, gastrointestinal irritation, drowsiness, blurred vision, confusion and
headache were noted; these symptoms subsided
rapidly on withdrawal of the drug. No leukopenia
was observed. Drowsiness during the early days
of therapy tends to disappear as use of the drug
is continued. The drug is contraindicated in glaucoma. It may be used in combination with atropine, stramonium, dextro-amphetamine or antihistaminic drugs.
Dose. — The usual range of the beginning dose
of profenamine hydrochloride is 20 to 50 mg. 4
times daily by mouth; this is increased by 50 to
100 mg. per day every few days until a total
daily dose of 500 mg. is reached after about 3
weeks of treatment. Sometimes a daily dose of
1 Gm. may be required. The drug is best given
with meals; the first dose in the morning should
usually be larger than other doses during the day.
Profenamine is available in tablets containing
10 or 50 mg.
Storage. — Preserve in a well-closed container,
protected from light. LP.

PROFLAVINE

HEMISULPHATE.

B.P.

Neutral Proflavine Sulphate, Proflavine,
Proflavinae Hemisulphas
-J2

H,N

S04.H20

Proflavine Hemisulphate is the neutral sulphate
of 2:8-diaminoacridine; it contains not less than
98.0 per cent of (Ci3HiiN3)2.H2S04, calculated
with reference to the substance dried to constant
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weight
at 100°
of
mercury.
B.P.at a pressure not exceeding 5 mm.
Proflavine hemisulfate may be prepared by
heating w-phenylenediamine with formic acid and
glycerin, and converting the resulting proflavine
base to the neutral sulfate by reaction with sulfuric acid. Proflavine, known by British nomenclature as 2,8-diaminoacridine and by American
nomenclature as 3,6-diaminoacridine, is a component of acriflavine (q.v.).
Proflavine base contains three nitrogen atoms
which might react with acids; actually only two
of these are sufficiently basic to do so. The proflavine hemisulfate of the B.P. is a salt in which
but one of the nitrogen atoms has interacted with
acid; this salt dissolves in water to form a neutral
solution, and is therefore referred to as neutral
proflavine sulfate. The N.F. IX recognized proflavine dihydro chloride and proflavine sulfate; in
these salts two nitrogen atoms in the molecule of
proflavine reacted with acid. When these latter
salts are dissolved in water a markedly acid solution results in each case. Since the acidity is likely
to produce irritation of sensitive tissues many
physicians
prefer the hemisulfate (neutral proflavine sulfate).
Description. — Proflavine hemisulfate occurs
as an orange to red, hygroscopic, crystalline powder; it is odorless and has a bitter taste. It is
soluble, at 20°, in 300 parts of water and in 35
parts of glycerin; very slightly soluble in alcohol;
insoluble in ether and in chloroform.
Standards and Tests. — Identification. — A solution containing 100 mg. of proflavine hemisulfate in 30 ml. of water is of deep orange color,
and responds to the following tests: (1) A greenish fluorescence results on adding a few drops of
the solution to a large volume cf water. (2) A
bright reddish-orange precipitate, in the form of
prismatic needles, results when 2 drops of sulfuric
acid are added to 1 ml. of solution. (3) A lemonyellow precipitate forms on adding sodium hydroxide solution to a portion of the proflavine
hemisulfate solution. (4) A brown precipitate
forms on boiling, for one minute, a mixture of
5 ml. of the proflavine solution, 1 ml. of 1 N hydrochloric acid, and 5 ml. of a 10 per cent w/v
solution of sodium nitrite; when filtered, the
filtrate is yellow (distinction from certain other
flavines). (5) The solution responds to tests for
sulfates. Acidity or alkalinity. — The pH of a saturated aqueous solution is between 6.0 and 8.0.
Certain other acridine derivatives. — A solution of
100 mg. of proflavine hemisulfate in 100 ml. of
0.9 per cent w/v solution of sodium chloride, prepared at 35°, is clear and remains so on standing
in the dark at 15° to 20° for 24 hours. Loss on
drying. — Not over 6.5 per cent (see definition
above). Sulfated ash. — Not over 0.5 per cent. B.P.
Assay. — About 2 Gm. of proflavine hemisulfate is dissolved in water, the solution buffered
by adding hydrochloric acid and sodium acetate,
and the proflavine precipitated as ferricyanide
with 50 ml. of 0.1 M potassium ferricyanide. After
filtering off the precipitate the excess of potassium
ferricyanide in the filtrate is estimated through
liberation of iodine from potassium iodide, the
halogen being titrated with 0.1 N sodium thio-
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sulfate, using starch as indicator and including
zinc sulfate in the reaction mixture to precipitate
the ferrocyanide ion formed by reduction of the
ferricyanide, thereby preventing any tendency for
the reaction to reverse itself. A residual titration
blank test is performed. Each ml. of 0.1 M potassium ferricyanide represents 77.48 mg. of (C13H11XSI-H2SO4. this equivalent being based on
the reaction of three molecules of proflavine hemisulfate with two molecules of potassium ferricyanide. B.P.
Uses. — Proflavine is an antiseptic of the important class of acridine dyes; its actions and uses
are in general like those of acriflavine hydrochloride, over which it has the apparent advantages
of lesser toxicity and irritation, and the greater
certainty of reproducibility of its effects because
it is substantially a chemical individual, as compared with the mixture of substances represented
in acriflavine. Berry {Quart. J. P., 1941, 14, 149)
and Falconer {Brit. M. J., 1940, 1, 631) showed
that there is no difference in the bacteriostatic
action of the two substances, though the impression is fairly common that acriflavine is more
actively antiseptic, even if slower in its action,
than proflavine.
Proflavine, when injected a few hours before
or after the inoculation of virus, inhibited multiplication oftype B strains of influenza virus in
embryonated eggs, but did not influence growth
of type A strains (Briody and Stannard, /. Immunol., 1951, 67, 423).
Albert et al. {Quart. J. P., 1937, 10, 649) found
acriflavine to be four times as toxic as proflavine
when injected subcutaneously into mice. Browning
{Brit: M. J., 1943, 1, 341) reported proflavine to
be much less irritating locally than is acriflavine.
Russellfound
and proflavine
Falconer much
{Brit.' less
J. Surg.,
1941. acri28,
472)
toxic than
flavine in brain wounds; a 0.1 per cent isotonic
solution, buffered to a pH of 6.2. was not substantially more injurious to the brain than normal
saline solution.
Hawking {Lancet, 1943, 1, 710) reported proflavine sulfate powder to be distinctly irritant
when applied to fresh wounds, with the possibility
of its causing extensive necrosis. Raven {Lancet,
1944, 246, 173) used the powder in suppurating
battle wounds and also in fresh wounds with good
results; he cautioned against using too much proflavine infresh wounds lest necrosis should occur.
Mitchell and Buttle {Lancet, 1942. 2, 416) applied proflavine sulfate in pure form as a dressing
for wounds badly infected with staphylococci or
streptococci with excellent results; against Bacillus proteus they found the drug useless. Against
experimental Clostridium welchii Mcintosh and
Selbie {Lancet, 1942, 1, 750) found proflavine
useful both as a prophylactic and for treatment.
The neutral proflavine sulfate (hemisulfate) was
used by Heggie et al. {Brit. M. J., 1945, 1, 437)
with good results in various types of wounds; the
powder did not always sterilize wounds but was
largely bacteriostatic. The former practice of applying proflavine-sulfathiazole combination powders to wounds is undesirable because the sulfonamide is not an essential wound dressing and also
because proflavine increases severity of sulfona-

759). mide dermatitis (Sneddon, Brit. M.
J., 1949 2,
Heggie et al. {Lancet, 1942. 1, 347 and 2, 527)
used buffered isotonic emulsions as emollient
dressings for superficial infected granulating areas
such as second degree burns; no inhibition of the
healing process was observed. It has been suggested that because proflavine solutions are
strongly absorbed on surgical gauze their effect
may be very uncertain. S
Storage.— Preserve "in tight, light-resistant
containers. Caution. — Proflavine Suljate Solutions
should be dispensed in light-resistant containers
and
N.F. should
IX. be discarded when they become turbid "

PROGESTERONE.

U.S.P., B.P., IP.

[Progesteronum]

The B.P. defines Progesterone as 4-pregnene3:20-dione and states that it may be prepared
from certain sterols and steroid sapogenins. The
LP. defines it as 3:20-diketo-pregnene-4. No
purity rubric is provided by any of the pharmacopeias.
Pregnene-3,20-dione. Lipo-lutin (.Parke, Davis); Lutocylin
(Cibd); Lutromone (Endo); Xalutron (Winthrop) ; Progesterol (C. D. Smith); Progestin (.Abbott, Harrower, Hospital
Liquids, Kirk, Lakeside, Roche-Organon, Smith-Dorsey) ;
Progestone (Carnrick); Proluton (Schering).

The isolation of progesterone from potent fractions of the corpus luteum of pregnant sows was
announced, almost simultaneously, by four groups
of workers, in 1934. Its structure has been established as that of a diketone having the composition of 4-pregnene-3,20-dione. Like other sex hormones itis a steroid, and it may be synthesized
from such sterols as cholesterol and stigmasterol,
as well as from sapogenins such as sarsasapogenin.
The hormone occurs in two crystalline modifications of identical physiological potency; these are
tively.
designated alpha- and beta-progesterone, respecProgesterone appears to have the highest specificity of the sex hormones. Only a few closely
related substances have even a fraction of the
activity of progesterone. Substances which produce changes in the reproductive organs similar
to those produced by progesterone are collectively
known as progestins or progestogens. It is of
interest that the male hormones testosterone
and 17-methyltestosterone. and the adrenal cortical hormone desoxycorticosterone possess progestin activity; it has been suggested that desoxycorticosterone may be changed in the body to
progesterone.
Progesterone is excreted in the urine principally
as a water-soluble glucuronide of the fully reduced
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alcohol pregnanediol ; this differs from progesterone in that the two ketonic groups of the latter
have been reduced to alcohol groups and the
double bond saturated with hydrogen.
By eliminating a molecule of water from the
CH3— CO— group attached to the number 17
carbon atom of progesterone, thereby converting
it to an ethynyl (ethinyl), CH=C— , group, and
also introducing a hydroxyl group at the same
position, there results the compound anhydrohydroxyprogesterone, officially recognized as ethisterone (q.v.). This substance possesses progestational activity when given orally, though doses
five to ten times that of progesterone intramuscularly are required. Progesterone is weakly effective
orally unless absorption occurs in the mouth.
Description. — "Progesterone occurs as a
white or creamy-white, crystalline powder. It is
odorless and is stable in air. Progesterone is practically insoluble in water. It is soluble in alcohol,
in acetone, and in dioxane. It is sparingly soluble
in vegetable oils. Progesterone melts between 128°
and 131°. It may also exist in a polymorphic
modification, melting at about 121°." U.S.P. The
B.P. indicates that progesterone is also soluble in
ether and in chloroform, and is moderately soluble
in light petroleum; the melting point is given as
between 128° and 131°. It is said that the beta
form of progesterone (which has the lower melting point) undergoes a gradual and partial transition to the alpha form as evidenced by a rise in
melting point on long standing. Alpha-progesterone
does not change on standing.
Standards and Tests. — Identification. — The
absorptivity (1%, 1 cm.) of progesterone at 241
mn in methanol solution is between 525 and 545.
Specific rotation. — Not less than +175° and not
more than +183°, when determined in a dioxane
solution containing 200 mg. of dried progesterone
in each 10 ml. Loss on drying. — Not over 0.5 per
cent, when dried in vacuum over sulfuric acid for
4 hours. U.S.P.
Biological Assay. — A number of methods for
biological estimation of progestational activity
have been proposed. In one method the pregravid
changes in the uterine horn of immature female
rabbits are the criteria for evaluation of a preparation being administered to them. In another
the rabbits are castrated immediately after mating,
then treated daily with the material to be assayed
and, after 5 days, a histological examination of the
uterus made to ascertain whether pregnancy has
progressed normally. Induction of sexual receptivity in the ovariectomized guinea-pig conditioned with estrone has also been proposed as a
criterion for evaluation; as little as 0.05 unit is
claimed to be detectable. The several official
physiochemical tests serve to establish the purity
of progesterone so that no assay is required.
The international unit of progestational activity
was defined by the Permanent Commission on
Biological Standards of the Health Organization
of the League of Nations as the specific progestational activity of 1 milligram of a standard preparation of pure progesterone. The Comer-Allen
rabbit unit is approximately equivalent to the international unit, while the Clauberg unit represents about 0.6 international unit.
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Uses. — Progesterone is the characteristic hormone of the corpus luteum (for discussion of the
physiology of this tissue, see Corpus Luteum, in
Part II). In therapeutics progesterone is employed to produce "secretory" changes in the
endometrium, to inhibit uterine motility, and to
depress the action of estrogenic substances in the
body.
Metabolism. — Structurally progesterone resembles the adrenal cortical steroids and possesses
to a minor degree the salt-retaining action of
desoxycorticosterone. It has been isolated from
the corpus luteum, the placenta (Pearlman and
Cerceo, /. Biol. Chem., 1952, 198, 79) and the
adrenal cortex. In vitro a mash of placenta, ovary
or testis converts pregnenolone to progesterone
(Samuels et al., Science, 1951, 113, 490), and
progesterone to cortisone and hydrocortisone
(Hechter et ah, Recent Progress in Hormone Research, 1951, 6, 215).
Pregnanediol. — This reduction product of progesterone appears in the urine as sodium pregnanediol glucuronate and is an index of corpus
luteum function (Venning and Browne, Endocrinology, 1937, 21, 711). Fischer et al. {Am. J.
Obst. Gyn., 1952, 63, 613) studied the free pregnanediol rather than the total pregnanediol complex in the urine and found that excretion was
parallel. This physiologically inactive derivative
of progesterone is found in the urine following the
administration of progesterone to men or women
{Endocrinology, 1940, 27, 707), also during the
latter half of each menstrual cycle from 48 hours
after ovulation until 1 to 4 days before the onset
of the flow {ibid., 1937, 21, 711), and during
pregnancy from the time of ovulation and conception until 1 or 2 days after parturition {Am. J .
Obst. Gyn., 1939, 38, 927; /. Clin. Inv., 1940,
19, 801). During pregnancy the amount present
in the urine begins to increase between the ninth
and twelfth weeks from the level of about 10 mg.
daily observed during the menstrual cycle to a
peak of about 100 mg. daily at about the eighth
month. It is thought that the placenta is largely
responsible for the formation of progesterone
during the second and third trimesters of pregnancy. Gutterman advocated a simple color test
for pregnanediol in the urine as a cheap test for
pregnancy (/. Clin. Endocrinol., 1945, 5, 407),
and as a prognostic sign in cases of threatened
abortion {J.A.M.A., 1946, 131, 378). It also appears in the urine of patients with adrenal cortical
tumors (Mason and Kepler, /. Biol. Chem., 1945,
161, 235) and after injection of desoxycorticosterone acetate (Cuyler et al., Endocrinology, 1940,
27, 177). The uterus is not essential for its formation, although the presence of a functioning uterus
does alter the rate of excretion, since some pregnanediol isfound continuously in male urine and
in the urine of hysterectomized females (presumably derived from the adrenal cortex). In the
normal male and the postmenopausal or hysterectomized female, 9 to 16 per cent of an intramuscular dose of progesterone is excreted in the
urine as pregnanediol. After oral administration
the percentage is slightly higher. During pregnancy a greater percentage of a dose of progesterone isconverted to pregnanediol in the urine.
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Kyle and Marrian {Biochem. J., 1951. 49, 162)
studied this metabolic reduction in the human
being. In postmenopausal women periods of increased excretion of pregnanediol in the urine continue to occur in irregular cycles despite the
absence of menstruation (Sommerville et al, ibid.,
1950. 46, 285, 290). In postmenopausal women.
Zander (Kim. Wchnschr., 1952. 30, 312) found
that injection of 500 mg. of progesterone in aqueous suspension even- 5 days produced a urinary
excretion of pregnanediol of the same magnitude
as that found during the second trimester of pregnancy. Pregnanediol has also been isolated from
human bile after the oral administration of progesterone (Rogers and McLellan. J. Clin. Endocrinol, 1951. 11, 246).
Progesterone is metabolized in the liver
(Kochakian et al.. Am. J. Physiol, 1944. 142,
326; Ungar et al, Endocrinology, 1951. 49, 440)
and progesterone appears in the bile (Pearlman
and Pincus. /. Biol. Chem., 1946. 166, 473). The
feeding of cholesterol labeled with carbon- 14 during pregnancy is followed by urinary excretion of
carbon- 14-labeled pregnanediol (Bloch. /. Biol.
Chem., 1945. 157, 661; Riegel et al, Endocrinology, 1950. 47, 311) and following injection of
chorionic gonadotropin in animals the decrease in
ovarian cholesterol concentration parallels the increase in progesterone in the ovary (Levin and
Jailer, ibid., 194S. 43, 154). The corpus luteum.
which periodically forms progesterone, requires
the follicle-stimulating and luteinizing hormones
of the pituitary and the persistence of the corpus
luteum is dependent on a luteotropin {lactogen,
mammogen, prolactin, and other names) of the
pituitary (Astwood. ibid., 1941. 28, 309). Furthermore, ovulation and pituitary function are
dependent on the cyclic variations of estrogen and
progesterone (Funnell et al, J. Clin. Endocrinol,
1951, 11, 98). Progesterone inhibits the release
of pituitary foUicle-stimulating and luteinizing
hormones. During the last half of a normal menstrual interval daily doses of 25 mg. of progesterone and 2.5 mg. of estrogen delayed the expected menstrual flow for 3 to 6 weeks and induced
and maintained decidual changes in the endometrium (Long and Bradbury, ibid., 1951. 11,
154 i. Half of this dose was ineffective; also, progesterone or estrogen alone was ineffective. Progesterone seems to be responsible for the rise in basal
body temperature at the time of ovulation. At
least, progesterone will cause a rise in basal temperature in nonovulating women (Barton and
Weisner. Lancet. 1945, 2, 671). Daily recording
of rectal temperature before arising in the morning has been emploved to demonstrate ovulation
(Tompkins. J. A.M. A., 1944. 124, 698). The increase in morning temperature persists until menstrual flow occurs.
Landau et al reported to the American Society
for Clinical Investigation (May 3. 1954) that 50
mg. daily intramuscularly in the human for as
long as 30 days was accompanied by a loss of 1 to
2 Gm. of nitrogen daily from the body with a
moderate loss of sodium and a slight loss (negative balance) of chloride. In patients with Addison's disease the nitrogen loss was twice as great
and parallel loss of phosphorus, potassium, so-
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dium and chloride was observed. It was concluded
that this catabolic effect of progesterone is actually an opposing action on a normal anabolic effect
of the adrenal gland; a change in the effect of
adrenal steroids is also probable.
Menstruation. — In the normal menstrual
cycle, the blood-estrogen concentration is low during and after the menstrual flow. Just before
ovulation it increases and declines again the week
before the flow (Markee and Berg. Stanford U.
Med. Bull, 1944. 2, 55). Pregnanediol excretion
increases 48 hours after ovulation, persists at this
increased level for 10 to 12 days and then declines.
Bleeding commences 1 to 4 days later. In other
words, progesterone withdrawal seems to precipitate the menstrual flow.
Parturition. — Progesterone withdrawal has
been suggested as the hormonal cause of the onset
of labor. Progesterone inhibits the responsiveness
of the uterus to pituitary oxytocin, whereas estrogen increases uterine sensitivity. Since progesterone decreases just before term and estrogen
increases, uterine contractions in response to a
previously insufficient concentration of oxytocin
has been hypothesized, but Smith (.4m. J. Physiol,
1932. 99, 345) showed that parturition in animals
occurred, although abnormally, after hypophysectomy. Bradshaw and Jessop (/. Endocrinol, 1953,
9, 427 i. finding such wide fluctuations in the concentrations of both estrogen and pregnanediol
before and after delivery, concluded that these
hormones had no significance in the onset of labor.
Lactation. — Progesterone is also related to
mammary function. While estrogen stimulates
proliferation of the ducts of the breast, progesterone stimulates alveolar development. A pituitary factor — prolactin — is also essential and these
three humoral factors are interrelated in normal
lactation (Turner, Symposium on Steroid Hormones, edited by Gordon, p. 239, 1950).
Routes of Administration. — Progesterone is
metabolized rapidly; to maintain a continuous
action intramuscular doses in oil must be given
daily or at least every 2 days (/. Clin. Endocrinol,
1941, 1, 331). Oral administration requires large
doses. It is absorbed across the mucous membranes of the mouth when given in the form
of tablets or a solution in propylene glycol. An
adequate progestational effect was observed by
Bickers {ibid., 1949, 9, 736) with 10 mg. of progesterone inoil intramuscularly daily for 5 days
or 80 mg. sublingually daily for 5 days following
20 days of estrogen therapy. A moderate progestational effect was produced by SO mg. by mouth
daily for 5 days; 80 mg. of ethisterone daily by
mouth for 5 days produced withdrawal bleeding
in 50 per cent of cases. Histological study of
endometrial scrapings revealed that 120 mg. of
progesterone per day for 5 days by mouth produced a complete progestational effect while 120
mg. of ethisterone by mouth daily for 5 days
caused withdrawal bleeding but little evidence of
secretion in the gland lumen or edema of the
stroma or decidua-like cell clusters of the endometrium (/. Lab. Clin. Med., 1950. 35, 265).
Greenblatt et al (J. Clin. Endocrinol, 1950, 10,
886) reported withdrawal bleeding in most amenorrheic patients, with or without estrogen priming
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for 20 days, from ingestion of 80 to 100 mg. of
progesterone by mouth daily for 5 to 7 days but
progestational changes were seldom found on
biopsy of the endometrium. The characteristic increase in basal body temperature and in the urinary excretion of pregnanediol was observed. In
terms of urinary pregnanediol excretion Fischer
and McColgan (ibid., 1953, 13, 1053) found little
difference between the oral, sublingual or intramuscular (in oil) administration of progesterone.
Pellets containing 50 mg. of progesterone are
absorbed from the site of subcutaneous implantation at the rate of 20 per cent per month for the
first 3 or 4 months (ibid., 1945, 5, 38). Employing the Kearns pellet injector for subcutaneous
implantation of 50 mg. pellets into the anterior
abdominal wall, Greenblatt and Suran (Am. J.
Obst. Gyn., 1949, 57, 266) described more rapid
absorption during the first month (about 25 per
cent or 12.5 mg.) with the progestational effect
continuing more slowly up to 5 months. Absorption is proportional to the surface area of the
pellets rather than the weight or the size.
A microcrystalline suspension of progesterone
in an aqueous medium was found to be approximately 4times as active as an oil solution of the
hormone by Koref and Engel (Endocrinology,
1946, 38, 214). However, as demonstrated by
withdrawal bleeding in estrogen-primed menopausal patients. Masters et al. (J. Clin. Endocrinol., 1952, 12, 1445) found that 5 mg. in oil
daily intramuscularly for 3 days was effective but
that 20 mg. in aqueous suspension daily for 3 days
was required. This could depend in this test on
the usually more rapid absorption from the oil
vehicle compared with the more prolonged absorption from an aqueous suspension. Soule and
Yanow (Obs. Gyn., 1953, 2, 68) found that 7.4
per cent of a 100 to 200 mg. dose of progesterone
in oil intramuscularly appeared in the urine as
pregnanediol compared with 5.5 per cent of 100
to 200 mg. of progesterone sublingually. Following
2 Gm. of ethisterone by mouth no increase in urinary' pregnanediol w-as found.
Percutaneous absorption was described by
Diczfalusy (Acta Endocrinol, 1952, 9, 387). Intravenously, Diczfalusy and Westman (Acta Obst.
Gyn. Scand., 1951, 30, 315) used a 1 per cent
aqueous suspension of crystals of progesterone.
Therapeutic Applications. — Progesterone is
used chiefly for abnormalities of the menstrual
cycle — functional uterine bleeding, amenorrhea
and premenstrual tension — and of pregnancy —
habitual abortion. Favorable reports in a few
other conditions have appeared.
Functional Uterine Bleeding. — Since most
functional bleeding is associated with anovulatory
cycles, a hyperplastic (polycystic glandular hyperplasia— a Swiss cheese pattern with proliferation
of the lining cells) estrogenic endometrium (Feinstein, Am. Pract. Dig. Treat., 1954, 5, 110) and
a deficiency of progesterone, this hormone becomes an important therapeutic agent. Normally
progesterone withdrawal is followed in a few days
by shedding of the endometrium, i.e., menstruation. Medical curettage may be accomplished by
3 to 5 days of progesterone therapy. Diagnostically, menorrhagia calls for an etiological diagnosis
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as to organic or hormonal disease. If the patient
is ovulating (a mid-cycle rise in basal body temperature, advanced secretory-progesterone effect
in endometrial biopsy or recurrent cornification
of the vaginal epithelium as seen on microscopic
examination of vaginal smears), an organic lesion
is probable and diagnostic efforts should search
for the cause. If the patient is not ovulating,
bleeding is probably arising from a hyperplastic
endometrium which fails to shed completely.
Given and Gause (Texas State J. Med., 1953, 49,
819) recommend 20 mg. of progesterone transbuccally 3 times daily for 3 days. Bleeding usually
decreases gradually and after 2 to 3 days a typical
menstrual flow occurs. If by 22 days after this
menstrual flow the basal body temperature has
risen, ovulation has occurred and no further treatment is needed. If the temperature has not risen,
progesterone is again indicated to cause shedding
of the nonovulatory, proliferative (non-secretory)
endometrium. For the metromenorrhagia of puberty, Gray (Am. J. Obst. Gyn., 1949, 58, 1169)
reported correction of 4 of 8 cases by repetition
of medical curettage 3 or 4 times at monthly intervals. After puberty, 13 of 60 cases were cured
by this therapeutic program; if indicated in the
individual case desiccated thyroid was also administered. For profuse vaginal bleeding during
or after the menopause, Greenblatt (Geriatrics,
1952, 7, 263) excludes carcinoma by appropriate
means and then gives estradiol benzoate 1.66 mg.,
progesterone 25 mg., and testosterone propionate
25 mg. daily intramuscularly for 3 to 5 days.
Hemorrhage ceases within 36 hours and withdrawal bleeding like a menstrual period follows in
a few days. If the patient is anemic or otherwise
debilitated and further bleeding should be avoided,
a second withdrawal bleeding period is induced by
ingesting 30 mg. of ethisterone daily for 5 days
commencing 20 days after the last bleeding period.
To induce menstruation, it has become common
practice to administer an estrogen for 20 days followed by progesterone for 5 days and to repeat
this cyclic therapy for several months as indicated
in the individual case. An analysis of several years
of such therapy by Goldzieher et al. (Am. J. Obst.
Gyn., 1947, 54, 636) found that withdrawal bleeding occurred on an average of 2.7 days. If estrogen alone was employed, bleeding occurred at a
longer average interval of 5.4 days. Patients
treated for menorrhagia tended to bleed sooner
and more profusely than those treated for amenorrhea or oligomenorrhea. These studies demonstrated that progesterone therapy did not prolong
the period of bleeding. Mulligan et al. (Fertility
and Sterility, July- August, 1952) found that daily
ingestion for 5 days of 2 mg. of mixed natural
estrogens and 60 mg. of progesterone by mouth
every 4 weeks induced regular cyclic bleeding in
75 per cent of 48 cycles among 28 cases without
the nuisance of the prolonged 20-day period on
estrogens followed by the 5 days of progesterone
monthly. Bickers (Am. J. Obst. Gyn., 1952, 64,
148) used 3 mg. of mixed natural estrogens and
90 mg. of progesterone by mouth daily from the
fifteenth through the twenty-fourth day of 3 consecutive monthly cycles successfully (see also
Israel, Med. Ann. District Columbia, 1954, 23,
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85). Soule (Obs. Gyn., 1953, 1, 38), using the
5-day regime described by Mulligan et al., reported satisfactory bleeding in 53 of 68 cases;
the remaining 15 proved to be pregnant.
Amenorrhea. — Progesterone has diagnostic as
well as therapeutic value in amenorrhea (Kupperman et al., Obs. Gyn., 1953, 1, 650). Progesterone
was administered in a single dose of 100 mg. or
4 daily doses of 25 mg. intramuscularly. If menstruation followed in a few days, normal pituitaryovarian-uterine relations are established. If no
menstruation followed, estrogen therapy for 20
days followed by 5 days of progesterone was
given; menstruation indicates a normal uterus but
an abnormal pituitary or ovary. Failure to menstruate may be due to pregnancy. In the absence
of pregnancy, persistent amenorrhea is treated
then with chorionic gonadotropin. If amenorrhea
persists and the urinary excretion of gonadotropin
is high, ovarian failure is indicated. If menstruation occurs with a low concentration of gonadotropin in the urine, the deficiency is in the pituitary. Psychogenic, hormone-resistant amenorrhea
was described by Goldzieher and Goldzieher
(7. Clin. Endocrinol, 1952, 12, 42).
Premenstrual Tension. — Cases of this common,
variable and usually mild nuisance are often classified in three groups: (1) those over 35 years of
age with beginning ovarian failure who respond to
estrogenic therapy; (2) younger thin individuals
with mastalgia and anovulatory cycles who are
suffering from progesterone deficiency who respond best to treatment with 10 to 20 mg. of
methyltestosterone by mouth daily during the last
10 days of each menstrual interval than they do
to similar use of progesterone; and (3) a group
with marked psychogenic abnormalities who do
not respond to hormone therapy (Perloff, Panel
on Endocrinology, American College of Physicians, April 15, 1953). Allergy to steroid hormones
was studied by intracutaneous testing with steroids dissolved in oil in patients with premenstrual
tension, mastalgia, menopause, endometriosis, hypogonadism and menstrual headache and in normal persons by Heckel (Surg. Gynec. Obst., 1951,
92, 191). Those with symptoms showed positive
skin tests more frequently than did the normal
individuals. Hyposensitization with 0.05 ml. of
aqueous suspensions of the steroid to which the
individual reacted subcutaneously 1 to 3 times
weekly gave symptomatic relief in 58 and no relief
in 22 of 101 cases. Large intramuscular doses of
the steroid concerned gave immediate transient
symptomatic relief in some cases. Blumenthal and
Fuchs (Am. Pract. Dig. Treat., 1951, 2, 755) used
progesterone successfully in certain cases of menstrual migraine. Rusfeldt (Nord. Med., 1950, 43,
344) used progesterone injections twice weekly
during the last half of the menstrual cycle successfully for cases of chronic cystic mastitis
which had not been relieved by estrogenic therapy.
In patients with dysmenorrhea due to deficiency
of the corpus luteum hormone, injections of 1 or
2 mg. daily have been beneficial during the last
10 days of the menstrual interval (J. A.M. A., 1938,
110, 1721). Progesterone therapy has been reported to be beneficial in post-partum psychoses
(ibid., 1943, 121, 190) and it has been tried with-

out striking results as a means of decreasing blood
pressure in the toxemias of pregnancy.
Understanding of premenstrual tension remains
incomplete. The syndrome characterized by weight
gain, edema, emotional tension, restlessness, irritability and sometimes abdominal pain, turgidity
of the breasts, muscular twitching, thirst and
nymphomania, first related to hormonal imbalance
by Frank (Arch. Neurol. Psych., 1931, 26, 1053)
appears to some extent in about 40 per cent of
women (Greene and Dalton, Brit. M. J., 1953, 1,
1007 j. With the onset of the menstrual flow a
spontaneous diuresis occurs with relief of symptoms. An average gain of 2.9 per cent of body
weight occurred in a small group of normal women
who had some of these symptoms (Thomas, Ann.
Int. Med., 1953, 39, 289). Sodium restriction or
mercurial diuretics (Bickers, Am. J. Obst. Gyn.,
1952, 64, 587J caused loss of weight prior to the
menstrual flow (see also the discussion under
Pamabrom, in Part II). Increased blood volume
and extracellular fluid volume are well recognized
during pregnancy. Frank initially suggested that
an excess of estrogen in relation to progesterone
was responsible for these symptoms. On the basis
of basal body temperature, endometrial biopsy
and urinary pregnanediol excretion, Morton et al.
(ibid., 1953, 65, 1182) concluded that these patients had a progesterone deficiency. Progesterone
therapy has brought relief of symptoms but Rees
(/. Ment. Sc, 1953, 99, 62) felt that it tended to
cause dysmenorrhea. Testosterone therapy relieves
the symptoms but virilization is not desirable.
Finestein (loc. cit.) noted that progesterone normally facilitates conversion of estradiol to estrone
and estriol and thereby the urinary excretion of
estrogenic substances. An increase in antidiuretic
activity (pituitary-like according to Valeri et al.,
Endocrinology, 1953, 52, 10) of blood and urine
was found in these patients (Lloyd and Lobotsky,
/. Clin. Endocrinol., 1950, 10, 318), in normal
persons following estrogen therapy (Gilbert-Dreyfus, Bull. soc. med., 1950, 66, 1054) and in normal pregnancy (Hawker, Lancet, 1952, 2, 1108).
This activity decreases with onset of menstrual
flow or with delivery. Stimulation of pituitary
corticotropin with resulting cortical steroid action
causing renal and tissue retention of sodium and
water has been considered (Assoli et al., J. Clin.
Endocrinol., 1954, 13, 1030; Mastboom, ibid., 14,
109). In practice, forbearance, mild diuretic measures or minimal doses of estrogen or androgen as
suggested by Perloff seem indicated.
When nymphomania becomes a troublesome
complaint, Greenblatt, et al. (Am. J. Obst. Gyn.,
1942, 44, 658) reported that prolonged progesterone therapy was effective.
Menopause. — Juster (Presse med., 1953, 61,
365) reported superior symptomatic relief with
injections of estradiol 3 mg., progesterone 20 mg.
and testosterone propionate 25 mg. in oil intramuscularly every 1 or 2 weeks at first or by oral
administration of 1 to 5 lozenges daily each containing ethinyl estradiol 0.005 mg., ethisterone 5
mg., and methyltestosterone 2.5 mg. For castrated
young women, estrogenic therapy alone was
preferred.
Infertility.— Sharman

(J.A.M.A.,

1952,

148,
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603) used 2.5 mg. estradiol monobenzoate and
12.5 mg. progesterone in oil intramuscularly every
3 days during the last half of the menstrual interval for as long as 6 months in infertile women
and reported pregnancies in 28 of 143 cases, which
was slightly more frequent than with other nonhormonal methods of management. Glass and
Lazarus (ibid., 1954, 154, 908) emphasized a high
protein and vitamin diet as well as cyclic estrogenprogesterone therapy for 3 cycles out of each
5-month period. For infantile uteri, Tschumi
(Gynaecologia, 1954, 137, 242) used progesterone
intramuscularly and estradiol benzoate through the
cervical os into the cavity of the uterus.
Abortion.— Gutterman (J.A.M.A., 1946, 131,
378) found that a maintained high urinary excretion of pregnanediol (v.s.) in cases of threatened
abortion indicated that pregnancy would continue
but a low or decreasing excretion indicated that
abortion was inevitable. In the management of
habitual abortion, injections of 2 to 5 mg. three
times a week have been prescribed commencing
as soon as amenorrhea appears and continuing
through the sixteenth week at least (Am. J. Obst.
Gyn., 1941, 41, 95; 1945, 50, 154). In instances
in which this treatment has failed, Vaux and
Rakoff (ibid., 1945, 50, 353) reported successful
pregnancies when estrogens were also employed.
In instances of threatened abortion, injections of
10 mg. daily are commonly employed until pain
and/or bleeding ceases; smaller doses should then
be continued. Koff and Tulsky (Siirg. Clinics
North America, 1953, 33, 3) used urinary excretion of pregnanediol as a criterion for therapy ; if
the excretion was low or decreasing 100 mg. of
progesterone was given intramuscularly daily. As
a prophylactic measure in cases of habitual abortion, Bishop and Richards (Brit. M. J., 1952, 1,
244) implanted 6 pellets of 25 mg. of progesterone
each beneath the deep fascia of the thigh before
the tenth week of pregnancy and reported live
babies in 30 of 40 patients who had previously
experienced 2 to 6 abortions each. Swyer and
Daley (ibid., 1953, 1, 1073) did not confirm the
value of such pellet implantation in a controlled
study and likewise found no decrease in the urinary pregnanediol excretion in their aborting patients. In Rh-sensitized pregnant women, Paquette
and Schmitz (Wisconsin M. J., 1952, 51, 473)
reported obtaining 3 moderately erythroblastic
infants at term by combined progesterone and
vitamin K therapy during the pregnancy. In cases
of premature rupture of the membranes, Eichner
et al. (Am. J. Obst. Gyn., 1951, 61, 653) reported
postponement of labor with 200 mg. of progesterone in oil intramuscularly 3 times daily in a
total dose as high as 4.2 Gm.
Cancer. — In cancer of the breast results with
progesterone in 20 cases were inconclusive (Gordon et al., Cancer, 1952, 5, 275). A decrease in
the excretion of urinary gonadotropin was observed in these cases. Further studies (J.A.M.A.,
1954, 154, 1114) by Hertz et al. failed to confirm the initial favorable report on progesterone
in the treatment of cancer of the cervix of the
uterus (/. Nat. Cancer Inst., 1951, 11, 867). The
increased urinary histidine excretion characteristic in pregnancy was not found after proges-
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terone therapy in these cases (Young et al., Am.
J. Obst. Gyn., 1951, 62, 654). In cancer of the
prostate, progesterone should theoretically inhibit
pituitary function which is stimulating androgenic
secretion which stimulates the prostatic cancer.
However, adrenal androgens may be more important (see under Estradiol, in Part I). Trunnell
et al. (J. Clin. Endocrinol., 1951, 11, 663) reported improvement in 8 of 9 untreated cases of
cancer of the prostate, 7 of 10 such cases which
had relapsed on estrogenic therapy and aggravation of 6 of the total of 19 cases treated with
progesterone. A daily intramuscular dose of 50
mg. was recommended since a dose of 100 mg.
was poorly tolerated. Ethisterone was also used
in a dose of 50 mg. by mouth daily. In cases in
which pellets were implanted subcutaneously in
sufficient number to produce such a daily dose of
progesterone, an increase in the concentration of
serum acid phosphatase in the blood was observed
which was interpreted as an aggravation of the
growth of the cancer. Segaloff et al. (ibid., 1949,
9, 12 73) found no effect of 20 mg. intramuscularly
daily on the size or histology of uterine myomas.
Arthritis. — Prior to the general availability of
cortisone many trials of available steroids were
reported in rheumatoid arthritis. Symptomatic improvement appeared frequently with progesterone
50 to 500 mg. intramuscularly daily but no objective or prolonged relief was obtained (Reich, Am.
Pract. Dig. Treat., 1949, 4, 1; Kyle and Crain,
Ann. Int. Med., 1950, 32, 878; Kersley and Mandel, Lancet, 1950, 1, 1153; Vignos and Dorfman,
Am. J. Med. Sc, 1951, 222, 29). Bank (Presse
med., 1951, 59, 1159) gave progesterone intramuscularly for incapacitating symphyseal relaxation following parturition.
Acne vulgaris. — In acne vulgaris and other dermatoses, progesterone as well as estrogens have
been tried widely. In pregnancy, pruritic polymorphic eruptions were relieved by daily injections of 25 to 50 mg. of progesterone (Keaty
et al, Arch. Dermat. Syph., 1951, 63, 675). In
acne vulgaris, Way and Andrews (ibid., 1950, 61,
575) reported benefit in some women, particularly
after a course of estradiol injections had failed,
but Lewis et al. (ibid., 1951, 64, 562) found 6.6
mg. of progesterone parenterally weekly for 12
weeks ineffective. Newman and Feldman (ibid.,
1954, 69, 356) reported excellent results in women
with premenstrual aggravation of acne lesions but
not in cases without such exacerbations; 10 mg.
intramuscularly in oil 10 days before menstruation and 5 mg. 5 days before menstruation was
given or 10 mg. as buccal tablets daily during this
10-day period. Besold (Munch, med. Wchnschr.,
1950, 92, 883) used progesterone parenterally for
pruritus vulvae. In vitro, Koch (Am. I. Obst.
Gyn., 1950, 59, 168) reported bacteriostatic and
bactericidal action of beta-progesterone against
N. gonococcus and meningococcus.
Senility. — Attempts at revitalization of tissue
in women 50 to 95 years of age by Kountz (Ann.
Int. Med., 1951, 35, 1055) with injections of 1
mg. estradiol benzoate twice weekly and 5 mg. of
progesterone or testosterone daily proved most
encouraging and without untoward effects during
a 6-year period. A study with senescent female

1128

Part I

Progesterone

rats by Korenchevsky et al. (J. Gercmt., 1950, 5,
120) showed gross and microscopic reversal of
aging in those receiving progesterone and estradiol.
Master (S. Dakota J. M. Pharm., 1951, 4, 296)
described generalized physical and mental improvement in aged women treated with progesterone and or testosterone and referred to a more
"youthful" appearance of the medium-sized arteries at autopsy. In cases of biliary dyskinesia
in both pre- and postmenopausal women, Adlercreutz (Acta mcd. Sca?id., 1953, 145, 15) reported
relief with 10 mg. of progesterone intramuscularly
1 or 1 and 2 weeks before the menstrual flow or
weekly for 3 weeks in the latter age group, [vj
Toxicology. — Untoward effects of progesterone have been rare and variable. Many individuals tolerate injections of as much as 50 mg.
daily while others develop headache, fainting and
exhaustion for several days after much smaller
doses (/. Clin. Endocrinol., 1941, 1, 331). Kamofsky et al. (Proc. S. Exp. Biol. Med., 1952. 79,
641) observed that the newborn mouse is killed
by a dose of progesterone 1loo of the dose which
is tolerated at 7 days of age. These animals iti
utcro are likewise highly susceptible to progesterone given to the mother.
Dose. — The usual dose of progesterone is 25
mg. (approximately ^ grain) intramuscularly or
subcutaneously. with a range of 5 to 50 mg. The
maximum safe parenteral dose is usually 50 mg.
and a total dose of 50 mg. in 24 hours is seldom
exceeded. The usual buccal dose is 10 mg.. with
a range of 10 to 50 mg.. and 50 mg. is the usual
maximum dose in 24 hours. As noted in the discussion of routes of administration (v.s.). larger
doses by mouth are coming into use. For example, one report discloses that 120 mg. by
mouth daily for 5 days produced a progestational
effect similar to that produced by 10 mg. intramuscularly daily for 5 days. As many as 6
pellets of 25 or even 50 mg. of progesterone each
are implanted subcutaneously; this would provide
absorption of approximately 2.5 to 5 mg. daily,
respectively, during the first month. Aqueous suspensions of progesterone crystals have come into
common use in doses similar to those employed
with progesterone dissolved in oil. For rapid absorption, the oil solutions are preferred: the aqueous suspensions provide a more prolonged action.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
PROGESTERONE
INJECTION.
U.S.P. (B.P.. LP.)
"Progesterone Injection is a sterile solution of
progesterone in a suitable solvent. It contains not
less than 90 per cent and not more than 110 per
cent of the labeled amount of C21H30O2." U.S.P.
The B.P. injection is a sterile solution of progesterone in ethyl oleate or a suitable oil: it is
sterilized by heating at 150° for 1 hour (if the
container holds more than 30 ml. it is heated for
a longer time to ensure maintaining the whole of
the solution at 150° for 1 hour). The LP. defines
the injection as a sterile solution of progesterone
in a suitable oil or other suitable solvent, the

solution being sterilized by heating at 150° for 2
hours; the rubric is the same as that of the U.S.P.
B.P., I. P. Injection of Progesterone. Injectio Progesterone.

Standards and Tests. — Identification. — The
hydrazone of progesterone obtained in the assay
melts between 267° and 275°. Other requirements.
— The injection meets the requirements under
hijcctions. U.S.P.
Assay. — A volume of injection equivalent to
about 20 mg. of progesterone is mixed with petroleum benzin and the progesterone extracted by
shaking with portions of 90 per cent alcohol, each
phase having been previously saturated with the
other. The alcohol solution is evaporated and the
residue of progesterone is refiuxed with a solution of dinitrophenylhydrazine to form progesterone dinitrophenylhydrazone. The precipitate is
filtered off into a tared filtering crucible and is
weighed after drying at 105°. The gravimetric
factor for converting the weight of the precipitate
to progesterone is 0.466. U.S.P., LP.
Storage. — Preserve '"in single-dose or in multiple-dose containers, preferablv of Tvpe I glass.''
U.S.P.
Usual Sizes. — 5 and 10 mg. in 1 ml.; 50 mg.
in 5 ml.; 100 mg. in 10 ml.; 250 mg. in 10 ml.
STERILE
"Sterile
suspension
It contains
than 107

PROGESTERONE
PENSION. U.S.P.

SUS-

Progesterone Suspension is a sterile
of progesterone in water for injection.
not less than 93 per cent and not more
per cent of the labeled amount of

C21H30O2." U.S.P.

Storage. — Preserve "in single-dose or in mulU.S.P.
tiple-dose containers, preferablv of Tvpe I glass."

Usual Sizes. — 25 mg. in 1 ml.; 100 and 250
mg. in 10 ml.
PROGUANIL

HYDROCHLORIDE.
B.P.. LP.

Proguanili

Hydrochloridum

C1.C<jH4.XH.C( :NH).NH.C( :NH).XH.CH(CH3)2.HC1
The B.P. defines Proguanil Hydrochloride as
An-/>-chlorophenyl-AT5-woof required
the hydrochloride
propyldiguanide
; it is
to contain not less
than' 9S.5
cent ofto CnHieXoCl.HCl.
calculated with per
reference
the substance dried
to
constant weight at 105°. The LP. rubric is not
less than 98.0 per cent of the same component,
without reference to drying the substance.
Chloroguanide Hydrochloride U.S.P. XIV. Paludrine
Hydrochloride. Palusil Hydrochloride. SX 12,837. Guanatol
Hydrochloride (.Lilly).

This antimalarial compound of British origin
may be prepared by the interaction of l-cyano-3isopropylbiguanidine and p-chloroaniline hydrochloride. The former compound may be obtained
from isopropylamine and dicyanamide. For further information concerning the synthesis see
British Patent 599,714 (March 18, 1948). The

Part I
B.P. states that proguanil hydrochloride may be
prepared by interaction of p-chlorophenyldicyandiamide with /.^propylamine hydrochloride.
Description. — "Chloroguanide Hydrochloride
occurs as colorless crystals or as a white, crystalline powder. It is odorless and has a bitter taste.
It is stable in air, but slowly darkens on exposure
to light. Its saturated solution has a pH of about
6. One Gm. of Chloroguanide Hydrochloride dissolves in about 75 ml. of water, and in about 30
ml. of alcohol. It is insoluble in chloroform and
in ether. Chloroguanide Hydrochloride melts between 248° and 252°." U.S.P. XIV. The B.P.
gives the solubility in water as 1 part in 110; the
I. P. reports it as 1 part in about 80 parts of water.
Standards and Tests. — Identification. — (1)
A brown precipitate forms on adding iodine T.S.
to a solution of chloroguanide hydrochloride.
(2) A yellow precipitate forms on adding a few
drops of potassium dichromate T.S., while a
white precipitate forms on adding several drops
of potassium ferrocyanide T.S. neutralized to
litmus with diluted nitric acid, to separate portions of a solution of chloroguanide hydrochloride; both precipitates dissolve in diluted nitric
acid. (3) A pink precipitate forms on adding
cupric sulfate T.S. and sodium hydroxide T.S. to
a solution of chloroguanide hydrochloride; on
adding benzene, shaking, and allowing the mixture to separate, a purplish red color is observed
in the benzene layer. (4) Chloroguanide base,
dried at 105° for 1 hour after extracting it with
ether from a solution of the hydrochloride to
which sodium hydroxide T.S. has been added,
melts between 129° and 135°. (5) A solution
of chloroguanide hydrochloride responds to tests
for chloride. Loss on drying. — Not over 0.3 per
cent, when dried at 105° for 2 hours. Residue on
ignition. — Not over 0.1 per cent. Chloroaniline .—
When a solution of chloroguanide hydrochloride
is treated with hydrochloric acid and sodium nitrite to diazotize any chloroaniline present and
the product is coupled with sodium 2-naphthol3,6-disulfonate the red color obtained is not deeper
than that of a control prepared with /'-chloroaniline under the same conditions. Nitrogen content.
—Between 23.6 and 24.6 per cent. U.S.P. XIV.
Assay. — The B.P. and LP. assay is based on
the interaction of proguanil hydrochloride with
an ammoniacal solution of cupric chloride, a precipitate containing one atom of copper for two
molecules of proguanil being produced; this is
dried
weighed, each Gm. representing
1.020 at
Gm.130°
of and
CiiH16N5Cl.HCl.
From about 250 mg. of chloroguanide hydrochloride, previously dried at 105° for 2 hours,
chloroguanide base is liberated with sodium hydroxide T.S. and extracted with several portions
of ether. After washing the ether solution with
water, the ether is evaporated and the residue of
chloroguanide is dried at 105° for 1 hour and
weighed. The weight of chloroguanide multiplied
by 1.139 represents the equivalent of C11H16CIN5.HCI. U.S.P. XIV.
Uses. — Chloroguanide (proguanil) is used for
the suppression and treatment of malaria. For
some strains of P. falciparum it is a true causal
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prophylactic drug. For P. vivax or P. malaria, it
is inferior to chloroquine or quinacrine as a suppressive or therapeutic agent. Its chief advantages
are its curative value in some strains of malignant tertian malaria, its insignificant toxicity and
the efficacy of a single dose in the control of
symptoms in the partially immune person.
Action. — Chloroguanide is almost completely
absorbed from the gastrointestinal tract and the
concentration in the blood reaches a maximum in
4 hours (Maegraith et al., Brit. M. J., 1946, 1,
903). Only about 10 per cent of it appears in the
feces. Absorption is more rapid than in the case
of quinacrine, and there is little need for a loading dose to quickly saturate the tissues. On a
dose of 50 mg. twice daily a plateau blood plasma
level of 50 to 150 micrograms per liter is found;
with a dose of 500 mg. twice daily the level is
300 to 500 micrograms per liter. Very little is
stored in the tissues and there is no cumulation
on continuous use of 500 mg. daily. After intravenous injection of 50 mg. of the compound
6.6 mg. appears in the urine in 13^ hours (Adams
et al, Ann. Trop. Med., 1945, 39, 225). The concentration inthe body is greatest in the kidney.
In blood 73 per cent of the drug is found in
erythrocytes, 13.6 per cent in plasma and 13.4
per cent in leukocytes. In blood plasma most of
it is bound to protein (Maegraith et al., ibid.,
1946, 40, 493). On continuous oral use for 14
days, 30 to 50 per cent appeared in the urine,
mostly as unchanged chloroguanide (Spinks and
Tottey, ibid., 101). On discontinuing the drug,
the blood plasma is free of it in 3 to 7 days, as is
also the urine. Blood concentrations or distribution are not altered by simultaneous administration of quinine or quinacrine but the concentrations of the latter are increased in the blood.
Pharmocodynamic studies indicate that chloroguanide inhibits the vagus nerve (Burn and Vane,
/. Physiol., 1949, 108, 104) and acetylcholine
(Doll and Schneider, Brit. J. Pharmacol., 1948,
3, 352), decreases cardiac rate and amplitude and
dilates coronary vessels (Vane, ibid., 1949, 4, 14),
and lengthens the refractory period of the auricle
but is much less active than quinidine in this
respect. It has certain curariform characteristics.
Under some conditions it seems to release histamine from tissues and to inhibit epinephrine.
With large doses it causes a decrease in blood
pressure, as does quinacrine (Chen and Anderson, /. Pharmacol., 1947, 91, 157). It inhibits
secretion of acid by the stomach following either
a meal or injection of histamine (Burn and Vane,
Brit. J. Pharmacol., 1948, 3, 346). Gemmill (/.
Pharmacol., 1949, 95, 173) reported inhibition of
anaerobic glycolysis in muscle. Intramuscular injection of 100 mg. of the hydrochloride salt (representing 86.5 per cent of the base), in 5 ml. of
water causes necrosis (Innes, Ann. Trop. Med.,
1946, 41, 46). For intravenous administration the
acetate (79.5 per cent of base) is used, in the
form of a 2 per cent aqueous solution, in a dose
of 25 to 400 mg. (Chaudhuri and Chakravarti,
Brit. M. J., 1949, 1, 91). The lactate in 5 per
cent aqueous solution (100 mg. represents 85 mg.
of the hydrochloride) is less irritating to the vein.
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Antimalarial Action. — Following the demonstration of efficacy in chicks with P. gallinaceum
(Curd et al., Ann. Trop. Med., 1945, 39, 208),
its value in P. falciparum malaria acquired in
Africa was reported (Maegraith et ai, ibid., 232).
Because of its trivial toxicity in effective doses,
this was noteworthy but the greatest interest in
the drug developed after the report of Fairley
et al. (Trans. Roy. Soc. Trop. Med. Hyg., 1946,
40, 105) that chloroguanide was a true causal
prophylactic for P. falciparum of the southwest
Pacific area. It was demonstrated that one dose
of 100 mg.. taken between 12 and 131 hours after
the bite of an infected mosquito, protected against
P. falciparum but with P. vivax all cases developed a malarial paroxysm between 3 and 5 weeks
later. In the treatment of P. vivax malaria, numerous observers (.Andrews et al., Ann. Trop.
Med., 1947, 41, 375; Johnstone, ibid., 1946. 40,
330; Monk. Trans. Roy. Soc. Trop. Med. Hyg.,
1948, 41, 657) reported relapses in from onethird to two-thirds of cases within 6 months after
discontinuing therapy. It destroys the primary
exo-erythrocytic stage of some strains of P. falciparum. The daily use of 100 mg. protects against
it entirely but does not protect against P. vivax.
Unfortunately, it does not affect all strains of
P. falciparum (see Walls. Brit. M. J., 1948, 2,
275; Van Riel, Ann. Soc. beige Med. trop., 1948,
28, 85; and others) and a large contradictory
literature has accumulated. Covell et al. (Brit.
M. J., 1949, 1, 88) reported control of a West
African strain and Ciuca et al. (Trans. Roy. Soc.
Trop. Med. Hyg., 1950, 43, 435) reported that
100 mg. daily, rather than a single weekly dose,
was required. Shearer (Brit. M. J., 1949, 1, 774)
concluded that it was a most useful drug but
that it did not suppress all cases effectively.
In the treatment of the malarial paroxysm of
P.
(Canet.
Bull. Soc.and
Path,
exot'., 1948,
41,falciparum
521). P. vivax
(Schneider
Mechali,
ibid.,
274) and P. malaria (Schneider and Mechali,
ibid., 1949. 42, 156; McLendon and Young,
JAMA., 1951, 147, 822), a dose of 100 mg.
three times daily is effective in most cases, but
it is much slower in action than either chloroquine or quinacrine. At 48 hours after the start
of therapy two-thirds or less of the cases are free
of fever and parasites in the blood. An increase
in the dose to 1 Gm. daily does not improve the
results, yet for some strains as little as 50 mg.
daily controls the symptoms quickly. It is perhaps
more effective in partially immune persons in
whom a single dose of 100 mg. often alleviates
the symptoms quickly and for many weeks thereafter; in non-immune persons a dose of 100 mg.
three times daily is essential. Covell et al. (loc.
cit.) recommended use of 300 mg. of quinacrine
three times on the first day of therapy in addition to the chloroguanide in order to bring the
symptoms under control quickly. Earle et al. (J.
Clin. Invest., 1948, 27, Suppl., 130) reported that
a total dose of more than 750 mg. in 6 days and
a blood plasma concentration in excess of 100
micrograms per liter were essential. A dose of
100 mg. three times daily produces a plasma level
of about 1 50 micrograms per liter.
For cerebral manifestations in P. falciparum
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malaria this drug does not act rapidly enough to
be useful. Furthermore, its point of action is at
an earlier stage than that of the trophozoites
which are lodged in the brain (Black. Trans. Roy.
Soc. Trop. Med. Hyg., 1949, 42, 565). It does
not destroy gametocytes but it does affect them
in such a manner that the oocyst does not develop
in the mosquito, and hence the insect is not infective (Shute and Maryon. Parasitology, 1948, 38,
264; Mackerras and Ercole, Trans. Roy. Soc.
Trop. Med. Hyg., 1947, 41, 365).
Contradictory reports regarding the incidence
of relapse in P. falciparum infestations are probably related to the resistance of some strains of
the parasite to this drug (Fairley, ibid., 1949, 42,
623) and more lately to the apparent development
of resistance of some strains of the parasite after
the use of this drug in a particular region (Seaton
and Adams, Lancet, 1949, 2, 323). P. vivax may
also become resistant. In Malaya Wilson et al.
(Brit. M. J., 1952, 1, 559) found that 100 mg.
daily would not suppress even after an initial
treatment with 100 mg. three times daily for 10
davs (see also Field and Edeson, Trans. Roy. Soc.
Trop. Med. Hyg., 1949, 43, 233). In the case of
P. malarial infestations, it is less effective than
against the other two types (Afridi, Indian J.
Malariol., 1947. 1, 347; Ciuca et al., Bull. World
Health Org., 1948, 1, 301).
The mechanism of the antimalarial action of
chloroguanide is unknown. Studies indicate that
some metabolic product is the active factor
(Hawking and Perry, Brit. J. Pharmacol., 1948,
3, 320). It may interfere with porphyrin metabolism (Curd and Rose, Nature, 1946, 158, 707)
or antagonize pteroylglutamic acid (.Fako et al.,
Nature, 1949, 164, 107); antagonists of ^-aminobenzoic acid potentiate the antimetabolite action
of chloroguanide (Greenberg. /. Pharmacol., 1949,
97, 238).
Toxicology. — The infrequency of untoward
effects with this drug is one of its chief advantages (Fairley et al., Trans. Roy. Soc. Trop. Med.
Hyg., 1946. 40, 105). On the suppresive dose of
100 mg. daily lassitude, nausea and less frequently diarrhea, anorexia and slight loss of
weight after 3 months of continuous use have
been reported in some cases (Shearer, Brit. M. J.,
1949, 1, 775). Ingestion of the drug after a meal
minimizes the gastrointestinal discomfort. On
therapeutic doses, Canet (Bull. Soc. Path, exot.,
194S, 41, 690) reported mild side effects in 10
per cent of patients. In rare instances albumin,
casts and epithelial cells in the urine, urticaria
and pruritus have been reported. An increase in
the myelocytes in the blood during the treatment
of a malarial paroxysm is observed. On as much
as 700 mg. twice daily. Adams et al. (Ann. Trop.
Med., 1945, 39, 225) found few bad effects. An
instance of peripheral neuritis and carotid sinus
syndrome was described by Billington (Brit. M.
J., 1950, 1, 671) in a patient taking 400 mg. daily.
The only instance of ''blackwater fever" reported
was in a case also receiving quinine because
chloroguanide had failed to control the attack
(Best, ibid., 1949, 1, 324).
Dose. — The dose for the treatment of P. falciparum malaria is 100 mg. (approximately V/2
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grains) three times daily by mouth for 10 days,
reinforced on the first day only with three doses
of 300 mg. of quinacrine each, and followed by
100 mg. of chloroguanide daily for 6 weeks after
the initial treatment. For P. vivax and P. malaria
and the acute cerebral episodes of P. falciparum
infestations it is inferior to other antimalarial
drugs. In partially immune persons, a single dose
of 300 mg. is often effective in relieving the
symptoms in all types of malaria. For suppression
of P. falciparum or P. vivax in exposed persons,
300 mg. on the same day each week is used
While 100 mg. twice weekly is suppressive for
some strains of P. falciparum and is even curative
the results in P. vivax or P. malaria are unsatisfactory with this dose; 100 mg. daily is more
certain. For children, the daily suppressive dose
is 25 mg. for patients up to 5 years of age and
50 mg. for children 6 to 12 years of age. The
daily therapeutic dose, which should be divided
into 3 equal portions and continued for 10 days
is as follows: under 1 year of age, 25 mg.; 1 to
2 years, 50 mg.; 3 to 6 years, 100 mg.; 7 to 9
years, 150 mg.; 10 to 12 years, 200 mg.; 13 to 16
years, 250 mg. Intramuscular injection causes
necrosis. Choloroguanide has been given intravenously (v.s.).
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P. XIV.
TABLETS OF PROGUANIL HYDROCHLORIDE. B.P, IP.
Tabellae Proguanili Hydrochloridi

The B.P. requires not less
and not more than 107.5 per
amount of C11H16N5CI.HCI
corresponding LP. limits are
110.0 per cent.
LP.

Compressi

Proguanili

than 92.5 per cent
cent of the labeled
to be present; the
88.0 per cent and

Hydrochloridi.

Usual Sizes. — 25, 50, and 100 mg.

PROMETHAZINE

HYDROCHLORIDE.

N.F., B.P., LP.
N-(2'-Dimethylarnino-2'-rnethyl)ethylphenothiazine
Hydrochloride, Promethazinium Chloride

NH(CH3)2

cr

"Promethazine Hydrochloride, dried at 105° for
4 hours, contains not less than 97 per cent of
C17H20N2S.HCI." N.F. The B.P. defines it as
N-(2-dimethylamino-«-propyl) phenothiazine hydrochloriit
de ; is required to contain not less than
10.8 per cent and not more than 11.2 per cent of
CI, and not less than 8.5 per cent and not more
than 8.9 per cent of N, both calculated with reference to the substance dried to constant weight
at 105°. The LP. requires not less than 87.7 per
cent and not more than 89.5 per cent of
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C17H-HX2S. calculated with reference to the substance dried at 100° for 3 hours.
Baker).
Phenergan Hydrochloride (Wyeth, Rhone-Poulenc, May 6*

Promethazine may be classified as an ethylenediamine type of antihistamine in which an amine
group of ethylenediamine has been elaborated to
phenothiazine, and a hydrogen atom attached to
the carbon adjoining the other amine group has
been replaced by methyl. It is noteworthy that
the official drug phenothiazine, itself a useful
therapeutic agent, is a structural component of
several other drugs, including not only promethazine but the antihistamine pyrathiazine as well
and also the parasympatholytic drugs Diparcol
and profenamine hydrochloride; the last is a
homolog of promethazine hydrochloride.
Promethazine may be prepared by interaction
of 2-chloro-l-dimethylaminopropane and phenothiazine inthe presence of sodamide, or by interaction of 10-phenothiazinepropyl chloride with
dimethylamine (for details see U. S. Patent
2,530,451, November 21, 1950).
Description. — "Promethazine Hydrochloride
occurs as a white to faint yellow, practically
odorless powder. It is slowly oxidized, particularly
when moistened, on prolonged exposure to air,
becoming blue in color. Promethazine Hydochloride is very soluble in water, in hot absolute alcohol, and in chloroform. It is practically insoluble
in ether, in acetone, and in ethyl acetate. A 1 in
10 solution in water and a 1 in 10 solution in
chloroform are colorless and clear. Promethazine
Hydrochloride melts within a 3° range between
215° and 225°." N.F. The B.P. gives the melting
point as between 221° and 225°; the LP. states
that it melts at about 221° with decomposition.
Standards and Tests. — Identification. — (1)
Addition of 5 ml. of nitric acid to a solution of
promethazine hydrochloride (500 mg. in 15 ml.)
produces a red precipitate which dissolves on
warming to produce a red color turning to orangeyellow. (2) Absorption maxima are exhibited at
298 rmi and 248 m^i in aqueous solution; 10(A249/
A29s) is between 8.0 and 8.8. (3) A 1 in 10 solution responds to tests for chloride. pH. — The pH
of a 1 in 20 solution is between 4.5 and 5.5. Loss
on drying. — Not over 0.5 per cent, when dried
at 105° for 4 hours. Residue on ignition. — Not
over 0.1 per cent. Heavy metals. — The limit is 50
parts per million. N.F.
Assay. — The absorbance of an aqueous solution of promethazine hydrochloride, at 298 m^
is the basis of the N.F. assay. The B.P. specifies
determination of chloride by the Volhard method
and nitrogen by the Kjeldahl procedure. The LP.
directs precipitation of promethazine base with
silicotungstic acid, the precipitate being weighed
after drying to constant weight at 110°.
Uses. — This antihistamine derivative of phenothiazine was introduced as Compound RP 3277.
The initial report of its antihistaminic activity
was made by Halpern and Ducrot (Compt. rend,
soc. biol., 1946, 140, 361); later work has been
summarized by Halpern (Bull. N. Y. Acad. Med.,
1949, 25, 323). Promethazine possesses the antihistaminic and antianaphylactic (Ann. Inst. Pas-
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teur, 1949, 76, 288) actions of the other antihistamines; ithas a somewhat more prolonged effect
than most other members of the group. It inhibits
the increased capillary permeability produced by
histamine, and has an atropine-like and a local
anesthetic action. Halpern and Roux called attention to an antiedema action of Phenergan as demonstrated by the protection that it affords to
animals against pulmonary edema caused by intravenous injection of epinephrine (Compt. rend,
soc. biol., 1949, 143, 928) or by inhalation of
phosgene {Compt. rend. acad. sc, 1947, 225,
1194). Winter {Proc. S. Exp. Biol. Med., 1949,
72, 122), however, could not confirm Halpern's
reports and Loew has pointed out that the large
doses required exert an adrenergic-blocking effect
which, independently of antihistaminic action,
will protect animals against epinephrine pulmonary edema. With large doses of promethazine,
Beauvallet (/. de physiol., 1949, 42, 126A, 12 7 A)
reported inhibition of epinephrine hypertension.
It should be noted, nevertheless, that the clinical
disorders most amenable to antihistaminic therapy
are characterized by marked exudation of fluid
into tissues, as in urticaria, vasomotor rhinitis,
etc. Dupont (/. franc. d'Oto. Rhino. Laryng.,
1952, 1, 485) confirmed its prophylactic and
therapeutic value in animals exposed to chlorine
gas but Arnould et al. {Compt. rend. soc. biol.,
1952, 146, 484) observed a decreased resistance
to low atmospheric pressure and a failure of
polypnea to develop.
Action. — A great many experimental studies
of the pharmacological action of this and related
phenothiazine derivatives have been conducted,
particularly in Europe. Danielopolu {Acta med.
Scandinav., 1948, 130, 183) emphasized the antiacetylcholine action of promethazine. Winter (/.
Pharmacol, 1948, 94, 7) demonstrated that the
drug prolonged the hypnotic action of barbiturates
by about 40 per cent. Halpern et al. {J. de
physiol., 1948, 40, 210A) reported a local anesthetic action three times that of cocaine. Erspamer and Paolini {Arch, internat. pharmacodyn.
therap., 1948, 77, 415) found that subcutaneous
injection of promethazine prevented the purgative
action of orally administered castor oil, jalap
resin, etc., in animals. Applied topically to the
mammalian capillary bed, it is a more active
vasoconstrictor than is epinephrine (Haley and
Harris, /. Pharmacol, 1949, 95, 293). Reuse
{Brit. J. Pharmacol, 1948, 3, 174) rated pyrilamine the most active, specific antagonist of
histamine on the isolated muscle strip, with
promethazine, diphenhydramine, antazoline and
dibucaine in decreasing order of specific activity.
Inhibition of histamine dilatation of the vascular
system was demonstrated by intrarterial injection
in an isolated, denervated perfused paw by Binet
and Burstein (/. de physiol, 1950, 42, 545) ; with
large doses of promethazine the action of acetylcholine and of tubocurarine was also opposed but
not that of papaverine, theophylline or, after
piperoxan, epinephrine. In the nerve-muscle preparation of the frog. Klupp and Mlczach {Arch,
exp. Path. Pharm., 1950, 209, 87) reported the
following paralyzing activity, with procaine arbitrarily assigned the value of 1 : antazoline 0.98,
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pyrilamine 2.18, promethazine 11.3, phenindamine
14.4. The action of procaine and promethazine
were additive. A study of the effect of several
antihistaminic drugs on the time required for
rats trained to climb a vertical rope was made
by Winter and Flataker (/. Pharmacol, 1951,
101, 156). Given intraperitoneal^, drugs doubled
the time required in the following doses: promethazine hydrochloride 6 mg./Kg., tripelennamine hydrochloride 9.5 mg./Kg., phenindamine
tartrate 15 mg./Kg., diphenhydramine hydrochloride 17 mg./Kg., pyrilamine maleate 24 mg./Kg.,
tubocurarine 0.15 mg./Kg. All the drugs produced
muscular incoordination and cerebral depression
except phenindamine, which caused excitement.
The depression of promethazine was counteracted
by
amphetamine sulfate or caffeine sodium benzoate.
In adrenalectomized mice, the well-known sensitivity tohistamine was studied by Halpern and
Wood {Brit. J. Pharmacol, 1950, 5, 510). The
LD50 for histamine in their adrenalectomized animals was xAoo of that in normal animals. Pretreatment with promethazine increased the tolerance of the adrenalectomized animals to histamine
to equal that of normal animals but it did not
increase the resistance of normal animals to histamine. Studies of hemoconcentration in these
animals indicated that the action of promethazine
on capillary permeability protected the animals
with adrenal insufficiency from histamine shock.
Halpern and Briot {Arch, internat. pharmacodyn.
therap., 1952, 91, 291) found that it protected
either the normal or the adrenalectomized rat
from the edema caused by the injection of either
ovalbumin or dextran. The hypertension, myocardial and vascular nodules and the nephrosclerosis produced by desoxycorticosterone acetate in
unilateral nephrectomized rats fed a high sodium
chloride intake was prevented by promethazine
(Guillemin and Fortier, Endocrinology, 1951, 48,
617) presumably by acting on membrane permeability and hence decreasing the absorption of
sodium. Inhibition of the second stage of the
adaptation syndrome of Selye with promethazine
was reported by Benos {Comp. rend. soc. biol,
1951, 145, 1652). Parrot and Burstein {ibid.,
1950, 144, 395) showed that the pretreatment of
dogs with both promethazine hydrochloride and
atropine sulfate protected from the shock following intravenous injections of peptone. Vincent
{ibid., 148) reported that neither promethazine
nor pyrilamine would prevent the hypotension
produced by acetylcholine. The fatal poisoning of
rats fed tyramine or tyrosine was prevented by
feeding promethazine (Mule and Garufi, Experientia, 1950, 6, 433). Pellerat and Murat {Compt.
rend. soc. biol, 1949, 143, 1082) found that promethazine would protect about half of either rats
or guinea pigs from death from a standard burn
of the skin. The application of such neurohumoral observations to traumatic shock, surgery
and disease may prove to be important (Laborit,
Presse med., 1950, 58, 138; Switzerland letter,
J. A.M. A., 1953, 151, 495). Tauveron et al {Dauphine med., 1952, 42, 8) reported a striking response in a case of hyperthermic collapse in a
child with peritonitis following rupture of the
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appendix. In experimental animals. Jahn and
Dworacek (Ztschr. ges. Inn. Med., 1952, 7, 298)
reported benefit in the management of pulmonary
embolism.
Effect on Inflammation. — In rabbits, pretreated with promethazine, Ducrot (Compt. rend,
soc. biol., 1949, 143, 1577) found that the local
inflammatory reaction to subcutaneous injection
of S. typhimurium was eliminated but the mortality due to septicemia was increased, whereas there
was no effect on either local inflammation or
systemic infection when staphylococcus, pyocyaneus, streptococcus or enterococcus organisms
were injected (see also Halpern et al., ibid., 1563).
Reuse {Arch, internat. pharmacodyn. therap.,
1950, 83, 2>?>2) failed to confirm the observation
of Vallery-Radot et al. {Compt. rend. soc. biol.,
1948, 142, 1493) that promethazine inhibited the
Schwartzman phenomenon in rabbits. Barski
{ibid., 1949, 143, 1568) reported that promethazine-treated rabbits showed a much more rapid
dissemination of intracutaneously injected vaccinia virus. Although a concentration of 6 to 10
micrograms of promethazine per ml. inhibited
tubercle bacilli in vitro (Courmant and Deries,
ibid., 1951, 145, 335), it had no protective action
in infections in the mouse (Levaditi et al., ibid.,
1454). In rats injected with promethazine, Ovary
and Scuro {Rev. Immunol., 1951, 15, 257) reported prolongation of blood levels following the
injection of penicillin. Halpern et al. {Ann. Inst.
Pasteur, 1949, 76, 288) demonstrated that in
preventing anaphylactic shock in animals, promethazine did not interfere with the usual antigen
and antibody titers. Hence, further study of the
effect of antihistaminic, anticholinergic and antipermeability drugs in infections seems indicated.
Supplementing his earlier report on the intradermal injection of 0.25 mg. atropine sulfate and
25 mg. promethazine in 10 ml. of physiological
saline solution around a wound, Laborit {Semaine
med., 1952, 37, 391) described relief of pain,
edema, articular stiffness and vasomotor disturbances and theorized that the drugs inactivate
spreading factors and oppose the depolymerization
of the ground substance of the tissue.
Tissue Preservation. — A tissue preservative
action of promethazine and other antihistaminic
drugs was described by Leduc {Compt. rend. soc.
biol., 1950, 144, 190). Except for tissues rich in
proteolytic enzymes, such as the pancreas or intestine, a10 per cent solution of promethazine
preserved tissues perfectly for 3 months as demonstrated by histological examination (see also
Maisin, ibid., 1951, 145, 456). Inhibition of peptic or tryptic digestion of fibrin and also of gelatin (Marol et al., ibid., 1950, 144, 136) was
demonstrated in concentrations of promethazine
of 1:1000 to 1:5000. Application of this observation to the preservation of whole blood for transfusion inblood banks by the addition of 1 : 10,000
to 1:25,000 of promethazine is promising as demonstrated bya delay in the development of spherocytosis (increased fragility of the red blood cells)
and in the increase in potassium concentration in
the plasma (indicating loss from the cells) in the
studies of Halpern et al. {Presse med., 1950, 58,
1151). Schales, O. (Am. Chem. Soc. Meeting,
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Atlantic City, Sept. 14, 1952) has confirmed these
findings for periods of observation of 8 to 12
weeks. Animal studies indicate that the concentration of promethazine required in the blood may
be tolerated by humans. These observations were
extended by Messerlin and Leveque {Semaine
med., 1952, 47, 853) who reported that the
erythrocytes retained their specific agglutinability
with antisera — anti-A, anti-B, etc. — after 3
months.
Clinical Allergy. — The clinical reports with
promethazine are similar to those with other antihistaminics. Shulman {Ann. Allergy, 1949, 7, 506)
reported it to benefit certain allergic patients who
had failed to respond to other antihistaminics.
Waldbott and Young (/. Allergy, 1948, 19, 313)
confirmed the reports of its having more prolonged clinical action, but also reported a considerable incidence of drowsiness following its use.
Bain et al. {Lancet, 1949, 2, 48) found it to be
14 times as potent in urticaria as pyrilamine, in
terms of action and duration of action, e.g., a
case requiring 120 mg. of pyrilamine three times
daily responded to 25 mg. of promethazine at bedtime. Solomons (/. Irish M. Assoc, 1951, 29, 91)
confirmed this. In the experimental study on the
inhibition of the wheal in the skin following the
intracutaneous injection of histamine, Bain
{Analyst, 1951, 76, 573; see also discussion under
Chlorphenir amine Maleate) observed that the
maximum protective effect of promethazine appeared 3hours after ingestion, contrasted with 5
hours for chlorocyclizine, and that half of the
inhibitory action persisted at 34 hours with promethazine, contrasted with 17 hours with chlorcyclizine. Peshkin et al. {Ann. Allergy, 1951, 9,
727) found it most useful in urticaria, hay fever
and other allergic syndromes, particularly in children. It was both more active per milligram than
most other antihistaminic drugs and longer acting.
A single dose of 25 mg. by mouth at bedtime was
effective in most cases. In many cases the soporific
action of the bedtime dose had therapeutic value
particularly in cases with pruritus. Silbert {ibid.,
1952, 10, 2) confirmed its efficacy and prolonged
therapeutic action in a variety of allergic disorders. In most cases, a dose of 12.5 mg. was
prescribed three times daily. Mauriquand {Pediatrie, 1952, 7, 703) found it useful by mouth or
intramuscularly for allergic purpura in children
including the arthropathy in this condition. Careful urinalyses and hematologic studies by these
and other observers have demonstrated no abnormalities during the treatment of allergic disorders.
Motion Sickness. — A report on the efficacy of
25 mg. of "Lergigan" at bedtime daily in the prevention of seasickness in adults and 10 mg. in
children (Engquist, Svenska Ldkartidn., 1950, 47,
1464) and the usefulness of dimenhydrinate {q.v.)
for this purpose has led to careful field trials. The
initial confusion regarding the identity of Lergigan
(Recip) has been resolved; it is promethazine.
Confirmation of the prophylactic and the therapeutic value of promethazine has been reported in
seasickness (Chinn et al., Am. J. Med., 1952, 12,
433; Glaser and Hervey, Lancet, 1951, 2, 749,
1952, 1, 490; Ambrus and Ambrus, ibid., 1950, 1,
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326 and others) and in airsickness (Chinn et al.,
J. Aviation Med., 1951, 22, 535). Although statistics vary and controversy has been severe as
to which drug is most effective for motion sickness, it seems definite that diphenhydramine, dimenhydrinate, hyoscine and promethazine are
effective. Ducrot and Decourt (Compt. rend. soc.
biol., 1951, 145, 356) studied the prophylactic
value for the vomiting caused by apomorphine in
dogs and reported in decreasing order of efficacy:
promethazine and other phenothiazine derivatives,
pyrilamine and diphenhydramine. Comparable to
dimenhydrinate, which is the 8-chlorotheophyllinate derivative of diphenhydramine, promethazine-8-chlorotheophyllinate (Avamine, May &
Baker) was tested by Harper (Lancet, 1951, 1,
1141) with marked success with a dose of 25 mg.
at bedtime daily in humans at sea.
Miscellaneous. — Dougray (Brit. M. J., 1949,
2, 1081) and Black (Med. J. Australia, 1950, 1,
853) found promethazine useful in the control of
nausea and vomiting of pregnancy; daily use for
2 months was required by some patients. Grosset
and Gauthier (Bull. Fed. Gynec. Obst., 1952, 4,
568) used it orally and subcutaneously in a regimen including an anticholinergic drug (Diparcol),
a curarizing agent (Flaxedil), and a ganglionic
blocking drug (tetraethylammonium bromide) in
the management of obstetrical delivery with satisfaction. In roentgen illness, Salva and Badell
(Presse med., 1949, 57, 888) found it useful but
in studies of experimental irradiation of animals,
Haley and Harris (Stanford M. Bull., 1950, 8, 1)
with large doses of several of the antihistamine
drugs reported an increased mortality among the
treated animals. Laborit (Presse med., 1950, 58,
492) described the routine use of promethazine
as a sedative the night before surgical operations
and at the time of the procedure to decrease the
amount of anesthesia required. Jaquenoud and
Mercier (Semaine d. hop. Paris, 1952, 85, 3443)
reported decrease in postanesthetic vomiting in
cases given 50 mg. of promethazine along with
0.2 mg. of scopolamine and 6 mg of morphine
subcutaneously preoperatively. In parkinsonism,
Bovet et al. (Compt. rend. soc. biol., 1950, 144,
514) reported decrease in rigidity in 82 per cent
and in tremor in 70 per cent of 38 cases on a dose
of 200 mg. of promethazine daily. In the usually
tragic, although rare, myelopathy following rabies
vaccine Lefevre and Anghinah (J.A.M.A., 1953,
151, 491) reported dramatic improvement in 2
cases following use of promethazine (see also
under Diphenhydramine Hydrochloride). Pradhan (Indian J. Med. Res., 1952, 40, 63) found it
useful in the treatment of the circulator}' and
respiratory depression following snake-bite. In
the treatment of pulmonary tuberculosis with
rest and with or without streptomycin, Millner
and Hurst (Dis. Chest, 1949, 16, 870) observed
no definite advantage from either promethazine
or pyrilamine. It might be noted that theoretically
the only indication for an antihistaminic in the
treatment of tuberculosis is in those phases in
which an acute exudative (allergic?) reaction is
endangering the fife of the patient.
On the hypothesis that d-catechin, a flavonoid
compound (see under Rutin), inhibits production

of histidine decarboxylase, which in turn produces histamine from histidine (Martin et al.,
Arch. Biochem., 1949, 21, 177), a combination
tablet of 125 mg. of <f-catechin and 25 mg. of
promethazine was employed in allergic respiratory
and dermatological conditions effectively by
Chunn (Ann. Allergy, 1951, 9, 11), Schultz (ibid.,
15) and Lubowe (Urol. Cutan. Rev., 1952, 56,
98). Since d-catechin alone was ineffective, demonstration that it potentiates the antihistaminic
action of promethazine will probably require a
large group of cases.
Toxicology. — Drowsiness is the only frequent
side effect of therapeutic use. It occurs in 20 to
25 per cent of patients and must be considered in
the management of ambulatory patients engaged
in hazardous occupations. Dizziness, weakness,
nausea, vomiting, dry mouth and difficulty in accommodating for near vision are very infrequent
on the single dose daily. In a 2-year-old child
who accidentally ingested 250 mg. of promethazine, Caruana et al. (Tunisie med., 1952, 3, 283)
reported agitation, confusion, convulsions and
stupor. Contact dermatitis has been reported
from topical application (Tzanck et al., Sem. de
hop., St. Louis, 1952, 81, 3267, 3287), but the
hypoplastic anemia feared by Osgood (J.A.M.A.,
1953, 152, 816) on the basis of occurrence with
other antihistaminic drugs, such as tripelennamine,
has not been reported, though promethazine has
been in use for some years.
Dose. — The usual single oral dose is 12.5 mg.
At bedtime daily 25 mg. is often given, with the
addition of 6.25 to 12.5 mg. in the morning for
some cases. The maximum safe dose is 25 mg. and
the total dose in 24 hours should not exceed 50
mg. for allergic disorders. For children the dose is
daily.
12.5 to 25 mg. at bedtime or 6.25 mg. three times
Promethazine hydrochloride is available as
scored tablets of 12.5 mg.; a syrup containing
6.25 mg. per 5 ml.; a 2 per cent cream; a 2 per
cent lotion with 15 per cent neocalamine ; an expectorant syrup containing 5 mg. per 5 ml. and
other expectorant drugs, with or without codeine
phosphate; an expectorant candy troche containing 1.5 mg. with 8 mg. of codeine phosphate.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
PROMETHAZINE HYDROCHLORIDE
TABLETS.
N.F. (B.P.)
"Promethazine Hydrochloride Tablets contain
not less than 95 per cent and not more than 110
per cent of the labeled amount of C17H20N2S.HC1." iV_F. The corresponding limits of the B.P.
are 92.5 and 107.5 per cent.
B.P. Tablets of Promethazine Hydrochloride.

Usual Size. — 12.5 mg.
PROPYLENE

GLYCOL.

U.S.P.

[Glycol Propylecum]

CH3.CHOH.CH2OH
1,2-Propanedicl. 1,2-Dihydroxypropane,

Propylene glycol may be obtained from propyl-
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ene, a by-product in the refining of petroleum and
the cracking of propane in natural gas, by treatment with alkaline permanganate or with hypochlorous acid. It may also be prepared by distilling glycerin with potassium hydroxide.
Description. — "Propylene Glycol is a clear,
colorless, viscous liquid having a slightly acrid
taste. It is practically odorless. It absorbs moisture when exposed to moist air. Propylene Glycol
is miscible with water, with acetone, and with
chloroform in all proportions. It is soluble in
ether and will dissolve many essential oils, but
is immiscible with fixed oils. The specific gravity
of Propylene Glycol is not less than 1.035 and
not more than 1.037." U.S.P.
Standards and Tests. — Identification. — (1)
The triphenylmethyl (also called trityl) ether of
propylene glycol, prepared by heating propylene
glycol with triphenylchloromethane in a pyridine
medium and separating and purifying the ether,
melts at about 176° (see Green and Green, Bull.
N.F. Comm., 1944, 12, 55). (2) On heating 1 ml.
of propylene glycol and 500 mg. of potassium
bisulfate a fruity odor is evolved, but no sharp,
acrid odor of acrolein is observed on heating to
dryness. Distilling range. — The glycol distils completely within a 5° range that includes 187.3°.
Water. — Not over 0.3 per cent, when determined
by the Karl Fischer titration method. Residue
on ignition. Not over 3.5 mg. from 50 Gm. of
propylene glycol. Acidity. — Not more than 0.2 ml.
of 0.1 N sodium hydroxide is required for neutralization of 10 ml. of propylene glycol, using
phenolphthalein T.S. as indicator. Chloride. — The
limit is 700 parts per million. Sulfate. — No turbidity results when barium chloride T.S. is added
to a 1 in 4 aqueous solution of propylene glycol.
Heavy metals. — The limit is 5 parts per million.
Arsenic. — A 10-ml. portion of a 1 in 10 aqueous
solution of propylene glycol meets the requirements of the test for arsenic. U.S.P.
Assay. — No assay is provided by the U.S.P.
The N.F. VIII employed the following method
when propylene glycol was official in that compendium. A portion of a solution of propylene
glycol, equivalent to 30 mg. of propylene glycol,
is reacted with 5 ml. of 0.1 M periodic acid
(HlOi) which oxidizes each molecule of the glycol to one of formaldehyde and one of acetaldehyde while the periodic acid is reduced to iodic
acid (HIO3). The excess of periodic acid is reduced, by adding a measured excess of 0.1 N
sodium arsenite solution, to iodic acid, and the
excess of arsenite is finally titrated with 0.1 N
iodine. A residual titration blank test is performed. Each ml. of 0.1 N iodine represents 3.805
mg. of C3H8O2 (the equivalent weight of propylene glycol in this assay is one-half its molecular
weight, since the periodic acid removes two hydrogen atoms from the glycol in oxidizing it to the
aldehydes). N.F. VIII.
Uses. — Propylene glycol came into prominence
as a suggested replacement for glycerin when the
latter was in short supply during the war; its
solvent and preservative properties at least in
some instances combine the advantages of both
glycerin and ethyl alcohol. Thus it is often a
better solvent than glycerin and also possesses
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greater power to inhibit mold growth and fermentation, being equal to ethyl alcohol for the latter
purposes. Green et al. {Bull. N.F. Comm., 1943,
11, 91), in a comprehensive study of the suitability of propylene glycol as a possible replacement for glycerin, found that with few exceptions
propylene glycol could be used, so far as the question of solubility was concerned, in place of glycerin in various N.F. preparations. Other studies
along the same fines have been made by Heine
et al. {Bull. A.S.H.P., 1950, 7, 8), by Greco
(/. A. Ph. A., Prac. Ed., 1951, 12, 536), and by
Boeke and Van Home {ibid., 1953, 14, 166);
typical formulas are provided in these papers.
Boeke and Van Home found that propylene glycol could be used in place of alcohol in many
official preparations; in those cases where volatile
oils are present and are not dissolved by the
glycol the inclusion of from 0.25 to 1 per cent of
Tween 20 (polyoxyethylene sorbitan monolaurate)
produced a clear dispersion. Propylene glycol is
used in the preparation of several products offered
on the market; typical uses for it are as a solvent
for vitamin D, for progesterone injection, for
phenobarbital sodium injection, etc. For solubility
and other data see Green et al. Lakritz {Am.
Perf., 1946, 48, 64) has discussed its use in toilet
preparations.
Propylene glycol is an ingredient of the official
hydrophilic ointment, replacing the equal amount
of glycerin formerly used, which latter was found
to be objectionable because it imparted softening
characteristics to the ointment when it was triturated; the use of propylene glycol corrected this
fault. Propylene glycol is an ingredient of several
"washable"
in
Part II). ointment bases (see under Ointments,
The available evidence points to the lack of
toxicity of propylene glycol. Hanzlik and his associates (/.Pharmacol., 1931, 41, 387) reported the
lethal dose in rats to be 16.8 Gm. per Kg. and in
rabbits 5.25 Gm. per Kg., when administered intravenously; inanother report (/. Pharmacol.,
1939, 67, 101) it was stated that when half of the
carbohydrate in the diet of rats was replaced with
propylene glycol for 8 months there was no evidence of toxicity and only slight impairment in
growth. Braun and Cartland (/. A. Ph. A., 1936,
25, 746) determined the toxicity of propylene
glycol for rats and compared the data with similarly determined results using glycerin. They
found the MLD to be 15.7 Gm. per Kg. for propylene glycol and 7.6 Gm. per Kg. for glycerin,
when given intramuscularly. Morris et al. {J. Pharmacol., 1942, 74, 266) fed propylene glycol to rats
to the extent of 1 to 3 per cent of their diet during
2 years and found no apparent harm done. For
other reports, all confirming the relative lack of
cit.).
toxicity of propylene glycol, see Green et al. {loc.
Propylene glycol has been used to some extent
as an aerosol antiseptic, Robertson and his colleagues having found that when dispersed in air in
concentrations as low as 1 part in 2 million propylene glycol would kill air-borne staphylococci;
it is useless against bacterial spores, however.
Practical application of aerosol disinfection using
propylene glycol was reported by Harris and
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Stokes (Am. J. Med. Sc, 1942, 204, 430). S
Storage. — Preserve
"in tight containers."
U.S.P.
Off. Prep.— Hydrophilic Ointment, U.S.P.
PROPYLHEXEDRINE.

U.S.P.

l-Cyclohexyl-2-methylaminopropane

CH3
CH2CHNHCH3

"Propylhexedrine contains not less than 98 per
cent
U.S.P.and not more than 101 per cent of C10H21N."
Benzedrex
(Smith,
methamphet amine.

Kline

& French Labs.)

Hexahydro-

Propylhexedrine, a volatile sympathomimetic
base, may be prepared by hydrogenation of 1phenyl-2-methylaminopropane or methamphetamine; for details' of synthesis see Zenitz et al.,
J.A.C.S., 1947, 69, 1117, also U. S. Patent 2,454,746 (1948).
Description. — "Prophylhexedrine is a clear,
colorless liquid, having a characteristic, aminelike odor. It volatilizes slowly at room temperature. It absorbs carbon dioxide from the air, and
its solutions are alkaline to litmus. It boils at
about 205°. Propylhexedrine is very slightly soluble in water. It is miscible with alcohol, with
chloroform and with ether. The specific gravity of
Propylhexedrine is not less than 0.848 and not
more than 0.852." N.F.
Tests. — Identification. — (1) The picrate of
propylhexedrine melts between 108° and 110°.
(2) A solution of propylhexedrine prepared with
the aid of hydrochloric acid yields a brown precipitate with iodine T.S., and a white precipitate
with mercuric-potassium iodide T.S. U.S.P.
Assay. — About 0.5 ml. of propylhexedrine is
weighed in water, mixed with neutral alcohol, and
titrated with 0.1 N sulfuric acid, using methyl red
T.S. as indicator. Each ml. of 0.1 N sulfuric acid
represents 15.53 mg. of C10H21N. U.S.P.
Uses. — As discussed in the general article on
Sympathomimetic Amines (in Part II), the cyclohexylalkylamines, of which propylhexedrine is a
good example, closely resemble their phenylalkylamine counterparts but are somewhat less active.
This slightly lower vasoconstrictor effect and the
comparative lack of central stimulant effects have
been described by Lands et al. (J. Pharmacol.,
1947, 89, 382), Marsh and Herring (ibid., 1949,
97, 68), and Fellows et al. (ibid., 1950, 100, 267).
Propylhexedrine is employed as a volatile nasal
decongestant, by inhalation, replacing the formerly
popular amphetamine (Benzedrine) inhaler (see
discussion under Amphetamine) ; propylhexedrine
has proved to be satisfactory for this purpose.
While Peters and Faulkner (Am. J. Med. Sc,
1939, 198, 104) reported the volatile decongestant
amphetamine to be contraindicated for patients
with arteriosclerotic heart disease, Burnett and
Gundersen (New Eng. J. Med.) 1952, 246, 449)
could find no deleterious effects, either subjective
or objective (other than nasal stinging), on patients having coronary arteriosclerosis who inhaled

propylhexedrine. Indeed, Day and Viar (Am.
Heart J., 1951, 42, 733) reported the case of a
patient with heart block whose numerous recurrent seizures could be alleviated by either inhalation of propylhexedrine or its oral administration
in doses of 50 mg. 2 or 3 times daily. Presumably
the duration of action of propylhexedrine was
over an hour and its ameliorative effects were not
attended by excitatory action such as was induced
by ephedrine.
The usual dose of propylhexedrine is the amount
represented by two inhalations through each nostril when the inhaler is at a temperature of about
70° F.; this corresponds to about 0.5 mg. of drug.
The dose may be repeated every hour as needed
to maintain an open nasal passageway. With excessive use some systemic stimulation occurs but
this is trivial in comparison with that produced
by amphetamine.
Storage. — Preserve "in tight containers."
U.S.P.
PROPYLHEXEDRINE
INHALANT.
U.S.P.
"Propylhexedrine Inhalant consists of cylindrical rolls of suitable fibrous material impregnated with propylhexedrine, usually aromatized,
and contained in a suitable inhaler. The inhaler
contains not less than 90 per cent of the labeled
amount of C10H21N." U.S.P.
Benzedrex Inhaler, the available product of this
description, contains 250 mg. of propylhexedrine.

o

PROPYLPARABEN.

U.S.P.

Propyl Parahydroxybenzoate, [Propylparabenum]

HO

C00(CH2)2CH,

"Propylparaben, dried at 60° for 2 hours, contains not less than 99 per cent of C10H12O3."
U.S.P.
Propyl Parasept (Hey den Chemical Corp.) ; Tegosept P
(Goldschmidt Chemical Corp.). Sp. Propilparabeno.

Propylparaben, the propyl ester of parahydroxybenzoic acid, is one of the two esters of this
acid included in the U.S.P., the other being the
methyl ester, official as Methylparaben. For a
discussion of the chemistry of the esters, see
under Methylparaben.
Description. — "Propylparaben occurs as
small, colorless crystals, or as a white powder.
One Gm. of Propylparaben dissolves in about
2000 ml. of water. It is soluble in alcohol, in
ether, and in acetone. Propylparaben melts between 95° and 98°." U.S.P.
Standards and Tests. — Identification. — The
melting point of />-hydroxybenzoic acid separated
following saponification of propylparaben is between 212° and 215°. Residue on ignition. — Not
over 0.05 per cent. Acidity. — An aqueous solution
of propylparaben, saturated at 80°, is neutral or
acid to litmus. Chloride. — The limit is 350 parts
per million. Sulfate. — A saturated aqueous solution of propylparaben produces no turbidity with
barium chloride T.S. within 10 minutes. U.S.P.
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Assay. — A 2-Gm. portion of propylparaben,
dried at 60° for 2 hours, is analyzed in the same
manner as Methylparaben. Each ml. of 1 N sodium hydroxide represents 180.2 mg. of C10H12O3.
U.S.P.
Uses. — This ester of />-hydroxybenzoic acid is
employed for its microbial-inhibiting effect; for
discussion of its use see under Methylparaben.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Hydrophilic Ointment, U.S.P.
PROPYLTHIOURACIL.
Sx

U.S.P., B.P., LP.

H

N
HN

,>- CH2CH2CH3

c?
"Propylthiouracil, dried at 105° for 2 hours,
contains not less than 98 per cent of C7H10N2OS."
U.S.P. The B.P. and LP. define Propylthiouracil as 4-hydroxy-2-mercapto-6-n-propylarnine;
both pharmacopoeias require not less than 98.0
per cent of C7H10ON2S, the B.P. calculating the
result with reference to the substance dried to
constant weight at 105°, the LP. calculating with
reference to the substance dried at 105° for 2
hours.
6-Propyl-2-thiouracil; 2-Thio-4-oxo-l,3-pyrimidine; 2-Thiol,3-pyrimidin-4-one. Propacil.

Propylthiouracil may be synthesized by the
general procedure for preparing thiouracil and its
6-alkyl derivatives in which thiourea is condensed
with an appropriate P-oxo ester in the presence of
sodium and in a medium of anhydrous ethanol
(see Anderson et al., J.A.C.S., 1945, 67, 2197).
The 3-oxo ester used in the synthesis of propylthiouracil isethyl butyrylacetate.
Propylthiouracil is capable of existing in two
isomeric forms, one represented by the U.S.P.
structural formula shown above, the other differing from this structure in the migration of the
hydrogen atoms from the two nitrogen atoms to
oxygen and sulfur, respectively. The B.P. structural formula shows the latter form. The solubility of propylthiouracil and other derivatives of
thiouracil in alkalis is probably to be explained
by this migration of hydrogen atoms from nitrogen to oxygen and sulfur, similar to the change
which occurs when barbiturates are dissolved by
alkali.
Description. — "Propylthiouracil occurs as a
white, powdery, crystalline substance. It is starchlike in appearance and to the touch, and has a
bitter taste. Propylthiouracil is very slightly soluble in water. It is sparingly soluble in alcohol,
and is slightly soluble in chloroform and in ether.
It is soluble in ammonia and alkali hydroxides.
Propylthiouracil
melts between 218° and 221°."
U.S.P.
Standards and Tests. — Identification. — (1)
Propylthiouracil is completely soluble in stronger
ammonia T.S. (distinction from thiouracil). (2)
Addition of bromine T.S. to propylthiouracil dissolves it;on warming the solution until the color
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is discharged, and adding barium hydroxide T.S.
to the cooled solution, a permanent white precipitate isproduced (thiouracil yields a white precipitate that turns purple within 1 minute). Loss on
drying. — Not over 0.5 per cent, when dried at
105° for 2 hours. Residue on ignition. — Not over
0.1 per cent. Suljate. — The limit is 400 parts per
million. U.S.P.
The B.P. limits arsenic and lead to 4 and 10
parts per million respectively; the corresponding
LP. limits are 5 and 10 parts per million.
Assay. — All three pharmacopeias utilize an
assay based on conversion of propylthiouracil to
its isomeric form (see above) containing -SH and
-OH groups, interaction of these groups with
silver nitrate to release two equivalents of nitric
acid, followed by neutralization of the acid with
0.1 N sodium hydroxide in the presence of bromothymol blue as indicator. A portion of the alkali
is added at the beginning of the assay to effect
solubilization of the propylthiouracil. Each ml.
of 0.1 N sodium hydroxide represents 8.512 mg.
of C7H10N2OS.

Uses. — Propylthiouracil is used in the treatment of hyperthyroidism, particularly in preparation of patients for thyroidectomy and in longterm management of the condition if surgical
operation cannot be performed. It is also used in
thyroiditis. Of the many antithyroid drugs which
have been derived from the parent compound,
thiouracil, it has been the most widely used in
the United States to date.
Following the observation by Kennedy and
Purves (Brit. J. Exp. Path., 1941, 22, 241) that
brassica seeds, because of their content of thiourea, were capable of producing thyroid enlargement in animals, Astwood (/. Pharmacol., 1943,
78, 79) found that of more than 100 compounds
he had investigated, thiouracil was more active in
inducing hyperplasia of the thyroid gland and in
lowering basal metabolism than thiourea or any
other substance. His experimental findings with
animals led Astwood (J.A.M.A., 1943, 122, 78)
to try thiouracil in the treatment of hyperthyroid
patients, with favorable response while they were
under therapy. A great number of thyrotoxic patients have been treated subsequently with this
compound. Further research led to the discovery
of a number of derivatives of the parent compound, of which propylthiouracil, introduced in
1946 by Astwood and Verlaan (Ann. Int. Med.,
1946, 25, 813), became popular by virtue of its
greater potency and fewer side effects (about 2.7
per cent as compared with 13 per cent for
thiouracil).
Action. — The mode of action of these antithyroid substances is not well understood as yet.
It was soon discovered that the hyperplastic
changes in the thyroid gland, accompanied by loss
of colloid and lowering of the basal metabolic
rate, could not be abolished by simultaneous administration ofiodide but could be controlled by
giving thyroxin. It thus appeared that these drugs
interfered with hormone synthesis rather than
with the iodine-concentrating mechanism of the
thyroid (see Thyroid and Sodium Radio-Iodide).
In fact, under the influence of thiouracil derivatives the hyperplastic thyroid gland can concen-
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trate very large amounts of iodide, but cannot
fix it in organic combination. Pitt-Rivers (Physiol.
Rev., 1950. 30, 194) divides the theories as to
the mechanism of action into two general groups :
(1) the drugs act indirectly by influencing the
enzyme systems concerned with the formation
of thyroid hormone, and (2) by virtue of their
antioxidant properties they may prevent the oxidation of iodide to iodine and the coupling of
diiodotyrosine to thyroxin. For evidence of the
latter see Miller et al. (J.A.CS., 1945, 67, 2201)
and Taurog et al. (J. Biol. Chetn, 1945. 161,
537). It is known, however, that all the thiouracil derivatives used clinically retard formation
of thyroxin. The thyroxin present in the thyroid
gland prior to the administration of the antithyroid medication is released into the systemic
circulation and is metabolized. Hyperthyroidism
diminishes gradually as the store of endogenous
thyroxin is depleted and the formation of new
thyroxin is inhibited. Reduction in the blood thyroxin level, however, removes the inhibiting action
on production of thyrotropic hormone of the
anterior pituitary gland and the latter hormone
is elaborated in larger amounts. This results in
increased hyperplasia and vascularity of the thyroid gland (see Beierwaltes, Bull. Am. Hospital
Pharmacists., 1951, 8, 16).
Hyperthyroidism. — Although it was hoped initially that propylthiouracil might provide a medical means of controlling hyperthyroidism without
need for surgical intervention, it is now known
that in many instances relapse will occur following cessation of therapy. In a series of 101 hyperthyroid patients observed over a 4-year period after
concluding a course of antithyroid drug therapy,
Solomon et al. (J.A.M.A., 1953, 152, 201) reported relapse in 23.7 per cent within 3 months
and in an additional 20.8 per cent between 3
and 48 months, only 55.5 per cent remaining
euthyroid. However, the total number of patients
ultimately controlled medically was 70.3 per cent
of the series if second or third courses were
given when necessary. In an attempt to estabUsh
prognostic findings as to the ultimate efficacy of
treatment, decrease in size of the gland during
treatment was the sole finding of those investigated which would indicate a good ultimate result. Steinberg and Wilson {Brit. M. J., 1954, 1,
422) studied results of lone-term therapy with
thiouracil compounds and found that two out of
three patients eventually relapse. Permanent remission ismost likely if the patient has a toxic
diffuse goiter of small or moderate size, according to McCullagh and Cassidy (/. Clin. Endocrinol., 1953. 13, 1507). They emphasized that
lasting relief is most likely to occur if treatment
is prolonged, 40 of 60 patients being in remission
4 years after conclusion of such treatment. It
has been demonstrated by McCullagh et al.
(J.A.M.A., 1951, 147, 106) that the age and sex
of the patient are not essential factors influencing the outcome of treatment, nor is the rate of
response to a given dose of the drug. They stated
that propylthiouracil is unlikely to provide permanent cure in patients who have had relapse
after surgery.

Part I
Based on his experience with antithyroid drugs
over a period of 8 years in surgical treatment of
700 patients with hyperthyroidism. Jackson (J.
Internat. Col. Surg., 1954, 21, 344) stated that
the antithyroid drugs are not comparable to thyroidectomy intreatment of toxic diffuse goiter
in adults, though in children they have given
encouraging results when used over a period of
several years. He believes that these drugs have
accomplished in preoperative preparation of patients with toxic adenoma what Lugols solution
has done for toxic diffuse goiter. Jackson listed
the following indications for the use of these
drugs: advanced multiple toxic adenoma in patients who do not respond to iodine; toxic adenoma complicated by myocardial disease, auricular fibrillation, hypertension, congestive failure,
and diabetes melhtus; severe toxic diffuse goiter
in the very young, aged, debilitated or decompensated patient; toxic diffuse goiter during pregnancy or in the presence of disease which necessitates postponement of operation; patients with
toxic diffuse goiter who have become iodine-fast;
and recurrent hyperthyroidism after surgery. In
certain patients in the above categories administration of Sodium Radio-Iodide (q.v.) may be
the treatment of choice.
Patients who develop hyperthyroidism during
pregnancy may be treated with propylthiouracil
or other antithyroid drugs. The hyperthyroidism
was controlled in all instances treated bv Astwood
(J. infants
Clin. Endocrinol.,
11, exhibited
1045)'. None
the
had goiter 1951,
and none
symp-of
toms of thyroid disturbance. Thiouracil compounds were used successfully in the preoperative
preparation of 21 pregnant women who underwent thyroidectomy successfully (Bell, JAMA*,
1950, 144, 1243). A survey of the literature
regarding infants born of thyrotoxic mothers
treated during pregnancy with thiouracil drugs
indicates the need for iodine administration during the last month of pregnancv (Hepner, Am. J.
Obst. Gyn., 1952, 63, 869).
The preparation of patients with hyperthyroidism for thyroidectomy is the chief use of propylthiouracil, since it reduces the basal metabolism
to a more nearly normal level than does iodine
alone. The extreme vascularity and friability of
the gland which occurs during its administration
can be reduced by a longer period of preparation
and by the simultaneous administration of iodine
during the last two or three weeks before operation. A further advantage over the use of iodine
alone is that the patient's thyrotoxicosis does not
escape from its effects and operation can be performed with the hyperthyroidism under better
control and the time for the procedure can be
elected. Bartels (Am. Int. Med., 1952, 37, 1123)
reported that with careful preparation for thyroidectomy, using antithyroid drugs, an operative
mortality of only five deaths in 2400 cases (0.2
per cent) was achieved at the Lahey Clinic.
Other Uses. — Other conditions in which propylthiouracil has been used include angina pectoris (Ben-Asher, Ann. Int. Med., 1950, 32, 528,
and Waitzkin, ibid., 1951, 34, 1107); the occurrence of paroxysmal cardiac arrhythmias which
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have failed to respond to quinidine or digitalis
(Ruskin, Lancet, 1951, 260, 134); and chronic
ulcerative colitis (Herfort and Livingston, N. Y.
State J. Med., 1952, 52, 431). S
Toxicology. — Any patient who receives propylthiouracil must be observed carefully for toxic
reactions, of which agranulocytosis is the most
important. In Bartels' series no deaths occurred
due to marrow depression. If neutropenia occurs,
the drug must be discontinued immediately and
penicillin or other antibiotic therapy administered
to prevent the overwhelming throat infections
that characterize this condition. Several deaths
from this source have been reported in the literature. One fatality due to diffuse periarteritis has
been known to occur (McCormick, J. A.M. A.,
1950, 144, 1453). Craddock et al. {New Eng.
J. Med., 1951, 244, 549) described a case of
hemorrhagic diathesis with prolonged prothrombin time in the absence of liver disease following
use of propylthiouracil. Other toxic manifestations have included thrombopenic purpura
(Fewell et al, J. A.M. A., 1950, 143, 891), loss
of hair and pigmentation (Wilburne, ibid., 1951,
147, 379, and Colwell et al, ibid., 1711), fever,
and various types of dermatitis.
Dose. — The initial dose in patients with severe
hypothyroidism is 100 mg. administered orally
every 8 hours, with a dose range of 75 to 150
mg.; in milder cases 50 mg. twice daily suffices,
while in severe cases 100 mg. and more may be
given every 8 hours. The medication should be
continued until all signs and symptoms of disease
have been brought under control. Determinations
of basal metabolic rate, in addition to clinical
observation, are needed to ascertain the correct
maintenance dose. Iodine should be administered
also during the 2 or 3 weeks immediately before
operation. Patients should be instructed to discontinue medication and report to the physician
immediately at the first sign of any toxic manifestation, such as sore throat, fever, skin eruption, etc.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
PROPYLTHIOURACIL
U.S.P. (B.P.)

TABLETS.

"Propylthiouracil Tablets contain not less than
93 per cent and not more than 107 per cent of
the labeled amount of C7H10N2OS." U.S.P. The
corresponding B.P. limits, for Tablets of Propylthiouracil, are not less than 92.5 per cent and not
more than 107.5 per cent, respectively.
Assay. — The U.S.P. assay for tablets not containing lactose is based on the assay for propylthiouracil itself. In the presence of lactose a
measured excess of 0.1 N bromine is added,
which presumably oxidizes the sulfur from —2
to +6, requiring 8 equivalents of bromine, and
undergoes further reaction involving 2 additional
equivalents of bromine, for a total of 10. A residual blank titration is performed. The B.P. assay
is based on a Kjeldahl determination of nitrogen
in the propylthiouracil.
Usual Sizes. — 25 and 50 mg.

PROTAMINE

Injection

SULFATE
N.F.
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INJECTION.

"Protamine Sulfate Injection is a sterile solution of protamine sulfate in isotonic sodium chloride solution. Protamine Sulfate Injection may be
prepared from protamine sulfate obtained from
the sperm or from the mature testes of fish belonging tothe generra Oncorhynchus Suckley, Salmo
Linne, or Trutta, Jordan et Evermann (Fam.
Salmonidce). The protamine sulfate conforms to
the regulations of the Food and Drug Administration concerning certification of batches of drugs
composed wholly or partly of insulin. Protamine
Sulfate Injection contains not less than 90 per
cent and not more than 110 per cent of the
labeled amount of protamine sulfate. Protamine
Sulfate Injection may contain 0.25 per cent of
phenol as a bacteriostatic agent." N.F.
A protamine is any one of a group of simple
proteins with basic properties occurring in the
sex cells of fishes. Salmine, obtained from
salmon, constitutes the usual protamine component of Protamine Zinc Insulin Injection; the
sulfate of this protamine may be used to prepare
protamine sulfate injection.
Standards, Tests, Assay. — Identification. —
The injection contains nitrogen equivalent to not
less than 22.5 per cent and not more than 25.5
per cent of the labeled amount of protamine
sulfate. (2) The injection responds to the test
for sulfate. Other requirements. — The injection
meets the requirements under Injections. Assay. —
The assay is based on observation of the amount
of heparin sodium the anticoagulant effect of
which is neutralized by a specific volume of protamine sulfate injection. N.F.
Uses. — Protamine is capable of combining with
heparin so as to render it biologically inactive
insofar as its anticoagulant property is concerned
(Jorpes, Lancet, 1939, 2, 975). By virtue of this,
protamine has found clinical application in treatment of heparin overdosage and also of certain
hemorrhagic disorders (Allen et al, J.A.M.A.,
1949, 139, 1251). Besides having the ability to
neutralize heparin, protamine has anticoagulant
properties of its own; these have been attributed
to an antithromboplastic action (Tocantins, Proc.
S. Exp. Biol Med., 1943, 54, 94), to an antiprothrombic activity (Ferguson, Am. J. Physiol,
1940, 130, 759), and to its precipitation of
fibrinogen
143,21). (Mylon et al, J. Biol Chem., 1942,
Parkin and Kvale (Am. Heart J., 1949, 37,
333) found the ratio for in vitro neutralization
to be 1.5 mg. of salmine sulfate to 1.0 mg. of
heparin; in man, however, the amount of protamine sulfate required, 15 minutes after injection of heparin, was approximately the same as
the amount of heparin injected. If more time
elapses after injection of heparin proportionately
less protamine is required. If either protamine
or heparin is present in excess the coagulation
time will be prolonged, because each substance
possesses anticoagulant action.
Repeated intravenous injections of 50 mg. of
protamine sulfate have no toxic effects in man if
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given slowly (10 minutes). Toxic effects in animals are seen with large doses and rapid injection (Jaques, Brit. J. Pharmacol. Chemother.,
1949, 4, 135).
The antiheparin dose of protamine sulfate is
approximately the same as the amount of heparin
given during the preceding 3 to 4 hours; the protamine is administered slowly intravenously (10
minutes). Not more than 50 mg. of protamine
sulfate should be given at any one time. In spontaneous hemorrhagic diseases, the dose range is 5
to 8 mg. per Kg. of body weight, with 300 mg.
being the average for an adult, per day, given in
two divided doses 5 to 6 hours apart; after 3
days the dose should be reduced to one-half the
initial amount.
Storage. — Preserve "in single-dose, hermetic
containers, or in other suitable containers. It
must be stored in a refrigerator above freezing
and below 50° F." N.F.
Usual Size. — 50 mg. in 5 ml.
PROTEIN HYDROLYSATE
INJECTION.
U.S.P.
"Protein Hydrolysate Injection is a sterile solution of amino acids and short-chain peptides
which represent the approximate nutritive equivalent of the casein, lactalbumin. plasma, fibrin, or
other suitable protein from which it is derived by
acid, enzymatic, or other hydrolysis. It may be
modified by partial removal and restoration or
addition of one or more amino acids. It may contain dextrose or other carbohydrate suitable for
intravenous infusion. Not less than 50 per cent
of the total nitrogen present is in the form of
a-amino nitrogen." U.S.P.
Amigen (Mead Johnson); Aminosol (Abbott); Hyprotigen
(Don Baxter); Parenamine (Winthrop-Stearns).

Protein hydrolysate injection may be prepared
from pure proteins such as casein, fibrin or lactalbumin or from good sources of protein such as
blood, liver or yeast. Hydrolysis of these raw
materials is accomplished with the aid of acids,
alkalis or enzymes, under carefully controlled
conditions of pH and temperature. When hydrolysis has continued to the point where more
than 50 per cent of the total nitrogen is present
in the form of alpha-amino nitrogen the action
is stopped. The hydrolysate is clarified and appropriately purified to remove degradation products of hydrolysis. Since some forms of hydrolysis result in destruction of some of the amino
acids (for example acid hydrolysis destroys trytophan), the final solution of amino acids must be
balanced by the addition of pure amino acids or
excesses removed where indicated. Restoration or
addition of amino acids to hydrolysates is limited
to those considered essential to human nutrition
(see Part II for a discussion of Amino Acids).
Following adjustment of amino acid and salt content, and addition of dextrose or other carbohydrate if indicated, the solution is sterilized by
either filtration or heat sterilization. Manufacture
of protein hydrolysate injection must be rigidly
controlled to avoid pyrogen contamination.
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Description. — "Protein Hydrolysate Injection is a yellowish to reddish amber, transparent
liquid." U.S.P.
Standards and Tests. — pH. — Between 5.0
and 7.0. Pyrogen. — The injection meets the requirements ofthe official test. N on-antigenicity . —
Intravenous injection of the protein hydrolysate
into 5 guinea pigs previously sensitized with protein used in the preparation of the hydrolysate
does not cause rales, convulsions, prostration or
death in any animal and not more than one of
the following symptoms: (1) licking the nose or
rubbing the nose with the forefeet; (2) ruffling
of the fur; (3) weakness or diminished tone;
(4) labored and depressed breathing; (5) sneezing or coughing 3 or more times; (6) retching.
Biological adequacy. — The injection meets the
requirements of the official test for adequacy of
protein. Nitrogen content. — The semi-micro Kjeldahl method is used. a-Amino nitrogen. — The formaldehyde titration procedure discussed under
Aminoacetic Acid Elixir is applied. Other requirements.— The injections meets the official requirements for injections. U.S.P.
Assay. — For potassium. — This element is determined byuse of the flame spectrophotometer,
using standard solutions of potassium chloride
for comparison and quantitative evaluation. For
sodium. — This element also is determined by use
of the flame spectrophotometer. U.S.P.
Uses. — Protein hydrolysate injection is used
for treatment of hypoproteinemia or a negative
protein balance (see general discussion in the
article on Amino Acids, in Part II).
The attention of the medical profession was
called to the significance of protein deficiency
by Jones and Eaton in 1935 (New Eng. J. Med.,
1935, 215, 1152) and later by Whipple and his
associates (Surg. Gyn. Obst., 1941, 73, 886).
Several years were required for the development
of an intravenous solution, in the form of a
protein hydrolysate, for the treatment of such
deficiencies.
Protein deficiency may occur as a simple lack
of protein in the diet, as in starvation, or may
result from a variety of diseases which cause
impaired digestion or absorption, impaired synthesis of plasma proteins, increased catabolism
or excessive loss of body protein. Protein deficiency may be either acute or chronic. Acute
deficiencies result from a rapid loss of a large
amount of the plasma proteins without immediate
replacement. This may occur in severe hemorrhage; extensive burns; copious exudation from
wounds; or transudation into body cavities, traumatized tissues, the intestinal walls in intestinal
obstruction or into the lungs in pneumonia.
Chronic deficiencies result from a negative protein balance (where more protein is catabolized
or lost than is ingested or utilized in a given
period) lasting one or more weeks. Inadequate
diet is a common cause. Chronic illness may
cause a deficiency by increasing protein catabolism or reducing dietary intake because of anorexia. Impaired intestinal absorption; imperfect
utilization of ingested protein, as in diseases of
the liver; and excessive loss of proteins as in
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prolonged albuminuria and draining fistulas all
may cause a negative protein balance.
Oral administration of protein is preferable to
the parenteral route. Parenteral administration is
used when complete oral feeding is impossible,
contraindicated or difficult. This may occur during inability to take food because of intestinal
obstruction, vomiting, severe diarrhea or high
intestinal fistula. When gastrointestinal rest is
essential as after certain abdominal operations,
or in cases of severe gastroenteritis, parenteral
administration of protein hydrolysate is indicated.
Protein hydrolysate injection makes possible rapid
administration of large amounts of amino acids to
meet daily requirements.
There may not be a clear-cut clinical picture of
protein deficiency in the patient and diagnosis
may' depend upon laboratory determination of
plasma proteins and of the albumin-globulin
ratio. The exact quantitative relationship between hypoproteinemia and tissue protein depletion is not known. Experiments in dogs
(Sachar et al., J. Exp. Med., 1942. 75, 453) indicate a 30:1 ratio between tissue protein loss and
total plasma albumin loss on a protein-deficient
diet. It may be assumed that a chronic hypoproteinemia reflects a coexisting tissue protein
deficiency which must be corrected before plasma
protein concentrations will return to normal.
While plasma protein determinations are often
satisfactory, this method may lead to error if
(a) a fall in albumin is masked by a simultaneous rise in globulin which may occur in infectious and neoplastic conditions; or (b) a fall
in total circulating plasma proteins is masked by
dehydration with consequent hemoconcentration.
Conversely, the response to protein therapy, in
these cases, may be obscured for a time by the
fact that plasma protein regeneration occurs in
conjunction with a corresponding increase in
blood volume. The accurate method of measuring
hypoproteinemia is to coordinate plasma albumin concentration with measurement of blood
volume.
The daily requirements of protein may be calculated by determination of the amount of
nitrogen excreted in the urine and feces versus
the amount of protein ingested. If the patient
excretes during a 24-hour period 7 grams of
urinary nitrogen and 1 gram of fecal nitrogen
the total output of 8 grams must be offset by
intake of 8 grams either orally or parenterally
to maintain a nitrogen balance. In many cases an
excess intake of nitrogen is indicated to correct
previous deficiency. Potassium deficiency usually
accompanies protein deficiency (Frost and Smith,
Metabolism, 1953, 2, 529) ; about 4 milliequivalents of potassium per Gm. of nitrogen infused
has been suggested.
Dose. — The usual dose of 5 per cent protein
hydrolysate injection is 500 ml. intravenously,
with a range of 250 to 1000 ml. This represents
a dose of_25 Gm. (range of 12.5 to 50 Gm.) of
amino acids and peptides. The usual maximum
dose is 1500 ml., although as much as 4000 ml.
has been given; untoward effects are more closely
related to the concentration used and the speed
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of injection than to the dose given. It is usually
preferable to dilute the dose of protein hydrolysate injection with 3000 to 4000 ml. of
sodium chloride injection and/or 5 to 10 per
cent dextrose injection and administer this solution intravenously at a rate of 15 to 20 Gm. of
amino acids and peptides per hour. Hence, the
length of time it is feasible to maintain a continuous intravenous injection is likely to determine the dose which may be given. Concentrations in excess of 10 per cent protein hydrolysate
injection frequently cause phlebitis and rapid
injection causes fever, nausea and vomiting. Unless sufficient calories are administered to provide
the energy requirements of the patient, which
may be high in illness, the amino acids are
utilized for energy rather than for replacement
of body protein.
Present knowledge indicates that the daily requirements for the individual amino acids range
from 0.3 to 5 Gm. A dose should be attempted
which will provide 1 Gm. of total amino acids
per kilogram of body weight daily. In addition to
the caloric requirements twice the minimal daily
requirements of vitamins should be given parenterally. Care must be taken to avoid the too
rapid administration of fluids intravenously or of
too large quantities of water and salt in a patient with impaired circulation. Because of the
many varieties of protein hydrolysate injection
and modifications thereof which are commercially
available full consideration must be given to the
tions. ®
composition
and manufacturers' recommendaLabeling. — "The label of the immediate container bears in a subtitle the name of the protein
from which the hydrolysate has been derived and
the word 'modified' if one or more of the 'essential' amino acids has been partially removed,
restored, or added. The label bears the name and
percentage of any added other nutritive ingredient; the method of hydrolysis; the nature
of the modification, if any, in amino acid content after hydrolysis; the percentage of each
amino acid or its equivalent; the percentage of
the total nitrogen in the form of a-amino nitrogen; and the quantity of the sodium and of the
potassium ions present in each 100 ml. of the
Injection. Protein Hydrolysate Injection which
contains not more than 30 mg. of sodium per
100 ml. may be labeled 'Protein Hydrolysate Injection, Low Sodium' or by a similar title the
approximate equivalent thereof." U.S. P.
Storage. — Preserve "in single-dose containers
preferably of Type I or IV glass, and avoid excessive heat. Dispense it in the unopened container in which it was placed by the manufacturer." U.S.P.
Usual Sizes.— 5 per cent in 150, 250, 500, and
1000 ml.; 10 per cent in 500 ml.; 15 per cent in
100 ml.
PUMICE.

N.F.

[Pumex]

"Pumice is a substance of volcanic origin, con-
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sisting chiefly of complex silicates of aluminum,
potassium, and sodium." N.F.
Pumice Stone. Lapis Pumicis. Fr. Ponce. Ger. Bimstein.
It. Pomice.

Pumice is a porous volcanic rock. Its spongy
structure is believed to be due to the effects of
aqueous vapor on the lava while still in a fluid
state. While it is found in many volcanic sections, the bulk of the commercial supply comes
from the Lipari Islands off the coast of Italy.
Pumice also occurs in large areas in the western
part of the United States, much of it being produced in Nebraska. Because of its porous structure it is so light that it usually will float in
water for some time, but eventually becomes
waterlogged and sinks.
It is brittle and hard and relatively easily
pulverized. Because of its hardness it is much
used in the arts as an abrasive, either in the
original form for, removing the outer surfaces of
bodies or "rubbing down" any inequalities, or in a
powdered condition as the basis of metal polish.
Pumice is really a porous form of obsidian,
which occurs usually in glassy form, and obsidian
has been converted into pumice by heat. Volcanic lavas of various types may assume the
porous form corresponding to pumice, but it is
only those rich in silica that yield pumice of
economic value. The specific gravity of powdered
pumice is about 2.3. The composition of pumice
averages about as follows: Silica, 70 to 75 per
cent; iron and aluminum oxides, 15 to 20 per cent;
calcium, magnesium, potassium and sodium compounds, traces.
Description. — "Pumice occurs as very light,
hard, rough, porous gray masses, or as a gritty,
grayish powder. It is odorless and tasteless, and
is stable in air. Pumice is insoluble in water and
is not attacked by acids." N.F.
Standards and Tests. — Powdered Pumice. —
Not less than 97 per cent "Pumice Flour" or
"Superfine Pumice" passes through a No. 200
standard mesh sieve. Not less than 95 per cent of
"Fine Pumice" passes through a No. 150 standard
mesh sieve, and not more than 75 per cent passes
through a No. 200 standard mesh sieve. Not less
than 95 per cent of "Coarse Pumice" passes
through a No. 60 standard mesh sieve and not
more than 5 per cent passes through a No. 200
standard mesh sieve. Water-soluble substance. —
A 10-Gm. portion yields not more than 20 mg. of
water-soluble substances, and the solution must
be neutral to litmus paper. Acid-soluble substances.— A 1-Gm. portion yields not more than
60 mg. of substances soluble in diluted hydrochloric acid and sulfated when the residue is prepared for weighing. Iron. — An aqueous extract of
pumice does not yield a blue color with potassium
ferrocyanide T.S. after acidification with hydrochloric acid. N.F.
Uses. — Pumice is official solely for pharmaceutical purposes. It is used as a filtering medium
and to assist in dispersing particles of extracts,
tar and resins to facilitate solution.
Storage. — Preserve "in well-closed coners." N.F.

PYRATHIAZINE

HYDROCHLORIDE.
U.S.P.

Pyrathiazinium Chloride, 10-[2-(l-Pyrrolidyl)ethyl]
phenothiazine Hydrochloride

cr
CH2CH2 — N +

"Pyrathiazine Hydrochloride, dried at 105° for
3 hours, contains not less than 98 per cent of
C18H20N2S.HCI." U.S.P.
Pyrrolazote (.Upjohn).

Pyrathiazine may be considered to be an
ethylenediamine type antihistamine in which one
of the amine groups of the parent compound has
been elaborated to pyrrolidine and the other to
phenothiazine.
Pyrathiazine may be prepared by interaction of
phenothiazine sodium and 2-pyrrolidylethyl chloride (Reid et al., J.A.C.S., 1948, 70, 3100).
Description. — "Pyrathiazine Hydrochloride
occurs as a white or grayish white, odorless
powder, becoming darker on exposure to light. Its
solutions are practically neutral to litmus. One
Gm. of Pyrathiazine Hydrochloride dissolves in
about 2 ml. of water, in 8 ml. of alcohol, and in
about 2 ml. of chloroform. It is practically insoluble in ether and in benzene. Pyrathiazine
Hydrochloride
melts between 199° and 201°."
U.S.P.
Standards and Tests. — Identification. — (1)
A pink color is produced momentarily, changing
to a brownish-orange, when 25 mg. of pyrathiazine
hydrochloride is dissolved in 5 ml. of sulfuric
acid; on diluting the solution with 20 ml. of water
the color remains unchanged, and the solution is
clear. (2) A 1 in 200,000 solution exhibits ultraviolet absorbancy maxima at 250 m\i ± 1 mn
and 300 mn ± 1 m\i, and minima at 219 mn ± 1
nni and 274 mjx ± 1 m\i, the absorptivity (1%,
1 cm.) at 250 m^ is between 870 and 910. (3)
Pyrathiazine hydrochloride responds to tests for
chloride. Loss on drying. — Not over 0.5 per cent,
when dried at 105° for 3 hours. Residue on
ignition. — Not over 0.2 per cent. U.S.P.
Assay. — About 800 mg. of pyrathiazine hydrochloride, dried at 105° for 3 hours, is assayed by
the nonaqueous titration method described under
Antazoline Hydrochloride. In this assay pyrathiazine hydrochloride functions as a monoacidic
base. Each ml. of 0.1 N perchloric acid represents 33.29 mg. of C18H20N2S.HCI. U.S.P.
Uses. — Pharmacological studies by Van der
Brook et al. (I. Pharmacol., 1948, 94, 197)
showed this compound to have the same order
of antihistaminic activity as has tripelennamine ;
the toxicity is less. Ogden et al. {Ann. Allergy,
1950, 8, 293) reported the drug to be effective
in hay fever, asthma, urticaria, headache, and
pruritus ani. They employed an investigative
program in which the drug and a placebo were
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used on alternate weeks for a period of IS to 20
weeks. The usual side effects were encountered,
but were minimized by use of a delayed-absorption tablet containing 25 mg. of the drug in an
external layer, and 25 mg. in a kernel protected
by an enteric coating. Pyrathiazine absorbs the
erythema-producing component of ultraviolet
rays. See also the general discussion of Antihistaminic Drags in Part II.
The usual dose of pyrathiazine hydrochloride
is 50 mg. (approximately }£ grain) one to four
times daily by mouth, with a range of 50 to 100
mg. The maximum safe dose is 100 mg. and the
total dose in 24 hours should generally not exceed
400 mg. The dose for children is 25 mg.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
PYRATHIAZINE HYDROCHLORIDE
TABLETS.
U.S.P.
"Pyrathiazine Hydrochloride Tablets contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C18H20N2S.HC1." U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for pyrathiazine hydrochloride being substituted.
Usual Size. — 50 mg.
PYRETHRUM

FLOWERS.

Pyrethrum Flower Heads,

N.F.

Insect Flowers

"Pyrethrum Flowers consist of the dried flowerhead of Chrysanthemum cineraria folium Visiani,
of Chrysanthemum coccineum Willdenow {Chrysanthemum roseum Weber et Mohr) of or Chrysanthemum Marschallii Ascherson (Fam. Composite). Pyrethrum Flowers yields not less than
0.5 per cent of total pyrethrins (Pyrethrin I and
Pyrethrin II)." N.F.
Pyrethrum — which should not be confused with
the Pyrethrum formerly official in the U.S.P. and
described in Part II under the name Pellitory —
occurs in two principal commercial varieties : Dalmatian and Persian or Caucasian.
Dalmatian pyrethrum is obtained from Chrysanthemum cineraria) 'olium, a perennial herb with
unbranched stem, petioled finely cut leaves and
hemispherical flower-heads. It is indigenous to
Japan and Yugoslavia but is now extensively cultivated in California and, on a smaller scale, in
Australia, France, Italy, Russia and Spain (for
methods of cultivation see Gnadinger, Pyrethrum
Flowers, 1933). Persian pyrethrum is obtained
from C. coccineum and C. Marschallii, perennial
herbs indigenous to the Caucasus and northern
Persia, and cultivated in Japan.
Description. — "Unground Pyrethrum Flowers
occur as hemispherical or subglobose and somewhat flattened flower-heads, up to 20 mm. in
diameter, and these are composed of 30 or more
yellowish white, straw-colored, weak yellowish
orange, reddish or reddish purple ray florets and
many yellowish orange to yellow disk florets on
broadly conical or rounded receptacles. The ray
florets are pistillate, possessing a straplike corolla
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from 1 to 2 cm. in length and terminating in 3
short obtuse or rounded teeth. The disk florets
are up to about 7 mm. in length, are perfect and
have 5-toothed tubular corollas borne on the
achenes, the latter being 5- to 10-ribbed and provided with a short-toothed crown or pappus. The
involucre is made up of 2 or 3 rows of bracts, the
outer bracts being lanceolate and distinctly keeled,
somewhat hairy on the outer surface and smooth,
shiny and weak yellowish orange on the inner surface. The inner bracts are spatulate, longer than
the outer ones and have a white, dark red or reddish brown membranous margin. Stems are usually wanting, but if present are cylindrical, grayish or yellowish green, pubescent and show 9 to 12
prominent ribs. Pyrethrum Flowers have a characteristic odor and are somewhat sternuntatory.
The taste is at first acrid and bitter, followed by
a numbing sensation on the tongue and lips.
"Powdered Pyrethrum Flowers are weak yellowish orange to moderate yellow in color. The
powder shows numerous T-shaped, non-glandular
hairs from the involucral bracts, the hairs usually
broken but when entire consisting of a 2-celled
stalk and a curved or twisted horizontal end cell,
the latter tapering to a point at either end;
numerous spherical, spinose pollen grains up to
about 30 n in diameter and fragments of the
outer epidermis of the involucral scales with
polygonal or wavy-walled epidermal cells and
broadly elliptical stomata, the latter with 3 to
4 neighboring cells. These fragments also show
the T-shaped, non-glandular hairs as well as
sessile glandular hairs with 2- to 8-celled glandular heads. Fragments of achene and pistil tissue
are numerous and show club-shaped sessile, glandular hair, brownish resin canals, and in Chrysanthemum Cineraria folium, small prisms of calcium
oxalate. Fragments of achene tissues also show
cells of the pericarp with thin, nearly colorless
walls, rectangular cells of the seed-coat with thick,
porous and strongly lignified walls and elongated
resin secretion cells having a brownish amorphous
content. Portions of the corolla show outer epidermal cells with a striated cuticle, occasional
stomata, the latter surrounded by 4 to 5 neighboring cells, and an inner epidermis with cells having
the form of striated papillae and appearing
polygonal in surface view. Fragments of the
teeth of the tubular florets show rows of longitudinally elongated cells, many of which contain
a rosette aggregate of calcium oxalate. Fragments
of vascular tissues from the scales and stem portions showing lignified, sclerenchymatous cells and
fibers are also present." N.F.
Standards and Tests. — Powdered Daisy
Flowers. — No fragments of dark red amorphous
material from secretion cells should be seen in
powdered pyrethrum flowers, nor should any
achene tissue showing tightly arranged, thickwalled, narrow, palisade cells be present. Stems. —
Not over 5 per cent of the stems of the plant.
Foreign organic matter. — Not over 2 per cent,
other than stems. Acid-insoluble ash. — Not over
2 per cent. N.F.
Assay. — A 15-Gm. portion of pyrethrum flowers is extracted with petroleum benzin to remove
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both pyrethrin I and pyrethrin II; other petroleum benzin-soluble substances, such as fats and
waxes, will of course accompany the pyrethrins.
After evaporating the solvent the residue is
heated with 0.5 A alcoholic sodium hydroxide,
which saponifies the esters pyrethrin I and
pyrethrin II and also the fatty components of
the pyrethrum extract. Barium chloride is added
to precipitate the fatty acids and the mixture is
filtered. An aliquot portion of the filtrate is
acidified slightly with sulfuric acid and, after
filtering off the barium sulfate which is thereby
precipitated, most of the acid component obtained by hydrolysis of pyrethrin I is extracted
with petroleum benzin, while the bulk of the
corresponding component of pyrethrin II remains
in the acid solution. After washing the petroleum
benzin extracts with water the pyrethrin I derivative is transferred to a sodium hydroxide solution
to which is added mercuric sulfate T.S. which
oxidizes the pyrethrin compound and is itself reduced to the mercurous state. After precipitating
the mercurous ion as chloride, the latter is filtered
off and the amount of it estimated by oxidation
with 0.01 M potassium iodate in the presence
of hydrochloric acid and chloroform. Each ml. of
0.01 M potassium iodate represents 5.70 mg. of
pyrethrin I. For discussion of the derivation
of this empirical factor, see Graham and LaForge
(Soap and Sanitary Chemicals, 1943, 19, 111),
also J.A.O.A.C., 1945, 28, 571.
The pyrethrin II acid remaining in the acid solution from which the pyrethrin I was extracted
is concentrated, washed with chloroform after
first neutralizing with sodium bicarbonate, then
extracted with ether after acidifying strongly with
hydrochloric acid and saturating with sodium
chloride. The ether extracts the pyrethrin II acid,
which is obtained in the residue after evaporation
of the ether; being an acid, it is estimated by
titration of its alcoholic solution with 0.02 A
sodium hydroxide, using phenolphthalein T.S. as
indicator. Each ml. of 0.02 A' sodium hydroxide
represents 3.74 mg. of pyrethrin II (the equivalent being based on neutralization of both hydrogens of the dicarboxylic acid).
Constituents. — The insecticidal power of
pyrethrum flowers had been variously attributed
to its resin and volatile oil, but the work of
Staudinger and Ruzicka (Helv. Chim. Acta,
1924, 7, 448) and later of LaForge and associates (see J.A.C.S., 1949, 71, 3165) has established that it is due mainly to a mixture of
pyrethrins (I and II) and cinerins (I and II).
These substances are esters of the closely related
cyclic ketone alcohols Pyrethrolone (C11H14O2)
and cinerolone (C10H14O2). Pyrethrin I
(C21H28O3) is the pyrethrolone ester of an acid
called chrysanthemum carboxylic acid, while
Pyrethrin II (C22H28O5) is the pyrethrolone
ester of a related acid known as chrysanthemum
dicarboxylic acid monoethyl ester. Cinerin I
(C20H28O3) and cinerin II (C21H28O5) are the
corresponding cinerolone esters of the same two
acids. Pyrethrin I is more toxic to insects than
is pyrethrin II, while cinerin I has about the
same order of toxicity as pyrethrin I with the
added advantage of greater stability; cinerin II
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appears to be the weakest of these insecticidal
principles. The content of active principles varies
from 0.5 to 1 per cent, as a rule.
In the course of investigations of methods of
synthesizing constituents of pyrethrum it was
discovered that a homolog of cinerin I, in which
an allyl radical replaces the butenyl radical present in the pyrethrum constituent, is a potent insecticide; the allyl homolog is available commercially under the coined generic name allethrin
414).
(for its synthesis see Ind. Eng. Chetn., 1954, 46,
Adulterants. — The most common adulterant
of pyrethrum flowers has for many years been
the ground flower-heads of Chrysanthemum
Leucanthemum L. (Fam. Compositce), a common
weed in the United States and Europe, known as
daisy, ox-eye daisy, or Marguerite. The official
test for powdered daisy flowers readily detects
such adulteration.
Uses. — Pyrethrum flowers are highly toxic to
many lower forms of life, especially insects and
worms. The flowers are also poisonous to the coldblooded vertebrates, such as fishes and frogs. According to Chevalier (Bull. Acad. mid. Paris,
1928, 119, 446) administration by mouth, or hypodermically, will not kill warm-blooded animals,
but intravenously it is actively poisonous, 6 mg.
per Kg. of body weight being the fatal dose for
rabbits. Pyrethrum flowers are also said to cause
some confusion of mind in those who sleep in
closed apartments where much of it is used, and
among workers in factories where the powder is
ground. The latter persons frequently also suffer
from dermatitis from contact with the drug;
according to Feinberg (J.A.M.A., 1934, 102,
1557) this arises from the oleoresin in the drug,
and not from the pyrethrins.
Pyrethrum flowers act as a contact poison for
insects; it is not necessary for them to eat the
flowers to be killed. Symes (War Med., 1942, 2,
340) employed light dustings of powder for control of bedbugs, cockroaches, fleas, flies, lice and
mosquitoes; one ounce for each 500 square feet
of inside surface was applied twice weekly.
Pyrethrum flowers are extensively used in the
form of liquid extracts or suspensions which are
applied by spraying. Such vehicles as kerosene,
pine oil, or other hydrocarbon liquids are useful.
Many insecticides which depend on pyrethrum
for their activity have been introduced. These
preparations have been standardized, as a rule,
by one or another modification of the Peet-Grady
test in which the efficiency of the spray in killing
house flies under standardized conditions is determined (see J. Econ. Entomol., 1921, 21, 612).
The efficiency of pyrethrum preparations appears
to be dependent on the content of pyrethrins and
cinerins (see under Constituents) , although West
(Nature, 1943, 152, 660) reported that a concentrate still apparently rich in these principles
even after standing in the dark for some months
showed a marked reduction in toxicity when
tested against house flies. Gnadinger and Corl
(Ind. Eng. Chem., 1932, 24, 901) reported that
pyrethrum flowers lose from 30 to 40 per cent of
their activity per year, regardless of the type of
container in which they are stored. They also
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dispute the correctness of the traditional belief in
the superiority of immature over fully grown
flowers (see also McDonnell et al., U. S. Dept.
Agr., Tech. Bull, 1938, 1930). For further information concerning use of pyrethrum as an insecticide see Gnadinger, Pyrethrum Flowers, 2nd
edition and supplement.
Scabies Treatment. — Pyrethrum flowers in
form of an extract dispersed in an ointment base
of hydrous wool fat, petrolatum and paraffin,
representing 0.75 per cent of combined pyrethrins,
has been found to be an efficient agent for the
treatment of scabies and is recognized by the
N.N.R. Based on the investigations of Sweitzer
and Tedder {Minn. Med., 1935, 18, 793), and
Sweitzer {J. -Lancet, 1936, 56, 467), the claim is
made that the ointment (Upsher Smith Co.)
penetrates the burrows and kills both the mites
and the eggs and that except in rare instances it
does not produce dermatitis with resultant exfoliation. Sweitzer and Tedder reported 4 cases
of allergic sensitivity in a series of 618 patients
treated. The ointment is applied to the entire
body following a thorough cleansing with soap
and water; further applications are made on at
least 3 or 4 successive days. Tobias (GP, 1951, 4,
44) stated that pyrethrum ointments have become unpopular in scabies because of high (15
percent) relapse rate and frequency of sensitization. Chevalier (loc. cit.) suggested use of pyrethrum in the treatment of various forms of
helminthiasis but insufficient clinical data are
available to permit an estimate of its value to be
made, [v]
PYRIDOXINE
Pyridoxinium

HYDROCHLORIDE.
U.S.P.

Chloride, Vitamin
Hydrochloride

B6,

CH2OH

Vitamin

Be

cr

CH20H
Adermine Hydrochloride; Hexabione Hydrochloride.
5-Hydroxy-6-methyl-3,4-pyridinedimethanol Hydrochloride;
2-Methyl-3-hydroxy-4,5-bis
(hydroxymethy 1) pyridine Hydrochloride.

Vitamin B6, now known as pyridoxine, is
widely distributed in plant and animal tissues;
whole grains, potatoes, cabbage, bananas and
meat are good sources but legumes, yeast, fish
and milk also contain substantial amounts. It
was isolated, in 1938, from rice bran (Keresztesy
and Stevens, Proc. S. Exp. Biol. Med., 1938, 38,
64) and in 1939 was synthesized, almost simultaneously, inseveral laboratories. Its synthesis
starting with condensation of cyanoacetamide
and ethoxyacetylacetone in the presence of
piperidine was described by Harris and Folkers
(Science, 1939, 89, 347; J.A.C.S., 1939, 61,
1245).
Besides its natural occurrence as pyridoxine,
vitamin Be occurs in tissues also in the aldehyde
form called Pyridoxal (in which the CH2OH in
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para position to the pyridine nitrogen has been
oxidized to CHO), and also as the amine
pyridoxamine (in which the same CH2OH group
is replaced by CH2NH2). All three compounds
appear to be interconverted during normal metabolic processes, although pyridoxal may be the
biologically predominant form; in some situations at least the three substances have equal
biological activity. An important form in which
pyridoxal occurs in tissues is as the ester
pyridoxal-5 -phosphoric acid, also known as
codecarboxylase; this is a coenzyme which has
a vital role in the metabolism of proteins and
amino acids, including their decarboxylation,
transamination, dehydration and desulfhydration.
Pyridoxine, especially in the form of the hydrochloride salt, is the most stable of the naturally
occurring forms of vitamin Be and is for this
reason the form employed for therapeutic purDescription. — "Pyridoxine Hydrochloride ocposes.
curs as colorless or white crystals or as a white,
crystalline powder. It is stable in air, and is slowly
affected by sunlight. Its solutions are acid to
litmus, having a pH of about 3. One Gm. of
Pyridoxine Hydrochloride dissolves in about 5
ml. of water, and in about 100 ml. of alcohol. It is
insoluble in chloroform and in ether. Pyridoxine
Hydrochloride melts between 204° and 208° with
some decomposition." U.S.P.
Standards and Tests. — Identification. — (1)
blue color, changing to red, is produced when
pyridoxine is coupled with 2,6-dichloroquinonechloroimide; in the presence of boric acid no blue
color is produced. (2) Phosphotungstic acid T.S.
produces a white precipitate with pyridoxine hydrochloride in water solution. (3) Pyridoxine
hydrochloride responds to tests for chloride. Loss
on drying. — Not over 0.5 per cent when dried
in vacuum over sulfuric acid for 4 hours. Residue
on ignition. — Not over 0.1 per cent. Heavy metals.
— The limit is 30 parts per million. Nitrogen content.— Not less than 6.6 per cent and not more
than 6.9 per cent, determined by the Kjeldahl
method. Chloride content. — Not less than 16.9
per cent and not more than 17.6 per cent, determined by the Volhard method, using nitrobenzene
to coat precipitated silver chloride. U.S.P.
Stability. — Pyridoxine hydrochloride is stable
in acid aqueous solution indefinitely at room
temperature and may be heated at 120° C. for
30 minutes without decomposition. In neutral or
alkaline solution it is destroyed by ultraviolet
light but is not affected in distinctly acid solution. It is to be noted that solutions of pyridoxine
hydrochloride in water are acid, having a pH of
about 3.
Uses. — Notwithstanding that considerable biochemical information is available concerning the
function of vitamin B6, its clinical significance
has remained obscure. Following the recognition
of the characteristic dermatitis, known as
acrodynia, as a deficiency syndrome in animals,
the deficient factor was subsequently isolated and
named vitamin B6 (Birch and Gyorgy, Biochem.
J., 1936, 30, 304). But until 1950 labels on
vitamin Bo-containing products marketed in the
United States were required to state that the

1146

Pyridoxine

Hydrochloride

need for this vitamin in human nutrition had
not been established and even then a minimal
daily requirement was unknown, a human deficiency state was not characterized and no therapeutic claims were established (J.A.M.A., 1951,
147, 322). It is apparent, however, that the essentiality of the vitamin in animal and human
nutrition is definite. It is prescribed in certain
patients with dermatitis, and in instances of
nausea and vomiting of pregnancy, etc. It has
been used in certain neurological disorders (Stone,
Dis. Nerv. System, 1950, 11, 131).
Action. — In all animal species studied
pyridoxine is essential for growth of the young;
protracted deficiency results in acrodynia, which
consists of hyperkeratosis and acanthosis of the
ears, paws and snout, edema of the corium of
the skin, muscular weakness, and convulsive
seizures (Gyorgy and Eckardt, Nature, 1939,
144, 512; Chick et al., Biochem. /., 1940, 34,
505; Daniel et al, J. Nutrition, 1942, 23, 205;
Boutwell et al., Proc. S. Exp. Biol. Med., 1951,
77, 860). In dogs and swine vitamin Be deficiency results in severe microcytic, hypochromic
anemia accompanied by a marked increase in
concentration of iron in blood plasma, by
hemosiderosis in the liver, spleen and bone
marrow, and by hyperplastic bone marrow
(Fouts et al, J. Nutrition, 1938, 16, 197). However, serum bilirubin is not increased and no
increase in porphyrin excretion is found, i.e.,
the anemia is not a hemolytic one. Synthesis of
protoporphyrin is impaired (/. Biol. Chem., 1948,
172, 557). If the intake of iron is also restricted
the hemosiderosis does not occur. Convulsive
seizures occur. In swine, after 2 months on the
deficient diet, neurological damage also develops;
this is characterized by degeneration of the dorsal
root ganglion cells in the cord, demyelinization
of peripheral nerves, and degeneration of the
axis cylinder (Hughes and Squibb, /. Animal Sc,
1942, 1, 320; Wintrobe et al, Bull Johns Hokins
Hosp., 1943, 72, 1; Follis and Wintrobe, /. Exp.
Med., 1945, 81, 539). The minimum daily requirement for pyridoxine in the rat, dog, mouse,
and chick is in the range of the requirement for
thiamine (Conger and Elvehjem, /. Biol. Chem.,
1941, 138, 555; Michaud and Elvehjem, Nutr.
Abstr. Rev., 1944, 13, 323; Schweigert et al., J.
Biol Chem., 1946, 165, 187; Bird, Vitamins and
Hormones, 1947, 5, 163). The retention of iron
and copper in the body of rats is increased during pyridoxine deficiency {Nutrition Rev., 1950,
8, 15). In monkeys loss of weight occurs after 2
or 3 weeks on a ration deficient in vitamin Be.
There is decreased food consumption and general
vigor, an unkempt and lethargic appearance, irritability, Assuring of skin of the hands and feet,
anemia and leukopenia after 5 or more months
on the diet. Histological examination of pyridoxine-deficient monkeys by Rinehart and
Greenberg {Arch. Path., 1951, 51, 12) demonstrated arterial lesions resembling those of human
arteriosclerosis; initially a mucinous substance
appears in the intima which shows the characteristic metachromatic staining reaction of mycopolysaccharides. Subsequently there is cellular
proliferation and alteration in collagen and elastic
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fibers. On a similar fat and cholesterol intake the
vitamin Bc-deficient monkey shows a greater
hypercholesterolemia (Greenberg and Rinehart,
Proc. S. Exp. Biol. Med., 1951, 76, 580). A
severe hypochromic, macrocytic anemia with
target cells and increased resistance to hypotonic
saline solution was observed in pyridoxinedeficient monkeys (Poppen et al., Blood, 1952, 7,
436).
Frank deficiency of vitamin Bo in humans
seems to be most rare. The vitamin occurs in
many foods. There is evidence that intestinal
bacteria may synthesize the vitamin {Nutrition
Rev., 1951, 9, 197). In patients treated for
pellagra and beriberi with vitamins but who remained on a deficient diet and showed residual
insomnia, irritability, abdominal pain, weakness
and difficulty in walking, Spies et al. {J.A.M.A.,
1939, 112, 2414) reported dramatic improvement
within 4 hours after parenteral administration of
50 mg. of pyridoxine hydrochloride. Less than 1
per cent of a dose of 50 mg. given intravenously
was excreted in the urine in the first hour in
these cases while 8 to 10 per cent of a similar
dose was excreted by normal persons (Spies et al.,
ibid., 1940, 115, 839). Nearly 50 per cent of an
oral dose of 100 mg. can be accounted for in the
urine within 12 hours as 4-pyridoxic acid (Rabinowitz and Snell, Proc. S. Exp. Biol. Med., 1949,
70, 235). Following a test dose of tryptophan,
Greenberg et al. {Arch. Biochem., 1949, 21, 237)
observed that pyridoxine-deficient patients excrete much more xanthurenic acid in the urine
than do well-nourished persons; this acid is a
product of incomplete metabolism of tryptophan
in health. The pyridoxine-deficient person is also
unable to convert tryptophan to N1-methylnicotinamide (Snyderman et al, Proc. S. Exp.
Biol Med., 1949, 70, 569).
Utilizing the antimetabolite desoxypyridoxine ,
along with a diet relatively deficient in vitamin
Be, Vilter et al. {J. Lab. Clin. Med., 1953, 42,
335) induced the following manifestations in 34
of 50 patients: anorexia, nausea, listlessness,
seborrhea, sicca-like dermatitis, cheilosis, conjunctivitis, glossitis, pellagra-like dermatitis, and
polyneuritis. From 50 to 500 mg. of desoxypyridoxine was administered daily; the dietary
content of pyridoxine was as low as 0.5 mg.
daily. Lymphocytopenia occurred; eosinophilia
was present in patients with extensive dermatitis.
Abnormalities in the metabolism of tryptophan,
alanine and urea were found. Linoleic acid
counteracted the characteristic dermatitis, suggesting ametabolic relationship between essential
fatty acids and the B6 vitamins. A dose of 2 to
3 mg. of pyridoxine hydrochloride daily corrected
the manifestations despite continuation of the
antimetabolite regimen. Not only pyridoxine but
pyridoxal and pyridoxamine as well were effective,
whether given orally, parenterally or percutaneously. Topical use of pyridoxine healed skin
lesions at the site of application.
The manifestations in 2 infants on a formula
deficient in vitamin B6 were reported by Snyderman et al. {J. Clinical Nutrition, 1953, 1, 200);
no antimetabolite was employed. Both infants
failed to gain weight. Both showed failure to
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One infant, who was 2 months old at the start of
the study, developed severe convulsions after 76
days of deprivation of vitamin Be; these were
relieved in 3 hours after intravenous injection of
50 mg. of pyridoxine hydrochloride. The other
infant, 8 months old, after 30 days on the deficient formula showed a decrease in blood hemoglobin which despite administration of ferrous
sulfate progressed to a severe hypochromic,
microcytic anemia on about the 130th day. Administration of1 mg. daily of pyridoxine hydrochloride, orally, corrected the anemia in 24 days;
a gain in weight was noted. In 6 infants, 2 to 3
months of age, idiopathic convulsive seizures
were associated with the feeding of a concentrated
liquid commercial formula when it was observed
that they were free from the convulsions when
the milk formula was changed (Molony and
Parmelee, J.A.M.A., 1954, 154, 405). That the
suspected pyridoxine-deficiency of the liquid
formula was responsible for the convulsive disorder appears to have been conclusively established by an experiment of Coursin (ibid., 1954,
154, 406) on an infant who experienced status
epilepticus that was demonstrable clinically and
electroencephalographically; when pyridoxine hydrochloride was injected intramuscularly the abnormal pattern of the electroencephalogram
changed in 3 minutes and normal sleep was restored in 5 minutes. Gydrgy (/. Clinical Nutrition, 1954, 2, 44) has discussed the loss of
vitamin B6 from the infant feeding formula in
question.
Abnormal urinary excretion of xanthurenic acid
in pregnant women following a test dose of
tryptophan was corrected by administration of
pyridoxine hydrochloride. Having noted that
pyridoxine-deficient rats had difficulty in metabolizing protein, Hawkins et al. (J. Biol. Chem.,
1946, 166, 223) found that the fasting blood
urea concentration in normal pregnant women
was lower than in non-pregnant women, and even
lower in the presence of hyperemesis gravidarum ;
administration of pyridoxine restored the urea
concentration to normal in these cases (McGanity
et al.,ibid., 1949, 178, 511).
Therapeutic Applications. — Aside from the
treatment of vitamin Be deficiency, which seems
to be rare, pyridoxine hydrochloride has been
recommended for several conditions for which no
specific therapy is available and the indications
for pyridoxine are not well established. Since it is
essential in human nutrition, it is included in
most multivitamin mixtures for either prophylactic or therapeutic use. The daily minimum requirement inthe diet has not been established.
Neuromuscular Disorders. — In pseudohypertrophic muscular dystrophy, Antopol and Schotland (J. A.M. A., 1940, 114, 1058) reported benefit
from use of vitamins E and B6, but Ferrebee
et al. (ibid., 1941, 116, 1895) were not impressed with their utility, and Eaton et al. (Proc.
Mayo, 1941, 16, 523) denied value in amyotrophic lateral sclerosis, progressive muscular
atrophy or progressive muscular dystrophy.
Rosenbaum et al. (J. Lab. Clin. Med., 1942, 27,
763) reported relief of muscular weakness in a
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patient with so-called neurasthenia following intravenous injection of 50 mg. of pyridoxine hydrochloride. Three separate therapeutic trials indicated no benefit in parkinsonism (Barker et al.,
Bull. Johns Hopkins Hosp., 1941, 69, 266; Zeligs,
J.A.M.A., 1941, 116, 2148; Baker, ibid., 2484).
In postencephalitic parkinsonism Meller (Minn.
Med., 1942, 25, 22) reported failure but in
idiopathic (arteriosclerotic) paralysis agitans in
older patients he observed definite decrease in
pain and rigidity and an increased sense of wellbeing. Fox and Tullidge (Lancet, 1946, 2, 345)
tried pyridoxine hydrochloride, in orally administered doses of 20 to 100 mg. daily, in teen-age
boys with petit mal and some with grand mal
epilepsy without benefit. Ernsting and Ferwerda
(Nederl. tijdschr. v. geneesk., 1951, 95, 3643),
however, reported relief in 5 and improvement in
3 of 14 boys with petit mal attacks who had not
responded to treatment with ketogenic diet and
the usual anticonvulsive drugs. The irritability
and the grand mal-like attacks in young infants
with vitamin Be deficiency have been discussed
above. The strange case of an infant in whom
convulsions reappeared whenever injections of a
multiple-vitamin preparation were discontinued
was reported by Hunt et al. (Pediatrics, 1954, 13,
140) ; the essential component of the vitamin
mixture was found to be pyridoxine hydrochloride and eventually the syndrome was controlled
by 2 mg. of pyridoxine hydrochloride given daily
by mouth. The mother of this infant had received
large doses of pyridoxine hydrochloride during
pregnancy because of hyperemesis gravidarum.
Effective use of pyridoxine hydrochloride in children with Sydenham's chorea was reported by
Schwartzman et al. (J. Pediatr., 1941, 19, 201)
and by Swoboda (Wien. klin. Wchnschr., 1952,
64, 276).
Nausea and Vomiting. — In hypermesis gravidarum (pernicious vomiting in pregnancy)
therapeutic value of many agents has been reported; pyridoxine hydrochloride has several advocates, including Willis et al. (Am. J. Obst. Gyn.,
1942, 44, 265), Weinstein et al. (ibid., 1943, 46,
283; 1944, 47, 389), Silbernagel and Burt (Ohio
State M. J., 1943, 39, 1113), and Hurlbutt (Am.
J. Obst. Gyn., 1950, 59, 458). In milder cases a
dose of 60 to 80 mg. orally has been given daily ;
in severe cases 100 mg. intravenously was administered for the first few days, after which it was
given orally. Hesseltine (ibid., 1946, 51, 82), in a
controlled study using placebos, found no benefit
from injections of pyridoxine hydrochloride. In
the somewhat similar syndrome of nausea and
vomiting associated with roentgen irradiation
marked benefit from parenteral or oral administration of pyridoxine hydrochloride prophylactically was reported by Maxfield et al., (Radiology, 1943, 41, 383), Shorvon (Brit. J. Radiol.,
1946, 19, 369), and Reeves (South. M. J., 1946,
39, 405). Vomiting associated with large doses of
diethylstilbestrol was alleviated by intravenous
injections of 50 to 100 mg. of pyridoxine hydrochloride (Patton, Am. J. Obst. Gyn., 1949, 58,
595). In postanesthetic nausea and vomiting it
proved to be useless (Kernis and Stodsky,
Anesth., 1950, 11, 212).
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Dermatology. — Wright et al. {Arch. Dermat.
Syph., 1943, 47, 651) suggested that some cases
of seborrheic dermatitis are benefited by ingestion of pyridoxine hydrochloride. In such cases
Schreiner et al. (J. Lab. Clin. Med., 1952, 40,
121) found little effect from oral or parenteral
administration but did observe that topical application of a water-soluble cream containing 10
mg. of pyridoxine hydrochloride per Gm. of
vehicle was effective in 22 of 25 cases; relapses
occurred when treatment was discontinued. Moist
and weeping lesions were not suitable for treatment with the cream. In acne vulgaris Jolliffe
et al. (J. Invest. Dermat., 1942, 5, 143) reported
improvement in adolescent patients following
daily ingestion of 50 to 250 mg. of pyridoxine
hydrochloride.
Toxicology. — Even in high doses, no untoward effects of pyridoxine hydrochloride have
been recognized. When animals were given doses
as high as 3 or 4 Gm. per Kg. of body weight —
which obviously greatly exceed any dose that
might be used therapeutically — convulsions and
death resulted (Unna and Antopol, Proc. S. Exp.
Biol. Med., 1940, 41, 116; Weigand et al., ibid.,
44, 147).
Dose. — The usual dose of pyridoxine hydrochloride is 5 mg. orally or parenterally, with a
range of 1 to 100 mg. The minimum daily requirement in the diet has not been established;
animal studies suggest that the requirement for
the human is about 1 or 2 mg. daily.
Pyridoxine hydrochloride is available in tablets
containing 10, 25, and 50 mg., also in ampuls
containing 25 and 50 mg. per ml.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
PYRILAMINE MALEATE.
U.S.P. (B.P., LP.)
Pyrilaminium Maleate, 2-[(2-Dimethylaminoethyl)
(p-methoxy benzyl) amino] pyridine Maleate

<^
CHs0-

CH2— NCH2Cri2N+(CH3)2

HC4H204

"Pyrilamine Maleate, dried in a vacuum desiccator over phosphorus pentoxide for 5 hours, contains not less than 98 per cent of C17H23N3O.C4H4O4." U.S.P. The B.P. and LP. define
Mepyramine Maleate as the acid maleate of N-/>methoxybenzyl-N',N'-dimethyl-N-2-pyridylethylenediamine; the former requires not less than
99.0 per cent and not more than the equivalent
of 101.5 per cent of C21H27O5N3, calculated with
reference to the substance dried to constant
weight at 80°, while the LP. limits are 98.5 per
cent and 101.0 per cent, referred to the substance as it occurs.
B.P. Mepyramine Maleate; Mepyraminae Maleas. I. P.
Mepyramine Maleate; Mepyramini Maleas. Anthisan
Maleate. Pyranisamine Maleate. Xeo-Antergan Maleate
(Merck).

Pyrilamine. classified among antihistaminic
drugs as a N-heterocyclic derivative of ethyl-

I

enediamine, was introduced as being the most
active of a large number of compounds of this
type synthesized in the renowned Rhone-Poulenc
laboratories of France. Several methods of synthesizing ithave been published, the most economical reputedly being that of condensation of
2-aminopyridine with dimethylaminoethyl chloride in the presence of sodamide or lithamide.
followed by treatment of the intermediate with
/>-methoxybenzyl chloride (see Huttrer et al.,
J.A.C.S., 1946, 68, 1999).
Description. — "Pyrilamine Maleate occurs as
a white, crystalline powder, usually having a faint
odor. Its solutions are acid to litmus. One Gm.
of Pyrilamine Maleate dissolves in about 0.5 ml.
of water, in 3 ml. of alcohol, and in about 2 ml. of
chloroform. It is slightly soluble in ether and
in benzene. Pyrilamine Maleate melts between
99° and 101°." U.S.P. The B.P. and LP. give the
melting point as between 98° and 101°, the pH
of a 1 per cent w/v solution as between 4.7 and
5.2.
Standards and Tests. — Identification. — (1)
A cherry-red color is produced when 25 mg. of
pyrilamine maleate is dissolved in 5 ml. of sulfuric acid, the color disappearing when the solution is diluted with 20 ml. of water, leaving a
turbid solution from which a white or creamcolored precipitate separates in a few minutes.
(2) A 1 in 100,000 solution exhibits an ultraviolet absorbancy maximum at 244 mn ±: 1 mn,
and a minimum at 234 mn ± 1 ran, the absorptivity (1%, 1 cm.) at 244 mjx is between 410 and
426. (3) Maleic acid separated from pyrilamine
maleate melts between 128° and 133°. Loss on
drying. — Not over 0.5 per cent. Residue on ignition.—Not over 0.1 per cent. U.S.P. The B.P.
and LP. specify arsenic and lead limits of 2 and
10 parts per million, respectively.
Assay. — About 500 mg. of pyrilamine maleate,
dried in a vacuum desiccator over phosphorus
pentoxide for 5 hours, is assayed by the nonaqueous titration method described under
Antazoline Hydrochloride, omitting the treatment
with mercuric acetate. In this assay pyrilamine
maleate functions as a diacidic base. Each ml.
of 0.1 N perchloric acid represents 20.07 mg. of
C17H23N3O.C4H4O4. U.S.P. The B.P and LP.
assay by liberating pyrilamine base from an
aqueous solution of the maleate, using sodium
hydroxide, extracting the pyrilamine with ether,
evaporating the solvent (adding dehydrated alcohol just before the ether is completely evaporated), and finally drying the residue of
pyrilamine to constant weight at 105°.
Uses. — A considerable experimental and clinical literature has accumulated on pyrilamine.
Reuse (Brit. J. Pharmacol. Chemother., 1948, 3,
174) concluded on the basis of careful pharmacologic studies that it is the most specific antihistaminic of those he studied, which included
also antazoline, diphenhydramine, dibucaine and
promethazine; in other words, pyrilamine is much
more active against histamine than it is against
acetylcholine, nitcotine, epinephrine, and potassium ion. Pyrilamine maleate, diphenhydramine
hydrochloride, and tripelennamine hydrochloride
were found to be the most effective of 13 anti-
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histamines tested by Sternberg (J.A.M.A., 1950,
142, 969) for ability to raise the histamine
whealing threshold in man.
Halpern et al. (Compt. rend. soc. biol., 1947,
141, 1125) reported that pyrilamine has no local
anesthetic action, and also pointed out that antihistaminic action and local anesthetic action are
not related. The potentiating effect of pyrilamine
on the action of oxytocin is not inhibited by
atropine (Clauser et al., Biochim. Biophys. Acta,
1951, 7, 278, 289). In studies involving topical
application to the mammalian capillary bed,
Haley and Harris (/. Pharmacol., 1949, 95, 293)
found pyrilamine to be a more active vasoconstrictor than is epinephrine. The hypothesis of
Rocha and Silva, and Cragstedt (/. Pharmacol.,
1941, 73, 405) that leukotaxine, a polypeptide
present in inflammatory exudates, is either histamine or that it acted on capillaries to increase permeability by releasing histamine from damaged
tissue, was opposed by Collumbine (Nature, 1947,
159, 841) on the evidence that the antihistaminic
substance pyrilamine maleate did not alter the
edema following an experimental burn. In studies
of passive transfer of the Schwartzman reaction in
guinea pig skin with egg white intravenously,
Ovary et al. (Experientia, 1951, 7, 151) found
that the reaction was prevented by pyrilamine; it
was concluded that the antihistaminic prevented
at attachment of the antibody to the skin. In
vitro, pyrilamine inhibited growth of E. coli
(Sterzl and Krecek, Nature, 1949, 164, 700) but
not Staphylococcus aureus (Brewster and Dick,
Texas Rep. Biol. Med., 1949, 7, 69).
Hay Fever and Asthma. — Pyrilamine maleate
has proved to be clinically effective. In the review
of Loveless and Dworin (Bull. N. Y. Acad. Med.,
1949, 25, 473) it was reported to have provided
symptomatic relief in 61 per cent of 893 patients
with various allergic disorders; the incidence of
untoward effects amounted to 29 per cent (see
also Gay et al., Bull. Johns Hopkins Hosp., 1948,
83, 356; Arbesman, /. Allergy, 1948, 19, 178;
Waldbott and Gadbaw, /. Michigan M. Soc, 1949,
48, 724; Friedlaender and Friedlaender, Ann.
Allergy, 1949, 7, 83; Schwartz and Wolf, /.
Allergy, 1949, 20, 32). British reports have been
similar. Hunter and Dunlop (Lancet, 1948, 254,
474) emphasized the ineffectiveness of antihistaminics in bronchial asthma; Herxheimer
(ibid., 1948, 1, 667, 926), however, reported prevention of nocturnal asthmatic attacks by oral
administration of pyrilamine in doses of 100 to
600 mg. or by inhalation of a 10 per cent solution at bedtime (see also Brit. M. J., 1949, 2,
901). After 6 months of use, Reid and Hunter
(Lancet, 1949, 2, 349) found the drug to be still
effective in patients with hay fever. Stoesser (/.Lancet, 1949, 69, 198) recommended tripelennamine, pyrilamine or thonzylamine for daytime
use in children with allergic rhinitis, but cautioned against the tendency of antihistaminics to
thicken bronchial secretions in the asthmatic. In
12 cases of severe asthma including 7 with status
asthmaticus, Talaat (Lancet, 1950, 2, 197) reported immediate and continued relief with 10
ml. of 1 per cent procaine hydrochloride intravenously followed by 200 mg. of pyrilamine

Pyrilamine

Maleate

1149

maleate orally and then 100 mg. four times
daily. Miller (Ann. Allergy, 1950, 8, 68) gave 2
to 15 mg. of pyrilamine maleate intramuscularly
or intravenously with relief obtained within minutes and lasting for several hours in more than
half of patients with hay fever or urticaria who
were thus treated. In less than 25 per cent of patients side effects were present, these including
drowsiness, dizziness, dry mouth, tinnitus, abdominal cramps and aggravation of asthma.
Enteric coating with cellulose acetate phthalate
minimized the side effects of pyrilamine in tablet
dosage form, and ingestion of the coated tablet at
12 -hour intervals maintained continuous symptomatic relief in hay fever (Simon, Ann. Allergy,
1950, 8, 90).
Other Uses. — Pyrilamine was one of the antihistaminics found useful by Brewster in treatment of the "common cold" (U. S. Nav. M. Bull.,
1949, 49, 1); he also reported it to be useful in
very young children (West Virg. M. J., 1950,
46, No. 2). Craig et al. (Brit. M. J., 1949, 1, 6)
treated acute nephritis in children and gained the
impression that the course of the disease was
shortened thereby but Lawson (ibid., 1951, 1,
1423) observed no benefit in 16 cases. Solomon
(N. Y. State J. Med., 1949, 49, 198) treated a
case of Stevens-Johnson syndrome, with beneficial results. Hunter and Hill (Lancet, 1947,
253, 383) used pyrilamine effectively in the
management of patients sensitive to liver extract
or to insulin. The drug has been used for treating the nausea and vomiting of pregnancy
(Dougray, Brit. M. J., 1949, 2, 1081), seasickness (McEvedy, Lancet, 1949, 256, 825), and
radiation sickness (Brown and Hunter, Brit.
M. J., 1948, 2, 984). In patients on an ocean
voyage in whom prophylactic use of hyoscine or
dimenhydrinate had failed to prevent seasickness,
Beaumont (ibid., 1949, 2, 1472) used a rectal
suppository containing 150 mg. of pyrilamine, for
an adult, or 50 mg. for a child, successfully. Ashford et al. (Brit. J. Pharmacol. Chemother., 1949,
4, 157) found pyrilamine to have no effect on
gastric secretion, and to be of no benefit in the
management of the patient with peptic ulcer.
Symptomatic improvement was reported in cases
of myotonia atrophica (Russell, Brit. M. J., 1949,
2, 1206). The results of tuberculin tests performed on 30 adults before and after ingestion
of 300 mg. of pyri'amine maleate daily for 21
days were not altered by the drug (Oliveira Lima
and Rocha, Ann. Allergy, 1951, 9, 205); hence,
interpretation of the tuberculin test is not complicated byuse of this antihistaminic agent.
Dermatoses. — Pyrilamine absorbs radiation in
the sunburn range of 2950 to 3150 Angstrom
units (Friedlaender et al., J. Invest. Dermat.,
1948, 11, 397). A 2 per cent cream in a watermiscible base has been used effectively as a
topical application in pruritus ani and other
pruritic dermatoses
(Rasmussen,
Nord. Med.,
1949, 42, 1875). Walters and Gilman (U. S.
Armed Forces M. J., 1951, 2, 187) found that
itching dermatoses were relieved more often by 2
per cent pyrilamine maleate with 5 per cent of a
special coal tar extract in a water-miscible emulsified hydrophilic base (Histar, Tarbonis) than
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with the tar alone. Oral administration was used
effectively in the treatment of urticaria by Tobias
and Grindon (Ann. Allergy, 1949, 7, 778).
Shubsachs (Lancet, 1949, 256, 936) recommended oral administration of the drug in the
management of burns of the skin.
Toxicology. — A mild prolonging action on
the hypnosis produced by barbiturates, comparable to that of tripelennamine but less than that
of diphenhydramine or promethazine, has been
observed (Winter, /. Pharmacol., 1948, 94, 7).
Vertigo following discontinuance of the drug has
been reported (Cherry, M. J. Australia, 1949,
36, 540). Prain (Brit. M. J., 1950, 1, 1375)
reported the death of a 13-month old infant
following the ingestion of 200 mg.; Tobias (ibid.,
1949, 1, 1098) described a fatal case in which a
child of 21 months ingested 600 mg.; Miller and
Pedley (ibid., 1950, 1, 1115) recorded still another death of an infant. A case of fatal poisoning was reported by Jaulmes (through Schweiz.
Apoth. Ztg., 1949, 87, 658). Chronic toxicity
studies on animals have been reported by Winter
et al. (J. Allergy, 1948, 19, 371). See also the
general discussion of Antihistaminic Drugs in
Part II.
Pyrilamine-S-bromotheophyllinate (Pyrabrom,
Whittier) was used successfully in the prophylaxis of the premenstrual tension syndrome;
women given 50 mg. three times daily during the
last 10 days of the intermenstrual period showed
a marked decrease in their usual weight gain and
absence of symptoms. Treatment of existing
symptoms was less effective, although it antagonized the antidiuretic action of posterior pituitary
injection. A tablet containing 50 mg. of this compound, with 100 mg. of acetophenetidin, is
marketed as M-Minus-4 (Whittier).
Dose. — The usual dose of pyrilamine maleate
is 25 mg. (approximately Y% grain) up to 4 times
daily by mouth, with a range of 25 to 50 mg. The
maximum safe dose is 50 mg. and the total dose
in 24 hours should not ordinarily exceed 200 mg.
(see above for certain exceptions).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.

PYRILAMINE

MALEATE

U.S.P. (B.P.)

TABLETS.

"Pyrilamine Maleate Tablets contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of C17H23N3O.C4H4O4."
U.S.P. The corresponding B.P. limits are 92.5
and 107.5 per cent.
B.P.

Tablets of Mepyramine Maleate.

Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for pyrilamine maleate
being substituted. U.S.P. The B.P. liberates
pyrilamine base, which is extracted with ether,
the ether evaporated and the residue of pyrilamine dissolved in 0.1 N hydrochloric acid and
the excess acid titrated with 0.1 N sodium hydroxide, using methyl red as indicator.
Usual Sizes. — 25 and 50 mg.

PYROGALLOL.
Pyrogallic Acid,

N.F.

[Pyrogallol]

C6H3(OH)3
1,2,3-Trihydroxybenzene; Vicinial Trioxybenzene. Pyrogallolura. Fr. Pyrogallol; Acide pyrogallique. Ger. Pyrogallol; Pyrogallussaure. //. Acido pirogallico. Sp.
Pirogalol.

The substance, although often called pyrogallic acid, is a trihydric phenol. Of the three trihydric phenols having this formula, this is the
best known; phloroglucinol and hydroxyhydroquinone are the other two. Pyrogallol may be made
synthetically, but is usually obtained as one of
the products of decomposition of gallic acid by
heat, or by submitting an extract of galls to
sublimation, the reaction produced by heat being :
CcH2(OH)3.COOH -* CeH3(OH)3 + CO2
The degree of heating must be regulated as at a
high temperature gallic acid is converted into
metagallic acid.
Description. — "Pyrogallol occurs as light,
white, or nearly white, odorless leaflets or fine
needles. It acquires a grayish tint on exposure to
air and light. A solution of Pyrogallol when exposed to air acquires a brown color and an acid
reaction owing to oxidation by the air. The absorption ofoxygen and change of color take place
very rapidly after the solution is rendered alkaline with an alkali hydroxide. A freshly prepared
solution of Pyrogallol (1 in 20) in recently boiled
water is colorless or at most slightly yellow, and
is neutral or acid to litmus paper. One Gm. of
Pyrogallol dissolves in about 2 ml. of water, in
about 1.5 ml. of alcohol, and in about 2 ml. of
ether. It is very soluble in boiling water and in
boiling alcohol. Pyrogallol melts between 130°
and 133°." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 10 aqueous solution of pyrogallol reduces
solutions of salts of silver, gold, and mercury
ions even in the cold. (2) A freshly prepared 1
in 20 aqueous solution of pyrogallol is colored
brownish red by ferric chloride T.S. (3) A freshly
prepared 1 in 20 solution of pyrogallol is colored
blue on adding a few drops of freshly prepared
ferrous sulfate T.S. Residue on ignition. — Not
over 0.1 per cent. N.F.
A characteristic property of pyrogallol is its
strong affinity for oxygen. Through the same
reducing property it readily reduces some of the
metallic oxides, and its use in photography as a
developing agent is based on this effect on salts
of silver. Though stable in air when dry, it
rapidly absorbs oxygen in alkaline solution, so
that it may be used for determining the content
of this gas in a mixture of gases. Pyrogallol
forms salts with bases but its acidic character is
very weak and the salts are quite unstable.
Incompatibilities. — Pyrogallol is darkened by
strong alkalies; ammonium hydroxide colors it
red. It is readily oxidized. A liquid or a soft mass
is formed when it is triturated with any one of
many substances including menthol, phenol, camphor and antipyrine.
Uses. — Pyrogallol is an active irritant and in
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concentrated solution even caustic. It is somewhat germicidal, though distinctly inferior to
phenol in power; according to Cooper (Brit. M.
J., 1912 1, 1235), its phenol coefficient is 0.8.
When taken internally it is actively poisonous,
its toxic effect being due in part to its local irritant action upon the alimentary tract, but also
partly from a phenol-like action upon the central
nervous system and a destructive effect upon the
blood corpuscles. It produces solution of the
hemoglobin as well as a change of hemoglobin
into methemoglobin, which, if death does not
occur too soon, is manifested by the appearance
of icterus and methemoglobinuria.
Pyrogallol is used in medicine as an application
in various skin diseases, especially psoriasis. In
this condition it owes its therapeutic action probably to its reducing power, although its local
stimulating effect and antibacterial properties
may also play a part. It is occasionally used in
lupus for its caustic action. For medical purposes
it is generally applied in the form of an ointment
varying in strength from 2 to 10 per cent; such
ointments should not be applied over extensive
areas. (J.A.M.A., 1925, 84, 555). It stains skin
and hair a black color.
Toxicology. — The toxic symptoms produced
by pyrogallol are vomiting and purging with collapse, pale or cyanosed lips, the skin often presenting a peculiar greenish hue or sometimes
jaundiced; the urine is albuminous and may be
brown or black from the presence of hemoglobin
or methemoglobin (von Oettingen, Nat. Inst.
Health Bull., 1949, 190, 167). Stains on the skin
may be removed with ammonium persulfate.
Fatty degeneration and enlargement of the liver,
similar to the effects produced by phosphorus,
have been noted. Following ingestion, gastric
lavage with warm water or a solution of magnesium or sodium sulfate is indicated; analeptics
are used if needed and general supportive therapy
is important. Even its external use is not devoid
of danger, two deaths having been reported from
its topical application. Kuseh (Wien. klin. Wchnschr., 1909) reported abortion in pregnant women
from application of a 10 per cent ointment.
No official dose is given; pyrogallol is not prescribed orally. Externally, a 2 to 10 per cent
ointment is employed.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
PYROXYLIN.

U.S.P., B.P.

Soluble Guncotton, [Pyroxylinum]

"Pyroxylin is a product obtained by the action
of a mixture of nitric and sulfuric acids on cotton, and consists chiefly of cellulose tetranitrate
(Ci2Hi6N40i8)n." U.S.P.
The B.P. recognizes a nitrated cellulose, obtained by the action of a mixture of nitric and
sulfuric acids on cotton wool, which has been
freed from fatty matter, and subsequently purified.
Pyroxylon; Coloxylin. Colloxilina. Fr. Fulmicoton ;
Cellulose octonitrique. Ger. Cellulosenitrat; Kollodiumwolle;
achieszbaumwolle.
Sp. Coloxilina; Algodon polvora;
Piroxilina,
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No method of preparing pyroxylin is now
official; for method of the B.P. 1914 see U.S.D.,
21st ed., p. 909.
The name guncotton is applied to several
closely related, yet distinct, products. They are
not, as was at first supposed, nitroderivatives in
which the group NO2 merely replaces hydrogen,
atom for atom, but compounds in which nitrate
radical NO3 is present, replacing OH groups of
the cellulose formula. Thus, taking the cellobiose
formula C12H20O10 for cellulose, there is produced by the action of nitric acid (in the presence of sulfuric acid) Ci2Hi404(N03)6, C12H1505(N03)5, Ci2Hi606(N03)4, Ci2Hi707(N03)3,
and Ci2Hi808(N03)2, the degree of nitration being dependent on many variables. The soluble
guncotton used in the preparation of collodion is
a varying mixture of the four lower nitrates, but
is chiefly made up of trinitrate and tetranitrate.
The hexanitrate, when thoroughly washed free
from acid, is insoluble in water, alcohol, ether,
and all mixtures of alcohol with ether. It is the
explosive guncotton, which when compressed in
cakes and fired by a fulminate explodes violently.
Description. — "Pyroxylin occurs as a light
yellow, matted mass of filaments, resembling raw
cotton in appearance, but harsh to the touch. It
is exceedingly flammable, burning, when unconfined, very rapidly and with a luminous flame.
When kept in well-closed bottles and exposed to
light, it is decomposed with the evolution of
nitrous vapors, leaving a carbonaceous residue.
Pyroxylin dissolves slowly but completely in 25
parts of a mixture of 3 volumes of ether and 1
volume of alcohol. It is soluble in acetone and
in glacial acetic acid, and is precipitated from
these solutions by water." U.S.P.
Standards and Tests. — Residue on ignition.
— Not over 0.3 per cent, when ignited in the presence of alcohol. Acidity and water-soluble substances.— A filtrate representing the soluble material in 500 mg. of pyroxylin leaves not more than
1.5 mg. of residue. The filtrate does not have an
acid reaction. U.S.P.
The B.P. provides that the kinematic viscosity
of a solution in acetone, containing 3 per cent
w/v of the dry material, is not less than 1100
centistokes and not more than 2550 centistokes,
When stored for a long time, guncotton may
at 20°. spontaneous decomposition. The change
undergo
is shown by the bottle in which the guncotton is
kept becoming filled with oxides of nitrogen, and
the pyroxylin being so modified that it is no
longer soluble in ether. The official direction to
keep pyroxylin "loosely packed in cartons" is a
valuable precaution against decomposition. When
kindled, pyroxylin flashes like gunpowder, burning without residue. Yet, according to Bleekrode,
when wet with ether or similar fluid, and ignited,
the liquid will burn out of it without firing the
guncotton.
Uses. — Prepared in various physical forms
after incorporating solvents like amyl acetate,
etc., to convert it into a plastic mass, the higher
nitrates of cellulose constitute the well-known
"smokeless powders." Pyroxylin, or soluble gun-
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cotton, is extensively used as the basis of transparent varnishes for lacquering metal and wood.
When mixed with camphor under certain conditions of temperature and pressure it forms the
plastic material known as celluloid. In medicine
pyroxylin is used as a protective covering, especially in the form of collodion.
Storage. — Preserve "loosely packed in cartons, protected from light." U.S.P. The B.P. requires that it be kept in a well-closed container,
loosely packed, protected from light, and stored
in a cool place; it should be kept covered with
industrial methylated spirit (alcohol denatured
by addition of 5 per cent v/v of methyl alcohol).
Off. Prep.— Collodion, US. P.; Flexible Collodion, B.P.
QUASSIA.

N.F., B.P.

Bitter Wood, [Quassia]

"Quassia is the dried heart-wood of Picrasma
excelsa (Swartz) Planchon, known in commerce
as Jamaica Quassia, or of Quassia amara Linne,
known in commerce as Surinam Quassia (Fam.
Simaroubaceoe.) ." N.F. The B.P. recognizes only
the stem wood of the Jamaica quassia, Picrtzna
excelsa (Sw.) Lindley.
Bitter
Ash.
Lignum
Quassiae.
Fr. Quassia
de la
Jamaique.
Ger. Quassiaholz;
Bitterholz. It. Legno quassio. Sp. Leno de cuasia ; Cuasia amarga.

The genus Picrasma, which is segregated by
some botanists into the two genera Picrasma and
Aeschrion, is represented by eight species, all
possessing a bitter wood and bark.
Picrasma excelsa (Swartz) Planchon (Picrcena
excelsa (Sw.) Lindley), validly known also as
Aeschrion excelsa (Swartz) 0. Kuntze by those
botanists who recognize Picrasma and Aeschrion
as separate genera, as its name implies, is a lofty
tree up to 100 ft. in height, with a straight,
smooth, tapering trunk, often 3 ft. in diameter
near its base, and is covered with a smooth, gray
bark. The leaves are pinnate, the leaflets being
petiolate and oblong pointed and arranged in
opposite pairs, with a single leaflet at the end.
The flowers are small, of a yellowish-green color,
and disposed in panicles. They are polygamous
and pentandrous. The fruit is a small black drupe.
This species inhabits Jamaica and the Caribbean
Islands, where it is called bitter ash. Most of the
commercial quassia is obtained from this tree.
The genus Quassia comprises but two species.
Quassia amara of tropical America and Q. africana
found in tropical West Africa. Quassia amara L.,
or bitter quassia, the source of Surinam quassia,
is a small tree or shrub, with alternate, imparipinnate leaves, consisting of two pairs of opposite
leaflets, with an odd one at the end. The leaflets
are elliptical, pointed, sessile, smooth, of a deep
green color on their upper surface, and paler on
the under. The common petiole is articulated and
winged. The flowers, which are hermaphrodite and
decandrous, are bright red, and terminate the
branches in long racemes. The fruit is a two-celled
capsule containing globular seeds. Quassia amara
is a native of Brazil and Guiana and is cultivated
in Colombia, Panama, and the West Indies. Its
root and bark were formerly official. They are ex-
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cessively bitter, as in fact are all parts of the
plant. For the botanical description and history
of Quassia amara, see Gilling (Pharm. J., 1908,
63, 30). For a study of the developmental history
of the stems and leaves of Quassia amara see
Edman (Farm. Revy, 1933, 32, 441, 577).
Quassia is imported into the United States from
Kingston and St. Ann's Bay, Jamaica, and from
Brazil. The drug comes in the form of logs,
which were formerly used in the manufacture of
"quassia"
and
chips. or "tonic cups," or in shavings, raspings
Description. — "Unground Jamaica Quassia
usually occurs as chips, raspings, or shavings, and
occasionally in billets. It is pale yellow to moderate yellow with a few yellowish gray pieces,
some being somewhat coarsely grained. The fracture istough and fibrous. Quassia has a slight odor
and
a
N.F. X.very bitter taste." N.F. For histology see
"Unground Surinam Quassia resembles Jamaica
Quassia except that the billets are usually thinner,
the vessels singly or in pairs and smaller, the
xylem rays usually 1 to 2 cells wide, and from 10
to 30 rows deep, and the calcium oxalate crystals
few or entirely absent.
"Powdered Quassia is weak yellow. It contains
fragments of vessels, the walls marked by numerous small bordered pits; wood fibers with thin
walls and oblique pits, xylem rays and parenchyma cells with numerous pits; calcium oxalate
in 4- to 6-sided prisms, from 6 to 30 n in length,
sometimes in crystal fibers; and a few starch
grains, spherical or ellipsoidal, and from 5 to IS \i
in diameter." N.F.
Standards. — Foreign organic matter. — Not
more than 1 per cent. Acid-insoluble ash. — Not
more than 0.5 per cent. N.F.
Quassia is at first whitish, but becomes yellow
on exposure; sometimes it has blackish spots or
markings, due to the presence of the mycelium of
a fungus.
Constituents. — Jamaica quassia contains the
amaroid substances quassin, isoquassin, and neoquassin, according to Adams and Whaley {J.A.C.S.,
1950, 72, 375). These investigators found that
quassin is a molecular complex containing isoquassin and neoquassin in approximately equal
amounts; neoquassin (C22H30O6) is a hydroxy
compound, of which isoquassin (C22H28O6) is the
corresponding ketone. Picrasmin, reported by
earlier investigators as the principal constituent
of quassia, is identical with isoquassin. Surinam
quassia appears to contain the same or very
closely related constituents.
Uses. — Quassia was introduced into medicine
about the middle of the 18th century by a Negro
of Surinam, named Quassi, who acquired considerable reputation in the treatment of the malignant fevers of that country by a secret remedy,
which he was induced to disclose to Rolander, a
Swede. Specimens were taken to Stockholm by
Rolander in 1756, and the medicine soon became
popular in Europe.
Quassia is an effective simple bitter, useful in
failure of appetite due to gastric debility, and in
overdoses capable of sufficiently irritating the
stomach to produce vomiting. Antonibon (Arch.
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internat. pharmacodyn. therap., 1927, 33, 78) reported that the principle quassin is actively poisonous when injected into the circulation, the intravenous lethal dose for rabbits being 0.14 Gm.
per Kg., but that it is poorly absorbed from the
alimentary canal. The symptoms of poisoning he
observed were muscle tremors followed by paralysis and asphyctic death.
Amin et al. {Quart. J. P., 1945, 18, 116) in preliminary clinical trials found quassin to be promising as a substitute for emetine hydrochloride.
Quassin, in 1:10,000 solution, inhibited movement
of Trichomonas and Endamoeba histolytica, in
vitro; emetine was ineffective in the same concentration. Perfusion of the mammalian heart with
the quassin solution produced depression of amplitude of the beat and reduced heart rate by onethird. In rats intramuscular administration of 20
to 100 mg. quassin per Kg., and in rabbits of 30
mg. per Kg., proved to be non-toxic.
An infusion of quassia, two ounces in a pint of
water, is used as an enema for seatworms.
Quassia has been given in infusion, tincture,
extract, or fluidextract. Some dyspeptic patients,
who have become habituated to its bitterness,
chew the wood and are occasionally benefited.
A syrup from quassia has been used as a fly
poison; for formula see U.S.D., 23rd ed., p.
913. E
The usual dose is 500 mg. (approximately 10
grains), with a range of 300 to 600 mg.
INFUSION

OF

QUASSIA.

B.P.

Infusum Quassia

This infusion is prepared by diluting concentrated infusion of quassia with seven volumes of
distilled water. It should be used within 12 hours
of its preparation.
The dose is 15 to 30 ml. (approximately Yz to
1 fluidounce).
FRESH

INFUSION

OF QUASSIA.

Infusum

Recens

Quassiae

B.P.

This preparation is made by infusing 10 Gm.
of quassia with 1000 ml. of cold distilled water
for 15 minutes, then straining the mixture. It
should be used within 12 hours of its preparation.
Infusion of quassia is administered orally as a
bitter tonic and by enema in the treatment of
seatworms.
Dose, from 15 to 30 ml. (approximately Yz to
1 fluidounce).
CONCENTRATED
QUASSIA.
Infusum

Quassiae

INFUSION
B.P.

OF

Concentratum

This preparation is made by macerating 80 Gm.
of quassia, cut small, with 650 ml. of cold distilled water for one hour, straining, and reserving
the liquid; the process is repeated twice, using
500 ml. portions of water. The marc is lightly
pressed, the expressed liquid is mixed with the
liquids obtained in the second and third macerations and evaporated to 250 ml. This liquid is
mixed with that obtained in the first maceration,
250 ml. of 90 per cent alcohol is added, with
sufficient distilled water to make 1000 ml. After
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not less than 14 days the liquid is filtered.
Concentrated infusion of quassia may be given
in
a dose of 2 to 4 ml. (approximately 30 to 60
minims).
QUILLAIA.
Quillaia

Bark,

Quillaias

B.P.
Cortex

Quillaia is the dried inner part of the bark of
Quillaja saponaria Molina, and of other species of
Quillaja. B.P. "Quillaja is the dried inner bark of
Quillaja
N.F. IX. Saponaria Molina (Fam. Rosacea)."
N.F. IX. Quillaja. Soap Tree Bark; Soap Bark; Panama
Bark; China or Murillo Bark. Cortex Quillaiae. Fr. ficorce
dite de Panama ; £corce de quillaya. Ger. Seifenrinde ;
Seifenholz; Waschrinde.

The name of this genus is said to be derived
from the popular name of the tree Quillay, which
in turn comes from the Chilean word quillean,
to wash.
Quillaja Saponaria Molina is a large evergreen,
glabrous tree with alternate, short petiolate, ovate,
simple, serrate, coriaceous leaves and axillary
clusters of large white flowers. The leathery follicular fruits occur in clusters of 5. The bark is
thick, the wood very hard. This tree was first described by the famous Abbe Giovanni Ignazio
Molina of Bologna, in 1782. It is a native of Chile
and Peru; it occurs also in Bolivia and is now
cultivated in southern California and northern
Hindustan.
Two other soap barks have appeared in commerce, the botanical origins of which have not
been definitely ascertained but which from their
microscopical structure are believed to represent
species of Quillaja. One of these, thinner than the
saponaria bark, with a reticulated outer surface,
has been thought to be derived from Quillaja
Pceppigii Walp. The second occurs in quills 7 to 1 5
cm. long, 1 to 2.5 cm. wide and about 3 mm. thick,
is softer and not layered and is said to be derived
from Q. Smegmadermos DC.
The chief bulk of the commercial supply comes
from Valparaiso, Chile. The Chilean bark represents the crude inner bark and is shipped in burlap
bags. Some of the commercial supplies are utilized
in the manufacture of metal polishes.
Description. — "Ungroimd Quillaja occurs as
flat pieces of variable length, from 3 to 10 mm. in
thickness, or in small chips. The outer surface is
weak reddish brown to weak yellowish orange,
sometimes showing a very few small patches of
cork attached, otherwise being nearly smooth.
The inner surface is weak yellowish orange to
yellowish white, nearly smooth, with occasional
circular depressions and conical projections or
transverse channels. The fracture is uneven and
strongly fibrous, the laminae being oblique to each
other.
"Powdered Quillaja is very pale orange, has a
slight odor, a very acrid taste, and is very sternutatory. It contains calcium oxalate in elongated
prisms either isolated or in crystal fibers, the
prisms from 35 to 200 microns in length; numerous fragments composed of long, more or less
irregular fibers with thick, strongly lignified walls,
the fibers often associated with medullary rays,
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the latter about four cells wide; stone cells with
simple oblique pores; nearly spheroidal starch
grains up to 10 microns in diameter; and occasional fragments composed of cork cells with
colored walls." N.F. IX.
When powdered quillaja is shaken with water a
copious and persistent froth is produced.
Standards. — Adhering outer bark. — Not more
than 5 per cent. Foreign organic matter. — Not
more than 1 per cent other than adhering outer
bark. Acid-insoluble ash. — Not more than 2 per
cent. N.F. IX.
Constituents. — The detergent and medicinal
properties of quillaja are due to the presence of
one or more principles belonging to the group of
saponins. Quillaic acid, C30H46O5, also known as
quillain, is the most thoroughly investigated of
these constituents; it is a very toxic substance.
Its chemical structure has been the subject of a
great deal of research by several investigators; it
is a pentacyclic carboxylic acid containing an
aldehyde group, and two hydroxyl and six methyl
groups. Cofman-Nicoresti {Pharm. J., 1923, 111,
103) found that the total saponin content was
about 9 or 10 per cent. Sucrose has been reported
to be present (Melliers, Pharm. J., 1901, 66, 161).
Uses. — The effects of quillaja are those of
the sapotoxins in general and are described under
Saponins in Part II. Its former use in medicine
was based entirely on its local irritant action.
Through its tendency to nauseate it sometimes
was useful in the early stages of acute bronchitis,
its action being very similar to that of senega.
Externally it was occasionally used for its detergent and stimulating effects.
Quillaic acid is said to be extremely poisonous,
0.4 mg. per Kg. of body weight injected intravenously ina cat being sufficient to cause death,
although 2 Gm. administered orally was not fatal.
It is a violent local irritant. In a case of poisoning
by quillaic acid the symptoms were violent vomiting, with epigastric pain, increased diuresis and
cystic irritation, accompanied by cold sweats,
feeble pulse, threatened syncope, and other evidences of collapse.
Quillaja has been used extensively for washing
silk, cloth, and other fabrics, for which soap is not
suitable. It is sometimes employed, because of its
surface-active properties, as a dispersing agent in
the preparation of suspensions or emulsions for
external use. It was formerly largely used as a
foaming agent in non-alcoholic carbonated beverages; this use is prohibited by law in most, if not
all, jurisdictions.
Quillaja has been administered in doses of 60
to 200 mg. (approximately 1 to 3 grains).
Off. Prep. — Liquid Extract of Quillaia; Solution of Coal Tar, B.P.
LIQUID

EXTRACT OF
B.P.

QUILLAIA.

Extractum Quillaiae Liquidum

This extract is prepared by percolating quillaia
with 45 per cent alcohol; the concentration of the
product is finally adjusted so that 1000 ml. represents the activity in 1000 Gm. of the drug.

Liquid extract of quillaia is used principally for
its surface-active property in preparing dispersions
of certain insoluble substances and emulsions, particularly ofvolatile oils. It has been occasionally
prescribed as a nauseating expectorant.
Dose, from 0.03 to 0.2 ml. (approximately Yi
to 3 minims).
Off. Prep. — Emulsion of Chloroform; Emulsion of Peppermint, B.P.
QUINACRINE HYDROCHLORIDE.
U.S.P. (B.P., LP.)
3-Chloro-7-methoxy-9-(l-methyM-diethylaminobutylamino)acridine Dihydrochloride, Mepacrine Hydrochloride, Quinacrinium Chloride,
[Quinacrinas Hydrochloridum]

NH— CH(CH,)— CHjCHjCH,— N^CtHj),

2C1".2HjO

CH,0.

"Quinacrine Hvdrochloride contains not less
than 9S per cent of C23H30CIN3O.2HCI.2H2O/'
ZJJS.P. The B.P., using a different numbering system for the acridine nucleus, defines Mepacrine
Hydrochloride as the dihydrochloride of 2-chloro5- (4-diethylamino- 1 -methylbutylamino) - 7-methoxyacridine and requires it to contain not less
than 99.0 per cent of C23H30ON3CI.2HCL calculated with reference to the substance dried to constant weight at 130°. The LP. follows the American system of numbering and has the same purity
rubric as the U.S.P.
B.P. Mepacrine Hydrochloride; Mepacrinae Hydrochloridum. IP.
. Mepacrini Hydrochloridum. Atabrine Dihydrochloride
Atebrin; Chinacrin;
Chinacrin Hydrochloride; (ll'inthrop)
Erion. Sp. ;Clorhidrato
de Quinacrina.

The systematic search for synthetic antimalarials which began in Germany in 1920 resulted
in the discovery of plasmochin, known also as
pamaquine (and official as Pamaquine Xaphthoate), in 1924, and of atabrine in 1930; the dihydrochloride ofthe latter compound is the official
Quinacrine Hydrochloride. Following the preferred
American system of numbering the acridine nucleus the exact chemical name for quinacrine dihydrochloride is3-chloro-7-methoxy-9-(l-methyl4-dietliylaminobutylamino)acridine dihydrochloride; the name based on the British system is
given in the definition above. Still another system
of nomenclature used by some American writers
leads to 2-methox>'-6-chloro-9-(a-methyl-5-diethylaminobutyl)-aminoacridine dihydrochloride as the
name for the compound.
The starting material for synthesis of the acridine nucleus is 2,4-dichlorobenzoic acid, the bulk
of which has been prepared from 2,4-chloroaminotoluenes provided by the dyestuff industry of this
country. The dichlorobenzoic acid is condensed in
alkaline solution with £ara-anisidine. also available
from the dyestuff industry, through the amino
group of the latter compound to yield a carboxylic
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acid through which the ring is closed with phosphorus oxychloride. The resulting methoxydichloroacridine is heated with l-diethylamino-4aminopentane (which furnishes the same side
chain as is found in pamaquine) in anhydrous
phenol to produce quinacrine; the molten mixture
is poured into a large volume of acetone which
dissolves the phenol, while the quinacrine is precipitated inthe form of its dihydrochloride by an
excess of hydrochloric acid. The 1-diethylamino4-aminopentane is prepared from diethylaminoethanol, which is also an intermediate in the manufacture of procaine, by first converting it to
diethylaminoethyl chloride by reaction with thionyl
chloride, then condensing with sodium ethylacetoacetate to form, after hydrolysis and decarboxylation of the intermediate ester, a ketone (1diethylaminopentanone-4) which on catalytic
hydrogenation in the presence of ammonia yields
the desired compound. A modification of the
manufacturing process in which the phenol employed in the last stage of the manufacture of
quinacrine is extracted with sodium hydroxide
while permitting phase separation of the quinacrine is said to increase the yield of quinacrine
hydrochloride from 77 per cent to at least 85
per cent (Jones, Shaw and Waldo, Ind. Eng.
Chem., 1945, 37, 1044).
The methanesulfonate of quinacrine is recognized by the B.P. under the title Mepacrine
Methanesulphonate (q.v.).
Description. — "Quinacrine Hydrochloride occurs as a bright yellow, crystalline powder. It is
odorless and has a bitter taste. One Gm. of Quinacrine Hydrochloride dissolves in about 35 ml. of
water. It is soluble in alcohol." U.S.P. The B.P.
gives the pH of a 2.0 per cent w/v solution in
water as between 3.0 and 5.0.
Standards and Tests. — Identification. — (1)
A yellow to orange, oily precipitate of quinacrine
is produced on adding a slight excess of ammonia
T.S. to 5 ml. of a 1 in 40 solution of quinacrine
hydrochloride. (2) A yellow, crystalline precipitate is produced on adding 1 ml. of diluted nitric
acid to 5 ml. of a 1 in 40 solution of quinacrine
hydrochloride. (3) A yellow precipitate is produced on adding 1 ml. of mercury bichloride to
5 ml. of a 1 in 40 solution of quinacrine hydrochloride. (4)The filtrate separated from the precipitate obtained in identification test (1) responds, after acidification with nitric acid, to
identity tests for chloride. pH. — The pH of a 1
in 100 solution is about 4.5. Water. — Not less
than 6 per cent and not more than 8 per cent,
being determined by drying at 105° for 4 hours
or by the Karl Fischer method. Residue on ignition.— The residue from 200 mg. is negligible.
U.S.P. The B.P. and the LP. include a test for
limit of 2-chloro-7-methoxyacridone. In the test,
500 mg. of quinacrine hydrochloride is shaken, in
a stoppered flask, with 20 ml. of anesthetic ether
for an hour ; the mixture is filtered and the filtrate
is required to show no greater fluorescence than
that exhibited by a solution of 1.25 mg. of chloromethoxyacridone in 100 ml. of anesthetic ether.
Aqueous solutions of quinacrine hydrochloride
are yellow and show a greenish fluorescence. The
salt forms yellow precipitates with potassium
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iodide, ammonium thiocyanate and potassium
dichromate.
Assay. — About 250 mg. of quinacrine hydrochloride isreacted with 50 ml. of 0.1 iV potassium
dichromate to produce a precipitate of quinacrine
dichromate. After filtering off the precipitate, the
excess of dichromate in a one-half aliquot of the
filtrate is estimated through liberation of an
equivalent amount of iodine which is titrated with
0.1 N sodium thiosulfate, using starch T.S. as indicator. A residual titration blank test is performed. Each ml. of 0.1 A7 potassium dichromate
represents 8.482 mg. of C23H30CIN3O.2HCUH2O,
based on quinacrine having an equivalent weight
one-sixth its molecular weight (since one molecule
of quinacrine reacts with one molecule of potassium dichromate). U.S. P. The LP. employs the
same assay procedure but adds 6 mg. to the quantity of the active ingredient found in order to
correct for the solubility of quinacrine dichromate.
The B.P. assay calls for solution of the hydrochloride in water, liberation of the base with sodium hydroxide, extraction with chloroform, and
evaporation of that solvent to yield, finally, a
residue of quinacrine. Each Gm. of the residue
represents 1.182 Gm. of C23H30ON3CI.2HCI.
Uses. — Quinacrine is used in the management
of all forms of malaria and for giardiasis. It is
effective against the erythrocytic asexual forms
(trophozoites) of all forms of the parasite and
will control the clinical symptoms (for a brief
outline of the life cycle of the malarial Plasmodium, see under Antimalarial Agents, in Part
II). It suppress vivax (tertian), quartan and
most strains of falciparum (estivo-autumnal) malaria (J.A.M.A., 1944, 125, 977; 1946, 132, 623).
Study of the pharmacological properties of quinacrine has resulted in more effective methods of
therapeutic application. It has proved to be equivalent, and in some respects superior, to quinine.
If properly used, it is less toxic than quinine and
it is not bitter to the taste. It has been tried with
some success in other diseases (v.i.).
Absorption. — After oral administration, quinacrine isdetectable in blood plasma within 2 hours,
its concentration reaching a peak in 8 hours (Arch.
Int. Med., 1946, 78, 64). On daily ingestion, the
plasma level increases rapidly during the first
week to one-half of the final equilibrium level for
the dose employed, then more slowly (at 2 weeks
75 per cent, at 3 weeks 87 per cent) until, at 6
weeks, equilibrium is reached between absorption
and excretion and the maximum plasma level is
reached. With doses of 400 mg. per week the
plasma level at equilibrium is about 12 micrograms per liter of plasma; on 600 mg. weekly, 17
micrograms per liter; on 1 Gm. weekly, 30 micrograms per liter. The plasma level after 6 weeks
for a given dose can be obtained in one week if
double the dose is employed. A "loading" dose is
needed to quickly saturate the tissues. On discontinuing administration, the plasma level decreases
rapidly during the first week but quinacrine does
not disappear from the plasma for 4 to 6 weeks.
Residence in a hot, humid climate does not alter
the plasma levels. Plasma levels, however, differ
widely in different individuals. After ingestion the
blood level increases more rapidly with quinine
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than with quinacrine. The concentration in the
blood plasma is correlated with the clinical effect
of the drug. After intravenous administration,
blood plasma equilibrium is attained rapidly. Likewise, intramuscular administration of quinacrine
produces a therapeutic blood plasma level within
15 minutes but it causes some necrosis at the
injection site (Hawking, Brit. M. J., 1944. 2,
209). It maintains a better level than does the
intravenous administration of quinine, as well as
being much less toxic than intravenously injected
quinine.
Storage. — Body tissues take up large quantities of quinacrine. In blood the highest concentration is found in the leukocytes; the erythrocytes contain a greater concentration than the
plasma, in which quinacrine is reversibly adsorbed
by plasma proteins, chiefly albumin (Shannon
et al., J. Pharmacol., 1944, 81, 307). Quinacrine
is determined by the fluorescence of plasma after
removal of interfering fluorescent substances. The
concentration in the liver reaches from 10.000 to
20,000 times that in the plasma. The location of
fluorescence indicates that the drug is in the parenchymal rather than the reticuloendothelial cells
of the liver (Jailer, Science, 1945, 102, 258).
Considerable tissue concentrations are also found
in the pancreas, spleen, lung and even bone marrow, where 20 times the plasma concentration has
been found. Lesser amounts are found in the kidney and muscles. It appears in the saliva, sweat
and spinal fluid (Lippincott et al., J. Nat. Malaria Soc, 1946, 5. 85). In the bile and seminal
fluid the concentration exceeds that in blood {Ann.
Trop. Med., 1946, 39, 128, 133). In the kidney
the fluorescence is seen in the cells of the proximal
convoluted tubules.
Excretion. — This is slight but continues for
5 to 7 weeks after administration is discontinued.
On a dose of 300 mg. daily, the renal excretion
on the third day was about 5 mg. and the fecal
excretion was 30 mg. or less (Shannon and Earle,
Bull. N. Y. Acad. Med., 1945, 21, 467). Jailer
et al. (J. Clin. Inv., 1947, 26, 1168) found decreased urinary excretion to follow alkalinization
of the urine with sodium bicarbonate and increased excretion following the administration of
ammonium chloride; there was no detectable
change in the plasma level although acidosis
caused an increased plasma level. Apparently
quinacrine is lost by degradation in the body but
this too is slow. The concentration of quinacrine
in the urine is proportional to the plasma level
and Brown and Rennie (Lancet, 1945, 1, 686)
employed urine instead of blood determinations to
control its clinical use. After intramuscular injection very little appears in the feces (Ann. Trop.
Med. Parasit., 1946, 40, 372). Hammick and
Chambers (Nature, 1945, 155, 141) reported that
only the levorotatory form was excreted in the
urine, along with degradation products (King
et al., Biochem. J., 1946. 40, 706) such as the
2-hydroxy metabolite. Although clinical attacks
of malaria occurring in spite of quinacrine administration have been attributed to poor absorption of the drug, failure to take the drug seemed
to be responsible for the "malarial breakthrough"
in most instances (Bull. U. S. Army M. Dept.,
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1946, 5, 17). Maier (Am. J. Trop. Med., 1948,
28, 395, 397) reported average blood levels following oral administration in patients with infectious hepatitis or dysentery.
Other Actions. — As much as 1 Gm. of the
drug, dissolved in 1 liter of isotonic sodium chloride solution and injected intravenously over a
period of 4 hours, can be given without depressing
the blood pressure (Machella et al., Bull. U. S.
Army M. Dept., 1947, 7, 1000); hypotension following rapid injection can be counteracted by
epinephrine. It may inhibit the vagus nerve, and
Melville (/. Pharmacol., 1946, 87, 350) reported
dilatation of the coronary vessels. However,
Waelsch and Nachmansohn (Proc. S. Exp. Biol.
Med., 1943, 54, 336) reported inhibition of cholinesterase which should increase vagal activity.
Wayne et al. (Brit. Heart J., 1949, 11, 55) observed inhibition of the depressant action of
adenosine triphosphate on the heart. Therapeutic
doses have no effect on gastric secretion (Petch,
Lancet, 1947, 2, 561). It has no deleterious effect
on vision or oxygen utilization at high altitudes
(Abbey and Lawrence, J.A.M.A., 1946, 130, 786).
Although quinacrine passes the placenta, no fetal
damage has been recognized nor is there a tendency to abortion or menstrual disorders with
therapeutic doses.
Antimalarial Action. — The trophozoites of
Plasmodium vivax in the blood are eradicated by
a concentration of 30 micrograms per liter of
plasma for 4 days (Shannon and Earle, loc. cit.) ;
a level of 10 to 30 micrograms has a temporary
and partial effect. For the trophozoites of P.
falciparum, a level of 50 micrograms per liter is
required for 6 days. In vitro, inhibition is produced by similar concentrations (Berliner, Fed.
Proc, 1946. 5, 164). Blood-induced malaria, such
as therapeutic malaria in treating neurosyphilis.
is promptly cured by either quinacrine or quinine
and relapses do not occur. In mosquito-induced
malaria, the trophozoites are destroyed in the
blood and the clinical manifestations of the disease are prevented but a fixed tissue reservoir of
the infestation persists. Quinacrine does not affect
the gametocytes,
the sporozoites or the exoerythrocytic stage of the parasite. P. falciparum
is characterized by a short tissue phase (exoerythrocytic) followed by complete expulsion of
the parasite, whereas P. vivax has a prolonged
tissue phase with repeated expulsion of trophozoites into the blood, i.e., clinical relapse. Furthermore, strains of P. vivax vary in the persistence
of the fixed tissue phase; with strains in the
southern Pacific regions it is very prolonged while
with American strains it is shorter. Quinacrine,
quinine and chloroquine act on the trophozoite in
the blood. Pamaquine, chloroguanide, primaquine
and pentaquine act on the fixed tissue forms. Immunity to malaria is very complex and inadequately understood (see Hudson, U. S. Nav. M.
Bull., 1945, 45, 57). Immunity develops very
slowly to a strain on continual exposure and fades
rapidly unless the patient is repeatedly reinfected.
The suggestion that malaria be not treated in
order to stimulate immunity is not practical because the disease may kill the patient and there is
no evidence that delay in treatment for 8 to 15
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malarial paroxysms in about 20 days decreased the
incidence of relapse or lengthened the interval
before relapse (Gordon et al., Science, 1946, 103,
391). However, Gelfand {Clin. Proc, 1945, 4,
421) emphasized again that no attempt should be
made to cure the immune native, exposed to frequent reinfection, of his malaria but only to give
enough quinacrine or quinine to alleviate the
symptoms of an acute malarial episode. The mechanism of antimalarial action remains obscure in
spite of many studies. In the growth of L. casei,
Greenberg et al. (Fed. Proc, 1952, 11, 351) confirmed previous reports that quinacrine competes
with riboflavin but the latter does not reverse the
parasiticidal action of quinacrine. The antagonism
for adenosine has also received attention (Madinaveitia and Raventos, Brit. J. Pharmacol., 1949,
4,81).
Antimalarial Therapy. — In the treatment of
malaria, both thin and thick blood films should be
obtained to confirm the clinical diagnosis before
medication is commenced. In uncomplicated cases
of all types of malaria, quinacrine is administered
(Maytum et al, Proc. Mayo, 1946, 21, 269) as
follows: 200 mg. every 6 hours for 5 doses (1 Gm.
in 24 hours) then 100 mg. three times daily for
6 days (total of 2.8 Gm. in 7 days). A dose of
1 Gm. of sodium bicarbonate has been used to
minimize gastrointestinal disturbances. On this
regimen, Ellerbrook et al. (Arch. Int. Med., 1945,
76, 352) reported morning, fasting, blood-plasma
levels of 40 to 52 micrograms per liter. If the
patient is vomiting, 200 mg. dissolved in 5 ml. of
sterile distilled water should be injected into the
right gluteal and a similar dose into the left
gluteal muscle; a dose of 200 mg. intramuscularly
may be repeated in 6 to 8 hours once or twice, if
necessary, but oral administration on the usual
schedule should be instituted as soon as possible.
The objective is a total dose of 1.2 Gm. in 48
hours and 2.8 Gm. in 7 days. Delayed primary
attacks or relapses are treated in the same manner.
For cerebral malaria (P. falciparum or malignant
tertian) the procedure is the same as in the complication ofvomiting. The absence of "blackwater
fever" when quinacrine is used makes it preferable to quinine (Findlay, Ami. Trop. Med., 1949,
43, 140, 213). Intramuscular administration is
indicated at the slightest lethargy or agitation and
before the onset of coma with high fever; it is
also indicated in cases of falciparum malaria when
more than 5 per cent of the red blood cells on the
blood film contain parasites. With this adequate
dosage of quinacrine, Most et al. (J. A.M. A., 1946,
131, 963) reported that parasites disappeared
from the blood more rapidly than after quinine
therapy. For southern Pacific strains of P. vivax,
Gordon et al. (South. M. J., 1946, 39, 631) found
quinacrine preferable to quinine; fever was relieved more rapidly, the parasites were eradicated
from the blood more rapidly and it was less toxic.
The toxicity of the equally effective chloroquine
is even less. Most and Hayman (Am. J. Med. Sc,
1946, 211, 320; J.A.M.A., 1946, 130, 480) reported that headache, backache, nausea, malaise
and weakness cleared more quickly with quinacrine than with quinine and there was no tinnitus
caused by quinacrine. A relapse rate of about
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80 per cent has been observed with the southern
Pacific strains of P. vivax but relapse is infrequent with American or Mediterranean strains.
For treatment of P. malaria, infestations induced
by blood for therapeutic fever therapy, Young
and Eyles (Am. J. Trop. Med., 1948, 28, 23)
reported that quinacrine, chloroquine, quinine and
totaquine were all effective.
In addition to quinacrine, the patient with an
acute attack of malaria should have about 4000
ml. of fluids daily and sufficient sodium chloride
to replace the large amount lost by sweating.
Codeine or other sedatives should be used as necessary. Antipyretic substances are to be avoided;
tepid sponges are indicated for high fevers. The
diet should be adequate and if vomiting occurs,
intravenous administration of 5 per cent dextrose
in sterile distilled water or 0.9 per cent sodium
chloride solution is indicated in amounts of 3000
to 5000 ml. or more daily. In pregnancy complicated with malaria, there is considerable danger
of abortion due to the disease. Contrary to common belief quinine is safe during pregnancy, but
quinacrine is more effective and less toxic.
For the suppressive (prophylactic) management
of malaria, a dose of 100 mg. daily for 6 days
weekly or 400 mg. twice a week after meals is
used. No acute clinical attacks of malaria occurred
in individuals with plasma levels of 30 micrograms
per liter or more but the neglect of even one dose
often resulted in inadequate plasma level (Duncan, War Med., 1945, 8, 305). With a dose of 100
mg. six times weekly, the average plasma level
was 22 micrograms per liter; with 400 mg. twice
weekly, it was more than 30 micrograms. For
P. falciparum infestations, suppressive therapy
should be continued for 4 weeks after the last
exposure to infection. For P. vivax of southern
Pacific origin, quinacrine, like quinine, is only
suppressive and not curative. Pamaquine acts on
the fixed tissue phase of P. vivax but the effective and toxic doses are so close as to be impractical for routine use. Primaquine appears to be
both effective and safe for this purpose (Alving
and others, J.A.M.A., 1952, 149, 1558).
Other Uses. — Giardia lamblia infestation of
the gastrointestinal tract is treated with 100 mg.
of quinacrine orally three times daily for five days
(Hartman and Kyser, J. A.M. A., 1941, 116, 2835).
For tapeworm (Taenia saginata), Sodeman and
Jung (J.A.M.A., 1952, 148, 285) reported successful expulsion in 10 of 11 cases, confirming
previous reports by Saccomanno (Prensa mid.
argent., 1946, 33, 1657), Hernandez Morales
(Puerto Rico J. Pub. Health, 1949, 25, 78).
Schapiro (Am. J. Trop. Med., 1951, 31, 833) and
others. Following a day with a milk diet only, a
purgative dose of castor oil or magnesium sulfate
was given in the afternoon ; the following morning
a cleansing saline enema was followed in 1 hour
by two 100-mg. tablets of quinacrine which were
repeated at intervals of 5 minutes 2 or 3 times,
according to the size of the patient. If nausea
developed, sodium bicarbonate was given with the
water with the next dose. Two to 4 hours after
the quinacrine, the purge was repeated and food
was withheld until after defecation. Hoekenga
(Am. J. Trop. Med., 1951, 31, 420) found quina-
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crine effective against T. saginata but ineffective
in 5 cases of H. nana in children. Beaver and
Sodeman (/. Trop. Med. Hyg., 1952, 55, 97) also
reported failure with H. nana. In a study of
amebiasis, Radke (Ann. Int. Med., 1951, 34,
1432) found a 1:10,000 dilution of quinacrine to
inhibit growth of E. histolytica, in vitro. In 11
cases with unhealed ulcers visible by sigmoidoscopic examination for 10 to 60 days, 100 mg. of
quinacrine 3 times daily for 10 days was followed
by healing. Since cyst forms persisted in the feces
in some cases, 250 mg. of carbarsone 2 or 3 times
daily for 10 days was combined in the treatment
of another 15 cases with success. Quinacrine was
advocated along with intravenous injections of
calcium gluconate in the treatment of typhus fever
by Meerendonk (Deutsche Mil., 1942, 7, 541).
Kniseley, in microscopic studies of the circulation in monkeys with malaria, observed that the
terminal agglomeration of erythrocytes which
plugged the capillaries was reversed by quinacrine.
In lupus erythematosus, Page (Lancet, 1951,
2, 755) prescribed 100 mg. one to three times
daily in 18 cases, with marked improvement in 8,
moderate in 6 and minor in 3 of the cases. Treatment was continued for 6 to 12 weeks and was
used effectively a second time in 2 cases which
relapsed when the drug was discontinued. In 2
instances the arthritic manifestations of this disease improved. Cole et al. (A. M. A. Annual Session, 1953) have reported good results in 12 of
32 cases of discoid lupus erythematosus after
about 4 months of therapy. Stimulated by the
report of Page, Freedman and Bach (Lancet,
1952, 2, 321) gave 100 mg. twice daily to 21 cases
of rheumatoid arthritis with active symptoms and
a history of at least 2 years duration. All but 1
patient showed significant improvement, which
occurred usually after about 3 weeks of treatment
and at the time when the skin became yellow. In
4 of 6 cases in which quinacrine therapy replaced
cortisone, the results were good. This experience
was confirmed by Engeset (ibid., 537).
In auricular fibrillation, Gertler and Yohalem
(Am. Heart J., 1949, 37, 79) restored normal
cardiac rhythm in 13 of 26 cases with 0.4 Gm. of
quinacrine hydrochloride dissolved in 10 ml. of
1 per cent procaine hydrochloride solution and
given intramuscularly. Quinidine had been used
unsuccessfully in half of these cases. Treatment
was most successful in older persons with arteriosclerotic heart disease or in younger patients
whose fibrillation was of less than 2 days' duration. Eaton and Hill (U. S. Armed Forces M. J.,
1950, 1, 495) reported similar results. S
Toxicology. — Untoward reactions have been
few considering the many hundred thousand persons who have taken quinacrine and the long
periods over which it has been administered
(J.A.M.A., 1945, 129, 1091). Bispham (Am. J.
Trop. Med., 1941, 21, 455) reported only 38
instances of untoward reactions among almost
50.000 cases of malaria treated with quinacrine.
Drew and Reid (Lancet, 1945, 2, 107) observed
no significant toxicity in the prolonged use of
suppressive doses. Minor unpleasant reactions,
such as intestinal disturbances, which not infrequently occur within the first few days with sup-
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pressive doses of quinacrine, usually disappear in
a few days when the drug is continued. Goldner
and Berger (U. S. Nov. M. Bull., 1946, 46, 895)
reported anorexia, generalized cramps, abdominal
pain, nausea and vomiting often followed by diarrhea in 6 to 12 hours, most often on the eighth or
ninth day of suppressive doses of quinacrine.
Duncan (loc. cit.) reported that untoward effects
were no more frequent with a dose of 400 mg.
twice weekly but Shannon and Earle (loc. cit.)
reported an increased incidence of untoward effects
as the size of the dose was increased. If these
symptoms were severe, Goldner and Berger discontinued the drug and prescribed a liquid diet,
bismuth subcarbonate and camphorated opium
tincture; most cases were relieved in 72 hours.
A test dose of 50 mg. of quinacrine was then
given, which most patients tolerated, and the 100
mg. dose daily was started again. Yellow pigmentation of the sclera?, urine and skin, which
is not jaundice and has a different shade of yellow, is almost universal (Meleney, N. Y . State J.
Med., 1944, 44, 2105). A greenish-yellow fluorescence of the skin and mucous membranes appears
within 5 days and persists for several weeks after
discontinuation of the drug (Miller et al., J.
Invest. Dermat., 1950, 15, 445). Fluorescence of
the finger nails and less frequently bluish pigmentary' deposits involving the hard palate, nail beds,
epiglottis and tracheal rings have been observed
(Sugar and Waddell, Bull. U. S. Army M. Dept.,
1945, 4, 370) following prolonged ingestion of
suppressive doses. In rare instances urticaria has
been attributed to quinacrine.
Dermatitis. — Untoward reactions in the skin
have been frequent (Butler, Arch. Dermat. Syph.,
1947, 55, 535) and have been classified into (1)
lichenoid dermatitis (atypical lichen planus),
which consists of violaceous and erythematous
hypertrophic papules and plaques frequently with
a rough surface, fiat squamous geographic plaques
on the trunk, axilla and groin, white, sometimes
violaceous, slightly elevated mucous membrane
lesions, ecthymatous lesions and scaling and
superficial Assuring of the lips and eyelids; (2)
eczematoid dermatitis, which consists of bilateral, symmetrical, violaceous-tinged, vesicular,
eczematoid and oozing plaques involving the
hands, arms, feet, legs and sometimes other parts
of the body; (3) a combined lichenoid and eczematoid dermatitis or a secondary exfoliative dermatitis. The etiology' of the lichenoid lesion is
unknown. The eczematoid type behaves like a
drug sensitivity reaction with superimposed infection. Explosive eczematoid episodes occur. Loss
of weight is common. Rosenthal (Am. J. Path.,
1946, 22, 473) described the histopathological
changes in the skin. Lichenoid lesions may persist
for years (Schamberg. /. Invest. Dermat., 1951,
17, 85). In two years among 15.000 troops, Findlay (Lancet, 1946, 1, 252) observed only 3 cases
of exfoliative dermatitis. Treatment consists of
early recognition and discontinuation of quinacrine. parenteral administration of penicillin (Nisbet, Arch. Dermat. Syph., 1945. 52, 221) for the
secondary pyogenic infections, bland, non-irritating local applications such as 1:9000 potassium
permanganate or aluminum acetate solution soaks,

Part I
a spray of 5 per cent aqueous solution of tannic
acid for oozing intertriginous areas and borated
cold cream for dry areas (see J.A.M.A., 1945,
129, 1091). Exposure to sunlight is to be avoided
and ultraviolet light therapy, salicylic acid, iodine,
sulfonamides, arsenicals and bismuth are contraindicated. Adequate nutrition and supportive
therapy are indicated. If detected early, the
prognosis is good, although the lichenoid lesions
are slow to disappear and the eczematoid lesions
may recur repeatedly. Acute fulminating exfoliative dermatitis has its usual poor prognosis but
quinacrine has seemed to cause it less often than
quinine.
Anemia. — Aplastic anemia has been a rare complication (Custer, Am. J. Med. Sc, 1946, 212,
211) and, although almost 100 per cent fatal,
this mortality is minute compared with the fatality due to malaria were it not suppressed and
treated with quinacrine. The incidence seems to
increase as the period of continuous suppressive
use of the drug is prolonged into years. In 1943
and 1944 the incidence increased from 0.66 to
2.84 per 100.000 in the Pacific area but has been
less in other parts of the world. It is often, but
not always, associated with dermatitis (Agress,
J.A.M.A., 1946, 131, 14). Transfusions seem to
be the only effective form of therapy (Fishman
and Kinsman, Blood, 1949, 4, 970). A case of
fatal aplastic anemia following use of quinacrine
in chronic discoid lupus erythematosus was reported by Pormer and Sawitzky (J.A.M.A., 1953,
153, 1172). A few cases of agranulocytosis without anemia or thrombocytopenia have been observed. Only occasional cases of "blackwater
fever" have been reported after quinacrine (Foy
and Kondi, Trans. Roy. Soc. Trop. Med. Hyg.,
1937, 31, 99) and, in contrast with the experience
with quinine therapy of malaria, the incidence
has been reduced greatly (Findlay, Ann. trop.
Med., 1949, 49, 140). Acute hepatitis has been
infrequent and infectious hepatitis was common
at the time (Craddock, Mil. Surg., 1950, 107, 199;
Agress, loc. cit.).
Psychoses. — When large doses are given in the
treatment of malaria, and rarely with moderate
doses, a psychosis may develop similar to that associated with bromide intoxication. Brief periods of
confusion, disorientation, confabulation, increased
psychomotor activity and hallucinations have
been reported, usually after the febrile symptoms
are relieved (Bang et al., Bull. U. S. Army M.
Dept., 1947, 7, 75; Perk, /. Ment. Sc, 1947, 93,
756). Cases are easily handled by discontinuing
the drug, use of sedation and restraint, if necessary, and maintenance of nutrition (Gaskell and
Fitzhugh, Bull. U. S. Army M. Dept., 1945, 4,
63). Sheppeck and Wexberg (Arch. Neurol.
Psychiat., 1946, 55, 489) treated these toxic
psychoses in a similar manner to those due to
alcoholism. Polyneuritis has been rare.
Other Effects. — No evidence of impairment of
liver function with the usual liver function tests
was found in a large number of persons (Butt
et al., Gastroenterology, 1945, 4, 205; Maegraeth
et al., Lancet, 1945, 2, 141) although impairment
of hippuric acid synthesis was observed in many.
Prolonged use of suppressive doses had no un-
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toward effect on visual acuity (Abbey and Laurence, J.A.M.A., 1946, 130, 786) although a few
cases of idiosyncrasy developed corneal edema
(Chamberlain and Boles, Arch. Ophth., 1946, 35,
120). In factory workers exposed to quinacrine
dust, Mann (Brit. J. Ophth., 1947, 31, 40) described the symptom of blue halos around lights
and the presence of brown particles in the cornea.
Decherd (/. Trop. Med. Hyg., 1937, 40, 90) reported that the simultaneous use of quinacrine
and pamaquine was more toxic than either drug
alone and Kennedy et al. (Fed. Proc, 1946, 5,
185) reported that the plasma pamaquine level
was increased from two to ten times in the presence of quinacrine in the body and that the rate
of disappearance of pamaquine from the body was
greatly retarded. Although the sulfonamides or
arsenicals should not be given to patients with
untoward reactions to quinacrine, Bercovitz
(Ann. Int. Med., 1945, 23, 79) found that sulfadiazine or sulfathiazole could be administered
safely along with quinacrine in cases of pneumonia. It may be used during pregnancy. Propaganda during World War II exaggerated the dangers of the ingestion of quinacrine such, for
example, as the unfounded idea that it would
cause impotence.
Massive doses taken with suicidal intent have
been amazingly well-tolerated, such as the case
of Burnham (U. S. Nav. M. Bull., 1946, 46, 434),
who swallowed 6 Gm. of the drug. Markson and
Dawson (Ann. trop. Med., 1945, 39, 117) reported the case of a man who ingested 25 Gm.
after many months of taking 0.7 Gm. weekly.
Vomiting occurred within a few minutes followed
by diarrhea, weakness, drowsiness and in a few
hours stupor and collapse. The pupils were small
and the tendon reflexes were hyperactive. The
blood quinacrine concentration was 906 micrograms per liter. With epinephrine, 1000 ml. of
30 per cent dextrose in isotonic sodium chloride
solution intravenously and 5 mg. of riboflavin,
he recovered in 24 hours.
The presence of an untoward reaction to quinacrine or a history of an idiosyncrasy to the drug
is the only contraindication to its use. Suppressive doses of greater than 700 mg. per week and
therapeutic doses of greater than 2.8 Gm. per
week should not be used except in special circumstances.
Dose. — The average dose is 100 mg. (approximately 1^2 grains) by mouth. The therapeutic
dose in malaria for adults is 200 mg. (approximately 3grains) orally every 6 hours for 5 doses,
then 100 mg. 3 times daily after meals for 6 days;
for children of 1 to 4 years, 50 mg. every 8 hours
for 3 doses, then 50 mg. twice daily for 6 days;
for children of 4 to 8 years, 100 mg. every 8 hours
for 3 doses, then twice daily for 6 days; for children of 9 to 12 years, 200 mg. every 8 hours for
3 doses, then 100 mg. twice daily for 6 days. The
suppressive dose in malarious areas or in individuals who have had vivax malaria of southern
Pacific origin is for adults 100 mg. daily after
supper, with a full glass of water, tea, fruit juice,
etc., or 400 mg. on the third and 300 mg. on the
seventh day of each week, after supper; for children under 8 years the suppressive dose is 50 mg.
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daily. For intramuscular use, 200 mg. dissolved
in 5 ml. of water for injection is injected deep
into one or both (total 400 mg.) gluteal areas;
this may be repeated once or twice at intervals
of 6 to 8 hours if oral administration is not possible. The drug is seldom administered intravenously, and great caution is required if this is
done. Rapid injection may cause depression of
respiration and blood pressure, fever, vomiting,
and psychoses. Dissolved in 1 liter of sodium
chloride injection 600 to 800 mg. may be injected
safely intravenously over a period of 4 hours.
When used as an anthelmintic the U.S. P. gives
the dose as 500 mg., with 500 mg. of sodium
bicarbonate, in a single dose (see above, under
Other Uses).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
QUINACRINE HYDROCHLORIDE
TABLETS.
U.S. P. (B.P., LP.)
[Tabellae Quinacrinae Hydrochloride

"Quinacrine Hydrochloride Tablets contain not
less than 95 per cent and not more than 110 per
cent of the labeled amount of C23H30CIN3O.2HCI.2H2O." U.S.P. The corresponding limits of
the B.P., for Tablets of Mepacrine Hydrochloride,
are 92.5 per cent and 107.5 per cent, respectively.
The I. P. limits are 95.0 per cent and 110.0 per
cent, respectively.
B.P. Tablets of Mepacrine Hydrochloride; Tabellae
Mepacrinae Hydrochloridi. LP. Compressi Mepacrini
Hydrochloride Sp. Tabletas de Clorhidrato de Quinacrina.

Storage. — Preserve "in tight containers."
U.S.P.
Usual Sizes. — 50 and 100 mg. (approximately
Ya, and \Yz grains).
QUINIDINE

GLUCONATE.

N.F.

Quinidinium Gluconate
C20H24N2O2.C6H12O7

"Quinidine Gluconate is the gluconate of an
alkaloid which may be obtained from various
species of Cinchona and their hybrids, or from
Remijia pedunculata Fluckiger (Fam. Rubiaceae) ,
or prepared from quinine. Quinidine Gluconate,
dried at 105° for 1 hour, contains not less than
99 per cent of C2GH36N2O9." N.F.
This salt of quinidine may be obtained by neutralization of the base with one equivalent of
gluconic acid.
Description. — "Quinidine Gluconate occurs
as a white powder. It is odorless and has a very
bitter taste. Quinidine Gluconate is freely soluble
in water. It is only slightlv soluble in alcohol."
N.F.
Standards and Tests. — Identification. — (1)
A solution of quinidine gluconate acidified with
diluted sulfuric acid has a vivid blue fluorescence.
(2) A solution of quinidine gluconate gives the
thalleioquin reaction (see under Quinine). (3) A
solution of quinidine gluconate is dextrorotatory.
(4) Phenylhydrazine forms with the salt crystals
of gluconic acid phenylhydrazide. Loss on drying.
— Not over 0.5 per cent, when dried at 105° for

1 hour. Residue on ignition. — Not over 0.15 per
cent. N.F.
Assay. — A solution of 500 mg. of dried quinidine gluconate is made alkaline with ammonia,
the quinidine base extracted with chloroform and,
after washing the chloroform extract with water,
the former is evaporated and the residue of quinidine weighed after drying at 105° for 1 hour. The
factor for converting to quinidine gluconate
(C26H36N2O9)

is 1.605. N.F.

Uses. — Quinidine gluconate has the actions
and uses described under Quinidine Sulfate, over
which it has the advantage of being apparently
well suited for preparing a stable and non-irritating solution for intramuscular or intravenous use
1118).
(Bellet and Urbach, /. Lab. Clin. Med., 1949, 34,
Dose. — See discussion of dose under Quinidine
Sidfate. Up to 500 mg. may be given intramuscularly in the gluteal muscle; the amount of each
dose is gauged by the effect of the preceding one
and up to 400 mg. may be repeated as often as
every 2 hours. For intravenous use the available
injection is diluted with 5 volumes of 5 per cent
dextrose injection and administered slowly, the
amount injected being determined by the response
of the patient.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
QUINIDINE GLUCONATE
INJECTION.
N.F.
"Quinidine Gluconate Injection is a sterile solution of quinidine gluconate in water for injection.
It contains not less than 95 per cent and not more
than 105 per cent of the labeled amount of
C26H36N2O9. Quinidine Gluconate Injection may
contain 0.25 per cent of phenol as a bacteriostatic
agent." N.F.
Storage. — Preserve "in single-dose or multipledose containers, preferably of Type I glass." N.F.
Usual Size. — 800 mg. of quinidine gluconate
in 10 ml., equivalent to 50 mg. of quinidine per
ml.
QUINIDINE
Quinidinium

SULFATE.
LP. (B.P.)

Sulfate,

U.S.P.,

[Quinidinae

Sulfas]

CH=CH2

so;.2h2o

"Quinidine Sulfate is the sulfate of an alkaloid
obtained from various species of Cinchona and
their hybrids and from Remijia pedunculata
Fluckiger (Fam. Rubiacece), or prepared from
quinine." U.S. P. The B.P. recognizes species of
Cinchona as the source of the alkaloid; not less
than 82.0 per cent and not more than 87.0 per
cent of C20H24O2N2 is required. The LP. does
not indicate the source of the quinidine; its rubric
is the same as that of the B.P.
B.P. Quinidine Sulphate; Quinidinae Sulphas. I. P.
Quinidine Sulfate; Quinidini Sulfas. Chinidinum Sulfuricum; Quinidinum Subsulfuricum. Fr. Sulfate de quinidine.
Ger. Chinidinsulfat; Schwetelsaures Chinidin. It. Solfato di
chinidina. Sp. Sulfato de quinidina.

Part I
The base quinidine is an optical isomer of
quinine. It was discovered in 1833 by O. Henry
and Delondre, but they afterwards concluded that
it was quinine hydroxide, as it had the same
composition as quinine. Winckler, in 1844, announced anew the existence of the same alkaloid,
which he considered a distinct principle, and
named it " chinidine" ; this substance was not pure,
and Pasteur, in 1853, proved that it really consisted of two alkaloids, one of which he called
cinchonidine, and the other quinidine. This view
was generally accepted, although Hesse insisted
on calling quinidine "conchinine," the latter name
having been used to a limited extent in Germany.
Quinidine is found in several species of Cinchona,
usually in small proportions, but in some, especially the C. Calisaya and C. pitayensis, it occurs
in fairly large amount — as high as 3 per cent has
been reported. Quinidine has sometimes been
called pitayine.
As is also true of quinine (see discussion under
Quinine Bisuljate), the first equivalent of an acid,
such as sulfuric, interacts with the quinuclidine
nitrogen of quinidine to form an ion which is
called quinidinium. The salt in this instance is
properly named quinidinium sulfate, though it is
more commonly known by the less exact name
quinidine sulfate.
During World War II, when supplies of cinchona were very limited, new commercial sources
of quinidine and quinine were developed in South
America in the various species of Remijia barks,
especially the R. pedunculata, recognized by the
present U.S. P. as a source of quinidine. Synthesis
of quinidine from its isomer quinine has also been
accomplished, the U.S. P. recognizing also this
means of obtaining quinidine.
It has been found that quinidine obtained from
natural sources contains from 10 to 30 per cent
of dihydroquinidine (Lewis et al., Heart, 1921-22,
9, 207; Am. J. Med. Sc, 1922, 163, 781), while
quinidine prepared from quinine contains none of
that substance. Since dihydroquinidine is approximately twice as active, therapeutically, as
quinidine, the question arose whether the quinidine from natural sources would not be materially
stronger than quinidine synthesized from quinine.
Clinical studies made by the Subcommittee on
Cardiovascular Diseases of the National Research
Council demonstrated, however, that there is
relatively little difference in the effects of the two
quinidines and that for practical purposes they
may be assumed to be therapeutically equivalent.
Quinidine obtained directly from bark is found
in the mother-liquor from which quinine has been
extracted. The solution left after quinine sulfate
has crystallized out is treated with ammonia,
which precipitates the cinchonine; after removal
of the latter the addition of sodium hydroxide
causes separation of quinidine. It may also be
obtained from the mixture of alkaloids, called
"quinoidine," that results from addition of sodium
hydroxide to the mother-liquor from which quinine sulfate has been removed. From this mixture
the quinidine, together with cinchonine, is extracted with ether; this extract is dissolved in
dilute sulfuric acid, then neutralized with am-
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monia, and the cinchonine precipitated with potassium tartrate.
Quinidine crystallizes from boiling water with
1^4 H2O. It is sublimed on heating without
change, and may be condensed in crystalline form.
It resembles quinine not only in composition, but
also in giving a positive thalleioquin reaction and
in its fluorescence in dilute sulfuric acid. It differs
from quinine in its much lower solubility in ether,
and in its opposite effect on the rotation of polarized light, being dextrorotatory. It is also distinguished from quinine by the fact that its soluble
salts are not precipitated by the neutral tartrates
but are by potassium iodide; the latter test also
differentiates it from all the other cinchona bases.
The neutral sulfate is much more soluble in water
than quinine sulfate. The melting point of anhydrous quinidine is 173.5°.
Description. — "Quinidine Sulfate occurs as
fine, needle-like, white crystals, frequently cohering in masses. It is odorless, has a very bitter
taste, and darkens on exposure to light. Its solutions are neutral or slightly alkaline to litmus.
One Gm. of Quinidine Sulfate dissolves in about
100 ml. of water, in about 10 ml. of alcohol, and
in 15 ml. of chloroform. It is insoluble in ether."
U.S.P.
Standards and Tests. — Identification. — (1)
A solution of quinidine sulfate acidified with diluted sulfuric acid exhibits a vivid blue fluorescence and is dextrorotatory. (2) An emerald green
color, due to thalleioquin, is produced on adding
1 or 2 drops of bromine T.S., followed by 1 ml.
of ammonia T.S., to 5 ml. of a 1 in 1000 solution
of quinidine sulfate. (3) A white precipitate appears shortly after adding 1 ml. of silver nitrate
T.S. to 5 ml. of a 1 in 100 solution of quinidine
sulfate (distinction from many other alkaloids).
(4) Quinidine sulfate responds to the test for
sulfate. Specific rotation. — Not less than +223°
and not more than +231°, when determined in
alcohol solution containing 100 mg. of quinidine
sulfate, in each 10 ml. but calculated on the anhydrous basis. Water. — Not more than 5 per cent,
when determined by drying at 120° for 3 hours
or by the Karl Fischer method. Residue on ignition.— Not more than 0.1 per cent. Chloroformalcohol insoluble substances. — Not over 0.1 per
cent is insoluble in a mixture of 2 volumes of
chloroform and 1 volume of dehydrated alcohol.
Readily carbonizable substances. — A solution of
200 mg. of quinidine sulfate in 5 ml. of sulfuric
acid has no more color than matching fluid M.
Other cinchona alkaloids. — The filtrate separated
from a solution of quinidine sulfate which has
been precipitated as hydriodide is not rendered
turbid, within 1 minute, by ammonia T.S. U.S.P.
Assay. — The B.P. and I. P. employ the gravimetric assay described under Quinine Hydrochloride.
Uses. — The pharmacological action of quinidine is similar to that of quinine (q.v.). In sufficient concentration it has the general protoplasmic-poison properties of quinine. Although quinidine is rarely employed as an antimalarial it is
fully as potent as quinine (Sanders and Dawson,
J.A.M.A., 1932, 99, 1773). Many patients who
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have an idiosyncrasy to quinine can take quinidine without any untoward effect. For this purpose the dose and method of administration are
identical with those of quinine. [The mean blood
plasma concentration effective in suppressive
treatment of PI. vivax or falciparum malaria is
1 mg. per liter which was obtained with a dose
of 250 mg. daily (divided into 4 portions at intervals of 6 hours) for 4 to 6 days (Taggart et al.,
J. Clin. Inv., 1948, 27, No. 3, Part 2, 80). In this
group of patients no toxic manifestations were
observed with daily doses of 1 Gm. or less.] The
most important use of quinidine, however, is in
the management of certain forms of irregularity
of the heart.
Absorption and Excretion. — The drug is absorbed rapidly from the gastrointestinal tract.
Gold (Quinidine in Disorders of the Heart, 1950,
Paul B. Hoeber, New York) states that after a
dose of 10 mg. per Kg. in a normal adult it is
present in the blood in the first hour, the concentration rising to a maximum of 2 to 3 mg. per
liter in 2 to 3 hours, and declining to about 10
per cent of peak level at 24 hours. About threefourths of it is destroyed in the body, most of
the remainder being excreted in the urine, none
being in the urine after 24 hours. The curve of
action parallels blood concentration, maximal
effect of a particular dose being 2 to 4 hours after
ingestion, followed by a plateau for 2 more hours,
and then a decline for 12 to 18 hours. On a fixed
daily dose the period of cumulation is only 4 or
5 days. Individual differences from person to person have been reported by Houston and Perry
(Can. Med. Assoc. J., 1950, 63, 56). Kalmansohn
and Sampson (Circulation, 1950, 1, 564) demonstrated that administration of quinidine by oral
or intramuscular route results in comparable concentration curves; dosage per rectum must be 2
to 3 times as great to obtain equivalent plasma
concentration. Their study indicated that symptoms of gastrointestinal irritability are local in
origin rather than being dependent upon high
blood levels. Determination of blood levels has
so far not proven to be a practical guide to therapy. Gold (loc. cit.) observed that extremes of
tolerance to the drug are very wide, that proof
is lacking that acquired susceptibility or tolerance
occurs from prolonged use. and that unusual susceptibility may apply to only one organ, others
remaining tolerant.
Action. — In the nineteenth century quinidine
had considerable use as a cardiac sedative but its
toxicity resulted in unpopularity. It came to
Wenckebach's attention in 1912 that cardiac arrhythmias often disappeared in patients receiving
quinine for malaria. He confirmed this observation in some cases of auricular fibrillation and
Frey (Klin. Wchnschr., 1918, 55, 849), in a comparative study, found that quinidine was about
twice as effective for this purpose as quinine or
cinchonine (Carter, Med. Clin. North America,
1945, 28, 215).
Quinidine is a cardiac depressant; it depresses
the restorative metabolism of heart muscle. Its
most valuable action is to increase the refractory
period of the muscle, i.e., the period of time following each contraction during which the muscle
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will not respond to a stimulus with another contraction, to50 per cent or more above the normal.
Both the auricles and the ventricles are similarly
affected. Hence, the excitability of heart muscle
is decreased by quinidine. Secondly, the conduction of the wave of excitation (stimulus to contract) through both the myocardium and the
conduction bundles of the heart is decreased. To
a lesser degree, vagal tone, which normally has
an inhibiting action on the heart, is decreased but
this opposite action is usually minimal compared
to the first and second mentioned actions. Decreased contractility of muscle is the third action
in order of clinical importance. The rate of contraction of the normal heart is slowed as a result
of the increase in refractory period of the sinoauricular node, which normally initiates the wave
of excitation, and this action is not prevented by
full doses of atropine; the auriculo-ventricular
node is similarly affected. In the normal an increase in systolic output (stroke volume) results
because, secondary to the slower rate, there is a
longer period of time for filling of the ventricle
during diastole. In the decompensated heart, however, increased systolic output may not occur and
it may actually be decreased as a result of the
decreased contractility of the myocardium. In
auricular fibrillation, quinidine interrupts the circus movement by prolonging the refractory period
of the auricular muscle.
In auricular fibrillation there is a self-perpetuating excitation wave within the auricular muscle ;
the auricle is dilated and rapid, futile, fibrillary
twitchings pass over it irregularly but continuously at a rate of about 450 or more per minute
or about 0.13 second for each circuit. The contraction of muscle fibers stimulates contraction
in adjacent fibers. The auriculo-ventricular node
is unable to respond to stimuli so frequently and
the ventricular rate is about 120 per minute. Time
for diastolic filling of the ventricles is inadequate
because of the rapid and irregular rate. Hence,
systolic output varies greatly from beat to beat
and some ventricular contractions do not eject
enough blood to result in a detectable peripheral
pulse (radial artery, etc.) and a so-called pulse
deficit results. In auricular fibrillation the excitation wave (circus movement) follows an irregular
and inconstant path around the auricle. Quinidine
acts by prolonging the refractory period of the
auricular muscle so that no excitable fibers are
available to carry on the stimulus; the auricle
becomes quiet and the sino-auricular node again
becomes the normal pace-maker of the auricle as
a whole. If quinidine slows conduction to a considerable degree in a given patient, the prolongation of the refractory period may not be long
enough to interrupt the circus movement and
reversion to normal rhythm is not accomplished.
Quinidine may, for example, convert the circus
movement from the irregular and inconstant pathway around the auricle to a single and constant
pathway which is known as auricular flutter. In
auricular flutter the fibrillary twitchings traverse
the auricle at a slower rate (about 350 per minute
or about 0.17 second for each circuit); however,
in flutter the ventricular rate is often faster depending upon the degree of functional block
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existing in the auriculo-ventricular node such as
2:1, 3:1 or 4:1 (ventricular rates of 175, 116 or
87 per minute respectively).
The circus movement theory of the mechanism
of auricular fibrillation has been commonly accepted since it was advanced in 1920 by Sir
Thomas Lewis. It has been challenged by Prinzmetal et al. (J .A.M. A., 1951, 146, 12 75), who
were able to study with great accuracy the rapid
muscular movements in the fibrillating auricle by
means of the high speed cinematograph and cathode ray oscillograph. They demonstrated the
constant presence of a multitude of minute contractions and dilatations occurring asynchronously
throughout all portions of the auricles except the
noncontractile body of the left auricle. They observed that quinidine slows the rate of discharge
from the ectopic focus, with an accompanying
improvement in auricular conduction which exceeds the direct conductivity-depressing action of
the drug. This group found that if the rate of
discharge from the ectopic focus declines suddenly below the rate from the sinus node, there is
direct conversion to sinus rhythm. If the rate
falls gradually, auricular flutter or tachycardia
may intervene, the particular rhythm being a
function of the rate of discharge from the ectopic
focus. Although these observations would appear
to be conclusive, they have not been confirmed
and the circus movement theory still prevails.
Several studies of the hemodynamic effects of
quinidine, utilizing the technic of right heart
catheterization have been conducted. Ferrer et al.
{Am. Heart J., 1948, 36, 816) demonstrated that
in normal subjects the chief dynamic effect of a
single dose of 800 mg. of quinidine orally is a
fall in arterial blood pressure in about half the
cases, while in patients with congestive heart
failure a fall in arterial pressure is usually combined with a drop in previously elevated right
ventricular systolic pressure and an increase in
previously low cardiac output. They suggested
tentatively that the fall in arterial blood pressure
is due largely to peripheral vasodilatation, an
opinion confirmed experimentally in animals by
Hiatt {Am. J. Physiol, 1950, 160, 212) and Lu
{J. Pharmacol., 1951, 103, 441). Hemodynamic
effects of restoration of sinus rhythm in 14 patients with chronic auricular fibrillation were investigated byHansen et al. {Am. Heart J., 1952,
44, 499). By means of catheterization of the
right heart they determined that conversion to
sinus rhythm by quinidine produced a significant
rise in cardiac output and a decrease in pulmonary
blood volume in a majority of patients, together
with diminished peripheral resistance.
Therapeutic Uses. — The indications and contraindications for quinidine therapy have been
summarized as follows by DiPalma and Schults
{Medicine, 1950, 29, 123), based upon their own
experience as well as the publications of many
cardiologists.
Strongly advised: (1) fresh fibrillation or flutter with a normal roentgen heart shadow, normal
heart sounds and normal blood pressure; (2) ventricular tachycardia; (3) post-thyroidectomy, flutter or fibrillation.
Generally accepted: (1) relatively old flutter
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and fibrillation; (2) premature ventricular beats;
(3) paroxysmal auricular or nodal tachycardia
which fail to respond to other measures; (4)
auricular fibrillation occurring during myocardial
infarction.
Often given, evidence in favor small: (1) prophylaxis of arrhythmias in myocardial infarction.
Strongly contraindicated: (1) complete heart
block; (2) bundle branch block or intraventricular conduction defect; (3) subacute bacterial endocarditis; (4)over-digitalization.
Generally rejected: (1) congestive heart failure; (2) auricular fibrillation which has replaced
angina pectoris; (3) hyperthyroidism with sinus
tachycardia; (4) markedly enlarged heart; (5)
severe mitral stenosis.
Often rejected, evidence of danger small: (1)
risk of embolism from auricle; (2) rise of ventricular rate in flutter.
Gold {loc. cit.) fists the following disorders of
heart rhythm in which quinidine is effective: (1)
premature contractions or extrasystoles of auricular, nodal or ventricular origin; (2) paroxysmal
auricular tachycardia ; (3) nodal tachycardia; (4)
auricular flutter; (5) auricular fibrillation; (6)
ventricular tachycardia; (7) ventricular fibrillation.
Extrasystoles. — The necessity of treating premature contractions must be determined in each
individual instance. If the patient is receiving digitalis it is important to determine whether they
are being produced by the digitalis, since this is
a sign of digitalis intoxication; if they are auricular in origin it is presumed that digitalis is not
causative. If there are no symptoms treatment
is unnecessary, except in the presence of acute
myocardial infarction, where they may represent
a precursor of ventricular tachycardia. If the
patient suffers from apprehension or heart consciousness from their presence, treatment with
quinidine is indicated.
Paroxysmal Auricular Fibrillation or Tachycardia.— Sinus tachycardia can be controlled only
by removing the cause, as treatment of an infection, thyrotoxicosis, etc. Quinidine is ineffective,
as the normal pacemaker is less sensitive than are
ectopic foci to its action. The frequency of functional paroxysmal auricular fibrillation, i.e., no
evidence of organic heart disease, was emphasized
by Master and Eichert {Am. J. Med. Sc, 1946,
211, 336). They prescribed physical and mental
rest, discontinuance of stimulants such as coffee
and tobacco, the correction of gastric disturbances and reassurance of the patient. If measures
such as breath-holding, bending forward, leaning
over a railing, firm abdominal pressure, induced
vomiting, pressure with a finger on the right
carotid sinus (at the angle of the mandible) for
10 to 50 seconds repeated on the left, if necessary,
or firm pressure on the eyeball failed to relieve
the arrhythmia, they gave quinidine. If congestive
failure was present, they used digitalis also. In
paroxysmal auricular tachycardia there is an exceptional degree of rhythmicity with an ectopic
irritable focus in the auricular muscle. Similar
measures are employed in treatment as for paroxysmal auricular fibrillation; quinidine is indicated
if they are ineffective. Maintenance
therapy
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should not be used following a first attack or if
attacks are infrequent. In paroxysmal nodal
tachycardia the ectopic focus is situated in the
auriculo-ventricular node and it is more resistant
to treatment.
Auricular Flutter. — This condition is clinically
indistinguishable from paroxysmal tachycardia.
Gold (loc. cit.) states that it is much more likely
to be associated with a specific etiologic factor,
as active rheumatic carditis, acute infections,
myocardial infarction, etc. It is not terminated by
carotid sinus pressure, although there may be a
fleeting response. The only effective therapeutic
measures are digitalis and quinidine. some patients being responsive to only one or the other
drug, while others respond to either equally well.
Gold recommends use of digitalis first if there is
failure, otherwise he uses quinidine. If the latter
is ineffective he waits for a period of 12 to 24
hours before digitalizing. Tandowsky et al. (Am.
Heart J., 1946,, 32, 617) claimed that the use of
quinidine in auricular flutter is not rational. Since
the action of digitalis tends to convert auricular
flutter into auricular fibrillation, they advocated
the use of 1.6 mg. of lanatoside C intravenously
(because of its rapidity of action; this converted
a higher percentage of cases to fibrillation than
did slower oral digitalization), followed by a
daily maintenance dose by mouth, and as soon as
fibrillation developed, the administration of quinidine until normal sinus rhythm appeared. They
noted that the effect of quinidine on the auriculoventricular node was so variable as to be unpredictable. Herrmann and Hejtmancik (Am. Heart
J., .1951, 41, 182) state that digitalis rather than
quinidine should be used for auricular flutter if
the flutter has persisted more than 12 hours or if
there is decompensation or a conduction defect
such as bundle branch block.
Auricular Fibrillation. — Caution must be exercised in determining which patients with established auricular fibrillation will benefit by receiving quinidine. Being accompanied by a rapid
ventricular rate, this arrhythmia may lead to
congestive heart failure, myocardial anoxia with
substernal pain, or cerebral ischemia. Brown
(Modern Concepts of Cardiovascular Disease,
1952, 29, 138), Carter (Med. Clin. North America, 1945, 28, 215) and others have called attention to the fact that in the presence of these
manifestations the patient should be digitalized
to control the ventricular rate. It is known, however, that even though the rate may be controlled
adequately with the patient at rest, digitalis may
fail to provide adequate slowing of the ventricle
when the individual is active and that restoration
to sinus rhythm is ideal. Slowing of the current
of blood in the atrium in the presence of fibrillation is conducive to the development of thrombus formation, particularly in the auricular appendage, producing the danger of embolization
upon conversion to sinus rhythm if auricular
fibrillation has existed for several weeks or longer,
especially if there is a narrow mitral valve orifice
with marked cardiac enlargement. Many cardiologists are beginning to doubt whether the danger
of embolism in such event is greater than exists
if auricular fibrillation continues. According to
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Holzman and Brown (Am. J. Med. Sc, 1951, 222,
644) approximately 50 per cent of patients with
chronic auricular fibrillation can be converted to
sinus rhythm and about 25 per cent can be so
maintained. Brown (loc. cit.) and others state
that long duration of the arrhythmia, marked
cardiac enlargement and the presence of failure,
particularly if the etiology be rheumatic, are important factors in the failure of quinidine to
accomplish conversion to sinus rhythm. Failure
may also occur if quinidine slows the rate of
conduction without significantly increasing the
refractory period, in which event it may result in
fixed flutter rather than the transition through
flutter to tachycardia and sinus rhythm that is
anticipated.
A study by Goldman (Am. Heart J., 1950, 40,
93) demonstrated that auricular flutter is a common result of quinidine administered for conversion of auricular fibrillation to sinus rhythm. He
stated that in most instances maintained or increased dosage will result in sinus rhythm. He
believes that despite the danger of embolization
during quinidine therapy in the presence of cardiac enlargement and congestive failure, its occurrence is even more probable if fibrillation is
permitted to persist. In a series reported by the
same author (Am. J. Med. Sc, 1951. 222, 382)
all of 44 patients with auricular fibrillation from
degenerative heart disease reverted to sinus
rhythm, as did all of 4 with thyrotoxic heart disease; 13 of 25 patients with rheumatic heart
disease also reverted to sinus rhythm. The majority of his patients were in failure and were
treated first with digitalis, mercurial diuretics and
salt restriction. In 155 patients with chronic auricular fibrillation treated with quinidine by Yount
et al. (Arch. Int. Med., 1952. 89, 63) normal
sinus rhythm was restored in 86 per cent of those
who were given adequate therapeutic trial, being
accomplished in an average of 6 days with a
mean dose of 420 mg. every 4 hours and a mean
plasma concentration of 9.1 mg. per liter at the
time of conversion. Duration of fibrillation and
severity of heart disease did not affect results.
Older patients responded more rapidly and to
smaller doses. In patients with thyrotoxicosis
quinidine therapy was unsuccessful until the basic
disorder was controlled. Holzman and Brown (loc.
cit.) restored sinus rhythm in 30 (53 per cent) of
55 unselected patients with established fibrillation
and 2 with established flutter, but only 14 (25
per cent) were so maintained successfully over
an average follow-up period of 6 months. Half of
their patients had symptoms of cinchonism. In
their experience long duration of the arrhythmias,
presence of cardiac enlargement or history of
failure, and the presence of rheumatic heart disease mitigate against successful conversion.
In Fleischmann's series (Am. J. Med. Sc, 1953,
225, 617) 24 of 34 patients with chronic auricular
fibrillation reverted to normal rhythm with quinidine therapy, best results being obtained in those
with arteriosclerotic and thyroid heart disease.
He believes digitalis is indicated as a preparatory
measure to afford protection against a very rapid
ventricular rate. He gives as indications for attempting conversion : history of single or multiple
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episodes of embolization; persistent congestive
failure in spite of the usual regimen for decompensation; diminished cardiac reserve, just short of
heart failure, which makes the patient practically
an invalid; and distress from awareness of the
arrhythmia.
Because of the danger of embolization upon
conversion of chronic auricular fibrillation to sinus
rhythm, anticoagulant therapy has been used prior
to quinidine administration as a means of minimizing the friable elements superimposed upon
organized intraauricular thrombus formation.
Feigin and Weisman (California Med., 1950, 73,
162) administered bishydroxycoumarin to 33 digitalized ambulatory patients in sufficient dosage to
produce prothrombin times 20 to 40 per cent of
normal prior to attempting conversion with quinidine. In the 18 cases restored to sinus rhythm and
kept on combined therapy for periods up to 20
months no embolism occurred. Two patients with
recurrent embolism due to chronic auricular fibrillation were restored successfully to sinus rhythm,
with cessation of embolic phenomena, by Lackay
and Housel (Ann. Int. Med., 1951, 35, 1143),
using quinidine-anticoagulant therapy.
Paroxysmal Ventricular Tachycardia. — A major
indication for quinidine administration is in treatment of paroxysmal ventricular tachycardia, as
advocated by Armbrust and Levine (Circulation,
1950, 1, 28). Oral dosage is ordinarily used but
in more critical situations the intravenous route
may be necessary. Gold (loc. cit.) points out that
the chief danger of this arrhythmia is that it
usually occurs in persons with severe heart disease who are unable to withstand the circulatory
impairment incidental to such an extremely rapid
ventricular rate. Stewart (loc. cit.) states that its
use is extremely dangerous if ventricular tachycardia has resulted from digitalis, in which instance procainamide hydrochloride (q.v.) is
indicated. Zimmerman (Ann. Int. Med., 1945, 23,
634) used it effectively in 7 of 8 cases of ventricular tachycardia associated with acute coronary
occlusion and Freundlich (Am. Heart J., 1946, 31,
557) reported a similar experience. A carefully
controlled study by Cutts and Rapoport (New
Eng. J. Med., 1952, 247, 81) provided no evidence that routine use of quinidine in acute myocardial infarction influences the mortality rate or
that it prevents sudden death. Ventricular fibrillation may be prevented in such patients by the
exhibition of the drug if there are frequent premature ventricular beats, but for treatment of
the arrhythmia itself procainamide hydrochloride is used.
Hiccup. — Bellet and Nadler (Am. J. Med. Sc,
1948, 216, 680) reported success in terminating
paroxysms of hiccup with quinidine after failure
with usual methods of treatment. Hourly administration of600 mg. for 3 to 4 doses was utilized,
with subsequent oral maintenance doses of 300
mg. every 2 to 3 hours. The mechanism of action
is not clear, but the authors believed that there
is either a direct effect on the diaphragm or that
it blocks nerve impulses at the myoneural junction.
Parenteral Administration. — Oral administration acts rapidly enough for almost all patients
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needing quinidine. However, desirability of a
preparation of quinidine for parenteral administration has been recognized for years, to be used
in patients unable to take quinidine orally because
of vomiting, shock or unconsciousness, and in
those cases requiring urgent treatment. Solutions
of quinidine sulfate being difficult to prepare, a
solution containing quinidine hydrochloride for
intramuscular administration was used by Sturnock et al. (J.A.M.A., 1943, 121, 917) with success. The preparation currently available contains
12 per cent quinidine hydrochloride together with
15 per cent antipyrine in a sterile solution of
urea. Several newer preparations have proved to
be more stable. Bellet and Urbach (/. Lab. Clin.
Med., 1949, 34, 1118) found quinidine gluconate
to be stable, non-irritating for intramuscular use,
and effective. Blinder et al. (Arch. Int. Med.,
1950, 86, 917) found quinidine lactate no more
toxic than oral quinidine sulfate in similar doses
when injected intramuscularly, maximal slowing
of the ectopic pacemaker occurring 30 to 60 minutes after administration.
A 20 per cent solution of quinidine sulfate in
propylene glycol is available, supplied in ampuls
containing 200 mg. in 1 ml. Gluck et al. (J. A.M. A.,
1951, 145, 637) observed that single doses of
this preparation injected intramuscularly produce
negligible local reactions at the site of injection
and that the curve of action is essentially similar
to that of oral quinidine sulfate. Intravenous injection of quinidine lactate produces almost immediate effect but is hazardous and must be used
very carefully. Acierno and Gubner (Am. Heart
J., 1951, 41, 733) advised that it be given slowly
in doses of 130 mg. at intervals of 5 minutes or
more, with concurrent electrocardiographic observation employing a direct writing apparatus.
If bundle branch block, atrioventricular conduction disturbance or new ectopic rhythms develop,
administration must be discontinued.
Oral Administration. — Quinidine sulfate has
been used according to a variety of schedules.
Gold (loc. cit.) pointed out that the use of inflexible systems of dosage accounts for a large
proportion of failures in therapy and some of the
disastrous consequences; the decisive factor is
what the effect is rather than how much the
patient is taking, and that its use in disorders
of rhythm treatment is either a complete success
or a complete failure. He calls attention to the
fact that the period of cumulation is 4 or 5 days
and that if therapeutic effect is not obtained after
this interval dosage should be increased or the
drug discontinued. Likewise, if no toxic effects
are evident after this period the same dose will
not produce toxicity. For maintenance and prophylaxis of the paroxysmal arrhythmias he begins
with a dose of 300 mg. three times daily. When
an episode of the arrhythmia occurs he uses an
intensive treatment schedule, then resumes maintenance therapy with a dosage of 300 mg. four
times daily, and so increasing daily maintenance
dosage by 300 mg. after each episode until a level
is reached at which paroxysms no longer occur.
For premature contractions similar initial dosage
and increments are used, increases in dosage
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being made after each 5-day period until the
desired effect is obtained.
For intensive treatment of paroxysmal auricular tachycardia Gold ordinarily uses 400 mg.
every 2 or 3 hours. In some instances the irritable
focus will cease to function abruptly and the
period of cardiac arrest before the normal pacemaker takes over may produce syncope. The patient must, therefore, be under close observation
and at complete rest. If there should be substantial reduction in ventricular rate, even though it
continues to be rapid, one should suspect that the
abnormal rhythm has ceased, but that the vagal
blocking action on the normal pacemaker is present ;the drug should be discontinued and the rate
gradually becomes normal. His dosage scheme for
auricular flutter and fibrillation is similar. It is
important to remember that in flutter when the
circus movement has been slowed to about 200
per minute there will be a 1:1 auriculo-ventricular response and the peripheral pulse will increase
to 200. A second phase of slowing begins, with
sudden conversion to sinus rhythm at a normal
rate, or the vagal action as noted for auricular
tachycardia may develop.
In ventricular tachycardia the rapid excitation
of the ventricle suppresses its automaticity and
since quinidine tends to depress myocardial irritability its use may result in cardiac standstill.
After the initial electrocardiogram, quinidine is
given in doses of 600 mg. every 3 hours. The
apex beat is counted before each dose after the
third, for quinidine should not be continued if
the QRS (initial complex) is prolonged 50 per
cent above the control level. Tracings are repeated at the same interval and if the quinidine
effect is wearing off, dosage is resumed at the
same or half dosage, in an attempt to maintain
the rate at 120 to 110 per minute until physiologic
adjustments restore the rhythm to normal. Other
toxic manifestations may require discontinuing
the drug. In extremis intravenous injection is
justified, the solution being given through a small
needle (24 or 26 gauge), as a series of small injections, stopping each time at less than a dose
of 200 mg. if the rate slows 25 beats per minute
or if heart sounds become very feeble.
Fleischmann (loc, cit.) uses the following procedure in attempting conversion of chronic auricular fibrillation: (1) All patients are first digitalized unless they are hypersensitive to digitalis.
(2) An electrocardiogram is taken before the
first dose of quinidine and before any increase in
dosage. (3) A test dose of 200 mg. of quinidine
sulfate is given to test for idiosyncrasy. (4) A
dose of 200 mg. is given every 2 hours for 6
doses, blood presusre, pulse and general condition
being noted between doses. If conversion to sinus
rhythm does not occur, no further quinidine is
given that day in order that the patient may have
a night's sleep. (5) Each subsequent day the individual dose is increased by 200 mg. to the point
of conversion of rhythm or until a dose of 800
mg. every 2 hours is reached. If fibrillation continues after this dosage is reached no further
attempt is made. Brown et al. (Am. J. Med. Sc,
1953, 225, 129) showed that the rate of disappearance of quinidine from the blood stream of
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patients in congestive failure is slower than in
control subjects, calling attention to the hazard
of continued administration of the drug to such
patients. S
Toxicology. — The untoward effects resemble
those of quinine (q.v.) — namely, cinchonism and
idiosyncrasy — and, in addition, may result from
quinidine action on the heart disease which is being treated — embolism, cardiac standstill, ventricular tachycardia or fibrillation. Although the
dangers of quinidine must not be minimized, these
dangers seemed to have been overemphasized to
the point that this valuable drug is not used
where it is indicated (v.s.). Very rapid absorption from the gastrointestinal tract and excessive
doses are often important factors. Quinidine
poisoning results in diastolic arrest of the heart
(compare the systolic arrest caused by digitalis).
Except under heroic circumstances, it is clinical
practice to administer a small dose (100 to 200
mg.) of quinidine to test for sensitivity to the
drug and to use the smallest effective dose in any
case. One of the most important effects of quinidine on the heart itself is increase in the intraventricular conduction time. Brown (loc. cit.) stated
that ordinarily therapy should not be continued
when duration of the QRS complex increases 25
per cent. The occurrence of premature ventricular
beats calls for immediate withdrawal of the drug
because of the danger of ventricular tachycardia.
He indicated that approximately 50 per cent of
patients will have anorexia, nausea, vomiting or
diarrhea, rarely severe enough to warrant discontinuing the drug, while tinnitus, vertigo or confusion usually require its withdrawal in patients
in whom they occur (less than 10 per cent). Russek (J.A.M.A., 1951, 147, 1070) found paregoric
to be an effective antidote for diarrhea from quinidine, in teaspoonful doses 1 to 3 times daily.
Allergy. — Manifestations of hypersensitivity
are known to include fever, urticaria and purpura.
Siegal and Horn (Am. Heart /., 1950, 39, 302)
reported thrombocytopenic purpura and fever in
one patient and urticaria and fever in another.
Instances of febrile hypersensitivity were reported by Berley and Saland (J.A.M.A., 1952,
148, 1121), Stimson and McKusick (Am. J. Med.
Sc, 1951, 221, 440) and Rose et al. (New Eng.
J. Med., 1953, 248, 96). An instance of exfoliative dermatitis has been cited by Taylor and
Potashnick (J.A.M.A., 1951, 145, 641). The
mechanism of quinidine-induced thrombopenic
purpura was investigated by Larson (Blood, 1953,
8, 16), who demonstrated a specific peripheral
action on the platelets through combined action
with some other element in platelet-free serum,
presumably an antigen-antibody type of reaction.
Decrease of the platelet count in vivo but not
in vitro suggested that the platelets were injured
in such a manner as to affect their rate of removal
by the reticuloendothelial system and their ability
to produce clot retraction. Bigelow and Desforges
(Am. J. Med. Sc, 1952, 224, 274) demonstrated
an abnormal plasma factor which causes platelet
agglutination in the presence of the drug, in turn
probably leading to platelet lysis.
Contraindications. — These have been (Carter, loc cit.) as follows: idiosyncrasy; cinchonism;
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acute infections; bacterial endocarditis; before
correction of hyperthyroidism; angina pectoris
relieved by onset of auricular fibrillation; embolism, unless there are recurrent episodes; old age;
complete heart block, since the benefit to be derived does not merit the considerable risk of
ventricular tachycardia or fibrillation which often
means sudden death; and extensive myocardial
disease, including cardiac hypertrophy, valvular
disease, prolonged auricular fibrillation, congestive
heart failure and recent coronary occlusion (but
see above for trend toward the cautious use of
quinidine in certain of these conditions).
Dose. — The usual dose is 200 mg. (approximately 3grains) by mouth up to 6 times a day
as necessary; the range of dose is 200 to 400 mg.
The maximum safe dose seldom reaches 800 mg.,
and a total daily dose in excess of 2.4 Gm. is
rarely employed.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
QUINIDINE

SULFATE
U.S.P.

CAPSULES.

"Quinidine Sulfate Capsules contain not less
than 94 per cent and not more than 105 per cent
of the labeled amount of (C2oH24N202)2.H2S04.2H20." U.S.P.
Assay. — From an acid solution containing
about 300 mg. of quinidine sulfate the free base
is liberated by alkalinizing with ammonia, extracted with several portions of chloroform, and
the quinidine weighed after evaporating the solvent and drying the residue at 105° for 4 hours.
The gravimetric factor for converting to (C20H24N202)2.H2S04.2H20 is 1.207. U.S.P.
QUINIDINE

SULFATE
U.S.P. (LP.)

TABLETS.

"Quinidine Sulfate Tablets contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of (C2oH24N202)2.H2SO4.2H2O." U.S.P. The corresponding limits of
the LP. are 95.0 per cent and 105.0 per cent.
LP. Tablets of Quinidine Sulfate; Compressi Quinidlni
Sulfatis.

Usual Sizes.— 100, 200, and 300 mg. (1^, 3,
and 5 grains).
QUININE.

N.F.

[Quinina]

C20H24N2O2.3H2O

"Quinine is an alkaloid usually obtained from
the
N.F. bark of Cinchona species (Fam. Rubiaceiz)"
Chininum; Chininum Hydratum. Fr. Hydrate de quinine;
Uuinine. Ger. Chinin; Chininhydrat. It. Chinina. Sp.
Quinina.

The process of extracting quinine from cinchona bark is described under Quinine Sulfate.
The unavailability of the regular sources of supply for cinchona during World War II led to new
sources of quinine, especially in South America,
where not only various cinchona barks, but also
the bark of Remijia pedunculata, were utilized
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for production of quinine. The Remijia bark,
which Hocking (Science, 1945, 101, 484) reported had been used as far back as 1888 for
quinine manufacture, has been found to yield up
to 3 per cent of quinine sulfate of a high degree
of purity. Quinine base is obtained by adding to
a solution of quinine sulfate a quantity of ammonia water or solution of sodium hydroxide just
sufficient to cause precipitation of the alkaloid.
Quinine has been synthesized by a long process
starting with 7-hydroxyquinoline, but this source
of the alkaloid is not practical for commercial
utilization (see Woodward and Doering, J.A.C.S.,
1945, 67, 860).
Official quinine contains 3 molecules of water
of crystallization and melts at about 57°. This
hydrate loses 1 molecule of water at about 20°,
2 molecules when dried over sulfuric acid, and
all 3 molecules at 100°. The melting point of the
anhydrous alkaloid is about 177°. By heating
carefully it may be sublimed, assuming a crystalline form. The alcoholic solution is intensely
bitter. Except for efflorescence, quinine is stable
in air. It forms readily crystallizable salts with
acids. Herapathite, named after its discoverer,
Dr. W. B. Herapath, is the name given to a
quinine sulfate periodide which has been used as
an identifying test for the alkaloid; the crystalline compound is golden-green by reflected light
and pale olive-green by transmitted light. These
crystals have been called artificial tourmalines,
from their resemblance to that mineral, and when
properly oriented in a suitable membrane such
crystals polarize light, this phenomenon being
utilized commercially in the manufacture of Polaroid films.
Quinine and its salts may be distinguished from
many other alkaloids and their salts, except a few
others from cinchona, by the emerald-green color
(thalleioguin reaction) which results when their
solutions are treated first with solution of bromine and then with ammonia.
Quinine, and to a lesser extent other cinchona
alkaloids, impart a fluorescence to their solutions
in oxygenated acids. This is described in more
detail under Quinine Sulfate.
Description. — "Quinine occurs as a white,
microcrystalline powder. It is odorless, and has
a bitter taste, which is intense and persistent. It
is efflorescent in dry air and is affected by fight.
An alcohol solution cf Quinine (1 in 10) is alkaline to litmus. One Gm. of Quinine dissolves in
about 1560 ml. of water, in about 1 ml. of alcohol, in about 1 ml. of chloroform, and in about
1890 ml. of dilute ammonia solution. It is soluble in ether and 1 Gm. is soluble in about 800
ml. of boiling water." N.F.
Standards and Tests. — Identification. — (1)
A solution of quinine in diluted sulfuric acid has
a blue fluorescence. (2) An emerald green color,
due to thalleioquin, is produced on adding 2 or
3 drops of bromine T.S., followed by 1 ml. of
ammonia T.S., to 5 ml. of a saturated aqueous
solution of quinine. Optical rotation. — A 1 in 10
solution of quinine in alcohol is levorotatory.
Loss on drying. — Not over 15 per cent, when
dried for 2 hours at 105°. Residue on ignition. —
Not over 0.1 per cent. Ammonium salts. — No
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odor of ammonia is apparent on heating quinine
with sodium hydroxide T.S. on a water bath.
Other cinchona alkaloids. — The quinine is converted to quinine sulfate, which is extracted with
cold distilled water so that practically all of it
remains insoluble, while other alkaloids which
form soluble sulfates, if present, will dissolve.
The filtrate separated from the mixture is alkalinized with ammonia T.S., and a clear liquid
indicates absence of other alkaloids. N.F.
Structure. — Quinine is methoxycinchonidine
and is isomeric with quinidine. It is strongly
levorotatory, while quinidine is dextrorotatory.
The chemical structure of quinine and other important cinchona alkaloids has been fully investigated. They have been shown to be derivatives
of quinoline with a second heterocyclic ring system to which the name quinudidine has been
given. The formula now generally accepted for
quinine, and amply confirmed, is due to Rabe
and his collaborators (Ber., 1918, 51, 466). For
information concerning studies of the structure of
the quinine molecule and attempts at its synthesis, see Henry, Plant Alkaloids, 1949.
Incompatibilities. — Soluble salts of quinine
are precipitated from aqueous solutions by alkaloidal reagents, by tannic acid, by alkalies, by
iodides, and many other substances, including
certain organic acids and salts of such acids, as
benzoates, salicylates, tartrates and citrates.
There has been a widespread belief that a poisonous substance is produced by interaction of quinine and acetylsalicylic acid but the substance
formed, quinicine, is no more poisonous than
quinine.
Uses. — Quinine was until recently the only
drug available for the control of malaria but it
has now been largely replaced by several synthetic antimalarial agents which appear to possess certain advantages over quinine. Even in the
immediate treatment of fulminating falciparum
malaria, where the rapid therapeutic action of
quinine following intravenous injection of one of
its water-soluble salts was considered essential,
the newer drugs are now preferred because they
do not produce the high incidence of "blackwater
fever" which follows use of quinine. Quinine
will, however, control the symptoms of malarial
chill and fever paroxysm, albeit somewhat more
slowly than the newer antimalarial agents. As a
suppressive, uncomfortably large doses of quinine seem necessary in the case of Plasmodium
vivax infestations, and some strains of P. falciparum are resistant. Quinine will not prevent
relapse in P. vivax and the results with other
drugs are superior in P. falciparum infestations.
Quinine is also used in myotonia congenita, and
as a diagnostic agent in cases of suspected myasthenia gravis. Salts of quinine are used more
frequently than the base, but the latter is active,
as are also certain crude preparations containing
quinine (see Totaquine).
In sufficient concentration quinine appears to
be poisonous to all forms of protoplasm, including unicellular organisms as well as the more
highly organized tissue of man. It inhibits putrefaction of meat, and depresses yeast fermentation, phagocytosis, and ciliary action. While the

Part

I

general antiseptic activity of quinine is comparatively low it has marked bacteriostatic properties.
Protozoa are more susceptible to the effects of
quinine than are bacteria.
Absorption and Excretion. — When swallowed
quinine is absorbed readily from the small intestine. Two hours after a single dose of 300 mg.
in man Taggart et al. (J. Clin. Inv., 1948, 27,
No. 3, Part 2, 80) observed blood plasma concentrations of2 to 8.9 mg. per liter; the peak
concentration appeared in 1 to 3 hours and was
almost as high after oral as after intravenous
administration. The concentration in blood cells
was 13 to 19 per cent of that in plasma. On a
dose of 500 mg. daily (divided into 4 portions
given at intervals of 6 hours) the mean plasma
concentration was 4.9 mg. per liter; on a dose
of 1.5 Gm. daily it was 9.6 mg. per liter. Hiatt
(/. Pharmacol., 1944, 81, 160) found lower
plasma levels when quinine is taken after meals.
In plasma it is probably bound to albumin
(Earle et al., J. Clin. Inv., 1948, 27, Suppl. 87).
The concentration in spinal fluid is much less
than that in blood plasma; Lippincott et al. (J.
Nat. Malaria Soc, 1946, 5, 85) found 0.019 to
0.26 mg. per liter in the spinal fluid of patients
with 1.29 to 6.82 mg. per liter in their plasma.
Quinine is absorbed poorly from the rectum,
where large doses cause so much irritation as to
be rapidly expelled. Large doses orally cause pain,
nausea and vomiting. Absorption is poor after subcutaneous orintramuscular injection because quinine is precipitated and causes inflammation and
sloughing. After intravenous administration it
leaves the blood in a few minutes. Less than 10
per cent of a dose is excreted in urine, where it
appears within 15 minutes of ingestion and reaches
a maximum after about 4 hours which persists for
about 4 hours. Urinary excretion is almost complete within 24 hours, whether the drug is given
orally or intravenously. Excretion is delayed and
diminished in the presence of nephritis, impaired
liver function, and in alkaline urine (Haag et
al., J. Pharmacol., 1943, 79, 736). Only traces
are excreted in the feces, or found in gastric
juice, bile and saliva. Most of a dose of quinine
is metabolized in the body. Degradation products
have been studied by Brodie et al. (Fed. Proc,
1946, 5, 169). In animals Kelsey et al. (J. Pharmacol., 1945, 85, 170) found quinine in the liver,
kidney and muscle. Its carbostyril, a 2-hydroxyquinoline derivative, identified by Mead and
Koepfli (/. Biol. Chem., 1944, 154, 507), is
found in urine to the extent of 20 per cent of a
dose; the compound has little antimalarial action.
Knox (Fed. Proc, 1946, 5, 185) reported that
a flavoprotein enzyme in liver could oxidize quinine to its carbostyril. Quinine does not accumulate in the tissues of the body; doses at intervals
of 6 to 8 hours are required to maintain therapeutic action.
Action. — The effects of therapeutic doses of
quinine on circulation, respiration, and central
nervous system are slight in normal animals.
Although quinine has considerable use as an analgesic for headache, myalgia, neuralgia, etc., the
salicylates are far more effective. Quinine has
some antipyretic action by virtue of the periph-

Part I
eral vasodilatation resulting from action on the
central nervous system. The alleged depressant
action on metabolic rate is not observed with
therapeutic doses (Hardiker, J. Pharmacol., 1925,
25, 175). As quinine is better tolerated by patients with hyperthyroidism a diagnostic test
involving administration of 300 mg. to 1 Gm.
2 or 3 times daily has been proposed (N. Y.
State J. Med., 1945, 45, 1545); failure to develop symptoms of cinchonism suggests presence
of hyperthyroidism. Quinine is advocated for the
palpitation associated with extrasystoles of the
heart; it has been reported, however, that in
epileptics it increases the frequency of paroxysms. In frogs it causes a lessening of reflex
activity which is abolished by destruction of the
medulla. When injected intravenously in large
doses (4 to 5 Gm.) quinine causes a marked fall
in blood pressure, partly by a depressant action
on heart muscle but largely by dilatation of
arteries (see Nelson, Arch, internat. pharmacodyn. therap., 1927, 33, 186, 204). Peripheral
vasodilatation results from its action on the
smooth muscle of the vessel; this action is not
antagonized by epinephrine but is by posterior
pituitary extract or by barium chloride. However, the decrease in blood pressure is antagonized by epinephrine (Dreisbach, /. Pharmacol.,
1949, 95, 347). Quinine causes increased renal
blood flow and antagonizes experimental neurogenic but not renal hypertension (Greene and
Hiatt, Circulation, 1951, 3, 399). In traumatic
or hemorrhagic shock the hypotensive action of
intravenous quinine may prove fatal. Quinine
causes changes in contractions of the heart which
are of the same type as those produced by quinidine (q.v.). Compared with pamaquine, quinine
has very little effect on the electrocardiogram of
the normal heart (Heimann and Shapiro, Brit.
Heart J., 1943, 5, 121). In dogs Babkin and
Ritchie (Rev. Canad. Biol., 1945, 4, 346) reported partial paralysis of the vagal inhibitory
fibers to the heart with moderate doses of quinine intravenously. Burn and Dutta (Nature,
1948, 161, 18) found that quinine antagonized
the action of acetylcholine on the heart and
Wayne et al. (Brit. Heart J., 1949, 11, 55) reported inhibition of the cardiac slowing produced by adenosine triphosphate in man. Krayer
(/. Pharmacol., 1950, 100, 146) found that the
antagonism to the cardioaccelerator action of
epinephrine resembled that of veratramine or
jervine. Quinine inhibits vagal but not histamine
stimulation of gastric secretion (Karp, Rev.
Canad. Biol., 1948, 7, 508). There may be some
decrease in intestinal motility with large doses.
A prolongation of blood prothrombin time, corrective by administration of vitamin K, was reported by Pirk and Engelberg (J.A.M.A., 1945,
128, 1093). Dahne (Deutsche tropenmed. Ztschr.,
1943, 47, 129) observed an increase of reticulocytes in blood in both malaria-infested and normal subjects following administration of quinine.
Action on Voluntary Muscles. — The effect
of quinine upon the voluntary muscles has become a matter of practical interest in recent
years in the treatment of certain disturbances of
muscular function. Moderate doses increase the

1169
Quinine
tension response of voluntary muscle to a single
stimulus (electric or mechanical) but also increase the refractory period and decrease the excitability of the motor end-plate; the muscle
becomes unable to maintain a tetanic contraction
in response to rapidly repeated stimuli (faradic
current). It has a marked curare-like effect in depressing the end-plates of the motor nerves and in
antagonizing the fibrillary contractions caused by
physostigmine, but does not completely paralyze
the end plates (Ravin, Am. J. Physiol., 1940,
131, 228). It decreases the action of acetylcholine and diminishes the hypersensitivity of denervated muscle to acetylcholine. According to
Milhorat (Arch. Neurol. Psychiat, 1941, 45, 74)
it antagonizes the cholinergic stimulants not only
of the voluntary muscles but also of the vagus
and of the salivary glands. It counteracts the
action of physostigmine, neostigmine and veratrine and slightly inhibits cholinesterase. Harvey
(/. Physiol., 1939, 95, 45) found that it acted
directly on the muscle cell and that it increased
the amplitude and the duration of the muscle
action potential. Quinine is clinically useful in
lessening the contractures of myotonia congenita.
A dose 300 to 600 mg. 2 or 3 times daily by
mouth is quickly and sometimes completely effective in abolishing the abnormal sensitivity of
the muscles to mechanical stimulation (Kennedy
and Wolf, J. A.M. A., 1938, 110, 198; Kolb et al.,
Bull. Johns Hopkins Hosp., 1938, 62, 188;
Harvey, J.A.M.A., 1939, 112, 1562). Although
it did not prevent atrophy, Waring et al. (Arch.
Int. Med., 1940, 65, 763) found it beneficial in
myotonia atrophica. Hassin (J. A.M. A., 1939, 113,
12) used quinine in dystonia musculorum deformans and in spasmodic torticollis. Bennett and
Cash (Psych. Quart., 1941, 15, 351) reported
that it prevented fractures of the vertebrae during
the therapeutic convulsions induced by leptazol.
Gootnick (Arch. Int. Med., 1943, 71, 555) advocated a bedtime dose to prevent the nocturnal
cramps in the legs which are so frequent in older
individuals. It has been useful as a diagnostic test
in cases of suspected myasthenia gravis (Harvey
and Whitehill, Bull. Johns Hopkins Hosp., 1937,
61, 216) because it aggravates the myasthenic
symptom; this aggravation can be serious but
it is counteracted rapidly by neostigmine. Milhorat
(loc. cit.) used it to relieve the muscular rigidity
in paralysis agitans. It has been used for chorea.
Antimalarial Action. — The oldest and most
important use of quinine is for the treatment of
malarial fevers, for which it has been for years
the most reliable remedy available (see also Antimalarial Agents, in Part II). Its mode of action
is still uncertain. The old view that it is
strongly poisonous to plasmodia in the blood
seems hardly tenable. There is no evidence that
quinine dissolved in blood, in the concentration
prevailing after therapeutic use, exerts any destructive action on plasmodia; Muhlens and
Kirschbaum (Arch. Schiffs-Tropen-Hyg., 1924,
29, 131) found that incubation for 24 hours of a
mixture of equal volumes of malarial blood and
a 1:5000 solution of quinine had no apparent
effect on the parasites, and it is well established
that the concentration of quinine in blood follow-
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ing oral ingestion never rises above 1 part in
100,000. It has been suggested that quinine forms
in the body a compound which is poisonous to
Plasmodia (see Welch et al., Fed. Proc, 1946, 5,
214), or that it stimulates some natural resistance.
The concept that antimalarial drugs interfere
with enzyme systems essential to the parasite,
such as riboflavin, has been studied extensively
(see Findlay's Recent Advances in Chemotherapy,
Volume II, 1951). Even though the drug has
been shown to compete with an essential substance in the growth of test bacteria, no evidence
is available that this is the mechanism of antimalarial action (King and Wright, Proc. Roy.
Soc. Biol, 1948, 135, 271). It is highly significant
that quinine continues to be effective even after
prolonged use.
Quinine has slight and slow and clinically insignificant action on the gametocytes of P. vivax
and P. malarice but none on those of P. falciparum
(League of Nations, Quart. Bull. Health Org.,
1937, 6, 895; 1933, 2, 181). Shannon demonstrated that quinine has no action on the
sporozoite stage of the parasite. For centuries it
has been recognized that quinine would relieve
the symptoms of the malarial paroxysm but that
relapses followed discontinuance of treatment.
Although it does not cure the mosquito-induced
disease, Yorke and Macfie (Trans. Roy. Soc.
Trop. Med. Hyg., 1924, 18, 13) showed that the
malaria induced in cases of general paralysis for
fever therapy by injection of blood from a patient with malaria was cured by quinine (symptoms relieved and no relapses). The recognition
of the exo-erythrocytic or schizont stage of the
life cycle of the parasite in human tissues (Shortt
and associates, Brit. M. J., 1948, 1, 1225; 1949,
2, 1006) and the failure of quinine to affect this
stage (Berliner et al., Fed. Proc, 1946, 5, 165)
explained the relapses after apparent relief of
symptoms with quinine. Different strains of P.
vivax differ in their sensitivity to quinine (Shute,
Trans. Roy. Soc. Trop. Med. Hyg., 1946, 40,
189) but the erythrocytic stage (merozoites) of
all strains, whether mosquito or blood-induced
infestations, are ehrninated by appropriate doses
of quinine (Berliner et al., loc. cit.). A blood
plasma concentration of 5 mg. per liter of quinine
is needed for a period of 6 days to suppress P.
vivax malaria and may be attained by a daily
dose of 500 mg. divided into 4 equal portions at
intervals of 6 hours (Taggart et al., loc. cit.). For
P. falciparum infestations, Napier (New Eng. J.
Med., 1945, 233, 38) indicated a need for a concentration of 10 mg. per liter, which requires a
dose of 1.5 Gm. daily. Considering the efficacy
of single doses of the newer antimalarial drugs,
they will be preferred, when available, to quinine,
which requires repeated doses at intervals of 6
to 8 hours for a week. Although quinine is not a
curative agent in malaria in the sense that it will
not prevent relapses following its discontinuance,
Findlay and Stevenson (Ann. Trop. Med., 1944,
38, 168) reported its value in preventing attacks
in most if not all persons exposed to infection.
In P. vivax infestations quinine alone results
in relapses in more than 50 per cent of cases
(Most et al., Am. J. Med. Sc, 1946, 212, 550);
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quinacrine is more effective (Bang et al., Bull.
U. S. Army Med. Dept., 1947, 7, 75) and more
rapid in controlling symptoms (Gordon et al.,
Arch. Int. Med., 1947, 79, 365). In P. malaria
infestations quinine is slower in suppressive action
on the erythrocytic stage than is chloroquine
(Young and Eyles, Am. J. Trop. Med., 1948, 28,
23). Both P. malarice and P. falciparum infestations have been found to be less susceptible to
quinine than those of P. vivax (James, Trans.
Roy. Soc. Trop. Med. Hyg., 1931, 24, 477).
For treatment of P. falciparum infestations
quinacrine has two important advantages over
quinine: (1) it does not precipitate "blackwater
fever," as does quinine, and (2) continued use of
quinacrine for 1 month after leaving the infested area will result in cure (elimination of the
exo-erythrocytic stage) (Findlay et al., Ann.
Trop. Med., 1944, 38, 139, 201). In the treatment of the acute cerebral manifestations in P.
falciparum infestations it was recently considered
good practice to employ quinine salts intravenously, and also in cases with severe vomiting
or idiosyncrasy to other antimalarial agents.
Formerly quinine dihydrochloride was employed
but Winckel (/. Trop. Med. Hyg., 1947, 50, 201)
advocated quinine hydrochloride as being less
irritating to tissue. For this use he dissolved 250
to 500 mg. in water for injection, added 250 mg.
of urethan and enough quinine base to adjust the
pH of the solution to 7.2. For intravenous injection this preparation was diluted with 10
volumes of water for injection or sodium chloride injection; for intramuscular injection it was
diluted with 3 volumes of diluent. The intravenous
dose of quinine should never exceed 500 mg. at
one time, and this should be injected slowly
(taking at least 10 minutes). Hanzlik and Cutting (J.A.M.A., 1945, 129, 1241) reported that
addition of 1 mg. of epinephrine hydrochloride
to 250 ml. of sodium chloride injection containing 500 mg. of quinine combated the hypotensive
action; they administered the intravenous injection over a period of more than 30 minutes and
advised against repetition more than 2 or 3 times
daily. Phenylephrine may be used in place of
epinephrine. Strahan (Trans. Roy. Soc. Trop.
Med. Hyg., 1948, 41, 669) employed quinine dihydrochloride most effectviely in management of
acute falciparum malaria, administering it by
continuous intravenous injection at a rate of 60
mg. (dissolved in 2 ml. of sodium chloride injection) per minute for a total dose of 500 to 600
mg. at a time and a maximum of 2 Gm. in 24
hours. The untoward effects were phlebitis at the
site of injection, and collapse. Intravenous
quinine is contraindicated in patients with severe
shock, pulmonary edema, serious cardiovascular
disease, cyanosis, severe anemia, and during pregnancy. Although so-called "blackwater fever" is
probably due to malaria, clinical experience indicates that it may be precipitated by quinine and
most clinicians believe that this drug is contraindicated in the presence of this complication
(Most and Meleney, J.A.M.A., 1944, 124, 73).
Other Uses. — There was much evidence, prior
to the sulfonamide and antibiotic era, of the value
of quinine as a chemotherapeutic agent in other
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infections, such as pneumococcal pneumonia (Ash
and Solis-Cohen, /. Infect. Dis., 1929, 45, 449),
influenza, and the "common cold." Quinine has
been used orally and in the form of enemata
(1:2500 solution) in the treatment of amebic
dysentery (Leiva, /. Pharmacol, 1924, 2, 467)
and of infestation with pinworms.
Many obstetricians habitually administer quinine during labor with the idea that it will excite
uterine contractions but Marchetti et al. (N. Y.
State J. Med., 1943, 43, 2183), in a controlled
clinical study, found no evidence to recommend
this practice. Quinine in therapeutic doses is a
very weak uterine stimulant; since it was thought
that it enhanced the indirect stimulation produced by castor oil catharsis or other measures
which cause pelvic hyperemia a method of "medical" induction of labor at term came into common use. It consists of a cathartic dose of castor
oil, followed in 2 hours by 200 mg. of quinine
orally, repeated every 2 hours until labor is established or until a total dose of 1 Gm. of quinine
has been reached. The uterus becomes more sensitive to quinine as pregnancy advances. Toxic
doses of quinine may cause abortion but it is not
a dependable drug for this purpose. Quinine may
pass the placenta in an amount sufficient to injure the fetus without causing abortion (Richardson, South J., 1936, 29, 1156; West, Am. J. Obst.
Gyn., 1938, 36, 241).
Quinine possesses marked local anesthetic
powers and was at one time extensively used as
a substitute for cocaine. Its anesthetic action is
much more prolonged because anesthesia arises
from its protoplasmic poison action on nerve endings (Dixon and De, /. Pharmacol., 1927, 31,
407). Stimulation precedes paralysis and edema,
inflammation and fibrosis follow its use by injection (see under Quinine and Urea Hydrochloride Injection). The combination of anesthetic,
astringent and bactericidal powers of quinine
salts has been utilized in the treatment of various
ophthalmic afflictions (see under Quinine Bisulfate). Quinine has also been used as a sclerosing agent in the treatment of varicose veins.
Quinine itself irritates the vascular endothelium
and causes thrombosis (see under Quinine and
Ur ethane Injection).
Quinine is used as a bitter, stomachic appetizer.
In small doses in solution it is a mild irritant and
stimulant of the gastric mucosa and other mucous
membranes. In large amounts it inhibits gastric
secretion and causes nausea, vomiting and diarrhea. Large parenteral doses cause vomiting from
its central action. Suppositories and enemas are
also irritating. As a test for gastric achlorhydria
Segal {Med. Clin. North America, 1951, 35, 593)
administered 50 ml. of 7 per cent ethyl alcohol
with a glass of water in the fasting state to
stimulate gastric secretion followed in 30 minutes
by ingestion of 2 Gm. of a quinine-containing
cation exchange resin with water. At the end of
1 and 2 hours, respectively, the urine is collected
and analyzed; if no quinine is present, the patient does not secrete hydrochloric acid in the
stomach.
As a contraceptive the action of quinine is slow
and unreliable in nontoxic concentrations. It has
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no rational use as a hair tonic. Strakosch (/.
Invest. Dermat., 1942, 5, 1) found that in
Aquaphor, but not in lanolin or petrolatum, quinine protected the skin against sunburn; however, dermatitis may occur. E
Toxicology. — Even in the amounts employed
for therapeutic purposes quinine frequently produces unpleasant symptoms, referred to as
cinchonism. Most persons can take 300 mg. daily
without untoward effects but 600 mg. daily causes
mild symptoms in many people. Ill effects may be
due to use of the drug in toxic doses, to the disease being treated, to hypersensitivity, or to
idiosyncrasy. The most common of these effects
is ringing in the ears, often accompanied with a
sensation of fullness in the head, and perhaps
some obtunding of the sense of hearing; these
symptoms are commonly observed when the blood
plasma concentration is more than 10 mg. per
liter. With larger doses the symptoms are intensified; the deafness is very marked, blurred
vision and aberrations of color vision may exist,
while the flushed face and sense of distention in
the head may point to cerebral congestion which
in some cases is relieved by spontaneous epistaxis.
In decided cinchonism giddiness and staggering
are very common. After toxic doses severe headache, delirium, stupor, complete deafness and
blindness, dilated pupils, embarrassment of respiration, great weakness, convulsions, paralysis,
and finally collapse, either comatose or delirious,
may result. If the patient survives for 1 or 2
days recovery is usual although some visual or
auditory impairment may persist. The deafness
produced by large doses of quinine usually passes
off rapidly; very rarely is there permanent impairment of hearing.
Amaurosis with pallor of the retina and optic
disc and attenuation of the retinal arteries and
sometimes retinal edema occur rarely following
either large or small doses (Bishay, Brit. J.
Ophth., 1946, 30, 281). Recovery is usual although itmay be slow and incomplete. In addition to general care, a high fluid intake and
purgation (McGregor and Loewenstein, Lancet,
1944, 2, 566), and treatment with vasodilators
such as sodium nitrite have been recommended
(Pelner and Saskin, JAM. A., 1942, 119, 1175).
Optic atrophy is a possible outcome. Quinine sulfate sometimes causes much gastric and intestinal irritation, marked by oppression of the
stomach, nausea, abdominal pains, vomiting and
purging. In general, these effects of excessive
doses gradually pass off, although partial deafness often continues for several days, and may
sometimes be much longer and on rare occasion
permanent. A relationship between congenital
nerve deafness and quinine therapy during pregnancy has been noted (Forbes, South. M. J.,
1940, 33, 613) but Winckel (/. Trop. Med. Hyg.,
1948, 51, 2) could find only 15 definite case reports. Salicylates and cinchophen may cause
symptoms resembling cinchonism.
Several cases of recovery after oral ingestion
of as much as 30 Gm. of quinine are recorded;
probably only a portion of the drug was absorbed. A single dose of 8 Gm. may be fatal,
and 4 Gm. generally causes untoward effects.
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Treatment of quinine poisoning includes administration ofa cathartic dose of magnesium
sulfate and, if a large dose has been ingested
recently, gastric lavage is worthwhile. Supportive
measures include epinephrine, caffeine, oxygen
inhalation, and warmth. Alkalinization of urine
and transfusions are indicated for anemia and
hemoglobinuria.
Idiosyncrasy towards quinine is not infrequent
and even relatively small doses may produce toxic
symptoms. In most of these cases there have
been scarlatiniform, maculopapular or urticarial
skin eruptions (see Wood, Therap. Gaz., January,
1902). Contact dermatitis in nurses administering quinine is rare but Werz (Nederland.
Tijdschr. Geneesk., 1949, 93, 170) reported
cases among employees in a factory producing
quinine tablets. Other manifestations of cinchonism often appear. Asthma is frequently observed.
Epinephrine is indicated in severe reactions. Skin
sensitivity to t quinine may be determined by
scratching the skin under a drop of a 1 per cent
solution of a quinine salt in isotonic sodium
chloride solution; appearance of redness and
edema within 15 minutes indicates sensitivity. In
many of these patients the sensitivity extends to
other levorotatory alkaloids of the quinine group,
such as cinchonidine (Dawson and Garbade,
J. A.M. A., 1930, 94, 704). Sensitivity towards the
dextrorotatory isomers (quinidine and cinchonine) is much less common. Desensitization has
been accomplished with daily oral doses starting
with about 5 mg. and increasing the dose each
day.

ule. Maximum doses for infants and children of
different ages are as follows: under 1 year, 30
mg.; 1 year, 60 mg.; 2 years, 120 mg.; 3 to 5
years, 200 mg. ; 5 to 7 years, 250 mg.; 7 to 9
years, 300 mg. ; these doses are ingested 3 times
daily in all cases. Earlier writers recommended
much larger doses — as high as 3.2 Gm. (approximately 50 grains) at a time — in pernicious forms
of malarial fever. As a malarial suppressive, a
dose of 600 mg. (approximately 10 grains) once
daily after the large meal should be commenced
before the person is exposed to malaria-infested
mosquitoes. In very severe malarias, when it is
necessary to bring the patient under the influence
of quinine quickly, a soluble salt may be administered intravenously; the drug should preferably
not be given subcutaneously or intramuscularly
because it causes severe local necrosis. Salts of
quinine are more popular dosage forms of the
alkaloid in the United States than is the base
itself. The bitter taste of quinine and its salts
may be avoided by administering capsule dosage
forms; certain syrups (see under Quinine Hydrochloride) are especially useful for disguising its
taste in liquid dosage forms.
In other than malarial fevers quinine may be
given in doses from 120 to 600 mg. (approximately 2to 10 grains) 2 or 3 times daily.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Compound Hypophosphites

Acute hemolytic anemia ("blackwater fever")
is feared in cases of P. falciparum malaria when
quinine is administered (Foy and Kondi, Ann.
Trop. Med., 1950, 44, 309); an autohemolysin
acting like an antibody seems to be involved
(Findlay and Markson, ibid., 1947, 41, 22). In
combination with pamaquine, methemalbumin is
rather regularly found in blood plasma (Rosenfeld et al., J. Clin. Inv., 1948, 27, Suppl. 138). A
few cases of acute hemolytic anemia, with death
in uremia, have been reported in non-malarious
women following misguided use of quinine as an
abortifacient (Licciardello and Stanbury, New
Eng. J. Med., 1948, 238, 120). A few cases of
acute thrombocytopenic purpura due to quinine
sensitivity have been observed (Peshkin and
Miller, J.A.M.A., 1934, 102, 1737) and also rare
instances of agranulocytosis (Franks and Davis,
Am. J. Syph., 1943, 27, 314).
Quinine is contraindicated in patients with a
history of idiosyncrasy, in the last trimester of
pregnancy, in the presence of hemoglobinuria
during malaria, and in patients with auricular
fibrillation or other serious heart disease unless
indicated for the heart condition (see under
Quinidine Sulfate).
Dose. — The dose of quinine, by mouth, as a
therapeutic agent in malaria has varied widely
from 500 mg. (approximately lYi grains) daily,
divided into 3 or 4 portions, to 1 Gm. (approximately 15 grains) 3 times daily after meals for 2
days followed by 600 mg. (approximately 10
grains) 3 times daily for 5 days. Untoward effects
are much less frequent on the lower dosage sched-

Acid Quininium Sulfate, Quinine Acid Sulfate,
[Quminae Bisulfas]

Syrup, N.F.

QUININE

BISULFATE.

N.F. (B.P.)

C20H24N2O2.HoSO4.7H2O
The B.P. defines Quinine Bisulphate as the acid
sulphate of quinine, obtained from the bark of
various species of Cinchona; it is required to
contain not less than 58.0 per cent and not more
than 62.0 per cent of quinine, C20H24O2N2.
B.P. Quinine Bisulphate; Quinina: Bisulphas. Acid
Quinine Sulfate. Chininum Sulfuricum (Fr.) ; Chininum
Bisulfuricum
It.); Quinina;
Fr.
Bisulfate (Ger.,
de quinine;
Sulfate Sulphas
neutre deNeutrus
quinine.(•$"£.).
Ger.
Chininbisulfat; Saures schwefelsaures Chinin. It. Bisolfato
di chinina ; Solfato acido di chinina; Solfato neutro di
chinina. Sp. Sulf ato de quinina, neutro ; Bisulfato de
Quinina; Sulfato acido de quinina.

Quinine bisulfate does not contain, as its name
indicates and formulas for it sometimes show,
bisulfate
Quinine
and forms(HSCu-)
salts inion.which
one isora diacidic
both ofbase
its
nitrogen atoms combine with hydrogen ions; in
both instances the anion is sulfate (S04=). Since
the quinuclidine nitrogen of quinine is more intensely basic than the quinoline nitrogen, the
former is the first to be neutralized when one
equivalent of acid is added to quinine; when two
equivalents of acid are added both nitrogen atoms
are neutralized. Because the quinoline nitrogen
is feebly basic the substituted ammonium salt
which it forms is extensively hydrolyzed in
aqueous solution, which explains the pronounced
acidity of quinine bisulfate in water; it is
evident that the acidity is not due to a halfneutralization of sulfuric acid, as when true
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bisulfates are formed. The same thing occurs
when hydrochloric acid reacts with quinine base;
the first equivalent of acid reacts with the
quinuclidine nitrogen, forming quinine hydrochloride, while the addition of the second equivalent forms quinine dihydrochloride through reaction with the quinoline nitrogen. Quinine dihydrochloride, like quinine bisulfate, produces a
markedly acid reaction with water by hydrolysis
of the quinoline nitrogen salt.
Quinine bisulfate may be made by suspending
quinine sulfate in warm distilled water, adding
diluted sulfuric acid, filtering and crystallizing.
It was introduced because it is considerably more
soluble in water than is the sulfate. The bisulfate
dissolves in 10 parts of water, while the sulfate
requires 810.
Description. — "Quinine Bisulfate occurs as
white or colorless crystals, usually needle-like, or
as a white, crystalline powder. It is odorless, and
has a very bitter taste. It effloresces on exposure
to dry air, and turns yellow on exposure to light.
Its solutions are strongly acid to litmus. One Gm.
of Quinine Bisulfate dissolves in 10 ml. of water,
in 25 ml. of alcohol, in about 15 ml. of glycerin,
and in about 625 ml. of chloroform. One Gm. dissolves in 1 ml. of boiling water and in 1 ml. of
boiling alcohol." N.F.
Standards and Tests. — Identification. — (1)
This test is the same as identification test (1)
under Quinine. (2) A solution of quinine bisulfate is strongly levorotatory. (3) This test is the
same as identification test (2) under Quinine.
(4) Quinine bisulfate responds to tests for sulfate. Loss on drying. — Not over 24 per cent,
when dried at 105° for 3 hours. Residue on ignition.— Not over 0.05 per cent. Ammonium salts.
— No odor of ammonia is apparent on heating
quinine bisulfate with sodium hydroxide T.S. on
a water bath. Readily carbonizable substances. —
A solution of 200 mg. of quinine bisulfate in 5
ml. of sulfuric acid has no more color than
matching fluid M. Other cinchona alkaloids. —
The test is based on the same principle as that
of the corresponding test under Quinine. N.F.
Assay. — The B.P. directs quinine bisulfate to
be assayed according to the method described
under Quinine Hydrochloride.
Uses. — Quinine bisulfate possesses the characteristic therapeutic properties of quinine and its
salts; the bisulfate has the advantage of relatively high water solubility when it is desired to
prepare solutions of the alkaloid. When quinine
bisulfate is to be administered in liquid dosage
forms orally, the best vehicles are cacao syrup,
aromatic eriodictyon syrup, raspberry syrup and
glycyrrhiza syrup, opinions differing as to the
order of effectiveness in masking the taste of the
alkaloid (see also under Quinine Hydrochloride).
Quinine bisulfate is preferable to the sulfate for
the manufacture of tablets, being more convenient to process. It is not as suitable as the
dihydrochloride or as quinine and urea hydrochloride for preparing injections, quinine bisulfate being considerably less soluble in water than
are the two other salts and, also, apparently
undergoing some decomposition on heating.
In the treatment
of purulent ophthalmia,
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ophthalmic diphtheria, keratitis, trachoma and
certain other ophthalmic afflictions, quinine
bisulfate is sometimes employed for its astringent,
anesthetic and bactericidal properties; for these
diseases it may be used in 0.6 to 2 per cent solution, or as a 2 to 4 per cent ointment.
Dose. — When using quinine bisulfate it should
be kept in mind that it contains only about 59
per cent of quinine base, whereas most quinine
salts contain about 80 per cent of base; accordingly, the dose of the bisulfate is higher than
that of other quinine salts and, of course, greater
than that of quinine base. The usual dose is 1
Gm. (approximately 15 grains); for the wide
variations of quinine dosage see under Quinine.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
TABLETS OF QUININE
BISULPHATE.
B.P.
Tabellae

Quininae

Bisulphatis

The B.P. requires that the weight of quinine
bisulphate in each tablet of average weight be
not less than 92.5 per cent and not more than
110.0 per cent of the labeled amount. The
tablets are to be dispensed sugar-coated, unless
otherwise indicated.
Quinine Bisulfate Tablets.

Usual Size. — 5 grains (approximately 300
mg.).
QUININE
Acid

Quininium

DIHYDROCHLORIDE.
N.F., B.P.
Chloride,

[Quininae

Dihydrochloridum]

C20H24N2O2.2HC1
"The dihydrochloride of an alkaloid usually
obtained from cinchona." N.F. The B.P. defines
quinine dihydrochloride as the dihydrochloride of
quinine, obtained from the bark of various
species of Cinchona; it is required to contain not
less than 79.0 per cent and not more than 82.0
per cent of quinine, C20H24O2N2.
Acid Quinine Hydrochloride; Quinine Dichloride.
Chininum Dihydrochloricum ; Chininum Bichlorhydricum;
Quininae Chlorhydras, neutrus. Fr. Bichlorhydrate de
quinine ; Chlorhydrate neutre de quinine. Get. Chinindihydrochlorid; Saures Chininhydrochlorid. It. Bicloridrato
di chinina. Sp. Clorhidrato de quinina, neutro; Biclorhidrato de Quinina; Cloruro quinico neutro.

Quinine dihydrochloride may be prepared by
passing hydrochloric acid gas over dry quinine,
by interaction of quinine bisulfate with barium
chloride, or by evaporating a solution of the
neutral hydrochloride in the presence of one
equivalent of hydrochloric acid. For information
concerning the mechanism of salt formation and
how the dihydrochloride differs from quinine hydrochloride see under Quinine Bisulfate.
Description. — "Quinine Dihydrochloride occurs as a white, odorless powder, having a very
bitter taste. It is affected by light. Its solutions
are acid. One Gm. of Quinine Dihydrochloride
dissolves in about 0.6 ml. of water and in about
12 ml. of alcohol. It is slightly soluble in chloroform and very slightly soluble in ether." N.F.
Standards and Tests. — Identification. — (1)
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A solution of quinine dihydrochloride is levorotatory. (2) This test is essentially the same as
identification test (2) under Quinine. (3) Quinine dihydrochloride responds to tests for chloride. Loss on drying. — Not over 3 per cent, when
dried at 105° for 2 hours. Residue on ignition. —
Not over 0.15 per cent. Sulfate. — The limit is
500 parts per million. Barium. — No turbidity is
produced on adding diluted sulfuric acid to a
solution of quinine dihydrochloride. Readily carbonizable substances. — A solution of 200 mg. of
quinine dihydrochloride in 5 ml. of sulfuric acid
has no more color than matching fluid M. Other
cinchona alkaloids. — The test is similar to the
corresponding one described under Quinine. N.F.
Assay. — The B.P. assays quinine dihydrochloride by the method described under Quinine
Hydrochloride.
Uses. — Quinine dihydrochloride was introduced
for therapeutic use by reason of its high solubility in water, being the most soluble of the
several official salts of quinine. It has often been
administered by intravenous injection in severe
malaria, cerebral malaria, or in the patient with
diarrhea or vomiting; its acid reaction, however,
is more likely to cause irritation than will neutral
salts. Because of the protoplasmic-poison action
of quinine and the acidity of the dihydrochloride
its use intramuscularly or subcutaneously is not
recommended though in the past large amounts
have been given intramuscularly (Yorke, Trans.
Roy. Soc. Trop. Med. Hyg., 1942, 36, 66). Intravenous use is highly likely to cause cinchonism
and injections must be given slowly and be well
diluted to avoid the danger of vascular collapse
(see under Quinine). Extravasation outside the
vein indicates the need for immediate dilution of
the solution by subcutaneous injection of 1 per
cent procaine hydrochloride, in isotonic sodium
chloride solution, with or without hyaluronidase,
into and around the area of extravasation. Quinine dihydrochloride may be, but seldom is. administered orally. E
Dose. — The usual oral dose is 1 Gm. (approximately 15 grains); the variations in dosage of
quinine and its salts are discussed under Quinine. For intravenous use not over 600 mg., dissolved innot less than 250 ml. of sodium chloride
injection, with 1 mg. of epinephrine hydrochloride added, is injected over a period of at least
30 minutes. This dose may be repeated once, or
at most twice, in 24 hours.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
QUININE DIHYDROCHLORIDE
INJECTION.
N.F. (B.P.)
"Quinine Dihydrochloride Injection is a sterile
solution of quinine dihydrochloride in water for
injection. It contains not less than 96 per cent
and not more than 104 per cent of the labeled
amount of C2nH.24N2O2.2HCl." N.F. The corresponding limits of the B.P. are 92.0 per cent
and 105.0 per cent; the B.P. indicates that the
injection may be sterilized by heating in an
autoclave (to maintain the injection at 115° to

116° for 30 minutes) or by filtration through a
bacteria-proof filter.
B.P. Injection of Quinine
Quininae Dihydrochloridi.

Dihydrochloride;

Injectio

Assay. — From an accurately measured volume
of injection, equivalent to about 500 mg. of quinine dihydrochloride, the quinine is liberated by
alkalinizing with ammonia T.S., after which the
alkaloid is extracted with chloroform, the solvent evaporated, and the residue of quinine
weighed after drying at 105° for 4 hours. N.F.
The B.P. assay is similar, but sodium hydroxide
is employed to liberate the base.
Storage. — Preserve "in single-dose or multipledose containers, preferably of Type I glass." N.F.
Usual Sizes. — 250 mg. (4 grains) in 1 ml.;
300 mg. (5 grains) in 10 ml.; 500 mg. (7^
grains) in 1 ml. and in 1.5 ml.; 1 Gm. (15 grains)
in 2 ml.
QUININE

HYDROCHLORIDE.
U.S.P., B.P., LP.

Quininium Chloride,

[Quininae

Hydrochloridum]

C1\2H80
CH,0

CH=CH2

The B.P. defines this salt as the hydrochloride
of quinine, obtained from the bark of various
species of Cinchona; it contains not less than
81.0 per cent and not more than 83.0 per cent
of quinine, C20H24O2N2. The LP. purity rubric
is the same.
I. P. Quinini Hydrochloridum. Quinine Chloride; Quinine
Muriate; Quinine Hydrochlorate. Chininum Monochlorhydricum; Chininum Hydrochloricum; Quininae Hydrochloras;
Quininae Chlorhydras Basicus. Fr. Chlorhydrate de quinine;
Chlorhydrate basique de quinine. Cer. Chininhydrochlorid;
Chlorwasserstoffsaures Chinin. It. Cloridrato di chinina.
Sp. Clorhidrato de _ quinina, basico; Clorhidrato de
Quinina; Cloruro quinico basico; Cloruro quinico.

Quinine hydrochloride may be prepared by
treating the alkaloid with diluted hydrochloric
acid, or by double decomposition between barium
chloride and quinine sulfate.
As explained under quinine bisulfate, the first
equivalent of an acid, such as hydrochloric, interacts with the quinuclidine nitrogen of quinine,
forming the ion which is called quininium. The
salt in this instance is properly named quininium
chloride, though it is more commonly, but less
scientifically, called quinine hydrochloride.
Description. — "Quinine Hydrochloride occurs
as white, silky, glistening needles. It is odorless,
has a very bitter taste, and effloresces when exposed to warm air. Its solutions are neutral or
alkaline to litmus. One Gm. of Quinine Hydrochloride dissolves in 16 ml. of water, in 1 ml. of
alcohol, in about 7 ml. of glycerin, and in about
1 ml. of chloroform. It is very slightly soluble
in ether." U.S.P.
Standards and Tests. — Identification. — (1)

This test is the thalleioquin test described under
Quinine. (2) A 1 in 100 solution of quinine hydrochloride islevorotatory. (3) Quinine hydrochloride responds to tests for chloride. Water. — Not
over 10 per cent, when determined by drying at
105° for 2 hours or by the Karl Fischer method.
Residue on ignition. — Not over 0.15 per cent.
Sulfate. — The limit is 500 parts per million.
Chloroform-alcohol insoluble substances. — 1 Gm.
dissolves completely in 7 ml. of a mixture of 2
volumes of chloroform and 1 volume of dehydrated alcohol. Barium. — No turbidity is produced on adding diluted sulfuric acid to a hot
solution of quinine hydrochloride. Readily carbonizable substances. — A solution of 100 mg. of
quinine hydrochloride in 2 ml. of sulfuric acid
has no more color than matching fluid M. Other
cinchona alkaloids. — This test is based on the
same principle as the corresponding test under
Quinine. U.S.P.
Assay. — Both the B.P. and LP. assay quinine
hydrochloride by liberating the base from a water
solution of the salt by adding sodium hydroxide,
extracting the base with chloroform, evaporating
the solvent and weighing the residue of quinine
after drying to constant weight at 100°.
Uses. — Quinine hydrochloride is more soluble
in water than the sulfate but it is probably no
more rapidly absorbed in the presence of gastric
acid than is the sulfate. Solutions of quinine
hydrochloride are not as acid as those of the more
soluble dihydrochloride and are therefore less
irritating to the vein on intravenous injection.
Becker et al. (J. A. Ph. A., 1951, 40, 83; 1954,
43, 693) found that the official syrups of aromatic eriodictyon, cacao, glycyrrhiza, cherry and
raspberry, and certain imitation-flavored syrups,
such as coconut, wild cherry, and butterscotch
masked the bitter taste of quinine hydrochloride
effectively.
Quinine hydrochloride may be used for the
various purposes discussed under Quinine. The
solubility of the salt in water may be materially
increased by the addition of half its weight of
urethan (Winckel, Lancet, 1940, 1, 441); for use
of such solutions see Injection of Quinine and
Urethane.
Dose. — Quinine hydrochloride is given orally
in doses of 300 to 600 mg. as a rule; the wide
variations in dosage are discussed under Quinine. Intramuscular doses of 200 mg. 1 to 3
times daily have been given; injection by this
route must be deep and the solution must not
be on the outside of the needle when it is inserted through the skin and subcutaneous tissue.
The usual intravenous dose is 600 mg., dissolved
in at least 200 ml. of sodium chloride injection
and administered slowly (see discussion of administration under Quinine Dihydrochloride and
also under Quinine).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep. — Injection of Quinine and Urethane; Tablets of Quinine Hydrochloride, B.P.;
Iron, Quinine and Strychnine Elixir; Compound
Glycerophosphates Elixir, B.P.
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TABLETS OF
HYDROCHLORIDE.

QUININE
B.P. (LP.)

Tabellae Quininae Hydrochloridi

The B.P. requires that the weight of quinine
hydrochloride in each tablet of average weight be
not less than 92.5 per cent and not more than
110.0 per cent of the labeled amount. The LP.
requires the average weight of anhydrous quinine
in the tablets to be not less than 73.0 per cent
and not more than 90.0 per cent of the labeled
amount.
LP. Compressi Quinini Hydrochloridi.

Usual Size. — 300 mg. (5 grains).
QUININE

PHOSPHATE.

N.F.

Quininium Phosphate, [Quininae Phosphas]

(C20H24N2O2)3.2H3PO4.5H2O
"Quinine Phosphate yields not less than 74 per
cent and not more than 78 per cent of anhydrous
quinine (C20H24O2N2)." N.F.
Quinine phosphate may be prepared by dissolving quinine alkaloid in warm dilute phosphoric
acid or by double decomposition of solutions of
quinine hydrochloride and sodium phosphate.
Description. — "Quinine Phosphate occurs as
small, white crystals, or as a white crystalline
powder. It is odorless and has a bitter taste. It is
affected by light. A saturated aqueous solution
of Quinine Phosphate is acid to litmus. One Gm.
of Quinine Phosphate dissolves in about 600 ml.
of water and in about 60 ml. of boiling alcohol."
N.F.
Standards and Tests. — Identification. — (1),
(2) These tests are the same as the identification
tests for Quinine. (3) The quinine in a solution
of quinine phosphate is precipitated with an excess of sodium hydroxide T.S.; the filtrate separated from the mixture, after neutralization with
nitric acid, responds to tests for phosphate.
Chloride. — The limit is 300 parts per million.
Sulfate. — The limit is 0.1 per cent. Readily carbonizable substances. — A solution of 250 mg. of
quinine phosphate in 5 ml. of sulfuric acid is not
deeper than matching fluid N. Other cinchona
alkaloids. — The test is based on the same principle as the corresponding test under Quinine.
N.F.
Assay. — The assay is essentially the same as
that specified
for Quinine and Urea Hydrochloride. N.F.
Uses. — This salt is rarely prescribed; it is
official only because of its use in iron, quinine and
strychnine phosphates elixir.
Dose, from 120 to 600 mg. (approximately 2
to 10 grains), by mouth.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
Off. Prep. — Iron, Quinine and Strychnine
Phosphates Elixir, N.F.
QUININE

SULFATE.

U.S.P. (B.P.), LP.

Quininium Sulfate, [Quininae Sulfas]

(C20H24N2O2)2.H2SO4.2H2O
The B.P. defines this salt as the sulphate of
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quinine, obtained from the bark of various species
of Cinchona; it contains not less than 82.0 per
cent and not more than 84.0 per cent of quinine,
C30H24O1N2. The I. P. recognizes the same compound; the content of quinine is, however, between 82.0 and 83.9 per cent.
B.P. Quinine Sulphate; Quininae Sulphas. LP. Quinini
Sulfas. Chininum Subsulfurieum (Fr.); Quininae Sulphas
Basicus; Chininum Sulfuricum (Ger., It.). Fr. Sulfate de
quinine; Sulfate basique de quinine. Ger. Chininsulfat ;
bchefelsaures Chinin. It. Solfato di chinina. Sp. Sulfato
de quinina basico; Sulfato de Quinina; Sulfato quinico.

Xo process for preparing quinine sulfate has
been officially recognized since that of the U.S. P.
1870. That process, in brief, consisted in exhausting cinchona bark by boiling with water
acidulated with hydrochloric acid and adding milk
of lime to precipitate quinine. The dried precipitate was digested with boiling alcohol; the
alcoholic solution of quinine evaporated, and the
mass dissolved in water acidulated with sulfuric
acid. The hot solution was treated with animal
charcoal to decolorize it, and then set aside to
crystallize.
Commercially quinine sulfate is prepared as
follows: The bark is powdered finely and then
mixed with about one-third its weight of finely
sifted slaked lime and moistened thoroughly with
a 5 per cent sodium hydroxide solution. It is then
extracted with hot high-boiling kerosene in vessels
provided with powerful stirrers and heated by
steam; the selection of a kerosene of proper character is of great importance. Three successive
extractions are made. The kerosene dissolves out
all the alkaloids, which are then converted into
neutral sulfates in lead-lined vessels by the addition of a weak sulfuric acid solution. Quinine
sulfate crystallizes out first and is purified by
decolorization with animal charcoal and recrystallization. The other alkaloids are precipitated
by adding alkali to the mother liquor from the
quinine and are separated by the use of specific
solvents for each alkaloid.
For information concerning the difference between this salt and the so-called quinine bisulfate,
see under Quinine Bisulfate. Quinine sulfate
crystallizes from aqueous solution with eight
molecules of water; this loses about one molecule
of water rapidly and five more molecules on
prolonged exposure, at room temperature, leaving
the stable dihvdrate (see Wales, /. A. Ph. A.,
23, 793)'. — "Quinine Sulfate occurs as
1934,
Description.
white, fine, needle-like crystals, usually lusterless,
making a fight and readily compressible mass. It
is odorless, and has a persistent, very bitter taste.
When exposed to light. Quinine Sulfate acquires
a brown tint. A saturated solution is neutral or
slightly alkaline to litmus. One Gm. of Quinine
Sulfate dissolves in about 500 ml. of water, and
in 120 ml. of alcohol. One Gm. dissolves in 35
ml, of water at 100°, and in about 10 ml. of
alcohol at 80°. It is slightly soluble in chloroform
and in ether, but is freely soluble in a mixture
of 2 volumes of chloroform and 1 volume of
dehydrated alcohol." U.S.P.
Standards and Tests. — (1) A saturated solution of quinine sulfate, acidified with diluted
sulfuric acid, has a vivid blue fluorescence and
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is levorotatory. (2) This is essentially the same
as the thalleioquin test under Quinine. (3) A 1
in 50 solution prepared with the aid of a few
drops of hydrochloric acid responds to tests for
sulfate. Water. — Not over 5 per cent, when determined by drying at 105° for 3 hours or by the
Karl Fischer method. Residue on ignition. — Not
over 0.05 per cent. Chloroform-alcohol insoluble
substances. — Not over 0.1 per cent is insoluble in
a mixture of 2 volumes of chloroform and 1
volume of dehydrated alcohol. Readily carbonizable substances. — A solution of 200 mg. in 5 ml.
of sulfuric acid has no more color than matching
fluid M. Other cinchona alkaloids. — This test is
similar in principle to the corresponding test
under Quinine. U.S.P.
Acid solutions of quinine, with the exception
of those of salts of haloid acids, are fluorescent,
the effect being perceptible even in 1 in 100,000
solution; the presence of acetophenetidin obscures
the fluorescence of sulfuric acid solutions of
quinine.
Assay. — The B.P. and I. P. assays are identical
with the procedure described under Quinine Hydrochloride.
Incompatibilities. — Like most other alkaloid
salts, quinine sulfate is incompatible with alkalies,
quinine base being liberated. Tannic acid, iodides,
and other alkaloidal precipitants produce precipitates, as do also acetates, citrates, tartrates,
salicylates and benzoates.
Uses. — Quinine sulfate has been the most frequently used salt of quinine in the United States.
It is administered orally for all of the purposes
discussed under Quinine. Because of the acidity
of the stomach the poor solubility of quinine
sulfate in water is immaterial. It is important,
however, that tablets of quinine sulfate shall disintegrate; tablets have been known to pass
through the gastrointestinal tract without disintegrating. Capsules would appear to be a very
satisfactory dosage form of the substance.
Dose. — The dosage of quinine sulfate in malaria during a clinical attack has varied from a
schedule calling for 1 Gm. by mouth daily for 2
days, followed by 600 mg. daily for 5 or more
days, to 1 Gm. 3 times daily for 2 days, followed
by 600 mg. 3 times daily for 5 or more days (see
discussion under Quinine). As a prophylactic in
endemic areas, from 300 to 600 mg. is ingested
daily for about 1 to 2 weeks before entering the
area and for 4 to 8 weeks after leaving the area.
For other purposes for which quinine sulfate is
used the usual dose is 600 mg. (approximately
10 grains).
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.

QUININE

SULFATE
U.S.P.

CAPSULES.

"Quinine Sulfate Capsules contain not less than
94 per cent and not more than 106 per cent of
the labeled amount of (C2oH24NT202)2.H2S04.2H2O." US.P.
Assay. — An acid solution of the contents of
the capsules is alkalinized with ammonia, the
quinine base extracted with chloroform,
the
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chloroform evaporated, and the residue of quiU.S.P.nine weighed after drying at 105° for 4 hours.
Usual Sizes.— 120, 200, and 300 mg. (2, 3,
and 5 grains).
QUININE

SULFATE
U.S.P.

TABLETS.

"Quinine Sulfate Tablets contain not less than
94 per cent and not more than 106 per cent of
the labeled amount of (C2oH24N202)2.H2S04.2H20." U.S.P.
Usual Sizes.— 120, 200, and 300 mg. (2, 3,
and 5 grains).
QUININE

AND

UREA HYDROCHLORIDE. N.F.

[Quininae et Ureae Hydrochloridum]

C2oH24N202.HCl.CO(NH2)2.HC1.5H20
"Quinine and Urea Hydrochloride is a double
salt of quinine and urea hydrochlorides. It contains an amount of anhydrous quinine equivalent
to not less than 98 per cent and not more than
110 per cent of C20H24N2O2.HCl.CH4N2O.HCl.5H20." N.F.
Quinine and Urea Chloride; Carbamidated Quinine Dihydrochloride. Chininum Dihydrochloricum Carbamidatum.
Ger. Chinin-Harnstoffhydrochlorid. Sp. Clorhidrato de
quinina y de urea.

This salt, discovered by Kutais in 1878, may
be prepared by dissolving quinine hydrochloride
in dilute hydrochloric acid and, after filtering the
solution, adding urea and warming to effect solution. It is then set aside to crystallize.
Description. — "Quinine and Urea Hydrochloride occurs as colorless, translucent prisms, white
granules, or as a white powder. It is odorless,
has a very bitter taste, and is affected by light.
A solution of Quinine and Urea Hydrochloride (1
in 20) is acid to litmus. One Gm. of Quinine and
Urea Hydrochloride dissolves in 1 ml. of water
and in 3 ml. of alcohol." N.F.
Standards and Tests. — Identification. — (1),
(2) These tests are identical with the identification tests provided under Quinine. (3) Crystalline leaflets of urea nitrate form when a cooled
mixture of colorless nitric acid and a solution of
quinine and urea hydrochloride is allowed to
stand. (4) Quinine and urea hydrochloride responds to tests for chloride. Residue on ignition.
— Not over 0.15 per cent. Readily carbonizable
substances. — A solution of 200 mg. of quinine
and urea hydrochloride in 5 ml. of sulfuric acid
has no more color than matching fluid M. Ammonium compounds. — No odor of ammonia is
apparent on warming a solution of quinine and
urea hydrochloride with sodium hydroxide T.S.
Other cinchona alkaloids. — The test is similar in
principle to the corresponding one described
under Quinine. N.F.
Assay. — About 500 mg. of quinine and urea
hydrochloride is dissolved in water, the solution
alkalinized with ammonia T.S. and the liberated
alkaloid extracted with chloroform. The solvent
is evaporated from the combined
chloroform
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solution, and the residue of C20H24N2O2 is dried
at 105° for 4 hours and weighed. N.F.
Uses. — Quinine and urea hydrochloride, being
very soluble in water, is used for parenteral administration, and has been administered hypodermically in severe forms of malaria. It has also
been employed as a local anesthetic, but it does
not penetrate mucous membranes readily and
when injected has a local toxic effect on protoplasm and is liable to cause extensive sloughing (Dixon and Premankur, /. Pharmacol., 1927,
31, 407). Its most frequent use today is as a
sclerosing agent for the treatment of internal
hemorrhoids (Terrell, J.A.M.A., 1927, 89, 781),
hydrocele, varicose veins (Brown, Edinburgh
M. J., 1928, 35, 472) and residual cavities after
thoracoplasty (Lucien et al., Presse mid., 1950,
58, 12). Haskell {Med. Clin. North America,
1939, 23, 1683) inserted a tubular anoscope and
injected 1 or 2 ml. through a long, 22- to 26gauge, short-bevel needle deeply into the internal
hemorrhoid, well above the mucocutaneous junction. One or two areas are injected at a time at
weekly intervals. During the period of treatment,
liquid petrolatum should be ingested to keep the
feces soft, [v]
Dose. — As a sclerosing solution, 1 ml. (approximately 15 minims) of the 5 per cent solution; as a
local, infiltration anesthetic, 1 or 2 ml. (approximately 15 to 30 minims) of the 1 per cent solution; as an antimalarial agent, 130 to 500 mg.
(approximately 2 to 1l/2 grains) subcutaneously
in the form of a 5 to 50 per cent solution. If
used intramuscularly or intravenously at all, it
must be diluted with isotonic sodium chloride
solution and given with caution.
Storage. — Preserve "in tight, fight-resistant
containers." N.F.
QUININE

AND UREA HYDROCHLORIDE INJECTION.
N.F.

"Quinine and Urea Hydrochloride Injection is
a sterile solution of quinine and urea hydrochloride in water for injection, and yields not less
than 93 per cent and not more than 107 per
cent of the labeled amount of C20H24N2O2.HCLCH4N2O.HCl.5H2O." N.F.
Storage. — Preserve "in single-dose or multipledose containers, preferably of Type I glass." N.F.
Usual Sizes. — 2C mg. (Yz grain) in 2 ml.; 50
mg- (H grain) in 5 ml.; 100 mg. {ll/2 grains) in
2 ml.; 300 mg. (5 grains) in 30 ml.; 500 mg.
(7^2 grains) in 1.5 ml.; 1 Gm. (15 grains) in
2 ml.
INJECTION OF QUININE
URETHANE.
B.P.
Injectio

AND

Quininae et Urethani

"Quinine and Urethan Injection is a sterile
solution in water for injection of approximately
two parts of quinine hydrochloride and one part
of urethan. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of quinine hydrochloride (C20H24N2O2.XIV.
HCI.2H2O)
and of urethan (C3H7NO2)." U.S.P.
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Quinine and Urethan Injection. U.S.P. XIV. Ampuls of
8uinine Hydrochloride and Ethyl Carbamate; Ampuls of
uinine Hydrochloride and Urethane. Fr. Solute injectable
de
chlorhydrate
quinine diet cloridrato
de carbamate
d'ethyle.
It. Soluzione
per deiniezione
di chinina
ed
uretano. Sp. Inyeccion de quinina con uretano ; Inyeccidn
dt Quinina y Uretano.

The B.P. injection contains 12.5 per cent w/v
of quinine hydrochloride and 6.25 per cent w/v
of urethan and is directed to be sterilized by
heating in an autoclave or by nitration through
a bacteria-proof filter. It is stated that some
separation of solid matter may occur on standing
and if this happens it should be redissolved by
warming; a previously wanned syringe should be
used.
Assay. — For quinine hydrochloride. — A volume of injection, representing about 500 mg. of
quinine hydrochloride, is alkalinized with ammonia T.S. and the quinine extracted with chloroform. The chloroform extract, after washing with
distilled water, is evaporated to dryness and the
residue of alkaloid finally dried at 105° for 4
hours. The weight of anhydrous quinine, multiplied bv 1.224, represents the equivalent weight
of C20H24N2O2.HCl.2H2O. For urethan— A volume of injection, representing about 100 mg. of
urethan, is heated with a sulfuric acid solution,
under a reflux condenser; the ammonia resulting
from this hydrolysis is distilled, in the presence of
sodium hydroxide, into a boric acid solution, and
the ammonia titrated with 0.1 N sulfuric acid,
using methyl red T.S. as indicator. Each ml. of
0.1 N sulfuric acid represents 8.909 mg. of
C3H7NO2. U.S.P. XIV.
No assay is prescribed by the B.P.
Uses. — This injection is used chiefly as a
sclerosing agent in the treatment of varicose
veins. It usually contains 12.5 per cent of the
quinine salt and half this concentration of
urethan. The solution is neutral. It does not cause
pain at the time of the injection nor cramp or
after-pain. It has been used also in malaria (see
under Quinine). In sclerosing varicosities, a shortbevel, 22- to 26-gauge needle is used. After insertion into the varicosity, blood is aspirated into
the syringe to be certain that the needle is inside
the vein; then the solution is injected slowly. A
sterile gauze pad is placed over the puncture
wound and a tight bandage applied. Starting with
the more distal varicosities, such sclerosing injections are made at intervals of one week. The patient should wear an elastic bandage from toes to
thigh at all times and remain ambulatory during
the period of the injection treatment. The emptyvein technic is preferred by many (see
McPheeters, Wisconsin M. J., 1943, 42, 701).
With the patient standing, a tourniquet is applied
proximal to the site of injection. The patient lies
down, with the foot elevated on a pillow or
block. After the needle has been inserted in the
vein, the tourniquet is released and when the
blood has drained out of the varicosity the injection is made. The elastic bandage is applied while
the leg remains elevated. A procedure of multiple injections which attempts to sclerose at one
time all superficial veins in one leg has been
described by Horlick (New Eng. J. Med., 1935,
213, 973). If a varicose ulcer is present, the
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varicose veins proximal to the ulcer may be injected and a tight, elastic bandage applied to the
entire leg, including the ulcer area (Wright, Brit.
M. J., 1940, 1, 665). In 82 of 128 cases of
hydrocele Rhind (ibid., 1951, 2, 711) found the
results of injection of 4 ml. of quinine and
urethane injection to be satisfactory 1 to 2
years after treatment.
Quinine and urethan injection causes sloughing
if the solution is injected outside the vein or if
it leaks out of the vein after injection; Schmier
(Am. J. Surg., 1937, 36, 389) reported sloughing
several weeks after administration. If extravasation occurs or is suspected administration of the
injection must be discontinued; 5 to 10 ml. of 1
per cent procaine hydrochloride solution (with
or without hyaluronidase) should be injected subcutaneously around the vein and dry heat applied
to hasten absorption. Any immediate reaction of
generalized tingling, cyanosis and asthma may
be alleviated by injection of epinephrine. Delayed untoward effects include tingling, neuralgia,
vertigo, tinnitus, visual disturbances, malaise,
fever, and a pruritic rash. Quinine and urethan
injection should not be administered during menstruation or pregnancy; presence of heart disease,
nephritis, diabetes mellitus, upper respiratory infection, phlebitis, and obstruction of the deep
veins are contraindications to use of the injection.
The initial dose of quinine and urethan injection should not exceed 0.5 ml. in order to test
for idiosyncrasy; not more than 1 ml. should
be injected in any one site, and the total dose
at a time should not exceed 5 ml. because of the
possibility of symptoms of cinchonism.
Storage. — Preserve "preferably in single-dose,
hermetic containers, or in other suitable containers." U.S.P. XIV.
Usual Size. — 250 mg. (approximately 4
grains) of quinine hydrochloride and 120 mg.
(approximately 2 grains) of urethan in 2 ml.
RABIES

VACCINE.

U.S.P.

"Rabies Vaccine is a suspension of attenuated
or killed, fixed virus of rabies free from bacterial
contamination. The virus is obtained from the
brain tissue of rabbits infected with fixed rabies
virus. Rabies Vaccine contains an appropriate
concentration of a suitable antibacterial agent
approved
by the National Institutes of Health."
U.S.P.
Rabies or hydrophobia is an acute infectious
disease of mammals, most prevalent among the
carnivora, caused by a filterable virus and affecting chiefly the nervous system. The disease is
transmitted to susceptible animals by the saliva
of an infected animal, usually through a bite;
dogs, because of their numbers and comparative
freedom, are the most common conveyors of the
infection to man. Bats have been implicated
(Courter, Pub. Health Rep., 1954, 69, 9). Symptoms in human beings appear suddenly, usually
3 to 4 weeks after the bite of an infected
animal. The first complaint is usually a burning
or tingling sensation in the bitten portion of the
body. There may be paresis of this portion of the
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body at the onset of the disease. The patient is
febrile and often has a headache. Following these
prodromal symptoms, which may last 1 to 4
days, muscular weakness progresses to complete
paralysis of this portion of the body. The trunk
muscles and the other extremities are soon involved, terminating in a fatal paralysis usually
about the seventh day after the onset of symptoms. In 1903 Negri described certain characteristic intracellular inclusions, which are known
as the Negri bodies, occurring in the gray matter
of the central nervous system of rabid animals.
While the nature of the Negri bodies is still under
discussion (Reagan et al., Am. J. Vet. Res., 1953,
14, 111), their value for establishing the specific
diagnosis is generally acknowledged. In man the
incubation period of this disease varies from 2
weeks to several months. As in tetanus, when the
clinical symptoms appear, the pathologic process
is already well established. After the occurrence
of symptoms the mortality of hydrophobia is
practically 100 per cent. In 1886 Louis Pasteur
suggested the possibility of exciting an active immunity before the occurrence of clinical symptoms by injecting an attenuated virus during the
long incubation period. The Pasteur treatment
has been variously modified since then but the
principle remains the same.
The method of producing an active fixed virus
is by passing "street virus," that is, the emulsified medulla oblongata from a case of natural
rabies, through a series of from 25 to 40 rabbits.
By this method the virulence of the infectious
material is greatly increased until the incubation
period is lowered to 7 or 8 days. Eventually it
reaches a maximum of activity and remains fixed
during further transmissions, and is known as
virus fixe. Two well-known strains of virus fixe
are the Paris and Kassauli strains. The cerebrospinal axes of rabbits dying from intracranial
injections of virus fixe are the starting point for
preparing antirabic vaccine.
There are various methods for reducing the infectivity of this material. In general they are
divided into two groups: those in which the
virus is killed, and those in which its activity is
lessened (attenuated). Of the former there are
two recognized technics — that of Fermi and that
of Semple — both based upon emulsification with
phenol. The methods of attenuation include the
original Pasteur method of desiccation by hanging
the tissues in jars, the atmosphere of which is
kept dry by caustic potash ; the method of Harris
in which the spinal cords of infected rabbits are
treated with carbon dioxide snow and dried in
vacuo at very low temperatures; the Hogyes'
dilution method; and the Cumming's method involving dialysis. In other methods the material is
treated with glycerin (Phillips' method) or ether
(Cunningham). The vaccine made by Van
Stockum (of the Dutch East Indies), from
monkeys' brains by a method similar to that of
Hogyes, seems to be the most efficient but, as far
as we know, is not commercially available in this
country. Webster and Casals (/. Exp. Med., 1940,
67, 72) prepared a vaccine by exposing the virus
to ultraviolet radiation. A vaccine prepared from
the Flury strain of rabies virus adapted to egg
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embryo growth is in use (Koprowski and Black,
/. Immunol., 1954, 72, 79). Such vaccines are
now manufactured under license from the National Institutes of Health of the United States
Public Health Service.
After the virulence has been attenuated the
treated brains and spinal cords are emulsified
with a sterile salt solution containing phenol,
glycerin, or other preservative, and are tested
for sterility and safety.
Description. — "Rabies Vaccine is a more or
less turbid, white or whitish liquid, nearly odorU.S.P.less, or having an odor due to the preservative."
Uses. — Antirabic vaccine is exclusively a prophylactic agent; after the occurrence of clinical
symptoms of rabies neither this nor any other
known treatment will postpone the fatal result. Of
its value as a preventive there is no longer any
room for doubt, although it is by no means absolutely sure to ward off the disease. The fact that
the mortality among those treated with rabies
vaccine is less than 1 per cent (Dennison, Am.
J. Pub. Health, 1937, 27, 869) does not mean
that the vaccine is 99 per cent efficient, for only
a small proportion of persons bitten by dogs develop hydrophobia even without immunization.
Van Stockum (New Principles of Antirabic Treatment and Rabies Statistics, The Hague, 1935),
from a comparison of the mortality rates in
treated and untreated cases, concluded that the
usual antirabic virus is from 40 to 70 per cent
efficient. All lots of rabies vaccine made in the
United States are submitted to the National Institutes of Health for potency testing and release. Minimum standards based on a mouse protection test have now been established.
Rarely — about 1 in 6000 — patients develop
more or less serious paralytic conditions from
the inoculations, due to an ascending myelitis.
While these seem to be more frequent following
use of attenuated vaccines they occur also after
use of the phenolized types (Hottie and Peers,
/. Immunol., 1954, 72, 236). These paralyses do
not appear to be true hydrophobia, as fatal cases
do not show the presence of Negri bodies. The
pathogenesis may be the formation of an antibody to a protein or other substance in nervous
tissue (Turnauer, Arch. Pediat., 1953, 70, 45)
resulting from the injections of spinal cord
tissue in the killed or attenuated vaccine. Appelbaum et al. (J.A.M.A., 1953, 151, 188) reported
46 cases of encephalomyelitis or neuritis after
injection of the phenolized (Semple) vaccine in
the period from 1928 to 1951 in New York City.
The paralytic accident usually occurred within
8 to 21 days of the initial injection of the vaccine, with extremes of 6 and 45 days. The onset
was usually sudden, with chills, varying grades of
fever, headache, vomiting and changes in the
mental state. Three clinical types were described.
The encephalitic type was characterized by fever,
headache, pains in the body and extremities,
changes in the mental state, stiffness of the neck,
positive Brudzinski and Kernig signs, changes in
deep and superficial reflexes and disturbed
bladder function. In the dorsolumbar myelitic
type, the onset was more gradual, with backache
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followed in a few hours or days by leg paralysis,
partial or complete anesthesia of the legs and
loss of sphincter control. Flaccid paralysis with
absence of reflexes was present in 2 of 5 cases in
this group. In the neuritic type, there was
sensory disturbance in all extremities with slight
or no muscle weakness. The spinal fluid in the
encephalomyelitic cases was clear, with some increase in pressure and a moderate increase in
lymphocytes. There were no deaths in this series.
During this period in New York there were 6
cases of rabies and all were fatal. Of the 45
cases of encephalomyelitis followed in this series.
29 recovered completely and 16 had some mild
residual neurologic condition. Treatment with
antihistaminic drugs or perhaps corticotropin is
indicated in the early stages of postvaccinal
encephalomvelitis (Blatt and Lepper, Am. J. Dis.
Child, 1953, 86, 395).
Rabies vaccine should be administered only if
reasonably good indications exist. Consideration
should be given to all of the risks involved. The
Expert Committee on Rabies (WHO Technical
Report Series, No. 28, 1950) makes the following
recommendations on the management of various
types of exposure: I. Indirect contact, with no
lesions. No treatment is advised whether the
animal is healthy or rabid. II. A. For licks on
the unabraded skin by a suspected animal no
treatment is advised whether the animal is healthy
or rabid. B. For- licks on abraded skin or
muscosal surfaces, the following indications are
given: 1. If animal is healthy withhold treatment.
2. Observe animal for 10 days and start treatment
at appearance of first suspicious signs of rabies.
3. If the animal that licks the person has suspicious signs of rabies at that time, start treatment immediately, but observe the animal for 10
days. If it becomes healthy and remains normal
for 3 days, stop further treatment. 4. If the
animal is rabid, or if it escapes or is killed or its
subsequent condition is unknown, start vaccine
treatment immediately. III. For actual bites by a
dog or other animal, the following indications
are given : A. If the animal is healthy at the time
but the bites are multiple or are on the face,
head, and neck, begin treatment immediately, but
stop injections if the animal is known to remain
normal for 3 days. For bites by an apparently
healthy animal, withhold treatment, but observe
the animal for 10 days. B. If during the 10-day
observation period the animal is proven to have
rabies or becomes clinically suspicious, start
treatment immediately. C. If the biting animal
has suspicious signs of rabies at the time of the
bite, start treatment immediately, but stop it if
during the next 10 days the animal becomes
normal and remains so for 3 days. D. If the
animal is rabid, or if it escapes or is killed or
is unknown, start treatment immediately. Any
bite by a jackal, wolf, fox or other wild animal
is an indication to start vaccine treatment immediately. Itis obvious that the availability of
rabies prophylactic should not lead to the neglect
of other measures — such as cleansing of the
wound — recommended in the treatment of dogbites.

At present it is impossible to determine which
of the commercial vaccines is the most efficient.
The rabies prophylactics are sold in packages
containing from 7 to 21 individual doses, according to the type of vaccine employed. In most
cases it is recommended that the injections be
made daily for a period of from 14 to 21 days,
but in cases of unusual danger, such as deeply
lacerated wounds or bites on the face, it is
recommended that for the first week the injection should be made twice a day (Ann. Inst.
Pasteur, 1934, 52, 352) and the antirabies. hyperimmune rabbit serum, which has just become
available, should be given within 72 hours after
the bite in a dose of 0.5 ml. per Kg. of bodv
weight (J. A.M. A., 1954, 154, 836). The injections of the rabies vaccine are usually given
subcutaneously into the anterior abdominal wall,
being careful not to penetrate the muscular layer
and avoiding the inguinal region.
Dose. — The usual dose, subcutaneously, of the
killed virus vaccine is 2 ml. of 5 per cent suspension (or equivalent) daily for 14 to 21 days;
the usual subcutaneous dose of the attenuated
five virus vaccine is 1 ml. of 5 per cent suspension (or equivalent) daily for 14 to 21 days.
Labeling. — "The package label bears the name
Rabies Vaccine and indicates the type of vaccine; the lot number; the expiration date which
is not more than 6 months after date of manufacture or date of issue; and the manufacturer's
name, license number, and address.'' U.S. P.
Storage. — Preserve "at a temperature between
2° and 5°, preferably at the lower limit. Dispense it in the unopened container in which it
was placed by the manufacturer." U.S.P.
Usual Sizes. — In packages containing 7 or 14
individual doses.

RACEPHEDRINE

HYDROCHLORIDE.
N.F.

<f/-Ephedrine Hydrochloride.
d/-Ephedrinium
[Racephedrinae Hydrochloridum]

Chloride,

"Racephedrine Hydrochloride, when dried at
105° for 3 hours, yields not less than 98.2 per
cent and not more than 100.7 per cent of
racemic C10H15NO.HCI." N.F.
This substance is the racemic form of ephedrine hydrochloride, which latter is the levorotatory variety. The racemic compound is the one
commonly obtained by synthesis ; since it is fairly
certain that the activity of the racemic form is
not too much less than that of the /-isomer, it
would appear not to be imperative to go to the
trouble and expense of resolving the racemic
mixture. For a method of synthesizing ephedrine
see under Ephedrine.
Description. — "Racephedrine Hydrochloride
occurs as fine, white, odorless crystals or powder.
It is affected by light. Its solutions are optically
inactive. One Gm. of Racephedrine Hydrochloride dissolves in about 4 ml. of water and in
about 25 ml. of alcohol. It is insoluble in ether."
N.P.
Standards and Tests. — Specifications for
identification, acidity or alkalinity, loss on drying,
residue on ignition, and sulfate, are identical with
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corresponding specifications for Ephedrine Hydrochloride. As an additional identification test it is
required that the residue of racephedrine hydrochloride obtained in the assay shall melt at about
187°. N.F.
Assay. — About 75 mg. of dried racephedrine
hydrochloride is dissolved in water, alkalinized
with sodium hydroxide, and the liberated racephedrine extracted with chloroform. The chloroform is evaporated, in the presence of hydrochloric acid, and the residue of racephedrine
hydrochloride thus obtained is weighed after
heating for 30 minutes at 105°. N.F.
Uses. — The indications and contraindications
for racephedrine are the same as those for ephedrine (see Ephedrine, in Part I, also the general
discussion on Sympathomimetic Amines, in Part
II). Racephedrine is somewhat less active than
ephedrine because of the presence of the less
potent dextrorotatory form; however, the order of
activity of racephedrine is sufficiently close to
that of ephedrine to be used at essentially the
same dosage levels. Moreover, since the use of
compounds such as this is on more or less of a
symptomatic response basis the dosage of racephedrine will be adjusted to the individual
patient.
The usual adult dose is 25 mg. (approximately
Y% grain) orally every 3 to 4 hours, as required
for prevention of acute asthmatic attacks or allergic vasomotor rhinitis. Adjustment of the dosage to between that which is efficacious and that
which produces an undesirable degree of central
nervous stimulation or inability to sleep is essential. The range of dose is commonly 5 to 50 mg.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
RACEPHEDRINE HYDROCHLORIDE
CAPSULES.
N.F.
(//-Ephedrine Hydrochloride Capsules

"Racephedrine Hydrochloride Capsules contain
not less than 91 per cent and not more than 109
per cent of the labeled amount of racemic
C10H15NO.HCI." N.F.
Usual Size. — 25 mg. (}i grain).
RACEPHEDRINE HYDROCHLORIDE
SOLUTION.
N.F.
(//-Ephedrine Hydrochloride Solution

"Racephedrine Hydrochloride Solution contains, in each 100 ml., not less than 930 mg. and
not more than 1.07 Gm. of racemic C10H15NO.HC1." N.F.
Dissolve 10 Gm. of racephedrine hydrochloride and 5 Gm. of chlorobutanol in sufficient
Ringer's solution to make 1000 ml. and filter,
if necessary, until the solution is clear. N.F.
Description. — "Racephedrine Hydrochloride
Solution is a clear, colorless solution with a camphoraceous odor and taste. It is acid to litmus
and is optically inactive." N.F.
This solution is intended for topical application
to nasal mucous membranes (see under Ephedrine).
Storage. — Preserve "in tight containers." N.F.

RASPBERRY

JUICE.
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U.S.P.

Succus Rubi Idaei

"Raspberry Juice is the liquid expressed from
the fresh ripe fruit of varieties of Rubus idceus
Linne or of Rubus strigosus Michaux (Fam.
Rosacea). Raspberry Juice contains not less than
1.5 per cent of acids calculated as citric acid
(CeHsOi.HoO)." U.S.P.
Express the juice from washed, well-drained,
fresh, ripe red raspberries, dissolve 0.1 per cent
of benzoic acid in the juice and allow it to stand
at room temperature (possibly for several days)
until a small portion of the filtered juice produces
a clear solution when mixed with one-half its volume of alcohol; this solution does not become
cloudy within 30 minutes. Strain the juice from
the mixture or filter it, if necessary. U.S.P.
The genus Rubus is divided into a number of
sections which include the blackberries, dewberries
and raspberries.
The section Idceobatus, or raspberries, includes
shrubs with compound, rarely simple, leaves having an edible fruit composed of pulpy one-seeded
coherent little drupes which separate from the dry
receptacle. In the blackberries, the receptacle is
juicy and coheres with the fruit.
Of the official raspberries, the native variety,
Rubits idceus, Michx. var. strigosus Maxim. (R.
strigosus Michx.) is a shrubby biennial about 3 to
6 feet in height, found in rocky hillsides from
Newfoundland to British Columbia, south to Virginia and Wyoming and in E. Asia. Its stems are
shrubby, the young shoots densely bristly and
often glandular. The European species, R. idceus,
is taller and more erect and has a somewhat larger
fruit. It is widely cultivated in the United States
and is the ordinary garden raspberry.
The native purple wild raspberry, R. neglectus
Peck, whose fruit is purple — or yellowish in cultivation— is also occasionally a commercial article.
The Rubus occidentalis L. (black raspberry or
thimbleberry) of the northern United States,
which is also cultivated, is sometimes employed
for making a raspberry syrup, but yields an inferior product.
The N.F. VI recognized under Rubus Idceus
the entire fresh ripe fruit of varieties of Rubus
idceus L., or of Rubus strigosus Michaux, which
it described as follows :
"An aggregate fruit, globular or hemispherical,
with a concave depression at the base where separated from the receptacle, and composed of 20 or
more small, rounded-polygonal, succulent red
druplets; epicarp with numerous nonglandular
hairs up to 0.640 mm. in length; mesocarp fleshy,
with parenchyma cells containing red juice and
occasionally rosettes of calcium oxalate up to
0.035 mm. in diameter; endocarp small, hard,
wrinkled. Odor characteristic, fragrant; taste
pleasant, sweet, acidulous." N.F. VI.
Blackberries. — The section Eubatus, of the
genus Rubus, includes both blackberries and dewberries and comprises a large number of plants of
shrubby habit. The blackberries possess upright
and reclining stems, the plants propagate by suckers and the lower, outer flowers open first, whereas
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the dewberries possess trailing stems, the plants
propagate by their tips and the central flowers
open first.
For description of the species of this section
whose cultivated varieties are of most importance
as sources of the formerly official blackberry root,
see U.S.D., 24th ed., p. 972.
Under the title of Rubus (Blackberry Root)
the N.F. V recognized the "dried bark of the
rhizome and roots of the section Eubatus Focke
of
the : genus Rubus." This was described as
follows
"Unground Rubus. — In elongated, tough, flexible quills or bands, from 3 to 6 mm. in diameter,
the bark from 1 to 2 mm. in thickness; outer
surface deep red-brown or dark gray-brown, occasionally blackish brown, somewhat scaly; inner
surface yellow or pale brown, strongly and
coarsely long straight-striate; fracture toughfibrous ; readily splitting. Inodorous ; taste strongly
astringent and bitter." N.F. V. For description
of microscopic characters see U.S.D., 22nd ed.,
p. 939.
The therapeutic virtue of blackberry root, formerly popular as a domestic remedy for diarrhea,
depends chiefly upon tannin, which is an abundant
constituent. The fluidextract was official in N.F. V.
Description. — "Raspberry Juice is a clear
liquid with an aromatic, characteristic odor and a
characteristic, sour taste. The color of the freshly
prepared Juice is red to reddish orange. It is
affected by light." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 1.025 and not more than 1.045.
Refractive index. — Not less than 1.3445. Identification.— (1) On adding 2 ml. of 0.5 N sodium
hydroxide to 2 ml. of raspberry juice the color of
the mixture changes to olive-brown to yellowgreen. (2) This test is the same as the identification test for Cherry Juice. Residue on ignition. —
Not less than 25 mg. and not more than 45 mg. of
residue is obtained from 10 ml. of juice. pH. —
Between 2.7 and 3.8. Non-volatile residue. — Not
less than 250 mg. of residue, dried in a vacuum
desiccator, is obtained from 5 ml. of juice. Volatile acids. — Not over 2.5 ml. of 0.1 N sodium
hydroxide is required for neutralization of the
acids volatilized with steam from 25 ml. of raspberry juice. Coal-tar colors. — The filtrate separated from an agitated mixture of 400 mg. of
yellow7 mercuric oxide and 10 ml. of raspberry
juice is nearly colorless to pale brown. Arsenic. —
The limit is 0.4 part per million. U.S.P.
Assay. — A 10-ml. portion of raspberry juice is
evaporated to dryness and heated to expel the
acetic acid occurring in it. The aqueous solution of
the residue is then reacted with magnesium oxide,
whereupon the citric acid in the solution yields
magnesium citrate; filtration of the mixture leaves
in the filtrate a quantity of magnesium equivalent
to the citric acid present. The magnesium in solution is precipitated as magnesium ammonium
phosphate, and ignited to the pyrophosphate,
Mg2p20r, which is weighed. Each Gm. of the
residue represents 1.258 Gm. of C6HSO7.H2O (the
factor 1.258 is derived by dividing 4 times the
molecular weight of citric acid by 3 times the
molecular weight of magnesium pyrophosphate,

since 2 molecules of magnesium citrate, Mgs(CeH507)2, are equivalent to 3 molecules of magnesium pyrophosphate). U.S.P.
The principal acid constituent of raspberry juice
is citric acid, a small amount of acetic acid also
being present; no tartaric, malic or malonic acid
has been found (Broeksmit, Pharm. Weekblad,
1918, 55, 1410).
Uses. — Raspberry juice is used only as a
vehicle, commonly in the form of the syrup. Its
pleasant flavor and mild acidity make it especially
effective for masking salty drugs, such as bromides
and iodides.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat." U.S.P.
RASPBERRY SYRUP.
U.S.P.
Syrupus Rubi Idaei

Syrupus Rubi Idaei Fructus. Fr. Sirop de framboise.
Get. Himbeersirup.

Dissolve 800 Gm. of sucrose in 475 ml. of
raspberry juice by heating on a water bath, cool,
and remove the scum. Add 20 ml. of alcohol, and
enough purified water to make 1000 ml. Mix
well. U.S.P.
Alcohol Content. — From 1 to 2 per cent, by
volume, of C2H5OH. U.S.P.
This syrup is an excellent vehicle for salty
drugs, such as bromides or iodides. It has incompatibilities arising from citric acid contained in
the juice from which it is prepared.
Storage. — Preserve "in tight, fight-resistant
containers, and avoid excessive heat." U.S.P.
Off. Prep. — Aminoacetic Acid Elixir; Glycerinated Gentian Elixir, N.F.
RED

SAUNDERS.

N.F.

Santalum Rubrum

"Red Saunders is the dried heart-wood of Pterocarpus santalinus Linne filius (Fam. Leguminosai)r N.F.
Red Sandalwood; Red Santal; Ruby Wood. Pterocarpi
Lignum; Lignum Santalinum Rubrum. Fr. Bois de santal
rouge. Ger. Rotes Sandelholz. Sp. Sandalo Rojo.

Pterocarpus santalinus is a large tree, with alternate branches, and trifoliate leaves, each leaflet
being ovate, somewhat notched at the apex,
smooth on the upper surface, and hoary beneath.
The flowers are yellow in axillary spikes, and have
a papilionaceous corolla, of which the vexillum is
obcordate, erect, somewhat reflexed at the sides,
toothed and waved, the alae spreading with their
edges apparently toothed, and the carina oblong,
short, and somewhat inflated. The fruit is a 2seeded legume. The tree is a native of India,
attaining the highest perfection in mountainous
districts, and inhabiting especially the mountains
of Coromandel and Ceylon. It is cultivated in
southern India and in the Philippine Islands.
The wood comes in heavy, irregular, roundish
or angular billets of various size and thickness,
externally brown from exposure, internally of a
deep blood-red color, on transverse section variegated with zones of a lighter red. The structure
is heavy, compact, and fibrous.
Description. — "Unground Red Saunders is a
wood which occurs usually in the form of a coarse

Rennin

Part I
powder, purplish, moderately reddish orange or
reddish brown, or in dusky red to dark reddish
orange chips. It is nearly odorless, and has a
slightly astringent taste.
"Powdered Red Saunders. — Wood-fibers are
numerous, mostly irregular in outline, with sharply
pointed and occasionally forked ends, from 300 to
750 n, in length, the walls are very thick, porous,
orange to yellowish orange, unevenly thickened
and strongly lignified, and the lumina are filled
with a fine, granular content. Vessels are few with
simple or bordered pores and filled with orange
to yellow, resinous masses. Fragments occasionally
show medullary ray cells in narrow elliptical
groups 1 cell wide and from 3 to 6 cells deep.
Crystal-fibers are few with calcium oxalate in the
form of monoclinic prisms, from 8 to 20 n in
length. Mounts in chloral hydrate T.S. are of a
deep, reddish orange color." N.F.
Tests. — Identification. — (1) A mixture of 500
mg. of red saunders and 10 ml. of alcohol becomes reddish brown to reddish orange. (2) When
500 mg. of red saunders is added to 10 ml. of
ether, the liquid assumes a brown color and, when
held in a bright light, shows a distinct greenish
yellow fluorescence. Purity. — The filtrate obtained
when 500 mg. of red saunders is agitated with
distilled water, and the mixture filtered, is colorless to weak yellow. N.F.
Constituents. — The coloring principle, separated by Pelletier and called by him santalin, is
resinous, very slightly soluble in cold water, more
so in boiling water; very soluble in alcohol, ether,
acetic acid, and alkaline solutions, but only slightly
soluble in fixed and volatile oils, with the exception of those of lavender and rosemary, which
readily dissolve it. It is precipitated when acids
are added to an alkaline infusion of the wood.
Santalin, also called santalic acid and santalinic
acid, occurs in red microscopic crystals melting at
104° ; it is red with acids and purple with bases.
The name santalic acid is also given to a liquid
acid isolated from santal oil.
Weidel (Wien. Akad. Ber. Ph., 60, 388) obtained, byextracting red saunders with potassium
hydroxide, precipitating with hydrochloric acid,
and again extracting the purified precipitate with
ether, a colorless crystalline principle, C8H6O3.KH2O, which he called santal.
Cazeneuve and Hugonneng (Compt. rend. acad.
sc, 104, 1725), extracted from red saunders the
two crystalline principles pterocarpin, C20H16O6,
and hotnopterocarpin, C24H24O6.
The wood has no medicinal utility, being employed solely as a coloring agent.
Off.
Prep. — Compound Lavender Tincture,
N.F.

RENNIN.

N.F.

[Renninum]

"Rennin is the partially purified milk-curdling
enzyme obtained from the glandular layer of the
stomach of the calf, Bos taurus Linne (Fam.
Bovida). Rennin possesses a coagulating activity
of not less than 90 per cent and not more than 1 10
per cent of the Reference Rennin. Rennin of a
higher coagulating power may be brought to the
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requisite strength by admixture with lactose or
sodium chloride or both." N.F.
Rennet. Chymosin.

Seriparium.

On extracting the glandular layer of the calf's
fourth stomach with an aqueous suspension of calcium carbonate, then filtering the mixture and
acidifying the filtrate, the liquid is found to contain a principle which has some protein-digesting
power but very pronounced milk-clotting power.
The residue obtained on evaporating the water
from this aqueous extract was named rennin. Because pepsin has considerable milk-clotting power,
and commercial preparations of rennin generally
have appreciable protein-digesting ability, it was
long thought that pepsin and rennin were very
much alike, if not identical. The preparation of
crystalline pepsin (see Pepsin) and the separation
by Tauber and Kleiner (/. Biol. Chem., 1932, 96,
745; ibid., 1934, 106, 501) of a very powerful
rennin preparation have settled the problem — they
are two entirely different substances. The rennin
preparation of Tauber and Kleiner, separated by
isoelectric fractional precipitation, had practically
no power to digest egg white, but did coagulate
4,500,000 times its weight of milk of pH 6.2 at
37° in 10 minutes. Rennin was found to have an
isoelectric point of about 5.4; that of pepsin is
about 2.7. Pepsin is reversibly inactivated by sodium hydroxide and is not very resistant to acids;
rennin behaves in the opposite way in both respects. Rennin from the calf's fourth stomach is
also readily digested and inactivated by pig pepsin.
Rennin appears to contain more sulfur than pepsin
and is described by Tauber as being a thioprotease; pepsin is an albumin.
Description. — "Rennin occurs as a yellowish
white powder, or as yellow grains or scales, having
a characteristic and slightly salty taste, and a
peculiar, not unpleasant odor. It is slightly hygroscopic. Rennin is partially soluble in water and in
diluted alcohol." N.F.
Test. — For purity. — When mounted in water
or diluted alcohol and examined microscopically
rennin shows no cellular structure, and no blue
coloration is produced on adding iodine T.S. N.F.
Assay. — A solution of 100 mg. of rennin in
50 ml. of water is prepared, and another of 100
mg. of Reference Rennin in 50 ml. of water. Onemi. portions of each solution are added to 50 ml.
portions of cow's milk, previously warmed to 43°
and maintained at this temperature. The time
elapsing until each portion of milk thickens, as
shown by a distinctly convex surface when the
container holding the milk sample is tipped to an
angle of about 45°, is noted. The rennin solution
under test coagulates in not less than 90 per cent
and not more than 110 per cent of the time required by the Reference Rennin solution. As milk
varies in its coagulability it is necessary that the
test with the Reference Standard be performed
each time a test of rennin is made. N.F.
Uses. — Rennin is sometimes prescribed for its
specific effect of coagulating milk protein so that
the normal process of digestion of this substance
may follow. Its use in preparation of junkets and
similar treated foods is for a similar purpose.
Large quantities of rennin are employed in the
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manufacture of cheese
Storage. — Preserve
avoid excessive heat."
Off. Prep. — Pepsin

to coagulate milk proteins.
"in tight containers, and
N.F.
and Rennin Elixir, N.F.

RESORCINOL.
Resorcin,

U.S.P., B.P.
[Resorcinol]

OH

"Resorcinol, dried over sulfuric acid for 4 hours,
contains not less than 99.5 per cent of C6H6O2."
U.S.P. The B.P. does not specify a purity rubric.
Resorcin; m-Dihydroxybenzene. Resorcinum. Fr. R6sorcine. Ger. Resorzin. It. Resorcina. Sp. Resorcina.
Resorcinol.

Resorcinol is met a- dihydroxy benzene, while
pyrocatechol is the ortho compound and hydroquinone the para compound. Hlasiwetz and Barth
first obtained resorcinol, in 1864, by fusing galbanum resin with potassium hydroxide; it was
subsequently obtained from sagapenum, asafetida,
ammoniac, etc. Resorcinol is prepared commercially by fusing w-benzenedisulfonic acid, made
by tie action of fuming sulfuric acid upon benzene, with sodium hydroxide.
Description. — "Resorcinol occurs as white, or
nearly white, needle-shaped crystals, or powder.
It has a faint, characteristic odor and a sweetish,
followed by a bitter, taste. It acquires a pink tint
on exposure to light and air. Its 1 in 20 solution
is neutral or acid to litmus. One Gm. of Resorcinol dissolves in 1 ml. of water and in about
1 ml. of alcohol. It is freely soluble in glycerin
and in ether, and is slightly soluble in chloroform.
Resorcinol melts between 109° and 111°." U.S.P.
Standards and Tests. — Identification. — (1)
An intense crimson color is produced on heating
a mixture of 100 mg. of resorcinol. 2 ml. of sodium
hydroxide T.S., and a drop of chloroform. Addition of a slight excess of hydrochloric acid to the
mixture changes the color to pale yellow. (2) A
bluish violet color is produced on adding 3 drops
of ferric chloride T.S. to 10 ml. of a 1 in 200 solution of resorcinol; on adding ammonia T.S. the
color becomes brownish yellow. Loss on drying. —
Not over 1 per cent, when dried over sulfuric
acid for 4 hours. Residue on ignition. — Not over
0.05 per cent. Phenol. — A 1 in 20 solution of
resorcinol does not emit the odor of phenol on
gentle warming. Catechol. — No turbidity results
on adding 0.5 ml. of lead acetate T.S. to a mixture of 10 ml. of a 1 in 10 solution of resorcinol
and 2 drops of diluted acetic acid. U.S.P. The B.P.
specifies as one of its identification tests that an
alkaline solution of resorcinol exhibit a strong
greenish fluorescence and darken in color.
Assay. — About 1.5 Gm. of dried resorcinol is
dissolved in enough water to make 500 ml. of solution. A 25-ml. aliquot is reacted with 50 ml. of
0.1 TV bromine, which produces tribromoresorcinol.
and the excess of bromine is determined through
liberation of an equivalent amount of iodine and

titration with 0.1 iV sodium thiosulfate, using
starch T.S. as indicator. A residual titration blank
is performed. Each ml. of 0.1 N bromine represents 1.835 mg. of C6H6O2. This factor is based
on the equivalent weight of resorcinol being onesixth its molecular weight, as three bromide ions
are produced along with each molecule of tribromoresorcinol. U.S.P.
Incompatibilities. — On exposure to light and
air, aqueous solutions of resorcin turn pink, then
red and, finally, brown. The change is hastened by
alkalies. Oxidizing agents produce a red or violet
color. A liquid or a soft mass results from its
trituration with acetanilid, antipyrine, camphor,
menthol, phenol, chloral hydrate, and certain
other substances.
Uses. — The most important use of resorcinol
is in the treatment of skin diseases. In addition to
producing antisepsis, resorcin has keratolytic, exfoliating, and antifungal properties. It is said to
be more irritant and less keratolytic than salicylic
acid (Strakosch, Arch. Dermat. Syph., 1943, 48,
393). The chief uses locally are in the management of acne and seborrheic dermatitis of the
scalp and smooth skin. In acne 2 to 4 per cent
resorcinol is incorporated in skin-tinted lotion
bases and creams, commonly with sulfur, where
drying, exfoliating and antiseptic qualities are
beneficial. Some therapists utilize strong resorcinol
pastes (up to 30 per cent) for peeling treatment
of postacne scarring, but this must be performed
expertly due to the irritant potential. Resorcinol
enjoys great popularity in the treatment of seborrheic dermatitis of the scalp, and as an ingredient
of scalp lotions. For this purpose 2 to 4 per cent
of resorcinol in an alcoholic lotion is best; mercury bichloride and salicylic acid may accompany
it in these lotions. Resorcinol will darken white,
blonde or gray hair; this can be avoided by substituting resorcinol monoacetate (q.v.). In 2 to
3 per cent concentration, ointments of resorcinol
may be used in seborrheic eczema of the smooth
skin, and occasionally for crusted seborrhea of
the scalp. In 3 to 6 per cent concentration, in
ointments containing also salicylic acid and sulfur,
it has been used in psoriasis. Resorcinol is used
in superficial fungous infection, alone or in conjunction with sulfur, and it may be very helpful
in an eczematized tinea, especially in an intertriginous area, in lotion form. Its use in a calamine or simple zinc oxide lotion, in 2 per cent
concentration, may be helpful in pityriasis rosea,
and in acute localized eczema.
Resorcin is both a sensitizer and a primary
irritant, and on occasion can produce a severe
allergic reaction. However, its sensitizing potential
is low. considering its wide usage. In 1 to 6 per
cent concentration it is not a primary irritant,
but acquires this property in 10 per cent concentration or above. The possibility of absorption
and toxicity when used over large open areas, and
particularly in infants and young children, must
be kept in mind (Sulzberger and Baer, Yearbook
of Dermatology, 1950, 15).
Resorcinol resembles phenol in its physiological
properties. It has marked antibacterial properties.
Klarmann (J.A.C.S., 1931, 53, 3397) found that
its phenol coefficient against typhoid bacillus or
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staphylococcus was 0.4. Resorcinol has been used
as an intestinal antiseptic in enteritis and also as
an antipyretic but is probably of little service. It
has been employed in gastric lavage or as a wash
in nasal catarrh, otitis externa, chronic colitis,
leukorrhea, and other inflammations of the mucous
membranes, in strengths ranging from 2 to 5 per
cent. E
Toxicology. — Although resorcinol is much
less toxic than phenol, there have been cases of
poisoning, with at least 2 fatalities reported
(Boeck, Derm. Wchnschr., 1915, 60, 449). Andeer (Centralbl. med. Wissensch., 1881), after
taking about 10 Gm. of resorcinol, passed into
collapse with convulsions and loss of consciousness but eventually recovered. Graham and Tisdall {Can. Med. Assoc. I., 1922, 12, 730) reported
2 cases of collapse after external application. The
symptoms in mild poisoning are tinnitus aurium,
with some acceleration of the breathing and the
pulse, and free sweating. With large doses,
methemoglobinemia, collapse, unconsciousness and
violent convulsions may occur. When given to
lower animals in toxic doses it causes tremors,
loss of consciousness, and epileptiform convulsions,
which, when the dose has been sufficiently large,
become more and more violent and associated
with marked disturbances of respiration; finally
respiration is arrested and death ensues. During
the spasms the temperature of the animal is distinctly elevated, but, when there is quiet narcosis,
it may fall much below normal. The urine becomes
olive green, then blackish. Treatment consists of
washing it from the skin, or removing it by gastric
lavage and catharsis, as indicated. Supportive
measures and adequate fluid intake are indicated
(von Oettingen, Nat. Inst. Health Bull, 1949,
190, 123).
Prolonged topical application to ulcerated surfaces has caused myxedema (Bull and Fraser,
Lancet, 1950, 1, 851; Hobson, Proc. Roy. Soc.
Med., 1951, 44, 164). This action resembles that
of propylthiouracil (q.v.).
Resorcinol is applied topically, in 2 to 20 per
cent concentration, in ointments, pastes, lotions
and solutions. It is today seldom, if ever, used
internally.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
COMPOUND RESORCINOL
OINTMENT.
N.F.
Unguentum

Resorcinolis

Compositum

Melt 100 Gm. of yellow wax and 280 Gm. of
wool fat in a dish on a water bath. Triturate 60
Gm. of zinc oxide and 60 Gm. of bismuth subnitrate with 290 Gm. of petrolatum until smooth,
and add this to the first mixture. Dissolve 60 Gm.
of resorcinol in 130 Gm. of glycerin and incorporate the solution in the warm mixture just prepared; finally add 20 Gm. of juniper tar and stir
the ointment until it congeals. N.F.
This is a dosage form of resorcinol (q.v.) for
topical application.
Storage. — Preserve "in tight containers and
avoid prolonged exposure to temperatures above
30°." N.F.

RESORCINOL
Resorcin Acetate,

MONOACETATE.
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N.F.

[Resorcinolis Monoacetas]

CH3COO.C6H4.OH
wi-Hydroxyphenyl Acetate. m-Acetyloxyphenol. Euresol
(Bilhuber-KnoU).

Resorcinol monoacetate is obtained by acetylizing one of the hydroxyl groups of resorcinol by
heating with a mixture of acetic anhydride and
glacial acetic acid in such proportions that esterification occurs at only one group.
Description. — "Resorcinol Monoacetate is a
viscous, pale yellow or amber liquid with a faint
characteristic odor and a burning taste. It boils
at about 283° with decomposition. A saturated
aqueous solution of Resorcinol Monoacetate is
acid to litmus. Resorcinol Monoacetate dissolves
in alcohol and in most organic solvents. It is sparingly soluble in water. The specific gravity of
Resorcinol Monoacetate is not less than 1.203 and
not more than 1.207 at 25°." N.F.
Standards and Tests. — Identification. — (1)
On fusing resorcinol monoacetate with phthalic
anhydride and zinc chloride and dissolving a small
portion of the fused mixture in sodium hydroxide
T.S. an intense blue fluorescence typical of fluorescein isproduced. (2) Ethyl acetate, recognizable by its odor, is evolved on boiling a mixture of
resorcinol monoacetate, alcohol, and sulfuric acid.
Acidity. — A benzene solution of 10 ml. of resorcinol monoacetate requires not more than 0.5 ml.
of 0.1 N sodium hydroxide for neutralization,
using methyl orange T.S. as indicator. Loss on
drying. — Not over 2.5 per cent, when dried on a
water bath for 1 hour. Residue on ignition. — Not
over 0.1 per cent. N.F.
Uses. — The action of resorcinol monoacetate
is like that of resorcinol because of the gradual
liberation of the latter by hydrolysis. Since the
hydrolytic reaction is slow, however, the effects
are milder and of longer duration. Resorcinol
monoacetate has the same indications and is used
in the same concentrations as resorcinol but it is
more commonly used for application to the scalp
since it usually does not cause discoloration of
light, gray or white hair. Under the name Euresol
pro Capillis (Bilhuber-Knoll Corp.), a perfumed
solution of resorcinol monoacetate is supplied for
application to the scalp.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
RHUBARB.

N.F., B.P.

Chinese Rhubarb, Rheum

"Rhubarb consists of the dried rhizome and
root of Rheum officinale Baillon or of Rheum palmatum Linne (Fam. Polygonacecz) or of other species (excepting Rheum Rhaponticum Linne) or of
hybrids of Rheum, grown in China and Tibet,
deprived of periderm tissues." N.F. The B.P.
recognizes the dried rhizome of R. palmatum and
possibly other species of Rheum, excepting Rheum
Rhaponticum, cultivated in China and Tibet, deprived of most of the bark, and dried. It is known
in commerce as Shensi, Canton, or high-dried
rhubarb.
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Rhubarb Root. Rhizoma Rbei; Radix Rhabarbari; Rbabarbarum. Ft. Rhubarbe dite de Chine: Racine de rbubarbe.
Ger. Rhabarber. It. Rabarbaro. Chin. Hainoung. Sp.
Ruibarbo.
Tibet. Scharamodo.

As noted in the herbal Pen-king, rhubarb was
in use as a medicament by the Chinese as early
as 2 700 B.C.
The terms rha and rheon — from the former of
which were derived the names rhabarbarum and
rhubarb, and from the latter the botanical title
Rheum — were applied by the ancients to a root
which came from beyond the Bosphorus, and
which is supposed, though upon somewhat uncertain grounds, to have been the product of
Rheum Rhaponticum L., growing on the banks
of the Caspian Sea and the Volga. This species
was also at one time believed to be the source of
the medicine now in use; but true rhubarb has
long been known to be distinct from rhapontic,
and derived from a different source. It was not
until the year 1732 that any authentic information was obtained as to its real origin. At that time
plants were received from Russia by Jessieu in
France, and Rand in England, which were said to
be of species providing genuine rhubarb, and were
named by Linnaeus, under this impression, Rheum
rhabarbarum, a title since changed to Rheum
undulatum. It is now established that a number
of species contribute to the commercial supply of
the drug; the most important of these are described below. For a historical account of identification of these sources see U.SJD., 21st ed.,
p. 936.
The old designations Turkey Rhubarb and East
Indian Rhubarb, stiil occasionally used, represent
trade names and indicate nothing more than the
routes by which rhubarb was formerly brought
into the European market. The official article is
now collected entirely in China and Tibet and is
most appropriately designated by the trade name
'•Chinese Rhubarb."
Tschirch, in discussing the origin of Chinese
rhubarb, came to the conclusion that that obtained
from Szechwan, "southern" rhubarb, is derived
from Rheum officinale, while that obtained from
Kuku Nor. "northern" rhubarb, is the product of
Rheum palmatutn tanguticum (Schweiz. Wchnschr. Pharm., 1910, 48, 292).
Most ''northern rhubarb" is grown in Tibet and
Kansu and sold to dealers from Shensi (hence the
name Shensi rhubarb) and later transported down
the rivers to Hankow and Shanghai. "Southern
rhubarb" is grown in Szechwan and Hupeh, along
the Yangtze-Kiang and from there sent to Hankow
and Shanghai.
The genus Rheum comprises about 25 species
of perennial herbs distributed from middle Asia
westwards to the Balkan Mountains. All of the
species have large, mostly radical leaves, the
blades of which are either entire, toothed and
lobed or divided and the petioles thick. The stems
rise to a height of 4 to 10 feet. The flowers
are small, greenish to greenish-white and occur
in panicles of racemes, elevated on scope-like
stems which are provided with sheathing stipules
(ochreat). Each flower possesses a 6-parted perianth, 6to 9 stamens and a 3-carpelled pistil with
3 styles which ripens into a triangular winged
achene.
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There is some difficulty in arranging the species in consequence of the tendency of cultivated
plants to form hybrids and it is frequently impossible to determine to which of the wild types the
several garden varieties are to be referred. Lindley
(Flora Medica) stated that R. Rhaponticum L.,
R. hybridum Murr., and R. compactum L., and
their hybrids, are the common garden rhubarbs.
L. H. Bailey stated that R. hybridum Murr. seems
to be unknown in the wild condition, that it is
perhaps a hybrid species between R. palmatum
and R. Rhaponticum or R. officinale (Stand.
Cyclop. Hort., 1922, p. 2928).
R. officinale Baillon is indigenous to the high
tablelands of Tibet and western China. It is a
hardy perennial herb resembling common garden
rhubarb, but of larger size. It possesses a short
branching aerial shoot up to 10 inches in height
from which spring very large, petiolate leaves
with subcylindrical fleshy petioles and large roundoval, 3- to 7-lobed blades with cordate bases and
acute to acuminate apices. The margin of the
lobes is coarsely and irregularly dentate. The surface of the entire leaf is beset with short hairs.
The blades of the leaves attain a breadth of from
1 to 3 feet. The influorescence is a tall (up to
10 ft.) panicle of greenish flowers; the fruit a red
winged achene.
Rheum palmatum L., or Sorrel Rhubarb, is
indigenous to northeastern Asia. Its leaf blades
are broad, suborbicular and cordate, 3- to 5-ribbed,
scabrous, and deeply palmately-lobed. Its panicle
is leafy with pubescent branches, the pedicels of
which are seldom longer than the flowers. The
var. tanguticum of this species resembles the
R. palmatum but its leaves differ in being more
elongated and not so deeply palmately cleft. The
var. atrosanguineum Hort. possesses a dark red
panicle of flowers. R. palmatum is known to occur
in the province of Kansu where considerable has
been collected.
Several horticultural varieties of this species
have been cultivated in Europe. These include
the varieties hortulanorum Kornenburg, proles
Prewalski, proles Tafelii and flore rubro.
Himmelbauer (Pharm. Zentr., 1929, 70, 684)
claimed that the varieties of R. palmatum are
richer in emodin than other species ; his biological
experiments on white mice indicate the superiority of this species.
Rheum Rhaponticum is apparently a native of
the district east of the Black Sea. It is generally
considered to be the species referred to by Dioscorides under the title of Rha. Rhapontic rhubarb is now cultivated in the United States, in
various parts of Europe, especially in England
(hence the title sometimes applied to it of "English rhubarb") and also in China. It is characterized bythe presence of a glycoside rhaponticin
which probably possesses no laxative properties.
The U.S. P. X gave a test for rhubarb which excluded this species but also some valuable hybrids
between R. Rhaponticum and Chinese spp. of
Rheum which were rich in anthraquinones : it was
as follows: "Boil 10 Gm. of powdered Rhubarb
for fifteen minutes with 50 cc. of diluted alcohol
under a reflux condenser, filter, and concentrate
to 10 cc. Cool, shake with 15 cc. of ether, and set
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aside for twenty-four hours: yellowish, prismatic
crystals should not form (rhapontic rhubarb)."
However, as this root does not appear to contain
any emodin (although it does yield chrysophanol)
it cannot meet the present tests for identity and
purity. Rhapontic rhubarb is usually lighter in
color and more spongy in texture than the Asiatic
rhubarbs and when broken exhibits a more compact and regular marbling, the pinkish lines being
arranged like rays from the center towards the
circumference. Microscopically, the rhizome of
Chinese rhapontic rhubarb is distinguished by a
diffuse circle of isolated star-like spots of compound fibro-vascular bundles (in the English root
these are much less pronounced). The odor is less
aromatic than that of the Asiatic varieties and the
taste less bitter but more astringent and mucilaginous. Because of scarcity of crystals of calcium oxalate, when chewed it is much less gritty
than the official roots. Youngken (J.A.O.A.C.,
1932, 15, 404) showed that under ultraviolet
radiation rhapontic rhubarb shows a bright lavender fluorescence instead of the dull grayishbrown color of Chinese rhubarbs. He stated that
a mixture containing as little as 10 per cent
of rhapontic rhubarb is readily detected by this
method. For further methods of distinguishing
this species see Viehoever (J.A.O.A.C., 1933, 16,
527). In recent years there have been offered
on the market samples of Chinese rhubarb which
contain both emodin and rhaponticin. These are
probably roots of hybrids.
Besides the species already mentioned, R. leucorrhizum, growing in the Kirgheeze Desert in
Tartary, R. capsicum, from the Altai Mountains,
R. Webbianum, R. Emodi, R. spicifortne, and
R. Moorcroftianum, natives of the Himalaya
Mountains, and R. crassinervium and R. hybridum, cultivated in Europe, but of unknown origin,
yield roots which have either been employed as
purgatives or possess properties more or less analogous to those of official rhubarb. In Java, the root
of an indigenous species is used as a purgative.
Chinese Rhubarb. — Rhubarb is produced over
a large area of China. It is cultivated extensively
in the northern provinces of Shensi, Shansi, Chihli
and Honan, the Mongolian province of Tsinghai,
in the northwest province of Kansu and the western province of Szechwan. The rhizome and roots
are not considered sufficiently mature for collection until the plant has attained the age of six
years. The drug is collected from plants which are
from six to ten years of age, mainly in mountainous sections of China and Tibet. It is dug up twice
a year in Tartary, in the spring and autumn; in
China, not until the winter. After removal from
the ground, it is cleaned, deprived of its cortical
portion and the smaller branches, and then divided
into pieces of a convenient size for drying. Some
of the decorticated rhizomes and roots are cut
transversely and are called "rounds," others are
halved lengthwise and called "flats." Most of the
drug is carried to Hankow and Shanghai to be
exported to Europe and America. Smaller quantities are exported from Canton, Tientsin, Fuchow
and Ningpo. The commercial kinds of rhubarb
imported into the United States from China are
the "Shensi" and "Canton" varieties. The Shensi
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variety is considered the best. Both of these varieties occur on the market as "rounds," "flats," and
"high dried rhubarb." Common round rhubarb
represents segments of the decorticated root and
rhizome; flats are thick segments of the peeled
rhizome split into halves lengthwise and high dried
rhubarb represents rhubarb which has been first
decorticated, then cut into segments which are
bored with holes, and strung upon cords to dry
either in a heated room or exposed to the sun.
Chinese rhubarb is usually dried in the sun. During World War II importations of U.S.P rhubarb
ceased but Indian rhubarb (see following monograph) entered this country in large amounts; it
is now officially recognized.
Shensi Rhubarb. — The outer surface of the
Shensi variety, when deprived of its yellowish
powder, exhibits numerous, minute, dark reddishbrown lines and dots representing medullary rays
imbedded in a whitish parenchyma. This variety
is hard, compact and heavy and when broken with
a mallet shows an uneven fracture. Its fractured
surface varies from bright pink to dull gray and
shows, under a hand lens, reddish-brown lines
alternating with whitish ones, giving the surface a
mottled appearance. It has a characteristic odor
(but is almost free of the empyreumatic odor of
some other rhubarbs) and a bitter, astringent
taste. When chewed it is gritty between the teeth
(due to abundant rosette crystals of calcium
oxalate) and tinges the saliva yellow.
Canton Rhubarb. — This differs from the
Shensi variety in being fighter in weight and in
color, less compact and more fibrous in texture, in
exhibiting a nearly uniformly granular instead of
a marbled appearance when fractured, and in possessing a more empyreumatic odor. The pieces
of good quality are often commingled with pieces
defective from decay or improper preparation.
These are usually lighter, and of a dark or russet
color. Like all the other varieties of rhubarb, this
is liable to be attacked by insects, and in almost
every large parcel pieces may be found which have
suffered from this cause. Occasionally pieces of
the drug have been observed to possess darkcolored or hollow central areas. This is due to the
decay of these portions by a fungus which infests
some roots and which frequently attacks new tissue during the preparation of the drug. Such specimens are known as "black-hearted rhubarb."
European Rhubarb. — Various attempts have
been made to cultivate medicinal rhubarb in
Europe but most of the drug produced has been
of inferior grade. However, Turkatz reported a
Hungarian-grown rhubarb that met the requirements of the Hungarian Pharmacopoeia (Berg.
Ungar. Pharm. Ges., 1937, 13, 454).
Choice of Rhubarb. — In selecting good rhubarb, without reference to the commercial variety,
those pieces should be preferred which are moderately heavy and compact, of a bright color,
brittle, presenting when broken a fresh appearance, with reddish and yellowish veins intermingled
with white, of an odor decidedly aromatic, of a
bitter and astringent not mucilaginous taste, feeling gritty and staining the saliva yellow when
chewed, and affording a powder either bright yellow, or yellow with but a slight reddish brown
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tinge. When very light, rhubarb is usually partially
decayed or worm-eaten; when very heavy and
compact, it is of inferior species, culture, or preparation. The distinct stellate markings observed
in the cut or broken surface of the rhizomes of
Chinese rhubarb have been believed by various
pharmacognosists to be of great practical value in
determining the true character of the rhizome and
especially in enabling a distinction to be made
between the Chinese and European rhubarb.
Description. — "Ungroand Rhubarb occurs as
rhizomes and roots in subcylindrical, barrelshaped, or flattened pieces, frequently showing a
perforation, from 5 to 17 cm. in length and from
4 to 10 cm. in diameter. The outer surface is yellowish brown with lighter colored striations and
occasional patches of brown cork, more or less
covered by a yellowish brown powder. It is hard
and the fracture is uneven and granular, the fractured surface having a pinkish brown color. The
smoothed, transverse surface of the rhizome shows
a cambium line hear the periphery traversed by
radiate vascular rays projecting for a short distance within it; the large area within this circle
of vascular rays contains stellate vascular bundles
from 2 to 4 mm. in diameter, having an external
xylem and internal phloem and radiating, yellowish brown, vascular rays; the stellate bundles are
arranged in a more or less continuous circle
{Rheum palmatum) or scattered irregularly
(Rheum officinale). The odor is aromatic and
characteristic, and the taste is bitter and astringent.
"Powdered Rhubarb is dusky yellowish orange
to moderate yellowish brown. Calcium oxalate
rosette aggregates frequently exceeding 100 \i in
diameter, and occasionally up to 190 n are present.
The starch grains are 2 to 25 u. in diameter,
spheroidal, single and 2- to 4-compound, with central cleft hilums. Fragments of vascular rays occur
with cells containing an amorphous, yellow substance, insoluble in alcohol but soluble in water
and dissolving in ammonia T.S. with a pink color.
Vessels are few, non-lignified, reticulate, and
spiral." N.F.
Standards and Tests. — Anthraquinone compounds.— Rhubarb is colored red by alkalies.
Emodin and chrysophanic acid. — A mixture of
100 mg. of powdered rhubarb and 10 ml. of 1 in
100 solution of potassium hydroxide is boiled,
cooled, and filtered. The filtrate, when acidified
with hydrochloric acid, and shaken with 10 ml. of
ether imparts a yellow color to the latter on standing. When the ether solution is shaken with 5
ml. of ammonia T.S. the latter is colored red
(emodin), and the ether layer remains yellow
(chrysophanic acid). European rhubarbs. — Unground rhubarb is firm in texture, not shrunken,
and shows more or less definite reticulations upon
the outer surface. Diluted alcohol-soluble extractive.— Not less than 30 per cent. N.F.
The B.P. description is essentially similar. Tests
for purity limit the acid-insoluble ash at not more
than 1 per cent and the proportion soluble in 45
per cent alcohol as not less than 35 per cent.
Constituents. — Rhubarb contains, besides
various unimportant vegetable substances, a small
amount of a volatile oil with a strong characteristic odor of rhubarb, about 2 per cent of gallic
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acid and smaller quantities of tannic acid and, as
the most important constituents, a number of
derivatives of anthraquinone.
Rhubarb contains also calcium oxalate, which
is of interest not only because of the relatively
large amount present but also because, existing in
crystals, it is responsible for the grittiness of rhubarb when ground between the teeth. The proportion varies considerably in different specimens.
According to Scheele and Henry, it comprises
nearly one-third of rhubarb; Queckett found between 35 and 40 per cent; Brandes obtained only
11 and Schrader only 4.5 per cent; Dragendorff,
in five examples analyzed, found from 1.2 to 5.6
per cent. European rhubarb is said to contain only
a small proportion of calcium oxalate, and to be
less gritty when chewed; it contains, however,
more tannin and starch than the Asiatic variety.
Anthraquinone Derivatives. — A number of vegetable laxatives — among which are aloe, cascara,
rhubarb and senna — contain glycosides which on
hydrolysis yield hydroxymethylanthraquinones.
The most important of these derivatives are
emodin, which is l,6,8-trihydroxy-3-methylanthraquinone (Jacobson and Adams, J.A.C.S., 1924,
46, 1312), and chrysophanol (chrysophanic acid),
having the structure of l,8-dihydroxy-3-methylanthraquinone. Some investigators claimed these
to be the purgative constituents, while others
have stated that they possessed little such activity
and that perhaps anthranols or other reduced derivatives were the active constituents.
Emodin (Frangula emodin, Rheum emodin)
exists — either free or combined as a glycoside —
in aloe, rhubarb. Rhamnus species, Rumex, etc.;
it has the following structure:

Chrysophanic acid — more properly named chrysophanol, as it is not a carboxylic acid — is found in
rhubarb to the extent of 0.5 per cent; it occurs
also in aloe, cascara and other species of Rhamnus.
Rhabarberon, probably an impure aloe-emodin, is
found in rhubarb to the extent of about 0.2 per
cent. Rhubarb also contains emodin monomethyl
ether and rhein (a dihydroxyanthraquinone carboxylic acid). According to Tutin and Clewer
(Trans. Chem. Soc, 1911, 99, 946) these compounds have very little purgative activity, the
chief cathartic principle being, according to them,
a nonglycosidal resin which yielded on hydrolysis
various anthraquinone compounds and which is
present to the extent of about 10 per cent.
Fairbairn and Lou (/. Pharm. Pharmacol., 1951,
3, 93) found that the purgative activity of rhubarb runs parallel with the content of combined rhein-like compounds, although free rhein
has practically no activity. The rhein-like compounds contain a carboxyl group (as does rhein)
but the individual components of the fraction
have not yet been isolated. Chinese rhubarb was
found to contain 0.53 to 0.76 per cent of com-
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bined rhein-like compounds and was the most
active; English rhapontic rhubarb yielded 0.21 to
0.41 per cent of the same; single samples of
French rhapontic and Austrian rhapontic rhubarb
contained only traces of this group of compounds
and had the least purgative activity.
Maurin {Bull. sc. Pharmacol., 1923, 30, 337)
found the proportion of total hydroxymethylanthraquinone compounds to range from 2.45 to
4.35 per cent, being highest in Shensi flat rhubarb.
Uses. — The chief action of the active constituents ofrhubarb is to speed the passage of the
colonic contents (Lenz, Arch, internal, pharmacodyn. therap., 1923, 28, 75). It is probable
that this action is largely reflex from mild irritation of the intestinal mucosa although some believe that there is a direct stimulating influence
upon the intestinal muscles. Because the movements of the upper bowel are not much affected
these drugs are incapable of violent purgation and
less likely to produce secondary constipation than
those drugs which empty the upper bowel and
require 6 or more hours to reach the colon and
stimulate defecation. The chief use of anthraquinone cathartics is in the treatment of simple
constipation, especially that of a more or less
chronic character. For the purpose of evacuating
noxious materials from the upper bowel they are
of little service.
Rhubarb differs from the other laxatives (cascara sagrada, senna, aloe) of the anthraquinone
group in that it has a larger percentage of tannic
acid. Because of the considerable quantity of
tannin its purgative action is often followed by
constipation. This sequence of effects led to its
use in the treatment of diarrheas, especially of the
inflammatory type, on the theory that the catharsis it caused would evacuate the irritants, and
that its subsequent astringency would check excessive secretion. The logic is plausible, but erroneous as it has very little influence in cleaning
out the smaller bowel, which is frequently involved
in acute diarrheas. Rhubarb has been widely prescribed in atonic dyspepsia attended with constipation. Prolonged use is undesirable. The cause
should be ascertained and corrected if possible. It
is combined with an alkali, either magnesia or
soda, for the purpose of counteracting the astringent tendency.
By roasting rhubarb its cathartic property is
diminished, probably by volatilization of the purgative principle, while its astringency remains unaffected. When so treated it is termed torrefied
rhubarb. This mode of treatment has been sometimes employed in diarrhea. By long boiling the
same effect is said to be produced.
Rhubarb seldom causes griping. Its coloring
principles are absorbed, and chrysophanic acid
may be detected in the urine; this gives a yellow
to brown color in an acid urine and a red to violet
in an alkaline urine. With long-continued use the
perspiration, especially that of the axilla, is said
to become yellow, and the milk of wet-nurses
cathartic. Rarely, an individual may be allergic to
the drug and, as a result, develop nausea, vomiting
and skin rashes. The latter may be macular, vesicular or even hemorrhagic. iY)
Rhubarb Poisoning. — The stalks of certain spe-
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cies of rhubarb (sometimes called pie-plant) are
widely used as a foodstuff. Several cases of severe,
and even fatal, poisoning have been reported
from them. While the acid taste of the stalks is
in part due to malic acid it is well established that
they contain also considerable quantities of oxalic
acid, which is probably the toxic ingredient. The
amount of oxalic acid is usually larger in the
leaves than in the stems and the former are correspondingly more dangerous. Von Itallie and
Lemkes {Pharm. Weekblad, 1917, 5, 1234) found
oxalic acid in the stems of various species to
range from 0.4 to 1.0 per cent, and in the leaves
from 0.3 to 1.1 per cent. (For report of cases of
this poisoning, see J.A.M.A., 1919, 73, 926). The
hypocalcemia is treated with calcium, parenterally
administered.
Dose. — The usual dose of rhubarb as a cathartic is 1 Gm. (approximately 15 grains), by mouth,
the range of dose being 1 to 2 Gm. As a laxative
and stomachic from 300 to 600 mg. is given.
Off. Prep. — Rhubarb Fluidextract; Aromatic
Rhubarb Tincture, N.F.; Compound Powder of
Rhubarb; Compound Tincture of Rhubarb, B.P.
INDIAN

RHUBARB.

N.F.

Himalayan Rhubarb, Rheum Indicum

"Indian Rhubarb is the dried rhizome and root
of Rheum Emodi Wallich, Rheum Webbianum
Royle (Fam. Polygonacece) or of some other related especies of Rheum native to India." N.F.
Rheum Emodi Wallich is a perennial herb native to the Himalaya Mountains of India. Its
underground parts consist of a vertical, often
twisted rhizome which is annulated, dark brown
to purplish brown and which bears many conical
roots. Its overground portion consists of a rosette
of radical leaves from the center of which projects
a stem attaining a height of about 2.5 meters. The
radical leaves are long-petioled, with entire,
broadly ovate, cordate to subreniform, 5- to 7nerved leaf blades having a coppery-green color
on their upper surfaces, their apices obtuse or
rounded, their margins hirtellous. The leafy stem
bears axillary and terminal panicles of purple,
sometimes white to white tinged with purple
flowers whose pedicels are jointed below the middle. The fruit is a deep red oblong ovate achene
with 3 narrow wings, about % inch in diameter,
notched above and cordate below.
Rheum Webbianum Royle, second only to R.
Emodi as a source of Indian Rhubarb of commerce, is a perennial herb native to the central
and western alpine Himalayas from Nepal to
Kashmir; it attains a height of 2 meters. Its stem
is branched and leafy. Its radical leaves are longpetioled, orbicular-cordate to cordate, but devoid
of the coppery, metallic luster characteristic of
those of R. Emodi and attaining a greater diameter, being up to 2 feet. Its panicles are axillary
and terminal, leafy and glabrous, its flowers
pale yellowish, its fruits oblong-ovoid, 3-winged
achenes about Ys inch in diameter and notched
above and below.
Description. — "Unground Indian Rhubarb occurs in unpeeled or partially peeled, subcylindrical
or irregular, sometimes twisted segments of the
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root and rhizome, from 2 to 20 cm. in length and
from 1.5 to 8 cm. in diameter. Externally, it
varies from dark brown to purplish brown, or
from yellowish brown to reddish brown, particularly where the cork is abraded; irregularly longitudinally furrowed, ridged, or wrinkled; pieces of
the rhizome show annulations. The fracture is
uneven and granular, the fractured surface having
a dull orange to yellowish brown color. The texture is moderately firm to spongy. The smoothed
transverse surface shows a yellowish brown to
brown bark, an irregularly wavy, dark brown
cambium line, and a broad radiate wood. The
odor is faintly aromatic or indistinct, the taste
bitter and astringent.
"Powdered Indian Rhubarb is dull yellowish
brown to dark yellowish orange. It shows numerous simple and 2- to 3- or rarely 4-compound
starch grains, the individual grains mostly spheroidal, plano-convex or angular-convex, up to 38 n
in diameter with a centric to eccentric, speroidal,
linear, or irregularly cleft hilum, and showing
distinct polarization crosses under polarized light;
numerous reticulate and few spiral vessels and
tracheids with mostly lignified walls, the reticulate
vessels up to 152 n in diameter; numerous calcium ovalate rosette aggregates up to 150 \i in
diameter; fragments of non-lignified cork; numerous fragments of parenchyma containing
starch, calcium oxalate rosette aggregates, tannin,
and amorphous substance; fragments of vascular
rays, the cells containing an amorphous, yellowish
substance, insoluble in alcohol but soluble in
water, and dissolving in ammonia T.S., with a

drug during 12 hours, then percolate rapidly. N.F.
Alcohol Content. — From 55 to 63 per cent,
by volume, of C2H5OH. N.F.
minims).
Dose. — 0.6 to 1.2 ml. (approximately 10 to 20

pink color." N.F.
For pharmacognostic details concerning Indian
rhubarb, and its differences from Chinese rhubarb, see Youngken, /. A. Ph. A., 1944, 33, 145;
1946, 35, 148; also Ray et al., Indian J. Pharm.,
1944, 6, 55.
Standards and Tests. — These are identical
with the standards and tests provided under
Rhubarb, except for the omission of the test for
European rhubarbs, and the use of 1 Gm. of
Indian rhubarb in the test for emodin and chrysophanic acid. N.F.
Uses. — During World War II large amounts of
Indian rhubarb were of necessity used as a substitute for the then U.S. P. rhubarb; the acceptance
of Indian rhubarb resulted in the N.F. establishing standards for this rhubarb. The inclusion of
two monographs for rhubarb in the N.F. does not
imply that Indian rhubarb may be used in place
of rhubarb grown in China and Tibet; the latter
varieties are the only ones permitted to be used
in official preparations.
The dose of Indian rhubarb is the same as that
of Rhubarb.

This powder is no longer official in either the
U.S.P. or N.F.; the formula of the N.F. IX was
as follows: Triturate together 250 Gm. of rhubarb
and 100 Gm. of ginger, both in very fine powder,
and gradually incorporate 650 Gm. of magnesium
oxide, triturating the mixture lightly until a uniform powder results. N.F. IX.
Compound Powder of Rhubarb of the B.P. is
the same except that a mixture of equal parts of
heavy and light magnesium carbonate replaces the
magnesium oxide.
Description. — "Compound Rhubarb Powder
occurs as a weak orange-pink powder, becoming
darker on exposure to moisture. It contains magnesium oxide in fine particles. It shows numerous
ellipsoidal or ovoid starch grains, often with a
prominent beak and up to 60 microns long
(ginger) ; and simple and spheroidal starch grains
compound and polygonal, with a central cleft,
and up to 25 microns in diameter (rhubarb). The
calcium oxalate crystals are in rosette aggregates
up to 150 microns in diameter in the brown to
yellowish brown parenchyma fragments of rhubarb. When mounted in chloral hydrate T.S. the
powder shows strong effervescence, and when
mounted in strong alkalies it shows fragments of

RHUBARB

FLUIDEXTRACT.

N.F.

Fluidextractum Rhei
Extractum Rhei Fluidum. Fr. Extrait fluide de rhubarbe.
Get. Rhabarberfluidextrakt. It. Estratto fluido di rabarbaro.

Prepare the fluidextract from rhubarb, in moderately coarse powder, by Process A (see under
Fluidextracts) , using a menstruum of 4 volumes
of alcohol and 1 volume of water. Macerate the

Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep.— Rhubarb and Soda Mixture, N.F.

RHUBARB

AND SODA MIXTURE.
N.F.
Mistura Rhei et Sodae

Compound Mixture of Rhubarb. Mistura Rhei Composita,
N.F. VI.

Dissolve 35 Gm. of sodium bicarbonate in
about 500 ml. of purified water, add 15 ml. of
rhubarb fluidextract and 3 ml. of ipecac fluidextract, 200 ml. of glycerin, 35 ml. of peppermint
spirit, and enough purified water to make 1000
ml. Mix thoroughly. N.F.
Alcohol Content. — From 2 to 4 per cent, by
volume, of C2H5OH. N.F.
This is a mild laxative and antacid intended for
the relief of infantile colic. The usual dose for an
infant is 4 ml. (approximately 1 fluidram).
Storage. — Preserve "in tight containers." N.F.

COMPOUND

POWDER
B.P.

OF RHUBARB.

Gregory's Powder, Pulvis Rhei Compositus
N.F. IX. Compound Rhubarb Powder. Magnesia and
Rhubarb; Rhubarb and Magnesia. Pulvis Magnesia cum
Rheo. Ger. Kinderpulver.

tissue IX.
which are purplish red to reddish orange."
N.F.
Uses. — This powder is a laxative antacid, having been formerly popular for use in bowel complaints, especially in children. |v)
Dose, for an adult, from 2 to 4 Gm. (approximately 30 to 60 grains) ; for a child two or three
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years old, from 300 to 600 mg. (approximately
5 to 10 grains).
IX.Storage. — Preserve "in tight containers." N.F.
AROMATIC

RHUBARB
N.F.

TINCTURE.

Tinctura Rhei Aromatica

Prepare the tincture, by Process P (see under
Tinctures), from a mixture of 200 Gm. of rhubarb, 40 Gm. of cinnamon, 40 Gm. of clove, and
20 Gm. of myristica, all in moderately coarse
powder, using as the first menstruum a mixture
of 100 ml. of glycerin, 500 ml. of alcohol and
400 ml. of water, and as the second menstruum
diluted alcohol. Macerate the mixed drugs during
4 hours, then percolate rapidly. N.F.
Alcohol Content. — From 43 to 46 per cent,
by volume, of C2H5OH. N.F.
The usual dose of this tincture is 4 ml. (approximatelyfluidram).
1
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
COMPOUND TINCTURE OF
RHUBARB.
B.P.
Tinctura Rhei Composita

Compound Tincture of Rhubarb is prepared by
percolating rhubarb (10 per cent, w/v), cardamom
and coriander with a hydroalcoholic menstruum
containing glycerin.
Dose, from 2 to 4 ml. (approximately 30 to 60
minims).
RIBOFLAVIN.

U.S.P. (B.P., LP.)

Lactoflavin, Vitamin B2, Vitamin G, [Riboflavinum]

H
H
H
CH2— C— C— C— CH20H
OH OH OH

"Riboflavin, dried at 105° for 2 hours, contains
not less than 98 per cent of C17H20N4O6." U.S.P.
The B.P. defines Riboflavine as 6:7-dimethyl9-(D-r-ribityl)-woalloxazine, states that it may be
obtained from yeast and other natural sources or
by synthesis, and requires it to contain not less
than 14.5 per cent and not more than 15.2 per
cent of nitrogen calculated with reference to the
substance dried to constant weight at 105°. The
I. P. definition and purity rubric are identical with
those of the B.P. except that the calculation of
the content of nitrogen is made with reference to
the substance dried over sulfuric acid for 18 hours.
B.P. Riboflavine; Riboflavina. I. P. Riboflavine; Riboflavinum. Ovoflavin. Flavaxin (IVinthrop) . Sp. Riboflavina.

The chemical nature of the yellow, water-soluble, green-fluorescing pigment of whey, now
designated riboflavin, was investigated as far back
as 1879. In 1933, three different laboratories
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almost simultaneously called attention to the relationship and probable identity of this and similar
pigments occurring in animal and plant products
with vitamin B2, also called vitamin G. Eventual
isolation of the "flavin" and an investigation of
its chemical structure led to the finding that it is
a combination of dimethylisoalloxazine and dribose nuclei, specifically 6,7-dimethyl-9-[D,l'ribitylj-isoalloxazine. Because its structure shows
it to be a derivative of D-ribose, the name riboflavin was given to the compound. Further, as
none of the other closely related compounds possesses greater vitamin B2 activity than riboflavin,
this name was adopted as a substitute for the
terms vitamin B2 and vitamin G.
Several syntheses for riboflavin have been developed. One of the earlier ones utilizes orthoxylene, alloxan, and D-ribose as the principal
reacting materials; a disadvantage of this and
other methods employing D-ribose is the limited
availability of that substance. Tishler and Wellman (U. S. Patent 2,261,608; November 4, 1941)
described a method of synthesis which is commercially utilizable. In this process tetraacetyl-Dribonitrile (prepared from glucose) and 4,5dimethylaniline are reductively condensed in the
presence of a palladium catalyst to form N-tetraacetyl-D-ribityl-4,5-dimethylaniline; the latter is
coupled with ^-nitrophenyldiazonium chloride,
the reaction product reduced in the presence of
a platinum catalyst to form 1-N-tetraacetylribitylamino-2-amino-4,5-dimethylbenzene, which is
condensed with 5,5-dichlorobarbituric acid to
form tetraacetylriboflavin and finally hydrolyzed
to riboflavin.
Description. — "Riboflavin is a yellow to
orange-yellow, crystalline powder having a slight
odor. It melts at about 280° and its saturated
solution is neutral to litmus. When dry, it is not
appreciably affected by diffused fight, but in solution, especially in the presence of alkalies, it deteriorates quite rapidly, the deterioration being
accelerated by light. One Gm. of Riboflavin dissolves in from 3000 to about 15,000 ml. of water,
the variations in the solubility being due to difference inthe internal crystalline structure of the
Riboflavin. It is more soluble in isotonic sodium
chloride solution, and less soluble in alcohol than
in water. It is insoluble in ether and in chloroform, but very soluble in dilute alkalies." U.S.P.
Riboflavin appears to exist in at least 2 crystalline modifications, one melting between 275° and
280°, the other between 285° and 290°; in hot
water the former is stated to change to the latter.
The lower melting form dissolves in water to the
extent of 140 to 200 mg. per liter, while the
higher melting variety dissolves to the extent of
about 120 mg. per liter; the latter, however, forms
supersaturated solutions which are less likely to
show crystallization than the normally more soluble form.
Standards and Tests. — Identification. — A solution of 1 mg. of riboflavin in 100 ml. of water
is pale greenish yellow by transmitted light, and
has an intense yellowish green fluorescence, which
disappears when a mineral acid or an alkali is
added. Specific rotation. — The specific rotation,
referred to a solution containing 50 mg. of dried
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riboflavin in 2 ml. of 0.1 N alcoholic potassium
hydroxide and enough cold, carbon dioxide-free
water to make 10 ml., is between —112° and
— 122°. Loss on drying. — Not over 1.5 per cent,
when dried at 105° for 2 hours. Residue on ignition.— Not over 0.3 per cent. Lumiflavin. — The
filtrate from an agitated mixture of 25 mg. of
riboflavin and 10 ml. of chloroform has no more
color than an equal volume of a solution prepared
by diluting 3 ml. of 0.1 N potassium dichromate
with enough water to make 1000 ml. U.S.P.
The B.P. and LP. tests are similar except that
the specific rotation, at 20° , is required to be
between —110° and —130°.
Assay. — The U.S. P. assay is based on the
measurement of the intensity of fluorescence of
an aqueous solution containing in each ml. 0.5
microgram of the riboflavin under examination
and a comparison of this intensity with that of
an aqueous solution containing in each ml. 0.5
microgram of US. P. Riboflavin Reference Standard, both samples of riboflavin having previously
been dried. Correction for the fluorescence of
any foreign substances that may be in the riboflavin samples is made by measuring any residual
fluorescence of both solutions after that produced
by riboflavin has been destroyed by reaction with
sodium hydrosulfite. It is required that the corrected fluorescence of the sample shall be not less
than 98 per cent of the fluorescence of the U.S. P.
Riboflavin Reference Standard.
The B.P. and LP. determine the content of
nitrogen, by the Kjeldahl method, in 100 mg. of
riboflavin. The ammonia is distilled into boric
acid solution in the B.P. procedure, the titration
being performed with 0.1 N sulfuric acid. In the
LP. method the ammonia is distilled into 0.1 iV
sulfuric acid and the excess acid is titrated with
0.1 N sodium hydroxide. The theoretical content
of nitrogen in riboflavin is 14.89 per cent; the
limits allowed by the B.P. and the LP. are 14.5
per cent to 15.2 per cent.
Stability. — Crystalline riboflavin shows no evidence of decomposition under ordinary conditions
of storage, though protection from light is advisable during long periods of storage. Solutions of
the substance undergo decomposition under the
influence of visible or ultraviolet light. A chain
of reactions follows, the products depending on
the pH, presence or absence of oxygen, temperature, and other factors. In acid solution the substance is much more stable than in alkaline
medium, though photochemical decomposition occurs also in the former (see Halwer, J.A.C.S.,
1951, 73, 4870). For a further discussion of the
chemistry of riboflavin, see Booher (J. A.M. A.,
1938, 110, 1105).
Incompatibilities. — Riboflavin should not be
prescribed with alkalies or with reducing agents.
Derivatives. — Riboflavin Phosphate Sodium.— This is the monosodium salt of riboflavin5'-phosphate (in which the CH2OH of the ribityl
group is esterified with phosphoric acid), the
minimum solubility of which is 30 mg. (equivalent to 21 mg. of U.S. P. riboflavin) per liter of
water at pH 5 to 6; the solubility increases with
increase of pH and decreases as the solution becomes more acid. Riboflavin- 5'-phosphate is the
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biologically active form of riboflavin occurring in
natural enzyme systems. The sodium salt occurs
as a yellow powder resembling riboflavin in appearance; its composition corresponds to C17H20N-tOoPNaJHuO and it represents approximately
73 per cent of riboflavin. The salt is particularly
useful in preparing dosage forms of riboflavin
where high solubility is required. It is more
rapidly destroyed by light at very low concentrations than is riboflavin; at the concentrations
encountered in dosage forms this decomposition
appears not to be material. For further information concerning this salt see Sleezer et al., Drug
and Cosmetic Industry, 1954, 74, 196; De Ritter
et al., J. A. Ph. A., 1955, 44, 1; also Chemical
Engineering, November 1954, p. 120.
Methylol Riboflavin. — The N.N.R. defines
this as a mixture of methylol (-CH2OH) derivatives of riboflavin formed by action of formaldehyde on riboflavin in weakly alkaline solution;
the number of methylol groups formed in the
ribityl moiety varies from 1 to 3. Methylol riboflavin is an orange to yellow hygroscopic powder, soluble in water; it is unstable, losing its biological activity in several months with liberation
of formaldehyde and formation of products insoluble in water. It is a parenteral dosage form
of riboflavin and is marketed as Solution Hy flavin
(Endo), representing 10 mg. of riboflavin per ml.
Uses. — Action. — Riboflavin is a component of
two prosthetic (coenzyme) groups found in a
large number of enzymes, called flavoproteins, in
the human body. The two prosthetic groups are
riboflavin phosphate, also called riboflavin mononucleotide, and riboflavin adenine dinucleotide ;
the first is an ester composed of one molecule
each of riboflavin and phosphoric acid, while the
second is an ester composed of one molecule of
riboflavin, two molecules of phosphoric acid, and
one molecule of adenosine. Riboflavin phosphate
is the coenzyme of such flavoprotein enzymes as
Warburg's yellow enzyme, cytochrome-c reductase and L-amino acid oxidase; riboflavin adenine
dinucleotide is the coenzyme of xanthine oxidase.
D-amino acid oxidase, aldehyde oxidase, and
other enzymes. In general these enzymes function
by accepting hydrogen atoms from specific substrates, thereby oxidizing the latter, and passing
the hydrogen on to other molecules. By alternate
oxidation and reduction of the enzyme it brings
about oxidation and then reduction of other molecules. Very often, perhaps usually, flavoproteins
operate in conjunction with other enzymes to
effect such reactions; thus, riboflavin-containing
enzymes cooperate with nicotinic acid-containing
enzymes in a number of oxidation-reduction
reactions.
What is now known as riboflavin, but was
earlier called lactoflavin. was identified in milk
by Blyth (/. Chem. S., 1879, 35, 530). After the
vitamin B complex was recognized and separated
into the heat-labile (thiamine or Bi) and the
heat-stable (B2 or G) factors, the yellow pigment
was noticed in the latter and eventually the identity of lactoflavin from milk and riboflavin of
vitamin B extracts was demonstrated. Riboflavin
was isolated and recognized as a constituent of
the vitamin B complex and as a component of
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the enzyme systems of the body before a deficiency syndrome resulting from its absence was
recognized clinically or in animals. It is abundant
in many foods such as milk (about 2 mg. per
quart), liver, pork, other meats, fish, eggs, cheese,
yeast powder, fruits and green leafy vegetables.
It is well absorbed from the gastrointestinal tract
and excreted in the urine. After ingestion of the
quantity of riboflavin ordinarily present in a
mixed diet only 10 to 20 per cent appears in the
urine. Najjar and Holt (Bull. Johns Hopkins
Hosp., 1941, 69, 476) determined the urinary
excretion of riboflavin as a test for ariboflavinosis.
Following the intravenous injection of 0.016 mg.
of riboflavin per kilogram of body weight in a
fasting child, they collected urine specimens after
one-half hour, 1 hour, and 4 hours. Normally, a
marked increase in urinary riboflavin was found
in the first half hour, and from 30 to 70 per cent
of the dose injected was excreted in 4 hours; in
the presence of deficiency only 20 per cent was
excreted. Axelrod et al. (Proc. S. Exp. Biol. Med.,
1941, 46, 146) found no decrease in riboflavin in
the blood or muscles of patients with ariboflavinosis. In blood it is present chiefly in the red cells,
in concentrations ranging from 35 to 50 micrograms per 100 ml. of whole blood. Levels of 0.84
microgram of free riboflavin and 2.32 micrograms
of riboflavin adenine dinucleotide per 100 ml. of
blood serum were reported by Suvarnakich et al.
(J. Nutrition, May 1952, 47). In muscle the concentration ofriboflavin (total) varies from 2 to
13 micrograms per Gm. of tissue. In ruminants
riboflavin is synthesized by bacterial action in
the colon; Najjar et al. (J. A.M. A., 1944, 126,
357) reported that this occurs also in the human.
The feces always contain riboflavin; its output
may exceed the intake. Evidence indicates that
riboflavin is synthesized by intestinal bacteria and
remains in the bacteria so as not to be available
for absorption into the body.
Nutritional Requirement. — The normal
daily requirement of riboflavin was placed by the
Food and Nutrition Board, National Research
Council, U.S.A., in 1953 at 1.6 mg. for adult men
of all ages and 1.4 mg. for women. During the
last trimester of pregnancy 2 mg. daily is advised, and during lactation 2.5 mg. daily is needed.
For infants the recommended intake ranges from
0.5 mg. at an age of 1 to 3 months to 1.5 mg. at
an age of 7 to 9 years. For boys and girls the
following intake is recommended: 10 to 12 years,
1.8 mg.; 13 to 15 years, 2.1 mg. and 2 mg., respectively; 16to 20 years, 2.5 mg. and 1.9 mg.,
respectively (/. A. Dietet. A., 1954, 30, 105).
Ingelfinger (New Eng. J. Med., 1945, 233, 379)
concluded that a patient who has been ill or
who has had a restricted intake of riboflavin for
less than 2 weeks requires no more riboflavin
than that needed to supply his usual daily requirement and that patients deprived of riboflavin
for longer periods can be restored to a state of
normal storage of riboflavin by a dose of 10 mg.
daily for 5 days. Hills et al. (Arch. Int. Med.,
1951, 87, 682) studied 15 adult men on a diet
containing 0.55 mg. of riboflavin in 2200 Calories
for 9 to 17 months. Angular stomatitis, seborrheic dermatitis, and scrotal skin lesions appeared.
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Studies of urinary excretion suggested that the
minimal daily requirements for such resting
adults was between 1.1 and 1.5 mg.
Deficiency Syndrome. — The clinical manifestations of riboflavin deficiency have been the
subject of controversy. It was noted that some
cases of human pellagra which were refractory to
nicotinic acid recovered when riboflavin was
added to the diet. Sebrell and Butler (Pub. Health
Rep., 1939, 54, 2121) reported a peculiar inflammation of the buccal mucosa (cheilosis) which
developed in healthy humans when riboflavin was
excluded from the diet. Johnson and Eckhardt
(Arch. Ophth., 1940, 23, 899), having observed
changes in the cornea of riboflavin-deficient rats,
employed this substance in the treatment of
keratitis in humans.
The clinical manifestations of ariboflavinosis
were listed by Cayer (J.A.M.A., 1946, 132, 558)
as follows: lacrimation, photophobia, sore tongue
and mouth, magenta glossitis, cheilosis, seborrhea
of the nasolabial folds, ears and forehead, vascularization of the cornea, and decreased urinary
excretion of riboflavin. It is to be noted, however,
that Machella and McDonald (Am. J. Med. Sc,
1943, 205, 214) and others reported patients with
this deficiency syndrome who did not respond to
treatment with riboflavin, also that many observers
(as Stannus, Brit. M. J., 1944, 2, 140; Cayer
et al, South. M. J., 1945, 38, 111) showed that
these clinical manifestations may have causes
other than a deficiency of riboflavin. Nevertheless, the presence of such manifestations is an
indication for treatment with riboflavin.
The report of the study of the nutritional status
of the population in Newfoundland by Adamson
et al. (Can. Med. Assoc. J., 1945, 52, 227) contains excellent photographs in color of the lesions.
The lips become red and shiny, with a very thin
and often scaly epithelium. Erythema spreads
from the angles of the lips out over the cheeks
and results in scars that radiate from the angles
of the mouth; in some instances, this takes the
form of a moist, white, macerated area at the
angles of the mouth (perleche) although this
lesion is also associated with other etiological
factors. The tongue has a characteristic magenta
color (cyanotic red) and is often clean with
enlarged fungiform papillae. The eye manifestations consist of hyperemia of the conjunctiva,
circum-corneal injection, photophobia and eventually vascularization of the cornea (best seen early
with the slit-lamp) with opacity of the cornea
which interferes with vision. The eyelids become
swollen and red and have a dry exudate upon
them. Erythema extends laterally from the external canthus, somewhat similar to the lesion at
the angles of the mouth, and there is often a suborbital area of erythema. A diffuse purplishbrown discoloration of the eyelids occurs but is
not pathognomonic of ariboflavinosis since it is
associated with other conditions. Telangiectases
are often present on the cheeks. Dyssebacia
(scaly, greasy flakes), and sometimes erythema,
are common in the nasolabial folds and behind the
ears while the presence of elevated, follicular
plugs (shark-skin) on the nose and cheeks is suggestive evidence. Gopalan
(Indian Med. Gaz.,
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1946, 81, 227) described leukorrhea, pruritus
vulvae, pruritus ani, anal fissure, scaly dermatitis
of the scrotum and preputial ulceration in patients
with riboflavin deficiency. The clinical features
of ariboflavinosis in pregnancy were presented by
Braun et al. (J. Obst. Gyn. Brit. Empire, 1945,
52, 43) and in children and infants by Spies et al.
{Am. J. Med. Sc, 1940, 200, 697).
Other Indications. — In addition to the established indications (oral, ocular and dermal) for
riboflavin therapy, it has been reported to be of
value in bedsores (Yorhaus et al., Am. J. Digest.
Dis., 1943, 10, 45), Ritter's disease (Schwartzman et al., Am. J. Dis. Child., 1941, 62, 352),
pemphigus (Topping and Knoefel, J. A.M. A., 1940,
114, 2102), migraine (Smith, Can. Med. Assoc.
J., 1946, 54, 589) and also in cases with tired
eyes, photophobia and a sandy sensation without
the typical changes and for the Plummer- Vinson
syndrome (Pollak, Brit. J. Ophth., 1945, 29, 288).
Andreae et al. {Fed. Proc, 1946, 5, 3) reported
decreased urinary excretion of riboflavin for several days following injury (fractures, burns).
Riboflavin excretion is increased during periods
of protein depletion or starvation (Sarett et al.,
J. Nutrition, 1942, 24, 295) and protein deficiency
decreases the hepatic stores of riboflavin {ibid.,
1943, 25, 173). Injections of thiamine hydrochloride cause a temporary decrease in the urinary
excretion of riboflavin (Klopp et al., Am. J. Med.
Sc, 1943, 205, 852). Relief of aplastic anemia in
an African native was reported to have followed
riboflavin therapy (Foy and Kondi, /. Path. Bad.,
1953, 65, 559). Following intravenous injections
of riboflavin, Stich and Wolff {Klin. Wchnschr.,
1951, 29, 356) observed a marked reduction in
the concentration of iron in blood serum for several hours. Maynard (/. Invest. Dermat., 1952,
18, 305) reported benefit in some cases of psoriasis after intramuscular and oral riboflavin therapy. Tolerance to cold environment was not
improved by ingestion of therapeutic doses of
riboflavin and other vitamins (Gleckman et al.,
Am. J. Physiol, 1946, 146, 538). H
Toxicology. — Xo toxic effects have been recognized asfollowing oral or parenteral administration of large doses of riboflavin.
Dose. — The usual therapeutic dose of riboflavin, commonly given orally, is 5 mg. daily, with
a range of 1 to 20 mg. The nutritional requirement varies with age and sex, and is indicated
above under Nutritional Requirement ; the U.S. P.
gives the usual daily requirement as 3 mg. Most
patients respond to oral administration but if
this fails subcutaneous, intramuscular or intravenous injection is indicated. Since most deficiency states are multiple and since administration of only one factor of the vitamin B complex
may induce the clinical manifestations of other
previously subclinical deficiencies (see under
Thiamine and Nicotinic Acid), a well-balanced
diet and a vitamin supplement of all important
factors is indicated; the official multiple- vitamin
preparations are indicated below.
Storage. — Preserve "in tight, light-resistant
containers." US.P.
Off. Prep. — Deca vitamin Capsules; Decavitamin Tablets, US. P.; Riboflavin Injection, US J3.,
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LP.; Riboflavin Tablets, US. P., B.P., I. P.; Hexavitamin Capsules; Hexavitamin Tablets; Triasyn
B Capsules; Triasyn B Tablets, N.P.
RIBOFLAVIN INJECTION.
U.S.P. (LP.)
[Injectio Riboflavin!]

"Riboflavin Injection is a sterile solution of
riboflavin in water for injection. It contains not
less than 95 per cent and not more than 120 per
cent of the labeled amount of C17H20N4O6. For
the purpose of increasing the solubility of the
riboflavin, the Injection may contain nicotinamide
or other suitable, harmless, solubilizing agent."
US.P. The LP. indicates that the injection is
sterilized by heating in an autoclave at 115° to
116° for 30 minutes, or by filtration through a
bacteria-proof filter.
I.P. Injection of Riboflavine; Injectio Riboflavins Sp.
Inyeccion de Riboflavins.

Because of the slight solubility of riboflavin in
water various means of increasing the solubility
of the substance have been devised. Besides nicotinamide, specifically mentioned as a solubilizer
in the U.S.P. definition, urea, benzyl alcohol, gentisic acid and its ethanolamide are among substances used to increase solubility of riboflavin.
The high solubility of riboflavin-5'-phosphate
makes it especially useful for preparing injectable
dosage forms of riboflavin. The solubility of riboflavin may also be materially increased by solution in liver injection, particularly the crude injection, which vehicle is sometimes employed to
carry several of the members of the vitamin B
complex for parenteral administration.
Labeling. — "The label of each container states
the common name of any solubilizer used and the
amount present in mg. per ml." U.S.P.
Storage. — Preserve "in light-resistant, singledose or multiple-dose containers, preferably of
Type
I glass."
Usual
Sizes.U.S.P.
— 5 mg. in 1 and 10 ml.; 50 mg.
in 10 ml.; 75 mg. in 15 ml.
RIBOFLAVIN TABLETS.
U.S.P.
(B.P.) (LP.)
[Tabellae Riboflavini]

"Riboflavin Tablets contain not less than 95
per cent and not more than 120 per cent of the
labeled amount of C17H20N4O6." US. P. The B.P.
requires not less than 90.0 per cent and not more
than 110.0 per cent of the labeled amount of riboflavin. The corresponding LP. limits are 90.0 and
115.0 per cent, respectively.
B.P. Tablets of Riboflavine. I.P. Tablets of Riboflavine; Compressi Riboflavini. Sp. Tabletas de Riboflavins.

Usual Sizes. — 1, 5 and 10 mg. (approximately
Voo, Vn and Ve grain).
RINGER'S

INJECTION.
(B.P., I.P.)

U.S.P.

Ringer's Solution No. 3 (U.S.P. XIV)

"Ringer's Injection is a sterile solution of sodium chloride, potassium chloride, and calcium
chloride in water for injection. It contains, in

Part I
each 100 ml., not less than 820 mg. and not more
than 900 mg. of sodium chloride (NaCl), not less
than 25 mg. and not more than 35 mg. of potassium chlcride (KC1), and not less than 30 mg.
and not more than 36 mg. of calcium chloride
(CaCl2.2H20). Ringer's Injection does not contain bacteriostatic agents, except when it is in a
multiple-dose container of not over 30-ml. size, or
in a container holding not more than 100 ml.
marketed in combination with a medicinal preparation for parenteral administration for which it
is to be the solvent." U.S.P.
The B.P. and I. P. recognize the same injection
under the title Compound Injection of Sodium
Chloride. The B.P. requires not less than 0.52
per cent w/v and not more than 0.58 per cent
w/v of total CI, and not less than 0.045 per cent
w/v and not more than 0.051 per cent w/v of
CaCb.6H20; the I. P. rubric is similar to that
of the U.S.P. except that the content of calcium
chloride is expressed in terms of the hexahydrate,
of which not less than 0.45 per cent w/v and not
more than 0.54 per cent w/v is required.
B.P. Compound Injection of Sodium Chloride; Injectio
Sodii Chloridi Composita. I. P. Compound Injection of
Sodium Chloride; Injectio Natrii Chloridi Composita.

Dissolve 8.6 Gm. of sodium chloride, 0.3 Gm.
of potassium chloride, and 0.33 Gm. of calcium
chloride in a sufficient quantity of water for injection to make 1000 ml., filter until clear, place
in suitable containers, and sterilize. U.S.P.
The B.P. and LP. injection is similarly prepared except that 0.48 Gm. of hydrated calcium
chloride (CaCi2.6H20) is used; the solution is
directed to be sterilized by heating in an autoclave (for a sufficient length of time to maintain
the temperature of the solution between 115°
and 116° for 30 minutes) or by filtration through
a bacteria-proof filter.
The physiological utility of a solution of sodium chloride which has the same osmotic pressure and is isotonic with blood serum has long
been recognized. But for some purposes it is
desirable to have a solution which is also isoionic with blood serum, i.e., has approximately
the same ionic composition as the serum. In 1882
Ringer demonstrated that after all the blood has
been washed out of the heart with an isotonic
sodium chloride solution addition of small
amounts of calcium and potassium ions would
cause the organ to begin to contract again, and
that it would continue beating for some time
if supplied with the ions. He suggested, therefore, that calcium and potassium chlorides be
added to the sodium chloride solution in preparing a "physiologically indifferent" solution. The
official formula for Ringer's injection contains
these cations in approximately the same proportion as these occur in blood serum.
Ringer's solution lacks certain other serum
components, however, and in 1895 Locke suggested a modification of the solution, now commonly referred to as Locke-Ringer's solution,
corresponding to the following composition: sodium chloride, 9 Gm.; potassium chloride, 0.42
Gm.; calcium chloride, 0.24 Gm.; magnesium
chloride, 0.2 Gm.; sodium bicarbonate, 0.5 Gm.;

Ringer's Injection

1195

dextrose, 0.5 Gm.; recently distilled water to
make 1000 ml. of solution. This solution is widely
used in laboratories of physiology and pharmacology. Tyrode's solution is similar, containing
sodium chloride, 8 Gm.; potassium chloride, 0.2
Gm.; calcium chloride, 0.2 Gm.; magnesium chloride, 0.1 Gm. ; sodium biphosphate, 0.05 Gm.;
sodium bicarbonate, 1 Gm. ; dextrose, 1 Gm. ;
recently distilled water to make 1000 ml. of
solution. This solution also is more frequently
used in the laboratory than for therapeutic purposes. Frank et al. (J.A.M.A., 1946, 130, 703)
used 20 to 35 liters of this solution, with added
penicillin and streptomycin to minimize peritonitis, to irrigate the peritoneal cavity in treating
uremia due to acute renal failure (resulting from
sulf athiazole administration) .
Standards and Tests.— pH — The pH of
Ringer's injection is between 5.0 and 7.5. Arsenic.
— The limit is 0.1 part per million. Heavy metals.
— The limit is 0.3 part per million. Pyrogen. —
The injection meets the requirements of the official test. Other requirements. — The injection
meets the requirements under Injections. U.S.P.
Assay. — For calcium chloride. — Calcium ion
is precipitated as oxalate and titrated with 0.01
N potassium permanganate. For potassium chloride.— Potassium ion is precipitated as a cobaltinitrite of the composition K.2NaCo(N02)6; the
nitrite component is oxidized with a measured
excess of 0.02 N eerie sulfate to nitrate, and the
excess eerie sulfate titrated with 0.02 N ferrous
ammonium sulfate, using orthophenanthroline
T.S. indicator. In this assay the 6 nitrite ions
associated with 2 potassium ions undergo a total
increase in valence of 12, from which it is apparent that the equivalent weight of KC1 is onesixth its molecular weight. For sodium chloride.
—The sodium chloride content is calculated by
subtracting from the total chloride content, in
100 ml., the chloride equivalent to the calcium
chloride and to the potassium chloride, both referred to 100 ml., then converting the remainder
into the equivalent of sodium chloride. U.S.P.
Uses. — Ringer's injection may be used for any
of the purposes for which isotonic sodium chloride injection is employed. Ringer's injection,
intravenously or subcutaneously administered, is
used to introduce water and electrolytes into the
system in cases of severe diarrhea, vomiting,
intestinal fistula, biliary fistula, burns, traumatic
shock, and continuous therapeutic aspiration of
gastric or small intestine contents. Although isotonic sodium chloride solution is more commonly
used, Coller et al. (J.A.M.A., 1936, 107, 1522)
found Ringer's solution preferable in many instances. In seriously ill patients, who so frequently have hypoproteinemia, Ringer's injection
shows a lesser tendency to cause edema due to
abnormal retention of water and sodium.
This multi-electrolyte injection has been used
in treatment of infantile diarrhea, where the
need for potassium is great. It has been employed
to increase blood volume in treatment of shock
occurring postoperatively. It may temporarily
support circulation during shock caused by hemorrhage. In this state, however, blood or plasma
volume expanders, as dextran or polyvinylpyrroli-
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done, should be administered as early as possible
because electrolyte solutions soon pass from the
circulation to the interstitial fluid. Because of the
incidence of serum hepatitis (7 per cent), use
of human plasma is not generally recommended
except in emergencies. Ringer's injection is used
in various forms of poisoning, whether extrinsic
or intrinsic, to increase excretion of the poison
and dilute it in the blood stream. It is used in
acidosis or alkalosis, the kidney excreting the
ion which is not required. The volume of solution
to be injected will vary according to the circumstances of the individual case (see under Sodium
Chloride and also under Dextrose).
Dose. — The usual dose, by intravenous or hypodermic administration, is 500 ml., with a range
of 500 to 1000 ml. The total dose in 24 hours
should generally not exceed 5000 ml.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I or
IV glass. The volume of multiple-dose containers
should not exceed 3 ml." U.S.P.
Usual Sizes. — 500 and 1000 ml.
RINGER'S

SOLUTION.

U.S.P. (IP.)

Ringer's Solution No. 1 (U.S.P. XIV)

"Ringer's Solution contains, in each 100 ml.,
not less than 820 mg. and not more than 900
mg. of sodium chloride (NaCl), not less than 25
mg. and not more than 35 mg. of potassium chloride (KC1), and not less than 30 mg. and not
more than 36 mg. of calcium chloride (CaCb.2H2O). Caution. — Do not use Ringer's Solution
for parenteral administration or in preparations
to be used parenterally. For such purposes use
Ringer's Injection." U.S.P.
The LP. definition differs only in specifying
the content of calcium chloride in terms of the
hexahydrate, not less than 0.45 per cent w/v and
not more than 0.54 per cent w/v of CaCl2.6H20
being required.
I. P. Compound Solution of Sodium Chloride ; Solutio
Natrii Chloridi Composita. Isotonic Solution of Three
Chlorides, U.S.P. XII.

The quantities of sodium chloride, potassium
chloride, and calcium chloride used in preparing
Ringer's solution are the same as in preparing
Ringer's injection; the only difference is that
recently boiled purified water is used in place
of water for injection. The solution is not required to be sterilized by the U.S.P. though it
is by LP.
Uses. — Ringer's solution may be used in place
of Ringer's injection when topical application is
indicated. Thus it may be used on wounds, burns,
etc. or for irrigation of body cavities (urinary
bladder, empyema thoracis, etc.) and sinus tracts.
For such uses it is a wise precaution, however,
to have the solution sterile, as the LP. directs,
though it need not be free of pyrogen.
Storage. — Preserve "in tight containers."
US.P.
LACTATED

RINGER'S INJECTION.
U.S.P. (B.P, LP.)

Lactated Ringer's Solution (U.S.P. XIV)

"Lactated Ringer's Injection is a sterile solu-

tion of calcium chloride, potassium chloride, sodium chloride and sodium lactate in water for
injection. It contains, in each 100 ml., not less
than 18 mg. and not more than 22 mg. of calcium
chloride (CaCl2.2H20), not less than 21 mg. and
not more than 33 mg. of potassium chloride
(KC1), not less than 570 mg. and not more than
630 mg. of sodium chloride (NaCl), and not less
than 290 mg. and not more than 330 mg. of
sodium lactate (CaHsNaOs).
"Lactated Ringer's Injection is also available
in a concentrated form consisting of suitable multiples of the quantities of the ingredients mentined above. Such concentrations, when diluted
as directed on the label, meet the requirements
of the Tests and Assays in this monograph.
"Lactated Ringer's Injection contains no bacteriostatic agents." U.S.P.
The B.P. recognizes this injection under the
title Compound Injection of Sodium Lactate,
and requires it to contain not less than 0.37 per
cent w/v and not more than 0.42 per cent w/v
of total CI, not less than 0.037 per cent w/v and
not more than 0.043 per cent w/v of CaCl2.6H20,
and not less than 0.20 per cent and not more
than 0.25 per cent w/v of C3H6O3. The LP.
Compound Injection of Sodium Lactate contains
not less than 0.037 per cent and not more than
0.043 per cent of CaCi2.6H20, not less than
0.037 per cent and not more than 0.043 per cent
of KC1, not less than 0.57 per cent and not more
than 0.63 per cent of NaCl, and not less than
0.29 per cent and not more than 0.33 per cent
of CaHsOaNa (all based on w/v).
B.P. Compound Injection of Sodium Lactate; Injectio
Sodii Lactatis Composita. LP. Compound Injection of
Sodium Lactate; Injectio Natrii Lactatis Composita.
Hartmann's
for Injection. Solution for Injection. Ringer-Lactate Solution

Lactated Ringer's injection may be prepared
by dissolving 6 Gm. of sodium chloride, 0.3 Gm.
of potassium chloride, 0.2 Gm. of calcium chloride, and the equivalent of 3.1 Gm. of sodium
lactate (prepared by neutralizing lactic acid with
sodium hydroxide or by diluting one of the commercially available sodium lactate solutions) in
sufficient water for injection to make 1000 ml.
The solution must be sterilized.
The B.P. and LP. prepare the injection as follows: To 200 ml. of water for injection is added
2.4 ml. of lactic acid, the solution is neutralized
with sodium hydroxide dissolved in water for injection until a few drops give an orange color
with phenol red, after which it is boiled and
progressively neutralized with sodium hydroxide
solution until a permanent orange color is obtained
on testing with phenol red; to this is added a
solution of 6 Gm. of sodium chloride and 0.4 Gm.
each of potassium chloride and hydrated calcium
chloride (CaCl2.6H20) in 700 ml. of water for
injection, the mixture is diluted to 1000 ml.,
filtered, and immediately sterilized by heating in
an autoclave (to maintain the solution at 115°
to 116° for 30 minutes) or by filtration through
a bacteria-proof filter. The LP. also recognizes
a Compound Solution of Sodium Lactate which is
similarly prepared using distilled water in place
of water for injection.
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Standards and Tests. — pH. — Between 6.0
and 7.0. Arsenic. — The limit is 0.1 part per million. Heavy metals. — The limit is 0.3 part per
million. Pyrogen. — The injection meets the requirements of the official test. Other requirements.— The injection meets the requirements
under Injections. U.S.P.
Assay. — The assays for calcium chloride, potassium chloride, and sodium chloride are explained under Ringer's Injection. The assay for
sodium lactate involves evaporation of the injection, ignition of the residue whereby sodium
lactate is converted to sodium carbonate, and
estimation of the latter by neutralization with
a measured excess of 0.1 N sulfuric acid and
titration with 0.1 N sodium hydroxide, using
methyl orange T.S. as indicator. U.S.P.
Uses. — This injection is administered intravenously or subcutaneously for the same purposes
and in the same doses as Ringer's injection, i.e.,
for correcting abnormal fluid and electrolyte balance in diarrhea, vomiting, etc. and to maintain
normal balance in the presence of these conditions. The inclusion of sodium lactate is to enhance the action in combating acidosis (see under
Sodium Lactate). From 5 to 10 per cent of dextrose is often added to the solution to provide
carbohydrate and calories for parenteral feeding
of the patient. This injection has been used to
maintain an alkaline urine during administration
of sulfonamides, which tend to form crystals in
an acid urine and cause obstruction in renal
tubules. The specific indication of the solution is
in the management of acidosis associated with
dehydration and a loss of alkaline ions from the
body (Hartmann, J.A.M.A., 1934, 103, 1349).
In dysenteric infants the solution should be injected as soon as possible if shock is impending
or has developed; it should be followed by whole
blood (Darrow, Pediatrics, 1952, 9, 519).
Dose. — The dose must be determined by the
condition of the patient; estimations of carbon
dioxide-combining power of the blood, blood
chloride, etc. are usually necessary to guide dosage (see under Sodium Lactate and Sodium
Chloride). The usual dose is 500 ml., with a
range of 500 to 1000 ml.; the total dose in 24
hours generally does not exceed 5000 ml.
Storage. — Preserve "in single-dose containers,
preferably of Type I or IV glass." U.S.P.
Usual Sizes.— 100, 250, 500. and 1000 ml.
A concentrated injection, which must be diluted

with 24 volumes of water for injection be'fore
use, is usually supplied in ampuls of 10 or 20 ml.
ROSE

OIL.

U.S.P.

Otto of Rose, [Oleum Rosae]

"Rose Oil is the volatile oil distilled with steam
from the fresh flowers of Rosa gallica Linne,
Rosa damascena Miller, Rosa alba Linne and
Rosa centifolia Linne, and varieties of these
species (Fam. Rosacece)." U.S.P.
Attar of Rose. Oleum Rosae ^thereum. Fr. Essence de
rose. Ger. Rosenol. It. Essenza di rosa. Sp. Esencia de
Rosa.

Of the 7000 or more cultivated varieties of roses
only a few are used for production of oil. These
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are principally Rosa damascena or damask rose,
R. alba or cottage rose, R. centifolia or pale rose,
and R. gallica or French rose. R. damascena is a
shrub whose origin is unknown but which was
introduced to Europe from Asia Minor in the
16th century. It attains a height of 5 feet and is
further characterized by possessing stems covered
with many stout, hooked prickles and glandular
bristles, imparipinnate leaves with 5 to 7 ovateoblong, serrate leaflets, pubescent on their lower
surfaces, prickly petioles, red, pink or white
flowers, borne in corymbs, and obovate hip fruits.
Rosa alba L. is believed to be of hybrid origin
and thought to represent a cross between R. dumetorum and R. gallica. It is an upright shrub, attaining aheight of 6 feet. It possesses stems with
hooked prickles and sometimes bristles, leaves
with 5 broadly ovate or elliptic, serrate leaflets,
pubescent beneath, fragrant white flowers with
smooth receptacle succeeded by scarlet, ovate
fruits. Rosa centifolia L., the cabbage rose or
pale rose, has prickly stems and the leaves consist of two or three pairs of leaflets, with an odd
one at the summit closely attached to the common footstalk, which is rough, but without spines.
The flowers are large, with many petals, generally
of a pale red color, and supported upon peduncles
beset with short bristly hairs. The varieties of R.
centifolia, produced by its almost universal cultivation, are very numerous, but the plant is said
to grow with single flowers in its native home,
which is the eastern part of the Caucasus. It is
very closely allied to R. gallica, Regel considering
it a variety of that species. The petals, which
were recognized by the U.S.P. 1890 as pale rose,
contain volatile oil, malic and tartaric acids,
tannin, fat, resin, sugar, and a coloring matter
which seems to be identical with that of the red
rose.
(For description of R. gallica see Rose,
Part II).
The volatile oil from these species is commonlycalled attar, otto, or essence of roses. It is prepared on a large scale in Europe, especially in the
Balkan Mountains, to a lesser extent in France,
Cyprus, Egypt, Persia, Cashmere, India, and
other countries of the East, but European and
American commerce had prior to World War II
been supplied chiefly from the region constituting
the southern slope of the Balkans in Bulgaria.
Rosa damascena is almost exclusively cultivated
in Bulgaria, Rosa alba to a small extent. In Bulgaria the roses are gathered in May and early
June, the harvest lasting about 3 weeks. The
entire flowers are distilled either in modern
steam stills owend by large distillers or in direct
fire-heated stills owned by small farmers or by
farmer cooperatives. The distillers depend solely
upon a large number of small farmers for their
flower supply. In the south of France a small
quantity of rose oil is prepared by distilling the
flowers of a variety of R. centifolia L. known as
Rose de Mai with steam and separating the oil
which floats to the surface. The annual output
of this oil is small, most of it being marketed in
the form of rose water.
The quantity of oil yielded by roses is very
small, from 150 to 300 pounds being required to
produce a single ounce of oil.
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Description. — "Rose Oil is a colorless or
yellow liquid, having the characteristic odor and
taste of rose. At 25° it is a viscous liquid. Upon
gradual cooling it changes to a translucent, crystalline mass, which may be easily liquefied by
warming. One ml. of Rose Oil is miscible with
1 ml. of chloroform without turbidity. Upon the
addition of 20 ml. of 90 per cent alcohol to this
mixture, the resulting liquid is neutral or acid to
moistened litmus paper and, upon standing at 20°,
deposits
a crvstalline residue within 5 minutes."
U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.S48 and not more than 0.863
at 30°, compared with water at 15°. Optical rotation.— Between —1° and —4°, in a 100-mm. tube.
Refractive index. — Not less than 1.4570 and not
more than 1.4630, at 30°. U.S. P.
Constituents. — Rose oil consists of two portions, one liquid, the other solid at ordinary temperatures. These may be separated by freezing
the oil and compressing it between folds of blotting paper, which absorbs the liquid oil and
leaves the concrete stearopten. The liquid portion is oxygenated, while the solid portion, which
is odorless when pure, consists of a mixture of
several hydrocarbons, one of which melts at from
35.5° to 36.5°, and is a paraffin of the formula
C16H34. The oxygenated portion consists of the
three alcohols geraniol, nerol and citronellol, together constituting 75 per cent of the oil. The
rhodinol of Eckart was a mixture of geraniol and
citronellol. While these two alcohols are mainly
found in rose oil in the free state, esters of the
same are also present in amounts varying from
2.5 to 3.5 per cent (Gildemeister and Hoffmann.
Aetherische Oele). Linalool, citral and phenylethyl alcohol are present in small amounts, as
are also farnesol, eugenol, and nonylic aldehyde.
Adulterants. — Rose oil is frequently adulterated; among the more common adulterants are
spermaceti, rose-geranium oil (see Pelargonium,
Part II), and palmarosa oil (see Citronella Oil,
Part II). Some of these adulterants are very
difficult to detect. For certain tests which may
be applied see U.S.D., 24th ed., p. 992 ; 20th ed.,
p. 787.
Synthetic rose oils are manufactured and sold
on a large scale. Most of them contain a certain
proportion of true rose oil, for the reproduction
of the odor by synthetic constituents alone has
never been satisfactorily achieved. The several
constituents of rose oil mentioned above have
been employed in compounding such oils, as have
a large number of other aromatic chemicals.
Uses. — Rose oil is used solely as a perfume.
Storage. — Preserve "in well-filled, tight containers." U.S.P.
Off. Prep.— Rose Water Ointment, U<SJ>.
STRONGER

ROSE

WATER.

U.S.P.

Aqua Rosae Fortior

"Stronger Rose Water is a saturated solution
of the odoriferous principles of the flowers of
Rosa centifolia Linne (Fam. Rosacea), prepared
by distilling the fresh flowers with water and

separating the excess volatile oil from the clear,
water portion of the distillate." U.S.P.
Triple Rose Water. Sp. Aqua de Rosa Concentrada.

Description. — "Stronger Rose Water is nearly
colorless and clear, possessing the pleasant odor
and taste of fresh rose blossoms. It must be
free from empyreuma, mustiness, and fungoid
growths." U.S.P.
Standards and Tests. — Acidity. — Neutral or
acid to litmus. Residue. — Not over 15 mg. from
100 ml. of the water, when evaporated on a water
bath and the residue dried at 105° for 1 hour.
Heavy
U.S.P. metals. — The limit is 2 parts per million.
Storage. — "The odor of Stronger Rose Water
is best preserved by allowing a limited access of
fresh air to the container." U.S.P.
Off. Prep.— Rose Water, U.S.P.
ROSE

WATER.

U.S.P.

Aqua Rosae
Aqua Distillata Rosarum; Hydrolatum Ross. Fr. Eau
distillee de rose. Ger. Rosenwasser. It. Acqua di rosa.
Sp. Agua destilada de rosa; Agua de Rosa.

This water is prepared by mixing equal volumes
of stronger rose water and purified water immediately before use. U.S.P.
"Allowance being made for its dilution, rose
water conforms to the description of, and meets
the requirements of the tests under Stronger Rose
Water." U.S.P.
For former processes of preparing rose water
see US J)., 21st ed., p. 172. Rose water, when
prepared by distillation, has the odor of rose.
Like other distilled waters, it is liable to spoil
on aging. The water is extensively employed by
virtue of its agreeable odor, in collyria and other
lotions. It is free of irritating properties, unless
it contains alcohol. It is not suitable for dissolving
silver nitrate because of the reducing power of
the small amount of volatile oil present.
Off. Prep.— Rose Water Ointment, UJSJ*.
ROSE

WATER

OINTMENT.

U.S.P.

Unguentum Aquae Rosae
Galen'6 Cerate. Unguentum Leniens; Unguentum Refrigerans. Fr. Cold-cream. Ger. Kiihlsalbe. Sp. Unguento
de Agua de Rosa.

Melt 125 Gm. of spermaceti and 120 Gm. of
white wax, both in small pieces, on a water bath;
add 560 Gm. of expressed almond oil or persic
oil, and continue heating until the temperature of
the mixture reaches 70°. Dissolve 5 Gm. of sodium
borate in 140 ml. of purified water and 50 ml. of
rose water, also warmed to 70°, and gradually add
this solution to the melted fatty mixture; stir
rapidly and continuously until the mixture has
cooledoil.toU.S.P.
about 45°, then incorporate 0.2 ml. of
rose
The ointment must be free from rancidity. If
it has been chilled, warm it slightly before attempting toincorporate other ingredients with it.
U.S.P.
During World War II, when expressed almond
oil and rose oil were not available the U.S.P.
gave permission, during that emergency, to use
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persic oil in place of expressed almond oil, and
to omit the rose oil and replace the rose water
with distilled water. At the present time, either
expressed almond oil or persic oil may be used,
but rose water and rose oil must be used.
It is not certain how sodium borate functions
in this formula; Scoville (/. A. Ph. A., 1930, 19,
858) stated that its effect on surface tension was
important, while Krantz and Carr (/. A. Ph. A.,
1932, 21, 1291) were of the opinion that it torms
a small amount of soap which acts as a stabilizer.
They were able to make satisfactory products
when the borax was replaced by other alkaline
salts, by alkali in sufficient concentration, or by
magnesium oleate.
While this preparation is often called "cold
cream," probably none of the cold creams on the
market, for cosmetic or theatrical use, even remotely resembles the official formula. The preparations for such use are made, as a rule, with a
liquid petrolatum base; they should not be used
when the official rose water ointment is specified.
Uses. — Rose water ointment is a popular and
valuable emollient and vehicle; when applied to
the skin it produces a characteristic cooling effect.
It is sometimes employed, unmedicated, for minor
irritated states of the skin, but it is more frequently used as a base for other medicaments.
The mineral-oil-base "cold creams" (see Petrolatum Rose Water Ointment) have less penetrating and emollient effect than the preparation
made with expressed almond or persic oil. The
inclusion of acid-reacting substances in rose water
ointment is likely to break the emulsion through
neutralization of the alkali soap formed during
the preparation of the ointment.
Storage. — Preserve "in collapsible ointment
tubes which do not interact physically or chemically with the Ointment so as to alter its quality
or purity." U.S.P.
PETROLATUM ROSE WATER
OINTMENT.
U.S.P.
Unguentum Aquae Rosae Petrolatum

Melt 125 Gm. of spermaceti and 120 Gm. of
white wax, both in small pieces, on a water bath;
add 560 Gm. of liquid petrolatum, and continue
heating until the temperature of the mixture has
reached 70°. Dissolve 5 Gm. of sodium borate
in 140 ml. of purified water and 50 ml. of rose
water, also warmed to 70°, and gradually add this
solution to the melted fatty mixture; stir rapidly
and continuously until the mixture has cooled to
about 45°, then incorporate 0.2 ml. of rose oil.
U.S.P. If the ointment has been chilled, it
should be warmed slightly before incorporating
other ingredients.
The composition of this ointment is identical
with that of rose water ointment, except that
liquid petrolatum replaces the expressed almond
oil or persic oil. Petrolatum rose water ointment
has the advantage over rose water ointment of
not developing rancidity on standing, and of being
cheaper to manufacture. The petrolatum base
ointment is not as penetrating or emollient as the
regular ointment; both probably have the same
cooling effect when applied to the skin.

Storage. — Preserve
U.S.P.
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containers."

N.F., B.P.

[Oleum Rosmarini]

"Rosemary Oil is the volatile oil distilled with
steam from the fresh flowering tops of Rosmarinus officinalis Linne (Fam. Labiates). It yields
not less than 1.5 per cent of esters calculated as
bornyl acetate (C12H20O2), and not less than 8
per cent of total borneol (CioHisO), free and as
esters." N.F. The B.P. recognizes the oil distilled
from the same plant but states that it contains
not less than 2.0 per cent of esters calculated as
bornyl acetate and not less than 9.0 per cent of
free alcohols calculated as borneol.
Oleum Roris Marini; Oleum Anthos; Oleum Rosmarini
/Ethereum; Essentia Rosmarini. br. Essence de romarin.
Get. Rosmarinol. It. Essenza di rosmarino. Sp. Esencia
de romero.

For description of the plant from which this
oil is obtained see under Rosemary, Part II.
The fresh leaves of rosemary yield, according to
Baume, 0.26 per cent of volatile oil, but much
higher yields have been reported by others. Schimmel & Co. obtained 1.4 per cent of oil from dry
French rosemary flowers.
The oil is normally imported from France,
Spain, Tunis and Morocco.
Description. — "Rosemary Oil is a colorless
or pale yellow liquid, having the characteristic
odor of rosemary, and a warm, camphoraceous
taste. Rosemary Oil is soluble in 1 volume of
80 per cent alcohol, by volume, but upon further
dilution may become turbid." N.F.
Standards and Tests. — Specific gravity. —
Not less than 0.894 and not more than 0.912.
Optical rotation. — Between — 5° and + 10°, in a
100-mm. tube. Refractive index. — Not less than
1.4640 and not more than 1.4760, at 20°. N.F.
Assay. — For esters. — This is performed as directed under Peppermint Oil, using 10 ml. of
rosemary oil. Each ml. of 0.5 N alcoholic potassium hydroxide consumed in the saponification
represents 98.14 mg. of esters, calculated as bornyl
acetate. For total borneol. — This assay is performed in the same manner as total menthol is
determined in Peppermint Oil, using 10 ml. of
rosemary oil. N.F.
The B.P. assays are essentially similar. A test
for limit of cineole (eucalyptol) is based on determining the freezing point of a mixture of the
oil, eucalyptol, and or^o-cresol.
Constituents. — The oil contains (f-pinene,
camphene, cineol, borneol (10 to 15 per cent),
esters (bornyl acetate), and camphor. It is said
to be sometimes adulterated with turpentine oil,
which may be detected by mixing the liquid under
test with an equal volume of alcohol; the rosemary oil dissolves, while turpentine remains insoluble.
Uses. — Rosemary oil has been used, chiefly in
combination with other drugs, as a carminative.
It is also employed as an ingredient in rubefacient
liniments and as a perfuming agent.
Dose, 0.2 to 0.4 ml. (approximately 3 to 6
minims).
Storage. — Preserve "in well-filled, tight con-
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tainers and avoid exposure to excessive heat."
N.F.
Off. Prep. — Camphor and Soap Liniment,
N.F., B.P.; Compound Lavender Tincture, N.F.
ROSIN.

N.F. (B.P.)

Colophony, Resina

"Rosin is the solid resin obtained from Pinus
palustris Miller, and from other species of Pinus
(Fam. Pinacea)." N.F. The B.P. recognizes Colophony as the residue left after distilling the
volatile oil from the oleoresin obtained from various species of Pinus.
B.P. Colophony; Colophonium. Colophonia. Fr. Colophane. Ger. Kolophonium. It. Colofonia ; Pece greca. Sp.
Colofonia ; Pez griega.

Rosin is the residue remaining when the volatile oil is distilled from turpentine (q.v.), or a
product of the distillation, solvent extraction, or
both, of the stumps or fallen trees of various
species of Pinus. Rosin obtained from official
turpentine (called gum turpentine in the trade)
is known as gum rosin; that distilled or extracted
out of the wood of the stumps or fallen trees is
called wood rosin. The extent to which rosin is
refined, especially the wood resin, depends on the
particular use to which it will be put; various
grades are obtainable, the refined varieties being
produced by processes involving solvent extraction, distillation or filtration through fuller's earth
or activated carbon. Although the two rosins are
similar in many respects, there are some differences between them. Ordinary wood rosin has.
when powdered, a yellowish cast, whereas gum
rosin in the same state is white. Most wood rosins
have a larger percentage of resene, as the unsaponifiable residue is called, than has gum rosin.
By the capillary method, the softening point of
wood rosin is, as a rule, between 53° and 55°,
while that of gum rosin is between 50° and 70°;
a wood rosin showing crystal formation may, however, have a considerably higher softening point.
The temperature at which rosins are completely
liquefied varies; generally it is not above 135°
but may go up to 150° or even higher.
Description. — "Rosin occurs as sharply angular, translucent, amber-colored fragments, frequently covered with a yellow dust. The fracture
is brittle at ordinary temperatures, shiny and
shallow-conchoidal. The odor and taste are
slightly terebinthinate. Rosin is easily fusible and
burns with a dense, yellowish smoke. An alcohol
solution of Rosin is acid to litmus. Rosin dissolves in alcohol, in ether, in benzene, in glacial
acetic acid, and in fixed or volatile oils. It is also
soluble in dilute solutions of the fixed alkali hydroxides. The specific gravity of Rosin is not less
than 1.07 and not more than 1.09." N.F.
Standards and Tests. — Residue on ignition.
— Not over 0.1 per cent. Acid value. — Not less
than 150. N.F.
Composition. — Rosin or colophony consists
chiefly of isomeric forms and modifications of
the anhydrides of abietic acid, C20H30O2, a diterpene carboxylic acid. Included in this group are
primaric and sapinic acids; Hasselstrom and Bogert (J.A.CS., 1935, 57, 2118) found the sapinic
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acids of many species of Pinus to consist of a
mixture of d-pimaric and /-sapietic acids. For data
on the composition of the resin acids of P. maritima, the principal French variety, see Palkin and
Harris (J-A.C.S., 1933, 55, 3677).
Lewkowitsch (Chemical Analysis of Oils) states
that rosin also contains varying quantities of
hydrocarbons, due to partial decomposition of
the acid on distilling pine rosin ; this may amount
to 5 to 9 per cent in American rosin.
When boiled with alkaline solutions rosin forms
greasy salts of abietic acid; these so-called rosin
soaps are sometimes used in admixture with other
soaps. As the acid is dibasic these salts contain
two atoms of alkali metal. When rosin is subjected to dry distillation it yields at first a mixture of hydrocarbon gases, then an aqueous liquid,
followed by a light, oily liquid known as rosin
spirit, and finally, at about 300°, a fraction known
as rosin oil. Rosin spirit contains pentane, pentene, and their homologues; toluene and its homologues; tetrahydrotoluene and hexahydrotoluene ;
terpenes, etc. Rosin oil contains abietic acid and
possibly its anhydride, and hydrocarbons of high
boiling point.
Goldschmidt and Weiss (Pharm. Ztg., 1920,
61, 238) stated that trichloroethylene and tetrachloroethylene are excellent solvents for rosin.
The methyl and ethyl esters of abietic acid,
made by heating the resin acid and the alcohol
under pressure until condensation takes place, then
distilling off the product under reduced pressure,
are employed as plasticizers, while the glyceryl
ester, known as ester gum, is used with tung oil
in making water-resistant varnishes, and in the
manufacture of synthetic resin and nitrocellulose
coatings.
Uses. — Rosin was formerly extensively used
as an ingredient of ointments and plasters. It is
considered by some to have the property of preventing oxidation of fatty substances, thus contributing to the preservation of ointments.
Compound Rosin Cerate, popularly known as
Deshler's Salve, was prepared by melting together
230 Gm. of rosin, 220 Gm. of yellow wax, and
300 Gm. of prepared suet, then adding 130 Gm.
of linseed oil and 120 Gm. of turpentine, straining
the liquid mixture and stirring it until it congealed. Itwas used as a protective and stimulant
dressing for blisters, wounds, etc.
Large quantities of rosin are consumed in the
paper industry, where it is employed as a sizing
material; also in the manufacture of certain types
of soaps and in the compounding of cheaper
varnishes.
Off. Prep. — Zinc Compounds and Eugenol
Cement, N.F.; Flexible Collodion, B.P.
RUTIN.
N.F.
[Rutinum]

OC,2H2l09
OH

0

"Rutin is the 3-rhamnoglucoside of 5,7,3',4'-
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tetrahydroxyflavonol obtained from buckwheat,
Fagopyrum esculentum Moench (Fam. Polygonacece), or from other sources. It contains, on an
anhydrous basis, not less than 95 per cent of
C27H30O16, the loss on drying being determined
on a separate sample." N.F.
Eldrin; Melin; Myrticolorin ; Osyritin; Phytomelin;
Rutoside; Sophorin; Violaquercitrin.

Rutin, the 3-rhamnoglucoside of quercetin, occurs in many plants; its most important commercial source in this country was the buckwheat
plant. Supplies of rutin have recently been obtained by extracting the flower buds of Sophora
japonica L., the so-called Chinese scholar or pagoda tree, which may yield several times as much
rutin as buckwheat; the rutin from S. japonica
contains less red pigment than that obtained from
buckwheat. It is identical with the rutin from
buckwheat both with respect to ultraviolet absorption and toxicity. The leaves of several Eucalyptus species from Australia, notably Eucalyptus
macrorrhyncha and E. youmani, also yield considerably more rutin than is obtainable from
buckwheat (for information concerning the plant
sources of rutin, the proportion present, and
methods of extraction, see Rutin and Related
Flavonoids, by Griffith, Krewson and Naghski,
1955, Mack Publishing Co.).
On hydrolysis in the presence of dilute acids
rutin yields a molecule each of the flavonol
quercetin and of the sugars glucose and rhamnose; the sugars exist in rutin in the form of the
disaccharide rutinose, which latter may be obtained by hydrolytic cleavage of rutin, as in the
presence of acetic acid. For further information
concerning the chemistry of rutin see Rutin and
Related Flavonoids.
Description. — "Rutin occurs as a tasteless,
greenish yellow powder consisting of masses of
microscopic needle-shaped crystals that become
plastic when heated between 185° and 192° and
decompose at about 215°. One Gm. of Rutin
dissolves in about 10,000 ml. of water and in
about 650 ml. of alcohol. One Gm. of Rutin
dissolves in about 200 ml. of boiling water and
in about 60 ml. of boiling alcohol. It is soluble
in isopropyl alcohol, and in methyl alcohol. It is
freely soluble in pyridine and in solutions of
alkali hydroxides. Rutin is insoluble in chloroform, in ether, and in benzene." N.F.
Standards and Tests. — Identification. — (1)
Quercetin obtained by hot acid hydrolysis of rutin
melts at about 312°. (2) A portion of the filtrate
from the preceding test reduces alkaline cupric
tartrate T.S. (3) An orange-yellow color results
when a few crystals of rutin are added to sodium
hydroxide T.S. (4) A greenish-brown color is
produced on adding ferric chloride T.S. to a
solution of rutin in alcohol. (5) A red color forms
slowly on adding hydrochloric acid and magnesium metal to a solution of rutin in alcohol. Loss
on drying. — Not less than 5.5 per cent and not
over 9 per cent, when dried at 125° for 16 hours
over barium oxide in a vacuum with a pressure
not greater than 3 mm. of mercury. Residue on
ignition. — Not over 0.5 per cent. Chlorophyll and
red pigment. — Not over 0.004 per cent of chloro-
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phyll and not over 0.004 per cent of red pigment, the determinations being based on observations of absorbancies at 560, 590, 620, 655, and
690 mn. Quercetin. — Not more than 5 per cent,
the determination being based on the measurement of the ratio of absorption at 375.0 mp, to
that at 362.5 nux. N.F.
Assay. — This is based on the determination of
the ratio of absorption at 375.0 mn to that at
362.5 m\x in aldehyde-free alcohol. If the ratio is
0.875 ± 0.004, which is the accepted value for
reference rutin, the sample is substantially free
from quercetin and the content of rutin is calculated from the absorbance at 362.5 mn. If the
absorption ratio is greater than 0.879, quercetin
is present and the content of rutin is calculated
by means of an equation involving the difference
in the absorbance at 362.5 mn and at 375.0 mn.
Provision is made for calibration of the spectrophotometer with reference rutin.
Uses. — Rutin is widely prescribed in clinical
medicine to correct demonstrated or presumed
"capillary fault," i.e., abnormal capillary fragility
or permeability. It is recommended in the management of patients with hypertensive cardiovascular disease, including hemorrhagic retinopathy, purpura, glaucoma, and a variety of other
diseases in which capillary malfunction plays an
important role.
Rutin, first isolated by Weiss (Pharm. Zentr.,
1842, 13, 903) and since found in many plants,
came to general attention in the management
of capillary fragility through the initial favorable
report of Griffith, Couch and Lindauer {Proc. S.
Exp. Biol. Med., 1944, 55, 228). Rutin is a
bioflavonoid compound which is related to the
so-called vitamin P. Szent-Gyorgyi and his associates (Biochem. Ztschr., 1927, 181, 433;
Deutsche vied. Wchnschr., 1936, 62, 1326) and
others had noted that citrus fruits and red pepper
contain a substance other than ascorbic acid
which corrected abnormal capillary permeability
and fragility. This substance came to be known
as vitamin P (see also under Bitter Orange Peel),
or permeability or paprika vitamin. The fiavone
citrin, isolated from lemon juice, was also found
to have antipermeability action. Administration
of vitamin P prolonged survival of guinea pigs on
a diet inadequate in vitamin C (Bentsath et al.,
Nature, 1936, 138, 789; 1937, 139, 326). Much
confusion and controversy followed these observations, some reporting failure to confirm the
findings (Moll, Klin. Wchnschr., 1937, 16, 1653;
Zilva, Biochem. J., 1937, 31, 915, and others).
Uncertainty has continued to surround interpretations of the significance of these bioflavonoids. Even Szent-Gyorgyi (Ztschr. physiol.
Chem., 1938, 255, 126) failed to repeat the findings of his initial experiment on scorbutic guinea
pigs; it was indicated that traces of ascorbic acid
were essential in the diet for demonstration of
the protective action of vitamin P (see also
Ambrose and DeEds, /. Nutrition, 1949, 38,
305). Attempts to identify the factor in citrus
fruits met with great difficulty (Sokoloff et al.,
J. Clin. Inv., 1951, 30, 395; Karrer, Helv. Chim.
Acta, 1949, 32, 714, and many others).
The availability of rutin, which has action
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similar to that of the elusive vitamin P, led to
many studies with the former substance. It is to
be noted, however, that a true single deficiency
state related to vitamin P has never been produced in animals or recognized in humans. The
action of rutin and related fiavonoids on capillaries is described by Clark and MacKay
(J.A.M.A., 1950, 143, 1411) as being pharmacological rather than physiological in nature. A
sparing action of fiavonoids on epinephrine has
been reported (Lavollay and Neumann, Compt.
rend. acad. sc, 1941, 212, 251; Clark and Geissman, Nature, 1949, 163, 36), also for ascorbic
acid (v.s.); there may be such action on other
hormones and vitamins. The need for a therapeutic agent to prevent retinal, coronary, cerebral
and renal hemorrhage in clinical medicine has resulted in wide use of rutin notwithstanding the
uncertainty regarding its mechanism of action,
its function in metabolism, and its efficacy in
controlling capillary bleeding. The voluminous
and contradictory literature on the subject has
been thoroughly and well reviewed by Griffith.
Krewson and Naghski in their book Rutin and
Related Fiavonoids, 1955. It is significant that
quercetin, the flavonol aglycone obtained when
rutin undergoes hydrolysis, is a more active drug
than
rutin (Griffith et "al., Arch. Int. Med., 1954,
94, 1037).
Action. — Studies of absorption and excretion
of rutin have been unrewarding. In humans.
Porter et al. {Arch. Biochem., 1949, 21, 273)
found only traces of rutin in the urine even after
daily ingestion of 2.25 Gm. for 7 days; flavonols
could likewise not be detected in feces. Clark
and MacKay (loc. cit.) were unsuccessful in attempts to find appreciable quantities of rutin or
other fiavonoids in the urine or stools following
oral ingestion of a single dose of 50 mg. per
kilogram of body weight; however, in rats they
observed rapid absorption of quercetin-6-sulfonate
after oral administration, as evidenced by positive
tests for flavonols in urine. After oral administration of rutin or quercetin to rabbits. Murrav
et al. (I. A. Ph. A., 1954, 43, 361) isolated the
quercetin metabolic product 3,4-dihydroxyphenylacetic acid from urine in an amount representing
at least 25 per cent of the dose of quercetin ingested. Following ingestion of quercetin labeled
with radioactive carbon-14. Griffith et al. (1955,
loc. cit.) observed radioactivity in the urine
within 3 hours and in the feces after 8 hours,
the activity persisting for 24 hours.
Parenteral administration of rutin and other
fiavonoids causes a transient reduction in blood
pressure in animals (Armentano, Ztschr. ges. exp.
Med., 1938, 102, 219; Ambrose and DeEds, /.
Pharmacol., 1949, 97, 115). In vitro the reducing
action of some fiavonoids inhibits oxidation of
epinephrine (Clark and Geissman, ibid., 1949,
95, 363); the same protection is observed with
ascorbic acid, in vitro, but there is no evidence
that such action occurs in vivo (Sokoloff and
Redd, Florida South. College Monograph I, 1949).
Robertson et al (Proc S. Exp. Biol. Med., 1951,
77, 164) found no evidence in the human that
rutin potentiates the action of epinephrine. Be-

Part I
cause of the early observations of a relation between vitamin C and vitamin P in scorbutic
animals (v.s.), extensive studies of a sparing
action of fiavonoids on ascorbic acid have been
conducted; the results have been contradictory
although Crampton and Lloyd (/. Nutrition,
1950, 41, 487) found definite alleviation of the
effects of ascorbic acid-inadequate diets as
measured by histological examination of odontoblasts. Studies of diuretic, antibacterial, antiviral and antihistaminic actions of fiavonoids are
inconclusive. In vitro inhibition of hyaluronidase,
histidine decarboxylase, choline acetylase, and
xanthine oxidase has been reported, as has been
in vivo action against xanthine oxidase. The
active hyaluronidase inhibitor, phosphorylated
hesperidin, which is a related flavonoid, was reported to have decreased the fertility of rats
(Martin and Beiler, Science, 1952, 115, 402) and
humans (Cieve, ibid., 1952, 116, 373) by feeding
to the female. This preposterous assertion was
quickly denied by Chang and Pincus (ibid., 1953,
117, 274), Millman and Rosen (ibid., 118, 212),
and Thompson et al. (ibid., 657). Since rutin is
prescribed in patients receiving bishydroxycoumarin over long periods of time to minimize
bleeding tendencies studies of the effect of the
flavonoid on coagulation have been conducted ; in
humans no effect on the prothrombin mechanism
has been recognized (MacLean and Brambel,
Am. J. Ophth., 1947, 30, 1093).
Therapeutic Applications. — Griffith et al.
(1955, loc. cit.) found 19 per cent of 1600 hypertensive patients to have increased capillary
fragility; in another series of 1540 patients 16
per cent showed abnormal fragility with the
Gothlin type of test. In diabetes mellitus,
Rodriguez and Root (New Eng. J. Med., 1948,
238, 391) reported increased capillary fragility
in 40 per cent of patients while in those with
diabetic retinopathy the incidence was 100 per
cent. Using the suction method of testing, Brown
(Am. Heart J., 1947, 34, 241) found 60 abnormal
cases among 580 patients in a general practice
invoking a variety of diagnoses. During the first
day of fife 56 per cent of infants showed increased capillary fragility, this decreasing to 16
per cent on the fourth day of life (Moloney, Am.
J. Med. Sc, 1943, 205, 229). Griffith and his
associates collected records of 4000 cases reported in the literature indicating 999 to have
abnormal capillary fragility; the incidence varied
from 20 to 100 per cent in different groups of
patients. Of the 999 patients with abnormal
Gothlin tests, 624 responded normally after treatment with rutin. Patients with diabetic retinopathy generally responded poorly. The usual dose
of rutin was 20 mg. 3 times daily; this was increased every 6 weeks if the Gothlin test was
not normal. A few patients took as much as 60
mg. 3 times daily; rarely as much as 400 mg. to
1 Gm. was used. Treatment with rutin should be
continued for at least 3 months before failure is
accepted. In hypertensive persons, hemorrhagic
complications in the brain or heart are common
causes of death and disability. Since these complications seem to arise in arteries of medium or
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large size the relationship between capillary fault
and prognosis may be questioned.
By statistical analysis of selected mortalities,
Griffith et al. (1955, loc. cit.) analyzed the clinical
course of their patients during 4 to 13 years of
observation. Among hypertensive patients without capillary fault the mortality rate is similar
to that expected for hypertensive patients in this
country, which is about 3 times that of the general population. For those with capillary fault
treated with rutin, the mortality was half that
expected for hypertensive cases and only 1.5
times the mortality rate of the general population group. For those with demonstrated capillary
fault, not treated with rutin, the mortality was
2.5 times that expected of hypertensive cases and
8 times that of the general population. In patients
with an elevated blood serum creatinine level, indicative ofrenal damage, the mortality was much
greater and was little if at all affected by rutin
therapy.
In terms of incidence of cerebral hemorrhage,
rutin therapy of patients with capillary fault decreased the incidence to that observed in hypertensive persons without capillary fault. Hypertensive patients with capillary fault not treated
with rutin developed apoplexy more than 3
times as frequently as hypertensive cases without
capillary fault. In terms of mortality, the striking
claim is made that treatment of abnormal capillary fragility with rutin prevents 88 of 100
deaths due to apoplexy.
In terms of coronary occlusion, the incidence
of death is lower than with apoplexy in hypertensive persons. However, Griffith and his associates reported an incidence of 8 per cent in
hypertensive cases with capillary fault treated
with rutin compared to 23 per cent in similar
cases not treated with rutin. As discussed under
cholesterol (in Part I), one conception of the
origin of atherosclerosis assumes an initial
hemorrhage from the vaso vasorum into the
intima of the artery with a secondary deposit of
cholesterol, calcium and fibrous tissue. No amelioration ofnephrosclerosis has been observed with
rutin.
For retinopathy with retinal hemorrhages,
Griffith et al. (1955, loc. cit.), MacLean and
Brambel (Am. J. Ophth., 1947, 30, 1093),
Donegan and Thomas (ibid., 1948, 31, 671), and
Beardwood and Trueman (ibid., 1954, 37, 299)
described therapeutic value with rutin for hypertensive or diabetic patients. In diabetic patients
results are slow and failures have been reported
(Rodriguez and Root, loc. cit.; Barnes, Am. J.
Med. Sc, 1950, 219, 368). In the diabetic,
Griffith emphasizes the importance of perivascular support for the retinal arterioles and capillaries. Multiple small aneurysms are frequent in
the retinopathy of diabetes mellitus.
Rutin has been employed in a great variety of
other disorders in which abnormality of capillaries seems to be a prominent part of the clinical or pathological features. In purpura hemorrhagica, rutin therapy has improved capillary
fragility in some cases (Madison and Pohle, /.
Lab. Clin. Med., 1947, 32, 340; Copley, Science,
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1948, 107, 201; Pavlovsky and Castellanos, Rev.
Assoc. Med. Argent., 1948, 62, 309). Bleeding in
these patients tends to parallel capillary fragility
rather than platelet count (Elliott, J.A.M.A.,
1938, 110, 1177). In hemorrhagic encephalopathy, such as that following the use of oxophenarsine hydrochloride (Goldstein et al.,
Science, 1943, 98, 245), rutin therapy is indicated. In patients with simple glaucoma, Stocker
(Arch. Ophth., 1949, 41, 429) used rutin as an
adjunctive drug with miotics. In hereditary
hemorrhagic telangiectasis, many case reports of
control of bleeding with rutin therapy have appeared (Kushlan, Angiology, 1953, 4, 346; Cope
and Grover, /. Invest. Dermat., 1948, 10, 39;
Schwartz and Armstrong, New Eng. J. Med.,
1948, 239, 434; and others). Glass (Am. J. Med.
Sc, 1950, 220, 409) emphasized that rutin was
helpful only in those patients showing abnormal
capillary fragility tests. Insofar as capillary integrity plays a role in the bleeding in some
hemophilia cases, rutin is useful (Quick, J. A.M. A.,
1951, 145, 4). In some instances of rheumatic
fever, improvement has been reported with rutin
(Kugelmass, Arch. Otolaryng., 1947, 46, 684;
Schnir, Rev. Argent. Reumatol., 1951, 15, 232).
Certain cases of idiopathic hematuria are benefited by rutin therapy (Foucar, Can. Med. Assoc.
J., 1949, 60, 402). Thomas (M. Clin. North
America, 1947, 31, 134) suggested its use in cases
of nephrosis. In idiopathic edema of the legs,
Foucar (loc. cit.) reported decrease in swelling
after treatment with rutin; and benefit was described in hydrocele (Can. Med. Assoc. J., 1949,
60, 402). Toxemias of pregnancy have been
treated with rutin (Dieckmann et al., Am. J.
Obst. Gyn., 1949, 57, 711; Burger, Ztschr.
Geburtsh. Gynak., 1951, 135, 182). In the prophylaxis of habitual abortion, Greenblatt (Obst.
Gyn., 1953, 2, 530) used rutin. Grasset
et al. (Sem. Hop. Paris, 1953, 29, 542) used
rutin in the management of cases of menorrhagia. For bleeding gums, of no apparent
etiology, Faller (Zahnarztl. Rdsch., 1951, 60,
211) used rutin. Marshall (Am. J. Surg., 1950,
80, 52) employed rutin in general therapy of
patients with varicose veins. Gale and Thewlis
(Geriatrics, 1953, 8, 80) gave rutin with benefit
to senile individuals with hemorrhagic diathesis.
Schweier (Klin. Wchnschr., 1951, 29, 328) administered rutin in cases of scarlet fever. For
the capillary fragility which appeared as a complication of the treatment of essential hypertension in some cases with potassium thiocyanate,
Griffith et al. (1955, loc. cit.), and Shanno (Am.
J. Med. Sc, 1946, 211, 539) found rutin therapy
useful; Schweppe et al. (Am. Heart J., 1948,
35, 393, 824) denied the value of rutin in these
patients.
In radiation injury, capillary injury is a
definite part of the syndrome, particularly after
the first week; rutin is indicated particularly, perhaps, in those persons with a heavy exposure
but no immediate incapacity (Griffith et al., 1955,
loc cit.). In experimental frost bite, Fuhrman
and Crismon (/. Clin. Inv., 1948, 27, 364) found
that oral administration of rutin to rabbits de-
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creased the amount of tissue lost following the
freezing. Ambrose et al. (Fed. Proc, 1950. 9,
254) confirmed these observations and found that
quercetin, quercitrin, methylhesperidinchalcone
and other flavonoids were also effective. Kunkler
and Shumacker (Angiology, 1954, 5, 11) observed
no benefit with rutin in mice placed in a refrigerator until the tail was frozen. In the
management of respiratory infections (colds,
tonsillitis, etc.), Biskind and Martin (Am. J.
Digest. Dis., 1955, 22, 41) reported relief of
symptoms within 8 to 48 hours following treatment with the whole water-soluble citrus
flavonoid complex.
Quercetix. — Because of the apparent poor
absorption of rutin from the gastrointestinal tract
and the failure of rutin to affect capillary fault
in some patients, quercetin, the flavonol aglycone
portion of rutin, was tested. Quercetin may be
prepared by hydrolysis of a 2 to 10 per cent
aqueous solution of rutin with 1 to 5 per cent
sulfuric acid. Quercetin is insoluble in cold water.
Dihydroquercetin can be extracted from the bark
of the Douglas fir tree (Kurth and Chan, J. Am.
Leather Chem. Assoc, 1953, 48, 20). Griffith
et al. (1955, loc. cit.) studied 156 patients with
essential hypertension with capillary fault who
responded to therapy with quercetin. Furthermore, patients who had failed to respond to rutin
showed correction of the abnormal Gbthlin test
when given quercetin, and patients who had responded to rutin remained normal when quercetin
was substituted for the rutin. When quercetin
was withdrawn capillary fault reappeared. The
pharmacological action of quercetin has been
mentioned (v.s.). Toxicological studies showed
that quercetin and also quercitrin are innocuous
in doses of 150 mg. intravenously, or orally at a
level of 1 per cent in the diet (Ambrose et al.,
J. A. Ph. A., 1952, 41, 119).
The usual dose of quercetin is 20 mg. by mouth
3 times daily initially, with increases as indicated
by the persistence of an abnormal capillary fragility. Doses as high as 400 mg. daily have been
used.
Quercetin is marketed as Quertine (Abbott)
in 10 or 20 mg. tablets, and also in a combination tablet containing 10 mg. of quercetin and
50 mg. of ascorbic acid.
Toxicology. — Wilson et al. (Proc. S. Exp.
Biol. Med., 1947, 64, 324) found that a dose of
200 mg. per kilogram of body weight of rutin
intravenously was innocuous in rabbits. A diet
containing 1 per cent of rutin was ingested by
rats for over a year without any recognizable
effect on growth, general health, or histological
findings in the organs. Porter et al. (Arch. Biochem., 1949, 21, 273) gave 2.25 Gm. daily
orally to humans for 7 days without effect. In the
treatment of patients. 60 mg. daily has been used
by many persons for 5 years. Naringin and
hesperidin are likewise innocuous in animals
(Wilson and DeEds. Food Res., 1940, 5, 89).
Dose. — The usual dose of rutin is 20 mg. (approximately l/zgrain), orally, 3 times daily. The
maximum safe dose is unknown; as much as 1
Gm. has been used daily.

Storage. — Preserve "in tight, light-resistant
containers." N.F.
RUTIN TABLETS.
N.F.
"Rutin Tablets contain not less than 92.5 per
cent and not more than 107.5 per cent of the
labeled amount of C27H30O16.3H2O." N.F.
Usual Sizes.— 20, 30, 50, 60 and 100 mg.
SACCHARIN.
Benzosulfimide,

U.S.P., B.P.

Gluside,

[Saccharinum]

NH

c£

I
SO,

"Saccharin, dried at 105° for 2 hours, contains
not less than 98.0 per cent of CtHsNOsS."
U.S. P. The B.P. defines saccharin as o-benzoicsulphimide and requires it to contain not less
than 97.0 per cent of C7H5O3NS. the substance
not being dried.
Garantose; Saccharinol; Saccharinose; Saccharol; Sykose;
o-Sulfobenzimide. Saxin (Burroughs Wellcome). Glusidum;
Benzosulfinidura. Fr. Saccharine; Sulfimide benzoique. Cer.
Saccharin; Benzoesauresulfonimid; Zuckerin. It. Saccarina.
Sp. Sacarina ; Glusida.

This artificial sweetening substance may be prepared from toluene by interaction with chlorosulfonic acid to produce or/Ao-toluenesulfonyl
chloride, this is converted to the amide by treatment with ammonia; alkaline oxidation of the
amide yields or^/zo-sulfamidobenzoic acid and the
latter, in acid solution, loses a molecule of water,
precipitating as saccharin. A sodium derivative,
in which the hydrogen of the NH of saccharin is
replaced, is also official (see Saccharin Sodium).
Description. — "Saccharin occurs as white
crystals, or as a white, crystalline powder. It is
odorless or has a faint, aromatic odor. Saccharin
in dilute solution is about 500 times as sweet as
sucrose. Its solutions are acid to litmus. One Gm.
of Saccharin dissolves in 290 ml. of water and in
31 ml. of alcohol. One Gm. dissolves in about 25
ml. of boiling water. It is slightly soluble in
chloroform and in ether, and is readily dissolved
by dilute solutions of ammonia, by solutions of
alkali hydroxides, and by solutions of alkali carbonates with the evolution of carbon dioxide.
Saccharin melts between 226° and 230°." U.S.P.
Solutions of saccharin may be heated for one
hour at temperatures up to 150°, in the pH range
3.3 to 8.0, with practically no decomposition,
according to DeGarmo et al. (J. A. Ph. A., 1952.
41, 17); at pH 2.0 the decomposition is 2.9 per
cent at 100°, 8.5 per cent at 125°, and 18.6 per
cent
at 150°. and Tests. — Identification. — (1)
Standards
A solution of 100 mg. of saccharin in 5 ml. of a
1 in 20 solution of sodium hydroxide is evaporated to dryness and the residue gently fused
until it ceases to evolve ammonia. On dissolving
the residue in 20 ml. of water, neutralizing with
diluted hydrochloric acid and filtering, the addition of a drop of ferric chloride T.S. produces a
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Part I
violet color. (2) A mixture of 20 mg. of saccharin,
40 mg. of resorcinol, and 10 drops of sulfuric
acid is heated over a small flame until it acquires
a dark green color; when cool, 10 ml. of water is
added, followed by an excess of sodium hydroxide
T.S., whereupon a fluorescent green liquid results.
Loss on drying. — Not over 1 per cent, when dried
at 105° for 2 hours. Residue on ignition. — Not
over 0.2 per cent. Readily carbonizable substances.— A solution of 200 mg. of saccharin in
5 ml. of sulfuric acid, kept at 48° to 50° for 10
minutes, has no more color than matching fluid
A. Benzoic and salicylic acids. — No precipitate
or violet color is produced on adding ferric chloride T.S., drop by drop, to 10 ml. of a hot, saturated solution of saccharin. Heavy metals. — The
limit is 20 parts per million. U.S.P. The B.P.
arsenic limit is 4 parts per million; the lead limit
is 10 parts per million.
Assay. — A solution of about 500 mg. of saccharin, previously dried at 105° for 2 hours, in 75
ml. of hot water, is titrated, after cooling, with
0.1 N sodium hydroxide, using phenolphthalein
T.S. as indicator. Each ml. of 0.1 iV sodium hydroxide represents 18.32 mg. of C7H5NO3S.
U.S.P. The B.P. effects hydrolytic decomposition
of the saccharin molecule and distills the resulting ammonia into a measured excess of 0.1 N
sulfuric acid, which is finally titrated with 0.1 N
sodium hydroxide.
Uses. — Saccharin and saccharin sodium are
employed in medicine as sweetening agents in
those diseases, such as diabetes and obesity, where
sugar is contraindicated. To some persons, however, the taste of saccharin has a bitter quality,
as well as being sweet. The sweetening power of
saccharin as compared to that of sucrose appears
to vary with the concentration of the latter,
according to Paul (/. Soc. Chem. Ind., 1921, 40,
33-R) ; when the comparison is made with relatively strong solutions of sucrose (about 10 per
cent) the sweetening power of saccharin is about
200 times that of sucrose, but compared with a
2 per cent solution of sucrose it is approximately
700 times sweeter. The U.S.P. states that 60 mg.
of saccharin is equivalent in sweetening power to
approximately 30 Gm. of sucrose.
Taken internally, saccharin is rapidly absorbed
and eliminated unchanged through the kidneys. It
is almost devoid of general physiological activities. Kun and Horvath (Proc. S. Exp. Biol. Med.,
1947, 66, 175) found that oral administration of
an aqueous solution containing 50 mg. of saccharin sodium caused a decrease of 12 to 16 per
cent in the blood sugar level of normal individualsit; is suggested that this phenomenon may
be due to the influence of the sweet taste, which
may act by a reflex mechanism to induce insulin
secretion.
Saccharin, as well as its sodium derivative,
appear to be substantially free of harmful effect.
Five grams was given to a man without obvious
harmful action, and 39 Gm. was administered to
a dog over a period of 10 days without any
change in weight, general health or metabolism as
indicated by analyses of urine. The studies of
Fitzhugh et al. (J. A. Ph. A., 1951, 40, 583) in
which the diet of albino rats for two years con-
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tained up to 5 per cent of saccharin showed that
the rats were smaller than the controls, but not
significantly so; some did develop lymphosarcomas at the highest dosage level but no other
toxic effects were observed. Barnard (ibid., 1947,
36, 225), having observed that in vitro saccharin
inhibited coagulation, studied the effect of the
ingestion of saccharin in human patients in
amounts above those obtaining in ordinary dietary
usage and found that the substance was without
effect on prothrombin time. Saccharin does
possess a slight local irritant action and, according to a referee board of the U. S. Bureau
of Chemistry, doses of more than 300 mg. per
day may, if used over long periods of time, impair digestion. The statement sometimes made
that it is irritant to the kidneys seems to lack
positive confirmation.
An interesting use of saccharin sodium has
been that of determining the arm-to-tongue circulation time; a solution of the compound is injected into the median basilic vein of the arm
held level with the heart, and the time required
for the initial preception of a sweet taste in the
mouth is observed. In severe cardiac failure the
time required for this phenomenon to occur is
considerably longer than in normal patients (see
Duras, Lancet, 1944, 1, 303).
Saccharin, being an acid, will react with basic
substances, including substituted ammonium
bases. Saccharinates of methamphetamine (desoxyephedrine) has been prepared, and a mixture of this with laurylammonium saccharinate
has been successfully employed as a vasoconstrictor for local shrinkage of nasal mucosa; the
laurylammonium saccharinate serves as a bacteriostatic agent (Fox, Arch. Otolaryng., 1951, 53,
607).
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Aromatic Cascara Sagrada Fluidextract, U.S.P.; Aromatic Castor Oil; N.F. Dentifrice; Iso- Alcoholic Elixir; Phenolphthalein in
Liquid Petrolatum Emulsion, N.F.
SACCHARIN

SODIUM.

U.S.P., B.P.

Soluble Saccharin, Soluble Gluside, Sodium
Benzosulfimide,
[Saccharinum Sodicum]

"Saccharin Sodium, dried at 120° for' 4 hours,
contains not less than 98 per cent of anhydrous
saccharin
sodium
(C7H4NNa03S)."
U.S.P.
The
B.P. defines
Saccharin
Sodium as the
sodium
derivative of o-benzoicsulphimide and requires it
to contain not less than 98.0 per cent of C7H4OaNSNa^BbO, the substance not being dried.
Glusidum Solubile; Sodii Benzosulfinidura. Fr. Saccharine
soluble. Ger. Losliches Saccharin. It. Saccarina solubile.
Sp. Sacarina soluble; Sacarina Sodica.

For the chemistry of saccharin, see under
Saccharin.
Description. — "Saccharin Sodium occurs as
white crystals, or as a white, crystalline powder.
It is odorless, or has a faint, aromatic odor, and
an intensely sweet taste even in dilute solutions.
Saccharin Sodium in dilute solution is about 500
times as sweet as sucrose. When in powdered form
it usually contains about one-third the amount of
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water of hydration as a result of efflorescence.
One Gm. of Saccharin Sodium dissolves in 1.5 ml.
of water and in about 50 ml. of alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
Saccharin sodium responds to the identification
tests under Saccharin. (2) The residue obtained
by igniting saccharin sodium responds to the test
for sodium. (3) A crystalline precipitate of saccharin, melting between 226° and 230°, is produced on adding hydrochloric acid to a solution
of saccharin sodium. Alkalinity. — A 1 in 10 solution of saccharin sodium is neutral or alkaline to
litmus, but produces no red color with phenolphthalein T.S. Loss on drying. — Not over 15 per
cent, when dried at 120° for 4 hours. Benzoate
and salicylate. — No precipitate or violet color is
produced on adding ferric chloride T.S. to a solution of saccharin sodium, previously acidulated
with acetic acid. Heavy metals. — The limit is 20
parts per million. Readily carbonizable substances.
— The test is identical with the corresponding one
under Saccharin. U.S.P.
Assay. — From a portion of about 500 mg. of
saccharin sodium, previously dried at 120° for 4
hours, then dissolved in water and acidified, the
saccharin is extracted with a solvent composed
of chloroform and alcohol. After filtering the resulting solution, the solvent is evaporated and the
residue of saccharin titrated with 0.1 N sodium
hydroxide as described under Saccharin. Each
ml. of 0.1 N sodium hvdroxide represents 20.52
mg. of C7H4NNa03S. U.S.P. The B.P. assay is
explained under saccharin.
Uses. — This salt, like saccharin, is used as a
sweetening agent, having the advantage over saccharin of greater solubility in water. For information concerning its use see the preceding monograph.
Off. Prep. — Saccharin Sodium Tablets, U.SJP.;
Chalk Mixture; N.F. Aromatic Sodium Perborate,
N.F.; Elixir of Cascara Sagrada; Emulsion of
Cod-liver Oil, B.P.
SACCHARIN SODIUM TABLETS.
U.S.P.
Soluble Saccharin Tablets

"Saccharin Sodium Tablets contain not less
than 95 per cent and not more than 110 per cent
of the labeled amount of C7H4NNaO3S.2H.2O."
U.S.P.
Assay. — A representative portion of powdered
tablets, equivalent to about 400 mg. of saccharin
sodium, is hydrolyzed with hydrochloric acid, producing ammonium chloride which on treatment
with sodium hydroxide yields ammonia. The ammonia is distilled into boric acid solution and
titrated with 0.05 N sulfuric acid. A reagent
blank test is performed. Each ml. of 0.05 N sulfuric acid represents 12.06 mg. of C?H4NNa03S.2H2O. U.S.P.
Usual Sizes. — j4, V* and 1 grain (approximately 15, 30 and 60 mg.).
SALICYLANILIDE.

N.F.

[Salicylanilidum]

CeH5.NHCO.C6H4.OH
This fungicide may be prepared in several ways

as, for example, by heating salicylic acid with
aniline, or by heating a mixture of salol and
aniline, or by the action of aniline on monosalicyclide.
Shirlan Extra

(du Pont de Nemours).

Description. — "Salicylanilide occurs as odorless, white or slightly pink crystals which are
stable in air. Salicylanilide is freely soluble in
alcohol, in ether, in chloroform, and in benzene.
It is slightly soluble in water. Salicylanilide melts
between 136° and 138°." N.F.
Standards and Tests. — Identification. — (1)
A salmon-red precipitate, fading in color on standing, is produced when a solution of salicylanilide
in sodium hydroxide T.S. is poured into a solution of acetic acid containing ferric chloride T.S.
(2) A white precipitate of salicylic acid is produced on boiling salicylanilide with sodium hydroxide T.S., cooling, and acidifying with hydrochloric acid. Loss on drying. — Not over 0.5 per
cent, when dried at 80° for 2 hours. Residue on
ignition. — The residue from 1 Gm. is negligible.
Iron. — The residue from the preceding test produces no deeper violet color with a thioglycollic
acid solution than that produced by a standard
solution containing 20 micrograms of iron, similarly treated. Uncombined salicylate. — The filtrate separated from the mixture in identification
test (1) shows no violet color. N.P.
Uses. — Salicylanilide, long used as a fungicide
in textiles, is an antifungal agent useful externally
in the treatment of tinea capitis due to Microsporon audouini. Against that organism it has
approximately 8 times the fungistatic power, in
vitro, of undecylenic acid. Use of salicylanilide
is restricted to treatment of ringworm of the scalp
as concentrations above 5 per cent are irritating
to the skin.
Salicylanilide is applied topically in concentrations of 4.5 or 5 per cent in ointment form to
affected areas of the scalp from which the hair
has previously been clipped short. Shampooing
should be done after clipping and between applications of ointment. Applications are made to the
scalp once or twice daily for the period of time
necessary to effect good results. The total time
of treatment cannot be predicted because of the
very variable course of the fungal infection. If an
inflammatory reaction appears application of the
ointment is discontinued.
Salicylanilide was first used for tinea capitis
in an epidemic among school children in Hagerstown, Md. (Schwartz et al., J.AM. A., 1946, 132,
59). An ointment prepared by stirring 5 parts
each of salicylanilide and the quaternary ammonium antiseptic Hyamine 1622 (25 per cent)
into 100 parts of molten Carbowax 1500 to be
the most efficacious remedy they used in controlling epidemic ringworm of the scalp caused by
Microsporon audouini. Slightly more than half
the school children treated exclusively with this
ointment were cured. Applications of the ointment
were made daily, except Sunday, the average
number of applications per child being 36. Haber
et al. {Brit. M. J., 1949, 2, 626) treated 21 children with ringworm of tie scalp (20 with Microsporon felineum infection, 6 with M. audouini
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and one with Trichophyton sulphur eum infection)
by application of a 5 per cent ointment of salicylanilidine in a base of Carbowax 1500; cure was
obtained in 75 per cent of the cases following
daily application of the ointment for periods of 3
to 16 weeks.
Chlorosalicylanilides. — Various chlorine derivatives of salicylanilide have recently come to
be advocated for topical therapy of tinea capitis.
The fungistatic activity of these compounds
ranges from 5 to 150 times that of salicylanilide,
in vitro. Sullivan and Bereston (J. Invest.
Dermat., 1952, 19, 175) considered an ointment
containing 3 per cent of 5-chlorosalicylanilide as
the sole active ingredient to be almost twice as
effective as other agents used, producing cures
rapidly. Ointment Salundek (New) (Wallace and
Tiernan), recognized by N.N.R. as zinchlorundesal, contains 2 per cent of 5-chlorosalicylanilide,
1 per cent each of 5,3'- and 5,4'-dichlorosalicylanilide, 2 per cent of undecylenic acid, 10 per
cent of zinc undecylenate, and 3 per cent salicylanilide ina Carbowax base with a wetting agent
added to facilitate penetration. In this preparation the irritant potential of the salicylanilides
is minimized because of the lower concentrations employed; totally they are nevertheless
highly effective, particularly in combination with
the undecylenic acid components. Application
of the ointment is made to affected areas of
the scalp, from which the hair has been clipped,
twice daily; the scalp is shampooed 2 or 3
times weekly. Resistance to local treatment may
necessitate use of x-ray epilation to eradicate
the fungous infection. Sheard (Arch. Dermat.
Syph., 1954, 70, 115) observed 3 cases in which
irritant dermatitis of the hands occurred in
mothers applying this ointment to the scalp of
children affected with ringworm; previous application of Salundek (the older brand, known by
the generic name zincundesal) by the same individuals had produced no adverse reaction. Since
the newer ointment contains chlorosalicylanilides
these were thought to be the sensitizing agents.
The available ointments of salicylanilide contain 4.5 or 5 per cent of the substance; Ansadol
Ointment (Rorer) and Salinidol Ointment (Doak)
contain, respectively, 4.5 per cent and 5 per cent
of salicylanilide as the active ingredient.
Storage. — Preserve "in tight, light-resistant
containers." N.F.

SALICYLIC

ACID.

Orthohydroxybenzoic Acid,

U.S.P., B.P.
[Acidum

Salicylicum]

COON

"Salicylic Acid, dried over sulfuric acid for 3
hours, contains not less than 99.5 per cent of
C7H6O3."
The B.P. rubric is the same, but
the
acid isU.S.P.
not dried.
Acidum Spiricum; Acidum Oxybenzoicum. Fr. Acide
salicylique; Acide orthoxybenzoique. Ger. Salizylsaure;
••Oxybeazoesaure; Spirsaure. Salicoylsaure. It. Acido sali-
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cilico; Acido-orto-ossibenzoico. Sp. Acido salicilico; Acido
espireico.

Discovered, in 1839, in the flowers of Spircea
Ulmaria, L. (now more properly known as FiliPendula Ulmaria (L.) Maxim.), salicylic acid was
shortly afterwards found to be, in the form of its
methyl ester, the chief constituent of oil of
wintergreen. Kolbe synthesized it in 1859, and a
modification of his synthesis has been used commercially since about 1885. In this process phenol
is dissolved in sodium hydroxide solution, evaporated to dryness, and the resulting sodium phenolate is heated at 130° under pressure in an
atmosphere of carbon dioxide to form sodium
salicylate, which is afterwards treated with acid to
liberate salicylic acid. The exact mechanism of
the absorption of a molecule of carbon dioxide by
phenol to form a molecule of sodium salicylate is
not known with certainty. Salicylic acid may be
purified by sublimation or by distillation in superheated steam. For preparation of salicylic acid
from wintergreen oil see U.S.D., 22nd ed., p. 48.
Description. — "Salicylic Acid occurs as white
crystals, usually in fine needles, or as a fluffy,
white, crystalline powder. It has a sweetish, followed by an acrid taste, and is stable in air. Synthetic Salicylic Acid is white and odorless. When
prepared from natural methyl salicylate, Salicylic
Acid may have a slightly yellow or pink tint, and
a faint, wintergreen-like odor. One Gm. of
Salicylic Acid dissolves in 460 ml. of water, in
3 ml. of alcohol, in 45 ml. of chloroform, in 3 ml.
of ether, and in 135 ml. of benzene. One Gm.
dissolves in about 15 ml. of boiling water. Salicylic Acid melts between 158° and 161°." U.S.P.
The B.P. states that salicylic acid is soluble in
solutions of ammonium acetate, of sodium phosphate, of potassium citrate, and of sodium
citrate.
The solubility of salicylic acid in fixed oils is
slight (about 1 in 40), with the exception of
castor oil, with which a solution containing as
much as 15 per cent can be made.
Standards and Tests. — Identification. — Salicylic acid responds to tests for salicylate. Residue on ignition. — Not over 0.05 per cent. Chloride.— The limit is 140 parts per million. Sulfate.
— The limit is 200 parts per million. Heavy
metals. — The limit is 20 parts per million.
Readily carbonizable substances. — A solution of
500 mg. of salicylic acid in 5 ml. of sulfuric acid
has no more color than matching fluid C. U.S.P.
The B.P. limits arsenic and lead to 2 and 5 parts
per million, respectively.
Assay. — About 500 mg. of dried salicylic acid
is dissolved in diluted alcohol which has been
neutralized toward phenolphthalein T.S. indicator
and the solution titrated with 0.1 N sodium
hydroxide. Each ml. of 0.1 N sodium hydroxide
represents 13.81 mg. of CrHeOs. U.S.P. The B.P.
assay is performed on a larger sample, with 0.5 AT
sodium hydroxide being used as titrant; the indicator is phenol red, with which the equivalence
point is more nearly approached than when phenolphthalein isused.
Incompatibilities. — Salicylic acid has incompatibilities characteristic of organic acids; thus
it causes some emulsified bases, such as vanish-
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ing creams, to break when the acid is incorporated. Salicylic acid produces a violet or redviolet color with ferric salts; with copper salts a
green color forms.
Uses. — Salicylic acid is widely used, and in
various vehicles, for local treatment of a variety
of dermatoses. In low concentrations it aids
normal keratinization, and is keratoplastic. In
high concentrations it is keratolytic, causing shedding of the keratin layer of the epidermis and
facilitating penetration into the skin of any other
medicaments with which the salicylic acid may be
combined. Frazier and Blank (A Formulary for
External Therapy of the Skin, 1954) state that
salicylic acid has no specific chemical action on
keratin, acting to soften the stratum corneum,
probably by increasing the endogenous hydration
of this layer through lowering of pH. They cite
the fact that dry, cornified epithelium is not
softened by immersion in salicylic acid-petrolatum mixtures even though the concentration of
salicylic acid may be as high as 50 per cent. In
the presence of water, however, hydration of
cornified epithelium is increased in the presence
of salicylic acid; this might be expected since
keratin swells more at pH 2.5 than at pH 6 to 7.
Salicylic acid is commonly applied locally in
dandruff, seborrheic dermatitis, acne, tinea infections, psoriasis, warts and corns, some chronic
eczemas, rosacea and hyperhidrosis. In mildly
scaling seborrhea and mild psoriasis 1 to 2 per
cent of salicylic acid is employed, in ointment
form, often with ammoniated mercury. In more
severe phases of these diseases, with heavy
scaling, up to 5 per cent of salicylic acid is used.
From 1 to 3 per cent of salicylic acid may be
incorporated in coal tar ointment for the Goeckerman treatment of psoriasis (see Coal Tar). On
the scalp use of a washable type of base makes
salicylic acid completely available to the skin,
with the result that a relatively low concentration may be used. From such ointments salicylic
acid diffuses into an aqueous phase in contact
with it more readily than the acid will diffuse
from an ointment made with petrolatum as a
vehicle (Frazier and Blank). From 1 to 3 per
cent of salicylic acid, incorporated in a vehicle
containing alcohol and used as a lotion, is used
in seborrheic dermatitis; in 1 to 5 per cent concentration itis similarly used in psoriasis of the
body and scalp. Combinations of benzoic acid
and salicylic acid are frequently used in treating
superficial mycotic infections of the skin (see
Benzoic and Salicylic Acid Ointment) ; a Whitfield's solution, containing 3 per cent of salicylic
acid and 6 per cent of benzoic acid in 70 per cent
alcohol, is used similarly. A 2 to 3 per cent
alcoholic solution of salicylic acid, with or without benzoic acid, may be useful in treating localized tinea. Powders containing 3 per cent of
salicylic acid, or 70 per cent alcohol solutions containing 3to 10 per cent of salicylic acid and 1
per cent of thymol, are applied locally in hyperhidrosis and scaling of the feet. Antifungal foot
powders may contain 2 to 3 per cent of salicylic
acid. Ointments of 5 to 10 per cent strength may
be used in localized hyperkeratoses of the palms
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and soles. In flexible collodion 10 per cent of
salicylic acid, sometimes combined with 10 per
cent of lactic acid, is often used for keratolytic
reduction of warts, both common and plantar, and
for removal of corns; the concentration is reduced to 5 per cent for use in juvenile verruca
plana. A plaster containing 40 per cent of salicylic acid (Duke Laboratories) may be placed
directly on planter wart tissue for several days,
the lesion then pared and scraped, and fresh
plaster reapplied. In infantile eczema softening and
removal of scalp crusts may be aided by application of olive or mineral oil containing 2 per cent
of salicylic acid.
Salicylic acid may be used along with such
other medicaments as coal tar, resorcin, precipitated sulfur, mercury bichloride, and ammoniated
mercury in topical application forms for treatment of various diseases of the skin; the monographs on the several drugs should be consulted
for further information. Sulzberger (Dermatologic Allergy, 1940) stated that 50 per cent of
persons patch-tested with a combination of ammoniated mercury and salicylic acid (5 per cent
of each in petrolatum) reacted in some degree;
he postulated that irritant compounds were
formed. Siemens and Schreiber (Dermatologica,
1946, 93, 1) noted that up to 10 per cent of
ammoniated mercury or 5 per cent of salicylic
acid may be separately applied to skin without
irritation but when the two drugs are combined
in high concentrations irritation and bullous reactions may occur. Any ointment containing an
excess of salicylic acid is more irritating than
one containing an excess of ammoniated mercury; in the former ammoniated mercury is converted to mercury bichloride, which is irritant
(for reports of changes which occur, see the
paper of Siemens and Schreiber, also Huyck, /.
Alabama Acad. Sci., 1952, 21 and 37). These
changes occur in ointments containing water but
not in grease bases. On the other hand reactions
may take place more rapidly on the skin than in
the ointment jar because of the presence of
moisture in skin.
Antibacterial Action. — Salicylic acid has bacteriostatic action (Smith, Pharm. Rev., 1949, 1,
353). As in the case of benzoic acid, such antibacterial activity resides principally in the nonionized portion, the concentration of which varies
with the pH of the medium, being greater the
lower the pH. Rahn and Conn (Ind. Eng. Chem.,
1944, 36, 185) found that a concentration of
4 mg. of nonionized salicylic acid per 100 ml.
completely inhibited growth of their wine yeast
test organism (see also under Benzoic Acid). De
LaCroix {Arch. exp. Path. Pharm., 1881, 13)
found that a 1 in 1000 concentration of salicylic
acid prevented growth of various bacteria. Interference with synthesis of pantothenic acid by
bacteria has been attributed to salicylic acid.
Kolbe showed that as low a concentration as 0.04
per cent retarded souring of milk. The colon
bacillus is killed by 0.5 per cent of salicylic acid
in 5 minutes (H. C. Wood, Jr., Univ. Penn. M.
Bull., February 1907), or by 0.25 per cent of
the acid after 1.5 days (De LaCroix). Activity
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against the tubercle bacillus was reported by
Hailer (Ztschr. Hyg. Infektionskr., 1938, 121,
405). Enzymic fermentations are retarded or arrested by salicylic acid, the effect depending on
the concentration. In acid urine salicylic acid has
some antibacterial activity. A salicylated cotton
(see U.S.D., 24th ed., p. 999 for formula) has
been used for its antibacterial effect in surgical
procedures.
The use of salicylic acid or its salts as preservatives infoods and beverages is prohibited by
federal and state laws, [v]
Toxicology.— Young (South. M. J., 1952, 45,
1075) reviewed literature reports of 4 nonfatal
and 8 fatal cases of poisoning from cutaneous
absorption of salicylic acid; he described a toxic
psychosis, with electroencephalographic evidence
of slowed brain waves, in a 10-year-old girl with
severe ichthyosis treated by local application of
3 per cent salicylic acid ointment every 4 hours.
Salicylic acid absorption was demonstrated by
presence of the acid in plasma and urine. Cawley
et al. (J.A.M.A., 1953, 151, 372) described 2
cases of salicylate poisoning from local use of 5
to 10 per cent salicylic acid ointment in severe
ichthyosis. The symptoms were nausea, vomiting,
abdominal pain, anorexia, increased respiration,
mental disturbances and acidosis. Oral administration may act prophylactically in preventing
toxic salicylate levels.
Application. — For external use salicylic acid
is employed in 2 to 20 per cent concentration in
lotions, ointments, powders, and plasters.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Benzoic and Salicylic Acid Ointment; Salicylic Acid Collodion; Salicylic Acid
Plaster, U.S. P.; Zinc Oxide Paste with Salicylic
Acid; Compound Zinc Sulfate Powder, N.F.;
Ointment of Salicylic Acid, B.P.
SALICYLIC

ACID COLLODION.
U.S.P.

Salicylic Collodion

"Salicylic Acid Collodion
each than
100
ml., not less than 9.5 Gm. contains,
and not inmore
11.5 Gm. of C7H6O3." U.S.P.
Dissolve 100 Gm. of salicylic acid in about
750 ml. of flexible collodion, then add sufficient
flexible collodion to make the product measure
1000 ml. and mix well. U.S.P.
Uses. — This preparation is intended to be used
as a means of applying salicylic acid for its keratolytic effect, especially in the treatment of corns
and verrucae.
Storage. — Preserve "in tight containers, at a
not above 30°, remote from fire."
temperature
U.S.P.
OINTMENT

OF

SALICYLIC
B.P.

ACID.

Unguentum Acidi Salicylici

This B.P. ointment is prepared by mixing 20
Gm. of finely sifted salicylic acid with 980 Gm.
of melted ointment of wool alcohols, then stirring the mixture until it is cold.

SALICYLIC

ACID

PLASTER.
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U.S.P.

Emplastrum Acidi Salicylici

"Salicylic Acid Plaster is a uniform mixture of
salicylic acid in a suitable base, spread on paper,
cotton cloth, or other suitable backing material.
The plaster mass contains not less than 90 per
cent and not more than 110 per cent of the
labeled amount of C7H6O3." U.S.P.
This plaster provides a means of applying 10 to
40 per cent of salicylic acid for its keratolytic
effect, especially for the treatment of "corns."
Assay. — The salicylic acid is dissolved in chloroform, from which liquid it is extracted with
sodium hydroxide T.S. and finally assayed by
the bromination method directed for phenol.
Storage. — Preserve "in well-closed containU.S.P.ers, preferably at a temperature not above 30°."
SANGUINARIA.

N.F.

Bloodroot, [Sanguinaria]

"Sanguinaria is the dried rhizome of Sanguinaria canadensis Linne (Fam. Papaveracece) ." N.F.
Blood Root; Red Puccoon; Tetterwort; Red Root; Red
Indian Paint. Fr. Racine de sanguinaire. Ger. Kanadiscbe
Blutwurzel.

Sanguinaria was known to the North American
Indians before the arrival of white settlers. It
was used by a number of tribes as a stain for
their bodies and a dye for their garments. They
also employed it as an emetic and prepared an
ointment containing it and other herbs which they
applied to indolent ulcers. It is a perennial herb,
native to the rich open woods of North America.
The rhizome is horizontal, abrupt, often contorted, about as thick as the finger, 2 or 3 inches
long, fleshy, of a reddish-brown color on the outside, and emitting a reddish latex, when broken
in the recent state. It is furnished with numerous
slender roots, and makes offsets from the sides,
which succeed the old plant. From the end of
the rhizome arise the scape and leaf-stalks, surrounded by the large sheaths of the bud. These
spring up together, the folded leaf enveloping the
flower-bud, and rolling back as the latter expands.
The leaf, which stands upon a long channeled
petiole, is reniform, somewhat heart-shaped,
palmately 7- to 9-lobed, smooth, yellowish green
on the upper surface, paler or glaucous on the
under, and strongly marked by orange-colored
veins. The scape is erect, round, and smooth,
rising from a few inches to a foot, and terminating in a single white flower. The calyx is twoleaved and deciduous. The petals, varying from
seven to fourteen, but usually about eight in
number, are spreading, ovate, obtuse, concave,
mostly white, but sometimes slightly tinged with
rose or purple. The stamens are numerous, with
yellow filaments shorter than the corolla, and
orange oblong anthers. The ovary is oblong and
compressed, with a sessile, persistent stigma. The
capsule is oblong, acute at both ends, one-celled,
two-valved, and contains numerous oval, reddishbrown seeds. The whole plant is pervaded by an
orange-colored latex, which flows from every part

1210

Sanguinaria

when broken, but is of the deepest color in the
rhizome. Except the seeds, all parts of the plant
are active.
The rhizome should be collected at the time
of, or immediately subsequent to, the flowering
of the plant, for it is at this time that it possesses the largest amount of alkaloids.
Description. — "Unground Sanguinaria is a
rhizome which occurs in horizontal growth, occasionally branching, often flexuous, more or less
cylindrical, somewhat flattened, from 2 to 7 cm.
in length, and from 5 to 15 mm. in diameter.
Externally it is brown, slightly annulate, with a
few stem-scars on the upper surface and numerous
root-scars or occasional filiform roots on the
lower surface. The fracture is short, somewhat
waxy, most of the rhizomes showing a dusky red
to moderate orange internal color and yellowish
fibrovascular bundles. Sanguinaria has a slight
odor, a bitter and persistently acrid taste, and
is sternutatory." N.F. For histology see N.F. X.
"Powdered Sanguinaria is light brown to dark
orange. It contains numerous starch grains up to
20 ji in diameter, mostly simple, seldom 2- to
3-compound, the individual grains nearly spherical or ovoid, sometimes more or less planoconvex, and polarizing light; numerous fragments
of parenchyma bearing short latex cells with reddish orange to orange, resinous masses ; and a few
vessel fragments, with numerous slit-like pits."
N.F.
Standards and Tests. — Roots. — Not over 5
per cent of the roots of sanguinaria. Foreign organic matter. — Not over 2 per cent, other than
the roots. Acid-insoluble ash. — Not over 2 per
cent. N.F.
Constituents. — Konig (Am. J. Pharm., 1891,
p. 457) found in sanguinaria chelerythrine,
C21H17NO4. which is present in greatest quantity; sanguinarine, C20H13NO4; P- and y-homochelidonine, C21H23NO5, and protopine, C20H19NO5. Chelerythrine crystallizes with a molecule
of alcohol which is not volatilized even at 150°.
It is identical with the alkaloid extracted from
Chelidojiium majus (see Part II) and Styhphorum diphyllum. The salts are lemon-yellow. Sanguinarine isvery similar to chelerythrine in its
properties. It crystallizes with one molecule of
water, and melts at 211°. It also crystallizes with
one molecule of alcohol. Its salts are red. The
base named v-homochelidonine is identical with
that separated by Selle from Chelidonium majus.
The fourth alkaloid, protopine, has been obtained
from Chelidonium majus, from Sanguinaria canadensis, and from opium, all three of the specimens being identical. It melts at 207°. Beringer
and Homerberg (Am. J. Pharm., 1915, p. 97)
found the alkaloidal content of the rhizome to
vary from 4.7 to 7.0 per cent and of the rootlets
to be about 1.8 per cent; it was highest in the
rhizome at the time of flowering. For discussion
of the chemical structure of these alkaloids see
Henry's Plant Alkaloids, 4th ed., 1949. Sanguinarinic acid, reported to be present, has been
shown to be a mixture of impure citric and mafic
acids.
Uses. — Sanguinaria is a local irritant, in large
doses producing nausea and vomiting. It is sternu-
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tatory. According to investigations of Meyer
(Arch. exp. Path. Pharm., 1892, 29, 397) sanguinarine is an active stimulant to the spinal
cord, producing in frogs strychnine-like convulsions followed, after very large doses, by complete paralysis. It also stimulates the respiratory
center, increasing both the depth and rate of the
breathing. By virtue of a stimulant action upon
the vasomotor center it causes a rise in blood
pressure which, with toxic doses, is followed by a
fall in the blood pressure, due to weakening of
the heart action. It also excites the flow of
saliva and increases intestinal peristalsis. In toxic
doses it acts as a poison to the voluntary muscles.
When locally applied it causes at first pain, followed by a local anesthesia. Little (Science,
Aug. 21, 1942) reported that sanguinarine, like
colchicine, causes doubling of the chromosomes
of germ cells.
Chelerythrine, although present in larger
amounts in sanguinaria, is a much less poisonous
alkaloid than sanguinarine. The physiological action of chelidonine was studied by Meyer (loc.
cit.) and by Hanzlik (J.A.M.A., 1920, 75, 1324,
and /. Pharmacol, 1921, 18, 63). It is feebly
narcotic, having, according to Hanzlik, less narcotic power than papaverine. Its toxicity is comparatively low, the minimal lethal dose for lower
animals being between 300 and 400 mg. per Kg.
Its most important action is a depressant effect
on the involuntary muscles; Hanzlik found that
it not only produced a relaxation in normal involuntary muscles but antagonized the effect of
such stimulants of these muscles as barium, pilocarpine, etc. Because of this action on muscle
tissue it lowers blood pressure by relaxing the
arteries and weakening the cardiac contractions.
Beta-homochelidonine, the third most important
alkaloid, has a feeble narcotic effect, produces
cerebral convulsions, but does not increase reflex
activity. It is an active local anesthetic without
the irritant effect of sanguinarine.
Sanguinaria has been used chiefly as an expectorant, especially in the treatment of subacute or
chronic bronchitis. Whether is possesses any beneficial action for this purpose except that which
may be attributed to its nauseating effect — due
largely to irritation of the gastric mucosa —
seems doubtful. It was recommended by Graber
(J. A.M. A., 1907, 49, 705) as a local application
in chronic eczema, especially when secondary to
varicose ulcers. Many years ago sanguinaria and
the related celandine (see Chelidonium, Part II)
were used, in domestic practice, for skin cancers;
this use received some scientific basis in the work
of Stickl (Virchows Arch. path. Anat., 1929, 270,
801), who found sanguinarine and chelerythrine
exerted a distinct effect in mouse carcinoma.
In toxic quantities sanguinaria produces burning in the epigastrium with vomiting, tormenting
thirst, faintness. vertigo, dimness of vision, and
alarming prostration. Taken in a dose of 1.3 Gm.
(20 grains) it is said usually to act as a \iolent
emetic. (For fatal cases see Am. J. Med. Soc,
N.S., 2, 506).
The alkaloidal salts sanguinarine nitrate and
sanguinarine sulfate, said to be largely mixtures
of salts of several sanguinaria alkaloids, are occa-
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sionally used in doses of 5 to 10 mg. (approximately Y12 to Yq grain).
Dose, of sanguinaria, from 60 to 300 mg. (ap1 5 grains).
proximately to
Off. Prep.— Compound White Pine Syrup,
N.F.
SANTONIN. CH3 N.F., B.P., LP.
[Santoninum]

"Santonin is a lactone which may be obtained
from the unexpanded flower-heads of Artemisia
cina Berg, of Artemisia maritima Linne, and of
several other Artemisia species (Fam. Composite)." N.F. The B.P. defines Santonin as a crystalline lactone which may be obtained from the
dried, unexpanded flower heads of Artemisia Cina
Berg, and other species of Artemisia. (Fam. Composite). The LP. definition is substantially the
same.
Fr. Santonine; Santolactone. Ger. Santonin. It. Santonina. Sp. Santonina.

A number of species of Artemisia yield considerable proportions of santonin. The commercial
supply comes chiefly from three species.
Artemisia Cina Berg is a small semi-shrubby
perennial, from whose oblique, knotted rootstalks
arise numerous leaf shoots and flowering stems.
The glabrous and woody stems bear on their
many branches numerous small (one inch long)
bi- to multi-pinnatifid leaves, while the leaves of
the flowering stems are very minute, the upper
ones simple. The flower heads are small, numerous, one-tenth of an inch long, with from twelve
to eighteen involucral scales, and from three to
five tubular flowers. The plant varies very greatly,
and several species have been made out of its
varieties. The plant grows in Persia and Turkestan and the flower-buds are collected in July
and August. It has been successfully cultivated
in the state of Washington.
The A. maritima L. is a plant of very similar
general appearance to the A. Cina which is widely
spread along the seacoasts and salt marshes from
England to as far east as Chinese Mongolia.
There are several varieties of this plant of which
two have furnished a portion of the commercial
supply of santonica: namely, A. maritima var.
pauciflora (which was recognized by the U.S. P.
IX as A. pauciflora (Ledebour) Weber) and the
A. maritima L. var. Stechmanniana Besser (which
was given as the source of the drug in the B.P.
of 1914). It is very similar in its botanical characteristics tothe A. Cina.
Santonin has also been found in several other
species of Artemisia including A. brevi folia
(Greenish, Pharm. J., 1922, 109, 105), A. gallica
(Coutts, Quart. J. P., 1936, 9, 357), A. mexicana
and A. neo-mexicana (Viehoever, Am. J. Pharm.,
1922, 94, 446) and A. camphorata (Janot, Bull.
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sc. Pharmacol., 1935, 42, 404). Janot was unable
to obtain santonin from the flower heads of A.
absinthium or A. pontica.
The flowers, which are exported from the
Levant, were official in the U.S.P. VIII and also
in the B.P. 1867 under the name of Santonica.
This is commonly called wormseed, or Levant
wormseed, although it is not the seeds but the
unexpanded flower heads from which the drug is
derived.
Levant wormseed was officially described as
"heads 2 to 4 mm. long, oblong-ovoid, slightly
flattened, obtuse, consisting of an involucre of
about 12 to 18 closely imbricated, glandular scales
with broad midribs, enclosing 4 to 5 rudimentary
florets. Santonica has the appearance of a granular, yellowish-green or greenish-brown, somewhat glossy powder; odor strong, peculiar, somewhat camphoraceous ; taste aromatic and bitter."
U.S.P. VIII. For methods of evaluating the quality of santonica, see U.S.D., 23rd ed., p. 951.
Wormseed contains, besides its chief principle
santonin, a volatile oil — which consists chiefly of
cineol with some dipentene — and, according to
Merck {Pharm. J., 1896, p. 484), another crystalline principle, artemisin, C15H18O4, which is apparently ahydroxysantonin. The proportion of
santonin reaches its maximum, of from 2.5 to 3.5
per cent, just before the flower begins to open.
After blooming the flowers rapidly lose this
principle.
The process used for extracting santonin from
santonica at Tschimkent, Turkestan, where the
Levant wormseed can be furnished cheaply, is
to treat the wormseed with milk of lime; the
calcium santoninate formed is next treated with
sodium hydroxide and carbon dioxide ; the sodium
santoninate is then acidified with sulfuric acid.
The acid liquid, on refrigeration, deposits crystals of santonin. A somewhat similar process was
335).
described by Chemnitius {Chem.-Ztg., 1930, 54,
Crude santonin, or calcium santoninate, is usually shipped from the Levant to the countries
where it is purified and marketed.
Description. — "Santonin occurs as colorless
crystals, usually tabular, or as a white, crystalline powder. Santonin is odorless, and nearly
tasteless at first, but afterward develops a bitter
taste. It is stable in the air, but rapidly becomes
yellow on exposure to light. One Gm. of Santonin
dissolves in about 45 ml. of alcohol, and in
about 2 ml. of chloroform. One Gm. dissolves in
about 6.5 ml. of boiling alcohol. It is almost
insoluble in cold water, and only slightly soluble
in boiling water. Santonin melts between 170°
and 173°." N.F. The B.P. gives the melting point
as between 171° and 174°; the LP. melting range
is 171° to 175°.
Standards and Tests. — Identification. — (1)
A red color is produced on heating 200 mg. of
santonin with 2 ml. of alcoholic potassium hydroxide T.S. (2) Shake 10 mg. of santonin with a
cool mixture of 1 ml. each of sulfuric acid and
water,
solutionoftoferric
100°, chloride
and add T.S.
1 drop
of a 1 heat
to 10thedilution
: a
violet color is produced. Specific rotation. — Not
less than —170° and not more than —175°, when

1212

Santonin

determined in an alcohol solution containing 2
Gm. in 100 ml. Residue on ignition. — Not over
0.1 per cent. Alkaloids. — Addition of mercuric
potassium iodide T.S., or iodine T.S., to an acidified aqueous extract of santonin produces no
cloudiness even after standing 3 hours. N.F.
The accepted structural formula for santonin
is due to Clemo and co-workers (/. Chem. S.,
1930, 1110 and 2579) and is supported by the
work of Ruzicka and Steiner (Helv. Chim. Acta,
1934, 17, 614). It is the inner anhydride or
lactone of santoninic acid, salts of which are
formed when santonin is heated with alkalies.
Prolonged boiling of santonin with barium hydroxide converts it to santonic acid, which is
isomeric with santoninic acid. Both santonin and
the acids derived from it are ketones; several
assays for santonin are based on an estimation of
this characteristic group (Fisher, J.A.O.A.C.,
1935, 18, 526).
By heating with mineral acids santonin is
converted into desmotroposantonins, C15H18O3,
which fail to give ketone reactions but do respond to phenol reactions. Air has no effect upon
santonin, but it becomes yellow on exposure to
sunlight. According to Sestini, santonin is changed,
under the influence of light, into formic acid, an
uncrystallizable substance, much more soluble in
alcohol and ether than santonin itself, which he
calls photosantonic acid, C15H22O5, and a red
resinous substance
(see Banchi, Chem.
Abs.,
1931, 61, 839). Amy and Taub (/. A. Ph. A.,
1931, 20, 1153) found that santonin, when exposed to direct sunlight, turns yellow in less than
2 months when stored in any of the glass containers commonly used; amber and green B containers preserved the chemical in colorless condition, in diffused light, for one year or more.
Sodium santoninate (Sodii Santoninas) was
official in the U.S. P., 1880. It is a colorless crystalline substance freely soluble in water. It was
very properly dropped because it is more easily
absorbed than santonin in crystals, and therefore
much more dangerous to the patient and much
less destructive to intestinal worms. For method
of preparation and tests of purity, see U.S.D.,
19th ed., p. 1243.
Uses. — Santonin has, in the past, been used
as a vermifuge especially against Ascaris lumbricoides but it has been replaced by more efficient
and less toxic agents (see Chenopodium Oil and
Hexylresorcinol in Part I, and Piper azine in Part
II). Its properties are apparently due to an effect
upon the muscle tissue of the worm, causing spasmodic contractions so that the worm is incapable
of purposive movements and may be swept out
of the bowel by active catharsis (Trendelenburg,
1915). Von Oettingen (/. Pharmacol, 1929, 36,
335) attributed its action to the lactone character. In a study of many structurally related
compounds, Baldwin {Brit. J. Pharmacol., 1948,
3, 91) found that santonin was the most effective. An inadequate dose may result in migration
of the worm into the appendix, biliary tract, etc.,
with inflammatory sequellae.
Coarse crystals should be preferred to the
powder as being less readily dissolved, and there-
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fore less likely to be absorbed. It may be administered to children in the form of lozenges
made with sugar and tragacanth, which, if the
unbroken crystals are used, can be rendered very
pleasant to the taste, so that children will eat
them as candy. To older patients it is best given
by enclosing in gelatin capsules.
The dose of santonin for children is 10 mg.
for each year of age; adults require 60 to 200
mg. as a total dose. It should not be given to
infants. This should be repeated daily for 2 or
3 consecutive days. Each dose must be accompanied by a cathartic. Santonin is believed to act
more powerfully in the presence of bile. In the
past calomel, which was erroneously believed to
be choleretic, was much used but it is probably
better to use a saline cathartic such as magnesium
sulfate. Because of the danger of toxic absorption,
santonin must never be given on an empty stomach and fats, which enhance its absorption, must
be excluded from the diet for 12 hours before
treatment. Although castor oil is sometimes used
it should be avoided as likely to increase absorption. The santoninates, or any combination of
santonin with alkali carbonate or hydroxides,
should never be used as vermifuges, because of
the possibility of their being absorbed. (v]
Toxicology. — In overdose santonin produces
poisoning the symptoms of which are giddiness,
headache, mental apathy or stupor, profound
paleness and coldness of the surface, vomiting,
profuse sweating, trembling, mydriasis, and
finally loss of consciousness, with convulsions,
often violent and accompanied by opisthotonos
and emprosthotonos and failure of respiration.
Xanthopsia is an early and characteristic symptom; in this all objects appear discolored, generally yellow, but frequently green, and sometimes blue. At the same time the urine is tinged
yellowish or greenish, and turns red on addition
of alkalies. This coloration of the urine is apparently due to some decomposition product
(Marshall, /. Pharmacol, 1927, 30, 361). The
cause of yellow vision is uncertain. Marshall
(/. Pharmacol, 1928, 32, 189) believed it was
due to the yellow substance which appears in the
urine rather than to the santonin itself, but
whether this material acts by staining or whether
it has direct action on the cones of the retina
is uncertain. In severe cases, abdominal pain,
diarrhea and hematuria occur. Anticholinesterase
action was described by Frommel et al. (Arch,
internat. pharmacodyn. therap., 1948, 75, 339).
The xanthopsia and discolored urine make the
diagnosis of santonin poisoning easy.
The treatment of santonin poisoning should be
immediate gastric lavage and cleansing of the
intestinal tract with a saline purge and combating
of symptoms that may arise. Sodium phenobarbital, given intravenously, is used to control
convulsions.
Dose. — The usual dose is 60 mg. (approximately 1grain), with a range of 60 to 200 mg.,
followed by a saline cathartic. For children the
dose is 10 mg. per year of age. up to 60 mg.
Storage. — Preserve "in tight, fight-resistant
containers." N.F.
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SANTONIN

TABLETS.

N.F. (I.P.)

"Santonin Tablets contain not less than 92.5
per cent and not more than 107.5 per cent of
the labeled amount of C15H8O3." N.F. The corresponding limits of the I.P. are 95.0 and 105.0
per cent, respectively.
I.P. Tablets of Santonin, Compressi Santonini.

Assay. — The assay is performed in the same
manner that Santonin and Mild Mercurous Chloride Tablets are analyzed for santonin. N.F.
Usual Sizes. — l/z and 1 grain (approximately
30 and 60 mg.).

SANTONIN AND MILD MERCUROUS
CHLORIDE TABLETS. N.F.
Santonin and Calomel Tablets, Tabellx Santonini et
Hydrargyri Chloridi Mitis

"Santonin and Mild Mercurous Chloride Tablets contain not less than 92.5 per cent and not
more than 107.5 per cent of the labeled amount
of C15H18O3 and of HgCl." N.F.
Assay. — For santonin. — A representative portion of powdered tablets, equivalent to about 300
mg. of santonin, is extracted with chloroform.
After filtration, the chloroform solution is evaporated to dryness, and the residue of santonin dried
for 1 hour at 105° and weighed. For mild mercurous chloride. — A representative portion of
powdered tablets, equivalent to about 300 mg. of
mild mercurous chloride, is treated with chloroform to remove the santonin; the chloroforminsoluble residue is mixed with water and the resulting mixture assayed as directed under Mild
Mercurous Chloride Tablets. N.F.
Usual Sizes. — %, Yz, and 1 grain (approximately 15, 30 and 60 mg.) of each of the active
ingredients.
SARSAPARILLA.

N.F.

[Sarsaparilla]

"Sarsaparilla is the dried root of Smilax aristolochicefolia Miller, known in commerce as Mexican Sarsaparilla; or of Smilax Regelii Killip et
Morton, known in commerce as Honduras Sarsaparilla; or of Smilax febrifuga Kunth, known in
commerce as an Ecuadorian Sarsaparilla; or of
undetermined species of Smilax, variously known
in commerce as Ecuadorian and Central American
Sarsaparilla (Fam. Liliacetz)." N.F.
Radix Sarsaparillae ; Sarsae Radix. Fr. Salsepareille du
Mexique. Cer. Sarsaparille; Sarsaparillwurzel. It. Salsa-

pariglia.

Sp. Zarzaparrilla.

The plants comprising the genus Smilax are
climbing or trailing vines or shrubs, with a pair
of tendrils arising as modified stipules from the
bases of their petioles, 3- to 7-nerved and strongly
reticulate leaf blades and prickly stems. The lastmentioned character is expressed in the name of
the drug, which is derived from two Spanish words
(zarza and parilla) , signifying a small, thorny vine.
The official sarsaparilla-yielding plants are all
climbing evergreen shrubs with prickly stems,
alternate, coriaceous leaves which vary from cordate, cordate-ovate, auriculo-hastate to ovate-
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oblong in outline, small flowers, arranged in axillary umbels, and berry fruits. They are indigenous
to Mexico, Central America, and the warm latitudes of South America. The roots are very long
and slender, and originate in great numbers from
a common head or rhizome, from which the stems
of the plant rise. The whole rhizome and root system is usually dug up, and as brought into market
exhibits not unfrequently portions of the aerial
stems attached, sometimes several inches in length.
A convenient key for distinguishing commercial
sarsaparillas by certain anatomical characters has
been recorded by Luerssen in his Handbuch der
Medicinpharm. Botanik., 2, 404. Killip and Morton made extensive investigations of the species
of Smilax native to Mexico and Central America.
For a description of those species by these authors
see Carnegie Inst, of Washington Publication,
1936, No. 461, 255.
Smilax ar is tolochice folia Miller (5. Medica
Chamisso et Schlechtendal) yields the variety
known commercially as Mexican, Vera Cruz, Tampico or gray sarsaparilla. It occurs as clusters of
long roots attached to a knotty crown (portion of
the rhizome) or as rootlets deprived of the crown.
These are packed, commonly, in large, rather
loose bales weighing about 200 pounds. The roots
are grayish-brown to dark brown, nearly devoid
of fibrous rootlets and possess deep furrows to
which a blackish earth frequently adheres. Histologically, they are characterized by their hypodermal and endodermal cells. The former show
their outer and radial walls more thickened than
the inner walls while the latter show the inner
and radial walls more thickened than the outer
walls. Mexican sarsaparilla is imported from Vera
Cruz and Mexico City. During 1952 there was
imported into the United States 23,023 pounds of
sarsaparilla from Mexico and Jamaica.
Smilax Regelii Killip and Morton (5. ornata
Hooker, not Lemaire) yields the commercial
variety known as Honduras or brown sarsaparilla. It occurs in cylindrical bundles from 2 to
3 feet in length which are composed of long roots
folded lengthwise. Each bundle is closely tied
around with a long root, usually of the same plant.
The roots are externally of a reddish brown or
dark brown color and show occasional fibrous
rootlets. Histologically they are characterized by
their uniformly thickened hypodermal and endodermal cells. This variety is imported from Honduras in seroons containing a number of bundles.
A form of Smilax Regelii Killip and Morton
(S. ornata Hook, f.) probably yields the commercial variety known as Jamaica, Costa Rica,
Central American or red sarsaparilla. It is collected in Central America, especially in Costa
Rica, and it owes its name to the fact that it has
been largely exported to London through the
island of Jamaica. It is the most highly prized
variety used in Great Britain. As found in commerce itis in rolls from 12 to 18 inches long by 4
or 5 in thickness, composed exclusively of long,
slender roots with many secondary rootlets very
loosely held together by a few turns. Sometimes
it is pressed into large bales. Externally it is redder
than is commonly the case with Honduras sarsa-

1214

Sarsaparilla

parilla and usually shows more fibrous rootlets.
Robert (Pharm. J., 1912, 88, 779) has found that
the root of S. ornata has only one-eighth of the
hemolytic power of the Vera Cruz sarsaparilla,
which he takes as a test of its saponin content.
He believes the plant is unfit for medical use.
Cultivated Jamaica sarsaparilla (Roja Inglesa)
occurs in thick short rolls and is especially characterized by its yellow-brown or orange color.
This was attributed by Hemsley to a new species,
S. tttilis Hemsley, but it appears to be identical
with the S. ornata.
Guayaquil sarsaparilla, according to Spruce,
grows in valleys on the western slopes of the equatorial Andes. It is usually imported in rectangularshaped bales which contain a number of flattened
bundles of rhizomes and roots, or roots only. The
rhizome and a portion of the stem are often present, the latter being round and prickly. The root
is mahogany brown, large, and coarse-looking,
with a good deal of fiber. The bark is furrowed,
rather thick, and not mealy in the slenderer portions of the root, which is near the rootstalk; but,
as the root becomes stout, so its bark becomes
smoother, thicker, and amylaceous, exhibiting
when cut a fawn-colored or pale yellow interior.
It is thought to be yielded by a variety of
S. papyracea, but definite identification remains
unsolved.
An Ecuadorian sarsaparilla of excellent quality
has been on the American market since 1935.
At least two kinds of root systems of the genus
Smilax, consisting of long, reddish brown to purplish roots attached to a woody crown, have
entered this country from Ecuador, but their
botanical identity remains unsolved.
The rhizome of Smilax China L., a native of
China and Japan, has been employed under the
name of China root for similar purposes with the
official sarsaparilla. As it occurs in commerce, it is
in pieces from three to eight inches long and an
inch or two thick, usually somewhat flattened,
more or less knotty, often branched, of a brownish
or grayish-brown color externally, whitish or of a
light flesh-color internally, without odor, and of a
taste flat at first, but afterwards very slightly
bitterish and somewhat acrid, like that of sarsaparilla. The root of Smilax aspera is said to be
employed in the south of Europe as a substitute
for sarsaparilla; but it has little reputation. The
East India sarsaparilla, which was at one time referred to the species of Smilax, is the product of
Hemidesmus indicus (see Hemidesmus, Part II).
The chief adulterants of sarsaparilla roots have
been aerial stems of similar plants, excessive rhizomes, roots of various species of Philodendron
and rhizomes of Pteris species.
Description. — "Unground Mexican Sarsaparilla occurs as long roots, from 3.5 to 6 mm. in
diameter, frequently attached to a crown having
one or more stout stems. The roots are usually
shrunken, forming sharp longitudinal ridges and
broad furrows, the furrows sometimes containing
adhering earth. Externally, it is light grayish brown
or weak reddish brown to yellowish brown ; finely
hairy; nearly devoid of branches of fibrous rootlets. The fracture of the cortex is brittle, of the
central cylinder tough and fibrous. The cortex is
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mealy and pale orange, or light yellowish brown
and horny; the woody zone yellow and porous,
the pith lighter colored and distinct. Sarsaparilla
is nearly odorless and has a mucilaginous, somewhat sweetish and acrid taste.
"Unground Ecuadorian Sarsaparilla occurs as
long roots, from 2 to 6 mm. in diameter, frequently attached to a crown having one or more
stout purplish stems. Externally it is reddish
brown to purplish, longitudinally wrinkled or furrowed with occasional fibrous rootlets. The fracture of the cortex is short to fibrous, of the central
cylinder tough and fibrous. The cortex is brown
to reddish brown, the woody zone yellowish brown
and porous; the pith white. Otherwise it is similar to Mexican Sarsaparilla.
"Unground Honduras Sarsaparilla occurs as long
roots, from 2 to 5 mm., rarely 6 mm. in diameter
and bound together by roots of the same plant
into compact cylindrical bundles from 8 to 15 cm.
in diameter. Externally it is reddish brown or dark
brown, longitudinally wrinkled or finely furrowed,
with occasional fibrous rootlets. Its fracture is
short, sometimes tough and fibrous in the central
cylinder. Internally, it shows a moderate brown
to yellowish orange cortex, a light yellow and
porous woody zone, and a lighter colored pith.
Otherwise it is similar to Mexican Sarsaparilla.
"Unground Central American Sarsaparilla occurs as long roots, from 1 to 4 mm., rarely 5 mm.,
in diameter. Externally the roots are weak reddish
brown to moderate yellowish brown, longitudinally
wrinkled, occasionally nearly smooth, rarely furrowed, and bearing numerous coarse fibrous rootlets. The fracture is short or tough and fibrous in
the central cylinder. Internally it shows a white
to brown cortex, a yellow, porous, woody zone, and
a fighter colored pith. Otherwise it is similar to
Mexican Sarsaparilla.
"Sarsaparilla of all official types is nearly odorless and has a mucilaginous, somewhat sweetish
and acrid taste." N.F. For histology see N.F. X.
"Powdered Sarsaparilla is pale brown to weak
yellowish orange. It contains numerous single and
compound starch grains, the individual grains
from 3 to 23 (j, in diameter, spherical, or biconvex,
or spherical-tetrahedral, and frequently with a
central, crescentic, 3- to 4-angled, or winged cleft;
calcium oxalate in raphides occurring singly or in
groups, up to 150 n in length; cells of the hypodermis and endodermis with reddish orange to
yellow, pitted walls and in Mexican and Ecuadorian Sarsaparilla showing an uneven or irregular
thickening, the cells being from 80 to 500 \i in
length; and fragments of vessels with simple and
bordered pits or scalariform or reticulate thickenings, associated with wood fibers having very
slightly lignified and pitted walls." N.F.
Standards and Tests. — Foreign organic matter.— Not over 2 per cent, other than rhizome or
crown portion. The content of rhizome and aerial
stem portions in Mexican and Ecuadorian sarsaparilla does not exceed 10 per cent. Acid-insoluble ash. — Mexican sarsaparilla yields not over 4
per cent; Ecuadorian sarsaparilla not more than
4 per cent; Honduras sarsaparilla not more than
3 per cent. N.F.
Constituents. — The most important principles
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in sarsaparilla are saponins, of which three have
been described as separate entities: smilasaponin,
sarsasaponin, and parillin. In the course of many
investigations of sarsaparilla these principles were
variously designated by different investigators.
Because of the uncertainty of the botanical material with which many of the chemical investigations have been made, it is impossible to state
definitely which of these saponins occur in each
of the plants known commercially as sarsaparilla;
it is probable that the several varieties of this
drug differ in composition. Power and Salway
{Trans. Chem. Soc, 1914, 105, 201) found in
Jamaica sarsaparilla only sarsasaponin; they reported finding also a dicarboxylic acid, sasapic
acid, C6H4O6.

The saponins of sarsaparilla yield, on hydrolysis, the steroidal sapogenins smilagenin,
sarsasapogenin, and parigenin. Sarsasapogenin and
parigenin would appear to be identical ; smilagenin
is an isomer of sarsasapogenin and may be obtained by acid isomerization of the latter, in
recognition of which smilagenin is also called
isosarsasapogenin.
The sarsaparilla of commerce is likely to be
nearly if not quite inert, either from age, or from
having been obtained from inferior species of
Smilax. A practical criterion of good sarsaparilla
is said to be its taste. If it leaves a decidedly acrid
impression in the mouth after having been chewed
for a short time, it may be considered of good
quality; if otherwise, it is probably inert. The
hemolytic action of the constituent saponins was
proposed by Fantus and Dyniewicz (/. A. Ph. A.,
1940, 29, 26) as a possible index of the quality
of the drug. Koflor proposed that the quality of
sarsaparilla may be estimated by means of the
so-called "foam number" and "hemolysis number,"
i.e., the ability of saponin-containing drugs to dissolve red blood corpuscles under controlled conditions and controlled concentration (for details
see Arch. Pharm., 1930, 268, 24).
Uses. — Sarsaparilla was one of the earliest of
the American drugs to be used by European physicians. In the sixteenth century it was employed
quite extensively in the treatment of syphilis but
fell into disuse until revived by Fordyce in 1757.
It continued to be highly regarded as an "alterative," not only in syphilis but in various skin diseases, chronic rheumatism, and in scrofula for
more than a hundred years. In the latter part of
the nineteenth century its use was almost universally regarded as a survival of ignorant superstition, and it would have entirely disappeared
from the medical armamentarium had it not been
for the valuable properties, as a vehicle, of the
compound syrup. However, Perutz {Handb. d.
Haut- und Geschlechteskrank ., 1928), after an extensive review of the recent evidence, reached the
conclusion that sarsaparilla has utility in the treatment of syphilis, probably by stimulating the defensive mechanism of the body.
Philippsohn {Derm. Wchnschr., 1931, 93, 1220)
reported successful use of an aqueous extract of
sarsaparilla in the treatment of psoriasis. He instructed patients to place IS Gm. of sarsaparilla
in 1000 ml. of tepid water, allow the mixture to
stand overnight, then boil it for 20 minutes the
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following morning; half of the resulting infusion,
while still hot, was directed to be taken at once,
and the remainder during the day. The procedure
was repeated daily. After about a week decreased
desquamation occurred which, after its complete
disappearance, was marked by a smooth red macule that eventually faded. One patient was reported to have used the mixture daily for 20 years
without a single relapse of a previously stubborn
psoriasis. Grutz and Burger {Klin. Wchnschr.,
1933, 12, 373) and Ritter {Deutsche med. Wchnschr., 1936, 62, 1629) used tablets containing sarsaparilla with good results in the treatment of
psoriasis. Thurmon {New Eng. J. Med., 1942,
227, 128) administered Sas-Par (Bischoff) tablets,
representing sarsasaponin and other water-soluble
saponins from Honduras sarsaparilla, to 75 patients with psoriasis; a decided and beneficial
effect was observed in 62 per cent of the cases. It
has been suggested (see the paper of Thurmon)
that an affinity between sarsaparilla saponins and
cholesterol tends to reduce the abnormally high
concentration of the latter substance sometimes
observed in patients with psoriasis.
Dose, 2 to 4 Gm. (approximately 30 to 60
grains), usually in the form of an infusion (but
see above).
Storage. — Preserve "against attack by insects." N.F.

SARSAPARILLA

FLUIDEXTRACT.
N.F.

[Fluidextractum Sarsaparillae]
Extractum Smilacis Fluidum; Extractum Sarsaparillae
Fluidum. Fr. Extrait fluide de salsepareille. Ger. Sarsaparillfluidextrakt. It. Estratto fluido di salsapariglia. Sp.
Extracto Fluido de Zarsaparrilla.

Prepare the fluidextract, by Process A (see
under Fluidextracts) , from 1000 Gm. of sarsaparilla, invery coarse powder, using diluted alcohol as the menstruum. Macerate the drug during
48 hours, and percolate at a moderate rate. N.F.
Alcohol Content. — From 37 to 42 per cent,
by volume, of C2H5OH. N.F.
This fluidextract is official only for its use as
an ingredient of compound sarsaparilla syrup.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
Off. Prep. — Compound Sarsaparilla Syrup,
N.F.

COMPOUND

SARSAPARILLA
N.F.

SYRUP.

Syrupus Sarsaparillae Compositus
Fr. Sirop de salsepareille compose; Sirop de cuisinier;
Sirop sudorifique. Sp. Jarabe de ZarsaSirop depuratif;
parrilla Compuesto.

Mix 200 ml. of sarsaparilla fluidextract and 15
ml. of glycyrrhiza fluidextract, and a solution of
0.2 ml. each of sassafras oil, anise oil, and methyl
salicylate in 19.4 ml. of alcohol. Add the mixture
gradually to 765 ml. of syrup, and mix thoroughly. N.F.
Alcohol Content.— From 8.5 to 11 per cent,
by volume, of C2H5OH. N.F.
Uses. — It is improbable that compound sarsaparilla syrup has any therapeutic activity, though
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it is still quite popular as a vehicle, especially for
iodides and other saline drugs. The syrup is also
employed, in the form of extemporaneous mixtures, to mask the taste of castor oil.
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." N.F.
Off. Prep. — Bromides Syrup, N.F.
SASSAFRAS.
N.F.
[Sassafras]

"Sassafras is the dried bark of the root of
Sassafras albidum (Nuttall) Nees (Fam. Lauracece). Sassafras yields not less than 4 ml. of
volatile sassafras oU from each 100 Gm. of drug."
N.F.
Cortex Sassafras; Radix Sassafras. Fr. ficorce de sassafras. Ger. Sassafrasrinde. It. Corteccia di sassafrasso.

Sassafras albidum (Nuttall) Nees [S. officinale
Nees; S. variifolium (Salisbury) Kuntze; S. Sassafras (L.) Karat] is an indigenous tree, of medium size, rising in favorable situations to a height
of 35 feet. The bark of the stem and large
branches is rough, deeply furrowed, and grayish;
that of the extreme branches of twigs is smooth
and beautifully green. The leaves, which are alternate, petiolate, and downy when young, vary much
in their form and size even upon the same tree.
Some are oval and entire, others have a lobe on
one side, but the greater number are thiee-lobed.
The flowers, which appear before the leaves, are
small, of a pale greenish-yellow color, and disposed in racemes which arise from the branches
below the leaves and have linear bracts at their
base. The fruit is an oval drupe, about as large as
a pea, of a deep blue color when ripe, and supported on a red pedicel, enlarged at the extremity
into a cup for its reception.
Sassafras is common throughout the eastern
United States, extending west into Kansas and
south into Mexico. The fresh flowers have a
slightly fragrant odor, and almost all parts of the
plant are more or less aromatic. The bark of the
root is gathered in early spring and autumn, deprived of the outer cork and dried. The commercial supplies are obtained from Mississippi and
North Carolina.
The living root-bark is nearly white, but becomes colored, on exposure, immediately after
collection.
Description. — "Unground Sassafras occurs as
irregular, transversely curved, or quilled pieces up
to 15 cm. in length and from 1 to 4 mm. in thickness. The outer surface is weak reddish brown to
light yellowish brown, nearly smooth and marked
with more or less irregular ridges. The inner surface is light brown to moderate brown, and obscurely short-striate. The fracture is short with a
light brown to pale orange inner bark and a thin
darker-colored corky layer. It has an aromatic
odor and a slightly mucilaginous, astringent, aromatic, and somewhat pungent taste.
"Powdered Sassafras is yellowish brown. Starch
grains are numerous, either simple or 2- to 4-compound, the individual grains being more or less
spherical or polygonal and frequently with a distinct cleft, and from 3 to 20 n in diameter, some
of the swollen or altered grains attaining a diam-
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eter of 30 n. The phloem fibers are characteristic,
spindle-shaped, occasionally very irregular in outline, with sharply pointed ends, from 150 to 400 \i
in length, about 25 n in diameter, and with very
thick, strongly hgnified walls, the lumina being
frequently nearly obliterated. The parenchyma
cells contain either starch grains or irregular
orange-colored masses of tannin, which stain black
upon the addition of ferric chloride T.S. Fragments of wood are few, with large thin-walled
vessels marked by simple pits and associated with
rather thin-walled wood fibers." N.F.
Standards and Tests. — Foreign organic matter.— Not over 4 per cent of adhering wood, outer
corky tissues, or other foreign organic matter.
Acid-insoluble ash. — Not over 5 per cent. N.F.
Assay. — Place about 50 Gm. of coarsely comminuted or powdered sassafras into the flask of
the apparatus used for volatile oil determinations, and proceed with the assay as directed for
Process A. NJ?.
Constituents. — According to Reinsch, sassafras bark contains a heavy and a light volatile oil,
a camphor, fatty matter, resin, wax, a decomposition product of tannic acid called sassafride,
tannic acid, gum, albumen, starch, lignin, and salts.
The sassafride bears some analogy to cinchonic
red, and, like it, appears to be a derivative of the
tannin, which exists in much larger proportion in
the fresh bark than in older specimens.
Sassafras contains considerable gummy matter,
which with water forms a limpid mucilage, not
precipitated by alcohol, and having much less
tenacity than that produced with gum arabic.
Under the title Sassafras Medulla (Sassafras
Pith) the N.F. V recognized the dried pith of
5. variifolium. It was described as follows: "In
sub-cylindrical, often curved or coiled pieces, from
2 to 10 cm. in length and from 2 to 5 mm. in
diameter; very light in weight, externally whitish,
occasionally with small fragments of adhering
wood; fracture short. Odor slight, sassafras-like;
taste mucilaginous." N.F. V.
Uses. — Sassafras owes whatever therapeutic
virtue it possesses to its volatile oil. A hot infusion of the bark was formerly a popular domestic
remedy as a sudorific for colds. It is also used
in the manufacture of root beer and sarsaparilla
extract.
Sassafras pith, official in N.F. V (see above),
was formerly much used, because of the innocuous
character of its mucilage, for preparation of
collyria.
A dose of 10 Gm. (approximately iy2 drachms)
is given for sassafras, this representing the amount
of the bark used in preparing an infusion.
Off. Prep. — Compound White Pine Syrup,
N.F.
SASSAFRAS
Oleum

OIL.

N.F.

Sassafras

"Sassafras Oil is the volatile oil distilled with
steam from the root of Sassafras albidum (Nuttain Nees (Fam. Lauracea). "Note. — If Sassafras
Oil has solidified in whole or in part, carefully
warm it at a low temperature until it is liquefied,
then thoroughly mix it before dispensing." N.F.
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Oil of Sassafras. Oleum Sassafras .lEthereurn; Essentia
ex Sassafras. Fr. Essence de sassafras. Ger. Sassafrasol.
Sp. Esencia de sasafras.

For description of the plant from which this oil
is obtained see under Sassafras.
Sassafras oil is produced principally in the
southern Appalachians where the trees are cut
down, the stumps and roots reduced to chips, and
the chips distilled with steam. For information
concerning the production of this oil see Guenther,
The Chemurgic Digest, Oct. 15, 1942. The proportion of oil yielded by the root averages between 1and 2 per cent. The yield from the bark
of the root is from 6 to 9 per cent; the wood of
the root yields less than 1 per cent of oil.
Description. — "Sassafras Oil is a yellow or
reddish yellow liquid, having the characteristic
odor and taste of sassafras. Sassafras Oil is soluble in 2 volumes of 90 per cent alcohol." N.F.
Standards and Tests. — Specific gravity. —
Not less than 1.065 and not more than 1.077.
Optical rotation. — Not less than +2° and not
more than +4°, in a 100-mm. tube. Refractive
index. — Not less than 1.5250 and not more than
1.5350, at 20°. Reaction.— A 1 in 2 solution of
the recently distilled oil in 90 per cent alcohol is
neutral to moistened litmus paper. Heavy metals.
— The oil meets the requirements of the test for
heavy metals in volatile oils. N.F.
Variation in the specific gravity of sassafras
oil may often arise through the congelation and
separation of safrol, or through stratification.
(LaWall and Pursel, Am. J. Pharm., 1898, 70,
340).
Constituents. — The most complete investigation of sassafras oil appears to be that of Power
and Kleber (Schim. Rep., April, 1896). They
found it to have the following composition : safrol,
about 80 per cent; pinene and phellandrene, about
10 per cent; dextrorotatory camphor, about 6.8
per cent; eugenol, about 0.5 per cent; a high boiling portion, consisting of cadinene and residue,
3 per cent. They indicated that the hydrocarbon
constituent of sassafras oil to which Grimaux and
Ruotte gave the name of safrene is their mixture
of pinene and phellandrene. Safrol is described in
Part II.
Dodge (Am. J. Pharm., 1946, 118, 116) found
that the flavor quality of a sassafras oil of Brazilian origin, said to be obtained by steam distillation of the wood of Ocotea pretiosa Benth. &
Hook. f. (Fam. Lauracea), is equal to that of, and
in the case of an aromatic water produced from
the oil superior to that prepared from, the official
oil. The Brazilian oil differs physically from the
official oil in having a higher specific gravity and
refractive index, and in being slightly laevorotatory.
Uses. — Sassafras oil is much less irritant to
mucous membranes than many other volatile oils,
and is therefore less useful as a carminative. It
possesses considerable antiseptic power; Miller
reported its phenol coefficient, by the Hygienic
Laboratory method, as 2; Peck (J. A.M. A., 1899,
32, 6) placed its inhibiting limit at 1 in 1000.
While chiefly employed for its pleasant flavor, it
has therapeutic usefulness for its disinfectant
properties. It was recommended by Peck (loc.
cit.) for disinfection of root canals in dentistry
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and has had considerable use in treatment of nasal
catarrhs. For the latter purpose it has been generally employed dissolved in liquid petrolatum in
strengths of about 1 per cent. The oil has been
used to destroy pediculi ; since it may irritate the
scalp it is applied to the hair with a brush so as
to leave the skin untouched.
Toxicology. — A teaspoonful of the oil produced in a young man vomiting, collapse, somewhat dilated pupils, and pronounced stupor (Cincinnati Lancet-Clinic, Dec, 1888). Five children
who ingested the oil recovered, possibly because
of prompt use of emetics (Craig, Archives of Disease in Childhood, 1953, 28, 475). According to
the experiments of A. Heffter (Atti Dell' XI.
Congres. Med. Internaz., 3, 1894), safrol is slowly
absorbed from the alimentary canal, and escapes
through the lungs unaltered and through the kidneys oxidized to piperonalic acid. When taken in
sufficient dose, it quickly kills by a central paralysis of respiration, preceded by great depression of
the circulation; when taken in smaller, yet toxic,
amount, it causes death by widespread fatty degeneration ofthe heart, liver, kidneys, etc.
Sassafras oil has been given in doses of 0.12 to
0.4 ml. (approximately 2 to 6 minims).
Storage. — Preserve "in tight containers." N.F .
Off. Prep. — Aromatic Eriodictyon Syrup;
Compound Sarsaparilla Syrup, N.F.
SCARLET

FEVER

ANTITOXIN.

B.P.

Streptococcus Antitoxin (Scarlatina)

"Scarlet Fever Streptococcus Antitoxin is a
sterile solution of antitoxic substances obtained
from the blood serum or plasma of a healthy animal which has been immunized against the toxin
produced by the streptococcus regarded as causative of scarlet fever. Scarlet Fever Streptococcus
Antitoxin has a potency of not less than 400 antitoxic units per ml. Scarlet Fever Streptococcus
Antitoxin complies with the requirements of the
National Institutes of Health of the United States
Public Health Service." N.F. IX.
The B.P. defines Scarlet Fever Antitoxin as
native serum, or a preparation from native serum,
containing the antitoxic globulins or their derivatives that have specific power of neutralizing
erythrogenic toxin (scarlet fever toxin) formed
by Streptococcus pyogenes. Native antitoxic
serum (liquid) is required to have a potency of
not less than 500 units per ml. ; dried native antitoxic sera is required to have a potency of not
less than 5000 units per Gm.
Refined Scarlet Fever Antitoxin; Concentrated Scarlet
Fever Antitoxin; Anti-Scarlet Fever Globulins. Sp. Antitoxina Escarlatinosa.

Scarlet fever or scarlatina is of streptococcic
origin (Hektoen, J. A.M. A., 1935, 105, 1). Dick
and Dick considered that the production of an
erythrogenic toxin was sufficient reason for considering the streptococci from scarlet fever as
members of a single species which was designated
as Streptococcus scarlatina, referred to in the B.P.
definition as S. pyogenes. Since then streptococci
have been divided into immunologic groups by
Lancefield and certain of these groups have been
sub-divided into types by Griffith. It has been
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found that although scarlet fever streptococci are
all members of Lanceneld's Group A, they fall
into a variety of different types together with
other non-toxigenic streptococci. Therefore, it
would seem that the streptococci of scarlet fever
are not a homogeneous group meriting a species
designation and that the ability to produce an
erythrogenic toxin is a fortuitous property shared
by certain strains of a number of different streptococcus types. It is generally agreed, however,
that the erythrogenic toxins produced by different
strains of streptococci are usually antigenically
similar and neutralizable by a single antitoxin.
An antitoxin specific for this disease was first produced, on a commercial scale, by G. H. and G. F.
Dick. Their method was to inject horses with
ascending doses of the toxin, or toxin-like material, obtained from cultures of the specific organism isolated from cases of scarlet fever. Scarlet fever antitoxin was, however, also produced by
the method of Dochez (Proc. S. Exp. Biol. Med.,
1924-25, 22, 184) in which horses were immunized by injecting subcutaneously a small amount
of melted nutrient agar inoculated with the living
streptococci. In Dochez's technic, the bacteria are
localized in the subcutaneous agar nodule, grow
and produce toxin in vivo and stimulate the production of antitoxic substances. The antibacterial
protective substances that are also produced by
this method probably have little value against any
streptococcus types except the ones which were
used in immunizing the horses, since antibacterial
immunity against streptococci tends to be typespecific. The Dick method produces only an antitoxic product. In the Dick method the animals
are immunized in a manner similar to that employed for producing other antitoxins (see Diphtheria Antitoxin), and the methods of collection
and purification differ only slightly.
Scarlet fever antitoxin is standardized by comparing its power of neutralizing scarlet fever toxin
with that of a standard antitoxin supplied by the
National Institutes of Health. The official unit is
the smallest amount of antitoxin which will neutralize 50 skin-test doses of scarlet fever streptococcus toxin, when the toxin and antitoxin are
mixed and allowed to stand for one-half hour and
then injected intracutaneously into susceptible
rabbits (Malcolm and Wvman, /. Immunol., 1935,
28, 33).
Description. — "Scarlet Fever Streptococcus
Antitoxin is a transparent or slightly opalescent
liquid, of a faint brownish, yellowish or greenish
color, nearly odorless or having an odor due to
the presence of a preservative; it may have a
slight, granular deposit. Scarlet Fever Streptococcus Antitoxin is free from harmful substances
detectable by animal inoculation, and does not
contain an excessive proportion of preservative
(not more than 0.5 per cent of phenol or 0.4 per
cent of cresol if either of these is used), and its
total solids must not exceed 20 per cent." .VJ7. IX.
Uses. — From the great divergence of opinions
expressed in the literature it is very obvious that
the curative value of scarlet fever antitoxin, if
any, is relatively slight. There is some evidence,
however, that it does reduce the frequency and
severity of sequellae but on the other hand it may
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cause severe reaction and be actually harmful.
The advent of sulfonamides, such as sulfadiazine,
and of penicillin has made it possible to treat the
streptococcal infection rather than merely the
toxemia and rash by administration of scarlet
fever antitoxin (Hirsh et al., J. A.M. A., 1947, 133,
657; Hoyne and Brown, J.A.M.A., 1947, 133,
661). Because of this the antitoxin is no longer
produced commercially in the United States.
Scarlet fever antitoxin was also used in the
so-called Schultz-Charlton reaction to diagnose
scarlet fever from other eruptions. This test is
performed by injecting a small dose (from 0.1 to
0.2 ml.) of the antitoxin intracutaneously in
the reddened area. The disappearance of the rash
over the injected area within 24 hours is taken to
indicate the existence of scarlet fever. If the test
is made on the first day of the fever about 95 per
cent of cases of scarlet fever show a positive
reaction but if made later the test is far from
reliable.
Dose. — As a prophylactic the usual dose of
scarlet fever antitoxin is about 2000 units. In
moderate cases of scarlet fever 5000 to 10.000
units are given intramuscularly as a therapeutic
agent. In severe cases 10,000 to 40,000 units are
given intramuscularly or intravenously, the dose
generally diluted with sodium chloride injection
to 100 ml. Administration as early as possible in
the disease is advocated. Additional doses are
given if the temperature does not fall within
twelve hours to nearly normal. Precautions against
anaphylaxis, as described under diphtheria antitoxin, must be sedulously observed. Units given
above are U. S. Public Health Service Units, not
to be confused with so-called ''Neutralizing Units."
One U.S.P.H.S. Unit is equal to 50 Neutralizing
Units.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. It
must be dispensed in the unopened glass container in which it was placed by the manufacturer." N.F. IX.
SCARLET
DICK

FEVER PROPHYLACTIC.
B.P.
TEST

TOXIN.

B.P.

For some time either the U.S. P. or N.F. recognized under the inclusive title of Scarlet Fever
Streptococcus Toxin preparations which are described in the B.P. in two monographs, titled as
above. The B.P. defines Scarlet Fever Prophylactic as scarlet fever toxin, the sterile filtrate
from a culture in a suitable medium of a toxigenic
strain of Streptococcus pyogenes; Dick Test
Toxin, a reagent used for diagnosis of susceptibility to scarlet fever, is defined as a sterile filtrate
from a culture in a suitable liquid medium of a
toxigenic strain of Streptococcus pyogenes, or material obtained therefrom, diluted so that 0.2 ml.
contains the test dose.
The N.F. IX, where the final official recognition of these preparations was given, defined
"Scarlet Fever Streptococcus Toxin (as) a sterile
solution, in a medium containing not more than
1 per cent of peptone but no meat extractive, of
certain products including a soluble toxin, result-
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ing from the growth in the broth of suitable
strains of hemolytic streptococci. Scarlet Fever
Streptococcus Toxin complies with the requirements of the National Institutes of Health of the
United States Public Health Service." The differences inand uses of these two preparations are
described hereunder.
In 1923 Dick and Dick isolated from cases of
scarlet fever a streptococcus which produced an
exotoxin that was capable, when injected into
human beings, of giving rise to a rash. Based
upon this, the Dicks (J. A.M. A., 1924, 82, 301)
believed that these streptococci are sufficiently
different from other bacteria to constitute a distinct species, which they called Streptococcus
scarlatina, referred to in the B.P. as S. pyogenes.
On the other hand, it has been shown that streptococci from different cases of scarlet fever vary
in their agglutinating and antigenic properties,
and authorities now agree that this separation into
a distinct species is not warranted (see Am. J.
Hyg., 1929, 9, 371).
While it is not possible by present cultural
methods to distinguish the hemolytic streptococci
found in cases of scarlet fever from those associated with other infections, the prac:ical value
of this scarlet fever streptococcus toxin for the
diagnosis of susceptibility to scarlet fever has
been demonstrated. In preparing the toxin strains
of streptococci are grown for several days on a
suitable culture medium which must be free from
meat extractives as the latter may cause urticaria
in persons who are sensitive to meat proteins (see
Dick, J. A.M. A., 1939, 113, 1150). After the culture has reached its best growth enough phenol is
added to make an 0.5 per cent concentration
(other suitable antiseptics may be used in comparable dilution) and the culture is filtered through
a bacteria-excluding filter. It is then tested for
sterility and potency. During the process of manufacture, as well as subsequent storage, it must be
protected from exposure to light.
Scarlet fever toxin is used as either a diagnostic
or an immunizing agent; the former is the Dick
test toxin of B.P., while the latter is the scarlet
fever prophylactic. When used as a diagnostic
agent, the toxin must be greatly diluted with a
properly buffered diluent isotonic with the blood
and the pH adjusted to 7.5. Manufacturers generally sell two forms of scarlet fever toxin: One
contains 10 S.T.D. (skin test doses) per ml. and
is intended for diagnostic use; the immunizing
toxin is sold in packages of containers holding
various strengths of toxin from 500 to 120,000
S.T.D. per ml. Scarlet fever toxin for immunization isavailable either as a soluble fluid toxin or
as a tannic acid-precipitated, insoluble toxin. This
latter product is used only intracutaneously and
does not produce the reactions common to the
soluble toxin.
Description. — "Scarlet Fever Streptococcus
Toxin is a transparent liquid, having the color of
the medium in which it is made and having a
slight odor which is often altered somewhat by
the antiseptic used as a preservative." N.F. IX.
Barron and associates (/. Biol. Chem., 1941,
137, 267) found that the concentrated toxin is
highly resistant to temperature and to wide varia-
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tions in the pH and also many oxidizing and reducing agents. The diluted toxin however is very
sensitive to alkalinity, so much so that the syringes
used for injection should be boiled in distilled
water as tap water may impart sufficient alkalinity to destroy the toxin.
Assay. — The standard measure which is known
as the skin test dose is defined as the smallest
amount of toxin which when injected intracutaneously into persons known to be susceptible to the
toxin will induce a reaction equal to that induced
on the same persons at the same time by the injection ofa Skin Test Dose of the standard scarlet
fever toxin supplied by the National Institutes of
Health.
Scarlet fever streptococcus toxin is tested and
standardized by intracutaneous injection of appropriate dilutions into the ears of susceptible
rabbits. One ear is used for the test dilutions and
the other ear for dilutions of the reference standard. For official regulations see N.F. IX.
Uses. — As mentioned above, scarlet fever toxin
is used both as an immunizing and as a diagnostic
agent. For the latter purpose (Dick test) it should
be diluted to contain one S.T.D. in 0.1 ml. of fluid
(0.2 ml. is specified by the B.P.). When this is
injected intracutaneously in susceptible persons
there appears within 20 to 24 hours an area of
redness, with slight infiltration of at least one
centimeter in diameter, which usually fades within
48 hours; it is never indurated. The recognition
of a positive reaction depends entirely on the
presence of erythema; the slightest redness constitutes a positive reaction provided it is one
centimeter in any diameter. As there is very little
protein in the toxin, pseudoreactions are uncommon and inactivated controls are rarely employed.
If such a control is desired it may be made by
heating the toxin to 100° for 2 hours (Kerr,
Lancet, 1925, 1, 230). The B.P. recognizes Dick
Control made from the same batch of toxin as the
Dick Test Toxin and heated to not lower than
90° for not less than 4 hours. Although the Dick
test is not as widely employed as the Schick test
for diphtheria it appears to be equally reliable.
Dick and Dick reported that out of 21,000 negatively reacting individuals there was only one
doubtful case of scarlet fever although all of them
had passed through one or more epidemics of the
disease.
As an immunizing agent the toxin must be given
in repeated doses of increasing potency at intervals of about one week. It may be injected subcutaneously or intramuscularly. The first dose is
from 500 to 650 S.T.D.; the second dose from
2000 to 2500 S.T.D.; the third dose from 8000
to 10,000; the fourth dose from 25,000 to 30,000;
the fifth dose from 80,000 to 120,000; each injection being of one ml. volume. In young or
undernourished children or in either adults or
children where the Dick test reaction has been
very strong the first dose should be smaller than
recommended above. It is advisable to keep the
child in bed and on a light diet for 24 hours after
each injection as a precaution against severe reactions. Moderate or severe reactions occur especially after the first injection in more than 50 per
cent of cases (see Thompson, Connecticut M. J.,
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1941, 5, 736). Two weeks after the last immunizing dose the patient should be tested for immunity and if the reaction is positive another
injection should be given. The immunity when
produced generally lasts for 10 to 12 years. This
immunity is partial in that it protects only against
the erythroderma toxin, so that these individuals
with negative Dick tests may contract a severe
streptococcal sore throat, but show no rash. Such
patients are as contagious as though they were
suffering from scarlet fever and remain susceptible to the suppurative or non-suppurative complications of infection with beta-hemolytic streptococci of group A.
With the availability of satisfactory therapeutic
agents such as the sulfonamides and penicillin,
scarlet fever immunization has vanished. Since
scarlet fever may be treated efficiently with the
specific chemotherapeutic agents mentioned above,
the frequent and often severe reactions that scarlet fever toxin immunization causes have caused
many physicians to conclude that the advantages
of immunization do not justify the risk of reactions.
Storage. — "Preserve Scarlet Fever Streptococcus Toxin at a temperature between 2° and
10°, preferably at the lower limit. It must be dispensed in the unopened glass container in which
it was placed by the manufacturer." N.F. IX.
SCARLET

RED.

N.F.

Scarlet Red, Medicinal; Biebrich Scarlet Red;
Rubrum Scarlatinum

"Scarlet Red is an azo dye, o-tolylazo-o-tolylazo-3-naphthol." N.F.
Fat Ponceau R or LB; Sudan IV; Oil Red IV; Scharlach R; Ceratin Ponceau 3B.

Scarlet red is a dye of the dis-azo type; that is.
there occur in its structure two — N = N — groupings. It is made by diazotizing aminoazotoluene
and coupling the product with betanaphthol ; the
product thus obtained is then purified.
Scarlet red sulfonate, known also as soluble
scarlet red, is a disulfonic acid derivative of the
above; it was official in N.F. IX. In this compound the two CH3 groups of scarlet red are
replaced by SOaNa groups. It differs from scarlet
red in being soluble in water and only slightly
soluble in organic solvents. This dye is used in
medicine for the same purposes as the official one,
and caution must be exercised not to confuse the
two substances.
Description. — "Scarlet Red occurs as a dark
brown, odorless powder. One Gm. of Scarlet Red
dissolves in about IS ml. of chloroform. It dissolves in oils, in fats, or in phenol, and in warm
petrolatum or paraffin. Scarlet Red is slightly
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soluble in alcohol, in acetone, or in benzene, but
is almost insoluble in water." N.F.
Standards and Tests. — Identification. — (1)
On sprinkling 1 mg. of scarlet red on 1 ml. of
sulfuric acid a solution with a bluish green color
is produced. When this solution is cautiously diluted with distilled water, the color changes first
to blue, then to purple, red, and finally to orange.
(2) On boiling a mixture of 3 ml. of alcohol, a
few drops of hydrochloric acid, and 10 mg. of
scarlet red, a deep scarlet-red solution results. On
adding to this solution about 5 ml. of diluted
hydrochloric acid and about 500 mg. of zinc dust,
and heating, the red color is discharged. Residue
on ignition. — Not over 1 per cent. Absorption
characteristics. — The absorbance at 500 mn and
at 520 mn of an alcohol solution containing 5 mg.
per liter is determined; the ratio of the former to
the latter is not less than 0.83 and not more than
0.97. Water-soluble substances. — Not over 5 mg.
is yielded by 0.5 Gm. of scarlet red. N.F.
A number of chemically related compounds
have been introduced as substitutes for scarlet
red. One of these is ortho-aminoazotoluene , suggested by Hayward in 1909. While it appeared
to possess the therapeutic virtues of scarlet red,
it proved to cause systemic poisoning. Curshmann
(Therap. Monatsh., 1911, p. 717) reported that
acetylization of the aminoazotoluene lessened its
toxicity without affecting its therapeutic value.
Dimazon (Heilkraft) is diacetylaminoazotoluene.
Uses. — In 1906 Fisher discovered that the dyestuff known as scarlet red greatly stimulated
growth of epithelial cells. This observation was
confirmed by Helmholz (Bull. Johns Hopkins
Hosp., 1907, 18, 365), and in 1908 Von
Schmieden applied it practically for the purpose
of stimulating epithelial growth in various surgical
conditions, as chronic ulcers, unhealthy granulations, and the like. Since then it has been employed to stimulate formation of skin, not only
in these conditions, but also in bed sores, in unhealed ulcers following extensive injuries or
burns, and to promote epidermal growth after
operations. It is usually applied in the form of
an ointment containing from 4 to 8 per cent of
scarlet red, at the edge in contact with viable,
proliferating epidermis, rather than over the
whole surface of the denuded area. When the
wound is suppurating profusely, scarlet red is of
little value. It should be reserved for clean, dry
ulcers which show little tendency to heal.
It has also been employed by Wolfrum and
Cards (Munch, med. Wchnschr., 1909, p. 242) in
the treatment of corneal ulcers, whether the loss
of cornea is due to injury or ulceration, and by
Rabaudi (Semaine med., 1909, p. 344) in sore
nipples and erosions of the uterus.
Toxicology. — Scarlet red is not entirely harmless, for Lyle (Med. Rec, Nov. 16, 1912) reported a case of serious poisoning, characterized
by nausea, vomiting and epigastric pain with
fever following its application over extensive ulcerated surfaces. Irritation of the kidney has also
been attributed to its use. 13
N.F.Storage. — Preserve "in well-closed containers."
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RED

OINTMENT.

N.F.

Unguentum Rubri Scarlatini

Triturate 50 Gm. of scarlet red with 50 Gm. of
olive oil in a glass mortar until perfectly smooth,
incorporate 400 Gm. of wool fat and 500 Gm. of
petrolatum, and mix thoroughly. N.F.
This ointment is used to stimulate growth of the
epithelium in those conditions in which scarlet
red may be of value.
Storage. — Preserve "in tight containers and
avoid prolonged exposure to temperatures above
30°." N.F.

SCOPOLAMINE

HYDROBROMIDE.

U.S.P. (B.P., LP.)
Hyoscine Hydrobromide, Scopolaminium Bromide,
[Scopolaminae Hydrobromidum]
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"Scopolamine Hydrobromide is the hydrobromide of an alkaloid obtained from plants of the
Solanacece. Caution. — Scopolamine Hydrobromide
is extremely poisonous." U.S.P. The B.P. definition issimilar; the LP. gives no definition.
B.P. Hyoscine Hydrobromide; Hyoscinae Hydrobromidum. LP. Hyoscine Hydrobromide; Hyoscini Hydrobromidum. Scopolaminum Hydrobromicum; Hyoscinae Hydrobromas; Scopolaminae Bromhydras. Pr. Bromhydrate de
scopolamine; Bromhydrate d'hyoscine. Ger. Scopolaminhydrobromid. It. Bromidrato di scopolamina. Sp. Bromhidrato de escopolamina ; Bromuro de escopolamina.

Scopolamine is found in the leaves and seeds
of Hyoscyamus niger, Duboisia myoporoides,
Scopolia japonica, Scopolia carniolica, Atropa
Belladonna and other solanaceous plants, and is
usually prepared from the mother liquor remaining after the removal of hyoscyamine. The term
hyoscine, although originally applied to the substance now known as tropine, was used by Ladenburg for an alkaloid that he obtained from hyoscyamus which he believed to be isomeric with
atropine. It is now generally held that he was
mistaken in his conclusion concerning the composition of this alkaloid and that the substance with
which he was dealing was in reality the alkaloid
scopolamine, which however was not discovered
until some years later by Schmidt (Arch. Pharm.,
1892, 230, 207). At present the terms hyoscine
and scopolamine are used interchangeably, the
B.P. and LP. giving preference to hyoscine by
virtue of its priority, while the U.S.P. gives preference to scopolamine. Occasionally, however, the
name scopolamine is applied to the optically inert
alkaloid (analogous to atropine) which Hesse
called atroscine, and to use the name hyoscine to
indicate levo-scopolamine. The best salt for practical use is the hydrobromide, which is obtained
by neutralizing the alkaloid with hydrobromic
acid, the salt crystallizing on concentration of the
solution.
Description. — Scopolamine Hydrobromide
occurs as colorless or white crystals or as a white,
granular powder. It is odorless, and is slightly
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efflorescent in dry air. One Gm. of Scopolamine
Hydrobromide dissolves in 1.5 ml. of water and
in 20 ml. of alcohol. It is slightly soluble in
chloroform, and insoluble in ether. Scopolamine
Hydrobromide, dried at 105° for 3 hours, melts
between 195° and 199°." U.S.P.
Standards and Tests. — Identification. — (1)
Add 5 drops of nitric acid to 1 mg. of scopolamine
hydrobromide, evaporate the mixture to dryness
in a small porcelain dish on a steam bath; add 2
drops of 1 in 10 alcoholic potassium hydroxide :
an intense purple color is produced. (2) On shaking a mixture of a few drops of chlorine T.S. and
I ml. of a 1 in 20 solution of scopolamine hydrobromide with 1 ml. of chloroform, the latter is
colored brownish. Specific rotation. — Not less
than —24° and not more than —26°, when determined in a solution containing the equivalent
of 500 mg. of anhydrous scopolamine hydrobromide in 10 ml. Acidity. — A solution of 500 mg. of
scopolamine hydrobromide in 15 ml. of water requires not over 0.5 ml. of 0.02 N sodium hydroxide for neutralization, using methyl red T.S. as
indicator. Water. — Not over 13 per cent, when
dried at 105° for 3 hours. Residue on ignition. —
The residue from 100 mg. is negligible. Apoatropine.
— A mixture
permanganate
and of150.05
ml. ml.
of aof 10.1
in A7"
100potassium
solution
of scopolamine hydrobromide is not completely
decolorized within 5 minutes. Other foreign alkaloids.— A mixture of a few drops of ammonia T.S.
and 1 ml. of 1 in 20 solution of scopolamine hydrobromide isnot turbid. On adding potassium
hydroxide T.S. to another 1-ml. portion of the solution the mixture exhibits only a transient whitish turbidity. U.S.P.
Scopolamine when boiled in dilute alkali solution is hydrolyzed into tropic acid (see under
Atropine) and a base called oscine or scopoline,
C8H13NO2. According to Cushny (/. Pharmacol.,
1921, 17, 41), both tropic acid and oscine contain asymmetric carbon atoms and are therefore
optically active. It is, therefore, theoretically possible to have four combinations of these optical
isomers, but only two have actually been prepared,
namely: the /- and d-tropyl esters of ^/-oscine;
these are the products commonly referred to as
levo- and dextro-scopolamine.
Although the alkaloid scopolamine occurs, like
hyoscyamine, in optically inert and in levorotatory
form, there is no such common distinction made
in its nomenclature as in the case of hyoscyamine.
Only the levorotatory form is officially recognized.
For further information on the chemistry of
solanaceous alkaloids, see Belladonna Root.
Straub stated that stable solutions of scopolamine may be made by using as a vehicle 10 per
cent solution of mannitol (see Chem. Abs., 1918,
12, 1103).
Uses. — Actions. — See the discussion in Part
II of Parasympathetic Blocking Agents for a general consideration of the class of compounds of
which this is a member. Meyers and Abreu (/.
Pharmacol., 1952, 104, 387) compared the central and peripheral effects of atropine, scopolamine
and a number of anticholinergic agents. They
found them qualitatively different in that atropine
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is a central stimulant whereas scopolamine is
depressant unless the latter is employed in equipotent parasympatholytic doses in which case, in
monkeys, scopolamine produces persistent excitement. The older investigations of the effects of
scopolamine upon bodily functions are contradictory because of failure to realize the difference in
the physiological effects of racemic and levoscopolamine. While these two forms of the alkaloid possess qualitatively the same physiological
properties their actions are quantitatively different.
Levo-scopolamine, the official variety, is paralyzant to peripheral ends of the parasympathetic
nerves, acting in this respect like atropine, although less powerfully. It dilates the pupil, causes
dryness of the throat and skin, accelerates heart
action, etc. As a mydriatic it is much quicker and
less lasting in its effects than atropine and is used
to paralyze accommodation in correcting errors of
refraction. It differs strikingly from atropine,
however, in that it is not stimulant to the medullary centers and therefore does not increase respiration or elevate blood pressure; also, it frequently appears to act as a cerebral depressant
and tends to promote sleep (Orkin et al., Fed.
Proc, 1954, 13, 393). In some persons the sleep
it produces is attended with a kind of low muttering delirium recalling the mental confusion seen
in atropine poisoning; this effect may be observed
in a patient with pain. A striking effect of large
doses of scopolamine is the loss of memory for
events which happened while the patient was
under the influence of the drug. Scopolamine has
slight analgesic properties but according to
Hauchold (Ztschr. exp. Path. Ther., 1910, 7,
743) it greatly enhances the effect of other narcotics, such as morphine or urethan. In large
doses it is depressant to the respiratory center
and, apparently, also in some degree to motor
ganglia of the spinal cord. Racemic scopolamine,
sometimes called atroscine, is much less powerful
in its effects upon autonomic nerves (Cushny,
Arch. exp. Path. Pharm., 1912, 70, 433). When
applied locally it will cause dilatation of the pupil
but, except in very large doses, it has no effect
upon pulse rate and hardly any upon secretions.
Its action upon the central nervous system is
about equal to that of levo-scopolamine.
Use as Sedative. — An important use of scopolamine isas a cerebral sedative. It is usually much
less efficient than such hypnotic agents as barbiturates for relief of simple insomnia but is
often useful in those types of insomnia in which
there is motor excitement, as in delirium tremens
and various maniacal states. It may be combined
with depressants such as a-chloralose to depress
excitation (Bachet and Marchais, Ann. med.
Psychol. Paris, 1953, 111, 525). It is useful as a
symptomatic remedy in various forms of nervous
excitement, as in hysteria or neurasthenia. It has
been extensively employed for relief of withdrawal symptoms in morphine and alcoholic addiction, although its value is questionable (Light
and Torrance, Arch. Int. Med., 1929, 44, 194).
In paralysis agitans and postencephalitic parkinsonism scopolamine has wide usage. It has also
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been employed to allay sexual excitement, as in
nymphomania, and also spermatorrhea.
Use in Obstetrics. — The use of scopolamine
in conjunction with morphine and other analgesics
in surgery and obstetrics was introduced by
Schneiderlin in 1900 in the vain hope of counteracting respiratory depressant effects of morphine.
The term "twilight sleep" was applied to the state
of dulled consciousness produced by this combination of drugs. Schwarz and Krebs (J.A.M.A.,
1923, 81, 1083) reported on 3000 cases of labor
in which scopolamine-morphine anesthesia was
successfully used in hospital practice. For the
safety of mother and child close observation is
important. Excessive doses are required to control pain of the second stage of labor. It is now
common practice to use scopolamine with morphine or meperidine during the first stage of labor
(Davis et al., ibid., 1952, 148, 1193); inhalation
anesthesia is added during the second stage and
during any surgical procedures.
Many reports have indicated the usefulness of
scopolamine given intravenously with pentobarbital sodium in labor. Volpitti (ibid., 1946, 132,
1059) found it highly satisfactory provided it is
not administered before pains occurring at intervals of 4 or 5 minutes and lasting 30 seconds set
in. His dosage schedule calls for preparation of
10 ml. of aqueous solution containing 250 mg.
(3}4 grains) of pentobarbital sodium and 0.65
mg. (Moo grain) of scopolamine hydrobromide;
the initial intravenous dose in active labor is 3
to 4 ml., followed by 1 ml. every 30 seconds until
the patient becomes sleepy or incoherent. If pain
rouses the patient too much, from 1 to 3 ml. may
be additionally administered. He reported that
the average multipara required two such additional injections of 2 ml. each, while the primipara required three such additional doses at intervals of 1 to 4 hours. Asphyxia of the newborn
may occur (ibid., 1943, 128^ 388).
Preoperative Use. — As a procedure preliminary to ether anesthesia Rovenstine and Batterman (Anesth., 1943, 4, 113) reported that a combination of 100 mg. of meperidine with 0.4 to 0.6
mg. of scopolamine hydrobromide given 45 minutes before general anesthesia was very satisfactory, the incidence of deep depression being lower
than with a mixture of morphine and scopolamine
117).
(see also Householder, Ind. Med. Surg., 1951, 20,
Use in Motion Sickness. — During World War
11 a number of controlled experiments indicated
scopolamine to be the best of all drugs tested in
preventing motion sickness, whether arising from
travel on water or in the air. Holling (Lancet,
1944, 1, 127), and Hill and Guest (Brit. M. J.,
1945, 2, 6) obtained protection rates of 80 per
cent against seasickness among combat personnel
after oral dosage of 0.6 to 1.2 mg. Lilienthal (/.
Aviation Med., 1945, 16, 59) found that incidence of airsickness in flying cadets was reduced
from 7.5 to 0.5 per cent when 0.6 mg. was given
orally 30 to 60 minutes before flight. The investigations of Glaser and Hervey (Lancet, 1951, 1,
749) in England and of a study commission of
the U. S. Armed Forces reported by Chinn et al.
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(Armed Forces M. J., 1951, 2, 401; Am. J. Med.,
1952, 12, 433; /. Pharmacol, 1953, 108, 69) reveal scopolamine to be one of the best agents
affording protection against motion sickness in
comparative studies involving other effective
drugs (see also discussions under Dimenhydrinate
and Promethazine Hydrochloride, in Part I). On
the other hand no protection with scopolamine in
a controlled study of seasickness was reported by
Handford et al. (J. Pharmacol, 1954, 111, 447).
Other Uses. — Scopolamine has been reported
to alleviate vertigo (Wirth, N. Y. State J. Med.,
1949, 49, 1285), intractable hiccup (Lay cock,
Lancet, 1951, 1, 1179), and certain neuropsychiatry states (Goldner and Farrer, Dis. Nerv. System, 1951, 12, 213; Naueriger, Can. Med. Assoc.
J., 1950, 63, 281). H
Toxicology. — Many persons are excessively
susceptible to scopolamine and toxic symptoms
may occur; such symptoms are often very alarming. There are marked disturbances of intellection, ranging from complete disorientation to an
active delirium resembling that encountered in
atropine poisoning. Many cases present marked
somnolence, but in others this may be lacking.
At times the pupils are dilated, the pulse rate
accelerated, and there is dryness of the mouth
with a husky quality of the voice apparently due
to laryngeal paralysis; these symptoms are often
absent or very mild. Active treatment is rarely
required but if there is serious embarrassment of
respiration strychnine may be administered; it is
usually better not to employ medication for relief
of delirium, although if very active small doses
of paraldehyde and bromides may be given.
Foucar et al. (J.A.M.A., 1946, 131, 971) reported
a fatality following use of a motion sickness preventive containing amobarbital sodium, atropine,
and scopolamine; death was attributed to overdosage with amobarbital sodium but synergism
was a possible factor.
Other Scopolamine Derivatives. — Scopolamine methobromide, also known as epoxymethamine bromide and epoxytropine tropate methylbromide, and available as Pamine Bromide
(Upjohn), differs from scopolamine hydrobromide
in having an additional methyl group on the
nitrogen atom, the extra methyl replacing the
hydrogen ion contributed by hydrobromic acid
(for formula see under Parasympathetic Blocking
Agents, in Part II). It is freely soluble in water,
and slightly soluble in absolute alcohol. This
scopolamine salt is recommended to inhibit gastric
secretion (Kirsner and Palmer, J.A.M.A., 1953,
151, 198) and gastrointestinal motility in peptic
ulcer. It is useful in hyperemesis gravidarum and
in diarrhea, and also for ureteral spasms. The
usual dose is 2.5 mg. orally 3 times daily half an
hour before meals, and 2.5 to 5 mg. at bedtime.
It is available as 2.5 mg. tablets, alone or in
combination with 15 mg. of phenobarbital.
S co polamine-N -oxide, also known as scopolamine aminoxide, and available as Genoscopolamine (Lobica-Debruille), C17H21NO5, has an oxygen atom attached to the nitrogen of scopolamine.
It is gradually reduced in the body to scopolamine
and has the same actions and uses; fewer side
effects are claimed for it. The dose is 1 to 4 mg.
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orally in divided doses daily, or 1 to 3 mg. subcutaneously. Pellets containing 0.5 mg. are available. The hydrobromide salt of scopolamine aminoxide, available as Scopodex (Lobica-Debruille),
possesses the actions of scopolamine and is
claimed to be one-third as active but only onesixth as toxic. It acts about twice as rapidly by
mouth and for about half as long as scopolamine
hydrobromide. It is recommended in motion sickness, either alone or in combination with diphenhydramine. Chinn et al found it to be as effective,
when used in doses of 2 mg. 2 or 3 times daily,
in airsickness (U. S. Armed Forces M. J., 1951,
2, 401) and seasickness (Am. J. Med., 1952, 12,
433) as diphenhydramine or promethazine; however, the dosage employed caused hallucinations,
nightmares, dry mouth, blurred vision, and tinnitus. A dose of 1 mg. combined with 25 mg. of
diphenhydramine, 3 times daily, caused these undesirable effects less frequently and controlled
seasickness about as effectively; drowsiness occurred in about half the cases. The dose of this
compound is 0.5 to 1 mg. Pellets containing 0.5
mg. are available.
Dose. — The usual dose of scopolamine hydrobromide is 0.5 mg. (approximately V\20 grain),
orally or subcutaneously; this may be repeated
once after 4 hours if necessary. The range of
oral dose is 0.5 to 0.6 mg.; the range of subcutaneous dose is 0.25 to 0.5 mg. The total dose in
24 hours, either orally or subcutaneously, rarely
exceeds 3 mg. For mydriatic effect (see above,
under Action), a 0.1 to 0.3 per cent ointment or
aqueous solution is applied to the conjunctiva.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
INJECTION

OF

HYOSCINE HYDROBROMIDE. B.P., LP.

Injectio Hyoscinae Hydrobromidi

The B.P. and LP. define Injection of Hyoscine
Hydrobromide as a sterile solution of hyoscine
hydrobromide in water for injection; sterilization
by heating with a bactericide (adding 0.2 per
cent w/v of chlorocresol or 0.002 per cent w/v of
phenylmercuric
and atheating
at 98° to 100°
to
maintain the nitrate
injection
this temperature
for
30 minutes) or by filtration through a bacteriaproof filter is indicated. The B.P. provides no
assay rubric; the LP. requires not less than 90.0
per cent and not more than 110.0 per cent of the
labeled amount of C17H21O4N.HBr.3H2O.
I.P. Injectio Hyoscini Hydrobromidi.

Storage. — Protect the injection from fight.
B.P. The injection should be kept preferably in
single-dose, hermetically closed containers or in
multiple-dose containers. I.P.
Usual Size. — The B.P. indicates that when
Injection of Hyoscine Hydrobromide is prescribed
without indication of its strength, a solution containing 0.4 mg. in 1 ml. shall be dispensed.
EYE

OINTMENTB.P. OF

HYOSCINE.

This ointment is prepared by the process described under Eye Ointments; the hyoscine hy-
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drobromide is dissolved in the smallest amount of
water for injection before incorporation in the
base. If the strength of the ointment is not
specified, one containing 0.25 per cent of hyoscine hvdrobromide shall be dispensed or supplied.
B.P.
SCOPOLAMINE HYDROBROMIDE
TABLETS.
N.F.
Hyoscine Hydrobromide Tablets

"Scopolamine Hydrobromide Tablets contain
not less than 90 per cent and not more than 110
per cent of the labeled amount of C17H21NO4.HBr.3H20." N.F.
Assay. — A representative portion of the powdered tablets, equivalent to about 50 mg. of
scopolamine hydrobromide, is dissolved in water,
the mixture rendered distinctly alkaline with ammonia T.S., and the liberated scopolamine base
extracted with chloroform. The solvent is evaporated, and the residue of scopolamine is estimated
by solution in 20 ml. of 0.02 N sulfuric acid followed by titration with 0.02 A' sodium hydroxide,
using methyl red T.S. as indicator. Each ml. of
0.02
AT sulfuric acid represents
8.767 mg. of
C17H21NO4.HBr.3H2O.
N.F.
Usual Sizes. — Hoo, ^50, %oo, and Vm grain
(approximately 0.3, 0.4, 0.6, and 1.2 mg.).
SECOBARBITAL SODIUM.
U.S.P. (B.P.)
Soluble

Secobarbital

0

II

NqO

1

11 i

HN—/'
O C9H(CH2)2CH3
H
3

"Secobarbital Sodium contains not less than
98.5 per cent of Ci2Hi7N2Xa03. calculated on
the dried basis." VS.P.
The B.P. recognizes the same substance as
Quinalbarbitotie Sodium, defining it as the monosodium derivative of 5-allyl-5-(l-methylbutyl)barbituric acid; not less than 9S.0 per cent and
not more than the equivalent of 100.5 per cent of
Ci2Hi703N2Xa. calculated with reference to the
substance dried to constant weight at 105°. is
required.
Sodium 5-Allyl-5-(l-methylbutyl)barbiturate. Seconal Sodium {Lilly).

Secobarbital may be synthesized similarly to
other barbiturates. Allyl 1-methylbutylmalonic
ester is first prepared by reacting the corresponding alkyl halides with sodiomalonic ester, after
which the product is condensed with urea. The
sodium salt is precipitated on mixing an absolute
alcohol solution of the barbiturate with a similar
solution of sodium methoxide. For details of
synthesis see U. S. Patent 1.954.429 (1934).
Description. — "Secobarbital Sodium occurs as
a white powder. It is odorless, has a bitter taste,
and is hygroscopic. Its solutions are alkaline to
litmus and to phenolphthalein. Secobarbital So-
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dium is very soluble in water, soluble in alcohol,
and practically insoluble in ether." US.P.
Standards and Tests. — Identification. — (1)
Secobarbital separated from the sodium derivative melts between 96° and 100°. (2) The pnitrobenzyl derivative of secobarbital melts between 156° and 160°. (3) The color of iodine in
a mixture of 10 ml. of a 1 in 20 solution of secobarbital sodium and 2 ml. of iodine T.S. is completely discharged in about 5 minutes. (4) The
residue remaining after ignition of secobarbital
sodium effervesces with acids and responds to
tests for sodium. Loss on drying. — Not over
3 per cent, when dried at 80° for 5 hours. Heavy
metals. — The limit is 30 parts per million. Free
secobarbital. — Not over 0.5 per cent, as determined by extraction of secobarbital sodium with
benzene. U.S.P. The B.P. limits loss on drying to
5 per cent; the lead limit is 10 parts per million.
Assay. — About 500 mg. of secobarbital sodium
is assayed by the procedure described under Barbital Sodium. U.S.P. The B.P. assay is likewise
similar to the method applied to barbital sodium.
Uses. — Secobarbital is a barbiturate (see the
monograph on Barbiturates, in Part II, for general
discussion of these compounds) having short to
moderate duration of action. It is widely prescribed as a hypnotic and sedative.
Action. — The duration of action of secobarbital is perhaps closer to that of pentobarbital than
to that of amobarbital. Swanson (Proc. S. Exp.
Biol. Med., 1935, 32, 1562) reported that when
administered to dogs secobarbital has rapid onset
of action, and a duration of action slightly longer
than that of pentobarbital and more nearly equal
to that of amobarbital. He indicated that for
dogs the intravenous minimal anesthetic dose is
25 mg. per Kg. and the intravenous minimal
lethal dose is 50 mg. per Kg. When administered
orally, to dogs, the corresponding doses are 35
mg. per Kg. and 90 mg. per Kg., respectively.
No tolerance to chronic administration was observed. When administered rapidly intravenously
secobarbital caused the fall in blood pressure and
depression of respiratory rate and body temperature characteristic of barbiturates, but it did not
inhibit the vagal influence on heart rate. Swanson
and Fry (/. A. Ph. A., 1937. 26, 1248) reported
that in all laboratory animals the anesthetic and
lethal doses of secobarbital were smaller than
those of amobarbital. Except in the mouse, its
duration of action likewise was shorter. Phatak
and Saxey (ibid., 1947. 36, 105) reported that
secobarbital reduced oxygen uptake (metabolic
rate) when administered to rats in subanesthetic
doses.
Sedative and Hypnotic Uses. — In addition to
the widespread use of secobarbital sodium as an
orally administered sedative and hypnotic, especially in simple insomnia, the anesthetist has for
many years been interested in its use as a premedicant for obstetrical or general surgery
f Walker et al., J. Kansas M. Soc, 1938. 39, 383;
Freck et al., J. M. A. Georgia, 1939. 28, 147;
Lyman. Laryn., 1939, 49, 1119). A careful study
of the use of secobarbital as a basal anesthetic
for children was made by Poe and Karp (Anesth.
6 Analg., 1948, 27, 88). Their optimal procedure
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for children 2 to 16 years of age was to give 3
mg. per pound of body weight up to a maximum
of 200 mg. orally, followed by hypodermic injection of meperidine hydrochloride and atropine
sulfate. These patients were in a sufficiently
light state of narcosis to retain their cough reflex
but sufficiently sedated not to recall the trip to
the operating room.
Intravenous Route. — Bush et al. (Anesth., 1951,
12, 447) evaluated the intravenous form of secobarbital (in50 per cent polyethylene glycol solution) in 1000 patients in whom it was used as a
basal hypnotic and adjunct to anesthesia. They
reported that 100 to 200 mg. of secobarbital sodium administered intravenously provided rapid
induction of basal hypnosis prior to inhalation
anesthesia. It averted or minimized struggling,
coughing, etc., in the second stage of anesthesia,
which made it particularly suitable for patients in
whom a stormy induction would be contraindicated as hazardous. Stoelting (Anesth. & Analg.,
1953, 32, 370) confirmed these observations and
listed the advantages of intravenous secobarbital
as rapid, pleasant induction, easy control of anesthesia, and low incidence of postoperative nausea
and vomiting. When administered too rapidly or
in excessive amounts secobarbital has the disadvantages ofthis class of drugs when so administered in causing respiratory depression and an
initial fall in blood pressure.
Dose. — The usual dose of secobarbital sodium
is 100 mg. (approximately 1J^ grains) orally up
to 3 times daily; the range of dose is 50 to 200
mg. An average hypnotic dose at bedtime is 100
mg. As preanesthetic medication from 200 to 300
mg. is given orally one-half to one hour before
the patient reaches the operating room; in obstetrics an initial dose of 300 mg. is followed by 100
to 200 mg. at suitable intervals up to a maximum
total dose of 1.2 Gm. in 12 hours.
Storage. — Preserve "in tight containers."
U.S.P.
SECOBARBITAL
CAPSULES.

SODIUM
U.S.P.

"Secobarbital Sodium Capsules contain not less
than 90 per cent and not more than 105 per cent
of the labeled amount of Ci2HuN2Na03." U.S.P.
Usual Sizes. — 50 and 100 mg. (% and \l/2
grains).
TABLETS

OF QUINALBARBITONE
SODIUM.
B.P.

The weight of quinalbarbitone sodium, C12H1703N2Na, in each tablet of average weight, is not
less than 90.0 per cent and not more than 110.0
per cent of the labeled amount. B.P. It is indicated
that the tablets may be prepared by moist granulation and compression, and shall be dispensed
sugar-coated unless the contrary is indicated.
SENEGA.
N.F.
Seneca Snakeroot, [Senega]

"Senega is the dried root of Polygala Senega
Linne (Fam. Polygalacece)" N.F.
Senega Root; Rattlesnake Root; Mountain Flax; Seneca
Root. Polygalae Virginianse Radix. Fr. Polygala de virginie.

Ger. Senegawurzel.
It. Poligala virginiana;
Raiz de poligala de Virginia; Senega.
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Polygala Senega is an indigenous herb with a
perennial branching root, from which several erect,
simple, smooth, round, leafy stems annually rise,
from 6 to 18 inches in height. The stems are
occasionally tinged with red or purple below, but
are green near the top. The upper leaves are alternate, lanceolate or oblong-lanceolate pointed,
smooth, bright green on the upper surface, paler
beneath, and sessile or short petiolate, the lower
leaves scale-like. The flowers are small and white,
frequently tinged with green, and form a close
spike at the summit of the stem. The calyx is
their most conspicuous part. It consists of five
sepals, two of which are wing-shaped, white, and
larger than the others. The corolla is small and
closed. The capsules are small, much compressed,
obcordate, two-valved and two-locular, with two
oblong-ovate, blackish, hairy seeds slightly longer
than the lobes of the caruncle.
This plant is found in woods and rocky soil of
southern Canada and the eastern United States,
south to Georgia, along the Alleghanies and west
to Wisconsin, Minnesota and Missouri. There are
two varieties of the plant, the typical P. Senega,
the form found in the northern United States, and
the variety latifolia (T. and G.) which extends
from Maryland and Pennsylvania to the Dakotas
and Tennessee. This variety is distingiushed by
its height (from 10 to 20 inches) and its very
large, ovate or ovate-lanceolate leaves, which taper
towards each end and attain a length of four
inches. The root of commerce is obtained from
both varieties.
Senega root varies somewhat in appearance
according to the locality from which it is derived,
and local varieties are recognized in commerce.
Two varieties are found in commerce. Northern,
or Manitoba, senega has the larger roots, being up
to 15 cm. long and 12 mm. in thickness. Externally, it is dark brown and purplish near the
crown. This variety is the more highly esteemed
and is largely collected at present in Manitoba,
Saskatchewan and Minnesota. Southern or small
senega consists of roots up to 8 cm. long and 7
mm. in thickness, with a brownish-yellow color.
A large percentage of rootlets is usually found in
this variety. Most of it is shipped from South
Carolina and Georgia.
Description. — "Unground Senega is a slenderly conical root, with an enlarged crown; from
3 to 15 cm. in length and from 2 to 10 mm. in
thickness; it is tortuous, somewhat branched, and
bears a few rootlets. The crown is knotty with
numerous buds and short stem bases. Externally
it is weak brown to weak yellowish orange, the
crown being somewhat darker and sometimes
tinged with red. It is longitudinally wrinkled, frequently showing a distinct ridge or keel. The fracture is short, showing pale yellowish orange to
yellowish white wood. It has an odor suggesting
methyl salicylate, a sweetish, afterward strongly
acrid taste, and is somewhat sternutatory." N.F.
For histology see N.F. X.
"Powdered Senega is pale brown to weak yellow. It consists of scattered fragments of corklike cells; fragments of parenchyma and sieve
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tissue; fragments of vessels and short, pointed
tracheids with numerous simple, bordered pits,
and associated with lignified medullary ray cells
with simple pits." NJ?.
The roots of Gillenia trijoliata (L.) Moench.,
and Asclepias Vincetoxicum L., and of Triosteum
perfoliatum L. have been noted as occurring in
commercial senega; they are readily detected by
the absence of the keel-like ridge.
Standards and Tests. — Stem bases. — Not
more than 5 per cent of attached stem bases.
Foreign organic matter. — Not more than 2 per
cent, other than attached stem bases. Acid-insoluble ash. — Not more than 2 per cent. N.F.
Constituents. — The active principles of senega are saponins. The names senegin and polygalic
acid have been applied to them. Polygalic acid is
a feebly acidic glycoside which on hydrolysis
yields glucose and sapogenin. It is a white odorless powder, with a taste at first slight but becoming extremely pungent and acrid. Jacobs and Isler
(/. Biol. Chem., 1937, 119, 155) reported that
senegenin is either C30H46O8 or C30H44O8; it
contains two carboxyl and two hydroxyl groups,
and a lactone linkage. A second crystalline sapogenin was isolated, corresponding to the formula
C29H46O6 or C29H44O6; it is a dihydroxy-dibasic
acid.
A hemolytic test has been proposed for the estimation of the saponins in senega, by Fischer and
Horkheimer {Sudd. Apoth.-Ztg., 1928, 68, 188).
Senega also contains, like most of the species
of Poly gala, about 0.25 to 0.30 per cent of methyl
salicylate.
Uses. — Whatever therapeutic virtue senega
may have appears to be attributable to its saponins. These by their local irritant action upon the
mucous membrane of the stomach tend to cause
nausea, thereby increasing the secretions of the
sweat glands and especially of the bronchial
glands. For this reason the drug has been used
as an expectorant in various forms of bronchitis
and in asthma. In overdose it is capable of acting
as an irritant poison producing violent vomiting
and purging. Polygalic acid has been employed in
doses of from 15 to 60 mg. (approximately % to
1 grain).
Dose, of senega, from 1 to 1.3 Gm. (approximately 15 to 20 grains).
SENEGA

FLUIDEXTRACT.

N.F.

Fluidextract of Seneca Snakeroot
Extractum Senegae Fluidum. Fr. Extrait fluide de senega.
Ger. Senegafluidextrakt. It. Estratto fluido di poligala.

Prepare the fluidextract, by Process A (see
under Fluidextracts) , from senega, in moderately
coarse powder, using a menstruum of 2 volumes
of alcohol and 1 volume of water. Macerate the
drug during 48 hours, and percolate at a moderate
rate. Before adjusting to the final volume, cautiously add ammonia water until the product is
alkaline to litmus and has a slight odor of ammonia. N.F.
In earlier processes of preparing the fluidextract, when ammonia was omitted, the products
proved to be unsatisfactory because of gelatiniza-

tion of pectinous principles. The addition of the
alkali corrects this condition.
Alcohol Content. — From 43 to 50 per cent,
by volume, of C2H5OH. N.F.
from 0.3 to 1.3 ml. (approximately 5 to
20 Dose,
minims).
Storage.— Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep. — Expectorant Mixture; Senega
Syrup; Compound Squill Syrup, N.F.
N.F.
SENEGA SYRUP.
[Syrupus Senegae]
Syrupus Polygalae. Fr. Sirop de polygala. Ger. Senegasirup. It. Sciroppo di poligala. Sp. Jarabe de poligala.

Mix 200 ml. of senega fluidextract with 10 ml.
of diluted ammonia solution and add enough
syrup to make 1000 ml. Mix well. N.F.
Alcohol Content. — From 8 to 10 per cent,
by volume, of C2H5OH. N.F.
This syrup is still occasionally used as a nauseating expectorant. When prescribed in mixtures
it should be kept in mind that the presence of
ammonia in the syrup may give rise to incompatibilities, such as precipitation of certain alkaloidal bases from their salts.
Dose, from 1 to 8 ml. (approximately 15 to
120 minims).
Storage. — Preserve "in tight containers, and
avoid excessive heat." N.F.
SENNA.
N.F. (B.P.)
Senna Leaves, [Senna]

"Senna consists of the dried leaflet of Cassia
acutifolia Delile, known in commerce as Alexandria Senna, or of Cassia angustifolia Vahl,
known in commerce as Tinnevelly Senna (Fam.
Leguminosce) ." N.F. The B.P. definition is the
same.
B.P. Senna Leaf; Sennae Folium. Fr. Sene ; Feuilles
de sene. Ger. Sennesb latter. It. Sena. Sp. Sen; Hoja
de sen.

The plants which yield senna belong to the
genus Cassia, several species of which have contributed commercial senna of the past. Only two
of these, however, are officially recognized. The
leaves of a number of other species of Cassia are
utilized like senna leaves in the respective countries in which they grow.
Cassia acutifolia Defile, which furnishes the
Alexandria senna, is a shrub indigenous to the
Anglo-Egyptian Sudan but found growing wild in
other parts of Africa and in Hejaz. It has been
introduced into India where it is now cultivated
for the drug. It possesses a straight, branched,
whitish stem attaining a height of from two to
ten feet, depending upon the locality of growth.
The leaves are alternate and pinnate, with glandless petioles, and two small, narrow, pointed
stipules at the base. The leaflets, of which from
four to six pairs belong to each leaf, are almost
sessile, ovate lanceolate, acute, oblique at their
base, from half an inch to an inch long, and of a
grayish-green color. The flowers are yellow, and in
axillary racemes. The fruit is a flat, elliptical,
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obtuse, membranous, smooth, grayish-brown legume, about an inch long and half an inch broad,
and divided into six or seven cells, each containing ahard, heart-shaped, ash-colored seed.
Alexandria senna is gathered from wild plants
growing in Hejaz, from wild and cultivated plants
growing in the Sudan and to a small extent from
plants which have been cultivated in India. The
leaflets are usually gathered from September
through the winter months by the natives, dried
in the sun and packed in hampers which are
transported by camel to Port Sudan and other
convenient shipping points, whence the drug is
shipped to Alexandria, Port Said or Cairo. Or
branches bearing leaves and pods are gathered,
dried, and conveyed to Omdurman where the
stems, stalks, sand, and pods are separated by
sieves and trays from the leaflets. The leaflets are
then baled and shipped by rail to Port Sudan.
Most Alexandria senna imported into the United
States comes from Cairo, Alexandria and Port
Said, the remainder coming through London or
Canada. Zufall (/. A. Ph. A., 1921, 10, 185) reported that samples of a superior quality of Alexandria senna which were imported by way of
London were found to have been grown by a new
York drug importer on his plantation in India.
The leaves were hand picked, unbroken and free
from stems and dirt, something not true of the
senna then coming from Sudan.
Cassia angustijolia, from which is obtained the
Tinnevelly , or Indian, senna, is a low shrub having a habit somewhat similar to C. acutifolia. It
is native to Arabia and probably Africa and is
found growing in the wild condition in southern
Arabia, northern India, Somaliland and the AngloEgyptian Sudan. It is cultivated extensively in
southern India for medicinal use. Within recent
years it has been cultivated as a commercial drug
crop in California with success, the product being
of excellent quality. It has an erect, smooth stem,
and pinnate leaves, with from four to eight pairs
of leaflets. These are nearly sessile, lanceolate,
obscurely mucronate, oblique at the base, smooth
above and somewhat downy beneath, with the
veins turned inward so as to form a wavy line
immediately within the edge of the leaflet. The
most striking character of the leaflet is its length,
which varies from 2 to 5 cm. The petioles are
without glands; the stipules minute, spreading
and semi-hastate. The flowers are bright yellow,
and arranged in axillary and terminal racemes
rather longer than the leaves. The legume is
oblong, membranous, tapering abruptly at the
base, rounded at the summit, and 4 to 5 cm. long
by about 1.5 cm. broad.
The finest grade of Indian senna is that grown
in the district of Tinnevelly and commercially
known as Tinnevelly senna. It is gathered from
cultivated plants and usually represents leaflets
of excellent appearance and free from pods, stems
or other foreign matters. Tinnevelly senna is
shipped to the United States and Europe from
Tuticorin and Bombay, or indirectly to this country through London. Inferior grades of senna,
containing discolored leaflets, stems, fruit, etc.,
have been sent from Aden, Mocha and other Red
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Sea ports to Bombay; they are known commercially as Arabian, Bombay or Mecca senna. Some
of these have been exported from India as
"Indian senna."
Considerable study of methods of microscopically distinguishing the powder of Alexandria and
Indian senna has been undertaken. As a result of
these studies it is claimed to be possible to utilize
the greater hairiness of the Alexandria senna as a
means of distinguishing the two species; it is
reported that a fragment of the epidermis of
Alexandria leaf contains twice as many hairs as
does a similar-sized shred of epidermis from the
India senna. It has been proposed to count the
number of epidermal cells between two hairs or
their scars, the average distance of the hairs from
one another being in the Alexandria senna three
epidermal cells, and in the India six cells. Advantage may also be taken of the difference in the
neighboring cells of the stomata; in the majority
of stomata, in each case, there are two of the
neighbor-cells, but in India senna the proportion
is one having three neighbor-cells to seven having
two, and in the Alexandria the proportion is one
having three to two having two.
During 1952, this country imported 1,798,662
pounds of senna, of which 1,486,006 pounds came
from India, 285,315 pounds from the AngloEgyptian Sudan, and 27,341 pounds from Egypt.
Unofficial Sennas. — Cassia obovata Colladon,
the source of the Dog senna or Italian senna,
possesses a rather shorter stem than that of
C. acutifolia, rising to the height of only a foot
and a half. The leaves have from five to seven
pairs of leaflets, which are obovate, very obtuse,
sometimes mucronate. The flowers are in axillary
spikes, of which the peduncles are longer than the
leaves of the plant. The legumes are very much
compressed, curved almost into the kidney form,
of a greenish-brown color, and covered with a
very short down, which is perceptible only by the
aid of a magnifying glass. They contain from 8 to
10 seeds. This species grows wild in Syria, the
Sudan and Senegambia. It has been cultivated
successfully in Italy, Spain, and the West Indies.
It is said to be no longer gathered for senna,
although its cut leaflets have been found in cut
Alexandria senna.
The so-called Aden senna, which Holmes stated
to be active, is composed of small, broad, not
very acute, hairy leaves, and is believed to be
obtained from C. holosericea Fres. A false senna
from Madras was identified by Holmes as the
product of C. montana Hayne. The leaflets are
about the size of the Tinnevelly senna, but are
distinguishable by obtuse or rounded ends which
are distinctly mucronate (the tip is, however,
often broken off and absent from individual
leaves), by the obtuse angles of the lateral veins
and by the presence of a well-marked network
of veins of the under surface. Further, the
color of the upper surface is distinctly browner
than of the Tinnevelly leaflet. The whole leaves
of C. montana have from 10 to 15 pairs of leaflets,
while the Tinnevelly senna has only from 6 to 8
pairs. In the drug this character can usually be
made out by noticing the number of scars on the
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rachis. For a microscopic description of the powder, see Greenish (Pharm. J., 1901, 66, 694).
Maryland Sennas. — Slama published (/. A. Ph.
A., 1934, 23, 550) a morphological comparison
of the leaflets of the Maryland sennas, Cassia
marilandica, C. Medsgeri, C. Chamcecrista and
C. nictitans with those of the official species. He
pointed out that characteristic of the stomata of
the upper epidermis of C. acutijolia and C. angustijolia leaflets is the occasional touching of
the guard cells of two adjacent stomata, and more
frequently the separation of the two stomata only
by their neighboring cells, that the upper epidermises of the Maryland sennas studied never
show the guard cells of two stomata touching;
moreover that stomata with two neighboring cells
predominate, that C. angustifolia rarely has up
to four neighboring cells, that stomata with three
to four neighboring cells occur to a greater degree
in C. marilandica than in C. Medsgeri, that
C. Chamcecrista always shows its stomata accompanied by only two neighboring cells whilst in
C. nictitans stomata with three to four neighboring cells are present. Usually six epidermal cells
accompany a hair in each of the official sennas.
The official sennas are claimed to have the margins of their leaflets almost free of hairs, whereas
the leaflet margins of C. Medsgeri and C. marilandica possess large hairs and those of C. Chamacrista and C. nictitans are more or less serrated.
Glands are stated to be always present on the
petioles of Maryland sennas but absent on those
of the official species. It is further stated that
the apices of the leaflets of the official sennas are
conical or ball-shaped, whereas those of the
C. marilandica and C. Medsgeri taper slightly and
those of C. Chamcecrista and C. nictitans taper to
a sharp slender point.
"Unground Alexandria Senna occurs as inequilaterally lanceolate or lance-ovate leaflets, frequently broken; from 1.5 to 3.5 cm. in length and
from 5 to 10 mm. in width, unequal at the base,
with very short, stout petiolules. The leaflets are
acutely cuspidate, entire, brittle, and subcoriaceous, with short and somewhat appressed hairs,
few on the upper surface, more numerous on the
lower surface, where they occur spreading on the
midrib, especially on its lower part. The color is
weak yellow to light grayish green to pale olive.
The odor is characteristic and the taste mucilaginous and slightly bitter.
"Unground Tinnevelly Senna occurs as usually
unbroken leaflets, from 2 to 5 cm. in length and
from 6 to 15 mm. in width; acute at the apex;
and slightly hairy. The color of the leaves is weak
vellow
N.F. X. to pale olive." N.F. For histologv see
"Powdered Senna is dusky greenish yellow to
light olive brown, displaying fragments of veins
bearing lignified vessels, tracheids. and crystalfibers, isolated hairs, masses of palisade and
spongy parenchyma, fragments of epidermis with
stomata, free calcium oxalate and rosette aggregates, and prisms from 10 to 20 u. in length. In
powdered Alexandria Senna, the hairs are more
numerous than in powdered Tinnevelly Senna."
N.F.
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"Identification. — Mix 500 mg. of powdered
Senna with 10 ml. of an alcohol solution of potassium hydroxide (1 in 10), boil the mixture for
about 2 minutes, dilute it with 10 ml. of water,
and filter. Acidify the filtrate with hydrochloric
acid, shake it with ether, remove the ether layer,
and shake it with 5 ml. of ammonia T.S.: the
latter is colored orange or bluish red." N.F.
George (Quart. J. P., 1943, 16, 226) determined
the palisade ratio value of the upper epidermis
of Cassia acutijolia as 9.5 and that of the lower
epidermis of C. angustifolia as 5.0. He found that
the identity of a powder of either species may be
established from the mean of 20 to 30 palisade
ratio determinations on epidermal fragments, a
value above 7.5 indicating C. acutijolia and a
value below. C. angustifolia.
Standards and Tests. — Stems. — Not over 8
per cent. Pods or other joreign organic matter. —
Not over 2 per cent. Acid-insoluble ash. — Not
over 3 per cent. N.F. The B.P. limits acid-insoluble ash to 2.0 per cent, foreign organic matter
to 1.0 per cent, stalks to 2.0 per cent; not less
than 30.0 per cent of water-soluble extractive is
required.
Constituents. — The cathartic principles of
senna are insoluble in strong alcohol but may be
extracted by either water or diluted alcohol. The
odorous and coloring principles are soluble in
either water or alcohol. It is stated that the
activity of senna is destroyed by boiling, although
there is some difference of opinion on the subject.
In 1866 Dragendorff attributed the purgative
effect of senna to a substance, cathartic acid, the
nature of which is unknown. In 1900 Tschirch
and Hiepe found a substance which they called
sennanigrin which yielded chrysophanol and
emodin. Tutin (Trans. Chem. Soc, 1913, 103,
2006) reported that the only anthraquinone derivatives present, either free or in glycosidal combination, in senna were rhein and aloe-emodin.
Straub (Arch. exp. Path. Pharm., 1936, 181, 399
and 1937, 185, 1) found about 1 per cent of an
easily hydrolyzable glycoside which yielded emdin and was actively cathartic, and also a second
glycoside which was more difficult to hydrolyze
and slower in its laxative effect. Stoll and his
co-workers (Schweiz. naturjorsch. Gesell., 1941,
p. 235) reported isolation of two glycosides, called
sennoside A and sennoside B, which are believed
to be the laxative principles of senna. Both glycosides have the same total formula, C21H20O10.
apparently differing principally in the manner of
linkage of glucose to the aglycone fraction of
each molecule; the aglycones of the sennosides
contain a carboxyl group. Fairbairn and Saleh
(/. Pharm. Pharmacol., 1951, 3, 918) isolated a
water-soluble non-rhein glycoside which is as
active as sennosides A and B and which exerts a
synergistic effect on these glycosides ; a distinguishing characteristic of the non-rhein glycoside
is the absence of a carboxyl group.
Other substances which have been found in
senna, but probably are not connected with its
purgative property, are sennacrol and sennapicrin
(Dragendorff), sennarhamnetin (Tschirch and
Hiepe), kaempjerol, Ci5He02(OH)4, and its gly-
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coside kaempferin (Tutin), and a small amount of
essential oil. Kaempferol is a trihydroxyflavonol
and may be extracted from acid aqueous extractions of senna with ether, which also extracts
some emodin.
Hazelton and Talbert (/. A. Ph. A., 1945, 34,
260) reported that Tinnevelly senna showed no
loss of activity after a storage period of five
years.
Adulterants. — In detecting adulteration of
senna, attention should be given not only to general physical characteristics of the leaves, but also
to the fact that while the senna leaf, containing
no tannic acid, does not react with ferric chloride, most leaves used in adulteration do so. The
microscopic characteristics of false leaves, though
varying greatly, are almost always very different
from those of senna. In senna leaflets the epidermis from the upper and under surface is very
similar. Stomata are numerous; epidermal hairs
are unicellular and deciduous, leaving, when detached, abase which has the appearance of an
annular pad, around which neighboring cells seem
to radiate. The parenchyma of the cell has a thick
epidermis, and is divided into three layers, the
uppermost and lowest of which consist of palisade
tissue, and are separated by a zone of very small,
rounded, parenchymatous cells. Rosette aggregate
crystals of calcium oxalate are scattered throughout the parenchyma, and prismatic crystals, one
in each cell, occur clustered around the fibers of
the principal veins.
The chief adulterants of Alexandria senna have
been stems, midribs, dirt, the leaflets and fruits
of other species of cassia and Tephrosia apollinea
DC. Leaflets of the latter are generally smaller
than senna, of obovate-oblong or obcordate outline, with an emarginate apex, downy lower surface and parallel, unbranched, lateral nerves. They
are frequently folded longitudinally, which fact
often aids their detection. The legumes are 1 to
XYz inches long and up to % of an inch broad.
Leaflets of C. obovata are obovate, with obtuse to
mucronate apex, 12 to 22 mm. long and about
half as wide. The legumes are somewhat reniform, downy and contain 8 to 10 seeds.
Joenssen (Chem. Drug., 1917, 89, 47) found
that
leafletsused
of "Arabian"
senna commercial
and "dog"
sennabroken
had been
to adulterate
"Alexandrian" senna. Leaflets of Coriaria myrtifolia L. have been detected in commercial senna,
especially the cut Alexandria variety. They are
readily recognized, when not too much broken, by
their strongly marked midrib and two lateral
nerves running from the base nearly to the summit; they are free from hairs and do not contain
crystals of calcium oxalate. Surface sections of
their lower epidermis, when examined microscopically, show cells with rectilinear vertical walls,
scattered among which are stomata, each with two
parallel neighboring cells which are strikingly
wrinkled.
Formerly Argel leaves, the leaves of Solenostemma Argel Hayne (Fam. Asclepiadacece), a
native of Africa, were mixed with Alexandria
senna but are now rarely seen in this variety.
They somewhat
resemble this senna but can
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readily be distinguished by their thicker texture,
curved, or curled margins, absence of conspicuous
veins, outside of the midrib, and by their 3- to 4celled, non-glandular hairs.
Uses. — Senna was first used as a medicine by
the Arabians. It was mentioned in their writings
as early as the 9th century, and the name itself
is Arabic. Like other cathartics of the anthraquinone group, its action is chiefly upon the lower
bowel, and is therefore especially suitable in
habitual costiveness. In increases peristaltic movements of the colon by local action (Lenz,
Schweiz. med. Wchnschr., 1923, 53, 887) upon
the intestinal wall or upon Auerbach's plexus in
the wall (Straub and Triendl, Arch. exp. Path.
Pharm., 1937, 185, 1). Henderson (Can. Med.
Assoc. J., 1935, 32, 538) reported that senna
speeded passage through the cecum and ascending
colon, by diminishing the normal anti-peristaltic
waves in this area, and resulted in decreased
absorption of water and thereby a bulkier and
softer fecal mass. A single thorough evacuation is
usually produced within 6 to 10 hours after oral
administration of senna. The griping which accompanies itsaction is said to be caused by resins
which are contained in the leaf, although Straub
and Triendl attributed the cramps to emodin in
the leaf. The tendency to gripe may be obviated
by combining senna with aromatics or with a
saline laxative. The coloring matter of senna is
absorbable, and 20 or 30 minutes after ingestion
of the drug it appears in the urine and may be
recognized by the red color produced on adding
ammonia. The milk of nursing women acquires
purgative properties after administration of senna.
The drug is contraindicated in spastic constipation (irritable colon) and in cases of colitis.
The two glycosides (sennoside A and B) isolated by Stoll (see above) were used effectively
for simple (atonic) constipation by Kottman
(Schweiz. med. Wchnschr., 1941, 20, 71) and
Rafsky et al. (Am. J. Digest. Dis., 1945, 12, 221).
They employed the preparation Glysennid
(Sandoz), containing equal parts of the glycosides,
in doses of 12 to 48 mg. of combined glycosides
at bedtime as a temporary aid in establishing the
habit of a bowel movement each morning. They
reported cramps in very few patients. W\
The usual dose of senna leaf is 2 Gm. (approximately 30 grains), with a range of 600 mg. to 8
Gm.
SENNA

FLUIDEXTRACT.
[Fluidextractum

N.F. (B.P.)

Sennae]

B.P. Liquid Extract of Senna; Extractum Sennae Liquidum. Sp. Extracto Fluido de Sen.

Prepare the fluidextract, by Process A (see
under Fluidextracts), from 1000 Gm. of senna, in
coarse powder, using a menstruum of 1 volume of
alcohol and 2 volumes of water. Macerate the
drug during 24 hours, then percolate at a moderate rate, reserving the first 800 ml. of percolate.
N.F.
The B.P. liquid extract is prepared by extracting senna fruit with chloroform water and, after
concentrating the extract, adding alcohol, corian-
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der oil and distilled water; the preparation contains approximately 22 per cent of alcohol.
Senna fluidextract is not a stable preparation;
on standing it deposits insoluble matter which is
itself active while leaving a liquid with considerably reduced activity (Geiger, J. A. Ph. A., 1940,
29,' 148).
and co-workers
A. Ph. A.,of1943,
32,
165) Lee
demonstrated
that (/.
autoclaving
the
moistened senna for 30 to 45 minutes at 123°
to 126° produced a preparation which maintained
its activity for at least 120 days. At best, however, none of the fluidextracts investigated by Lee
possessed more than 31 per cent of the activity
of an equivalent amount of senna, as determined
by observation of the minimal cathartic dose for
white rats. Hazelton and Talbert (/. A. Ph. A.,
1945, 34, 260) also observed deterioration of the
fluidextract; they found the syrup and infusion to
be more stable than the fluidextract.
Alcohol Content. — From 21 to 27 per cent,
by volume, of C2H5OH. N.F.
Dose, from 2 to 4 ml. (approximately 30 to
60 minims).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
SENNA

SYRUP.

N.F. (B.P.)

[Syrupus Sennae]
B.P. Syrup of Senna. Fr. Sirop de sene. Ger. Sennasirup.
Sp. Jarabe de Sen.

To 250 ml. of senna fluidextract add 5 ml. of
coriander oil and to the mixture gradually add
330 ml. of purified water. Allow the mixture to
stand in a cool place for 24 hours, agitating occasionally, then filter and pass enough purified
water through the filter to obtain 580 ml. of
filtrate. Dissolve 635 Gm. of sucrose in this
liquid, and add enough purified water to make
1000 ml. Mix well and strain. N.F.
The B.P. syrup is made similarly, except that
the fluidextract is prepared from senna fruit.
For comment on the stability of the syrup see
under Senna Fluidextract.
Alcohol Content. — From 5 to 7 per cent,
by volume, of C2H5OH. N.F.
Dose, of the N.F. syrup, for an adult, from
4 to 15 ml. (approximately 1 to 4 fluidrachms) ;
of the B.P. syrup, from 2 to 8 ml. (approximately
Y-2. to 2 fluidrachms).
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." N.F.
SENNA

FRUIT.

B.P.

Senna Pod, Sennas Fructus

Under this title the B.P. recognizes the dried
legumes of Cassia acutijolia, Delile, known in
commerce as Alexandrian senna pods, and of Cassia angustifolia, Vahl, known in commerce as
Tinnevelly senna pods.
Folliculi Sennae. Fr. Fruits de sene. Ger. Sennesfruchte.

Senna pods, while regarded as an adulterant
for senna in the N.F., in that the quantity is
restricted, are official in the B.P. They are broadly
oblong to reniform, pale green to brownish-green,

from 4 to 6 cm. long (Alexandria senna pods)
or 4 to 5 cm. long (Tinnevelly senna pods), with
a rounded apex and cuspidate base, 2 to 2.5 in
width; brownish in the center above the seeds;
very flat; pericarp papery; seeds obovate-cuneate,
flattened. The odor is slight, the taste mucilaginous and characteristically bitter.
Experiments conducted by Stockman (Chem.
Drug., 1915, p. 156) with fluidextracts of whole
senna pods, the pericarp freed from the seeds,
and the whole seeds, showed that the first gives
the most violent purging, severe griping and sometimes sickness and faintness; the second is best,
giving satisfactory purgation with least griping;
and the last is the weakest purgative and causes
considerable pain and griping.
Uses. — Senna pods, like the leaves, are used as
a laxative. They are generally considered to be
somewhat milder in their action than the leaves
and are less likely to produce griping. According
to Salmon (Pharm. J., October, 1889) they contain more cathartic acid and emodin than the
leaves but no resin or volatile oil. From 6 to 12
pods for the adult, or from 3 to 6 for the young
or very aged, infused in a small glassful of cold
water act, in his experience, very mildly but
thoroughly upon the whole intestine.
Dose, from 0.6 to 2 Gm. (approximately 10 to
30 grains).
COMPOUND

SENNA
N.F. (B.P.)

POWDER.

Compound Licorice Powder, Pulvis Senna; Compositus
B.P.
rhizae
Poudre
Polvere

Compound Powder of Liquorice; Pulvis GlycyrCompositus. Pulvis Liquiritiae Compositus. Fr.
de reglisse composee. Ger. Brustpulver. It.
di liquirizia composta.

Mix 4 Gm. of fennel oil with about half of a
500-Gm. portion of finely powdered sucrose, then
incorporate the remainder of the sucrose along
with 180 Gm. of senna and 236 Gm. of glycyrrhiza, both in very fine powder, and 80 Gm. of
washed sulfur. After a thorough mixture has been
prepared, pass the powder through a No. 80
sieve, pulverize any residue that may remain on
the sieve, incorporate this with the rest of the
powder, and mix thoroughly. Note. — Three per
cent of sucrose in this formula may be replaced
by powdered starch. The powder should not be
dispensed if it becomes hard and compact. N.F.
The B.P. Compound Powder of Liquorice is
made by mixing senna leaf, peeled licorice, fennel,
sulfur and sucrose, all in fine powder. It contains
about 10 per cent less senna than the N.F. powder
and powdered fennel replaces fennel oil.
Description. — "Compound Senna Powder occurs as a weak yellow or dusky yellow powder
with a fennel-like odor. The elements of identification are washed sulfur fragments and the
tissue elements of senna and glycyrrhiza. A few
corn starch grains are permissible." N.F.
Standards and Tests. — Identification. — The
liquid obtained from a mixture of 100 mg. of the
powder with 2 ml. of alcohol and 10 ml. of water
which has been boiled, cooled, and filtered, is
greenish yellow; on addition of 1 drop of potassium hydroxide T.S. the color changes to yellow-
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ish orange or yellow. Sulfide. — The powder is free
of the odor of hydrogen sulfide. N.F.
Uses. — This once highly popular preparation
still finds use as an efficient and agreeable laxative for relief of habitual constipation, usually
acting without much griping. Because of the
softness of the movements usually produced it
was a preferred laxative for hemorrhoids. It may
be conveniently taken by stirring with water.
Dose, 2 to 4 Gm. (approximately 30 to 60
grains).
Storage. — Preserve "in tight containers." N.F.
HUMAN SERUM.
B.P.
The B.P. recognizes, in separate monographs,
Liquid Human Serum and Dried Human Serum,
both of which were formerly recognized by either
the U.S. P. or N.F. under the single title Normal
Human Serum. The N.F. IX defined Normal
Human Serum as follows: "Normal Human
Serum is the sterile serum obtained by pooling
approximately equal amounts of the liquid portion
of coagulated whole blood from eight or more
humans (Homo sapiens) who have been certified
by a qualified doctor of medicine as free from
any disease which is transmissible by blood transfusion at the time of drawing the blood. Each
bleeding is drawn under aseptic precautions into
individual sterile centrifuge bottles and allowed
to coagulate for at least 12 hours but not more
than 24 hours. The cell-free serum is separated
by centrifugation, and transferred to a pool by
means of a closed system. Sterility tests are
made, a preservative is added, the serum is passed
through a bacteria-excluding filter and distributed
into the final container through a closed system. Caution: Each lot of Serum shall be aged
in the liquid state for at least 28 days at 2° to
10° subsequent to the removal of the clot and
prior to its use as liquid serum, or prior to freezing and drying. Normal Human Serum must be
free from harmful substances detectable by
animal inoculation, and must not contain an excessive amount of preservative. Normal Human
Serum complies with the requirements of the
National Institutes of Health of the United
States Public Health Service." N.F. IX.
In order to ensure cross-neutralization of
isohemagglutinins by soluble blood group substances, the B.P. requires the sera to be pooled
so that contributions from donors of A, 0, and
of B or AB groups respectively are represented
in approximately the ratio 9:9:2. The B.P. requires the pool to be treated so as to destroy the
causative agent of homologous serum jaundice
but permits omission of such treatment provided
that not more than 10 separate donations are
pooled. A further requirement of the B.P. is that
liquid human serum, or reconstituted dried human
serum, contains not less than 6.5 per cent w/v
of protein.
Ultraviolet irradiation of liquid serum is now
commonly practiced, with the object of destroying possible bacterial and viral contaminants, including the agent of infectious hepatitis. Despite
careful donor selection and ultraviolet irradiation, however, the serum may contain the virus
of homologous serum hepatitis.
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Description. — "Normal Human Serum is
available
as a liquid serum or in a dried condition.
"Liquid serum. — Freshly collected Normal
Human Serum is a slightly opalescent liquid of a
faint yellowish or amber color, and practically
odorless in the absence of a preservative possessing an odor. A slight, granular deposit or increased opalescence may develop on standing.
"Dried serum. — This is made from liquid
Normal Human Serum, after aging for at least 28
days. It contains not more than 1 per cent moisture as determined by exposing 1 or 2 Gm. of the
sample, evenly distributed, in a weighing bottle
not less than 60 mm. in diameter in a vacuum
desiccator at less than 1 mm. pressure over fresh
phosphorus pentoxide at room temperature until
the weight remains constant to the third decimal.
It has a light yellow to deep cream color, is
microscopically of a honeycomb-like structure
and shows no evidence of fusion." N.F. IX.
Uses. — While blood serum has been employed
for the purpose of increasing blood volume in
conditions of circulatory failure, it is seldom used
because it is more difficult to prepare, more likely
to cause undesirable effects and is generally less
efficient in its therapeutic action than either
plasma or whole blood. The chief use of human
serum was in treatment of bacterial infections.
Its utility depends on the fact that antitoxins
and other bacterial antibodies are contained
chiefly in the non-coagulable (serum) fraction of
blood. A donor who has recently recovered from
a systemic infection or who has been specifically
hyperimmunized against some infectious disease
will have in his serum antibodies for the disease
in considerable quantity; serums of this type are
called human immune serums. However, certain
infections are so widespread through the population that when pooled serums are employed there
is always a fair chance that antibodies for such
diseases as measles may be present.
Some evidence, observed in animals, indicates
that the serum of anemic animals stimulates
erythropoiesis (Erslev, Blood, 1953, 8, 349; Proc.
S. Exp. Biol. Med., 1953, 83, 548); the nature
of the responsible humoral factor is unknown.
Toxicology. — Experience has abundantly demonstrated that injection of products made wholly
or in part of human serum may cause, 3 to 4
months later, hepatitis in the human recipient.
This is commonly known as homologous serum
hepatitis, and may occur even after injection of
very small quantities (2 ml.) of so-called "icterogenic" human serum products. For further discussion of this problem see under Normal Human
Plasma.
Dose. — The dose of human serum varies according to the purpose for which it is used. For
replacement of blood volume 500 ml. or more is
usually given. When administered for its antibody
content the dosage tends to be smaller. From 50
to 200 ml. has been given as a measles modifier.
When serum from hyperimmunized donors is used
the dosage varies with the strength of the serum
and is usually specified by the supplier of the
serum.
Regulations. — "The outside label must bear
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the name Normal Human Serum and indicate the
volume of original Normal Human Serum represented in the container, the manufacturer's lot
number of the Serum, the name, address, and the
license number of the manufacturer, and the date
beyond which the quality of the contents may not
be maintained." N.F. IX.
Storage. — "Preserve the liquid Serum at a
temperature between 2° and 10°. Dried Serum
must not be exposed to excessive heat. Normal
Human Serum must be dispensed in the unopened
glass container in which it was placed by the
manufacturer." N.F. IX.
SESAME OIL.
U.S.P., B.P.
Oleum Sesami

"Sesame Oil is the refined fixed oil obtained
from the seed of one or more cultivated varieties
of Sesamum indicum Linne (Fam. Pedaliacetz)."
U.S. P. The B.P. definition is practically identical.
Teel Oil; Benne Oih Fr. Huile de sesame. Ger. Sesamol.
It. Olio di sesamo. Sp. Aceite de Sesamo.

By crushing the seed of Sesamum indicum (for
description see Sesame, Part II) there is obtained an average yield of approximately 47 per
cent of a fixed oil which possesses marked stability, presumably attributable to the antioxidant
effect of some of its characteristic constituents.
The extraction and purification of the oil are performed in very much the same manner as for
other fixed oils, such as cottonseed oil and Unseed
oil.
In normal times the largest producers of sesame
seed are China and India.
Description. — "Sesame Oil is a pale yellow,
oily liquid. It is almost odorless, and has a bland
taste. Sesame Oil is slightly soluble in alcohol. It
is miscible with ether, with chloroform, with
petroleum
benzin, and with carbon disulfide."
U.S.P.
Standards and Tests. — Identification. — On
shaking 1 ml. of sesame oil for 30 seconds with
a solution of 100 mg. of sucrose in 10 ml. of hydrochloric acid the acid layer becomes bright red,
changing to dark red on standing (difference from
most other fixed oils). Specific gravity. — Between 0.916 and 0.921. Free fatty acids. — Not
over 3 ml. of 0.02 N sodium hydroxide is required
for neutralization of the free fatty acids in 10
Gm. of oil. Cottonseed oil. — This test is the same
as the corresponding test under Olive Oil. Saponification value. — Not less than 188 and not more
than 195. Iodine value. — Not less than 103 and
not more than 116. Solidification range of fatty
acids. — Between 20° and 25°. Unsaponifiable
matter. — Not more than 1.5 per cent. U.S. P. The
B.P.
the refractive index, at 40°, as from
1.4650gives
to 1.4665.
Constituents. — Sesame oil is a semi-drying
oil. It contains about 75 per cent of olein;
glycerides of linoleic, palmitic, stearic, and
myristic acids are also present. Adriani (Ztschr.
Untersuch. Lebensm., 1928, 56, 187) described
certain substances present in the unsaponifiable
fraction of sesame oil; these include sesamin,
C20H18O6, and sesamolin, C20H18O7. Sesamin,
present to the extent of about 1 per cent, is a

complex cyclic ether (see Cohen, Rec. trav. chim.,
1938, 57, 653). About 0.3 per cent of sesamolin
is present in the oil; it has the characteristics of
a glycoside. In the identification test (called the
Baudouin test) for sesame oil, using sugar and
hydrochloric acid, sesamolin is converted by the
acid into a phenolic substance, sesamol, C7H6O3,
and into samin, C13H14O5; sesamol is responsible
for the cherry red coloration observed in the test.
Sesamol has been synthesized by Boeseken et al.
(Rec. trav. Chim., 1936, 55, 815). Villavecchia
found that furfural, which is produced from
sucrose in the Baudouin test, may be used in place
of sucrose in the test for sesame oil.
Uses. — Benne oil was known to the ancient
Persians and Egyptians, and is used by the
modern Arabs and other people of the East both
as a food and as an external application to promote softness of the skin.
Sesame oil, perhaps because of an antioxidant
effect of sesamin, sesamolin or other constituent,
possesses unusual stability, a property which
makes the oil highly desirable as a vehicle for
medicaments to be administered subcutaneously
or intramuscularly. Several products on the
market employ it as a solvent and vehicle for diethylstilbestrol, other estrogenic substances, progesterone, etc. It may also be employed in preparations for local application. When taken internally in sufficient dose it is, like other fixed
oils, laxative.
Following oral administration of sesame oil to
adults and children Schiff and Hirschberger (Am.
J. Dis. Child., 1937, 53, 32) claimed to have observed an increase in the number of thrombocytes
and attributed this effect to the presence of a
"T-factor" in the oil; several other investigators
were unable to duplicate their findings. For an
extensive review of chemical, and physiological,
properties of sesame oil see Budkowski and
Markley (Chem. Rev., 1951, 48, 125).
The name sesame oil is also sometimes applied
to the oil from the cruciferous seed of Camelino
sativa.
Storage. — Preserve "in tight, light-resistant
containers,
and avoid exposure to excessive heat."
US.P.
PURIFIED

SILICEOUS
U.S.P.

EARTH.

Purified Infusorial Earth, Purified Kieselguhr,
Terra Silicea Purificata

"Purified Siliceous Earth is a form of silica
(Si02) consisting of the frustules and fragments
of diatoms, purified by boiling with diluted hydrochloric acid, washing, and calcining." U.S.P.
Diatomaceous Earth; Diatomite. Ger. Gereinigte Kieselguhr; Kieselerde. Sp. Tierra Silicea Purificada.

The material which is called diatomaceous
earth in the United States, kieselguhr in Germany
and diatomite in Great Britain, is a form of earth
consisting of fragments of diatoms — which are
microscopical unicellular algas.
Diatomaceous earth is found in various parts
of the world. The first deposit utilized was from
northern Africa, and was called "Tripoli." One of
the largest deposits is that from White Hills at
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Lompoc, California. A large deposit near Clearmont, Florida, is of more recent origin and of a
different type. In the Lompoc beds over 2000
species of diatoms have been identified. Some
specimens of diatoms are used for testing the
efficiency of microscopic lenses. There is no satisfactory chemical method for distinguishing between purified siliceous earth and inorganic silica
in the form of quartz, sand, etc. The British
Pharmaceutical Codex states that when mounted
in olive oil and examined under the microscope
the diatoms become almost invisible and the sand
is clearly defined; the amount of sand particles
should be almost negligible in a satisfactory
sample of the earth.
Formerly a mechanically pulverized quartz was
used for similar purposes as the diatomite is today. It was recognized in the old London Pharmacopoeia under the title of Silex Contritus {powdered quartz). For further information concerning it see U.S.D., 17th ed., p. 1741.
Diatomaceous earth is an amorphous silicon
dioxide and is therefore related to quartz, which
is crystalline silica. Diatomaceous earth is generally associated with earthy impurities. It contains from 65 to 87 per cent of SiC»2, 2 to 11
per cent AI2O3, up to 3 per cent Fe203, and small
amounts of compounds of calcium, magnesium,
potassium and sodium. It also contains from 5
to 15 per cent of water.
Calcination is usually resorted to for the removal of organic matter. It is afterwards sometimes boiled with diluted hydrochloric acid, then
washed with water and dried. The finest grades
are separated by being "air blown," instead of being sifted. It differs from the clays in having but
slight adsorbing power. Because of this fact it is
valuable in pharmacy as a filtering medium. Material of U.S. P. quality has been difficult to obtain; apparently suppliers have not been sufficiently
interested in it to remove the traces of iron and
other impurities frequently observed in the commercial article.
For the purpose of filtration of oils and fats,
syrups, serums, etc., the best type of diatomaceous earth is a mixture of discoid and pennate
forms. The finest grades of kieselguhr have been
used in dentrifrices ; marine kieselguhr, the
lightest air-blown fraction of the purest grade
obtainable, has been successfully employed in face
powders. Purified siliceous earth may be used as
a pill excipient for volatile oils and mixtures
which liquefy, such as camphor and phenol, the
mass being mixed with hydrous wool fat.
The filtering efficiency of diatomaceous earth
is due to the fine, porous, cell-like structure and
enormous surface exposed to the filtering medium.
Description. — "Purified Siliceous Earth is an
amorphous, very fine, white, light gray or pale
buff powder. It is gritty, readily absorbs moisture, and retains about four times its weight of
water without becoming fluid. Purified Siliceous
Earth is insoluble in water, in acids, and in
dilute solutions of the alkali hydroxides." U.S.P.
Standards and Tests. — Loss on ignition. —
Not over 10 per cent of its weight. Acid-soluble
substance. — Not over 8 mg. of sulfated residue
is obtained from 500 mg. of purified siliceous
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earth when digested with diluted hydrochloric
acid as 50°. Organic impurities. — The earth does
not darken appreciably upon ignition. Carbonate.
— No effervescence occurs on addition of 1 Gm.
of the earth to 25 ml. of diluted hydrochloric
acid. Sulfate. — The liquid obtained in the test for
carbonate, after boiling, does not become turbid
on addition of barium chloride T.S. Water-soluble
iron and reaction. — The filtrate separated from a
boiled mixture of 10 Gm. of the earth with 50 ml.
of water is colorless and neutral to litmus paper;
on addition of 5 drops of potassium ferrocyanide
T.S. to 5 ml. of the filtrate, no blue color is
produced. U.S.P.
Uses. — While diatomite has high absorbent
properties and suggests itself as a desiccant dusting powder it is generally objectionable because
of its grittiness. Its use as a dentifrice is to be
deprecated as it is liable to scratch the toothenamel. Its chief importance is as a dispersing
and filtering aid, as in the preparation of aromatic waters, and as an excipient.
Diatomaceous earth has widespread technical
uses by virtue of its valuable physical and
chemical properties. Because of its chemical inertness and its power of absorbing large amounts
of liquid, it is used to absorb nitroglycerin in
the manufacture of dynamite. Because of its
porosity it is effective as a packing for mineral
acids shipped in bottles. It has also been used as
a cheap and efficient base for incorporating disinfectants, such as phenols and cresols. In fireproofing and insulating work it is employed because of its incombustibility and non-conductivity.
Still other uses include those as an ingredient of
polishing powders and soaps.
Storage. — Preserve "in well-closed containers." U.S.P.
SILVER.
Argentina
Ag (107.880)
Fr. Argent. Ger. Silber. It. Argento. Sp. Plata.

Metallic silver was well known to the ancients,
having since early times been used in coins and
fabrication of ornaments. Its characteristic appearance prompted the alchemists to call it luna
(whence the name lunar caustic for toughened
silver nitrate) and to give it the symbol of the
crescent moon. The Romans called it argentum,
from which is derived the present chemical
symbol Ag. The word silver originates from the
Anglo-Saxon seolfor.
Silver occurs native or alloyed with gold, copper, mercury or other metals. Its compounds form
various minerals, of which the most important
are the sulfides (which may be simple, or double
salts with antimony or arsenic). North and South
America produce more than four-fifths of the
world output of silver, with Mexico being the
chief producer.
Extraction. — Silver may be extracted from
its ores by one of a number of methods, depending upon the type of ore to be treated.
In the process of amalgamation the ore is
ground to an impalpable slime and then agitated
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with mercury which reduces silver if it is present
in combination, and then combines with it as an
amalgam. After cleaning the amalgam to remove
suspended matter, the mercury is distilled off,
leaving the silver as a porous mass which can be
melted and cast into bars. Inasmuch as silver
sulfide ores are slowly reduced by mercury they
are sometimes roasted with sodium chloride to
convert the sulfide to silver chloride, which is
then treated with mercury.
An important process is the cyanide extraction
method. This consists in subjecting the finely pulverized ore to the action of a sodium cyanide
solution, which dissolves silver as an argenticyanide. The resulting slime is filtered and the
silver precipitated by addition of zinc.
When argentiferous lead ores are smelted, the
silver that is present concentrates in the "pigs"
of lead, the latter containing up to about 2 per
cent of silver. To remove this silver the pig
may be treated by one of the following processes :
(1) The addition of molten zinc to a bath of the
lead, the former extracting the silver and rising
to the surface and forming a crust; (2) oxidation
of the lead to litharge by means of a blast of air,
the silver remaining behind as a partially refined
product; this operation is known as cupellation.
Silver is also obtained from the "mud"' formed
in the electrolytic refining of copper.
Properties. — Silver is a white metal, very
brilliant, tenacious, malleable, and ductile. In
malleability and ductility it is inferior only to
gold. It is harder than gold, but softer than
copper. Its melting point is 960.5° and it has a
density, at 15°, of 10.49. Silver forms but one
well-characterized oxide, Ag20. The metal is not
oxidized in air, but acquires a tarnish of silver
sulfide by action of hydrogen sulfide in the
atmosphere. It is entirely soluble in diluted nitric
acid.
For a discussion of the medicinal properties of
silver ion, see under Silver Nitrate.
COLLOIDAL

SILVER

IODIDE.

N.F.

Argenti Iodidum Colloidale

"Colloidal Silver Iodide is silver iodide rendered
colloidally stable by the presence of gelatin. It
contains not less than 18 per cent and not more
than 22 per cent of Agl. Caution. — Solutions of
Colloidal Silver Iodide should be freshly prepared
and
X.F. should be dispensed in amber-colored bottles."
Colloidal Silver Iodide Compound. Neo-Silvol (Parke,
Davis) .

Colloidal silver iodide may be prepared by the
interaction of aqueous solutions of silver nitrate
and potassium iodide in the presence of gelatin
as a stabilizing agent; the reaction product is
dialyzed to remove by-product electrolyte and
then evaporated to dryness in vacuo.
Neo-Silvol, the best-known commercial preparation of colloidal silver iodide, is described as being
prepared by heating freshly precipitated silver
oxide with a dilute solution of alkali until the
silver oxide has been reduced to a colloidal dispersion of metallic silver. Iodine is then added,
which combines with the silver, and the mixture

evaporated to dryness in vacuo. The finished
product contains from 1 to 3 per cent of combined iodine in excess of that required for combination with the silver (for details see U. S.
Patent 1,610,391, issued in 1926).
Description. — "Colloidal Silver Iodide occurs
as a weak yellow to pale yellow granular solid
with a faint odor. It is affected by light. Colloidal
Silver Iodide is freely dispersible in water, forming a milky opalescent colloidal suspension. It is
slowly dispersible in glycerin and insoluble in
fixed oils." N.F.
Solutions of colloidal silver iodide in water
may be prepared by adding the proper amount of
the substance to the required amount of water
(which should be hot for concentrations of 25 per
cent or higher), the mixture being agitated until
solution is effected. The solutions tend to precipitate after standing a week. Local anesthetics
should not be added to the solutions.
Standards and Tests. — Identification. — (1)
On boiling a mixture of 5 ml. of a 1 in 100 aqueous solution of colloidal silver iodide and 2 ml. of
sodium hydroxide T.S. the solution darkens, but
no precipitate forms within 10 minutes. (2) On
adding 1 ml. of diluted hydrochloric acid to 5 ml.
of a 1 in 100 aqueous solution of colloidal silver
iodide the solution becomes opaque without further separation of a precipitate; on boiling for 1
minute, silver iodide gradually precipitates. Silver
chloride and silver bromide. — A 1 in 100 aqueous
solution of colloidal silver iodide is not discolored
by sunlight in 1 hour. N on- filterable residue. —
Not over
of residue,
dried of
at 105°,
remains1whenpera cent
solution
of 1 Gm.
colloidal
silver iodide in 100 ml. of water is filtered
through a Gooch crucible with a moderately
thick asbestos pad. N.F.
Assay. — A solution of 1 Gm. of colloidal silver
iodide in distilled water is heated to boiling in
the presence of hydrochloric acid, thereby releasing silver iodide in such form that it may be
filtered off on a Gooch crucible, washed with 3
per cent hydrochloric acid, and dried for 1 hour
at 105° and weighed as Agl. N.F.
Uses. — Colloidal silver iodide is employed as
a mild local antiseptic and is intended for prophylaxis against, and treatment of, infections of
accessible mucous membranes, especially of the
genitourinary tract and of the eye, ear, nose and
throat. Even in concentrated solutions it causes
neither irritation of mucous membranes nor coagulation of albumin. It does not stain the skin
on topical application. Colloidal silver solutions
have become less popular since the advent of
antibiotics.
Lott and Christiansen (/. A. Ph. A., 1932, 21,
141) demonstrated that all the samples of colloidal silver iodide which they prepared proved
not to be germicidal and had little if any antiseptic action when tested in vitro against B.
typhosus and S. aureus. They concluded that the
results failed to disclose any indication of useful
antiseptic or germicidal properties in colloidal
silver iodide.
For treatment of acute inflammations of the
mucous membranes solutions containing as much
as 50 per cent of colloidal silver iodide are em-
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ployed. Inflammatory infections of the ear, nose
and throat are treated with 5 to 40 per cent solutions; sinuses are irrigated with 2 to 5 per cent
solutions; as a urographic medium a 20 per cent
solution is employed.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
SILVER NITRATE.
U.S.P., B.P., LP.
Argenti

Nitras

"Silver Nitrate, powdered and dried in the dark
over sulfuric acid for 4 hours, contains not less
than 99.8 per cent of AgNOs." U.S.P. The B.P.
and LP. both require not less than 99.8 per cent
of AgN03, the material not being dried.
Argentum Nitricum; Xitras Argenticus; Argenti Nitras
Crystallisatus. Fr. Azotate d'argent; Nitrate d'argent
cristallise. Ger. Silbernitrat ; Salpetersaures Silber; Silbersalpeter. It. Nitrato di argento. Sp. Nitrato de plata cristalizado; Xitrato de plata; Nitrato argentico cristalizado.

Silver nitrate may be prepared by reaction of
metallic silver and nitric acid, the solution being
evaporated to dryness, the mass fused to drive off
nitric acid and the residue dissolved in water
from which solution the silver nitrate is crystallized. If necessary, the silver may be purified by
conversion to a halide which is subsequently reduced to the metallic state, further purified by
electrolysis, dissolved in pure nitric acid, precipitated from the solution by an excess of this
acid, and the crystals of silver nitrate finally
fused in a quartz vessel. For details of the latter
procedure see Archibald's Preparation of Pure
Inorganic Substances, 1932.
As it appears to have been the practice in some
laboratories where silver residues are reclaimed
and worked up into silver nitrate to wash moist
crystals of the latter with denatured alcohol, it
should be cautioned that such a procedure can be
very dangerous because of the likelihood of producing explosive silver fulminate from a reaction
of silver nitrate, alcohol and traces of nitric acid
in the mixture. It is of record that a laboratory
worker suffered severe injuries merely by touching with a porcelain spatula alcohol-moist crystals
of silver nitrate which promptly exploded (Cheni.
Eng. News, 1941, 19, 250).
Description. — "Silver Nitrate occurs as colorless or white crystals. On exposure to light in the
presence of organic matter, Silver Nitrate becomes gray or grayish black. One Gm. of Silver
Nitrate dissolves in 0.4 ml. of water and in 30
ml. of alcohol. One Gm. of Silver Nitrate dissolves in slightly more than 0.1 ml. of boiling
water, and in about 6.5 ml. of boiling alcohol. It
is slightly soluble in ether." U.S.P.
Standards and Tests. — Identification. — (1)
A 1 in 50 solution of silver nitrate responds to
tests for silver. (2) A deep blue color appears at
the zone of contact when a solution of silver
nitrate containing a drop of diphenylamine T.S.
is superimposed on sulfuric acid. Clarity and
color of solution and reaction. — A 1 in 10 solution is clear and colorless and is neutral to litmus
paper. Copper. — Not even a faint blue color
appears on adding an excess of ammonia T.S. to a
1 in 10 solution of silver nitrate. U.S.P.
Assay. — About 700 mg. of dried silver nitrate
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is dissolved in water, acidified with nitric acid and
titrated with 0.1 N ammonium thiocyanate, using
ferric ammonium sulfate T.S. as indicator. Each
ml. of 0.1 N ammonium thiocyanate represents
16.99 mg. of AgN03. U.S.P.
Solutions of silver nitrate produce a gray to
black stain on the skin and on fabrics due to
partial reduction to metallic silver in the presence
of light. The stains may sometimes be removed
by the application of iodine tincture to form silver
iodide, followed by sodium thiosulfate solution
and a warm water rinse. Sodium hypochlorite
solution is also useful for this purpose. The use
of potassium cyanide and iodine, as occasionally
suggested for removal of these stains, is not without danger when the washing is inadequate. A
solution containing 10 per cent each of ammonium chloride and mercury bichloride has
been used but the solution must be removed by
thorough washing.
Incompatibilities. — Silver nitrate is incompatible with chlorides, bromides, iodides, hydroxides, carbonates, phosphates, sulfates, arsenites, arsenates and borax, a precipitate being
formed in each case. Some of the precipitates are
soluble in acid; some are dissolved by solution
of ammonia through formation of ammines. Most
reducing agents, such as ferrous salts, hypophosphites, sugars, tannins, volatile oils and other
organic substances, reduce it more or less to
metallic silver, indicated by a darkening in color.
Exposure to light may darken its solutions.
Uses. — When crystalline silver nitrate is
brought in contact with living tissue, its acts as
an escharotic. Because of the formation of a
dense film of coagulated albumin, the depth of its
action is very limited; the albuminous coating is
first white but soon becomes black from reduction of silver. In dilute solution it is actively
astringent. Although silver nitrate, because of its
affinity for proteins and chloride, cannot exist as
such in blood, it is nevertheless partially absorbed when taken into the stomach.
Germicidal Action. — Silver nitrate is one of
the most powerful of chemical germicides. A 1
in 4000 solution was found to destroy the viability
of the typhoid bacillus in 2 hours; a 1 in 10,000
solution destroyed the highly resistant anthrax
spore in 48 hours (Behring, Deutsche med.
Wchnschr., 1887). Silver nitrate is antiseptic in
solutions as dilute as about 1 in 30,000. Despite
its being easily precipitated it retains substantial
germicidal power even in the presence of large
quantities of albuminous material, possibly
through gradual redissolving of silver.
Oligodynamic Action of Silver. — When
water is in contact with metallic silver even
heavy suspensions of viable bacteria are destroyed when the concentration of silver in the
water is not more than 1 part in 20 million
(McKhann et al, Pediatrics, 1948, 2, 272);
bacteria may convert the metallic silver into
active ionic silver. This action of very small
amounts of silver, referred to as its oligodynamic
action, is utilized in some communities for purification of drinking water (see further discussion
under Water).
Therapeutic Uses. — The most important use
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of silver nitrate is locally as an astringent and
germicide, particularly in infections of mucous
membranes. The concentration employed varies
widely, depending on the location and nature of
the infection; in diphtheria and tonsillitis a 4 or
5 per cent solution may be used, while in
urethritis it may not be tolerated in a higher
concentration than 1 in 10,000. Instillations of 1
in 3000 solution, increasing to 1 per cent, have
been found effective in interstitial cystitis
(J.A.M.A., 1944, 126, 825). The astringent and
stimulating effect of silver nitrate is often useful
in treating sluggish ulcers. Lavage with an 0.03
to 0.2 per cent solution has been employed in
treatment of hypertrophic gastritis. Enemas of
similar concentration have been used not only in
chronic colitis but also in dysentery (Sao Paulo
med., 1944, 1, 151). Silver nitrate was formerly
used in conjunction with tannic acid in treating
burns (J. A.M. A., 1937, 108, 1490; 1939, 112,
2235) but is no longer thus used (see Tannic
Acid).
Gonococcal Conjunctivitis. — Silver nitrate has
for many years been used almost routinely as a
prophylactic against ophthalmia neonatorum; indeed in many states its use is compulsory by
law. The introduction of sulfonamides and penicillin raised the question of the desirability of
continuing this practice, particularly since instillation of an aqueous solution of penicillin is
equally effective and does not cause chemical conjunctivitis (Davidson et al., J.A.M.A., 1951, 145,
1052). Although instillation of silver nitrate occasionally fails to be effective (J.A.M.A., 1935,
104, 1469), improper application or prolonged
labor, which permits invasion during delivery,
seems to explain failures, so that on the whole
this Crede method of prophylaxis, introduced in
1880, has been remarkably effective (J. A.M. A.,
1945, 128, 985). With the 1 per cent solution
chemical conjunctivitis occurs in 20 per cent or
less of cases; the 2 per cent solution should be
rinsed out with 0.85 per cent sodium chloride
solution in a few seconds. A single application of
a sulfonamide, locally or systemically, has insufficient duration of action to be effective (Am. J.
Dis. Child., 1944, 67, 472); also, some gonococci
are resistant to sulfonamides. Although sulfonamides would protect against inclusion blennorrhea, against which neither silver nitrate nor
penicillin is effective, the incidence of this infection hardly justifies subjecting all infants to the
toxic effects of 3 days of sulfonamide administration.
Internal. — Formerly, silver nitrate was sometimes administered internally in the treatment of
various chronic diseases of the nervous system, as
epilepsy, locomotor ataxia, etc., but there is no
justification for this use either theoretically or
practically. To avoid precipitation of insoluble
silver salts the silver nitrate, when it was given
internally, was often made into pills with kaolin
and petrolatum, with silica gel, or other materials
not readily oxidized. S
Toxicology. — When ingested in sufficient dose
(about 10 Gm.) silver nitrate is a violent poison
which has caused death. The symptoms are those
of toxic gastroenteritis, with marked constitu-
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tional disturbances, especially coma, convulsions,
paralysis, and profound alteration of respiration.
When a non-precipitable silver salt is introduced
into the circulation in sufficient amount it causes
convulsions followed by paralysis through its effect on the spinal cord and medulla, weakening
of the circulation with pulmonary edema, and
respiratory depression. (There is no known physiological action which supports systemic use of
silver nitrate or other silver compounds.) Treatment of poisoning consists in use of common salt,
soap, alkalies, etc., and use of stimulants if needed
to maintain circulation.
Prolonged ingestion of silver compounds (inorganic or organic), whether originating industrially or therapeutically, leads to deposition of
silver in connective tissues producing a slate-blue
discoloration of the skin known as argyria. This
discoloration may also appear on mucous membranes, such as margins of gums. The sclera of
the eye is stained. The nature of the pigment is
not definitely known; it may be metallic silver
or an oxide. The discoloration persists throughout
life but does not cause any systemic symptoms;
while small patches may be removed, the method
is so tedious and painful as to be impracticable
for large areas. For literature on this subject see
Hill and Pillsbury's Argyria, Williams & Wilkins,
1939. For a method of decolorizing local argyria
see under Strong Silver Protein.
For external uses silver nitrate is applied in
concentrations of 0.1 to 10 per cent, in aqueous
solution. For bladder irrigations a 0.01 per cent
solution is used. By mouth a dose of 15 to 30
mg. (approximately 34 to yi grain) has been
prescribed.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SILVER

NITRATE
SOLUTION.

Liquor Argenti

OPHTHALMIC
U.S.P.

Nitratis Ophthalmicus

"Silver Nitrate Ophthalmic Solution is a solution of silver nitrate in a buffered water medium.
It contains, in each 100 ml., not less than 0.95
Gm. and not more than 1.05 Gm. of AgN03. It
may contain sodium acetate as a buffer." U.S.P.
This solution is usually supplied in paraffinlined beeswax or other non-reactive wax composition "ampuls" which may be punctured with
a pin or needle and squeezed to deliver individual
drops of silver nitrate solution for application
as a prophylactic against ophthalmia neonatorum.
The solution is required to have a pH between
4.5 and 6; buffering may be achieved with sodium
acetate.
Storage. — Preserve "protected from light, in
single-dose, inert wax-composition capsules or in
other suitable containers." U.S.P.
AMMONIACAL
SILVER NITRATE
SOLUTION.
N.F.
Ammoniacal Silver Nitrate, Howe; Liquor Argenti
Nitratis Ammoniacalis

"Ammoniacal Silver Nitrate Solution is a solution of silver diammino nitrate, containing in
each 100 Gm. the equivalent of not less than
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28.5 Gm. and not more than 30.5 Gm. of Ag,
and not less than 9.0 Gm. and not more than
9.7 Gm. of NH3." N.F.
Powder 704 Gm. of silver nitrate in a glass
mortar and dissolve it in 245 ml. of purified
water, warming if necessary. Cool to room temperature and add strong ammonia solution from
a burette until all but the last trace of black
precipitate is dissolved. Filter this trace of precipitate from the solution. N.F. It will require
about 680 ml. of strong ammonia solution to
prepare this solution.
The precipitate which forms in this process
is silver oxide, Ag20; the continued addition of
strong ammonia solution leads to formation of
the soluble complex, silver diammino nitrate.
The complete reaction may be represented thus:
AgN03 + 2NH4OH -> Ag(NH3)2N03 + 2H2O.
Description. — "Ammoniacal Silver Nitrate
Solution is a clear, colorless, almost odorless
liquid. It is alkaline to litmus and is affected by
light. Its specific gravity is about 1.48." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 10 aqueous dilution of ammoniacal silver
nitrate solution responds to tests for silver and
for nitrate. (2) A black precipitate is produced
immediately when a few drops of 1 in 10 formaldehyde solution are added to 5 ml. of ammoniacal silver nitrate solution. (3) Vapors of ammonia,
turning red litmus paper blue, are evolved when
sodium hydroxide T.S. is added to the filtrate
separated from a dilution of ammoniacal silver
nitrate solution which has been acidified with
diluted hydrochloric acid, the alkaline mixture
being boiled. Copper. — The solution remains free
from even a transient blue color. Potassium and
sodium. — Not more than traces of potassium and
sodium, as evidenced by a flame test, are found
in the filtrate separated from a portion of the
solution which has been acidified with diluted
hydrochloric acid. N.F.
Assay. — For silver. — A portion of 1 ml. of
the solution is weighed, diluted with distilled
water, acidified with nitric acid, and the silver
ion titrated with 0.1 N ammonium thiocyanate,
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 N ammonium thiocyanate represents 10.79 mg. of Ag. For ammonia. — A portion
of 1 ml. of the solution is weighed, diluted with
distilled water, sodium sulfide T.S. added to precipitate the silver, and the ammonia distilled out
of the solution after adding sodium hydroxide.
The ammonia is received in 50 ml. of 0.5 N
sulfuric acid, the excess of which is titrated with
0.5 N sodium hydroxide, using methyl red T.S.
as indicator. Each ml. of 0.5 N sulfuric acid represents 8.516 mg. of NH3. The ratio between
the percentage of ammonia and the percentage
of silver closely approximates 1 to 3.16. N.F.
Uses. — This solution is used by dentists to
deposit silver in exposed dentine, or to fill up
minute crevices in the teeth. After the solution
has been applied to the tooth it should be followed by some reducing agent, as a 1 in 10 dilution of formaldehyde or eugenol, to cause the
precipitation of metallic silver. Nickerson and
White (Arch. Dermat. Syph., 1948, 57, 935)
found the solution effective in treating fungous
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infection of the nails; the affected area was
painted once weekly. The treated nail turns intensely black but new nail grows in, this being
free of infection.
Storage. — Preserve "in small glass-stoppered
light-resistant containers, or in light-resistant ampuls." N.F.
TOUGHENED
Fused

SILVER
U.S.P., B.P.

NITRATE.

Silver Nitrate, Lunar Caustic, Molded Silver
Nitrate, Silver Nitrate Pencils, Argenti
Nitras Induratus

"Toughened Silver Nitrate contains not less
than 94.5 per cent of AgNOs." U.S.P. The B.P.
recognizes a Toughened Silver Nitrate containing approximately 95 per cent (limits 94 to 96
per cent) of AgN03, prepared by fusing 95 parts
of silver nitrate and 5 parts of potassium nitrate
and pouring into suitable molds.
Molded Silver Nitrate; Caustic Stick or Pencil. Argenti
Xitras Fusus; Styli Argenti Nitrici; Argentum Nitricum
Fusum. Fr. Crayons a l'azotate d'argent; Pierre infernale.
Ger. Geschmolzenes Silbernitrat. It. Nitrato d'argento fuso;
Pietra infernale. Sp. Nitrato de plata fundido ; Nitrato de
Plata Endurecido ; Piedra infernal.

Toughened silver nitrate may be prepared by
fusing silver nitrate, at as low a temperature as
possible, with hydrochloric acid, sodium chloride,
or potassium nitrate; the resulting melt is cast
into silver molds. The B.P. process utilizes 5
per cent of potassium nitrate for the toughening;
it is stated that 4 per cent by weight of hydrochloric acid, or 1.4 per cent of sodium chloride,
is more effective. For details of manufacturing
processes see U.S.D., 22nd ed., p. 181.
Description. — "Toughened Silver Nitrate occurs as white, crystalline masses generally molded
as pencils or cones. It breaks with a fibrous fracture. Its solutions are neutral to litmus. Toughened Silver Nitrate becomes gray or grayish black
upon exposure to light. Toughened Silver Nitrate
is soluble in water to the extent of its nitrate
content (there is always a residue of silver
chloride). It is partially soluble in alcohol and
slightly soluble in ether." U.S.P. The B.P. product, not containing any chloride, is completely
soluble in water.
Uses. — Lunar caustic provides a convenient
means of applying silver nitrate locally in concentrated form, especially where combined escharotic and germicidal action is desired. It is of
special service in aphthous stomatitis, exuberant
granulations, chancroids, various other ulcers and
for tick bite and warts. Method of application
consists in dipping the stick into distilled water
and applying to the part for a period of time
according to the degree of action desired.
Molded silver nitrate has also been used as
a counterirritant. Rubbed gently over moistened
skin until the latter assumes a grayish color, it
generally vesicates, usually with less pain than is
produced by cantharides.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
MILD
SILVER PROTEIN.
N.F.
Mild Protargin, Argentum Proteinicum Mite

"Mild Silver Protein is silver rendered colloidal
by the presence of, or combination with, protein.
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It contains not less than 19 per cent and not
more than 25 per cent of Ag. Caution. — Solutions
of Mild Silver Protein should be freshly prepared
or contain a suitable stabilizer, and should be
dispensed in amber-colored bottles." X.F
Argyn (Abbott); Argyrol (Barnes): Cargentos (Sharp
& Dokme); Lunargen (Lilly); Sarcol (timer); Silvol
(Parke, Davis): Solargentum (Squibb). Argento-Proteinum
Mite; Argentum Vitellinarum; Argentum Vitelinum. Ft.
Vitellinate d' argent. Sf>. Plata vitelina; Proteinato de
Plata Mitigado.

For information concerning the chemistry of
this substance see under Strong Silver Protein.
Description. — 'Mild Silver Protein occurs as
dark brown or almost black, shining scales or
granules. It is odorless, is frequently hygroscopic,
and is affected by light. Mild Silver Protein is
freely soluble in water, but almost insoluble in
alcohol, in chloroform, and in ether." X.F.
Standards and Tests. — Identification. — The
same tests are prescribed for this substance as
for strong silver protein. Distinction from strong
silver protein. — This test is performed as explained under strong silver protein: the requirement for mild silver protein is that no more
silver chloride than corresponds to 1.6 ml. of 0.01
N silver nitrate shall be produced from 1 Gm.
of sample. X.F.
Assay. — The assay is identical with that prescribed for strong silver protein.
Uses. — As indicated under Strong Silver Protein, the official definition recognizes a class of
substances rather than an individual compound.
The various substances that belong to the type
of mild silver proteins — the term "mild" applies
to their lack of irritant qualities — differ even
more widely among themselves than the stronger
type. Indeed, different specimens of the same
brand have been known to differ widely in their
germicidal properties.
Mild silver protein is used like strong silver
protein but the former is practically nonirritant
even in concentrated solution. The mild variety
is. therefore, employed when it is essential to
avoid any irritation of mucous membrane. The
following concentrations in distilled water are
employed: for conjunctivitis. 25 per cent; rhinitis and tonsillitis. 10 to 50 per cent: acute urethritis. 3to 10 per cent: chronic urethritis. 10 to
20 per cent: cervicovaginitis. tampons of 25 per
cent in glycerin: and proctitis. 10 per cent. With
the advent of the sulfonamide drugs and penicillin, the use of protein silver compounds has
diminished materially. Wolf (J. A.M. A.. 1946.
130, 273) reviewed the use of these drugs in the
nose and throat. These substances may produce
argyria.
Storage. — Preserve "in tight, light-resistant
containers." X.F.
STRONG

SILVER PROTEIN.
X.F. (B.P.. I.P.)

Strong Protargin, Argentum

Proteinicum

Forte

"Strong Silver Protein contains not less than
7.5 per cent and not more than 8.5 per cent of
Ag. Caution. — Strong Silver Protein solutions
should be freshly prepared and should be dispensed in amber-colored bottles." X.F. The B.P.

I

defines Silver Protein as a compound of silver
and protein and requires it to contain not less
than 7.5 per cent and not more than S.5 per cent
of Ag. The I.P. Silver Protein is defined as a
preparation of silver and proteins, or decomposition products of protein, forming in water a colloidal solution: the puritv rubric is identical with
that of the X.F. and BJP.
B.P. Silver Protein; Argentoproteinum. LP. Argentum
Proteinicum. Silver Proteinate. Protargol (Winthrop) ;
Silver Protein Strong (Merck). Argento-Proteinum Forte.
IS P. X: Argentum Proteinatum: Argentum Proteinicum;
Areenti Proteinas. Fr. Proteinate d'argent. Ger. Albumosesilber; Protargol. It. Argento proteinico. Sp. Proteinato
de plata; Proteinato argentico;
Proteinato de plata fuerte.

In the attempt to produce a substance which
would have the desirable disinfectant properties
of silver salts but be free from the objectionable
irritant action of the nitrate, there have been
produced a large number of compounds containing silver — or some salt of it— at least partly in
colloidal combination with more or less protein
matter. These compounds are much weaker germicides than the nitrate, but some possess considerable disinfectant power. They are also less
actively astringent or irritant and have a distinct
field of usefulness.
The various commercial forms of silver protein
differ widely among themselves, both in their
chemical composition and therapeutic power. In
some the silver seems to be combined with a
protein or some of its hydrolysis products, while
others appear to be colloidal dispersions of silver
oxide or other salt. The B.P. states that silver
protein (strong) may be prepared by the action
of a silver compound on gelatin in the presence
of alkali. Xeergard (Arch. exp. Path. Pharm.,
1923, 100, 152) examined a number of popular
brands and found that the amount of ionizable
silver varied from 0 to 66 per cent. Pilcher and
Sollmann (/. Lab. Clin. Med., 1924, 10, 38)
found that most of the silver protein compounds
on the market could be classified into one of two
comparatively sharply marked groups, represented by the strong and mild silver proteins.
They believed that there was a sharp distinction
between these two groups in the proportion of
ionic silver, and suggested as a test for silver ions
their power of inhibiting growth of the yeast
fungus. This test was official in the U.S. P. X.
but was later found to bear no relation to therapeutic effect (see Taylor. /. A. Ph. A., 1927, 16,
820). Various other tests were proposed for the
measurement of the proportion of silver ions, but
there is no proof that the germicidal effects are
dependent on the ionizabilitv of the silver. Wales
and Brewer (/. Lab. Clin. Med., 1929. 14, 306)
made the interesting observation that several
preparations corresponding to mild silver protein
were stable in solution, while solutions of the
strong silver proteins were reduced more than
half in germicidal power in a period of 6 months.
Whether this is a general principle or applies
only to the individual brands they examined is
uncertain.
Smith and Giesy (/. A. Ph. A., 1925, 14, 10)
found that the difference between these two
groups is not so much in the proportion of silver
present, but is better measured by the proportion
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of silver more ionizable than silver chloride (see
also Kolthoff, /. A. Ph. A., 1925, 14, 183). In
the first group some 75 per cent of the silver can
be changed, according to Giesy, into a less ionizable form by sodium chloride. In the second
group, the mild proteinates, practically no silver
ions are removed by the chlorides, although they
are by the iodides.
Kolthoff (loc. cit.), from a potentiometric study
of silver protein, concluded that the reason hydrochloric acid does not cause a visible precipitate is not on account of the failure to form
silver chloride, but because the silver chloride
remains in colloidal solution.
The present official test for distinguishing between strong and mild silver protein is based on
a test, proposed by Van Deripe and Konnerth
(Am. J. Pharm., 1939, 111, 65), in which the
amount of ionizable silver, determined turbidimetrically as silver chloride, is observed to be
either greater or less than in a standard containing adefinite amount of silver nitrate.
The official definitions and requirements for
strong silver protein and for mild silver protein
permit most of the many brands on the market —
which vary widely in their composition and
method of manufacture — to be recognized in one
or the other category.
Description. — "Strong Silver Protein occurs
as a pale yellowish orange to brownish black,
odorless power. It is usually somewhat hygroscopic and is affected by light. Strong Silver
Protein is freely soluble in water, but almost insoluble in alcohol, in chloroform, and in ether."
N.P.
Standards and Tests. — Identification. — (1)
A white precipitate of silver chloride, soluble in
ammonia T.S., is produced when strong silver
protein is heated in a porcelain crucible until
carbonaceous matter has been burned, the residue
warmed with nitric acid, diluted with water, and
a few drops of hydrochloric acid added. (2) The
dark color of a 1 in 100 solution of strong protein
silver is discharged by ferric chloride T.S., with
gradual formation of a precipitate. (3) A white
precipitate forms on adding mercuric chloride
T.S. to a solution of strong silver protein; the
supernatant liquid becomes colorless, or nearly so.
Distinction from mild protein silver. — The official
line of demarcation between mild and strong
silver protein depends on whether the amount of
ionic silver in 1 Gm. of the protein compound is
sufficient to yield more or less precipitate of
silver chloride than that equivalent to 1.6 ml. of
0.01 N silver nitrate solution; strong silver protein produces a greater amount of precipitate,
mild silver protein forms less. In the test 1 Gm.
of the sample is dissolved in water, the protein
is precipitated by ammonium sulfate, and the
mixture filtered; acacia solution is added to the
filtrate as a protective colloid and the silver ion
precipitated by hydrochloric acid in the form of
a suspension suitable for turbidimetric comparison. The standard, containing 1.6 ml. of 0.01 N
silver nitrate, is prepared in an identical manner.
N.F.
Assay. — About 2 Gm. of strong silver protein
is ignited to burn off organic matter, the silver
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residue is dissolved in nitric acid, filtered, and the
filtrate titrated with 0.1 N ammonium thiocyanate, using ferric ammonium sulfate T.S. as indicator. Each ml. of 0.1 N ammonium thiocyanate represents 10.79 mg. of silver. N.F.
Uses. — As a rule the compounds supplied as
strong silver protein are more actively germicidal
than the mild. Several of the strong silver proteins contain sufficient free silver ion to exert a
local irritant, or even mildly astringent effect,
and it is rarely safe to use them in concentration
of more than 10 per cent. Strong silver protein
solutions in distilled water were rather widely
used in medicine in the treatment of infectious
conditions of the mucous membranes, such as
rhinitis or tonsillitis (0.5 to 10 per cent), conjunctivitis (2to 10 per cent), urethritis (% to
1 per cent in acute to 10 per cent in chronic),
cervicovaginitis (2 to 10 per cent), proctitis (2
per cent), etc. It is generally considered that
their therapeutic value is largely dependent on
antibacterial effect; but the disinfectant power is
so low that one can scarcely avoid the conclusion
that a demulcent, detergent or some action other
than that of an antiseptic is also involved.
During World War I the standard procedure
developed for early prophylaxis of venereal disease consisted in washing the parts thoroughly
with soap and water, after which a 2 per cent
strong silver protein solution was injected into
the urethra and held there for 5 minutes. The
glans was then inuncted with 30 per cent mild
mercurous chloride ointment for 5 minutes. The
efficacy was marked if the treatment had been
applied thoroughly within an hour after exposure
and fair up to three hours (New and Nonofficial
Remedies, 1945). This procedure was not effective when applied by the untrained individual
without supervision; at best it was ineffective
against chancroid.
Toxicology. — A number of cases of local and
of general argyria have been reported from use
of silver proteins, either in the nose or in the eye
(Gaul and Staud, J.A.M.A., 1935, 104, 1387).
Sometimes these stains are quite disfiguring and
the source of much distress to the patient. Weyman (J.A.M.A., 1929, 93, 1367) reported good
results in removing local silver deposits by local
injection of a solution containing 6 per cent of
sodium thiosulfate and 1 per cent of potassium
ferricyanide. The solution is so destructive to
metals that a platinum needle must be used. The
injections are quite painful and must be preceded with local anesthesia.
The introduction of sulfonamides and antibiotics has resulted in an enormous decrease in
the use of silver proteins and other silver compounds in the treatment of gonorrhea, cystitis,
sinusitis and in gynecologic practice.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
SMALLPOX

VACCINE.

U.S.P.

[Vaccinum Variolae]

"Smallpox Vaccine is the living virus of vaccinia
(cowpox) and consists of a smooth aqueous suspension of the vesicular tissue obtained under
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aseptic conditions from healthy, vaccinated calves
or other suitable animals of the bovine family. It
contains 40 to 60 per cent of glycerin, and may
contain not more than 0.5 per cent of phenol as
a preservative." U.S.P.
The B.P.
defines Smallpox
"a preparation of vaccinal
material Vaccine
obtainedas from
the
lesions produced on the skin of living mammals,
or in the membranes of the chick embryo, by the
inoculation of vaccinia virus. It is prepared with
precautions to exclude bacterial contamination as
far as possible."
B.P. Smallpox Vaccine; Vaccinum Vacciniae. Virus
Vaccinieum. Glycerinated Vaccine Virus. Jennerian Vaccine.
Antismallpox Vaccine. Fr. Vaccin antivariolique; Vaccin
Jennerien. It. Vaccino antivarioloso; Vaccino Jenneriano.
Sp. Vacuna antivariolica.

Smallpox, a highly contagious affection and one
of the most fatal of acute diseases, has been a
scourge of mankind attacking all ages and all
races, prevailing in all countries over the entire
globe and known -since the beginning of history.
At one time it was more common than measles,
and was the most common cause of blindness. It
is estimated that more than 60 million people died
of smallpox in Europe during the eighteenth century. Smallpox is caused by a filterable virus called
variola vines. A virus closely related to it affects
several of the domestic animals, especially cows,
horses, and sheep, but is a far milder infection
among them.
It has been known for centuries that one attack
of smallpox usually protects against subsequent
attacks. The age-old practice of the Chinese of
artificial inoculation of the disease as a preventive
measure was introduced into England by Lady
Mary Wortley Montagu in 1721. This practice
rapidly spread over Europe and America. The disease after this inoculation (sometimes called variolation) isusually of a relatively mild form but
is just as communicable as true smallpox. Moreover, it occasionally assumes a serious form and
may prove fatal. In 1798 Dr. Edward Jenner
proved by a series of carefully conducted experiments that cowpox (or vaccinia as he called it
from the Latin "vacca," meaning cow), a very
mild disease to which many animals including man
are susceptible, is readily transferred and that an
attack of this disease protects against smallpox.
Dr. Benjamin Waterhouse, professor of medicine
at Harvard University, introduced the practice of
vaccination into this country in 1800. In the early
days the vaccine virus was obtained either from
cattle or from humans, but the latter are no longer
employed in this country.
Preparation. — The animals in general used
for the preparation of vaccine virus are carefully
selected female calves of preferably from two to
four months of age. They are tuberculin tested
and kept under rigid veterinary observation for a
few weeks previous to and during their actual
treatment, to ensure freedom from disease, and
in the most sanitary surroundings which science
can devise. The stable, located at a distance from
other buildings, is so constructed as to be readily
washed, the stalls are disinfected before occupation, and all dry fodder and bedding pass through
a steam sterilizer before use. Separate quarters are
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provided for housing calves under treatment and
for animals held under observation during the
quarantine period. When first brought into the
stable, the hair is clipped from the entire body,
and the calf is washed thoroughly, including the
feet and tail. A day or two before vaccination, the
posterior abdomen extending from the ensiform
cartilage to the pubic region, including the entire
width of the belly, is shaved or depilated. For the
actual vaccination the animal is strapped to a
specially constructed operating table in such a
manner as to allow free access to the shaved area,
which is washed in succession with soap and water
(some follow with a weak solution of an antiseptic
agent), then with sterilized water and alcohol, and
finally dried with a sterile towel. Superficial linear
incisions are then made into the skin of this area
and an active vaccine virus (known as "seed
virus")
in. About
ml. of "seed
virus"
is
used is
forrubbed
each calf.
The 20
vaccinated
calves
are
housed in pens built of cement and stainless steel,
and during the incubation period the inoculated
area is kept clean by spraying with sterile water
or sometimes with a 1 : 500 solution of brilliant
green. After the vaccinia vesicles have matured
(usually about a week after vaccination) the entire contents of the vesicles — including the serous
fluid and pulpy exudate but not the crusts covering
them — are collected under rigid aseptic conditions.
The pulpy mass is ground under aseptic precautions in a mill into a uniform emulsion with four
times its weight of 50 per cent glycerin. This
finished mixture is stored for 3 to 4 weeks at very
low temperature to permit any bacteria which
may be present to be destroyed. Samples of every
lot of vaccine are subjected to rigid bacteriological
and toxicological examinations to ensure its freedom from all pathogenic organisms (especially
anaerobes and hemolytic streptococci) and toxic
substances. The preparation is then tested on rabbits and susceptible humans to prove that the
virus is active, the actual strength or potency
being estimated from the speed of the development, and the extent of the subsequent reactions,
as compared with a vaccine of known high potency
inoculated on the opposite side of each rabbit.
After these operations and tests the vaccine is
transferred, by vacuum under rigid aseptic conditions, into sterile capillary tubes, each containing one human dose. This is the only form of dispensing official in this country or in Great Britain.
However, large quantities of dried smallpox vaccine are used primarily in the tropics, and this
form is licensed for manufacture by the National
Institutes of Health of the United States Public
Health Service. A calf usually yields about 100
Gm. of pulp, which will produce enough material
for about 7500 doses. For a detailed description
of a method for producing smallpox vaccine see
Ducor (Pub. Health Rep., 1947, 62, 565).
Description. — "Smallpox Vaccine is a grayish,
turbid suspension which may have an odor and a
trace of color due to the preservative." U.S.P.
The total bacterial count of the vaccine may not
exceed 1000 organisms per ml. as determined in
agar plate counts.
Potency. — "Remove the hair from and slightly
scarify suitable areas of the skin of rabbits each
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weighing between 2.25 and 2.75 Kg. Apply to the
areas, in parallel, comparable doses of the Smallpox Vaccine under test and a lot of Smallpox
Vaccine meeting specifications established by the
National Institutes of Health, including trial administration tohuman subjects. The doses of each
shall represent dilution ratios of 1 in 100, 1 in
1000, 1 in 3000, 1 in 10,000 and 1 in 30,000, respectively. The intensity of the lesions produced
by the vaccine under test equals or exceeds that
produced by the corresponding doses of the control vaccine." U.S.P.
The B.P. requires that vaccine virus, when inoculated into the skin of calves, rabbits, or guinea
pigs, shall produce the characteristic lesions of
vaccinia, that it shall not contain more than 1000
living bacteria or other microorganisms per ml.,
that it shall be free from Bacillus anthracis, Bacterium coli, Clostridium tetani, and P-hemolytic
streptococci. It gives a test for potency that when
diluted with 1000 volumes of isotonic sodium
chloride solution it is still capable of causing vaccinia when applied to the scarified, shaved skin of
the rabbit or guinea pig.
Dried Smallpox Vaccine (powdered vaccine
virus in vacuum tubes) is commercially available.
An active virus is dried in vacuo at a temperature of approximately —10°, ground and passed
through a sterile sieve and finally hermetically
sealed in vacuum tubes. It is used in tropical
climates where the glycerinated lymph would
quickly lose its potency. In using this the powder
is mixed with sterile water to a homogeneous
paste immediately before use.
Uses. — Smallpox vaccine is used almost exclusively for the prevention of the disease. Primary
vaccination is recommended between the 6th and
12th months of age. Repetition is advised every
5 years thereafter and whenever the individual is
exposed in an epidemic. Repeated vaccination has
been advocated in the control of recurrent herpes
simplex and recurrent herpetic stomatitis, but its
value is questionable.
Vaccination is a simple operation, yet one
which requires some skill in performance and care
in after-treatment (Leake, Pub. Health Rep.,
1931, No. 1137). The vaccine must be deposited
in the deeper layers of the epidermis, avoiding the
drawing of blood. In preparing the site for vaccination, the skin in the area to be treated is thoroughly cleansed either with soap and water, or
with alcohol or, preferably, with acetone on sterile
cotton, and then wiped dry. In vaccinating, antiseptics or even soap is not necessary, but if used
all traces of them must be removed from the area
before vaccinating. The method of incision or
linear abrasion, the drill method and, best of all,
the multiple pressure (multiple puncture) method
are all employed. When using either of the first
two methods, the arm after vaccination should be
exposed to the air (but not to direct sunlight) for
15 minutes before the clothing is allowed to touch
the dry area. In case of the multiple pressure
method, the remaining glycerinated vaccine can
be wiped off immediately and with this method
"control" sites are not necessary as when other
technics are employed. After vaccination neither
pads nor "vaccination shields" of any kind should
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be used, as they retain heat and moisture and thus
encourage bacterial infection. The best dressing
is the unbroken skin and the scab which subsequently forms. Tight sleeves should be avoided
and the arm should be guarded from injury. Vaccination ofinfants is attended with less untoward
effects and complications than that of older children so that vaccination should be performed
before the child reaches one year of age. Vaccination on the arm is to be preferred to that on
the leg because of less danger of infection or of
injury.
Vaccinations should always be inspected to be
assured of a successful "take" as well as to forestall accidental infections. Where there is an absence of immunity to smallpox prior to vaccination, the reaction produced is spoken of as a typical primary vaccinia. One or more small, round,
red, hard papules appear at the site of inoculation
within a few days, usually by the fourth day.
These become vesiculated on the fifth day and are
surrounded by a zone of redness which usually
appears in 24 to 48 hours, and within 3 or 4 days
later begins to spread, reaching its maximum (of
about 12 mm. in diameter) in from 8 to 14 days
after vaccination. There is generally but one
vesicle, clear and pearl-like, surrounded by a deep,
red, and even swollen areola, a picture of the
"pearl upon the rose leaf." The lymph nodes may
become enlarged and tender. Soon after the tenth
day the areola begins to fade, the swelling subsides, and on the following day the pustule dries
rapidly, becomes brown and crusted, the wrinkled
scab separating and dropping off in two to three
weeks. Systemic symptoms and indications of a
mild febrile reaction may appear but they disappear quickly. In highly susceptible patients, a
rash covering a large portion of the body may develop (eruptive vaccinia), but disappears quickly.
If the patient has some degree of partial immunity— as would be the case in an individual
in whom the protection gained from a previous
vaccination, or from an attack of smallpox, has
materially diminished — a modified or accelerated
reaction, known as vaccinoid, results. This reaction is less severe and develops more quickly,
reaching the maximum in from three to eight days.
A vesicle is generally found at the center of the
reaction, the areola being most striking. Scars left
in cases of vaccinoid are much less marked.
The so-called "immune reaction" occurs in persons fully protected against smallpox by recent
vaccination or a previous attack of smallpox, the
maximum diameter of the erythema is reached
and passes in from eight to seventy-two hours.
There is usually no vesicle and scars are uncommon. Benenson (J.A.M.A., 1950, 143, 1238) recommended that the term immediate reaction
rather than immune reaction should be used. The
immediate reaction is an allergic reaction to antigens in the virus which occurs with heated and
hence inactive preparations. If the preparation is
active the immediate allergic reaction probably
indicates immunity.
In successful vaccination there appears to be a
definite relation between the degree of immunity
and the promptness and extent of the erythema
when at its maximum. The quicker the maximum
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reaction is attained and then subsides the greater
is the immunity which prevails. It is therefore the
time which is required for the area of redness to
reach its maximum which serves as the index of
the existing immunity.
The statement frequently made that if a vaccination fails to take the subject is immune, is certainly incorrect. The eminent Sir William Osier,
though repeatedly vaccinated, never had a successful "take." Supposedly an immune, he worked
hard in the smallpox wards in the Montreal General Hospital and also mingled freely with friends
and relatives, but later contracted the malady,
though in a mild form. Even with potent virus
and proper technic, peculiarities independent of
the existence of an immunity are known to exist,
especially in infants and young children. In rare
instances, some individuals have been found resistant to specific batches of vaccine virus. In both
instances vaccinations with potent lots of vaccine
virus should be repeated until "takes" are successful. Some workers have advocated the intracutaneous injection of 0.1 ml. of the marketable
glycerinated virus diluted with an equal amount
of sterile distilled water, where "non-takes" result
repeatedly by the usual scarification methods of
vaccination (Wright, J.A.M.A., 1918, 71, 654.
and Force, U.S.P.H., 192 7, Rep. 42).
A successful vaccination, especially if recent,
will protect almost entirely against smallpox. If
a successful vaccination has been performed only
once previously and a long period of time has
elapsed before exposure, the disease may be contracted but its course will be greatly modified and
serious symptoms are unlikely. It is impossible to
attempt to fix a definite time for the duration of
an immunity conferred by a successful vaccination. This varies as in other infectious and immunizing processes. The immunity gradually lessens
over a number of years, being absolute for the
first few years, beginning to diminish materially
in 2 years, and in most cases is almost completely lost after a 10-year period (see Dearing
and Rosenau, J.A.M.A., 1934, 102, 1998).
Health officers who are continuously exposed
and those living in areas where smallpox is prevalent need more frequent vaccination than those
who are not exposed to this disease. For the public
at large in this country, two successful vaccinations (the first preferably in infancy) at intervals
of from 7 to 10 years are usually advised and are
regarded as being sufficient to protect for life
against the milder forms of smallpox, which are
the types most prevalent in this country. If there
may exist a particular danger of exposure to smallpox, as during epidemics, all persons should be
revaccinated.
Dangers from Vaccination. — While the
operation of vaccination is practically without
danger, if properly performed, precautionary
measures against secondary infections are not to
be neglected. We must remember that a slight, but
nevertheless an open, wound is produced during
vaccination. If aseptic technic is not used, or if
the wound is neglected and dirt gets in, or if unclean dressings are applied, complications and even
tetanus, as in the case of any other wound, may
arise. Vaccination wounds in infants are rarely
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infected; in older children they are more likely to
become contaminated if the latter are running
about or the wounds are freely exposed, as during
the summer months. Cleanliness is absolutely
essential and will eliminate possible septic infections and tetanus.
With the present technic of vaccination where
dressings are avoided and the insertion of the vaccine virus is restricted to a very small and superficial area, thus insuring the rapid drying of the
vesicle, and the primary vaccination is performed
in most instances in early infancy, it is exceedingly
rare to hear of tetanus (Armstrong, 1929, Pub.
Health Rep., Reprint No. 1309; or other serious
complications from vaccination. A few cases, however, of generalized vaccinia have been reported,
which often end fatally (Turnbull, Brit. M. J.,
1941, 2, 751; Hall, U. S. Armed Forces Med. J.,
1953, 4, 1503). Patients with eczema or other
chronic dermatoses should not be vaccinated
(Lancet, 1953, 1, 1140). Caution must be exercised in vaccinating persons with normal skin in
homes where eczematous persons reside. MacArthur (J. Pediatr., 1953, 43, 229) warns against
vaccination during the first trimester of pregnancy
because of danger to the fetus.
Postvaccinal encephalitis is a rare complication.
In 1947 in New York City 6,350,000 people were
vaccinated. Encephalitis was reported in 46 cases
with 8 deaths which autopsy examination showed
to be caused by diseases other than vaccinal encephalitis. Eleven to 14 days following vaccination encephalitis is manifested by headache,
vomiting, fever, stupor and convulsions. The
spinal fluid is under increased pressure and contains up to 300 lymphocytes per cu. mm. About
40 per cent of patients with encephalitis die.
Residual peripheral neuritis is even less frequent
than acute encephalitis (Winkelman, Arch. Neurol.
Psychiat., 1949, 62, 421). In a survey covering
many years in the British armed services, Miller
(ibid., 1953, 69, 695) noted that psychiatric
sequellae were more common than neurologic
damage.
"Autovaccination" is the result of the scratching of the virus with the fingers and transferring
it to the mucous membranes of the nose, mouth,
vagina, or any part of the skin. Vesicles at these
distant places may thus appear. Introduced into
the eye, blindness may result (King and Forrest,
J. A.M. A., 1953, 153, 31). Children may inoculate
each other from sites of vaccination and even
generalized vaccinia may thus occur in a child
who was never vaccinated by the physician. With
extreme rarity generalized vaccinia has occurred
which has been recurrent and persistent until large
portions of the body are involved (Bigler and
Slotkowski, Pediatrics, 1951, 7, 24) in a vaccinial
reaction which proves fatal. In a case reported by
Keiden et al. (Arch. Dis. Child., 1953, 28, 110),
a viremia and an absence of gamma globulin from
the blood were demonstrated. Inability to form
antibody could explain these rare and severe
reactions.
The possible dangers connected with vaccination where the proper technic is employed are
infinitesimal as compared with the benefits derived. If vaccination were made compulsory and
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was rigidly followed, smallpox would be unknown.
Labeling. — "The package label bears the name
Smallpox Vaccine; the lot number; the expiration date, which is not more than 3 months after
issue; the manufacturer's name, license number
and address; and the statement, 'Expiration
date . . . , if kept below 5° C. (41° F.)\ Keep
preferably below 0° C. (32° F.).'" U.S. P.
Storage. — "Preserve and dispense Smallpox
Vaccine in the hermetically sealed, capillary glass
tubes in which it was placed by the manufacturer.
Keep it during storage and in shipment at a very
low temperature, preferably below 0°, and never
above 5°, as it loses potency rapidly at higher,
even at moderate, temperatures. Shipment direct
to user may be made without refrigeration if
delivery can be made within 24 hours." U.S.P.
The vaccine is not injured by freezing.
HARD

SOAP.

N.F.

Soap, Sapo Durus

"Hard Soap is a sodium soap." N.F.
Castile Soap. Sapo; Sapo Medicinalis; Sapo Medicatus;
Sapo Olei Olivaruni. Fr. Savon medicinal. Gcr. Medizinische Seife. It. Sapone medicinale. Sp. Jabon de aceite
de olivas; Jabon Duro; Jabon de sosa; Jabon bianco.

Soap is believed to have been discovered by the
Gauls shortly after the beginning of the Christian
Era. For a history of soap and of cleansing methods used by ancient races, see papers by Abraham
(/. A. Ph. A., 1916, 5, 205) and by Cook {Am. J.
Pharm., 1925, 97, 398).
The definition of the soap varies with the particular viewpoint under consideration. A definition
emphasizing the chemical nature of soap is that it
is any salt of a fatty acid having 8 or more carbon
atoms per molecule; the base-forming component
may be any metal cation, or ammonium, or a
substituted ammonium derived from such bases
as monoethanolamine, triethanolamine, etc. As
some of the salts are insoluble in water, while
others are soluble, it may be desirable to apply
the term soap only to those salts which are soluble in water as these are the ones which exhibit
the characteristic soap-like properties of producing a foam, of being detergent, and of lowering
surface tension. In a still more specific sense the
term may be limited to that particular product of
the soap-manufacturing industry which contains
about 70 per cent of the sodium salts of various
acids resulting from the saponification of oils and
fats, 30 per cent of water, and a fraction of 1 per
cent of sodium chloride. Several water-insoluble
soaps have been employed in pharmacy, as, for
example, lead soap in lead plaster, and lime soap
in lime liniment.
The consistence of soaps is partly dependent on
the fatty acid component; as a generalization saturated acids produce harder soaps and unsaturated
acids soft soaps, but the molecular weight of the
acid is also of importance, heavier acids producing
harder soaps. The cation of the soap also influences the firmness of the product, sodium soaps
always being harder than potassium soaps of the
same acids.
Preparation. — The older, and classical, method
by which soap was largely made is, briefly, as fol-
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lows: The oil or fat is boiled, in kettles or pans,
with caustic soda lye until saponification is completed, after which sufficient sodium chloride is
added to the reaction mixture to salt out the soap
in large curds which are insoluble in the aqueous
liquid. The by-product glycerin remains in solution and is eventually recovered. After separating
the aqueous phase, the soap is washed with a solution containing salt and lye; as the soap separates
it forms two sharp layers, the upper known as
"settled" or "neat" soap and the lower as "nigre."
The upper layer is very pure while the nigre contains dirt and mineral impurities and is rather
higher in content of salt and alkali. Subsequent
treatment of the soap depends on whether toilet
or household soap is to be made of it, and whether
fillers are to be incorporated, as is generally the
case with household soaps.
In modern practice the oil or fat is hydrolyzed
by steam under pressure and in the presence of a
catalyst. The resulting fatty acids are purified,
usually by vacuum distillation, and then directly
neutralized with caustic soda to form soap.
Many different fats and oils are employed in the
manufacture of soap. The most important fat is
beef tallow obtained from suet and other fatty
matter trimmed from fresh beef and rendered by
melting at a moderate temperature above the
melting point of the fat. Tallow obtained from
other animals, notably from sheep, is also used.
Surplus supplies of lard are also employed, as are
lower grades of fat derived from hogs and variously called hog fat or hog grease. Various fats
obtained by purifying such materials as garbage
grease, house grease, wool grease, etc., are employed in the manufacture of some soaps. Various plant oils find extensive use in the soap
industry. Coconut oil is one of the most important,
as is also palm oil; the acids from these are of
lower molecular weight than those from other oils,
as a result of which coconut oil soaps are more
soluble in water than most other soaps. Olive oil
unsuitable for food use is a very good material
for making soap. Formerly olive oil soap was
designated as castile soap but in recent years soaps
have been called castile, with or without some
qualifying adjective, even though they contained
little or no soap from olive oil. Cottonseed oil
was formerly extensively used but since most of it
is used for food purposes only the soap produced
in the refining of the oil with alkali is as a rule
employed in cheap household soaps and in soap
powders; when price permits, the better grade of
cottonseed oil is used to some extent in household
soaps. Linseed oil, because of its high content of
unsaturated acids, makes a soft soap, as do corn
oil and soy bean oil. Rosin gives a soap which is
soluble enough even in cold water to form suds;
it also softens water. For these reasons the use of
a certain amount of rosin in the manufacture of
household soaps is desirable.
In recent years, especially during World War
II, soaps were developed which contain synthetic
surface-active agents to extend the detergent
properties of the soap; indeed some such soaps
have been prepared without having any of the
substances commonly called soap in them (for
further discussion see Surface Active Agents, Part
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II). Soaps of this type have the advantages of
not being precipitated by hard waters and of being
soluble in waters of high salt content, such as
sea water. For further information concerning
soaps see Hard Soap, in U.S.D., 24th ed.
Description. — "Hard Soap occurs as a white
or whitish solid, in the form of bars. hard, yet
easily cut when fresh, or as a fine, white or yellowish white powder. It is slowly soluble in water
and in alcohol, more readily, however, with the aid
of heat. It has a faint odor, free from rancidity.
Its solutions are alkaline to litmus." N.F.
Standards and Tests. — Loss on drying. — Not
over 36 per cent for unpowdered soap, and not
over 10 per cent for powdered soap. Heavy metals.
— Ammonium sulfide T.S. produces no change in
color when added to a 1 in 20 solution of hard
soap, and hydrogen sulfide T.S. produces no
change when added to the filtrate separated from
a portion of the soap solution which has been
acidified with hydrochloric acid. Sodium chloride,
carbonate, silica, or other alcohol-insoluble substances.— Not over 1 per cent of residue, dried at
105°, is obtained when hard soap is dissolved in
warm, neutralized alcohol. Silica or other waterinsoluble substances. — Not over 0.15 per cent of
residue, dried at 105°, is obtained when the residue from the preceding test is washed with water.
Alkali hydroxides or free fatty acids. — Not more
than 0.2 mL of 0.1 N sulfuric acid or 0.1 N sodium
hydroxide is required for neutralization, using
phenolphthalein as indicator, of an alcohol solution of 2.5 Gm. of hard soap. Alkali carbonates. —
Not more than 2 ml. of 0.1 N sulfuric acid is required for neutralization of the alcohol-insoluble
residue from the preceding test, the residue being
dissolved in water and titrated in the presence of
methyl orange T.S. as indicator. Characteristics of
the liberated fatty acids. — The mixed acids liberated from hard soap have a solidification point
not below IS0 and not above 23° , an acid value
not less than 185 and not more than 205. and an
iodine value not less than 33 and not more than
92. X.F.
Incompatibilities. — Soap is decomposed by
nearly all acids, as well as by the alkaline earth
and heavy metal salts. Acids set free the fatty
acids of the soap; the salts give rise, by double
decomposition, to insoluble soaps. Hard waters,
because they contain calcium salts, precipitate
soap.
Uses. — As Detergent. — The most important
use of soap is as a cleansing agent. When applied
with water to the human skin it has several effects.
The detergent effect, the mechanism of which is
still not fully understood, appears to involve a
rupture of the interface between the skin and
substances deposited on it with attendant emulsification of such substances; the mechanical processes of scrubbing and rinsing then remove the
emulsifi cation products. The factors determining
the efficiency of detergent action are many; these
include the character of the skin, the nature of
the soil on it. the kind and quality of the soap,
the time of contact between the skin and the soap
solution, the temperature of the water, and the
extent of the mechanical action. A second useful
effect of soap is its softening action on the horny
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layer of the epiderm. the extent of which is determined especially by the alkalinity of the soap
but also to a degree by the composition of the
fatty acids occurring in it. A third effect of soap
is its germicidal action. While it is agreed that the
principal way in which soap and water reduce bacterial contamination is by removal of the organisms, there is ample evidence that soap has a
germicidal effect. Walker (J.A.M.A., 1931, 97,
19) found 6 different commercial varieties of soap
to be effective, within 2l/i minutes following application of solutions ranging in concentration
from 1 : 100 to 1 : 1000. in destroying pneumococci,
streptococci, gonococci, and meningococci; certain species of bacteria, notably staphylococci and
typhoid bacilli, did not appear to be affected. Inasmuch as a strong lather, as ordinarily obtained in
washing the hands, may reach a concentration of
5 per cent of soap, it is obvious that the germicidal effect of soap is of significance. A fourth
effect attributed to soap is a detoxifying action;
experiments have shown that castor-oil soap, when
used in sufficient quantities, is able to detoxify
entirely tetanus or diphtheria toxin {Medical Uses
of Soap, edited by Fishbein. 1945).
Kerrigan {Surg. Gynec. Obst., 1942, 75, 165)
employed soap and water in washing 12.044 open
wounds to the exclusion of chemotherapeutic
agents; hospitalization was required in only 18
cases. Koch {Surg. Gynec. Obst., 1941. 72, 1. 157)
prepared the donor site for skin grafting, and also
the area around the wound where the grafting was
to be done, by thorough cleansing with plain white
soap and water, without use of antiseptics; no
cases of infection occurred.
Soap and water are contraindicated in dermatoses known to occur as the result of excessive
use of soap, as well as in conditions characterized
by dry skin. Frequent use of soap is likely to be
harmful even to normal, healthy skin; presence
of excess alkali will cause irritation as may also
the fatty acid components of the soap. A positive patch test in a dilution of 1 : 100 or greater
of the soap indicates allergy to the ingredients of
the soap (Jordan et al., J.A.M.A.. 1940, 115,
1001). As concerns the alkalinity of soap. McCord (in Medical Uses of Soap) believes that no
soap used for worker hygienic purposes should
produce a pH above 10.5. Different fatty acids
van1 in their irritant properties; thus, acids of
low molecular weight are more irritating than
those of high molecular weight, and the degree of
irritation is all the greater the higher the pH
(Blank. Arch. Dermat. Syph., 1939, 39, 811). It
is for this reason that coconut oil soaps, containing a higher percentage of low molecular weight
acids, are relatively irritant, while castor oil soaps,
containing high molecular weight acids, are almost
free of irritation. In cases of dermatitis due to
soap, olive oil or cold cream should be used as a
cleanser until the condition improves: sometimes
a neutral sulfated castor oil is useful as a cleanser
can be defor such persons. If a specific allergen
termined itshould be eliminated. Use of soapless
detergents may be necessary to avoid recurrence
of symptoms. In cases of dry and defatted skin
from use of soap, lanolin or other emolresulting
lient isindicated.
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The hemolytic property of soap resides in the
fatty acid component; the effect is more pronounced at higher pH values. Edwards (/. A.
Ph. A., 1939, 28, 209) arranged the soaps in the
following descending order of toxicity to earthworms: laurate, myristate, oleate, ricinoleate,
palmitate, and stearate.
Medicated soaps are sometimes employed (see
Hexachlorophene Soap, in Part I) ; the medicament may be one which is intended to increase
the germicidal efficiency of the soap, or to bring
about some therapeutic action. It is not clearly
apparent that incorporation of medicaments enhances the value of the soap, chiefly because in
most instances the time of exposure to the medicament is very short; on the other hand they are not
generally likely to be harmful.
As Antacid. — Taken internally, soap is laxative and antacid. Being a salt of weak acids it
neutralizes strong acids, such as hydrochloric; it
was formerly used for this effect as an antacid and
by the same action may be employed as an antidote in poisoning by mineral acids. For use as an
antidote soap may be administered in a strong
aqueous solution in as large a dose as the patient
can swallow. Such treatment is preferable to use
of a bicarbonate or carbonate, both o: which produce effervescence. By its forming insoluble soaps
with heavy metals, soap may be used as an antidote for poisoning by these substances as well.
As Enema. — In constipation arising from hardened feces in the rectum, an enema prepared from
two tablespoonfuls of soap in a pint of warm
water is often effective. A suppository made from
soap is sometimes similarly used. Frequent or
regular use of soap in this manner may lead to
inflammation.
Other Uses. — In pharmaceutical practice, soap
is sometimes used as an emulsifying agent, especially in preparations for external use; it also
finds some use in making pills, and is frequently
an ingredient of liniments and plasters.
For external use, hard soap is official as a pharmaceutic necessity in several official preparations.
Internally a dose of 300 mg. to 2 Gm. (approximately 5to 30 grains) may be swallowed.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Asafetida Pills; Camphor and
Soap Liniment; N.F. Dentifrice, N.F.
MEDICINAL

SOFT

SOAP.

U.S.P. (B.P.)

Green Soap, Soft Soap, Sapo Mollis Medicinalis

"Medicinal Soft Soap is a potassium soap made
by the saponification of vegetable oils, excluding
coconut oil and palm kernel oil, without the removal of glycerin." U.S.P.
The B.P. defines Soft Soap as soap made by
the interaction of potassium or sodium hydroxide
with a suitable vegetable oil or oils or the fatty
acids derived from them. It yields not less than
44 per cent of fatty acids.
B.P. Soft Soap; Sapo Mollis. Sapo Viridis; Sapo Kalinus; Sapo Potassicus. Fr. Savon Noir; Savon Mou. Ger.
Kaliseife. It. Sapone di potassa. Sp. Jabon potasico ;
Jabdn Blando Medicinal; Jabon verde; Jabon blando.

Medicinal soft soap may be prepared as fol-
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lows: Mix 380 Gm. of a suitable vegetable oil
with 20 Gm. of oleic acid and heat the mixture to
about 80°. Dissolve 91.7 Gm. of potassium hydroxide in a mixture of 50 ml. of glycerin and
100 ml. of purified water, and add this solution,
while it is still hot, to the hot oil. Stir the mixture vigorously until an emulsion is formed, using
mechanical stirring if desired, then heat the mixture on a hot plate, with constant vigorous stirring, until it becomes homogeneous and a small
portion dissolves completely in hot water, producing a clear solution. Add enough hot purified
water to make the soap weigh 1000 Gm. and disperse it uniformly. Note. — The vegetable oil employed may be corn, cottonseed, linseed, olive,
soya bean, or similar oils which have a saponification value not above 205, and an iodine value not
less than 80. Since glycerin is added only to accelerate saponification, it may be omitted if desired. The quantity of potassium hydroxide specified is based on an alkalinity equivalent to 85 per
cent of KOH. For any other strength a proportionately larger or smaller quantity should be
taken. U.S.P.
Description. — "Medicinal Soft Soap occurs
as a soft, unctuous, yellowish white to brownish or
greenish yellow, transparent to translucent mass.
It has a slight, characteristic odor, often suggesting the oil from which it was prepared, and an
alkaline taste. Its 1 in 20 solution is alkaline to
bromothymol blue T.S." U.S.P.
Standards and Tests. — Water. — When determined bydistillation with toluene, in the presence of anhydrous barium chloride, the content of
water does not exceed 52 per cent by weight.
Alcohol-insoluble substances. — Not over 3 per
cent of residue, dried at 105°, is obtained when
the soap is dissolved in hot neutralized alcohol.
Free alkali hydroxides. — When the alcoholic solution obtained in the preceding test is titrated with
0.1 ./V sulfuric acid, using phenolphthalein T.S. as
indicator, the equivalent, as KOH, does not exceed 0.25 per cent. Alkali carbonates. — Not more
than 0.5 ml. of 0.1 A7 sulfuric acid per Gm. of the
original soap is required for neutralization of an
aqueous solution of the residue obtained in the
determination of alcohol-insoluble substances; the
indicator is methyl orange T.S. Unsaponified matter.— A 1 in 20 solution of the soap in hot water
is nearly clear. Characteristics of the liberated
fatty acids. — The mixed acids liberated from the
soap have an acid value of not more than 205, and
an iodine value not less than 85. U.S.P.
Uses. — Soft soap possesses not only a detergent property but because of its alkalinity has
some additional therapeutic properties. Thus, it
effectively removes fat in skin disorders accompanied by disturbance in sebaceous secretion, as
seborrhea and acne. Because of its softening and
macerating effect on scales, it may be useful as a
cleansing agent in diseases characterized by hyperkeratosis, such as psoriasis. Some antiscabetic
emulsions and ointments contain soft soap to promote a softening process of horny material overlying local lesions, exposing the parasite more
directly to the effective antiscabetic agent. Used
with water it is a good cleanser of skin and of
wounds. It has been dissolved in ethyl ether as a
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preoperative skin cleanser. As a cleansing and moderately irritating and stimulating rectal enema,
30 Gm. is dissolved in 600 ml. of warm tap water.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Medicinal Soft Soap Liniment,
U.S.P.; Liniment of Turpentine; Liniment of
Soap, B.P.
MEDICINAL SOFT SOAP
LINIMENT.
U.S.P.
Soft Soap Liniment, Tincture of Green Soap,
[Limmentum Saponis Mollis]
Tinctura Saponis Viridis; Spiritus Saponis Kalini. Cer.
Kaliseifenspiritus. Sp. Linimento de Jabon Blando.

Mix 20 ml. of lavender oil with 300 ml. of alcohol and dissolve in this 650 Gm. of medicinal soft
soap. Set the mixture aside for 24 hours, then filter
it through paper and add enough alcohol to make
the product measure 1000 ml. U.S.P.
Alcohol Content. — From 28 to 32 per cent,
by volume, of C2H5OH. U.S.P.
Uses. — Tincture of green soap is a cleansing
detergent having mild germicidal action. Used as
a shampoo, with water, it emulsifies fatty substances and removes them from the hair and scalp
in ordinary dandruff, seborrhea, seborrheic dermatitis, and psoriasis preparatory to local application of active medications. Its usefulness as a
routine skin cleanser before surgical operations
and in skin and tissue wounds has been superseded
by detergent formulations containing hexachlorophene or bithionol.
Storage. — Preserve "in tight containers."
U.S.P.
SODA

LIME.

U.S.P., B.P.

Calx Sodica

"Soda Lime is a mixture of calcium hydroxide
with sodium or potassium hydroxide or both, intended for use in metabolism tests, anesthesia,
and oxygen therapy. Soda Lime may contain an
indicator which is inert with respect to its reactivity with ether, ethylene, cyclopropane, and nitrous
oxide, and which changes color when the absorption capacity of the Soda Lime for carbon dioxide
is exhausted."' U.S.P. The B.P. requires this product, which is defined similarly to that of the
U.S.P., to absorb not less than 20.0 per cent of
its weight of carbon dioxide.
Sp. Cal Sodica.

Soda lima may be prepared by fusing together
a mixture of calcium hydroxide, sodium or potassium hydroxide or both, and sufficient kieselguhr
to impart the desired hardnesss to the product.
After cooling, the material is broken into fragments which are graded into various sizes ranging
from 4- to 20-mesh. According to Adriani {Chemistry of Anesthesia, Charles C Thomas, 1946),
magnesium compounds should not be present in
soda lime because the latter is thereby made less
effective in absorbing carbon dioxide.
Description. — "Soda Lime occurs as white or
grayish white granules. It may have a color if an
indicator has been added." U.S.P.
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Standards and Tests. — Identification. — (1)
Moistened red litmus paper turns blue when a
granule of soda lime is placed on it. (2) An acetic
acid solution of soda hme responds to tests for
calcium and imparts a yellow color to a nonluminous flame (a violet color may be seen on
viewing the flame through cobalt glass). Size of
granules. — On screening 100 Gm. of soda lime for
5 minutes, using a mechanical shaker, the material
passes completely through a No. 2 standard mesh
sieve but not more than 2 per cent passes through
a No. 40 standard mesh sieve; not more than 7
per cent is retained on the coarse mesh sieve and
not more than 15 per cent passes through the fine
mesh sieve specified on the label. Loss on drying.
— Not over 19.0 per cent, when dried at 105° for
2 hours. Moisture absorption. — Not over 7.5 per
cent, when placed in a desiccator over sulfuric
acid having a specific gravity of 1.16 (85 per cent
relative humidity) for 24 hours. Hardness. — Not
less than 75. Carbon dioxide absorption capacity.
— Not less than 19 per cent of its weight of carbon
dioxide. U.S.P.
Uses. — -Soda hme is used to absorb exhaled
carbon dioxide in the "rebreathing" technic of
inhalation anesthesia. In this method a form of
apparatus is employed which is made air-tight
with the patient's upper respiratory tract so that
exhaled gas will not escape; the carbon dioxide,
however, must be absorbed, this being accomplished bypassing the gas through a canister containing soda lime. Several fatalities have followed
the use of trichloroethylene as anesthetic in such
a closed circuit, the reason being that trichloroethylene vapor is decomposed by soda lime to
form the toxic dichloroacetylene (Firth and
Stuckey. Lancet, 1945, 1, 814).
Soda lime is used for the same purpose in
oxygen therapy technics and also in metabolism
tests.
Cole (J.A.M.A., 1953, 151, 910) called attention to the retention of water and heat in the body
with use of carbon dioxide-absorption, gas-anesthetic machines which may be responsible for untoward reactions during prolonged periods of
anesthesia. Until some feasible arrangement for
absorption of water, while the soda hme is absorbing carbon dioxide, is devised, care should be
taken to empty the excess water vapor condensed
from the exhaled gas mixture from the apparatus.
The heat generated by the chemical reaction in
absorbing the carbon dioxide may raise the temperature of the respired anesthetic mixture in the
apparatus above that of high summer temperatures. This may cause tachypnea, tachycardia,
fever or drenching sweats.
Care should be observed in handling soda hme
because of its caustic action when in contact with
the skin.
Labeling. — "If an indicator is present, its
name and color change are stated on the container
label. The container label indicates the mesh of
the Soda Lime in terms of standard mesh sieve
sizes." U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.

Sodium
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SODIUM.
Natrium

Na (22.991)
Natrium. Fr. Sodium. Ger. Natrium. It., Sp. Sodio.

The metal sodium was discovered by Sir
Humphry Davy in 1807, who obtained it in small
quantity by decomposing sodium hydroxide by the
agency of galvanic electricity. Sodium was formerly prepared on a large scale by igniting a mixture of dry sodium carbonate, coal and chalk. The
amount of metal obtained by this method is, however, not over 40 per cent of the theoretical result. An improved process was introduced by
Castner, in which an iron carbide, or a mixture
of fine iron and coke, was used to reduce the
caustic soda. This process in turn was replaced by
electrolytic processes. The earlier of these was
that of Castner, who used an electrolyte of fused
sodium hydroxide in an iron pot or crucible;
metallic sodium and hydrogen are liberated at the
cathode and oxygen at the anode. The presentday method of preparing metallic sodium is by
the electrolysis of fused sodium chloride, employing a cathode of steel and an anode of carbon.
Sodium is a soft, tetragonal-crystalline, malleable, ductile solid, of a silver-white color. It
possesses a metallic luster, when protected from
air, by which it is quickly tarnished and oxidized.
Sodium should be stored under oxygen-free liquids, such as kerosene and naphtha. Sodium melts
at 97.9° and boils at 883°; it has a density, at 20°,
of 0.971. When cast on cold water sodium instantly fuses into a globule without burning, and
rapidly traverses the surface in different directions; on warm water it burns. In both cases the
water is decomposed; hydrogen is liberated, and
sodium hydroxide produced. Like potassium,
when exposed with a bright surface to air, it
undergoes slow combustion, which renders it luminous in the dark. Sodium combines with oxygen
to form the monoxide, Na20, and a peroxide
Na202. This latter oxide is always formed when
the metal is burned in air.
Sodium salts are characterized by their imparting to a nonluminous flame a rich yellow color;
this is the most distinguishing analytical characteristic ofthis element.
Sodium metal is used in certain metallurgical
processes, as in removing oxygen from silver, and
antimony from lead; its cooling characteristics
have led to its use in the self-cooling valves of
airplane engines. It is also employed in the
manufacture of sodium vapor lamps which find
use in illuminating roads so as to eliminate glare.
Physiological Role. — Sodium provides the
main cation of extracellular body fluids (see
Sodium Chloride Injection), just as potassium ion
is the principal intracellular cation. According to
Forbes and Perley (/. Lab. Clin. Med., 1949, 34,
1599) the human body contains 41 to 43 milliequivalents of sodium per kilogram of body
weight. In blood serum the level of sodium is
maintained within the range of 134 to 141 milliequivalents per liter. The concentration of sodium
ion in intracellular fluid is 35 milliequivalents per
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liter, while that of potassium is 115 milliequivalents per liter, as observed in studies utilizing
various isotopes for labeling purposes (Levitt
and Gaudino, Am. J. Physiol., 1949, 159, 67).
The equilibrium is, however, a dynamic one and
does not involve impermeability of cell membranes to these ions; studies of the exchange of
sodium and potassium in disease have been reported by Moore and his associates {Metabolism,
1954, 3, 313, 324, 334).
Many aspects of therapeutics have to do with
efforts to alter the quantity and distribution of
sodium ion in the body. Sodium ion must be
present for water to remain in tissues, and water
is required for renal excretion of sodium (see
Editorial by Marriott, Ann. Int. Med., 1954, 41,
377). A low intake of salt is important in treating
edema of cardiac, renal or hypoproteinemic origin.
Following popularization of the rice diet in the
management of essential hypertension (Kempner,
Am. J. Med., 1948, 4, 545) considerable attention was given to the role of sodium ion in the
management of patients with high blood pressure.
While salt restriction has in some patients effected
dramatic relief in essential hypertension others
have not been similarly benefited (Schroeder et al.,
J.A.M.A., 1949, 140, 458). Nevertheless, the
concept of the limited ability of the patient with
congestive heart failure to handle sodium ion,
analogous to the limited capacity of the patient
with diabetes mellitus to handle dextrose, is a
useful one in therapeutics and control of sodium
chloride may be effected by dietary restriction or
use of mercurial diuretics. On the other hand a
deficiency of sodium is often a serious problem in
acutely ill patients with infections, or traumatic
or surgical conditions (see the review by Danowski, Am. J. Med., 1951, 10, 468). During the past
decade the equal importance of a deficit or surplus of potassium has been recognized as an important factor in clinical medicine (see under
Potassium, and also Lactated Potassic Saline
Injection) .
Sodium ion is the least toxic of metallic ions.
It is, therefore, the cation of choice when it is
desired to obtain the effects of various anions.
The radioactive isotope sodium-24, which has
a half-life of 14.8 hours, has been used in the
form of chloride by intravenous injection, to
measure circulation time in peripheral vascular
disease (Smith and Quimby, Surg. Gynec. Obst.,
1944, 79, 142) and in congestive heart failure
(Prinzmetal et al., J.A.M.A., 1949, 139, 617).
Another interesting application of this radioactive
sodium chloride is that of testing enteric coatings
(see test).
under Tablets, in Part II, for explanation of
the
SODIUM

ACETATE.
[Sodii Acetas]

N.F.

CH3COONa.3H20
"Sodium Acetate, dried at 80° overnight and followed by drying at 120° for 4 hours, contains not
less than 99 per cent of C2H3Na02." N.F.
Natrium Aceticum. Fr. Acetate de sodium. Ger. Natriumazetat; Essigsaures Natrium. It. Acetato di sodio.
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Sodium acetate may be prepared by adding
sodium carbonate or bicarbonate to acetic acid
until it is neutralized, filtering, concentrating the
solution, and crystallizing.
Description. — "Sodium Acetate occurs as
colorless, transparent crystals or a granular crystalline powder. It is odorless, or has a faint,
acetous odor. It is efflorescent in warm, dry air.
One Gm. of Sodium Acetate dissolves in about
0.8 ml. of water and in about 19 ml. of alcohol."
N.F.
Standards and Tests. — Identification. — (1)
An aqueous solution of sodium acetate responds
to tests for sodium and for acetate. (2) Upon
ignition, sodium acetate yields an alkaline residue
which effervesces with acids. Loss on drying. — Not
less than 36 per cent and not more than 41 per
cent, when finally dried at 120°. Alkalinity. — Not
over 0.1 ml. of 0.1 N sulfuric acid is required for
neutralization of 2 Gm. of sodium acetate, using
phenolphthalein T.S. as indicator. Arsenic. — An
aqueous solution ,of sodium acetate meets the
requirements of the test for arsenic. Heavy metals.
— The limit is 10 parts per million. Potassium
compounds. — No turbidity is produced on adding
a few drops of sodium bitartrate T.S. to 5 ml.
of a clear, saturated aqueous solution of sodium
acetate. N.F.
Assay. — About 1.5 Gm. of dried sodium acetate is ignited to sodium carbonate, which is
estimated by residual titration employing 0.5 N
sulfuric acid and 0.5 N sodium hydroxide and
using methyl orange T.S. as indicator. Each ml.
of 0.5 N sulfuric acid represents 41.02 mg. of
C2H3Na02. N.F.
Uses. — Sodium acetate is sometimes used as a
systemic alkalizer (see Potassium Acetate), a
saline diuretic, or an expectorant. S
Dose, 1.5 to 7.5 Gm. (approximately 22 grains
to 2 drachms).
Storage. — Preserve "in tight containers." N.F.
SODIUM ACETRIZOATE
INJECTION.
U.S.P.
"Sodium Acetrizoate Injection is a sterile solution of acetrizoic acid in water for injection
prepared with the aid of sodium hydroxide. It
contains not less than 95 per cent and not more
than 105 per cent of the labeled amount of
sodium acetrizoate (C9Hsl3NNa03). Sodium Acetrizoate Injection may contain not more than
0.012 per cent of monocalcium ethylenediamine
tetraacetate as a stabilizer, and not more than
0.015
U.S.P. per cent of sodium biphosphate as a buffer."
Urokon

Sodium

(Mallinckrodt).

The preparation of acetrizoic acid, the component which imparts radiopacity to this substance, is discussed under Acetrizoic Acid, in
Part I.
The U.S.P. requires the pH of the injection to
be between 7.0 and 7.5. The heavy metals limit
for the 30 per cent injection is 10 parts per million, and for the 70 per cent injection 20 parts per
million.
Uses. — This compound
containing 65.8 per
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cent of iodine is used as a roentgen contrast medium for intravenous urography, retrograde pyelography, nephrography, translumbar arteriography
and angiocardiography. The incidence of untoward
effects seems to be less than with other contrast
media. Satisfactory roentgenograms are obtained
with the intravenous injection of the 30 per cent
solution in the majority of patients and a 70 per
cent solution is available for use in the obese or
those in whom a retrograde pyelogram cannot be
utilized; recently a 50 per cent solution was introduced. The rate of renal excretion is more
rapid than with sodium iodomethamate and the
films should be exposed at 5, 10 and 15 minutes
after intravenous injection rather than at 5, 15
and 45 minutes as is the usual practice with other
water-soluble organic iodine compounds (Richardson and Rose, /. Urol., 1950, 63, 1113).
Studies of toxicity indicate the LD50 to be 10.7
Gm. per kilogram of body weight in male mice
and that 4 to 8 times the concentration required
for roentgen visualization of the kidneys in man
caused no untoward effects in animals (Neuhaus
et al., J. Lab. Clin. Med., 1950, 35, 43). With
daily repetition of excessive doses, such as 2 Gm.
per kilogram of body weight in dogs or 2.1 Gm.
per kilogram in guinea pigs (Byrne and Melick,
Urol. Cutan. Rev., 1951, 55, 193), histologic
changes appear in the renal tubules resembling
nephrosis.
With clinical doses — 25 ml. of 50 per cent solution intravenously — in humans with normal kidney function, the full dose was excreted in the
urine within 24 hours (Neuhaus et al., loc. cit.).
As with iodopyracet and sodium iodomethamate
about 50 per cent of sodium acetrizoate was excreted in the urine in 3 hours. With a concentration of 10 mg. per 100 ml. of whole blood 15
minutes after slow intravenous injection of 11.5
Gm. of sodium acetrizoate, 898 mg. of the compound was excreted in the urine in the 15-minute
period between 15 and 30 minutes after the injection; arenal clearance uncorrected for glomerular filtration of 598 ml. per minute was calculated. Since this clearance is in excess of any rate
possible with glomerular filtration alone it is
obvious that tubular excretion plays a major role
in the renal excretion of this compound. At the
end of 2 hours in this patient the concentration
in the blood had decreased to 2.6 mg. per 100 ml.
and the clearance was still 560 ml. per minute.
With the 70 per cent solution given intravenously,
Nesbit and Nesbit (Univ. Mich. M. Bull., 1952,
28, 225) suggest that the concentration in the
blood exceeds the maximum tubular excretory
capacity greatly and that glomerular filtration of
a similar amount of compound occurs with the
resulting high concentration in the urine which
provides the roentgen contrast resembling that
produced by retrograde injection of 12.5 per cent
sodium iodide. In fact after intravenous injection
of 70 per cent sodium acetrizoate. a concentration
of 40 to 85 mg. of iodine per ml. of urine was
observed, compared with 60 to 85 mg. per ml.
following retrograde injection. Neuhaus et al.
found that less than 20 per cent of the compound
was absorbed from the intestinal tract of rats in
3 hours.
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Extravasation of the 30 per cent and particularly of the 70 per cent solution outside of the
vein causes severe pain and may result in phlebitis and sloughing (Richardson and Rose, loc.
cit.; Wall and Rose, /. Urol., 1951, 66, 305);
immediate infiltration of the area of extravasation
with hyaluronidase injection alleviates the discomfort and the damage. Using intravenous injection times of 30 to 60 seconds, changes in
blood pressure with either the 30 or 70 per cent
solutions have been insignificant, ranging from a
fall of 12 mm. to a rise of 20 mm. of mercury.
During intravenous or intraarterial injection for
angiography, blood pressure changes have been
less marked than with 70 per cent iodopyracet;
Nesbit and Nesbit reported insignificant and
transient changes in the electrocardiogram during
and immediately following rapid injection (3 to
5 seconds). Changes included mild tachycardia
and evidences of vagal stimulation; in 2 patients
a few extrasystoles appeared.
Urography. — For routine examination, 25 ml.
of the 30 per cent solution is injected intravenously in 30 to 60 seconds with the patient in
the supine position; the arm used for the injection is elevated on completing the injection (Nesbit and Lapides, Univ. Mich. M. Bull., 1950, 16,
37). Usually the patient has been instructed to
omit fluids for 12 to 15 hours and to take an
appropriate dose of castor oil at bed time. Films
are exposed at 3 to 5, 10 and 15 minutes, and
later if impaired renal function is present or
suspected. A rubber bag is strapped against the
lower abdomen to compress the ureters immediately after the injection is made. For adults,
25 ml. of the 70 per cent solution will yield more
dense roentgen shadows and is indicated for
obese persons or those with surgical lesions or
moderately impaired renal function (Barry and
Rose, /. Urol., 1953, 69, June). Fewer vasomotor
reactions were reported with sodium acetrizoate
than with iodopyracet (Robbins et al., Radiology,
1951, 56, May). For children under 4 years of
age, 70 per cent solution is preferred and the
dose is 500 mg. (or about 0.7 ml.) per kilogram
of body weight. Films are exposed more quickly
after the injection — at 3, 8 and 12 minutes. Byrne
and Melick (Urol. Cutan. Rev., 1951, 55, 193)
used subcutaneous injection effectively in children by injecting 75 units of hyaluronidase injection subcutaneously into each thigh followed by
half of the dose of the contrast medium into each
thigh.
Retrograde Pyelography. — For this examination, 15 ml. for unilateral or 25 ml. for bilateral
studies is prepared of the 30 per cent solution (or
an appropriate dilution thereof with sterile distilled water) and 5 to 6 ml. is injected slowly
into the renal pelvis through the ureteral catheter. Usually no irritation is experienced. Pain
lasting 24 hours occurred in 2 per cent of patients
studied by Richardson and Rose (/. Urol., 1950,
63, June). In most patients a bilateral study can
be made during a single visit without untoward
effect. However, these doses intravenously or into
the renal pelvis should not be repeated sooner
than 24 hours after the last dose.
Nephrography. — A dose of 40 to 50 ml. of
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the 70 per cent solution is given intravenously
during inspiration in a period of 2 to 5 seconds
through a 14-gauge needle with the patient in position on the x-ray table ready for the first film
10 to 15 seconds after completing the injection
and another film after 20 to 25 seconds (Doss,
/. Urol., 1952, 68, 950; Melick et al., ibid., 67,
1019; Smith et al, J.A.M.A., 1952, 148, 255).
With appropriate roentgen equipment, photographs of the descending aorta and renal arteries,
then of the renal parenchyma and finally of the
renal pelvis may be obtained. This procedure is
less traumatic than translumbar arteriography
and may be as revealing (Wall and Rose, /. Urol.,
1951, 66, 305). Hypersensitivity to the contrast
medium is a definite contraindication which must
be tested for (v.i.) before using this or similar
procedures requiring rapid injection of this large
a dose. Severely damaged renal function is also
a contraindication. Prior to the injection, the
patient should be told about the sensation of heat
and flushing, the metallic taste and the desire to
cough which will be experienced. Nausea, headache and urticaria may occur. Vomiting is rare.
Injection of epinephrine hydrochloride and an
antihistaminic should be ready for immediate use
in case of a severe reaction.
Translumbar Aortography. — This highly
technical procedure visualizes the abdominal
aorta and its branches. In an anesthetized patient,
10 to 15 ml. of the 70 per cent solution is injected
into the abdominal aorta through an 18-gauge
needle 6 inches long inserted just lateral to the
spine and just caudad to the 12th rib (Melick et
al, J. Urol, 1952, 67, 1019; Doss, ibid., 68, 950;
Berry et al, Can. Med. Assoc. J., 1952, 66, 215).
The injection is made in 1.5 to 2.5 seconds and
a film is taken as the last 1 ml. is injected and
again 10 seconds later. Paraplegia following this
procedure was reported by Boyarsky (J.A.M.A.,
1954, 156, 599). Injection through a catheter
passed into the femoral artery in the thigh up to
the renal artery has also been performed (Hooke
and Graves, South. M. J., 1952, 45, 587).
Angiocardiography. — This is likewise a specialized technic for diagnostic visualization of the
heart and great vessels (Scott, Radiology, 1951,
56, 485), as in congenital anomalies, aneurysms,
etc. (see Dotter et al, ibid., 1953, 60, 691) for
details). From 40 to 50 ml. of the 70 per cent
solution is injected into a vein in the upper arm
through a special (Robb) needle during inspiration in a period of 2 seconds with the arm elevated. Films are taken rapidly according to the
rate of circulation in the patient and the area
which it is desired to visualize. As much as 150
ml. of the 70 per cent solution has been injected
in the course of 1 hour without untoward effect.
Sodium acetrizoate is not recommended for
cerebral angiography, cholangiography, venography or bronchography. Nevertheless, the 30 per
cent solution has been employed successfully for
cerebral angiography (Gross and Jacobson, Am. J.
Roentgenol. Rad. Ther., 1953, 69, 428).
Toxicology. — On rapid intravenous injection
of the 70 per cent solution, a slight rise in blood
pressure is followed by a definite fall in pressure
(v.s.) which reaches a maximum at 1 minute and
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recovers in 4 to 5 minutes. Bradycardia is greater
than with iodopyracet but the blood pressure
changes are less. With a dose of 5 Gm. per kilogram in the dog intravenously, convulsions follow
but the animal survives whereas iodopyracet is
fatal in this dose. Even a dose of 2 Gm. per kilogram of sodium acetrizoate caused convulsions.
Rapid injection into the superior mesenteric artery of the dog causes no damage; a similar injection of 80 per cent sodium iodide solution caused
necrosis of the intestine (Melick et al., J . Urol.,
1952, 67, 1019). In man, among 556 cases receiving 30 per cent solution for a urogram, the following incidence of untoward effects was observed: nausea and vomiting, 21 cases; flushing,
13; nausea. 10; urticaria, 4; cough, sneeze or
shoulder pain, 2 each; headache, dyspnea and
palpitation. 1 each. With the 70 per cent solution
used for intravenous urography there has been
no significant difference in the incidence of side
effects. Rapid injection does not seem to increase
the incidence of reactions (Wall and Rose, /.
Urol, 1951, 66, 305). With injection into the
aorta under local rather than general anesthesia,
the patient feels the entry of the needle into the
aorta followed by a cramping pain, nausea and
sometimes vomiting as the 70 per cent solution is
injected (Melick et ai., loc. cit.).
Hypersensitivity. — Although serious reactions have been rare, anaphylactic death must be
avoided and all patients should be tested for hypersensitivity before use of this and other contrast mediums. Ocular, oral and intracutaneous
tests for sensitivity are not entirely reliable although it is wise to employ one of these tests
to detect marked sensitivity. In patients with a
history of allergy, the initial injection of 1 to
2 ml. of the solution intravenously with observation of the patient for 10 minutes for urticaria,
hypotension, nausea and vomiting is the safest
procedure.
Dose. — The usual dose is 25 ml. of 30 per cent
solution, intravenously: the range varies from
5 ml. of 30 per cent to 50 ml. of 70 per cent solution, depending on the manner of use.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass,
protected from fight. It may be packaged in 50ml. multiple-dose containers." U.S. P.
Usual Sizes. — 7.5. 12.5 and 17.5 Gm. in 25 ml.
SODIUM

ALGINATE.

N.F.

Algin, [Sodii Alginas]

"Sodium Alginate is the purified carbohydrate
product extracted from brown seaweeds by the
use of dilute alkali. It consists chiefly of the
sodium salt of alginic acid, a polyuronic acid composed of beta D-mannuronic acid residues linked
so that the carboxyl group of each unit is free
while the aldehyde group is shielded by a glycosidic linkage." -VJ7.
Kelgin (Kelco).

During WTorld War I the giant kelp of California. Macrocystis pyrifera, served as a raw
material for extraction of potash, as well as
for the manufacture of acetone bv a fermenta-
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tion process. Both industries were abandoned at
the close of that war, and not until 1926 was that
seaweed again utilized commercially, this time as
a source of alginic acid, of which the sodium,
calcium and ammonium salts are now extensively
utilized for their unique colloidal properties.
In present-day usage, the term kelp refers to
seaweeds of the brown algal order Laminariales,
which have large, flat, leaf-like fronds; the designation is sometimes erroneously applied to seaweeds in general, and originally it referred to
seaweed ash, from which iodine, potash and soda
were manufactured. Three kinds of kelp are utilized for the manufacture of the alginates. On the
Atlantic coast of America and Europe the horsetail (or digitate) kelp. Laminaria digitata, and the
broadleaf (or sugar) kelp, Laminaria saccharina,
are employed, while on the Pacific coast the
Macrocystis pyrifera, which grows to over 100
feet in length — the largest seaweed known — and
forms beds several square miles in area, is solely
used. Harvesting of the kelp on the Atlantic
coast extends from June to December, while on
the Pacific coast it is a year-around operation in
which motor barges equipped with a modified
mowing machine and an endless chain elevator to
hoist the kelp on board are used.
Two basic processes, both patented, are employed in manufacturing salts of alginic acid. In
Green's process the freshly harvested kelp is
leached with 0.33 per cent hydrochloric acid for
several hours to reduce the salt content of the
kelp, which is then chopped into convenient size
by a hammer mill shredder and digested with a
solution of soda ash maintained at a pH of about
10. For certain purposes the resulting pulp may
be used as a crude sodium alginate, but for most
purposes it must be purified. This is done by
filtering off the insoluble cellulosic material, precipitating the sodium alginate in the filtrate as
the calcium salt, converting this to alginic acid by
treatment with hydrochloric acid, then neutralizing the well-washed acid with sodium carbonate to
form the sodium salt which is finally dried and
ground. The Le Gloahec-Herter process digests
the kelp with a diluted solution of calcium chloride, which is stated to dissolve laminarin (the
reserve carbohydrate of kelps), mannitol and
other kelp constituents, without harming the
alginic acid; the leached kelp is washed with
water to remove calcium chloride, further washed
with dilute hydrochloric acid and again with water,
then digested with soda ash solution. This solution is centrifuged, clarified by treatment with an
absorbent jelly made from hydrated alumina,
gelatinous silica and aluminum alginate, and the
clear liquor finally produced is treated with hydrochloric acid to precipitate alginic acid which, after
further purification by dialysis, is converted to
the sodium or other salt. For further details of
processing of kelp for extraction of alginic acid
see Tseng (Chem. Met. Eng., 1945. 52, 97).
Description. — "Sodium Alginate occurs as a
nearly odorless and tasteless, coarse or fine powder, yellowish white in color. Sodium Alginate
dissolves in water, forming a viscous, colloidal
solution. It is insoluble in alcohol and in hydroalcoholic solutions in which the alcohol content
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is greater than about 30 per cent by weight. It is
insoluble in chloroform, in ether, and in acids
when the pH of the resulting solution becomes
lower than about 3." N.F.
Standards and Tests. — Identification. — (1)
A voluminous gelatinous precipitate is produced
immediately when calcium chloride T.S. is added
to a 1 in 100 aqueous solution of sodium alginate.
(2) A heavy gelatinous precipitate is produced
on adding diluted sulfuric acid to a 1 in 100
aqueous solution of sodium alginate. Loss on
drying. — Not over 15 per cent, when dried at
105° for 4 hours. Ash. — Not less than 18 per cent
and not more than 24 per cent. Water-insoluble
substances. — Not over 1 mg. of matter insoluble
in boiling water is obtained from 500 mg. of
sodium alginate. Arsenic. — A solution representing
1 Gm. of sodium alginate meets the requirements
of the test for arsenic. Lead. — The limit is 10
parts per million. Starch. — Not even a transient
blue color results when iodine T.S. is added to a
1 in 1000 solution of sodium alginate. Gelatin. —
No precipitate appears within 5 minutes after the
addition of a solution of ammonium molybdate
to a solution of sodium alginate. N.F.
Constitution. — Alginic acid is a polyuronic
acid having either (CeHsOe),, or (C6Hs06.H20)„
as an empirical formula. Jt is composed entirely
of D-mannuronic anhydride residues, or possibly
of units of the complete mannuronic acid, in which
the hydroxyl groups are attached to carbon atoms
2 and 33 while bridge and ring are attached to carbon atoms 4 and 5. The mannuronic acid units
are linked in such a way that the carboxyl group
on each unit is free to react, while the aldehyde
group is shielded by glycosidic linkage (see Tseng,
Science, 1945, 101, 597). The presence of free
carboxyl groups imparts to alginic acid cationexchange properties, similar to those of the carboxylic acid type exchange resins.
Uses. — Sodium alginate is now widely used for
its suspending, emulsifying, thickening, stabilizing and water-binding properties. The largest
use of it in the United States is as a stabilizer to
impart smooth body and texture to ice cream and
to prevent coarsening during storage due to the
formation of large ice crystals. It is said that
more than 50 per cent of the factory-made ice
cream in this country is stabilized with an alginous product marketed under the trade name of
Dariloid. Large quantities of sodium alginate, or
one of the other alginates, are used in the food
industries. Sodium alginate finds important use
as a latex-creaming agent in the manufacture of
natural rubber, and ammonium alginate is similarly used in the processing of synthetic rubber.
Because it precipitates calcium salts as a soft
pasty sludge, sodium alginate is useful for preventing incrustation in boilers. The substance is
also used as a sizing material for cloth and, in the
form of ammoniated aluminum alginate, as a
waterproofing compound; textile fibers have also
been made from alginic acid derivatives.
Pharmaceutical. — Increasing use of sodium
alginate in the manufacture of various medicinal
and cosmetic products has occurred in the past
few years. Formulas for a mineral oil emulsion,
a lubricating jelly, a liquid dentifrice, a hand
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lotion, and a hair pomade, each containing sodium
alginate to impart one of its characteristic properties, are given in a review article by Green
(/. A. Ph. A., Prac. Ed., 1946, 7, 297). Sodium
alginate can be used in place of tragacanth as a
suspending and binding agent in many pharmaceuticals; such uses have been discussed by Osborn and DeKay (/. A. Ph. A., Prac. Ed., 1941,
2, 420). Added to shaving creams, in 0.2 per cent
concentration, it prevents them from stiffening at
higher temperatures, and stabilizes the lather. A
unique use of sodium alginate has been as a
dental impression material.
Therapeutic. — The therapeutic utility of sodium alginate has been incompletely investigated.
According to Berger and Ludwig (Fed. Proc,
1952, 11, 322) sodium alginate has greater water
absorbing and retaining properties than has
methyl cellulose or natural hydrophilic gums, also
it does not swell in an acid environment, for
which reasons it should be useful as a bulk laxative. The acid neutralizing and buffering action
of sodium alginate, together with its hemostatic
property, may make it serviceable in the treatment of ulcers. The ability of alginic acid, containing free carboxyl groups, to absorb sodium by a
cation-exchange reaction, suggests a clinical role
of the acid in absorbing sodium but Gill and
Duncan (Am. J. Med. Sci., 1952, 224, 569) found
the acid to be less efficient in this respect than a
carboxylic type of resin.
In using sodium alginate a solution of a calcium salt is sometimes added to produce, by precipitating calcium alginate, an increase in viscosity
or even gel formation. One of the parahydroxybenzoate esters should be used as a preservative
for solutions of alginates; sodium benzoate may
be similarly employed if the medium is acid. In
preparing aqueous solutions of sodium alginate a
high speed stirrer will reduce clotting and lumping; dispersion is more readily effected if the
alginate is first mixed with glycerin, propylene
glycol or other dispersing agent.
Storage. — Preserve "in tight containers." N.F.
SODIUM

AMINOSALICYLATE.
U.S.P., B.P. (LP.)

Sodium Para-aminosalicylate

C6H3(^-NH2) (o-OH)COONa.2H20
"Sodium Aminosalicylate contains not less than
98 per cent and not more than 101 per cent of
C7HeNNa03, calculated on the anhydrous basis."
U.S.P. The B.P. requires not less than 99.0 per
cent and not more than the equivalent of 101.0
per cent of C-HeOaNNa, calculated with reference
to the substance dried to constant weight at 105°.
The LP. requires not less than 99.0 per cent and
not more than the equivalent of 102.0 per cent of
C7H6O3NNa.2H.2O.
"Caution. — Prepare solutions of Sodium Aminosalicylate within 24 hours of administration. Under no circumstances use a solution if its color is
darker
U.S.P. than that a freshly prepared solution."
LP. Sodium Para-aminosalicylate; Natrii Para-aminosalicylas.
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Sodium aminosalicylate is obtained by interaction of aminosalicylic acid and sodium bicarbonate.
Description. — "Sodium Aminosalicylate occurs as a white to cream-colored, crystalline powder. It is practically odorless, and has a sweet,
saline taste. Its solutions decompose slowly and
darken in color. One Gm. of Sodium Aminosalicylate dissolves in about 2 ml. of water. It is
sparingly soluble in alcohol and very slightly soluble in ether and in chloroform." U.S.P.
Standards and Tests. — Identification. —
Tests applicable to aminosalicylic acid are used;
the salt also responds to tests for sodium. pH. —
A 1 in 50 solution has a pH between 6.5 and 8.5.
Water. — Not less than 16 per cent and not more
than 18 per cent, when determined by drying at
105° for 5 hours. Other requirements. — See under
Calcium Aminosalicylate. U.S.P.
Assay. — The U.S.P. employs the assay explained under Aminosalicylic Acid. Each ml. of
0.1 M sodium nitrite represents 17.51 mg. of
CiHeXXaOs. The B.P. assay is based on direct
titration with 0.5 N bromine, one molecule of
aminosalicylic acid reacting with three molecules
of bromine. The LP. releases aminosalicylic
acid, which is extracted with ether, and finally
titrated as described under Aminosalicylic Acid.
Stability. — For information concerning stability of sodium aminosalicylate see under Aminosalicylic Acid.
Uses. — This salt is used in the treatment of
tuberculosis (see discussion under Aminosalicylic
Acid). Most patients tolerate the sodium salt
better than they do the acid when given orally.
The dose, however, needs to be larger in order to
provide the same quanity of aminosalicylic acid;
approximately 15 Gm. of the sodium salt is equivalent to 12 Gm. of the acid. The salt is usually
given in combination with streptomycin, about
1 Gm. of the antibiotic being administered intramuscularly twice weekly.
Sodium aminosalicylate may be given parenterally when oral administration is not possible,
or when a large daily dose is advisable, as for
patients with tuberculous meningitis. Vials containing either 5 or 15 Gm. of lyophilized sodium
aminosalicylate are available. The contents may
be dissolved in sufficient 5 per cent dextrose in
water for injection to make either a 1 per cent
solution of the salt for administration by hypodermoclysis or a 3 per cent solution for venoclysis. Fisher et al. {Am. Rev. Tuberc, 1951. 64,
557) advocated use of hyaluronidase to facilitate
absorption when administration by hypodermoclysis is employed. Solutions of sodium aminosalicylate should be used within 24 hours of
preparation.
An "elixir'' may be prepared by dissolving 50
Gm. of sodium bicarbonate in water, then adding
100 Gm. of aminosalicylic acid and sufficient
water to make 500 ml.; a large container should
be used to permit effervescence. Peppermint oil
may be added for flavoring. The preparation
should be used within 48 hours, and be stored in
a refrigerator to minimize hydrolytic decomposition. Each 5 ml. (approximately 1 teaspoonful)
of the solution contains 1 Gm. of the acid.
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Potassium aminosalicylate has been tried in
the search for a better tolerated oral dosage form
of aminosalicylic acid: the potassium salt is the
most soluble one available. It is supplied in anhydrous form, and represents about 80 per cent
of aminosalicylic acid. In patients who exhibited
gastrointestinal intolerance to aminosalicylic acid
or its sodium salt the potassium salt has been
usually found acceptable. It may be administered
in 10 per cent concentration in potable water.
The maintenance dose is 3 Gm. four times daily,
after meals and at bedtime; this dosage is claimed
to give plasma levels comparable or superior to
those following administration of 3 Gm. of aminosalicylic acid four times daily, notwithstanding
that the salt contains but 80 per cent of the acid
component. The amount of potassium ingested on
this dosage daily, amounting to about 2.4 Gm.. is
about & of the amount of potassium that can
be handled daily by normal kidneys and the only
contraindication to use of the potassium salt is
in patients who have a moderate to marked degree of renal impairment.
Dose. — The usual dose of sodium aminosalicylate is 3 Gm. (approximately 45 grains) five
times daily, by mouth, with a range of 2 to 4 Gm.
The maximum safe dose is 4 Gm.. and the total
dose in 24 hours should, not exceed 20 Gm.
Storage. — Preserve "in tight, light-resistant
containers, protected from excessive heat." U .SJ3.
SODIUM AMINOSALICYLATE
TABLETS.
U.S.P.
"Sodium Aminosalicylate Tablets contain not
less than 95 per cent and not more than 105 per
cent of the labeled amount of CiHeXXaOaJHeO."
U.S.P.
Usual Size.— 500 mg.
SODIUM

BENZOATE.

U.S.P.. B.P.

[Sodii Benzoas]

CeHsCOOXa
"Sodium Benzoate. dried at 105 = for 4 hours,
contains
not B.P.
less than
99 per
C-HsXaO*."
U.S.P. The
requires
notcent
lessofthan
99.0 per
cent of C7Ho02Xa. calculated with reference to
the substance dried to constant weight at 105°.
Benzoate of Soda. Benzoas Sodicus; Natrium Benzoicum.
Fr. Benzoate de sodium; Benzoate de soude. Ger. Natriumbenzoat; Benzoesaures Natrium. It. Benzoato di sodio.
Sp. Benzoato de sodio.

Sodium benzoate may be prepared by adding
benzoic acid to a concentrated hot solution of sodium carbonate or bicarbonate until effervescence
ceases, and allowing the solution to cool and
crystallize.
Description. — "Sodium Benzoate occurs as a
white, odorless, or nearly odorless, granular or
crystalline powder. It is stable in air. One Gm. of
Sodium Benzoate dissolves in 2 ml. of water, in
75 ml. of alcohol and in 50 ml. of 90 per cent
alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
^"hen heated, sodium benzoate fuses, emitting
vapors having a characteristic odor, then chars,
and finally leaves a residue of sodium carbonate
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and carbon. (2) Sodium benzoate responds to
tests for sodium and for benzoate. Loss on drying.— Not over 1 per cent, when dried at 105° for
4 hours. Alkalinity. — A solution of 2 Gm. of
sodium benzoate requires not over 0.2 ml. of 0.1 N
sulfuric acid for neutralization, using phenolphthalein T.S. as indicator. Heavy metals. — The
limit is 20 parts per million. Chlorinated compounds.— Benzoic acid separated from sodium
benzoate meets the test for chlorinated compounds under Benzoic Acid. U.S.P. The B.P.
limits arsenic to 2 parts per million and lead to
10 parts per million.
Assay. — About 1.5 Gm. of dried sodium benzoate is mixed with ether and titrated with 0.5 N
hydrochloric acid, using methyl orange T.S. as
indicator. In the titration, the hydrochloric acid
liberates benzoic acid, which dissolves in the ether
while leaving an equivalent amount of sodium
chloride in the aqueous phase; when all the sodium benzoate has reacted, the aqueous phase
contains the slight excess of hydrochloric acid and
shows the acid color with methyl orange. Each
ml. of 0.5 N hydrochloric acid represents 72.05
mg. of C7H5Na02. U.S.P. The B.P. dissolves 3
Gm. of sample in 50 ml. of water, neutralizes the
solution with 0.1 N hydrochloric acid to phenolphthalein, then adds ether and performs the titration with 0.5 N hydrochloric acid, using bromophenol blue as indicator; a second portion of
ether is added to remove benzoic acid dissolved
in the aqueous phase and the titration is continued
with 0.5 N acid.
Uses. — Sodium benzoate was used at one time
in the treatment of rheumatism, either of the
acute or chronic type, in doses of 10 to 40 Gm.
daily. Its mode of action in these conditions is
apparently similar to that of salicylates, although
it is less efficacious. It has also been prescribed
by mouth, for acute tonsillitis. As a urinary antiseptic, ithas been displaced by more effective
agents. Although benzoic acid is a powerful germicide the neutral salts are only feebly so. According
to Doepner a 1 per cent solution of sodium benzoate has only a slight retarding influence upon
the growth of bacteria; on the other hand, Herter
(J. A.M. A., 1910, 54) stated that 0.2 per cent
has a perceptible inhibiting action. It is highly
probable that the effect of sodium benzoate as
a food preservative is due to partial liberation of
benzoic acid by acid components of the foodstuff
to which it is added (for further discussion see
under Benzoic Acid).
At present, the chief medical use of sodium
benzoate is as a test for liver function. After
ingestion or injection, it is conjugated with glycine
in the liver to form hippuric acid which is excreted in the urine. In the oral test for liver
function, 6 Gm. of sodium benzoate dissolved in
250 ml. of water is given after the patient has
emptied the bladder and about 1 hour after a
breakfast of toast and coffee. Hourly urine specimens are collected for 4 hours and the amount
of hippuric acid excreted in the combined sample
is determined. Normally about 3 Gm. is excreted
in the urine in the 4 hours; less than 2.5 Gm. is
considered abnormal. In the intravenous test, 1.77
Gm. dissolved in 20 ml. of water for injection is
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injected intravenously at a rate of about 4 ml.
per minute. The urine is collected after 1 hour
and the amount of hippuric acid excreted is determined. Normally, about 1 Gm. is excreted;
less than 0.7 Gm. is an indication of liver damage. For details of this test see Quick (Am. J.
Med. Sc, 1933, 185, 630, and Am. J. Digest. Dis.,
1939, 6, 716). The intravenous method avoids
a false positive test due to poor absorption but
both technics are invalidated by impaired renal
function (Eggleston and Gold, Am. J. Med. Sc,
1944, 208, 661). The intravenous method provides a most sensitive test for injury of the liver
cells (Snell and Plunkett, Am. J. Digest. Dis.,
1936, 2, 716; Mateer et al., J. A.M. A., 1943,
121, 723). It may be used in the presence of
jaundice. A fatality due to sensitivity to ingested
sodium benzoate was reported by Kinsey and
Wright (/. Lab. Clin. Med., 1944, 29, 188), but
Quick (J. A.M. A., 1944, 124, 1219) claimed that
such sensitivity is extremely rare; some patients
experience nausea with 6-Gm. oral dose.
Spaulding et al. (Science, 1947, 105, 210) gave
1.2 Gm. of sodium benzoate per 100,000 units of
penicillin orally and reported increased and prolonged blood serum levels of penicillin as compared with penicillin alone.
Dose. — The usual dose, as a test of liver function, is 6 Gm. by mouth or 1.77 Gm. (dissolved
in 20 ml. of water for injection) intravenously.
The B.P. gives a dose range of 300 mg. to 2 Gm.
(approximately 5 to 30 grains). See above for
other doses.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Acacia Syrup; Cacao Syrup;
Caffeine and Sodium Benzoate; Caffeine and Sodium Benzoate Injection, U.S.P.; Caffeine and
Sodium Benzoate Tablets, N.F.
SODIUM

BICARBONATE.

U.S.P., B.P.

Baking Soda, [Sodii Bicarbonas]

"Sodium Bicarbonate, dried over sulfuric acid
for 4 hours, contains not less than 99 per cent of
NaHCOa." U.S.P. The B.P. requires sodium bicarbonate to contain not less than 99.0 per cent
and not more than the equivalent of 101.0 per
cent of NaHCOs.
Bicarbonate of Soda; Sodium Acid Carbonate; Sodium
Hydrogen Carbonate; Acid Sodium Carbonate. Bicarbonas
Sodicus; Natrium Bicarbonicum; Natrium Carbonicum
Acidulum; Sodii Carbonas Acidus. Fr. Carbonate acide
de sodium; Bicarbonate de soude. Ger. Natriumbikarbonat ;
Doppeltkohlensaures Natrium; Vichy-Salz. It. Bicarbonato
di sodio. Sp. Carbonato de sodio, acido; Bicarbonato de
Sodio; Bicarbonato sodico.

Sodium bicarbonate is a product of the Solvay
process for manufacturing sodium carbonate
(q.v.). It may also be prepared by passing carbon dioxide into cold, saturated solutions of sodium carbonate.
Description. — "Sodium Bicarbonate is a
white, crystalline powder. It is stable in dry air,
but slowly decomposes in moist air. Its solutions, when freshly prepared with cold water,
without shaking, are slightly alkaline to litmus.
The alkalinity increases as the solutions stand,
are agitated or are heated. One Gm. of Sodium
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Bicarbonate dissolves in 10 ml. of water. It is
insoluble in alcohol." U.S.P.
When sodium bicarbonate is heated to about
50° it begins to lose carbon dioxide and at 100°
it is converted to sodium carbonate.
Standards and Tests. — Identification. — A
solution of sodium bicarbonate responds to tests
for sodium and for bicarbonate. Insoluble substances.— One Gm. of sodium bicarbonate dissolves completely in 20 ml. of water at 25°; the
solution is clear. Carbonate. — A solution of 1 Gm.
of sodium bicarbonate in 20 ml. of water at a
temperature not above 15° to which 2 ml. of
0.1 iV hydrochloric acid and 2 drops of phenolphthalein have been added does not immediately
assume a red tint. Ammonia. — No odor of ammonia is apparent on heating sodium bicarbonate
in a test tube. Arsenic. — The limit is 4 parts per
million. Heavy metals. — The limit is 5 parts per
million. U.S. P. The B.P. limits arsenic to 2 parts
per million and lead to 10 parts per million.
Assay. — A 3-Gm. portion of sodium bicarbonate, previously dried over sulfuric acid for 4
hours, is dissolved in water and the solution
titrated with 1 N sulfuric acid, using methyl
orange T.S. as indicator. Each ml. of 1 N sulfuric acid represents 84.01 mg. of NaHCO.s. U.S.P.
Incompatibilities. — Acids, acid-reacting salts
and acidic vehicles decompose sodium bicarbonate
with evolution of carbon dioxide. Many tinctures
and fluidextracts, either because of acidity inherent in the drug or because of added acid,
react similarly. The darkening of salicylates is
intensified by sodium bicarbonate.
Uses.— Sodium bicarbonate is used in medicine to overcome hyperacidity of the stomach,
blood, or urine. It has the notable advantage over
the normal carbonate of being considerably less
irritant to mucous membranes as well as that it
can be given intravenously in large quantities
with less danger of hemolysis.
Sodium bicarbonate is quite generally administered along with salicylates to diminish the gastric irritation so often associated with large doses
of sodium salicylate or acetylsalicylic acid, but
this practice results in a lower concentration of
salicylate in the blood than is obtained without
use of alkali (see under Acetylsalicylic Acid).
A similar effect on the blood level of sulfadiazine
has also been reported (Romberg, Am. J. Med.
Sc, 1946, 211, 286) and other drugs (see under
Quinacrine). The danger of crystalluria and its
potential gravity becomes a major issue in the
use of the sulfonamides. These drugs and their
acetyl derivatives are much more soluble in alkaline urine (see under Sulfadiazine). An initial
dose of 4 Gm. of sodium bicarbonate, followed by
2 Gm. every 4 hours, has been advocated regardless of the size of the dose of sulfadiazine employed. Lesser doses, particularly in febrile and
toxic patients, may not result in an alkaline urine.
Treatment of Acidosis. — Sodium bicarbonate
is also used for correction of the condition commonly known as acidosis. Attention may be called
to the incorrectness of this name, as the blood
never becomes acid in reaction during life; the
condition referred to is a diminution of the bicarbonate reserve, with only a slight alteration
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of the reaction of the blood. The most severe
type of acidosis (ketosis) is that which gives
rise to diabetic coma. Other types are seen in
postanesthetic nausea, certain types of nephritis
and other diseases. It has been definitely establised that when there is a high alkaline reserve
in the blood certain poisons, as uranium or mercury, produce less serious injury to the kidneys
(see Goto, /. Exp. Med., 1917, 25, 693). Reasoning from this that it might also protect the kidneys from other irritants sodium bicarbonate is
quite frequently employed in acute, toxic nephritis. In cases of severe reduction in bicarbonate
reserve — as, for example, in diabetic coma — the
amount of sodium bicarbonate which is needed to
restore the balance may be extremely large; as
much as 30 Gm. (1 ounce) or more may be required by mouth in the first few hours. If the
carbon dioxide-combining power of the blood is
less than 15 volumes per cent, sodium bicarbonate or sodium lactate is indicated intravenously.
Sodium bicarbonate is given intravenously in 5
per cent solution in water for injection. The dose
is calculated according to the formula: body
weight in kilograms X carbon dioxide deficit (i.e.,
the difference between 35 and the carbon dioxidecombining power present) X 0.026 = Gm. of
sodium bicarbonate to be given. Because alkalosis is undesirable and because the formula is
only an approximation, a full correction of the
carbon dioxide-combining power to normal is not
attempted, but only to 35 volumes per cent.
Penna and Christopher (J.A.M.A., 1946, 130,
1067) gave 7.5 Gm. of sodium bicarbonate in 100
ml. of sterile distilled water twice daily to patients receiving sulfonamide therapy. For subcutaneous infusion a 1.5 per cent solution may
be employed.
Alkalosis. — It must be remembered, however, that an excess of bicarbonate in blood is as
injurious (Maegraith et al., Lancet, 1945, 2, 701)
as a deficiency, leading to the condition commonly called alkalosis. In the presence of dehydration and hypochloremia, alkalosis is often associated with impaired renal function (extra- or
pre-renal azotemia). In milder degrees of acidosis
(carbon dioxide-combining power of 15 to 35
volumes per cent), the isotonic sodium chloride
injection is preferred to sodium bicarbonate for
parenteral use; if kidney function is relatively
normal, sodium will be retained and alleviate the
acidosis without the danger of alkalosis. With
ingestion of reasonable quantities, if the kidneys
are healthy and the bicarbonate content begins
to rise too high, the kidneys will excrete the excess with a resulting alkaline reaction in the
urine (Pitts and Lotspeich, Am. J. Physiol, 1946,
147, 138).
Other Uses. — Sodium bicarbonate is frequently employed to overcome undesired acidity
of the urine in cystitis and various metabolic
diseases such as gout, but for this purpose usually
has no superiority over citrates, which are more
agreeable to take.
Locally, an aqueous solution (1 to 4 per cent)
is frequently employed for washing the nose,
mouth or vagina, and as a cleansing enema. A
saturated aqueous solution makes an excellent
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dressing for minor burns, alleviating pain and
facilitating healing. Sodium bicarbonate is effective as an axillary deodorant, a single application being effective for an entire day (Lamb,
/. Invest. Dermat., 1946, 7, 131).
In pharmacy sodium bicarbonate finds many
uses where a mildly alkaline substance is required. It is used quite generally in formulating
effervescent powders and effervescent tablets. S
Soda and Mint Solution. — A dosage form
of sodium bicarbonate which was long popular
as a household gastric antacid is Soda and Mint
Solution, which was last official in N.F. VIII.
This solution was prepared by dissolving 50 Gm.
of sodium bicarbonate in 950 ml. of spearmint
water, adding 20 ml. of aromatic ammonia spirit
and, after 30 minutes of intermittent shaking,
filtering the mixture (10 Gm. of purified talc
was used as a clarifying agent when necessary)
and diluting with spearmint water to 1000 ml.
Use of peppermint water in place of spearmint
water was permitted. The dose of this solution
was 8 to 15 ml. (approximately 2 to 4 fluidrachms).
Dose. — The usual dose of sodium bicarbonate
as an antacid is 2 Gm. (approximately 30 grains),
up to 4 times daily, by mouth, with a range of
1 to 4 Gm. As much as 30 Gm. has been given
over a period of a few hours to patients with
acidosis. Intravenously a 5 to 7.5 per cent solution in water for injection is used; in acidosis
the dose should be calculated according to the
formula given above. A dose of 3.75 to 7.5 Gm.
twice daily will usually alkalinize the urine during sulfonamide therapy. Subcutaneously a 1.5
per cent solution in water for injection is sometimes given. A 1 to 4 per cent solution is used as
a mouth wash, enema, etc.
Storage. — Preserve "in well-closed containers."
U.S.P.

SODIUM
B.P.

Injectio Sodii Bicarbonatis

The B.P. defines this injection as a sterile solution of sodium bicarbonate in water for injection ;
it is required to contain not less than 94.0 per
cent and not more than 106.0 per cent of the
labeled content of sodium bicarbonate.
The solution may be sterilized, according to the
B.P., either by heating in an autoclave or by
filtration through a bacteria-proof filter. When
it is sterilized by heating in an autoclave the solution isplaced in its final container, carbon dioxide
is passed through the solution for one minute
before sealing to convert any carbonate which
may be present to bicarbonate, the container is
then sealed so that it will be gas-tight, and is not
opened until at least two hours after the sterilized
solution has cooled to room temperature. When
no strength of solution is specified the concentration supplied is to be 5.0 per cent w/v of sodium
bicarbonate.
The preparation of sterile solutions of sodium
bicarbonate is troublesome because of the instability of the salt when heated. The heat steriliza-
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tion method employed by the B.P., as described
above, does not prevent decomposition of sodium
bicarbonate while its solutions are sterilized by
autoclaving but since the reaction is reversible
the carbon dioxide which has been released into
the space above the solution is reabsorbed after
the solution has come to equilibrium at room
temperature. It is essential that no leakage of
carbon dioxide occur from the sealed container,
and that the latter be strong enough to resist the
pressure developed by carbon dioxide released
during sterilization. Concerning this procedure
Michaels (Quart. J. P., 1948, 21, 231) found
that passing carbon dioxide through the solution
of sodium bicarbonate for one minute was not
a sufficient specification to insure having a pH
of 8.35 or less after sterilization; the rate of
passage of the gas and the volume of solution
treated are important variables which must be
considered. He recommended that the gas be
passed through the solution until the latter has a
pH of 8.35 or less, or is colorless to phenolphthalein; this insures absence of carbonate in
the solution. Michaels does not consider bacteriological filtration under conditions requiring application ofnegative pressure to be a satisfactory
procedure because of loss of carbon dioxide from
the solutions of sodium bicarbonate, with simultaneous formation of sodium carbonate.
From time to time various other suggestions
have been made for preparing sterile solutions
of sodium bicarbonate; these do not appear to
have any advantage over the heat sterilization
method described above, particularly when an
adequate amount of carbon dioxide is employed,
as recommended by Michaels. For information
concerning these other methods see U.S.D., 24th
ed., p. 1058.
For uses and dose of this injection see the preceding monograph.
SODIUM

INJECTION OF
BICARBONATE.

Tablets of

BICARBONATE
U.S.P.

TABLETS.

[Tabellae Sodii Bicarbonatis]

"Sodium Bicarbonate Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of NaHC03." U.S.P.
Usual Sizes. — 5 and 10 grains (300 and 600
mg.).
COMPOUND
TABLETS
BICARBONATE.

OF SODIUM
B.P.

Soda Mint Tablets, Tabellas Sodii Bicarbonatis
Compositae

These tablets contain sodium bicarbonate and
peppermint oil. Each tablet is required to contain not less than 0.30 Gm. and not more than
0.35 Gm. of NaHC03.
It is directed that 324 Gm. sodium bicarbonate
be granulated by the moist granulation process
and that 4 ml. of peppermint oil, dissolved in a
small quantity of alcohol, be mixed intimately
with the dried granules before compression.
Uses. — These tablets are used to obtain the
antacid effect of sodium bicarbonate. They should
be allowed to dissolve slowly in the mouth.
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BICARBONATE
AND
CIUM CARBONATE
POWDER.

Sippy Powder No. 1, Pulvis Sodii
Calcii Carbonatis

CALN.F.

Bicarbonatis et

"Sodium Bicarbonate and Calcium Carbonate
Powder contains not less than 92.5 per cent and
not more than 107.5 per cent of the labeled
amount of NaHCOa and of CaCOs." N.F.
Mix 230 Gm. of precipitated calcium carbonate
with 770 Gm. of sodium bicarbonate. N.F.
Assay. — For calcium carbonate. — A portion of
powder representing 300 mg. of calcium carbonate
is dissolved in a mixture of diluted hydrochloric
acid and distilled water, then assayed as directed
under Calcium Bromide. Each ml. of 0.1 N potassium permanganate represents 5.005 mg. of
CaC03. For sodium bicarbonate. — A portion of
powder representing 1 Gm. of sodium bicarbonate
is dissolved in 75 ml. of 1 N hydrochloric acid.
After boiling the solution to remove carbon dioxide it is titrated with 1 N sodium hydroxide, using
phenolphthalein T.S. as indicator. From the volume of 1 N acid consumed, the volume of 1 N
acid corresponding to the previously determined
content of calcium carbonate is deducted. Each
ml. of the difference represents 84.02 mg. of
NaHC03 (each ml. of 1 N hydrochloric acid represents 50.05 mg. of CaCOa). N.F.
Uses. — This antacid preparation is widely used
in the management of peptic ulcer and other conditions with gastric hyperacidity. The current use
of several different combinations of antacid substances under the name of Sippy Powders leads
to a great deal of confusion; furthermore, the
"Number 1 or 2" does not always refer to the
same two preparations. Sippy (J. A.M. A., 1915,
64, 1625) used a combination of 0.6 Gm. (approximately 10 grains) of bismuth subcarbonate
and 2 Gm. (approximately 30 grains) of sodium
bicarbonate; as the alkaline powder with laxative
action he used a mixture of equal parts of sodium
bicarbonate and magnesium oxide (see Sodium
Bicarbonate and Magnesium Oxide Powder).
However, calcium carbonate is a much more
effective and desirable antacid than bismuth subcarbonate and this combination has become more
popular.
As a gastric antacid, sodium bicarbonate is far
from ideal (Adams, Arch. Int. Med., 1939, 63,
1030). Its chief virtue is its rapid neutralizing
action, but as a result of the alkaline reaction it
produces in the stomach, further secretion of gastric acid is stimulated. Since carbon dioxide is
liberated in the neutralization of sodium bicarbonate, itmay cause gaseous distention of the
stomach. It should not be used as an antidote
following the ingestion of strong acids, such as
hydrochloric acid, because the evolution of gas
may result in perforation of the stomach and peritonitis. In large doses, such as are required in
the treatment of peptic ulcer, sodium bicarbonate
as well as other soluble and readily absorbed alkaline substances may cause systemic alkalosis. Impaired renal function or hypochloremia, which is
not uncommon in patients with peptic ulcer due
to vomiting, aggravate the tendency to alkalosis.
Calcium carbonate (q.v.) is a poorly soluble and

Carbonate

Powder

Part I

poorly absorbed substance which is, however,
efficient as an antacid and has prolonged action.
It is relatively, although not entirely, free of the
danger of alkalosis (Kirsner and Palmer,
J.A.M.A., 1941, 116, 384).
In the Sippy regimen for peptic ulcer, about 2
Gm. (approximately 30 grains) of this mixture is
given in 15 to 60 ml. (approximately yi to 2
ounces) of water every hour on the half -hour
from 7:30 A.M. to 6:30 P.M. At 7:30 and 8:30
P.M. the sodium bicarbonate and magnesium
oxide powder is given to control constipation; if
constipation persists, the magnesium powder is
substituted at 6:30, 5:30, 4:30 P.M. etc. as necessary. Every hour on the hour from 7 A.M. to 7
P.M. 120 ml. (approximately 4 ounces) of whole
milk or two-thirds milk and one-third 20 per cent
(coffee) cream is fed. Milk and/or the antacid
powder is kept at the bedside for ingestion in
case the patient awakes with pain or distress during the night. The diet is increased gradually by
the addition of cereal, soft cooked egg, custard,
toast, etc. As three meals a day are gradually
approached, composed of low-residue, bland
foods, the feeding of milk and the antacid is continued only between meals and at bedtime. Prolonged use of this regimen may result in calcinosis
of soft tissues (Scholz and Keating, Arch. Int.
Med., 1955, 95, 460). The current trend in ulcer
therapy is to use the unabsorbable and longeracting antacids, such as aluminum hvdroxide
(Collins et al., J. A.M. A., 1941, 116, 109) and
magnesium trisilicate (q.v.).
The usual dose is 2.6 Gm. (40 grains), with or
without a little water, as often as every hour.
Storage. — Preserve "in well-closed containers."
N.F.
SODIUM BICARBONATE AND
CIUM CARBONATE
TABLETS.

CALN.F.

Sippy Powder Tablets No. 1

"Sodium Bicarbonate and Calcium Carbonate
Tablets contain not less than 92.5 per cent and
not more than 107.5 per cent of the labeled
amount of NaHCOs and of CaC03." N.F.
SODIUM

BICARBONATE AND
NESIUM OXIDE POWDER.

MAGN.F.

Sippy Powder No. 2, Pulvis Sodii Bicarbonatis et
Magnesii Oxidi

"Sodium Bicarbonate and Magnesium Oxide
Powder contains not less than 92.5 per cent and
not more than 107.5 per cent of the labeled
amount of NaHCOs, and not less than 90 per
cent and not more than 110 per cent of the
labeled amount of MgO." N.F.
Mix 500 Gm. each of magnesium oxide and sodium bicarbonate. N.F.
Test. — Identification. — The powder responds
to tests for sodium, for magnesium, and for carbonate. N.F.
Assay. — For magnesium oxide. — A portion of
powder representing about 175 mg. of magnesium
oxide is dissolved with the aid of diluted hydrochloric acid and made up to a volume of 100 ml.
A one-fourth aliquot of this solution is employed
for the precipitation of magnesium as the 8-
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hydroxyquinolate, which is finally weighed in this
form. Each Gm. of Mg(C9H6NO)2.2H20 represents 115.6 mg. of MgO. For sodium bicarbonate.
— This assay is the same as that employed for
Sodium Bicarbonate and Calcium Carbonate
Powder (each ml. of 1 N hydrochloric acid represents 20.16 mg. of MgO). N.F.
Uses. — This gastric antacid combination has a
mild laxative action. It was used and popularized
by Sippy in the management of peptic ulcer (see
under Sodium Bicarbonate and Calcium Carbonate Powder). Magnesium oxide is an efficient
antacid within dosage limits short of undesirable
laxative action. The preparation is widely used.
The usual dose is 1.3 Gm. (approximately 20
grains), with or without a little water, as often
as every hour.
Storage. — Preserve "in well-closed containers." N.F.
SODIUM

BICARBONATE AND
NESIUM OXIDE TABLETS.

MAGN.F.

Sippy Powder Tablets No. 2

"Sodium Bicarbonate and Magnesium Oxide
Tablets contain not less than 92.5 per cent and
not more than 107.5 per cent of the labeled
amount of NaHC03 and not less than 90 per cent
and not more than 110 per cent of the labeled
amount of MgO." N.F.
Uses. — This is a convenient dosage form of the
powder.
SODIUM BIPHOSPHATE.
U.S.P. (B.P.)

Bisulfite
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requires not more than 0.3 ml. of 1 JV sulfuric
acid to render it pink. Chloride. — The limit is
140 parts per million. Sulfate. — The limit is 0.25
per cent. Aluminum, calcium, etc. — A 1 in 10
solution does not become turbid when rendered
slightly alkaline to litmus paper with ammonia
T.S. Arsenic. — The limit is 10 parts per million.
Heavy metals. — The limit is 20 parts per million.
U.S.P.
Assay. — About 2.5 Gm. of sodium biphosphate
is dissolved in cold water and, after adding cold,
saturated solution of sodium chloride, the mixture
is titrated with 1 N sodium hydroxide, using
phenolphthalein T.S. as indicator. In the titration
the monosodium phosphate is converted to
disodium phosphate, the sodium chloride reducing the hydrolysis of the latter in order that the
correct end-point may be obtained. Each ml. of
1 N sodium hydroxide represents 138.0 mg. of
NaH2P04.H20. U.S.P.
Uses. — Sodium biphosphate is used in medicine
as a urinary acidifier, especially in certain types
of cystitis. In large doses it has laxative action. S
The usual dose is 600 mg. (approximately 10
grains) 4 times daily; the range of dose is 600
mg. to 1 Gm.
Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep. — Methenamine and Sodium Biphosphate Tablets, N.F.
SODIUM BISULFITE.
U.S.P. (B.P.) (LP.)

Sodium Acid Phosphate, Sodium Dihydrogen Phosphate,
[Sodii Biphosphas]

Sodium Hydrogen Sulfite, Sodium Acid Sulfite,
[Sodii Bisulfis]

"Sodium Biphosphate contains an amount of
NaH2P04 equivalent to not less than 98 per cent
and not more than 103 per cent of NaEbPO.*.H2O." U.S.P. The B.P. requires not less than
98.0 per cent of NaH2PO4.2H.2O.

"Sodium Bisulfite contains not less than 95 per
cent of NaHSOs." U.S.P. The B.P. and LP.
recognize the same substance under the names
Sodium Metabisulphite and Sodium Pyrosulfite,
respectively, and require it to contain not less
than 90.0 per cent of Na2S20s.

B.P. Sodium Acid Phosphate; Sodii Phosphas Acidus.
Acid Sodium Phosphate; Primary Sodium Phosphate. Sp.
Bifosfato de Sodio.

Sodium biphosphate may be prepared by adding phosphoric acid to disodium orthophosphate,
according to the following reaction:
Na2HP04 + H3PO4 -* 2NaH2P04
The product may be obtained by concentrating
the solution to the point of crystallization.
Description. — "Sodium Biphosphate occurs
as colorless crystals or as a white, crystalline powder. It is odorless and is slightly deliquescent. Its
solutions are acid to litmus and effervesce with
sodium carbonate. Sodium Biphosphate is freely
soluble in water but almost insoluble in alcohol."
U.S.P.
Standards and Tests. — Identification. — A 1
in 20 solution responds to tests for sodium and
for phosphate. Water. — Not less than 10 per cent
and not more than 1 5 per cent, when finally dried
at 105°. Free acid and disodium phosphate. — A
2-Gm. portion of sodium biphosphate is dissolved
in 40 ml. of water and 1 drop of methyl orange
T.S. added: if the solution is pink, it requires not
more than 0.3 ml. of 1 N sodium hydroxide to
change it to yellow; if the solution is yellow, it

B.P. Sodium Metabisulphite; Sodii Metabisulphis. LP.
Sodium Pyrosulfite; Natrii Pyrosulfis.

While it is customary to refer to sodium
bisulfite and sodium metabisulfite as if two substances existed, it appears to have been established that the former does not exist in the solid
state and that what is known as sodium bisulfite
is in reality sodium metabisulfite, Na2S20s. The
salt is prepared by saturating a hot, concentrated
solution of sodium hydroxide or sodium carbonate
with sulfur dioxide; upon cooling the mixture,
sodium metabisulfite crystallizes. Small amounts
of sodium sulfite and sodium sulfate contaminate
the product.
Description. — "Sodium Bisulfite occurs as
white or yellowish white crystals or granular powder having the odor of sulfur dioxide. It is unstable
in air. One Gm. of Sodium Bisulfite dissolves in
4U.S.P.
ml. ofThe
water.
is slightlythat
soluble
in alcohol."
B.P. Itindicates
the powder
may
become yellowish on keeping.
Standards and Tests. — Identification. — Sodium bisulfite responds to tests for sodium and
for sulfite. Arsenic. — The limit is 10 parts per
million. Heavy metals. — The limit is 30 parts
per million. Iron. — The limit is 50 parts per
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million. U.S.P. The B.P. and LP. limit arsenic to
4 parts per million, and lead to 20 parts per
million. The presence of thiosulfate is excluded
by the requirement that a 10 per cent w/v solution in water remains clear when acidified with
hydrochloric acid.
Assay. — About 250 mg. of sodium bisulfite is
mixed with 50 ml. of 0.1 TV iodine, which oxidizes
the tetravalent sulfur to the hexavalent (sulfate)
state; the solution is then acidified and the excess iodine titrated with 0.1 N sodium thiosulfate,
using starch as indicator. Each ml. of 0.1 N
iodine represents 5.203 mg. of NaHSO.3. U.S.P.
The B.P. and LP. assays are identical, except
that the results are calculated in terms of sodium
metabisulfite; each ml. of 0.1 N iodine represents
4.753 mg. of Na2S205.
Uses. — Although sodium bisulfite has been used
as an antiseptic in gastric fermentation and externally inthe treatment of parasitic diseases, it
is recognized officially because of its use as an
antioxidant in certain injections, as of epinephrine
hydrochloride, phenylephrine hydrochloride, and
sodium ascorbate. Sodium bisulfite will also delay
development of discoloration in alkaline solutions
of salicylates. The usual concentration employed
for these purposes is 0.1 per cent.
Sodium bisulfite has been given internally in
doses of 300 to 600 mg. (approximately 5 to 10
grains).
Storage. — Preserve "in well-filled, tight containers and avoid exposure to excessive heat."
U.S.P. The B.P. notes that on exposure to air
and moisture the chemical is slowly oxidized to
sulfate, with disintegration of the crystals.
Off. Prep. — Injection of Adrenaline; Solution
of Adrenaline Hydrochloride; Strong Injection of
Procaine and Adrenaline; Injection of Morphine
and Atropine; Injection of Morphine Sulphate,
B.P.
SODIUM

BORATE.

U.S.P. (B.P.)

Borax, Sodium Tetraborate, [Sodii Boras]

"Sodium Borate contains an amount of
Na2B4Ch equivalent to not less than 99 per cent
and not more than 105 per cent of Na2B407.10H2O." U.S.P. The B.P. requires Borax to contain not less than 99.0 per cent and not more
than the equivalent of 103.0 per cent of Na2B407.IOH2O.
B.P. Borax; Borax. Sodium Pyroborate or Biborate.
Natrium Boracicum; Natrium Biboricum; Boras Sodicus;
Borax Purificatus. Fr. Borate de sodium officinal ; Biborate
de soude; Borax prismatique. Ger. Borax; Natriumborat.
It. Borace. Sp. Borato de Sodio.

Borax, known to the ancients, was identified
chemically by Geoffroy in 1732. It is found in
solution in several lake waters, and occurs in
several minerals; it may also be derived from
calcium and magnesium borate minerals by suitable chemical treatment. The borax industry has
undergone many changes since Veatch first crystallized borax, in 1856, by evaporating the waters
of certain springs near Red Bluff, California.
Since that time, several marshes in California
and Nevada have been worked for borax ; perhaps
the most famous of these, historically, are the
Death Valley marsh deposits from which 20-mule
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teams hauled the loads of borax to their destination. For a time the minerals colemanite (2CaO>
3B2O3.5H2O) and ulexite (2CaO.Na20.5B203.I6H2O) furnished a large proportion of this
country's borax supply.
A later development was the discovery of the
mineral rasorite, also known as kernite, large deposits of which were found near the town of
Kramer in the Mohave Desert of California. This
mineral is a crystalline hydrate of borax never
known to exist prior to its discovery in these deposits; its formula is Na2B4Ch.4H20 and it is
found associated with tincal, which is sodium
borate decahydrate. Solution of the crude mineral
in hot water, followed by filtration and crystallization, constitutes the general refining operation.
Rasorite and tincal today provide about half the
world production of borax.
The remainder of the total production of borax
now comes from Searles Lake brine. This is a
"dry" lake in the Mohave Desert and consists of
a hard crystalline mass filled with voids which
are permeated with a saturated brine from which
not only sodium borate but also potassium chloride, potassium sulfate, sodium carbonate, sodium bicarbonate, sodium sulfate, bromine and
bromides may be economically extracted by suitable phase separations and chemical treatment
(see Mumford, Ind. Eng. Chem., 1938, 30, 872;
also Robertson, ibid., 1942, 34, 133).
Sodium borate forms several hydrates. Besides
the official variety which contains IOH2O, hydrates containing 5H2O, 4H2O, and IH2O have
been identified, the temperature of crystallization
or drying determining which is produced; at
320° the salt becomes anhydrous. Borax glass is
sodium borate which has been fused to the
anhydrous form, and which occurs as a transparent solid; the compound is employed in preparing glazes and enamels, also as a flux in welding and soldering of metals. Sodium metaborate,
NaB02, is prepared by fusing equivalent amounts
of borax and sodium carbonate.
Description. — "Sodium Borate occurs as
colorless, transparent crystals or as a white, crystalline powder. It is odorless. Its solutions are
alkaline to litmus and to phenolphthalein T.S. As
Sodium Borate effloresces in warm, dry air, the
crystals are often coated with white powder. One
Gm. of Sodium Borate dissolves in 16 ml. of
water and in about 1 ml. of glycerin. One Gm.
dissolves in about 1 ml. of boiling water. It is
insoluble in alcohol." U.S.P.
Aqueous solutions of sodium borate are alkaline, which may be explained as being due to the
formation, by hydrolysis, of the alkaline-reacting
sodium metaborate, in accordance with the equation:
Na2B407 + 3H20 -> 2NaB02 + 2H3BO3
The boric acid, being a very weak acid, contributes so few hydrogen ions that the alkalinity
resulting from the sodium metaborate predominates. If glycerin, or some other polyhydric
alcohol, is added to the alkaline solution, it becomes acid in reaction because the weakly ionizing
boric acid has been converted to a much more
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strongly ionizing complex acid, commonly known
as glyceroboric acid (see also under Boric Acid).
Standards and Tests. — Identification. — A 1
in 20 solution of sodium borate responds to tests
for sodium and for borate. Carbonate or bicarbonate.— A 1 in 20 solution of sodium borate does
not effervesce when treated with acids. Arsenic.
— The limit is 10 parts per million. Heavy metals.
— The limit is 20 parts per million. U.S. P. The
B.P. limits arsenic to 4 parts per million and
lead to 5 parts per million; limit tests for iron,
chloride, and sulfate are also specified by the
B.P.
Assay. — A solution of about 3 Gm. of sodium
borate is titrated with 0.5 TV hydrochloric acid,
using methyl red T.S. as indicator. Each ml. of
0.5 N hydrochloric acid represents 95.36 mg. of
Na2B4O7.10H2O. U.S. P.
Incompatibilities. — With many metals sodium borate forms insoluble borates. Alkaloids
are precipitated from solution by the alkalinity
of sodium borate; addition of glycerin may overcome this incompatibility (see above for explanation).
Uses. — While sodium borate has been administered internally in the treatment of epilepsy (in
combination with bromides), and as a urinary
antiseptic, it is now used only externally and as
an article of pharmaceutical necessity in certain
preparations for external use.
Even in saturated aqueous solution sodium
borate is not germicidal, having at most feeble
bacteriostatic power (see also Boric Acid). Such
antibacterial action as it has, combined with
some astringent effect, is the basis of its use in
lotions, gargles, and mouth washes, and even
lozenges, for local application to various mucous
membranes, as in the treatment of conjunctivitis,
stomatitis, and the like. Because of its alkalinity
it is useful as a detergent. Dobell's solution,
which contains sodium borate, sodium bicarbonate, phenol and glycerin, was formerly very
popular as a mouth wash and gargle, and still
finds some usage (see the article which follows).
Toxicology. — The physiologic effects of sodium borate are feeble, Cyon having found that
daily doses of about 12 Gm. had no perceptible
effect on the dog. On the other hand, in sufficient
amount it exerts a depressing effect on the heart
as well as on spinal centers and a number of
instances of poisoning have been reported (for
a fatal case see Potter, J. A.M. A., 1921, 76, 378).
In most, if not all, cases there occurred great
depression of spirits, a fall of body temperature,
a very feeble pulse — rapid or slow — and an
erythematous eruption accompanied with much
swelling, affecting especially the lower extremities,
followed by exfoliation; nausea, violent vomiting,
and hiccup were present in some cases; ecchymoses have been noted; the mind usually remains clear until late in the poisoning, but death
has been preceded by coma, with disturbances of
respiration, and involuntary discharges. Continued
use of borax has produced borism, which is characterized bygastric irritation, a deficiency of fatty
matter and moisture in the skin, and various skin
eruptions, especially eczema, reddish papules with
squamous desquamating borders, seborrheic acne,
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and scarlatiniform plaques (see also under Boric
Acid).
Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep. — Petrolatum Rose Water Ointment; Rose Water Ointment, U.S. P.; Alkaline
Aromatic Solution; Compound Sodium Borate
Solution, N.F.
COMPOUND
SODIUM
BORATE
SOLUTION.
N.F.
Dobell's Solution, Liquor Sodii Boratis Compositus

"Compound Sodium Borate Solution contains,
in each 100 ml., not less than 250 mg. and not
more
than 310
phenol
(CeHeO)."
Dissolve
15 mg.
Gm. ofeach
of sodium
borateN.F.and of
sodium bicarbonate in 500 ml. of purified water;
add 35 ml. of glycerin and 3 ml. of liquefied
phenol, and allow the mixture to stand 30 minutes, or until effervescence has ceased; then add
enough purified water to make 1000 ml., and
filter. N.F.
Under the conditions of the preparation of this
solution the sodium borate behaves as an acid towards the sodium bicarbonate; although the exact
mechanism of the reaction is unknown it appears
that the glycerin converts the two molecules of
boric acid obtainable by hydrolysis of sodium
borate (Na2B407 + 3H20 -> 2H3BO3 + 2NaB02)
into a more strongly ionizing acid capable of reacting with the bicarbonate (see also under Sodium Borate).
Description. — "Compound Sodium Borate Solution is a clear, colorless, or yellowish liquid,
with a phenol odor. It is alkaline to phenolphthalein
T.S." and
N.F. Tests. — Identification. — (1)
Standards
Effervescence results immediately on the addition
of a few drops of hydrochloric acid to compound
sodium borate solution. (2) The solution turns
turmeric paper red ; if the paper is dried and then
moistened with ammonia T.S. it is colored a dark
bluish. N.F.
Assay. — A 20-ml. portion of the solution is
assayed in the same manner as Phenol. N.F.
Uses. — There is a popular notion that this solution is of value because of its antiseptic action,
but as it contains less than one-third of one per
cent of phenol and only 1.5 per cent of borax it
is obvious that its antibacterial properties are
negligible. It is commonly employed as a nonirritant wash for mucous membranes. Dobell's
solution is used undiluted or, when used in a
dental spray bottle, diluted with 5 volumes of
water.
Storage. — Preserve "in tight containers." N.F.
SODIUM

BROMIDE.

U.S.P., B.P., LP.

[Sodii Bromidum]

"Sodium Bromide, dried at 105° for 4 hours,
contains not less than 99 per cent of NaBr."
U.S.P. The B.P. and LP. require not less than
98.5 per cent of NaBr, the former referring to
the substance dried to constant weight at 105°,
and the latter to it dried at 110° for 4 hours.
I. P. Natrii Bromidum. Natrium Bromuretum; Natrium
Bromatum; Sodii Bromurum. Fr. Bromure de sodium. Ger.
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Natriumbromid; Bromnatrium. It. Bromuro di sodio. Sp.
Bromuro de sodio; Bromuro sodico.

This salt, which contains a larger proportion of
bromine than does potassium bromide because of
the lower atomic weight of sodium, may be made
by the process employed in the manufacture of
potassium bromide, but substituting sodium carbonate for potassium carbonate.
Robertson (Ind. Eng. Chem., 1942, 34, 133)
reported development of a commercially utilizable
process for extracting sodium bromide from the
complex brine of Searles Lake, in California; the
content of bromide in the brine is approximately
0.085 per cent, which is about 12 times its content in sea water.
Description. — "Sodium Bromide occurs as
white, odorless, cubical crystals, or as a white,
granular powder. It absorbs moisture from the
air without deliquescing. One Gm. of Sodium
Bromide dissolves in 1.2 ml. of water and in 16
ml. of alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 10 solution of sodium bromide responds to tests
for sodium and for bromide. Loss on drying. —
Not over 1 per cent, when dried at 105° for 4
hours. Alkalinity. — A mixture of 1 Gm. of sodium
bromide dissolved in 10 ml. of water, 0.1 ml. of
0.1 TV sulfuric acid and 1 drop of phenolphthalein
T.S., heated to boiling, remains colorless. Bromate. — No yellow color develops on adding
diluted sulfuric acid to powdered sodium bromide.
Iodide. — On adding ferric chloride T.S. and
chloroform to a solution of sodium bromide the
chloroform is not colored violet. Sulfate. — The
limit is 250 parts per million. Arsenic. — The
limit is 10 parts per million. Barium. — A solution
of sodium bromide, acidified with hydrochloric
acid, is not rendered turbid upon addition of potassium sulfate T.S. Heavy metals. — The limit is
10 parts per million. Other halogen salts. — Each
Gm. of dried sodium bromide consumes not less
than 96.2 ml. and not more than 97.9 ml. of
0.1 N silver nitrate. U.S.P. The B.P. limits loss
of weight, on drying at 105°, to 5.0 per cent; the
LP. limits loss on drying, at 110° for 4 hours, to
2.5 per cent. The B.P. and LP. limit of lead is
10 parts per million; for arsenic it is 2 parts per
million.
Assay. — About 400 mg. of dried sodium bromide is dissolved in water and assayed by the
Volhard method, employing a measured excess of
0.1 N silver nitrate and titrating the excess of
silver ion with 0.1 N ammonium thiocyanate,
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 N silver nitrate represents 10.29
mg. of NaBr. U.S.P.
The B.P. and LP. assays are similar to that of
the U.S.P. but the result is corrected for chloride present as determined by a test in which a
solution of sodium bromide is heated in the
presence of nitric acid to expel bromide and the
chloride in the residual liquid is determined by
the Volhard method (the chloride in 1 Gm. of
sodium bromide should not require more than
1.7 ml. of 0.1 N silver nitrate).
Incompatibilities. — In sufficiently high concentration sodium bromide and other soluble
bromides may precipitate alkaloids; in some in-
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stances alcohol retards the precipitation. Bromides
are incompatible with oxidizing agents since these
liberate bromide.
Uses. — Bromides are used in medicine to promote sleep, to allay general nervous excitation,
and at times to control epileptic seizures. The
effects of sodium bromide are those of bromide
ion.
In sufficient concentration bromides apparently
depress all forms of nervous tissue but show
selective action for certain centers. In frogs the
most susceptible tissue is the sensory side of the
spinal cord and it is possible in these animals to
produce a condition of almost complete anesthesia and loss of reflex activity with voluntary
motion well preserved. In man, however, the first
effect appears to be upon the motor area of the
brain. While not completely paralyzed there is
great reduction in irritability of the psychomotor
tract from doses insufficient to cause any marked
diminution of reflexes or distinct loss of sensation. Depressant action of bromide is less selective on the motor cortex than is that of phenobarbital or diphenylhydantoin (Merritt and Putnam, Arch. Neurol. Psychiat., 1938, 39, 1003).
With sufficient doses, however, sensation and reflexes may be decreased in humans. After toxic
quantities, or in certain specially susceptible individuals, there may be marked disturbance of
intellection. As far as the circulation and other
vital functions are concerned bromides are practically inert. The old belief that bromides were
depressant to the heart was based upon experiments with the potassium salt; Greene and
Kruse {J. A.M. A., 1913, 61, 271) showed that
this effect is due to potassium ion. When used
continuously and chronically bromides exert a
distinct influence upon nutrition which is not
clearly understood.
In epilepsy bromides have been used effectively; their action is that of a suppressant. The
patient may remain free from seizures for months,
and even years, but withdrawal is generally followed by a return of symptoms. A certain amount
of sedation must be tolerated by most patients
to prevent seizures. The effect on the encephalogram ofpatients with grand mal epilepsy is
similar to that of phenobarbital (Lennox.
J. A.M. A., 1940, 114, 1347). The dose of a
bromide is the amount necessary to prevent attacks without toxic effects. In tetanus and
strychnine poisoning the action of bromides is
too slow to be useful.
In insomnia bromides have been greatly abused.
They differ from true somnifacients, such as
chloral hydrate, in that a single dose produces
an insufficient concentration of bromide in tissue
fluids to have significant action. On repeated administration their value in promoting sleep is due
to a decrease in general sensibility so that noise
and discomfort which may contribute to wakefulness are less noticeable.
As analgesics bromides are of little value but
they do enhance the anodyne effects of other
drugs, such as morphine or acetanilid.
Bromides have been used in functional disorders of the nervous system (Wagner and Bunbury, J.A.M.A., 1930, 95, 1725). They have been
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given to lessen anxiety, worry, and reflex irritability. Though they are used in hysteria it is
extremely doubtful whether they have any effect
which cannot be attributed to mere taking of
medicine. Other conditions in which bromides
are used include neurasthenia, reflex vomiting of
pregnancy, early toxemia of pregnancy (Kobozeva, J. Obst, Gyn. Br. Emp., 1952, 59, 108),
and alcoholism. With impaired renal function or
salt-restricted diets bromides may accumulate to
dangerous levels in the blood and tissues.
The dose of sodium bromide varies according
to the purpose for which it is administered and
the duration of therapy. In conditions like
epilepsy, in which therapy is continuous once
dosage is established, relatively small maintenance
doses are needed. Thus, while 1 Gm. or more 3
times daily may be required initially, after the
bromide effect has been established 500 mg. 3
times daily may be adequate for maintenance. It
is believed that children tolerate proportionately
larger doses than adults.
The absorption, distribution and excretion of
bromide is similar to that of chloride ion. With
therapeutic doses the concentration of blood
chloride is greater than that of bromide; the
kidney tends to excrete relatively mere chloride
than bromide. Hence, on continued administration, bromide accumulates because the total halide
(chloride plus bromide) in the blood and extracellular fluids tends to remain constant at about
355 mg. per 100 ml. of blood serum. To avoid
bromide accumulation 600 mg. of sodium chloride may be given 3 times daily 2 days each
week, bromides being omitted these 2 days. The
action of bromide depends not only upon its
concentration in blood but also upon the ratio
of bromide and chloride. Bernouilli {Arch. exp.
Path. Pharm., 1913, 73, 355) stated that replacement of 30 per cent of blood chloride by bromide
produced definite toxic symptoms and that replacement of 40 per cent was fatal. A low
chloride intake may speed onset of bromide
action. No exact statement can be made as to
the amount of bromide in blood necessary to
cause therapeutic or toxic manifestations, but
under ordinary circumstances if bromide in blood
serum rises to 100 mg. per 100 ml. there is
danger of intoxication (Bondurant and Campbell,
J. A.M. A., 1941, 116, 100). Millikan (J. Iowa M.
Soc, 1945, 35, 12) considers the gold bromide
analytical method of Wuth (J. A.M. A., 1927, 88,
2013) grossly inaccurate at high or low concentrations (see also Gray and Moore, Confinia
Neurol., 1942, 4, 213) and doubts much of the
published data on bromide concentrations. He
employed the method described by Brodie and
Friedman (/. Biol. Chem., 1938, 124, 511). Small
amounts of bromide pass into all secretions of
the body — tears, sweat, milk, saliva, gastric juice,
bile — and pass the placental barrier into the
fetus. [Yl
Toxicology. — Acute poisoning with bromides
is almost impossible because vomiting follows
large doses. Ingestion of neutralizing solutions
used in hair waving, which may contain bromates.
may cause severe toxicity or even death
(I.A.M.A., 1950, 144, 397). Hanes and Yates
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(South M. J., 1938, 31, 667) and others reported
large numbers of cases of unrecognized bromide
intoxication, particularly among admissions to
mental institutions. One of the more common
untoward effects is an acute eruption of the skin,
often associated with fetor of the breath. According to Millikan (loc. cit.), the symptoms of
bromide intoxication commence with an increased
desire for sleep; the patient falls asleep while
reading and has difficulty in maintaining attention. This is followed by slurring of speech and
a staggering gait. Eventually ataxia and stupor
confine the patient to bed. Because of the inattention, incontinence and disorientation as to
time occur. Bromide psychosis or toxic delirium
due to bromides includes these manifestations,
along with hallucinations, delusions, excitement,
negativism and disorderly conduct. Bromide intoxication did not occur at blood serum bromide
levels of less than 200 mg. per 100 ml., i.e., a
sodium bromide level of 259 mg. per 100 ml.
(see Millikan and Paul, /. Iowa M. Soc, 1946,
36, 39, for an experimental study on psychoneurotic patients).
Treatment of bromide intoxication, with or
without the toxic psychosis, consists of discontinuance of medication with bromide and administration of 12 to 15 Gm. of sodium chloride
daily. In some cases as much as 4 Gm. of salt
may be given orally every 4 hours. In addition
sodium chloride injection may be administered in
amounts of 4000 ml. daily (Perkins, Arch. Int.
Med., 1950, 85, 783). It is important to restore
and maintain correct hydration when such salts
are given. Adrenal cortical extract is said to
speed recovery (Bondurant and Campbell, loc.
cit.) but this is not established (Hodges and
Gilmour, Am. J. Med., 1951, 10, 459). The patient should be turned in bed frequently. Calamine lotion with 1 per cent of phenol is useful
if pruritus is present. If circulatory insufficiency
is also present, or if edema develops, ammonium
chloride may be substituted for sodium chloride;
some report that ammonium chloride may be
generally more useful than sodium chloride (Cornbleet, I. A.M. A., 1951, 146, 1116). Harris and
Derian believe that nicotinamide may be useful in
the treatment of bromism (South M. J., 1949,
42, 973). Since physical restraints aggravate delirious patients, these should be avoided if
possible. Paraldehyde, administered orally or
rectally in oil, is often an effective sedative. In
severe cases, intravenous administration of amobarbital sodium or other barbiturate is safe and
will control the delirium. The prognosis for return
of the patient to his pre-bromide-ingestion
mental state is good. If mental symptoms persist
after 1 to 3 weeks of treatment, bromides are
not responsible. Addiction in the physical sense
has not been observed.
Dose. — The usual dose of sodium bromide is
300 mg. (approximately 5 grains) three times a
day, by mouth, with a range of 300 mg. to 1 Gm.
The maximum safe dose is usually 1 Gm., and
the total dose in 24 hours should seldom exceed
3 Gm. For a child the usual dose is one-quarter
to one-half of the adult dose.
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Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Five Bromides Elixir; Bromides
Syrup; Three Bromides Elixir; Three Bromides
Tablets; Sodium Bromide Elixir; Sodium Bromide
Tablets, N.F.
SODIUM

BROMIDE

ELIXIR.

N.F.

[Elixir Sodii Bromidi]

"Sodium Bromide Elixir contains, in each 100
ml., not less than 16.5 Gm. and not more than
18.5 Gm. of NaBr." N.F.
Dissolve 175 Gm. of sodium bromide in 460 ml.
of purified water, add 200 ml. of syrup, and
enough aromatic elixir to make 1000 ml.; mix
well and filter, if necessary, until clear. N.F.
Alcohol Content. — From 5 to 7 per cent, by
volume, of C2H5OH." N.F.
The N.F. usual dose is 4 ml. (approximately
1 flui drachm).
Storage. — Preserve "in tight containers." N.F.
SODIUM
BROMIDE
TABLETS.
N.F.
[Tabellae Sodii Bromidi]

"Sodium Bromide Tablets contain not less than
92.5 per cent and not more than 107.5 per cent of
the labeled amount of NaBr." N.F.
Usual Sizes. — 5 and 10 grains (approximately
300 and 600 mg.).
SODIUM

CACODYLATE.

N.F.

[Sodii Cacodylas]

(CH3)2AsO.ONa.3H20
"Sodium Cacodylate contains not less than 72
per cent and not more than 75 per cent of
C2H6AsNaO*2, the remainder consisting chiefly of
water." N.F.
Sodium Dimethylarsenate. Natrium Cacodylicum. Fr.
Cacodylate de sodium; Dimethylarsinate monosodique:
Cacodylate de soude. Ger. Natriumkakodylat ; Kakodylsaures Natrium; Dimethylarsinsaures. Natrium. It. Cacodilato di sodio. Sp. Cacodilato de sodio; Cacodilato
sodico.

This compound is prepared by heating together
potassium acetate and arsenic trioxide, from
which a distillate containing cacodyl, As2(CH3)4,
and cacodyl oxide, As2(CH3)40, is obtained. This
distillate is treated with an oxidizing agent to
produce cacodylic acid, (CH3)2AsO.OH. which is
neutralized with sodium hydroxide, concentrated
and crystallized.
Description. — "Sodium Cacodylate occurs as
white crystals, or as a white, granular powder.
It is odorless or has a slight odor, and is deliquescent. It liquefies in its water of hydration at
about 60°.
One 0.5
Gm.ml.ofofSodium
Cacodylate
solves in about
water and
in about dis2.5
ml. of alcohol." N.F.
Standards and Tests. — Identification. — (1)
Sodium cacodylate burns with a bluish flame,
emitting a garlic-like odor; to a non-luminous
flame it imparts a yellowish orange color. (2)
The odor of cacodyl is apparent within 1 hour
after mixing a few drops of a solution of sodium
cacodylate with hypophosphorous acid T.S. and
allowing the mixture to stand in a stoppered tube.
Alkalinity or acidity. — A solution of 2 Gm. of

sodium cacodylate in 50 ml. of recently boiled
water requires not more than 0.5 ml. of 0.1 N
hydrochloric acid or 0.5 ml. of 0.1 N sodium
hydroxide to render it neutral in the presence of
phenolphthalein T.S. Monomethylar senate. — Addition of calcium chloride T.S. to a solution of
sodium cacodylate produces no turbidity, either
when cold or on heating. Arsenate or phosphate.
— No turbidity develops within an hour after
adding magnesia mixture T.S. to a solution of sodium cacodylate. Chloride. — The limit is 200
parts per million. Sulfate. — No turbidity is produced within 30 seconds after adding barium
chloride T.S. to a solution of sodium cacodylate.
N.F.
Assay. — About 200 mg. of sodium cacodylate
is digested, in a Kjeldahl flask, with a mixture of
sulfuric acid, potassium sulfate and starch until
the solution is colorless ; the cacodylate is thereby
decomposed with oxidation of carbon to CO2 and
reduction of arsenic, by virtue of the presence of
starch, to the trivalent form. After adjusting the
solution to slight alkalinity by addition of sodium
bicarbonate the trivalent arsenic is titrated with
0.1 A7 iodine, using starch T.S. as indicator. Each
ml. of 0.1 AT iodine represents 7.999 mg. of
C2H6AsNa02. N.F.
Uses. — Cacodylic acid was employed as a
therapeutic agent by Jochheim in 1864 but its
popular usage is coincident with the writings of
Gautier (1899). since the time of which salts of
the acid have had extensive usage in a variety
of conditions in which arsenic was- considered to
be of value. Cacodylates are now used much
less frequently than formerly. Early popularity
of cacodylate was achieved chiefly in the treatment of skin diseases, especially psoriasis and in
tuberculosis. In the latter state cacodylate seems
to act like arsenic, improving the general nutritional state of the patient. Cacodylates have been
used in anemia, leukemia, asthma, chronic bronchitis, malaria, etc.
Like other pentavalent arsenicals sodium
cacodylate is itself practically inert physiologically
but in the body it is changed to a trivalent form
of arsenic, probably accompanied by demethylation, becoming therapeutically active. In the
stomach this alteration may occur rapidly so that
the oral dose is smaller than the parenteral one.
Following injection the proportion of the salt
which undergoes change is relatively small and
somewhat variable; according to Heffter {Arch,
exp. Path. Pharm., 1901, 46, 230) it amounts to
about 2 to 3 per cent (see also Dawes and Jackson. J.AM. A., 1907, 48, 2090). Following a
parenteral dose of 300 mg. approximately 100 mg.
is excreted within 24 hours as unchanged drug
or as arsenic trioxide.
The advantage of sodium cacodylate over
arsenic trioxide is not only in the lower toxicity
of the former, because of slow release of inorganic arsenic, but particularly in its suitability
for parenteral administration. When administered
orally it usually imparts such a strong garlicky
odor to the breath that this route is rarely employed. @ dose, by mouth, is 60 mg. (approxiThe usual
mately 1grain) ; subcutaneously, intramuscularly
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or intravenously the dose is 300 mg. (approximately 5grains).
Storage. — Preserve "in tight containers." N.F.
SODIUM CACODYLATE INJECTION.
N.F.
Sodium Cacodylate Ampuls

"Sodium Cacodylate Injection is a sterile solution of sodium cacodylate in water for injection,
and contains the equivalent of not less than 96
per cent and not more than 104 per cent of the
labeled amount of C2H6AsNa02.3H20." N.F.
The solution may be sterilized at 15 pounds
pressure for 20 minutes, or by any other adequate
and suitable method of sterilization.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Sizes. — 1 ml. containing 24, J^, 3, or 5
grains (50, 100, 200 or 300 mg.); 5 ml. containing
5, 7% or 15 grains (300 mg., 500 mg., or 1 Gm.).
B.P.
SODIUM CARBONATE.
Sodii

Carbonas

The B.P. requires Sodium Carbonate to contain
not less than 99.0 per cent, and not more than the
equivalent of 105.0 per cent of Na2CO3.10H2O.
Carbonate of Soda; Soda; Crystalline Sodium Carbonate;
Sal Soda; Washing Soda; Trona. Natrium Carbonicum;
Carbonas Sodicus. Fr. Carbonate neutre de sodium cristallise officinal; Carbonate neutre de sodium pur; Carbonate
de soude cristallise. Ger. Natriumkarbonat ; Reines kohlensaures Natrium. It. Carbonato di sodio. Sp. Carbonato de
sodio ; Carbonato bisodico.

Sodium carbonate occurs in three forms, differing only in content of water of crystallization. The
anhydrous salt absorbs moisture from the air,
changing to approximately the monohydrate; the
monohydrate, which is official in the U.S. P., represents about 86 per cent Na2CC»3 and is the most
stable; the decahydrate, which is official in the
B.P., represents about 37 per cent Na2C03 when
fully hydrated but readily effloresces on exposure
to air. The technical form of the decahydrate is
commonly known as washing soda.
Native soda, sometimes called natron, is found
in various parts of the world and exists either
in the surface earth, which often exhibits a saline
efflorescence, or in solution in small lakes, from
which it may be extracted by taking advantage of
the evaporation of the water during the heat of
summer (see U.S.D., 19th ed., p. 1136). The successful salvaging of sodium carbonate and other
sodium salts from the complex brine of Searles
Lake at Trona, California, has been reported; for
details of the process see Robertson (Ind. Eng.
Chem., 1942, 34, 133).
Sodium carbonate may be made from common
salt by the Leblanc process in two steps: first,
converting the salt by the action of sulfuric acid
in sodium sulfate, and, second, decomposing the
sulfate with calcium carbonate and charcoal at a
high temperature so as to yield sodium carbonate.
The chemical reactions may be summarized as
follows :
2NaCl + H2SO4 -» Na2SO-4 + 2HC1
Na2S04 + CaC03 + 4C -*
Na2COa + CaS + 4CO
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In 1863, Ernest Solvay, a Belgian chemist, succeeded in developing a practical process utilizing
the double decomposition reaction between ammonium bicarbonate and sodium chloride, first applied by Dyar and Hemming in about 1838. In the
Solvay process, also known as the ammonia-soda
process, a solution of sodium chloride is first
saturated with ammonia and then carbon dioxide
is passed through, whereupon the following reactions occur:
NH3 + CO2 + H20 -* NH4HCO3
NH4HCO3 + NaCl -» NaHCO-3 + NH4CI
On cooling the reaction mixture practically all of
the sodium bicarbonate precipitates out; this is
collected and calcined to produce sodium carbonate. The carbon dioxide which is evolved in the
heating is utilized, along with more of the gas obtained by calcining limestone, in carbonating further portions of ammoniacal brine solution. The
ammonium chloride which remains in the original
mother liquor is treated with lime and steam to
recover the ammonia which is used over and over
again. The waste product in this reaction is calcium chloride, which may be discarded or used in
part as a source of technical calcium chloride for
the preparation of brine solutions, for road treatment to prevent raising of dust, etc. Weldon proposed that magnesia be used in place of lime in
decomposing the ammonium chloride; this has the
advantage that the resulant magnesium chloride
may in turn be decomposed with steam to produce
hydrochloric acid. This modification appears to
have proven uneconomical. Another suggestion
has been to freeze out the ammonium chloride
from the mother liquor by refrigeration, sublime
it, and pass the vapor over magnesia, whereby the
hydrochloric acid is combined as magnesium chloride, and the latter heated in air to produce
chlorine and magnesia. The Solvay process has
been so perfected and has proven to be so economical that it has all but displaced the older
Leblanc process.
Another source of sodium carbonate is cryolite,
a double fluoride of aluminum and sodium existing
in great abundance on the coast of Greenland.
The cryolite is heated with lime, whereby calcium
fluoride is formed, while the sodium and aluminum combine to form a sodium aluminate, which
is dissolved out by lixiviation. On passing carbon
dioxide under pressure through the solution, sodium carbonate and aluminum hydroxide, the
latter being precipitated, are produced.
Soda-ash is a name given to crude sodium carbonate. It formerly appeared in commerce in
white or gray masses, and contained considerable
quantities of foreign salts, consisting of sodium
chloride and sodium sulfate. The soda-ash of the
modern soda industry is almost pure anhydrous
sodium carbonate. Soda-ash is used in soap making, in the glass industry, and in many industries, as in dyeing and bleaching, where an alkali
is needed.
Description and Tests. — The B.P. describes
sodium carbonate as occurring in colorless, transparent efflorescent crystals, odorless and with an
alkaline taste; it is soluble in 2 parts of water,
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insoluble in alcohol. It yields the reactions characteristic ofsodium and of carbonates. Limit tests
for aluminum, calcium and insoluble matter, for
chlorides, for sulfates and for iron are provided.
The
for arsenic'is
partsmillion.
per million and the
limit limit
for lead
is 10 parts 2 per
It is assayed by titrating a weighed portion
with 0.5 N hydrochloric acid, using methyl orange
as indicator.
Incompatibilities. — Sodium carbonate is incompatible with acids, salts of acid reaction, lime
water, ammonium chloride, and most salts of
metals, with which it forms insoluble carbonates.
Alkaloids are precipitated from solution of their
salts.
Uses. — Sodium carbonate is rarely used in
medicine because of its irritant action. In skin
diseases, especially those of a scaly character, a
solution containing 8 to 12 Gm. of the carbonate
in 500 ml. of water may be used as a lotion. For a
bath, from 250 to 500 Gm. of the salt may be dissolved in the necessary quantity of water. A 1 per
cent solution has been used as a mouth wash or a
vaginal douche. To prevent rusting, surgical instruments are boiled in a 1 per cent solution.
Sodium carbonate is sometimes used as a water
softener and as a cleanser, [v]
When swallowed in an overdose, sodium carbonate acts as an irritant poison, causing symptoms similar to, but milder than, those of the
hydroxide. The best antidotes are fixed oils, acetic
acid, and lemon juice.
Because of its alkalinity, sodium carbonate is
rarely, if ever, given orally; sodium bicarbonate
is the preferred form for administration of this
alkali.
Off. Prep. — Surgical Solution of Chlorinated
Soda, B.P.

MONOHYDRATED
CARBONATE.
[Sodii

Carbonas

SODIUM
U.S.P.

Monohydratus]

NajsCOs-HaO
"Monohydrated Sodium Carbonate, dried at
105° for 4 hours, contains not less than 99.5 per
cent of NaoCOV' U.S.P.
Sp. Carbonato de Sodio Monohidratado.

Because of the tendency of sodium carbonate
decahydrate to effloresce it is generally impossible to use this hydrate in quantitative chemical
or pharmaceutical processes without making certain of its composition by analysis. Since the
monohydrate is for all practical purposes a stable
salt it is the preferred form for such use. Coblentz
found that on exposure in an open container monohydrated sodium carbonate absorbed only 0.14 per
cent of moisture during the first week, this increasing to but 0.16 per cent during the second
week. Monohydrated sodium carbonate may be
prepared by heating or crystallizing sodium carbonate at a temperature somewhat above 35°.
Description. — "Monohydrated Sodium Carbonate occurs as colorless crystals or as a white,
crystalline powder. It is stable in air under ordinary conditions. When exposed to dry air above
50°, the salt effloresces, and at 100°, becomes
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anhydrous. One Gm. of Monohydrated Sodium
Carbonate dissolves in 3 ml. of water, and in 1.8
ml. of boiling water." U.S.P.
Standards and Tests. — Identification. — (1)
A 1 in 10 solution of monohydrated sodium carbonate isstrongly alkaline to litmus and to phenolphthalein T.S. (2) Monohydrated sodium carbonate responds to tests for sodium and for carbonate.
Water. — Not less than 10 per cent and not more
than 15 per cent, when dried at 105° for 4 hours.
Heavy metals. — The limit is 20 parts per million. Arsenic. — The limit is 10 parts per million.
U.S.P.
Assay. — The residue remaining from the 2
Gm. of monohydrated sodium carbonate used in
the test for water is dissolved in water and the
solution titrated with 1 N sulfuric acid, using
methyl orange T.S. as indicator. Each ml. of 1 N
sulfuric acid represents 53.00 mg. of Na2C03.
U.S.P.
Uses. — Monohydrated sodium carbonate may
be used in the same way as sodium carbonate (see
preceding monograph), 1 part of the former being
equivalent to 2.3 parts of the fully hydrated sodium carbonate.
Storage. — Preserve "in well-closed containers." USJ>.
Off. Prep. — Glycerin Suppositories (optional),
U.S.P.; Ferrous Carbonate Mass; Nitromersol
Solution, N.F.

SODIUM CARBOXYMETHYLCELLULOSE. U.S.P.
"Sodium Carboxymethylcellulose is the sodium
salt of a polycarboxymethyl ether of cellulose. It
contains not less than 6.98 per cent and not more
than 8.50 per cent of sodium (Na), calculated on
the dried basis." US.P.
Cellulose Gum; Sodium Cellulose Glycollate. Carboxymethocel S {Dow) ; CMC. Carmethose {Ciba); Thylose
Sodium
{Jackson-Mitchell) .

Carboxymethylcellulose is an ether of cellulose
and hydroxyacetic acid (compare with Methylcellulose) ; it is supplied as the sodium salt, which
is readily dispersed in water. The latter is prepared by reacting purified alkali cellulose and
sodium monochloroacetate; this is washed free of
the salts produced in the reaction, after which the
product is dried and ground. The degree of substitution of carboxymethyl groups per anhydroglucose unit varies between 0.4 and 1.3 (Dieckman
et al., Ind. Eng. Chem., 1953, 45, 2287); an average value of 0.7 has been reported (Burt, Drug
Standards, 1951, 19, 106). Sodium carboxymethylcel ulose isavailable in 4 different viscosity types :
low, medium, high, and extra high. The U.S.P.
specifications restrict the official product to one
of medium viscosity having a degree of substitution of approximately 0.7.
Description. — "Sodium Carboxymethylcellulose occurs as white powder or granules. The
powder is hygroscopic. Its 1 in 100 aqueous suspension has a pH between 6.5 and 8.0. Sodium
Carboxymethylcellulose is easily dispersed in
water to form colloidal solutions. It is insoluble
in alcohol, in ether, and in most other organic
solvents." U.S.P.
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Standards and Tests. — Identification. — (1)
Addition of hydrochloric acid to a solution of
sodium carboxymethylcellulose produces a white
precipitate. (2) Addition of barium chloride to a
solution of the salt produces a fine, white precipitate. (3) The filtrate separated in test (1) responds to tests for sodium. Loss on drying. — Not
over 5 per cent, when dried at 105° for 1 hour.
Viscosity. — The viscosity of a 2 per cent w/w
solution is not less than 300 centipoises and not
more than 600 centipoises. U.S.P.
Assay. — About 500 mg. of sodium carboxymethylcel ulose iheated
s
with glacial acetic acid
and the sodium acetate thereby formed titrated
with 0.1 iV perchloric acid (in dioxane), the endpoint being determined potentiometrically. Each
ml. of 0.1 N perchloric acid represents 2.299 mg.
of Na. U.S.P.
Uses. — Sodium carboxymethylcellulose is employed medicinally as a hydrophilic colloid laxative and as an antacid; pharmaceutical^ it is used
as a hydrophilic dispersing, thickening, emulsifying and stabilizing agent. Its admission to the
U.S.P. is based on these latter uses as a compounding aid.
Therapeutic. — When ingested orally, sodium
carboxymethylcellulose behaves essentially the
same as methylcellulose in forming a soft, hydrated bulk in the bowel and thereby serving as
a laxative. Sodium carboxymethylcellulose reacts
with acids to precipitate free carboxymethylcellulose; the latter substance differs from methylcellulose in remaining essentially insoluble in gastric juice (artificial) while methylcellulose slowly
goes into solution (Blythe et al., J. A. Ph. A.,
1949, 38, 59). Marks (Am. J. Digest Dis., 1949,
16, 215) found that approximately 8 Gm. of
water was retained in the stool for each Gm. of
carboxymethylcellulose administered and recommended its use as a bulk-forming laxative. Schultz
(ibid., 1949, 16, 319) treated 250 patients suffering from constipation with sodium carboxymethylcellulose and found that only 6 failed to revert to
normal bowel habits (see also Fittipoldi and
Davis, Gastroenterology, 1948, 10, 667). The
N.N.R. recognizes sodium carboxymethylcellulose
for use as a laxative. Contraindications to use of
the substance are suspected obstruction or any
constricting lesions of the bowel.
The ability of sodium carboxymethylcellulose
to react with acid provides the basis for its use as
a buffer in neutralizing gastric acid; it also adheres
to gastric and duodenal mucosa to form a viscid
protective coating which facilitates retention of
other antacids or spasmolytic drugs which may be
used as adjuvants (Necheles et al., Am. J. Digest.
Dis., 1951, 18, 1). A combination of 225 mg. of
sodium carboxymethylcellulose and 75 mg. of
magnesium oxide (Carmethose tablets, Ciba) has
been found effective in treating peptic ulcer
(Bralow, ibid., 1951, 18, 7).
Lack of toxicity of sodium carboxymethylcellulose has been established in several studies
summarized in the report of Schultz (loc. cit.).
Pharmaceutical. — Sodium carboxymethylcellulose finds considerable usage in preparing suspensions, particularly those for dermatologic application; for this purpose 1 or 2 per cent of the
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medium viscosity type is often sufficient to impart
the characteristics of a good suspension. The cellulose gum is dissolved in water, which may be
warmed, with vigorous stirring, after which other
ingredients are incorporated. The spreading and
wetting properties of dermatologic preparations
may generally be improved by incorporating also
a wetting agent (such as dioctyl sodium sulfosuccinate) and a plasticizer (such as glycerin or
sorbitol). Goldstein (/. A. Ph. A., Prac. Ed., 1953,
14, 111) reviewed many actual and potential uses
of sodium carboxymethylcellulose as an aid in
extemporaneous compounding. He called attention
to its use in producing film-forming vehicles which
permit longer local retention even of soluble
medicaments as acriflavine, gentian violet, etc.
The substance may also be used to stabilize emulsions. Hydrophilic ointments may be prepared
using 6 Gm. of medium viscosity sodium carboxymethylcel ulose, 12.5 Gm. of glycerin or sorbitol,
and 90 Gm. of boiling water; such ointments require addition of a preservative, as a mixture of
0.025 per cent of methylparaben and 0.015 per
cent of propylparaben (Goldstein, loc. cit.). In
their study of the efficiency of cellulose ethers
and certain other substances as suspending agents
Jaggard and Zopf (ibid., 1953, 14, 218) observed
the effectiveness of cellulose ethers, including
sodium carboxymethylcellulose, in 50 per cent
alcohol as compared with the lack of effectiveness
of tragacanth when the concentration of alcohol
reaches 35 per cent. The incompatibilities of sodium carboxymethylcellulose cannot be predicted;
it sometimes precipitates cationic substances and
sometimes not. Goldstein's report includes results
of his observations of the effect of sodium carboxymethylcel ulose on30 different substances.
The preparation of certain stock vehicles containing sodium carboxymethylcellulose for use in
extemporaneous compounding of dermatologic suspensions was also reported by Goldstein (ibid.,
1952, 13, 550).
Dose. — The usual dose of sodium carboxymethylcel ulose as a laxative is 1.5 Gm. (approximately 23 grains) 3 times daily with meals, accompanied by1 or 2 glasses of water. When used
as an antacid from 15 to 30 ml. of a 5 per cent
solution of sodium carboxymethylcellulose has
been given 4 times daily; in the form of tablets
from 450 to 900 mg. of sodium carboxymethylcellulose and 150 to 300 mg. of magnesium oxide
have been given, simultaneously, 4 times daily,
and sometimes more frequently.
Storage. — Preserve "in tight containers."
U.S.P.
SODIUM

CHLORIDE.

U.S.P., B.P., LP.

[Sodii Chloridum]

"Sodium Chloride, dried at 105° for 2 hours,
contains not less than 99.5 per cent of NaCl."
U.S.P. The B.P. requires not less than 99.5 per
cent of NaCl, calculated with reference to the
substance dried to constant weight at 130°; the
LP. requires not less than 99.5 per cent NaCl,
calculated with reference to the substance dried
at 105° for. 2 hours.

LP. Natrii Chloridum. Salt; Table, Rock or Sea Salt.
Natrium
Chloruretum
Purum;
Natrium
Chloratum;
Sodii
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Chlorum. Fr. Chlorure de sodium officinale; Chlorure de
sodium pur. Ger. Natriumchlorid ; Chlornatrium. It. Cloruro di sodio. Sp. Cloruro de sodio; Muriato de sosa.

Sodium chloride, so essential to mankind, is
universally distributed over the earth, and is the
most abundant of the native soluble salts. It exists
in nature either in the solid state or in solution.
Solid forms, known as halite, rock salt, fossil salt,
or sal gemma, often occur in extensive beds, and
even entire mountains, from which blocks or
masses of material are separated by mining operations. Its geological position is very constant, deposits occurring almost invariably in secondary
formations, associated with clay and gypsum. In
solution it exists in certain springs and lakes, and
in the waters of the ocean. While there are many
salt mines in various parts of the world, there are
but few such mines in the United States; there
are, however, numerous salt springs, which either
flow naturally or are produced artificially by sinking wells to various depths in places where salt is
known to exist. Considerable commercial salt is
obtained from the water of the Great Salt Lake in
Utah, which contains nearly 25 per cent of sodium
chloride.
From these various sources the salt is obtained
by crystallization from solutions which have been
concentrated by evaporation, using either solar or
other source of heat for the latter purpose. Equipment used for crystallization varies from the retaining enclosures used for concentration of water
by solar evaporation to modern triple-effect
vacuum pans. The size of the crystals, known as
the grain of the salt, is influenced by the temperature of the evaporation and by the presence
of foreign materials.
Sodium chloride usually crystallizes in cubes,
but under certain conditions of evaporation it may
assume the form of hollow quadrangular pyramids, or hopper-shaped crystals, consisting of an
aggregation of cubes. When perfectly pure, sodium chloride is permanent in air but much of the
commercial salt is more or less hygroscopic because of the presence of impurities. These include
traces of insoluble matter, and small amounts of
calcium and magnesium sulfates and calcium and
magnesium chlorides. This kind of salt, which is
used for culinary and for industrial purposes, is
generally damp from the hygroscopic character of
the calcium and magnesium chlorides present. To
overcome this tendency and produce what is called
"free-running" salt, for use in table salt-shakers,
several forms of special table salt have appeared
upon the market. In some of these a small amount
of foreign matter, as a moisture absorbent, is
present. For this purpose calcium phosphate,
magnesium carbonate and starch have been used.
In some varieties the same end is attained by the
purification of the salt to eliminate these hygroscopic constituents. Sodium iodide is added to
some brands of table salt as a prophylactic measure to prevent goiter. The amount added is one
part of sodium iodide in ten thousand parts of
salt. Iodized salt, as this is called, may have a very
injurious effect on the health (see Horn, Am. J.
Pharm., 1930, 103, 242) and should be used only
on advice of a physician.
Neither culinary salt nor table salt may be used
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for U.S.P. sodium chloride because of the uncertainty oftheir composition and the likelihood
of substances being present which would interfere
with the official or medicinal uses for which the
pharmacopeial article is intended.
To prepare the purest form of sodium chloride,
hydrogen chloride is passed into a saturated solution of sodium chloride, when very pure crystals
of sodium chloride are precipitated; these are
washed in a centrifugal machine and dried.
Several varieties of common salt are distinguished in commerce, as stored salt, fishery salt,
bay salt, butter salt, etc.; but they are characterized by the size and compactness of the grains,
and not by any difference in composition.
Description. — "Sodium Chloride occurs as
colorless, hexahedral crystals or as a white, crystalline powder. It has a saline taste. One Gm. of
Sodium Chloride dissolves in 2.8 ml. of water, and
in about 10 ml. of glycerin. One Gm. dissolves in
2.7 ml. of boiling water. It is slightly soluble in
alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 20 solution of sodium chloride responds to tests
for sodium and for chloride. Acidity or alkalinity.
— A solution of 5 Gm. of sodium chloride in 50
ml. of freshly boiled and cooled water is prepared
and 2 drops of bromothymol blue pH indicator is
added. If the solution is yellow, it requires not
more than 0.1 ml. of 0.02 N sodium hydroxide to
produce a blue color; if it is blue or green, it
requires not more than 0.2 ml. of 0.02 N hydrochloric acid to produce a yellow color. Iodide or
bromide. — Any iodide or bromide in the sodium
chloride is first extracted with warm alcohol and
the resulting solution evaporated to dryness, after
which the residue is treated with a chlorine T.S.
dilution in the presence of chloroform : the chloroform is not colored violet, yellow or orange.
Barium. — Diluted sulfuric acid does not produce
a precipitate within 2 hours of its addition to a
solution of sodium chloride. Calcium and magnesium.— No turbidity results in 5 minutes when
ammonium oxalate T.S. or sodium phosphate
T.S. is added to a solution of sodium chloride.
Arsenic. — The limit is 4 parts per million. Heavy
metals. — The limit is 5 parts per million. U.S.P.
The B.P. limits arsenic to 1 part per million.
Assay. — About 250 mg. of dried sodium chloride is dissolved in water and assayed by the
Volhard method in which a measured excess of
0.1 N silver nitrate is added and the excess titrated with 0.1 N ammonium thiocyanate, using
ferric ammonium sulfate T.S. as indicator. Nitrobenzene isused to coat silver chloride to prevent
interaction with ammonium thiocyanate. Each
ml. of 0.1 AT silver nitrate represents 5.845 mg. of
NaCl. U.S.P. The B.P. and LP. employ the Mohr
method, in which sodium chloride is titrated directly with 0.1 N silver nitrate, using potassium
chromate as indicator.
Incompatibilities. — Sodium chloride is incompatible with mercurous, lead, and silver salts,
with which it forms the corresponding insoluble
metallic chlorides.
Uses. — As sodium chloride constitutes over 90
per cent of the inorganic constituents of blood
serum, it is usually the salt of preference for
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making solutions isotonic with the blood (see
Sodium Chloride Injection and Sodium Chloride
Solution). Because of the large amounts of such
a solution which can be introduced into the body
without serious disturbance of its functions, and
because of the power of the healthy body to adjust itself to enormous variations in the daily
ingestion of sodium chloride, the importance of
salt metabolism in many disease processes has
not been appreciated until comparatively recent
times (Ashley and Love, Am. Pract. Dig. Treat.,
1953, 4, 1).
When the intake of chloride ion is less than its
excretion there will occur a relative increase of
bicarbonates in blood, producing the condition
known as alkalosis, a failure of the stomach to
elaborate hydrochloric acid, etc. Other wellmarked symptoms of sodium chloride deficiency
are nausea and vomiting, associated with increased irritability of muscles, as shown by
cramps or even convulsions. It is well known that
excessive sweating will cause "heat cramps," i.e.,
muscle cramps in the abdomen and extremities,
which can be completely relieved by use of a
weak salt solution, instead of plain water, for
quenching the thirst (Brockbank, Brit. M. J.,
Jan. 12, 1929; Wallace, Mil. Surg., 1943, 93, 140).
The toxic symptoms which follow various forms
of intestinal obstruction are accompanied with a
marked reduction in blood chlorides, and often the
use of sodium chloride may have a life-saving
effect (see Orr and Haden, /. Exp. Med., 1928,
46, 339). The symptoms of sodium chloride deficiency are very similar to those of Addison's disease (see under Desoxycorticosterone Acetate)
and large doses of sodium chloride will often produce temporary alleviation of the symptoms of
this disorder. Haden called attention (/. Lab.
Clin. Med., 1925, 10, 337) to a reduction in
blood chloride in the early stages of pneumonia,
and suggested use of sodium chloride as a therapeutic agent in this condition. Among other disorders for which sodium chloride is therapeutically employed are extensive burns (Moyer,
Texas State J. Med., 1949, 45, 635), failure of
gastric secretion, postoperative intestinal paralysis, etc.
When the intake of sodium chloride is excessive
the body, in its effort to maintain normal osmotic
tension of blood, hastens elimination of many
crystalloids. There is, consequently, a tendency
towards increased output of potassium (q.v.), of
urea, of bicarbonate (and, therefore, a tendency
towards acidosis), and more rapid elimination of
such foreign salts as iodides, bromides, etc. For
this reason diminution of salt intake increases the
physiological effects of iodides, bromides, etc.
Besides its internal uses, salt is employed for
various external purposes. The application of
fomentations of saturated solutions (hypertonic)
of sodium chloride tends to relieve congestion
and exudation, and is a useful therapeutic measure
in sprains, bruises, and the like, but is generally
less efficient than magnesium sulfate.
Salt baths are used for their tonic and stimulant
effect in various diseases, especially when attended with weakness of the circulation. About
500 Gm. (approximately 1 pound) of salt to 15
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liters (approximately 4 gallons) of water forms a
solution of about the strength of sea water and
suitable for a bath.
While sodium chloride is not generally regarded as a poison it is to be noted that it is
capable of causing serious and often fatal poisoning, not only through its local irritant action
upon the alimentary tract when swallowed but
also because of its systemic effects. Brooks (Arch.
Int. Med., 1910, 6, 576) reported a fatal effect
from an enema of a saturated sodium chloride
solution. When large quantities are swallowed the
symptoms are nausea, vomiting, and sometimes
purging. The treatment should be the administration of large quantities of water, [v]
Dose. — The usual dose is 1 Gm. orally 3 times
daily, and parenterally as required (see under
Sodium Chloride Injection).
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Besides the official preparations,
which are described in the following, sodium chloride is as an ingredient of Dextrose and Sodium
Chloride Injection, Ringer's Injection, Lactated
Ringer's Injection, Ringer's Solution, and of a
number of injections where it is used to adjust a
solution to isotonicity with blood.
SODIUM

CHLORIDE INJECTION.
U.S.P. (B.P, LP.)

Isotonic Sodium Chloride

Solution No. 3 (U.S.P. XIV)

"Sodium Chloride Injection is a sterile, isotonic
solution of sodium chloride in water for injection. It contains, in each 100 ml., not less than
850 mg. and not more than 950 mg. of NaCl. Sodium Chloride Injection contains no bacteriostatic agents, except when it is in a multiple-dose
container of not over 30-ml. size." U.S.P. The
B.P. and LP. recognize Injection of Sodium Chloride; the B.P. requires 0.9 per cent w/v of sodium
chloride (limits, 0.89 to 0.91), while the LP.
requires not less than 0.87 per cent w/v and not
more than 0.93 per cent w/v of NaCl.
B.P., Injection of Sodium Chloride; Injectio Sodii
Chloridi. LP. Injection of Sodium Chloride; Injectio
Natrii Chloridi. Physiological Saline Solution; Normal Salt
Solution; Normal Saline. Serum Physiologicum. Fr. Solute
de chlorure de sodium isotonique ; Solute physiologique
normal. Ger. Physiologische Kochsalzlosung. It. Siero
fisiologico; Soluzione fisiologica di cloruro di sodio. Sp.
Suero fisiologica; Agua fisiologica; Solution Isotonica de
Cloruro de Sodio.

Sodium chloride injection may be prepared by
dissolving 9 Gm. of sodium chloride in sufficient
water for injection to make 1000 ml., filtering
until clear, and sterilizing by heating in an autoclave (to maintain the temperature of the solution between 115° and 116° for 30 minutes) or
by filtration through a bacteria-proof filter. B.P.,
LP. The U.S.P. does not provide directions for
preparing the injection.
The U.S.P. requires the pH of the injection to
be between 4.5 and 7.0; the arsenic limit is 0.1
part per million; the heavy metals limit is 0.3
part per million; the injection meets the requirements of the official pyrogen test as well as the
requirements for injections. The assay is that
utilized for Sodium Chloride.
Uses. — Sodium chloride injection is used chiefly
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parenterally for treatment of the deficiency of
sodium, chloride and water commonly occurring
in many diseases.
Sodium and chloride are the principal extracellular ions; their average serum concentrations
are 142 and 103 milliequivalents per liter (327
and 365 mg. per 100 ml.), respectively, as compared with average intracellular concentrations
of 31 and 20 milliequivalents per liter (71 and
71 mg. per 100 ml.). The reduced cellular levels
of sodium may be maintained by a secretory
action for this cation depending for its energy
upon cellular metabolism which moves potassium
into the cell. Considerable information has been
gained through the use of radioactive sodium of
the movements and distribution of this substance,
including the fact that approximately 25 per cent
of the total body sodium is found in bone. The
regulation of salt and water metabolism is governed by different mechanisms; however, changes
in the intake, distribution and output of salt
are, in health, associated with collateral shifts of
water so that electrolyte concentrations are maintained within a narrow range. In the presence of
disease affecting the cardiovascular, hepatic or
renal system, or in certain endocrinologic disorders, changes in the rate of excretion of these
substances will disturb the homeostatic equilibrium. Frequently abnormalities in the metabolism of water or salt may occur in association
with vomiting, diarrhea, gastrointestinal suction
and fever. Excessive sweating will produce loss of
water and salt although the electrolyte concentration ishypotonic so that water loss will predominate.
The normal salt intake varies from 5 to 15
Gm. daily, most of which is excreted by the
kidneys. The control of water and salt excretion
in urine is very intricate, involving filtration by
the glomerulus governed by renal blood flow and
reabsorption by the tubules of approximately 99
per cent of the filtered load. The actual quantities
excreted depend upon the prevailing requirements
of the moment. The finer adjustments of the
tubular absorptive mechanisms are influenced by
the osmotic interrelationships between cell water,
plasma and urine, and by certain steroid hormones influencing electrolyte excretion and the
posterior pituitary hormone regulating the water
excretion. When food intake ceases or salt is
withheld, the urine content of sodium chloride
rapidly diminishes so that body stores are retained. Similar renal retention of these electrolytes occurs when salt is lost by way of the
gastrointestinal secretions through vomiting, etc.
In other conditions, such as congestive failure,
cirrhosis, nephritis or hypersecretion of the
adrenal cortical hormones, the kidney fails to
eliminate sufficient sodium. This results in the
retention of both salt and water, producing an
excessive accumulation of extracellular fluid. This
latter state may be effectively combated by a
sharp restriction of salt intake, frequently necessitating the use of low-sodium foods including
salt-free bread, butter and milk preparations
(Lesofac and Lonolac), the use of salt -substitutes (Diasal, Co-salt, Xeocurtasal) ; and diuretic
agents, the most effective of which are the mer-
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curials (Thiomerin, Mercuhydrin, Neohydrin,
Salyrgan-theophylline) ; recently sodium-exchanging resins have been employed.
Depletion of body salt may be caused in many
ways, one of which is the energetic treatment of
sodium and fluid retention. Besides this diabetic
acidosis, burns, excessive sweating with free
drinking of water, repeated paracentesis for removal of ascitic fluid, adrenal cortical hypofunction, certain forms of nephritis, as well as abnormal losses of gastrointestinal secretions will
cause marked salt depletion. With salt loss there
is a reduction of the osmotic pressure of the
extracellular fluid; the urine volume may be maintained but it is free of sodium chloride. Several
bedside methods for urinary chloride tests are
available. Thirst is absent because of normal
cellular hydration. The clinical and laboratory
features of salt depletion and water depletion are
extensively reviewed by Marriott (in Water and
Salt Depletion, 1950) and by Oppenheimer and
1952).
Shuman
(in Musser-Wohl's Internal Medicine,
Treatment of salt or mixed water and salt depletion isaccomplished by administration of sodium chloride injection intravenously. Saline solutions can also be given by hypodermoclysis, orally,
or intratibially. The rate of replacement depends
upon the severity of the process. Ordinarily it
should not exceed 6 per cent of body weight
daily, unless the underlying cause of the salt
deficit continues to operate. As symptoms improve
and chloride appears in the urine, the solutions
are made hypotonic with respect to chloride and
sodium by adding to sodium chloride injection an
equal volume of 5 per cent dextrose injection, or
hypotonic with respect to chloride alone by adding to 2 volumes of sodium chloride injection
1 volume of sixth-molar sodium lactate injection;
the latter solution is used if acidosis is present.
The rate of administration of sodium chloride
injection is more rapid in the treatment of severe
salt and water depletion, as in diabetic coma or
burns. In diabetic coma 1 liter of sodium chloride
injection should be given within the first hour of
therapy. Primary salt depletion of severe grade
without water depletion calls for use of a hypertonic solution, 3 to 5 per cent, for rapid electrolyte replacement in a form which will not overexpand the circulation beyond the capacity of the
myocardial reserve. The volume of hypertonic
solution required may be calculated by determining the salt deficit in the total extracellular fluid
from serum-sodium levels; usually 300 to 600 ml.
of solution is given.
Surgical patients should seldom receive saltcontaining solutions immediately postoperatively
unless factors producing salt depletion are present.
Because of renal retention of salt during surgery,
additional electrolyte given intravenously may
result in fluid retention, edema, and overloading
of the circulation. In some instances, however,
use of potassium chloride postoperatively has been
of value.
Other Uses. — Because it is isotonic with body
fluids and is not injurious to cells sodium chloride
injection is frequently used as the solvent for
various drugs which are to be administered paren-
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terally. For the same reason an isotonic sodium
chloride solution is employed for washing mucous
membranes, as a vehicle for nose drops, etc.
For these latter uses the sodium chloride solution described in the following monograph may
be used; this solution is prepared with purified water rather than water for injection and
is sterile, differing only in the possibility that
pyrogenic substances, which in such applications
will have no adverse effect, may be present. Sodium chloride solution is sometimes used orally in
the treatment of burns. As a first-aid measure
for serious shock from burns the U. S. Public
Health Service recommends immediate administration by mouth of a solution containing 1 level
teaspoonful of table salt and one-half teaspoonful
of sodium bicarbonate dissolved in a quart of
cool water. The burned person drinks this and
nothing else; as much as 10 quarts in 24 hours
may be necessary. |v]
Toxicology. — There is no toxicology except
in a quantitative sense. Administration parenteral^ of quantities of sodium in excess of the
amount of water or sodium chloride needed, or at
a rate more rapid than can be accommodated by
the patient's circulatory function, results in
edema and clinical findings resembling those of
congestive heart failure.
Dose. — The dose of sodium chloride injection
intravenously or by hypodermoclysis is 500 ml.,
with a range of 500 to 5000 ml. The total dose
in 24 hours usually should not exceed 5000 ml.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I or IV
glass." U.S.P.
Usual Sizes.— 10, 30, 100, 500, and 1000 ml.
SODIUM CHLORIDE SOLUTION.
U.S.P. (LP.)
Isotonic Sodium Chloride Solution No. 2 (U.S.P.

XIV)

"Sodium Chloride Solution is a sterile solution
of sodium chloride in purified water. It contains,
in each 100 ml., not less than 850 mg. and not
more than 950 mg. of NaCl. Caution. — Do not
use Sodium Chloride Solution for parenteral administration orin preparations to be used parenterally. For such purposes use Sodium Chloride Injection." U.S.P.
I.P. Isotonic Solution of Sodium
Natrii Chloridi Isotonica.

Chloride; Solutio

This solution is prepared by dissolving 9 Gm.
of sodium chloride in sufficient purified water to
make 1000 ml., filtering until clear, placing the
solution in suitable containers, and sterilizing.
U.S.P. It differs from sodium chloride injection
in that purified water is used in place of water
for injection. Since purified water may contain
pyrogens it is possible that sodium chloride solution may also contain such substances; while
pyrogens must be absent in any solution of sodium chloride to be injected, their presence is
immaterial for many non-parenteral uses of the
solution. Such uses of sodium chloride solutio?t
are discussed in the preceding monograph, in the
section captioned Other Uses.
Storage. — Preserve "in tight containers."
U.S.P.

SODIUM

Citrate

CHLORIDE
U.S.P.
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TABLETS.

[Tabellae Sodii Chloridi]

"Sodium Chloride Tablets contain not less than
95 per cent and not more than 105 per cent of
the labeled amount of NaCl." U.S.P.
These tablets provide a convenient dosage form
of sodium chloride for the prevention and treatment of "heat cramps" (see Uses of Sodium
Chloride).
The dose, prophylactically, is one 500-mg. (approximately ll/igrain) tablet with a full glass of
water from 5 to 10 times daily as needed.
Usual Sizes. — 5, l1/*, 10 and 15 grains (approximately 300, 500 and 600 mg., and 1 Gm.).
SODIUM

CHLORIDE AND DEXTROSE TABLETS.
N.F.

"Sodium Chloride and Dextrose Tablets contain not less than 92.5 per cent and not more
than 107.5 per cent of the labeled amounts of
NaCl and of C6H12O6.H2O." N.F.
Uses. — These tablets, like the sodium chloride
tablets, are intended to be taken when excessive
loss of sodium chloride, through perspiration,
may cause "heat cramps." The dextrose is supposed to supply energy to alleviate fatigue but
it is doubtful that sufficient of it may be taken
in this manner to be of real value.
Usual Sizes. — 3 and 7 grains (approximately
200 and 450 mg.) of each ingredient.
SODIUM

CITRATE.

U.S.P., B.P., I.P

[Sodii Citras]

Na3C6H507.2H20
"Sodium Citrate, dried at 180° for 18 hours,
contains not less than 99 per cent of CeHsNasOV
U.S.P. The B.P. requires not less than 99.0 per
cent of C6Hs07Na3.2H20 in the form in which it
occurs. The I.P. recognizes two forms, one containing 2 molecules of water of crystallization,
the other 5% molecules; both contain not less
than 99.0 per cent of CeHo07Na3, calculated
with reference to the substance dried to constant
weight
150°. monograph the B.P. recognizes
In a atseparate
Sodium Acid Citrate, or disodium hydrogen citrate, CeH607Na2.1J/2H20, requiring not less than
98.0 per cent and not more than the equivalent
of 104.0 per cent of that compound.
I.P. Natrii Citras. Citrate of Soda. Natrium Citricum;
Citras Sodicus. Fr. Citrate de sodium. Ger. Natriumcitrat;
Citronensaures Natrium. It. Citrato di sodio. Sp. Citrato
de sodio; Citrato sodico.

The two sodium citrates defined above may be
prepared by interaction of citric acid with sodium carbonate or bicarbonate, the proportion of
the reactants determining whether two or three
of the hydrogen atoms of citric acid are replaced;
the substance called sodium citrate is the trisodium salt.
Description. — "Sodium Citrate occurs as
colorless crystals, or as a white, crystalline
powder. One Gm. of Sodium Citrate dissolves
in 1.5 ml. of water and in 0.6 ml. of boiling
water. It is insoluble in alcohol." U.S.P.
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Standards and Tests. — Identification. — (1)
A solution of sodium citrate responds to tests for
sodium and for citrate. (2) Upon ignition, sodium citrate leaves an alkaline residue which
effervesces with acids, and imparts a yellow color
to a non-luminous flame. Alkalinity. — A solution
of 1 Gm. in 20 ml. of water is alkaline to litmus
but after adding 0.1 ml. of 0.1 N sulfuric acid
no pink color is produced by a drop of phenolphthalein T.S. Water. — Not less than 10 per cent
and not more than 13 per cent, when dried at
180° for 18 hours. Tartrate. — No crystalline precipitate forms on adding potassium acetate and
acetic acid to a solution of sodium citrate. Heavy
metals. — The limit is 10 parts per million. U.S.P.
The B.P. and I. P. limit arsenic to 2 parts per
million.
Assay. — About 2 Gm. of dried sodium citrate
is ignited to carbonate, which is estimated by
residual titration using 0.5 N sulfuric acid and
0.5 N sodium hydroxide. Each ml. of 0.5 N sulfuric acid represents 43.01 mg. of CeHsNasO?.
U.S.P.
Uses. — Sodium citrate, like the potassium salt,
is oxidized in the system and appears in the urine
as a carbonate, and may therefore be used to
restore the bicarbonate reserve of blood in acidosis
or overcome excessive acidity of urine. For this
purpose about 1.5 times the dose of sodium bicarbonate isrequired. Sodium citrate is also used,
like the potassium salt, as a diuretic, expectorant
and sudorific.
Anticoagulant Action. — When added to
blood outside the body sodium citrate prevents
coagulation, presumably by forming non-ionizing
calcium citrate. In a similar way it prevents
curdling of milk by rennin.
Whether or not the anticoagulant effect of
sodium citrate can be produced by its internal
administration is doubtful; Leone {Riforma Med.,
1922, 38, 312) reported that if administered intravenously insufficient dose it delays or entirely
prevents coagulation but that it is not capable of
doing so when taken by mouth. The paradoxical
finding of Weil (J.A.M.A., 1915, 64, 425, 2163)
that small doses (from 1 to 5 Gm.) injected intravenously shorten coagulation time of blood
has been confirmed but is difficult of explanation.
Small doses of oxalic acid have a similar effect.
It is possible that it may be due to injury of
blood platelets, and consequent liberation of
thrombokinase, as suggested by Rosenthal and
Baehr (Proc. S. Exp. Biol. Med., 1922, 20, 130).
Steel (J. A.M. A., 1921, 76, 429) recommended
use of sodium citrate in thromboangiitis obliterans or Buerger's disease; he gave intravenously
250 ml. of a 2 per cent solution every other day.
The definite, though rather temporary, benefit
derived from this procedure seems to be due to a
"salt" effect since similar results are obtainable
when other sodium salts are injected.
As an anticoagulant sodium citrate is used frequently in transfusion of blood from one individual to another (see Anticoagulant Sodium Citrate
Solutio7i). It is conceivable but unlikely that a
massive dose of citrated human plasma might
introduce sufficient sodium citrate into the blood
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stream to cause a decrease of the concentration
of ionized calcium in the patient's blood and
result in tetany. Large doses of sodium citrate
are depressant to the heart, perhaps by depriving
the tissues of ionizable calcium. Shafer and Crismon (/. Pharmacol, 1936, 58, 274) found that
the intravenous dose which paralyzed the cardiac
vagus in cats is ordinarily between 100 and 200
mg. per Kg. of body weight but that animals
weakened by bleeding are more susceptible to its
action.
Sodium citrate is employed in the modification
of cow's milk for infant feeding for the purpose
of preventing the formation of large hard curds.
For this purpose from 60 to 120 mg. (approximately 1to 2 grains) may be added to each 30
ml. (approximately 1 fluidounce) of milk used
in the mixture.
Wright reported remarkable results from use
of sodium citrate as a local application for
furunculosis. Wright's solution consists of sodium
citrate, 0.12 Gm.; sodium chloride, 1.8 Gm., and
water, 30 ml. ; cotton saturated with this solution
is placed over the boil and covered with waxed
paper to prevent evaporation.
Treatment of Lead Poisoning. — In doses of
5 Gm., dissolved in 30 ml. of water, given 3 or
4 times daily, Kety and Letonoff {Am. J. Med.
Sc, 1943, 205, 406) used sodium citrate in the
treatment of acute lead poisoning with good results. They observed a significant decrease in the
concentration of lead in the blood during treatment. For severe colic, 50 ml. of a sterile 2.5 per
cent solution intravenously was followed by relief
from pain. This and other alkaline sodium salts
have been reported to protect animals against
poisoning with uranium and other poisons which
417).on the kidneys {Arch. Int. Med., 1944, 74,
act
The B.P. recognizes sodium acid citrate because, being acid, it may be used in solutions of
dextrose without producing caramelization of the
latter on sterilization by autoclaving; when trisodium citrate is used in such solutions they
become brown on heating.
Sodium citrate is employed pharmaceutically
in such preparations as phenol glycerite and tannic acid glycerite to prevent them from becoming
discolored, [v]
Dose. — The usual dose is 1 Gm. (approximately 15 grains) 4 times daily; the range of
dose is 1 to 3 Gm.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Anticoagulant Sodium Citrate Solution; Anticoagulant Acid Citrate Dextrose Solution; Normal Human Plasma, U.S.P.; Ferric
Citrochloride Tincture ; Soluble Ferric Phosphate ;
Compound Hypophosphites Syrup; Tannic Acid
Glycerite, N.F.; Tablets of Sodium Citrate, B.P.
ANTICOAGULANT SODIUM
CITRATE SOLUTION.
U.S.P.
"Anticoagulant Sodium Citrate Solution is a
sterile solution of sodium citrate in water for injection and contains, in each 100 ml., not less
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than 3.80 Gm. and not more than 4.20 Gm. of
C6HsNa307.2H20. It contains no bacteriostatic

to 14 days and still be satisfactory for use
(DeGowin et al, J. A.M. A., 1940, 114, 850, 859;
115, 895). Sack et al. (Surg. Gynec. Obst., 1952,
95, 113) found that in specimens of blood preserved with this solution and stored 10 days at
4° from 88 to 92 per cent of erythrocytes retained their normal functional capacity; after 14
days of storage from 84 to 88 per cent were
functionally effective, while after 25 days from
70 to 80 per cent retained normal functional
capacity. Platelets disintegrate in a few hours
after blood is withdrawn, and leukocytes are of
little value after 24 hours. Prothrombin, antibodies, etc., disintegrate rather rapidly over the
first 24 hours. At the end of 14 days' storage the
red cells of blood not used for transfusion may
be separated and discarded (or used to prepare
red cell paste, modified globin, or other product),
and the plasma preserved for use in plasma transfusion.
The proportion of either of the two solutions
to be used is 15 ml. of "Solution A" or 25 ml. of
"Solution B" to 100 ml. of blood.
Labeling. — Label "to indicate the number of
ml.
U.S.P.of Solution required per 100 ml. of blood."

agents."
DissolveU.S.P.
40 Gm. of sodium citrate in sufficient
water for injection to make 1000 ml., and filter
until clear. Place the solution in suitable containers, and sterilize. U.S.P.
Description. — "Anticoagulant Sodium Citrate
Solution is a clear, colorless solution." U.S.P.
The solution has a pH between 6.7 and 7.5.
Uses. — This solution is used as an anticoagulant in plasma and blood (see preceding article),
being employed particularly in fractionation procedures; itdoes not maintain the functional capacity of whole blood as long as does anticoagulant acid citrate dextrose solution and should not
be used when whole blood is to be stored.
Anticoagulant sodium citrate solution is used
in the proportion of 50 ml. to 500 ml. of normal
human plasma or blood.
Storage. — Preserve "in single-dose containers,
preferably of Type I or IV glass." U.S.P.
ANTICOAGULANT ACID CITRATE
DEXTROSE SOLUTION.
U.S.P.
A. CD.

Solution

"Anticoagulant Acid Citrate Dextrose Solution
is a sterile solution of sodium citrate, citric acid,
and dextrose in water for injection. It contains
not less than 95 per cent and not more than 105
per cent of the labeled amounts of sodium citrate (C6H5Na3O7.2H.2O), citric acid (CeHsO?),
and dextrose (C6H12O6.H2O). It contains no bacteriostatic agents." U.S.P.
This solution may be prepared in either of two
concentrations. "Solution A" is made by dissolving 22 Gm. of sodium citrate, 7.4 Gm. of anhydrous citric acid (or 8 Gm. of the monohydrate),
and 24.5 Gm. of dextrose in sufficient water for
injection to make 1000 ml.; after filtering until
clear the solution is placed immediately in suitable containers and sterilized. "Solution B" is
similarly prepared from 13.2 Gm. of sodium citrate, 4.4 Gm. of anyhdrous citric acid (or 4.8
Gm. of the monohydrate), and 14.7 Gm. of
dextrose in sufficient water for injection to make
1000 ml. Either 15 ml. of "Solution A" or 25 ml.
of "Solution B" will provide the several ingredients in approximately the same concentration
when added to 100 ml. of blood. U.S.P.
Description. — "Anticoagulant Acid Citrate
Solution is a clear, colorless, and odorless liquid.
It is dextrorotatory." U.S.P.
The pH of the solution is between 4.5 and 5.5.
The assay for sodium citrate is based on the
method described under Sodium Citrate; the
assay for free citric acid is performed by titration with 0.1 N sodium hydroxide; the content
of dextrose is determined by measuring the angular rotation. U.S.P.
Uses. — This solution is used as an anticoagulant for storage of whole blood. The solution
described in the preceding article does not maintain stability of blood for more than 1 or 2 days.
With anticoagulant acid citrate dextrose solution,
however, blood can be stored at 4° to 6° for 10
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Storage. — Preserve "in single-dose containers,
preferably of Type I or IV glass." U.S.P.
TABLETS

OF

SODIUM
B.P.

CITRATE.

Tabellae Sodii Citratis

The B.P. requires not less than 92.5 per cent
and not more than 107.5 per cent of the labeled
amount of sodium citrate.
SODIUM DEHYDROCHOLATE
INJECTION.
N.F.
Sodium Dehydrocholate Ampuls

"Sodium Dehydrocholate Injection is a sterile
solution of sodium dehydrocholate (C24H33NaOs)
in water for injection, usually prepared by neutralizing dehydrocholic acid for parenteral use.
Dehydrocholic Acid for parenteral use melts between 237° and 242°, and complies in all other
respects with the requirements for Dehydrocholic
Acid, U.S.P. XV. Sodium Dehydrocholate Injection contains not less than 94 per cent and not
more than 106 per cent of the labeled amount of
C24H33Na05." N.F.
In preparing sodium dehydrocholate injection
an injectable grade of dehydrocholic acid is suspended inwater for injection and neutralized with
sodium hydroxide solution (20 per cent w/v)
over a period of 30 minutes, while the mixture
is heated to 80° C. and agitated, until the pH is
about 9.5; the operation is preferably performed
in an atmosphere of nitrogen. After cooling the
solution it is allowed to age (for from 2 days to
3 or more weeks, depending on the experience of
the manufacturer), the pH readjusted to 9.5 if
it has dropped during the storage period, the solution filtered through a bacteria-proof filter, filled
into ampuls, and the sealed containers heated at
80° for 30 minutes.
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Standards and Tests. — Identification. — Dehydrocholic acid liberated with diluted hydrochloric acid and extracted with chloroform from
the injection melts between 233° and 238°. pH. —
Between 8.5 and 9.5. Heavy metals. — The limit is
20 parts per million. Pyrogen. — The injection,
diluted if necessary to a concentration of 5 per
cent, meets the requirements of the official Pyrogen test when administered in doses of 3 ml. per
kilo. Other requirements. — The injection meets
the requirements under Injections. N.F.
Assay. — A quantity of injection, equivalent
to about 500 mg. of sodium dehydrocholate, is
acidified and the dehydrocholic acid extracted
with chloroform in a continuous extraction apparatus. The chloroform is evaporated, the residue dissolved in neutralized alcohol and titrated
with 0.1 N sodium hydroxide to form sodium dehydrocholate, phenolphthalein being employed as
the indicator. Each ml. of 0.1 N sodium hydroxide
represents 42.45 mg. of C24H33NaOs. N.F.
Uses. — Sodium dehydrocholate is the injectable dosage form of dehydrocholic acid, under
which title some of its uses are discussed. Following perfusion of rat livers, Brauer and Pessotti
(Science, 1952, 115, 142) found that sodium dehydrocholate produced about twice as great an
increase in bile flow as that produced by the
same dose of conjugated bile salt, with no change
or a decrease in the total solids in the bile whereas
with the conjugated salt the total solids increased
in 9 of 10 instances. Sodium dehydrocholate is
thus a hydrocholeretic rather than a choleretic or
a cholagogue.
Circulation Time Determination. — Measurement of arm to tongue circulation time is
commonly performed with sodium dehydrocholate,
as follows: 3 ml. of a 20 per cent solution is injected with an 18-gauge needle into the antecubital vein rapidly (2 seconds) with the patient lying
as flat (supine) as possible and the arm at the
same level as the right auricle of the heart (Tarr
et al., Am. Heart J., 1933, 8, 766). In 8 to 16
seconds, normally, a bitter taste is experienced by
the patient. In patients with failure of the left
ventricle of the heart the time from injection to
bitter taste is greater than 20 seconds. This test
is an important aid in differential diagnosis of
cardiac failure from such simulating conditions
as pulmonary emphysema, fibrosis, bronchial
asthma, etc. (Schuman and Simmons, Ann. Int.
Med., 1952, 36, 864).
Other Uses. — By increasing the fluidity of
bile, injections of sodium dehydrocholate have
value in relieving discomfort due to congestion
of the liver in patients with heart failure. A
potentiation of the diuretic effect of mercurial
diuretics (such as mercurophylline injection)
when 10 ml. of 20 per cent sodium dehydrocholate
injection was given intravenously simultaneously
was reported by Weigand (J.A.M.A., 1935, 105,
2034). Sodium dehydrocholate has also been advocated as a prophylactic against liver damage
during treatment with arsphenamines and similar
drugs (Annegers et al., Arch. Dermat. Syph.,
1945, 51, 112). Pelner and Waldman (Am. Pract.
Dig. Treat., 1952, 3, 293) reported relief of
serum
sickness following penicillin injections
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within 4 days after intravenous administration of
5 ml. of sodium dehydrocholate injection daily
and 250 mg. of dehydrocholic acid orally 3 times
daily. Injections of sodium dehydrocholate have
been employed to shorten the time required for
visualization of the gallbladder following administration of a dye opaque to roentgen rays (Jankelson and Altman, New Eng. J. Med., 1932, 206,
796), and also to distend the biliary tract to aid
in its recognition at the time of operation.
Hench et al. (J.A.M.A., 1937, 109, 1481, 1482)
induced therapeutic jaundice in treating patients
with rheumatoid arthritis by 7 to 11 daily intravenous injections of bilirubin (10 mg. per Kg. of
body weight) and sodium dehydrocholate (40 mg.
per Kg.) ; temporary or prolonged relief of pain
was experienced.
Toxicology. — Rapid intravenous administration of sodium dehydrocholate seldom causes untoward effects; nausea and vomiting are the most
frequent of these effects (Macy et al., J. Clin.
Inv., 1936, 15, 37). The drug is contraindicated
in patients with complete biliary obstruction
(stone, tumor, etc.), in patients with severe hepatitis (as acute yellow atrophy of the liver), and
in patients with bronchial asthma. An allergic
reaction in a person receiving the drug to measure
circulation time was described by Suckle (California Med., 1950, 72, 119). Patients with allergic
history should be injected intracutaneously with
0.02 ml. before using the drug intravenously; if
a wheal forms the drug is contraindicated.
Dose. — The usual dose is 10 ml. of 20 per cent
injection administered intravenously; the range
of dose is 3 to 10 ml. The maximum safe dose is
usually 10 ml., and this is seldom repeated more
often than once daily. For the first dose 5 ml. is
probably advisable. For measurement of circulation time 3 ml. is injected rapidly (within 2 to
3 seconds).
Storage. — Preserve "in single-dose, fight-resistant containers, preferably of Type I glass."
N.F.
Usual Sizes. — 500 mg. (71/: grains) in 10 ml.;
600 mg. (10 grains) in 3 ml.; 1 Gm. (15 grains)
in 5 ml.; 2 Gm. (30 grains) in 10 ml.
SODIUM

FLUORIDE.

U.S.P.

NaF
"Sodium Fluoride, dried at 150° for 4 hours,
contains not less than 98 per cent of NaF. Caution.— Sodium Fluoride is very poisonous. When
acidified, Sodium Fluoride yields hydrofluoric
acid
U.S.P.which also is a very poisonous substance."
Sodium fluoride may be prepared by heating a
naturally occurring fluoride, such as fluorspar
(CaF2) or cryolite (Na3AlF6), with sulfuric acid
to form hydrofluoric acid, then neutralizing the
latter substance with sodium hydroxide.
Description. — "Sodium Fluoride is a white,
odorless powder. One Gm. of Sodium Fluoride
dissolves in about 25 ml. of water. It is insoluble
in alcohol." U.S.P.
Standards and Tests. — Loss on drying. —
Not over 1 per cent, when dried at 150° for 4
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hours. Acidity or alkalinity. — Not more than 2
ml. of 0.1 N sodium hydroxide is required to
produce a pink color with phenolphthalein when
2 Gm. of sodium fluoride is dissolved in water, a
saturated solution of potassium nitrate added,
and the solution cooled to 0°; if the solution is
pink it is rendered colorless by not more than
0.5 ml. of 0.1 N sulfuric acid. Fluosilicate. — The
solution remaining from the preceding test, when
heated to boiling and titrated while hot, requires
not more than 1.5 ml. of 0.1 N sodium hydroxide
to produce a permanent pink color. Chloride. —
The limit is 100 parts per million. Heavy metals.
— The limit is 30 parts per million. U.S.P.
Assay. — From 450 to 500 mg. of dried sodium
fluoride is dissolved in water, the solution neutralized to phenolphthalein, and titrated with a
previously standardized solution of ferric chloride, forming the complex anion [FeFe]— . The
end-point of the titration, signifying an excess of
ferric iron, is detected by the red color produced
with thiocyanate ion, the ferric thiocyanate being
extracted into an alcohol-ether solution to facilitate observation of the end-point. The equivalent
weight of sodium fluoride is 6 times its molecular
weight. U.S.P.
Uses. — Fluorides have wide natural distribution, occurring in soils, natural waters, plants and
animals. Bones and teeth contain the largest proportion in the body, the amount of fluoride in
these tissues being of the order of 10 to 30 mg.
per 100 Gm.
Action. — Ingested soluble fluorides are readily
absorbed from the gastrointestinal tract; insoluble forms are poorly absorbed. The role of
fluoride in the body, if any, is unknown. Fluoride
ion inhibits enzymes, diminishes cellular respiration, and reduces anaerobic glycolysis. Fluorides
also have anticoagulant action. In sufficient
amounts fluoride ion is poisonous to living tissue;
besides interfering with enzymic activity it precipitates calcium as insoluble calcium fluoride,
which action is responsible for some of the toxic
effects of fluoride. When introduced into mammalian circulation fluorides produce a fall of
blood pressure, respiratory failure and general
paralysis. Continuous ingestion of nonfatal doses
causes, according to Sollmann (/. Pharmacol.,
1921, 17, 197), general cachexia and permanent
inhibition of growth.
Dental Aspects. — It is well established that
the condition characterized by mottled enamel of
the teeth — endemic in certain areas, notably the
Mississippi Valley — is due to the presence of
fluorides in drinking water in amounts of about
2 to 5 or more parts per million. On the other
hand, it is also established that complete absence
of fluorides in drinking water increases incidence
of dental caries, particularly during the first 10
years of life. This latter fact led to the idea of
fluoridation of municipal water supplies in communities where the fluoride content of drinking
water is very low. Many controlled experiments
were performed, under the direction of the United
States Public Health Service, to determine the
value of fluoridation, the results of which appear
to indicate conclusively that the addition to
drinking water of fluoride to a concentration of
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1 part per million is a safe procedure which is
likely to result in a substantial reduction (65 per
cent) in the incidence of dental caries in permanent teeth. Various aspects of this subject are
discussed, and the literature reviewed, by Cox, in
the monograph Fluorine and Dental Caries, National Research Council, 1952. Needless to say
there are many who object to fluoridation of
municipal water supplies on the basis that knowledge concerning the effects of fluorides on the
system is incomplete and that long-term fluoride
ingestion, even in small amounts, may be deleterious to health.
For fluoridation of water sodium fluoride, hydrosilicofluoric acid (H^SiFe, a colorless, strongly
acid liquid), or sodium silico fluoride (Na2SiF6, a
white powder, soluble in 150 parts of cold water)
may be used, each in sufficient quantity to represent 0.7 to 1 part per million of fluorine. The
question of what concentration of fluoride is likely
to cause mottling of enamel has not been definitely
answered; the original estimate that any concentration below 2 parts per million will not cause
this condition has been revised downwards but
it is believed that at a concentration of 1 part
per million mottling is minimal (J.A.M.A., 1951,
147, 1359). In warm weather, when more water
is ingested, a lower level of fluorine may be desirable. For methods of removing high concentrations of fluoride from drinking water see Fink
and Lindsay (Jnd. Chem. Eng., 1936, 28, 947),
Elvove (Pub. Health Rep., 1937, 52, 1308), and
Dean (ibid., 1939, 54, 862).
Sodium fluoride reduces incidence of dental
caries also when it is applied topically, as a 2
per cent solution, directly to teeth previously
cleaned by the dentist; a series of several applications in an interval of several weeks constitutes
the usual treatment program (see Pub. Health
Rep., 1949, 64, 1403). Such treatment does produce some replacement of the apatite pattern on
the surface of enamel by calcium fluoride, even
in as short a period as 3 minutes (Scott et al.,
ibid., 1950, 65, 43) but the significance of this
is not certain.
The mechanism of the cariostatic action of
fluoride ion is not understood, some believing that
fluoride decreases the solubility of enamel in an
acid medium and others being of the opinion that
fluoride inhibits growth of acid-forming organ1120). isms in the mouth (see J.A.M.A., 1952, 150,
Other Uses. — Fluorides, especially sodium
fluoride, have had some experimental usage in
medicine. Goldenburg (Semana medica, 1932, 39,
1659) considered sodium fluoride useful in treating exophthalmic goiter, administering it either
by mouth or intravenously. Beneficial effects in
hyperthyroidism have been attributed to an
enzyme-inhibiting action, but no decrease of
metabolic rate of normal animals has been observed (Phillips, Am. J. Physiol., 1936, 117, 155;
see also Seevers and Braun, Proc. S. Exp. Biol.
Med., 1935, 33, 228). Sodium fluoride has also
been used in the treatment of rheumatism and
epilepsy. A solution containing 20 per cent of
ammonium bifluoride and 10 per cent of hydrofluoric acid was used by Head (J. A.M. A., 1913,
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61, 2233) in the treatment of pyorrhea alveolaris. S
Toxicology. — Deleterious effects of fluoride
have been mentioned above. In cases of acute
fluoride poisoning the most common symptoms
are epigastric pain, nausea, vomiting, diarrhea, and
frequently local paralysis either in the legs or
face. Epileptiform convulsions may occur. The
blood pressure falls and the respiratory center is
initially stimulated and later depressed; death
results from cardiac failure or respiratory paralysis. As little as 250 mg. of sodium fluoride has
caused dangerous symptoms; the fatal dose appears to be about 3 or 4 Gm. (J. A.M. A., 1951,
146, 607). Many cases of human poisoning have
occurred from accidental ingestion of a fluoride
roach poison.
In the treatment of fluoride poisoning Peters
(Am. J. Med. Sc, 1948, 216, 278) advocated
intravenous administration of dextrose in sodium
chloride injection to maintain blood sugar, washing of the stomach with lime water and subsequent administration of the solution, intravenous
administration of calcium if systemic deficiency of
this ion becomes apparent, and maintenance of
high urine volume through use of parenteral fluid.
Vomitus and excreta should be washed away
quickly to prevent external burns.
Sodium fluoride has been given internally in
doses of 10 to 60 mg. (approximately Ye to 1
grain). For fluoridation of water it is used in
amounts sufficient to yield 0.7 to 1 part per million of fluorine. For topical application to teeth
a 2 per cent solution is used.
Storage. — Preserve "in well-closed containers."
U.S.P.
SODIUM

GLYCEROPHOSPHATE.
N.F.
[Sodii Glycerophosphas]

C3H5(OH)2P04Na2
"Sodium Glycerophosphate contains not less
than 68 per cent and not more than 74 per cent
of C3H7Na206P." N.F.
Sodium Glycerinophosphate. Natrium # Glycerophosphoricum. Fr. Glycerophosphate de sodium cristallise ; Glycerophosphate de soude. Ger. Glycerinphosphorsaures Natrium.
It. Glicerofosfato di sodio. Sp. Glicerofosfato de sodio ;
Fosfoglicerato sodico.

Sodium glycerophosphate exists in one of two
forms, sodium o//>Aa-glycerophosphate or sodium
6eto-glycerophosphate, depending on whether the
phosphoric acid is esterified with glycerin at the
alpha (terminal) hydroxyl or the beta (middle)
hydroxyl group. According to King and Pyman
(Pharm. J., 1913, 92, 511) the alpha form is a
colorless or yellowish syrupy liquid from which
a white, very hygroscopic mass may be obtained
by drying under reduced pressure. The beta variety, which is official, occurs in the form of plates
or scales.
Formerly, sodium glycerophosphate was obtained commercially as a pasty mass, being manufactured by a process similar to that used in
making calcium glycerophosphate. This method
yielded a salt containing sodium o/pAa-glycerophosphate, the presence of which was responsible
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for the pasty character of the product. Sodium
glycerophosphate is now prepared by heating sodium acid phosphate with two molecular equivalents of glycerin and hydrolyzing the resulting
diglyceryl ester with sodium hydroxide, the product being the solid, beta variety of the salt. The
liquor from which no further amount of salt will
crystallize is called liquid sodium glycerophosDescription. — "Sodium Glycerophosphate ocphate.
curs as white, monoclinic plates or scales, or as a
white powder. It is odorless, and has a salty taste.
One Gm. of Sodium Glycerophosphate dissolves
in about 1.5 ml. of water. It is very soluble in
hot water, but nearly insoluble in alcohol." N.F.
Standards and Tests. — Identification. — (1)
A solution of sodium glycerophosphate responds
to tests for sodium and for glycerophosphate.
(2) On strong heating, sodium glycerophosphate
decomposes, emitting flammable vapors. Alkalinity.— A solution of 1 Gm. in 10 ml. of water requires not more than 1.5 ml. of 0.1 AT sulfuric
acid for neutralization in the presence of phenolphthalein T.S. Alcohol-soluble impurities. — Not
over 10 mg. of matter insoluble in dehydrated
alcohol is obtained from 1 Gm. Phosphate. — This
test is the same as the corresponding one under
Calcium Glycerophosphate, except that the limit
of phosphate is two-thirds that permitted in the
calcium compound. Arsenic. — Sodium glycerophosphate meets the requirements of the official
test. Heavy metals. — The limit is 20 parts per
million. N.F.
Assay. — A solution of 3 Gm. of sodium glycerophosphate in water is titrated with 0.5 N
hydrochloric acid, using methyl orange T.S. as
indicator. Each ml. of 0.5 N hydrochloric acid
represents 108.0 mg. of CsHtN^OsP. N.F.
Incompatibilities. — Glycerophosphates are
susceptible to hydrolytic decomposition; in alkaline solution they form glycerin and a phosphate.
Inclusion of alcohol in liquid dosage forms of
glycerophosphates may cause precipitation of the
latter.
Uses. — Various glycerophosphates have been
used in medicine in the belief that being more
nearly chemically related to the form in which
phosphorus occurs in organic combination in the
body they would be more easily utilized in conditions of malnutrition and thereby facilitate biosynthesis of essential phosphorus compounds in
nerve tissue. This assumption is untenable in
view of the considerable hydrolysis in the intestines whereby glycerophosphates are converted to
and absorbed as phosphate (Grosser, Biochem.
Ztschr., 1912, 39, 1; Plimmer. Biochem. J., 1913,
7, 43), and the subsequent hydrolysis in the
body of any unchanged glycerophosphate with
elimination in the urine as inorganic phosphate.
Forbes {Ohio Technical Bull. No. 6, 1914) reached
the conclusion that there is no fundamental difference in the nutritive value of glycerophosphates and phosphates for swine except that the
former are less likely to disturb the digestive
tract. In a review for the Council on Pharmacy
and Chemistry, Marshall (J.A.M.A., 1915, 64,
573) concluded that "organic phosphorus is of no
more value as a food than inorganic." It is con-
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ceivable, however, that unhydrolyzed glycerophosphate circulating in blood may stimulate metabolism of the central nervous system. In neuralgia,
neurasthenia, Graves' disease, etc., the evidence
for the utility of glycerophosphates is not convincing.
In patients with threatened abortion Bevis
(Lancet, 1949, 2, 535) gave 10 ml. of sodium
^-glycerophosphate intravenously in the form of
a 50 per cent solution without toxic effects but
also without benefit in preventing abortion, [v]
The usual dose is 250 mg. (approximately 4
grains) orally, up to 4 times daily; doses of 600
mg. are sometimes given. From 100 to 200 mg.
has been given intramuscularly.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Compound Glycerophosphates
Elixir, N.F.
SODIUM

HYDROXIDE.

U.S.P., B.P.

Caustic Soda, [Sodii Hydroxidum]

"Sodium Hydroxide contains not less than 95
per cent of total alkali calculated as NaOH, including not more than 3 per cent of Na2C03.
Caution. — Great care is necessary in handling
Sodium Hydroxide, as it rapidly destroys organic
tissues." U.S.P. The B.P. requires not less than
95 per cent of total alkali, calculated as NaOH,
and not more than 2.5 per cent of Na2C03.
Sodium Hydrate; Soda Lye. Natrium Hydricum
(Hydroxydatum, Causticum). Fr. Hydroxyde de sodium;
Soude caustique. Ger. Natriumhydroxyd; Atznatron; Kaustisches Natron. It. Idrato di sodio. Sp. Hidrato de Sodio.

Sodium hydroxide is prepared commercially by
two general processes : The first of these involves
causticizing of milk of lime by sodium carbonate,
the second consists of electrolysis of aqueous sodium chloride solutions.
In the first process a solution of soda ash is
treated with a slight excess of milk of lime. The
reaction which takes place is as follows:
Na2C03 + Ca(OH)2 -* 2NaOH + CaCOs
The calcium carbonate settles out, the clear liquor
is separated and evaporated to a concentrated
solution, which finds considerable commercial use,
or to a dry and fused residue of caustic soda.
In the electrolytic process, an electrical current
is passed between suitable electrodes immersed
in a sodium chloride solution contained in one of
several different types of cells. Sodium is liberated
at the cathode and chlorine at the anode. By a
secondary reaction of the sodium with water,
sodium hydroxide is produced and the resulting
solution is concentrated to permit precipitation of
the sodium chloride which it contains and then,
if desired, evaporated to dryness and fused to
obtain solid caustic soda. Byproducts of the
electrolytic process are hydrogen and chlorine,
the former produced when sodium reacts with
water to yield sodium hydroxide.
Purification of sodium hydroxide may be effected by dissolving it in alcohol, whereby many
contaminating salts remain undissolved; the clear
supernatant liquid is decanted, the alcohol evaporated and the residue of sodium hydroxide is
fused and poured into silver molds of stick form.
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Description. — "Sodium Hydroxide occurs in
white, or nearly white, fused masses, in small
pellets, in flakes, in sticks, and in other forms. It
is hard and brittle and shows a crystalline fracture. Exposed to the air, Sodium Hydroxide rapidly absorbs carbon dioxide and moisture. Its
solutions, even when greatly diluted, are alkaline
to litmus. One Gm. of Sodium Hydroxide dissolves in 1 ml. of water. It is freely soluble in
alcohol." U.S.P.
Standards and Tests. — Identification. — A 1
in 25 solution of sodium hydroxide responds to
tests for sodium. Heavy metals. — The limit is 30
parts per million. Potassium. — A 1 in 20 solution
of sodium hydroxide, acidified with acetic acid,
yields no precipitate with several drops of sodium
cobaltinitrite T.S. Insoluble substances and organic matter. — A 1 in 20 solution of sodium hydroxide is clear and colorless. U.S.P. The B.P.
specifies an arsenic limit of 4 parts per million,
and a lead limit of 5 parts per million.
Assay. — A solution of 1.5 Gm. of sodium hydroxide in recently boiled and cooled water is
cooled to 15° and titrated with 1 N sulfuric acid,
using phenolphthalein T.S. as indicator. Methyl
orange T.S. is then added, and the titration continued to the production of a persistent pink
color. Each ml. of the total volume of 1 iV sulfuric acid consumed represents 40.01 mg. of
NaOH; each ml. of the difference between the
phenolphthalein and methyl orange titrations represents 106.0 mg. of Na2C03. In the titration
employing phenolphthalein the sodium hydroxide
is completely neutralized and the sodium carbonate is neutralized to the bicarbonate stage; after
adding methyl orange, the additional amount of
acid required is for the neutralization of the bicarbonate, inwhich reaction the sodium carbonate
may be considered to have a hydrogen equivalent
of one. U.S.P.
In the B.P. assay the sample, dissolved in
water, is first treated with barium chloride, which
precipitates the carbonate as barium carbonate;
the sodium hydroxide is then titrated with 1 N
hydrochloric acid, using phenolphthalein as indicator; following this, bromophenol blue is added
and the titration with 1 N hydrochloric acid continued, the indicator changing to its acid color
only when the barium carbonate has reacted
quantitatively with the hydrochloric acid. Each
ml. of 1 N hydrochloric acid consumed in the
second titration is equivalent to 53.00 mg. of
Na2C03j each ml. of acid required for the combined titrations is equivalent to 40.01 mg. of
total alkali, calculated as NaOH.
Incompatibilities. — Sodium hydroxide absorbs carbon dioxide and is converted into sodium
carbonate. It liberates ammonia from ammonium
salts. It precipitates salts of most other metals,
except arsenic, forming an oxide or a hydroxide.
Calomel is turned black owing to the formation
of mercurous oxide. Sodium hydroxide precipitates nearly all of the alkaloids from aqueous solutions of alkaloidal salts, the precipitate being the
alkaloid. It causes hydrolytic decomposition of
some alkaloids, as atropine, cocaine and aconitine.
With fatty acids and fats sodium hydroxide forms
soluble soaps.
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Uses. — Sodium hydroxide is not employed internally. Itis sometimes used as a caustic in the
same manner as potassium hydroxide (q.v.), having the advantage over the latter of being less
deliquescent. Sodium hydroxide is used mainly,
however, in various chemical and pharmaceutical
processes.
When taken in overdose sodium hydroxide acts
as a caustic poison, although not quite so severely
as potassium hydroxide. Accidental poisoning is
not uncommon, especially in children, because of
its domestic use as lye. The symptoms are pain in
the throat, vomiting — which may become bloody
— abdominal cramps with purging, swelling and
discoloration of the visible mucous membranes,
and collapse. The most important consideration
in the treatment is immediate neutralization of
the poison. For this purpose vinegar or lemon
juice (in tablespoonful doses, diluted) are efficient; olive oil, or other bland oil, is also of
service. If the patient survives the immediate
danger there may ,be such serious sequelae from
destruction of mucous membranes of the alimentary tract that death may follow later from stricture and starvation (Hanckel, Ann. Otol. Rhin.
Laryng., 1951, 60, 22). For sodium hydroxide
burns of the eye. Tern' {Brit. M. J., 1943, 1,
756) found irrigation with a 5 per cent ammonium chloride solution, followed by irrigation
for 1 hour with an isotonic solution of sodium
chloride, to be far superior to previous methods
involving similar use of sodium bicarbonate or
boric acid solution. S
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep. — Glycerin Suppositories. U.S.P.;
Nitromersol Solution; Nitromersol Tincture,
N.F.; Mixture of Magnesium Hydroxide. B.P.
SODIUM HYPOCHLORITE
SOLUTION.
N.F.
Liquor Sodii Hypochloritis

"Sodium Hypochlorite Solution contains not
less than 4 per cent and not more than 6 per cent
of NaClO. Caution. — This Solution is not suitable
for application to wounds." N.F.
Hyclorite (.Pennsylvania Salt Mfg. Co.). Sp. Solution de
Hipoclorito de Sodio.

Solution of sodium hypochlorite takes the place
of the former Liquor Sodce Chlorinates, commonly called Labarraque's Solution, the activity
of which is dependent on its content of sodium
hypochlorite. "Note. — If 'Laborraque's Solution'
is ordered. Sodium Hypochlorite Solution, diluted
with an equal volume of water, is to be dispensed." N.F.
Aqueous solutions of sodium hypochlorite are
easily and cheaply made by electrolysis of a cold
dilute solution of comman salt (see Kolin, Ind.
Chemist, 1932, 8, 97). Cells without a diaphragm
are used, in order that the chlorine liberated at the
anode may react with sodium hydroxide formed at
the cathode; the temperature should be kept as
low as possible to minimize the formation of sodium chlorate.
Description. — "Sodium Hypochlorite Solution
is a clear pale, greenish yellow liquid, having an
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odor of chlorine. It is affected by light." N.F.
Standards and Tests. — Identification. — (1)
The solution first colors red litmus blue, then
bleaches it. (2) Chlorine is evolved on adding
diluted hydrochloric acid to sodium hypochlorite
solution. (3) The solution obtained in the preN.F. ceding test responds to the flame test for sodium.
Assay. — A 3-ml. portion of the solution, accurately weighed, is diluted with water, mixed
with potassium iodide and acetic acid and the
liberated iodine titrated with 0.1 iV sodium thiosulfate. using starch T.S. as indicator. In this
assay each molecule of NaClO liberates one
molecule of iodine, the valence of the chlorine
being reduced from that in hypochlorite (+1) to
the —1 valence of chloride. Each ml. of 0.1 N
sodium thiosulfate represents 3.722 mg. of
XaClO. N.F.
The formerly official Liquor Sodce Chlorinatce,
U.S. P. X {Solution of Chlorinated Soda) was
made as follows :
"Monohydrated Sodium Carbonate, 70 Gm.;
Chlorinated Lime, 100 Gm.; Water, a sufficient
quantity to make 1,000 Gm. Triturate the chlorinated lime with 500 cc. of water gradually
added until a uniform mixture results. Dissolve
the monohydrated sodium carbonate in 500 cc.
of warm water, and add this solution to the
chlorinated lime mixture contained in a suitable
vessel. Stir or shake the mixture thoroughly,
and if it becomes gelatinous warm the vessel
very gently until its contents again liquefy.
Then transfer the mixture to a wetted muslin
strainer, and return the first portion until the
liquid passes through clear. Add a few drops
of sodium carbonate T.S. to 10 cc. of this clear
filtrate. If it remains clear on the addition of
the reagent, continue the operation without further treatment. If the filtrate becomes cloudy,
return the mixture to the vessel, add sufficient
monohydrated sodium carbonate to precipitate
the excess of lime and again filter, returning
the first portions until the liquid passes through
clear. When no more liquid drains from the
filter, wash the precipitate with enough water to
make the product weigh 1,000 Gm." U.S. P. X.
It was required to contain "not less than 2.6
per cent of NaOCl, equivalent to not less than
2.5 per cent of available chlorine."
Incompatibilities. — Substances incompatible
with sodium hypochlorite solution are acids and
oxidizing agents, which liberate chlorine. The
solution liberates iodine from iodides and bleaches
many organic colors.
Uses. — Sodium hypochlorite solution has the
germicidal action of hypochlorites (see also Diluted Sodium Hypochlorite Solution). For disinfection of large masses of organic matter it is
inferior to chlorinated lime. It is, however, an
excellent agent for disinfection of various utensils which are not injured by its bleaching action,
such as clinical thermometers and glass or china
ware which has been used by patients with contagious disease. As a foot-bath for prophylaxis
against ringworm, the official solution may be
diluted with 4 parts of water.
Because of their oxidizing action hypochlorites
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have strong deodorizing effects. They are also
make directly "available" two atoms of chlorine
(if sufficient chloride is also present) or supply
powerful bleaching agents and in concentrated
its equivalent in the form of nascent oxygen. As
solution may have injurious effects on the organic
matter of various fabrics.
a result, the "available chlorine" is twice the
actual percentage of chlorine calculated from the
Under the name of Antiformin an alkaline solution of sodium hypochlorite is largely used in the
chemical formula. This makes the "available
bacteriological laboratory. This solution contains
chlorine" of sodium hypochlorite about 95.5 per
about 5.2 per cent of available chlorine. Its value
cent, which also explains why there is little diflies in its property of liquefying various organic
ference in the strength of diluted sodium hypochlorite solution whether it is expressed in terms
matters and of dissolving most varieties of bacteria. It is especially employed for the purpose
of sodium hypochlorite, or as "available chlorine."
The explanation of the neutralization of the
of recognizing tubercle bacilli in the sputum; it
liquefies the sputum, so that centrifugation is alkalinity of sodium hypochlorite solution with
the mildly alkaline sodium bicarbonate is that the
possible, and dissolves other bacteria.
bicarbonate ions combine with hydroxyl ions to
Storage. — Preserve "in tight, light-resistant
containers, preferably at a temperature not above , form carbonate ions, whose hydrolysis is suffiiently repressed to fail to produce a pink color
Hi
^
25°. » N.F.
^
with the low concentration of phenolphthalein
g^
JfiWr
DILUTED SODIUM HYPOCHLORIT
obtainable with the powder (see Osol and Cox,
SOLUTION.
N.F. (B.P.)
/. A. Ph. A., 1939, 28, 148).
Modified Dakin's Solution, Liquor Sodae Chlorinatae
An older process for preparing this solution
Chirurgicalis, Liquor Sodii Hypochloritis Dilutus
consisted in the interaction of chlorinated lime and
exsiccated sodium phosphate; a table was pub"Diluted Sodium Hypochlorite Solution is a
lished in the U.S. P. X for determining the quansolution of chlorine compounds of sodium containing, in each 100 ml., not less than 450 mg.
tities of the different strengths of chlorinated lime
to be reacted with exsiccated sodium phosphate.
and not more than 500 mg. of NaClO." N.F. The
B.P. requires not less than 0.5 per cent w/v
The B.P. solution is prepared by reacting chloriand not more than 0.55 per cent w/v of available
nated lime and sodium carbonate, reducing the
chlorine.
alkalinity with boric acid. Since chlorinated lime
B.P. Surgical Solution of Chlorinated Soda; Liquor
contains a variable quantity of "available chloSodae Chlorinatae Chirurgicalis. Dakin's Solution; Carrelrine," in consequence of which varying amounts
Dakin's Solution.
Liquor
Natrii Hypochlorosi
(It.); Solutio
of sodium carbonate and boric acid are required
Hypochloritis
Sodii
ex Dakin.
Fr. Solute neutre
dilue
to produce a solution meeting official specificad'hypochlorite de sodium; Solute dit de Dakin. Ger.
Natriumhypochloritlbsung nach Dakin. It. Soluzione di
tions, the B.P. provides a table giving the amount
ipoclorito di sodio. Sp. Solucion de hipoclorito de sodio,
de Dakin; Solucion Dakin.
of each chemical required for the range of 30 to
40
lime.per cent "available chlorine" in chlorinated
Dilute 1000 ml. of sodium hypochlorite solution with 5000 ml. of purified water, add 40 ml.
Description. — "Diluted Sodium Hypochlorite
of a 5 per cent solution of sodium bicarbonate in
Solution is a colorless or light yellow liquid havcold purified water and mix well. To about 20 ml.
ing a slight odor suggesting chlorine." N.F.
of this solution add 20 mg. of powdered phenolStandards and Tests. — Specific gravity. —
phthalein, and shake it gently for 2 minutes. If a
Not over 1.025. Total solids. — Not over 300 mg.
red color appears, add more of the sodium bicarof residue, ignited in the presence of sulfuric
bonate solution to the diluted sodium hypochlorite
acid, is obtained from 10 ml. of diluted sodium
solution until another test with powdered phenolhypochlorite solution. Alkalinity. — No red color
phthalein, performed as described, fails to show a
is produced on adding 20 mg. of powdered phenolpink color. Assay the liquid and dilute it with
phthalein to 20 ml. of diluted sodium hypochloenough purified water to make the final solution
rite solution. N.F.
contain, in each 100 ml, 480 mg. of NaClO. N.F.
Assay. — A 15-ml. portion of the solution is
The term "available chlorine," so frequently
analyzed by the method used for Sodium Hypoused in expressing the strength of hypochlorites,
chlorite Solution. N.F.
may be confusing. Sodium hypochlorite may be
Uses. — In 1915, as a result of experiences in
represented as decomposing, in the presence of
the treatment of gunshot wounds in World War I,
oxidizable material, in the following manner:
Doctor Dakin called attention to the disinfectant
value of a solution of chlorinated soda neutralized
NaClO -» NaCl + (O), thus liberating nascent or
active oxygen, which may enter into chemical rewith boric acid (Brit. M. J., 1915, 2, 318). His
action, or two atoms may combine to form molecoriginal formula was so«n afterwards modified by
ular oxygen. In solutions which contain chloride,
Doctor Carrel. Subsequently a considerable numas do the official preparations, an atom of active
ber of modifications of these solutions were
oxygen may, in the presence of an acid, as for
suggested, but they are all known generically as
example acetic acid, react to liberate one molecule
Carrel-Dakin solutions and they all depend for
(two atoms) of chlorine, thus:
their
activity upon the presence of sodium hypochlorite.

(O) + 2NaCl + 2HC2H3O2 ->
Ch + 2NaC2H302 + H2O
From these equations, it is obvious that one molecule of sodium hypochlorite, although itself containing only a single chlorine atom, can either

The formula as originally given by Dakin (loc.
cit.) is as follows: Dissolve 140 Gm. of dry
sodium carbonate (or 400 Gm. of the crystalline
variety) in 10 liters of tap water. Add 200 Gm.
of chlorinated lime and shake well. Half an hour
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later siphon off the clear fluid and filter through
cotton. Add 40 Gm. of boric acid, which should
yield a solution only faintly alkaline. This solution represents, according to Dakin, between 0.5
and 0.6 per cent of sodium hypochlorite.
The hypochlorites possess powerful germicidal
effects, probably because in solution they yield
nascent oxygen (see above, and also under Chlorinated Lime). Germicidal action is related to the
concentration of undissociated hypochlorous acid,
HCIO, in the solution; at pH 6 the germicidal
action is 10 times greater than at pH 9. Knox
et al. (J. Bact., 1948, 55, 451) attributed germicidal action to oxidation of sulfhydryl enzymes essential in metabolism of bacteria. In the presence
of a considerable amount of organic matter the
antibacterial properties of hypochlorites are
greatly lowered, presumably because the active
oxygen attacks organic matter instead of bacteria.
Tilley (/. Agricult. Research, 1920, 20, 85) demonstrated that in germicidal power sodium hypochlorite ranks with mercury bichloride. In the
absence of organic material 1 part in 25,000 kills
most non-sporulating bacteria, and 1 part in 200
kills the highly resistant anthrax spores after 2
hours. In the presence of blood serum, however,
the germicidal action is very much weaker, a 1
to 400 solution requiring 2 hours to kill the ordinary vegetative forms; this latter strength is approximately equivalent to 50 per cent of the
official surgical solution. The value of this solution in surgery depended, however, not merely
on its antibacterial action, but to a large extent
upon its power of dissolving necrotic tissue, and
hence its utility in getting rid of undesirable
detritus. This solvent power, however, may become very dangerous in some conditions. Chevrier
(Drug. Circ, 1918, 62, 212) called attention to
the danger of secondary hemorrhage from dissolving of ligature material, and Sheldon (Pharm.
J., 1918, 101, 150) demonstrated a solvent action
upon catgut, silkworm gut, silk thread and horse
hair; he found linen thread much more resistant.
Dissolution of blood clots and interference with
the action of thrombin in forming a new clot may
result in hemorrhage from an irrigated wound.
Frequently the solution is applied by a method
of continuous irrigation, in which case care must
be observed to protect the skin surrounding the
wounded area. It is sometimes used for irrigation
of internal cavities like the bladder. The solution
is employed in concentrations ranging from full
strength to a 1 in 4 dilution, according to the
condition for which it is applied.
Storage. — Preserve "in tight, light-resistant
containers, and avoid excessive heat.'" N.F.
SODIUM HYPOPHOSPHITE.
N.F.
[Sodii Hypophosphis]

NaPH202.H20
"Sodium Hypophosphite. dried over sulfuric
acid for 2 hours, contains not less than 98 per
cent of XaPHjG^.EbO. Caution should be observed in compounding Sodium Hypophosphite
with other substances, as an explosion may occur
if it is triturated or heated with nitrates, chlorates,
or other oxidizing agents." N.F.
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Hypophosphite of Soda. Natrium Hypopbosphorosum;
Hypophosphis Sodicus. Fr. Hypophosphite de sodium;
Hypophosphite de soude. Ccr. Natriumhypophosphit; Unterphosphorigsaures Natrium. It. Ipofosfito di sodio. Sp.
Hipofosfito de sodio;
Hipofosfito de sosa.

Sodium hypophosphite may be prepared by
double decomposition of solutions of calcium
hypophosphite and sodium carbonate.
Ca(H2P02)2 + Na2COs -» 2NaH2P02 + CaCOa
After filtration to separate the precipitated calcium carbonate, the solution is evaporated under
vacuum until the salt crystallizes or granulates.
To purify the granulated salt it is dissolved in
alcohol, and the filtered liquid, having been evaporated to a syrupy consistence, is set aside to
crystallize.
Sodium hypophosphite may also be prepared by
heating phosphorus with a solution of sodium hydroxide, as represented by the following reaction :
SXaOH -f 4P + 3H20 -* PH3 + 3XaH2P02
The reaction mixture is evaporated, the residue
dissolved in alcohol, and the filtered solution set
aside to crystallize.
Sodium hypophosphite has been known to explode wtih violence during evaporation of its
solutions. It would appear that too high a temperature isresponsible.
Description. — "Sodium Hypophosphite occurs as small, colorless, transparent, rectangular
plates of a pearly luster, or as a white, granular
powder. It is deliquescent on exposure to moist
air, is odorless, and has a salty taste. An aqueous
solution of Sodium Hypophosphite (1 in 20) is
neutral or alkaline to litmus. One Gm. of Sodium
Hypophosphite dissolves in about 1 ml. of water
and in about 0.2 ml. of boiling water. It is soluble
in alcohol, slightly soluble in dehydrated alcohol,
and freely soluble in glycerin, and in boiling
alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 aqueous solution of sodium hypophosphite
responds to tests for sodium and for hypophosphite. Loss on drying. — Not over 3 per cent,
when dried over sulfuric acid for 2 hours. Alkalinity.— One Gm. requires not more than 1.5 ml.
of 0.1 .V hydrochloric acid for neutralization, using methyl orange T.S. as indicator. Phosphate. —
No precipitate or turbidity results within 1 minute
after adding magnesia mixture T.S. to an aqueous
solution of sodium hypophosphite which has been
made alkaline with ammonia. Arsenic. — A 5-ml.
portion of a 1 in 25 solution meets the requirements of the test for arsenic. Calcium. — A mixture of a solution of sodium hypophosphite, ammonium oxalate T.S. and ammonia T.S. remains
clear for at least a minute. Heavy metals. — The
limit is 20 parts per million. N.F.
Assay. — About 120 mg. of dried sodium hypophosphite isanalyzed as directed under Calcium
Hypophosphite. Each ml. of 0.1 AT bromine represents 2.650 mg. of NaPHoO^.HoO. N.F.
Incompatibilities. — Sodium hypophosphite is
oxidized to sodium phosphate by nearly all oxidizing agents. Mercury compounds are reduced to
metallic mercury even in neutral and alkaline
mixtures. Heat decomposes sodium hypophosphite
and produces flammable hydrogen phosphide gas.
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Sodium

Sodium hypophosphite should not be triturated
with oxidizing agents like potassium chlorate lest
an explosion occur.
Uses. — This preparation is as useless as the
other hypophosphites (see Hypophosphorous
Acid).
The N.F. gives the usual dose as 500 mg. (approximately l]/2grains).
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Compound Hypophosphites
Syrup, N.F.
SODIUM

INDIGOTINDISULFONATE.
U.S.P. (B.P.)

Indigo Carmine,

Na03S

[Sodii

Indigotindisulfonas]

S03Na

"Sodium Indigotindisulfonate contains not less
than 97 per cent of sodium indigotindisulfonates,
calculated on the dried basis as Ci6HsN2Na208S2." U.S.P. The B.P. defines Indigo Carmine as
di-sodium indigotin-5:5'-disulphonate and requires
it to contain not less than 90.0 per cent of
Ci6H80sN2S2Na2, calculated with reference to
the substance dried to constant weight at 105°.
B.P. Indigo Carmine; Indicarminum. Soluble Indigo;
Sodium Indigosulfonate. Indigocarmin; Natrium Indigosulfonicum. Fr. Indigosulfonate de sodium; Carmin
d'indigo;
Natrium. Ceruleine. Get. Indigotine; Indigosulfonsaures

Indigotin, commonly called indigo blue, CieH10N2O2, the coloring principle of several species
of Indigofera but commonly produced by synthesis, is a neutral, tasteless, dark blue powder, insoluble in water. When this is acted upon
by sulfuric acid it forms indigotindisulfonic acid,
Ci6H8N202(HS03)2. Neutralization of the two
acidic hydrogens of the purified acid, followed by
its separation from solution by the salting-out
action of sodium chloride, yields the official salt.
The product retains more or less of the sodium
chloride as a contaminant.
Description. — "Sodium Indigotindisulfonate
occurs as a dusky purplish blue powder, or as
blue granules with a coppery luster. It is affected
by fight. Solutions of Sodium Indigotindisulfonate
have a blue or bluish purple color. One Gm. of
Sodium Indigotindisulfonate dissolves in about
100 ml. of water. It is slightly soluble in alcohol
and practically insoluble in most other organic
solvents." U.S.P.
Standards and Tests. — Identification. — (1)
The residue obtained on incineration responds to
tests for sodium and for sulfate. (2) Hydrochloric acid changes the color of an aqueous solution of sodium indigotindisulfonate to bluish violet; dilution of the acidified solution restores the
original color. (3) Sodium hydroxide T.S.
changes the color of an aqueous solution of sodium
indigotindisulfonate to a yellow or olive-brown.
(4) Addition of sodium chloride to an aqueous
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solution of sodium indigotindisulfonate produces
a blue precipitate. Loss on drying. — Not over 10
per cent, when dried at 105° for 3 hours. Waterinsoluble substances. — Not over 5 mg. is obtained
on dissolving 1 Gm. of sodium indigotindisulfonate in 100 ml. of water. Arsenic. — A portion
of 200 mg. meets the requirements of the test for
arsenic. Lead. — The limit is 10 parts per million.
Lower sulfonated dyes. — Not more than 5 per
cent of sodium indigotinmonosulfonate, calculated
on a dry basis for the indigotindisulfonate, is
present. U.S.P.
According to the B.P. the addition of nitric
acid, bromine, or chlorine to a 1 in 200 aqueous
solution of the salt discharges the blue color. The
color is also discharged by warming the solution
with sodium hydroxide and zinc dust or with
stannous chloride solution. The B.P. limits arsenic
to 4 parts per million and lead to 20 parts per
million.
Assay. — About 500 mg. is dissolved in water,
sodium acid tartrate added, the solution heated
to boiling and the dye reduced by titration with
0.1 N titanium trichloride until the blue color disappears. Each ml. of 0.1 N titanium trichloride
represents 23.32 mg. of Ci6H8N2Na20sS2. U.S.P.
Uses. — This salt is used as a dye, as a microscopic stain, and as a chemical reagent in several
qualitative and quantitative tests. It was formerly
specified as the coloring for mercury bichloride
tablets.
Indigo carmine is used as a test of kidney function. For this purpose, a solution of the dye is
injected, usually intravenously, and the urine collected at the end of 10 minutes and each hour
thereafter for 3 hours. The proportion of dye
eliminated may be determined by comparing the
depth of color in the urine with a standard solution. Normally the dye appears within less than
10 minutes and during the first hour about 10 per
cent of it is eliminated. For detailed information
concerning the test see Thomas and Birdsall
(J.A.M.A., 1917, 69, 1747). The dye may be
used, intravenously, along with cystoscopic examination of urethral openings to evaluate the function of each kidney separately.
The usual dose is 40 mg., intravenously, with
a range of 40 to 80 mg. By subcutaneous injection from 50 to 100 mg. is given.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SODIUM

INDIGOTINDISULFONATE
INJECTION.
U.S.P.

"Sodium Indigotindisulfonate Injection is a
sterile solution of sodium indigotindisulfonate in
water for injection. It contains not less than 95
per cent and not more than 105 per cent of the
labeled amount of Ci6H8N2Na208S2." U.S.P.
Indigo Carmine Injection.

Solutions of sodium indigotindisulfonate may
be sterilized by heating in an autoclave, or by
filtration through a bacteria-proof filter.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — 40 mg. in 5 ml.
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Iodide

IODIDE.
[Sodii

U.S.P., B.P., LP.
Iodidum]

"Sodium Iodide contains not less than 99 per
cent of Nal, calculated on the anhydrous basis."
U.S.P. The B.P. and LP. also require not less
than 99.0 per cent of Nal, the B.P. calculating
the assay result with reference to the substance
dried to constant weight at 105° and the LP.
calculating it with reference to the substance
dried to constant weight at 120°.
I. P. Natrii Iodidum. Natrium Ioduretum; Natrium
Jodatum; Sodii Iodurum. Fr. Iodure de sodium. Ger.
Natriumjodid ; Jodnatrium. It. Joduro di sodio. Sp.
Yoduro de sodio.

Sodium iodide may be prepared either by treating a solution of sodium hydroxide with iodine
and reducing the iodate simultaneously formed,
or by double decomposition between ferrous
iodide and sodium carbonate, just as potassium
iodide is obtained by the corresponding processes
for that salt.
Description. — "Sodium Iodide occurs as
colorless, odorless crystals, or as a white, crystalline powder. In moist air Sodium Iodide cakes
and then deliquesces, and frequently undergoes
decomposition, developing a brown tint. One Gm.
of Sodium Iodide dissolves in 0.6 ml. of water,
in about 2 ml. of alcohol, and in about 1 ml. of
glycerin." U.S.P.
Standards and Tests. — Identification. — A 1
in 20 solution of sodium iodide responds to tests
for sodium and for iodide. Alkalinity. — No red
color is produced on adding a drop of phenolphthalein T.S. to a solution of 1 Gm. of sodium
iodide in 10 ml. of water containing 0.15 ml. of
0.1 N sulfuric acid. Water. — Not over 5 per cent,
when determined by drying at 120° for 2 hours
or by the Karl Fischer method. Iodate, nitrite,
thiosulfate, and barium. — This test is identical
with the corresponding one under Potassium
Iodide. Nitrate, nitrite, and ammonia. — This test
is identical with the corresponding one under
Potassium Iodide. Heavy metals. — The limit is
10 parts per million. Potassium. — No precipitate
is produced on adding sodium bitartrate T.S. to a
solution of sodium iodide. U.S.P. Both the B.P.
and the LP. limit arsenic to 2 parts per million
and lead to 10 parts per million.
Assay. — About 500 mg. of sodium iodide is
assayed as directed under Potassium Iodide. Each
ml. of 0.05 M potassium iodate represents 14.99
mg. of Nal. U.S.P.
Incompatibilities. — Sodium iodide possesses
incompatibilities common to soluble iodides.
Oxidizing agents liberate iodine from it when it
is in solution. Ethyl nitrite spirit liberates iodine
and oxides of nitrogen. Sodium iodide, because of
the presence of a trace of alkali to give it stability, precipitates aqueous solutions of many
alkaloidal salts. Alcohol will sometimes prevent
precipitation. The precipitation of strychnine is
particularly dangerous because the change may
not occur for some time. The deliquescent nature
of sodium iodide renders it difficult to handle in
dry mixtures.
Uses. — Sodium iodide has the same therapeutic
effects as the other iodides (see Potassium

I

Iodide). It is said to be better borne by the
stomach than is potassium iodide, although it contains 8 per cent more iodine; it is the iodide
which is used intravenously. Pfannenstill
(Deutsch med. Wchnschr., 1911, p. 2420) reported that by the administration of large doses
of sodium iodide internally and application of
hydrogen peroxide externally, local liberation of
free iodine may be obtained at the point of application of the peroxide; he recommended this
method of treatment in tuberculous ulcers of the
mucous membrane and in lupus.
Sodium iodide is given intravenously in 10 or
20 per cent aqueous solution in those conditions
in which large doses of iodides are indicated (see
under Potassium Iodide). Baker et al. (Ann. Surg.,
1951, 134, 641) found the ability of iodides to
lower the viscosity of bronchial secretions to be
of benefit in prevention of postoperative
atelectasis; they administer 1 Gm. of sodium
iodide intravenously twice daily for 3 or 4 days
after operation and the patient is asked to cough
about 15 minutes after the injection. Although
not generally sanctioned, intravenous doses of 1
or 2 Gm. at intervals of 2 to 6 days are given,
somewhat nonspecifically, in a wide variety of
conditions. Beers (J.A.M.A., 1939, 112, 2552)
reported good results with such treatment in
herpes zoster. Combinations with guaiacol or sodium salicylate or with colchicine are used intravenously. The use of sodium iodide alone or in
these combinations intravenously is not without
danger; acute iodism, colloidoclastic shock and
pulmonary edema have resulted and fatalities
have been caused. The accepted indications for
intravenous iodides are severe thyroid crisis and
severe paroxysms of asthma intractable to other
therapy. Solutions of from 15 to even 50 per
cent concentration have been injected into sinus
tracts for their visualization by roentgen rays
but less irritating and toxic preparations of iodine
are now in use (see under Iodized Oil). B
Dose. — The usual dose is 300 mg. (approximately 5grains) by mouth 3 times daily, with
a range of 300 mg. to 1 Gm. ; the maximum safe
dose is 2 Gm. and the total dose in 24 hours
should seldom exceed 6 Gm. The oral dose should
be dissolved in about 250 ml. of water or milk.
Intravenously, 1 or 2 Gm. in a 10 or 20 per cent
solution is injected every 2 to 6 days.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— Iodine Tincture, U.S.P., I. P.;
Iodine Solution; Sodium Iodide Injection; Sodium Salicylate and Iodide Injection; Sodium
Salicylate and Iodide with Colchicine Injection,
N.F.
SODIUM

IODIDE

INJECTION.

N.F.

Sodium Iodide Ampuls

"Sodium Iodide Injection is a sterile solution
of sodium iodide in water for injection, and yields
Nal equal to not less than 95 per cent and not
more than 103 per cent of the labeled amount of
Nal." N.F.
Sodium iodide solution, unless it is definitely
alkaline, soon becomes colored through liberation

Sodium

Part I
of iodine. Addition of a small amount of methenamine will also keep it colorless.
Assay. — A volume of solution representing
about 250 mg. of sodium iodide is titrated directly
with 0.1 N silver nitrate, using dichlorofluorescein
T.S. as indicator. This indicator functions by
being adsorbed strongly on silver iodide just beyond the equivalence point of the titration, giving
the precipitate a faint pink color. The mechanism
of the adsorption reaction is as follows : Before all
the iodide ion has been precipitated, the silver
iodide formed is negatively charged by adsorption of iodide ions, which has the effect of repelling the negatively charged dichlorofluoresceinate ions; when the equivalence point is reached,
and then a slight excess of silver ion is added, the
silver iodide is positively charged by adsorption
of silver ions, which in turn adsorb the dichlorofluoresceinate ion to produce the pink color characteristic of the end point. Each ml. of 0.1 N
silver nitrate represents 14.33 mg. of NaT N.F.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Sizes. — 500 mg. (7^4 grains) in 5 ml.;
1 Gm. (15 grains) in 10 ml.; 2 Gm. (30 grains)
in 10 ml. and in 20 ml.
SODIUM

IODOMETHAMATE.
U.S.P. (B.P.)

Iodoxyl, Disodium l-Methyl-3,5-diiodo-4-pyridone-2,6dicarboxylate

Ch,
NaOOCT^M'^COONa
I
"Sodium lodomethamate, dried over sulfuric
acid in a vacuum desiccator for 24 hours, contains not less than 50.5 per cent and not more than
52.5 per cent of iodine (I), corresponding to not
less than 98 per cent of CsH^bN^Os." U.S.P.
The B.P. defines Iodoxyl as the disodium salt of
3 : 5-diiodo-N-methyl-4-pyridone-2 : 6-dicarboxylic
acid, prepared by methylation of diiodochelidamic acid and subsequent conversion to the
disodium salt. It contains from 50.5 to 52.5 per
cent of I, and from 9.2 to 9.4 per cent of Na,
both calculated to the substance dried over phosphorus pentoxide at a pressure not exceeding 5
mm. of mercury.
B.P. Iodoxyl; Iodoxylum. Neo-Iopax (Schering).

The method of preparing this radiopaque
medium by methylation of diiodochelidamic acid
is described in U. S. Patent 1,919,417 (July 25,
1933). The latter substance may be obtained by
iodination of chelidamic acid, which is prepared
by heating chelidonic acid with ammonia; the
chelidonic acid may be synthesized from ethyl
oxalate and acetone (see J.A.C.S., 1926, 48,
1343).
Description. — "Sodium lodomethamate occurs a white, odorless powder. One Gm. of Sodium lodomethamate dissolves in about 1 ml. of

lodomethamate

1281

water and in about 100 ml. of alcohol. It is insoluble inether and in chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
Diiodochelidamic acid, liberated from the salt
with acid, melts between 168° and 174°. (2)
Violet vapors escape when sodium iodomethamate
is heated in a porcelain crucible with sulfuric
acid. (3) The residue from the ignition of sodium
iodomethamate responds to tests for iodide and
for sodium. Loss on drying. — Not over 1 per cent,
when dried over sulfuric acid in a vacuum desiccator for 24 hours. Arsenic. — The limit is 10 parts
per million. Heavy metals. — No color is produced
on adding 2 drops of sodium sulfide T.S. to a
solution of 500 mg. of sodium iodomethamate in
10 ml. of water. Diiodochelidamic acid. — Not
over about 0.05 per cent. U.S.P. The B.P. limits
arsenic to 5 parts per million.
Assay. — About 200 mg. of dried sodium iodomethamate isanalyzed as directed in the assay of
Iodophthalein Sodium for iodine. Each ml. of the
0.05 N silver nitrate required represents 6.346
mg. of iodine. U.S.P. The B.P. assay for iodine
is identical with that for Iodized Oil. The assay
for sodium is based on ignition of the sample, in
the presence of sulfuric acid, whereby sodium is
converted to sulfate, which is weighed.
Uses. — Sodium iodomethamate is used as a
radiopaque medium in the diagnosis of various
abnormalities of the urinary tract, in angiocardiography, aortography and cerebral arteriography. Precautions as to its use are similar to
those for Iodopyracet (q.v.). It serves to delineate radiolucent urinary calculi as well as to
facilitate diagnosis of new growths and infections
involving the kidney and ureter, and may give
evidence of urinary extravasation in traumatic
lesions. Poor kidney function interferes with elimination of the dye and hence diminishes visualization. As a consequence its visualization serves as
a reliable test of kidney function.
The patient is prepared for intravenous
pyelography by emptying the intestinal tract by
means of laxatives and fasting. The material is
administered intravenously over a period of about
5 minutes, the adult dose being 30 ml. of a 50
per cent solution or 20 ml. of a 75 per cent solution. In children 10 ml. of the former solution or
less, according to age, is the usual dose. The
x-ray films are made at intervals of 5, 15 and 30
minutes after injection, abdominal compression
being unnecessary. In retrograde pyelography the
dosage required is 15 ml. of a 20 per cent concentration for unilateral visualization, 25 ml. for
a bilateral study. Rarely there may be reflex
anuria following the latter method.
Sodium iodomethamate has been used in angiocardiography (see Dotter and Steinberg, Ann.
Int. Med., 1949, 30, 1104) and in cerebral arteriography in doses of 10 to 30 ml. of the 50 per
cent concentration. The 75 per cent solution is
used in doses of 12 ml. for abdominal aortography. Its high record of safety has been cited
by Mullen and Hughes {Am. J. Roentgen., 1952,
68, 903). The substance is used for double contrast arthrography of the knee joint (see Parker
and De Lorimer, California Med., 1953, 78, 424),
utilizing preliminary instillation into the joint
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space of a solution of sodium iodomethamate,
followed by aspiration of most of the quantity
and subsequent injection of oxygen. After x-ray
films have been made the synovial cavity is
washed with sterile saline solution to eliminate
the iodide.
Toxicology. — The injection occasionally
causes marked systemic reactions, indicated by
flushing of the face, a sensation of warmth,
erythematous skin eruptions that may persist
for days, tachycardia, nausea and vomiting. Considerable pain in the injected arm may be present
for one or two hours. Sodium iodomethamate
is contraindicated in patients with severe hepatic
or renal disease, especially with uremia, and is
to be used with caution in the presence of hyperthyroidism or tuberculosis. Allergic reactions to
organic iodine must be guarded against (see
under Iodopyracet).
Dose. — The usual dose is 10 Gm. intravenously
or by special injection; the range is 3 to 37.5
Gm. Solutions shquld be warmed to body temperature before intravenous injection. Doses for
various purposes are mentioned above. Before
rapid intravenous injection, as for angiocardiography, an initial injection of 1 ml., after which
the patient is observed for 1 minute for any sign
of hypersensitivity, is advised before the remainder of the dose is injected during a period
of 30 to 60 seconds. Following such an injection,
the arm should be held above the body for a few
minutes to facilitate drainage and minimize the
danger of phlebitis.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SODIUM IODOMETHAMATE
INJECTION.
U.S.P. (B.P.)
"Sodiumof Iodomethamate
Injectioniniswater
a sterile
solution
sodium iodomethamate
for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of C8H3l2NNa205." U.S.P. The corresponding limits of the B.P. are 93.0 and 107.0
per cent, respectively.
B.P. Injection of Iodoxyl ; Injectio Iodoxyli.

Storage. — Preserve "in single-dose containers,
preferably
of Type I glass, protected from light."
U.S.P.
Usual Sizes. — 10 and 15 Gm. in 20 ml.; 15
Gm. in 30 ml.; 37.5 Gm. in 50 ml.
SODIUM

LACTATE
U.S.P.

INJECTION.

[Injectio Sodii Lactatis]

"Sodium Lactate Injection is a sterile solution
of sodium lactate (CsHsNaOs) in water for injection. It contains not less than 95 per cent and not
more than 110 per cent of the labeled amount of
C3H5Na03." U.S.P.
Sodium r-Lactate Injection. Sp. Inyeccion de Lactato de
Sodio.

This preparation is a solution of the sodium
salt of the official racemic or inactive lactic acid.
The concentration in which sodium lactate is em-

Pari
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ployed when given intravenously or subcutaneously is usually one-sixth molar (1.87 Gm. in
100 ml.), which solution is approximately isotonic
with the blood; in the presence of cardiac insufficiency itmay be given in one-fifth or one-fourth
molar concentration. The sodium lactate is prepared by neutralizing lactic acid with sodium hydroxide, at elevated temperature to insure hydrolysis of lactic anhydride; sufficient alkali to
produce a neutral solution toward phenol red
(corresponding to a pH of approximately 7) after
the solution has been maintained at nearly boiling
for half an hour or longer is required. Stock solutions which are one molar (11.2 Gm. in 100 ml.)
in concentration are commonly employed; a solution as strong as 2% molar (37.4 Gm. in 100 ml.)
is used by some as a stock solution. For use, the
one molar solution is diluted with five volumes
of water for injection, and the 2% molar solution
is diluted with nineteen volumes of the water.
Standards and Tests. — Identification. — (1)
A deep red color is produced at the zone of contact of 2 ml. of the injection which has been
superimposed on 5 ml. of a 1 in 100 solution of
catechol in sulfuric acid. (2) The odor of acetaldehyde is apparent on heating a mixture of 2
ml. of injection, 5 ml. of diluted sulfuric acid,
and 2 ml. of potassium permanganate T.S. pH. —
The pH of the injection, diluted if necessary to
an approximately one-fifth molar solution, is between 6.0 and 7.3. Pyrogen. — The injection, diluted, if necessary, with water for injection, to
approximately one-fifth molar, meets the requirements of the Pyrogen Test. U.S.P.
Assay. — A portion of the injection equivalent
to about 300 mg. of sodium lactate is evaporated
to dryness and the residue ignited to carbonate
and estimated by adding an excess of 0.1 N
sulfuric acid and titrating with 0.1 TV sodium
hydroxide. Each ml. of 0.1 N sulfuric acid represents 11.21 mg. of CsHsNaOs. U.S.P.
Uses. — This injection has come into wide use
as a means of providing alkali parenterally in the
treatment of acidosis or to produce an alkaline
reaction of the urine. When racemic sodium
lactate in injected, the dextrorotatory component
is converted into liver glycogen and the levorotatory form is oxidized to bicarbonate. The combination of isomers provides both the antiketogenic effect of glycogen and the acid-neutralizing action of sodium ion. A one-sixth molar solution is usually used; it is isotonic with blood.
One liter of one-sixth molar solution is potentially
equivalent to 340 ml. of a 5 per cent sodium
bicarbonate solution in acid-neutralizing effect and
to 1000 ml. of 3 per cent dextrose in antiketogenic effect. This conversion to bicarbonate requires about 1 to 2 hours after completing the
injection. Sodium lactate is also used parenterally
in the form of Lactated Ringer's Solution (q.v.),
with or without 5 or 10 per cent of dextrose; the
lactated Ringer's solution contains only 310 mg.
of sodium lactate per 100 ml. while the sodium
lactate injection (M/6 solution) contains 1.87
per cent of sodium lactate. This injection is often
marketed in molar concentration to be diluted
with five volumes of water for injection prior to
admimstration.

Part I
Sodium lactate injection is used in the treatment of acidosis of organic (ketosis) or inorganic
type, such as that resulting from uncontrolled
diabetes mellitus, starvation, diarrhea, vomiting,
acute infections or renal failure. In severe acidosis, as much as 60 ml. of this injection per Kg.
of body weight may be given. The dose needed
may be calculated from the following formula:
body weight in kilograms X (35 volumes per
cent — the carbon dioxide-combining power of
the blood in volumes per cent) X 0.3 X 6 = ml.
of M/6 sodium lactate solution. To avoid alkalosis and to allow for the beneficial effect of other
therapeutic measures — surgery, fluids, insulin, etc.
— the formula attempts to correct only to 35 volumes per cent of carbon dioxide-combining power
rather than fully to normal. The use of this
formula, however, has declined recently because
of the recognition of an intracellular shift of
sodium in many conditions leading to acidosis.
During treatment, with restoration of normal
physiology, sodium is displaced from the cell to
its customary extracellular locus, which may induce an overswing to alkalosis if alkali therapy
has been vigorously pursued.
Intravenous sodium lactate is indicated in
acidosis when the carbon dioxide-combining
power is less than 15 volumes per cent. Although
many patients, particularly diabetics, will be relieved of their acidosis with administration of
insulin and adequate amounts of water and sodium chloride, the use of sodium lactate corrects
the acidosis more rapidly. However, in the treatment of metabolic acidosis more rapid correction
of the disturbed pH is accomplished by use of
sodium bicarbonate.
Sodium lactate injection is used to maintain
an alkaline reaction in the urine. For this purpose
the dose is about 30 ml. per Kg. of body weight.
The initial dose of the sodium salt of sulfadiazine
or other sulfonamide (about 5 Gm.) may be dissolved in 1000 ml. of sodium lactate injection for
intravenous administration. If parenteral sulfonamide therapy must be continued, this dose
or half of it, according to the need, may be repeated after 8 to 12 hours. Although sodium
lactate injection has been strongly advocated for
alkalinization of urine in transfusion reactions
and hemolytic processes in the past, much of the
enthusiasm for such therapy has disappeared recently because of failure to protect the renal
tubule from damage wrought by anoxia and hypotension. Sodium lactate injection has been used
effectively in management of methyl alcohol
poisoning (Chew et al., J. A.M. A., 1946, 130, 61).
Up to 40 ml. of molar solution by mouth or its
equivalent of one-sixth molar solution intravenously has been recommended for treatment of
advanced uremia (Neubauer, Delaware S. M. J.,
1952, 24, 97) but the efficacy and safety of these
large doses require further investigation.
Dose. — The intravenous dose of one-sixth
molar sodium lactate injection is up to 500 ml.
The total dose in 24 hours should not exceed
3000 ml. (see above for dosage calculations). The
rate of intravenous injection should not exceed
300 ml. per hour. Subcutaneous administration is
sometimes utilized.
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Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Sizes. — The one-sixth molar injection
is available in containers holding 100, 250, 500,
and 1000 ml.
SODIUM

LAURYL SULFATE.
U.S.P. (B.P.)
[Sodii Laurylis Sulfas]

"Sodium Lauryl Sulfate is a mixture of sodium
alkyl sulfates consisting chiefly of sodium lauryl
sulfate
[CH3(CH2)ioCH2OS03Nal."
U.S.P.
B.P. requires
not less than 58.0 per cent
w/w The
of
total alcohols.
B.P. Sodium Lauryl Sulphate; Sodii et Laurylis
Sulphas. Sodium Dodecyl Sulfate. Duponol C (Du Pont).
Sp. Sulfato Laurilico Sddico.

A very important class of detergents are those
known as sulfated alcohols or alkyl sulfates (see
Stir face- Active Agents, Part II). These may be
obtained by catalytic hydrogenation of various
high molecular-weight fatty acids to form first the
corresponding alcohols; these are treated with
sulfuric acid or other sulfating agents to yield
alkyl sulfates which on neutralization with base
form the corresponding salts. Since the linkage
of the sulfuric acid to the alcohol is through
oxygen the compound is a sulfate, and not a
sulfonate, in which latter the linkage is through
sulfur.
The official sodium lauryl sulfate is prepared
from the fatty acids of coconut oil, of which lauric
acid is the most abundant constituent ; on hydrogenation this yields the reduction product lauryl
alcohol, which is sulfated and finally converted
to the sodium salt. Other coconut oil acid derivatives occur in the product, together with a
considerable portion of sodium chloride and sodium sulfate (see the tests below). Of the many
different qualities of sodium lauryl sulfate which
are available only such as meet the U.S.P. standards should be used — and then only for preparations to be used externally. Thus the preparation
Duponol C, which is manufactured under a lead
tolerance of 3 parts per million and an arsenic
tolerance of 2 parts per million, is the only one
of the several Duponols which may be used for
medicinal products; the other varieties are to be
employed only in industrial applications. The
name Sodium Lauryl Sulfonate is sometimes
erroneously applied co this product.
Description. — "Sodium Lauryl Sulfate occurs
as small, white or light yellow crystals having a
slight, characteristic odor. One Gm. of Sodium
Lauryl Sulfate dissolves in 10 ml. of water, forming an opalescent
Standards
andsolution.''
Tests. — U.S.P.
Identification. — Sodium lauryl sulfate responds to tests for sodium
and for sulfate. Alkalinity. — One Gm. of sodium
lauryl sulfate requires not more than 0.6 ml. of
0.1 iV hydrochloric acid for neutralization, using
phenol red T.S. as indicator. Sodium chloride. —
The per cent of sodium chloride plus the per cent
of sodium sulfate does not exceed 10 per cent.
Sodium sulfate. — See preceding standard. Unsulfated alcohols. — Not over 4 per cent, as determined by extraction with petroleum benzin. Total
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alcohols. — The alcohols are liberated by heating
with hydrochloric acid and extracted from the
acid solution with ether; the ether is evaporated
and the residue of alcohols dried at 105° for 30
minutes. The residue represents total alcohols
and is not less than 59 per cent of the weight of
sodium lauryl sulfate taken. U.S.P.
Uses. — Sodium lauryl sulfate is a surface-active
agent (surfactant) of the anionic type. Until the
present revision of the U.S.P. it was employed
as an emulsifying agent in the official hydrophilic
ointment. The irritation sometimes produced by
the ointment suggested that sodium lauryl sulfate
may be responsible and a nonionic surfactant has
replaced this agent (see Hydrophilic Ointment) ;
the nonionic agent has the further advantage of
avoiding potential incompatibilities of the anionic
surfactant with cationic medicinal substances.
Sodium lauryl sulfate continues to be used as an
emulsifier, wetting-agent or detergent in many
dermatologic and cosmetic preparations (see
under Surface-Active Agents, in Part II, for
further discussion).
In the stomach of experimental animals sodium
lauryl sulfate has been observed to stimulate a
copious secretion of mucus (Shay et al., Science,
1946, 103, 50; 1947, 105, 128; ibid., Am. J. Med.
Sc, 1946, 211, 245) and also, under certain conditions, toinactivate pepsin (Shoch, Proc. S. Exp.
Biol. Med., 1942, 50, 304). This combination of
mucigogue action and pepsin-inhibitory effect
suggested the possibility that sodium lauryl sulfate may be useful in the treatment of peptic
ulcers, but such use has not eventuated. Calandra
found that the agent inhibits trypsin as well
(Gastroenterology, 1951, 19, 564). For various
pharmacological and toxicological data see Gale
and Scott (/. A. Ph. A., 1953, 42, 283), and
Fitzhugh and Nelson (ibid., 1948, 37, 29).
"Note. — Sodium Lauryl Sulfate conforming to
the standards of this monograph is designed for
external use only." U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep.— Emulsifying Wax, B.P.
SODIUM

MORRHUATE
U.S.P.

INJECTION.

[Injectio Sodii Morrhuatis]

"Sodium Morrhuate Injection is a sterile solution of the sodium salts of the fatty acids of cod
liver oil. It contains not less than 93 per cent and
not more than 107 per cent of the labeled amount
of sodium morrhuate. A suitable preservative, not
to exceed 0.5 per cent, and ethyl or benzyl alcohol,
not to exceed 3 per cent, may be added." U.S.P.
Sp. Inyeccidti de Morruato sddico.

As pointed out by Jensen and Jannke (/. A.
Ph. A., 1944, 33, 362), sodium morrhuate is
not a specific substance though morrhuic acid
(C9H13NO3) was described in 1888 by Gautier
and Mourgues as a monocarboxylic acid related
to pyridine. Considerable confusion has arisen as
to what the substance referred to as sodium
morrhuate really is— whether the sodium salts of
the fatty acids, or of the unsaturated acids, or of
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some other fraction of the acids from cod liver
oil. Products corresponding to each of these definitions are found on the market, with the result
that such injections vary widely. The adoption of
standards for this medicament by the U.S.P. has
helped to establish uniformity in different products of this name.
Jensen and Jannke found, by photographic observation of the sclerosing effect following injection of sodium morrhuate solutions into the
marginal vein of rabbit's ear, that the salts prepared from the more nearly saturated fatty acids
are, contrary to the opinion held by some, highly
effective as sclerosing agents and that their action
is accompanied by a minimum of irritation.
Jensen and Jannke prepared their sodium morrhuate injections by saponifying cod liver oil with
a hydroalcoholic solution of potassium hydroxide,
acidifying this solution to liberate the fatty acids
which were successively washed, dried with
anhydrous sodium sulfate, and fractionated by
exposing the acid mixture to progressively lower
temperatures; portions of the fractions were dissolved in normal sodium hydroxide, mixed with
benzyl alcohol, diluted to a 5 per cent concentration of sodium morrhuate, and filtered through
activated charcoal.
Standards and Tests. — Identification. — A
transient red color, changing to brown red, is produced when the residue from the evaporation of
chloroform from 5 ml. of the solution of fatty
acids obtained in the test for iodine value of fatty
acids is dissolved in 1 ml. of chloroform and 1
drop of sulfuric acid added. Acidity or alkalinity.
— Not more than 0.5 ml. of 0.1 N sodium hydroxide, or more than 0.3 ml. of 0.1 N acid is
required for neutralization of 5 ml. of sodium
morrhuate injection, using phenolphthalein T.S.
as indicator. For concentrations of sodium morrhuate other than 5 per cent, no larger than proportional volumes of alkali and acid are required.
Iodine value of the fatty acids. — Not less than
130. U.S.P.
Assay. — A portion of injection, equivalent to
about 500 mg. of sodium morrhuate, is mixed with
30 ml. of 0.1 N sulfuric acid; after extracting the
liberated fatty acids with petroleum benzin the
excess of sulfuric acid in the aqueous solution is
titrated with 0.1 N sodium hydroxide, using
methyl orange T.S. as indicator. Each ml. of
0.1 N sulfuric acid represents 32.4 mg. of sodium
morrhuate. U.S.P.
Uses. — Sodium morrhuate injection is employed as a sclerosing solution in the treatment
of varicose veins, hemorrhoids, bursa, hydrocele,
and the cavernous type of hemangioma. On injection into tissue, it causes mild inflammation with
acute exudation of fluid, hemolysis of erythrocytes
and subsequent filling in with fibrous tissue to
obliterate the space. It is often combined with a
local anesthetic, such as benzyl alcohol (2 per
cent). It is one of the most widely used of the
sclerosing solutions and seems to be one of the
best. It causes very little pain on injection and
severe after-pain is rare. If the injection is made
outside the vein, a slough will usually result but
with this agent the sloughs are seldom severe.
The injection may cause swelling, thickening, ten-
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derness and redness at the point of injection and
for some distance along the vein for a few days.
Dermatitis, urticaria or asthma rarely occurs following injection, and is usually relieved by epinephrine; pulmonary embolism has proved fatal
(Vaughn and Lees, J. A.M. A., 1942, 118, 1293).
It is desirable to use a preliminary test injection
of 0.5 to 1 ml. of the 5 per cent solution; if no
untoward effect ensues in 24 hours, treatment may
be commenced.
For varicose veins, from 0.5 to 2 ml. is injected
into the lumen of the varicosity. The plunger
should be withdrawn to aspirate blood and thereby
make certain that the needle is inside the vein.
The blood is then pressed out of the varicosity
and the injection is made slowly. After the injection an elastic compression bandage is applied
and the patient remains ambulatory. It is customary to commence injections with the more
distal varicosities. Not more than a total of 5 ml.
should be injected on a single day. Injections
should be repeated at intervals of 5 to 7 days.
Various technics are employed (see McPheeters,
Surg. Gynec. Obst., 1945, 81, 355 and discussion
under Quinine Hydrochloride and Urethane Injection). After ligation and division of the long
saphenous vein at the groin, the sclerosing solution isrun into the long saphenous vein by means
of a catheter from above to obliterate the vein;
this causes an extensive and often severe chemical
phlebitis and should be restricted to hospitalized
patients (Smithy, Surgery, 1945, 17, 590). For
this purpose as much as 20 ml. or more of the
injection has been employed.
For hemorrhoids 0.5 ml. is injected into the
upper part of the hemorrhoid (Ross, Brit. M. J.,
1930, 2, 86). For hydrocele, the fluid is aspirated
from the sac, which is irrigated with 5 to 10 ml.
of sterile distilled water or sodium chloride solution, after which 2 to 5 ml. of sodium morrhuate
solution is injected (Porritt, Med. Press, 1936,
No. 2, 27). A similar technic has been used for
chronic bursitis and for ganglion (McEvedy,
Lancet, 1930, 2, 902).
Dose. — The usual dose of sodium morrhuate
injection is 0.5 ml., injected into the lumen of the
varicosity; the range of dose is 0.5 to 5 ml.,
with not more than a total of 5 ml. injected in
one day.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass.
It may be packaged in 50-ml. multiple-dose containers." U.S.P.
Usual Sizes.— 2, 5, and 30 ml. of 5 per cent
solution.
SODIUM

NITRITE.
[Sodii

U.S.P., LP.

Nitris]

"Sodium Nitrite, dried over sulfuric acid for 4
hours, contains not less than 97 per cent of
NaN02." U.S.P. The LP. rubric is the same.
I. P. Natrii Nitris. Natrium Nitrosura. Fr. Nitrite de
sodium; Azotite de soude. Ger. Natriumnitrit ; Salpetrigsaures Natrium. It. Nitrito di sodio. Sp. Nitrito de sodio;
Nitrito de sosa; Nitrito sodico.

Sodium nitrite is prepared by reduction of
sodium nitrate. In one process sodium nitrate is
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melted in cast iron vessels, whereby hygroscopic
water is removed and a part of the iodides and
iodates, which are present in the salt, are decomposed. At 310° the nitrate begins to fuse; at
400° to 420° thin sheets of pure metallic lead are
gradually added, this mass being constantly
stirred; the lead must be as free as possible from
other metals, and antimony in particular must be
absent. After the reduction of the nitrate, the
melted nitrite is poured into water, this solution
is treated with carbon dioxide to remove any lead
that has dissolved, and then concentrated to the
point of crystallization. The bulk of the lead used
in the process separates as the oxide in the reaction vessel.
In another process sodium nitrate, in concentrated solution, is treated with quicklime and
sulfur dioxide, the following reaction taking place :
NaN03 + CaO -f- S02 -» NaN02 + CaS04
Sodium nitrite is crystallized from the filtrate
separated from the reaction mixture.
Still another source of sodium nitrite is as a
by-product from the synthesis of nitric acid from
atmospheric nitrogen or from the catalytic oxidation of ammonia by oxygen.
Description. — "Sodium Nitrite occurs as a
white to slightly yellow, granular powder, or as
white or nearly white, opaque, fused masses or
sticks. It has a mild, saline taste and is deliquescent in air. Its solutions are alkaline to litmus.
One Gm. of Sodium Nitrite dissolves in 1.5 ml.
of water. It is sparingly soluble in alcohol."
U.S.P.
Standards and Tests. — Identification. — A solution of sodium nitrite responds to tests for sodium and for nitrite. Loss on drying. — Not over
1 per cent, when dried over sulfuric acid for 4
hours. Heavy metals. — The limit is 20 parts per
million. U.S.P.
Assay. — In a solution containing about 100 mg.
of dried sodium nitrite the nitrite ion is oxidized
to nitrate by 50 ml. of 0.1 N potassium permanganate; the excess of permanganate is reduced by
adding 25 ml. of 0.1 N oxalic acid, and the excess
of the latter is titrated with 0.1 iV potassium permanganate. The reason for using an excess of
permanganate in the first step is to prevent loss
of nitrous acid on acidifying the sodium nitrite;
the addition of excess oxalic acid is to insure
reduction of permanganate to manganous ion,
rather than an intermediate compound of higher
valence. Each ml. of 0.1 N potassium permanganate represents 3.450 mg. of NaNCte. U.S. P.
Incompatibilities. — Acid solutions of sodium
nitrite are rapidly decomposed with formation of
oxides of nitrogen; neutral or alkaline solutions
are stable. When combined with iodides in acid
solution, sodium nitrite liberates iodine and oxides
of nitrogen. Antipyrine with acid solutions of
nitrites gives the green compound isonitrosoantipyrine ; acetanilid or acetophenetidin gives
a yellow color; salicylates give a red-brown. With
tannic acid, sodium nitrite in acid solution gives
off gaseous oxides of nitrogen. In the presence of
oxidizing agents — as chlorates, permanganates, etc.
— solutions of sodium nitrite are converted to
nitrate. Because of its hygroscopic nature, sodium
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nitrite may cause trouble in capsule mixtures,
particularly in combination with acidic substances
such as citrated caffeine or acetysalicylic acid, discolored, sticky masses being produced.
Uses. — The nitrites are used clinically (see also
under Amyl Nitrite) chiefly for four purposes:
(1) To dilate the general arterial system for the
purpose of lowering the general blood pressure in
various forms of hypertension, or of diminishing the arterial resistance in various cases of
cardiac weakness, or of increasing the secretions,
either from the sweat glands or kidneys. While
the nitrites are undoubtedly the most potent arterial dilators clinically available, there are several
practical limitations to their benefit in high blood
pressure. In the first place, their action is upon
muscle tissue and when, as the result of arterial
degeneration, the muscle substance has been
largely replaced by connective tissue it is not to
be expected that they will exert much influence.
Moreover, their effects are of relatively short
duration, and when used repeatedly over any
considerable period of time a "tolerance" results
so that even very large quantities no longer affect
the blood pressure. For this reason they are useful
only to relieve acute exacerbations, not to maintain a permanent reduction of the blood pressure.
(2) To relieve local vasomotor spasms, especially
of the coronary arteries in angina pectoris, and
also in Raynaud's disease. (3) To relax bronchial
spasms in asthma. For this purpose they are much
less certain than aminophylline or epinephrine.
(4) To relieve intestinal spasms not dependent
on inflammatory conditions, such as lead colic or
spastic colitis (Beams, Arch. Int. Med., 1932, 49,
270).
Action and Toxicology. — Injection of a
nitrite into the circulation produces an increase
in pulse rate with a marked fall of blood pressure.
With sufficient dose there develops simultaneously
motor weakness and diminution of reflex activity.
After toxic doses breathing becomes rapid and
often dyspneic; the mucous membranes acquire
a peculiar slate color; convulsions may occur.
Acceleration of heart rate is due to depressant
action on the cardioinhibitory center in the
medulla. Fall of blood pressure is due to dilatation of arterioles through direct action on the
muscular coat of their walls. Although the blood
pressure in the pulmonary system is increased,
this is probably secondary to the arterial relaxation in the systemic circulation and does not
indicate any essential difference in the reaction of
pulmonary arteries (Love and McGuigan, /. Lab.
Clin. Med., 1925, 10, 885). Relaxation of arterial muscles is part of a widespread effect on
unstriped muscles, including the gallbladder,
bronchi and intestines, and probably all other
smooth muscles (Barlow and Beams, /. Pharmacol., 1933, 47, 111; Bernheim, Arch, internat.
pharmacodyn. therap., 1934, 48, 91). Many years
ago (1871) H. C. Wood showed that amylnitrite has a powerful depressant action on the
motor tract of the spinal cord but it is not certain whether this is due to the nitrite or amyl
component. The increased respiratory rate observed after large doses is mainly a respiratory
reflex mediated through the carotid body and

partly a result of fall in blood pressure or, when
the dose is very large, to formation of methemoglobin which reduces the ability of hemoglobin to
carry oxygen. The amount of nitrite required to
form methemoglobin is relatively large and is of
significance only in connection with the toxicology
of the drug (see Greenberg et al., Am. J. Pub.
Health, 1945, 35, 1217, for poisoning due to mistaken use on food instead of sodium chloride).
It is of interest that sodium nitrite, which reduces
the oxygen-carrying power of blood, is a useful
antagonist in poisoning by cyanides, which by
another mechanism reduce the oxidizing power of
blood (see under Diluted Hydrocyanic Acid).
Comparison of Nitrites. — Of the various
compounds which liberate nitrite ion in the system and produce the physiological actions described above, those official are amyl nitrite,
glyceryl trinitrate, erythrityl tetranitrate, ethyl
nitrite, and sodium nitrite. The difference in the
effects of these drugs is chiefly in their rapidity
and duration of action. The effect of amyl nitrite
may usually be observed within 30 seconds after
its administration, lasting for 5 to 10 minutes;
that of nitroglycerin begins in 1 or 2 minutes
and rarely lasts more than half an hour; sodium
nitrite shows evidence of action in from 5 to 10
minutes, continuing for about 2 hours. Mannitol
hexanitrate (see in Part II) produces maximum
fall of blood pressure in about \y2 hours, with
some effect persisting for 6 hours. According to
Crandall (/. Pharmacol., 1931, 41, 103) patients
do not develop tolerance to sodium nitrite, on
which point there is some disagreement. In convulsive states nitrites are useful only for their
immediate effect and the more rapidly acting
compounds are preferable to sodium nitrite.
Sodium nitrite should always be given well
diluted but even so it will very often cause such
marked
used. S gastric disturbance that it cannot be
Dose. — The usual dose is 30 mg. (approximately x/zgrain), by mouth, 3 times daily; the
range of dose is 30 to 60 mg.
Storage. — Preserve "in tight containers."
U.S.P.
SODIUM

NITRITE

TABLETS.

U.S.P.

[Tabella Sodii Nitritis]

"Sodium Nitrite Tablets contain not less than
93 per cent and not more than 107 per cent of the
labeled amount of NaN02." U.S.P.
Sp. Tabletas de Nitrito de Sodio.

Assay. — An aliquot portion of a solution of the
tablets, representing about 350 mg. of sodium
nitrite, is mixed with a saturated solution of potassium chlorate, which oxidizes the nitrite to
nitrate and is itself reduced to chloride; three
nitrite ions are oxidized for each chloride ion that
is produced. The chloride is precipitated with 40
ml. of 0.1 N silver nitrate, and the excess of
silver ion titrated with 0.1 N ammonium thiocyanate, using nitrobenzene to prevent reaction
of silver chloride with thiocyanate; the indicator
is ferric ammonium sulfate T.S. Each ml. of 0.1 N
silver nitrate represents 20.70 mg. of NaN02j
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the factor is based on the equivalent weight of
sodium nitrite being three times its molecular
weight. U.S.P.
Usual Sizes. — Yi and 1 grain (approximately
30 and 60 mg.).
SODIUM

PARA-AMINOHIPPURATE
INJECTION.
N.F.

"Sodium Para-aminohippurate Injection is a
sterile solution of sodium para-aminohippurate
in water for injection. It contains not less than
95 per cent and not more than 105 per cent of
the labeled amount of CgHo^NaOa." N.F.
This injection is prepared by neutralizing paraaminohippuric acid with sodium hydroxide in
water for injection, the pH being adjusted to between 7.0 and 7.6. For tests and assay see under
Para-aminohippuric Acid.
Uses. — Sodium para-aminohippurate is a diagnostic agent used to measure kidney function
(Goldring and Chasis, Hypertension and Hypertensive Disease, 1944; Bull et al., Clin. Sc, 1950,
9, 379). It may be used both to measure effective renal plasma flow and to determine the
functional capacity of the tubular excretory
mechanism since it is filtered by the glomeruli
and excreted by the tubular epithelium of the
kidneys.
To determine effective renal plasma flow sufficient of the injection is given intravenously to
produce a blood plasma level of 2 mg. of sodium
para-aminohippurate per 100 ml. At this level all
of the compound is removed by the normal
kidney and appears in the urine (88 per cent is
removed in one circulation). The average amount
of para-aminohippurate eliminated in the urine,
in mg. per minute, is determined, and this is
divided by the content of para-aminohippurate
per ml. of plasma; the quotient is the effective
renal plasma flow (in ml. per minute). The
normal effective renal plasma flow is 697 ± 135.9
ml. per minute for men and 594 ± 102.5 ml. per
minute for women. Since the primary amino
group of sulfonamides undergoes the same reaction as the primary amino group of paraaminohippurate on diazotization and coupling with
N-(l-naphthyl)-ethylenediamine, persons receiving sulfonamides should not be thus tested.
To determine the amount excreted by the
tubules in mg. per minute (the so-called tubular
excretory mass) sufficient sodium para-aminohippurate is injected intravenously to saturate the
capacity of tubular cells to excrete the substance
(40 to 60 mg. per 100 ml. of plasma). The content of para-aminohippurate in plasma (in mg.
per ml.) and the amount excreted in the urine by
both glomerular filtration and tubular excretion
(in mg. per minute) are determined. Also, the
glomerular filtration rate of a substance, such as
mannitol, which is filtered only through the
glomeruli, is determined (in ml. per minute). The
product of this glomerular filtration rate and the
para-aminohippurate content per ml. of plasma
represents the amount of para-aminohippurate
filtered through the glomeruli in 1 minute. The
amount of para-aminohippurate excreted by the
tubules, in mg. per minute, is the total number
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of mg. excreted in the urine per minute minus
the amount filtered through the glomeruli per
minute. The normal mean value of this "tubular
excretory mass" is 77.5 ± 12.9 mg. per minute.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
N.F.
Usual Size. — 10 Gm. in 50 ml.
SODIUM

PERBORATE.
[Sodii

N.F.

Perboras]

"Sodium Perborate contains not less than 9
per cent of available oxygen, corresponding to
about 86.5 per cent of NaB03.4H20." N.F.
Natrium Perboracicum (Perboricum). Fr. Perborate de
sodium. Ger. Natriumperborat; Uberborsaures Natrium.
Sp. Perborato de sodio.

Sodium "perborate," though often considered
as a derivative of pentavalent boron and its
formula given as NaBO3.4H.2O, appears actually
to have the composition represented by the
formula NaBO2.H2O2.3H2O, corresponding to a
sodium metaborate peroxyhydrate (Moeller, Inorganic Chemistry, 1952).
The reactions of the compound are more in accord with the latter formula than they are with
that of a perborate. Sodium "perborate" may be
prepared by the interaction of boric acid or sodium borate with sodium peroxide or hydrogen
peroxide; the latter may be produced by an election).
trolytic process (see Hydrogen Peroxide SoluIn the part
presence
water, sodium
"perborate"
releases
of itsof hydrogen
peroxide;
as the
latter is consumed, or perhaps decomposed with
evolution of oxygen, more hydrogen peroxide is
released, until finally all that was present in the
salt has been liberated.
Description. — "Sodium Perborate occurs as
white, crytalline granules or as a white powder.
It is odorless, and has a saline taste. It is stable
in cool and dry air, but is decomposed with the
evolution of oxygen in warm or in moist air. In
solution, Sodium Perborate decomposes into sodium metaborate and hydrogen peroxide, the solution gradually evolving oxygen. Oxygen is
evolved more rapidly if the solution is warmed.
One Gm. of Sodium Perborate dissolves in about
40 ml. of water." U.S.P.
Standards and Tests. — Identification. — (1)
A saturated solution of sodium perborate is alkaline to phenolphthalein T.S., and when acidified
with hydrochloric acid responds to identification
tests for sodium and for borate. (2) On agitating
a mixture of a solution of sodium perborate,
diluted sulfuric acid, a few drops of potassium
dichromate T.S. and ether, the ether acquires a
blue color. Heavy metals. — The limit is 20 parts
per million. N.F.
Assay. — A solution of about 250 mg. of sodium perborate is titrated, after the addition of
diluted sulfuric acid, with 0.1 N potassium permanganate. This assay is based on the hydrolytic
decomposition of sodium perborate to sodium
metaborate and hydrogen peroxide ; it is the latter
substance that is oxidized by the potassium permanganate. Each ml. of 0.1 N potassium perman-
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ganate represents 0.8000 mg. of available oxygen.
U.S.P.
Incompatibilities. — Sodium perborate is decomposed by water with the production of hydrogen peroxide and sodium metaborate. Even
the weakest acids liberate oxygen. Its decomposition is accelerated by enzymes and other catalysts.
Uses. — Sodium perborate is used in medicine
chiefly for its antiseptic action, which depends on
the release of oxygen. For wounds it has been replaced by more effective agents. Herbol (Deutsche
tned. Wchnschr., 1908, p. 1092) found that a 2
per cent solution of sodium perborate was equivalent in germicidal action to 0.4 per cent of hydrogen peroxide. It is probable, because of the
poor quality of the salt which was available at
that time, that his data underestimated its germicidal power. It was originally suggested as a
surgical disinfectant. Herzfeld (J. A.M. A., 1911,
57) used it as a wound dressing, not only because
of its antiseptic action but also as a hemostatic.
For this purpose it was employed either in solution or as a dusting powder.
It has been most frequently employed, however,
for preparation of antiseptic mouth washes and
dentifrices, especially for the treatment of socalled "trench mouth" (see Bloodgood, J.A.M.A.,
1927, 88, 1142). The alkalinity of solutions of
sodium perborate may be advantageous as a
mouth wash to remove mucus and food residues
but Miller et al. (J. A. Dent. A., 1938, 25, 1957)
reported that daily use caused chronic irritation
of the tongue in some persons. The pronounced
instability of the solutions requires their preparation at the time of use. A saturated solution,
which represents approximately 2 per cent of the
salt, may be used. For dentifrices it may be mixed
with powdered chalk, or other inert diluent,
usually in about the proportion of 10 to 20 per
cent. It is not used internally.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." N.F.
N.F. AROMATIC SODIUM
PERBORATE.
N.F.
[Sodii Perboras Aromaticus N.F.]

Triturate 4 ml. of peppermint oil and 4 Gm. of
saccharin sodium with a portion of sodium perborate, then incorporate enough sodium perborate
to make the mixture weigh 1000 Gm. N.F.
This preparation of sodium perborate is intended for use as a dentifrice or for extemporaneous preparation of mouth washes (see preceding article).
Storage. — Preserve "in tight containers." N.F.
SODIUM PHOSPHATE.
N.F., B.P.
Dibasic Sodium Phosphate. Disodium Hydrogen
Phosphate, [Sodii Phosphas]

Na2HP04.7H20
"Sodium Phosphate, dried at 105° for 4 hours,
contains not less than 98 per cent of Na2HP04."
N.F.
The B.P. Sodium Phosphate contains an additional five molecules of water of crystallization;
it is required to contain not less than 99.0 per
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cent of Na2HP04, calculated with reference to
the substance dried to constant weight at 130°.
Disodium Orthophosphate; Phosphate of Soda; Secondary
Sodium Phosphate. Natrium Monophosphoricum (Phosphoricum); Phosphas Sodicus. Fr. Phosphate monoacide
de sodium; Phosphate disodique. Ger. Natriumphosphat ;
Dinatriumorthophosphat. It. Fosfato bisodico. Sp. Fosfato
de sodio ; Fosfato sodico.

Sodium phosphate, also called neutral phosphate and secondary phosphate, is prepared on a
commercial scale from bone ash or phosphorite
by digestion with sulfuric acid for a period of
several days. Calcium sulfate, primary calcium
phosphate, and phosphoric acid are produced in
this reaction. The mixture is concentrated to
effect more complete precipitation of calcium sulfate, and the filtered solution is neutralized with
sodium carbonate, which also reacts with dissolved
primary calcium phosphate as follows:
CaH4(P04)2 Na2HP04
+ Na2C03+ -»CaHP04 + C02 + H20
The secondary calcium phosphate, which is insoluble, isfiltered off, and the solution concentrated to permit crystallization of disodium phosDescription. — "Sodium Phosphate occurs as
phate.
a colorless or white, granular salt. It effloresces
in warm, dry air. Its solutions are alkaline to
phenolphthalein T.S. One Gm. of Sodium Phosphate dissolves in 4 ml. of water. It is very
slightly soluble in alcohol." N.F. The B.P. states
that the pH of a 2.0 per cent w/v solution is between 9.0 and 9.2.
Standards and Tests. — Identification. — A 1
in 20 solution responds to tests for sodium and
for phosphate. Loss on drying. — Not less than
43 per cent and not more than 50 per cent, when
dried at 105° for 4 hours. Insoluble substances. —
Not more than 20 mg., dried at 105°, of waterinsoluble residue is obtained from 10 Gm. Chloride.— The limit is 300 parts per million. Sulfate.
— The limit is 0.1 per cent. Arsenic. — A solution
of sodium phosphate meets the requirements of
the test for arsenic. Heavy metals. — The limit is
10 parts per million. N.F. The B.P. limits loss on
drying to constant weight at 130° to not less than
57.0 per cent and not more than 61.0 per cent.
The limits of arsenic and lead are 4 and 5 parts
per million, respectively.
When gently heated, sodium phosphate loses
its water of crystallization (see Exsiccated Sodium Phosphate) but at a red heat the salt is
converted into sodium pyrophosphate, Na4P207.
Assay. — About 250 mg., previously dried at
105° for 4 hours, is assayed by the procedure
described under Aluminum Phosphate Gel. Each
ml. of 1 N sodium hydroxide represents 6.172
mg.In oftheNa2HPO-4.
B.P. assayN.F.
the salt is titrated with 0.5 N
hydrochloric acid to a pH of 4.5, using a mixture of bromocresol green and methyl red as
indicator (which gives a gray color at the desired pH) ; at this point the sodium phosphate is
converted to monosodium dihydrogen phosphate.
Each ml. of 0.5 N acid represents 70.99 mg. of
Na2HP04.
Incompatibilities. — Sodium phosphate pre-
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cipitates some alkaloidal salts as phosphates,
while in other instances its slight alkalinity precipitates the alkaloidal base. It is also incompatible with the salts of calcium, magnesium and
most of the heavy metals.
Uses. — Sodium phosphate is a mild saline purgative. Ithas the advantage over sulfates of being
much less unpleasant to the taste. Because of its
comparative lack of irritant action on mucous
membrane it is decidedly less active than sulfates
and is not suitable for cases where strong purgation is desired, but as an aperient it is preferable.
Like other salines it will, on an empty stomach,
cause emptying of the gallbladder when it reaches
the duodenum. It is prescribed for this purpose
before breakfast. In small doses it has been occasionally employed as a foodstuff to correct any
deficiency of phosphate in the diet.
Sodium phosphate has been found to be a nontoxic and effective agent for treatment of lead
poisoning. Proctor and Kahn (Am. J. Med. Sc,
1950, 219, 316) used it successfully in the treatment of 8 patients with lead poisoning by oral
administration of doses varying from 15 to 60
grains, given 3 times daily, or by intravenous administration of5 to 10 grains 3 times daily, for
a minimum of 5 days. The lead is precipitated
as a phosphate and is then rapidly excreted in
the urine to achieve effective deleading of the
patient.
Recognizing that phosphorylation is essential
to the utilization of carbohydrates and that in
patients with severe diabetic acidosis phosphorus
stores have been depleted through high urinary
excretion, Franks et al. (Arch. Int. Med., 1948,
81, 42) investigated the effect of intravenous administration of sodium phosphate in such patients. The solution he used contained 12.33 Gm.
of Na2HP04.12H20 and 1.12 Gm. of NaH2P04.H2O in water for injection to make 500 ml., the
solution being sterilized by boiling for 30 minutes; itwas injected in doses of 500 ml. to 1000
ml. The 16 patients thus treated showed marked
retention of phosphorus, reflecting profound depletion of the element prior to treatment; by
comparison with control patients those treated
also demonstrated a tendency toward improved
utilization of carbohydrate, a rapid improvement
in mental state probably attributable to enhanced utilization of carbohydrate by the brain,
and a statistically significant decrease in fatality
rate. The investigators suggest that the therapeutic regimen in diabetic coma include parenteral administration of sodium phosphate 4 to
8 hours after the first dose of insulin, [v]
Dose, as a cathartic, 4 Gm. (approximately 60
grains), by mouth, with water.
Storage. — Preserve "in tight containers." N.F.
EFFERVESCENT

SODIUM
PHATE. N.F.

PHOS-

[Sodii Phosphas Effervescens]
Effervescent Phosphate of Soda. Sp. Fosfato de Sodio
Efervescente.

Powder 162 Gm. of citric acid, in uneffloresced
crystals, mix it well with 200 Gm. of dried and
powdered exsiccated sodium phosphate and 252
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Gm. of tartaric acid, in dry powder, then incorporate 477 Gm. of sodium bicarbonate, in dry
powder. Place the mixture on a glass plate or in
a suitable dish in an oven at 93° to 104°. Manipulate the mixture carefully with an acid-resistant
spatula, and when the mixture has become moist
rub it through a No. 6 tinned-iron sieve. Dry
the granules at not over 54°, and immediately
transfer the salt to suitable containers, and seal
them tightly. Note. — The proportions of tartaric
acid and citric acid may be varied if desired, but
their combined acidity must be equivalent to the
acidity represented in the official formula. N.F.
This salt provides a pleasant dosage form of
sodium phosphate.
Dose, 8 to 15 Gm. (approximately l/$ to l/2
ounce).
Storage. — Preserve "in tight containers." N.F.
EXSICCATED
Dried

Sodium

Phosphate,

SODIUM
PHATE. N.F.
[Sodii

PHOS-

Phosphas

Exsiccatus]

"Exsiccated Sodium Phosphate, dried at 105°
for 4 hours, contains not less than 98 per cent
of Na2HPG-4." N.F.
Anhydrous Sodium Phosphate. Natrium Monophosphoricum Desiccatum; Natrium Phosphoricum Siccum. Fr.
Phosphate monoacide de sodium anhydre; Phosphate de
soude anhydre. Get. Entwiissertes Natriumphosphat. Sp.
Fosfato de sodio desecado.

The N.F. does not specify a method of preparing exsiccated sodium phosphate. The method
employed in the U.S. P. X was as follows:
"Sodium Phosphate, a convenient quantity.
Allow the crystals to effloresce for several days
in warm air at a temperature of from 25° to 30°
C, then continue the drying in an oven, raising
the temperature very gradually until 110° C. has
been reached. Maintain this temperature until the
salt ceases to lose weight, powder and sift the
residue, and transfer to well-closed containers."
U.S.P. X.
Description. — "Exsiccated Sodium Phosphate
is a white powder which readily absorbs moisture.
One Gm. of Exsiccated Sodium Phosphate dissolves in 8 ml. of water. It is insoluble in alcohol." N.F.
Uses. — This form of sodium phosphate is
recognized for its use in making effervescent sodium phosphate; the exsiccated salt is approximately equivalent to twice its weight of the
official heptahydrate. As the exsiccated salt absorbs considerable water, the content of the latter
should always be determined before it is used in
any preparation.
Dose, from 2 to 4 Gm. (approximately 30 to 60
grains).
Storage. — Preserve "in tight containers." N.F.
SODIUM

PHOSPHATE
N.F.

SOLUTION.

Liquor Sodii Phosphatis

"Sodium Phosphate Solution contains, in each
100 ml., the equivalent of not less than 71 Gm.
N.F. not more than 79 Gm. of Na2HP04.7H20."
and
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Liquefied Sodium Phosphate; Compound
Sodium
Phosphate.
Liquor Sodii Phosphatis

Solution of
Compositus.

Add 755 Gm. of sodium phosphate, 130 Gm. of
citric acid, and 150 ml. of glycerin to 150 ml. of
purified water, and digest the mixture on a water
bath until solution is effected. Filter and pass
enough purified water through the filter to make
1000 ml. Note. — The sodium phosphate may be
replaced by 400 Gm. of exsiccated sodium phosphate, in which case 500 ml. of purified water
is used. N.F.
Description. — "Sodium Phosphate Solution is
a clear, colorless liquid, of a thick, syrupy consistence, practically odorless, and with a cooling,
salty taste. It is acid to litmus. Its specific gravity
is about 1.385." N.F.
Assay. — A 5-ml. portion of the solution is
diluted with water to 100 ml. and the phosphate
in a 10-ml. aliquot of this dilution is precipitated
as magnesium ammonium phosphate, which is
collected in a filtering crucible, ignited to the
pyrophosphate and weighed in this form. The
weight of the latter, multiplied by 2.409, indicates
its equivalent of Na2HP04.7H20. N.F.
This solution is a convenient dosage form of
sodium phosphate.
Dose, from 4 to 12 ml. (approximately 1 to 3
flui drachms).
Storage. — Preserve "in tight containers, in a
moderately warm place (not under 22°)." N.F.
N.F.
SODIUM PROPIONATE.
[Sodii Propionas]

CH.3CH2COONa.xH2O
"Sodium Propionate, dried at 105° for 1 hour,
contains not less than 99 per cent of C3HsNa02."
N.F.
Propionic acid, CH3CH2COOH, is an oxidation
product of normal propyl alcohol, from which it
may be obtained by oxidative treatment. The
acid may also be prepared by catalytic reaction
between ethyl alcohol and carbon monoxide. Fermentation of hexoses, pentoses, lactic acid, and
glycerin by bacteria of the genus Propionibacterhim produces propionic acid in considerable
amount. The acid occurs in various dairy products, Swiss cheese being reported as containing up
to 1 per cent of propionates. Pure propionic
acid, also called propanoic acid and methylacetic
acid, is a colorless liquid of pungent odor, miscible with water, alcohol, ether and chloroform; it
has a specific gravity of 0.092 at 20°, and boils at
141°. The sodium salt is obtained by neutralization with sodium hydroxide. A calcium salt is
also employed in the food industries. Both salts
require an acid medium for effective utilization
of their fungistatic and fungicidal properties.
Description. — "Sodium Propionate occurs as
colorless, transparent crystals or as a granular,
crystalline powder. It is odorless, or has a faint
acetic-butyric odor. It is deliquescent in moist
air. One Gm. of Sodium Propionate dissolves in
about 1 ml. of water, and in about 0.65 ml. of
water at 100°. One Gm. of Sodium Propionate
is also soluble in about 24 ml. of alcohol." N.F.
Standards and Tests. — Identification. — (1)
A 1 in 20 aqueous solution of sodium propionate
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responds to tests for sodium. (2) Upon ignition,
sodium propionate yields an alkaline residue
which effervesces with acids. (3) When sodium
propionate is warmed with sulfuric acid, propionic acid, recognized by its odor, is evolved. Loss
on drying. — Not over 5 per cent, when dried at
105° for 1 hour. Alkalinity. — Not more than 0.6
ml. of 0.1 N sulfuric acid is required for neutralization of 2 Gm. of sodium propionate, using
phenolphthalein T.S. as indicator. Arsenic. — An
aqueous solution meets the requirements of the
test for arsenic. Heavy metals. — The limit is 10
parts per million. N.F.
Assay. — About 250 mg. of dried sodium propionate isignited to sodium carbonate, which is
reacted with a measured excess of 0.1 TV sulfuric
acid and titrated with 0.1 iV sodium hydroxide,
using methyl orange T.S. as indicator. Each ml.
of 0.1 N sulfuric acid represents 9.606 mg. of
CH3CH2COONa. N.F.
Uses. — The propionates, sodium and calcium,
are used by the baking and the dairy industries
as inhibitors of molds; both substances are commercially available under the name Mycoban.
This use led Keeney (Bull. Johns Hopkins Hosp.,
1943, 73, 379) to investigate the effect of sodium
propionate on pathogenic fungi. He found that
it inhibited the growth of trichophyton, aspergillus, actinomyces and other molds in strengths
ranging from 0.125 per cent to 2 per cent and
killed these fungi in concentrations of from 1.25
to 10 per cent. Keeney and Broyles (Bull. Johns
Hopkins Hosp., 1943, 73, 479) tested it as a
remedy for athlete's foot, tinea cruris, and other
mycoses with success. Their method of treatment
was to rub in a 10 per cent ointment, after thorough cleansing of the part, at bedtime and the
next morning thoroughly dust the feet with a
powder containing 10 per cent of propionate; this
treatment was repeated every day until complete
disappearance of the fungus. Sulzberger and
Kanof (Arch. Dermat. Syph., 1947, 55, 391), in
a large series of experiments for the United States
Navy, found a powder containing 20 per cent of
sodium propionate in talc to be definitely more
effective than a boric acid and salicylic acid powder for both prophylaxis and treatment of dermatophytosis; however, a powder containing 20 per
cent of zinc undecylenate and 2 per cent of undecylenic acid, in talc, was more effective than
the propionate preparation.
Keeney et al. (Bull. Johns Hopkins Hosp., 1944
75, 417) found an ointment containing sodium
propionate and propionic acid to be superior to
Whitfield's ointment, 10 per cent ammoniated
mercury ointment, 5 per cent sulfathiazole ointment or 0.5 per cent tyrothricin ointment in its
inhibitory effect on Trichophyton mentagrophytes
when tested in vitro. The antibacterial effect of
the ointment against Staphylococcus aureus was
approximated only by 10 per cent ammoniated
mercury and 5 per cent sulfathiazole ointments.
For treatment of tinea pedis the propionatepropionic acid ointment and an undecylenateundecylenic acid ointment were equally effective.
Hopkins et al. (J. Invest. Dermat., 1946, 7, 239)
found that propionic acid in general gave a lower
percentage of satisfactory results than did unde-
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cylenic acid, though in tinea cruris the results
with propionic acid were better than with undecylenic acid. Carrick (J.A.M.A., 1946, 131, 1189)
found an ointment containing 16.4 per cent sodium propionate, 3.6 per cent propionic acid, 5.0
per cent zinc propionate, 0.1 per cent aerosol and
10.0 per cent w-propyl alcohol in a water-soluble
base to possess fungistatic and fungicidal properties in the treatment of tinea capitis due to
Microsporon audouini; the ointment produced
cures in 41 per cent of the 37 children treated
with this preparation after an average treatment
period of 108 days, and another 19 per cent were
almost cured after an average of 133 days of
treatment. Miller et al. (J.A.M.A., 1946, 132,
67), however, found a similar ointment to be
effective in only 4 of 40 cases with M. audouini
although the 2 cases with M. felineum which they
treated were cured.
The effectiveness of sodium propionate — and
calcium propionate — is dependent on the pH of
the medium in which it is applied, the lower the
pH the more effective the propionate. Thus
Wolford and Andersen (Food Industry, 1945, 17,
622) found that at a pH between 3.5 and 4.5 sodium propionate destroys some organisms whose
growth is not even retarded at a pH between 6
and 7 (see also Olsen and Macy, /. Dairy Sc,
1946, 29, 173).
A water-miscible jelly, Propion Gel (Wyeth),
given the generic name Propionate Compound by
N.N.R., contains 10 per cent each of calcium
propionate and sodium propionate and is intended for local application in vulvovaginal moniliasis. The clinical utility of this preparation
has been favorably reported by Alter et al. (Am.
J. Obst. Gyn., 1947, 53, 241) and by Kantor
(ibid., 1951, 62, 170). Applications of 6 ml. of
the jelly are made to the upper part of the vagina
twice daily by means of a special applicator.
The inhibiting effect of sodium propionate on
fungi and bacteria has been utilized clinically in
ophthalmologic practice. Theodore used a 5 per
cent, neutral solution of sodium propionate (Solution Propion Ophthalmic, Wyeth) with good results in the treatment of acute and chronic conjunctivitis, chronic infections of the eyelid, and
corneal infections (J.A.M.A., 1950, 143, 226).
Only one patient in 400 developed a mild allergic
reaction.
A mixture of sodium propionate and soluble
chlorophyll (Prophyllin, Rystan), in powder
form, is available for preparing solutions containing 0.5 per cent of sodium propionate and 0.00125
per cent of chlorophyll for use as a wet dressing
in exudative dermatoses. Good results from use
of such a solution have been reported by Peck
et al. (Arch. Dermat. Syph., 1953, 67, 263), and
by Noojin et al. (Am. Pract. Dig. Treat., 1954,
5, 186).
Various Propionate-Caprylate Mixtures (N.N.R.)
for treatment of superficial fungous infections,
especially dermatophytosis of the feet, hands and
groin, are available under the name Sopronol
(Wyeth). The aqueous solution contains 12.3
per cent sodium propionate, 2.7 per cent propionic acid, 10 per cent sodium caprylate, and 12.5
per cent of w-propyl alcohol; the ointment con-
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tains the same proportions of the first three ingredients and, in addition, 5 per cent of zinc
caprylate in a water-soluble base; the powder
contains 15 per cent of calcium propionate, 5 per
cent of zinc propionate, 5 per cent of zinc caprylate, and 0.25 per cent of propionic acid in a talc
base, (v)
For external use, sodium propionate is used in
concentrations of 0.1 to 20 per cent in the form
of powder, solution, ointment and gel.
Storage. — Preserve "in tight containers." N.F.
SODIUM

PSYLLIATE
N.F.

INJECTION.

"Sodium Psylliate Injection is a sterile solution
of the sodium salts of the liquid fatty acids obtained by the hydrolysis of the fixed oil of the
seeds of Plantago ovata Forskal, known in commerce as Blond Psyllium or Indian Plantago Seed
(Fam. Plantaginacece) . It contains not less than
93 per cent and not more than 107 per cent of
the labeled amount of sodium psylliate. Benzyl
alcohol, not to exceed 3 per cent, may be added
as a preservative." N.F.
Sylnasol

(Searle).

As indicated in the official definition sodium
psylliate is prepared by saponifying the fixed oil
of Plantago ovata seeds (for description of these
see under Plantago Seed), releasing the fatty acids
and converting these to sodium salts; for details
of the commercial process see U. S. Patents
2,115,491-2.
Tests and Standards. — Identification. — (1)
The injection has a faint odor but is free of fishlike odor (difference from sodium morrhuate injection). (2) A red to red-brown color develops
when a drop of the fatty acid obtained in the
assay is dissolved in 1 ml. of chloroform and a
drop of sulfuric acid added. pH. — Between 8.5
and 9.0. Iodine value of fatty acids. — Not less
than 130. Acid value of fatty acids. — Not less
than 130 and not more than 160. Other requirements.— The injection meets the requirements
under Injections, except that at times it may
show signs of slight turbidity or precipitation. N.F.
Assay. — A 4-ml. portion of the injection is
reacted with diluted hydrochloric acid in a Leffman-Beam centrifuge tube and the volume of
fatty acids thereby released measured after centrifuging; the calculation is corrected for presence
of benzyl alcohol in the layer of acids. N.F.
Uses. — Sodium psylliate is used in 5 per cent
solution as a sclerosing agent for obliteration of
varicose veins of the lower extremities, also of
selected internal hemorrhoids which are not prolapsed or thrombosed. Sclerosis of the cavernous
type hemangioma may also be accomplished with
this agent. Its sclerosing action is approximately
the same as that of other fatty acid salts, and is
subject to about the same frequency of allergic
reaction to repeated use. It is advisable to inject
a test dosage of 0.5 to 1 ml. to detect possible
idiosyncrasy before commencing therapy.
Dose. — The 5 per cent solution is injected in
an amount depending on the size of the varicosity
to be obliterated. The dosage may vary from a
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few drops in suitable hemorrhoids to 5 or 6 ml.
for large sacculated veins of the lower extremities. The larger doses should be given no oftener
than twice weekly, and single doses in excess of
6 ml. should be avoided. Treatment should be
discontinued when severe reactions occur or are
suspected.
Storage. — Preserve "in single-dose or multiple-dose containers, preferably of Type I glass.
It may be packaged in 60-ml. multiple-dose containers." N.F.
Usual Sizes. — 5 per cent solution, containing
2 per cent of benzyl alcohol, in 2.5, 5, 25, and
60 ml.
SODIUM RADIO-IODIDE
SOLUTION.
U.S.P.

(I131)

Radioactive Iodine Solution

"Sodium Radio-iodide (I131) Solution is a solution containing iodine-131 suitable for either oral
or intravenous administration. Iodine-131 is a
radioactive isotope of iodine processed in the form
of sodium iodide from the products of uranium
fission in such manner that it is essentially
'carrier-free' and contains only minute amounts
of naturally occurring iodine-12 7. Sodium Radioiodide (I131) Solution contains a suitable bacteriostatic agent.
"Sodium Radio-iodide (I131) Solution contains
not less than 95 per cent and not more than 105
per cent of the labeled amount of I131 as iodide,
expressed in microcuries or millicuries, at the
time indicated in the labeling. Iodine-131 activity
as iodate does not exceed 5 per cent of the iodide
activity. Other chemical forms of radioactivity
are absent.
"Caution. — Dosage calculations must take into
account radioactive decay. The half-life of Iodine131 is 8.0 days. To prevent the I131 from being
absorbed, all containers used to handle Sodium
Radio-iodide (I131) Solution should be previously
rinsed with a solution containing approximately
0.80 per cent of sodium hydroxide. 0.04 per cent
of sodium bisulfite, and 0.25 per cent of sodium
iodide followed by rinsing with purified water
until the last rinsing is neutral to litmus." U.S.P.
Among the many products of fission of uranium
is a radioactive isotope of iodine having an atomic
weight of 131 rather than the common one of 127.
Since elemental iodine is volatile it is a fairly
simple procedure to separate it from other fission
products by appropriate use of distillation procedures. Iodine-131 may be obtained also by bombarding tellurium with slow neutrons in a chainreacting pile (for a summary of separation and
purification of iodine-131 by this method see
Nuclear Science Abstracts, 1952, 6, No. 1, 20).
Iodine-131 can exist in any of the forms in which
ordinary iodine occurs; the form in which it is
most useful is that of iodide ion, and more particularly as sodium iodide.
Iodine-131, regardless of the form in which it
exists (free element, iodide, iodate), decays with
emission of two beta particles (of 0.315 and 0.6
million electron volts of energy, respectively) and
four gamma rays (of 0.638, 0.636, 0.283 and 0.08
million electron volts of energy, respectively) . Its
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half-life, i.e., the time required for it to lose half
of its radioactivity, is 8.0 days. The amount of
iodine represented in even the most active solution that may be used is so small that it is impossible todetect the iodine by the usual qualitative tests; thus, 1 millicurie of iodine-131 weighs
but 0.000008 milligram! Measurements of the
concentration of iodine-131 are commonly made
with Geiger-Miiller or scintillation counters. For
explanation of terms, methods, units, etc., pertaining to sodium radio-iodide and other radioisotopes see the general article on Radium and
Radioactivity, in Part II.
Description. — "Sodium Radio-iodide (I131)
Solution is a clear solution, odorless or having an
odor due to the bacteriostatic agent. Upon standing, both the Solution and the glass container may
darken as a result of the effects of the radiation.
The pH of Sodium Radio-iodide (I131) Solution
is between 7.0 and 8.5." U.S.P. For standards and
tests, which utilize specialized radioisotope technics, see U.S.P. XV, also Pinajian and Christian
(/. A. Ph. A., 1955, 44, 107).
Uses. — The use of radioactive iodine in the
differential diagnosis of diseases of the thyroid
gland and in the treatment of hyperthyroidism
provides an outstanding example of the increasingly valuable role of the radioactive isotopes in
medical therapy. Having a half-life of 8 days,
sodium radio-iodide disintegrates with emission
of beta particles and gamma rays (see above).
The beta emission is largely responsible for its
effect upon tissue and the gamma radiations provide a means of quantitative evaluation of its site
of accumulation, as measured by a Geiger counter
or scintillation counter.
Diagnostic. — Ingested radio-iodide is rapidly
absorbed from the stomach into the blood stream.
Absorption from the gastrointestinal tract is 75
per cent complete in 1 hour and almost complete
in 3 hours (Kelsey et al., J. Clin. Endocrinol.,
1941, 9, 171). Only a minimal amount appears in
the stool, ordinarily not more than 3 per cent.
Concentration in the blood rises to a maximal
level in one hour and maximal levels in the tissues
occur at about the same time, indicating passive
diffusion into the intercellular tissue spaces. A
large part of the ingested dose is collected by the
thyroid gland. In normal individuals urinary excretion accounts for about 60 to 70 per cent of
the ingested dose in the first 48 hours. It has been
determined that in experimental animals small
amounts appear in the ovary, pituitary, lung, kidney and liver, while the parathyroid glands do not
accumulate an appreciable quantity.
The thyroid begins to collect radio-iodide and
the kidney to excrete it as soon as it enters the
blood stream, the rate of excretion being retarded
if there is impaired renal function. The thyroid
can concentrate iodine to 10,000 times the blood
level (Kelsey et al., loc. cit.). It traps large quantities of circulating iodide in the follicle cells.
Iodine is then converted into organically bound
iodine, accumulated in the form of diiodotyrosine
and thyroxin in the colloid. It is assumed that
diiodotyrosine is the precursor of thyroxin, the
actual circulating hormone, and that both share
in the formation of thyroglobulin. While indirect
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estimation of the uptake may be made by determining the total urinary excretion of iodine- 131
in a specified time as compared with the tracer
dose, the uptake is ordinarily determined by direct
measurement with the Geiger-Miiller counter or
scintillation counter. The percentage of retention
depends not only upon the degree of activity of
the thyroid gland but the amount of non-radioactive iodine already present in the body. Previous
administration of such substances as thyroid,
Lugol's solution, potassium iodide, hydriodic acid,
kelp, patent medicines and cough mixtures containing iodine, iodine-containing radiopaque dyes
used in x-ray procedures, and iodochlorhydroxyquin (Vioform) are known to diminish the uptake
(Barrett et al, J.A.M.A., 1953, 152, 1414). The
avidity of the gland for radio-iodide is enhanced
by an iodine-deficient diet. While the ability of
the thyroid gland to trap iodine remains intact
under the influence of thiouracil, the synthesis of
organic iodide is blocked. The administration of
thyrotropic hormone will cause prompt loss of
previously stored radio-iodine.
Tracer studies by Schneeberg et al. {Radiology,
1951, 56, 869), utilizing a test dose of 100 microcuries, indicated that iodine-131 uptake provides
an index of thyroid activity more than twice as
accurate as the basal metabolic rate in normal
subjects and equally diagnostic in those with thyroid disease. They found a single reading after
24 hours to be adequate for routine study. Investigation bythese authors and others established
that an uptake of 10 to 35 per cent 24 hours after
the test dose indicates normal thyroid function,
a level above 35 per cent indicates hyperthyroidism, while the uptake in hypothyroidism is below
10 per cent. Jaffe and Ottoman {J. AM. A., 1950,
143, 515) pointed out that in hypothyroid children with iodine-hungry, hyperplastic glands the
uptake may be high. They recommended a test
dose of 20 to 40 microcuries for children. Barrett
et al. (loc. cit.) found that in the presence of congestive heart failure the rate of uptake is slow
but that the total amount accumulated will be
normal, that a combination of low uptake plus a
high level of protein-bound iodine indicates thyroid medication or thyroiditis, that a few days
after surgical procedures patients with normal
thyroid function may have uptake values slightly
below normal, and that there is a definite rebound
phenomenon after cessation of thyroid medication,
usually at the third week. Wayne {Brit. M. J.,
1954, 411, 4859) claims that organic iodine compounds used in roentgen diagnosis may suppress
uptake for as long as 18 months and that thiouracil
drugs may increase uptake for as long as 3 years.
Uptake determination after only 1 hour suffices
to differentiate the hyperthyroid patient from the
euthyroid individual, while a 24-hour study is
needed to differentiate the normal subject from
the hypothyroid, according to Crispell et al.
{J. Clin. Endocrinol., 1953, 13, 231). GilbertDreyfus et al. {Semaine des Hopitaux de Paris,
1951, 27, 2383) check the uptake at 1 and 6 hours
as well as daily for several days to obtain a curve,
which they claim is better for diagnostic purposes
than the absolute values.
It has been found by Bauer {Am. J. Med. Sc,
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1952, 223, 495) that following successful radioiodide therapy of hyperthyroidism there was a
reduction of total uptake but not in the rapid rate
of accumulation. Goldsmith {ibid., 1954, 227,
403) confirmed that radio-iodide tracer tests in
patients who have been treated recently with
iodine-131 require special interpretation. Clark
et al. {Surgery, 1949, 26, 331) studied the rate of
conversion of orally administered radio-iodide into
protein-bound iodine of the plasma in 78 patients.
The ratio of radioactivity in the protein fraction
to total plasma radioactivity was designated as
the conversion ratio. The normal ratio ranged
from 13 to 43 per cent, in hyperthyroidism from
45 to 96 per cent, and in hypothyroidism from 2.7
to 12.5 per cent. They claimed that the ratio is
of value in diagnosis of cardiac patients with increased basal metabolic rate. The clearance of
iodide by the thyroid gland may prove to be the
most accurate measurement of its iodine accumulation. Methods for this have been described by
McConahey et al. (/. Clin. Inv., 1951, 30, 778)
and by Berson et al. {ibid., 1952, 31, 141).
The scintillation counter has proven to be a
more sensitive device to detect gamma radiation
after radio-iodide tracer doses than is the conventional Geiger counter, the wide-angle counter apparently being 100 times as sensitive. The tracer
dose can thus be reduced to one or two microcures without sacrificing accuracy, this amount of
radiation being of the order of that sustained during routine x-ray study of the chest (Barrett et al.,
loc. cit.). A technic for ascertaining the weight
and outline of the thyroid and of delineating
hypoplastic and hyperplastic adenomas within the
gland was outlined by Allen and Goodwin {Radiology, 1952, 58, 57). Scintigrams may be obtained
by using a scintillation counter attached to a
printing device (Bauer et al., California Med.,
1952, 77, 380). Such methods are of particular
value in revealing mediastinal, prelaryngeal or
lingual thyroid tissue.
The advantages of sodium radio-iodide as a
diagnostic agent have been summed up by Barrett
and associates {loc. cit.) as follows: it is an accurate, sensitive and practical laboratory aid; it is
both safe and rapid; the patient's cooperation is
not needed and no special preparation of the patient is required; the test can be done accurately
by a technician; tracer doses are available commercially and close association with a radioisotope
laboratory is unnecessary. The ability of sodium
radio-iodide to penetrate the disrupted bloodbrain barrier and to be bound to abnormal protein
radicals in tumor tissue makes it a useful adjunct
in the diagnosis and localization of brain tumors.
Chou et al. {Science, 1952, 115, 119) obtained a
higher differential uptake than with radioactive
diiodofluorescein {q.v.) or radioactive human
serum albumin in a series of different types of
brain tumors. The patients were given Lugol's
solution for 3 or 4 days to block uptake by the
thyroid, then given a tracer dose of 300 microcuries and studied with a scintillation counter
after 1 hour.
Therapeutic. — Since the initial reports in 1942
on treatment of hyperthyroidism by means of
radioactive iodine (Hertz and Roberts, Hamilton
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and Lawrence, J. Clin. Inv., 1942, 21, 624), its
administration has met with satisfactory results
in many hospitals and clinics. The effect of iodine131 radiation on tissues is similar to that of
x-rays. The ability of functioning thyroid tissue
to concentrate iodine permits of delivering a very
high dose of radiation to the thyroid with minimal action elsewhere in the body and avoids the
damage to skin and reactions in the mucous membrane of the trachea and esophagus incidental to
conventional x-ray therapy. As indicated above,
the beta radiation is responsible for most of its
biological effect, and since this radiation does not
penetrate beyond 2.2 mm. in body tissues, there
is practically no effect beyond the capsule of the
thyroid gland.
The question of the possibility of producing
cancer of the thyroid by administration of radioiodide has been raised repeatedly. Quimby and
Werner (J.A.M.A., 1949, 140, 1046) conducted
a survey among 70 radiologists and 31 thyroid
specialists as to, whether x-ray therapy produces
late malignant degeneration in patients treated for
hyperthyroidism. The consensus was that the
possibility of this is negligible and that the probability of danger following iodine-131 administration is not much greater, although it will require
some years for evaluation. Chapman (/. Clin.
Endocrinol., 1954, 14, 45) reported on results
obtained in 445 patients treated in a 10-year
period. He found that the biological response to
radio-iodide is gradual, with fibrosis and cellular
damage resulting in bizarre nuclear forms in thyroid tissue, but that no evidence of malignancy
was found in sections from 44 glands after treatment. In some instances myxedema appeared
years after the cell injury. Hunt (J. A.M. A., 1954.
155, 5) pointed out that the body receives less
irradiation from radio-iodide therapy than during
a gastrointestinal x-ray series and that no carcinogenic effect has yet been demonstrated. If
cancer occurs it should be in the thyroid, where
surgical removal would be the same as after any
irradiation treatment.
There is disagreement as to the indications for
radio-iodide therapy of hyperthyroidism and the
dosage to be used. Kelsey (Postgrad. Med., 1949,
6, 263) stated that he still considered thyroidectomy after suitable preparation to be the treatment of choice for ordinary, uncomplicated exophthalmic goiter, as did Ravdin and associates
(J. A.M. A., 1949, 140, 141). On the other hand
Gordon and Albright (J.A.M.A., 1950, 143, 1129)
considered radio-iodide to be the treatment of
choice for toxic goiter except in pregnancy, the
presence of mechanical obstruction from a large
gland, or in very hard glands presenting the danger of malignancy. Prinzmetal et al. (J.A.M.A.,
1949, 140, 1082) found radio-iodide therapy useful in treating hyperthyroidism where there are
multiple recurrences after surgery, in the presence
of severe congestive heart failure, extreme emotional instability or frank psychosis, and unusually
severe toxicity or inability to control with drugs.
Refusal of surgery for psychological reasons is an
added indication. Thomas (New Eng. J. Med.,
1953, 248, 760) believes it is the treatment of
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choice in elderly patients with exophthalmic goiter
and in elderly patients with toxic nodular goiter
if patients prefer and unless cardiac complications
need immediate relief. Hunt (loc. cit.) does not
recommend radio-iodide therapy for toxic adenomas, since the adenoma remains and should be
removed surgically if the patient is a good operative risk.
Sodium radio-iodide resulted in satisfactory remission ofhyperthyroidism in 327 of 384 patients
(85.2 per cent) followed for a period of 6 to 60
months, in the experience of Clarke and associates
(J.A.M.A., 1952, 150, 1269). Of these patients
204 had toxic, diffusely enlarged glands and 180
had toxic nodular glands. Dosage was based upon
the estimated weight of the gland, the type of
gland and age of the patient. Patients under 40
years of age with toxic diffuse goiter received 150
microcuries per estimated gram of thyroid tissue,
those over 40 years were given 250 microcuries as
the initial dose. The presence of toxic nodular
goiter required almost twice as much radio-iodide,
usually 300 to 350 microcuries per estimated gram
of thyroid tissue. If no thyroid gland was palpable
in patients who had undergone previous thyroidectomy the estimated weight used was 20 Gm.
Administration of radio-iodide was deferred 4
weeks if there had been pretreatment with iodine
or antithyroid drugs, except in instances of severe
toxicity in which the avidity of the gland for
iodine-131 was not significantly decreased. Treated
patients were examined every 2 months until they
became euthyroid and were retreated as necessary.
No patient who remained euthyroid four months
had had recurrence. In those with severe toxicity
at the time of initial treatment, iodine and antithyroid drugs were also administered, beginning
3 to 5 days after the dose of iodine-131 in order
to control toxicity as soon as possible. In all patients with diffusely enlarged glands there was
marked decrease in size; although nodular goiters
showed some tendency to become smaller, many
did not change appreciably. Varying degrees of
hypothyroidism occurred in 53 (13.8 per cent)
and apparently permanent myxedema in 1 per
cent. In no instance was there increase in exophthalmos ifit existed previously; 19.1 per cent had
complete remission, 58.5 per cent were somewhat
improved. There was no instance of radiation
sickness, bone marrow depression, parathyroid or
renal damage. No menstrual abnormalities resulted and several patients gave birth to normal
babies subsequently.
Similar good results have been reported by
Thomas (loc. cit.) and McCullagh (Ann. Int.
Med., 1952, 37, 739), both of whom used from
100 to 200 microcuries per estimated gram of thyroid tissue as the initial dose in patients with
toxic diffuse goiter. Thomas pointed out that the
incidence of resulting myxedema is about the
same as after surgery, and that the complications
of parathyroid tetany and recurrent nerve paralysis are avoided. In McCullagh's experience a
single dose sufficed in 75 per cent of cases, 2 doses
were required in 15 per cent, and the remaining
10 per cent needed 3 or more doses. His cases
were examined 2 months after initial therapy and
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if unimproved the dose was repeated; those with
moderate improvement received appropriate doses,
while no additional radio-iodide was given for at
least 2 months if the basal metabolic rate was
below plus 20 per cent. Most instances of Graves'
disease were controlled in 2 to 4 months, 98 per
cent after 6 months. McCullagh found the required dosage for toxic nodular goiter to be
greater and the rate of improvement slower, more
than 6 months usually elapsing before control was
established. He observed no instance of myxedema
following treatment of nodular goiter. Comparable
results were reported by Portmann (Am. J.
Roentgen., 1951, 66, 179) in a series of 272
patients.
Administration of radio-iodine to euthyroid patients with intractable angina pectoris or severe
congestive heart failure that cannot be controlled
by other measures is based upon the benefits obtaining from total surgical ablation of the thyroid
gland in such patients, as recommended originally
by Blumgart and associates (Arch. Int. Med.,
1933, 51, 866, and J.A.M.A., 1935, 104, 17) and
by Means (New Eng. J. Med., 1933, 208, 541).
Rationale of this procedure is that by lowering
the total body metabolism, systemic circulatory
requirements are decreased to within the limits
of cardiac reserve. Blumgart and Freedberg (Circulation, 1952, 6, 222) stated that suitable patients are those whose disease has been relatively
stationary or only slightly progressive over a
period of a year or more, and that they should
show appropriate evidence of cardiac reserve.
Patients with a basal metabolic rate below minus
10 per cent are unsuited. More recently Blumgart
and associates (J.A.M.A., 1955, 157, 1) reported
the results from radioactive iodine treatment of
1070 euthyroid patients with advanced heart disease, of whom 87 were of their own series and
983 were treated in a total of 49 other clinics. Of
the total number 720 patients had angina pectoris
and 350 had congestive failure. There was worthwhile improvement in 75 per cent of those with
angina pectoris and in 60 per cent of the patients
with congestive failure. Blumgart administers an
initial dose of no more than 20 millicuries to those
patients whose iodine-131 uptake is about 30 per
cent and in those with a higher uptake or who
have anginal attacks while at rest or in bed the
initial dose is 10 millicuries. These amounts are
usually given at weekly intervals for 3 doses.
Since complicating temporary hyperthyroidism
may occur during the second or third week of
treatment, patients with angina of decubitus must
restrict activity during that period. Additional
single doses are given at intervals of 1 or 2 months
until hypothyroidism is evident. Approximately
one-third of the patients experience a mild, transitory thyroiditis. In some clinics single doses of
50 millicuries have been found to aggravate the
symptoms of the underlying heart disease temporarily. After myxedema has been induced the patient is given a small daily dose of thyroid to
maintain the lowest metabolic rate consistent with
comfort, from 6 to 30 mg. on the average. Fatal
thyroid crisis following treatment in a thyrocardiac was reported by Nelson et al. (Illinois
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M. J., 1952, 101, 265). Jaffe et al. (J.A.M.A.,
1953, 151, 716), Wolferth and associates (Pennsylvania M. J., 1951, 54, 352) and others reported
on this type of treatment for advanced heart
disease.
Radioactive iodine treatment of cancer of the
thyroid has been ineffective to date. In most instances the uptake is poor and is chiefly confined
to the uninvolved portion of the gland. It is more
effective in metastatic cancer of the thyroid following total thyroidectomy, its action being augmented if there is preliminary administration of
a thiouracil compound after total ablation of the
primary lesion (Hunt, J. A.M. A., 1954, 155, 5). In
cases studied by Meckstroth and Curtis (Arch.
Surg., 1953, 67, 187), none with undifferentiated
or papillary types of carcinoma showed any appreciable uptake either in the primary or metastatic lesions. Of 7 patients with adenocarcinomas
with colloid formation and metastases, only 3
showed sufficient iodine-131 uptake to diminish
the size of the lesions, this number representing
only 7 per cent of 47 thyroid malignancies studied.
They recommended that if therapy is indicated
the initial dose should be 25 to 50 millicuries,
which may produce a subacute thyroiditis and
tracheitis 6 to 8 weeks later, but sufficiently mild
to be tolerated. A second dose of 100 millicuries
is to be given after 6 to 8 weeks and repeated
every 4 to 6 months until the desired effect is
obtained or until there is no longer any uptake of
radio-iodide and the patient is totally myxedematous. Total dosages as high as 1000 millicuries
have been reported by others without serious side
effects. The largest single safe dose varies from
100 to 400 millicuries, according to Rail (Minn.
Med., 1953, 67, 187). Rawson et al. (Arch. Int.
Med., 1953, 92, 299) described a method for calculating whether a satisfactory dose can be administered without serious harm to the patient.
Beierwaltes (ibid., 1952, 37, 23) listed as indications that treatment will be effective : (a) positive
autoradiograph, (b) high uptake in the metastases
by external gamma counting, (c) excretion of less
than 30 per cent of a tracer dose in the urine in
the first 48 to 96 hours, and (d) a low level of
iodine-131 in the circulating blood following the
tracer dose.
Pregnancy after the first trimester is a definite
contraindication to the administration of radioiodide for any purpose unless very important overriding considerations exist, as serious damage to
the fetal thyroid may result. Chapman et al.
(J. Clin. Endocrinol., 1948, 8, 717) demonstrated
appreciable amounts of radioactivity in the fetal
thyroid after the twelfth week of gestation. Nurnberger and Lipscomb (I.A.M.A., 1952, 150, 1398)
demonstrated the presence of iodine-131 in the
milk of lactating mothers following tracer doses.
Not only may this be hazardous to the infant,
but the diversion of radio-iodide from the thyroid
and into the milk makes tracer studies unreliable
in nursing mothers.
Summary. — Sodium radio-iodide is used in the
differential diagnosis of thyroid disease, in the
localization of thyroid tissue, in treatment of
exophthalmic goiter and toxic nodular goiter, espe-
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dally in older patients, in hyperthyroidism that
cannot be controlled by drugs, in treating recurrences after thyroidectomy, in thyrotoxic patients
with severe congestive heart failure, in euthyroid
patients with intractable angina pectoris or congestive heart failure, and in selected instances of
metastatic thyroid malignancy. Its administration
is contraindicated in pregnancy after the first trimester and during lactation. Its action is blocked
by the previous administration of iodine in any
form and by the administration of antithyroid
drugs except in the presence of thyroid cancer. It
is contraindicated in treating thyrotoxicosis in
large goiters producing mechanical obstruction
and in very hard glands where there is danger of
malignancy.
Dose. — The dose of sodium radio-iodide as a
diagnostic agent, for tracer and uptake studies,
varies from 1 to 100 microcuries, administered
orally as a rule but intravenously in some instances. Tracer doses as small as 1 or 2 microcuries may be adequate if the scintillation counter
is used. The average initial therapeutic dose for
toxic diffuse goiter varies from 100 to 200 microcuries per gram of estimated thyroid tissue, with
smaller doses administered subsequently at intervals of 2 months or more as indicated. Treatment
of toxic nodular goiter requires doses approximately twice as great. Individual doses in treatment of thyroid cancer range from 1 to 100 millicuries, total dosage of several hundred millicuries
being needed in some instances.
It may be supplied only to institutions or individuals holding valid authorizations from the
Atomic Energy Commission. Sodium radio-iodide
solution may be obtained in either diagnostic or
therapeutic potencies, calibrated for a specific
date. It is also supplied in capsule form for diagnostic use by the Abbott Laboratories.
Labeling. — "Label Sodium Radio-iodide (I131)
Solution to include the following : the name of the
product, the name and address of the manufacturer, the manufacturers batch or lot number,
the volume of Solution in the container, the
amount of I131 as iodide expressed in microcuries
or in millicuries at a given hour and date, the
name and quantity of any added preservative, or
stabilizing substance, the intended use, whether
oral or intravenous and whether diagnostic or
therapeutic, the recommended dosage, and the
warning, 'Radioactive.' together with other suitable warnings." U.S.P.
Storage. — "Preserve Sodium Radio-iodide
(I131) Solution in single-dose or in multiple-dose
containers which have previously been rinsed with
a solution containing approximately 0.80 per cent
of sodium hydroxide, 0.04 per cent of sodium bisulfite, and 0.25 per cent of sodium iodide followed by rinsing with purified water until neutral
to litmus. Shield the container in accordance with
the regulations of the federal Interstate Commerce
Commission." U.S.P.
Solutions Available. — Sodium Radio-iodide
(I131) Solution is usually available as follows:
250 microcuries in 10 ml.; 1000 microcuries in 40
ml.; 5 to 15 millicuries in 10 ml. ; 15 to 40 millicuries in 20 ml.; 40 to 100 millicuries in 30 ml.
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SODIUM
SALICYLATE.
U.S.P., B.P., LP.
[Sodii

Salicylas]

o-C6H4(OH)COOXa
"Sodium Salicylate, dried at 105° for 4 hours,
contains not less than 99.5 per cent of C7H5NaOs." U3.P. The B.P. requires not less than
99.5 per cent of dHoOaNa, calculated with reference to the substance dried to constant weight at
105°; the LP. requires not less than 99.4 per cent
of the active component, calculated with reference
to the substance dried at 110° for 4 hours.
I.P. Natrii Salicylas. Salicylate of Soda. Natrium
Salicylicum; Salicylas Sodicus. Fr. Salicylate de sodium;
Salicylate de soude. Ger. Natriumsalizy lat ; Salicylsaures
Natrium. It. Salicilato di sodio. Sp. Salicilato de sodio.

Sodium salicylate may be prepared by reacting
salicylic acid with either sodium bicarbonate or
sodium carbonate in an aqueous medium; the resulting solution is evaporated to dryness at a relatively low temperature. The solution of sodium
salicylate must be kept slightly acid in order that
a white salt may be obtained; if it is alkaline, a
complex oxidative side reaction occurs in which
oxygen
tained. is absorbed and a colored product is obDescription. — "Sodium Salicylate occurs as
an amorphous or a microcrystalline powder, or as
scales. It is colorless or has not more than a faint,
pink tinge. It is odorless or has a faint, characteristic odor, and is affected by light. One Gm. of
Sodium Salicylate dissolves in 1 ml. of water, in
10 ml. of alcohol, and in about 4 ml. of glycerin.
It is very soluble in boiling water and in boiling
alcohol." U.S.P.
Standards and Tests. — Identification. — A solution of sodium salicylate responds to tests for
sodium and for salicylate. Loss on drying. — Not
over 0.5 per cent, when dried for 4 hours at 105°.
Color of solution and reaction. — A freshly prepared 1 in 10 solution of sodium salicylate is
colorless or nearly so, and is neutral or slightly
acid to litmus paper. Sulfite or thiosulfate. — The
filtrate separated from a mixture of 1 ml. of hydrochloric acid and a solution of 1 Gm. of sodium
salicylate in 20 ml. of water requires not more
than 0.15 ml. of 0.1 N iodine to produce a yellow
color. Heavy metals. — The limit is 20 parts per
million. U.S.P. The B.P. limit of arsenic is 2 parts
per million and the limit of lead is 10 parts per
million; the I.P. has the same limits.
Assay. — To a solution of 2 Gm. of dried sodium salicylate is added 75 ml. of ether and the
mixture titrated with 0.5 N hydrochloric acid,
using bromophenol blue T.S. as indicator. After
the first end point is obtained the ether solution
is withdrawn, washed with water, and a fresh portion of ether added after which the mixture is
titrated until a pale green color is produced in the
water layer. In this assay the acid liberates salicylic acid, which passes into the ether solution,
except for a small amount remaining dissolved in
the aqueous phase; this is removed by a fresh
portion of ether and the titration continued until
all the salicylic acid has been displaced. Each ml.
of 0.5 A7 hvdrochloric acid represents 80.05 mg.
of C7H5Na03. U.S.P. The B.P. assay is practically
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identical with this, but the I. P. employs a bromination procedure similar to that directed by the
U.S. P. for phenol (q.v.) ; bromination of the
salicylic acid produces tribromophenol and carbon
dioxide, the equivalent weight of sodium salicylate
being one-sixth its molecular weight since 3 molecules of bromine- are required in the reaction.
Incompatibilities. — Sodium salicylate is incompatible with antipyrine, forming, when mixed
in powder, a liquid mixture. It is also incompatible with ferric salts, which give a blue-violet to a
violet-red color. Acids liberate the slightly soluble
salicylic acid. The discoloration of sodium salicylate solutions which is often noticed after they
have been dispensed is said to be due to atmospheric oxygen in the presence of a trace of iron,
with the formation of a quinoid structure of the
phenolic group of the salicylate (see Grill, J. A.
Ph. A., 1932, 21, 765; also Brecht and Rogers,
ibid., 1940, 29, 178). The addition of a small
amount of a bisulfite or sulfite materially retards
color development.
A concentrated aqueous solution of sodium salicylate is a good solvent for volatile oils, resins,
phenolic compounds, thymol and menthol. Sodium
salicylate tends to prevent precipitation of some
of the metallic oxides or hydroxides.
Uses. — There appears to be little difference in
therapeutic effect between sodium salicylate and
acetylsalicylic acid notwithstanding the more rapid
absorption of the former. In general, the uses of
sodium salicylate are those of acetylsalicylic acid
(q.v.), though some believe aspirin to be the more
effective in relieving headache and the less likely
to irritate the stomach.
Sodium salicylate is widely used in the treatment of acute rheumatic fever, possibly being
more effective against exudative manifestations of
this disease than is acetylsalicylic acid. The usual
dose of 3 to 6 Gm. (approximately 45 to 90
grains) daily is adequate to relieve joint pain and
fever. An equal amount of sodium bicarbonate is
commonly administered with large oral doses of
sodium salicylate to minimize gastric irritation;
aluminum hydroxide has been similarly used.
Coburn (Bull. Johns Hopkins Hosp., 1942, 73,
435) advocated use of still larger doses, believing
them to exert curative as well as palliative action.
He gave 10 Gm. of sodium salicylate dissolved in
1000 ml. of sodium chloride injection intravenously daily at a rate requiring about 4 hours for
the injection; this dose was tolerated better intravenously than orally. In some cases with persisting fever on this dosage he administered 20
Gm. daily, intravenously. He reported that a blood
serum concentration of 350 micrograms per ml.
was required to suppress the rheumatic reaction
in tissues. His results in robust young sailors were
excellent. Deaths following salicylate therapy have
been reported as occurring in civilian practice
(Manchester, J.A.M.A., 1946, 131, 209). Hypoprothrombinemia develops under such therapy
(Link et al., J. Biol. Chem., 1943, 147, 463);
large doses of vitamin K have been found to prevent this untoward effect of large doses of salicylate (Jager and Alway, Am. J. Med. Sc, 1946,
211, 273). It appears that salicylates are only
palliative and not corrective in treatment of acute
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rheumatic fever. An extensive evaluation based on
rigid criteria has led to the conclusion that ordinary doses of sodium salicylate are just as effective in acute rheumatic fever as cortisone or
corticotropin.
Sodium salicylate has been used as a sclerosing
agent in injection treatment of varicose veins
(Ochsner and Garside, Ann. Surg., 1932, 96, 750).
For other uses of sodium salicylate see under
Acetylsalicylic Acid; for topical uses of salicylic
acid see under Salicylic Acid. |v]
Dose. — The usual dose of sodium salicylate is
600 mg. (approximately 10 grains) every 2 to 4
hours, orally, with a range of dose of 300 mg. to
1 Gm. The maximum safe single dose is usually
1.5 Gm. and the usual maximum dose in 24 hours
is 6 Gm. (but see above for use of larger doses).
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
SODIUM
SALICYLATE INJECTION.
N.F.
"Sodium Salicylate Injection is a sterile solution
of sodium salicylate in water for injection. It contains not less than 95 per cent and not more than
N.F.
105 per cent of the labeled amount of C7HsNa03."
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Sizes. — 1 Gm. (15 grains) in 5 ml.;
2 Gm. (30 grains) in 10 ml. and in 20 ml.
SODIUM

SALICYLATE
INJECTION.

AND
N.F.

IODIDE

Sodium Salicylate and Iodide Ampuls

"Sodium Salicylate and Iodide Injection is a
sterile solution of sodium salicylate and sodium
iodide in water for injection, and yields C7H5Na03, and Nal, equal to not less than 93 per
cent and not more than 103 per cent of the
labeled amount of each." N.F.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Size. — 20 ml. containing 1 Gm. (15
grains) of each salt.
SODIUM SALICYLATE
WITH
COLCHICINE
N.F.

AND IODIDE
INJECTION.

"Sodium Salicylate and Iodide with Colchicine
Injection is a sterile solution of sodium salicylate,
sodium iodide, and colchicine in water for injection. It contains not less than 93 per cent and not
more than 103 per cent of the labeled amounts
of CiHsNaOs and of Nal." N.F.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Size. — 20 ml. containing 1 Gm. (15
grains) each of sodium salicylate and sodium
iodide and 0.65 mg. (Moo grain) of colchicine.
SODIUM

SALICYLATE
U.S.P. (LP.)

TABLETS.

[Tabellas Sodii Salicylatis]

"Sodium Salicylate Tablets contain not less
than 95 per cent and not more than 105 per cent
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of the labeled amount of CiHsNaOa." U.S.P. The
LP. limits are the same.
I. P. Tablets of Sodium Salicylate; Compressi Natrii
Salicylatis. Sp. Tabletas de Salicilato de Sodio.

Usual Sizes. — 5 and 10 grains (approximately
300 and 600 mg.), usually enteric coated.
SODIUM

Part
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STEARATE.
[Sodii

U.S.P.

Stearas]

"Sodium Stearate is a mixture of varying proportions of sodium stearate (CisHssNaCte) and
sodium palmitate (Ci6H3iNaO-2)." US. P.
Natrium Stearicum. It. Stearato di sodio. Sp. Estearato
de Sodio.

Sodium stearate is made by reacting sodium
carbonate with commercial stearic acid.
Description. — "Sodium Stearate is a fine,
white powder, soapy to the touch. It usually has
a slight, tallow-like odor. It is affected by light.
Its solutions are alkaline to phenolphthalein T.S.
Sodium Stearate Is slowly soluble in cold water
and in cold alcohol, but is readily soluble in hot
water and in hot alcohol.'' U.S.P.
Standards and Tests. — Identification. — (1)
Sodium stearate fuses when heated. At a higher
temperature it decomposes, giving off flammable
vapors and the odor of burning fat. and finally
leaves a residue which, when moistened with
water, is alkaline to litmus paper, effervesces with
acids, and colors a non-luminous flame intensely
yellow. (2) The solidification temperature of the
fatty acids separated from sodium stearate is not
below 54°. Loss on drying. — Not over 5 per cent,
when dried at 105° for 4 hours. Alcohol-insoluble
substan-ces. — A solution prepared by boiling 1 Gm.
of sodium stearate with 25 ml. of alcohol is clear
or not more than slightly opalescent. Acidity or
alkalinity. — A solution of 2 Gm. of sodium stearate in 50 ml. of neutralized alcohol is not colored
pink by phenolphthalein T.S.; it requires not less
than 0.60 ml. and not more than 0.85 ml. of 0.1 A7
sodium hydroxide to produce a pink color. U.S.P.
Incompatibilities. — Sodium stearate reacts
with acids with liberation of stearic acid. Its aqueous solution is precipitated by solutions of salts
of lead and other heavy metals and also by solutions of the salts of the alkaline earth metals.
Uses. — Sodium stearate is used chiefly for
pharmaceutical purposes. It is an ingredient in
the so-called greaseless ointments, or vanishing
creams. It is official because it is an ingredient of
glycerin suppositories.
Pencils of sodium stearate, which were recommended by Unna for use in sycosis and other skin
diseases, were prepared from the following: sodium stearate. 6 Gm.; glycerin, 2.5 Gm.; alcohol,
sufficient to make 100 Gm. The affected part was
rubbed with the pencil 5 or 6 times daily.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
Off. Prep. — Glycerin Suppositories, U.S.P.
SODIUM SULFATE.
N.F. (B.P.)
Glauber's Salt, [Sodii Sulfas]

Xa2SO4.10H2O

I

tains not less
than not
99 per
Nai'SO-i.''
The B.P.
requires
less cent
than of99.0
per centN.F.
of
Na2S04, determined on the substance dried to
constant weight at 105°.
B.P. Sodium Sulphate; Sodii Sulphas. Sulfate of Soda.
Natrium Sulfuricum; Sulfas Sodicus. Fr. Sulfate de
sodium officinal; Sulfate de soude purine; Sel de Glauber.
Get. Natriumsulfat; Schwefelsaures Natrium; Glaubersalz. It. Solfato di sodio. Sp. Sulfato de sodio; Sal de
Glaubero.

Sodium sulfate is widely distributed in nature,
and is a by-product of many chemical manufacturing operations. It is a constituent of many
mineral springs and lakes; its minerals include
thenardite, which is anhydrous sodium sulfate;
mirabilite or Glauber's salt, the decahydrate to
which the 17th century chemist Glauber attributed
such wonderful therapeutic properties; and glauberite, a double sulfate of calcium and sodium.
Large quantities of sodium sulfate are produced
in the decomposition of sodium chloride by sulfuric acid, as in the manufacture of hydrochloric
acid (q.v.) and of sodium carbonate by the Leblanc
process {q.v.). It is also obtained from the mother
liquors of sea water remaining after separation of
sodium chloride, as well as by evaporating the
mother liquors from carnallite or kieserite (at
Stassfurt); both of these solutions contain magnesium sulfate and sodium chloride from which
may be crystallized sodium sulfate while magnesium chloride remains in solution.
Robertson (Ind. Eng. Chem., 1942, 34, 133)
reported that a satisfactory process for the separation of sodium sulfate from the complex brine
of Searles Lake, in California, has been worked
out. Of interest in this connection is the achievement of separating, by the application of phaserule principles, the anhydrous form of sodium
sulfate from an aqueous system.
Prior to World War II. more than a third of
the United States' consumption of salt cake, as
sodium sulfate is referred to, was supplied by import, chiefly from Germany. With the resultant
economic shortage of this substance, as well as of
chlorine. Hixson and Tenney (Ind. Eng. Chem.,
1941, 33, 1472) worked out the details of a
promising process for making both substances
simultaneously. The raw materials are sulfur and
sodium chloride: the former is converted to sulfur
trioxide gas which reacts with sodium chloride to
produce, finally:
2SOs + 2NaCl ■* Na2S04 + SO2 + Cb
The sulfur dioxide is oxidized to the trioxide and
used over again.
In addition to the sources mentioned above,
smaller quantities of the salt enter commerce as a
by-product of various chemical operations.
Description. — "Sodium Sulfate occurs as
large, colorless, odorless, transparent crystals or
as a granular powder. It effloresces rapidly in air.
Sodium Sulfate liquefies in its water of hydration
at about 33°. At 100° it loses all of its water of
hydration. Its solutions are neutral to litmus. One
Gm. of Sodium Sulfate dissolves in 1.5 ml. of
water. It is insoluble in alcohol but soluble in

"Sodium Sulfate, dried at 105° for 4 hours, conglycerin." AT.F.

Part I
Standards and Tests. — Identification. — A 1
in 20 solution of sodium sulfate responds to tests
for sodium and for sulfate. Loss on drying. — Not
less than 51 per cent and not more than 57 per
cent, when dried at 105° for 4 hours. Arsenic. —
The limit is 10 parts per million. Heavy metals. —
The limit is 10 parts per million. N.F. The arsenic
limit specified by the B.P. is 2 parts per million;
the lead limit is 5 parts per million. Limit tests
for acidity or alkalinity, iron and zinc, magnesium,
and chloride are also provided.
Assay. — A 400-mg. portion of the residue obtained in the test for loss on drying is dissolved
in water and the sulfate precipitated as barium
sulfate. The precipitate is washed, dried, ignited
and weighed. The weight of the barium sulfate,
multiplied by 0.6085, indicates its equivalent of
Na2S04. N.F.
When recently crystallized, sodium sulfate is
transparent; but on exposure to the air it effloresces, and the crystals become covered with an
opaque white powder. A supersaturated solution of
sodium sulfate will remain without crystallizing
at ordinary temperatures, even though containing
considerably more of the salt than is dissolved
under equilibrium conditions. But the solution instantly forms into a crystalline mass on adding a
fragment of the crystallized salt.
When crystallized sodium sulfate is heated
gently it dissolves in its water of crystallization,
then leaves a residue of exsiccated salt, and afterwards melts at about 880°.
Incompatibilities. — Sodium sulfate forms insoluble salts with strontium, calcium, barium, lead,
mercury, and silver.
Uses. — Sodium sulfate is a highly effective
hydragogue cathartic when given in doses of 15
to 30 Gm. {l/2 to 1 ounce); in smaller doses it is
mildly laxative and diuretic. It is as effective as
magnesium sulfate and while its taste is more unpleasant than that of the latter salt it has the
advantage of lacking magnesium ion which in
some situations may be toxic. Addition of a small
amount of lemon juice will improve the taste of
sodium sulfate somewhat. Sodium sulfate in larger
doses removes fluid from edematous tissues. A
sterile solution containing 4.3 per cent of sodium
sulfate is sometimes used, by intravenous drip, as
a diuretic in treatment of anuria and uremia.
Externally solutions of 10 to 25 per cent concentration are sometimes applied to infected
wounds where the sodium sulfate acts a a lymphagogue to relieve pain and edema, [v]
Dose. — The usual cathartic dose of uneffloresced sodium sulfate is 15 Gm. (y2 ounce), dissolved inwater, but it may be as large as 30 Gm.
For laxative effect as little as 2 Gm. may produce
the desired degree of action. It should be kept in
mind that the crystallized salt contains nearly 56
per cent of water; if the salt has effloresced the
dose should be reduced. In habitual constipation
sodium sulfate is best taken in the morning on an
empty stomach, preferably in dilute aqueous solutionhypertonic
;
solutions are employed when it is
desired to remove water from tissues.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." N.F.
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SULFITE.

[Sodii Sulfis Exsiccatus]

"Exsiccated Sodium Sulfite contains not less
than 95 per cent of Na2S03." N.F.
Anhydrous Sodium Sulfite. Natrium Sulfurosum Siccum.
Ger. Entwassertes Natriumsulfit. Sp. Sulfito de Sodio
Desecado.

Sodium sulfite may be produced by several
processes. One of these consists in passing sulfur
dioxide into a solution of sodium carbonate to
produce sodium bisulfite, an equivalent amount of
base is added, the normal sulfite is crystallized
and dried in a reducing atmosphere. Sodium sulfite can be prepared also by heating sodium sulfate
with a reducing agent, such as iron, in an atmosphere of sulfur dioxide.
Description. — "Exsiccated Sodium Sulfite occurs as a white, odorless powder, and possesses a
cooling, saline, sulfurous taste. It undergoes oxidation in air. Its solutions are alkaline to litmus
and to phenolphthalein T.S. One Gm. of Exsiccated Sodium Sulfite dissolves in about 4 ml. of
water. It is sparingly soluble in alcohol." N.F.
Standards and Tests. — A 1 in 20 solution of
exsiccated sodium sulfite responds to tests for sodium and for sulfite. Thiosulfate. — No turbidity
is produced within 5 minutes when hydrochloric
acid is slowly added to a solution of exsiccated
sodium sulfite in water. Arsenic. — A 200-mg. portion of exsiccated sodium sulfite meets the requirements ofthe test for arsenic. Heavy metals.
— The limit is 20 parts per million. N.F.
Assay. — About 250 mg. of exsiccated sodium
sulfite is added to 50 ml. of 0.1 N iodine, which
oxidizes the sulfite ion to sulfate. After standing
5 minutes, the excess of iodine is titrated with
0.1 iV sodium thiosulfate, using starch T.S. as
indicator. Each ml. of 0.1 N iodine represents
6.302 mg. of Na2S03. N.F.
Uses. — Exsiccated sodium sulfite is officially
recognized because of its use as a preservative of
tannic acid glycerite; the dried form is preferable
for this purpose since water tends to hasten decomposition oftannic acid. Sodium sulfite, usually
as the heptahydrate, has been employed internally in the treatment of fermentative dyspepsia.
The drug has also been employed in a mouth
wash for aphthae, and in lotions for ringworm
and other parasitic infections.
Sodium sulfite heptahydrate has been given in
doses of from 0.3 to 1.3 Gm. (approximately 5 to
20 grains).
Storage. — Preserve "in tight containers." N.F.
SODIUM

THIOCYANATE.

N.F.

Sodium Sulfocyanate, [Sodii Thiocyanas]

"Sodium Thiocyanate, dried at 105° for 4
hours, contains not less than 98.5 per cent of
NaSCN." N.F.
Sodium Rhodanate;

Sodium Rhodanide.

Sodium thiocyanate may be prepared by heating sodium cyanide with sulfur, or by interaction
of aqueous solutions of sodium sulfide and sodium cyanide.
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Description. — "Sodium Thiocyanate occurs
as colorless or white, odorless crystals. It has a
cooling, salty taste. It is hygroscopic and is affected by light. A solution of Sodium Thiocyanate
(1 in 20) is neutral to htm us. One Gm. of Sodium
Thiocyanate dissolves in about 0.7 ml. of water
and in about 4 ml. of alcohol." N.F.
Standards and Tests. — Identification. — A 1
in 20 solution responds to tests for sodium and
for thiocyanate. Loss on drying. — Not over 5 per
cent, when dried at 105° for 4 hours. Chloride. —
The limit is 0.1 per cent. Cyanide. — No green or
blue color is produced on filter paper when a
mixture of sodium thiocyanate, sodium hydroxide
T.S., ferrous sulfate T.S., and ferric chloride is
filtered through white paper. Sulfate. — The limit
is 250 parts per million. Ammonium salts. — Ammonia is not evolved when sodium thiocyanate
is heated with sodium hydroxide T.S. Arsenic. —
It meets the requirements of the official test.
Heavy metals. — The limit is 20 parts per million.
N.F.
Assay. — About 200 mg. of dried sodium thiocyanate is dissolved in water, the thiocyanate
precipitated with a measured excess of 0.1 N
silver nitrate, and the excess of silver ion titrated
with 0.1 N ammonium thiocyanate, using ferric
ammonium sulfate T.S. as indicator. Each ml.
of 0.1 N silver nitrate represents 8.108 mg. of
NaSCN. N.F.
Incompatibilities. — Sodium thiocyanate produces precipitates with solutions containing silver,
lead, copper, zinc or iron, the last producing a
red color. Many alkaloids are precipitated by
sodium thiocyanate. Its hygroscopicity may be
troublesome in capsule formulations; the salt
should be dried at 110° and mixed with some
magnesium oxide or other substance which will
overcome this difficulty.
Uses. — Sodium thiocyanate is used for the
same purposes as potassium thiocyanate, under
which title uses are discussed. Anderson and Chen
(/. A. Ph. A., 1940, 29, 152) reported that the
sodium salt is less toxic than the potassium salt.
In therapeutics the two salts are used rather interchangeably though in patients on restricted
sodium intake the potassium salt is preferred. In
recent times the thiocyanates have been used most
widely in the management of hypertension.
Thiocyanic acid is actively bactericidal but its
neutral salts have at most some bacteriostatic
power (Lockemann and Ulrich, Ztschr. Hyg.
Infektionskr., 1936, 117, 768; 118, 117).
Reid and Ivy (/. Infect. Dis., 1934, 55, 112)
found that thiocyanate protects dogs against the
toxin of the Shiga dysentery bacillus. Prior to
the advent of sulfonamides and antibiotics
Mitchell and Goltmann (/. Pediatr., 1935, 6, 57)
considered sodium thiocyanate a valuable prophylactic in epidemics of infection by Shiga bacillus,
with marked curative power if given within 30
hours after the onset of symptoms; it was not
useful in other forms of bacterial dysentery. As
a prophylactic they recommended administering
20 mg. (approximately H grain) per Kg. of body
weight daily by mouth; as a curative they gave
a single injection of not more than 1 Gm. (ap-

proximately 15grains) intravenously; if necessary
the dose was repeated the next day.
Dose. — The usual dose is 300 mg. (approximately 5grains), by mouth, up to 3 times daily;
the usual range of dose is 100 to 600 mg. The dose
must be carefully regulated according to the concentration ofthiocyanate in blood so as to avoid
toxic effects (see under Potassium Thiocyanate).
Storage. — Preserve "in tight, light-resistant
containers." N.F.
SODIUM

THIOSULFATE.

N.F.

Sodium Hyposulfite, [Sodii Thiosulfas]

Na2S203.5H20
"Sodium Thiosulfate, dried at 105° to constant
weight, contains not less than 99 per cent of
Na2S203." N.F.
Sodium Hyposulfite; "Hypo"; Antichlor. Natrium Hyposulfurosum (Thiosulfuricum) ; Hyposulfis Sodicus; Thiosulfas Natricus. Fr. Hyposulfite de sodium; Hyposulfite
de soude; Thiosulfate de sodium. Ger. Natriumthiosulfat ;
Unterschwefligsaures Natrium. It. Iposolfito di sodio;
Tiosolfato di sodio. Sp. Thiosulfato de sodio; Tiosulfato
de Sodio; Hiposulfito sodico.

Sodium thiosulfate was formerly obtained
largely as a by-product of the Leblanc soda process by boiling a solution of the air-oxidized, sulfurized residue with sodium carbonate solution,
filtering, concentrating and crystallizing the resulting sodium thiosulfate. At the present time
the largest production of sodium thiosulfate is by
passing sulfur dioxide through "by-product sulfide liquor," which contains sodium sulfide and
sodium carbonate and is obtained by extracting a
heated mixture of crude sodium sulfate and coal
with water; the reaction is represented as follows:
4S02 + 2Na2S + Na2C03-> 3Na2S203 + C02
Another commercial process consists in passing
sulfur dioxide through a solution of soda ash,
thereby producing sodium bisulfite; this is converted to the neutral sulfite by adding more soda
ash and then heated with powdered sulfur to
produce sodium thiosulfate, which is crystallized
from the concentrated solution.
Unfortunately, this salt is still frequently called
by its older name sodium hyposulfite. The latter
name is more generally given to the salt Na2S204,
also known as sodium hydrosulfite and sodium
dithionite. In view of this confusion, together
with the fact that the name sodium hyposulfite
should be given to Na2S02, it was recommended
that the names "hyposulfite" and "hyposulfurous
acid" be abandoned (J.A.C.S., 1941, 63, 889).
Description. — "Sodium Thiosulfate occurs as
large, colorless crystals or as a coarse, crystalline
powder. It is deliquescent in moist air and effloresces indry air at a temperature above 33°.
Its solutions are neutral or faintly alkaline to
litmus. One Gm. of Sodium Thiosulfate dissolves
in
N.F.0.5 ml. of water. It is insoluble in alcohol."
Standards and Tests. — Identification. — (1)
A solution of sodium thiosulfate responds to tests
for sodium and for thiosulfate. (2) A solution of
sodium thiosulfate discharges the color of solu-
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tions of iodine and of iodized starch. (3) A white
precipitate is produced on adding hydrochloric
acid to a solution of sodium thiosulfate. Loss on
drying. — Not less than 32 per cent and not more
than 37 per cent, when dried to constant weight,
finally,
105°. of
Arsenic.
— Athiosulfate
5-ml. portion
1 in 25 at
solution
sodium
meets ofthea
requirements of the test for arsenic. Calcium. —
No turbidity is produced on adding ammonium
oxalate T.S. to a 1 in 20 solution of sodium thiosulfate. Heavy metals. — The limit is 20 parts per
million. N.F.
Assay. — About 500 mg. of sodium thiosulfate
obtained in the test for loss on drying is dissolved
in water and the solution titrated with 0.1 N
iodine, using starch T.S. as indicator. The sodium
thiosulfate reacts with iodine to form sodium
iodide and sodium tetrathionate, according to the
equation :
2Na2S203 + I2 -» 2NaI + Na2S40e
Each ml. of 0.1 N iodine represents 15.81 mg. of
Na2S203. N.F.
A solution of sodium thiosulfate dissolves silver
chloride and all water-insoluble compounds of that
metal, except the sulfide, and that resulting from
the decomposition of a silver salt by light. It has
a similar effect on the insoluble salts of lead.
Because of its solvent action on silver halides,
sodium thiosulfate is used in photography to dissolve unchanged silver iodide, or bromide, from
the film or plate after action of light, thus fixing
the image already formed. It is also largely used
as an "antichlor" in paper manufacture, to free
the paper pulp from the excess of chlorine used
in the bleaching.
Incompatibilities. — Aqueous solutions of sodium thiosulfate are slowly decomposed in a
number of ways. Carbon dioxide in the water
results in decomposition to sulfur and bisulfite;
oxygen in water produces some oxidation to sulfate, with sulfur also forming; traces of copper
accelerate decomposition; also, thiobacteria transform thiosulfate into sulfate and sulfur (Kilpatrick and Kilpatrick, J.A.C.S., 1923, 45, 2132).
All of these changes may be minimized by dissolving sodium thiosulfate in freshly boiled, redistilled water; addition of an alkali (sodium
hydroxide, sodium carbonate, or ammonia) to a
pH of 8 to 9.5 helps to stabilize the solution.
Sodium thiosulfate in aqueous solution is decomposed by nearly all acids, liberating sulfur and
sulfur dioxide. The thiosulfates are generally soluble except lead, silver, mercurous and barium.
Ferric chloride gives a dark violet color. In acid
solution sodium thiosulfate reduces iodine to
hydriodic acid, chlorine to hydrochloric acid and
bromine to hydrobromic acid. It gives a black
mixture with calomel in the presence of moisture.
When sodium thiosulfate is triturated with chlorates, nitrates or permanganates an explosion may
occur.
Uses. — Sodium thiosulfate was introduced into
medicine in the mistaken belief that it would, in
contact with skin, liberate sulfide ion and exert
the antiparasitic effect of the latter. Clinical ex-
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perience has shown that for this purpose it is
valueless. Yet it serves as a prophylactic agent
against ringworm infection when used in 10 per
cent concentration in swimming pools and common shower-bath rooms (Gould, J. A.M. A., April
18, 1931); as thiosulfate is itself not parasiticidal
it would seem that its beneficial effect results
from some chemical alteration of the ion in contact with skin. Sodium thiosulfate is poorly absorbed after oral ingestion.
In 1920 Ravaut recommended intravenous administration ofsodium thiosulfate for treatment
of arsenical dermatitis due to use of arsphenamine.
In 1923 McBride and Dennie suggested its use
not only as an antidote for arsenical poisoning
but also in poisoning by various metals, especially
mercury and lead. For such use injections have
sometimes been supplemented by oral administration. Ayre and Anderson {J. A.M. A., 1938, 110,
886) claimed that the salt increases elimination
of arsenic from the system but their conclusions
are contrary to those of Mattice and Weisman
{Am. J. Med. Sc, 1937, 193, 420) and other investigators. Voegtlin (/. Pharmacol., 1925, 25,
297) suggested that thiosulfate liberates sulfhydryl radical in the body which reduces the toxicity
of an arsephenamine alteration product. Haag
and Bond (J.A.M.A., 1927, 88, 1219) found no
perceptible effect of thiosulfate on mortality in
experimental poisoning with potassium arsenite;
the theory that it is capable of neutralizing mercury in the body was exploded by the work of
Haskell and Henderson (ibid., 1925, 85, 1808).
Dimercaprol is much more effective in such poisonings. Sodium thiosulfate is, however, useful
as an antidote to poisoning by cyanide, with
which ion it forms the relatively nontoxic thiocyanate. For this purpose from 300 to 500 mg. of
sodium nitrite, dissolved in 10 to 15 ml. of water
for injection, is first injected to form methemoglobin which combines with cyanide to produce
cyanmethemoglobin, after which 12.5 Gm. of sodium thiosulfate dissolved in water for injection
to make 50 ml. is injected over a period of 10
minutes; when instituted early such treatment is
113).
effective
(Chen and Rose, J.A.M.A., 1952, 149,
Sodium thiosulfate has been employed with
minor success, by intravenous injection of 10 ml.
of a 10 per cent aqueous solution daily for several days, in the treatment of thromboangiitis
obliterans and postoperative thrombophlebitis
(Theis and Freeland, Surgery, 1942, 11, 101).
Several clinicians have reported favorable results from parenteral use of thiosulfate in treating nonarsenjcal skin diseases, especially eczema
and urticaria. Topical application of a saturated
solution, following thorough scrubbing of the
affected area, has proved to be beneficial in treating tinea versicolor.
Following intravenous injection sodium thiosulfate mainly enters extracellular space, by virtue of which it has been employed to measure the
volume of extracellular fluid in the body (Nichols
et al., J. Clin. Inv., 1953, 32, 1299; Kowalski and
Rutstein, ibid., 1952, 31, 370; Cardozo and Edelman, ibid., 280). It was also used to measure
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renal glomerular filtration rate (Newman et al.,
Bull. Johns Hopkins Hosp., 1946, 79, 229) but
it was found that some thiosulfate is excreted by
tubule cells of the kidney (Foulks et al., Am. J.
Physiol., 1952, 168, 77) and hence the clearance
of thiosulfate from blood is not a measure solely
of glomerular filtration. The small amounts of
thiosulfate which penetrate cells of the body are
presumably oxidized to sulfate. S
Dose. — The usual dose is 1 Gm. (approximately 15 grains), intravenously or orally, in 5
to 10 per cent solution; the range of dose is 500
mg. to 2 Gm.
Storage. — Preserve "in tight containers." N.F.
SODIUM THIOSULFATE INJECTION. N.F.
Sodium Thiosulfate Ampuls, Sodium Hyposulfite
Injection

"Sodium Thiosulfate Injection is a sterile solution of sodium thiosulfate in freshly boiled water
for injection, and,, contains the equivalent of not
less than 95 per cent and not more than 105 per
cent of the labeled amount of Na2S20"3.5H20."
N.F.
The N.F. requires the pH of the injection to
be between 8.0 and 9.5.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Sizes. — 500 mg. (JYz grains) in 10 ml.;
1 Gm. (15 grains) in 10 ml.
SORBITOL SOLUTION.
N.F.
"Sorbitol Solution is a water solution containing in each 100 Gm. not less than 69 Gm. and
not more than 71 Gm. of total solids consisting
essentially of D-sorbitol, a hexahydric alcohol,
and a small amount of mannitol and other isomeric polyhydric alcohols. Sorbitol Solution contains in each 100 Gm. not less than 64 Gm. of
D-sorbitol (CeHuOe)." N.F.
Sorbo {Atlas Powder). Sionin.

Sorbitol, CH2OH.HOCH.HOCH.HCOH.HOCH.CH2OH, is a hexahydric sugar alcohol produced
by catalytic hydrogenation of glucose (for details
see Chemical Engineering, March 1952, p. 215;
also August 1952, p. 208). The sugar occurs naturally, in small quantities, in ripe mountain-ash
berries, cherries, apples, and other fruits; it is
isomeric with mannitol. In pure form the sugar
is a white, odorless, crystalline powder; depending on the method of crystallization two crystalline forms of different melting point may be
obtained, the stable form melting at 97.7° and the
metastable at 93°. The 70 per cent solution recognized by the N.F. is the most economical form
in which this sugar is available.
Description. — "Sorbitol Solution is a clear,
colorless, syrupy liquid, having a sweet taste and
no characteristic odor. It is neutral to litmus.
Sorbitol Solution is miscible with water, with
glycerin, and with propylene glycol. It is slightly
soluble in alcohol and is practically insoluble in
other common organic solvents. The specific gravN.F. ity of Sorbitol Solution is not less than 1.285."
Standards

and

Tests. — Identification. — (1)
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A faint pink color forms when a dilute solution
of sorbitol is heated with catechol in the presence
of sulfuric acid. (2) The monobenzylidene derivative ofsorbitol melts between 173° and 177°.
Refractive index. — Not less than 1.455 and not
more than 1.465 at 20°. Residue on ignition. —
Not over 0.1 per cent. Chloride. — The limit is 50
parts per million. Sulfate. — The limit is 100 parts
per million. Arsenic. — The limit is 1.3 parts per
million. Heavy metals. — The limit is 10 parts per
million. Reducing sugars. — Not over 0.3 per cent.
Total solids. — Not less than 69 per cent and not
more than 71 per cent, when determined by drying the solution at 80° in a vacuum oven, at a
pressure not exceeding 5 mm. of mercury, for 6
hours. N.F.
Assay. — About 450 mg. of sorbitol solution is
adsorbed on a chromatographic column consisting
of a mixture of a suitable grade of fuller's earth
and infusorial earth, using 85 per cent isopropyl
alcohol as the fluid medium. After passage of this
fluid the column is extruded, the location of the
D-sorbitol is located by observing the second region in which a potassium permanganate solution
painted on the column is decolorized, this section
of the column is cut out, the sorbitol eluted with
water, and determined as directed in the assay
under Mannitol. Each ml. of 0.02 N sodium thiosulfate represents 0.3643 mg. of D-sorbitol. N.F.
Uses. — Sorbitol solution is recognized by the
N.F. by virtue of its being a "pharmaceutical
necessity." It has a number of uses in this category, of which the one potentially most important
is as a replacement, when used with an equal
volume of propylene glycol, of glycerin. Goldstein
and Biermacher (Drug Standards, 1952, 20, 14)
reported studies which indicate that in many N.F.
preparations glycerin may be satisfactorily replaced by a 1:1 mixture of 70 per cent sorbitol
and propylene glycol; the importance of this is
apparent when it is recalled that during World
War II replacement of glycerin had to be made
when the latter was in short supply. Sorbitol is
used in the formulation of many medicinal and
cosmetic products ; its use as a plasticizer in gelatin capsules is said to produce a product which
has less tendency to dry out or otherwise deteriorate. Sorbitol is employed in the synthesis of
ascorbic acid. Other uses have been discussed by
Kreider, Drug Standards, 1952, 20, 230, and by
Speel, Am. J. Pharm., 1941, 113, 134. Polysorbate
80 is a mixture of polyoxyethylene ethers of
mixed
drides. partial oleic acid esters of sorbitol anhyTodd and associates (/. Biol. Chem., 1938, 127,
2 75) showed that, in contrast to mannitol, sorbitol can be utilized by the body as a foodstuff;
after intravenous injection in dogs about 50 per
cent was found in the urine unchanged, the remainder being converted into glucose, either increasing blood sugar or being stored in the fiver
as glycogen. Payne et al. (Lancet, 1933, 225,
1257) reported that the increase in blood sugar
after feeding sorbitol is insignificant in comparison with that following administration of dextrose. Carr and Forman (/. Biol. Chem., 1938,
128, 425) found the toxicity of sorbitol to be
very low; 2.6 Gm. per 100 Gm. of body weight
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was required to cause death. In man, ingestion of
10 Gm. daily for a month produced no significant
changes in nonprotein nitrogen, carbon dioxidecombining power of blood, or red blood cell
count, and no impairment of kidney function
(Carr and Krantz, Jr., in Advances in Carbohydrate Chemistry I, 1945).
When sorbitol is injected intravenously it leads
to withdrawal of fluid from the body into the
circulation, thereby producing diuresis and effecting a dehydrating action. It has been used to
evacuate dropsies, to lower cerebrospinal pressure
(Schwartz and Elman, Proc. S. Exp. Biol. Med.,
1938, 39, 506), and to reduce intraocular pressure
in glaucoma (Bellows, Arch. Ophth., 1938, 20,
1036). It diffuses from blood vessels less rapidly
than dextrose. For diuretic action a 50 per cent
solution of pure sorbitol has been used in doses
of 100 ml. Payne (loc. cit.) recommended sorbitol as a sweetening agent for diabetics. In doses
of 30 to 50 Gm. sorbitol produces purging of the
bowel.
Storage. — Preserve "in well-closed containers."
N.F.
SPEARMINT.

N.F.

Mentha Viridis

"Spearmint consists of the dried leaf and flowering top of Mentha spicata Linne {Mentha viridis
Linne) (Common Spearmint) or of Mentha cardiaca Gerard ex Baker (Scotch Spearmint) (Fam.
Labiates). " N.F.
Mint; Garden Mint; Mackerel Mint. Fr. Menthe verte.
Ger. Grune Miinze. Sp. Yerbabuena.

Common spearmint, sometimes called simply
mint, has been recognized in official compendia
since 1820. It differs from M. piperita chiefly in
having nearly sessile, oblong or ovate-lanceolate,
unequally serrate leaves of a lighter green color;
elongated, interrupted, narrow spikes; setaceous
bracts; and stamens longer than the tube of the
corolla. It is a native of Europe and Asia, and
naturalized in moist waste places from Nova
Scotia as far south as Florida and westward to
Minnesota and Kansas. It is also cultivated for
domestic use and for its volatile oil. Its flowering season is August. The drug is harvested in
late summer and dried like hay. The commercial
supplies are obtained chiefly from Michigan, the
Carolinas and Virginia. Northern grown spearmint is the more highly esteemed.
According to Ruttle (Herbarist, 1938, 4, 23)
Mentha spicata is closely related to M. rotundifolia and M. longifolia. It has a chromosome
number of 48+. Ruttle suggests that the species
group M. spicata possibly represents a segregant
of a hybrid between M. rotundifolia and M. longifolia in which the chromosome number has
doubled but is, for some reason, not quite balanced. The spearmint of commerce with a
chromosome number of 36 shows leaf venation
resembling M. rotundifolia; its clon is sterile and
it rarely or never sets seed. It is possibly a hybrid
between a certain M. spicata and M. rotundifolia
or M. niliaca Jacq. em Briquet (Egyptian mint).
The odor characteristic of spearmint occurs in
many mints, among others, Mentha silvestris and
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the varieties nemorosa, mollissima and longifolia,
Mentha alopecuroides, Mentha cardiaca var.
crispa Benth., Mentha arvensis var. javanica
Benth. and in some forms of Mentha canadensis,
also in Tanacetum Balsamita L.
Mentha cardiaca Gerard ex Baker, known as
Scotch spearmint or Scotch mint, is a hybrid between Mentha arvensis and Mentha spicata. It is
a perennial herb native to England, Wales and
Scotland which has become naturalized in the
U.S.A. and extensively cultivated in the midwestern states both for its leaves and oil, which have
for a number of years constituted some of the
"spearmint" and "spearmint oil" of commerce. It
differs from the true spearmint or Mentha spicata
in possessing foliage leaves having longer petioles
(up to 14 mm.), sharper and coarser marginal
serrations, more distantly separated verticillasters
along the axis, each of which is subtended by a
pair of floral bracts that resemble the foliage
leaves but are smaller. Its calyx is campanulatetubular, green to purplish red with hispid teeth;
its
are corolla
warty. is pink to pinkish-lavender; its nutlets
For further details concerning spearmint and
scotch mint see Hocking, /. A. Ph. A., 1949, 38,
394.
Description. — "Unground Spearmint occurs
more or less crumpled. The leaves are opposite,
the blade is ovate-lanceolate and from 3 to 9 cm.
in length with an acute or acuminate apex. The
base of the leaf is narrowed or rounded and the
margin is sharply and unequally serrate and bright
green in color. Both surfaces are glabrous (M.
spicata) or the lower surface shows a few hairs
on the veins (M. cardiaca) and many ambercolored glandular hairs. The leaf is nearly sessile
(M. spicata) or with a petiole less than 15 mm.
in length (M. cardiaca). The stems of Spearmint
are nearly glabrous and sometimes green, but
generally dusky red or purplish in color, oppositely branched, quadrangular, ridged, and from
1 to 3 mm. in diameter. Verticillasters occur on
more or less crowded or interrupted, lanceolate,
nearly acute spikes, 3 to 9 mm. in diameter, and
in fruit becoming 10 cm. in length (M. spicata)
or in separated axillary clusters, each subtended
by a pair of floral leaves resembling the foliage
leaves in appearance but smaller, the inflorescence
5 to 14 mm. in diameter, and in fruit usually up
to 15 cm. in length, occasionally up to 30 cm.
(M. cardiaca). The bracts are linear-lanceolate,
subulate, ciliate, 7 to 10 mm. in length, some of
them longer than the flowers, subtending the
flower clusters. The calyx is campanulate, subequally 5-toothed, glandular-punctate, pubescent
on teeth, green to purplish red. The corolla is
glabrous, nearly white or from moderate yellowish
brown to weak yellowish orange to pinkish to lilac
and purple, tubular-campanulate, its tube shorter
than the calyx, its limb 4-cleft. Stamens in fours
are equal. The style is exserted, 2-cleft at the
summit; nutlets are ellipsoidal, minutely grained
(M. spicata) or warty (M. cardiaca), dark brown,
and about 500 n in diameter. The odor is aromatic,
characteristic, and the taste is slightly pungent,
characteristic, but not followed by a cooling sensation in the mouth.
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"Powdered Spearmint is green to olive green
and closely resembles powdered peppermint except
for the absence of crystals from the globular
heads of the glandular hairs and for the nonglandular hairs which are usually up to 6-celled."
N.F.

sen and Hiner (/. A. Ph. A., 1932, 21, 147)
found the carvone content of the oil to parallel
its optical rotation.
The characteristic odor of spearmint oil has
not yet been definitely associated with any of its
constituents.

Spearmint has been admixed with peppermint,
particularly the supplies of this drug coming from
Virginia and North and South Carolina which
have contained from 30 to 50 per cent of peppermint. This adulteration is probably due to carelessness. The taste and odor of spearmint are
retained for some time by the dried plant and
arise from a volatile oil contained within external
glandular hairs (see Spearmint Oil).
Standard. — The amount of stems over 3 mm.
in diameter or other foreign organic matter in
spearmint does not exceed 2 per cent. N.F.
Uses. — Spearmint is used only as a flavor by
virtue of the volatile oil which it contains.

Uses. — Spearmint oil is used only as a flavor.
Storage. — Preserve "in tight containers." N.F.
SPERMACETI.
U.S.P.

SPEARMINT

OIL.

N.F.

Oleum Mentha Viridis

"Spearmint Oil is the volatile oil distilled with
steam from the fresh, over-ground parts of the
flowering plant of Mentha spicata Linne {Mentha
viridis Linne) (common Spearmint) or of Mentha
cardiaca Gerard ex Baker (Scotch Spearmint)
(Fam. Labiatce). It yields not less than 55 per
cent, by volume, of carvone (CioHuO)." N.F.
Oleum Menthae Crispae. Fr. Essence de menthe crepue.
Ger. Krauseminzol ; Speerminzol. Sp. Esencia de Yerbabuena.

For information concerning the spearmint plant
see the preceding monograph. The yield of volatile oil has been variously reported as 0.2 to 0.5
per cent. The oil is distilled largely in this
country.
Description. — "Spearmint Oil is a colorless,
yellow or greenish yellow liquid, having the characteristic odor and taste of spearmint. Spearmint
Oil is soluble in one volume of 80 per cent alcohol, but upon further dilution may become
turbid." N.F.
Standards and Tests. — Specific gravity. —
Not less than 0.917 and not more than 0.934.
Optical rotation. — Between —48° and —59°, in a
100-mm. tube. Refractive index. — Not less than
1.4840 and not more than 1.4910, at 20°. Reaction.— A solution of recently distilled oil in an
equal volume of 80 per cent alcohol is neutral or
only slightly acid to moistened litmus paper. N.F.
Assay. — The oil is analyzed in the same manner as Caraway Oil, which contains the same constituent, carvone, for which the assay is performed. N.F.
Constituents. — Spearmint oil contains /-limonene, /-carvone, phellandrene, dihydrocarvol acetate, acetic ester, caproic acid, caprylic acid, isovaleric acid, and dihydrocuminic acetate. Baeyer
found /-carvone in both German and American
oils in amounts from 35 to 56 per cent. (Arch.
Pharm., 1884, 222, 238). Schimmel & Co., in an
investigation of Russian oil, found from 5 to 10
per cent of carvone only, but from 50 to 60 per
cent of linalool, together with some cineol and
/-limonene (Schim. Rep., April, 1898). Christen-

Cetaceum

"Spermaceti is a waxy substance obtained from
the head of the sperm whale, Physeter macrocephalus Linne (Fam. Physeteridce) ." U.S.P.
Fr. Blanc de baleine; Cetine. Ger. Walrat. It. Spermaceti.
Sp. Esperma de Ballena.

The cachalot, or sperm whale, is a mammal
native to the Atlantic, Pacific, and Indian oceans.
It is from 60 to 80 feet long, with an enormous
head, in its largest part not less than 30 feet in
circumference, and constituting one-third of the
whole length of the body. The whale is killed by
torpedo-like harpoons which explode within its
body. The upper part of the head is occupied by
large cavities, separated by cartilaginous partitions, and containing an oily liquid, which, after
death of the animal, changes to a white spongy
mass consisting of spermaceti mixed with oil.
This mass is removed by pumping and the oil
allowed to separate. The crude spermaceti obtained from a whale of ordinary size fills more
than 12 large barrels. It still contains much oil
and other impurities, from which it is freed by
expression, washing with hot water, melting,
straining, and repeated washing with a weak solution of boiling potash lye or caustic soda. Common whale oil and the oil of other cetaceous animals contain small quantities of spermaceti,
which slowly deposits on standing.
Commercial spermaceti is also obtained from
the bottle-nosed whale, Hyperoodon rostratus.
Description. — "Spermaceti occurs in white,
somewhat translucent, slightly unctuous masses,
having a crystalline fracture, and a pearly luster.
It has a very faint odor, a bland, mild taste, and
is free from rancidity. Its specific gravity is
about 0.94. Spermaceti is insoluble in water,
nearly insoluble in cold alcohol, and only slightly
soluble in cold petroleum benzin. It is soluble in
boiling alcohol, in ether, in chloroform, and in
fixed and volatile oils. Spermaceti melts between
42° and 50°." U.S.P.
Standards and Tests. — Paraffin and free
acids. — 1 Gm. of spermaceti is completely soluble
in 50 ml. of boiling alcohol forming a solution
which is neutral or not more than slightly acid
to moistened litmus paper. Stearic acid. — 1 Gm.
of spermaceti is heated with 10 ml. of ammonia
T.S. in a stoppered container until the spermaceti is melted; the mixture is shaken, cooled,
filtered and the filtrate acidulated with hydrochloric acid. The liquid may become turbid but
no precipitate forms. U.S.P.
As found in commerce spermaceti is not pure,
containing a fixed oil, and often a coloring principle. From these it is separated by boiling in
alcohol, which on cooling deposits spermaceti in
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crystalline scales. Thus purified, it does not melt
below 49°, is soluble in 40 parts of boiling alcohol, and is harder, more lustrous, and less unctuous than ordinary spermaceti.
Constituents. — The chief constituent of spermaceti is cetyl palmitate (cetin, C15H31CO.OC16H31). Cetyl alcohol, C16H33OH, is also present in appreciable quantity. Minor constituents
include dodecyl, tetradecyl and octadodecyl alcohols, and esters of lauric, myristic, palmitic and
stearic acids.
Uses. — Spermaceti has some emollient effect,
but no other therapeutic properties. It is used
chiefly to to impart firmness to ointment bases.
It may be reduced to powder after adding a little
alcohol or almond oil, or by melting at a very
low heat, pouring into a warm mortar, and triturating until cold; an emulsion may be prepared
by mixing the spermaceti with half its weight
of olive oil, then with powdered gum arabic, and
emulsifying with water.
Storage. — Preserve "in well-closed containers."
U.S.P.
Off. Prep. — Rose Water Ointment ; Petrolatum
Rose Water Ointment, U.S.P.
SQUILL.

N.F. (LP.)
Scilla

"Squill consists of the cut and dried fleshy
inner scales of the bulb of the white variety of
Urginea maritima (Linne) Baker, known in commerce as White or Mediterranean Squill, or of
Urginea indica Kunth, known in commerce as
Indian Squill (Fam. Liliacece). The central portion of the bulb is excluded during its processing." N.F. The LP. recognizes the same substance as Squill Bulb.
I. P. Squill Bulb; Scillae Bulbus. Sea Onion; White
Squills. Fr. Scille; Bulbe de scille. Ger. Meerzwiebel;
Rartenzwiebel. It. Scilla; Cipolla marina. Sp. Bulbo de
escila ; Cebolla marina.

Urginea maritima (Urginea Scilla Steinh.), the
Mediterranean Squill, is a perennial herb, with
fibrous roots proceeding from the base of a large
bulb, which sends forth several long, lanceolate,
pointed, somewhat undulated, shining, deep-green
leaves. From the midst of the leaves a round,
smooth, succulent flower-stem rises, from one to
three feet high, terminating in a long, close spike
of whitish flowers. The fruit is an oblong, 3lobed capsule. This species of squill grows in
sandy soil along the seacoast of Spain, France,
Italy, Greece, and the other countries bordering
on the Mediterranean. The bulbs are collected
in August, deprived of their roots and dry membranous outer scales, cut into slices transversely,
dried in the sun or by heating and packed in
casks for shipment.
The fresh bulb of Urginea maritima is pearshaped, from 15 to 30 cm. in diameter, weighing
as much as 5 or 6 pounds, and consists of fleshy
scales attenuated at their edges, closely applied
over each other, and invested by exterior scales
so thin and dry as to appear to constitute a membranous coat. The bulb contains a viscid, very
acrid juice, which causes it to inflame and even
excoriate the skin when much handled. On drying,

Squill
this effect is very much diminished, with little
loss of medicinal power; the bulb loses about
four-fifths of its weight in the process.
A variety of squill which grows in Algeria produces red bulbs. This so-called red squill has
been extensively employed as a poison for the
extermination of rats. In this variety the outer
scales are dry, brittle and deep reddish-brown,
the inner scales vary from a light creamy to pink
to deep purple while the central scales are usually
white; in the latter the whole bulb is white. It
contains the same cardiac glycosides as does
white squill but in addition there is present a
substance which is highly toxic to rats. The chief
toxic action of red squill is on the central nervous system (see Winton, J. Pharmacol., 1921 , 31,
137). Madaus and Koch (Ztschr. ges. exp. Med.,
1939, 107, 199) found that mice and guinea pigs
are also susceptible to this poisonous effect and
believe that the red squill is dangerous to man
and should therefore not be used as a source of
therapeutic preparation. For histological study
of red squill see Gross (/. A. Ph. A., 1940, 29,
428). Stoll and Renz (Compt. rend. acad. sc,
1940, 210, 508) isolated from red squill scilliroside — C32H460i2.^2H20 — which they claim is
the toxic principle; the lethal dose for rats is 0.6
mg. per Kg. of body weight. The compound is
a steroid and has a six-atom lactone ring (see
also Bull. sc. Pharmacol., 1940, 47, 65).
Urginea indica Kunth, or Indian squill, is a
plant resembling the U. maritima but produces
a smaller, tunicated bulb about the size of an
onion. It grows in sandy soil near the sea coast
throughout India and extends to the Himalaya
Mountains. According to Chopra and Mukerjce
(Indian Med. Gaz., 12, 666) the medicinal properties are similar to those of Greek squill.
Description. — "Unground Squill occurs as irregular, curved or flattened pieces of bulb (White
Squill) or in more or less shrivelled, curved or
sickle-shaped strips, separated or connected, often
several together, to a portion of the short axis
(Indian Squill), from 0.5 to 5 cm. in length;
weak yellowish orange to pale yellow, somewhat
transulcent; brittle when dry, and tough and
flexible when damp. Squill has a slight odor, and
a bitter, mucilaginous and acrid taste." N.F. For
histology see N.F. X.
"Powdered Squill is yellowish white to very
pale brown. It is very hygroscopic, caking in
moist atmosphere, and shows numerous raphides
of calcium ovalate up to 1000 \i in length, isolated and in bundles frequently embedded in mucilage; fragments of thin-walled parenchyma with
occasional spiral, or more rarely, reticulate vessels, and fragments of epidermis." N.F.
Standards and Tests. — Red Squill. — Fragments of red, pink, or purplish epidermal or
parenchyma bulb-scale tissue are absent. Foreign
organic matter. — Not over 2 per cent. Acidinsoluble ash. — Not over 2 per cent. N.F.
Constituents. — The active principles of squill
have been variously reported as scillipicrin, scillitoxin, scillin, scillenin, scillimarin, scillitin and
scillidiuretin but, according to Stoll (The Cardiac
Glycosides, 1937), these are not the true constituents. In many cases the products were ob-
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tained from dried squill in which alterations of
constituents present in fresh material have almost certainly occurred. Some of the products
are but purified extracts of the drug. The early
work of Stoll and his associates on fresh squill,
under conditions avoiding enzymatic change and
degradation by chemical agents employed in the
process, led to the isolation of the crystalline
steroidal glycoside scillaren-A and an amorphous
glycosidal fraction called scillarcn-B. Scillaren-A
comprises about two-thirds of the glycoside content. It is very easily split into other compounds;
the enzyme scillarenase, present in squill, causes
it to lose a molecule of glucose and leave proscillaridin-A which can be further hydrolyzed by
acids to a molecule of rhamnose and the steroid
aglycone scillaridin-A. Stoll prevented enzymatic
hydrolysis of scillaren-A during the extraction
process by the addition of salts, such as ammonium sulfate. Acid hydrolysis of scillaren-A yields
scillaridin-A without producing the intermediate
glycoside, but the, sugar that is first split off is
scillabiose, a disaccharide ; continued hydrolysis
splits the last-named into rhamnose and glucose.
Because scillaren-A is only sparingly soluble in
aqueous solvents, and the resulting solutions are
easily hydrolyzed to the less active and less soluble aglycone, this pure crystalline glycoside is not
well suited for therapeutic use.
In more recent studies Stoll and Kreis (Helv.
Chim. Acta, 1951, 34, 1431) separated from the
scillaren-B fraction the following cardioactive
glycosides: glucoscillaren A, scillipheoside, glucoscillipheoside, scillicryptoside, scilliglaucoside,
scillicyanoside, scillicoeloside, and scillazuroside.
Roques (Compt. rend. soc. biol, 1948, 142, 1532)
reported isolation of the two heterosides urginonin and urginoside S; it is not apparent whether
these are identical with any of the aforementioned glycosides.
The N.N.R. 1952 recognized Scillaren-B (Sandoz) and also, under the name Scillaren (Sandoz),
a mixture of scillaren-A and scillaren-B in the
proportions in which they occur in the fresh drug.
Uses. — In the past century squill was a popular diuretic and nauseant; its effects were attributed to local irritation of the kidney and
stomach, respectively. Presently, however, it is
classed with the digitalis group and it is generally
believed that its diuretic and emetic effects are
secondary to its cardiac action. It exerts upon the
heart the characteristic effect of the digitalis glycosides. Other constituents of the crude extracts
seemed to have actions different from digitalis
itself (Fahrenkamp, Deutsches Arch. klin. Med.,
1924, 145, 109). Squill is relatively more potent
in its vagal action and less potent in its muscular
effects. It is more rapid and less persistent in its
effects and therefore comparatively free from
danger of cumulative action (Weber, Med. Welt,
1940, 14, 118). White et al. (J.A.M.A., 1920, 75,
971) reported that there was rarely any evidence
of diuresis but Kahlen (Deutsche tned. Wchnschr., 1939, 65, 1667) and Stoll (Helv. Chim.
Acta, 1935, 18, 644) found that it was more
actively diuretic than digitalis. Violent vomiting
and purging have been reported from overdoses
of squill but Madaus and Koch (Ztschr. ges. exp.

Med., 1939, 107, 199) claimed that the local
irritation of squill is due to the presence of raphides and is therefore not a property of active
principles in solutions from the drug.
Clinical experience indicates that absorption
of squill from the alimentary canal is very uncertain. The use of squill or any of its official
galenical preparations is now practically obsolete.
The actions of the glycosides of squill on the
heart are similar to those of digitalis (g.v.) and
the therapeutic indications in general are the
same. The glycosides scillaren-A and scillaren-B
(v.s.) have the following effects: rapid action of
short duration due to rapid excretion and hence
slight tendency to cumulative action. In terms of
"cat units" these glycosides are much more active than digitoxin and other cardioactive glycosides, except for ouabain and strophanthin, on
an equal weight basis. But, as is pointed out
under digitoxin (g.v.), it is not safe to apply a
biological unit in terms of digitalis tincture to
these substances because of marked differences
in the degree of enteral absorption, rate of excretion, etc. Unlike the crude extracts, scillaren-A
and scillaren-B are well absorbed from the gastrointestinal tract. Orally, the mixture of 2 parts
scillaren-A and 1 part scillaren-B is given in a
dose of 1.6 mg. 3 or 4 times daily until the
heart failure is compensated or the toxic manifestations of digitalis glycosides appear; the maintenance dose is 0.8 mg. from 1 to 4 times daily.
Intravenously, in emergencies, scillaren-B may be
given in a dose not to exceed 0.5 mg. per 24 hours,
preferably given in 3 portions at intervals. lYJ
There is no official dose for the whole drug,
which is used for the preparation of the fluidextract, syrup, compound syrup and vinegar of
squill.
SQUILL

FLUIDEXTRACT.

N.F.

Fluidextractum Scillse

Prepare the fluidextract from squill, in moderately coarse powder, by percolation, using a menstruum of 2 volumes of alcohol and 1 volume of
water. Macerate the drug during 48 hours, and
percolate slowly. Concentrate the percolate, by
evaporation under reduced pressure at a temperature not above 45°, to a volume about threefourths that of the fluidextract; to this concentrate add 4 times its volume of alcohol, slowly
and with constant stirring. Mix thoroughly, and
set aside during 2 or 3 days, stirring several
times during this period. Decant the clear liquid,
and wash the residue with 2 portions of about
300 ml. each (for 1000 Gm. of drug) of a mixture of 4 volumes of alcohol and 1 volume of
water. Combine the clear alcoholic liquids, distil
off the alcohol under reduced pressure, at a temperature not over 45°, until a soft extract remains. Dissolve this in enough of a mixture of
525 volumes of alcohol and 475 volumes of water
to make the required volume of fluidextract, then
filter. N.F.
Alcohol Content. — From 46 to 52 per cent,
by volume, of C2H5OH. N.F.
The N.F. has deleted the former requirement
that this fluidextract be biologically standardized
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for its digitalis-like action on the heart. The drug
is rarely used for its cardiac action, being chiefly
employed as a nauseating expectorant.
The dose is from 0.06 to 0.2 ml. (approximately 1to 3 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep. — Expectorant Mixture; Compound
Squill Syrup, N.F.
SQUILL
Fr.

SYRUP.

N.F.

Syrupus Scillae
Sirop de scille. Ger. Meerzwiebelsirup.

Dissolve 800 Gm. of sucrose in 450 ml. of
squill vinegar with the aid of gentle heat, strain
the syrup, and when cold, add enough purified
water through the strainer to make the product
measure 1000 ml. Mix thoroughly. N.F.
This syrup is employed as an expectorant, especially in combination with antimony potassium
tartrate. The syrup, being acid, is incompatible
with substances of alkaline reaction, [v]
Dose, from 2 to 4 ml. (approximately 30 to 60
minims).
Storage. — Preserve "in tight containers." N.F.
COMPOUND
SQUILL SYRUP.
N.F.
Hive Syrup, Syrupus Scillae Compositus
Coxe's Hive Syrup.

Dissolve 2 Gm. of antimony potassium tartrate
in 360 ml. of purified water, add 80 ml. each
of squill fluidextract and senega fluidextract, and
allow the mixture to stand 12 hours with occasional shaking. Filter, dissolve 720 Gm. of sucrose in the clear filtrate by agitation and add
enough purified water to make 1000 ml. Mix
thoroughly and strain. N.F.
Alcohol Content. — From 7 to 8 per cent, by
volume, of C2H5OH. N.F.
This preparation, a variant of the syrup introduced more than a century ago by Dr. J. R. Coxe
as a remedy for croup — then called "hives" — has
expectorant and diaphoretic properties, both of
which depend on its nauseating action. S
Dose, for children, from 0.12 to 1.3 ml. (approximately 2to 20 minims) which may be repeated in croup every IS to 20 minutes until it
causes vomiting; for adults, as an expectorant,
the usual dose is 2 ml. (approximately 30
minims).
Storage. — Preserve "in tight containers, and
avoid excessive heat." N.F.
TINCTURE

OF

SQUILL.

LP.

Tinctura Scillae

Tincture of Squill contains active constituents
approximately equivalent to 10 per cent w/v of
squill bulb. LP. The tincture is prepared by macerating squill (10 per cent w/v) with 60 per cent
alcohol.
SQUILL

VINEGAR.

N.F.

Acetum Scillae
Acetum Scilliticum. Fr. Vinaigre de scille; Vinaigre
scillitique. Ger. Meerzwiebelessig. /*. Aceto scillitico.

Macerate 100 Gm. of squill, in coarse powder,
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with 900 ml. of diluted acetic acid during 7 days
with frequent agitation. Strain the mixture and
wash the mass on the strainer with sufficient diluted acetic acid to produce nearly 1000 ml. Heat
this liquid to boiling, filter while hot, cool and add
sufficient diluted acetic acid to make the product
measure 1000 ml. N.F.
The heating of the strained liquid in the official process is for the purpose of coagulating
albuminous matter so that when the vinegar is
mixed with sugar and water, in making squill
syrup, a clear product may be obtained.
Uses. — Squill vinegar is used in the preparation of squill syrup; it is no longer used by itself
as a dosage form of squill.
Storage. — Preserve "in tight containers." N.F.
STAPHYLOCOCCUS

TOXOID.

B.P.

Staphylococcus Toxoid is staphylococcus alpha
toxin (the sterile filtrate of a culture on a suitable
medium of a toxigenic strain of Staphylococcus)
or liquid purified preparation thereof, the specific
toxicity of which has been reduced to a low value
by the action of chemical substances in such a
manner that it retains efficient properties as an
immunizing antigen. It may be used undiluted, or
diluted to the strength suitable for injection with
sodium chloride injection or other appropriate
saline solution. B.P.
Staphylococcus toxoid is prepared by growing
selected, toxigenic strains of Staphylococcus on a
suitable medium. The sterile filtrate from such a
culture is detoxified by addition of formaldehyde
and incubation in the manner discussed under
Diphtheria Toxoid.
Description. — Undiluted staphylococcus toxB.P. oid is a pale yellow liquid, free from particles.
Tests. — Freedom from toxicity is established
by failure of the toxoid to hemolyze suspensions
of washed rabbit erythrocytes, by its not causing
necrosis when injected intracutaneously into rabbits, and by its not causing death when injected
intravenously in rabbits or intraperitoneally in
mice. The potency of the toxoid is determined by
injecting 1 ml. into each of at least 9 guinea pigs
on 2 occasions not more than 4 weeks separated;
not later than 2 weeks after the second injection
the serum of not less than two-thirds of the
animals contains 0.5 unit or more of staphylococcus antitoxin or, alternatively, the serum of not
less than one-third of the animals contains 1 unit
or more of the antitoxin. B.P. The National Institutes of Health of the U. S. Public Health Service
requires injection of 3 doses in susceptible rabbits
and production of an average of 3 units of antitoxin in the serum of the test rabbits.
Uses. — Staphylococcus toxoid is used in the
treatment of acute, subacute and chronic infections caused by staphylococci. It is recommended
for treatment and prevention of recurrent styes,
boils or carbuncles; pustular acne, especially when
associated with furunculosis; recurrent migratory
staphylococcal abscesses; and staphylococcal infection of the accessory nasal sinuses. It may also
be used in other less common types of localized
staphylococcal infection as well as staphylococcal
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osteomyelitis (Whitby, Lancet, 1934, 2, 779;
Dolman, Lancet, 1935, 1, 306; Jern et al., Surgery, 1945, 17, 363; Townsend, Ann. Otol. Rhin.
Laryng., 1941, 50, 1189). The use of staphylococcus toxoid does not obviate the necessity of
surgical drainage and specific chemotherapy.
Staphylococcus toxoid may be used as an adjunct
to chemotherapy. The toxoid has become the subject of renewed interest in cases where the particular strain of staphylococcus has become resistant to antibiotics.
Dose. — The B.P. specifies the dose of staphylococcus toxoid as 0.05 ml., gradually increased
to 1 ml., injected intramuscularly and recognizes
only one strength of toxoid. In the United States
the product is generally distributed in two
strengths; Dilution I contains the equivalent of
100 minimum necrotizing doses (M.N.D.) of
original toxin per ml. and Dilution II contains
the equivalent of 1000 minimum necrotizing doses
of original toxin per ml. The two dilutions are
used to cover the wide range of tolerance encountered in treatment. Generally treatment consists
of starting with 0.1 or 0.2 ml. of Dilution I.
Doses are repeated at weekly intervals and the
dose increased in 0.1 ml. increments until 1 ml.
of Dilution I is reached. Then treatment is continued starting with 0.1 ml. of Dilution II. The
increase in dose must be individualized according
to the reaction. If no reaction occurs with the
early doses, succeeding doses may be more rapidly increased; however, if there is a marked
local reaction, an exacerbation of the focal infection or a systemic reaction to any dose then succeeding doses must be reduced until no reactions
occur. The number of doses and the duration of
treatment will vary with the individual patient.
Staphylococcus toxoid is subject to the minimum
requirements of the National Institutes of Health
of the United States Public Health Service; in
any part of the British Commonwealth in which it
is controlled by law7, care must be taken that the
provisions of such law are duly complied with.
Storage. — Staphylococcus toxoid should be
stored at 2° to 10° C. and be dispensed in the
unopened container in which it wras placed by the
manufacturer.
STARCH.

U.S.P., B.P.

Corn Starch, Amylum

"Starch consists of the granules separated from
the mature grain of Zea Mays Linne (Fam.
Graminea?)." U.S.P. The B.P. recognizes starch
from maize (corn), rice, wheat, and potato.
Amylum Maydis (Maidis). Fr. Amidon de mais. Ger.
Maisstarke; Welschkornstarke. Sp. Almidon; Almid6n de
maiz.

Starch, as the chief reserve carbohydrate of
plants, is one of the most widely distributed substances in the vegetable kingdom. It is found in
seeds and fruits, to be utilized by the young
embryo when the former are planted; in plants
it occurs in tubers, in the cortex of roots and
stems, in living cells of the pith, and even in the
latex of certain plants. Leaves contain a transitory form of it. Starches occur as granules wThich
vary greatly in average size from one source to
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another; the granules from white potato are
among the largest, those from rice and buckwheat
are among the smallest. Individual particles of
some starches, as canna and rice, show little variation in size; others, such as maize, vary greatly
in size, while in another group, represented by rye
and wheat, the particles are partly relatively large
and partly very small. Starch granules vary from
about 2 microns to about 150 microns in size.
Plant parts storing the more permanent reserve
of starch may contain a high proportion of it.
Some seeds and grains contain as much as 70 per
cent of starch; tubers, roots may contain 25 to 30
per cent of it. Starch from many sources is prepared on a commercial scale; such sources include
corn, tapioca, potato, wheat, arrowroot, sago
(from the pith of various palms), and rice.
Manufacture. — The manufacture of a starch
falls into two categories: First, the preparation
of starch in as nearly as practical the native
state; second, the manufacture of modified
starches, in which some physical characteristic
of the original starch has been altered. The official starch, obtained from corn, provides an example of the first class. Its manufacture presents
special problems because of the recent tendency
to grow a horny type of corn which contains less
of the softer, floury variety of starch that is
readily milled and separated. From the miller's
standpoint corn grain consists of four regions:
(1) An outer hull which encases the three other
regions; (2) the embryo, or germ, which is located near the tip of the grain; (3) that part of
the endosperm which is light in color, often located
at the opposite end from the germ and referred
to as the crown; (4) the remainder of the endosperm, which is more intensely colored than
other regions in the yellow varieties of corn. The
hull contains principally insoluble, nonstarchy
carbohydrates; soaking the grain in warm water,
followed by coarse milling and screening, readily
removes the hull. The germ contains substantial
quantities of water-soluble constituents and, in
addition, natural fats of low melting point; after
the water-soluble constituents are leached out the
specific gravity of the germ is lower than that of
other parts of the grain, a fact utilized in separating the germ. The crown region of the endosperm
consists principally of starch which is loosely
packed and held as compared with the starch in
other parts of the endosperm; crown starch consists of the large, less angular granules which
produce a more viscous paste, and is of prime
quality. In the remainder of the endosperm are
found the small, polygonal starch grains embedded
in layers of the proteins gluten and glutenin. Removal of this starch is more difficult than removal
from the crow-n region, but it is nevertheless
utilized commercially.
The process of manufacturing corn starch may
be summarized as follows: (1) After cleaning the
corn grains by blasts of air and screening, they
are soaked or steeped in warm wrater acidulated
with 0.15 to 0.2 per cent of sulfur dioxide to inhibit development of microorganisms until the
corn is sufficiently soft for most of the starch to
be milled out. (2) The steeped corn is passed to
coarse mills which tear the grains into hull, germ
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and endosperm; from a suspension of the resulting grist the germ floats to the surface and is
separated, the hull is retained within rotating
sieves, and the starch and fine grit pass through
to two other separating units provided with finer
mesh sieves, the last of silk, which finally permit
passage only of starch and some gluten. (3) The
starch-gluten slurry is adjusted to optimum pH,
density, temperature and electrolyte concentration to permit sedimentation of the starch, either
by gravity in slightly inclined troughs called
"tables," or by centrifugal action; the gluten is
largely, though not entirely, removed in the aqueous portion. (4) The wet starch is filtered, then
dried in kilns, rotary drum driers, specially designed vacuum driers, or on endless belts which
pass through a heated tunnel; if required, the
resulting lump starch is ground and bolted
through fine silk sieves. For a comprehensive
discussion of many of the manufacturing details,
see
1944.Kerr's Chemistry and Industry of Starch,
Modified Starches. — Any of the native
starches may be modified in some characteristic
to make it more suitable for some particular use.
The color of starch may be materially lightened
either by reducing the amount of gluten in it
(there is normally 0.25 to 0.3 per cent present),
by "retabling" the starch or by bleaching it. The
odor developed in starches which have been overdried in order to reduce the normal moisture
content of 10 to 14 per cent to 5 per cent (by
which treatment the starch becomes a good drying agent) may be prevented by oxidizing a suspension of starch with potassium permanganate,
the excess of which is reduced by sulfurous acid.
The mobility of dry starch may be increased
within certain limits by treatment with sodium
hydroxide solution, washing with a non-aqueous
solvent, screening, or air separation. The viscosity
of starch pastes may be increased by treating the
dry starch with alkali, chlorine, or formaldehyde;
it may be reduced by treatment with dilute acid
or certain oxidizing agents.
Description. — "Starch occurs as irregular,
angular, white masses or as a fine powder, and
consists chiefly of polygonal, rounded, or spheroidal grains from 3 to 35 n- in diameter and usually
with a circular or several-rayed central cleft. It
is odorless and has a slight, characteristic taste.
Starch is insoluble in cold water and in alcohol."
U.S.P.
Standards and Tests. — Identification tests.
— (1) A translucent, whitish jelly is produced
when 1 Gm. of starch is mixed with 2 ml. of cold
water, then stirred into 15 ml. of boiling water,
boiled gently for 2 minutes, and cooled. (2)
Iodine T.S. colors starch purplish blue to deep
blue. Loss on drying. — Not over 14 per cent when
dried 4 hours at 120°. Residue on ignition. — Not
over 0.5 per cent. Reaction. — A 1 in 10 aqueous
suspension of starch is neutral to litmus. Iron. —
No blue color develops within 1 minute when 0.5
ml. of hydrochloric acid and 3 drops of potassium
ferrocyanide T.S. are added to a mixture of 500
mg. of starch and 10 ml. of water. U.S. P.
Disruption of its cells by grinding or other
means renders starch incapable of forming the
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characteristic paste with water. Although the
fragments are still recognizable as starch under
the microscope, most of the granules have become
colloidal and soluble in cold water.
Reaction with Iodine. — Iodine forms with
the amylose component of starch a blue compound; this reaction constitutes the most delicate
test known for the presence of starch. Although
the nature of the reaction has been extensively
studied, its mechanism is not clearly understood.
It appears that the presence of both water and
iodide ion is essential for the development of
color. Temperature, also, is an important factor;
on heating the blue solution of the "starchiodine" reaction to boiling the color disappears,
returning again on cooling. Some workers believe
that the reaction is primarily one of adsorption,
others propose definite chemical formulas for the
blue compound (for a review see Hassid, Fed.
Proc, 1945, 4, 232). The reaction is not altogether characteristic of starch, Barger and Starling
having (Pharm. J., 1912, 92, 146) compiled a list
of over sixty organic substances which give a blue
color with iodine. Inorganic substances also produce blue or blue- violet colors with iodine; chief
among these are certain compounds of lanthanum,
praseodymium and cerium.
Hydrolysis of Starch. — Kirchhoff discovered, in 1811, that prolonged heating of starch
with dilute sulfuric acid converted it to what was
then thought to be cane sugar but which was later
found to be identical with grape sugar (dextrose).
This reaction, which is one of hydrolysis and can
be carried out with acids other than sulfuric, goes
through successive stages involving the formation
of a number of intermediate derivatives, such as
soluble starch, the erythrodextrins and the achroodextrins; the two latter yield red and no coloration, respectively, with iodine solution and can be
separated by fractional precipitation with alcohol.
Maltose, probably also an intermediate compound,
is generally found in the hydrolysis product, the
amount varying with the conditions of hydrolysis.
Other sugars have also been reported to be present
in small amounts. Commercial products obtained
by the acid hydrolysis of starch, and containing
dextrins, maltose and dextrose, are variously designated as commercial glucose, glucose syrup, starch
syrup, and corn syrup (see Liquid Glucose).
By treating starch paste with malt diastase or
with other preparations containing amylases, maltose may be obtained in a yield of about 80 per
cent, dextrins constituting the remainder.
Dextrin. — When heated to a temperature of
about 200°, starch is transformed into watersoluble dextrins which find extensive use in
industry as adhesives and textile aids. The composition of the product depends on several variables, including temperature, presence or absence
of a catalyst, etc. For a description of dextrins,
see Dextrin, in Part II.
Composition. — Starch is a hexosan polysaccharide, of the general formula (CeHioOs),,, consisting of chaftjs of up to 2000 anhydroglucose
(C6H10O5) units, i.e., structures in which n is as
large as 2000. Formerly it was thought that the
individual granules of most starches consisted of
an inner portion called amylose, relatively soluble
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in water, and an outer portion called amylopectin,
practically insoluble in water. Amylose is an unbranched or linear polysaccharide in which the
anhydroglucose units are linked through alphaglucosidic-l:4-linkages; amylopectin is a highly
branched polysaccharide in which the main chain
and its branches are structurally the same as in
amylose but in which the branches are joined to
the main chain by alpha-glucosidic-1 :6-linkages.
Recent work indicates the need for some modification of this structural interpretation. Meyer
(Experientia, 1952, 8, 405) considers starch
granules to be built up of concentric shells, each
of which consists of an outer water-resistant
layer that transforms gradually into an inner
layer partially soluble in cold water. The resistant outer layer consists of 90 per cent of a
very highly branched polysaccharide, amylopectin
B-2, and 10 per cent of a high molecular-weight
linear polysaccharide, amylose Az; these exist as
mixed crystals of submicroscopic dimensions. The
inner, more soluble layers of the granule consist
of well-crystallized low-molecular-weight amylose
A\, which has a linear structure. Amylose Ai consists of 50 to 200 anhydroglucose units, while
amylose A2 contains 200 to 1500 and more
anhydroglucose units. It is customary to speak of
the number of units in a molecule of polysaccharide as its degree of polymerization, abbreviated D.P. Amylopectin B2 has a branched chain
structure made up of a total of up to 1500 or
more anhydroglucose units. Amylopectin B\, also
a branched-chain molecule, is found only in certain waxy starches, where it replaces amylose A\\
amylopectin Bi differs from amylopectin B2 in
having a lower molecular weight.
The degree of polymerization of an amylopectin
apparently determines the amount of water which
can be absorbed before a starch granule breaks;
when the D.P. is approximately 1500 a granule
can absorb 100 per cent of its weight of water
before bursting, while when it is about 300 the
granule breaks after absorbing 40 per cent of its
weight of water. The proportion of amyloses and
amylopectins, and their respective degrees of
polymerization, determine the paste-forming
property of a starch and whether a clear or transparent gel will be produced. Amylose is the constituent responsible for the blue color which
starch produces with iodine in the presence of
iodide ion. Corn, potato, and wheat starch each
contains about 20 per cent of amyloses. Hemicelluloses, which are high molecular weight carbohydrates related to, but more soluble than
cellulose, have also been reported to be present
in some starches.
The constitution of the glucose residues (also
called glucopyranose units) of starch permits of
the formation of ethers and esters of the substance. A number of these have been prepared
and several are used technically (see Radley,
Starch and Its Derivatives, 1940; also Kerr,
Chemistry and Industry of Starch, 1944). For an
interesting symposium on the formation and constitution of starch, and a comparison of it with
glycogen, see Fed. Proc, 1945, 4, 277.
Varieties. — The following description of the
various starches, given in order of their industrial
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importance in America, is based largely on the
summary in Kerr's Chemistry and Industry of
Starch, 1944. Corn starch is composed of granules
of two shapes, depending on whether they are
derived from the crown or floury regions of
ordinary corn grains or the horny portion of the
endosperm. Some species, which are floury in
type, such as Mandan corn, contain practically all
round-shaped granules. Horny species, such as
Kutias, contain practically all polygonal-shaped
granules. Each type shows variations in size, but
the average for both is about 15 microns. Starch
of modern manufacture will show a small proportion of very small granules of the order of 5
microns. The upper limits of size are usually about
25 to 26 microns. Tapioca or cassava starch
granules average about the same size as corn
starch; they differ in appearance from the latter
in that they are round or oval in shape with an
indentation on one side which is characteristic of
this starch. The granules are softer than those of
corn starch; their size varies from 5 to 35 microns, with an average of 20 microns. Potato
starch granules vary greatly in size, from 15 to
100 microns. The largest are egg-shaped and. because of pronounced concentric striations, have
the appearance
of oyster-shells. Wheat starch
consists, like the starch of rye and barley, of
granules either large or small, with few granules
of intermediate size. They are thin and of elliptical or round shape with no distinct striations.
The larger granules vary from 20 to 35 microns,
the smaller range from 2 to 10 microns. Sago
starch granules vary from 20 to 60 microns in
size, are oval or egg-shaped, and resemble arrowroot and medium-sized potato granules. Arrowroot starch shows numerous truncated granules in
some varieties (probably related to "Brazilian
arrowroot"'
or Manihot),
while
those
from
Maranta are simple. Most maranta of commerce
consists of fairly uniform granules between 25 and
50 microns in length. Barley starch is generally
a mixture of large and very small granules; both
are round or elliptical with the former measuring
20 to 35 microns and the latter 2 to 6 microns.
Waxy sorghum starch granules, particularly those
from the Red Leoti strain, are very similar to
those from corn and waxy maize. The average
granule size is 15 microns, with extremes of 6
and 30 microns. This starch forms a reddish
brown color with iodine. Sweet potato starch
occurs in polygonal, refractive granules, with the
predominating smaller granules having about the
size of those from corn. Waxy maize starch
granules are similar in appearance to those of
common corn with respect to size, shape, and
characteristic markings. The size range is from 5
to 25 microns. Waxy maize starch may be distinguished from corn starch by the reddish brown
coloration with iodine produced by the former.
The B.P. describes rice starch as consisting of
single and compound
grains; the former are
polyhedral, from about 2 to 5 to 8 to 12 microns
in diameter, sometimes with a minute central
hilum; the compound grains are ovate, from 12
to 30 microns long, and from 7 to 12 microns in
width; these may contain from 2 to 150 component grains.
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Uses. — Starch is a nutritive substance, though
in the raw state it is slowly digested. It has
many uses in medicine. Aqueous dispersions are
used as enemata, either as a vehicle or as a
demulcent application in irritation of the rectum.
Starch enema may be prepared by triturating 30
Gm. of powdered starch with 200 ml. of cold
water, then adding enough boiling water to make
1000 ml. and stirring vigorously; the liquid is
used when it has cooled sufficiently to be comfortably tolerated. The same preparation may be
used as an antidote in iodine poisoning, and administered freely in other cases where an
amylaceous or mucilaginous drink is indicated.
Various formulations for dermatologic use contain starch; these may be pastes prepared with
water or containing a fatty vehicle. Incorporation of starch with other ingredients of an ointment often imparts a degree of smoothness which
is not otherwise obtained.
Dusted upon the skin, powdered starch is used
to absorb excessive or irritant secretions. Unless
it is mixed with some other desiccant substance,
however, it is liable to form a pasty mass with
the absorbed fluid. Starch has been found to be
a satisfactory substitute for talc in rubber gloves
but it gelatinizes when the gloves are sterilized
in steam (Seelig et ah, J.A.M.A., 1943, 125,
1208). A starch derivative, mixed with some
magnesium oxide, does not have this objection;
it is official as Absorbable Dusting Powder, under
which title it is described in this volume. Riordan
{J.A.M.A., 1944, 124, 320) found starch not to
be irritant in the peritoneum and to be digested
by peritoneal amylase (see also Graham and
Jenkins, Lancet, 1952, 1, 590). Sponges made of
starch have been developed and used as absorbable internal surgical dressings (Science, 1944,
100, 227) and hemostasis is facilitated to the
extent that starch sponges are used for hemostatic
purposes in surgical procedures (Rosenfeld, Am.
J. Obst. Gyn., 1951, 61, 1179; Ritter and Bloomberg, /. Urol, 1952, 67, 543; Smith, U. S. Armed
Forces M. J., 1954, 5, 479).
In pharmacy starch is used as a disintegrant
for tablets, as a diluent for powdered extracts,
and to some extent as an adsorbent of moisture
which maintains a pulverulent state in certain
mixtures which tend to cake. Starch is an important raw material for the manufacture of
many chemicals by fermentation; these include
alcohol, acetone, w-butanol, lactic acid, citric acid,
glycerin, and gluconic acid. Its industrial and
technical applications are too numerous to mention.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep.— Starch Glycerite; Zinc Oxide
Paste, U.S. P.; Compound Powder of Tragacanth,
B.P.
STARCH

GLYCERITE.

U.S.P. (B.P.)

Glyceritum Amyli
B.P. Glycerin of Starch; Glycerinum Amyli. Unguentum Glycerini; Glycerinum Amylatum; Glycerolatum Amyli.
Fr. Glycere' d'amidon; Glycerole d'amidon. Ger. Glyzerinsalbe. It. Glicerolato d'amido. Sp. Glicerolado de almidon ; Glycerito de Almiddn; Glycerolato simple.

Rub 100 Gm. of starch and 2 Gm. of benzoic
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St
acid with 200 ml. of purified water in a porcelain
dish until a smooth mixture is obtained, then add
700 ml. of glycerin, and mix well. Heat the mixture on a sand bath to a temperature between
140° and 144°, stirring constantly but gently until
a translucent, jelly-like mass results. Strain the
product through muslin. Starch glycerite should
be freshly prepared. U.S.P.
B.P. Glycerin of Starch is made with wheat
starch; no benzoic acid is added.
Uses. — Starch glycerite is emollient and demulcent and is used directly for these effects or
as
a vehicle for other substances to be employed
locally.
Storage. — Preserve "in tight containers."
U.S.P.
STEARIC

ACID.

U.S.P.

[Acidum Stearicum]

"Stearic Acid is a mixture of solid organic acids
obtained from fats, and consists chiefly of stearic
acid
U.S.P.(C18H36O2) and palmitic acid (C16H32O2)."
Acidum Stearinicum. Fr. Acide stearique; Stearine.
Ger. Stearinsaure. Sp. Acido Estedrico.

Commercial stearic acid, which is in reality a
mixture of stearic and palmitic acids, is the solid
matter which separates on chilling the fatty acid
products resulting from hydrolysis of various fats
and oils, such as tallow, stearin from animal fats,
garbage grease, etc. On subjecting this solid matter to mechanical pressure the unsaturated acids
may be largely removed, especially if the pressing
process is repeated once or twice. The designations double-pressed, or triple-pressed, stearic acid
indicate the number of times the solid cake has
been subjected to pressure. Stearic acid of commerce commonly contains 45 per cent of stearic
acid and 55 per cent of palmitic acid. The
Emersol process (Ind. Eng. Chem., 1947, 39,
126), in which pure stearic acid may be obtained
if desired, is based on crystallization of the acid
from a 90 per cent methanol solution at a carefully controlled temperature; by varying this
temperature between predetermined limits any
desired proportion of stearic and palmitic acids
may be obtained. The solution remaining after
crystallization of the solid acids is used for the
isolation of oleic acid. If desired, purification of
stearic and other acids obtained by the processes
just described may hi attained through vacuum
distillation.
Description. — "Stearic Acid is a hard, white
or faintly yellowish, somewhat glossy and crystalline solid, or a white or yellowish white powder.
The odor and taste are slight, suggesting tallow.
Stearic Acid is almost insoluble in water. One
Gm. of the Acid dissolves in about 20 ml. of alcohol, in 2 ml. of chloroform, and in about 3 ml. of
ether." U.S.P.
Standards and Tests. — Congealing temperature.— Not below 54°. Residue on ignition. — Not
over 0.1 per cent. Heavy metals. — The limit is
20 parts per million. Mineral acid. — Methyl
orange T.S. does not turn red in the filtered
aqueous liquid separated from a mixture of 5 Gm.
of melted stearic acid and 5 ml. of water. Neutral
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fat or paraffin. — The solution resulting when
stearic acid is boiled with sodium carbonate and
water is clear or. at most, opalescent, while hot.
Iodine value. — Not more than 4. U.S.P.
Uses. — Stearic acid is an ingredient of the socalled "vanishing creams." used as ointment bases
and cosmetics. It has on occasion been used for
enteric-coating pills, tablets and capsules. It may
be used for the preparation of sodium stearate
for glycerin suppositories.
Storage. — Preserve "'in well-closed containers." U.S.P.
STEARYL

ALCOHOL.

U.S.P.

[Alcohol Stearylicum]

"Stearyl Alcohol is a mixture of solid alcohols
consisting chiefly of stearyl alcohol [CH3(CH2)i6CH2OH]." U.S.P.
Stenol (Du Pont de Nemours).

Stearyl alcohol may be prepared from stearic
acid by catalytic hydrogenation.
Description. — "Stearyl Alcohol occurs as
unctuous, white flakes or granules. It has a faint
characteristic odor and a bland, mild taste.
Stearyl Alcohol is insoluble in water. It is soluble in alcohol and in ether. Stearyl Alcohol
melts between 56° and 60°." U.S. P.
Standards and Tests. — Acid value. — Not
over 2. Iodine value. — Not over 2. Eydroxyl
value. — When determined by the method described under Cetyl Alcohol, the hydroxyl value is
not less than 200 and not more than 220. U.S.P.
Uses. — Stearyl alcohol is official because it is
an ingredient of Hydrophilic Ointment and of
Hydrophilic Petrolatum. The alcohol is used in
the cosmetic industry for the preparation of
creams ; it does not itself produce a stable product
but when used with an efficient surface-active
agent stable oil-in-water creams are obtained.
Stearyl alcohol has the same functions as, and
may be used interchangeably with, cetyl alcohol;
the former produces a somewhat firmer preparation.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep.— Hydrophilic Ointment; Hydrophilic Petrolatum, U.S.P.
STERCULIA
Gum

Karaya,

GUM.

[Gummi

N.F.

Sterculiae]

"Sterculia Gum is the dried gummy exudation
from Sterculia urens Roxburgh, Sterculia villosa
Roxburgh. Sterculia tragacantha Lindley or other
species of Sterculia (Fam. Sterculiacece), or from
Cochlospermum gossypium De Candolle. or from
other
X.F. species of Cochlospermum (Fam. Bixacece)."
Karaya Gum;

Kadaya; Katila; Kulloo.

Under this title there have been introduced into
the N.F. two kinds of gums, one of which has
long been known as sterculia gum. obtained from
a number of species of Sterculia, and another
commonly known as karaya gum. collected from
species of Cochlospermum. The gum is gathered
from incisions made in the bark of trees of the

species. Both gums have also been called "Indian
gum" and have been imported from Africa and
India in large amounts.
The genus Sterculia comprises about 100 species of tropical trees, most of which occur in
Asia. They are characterized by possessing leaves
which are either entire or palmately lobed, or divided, panicles of unisexual or polygamous flowers, the latter devoid of corolla, a 5- to 4-cleft,
often petaloid calyx, monadelphous stamens with
10 to 15 sessile anthers and 4 or 5 carpels. The
fruits are membranous to woody follicles.
The genus Cochlospermum comprises about 15
trees and shrubs native to both hemispheres with
alternate, palmate or palmately lobed or parted
leaves, large, showy yellow flowers and capsular
fruits. Cochlospermum gossypium DC, is a small
tree native to India with palmately 3- to 5-lobed
leaves which are tomentose on their lower surface,
golden yellow flowers in terminal panicles, and
many seeded capsular fruits.
About 7,000,000 pounds of sterculia gum are
annually imported into this country from India
and the Anglo-Egyptian Sudan.
Description. — "Sterculia Gum occurs in tears
of variable size or in broken irregular pieces having a somewhat crystalline appearance, the latter
being known in commerce as 'crystal' gum. It is
pale yellow to pinkish brown, translucent and
horny and is often admixed with a few darker
fragments and occasional pieces of bark. Sterculia
Gum possesses a slightly acetous odor and a
mucilaginous and slightly acetous taste.
"Powdered Sterculia Gum is light gray to
pinkish gray and when mounted in alcohol exhibits irregular, polygonal, semi-transparent, colorless fragments, the larger fragments polarizing
light without a play of colors, and a few lignified
stone cells, fibers, and vessels.
"Solubility. — Sterculia Gum swells in water but
is insoluble in alcohol and in chloroform." N.F.
Standards and Tests. — Identification. — (1)
On adding 2 Gm. of gum to 50 ml. of water it
swells and forms a granular, stiff, slightly opalescent mucilage containing occasional brownish cellular fragments. (2) A white, curdy precipitate is
produced on adding a few drops of Millon's reagent to a 1 in 100 aqueous solution of sterculia
gum. (3) A portion of gum is hydrolyzed by
warming with diluted hydrochloric acid. On adding an excess of sodium hydroxide to a portion
of the solution, and then boiling, a brown color
and a fruity, characteristic odor are produced.
Reaction. — An aqueous solution (suspension) of
sterculia gum is acid to litmus, the pH being
about 4.5. Swelling properties. — A 2-Gm. portion
of "crystal gum" consisting of fragments greater
than 30-mesh but less than 10-mesh is added to
500 ml. of water in a 500-ml. graduated cylinder,
stirred, and allowed to stand undisturbed for 18
hours. The volume to which the gum has swollen
should not be less than 125 ml. Water absorption.
— The contents of the cylinder used in the preceding test is poured through moistened glass
wool and the water allowed to drain into a second
500-ml. graduated cylinder. Not less than 50 ml.
of water should be absorbed by 2 Gm. of sterculia
gum. Moisture. — Not over 20 per cent. Foreign
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gums. — Sterculia gum swells in 60 per cent alcohol by volume (distinction from other gums).
Starch. — No blue color is produced on adding
iodine T.S. to a 1 in 100 aqueous solution of the
gum. Bark and foreign organic matter. — A 5-Gm.
portion of gum is hydrolyzed by boiling with a
hydrochloric acid solution and the insoluble residue is filtered through a tared crucible, washed
with water, dried at 105° and weighed. The
weight of the dried residue is not over 3 per cent
of the weight of the gum taken. Acid-insoluble
ash. — Not over 1 per cent. Chlorides and sulfates.
— A 1-Gm. portion of gum is hydrolyzed with a
dilute nitric acid solution. After filtering the mixture, the filtrate is divided into two portions. One
portion contains no more chloride than corresponds to 0.2 ml. of 0.02 N hydrochloric acid; the
other portion yields no precipitate with barium
chloride T.S. N.F.
Sterculia gum may be distinguished from tragacanth by determining the acidity of the steam distillate of the hydrolyzed gum; the distillate from
sterculia is nearly 7.5 times as acid as that from
tragacanth (Emery, Am. J. Pharm. 1912, 84,
393; see also Thrun, Ind. Eng. Chem., 1935, 27,
1218, and Gabel, /. A. Ph. A., 1934, 23, 341).
Constituents. — The chief constituen; of sterculia gum is the galactan gelose (for description
see under Agar). Peyer {Apoth.-Ztg., 1925, 40,
667; Sudd. Apoth.-Ztg., 1925, 65, 569) reported
that the gum usually has the odor of acetic acid,
but sometimes that of trimethylamine. On boiling
with sodium hydroxide a solution of the gum
which has been previously hydrolyzed with acid
he observed the odor of benzaldehyde.
Uses. — Sterculia gum is useful because of the
high degree of viscosity it produces when dispersed in aqueous media. Weight for weight it is
considerably more effective than gum arabic,
though less so than tragacanth, in increasing viscosity. Taking into account that the viscosity of
tragacanth dispersion increases, while that of
sterculia decreases, Gabel (/. A. Ph. A., 1934, 23,
341) found that a 1 per cent dispersion of tragacanth has approximately the same fluidity as a 2
per cent dispersion of sterculia after aging 6
months (for other data on viscosity see Thrun
and Fuller, Ind. Eng. Chem., 1935, 27, 1215;
also Mason, Chem. Industries, 1943, 53, 858).
Advantages of sterculia over tragacanth are that
it is more readily soluble, Gabel having found 1
per cent of karaya to be completely dissolved in
water in 30 minutes; karaya mucilage has, when
applied to the skin, a softer effect than tragacanth.
For use in hair preparations karaya is superior to
tragacanth.
Sterculia has been reported to treble the effectiveness of nicotine sprays when added to the
extent of 0.2 per cent (Eddy and Meadows, /.
Econ. Entomol., 1937, 30, 430; Sharp, ibid., 1939,
32, 294). Use of the enormous swelling power
of sterculia to form viscous dispersions is utilized
in many ways; it is employed in the manufacture
of printing gums, fillers and sizings, also in the
manufacture of lotions and pastes. Considerable
quantities of sterculia are used in the manufacture ofvarious foods.
Laxative Use. — The hydrophilic property of
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karaya has resulted in its being used as a mechanical laxative (Ivy and Isaacs, Am. J. Digest.
Dis., 1938, 5, 315). The product Mucara (IvesCameron) is a pleasantly flavored granulated
form of the gum recommended for supplying
bulk to fecal masses in certain types of chronic
constipation. The dose is a heaping teaspoonful
stirred with a full glass of water, taken before
retiring. Imbicoll (Upjohn) is a sterculia derivative in granular form.
Rare cases of urticaria caused by karaya have
been reported by Bowen {Arch. Dermat. Syph.,
1939, 39, 506); Figley {J. A.M. A., 1940, 114,
747) reported 16 cases of#allergic sensitization
from karaya; allergic disorders in 10 patients
were traced by Gelfand (/. Allergy, 1949, 20,
311) to karaya, tragacanth or gum arabic used
in various foods.
The usual dose of sterculia gum is 5 Gm. (approximately 75grains), once or twice daily, taken
with 1 or more glasses of water.
Storage. — Store "in a dry place." N.F.
STIBOPHEN.
U.S.P., B.P. IP.

rJ

[Stibophenum]

'O'

7H20

NaO'

S03Na
:str

SOjNa

"Stibophen contains not less than 98.5 per
cent and not more than 102 per cent of C12H4NaoOi6S4Sb, calculated on the anhydrous basis."
U.S.P. The B.P. defines Stibophen as pentasodium antimonybiscatechol-3:5-disulf onate; it is
required to contain not less than 15.6 per cent
and not more than 16.0 per cent of trivalent
antimony, Sb, and not less than 16.5 per cent and
not more than 16.9 per cent of sulfur, S, both
calculated with reference to anhydrous substance. The LP. defines it as sodium-antimonybispyrocatechol-3 : 5-sodium disulf onate ; the rubrics are the same as those of the B.P.
Fuadin

(Winthrop);

Fouadin;

Neoantimosan.

Under the name Antimosan, Uhlenhuth
{Deutsche med. Wchnschr., 1924, p. 1288) recommended the potassium salt of an organic derivative of antimony in the treatment of trypanosomiasis. Later the sodium compound was introduced and replaced the potassium salt; the
former is, perhaps, best known as Fuadin. During World War II the British confiscated the
German patent on this preparation and it was
manufactured in England under the name of Stibophen. According to the B.P. stibophen may be
prepared by the interaction of antimonious oxide,
sodium catechol-3:5-disulf onate, and sodium
hydroxide.
Description. — "Stibophen occurs as a white,
crystalline, odorless powder. It is affected by
light. Stibophen is freely soluble in water. It is
nearly insoluble in alcohol, in ether, and in chloroform." U.S.P. The B.P. requires the pH of a 5
per cent w/v solution in water to be between 6.0
and 7.0.
Standards and Tests. — Identification. — (1)
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A reddish orange precipitate forms on adding
diluted hydrochloric acid and sodium sulfide T.S.
to a solution of stibophen. (2) A deep bluish
green color, turning brownish red on addition of
ammonia T.S., is produced when ferric chloride
T.S. is added to a solution of stibophen. (3) A
black precipitate is produced on adding mercurous
nitrate T.S. to a solution of stibophen. Water. —
Not over IS per cent, when determined by drying at 120° in a vacuum oven for 4 hours at a
pressure not exceeding 5 mm. of mercury. Chloride.— The limit is 70 parts per million. Calcium.
— No turbidity is produced within a minute on
adding ammonia T^3. and ammonium oxalate
T.S. to a solution of stibophen. U.S.P. The B.P.
and LP. exclude sulfate; the limits of arsenic
and lead are 4 and 5 parts per million, respectively, in the B.P., and 5 parts per million for
each in the LP.
Assay. — About 500 mg. of stibophen is dissolved in water containing diluted acetic acid and
the trivalent antimony quantitatively oxidized to
the pentavalent state by titration with 0.1 N
iodine. Each ml. of 0.1 N iodine represents 38.46
mg. of Ci2H4Na50i6S4Sb. U.S.P. The B.P. and
LP. utilize the same reaction, except that a
measured excess of iodine is used and the mixture is titrated with sodium thiosulfate. Sulfur
is determined by fusing with potassium hydroxide
and potassium nitrate in the presence of some
water; the sulfate thus produced is finally estimated gravimetrically as barium sulfate.
Stability. — Robinson and Page (Quart. J. P.,
1941, 14, 40), studying the stability of solutions
of stibophen, made the following observations : In
the absence of a stabilizer color develops in such
solutions, especially when the pH is above 7.
Ascorbic acid and sodium bisulfite are both effective, in 0.1 per cent concentration, in inhibiting
color formation, the former being somewhat more
effective than the latter. Accompanying the color
change, a portion of the trivalent antimony complex is oxidized to the pentavalent state; this
change is also retarded by the stabilizers.
Uses. — Stibophen, recommended as a compound having lesser toxicity and greater effectiveness than antimony potassium tartrate for the
treatment of schistosomiasis in Egypt (see Bey
and Betache, Lancet, 1930, 1, 234), has attained
to wide usage as a therapeutic agent particularly
in schistosomiasis and granuloma inguinale. In
stibophen the antimony is present in trivalent
form, as a component of the cyclic structuie of
the compound; this may explain the fact that the
only marked difference in the behavior of stibophen and of antimony potassium tartrate, as
observed in studies seeking to determine the mode
of action of antimonials, is the slower rate of
attachment of stibophen to erythrocytes in the
blood. In mice injected intraperitoneally with
cercariae of Schistosoma mansoni, stibophen had
a slightly more favorable therapeutic index (ratio
of lethal dose to curative dose) than had either
antimony sodium tartrate or ureastibamine
(Schubert et al., Am. J. Trop. Med., 1949, 29,
115).
Stibophen was extensively employed for the
treatment of schistosomiasis by the U. S. Army
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(War Med., 1945, 7, 397). Billings et al. (Bull.
Johns Hopkins Hosp., 1946, 78, 21) reported
that it effectively controlled the symptoms in 110
patients with schistosomiasis japonicum, although
ova persisted in 17 per cent of the patients four
to eight weeks after the completion of treatment.
In a series of 115 patients with Schistosoma
mansoni infestation, Hernandez-Morales et al.
(Puerto Rico J. Pub. Health Trop. Med., 1949,
25, 256) reported cure in 78 per cent of the
cases, based on examination of rectal biopsies.
There were no serious toxic effects although
most of the patients complained of pains in the
joints and a few experienced gastrointestinal disorders. The number of ova in the feces increased
early in the course of treatment and blood eosinophilia was observed. Rodgriguez-Molina and
Schwachman (Am. J. Trop. Med., 1947, 27,
117) reported similar results in 150 Puerto Rican
soldiers but follow-up examinations over a period
of two years revealed ova in the feces in 56 per
cent of the 70 patients thus studied. After a rest
period of two weeks, a second course of treatment with stibophen may be wise, this to be followed by several weekly and then fortnightly injections to prevent recurrence or reinfection.
Instead of the usual course of treatment (see
under dose), Azar et al. (Am. J. Trop. Med.,
1949, 29, 595; Trans. Roy. Soc. Trop. Med.
Hyg., 1951, 45, 383) used a shorter course in
treating cases of Schistosoma haematobium vesical infection, with good results; the course consisted of an initial injection of 2 ml. of the 6.3
per cent solution, followed by 4 ml. injected 3
times daily for 3 days.
In the treatment of granuloma inguinale brilliant results have been obtained with stibophen
by Williamson (J.A.M.A., 1933, 100, 1671) and
others, particularly in the early stages of the disease. The broad-spectrum antibiotics, however,
have proven to be more effective, less toxic, and
easier to employ.
For visceral leishmaniasis, Neostibosan (see in
Part II) is preferred (see also under Antimony
Potassium Tartrate). In American cutaneous
leishmaniasis, Snow et al. (Arch. Dermat. Syph.,
1948, 57, 90) reported healing in 6 weeks following intramuscular injections of 2 ml. of stibophen
solution, increasing to 5 ml., three times weekly.
In filariasis, stibophen was tried unsuccessfully both in humans (Bartter et al., Ann. N. Y.
Acad. Sc, 1948, 50, 89) and in dogs (Foley, Vet.
Med., 1950, 45, 485). In a few cases of mycosis
fungoides (Garb, /. Invest. Dermat., 1949, 13,
295) results have been indifferent. Stibophen is
no longer recommended for trypanosomiasis or
trichiniasis. S
Toxicology. — Stibophen is not without toxic
effects (Lippincott, et al., Arch. Int. Med., 1947,
79, 62) but the untoward effects are usually mild
and disappear when treatment is discontinued.
Such effects are similar to, but less frequent and
less severe, than with antimony potassium tartrate (q.v.). A serum sickness type of reaction
is not infrequent during the second week of
injections.
Dose. — Stibophen is usually administered by
intramuscular
(occasionally intravenous) injec-
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tion as a 6.3 per cent solution. The beginning
dose is about 1.5 ml. of this solution; on the
second day 3.5 ml. is administered, then 5 ml. on
alternate days until a total of 40 ml. has been
given. The course may be repeated after an interval of two or three weeks, if necessary. Weekly
administration of the drug may be employed to
prevent relapse. For children, the initial dose of
0.5 ml. is increased to 3.5 ml. The B.P. gives the
dose as 100 to 300 mg. (approximately 1^ to 5
grains). Stibophen is contraindicated in patients
with impaired renal function.
Storage. — Preserve "in tight, light-resistant
containers. It should not be brought into contact
with iron or compounds of iron." U.S.P.
STIBOPHEN INJECTION.
U.S.P. (B.P., LP.)
[Injectio Stibopheni]

"Stibophen Injection is a sterile solution of
stibophen in water for injection. It contains not
less than 94 per cent and not more than 106 per
cent of the labeled amount of Ci2H4Na50ieS4Sb.7H20." U.S.P. The B.P. states that Injection
of Stibophen contains not less than 0.80 per cent
(w/v) and not more than 0.92 per cent (w/v)
of trivalent antimony, Sb. The solution contains
6.4 Gm. of stibophen and 0.25 Gm. of sodium
acid phosphate in sufficient water for injection to
make 100 ml. of solution; the product is sterilized by heating in an autoclave (30 minutes at
115° to 116°). The I. P. limits are the same as
those of the U.S.P.
The tests and assay are discussed under Stibophen; itis noteworthy that in the U.S.P. and LP.
assay the sample is treated with formaldehyde
T.S. to reduce any antimony that may have been
oxidized, while in the B.P. such treatment is
omitted. According to the U.S.P. the pH of the
injection is between 5.5 and 7.5, while the corresponding B.P. specification is 5.0 to 5.5.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass,
protected from light." U.S.P.
Usual Sizes.— 225 mg. in 3.25 ml; 325 mg.
in 5 ml.
POWDERED

STOMACH.

U.S.P.

Dried Stomach, [Stomachus Pulveratus]

"Powdered Stomach is the dried and powdered
defatted wall of the stomach of the hog, Sus
scrofa Linne var. domesticus Gray (Fam. Suidce).
It contains thermolabile factors including native
vitamin B12 and intrinsic factor activity which
increase the number of red blood corpuscles in
the blood of persons affected by pernicious anemia. The approximate anti-anemia potency of
Powdered Stomach, when tested with a suitable
source of vitamin B12, in pernicious anemia is
expressed in U.S.P. Units (oral). Powdered Stomach conforms to all other provisions outlined
under Anti-anemia Preparations." U.S.P.
Ventriculin

{Parke.

Davis).

Commercially, powdered stomach is made by
comminuting the whole stomachs from healthy
hogs and drying in a vacuum at a temperature
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not exceeding 65°. The material is then defatted
with purified benzin, and, after the evaporation
of the solvent, milled to a coarse powder and
tested for its curative value under the rules laid
down by the Anti-anemia Preparations Advisory
Board. The commercial product is a granular
substance with a slight, not unpleasant, meaty
odor and practically insoluble in water.
Uses. — As is well known, cases of pernicious
anemia are always accompanied with disturbances
of gastric secretion. In 1929 Castle showed that
the contents of normal human stomachs had a
beneficial effect in this disease, and shortly after
Sturgis and Isaacs (J.A.M.A., 1929, 93, 747)
found that the dried whole stomach of hogs had
a similar beneficial effect. Wilkinson (J.A.M.A.,
1931, 96, 1632) reported that the stomachs of
neither oxen nor sheep exert the hematopoietic
action of hog stomach.
Dried stomach is used solely in the treatment
of anemia, especially in that form known as
pernicious, or Addisonian, anemia (see also under
Liver with Stomach and Nicotinic Acid). While
its benefit is comparable to that of liver extract,
it appears to be different in its mode of action.
Castle (Am. J. Med. Sc, 1931, 182, 741) believed that the stomach contains an enzyme (intrinsic factor) which was capable of forming
from muscle of cows a hematopoietic substance,
perhaps identical with that found normally in the
liver. Greenspon (J.A.M.A., 1936, 106, 266) reported that peptic digestion destroys the activity
of the antianemic substance. While the mode of
action of dried stomach in pernicious anemia is
uncertain (see under Vitamin B12 with Intrinsic
Factor), there is no room for doubt of its clinical value. In combination with liver extract (see
under Liver with Stomach) an effective oral dose
occupies a small enough volume to be administered in capsules. As with liver, powdered stomach has relatively little value in secondary and
chlorotic anemias. Morris (J.A.M.A., 1933, 100,
171) prepared from gastric juice of swine a concentrated solution, to which he applied the name
addisin, which had extraordinary potency in pernicious anemia when injected intramuscularly.
The usual dose of powdered stomach is one
U.S.P. unit daily, with a range of 1 to 20 units.
The substance is acceptable to the patient when
administered in a fruit juice. The product Ventriculin (Parke, Davis) has a potency such that
10 Gm. (approximately 2^2 drachms) represents
1 U.S.P. unit.
Labeling. — "Label Powdered Stomach to show
the potency assigned to it by the U.S.P. Antianemia Preparations Advisory Board." U.S.P.
Storage. — Preserve "in tight containers, preferably at a temperature not above 30°." U.S.P.
STORAX.

U.S.P. (B.P.)

Liquid Storax, Styrax

"Storax is a balsam obtained from the trunk
of Liquidambar orientalis Miller, known in commerce as Levant Storax, or of Liquidambar styraciflua Linne, known in commerce as American
Storax (Fam. Hamamelidacece)." U.S.P.
Under the title Prepared Storax the B.P. recog-
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nizes only the balsam from the wounded trunk
of the L. orientalis, purified by extraction with
alcohol, and containing not less than 30.0 per cent
of total balsamic acids, calculated on the basis
of the substance dried on a water bath for one
hour.
B.P. Prepared Storax: Styrax Praeparatus. Sweet Gum;
Prepared Storax. Styrax Praeparatus; Styrax Depuratum;
Styrax Liquidus; Balsamum Styracis. Fr. Styrax liquide
purine. Ger. Gereinigter Storax. It. Storace liquido;
Stirace. Sp. Estoraque liquido; Estoraque.

All species of the genus Liquidambar as well
as those of a related genus, Altingia, yield storax.
The product most valued, however, is that obtained from L. orientalis Miller.
The oriental sweet-gum {Liquidambar orientalis). from which Levant, or Asiatic, storax is
obtained, is a tree from 20 to 40 feet high. Its
leaves are palmately 5-divided. serrate, perfectly
smooth, bright green and shining on the upper
and pale on the under surface. The flowers occur
in globular, yellowish heads and its fruits are
spherical heads of beaked capsules. The tree is a
native of Asia Minor, in the southwestern parts
of which it forms large forests.
The L. styracif.ua, commonly known as the
gum tree {sweet gum, alligator tree, bilsted),
from which American storax is produced, is one
of our most beautiful native trees. It is found
along the whole Atlantic coast from Connecticut
southward to Central America. When full grown
the tree reaches a height of 100 or sometimes
even 150 feet. The flowers are apetalous and
usually monoecious, the fertile ones being arranged in globular heads and the staminate
flowers in conical clusters consisting of numerous
small greenish heads. The leaves are palmately
5- to 7-lobed, the lobes being acuminate and
finely serrate, star-shaped. There are two varieties
besides the type species. The L. styracift.ua var.
mexicana has its leaves 3-lobed instead of 5- to
7-lobed as is common in the northern variety, and
in the L. styraciflua var. macrophylla of Central
America the leaves are much larger than the
type. The wood is hard and close-grained, of a
reddish brown color. The exudate apparently was
used by the aboriginal inhabitants of the continent: itwas exported to Spain in large quantities in the 16th century for use both as a perfume and as a vulnerary. The resin, which is
commonly known as liquidambar or copal balsam
or copalm, collects naturally under the bark in old
trees, being rarely found in those less than 100
years old.
Storax is a pathological rather than a physiological product; when the young wood is injured
secretion reservoirs are formed in which the
storax is produced. In collecting the drug the
bark is first heavily bruised or cut. so as to injure the cambium. This injury stimulates the
formation of numerous reservoirs or ducts in
which the balsam is secreted and from which it
seeps into the injured bark. In collecting the
Levant or Asiatic storax, the outer bark is removed and the inner bark scraped off; much of
the storax is removed by pressure and the remainder is obtained by boiling the bark with
water and again pressing it. American storax, pro-
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duced chiefly in British Honduras but also collected in small quantities in North Carolina and
other southern states, is exuded into pockets on
the trunk of the tree. From 1 to 8 pounds of
storax is deposited in a pocket and these are
drained by making an incision and inserting a
gutter leading to a collecting container. In the
southern states the tree is sometimes girdled and
the yellowish drops which exude are collected
after they have hardened.
American storax varies in consistency from
that of thin honey to a soft solid. It is more or
less transparent, of a yellowish color, of a characteristic, agreeable, balsamic odor, and a bitter,
warm, and acrid taste. When cold it becomes
thicker and less transparent. On long standing
it concretes, assuming a darker color. It is sometimes collected in the form of tears, produced by
the spontaneous concretion of the exuded juice.
According to Jordan (Ind. Eng. Chem., August,
1917), the resin of American storax averages
higher in cinnamic acid than does the Oriental
variety. During 1952 there was imported into the
U. S. A. 22,779 pounds of Storax from Turkey
and 13,918 pounds from Honduras.
Description. — "Storax is a semi-liquid, grayish to grayish brown, sticky, opaque mass, depositing on standing a heavy dark brown layer
(Levant Storax) ; or a semi-solid, sometimes a
solid mass, softened by gentle warming (American Storax). Storax is transparent in thin layers,
has a characteristic odor and taste, and is more
dense than water. Storax is insoluble in water,
but soluble, usually incompletely, in an equal
weight of warm alcohol. It is also soluble in acetone, in carbon disulfide, and in ether, some insoluble residue usually remaining." U.S.P.
Standards and Tests. — Loss on drying. —
not over 20 per cent, when dried for 2 hours at
105°. Alcohol-insoluble substances. — Not over 5
per cent, the residue being dried at 105° for 1
hour. Alcohol-soluble substances. — The filtrate
from the preceding test is evaporated to dryness
and the residue dried for 1 hour at 105° : the
weight of this residue corresponds to not less
than 70 per cent of the weight of storax taken.
Acid value. — The acid value of the alcohol-soluble
residue is between 50 and 85 for Levant storax
and between 36 and 85 for American storax.
Saponification value. — The saponification value of
the alcohol-soluble residue is not less than 160
and not more than 200. Cinnamic acid. — A portion of the alcohol-soluble residue is saponified
with 0.5 N alcoholic potassium hydroxide, the
excess of alkali neutralized, and the alcohol
evaporated. The residue is extracted with ether
to remove the alcohols, after which the cinnamic
acid is liberated by sulfuric acid and extracted
with ether, along with some other constituents.
The ether is distilled off and the residue is boiled
with water to extract the cinnamic acid, which
crystallizes from the water solution on cooling;
the acid is filtered off in a Gooch crucible and the
filtrate used for further extraction of cinnamic
acid from the residue remaining from the ether
solution. This treatment is repeated once again
and finally the cinnamic acid is dried at 80° and
weighed. The weight of acid should be not less
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than 25 per cent of the weight of purified storax
taken; the acid should melt, after recrystallization
from hot water, between 134° and 135°, and
should yield benzaldehyde, recognizable by its
odor, on oxidation with potassium permanganate
T.S. in the presence of diluted sulfuric acid.
U.S.P.
The B.P. product, since it represents the
alcohol-soluble fraction of storax, is required to
be completely soluble in alcohol.
Storax becomes liquid on moderate heating and,
when the temperature is further raised, takes fire
and burns with a white flame, leaving a light,
spongy, carbonaceous residue. Storax imparts its
odor to water, which it renders yellow and milky.
Containing volatile oil and resin, and yielding
benzoic or cinnamic acid on distillation, it is
entitled to be classed as a balsam.
Constituents. — The predominant constituent
of storax is probably storesin, C36Hoo(OH)3, an
alcohol resin discovered in 1877 by W. von Miller.
This is present in two forms, designated alpha
and beta, both free and in the form of a cinnamic
ester. These together make up from one-third to
one-half of the resin. Storesin is an amorphous
substance, melting at 168°, readily soluble in
petroleum benzin. Cinnamic acid, both free and
as esters, constitutes an important part of the
drug. Free cinnamic acid ranges from 5 to 15
per cent, although Lowe reported as much as 23
per cent. Of the cinnamic esters, cinnamyl cinnamate, or styracin, is present in the proportion
of 5 to 10 per cent. It can be extracted with
ether, benzene, or alcohol after the separation
from the resin of the cinnamic acid; it is insoluble in water, and volatile only in superheated
steam. It crystallizes in tufts of long rectangular
prisms, which melt as 38°, but frequently do not
solidify readily. With potassium hydroxide solution it is saponified to cinnamate and cinnamic
alcohol (styrone), C9H10O, which latter is not
present in liquid storax. Of the other cinnamic
esters the most important is phenylpropyl cinnamate, which constitutes some 10 per cent of
the drug. There are present also small amounts
of ethyl cinnamate and benzyl cinnamate. Liquid
storax further contains the liquid hydrocarbon
styrene, also called styrol and cinnamene, chemically phenylethylene, C6H5CH=CH2. Styrene,
which may be synthesized from benzene and
ethylene, is commercially important because it
undergoes polymerization to the highly useful
plastic polystyrene; also because with butadiene,
CH2=CHCH=CH2, styrene forms a copolymer
which is the basis of an important synthetic
rubber, known commercially as Buna S. Finally,
there has been found in liquid storax about 0.4
per cent of a pleasant-smelling levorotatory oil of
the formula C10H16O, and traces of vanillin. For
analyses of storax see Tschirch and van Itallie
(Arch. Pharm., 1901, 239, 506) and Spokes (/.
A. Ph. A., 1920, 9, 1055).
Adulterants. — Both Oriental and American
storax are often adulterated with turpentine,
resin, Burgundy pitch, castor oil or storax from
which the cinnamic acid has been extracted. Such
adulterated drug will fail to meet the official requirements, especially the cinnamic acid test.
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Uses. — Storax is a stimulating expectorant and
feeble antiseptic, which was at one time used
in various respiratory infections, but at present
is very seldom used except as a constituent of
compound benzoin tincture. Externally, mixed
with 2 or 3 parts of olive oil, liquid storax was
found by H. Schultze, of Magdeburg, to be effective as a local remedy in scabies. The bark of the
sweet gum tree has been used in the southern
and western United States in diarrhea and dysentery, especially in children; it was taken in the
form of syrup, prepared from the bark in the
same manner as wild cherry syrup. W\
Dose, 0.6 to 1.3 Gm. (approximately 10 to 20
grains).
Off. Prep. — Compound Benzoin Tincture,
U.S.P., B.P.
STRAMONIUM.
Jamestown Weed,

N.F., B.P. (LP.)

Jimson Weed,

[Stramonium]

"Stramonium consists of the dried leaf and
flowering or fruiting tops with branches of Datura
Stramonium Linne or of its variety Tatula Linne
Torrey (Fam. Solanacece). Stramonium yields not
less than 0.25 per cent of the alkaloids of Stramonium." N.F. The B.P. and LP. definitions and
specifications of alkaloid content are the same as
those of the N.F.
I. P. Stramonium Herb; Stramonii Herba. Thorn Apple;
Apple of Peru. Stramonii Folia. Fr. Stramoine ; Feuilles
de stramoine. Ger. Stechapfelblatter. It. Stramonio. Sp.
Hoja de estramonio; Estramonio.

Datura Stramonium is an annual plant, of
rank and vigorous growth, usually about 3 feet
high, but in a rich soil attains a height of 6 feet
or more. The root is large, whitish, and furnished
with numerous rootlets. The stem is erect, round,
smooth, somewhat shining, simple below, dichotomous above, with numerous spreading branches.
The leaves are petiolate, 5 or 6 inches long, of
an ovate-triangular form, irregularly sinuate and
toothed at the edges, unequal at the base, dark
green on the upper surface, and pale beneath. The
flowers are large, axillary, solitary, and peduncled,
having a green, tubular, pentangular, 5-toothed
calyx, and a white, funnel-shaped corolla with a
long tube, and a wavy plaited border, terminating in 5 acuminate teeth. The upper portion of
the calyx falls with the deciduous parts of the
flower, leaving its base, which becomes reflected
and remains attached to the fruit. This is a large,
fleshy, ovoid, 4-valved, 4-locular capsule, thickly
covered with sharp spines, and containing numerous flattened, reniform seeds, attached to a central placenta. It opens at the summit.
It is native to Asia but has become naturalized
in North and South America and southern Russia.
In the United States it is usually found abundantly in the vicinity of cultivation, frequenting
dung heaps, the roadsides and commons, and
other places where a rank soil is created by the
deposited refuse of towns and villages. Its flowers
appear from May to July or August, according
to the latitude. Where the plant grows abundantly, its vicinity may be detected by the rank
odor which it diffuses for a considerable distance.
Notwithstanding the abundance of the plant, it
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is being cultivated in order to obtain a drug
which shall be of uniform quality.
Datura Tatula L. (purple stramonium) is a
plant of very similar character and distribution
which seems to have originated in the American
tropics but is now found widely naturalized in
both Europe and America. It differs from the
preceding species chiefly in having purple stems
and flowers; the leaves are usually darker in color
and frequently have purplish veins. D. Tatula
and D. Stramonium are now regarded by plant
geneticists as forms of the same species, the
difference in color of the stems and flowers being
explained by a recessive gene.
Stramonium seeds are small, kidney-shaped,
pitted and wrinkled, flattened on the sides, of a
dark-brown almost black color, inodorous unless
bruised, and of the bitter, nauseous taste of the
leaves, with some degree of acrimony. The testa
is dull brownish-black, hard, and encloses a
cylindrical curved embryo, which is embedded
in a whitish oily albumen. They are much more
energetic in their action on the system than are
the leaves.
All parts of the plant are active and, at one
time, the seeds and root were recognized by the
U.S. P. In this country the plant is generally
known by the name of Jamestown (Jimson)
weed, derived probably from its having been first
observed in the neighborhood of that old settlement in Virginia.
For description of other species of this genus
see Datura, Part II.
Dohme (Proc. A. Ph. A., 1894, p. 231) found
that the stems contained the most alkaloid, the
seeds next, then the leaves, and the roots the
least of all. It is stated that leaves collected in
the morning have a higher alkaloidal content than
those picked in the evening, and that leaves dried
quickly at 60° to 65° retain their alkaloidal
strength better than those dried slowly at room
temperature (Pharm. Zentr., 1927, 68, 409).
The drug of commerce is collected for the most
part from wild plants. It is best gathered while
the plants are in flower, in summer. In the past
supplies used in the United States have been
obtained partly from native plants growing in
the lower Mississippi valley and Eastern states,
and to a large extent from various European
countries. Algeria, Argentina, Guatemala, and
Mexico. In 1952, a total of 225,420 pounds of
stramonium was imported into the U. S. A. from
Argentina. Yugoslavia, Hungary, and India.
Description. — "Unground Stramonium occurs
more or less matted, wrinkled, and crushed. The
leaves are petiolate, ovate, or triangular-ovate;
apex acuminate, base unequal; margin sinuate,
toothed, or angled, the teeth few, acute, and with
rounded sinuses. The lamina usually shows small,
circular perforations, surrounded by cork or sometimes filled with cork. Surfaces are usually
sparsely hairy, the hairs mostly upon the veins;
color of both upper and lower surfaces of lamina
grayish green to light olive brown to dusky olive
green. Flowers are solitary in the forks of the
branches on a short pedicel, the calyx is green,
5-toothed, and the corolla white or purplish, plicate, funnel-shaped: stamens 5. epipetalous; pistil
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bicarpellate with a conical ovary covered with
short, stiff emergences. Stems are often flattened,
longitudinally wrinkled, occasionally with one or
more deep furrows; light olive brown to purplish
brown. The odor is distinct, heavy and narcotic,
and histology
the taste see
is unpleasant
and nauseous."' X.F.
For
N.F. X.
"Powdered Stramonium. — Bright green or light
olive brown to dusky yellowish green; epidermal
cells of lamina with wavy radial walls; stomata
elliptical, about 25 n in length, usually with 3
neighboring cells, one smaller than the others;
calcium oxalate in rosette aggregates, from 10 to
25 n in diameter, or in prisms; non-glandular
hairs of leaf few, 2- to 6-celled, attaining a length
of about 500 \i. the basal cell being usually more
than 50 \i in length and from 35 to 40 u in diameter at the base, some of the cells more or less
collapsed, the outer walls with numerous slight
centrifugal projections; glandular hairs, few, with
1- to 2 -celled, usually curved stalks and 2- to
4-celled glandular heads; vessels annular or spiral.
Stem fragments occur with epidermal hairs up
to 800 \i in length, occasional pericyclic fibers,
annular or spiral vessels or vessels with simple or
bordered pits associated with wood parenchyma
or wood-fibers ; midrib fragments occur with long,
narrow, unequally thickened collenchymatous cells
associated with parenchyma cells, some of the
latter containing sphenoidal microcrystals and
prisms."
N.F. and LP. state that the leaves are
The B.P.
from 8 to 25 cm. long and from 7 to 15 cm.
wide, varying in shape from ovate to triangularovate, with short petioles. The flowers are solitary, having their origins at the forks of the
stem, and about 7.5 cm. long, the corollas white
(D. Stramonium) or purple (D. Tatula), plicate,
funnel-shaped. The description of the microscopical structure does not differ materially from that
of the X.F.
Timmerman made a comparative study of the
structure of the leaves and seeds of Datura Stramonium, D. Tatula, D. innoxia, D. metel and D.
fastuosa and reported characteristics for distinguishing these powdered leaves and seeds (Pharm.
J., 1927, 64, 742).
Standards and Tests. — Stramonium stems. —
Xot more than 3 per cent over 8 mm. in diameter. Acid-insoluble ash. — Xot more than 4 per
cent. N.F.
Assay. — The assay is performed in the same
manner as for belladonna leaf, using 10 Gm. of
stramonium. Each ml. of 0.02 X acid represents
5.788 mg. of alkaloids. X.F. The B.P. and LP.
assays are performed in the same manner as
specified for belladonna herb.
Adulterants. — The most common adulterants
of .American stramonium have been the leaves of
Xanthium species, especially X. italicum, and
excess stems. The former may be detected by
their absence of rosette crystals and presence of
rod-shaped crystals of calcium oxalate and especially by their short, non-glandular hairs, each
exhibiting a broad basal cell and a pointed, frequently bent terminal cell.
Constituents. — Geiger and Hesse in 1833 succeeded in isolating an alkaloid, to which the name
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daturine was given and which Trommsdorff has
repeatedly procured by their process.
As was first shown by Von Planta in 1852, and
since confirmed by many authorities, daturine is
identical with hyoscyamine (see Belladonna).
There is also present a trace of scopolamine but
not in large enough quantity to influence the
physiological activity.
Chou {Chinese J. Physiol, 1935, 9, 77) isolated from D. Stramonium cultivated in China
hyoscine, hyoscyamine, atropine, and two neutral
principles, which he has called datugen, C13H20O2,
and datugenin, C16H22O5.
Gerard (/. pharm. chim., 1892, p. 8) studied
daturic acid obtained from the fixed oil of stramonium seed and assigned to it the formula
C17H34O2 — the only naturally occurring acid having an uneven number of carbon atoms. There
is no positive proof that this acid exists, some
investigators claiming it to be a mixture of acids
having even numbers of carbon atoms (see Clark,
/. A. Ph. A., 1935, 24, 843, and Manjunath, J.
Indian Chem. Soc, 1935, 12, 400).
Uses. — Stramonium is so similar to belladonna
in its general physiological actions, therapeutic
actions, and toxic manifestations that the two
drugs are practically identical. Furthermore, they
have about the same degree of activity, hence
may be used in similar doses. Stramonium has
been employed in all conditions for which belladonna is more commonly used. Historically it
acquired special repute in the treatment of
asthma, this probably being due to the fact that
the practice of smoking Datura ferox in that disease was introduced into Great Britain from the
East Indies by General Gent; afterwards the
English species was substituted for that employed
in Hindustan. Formerly the roots were commonly
used, but at present the dried leaves and tops
are exclusively employed. The beneficial effect is
doubtless due to the presence of atropine, which
paralyzes the endings of the pulmonary branch
of the vagus, thus relieving the bronchial spasm;
Gunther (Wien. klin. Wchnschr., 1911, p. 748)
found that the smoke from a stramonium cigarette containing 1.25 Gm. of stramonium leaves
contains as much as 0.5 mg. of atropine. The
leaves may be made into cigarettes or smoked in
a pipe, either with or without a mixture of
tobacco; more commonly, however, the coarsely
ground leaves are mixed with equal parts of potassium nitrate, in order to increase combustion,
and burned in a saucer. According to Carryer
et al. (J. A.M. A., 1946, 131, 25) the temporary
improvement in asthma from this procedure may
be followed later by an attack of asthma due to
bronchial irritation. Stramonium, like atropine,
is used in the treatment of parkinsonism, being
more valuable in the postencephalitic than in the
arteriosclerotic form of the disease. Amphetamine
sulfate may be administered with it. Berkowitz
et al. (Arch. N enrol. Psychiat., 1952, 67, 462)
compared trihexyphenidyl and stramonium in the
treatment of paralysis agitans. Approximately 30
patients were divided into two groups; after 16
weeks the therapy of the two groups was reversed. Trihexyphenidyl was not demonstrably
superior to stramonium.

Stramonium,

Dry Extract of

1319

The seeds are more potent than the leaves.
They were at one time officially recognized but
the presence of a large amount of fixed oil made
it difficult to extract them or to make stable
preparations from them, for which reason the
leaves are now used, [vj
Dose. — The usual oral dose is 75 mg. (approximately 1% grains) of drug standardized to an
alkaloid content of 0.25 per cent; the range of
dose is 60 to 200 mg. Doses of 1 Gm. daily may
be given in treatment of parkinsonism.
Storage. — Preserve "against attack by insects." N.F.
Off. Prep.— Stramonium Tincture, N.F., B.P.;
Stramonium Capsules, N.F.; Dry Extract of
Stramonium; Liquid Extract of Stramonium, B.P.
STRAMONIUM

CAPSULES.

[Capsulae

N.F.

Stramonii]

"Stramonium Capsules contain a quantity of
stramonium which will yield, upon assay, a quantity of the alkaloids of stramonium corresponding
to not less than 0.238 per cent and not more
than 0.288 per cent of the labeled amount of
stramonium." N.F.
Usual Sizes. — 60, 120 and 200 mg. (approximately 1,2, and 3 grains).
DRY EXTRACT OF STRAMONIUM.
B.P.
Extractum

Stramonii

Siccum

"Stramonium Extract yields, from each 100
Gm., not less than 0.90 Gm. and not more than
1.10 Gm. of the alkaloids of stramonium." N.F.
IX. The B.P. requires 1.0 per cent of the alkaloids of stramonium, calculated as hyoscyamine
(limits, 0.90 to 1.10).
N.F. IX. Stramonium Extract. Fr. Extrait de stramoine.
Ger. Stechapfelextrakt. It. Estratto di stramonio. Sp.
Extracto de Estramonio.

Two forms of the extract, Pilular Stramonium
Extract and Powdered Stramonium Extract, were
recognized by N.F. IX; they were prepared in
the same manner as the corresponding forms of
Belladonna Extract are made, except that the
potency of the stramonium extract was finally
adjusted to a content of 1.0 Gm. of the alkaloids
of stramonium in each 100 Gm. of finished extract. The assays, also, were identical with those
for Belladonna Extract. N.F. IX.
The B.P. percolates 1000 Gm. of moderately
coarse stramonium with 95 per cent alcohol until
4000 ml. of percolate is obtained; from a determination of the content of total solids and of alkaloids, the amount of starch required to produce
the official dry extract is calculated; a portion of
the starch is added, the mixture evaporated to
dryness under reduced pressure and then dried
in air at 80°, after which the remainder of the
starch is incorporated. The B.P. assay is the
same as that specified for Dry Extract of Belladonna.
Dose.— The B.P. gives the dose as 15 to 60
mg. (approximately % to 1 grain); in the treatment of parkinsonism it is 60 to 500 mg. (approximately 1to 8 grains).
Storage. — Preserve "in tight, light-resistant
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containers, preferably at a temperature not above
30°." N.F. IX.
LIQUID EXTRACT OF
STRAMONIUM.
B.P.
Extractum

Part I

Dry Extract of

Stramonii

Liquidum

"Stramonium Fluidextract yields, from each
100 ml., not less than 0.22 Gm. and not more
than 0.28 Gm. of the alkaloids of stramonium."
N.F. IX. The B.P. requires 0.25 per cent w/v of
the alkaloids of stramonium, calculated as hyoscyamine (limits, 0.225 to 0.275).
N.F. IX. Stramonium Fluidextract.

The N.F. IX directed the fluidextract to be
made as follows: Prepare the fluidextract from
stramonium, in moderately coarse powder, by
Process A, as modified for assayed fluidextracts,
using a menstruum of 3 volumes of alcohol and
1 volume of water. Macerate the drug during 48
hours, then percolate at a moderate rate. Adjust
the liquid so as to contain, in each 100 ml., 0.25
Gm. of the alkaloids of stramonium and 60 per
cent, by volume, of C2H5OH. N.F. IX.
The B.P. preparation is made similarly, using
45 per cent alcohol as the menstruum.
Assay. — The N.F. IX directed stramonium
fluidextract to be assayed in the same manner as
Belladonna Leaf Fluidextract. The B.P. preparation is assayed by the process used for the B.P.
Tincture of Belladonna.
Alcohol Content. — From 57 to 63 per cent,
by volume, of C2H5OH. N.F. IX.
Dose. — The N.F. gave the average dose as
0.075 ml. (approximately 1% minims). The B.P.
dose range is 0.06 to 0.2 ml. (approximately 1 to
3 minims), but in parkinsonism it is 0.2 to 1.6 ml.
(approximately 3 to 25 minims).
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F. IX.
Off. Prep. — Tincture of Stramonium, B.P.
STRAMONIUM TINCTURE.
N.F. (B.P., LP.)
[Tinctura Stramonii]

"Stramonium Tincture yields, from each 100
ml., not less than 22 mg. and not more than 28
mg. of the alkaloids of stramonium." N.F. The
B.P. requires Tincture of Stramonium to contain
0.025 per cent w/v of the alkaloids of stramonium,
calculated as hyoscyamine (limits, 0.0225 to
0.0275). The LP. rubric is the same as that of
the B.P.
B.P., LP. Tincture of Stramonium. Fr. Teinture de
stramoine. Ger. Stechapfeltinktur. Sp. Tintura de Estramonio.

Prepare the tincture from 100 Gm. of stramonium, inmoderately coarse powder, by Process
P as modified for assayed tinctures (see under
Tinctures), using a menstruum of 3 volumes of
alcohol and 1 volume of water. Percolate the drug
at a moderate rate. Finally adjust the tincture to
contain, in each 100 ml., 25 mg. of the alkaloids
of stramonium. N.F.
The B.P. directs that 1 volume of liquid extract

of stramonium be diluted with sufficient 45 per
cent alcohol to produce 10 volumes of tincture.
Alcohol Content. — From 64 to 70 per cent,
by volume, of C2H5OH. N.F.
Dose, from 0.6 to 2 ml. (approximately 10 to
30 minims). The B.P. gives the dose for the treatment of parkinsonism as 2 to 16 ml. (approximately 30 to 240 minims).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." N.F.
STREPTODUOCIN FOR
U.S.P.

INJECTION.

Dihydrostreptomycin — Streptomycin for Injection

"Streptoduocin for Injection is a sterile mixture of approximately equal parts of dihydrostreptomycin sulfate and streptomycin sulfate. It
contains not less than 90 per cent of the labeled
amount of Streptoduocin of which amount not
less than 45 per cent and not more than 55 per
cent is streptomycin base. Streptoduocin for Injection conforms to the regulations of the federal
Food and Drug Administration concerning certification ofantibiotic drugs." U.S.P.
Combistrep (Pfizer) ; Distreptocin (Lilly) ; Distrycin
(Squibb) ; Duostrep (Sharp and Dohme) ; Mutamycin
(Bristol).

Description. — "Streptoduocin for Injection is
a white to pale cream-colored powder. It is odorless or has only a faint odor. It is hygroscopic,
but is stable in air and in light. Streptoduocin for
Injection is very soluble in water, slightly soluble
in alcohol, and practically insoluble in chloroform." U.S.P.
Uses. — When a mixture of equal parts of dihydrostreptomycin and streptomycin is administered
the therapeutic effect of the two antibiotics is
found to be additive while the toxicity, being of
a different type for both drugs, is not. This is
well illustrated by the finding of Shubin et al.
(Antibiot. Ann., 1954-5, p. 437) that administration of 500 mg. of each of the component
antibiotics intramuscularly daily or twice weekly
caused no neurotoxicity after 4 months and only
a fourth of the incidence expected with 1 Gm. of
streptomycin alone when streptoduocin was given
twice weekly for 12 months. The uses of streptoduocin are discussed under Streptomycin Sulfate
(see also Dihydrostreptomycin Sulfate).
Dose. — The U.S.P. gives the usual dose, intramuscularly, as500 mg. daily, with a range of 500
mg. to 1 Gm. For detailed information see under
Streptomycin Sulfate.
Storage. — Preserve "in single-dose or in multiple-dose containers." U.S.P.
Usual Sizes. — 1 Gm. and 5 Gm.
STREPTOMYCIN-CALCIUM
CHLORIDE.
B.P., LP.
Streptomycini et Calcii Chloridum

(C2iH390i2N7.3HCl)2.CaCl2
Streptomycin-Calcium Chloride is the
chloride double salt of an antimicrobial
organic base produced by Streptomyces
or a substance having the same chemical

calcium
complex
griseus,
and bio-
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logical properties produced by other living organisms or by any other means; it contains not
less than 600 units (microgram equivalents of
streptomycin base) per mg. B.P. The I. P. definition is essentially the same; the potency requirement isthe same. The B.P. also recognizes
an injection of this salt.
Streptomycin-calcium chloride is one of the
forms in which streptomycin is commercially
available; it differs from the hydrochloride and
sulfate in being a complex salt but for all practical purposes it is identical with the other salts,
not only in therapeutic properties but also chemically. For full information see under Streptomycin Sulfate.

STREPTOMYCIN

HYDROCHLORIDE.

B.P., LP.
Streptomycini Hydrochloridum

Streptomycin Hydrochloride is the hydrochloride of an antimicrobial complex organic base
produced by Streptomyces griseus, or a substance
having the same chemical and biological properties produced by other living organisms or by any
other means; it contains not less than 600 units
(microgram equivalents of streptomycin base) per
mg. B.P. The LP. definition is essentially the
same; the potency requirement is the same. The
B.P. also recognizes an injection of this salt.
Streptomycin hydrochloride differs from streptomycin sulfate only in the anion component; for
all practical purposes the two salts may be considered identical, not only in therapeutic properties but also chemically. For full information
see under Streptomycin Sulfate.
STREPTOMYCIN SULFATE.
U.S.P. (B.P.) LP
NH

IIOH

S'HNH,
II

HjN— C-HN^Xx^H-C-

CH20H
NCHO

CH3

V_i0H

0— (

VoH
3S04=

HK+CH3°H

"Streptomycin Sulfate contains an amount of
(C2iH39N70i2)2.3H2S04 equivalent to not less
_ 2
than 65 per cent of streptomycin base (C21H39N7O12) (the antibiotic activity of 650 meg. of the
base in each mg.). Streptomycin Sulfate conforms
to the regulations of the federal Food and Drug
Administration concerning certification of antibiotic drugs. Streptomycin Sulfate not intended
for parenteral use is exempt from the requirements of the tests for Pyrogen, Sterility, and
Content variation." U.S.P.
The B.P. and LP. define the same substance as
the sulfate of an antimicrobial complex organic
base produced by Streptomyces griseus, or a substance having the same chemical and biological
properties produced by other living organisms or
by any other means ; it contains not less than 600
units (microgram equivalents of streptomycin
base) per mg.

Sulfate
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B.P. Streptomycin Sulphate; Streptomycini Sulphas.
LP. Streptomycin Sulfate; Streptomycini Sulfas.

Streptomycin is the name of a specific organic
base synthesized by the actinomycete Streptomyces griseus but the name is also used loosely
as a generic designation to refer to several different but closely related antibiotics elaborated
by different species of actinomycetes as, for example, streptomycin B (or mannosidostreptomycin), streptomycin II, and the "residual form"
of streptomycin. None of these variant forms is
clinically important. Streptomycin readily forms
salts, including the chloride, phosphate and sulfate, and also a calcium chloride complex; of
these the sulfate and chloride have proved to be
the most satisfactory clinically. The base is not
available for medicinal use.
History and Production. — For many years
Professor Selman Waksman of Rutgers University had been delving into the life activities and
characteristics of soil microorganisms, and especially of the actinomycetes, a class of organisms
the bacteriologists have often claimed as bacteria
and the mycologists have been wont to call fungi.
In the course of these studies Waksman and his
students investigated antagonisms among soil
microorganisms. This early work and that of
others in the field was summarized by Waksman
in 1945 in Microbial Antagonisms and Antibiotic
Substances, published by The Commonwealth
Fund (2nd ed., 1947). It soon became apparent
that the actinomycetes comprise an abundant source
of microbial antagonists and Waksman and his
group discovered and isolated a number of antibiotic substances elaborated by these organisms.
The first antibiotic of practical clinical importance tobe isolated from an actinomycete was
streptomycin. The organism that elaborates streptomycin was isolated by the Rutgers group in
1943 from a heavily manured area near the barnyard of the New Jersey State Agricultural College— later the same organism was isolated from
the throat of a chicken — and the first public announcement ofstreptomycin was made by Schatz,
Bugie, and Waksman in 1944 (Proc. S. Exp. Biol.
Med., 55, 66). The early history of streptomycin
and of the studies that led to clinical acceptance
of it as a useful antibiotic have been recorded
by Waksman in book form (Streptomycin: Nature and Practical Applications, 1949, Williams
and Wilkins) and in his address delivered upon
acceptance of the 1952 Nobel Prize (Anlibiot.
Chemother., 1953, 3, 333). Additional information is provided in The Literature on Streptomycin, by Waksman (1952, Rutgers University
Press), which is a complete bibliography of work
on streptomycin published in the United States
and abroad from the years 1944 to 1952; more
than 6000 references are listed. Cultural description and nutritional requirements of Streptomyces
griseus, the microbiologic source of streptomycin,
are discussed in the above book and also by Waksman and Lechevalier in Actinomycetes and Their
Antibiotics (1953, Williams and Wilkins).
The principles involved in industrial production of streptomycin are similar to those described
for other antibiotics in the general article on Antibiotics in Part II. Streptomyces griseus can bio-
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synthesize streptomycin in a medium containing
glucose, sodium citrate, and inorganic salts, but
much higher yields are obtained in media containing also an organic source of nitrogen, such as
meat extract, yeast autolysate, soybean flour, corn
steep liquor, or fermentation solubles. One or
more of these is used routinely in media for industrial biosynthesis. Garner et al. {Am. J. Bot.
1953, 40, 289) discussed the factors that affect
yields of streptomycin in biosynthesis, and Chesters and Rolinson (/. Gen. Microbiol, 1951, 5,
559) reported on the role of trace elements in
streptomycin production. They found that concentrations of Fe+ + , Cu+ + , and Zn++ that produced maximum growth did not necessarily give
maximum yields of antibiotic.
The strains which elaborate streptomycin tend
to vary considerably in their productive ability
and producers must continually select active
strains from cultures of the parent strain of Streptomyces griseus. .One of the most common difficulties is emergence of nonsporulating strains.
Such strains yield little, if any, streptomycin. The
streptomycin industry is plagued also by another
problem, namely, actinophages. These viruslike
contaminants destroy the Streptomyces. Isolation
of phage-resistant strains of Streptomyces griseus
has helped to control this serious problem.
Details of methods used to recover streptomycin from fermented liquor have been described
by Porter (Chem. Eng., 1946, 53, 94), and in the
Merck Report, July, 1947. Waksman (1949. loc.
cit.) summarized the methods of recover}-. In
brief, the process involves adsorption of streptomycin base on activated charcoal, washing of the
adsorbate cake with alcohol to remove some impurities, and removal of streptomycin as a salt by
treatment of the carbon cake with acidified alcohol. Further purification involves removal of solvent from the concentrate, followed by successive
formation of picrate. phosphotungstate, reineckate,
helianthate, etc., and chromatographic separation,
finally obtaining streptomycin base.
Description. — "Streptomycin Sulfate is a
white or practically white powder. It is odorless
or has not more than a faint odor. It is hygroscopic, but is stable toward air and light. Its solutions are acid to nearly neutral to litmus, and are
levorotatory. Streptomycin Sulfate is freely soluble in water. It is very slightly soluble in alcohol
and practically insoluble in chloroform." U.S.P.
Structural Considerations. — The streptomycin molecule (see structure above) is composed
of two moieties, namely, streptidine (1.3-diguanidino-2,4,5,6-tetrahydroxycyclohexane — the cyclic
component on the left in the formula above) and
streptobiosamine (the remainder of the molecule).
The latter can be considered as being formed by
the linkage of streptose (the middle cyclic component in the structure above) and of N-methylL-glucosamine (the cyclic component on the right)
with elimination of a molecule of water. The base
streptidine is linked glycosidally to the streptobiosamine moiety. Dihydrostreptomycin differs
from streptomycin only in that the aldehyde group
of the streptose moiety of the latter is reduced to
an alcohol. The chemistry of streptomycin and its
degradation products is completely reviewed, by
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Brink and Folkers, in Waksman's Streptomycin,
1949, Chapter 5, where the earlier pertinent literature isalso cited.
Stability. — Streptomycin base and its salts are
stable when dry and, at room temperature, retain
full potency for at least 2 years. At elevated temperatures, however, loss of potency occurs more
rapidly — from 2.5 to 5 per cent or more in 10
weeks at 50°. The rate of deterioration of different streptomycin preparations varies with the
kind and amount of impurities that are present
and is always accelerated by the presence of moisture. Streptomycin is not affected seriously by
exposure to light and air, but it is hygroscopic and
quite readily deliquesces. Therefore, it should be
protected from moisture.
Solutions of streptomycin are reasonably stable
over the pH range 3 to 7 and do not suffer significant loss in potency in one week at room temperature. Oswald and Nielsen {Science, 1947, 105,
184) reported that solutions adjusted to the pH
range 6 to 8 retained full potency for one month
at room temperature. However, the solutions are
subject to more rapid deterioration as pH and
temperature vary from the ideal range. At pH 6.6
and 50° as much as one-third of the antibacterial
activity may be lost in 2 weeks. Although refrigeration isnot considered necessary for streptomycin solutions, it generally is desirable. Streptomycin in solution is subject to irreversible
destruction by acid and by alkali, and the rate
of destruction increases as the pH is lowered
beyond 3.0 or elevated above 8.0. Destruction
is due to hydrolysis of the bases streptidine and
streptobiosamine.
Exposure to light causes solutions of streptomycin to darken; the extent and rate of color
change depend in part on the purity of the preparation. However, even solutions of very high
purity show color changes in the light. The change
in color is not necessarily accompanied by loss of
activity but in the interest of pharmaceutic elegance solutions should be stored in the dark.
Various chemicals besides acids and alkalis decrease the activity of streptomycin, and this has
caused some difficulty from time to time in performing assays of streptomycin solutions and of
clinical specimens. Many reducing substances and
oxidizing agents inactivate streptomycin as do
urea and some other compounds containing carbonyl groups. Cysteine and other sulfhydryl-bearing compounds also are deleterious. In some instances itis not clear whether the effect is due to
direct inactivation of the antibiotic or to an indirect effect exerted through the test organism. It
is possible that sufficiently large amounts of urea,
cysteine, and certain other organic compounds
may merely raise the threshold concentration required for inhibition of the bacteria used as test
organisms.
Microorganisms are not generally considered to
inactivate streptomycin, and there is no evidence
for a streptomycinase comparable to the enzyme
penicillinase that is produced by some bacteria
and that destroys penicillin. However, from organisms originally sensitive to streptomycin there
occasionally arise strains which are resistant to it
or even dependent on it and will not multiply in
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its absence. This strongly suggests the possibility
that these strains may produce an enzyme that is
capable of rupturing the glycosidic linkage.
Herzberg and Elberg (/. Bad., 1953, 66, 585)
showed that streptomycin-dependent strains of
Brucella are avirulent but have the same antigenic
properties as the parent strain. This suggested to
them the possibility of using such dependent
strains for immunization (see also Herzberg et al.,
ibid., 1953, 66, 600, and Olitzki and Szenberg,
Proc. S. Exp. Biol. Med., 1953, 82, 539).
Standards and Tests. — Identification. — (1)
Maltol obtained by alkaline hydrolysis of streptomycin sulfate produces a purple-red color with
ferric ammonium sulfate. (2) On adding sodium
hypobromite T.S. to a solution containing streptomycin sulfate, sodium hydroxide and alphanaphthol a violet-red color is produced. (3) Streptomycin sulfate responds to tests for sulfate. Loss
on drying. — Not over 5 per cent, when dried in
vacuum at 60° for 3 hours. pH. — The pH of a
1 in 4 solution is between 4.5 and 7.0. Depressor
substances, Pyrogen, Safety, Sterility. — Streptomycin sulfate meets the requirements of the several official tests, respectively. Content variation.
— The content in containers of streptomycin sulfate intended for parenteral administration is not
less than 90 per cent of the labeled amount, as
determined by the assay. Control assay. — For description see the following section. U.S.P.
Assay and Unit. — The potency of streptomycin sulfate or other streptomycin salts is expressed interms of equivalence to the activity of
free streptomycin base. Originally, a unit of streptomycin was defined as that amount per ml. which
would just inhibit the growth of a suspension of
standard age and density of population of a specified strain of Escherichia coli in a specified nutrient medium. When crystalline streptomycin became available, a new standard of unitage based
on the activity of a definite weight of the pure
streptomycin base was established. According to
this scheme, one microgram of the free base equals
one unit. Thus 1 Gm. equals 1,000,000 units.
However, this does not mean that 1 Gm. of the
commercially available streptomycin or dihydrostreptomycin salts is equivalent to 1,000,000 units.
The unit value (1 microgram- 1 unit) applies only
to the pure crystalline base. But the products used
clinically are salts and, moreover, contain varying
amounts of impurities. Therefore, more than 1
Gm. of these products is required to provide antibacterial action equivalent to 1 Gm. of the base.
The labeled potency on vials of streptomycin is
in terms of the activity of streptomycin base
represented.
Similarily, the potency of salts of dihydrostreptomycin is expressed in terms of the activity of
the purified, crystalline free dihydrostreptomycin
base.
Several microbiologic and chemical assay methods have been developed for streptomycin and
dihydrostreptomycin. The official methods are described in the Federal Register (1947, 12, No.
67). The cylinder-plate method is widely used but
the technic is not as reliable for streptomycin as
it is for penicillin and some other antibiotics. This
is due to differences in the biochemical mode of
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action of streptomycin and dihydrostreptomycin
as contrasted with penicillin and other antibiotics,
to the physicochemical characteristics of streptomycin and dihydrostreptomycin, to their sensitivity to the physical characteristics of the culture
medium, and to the effects of components of the
test medium. A number of different cations and
anions modify the action of these antibiotics in
vitro; greatest interference seems to be caused by
the bivalent magnesium, calcium, and barium ions.
The effects of cations and anions often are additive. Magnesium sulfate and calcium chloride are
most offensive in this respect. Standardized strains
of Bacillus subtilis and of Escherichia coli are
generally used for the assay of streptomycin by
the plate method; the U.S. P. uses the former
organism in its cylinder-plate method.
The turbidimetric method of assay generally is
considered more reliable than the plate technic
for streptomycin and for dihydrostreptomycin.
Indeed, because of differences in sensitivity of
different organisms to streptomycin and to dihydrostreptomycin when tested by various methods,
the F. D. A. had deemed it desirable to specify a
single method, namely, the turbidimetric, as the
official assay technic for dihydrostreptomycin, the
organism used being Klebsiella pneumonia.. The
U.S. P. provides both a cylinder-plate method and
a turbidimetric method of assay for streptomycin
and dihydrostreptomycin.
The simplest of the assay technics commonly
used for streptomycin is the serial dilution
method; it is the only one suitable for determination of streptomycin in clinical samples. Klebsiella
pneumoniae is used as the test organism in assaying preparations for certification. Bacillus circulans, because of its pellicular habit of growth,
generally is preferred for assaying the concentration of streptomycin in blood or other clinical
specimens.
A linear diffusion method for assay of streptomycin and dihydrostreptomycin has been proposed
by McGuire et al. (J. Clin. Inv., 1949, 28, 840).
Advantages claimed for the method are (1 ) greater
accuracy because linear diffusion in a tube can be
measured more accurately than, and is not subject
to so many variables as, radial diffusion on an
agar plate, (2) greater efficiency in handling,
cleaning, etc., of equipment, and (3) economy in
personnel. The accuracy of this method, as indicated by standard deviation, is about the same as
for the turbidimetric assay.
Each of the microbiologic methods has advantages and each has disadvantages. Choice of the
method depends on the purpose of the assay and
the kind of material to be tested. Pratt and
Dufrenoy {Antibiotics, 2nd ed., 1953. Lippincott)
discussed the relative merits of each system of
assay, the basic principles upon which each depends, and the precautions that must be observed in interpreting results. Welch (Chap. 6
in Waksman's Streptomycin, 1949) reviewed the
details of the several methods as they apply to
streptomycin.
The chemical assay methods fall into three categories as follows: (1) those that depend on formation of maltol or some other easily identifiable
substance (currently the maltol test is the only

1324

Streptomycin

Sulfate

one in this class), (2) formation of identifiable
complexes by interaction of the aldehyde group of
the streptose moiety with suitable reagents, and
(3) interaction of the streptidine moiety with appropriate reagents to form a substance that can
be determined quantitatively. Welch (loc. cit.)
pointed out that the first two methods may be
more meaningful because they depend on reactions
involving a biologically active portion of the streptomycin molecule but that they cannot be applied
to dihydrostreptomycin, since in the latter the
aldehyde group has been reduced to alcohol. The
last method, involving the guanidino group, can
be applied to dihydrostreptomycin as well as
streptomycin. But various degradation products
also react in the test, sometimes resulting in misleading high values.
The U.S. P. provides a control assay based on
formation of maltol (3-hydroxy-2-methyl-4-pyrone) by alkaline hydrolysis of streptomycin sulfate (2.5 mg.), followed by determination of the
intensity of purple-red color produced with ferric
ammonium sulfate; quantitative evaluation is
effected by measuring the color produced when
U.S. P. Streptomycin Sulfate Reference Standard
is treated similarly (for discussion of the maltol
test see Schenk et al, J.A.C.S., 1945, 67, 2276).
A semicarbazide method involving interaction with
the aldehyde group of streptomycin was described
by Marshall et al. (J. Pharmacol, 1947, 90, 367).
Garlock and Grove (/. Clin. Inv., 1949, 28,
843) developed a quantitative method for determination of dihydrostreptomycin by means of
periodate oxidation. The test depends on liberation of formaldehyde when dihydrostreptomycin
is oxidized by sodium metaperiodate, and subsequent detection of the formaldehyde by chromotropic acid. This technic has the advantage of
depending on a reaction involving the specific
chemical group that differentiates dihydrostreptomycin from streptomycin. However, other oxidizing agents present in the reaction mixture
interfere with determination of formaldehyde.
Therefore, this must be distilled off before application of the chromotropic acid reagent. The
authors reported that, assayed by this technic, the
F. D. A. working standard of streptomycin sulfate
showed a content of less than 3 per cent of dihydrostreptomycithe
n;
test revealed 10 to 13 per
cent dihydrostreptomycin in most commercial
samples of streptomycin.
Action. — Absorption. — Streptomycin and dihydrostreptomycin are absorbed poorly and erratically, if at all, from the intact, normally
functioning gastrointestinal tract of mammals,
including man. The reason for this is not clear,
but it is apparent that the poor absorption is not
due to inactivation, since reported recovery from
feces ranges from 60 per cent (Stebbins et al.,
Proc. S. Exp. Biol. Med., 1945, 60, 68) to 110
per cent (Reimann et al., J.A.M.A., 1945, 128,
175) of the administered dose. Regardless of the
explanation of the poor absorption, it is abundantly evident that the oral route is not suitable
for administration of streptomycin or dihydrostreptomycin for systemic effect. The oral route
is used, however, when a specific effect in the
gastrointestinal tract is desired (as in reducing the
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coliform count in preparation for elective surgery
of the colon or for other intestinal surgery). Kane
and Foley (Proc. S. Exp. Biol. Med., 1947, 66,
201) and others reported virtually complete elimination of Escherichia coli from the stools 48 hours
after oral administration of 1 Gm. of streptomycin. The doses must be repeated to keep the
stools clear of E. coli. Resistant organisms soon
begin to appear (Reimann et al., Arch. Int. Med.,
1945, 76, 269), however, and a mixture of streptomycin, bacitracin and polymyxin may be preferable. Such a mixture does not prevent occurrence of streptomycin-resistant organisms, but it
does prevent their growth (Welch et al., J. A.
Ph. A., 1950, 39, 486). For further comments on
similar preoperative use of oral antibiotics see
discussions under Bacitracin, Neomycin, and
Polymyxin.
Parenteral administration must be employed to
ensure therapeutically adequate serum and tissue
levels of streptomycin and of dihydrostreptomycin. Intravenous administration gives the most
rapid rise in concentration, deep subcutaneous the
slowest, while the levels achieved with intramuscular injection are intermediate. Levels achieved
and rates of excretion are essentially identical for
equivalent doses of streptomycin and of dihydrostreptomycin (Rake et al., Am. Rev. Tuberc,
1948, 58, 479) and, therefore, any comments
below regarding absorption, distribution in body
tissues, and excretion of streptomycin apply also
to dihydrostreptomycin.
Rake and Donovick (Chap. 14 in Waksman's
Streptomycin, 1949) pointed out that reliance on
individual sets of data may lead to erroneous conclusions, since variability in assay technics and
intangible factors difficult to evaluate have a
marked effect on the results of assays for streptomycin, crepancies
especiallyreported
in body
fluids.levels
Some'may
of the
for blood
be disdue
to the manner of expressing results. For example,
since streptomycin does not readily penetrate
erythrocytes, obviously values expressed in terms
of concentration in whole blood are lower than
those expressed in terms of concentration in the
serum, following a given intramuscular or intravenous dose. Despite the pitfalls that must be
avoided in interpreting the data and the vagaries
of the assays themselves, over the years there has
been assembled a substantial body of experimental and clinical data that permits drawing valid
conclusions. These have been summarized by
Rake and Donovick (loc. cit.) .
Intramuscular injection has been reported to
yield maximum serum levels in from 30 minutes
(Molitor, Bull. N. Y. Acad. Med., 1947, 23, 196)
to about 3 hours (Lowe and Alture-Werber, ibid.,
1947, 23, 589). The differences reported in time
required for peak levels to be reached emphasize
the discrepancies that may arise from use of different experimental technics and from variations
in subjects. Survey and evaluation of the voluminous literature on the subject suggest that usually peak levels in the serum may be expected in
from 1 to 1.5 hours after intramuscular injection.
In general, absorption of streptomycin is slower
than absorption of penicillin — similarly streptomycin is excreted more slowly and therapeutic
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serum levels may be maintained for 12 hours
or more following intramuscular injection of 0.5
Gm. in aqueous solution. A repository dosage
form of streptomycin does not seem to have been
developed.
Distribution. — A serum level of 5 to 7 micrograms of streptomycin per ml. generally is considered adequate for treatment of tularemia, various forms of meningitis, urinary infections, and
other acute infections not accompanied by bacteremia; twice these concentrations may be required when bacteremia exists. In human patients,
this level may be maintained for 6 to 8 hours following injection of 1 Gm. of streptomycin or
dihydrostreptomycin. Maximum levels of 40 to
50 micrograms obtain after 1 to 1.5 hours and
significant amounts (1 to 2 micrograms) are present after 24 hours, at which time from 50 to 80
per cent of the administered dose generally can
be accounted for in the urinary excretion of patients with normal renal function (see below).
Higher and more prolonged serum levels are found
in patients with renal impairment.
Major emphasis has been on blood levels, since
it has become conventional to compare antibiotics
on this basis. However, equally (and often more)
important clinically is the concentration of an
antibiotic in other fluids and tissues where the
actual focus of infection may be. Streptomycin
is widely distributed soon after intramuscular injection. The distribution pattern suggests that it
occurs in extracellular fluids only (Marshall,
/. Pharmacol., 1948, 92, 43). The experiments of
Nelson et al. (Proc. S. Exp. Biol. Med., 1947, 64,
20), who complexed streptomycin with Trypan
blue, suggest that such complexes may enter intracellular areas that streptomycin alone does not
penetrate.
Streptomycin passes into the peritoneum, especially when a disease process is present. Similarly,
it passes into the cerebrospinal fluid when meningitis ispresent, although normally when there
is no meningeal pathology it does not readily pass
the blood-brain barrier. Conversely, following intrathecal injection the antibiotic does not readily
enter the blood, in the absence of meningeal inflammation. One cannot depend on therapeutically
adequate amounts penetrating to the cerebrospinal
fluid, following intramuscular injection, and intrathecal administration has been recommended for
treatment of various types of meningitis (Alexander et al, J. A.M. A., 1946, 132, 434; Crees and
Cole, Pharm. J., 1948, 161, 405; Nayrac et al.,
Setnaine Hop., 1949, 25, 3311; Lenstrup, Acta
Path. Microbiol. Scand., 1951, 29, 379).
The antibiotic readily enters the fetal circulation, the amniotic fluid, and the cord blood, and
can be detected within 20 minutes after intravenous injection of the mother. Fetal concentrations are generally lower than the levels in the
mother's circulation — usually not over one-half.
Excretion. — Streptomycin leaves the body primarily via the kidneys. From 50 to 60, or even
80, per cent of a single intramuscular or intravenous dose may be eliminated by the renal route
in 24 hours. The rate of excretion is maximal during the first 4 hours (Anderson and Jewell, New
Eng. J. Med., 1945, 233, 485; Adcock and Hettig,
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Arch. Int. Med., 1946, 77, 179) and the major
part of the drug is excreted during the first 12
hours. The rate of disappearance of streptomycin
from the blood is exponential after the first 30
minutes and the rate constant varies in an inverse
manner with the size of the dose (Boxer et al.,
J. Pharmacol., 1948, 92, 226). Renal clearance
of streptomycin in man probably is from about
35 to about 65 ml. of plasma per minute (Adcock
and Hettig, loc. cit.; Marshall, J. Pharmacol.,
loc. cit.). Boxer et al. (J. Biol. Chem., 1947, 170,
491) reported renal clearance of streptomycin in
man to be about 70 per cent of the glomerular
filtration rate. The antibiotic probably is excreted
primarily by renal glomerular filtration without
any tubular reabsorption or secretion.
Following repeated doses of streptomycin, an
equilibrium between the quantity administered
and the amount excreted tends to become established, provided there is no damage to the kidneys
and the renal mechanism remains normal. This
equilibrium (approximately 70 per cent of the administered dose being excreted) may be maintained for several days, so long as there is no
renal impairment (Molitor, Bull. N. Y. Acad.
Med., 1947, 23, 196).
Although major excretion of streptomycin is
urinary, significant amounts appear also in the
bile. Depending on the frequency and size of
doses, from 6.5 to 135 micrograms of antibiotic
per ml. have been found in the bile in from 1 to
3 hours after intramuscular injection. Levels in
the bile seldom exceed one-fourth those in the
serum (Pulaski and Sprinz, Ann. Surg., 1947, 125,
194). About 0.35 per cent of intramuscularly administered streptomycin may be excreted via the
hepatic pathway. Indeed, the ability of the antibiotic to reach the hepatic bile has been proposed
as a sensitive test for normal liver function
(Zaslow et al., Proc. Mayo, 1946, 21, 94; Surg.
Gynec. Obst., 1947, 84, 16; ibid., 84, 140).
Minor excretion occurs in the feces following
large intramuscular doses. No satisfactory explanation to account for the discrepancy between
administered dose and recovery of streptomycin
via various excretory pathways has been experimentally demonstrated. Evidence for metabolic
breakdown in the body is meager, as is the evidence for serum and protein binding.
Uses. — Streptomycin is a potent antibacterial
agent capable of inhibiting most species of gramnegative and of acid-fast bacteria and many
gram-positive forms also. Its approximate antibiotic spectrum in vitro is indicated in the general
article on Antibiotics, in Part II. Although streptomycin isinhibitory for many gram-positive bacteria, itis not very often used therapeutically for
controlling infections due to them, since penicillin
usually is more effective and is less toxic. It is,
however, a valuable agent in management of tuberculosis and in control of infections due to gramnegative bacteria.
Dihydrostreptomycin and streptomycin are
essentially equivalent in their effects on most bacteria and it should be understood that wherever
streptomycin is referred to in the following paragraphs, dihydrostreptomycin can be substituted
for it, unless specific indication to the contrary is
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made. The principal differences between the two
antibiotics are chemical and pharmacologic — not
in antibacterial activity. Indeed, it is now common
practice, especially in treating chronic infections
that call for prolonged therapy to take advantage
of the antibacterial similarity and pharmacologic
differences by dividing the total dose equally between streptomycin and dihydrostreptomycin (see
Streptoduocin for Injection, in Part I). Thus full
antibacterial effect is achieved while the dose of
each individual component may be kept below the
critical threshold toxic level (see under Toxicology
for further discussion). This technic is frequently
used in treating acute, streptomycin-sensitive infections also, although incidence of severe toxic
effects resulting from short-term therapy of acute
infections with either antibiotic alone is not
common.
A notable exception to the rule that streptomycin and dihydrostreptomycin are equally active
against sensitive bacteria is found in the genus
Salmonella. Rake et al. (J. Clin. Inv., 1949, 28,
846) noted that, on an equal weight basis, streptomycin ismore active than dihydrostreptomycin
against several strains of Salmonella, and that
mannosidostreptomycin, which is only about onefifth to one-fourth as active as streptomycin
against most organisms, is equally active as streptomycin against Salmonella.
Applications of streptomycin in therapy have
been reviewed by Keef er (The Therapeutic Value
of Streptomycin, 1948, Edwards), by Waksman
(Streptomycin, 1949, Williams and Wilkins). by
Welch and Lewis (Antibiotic Therapy, 1951.
Arundel Press), by Pratt and Dufrenoy (Antibiotics, 2nd ed., 1953, Lippincott ), by Hussar and
Holley (Antibiotics and Antibiotic Therapy, 1954.
Macmillan). and by Flippin and Eisenberg (Antimicrobial Therapy in Medical Practice, 1955.
Davis). Kitchen and Waksman (/. A. Ph. A.,
1953, 42, 522) have given special attention to use
of streptomycin in nontuberculous diseases. Indications for the therapeutic use of streptomycin
follow :
1. All infections due to Mycobacterium tuberculosis and other species of Mycobacterium:
tuberculosis (all forms), leprosy;
2. Pasteurella pestis: plague;
3. Pasteurella tidarensis: tularemia;
4. Brucella infections; undulant fever (B.
melitensis, B. abortus), acute and chronic
brucellosis ;
5. Infections due to Escherichia coli, JF.robacter cerogenes, Klebsiella pneumonia,
Hemophilus influenza:, Proteus vulgaris,
Pseudomonas aeruginosa, Salmonella sp., or
Shigella sp.: urinary tract infections, respiratory tract infections, gastrointestinal
tract infections, meningitis, osteomyelitis,
bacteremia, endocarditis, empyema, liver
abscesses.
In short, streptomycin is indicated and may be
the drug of choice in any infection due to gramnegative bacteria or to acid-fast forms. Often the
drug is able to control the infection when used
alone, but frequently superior results are achieved
with joint therapy. For example, streptomycin
with aminosalicylic acid and isoniazid may be
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superior to streptomycin alone in tuberculosis;
use of a sulfonamide or of Aureomycin may improve the effect obtained with streptomycin in
tularemia, in brucellosis, or in meningitis due to
Hemophilus influenza; and penicillin and streptomycin often are superior to either drug alone
in treatment of bacterial endocarditis. Other examples of mixed therapy involving streptomycin
are listed in the general article on Antibiotics, in
Part II.
Tuberculosis. — Of the numerous important
clinical applications of streptomycin, its use in
tuberculosis commands greatest attention. Streptomycin should not be considered a certain cure
for tuberculosis, but rather a most useful adjunct
to established medical procedures (D'Esopo,
J.A.M.A., 1954, 154, 52;. This is stressed by the
reports of Carr (ibid., 1952, 150, 1170; and
others (see also the report on 7000 cases treated
in 42 Veterans Administration hospitals, ibid.,
1950, 142, 650). Therapy has two principal objectives, namely, to fortify the patient's resistance
against the disease and to check the disease process itself. For achieving the former aim, especially in pulmonary tuberculosis, there is no
substitute for bed rest. But bed rest alone is not
necessarily the definitive treatment; of 589 patients with uncomplicated minimal pulmonary
tuberculosis so treated in one study, nearly 27
per cent showed progression to an advanced diseased state (Mitchell, Am. Rev. Tuber c, 1953,
67, 421). Streptomycin often is helpful in achieving the second objective, namely, suppression of
the disease process. Indeed, in pulmonary and
other forms of tuberculosis, when the patient is
in too poor a condition for surgery or other
drastic procedures to be risked, use of streptomycin may bring about sufficient improvement so
that surgery becomes practicable. Streptomycin
and dihydrostreptomycin are effective not only in
pulmonary tuberculosis but in other tubercular
involvements as well.
Charr (Pennsylvania M. J., 1952, 55, 418). in
reviewing streptomycin and its effects upon tuberculosis, found that types which respond favorably
to streptomycin are: miliary and meningeal:
lymphatic; bone, joint, and cartilage; intestinal;
pericardial; genitourinary; gynecologic; skin; respiratory (pulmonary, laryngeal, tracheal) ; acute
pleural effusion; and early silicotuberculosis. He
considered streptomycin ineffective or disappointing in chronic pleural effusion, advanced silicotuberculosis, and chronic lymphadenitis with cold
abscess. Walker, Hinshaw. and Barnwell published an authoritative review based on the first
5 years of experience with the use of streptomycin
in the treatment of tuberculosis in man (Chap.
18 in Waksman. Streptomycin, 1949). Effectiveness of various dosage regimens in vogue in the
treatment of tuberculosis from 1946 to 1949 was
evaluated by Tucker (Am. Rev. Tuberc, 1949,
60, 715). In 1953 McEnery (J.AM.A., 1953.
153, 627) reported on a 5-year study of tuberculous children treated with streptomyin. Lincoln
(Am. Rev. Tuberc, 1954, 69, 682) reviewed the
results of a 4.5-year study on 276 tuberculous
children. In patients with tuberculous meningitis,
miliary tuberculosis, and other advanced forms
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of the disease, treatment with 2 intramuscular
doses of 500 mg. daily for 6 months, with 50 to
100 mg. intra thecally for 6 weeks, was lifesaving
(see also Brownlee, Pharmacol. Rev., 1953, 5,
421, and Beck, N. Y. State J. Med., 1953, 53,
2341, for general reviews).
Dose for Tuberculosis. — Basing judgment on
early experience with penicillin, it was thought
at first that effective therapy with streptomycin
required continuous maintenance of a certain
minimum concentration of the antibiotic in the
blood and that to maintain this concentration the
daily dose of the drug should be given in divided
doses. The doses originally recommended for tuberculosis were of the order of 3 to 6 Gm. daily
in divided doses for 4 to 6 months or longer.
Streptomycin has relatively low acute toxicity for
mammals and, therefore, it took some time before
the toxic effects of such high and prolonged dosage
regimens were recognized. It is known now that
even a dose of 2 Gm. daily for 4 months produces
irreversible neurologic damage in about 85 per
cent of the patients (see Toxicology below) and
that much lower doses on an intermittent schedule
can be used without significant loss in therapeutic
effectiveness. It is the general consensus now that
when all factors, such as emergence of resistant
tubercle bacilli and toxicity as well as suppression
of disease, are considered, best clinical results
are achieved in tuberculosis when streptomycin is
used alone, if the therapy is limited to low doses
(500 mg. daily) for periods of 6 weeks or less,
repeated, if necessary, after an interval of 6 to
8 weeks.
Findlay (Recent Advances in Chemotherapy,
Vol. 3, Antibiotics, 1954, Blakiston) concluded
that probably there is no inhibition of tubercle
bacilli in macrophages until the concentration of
streptomycin outside the cell is at least 50 times
the concentration that is inhibitory in vitro.
Bacterial Resistance. — Among the clinical problems raised by chemotherapeutic use of streptomycin in tuberculosis and other chronic infections
that may require administration of the drug over
a period of several months is the tendency of
streptomycin-fast strains of pathogens to emerge.
Riggins and Hinshaw (Am. Rev. Tuberc, 1949,
59, 154) found that 70 per cent of all strains of
tubercle bacilli isolated from patients receiving
1.5 to 3 Gm. of streptomycin daily for 3 months
were resistant to 10 micrograms or more of streptomycin per ml., and that after 4 months of such
a dosage regimen, 90 per cent of all isolates were
resistant. However, only 30 per cent of the isolates from a parallel series of patients receiving
500 mg. daily for 3 months were resistant and
after 4 months only slightly over 50 per cent of
the strains isolated were resistant. The lower
dosage schedule gave equally satisfactory therapeutic results. After about 6 months of treatment,
virtually all strains isolated from both series of
patients were resistant.
Aminosalicylic Acid. — Today streptomycin seldom is used alone in the chemotherapy of tuberculosis, since aminosalicylic acid (PAS) has been
found to retard emergence of drug-resistant tubercle bacilli. Graessle and Pietrowski (/. Bact.,
1949, 57, 459) showed that when tubercle bacilli
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were exposed in vitro to PAS and to streptomycin
simultaneously, in solutions containing 0.5 microgram PAS per microgram of streptomycin, there
was no significant increase in streptomycinresistance over a period of 4 months but that
when the organisms were exposed to streptomycin alone there was about a 20,000-fold increase in resistance. Clinical confirmation of the
usefulness of PAS in preventing emergence of
streptomycin-fast organisms was provided by
Delaude et al. (Proc. Mayo, 1949, 24, 341),
Karlson (ibid., 1949, 24, 85), and Tucker (Ann.
Int. Med., 1953, 39, 1045). A survey of the effect
of PAS on the emergence of streptomycin-resistant tubercle bacilli was published in 1951 (Pub.
Health Rep., 66, 863). PAS itself is inhibitory
for Myco. tuberculosis and originally the drug
was studied in Sweden as a tuberculostatic agent
(Sievers, Svenska Ldkartidn., 1943, 43, 2041).
The concentrations required to prevent development of streptomycin resistance are considerably
higher than the tuberculostatic levels. PAS retards also emergence of strains of tubercle bacilli
resistant to isoniazid.
Combination Therapy. — Current dosage schedules in streptomycin therapy of tuberculosis are
generally based on intermittent administration of
1 Gm. of the antibiotic intramuscularly twice
weekly and 10 to 15 Gm. of PAS given orally
every day (Tucker, loc. cit.). PAS is administered
as the sodium or potassium salt. Generally, such
a schedule can be continued for an indefinite
period of time without increase in resistance of
the tubercle bacilli. Appearance of untoward reactions is minimal, especially if each dose of
antibiotic is given half as streptomycin and
half as dihydrostreptomycin (Streptoduocin for
Injection). A typical example is the report of
Lattimer et al. (J. Urol, 1952, 67, 750) who
found no untoward effects and no resistant tubercle bacilli developing in patients treated with
the above schedule for more than a year, although
parallel patients on a regimen of 2 Gm. streptomycin daily for 4 months all suffered loss of
vestibular function and there was complete resistance of the surviving bacteria.
When streptomycin and PAS are used jointly,
they should be used together from the start of
treatment and if one of the drugs has first been
given alone, joint use of both of them should not
be instituted during the same course of therapy.
Pratt et al. (J. A. Ph. A., 1951, 40, 155) showed
that strains of Escherichia coli that have acquired
resistance to streptomycin may actually reproduce more rapidly when both PAS and streptomycin are supplied than when either drug is supplied
alone. That a similar phenomenon occurs in vivo
in the treatment of tuberculous patients is suggested by the observations of Lelaude (Paris
Medical, 1950, 40, 458), Dilling (Proc. Roy. Soc.
Med., 1950, 43, 53), Loffler and Moeschlin (Bull.
Schweiz. Akad. Wiss., 1950, 6, 329), and others.
Patients with tuberculosis usually respond
within 6 to 8 months when treated with 1 Gm.
of streptomycin intramuscularly twice weekly
and 12 to 15 Gm. of sodium aminosalicylate daily
in divided doses orally (Mitchell, Ann. Int. Med.,
1954, 41, 282); in patients over 50 years of age
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only 500 mg. of streptomycin twice weekly was
recommended. For children under 7 years of age,
Madena (Wien. tned. Wchnschr., 1954, 104, 359)
gave 330 mg. daily intramuscularly; from 7 to 12
years the dose was 500 mg. The average total
dose was 30 to 40 Gm. Sered et al. (Am. J. Obst.
Gyn., 1953, 66, 823) reported that the streptomycin and PAS program was effective in the
treatment of tuberculosis of the female genital
tract. In the case of tuberculous epididymitis,
Rinker (South. M. J., 1954, 47, 193) found that
epididymectomy was still indicated after the infection became quiescent under the influence of
good hygiene and rest and streptomycin-PAS
therapy. Tuberculosis of bone or articular tissues
does not respond dramatically to combined therapy with streptomycin, PAS and isoniazid. Ischemic necrosis and endarteritis, which inhibit the
penetration of drugs from the blood to the lesion,
are usually features of any extensive infection
(Wilkinson, /. Bone Joint Surg., 1954, 36B, 23).
Early lesions respond well but established lesions,
such as spondylitis, require the standard rest and
good hygiene program in addition.
Renal tuberculosis is similarly slow to respond
to chemotherapy. After 4 to 6 months of simultaneous treatment with streptomycin, aminosalicylic acid and isoniazid, Allen et al. (Dis. Chest,
1954, 26, 41) reported that surgical resection of
persisting pulmonary, renal or bone lesions was
safe and efficacious in the cure of tuberculosis.
Isoniazid (q.v.) is an antitubercular agent in
its own right. When used together, isoniazid and
streptomycin frequently yield better clinical results in tuberculosis than either drug alone (Robitzek et al., Quart. Bull. Sea View Hosp., 1952, 13,
171; Dis. Chest, 1953, 23, 1). Cutler et al. (Ann.
Int. Med., 1953, 39, 444) and others found that
isoniazid acts synergistically with dihydrostreptomycin as well as with streptomycin. Thoren and
Hinshaw (Stanford M. Bull., 1952, 10, 316) also
found that isoniazid and streptomycin together
were superior to either drug alone (see also Pub.
Health Rep., 1954, 69, 217, or Am. Rev. Tuberc,
1954, 69, 1, for data on comparative effectiveness).
With this combination therapy in patients with
tuberculous meningitis Hoyne et al. (J. A.M. A.,
1954, 155, 1234) reported that intraspinal injection of streptomycin was not necessary. The
Therapeutic Trials Committee of the Medical
Research Council (Brit. M. J., 1953, 2, 1005)
concluded that oral administration of 20 Gm. of
aminosalicylic acid and 200 mg. of isoniazid daily,
in divided doses, was as effective as the regimen
of 1 Gm. of streptomycin intramuscularly daily
and 20 Gm. of aminosalicylic acid orally daily
over a period of 3 months of treatment. A report
after 5 years of treatment of 55 patients with
bed rest, a good diet and streptomycin, compared
with 52 receiving sanatorium care only, demonstrated the value of streptomycin in pulmonary
tuberculosis during the first 6 months of treatment particularly (Fox et al., Quart. J. Med.,
1954, 23, 347). A general review of the chemotherapy of tuberculosis in man was published by
the Council on Pharmacy and Chemistry of the
American Medical Association, J.A.M.A., 1954,
154, 52.
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Although tubercle bacilli readily acquire resistance to isoniazid as well as to streptomycin,
they may not do so as readily when both drugs
are used together as when either one is used
singly (Hobby et al., Am. Rev. Tuberc, 1953,
67, 808). However, resistant strains do appear
ultimately, and such strains may be resistant to
both drugs. Therefore, it is desirable to use PAS
also because of its superior ability to suppress
emergence of tubercle bacilli resistant to either
isoniazid or the antibiotic. The results of Witkind
and Willner (Dis. Chest., 1953, 23, 16) suggest
that there may be synergism among all three
agents when they are used together. Similar results were reported at the Twelfth Veterans Administration-Army-Navy Streptomycin Conference (1953) and by Spies et al. (Am. Rev.
Tuberc, 1954, 69, 192), by Marshal et al. (Brit.
M. J., 1953, 2, 1005), and by Moeschlin et al.
(Schweiz. med. Wchnschr., 1954, 84, 170). Doses
of isoniazid have varied from 150 to 300 mg. per
day along with the usual doses of streptomycin
and PAS. Good results were reported by Pitts
et al. (J.A.M.A., 1953, 152, 886) with 2 Gm. of
streptomycin every 3 days intramuscularly and
150 to 300 mg. of isoniazid orally daily. For
streptomycin-resistant cases of tuberculosis,
Schwartz and Mayer (Am. Rev. Tuberc, 1954,
70, 413) recommended pyrazinamide and isoniazid simultaneously.
Heaf (Antibiotics Annual, 1954-55, p. 413)
found, in a series of 18 patients with pulmonary
tuberculosis, that the benefits of joint streptomycin-isoniazid therapy could be obtained by
using the salt streptomyclidene isonicotinyl hydrazine sulfate (Streptohydrazid, Pfizer) as a single
preparation daily for 3 to 4 months. Similar favorable results were obtained in acute miliary and
meningeal tuberculosis (ibid., p. 406). For chronic
forms of the disease they recommended Streptohydrazid twice daily.
The following treatment schedule for tuberculosis is advocated by Temple (J.A.M.A., 1953,
150, 1165): exudative disease of recent origin,
therapy as outlined above for 4 to 8 months ; new
lesions of caseous pneumonia and cavitary type,
8 to 12 months of treatment; chronic disease
with lesions that prove refractory, surgery with
adjunctive antibiotic therapy; mixed new and old
lesions, surgery and antibiotic therapy (see also
Waring, Dis. Chest, 1954, 25, 361).
Generally, predominantly acute disease responds to antibiotic therapy more rapidly and
more favorably than chronic disease. This is supported especially by the results of a long-term
survey conducted by the Medical Research Council of Great Britain (Lancet, 1948, 1, 582). Treatment should be chosen on the basis of therapeutic
effectiveness, minimal toxicity, and low bacterial
resistance. It has been suggested that the best
drug therapy currently available is streptomycin
or dihydrostreptomycin plus PAS (Carr, loc cit.)
with isoniazid being "held in reserve for special
occasions" (Rubin, Med. Clin. North America,
1953, 37, 885). However, administration of streptomycin once a week, with Terramycin daily (1
Gm.), has been reported to be as effective as the
streptomycin-PAS regimen in a series of more
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than 200 patients (Rothstein and Johnson, Am.
Rev. Tuberc, 1954, 69, 980). Further clinical
studies of the streptomycin-Terramycin treatment
with various types of tuberculosis are needed for
final evaluation of this drug combination.
Precautions. — PAS and isoniazid are not without problems of toxicity. Thrombocytopenia following administration of PAS for several days
has been attributed to the drug (Wurzel and
Mayock, J.A.M.A., 1953, 153, 1094; Hayes and
Wise, Dis. Chest., 1953, 23, 645), and prolonged
therapy with PAS may lead to hypothrombinemia.
The latter condition can be corrected by administration of vitamin K preparations. Aspirin or
other salicylates should not be administered while
a patient is on PAS therapy because of the increased danger of inducing salicylate poisoning.
Toxic hepatitis with jaundice has been suggested
as a sequel to use of isoniazid (Randolph and
Joseph, J. A.M. A., 1953, 152, 38), although other
possible causes of the condition were not completely eliminated.
While mortality due to tuberculosis has decreased strikingly since the advent of effective
chemotherapy and the incidence of this infection
seems to be decreasing, the prevalence of tuberculosis may actually be increased because of the
survival of patients formerly dying from the infection and because of the spread of the disease
from instances of unsuspected infectious relapse
in treated cases residing in their homes rather
than in sanatoria (J.A.M.A., 1955, 157, 512).
Leprosy. — Streptomycin and dihydrostreptomycin have a definite effect on this biblical
scourge, but the results are not as clear cut as in
the treatment of tuberculosis. Saenz (Arch. Dermat. Syph., 1952, 65, 59) found that doses of
2 Gm. per day (given intramuscularly 3 times
daily) for 10 to 20 days brought about marked
improvement in 7 of 9 patients; ulcers healed,
fever subsided, there was gain in weight. One
patient relapsed but was helped by additional
dosage; one patient did not benefit. Giiriin
(J.A.M.A., 1952, 148, 764) observed cures in 3
patients treated with 78 to 95 Gm. of streptomycin over periods of 3 to 6 months. There was
complete disappearance of the bacilli, and no
relapse occurred during a 10-month follow-up.
However, there was no response in 6 patients
with maculoanesthetic leprosy. Erickson (Internat. J. Leprosy, 1951, 19, 1) observed marked
symptomatic improvement in 141 lepers treated
with 0.5 to 2 Gm. of streptomycin and/or 0.25 to
0.5 Gm. of dihydrostreptomycin twice daily for
as long as the drugs were well tolerated. Toxic
manifestations generally precluded extending
treatment beyond 6 months. However, in nearly
all cases the concentration of bacilli in remaining
skin lesions was unchanged. There was some evidence that lower doses might be superior to
higher ones. In general, beneficial results were
sustained as long as dosage was continued, but
basic and fundamental changes that would indicate genuine systemic improvement were minimal. Incidence of secondary infections in the
open lesions was reduced by the antibiotics. Further work is required to establish the position of
streptomycin in leprosv.
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Nontuberculous Infections. — The worldwide importance of tuberculosis and the success
of streptomycin in helping to control this disease,
for which previously there was no chemotherapeutic aid, combined with the later discovery of
broad-spectrum antibiotics that can be administered orally for systemic action in nontuberculous
diseases has tended to overshadow uses of streptomycin outside the field of tuberculosis. The risk
of inducing emergence of drug-fast pathogens
with streptomycin and the recognized potential
seriousness of chronic toxic effects induced by the
drug have further restricted its use for nontuberculous diseases since the advent of Chloromycetin,
Aureomycin, and Terramycin. Nevertheless,
streptomycin has important therapeutic applications in treatment of acute infections as well as
of tuberculosis. It exerts striking therapeutic
effects in several diseases for which there was no
really effective chemotherapeutic treatment before discovery of this antibiotic. Among these are
urinary infections, especially those due to Escherichia coli, Proteus vulgaris, /Erobacter cerogenes,
etc.; various forms of brucellosis; tularemia; and
undulant fever; pulmonary infections by species
of Klebsiella and Hemophilus; and various enteral
infections, especially those due to Salmonella sp.
and to Shigella dysenteric. The effectiveness of
streptomycin in some of these conditions may be
improved by concomitant use of a suitable sulfonamide, and for some of them joint use of streptomycin and a broad-spectrum antibiotic is preferred. Also, with the advent of the streptomycins, man possessed for the first time an effective
weapon against bubonic and pneumonic plague,
caused by Pasteurella pestis. When adequate dosage is prescribed, and when the course of therapy
can be completed in a few days there seems to be
relatively little danger of inducing streptomycinresistance among the above pathogens and the
hazard of toxicity is minimal. The possibility of
eliciting toxic reactions is further reduced if the
full antibiotic dose is divided equally between
streptomycin and dihydrostreptomycin.
The principal nontuberculous clinical indications for use of streptomycin have been reviewed
by Kitchen and Waksman (/. A. Ph. A., 1953, 42,
522), who stressed that "an etiologic diagnosis is
advisable when practicable to provide a guide to
the dose of streptomycin and the duration of
treatment." Such diagnosis is especially important
in instances of mixed infection caused by grampositive and gram-negative organisms. For such
conditions, frequently another antibiotic or a
sulfonamide is indicated along with streptomycin.
Most susceptible, nontuberculous infections yield
to a total daily dose of 1 to 3 Gm. of streptomycin
intramuscularly in divided doses at intervals of 4
to 12 hours depending on the severity and location
of the infection. Administration of the antibiotic
should be continued for 2 to 3 days after normal
temperature is restored and clinical signs of infection have disappeared.
Bacterial Endocarditis. — The majority of cases
of bacterial endocarditis are caused by streptococci of the viridans or of the enterococcic
groups. Occasionally gram-negative pathogens are
involved also. Streptomycin and penicillin, be-
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cause of their synergistic action, comprise a useful combination for treatment of endocarditis due
to enterococci or viridans Streptococcus (Finland,
Circulation, 1954, 9, 292). Speck and Jawetz
(Am. J. Med. 5c, 1952, 223, 280) were among
the first to demonstrate the synergistic action of
streptomycin and penicillin against enterococci
(see also Jawetz et al., Arch. hit. Med., 1951, 87,
349). According to Kitchen and Waksman (he.
cit.) endocarditis due to Str. salivarius or Str.
mites may be cured in 2 to 3 weeks in 60 to 70
per cent of patients given combined streptomycinpenicillin therapy (streptomycin 0.5 to 1 Gm.
intramuscularly twice daily plus maximal doses
of penicillin). Frequently longer duration of therapy may be necessary, however, in order to eradicate the organisms from the focal sites of infection. The data of Lamensans et al. (Compt. rend,
acad. sc, 1952, 234, 767) emphasize the importance of using both antibiotics simultaneously
rather than alternately or in sequence. Johnson
and Hurst (New Eng. J. Med., 1954, 251, 219)
used streptomycin, erythromycin and oxytetracycline successfully in a patient with a penicillinresistant staphylococcal endocarditis.
Prophylactic use of penicillin is recommended
for all patients undergoing dental or oral surgery
if there is actual or potential heart disease or
rheumatic condition. Further protection may be
provided by augmenting the penicillin with streptomycin (Pressman and Bender, /. Albert Einstein Med. Center, 1953, 1, 94). For other references to use of streptomycin in bacterial endocarditis see Bordet (Presse mid., 1952, 60, 1139),
Donzelot et al. (Semaine Hop. Paris, 1952, 28,
1374), James (Arch. Int. Med., 1952, 90, 646),
and Sobol (/. M. Soc. New Jersey, 1953, 50,
108).
Meningitis. — Virtually any pathogen may invade the meninges. Among the gram-negative
bacilli that are frequent causes of meningitis,
Hemophilus influenza and Escherichia coli are the
most common offenders. Streptomycin is one of
the most effective drugs for treating such infections. One to 2 Gm. daily, in divided intramuscular doses, is recommended. In severe cases, direct
intrathecal administration may be indicated
(Alexander, J.A.M.A., 1946, 132, 434; Weinstein
et al., Med. Clin. North America, 1953, 37, 1363).
For this route of administration in adults, Herrell
(Chap. 17 in Waksman's Streptomycin, 1949)
recommended 100 mg. of streptomycin in 10 ml.
of sodium chloride injection, administered every
48 hours until negative cultures are obtained. For
young children 50 mg. in 5 ml. of saline solution
is recommended. There is no contraindication,
according to this author, for joint use of streptomycin and penicillin by the intrathecal route,
provided no more than 100 mg. of streptomycin
and 10.000 units of penicillin in 10 ml. are injected at one dose. According to Hinshaw et al.
(Am. Rev. Tuberc, 1948. 58, 525) dihydrostreptomycin is not suitable for intrathecal injection.
Roscoe et al. (Lancet, 1948, 2, 885) recommended
that intrathecal administration be continued until
the spinal fluid is negative for bacteria for at least
7 consecutive days (see also Heinecker. Arztl.
Forsch., 1953. 7, 65). In tuberculous meningitis
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larger doses and longer duration of therapy generally are required (Charocopos and Inglessi,
Helv. Paed. Acta, Basel, 1953, 8, 481; Rossi and
Stockli, ibid., 1953, 8, 451; Janssen and Wilms,
Kinder arztliche Praxis, 1953, 21, 481). Hoyne
et al. (Ann. Int. Med., 1954, 41, 1164) used
streptomycin and isoniazid and advised against
intrathecal therapy in any type of meningitis as
being unnecessary and dangerous.
Urinary Tract Infections. — Among gram-negative organisms, Escherichia coli, Pseudomonas
(Bruginosa, Proteus vulgaris, JErobacter cerogenes,
Klebsiella pneumoniae, and Alcaligenes fcecalis are
the most common invaders of the urinary tract.
All of these bacteria are sensitive to streptomycin
and frequently the urine of patients harboring
infections due to these organisms can be sterilized
in 48 to 72 hours when 1 Gm. of streptomycin
daily is given in divided doses intramuscularly
every 3 to 6 hours. Treatment should be continued until urine is sterile for 3 to 4 consecutive
days. Such a dosage schedule usually ensures concentrations of 100 micrograms of antibiotic per
ml. of urine. Streptomycin is more active in alkaline media than in acid, and it is helpful to alkalize the urine by administering 2 Gm. of sodium
bicarbonate or of sodium citrate every 4 hours.
Pseudomonas and Proteus are less susceptible
than other gram-negative organisms to streptomycin. When they are the etiologic agents of infection, the dose of streptomycin may need to be
increased to 1.5 to 2 Gm. daily. If this fails,
polymyxin may be indicated to eradicate the
persisters. Carroll et al. (Antibiot. Ann.. 1954-55,
p. 959) reported cure of 82 per cent of 67 patients
with Pseudomonas infections by administration of
250 mg. of oxy tetracycline every 6 hours by
mouth and 1 Gm. of streptomycin sulfate intramuscularly daily.
It generally is desirable to limit daily fluid intake to 2.5 liters during streptomycin treatment
of urinary infections. If the alkalization procedure is used in cardiac patients, fluid retention
should be watched carefully following intake of
the sodium salts (see especially Gould et al.,
Lancet, 1953, 264, 361, and Nesbit and Baum,
J.A.M.A., 1952, 150, 1459).
Plague, Tularemia, and Brucellosis. — Streptomycin is the most valuable chemotherapeutic aid
in plague and in tularemia. For the former, in
mild cases, Meyer and Quan (Chap. 25 in Waksman, Streptomycin, loc. cit.) recommend 250
mg. of streptomycin intramuscularly every 4
hours for the first 24, and then every 6 hours until
the temperature remains normal for 3 days. In
more severe septicemic cases, they advocate 500
to 750 mg. every 4 hours for 48 hours, followed
by smaller doses for 4 to 5 days. In exceptionally
severe cases or in pneumonic plague, initial doses
should be 4 to 6 Gm. daily for 2 days, then 3 to
4 Gm. daily for the next 6 days. Often it is desirable to use sulfadiazine along with the antibiotic.
Tularemia and brucellosis generally respond to
streptomycin used alone or, preferably, with sulfadiazine (Harris, Antibiot. Chemother., 1953, 5,
982).
Respiratory Tract Injections. — Most gramnegative infections of the respiratory tract may
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be expected to respond to streptomycin if the antibiotic isgiven in adequate dosage. For Hemophilus
and most common invaders of the respiratory
tract, 250 to 500 mg. intramuscularly every 6
hours often is sufficient. Larger doses (500 to
750 mg.) may be required for Klebsiella, Pseudomoms, or Proteus. The therapy may be improved
by augmenting the intramuscular dosage with an
aerosol preparation of streptomycin. The aerosol
technic of administration has been used especially
in treating whooping cough (Nunes and Amado,
Rev. port. ped. puericultura, 1950, 13, 315) and
other nontuberculous bronchial and pulmonary
infections. From 4 to 6 Gm. of streptomycin may
be given by inhalation over a period of 5 to 6
days. One or 2 ml. of a solution providing 100
mg. is nebulized into the respiratory tract every
3 or 4 hours. Kohn (Chap. 27 in Waksman, loc.
cit.) acknowledged the efficacy of the aerosol
technic of administering streptomycin, but concluded that there was "no advantage in combined
administration of aerosol and intramuscular injection, when compared with either aerosol or intramuscular injection alone." Kohn recommended
joint use of streptomycin and of human hyperimmune serum. When the infection under treatment calls for use of penicillin with streptomycin,
crystalline sodium penicillin may be added to
the aerosol preparation. Potassium penicillin is
contraindicated, since it may cause turbidity or
opalescence to develop in the solution.
Bacteremia. — Streptomycin has been used successfully in elimination of gram-negative organisms from the blood stream. This subject has
been reviewed by Herrell (J.A.M.A., 1952, 150,
1450). No drug can be expected to effect permanent cure in bacteremia unless the focal site of
infection is accessible. Therefore, it is important
to facilitate penetration of the antibiotic to the
focal site if the organisms are being liberated
from some protected location. When this happens to be a fibrinous clot or serous exudation,
often streptokinase, streptodornase or hyaluronidase facilitate penetration of the antibiotic and
thus make the pathogens accessible to it. Adequate
surgical drainage is essential.
Other Infections. — The principal therapeutic
applications of streptomycin have been reviewed
briefly above, but the antibiotic has numerous
other applications also — for example, infections of
eye, ear, and nose; venereal infections (chancroid, gonorrhea, lymphogranuloma inguinale) ;
gastrointestinal infections (peritonitis, ulcerative
colitis, bacillary dysentery, etc.); gangrene;
glanders; leprosy; and many others. Indeed, streptomycin may be expected to be effective for any
infection involving susceptible gram-negative bacteria and some gram-positive forms. These have
been reviewed by Kitchen and Waksman (loc.
cit.).
In treatment of enteric disorders, streptomycin
is given orally. It is effective against most Salmonellas and related organisms, especially when
formulated with agents, such as kaolin, that adsorb the bacterial toxins. It is not effective in
typhoid fever, however.
Toxicology. — The streptomycins distributed
today are more highly purified than the products
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available when the antibiotic was first produced
on an industrial scale in 1945 and 1946. Today,
acute toxicity is not a problem in the clinical use
of streptomycin or dihydrostreptomycin except in
patients who have some mechanical obstruction
or pathologic impairment of kidney function or
who are hypersensitive to the drug.
Symptoms of acute toxicity include local irritation at the site of injection ; more or less generalized urticaria or rash; nausea; and, in some
instances, reactions involving anaphylactic shock
in which there is sudden and pronounced drop in
blood pressure and the other concomitants of
anaphylaxis. These acute reactions, notably rash,
nausea, and vomiting, generally can be alleviated
by use of antihistaminics. An improved method
for detecting histaminelike impurities in antibiotics has been reported by Rowe and Brown
(/. A. Ph. A., 1953, 42, 257).
However, streptomycin itself, even when impurities are absent, may induce acute toxic reactions in some patients (Sumner, Lancet, 1950,
258, 232; Simon, J. Allergy, 1950, 21, 400;
Cohen and Glinsky, ibid., 1951, 22, 63; and
others). One type of shock, which may be alleviated by use of cocaine or procaine, and in some
instances even by use of glucose, has been ascribed to the guanidine groups; another type of
shock has been ascribed to formation of an insoluble complex of streptomycin with cephalin.
Toxemia secondary to enteritis caused by streptomycin-resistant staphylococci has been reported
following intramuscular use of streptomycin
(Dealing et al., J.A.M.A., 1953, 153, 90).
A precaution in streptomycin therapy is to determine by patch tests whether the individual is
hypersensitive to the drug or has had prior treatment with it which might have caused sensitization. In such instances it may be necessary to
desensitize the patient (Crofton, Brit. M. J.,
1953, 2, 1014). Judged by the incidence and
severity of nausea and other symptoms of general
acute toxicity, dihydrostreptomycin is about one
third as toxic as streptomycin.
Likewise, as judged by incidence of dizziness
following its use, dihydrostreptomycin was at
first considered less chronically toxic than streptomycin. However, dihydrosteptomycin is a more
insidiously toxic agent because often its use is
followed by delayed and permanent deafness
without the preliminary warning of neurologic
damage that streptomycin gives by inducing vertigo as vestibular function is impaired.
Chronic symptoms of streptomycin and dihydrostreptomycin toxicity are variable in detail,
but the most prominent effects stem from damage
to the eighth cranial nerve. Streptomycin affects
the vestibular function first, and the resultant
vertigo provides a warning signal. If therapy is
discontinued at the first warning, generally the
symptoms subside and no permanent damage is
suffered. Persistence in use of the drug may lead
to permanent vestibular dysfunction and to deafness.
Dihydrostreptomycin injures primarily the
cochlear branch rather than the vestibular mechanism and impaired auditory function may be the
first indication of toxicity. Frequently, by the
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time the nerve has been injured sufficiently for
deafness to appear the neurologic damage is irreversible, and deafness, which may be partial or
complete, is permanent. Therefore, dihydrostreptomycin, if used alone, is best reserved for patients who are allergic to streptomycin but not to
the dihydro form and who have an acute infection that is not amenable to some other antibiotic
and that will require only a short period of
therapy.
The safest procedure when streptomycin therapy is indicated, is to apportion the total dosage
into equal parts of streptomycin and dihydrostreptomycin (Streptoduochi). Thus an effective antibiotic dosage can be achieved without undue risk
of either agent reaching the critical threshold
level for exerting its specific neurotoxic effect.
Prolonged use of streptomycin has been incriminated as a cause of subdeltoid bursitis.
Bradford (South. M. J., 1953, 46, 960; reported
that this condition developed rapidly in 3 tuberculous patients given repeated injections of streptomycin inthe deltoid region, and he believed the
antibiotic was the etiologic agent, since other
medication similarly injected did not induce the
same symptoms. The bursitis cleared when injections were given intragluteally instead of in the
deltoid region.
Personnel handling streptomycin often develop
skin reactions of a histaminelike type. Nurses,
doctors, pharmacists, and others who have frequent occasion to handle or to come into contact
with the drug should wear rubber gloves to avoid
contact dermatitis. However, sensitization can be
induced also by inhalation of streptomycin. The
symptoms generally can be controlled by use of
antihistamines, but sometimes desensitization may
be necessary. Crofton (he. cit.) gave daily injections of 10 to 50 micrograms of streptomycin
with diphenhydramine hydrochloride, gradually
increasing the dose of antibiotic and withdrawing
the antihistaminic. After several weeks or months
of such treatment the most hypersensitive individuals were desensitized.
Summary. — Streptomycin is a generic name
for several chemically and biologically related
antibiotics biosynthesized by strains of the actinomycete Streptomyces griseus. The most active
and useful of the natural compounds is streptomycin, which consists of the hydroxylated base,
streptidine (T.3-diguanidino-2.4.5.6-tetrahydroxycyclohexane\ linked glycosidally to a disaccharidelike structure, streptobiosamine. which, in
turn, is composed of streptose and X-methyl-Lglucosamine. Dihydrostreptomycin is a compound
formed by catalytically hydrogenating streptomycin and converting the aldehyde group of the
latter to an alcohol group. Streptomycin and dihydrostreptomycin are interchangeable so far as
antibacterial action and therapeutic effectiveness
are concerned (except in effects on Salmonella.
for which streptomycin is superior), but they differ in chronic toxicity.
Streptomycin and dihydrostreptomycin are
bases and readily form salts. The sulfate, chloride,
phosphate, and calcium chloride complex have
been used clinicallv. The sulfate is official in the
U.S.P.
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The major importance of these antibiotics is in
management of all forms of tuberculosis, but
they also have important applications in treatment
of nontuberculous infections. Their position in
leprosy remains to be established. The antibiotic
spectrum includes nearly all gram-negative species
of bacteria and many gram-positive species. Of
course, penicillin remains the drug of choice for
treating infections due to sensitive gram-positive
organisms. But streptomycin is frequently effective in controlling gram-positive bacteria which
produce penicillinase or are otherwise insensitive
to penicillin — such as resistant strains of staphylococci. Penicillin and streptomycin act synergistically against many bacteria and in some hospitals joint use of both antibiotics (or penicillin
and dihydrostreptomycin, see Sterile PenicillinDihydrostreptomycin for Suspension) is becoming
standard procedure for treating certain infections,
notably peritonitis or bacterial endocarditis due
to viridans or enterococcic Streptococcus.
Streptomycin is the drug of choice in treatment
of plague and is effective, especially when fortified by joint use of sulfadiazine, in tularemia and
in brucellosis. Urinary and respiratory7 infections
due to gram-negative organisms often respond
well to streptomycin.
For systemic therapy, the drug generally is
given intramuscularly; the subcutaneous and intrathecal routes may be used in special circumstances. The antibiotic is not absorbed well from
the gastrointestinal tract, and the oral route is
contraindicated for systemic therapy. It is employed, however, for enteral infections and for
preoperative preparation of the bowel.
Serious defects of streptomycin and dihydrostreptomycin are their tendency to favor emergence of resistant strains of pathogens from
initially sensitive ones and their toxic effects on
the eighth cranial nerve. Generally, neither of
these is a problem in treatment of acute infections that require only 5 to 7 days of therapy if
adequate doses of the antibiotics are administered.
In tuberculosis, leprosy, or other chronic infections that require prolonged therapy, however,
these characteristics of streptomycin and dihydrostreptomycin may become troublesome.
Emergence of resistant strains of tubercle bacilli can be curtailed, if not prevented, by using
relatively low doses of the antibiotic twice weekly
(see above) and especially by using aminosalicylic acid (PAS) daily throughout the course of
treatment. In tuberculosis the treatment of
choice may prove to be streptomycin, PAS. and
isoniazid in proper proportions. The drugs, of
course, are adjunctive to — not replacements for
— standard, well-established procedures, such as
bed rest, proper diet, surgery, etc.
Chronic toxic effects are manifest in transient
or permanent vertigo and transient or permanent,
partial or complete deafness. The former effect
is more common from streptomycin which affects
vestibular function; the latter from dihydrostreptomycin which damages the cochlear branch of
the eighth cranial nerve. Streptomycin gives
warning of its neurotoxic action by inducing dizziness, and. if the drug is withdrawn at the first
manifestation of vestibular dysfunction, generally
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permanent injury is avoided and the symptoms
subside spontaneously.
There is no such readily perceivable warning of
dihydrostreptomycin toxicity, however, and irreversible injury may have been suffered by the
auditory mechanism before the symptoms are
recognized. Therefore, whenever either drug is
used in treating chronic infections, frequent audiometric studies should be made.
The neurotoxic effects of these drugs may be
diminished — or even avoided — by using streptoduocin, in which the total dose is divided equally
between streptomycin and dihydrostreptomycin.
Dose. — For acute infections due to sensitive
gram-negative organisms intramuscular injection
of solutions containing streptomycin or dihydrostreptomycin sulfate, equivalent to 100 to 200
mg. of the free base per ml., is indicated. The
solvent should be water for injection or sodium
chloride injection. For continuous intravenous administrationto
1 2 Gm. of antibiotic dissolved in
one liter of sodium chloride injection can be
given at the rate of 25 drops per minute. Intrathecal administration of physiologic saline, properly adjusted to be isotonic with spinal fluid and
containing 10 to 20 mg. of streptomycin per ml.,
is usually safe.
The drugs may also be given in the form of an
aerosol. For this purpose a concentration of 50 to
100 mg. of antibiotic per ml. of suitable vehicle
is indicated. Topical application (wet dressings,
ointments, etc.) generally contain from 25 to 100
mg. per ml.
Depending on the severity and site of the infection and the sensitivity of the bacteria, doses
range from 0.5 to 2 Gm. daily, given in divided
doses every 4 or 6 hours. In plague, daily doses
may be as high as 6 Gm. in the initial stages of
treatment. In all cases, treatment should be continued for at least 2 to 3 days after restoration
of normal temperature and subsidence of other
clinical manifestations of infection.
When streptomycin or dihydrostreptomycin is
given by inhalation for respiratory infections, as
much as 500 or 1000 mg. per day may be administered inthe form of an aerosol. The total daily
dose should be divided, usually not more than 1
or 2 ml. being inhaled at one time. If penicillin
is indicated, crystalline sodium penicillin may be
dissolved in the solution to be nebulized. Potassium penicillin is contraindicated (see above).
For chronic ailments, such as tuberculosis, current opinion favors doses of 0.5 to 1 Gm. every
third day plus 12 to 14 Gm. of aminosalicylic
acid daily. Both drugs are given in divided doses.
Isoniazid (5 to 7 mg. per Kg. for the first week
and then 3 to 5 mg. per Kg.) may be given daily
or every other day during the period of PAS and
streptomycin therapy.
The U.S. P. gives the usual dose, intramuscularly, as the equivalent of 500 mg. of base daily,
with a range of 500 mg. to 1 Gm.
Dosage Forms. — Streptomycin and dihydrostreptomycin, like penicillin, are distributed by
many manufacturers and pharmaceutical houses.
No attempt will be made to mention all the trade
names of products into which these antibiotics
enter. For a complete listing of the various for-
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mulations and the trade names under which streptomycin, dihydrostreptomycin, and all other antibiotic products are sold, see The Antibiotic Manual for 1954, edited by Welch and published as a
supplement in Antibiotics and Chemotherapy,
Volume 4, Nos. 1-3. The Manual lists the composition, generic and trade names, and producers
of the several commercially available preparations; itis available also as a bound book (Medical Encyclopedia).
These salts are distributed in the dry crystalline or powdered state to be reconstituted before
use by being dissolved in the requisite amount of
water for injection or sodium chloride injection
to give the desired final concentration. The usual
route of administration is intramuscular, but the
intravenous, subcutaneous, or intrathecal routes
may be used also. Generally, intravenous and subcutaneous administrations have little advantage
over intramuscular. When intrathecal administration isindicated, according to the data of Hinshaw
{Am. Rev. Tnberc, 1948, 58, 525), only streptomycin should be employed, since the dihydro
form is unsuitable for use via this route.
Streptoduocin for Injection embodies the principle mentioned before of minimizing the chronic
toxicity hazard by providing equal amounts of
streptomycin sulfate and dihydrostreptomycin
sulfate, each in one-half the amount that would
be required if the antibiotics were used singly.
Streptomycin-penicillin mixtures intended for
multiple antibiotic therapy also are available, such
as Cillimycin (Wyeth), which includes dihydrostreptomycin, procaine penicillin G, and buffered
crystalline potassium penicillin; and Dicrysticin
(Squibb), which provides not only for similar
mixed streptomycin-penicillin therapy, but also
has equal parts of streptomycin and dihydrostreptomycin sulfates to reduce the hazard of toxicity.
These products are stable for at least 18 months
at room temperature when dry; when reconstituted for aqueous intramuscular injection, the
solutions may be kept for one week without significant loss of potency, if sterile and stored at
refrigerator temperature (4°). See also under
Penicillin-Dihydrostreptomycin for Suspension,
in Part I.
Any preparation containing procaine penicillin
should be avoided in treating patients with known
procaine sensitivity.
Streptomycin and dihydrostreptomycin sulfates
are formulated alone and with bacitracin and polymyxin B in tablet form for oral use in treatment
of enteric infections. Streptomagma (Wyeth) is
an example of a liquid streptomycin preparation
for enteric disinfection. Each teaspoonful (5 ml.)
contains dihydrostreptomycin sulfate equivalent
to 0.05 Gm. of the free base, 0.48 Gm. kaolin,
and 0.04 Gm. pectin. This formulation is intended
to take advantage of the reported synergism between streptomycin and pectin (Pulaski and Connell, Bull. U. S. Army Med. Dept., 1949, 9, 265;
Welch et al., J. A. Ph. A., 1950, 39, 486) and the
well-known ability of the hydrophilic adsorbent to
(1) alleviate the diarrhea resulting from irritant
effects of infection, (2) adsorb bacterial toxins,
(3) remove excess water from the fecal stream,
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thus aiding in elimination of formed stools, and
(4) provide a protective and soothing carbohydrate film over the gastrointestinal mucosal lining. Kaolin has similar antidiarrhetic properties,
and the three agents (dihydrostreptomycin sulfate, pectin, and kaolin) are held in a stable and
palatable suspension by alumina gel. Recommended doses in bacterial diarrheas are 4 teaspoonfuls three times daily for adults or 1 to 2
teaspoonfuls three times daily for children.
Streptomycin and dihydrostreptomycin are
available also in otic preparations formulated in
liquid form with antimycotic agents, and in ointments and in solutions for topical application.
Storage. — Streptomycin is stable when dry.
It should not be exposed to excessive temperature,
but refrigeration is unnecessary. The salts and
the free base are hygroscopic and should be protected from moisture. Solutions are reasonably
stable, in the pH range 3 to 7, and usually do not
lose appreciable potency in one week at room
temperature. Prudence dictates refrigeration,
however. Solutions darken upon exposure to light
and should be protected from it. The U.S. P.
directs streptomycin sulfate to be preserved "in
tight containers."
Ointments containing 5 milligrams of streptomycin or dihydrostreptomycin per gram of watermiscible greaseless base retain their labeled potency for at least a year at room temperature.
STREPTOMYCIN SULFATE INJECTION. U.S.P. (B.P.) (LP.)
"Streptomycin Sulfate Injection is a sterile
solution of streptomycin sulfate in water for injection. It contains an amount of (C21H39X7012)2. 3H2SO4 equivalent to not less than 90 per
cent of the labeled amount of streptomycin base
(C21H39N7O12). Streptomycin Sulfate Injection
conforms to the regulations of the federal Food
and Drug Administration concerning certification
of antibiotic drugs." U.S. P. The B.P. and LP.
state that the injection is prepared by dissolving
the contents of a sealed container of streptomycin
sulfate in the requisite amount of water for injection, using aseptic technic; the LP. states further that when several doses are dispensed in a
single container the solution contains a suitable
bacteriostatic.
B.P. Injection of Streptomycin Sulphate; Injectio
Streptomycini Sulphatis. LP. Injection of Streptomycin
Sulfate; Injectio Streptomycini
Sulfatis.

Description. — "Streptomycin Sulfate Injection is a clear, colorless or yellow, viscous liquid.
It is odorless or has a slight odor." U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, protected from light."
U.S.P. The LP. states that the injection should
be used within 1 month after preparation when
stored at room temperature, and within 3 months
after preparation when stored at a temperature
not above 4°.
Usual Sizes. — Streptomycin sulfate equivalent
to 250 and 500 mg. of streptomycin in 1 ml.,
1 Gm. in 2 ml., and 5 Gm. in 10 ml and in 12.5 ml.

STRONTIUM
[Strontii

BROMIDE.

I

N.F.

Bromidum]

"Strontium Bromide contains not less than 98
per cent of SrBr2.6H.2O." N.F.
Strontium Broiuuretum (Broraatum) ; Strontii Bromurura Fr. Bromure de strontium. Ger. Strontiumbromid;
Bromstrontiuni. It. Bromuro di stronzio. $p. Bromuro de
estroncio.

Strontium bromide may be prepared by neutralizing dilute hydrobromic acid with strontium
carbonate, the resulting solution being evaporated
to the point of crystallization of strontium bromide.
Description. — "Strontium Bromide occurs as
colorless, transparent, hexagonal crystals. It is
odorless, and has a bitter, salty taste. Strontium
Bromide deliquesces in moist air, but effloresces
in dry air. An aqueous solution of Strontium
Bromide (1 in 20) is neutral to litmus. One Gm.
of Strontium Bromide dissolves in about 0.35
ml. of water. It is soluble in alcohol but insoluble
in ether." N.F.
Standards and Tests. — Identification. — A
solution of strontium bromide responds to tests
for strontium and for bromide. Loss on drying. —
Not over 32 per cent, when dried at 165° for 16
hours. Bromate. — No yellow color appears at
once on adding diluted sulfuric acid to powdered
strontium bromide. Chloride. — The limit is 1.4
per cent. Iodide. — On adding ferric chloride T.S.
and chloroform to a solution of strontium bromide, and shaking the mixture, the chloroform
does not acquire a violet tint. Barium. — A mixture of strontium bromide, sodium acetate, diluted
acetic acid, potassium dichromate T.S. and water
does not become cloudy, from precipitation of
barium chromate, within 3 minutes. Calcium. —
A 2-Gm. portion of strontium bromide is converted to strontium nitrate by evaporation with
nitric acid. The dried residue is digested with
dehydrated alcohol, which dissolves any calcium
nitrate that may be present; a one-half aliquot
of the filtrate is evaporated to dryness and ignited
in the presence of sulfuric acid: the weight of
the residue of calcium sulfate does not exceed
30
mg. Heavy
million.
N.F. metals. — The limit is 10 parts per
Assay. — About 500 mg. of strontium bromide
is dissolved in water, the bromide precipitated
with 0.1 N silver nitrate, and the excess silver
ion titrated with 0.1 N ammonium thiocyanate,
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 N silver nitrate represents 17.78
mg. SrBr2.6H20. N.F.
Incompatibilities. — Strontium bromide has
incompatibilities not shared by other alkali bromides in that bicarbonates, carbonates, citrates
and sulfates form precipitates with strontium ion.
With sodium bicarbonate there is simultaneous
precipitation of strontium carbonate and liberation of carbon dioxide. Sodium phenobarbital
reacts with it to form strontium hydroxide and
free phenobarbital, both of which may precipitate.
Uses. — Strontium bromide has been suggested
as a substitute for potassium bromide in the treatment of epilepsy and allied conditions. Its action
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on the nervous system is that of bromide ion; it
appears to act on nervous centers in the same
manner as potassium bromide. Some physicians
believe that it is less likely to produce the disagreeable effects of bromides and that it is less
irritating to gastrointestinal mucous membranes
than other bromides. Since it contains but 44.9
per cent of bromine, as compared with 77.6 per
cent in sodium bromide, it is possible that any
differences observed are attributable to a smaller
intake of bromide when the strontium salt is used.
The usual dose is 1 Gm. (approximately 15
grains), by mouth, with water.
Storage. — Preserve "in tight containers." N.F.

STROPHANTHIN.

N.F.

[Strophanthinum]

"Strophanthin is a glycoside or a mixture of
glycosides obtained from Strophanthus Kombe
Oliver (Fam. Apocynacece) . Strophanthin, when
assayed as directed, shall possess a potency per
mg. equivalent to 500 meg. of U.S.P. Ouabain
Reference Standard. Caution. — Strophanthin is
extremely poisonous." N.F.
Kombe Strophanthin; K-Strophanthin. Ger. K-Strophanthin. It. Strofantina. Sp. Estrofantina.

The term strophanthin is sometimes applied in
a generic sense to the glycosides of any species
of strophanthus. The principles obtained from
various species of strophanthus, however, differ
in chemical structure and potency, so that unless
the species is designated the term is practically
meaningless (see under Strophanthus). Official
strophanthin has its source in S. Kombe and, as
the definition indicates, it may be, and generally
is, a mixture of glycosides. Strophanthin can be
easily separated into two portions — a crystalline
and an amorphous fraction — the crystalline part
being approximately twice as toxic as the amorphous. Jacobs and Hoffman (/. Biol. Chem., 1926,
67, 609) separated the crystalline fraction into
the glycosides K- strophanthine, and K-strophanthin-$. The former is identical with cymarin obtained from various species of Apocynum; on
hydrolysis it yields the steroidal aglycone strophanthidin and the methylated deoxy-sugar cymarose. Hydrolysis of K-strophantin-6 yields the
same products but in addition yields one molecule
of glucose; this glycoside is therefore derived
from cymarin by the addition of one molecule of
glucose. The amorphous fraction consists of glycosides which are derived from cymarin by the
addition of two or more molecules of glucose ; the
mixture is referred to as amorphous K-strophanthin. Jacobs found that the seeds of the Strophanthus species contain the enzyme strophanthobiase
which is able to remove glucose from K-strophanthin-(3 and the amorphous strophanthins.
Wokes {Quart. J. P., 1928, 1, 513) tested 9
commercial samples of official strophanthin by the
cat method. The average potency of 8 of these
samples was 47.3 per cent of that of ouabain,
and 7 of them did not vary more than 25 per cent
of this figure, but one of the 9 samples was less
than half as powerful as the average of the
other 8.
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Strophanthin may be prepared by Fraser's process of depriving the ground seeds of fatty oil by
percolation with petroleum benzin, making a tincture from the marc with 70 per cent alcohol, distilling, evaporating and treating the extract with
water; this solution is filtered and the filtrate
precipitated with tannic acid; the precipitate is
washed, mixed with litharge, dried and exhausted
with alcohol; by adding ether to the alcoholic
liquid, strophanthin is precipitated (see also
Rowe, /. A. Ph. A., 1916, 5, 1183).
Description. — "Strophanthin is a white or
yellowish powder containing varying proportions
of water, which it does not lose entirely without
decomposition. It is stable in air, but is affected
by light. Its solutions are neutral to litmus. Strophanthin dissolves in water and in diluted alcohol,
but is less soluble in dehydrated alcohol. It is
nearly insoluble in chloroform, in ether, and in
benzene." N.F.
Standards and Tests. — Identification. — (1)
Sulfuric acid produces with strophanthin an emerald-green color which turns brown. (2) A red
precipitate, which becomes green in 1 to 2 hours,
appears when a trace of ferric chloride T.S. and
a few ml. of sulfuric acid are added to a 1 in 50
aqueous solution of strophanthin. (3) Strophanthin does not reduce hot alkaline cupric tartrate
T.S. (4) An aqueous solution of strophanthin is
dextrorotatory. N.F.
Assay. — The assay is performed by the cat
method described in the section on Assay, under
Digitalis. In place of the standard preparation of
digitalis there is employed in the strophanthin
assay a standard preparation of Ouabain Reference Standard representing a 1 in 1000 solution of
the ouabain in alcohol. A stock preparation of
strophanthin is similarly prepared. These solutions are diluted in such a manner that the estimated fatal dose per Kg. of cat is diluted to 15
ml. with isotonic sodium chloride solution. The
lethal dose of ouabain or strophanthin for each
cat is calculated in terms of mg. per Kg.
Incompatibilities. — Strophanthin is precipitated from its aqueous solution by tannic acid and
by lead acetate. It is easily hydrolyzed by acids,
alkalies, many enzymes and even by boiling in
pure water. So susceptible is it to alkalies that
Levy and Cullen (/. Exp. Med., 1920, 31, 267)
and Pomeroy and Heyl (Am. J. Pharm., 1922, 94,
479) found that ampuls of strophanthin solution
deteriorate very rapidly because of alkali dissolved from glass. In the region of pH 5.0 to 7.0
the solutions are quite stable.
Uses. — Strophanthin, which fully represents
the therapeutic properties of strophanthus, is
identical with ouabain (q.v.) in its action as a
cardiac glycoside. It is not useful by the oral route
because it is poorly absorbed from the gastrointestinal tract and is there destroyed to a considerable extent (Zollner and Foth, Arch. Pharm.,
1951, 284, 253 and ibid., 1952, 285, 86; Reindell
et al., Munch, med. Wchnschr., 1952, 94, 209,
265; Czickeli, ibid., 1951, 93, 2254). It also causes
much discomfort if given orally in any sufficient
dose. Strophanthin is ordinarily administered by
intravenous injection; it is too irritant locally to
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be injected subcutaneously but may be injected
intramuscularly. When given intravenously it becomes effective within 5 to 15 minutes. Its duration of action is brief — about 24 hours. The tendency to cumulative action is therefore slight. Its
action on the heart is similar to that of lanatoside
C, digoxin, digitoxin and the other glycosides of
the digitalis group. Bing and associates (Circulation, 1950, 2, 513) found that slow intraarterial
injection of strophanthin lowered the cardiac output in normal human subjects. However, in the
presence of congestive heart failure in patients
with arteriosclerotic heart disease or lesions of the
mitral valve, it increased left ventricular efficiency
without affecting left ventricular coronary blood
flow, coronary vascular resistance, or oxygen consumption, indicating that it aids in conversion of
oxidative energy into effective work in the failing
heart.
Strophanthin has been used in such emergencies
as acute pulmonary edema, acute cardiac asthma
(paroxysmal dyspnea), acute congestive heart failure during the course of severe febrile diseases
and cardiac dilatation. It is used in cases of congestive heart failure with relatively slow sinus
rhythm, in patients in whom congestive failure
impairs the gastrointestinal absorption of digitalis
preparations, and in event of vomiting which prevents the oral administration of digitalis glycosides
(Ladue, South. M. J., 1943, 36, 124; Groedel and
Kisch, Med. Clin. North America, 1940, 24, 877).
It may be of value as a test to determine the
presence of congestive heart failure in cases with
equivocal clinical findings (Ritota, /. M. Soc. New
Jersey, 1951, 48, 354). Like other digitalis glycosides, itis generally thought to be contraindicated
in cases of coronary artery disease with a highly
irritable ventricular muscle because of the danger
of inducing ventricular fibrillation. Kisch (Exp.
Med. & Surg., 1947, 7, 85), Ritota (loc. cit.) and
others, however, advocate daily administration of
small doses for individuals with angina pectoris
who have not responded to the usual forms of
therapy, the interval between doses being lengthened as improvement occurs. Doses suggested for
this purpose vary from 0.1 to 0.25 mg. and the
intramuscular route of injection may be preferable, since there is no emergency. Thyrotoxicosis
enhances the toxicity of strophanthin (Kinsell
et al., Endocrinol., 1942, 30, 221; Kisch, loc. cit.).
Calcium salts should not be given parenterally at
the same time. In general, the toxic effects are
similar to those of digitalis. Since its action is so
transient, it is usually desirable to start digitalization of the patient with some other preparation
orally at the same time or as soon as the acute
emergency has subsided. It is not suitable for
continuous use.
Great care should be exercised by the physician
to assure himself that the patient has not received
digitalis in the recent past, for if the patient is
partly digitalized strophanthin may cause sudden
death, since it mobilizes the digitalis already stored
in the tissues. Injection should be discontinued at
once if extrasystoles develop during administration.
Because of variation in potency of the various
substances supplied as strophanthin it is impera-
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tive that the physician should be certain that the
material he uses complies with official standards,
or that dosage be adjusted as required. For this
reason many have used ouabain in preference to
strophanthin. Some prefer deslanoside C over both
these substances for intravenous use. S
Dose. — The usual dose, intravenously, is 0.6
mg. (approximately Vioo grain), injected over a
period of 3 to 5 minutes. Some prefer to give 0.25
mg. intravenously and to repeat the dose in 15
minutes, and sometimes to give a third dose after
another 15 to 30 minutes if indicated. The strophanthin solution is preferably diluted with about
10 ml. of water for injection or 5 per cent dextrose injection, or administered with aminophylline if the latter is also indicated. While it is
less desirable to give it intramuscularly, strophanthin may be thus administered in similar doses;
it is not given by mouth.
Storage. — Preserve "in tight, light-resistant
containers." N.F.

STROPHANTHIN

INJECTION.

N.F.

Strophanthin Ampuls

"Strophanthin Injection is a sterile solution of
strophanthin in water for injection. Its potency
shall be stated on the label of the container in
terms of the quantity of U.S. P. Ouabain Reference
Standard to which it is equivalent." N.F.
Storage. — Preserve "in single-dose containers,
preferably
of Type— 0.6
I glass."
Usual Sizes.
mg. N.F.
(Woo grain) in 1 ml.
and 2 ml.

STRYCHNINE.

N.F.

[Strychnina]
C21H22N2O2

"Strychnine is an alkaloid obtained chiefly from
Nux Vomica. Caution. — Strychnine is extremely
poisonous." iV.F.

Strychninum. Fr. Strychnine. Ger. Strychnin. It. Stricnina. Sp. Estricnina.

Extraction of strychnine from nux vomica may
be effected in several ways. All of the methods
utilize slaked lime and water for initial treatment
of the powdered drug. Following this the alkaloids
may be extracted either with an alcohol, or a
water-immiscible solvent such as benzene, toluene,
naphtha or chloroform. The alkaloids are then
transferred to dilute sulfuric acid, from which
solution they are precipitated with alkali; the
crude alkaloids thus obtained are dissolved in
hot 50 per cent alcohol, from which strychnine
crystallizes on cooling while brucine remains in
solution. The strychnine is purified through conversion to strychnine sulfate and subsequent liberation as base. For further information see
Hamerslag, The Technology and Chemistry of
Alkaloids, 1950.
Total synthesis of strychnine has been recently
reported (Woodward et al, J.A.C.S., 1954, 76,
4749). For information concerning the structure
of this poly cyclic alkaloid see Manske-Holmes,
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The Alkaloids, Vol. 1, 1950; the following structural formula has been assigned:

are usually not well marked but in some individuals wakefulness follows its use and the increased
acuity of the special senses is further evidence of
its stimulant action upon the cerebrum.
It is readily absorbed from the gastrointestinal
tract, appearing in both plasma and blood cells
and diffusing into tissues; it does not concentrate
in the nervous system. Urinary excretion commences within a few minutes of ingestion and
about 20 per cent of a dose is excreted by the
kidney usually within 10 hours. Hence, there is no
cumulative effect and tolerance does not seem to
develop.

Description. — "Strychnine occurs as colorless, transparent, prismatic crystals, or as a white,
crystalline powder. It is odorless, has a very bitter
taste, and is stable in the air. Saturated solutions
of Strychnine are alkaline to litmus. One Gm. of
Strychnine dissolves in about 6420 ml. of water,
in about 136 ml. of alcohol, in about 5 ml. of
chloroform, and in about 180 ml. of benzene; it
is soluble in about 3100 ml. of boiling water, and
in about 34 ml. of boiling alcohol. It is very
slightly soluble in ether." N.F.
Strychnine is so very bitter that this characteristic oftaste is perceptible in an aqueous dilution of 1 in 700.000. Although strychnine contains
two nitrogen atoms it commonly behaves as a
monoacidic base. Its melting point is reported to
be between 268° and 290°, depending on the rate
of heating.
Standards and Tests. — Identification. — (1)
A deep blue color, rapidly changing to deep violet,
then to purplish red, cherry-red, and finally orange
or yellow, is produced when potassium dichromate
is added to a solution of strychnine in sulfuric
acid. (2) A deep violet-blue color, changing to
deep purple, and then to cherry-red, is produced on
adding sulfuric acid containing ammonium vanadate to strychnine. Residue on ignition. — Not
over 0.1 per cent. Readily carbonizable substances.
— A solution of 250 mg. of strychnine in 5 ml. of
sulfuric acid is not deeper in color than matching
fluid M. Brucine. — A yellow, but not a red or
reddish color, is produced when a mixture of equal
volumes of nitric acid and distilled water is added
to strychnine. N.F.
Incompatibilities. — Strychnine is precipitated from its solution by alkalies and by substances having an alkaline reaction, also by tannic
acid. Probably the most important incompatibility,
however, is with alkali halides. Aqueous solutions
of strychnine salts yield precipitates with soluble
chlorides, bromides, and especially iodides. Precipitation issometimes delayed for several days
and may, therefore, not be seen by the pharmacist.
Any untried combination is a potential source of
danger. In some instances precipitation may be
due to the alkalinity of the halides, resulting in
precipitation of strychnine alkaloid. Of the strychnine halides, the iodide is the least soluble; the
solubility of these compounds is further decreased
in the presence of an excess of alkali halide. Several cases of poisoning from use of such combinations have occurred.
Uses. — Strychnine stimulates all parts of the
central nervous system. The effects upon the brain

Nervous System. — The most striking effect of
strychnine is its ability to stimulate reflex excitability of the spinal cord, permitting slight sensory
impulses to produce exaggerated responses (Dusser
de Barenne, Physiol. Rev., 1933, 13, 325). In
high doses these impulses spread through the cord
to effect widespread muscular responses ; such activity may result in spinal convulsion. The mechanism of its action on the nerve cells is not entirely understood. Strychnine affects the electrical
activity of nervous tissue (Bremer and Bonnet,
J. de physiol., 1948, 40, 132A). Heinbecker and
Bartley (Am. J. Physiol., 1939, 125, 172) described lowering of the threshold for excitation of
nerve cells, inhibition of the usual decrease in
sensitivity immediately following an impulse, and
prolongation of the usual period of heightened
excitability. Bradley et al. (J. Physiol., 1953, 122,
474) postulated an inhibitory chemical transmitter
at the synapse which is antagonized by strychnine.
Nachmansohn (Compt. rend. soc. biol., 1938, 129,
941) found that strychnine inhibits cholinesterase,
which may be the basis for its effects. In the
medulla strychnine increases the excitability of
the respiratory and vasomotor centers (Travell
and Gold, /. Pharmacol., 1935, 53, 169).
In pharmacological experiments strychnine
exerts an exciting action on the medullary centers
governing vasomotion and respiration analogous
to its effects on the spinal cord (for vasomotor
effect see Pilcher and Sollmann, /. Pharmacol.,
1915, 6, 331; for respiratory see Aiazzi-Mancini
and Donatelli, /. Pharmacol, 1937, 59, 304); the
clinical importance of these effects, however, is a
matter of much doubt. The doses required to cause
any considerable increase in blood-pressure or respiration are practically the same as those which
produce convulsions and, while strychnine was
used in nonconvulsive doses in surgical shock, the
majority of observations indicate that it is of little
value in acute circulatory failure; in conditions
of less immediate danger Henderson (J.A.M.A.,
1931, 97, 1265) believed it may improve circulation through increased venous flow which results
from heightened tonus of voluntary muscles. Many
cases of respiratory failure, however, are brought
about by poisons which are depressant to motor
cells of the spinal cord, such as ether, chloroform
or the barbiturates, and in these strychnine may
be of practical value. Although La Franca (Ztschr.
exp. Path. Ther., 1911, 9, 436) found that strychnine increased irritability and conductivity of
heart muscle, the evidence of any direct influence
on the heart is far from convincing. In large toxic
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dose strychnine causes paralysis of motor nerves
similar to that produced by curare but it is improbable that this action can play any part in
strychnine poisoning in the human being.
The convulsant effects of strychnine suggested
its use in paralysis. When the loss of power involves actual destruction of motor cells, as after
apoplexy or poliomyelitis, it is evident that what
does not exist cannot be stimulated. Or when
there is a failure in conducting power of the nerve,
as in peripheral neuritis, excitation of spinal cells
is futile. When the paralysis is due to depressant
poisons circulating in the blood as, for instance,
in barbiturate poisoning, strychnine may be of
value.
Gastrointestinal. — Like other bitters strychnine
improves appetite and digestion, but it has been
enormously misused as a "general tonic." Strychnine is essentially stimulant, leading to increased
functional activity through expenditure, rather
than storing, of reserve power. Such slight tonic
effects as it may possess are due to improved
digestion and circulation. There was a belief that
strychnine increases peristaltic activity of the intestinal tract and hence it was frequently added
to laxative mixtures, but the experimental evidence on this point is contradictory (Yonkman,
/. Pharmacol., 1934, 51, 127).
Circulation. — Strychnine was formerly used as
a circulatory stimulant in a wide variety of conditions, as surgical shock, collapse from hemorrhage,
poisoning by depressants (ether, chloroform, barbiturates, or alcohol), and adynamic stages of
infectious fevers. Its real value in these conditions, however, is open to serious question (Newburgh, Arch. Int. Med.., March, 1915). Drinker
(J.A.M.A., 1945, 128, 655) indicated that it is
valueless as a respiratory stimulant in electric
shock in ordinary therapeutic doses. In some
forms of chronic heart disease, especially in myocarditis, itseems to be clinically useful. Smith
(/. Pharmacol., 1917, 9, 365) found that it lessens
irritability of the heart and may be of service in
extrasystoles but is liable to be injurious in other
forms of cardiac irregularities. Many of the clinical instances of failure to influence circulation
with strychnine have doubtless been due to too
small doses; thus Lucas (Am. J. Dis. Child., 1914,
7) found that it required at least 6 mg. (approximately Ho grain) to cause an appreciable change
in blood pressure. While others have reported distinct effects from somewhat smaller doses, the use
of 2 mg. (approximately %o grain) with the idea
of having any marked influence upon circulation
is a delusion. In many cases it is essential to administer strychnine in such large doses that
marked exaggeration of the reflexes or even
twitchings of the muscles warn that the patient
is approaching the toxic stage. As a respiratory
stimulant it is valuable in narcotic or hypnotic
poisoning, as by opium or chloral. Strychnine is
also claimed to be useful in toxic amblyopias,
especially that due to nicotine poisoning. Perisson
(Union med. Canada, 1943, 72, 317) used strychnine as an antidote for alcohol in delirium tremens,
his dosages being as high as 50 mg. (% grain)
daily,
10 mg. (M;
grain") were
at a given
time,
for 2 administered
to 3 days. Smaller
amounts
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daily for 6 weeks. This practice has been criticized
(J.A.M.A., 1944, 126, 138). E
Toxicology. — The symptoms of strychnine
poisoning usually develop with great suddenness
and violence. Often without warning of any kind
a patient falls in a violent convulsion. The convulsions are usually tonic in character, persist for
one minute or more and are interspersed with
periods of almost complete relaxation. They involve all muscles of the body and are initiated
by the slightest sensory impulses. During the
spasm the body is rigid, usually arched backwards
in the position of opisthotonos, the arms flexed,
the face drawn into a hideous grin, the risus
sardonicus. Consciousness is not affected except as
the result of asphyxiation. Sensory perception is
acute, with severe apprehension and anxiety; the
convulsive seizures are most painful. A second
convulsion follows in 10 to 15 minutes. During
the period of convulsion the muscles of the chest
are so firmly fixed that respiration is impossible
and death may occur as the result of asphyxiation.
In some cases, however, the fatal termination may
be deferred for some hours and finally be the
result of exhaustion. The ordinarily fatal dose
probably lies between 30 and 60 mg. (approximately l/iand 1 grain) although, under proper
treatment, recovery may occur from much larger
quantities.
In the treatment of strychnine poisoning it is to
be remembered that the convulsions are of reflex
origin and therefore all manipulations capable of
furnishing sensory stimulus must be sedulously
avoided. For this reason no attempt should be
made to empty the stomach; death has occurred
during a convulsion brought on by the effort to
pass a stomach tube. As a chemical antidote potassium permanganate (1 in 1000 solution) is
probably best (Marie, Ann. Inst. Pasteur, 1932,
48, 449). Activated charcoal will adsorb strychnine salts and while we know of no reports of its
use in human poisoning it would probably be useful if permanganate were not available. Fantus
(J.A.M.A., 1915, 64) reported favorable results
in lower animals from use of Lloyd's reagent
(adsorbing clay) ; strong iodine solution (diluted
1:250 with water) or tannic acid (2 per cent solution) isalso of value.
The most important factor in systemic treatment is control of convulsions. Many agents have
been suggested for this purpose; these include
chloroform by inhalation, chloral hydrate by
mouth, sodium bromide by rectum, and tribromoethanol by rectum (Stalberg and Davidson,
J.A.M.A., 1933, 101, 103), but the best is probably one of the barbiturates by intravenous injection. Among the latter, phenobarbital sodium
is recommended by Haggard and Greenburg
(J.A.M.A., 1932. 98, 1133). pentobarbital sodium
by Barlow (J. A.M. A., 1932, 98, 1980) and Amytal
sodium by Kempf et al. (J.A.M.A., 1933, 100,
548), who report a case in which a woman recovered from more than 500 mg. of strychnine
after treatment with Amytal sodium. From 300
to 600 mg. (approximately 5 to 10 grains) of
Amytal sodium may be given, intravenously, at
once and should be repeated, in smaller doses,
even- few hours as the condition of the patient
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may indicate. Wakefulness, muscular twitching
and increased reflex excitability indicate need of
a further dose of barbiturate.
Dose. — The usual dose of strychnine is 1.5 mg.
(approximately Ho grain), orally, with a range of
0.5 to 4 mg. It may also be administered subcutaneously.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Compound Hypophosphites Syrup,
N.F.
STRYCHNINE

HYDROCHLORIDE.
B.P.

Strychninae Hydrochloridum

C2lH22N2O2.HCl.2H2O
The B.P. requires Strychnine Hydrochloride to
contain not less than 88.0 per cent and not more
than 90.2 per cent of strychnine, C21H22O2N2,
calculated with reference to the substance dried
to constant weight at 130°.
Strychninum Hydrochloricum. Fr. Chlorhydrate de
strychnine. Ger. Strychninhydrochlorid; Salzsaures
Strychnin. It. Cloridrato di stricnina. Sp. Clorhidrato
de estricnina.

This salt of strychnine occurs as colorless,
prismatic crystals of intensely bitter taste. It may
crystallize with a slightly variable proportion of
water; it is soluble in about 40 parts of water
and in about 85 parts of alcohol. As tests for identity the B.P. specifies the color reactions with sulfuric acid and potassium dichromate, and with
sulfuric acid and ammonia vanadate. Strychnine
hydrochloride responds to tests characteristic of
chlorides. Limit tests for acidity, sulfate, and
brucine are provided. The loss on drying to constant weight at 130° is not less than 7.0 per cent
and not more than 9.0 per cent; the sulfated ash
is not more than 0.1 per cent. The assay is performed by the method summarized under strychnine phosphate.
In its physiological and therapeutic action,
strychnine hydrochloride is equivalent to strychnine. ®
The B.P. gives a range of dose of 2 to 8 mg.
(approximately Vw to Vs grain) .
Off. Prep. — Solution of Strychnine Hydrochloride, B.P.
SOLUTION OF STRYCHNINE
HYDROCHLORIDE.
B.P.
Liquor Strychninae Hydrochloridi

This solution is required to contain 0.82 per
cent w/v of strychnine, C21H22O2N2 (limits, 0.78
to 0.86). It is prepared by dissolving 10 Gm. of
strychnine hydrochloride in a mixture of 250 ml.
of 90 per cent alcohol with sufficient distilled water
to make 1000 ml. of solution.
Dose, from 0.2 to 0.8 ml. (approximately 3 to
12 minims).
STRYCHNINE

NITRATE.

Strychninium Nitrate,

N.F., LP.

[Strychninae Nitras]

C21H22N2O2.HNO3

The LP. requires not less than 83.5 per cent
and not more than 84.5 per cent of C21H22O2N2

Nitrate
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(strychnine). The N.F. provides no purity rubric.
"Caution. — Strychnine Nitrate is extremely poisonous." N.F.
LP. Strychnini Nitras. Strychninum Nitricum. Fr. Azotate (nitrate) de strychnine. Ger. Strychninnitrat ; Salpetersaures Strychnin. It. Nitrato di stricnina. Sp. Nitrato de
estricnina; Nitrato estricnico.

In order to avoid having an excess of nitric
acid, which may bring about partial alteration of
strychnine, the nitrate is prepared by nearly neutralizing asuspension of strychnine base, in water,
with nitric acid; the mixture is then made acid by
addition of an organic acid. After treating the
solution with charcoal and filtering it, the strychnine nitrate is allowed to crystallize.
Description. — "Strychnine Nitrate occurs as
colorless, glistening needles or as a white, crystalline powder. It is odorless, has a very bitter taste,
and is stable in the air. A solution of Strychnine
Nitrate is levorotatory. One Gm. of Strychnine
Nitrate dissolves in about 45 ml. of water, in
about 150 ml. of alcohol, in about 50 ml. of glycerin, and in about 105 ml. of chloroform. One Gm.
is soluble in about 10 ml. of boiling water, and in
about 80 ml. of alcohol at 60°. It is insoluble in
ether." N.F.
Standards and Tests. — Identification. — (1)
Strychnine liberated by ammonia T.S. and extracted with chloroform responds to identification
test (1) under Strychnine. (2) Strychnine nitrate
responds to identification test (2) under Strychnine. (3) A blue color develops at the zone of
contact of an aqueous solution of strychnine nitrate superimposed in a test tube on diphenylamine T.S. (4) A bright red color is produced
when strychnine nitrate is heated with hydrochloric acid. Residue on ignition. — Not over 0.1
per cent. Acidity. — Not over 0.5 ml. of 0.02 N
sodium hydroxide is required for neutralization
of 500 mg. of strychnine nitrate, using methyl red
T.S. as indicator. Chloride. — No opalescence is
produced immediately following addition of silver
nitrate T.S. to solution of strychnine nitrate,
acidified with nitric acid. Sulfate. — No turbidity
is produced immediately following addition of
barium chloride T.S. to a solution of strychnine
nitrate, acidified with hydrochloric acid. Readily
carbonizable substances. — A solution of 250 mg.
of strychnine nitrate in 5 ml. of sulfuric acid has
no deeper color than that of a mixture of 2.5 ml.
of cobaltous chloride C.S., 2.3 ml. of ferric chloride C.S., and 0.2 ml. of cupric sulfate C.S. Brucine.— This test is identical with the corresponding one under Strychnine. N.F.
Assay. — The LP. assay is practically identical
with that applied by the N.F. to strychnine
phosphate.
Uses. — Strychnine nitrate is used like other
salts of strychnine, over which it has no advantage.
Dose. — The N.F. gives the usual dose as 2 mg.
(approximately %o grain). The LP. gives the
usual single dose as 1 or 2 mg., orally or subcutaneously, with a maximum of 6 mg. orally and
4 mg. subcutaneously; the maximum total dose in
24 hours is given as 18 mg. by mouth and 12 mg.
by the subcutaneous route.
Storage.
ers." N.F. — Preserve "in well-closed contain-

1340

Strychnine

Off. Prep. — Compound
Elixir, X.F.
STRYCHNINE

Part

Nitrate
Glycerophosphates

PHOSPHATE.

Strychninium Phosphate,

X.F.

[Strychninae Phosphas]

C2iH22XjO2.H3PO4.2H-O
"Strychnine Phosphate yields not less than 70
per cent and not more than 73 per cent of C21H22X2O2. Caution. — Strychnine Phosphate is extremely poisonous.'' X.F.
Strychnine phosphate may be prepared by interaction ofequivalent amounts of strychnine alkaloid and phosphoric acid, the resulting solution
being evaporated to the point of crystallization.
Description. — "Strychnine Phosphate occurs
as white crystals, or as a white powder. It is odorless, has a very bitter taste, and is stable in the
air. A solution of Strychnine Phosphate (1 in 50)
is acid to litmus. One Gm. of Strychnine Phosphate is slowly soluble in about 30 ml. of water.
It is slightly soluble in alcohol." X.F.
Standards and Tests. — Identification. — (1)
Strychnine phosphate responds to identification
test (1) under Strychnitie. (2) Strychnine phosphate responds to identification test (2) under
Strychnine. (3) The filtrate separated from a mixture of strychnine phosphate dissolved in warm
water and an excess of sodium hydroxide T.S.
responds, when neutralized with nitric acid, to
tests for phosphate. Chloride. — The limit is 300
parts per million. Sulfate. — The limit is 0.1 per
cent. Readily carbonizable substances. — A solution
of 250 mg. of strychnine phosphate in 5 ml. of
sulfuric acid is not deeper than matching fluid A.
Brucine. — The test is identical with that specified
under Strychnine. N.F.
Assay. — About 400 mg. of strychnine phosphate is dissolved in warm water, the strychnine
liberated with ammonia T.S. and extracted with
chloroform. The residue remaining after the
evaporation of chloroform is treated with an
excess of 0.1 AT sulfuric acid, and the excess of
acid titrated with 0.1 N sodium hydroxide, using
methyl red T.S. as indicator. Each ml. of 0.1 N
sulfuric acid represents 33.44 mg. of C21H22X2O2. X.F.
This salt is practically never prescribed and is
recognized only because it is as an ingredient of
iron, quinine and strychnine phosphates elixir.
Dose, 1 to 4 mg. (approximately Vao to V)&
grain).
Storage. — Preserve "in well-closed containers.'" X.F.
Off. Prep. — Iron. Quinine and Strychnine
Phosphates Elixir, X.F.
STRYCHNINE

SULFATE.

X.F.

(C2lH22X202)2.H2S04.5H20

Strychninum Sulfuricum: Strychniae Sulfas. Fr. Sulfate
de strychnine ; Sulfate neutre de strychnine officinal. Ger.
Strychninsulfat; Schwefelsaures Strychnin. It. Solfato di
stricnina. Sp. Sulfato de estricnina.

sulfate

is generally

prepared

STRYCHNINE

SULFATE
N.F.

by

TABLETS.

[Tabellae Strychninae Sulfatis]

"Strychnine Sulfate Tablets contain not less
than 93 per cent and not more than 107 per cent
of the labeled amount of (C21H22X2O2 '2H2SO4.5H2O for tablets of 20 mg. or more; and not less
than 90 per cent and not more than 110 per cent
for tablets of less than 20 mg." X.F.
Sp. Tabletas de Sulfato de Estricnina.

Usual Sizes. — Compressed tablets and tablet
triturates containing Moo, %o, Mo, Yao, or %o
grain (approximately 0.6. 1. 1.2, 1.5, or 2 mg.);
dispensing tablets containing *4, ^ or 1 grain (approximately 15. 30 or 60 mg.): hypodermic tablets containing Vso, Vm, or ^0 grain (approximately 1,1.5 or 2 mg.).

(CH2)2
C00CH2CH2N

"Caution. — Strychnine Sulfate is extremely
Poisonous." N.F.

Strychnine

recrystallization of the semi-crude strychnine
sulfate which is obtained in the process of extracting strychnine from nux vomica (see under
Strychnine).
Description. — "Strychnine Sulfate occurs as
colorless or white crystals, or as a white, crystalline powder without odor. It is efflorescent in dry
air. It is levorotatory. One Gm. of Strychnine
Sulfate dissolves in 35 ml. of water, in S5 ml. of
alcohol, and in about 220 ml. of chloroform. One
Gm. dissolves in 7 ml. of boiling water, and in 25
ml. of alcohol at 70°. It is freely soluble in glycerin but insoluble in ether." X.F.
Standards and Tests. — Identification. — (1;
Strychnine sulfate responds to identification test
(1) under Strychnine. (2) Strychnine sulfate responds to identification test (2) under Strychnine.
(3) A 1 in 50 solution of strychnine sulfate responds to the test for sulfate. Acidity. — Xot over
0.5 ml. of 0.02 N sodium hydroxide is required
for neutralization of 500 mg. of strychnine sulfate, using methyl red T.S. as indicator. Loss on
drying. — Xot over 11.5 per cent, when dried at
105° for 6 hours. Residue on ignition. — Xot over
0.1 per cent. Readily carbonizable substances. —
A solution of 200 mg. of strychnine sulfate in 5
ml. of sulfuric acid has no more color than matching fluid A. Brucine. — This test is identical with
that specified under Strychnine. X.F.
For information concerning the uses of this
salt, see under Strychnine. B3
Dose, 1 to 4 mg. (approximately *oo to Ms
grain).
Storage. — Preserve "in tight, fight-resistant
containers." X.F.
Off. Prep. — Strychnine Sulfate Tablets; Iron,
Quinine and Strychnine Elixir, X.F.

SUCCINYLCHOLINE
U.S.P.

Strychninium Sulfate, [Strychninae Sulfas]

I

(CH3),

CHLORIDE.

2C1".2H20

COOCH2CH2N+(CH3)3
Choline Succinate Dichloride; Diacetylcholine Chloride;
Succinic Acid BiV(2-Dimethylamionethyl)ester Dimethochloride; Succinyldicholine Chloride; Suxamethonium Chloride,
B.P.C. Anecrine Chloride (.Burroughs Wellcome) ; Quelicin

Part I
Chloride (Abbott); Scoline (Allen &■ Hanburys) ; Sucostrin
Chloride (Squibb).

The observation that skeletal muscle relaxant
activity resides in compounds containing 2 quaternary nitrogen atoms separated by a chain involving direct linkages through 10 other atoms
(see Decamethonium Iodide and Tubocurarine
Chloride) stimulated synthesis and investigation
of many compounds meeting this requirement.
One such compound may be obtained by joining
two molecules of choline by means of succinic
acid, the quaternary nitrogen atoms of the resulting succinylcholine being separated by a chain of
8 carbon and 2 oxygen linkages; this substance
actually possesses the maximum neuromuscular
activity of the homologous series of which it is
a member. The succinylcholine may also be considered to represent 2 molecules of acetylcholine
joined through the methyl group of each acetyl
radical.
Succinylcholine chloride may be prepared by
treating 2-dimethylaminoethanol with succinyl
chloride and methylating the product with methyl
chloride. Phillips (J.A.C.S., 1949, 71, 3264) described a synthesis in which the methyl or ethyl
ester of succinic acid undergoes ester interchange
with 2-dimethylaminoethanol in the presence of a
trace of sodium, followed by conversion of the
amino ester to the quaternary methochloride by
treatment with methyl chloride.
Description. — "Succinylcholine Chloride occurs as a white, odorless, crystalline powder. Its
solutions are acid to litmus, having a pH of about
4. One Gm. of Succinylcholine Chloride dissolves
in about 1 ml. of water, and in about 350 ml. of
alcohol. It is slightly soluble in chloroform, and
practically insoluble in ether. Succinylcholine
Chloride melts between 160° and 164°." U.S.P.
Standards and Tests. — Identification. — (1)
An emerald-green color is produced on adding
cobalt chloride and potassium ferrocyanide to a
solution of succinylcholine chloride. (2) The picrate obtained from succinylcholine chloride melts
between 158° and 160°. (3) On heating a mixture of succinylcholine chloride, resorcinol and
sulfuric acid, and pouring a solution of the mixture into a sodium hydroxide solution an orange
color with a green fluorescence is produced. (4) A
solution of succinylcholine chloride responds to
tests for chloride. Ammonium salts. — On boiling
succinylcholine chloride in the presence of alkali
no ammonia is produced. Water. — Not over 10
per cent, determined by drying at 105° to
constant weight. Residue on ignition. — Not over
0.2 per cent. Nitrogen content. — Not less than
7.55 per cent and not more than 7.85 per cent,
when determined by the Kjeldahl method. Chloride content. — Not less than 19.3 per cent and
not more than 19.8 per cent, when determined by
the Volhard method, using nitrobenzene to prevent
interaction of silver chloride with ammonium thiocyanate. U.S.P.
Stability. — Succinylcholine chloride is fairly
stable in acidic aqueous solution but is readily
hydrolyzed in the presence of alkali. It should not
be mixed with solutions of thiopental sodium, the
alkalinity of which is sufficient to produce hydrolytic decomposition; when both drugs are to
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be used they should be administered separately.
It is recommended that solutions of succinylcholine chloride be kept under refrigeration in
order to minimize hydrolysis.
Uses. — The general class of curarimimetic
agents, to which this drug belongs, is discussed in
the monograph Curarimimetic Agents and Their
Antagonists, in Part II. In the course of their
systematic study of curarimimetic agents, Bovet
et al. {Rend. 1st. Sup. Sanita, 1949, 12, 106)
called attention to succinylcholine. In this structure, which is as though 2 molecules of acetylcholine were linked through the methyl carbon
atoms of the acetate groups, one has a muscle
relaxant effect, rather than the stimulating effect
of acetylcholine on the neuromuscular junction.
Actually the similarities of action and inactivation
of succinylcholine and acetylcholine outweigh
their differences except for this apparent anomaly.
However, it may be recalled, as was presented in
the monograph on Curarimimetic Agents, that
succinylcholine produces paralysis by sustained
depolarization of the neuromuscular junction. This
is the effect of acetylcholine in producing a contraction, the difference being that in the instance
of succinylcholine the effect is relatively sustained
whereas the duration of action is most fleeting for
acetylcholine. This mode of action of succinylcholine issimilar to that for decamethonium and
is qualitatively different from that of tubocurarine
(Somers, Brit. J. Pharmacol., 1953, 8, 19). It
does not produce a fall in blood pressure when
administered in adequate curarizing doses, but is
apt to induce a moderate pressor effect, which is
to say that it is not a ganglionic blocking agent in
the manner of tubocurarine.
The duration of action of succinylcholine is
ultrashort for a curarizing agent, for like acetylcholine itis hydrolyzed by cholinesterase (Foldes
et al., J.A.M.A., 1952, 150, 1559). Indeed, it may
be administered by continuous venoclysis during
protracted surgery (vonDardel and Thesleff,
Anesth. & Analg., 1952, 31, 250; Bourne et al.,
Lancet, 1952, 1, 1225). For reconstruction operations on the hip joint, Martin et al. {Am. J. Surg.,
1954, 88, 226) recommended succinylcholine and
thiopental sodium. Forrester {Brit. M. J., 1954, 2,
342) reported the use of continuous intravenous
infusion at a rate of 2 to 3 mg. per minute in a
case of tetanus; control of severe spasms required
a rate of injection of 15 to 20 mg. in a few seconds. The infusion was continued for 6 days and
oxygen was administered by a face mask under
pressure. Ophthalmologists have noted a tendency
for succinylcholine to cause an increase in intraocular tension. It is important to remember that
whereas prostigmine is an antidote for tubocurarine, itprolongs the duration of action of
succinylcholine. The reason for this is that prostigmine blocks the inactivation of succinylcholine
by cholinesterase just as it does to produce its
parasympathomimetic effects (Castillo and deBeer,
/. Pharmacol, 1950, 99, 458). Whereas normally
most curarimimetic agents are excreted in substantial amounts in the urine, only 5 to 15 per
cent of a dose of succinylcholine is excreted as
such (Norton and deBeer, ibid., 1954. 110, 392).
Interestingly, Ellis et al. {ibid., 1953, 109, 83)
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found the mono-choline ester to be much less
potent, slower in onset and longer lasting than the
di-choline ester of succinic acid.
Clinically succinylcholine has found two particular fields of acceptance in addition to general
surgery as mentioned previously; they are: (1) in
electroshock therapy and (2) for endotracheal
intubation (Council on Pharmacy and Chemistry,
J.A.M.A., 1953, 153, 726). Holmberg and Thesleff
(Am. J. Psychiat., 1952, 108, 842), Bourne et
al. (Lancet, 1952, 1, 1225), Ardis and Wyllie
(/. Ment. Sc, 1953, 99, 148) and Wilson and
Nowill (Arch. Neurol. Psychiat., 1954, 71, 122;
ibid., 1954, 71, 189) found the agent useful and
safe when administered intravenously immediately prior to electroshock therapy. Wilson and
Nowill (loc. cit.). indicate that their patients were
first administered atropine 20 to 60 minutes prior
to treatment. They then were anesthetized with
60 to 600 mg. of thiopental administered intravenously. Through the same needle 15 to 80 mg.
of succinylcholine is administered fairly rapidly
and the needle is withdrawn. The patient is respired 30 to 60 seconds using 100 per cent oxygen,
and then the electroshock is given. Adequate ventilation, artificial respiration, is maintained until
spontaneous full respiration becomes established.
It is desirable to use thiopental to narcotize the
patient prior to administering the relaxant.
The use of such compounds as succinylcholine
to induce relaxation for endoscopy has been reported by Mascaro and Bishop (N. Y. State J.
Med., 1950, 50, 1381), Volpitto (Anesthesiol.,
1951, 12, 648), Sadove (Laryngoscope, 1951, 61,
39), and Love and Morrow (Anesthesia, 1954,
9, 74). m
Toxicology. — The principal toxicity of this as
well as other curarimimetic agents is the exaggeration of its pharmacodynamic effect when administered inexcessive doses (Swerdlow, Anesth.
& Analg., 1954, 33, 201). Thus, these compounds
should be administered only by those competent
to maintain in the patient an adequate airway for
artificial respiration as long as it may be required
(Martin et al, Anesth., 1954, 15, 179). Prostigmine or physostigmine should not be used as antidotes to this drug; they only aggravate the situation. The most disturbing type of toxicity more
or less peculiar to succinylcholine is the rare case
of prolonged apnea following its administration,
such as that reported by Smith and Virtue
(Anesth., 1954, 15, 42). It must be used with
caution in patients with severe anemia, malnutrition, liver disease or poisoning with cholinesteraseinhibitor insecticides.
Dose. — The usual dose is 20 mg. intravenously,
repeated as required, with a range of 10 to 40 mg.
Muscular relaxation appears in about 1 minute
and persists for about 2 minutes. For prolonged
procedures it is administered by continuous intravenous infusion at a rate of about 2.5 mg. (0.5 to
10 mg.) per minute for adults; a solution containing 1or 2 mg. per 1 ml. in sodium chloride
injection or 5 per cent dextrose injection may be
used (Griffith, Can. Med. Assoc. J., 1954, 71, 28).
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.

SUCCINYLCHOLINE
INJECTION.

CHLORIDE
U.S.P.

"Succinylcholine Chloride Injection is a sterile
solution of succinylcholine chloride in water for
injection. It contains not less than 93 per cent and
not more than 107 per cent of anhydrous succinylcholine chloride (C14H30CI2N2O4)." U.S.P.
The pH of the injection is required to be between 3.0 and 4.5. Ammonium salts should not
be present, as determined by a test in which the
injection is alkalinized and boiled, no odor of
ammonia being produced. The assay is performed
by extracting the succinylcholine chloride with
ether, then saponifying the ester by boiling with
a measured excess of 0.1 AT sodium hydroxide and
titrating the excess alkali with 0.1 N hydrochloric
acid in the presence of bromothymol blue T.S.
as indicator. A residual blank titration is performed. The hydrogen equivalent of succinylcholine chloride is 2, since dibasic succinic acid
is formed on hydrolysis. Each ml. of 0.1 A7 sodium
hydroxide represents 18.07 mg. of C14H30CI2N2O4.
U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass,
in a refrigerator." U.S.P.
Usual Sizes. — 200 and 500 mg. in 10 ml.
SUCCINYLSULFATHIAZOLE.
U.S.P. (B.P.) LP.
[Succinylsulfathiazolum]
H20

/sv^nh-so2-v

Vnhcoch2ch,cooh

"Succinylsulfathiazole, dried at 105° for 4
hours, contains not less than 99 per cent of
C13H13N3O5S2." U.S.P.
The B.P. defines Succinylsulphathiazole as p-2'thiazolylsulphamylsuccinanilic acid monohydrate
and requires it to contain not less than 99.0 per
cent and not more than the equivalent of 101.0
per cent of C13H13O5N3S2, calculated with reference to the substance dried to constant weight at
100° at a pressure not exceeding 5 mm. of mercury. The LP. defines Succinylsulfathiazole as
2(N4-succinylsulfanilamido)thiazole and requires
not less than 99.0 per cent of C13H13O5N3S2,
calculated with reference to the substance dried
to constant weight at 105°.
B.P. Succinylsulphathiazole. 2-(N4-succinylsulfanilamido)thiazole monohydrate. 2-(£-succinylamino-benzenesulfonamido)thiazole monohydrate. Sulfasuxidine {Sharp &
Dohme). Sp. Succinilsulfatiacol.

Succinylsulfathiazole, representing sulfathiazole
in which a hydrogen atom of the NH2 group of
sulfathiazole is replaced by the succinyl radical,
may be prepared by the method of Moore and
Miller (J.A.C.S., 1942, 64, 1572) in which slightly
more than one mole of succinic anhydride and one
mole of sulfathiazole are heated in a medium of
anhydrous alcohol, with reflux condensation. The
succinylsulfathiazole which crystallizes may be
purified by recrystallization from a hot solution
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of alcohol and water (see also U. S. Patents
2,324,013-4, July 13, 1943).
Description. — "Succinylsulfathiazole occurs
as a white or yellowish white, crystalline powder.
It is odorless and is stable in air, but slowly
darkens on exposure to light. One Gm. of Succinylsulfathiazole dissolves in about 4800 ml. of
water. It is soluble in solutions of alkali hydroxides and in solutions of sodium bicarbonate with
the evolution of carbon dioxide. It is sparingly
soluble in alcohol and in acetone and is insoluble
in chloroform and in ether." U.S.P. The melting
range is given by the B.P. as 188° to 195°, with
decomposition, and by the LP. as 188° to 193°,
with decomposition.
Standards and Tests. — Identification. — (1)
An orange-red precipitate forms when sodium nitrite and then betanaphthol are added to a cooled
solution of succinylsulfathiazole which has been
previously boiled with diluted hydrochloric acid.
(2) The fumes emitted by succinylsulfathiazole
when it is heated to melting are pungent and discolor moistened lead acetate test paper. (3) Sulfathiazole obtained by hydrolyzing succinylsulfathiazole with sodium hydroxide solution and
then acidifying the mixture melts between 198°
and 204°. (4) Succinylsulfathiazole is successively
boiled with diluted hydrochloric acid, evaporated
to dryness, the residue treated with ammonia T.S.
and evaporated to dryness, mixed with zinc powder and heated: the escaping vapors color a pine
wood shaving, previously moistened with hydrochloric acid, a red to brownish red. (5) On pouring into a sodium hydroxide solution a solution
of succinylsulfathiazole, resorcinol, and sulfuric
acid, which has been previously heated, the liquid
acquires an orange color and a green fluorescence
which disappears on acidifying the solution and
reappears on alkalinization. Addition of bromine
T.S. to the fluorescent solution quenches the fluorescence, the solution becoming yellow. Acidity. —
Not more than 1.0 ml. of 0.1 N sodium hydroxide
is required for neutralization of a solution representing 500 mg. of succinylsulfathiazole, using
phenolphthalein T.S. as indicator. Loss on drying.
— Not over 7 per cent, when dried at 105° for 4
hours. Residue on ignition. — Not over 0.1 per
cent. Clarity and color of solution. — A solution of
1 Gm. of succinylsulfathiazole in a mixture of 20
ml. of water and 5 ml. of sodium hydroxide
T.S. is clear and not more than slightly yellow.
Chloride. — The limit is 140 parts per million.
Sulfate. — The limit is 400 parts per million. Heavy
metals. — The limit is 20 parts per million. U.S.P.
The B.P. and LP. provide a test for free sulfathiazole in which a hydroalcoholic solution of
succinylsulfathiazole is treated with sodium nitrite
and N-(l-naphthyl)ethylenediamine and the resulting color is compared with that produced by
a solution of sulfathiazole similarly treated. Both
compendia limit arsenic to 2 parts per million and
lead to 10 parts per million.
Assay. — After hydrolyzing 500 mg. of succinylsulfathiazole, previously dried at 105° for 4
hours, with sodium hydroxide solution to produce
the sodium derivatives of succinic acid and sulfathiazole, the latter substance is analyzed by the
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same reaction as employed for Sulfanilamide.
Each ml. of 0.1 molar sodium nitrite represents
35.54 mg. of C13H13N3O5S2. U.S.P.
Uses. — This is the most effective of the socalled "insoluble" and poorly absorbed bacteriostatic sulfonamides for sterilization of the intestinal lumen (Poth, J.A.M.A., 1953, 153, 1516).
Only about 5 per cent is excreted in the urine.
The blood concentration of sulfathiazole following usual doses does not exceed 4 mg. per 100 ml.
It inhibits the gram-negative bacilli in the lumen
of the intestine, including E. coli, the Shiga,
Flexner and Sonne strains of Sh. dysenteric; bacterial resistance does not seem to develop. The
feces become semiliquid, lose their odor and contain an increased amount of mucus. The number
of E. coli present
in a period
administration
fromdecreases
100 million
to less of
than7 days'
1000
organisms per gram of wet feces. The overgrowth
of Proteus or staphylococcus which commonly occurs on the third or fourth day of oral administration of chlortetracycline or oxytetracycline,
with resulting diarrhea or choleriformic syndrome
(nausea, vomiting, bloody diarrhea, fever, collapse and even death), respectively, does not
occur with succinylsulfathiazole or phthalylsulfathiazole (Poth, loc. cit.). Except in the presence of
diarrhea, succinylsulfathiazole is more effective
than phthalylsulfathiazole ; it is likewise more
toxic. It is valuable in the treatment of acute
intestinal infections and is used effectively as an
intestinal antiseptic in the preoperative preparation of patients for abdominal surgery, particularly for surgical procedures on the colon. Such
use diminishes incidence of abscesses, peritonitis,
and gaseous distention (Poth, Surgery, 1945, 17,
773; Newton and Blodgett, ibid., 1945, 18, 200;
Behrend, J.A.M.A., 1945, 128, 9). Poth and McClure (Ann. Surg., 1950, 131, 159) reported its
utility in cases of intestinal obstruction due to
vascular damage to the bowel. Pollard (Gastroenterology, 1945, 4, 4) found it valuable in cases
of chronic ulcerative colitis. Kirby and Rantz
(J.A.M.A., 1942, 119, 615) used it in the management of typhoid or dysentery carriers. A lowresidue diet is indicated during administration of
succinylsulfathiazole. It is rather ineffective in
the presence of watery diarrhea. Mineral oil
should not be simultaneously employed. In the
treatment of infectious diarrhea, a suspension of
10 per cent of succinylsulfathiazole, 1 per cent of
pectin, and 10 per cent of kaolin (Cremosuxidine,
Sharp & Dohme) is used.
Untoward effects are much less frequent (about
1 per cent of cases) than with sulfaguanidine but
drug rash and drug fever have occurred and necessitated discontinuing the drug. Crystalluria has
not been reported. No increased tendency to
bleed (hypoprothrombinemia) has been observed
(Poth, loc. cit.). Dietrich et al. (Proc. S. Exp.
Biol. Med., 1950, 75, 130) found that feeding
this sulfonamide to chicks decreased the content
of pteroylglutamic acid in the cecum and liver. In
rats, Bakerman et al. (J. Biol. Chem., 1951, 188,
117) observed increased urinary excretion of glutamic acid prior to appearance of granulocytopenia; feeding folic acid corrected both changes, (v]
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Dose. — The usual dose, administered orally, is
2 Gm. (approximately 30 grains) every 4 hours,
with a range of dose of 1 to 3 Gm. The maximum
safe dose is usually 3 Gm., although an initial
loading dose of 12 Gm. is sometimes used; the
total dose in 24 hours seldom exceeds 24 Gm. In
relation to body weight the initial dose, for adults
or children, is 250 mg. (approximately 4 grains)
per kilogram (2.2 pounds) of body weight, up
to 50 kilograms, followed by one-sixth of this
initial dose every 4 hours day and night. This
latter dose is administered for 5 to 7 days, to
obtain full effect on the flora, before operation
and postoperatively, administration being started
again as soon as water can be retained without
nausea; dosage is continued for about 2 weeks
after operation.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
SUCCINYLSULFATHIAZOLE
TABLETS.
U.S.P. (B.P.) (LP.)
[Tabellae

Succinylsulfathiazoli]

"Succinylsulfathiazole Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of C13H13N3O5S2.H2O."
U.S.P. The corresponding B.P. limits are 93.5 and
105.0 per cent, respectively; the limits of the
LP. are the same as those of the U.S.P.
B.P. Tablets of Succinylsulphathiazole. LP. Tablets of
Succinylsulfathiazole;
Compressi
Succinylsulfathiazoli.

Usual Sizes. — 300 and 500 mg.
SUCROSE.

U.S.P, B.P.

Saccharum, Sugar, [Sucrosum]

■0CH20H-CH-(CH0H)3-CH
0
I
CH20H-CH-(CH0H)2-C-CH20H
"Sucrose is a sugar obtained from Saccharum
officinarum Linne (Fam. Graminece), Beta vulgaris Linne (Fam. Chenopodiacece) , and other
sources." U.S.P. The B.P. states that sucrose may
be obtained from the juice of the sugar-cane, or
of the sugar-beet.
Cane Sugar; Beet Sugar; Saccharose, Saccharum Album
(Purificatum). Fr. Sucre blanc officinal; Sucre de canue;
Sucre de betterave. Cer. Zucker; Rohrzucker; Riibenzucker.
It. Zucchero;
Saccarosio. Sp. Azucar;
Sacarosa.

The sugar cane, Saccharum officinarum, is a
perennial herb, existing in several varieties, possessing ajointed, succulent rhizome, from which
arise several glaucous, jointed, solid stems, from
1 to 2 inches in diameter, from 6 to 15 and more
feet high, and containing a white and juicy pith.
The color of the stem is yellow, greenish-yellow,
purple, or striped, according to the particular
variety observed. The joints are about 3 inches
apart, and give origin to the leaves, which embrace
the stem at their base. The leaves are 3 or 4
feet long and about an inch wide. flat, acuminate,
longitudinally striated, furnished with a white
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midrib, glabrous, finely dentate, and of a green
color inclining to yellow. The flowers are pinkish,
surrounded by a long silky down, and disposed in
a large, terminal, nearly pyramidal panicle, composed of subdivided spikes, and 2 or 3 feet in
length. The plant has a general resemblance to
Indian corn.
Sugar cane was originally indigenous, in all
probability, to India. It has been cultivated for
its saccharine juice since remotest antiquity. At
the present time it is cultivated in all tropical
and sub-tropical countries. It was introduced into
the West Indies by the Spaniards early in the 16th
century, and these islands, especially Cuba, are
now the world's largest producers.
The sugar cane is cultivated by cuttings, which
are planted in rows, and which, by giving rise to
successive shoots, furnish 5 or 6 crops before the
plants require to be removed. At the end of a
year or more the plant flowers, but before this
takes place the canes are richest in sugar and are
cut down. The quantity of sugar which they yield
is variable. The proportion of cane sugar in the
fresh stalk is about 10 per cent; of uncrystallizable sugar from 3^2 to 4 per cent. Cane juice is
said to contain 17 per cent of crystallizable sugar,
though not more than 13 per cent is extracted in
practice.
The sugar beet is extensively grown in temperate zones, as a source of sugar, or sucrose, in
Europe and the western United States. The plant
is a biennial resembling the ordinary garden beet.
The varieties yielding sugar produce tuberous
roots, which are white to yellowish internally; an
average beet weights 2 pounds. The beets yield
10 to 18 per cent of sucrose, depending upon
selection and cultivation.
Sucrose is also largely produced in Canada and
the northern parts of the United States from the
sap of the sugar maple {Acer saccharinum) . This
variety is never refined or purified as it owes its
value as a confection and flavor to the non-sucrose
constituents naturally present in the crude product. Cane sugar may be obtained also from cornstalks, and from the Chinese sugar cane, or
Sorghum saccharatum, which latter source for a
time assumed some importance in Kansas and
the Northwest. In India, sugar is made from the
sap of different species of palm. Crude palm sugar
is called jaggery.
Manufacture and Refining. — When ripe, the
cane is cut close to the ground, stripped of leaves
and flower tufts, and transported to mills. Because
of the danger of inversion of the sucrose, the cane
must reach the crushers within a few hours. At
the mill, the cane is cut into short pieces and
these are passed through crushers which press out
the juice. The juice is strained, warmed and run
into settling tanks for a short time. The pressed
cane, known as bagasse, still retains some sugar
and is further treated. The spent bagasse is useful
as a fuel and as a source of cellulose.
The amount of juice in the cane varies in different localities and also with the degree of
maturity. About 15 to 20 per cent of the juice
is sucrose; small amounts of reducing sugars and
other solids are present, the rest being water.
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Depending on the efficiency of the mill, from 60
to 80 per cent of the cane juice may be extracted.
After settling, the cane juice is still turbid, and
is acid in reaction. It is treated in mixing tanks
with enough lime to render it slightly alkaline, and
heated until a crust of precipitated material
forms. The clear juice may be drawn off. The
juice is evaporated in vacuum pans heated by
steam, first to a concentrated syrup, and in a
second operation until crystals are obtained. The
mass of crystals, known as massecuite, contains
some liquid, which is separated from adhering
water by centrifugation. The liquid so obtained is
molasses. The crystals constitute the raw sugar
shipped to refineries for further processing.
In refining, the raw sugar is mixed with mother
liquor from a previous batch; this removes much
of the color, but does not dissolve the crystals.
The latter are separated in a centrifuge, washed,
and dissolved in a minimum of hot water to form
a syrup. This is treated with a little lime, heated
with steam, and then passed through a column of
charcoal. The filtered liquor is concentrated to
massecuite in a manner similar to the treatment
of raw sugar, centrifuged, and dried in a rotary
drier to produce granulated sugar. Purification
to a nearly white product can be attained by
repeated washing in the centrifugal baskets. In
some cases, bleaching with sulfur dioxide, followed by filtration through charcoal, is practiced.
In extracting sugar from the sugar beet, the
root of the plant is freed of leaves, washed, and
cut in slices, which are called "cosettes" or
"noodles." These when extracted with hot water
yield a dark solution containing about 12 per
cent sucrose. The exhausted root is used as cattle
food.
The warm sugar solution from the beet root
is treated with lime and the mixture is saturated
with carbon dioxide. The precipitate is filtered
out; the process is repeated until a clear liquid
is obtained. This is pale yellow but may be made
almost colorless by sulfur dioxide. The solution
is then evaporated and the crystals collected in
centrifugal baskets, washed, and dried. The
mother syrup is concentrated and re-worked;
more crystals are obtained and molasses, which
yields no more crystallizable sugar, is the byproduct.
Formerly it was the custom to discontinue the
decolorization process before an entirely white
sugar was obtained, and then to add a small
amount of ultramarine blue to overcome the yellow appearance of the granulated sugar. This
practice has been abandoned, although the U.S. P.
and B.P. specifications continue to include a test
to insure absence of ultramarine blue. The syrups
of lowest quality are employed in forming inferior white sugar, from which a syrup finally
drains containing so little cane sugar as not to
repay the expense of extracting it. This constitues sugarhouse molasses.
Description. — "Sucrose occurs as colorless or
white crystals, crystalline masses or blocks, or as
a white, crystalline powder. It is odorless, has a
sweet taste, and is stable in air. Its solutions are
neutral to litmus. One Gm. of Sucrose dissolves
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in 0.5 ml. of water and in 170 ml. of alcohol. It
dissolves in slightly more than 0.2 ml. of boiling
water, and is insoluble in chloroform and in
ether." U.S.P.
For data on the solubility of sucrose in various
mixtures of water and glycerin, and water and
propylene glycol, see Fey et al. (Ind. Eng. Chem.,
1951, 43, 1435); similar data for mixtures of
water and alcohol have been obtained by Reber
(/. A. Ph. A., 1953, 42, 192).
Standards and Tests. — Specific rotation. —
Not less than +65.9°, when determined in a
solution containing in each 100 ml. 26 Gm. of
dried sucrose. Residue on ignition. — Not over 0.05
per cent. Chloride. — A 10-ml. portion of a 1 in
10 solution remains clear for at least 1 minute
after the addition of 1 ml. of silver nitrate T.S.
Sulfate. — The limit is 60 parts per million. Calcium.— A 1 in 10 solution remains clear for at
least 1 minute after addition of ammonium oxalate
T.S. Heavy metals. — The limit is 5 parts per
million. Insoluble salts, ultramarine or Prussian
blue. — A 1 in 1 aqueous solution is colorless or
at most appears only faintly yellow when viewed
transversely against a white background. The
solution shows no sediment when kept in large,
well-closed, and completely filled bottles. Invert
sugar. — Not over 112 mg. of cuprous oxide, corresponding to not over 0.3 per cent of invert
sugar, is obtained when a solution of 10 Gm. of
sucrose is heated with alkaline cupric tartrate
T.S. U.S.P. Among other requirements the B.P.
limits arsenic to 1 part per million, lead to 2
parts per million, sulfur dioxide to 70 parts per
million, sulfated ash to 0.1 per cent; barium and
strontium should not be present in sufficient
amount to produce a turbidity on adding dilute
sulfuric acid to a solution of sucrose.
Sucrose Derivatives. — A solution of sucrose
permitted to crystallize slowly on strings produces
large, transparent, very pure crystals known as
rock candy. If a solution of sucrose is concentrated so that it has a boiling point of about 175°,
and then quickly cooled, it produces what is
known as barley sugar. Sucrose melts at about
160°, with some decomposition. Heated above
200° uctitcaramel
is partially
(q.v.). carbonized, forming the prodDilute acids catalyze the hydrolysis, or inversion, of sucrose. Nitric acid oxidizes sucrose,
forming saccharic acid, COOH.(CHOH)4.COOF£;
at high temperatures nitric acid converts it to
oxalic acid. Prolonged boiling with diluted hydrochloric acid converts sucrose to levulinic, or levulic, acid having the formula CH3.CO.CH2.CH2.COOH.
Sucrose reacts readily with the alkaline earth
hydroxides to form sucrates; these are commonly,
though incorrectly, called saccharates, a term
which should be given to salts of saccharic acid
(see above). Calcium sucrate is of importance
as an intermediate compound in the purification
of sucrose; treatment of a solution of calcium
sucrate with carbon dioxide will precipitate calcium carbonate and release sucrose. Prolonged
boiling of sucrose with caustic alkali produces a
dark brown liquid containing many decomposi-
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tion products, including salts of formic and glucic
acids.
The inversion of cane sugar by dilute acids is
one of its most characteristic phenomena and is
utilized in its quantitative estimation and is a
factor in the changes which take place in many
pharmaceutical preparations. It is called inversion
because before the change takes place the sucrose
is dextrorotatory while after the hydrolytic reaction it is levorotatory. The reaction is as follows:
C12H22O11
+ H2O -» C6Hi206
+ C6Hi206
Sucrose
Dextrose Levulose
The resulting solution is levrotatory because
levulose is more strongly levorotatory than dextrose is dextrorotatory. The amount of acid that
will produce the change is very small. One drop
of hydrochloric acid will catalyze the inversion of
a solution containing one pound of sucrose in a
few minutes at the optimum inversion temperature of 80°.
Commercial invert sugar, which is used in food
products and sometimes as an adulterant of
honey, is usually prepared by the use of citric
acid as an inversion medium, four ounces of citric
acid being sufficient for 500 pounds of sucrose.
The sucrose is in solution, the optimum density
being about 1.3. Invert sugar is sweeter than
sucrose and is the cause of the cloying sweetness
of some syrups and preserves in which inversion
has been produced by the natural acidity of the
constituents.
Uses. — Although sugar is today an important
foodstuff, it does not seem to have been widely
employed in Europe until the 10th or 11th century. It was known much earlier to the European
writers; Dioscorides, who lived in the first century, appears to have regarded it as somewhat of
a curiosity. Its food value is very high, commercial cane sugar yielding more than 4 kilo-calories
of energy per gram. It is not, however, directly
utilizable by body cells, but must first be hydrolyzed to dextrose and levulose; this is true also
of the other disaccharides such as lactose and
maltose. The latter, however, do not hydrolyze in
the same way; lactose yields dextrose and galactose, maltose only dextrose. This hydrolysis is
catalyzed in the system probably in part by hydrochloric acid of gastric juice, but chiefly by an
enzyme in the small intestines; it occurs with
such rapidity that the body can derive energy
from ingested cane sugar almost as rapidly as
it can be absorbed. So rapidly, indeed, is sugar
absorbed from the intestinal tract that eating large
quantities of it may overwhelm the ability of the
liver to withdraw the sugar from the blood and
lead to hyperglycemia and the appearance of
glucose in the urine, a condition which is known
as alimentary glycosuria. Glucose and levulose
are directly assimilable and the body can derive
nourishment from them even when injected hypodermically or intravenously.
The indictment of sucrose as being responsible,
through high dietary intake and accompanying
bacterial fermentation to acids in plaques on
teeth, for dissolution of enamel and dentine of
the teeth is perhaps an oversimplification of the
problem involved (4 Study of the Literature of
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Caries, Publication 225, National Academy of
Sciences, Washington, 1952). While studies have
demonstrated a deleterious action of candy and
other forms of refined sugar on teeth, other factors are equally important.
Intravenous injections of hypertonic solutions
of sucrose have been used quite extensively for
their diuretic action and to decrease elevated
intracranial pressure due to edema; also to decrease the increased intraocular tension in glaucoma. Such injections increase blood plasma
volume. The greater cerebral edema, which follows the dehydrating action of hypertonic dextrose solutions, does not occur with sucrose.
Jackson and Dickerson {Ann. Surg., 1937, 106,
161) recommended a 50 per cent solution of
which they ordinarily administered about 200 or
300 ml. ; they found the effect much more marked
than from a corresponding amount of dextrose.
However, if these injections are repeated there is
grave danger of injurious action on the kidney
and Anderson and Bethea {J. A.M. A., 1940, 114,
1983) found that even after a single injection
there may be evidence of damage to the kidney.
The solution may cause foamy swelling of the
convoluted tubules. Busacca {Arch, di Farmacol.
Sper., 1921, 31) observed that sucrose increased
the amplitude of contractions of the frog's heart
and used it intravenously with asserted benefit in
various forms of heart disease.
Preservative Action. — Sugar is much used for
preserving organic substances against microbial
action. In view of the high concentrations of
sugar necessary for such action it is probable that
it acts by producing exosmosis of the fluids of
the fermentative organisms; dilute solutions of
sucrose have no preservative effect and are themselves likely to undergo fermentation. '
Pharmaceutical Uses. — In pharmacy sucrose
is employed to improve the taste of medicinals;
to increase the viscosity of aqueous preparations
so that these may have a desirable "body" or
consistency; to increase the solubility of certain
substances, such as volatile oils; to preserve
liquid preparations against microbial and'or hydrolytic decomposition; to minimize oxidation, as
of ferrus iron in various of its dosage forms.
Molasses has been used as an excipient for pills
by virtue of its hygroscopic properties, thus preventing hardening.
Storage. — Preserve "in well-closed containers."
U.S.P.
SULFACETAMIDE.

NH2-V^

U.S.P.

VS02NH-C0-CH3

"Sulfacetamide, dried at 105° for 4 hours, conU.S.P. tains not less than 99 per cent of C8H10N2O3S."
Nl-Acetylsulfanilamide. Albucid (.British Sckering) ; Sulamyd (Schering).

Sulfacetamide may be prepared by acetylating
N4-acetylsulfanilamide (from which sulfanilamide
is prepared) with acetyl chloride in pyridine, then
subjecting the N4-acetyl group to alkaline hy-
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drolysis (for details see U. S. Patent 2,411,495,
granted in 1946). Sulfacetamide should not be
confused with the N4-acetylsulfanilamide formed
in the body when sulfanilamide undergoes biochemical acetylation.
Description. — "Sulfacetamide is a white, crystalline powder. It is odorless and has a characteristic, sour taste. One Gm. of Sulfacetamide is
soluble in about 140 ml. of water. It is soluble in
alcohol, slightly soluble in ether, very slightly
soluble in chloroform, and practically insoluble
in benzene. It is freely soluble in dilute mineral
acids and in solutions of potassium and sodium
hydroxides. Solutions of Sulfacetamide are sensitive to light, and are unstable when strongly acid
or strongly alkaline. Sulfacetamide melts between
181° and 184°." U.S.P.
Standards and Tests. — Identification. — (1)
An oily liquid, having the characteristic odor of
acetamide, is obtained on heating sulfacetamide
to boiling. (2) A light bluish green precipitate,
which remains unchanged on standing, forms
when cupric sulfate T.S. is added to a solution of
sulfacetamide sodium. Clarity and color of solution.— A solution of 200 mg. of sulfacetamide in
5 ml. of sodium hydroxide T.S. is yellow to
faintly yellow and has not more than a trace of
turbidity. Loss on drying. — Not over 0.5 per
cent, when dried at 105° for 4 hours. Residue on
ignition. — Not over 0.1 per cent. Sulfate. — The
limit is 400 parts per million. Heavy metals. —
The limit is 20 parts per million. U.S. P.
Assay.— About 500 mg. of dried sulfacetamide
is quantitatively diazotized by titration with 0.1 M
sodium nitrite, as explained under Sulfanilamide.
Each ml. of 0.1 M sodium nitrite represents
21.42 mg. of C8H10N2O3S. U.S. P.
Uses. — Sulfacetamide was first advocated in
this country for treatment of urinary tract infections byYoung et al. (/. Urol., 1941, 45, 903) ;
it has come into wider use as a component of the
three-sulfonamide mixture Sulfacetamide, Sulfadiazine and Sulfamerazine. It is more soluble in
water than other sulfonamides and is readily
absorbed from the gastrointestinal tract and
rapidly excreted in urine, largely unchanged
(Dohrn and Diedrich, Munch, med. Wchnschr.,
1938, 85, 2017). Its metabolism resembles that
of sulfanilamide. A maximum blood concentration of 3.7 mg. per 100 ml. is reached 3 hours
after a single dose of 4 Gm. of drug; after 72
hours it is not detectable in blood. The average
blood level on a dose of 1 Gm. 4 times daily by
mouth was found to be 4 to 5 mg. of free
sulfacetamide per 100 ml. Renal tubular reabsorption occurs to a much lesser extent than with
sulfanilamide. It is more soluble in urine than
are the pyrimidine derivatives and it has less
tendency to cause crystalluria and concretions.
The bacteriostatic range of sulfacetamide is the
same as that of sulfadiazine.
Used alone, sulfacetamide is one of the better
sulfonamides for treatment of urinary tract infections (Lehr, /. Urol, 1945, 54, 87). It has
been prescribed prophylactically for 24 hours before and 48 hours after manipulative or surgical
procedures on the genitourinary tract. The threesulfonamide mixture tends to preserve the range
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of action of the component sulfonamides and
lessens their potential toxicity (Seneca et al., J.
Urol, 1949, 61, 1105). The sodium salt is used
topically in the eye for treatment of a variety of
ophthalmic infections, [v]
Toxicology. — The untoward effects are similar to those experienced with any of the sulfonamides. Lehr {Fed. Proc, 1949, 8, 315) reported toxicity in animals to be 5 times less than
that of sulfadiazine. In patients with impaired
renal function high blood levels develop. The
drug should be discontinued and fluids forced if
the concentration in blood exceeds 12 mg. per
100 ml.
Dose. — The usual dose for an adult, by mouth,
is 4 Gm. (approximately 60 grains) initially followed by 1 Gm. every 4 hours. The range of dose
is 500 mg. to 4 Gm. ; the total dose in 24 hours
seldom exceeds 12 Gm. For children the initial
dose is 100 mg. (approximately ll/2 grains) per
kilogram of body weight ; the maintenance dose is
25 mg. per kilogram every 4 hours.
Storage. — Preserve "in well-closed, light-resistant containers." U.S. P.
SULFACETAMIDE

TABLETS.

U.S.P.

"Sulfacetamide Tablets contain not less than
95 per cent and not more than 105 per cent of
the labeled amount of C8H10N2O3S." U.S.P.
Usual Size. — 500 mg.
SULFACETAMIDE SODIUM.
U.S.P. (B.P.)
Soluble Sulfacetamide

"Sulfacetamide Sodium contains not less than
99.5 per cent of CsHo^NaOaS.H^O." U.S.P.
The B.P. requires not less than 99.0 per cent and
not more than the equivalent of 101.0 per cent
of CsHo03N2SNa, calculated with reference to
the substance dried to constant weight at 150°.
B.P. Sulphacetamide Sodium. Albucid Soluble (British
S chering) ; Sulamyd Sodium (Schering).

Sulfacetamide sodium is prepared by interaction of sulfacetamide and sodium hydroxide.
Description. — "Sulfacetamide Sodium occurs
as a white, crystalline powder. It is odorless and
has a bitter taste. One Gm. of Sulfacetamide
Sodium dissolves in 2.5 ml. of water. It is sparingly soluble in alcohol and practically insoluble
in benzene, in chloroform, and in ether." U.S.P.
Standards, Tests, Assay. — Many of the
specifications for the sodium salt are identical
with corresponding ones for Sidf acetamide. The
pH of a 1 in 20 solution of the sodium derivative
is between 8.0 and 9.5. The content of water, as
determined by the Karl Fischer titration method,
is not more than 7.3 per cent. U.S.P.
Uses. — Sulfacetamide sodium is used locally
principally as a 30 per cent solution for treatment
of acute and chronic conjunctivitis and for prevention of gonorrheal ophthalmia in newborn
infants. The 30 per cent solution has a pH of
7.4 and is not irritating to mucous membranes
(Kuhn, Trans. Am. Acad. Ophth., 1946, 1, 210).
When applied to the conjunctiva it is rapidly
absorbed by ocular tissues; concentrations
as
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high as 800 mg. per 100 Gm. of tissue are attained within 15 minutes in the cornea (Robson
and Tedrich, Brit. M. J., 1942, 1, 687). The
addition of a wetting agent increases penetration
through the intact cornea (Ginsburg and Robson, Brit. J. Ophth., 1945, 29, 185). Only traces
of the drug appear in blood after topical application. It is bacteriostatic, when applied topically.
for Staphylococcus aureus, E. coli, E. typhosi,
Ps. arughiosa, and gram-positive and gram-negative cocci. It rapidly controls infection in acute
and chronic conjunctivitis, blepharitis and acute
traumatic corneal ulcer (Dickson, ibid., 1943, 27,
544). It is as effective as 1 per cent silver nitrate
solution in the prophylaxis of gonorrheal ophthalmia neonatorum and is decidedly less irritating
(Bickel, /. Pediatr., 1950, 37, 854). One drop of
a 30 per cent aqueous solution is instilled in each
eye and need not be washed out by irrigation.
Duemling {Arch. Dermat. Syph., 1954, 69, 75)
used a 10 per cent ointment (in an oil-in-water
type base) and a shampoo (Dara) containing 3
per cent of sulfacetamide sodium in treating 76
patients with seborrheic dermatitis and 24 patients with other dermatoses, including primary
bacterial cutaneous infections. Complete control
or improvement in the majority of patients was
observed.
Toxicology. — No sensitization reactions were
experienced in 3000 patients treated with sulfacetamide sodium eyedrops (Mayer, Arch. Ophth.,
1948, 32, 232). A burning or stinging sensation
may occur but is rarely severe enough to require
discontinuance of the drug. Caution is indicated
in patients with a history of sensitivity to other
sulfonamides. Solutions which have darkened on
standing should be discarded. The ointment should
not be used in penetrating lesions of the cornea.
For topical use, sulfacetamide sodium is applied as a 30 per cent solution or 10 per cent
ointment, as required. For acute infections the
solution is applied even' 2 hours; in milder infections or as a prophylactic measure the interval
between applications is 3 to 4 hours. To maintain
an effective concentration at night the ointment is
applied at bedtime.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SULFACETAMIDE SODIUM
OINTMENT.
U.S.P. (B.P.)
"Sulfacetamide Sodium Ointment contains not
less than 9.5 per cent and not more than 10.5
per cent of CsHoNsXaOsS.H^O." U.S.P.
B.P. Eye Ointment of Sulphacetamide.

The ointment available in the United States
(Sodium Sulamyd Ophthalmic Ointment) contains 10 per cent of sulfacetamide sodium. The
B.P. states that if no strength is specified an ointment containing 6 per cent of the active ingredient shall be dispensed. For use of this ointment
see the preceding monograph.
SULFACETAMIDE
SODIUM
SOLUTION.
U.S.P.
"Sulfacetamide Sodium Solution is a sterile
solution containing, in each 100 ml., not less than
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28.5 Gm. and not more than 31.5 Gm. of
CsHA^XaOaS.FteO. It may contain suitable,
harmless buffer substances, stabilizing agents, and
preservatives." U.S.P.
For uses of this solution see under Sulfacetamide Sodium.
Storage. — Preserve "in a cold place in tight,
light-resistant containers." U.S.P.
SULFACETAMIDE,
SULFADIAZINE,
AND
SULFAMERAZINE
SUSPENSION.
X.F.
"Sulfacetamide, Sulfadiazine, and Sulfamerazine Suspension contains not less than 90 per cent
and not more than 110 per cent of the labeled
amounts of sulfacetamide (C8H10X2O3S), of sulfadiazine (C10H10X4O2S), and of sulfamerazine
(C11H12X4O2S)." N.F.
Acet-Dia-Mer-Sulfonamides, N.X.R. Buffonamide (Tutag);
Dorsulfas Cbmith-Dorsey) : Incorposul (.Blue Line); Tricombisul (Schering).

Description. — "Sulfacetamide, Sulfadiazine,
and Sulfamerazine Suspension is a buffered, aqueous suspension which may contain suitable flavoring agents, suspending agents, preservatives, and
certified coal tar colors." N.F.
The identification test for sulfacetamide is
based on identification test (2) under Sulfacetamide; the two other sulfonamides are identified
by their characteristic Rf values observed in the
assay. The assay for sulfacetamide is based on
the fact that this sulfonamide is soluble in an
acetic acid solution, while sulfadiazine and sulfamerazine are not, which provides the basis for
separation; the dissolved sulfacetamide is quantitatively diazotized by titration with 0.1 M sodium nitrite. The two other sulfonamides are determined by chromatographic analysis, as explained under Oral Trisulfapyrimidines Suspension. X.F.
Uses. — This mixture of three sulfonamides has
therapeutic efficacy similar to that of sulfadiazine
and is preferable to any of the component sulfonamides because of lower toxicity. The mixture
is rapidly absorbed from the gastrointestinal
tract; blood concentrations range between 10 and
25 mg. per 100 ml. of total free sulfonamides.
Acetylation rarely exceeds 20 to 25 per cent in
the blood and 40 per cent in the urine (Lehr,
Brit. if. J., 1950, 2, 60). Seneca (J. Urol., 1949,
61, 1105) stated that the mixture tends to preserve the range of bacteriostatic action of the
separate components and combines their range
for B. lactis cerogenes, S. morgani. E. coli, B.
fcecalis alcaligenes, Proteus, streptococci and some
strains of Ps. aeruginosa. Lehr found it as effective
as sulfadiazine alone in treatment of sulfonamidesusceptible infections in 178 patients. It may be
recalled that the metabolism of sulfacetamide
(q.v.) resembles that of sulfanilamide more closely
than that of the two sulfapyrimidine components
of this mixture. The mixture is useful in infections due to beta hemolytic streptococci, pneumococci, staphylococci, gonococci, meningococci. E.
coli, A. erogenes and the Koch-Weeks bacillus.
Some strains of Ps. ceruginosa and B. proteus do
not respond.
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Toxicology. — The incidence of untoward effects, according to Lehr's experience, is low, consisting of crystalluria in 12 patients, drug rash
in 2, fever in 2, severe vomiting in 1, and moderate cyanosis in 1.
Dose. — The usual adult dose of the total sulfonamides is4 Gm. (approximately 60 grains) by
mouth initially, followed by 1 Gm. every 4 hours
until 48 hours after signs of infection are gone
and then 3 or 4 times daily. The range of dose
is 500 mg. to 4 Gm. The total dose in 24 hours
seldom exceeds 12 Gm In children the dose is
calculated on the basis of 100 mg. (approximately
\]/i grains) per kilogram of body weight; onethird of this amount is given as the initial dose,
followed by one-sixth of the amount every 6
hours. Adequate dosage will result in a concentration of total sulfonamides in blood of 5 to 15 mg.
per ml. The drug should be continued for at least
36 hours after fever has subsided.
Usual Dosage Form. — 167 mg. of each sulfonamide in each 4 ml.
Storage.— Preserve "in well-closed, light-resistant containers." N.F.

SULFACETAMIDE, SULFADIAZINE,
AND SULFAMERAZINE
TABLETS. N.F.
"Sulfacetamide, Sulfadiazine, and Sulfamerazine
Tablets contain not less than 90 per cent and not
more than 110 per cent of the labeled amounts of
sulfacetamide (C8H10N2O3S), sulfadiazine (C10H10N4O2S),
and sulfamerazine (C11H12N4O2S)."
N.F.
Acet-Dia-Mer-Sulfonamides, N.N.R. Cetazine {Bowman) ;
Dorsulfas (Sniith-Dorsey); Incorposul {Blue Line); Tricombisul {Scheritig) .

Usual Size. — 500 mg. of total sulfonamides.
SULFADIAZINE.

U.S.P. (B.P.) LP.

[Sulfadiazinum]

NH

hQs°znhO

"Sulfadiazine, dried at 105° for 2 hours, conU.S.P. tains not less than 99 per cent of C10H10N4O2S."
The B.P. defines Sulphadiazine as 2-(/>-aminobenzenesulphonamido)pyrimidine and requires it
to contain not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of
C10H10O2N4S, calculated with reference to the
substance dried to constant weight at 105°. The
I. P. defines Sulfadiazine as 2-sulfanilamidopyrimidine, and requires not less than 99.0 per cent
of such sulfonamides as sulfadiazine, sulfaguanisubstance dried to constant weight at 100°.
B.P. Sulphadiazine; Sulphadiazina. 2-Sulfanilamidopyrimidine; 2-Sulfanilylaminopyrimidine; £-Amino-N-2-pyrimidylbenzene sulfonamide; 2-Sulfanilamido-l,4-diazine; N!-2Pyrimidylsulfanilamide. Sp. Sulfadiacina.

As the difference between sulfadiazine and most
other sulfonamides is in the nature of the substituent replacing a hydrogen of the -SO2NH2
group of the parent substance sulfanilamide, it
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is apparent why the same starting compound,
N-acetylsulfanilyl chloride (also referred to
as />-acetamidobenzenesulfonyl chloride), CH3CONHC6H4SO2CI, may be used in the synthesis
of such sulfonamides as sulfadiazine, sulfaguanidine, sulfamerazine, sulfanilamide, sulfapyridine,
and sulfathiazole. By condensing N-acetylsulfanilyl chloride with 2-aminopyrimidine, followed
by hydrolysis of the acetyl group, sulfadiazine is
obtained. If in place of 2-aminopyrimidine, guanidine is employed, the product is sulfaguanidine ;
with 2-amino-4-methylpyrimidine, sulfamerazine
is obtained; with ammonia, sulfanilamide is produced; with 2-aminopyridine, sulfapyridine is
formed; and with 2-aminothiazole, the product is
sulfathiazole. The N-acetylsulfanilyl chloride may
be prepared by interaction of acetanilid and chlorosulfonic acid, HOSO2CI.
Description. — ''Sulfadiazine occurs as a white
or slightly yellow powder. It is odorless or nearly
so, and is stable in air, but slowly darkens on
exposure to light. One Gm. of Sulfadiazine dissolves in about 13,000 ml. of water and is sparingly soluble in alcohol and in acetone. One Gm.
of Sulfadiazine dissolves in about 620 ml. of
human serum at 37°. It is freely soluble in dilute
mineral acids, in solutions of potassium and sodium hydroxides, and in ammonia T.S. Sulfadiazine melts between 252° and 256°." U.S.P. The
LP. gives the melting range as 254° to 257°.
Standards and Tests. — Identification. — (1)
The fumes emitted when sulfadiazine is heated
until it melts, whereupon it produces a reddish
brown color, do not discolor moistened lead acetate test paper (distinction from sulfathiazole).
(2) Sulfadiazine is heated in a small test tube
over a small flame until a sublimate is produced.
A few mg. of this sublimate, mixed in a test tube
with an alcohol solution of resorcinol, then with
sulfuric acid, produces a deep red color at once.
On cautiously diluting this mixture with ice-cold
water and adding an excess of ammonia T.S. a
blue or reddish blue color is produced. Clarity
and color of solution. — A solution of 1 Gm. of
sulfadiazine in 20 ml. of water and 5 ml. of sodium hydroxide T.S. is clear and not more than
pale yellow. Acidity. — Not more than 0.2 ml. of
0.1 N sodium hydroxide is required for neutralization of an aqueous extract representing 500 mg.
of sulfadiazine, phenolphthalein T.S. being used
as indicator. Loss on drying. — Not over 0.5 per
cent, when dried at 105° for 2 hours. Residue on
ignition. — Not over 0.1 per cent. Chloride. — The
limit is 140 parts per million. Sulfate. — The limit
is 400 parts per million. Heavy metals. — The
limit is 20 parts per million. U.S.P.
As one of the tests for identity the B.P. and
LP. specify that when 10 mg. of sulfadiazine is
dissolved in a mixture of 10 ml. of water and 2
ml. of 0.1 N sodium hydroxide, and 0.5 ml. of a
10 per cent w/v solution of cupric sulfate added,
an olive-green precipitate, turning to purple-gray
on standing, is produced (distinction from certain
other sulfonamides). An arsenic limit of 2 parts
per million, and a lead limit of 10 parts per million, are among the other specifications of the
B.P. and LP.
Assay. — About 500 mg. of dried sulfadiazine

1350

Sulfadiazine

is analyzed by the method employed for Sulfanilamide. Each ml. of 0.1 M sodium nitrite represents 25.03 mg. of C10H10N4O2S. US.P.
Sterilization. — The B.P. states that sulfadiazine may be sterilized by first powdering it finely,
drying at 100°, distributing the powder in the
final containers, closing them either temporarily
or finally, and then heating them so as to maintain the whole of the powder at 150° for 1 hour.
The containers which were temporarily closed are
then finally closed so as to exclude microorganisms. If the containers are closed by a plug of
non-absorbent cotton, the contents must be used
within one month of sterilization. Sulfadiazine
which has been sterilized in this manner shows
not more than a slight discoloration.
Incompatibilities. — From the physiological
standpoint, practically all other drugs may be
prescribed concurrently, but not in combination,
with sulfonamides. The alkalinity of solutions of
sodium derivatives of sulfonamides renders such
solutions incompatible with acids and acidic substances. Carbon dioxide precipitates free sulfonamide from aqueous solutions of the sodium derivatives. No attempt should be made to increase
solubility of sulfonamides in water by adding
acid, alkali, or other solvents; the resulting solutions may undergo hydrolytic or other decomposition, or otherwise react to yield toxic compounds.
Uses. — Sulfadiazine, alone or in combination
with other sulfonamides, is the drug of choice in
the treatment of meningococcal infections and intestinal infections (dysentery) due to Shigella.
It is the preferred sulfonamide in the prophylaxis
of rheumatic fever (although it is less effective
than penicillin) and meningococcal infections. It
has given way, however, to antibiotics in the
therapy of pneumococcal, streptococcal and gonococcal infections. In combination with antibiotics
it is the sulfonamide of choice for treatment of
bubonic plague and chronic brucellosis and of infections due to H. influenzal, Friedlander's bacillus, E. coli, Pseudomonas, Salmonella, and also
in severe pneumococcal, streptococcal, and gonococcal infections.
Metabolism. — Sulfadiazine is less soluble than
sulfanilamide and is absorbed from the gastrointestinal tract more slowly. After a single oral
dose of 3 Gm. a blood level of 2 to 5 mg. per 100
ml. is reached in 6 to 8 hours. On a dose of 1 Gm.
every 4 hours a blood level of 9.5 mg. of free
sulfadiazine can be maintained (Reinhold et al.,
Am. J. Med. Sc, 1941, 201, 106). It is excreted
slowly in the urine; less than 50 per cent appears
in 24 hours and not more than 75 per cent in 48
hours. About 25 per cent of the drug in the urine
is in acetylated form, which is more soluble, particularly inalkaline solution, than the free drug
(see general discussion on Sulfonamides, in Part
II). In the presence of meningeal inflammation,
the spinal fluid concentration of the drug is about
50 per cent of that in blood. Because of its effective bacteriostatic qualities and the low incidence
of toxic reactions, sulfadiazine has become a constant component of the now widely used mixtures
of sulfonamide drugs. Such mixtures, by virtue
of containing each sulfonamide in a low dosage,
reduce crystalluria and allergic reactions to a
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minimum, while maintaining effective bacteriostatic action.
Meningitis. — It is in the treatment of meningococcic meningitis that sulfadiazine alone, or in a
triple sulfonamide mixture, has retained its place
as the drug of choice (Kaufman, J. Pediatr., 1951,
38, 705; Farmer, Arch. Int. Med., 1946, 76, 201).
The initial dose should be given intravenously
regardless of the clinical appearance of the patient, for patients may appear to be only moderately ill and yet die within a few hours (Jordan,
Med. Clin. North America, 1950, 34, 331). Ross
{Arch. Neurol. Psychiat., 1952, 67, 89) suggested
that the residua are less serious in patients treated
with a combination of sulfadiazine and penicillin
than in those treated with sulfadiazine alone.
Petersen {Deutsche med. Wchnschr., 1952, 74,
1346) reported that the mortality with combined
sulfadiazine and penicillin therapy was still 25
per cent: chlortetracycline and penicillin was
recommended. Walker {Am. Pract., 1953, 4, 12)
reported 2 cases which responded to sulfadiazine
after oxytetracycline had failed. Sulfadiazine
alone was effective in meningococcemia, with or
without meningitis (Oxnam, Ann. Int. Med., 1945,
23, 924). Combined sulfadiazine and penicillin
therapy is recommended in the rare but usually
fatal Waterhouse-Friedrichsen syndrome of adrenal hemorrhage often seen in meningococcic infections (D'Azati, New Eng. J. Med., 1945, 232,
1). In the prophylaxis of meningococcic infection
in large groups of exposed individuals, a dose of
1 Gm. of sulfadiazine a day has been effective
(Cheever, Am. J. Med. Sc, 1945, 209, 74; Phair,
ibid., 69).
In other types of meningitis, such as that due
to Salmonella, E. coli, Pseudomonas and Friedlander's bacillus, sulfadiazine is recommended in
combination with streptomycin (Gill, Am. J.
Med. Sc, 1951, 221, 5). For meningitis due to
H. influenzce, sulfadiazine, streptomycin and typespecific antiserum were recommended (Alexander,
J. A.M. A., 1946, 132, 434; McMorrow, Pediatrics,
1950, 5, 452). Ross et al. {New Eng. J. Med.,
1952, 247, 541) advocated chloramphenicol and
sulfadiazine (300 to 400 mg. per Kg. of body
weight every 24 hours in divided doses during the
acute disease and 150 to 300 mg. per Kg. during
convalescence) in H. influenzce meningitis. Sulfadiazine alone is inadequate in pneumococcic,
streptococcic, staphylococcic and gonococcic meningitis. Alexander {J.A.M.A., 1953, 152, 662)
summarized clinical experience with the therapy
of meningitis up to that time as follows:
Type
Therapy
Meningococcus
Sulfadiazine and procaine
H. influenza
Pneumococcus
Staphylococcus
Streptococcus,
hemolytic
E. coli
Ps. aeruginosa

Sulfadiazine
penicillin and chloramphenicol
Penicillin and procaine penicillin
Penicillin and procaine penicillin
Sulfadiazine and chloramphenicol
Sulfadiazine, streptomycin and
chloramphenicol
Streptomycin and polymyxin

The dose for the infant was 100 mg. per Kg. of
body weight repeated in 12 hours and for a child
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50 mg. per Kg. repeated in 12 hours followed
then by an oral dose in sufficient amount to produce a concentration in the blood of 10 to 15 mg.
per 100 ml. for 5 to 7 days.
Enteritis. — Bacillary dysentery due to Shiga,
Flexner or other strains is effectively treated with
sulfadiazine (Hardy, Pub. Health Rep., 1945, 60,
1037; War Med., 1945, 7, 36). The absorbable
sulfadiazine is to be used in preference to nonabsorbable sulfonamide compounds, such as sulfaguanidine, because the pathogenic Shigella species
grow in the bowel wall and are better attacked by
a sulfonamide in the blood than by a sulfonamide
within the lumen of the bowel (Hardy. J .A.M. A.,
1944, 124, 1173). Results are better when treatment is commenced within 24 hours after the
onset of symptoms; otherwise a chronic ulcerative
colitis may develop. Cheever feels that the use
of sulfadiazine for the prophylaxis of bacillary
dysentery has been disappointing because drugfast strains develop with ease, and the presence of
sulfadiazine in the blood stream does not necessarily prevent the development of the disease
{Evaluation of Chemotherapeutic Agents, MacLeod, 1949) and may favor the development of
resistant strains of the dvsentery bacillus. Felsen
and Wolarsky (I.A.M.A., 1953, 153, 1071) recommend use of sulfadiazine with succinylsulfathiazole or phthalylsulfathiazole in the treatment
of bacillary dysentery; for resistant strains — and
frequently Flexner types 3 or 4 are resistant —
oxytetracycline or chloramphenicol were advised.
In prisoners taken during the fighting in Korea
Garfinkel et al. (J.A.M.A., 1953, 151, 1157) reported that most cases did not respond clinically
to treatment with sulfadiazine alone. In chronic
relapsing bacillary dysentery only 63 per cent of
the cases were effectively cured with sulfadiazine
alone; Lieberman (Am. J. Med., 1951, 11, 626)
suggested that sulfadiazine be used in combination
with polymyxin.
In other diarrheal states such as cholera (U. S.
Nov. M. Ball, 1945, 45, 1049) and infantile diarrhea (Mitchell, /. Pediatr., 1949, 35, 529), sulfadiazine has been used as an adjunct to vigorous
fluid and electrolyte therapy. It has been used in
treating chronic ulcerative colitis (Mills, Am. J.
Digest. Dis., 1943, 10, 55) but Rice (Lancet,
1950. 258, 663) feels it is ineffective.
Urinary Tract. — Infections due to E. coli respond to sulfadiazine or to triple-sulfonamide mixtures. Jordan (Med. Clin. North America, 1950,
34, 331) stated that sulfonamides should be prescribed inall infections of the urinary tract except
tuberculosis because of ease of administration, low
cost, low toxicity and relative efficacy. Lehr
(Antibiot. Chemother., 1953, 3, 71) prefers sulfisoxazole to triple-sulfonamide mixtures for urinary antisepsis. In the treatment of gonorrhea,
sulfadiazine was recommended in the triplesulfonamide mixture in combination with chlortetracycline in order to cut down the amount of
the latter required (Wright and Metzger, Am. J.
Syph., 1953, 37, 259). Penicillin, however, is
simpler, safer and effective.
Respiratory Tract Infections. — In purulent
rhinitis, sinusitis, adenoiditis, otitis media, myringitis with bleb formation, laryngotracheitis, or
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bronchitis in children, where the etiologic agent
is a pyogenic coccus or H. influenza;, the infection responds to sulfadiazine (Fischer, N. Y.
State J. M., 1951, 51, 225); because of the danger of obstruction, one should not procrastinate in
instituting therapy in croup or laryngotracheitis
in young children. Cecil (Bull. N. Y. Acad. Med.,
1945, 21, 263) feels that sulfadiazine should definitely not be used in treating the common cold or
"grippe/' Landsman et al. (Brit. M. J., 1951, 1,
326) observed no significant difference in the
duration of fever, edema or pain in the treatment
of sore throat with sulfanilamide, Sulfatriad (a
proprietary mixture of sulfadiazine, sulfathiazole
and sulfamerazine) or a lactose placebo. Sulfadiazine has been used in the prophylaxis of streptococcal infections in large groups of persons, such
as are found in Army barracks (Bellow, Ann. Int.
Med., 1946, 24, 863). It is to be noted that after
3 months of effective prophylaxis, a major epidemic due to sulfonamide-resistant hemolytic
streptococcus Group A, types 19 and 17. occurred
in spite of continuing prophylaxis (J.A.M.A.,
1945, 129, 921). Siegal reported development of
sulfonamide-resistant bacteria during similar prophylactic use of sulfadiazine in children (Am. J.
Hyg., 1945, 46, 228). Breese (J.A.M.A., 1953,
152, 10) after a 5-year experience with 792 children found penicilin to be preferable to sulfadiazine in the prophylaxis of streptococcal infections
in the upper respiratory tract: one injection of
benzathine penicillin G, an insoluble salt of penicillin, was effective and most convenient in the
treatment in the home of pharyngitis due to beta
hemolytic streptococci.
Rheumatic Fever. — Prophylaxis of rheumatic
fever has assumed an important role in the last
few years (Kutner, /. Pediatr., 1945. 26, 216;
Bundy, ibid., 1952, 14, 320). The Council on
Rheumatic Diseases (J.A.M.A., 1953, 152, 331)
advised that recurrent attacks of rheumatic fever
may be prevented by avoiding streptococcus infections through administration of 0.5 to 1 Gm.
of sulfadiazine daily throughout the year. It is
recommended that this regimen be instituted for
all known rheumatic subjects under the age of
18 and for all adults with rheumatic fever for
at least 5 years after the last attack. Stollerman
and Rusoff (J. A.M. A., 1952, 150, 1571) and Breese
(loc. cit.) reported that penicillin was a better
prophylactic agent; an intramuscular injection of
benzathine penicillin G was given every 2 to 4
weeks. Sulfadiazine is not helpful during an acute
attack of rheumatic fever and may indeed be
harmful.
Other Infections. — Realizing that a transient bacteremia almost always follows the extraction of teeth and is a common cause of subacute
bacterial endocarditis in individuals with a damaged endocardium from previous heart disease.
Bender et al. (J. Dent. Research, 1953, 32, 78)
studied methods of preventing this bacteremia.
Systemic use of sulfanilamide has failed (Pressman and Bender, Arch. Int. Med.. 1944, 74, 346).
Intramuscular injection of 100,000 units of penicillin, 300,000 units of procaine penicillin and
1 Gm. of streptomycin an hour before extraction
decreased the incidence of positive blood cul-
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tures immediately after extraction from 82 per
cent of patients to 26.4 per cent and 10 minutes
after extraction of 2 or more teeth from 32 to
11.7 per cent. If a troche containing 120 mg. of
sulfadiazine, 20,000 units of penicillin and 50
units of bacitracin was dissolved in the mouth
during the 30 minutes before extraction, in addition to the intramuscular administration of the
antibiotics, the incidence of bacteremia was decreased to 17.1 per cent immediately and 5.7 per
cent at 10 minutes after the extraction. This is
a great advance which the dentist and physician
cannot afford to neglect in the patient with heart
disease though it does not completely protect
the patient since Streptococcus viridans was the
organism most frequently found in the cases with
positive blood cultures.
There are many infections for which no one
effective antimicrobial agent has been found; in
some cases combinations of sulfadiazine and antibiotics have proved effective. Simpson (U. S.
Armed Forces Med. J., 1953, 4, 337) recommends
a course of sulfadiazine and dihydrostreptomycin
in those cases of chronic brucellosis which have
not yielded satisfactory results to full antibiotic
therapy. Eisele and McCullough (Illinois M. J.,
1949, 24, 149) used sulfadiazine, streptomycin
and chlortetracycline in chronic brucellosis. Bubonic plague has been treated with a combination
of sulfadiazine and streptomycin (Gosh, Indian
Med. Gaz., 1950, 85, 441). Prolonged treatment
with penicillin and sulfadiazine offered the greatest improvement in the prognosis of actinomycosis, particularly the thoracic and abdominal
forms, until the advent of chlortetracycline
(McVay, Ann. Int. Med., 1953, 38, 955; Dobson,
J.A.M.A., 1945, 128, 856). Experimentally, toxoplasmosis issensitive to the combination of sulfadiazine and the pyrimidine drug Daraprim
(Eyles, Am. J. Trop. Med. Hyg., 1953, 2, 429).
Sulfadiazine is effective to some extent against
Nocardia aster oides (Straus et al., Am. Rev.
Tuberc, 1951, 63, 441). The suppression of malaria by sulfadiazine is potentiated by combining
it with a pvrimidine (Greenberg, /. Pharmacol.,
1950, 99, 444).
Topical administration of sulfadiazine in
wounds, burns, or in the peritoneal cavity is no
longer recommended because of the high incidence of toxicity and because the wounds fail to
heal as well locally (Porch et al., Surg. Gynec.
Obst., 1945, 80, 143; Meleney, ibid., 1945, 80,
263). Oral or parenteral administration is more
effective in the majority of instances (Lockwood.
ibid., 1944, 79, 1). E
Toxicology. — Sulfadiazine is one of the least
toxic of the sulfonamide compounds; allergic
reactions have been noted in 2.9 per cent of
patients treated and crystalluria in 29 per cent
(Plummer and Wheeler, Am. J. Med. Sc, 1944,
207, 175). When administered in combination
with other sulfonamides and in the low total
dosage of 2 Gm. per day, the toxic reactions are
even further reduced (see general discussion of
Sulfonamides, in Part II). Acute hemolytic anemia, neutropenia and hepatitis are rare (Fink
and Smith. /. Pediatr.. 1946. 28, 40).
Dose. — The usual dose in an adult is 4 Gm.

(approximately 60 grains) initially followed by
a maintenance dose of 1 Gm. (approximately 15
grains) every 4 hours by mouth, or as a 5 per
cent solution of the sodium salt intravenously.
The range of dose is 500 mg. to 4 Gm. The
maximum safe dose is usually 4 Gm. and the
total dose in 24 hours should seldom exceed 12
Gm.
For a child, the usual dose is 100 mg. (approximately \Yi grains) per kilogram of body weight
initially followed by a maintenance dose of 25 mg.
(approximately Y% grain) per kilogram of body
weight every 4 hours by mouth or as a 5 per cent
solution of the sodium salt intravenously.
The drug should be continued until the patient's temperature has been normal for 2 to 7
days, depending on the type and severity of the
infection. In severe cases, a blood concentration
of about 15 mg. per 100 ml. should be maintained; in moderate infections a blood level of
5 to 10 mg. per 100 ml. is usually adequate and
safer. The oral prophylactic dose is 500 mg. (approximately lYz grains) once or twice daily.
With the initial dose of sulfadiazine a dose of
4 Gm. (approximately 60 grains) of sodium bicarbonate should be given and 2 Gm. (approximately 30 grains) with each additional dose of
sulfadiazine, regardless of the dose of sulfadiazine
being employed. Fluids should be given in sufficient amount to produce at least 1000 ml. (approximately 1quart) of urine daily. Intravenously, it
is given as a 5 per cent solution of sodium sulfadiazine (q.v.) in distilled water. A 5 per cent
ointment is used. A 2.5 per cent solution, containing triethanolamine, has been used as a spray.
As a powder, alone or mixed with sulfanilamide
or sulfathiazole in equal proportions, it has been
applied locally, but this should not be continued
for more than 5 days at a time to avoid the
danger of sensitization.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
SULFADIAZINE TABLETS.
(B.P.) (LP.)

U.S.P.

[Tabellae Sulfadiazini]

"Sulfadiazine Tablets contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C10H10N4O2S." U.S.P. The
corresponding limits of the B.P. and LP. are 93.5
per cent and 105.0 per cent.
B.P. Tablets of Sulphadiazine; Tabellae Sulphadiazinae. I. P. Tablets of Sulfadiazine; Compressi Sulfadiazini. Sp. Tabletas de Sulfadiacina.

Usual Sizes. — 300 and 500 mg. (approximately 5and lYz grains), frequently grooved to
facilitate lesser dosage.
SULFADIAZINE

SODIUM.

U.S.P., LP.

Soluble Sulfadiazine, [Sulfadiazinum Sodicum]

CioH9N402SXa
"Sulfadiazine Sodium, dried at 105° for 2
hours, contains not less than 99 per cent of
CioH.9N4Na02S." U.S.P.
Sulfadiazine sodium is not official in the B.P.;
the LP. defines it as the sodium derivative of
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2-sulfanilamidopyrimidine and requires it to contain not less than 99.0 per cent of CioH.904N2SNa,
calculated with reference to the substance dried
to constant weight at 100°.
I.P. Sulfadiazinum

Natricum.

Sp. Sulfadiacina Sodica.

Description. — "Sulfadiazine Sodium occurs as
a white powder. On prolonged exposure to humid
air it absorbs carbon dioxide with the liberation
of sulfadiazine and becomes incompletely soluble
in water. Its solutions are alkaline to phenolphthalein. It is affected by light. One Gm. of
Sulfadiazine Sodium dissolves in about 2 ml. of
water. It is only slightly soluble in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
The precipitate of sulfadiazine obtained by adding acetic acid to a solution of the sodium derivative melts between 252° and 256° and responds
to identification tests (1) and (2) under Sulfadiazine. (2) The residue from the ignition of
sulfadiazine sodium responds to tests for sodium.
Loss on drying. — Not over 0.5 per cent, when
dried at 105° for 2 hours. Heavy metals. — The
limit is 20 parts per million. U.S.P. The I.P. specifies limit tests for chloride and sulfate, and allows
not more than 2 parts per million of arsenic and
10 parts per million of lead.
Assay. — About 500 mg. of dried sulfadiazine
sodium is analyzed by the method employed for
Sulfanilamide. Each ml. of 0.1 M sodium nitrite
represents 27.23 mg. of CioHg^NaOoS. U.S.P.
Uses. — This soluble salt of sulfadiazine has the
pharmacologic properties and therapeutic uses of
sulfadiazine. It is used almost exclusively for intravenous administration. When oral administration of sulfadiazine is impossible or impractical
or when an immediate action is important, intravenous administration of the sodium salt is indicated. Domm et al. (Arch. Int. Med., 1942, 69,
51) used it effectively and safely in the treatment
of severe cases of pneumococcus pneumonia. In
these patients, they found that a dose of 2 Gm.
at intervals of 12 hours produced an average blood
concentration of free sulfadiazine of more than
5 mg. per 100 ml.; a dose of 3 Gm. maintained
an average concentration of more than 8 mg. per
100 ml. When oral administration of sulfadiazine
is not practicable, this route of administration is
employed in treating severe infections with hemolytic streptococci, pneumococci, meningococci,
staphylococci and E. coli. It is useful wherever
sulfadiazine is indicated. It is administered in a
solution of 5 per cent concentration in water for
injection or sodium chloride injection. It must not
be added to a blood transfusion or to solutions of
blood derivatives or of plasma expanders; fatalities have resulted when such solutions had not
been rinsed from tubing, etc., before adding sodium derivatives of sulfonamides. E
Dose. — The usual dose is 4 Gm. (approximately 60 grains), dissolved in water for injection
or sodium chloride injection to make a 5 per cent
solution, and administered slowly intravenously.
This dose may be repeated in 8 hours if oral therapy is not feasible. The range of dose is 500 mg.
to 4 Gm.; the maximum safe dose is usually 5
Gm., and the total dose in 24 hours seldom exceeds 12 Gm. In terms of body weight, the dose

Tablets

1353

for adults and children is 100 mg. per Kg., up to
a weight of 50 Kg., i.e., a maximum dose of 5 Gm.
Subsequent doses of 30 to 50 mg. per Kg. of body
weight may be given at intervals of 6 to 8 hours.
Oral administration of sulfadiazine should be substituted as soon as possible. Continued intravenous use requires daily determination of the concentration ofthe drug in the blood if accumulation
of toxic amounts is to be avoided. Care should
be taken to avoid extravasation of the solution
because its alkaline reaction causes sloughing of
tissue.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
STERILE SULFADIAZINE SODIUM.
U.S.P.
"Sterile Sulfadiazine Sodium, dried at 105° for
2 hours, contains not less than 99 per cent of
CioH9N4Na02S." U.S.P.
Storage. — Preserve "in hermetic or other suitable containers so closed that the sterility of the
product is maintained until the package is opened
for use. Each package contains not more than 10
Gm. of Sterile Sulfadiazine Sodium. The container
may be of such size as to permit solution within
the container." U.S.P.
Usual Size. — 5 Gm.
SULFADIAZINE SODIUM
INJECTION.
U.S.P. (I.P.)
"Sulfadiazine Sodium Injection is a sterile solution of sulfadiazine sodium in water for injection.
It contains not less than 95 per cent and not more
than 105 per cent of the labeled amount of C10H9N4Na02S." U.S.P. The I.P. specifies the same
limits; in preparing the injection use of carbondioxide-free water for injection is directed, the
solution being sterilized by heating in an autoclave
(30 minutes at 115° to 116°).
I.P. Injection of Sulfadiazine Sodium; Injectio Sulfadiazini Natrici.

Both the U.S.P. and I.P. require the pH of the
injection to be between 8.5 and 10.5. In preparing
this injection it is advisable to prevent access of
air to it by use of nitrogen, under which gas it is
distributed and stored in ampuls. In some solutions 0.1 per cent of sodium thiosulfate is used as
a preservative.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Sizes. — 2.5 Gm. (37^ grains) in 10
and 50 ml.
SULFADIAZINE AND SULFAMERAZINE TABLETS.
N.F.
"Sulfadiazine and Sulfamerazine Tablets contain not less than 90 per cent and not more than
110 per cent of the labeled amounts of sulfadiazine (C10H10N4O2S) and sulfamerazine (C11H12N4O2S)." N.F.
Dia-Mer-Sulfonamides, N.N.R. Diamerzine (Vale); Disulfyn (Rorer); Duozine (Abbott) ; Sul-Di-Mill (Miller);
Sulfonamides
Duplex
(Lilly); Sulmeradine
(Physicians').

Uses. — This mixture of two sulfapyrimidines
has the same therapeutic efficacy as that of the

1354

Sulfadiazine

and

Sulfamerazine

sum of the single drugs (Lehr, J. A.M. A., 1948.
137, 1150) but the renal toxicity, in terms of
crystalluria and tubular damage, is not additive.
The therapeutic indications are the same as those
of the component sulfonamides (q.v.). The absorption of the mixture is similar to that of the
single drugs; the urinary excretion is somewhat
higher (Lehr, Brit. M. J ., 1947, 2, 943). Therapeutically effective blood levels of 5 to 20 mg. per
100 ml. of total free sulfonamides are easily maintained. From 3 to 20 per cent of the mixture in
the blood is in the conjugated form and from 10
to 40 per cent in the urine is acetylated.
Toxicology.— Lehr (ibid., 1948, 2, 543) found
fewer reactions of sensitization, such as drug fever
or rash, and a lower incidence of crystalluria with
this mixture than with the components separately
due to the lower concentration of each component. The lower incidence of crystalluria was confirmed by Flippin and Reinhold (Ann. Int. Med.,
1946, 25, 433). Alkalinization of the urine is
rarely needed.
Dose. — The usual adult dose of total sulfonamides is 4 Gm. (approximately 60 grains) by
mouth initially, followed by 1 Gm. every 4 to 6
hours. The range of dose is 500 mg. to 4 Gm.
The total dose in 24 hours seldom exceeds 12 Gm.
For children the initial dose of total sulfonamides
is 60 to 100 mg. per kilogram of body weight, by
mouth, followed by one-fourth of this dose every
6 hours. A concentration in the blood of more
than 12 mg. of total sulfonamides is rarely needed.
The drug should be continued for 72 hours after
the patient's temperature has returned to normal.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
Usual Size. — 500 mg. of total sulfonamides.
SULFAGUANIDINE.

N.F. (B.P.) LP.

[Sulfaguanidinum]

H2X.C6H4.S02NHC(

:NH)NH2.H20

"Sulfaguanidine, dried at 105° for 4 hours, conN.F. tains not less than 99 per cent of C7H10N4O2S."
The B.P. defines Sulphaguanidine as />-aminobenzenesulphonylguanidine monohydrate and requires it to contain not less than 99.0 per cent
and not more than the equivalent of 101.0 per
cent of C7H10O2N4S. calculated with reference
to the substance dried to constant weight at 105°.
The LP. defines Sulfaguanidine as N^amidinosulfanilamide, requiring it to contain not less than
99.0 per cent of C-H10O2N4S, calculated with
reference to the substance dried at 110° for 4
hours.
B.P. Sulphaguanidine ; Sulphaguanidina. Sulfanilylguanidine monohydrate. £-Aminobenzenesulfonylguanidine
monohydrate. Sp. Sulfaguanidina.

Sulfaguanidine may be prepared by the general
method used for preparing many of the sulfonamides (see under Sulfadiazine) as well as from
sulfanilamide by fusion with dicyandiamide.
Description. — "Sulfaguanidine occurs as a
white, needle-like, crystalline powder. It is odorless or nearly so. and is stable in air, but slowly
darkens on exposure to light. One Gm. of Sulfa-
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guanidine dissolves in about 1000 ml. of water at
25° and in about 10 ml. at 100°. It is sparingly
soluble in alcohol and in acetone. It is freely soluble in dilute mineral acids, but insoluble in solutions of sodium hydroxide at room temperature.
Sulfaguanidine, dried at 105° for 4 hours, melts
between 190° and 193°." N.F. The B.P. melting
range is 190° to 192.5°, while that of the LP. is
189° to 192°.
Standards and Tests. — Identification. — A
portion of 200 mg. of sulfaguanidine is not dissolved by 5 ml. of 1 in 5 solution of sodium hydroxide, but on heating the mixture to boiling
solution is effected, with evolution of an odor of
ammonia (sulfanilamide, sulfathiazole, and sulfadiazine all dissolve in cold sodium hydroxide solution and do not evolve ammonia when boiled).
Clarity and color of solution. — One Gm. of sulfaguanidine dissolves in a mixture of 5 ml. of hydrochloric acid and 5 ml. of water to form a clear and
not more than faintly yellow solution. Acidity. —
Not more than 0.1 ml. of 0.1 N sodium hydroxide
is required for neutralization of an aqueous extract
representing 500 mg. of sulfaguanidine, phenolphthalein T.S. being used as indicator. Loss on
drying. — Not less than 6 per cent and not more
than 8 per cent, when dried at 105° for 4 hours.
Residue on ignition. — Not over 0.1 per cent. Chloride.— The limit is 140 parts per million. Sulfate.
— The limit is 400 parts per million. Heavy metals.
— The limit is 20 parts per million. NJ?. The
B.P. and LP. limit arsenic to 2 parts per million
and lead to 10 parts per million.
Assay. — Sulfaguanidine is assayed by the diazotization method employed for Sulfanilamide.
Each ml. of 0.1 M sodium nitrite represents 21.43
mg. of C-H10N4O2S. N.F.
Uses. — Sulfaguanidine has been largely superseded by less toxic antibacterial drugs. It was one
of the first sulfonamide drugs recommended as an
intestinal antiseptic. Ffigh concentrations of the
drug may be attained in the bowel while concomitantly low concentrations are present in the
blood (Marshall et al., Bull. Johns Hopkins Hosp.,
1940, 67, 163), viz., 2 parts per 1000 of intestinal
contents with 5 mg. per 100 ml. of blood. Although itwas thought that the drug was poorly
absorbed from the intestinal tract, Lonergan (Am.
J. Med. Sc, 1952, 223, 83) reported observations
on healthy, young, adult, human volunteers indicating that absorption from the intestine was good
and that the low concentration found in the blood
was due to rapid urinary excretion (see also
Ingalls, Science, 1954, 119, 191).
Sulfaguanidine was originally proposed for the
treatment of dysentery and sterilization of the
colon prior to surgical procedures on the gastrointestinal tract. For the treatment of bacillary
dysentery, sulfadiazine has been reported a more
effective sulfonamide (Hardy et al., Pub. Health
Rep., 1943, 58, 689, 693), although sulfaguanidine
was effective in the management of carriers of the
organism (Rantz and Kirby, J .A.M. A., 1942. 118,
1268). Sulfadiazine or oxy tetracycline or chloramphenicol ispreferred for acute bacillary dysentery (Felsen and Wolarsky, J. A.M. A., 1953, 153,
1071). For preoperative sterilization of the bowel,
sulfaguanidine has been replaced by succinyl-
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sulfathiazole or phthalylsulfathiazole and neomycin (Poth, J.A.M.A., 1953, 153, 1516). Poth
{Texas Rep. Biol. Med., 1946, 4, 68) pointed out
that sulfaguanidine is inadequate as an antiseptic
when ulcerations are present and that 25 per cent
of patients exhibited toxic manifestations of sufficient severity to require discontinuation of the
drug. Efficacy of sulfaguanidine in the management of carriers of typhoid or paratyphoid bacilli
has been reported (Mundy, Schweiz. med. Wclinschr., 1950, 80, 1025). It is not recommended in
the treatment of chronic ulcerative colitis (Block
and Pollard, Gastroenterology, 1948, 10, 46).
Toxicology. — Toxic reactions, such as nausea,
vomiting, drug rash and drug fever, are not uncommon. Hardwich (Lancet, 1946, 1, 26) reported acute nicotinamide deficiency in a patient
with dysentery receiving sulfaguanidine. Prolonged ingestion in animals results in a deficiency
of folic acid, with hematological and neuromuscular symptoms (Tentori and Vibaldi, Rend. 1st.
super, sanita, 1950, 13, 670). If an untoward
effect appears, the drug should be discontinued,
fluids should be forced and laxatives and enemas
employed to remove the drug from the intestinal
canal. S
Dose. — The usual dose, according to the N.F.,
is 2 Gm. (approximately 30 grains) ; the B.P.
gives a dose range of 3 to 6 Gm. For bacillary
dysentery, a dose of 50 mg. (approximately ^
grain) per kilogram (approximately 2.2 pounds)
of body weight may be employed every 4 hours
by mouth day and night until there were less than
5 stools daily, then every 8 hours for 3 days. If
improvement does not result in 7 days, the drug
should be discontinued. For carriers the dose is
the same and should be continued for 7 to 14
days. For preoperative preparation, the same dose
is used every 8 hours for 5 days before and about
7 days after the operation on the colon. The drug
should seldom be given for longer than 2 weeks.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
SULFAGUANIDINE TABLETS.
N.F. (B.P.) (LP.)
[Tabellae Sulfaguanidini]

"Sulfaguanidine Tablets contain not less than
95 per cent and not more than 105 per cent of
the labeled amount of C7H10N4O2S.H2O." N.F.
The corresponding limits of the B.P. are 93.5 per
cent and 105.0 per cent. The LP. limits are the
same as those of the N.F.
B.P. Tablets of Sulphaguanidine ; Tabellae Sulphaguanidinae. LP. Tablets of Sulfaguanidine; Compressi
Sulfaguanidini. Sp. Tabletas de Sulfaguanidina.

Usual Sizes. — 300 and 500 mg. (approximately 5and lYz grains).
SULFAMERAZINE.

U.S.P., LP.

[Sulfamerazinum]

NH2Y

f \

Vs02NH-^

,
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"Sulfamerazine, dried at 105° for 2 hours, conU.S.P.tains not less than 99 per cent of C11H12N4O2S."
The LP. defines Sulfamerazine as 2-sulfanilamido-4-methylpyrimidine and requires it to contain not less than 99.0 per cent of C11H12O2N4S2,
calculated with reference to the substance dried
at 100° for 4 hours.
Sulfamethyldiazine. 4-Methyl-2-sulfanilamidopyrimidine.
4-Methyl-2-sulfanilylaminopyrimidine. />-Amino-N-2-(4-methylpyrimidyl)-benzenesulfonamide- Sp. Sulfameracina.

This sulfonamide, first described by Roblin and
co-workers (J.A.C.S., 1940, 62, 2002; 1942, 64
567), is a monomethyl derivative of sulfadiazine;
it may be synthesized by the method described
under Sulfadiazine (for details see Sprague et al.,
J.A.C.S.,
et al.). 1941, 63, 3028, and the papers of Roblin
Description. — "Sulfamerazine occurs as white
or faintly yellowish white crystals or powder. It
has a slightly bitter taste and is odorless or nearly
so. It is stable in air, but slowly darkens on exposure to light. One Gm. of Sulfamerazine dissolves in about 6250 ml. of water at 20° and in
about 3300 ml. at 37°. It is readily soluble in
dilute mineral acids and in solutions of potassium,
ammonium, and sodium hydroxides. It is sparingly soluble in acetone, slightly soluble in alcohol,
and very slightly soluble in ether and in chloroform. Sulfamerazine melts between 234° and
238°." UJS.P.
Standards and Tests. — Identification. — (1)
An olive green precipitate, becoming dark gray on
standing, is produced on adding 2 or 3 drops of
cupric sulfate T.S. to a solution of 20 mg. of
sulfamerazine in 5 ml. of water to which enough
sodium hydroxide T.S. has been added to effect
solution. (2) On heating sulfamerazine to 240° to
280° until a white, crystalline sublimate forms,
the vapors darken moistened lead acetate test
paper, and the sublimate melts between 153° and
157°. Clarity and color of solution. — One Gm. of
sulfamerazine dissolves in a mixture of 20 ml. of
water and 5 ml. of sodium hydroxide T.S. to form
a clear and not more than pale yellow solution.
Acidity. — Not more than 0.5 ml. of 0.1 N sodium
hydroxide is required for neutralization of an
aqueous extract representing 500 mg. of sulfamerazine, phenolphthalein T.S. being used as indicator. Loss on drying. — Not over 0.5 per cent,
when dried at 105° for 2 hours. Residue on ignition.— Not over 0.1 per cent. Chloride. — The
limit is 140 parts per million. Sulfate. — The limit
is 400 parts per million. Heavy metals. — The limit
is 20 parts per million. U.S.P. The LP. permits
not more than 10 parts per million of lead.
Assay. — About 500 mg. of sulfamerazine,
previously dried at 105° for 2 hours, is assayed
by the method employed for Sulfanilamide. Each
ml. of 0.1 M sodium nitrite represents 26.43 mg.
of C11H12N4O2S. U.S.P.
Uses. — Sulfamerazine, one of the pyrimidine
derivatives, has the same antibacterial action and
clinical application as other sulfonamide drugs.
It is used particularly as one of the components
of mixtures of two or three sulfonamides. It is
rapidly and completely absorbed from the gastrointestinal tract and an effective concentration in
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the blood (about 10 mg. per 100 ml.) is readily
maintained with smaller doses (1 Gm. every 4 to
8 hours) than are required with sulfadiazine because of slower renal excretion (40 per cent in
2 hours; 60 per cent in 48 hours) (Murphy et al.,
Am. J. Med. Sc, 1943, 205, 717). In the urine
about 50 per cent of the drug occurs in acetylated
form, which is more soluble than the free form.
The binding of serum protein is twice as great as
with sulfadiazine, but it is readily reversible (Gilligan. /. Pharmacol., 1943, 79, 320). The concentration in the spinal fluid in cases of meningitis
is about half of that in blood. Because of the
lower concentration in the urine, renal complications are minimal (Earle, /. Clin. Inv., 1944, 23,
994). The antibacterial action is the same as that
of sulfadiazine (Bliss and Dietz, Bull. Johns Hopkins Hosp., 1944, 75, 1).
Clinically, it has been effective in meningococcal
infections (Gefter et al., Am. J. Med. Sc, 1943,
206, 211; Lepper et al., J. A.M. A., 1943, 123,
134; Oliver and Anderson, Am. J. Med. Sc, 1944,
208, 597). Although it is effective in pneumococcal, streptococcal and gonococcal infections,
antibiotic agents are preferred.
Toxicology. — The incidence and types of
toxic reactions are the same as for sulfadiazine
(see also Sulfonamides, in Part II). Although urinary concretions are infrequent and renal complications are minimal, sufficient fluid and alkali
intake to produce at least 1000 ml. of alkaline
urine daily is recommended, [v]
Dose. — The usual dose for an adult is 4 Gm.
(approximately 60 grains) by mouth initially, followed by a maintenance dose of 1 Gm. (approximately 15 grains) even' 6 hours until temperature has been normal 3 days. The range of dose
is 500 mg. to 4 Gm. The maximum safe dose
is usually 4 Gm. and the total dose in 24 hours
seldom exceeds 12 Gm. For a child, the initial
dose is 100 mg. (approximately XYi grains) per
kilogram of body weight, with a maintenance dose
of 25 mg. (approximately Y% grain) per kilogram
of body weight every 4 to 8 hours.
Storage. — Preserve "in well-closed, light-resistant containers." U.S. P.
SULFAMERAZINE TABLETS.
U.S.P. (LP.)
[Tabellae Sulfamerazini]

"Sulfamerazine Tablets contain not less than
95 per cent and not more than 105 per cent of the
labeled amount of C11H12N4O2S." U.S.P. The LP.
limits are the same.
I. P. Tablets of Sulfamerazine; Compressi Sulfamerazini. Sp. Tablctas de Sulfameracina.

Usual Size. — 500 mg.
SULFAMERAZINE SODIUM.
U.S.P., LP.
Soluble Sulfamerazine,

[Sulfamerazinum Sodicum]

"Sulfamerazine Sodium, dried at 105° for 4
hours, contains not less than 99 per cent of C11HuN4Na02S." U.S.P.
The LP. defines Sulfamerazine Sodium as the
sodium derivative of 2-sulfanilamido-4-methyl-

pyrimidine and requires it to cotain not less than
99.0 per cent of CnHnOaN^SNa, calculated with
reference
to the substance dried at 105° for 4
hours.
LP.
Sddica.

Sulfamerazinum

Natricum.

Sp. Sulfameracina

The sodium derivative of sulfamerazine results
from the reaction of the latter substance with sodium hydroxide, mole for mole.
Description. — "Sulfamerazine Sodium occurs
as white or faintly yellowish white crystals or a
crystalline powder which slowly darkens on exposure to light. It may be partly hydrated or it
may be a monohydrate. It is odorless or nearly so
and has a bitter taste. On prolonged exposure to
humid air, it absorbs carbon dioxide with the
liberation of sulfamerazine and becomes incompletely soluble in water. Its solutions are alkaline
to phenolphthalein T.S. One Gm. of Sulfamerazine Sodium dissolves in about 3 ml. of water. It
is slightly soluble in alcohol, and is insoluble in
ether and in chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
The precipitate of sulfamerazine obtained by adding acetic acid to a solution of the sodium derivative has a melting point between 233° and 238°
and responds to the identification tests under
Sulfamerazine. (2) The residue from the ignition
of sulfamerazine sodium responds to tests for sodium. Loss on drying. — Not over 2.5 per cent,
when dried at 105° for 4 hours. Sulfamerazine
sodium monohydrate loses not over 7.0 per cent.
Heavy metals. — The limit is 20 parts per million.
U.S.P. The LP. limits lead to 10 parts per million.
Assay. — About 500 mg. of sulfamerazine sodium, previously dried at 105° for 4 hours, is
analyzed as directed in the assay for Sulfanilamide. Each ml. of 0.1 M sodium nitrite represents
28.63 mg. of CiiHuN4Na02S. U.S.P.
Uses. — This salt is used intravenously. It has
the same pharmacologic properties and therapeutic actions as sulfamerazine. Oral therapy with
sulfamerazine should be substituted as soon as
possible. The same precautions must be observed
as with sulfamerazine and sodium sulfadiazine. (Y)
The usual dose is 4 Gm. (approximately 60
grains) intravenously in 5 per cent sterile aqueous solution. If oral therapy is still not practical,
this dose may be repeated in 8 hours but it is
desirable to determine the concentration present
in the blood before repeating this dose. The range
of dose is 500 mg. to 4 Gm. The maximum safe
dose is usually 4 Gm. and the total dose in 24
hours seldom exceeds 12 Gm. @
Labeling. — "Sulfamerazine Sodium containing
1 molecule of water is so labeled." U.S.P.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SULFAMERAZINE SODIUM
INJECTION.
N.F. (LP.)
"Sulfamerazine Sodium Injection is a sterile
solution of sulfamerazine sodium in water for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of CiiHiiN4Na02S." N.F. The LP. assay
rubric is the same; in preparing the injection it is
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directed that carbon dioxide-free water for injection shall be used and that the solution shall be
sterilized by heating in an autoclave (30 minutes
at 115° to 116°).
LP. Injection of Sulfamerazine Sodium;
Suifamerazini Natrici.

Injectio

Both the N.F. and I. P. require the pH of the
injection to be between 8.5 and 10.5.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." N.F.
Usual Sizes. — 2.5 Gm. in 10 ml.; 3 Gm. in
50 ml.
SULFAMETHAZINE.

U.S.P. (B.P.)

[Sulfamethazium]

.CHa

NH

;Oso'nhO
CH,

"Sulfamethazine, dried at 105° for 2 hours,
contains not less than 99 per cent of C12H14N4O2S." U.S.P. The B.P. requires not less than
99.0 per cent and not more than the equivalent
of 101.0 per cent of C12H14O2N4S, calculated
with reference to the substance dried to constant
weight at 105°.
B.P. Sulphadimidine ; Sulphadimidina. Sulfamezathine
(Imperial Chemical). 4,6-Dimethyl-2-sulfanilamidopyrimidine.

Sulfamethazine is closely related to both sulfadiazine and sulfamerazine, being a dimethyl derivative of the former and a methyl derivative
of the latter. It may be prepared by condensation of 2-amino-4,6-dimethylpyrimidine (from
acetonylacetone and guanidine carbonate) and
p-acetylaminobenzenesulfonylchloride, followed by
alkaline hydrolvsis to remove the acetvl group
(Crossley et al, J.A.C.S., 1939, 61, 29SO). Sulfamethazine may also be prepared by heating
sulfaguanidine with acetylacetone (British patent
552,887).
Description. — "Sulfamethazine occurs as a
white to yellowish white powder which may darken
on exposure to light. It has a slightly bitter taste
and is almost odorless. Sulfamethazine is very
slightly soluble in water and in ether, slightly
soluble in alcohol, and soluble in acetone. Sulfamethazine melts between 197° and 200°." U.S.P.
A form of sulfamethazine which melts between
175° and 178° is also said to exist; this forms an
unstable hydrate. The wide differences in the reported solubilities of sulfamethazine are attributed, at least in part, to the existence of two
forms of the compound (for data see Calco Technical Bulletin No. 728).
Standards and Tests. — Identification. — (1)
A white crystalline sublimate is obtained on condensing the vapor evolved on heating sulfamethazine between 230° and 250°; the sublimate melts
between 151° and 153°. (2) A yellow-green precipitate forms on adding cupric sulfate T.S. to a
slightly alkaline solution of sulfamethazine; on
standing the precipitate becomes brown. Color and
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clarity of solution. — A solution of 1 Gm. of sulfamethazine in20 ml. of water and 5 ml. of sodium
hydroxide T.S. is clear and not more deeply
colored than yellow. Acidity. — The volume of
0.1 AT sodium hydroxide required to titrate 25 ml.
of a saturated aqueous solution of sulfamethazine,
at 20°, does not exceed by more than 0.5 ml. the
volume of 0.1 M sodium nitrite required to
diazotize another 25-ml. portion. Loss on drying.
— Not over 0.5 per cent, when dried at 105° for
2 hours. Residue on ignition. — Not over 0.1 per
cent. Chloride. — The limit is 140 parts per million. Sulfate. — The limit is 400 parts per million.
Heavy metals. — The limit is 20 parts per million. U.S.P.
Assay. — About 500 mg. of sulfamethazine is
quantitatively diazotized by titration with 0.1 M
sodium nitrite, as explained under Sulfanilamide.
Each ml. of 0.1 M sodium nitrite represents 27.83
mg. of C12H14N4O2S. U.S.P.
Uses. — Sulfamethazine has the therapeutic
utility of other sulfonamides; it is a component
of Oral Trisulfapyrimidines Suspension and of
Trisulfapyrimidines Tablets, and its close chemical
relationship to sulfadiazine and sulfamerazine
(the other components of these preparations) has
been pointed out above.
Sulfamethazine is readily absorbed from the
gastrointestinal tract, though less rapidly and
completely than sulfanilamide. Blood concentrations are similar to those produced by equal oral
doses of sulfamerazine (Bullowa and Tatish,
/. Clin. Inv., 1944, 23, 676). Its urinary excretion isless rapid than that of sulfadiazine, amounting to 25 to 50 per cent in 24 hours (McCartney
et al., Lancet, 1942, 1, 639). Its acetylation in
the body is greater than with sulfadiazine and
sulfamerazine but acetylsulfamethazine is more
soluble than either acetylsulfadiazine or acetylsulfamerazine (Welch et al., J. Pharmacol., 1943,
77, 351). Sulfamethazine is bound to serum protein to a greater degree than is sulfadiazine. It
penetrates erythrocytes and spinal fluid, particularly in the presence of meningitis. It diffuses into
body fluids, such as collections of abdominal or
pleural fluids, to the extent of about 50 to 80 per
cent of the concentration present in blood. Morgan
and Wylie-Smith {Lancet, 1943, 2, 731) reported
clinical effectiveness comparable to that of sulfadiazine (see also McCartney et al., loc. cit.; Jennings and Patterson, Lancet, 1943, 2, 308; Sorsby
and Kane, Brit. M. J., 1949, 2, 562). For therapeutic indications see under Oral Trisulfapyrimidines Suspension. S
Toxicology. — Toxic reactions are similar to
those observed with sulfadiazine. Morgan and
Wylie-Smith found untoward effects to be rare
but Watt and Cummins (Pub. Health Rep., 1945,
60, 1355) reported incidence of reactions to be
sufficient to place the drug in an undesirable class.
An instance of cyanosis was reported by Sorsby
and Kane (Brit. M. J., 1949, 2, 562).
Dose. — The U.S.P. assigns no dose to sulfamethazine, recognizing it as an ingredient of the
official dosage forms of a mixture of sulfadiazine,
sulfamerazine and sulfamethazine. The N.N.R.
gives the initial dose as 100 mg. per kilogram of
body weight, with a maximum of 5 Gm. The
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maintenance dose in adults is 1 Gm. every 6 hours
(until the temperature has been normal for 12
hours). In children the maintenance dose is onefourth the initial dose, given at intervals of 6
hours.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
Off. Prep. — Oral Trisulfapyrimidines Suspension; Trisulfapyrimidines Tablets, U.S. P.
TABLETS

OF

SULPHADIMIDINE.
B.P.

The weight of sulphadimidine, C12H14O2N4S,
in each tablet of average weight, is not less than
94.0 per cent and not more than 105.0 per cent of
the labeled amount of sulphadimidine.
SULPHADIMIDINE

SODIUM.

B.P.

This sodium derivative of sulfamethazine is required to contain not less than 98.0 per cent and
not more than the equivalent of 101.0 per cent
of Ci2Hi302N4SNa, calculated with reference to
the substance dried to constant weight at 105°.
The B.P. indicates that the sodium derivative
may be prepared by interaction of sulphadimidine
(sulfamethazine) and sodium hydroxide.
This water-soluble form of sulfamethazine is
prepared when the sulfonamide is to be administered intravenously; the B.P. recognizes Injection
of Sulphadimidine Sodium as a sterile solution in
water for injection free from carbon dioxide of
sulphadimidine sodium made by interaction of
sulphadimidine and sodium hydroxide.
The B.P. gives the dose, by intravenous injection, as 1 to 2 Gm.
SULFANILAMIDE.

N.F. (B.P.) LP.

[Sulfanilamidum]

H2N.C6H4.SO2NH2
"Sulfanilamide, dried at 105° for 2 hours, conN.F. tains not less than 99 per cent of C6H8N2O2S."
The B.P. defines Sulphanilamide as p-aminobenzenesulphonamide and requires it to contain
not less than 99.0 per cent and not more than the
equivalent of 100.5 per cent of C6H8O2N2S. calculated with reference to the substance dried to
constant weight at 105°. The LP. defines Sulfanilamide as 4-aminophenylsulfonamide, requiring
not less than 99.0 per cent of C6H8O2N2S, calculated with reference to the substance dried to constant weight at 100°.
B.P. Sulphanilamide; Sulphanilamidum. Prontylin
(Winthrop).
Prontosil
Album
(Bayer).
Sp. Sulfanilamide!.

Sulfanilamide may be prepared by the method
described under Sulfadiazine or by reacting acetanilid with chlorosulfonic acid, then treating the
resulting chloride of acetylsulfanilic acid with ammonia to produce the amide of acetylsulfanilic
acid, which is hydrolyzed with hydrochloric acid
to sulfanilamide hydrochloride, and finally converted to sulfanilamide with alkali.
Description. — "Sulfanilamide occurs as white
crystals, granules, or powder. It is odorless and
is affected by light. One Gm. of Sulfanilamide

dissolves in about 125 ml. of water, in about 37
ml. of alcohol, and in about 5 ml. of acetone. It is
also soluble in glycerin, in hydrochloric acid, and
in solutions of potassium and sodium hydroxides.
It is very soluble in boiling water. It is insoluble
in chloroform, in ether, and in benzene. Sulfanilamide melts between 164.5° and 166.5°." N.F.
Standards and Tests. — Identification. — (1)
An orange precipitate is produced on adding a
sodium hydroxide solution of betanaphthol to a
solution prepared by boiling a mixture of sulfanilamide and diluted hydrochloric acid, then
diazotizing with sodium nitrite solution. (2) An
intense violet blue color develops on heating sulfanilamide ina small test tube over an open flame
until it melts; on further heating the odors of
ammonia and aniline are evolved. Acidity. — A
saturated solution of sulfanilamide in water is neutral to litmus paper. Loss on drying. — Not over 0.5
per cent, when dried at 105° for 2 hours. Residue
on ignition. — Not over 0.1 per cent. Chloride. —
The limit is 140 parts per million. Sulfate. — The
limit is 400 parts per million. Heavy metals. —
The limit is 20 parts per million. N.F. The B.P.
and LP. limit arsenic to 2 parts per million and
lead to 10 parts per million.
Assay. — About 500 mg. of sulfanilamide, previously dried for 2 hours at 105°, is dissolved in
a solution containing hydrochloric acid and, after
cooling and adding ice, the amino group attached
directly to the benzene ring is diazotized to
— N=NC1 by titration with 0.1 molar sodium
nitrite solution. The end-point of the titration is
observed by streaking a portion of the titrated
solution on starch-iodide paste T.S. used as an
external indicator; the appearance of a blue color
immediately after application of the solution to
the indicator is taken as the end-point. The endpoint is reproducible after the mixture has been
allowed to stand for 1 minute. One mole of sulfanilamide reacts with one mole of sodium nitrite
in the diazotization reaction; accordingly each ml.
of 0.1 M sodium nitrite represents 17.22 mg. of
C6H8N2O2S. N.F.

The B.P. Add. 4, in introducing sulfanilamide,
specified an assay in which the substance was converted to a dibromosulfanilamide by a measured
excess of 0.1 N bromine and the excess of the
reagent determined by titration with 0.1 N sodium
thiosulfate of an equivalent amount of iodine
liberated by the bromine. Since two bromide ions
were also formed for each molecule of sulfanilamide brominated, the equivalent weight of the
sulfonamide is one-fourth its molecular weight.
The present B.P., and also the LP., employ an
assay practically identical with that of the N.F.
Uses. — Sulfanilamide is already a drug chiefly
of historical interest. It has been largely supplanted by other sulfonamides and by antibiotic
substances with greater antibacterial activity and
lesser toxicity. Introduced by Long, Bliss and
Marshall into the United States in 1936 (see
J.A.M.A., 1937, 108, 32), it was the first sulfonamide to be used widely following the observation
of Domagk in 1935 that Prontosil (see under
Sulfonamides, in Part II) protected mice from
infection with hemolytic streptococci. It is one
of the most soluble of the sulfonamide drugs
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(1460 mg. per cent in water); it is readily absorbed from the gastrointestinal tract (80 per
cent of a dose in 4 hours) ; blood concentrations
of 8 to 15 mg. per 100 ml. are easy to maintain;
only 10 to 20 per cent of the drug is found in the
relatively inactive acetylated form in the blood.
It is rapidly and almost completely excreted by
normal kidneys (85 to 90 per cent in 3 to 4 days).
It is very soluble in urine (see under Sulfonamides, in Part II). Fingl et al. (J. A. Ph. A., 1950,
39, 693) studied the distribution in rats of sulfanilamide labeled with the radioactive isotope
S35. Although it is bacteriostatic for hemolytic
streptococci, pneumococci, meningococci, gonococci and the colon bacillus, it does not have
either the potency or the antibacterial range of
the sulfapyrimidines (see Sulfadiazine, Sulfamethazine and Sulfamethazine). For details regarding the development of sulfanilamide, see
U.S.D., 24th edition, p. 1149. It inhibits the reabsorption of bicarbonate by the kidney (Ochwadt,
Arch. exp. Path. Pharm., 1950, 211, 321; see also
under Natriuretic Agents, in Part II).
It has been superseded by sulfadiazine, the
sulfonamide mixtures, or antibiotic substances in
the treatment of infections due to any of the
above-mentioned organisms. Its topical use in
wounds, burns, etc., has been discouraged because
of the frequency of toxic reactions which were
allergic in nature (Meleney, Surg. Gynec. Obst.,
1945, 86, 263;. In the form of powder it has been
sprinkled into the peritoneum in the treatment of
infections caused by E. coli. Here, too, peritonitis
usually developed (Reynolds et al., Rev. Gastroenterol, 1951, 18, 207) and high blood concentrations and toxic reactions occurred. Angelucci
{Am. J. Obst. Gyn., 1945, 50, 3) recommended
an ointment containing 2 per cent allantoin and
10 per cent sulfanilamide in the treatment of
Trichomonas vaginalis vaginitis. Cortese and
Padovano (/. M. Soc. New Jersey, 1951, 48, 367)
reported successful use of a water-miscible cream
containing 2 per cent allantoin, 15 per cent sulfanilamide and 0.2 per cent 5-aminoacridine (AVC
Improved). Rigdon and Brantigan (/. Thoracic
Surg., 1950, 19, 319) placed 500 ml. of an aqueous solution containing 5 Gm. sulfanilamide,
1:3300 chloroazodin and 1:500 sodium tetradecyl
sulfate in the pleural cavity following pneumonectomy, when the pleura was contaminated during
surgery, to prevent empyema. Renaud (/. Can.
Dent. A., 1952, 18, 103) found that a dental
cavity packed with a thick aqueous paste of equal
parts of sulfanilamide and calcium hydroxide
could be filled successfully with a permanent
repair 1 week later. Kamel (Am. J. Ophth., 1951,
34, 205) and Seger (ibid., 1508) reported that
sulfanilamide improved the corneal but not the
tarsal lesions of trachoma. S
Toxicology. — In addition to the toxic reactions common to all sulfonamide drugs, sulfanilamide may also cause the following: cyanosis due
to the formation of methemoglobin (combat with
methylene blue); photosensitivity (avoid exposure of patients taking the drug to direct sun or
ultraviolet light) ; a mild acidosis. Crystalluria is
seldom a problem. Sensitivity reactions, such as
rash and fever, averaged about 7 per cent during
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routine therapeutic use (Lehr, Brit. M. J., 1948,
2, 543). Sulfadiazine and the triple sulfonamide
mixtures cause a lesser incidence of toxic effects.
Dose. — The oral dose for severe infections is
an initial dose of 100 mg. (approximately \Yz
grains) per kilogram (approximately 2.2 pounds)
of body weight, followed by a daily total dose of
100 mg. per kilogram of body weight divided into
6 portions with one portion administered every 4
hourstureday
and night
until for
the 3patient's
has remained
normal
days (72temperahours).
It is common practice to administer the same
amount, or more, of sodium bicarbonate or other
alkali with each dose orally or parenterally. This
dose will produce a blood concentration of 8 to
15 mg. per 100 ml. in persons with normally functioning kidneys. It may be given subcutaneously
or rectally in the same daily dose, divided into 3
or 4 portions, as a 1 per cent solution in isotonic
sodium chloride solution or in % molar sodium
lactate solution. Locally or intraperitoneally, it
was applied as a powder in a dose of 3 to 4 Gm. It
can be used as a 2 per cent ointment. It is not
given intravenously and is not recommended intrathecally. The dose for children is the same as
for adults, namely 100 mg. per kilogram of body
weight.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
SULFANILAMIDE TABLETS.
N.F. (B.P.) (LP.)
[Tabellae Sulfanilamide

"Sulfanilamide Tablets contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C6H8N2O2S." N.F. The corresponding limits of the B.P. are 93.0 and 105.5 per
cent, respectively; the LP. limits are identical
with those of the N.F.
B.P. Tablets of Sulphanilamide ; Tabellae Sulphanilamidi. I. P. Tablets of Sulfanilamide ; Compressi Sulfanilamide Sp. Tabletas de Sulfanilamida.

Usual Sizes.
TYz grains).

-60, 300 and 500 mg. (1, 5 and

SULFAPYRIDINE.

U.S.P.

[Sulfapyridinum]

-S02NH

/

\

"Sulfapyridine, dried at 105° for 2 hours, conU.S.P.tains not less than 99 per cent of C11H11N3O2S."
Dagenan; Eubasin; Coccoclase; Pyriamid; M & B 693;
2-Sulfanilyl Aminopyridine;
2-Sulfanilamidopyridine.

Sulfapyridine may be synthesized by the general
method described under Sulfadiazine. Specifically
N-acetylsulfanilyl chloride is reacted with 2aminopyridine in a medium of acetone and pyridine to give acetylsulfapyridine; the acetyl group
is removed by treatment with alcoholic hydrogen
chloride and, after diluting with water, the mixture alkalinized with ammonium hydroxide to

-o
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precipitate sulfapyridine, which may be purified
by recrystallization from alcohol (YVinterbottom,
J.A.C.S., 1940, 62, 160).
Description. — "Sulfapyridine occurs as white
or faintly yellowish white crystals, granules, or
powder. It is odorless or nearly so, and is stable in
air, but slowly darkens on exposure to light. One
Gm. of Sulfapyridine dissolves in about 3500 ml.
of water, in about 440 ml. of alcohol, and in about
65 ml. of acetone. It is freely soluble in dilute
mineral acids and in aqueous solutions of potassium and sodium hvdroxides. Sulfapyridine melts
between 191° and 193°." N.F.
Standards and Tests. — Identification. — (1)
An orange-red precipitate is obtained when identification test (1) for Sulfanilamide is applied to
sulfapyridine. (2) On heating sulfapyridine in a
small test tube over an open flame or in a sand
bath until it melts, a brown color develops. On
further heating, yellow fumes appear and an odor
of sulfur dioxide is evolved (compare with identification test (2) under Sulfanilamide). (3) A green
precipitate forms on adding cupric sulfate T.S. to
a solution of the sodium derivative of sulfapyridine (sulfathiazole gives a purple precipitate and
sulfanilamide a blue color or precipitate in the
test). Acidity. — Not over 0.2 ml. of 0.1 N sodium
hydroxide is required for neutralization of an
aqueous extract representing 500 mg. of sulfapyridine, phenolphthalein T.S. being used as indicator.
Loss on drying. — Not over 0.5 per cent, when
dried at 105° for 2 hours. Residue on ignition. —
Not over 0.1 per cent. Clarity and color of solution.— A solution of 1 Gm. of sulfapyridine in
20 ml. of water and 5 ml. of sodium hydroxide
T.S. is clear and colorless. Chloride. — The limit
is 140 parts per million. Stdfate. — The limit is 400
parts per million. Heavy metals. — The limit is 20
parts per million. U.S.P.
Assay. — About 500 mg. of sulfapyridine, previously dried for 4 hours at 105°, is assayed by
the method employed for Sulfanilamide. Each ml.
of 0.1 M sodium nitrite represents 24.93 mg. of
C11H11N3O2S.

N.F.

Uses. — Sulfapyridine is recognized in the U.S. P.
only for its use in the treatment of dermatitis
herpetiformis. Its general use as one of the sulfonamide drugs has been largely discontinued
because of its toxicity. It is less readily and regularly absorbed from the gastrointestinal tract than
is sulfanilamide; it is 60 to 70 per cent acetylated
and excreted slowly by the kidneys (40 to 70 per
cent in 3 to 4 days). Its solubility and the solubility of its acetyl derivative are low in both
alkaline and acid urine; this explains the frequency of crystalluria and renal damage. Bray
et al. (Biochem. J., 1950, 46, 267) studied the
metabolism of sulfapyridine labeled with the
radioactive isotope sulfur-35 in the rabbit.
Its usefulness in the treatment of dermatitis
herpetiformis was reported by Costello (Arch.
Dermat. Syph., 1947, 56, 614), Ruiter and Hamming (Dermatologica, 1952, 104, 399) and Hopkins (Bull. Johns Hopkins Hosp., 1953, 92, 1).
The action seems to be due to the pyridine rather
than to the sulfonamide structure; sulfathiazole,
for example, was ineffective. It has been effective

I

in many patients in whom other drugs have failed
to relieve the pruritus. Patients who are relieved
and who can tolerate the drug are maintained on
it for years. E
Toxicology. — Untoward reactions in antibacterial doses are common. Nausea and vomiting,
although not dangerous, make it difficult to administer sulfapyridine in sufficient doses. Methemoglobin is formed, with the patients appearing
cyanotic. Hematuria due to the formation of crystals of acetylsulfapyridine is frequent. When
hematuria occurs the drug must be discontinued;
fluids should be forced and alkalinization effected.
When the drug is being given in antibacterial
doses, the urine must be examined daily for presence of crystals and red blood cells. Hematologic
and skin reactions also occur, as with any of the
sulfonamides. During prolonged use in dermatitis
cases, Molesworth (Med. J. Australia, 1950, 37,
832) prevented untoward effects by daily administration of 10 mg. of folic acid by mouth.
Dose. — The usual dose as an antipruritic in
dermatitis herpetiformis is, according to the
U.S. P., 500 mg. (approximately 7J^ grains); this
is given up to 3 times daily by mouth, the range
of dose being 500 mg. to 1 Gm. Initially 1 Gm.
may be given 2 to 4 times daily. As an antibacterial sulfonamide the usual dose, by mouth, is
4 Gm. (approximately 1 drachm) initially and
1 Gm. (approximately 15 grains) every 4 hours
thereafter. For children, the dose is 150 mg. (approximately 2^2 grains) per kilogram (approximately 2.2 pounds) of body weight initially followed by one-quarter of this initial dose at intervals of 6 hours. The sodium salt (q.v.) is given
intravenously. [v]
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
SULFAPYRIDINE

TABLETS.

U.S.P.

[Tabellae Sulfapyridini]

"Sulfapyridine Tablets contain not less than 95
per cent and more than 105 per cent of the
labeled amount of C11H11N3O2S." U.S.P.
Usual Size. — 500 mg. (iy2 grains).
STERILE

SULFAPYRIDINE

SODIUM.

N.F.

[Sulfapyridinum

Sodicum Sterile]

"Sterile Sulfapyridine Sodium, when dried at
105° for 4 hours, contains not less than 99 per
cent of CnHioN3Na02S. It meets the requirements of the Sterility Tests for Solids." N.F.
Sulfapyridine Sodium; Soluble Sulfapyridine; Sulfapyridine Sodium Monohydrate; Dagenan Soluble.

Sulfapyridine sodium is obtained by the interaction of molecular proportions of sulfapyridine
and sodium hydroxide.
Description. — "Sterile Sulfapyridine Sodium
occurs as white, odorless crystals or powder. On
prolonged exposure to humid air it absorbs carbon
dioxide with the liberation of sulfapyridine and
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becomes incompletely soluble in water. A solution
of Sterile Sulfapyridine Sodium (1 in 20) is alkaline to phenolphthalein. It is affected by light.
One Gm. of Sterile Sulfapyridine Sodium dissolves in about 1.5 ml. of water and in about 100
ml. of alcohol at 25°." N.F.
Standards and Tests. — Identification. — The
precipitate of sulfapyridine obtained by adding
acetic acid to a solution of the sodium derivative
has a melting point between 191° and 193° and
responds to the identification tests under Sulfapyridine. (2) The residue from the ignition of
sulfapyridine sodium responds to tests for sodium.
Loss on drying. — Not less than 5 per cent and
not more than 7 per cent, when dried for 4 hours
at 105°. Chloride. — The limit is 100 parts per
million. Sulfate. — The limit is 200 parts per million. Heavy metals. — The limit is 20 parts per
million. N.F.
Assay. — A 500-mg. portion of sulfapyridine
sodium, previously dried at 105° for 4 hours, is
assayed as directed for Sulfanilamide. Each ml.
of 0.1 M sodium nitrite represents 2 7.13 mg. of
CiiHioN3Na02S. N.F.
Incompatibilities. — Aqueous solutions of sulfapyridine sodium are liable to precipitation of
sulfapyridine by absorption of carbon dioxide
from the air.
Uses. — This sulfonamide is used infrequently.
It was developed because of the insolubility of
sulfapyridine in water. Because of its high alkalinity itis not suited for hypodermic, intramuscular or intraspinal injection but a 5 per cent solution in water for injection may be administered
intravenously. The uses, dosage and dangers of
this salt are the same as those of sulfapyridine.
For intravenous use the beginning dose should be
about 60 mg. (approximately 1 grain) for each
kilogram of body weight, injected at a rate of
about 5 ml. per minute. If oral administration is
not possible, this dose or half this dose may be
repeated at intervals of 8 hours. This solution
must not be added to a blood transfusion or to
solutions of blood derivatives or of plasma expanders; fatalities have followed failure to rinse
such solutions from tubing, etc. before adding
sodium sulfapyridine. S
Storage. — Preserve "in containers so closed
that the sterility of the product is maintained
until the package is opened for use." N.F.
SULPHARSPHENAMINE.

B.P. (LP.)

Sulfpharsphenamina

Sulfarsphenamine is no longer official in either
the U.S.P. or N.F.; the N.F. IX defined it as
follows: "Sulfarsphenamine consists chiefly of
disodium 3,3'- diamino - 4 ,4' - dihydroxyarsenobenzene-N,N'-dimethylenesulfonate. It contains not
less than 19 per cent of arsenic (As). Sulfarsphenamine must be prepared in an establishment licensed for the purpose by the United States
Government upon recommendation of the Surgeon
General of the United States Public Health Service. Each lot of the product before being offered
for sale must comply with the toxicity, labeling,
and other requirements of the National Institutes
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of Health,
and be released by the Institutes."
N.F.
IX.
The current B.P. requires not less than 18.0 per
cent and not more than 21.0 per cent of As; the
LP. limits for As are 19.0 to 21.0 per cent.

N.F. IX. Sulfarsphenamine; Sulfarsphenamina. I. P.
Sulfarsphenaminum. Sultarsphenobenzene; Sulfarsenol.
Natrium Diamino -dihydroxy- arsenobenzenium-dimethylenium-sulfurosum; Sulpharsenolum. l-r. Sulfite de diaminodihydroxy-arseno-benzene-dimethy lene ; Sulfarsenobenzol ;
Sulfarsenol; Sulfotreparsenan; Myovarsyl; Myosalvarsan.
It. Sulfarsenol. Sp. Sulfarsenol; Sulfarsfenamina; Miosalvarsan; Sulfarsenamina.

Sulfarsphenamine closely resembles neoarsphenamine in structure, differing from the latter in
that the substituting radical in both amino groups
of the arsenobenzene nucleus is Na02SOCH> —
rather than the single NaOSOCH2 substituent as
in neoarsphenamine. Sulfarsphenamine, like neoarsphenamine, is not a single substance, but when
properly prepared is fairly uniform in arsenic
and sulfur content, and in biological action. It
may be prepared in two steps : (1 ) Formaldehyde
is reacted with arsphenamine, forming a condensation product (formaldehyde imide derivative)
having the formaldehyde attached to both amino
groups, and (2) the formation of a sulfurous acid
ester salt by the addition of sodium bisulfite to
the formaldehyde imide derivative. For details of
preparation, see Voegtlin and Johnson (J.A.C.S.,
1922, 44, 2573).
Description. — "Sulfarsphenamine occurs as a
yellow powder. It is odorless or has a very slight
odor resembling that of sulfur dioxide. In the dry
state or in solution it is slowly oxidized by exposure to air, becoming dark and more toxic. Its
solutions are faintly acid to litmus paper. Sulfarsphenamine isvery soluble in water; it is slightly
soluble
in
alcohol,
and insoluble in ether." N.F.
IX.
Standards and Tests. — Identification. — (1)
A yellow precipitate, soluble in ammonium carbonate T.S., is produced when hydrogen sulfide is
passed into the solution resulting from the assay.
(2) No precipitate forms on mixing diluted hydrochloric acid and a solution of sulfarsphenamine
(neoarsphenamine yields a heavy precipitate within 1 minute). (3) No precipitate is produced on
adding sodium hydroxide T.S., drop by drop, to
a solution of sulfarsphenamine (arsphenamine
yields a precipitate which dissolves readily in an
excess of the reagent). (4) A dark red color is
produced on adding freshly prepared ferric chloride T.S. to a solution of sulfarsphenamine. (5)
The odor of sulfur dioxide is noticeable on heating a solution of sulfarsphenamine with diluted
hydrochloric acid. Completeness of solution. — On
gently rotating a mixture of 600 mg. of sulfarsphenamine with 3 ml. of water in a test tube or
small cylinder complete solution results within 5
minutes. Loss on drying. — Not over 1.5 per cent,
when dried in a vacuum desiccator over fresh
phosphorus pentoxide for 24 hours. N.F. IX.
The B.P. requires that the pH of a 12.0 per
cent solution w/v in water be not less than 3.0;
the loss on drying may amount to 2.5 per cent.
Assay. — The N.F. IX and LP. assays for arsenic are identical with each other and with the
assay provided by the N.F. for acetarsone; the
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B.P. assay likewise is identical with the one specified by that compendium for the same substance,
but this assay differs from the procedure employed by the N.F. (for explanation of the assays
see under Acetarsone).
Both the B.P. and the I. P. prescribe essentially
identical biological tests for therapeutic potency,
in which the power of sulfarsphenamine to clear
mice infected with trypanosomes is compared with
that of a standard preparation of sulfarsphenamine; a test for undue toxicity also is specified
by both pharmacopeias, this consisting of a comparison of the mortality rates, in mice, resulting
from the administration of the sulfarsphenamine
under test and of a standard preparation of the
arsenical.
Uses. — Sulfarsphenamine was brought forward
by Voegtlin (/. Pharmacol, 1920, 16, 199 and
449) as a substitute for arsphenamine. After some
years of use, however, a large majority of syphilographers expressed the opinion that it is more
toxic than arsphenamine (see report of the Council on Pharmacy and Chemistry, J.A.M.A., 1932,
99, 1688). Dermatitis, purpura, aplastic anemia
and meningovascular reactions must be watched
for carefully. Sulfarsphenamine has two advantages: itis efficient when given intramuscularly,
and its solution is relatively more stable when
exposed to air. It has been used intramuscularly
in place of intravenously administered arsenicals
such as neoarsphenamine or oxophenarsine hydrochloride in adults with poorly defined veins and
in infants with congenital syphilis (Stokes and
Ingraham, Med. Clin. North America, 1939, 23,
1575) according to the same schedule as oxophenarsine hydrochloride. It seems to be less toxic
for infants than for adults. lY]
The dose for adults is from 250 to 600 mg.
(approximately 4 to 10 grains) injected at intervals
of about one week. The average dose for infants
is 15 mg. per kilogram of body weight. For intramuscular or subcutaneous injection, the dry substance isdissolved in sterile, freshly distilled water
in the proportion of 0.3 ml. of water to each 100
mg. of the drug; the total volume of the injection
should not exceed 1 to 2 ml. For intravenous injection, the dose should be dissolved in 10 to 20
ml. of water and injected slowly; this method of
administration is not recommended because of
the greater toxicity of the drug when given by
this route.
Storage. — Preserve "at a temperature preferably not above 25°, in sealed tubes of colorless
glass, from which the air has been excluded either
by the production of a vacuum or by displacement with a non-oxidizing gas." N.F. IX.

INJECTION

OF

SPHENASULPHAR
MINE. B.P.

Injectio Sulpharsphenaminae

This injection is a solution of sulpharsphenamine in water for injection, prepared by dissolving the contents of a sealed container in the
requisite amount of water for injection. The solution decomposes rapidly, with increase of toxicity,
and should be used within 5 minutes of its preparation. B.P.

SULFATHIAZOLE.

I

N.F. (B.P.) LP.

[Sulfathiazolum]

».»J

\
S02NH

"Sulfathiazole, dried at 105° for 2 hours, conN.F. tains not less than 99 per cent of C9H9N3O2S2."
The B.P. defines Sulphathiazole as 2-(paminobenzenesulphonamido)thiazole and requires
it to contain not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of
C9H9O2N3S2, calculated with reference to the
substance dried to constant weight at 105°. The
LP. defines Sulfathiazole as 2-sulfanilamidothiazole, requiring not less than 99.0 per cent of
C9H9O2N3S2, calculated with reference to the substance dried to constant weight at 100°.
B.P. Sulphathiazole; Sulphathiazolum. 2-Sulfanilylaminothiazole. Sp. Sulfatiazol.

Sulfathiazole is prepared by the general method
for sulfonamides of its type (for the process see
under Sulfadiazine).
Description. — "Sulfathiazole occurs as white
or faintly yellowish white crystals, granules, or
powder. It is odorless or nearly so, and is stable
in air, but slowly darkens on exposure to light.
One Gm. of Sulfathiazole dissolves in about 1700
ml. of water, and in about 200 ml. of alcohol. It
is soluble in acetone, and freely soluble in diluted
mineral acids, in aqueous solutions of alkali hydroxides, and in ammonia T.S. Sulfathiazole melts
between 200° and 204°." N.F.
Standards and Tests. — Identification. — (1)
This test is identical with identification test (1)
under Sulfanilamide. (2) On heating sulfathiazole
in a small test tube over an open flame until it
melts a brown to red color develops, and on further heating the odors of ammonia, aniline, and
hydrogen sulfide are evolved (sulfanilamide produces a blue-violet color and the odor of ammonia, and sulfapyridine emits the odor of sulfur
dioxide). (3) A purple precipitate forms on adding cupric sulfate T.S. to a solution of the sodium
salt of sulfathiazole. Clarity and color of solution.
— A solution of 500 mg. of sulfathiazole in a mixture of 20 ml. of water and 3 ml. of sodium
hydroxide T.S. is clear and colorless. Acidity. —
Not more than 0.5 ml. of 0.1 A7 sodium hydroxide
is required for neutralization of an aqueous extract representing 500 mg. of sulfathiazole, phenolphthalein T.S. being used as indicator. Loss on
drying. — Not over 0.5 per cent, when dried at
105° for 2 hours. Residue on ignition. — Not over
0.1 per cent. Chloride. — The limit is 140 parts
per million. Sulfate. — The limit is 400 parts per
million. Heavy metals. — The limit is 20 parts per
million. N.F. The B.P. and LP. limit arsenic at
2 parts per million, and lead at 10 parts per
million.
Assay. — Sulfathiazole is assayed by the same
method as is employed in the analysis of Sulfanilamide. Each ml. of 0.1 M sodium nitrite represents 25.53 mg. of C9H9N3O2S2. N.F.
Incompatibilities. — See under Sulfanilamide.

Part I
Uses. — Sulfathiazole has been largely replaced
by less toxic sulfonamides such as sulfadiazine,
sulfamerazine, etc., and by antibiotics, although
it is an effective bacteriostatic agent against
pneumococcus, meningococcus, gonococcus and,
to a greater extent than the other sulfonamides,
against staphylococcus. It is still used to some
extent to treat urinary and respiratory tract infections. Dickson et al. {Arch. Surg., 1953, 66,
60) concluded from an analysis of 104 cases of
hematogenous osteomyelitis that the dusting of
0.5 to 1 Gm. of the powder into the wound following debridement and saucerization of the bone
cavity, followed by immediate suturing of the
wound without drainage, gave the best results;
penicillin was given intramuscularly for about 2
weeks.
Metabolism. — Sulfathiazole is less than onetenth as soluble in water as sulfanilamide but it is
readily absorbed (about 80 per cent in 3 to 6
hours) from the gastrointestinal tract and the
maximum concentration in the blood is found in
3 to 6 hours; acetylation is only slightly more
than 20 per cent. It is rapidly and almost completely (60 to 90 per cent) excreted in the urine
in 24 hours. On a dose of 1 Gm. every 4 hours,
blood levels of 4 to 6 mg. per 100 ml. (as free
sulfathiazole) are obtained (Reinhold et al., Am.
J. Med. Sc, 1940, 199, 393). The concentration
in the urine is relatively high. It is distributed
fairly evenly in tissue water throughout the body.
Therapeutic Use. — Sulfathiazole is effective
in urinary tract infections due to E. coli, A. cerogenes, Ps. ceruginosa, Pr. ammonitz, Staphylococcus
aureus and, in an acid urine, Streptococcus fcecalis
(Helmholz, Proc. Mayo, 1942, 17, 529; Wisconsin M. J., 1942, 41, 472). In these urinary tract
infections a daily dose of 2 Gm., divided into 4
parts, is effective because the renal excretion of
sulfathiazole results in a high concentration in
the urine (Cook, New Eng. J. Med., 1942, 226,
187). Although sulfisoxazole and mixtures of three
sulfonamides are generally preferred in treating
urinary tract infections, Logan (G.P., 1951, 3, 63)
still recommends sulfathiazole in children.
In combination with a vasoconstrictor drug,
such as Paredrine hydrobromide (1 per cent), a
5 per cent suspension of microcrystals of sulfathiazole inisotonic normal saline has found wide
use as a nose drop, in the treatment of acute and
chronic nasopharyngitis and sinusitis. This suspension does not inhibit ciliary action and has less
tendency to cake and act as a foreign body. H
Toxicology. — Toxic reactions are relatively
frequent, particularly with regard to renal damage (Frank et al., J.A.M.A., 1946, 130, 703).
Flippin {Am. J. Med. Sci., 1941, 201, 585; Ann.
Int. Med., 1946, 25, 433) found crystalluria in
70 per cent of patients receiving the drug. Therefore, fluids should be forced and alkalinization
effected in all patients receiving the drug. The
incidence of drug fever and rash approximates 11
per cent (Lehr., Brit. Med. J., 1948, 2, 543). Urticaria and erythema nodosum are seen. A unique
congestion of the sclerae often accompanies the
rash. The drug should be discontinued when such
reactions occur. As with the other sulfonamide
drugs, agranulocytosis, thrombocytopenic
pur-
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pura, and hemolytic anemia occur (see under
Sulfonamides, in Part II).
Dose. — For acute infections, orally, 4 Gm.
initially is followed by 1 Gm. every 4 hours for
6 doses daily until the temperature has been
normal for 3 days. For children, the initial dose
by mouth is 150 mg. per kilogram (approximately
2.2 pounds) of body weight up to 25 kilograms
(approximately 55 pounds) followed by 150 mg.
per kilogram of body weight as a total daily dose
to be given in 4 to 6 equal parts every 6 to 4
hours. For urinary tract infections, the dose may
be smaller (because renal excretion results in a
high urinary concentration of the drug), viz., in
adults 500 mg. every 3 hours for 6 doses, then
300 mg. every 3 hours for 6 doses daily for 9 to
15 days. Subcutaneously, it has been given as an
0.3 to 0.7 per cent solution in isotonic sodium
chloride solution. Intravenously, it has been given
as the sodium salt in a 5 per cent solution in
distilled water.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.
SULFATHIAZOLE TABLETS.
N.F. (B.P.) (LP.)
[Tabellae Sulfathiazoli]

"Sulfathiazole Tablets contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C9H9N3O2S2." U.S.P. The corresponding limits of the B.P. are 93.5 per cent
and 105.0 per cent; the LP. limits are identical
with those of the N.F.
B.P. Tablets of Sulphathiazole ; Tabellae Sulphathiazoli. I. P. Tablets of Sulfathiazole; Compressi Sulfathiazoli. Sp. Tabletas de Sulfatiazol.

Usual Sizes. — 300 and 500 mg. (5 and 7^
grains).
SULFATHIAZOLE SODIUM.
N.F. (B.P.) LP.
Soluble Sulfathiazole, [Sulfathiazolum Sodicum]

C9H8N302S2Na.l^H20
"Sulfathiazole Sodium, dried at 105° for 4
hours, contains not less than 99 per cent of
C9H8N3Na02S2." N.F.
The B.P. defines Sulphathiazole Sodium as the
pentahydrate of the sodium derivative of 2-{paminobenzenesulphonamido)thiazole and requires
it to contain not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of
C9Hs02N3S2Na, calculated with reference to the
substance
to constantSodium
weight asatthe
150°.
The
LP. definesdried
Sulfathiazole
sodium
derivative of 2-sulfanilamidothiazole, which occurs in two forms, one containing lj/2 molecules
of water of crystallization and the other containing 5 molecules of water of crystallization; not
less than 99.0 per cent of C9H802N3S2Na, calculated with reference to the substance dried to
constant weight at 100° in vacuo is required.
B.P. Sulphathiazole Sodium; Sulphathiazolum Sodium.
LP. Sulfathiazolum Natricum. Sp. Sulfatiazol Sddico.

Sulfathiazole sodium results from the interaction of molecular proportions of sulfathiazole and
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sodium hydroxide; the product may be prepared
with 1, 1.5, or 5 molecules of water. Judging from
the limits for loss on drying, the N.F. compound
may be either the monohydrate or the sesquihydrate; the B.P. recognizes the pentahydrate, while
the LP. recognizes the sesquihydrate or the
pentahydrate.
Description. — "Sulfathiazole Sodium occurs
as a white to faintly yellowish white powder or
granules. On prolonged exposure to humid air, it
absorbs carbon dioxide with the liberation of sulfathiazole and becomes incompletely insoluble in
water. It is affected by light. Its solutions are
alkaline to phenolphthalein T.S. One Gm. of Sulfathiazole Sodium dissolves in about 2.5 ml. of water
and in about 15 ml. of alcohol." N.F.
Standards and Tests. — Identification. — The
precipitate of sulfathiazole obtained by adding
acetic acid to a solution of the sodium derivative
has a melting point between 200° and 204° and
responds to the identification tests under Sulfathiazole. (2) The residue from the ignition of
sulfathiazole sodium responds to the test for sodium. Loss on drying. — Not less than 6 per cent
and not more than 9 per cent, when dried at 105°
for 4 hours. Heavy metals. — The limit is 20 parts
per million. N.F.
The B.P. limits loss on drying to constant
weight at 150° to not less than 22.0 per cent and
not more than 27.0 per cent. The I. P., which
directs the substance to be dried to constant
weight at 100° in vacuo limits loss for the sesquihydrate to not less than 7.0 per cent and not more
than 11.0 per cent, and for the pentahydrate to
not less than 22.0 per cent and not more than
27.0 per cent. Both compendia limit arsenic to 2
parts per million and lead to 10 parts per million.
Assay. — About 500 mg. of dried sulfathiazole
sodium is analyzed by the method employed for
Sulfanilamide. Each ml. of 0.1 If sodium nitrite
represents 27.73 mg. of C9HgN3Na02S2. N.F.
Uses. — The sodium salt is used intravenously
for the same purposes as sulfathiazole orally.
Except for its strong alkalinity, it has the same
pharmacological properties as sulfathiazole. It has
been used topically on the skin, conjunctiva, nasopharynx, etc., in the treatment of infections but
a 5 per cent solution in water is sufficiently alkaline (pH 10 to 11) to exert a caustic action (Futch
et al., J. AM. A., 1942, 119, 7). Gradle and Harrison (J.A.M.A., 1943, 122, 743) instilled 1 to 2
drops of a 2.5 per cent solution, adjusted to a pH
of 9, into the conjunctival sac from 3 to 15 times
daily in the treatment of epidemic keratoconjunctivitis. Yonkman et al. (J. A.M. A., 1942, 118,
1317) advocated a 3 per cent solution in propylene
glycol as a spray for the nose and throat. Strakosch
and Olsen (Arch. Dermat. Syph., 1942, 46, 44)
found that, in an ointment, a 5 per cent concentration gave maximum bacteriostatic action and
that the action was most rapid in a water-in-oil
type of emulsion base. This compound has lost
popularity because of its irritating alkalinity, the
tendency to crystalluria and the increasing incidence of allergic sensitivity. S
Dose. — The intravenous dosage is calculated
on the basis of 60 mg. per kilogram of body
weight, prepared as a 5 per cent solution prefer-
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ably just before use, administered at a rate of
5 ml. per minute. This solution must not be mixed
with any other solution in the burette or tubing.
The dose may be repeated in about 8 hours, if
oral administration of sulfathiazole is impossible
or inadvisable. Topically, solutions or ointments
may be applied one or more times daily as
indicated.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
STERILE SULFATHIAZOLE
SODIUM.
N.F.
Sterile Sodium Sulfathiazole

C9H8N3Na02S2
"Sterile Sulfathiazole Sodium, dried at 105° for
2 hours, contains not less than 99 per cent of
C9H8N3Na02S2." N.F.
Sp. Sulfatiazol Sodico, Esteril.

This is intended for extemporaneous preparation of solutions for parenteral administration.
Labeling. — "The quantity of Sterile Sulfathiazole Sodium and the lot number must be stated
on the label of each package." N.F.
Storage. — Preserve "in tight containers so
closed that the sterility of the product is maintained until the package is opened for use. Each
package contains not more than 10 Gm. of Sterile
Sulfathiazole Sodium. The container may be of
such size as to permit solution within the container." N.F.
SULFATHIAZOLE SODIUM
INJECTION.
N.F. (B.P.) (LP.)
[Injectio Sulfathiazoli Sodici]

"Sulfathiazole Sodium Injection is a sterile solution of sulfathiazole sodium in water for injection. It contains not less than 95 per cent and not
more than 105 per cent of the labeled amount of
C9H8N3Na02S2.1^H20." N.F.
The B.P. defines Injection of Sulphathiazole
Sodium as a sterile solution of sulphathiazole sodium in water for injection free from carbon
dioxide. The solution is distributed, with as little
exposure to air as possible, in ampuls, the air in
which is replaced by nitrogen. It is sterilized by
heating in an autoclave (30 minutes at 115° to
116°). Not less than 94.0 per cent and not more
than 105.0 per cent of the labeled content of
sulphathiazole sodium is required.
B.P. Injection of Sulphathiazole Sodium; Injectio
Sulphathiazoli Sodii. LP. Injection of Sulfathiazole
Sodium; Injectio Sulfathiazoli Natrici.

Storage. — "Preserve Sulfathiazole Sodium Injection preferably in single-dose hermetic containers, orin other suitable containers." N.F.
■CH
Usual Size. — 2.5 Gm. (approximately , 37^2
grains) in 10 ml.
SULFISOXAZOLE.
U.S.P.
NH

f\
=

N

CH3-U-

"Sulfisoxazole, dried at 105° for 2 hours, con-

'\
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tains
U.S.P.not less than 99 per cent of C11H13N3O3S."
Ni-3,4 - Dimethyl -5 - isoxazolylsulf anilamide.
(Hoffmann-La Roche).

Gaiitrisin

Sulfisoxazole may be prepared by reacting
p-acetaminobenzenesulfonyl chloride with 3,4-dimethyl-5-aminoisoxazole, followed by deacetylation, or by reacting p-nitrobenzenesulfonyl chloride with the isoxazole, followed by reduction of
the nitro group to amine (for further information
see U. S. Patent 2,430,094, issued in 1947).
Description. — "Sulfisoxazole occurs as a white
to slightly yellowish, odorless, crystalline powder.
One Gm. of Sulfisoxazole dissolves in about 6700
ml. of water, and in about 10 ml. of boiling alcohol. It is freely soluble in diluted hydrochloric
acid. Sulfisoxazole melts between 192° and 195°."
U.S.P.
Standards and Tests. — Identification. — (1)
A greenish blue precipitate forms on adding cupric
sulfate T.S. to a solution of sulfisoxazole prepared
with the aid of sodium hydroxide T.S. (2) An
orange-red precipitate forms on diazotizing sulfisoxazole and coupling it with betanaphthol. Loss on
drying. — Not over 0.5 per cent, when dried at
105° for 2 hours. Residue on ignition. — Not over
0.1 per cent. Heavy metals. — The limit is 20 parts
per million. U.S.P.
Assay. — About 800 mg. of dried sulfisoxazole
is titrated, in a medium of pyridine and benzene,
with 0.1 iV sodium methoxide, whereby the acidic
hydrogen of the -SO2NH- group is neutralized;
thymol blue T.S. is the indicator. Each ml. of
0.1 N sodium methoxide represents 26.73 mg. of
C11H13N3O3S. U.S.P.
Uses. — Sulfisoxazole has, in general, the therapeutic effects of sulfonamides. It has been found
particularly useful in the treatment of infections
of the urinary tract but it may be used also in
other conditions.
Metabolism. — Sulfisoxazole is rapidly absorbed
from the gastrointestinal tract; it is excreted
through the kidneys, more rapidly than sulfadiazine, sulfamerazine or sulfamethazine (Lehr, Antibiot. Chemother., 1953, 3, 71). For this reason
concentrations in blood are lower than those obtained with equal doses of any of the three other
drugs or with a mixture of the three.
The solubility of sulfisoxazole in urine increases
from 60 mg. per 100 ml. at pH 5.4 to 32 7 mg. per
100 ml. at pH 6.14 (Svec et al., Arch. Int. Med.,
1949, 85, 83). By comparison, the solubility of
sulfadiazine in urine at pH 6.3 is only 12.9 mg.
per 100 ml. and a pH of 7.5 to 8 is required to
attain to the solubility shown by sulfisoxazole at
pH 6.14. Unfortunately this favorable comparison
does not hold for the acetylated form of sulfisoxazole, which is less soluble than the free form
up to a pH of 6.6. This must be taken into account
in treating febrile patients, whose urinary acidity
is often pH 6 or less. About 70 per cent of the
drug is excreted in the free form which circumstance, since the drug is more soluble in urine in
the pH range of 5.5 to 6.5 than are the sulfonamides mentioned above, lessens the danger of
crystalluria (Rhoads et al., Arch. Int. Med., 1950,
85,259).
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Diffusion of sulfisoxazole into tissues is less
than with the three other sulfonamides. At equal
concentrations the antibacterial spectrum and activity of sulfisoxazole is of about the same order
as that of the triple mixture of sulfadiazine, sulfamerazine and sulfamethazine (White et al., Antibiot. Chemother., 1952, 2, 659).
Therapeutic. — In the treatment of urinary
tract infections Carroll et al. (J.A.M.A., 1950,
142, 85) found sulfisoxazole to be the sulfonamide of first choice for those due to Proteus;
the drug was found effective also against E. coli
and Alcaligenes and moderately active against
JErobacter and the paracolon bacillus. It is usually ineffective in infections due to Pseudomonas
and Streptococcus
fcecalis. Steward
(/. Urol.,
1950, 64, 801) treated 100 patients with urinary
tract infection, cystitis or pyelonephritis with
good results. Many other favorable clinical reports
have appeared.
Results comparable to those obtained with other
sulfonamides were reported to follow use of sulfisoxazole in the treatment of systemic infections,
such as meningococcus meningitis (Rhoads et al.,
loc. cit.; Lepper et al., J. Lab. Clin. Med., 1952,
40, 891) and pneumococcic infections (Brickhouse et al., Am. J. Med. Sc, 1949, 218, 133);
penicillin, however, seems to be more effective
and is indicated in severe infections. Bigler and
Thomas (Am. J. Dis. Child., 1950, 79, 785) used
sulfisoxazole successfully in 71 children, from 7
months to 1 1 years of age, with tonsillitis, cervical
adenitis, lobar pneumonia and bronchopneumonia,
otitis media and urinary tract infections. Bundy
(/. Pediatr., 1952, 41, 320) used it effectively in
prophylaxis of rheumatic fever, [v]
Sulfisoxazole Diethanolamine. — Diethanolamine, HN(CHoCH20H)2, reacts with sulfisoxazole to form a salt which is highly soluble in
water and suitable for intravenous or intramuscular injection or for topical application; dosage
forms are available under the trade-marked name
Gantrisin Diethanolamine (Hoffmann-LaRoche),
these including a 40 per cent w/v injectable solution in 5- and 10-ml. ampuls, and a 4 per cent w/v
solution in 30-ml. dropper bottles for ophthalmic
use. Price and Hansen (Texas Rep. Biol. Med.,
1951, 9, 764) administered the 40 per cent solution, undiluted, by slow intravenous or intramuscular injection, in the dose indicated orally.
Not more than 5 ml. should be injected intramuscularly at any one site to minimize discomfort. For subcutaneous administration the 40 per
cent solution should be diluted with water for
injection to 5 per cent concentration. Warren
(South. M. J., 1952, 45, 1183) reported excellent
results following use of a 4 per cent solution and
also a 4 per cent ointment of this sulfonamide in
conjunctivitis and blepharitis; some value was reported in keratitis. The preparations are well
tolerated. Sinsical (Am. J. Ophth., 1950, 33, 715)
reported combined topical and oral use in trachoma. A nasal solution containing 4 per cent of
sulfisoxazole as the diethanolamine salt and 0.25
per cent phenylephrine is also available.
Toxicology. — Renal complications with sulfisoxazole have been extremely infrequent. Carroll
(loc. cit.) feels that it is unnecessary to force
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fluids or alkalinize the urine but an output of at
least a quart of urine daily is usually advisable
in any patient with any infection. Thompson
(/. Urol., 1949, 62, 892) reported hematuria in
5 and leukopenia in 7 of 26 patients treated
with sulfisoxazole. Toxic reactions in the skin and
hematopoietic system are potentially the same as
for other sulfonamides. Granulocytopenia (Haunz
et al., J.A.M.A., 1950, 144, 1179; Hagerman and
Franzblau, ibid., 1951, 147, 1657), thrombocytopenic purpura (Geiger, ibid., 1952, 149, 1219)
and nonthrombopenic purpura (Gale, Can. Med.
Assoc. J., 1951, 64, 252) have been reported, although cases are rare. McCluskey (J.A.M.A.,
1953, 152, 232) treated a patient with sulfisoxazole agranulocytosis successfully with corticotropin.
Dose. — The initial oral dose of sulfisoxazole
for adults is 4 Gm., followed by 1 Gm. every 4
hours until the temperature has been normal for
at least 48 hours; ihe range of dose given by the
U.S. P. is 500 mg. to 6 Gm. The dose for children
is 50 to 100 mg. per kilogram of body weight
initially, followed by 200 mg. per kilogram daily
in divided doses at 4-hour intervals. Parenteral
therapy with the diethanolamine salt is to be used
when the drug cannot be administered adequately
by the oral route, and then in a dosage not to
exceed that of sulfisoxazole itself when given
orally. Gantrisin is available in a number of dosage forms, including a syrup and a suspension.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
SULFISOXAZOLE

TABLETS.

U.S.P.

"Sulfisoxazole Tablets contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C11H13N3O3S." U.S.P.
Usual Size. — 500 mg.
SULFOBROMOPHTHALEIN
U.S.P.

SODIUM.

[Sulfobromophthaleinum Sodicum]

S03NQ

SO,Na

"Sulfobromophthalein Sodium, dried at 105°
for 3 hours, contains not less than 7.4 per cent
and not more than 8.2 per cent of sulfur, and not
less than 36 per cent and not more than 39 per
cent of bromine." U.S.P.
Bromsulphalein (Hynson, Westcott & Dunning). Bromtetragnost; Phenoltetrabromphthalein disodium sulfonate;
Disodium Phenoltetrabrornphthalein-sulfonate. Sp. Sulfobromoftaleina Sddica.

I

This compound, the disodium salt of phenoltetrabromophthalein disulfonic acid, resembles
iodophthalein sodium in being a tetrahalogen-substituted phenolphthalein derivative but it differs
structurally from the iodine compound in the position of substitution of the bromine atoms and also
in being a sulfonated derivative. Sulfobromophthalein sodium may be prepared by interaction
of phenol and tetrabromophthalic acid or the
anhydride of the latter, followed by sulfonation
of the product and conversion to the disodium salt.
Description. — "Sulfobromophthalein Sodium
occurs as a white, crystalline powder. It is odorless and has a bitter taste. It is hygroscopic. Sulfobromophthalein Sodium is soluble in water, but is
insoluble in alcohol and in acetone." U.S.P.
Standards and Tests. — Identification. — (1)
An intense bluish purple color develops on adding
a few drops of sodium hydroxide T.S. to an aqueous solution of sulfobromophthalein sodium. (2)
A mixture of sulfobromophthalein sodium and sodium carbonate is ignited, the residue extracted
with hot water, and the mixture filtered: the filtrate responds to tests for bromide. (3) Sulfobromophthalein sodium responds to the flame test
for sodium. Loss on drying. — Not over 5 per cent,
when dried at 105° for 3 hours. Sensitiveness. —
Dissolve 10 mg. of sulfobromophthalein sodium
in 10 ml. of water, add 0.2 ml. of this solution
to 50 ml. of freshly boiled and cooled water. On
adding to this 0.2 ml. of 0.02 N sodium hydroxide
a strong violet color is produced which is discharged on the addition of 0.2 ml. of 0.02 N sulfuric acid. Color and completeness of solution. —
A solution of 200 mg. of sulfobromophthalein
sodium in 10 ml. of water is complete and colorless. Halide ion. — Not more than a slight opalescence is produced on adding diluted nitric acid
and silver nitrate T.S. to a solution of sulfobromophthalein sodium. Sulfate. — Addition of barium
chloride T.S. to a hot solution of sulfobromophthalein sodium does not produce a precipitate,
but on cooling crystals of a difficultly soluble
barium salt of sulfobromophthalein form. U.S.P.
Assay. — About 500 mg. of dried sulfobromophthalein sodium is fused with sodium peroxide,
using potassium nitrate as an accelerator, in a
Parr bomb. In one portion of a solution of the
fusion residue the sulfate produced in the fusion
is precipitated as barium sulfate, which is finally
weighed; in another portion the bromide obtained
by reduction with hydrazine sulfate is determined
by precipitation as silver bromide, the assay being
performed volumetrically or gravimetrically. U.S.P.
Uses. — Sulfobromophthalein is used chiefly as
a test of the functional capacity of the liver, particularly of the reticuloendothelial cells of the
fiver (Kupfer cells). The idea of using a halogenated phenolphthalein as a liver function test
was originally suggested by Rowntree in 1913; he
used phenoltetrachlorophthalein and measured the
amount excreted in the feces. Later excretion of
the dye into aspirated duodenal contents was
measured (Kahn and Johnston, N. Y. M. J., 1915,
102, 848; McNeil, /. Lab. Clin. Med., 1916, 1,
822). The tetraiodophthalein has also been employed for the same purpose but today the sulfo-
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bromophthalein is generally considered the most
reliable (DeLor and Reinhart, Am. J. Clin. Path.,
1940, 10, 617). The test is based on the fact that
the drug is eliminated largely by the liver; by
measuring the length of time the dye remains in
the blood one can determine the rapidity of excretory function of the liver.
Two methods are employed for application of
the test. The older one is the Rosenthal test
{JAM. A., 1925, 84, 1112) which is performed
as follows: An amount of the drug equivalent to
2 mg. per Kg. of body weight is injected before
breakfast, slowly enough to require at least one
minute for completion, into a vein of one arm.
Exactly 30 minutes later 4 or 5 ml. of blood is
withdrawn from a vein of the other arm into a
test tube. After the blood has coagulated it is
centrifuged and the serum collected into two test
tubes. To one tube is added 1 or 2 drops of a 10
per cent solution of sodium hydroxide, which
gives a violet color with the dye; to the other
tube is added a drop or two of 5 per cent solution
of hydrochloric acid to serve as a control. The
depth of color in the alkaline tube is compared in
a colorimeter with a standard set of colors made
from alkaline solutions containing known concentrations ofthe dye. From this comparison one can
determine the concentration of the dye in the
blood serum. Wirts {Rev. Gastroenterol., 1949,
16, 125) concluded that the dye was first rapidly
taken out of the blood into the Kupfer cells of
the liver (85 to 95 per cent in 5 minutes leaves
the blood) and then more slowly excreted into
the bile (maximum after 45 to 75 minutes). MacDonald (Surg. Gynec. Obst., 1939, 69, 70) modified the test by injecting 5 mg. per Kg. of the
dye and collecting 6 samples of blood at intervals
of 5 minutes. ®
Toxicology. — Occasional anaphylactoid reactions to the dye have been reported (Roth,
J.A.M.A., 1950, 143, 802; de Andino and McKeown, Ann. Int. Med., 1951, 34, 1265).
Dose. — The usual dose of this diagnostic agent
is 5 mg. per kilogram of body weight intravenously in the form of the official injection, which
contains 50 mg. per ml. The range of dose is 2 to
5 mg. per kilogram. Not more than 15 per cent of
the dye remains in the blood 30 minutes after the
injection in patients with normal liver function.
Storage. — Preserve "in tight containers."
U.S.P.
SULFOBROMOPHTHALEIN
SODIUM
INJECTION.
U.S.P.
[Injectio Sulfobromophthaleini Sodici]

"Sulfobromophthalein Sodium Injection is a
colorless, or almost colorless, sterile solution of
sulfobromophthalein sodium in water for injection. It contains not less than 94 per cent and not
more than 106 per cent of the labeled amount of
C2oH8Br4Na2OioS2." U.S.P.
Assay. — A volume of solution equivalent to
150 mg. of sulfobromophthalein sodium is evaporated to dryness on a steam bath and the residue
dried at 105° for 3 hours. U.S.P.
Storage. — Preserve "in single-dose containers,
preferably of Type I glass." U.S.P.
Usual Size. — 150 mg. in 3 ml.

SULFOXONE

Na02SCH2NH-^

SODIUM.

Vs02-^

U.S.P.

VnHCH2S02Ncl

"Sulfoxone Sodium contains not less than 73
per cent and not more than 81 per cent of disodium [sulf onylbis (^-phenyleneimino ) ] dimethanesulfinate (Ci4Hi4N2Na20eS3), calculated on the
anhydrous basis." U.S.P.
Diasone

Sodium

{Abbott).

In the search for less toxic derivatives of the
effective tuberculostatic compound 4,4'-diaminodiphenylsulfone, H2N.C6H4.SO2.CeH4.NH2, the
possibility that sodium formaldehyde sulfoxylate
might detoxify the latter even as arsphenamine
is similarly detoxified by the same compound in
forming neoarsphenamine was found actually to
occur (Raiziss, Science, 1943, 98, 350). The product of such an interaction, which is principally
4,4'-diaminodiphenylsulfone disodium formaldehyde sulfoxylate, is the official sulfoxone sodium
(for further information concerning its synthesis
see Bauer, J.A.C.S., 1939, 61, 617; Raiziss et al.,
J. A. Ph. A., 1944, 33, 43; also U. S. Patents
2,234,981 and 2,256,575, both issued in 1941). To
prevent deterioration through absorption of carbon
dioxide the product contains a stabilizing agent,
such as sodium carbonate or sodium phosphate.
Description. — "Sulfoxone Sodium is a white
to pale yellow powder, having a characteristic
odor. Sulfoxone Sodium is very soluble in water,
yielding a clear, pale yellow solution. It is slightly
soluble in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
On adding some iodine T.S. and chloroform to a
solution of sulfoxone sodium in water no color
appears in either liquid. (2) £,/>'-Diaminodiphenylsulfone obtained from sulfoxone sodium melts
between 175° and 177°. Water. — Not more than
5 per cent, determined by drying in vacuum at
60° for 18 hours. Heavy metals. — The limit is 20
parts per million. Undue toxicity. — The test specifies survival rates for groups of mice receiving different amounts of sulfoxone sodium, orally administered. U.S.P.
Assay. — The procedure is based on quantitative diazotization of />,/>'-diaminodiphenylsulfone
and coupling with N-(l-naphthyl)-ethylenediamine, the intensity of the resulting pink color
being measured in a photoelectric colorimeter at
560 mn and compared with the intensity of color
similarly produced using p,/>'-diaminodiphenylsulfone obtained in identification test (2) as a standard. U.S.P.
Uses. — Like other sulfones, sulfoxone sodium
proved to be effective in arresting tuberculosis in
the guinea pig. Petter and Prenzlau (Am. Rev.
Tuberc, 1944. 49, 307; Illinois M. J., 1944, 85,
4; Dis. Chest, 1945, 11, 419) reported the drug
to be less toxic, in humans, than Promin, and to
be an invaluable adjunct to conventional tuberculosis therapy; during 18 months 170 patients
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were treated. Pfuetze and Pyle (ibid., 1945, 11,
213, 220), however, on the basis of treatment of
74 patients, believed the drug to fall considerably
short of their hopes for a chemotherapeutic adjunct for human tuberculosis; in their experiments 25 patients were found to be unable to continue treatment due to toxic reactions. These
consisted chiefly of gastrointestinal and nervous
symptoms, e.g., anorexia, flatulence, nervousness,
insomnia, headache, and malaise; an appreciable
reduction in hemoglobin was observed in a number of patients, as was also development of cyanosis. The doses varied from 0.9 to 4.56 Gm. daily
for periods ranging from 120 to 399 days. Benson
and Goodman (Am. Rev. Tuberc, 1945, 51, 463)
found but 4 of 22 patients with pulmonary tuberculosis to be improved; toxic reactions developed
in all but 3 patients, with hypochromic anemia
occurring in nearly all of them. Robitzek et al.
(Dis. Chest, 1946, 12, 185) gave sulfoxone sodium to 106 patients with tuberculosis, starting
with 300 mg. per day the first week and increasing
until 1 Gm. daily was given the third week; the
number of tubercle bacilli in the sputum decreased
during treatment but returned to the original state
shortly after discontinuing treatment. No improvement was evidenced by chest x-ray examinations. Corper and Conn (JAM. A., 1945, 127,
1043) are of the opinion that because of the
greater sensitivity of the human being to anoxic
and anoxemic effects and the fact that the antituberculosis action of the drug is directly related
to these effects, it would not seem warranted to
continue human experimentation with sulfones.
In contrast with the discouraging results in
clinical tuberculosis, experience in the past several years points to the sulfones as the optimal
treatment for leprosv. Faget et al. (Pub. Health
Rep., 1946. 61, 960; JAMA., 1948, 136, 451)
used sulfoxone sodium orally at the Carville
Leprosarium. Objective improvement was slow but
progressive throughout the course of treatment.
Favorable results have been reported also by Kellersberger and Rule (Internat. J. Leprosy, 1951,
3, 265), Sloan et al. (Hawaii M. J., 1950, 9, 301),
and Floch and Destombes (Presse med., 1950, 58,
1094). At least, the disease does not progress
under treatment with the drug.
Cornbleet (Arch. Dermat. Syph., 1951, 64,
684) used sulfoxone sodium to maintain a clinical
remission in dermatitis herpetiformis.
Toxicology. — Toxic effects observed include
normocytic anemia, methemoglobinemia, nausea,
hematuria, skin rashes, and leukopenia. Unless
anoxia is severe, anemia and cyanosis do not prevent continued use.
Dose. — The adult dose is 300 mg. (approximately 5grains) daily, by mouth, the first week.
600 mg. daily the next 2 or 3 weeks, and 900 mg.
daily thereafter for 6 months or more. Rest
periods of 2 weeks are advisable after 2 months
of therapy. Doses are not increased if there are
toxic effects. For children 6 to 12 years old the
initial dose is 150 mg., which may be gradually
increased to a maximum of 600 mg. For younger
children the maximum dose is 450 mg.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
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TABLETS.

U.S.P.
"Sulfoxone Sodium Tablets contain an amount
of Ci4Hi4N2Na20eS3 equivalent to not less than
95 per cent and not more than 105 per cent of the
labeled amount of Sulfoxone Sodium." U.S.P.
Usual Size. — 330 mg. in an enteric-coated
tablet.
PRECIPITATED SULFUR.
U.S.P. (B.P.)
[Sulfur Praecipitatum]

"Precipitated Sulfur, dried over sulfuric acid
for 4 hours, contains not less than 99.5 per cent
of S." UJi.P. The B.P. specifies no assay rubric.
B.P. Precipitated Sulphur; Sulphur Praecipitatum.
Milk of Sulfur. Lac Sulfuris. Fr. Soufre precipite ;
Magistere de soufre. Ger. Gefallter Schwefel; Schwefelmilch. It. Solfo precipitato. Sp. Azufre precipitado; Leche
de azufre; Magisteno de azufre.

The method of preparing precipitated sulfur
may be illustrated by the procedure given in
U.S.P. X. '•Sublimed Sulphur, 100 Gm.; Lime, 50
Gm.; Hydrochloric Acid, Water, each a sufficient
quantity. Slake the lime, and mix it thoroughly
with 500 cc. of water. Add the sublimed sulphur,
previously sifted, and, after thorough mixing, add
1000 cc. of water and boil the mixture in a porcelain or glass vessel during one hour, stirring or
agitating the mixture very frequently, and replacing the water lost by evaporation. Then cover the
vessel, and allow it to stand until the contents are
cool and the supernatant liquid becomes clear.
Carefully draw off the clear solution, and filter
the remainder. To the united liquids add gradually and with constant stirring hydrochloric acid,
previously diluted with an equal volume of water,
until the liquid is nearly neutralized but still retains an alkaline reaction and a yellow color. Collect the precipitate on a strainer, and wash it until
the washings are neutral to litmus paper and no
longer give a precipitate upon the addition of ammonium oxalate T.S. Then dry the product rapidly
and keep it in well-closed containers." U.S.P. X.
When sulfur is boiled with slaked lime the
following reaction takes place :
3Ca(OH)2 + 12S -> 2CaSs + CaS203 + 3H20
The addition of hydrochloric acid results in reprecipitation of sulfur. It is important that addition
of acid be stopped while the solution is still alkaline so that arsenic compounds, if present, will
not be precipitated and contaminate the product.
Description. — "Precipitated Sulfur is a very
fine, pale yellow, amorphous or rnicrocrystalline
powder, without odor or taste. Precipitated Sulfur
is practically insoluble in water, and nearly insoluble in alcohol. One Gm. dissolves slowly and
usually incompletely in about 2 ml. of carbon
disulfide. One Gm. dissolves in about 100 ml. of
olive oil." US. P.
Standards and Tests. — Identification. — Precipitated sulfur burns in air to form sulfur dioxide,
recognizable by its odor. Water. — Not over 0.5
per cent, as determined by the Karl Fischer titration method. Residue on ignition. — Not over 0.3

Part I

Sulfur, Sublimed

per cent. Acidity or alkalinity. — The filtrate separated after agitating sulfur with water is neutral
to litmus. Arsenic. — The limit is 2 parts per million. Other forms of sulfur. — 1 Gm. of precipitated sulfur dissolves quickly in 5 ml. of carbon
disulfide with the exception of a small amount of
insoluble matter which is usually present. U.S.P.
Assay. — About 1 Gm. of dried precipitated
sulfur is dissolved by heating with potassium hydroxide solution; the resulting sulfur compounds
are oxidized to sulfate by hydrogen peroxide solution and precipitated as barium sulfate, which is
filtered, washed, ignited and weighed. A blank test
is performed on the reagents. The weight of
barium sulfate, multiplied by 0.1374, indicates the
equivalent weight of S. U.S.P.
Physical Characteristics. — Precipitated sulfur differs from sublimed sulfur in existing in a
finer state of subdivision; the former is microcrystalline or amorphous, while sublimed sulfur
occurs as larger crystals. Because of the smaller
particle size of precipitated sulfur it might be
expected that in the body it would be metabolized
more rapidly than other forms of sulfur but the
difference, if any, appears to be therapeutically
insignificant.
Colloidal Sulfur. — This form of sulfur, which
has been claimed to be much more active than
other forms of sulfur supposedly because of very
small particle size, may be prepared by passing
hydrogen sulfide into an aqueous solution of sulfur
dioxide, or by interaction of sodium sulfide with
sodium sulfite in an acid, aqueous medium. Purification of the sulfur may be effected through
dialysis. A protective colloid, such as casein,
albumin or gelatin, may be added to the interacting solutions to prevent aggregation of sulfur.
For therapeutic effects of colloidal sulfur see under
Sublimed Sulfur.
Uses. — Precipitated sulfur has medicinal properties similar to those of sublimed sulfur. Its relatively finer state of subdivision makes it more
readily suspended in liquids. A wettable sulfur,
prepared from calcium polysulfide solution containing a protective colloid such as casein, is especially easy to disperse and suspend in water; this
preparation, however, does not meet official specifications. Precipitated sulfur is used in preparing
the U.S.P. ointment, which is lighter in color and
smoother than one prepared with sublimed sulfur ;
it is noteworthy that the B.P. ointment of sulfur
is prepared with sublimed sulfur.
The usual dose is 4 Gm. (approximately 60
grains), but as little as'l Gm. may be effective.
Topically it is used in concentrations of 3 to 20
per cent in the form of powder, lotion, cream,
or ointment.
Storage. — Preserve "in well-closed containers." U.S.P.
SUBLIMED

SULFUR.

Flowers of Sulfur,

N.F. (B.P.)

[Sulfur Sublimatum]

"Sublimed Sulfur, when dried over sulfuric acid
for 4 hours, contains not less than 99.5 per cent
of S." N.F. The B.P. recognizes Sublimed Sulphur
obtained from native sulphur, or from sulphides;
no assay rubric is specified.
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B.P. Sublimed Sulphur; Sulphur Sublimatum. Flores
Sulfuris. Fr. Soufre sublime ; Fleur de soufre. Ger. Sublimierter Schwefel ; Schwefelbliite. It. Solfo sublimato;
Fiori di solfo. Sp. Azufre sublimado; Flor de azufre.

Sulfur, either free or in the form of one of its
many compounds, is very generally disseminated
throughout the mineral kingdom. In the elemental
state it occurs either in translucent or opaque
masses, or in the form of powder mixed with various earthy impurities. In combination it is found
in the form of sulfides of iron, lead, mercury,
antimony, copper, and zinc. Native sulfur is most
abundant in volcanic countries, and is hence called
volcanic sulfur. Productive mines of sulfur are
found in Sicily, but the output has declined in
more recent years. Sulfur exists as a mineral in
widely separated localities in the United States.
The great bulk of the world's supply of sulfur is
produced from the mines in the Gulf coast regions
of Louisiana and Texas, which yield about 2 million tons annually. In the Frasch process, used in
these mines, a well is sunk just as in boring for
petroleum. This is lined with 6-inch pipe all the
way to the rock formation underlying the sulfur
deposit. In this tube are placed two concentric
tubes, 3 inches and 1 inch in diameter, respectively, which are driven to the lower portion of
the sulfur layer but not entirely to the rock. The
outer tube is then surrounded with water heated
under and
pressure
155°,thewhich
sulfur
forcestoit about
to ascend
middlemelts
tube the
as
a liquid with a density of 2. A current of compressed air meets the sulfur and fills it with air
bubbles which render it buoyant and it rises to
the surface without the aid of a pump. The Louisiana sulfur is nearly 100 per cent pure and is
entirely free from arsenic, which is very advantageous for many industrial processes and for
making pure sulfuric acid (see Sulfuric Acid).
Sulfur exists in large quantities also in various
localities in Japan.
Sicilian sulfur is usually extracted from the
sulfur-containing earth by heating in covered
mounds known as calcaroni, and collecting the
melted sulfur or by extraction from the earth by
superheated steam under several atmospheres'
pressure.
Sulfur may be purified, when necessary, by distilling it;if the condensing chamber is at a temperature above the melting point of sulfur the
vapor condenses to a liquid which is drawn off
into cylindrical molds to produce the so-called
roll sulfur, but if the temperature is below that
of the melting point the vapors condense to a fine
crystalline powder to produce sublimed sulfur.
Description. — Sulfur is a non-metallic element, existing in several allotropic states. It occurs
most commonly as a brittle solid composed of
rhombic crystals, of a pale yellow color, permanent in the air, and exhibiting a crystalline texture
and shining fracture. It has a slight taste, and a
perceptible odor when rubbed. When pure its
density, at 0°, is 2.06. It is a poor conductor of
heat, and acquires a negative electrostatic charge.
The melting point of sulfur varies with its allotropic form, which is readily altered by heat.
Rhombic sulfur melts and sublimes at 112.8°.
Melted sulfur is perfectly limpid, and of a bright
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yellow color. When sulfur is melted, and, after
partial cooling, the crust formed on its surface is
pierced, and the fluid portion poured out, it may
be obtained in slender monoclinic crystals which
melt at 119.2° and have a density of 1.96. This
form, however, gradually passes back into the
more permanent variety found in nature. When
sulfur is heated above its melting point, it becomes
deeper in color and less fluid. At about 180° it has
a deep brown color, and is so viscid that it cannot
be poured from the containing vessel. If the temperature isfurther increased, the sulfur resumes
its fluidity, but retains its brown color. Finally,
when the temperature reaches 444.6°, it boils,
forming a yellow vapor, and may be distilled. If
melted sulfur, heated above 200°, is suddenly
cooled by being poured out into water, it becomes
a reddish-brown plastic mass, called soft sulfur
(viscid sulfur), which may be considered to be a
supercooled liquid, and which is employed in taking impressions of medals, etc. This form of sulfur
resumes the hard state, but not its original color,
after the lapse of a few days, or suddenlv if heated
to 100°.
Sulfur is highly flammable ; under ordinary conditions itwill ignite at about 363°, but can be
made to take fire at lower temperatures. It burns
with a blue flame, combining with the oxygen of
the air, and giving rise to sulfurous oxide, SO2.
The combinations of sulfur are numerous. It forms
with oxygen four oxides: sulfurous oxide (sulfur
dioxide). SO2; sulfuric oxide (sulfur trioxide),
SO3; sulfur sesquioxide, S2O3; and sulfur heptoxide, S2O7. The first two of these oxides, by their
reaction with water, form sulfurous acid, H2SO3,
and sulfuric acid, H2SO4, respectively. There are
also hydrosulfurous acid (better called dithionous
acid), H2S2O4; thiosulfuric acid (frequently referred to as hyposulfurous acid), H2S2O3; persulfuric acid, H2S2O8; and a series of acids
H2S2O6, H2S3O6, H2S4O6, and H2S5O6, called the
thionic acids. With hydrogen it forms hydrogen
sulfide (hydrosulfuric acid or sulfuretted hydrogen), and with the metals, various sulfides.
Sublimed sulfur is officially described as follows: "Sublimed Sulfur is a fine, yellow, crystalline powder having a faint odor and taste. Sublimed Sulfur is practically insoluble in water, and
nearly insoluble in alcohol. One Gm. dissolves
slowly and usually incompletely in about 2 ml. of
carbon disulfide. One Gm. dissolves in about 100
ml. of olive oil." N.F.
Standards and Tests. — Identification. — Sublimed sulfur burns in air to form sulfur dioxide,
recognizable by its characteristic odor. Residue on
ignition. — Not over 0.5 per cent. Arsenic. — The
limit is 2 parts per million. N.F.
Assay. — Sublimed sulfur is analyzed by the
method employed for Precipitated Sulfur.
Sulfur may be contaminated with a little sulfuric acid, which is formed with the oxygen of
the air contained in the subliming chambers. Accordingly, itmay redden litmus, and. if the acid
is present in considerable quantity, the sulfur
sometimes cakes. It may be freed from acidity by
washing with diluted ammonia water (see Washed
Sulfur) .
Uses. — Internal. — Because of its insolubility
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sulfur can exert no influence locally — except a
mechanical effect — nor can it be absorbed from
the intestinal canal, but in contact with living
tissue it forms hydrogen sulfide (Andrews, J. Biol.
Chetn., 1938, 122, 687). By virtue of its local
irritant action upon the mucous membrane hydrogen sulfide provokes intestinal peristalsis and
therefore sulfur exercises a laxative influence.
This is the basis of the "spring tonic" of sulfur
and molasses. Bowel movements produced by
sulfur are soft, and there is generally no griping;
sulfur was frequently used as a laxative in cases
of hemorrhoids. The hydrogen sulfide may exert
a toxic action on intestinal parasites for which
reason Nottebaum (Deutsche med. Wchnschr.,
1927) recommended sulfur in the treatment of
oxyuris infestation. A certain amount of the hydrogen sulfide formed may be absorbed; indeed
it is asserted that the sweat of persons taking
sulfur will cause a black deposit of sulfide upon
silver coins. Sublimed sulfur has been used in
South Africa and in the Philippine Islands in the
treatment of amebic dysentery. For internal administration either the washed or precipitated
sulfur may also be employed.
Systemic. — Our knowledge of the action of hydrogen sulfide on the body affords no reason to
suspect it has a useful systemic action and the
former use of sulfur by mouth in rheumatic conditions is probably based on superstition. Colloidal sulfur, when injected intravenously, may
perhaps have some therapeutic action analogous
to that of foreign protein injections (Comroe,
Medicine, 1939, 18, 203). Margolis and Eisenstein (J.A.M.A., 1940, 114, 1429) reported that
colloidal sulfur is of no value in rheumatoid
arthritis. Miller (Arch. Dermat. Syph., 1935, 31,
516) reported favorable results in various skin
diseases.
Topical. — The most important uses, however,
of sulfur are as an antiparasitic and antifungal
agent, and in the treatment of certain other cutaneous diseases, such as acne, seborrheic dermatitis,
psoriasis, and some eczematous processes. The
exact mechanism of the action of sulfur applied
locally is not well understood. In contact with the
skin, especially in the presence of alkalies, there
occurs a chemical reaction with the formation
of either hydrogen sulfide (Sabbatini. Schweiz.
Apotk.-Ztg., 1926. 64, 66) or a polythionic acid,
such as H2S5O6 (Williams and Young. Ind. Eng.
Chem., 1929, 21, 359). The alkaline sulfide thus
formed is an active poison to various pathogenic
parasites and sulfur is therefore a useful remedy
in such disease as scabies (Mellanby et al., Brit.
M. J., 1942, 2, 1) and ringworm. Moller and
Lomholt (Acta dermat.-venereol., 1945, 26, 169)
used a solution of polythionic acids, with a sulfur
content of 1.4 per cent, effectively for acne vulgaris and seborrheic dermatitis. Finnerud and
Murray (Arch. Dermat. Syph., 1951, 63, 373)
and Delaney and Mahood (/. Michigan M. Soc,
1951. 50, 1236) also studied the effects of a
stabilized solution of complex polythionic acids
and found them helpful in 2.5 to 5 per cent
strength in the treatment of acne and seborrheic
dermatitis. Excessive keratinization seems to be
associated with increased concentrations of sulf-
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hydryl (-SH) groups in the skin. Sulfur may aid
in the formation of normal keratin by converting
-SH groups to S-S groups, by oxidizing them,
thereby decreasing sulfhydryl groups (Lerner and
Lerner, Dermatologic Medications, 1954, Year
Book Publishers) and softening horny skin. The
keratolyuc action of sulfur and salicylic acid
together is greater than that of either alone but
sulfur alone has a greater keratoplastic (stratum
corneum formation) action than the combination
(Strakosch, Arch. Dermat. Syph., 1943, 47, 216
and 48, 384). For one or the other of these effects
sulfur is a valuable remedy in a number of nonparasitic diseases of the skin, especially acne,
psoriasis, seborrhea, etc. In acne vulgaris the skin
should be washed carefully with soap or a detergent and rinsed thoroughly morning and night
after which a sulfur lotion or cream is applied as
often as twice daily, if possible, depending upon
the reaction to the washing and sulfur application. Smith (Med. Press, 1945, 2, 121) advocated
sulfur lotion for the papular stage of staphylococcal folliculitis. A vehicle to promote the penetration of sulfur into intact skin, containing an
alkyl-benzene sodium sulfonate mixture, antipyrine, triethanolamine, propylene glycol and
water, was suggested by MacKee et al. (J. Invest.
Dermat., 1945, 6, 309). The solution is applied
locally with a glass rod to the affected areas at
intervals suitable for producing the desired amount
of desquamation without irritation. This preparation may also be used in the form of hot, wet
dressings, when diluted with boiled water in the
treatment of severe cystic acne.
For local application in the treatment of acne,
3 to 10 per cent of sulfur in lotion or cream form
is usually employed. Resorcin, in a concentration
of 1 to 3 per cent, is commonly incorporated with
the sulfur. Some reddening and scaling are normal and may be expected when these preparations
are used in acne treatment; however, excessive
irritation must be guarded against, as sulfur may
produce a severe dermatitis. For treatment of
tinea corporis, cruris and versicolor, 3 per cent
of sulfur, often combined with 3 per cent of salicylic acid, is used in cream form. A mild sulfur
(5 per cent) and resorcin (2 per cent) lotion may
also be useful in these diseases. For treatment of
seborrheic dermatitis of the scalp sulfur and salicylic acid (3 per cent of each) are commonly
used, sometimes being combined with tar. A preparation of this type is Pragmatar (Smith, Kline
and French Labs.), which contains 3 per cent each
of sulfur and salicylic acid, and 4 per cent of cetyl
alcohol-coal tar distillate in an emulsion base.
Such a preparation has use also in subacute and
chronic eczematous eruptions of intertriginous
areas, but must not be employed in acute eczemas,
and is helpful in psoriasis of the scalp. Stronger
scalp ointments contain up to 10 per cent sulfur.
For a comprehensive review of the uses of sulfur
in the treatment of scabies, refer to Friedman
(Scabies — Civil and Military, 1941, Froben Press,
N. Y.). This authority indicates that for the treatment of scabies in men, women, and children, the
sulfur ointment strength should not be greater than
10 per cent, 6 to 8 per cent, and 2 to 4 per cent,
respectively. Sulfur baths have limited usefulness
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as adjunctive external therapy in such diseases as
pyoderma and seborrheic eczemas. For this purpose from 150 to 200 ml. of Sulfurated Lime Solution N.F. (Vleminckx' solution) is added to the
tub. An older method utilizes sulfurated potash
for making a bath, about 50 to 150 Gm. being
added tomay
the also
tub. beFreshly
prepared
solution
used for
hot, wetVleminckx'
dressings
in severe, cystic acne. Sulfur may be incorporated
in soaps in a 10 per cent concentration; suspended
in a bland soap it is said to give prompt relief
from infestation with "chiggers" or "red bug"
(Romeo, Mil. Surg., 1942, 90, 437). Five per cent
of sulfur powder dispersed in talc has been advocated for prophylaxis of chigger bites. For local
application precipitated sulfur is preferred because itis more readily suspended in liquids and
is less likely to cause irritation.
Weld and Gunther (J. Exp. Med., 1947, 85,
531) studied the antibacterial properties of sulfur,
and found solutions of sulfur in Carbowax and in
alcohol in 1:600 and 1:2000 dilutions to inhibit
the growth of various bacteria and fungi, particularly staphylococcus and Cryptococcus hominis.
All gram-negative bacteria resisted the action of
both preparations even in 1 : 100 concentration.
Both preparations exerted prolonged bacteriostasis, but no bactericidal effects, even with the
highest concentration. [v]
Toxicology. — Local irritation from excessive
and prolonged topical sulfur therapy has been
mentioned. Hodge et al. (J. A. Ph. A., 1951, 503,
40) studied the acute and short-term toxicity of
various fused bentonite and sulfur preparations
in animals; intraperitoneal and oral administration showed a low degree of acute toxicity as did
short-term feeding studies in rats and dogs. Ammoniated mercury and sulfur are incompatible due
to formation of black, insoluble mercuric sulfide.
It is to be remembered that colloidal sulfur when
administered intravenously is highly poisonous;
Greengard and Wooley (J. A. Ph. A., 1940, 29,
289) found that in various species of animals the
M.L.D. was between 5 and 10 mg. per Kg.
The usual dose of sulfur is 4 Gm. (approximately 60 grains), orally, but smaller doses (1
Gm.) may be effective. For external use, a concentration of3 to 20 per cent is used as a powder,
lotion, cream or ointment.
Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep. — Sulfurated Lime Solution; Washed
Sulfur, N.F.; Compound Powder of Liquorice;
Ointment of Sulphur, B.P.

WASHED

SULFUR.

N.F.

Sulfur Lotum

"Washed Sulfur, dried over sulfuric acid for 4
hours,
N.F. contains not less than 99.5 per cent of S."
Sulfur Depuratum; Sulfur Sublimatum Lotum; Flores
Sulfuris Loti; Sulfur Sublimatum et Depuratum. Fr.
Soufre sublim£ lave; Soufre lave. Ger. Gereinigter
Schwefel ; Gewaschene Schwefelblumen. It. Solfo sublimato e lavato; Fiori di solfo lavati. Up. Azufre lavado;
Azufre dcpurado.

Washed sulfur may be prepared as follows:
Pass 100 Gm. of sublimed sulfur through a No.
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30 sieve, mix it thoroughly with 100 ml. of purified water, add 10 ml. of diluted ammonia solution, and set the mixture aside for 3 days in a
closed vessel, agitating occasionally. Add 100 ml.
of purified water, transfer the mixture to a
strainer, and wash the sulfur with purified water
until the washings cease to impart a blue color to
red litmus paper. Allow the sulfur to drain, press
it strongly, dry rapidly at a moderate temperature
in a drying closet, and pass it through a No. 30
sieve. N.F.
Sublimed sulfur is sometimes contaminated with
small amounts of sulfuric acid and other impurities— especially arsenic compounds — which may
be removed by washing with ammonia as directed
in the official process.
Description. — 'Washed Sulfur occurs as a
fine, yellow, crystalline powder, without odor or
taste. One Gm. of Washed Sulfur dissolves in
about 150 ml. of ether, and in about 100 ml. of
olive oil. One Giri. dissolves slowly and usually
incompletely in about 2 ml. of carbon disulfide.
It is practically insoluble in water, and nearly
insoluble in alcohol." AT.F.
Standards and Tests. — Identification. —
Washed sulfur burns in air to sulfur dioxide,
recognizable by its characteristic odor. Residue on
ignition. — Not over 0.5 per cent. Reaction. — The
filtrate separated from 2 Gm. of washed sulfur
which has been agitated with 10 ml. of water is
neutral to litmus paper. Arsenic. — A 500-mg. portion meets the requirements of the test for arsenic.
N.F.
Assay. — This is performed in the same manner as for Precipitated Sulfur.
For description of chemical and therapeutic
properties, see Sublimed Sulfur.
The usual dose by mouth is 4 Gm. (approximately 60 grains), but smaller doses (1 Gm.) may
be effective.
Storage. — Preserve "in well-closed containers." N.F.
Off. Prep. — Compound Senna Powder, N.F.
SULFUR

OINTMENT.
Unguentum

U.S.P. (B.P.)
Sulfuris

"Sulfur Ointment contains not less than 9.5
per cent and not more than 10.5 per cent of S."
U.S.P. The B.P. assay rubric is the same.
B.P. Ointment of Sulphur; Unguentum Sulphuris. Continent of Sulfur. Pomatum Sulfuris; Unguentum Sulfuratum. Fr. Pommade soufree. Ger. Schwefelsalbe. It. Unguento solforato. Sp. L'ngiiento de Azufre.

Levigate 100 Gm. of precipitated sulfur with
100 Gm. of liquid petrolatum and incorporate the
mixture with enough white ointment to make 1000
Gm. U.S.P.
The B.P. Ointment of Sulphur is made by incorporating 10 per cent of sublimed sulfur in
simple ointment prepared with white soft paraffin.
Assay. — About 500 mg. of ointment is heated
with a mixture of nitric acid and bromine to oxidize the sulfur to sulfuric acid. The mixture is
extracted with ether to remove the ointment base
components, after which barium chloride T.S. is
added to the aqueous solution to precipitate
barium sulfate. The weight of barium sulfate,

I

multiplied by 0.1374, indicates the equivalent
quantity of S. U.S.P. In the B.P. assay the ointment is heated, under a reflux condenser, with an
aqueous solution of sodium sulfite until the sulfur
dissolves as thiosulfate; the mixture is filtered,
the excess sulfite in the filtrate is reacted with
formaldehyde, and the thiosulfate titrated with
0.1 N iodine.
For discussion of the uses of this and other
preparations of sulfur, see under Sublimed Sulfur,
also Precipitated Sulfur. S
As a scabicide, sulfur ointment is applied topically every night for 3 nights.
Storage. — Preserve "in well-closed containers,
and avoid prolonged exposure to excessive heat."
U.S.P.
SULFUR

DIOXIDE.

U.S.P.

[Sulfuris Dioxidum]

Sulfur dioxide. SO2, is the gas obtained when
sulfur burns in air. A saturated aqueous solution
of sulfur dioxide, containing about 6 per cent of
SO2, is known as sulfurous acid. In contact with
air oxidation of sulfurous acid to sulfuric acid
slowly occurs.
Description. — "Sulfur Dioxide is a colorless,
non-flammable gas, possessing a strong, suffocating odor characteristic of burning sulfur. One liter
of Sulfur Dioxide at 0° and at a pressure of 760
mm. of mercury weighs 2.927 Gm. Under pressure,
Sulfur Dioxide condenses readily to a colorless
liquid which boils at —10° and has a density of
approximately 2.06. One volume of water dissolves
approximately 36 volumes of Sulfur Dioxide at
20° under standard pressure. One volume of ethyl
alcohol dissolves approximately 114 volumes of
Sulfur Dioxide at 20° under standard pressure.
Sulfur Dioxide is also soluble in ether and in
chloroform." U.S.P.
Uses. — Sulfur dioxide is a powerful reducing
agent, by virtue of which it is used to prevent
oxidative deterioration in a variety of medicinal
and food products. In order to provide standards
of quality when it is intended to be used for the
chemical preservation of medicinals, such as parenteral solutions of epinephrine hydrochloride
and of sodium ascorbate, sulfur dioxide was admitted to the U.S.P.
Sulfur dioxide is a moderately powerful germicide in the presence of moisture, with which it
combines to form sulfurous acid; in the absence
of moisture it is said to be practically devoid of
germicidal action. Sulfur dioxide has been used
for disinfecting rooms, but since it bleaches fabrics
and furnishings it is impractical for home use
though it is sometimes employed in vacant buildings. When sulfur dioxide is required for such use,
it is common to generate it by burning sulfur, in
the proportion of 6 pounds for each 1000 cubic
feet of space; the time of exposure should be 24
hours and water vapor should be provided to
insure effectiveness of the gas. Dry sulfur dioxide
is effective in killing mosquitoes, fleas, flies, rats
and other vermin, and it is often used for this
purpose. The proportion of sulfur required for
such use is 3 to 4 pounds per 1000 cubic feet.
Instead of burning sulfur, liquid sulfur dioxide,
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supplied in tanks, may be vaporized into the space
to be treated.
Sulfur oils acid, which is a saturated solution of
sulfur dioxide in water, has been used as an external application for its parasiticidal effect in
various skin diseases, such as scabies, ringworm
and impetigo contagiosa. For this purpose it was
generally diluted with two or three volumes of
water or glycerin and applied as a lotion or by
cloths impregnated with the solution. A mixture
of one volume each of sulfurous acid and tannic
acid glycerite, diluted with two volumes of water,
has been used as a paint or spray in the treatment
of tonsillitis and septic sore throat; sulfurous acid
alone has been used similarly.
Internally, sulfurous acid has been used as a
gastric antiseptic in pyrosis, in doses of 2 to 4 ml.
(approximately 30 to 60 minims). H
Toxicology. — In a concentration of 500 parts
per million sulfur dioxide is dangerous even when
the time of exposure is short; respiration is
inhibited, and death by asphyxia may result.
Lower concentrations cause irritation of eyes,
nose, throat and lungs. The maximum concentration that may be considered safe for an exposure
of several hours is 10 parts per million. In poisoning from sulfur dioxide the patient should be permitted free access of fresh air, artificial respiration being applied and oxygen administered if
required.
Storage. — Preserve "in tight containers."
U.S.P.
SULFURIC
[Acidum

ACID.

N.F.

Sulfuricum]

"Sulfuric Acid contains not less than 94 per
cent and not more than 98 per cent of H2SO4.
Caution. — When Sulfuric Acid is mixed with other
liquids, it should always be added to the diluent,
and great caution should be observed." N.F.
Oil of Vitriol; Vitriolic Acid. Acidum Sulfuricum Purum.
Fr. Acide sulfurique officinal; Acide sulfurique pur. Ger.
Schwefelsaure. It. Acido solforico ; Olio di vertriolo.
Sp. Acido sulfurico.

Sulfuric acid is produced commercially by either
the lead chamber or the contact process. The
former is the older of the two, but contact acid
represents the larger portion of the total production.
In the chamber process sulfur or iron pyrites
is burned in a furnace with a large excess of
oxygen. The latter, together with sulfur dioxide
formed by combustion, is passed over the "niter
pot" from which issue nitric acid and oxides of
nitrogen. The gas mixture enters the "Glover
tower" where it meets a sulfuric acid mixture containing nitrous fumes and the sulfurous acid is
here partially oxidized to sulfuric acid. The oxidation process continues in the lead chambers, of
which a typical plant may have nine. From the
last of these the residual gases pass to the "GayLussac tower," where the nitrogen oxides are recovered as far as possible, and re-used.
This oxidation is made possible by the oxides
of nitrogen, though by what mechanism is still
uncertain. The chamber proces produces acid
up to 60° Baume
(77.67 per cent H2SO4)
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strength; some plants have facilities for boiling
out the water to concentrate the acid.
In the contact process oxidation of sulfur
dioxide to trioxide is accomplished with the aid
of a catalyst,
"contact
cause when thecalled
sulfurthedioxide
and substance"
oxygen are bein
contact with it at the proper temperature the
desired oxidation occurs. The sulfur trioxide
yields, with water, sulfuric acid. At one time the
contact material was mainly finely divided platinum; iron oxide has been used to some extent. In
1926, vanadium pentoxide, supported on an inert
carrier such as diatomaceous earth, was introduced and found very satisfactory. A platinized
silica gel is also being used successfully. The oxidation process is carried out most efficiently at
about 450° and is about 97 per cent complete.
Since sulfur trioxide forms with water a "mist"
that is not easily condensed, the gas is instead absorbed in concentrated sulfuric acid solutions in
which sulfur trioxide readily reacts with uncombined water to produce a more concentrated acid;
after a 100 per cent acid results the sulfur trioxide continues to be absorbed, presumably as
SO3, to form oleums, or fuming sulfuric acids
(sometimes called Nordhausen acids). Standard
marketed acids by the contact process are 98 per
cent H2SO4, 20 per cent oleum (equivalent to
104.5 per cent H2SO4), 40 per cent oleum (equivalent to 109 per cent H2SO4), and 65 per cent
oleum (equivalent to 114.63 per cent H2SO4).
It is noteworthy that the specific gravity of
sulfuric acid increases with increasing concentration up to approximately 97.5 per cent H2SO4,
but that above this concentration the specific
gravity decreases. For example the specific gravity of an acid containing 97 per cent of H2SO4
is 1.8448 at 15° when compared with water at
the same temperature while the corresponding
value for absolute sulfuric acid (100 per cent
H2SO4) is 1.8391. The latter acid boils at about
317° and freezes at 10.49°. When diluted, its
boiling point is lowered.
Aqueous solutions of sulfuric acid have the
properties of a strong dibasic acid. Two classes
of salts are formed, normal and acid (or bi-) sulfates. The concentrated acid acts less rapidly on
metals than does the dilute acid. It is an active
oxidizing agent when heated. It is capable of
forming several hydrates, and functions as an
efficient drying agent, especially for non-reactive
gases. Concentrated sulfuric acid removes the
elements of water from many organic compounds.
Such materials as paper, cotton, and wood are
charred because of this dehydrating action.
Description. — "Sulfuric Acid is a colorless,
odorless liquid of oily consistence. It is very
caustic and corrosive. When strongly heated.
Sulfuric Acid is vaporized with the evolution of
dense, white fumes. Its specific gravity is about
1.84. Sulfuric Acid is miscible with water and
with alcohol, in either case with the evolution of
much heat." N.F.
Standards and Tests. — Identification. — (1)
Sulfuric acid responds to tests for sulfate. (2) It
chars sucrose, wood, and many other organic substances. Residue on ignition. — Not over 1 mg.
from 5 ml. of the acid. Chloride. — Silver nitrate
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T.S. produces no turbidity in a 1 to 15 dilution
of the acid. Nitrate. — No brown or brownish red
color is produced at the zone of contact of a
mixture of equal volumes of a 1 to 15 dilution of
the acid and ferrous sulfate T.S. superimposed
on undiluted sulfuric acid. Nitrite or sulfite. —
The pink color of 0.1 ml. of 0.1 N potassium permanganate and 10 ml. of a 1 to 15 dilution of the
acid is not immediately discharged. Arsenic. —
A 5-ml. portion of a 1 to 15 dilution of the acid
meets the requirements of the test for arsenic.
Heavy metals. — The limit is 10 parts per million.
N.F.
Assay. — About 1 ml. of sulfuric acid is accurately weighed in a tared, glass-stoppered flask,
diluted cautiously with water and titrated with
1 N sodium hydroxide, using methyl red T.S. as
the indicator. Each ml. of 1 N sodium hydroxide
represents 49.04 mg. of H2SO4. N.F.
Toxicology. — The symptoms of poisoning by
sulfuric acid are the following: Burning heat in
the throat and stomach, extreme fetidness of the
breath, nausea and excessive vomitings of black
or reddish matter, excruciating pains in the
bowels, difficulty of breathing, extreme anguish, a
feeling of cold on the skin, great prostration, constant tossing, convulsions, and death. Sometimes
there is no pain whatever in the stomach, sensibility being apparently destroyed by the violence
of the caustic action. The intellectual faculties
remain unimpaired. Frequently the uvula, palate,
tonsils, and other parts of the fauces are covered
with black or white sloughs; this finding is very
helpful in making the diagnosis. The treatment
consists in prompt lavage with large amounts of
water, followed by administration of magnesia
magma. Alkalies should be avoided initially because of the heat liberated in reacting with acid;
carbonates are contraindicated because of liberation of carbon dioxide which may rupture the
gastric wall. After the poison has been neutralized,
mucilaginous and other bland drinks must be
taken freely.
Sulfuric acid acts rapidly as a powerful corrosive of the skin. When it has come in contact
with the flesh the exposed part should immediately be washed with water, then with a weak
solution of sodium carbonate or bicarbonate.
After removal and neutralization of acid the part
should be protected with an emollient, as lard or
petrolatum, if the skin is not destroyed. In the
latter case further treatment is that of a burn.
Industrial contact with a 10 per cent solution
of sulfuric acid has caused dermatitis (J.A.M.A.,
1944. 125, 184).
Uses. — For therapeutic action and uses of
sulfuric acid when administered internally, see
Diluted Sulfuric Acid. Externally the concentrated acid was formerly employed as a caustic;
but is probably no longer used for this purpose.
Sulfuric acid is widely used in industrial processes and enters into the manufacture of countless products. On the tonnage basis, its most important use is in the manufacture of superphosphate fertilizer. The next largest amount is consumed by the petroleum industry where it serves
as a catalyst for polymerization of olefins, as
a reactant in syntheses, and as a refining agent

for many petroleum derivatives. Sulfuric acid is
extensively used in organic syntheses, serving as
either a reactant or a catalyst. It is an important
analytical reagent, a cleansing agent for metals, a
pickling agent for iron and steel, and a process
material in the metallurgy of copper, iron, gold,
silver, platinum and other metals. Among other
fields utilizing this chemical are those relating to
textiles, leather, soap and paper.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Diluted Sulfuric Acid; Ferric
Subsulfate Solution, N.F.
DILUTED

SULFURIC
N.F.

ACID.

[Acidum Sulfuricum Dilutum]

"Diluted Sulfuric Acid is a solution containing,
in each 100 ml., not less than 9.5 Gm. and not
more than 10.5 Gm. of H2SO4." N.F.
Fr. Acide sulfurique dilue ; Solution aqueuse, au
dixieme, d'acide sulfurique. Ger. Verdunnte Schwefelsaure. It. Acido solforico diluito. Sp. Acido sulfurico
diluido.

Diluted sulfuric acid may be prepared by gradually adding 57 ml. of sulfuric acid, with constant
stirring, to 900 ml. of purified water. After the
solution has cooled it is diluted to 1000 ml. with
purified water. N.F.
Description. — "Diluted Sulfuric Acid is a
colorless, odorless liquid having an acid taste. Its
specific
gravitySulfuric
is about 1.067."
Aromatic
Acid. — N.F.
Under the title
Acidum Sulfuricum Aromaticum the U.S. P. XI
recognized a flavored alcoholic solution of sulfuric acid, also called elixir of vitriol, the formula
for which was:
"Sulfuric Acid, 114 cc; Fluidextract of Ginger,
10 cc; Oil of Cinnamon. 1 cc; Alcohol, a sufficient quantity to make 1000 cc. Add the sulfuric
acid gradually, and with great caution, to 700 cc.
of alcohol, and allow the mixture to cool. Then
mix with it the fluidextract of ginger and the oil
of cinnamon, and add enough alcohol to make the
product measure 1000 cc." U.S.P. XI.
This is a reddish brown liquid, with a pleasant
odor, which becomes turbid on the addition of
water. It was used for the same purposes as the
diluted acid but is twice as strong.
Incompatibilities. — All forms of sulfuric acid
show incompatibility with salts of lead, strontium,
and calcium, forming insoluble precipitates of the
corresponding sulfates. With hypophosphorous
acid or hypophosphites, it is reduced to sulfurous
acid and finally to sulfur.
Uses. — Diluted sulfuric acid acts like other
acids in gastric hypoacidity, except that it is also
astringent. Sulfate ion does not, however, penetrate cells very well. In convalescence from protracted fevers diluted sulfuric acid has been used
as a tonic, stimulating the appetite and promoting
digestion. It has lost its earlier popularity as an
astringent in serous diarrhea. The acid has been
recommended in Asiatic cholera. Its former use
in drenching sweats was not based on sound principles. As the acid is injurious to the teeth, it
should be taken through a glass tube.
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based on interaction of six molecules of sodium
nitrite with the products from one molecule of
suramin. B.P.
Uses. — A number of investigators have demonstrated that this nonmetallic compound has strong
curative action in trypanosome infections in laboSURAMIN.
B.P.
ratory animals (for literature see Fischl and
Suraminum
Schlossberger, Handbook of Chemotherapy, 1933,
p. 390). Suramin sodium forms firm complexes
CsiH34023N6S6Na6
with protein. In vitro, Hawking {Ann. Trop. Med.,
1939, 33, 13) found that the compound rendered
The B.P. defines Suramin as the symmetrical
trypanosomes noninfective for animals although
3"-urea of the sodium salt of l-(3-benzamido-4motility of the former persisted for some hours.
methylbenzamido) naphthalene -4 : 6 : 8-trisulphonic
The trypanocidal action has not been related to
acid; not less than 95.0 per cent of C51H34O23inhibition of any specific enzyme system (Wills
NeSeNae, calculated with reference to the suband Wormall, Biochem. J., 1950, 47, 158).
stance dried to constant weight at 130° is reSuramin offers most promise in therapy of
quired.
African sleeping sickness when it is given early,
Suramin Sodium, U.S.P. XIV. Naphuride; Bayer 205;
particularly in those cases caused by Trypanosoma
Antrypol; Germanin; Xaganol; Moranyl.
gambiense. Patients infected with T. rhodesiense
In 1916 there was introduced, under the name
are much more resistant to treatment (Levaditti
and Klarenbeek, Presse med., 1927, p. 712). It
Bayer 205, an organic compound for treating
would seem that its curative effects in human
trypanosomiasis; the chemical identity of the
compound was not revealed. In 1923 Fourneau
trypanosomiasis are much less pronounced than
in small animals. Saunders (/. Trop. Med. Hyg.,
introduced a compound known as Fourneau 309.
Later it was disclosed that the two substances
1942, 45, 25) reported the end results, after 13
were identical, and the substance presently came
years, of treatment of 36 patients with suramin;
to be known as suramin or suramin sodium. Ac34 had died of sleeping sickness, one was still
cording to the B.P. it may be prepared by conalive, and only one was apparently free from disease. It is possible that some of the deaths may
densing l-naphthylamine-4:6:8-trisulfonic acid
have resulted from reinfection.
with 4-methyl-3-nitrobenzoyl chloride, reducing
the product, condensing with 3-nitrobenzoyl chloAbsorption is poor following oral administration of the drug. After intravenous injection a
ride, again reducing, treating with carbonyl chloride, and neutralizing the product with sodium
high concentration is attained transiently in the
hydroxide. Suramin sodium was formerly official
plasma; a low concentration persists for several
in the U.S.P.
days. The concentration of the drug in erythrocytes or tissues is less than it is in plasma; in
Description. — "Suramin Sodium occurs as a
white or slightly pink powder. It is odorless and
plasma it is firmly bound to protein, from which
has a slightly bitter taste. It is very hygroscopic
it slowly dissociates.
and is affected by light. Suramin Sodium is soluble
In onchocerciasis 1 Gm. of suramin sodium administered intravenously each week for 7 weeks
in water and slightly soluble in alcohol. It is inhas proved to be effective (Burch and Ashburn,
soluble
in
ether,
in
chloroform,
and
in
benzene."
U.S.P. XIV. The B.P. states it is soluble in less
Am. J. Trop. Med., 1951, 31, 617). Marked benethan 1 part of water.
fit has followed use of suramin in treating pemphigus (Tomlinson, Arch. Dermat. Syph., 1938,
Standards and Tests. — Identification. — Fol38, 555). m
lowing hydrolysis of suramin the primary amine
formed is diazotized with sodium nitrite and
Toxicology. — Suramin is relatively safe when
properly used. However, the drug has produced
coupled with a-naphthylamine to produce a purdangerous toxic degeneration of the liver, spleen,
plish-red color. Clarity of solution. — On dissolving 1Gm. in 100 ml. of recently boiled and cooled
kidneys, and especially the adrenals, with fatal
water not more than a minute trace remains unoutcome (see Wells, J.A.M.A., 1937, 109, 490),
dissolved and the solution is clear; the solution
particularly in malnourished populations. Acute
has a pH of not less than 6.2 and not more than
reactions resemble the nitritoid crisis, with nausea,
vomiting, shock and stupor. Agranulocytosis has
6.8. Arsenic. — The limit is 2 parts per million.
followed its use. Even after small doses albuLead. — The limit is 10 parts per million. Loss on
minuria, sometimes casts and red cells, may dedrying. — Not over 8.0 per cent, when dried to
velop and persist for several weeks. Larger doses
constant weight at 130°. Other tests. — The B.P.
provides tests for limit of chloride, sulfate and
may cause hemolytic anemia. Occasionally dermafree amine, and for absence of undue toxicity,
titis, chill, fever, headache, nausea and pruritus
and for evidence of therapeutic potency.
appear; conjunctivitis, stomatitis, purpura and
globinuria occur infrequently. Use of the drug
Assay. — About 5 Gm. is hydrolyzed by boiling in a 50 per cent v/v sulfuric acid solution,
should not be continued in persons showing untoward reactions.
which effects a hydrolytic cleavage resulting in
Dose. — The initial dose, intravenously, to dethe formation of six primary amine (-NH2)
termine the tolerance of the patient is 500 mg.;
groups. The mixture is titrated with 0.5 M sodium
if no untoward reaction occurs within 24 to 48
nitrite, which quantitatively diazotizes each of
hours 1 Gm. is administered and repeated weekly
these groups; the end-point is determined by use
of starch-iodide test paper. The calculation is for a total dose of 5 Gm. Some advocate giving

Dose, from 0.6 to 2 ml. (approximately 10 to
30 minims) in 200 ml. of water.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Saccharated Ferrous Carbonate,
N.F.
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the 5 Gm. within a week to produce maximum
effect on organisms. Combined therapy with tryparsamide is employed in late cases with cerebral
involvement. As a prophylactic measure 2 doses
of 1 Gm. each are given within a week (some give
2 Gm. as a single dose), the treatment being repeated in 3 months. During treatment daily
urinalyses and determinations of blood pressure
should be made; also, frequent blood counts and
determinations of blood urea nitrogen and sodium
chloride are indicated.
Storage. — Preserve in a well-closed container,
protected from light, and stored in a cool place.
B.P.
INJECTION

OF

SURAMIN.

B.P.

Injectio Suramin.!

This injection is a sterile solution of suramin
in water for injection, prepared by dissolving the
contents of a scaled container in the requisite
amount of water for injection immediately before
use. The quantity of CsiH34023N6S6Na6 in the
sealed container is not less than 85.0 per cent and
not more than 110.0 per cent of the labeled
amount of suramin. B.P.
ABSORBABLE

SURGICAL

SUTURE.

U.S.P. (B.P.)
Catgut Suture,

Surgical Catgut,

Surgical

Gut

"Absorbable Surgical Suture is a strand prepared from collagen derived from healthy animals,
purified, rendered sterile, and protected from
contamination. Caution. — The containers of Absorbable Surgical Suture marked 'Non-boilable'
must not be subjected to heat. Containers marked
'Boilable' may be heated for purposes of sterilizing the outside of the container." U.S.P. The B.P.
defines Sterilized Surgical Catgut as sterile strands
prepared from the longitudinally split submucous
membrane of the small intestine of the sheep, or
other herbivorous animal.
B.P. Sterilised Surgical Catgut.

The absorbable surgical suture known as surgical catgut, often called simply "catgut," is said
to derive its name from "kitgut," referring to the
string of a small violin called the kit, and not from
the implied biological source of the suture.
There are many methods of preparing surgical
gut. In one process a portion of the intestinal
tract of sheep is used, this being thoroughly
cleansed, slit longitudinally, the muscular and
mucous layers removed, and the submucous layer
utilized. This is further cleansed, disinfected, and
the resulting ribbonlike material twisted into a
cord which is treated to remove fats and waxes
and then dehydrated. After polishing and gauging,
the cord is wound into coils which are sterilized
by boiling in a hydrocarbon at a temperature of
about 150°. The bulk cord is then cut, packaged
in tubes in a storing fluid or in envelopes, and
again sterilized. For further information see Davis
and Bloch (/. A. Ph. A., Prac. Ed., 1952, 13, 182).
Gut prepared as just described is digested and
absorbed during the healing process. By treating
the gut with a hardening or tanning solution, such

as one of chromic acid, its rate of absorption is
delayed in proportion to the concentration of the
chromium bath and the length of the period of
treatment; the U.S.P. recognizes several types of
such treated gut. The time of absorption varies
also with the individual patient and the tissue in
which gut is employed.
Surgical gut, whether hardened or not, is also
classified as "boilable" or "non-boilable." These
terms indicate that the container in which the gut
is stored may or may not be, respectively, sterilized by boiling water; in both cases the gut
in the tube is sterile. "Boilable" gut is hard and
wiry and is stored in cumol or other anhydrous
fluid; on boiling neither the gut nor fluid is injured. "Non-boilable" gut is stored in a fluid that
contains sufficient water to make the gut pliable;
on boiling the tube in water the suture is ruined.
Also in the category of absorbable surgical
sutures is that prepared from kangaroo tendon.
The tendon is taken from the tail of the young
kangaroo or from a smaller species known as the
wallaby; it is split into strands, which may be
chromicized if desired, and then gauged, tubed
and sterilized in the same manner as suture prepared from the intestine of sheep. Kangaroo tendon sutures are sometimes used in the radical
cure of hernia, and also in orthopedic surgery, for
when it is embedded in tissue it swells more than
does catgut and thus tightens its hold; its great
strength is especially desirable for such use. Ox
fascia, also known as fascia lata, occurs in strips
and is designed for use as an absorbable heavy
suture for abdominal fascia following repair of
incisional and recurrent hernias.
Description. — "Absorbable Surgical Suture is
either a plain strand of collagen which has not
been treated in any manner which will alter its
normal rate of digestibility, known as Type A,
Plain or Untreated, or a strand which has been
tanned or otherwise treated so that it will resist
digestion for longer but varying periods of time,
and known, respectively as Type B, Mild Treatment; Type C, Medium Treatment ; and Type D,
Prolonged Treatment. One form of treatment is
frequently referred to as Chromic. The types mentioned are supplied as Boilable or as Non-boilable
Absorbable Surgical Suture." U.S.P.
Standards and Tests. — The U.S.P. provides
specifications for length, diameter, tensile strength,
soluble chromium compounds, and sterility. Many
of these standards are based on studies made by
Jenkins and associates (Arch. Surg., 1942, 44,
May,
June, July, August; see also J. A.M. A., 1942,
119, 137).
Uses. — Catgut is used in surgery for ligating
blood vessels and suturing tissues. It has the advantage over other materials used similarly in its
being gradually dissolved and absorbed by body
tissues, leaving no potentially irritant foreign substance in the tissue. The rapidity with which absorption occurs is important; if absorption occurs
too quickly it may lead to fatal hemorrhage. According to Jenkins (loc. cit.). Type A suture
retains its tensile strength for about 5 days. Type
B for 5 to 10 days, Type C for 10 to 15 days,
and Type D for 15 to 25 days; the length of time
required for complete absorption of material
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varies from 2 weeks to 6 months, according to the
type. Protein hypersensitivity to surgical gut does
not appear to be encountered, although allergic
reactions have been produced experimentally
(Hopps, Arch. Surg., 1944, 48, 438, 445, 450). If
allergy is related to wound disruption, sensitivity
to bacteria or their products in infected tissue is
the most probable explanation. Tissue irritation
due to high-boiling, aromatic hydrocarbons in the
fluids employed in tubes of non-boilable gut was
reported by Dunham et al. {Ann. Surg., 1943,
118, 269, 285, 288) but Bower (Surg. Gynec.
Obst., 1945, 81, 225) refuted these reports.
Labeling. — "The label of each container and
each package of Absorbable Surgical Suture indicates the size, length, and type of Suture, whether
'non-boilable' or 'boilable,' and also the name of
the manufacturer. The label of the package indicates also the address of the manufacturer, packer,
or distributor, the lot number identifying the
method and time of sterilization of the Suture,
and
U.S.P.the composition of any tubing fluid used."
Storage. — Preserve "individually in hermetically sealed glass tubes or in other suitable containers, holding not more than 120 inches (305
cm.) of Suture, and which will maintain the
sterility of the Suture until the container is opened
for use." U.S.P.
NON-ABSORBABLE SURGICAL
SUTURE.
U.S.P.
The U.S.P. classifies sutures as absorbable or
non-absorbable, depending on whether they are
digested and absorbed, or not, during the process
of healing. Surgical gut, described in the preceding article, is the form of absorbable suture recognized officially. In the category of non-absorbable
surgical suture a variety of materials is recognized, including silkworm gut, nylon, untreated
and treated silk, linen, cotton, horsehair, and metal
wires (mainly silver and stainless steel). Nonabsorbable sutures are either permitted to remain
indefinitely in the tissues in which they are employed, or are used to suture skin edges together
or as retention sutures, in which latter cases the
stitch, part of which is accessible after the wound
has healed, is removed when the healing tissues
no longer need support. Sutures permitted to
remain in the tissue are ultimately either disposed
of by the tissue or are tolerated by it indefinitely.
Description. — "Non-absorbable Surgical Suture is a strand of material that effectively resists
enzymatic digestion in living animal tissue. It
may be composed of metal or of organic material
and each strand is of substantially uniform diameter throughout its length. It may be composed
of a single filament, or of filaments or fibers rendered into a thread by spinning, twisting or braiding, or by any combination thereof. It may be
coated or uncoated, and may either be untreated
for reduction of capillarity, designed as Type A,
Untreated, or Capillary, or be treated to reduce
capillarity and designated as Type B, Treated or
Non-capillary. It may be uncolored, naturally
colored, or dyed with a suitable dyestuff. When
dyed, substantially all uncombined dyestuff is re-

moved from the material. If sterilized, Nonabsorbable Surgical Suture may be impregnated
with a suitable bacteriostatic agent and/or preserved in aandsuitable
packaging
fluid." U.S.P. For
standards
tests see
U.S.P. XV.
Labeling. — "The label on the outer container
indicates the material from which Non-absorbable
Surgical Suture is made, the construction, size,
and length of the Suture and any dyestuff used.
Each container of one or more strands of sterile
Non-absorbable Surgical Suture, and each package
of one or more containers, is labeled to indicate
the material, construction, size, and length of
Suture contained therein and also the name of the
manufacturer, packer, or distributor. The package
label states also the lot number identifying the
method and time of sterilization of the Suture,
the composition of any packaging fluid, dyestuff,
and bacteriostatic agent used, and the address of
the manufacturer, packer or distributor." U.S.P.
Storage. — Preserve "in well-closed containers.
Preserve sterile Non-absorbable Surgical Suture
in hermetically sealed glass tubes or in other suitable containers which will maintain the sterility
of the Suture until the container is opened for
use." U.S.P.
SYRUP.
Simple

Syrup,

U.S.P., B.P.
Sirup,

[Syrupus]

Syrupus Simplex. Fr. Sirop simple prepare a chaud;
Sirop simple prepare a froid; Sirop de sucre. Ger.
Zuckersirup; Weiszer Sirup. It. Sciroppo semplice.
Sp. Jarabe simple; Jarabe.

Insert into the neck of a percolator of suitable
size a pledget of purified cotton, not too tightly,
but in such manner that the cotton nearly fills the
neck of the percolator, and moisten it with a few
drops of purified water. Place 850 Gm. of sucrose
in the percolator, make its surface level without
shaking or jarring, then carefully pour upon it 450
ml. of purified water, and regulate the flow of the
liquid, if necessary, so that it will drop rapidly.
Collect the percolate in a 1000-ml. graduated container, and if necessary, repass portions of it
through the percolator to dissolve all of the sucrose. Then pass enough purified water through
the cotton to make the product measure 1000 ml.
Mix thoroughly.
Syrup may also be prepared in the following
manner: Heat 450 ml. of purified water to boiling,
add 850 Gm. of sucrose, and continue to heat it
cautiously, stirring continuously, until the sucrose
is dissolved and the syrup has a temperature of
100°. Then filter it through purified cotton or
other suitable filter, and rinse the container with
small portions of hot purified water, passing the
rinsings through the filter until the product measures 1000 ml. when cold. Mix thoroughly. U.S.P.
The B.P. formula directs 667 Gm. of sucrose to
be heated with distilled water to effect solution of
sucrose, then add sufficient distilled water to make
the product weigh 1000 Gm.
Standards. — The specific gravity of syrup is
about 1.313. U.S.P. The B.P. requires the optical
rotation of the syrup, in a 100-mm. tube, at 20°,
to be between +56° and +59°.
Syrup, when properly prepared, is inodorous,
of a sweet taste without unusual flavor, thick,
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viscid, nearly colorless, and perfectly transparent.
Syrup gradually undergoes hydrolysis to dextrose and levulose on standing. Mayer (/. A.
Ph. A., 1916, 5, 712) found, working with both
cold process and hot process syrups, that the
amount of invert sugar found after standing for
one year ranged from about 8 per cent to over 40
per cent. Plette (/. A. Ph. A., 1918, 7, 609) observed that, as far as the likelihood of inversion
is concerned, there is no advantage in either the
hot or cold process but that the change was less
rapid if stored in a cold dark place.
For uses of syrup see discussion of pharmaceutical applications under Sucrose.
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." U.S. P.
TALC.
U.S.P.
Purified Talc, Talcum

"Talc is a native, hydrous magnesium silicate,
sometimes containing a small proportion of aluminum silicate." U.S.P.
Talcum; French Chalk; Soapstone; Steatite. Fr. Talc;
Talc de Venise; Craie de BrianQon. Ger. Talk; Talkstein.
It. Talco. Sp. Talco ; Talco purincado.

Talc is a native acid metasilicate of magnesium.
It is found in various parts of the world, but the
finest quality is said to be obtained in the Italian
Alps. Talc is found in three forms : the foliaceous.
fibrous and massive varieties. The last occurs in
irregular masses of a greenish-gray color, having
a wax-like appearance and texture.
When intended for medicinal or toilet uses talc
is first freed from limestone, marble or other similar impurities. It is then broken into small lumps
and introduced into a disintegrator, where it is
ground to a fine powder which is carried upwards
into a vertical elevator pipe by means of a strong
current of air, generated by a blower attached to
the disintegrator. The finest particles pass out of
the top of the vertical pipe into a long canvas
balloon and drop into a receiver below. After adding perfume or desired medication the powdered
talc, if intended for toilet purposes, is bolted
through a fine sieve having 40,000 meshes to the
square inch, being forced through by means of a
rotating brush. For pharmaceutical uses the particles should not be so fine; also, the powder is
purified by washing with hydrochloric acid. The
U.S.P. VIII directed this purification to be performed as follows :
"Talc, in fine powder, 500 Gm.; Hydrochloric
Acid, 75 cc; Water, a sufficient quantity. Mix
the powdered Talc with about 2500 cc. of boiling
Water, gradually add 50 cc. of the Hydrochloric
Acid, and boil the mixture during fifteen minutes,
then allow it to stand for fifteen minutes. Decant,
and reject the supernatant liquid containing the
finer particles of Talc in suspension, and again boil
the residue with 2500 cc. of Water, mixed with the
remainder of the Hydrochloric Acid, and allow it
to stand for fifteen minutes. Again decant, and
reject the finer suspended particles, and wash the
coarser residue with Water by repeated decantation, until a portion of the wash-water, after filtering and acidifying with nitric acid, fails to become
opalescent upon the addition of silver nitrate test
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solution. Then transfer the magma to a close linen
or muslin strainer, allow it to drain, and dry it at
110°." U.S.P. VIII.
Description. — "Talc is a very fine white or
grayish white, crystalline powder. It is unctuous,
adhering readily to the skin, and is free from
grittiness." U.S.P.
Standards and Tests. — Identification. — Talc
is fused with a mixture of anhydrous sodium carbonate and anhydrous potassium carbonate; the
fused mixture is mixed with hydrochloric acid and
heated. An insoluble residue of silica separates,
and the filtrate from the mixture yields a white,
crystalline precipitate of magnesium ammonium
phosphate upon addition of ammonium chloride,
ammonia T.S., and sodium phosphate T.S. Loss on
ignition. — Not over 5 per cent, when ignited at a
red heat. Acid-soluble substances. — When 1 Gm.
of talc is digested with 20 ml. of diluted hydrochloric acid at 50° for 15 minutes, the sulfated
residue from 10 ml. of the filtrate does not exceed 10 mg. Reaction and soluble substances. —
The filtrate separated from 10 Gm. of talc boiled
with 50 ml. of water for 30 minutes is neutral to
litmus. One-half of the filtrate, when evaporated
and dried at 105°, yields not more than 5 mg. of
residue. Water-soluble iron. — The remaining half
of the filtrate from the preceding test, after being
slightly acidulated with hydrochloric acid, does
not acquire a blue color on adding potassium
ferrocyanide T.S. U.S.P.
Uses. — Medicinal. — As a therapeutic agent
talc is useful, when applied as a dusting powder,
in irritated conditions of the skin, such as intertrigo, prickly heat, and similar inflammations.
Its value is more than that of a mechanical protective as it also has a certain characteristic
lubricating property. While inferior to other agents
in moisture-absorbing power, it is frequently incorporated indesiccant dusting powders because
of its property of adhering to the skin. Talc has
been extensively used by surgeons as a lubricant
for putting on and removing rubber gloves. For
certain other uses see under Toxicology.
Pharmaceutical. — Talc is frequently employed
as an inert material to facilitate dispersion of certain substances which are poorly soluble in water
or hydroalcoholic media and also as a "filter aid"
in such systems to produce a clear filtrate in a
minimum of time. It is insoluble, neutral, and
does not adsorb at least the majority of substances which are in true solution. In preliminary
studies of talc as a filtering agent Guth (Drug
Standards, 1952, 20, 5) observed that when it is
used in a slightly acidic medium it has less tendency to pass through filter paper than when it is
added to a neutral or slightly alkaline medium;
acid causes coagulation of the particles of talc.
He prepared an acid-treated talc which exhibited
this same characteristic and found it to be superior to other grades of talc in its ability to yield
a clear filtrate in the preparation of aromatic
elixir. Talc is also employed as a lubricant in the
manufacture of tablets, as a dusting powder for
suppositories, and sometimes as an inert diluent.
Toxicology. — As mentioned above, talc has
been used as a surgeon's glove lubricant. Seelig
(J. A.M. A., 1943, 123, 950) reported that it is not
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an entirely innocuous substance since even in small
amounts it may cause granuloma formation (see
also Camarata et al., U. S. Armed Forces M. J.,
1951, 2, 469). Such an effect has been observed
in the abdomen, rectum, vagina, cervix, and brain,
and also in healing wounds. Schwartz and Linn
{Am. J. Ophth., 1951, 34, 585) described the
effect of glove powders on the eye. In place of talc
Seelig recommended use of potassium bitartrate
(see also Absorbable Dusting Powder, in Part I).
A useful application of this untoward effect of
talc has been made in patients with recurrent episodes of pneumothorax; sterile talc is instilled
through a thoracoscope into the air-containing
pleural space after rupture and collapse of the
lung to cause mild irritation and subsequent adherence of the parietal and visceral pleural surfaces (Smith, Northwest Med., 1953, 52, 937).
In patients incapacitated by angina pectoris following myocardial infarction, talc has been instilled into the pericardial sac with the hope that
the granulomas formed will increase the blood
supply to the myocardium from the parietal
pericardium.
Pneumoconiosis due to inhalation of talc in
industrial operations has been reported (Friedman et al., J.A.M.A., 1952, 148, 1418, and
others). In cosmetic and other industries it is
recommended that talc particles should not exceed
20 million per cubic foot of air in the working
area, based on an 8-hour working day.
Storage. — Preserve "in well-closed containers." U.S.P.
TANNIC
Gallotannic

Acid,

ACID.
Tannin,

N.F, B.P.
[Acidum

Tannicum]

"Tannic Acid is a tannin usually obtained from
nutgalls, the excrescences obtained from the young
twigs of Quercus infectoria Olivier, and other
allied species of Quercus (Fam. Fagacece)." N.F.
Tannic Acid B.P. has its origin in the galls of
various species of Quercus.
Digallic
officinal;
Gerbsaure;
Sp. Acido

Acid. Acidum Gallotannicum. Fr. Tanin
Acide tannique; Acide gallotannique. Ger.
Gallusgerbsaure. it. Acido tannico; Tannine
tanico; Acido galotanico.

Tannin was first noticed in nutgalls by Deyeux
in 1793 but was not isolated until 1797 by Sequin.
It occurs naturally in the bark and fruit of many
plants. Besides occurring in various species of oak,
it is also abundant in sumac and myrobalan. Turkish and Chinese nutgalls are the chief sources, the
former containing 50 to 60 per cent of the substance and the latter approximately 70 per cent.
Methods of extracting tannic acid from galls
vary greatly. The B.P. 1885 directed that powdered galls, previously exposed to a damp atmosphere for 2 or 3 days, be extracted with ether
saturated with water; the resulting solution was
permitted to evaporate spontaneously and the
residue dried at a temperature not above 100°.
This process is described in detail in the U.S.D.,
22nd ed., p. 57. In another process a mixture of
ether, alcohol and water is employed; after extraction the liquid separates into two layers, the
upper ethereal layer containing resins and coloring matter, the lower layer retaining the tannic
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acid. The latter is evaporated under diminished
pressure to a dry residue. Schwyzer {Pharm. Ztg.,
1929, 74, 1334) described the apparatus and detailed procedure for preparing a fine quality of
tannic acid by extracting galls with cold water,
followed by evaporation of water at low temperature and greatly reduced pressure. To obtain an
alcohol-soluble tannin meeting the requirements
of the German Pharmacopoeia he mixed a concentrated aqueous solution of tannin with alcohol,
filtered the mixture, and evaporated the filtrate
to dryness under reduced pressure. The terms
"water tannin" and "alcohol tannin" are sometimes used to describe products obtained by the
use of water or diluted alcohol, respectively, as
the extracting solvent. Acetone and ethyl acetate
have also been employed as solvents for extracting
tannic acid.
Composition. — The tannins are a somewhat
heterogeneous group of astringent vegetable principles which have in common the properties of
precipitating collagen, of yielding blue or green
colorations with ferric salts, of precipitating chromium, copper and lead salts under certain conditions of acidity, and of precipitating many organic
bases, including a number of alkaloids. Some tannins appear to be glycosidal in character. The
botanical source of a tannin is generally indicated
by an identifying prefix, thus gallotannin is the
tannin of galls, catechutannin is the tannin of
catechu, and quercitannin is the tannin of oak
bark. The term "tannic acid" should be limited to
the official tannin found in the galls of various
oaks and of some other plants.
Tannins have been variously classified. Procter
many years ago divided them into 2 groups according to the color reactions with ferric salts;
those producing a green color were found to contain 2 adjacent phenolic groups while the others
yielding a blue color were shown to have 3 adjacent phenolic groups. The masking of colors when
both types of tannins are present and some apparent exceptions to the rule provided practical
difficulties in the application of this scheme of
classification. Another method for classifying tannins groups them into: (1) depsides, which are
compounds analogous to peptides in that the
carboxyl group of one molecule of phenolic acid
is linked to the hydroxyl group of another molecule of the same substance; (2) tannins containing the diphenyl methyloid group; (3) tannins
yielding phlobaphenes on prolonged standing in
aqueous solution or on heating with diluted acids.
The phlobaphenes, which are red or brown in
color, are probably anhydrides of tannin; their
formation is hastened by the presence of dehydrating agents such as alcohol. It is believed that
the precipitates observed in many hydroalcoholic
galenical preparations may be phlobaphenes resulting from the alteration and dehydration of
tannins. Freudenberg {Ann. Chem., 1935, 518,
37), to whom much of our knowledge of the
chemistry of tannins is due, divided them into 2
groups: (1) those of the ester type, capable of
hydrolysis, and (2) the condensed tannins, not
hydrolyzable by acids or enzymes, in which the
nuclei are held together by carbon linkages. To
the first group belong the gallotannins and to the
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second the catechin tannins, the latter resembling
plant coloring principles, such as anthocyanins and
rlavones, in chemical constitution.
On hydrolysis, gallotannin yields gallic acid,
the amount of the latter being variously reported.
Some investigators claim that glucose is present in
the gallotannin molecule; others disagree with this
opinion. Nierenstein (The Natural Organic Tannins, 1935) suggested that the formula of gallotannin isthat of a polydigalloyl-leucodigallic acid
anhydride which sometimes exists as a glycoside.
Description. — "Tannic Acid occurs as an
amorphous powder, as glistening scales, or as
spongy masses, varying in color from yellowish
white to light brown. It is odorless or has a faint,
characteristic odor, and a strongly astringent taste.
Tannic Acid is very soluble in water, in acetone,
and in alcohol. It is freely soluble in diluted alcohol but only slightly soluble in dehydrated alcohol.
It is almost insoluble in benzene, in chloroform,
in ether, and in petroleum benzin. One Gm. of
Tannic Acid dissolves in about 1 ml. of warm
glycerin." N.F. The B.P. states that tannic acid
is soluble in 0.7 part of water and in 0.6 part of
alcohol.
Standards and Tests. — Identification. — (1)
A bluish black color or precipitate forms on adding a little ferric chloride T.S. to a tannic acid
solution. (2) A precipitate is produced on adding a
tannic acid solution to solutions of most alkaloidal salts, of albumins, of gelatin, and of starch.
Loss on drying. — Not over 12 per cent, when
dried at 105° for 2 hours. Residue on ignition. —
Not over 1 per cent. Gum or dextrin. — A solution
of 2 Gm. of the acid in 10 ml. fif hot water is at
most slightly turbid; on cooling and filtering the
solution, half of the filtrate does not become turbid
on adding 10 ml. of alcohol. Resinous substances.
— No turbidity is produced on adding 10 ml. of
water to the other half of the filtrate from the
preceding test. N.F. The B.P. states that an aqueous solution of tannic acid is dextrorotatory.
Many reagents have been recommended for the
detection of tannins, most of them depending upon
characteristic color and precipitation reactions.
Hoch (/. A. Ph. A., 1933, 22, 121) describes a
number of such reactions and discusses their
merits.
Assay. — Over 100 methods for the quantitative estimation of tannic acid have been proposed.
In most cases these are valuable only for purposes
of comparison, affording a means of evaluating
tannins for a specific use. Thus a tannin which
has been "assayed" for its effectiveness as a tanby adsorption
a "hide
powder"
cannotningbematerial
considered
to have onbeen
evaluated
for
its usefulness as a mordant, as a component of
inks, or its efficacy for any other special purpose.
For a discussion of various methods for the quantitative estimation of tannins see Allen's Commercial Organic Analysis, Volume V (Fifth Edition).
Stability. — Aqueous solutions of tannic acid
are unstable, the decomposition being attributed
to bacterial and mold growth, as well as to oxidation. Physical evidences of change in such solutions include precipitation, darkening in color and
development of objectionable odor. DuBois and
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Lee (/. A. Ph. A., 1941, 30, 53) found that a
solution containing about 10 per cent of tannic
acid lost approximately one-tenth of its tannin in
120 days. The addition of 0.2 per cent of sodium
sulfite or sodium thiosulfate entirely prevented
this change during the investigation period of 4
months. Most other antioxidants had little preservative action. Van der Wielen (Pharm. Weekblad, 1938, 74, 1589) suggested that solutions of
tannic acid be sterilized after replacing air in the
bottle by carbon dioxide. According to the experiments ofMiller and Rising (J. A. Ph. A., 1940,
29, 396) the pH of 1 per cent solutions of tannic
acid varies considerably, measurements on 12
samples giving results ranging from 2.4 to 3.8; on
standing, the solutions generally became less acid.
It is to be noted that the astringency of tannic
acid solutions lessens with rise in pH, this property
all but disappearing at pH 8.
In the presence of water, at a temperature not
exceeding 50°, tannic acid reacts with iodine so
that in time the latter fails to give a blue color
with starch. This reaction, which is not clearly
understood,
tannic Syrup. was the basis of the N.F. V lodoIncompatibilities. — Tannic acid produces insoluble compounds with many metallic salts such
as copper, lead, tin and especially iron where the
compound possesses the well-known inky coloration. The color development is retarded by alkali
citrates and by phosphoric acid. Tannic acid is
also incompatible with solutions of many alkaloidal salts from which it throws down the insoluble tannates of the alkaloids, which are not physiologically inert but which need to be suspended
or incorporated by shaking in order to avoid danger of overdosage in administration.
Gelatin, albumin and other organic compounds
form insoluble combinations with tannic acid.
Tannic acid also precipitates antipyrine. some
glycosides and some bitter neutral principles.
Ethyl nitrite spirit is decomposed with the liberation of gaseous products. Oxidizing agents decompose tannic acid in aqueous solution.
Uses. — Tannic acid has been one of the most
widely used of the astringents. By precipitating
protein, astringents harden the skin, form a protective coating over mucous membrane, check excessive secretion, and stop superficial hemorrhages. Their action is essentially a local one, for
they cannot remain in blood in uncombined form.
While astringents are sometimes used to shrink
tissues, their effects are generally very superficial
since the coagulum formed on the surface prevents deep penetration.
Tannic acid has been used as a styptic, being
useful wherever it can be applied to the point of
bleeding, as in bleeding from the nose; it has also
been given by mouth in gastric hemorrhages from
ulcers of the stomach. In diarrhea it has been
employed with the idea of its providing a protective surface over mucous membranes and lessening extensive secretion. Because of the astringent
effect of tannic acid on stomach mucosa preference was usually shown for one of the tannincontaining vegetables, or for one of the insoluble
tannic acid derivatives, such as albumin tannate.
Burns. — The use of tannic acid as a local dress-
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ing for treatment of burns, as advocated by Davidson (Surg. Gynec. Obst., 1925, 41, 202) was for
years standard treatment for all serious burns.
The technic of application varied in different
clinics; some used gauze saturated with a 2.5 to
5 per cent aqueous solution; others sprayed the
burned area with solution from an atomizer;
others applied a tannic acid jelly; still others immersed the patient in a tubful of tannic solution
for several hours.
In 1942, however, Wells et al. (New Eng. J.
Med., 1942, 226, 629) reported that subcutaneous injection of tannic acid causes central necrosis
in the liver identical with that observed in 4 patients who died of toxemia within 4 to 5 days after
receiving severe burns, and who had been treated
with tannic acid solution, tannic acid jelly, or
tannic acid-silver nitrate solutions. The hepatotoxic action of injected tannic acid was subsequently confirmed by many experimental studies
(see review by Lee and Rhoads, J. A.M. A., 1944,
125, 610). Tannic acid aggravates the liver damage caused by severe burns, though oral administration of the acid does not normally injure the
liver (Science, 1944, 99, 393). Later reports from
Davidson's clinic (Attn. Surg., 1944, 120, 387)
revealed that toxemia deaths were not prevented
by tannic acid therapy. Although tannic acid therapy relieved pain, decreased loss of plasma from
the burned surface and inhibited infection in second degree burns, it did not prevent infection in
third degree burns; it destroyed small islands of
epithelium which might have survived and it did
not prevent loss of plasma into the burned tissue.
During these years a better understanding of the
nature of the shock incident to severe burns developed (Blalock, Arch. Surg., 1931, 22, 610) and
plasma was employed in the treatment of severe
burns (Weiner et al., Proc. S. Exp. Biol. Med.,
1936, 34, 484). The management of the shock
and associated biochemical disturbances is now
so well developed that it is possible to control
infection (Cope, J.A.M.A., 1944, 125, 536).
Antidote. — Tannic acid is widely recommended
as a chemical antidote to various poisons, especially alkaloids and heavy metals. The tannates
are, however, more or less soluble in dilute acids
and use of tannic acid in poisoning can be only
partially antidotal at best.
Other Local Uses. — Tannic acid is employed
as an astringent in treating stomatitis, pharyngitis, inflamed tonsils, atrophic rhinitis, spongy or
receding gums, bedsores, hemorrhoids, and hyperhidrosis. It is sometimes employed to irrigate the
bowel in ulcerative colitis, a 0.2 to 0.5 per cent
aqueous solution being used for this purpose. A
1 per cent solution has been applied on compresses every 4 hours in acute dermatitis, and a
10 per cent solution has been used on skin exposed to poison ivy. The acid is used in the form
of powder, glycerite, ointment, gargle, spray,
lozenge and suppository. Aqueous solutions must
always be freshly prepared, since these undergo
hydrolytic decomposition. Except as noted in the
preceding, the usual range of concentrations is
from 1 to 20 per cent. lY)
Tannic acid has been given in doses of 0.2 to
1.3 Gm. (approximately 3 to 20 grains).
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Storage. — Preserve "in tight, light-resistant
containers." N.F.
TANNIC ACID GLYCERITE.
N.F. (B.P.)
Glycerite of Tannin,

[Glyceritum Acidi Tannici]

B.P. Glycerin of Tannic Acid; Glycerinum Acidi Tannici. Glyceritum cum Acido Tannico. Fr. Glycere au tanin.
Tannin-glycent. Sp. Glicerito de Acido Tdnico.

Ger.

In a porcelain dish rub 20 Gm. of tannic acid,
0.2 Gm. of exsiccated sodium sulfite, and 1 Gm.
of sodium citrate with about 40 Gm. of glycerin
until a smooth mixture is produced, then add sufficient glycerin to make the mixture weigh 100 Gm.,
mix well, and heat on a sand bath at a temperature
between 115° and 120°, stirring occasionally, until
solution is effected. N.F. The B.P. mixes 150 Gm.
of tannic acid with 850 Gm. of glycerin and warms
the mixture gently until solution is effected.
Glycerin is the only acceptable solvent which
will enable a fairly stable solution of tannic acid
to be made, and one that may be readily diluted
with water to any desired strength. However,
such a solution requires further stabilization,
against discoloration and oxidation. For this purpose sodium citrate and sodium sulfite are included in the N.F. formula.
Tannic acid glycerite is employed for its astringent action especially in the treatment of spongy
or receding gums and sore throat; diluted with 6
to 8 parts of water it is used in stomatitis, pharyngitis, inflamed tonsils and atrophic rhinitis. Applied daily to the nipples during the later months
of pregnancy, the glycerite has been also used to
prevent occurrence of sore nipples during suckling.
In trachoma it has been applied to the eyelids.
The glycerite may be diluted with glycerin, or
an even more concentrated preparation may be
made, as necessary.
Storage. — Preserve "in tight containers." N.F.
COAL

TAR.

U.S.P. (B.P.)

Pix Carbonis

"Coal Tar is the tar obtained as a by-product
during the destructive distillation of bituminous
coal." U.S.P.
The B.P. recognizes only a Prepared Coal Tar
which is made by exposing commercial coal tar
to a temperature of 50° in a shallow vessel for
one hour, stirring frequently.
B.P. Prepared Coal Tar; Pix Carbonis Praeparata. Gas
Tar. Pix Lithanthracis; Coaltarum. Fr. Goudron de houille.
Ger. Steinkohlenteer. It. Catrame di carbone fossile. Sp.
Brea de hulla ; Brea mineral.

When bituminous coal is heated at temperatures between 450° and 1200° in a retort without
access of air it yields a residue of coke, a quantity of incondensable gas, and a mixture of less
volatile substances which condense as a black
viscous coal tar and an aqueous layer containing
ammonia. The proportion and nature of the products depend in part on the type of coal employed,
and in part on the conditions of distillation, including the type of apparatus used. Low-temperature coal tars distil at 450° to 700°; high-temperature tarscomprising
distil at 900°
to 1200°.
Coal tar,
about
3 per cent of the
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weight of coal heated, may be separated into five
fractions by distillation; these consist of the following: Light oil, the fraction distilling up to
160° and representing from 0.2 to 2 per cent of
the tar, from which benzene, toluene and xylene
are obtained as the chief products. Middle oil,
the fraction distilling between 160° and 230° and
representing from 10 to 12 per cent of the tar,
consists principally of naphthalene and phenol,
together with small amounts of pyridine and quinoline. Heavy oil, the fraction distilling between
230° and 2 70° and comprising 8 to 10 per cent
of the tar, is composed principally of cresols,
methylnaphthalenes, naphthols, xylenols, quinoline and isoquinoline; it is sold as creosote oil and
is used for the preservation of wood. Anthracene
oil, the fraction distilling between 2 70° and 360°
and representing IS to 25 per cent of the tar,
consists of phenanthrene, anthracene and other
solid hydrocarbons. Pitch is the residue remaining
in the still; it comprises from 56 to 60 per cent
of the coal tar. Low-temperature coal tars (see
above) have a high content of tar acids and a
low content of naphthalenes; high-temperature
coal tars, the prevailing type available in the
United States, have a low content of tar acids
and a high proportion of naphthalenes (for data
see Combes, J. A. Ph. A., Prac. Ed., 1954, 15,
40S).
Description. — "Coal Tar is a nearly black,
viscous liquid, heavier than water, with a characteristic naphthalene-like odor and a sharp burning
taste. Coal Tar is only slightly soluble in water,
to which it imparts its characteristic odor and
taste and a faintly alkaline reaction. It is but
partially dissolved by alcohol, or acetone, by
methanol, by petroleum benzin. by carbon disulfide, by chloroform, and by ether; to the extent
of about 95 per cent by benzene, and entirely by
nitrobenzene with the exception of a small amount
of suspended matter." U.S. P.
There is great variation in the viscosity of
coal tar (Kerr and Plein, Drug Standards, 1953,
21, 10\ which implies considerable variation in
composition and the desirability of developing
more exacting specifications for tar to be employed medicinallv (see also de Martin and Cvr
(/. A. Ph. A., 1953. 42, 153).
Standard and Test. — Residue on ignition. —
Not over 2 per cent. U.S.P.
Uses. — Coal tar is a highly effective agent for
local therapy of many skin diseases; it has replaced wood tar wherever this was used similarly.
Reports of early use of coal tar have been summarized bv Kerr and Plein (Drug Standards, 1953,
21, 10). Combes (New Eng. J. Med., 1943. 228,
384) listed infantile eczema, occupational and
contact dermatitis (including acute types with
vesicles), psoriasis, dermatophytosis, varicose
eczema, dermatitis hiemalis. chronic exudative
and lichenoid dermatitis, pruritus ani. and various
chronic dermatoses (as prurigo, localized neurodermatitis, and atopic eczema) as chief indications
for topical crude coal tar therapy. He described
the effective action of coal tar as consisting of:
(1) antiseptic and antipruritic effects produced
by naphthalene, phenols and cresols in the tar;
(2) the astringent action of coal tar in 0.1 per
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cent concentration; (3) the keratoplastic effects
produced by methylnaphthalene, dinaphthalene,
xylenol and naphthol; (4) the reducing action of
coal tar (closely related to keratoplastic action),
which is exceeded only by chrysarobin and juniper
tar; (5) a photosensitizing effect, due to acridine
compounds in the anthracene oil fraction (see
also Rothman, Med. Clin. North America, January 1949, 274). Combes states that the ability
of coal tar to penetrate the epidermis depends
on the presence of distillation products with high
boiling points, especially methylnaphthalene; oxygen is abstracted from the skin, thereby inhibiting mitosis and resulting in numerical and dimensional decrease in cells of the rete malpighii and
corneum. More recently Combes (/. A. Ph. A.,
Prac. Ed., 1954, 15, 408) advocated use of a tar
with a low tar-acid content and moderate naphthalene content (Kolpix A, Dome) as the most
effective in acute vesicular dermatoses, and of a
tar with a high tar-acid content and a low naphthalene content (Kolpix D, Dome) as the most
effective in psoriasis and chronic dermatoses; he
considers U.S.P. coal tar to be of such variable
composition that it should not be prescribed as
such.
Rothman calls attention to the paradox of the
effect of coal tars, in animal experimentation and
also industrially, in producing cellular increase
and eventually precancerous and cancerous lesions
while being employed clinically to reduce abnormal epidermal proliferation in conditions such as
psoriasis and neurodermatitis; he suggests that
the initial action of tar is one of production of
epidermal atrophy before proliferation occurs.
Coal tar, through its photosensitizing action,
is the basis for the effective hospitalization treatment of psoriasis recommended by Goeckerman
(Northwest Med., 1925, 24, 229; Arch. Dermat.
Syph., 1931, 24, 446; Brit. J. Phys. Med., 1933.
7, 215). This consists of (1) removing scales with
soap and water; (2) applying coal tar paste to
lesions for 24 hours and then removing it with
mineral oil; (3) treating with mercury vapor
quartz lamp radiation of an intensity just sufficient to avoid a reaction; (4) repeating daily,
increasing exposure to radiation to the point of
tanning; (5) bathing after each exposure before
reapplying the ointment. Ambulatory modifications of this regime have been used, in which
various tars have been applied over shorter periods
of application and followed by office administration of the ultraviolet light treatment (see under
Coal Tar Solution).
Coal tar is used in 1 to 10 per cent concentration in ointment or paste base, also in lotions,
for dermatologic therapy. In solution or emulsion
form it may be effectively utilized in hydrotherapy of generalized eczema, psoriasis and
pruritus. Undiluted coal tar solution may be applied directly to lesions. A paint of crude coal
tar, for application to local patches of eczema,
may be prepared by mixing 4 ml. each of acetone
and flexible collodion and adding sufficient crude
coal tar to make 30 ml. Various tar soaps and
shampoos have value in treatment of psoriasis,
eczema, and seborrheic dermatitis of the scalp
through removing scales and other debris.
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Kerr and Plein {Drug Standards, 1953, 21,
10) developed two formulas for coal tar ointment
which appear to be more satisfactory than the
U.S.P. XIV ointment; they utilized one of the
Tweens (60) to obtain a better dispersion of coal
tar. The U.S.P. XV formula for coal tar ointment (q.v.), substantially changed from the formula of the preceding revision, utilizes Tween 80
(Polysorbate 80). A hydrophilic form of tar,
suitable for preparing aqueous dispersions, may
be obtained by mixing approximately 4 parts of
either of the nonionic agents Tween 20 or polyethylene glycol 400 monolaurate with 1 part of
coal tar (Pflag and Zopf, U. S. Armed Forces
M. J., 1951, 2, 1177). A typical lotion utilizing
such tar contains 1 Gm. of crude coal tar, 4 ml.
of Tween 20 or polyethylene glycol 400 monolaurate, 16 Gm. of zinc oxide, 2 ml. of glycerin,
40 ml. of bentonite magma, and calcium hydroxide
solution sufficient to make 100 ml. This lotion
maintains the tar in uniform dispersion; it is
easily removed with water and soap. When the
nonionic agents are mixed with coal tar for incorporation inointment bases the resulting products are homogeneous and smooth, with the particle size of the tar being markedly reduced; onehalf part of the nonionic agent mixed with one
part of tar produced satisfactory preparations
(see the new formula of Coal Tar Ointment, under
this title). The hydrophilic properties of finished
products vary in direct proportion to the amount
of nonionic agent added. Smaller amounts of coal
tar may be used effectively when surface-active
agents are combined with it (Hartman and Zopf,
/. A. Ph. A., Prac. Ed., 1949, 10, 214). A bentonite paste formulation for coal tar solution, developed by Skauen (ibid., 1951, 12, 174), contains
16 ml. of coal tar solution, 8 Gm. of bentonite,
18 ml. of water, 8 Gm. of vanishing cream, and
50 Gm. of zinc oxide paste; this preparation was
used clinically, with good results, by Hill. The
same bentonite base was used also for incorporating up to 10 per cent of crude coal tar.
Various colorless distillates of coal tar are used
for the same purposes as coal tar itself and, at
least in some instances, find clinical utility. Socalled stainless synthetic coal tar, representing a
mixture of various constituents of coal tar, is also
employed. Stainless Synthetic Coal Tar of the
New Jersey Formulary contains: anthracene, 1.10
Gm.; naphthalene, 10.90 Gm.; phenanthrene, 4.00
Gm. ; carbazole, 2.30 Gm.; picolene, pyridine and
quinoline, of each, 0.58 Gm.; phenol, 0.70 Gm.;
cresol, 0.75 Gm.; petrolatum, to make 100 Gm.
Stainless Synthetic Coal Tar Ointment consists of
5 per cent of the synthetic product in zinc oxide
paste. For another formulation see Goldstein,
Drug Standards, 1953, 21, 150. S
Toxicology. — Applied locally, coal tar possesses several undesirable qualities, in consequence
of which certain precautions must be taken
(Combes, loc. cit.). Folliculitis may be produced
and prolonged use of coal tar in hairy areas is to
be avoided. Because of the photosensitizing property of coal tar, exposure to direct sunlight of
areas where it has been applied should be avoided;
the exception is in the supervised Goeckerman
treatment of psoriasis. Tar should not be applied
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to infected or impetiginized lesions. Application
to more than one-fourth of the body surface is to
be avoided in order to minimize danger of absorption of phenols, which comprise 2 to 4 per
cent of coal tars. Sensitization and dermatitis
may occur after prolonged use of coal tar (see
also Simon and Brandt, Arch. Dermat. Syph.,
1953, 68, 584; Underwood et al., J.A.M.A., 1946,
130, 249). Cook (/. Chem. S., 1933, 395) isolated
from pitch a powerful cancer-producing agent,
3:4-benzpyrene, and Berenblum (Brit. M. J.,
1948, 601) produced skin tumors in mice by applying a solution of coal tar for a period of 41
weeks, the benzpyrene content of the coal tar
being 0.02 per cent. While there are no reports
of carcinoma following coal tar therapy it is best
to avoid long-continued and unsupervised treatment with coal tar or its preparations. The carcinogenic aspects of coal tar present an important
industrial hazard problem. For further information on this subject see Shambaugh (J.A.M.A.,
1935, 104, 2326), Craver (ibid., 1935, 105, 1822),
and Ross (Brit. M. J., 1948, 369).
Storage. — Preserve
U.S.P.
COAL

TAR

"in

tight

containers."

OINTMENT.

Unguentum Picis Carbonis

U.S.P.

Mix 30 Gm. of coal tar with 5 Gm. of polysorbate 80 and incorporate the mixture with 965
Gm. of zinc oxide paste. U.S.P.
This is a new formula for coal tar ointment,
representing a reduction in the amount of coal tar
employed from 5 per cent (in the U.S.P. XIV
preparation) to 3 per cent and differing also in the
use of a nonionic surface-active agent (polysorbate 80). It has been observed (see discussion of
Uses, under Coal Tar) that the incorporation of
a surface-active agent, of nonionic type, facilitates preparation of a smooth and homogeneous
ointment and one in which the particle size of
the coal tar is markedly less than that in an ointment prepared without a surface-active agent.
Also, smaller amounts of coal tar are effective
when such an agent is present. The uses of this
ointment
Tar. lYj are discussed in the monograph on Coal
Storage. — Preserve "in tight containers."
U.S.P.
COAL

TAR

SOLUTION.

U.S.P. (B.P.)

Liquor Carbonis Detergens, Liquor Picis Carbonis
B.P. Solution of Coal Tar. Fr. Solute de Goudron de
Houille. Ger. Steinkohlenteerlosung.

Mix 200 Gm. of coal tar with 500 Gm. of
washed sand and add 50 Gm. of polysorbate 80
and 700 ml. of alcohol. Macerate the mixture for
7 days in a closed vessel, with frequent agitation.
Filter, and rinse the vessel and the filter with
sufficient alcohol to make the product measure
1000 ml. U.S.P.
The B.P. preparation, which is practically identical with the formula of N.F. IX, is made by
macerating 200 Gm. of prepared coal tar and 100
Gm. of quillaja, in moderately coarse powder,
with 800 ml. of 90 per cent alcohol for 7 days
in a closed vessel, with occasional agitation. The
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mixture is then filtered, and sufficient alcohol is
passed through the filter to make the product
measure 1000 ml. The former N.F. formula differed only in using coal tar, rather than prepared
coal tar, and the official 95 per cent alcohol in
place of 90 per cent alcohol.
The U.S. P. XV offers a new formula for this
popular dermatologic preparation. Instead of utilizing the surface-active property of quillaja, the
nonionic agent polysorbate 80 is used instead. The
desirable hydrophilic effect of this agent when
used with coal tar is discussed in the Uses section
of the monograph on Coal Tar.
Uses. — Coal tar solution has the therapeutic
advantages of crude coal tar without some of its
undesirable features. The solution may be used
in 1 to 20 per cent concentration in lotions, emulsions, ointments, creams, oils or pastes, in subacute to chronic cases of eczema and in psoriasis.
A bath prepared by adding 3 fluidounces of coal
tar solution to a' tubful of water is helpful in
generalized eczemas, psoriasis and pruritus.
Wright's original coal tar solution (distributed by
Fougera) has been used by Ellis et al. (J. Invest.
Dermat., 1948, 10, 6) in an ambulatory Goeckerman type (see under Coal Tar) treatment of
psoriasis, with good results; the undiluted solution
is applied and is followed by ultraviolet light
treatment. For chronic scaling lesions the undiluted solution, sometimes with 3 per cent w/v
of salicylic acid added, may be applied. S
Storage. — Preserve "in tight containers."
U.S.P.
JUNIPER

TAR.

U.S.P. (B.P.)

Cade Oil, Oleum Juniperi Empyreumaticum,
Pix Juniperi

"Juniper Tar is the empyreumatic volatile oil
obtained from the woody portions of Juniperus
Oxycedrus Linne (Fam. Pinacece)." U.S.P.
The B.P. Cade Oil is obtained by the destructive distillation of the woody portions of Juniperus Oxycedrus Linn.
B.P. Cade Oil; Oleum Cadinum. Oil of Juniper Tar;
Juniper Tar Oil. Pix Cadi; Pix Liquida Oxycedri. Fr.
Goudron de cade; Huile de cade. Ger. Wacholderteer;
Kadeol; Kaddigol. It. Olio cadino; Olio empireumatico di
ginepro. Sp. Brea de enebro; Brea de oxicedro.

The Juniperus Oxycedrus Linne, prickly cedar,
cade or brown-fruited juniper, is a common tree
in the waste places and stony hillsides of the
Mediterranean districts of northern Africa, Spain,
Portugal, and France, growing at elevations of
3000 feet in the Apennines. It commonly attains
a height of from 10 to 12 feet, with long spreading branches and slender drooping branchlets,
covered with light-green scattered and spreading
leaves of medium size, lanceolate or awl-shaped,
sharply pointed, having 2 white fines on their
upper surface. The fruits are numerous, large
(0.25 to 0.35 inch in diameter), globular, shining,
reddish or chestnut-brown, and marked on the
apex with 3 white scars indicating the separation
of the carpels. Juniper tar is prepared from the
heartwood of this tree by destructive distillation.
Description. — "Juniper Tar is a dark brown,
clear, thick liquid, having a tarry odor, and a
warm, faintly aromatic, bitter taste. Juniper Tar

is very slightly soluble in water. One volume of
Juniper Tar dissolves in 9 volumes of alcohol. It
dissolves in 3 volumes of ether, leaving only a
slight, fiocculent residue. Juniper Tar is only partially soluble in petroleum benzin. It is miscible
in all proportions with amyl alcohol, with chloroform, and with glacial acetic acid." U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.950 and not more than 1.055.
Identification. — One volume of juniper tar is agitated with 20 parts of warm water, the mixture
filtered and the filtrate used in the following
tests: (1) A 5-ml. portion of the filtrate blackens
silver ammonium nitrate T.S. in the cold. (2)
Another 5-ml. portion of the filtrate gives a red
precipitate with alkaline cupric tartrate T.S. on
heating. Reaction. — The filtrate prepared for the
preceding tests is acid to litmus. Rosin or rosin
oils. — Triturate 1 ml. of juniper tar with 15 ml.
of petroleum benzin, filter the solution, add an
equal volume of 1 in 100 cupric acetate solution,
and allow the liquids to separate. Decant the benzin layer into a test tube, add to it an equal volume of ether: The liquid does not become intensely green, and is not darker than brown.
U.S.P.
Constituents. — Juniper tar contains phenols
and the sesquiterpene cadinene, C15H24, the latter
boiling at from 274° to 275° and having a specific
gravity of 0.918 at 20°; also acetic acid, hydrocarbons boiling from 210° to 400°, resin phenolic
bodies, derivatives of pyrocatechin, such as
guaiacol and its ethyl and propyl derivatives, and
creosol.
Uses. — Juniper tar is chiefly employed in local
therapy of cutaneous diseases, being effective as
an irritant in eczema of the chronic type, such
as infantile, childhood and adult atopic eczema,
seborrheic dermatitis of the scalp, psoriasis, pruritic dermatoses, and winter itch. For topical
application 1 to 5 per cent of tar in an ointment,
cream, oil or paste may be employed; up to 10
per cent or more may be used on the scalp. A
water-washable ointment containing 4 per cent of
cade oil is available (Almay). Shampoos containing 4 per cent of juniper tar may be recommended
for use in seborrhea capitis. Juniper tar may be
used in the bath in pruritic and seborrheic dermatoses, psoriasis and eczemas. For this purpose a
water-miscible preparation containing 35 per cent
of juniper tar is available (Almay), one to two
ounces being added to the tub. ®
Storage. — Preserve "in tight, light-resistant
containers
and avoid exposure to excessive heat."
U.S.P.
PINE

TAR.

N.F. (B.P.)

Pix Liquida, Pix Pini

"Pine Tar is the product obtained by the destructive distillation of the wood of Pinus palustris Miller, or of other species of Pinus (Fam.
Pinacece) ." N.F.
The B.P. defines tar as a bituminous liquid,
obtained by destructive distillation from the wood
of various trees of the Pine family and known in
commerce as Stockholm tar.
B.P.

Tar;

Pix

Liquida.

Stockholm

Tar.

Resina

Empy-
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reumatica Liquida; Pyroleum Pini; Pix Liquida Pini. Fr.
Goudron vegetal ; Goudron de pin ; Goudron de Norvege.
Ger. Holzteer; Nadelholzteer. It. Catrame vegetale; Pece
liquida; Catrame di Norvegia. Sp. Brea de pino; Brea
vegetal.

Destructive distillation of pine wood yields a
variety of products, including incondensable gases,
pyroligneous acid, light and heavy oils, and a
residue of charcoal. The oils, after separation
from the pyroligneous acid, are subjected to further distillation, usually with steam, to fractionate them into turpentine, pine oil, and dipentene,
with pine tar remaining as the residue in the still.
The composition and properties of pine tar vary
greatly, depending partly on the particular oil
fraction from which it is obtained, and partly on
the manner in which the subsequent fractionation
is performed.
Description. — "Pine Tar is a very viscid,
blackish brown liquid. It is translucent in thin
layers, but becomes granular and opaque with
age. It has an empyreumatic, terebinthinate odor,
a sharp, empyreumatic taste, and is more dense
than water. Its solution is acid to litmus paper.
Pine Tar is miscible with alcohol, ether, chloroform, glacial acetic acid, and with fixed and volatile oils. It is slightly soluble in water, the soluN.F. tion being pale yellowish to yellowish brown."
Standards and Tests. — Identification. — On
shaking pine tar with water for 10 minutes, filtering, and adding ferric chloride T.S. to the filtrate,
the mixture acquires a green color, rapidly changing to brown. Residue on ignition. — Not over 0.3
per cent. N.F. For methods of distinguishing various tars see U.S.D., 24th ed., p. 1187.
Composition. — When tar is distilled it yields
a liquid portion, known as rectified tar oil (q.v.),
and a black residue, pitch or black pitch. The
latter has a faint tarry odor, is brittle at ordinary
temperatures but softens from the warmth of the
hand and melts in boiling water. It is soluble in
alcohol or alkaline aqueous solutions. It consists
chiefly of rosin and empyreumatic products of
rosin. A mixture of resin acids extracted from
pine tar has been found by Bain (J.A.C.S., 1942,
64, 871) to be similar to the "pyroabietic" acid
obtained by heating rosin, consisting of dehydroand dihydroabietic acids.
Like all products of destructive distillation of
cellulose the constituents of pine tar are largely
phenolic. These constituents include benzene,
toluene, xylene, styrene, naphthalene, retene,
paraffin, phenol, cresol, phlorol (ortho-ethylphenol), pyrocatechin, pyrogallol ethers and
coerulignol, the latter being a methyl ether of 1 :3:4 propylcatechol (see Williams, Lasselle and
Reed, Ind. Eng. Chem., 1925, 17, 851).
Uses. — The medicinal value of pine tar depends on the phenolic substances it contains; its
effects are similar to those of creosote but it is
less active and also less likely to disturb the
gastrointestinal tract. It continues to find some
use as a stimulating expectorant in subacute or
chronic bronchitis but it is more often employed
externally, in 1 to 5 per cent ointments, as a
local application in various skin diseases, chiefly
chronic eczemas (see Pine Tar Ointment) . A soap
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containing H6 per cent of pine tar (Packer's) is
available.
Tar water was long ago a popular treatment for
many ailments but is no longer used. Pitch, the
residue remaining after tar oil is distilled from
tar, was formerly employed as a local irritant in
certain sluggish skin diseases.
Juniper tar has been administered in doses of
300 to 600 mg. (approximately 5 to 10 grains).
Storage. — Preserve "in tight containers." N.F.
PINE TAR OINTMENT.
N.F.
Unguentum

Picis Pini

Ointment of Tar. Unguentum Picis Liquids; Pomatum
cum Pice Liquida Depurata; Pomatum Picis Liquidae. Fr.
Pommade au goudron. Sp. Pomada de brea ; Ungiiento de
Brea de Pino.

Melt 150 Gm. of yellow wax
yellow ointment together on a
well, remove from the heat, and
geals; into this incorporate 500
N.F.

and 350 Gm. of
water bath, mix
stir until it conGm. of pine tar.

Uses. — This ointment is chiefly used for local
application in chronic eczemas, when a wood tar
is desired, and at times in psoriasis. The ointment
should be diluted to avoid irritation. W\
Storage. — Preserve "in tight containers and
avoid
prolonged exposure to temperatures above
30°." N.F.
RECTIFIED
Oleum

TAR

OIL.

N.F.

Picis Rectificatum

"Rectified Tar Oil is the volatile oil from pine
tar rectified by steam distillation." N.F.
Tar Oil; Pine Tar Oil. Sp. Esencia de brea rectificada.

This oil represents the portion of pine tar which
may be distilled with steam, the residue being
pitch (see Pine Tar).
Description. — "Rectified Tar Oil is a thin
liquid, having a dark reddish brown color, and a
strong, empyreumatic odor and taste. An alcohol
solution of Rectified Tar Oil is acid to moistened
blue litmus paper. Rectified Tar Oil is miscible
in all proportions with alcohol. The specific gravity of Rectified Tar Oil is not less than 0.960 and
not more than 0.990." N.F.
Uses. — Rectified tar oil has been used internally in the treatment of chronic bronchitis. Its
action is like that of creosote, an effect attributable to its phenolic constituents. For such use the
oil was administered in emulsion, or on sugar.
Rectified tar oil is sometimes added to boiling
water, in the proportion of 0.3 to 0.6 ml. to a
pint, for inhalation of its vapors. The oil is also
used externally for its antiseptic and stimulating
effects in various diseases of the skin, [v]
No official dose is given. An oral dose of 0.06
to 0.3 ml. (approximately 1 to 5 minims) has
been used.
Storage. — Preserve "in tight containers." N.F.
Off. Prep. — Pine Tar Syrup; Compound Tar
Ointment, N.F.
COMPOUND

TAR

Unguentum

OINTMENT.

N.F.

Picis Compositum

Melt 250 Gm. of yellow wax and 320 Gm. of
lard with 340 Gm. of cottonseed oil at a gentle
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Tar Ointment,

heat; add 20 Gm. of benzoin tincture. Withdraw
the heat, add 40 Gm. of rectified tar oil, and incorporate this mixture gradually with 30 Gm. of
zinc oxide so that, when cool, a smooth, homogeneous ointment results. N.F.
For uses see under Pine Tar.
Storage. — Preserve "in tight containers and
avoid prolonged exposure to temperatures above
30°." N.F.
PINE

TAR

Part

Compound

SYRUP.

N.F.

Syrupus Picis Liquidae, Tar Syrup Syrupus Picis Pini
Fr. Sirop de goudron. Ger. Teersirup. Sp. Jarabe de
brea ; Jarabe de brea de pino.

Mix 1 ml. of rectified tar oil with 450 ml. of
purified water, and agitate the mixture frequently
during 15 minutes. Then set it aside during 24
hours, shaking it occasionally. Filter the mixture,
dissolve 850 Gm. of sucrose in the clear filtrate
without heating, .and add enough purified water
to make 1000 ml. of syrup. Mix thoroughly and
strain. N.F.
Uses. — Pine tar syrup is sometimes prescribed
as a stimulating expectorant in the milder forms
of subacute or chronic bronchitis. In the doses
employed, however, the quantity of active ingredient isso small that the preparation can be
expected to function only as a flavoring agent, [v]
Dose, 4 to 12 ml. (approximately 1 to 3 fluidrachms).
Storage. — Preserve "in tight containers, preferably at a temperature not above 25°." N.F.
TARAXACUM.
N.F.
Dandelion Root, [Taraxacum]

"Taraxacum consists of the dried rhizome and
root of Taraxacum officinale Weber, or of TaraxN.F. acum Icevigatum De Candolle (Fam. Composites)."
Common Dandelion; Lion's Tooth; Puff Ball; Blow Ball.
Radix Taraxaci. Fr. Pissenlit; Racine de pissenlit; Racine
de dent de lion. Ger. Lowenzahnwurzel. It. Tarassaco.

Taraxacum officinale, or common dandelion,
is a perennial herb native to Europe but now
naturalized in many parts of the world, occurring
almost ubiquitously in grassy places as a troublesome weed. Its subterranean portion consists of a
straight, fusiform root which in its upper part
passes into an erect rhizome which sometimes
branches into several secondary rhizomes. From
the rhizome or its branches rosettes of oblong
or spatulate, runcinate or coarsely pinnatifid or,
rarely, nearly entire leaves arise. The common
name of the plant was derived from the fancied
resemblance of its leaves to the teeth of a lion.
The flower-stem rises from the midst of the
leaves, 6 inches or more in height. It is erect,
simple, naked, smooth, hollow, fragile, and terminated by a large golden-colored flower head
which closes in the evening and expands with the
returning light of the sun. The involucre is
smooth and double, with the outer bracts bent
downward. The florets are very- numerous, ligulate, with toothed extremities. The receptacle is
flat and naked. The pappus is stipitate, and at
the period of maturity is disposed in a spherical
form, and is so light and feathery as to be easily

borne away by the wind, with the
The achenes are greenish brown,
lose above and narrowed into a
2 or 3 times their length, which

I

achene attached.
fusiform, spinuthread-like beak,
ends in a white

Taraxacum lavigatum De Candolle, commonly
pappus.
known as the smooth- or red-seeded dandelion, is
similar to T. officinale, differing from it chiefly by
possessing very deeply runcinate-pinnatifid leaves
with narrower segments, smaller heads which bear
fewer flowers, the latter of a sulfur yellow color,
ascending or spreading outer bracts, and narrower
bright red or reddish-brown achenes whose filiform beaks are not more than twice their length.
The drug of commerce represents the rhizomes
and roots of both of these species, as both often
occur together and bear many features in common.
All parts of the plant contain a milky, bitterish juice, which exudes when they are broken or
wounded. The leaves, when young and tender, are
used as a food. Official recognition is given only
to the rhizome and roots. The drug is preferably
collected during the months of July, August, and
September. The commercial supplies of taraxacum
before the war were mostly imported from Germany, Holland and England. Considerable supplies are now being marketed from plants grown
in this country.
Description. — "Unground Taraxacum is a cylindrical or somewhat flattened, gradually tapering
fleshy root surmounted by the rhizome (crown).
The root is from 6 to 15 cm. in length and from
5 to 15 mm. in thickness, though usually broken;
externally brownish black to moderate yellowish
brown, longitudinally wrinkled, and with numerous roots and rootlet scars. The crown (rhizome)
is simple or branched and has numerous leaf-bases
showing annulate markings. The fracture is horny
and non-fibrous. It is odorless and has a bitter
taste." N.F. For histology see N.F. X.
"Powdered Taraxacum is pale brown to weak
yellowish orange. It shows large parenchyma cells,
thin-walled, and containing irregular glistening
masses of inulin; fragments with brown to yellow
anastomosing laticiferous vessels; spiral and recticulate vessels; and nonlignified wood fibers,
with simple, irregular, or oblique pores. Starch is
absent." N.F.
Adulterants. — Roots of various plants have
been largely substituted for dandelion in England
and in Europe by herb gatherers, and it is observed that adulteration and substitution are not
infrequent, in this country, with the root of
Cichorium Intybus L., or chicory. Chicory rhizomes or roots are readily detected, upon fracture, by their radially arranged groups of laticiferous vessels in the bark region. In dandelion
these are arranged in concentric circles.
Standards and Tests. — Foreign organic matter.— Not more than 2 per cent. Acid-insoluble
ash. — Not more than 4 per cent. N.F.
Constituents. — In 1839 Polex isolated a bitter
crystalline principle which he called taraxacin
and later Kromayer (1861) obtained a second
crystalline substance which he called taraxacerin,
but Power (Chem. Drug., 1912. p. 822) stated
that both these substances are indefinite mixtures.
The root contains in the fall about 25 per cent
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of inulin, but the quantity in the spring is considerably less; also about 17 per cent of uncrystallizable sugar and a soluble carbohydrate
called levulin, CgHioOo. According to Vogel, the
intracellular substance of the root consists chiefly
of pectose, which is the result of a metamorphosis
of the substance constituting the membrane of
the cells. Power found in the air-dried English
root, an enzyme, essential oil, oily resin, and fatty
acids, including melissic, and p-hydroxyphenylacetic acid. Kroeber (Schweiz. Apoth.-Ztg., 1926,
64, 16) found a saponin to which he attributed
its medicinal value. The phytosterols taraxasterol
and homotaraxasterol are also present in the drug.
Uses. — Taraxacum was formerly supposed to
possess cholagogic as well as diuretic powers. It
has been used in various conditions accompanied
with congested or torpid liver. There is, however,
no convincing reason for believing it possesses
any therapeutic virtues. The dried root has sometimes been mixed, in powder, with ground coffee,
the taste of which covers that of the dandelion.
It is roasted and powdered and then prepared in
the same manner as coffee.
Dose, 4 to 12 Gm. (approximately 1 to 3
drachms).
Storage. — Preserve "against attack by insects." N.F.
TARAXACUM

FLUIDEXTRACT.

N.F.

Dandelion Root Fluidextract

Prepare the fluidextract from taraxacum, in
moderately coarse powder, by Process B (see
under Fluidextracts) , using as menstruum I a
mixture of 1 volume of glycerin, 5 volumes of
alcohol, and 4 volumes of water, and as menstruum II diluted alcohol. Macerate the drug during 48 hours, and percolate at a moderate rate.
N.F.
Alcohol Content. — From 32 to 38 per cent,
by volume, of C2H5OH. N.F.
The N.F. assigns a usual dose of 4 ml. (approximatelyfluidrachm).
1
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." N.F.
Off. Prep.— Glycerinated Gentian Elixir, N.F.
TARTARIC

ACID.

N.F., B.P.

[Acidum Tartaricum]

HO.CH.COOH

I

HO.CH.COOH
"Tartaric Acid, dried over sulfuric acid for 3
hours, contains not less than 99.7 per cent of
C4H6O6." N.F. The B.P. defines Tartaric Acid as
d-(+) -tartaric acid, and requires it to contain not
less than 99.5 per cent of C4H5O6, calculated
with reference to the substance dried to constant
weight at 105°. Proper nomenclature usage requires that this tartaric acid be defined as
L-(-f )-tartaric acid, rather than as the B.P. defines it.
Dextrotartaric Acid. Fr. Acide tartrique officinal; Acide
tartrique droit. Ger. Weinsaure; Weinsteinsaure. It. Acido
tartarico. Sp. Acido tartarico; Acido tartrico.
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Tartaric acid or, more often, potassium acid
tartrate, occurs in large quantity in the juice of
the grape. When the juice ferments, the potassium acid tartrate is gradually deposited, since it
is less soluble in the alcoholic liquid, partly as a
crystalline crust on the sides of the vat and partly
with the lees, which consists of yeast and other
suspended matter. The crust is known as argol,
and when recrystallized forms tartar, which upon
further purification is converted into cream of
tartar. It is the lees and argol of the wine industry
which are the chief commercial sources of tartaric
acid. Before World War II lees, argol and some
calcium tartrate were largely imported from Argentina and the wine-producing countries of the
Mediterranean Basin, but with the cutting off of
these sources of supply domestic wineries initiated large-scale tartrate recovery programs.
Scheele, in 1770, was the first to isolate tartaric acid, obtaining it by boiling tartar with
chalk and decomposing the product with sulfuric
acid. The treatment with chalk caused the precipitation of calcium tartrate, and subsequent
addition of sulfuric acid resulted in the formation
of insoluble calcium sulfate together with the
liberation of tartaric acid.
The methods in use at the present time are
essentially the same as that originally used by
Scheele, differing only in the precipitants used
to obtain calcium tartrate and in the subsequent
decomposition to obtain tartaric acid. Halperin
(Chem. Met. Eng., 1945, 52, 116) described a
process utilizing a mixture of calcium chloride
and hydrated lime to precipitate the calcium tartrate; the pH must be adjusted between 4.5 and
5.6 to minimize precipitation of other materials.
Many patents have been issued in connection
with these processes, dealing mainly with refinements in the methods. For a description of manufacturing methods, see U.S.D., 22nd ed., p. 60.
Various synthetic methods for the preparation
of tartaric acid have been offered from time to
time. Zinno prepared it by passing carbon dioxide
under pressure over potassium glycerate (Proc.
A. Ph. A., 1902, 263). Baekeland, in 1916, patented a method of synthesis which may be summarized as follows: From carbon monoxide and
an alkali is obtained an alkali formate; this is
changed to an oxalate by heating under pressure;
the latter is converted to glyoxalate by potassium
amalgam in the presence of an acid and the glyoxalate isfinally reduced electrolytically to tartaric
(racemic) acid. Brehier and Talbot (1891) obtained tartaric acid by treating cellulose, saccharic
or amylaceous substances with alkaline permanganate in the presence of chlorine. The nascent
oxygen reacts on the glucose bodies and a tartaric
acid liquor is obtained. Diamalt, in a similar
method, oxidized carbohydrates with sulfuric and
nitric acid, using mercury as a catalyst. It is to
be noted that the synthetic product, unlike the
natural, is optically inactive, unless an optically
active chemical is involved in its synthesis.
For the preparation of meso-tartaric acid and
racemic acids by oxidation of fumaric or maleic
acid (or sodium hydrogen maleate) with sodium
chloride and osmic acid, see Milas and Terry
(J.A.C.S., 1925, 47. 1412).
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Description. — "Tartaric Acid occurs as colorless or translucent crystals, or as a white, fine to
granular, crystalline powder. It is odorless, has
an acid taste, and is stable in air. One Gm. of
Tartaric Acid dissolves in 0.8 ml. of water and in
about 3 ml. of alcohol. One Gm. dissolves in 0.5
ml. of boiling water." N.F.
Standards and Tests. — Identification. — Tartaric acid responds to tests for tartrate. Distinction from citric acid. — An odor of burning sugar
is evolved on slow ignition of tartaric acid. Loss
on drying. — Not over 0.5 per cent, when dried
over sulfuric acid for 3 hours. Residue on ignition.
— Not over 0.05 per cent. Oxalate. — No turbidity
is produced on adding calcium sulfate T.S. to a
solution of tartaric acid, nearly neutralized with
ammonia T.S. Sulfate. — No turbidity is produced
on adding barium chloride T.S. to a solution of
tartaric acid acidified with hydrochloric acid.
Heavy metals. — The limit is 10 parts per million.
N.F. The B.P. limits arsenic to 1 part per million and lead to 10 parts per million; a limit test
for copper and iron is also provided. The loss in
weight on drying at 105° should not exceed 1.0
per cent.
Assay. — About 2 Gm. of dried tartaric acid
is dissolved in water and titrated with 1 N sodium hydroxide, using phenolphthalein T.S. as
indicator. Each ml. of 1 N sodium hydroxide
represents 75.04 mg. of C4HcOg. Each Gm. of
the dried tartaric acid requires not less than 13.28
ml. and not more than 13.40 ml. of 1 A7 sodium
hydroxide for neutralization. N.F.
Modifications of Tartaric Acid. — Tartaric
acid was the first compound that Pasteur studied
in his Imlliant researches on optical activity during 1848 to 1854. As a result of his careful observation that the hemihedral faces of a salt of
racemic tartaric acid were sometimes turned to the
left and sometimes to the right, he was able to
separate the crystals into two modifications having
opposite optical activities. Later he discovered
another form of optically inactive acid; we now
know that it is because of the presence of two
asymmetric carbon atoms in the molecule that
tartaric acid exists in four different modifications.
These are:
a. Dextro-tartaric acid, also designated (/-tartaric acid and preferably, according to accepted
rules of nomenclature, as L-(+) -tartaric acid, is
ordinary tartaric acid, having the configuration
represented by COOHHCOHHOCH.COOH. It
melts at 170°, dissolves in water in the proportion
of 1 Gm. in 1 ml., and is dextrorotatory in aqueous
solutions (the specific rotation is +12°).
b. Levo-tartaric acid, also designated /-tartaric
acid and preferably D-(-) -tartaric acid, is represented as COOHHOCHHCOH.COOH; it has the
same melting point and solubility as dextrotartaric acid but in aqueous solution it is levorotatory to the same extent that the dextro-acid is
dextrorotatory (the specific rotation is —12°).
c. Racemic tartaric acid, sometimes called
simply racemic acid, known also as para-tartaric
acid, is usually designated (//-tartaric acid; it may
be prepared by mixing cfex/ro-tartaric acid and
/evo-tartaric acid. The solubility of the racemic
acid is considerably less than of the component

I

acids; its melting point is about 206°; it is optically inactive in aqueous solution.
d. Inactive or meso-tartaric acid, optically inactive, but not resolvable into the dextro- and
levo- acids. Optical inactivity in this acid is the
result of internal compensation, i.e., the dextrorotatory tendency of one of the asymmetric carbon atoms is neutralized by the levorotatory
tendency of the other. Its melting point and solubility are different from those of the other acids.
Incompatibilities. — Tartaric acid has the
incompatibilities characteristic of organic acids;
with potassium salts it forms a crystalline precipitate of the bitartrate. Calcium and lead form
insoluble compounds. Tartaric acid forms complex salts with various heavy metals (iron, copper, antimony) and, in many cases, prevents their
precipitation from solution upon addition of alkali.
Uses. — Tartaric acid and tartrates are poorly
absorbed; moreover, the acid differs from citric,
acetic, and many other vegetable acids in that it
is but slightly oxidized in the system, most of that
which is absorbed appearing in the urine unchanged (Finkle, /. Biol. Chem., 1933, 100, 349;
Pratt and Swartout, /. Lab. Clin. Med., 1933, 18,
354). Acid tartrates, therefore, tend to increase
the acidity of the system and, in large doses, are
markedly injurious to the kidneys (Underhill, /.
Pharmacol., 1931, 43, 381). Tartaric acid is also
more irritant than citric acid and decidedly more
laxative.
Tartaric acid has been used, like citric acid, in
preparing refrigerant drinks. It is recognized officially, however, as a pharmaceutical necessity in
preparing certain effervescent salts.
The B.P. assigns a dose of 300 mg. to 2 Gm.
(approximately 5 to 30 grains).
N.F.Storage. — Preserve "in well-closed containers.''
Off. Prep. — Compound Effervescent Powders.
N.F., B.P.; Effervescent Sodium Phosphate, N.F.
N.F.
TERPIN HYDRATE.
[Terpini Hydras]

Terpinura; Terpina; Terpinum Hydratum. Fr. Terpine;
Dihydrate de terebenthene; Hydrate de dipentene; Cisterpine; Hydrate de terpine. Ger. Terpinhydrate. It. Terpina
idrata ; Idrato di terpina. Sp. Terpina; Hidrato de terpina.

Terpin hydrate may be prepared by what is
essentially a hydration of pinene components of
turpentine oil. The reaction is facilitated by the
presence of nitric acid, sulfuric acid, or a mixture
of the two. Alcohol has been included in the reaction mixture as well. Temperature control is
quite important; high temperatures lead to polymerization ofturpentine oil, while low temperatures
slow down the desired reaction and decrease the
Description. — "Terpin Hydrate occurs as
yield.
colorless, lustrous crystals, or as a white powder.
It has a slight odor, and is efflorescent in dry air.
A hot aqueous solution of Terpin Hydrate (1 in
100) is neutral to litmus paper. One Gm. of
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Terpin Hydrate dissolves in about 200 ml. of
water, in 13 ml. of alcohol, in 140 ml. of chloroform, and in about 140 ml. of ether. One Gm.
dissolves in 35 ml. of boiling water and in 3 ml.
of boiling alcohol. When dried to constant weight
in a vacuum over sulfuric acid, Terpin Hydrate
melts between 102° and 105°." N.F.
Standards and Tests. — Identification. — On
adding a few drops of sulfuric acid to a hot,
aqueous solution of terpin hydrate the liquid
becomes turbid and develops a strongly aromatic
odor. Residue on ignition. — Not over 0.1 per cent.
Residual turpentine. — Terpin hydrate has no odor
of turpentine. N.F.
Uses. — Terpin was first physiologically investigated by Lepine, in 1855, who reported it to act
in a manner similar to turpentine oil, being less
irritant and less toxic. It has since been used in
chronic cough to lessen copious secretion. As
terpin hydrate is not volatile it seems improbable
that it can exert the characteristic effects of turpentine oil. Evidence to support the belief that in
the body it is slowly converted to therapeutically
active terpenes is lacking; a dose of 4 Gm. daily
was without obvious effect (Matzel, Arch, internet, pharmacodyn. therap., 1905, 15, 331).
Terpin hydrate has considerable use in the
form of the official elixir but the amount of active
ingredient in this dosage form is too small to be
effective; the elixir serves chiefly as a vehicle
for codeine, but it is irritating to the stomach.
A dose of 300 mg. of terpin hydrate, in capsule
or tablet form, is effective in providing relief from
non-productive cough associated with dry respiratory mucosa. On an empty stomach epigastric
burning distress may follow use of terpin hydrate.
Cass and Frederick {Am. Pract. Dig. Treat., 1951,
2, 844) found terpin hydrate less effective in
managing cough in tuberculous patients than
either glyceryl guaiacolate (Robitussin) or ammonium chloride, though terpin hydrate was better tolerated than ammonium chloride, [v]
The usual dose of terpin hydrate is 300 mg.
(approximately 5 grains) up to 4 times daily, by
mouth, after meals.
Storage. — Preserve "in tight containers." N.F.
TERPIN

HYDRATE
[Elixir Terpini

ELIXIR.

N.F.

TERPIN

HYDRATE
ELIXIR.

AND
N.F.
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CODEINE

[Elixir Terpini Hydratis et Codeinae]

Dissolve 2 Gm. of codeine in enough terpin
hydrate elixir to make the product measure 1000
ml. N.F.
Alcohol Content. — From 39 to 44 per cent,
by volume, of C2H5OH. N.F.
The effects of this elixir are attributable largely,
if not entirely, to the codeine present; the elixir
is employed as a cough sedative. The average
dose is 4 ml. (approximately 1 fluidrachm), representing 8mg. (approximately % grain) of codeine.
Storage. — Preserve "in tight containers." N.F.
B.P.
TERPINEOL.
Terpineol

The B.P. defines Terpineol, C10H17OH, as a
mixture of isomers in which (±)-a-terpineol
largely predominates. It may be prepared by
treating terpin hydrate with a dilute mineral acid
and fractionating the crude product by distillation.
Description and Tests. — Terpineol, a colorless, slightly viscous liquid, has a pleasant odor
resembling that of lilacs, and a characteristic, bitter and slightly pungent taste. It is very slightly
soluble in water, but soluble in alcohol and in
ether. It may partially solidify. The weight per
ml., at 20°, is between 0.931 and 0.935 Gm.;
the refractive index, at 20°, between 1.4825 and
1.4855. Not less than 96 per cent distills between
214°
224°. Terpineol is neutral to moistened
litmusand
paper.
Uses. — Terpineol is an active antiseptic,
though somewhat weaker than Dhenol (Marx,
Zentralbl. Bakt., 1903, 33, 74). It is officially
recognized, however, because it is an ingredient
of the B.P. Solution of Chloroxylenol, in which it
serves chiefly as a perfume. Terpineol, sometimes
called lilacin, has a pleasant lilac-like odor, for
which reason the substance is used in certain perfume formulations.
TESTOSTERONE.

U.S.P., B.P.

[Testosteronum]

Hydratis]

Dissolve 17 Gm. of terpin hydrate in 430 ml.
of alcohol; then add successively 20 ml. of sweet
orange peel tincture, 0.05 ml. of benzaldehyde,
400 ml. of glycerin, 100 ml. of syrup, and enough
purified water to make the product measure 1000
ml. Mix well and filter, if necessary, until the
product is clear. Note. — The sweet orange peel
tincture may be replaced by 1.5 ml. of orange oil
dissolved in 15 ml. of alcohol. N.F.
Alcohol Content. — From 39 to 44 per cent,
by volume, of C2H5OH. N.F.
The efficacy of this preparation, which in the
N.F. -assigned dose of 4 ml. (approximately 1 fluidrachm) contains 68 mg. (approximately 1 grain )
of terpin hydrate, is not apparent, though the
elixir is frequently used, especially as a vehicle
for codeine.
Storage. — Preserve "in tight containers." N.F.

The B.P. defines Testosterone as 4-androsten17-ol-3-one.
7Yan.y-testosterone. A4-Androsten-17(a)-ol-3-one. Androlin
(Lannett) ; Andronaq (Central) ; Andrusol (C. D. Smith):
Malestrone (Kirk); Mertestate (Breon); Neo-Hombreol F
(Orqatwn) ; Oreton-F (Schcring); Synandrol-F (Pfizer);
Testandrone (Carnrick); Testobase (Sharp & Dohme) ;
Testosteroid (Sherman); Testrone (Miller); Testryl
(Squibb). Sp. Testosterona.

Testosterone, believed to be the male sex hormone, occurs in human testes and also may be
synthesized from cholesterol and certain other
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sterols. Its isolation from human sources is discussed in the Uses section of this monograph.
Synthesis of testosterone from cholesterol involves preparation of the intermediate compound
dehydroep/androsterone (see the method of synthesis of methyltestosterone), which is itself a
degradation product of testosterone occurring in
small amounts in the urine of human males. The
dehydroe/>/androsterone may be converted to testosterone bya biosynthetic process utilizing yeast
under oxidizing conditions to form first androstenedione and then reducing this with yeast functioning in a fermenting sugar solution to produce
testosterone. The conversion may be accomplished also by conventional chemical methods
(see Schwenk in the A.A.A.S. volume The Chemistry and Physiology of Hormones, 1944). Testosterone has also been synthesized from sarsasapogenin, a steroid genin obtainable from sarsaparilla,
and from sitosterol, a sterol present in soybean oil.
Since testosterone is an alcohol it may be esterified; the propionate ester is also official.
Description. — "Testosterone occurs as white
or slightly creamy white crystals or as a crystalline powder. It is odorless and is stable in air.
Testosterone is insoluble in water. One Gm. dissolves in about 6 ml. of dehydrated alcohol, in
2 ml. of chloroform, and in about 100 ml. of ether.
It is soluble in dioxane and in vegetable oils. Testosterone melts between 153° and 157°." U.S. P.
Standards and Tests. — Identification. — (1)
The melting point of the acetate prepared from
testosterone is between 138° and 142°. (2) The
absorptivity (1%, 1 cm.) at 241 mu. is between
540 and 580. Specific rotation. — The specific rotation, determined in a dioxane solution containing
in each 10 ml. 100 mg. of testosterone, previously
dried in vacuum over sulfuric acid for 4 hours, is
not less than +101° and not more than +105°.
Loss on drying. — Not more than 1 per cent, when
dried in vacuum over sulfuric acid for 4 hours.
U.S.P. The B.P. determines specific rotation in
dehydrated alcohol solution, the constant being
between +106° and +112°. The absorption maximum, in dehydrated alcohol solution, occurs at
238 mu, according to the B.P. The melting point
of the semicarbazide derivative is about 225°, this
serving as an identification test.
Uses. — Testosterone is believed to be the male
sex hormone (Thompson, J.A.M.A., 1946, 132,
185). It is well established that the testes secrete
a hormone responsible for maintenance of secondary sex characteristics as well as for development of accessory sexual organs of the male. This
is amply illustrated by the difference between a
capon and a normal rooster. The hormone arises
in the interstitial cells of Leydig, rather than in
the cells of the seminiferous tubules which produce spermatozoa.
Androsterone. — Substances capable of imparting to a capon the body configuration of a rooster
are called androgens. The first naturally occurring
androgenic hormone obtained in crystalline form
was isolated by Butenandt and Tscherning from
male urine, in 1931, and named androsterone. It
is a steroid and, like many other members of this
group of compounds, has been synthesized from
cholesterol (Ruzicka, Helv. Chim. Acta, 1935, 18,
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1478). Androsterone is the standard substance for
defining androgenic activity; one international
unit is the specific effect of 100 micrograms (0.1
mg.) of crystalline androsterone and is equivalent
to about 2/2, of a capon unit (see J.A.M.A., 1946,
20, 163). In 1934 a second compound having
androgenic activity was isolated from male urine
by Butenandt and his associates. This compound
contains two less hydrogen atoms than androsterone and was for this reason originally called
dehydroandrosterone. Subsequently it was found
that the relative positions of hydrogen and hydroxyl at carbon atom 3 were different in the two
compounds and dehydroandrosterone was renamed
dehydroisoandrosterone; according to the most
recent terminology for steroids the compound
should be called dehydroepiandrosterone. These
compounds, which belong to the class of 17-ketosteroids, have little effect on mammals.
Testosterone. — Laquer and his associates
(Ztschr. physiol. Chem., 1935, 233, 281) isolated
from bull testes a crystalline compound active in
castrated male mammals, as well as in fowls; to
this they gave the name testosterone. It occurs
also in human testes. Testosterone was soon made
synthetically by Ruzicka et al. (loc. cit.), and by
Butenandt and Hanisch (Ztschr. physiol. Chem.,
1935, 237, 89) from cholesterol. Its structural
formula reveals its close relationship to estrogenic
and progestational hormones. Testosterone has
been found capable not only of overcoming the
effects of castration in various animals but also
of causing development of premature virilism in
the young and even in females.
Testosterone is largely excreted in urine in the
form of 1 7-ketosteroids, including androsterone
and dehydroe^/androsterone. In free alcohol form
testosterone has a potency of 67 international
units of androgenic activity per mg. ; that of testosterone propionate is 50 international units per
mg. About 40 per cent of a dose of testosterone
appears in urine as 1 7-ketosteroids. In normal
men excretion of 1 7-ketosteroids amounts to 9.8
to 24 mg. in 24 hours; in normal women 3 to 28
mg. is found; in eunuchs excretion amounts to
2.4 to 13.3 mg. daily (Mason and Engstrom.
Physiol. Rev., 1950, 30, 321). Obviously, the
adrenal gland (v.i.) contributes a considerable
amount of 1 7-ketosteroids to the urine. Androgen
is destroyed in the fiver by loss of a,3-unsaturation in ring A of the steroid but androgenic activity isfound in the bile; Paschkis et al. (Proc.
S. Exp. Biol. Med., 1944. 55, 127) described an
enterohepatic circulation of androgens. Androsterone in urine possesses androgenic action; dehydroe^/androsterone has 10 per cent of the action
of
testosterone, but etiocholanol-3-a-one-17 is
inactive.
Gonadotropin. — The folficle-stimulating material produced by the anterior lobe of the pituitary
gland influences the function of the seminiferous
tubules in forming spermatozoa while the luteinizing factor of the anterior pituitary stimulates the
interstitial cells of the testis and increases formation of the male sex hormone. Testosterone has an
inhibiting effect on the function of the pituitary
gland. Chorionic gonadotropin, which has a predominantly luteinizing effect, is a more active
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stimulant of the interstitial cells of Leydig than
either pituitary or equine gonadotropin, which
contain both follicle-stimulating and luteinizing
substances. Clinically, testosterone is employed
for substitution therapy and the chorionic gonadotropins for stimulation therapy.
Therapeutic Uses. — Thompson (loc. cit.)
listed the following indications for testosterone:
eunuchism, primary eunuchoidism (primary hypogonadism or deficiency of the testis itself), bilateral intraabdominal undescended testes after
treatment with chorionic gonadotropin has failed
in the presence or absence of Frohlich's syndrome
or pituitary dwarfism, the male climacteric, impotence from glandular causes, Cushing's syndrome, Addison's disease, hypopituitarism with
secondary hypogonadism in old men.
Hypogonadism. — Following castration a young
adult man soon becomes listless and nervous; he
experiences hot flashes consisting of a sensation
of blood rushing to the head associated with sudden perspiration. Erections and libido disappear;
the beard grows less rapidly and hair disappears
in patches all over the body. Testosterone propionate therapy (25 mg. three times weekly intramuscularly) corrects this syndrome within 1 or 2
weeks. Erections occur or increase in number
within a few days. Sexual stimulation may be
abnormally intense initially in the severely hypogonad patient. A distinct change in the voice
occurs in a few weeks. In 1 to 2 months the penis
grows in length and circumference; the first
change is an edematous appearance. Pubic, axillary
and body hair increases. The prostate increases
in size. Acne vulgaris, if present, decreases. Gynecomastia develops in some cases. A dose of 100
mg. three times weekly intramuscularly may be
required to attain full masculine characteristics.
Relapse occurs in a week or two after therapy is
discontinued (see also Vest and Barelare, Clinics,
1943, 1, 1216). Replacement therapy must be
continued for the rest of the patient's life, the
dose being adjusted to the response of the individual patient. The subcutaneous implantation of
pellets containing 75 mg. of the testosterone, although requiring larger doses than of desoxycorticosterone in Addison's disease, avoids frequent injections. After deficiency symptoms have
been corrected by injections, 3 to 12 pellets often
maintain the beneficial effect for 3 months, i.e.,
an average dose of 2.5 to 10 mg. daily (Eidelsberg,
/. Clin. Endocrinol., 1946, 6, 423).
If the testes are lost in childhood, testosterone
therapy is not started until the age of 10 to 12
years. Substitution therapy is important during
puberty because hypogonadism at this time results
in skeletal disproportion — a short trunk, long extremities, narrow shoulders and knock-knees. Use
of the male hormone results in normal development save for sterility. It should seldom, if ever,
be used prior to puberty because it will stimulate
epiphyseal closure before full development of the
skeleton takes place and because precocious puberty creates psychological, social and emotional
problems which the immature individual is not
capable of meeting satisfactorily.
Primary eunuchoidism (hypogonadism) varies
in degree from slight to complete (a eunuch)
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deficiency of the male sex hormone. It is often
associated with bilateral intraabdominal cryptorchidism. Insuch cases the differential diagnosis
between primary and secondary hypogonadism is
made by an assay of the amount of follicle-stimulating hormone present in the urine and/or by the
response of the patient to treatment with chorionic
gonadotropin (see Pullen et al., J. Clin. Endocrinol., 1942, 2, 577, 655, 730). If the folliclestimulating hormone is normal or increased in the
urine and if there is no growth of the genitalia,
or development of the secondary sexual characteristics, inresponse to 500 to 1000 international
units of chorionic gonadotropin intramuscularly
3 times weekly for several weeks, the testes are
unable to respond to stimulation and the case is
one of primary deficiency. Substitution therapy
with testosterone is indicated. It should be started
at the age of normal puberty but may be employed
at later ages. Treatment induces gradual appearance of the secondary sex characteristics, remarkable increase in appetite and body weight (but
seldom to the point of obesity), an increase in
basal metabolic rate, loss of feminine characterbeing. istics and an increase in vigor and sense of wellIn the Frolich syndrome and in pituitary dwarfism in the male, testosterone is not indicated
unless the testes fail to respond to gonadotropin
therapy. Then testosterone is employed during
puberty to insure normal growth. In dwarfism
testosterone is not a substitute for the growth
factor of anterior pituitary or for thyroid hormone.
Cryptorchidism. — For cryptorchidism (undescended testes), treatment with chorionic gonadotropin should be started at about the age of 3
years and continued, alone or with addition of
testosterone if necessary, until moderate genital
development has occurred (Harding, /. Pediatr.,
1943, 23, 451). Some authorities advise no therapy until the age of 11 years, when chorionic
gonadotropin is indicated. If this fails there is
still enough time to resort to surgical placement
in the scrotum. Testosterone is probably contraindicated unless hypogonadism is definite and
puberty needs to be established.
Male Climacteric. — Symptoms of a male climacteric are less frequent and definite than corresponding symptoms associated with the menopause in some females. In some men the production of male sex hormone decreases with age and
occasionally this diminution is great enough to
cause symptoms such as hot flashes, nervousness,
irritability, palpitation, and a decrease in mental
acuity and physical stamina (Werner, J. A.M. A.,
1946, 132, 188). Because it is less common and
also because it is not associated with as definite
a phenomenon as cessation of menstruation, this
syndrome has only slowly gained general recognition. Testosterone is beneficial in the same manner
as estrogenic substances are in the treatment of
similar symptoms in the female. However, not
every tired old man is a case of hypogonadism
and testosterone cannot be expected to restore lost
libido and to correct impotence, particularly in
patients whose debility is due to an unrecognized
carcinoma or other disease. Danziger et al. {Arch.

1392

Testosterone

Neurol. Psychiat., 1944, 51, 457) employed testosterone in involutional melancholia in men.
Impotence. — Most cases of impotence in early
adult life involve primarily psychogenic or neurogenic causes which are seldom benefited by testosterone treatment. In instances of hypogonadism,
of course, stimulation or substitution therapy is
beneficial.
Anabolic Action. — Testosterone increases protein synthesis in the body in both normal and
pathological conditions. It causes retention of
nitrogen in the body and a gain in weight. This
action occurs even in the adrenalectomized animal; however, testosterone also inhibits formation
of the catabolic 11-oxysteroids (viz., hydrocortisone) bythe adrenal gland. Weight gain is associated with retention of nitrogen, phosphate, sulfate, potassium, chloride and sodium (Kenyon,
Endocrinology, 1938, 23, 121); the retention of
potassium is characteristic of the action of testosterone (Kenyon, ibid., 1940, 26, 26) in contrast
to that of other steroids. Some androgenic substance is formed by the adrenal cortex; 17-ketosteroids are found in the urine of women (see
under Cortisone). The adrenal androgens probably have an anabolic action; at least insufficient
androgen is secreted to prevent eunuchoidism after
castration of males. Some androgen is secreted by
the ovary, and considerable amounts are produced
by certain ovarian tumors (virilizing tumors).
In Cushing's syndrome testosterone is indicated
in those cases with a negative nitrogen balance
(Albright et al., J. Clin. Endocrinol., 1941, 1,
375). Some men with Addison's disease remain
listless and pepless in spite of adequate therapy
with adrenal cortical extracts and in some the evidences of hypogonadism appear; in these, testosterone propionate is also indicated. In some old
men hypopituitarism associated with secondary
hypothyroidism, hypogonadism and hypoadrenalism is found and is benefited by stimulation and
substitution therapy. Decreased nitrogen-loss in
severely burned patients as a result of testosterone
therapy has been reported (Abbott et a!., Surgery,
1946, 20, 163). In thyrotoxicosis, Kinsell et al.
(J. Clin. Inv., 1944, 23, 880) found that testosterone propionate produced a positive nitrogen
balance, a gain in weight and a decreased creatinuria whereas methyltestosterone aggravated the
thyrotoxicosis. Testosterone is useful to promote
healing of fractures in old men and, in combination with an estrogen, is prescribed in the treatment of postmenopausal osteoporosis; the combination exerts the anabolic action required to
stimulate the formation of bone matrix, which is
required for remineralization, and the smaller
effective doses of each in the combination minimizes the undesirable estrogenic and androgenic
side effects.
Carcinoma. — In patients with inoperable and
often metastatic carcinoma of the breast (Adair
and Herrmann. Ann. Surg., 1946, 123, 1023),
ovary (Beecham, Am. J. Obst. Gyn., 1943, 46,
849), and uterus (Abel, Am. J. Obst. Gyn., 1945,
49, 327), large doses of testosterone propionate
intramuscularly may induce changes fully as dramatic as those observed in men with carcinoma of
the prostate following castration or large doses
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of diethylstilbestrol. Roentgen evidences of metastases may disappear. Although cure can hardly
be expected, palliation for many months has been
reported. Much better alleviation of symptoms
has been observed than is obtainable with surgical
and/or radiation therapy.
Menorrhagia. — Testosterone has also been used
to relieve symptoms in cases of endometriosis
(Miller, J.A.M.A., 1944, 125, 207;. Functional
uterine bleeding has been rapidly controlled with
testosterone propionate in doses of 25 to 50 mg.
intramuscularly every other day for about 3 doses
(Salmon, Geist, et al., Am. J. Obst. Gyn., 1941,
41, 991; J. A.M. A., 1941, 117, 2207). Subsequently, for a few months 25 mg. has been given
3 times weekly prophylactically during the 2 weeks
preceding the expected menstrual period. A dose
of 10 mg. has been employed similarly in the treatment of dysmenorrhea of functional type (Jacoby
and Rabiner, Am. J. Obst. Gyn., 1943, 45, 697).
Doses of less than 300 mg. per month usually do
not cause arrhenomimetic effects (virilism) such
as enlargement of the clitoris, lowering of the
pitch of the voice and masculine distribution of
hair. The mechanism of action in these conditions
is presumably through inhibition of the function
of the anterior pituitary gland (Geist et al., J. Clin.
Endocrinol., 1941, 1, 154) and inhibition of uterine contractions through its progesterone-like action (Mandy and Mandy, West. J. Surg., 1940,
48, 604) and perhaps through neutralization of
estrogen action. Mazer and Mazer (Endocrinology,
1939, 24, 599) pointed out that large doses inhibit pituitary action but that small doses do not
disturb the menstrual cycle or the structure of
the endometrium.
Menopause. — Menopausal symptoms in women
have been controlled with testosterone propionate.
Kurzrok et al. (Endocrinology, 1939, 24, 347)
used 25 mg. intramuscularly twice weekly for 2
to 3 weeks followed by 1 5 mg. twice weekly for a
few weeks. The fact that it does not stimulate the
endometrium is a definite advantage over estrogenic substances; however, diethylstilbestrol has
been a much cheaper therapy. Combinations of
estrogen and androgen have become popular for
management of menopausal symptoms; thus, a
combination of 0.25 mg. of diethylstilbestrol and
5 mg. of methyltestosterone has been ingested 3
times daily for 30 days (Greenblatt et al., J. Clin.
Endocrinol., 1950, 10, 1547). Gusberg (Am. J.
Obst. Gyn., 1945, 50, 502) pointed out that testosterone, rather than estrogenic substance, was
indicated for menopausal symptoms in certain circumstances such as in the presence of carcinoma
of the breast, uterus or ovary, abnormal uterine
bleeding, vaginal bleeding or other untoward
effects associated with estrogenic therapy.
Mastalgia. — Testosterone has been employed to
inhibit lactation; Siegler and Silverstein (Am. J.
Obst. Gyn., 1940. 39, 109) used 25 mg. intramuscularly daily for 5 days starting on the second
or third post-partum day. Abarbanel (Am. J. Obst.
Gyn., 1939, 38, 1043) gave 5 mg. intramuscularly
and 5 mg. subcutaneously at the end of the third
stage of labor to prevent after-pains. It has been
administered for premenstrual mastalgia, chronic
cystic mastitis, etc. (Birnberg et al., Am. J. Obst.
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Gyn., 1941, 41, 39); Spence {Lancet, 1940, 2,
387) prescribed an ointment of testosterone propionate tobe massaged over the breasts at bedtime.
Angina Pectoris. — Testosterone has also been
advocated in the management of angina pectoris.
Lesser (/. Clin. Endocrinol., 1946, 6, 549) reported improvement in 50 of 100 cases after 6 to
8 weeks of treatment. Life was not prolonged and
the action was thought to be due to some change
in cardiac musculature. In fact, it has been thought
to be contraindicated in persons with arteriosclerotic orhypertensive heart disease because of
the danger that the increased physical activity
often induced by testosterone may increase the
risk of coronary occlusion, cardiac failure or cerebral hemorrhage. Levine and Sellers {Am. J. Med.
Sc, 1946, 212, 7) found it to be without value
for angina pectoris but definitely effective for the
discomfort of neurocirculatory asthenia (effort
syndrome) in the age group in which angina pectoris is common. It has been used for asthma
{J.A.M.A., 1945, 127, 620).
Pruritus. — For senile pruritus, Abarbanel
{J.A.M.A., 1945, 127, 419) used testosterone
effectively. Rony and Zakon {Arch. Dermat.
Syph., 1943, 48, 601) found that it stimulated
the sebaceous glands of the skin of both adult and
prepubertal males whereas diethylstilbestrol depressed the glands. Both injections and the ointment failed in cases of tinea capitis (Lewis et al.,
J.A.M.A., 1946, 132, 63).
Contraindications. — Testosterone is not indicated, according to Thompson {loc. cit.) in male
sterility, carcinoma of the prostate, benign prostatic hyptertrophy, fat boys with delayed puberty
under an indefinite diagnosis of Frohlich's syndrome, arteriosclerotic or hypertensive heart disease, and cases of familial periodic paralysis (intracellular potassium deficit). Markham {Urol.
Cutan. Rev., 1941, 45, 35), however, believed it
to be useful in benign prostatic hypertrophy, provided carcinoma of the prostate could be excluded, although he did not observe any decrease
in the size of the prostate. It is not known to have
induced neoplasia of the prostate. [v]
Toxicology. — The untoward effects of testosterone therapy are injury to the normal testis
with the production of azoospermia, priapism,
symptoms of heart failure in older persons, dependent pitting edema due to retention of water
and electrolytes (similar to desoxycorticosterone),
hypercalcemia, acne vulgaris, hypermetabolism,
and virilism, as well as hypertrichosis, lowering
of the pitch of the voice and enlargement of the
clitoris with increased libido.
Testosterone Cyclopentylpropionate. —
This cyclopentylpropionate ester of testosterone,
recognized by N.N.R., has the actions and uses of
testosterone propionate with the advantage of a
more prolonged androgenic action (McCullagh
et al., J. Clin. Endocrinol., 1952, 12, 3). It is injected intramuscularly in doses of 10 to 50 mg.
every 7 to 14 days, the dose being determined
by the response of the patient. To avoid virilism
the monthly dose in women should seldom exceed
150 mg. The available product is Solution DepoTestosterone Cyclopropionate in Oil (Upjohn) ;
it contains 50 or 100 mg. of the testosterone ester
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per ml. of cottonseed oil solution and is supplied
in 10-ml. vials.
Testosterone Phenylacetate. — In laboratory studies this ester of testosterone produced
maximum effect in 15 days, as compared with 5
days for the propionate and about 10 days for
the cyclopentylpropionate; at peak activity the
phenylacetate snowed about twice the potency of
the cyclopentylpropionate ester. In clinical studies
Reifenstein et al. {J. Am. Geriatric Soc, 1954, 2,
293) found that testosterone phenylacetate had
longer anabolic and androgenic effects than either
the propionate or cyclopentylpropionate. Testosterone phenylacetate is available, under the trademarked name Perandren phenylacetate (Ciba) in
multiple-dose vials containing 50 mg. per ml., in
aqueous suspension. One injection per month is
generally adequate.
Dose. — The usual intramuscular dose of testosterone is25 mg. daily or 3 times weekly, the
range of dose being 10 to 75 mg. For buccal absorption the usual dose is 10 mg. daily, with a
range of 5 to 25 mg. Implanted subcutaneously,
in the form of pellets, the usual dose is 300 mg.,
the usual range being up to this dose. In women
a total dose of 300 mg. per month should seldom
be exceeded. Subcutaneous implantation of 3
(rarely 6 to 12) pellets, each containing 75 mg.
of free testosterone, is sometimes employed to
eliminate frequent injections. Testosterone is absorbed through intact skin but this is seldom practical as a route of administration. For oral or sublingual administration methyltestosterone {q.v.)
is employed. In palliative treatment of carcinoma
of the breast, 50 to 100 mg. is given intramuscularly 3 times weekly for 2 to 5 months.
Storage.
ers." U.S.P. — Preserve "in well- closed containTESTOSTERONE PELLETS.
U.S.P. (B.P.)
"Testosterone Pellets consist of testosterone
compressed in the form of pellets, without the
presence of any binder, diluent, or excipient."
U.S.P. The B.P. defines Implants of Testosterone
as sterile cylinders prepared by fusion or heavy
compression of testosterone without the addition
of any other substance; they are distributed singly
in sterile containers, which are sealed so as to
exclude micro-organisms.
B.P. Implants of Testosterone.

Standards and Tests. — Requirements. — The
pellets meet the requirements provided under
Testosterone and also those of the Sterility Test
for Solids. Solubility in chloroform. — A solution
of 50 mg. of powdered pellets in 2 ml. of chloroform is clear and practically free from insoluble
residue. Weight variation. — The average weight
per pellet, based on the weight of 5 pellets, is not
less than 95 per cent and not more than 105 per
cent of the labeled weight, and each pellet weighs
not less than 90 per cent and not more than 110
per cent of the labeled weight. U.S.P. The B.P.
requires implants of less than 50 mg. weight to
be not less than 2.0 mm. and not more than 2.5
mm. in diameter; implants weighing 50 mg. or
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more must be not less than 4.25 mm. and not
more than 4.75 mm. in diameter.
The B.P. states that when implants of testosterone are prescribed, no weight being stated, the
100-mg. size shall be dispensed.
For uses and dose see the monograph on
Testosterone.
Storage. — Preserve "in tight containers holding one Pellet each." U.S.P.
Usual Size. — 75 mg. (approximately 1%
grains).
STERILE TESTOSTERONE
SUSPENSION.
U.S.P.
"Sterile
suspension
It contains
than 110

Testosterone Suspension is a sterile
of testosterone in an aqueous medium.
not less than 90 per cent and not more
per cent of the labeled amount of

C19H28O2." U.S.P.

For methods which may be employed in preparing this suspension see under Aqueous Estradiol
Suspension. The pH of testosterone suspension is
required to be between 4.0 and 7.5. The assay is
performed by filtering off the testosterone in a
weighed sintered-glass crucible, washing the substance with water, then drying the crucible and
contents at 105° to constant weight.
Uses. — Sterile testosterone suspension is used
for the purposes discussed under Testosterone ;
the dose is approximately the same as for testosterone propionate. Testosterone is absorbed somewhat more slowly from the intramuscular injection site than is the propionate (Sevringhaus and
Sikkema, /. Clin. Endocrinol., 1946. 6, 415).
Storage. — Preserve "in single-dose or in multiple-dose containers, preferablv of Tvpe I glass."
U.S.P.
Usual Sizes. — 250 and 500 mg. in 10 ml.

TESTOSTERONE

PROPIONATE.

U.S.P., B.P.. LP.
[Testosteroni
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The B.P. defines Testosterone Propionate as
17-propionoxy-4-androsten-3-one, the LP. as 17hydroxy-3-keto-androstene-4-propionate.
A4-Androsten-17-[a]-propionate-3-one. Andronate (Central): Masenate (Schieffelin) ; Xeo-Hombreol (RocheOrganon); Oreton (Schering) ; Perandren (Ciba); Synandrol (Pfizer) ; Synerone (Pitman-Moore) ; Testodet (Sharp
&■ Dohme). Sp. Propionate de Testosterona.

Testosterone propionate may be prepared, according to the B.P.. by the action of propionic
anhydride on testosterone. For further information see under Testosterone.
Description. — "Testosterone Propionate occurs as white or creamy white crystals or crystalline powder. It is odorless and is stable in air.
Testosterone Propionate is insoluble in water. It
is freely soluble in alcohol, in dioxane. in ether,
and in other organic solvents. It is soluble in vegetable oils. Testosterone Propionate melts between
118° and 123°." U.S.P.
Standards and Tests. — Identification. — (1)
Testosterone obtained by alkaline hydrolysis of
the propionate melts between 151° and 157°. (2)
The absorptivity (l^c. 1 cm.) of testosterone
propionate in methanol solution at 241 mn is be-
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tween 465 and 496. Specific rotation. — Not less
than +83° and not more than +90°, when determined ina dioxane solution containing 100 mg.
of dried testosterone propionate in each 10 ml.
Loss on drying. — Not more than 0.5 per cent,
when dried in vacuum over sulfuric acid for 4
hours. U.S.P.
For uses of this ester of testosterone see under
Testosterone. It is the form in which oil solutions
of the hormone are generally prepared. The usual
dose of testosterone propionate is 25 mg., administered intramuscularly daily or 3 times weekly;
the range of dose is 10 to 75 mg. For androgenic
action by the oral route methyltestosterone (q.v.)
is used.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
TESTOSTERONE PROPIONATE
INJECTION.
U.S.P. (B.P.)
"Testosterone Propionate Injection is a sterile
solution of testosterone propionate in oil. It contains not less than 88 per cent and not more than
112 per cent of the labeled amount of C22H32O3."
U.S.P. The B.P. defines Injection of Testosterone
Propionate as a sterile solution of testosterone
propionate in ethyl oleate or a suitable fixed oil;
sterilization is effected by heating at 150° to maintain the injection at that temperature for 1 hour.
No purity rubric is specified.
B.P. Injection of Testosterone Propionate.

Assay. — Following extraction of testosterone
propionate from the injection with a solution of
petroleum benzin in alcohol the hormone is converted to the semicarbazone, which is determined
gravimetrically, the precipitate being dried at 105°
to constant weight. U.S.P.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferablv of Tvpe I glass."
U.S.P.
Usual Sizes. — 25 mg. in 1 ml.; 250, 500, and
1000 mg. in 10 ml.
TETANUS ANTITOXIN.
U.S.P., B.P. (LP.)
[Antitoxinum Tetanicum]

"Tetanus Antitoxin is a sterile solution of antitoxic substances obtained from the blood serum
or plasma of a healthy animal, usually the horse,
that has been immunized against tetanus toxin or
toxoid. It has a potency of not less than 400 antitoxic units per ml., based on the N.I.H. Standard
Tetanus Antitoxin. It may contain not more than
0.5 per cent of phenol or not more than 0.4 per
cent
cresol.andas LP.
a preservative."
U.S.P.
Theof B.P.
define Tetanus
Antitoxin as
native serum, or a preparation from native serum,
having the antitoxic globulins or their derivatives
that have the specific power of neutralizing the
toxin formed by Clostridiutn tetani. Native antitoxic serum for prophylactic use is required by
the B.P. to contain not less than 500 units per
ml.; dried native antitoxic serum for similar use
must contain not less than 5000 units per Gm.
Preparations of antitoxic globulins for prophylactic use are required to contain not less than
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1000 units per ml., while dried preparations must
contain not less than 7500 units per Gm. Preparations of antitoxic globulins for therapeutic use
are required to contain not less than 3000 units
per ml.; corresponding dried preparations contain at least 15,000 units per Gm. The I. P. potencies are in most instances twice those of
the B.P.
LP. Antitetanus Serum; Serum Antitetanicum. Purified
Antitetanic Serum; Concentrated Tetanus Antitoxin; Refined Tetanus Antitoxin; Antitetanic Globulins. Serum Antitetanicum. Fr. Serum antitetanique. Gcr. Tetanus-Serum.
It. Siero antitetanico. Sp. Suero antitetanico; Antitoxina
Tetdnica.

Although the disease tetanus has long been
recognized as being associated with wounds it was
not until 1889 that Kitasato isolated the causative
factor which, when spores are apparent, is a drumstick-shaped organism, formerly known as the
Bacillus Tetani but now commonly known among
bacteriologists as Clostridium tetani. This latter
name is of biological significance, showing its relationship to other anaerobic spore-bearing organisms
as C. welchii, etc. There are several different types
of C. tetani but they all owe their pathogenic
properties to the same soluble toxin.
Tetanus toxin deteriorates rapidly when exposed
to light, oxygen and warmth, but under proper
conditions the precipitated and dried toxin may
retain its activity for many months. The government standard, distributed to manufacturers by
the National Institutes of Health for standardizing
the antitoxin, is a dry and powdered toxin which
is kept in sealed containers. If the container is
opened, it should be placed in a desiccator containing fresh concentrated sulfuric acid and stored
in a cold dry atmosphere. There is available also
a standard antitoxin for use for control tests in
standardization.
The official unit of tetanus antitoxin in this
country is 10 times the least amount which will
save a 350-Gm. guinea-pig for 96 hours after the
subcutaneous injection of 100 M.L.D.'s of the
standard toxin. In this country an M.L.D. of the
latter is the smallest amount which, when injected
subcutaneously, will kill a guinea-pig, weighing
350 Gm., within 96 hours. In 1950 the American
Unit of Tetanus Antitoxin was adopted as the
International Unit and is now standard in most
European countries. The old International Units
(1928), equal to approximately one-half the American Unit, was the standard in England and Europe
prior to 1950.
Production. — In preparing the tetanus antitoxin the general method is the same as that described under Diphtheria Antitoxin. There are,
however, certain difficulties in preparing the toxin
owing to the fact that species of the genus Clostridium are anaerobes and that the toxin is extremely unstable.
In producing tetanus antitoxin it is now general
practice to begin immunization of horses by injection with tetanus toxin which has been converted
into toxoid by treatment with formaldehyde. As
the antitoxin levels in the animals rise larger doses
of toxoid are given and eventually the animals
receive tetanus toxin in progressively increasing
doses. The actual dosage schedules differ in the
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various commercial laboratories producing tetanus
antitoxin. When the trial bleedings show that the
titer of the serum has reached approximately 700
to 800 units per ml. the animal is ready for commercial production. The continued injection of
the large amounts of tetanus toxin, which are required to keep up the antitoxin production, does
not appear to have as deleterious an influence
upon the health of the horse as does the diphtheria
toxin, and the animal may keep on producing
tetanus antitoxin for several years. In highly productive horses it is wise to give them periods of
rest after 1 or 2 years.
While tetanus antitoxin generally is of equine
origin, there is also antitoxin of bovine origin
available for persons hypersensitive to horse
serum. Bovine antitoxin is prepared by methods
analogous to those used in making the equine
product.
The methods of purifying tetanus antitoxin are
the same as the ones used in purifying Diphtheria
Antitoxin.
Description. — "Tetanus Antitoxin is a transparent or slightly opalescent liquid, faint brownish, yellowish, or greenish in color, and nearly
odorless or having an odor due to the preservative." U.S.P.
The U.S. P. requires the content of total solids
not to exceed 20 per cent, by weight; the antitoxin isrequired also to comply with the identity,
pyrogen, safety, sterility, and potency tests and
other requirements of the National Institutes of
Health.
Uses. — The tetanus bacillus is present in superficial layers of soil, especially in fields which have
been fertilized with manure; this is probably because its normal habitat is in intestines of herbivorous animals (cows, horses, etc.). Although
human beings may harbor tetanus bacilli or spores
in their intestinal tract (see Broeck and Bauer,
/. Exp. Med., 1926, 43, 361, and Kerrin, Brit. J.
Exp. Path., 1929, 10, 370) it is probable that this
condition does not confer any immunity to the
individual (see Manson, Proc. S. Exp. Biol. Med.,
1932, 29, 561). The organism has also been found
in and upon a variety of materials and objects
which have been exposed to dust and animal contamination. Surgical sutures, gauze dressings and
other articles are exposed to vigorous sterilization
procedures to insure its absence in materials employed in wound therapy. Considering the wide
distribution of the bacilli, tetanus infections are of
comparatively infrequent occurrence.
The nature of the wound and the simultaneous
presence of other microorganisms appear to be
important factors resulting in the occurrence of
tetanus. Injuries causing crushing and considerable destruction of tissues, especially deep, lacerated wounds (as frequently occur in compound
fractures and gunshot wounds), especially when
grains of gunpowder, clothing, splinters of glass,
metal or wood are embedded, are the most likely
to be followed by tetanus infection. Tetanus has
been observed not infrequently after childbirth, or
following induced abortion or intrauterine manipulation including douches, following intestinal
operations, particularly herniorrhaphies and hemor hoidectomies, and in rare cases it has devel-
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oped from the infection of necrotic mucous membranes following diphtheria and ulcerative lesions
of the throat. At times very little local evidence
of the disease can be observed, and it should be
borne in mind that when an external wound is not
visible there may be an internal one. Tetanus of
the newborn may occur from contamination of
the umbilicus.
After the entrance of tetanus bacillus into a
wound a definite period of incubation elapses
before the symptoms appear; in man this may
be from 3 to 14 days in acute cases, and 4 or 5
weeks in the so-called chronic forms of tetanus.
During this incubation period the bacilli are multiplying and producing the toxin which is the cause
of the clinical symptoms. Tetanus bacilli are
localized almost entirely at the point of inoculation, but the symptoms are due to the toxin being
absorbed into the central nervous system (for
study of the method of absorption see Abel and
associates. Bull. Johns Hopkins Hosp., 1935. 56,
84; 1936, 59, 307). The tetanus bacillus produces
two toxins: tetanolysin (produces some lysis of
erythrocytes) and tetanospasmin (produces toxic
spasms). Only the latter is of importance. Once
tetanus toxin is firmly united with nerve cells, it
is practically impossible for the antitoxin to effect
its neutralization.
Prophylactic. — Because of the long incubation of lock-jaw the period in which the antitoxin
would exert the most curative effects has largely
passed before the occurrence of symptoms. Therefore, in man. the most important use of tetanus
antitoxin is as a prophylactic agent. It should be
borne in mind that the antitoxic effect passes off
in about ten days, and that a single immunizing
injection of tetanus antitoxin may not always be
sufficient.
It is not possible to give set rules as to the cases
in which tetanus prophylaxis should be employed.
In a general way it may be said that an injection
of tetanus antitoxin is indicated in case of wounds
by gun-shot or blank cartridge, or where there has
been laceration or crushing of tissue, or puncture
from rusty nails, needles, splinters, and especially
if dirt or soil has penetrated. The prophylactic
dose of 1500 to 3000 units of antitoxin may be
injected subcutaneously or. preferably, intramuscularly in the neighborhood of the wound as soon as
possible after its occurrence. In crushed wounds
or those containing necrotic tissue or foreign
bodies, a second dose should be given 2 or 3 days
later (see also Tetanus Toxoid).
Therapeutic. — As a curative, tetanus antitoxin is of secondary importance because of the
delay in the development of the manifestation of
the infection. However, it is probably of some
value, and on account of the high mortality of
the disease it should always be employed. There
has been much discussion as to the proper dosage
and method of administration. Firor (Am. J. Surg.,
1939, 46, 450) recommended: "An initial intravenous dose of 50.000 units of antitetanic serum.
Infiltration by multiple injections of 10.000 units
of antitetanic serum around the site of injury.
An hour after this local injection the offending
wound should be excised." After this daily injections of 5000 units of antitoxin should be given.
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If intravenous injection is not possible, larger
doses (as high as 100.000 units) should be given
intramuscularly dividing the injections into several sites; subcutaneous or intrathecal administration is not advisable. For literature on the prognosis in tetanus and the influence of antitoxin on
the mortality see Yener and Bower. J. A.M. A.,
1941. 116, 1627. Firor emphasized the importance of the infiltration of antitoxin around the
wound an hour before excision and reported on a
case of local tetanus developing due to neglect of
this precaution (Internat. Clin., 1937. 4, 117).
In the management of tetanus treatment is
essential. In addition to appropriate surgical debridement of the infected area of tissue, the patient should be placed in a quiet and darkened
room with a nurse in constant attendance. An
oxygen tank and equipment for performance of
immediate tracheotomy should be available in
case respiration is inhibited by spasm. Parenteral
fluids should be used as required to maintain
proper water and electrolyte balance and adequate
nutrition. Sedation is most important; traditionally paraldehyde is used for this purpose. Curare
has been recommended to control spasm but its
efficient and safe use requires expert attention
which may not be available; careless administration may cause cessation of respiration (Adriani
and Ochsner. Surgery, 1947. 22, 505). Continuous
care and observation are necessary as the patient
may relapse after apparent recovery. Administration of penicillin to eradicate CI. tetani at the
portal of entry is indicated (J. A.M. A., 1951, 147,
1635).
Precautions against anaphylactic reactions from
tetanus antitoxin (as described under Diphtheria
Antitoxin) are advisable but in view of the fatal
nature of tetanus the physician is justified in
taking somewhat greater chances of provoking
allergic reactions.
Dose. — The usual dose, parenterally. as a prophylactic, is1500 units, with a ranee of 1500 to
5000 units: as a therapeutic agent the usual dose
is 40.000 units, parenterally, with a range of
20.000 to 120.000 units. Doses may be repeated,
as indicated above.
Labeling. — "The package label bears the name
Tetanus Antitoxin; the potency in antitoxic units:
the genus of animal employed when other than the
horse: the lot number: the expiration date, which
is not more than 1 year after date of manufacture
or date of issue with a 20 per cent excess of
potency. 2 years with a 30 per cent excess. 3 years
with a 40 per cent excess, or 4 years with a 50 per
cent excess: and the manufacturer's name, license
number, and address." U.S. P.
Storage. — Preserve "at a temperature between
2° and 10°. preferably at the lower limit. Dispense itin the unopened container in which it was
placed
the manufacturer."
P. 20.000. and
Usualbv Sizes.—
1500. 5000. U.S.
10.000.
40.000 units.
TETANUS AND GAS
ANTITOXINS.
[Antitoxina

"Tetanus

GANGRENE
N.F.

Tetanica et Gas-Gangracnosa]

and Gas

Gangrene

Antitoxins

is a

Part I
sterile solution of antitoxic substances obtained
from the blood of healthy animals which have
been immunized against the toxins of Clostridium
tetani, Clostridium perfringens and Clostridium
septicum. Each package of the Antitoxins shall
contain not less than 1500 units of tetanus antitoxin and not less than 2000 units of each of the
other component antitoxins. Tetanus and Gas
Gangrene Antitoxins complies with the requirements of the National Institutes of Health of the
United States Public Health Service." N.F.
Sp. Antitoxina del Tetdno y la Gangrcna Gaseosa.

This product is a mixture of tetanus antitoxin
and gas gangrene antitoxin which may be prepared
by the simultaneous immunization of animals
(usually horses) with the toxoids of the various
organisms listed above or by the blending of antitoxins produced separately or in various combinations. See monographs on Tetanus Antitoxin and
Gas Gangrene Antitoxin for a more detailed discussion of the production, standardization, uses
and precautions for tetanus and gas gangrene
antitoxins.
Description. — "Tetanus and Gas Gangrene
Antitoxins is a transparent or slightly opalescent
liquid of a faint brownish, yellowish, or greenish
color, nearly odorless or having an odor due to the
presence of a preservative; it may have a slight
granular deposit. It must be free from harmful
substances detectable by animal inoculation and
must not contain an excessive proportion of preservative (not more than 0.5 per cent of phenol or
0.4
per
cent
of cresol, if either of these is used)."
N.F.
Uses. — Tetanus and gas gangrene antitoxins is
used in prophylaxis against tetanus and gas gangrene following wounds or injuries where infection
with these Clostridia is possible. Since organisms
causing both types of infection exist in soil and
dust it is possible that exposure to agents of both
infections may occur simultaneously. It would
seem logical, therefore, to use a prophylactic
serum containing antitoxins against both types of
infection. Jablons and Knebs (Mil. Surg., 1943,
92, 394) reported that the mortality rate following traumatic injury may be decreased considerably by use of the combined antitoxins. On the
other hand recognition of the combination of
tetanus and gas gangrene antitoxins was discontinued in N.N.R. because of insufficient evidence
of efficacy in prophylaxis or treatment on the part
of the gas gangrene antitoxin component. Pulaski
(Surgical Infections, 1954) emphasized the necessity of immediate and adequate surgery, with
administration of 1 to 2 million units of penicillin
intramuscularly or 2 Gm. of oxytetracycline or
chlortetracycline intravenously daily.
The usual dose of tetanus and gas gangrene antitoxins isthe contents of one or more packages,
administered parenterally as a prophylactic agent.
A portion of the dose is sometimes injected at
multiple points around the site of the injury.
Regulations. — "The potency of the Antitoxins isexpressed in antitoxic units and the units
are those of the Tetanus, Perfringens, and Vibrion
Septique antitoxins prescribed by the National Institutes of Health of the United States Public
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Health Service. The outside label must indicate
the minimum number of antitoxic units of each
antitoxin in the package, the manufacturer's lot
number of the Antitoxins, the name, address, and
license number of the manufacturer, the genus of
animal employed when other than the horse, and
the date beyond which the minimum potency of
the contents, as declared on the label, may not be
maintained." N.F.
Storage. — "Preserve Tetanus and Gas Gangrene Antitoxins at a temperature between 2° and
10°, preferably at the lower limit. It must be dispensed in the unopened glass container in which
it was placed by the manufacturer." N.F.
TETANUS

TOXOID.

[Toxoidum

U.S.P., B.P.

Tetanicum]

"Tetanus Toxoid is a sterile solution of the
formaldehyde-treated products of growth of the
tetanus bacillus (Clostridium tetani). It contains
not more than 0.02 per cent of residual free formaldehyde." U.S.P.
The B.P. recognizes both the simple solution of
the toxoid and alum precipitated toxoid under the
same title.
Fr. Anatoxine tetanique. Sp. Toxoide Tetdnico.

The method of preparing tetanus toxoid is essentially analogous to that for preparing diphtheria
toxoid. Neither Witte nor Berna peptone is used
in the preparation of tetanus toxoid because these
substances have been found to produce systemic
reactions in a small proportion of individuals injected with toxoids so prepared.
Description. — "Tetanus Toxoid is a clear,
brownish yellow, or slightly turbid liquid having
aU.S.P.
characteristic odor or an odor of formaldehyde."
Standards and Tests. — Toxicity. — No fewer
than 4 healthy guinea pigs, each weighing between
300 and 400 Gm., are injected, subcutaneously,
with a volume of toxoid that is at least five times
the intended human immunizing dose, but not less
than 2 ml.; no symptoms of tetanus toxin poisoning appear within 21 days. Antigenic value. — No
fewer than 10 healthy guinea pigs, each weighing
between 300 and 400 Gm., are injected, subcutaneously, with not more than one-third the volume of toxoid recommended as the total human
immunizing dose, and not more than 6 weeks later
10 minimum lethal doses of tetanus test toxin
(contained in 2 ml.) are injected subcutaneously:
not less than 80 per cent of the animals survive
for at least 10 days. Other requirements. — The
identity, safety, sterility and potency tests and
other requirements of the National Institutes of
Health of the U. S. Public Health Service must
be complied with, including the release of each lot
individually before its distribution. U.S. P.
Uses. — Tetanus toxoid is used for active immunization against tetanus. It acts by causing
formation of tetanus antitoxin in the blood and
tissues of the immunized person. Three doses of
1 ml. or 0.5 ml. (whichever is specified on the
label) are recommended to be given at three-week
intervals. By two weeks after the last of such a
series of injections, most individuals will have
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developed at least 0.1 unit of circulating antitoxin
per ml. of blood serum. This amount is considered
sufficient to protect against the development of
tetanus. Serum antitoxin levels remain about the
same for the next six months and then begin to
diminish. However, once basic immunity has been
established it may be fortified quickly by the injection ofa single "booster" dose. Because of this,
it has become the practice to give a complete
series of doses for primary immunization supplemented by a single injection at yearly intervals as
long as immunity is to be maintained. In addition
a "booster" dose is given in the event of any injury having the possibility of tetanus infection.
Studies of 72 adults previously immunized in
the armed services who had received no booster
injections for 5 to 1 1 years, by Turner et al. (Bull.
Johns Hopkins Hosp., 1954, 94, 158), demonstrated from less than 0.01 to more than 1 unit
per ml. of blood serum of antitoxin, with 44 persons showing more than 0.1 unit; in a similar
group who had received a booster dose within the
previous few years, the range of antitoxin titer
was similar but 64 of 73 persons showed more
than 0.1 unit. Following a 0.5-ml. dose of fluid
tetanus toxoid, about one-third of the entire group
of 145 persons showed a significant rise in serum
antitoxin titer in 4 days and after 7 days all
showed a 10- to 1000-fold increase. It is recommended that a booster dose be given at the time
of injury in all previously immunized individuals
and that tetanus antitoxin be avoided because of
the frequency of serum sickness unless frank evidence of infection with tetanus is present. Booster
doses at intervals of 5 years, and perhaps even 10
years, are apparently adequate.
Use in Contaminated Wounds. — Because of
the circumstances under which prophylaxis against
tetanus is required, it frequently happens that the
patient's previous immunization history is not
definitely known. Under these circumstances it is
impossible to rely upon tetanus toxoid because of
the possibility that basic immunity does not exist.
Tetanus antitoxin in the full prophylactic dose
should then be administered (see Tetanus Antitoxin). However, if the patient's history indicates
the possibility of previous immunization (e.g.,
service with U. S. or B.P. armed forces, etc.) a
"booster" dose of tetanus toxoid is frequently administered atthe same time.
Prophylactic Use. — Tetanus toxoid has been
almost universally employed in the armed forces
of most of the nations of the world and the nonmilitary use of this antigen has been increasing
rapidly. At the present time it is employed for the
protection of many adults such as policemen,
firemen, stockyard workers, farmers, hunters and
others whose occupations or avocations expose
them to risks of injury or penetrating wounds.
Use in Children (Triple Antigen). — Since
tetanus toxoid is now mixed with diphtheria toxoid
and pertussis vaccine as a combined antigen, its
use in pediatric immunization is almost universal.
This latter use has certain special advantages that
are worth enumerating: (1) Since immunization
histories are usually much more definite in children, prophylactic use of tetanus toxoid at the
time of injury can be used with more confidence ;
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(2) the use of tetanus toxoid makes it unnecessary
to use tetanus antitoxin and thus avoids the development ofserum sensitivity early in life when
it may be necessary subsequently to use serum
therapy in the treatment of other diseases such as
diphtheria; (3) active immunization with tetanus
toxoid provides a child with constant protection
against tetanus infection during the period of life
when injuries are frequent and sometimes undetected by adults; (4) pertussis vaccine serves as
an adjuvant which increases the potency of a
given amount of tetanus toxoid as an immunizing
agent
258). m(Levine and Stone, /. Immunol., 1954, 72,
Labeling. — "The package label bears the name
Tetanus Toxoid; the lot number and the expiration date, which is not more than 2 years after
date of manufacture or date of issue; the manufacturer's name, license number, and address; and
the
statement.
50° F.).' " U.S.P.'Keep at 2° to 10° C. (35.6° to
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense
it in the unopened container in which it was placed
by the manufacturer." U.S.P.
Usual Sizes. — 0.5, 1.5, 7.5 and 15 ml.

ALUM

PRECIPITATED TETANUS
TOXOID. U.S.P. (B.P.)

Tetanus Toxoid, Alum Precipitated;
[Toxoidum Tetanicum Alumen-Praecipitatum]

"Alum Precipitated Tetanus Toxoid is a sterile
suspension of tetanus toxoid precipitated by alum
from a formaldehyde-treated solution of the products of growth of the tetanus bacillus (Clostridium
tetani). It contains a non-phenolic antibacterial
preservative approved by the National Institutes
of Health, and not more than 15 mg. of alum in
the volume stated in the labeling to constitute one
injection." U.S.P.
Under the title Tetanus Toxoid the B.P. recognizes both the simple solution of the toxoid, which
corresponds to the product of the same name
official in the U.S. P., and alum precipitated toxoid,
designated in the U.S.P. as Alum Precipitated
Tetanus Toxoid.
Sp. Toxoide Tetdnico, Precipitado con Alumbre.

Alum precipitated tetanus toxoid is prepared
by a process similar to that used in making Alum
Precipitated Diphtheria Toxoid. Neither Witte nor
Berna peptone may be used in its preparation
because of the danger of allergic reactions.
Description. — "Alum Precipitated Tetanus
Toxoid is a turbid, white, slightly gray or slightly
pink suspension." U.S.P.
Standards and Tests. — Antigenic value. — No
fewer than 4 healthy guinea pigs, each weighing
between 450 and 550 Gm.. are injected, subcutaneously, with a volume of the toxoid corresponding to not more than one-half the recommended
total human immunizing dose: the pooled serum
obtained from the animals between 5 and 6 weeks
later contains not less than 2 units per ml. of antitoxin. Other requirements. — These are the same
as for Tetanus Toxoid. U.S.P.
Uses. — For a general discussion of prophylactic immunization against tetanus see under
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Tetanus Toxoid. Alum precipitated tetanus toxoid
may be used under the same general conditions
as tetanus toxoid; the former has the advantage
of requiring administration of only two doses, as
compared with three doses of the latter product.
The alum precipitated toxoid is absorbed less
rapidly than the plain toxoid. The dose of alum
precipitated tetanus toxoid consists of two 0.5 or
1 ml. injections (as specified on the label), with
an interval of 4 to 6 weeks between injections.
Precautions. — A deep subcutaneous or intramuscular injection should be given in order to
avoid formation of sterile abscesses which may
break through the skin and become infected. This
type of reaction is due to the presence of alum,
and may occur in a small percentage of cases
unless this precaution is taken.
Since the antigen activity is found in the precipitate, the containers should be thoroughly
shaken prior to each withdrawal of a dose.
Labeling. — "The package label bears the
name Tetanus Toxoid, Alum Precipitated; the lot
number and the expiration date, which is not more
than 2 years after date of manufacture or date
of issue; the manufacturer's name, license number, and address; and the statement, 'Keep at
2° to 10° C. (35.6° to 50° F.).'" U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense
it in the unopened container in which it was placed
by the manufacturer." U.S.P.
Usual Sizes.— 0.5, 1, 2, 5 and 10 ml.
ALUMINUM HYDROXIDE
ADSORBED TETANUS
TOXOID.
U.S.P.
"Aluminum Hydroxide Adsorbed Tetanus Toxoid is a sterile suspension of tetanus toxoid adsorbed on aluminum hydroxide from a formaldehyde-treated solution of the products of growth
of the tetanus bacillus (Clostridium tetani). It
contains a non-phenolic antibacterial preservative
approved by the National Institutes of Health
and not more than 0.85 mg. of aluminum in the
volume stated in the labeling to constitute one
injection." U.S.P.
For discussion of precipitating and adsorbing
agents used in preparing toxoid modifications of
this type see under Aluminum Hydroxide Adsorbed Diphtheria Toxoid.
This product conforms to the description and
meets the requirements summarized under Alum
Precipitated Tetanus Toxoid; the dose and use are
the same.
TETRACAINE HYDROCHLORIDE.
U.S.P. (B.P.) LP.
Amethocaine Hydrochloride, 2-Dimethylaminoethyl-pbutylaminobenzoate, Tetracainium Chloride

♦TV
CH^CHg^NH-P

K
CT

^-COOCH2CH2NT(CH3)2

"Tetracaine Hydrochloride contains not less
than 98.5 per cent of C15H24N2O2.HCI, calculated
on the dried basis." U.S.P. The B.P. requires not
less than 98.5 per cent and not more than the
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equivalent of 101.0 per cent of the same component, calculated with reference to the substance
dried to constant weight at 105° ; the corresponding LP. limits are 98.4 and 101.0 per cent, respectively, calculated with reference to the substance
dried over sulfuric acid for 4 hours.
B.P. Amethocaine Hydrochloride ; Amethocainae Hydrochloridum. I. P. Tetracaini Hydrochloridum. Pontocaine
Hydrochloride
(IVinthrop) ; Pantocaine; Decicaine. S'p. Clorhidrato
de Tetracaina.

Tetracaine hydrochloride is p-butylaminobenzoyl-P-dimethylaminoethanol hydrochloride. The
base differs from procaine in the substitution of a
butyl group for one of the amino hydrogens, and
in the replacement of the two ethyl groups by two
methyl groups. It may be synthesized by interaction of ^-butylaminobenzoyl chloride and dimethylaminoethanol (see U. S. Patent 1,889,645,
granted in 1932). For data on the physical and
chemical properties of the base see Eisenbrand
and Picher (Arch. Pharm., 1938, 276, 1).
Description. — "Tetracaine Hydrochloride occurs as a fine, white, crystalline, odorless powder.
It has a slightly bitter taste followed by a sense of
numbness. Its solutions are neutral to litmus.
Tetracaine Hydrochloride is very soluble in water
and soluble in alcohol. It is insoluble in ether and
in benzene. Tetracaine Hydrochloride melts between 147° and 150°." U.S.P.
Standards and Tests. — Identification. — (1)
The precipitate obtained on adding a potassium
thiocyanate solution to one of tetracaine hydrochloride melts, when recrystallized from water
and dried, between 130° and 132°. (2) A solution
of tetracaine hydrochloride responds to tests for
chloride. Loss on drying. — Not over 1 per cent,
when dried over sulfuric acid for 4 hours. Residue
on ignition. — Not over 0.1 per cent. U.S.P.
Assay. — About 300 mg. of tetracaine hydrochloride isdissolved in water, the solution made
alkaline with sodium hydroxide T.S. and the tetracaine base extracted with several portions of
ether, successively employed. The combined ether
solution is evaporated to dryness and the residue
of tetracaine base, C15H24N2O2, is dried to constant weight over sulfuric acid. The factor for
converting to C15H24N2O2.HCI is 1.134. U.S.P.
Stability.— Rae (Pharm. J., 1938, 141, 24)
reported that neutral solutions of this drug undergo partial decomposition on boiling but that a
solution in 0.001 N hydrochloric acid is stable at
temperatures up to 115°.
Uses. — Tetracaine is a potent local anesthetic
(see Local Anesthetic Agents, in Part II) ; according to Schoen (Wien. klin. Wchnschr., 1939, 52,
505) it is some 15 times as potent as cocaine.
While it is more toxic than either procaine or
cocaine, because of its strong anesthetic power it
is relatively safer. Several deaths have been reported (Doane and Cohn, Anesth., 1945, 6, 421)
from its use but Schoen found that practically all
of them were due to gross overdosage. In its ability to penetrate the mucous membranes it far
exceeds procaine and approaches that of cocaine.
It does not dilate the pupil, paralyze accommodation or increase intraocular pressure (Schirmer
and Kellner, Med. Klin., 1953, 48, 1221). Taking
all factors into consideration it is regarded by
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many laryngologists as one of the most valifable
local anesthetics for nose and throat, and for
bronchoscopy. Weisel and Telia reported use of 2
per cent tetracaine in 1000 bronchoscopies in
which there were 12 minor and 7 severe toxic
reactions; while they considered the agent to be
excellent for this purpose they recommended that
it be confined to hospital practice for this purpose
(J.A.M.A., 1951, 147, 218). Ireland et al. (Tr.
Am. Otol. Soc, 1951, p. 438) and Kleitsch {Arch.
Otolaryng., 1954, 59, 195) also documented its
use in the upper respiratory tree as a topical
anesthetic.
Tetracaine hydrochloride is used for intraspinal
anesthesia. Intraspinally its action is prolonged
as much as 3 hours. An 0.25 per cent solution is
used for injection into the caudal canal (Andros
and Henderson, Am. J. Obst. Gyn., 1945, 50, 68)
to produce analgesia during parturition (continuous caudal analgesia). Special training is required
to employ this technic safely and effectively. With
aseptic technic a special needle is inserted into
the caudal canal of the sacrum, being careful not
to go through the dura into the subarachnoid
space. The needle is left in place during labor or
a ureteral catheter is passed through the needle
and the needle removed. The injected anesthetic
solution lies around the nerve trunks passing out
of the spinal canal. Infection is the greatest danger of this procedure and special caution is required. If the needle punctures the dura, severe
reactions such as convulsions may result; sodium
phenobarbital or other soluble barbiturate should
be available to control convulsions and oxygen
should be given by inhalation. Caudal analgesia
is not indicated for operative obstetrics except
for minor perineal repairs.
Bonica surveyed the literature on tetracaine
and added an analysis of personal experience with
the agent for 4082 regional anesthesias in all ramifications ofthis use as applied to orthopedic practice. He emphasized the potency of the drug, its
utility, and the fact that unless it was used in
amounts exceeding 1 mg. per pound of body
weight it was safe. In toxic overdosage the reaction of the patient was the same as to procaine
(Anesth., 1950, 11, 606; ibid., 716). Horan reported injection of 10 ml. of 0.25 per cent solution of tetracaine intravenously 204 times to a
total of 104 patients for asthma, various pain
syndromes and various other causes. Those having muscle sprains or asthmatic attacks responded
well. Toxicity consisted of nausea in 1 patient
and syncope in another. The injections were made
over a period of 3 to 5 minutes.
A 0.5 per cent solution is used in the conjunctiva. A 2 per cent solution is used in the
nose and throat. For infiltration anesthesia in
tissues a 0.15 per cent solution is used. It is
often mixed with equal parts of a 1 :1000 solution
of epinephrine hydrochloride. For intraspinal anesthesia a1 per cent solution may be employed
in doses of 1 to 2 ml.
For continuous caudal anesthesia 250 mg. is
diluted with sterile isotonic sodium chloride solution to 100 ml.; the initial dose is 30 ml. and 10
to 20 ml. is injected at intervals of 40 to 90
minutes as required to maintain anesthesia. A
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0.5 per cent ointment is used for the eye, and in
combination with 0.5 per cent menthol, for the
skin.
Dose. — The usual dose intraspinally is 2 to 15
mg., as a 0.5 per cent solution, with a range of
dose of 2 to 20 mg. For infiltration anesthesia of
tissues, a 0.1 to 0.25 per cent solution is used.
For external use a 0.5 per cent solution is used in
the eye and a 2 per cent solution in the nose and
throat.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.
TETRACAINE HYDROCHLORIDE
INJECTION.
U.S.P. (B.P.) (LP.)
"Tetracaine Hydrochloride Injection is a sterile
solution of tetracaine hydrochloride in water for
injection. It contains not less than 95 per cent
and not more than 105 per cent of the labeled
amount of C15H24N2O2.HCI." U.S.P.
The B.P. defines Injection of Amethocaine Hydrochloride as a sterile solution of amethocaine
hydrochloride in injection of sodium chloride,
prepared by dissolving the contents of a sealed
container in the requisite amount of the solvent
immediately before use; the quantity of amethocaine hydrochloride, C15H24O2N2.HCI, in the
sealed container is not less than 88.5 per cent and
not more than 111.0 per cent of the quantity of
amethocaine hydrochloride stated on the label.
The LP. Injection of Tetracaine Hydrochloride
is similarly prepared from Tetracaine Hydrochloride for Injection, which is recognized in a separate monograph, and the rubric for which substance isidentical with the B.P. rubric stated in
the preceding sentence.
B.P. Injection of Amethocaine Hydrochloride; Injectio
Amethocainae Hydrochloridi. LP. Injection of Tetracaine
Hydrochloride; Injectio Tetracaini Hydrochloridi.

The U.S.P. requires the pH of the injection to
be not less than 3.5.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass.
It may be packaged in 100-ml. multiple-dose containers." U.S.P.
Usual Sizes. — 1 per cent in 2 ml.; 0.15 per
cent in 100 ml.

TETRACHLOROETHYLENE.
U.S.P., B.P., LP.
Perchloroethylene,

[Tetrachloroaethylenum]

C12C:CC12
"Tetrachloroethylene contains not less than
99 per cent and not more than 99.5 per cent of
C2CI4, the remainder consisting of alcohol."
U.S.P. The B.P. and LP. have no comparable
purity statement, although the standards and tests
provide for a product equal in quality to that of
the U.S.P.
Perchlorethylene; Terchlorethylene; Tetrachlorethene;
Tetrachlorethylene; Carbon Dichloride. Tetrachlorethylenum.
Sp. Tetrachloroetileno.

Tetrachloroethylene may be prepared by a
number of methods, several of which may be
mentioned: (1) by the reaction of pentachloroethane, C2HCI5, with milk of lime, the elements
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of a molecule of HC1 being split off; (2) by
passing pentachloroethane vapors over strongly
heated, highly adsorbent carbon or over nickel
chloride catalyst heated to 330°; (3) by heating
a mixture of ethylene chloride and chlorine to
about 300° to 500° in the presence of a porous
surface catalyst such as coke or pumice; (4) by
combining dry hydrogen chloride with dry carbon
monoxide under a pressure of 1000 to 3000 pounds
per square inch in the presence of a catalyst such
as NiO, AI2Q3, or CuO heated to a temperature
of about 230° to 400°.
Description. — "Tetrachloroethylene is a clear,
colorless, mobile liquid having a characteristic,
ethereal odor. It is not flammable. It is slowly
decomposed by light and by various metals in the
presence of moisture. Tetrachloroethylene is practically insoluble in water. It is miscible with an
equal volume of alcohol, with ether, with chloroform, with petroleum benzin, and with benzene,
and dissolves most of the fixed and volatile oils.
The specific gravity of Tetrachloroethylene is
between 1.603 and 1.615, indicating not less than
99 per cent and not more than 99.5 per cent of
C2CI4." U.S.P.
Standards and Tests. — Distilling range. — Not
less than 90 per cent of tetrachloroethylene distils
between 118° and 122°. Acidity. — Not more than
0.5 ml. of 0.01 N sodium hydroxide is required for
neutralization of 20 ml. of tetrachloroethylene,
using phenolphthalein T.S. as indicator. Nonvolatile residue. — Not over 1 mg. is obtained from
50 ml. of tetrachloroethylene. Chloride ion. — An
aqueous extract representing 10 ml. of tetrachloroethylene produces no turbidity with silver nitrate
T.S. Readily carbonizable substances. — When 20
ml. of tetrachloroethylene is shaken with 5 ml. of
sulfuric acid and the latter separated, it has no
more color than matching fluid A. Phosgene. —
After standing 24 hours, a solution of benzidine
in tetrachloroethylene shows no turbidity or flocculence and is not more deeply colored than
matching fluid H. U.S.P. The LP. specifies the
refractive
index, at 20°, to be between 1.504 and
1.506.
Bailey (/. Chetn. S., 1939, p. 767) recommended the addition of small amounts of thymol
for stabilizing tetrachloroethylene against oxidation to phosgene.
Uses. — Tetrachloroethylene is used as an anthelmintic especially against the hookworm. While
somewhat less efficient than carbon tetrachloride
it is preferable because of its low toxicity. In
children, Miller et al. (Am. J. Dis. Child., 1945,
69, 359) used hexylresorcinol first because it is
effective against hookworm and somewhat less
toxic than tetrachloroethylene and has the advantage of being an excellent ascaricide. In more
than half of their cases, however, hookworm ova
persisted in the stools and tetrachloroethylene
was given 4 to 5 days after the hexylresorcinol.
In their cases, hookworm (N . americanus) seldom caused gastrointestinal symptoms; anemia
was the prominent manifestation. In cases of
polyparasitism, they (ibid., p. 350) found tetrachloroethylene tobe the most effective against
hookworm but ineffective against ascaris and of
little value against other intestinal infestations,
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such as oxyuriasis, strongyloidiasis and trichuriasis. Among white soldiers in India, Rogers and
Dammin (Am. J. Med. Sc, 1946, 211, 531) observed an acute gastroenteritis syndrome from
hookworm infestation due to A. duodenale. They
used the following therapy: a fat-free evening
meal followed by 60 ml. of a saturated solution of
magnesium sulfate at bedtime; no breakfast the
following morning, a dose of 3 ml. of tetrachloroethylene incapsules being followed in 2 hours by
another dose of magnesium sulfate. The complaints of anorexia, vomiting and diarrhea were
readily relieved, but cramping abdominal pain
after meals, many ova in the stools and leukocytosis with eosinophilia persisted in the majority of
their cases. The treatment was repeated once or
twice at intervals of 3 weeks with eventual success.
Carr et al. (Am. J. Trop. Med., 1954, 3, 495)
found that use of the saline purge after trichloroethylene decreased the efficacy of the treatment
for uncinariasis; without the purge a dose of 0.06
ml. per pound of body weight, up to a maximum
total dose of 5 ml., proved highly effective and
safe in over 50,000 treatments. The drug was
given in soft gelatin capsules after an overnight
fast. The use of a purge before treatment did
not improve the results. In most all persons ingestion of trichloroethylene gives rise to symptoms similar to those of alcohol poisoning about
20 minutes after ingestion but no fatal case is on
record (Sandground, J. A.M. A., 1941, 117, 440).
Christensen and Lynch (/. Pharmacol., 1933, 48,
311) reported pathological changes in the liver
and intestines of dogs after doses of 0.2 ml. per
Kg. of body weight but this dose is considerably
larger than those employed in men.
Manalang (Philippine J. Sc, 1927, 32, 507)
reported that tetrachloroethylene is especially
valuable because it kills the ova as well as the
worms. Mapleston and Mukerji (Indian Med.
Gaz., 1937, 72, 650) used it successfully also in
the treatment of infestation with Taenia solium
and Enter obius (Oxyuris) vermicularis. Tetrachloroethylene iadvocated
s
(J. A.M. A., 1947, 133,
900) for infestation with Fasciolopsis buski. According to Faust (J. A.M. A., 1941, 117, 1331) it
is of no value against ascarides. As with carbon
tetrachloride, it is frequently used at the same
time as chenopodium oil (q.v.) because ascariasis
is so often coincident with hookworm infestation.
Tetrachloroethylene alone increases the activity
of ascaris and may result in intestinal obstruction,
peritonitis, etc. lY]
In industry tetrachloroethylene is widely used
as a dry cleaning solvent, in the manufacture of
dry cleaning soaps, and as a metal degreasing
compound. It also finds considerable use as an
intermediate in organic syntheses.
Dose. — The usual dose for an adult is 3 ml.
(approximately 45 minims), with a range of
2 to 4 ml., which may be given in soft gelatin
capsules and repeated after 10 days. A fat-free
supper and a saline cathartic at bedtime the night
before, no breakfast and a saline cathartic about
2 hours after administration are important parts
of the treatment. The dose for children is 0.2 ml.
(approximately 3 minims) for each year of age up
to 15 years.
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Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
TETRACHLOROETHYLENE
CAPSULES.
U.S.P. (B.P.)
Br. Capsules of Tetrachloroethylene.

"Tetrachloroethylene Capsules contain not less
than 94 per cent and not more than 106 per cent
of the labeled amount of C2CI4." U.S.P. The B.P.
requirement is identical.
Tests. — Identification. — The tetrachloroethylene obtained in the assay, after drying with about
1 Gm. of anhydrous sodium sulfate and filtering
through a pledget of cotton, has a specific gravity
of 1.603 to 1.615, and 90 per cent of it distils
between 116° and 122°. U.S.P.
Assay. — A sufficient number of capsules to
yield about 15 ml. of tetrachloroethylene is placed
in the flask of a toluene moisture apparatus, the
capsules mixed with 25 ml. of glycerin, and the
tetrachloroethylene distilled into the receiving
tube and its volume measured. U.S.P. The B.P.
assay is identical with the assay specified by that
compendium for Capsules of Carbon Tetrachloride.
Storage. — Preserve "preferably at a temperature which does not exceed 35°." U.S.P.
Usual Sizes. — 0.2, 0.5, 1, 2J4 and 5 ml. (approximately 38,
, 15, 40 and 80 minims).
TETRACYCLINE.
CH3,

N (CH3j2

J)H
OH
CONH,

"Tetracycline contains in each mg. the antibiotic activity of 975 meg. of C22H24N2O8.HCI,
calculated on the anhydrous basis. Tetracycline
conforms to the regulations of the federal Food
and Drug Administration concerning certification
of antibiotic drugs. It may contain up to 6 molecules (about 20 per cent) of water." U.S.P.
This broad-spectrum antibiotic, related to both
chlortetracycline and oxytetracycline, was discovered independently in 1953 by research groups
at the Lederle Laboratories, Chas. Pfizer & Co..
and Heyden Chemical Corp. The Lederle and
Pfizer groups obtained the antibiotic during the
course of studies on the chemical structure, degradation products, and derivatives of Aureomycin
and Terramycin (Boothe et al., J.A.C.S., 1953,
75, 4621; Conover et al., ibid., 4622) ; the Heyden
group unearthed a new antibiotic, which subsequently proved to be identical with the Lederle
and Pfizer compound, while studying the biosynthetic products of a streptomycete isolated from
a sample of soil collected in Texas (Minieri et al.,
Antibiotics Annual, 1953-54, p. 81\
The trade-mark Achromycin (Lederle) given to
the antibiotic indicates the lack of color of the
purified, crystalline compound. This name Achromycin should not be confused with the biosynthetic product of Streptomyces albo-niger dis-
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covered in the Lederle research laboratories
(Porter et al, Antibiot. Chemother., 1952, 2, 409;
and named achromycin by them; subsequently
the name Puromycin was given to the biosynthetic
product of Streptomyces albo-niger.
Tetracycline is formed when chlortetracycline
(Aureomycin) is catalytically and reductively dehalogenated at room temperature and atmospheric
pressure in the presence of 10 per cent palladium
on charcoal. The resulting antibiotic (tetracycline)
can be recovered as the hydrochloride by adding
HC1 to a n-butanol solution of the free base,
whereupon the crystalline salt precipitates. For
details of synthesis see U. S. Patent 2,699,054
(1955), also Drug Cosmet. Ind., 1955, 76, 204
(February). The chemical name of tetracycline,
following the Chemical Abstracts system of nomenclature, is4-dimethylamino-l,4,4a,5,5a,6,ll,12a - octahydro - 3,6,10,12,12a - pentahydroxy - 6 methyl- l,ll-dioxo-2-naphthacenecarboxamide.
Tetracycline is more soluble (in water) than
chlortetracycline and has greater stability in neutral or alkaline solutions. It appears that the aromatic chlorine in the structure of chlortetracycline has a marked effect on the stabilitv of
ring C (Waller et al., J.A.CS., 1952, 74, 4981).
Tetracycline can be distinguished from its two
analogs by means of two color tests: (1) In the
presence of p-dimethylaminobenzaldehyde in dilute aqueous hydrochloric acid, tetracycline produces an orange-yellow solution, chlortetracycline
produces a canary yellow solution, and oxytetracycline gives a bluish-green precipitate after 8
hours and a bluish-green supernatant phase; (2)
in the presence of sulfuric acid, tetracycline produces a stable violet color, chlortetracycline produces a purple solution which soon changes to
greenish-black, and oxytetracycline yields a stable
cherry red color.
Description. — "Tetracycline is a yellow,
odorless, crystalline powder. It is stable in air,
but exposure to strong sunlight causes it to
darken. Its potency is affected in solutions of pH
below 2, and is rapidly destroyed by alkali hydroxide solutions. One Gm. of Tetracycline dissolves in about 2500 ml. of water, and in about
50 ml. of alcohol. It readily dissolves in dilute
hydrochloric acid and in alkali hydroxide solutions. It is practically insoluble in chloroform
'
— Identification. — An
U.S.P.Tests.
in ether." and
andStandards
intense violet color is produced on adding 0.5 mg.
of tetracycline to 2 ml. of sulfuric acid; on adding a drop of ferric chloride T.S. the color
changes to brown or red-brown. Absorptivity. —
The absorptivity determined in the control assay
is not less than 387 and not more than 417, calculated on the anhydrous basis. Water. — Not
more than 20 per cent, when determined by drying in vacuum at 80° for 3 hours. pH. — The pH
of a saturated solution is between 3.0 and 7.0.
Safety. — Tetracycline meets the requirements of
the official test in 0.5-ml. test dose containing 0.85
mg. of the antibiotic. Control assay. — The absorbance of an aqueous solution of tetracycline containing also hydrochloric acid is measured at 380
mn and the content of the antibiotic calculated
from a comparison with similar data obtained
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with U.S. P. Tetracycline Hydrochloride Reference Standard. U.S.P.
Assay. — The official assay is a microbial procedure utilizing a turbidimetric technic, the test
organism being a strain of Micrococcus pyogenes
var. aureus. U.S.P.
Uses. — Tetracycline has rapidly become established as an effective broad-spectrum antibiotic.
It is effective against a wide range of grampositive and gram-negative bacteria, the rickettsiae, and the psittacosis-lymphogranuloma-trachoma group of viruses. It is much more stable
than its chloro derivative (Aureomycin), is more
soluble than either Aureomycin or the oxy derivative (Terramycin), has about the same range of
antibacterial activity as Aureomycin and Terramycin, but elicits a lower incidence of undesirable side reactions (Putnam et al., Antibiot.
Chemother., 1953, 3, 1183).
Absorption. — Serum levels of tetracycline are
slightly higher and better sustained than those
achieved with comparable doses of Aureomycin.
Following a single tablet dose of 250 mg. of tetracycline, the average concentration in the serum
rises to about 0.7 microgram per ml. and falls to
about half that level over a period of 12 hours.
Administration of 500 mg. every 6 hours for 4
doses produces levels of 1 to 5 micrograms per
ml. of serum after the second 6 hours; the concentration tends to stabilize at 4 to 5 micrograms
per ml. after 24 hours. As might be expected from
earlier experience with other broad-spectrum antibiotics, doubling the dose of tetracycline increases
but does not double the maximum serum level
attained although it does prolong the period during which the level remains above a given concentration. Intramuscular administration is painful
and absorption is less than with oral administration. After a dose of 250 mg. intramuscularly,
Kent et al. {Antibiotics Annual, 1954-55, p. 632)
found a serum concentration of 0.6 to 1.2 micrograms per ml. 1 to 4 hours later; following intravenous administration of 250 mg. the serum contained 5micrograms per ml. in 30 minutes and 0.6
microgram at 6 hours. For other absorption data
see Schwarzer et al., J. Pediatr., 1954, 45, 285;
Dickison et al., Antibiotics Annual, 1954-55, p.
659; Eisenberg et al., ibid., p. 611.
Distribution. — Following intravenous administration tetracycline produces significantly higher
levels of antibiotic than either chlortetracycline
or oxytetracycline in the cerebrospinal fluid. Six
hours after a single dose of 12.5 mg. of tetracycline per kilogram in children or a total dose of
500 mg. in adults recovering from poliomyelitis,
the concentration of tetracycline in cerebrospinal
fluid ranged from about 1.25 to more than 5
micrograms per ml.; after 3 such doses given over
a period of 18 hours the levels ranged from about
10 to more than 40 micrograms per ml. (Wood
and Kipnis, Antibiotics Annual, 1953-54, p. 98).
Into normal spinal fluid, however, the diffusion is
poor, only one-eighth to one-thirtieth of the concentration inblood serum being found (Schwarzer
et al., loc. cit.). As much as one-fourth of a dose
may be found in urine, the concentration depending on the state of hydration of the body and
sometimes amounting to as much as 1 mg. per
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ml. Following oral administration tetracycline appears in bile unless liver function is seriously
impaired; Zaslow et al. (ibid., 1954-55, p. 663)
found 25 to 200 micrograms per ml. in bile from
the gall bladder in absence of obstruction of the
cystic duct. Tetracycline crosses the placental
barrier (Maynard et al., ibid., 1953-54, p. 102)
into the fetal circulation; it appears in human
milk at a concentration of one-fourth to twothirds that in blood serum (Posner et al., ibid.,
1954-55, p. 594). Tetracycline also appears in
saliva and in pleural fluid.
Excretion. — Like Aureomycin and Terramycin,
tetracycline is excreted in the urine. It appears in
fairly high concentration during the first 2 hours
after a dose of 1 Gm., by mouth, and tends to
remain at a maximal level of about 320 micrograms per ml. for 6 to 12 hours. Concentrations
of 0.25 to 2 micrograms per ml. were found in
urine voided on the fourth and fifth days after a
single dose of 1 Gm. (Wright et al., ibid., 195354, p. 92). Large amounts are also excreted in
the stools; a 24-hour total dose of 2 Gm., given
in divided doses, may result in concentrations of
more than 2 mg. of tetracycline per Gm. of wet
feces (Maynard et al., ibid., p. 102).
Therapeutic Uses. — The spectrum and clinical indications for tetracycline are about the
same as for chlortetracycline and oxytetracycline
in bacterial infections (Finland et al., J.A.M.A.,
1954, 154, 561). Organisms resistant to one of
the three antibiotics generally are also resistant
to the other two. Tetracycline is active in the
presence of blood serum (English et al., Antibiotics Annual, 1953-54, p. 70). The antibiotic has
been used successfully in the treatment of acute
infections of the urinary tract, the respiratory
tract and of soft tissue (Wright et al., loc. cit.).
Acute staphylococcal and hemolytic streptococcal
infections respond favorably. The usual dose prescribed is250 mg. every 6 hours by mouth until
24 to 48 hours after the subsidence of the fever
(Flippin, Phila. Med., 1954, 49, 733). In a general
report, Wood et al. (Arch. Int. Med., 1954, 94,
351) described efficacy equal to that of chlortetracycline or oxytetracycline in streptococcal infections, pneumococcus pneumonia, pertussis, meningococcus meningitis, Shigella dysentery, brucellosis, pyelonephritis and empyema with an initial
oral dose of 1 Gm. in an adult, or 25 mg. per
kilogram in a child, followed by 500 mg. every 6
hours in the adult, or 12.5 mg. per kilogram every
6 hours in the child. Diarrhea or emesis appeared
in 5 patients out of 184 treated and a tetracyclineresistant staphylococcus developed in 1 patient.
In surgical infections, Maynard et al. (Antibiotics Annual, 1953-54, p. 102) found it effective
against Staphylococcus, hemolytic Streptococcus,
Proteus and Klebsiella. A year later, Prigot et al.
(ibid., 1954-55, p. 603) confirmed its value in
soft tissue infections, except when caused by
Proteus. In severely ill patients, Albertson and
Trout (ibid., p. 599) used 500 mg. intravenously
every 12 hours until improvement was definite
and then changed to 250 mg. orally every 6 hours.
Among 41 cases, dermatitis developed in 3 and
necessitated discontinuance of tetracycline therapy.
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In urinary tract infections, Lind et al. {ibid., p.
708) found it as effective as chlortetracycline or
oxytetracycline in a dose of 1 Gm. daily orally
and reported fewer side effects unless the daily
dose exceeded 1 Gm. Bacterial sensitivity was
similar but not identical for the three tetracyclines; A. arogenes, E. coli, S. aureus or albus
and enterococcus were sensitive; Ps. aeruginosa
and Proteus sp. were not. In acute gonorrhea, cure
in 90 to 100 per cent of cases was reported with
a single oral dose of 2 Gm. (Bookinger and Hookings, ibid., p. 574; Gable et al., ibid., p. 578;
David, ibid., p. 699) or with 250 mg. of tetracycline and 1 Gm. of trisulfapyrimidines in tablets repeated twice at an interval of 2 hours
(Metzger et al., ibid., p. 580). An incidence of
nausea and vomiting of 23 per cent with the
single dose was reported by David. For endometritis and acute mastitis, Posner et al. {ibid.,
p. 594) reported efficacy but results in cases
with non-draining pelvic abscesses were unsatisfactory; surgical drainage was required.
For Shigella dysentery, 10 to 20 mg. per kilogram per day was as effective as chlortetracycline
or oxytetracycline, streptomycin, polymyxin B
or chloramphenicol orally (Ross, ibid., p. 712).
In the case of Salmonella enteritis, however, only
transient sterilization of the intestinal contents
resulted with tetracycline; a combination of
chloramphenicol and streptomycin orally seemed
best for these patients. Ruiz-Sanchez et al. {Antibiotic Med., 1955, 1, 94) found tetracycline much
less effective than chloramphenicol in the treatment of typhoid fever.
In brucellosis combined treatment is recommended, such as 1 Gm. of streptoduocin injected
intramuscularly every 12 hours for 7 days, then
500 mg. every 12 hours for 7 days, with simultaneous oral administration of 500 mg. of tetracycline 4 times daily for 21 days {J. A.M. A., 1954,
155, 873).
In epidemic typhus Ruiz-Sanchez {Antibiot.
Chemother., 1954, 4, 402) found 50 to 70 mg.
per kilogram per day effective; Lui et al. {Antibiotics Annual, 1954-55, p. 556) reported cure in
Rocky Mountain spotted fever. In psittacosis in
parakeets and pigeons. Meyer and Eddie {ibid.,
p. 544) reported cure with 1 mg. of tetracycline
injected 3 times daily for 3 weeks.
In a variety of pustular dermatoses, Rein et al.
{ibid., p. 563) reported marked improvement in
42 per cent of cases following oral administration
of tetracycline. Pustular acne relapsed in 2 to 3
weeks after discontinuing therapy ; King and Allen
{ibid., p. 570) reported a similar experience. Good
results in impetigo and aphthous stomatitis in
children followed oral and topical administration
of tetracycline (Cella. ibid., p. 583). |v]
Toxicology. — Tetracycline has low toxicity;
the LD50 for mice is 170 mg. per Kg. intravenously, 330 mg. per Kg. intraperitoneally. and
more than 3000 mg. per Kg. orally. Corresponding
lethal doses for the rat are 220, 320 and > 3000
mg.. respectively (Cunningham et al., Antibiotics
Annual, 1953-54. p. 63). Adult dogs given 10
or 100 mg. of tetracycline per kilogram of body
weight twice daily orally 5 days a week for 3
months maintained their weight and showed no
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symptoms of toxicity. Tisch et al. {ibid., 1954-55,
p. 668) fed rats 400 mg. per Kg. daily without
toxicity. There appears to be a corresponding lack
of toxicity in humans.
The occurrence of nausea, vomiting, and diarrhea in from 10 to 30 per cent of patients receiving Aureomycin or Terramycin imposes limitations on the use of these drugs. Among 217
healthy subjects receiving tetracycline (2 Gm.
per day for 3 days) 5.5 per cent experienced
nausea or diarrhea and only one vomited, this
on the second day of administration (Putnam
et al, Antibiot. Chemother., 1953, 3, 1183). In
none of these instances was it necessary to discontinue the drug. Four individuals developed
allergic skin reactions which were sufficiently
severe in two cases to necessitate withdrawal of
the drug. Both of these subjects had previously
been given penicillin and one had responded allergically to it. The lower incidence of gastrointestinal upset following administration of tetracycline than of chlortetracycline or oxytetracycline may be due to its greater solubility, which
permits more rapid absorption and shorter retention of the drug in the intestinal tract. Among
118 cases, January et al. {Antibiotics Annual,
1954-55, p. 625) observed gastrointestinal intolerance in 9.3 per cent (only 2.3 per cent in children) ;treatment had to be discontinued in only
1 patient. Other untoward effects appeared in 3.4
per cent; allergic reactions were reported in 2
patients.
The pharmaceutic form in which tetracycline
is administered may be important in determining
incidence of side reactions. Putnam et al. {loc.
cit.) gave capsules and tablets prepared from the
same production lot of tetracycline hydrochloride
to different subjects. Of 111 individuals receiving
tablets, 6 became nauseous, 5 developed generalized itching, and 4 had pruritus ani : of 106 cases
in the capsule group, 4 became nauseous, 1 developed generalized itching, and 8 had pruritus
ani. Loose stools occurred in 38 of the tablet
group and in only 20 of the capsule group. Actual
diarrhea occurred in only one of the 217 subjects,
and this was in the tablet group. These apparent
pharmacologic differences between tablets and
capsules of tetracycline hydrochloride are unexplained at this time; they may disappear when
more statistics are available from larger groups
of subjects.
The susceptibility of mice to infection with
C. albicans or 5. aureus on intraperitoneal injection of these organisms following intraperitoneal
injection of tetracycline was found to be increased
(Dukes and Tittenbaum. ibid., p. 674). This observation was confirmed by De Mello and Kiser
{ibid., p. 678) who demonstrated, however, that
the increased mortality of the mice was due to
irritation of the peritoneum and increased invasion of the blood stream caused by the irritating
tetracycline solution. Among 11 cases of pneumococcal pneumonia treated with oral tetracycline. Liu et al. {ibid., p. 556) observed one case
of resistant staphylococcus enterocolitis which responded to erythromycin therapy. Newcomer et
al. {ibid., p. 686) fed humans 250 mg. of tetracycline 4 times daily and observed an increase
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in the yeast flora of the intestine; when the antifungal agent Nystatin (Squibb) was fed simultaneously the yeast count decreased.
Dose. — The usual dose of tetracycline and its
hydrochloride is 250 mg. orally 4 times daily
(every 6 hours). Larger doses are used in severe
infections. The range of dose is 50 mg. to 1 Gm.
The maximum safe dose is usually 2 Gm. and the
total dose in 24 hours will rarely exceed 3 Gm.
Single doses calculated on the basis of 6 to 12
mg. of tetracycline per pound of body weight are
within the effective and safe range for children
and adults. The antibiotic is tolerated best if ingested after meals or with some food. Intravenously, 500 mg. has been given every 12 hours.
Intramuscular injection is painful; a dose of 100
to 250 mg. has been used every 8 to 12 hours.
Storage. — Preserve "in tight containers, protected from light." U.S.P.
TETRACYCLINE

HYDROCHLORIDE.
U.S.P.

"Tetracycline Hydrochloride contains not less
than 90 per cent of C22H24N2O8.HCI. Tetracycline
Hydrochloride conforms to the regulations of the
federal Food and Drug Administration concerning
certification of antibiotic drugs. Tetracycline Hydrochloride not intended for parenteral use is
exempt from the requirements of the tests for
Pyrogen, and Sterility." U.S.P.
Achromycin Hydrochloride (Ledcrle) ; Panmycin Hydrochloride {Upjohn); Polycycline Hydrochloride (Bristol);
Steclin Hydrochloride (Squibb) ; Tetracyn Hydrochloride
(Pfizer).

For information concerning this compound see
under Tetracycline.
Description. — "Tetracycline Hydrochloride is
a yellow, odorless, crystalline powder. It is moderately hygroscopic. It is stable in air, but exposure to strong sunlight in moist air causes it
to darken. Its potency is affected in solutions of
pH below 2, and is slowly destroyed by alkali
hydroxide solutions. Its 1 in 100 solution has a
pH of about 2.5. One Gm. of Tetracycline Hydrochloride dissolves in 10 ml. of water and in about
100 ml. of alcohol, the aqueous solution becoming
turbid after some time because of hydrolysis. It
is soluble in solutions of alkali hydroxides and
carbonates, and is practically insoluble in chloroform and in ether." U.S.P.
Standards and Tests. — Identification. — (1)
This is the same as the identification test for
tetracycline. (2) Tetracycline hydrochloride responds to tests for chloride. Absorptivity. — The
absorptivity determined in the control assay is not
less than 357 and not more than 387. Loss on
drying. — Not more than 2 per cent, when determined by drying in vacuum at 60° for 3 hours.
Depressor substances. — It meets the official requirements ina test dose of 0.6 ml. of a solution
containing 5 mg. of tetracycline hydrochloride per
ml. Pyrogen. — It meets the official requirements
in a test dose of 1 ml. per Kg. using a solution
containing 0.5 mg. of tetracycline hydrochloride
per ml. Safety. — It meets the official requirements
in a test dose of 0.5 ml. of a solution containing
2 mg. of tetracycline hydrochloride per ml. Steril-
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ity.— Tetracycline hydrochloride is free of bacteria, molds and yeasts. Control assay. — The procedure described under Tetracycline is employed.
U.S.P.
Assay.- — The procedure described under Tetracycline isemployed. U.S.P.
Tetracycline hydrochloride is the dosage form
of tetracycline commonly employed; its uses and
dose are given under Tetracycline.
Storage. — Preserve "in tight containers, protected from light." U.S.P.

TETRACYCLINE HYDROCHLORIDE
CAPSULES. U.S.P.
"Tetracycline Hydrochloride Capsules contain
not less than 85 per cent of the labeled amount of
C22H24N2O8.HCI. Tetracycline Hydrochloride
Capsules conform to the regulations of the federal
Food and Drug Administration concerning certification ofantibiotic drugs." U.S.P.
Usual Sizes.— 50, 100, and 200 mg.
TETRACYCLINE HYDROCHLORIDE
TABLETS.
U.S.P.
"Tetracycline Hydrochloride Tablets contain
not less than 85 per cent of the labeled amount
of C22H24N2O8.HCI. Tetracycline Hydrochloride
Tablets conform to the regulations of the federal
Food and Drug Administration concerning certification of antibiotic drugs." U.S.P.
Usual Sizes.— 50, 100, and 250 mg.
ORAL TETRACYCLINE
SUSPENSION.
U.S.P.
"Oral Tetracycline Suspension is tetracycline
or tetracycline hydrochloride, or a suitable salt of
tetracycline suspended in suitable, harmless dispersing and flavoring agents. It contains not less
than 85 per cent of the labeled amount of
C22H24N2O8.HCI. Oral Tetracycline Suspension
conforms to the regulations of the federal Food
and Drug Administration concerning certification
of antibiotic drugs." U.S.P.
The content of water is limited to 2 per cent,
when the hydrochloride is the tetracycline component.
Storage. — Preserve "in tight containers, protected from light." U.S.P.
Usual Sizes. — 1.5 Gm. in 30- and 60-ml. containers.

THENYLDIAMINE

HYDROCHLORIDE. U.S.P.

2- [(2-Dimethylaminoethyl)-3-thenylamino] pyridine
Hydrochloride, Thenyldiaminium Chloride

o

■CHZ — NCH2CHEN (CH3)e

O

cr

"Thenyldiamine Hydrochloride, dried at 105°
for 3 hours, contains not less than 98 per cent of
C14H19N3S.HCI." U.S.P.
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N,N-Dimethyl-N''-(a-pyridyl)-N'-(3-methylthienyl) ethylenediamine
Stearns). Hydrochloride. Thenfadil Hydrochloride (li'inthrop-

The base of this antihistamine is isomeric with
methapyrilene, differing only in the position of
attachment of the thiophene unit of the thenyl
radical; in methapyrilene the thiophene is joined
at its number 2 position, while in thenyldiamine
the linkage is effected at the number 3 position.
Thenyldiamine may be prepared by condensing
N,N-dimethylaminoethyl-a-aminopyridine with 3thienylmethyl bromide (see Campaigne and LeSuer, J.A.C.S., 1949, 71, 333).
Description. — ''Thenyldiamine Hydrochloride
occurs as a white, practically odorless, crystalline
powder. Its solutions are neutral to litmus. One
Gm. of Thenyldiamine Hydrochloride dissolves
in about 5 ml. of water, in 5 ml. of alcohol, and
in about 5 ml. of chloroform. It is practically
insoluble in ether and in benzene. Thenyldiamine
Hydrochloride
melts between 167° and 171°."
U.S.P.
Standards and Tests. — Identification. — (1)
A pink color is produced momentarily, quickly
changing to a vivid orange-red, when 25 mg. of
thenyldiamine hydrochloride is dissolved in 5 ml.
of sulfuric acid; on diluting the solution with 20
ml. of water the color disappears, leaving a clear
solution. (2) A 1 in 100,000 solution shows an
ultraviolet absorbency maximum at 242 m^i ± 1
mn, and a minimum at 269 m\i ± 2 mm the absorptivity (1%, 1 cm.) at 242 mn is between 580
and 600. Loss on drying. — Not over 1 per cent,
when dried at 105° for 3 hours. Residue on ignition.— Not over 0.1 per cent. U.S.P.
Assay. — About 300 mg. of thenyldiamine hydrochloride, dried at 105° for 3 hours, is assayed
by the nonaqueous titration method described
under Antazoline Hydrochloride. Thenyldiamine
hydrochloride functions as a diacidic base in the
assay. Each ml. of 0.1 N perchloric acid represents 14.89 mg. of C14H19X3S.HCI. U.S.P.
Uses. — Thenyldiamine hydrochloride is employed as an antihistaminic drug; it has been
reported to have lower acute and chronic toxicity
than other drugs of its class (Hoppe and Lands,
/. Pharmacol., 1949, 97, 371). It does not prolong the hypnotic action of barbiturates. Application of a 1 to 5 per cent solution prevented the
action of histamine applied topically (Luduena
and Ananenko, /. Allergy, 1949, 29, 434). See
also the general discussion of Antihistaminic
Drugs in Part II.
The usual dose is 15 mg. (approximately %
grain) up to 6 times daily by mouth, with a range
of dose of 15 to 30 mg.
Storage. — Preserve "in tight, light-resistant
containers." U.S. P.

THENYLDIAMINE HYDROCHLORIDE TABLETS. U.S.P.
"Thenyldiamine Hydrochloride Tablets contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C14H19N3S.HC1." U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
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the appropriate constants for thenyldiamine hydrochloride being substituted.
Usual Size. — 15 mg.
THEOBROMA

OIL.

U.S.P, B.P.

Cacao Butter; Cocoa Butter, [Oleum Theobromatis]

"Theobroma Oil is the fat obtained from the
roasted seed of Theobroma Cacao Linne (Fam.
Sterculiacea)."
U.S.P. The B.P. definition is
similar.
Oleum Cacao; Butyrum Cacao; Butyrum Theobromae
Cacao. Fr. Beurre de cacao. Ger. Kakaobutter; Kakaofett.
It. Grasso di cacao. Sp. Manteca de cacao; Aceite de
Tcobroma; Grasa de cacao.

For description of the tree from which theobroma oil is obtained see under Cacao.
Theobroma oil is usually made by expression.
The cacao beans are roasted, ground, treated with
sodium carbonate, and pressed while hot. A commercial product may also be prepared by extracting the fat from the unroasted seeds with a volatile solvent, but the method of expression is
preferable. The presence of water in the ground
seeds is said to facilitate the process. The commercial supply is largely a by-product in the
manufacture of cacao.
Description. — "Theobroma Oil is a yellowish
white solid, having a faint, agreeable odor, and a
bland, chocolate-like taste if the oil is obtained
by pressing. If obtained by extraction, the taste is
bland. Theobroma Oil is usually brittle at temperatures below 25°. Theobroma Oil is slightly
soluble in alcohol, soluble in boiling dehydrated
alcohol, and freely soluble in ether and in chloroform/' U.S.P.
Standards and Tests. — Specific gravity. —
Not less than 0.858 and not more than 0.864. at
100725°. Refractive index— Not less than 1.4537
and not more than 1.4585, at 40°. Wax, stearin,
and tallow. — A solution of 1 Gm. of theobroma
oil in 3 ml. of ether does not become turbid or
deposit white flakes in less than 3 minutes when
cooled
from 17°
by immersing
tubethecontainer
in
a mixture
of ice
and water. the
After
oil has
congealed the temperature is raised to 15° : a clear
liquid is gradually formed. Acid value. — Not more
than 5 ml. of 0.1 N sodium hydroxide is required
to neutralize free fatty acids in 10 Gm. of oil.
Iodine value. — Not less than 35 and not more than
40. Saponification value. — Not less than 188 and
not more than 195. Solidification range of the fatty
acids. — The solidification temperature of the
mixed
fatty acids is not below 45° and not above
50°. U.S.P.
When theobroma oil is melted and then solidified, the melting point of the solid is found to be
considerably lower than that of a portion of the
oil which has been in the solid state for at least
several days. The difference is attributed to the
formation of a metastable variety of the solid, of
lower melting point, which gradually changes to
the stable form of higher melting point. A meltping point as low as 23° may be observed for theobroma oil normally
melting between
30° and 35°.
This condition
is troublesome
when theobroma
oil
is used for making suppositories ; the melting point
of the suppositories may rise as much as 10° over
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a period of several days. The melting point of the
oil, or of any product containing it, should be determined only after standing several days at room
temperature or one day at 0°. For description of a
method for determining the time-temperature cooling curve for theobroma oil see Horn and Osol
(Am. J. Pharm., 1929, 101, 601), also Copley
(J. A. Ph. A., 1945, 34, 165).
Constituents. — Cacao butter consists chiefly
of the glycerides of stearic, palmitic, oleic and
lauric acids, with small quantities of the glycerides of arachidic, linoleic, formic, acetic, and
butyric acids. The oleic acid content is from 43
to 45 per cent, the palmitic acid from 23 to 25 per
cent and the stearic acid from 31 to 33 per cent.
Kingzett reported the presence of theobromic
acid, to which he gave the formula CG4H128O2,
but his findings have not been confirmed by subsequent investigators.
Uses. — Theobroma oil continues to be widely
used as a suppository base and, to a lesser extent,
as an ingredient of cosmetic preparations. It has
the emollient properties of the fats and is used to
soften and protect chapped hands or lips and for
cracked nipples.
Storage. — Preserve "in well-closed containers." U.S.P.
THEOBROMINE.
N.F.
[Theobromina]CH,

oXjQ
CH3

"Theobromine is an alkaloid prepared from the
dried ripe seed of Theobroma Cacao Linne or
made synthetically." N.F.
Theobromine is 3,7-dimethylxanthine, being
isomeric with theophylline (1,3-dimethylxanthine)
and closely related to caffeine (1,3,7-trimethylxanthine). By some it is classified as an alkaloid,
though it is but feebly basic. Theobroma occurs
in cacao beans in concentrations of 0.9 to 3.0 per
cent (see Cacao), and in very much lower concentrations inkola nuts. It is generally prepared from
waste products of cocoa and chocolate manufacture by digestion of the finely powdered material
with water, in the presence of lime; the mixture
is filtered and the solution of theobromine calcium
compound treated with acid to precipitate crude
theobromine, which is purified by crystallization.
Theobromine may also be prepared by synthesis,
most conveniently by methylation of the readily
available 3-methylxanthine.
Theobromine is capable of combining with
either bases or acids, compounds with the former
being the more stable, in aqueous solutions at
least, because theobromine is a stronger acid than
it is a base (for acidic and basic dissociation constants of theobromine see Turner and Osol, /. A.
Ph. A., 1949, 38, 158). Thus, theobromine forms
with sodium hydroxide a theobromine sodium,
the sodium presumably replacing the hydrogen
atom originally attached to the nitrogen atom in
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number one position but which subsequently probably migrates to one of the -CO- groups of theobromine. Three compounds of theobromine with
alkali are official — theobromine calcium salicylate,
theobromine sodium acetate, theobromine sodium
salicylate — and are described in monographs
which follow.
Description. — "Theobromine occurs as a
white, crystalline powder with a bitter taste. Theobromine sublimes at about 260°. One Gm. of
Theobromine is soluble in about 1800 ml. of water,
in 2400 ml. of alcohol, and 6000 ml. of chloroform.
Theobromine is soluble in solutions of fixed alkali
hydroxides, in concentrated acids, and is slowly
soluble in ammonia solution. Theobromine is insoluble inbenzene, in carbon tetrachloride, and in
ether. One Gm. of Theobromine is soluble in about
150 ml. of boiling water." N.F.
Standards and Tests. — Identification. — (1)
A brown gelatinous mass, which cannot be poured,
is produced on heating to 60° an aqueous mixture
containing theobromine, silver nitrate, and sodium
hydroxide (caffeine and theophylline yield a similar precipitate which may be poured). (2) A mixture of theobromine, hydrochloric acid, and potassium chlorate, evaporated to dryness in a porcelain dish placed on a water bath, acquires a purple
color when the inverted dish is held over ammonia
T.S.; the color disappears upon adding a solution
of a fixed alkali. Loss on drying. — Not over 0.5
per cent, when dried at 80° for 2 hours. Residue
on ignition. — Not over 0.1 per cent. Heavy metals.
— The limit is 20 parts per million. Caffeine. — Not
over 0.3 per cent, the caffeine being extracted
with benzene, the solvent evaporated, and the
residue dried at 105° for 2 hours. Other alkaloids.
— No turbidity appears on adding 5 drops of
iodine T.S. to a 1 in 2000 aqueous solution of
theobromine. Readily carbonizable substances. — A
solution of 200 mg. of theobromine in 5 ml. of
sulfuric acid has no more color than matching
fluid A. N.F.
Uses. — The xanthine drugs, theobromine, theophylline and caffeine, have similar pharmacologic
actions and differ chiefly in the relative intensity
of their action. On the central nervous system,
caffeine is the most powerful stimulant, theophylline is less stimulating and theobromine least so.
There is direct action on the cerebral cortex;
the psychic and sensory functions are stimulated.
There is also direct action on the respiratory,
vasomotor and vagal centers. On the circulatory
system, theophylline is the most active and caffeine the least. They stimulate the myocardium
directly, but, with the stimulation of the vagal
center as well, the effect on ventricular rate varies.
Cardiac output is increased as a result of a greater
systolic output (stroke volume). The blood vessels are affected somewhat paradoxically likewise.
They are constricted due to the stimulation of the
vasomotor center and dilated due to a direct effect
on the muscle in the vessels. The peripheral vasodilator effect predominates after therapeutic doses.
The coronary vessels are also relaxed by the
xanthines but the therapeutic value (Fenn, Med.
Clin. North America, 1944, 28, 16) of this action
remains in dispute. The effect on the blood pressure is unpredictable because of the antagonistic
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central and peripheral action of the xanthines.
Smooth muscle, other than that of the blood vessels, is affected. The bronchial muscle relaxes.
One of the most important uses of theophylline
is in bronchial asthma; it also relieves dyspnea
of cardiac origin (for details of action and uses
see under Aminophylline). The action in cardiac
dyspnea is probably three-fold: direct myocardial
action, relaxation of the bronchial muscle and
improved cerebral circulation. As a result of this
action, aminophylline is used to relieve CheyneStokes respiration. The smooth muscle of the
biliary tract is relaxed by theophylline. All of the
xanthines (Wheeler, N. Y. State J. Med., 1942,
42) have diuretic action. Theophylline is the most
powerful but its action is short in duration. While
studies of the excretion of inulin and Diodrast
with the renal clearance technic show that during
xanthine diuresis the rate of renal blood flow
and of glomerular filtration are not significantly
affected, this has been disputed by Vogl and
Esserman (J.A.M.A., 1951, 147, 625). However,
there is no doubt that the diuresis results largely
from decreased tubular reabsorption of fluid. The
best diuretic effect is obtained in cardiac edema
in patients with good renal function. Tolerance to
the diuretic action of theophylline develops rapidly
but omission of the drug for a few days restores
susceptibility to its diuretic effect.
Scherf and Schlachman (Am. J. Med. Sc, 1946,
212, 83) observed that both theobromine and
theophylline and their compounds, whether administered orally or intravenously, shorten prothrombin and venous coagulation times. However,
studies by Blood and Patterson (Proc. S. Exp.
Biol. Med., 1948, 69, 130) and by Overman and
Wright (Am. Heart J., 1950, 39, 65) revealed no
statistically significant changes in clotting time or
plasma prothrombin time following aminophylline.
If it should appear that the risk of venous or
coronary thrombosis is augmented in any patient,
simultaneous administration of bishydroxycoumarin or ethyl biscoumacetate would be indicated.
Theobromine, in the form of its soluble derivatives such as theobromine and sodium salicylate,
theobromine and sodium acetate, theobromine calcium salicylate and others, is used in medicine as
a diuretic, a myocardial stimulant and a dilator
for the coronary or peripheral arteries. Many
proprietary combinations of theobromine, phenobarbital, potassium iodide, etc., are marketed. S
Dose. — The dose, by mouth, is 300 to 500 mg.
(approximately 5 to lYi grains) 3 or 4 times
daily.
Storage. — Preserve "in well-closed containers." N.F.
THEOBROMINE
SALICYLATE.

CALCIUM
N.F.

"Theobromine Calcium Salicylate is a double
salt or complex in molecular proportions of theobromine calcium (C^Hi-iCaNsCh) and calcium
salicylate (CwHioCaOe). Dried at 105° for 4
hours, it contains not less than 46 per cent and
not more than 50 per cent of theobromine (OHsX4O2)." ALF.
Theocalcin

(Bilhuber-Knoll) .

I

This compound may be prepared by interaction
of theobromine and freshly slaked lime, in the
presence of water; the theobromine calcium thus
produced is mixed with an equimolecular quantity
of calcium salicylate (see U. S. Patent 1,547,698,
July 28. 1925).
Description. — "Theobromine Calcium Salicylate occurs as a white, odorless powder having
a saline taste. Its solutions are alkaline to phenolphthalein. Theobromine Calcium Salicylate is
slightly soluble in water. It is insoluble in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
Theobromine separated from the compound responds to identification test (2) described under
Theobromine (see this volume). (2) The filtrate
separated from a dilute hydrochloric acid solution
of the compound responds to tests for calcium.
(3) The salicylate component of the compound,
separated as a solution of sodium salicylate, responds to tests for salicylate. Loss on drying. —
Not over 5 per cent, when dried at 105° for 4
hours. Free theobromine. — Not less than 25 ml.
and not more than 30 ml. of 0.1 N sulfuric acid is
required to neutralize each Gm. of dried theobromine calcium salicylate, using phenol red T.S.
as indicator. Heavy metals. — The limit is 20 parts
per million. N.F.
Assay. — About 1 Gm. of dried theobromine
calcium salicylate is assayed by the procedure
used for Theobromine Sodium Acetate. N.F.
Uses. — The pharmacological action of this
drug is described under Theobromine. Being less
soluble in the stomach than theobromine and sodium salicylate or theobromine and sodium acetate, itis less likely to produce gastric irritation,
nausea and vomiting. It is chiefly used in heart
disease as a dilator of the coronary arteries and
as a diuretic. For the latter purpose it may be
given on days when no mercurial diuretic preparation isadministered; in some instances it is
sufficiently effective to make addition of mercurials unnecessary. S
The usual dose is 500 mg. (approximately ly*
grains"). 3 times daily, by mouth. Doses as high
as 1.5 Gm. (approximately 22 H grains) are used
occasionally.
Storage. — Preserve "in tight containers." N.F.
THEOBROMINE
CALCIUM
SALICYLATE TABLETS.
N.F.
"Theobromine Calcium Salicylate Tablets contain theobromine (C7H8N4O2) equivalent to not
less than 44 per cent and not more than 52 per
cent of the labeled amount of theobromine calcium salicylate." N.F.
Usual Size. — 500 mg. (ll/2 grains).

THEOBROMINE SODIUM
N.F. (LP.)

ACETATE.

"Theobromine Sodium Acetate is a hydrated
mixture of theobromine sodium (C7H7N4Na02)
and sodium acetate (C2H3Na02) in approximately
equimolecular proportions. It yields not less than
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55 per cent and not more than 65 per cent of theobromine (C7H8N4O2)." N.F. The I.P. defines
Theobromine Sodium and Sodium Acetate similarly, and provides the same purity rubric.
LP. Theobromine Sodium and Sodium Acetate; Theobrominum Natricum et Natrii Acetas. Theobromine Sodioacetate. Ger. Theobromin-Natriumazetat. Sp. Teobromina y
Acetato de Sodio; Sodio-acetato de teobromina.

Theobromine sodium acetate may be prepared
by a process analogous to that used for preparing
theobromine sodium salicylate, except that sodium acetate replaces sodium salicylate.
Description. — "Theobromine Sodium Acetate
is a white, crystalline powder, which is odorless or
practically odorless. It has a bitter taste. It is
moderately hygroscopic, and on exposure to air it
gradually absorbs carbon dioxide with the liberation of theobromine. Its solutions are alkaline to
phenolphthalein T.S. One Gm. of Theobromine
Sodium Acetate dissolves in about 1.5 ml. of
water. It is slightly soluble in alcohol. Even weak
acids precipitate the theobromine from a water
solution." N.F.
Standards and Tests. — Identification. — (1),
(2) These tests are the same as identification
tests (3) and (1) for Theobromine Sodium Salicylate. (3) The filtrate separated after precipitation of theobromine with acid responds to tests
for acetate. Alkalinity. — Not more than 3.6 ml.
of 1 N hydrochloric acid is required for neutralization of 1 Gm. of theobromine sodium acetate,
phenolphthalein T.S. being used as indicator. Color
and completeness of solution. — This test is the
same as the test for water-insoluble substances
under Theobromine Sodium Salicylate. Caffeine.
— This test is identical with the corresponding one
under Theobromine Sodium Salicylate. N.F.
Assay. — About 750 mg. of sample is dissolved
in water, the solution acidified and then boiled
to expel carbon dioxide released from carbonate
commonly present in the theobromine compound;
after cooling the solution it is rendered neutral
to phenol red indicator. An excess of 0.1 N silver
nitrate is now added, which reacts with the theobromine to precipitate a silver derivative of it
and simultaneously release a hydrogen ion, which
is titrated with 0.1 N sodium hydroxide. Each ml.
of 0.1 N sodium hydroxide represents 18.02 mg.
of theobromine. N.F. The LP. assay is similar,
except that the acidified solution of the sample
is evaporated to dryness, which expels acetic acid
as well as carbon dioxide, prior to the reaction
with silver nitrate and subsequent titration with
alkali.
Incompatibilities. — These are essentially the
same as for theobromine sodium salicylate, except
that reactions attributable to salicylates are
avoided.
Uses. — The therapeutic properties of this substance are discussed under Theobromine. Theobromine sodium acetate has, in the opinion of
some physicians, an advantage over theobromine
sodium salicylate in having less tendency to disturb the stomach. B
The usual dose is 500 mg. (approximately 7J^
grains), by mouth, 3 or 4 times daily.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
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THEOBROMINE
SODIUM ACETATE
CAPSULES.
N.F.
"Theobromine Sodium Acetate Capsules contain an amount of theobromine, C7H8N4O2, equivalent to not less than 53 per cent and not more
than 67 per cent of the labeled amount of theobromine sodium acetate." N.F.
Usual Sizes.— 100 and 200 mg. (I1/- and 3
grains).
THEOBROMINE
TABLETS.

SODIUM ACETATE
N.F. (LP.)

"Theobromine Sodium Acetate Tablets contain
an amount of theobromine, C7H8N4O2, equivalent
to not less than 53 per cent and not more than 67
per cent of the labeled amount of theobromine
sodium acetate." N.F. The LP. limits are the
same.
LP. Tablets of Theobromine Sodium and Sodium
Acetate; Compressi Theobromini Natrici et Natrii
Acetatis.

Usual Sizes.— 250, 500 and 750 mg. (4, iy2,
and 12 grains).
THEOBROMINE
Theobromine

SODIUM
SALICYLATE. N.F., B.P. (LP.)
Sodio-Salicylate

"Theobromine Sodium Salicylate is a mixture
of theobromine sodium (C?H7N4Na02) and sodium salicylate (GzHsNaOs) in approximately
equimolecular proportions. It yields, when dried
at 105° for 2 hours, not less than 46.5 per cent of
C7H8N4O2 and not less than 35 per cent of
C7H.6O3." N.F. The B.P. and LP. require not less
than 46.0 per cent of theobromine, not less than
41.0 per cent of sodium salicylate, and not more
than 6.9 per cent of sodium additional to that
contained in the sodium salicylate, all calculated
with reference to the substance dried to constant
weight at 130°, as directed by the B.P., or at 110°,
as specified by the LP.
LP. Theobromine Sodium and Sodium Salicylate;
Theobrominum Natricum et Natrii Salicylas. Diuretin
(Bilhuber-Knoll). Theobromine Sodio- Salicylas; Sodii Salicylas cum Theobromina Sodica; Theobromino-Natrium
Salicylicum. Fr. Salicylate de sodium et de theobromine.
Ger. Theobrominnatriumsalizylat. It. Salicilato di sodio
e teobromina sodica. Sp. Salicilato de sodio con teobromina sodada.

As the official definition indicates, theobromine
sodium salicylate is a mixture of theobromine sodium and sodium salicylate. The theobromine
sodium component (see discussion under Theobromine) may be prepared by heating an aqueous
mixture of one equivalent each of theobromine
and sodium hydroxide until solution is effected.
To this is added an aqueous solution containing
one equivalent of sodium salicylate and, after
filtration, the mixture is evaporated to dryness,
on a water bath.
Description. — "Theobromine Sodium Salicylate occurs as a white, or essentially white, odorless
powder, having a sweetish, salty, and somewhat
alkaline taste. It gradually absorbs carbon dioxide
from the air with the liberation of theobromine,
becoming incompletely soluble in water. It also
frequently develops a characteristic odor. An
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aqueous solution of Theobromine Sodium Salicylate (1 in 20) is alkaline to litmus. One Gm. of
Theobromine Sodium Salicylate dissolves in about
1 ml. of water. It is slightlv soluble in alcohol."
N.F.
Standards and Tests. — Identification. — (1)
When ignited, theobromine sodium salicylate
leaves a residue which colors a non-luminous flame
intensely yellow, and which effervesces with acids.
(2) A 1 in 100 solution of theobromine sodium
salicylate, slightly acidified with acetic acid, is
colored violet upon addition of ferric chloride T.S.
(3) To about 50 mg. of theobromine obtained in
the assay below add 1 ml. of hydrochloric acid
and about 100 mg. of potassium chlorate, and
evaporate to dryness on a water bath: a reddish
yellow residue remains which on moistening with
a drop of ammonia T.S. is colored purple. Loss on
drying. — Not over 10 per cent, when dried at 105°
for 2 hours. Water-insoluble substances. — A freshly
prepared 1 in 20 solution of theobromine sodium
salicylate is colorless or nearly colorless, and is
clear or not more than slightly opalescent. Carbonate.— No effervescence is produced on dissolving 500 mg. of theobromine sodium salicylate in
5 ml. of sulfuric acid. Caffeine. — A solution of 1
Gm. of theobromine sodium salicylate in 10 ml. of
distilled water is mixed with sodium hydroxide
T.S. and the solution shaken with 10 ml. of chloroform. On evaporating the chloroform not more
than 5 mg. of residue, dried at 80°, is obtained.
N.F. The B.P. and LP. limit the loss on drying,
at 130° and 110°, respectively, to 5.0 per cent.
The B.P. limits arsenic to 2 parts per million and
lead to 10 parts per million.
Assay. — For theobromine. — About 1 Gm. of
dried theobromine sodium salicylate is assayed by
the procedure described under Theobromine Sodium Acetate. For salicylic acid. — From about 2
Gm. of the dried compound theobromine is precipitated ina solution which is just alkaline to
litmus; the filtrate and washings are diluted to 50
ml., and a one-half aliquot is acidified with diluted
sulfuric acid and the liberated salicylic acid
is extracted with chloroform. After evaporating
the chloroform, the amount of salicylic acid is
estimated by titration of an alcoholic solution of
the acid with 0.1 AT sodium hydroxide, using
phenolphthalein T.S. as indicator. Each ml. of
0.1 .V sodium hvdroxide represents 13.81 mg. of
CiHeOa. X.F.
In the B.P. assay for theobromine the substance
is treated with dimethyl sulfate in the presence
of sodium hydroxide by which means the theobromine, adimethylxanthine. is converted to caffeine, atrimethylxanthine. The latter is extracted
with chloroform and. after evaporation of the
chloroform, the residue is dried for an hour at
100° and weighed. Each gram of caffeine is equivalent to 0.9278 Gm. of theobromine. The sodium
salicylate is determined in another sample, from
which the theobromine is first removed by precipitation, the solution being then treated with
hydrochloric acid to liberate salicylic acid which is
extracted with ether, the latter evaporated and the
residue titrated with 0.1 N sodium hydroxide,
using phenol red as indicator. The assay for additional sodium consists in dissolving a 2 Gm.
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sample in warm water and titrating with 1 N hydrochloric acid, using phenol red as indicator.
Each ml. of i N hydrochloric acid corresponds to
23.00 mg. of Na. The I. P. assays for theobromine
in essentially the same way as does the N.F., but
the other assays are substantially the same as
those of the B.P.
Incompatibilities. — Because of its alkalinity,
theobromine sodium salicylate exhibits the general
incompatibilities of alkalies. In the presence of
even the weakest acids, such as carbon dioxide in
air, it is decomposed, theobromine being precipitated. Itproduces precipitates with many metallic
salts, and with alkali carbonates, bicarbonates,
sodium borate and sodium phosphate. With ferric
chloride a violet or red color is produced.
Uses. — The action of theobromine and sodium
salicylate is described under Theobromine. It is
used as a diuretic in patients with congestive
heart failure, being most effective in those with
good renal function. However, in the presence of
renal insufficiency, its use avoids the dangers inherent inthe administration of mercurial diuretics.
This compound has found wide usage in heart disease as a myocardial stimulant and dilator of
coronary vessels, particularly in patients with
coronary artery disease and angina pectoris. It has
also been used in the treatment of peripheral
vascular disease. S
The usual dose of theobromine sodium salicylate is 1 Gm. (approximately 15 grains) by mouth
3 or 4 times daily after meals for 3 to 5 days at
a time. It may be used again after an interval of
3 to 5 days.
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Storage. — Preserve "in tight containers." NJP.
THEOPHYLLINE.
U.S.P., B.P.. LP.
[Theophyllina]

O CH3

H20

II
I

"Theophylline contains one molecule of water
of hydration or is anhydrous." U.S.P. The B.P.
defines theophylline as 1,3-dimethylxanthine, an
alkaloid obtained from the dried leaves of Camellia
sinensis
thetically. (Linn.) O. Kuntze, or prepared synI. P. Theophyllinum. 1,3-Dimethylxanthine. Theocin
( M'inthrop).
Theophyllinum.
Fr. Theophylline. Cer. Theophyllin.
It. Teofillina.
Sp. Teofilina.

Theophylline belongs to a group of organic
compounds related to uric acid and known as
diweides or xanthine bases. It is 1,3-dimethyl2,6-dihydroxypurine. It is isomeric with theobromine and differs from caffeine in having one
less methyl group. Caffeine may be prepared from
it by methylation. Theophylline occurs in the
mother liquors after extraction of caffeine from
tea. It may be recovered by precipitation as a
sparingly soluble compound with silver, which is
later decomposed by hydrogen sulfide. The amount
found naturallv in tea is so small that most of the
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commercial product is of synthetic origin. It may
be prepared by a series of reactions beginning with
ethyl cyanoacetate, which is the starting point for
the synthesis of a number of the xanthine bases.
Another synthesis utilizes 1,3,7,8-tetramethylxanthine, prepared from uric acid, as the starting compound. Theophylline, by virtue of its having an acidic hydrogen at the nitrogen atom in
number 7 position, reacts with many alkalies,
especially amines, to form water-soluble compounds. Such compounds with sodium or calcium
hydroxide are frequently combined with molecular proportions of salts such as sodium acetate,
sodium salicylate, and calcium salicylate to give
what are believed to be definite compounds but
by some are considered to be only mixtures.
Description. — "Theophylline occurs as a
white, crystalline powder, without odor, and has
a bitter taste. It is stable in air. One Gm. of
Theophylline dissolves in about 120 ml. of water
and in about 80 ml. of alcohol. It is more soluble
in hot water; sparingly soluble in ether or chloroform. It is freely soluble in solutions of alkali
hydroxides and in ammonia. Theophylline melts
between 2 70° and 274°." U.S.P. The B.P. and LP.
give the melting range as 269° to 274°.
Standards and Tests. — Identification. — (1)
A mixture of 10 mg. of theophylline, 1 ml. of hydrochloric acid and 100 mg. of potassium chlorate
is evaporated to dryness on a water bath in a
porcelain dish; on inverting the dish over ammonia T.S. the residue is colored purple. Fixed
alkalies discharge the color. (2) A precipitate,
soluble in excess reagent, is obtained by adding
tannic acid T.S. to a saturated solution of theophylline. Acidity. — 500 mg. of theophylline requires not more than 1 ml. of 0.02 N sodium
hydroxide for neutralization, using methyl red
T.S. as indicator. Water. — Not over 9.5 per cent
for the hydrous form, and not over 0.5 per cent
for the anhydrous form, when determined by
drying at 105° for 4 hours. Residue on ignition. —
Not over 0.15 per cent. Readily carbonizable substances.— A solution of 200 mg. of theophylline
in 5 ml. of sulfuric acid has no more color than
matching fluid A. Distinction from caffeine, theobromine, or paraxanthine. — A solution of 200 mg.
of theophylline in 5 ml. of potassium hydroxide
or in 5 ml. of ammonia T.S. is clear. U.S.P. The
B.P. limits lead to 10 parts per million.
Uses. — A comparative discussion of the xanthines is given under Theobromine. Theophylline ismore potent in relaxing arteries and smooth
muscle than is theobromine or caffeine and it has
only a slight stimulating influence on the central
nervous system. The actions and uses of theophylline are discussed under Amino phylline, which
has largely superseded theophylline in clinical
practice because of its greater solubility.
Theophylline is useful as a diuretic by virtue
of its inhibition of renal tubular absorption, its
increase of cardiac output, and its dilation of
afferent renal arterioles (see Schroeder, J.A.M.A.,
1951, 147, 1109); it is particularly of value in
instances of congestive heart failure where renal
function is good. Its diuretic action is greatest in
patients with arteriosclerotic heart disease (Fowell
et al., Arch. Int. Med., 1949, 83, 150). It is help-
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ful in the dyspnea of bronchial asthma (J. A.M. A.,
1941, 116, 815; /. Pharmacol., 1942, 75, 316).
Monfardini and Vallecorsi (Settimana Medica,
1950, 38, 543) administered solutions of theophylline as an aerosol in cardiac dyspnea. Theophylline
is useful in paroxysmal dyspnea secondary to
acute left ventricular strain (I. A.M. A., 1937,
109, 1712), in angina pectoris, and in coronary
artery disease. Recent studies fail to substantiate
the belief that theophylline increases blood
coagulability and enhances risk of thrombosis
(see Amino phylline). It has been combined with
various organic mercurial diuretics to enhance
their action.
Theophylline is irritating to the gastrointestinal
tract; it is usually prescribed after meals and is
better tolerated in the form of enteric-coated
tablets. As a diuretic it may be administered for
3 successive days, with a rest interval of 1 or
more days between periods, to minimize its irritant action.
Theophylline has been observed to benefit many
cases of migraine (Marin, /. M. Soc. New Jersey,
1946,43, 274).
The usual dose of theophylline is 200 mg. (approximately 3grains) 3 or 4 times daily, after
meals.
Labeling. — "The label states whether the
Theophylline is hydrous or anhydrous." U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Aminophylline ; Mersalyl and
Theophylline Injection, U.S.P., B.P.; Meralluride;
Meralluride Injection; Mercurophylline; Mercurophylline Injection; Mercurophylline Tablets;
Mersalyl and Theophylline Tablets, U.S. P.; Theophylline Tablets; Theophylline Sodium Acetate;
Theophylline Sodium Glycinate, N.F.
THEOPHYLLINE TABLETS.
N.F.
"Theophylline Tablets contain not less than 94
per cent and not more than 106 per cent of the
labeled amount of C7H8N4O2.H2O." N.F.
The tablets are assayed by the procedure employed for Aminophylline.
Usual Sizes.— 100 and 200 mg. (\l/2 and 3
grains).

THEOPHYLLINE SODIUM
ACETATE. N.F. (LP.)

"Theophylline Sodium Acetate is a hydrated
mixture of theophylline sodium (C7H7N4Na02)
and sodium acetate (C2H,3Na02) in approximately equimolecular proportions. It yields not
less than 55 per cent and not more than 65 per
cent of anhydrous theophylline (C7H8N4O2)."
N.F. The LP. recognizes the same substance as
Theophylline Sodium and Sodium Acetate, but
has the same purity rubric as does the N.F.
LP. Theophylline Sodium and Sodium Acetate; Theophyllinum Natricum et Natrii Acetas. Theophylline
Sodio-acetate; Theocin Soluble (Winthrop). Theophyllina
cum Sodii Acetate; Theophylline Sodio-acetas; Theophyllinonatrium Aceticum. Fr. Acetate de sodium et de theophylline.
Ger. Theophyllin-Natriumazetat. It. Acetato di sodio e di
teofillina. Sp. Teofilina y Acetato de Sodio; Sodio-acetato
de teofilina.

Theophylline sodium acetate may be prepared
by heating together an equivalent each of theo-
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phylline and sodium hydroxide to produce sodium
theophylline; this is mixed with an equivalent of
sodium acetate dissolved in water and the solution
evaporated to dryness.
Description. — "Theophylline Sodium Acetate
occurs as a white, crystalline powder. It is odorless, and has a bitter, salty taste. It gradually
absorbs carbon dioxide from the air with the
liberation of free theophylline. Its solutions are
alkaline to phenolphthalein T.S. One Gm. of
Theophylline Sodium Acetate dissolves in 25 ml.
of water. It is insoluble in alcohol, in ether, and
in chloroform." N.F.
Standards and Tests. — Identification. — (1),
(2), (3) A solution of theophylline sodium acetate is neutralized with diluted acetic acid: the
resulting precipitate of theophylline, after filtering, washing, and drying at 105°, responds to
identification tests for Theophylline and melts
between 270° and 274°. (4) On heating a mixture
of theophylline sodium acetate, 70 per cent alcohol, and sulfuric acid, the characteristic odor of
ethyl acetate is evolved. (5) When ignited, theophylline sodium acetate yields a residue which
colors a non-luminous flame intensely yellow and
effervesces with acids. Caffeine. — A solution of
500 mg. of theophylline sodium acetate in 15 ml.
of water and 10 ml. of sodium hydroxide T.S. is
shaken with 10 ml. of chloroform: on separating
the latter, washing it with 2 ml. of water, evaporating the chloroform and drying the residue at
80°, not over 2.5 mg. of residue is obtained. N.F.
Assay. — Theophylline sodium acetate is analyzed by reactions utilized in the assay of Aminophylline. N.F.
Incompatibilities. — Being alkaline in reaction, theophylline sodium acetate possesses many
incompatibilities characteristic of alkalies. With
acids and acidic vehicles a precipitate of theophylline isproduced if the latter is present in excess of
the quantity which will dissolve in the solution.
Uses. — This salt is chiefly used as a diuretic
(see under Theophylline) but possesses the other
physiologic properties and uses of theophylline
compounds. It is more soluble than theophylline
alone, thereby being more readily absorbed.
Dose, 200 to 300 mg. (approximately 3 to 5
grains) 3 times daily after meals.
Storage. — Preserve "in tight containers." N.F.
THEOPHYLLINE SODIUM ACETATE
TABLETS.
N.F.
"Theophylline Sodium Acetate Tablets contain
an amount of anhydrous theophylline (C7H8N4O2)
corresponding to not less than 53 per cent and not
more than 67 per cent of the labeled amount of
theophylline sodium acetate." N.F.
Usual Sizes. — 100 and 200 mg. (\y2 and 3
grains).
THEOPHYLLINE
GLYCINATE.

SODIUM
N.F.

"Theophylline Sodium Glycinate is an equilibrium mixture containing theophylline sodium
(C7H7N4Na02) and glycine (C2H5NO2) in approximately equimolecular proportions buffered
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with an additional mole of glycine. Dried at 105°
for 4 hours, it yields not less than 49 per cent and
not more than 52 per cent of theophylline (C7H8N4O2.U2)." N.F.
Sodium Theophylline Glycinate. Cinaphyl (Ascher);
Dorsaphyllin (.Smith-Dorsey); Glynazan (First Texas
Chemical); Glytheonate (Hatch); Synophylate (Central);
Theoglycinate
(Uraylen).

Following the successful use of glycine in combination with aluminum hydroxide as a buffer of
gastric acidity Krantz et al. (J. A. Ph. A., 1947,
36, 248) prepared and investigated this equilibrium mixture of theophylline sodium and glycine in the expectation, which was realized, that
it would be less alkaline than other theophylline
preparations. Theophylline sodium glycinate may
be prepared by adding 2 moles of glycine to a
mixture of 1 mole each of theophylline and of
sodium hydroxide, the solution obtained by the
interaction being evaporated to dryness under
reduced pressure, at a temperature not exceedDescription. — "Theophylline Sodium Glycinate
occurs as a white, crystalline powder. It has
ing 70°.
a slight ammoniacal odor, and a bitter taste.
Theophylline Sodium Glycinate is freely soluble
in water. It is very slightly soluble in alcohol and
practically insoluble in chloroform." N.F.
Standards and Tests. — Identification. — (1)
Theophylline obtained by adding acetic acid to a
solution of theophylline sodium glycinate melts
between 270° and 274° and responds to tests for
that substance. (2) The residue remaining after
ignition of theophylline sodium glycinate colors a
nonluminous flame intensely yellow and effervesces with acids. pH. — The pH of a saturated solution isbetween 8.5 and 9.5. Loss on drying. — Not
over 2 per cent, when dried at 105° for- 4 hours.
N.F.
Assay. — About 1 Gm. of dried theophylline
sodium glycinate is assayed utilizing the same
reactions that are employed in the assay of
Aminophylline (for theophylline). N.F.
Uses. — Theophylline sodium glycinate has the
typical actions of soluble derivatives of theophylline and has fulfilled the expectations of Krantz
et al. (loc. cit.) that it might be less irritating to
the gastric mucosa and thus better tolerated. It
can be given in larger dosage than the more alkaline theophylline preparations; it may be administered in tablets that are not enteric-coated and
even in liquid (syrup and elixir) dosage forms.
It may also be given by intravenous injection.
Theophylline sodium glycinate is indicated in
the same conditions as is aminophylline (q.v.).
Inhalation of an aerosol consisting of 2 ml. of
a 5 to 10 per cent solution nebulized with oxygen
may be effective in refractory cases of bronchial
asthma. Treatment may be repeated even' 4 hours
and may be alternated with penicillin aerosol administration ifthe antibiotic is indicated. Rectal
suppositories may be used in adults. Theophylline
sodium glycinate is useful in angina pectoris and
following myocardial infarction (see Krantz and
Carr. Pharmacologic Principles of Medical Practice, 3rd ed., 1954). It is also of value in the
treatment of paroxysmal cardiac dyspnea.
Dose. — The usual dose, given orally, is 300
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mg. (approximately 5 grains), given every 4 to 6
hours; the range of dose for adults is 300 mg. to
1 Gm. For children the dose is proportional to
age. The powder and tablets are administered
preferably with water after meals; the substance
is available also in syrup and elixir forms. Suppositories containing 780 mg. may be administered
rectally every 4 to 6 hours. The initial intravenous
dose in emergencies is 400 mg. dissolved in 10 ml.
of water for injection; this should be administered
slowly. If well tolerated, doses of 800 mg. in 20
ml. of water may be given 3 or 4 times daily.
Storage. — Preserve "in tight containers." N.F.
THEOPHYLLINE SODIUM
GLYCINATE TABLETS.
N.F.
"Theophylline Sodium Glycinate Tablets contain an amount of theophylline (C7H8N4O2.H2O)
equivalent to not less than 47 per cent and not
more than 54 per cent of the labeled amount of
theophylline sodium glycinate." N.F.
Usual Sizes. — 160 and 330 mg. (2J/2 and 5
grains).
THIAMINE HYDROCHLORIDE.
U.S.P. (B.P.) LP.
Aneurine Hydrochloride, Thiamin Chloride, Thiaminium
Chloride, Vitamin Bi, Vitamin B^ Hydrochloride,
[Thiaminae Hydrochlondum]
CH:

T

,NTH,

CH2CH20H
CH,

2cr

"Thiamine Hydrochloride, dried at 105° for 2
hours, contains not less than 98 per cent of
C12H17CIN4OS.HCI." U.S.P.
The B.P. defines Aneurine Hydrochloride as
3 - (4 - amino-2 -methyl - 5 - pyrimidylmethyl) -5-2'hydroxyethyl-4-methylthiazolium chloride hydrochloride; itis required to contain not less than
20.6 per cent and not more than 21.2 per cent of
total CI, not less than 10.4 per cent and not more
than 10.7 per cent of CI present as hydrochloride,
and not less than 98.0 per cent of C12H17ON4SCLHC1, all calculated with reference to the substance
dried to constant weight at 105°. The LP. defines
Thiamine Hydrochloride as 3-(4'-amino-2'-methylpyrimidyl-5'-methyl)-4-methyl-5 - 8 -hydroxyethylthiazolium chloride hydrochloride monohydrate,
and requires it to contain not less than 98.0 per
cent of C12H17ON4SCI.HCI, calculated with reference to the substance dried at 100° for 3 hours.
B.P. Aneurine Hydrochloride; Aneurinse Hydrochloridum. LP. Thiamini Hydrochloridium. Thiamin; Thiamin
Hydrochloride; Thiamine Chloride; Aneurine Chloride Hydrochloride; Anti-beriberi or Antineuritic Vitamin. Berocca
(Hoffmann-La Roche); Betabion (.Merck); Betalin S
(Lilly); Betamine (Chcmico); Betaxin (Winthrop); Bevimin (Merrell); B-M (Cole); Thibex (Brewer). Sp. Clorhidrato de Tiamina.

Vitamin Bi was first isolated in a crystalline
form in 1926 by Jansen and Donath, who named
it aneurin. Its empirical formula was determined
by Windaus and his collaborators in 1932; Williams in 1935 suggested a provisional structural
formula. Later he revised this to the formula now
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universally accepted and Williams and Cline
(J.A.C.S., 1936, 58, 1504) first published a preliminary communication of the synthesis of this
vitamin. Since that time several methods of synthesizing thiamine hydrochloride have been reOne of these, published by Cline, Williams and
ported.
Finkelstein {J.A.C.S., 1937, 59, 1052), involves
preliminary synthesis of the pyrimidine portion
of the vitamin as the hydrobromide of 2-methyl5-bromomethyl-6-aminopyrimidine, and of the
thiazole fraction as 4-methyl-5-(6-hydroxy)-ethylthiazole, these molecules being combined to form
first thiamine bromide hydrobromide, which is
converted to the official thiamine chloride hydrochloride (but officially named simply thiamine hydrochloride) byshaking a solution of the former
with silver chloride.
Synthetic thiamine hydrochloride has replaced,
for medicinal purposes, the natural form of the
vitamin. The chemical and biological identity of
the two have been abundantly confirmed and it is
immaterial which is used medicinally.
Description. — "Thiamine Hydrochloride occurs as small, white crystals, or as a crystalline
powder, usually having a slight, characteristic
odor. When exposed to air, the anhydrous product rapidly absorbs about 4 per cent of water.
It melts at about 248° with some decomposition.
One Gm. of Thiamine Hydrochloride dissolves in
about 1 ml. of water, and in about 100 ml. of
alcohol. It is soluble in glycerin, and is insoluble
in ether and in benzene." U.S.P. The B.P. requires
the pH of a 5 per cent w/v solution of thiamine
hydrochloride to be between 2.6 and 3.2.
Stability. — When dry, thiamine hydrochloride
is stable, even when heated to 10C° for as long as
24 hours. It is also generally agreed that acid
solutions of the vitamin are resistant to heat.
Solutions for parenteral injection may be sterilized
by heating for 1 hour at 100° or by heating for
20 minutes at 120° without appreciable loss in
potency if the pH is below 5.0. In solutions of a
pH of 5.0, or higher, heating destroys a considerable proportion of the vitamin.
Standards and Tests. — Identification. — (1)
A solution of thiamine hydrochloride yields a
white precipitate with mercury bichloride T.S.,
and a red brown precipitate with iodine T.S. It is
also precipitated by mercuric-potassium iodide
T.S., and by trinitrophenol T.S. (2) A yellow
color is produced on dissolving thiamine hydrochloride ina mixture of lead acetate T.S. and a
solution of sodium hydroxide. On heating the
mixture on a steam bath, the color changes to
brown, and on standing, a precipitate of lead
sulfide appears. (3) Thiochrome produced by
mild alkaline oxidation of thiamine hydrochloride
exhibits a vivid blue fluorescence in isobutyl alcohol solution; on acidifying the reaction mixture
the fluorescence disappears, reappearing wheri the
mixture is made alkaline. (4) A 1 in 50 solution
of thiamine hydrochloride responds to tests for
chloride. pH. — The pH of a 1 in 100 solution is
between 2.7 and 3.4. Loss on drying. — Not over
5 per cent, when dried at 105° for 2 hours. Residue
on ignition. — Not more than 0.2 per cent. Color
of solution. — A solution of 1 Gm. of thiamine hy-
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drochloride in enough water to make 10 ml. shows
no more color than a dilution of 1.5 ml. of 0.1 N
potassium dichromate in enough water to make
1000 ml. Suljate. — No turbidity is produced within 5 minutes on adding diluted hydrochloric acid
and barium chloride T.S. to a solution of thiamine
hydrochloride. Nitrate. — No brown ring is produced at the junction of a solution of thiamine
hydrochloride in about 50 per cent sulfuric acid
superimposed by ferrous sulfate T.S. U.S.P.
The B.P. provides an identity test in which a
pink color develops with diazobenzenesulfonic
acid; both the B.P. and LP. employ as an identification test the formation of thiamine picrate,
which should melt at about 207°, with darkening
and decomposition, after sintering at 200°.
Assay. — About 2 micrograms of dried thiamine
hydrochloride is subjected to oxidation with potassium ferricyanide in the presence of sodium
hydroxide, thereby converting it to thiochrome,
which is extracted with isobutyl alcohol and its
fluorescence measured in a suitable fluorometer.
Quantitative evaluation is made by measurement
of the fluorescence produced by U.S. P. Thiamine
Hydrochloride Reference Standard, when treated
similarly. U.S.P.
The B.P. provides assays for total chlorine as
well as for that portion of the element present as
hydrochloride. The latter is determined by direct
titration of thiamine hydrochloride with 0.1 N
sodium hydroxide, using bromothymol blue as
indicator. The assay for total chlorine is performed by dissolving about 100 mg. in water,
acidifying with nitric acid, adding a measured excess of 0.1 N silver nitrate solution and, after
filtering off the precipitate, titrating the filtrate
and washings with 0.1 N ammonium thiocyanate,
using ferric ammonium sulfate indicator. The
B.P. assay for thiamine hydrochloride is a gravimetric procedure in which a thiamine silicotungstate is precipitated and weighed after drying to
constant weight at 105°. The I. P. uses the same
assay procedure as does the U.S. P.
Many methods have been proposed for detecting and determining vitamin Bi in the substances
where it is likely to be found. Biological assays
employ chiefly the pigeon and the rat. With
pigeons, methods based on prevention of polyneuritis, on maintenance of weight, and on curative effect of the preparation being tested, have
been devised. With rats, the main tests developed
have been those concerned with growth and with
the cure of polyneuritic symptoms. The specific
cardiac action of the vitamin, observed with rats,
also finds use as an assay procedure in the bradycardia method (Biochem. J., 1939, 33, 1370). A
variety of microbiological methods have been developed, these depending on the fact that thiamine isessential to the growth of bacteria, yeasts,
or molds, and that within limits the degree of
growth is proportional to the concentration of
the vitamin. In some experiments the extent of
growth is measured, as by a turbidimetric procedure; in others, products of metabolism, such as
acid or carbon dioxide, are measured as a function of concentration of the vitamin. Purely
chemical methods include many colorimetric reactions, of which the principal ones are those in
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which the vitamin is coupled with a diazotized
amino compound to give a dyestuff. When vitamin
Bi is oxidized it forms the fluorescent substance
thiochrome; this may be extracted with isobutanol
and the intensity of fluorescence determined by
means of a photoelectric fluorometer.
Incompatibilities. — Thiamine hydrochloride
is gradually destroyed in alkaline solution; in general the stability decreases with increase in pH
above 5.0. Oxidizing and reducing agents, particularly in neutral and alkaline solution, react with
it to form therapeutically inactive products. Inasmuch as liquids containing thiamine hydrochloride
must be acid in reaction to ensure stability of the
vitamin such products are incompatible with
alkaline-reacting substances. Prescriptions containing phenobarbital sodium and any one of the
acid-reacting elixirs of thiamine hydrochloride
may form more or less of a precipitate of phenobarbital while neutralizing the elixir. In such
cases phenobarbital may be used in place of the
sodium derivative and sufficient alcohol added, if
necessary, to keep it in solution. Thiamine should
also be added to replace that lost through substitution of alcohol for a portion of the elixir.
Uses. — Beriberi. — The first scientifically demonstrated avitaminosis was the disease known as
beriberi which Eijkman showed, in 1897, could
be cured by rice polishings. Beriberi has been well
known among the Asiatics for a century. An informative survey Rome,
(Rice and
Rice1954)
Diets,points
F. A. oui
O.,'
United Nations,
Italy,
that more than half of the human race depends
upon rice as the main item of diet. Parboiled or
undermilled rice retains the essential nutrients
but most of these peoples prefer to eat polished
rice. In many regions meat, dairy products or
sufficient green vegetables are seldom available.
In coastal regions, fish may provide the needed
supplement. Solution of these economic and agricultural problems is most difficult. There are two
types of vitamin Bi deficiency, one commonly
known as "dry" beriberi, in which the predominant symptoms involve the nervous system, especially the peripheral nerve fibers of the lower
extremities. Degenerative changes are found in
the ganglion cells of the nervous system with degeneration ofthe myelin sheath and fragmentation of the axis cylinders of the peripheral nerves
and atrophy and degeneration of the muscles supplied by these nerves. In the second form, commonly referred to as "wet" beriberi, the outstanding manifestations are in the circulatory apparatus
and include edema, increased venous pressure,
tachycardia, low voltage and "T" wave changes
in the electrocardiogram, increased cardiac output (in spite of the findings usually associated
with congestive heart failure), increased rate of
circulation, enlargement of the heart — particularly
the right side, capillary pulse and pistol shot sound
over the large arteries, gallop rhythm of the
heart, often syncopal attacks, and response to
thiamine therapy but not to digitalis (Blankenhorn et al., J.A.M.A., 1946, 131, 717). Early
symptoms of thiamine deficiency are changes in
mental attitude and behavior, anorexia, fatigue,
emotional instability, lassitude, lack of cooperation and deterioration of judgment and foresight.
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Endurance is decreased. Tenderness of the calf
muscles, muscular weakness and pain may occur
in the lower extremities. The blood pyruvic acid
level is increased above the normal postprandial
concentration of 0.8 to 1.5 mg. per 100 ml. and
the glucose tolerance is decreased (Goldsmith,
South M. J., 1946, 39, 485).
Dietary Intake. — Although frank beriberi is
uncommon in the United States subclinical deficiencies are quite prevalent. This increase is due
to change in our dietetic habits, the two most
important of these habits being the enormous increase in the use of sugar and the excessive milling
of flour and other cereals, both of which have
resulted in a decrease in thiamine in many diets.
Thiamine is not concentrated in any of our ordinary food stuffs, the most important source in
the normal diet being the cereal grains such as
wheat, rice, oatmeal, etc. In these grains the vitamin is limited almost entirely to the seed coat and
is removed in the effort to produce a white flour.
Since enriched flour has come into general use in
the United States, the incidence of thiamine deficiency seems to have decreased. As the need for
thiamine rises with an increased proportion of
carbohydrates in the diet, an augmented intake
of sugar increases the amount of thiamine which
the body requires. So marked is this effect of
sugar that in some patients an intravenous injection of dextrose may precipitate a frank beriberi.
Thiamine deficiency is especially liable to occur
in alcoholics for the same reasons that excessive
sugar in the diet causes the condition, and it is
probable that many of the symptoms of alcoholism, such as neuritis and delirium, are due to the
vitamin deficiency. Another factor which contributes to the widespread deficiency is that the vitamin is not well stored in the body. That is, that
we cannot take an excess for a few days and then
go for long periods of time without renewing our
supply.
Dietary Requirement. — The amount of thiamine hydrochloride required to maintain a healthy
adult in a good nutritional state is about 1.5 mg.
daily (Wilder, Science, 1945, 101, 285), although
the need will be greater in persons who engage in
considerable muscular activity or if the diet contains an abnormally high proportion of carbohydrates. The daily dietary allowances recommended
by the National Research Council (/. A. Dietet.
A., 1954, 30, 105) are as follows: for men of 25
to 65 years of age, 1.6 to 1.2 mg., respectively;
for women, 1.2 to 1 mg. (25 to 65 years of age),
and 1.5 mg. in pregnancy and lactation; for infants of 1 to 3 months, 0.4 mg.; 4 to 12 months,
0.5 mg.; for children of 1 to 3 years, 0.6 mg.; 4
to 6 years, 0.8 mg. ; 7 to 9 years, 1 mg. ; for boys
of 10 to 20 years, 1.3 to 1.9 mg., respectively;
for girls of 10 to 12 years and 16 to 20 years, 1.2
mg.; for girls of 13 to 15 years, 1.3 mg. These estimates were intentionally made higher than the
evidence for minimal normal nutrition indicates.
As much as 2 mg. has been recommended during
pregnancy. In diseased conditions much larger
doses are often indicated.
Biochemical Role. — Thiamine plays an important role in human metabolism. In the form of
thiamine pyrophosphate, also called cocarboxyl-
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ase, it serves as the prosthetic group or coenzyme
of several decarboxylating enzymes; these latter
are, of course, conjugated with proteins. One of
the most important of such enzymes is the one,
known simply as decarboxylase, which is involved
in decarboxylation of pyruvic acid. This acid is a
common intermediate substance in both catabolic
and anabolic reactions of carbohydrates, fats and
proteins. Since many of these reactions provide,
directly or indirectly, essential energy it is obvious that a deficiency of thiamine will result in
failure to obtain the maximum amount of energy
from food and, among other effects, may lead to
a toxic accumulation of pyruvic acid.
Absorption and Excretion. — Thiamine is normally absorbed readily from the gastrointestinal
tract as shown by the fact that the amount excreted in the urine after an oral dose of 1 mg. is
almost as great as after intravenous administration of this dose. Significant quantities are present
in many foods such as milk, lean pork, egg yolk,
fish, liver, oatmeal, whole wheat flour, peanuts
and many vegetables. It is, however, readily destroyed by heat in alkaline solution and may be
lost in the water in which the food is cooked.
Thiamine is stable in normal gastric juice. The
presence of bile causes rapid loss of thiamine.
Melnick et al. (J. Biol. Chem., 1941, 138, 49)
found a smaller urinary excretion of thiamine
when it was ingested by a fasting person than
after a meal. Only small amounts of thiamine are
stored in the body. The blood contains from 4 to
10 micrograms of total thiamine per 100 ml., from
3 to 9 micrograms as diphosphothiamine per 100
ml. and from 0.5 to 2.0 micrograms of free thiamine per 100 ml. of plasma (Ingelfinger, New
Eng. J. Med., 1945, 233, 379). The tissues contain about 10 to 20 times as much as in whole
blood. The phosphorylation of thiamine probably
occurs in the liver and other tissues. It is excreted
readily in the urine. After an oral dose of 1 mg.,
about 0.2 mg. is found in the urine in 4 hours.
After 1 mg. intravenously, from 0.1 to 0.2 mg. is
excreted in the urine during the first half hour
and from 0.15 to 0.25 mg. in 4 hours. With larger
doses parenterally, larger amounts are rapidly
excreted in the urine. Thiamine seems to be a
threshold substance and tubular reabsorption of
thiamine is minimal. Diuresis increases the urinary excretion of thiamine. Studies with thiamine
prepared with radioactive sulfur and injected intramuscularly daily for 4 days showed excretion
of 61 per cent of the dose in the urine and 11
per cent in the feces in 10 days. Some of the
thiamine is metabolized in the body. However,
the amount of the urinary excretion following a
small dose of thiamine is a useful diagnostic measure. After an oral dose of 1 mg. in the morning
to a fasting patient, the urinary excretion of less
than 90 micrograms (0.09 mg.) in the urine in 4
hours indicates a deficiency state. The situation
is complicated by the additional fact that thiamine seems to be synthesized in the intestinal
tract (Najjar and Holt, J.A.M.A., 1943, 123,
683). Information on the amount of thiamine
stored in the body has been estimated from the
time required for deficiency to develop on a
thiamine-poor dietary. Individuals already defi-
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cient may develop manifest deficiency in a few
days. Apparently normal individuals usually require 20 to 40 days.
Deficiency Manifestations. — The symptoms
of thiamine deficiency are noticeable chiefly in
the nervous system, circulation, and alimentary
tract. It is possible that the disturbances in the
last two of these systems are due to the interference in their normal nerve supply. The nerve
manifestations may involve either the peripheral
or central portion of the nervous system. In the
former case there will be multiple neuritis which
may affect either the sensory nerves (causing
pain) or the motor nerves (causing paralysis) or
both. The disturbances of the central nervous
system are manifested by irritability, various
psychic or emotional disturbances, or by abnormal fatigability characteristic of the neurasthenic
(see Cayer, J.A.M.A., 1946, 132, 558). There is
reason to suspect that the mental disturbance of
chronic alcoholism is largely due to thiamine and
nicotinic acid deficiency.
The circulatory manifestations are: increased
rate of the heart, sometimes with disturbance of
rhythm, dyspnea and edema. The last symptom
is probably not dependent alone upon the cardiac
deficiency but in part upon the occurrence of a
hypoproteinemia. However, famine edema remains
to be adequately explained. In prisoners of war
(McDaniel et al, U. S. Nav. M. Bull, 1946, 46,
793), edema did not respond to thiamine alone
but it did respond to a high protein intake although most cases showed no decrease in blood
serum protein level. Keys {Science, 1946, 103,
669), in studies of volunteers fed similar diets,
was unable to explain the edema on the basis of
protein; he found that extracellular water (determined by thiocyanate) was increased to twice the
normal. In patients with congestive heart failure
associated with hypertensive, arteriosclerotic or
rheumatic heart disease in a city hospital, who
showed none of the clinical diagnostic features of
thiamine deficiency, Wohl et al. {Circulation,
1953, 8, 744) found deficient excretion of a dose
of thiamine, which suggests a deficiency of this
substance. Deficient food intake, impaired absorption secondary to congestion of the intestinal
mucosa and increased excretion during diuresis
induced by mercurial diuretics could produce a
deficiency. The resulting impaired pyruvate utilization of the heart muscle could aggravate the
myocardial failure already present. Assay of the
total thiamine and of cocarboxylase content of
the heart muscle in patients succumbing to cardiac
failure, by Wohl et al. {J. Clin. Inv., 1954, 33,
1580). indicated definitely lower concentrations
than in patients of similar age and condition dying
of other causes; it is suggested that this thiamine
deficiency could explain the failure of some patients to respond to treatment with digitalis,
diuretics, etc.
In the early stages of the deficiency there is
apparently increased motility and tonicity of the
intestines but in the more severe manifestations
great reduction of muscular activity is found
(Golden. J.A.M.A., 1941, 117, 913. 918). Loss of
appetite, frequently associated with reduction of
gastric acidity, is a very frequent manifestation.
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Either diarrhea or constipation may occur. Minimal deficiencies with neurasthenic or even less
marked symptoms are thought to be rather frequent. Emotional disturbances (Williams, Arch.
Int. Med., 1942, 69, 721; Brozek et al., Psychosom. Med., 1946, 8, 98; Keys et al., Am. J.
Physiol., 1945, 144, 5) and scholastic difficulties
in children (MacKenzie, Brit. M. J., 1944, 2, 205)
have been ascribed to an otherwise subclinical
deficiency of thiamine. A possible role of mild
deficiency in diabetes mellitus, menstrual disorders, etc., has been mentioned under Decavitamin Capsules. For further details of the symptomatology of thiamine deficiency see Strauss
{J.A.M.A., 1938, 110, 953).
Therapeutic Uses. — The question of whether
thiamine has any therapeutic value except in the
treatment of avitaminosis cannot be answered
dogmatically. The presence of thiamine deficiency
in peripheral neuritis of pregnancy, alcoholism,
infectious diseases and cachexia (Joliffe, J. Pediatr.,
1943, 22,clouding
494) and
syndrome
(polyneuritis,
of Wernicke's
consciousness,
ataxia
and bilateral ophthalmoplegia) (Joliffe et al.,
Arch. Neurol. Psych., 1941, 46, 569), usually in
alcoholics, seems definitely established. Although
beneficial therapeutic results have been reported
in a host of conditions in which the physician had
not suspected any vitamin deficiency it is probable that in many of these cases there was a factor
of undiagnosed avitaminosis. Among these may
be mentioned: delirium tremens (Kiene. J. A.M. A.,
1940, 114, 2191), migraine (Palmer. Arch.
Neurol. Psych., 1940, 43, 1256), certain forms of
myocarditis (Weiss and Wilkins, Ann. Int. Med.,
1937, 11, 104; Strauss. J.A.M.A., 1938, 110,
953), general malnutrition and neurasthenia,
acrodynia (Williams et al., Lancet, 1940, 1, 76),
painful amputation stumps (Sliosberg. Presse
tried., 1939. 47, 1589), bedsores (McCormick,
Med. Rec, 1941, 154, 389), cardiospasm (Moore,
Laryng., 1944, 54, 345), mucous colitis (Cheney,
Am. J. Digest. Dis., 1939. 6, 161), nerve deafness
(Selfridge, Ann. Otol. Rhinol. Laryng., 1939, 48,
608), post-diphtheritic neuritis {Brit. M. J., 1940,
2, 325), herpes zoster (Goodman, California West.
Med., 1939, 51, 105), withdrawal syndrome in
morphine addicts (Fitzhugh, /. Pharmacol., 1939,
67, 423), prevention of mosquito (Shannon, Minn.
Med., 1943, 26, 799) and flea bites (Eder, Arch.
Pediatr., 1945, 62, 300) by internal administration, poliomyelitis (Stone, /. Pediatr., 1943, 22,
142), heartburn of pregnancy (Hart, Am. J. Obst.
Gyn., 1943. 45, 120), toxemia of pregnancy
(Avre, Can. Med. Assoc. J., 1941, 44, 575), seasickness (Schwab. U. S. Nav. M. Bull., 1942. 40,
923), tabes dorsalis (Stone, /. Nerv. Ment. Dis.,
1942. 95, 156), trigeminal neuralgia (Borsook et
al., J. A.M. A., 1940, 114, 1421), prevention of
heat cramps (Shoudy and Collings. Ind. Med.,
1945, 14, 573), painful varicose ulcers (Ochsner
and Smith. J. A.M. A., 1940, 114, 947) and many
other conditions almost ad infinitum and perhaps
ad nauseam. In cases which are not apparently
due to avitaminosis the value of the drug may be
explicable by the difference between minimal and
optimal concentrations of the vitamin in the body.
In all circumstances it is most important to insure
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an adequate intake of other important nutritional
factors, particularly of nicotinamide, riboflavin
and pyridoxine (see under Decavitamin Capsules).

m

Toxicology. — Ordinarily, administration of
thiamine orally or parenterally, even in large
doses, causes no untoward effects. Rarely, sensitization has developed to parenterally administered
thiamine. A few acute allergic manifestations with
respiratory distress and vascular collapse have
been reported (Leitner, Lancet, 1943, 2, 474;
Stein and Morgenstern, Ann. Int. Med., 1944, 20,
826; Reingold and Webb, J. A.M. A., 1946, 130,
491). Most of these patients had received several
large doses of thiamine parenterally followed by
several weeks without any thiamine administration; the acute reaction followed another intravenous dose of thiamine. Several of these reactions
were fatal. The use of repeated large doses (100
mg.) is seldom indicated. Joliffe thought that the
preservative (chlorobutanol) was responsible for
the sensitization, but this was eliminated in several of these cases (see also Haley and Flesher,
Science, 1946, 104, 567). Jaros et al. (Ann. Allergy, 1952, 10, 291) related these untoward reactions to release of acetylcholine and perhaps
histamine; the reactions were alleviated by epinephrine but aggravated by antihistaminic drugs.
Dose. — The usual dose, oral or subcutaneous,
is 2 to 50 mg. daily for therapeutic purposes. The
daily requirement in pregnancy is 2 mg. (see also
above under Dietary Requirement). For milder
deficiencies 10 mg. per day may suffice but in
severe deficiencies 2 to 4 times this dose may be
required. If there is no evidence of intestinal disturbance the drug may usually be administered
by mouth, but in diarrhea or in very acute conditions, such as delirium tremens, it should be
injected intravenously or intramuscularly.
Before the isolation of thiamine hydrochloride
it was the custom to express the dosage of vitamin Bi in terms of units. Of the several units
which were suggested, the only one which continues in some use is the International Unit of
the League of Nations; this unit is the vitamin
activity of 3 micrograms of thiamine hydrochloride.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep. — Thiamine Hydrochloride Injection; Thiamine Hydrochloride Tablets; Decavitamin Capsules; Decavitamin Tablets, U.S. P.;
Hexavitamin Capsules; Hexavitamin Tablets;
Triasyn B Capsules; Triasyn B Tablets, N.F.
THIAMINE HYDROCHLORIDE
INJECTION.
U.S.P. (B.P.)
"Thiamine Hydrochloride Injection is a sterile
solution of thiamine hydrochloride in water for
injection. It contains not less than 95 per cent
and not more than 115 per cent of the labeled
amount of C12H17CIN4OS.HCI." U.S.P. The B.P.
definition is similar but the requirements of the
rubric correspond to 93.0 and 105.0 per cent, respectively; itis indicated that the solution may
be sterilized by heating in an autoclave (to maintain the solution at 115° to 116° for 30 minutes)
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or by filtration through a bacteria-proof filter.
B.P. Injection of Aneurine Hydrochloride; Injectio
Aneurinae Hydrochloridi.

The U.S.P. requires that the pH of the solution
be not less than 2.5; the B.P. limits pH to between 3.0 and 4.0.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Type I glass."
U.S.P.
Usual Sizes. — 10 mg. in 1 ml.; 250 mg. in 5
ml.; 100, 500, and 1000 mg. in 10 ml.; 3 Gm. in
30 ml.

THIAMINE HYDROCHLORIDE
TABLETS. U.S.P. (B.P.)
"Thiamine Hydrochloride Tablets contain not
less than 95 per cent and not more than 115 per
cent of the labeled amount of C12H17CIN4OS.HC1." U.S.P. The corresponding limits of the
B.P. are 92.5 and 107.5 per cent, respectively.
B.P. Tablets of Aneurine Hydrochloride; Tabellae
Aneurinae Hydrochloridi.

Usual Sizes. — 5, 10, 25, 50, and 100 mg.
THIAMINE

MONONITRATE.

U.S.P.
N03

Thiamine Nitrate, Vitamin Bi Mononitrate

1 1 Q

CHj^N.NH;,

^S.

CH2CH.,0H

"Thiamine Mononitrate, dried at 105° for 2
hours, contains not less than 98 per cent of
C12H17N5O4S."

U.S.P.

Thiamine mononitrate is the salt obtained by
interaction of 1 molecule of thiamine base with
1 molecule of nitric acid; salt formation occurs
only at the quaternary nitrogen of the thiazole
ring. In thiamine hydrochloride, on the other
hand, 1 molecule of thiamine base interacts with
2 molecules of hydrochloric acid, salt formation
occurring at the thiazole nitrogen and also at the
NH2 group of the pyrimidine ring. Thiamine
hydrochloride contains from one-half to one molecule of water of crystallization, depending on the
humidity, while thiamine nitrate contains no
water of crystallization; the hydrochloride is
markedly acid in aqueous solution, while the nitrate is practically neutral. The experiments of
Macek et al. (J. A. Ph. A , 1950, 39, 365) indicate that thiamine nitrate is more stable than the
hydrochloride, for which reason the former is
finding increasing preference over the hydrochloride for use in various dosage formulations. For
example, Macek et al. found that inclusion of an
acidic stabilizer in vitamin B complex capsules,
which is necessary when thiamine hydrochloride
is used but which decreases the stability of other
vitamin components, is not required when thiamine nitrate is employed instead. The nitrate is
also more stable in aqueous solutions.
Description. — "Thiamine Mononitrate occurs
as white crystals or crystalline powder, usually
having a slight, characteristic odor. One Gm. of
Thiamine Mononitrate dissolves in about 35 ml.
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of water. It is slightly soluble in alcohol and in
chloroform." U.S.P.
Standards and Tests. — Identification. — (1)
Thiamine mononitrate responds to identification
tests (1), (2), and (3) under Thiamine Hydrochloride. (2) On superimposing a solution of ferrous sulfate on a solution of thiamine mononitrate containing sulfuric acid a brown ring is
produced at the junction of the two liquids. pH. —
The pH of a 1 in 50 solution is between 6.0 and
7.5. Loss on drying. — Not over 1 per cent, when
dried at 105° for 2 hours. Residue on ignition. —
Not over 0.2 per cent. Chloride. — The limit is 600
parts per million. Sulfate. — Barium chloride T.S.
produces no turbidity within 5 minutes when
added to a solution of thiamine mononitrate.
U.S.P.
Assay. — Thiamine mononitrate is assayed by
the method described under Thiamine Hydrochloride. U.S.P.
Uses. — Thiamine mononitrate has the actions,
uses, and dose of thiamine hydrochloride. When
both salts are in the dry state, and both are 100
per cent pure, 1.00 mg. of thiamine mononitrate
is equivalent to 1.03 mg. of thiamine hydrochloride. When each contains the maximum amount
of water permitted 1 mg. of thiamine mononitrate
is equivalent to about 1.07 mg. of thiamine hydrochloride. For therapeutic purposes this difference
is of no consequence.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
THIMEROSAL.
N.F.
Sodium Ethylmercurithiosalicylate
COONo

ff
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"Thimerosal, dried to constant weight in a
vacuum over sulfuric acid, contains not less than
97 per cent and not more than 101 per cent of
C9H9HgNa02S." N.F
Merthiolate (Lilly).

This bacteriostatic and fungistatic agent, introduced under the name Merthiolate (sometimes
called Merthiolate Sodium), may be prepared by
the interaction of equimolar quantities of ethyl
mercuric chloride (or hydroxide), thiosalicybc
acid and sodium hydroxide in an alcoholic medium. On dilution with water ethylmercurisalicylic acid is precipitated; this may be converted
to the water-soluble sodium derivative by reaction with sodium hydroxide. Details of the procedure are described in U. S. Patent 1,672,615
(June 5, 1928).
Aqueous solutions of thimerosal must be maintained at a pH between 8 and 10.5; acids cause
precipitation of ethylmercurisalicylic acid. Buffering agents, such as borax or sodium phosphate,
may be added to maintain the required alkalinity.
Monoethanolamine is generally added as a preservative to prevent development of irritating
properties in the solution on standing; sodium

chloride
isotonic.
gives as
solution

is also included, to make the solution
U. S. Patent 1,862,896 (June 14, 1932)
a typical formula of a stabilized, isotonic
the following: Thimerosal, 1 Gm.; monoethanolamine, 1Gm.; borax, 1.4 Gm.; sodium
chloride, 0.8 Gm.; water, to 1 liter.
Description. — "Thimerosal occurs as a light
cream-colored crystalline powder. It has a slight
characteristic odor. The pH of Thimerosal solution (1 in 100) is about 6.7. One Gm. of
Thimerosal dissolves in about 1 ml. of water, and
in about 12 ml. of alcohol. It is almost insoluble
in ether and in benzene." N.F.
Standards and Tests. — Identification. — (1)
A white precipitate is produced on adding a slight
excess of diluted sulfuric acid to a solution of
thimerosal. (2) A white precipitate is produced
on adding silver nitrate T.S. to a solution of
thimerosal. (3) A white precipitate is produced
on adding lead acetate T.S. to a solution of
thimerosal. (4) A green precipitate is produced
on adding cupric sulfate T.S. to a solution of
thimerosal. Loss on drying. — Not over 0.5 per
cent, when dried to constant weight in a vacuum
over sulfuric acid. Ether-soluble substances. — Not
over 4 mg. from 500 mg. of thimerosal. Readily
carbonizable substances. — A solution of 200 mg.
thimerosal in 5 ml. sulfuric acid has no more
color than matching fluid J. Mercury ions. — A
white precipitate is produced on adding ammonium
sulfide T.S. to a solution of thimerosal; the mixture does not blacken after standing 48 hours.
N.F.
Assay. — About 200 mg. of dried thimerosal
is heated with granular zinc in a potassium hydroxide solution, the mercury being thereby reduced to metal and forming an amalgam with
the zinc. The amalgam is washed with water,
dissolved in nitric acid, the reducing substances
in the solution oxidized with potassium permanganate and the resulting solution of mercuric ion
is titrated with 0.1 N ammonium thiocyanate,
using ferric ammonium sulfate T.S. as indicator.
Each ml. of 0.1 iV ammonium thiocyanate represents 20.24 mg. of C9H9HgNa02S. N.F.
Uses. — While the statements concerning the
germicidal power of thimerosal are so widely at
variance as to make positive conclusions difficult,
there is no doubt that it is bacteriostatic for
many non-sporulating bacteria and is also fungistatic (see also under Merbromin, in Part I). For
application to wounds and denuded surfaces the
1:1000 aqueous solution is used; the 1:1000 tincture is employed on intact skin. For application
to nasal mucous membranes 1:5000 to 1:2000
aqueous solutions are used; for urethral irrigations, the concentration range is 1:30,000 to 1:
5000. In ophthalmologic practice 1:10,000 to
1:5000 aqueous solutions are applied; a 1:5000
ophthalmic ointment is available.
Thiomersal in 1:10.000 concentration may be
useful as a preservative of biologicals when the
protein content is not too high; this concentration, however, does not necessarily prevent growth
of microorganisms in stored liquid plasma.
Storage.— Preserve "in tight, light-resistant
containers." N.F.
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Thiopental
OINTMENT.

N.F.

"Thimerosal Ointment contains, in each 100
Gm., not less than 90 mg. and not more than 110
mg. of C9H9HgNaO-2S." N.F.
Melt 80 Gm. of white wax and 30 Gm. of
stearyl alcohol, then add 719 Gm. of melted white
petrolatum and 10 Gm. of cholesterol. Heat the
mixture, while stirring, until uniform, then cool
to 45° and add 150 Gm. of wool fat previously
mixed with a solution of 1 Gm. of thimerosal in
10 ml. of purified water. Stir the mixture until
it congeals. N.F.
Assay. — The mercury in about 200 mg. of
thimerosal ointment is converted to a colored
complex with dithizone, the absorbance of a
chloroform solution of the complex being determined at 490 mn and quantitatively evaluated by
comparison with the color of the same complex
prepared from a known amount of mercury bichloride. N.F.
Uses. — Thimerosal ointment is used as a
wound dressing and general antiseptic.
Storage. — Preserve "in tight containers, preferably in collapsible dispensing tubes." N.F.
THIMEROSAL SOLUTION.
N.F.
"Thimerosal Solution contains, in each 100 ml.,
not less than 95 mg. and not more than 105 mg.
of C9H9HgNa02S. The preparation may be colored with one or more coal tar colors certified by
the Federal Food and Drug Administration for
use in drugs." N.F.
Mix 0.28 Gm. of ethylenediamine solution and
1 Gm. of monoethanolamine with 250 ml. of purified water and dissolve in this solution 8 Gm. of
sodium chloride, 1.4 Gm. of sodium borate, and
1 Gm. of thimerosal; add sufficient purified water
to make the product measure 1000 ml., mix
thoroughly and filter. Caution. — Manufacture and
store Thimerosal Solution in glass or suitably resistant metal containers. N.F.
Description. — "Thimerosal Solution is a clear
liquid having a slight characteristic odor. It is
affected by light. The specific gravity of Thimerosal Solution is not less than 1.004 and not more
than 1.010." N.F. The pH of the solution is required to be between 9.8 and 10.3.
Assay. — A 200-ml. portion of solution is electrolyzed, the mercury being deposited on a platinum gauze electrode, from which it is dissolved
with 30 per cent nitric acid and the resulting solution of mercuric ion is titrated with 0.1 TV ammonium thiocyanate, using ferric ammonium sulfate T.S. as indicator. Each ml. of 0.1 N ammonium thiocyanate represents 20.24 mg. of
C9H9HgNa02S. N.F.
For uses of this solution see under Thimerosal.
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to excessive heat."
N.F.
THIMEROSAL

TINCTURE.

N.F.

"Thimerosal Tincture contains, in each 100 ml.,
not less than 95 mg. and not more than 105 mg.
of C9H9HgNa02S. The preparation may be col-
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ored with one or more coal tar colors certified by
the Federal Food and Drug Administration for
use in drugs." N.F.
Mix 0.28 Gm. of ethylenediamine solution and
1 Gm. of monoethanolamine with 250 ml. of purified water and dissolve in this solution 1 Gm. of
thimerosal; add 525 ml. of alcohol, 100 ml. of
acetone, and sufficient purified water to make the
product measure 1000 ml., mix thoroughly and
filter. Caution. — Manufacture and store Thimerosal Tincture in glass or suitably resistant metal
containers. N.F.
Description. — "Thimerosal Tincture is a
transparent, mobile liquid with the characteristic
odor of alcohol and acetone. It is affected by
light. The specific gravity of Thimerosal Tincture
is not less than 0.9070 and not more than 0.9130."
N.F.
Alcohol Content. — From 47 to 53 per cent,
by volume, of C2H5OH. N.F.
For uses of this preparation see under Thimerosal.
Storage. — Preserve "in tight, light-resistant
containers,
and avoid exposure to excessive heat."
N.F.
THIOPENTAL

SODIUM.

Thiopentone Sodium,

U.S.P.

[Thiopentalum Sodicum]

0

II

CH(CH2)2CH5
0

CH3

fl

I

"Thiopental Sodium contains not less than 97
per cent of CiiHi7N2NaO"2S, calculated on the
dried basis." U.S.P.
The B.P. recognizes a mixture of this substance
with exsiccated sodium carbonate under the title
Thiopentone Sodium; the LP. calls the same mixture Thiopental Sodium with Sodium Carbonate.
These correspond to the Thiopental Sodium for
Injection of the U.S.P. (see the following monograph).

-SO02'

Sodium 5-ethyl-5-(l-methylbutyl)-thiobarbiturate. Pentothal Sodium {Abbott). Sp. Tiopental Sodico.

This thiobarbiturate differs from its oxygen
analog, Pentobarbital Sodium, only in that sulfur
replaces oxygen in the urea component of the
molecule of the latter. It may be prepared in the
same manner as pentobarbital sodium, except that
thiourea is employed instead of urea.
Description. — "Thiopental Sodium occurs as
a yellowish white, hygroscopic powder and has a
disagreeable odor. Its solutions are alkaline to
litmus. Thiopental Sodium is soluble in water and
in alcohol. It is insoluble in absolute ether, in benzene, and in petroleum benzin. Its solution decomposes on standing; and on boiling precipitation
occurs." U.S.P.
Standards and Tests. — Identification. — (1)
A white precipitate of thiopental results when an
excess of diluted hydrochloric acid is added to a
solution of thiopental sodium in water. (2) The
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residue from the ignition of thiopental sodium
responds to tests for sodium and, faintly, for
sulfide. (3) A white precipitate is produced on
adding lead acetate T.S. to a solution of thiopental sodium in sodium hydroxide T.S.; on boiling, the precipitate gradually darkens. Acidification of the mixture releases hydrogen sulfide. (4)
The thiopental obtained in the assay melts between 156° and 159°. Loss on drying. — Not more
than 2 per cent, when dried at 80° for 4 hours.
Heavy metals. — The limit is 20 parts per million.
Free thiopental. — Not over 0.5 per cent of thiopental sodium dissolves in benzene. U.S.P.
Assay. — About 500 mg. of thiopental sodium
is dissolved in water, diluted hydrochloric acid is
added to liberate thiopental, which is extracted
with chloroform and the residue of thiopental
remaining after evaporation of the chloroform
dried to constant weight at 70°. U.S.P.
Uses. — Thiopental sodium has come into wide
use as an intravenous anesthetic. It is administered alone or in combination with other anesthetic agents. Its chief characteristic is its ultrashort action. Werner and Tatum (/. Pharmacol.,
1937, 60, 189) found that the narcosis produced
by it lasted 20 minutes, in contrast to 130 minutes
for the same dose of pentobarbital sodium. It was
introduced clinically by Lundy (Proc. Mayo, 1946,
21, 301; see also Lundy and Adams, Anesth.,
1940, 145, 52). It has proved to be a safe and
satisfactory anesthetic in the hands of experienced
anesthetists (Ruth, J. A.M. A., 1939, 113, 1864;
Phillips, U. S. Nav. M. Bull., 1944, 42, 592;
Hand, Med. Ann. District Columbia, 1945, 14,
496). Its advantages are simplicity of administration, ease of induction and maintenance of
anesthesia, rapid and pleasant induction, precise
control of the level of anesthesia, short and comfortable recovery period and the relative infrequency of postoperative nausea, vomiting and pulmonary complications.
Action. — Thiopental sodium depresses the central nervous system (Etsten and Himwich, Anesth.,
1946, 7, 536). It acts primarily on the cerebral
cortex and secondarily on the midbrain and brain
stem. It has very little effect on the spinal cord.
With rapid injection or large doses, it depresses
the respiratory center. This is best combated by
artificial respiration and inhalation of oxygen and
carbon dioxide. With a depressed respiratory center, the accumulation of carbon dioxide may further depress respiration so that adequate oxygenation is important. However, the presence of a
high oxygen tension may depress other respirator}' reflexes. During induction the heart rate increases but slows again during maintenance of
anesthesia. The blood pressure tends to decrease
during induction but rises again as anesthesia is
continued. It may remain depressed in patients
with hypertension. Volpitto and Marangoni (/.
Lab. Clin. Med., 1938, 23, 575) could not detect
any change in the electrocardiogram in human
beings. However, if oxygen is deficient or carbon
dioxide accumulates for any period of time, serious depression of the cardiovascular system may
result. Peripheral vasodilatation appears about 10
to 15 minutes after anesthesia is started. There
is a rise in skin temperature. Liver function does
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not seem to be depressed (Scheifley, Anesth.,
1946, 7, 263; Heard, ibid., 1944, 5, 448) and it
has been used with less danger than other anesthetics inpatients with hepatitis. However, Booker
(Anesth., 1946, 7, 405; reported disturbance of
the glycogen storage and mobilization function of
the liver. Unlike pentobarbital, thiopental does
not seem to be metabolized predominantly in the
liver; it seems to be destroyed almost completely
and rather rapidly in the body generally rather
than in any one organ. Nephrectomy apparently
does not prolong significantly the duration of
pentothal hypnosis in dogs (Richards et al., J.
Pharmacol., 1953, 108, 474). Brodie et al. (ibid.,
1950, 98, 85) found that only about 0.3 per cent
of a dose of thiopental was excreted as such by
man. They found also that one of the methyl
groups on the side chain of thiopental is oxidized
to a carboxyl group by man, rendering the compound inactive; this inactivation proceeds at a
slower rate than would account for its short duration of action. The evanescent duration of thiopental anesthesia is attributed to its very rapid
rate of distribution into tissue; it is especially
concentrated in body fat. Thiopental seems to
have no effect on renal function and causes no
alteration in urinary output. It causes slight elevation in the blood sugar level in both normal and
diabetic persons; it has been employed in the
latter without ill effect. No other significant
changes in blood chemistry have been reported;
it does not alter coagulation time of the blood.
The tone of smooth muscle is depressed throughout the body. The drug stimulates or sensitizes
the parasympathetic
nervous system to reflex
stimulation (Kohn-Richards and Grimes. Anesth.
Analg., 1940, 19, 31); coughing, sneezing, hiccoughing and spasm of the larynx may occur particularly during induction of anesthesia or as a
result of painful stimuli when the level of anesthesia is insufficiently deep. Tolerance to thiopental-induced hypnosis is reported to develop
rapidlv (Hubbard and Goldbaum, ibid., 1949, 97,
488; Brodie et al, ibid., 1951, 102, 215). However, this tolerance is lost in a few days.
Administration. — Preoperative preparation of
the patient should be that employed for any anesthetic— no food for about 12 hours, an empty
urinary bladder and lower bowel and a good
night's sleep. A dose of 100 to 200 mg. of pentobarbital sodium the night before and 1.5 to 2
hours before the operation is desirable, although
not essential. About 0.5 hour before operation,
from 0.32 to 0.64 mg. of atropine sulfate, with or
without morphine as indicated, should be given
hypodermically. Monheim (Anesth. & Analg.,
1946, 25, 67) and Greene (ibid., 1942, 21, 25)
strongly advocated use of atropine; some physicians have used scopolamine instead. A 2.5 per
cent, or less concentrated, solution of thiopental
sodium is used for intravenous injection. A 5 per
cent solution has been used but it is more dangerous and it may cause thrombosis of the vein because of its alkalinity (Gould, Anesth. & Analg.,
1946, 25, 115). About 500 mg. is conveniently
dissolved in 20 ml. of water for injection. The
solution should be freshly prepared for each injection because solutions are not safe for use
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after standing several hours. Since the drug is
distributed so rapidly in the body, the depth of
anesthesia can be controlled almost as readily as
with inhalation anesthetics. The signs of the several stages and planes of anesthesia are less clearcut than in the case of ether, in part due to the
rapidity of action of this agent. The dose of thiopental sodium must be gauged according to the
response of the patient; it cannot be calculated
according to weight, etc. The care and knowledge
of the anesthetist are the only means to minimize
untoward effects.
To induce anesthesia, an initial dose of 2 to 3
ml. of the 2.5 per cent solution is injected intravenously slowly (about 1 ml. per 10 seconds;
and the patient's response is observed. About 0.5
to 1 minute later a second dose of 2 ml. is injected at the same rate. This dose is repeated at
similar intervals until the desired level of anesthesia is induced. As surgical anesthesia is approached, apnea of a few seconds' duration usually
follows each supplemental dose. The drug should
not be injected during these apneic periods and
the patient's jaw should be supported at these
times and throughout the period of surgical anesthesia. The anesthetist must see to it that the
breathing airway is open at all times. The slower
the injection, the less toxic is this drug and likewise the greater the dose required to produce
anesthesia (Robinson, Am. J. Med. Sc, 1946,
211, 123). Some physicians have employed more
rapid methods of induction but the trend has been
toward slower injection of more dilute solutions.
Solkow and Clements (Anesth. & Analg., 1942,
21, 178) used a continuous intravenous injection
of a 0.5 to 1 per cent solution and controlled the
anesthesia by the speed of administration. A simple and convenient method of administration employing a 20-ml. syringe and a 3-way stopcock
was described by Adams (Anesth. & Analg., 1945,
6, 191). Anesthesia is maintained by supplemental
doses as needed; the needle is left in the vein.
These supplemental doses are usually about 1 or
2 ml. Supplemental doses are indicated by an
increase in the depth, or both depth and rate, of
respiration, by an increase in muscle tone, by
slight movements of the patient or by phonation.
During induction and plane 1 anesthesia (see
under Ether) the pupils are contracted but react
to light, and the eyeball is usually moving slowly;
nystagmus and strabismus may be present. In
planes 2 and 3, the pupil is normal in size and
reacts only sluggishly to light and the eyeball is
fixed in the midline. Muscular relaxation is good
in stage 3 anesthesia except for the muscles of the
pharynx, larynx and abdominal wall. During anesthesia the skin is warm, pink and dry. The pulse
rate is slightly increased to normal and the
blood pressure is slightly decreased (up to 20
mm. of mercury) or unchanged. The rate and
depth of respiration provide the best indication
of the stage of anesthesia. During induction of
anesthesia, respiration is deep and rapid. During
plane 1 anesthesia, respiration is shallow but
normal in rate. In plane 3 anesthesia (deep
surgical anesthesia), respiration is shallow and
slow. Respiratory depression and the resulting
anoxia are the main problems in the use of this
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anesthetic agent. For short periods of anesthesia
and for plane 1 anesthesia, air is satisfactory and
oxygen is not necessary. When more than 15
minutes of anesthesia is necessary and in all cases
requiring plane 3 anesthesia, oxygen inhalation is
important. Oxygen may be administered through
a nasal catheter, a mask or by means of an anesthesia machine. The insertion of an airway is not
necessary unless upper respiratory obstruction
cannot be overcome by other means. The injection of supplemental doses is discontinued just
before the operation is completed. In 10 to 15
minutes the patient regains consciousness, but,
unless aroused, usually falls asleep for several
hours.
Clinical Applications. — Thiopental sodium
has been used for almost all types of surgical or
other painful procedures (see Lundy, and Lundy
and Adams, loc. cit.). It has been employed in
combination with most other anesthetic agents.
In combination, the dose required of each anesthetic agent is less and thereby the untoward
effects of each are less frequent. It is frequently
used for induction of anesthesia and later supplemented or completely replaced by one of the volatile anesthetics (Deutsch and Herzlich, Am. J.
Surg., 1946, 72, 32). It is used in combination
with ether (Hand, loc. cit.), nitrous oxide (McCarthy, Anesth. Analg., 1945, 24, 45), cyclopropane (Hudon, Can. Med. Assoc. J., 1946, 54, 585),
spinal anesthesia with tetracaine (Clark, South.
M. J., 1946, 39, 643), local or regional block infiltration anesthesia with procaine, etc. (McCann,
New Eng. J. Med., 1946, 235, 295; Monheim,
loc. cit.) and curare (Lundy, loc. cit.; Knight,
J. -Lancet, 1946, 66, 323). In these combinations,
it is used to induce anesthesia pleasantly, to alleviate the discomfort of infiltration anesthesia, to
supplement other agents, such as spinal anesthesia, etc., when the action becomes insufficient
before termination of the operation, to combat
nausea, vomiting, restlessness or convulsions
(Belinkoff, Anesth. Analg., 1946, 25, 64) during
or after anesthesia with other agents. It may be
given to patients who are receiving sulfonamide
drugs (Adriani and St. Romain, South. M. J.,
1942, 35, 999). McAllister (Ann. Surg., 1946,
124, 328) reported that thiopental sodium can be
given to patients with paralytic lesions of the
spinal cord without untoward drops in blood pressure. In combination with nitrous oxide, Whitacre
and Sankey (Anesth. Analg., 1943, 22, 99) used
thiopental sodium successfully in patients with
hypertension. Davison and Letton (South. Surg.,
1947, 13, 15) advocated the combination of thiopental sodium with inhalation of oxygen and injection of curare for major abdominal surgery in
preference to spinal, nitrous oxide, cyclopropane
or local anesthesia either alone or in combination.
The use of curare decreased the amount of thiopental sodium required by 19.3 per cent and
obtained adequate muscular relaxation without the
dangers of deep anesthesia.
Thiopental sodium has been employed as the
anesthetic for cesarean section (Thomas and
Godfried, Am. J. Obst. Gyn., 1946, 51, 880),
tonsillectomy (Whyte, Anesth. Analg., 1946, 25,
64), cataract extraction (Reynolds, Minn. Med.,
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1946, 29, 700), wounds of the face and jaw
(Roche, Anesth., 1946, 7, 233), urologic surgery
(Engel et al, J. Urol., 1941, 45, 124), debridement of burns and skin grafting (Bornemeier and
Parsons, Surg. Gynec. Obst., 1946, 82, 311), skull
and brain surgery in combination with local anesthesia (Tinsley, Surgery, 1946, 19, 535), in patients with traumatic or surgical shock (Morgan,
Anesth. Analg., 1943, 22, 81), reduction of fractures (Marcus, New Eng. J: Med., 1940, 222,
137), encephalography (Nicholson and Size, New
Eng. J. Med., 1940, 222, 994), and violent psychoses during or after other anesthetics (Kerr,
Brit. M. J., 1946, 1, 954; Ray and Marshall, Ann.
Surg., 1943, 118, 130). It has been used to control convulsions in tetanus (Hawes, New Zealand
M. J., 1945, 44, 239). Carraway and Davison
(West. J. Surg., 1941, 49, 514) used it for thyroidectomy; for several mornings before operation the same physician gave an intravenous injection of thiamine hydrochloride and on the
morning of operation the intravenous injection
contained the initial dose of thiopental sodium.
With the aid of an airway, Pernworth (Anesth. &
Analg., 1946, 25, 200) used it for oropharyngeal
surgery. Olson (/. Oral Surg., 1943, 1, 197) used
it in extraction of teeth. Because of the tendency
to respiratory depression with thiopental sodium,
many have felt that it is contraindicated in operations on the mouth and upper respiratory tract because of the inherent difficulty in these procedures
of maintaining an unobstructed airway. Laryngospasm secondary to the painful stimuli in an inadequately anesthetized patient has been fatal.
In psychiatric cases, thiopental sodium has been
employed as the sedative agent for "narcosynthesis," i.e., an interview with the patient under
the influence of a depressant of the cerebral cortex. For this purpose, a dose of 250 to 500 mg.
is given slowly intravenously while the patient is
audibly counting backward from 100; injection is
discontinued when counting becomes confused
(Grinker, Bull. N. Y. Acad. Med., 1946, 22, 185).
It has been used to keep an infant quiet while
taking an electroencephalogram (Barnes et al.,
Fed. Proc, 1946, 5, 6) ; thiopental causes rapid
and high voltage waves in the tracing. Gillett
(Brit. M. J., 1944, 1, 505) used it to control mania
in patients with cerebral malaria. Goodfriend et
al. (N. Y. State J. Med., 1952, 52, 2903) used a
slow intravenous infusion in the management of
eclamptic convulsions. A 0.2 to 0.3 per cent solution in 5 per cent dextrose injection was given at
a rate of 20 drops per minute. As the patient responded the concentration was decreased to 0.15
and. even 0.075 per cent. It has been administered
rectally (Gwathmey and Abajian, Anesth. &
Analg., 1943, 22, 228; Migdal et al, Anesth.
& Analg., 1953, 32, 61) ; the dose was about 1 Gm.
(approximately 15 grains) per 20 to 25 kilograms
of body weight (approximately 50 pounds). As a
hypnotic-analgesic during the first stage of labor,
Steel (Lancet, 1939, 2, 251) gave an initial oral
dose of 400 to 600 mg., repeated it in 45 minutes,
and then gave 125 to 250 mg. every 0.5 to 1 hour
as needed. S
Toxicology. — Respiratory depression is the
most difficult problem in the use of this anesthetic
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agent. Oxygen for inhalation should be available
and used (v.s.). The rapidity with which the
patient passes through the several levels of anesthesia with thiopental sodium makes it difficult to
recognize the presence of an excessive dose until
apnea is present. If it is injected in large single
doses or too rapidly, respiratory arrest often results. While respiration is being restored, the brain
rapidly becomes desaturated and a painful stimulus in the operative area often rouses the patient;
the tendency is to administer another large dose
of the drug which again stops respiration. This
not only results in unsatisfactory anesthesia but
the effect of painful stimuli on the inadequately
anesthetized patient may result in laryngeal spasm
or other untoward effects through stimulation of
the autonomic nervous system. Slow induction of
anesthesia and use of small supplemental doses
usually will avoid these difficulties. Good relaxation of the abdominal or pharyngeal muscles cannot be obtained with safe doses of thiopental
sodium alone. If respiratory arrest occurs, injection of the drug should be discontinued, artificial
respiration given with inhalation of about 93 per
cent oxygen and 7 per cent carbon dioxide and, if
necessary, caffeine and sodium benzoate injected.
Pentylenetetrazol (Metrazol) has been recommended as an analeptic agent to counteract thiopental depression. To be effective it must be administered inadequate amounts symptomatically.
However, it should not be pushed to the point of
inducing convulsions (Booker et al., J. Pharmacol.,
1950, 98, 207). Cardiovascular collapse is rare;
Hoenigsberger (Lancet, 1943, 2, 14) resuscitated
such a patient with intracardiac injection of epinephrine. The use of concentrated solutions intravenously, such as a 5 per cent solution, may
result in thrombophlebitis. Intraarterial injection
of the slightest amount of the solution causes
severe burning pain in the periphery of the extremity (Macintosh and Heyworth, Lancet, 1943,
2, 571) and serious effects may result. Urticaria
and a punctate erythematous or purpuric rash
have been reported in rare instances about 24
hours after administration of the drug (Brit. M. J.,
1946, 2, 52, 138 and 209). Schlaepfer (/. Int. Coll.
Surg., 1945, 8, 121) advocated use of an oral dose
of pentobarbital sodium at bedtime the night
before the administration of thiopental sodium as
a test for idiosyncrasy. Solutions should be made
up just before use and not used after they have
been standing for more than a few hours. A total
intravenous dose of 1 Gm. (approximately 15
grains) is the maximum desirable and 2 Gm.
should never be exceeded at a time.
Contraindications. — Thiopental sodium should
not be used in the home or office as an anesthetic
unless facilities for combating respiratory depression are readily available. It is not advocated for
children under 10 years of age (Lundv and Adams,
loc. cit.), although Holly (South. M. /., 1944, 37,
631) found it useful in children if administered
carefully. It is not advocated for operations on
the upper respiratory tract, head or neck where
respiratory obstruction may develop as a result
of the operation. It is contraindicated in patients
with dyspnea or respiratory obstruction. Alone, it
is inadequate for operations requiring complete
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muscular relaxation and it is not advised for procedures requiring more than 30 minutes. It is not
used for extensive intrathoracic procedures. Thiopental sodium is not advisable in the presence of
severe anemia. Caution is required in patients
with severe hypotension or hypertension, myocardial disease, congestive heart failure, sepsis,
severe obesity and all poor anesthetic risks. However, Searles (J.A.M.A., 1942, 118, 117) advocated itfor poor risk cases and Belinkoff (Anesth.,
1946, 7, 268) used it in such cases for minor procedures and for conditions which did not require
muscular relaxation.
Dose. — The usual dose, intravenously, is 2 to
3 ml. of a 2.5 per cent solution, injected in 10
to 15 seconds, and repeated in about 30 seconds as
required. The dose is regulated according to the
response of the patient; solutions ranging from
0.1 to 5 per cent are used. The oral dose is 250
to 500 mg. (approximately 4 to lYz grains).
Storage. — Preserve "in tight containers."
U.S.P.
THIOPENTAL SODIUM FOR
INJECTION.
U.S.P. (B.P.) (LP.)
Sterile Thiopental Sodium
Thiopentone

(U.S.P.
Sodium

XIV), Sterile

"Thiopental Sodium for Injection is a sterile
mixture of thiopental sodium with anhydrous sodium carbonate as a buffer. It contains not less
than 91.7 per cent of CnHi7N2Na02S, calculated
on the dried basis." U.S.P.
The B.P. defines Thiopentone Sodium as a mixture of 100 parts by weight of the mono-sodium
derivative of 5-ethyl-5-(l-methylbutyl)-2-thiobarbituric acid and 6 parts by weight of exsiccated
sodium carbonate; it is required to contain not
less than 84.0 per cent and not more than 87.0 per
cent of C11H18O2N2S, and not less than 10.0 per
cent and not more than 11.0 per cent of Na, both
calculated with reference to the substance dried

Hydrochloride

1423

Storage. — Preserve "in single-dose containers." U.S.P. The B.P. and LP. require storage in
an atmosphere of nitrogen in sealed tubes, or in
evacuated sealed tubes.
Usual Sizes. — 500 mg., 1 Gm., 5 Gm., and
10 Gm. of thiopental sodium.
INJECTION OF
SODIUM.

THIOPENTONE
B.P. (LP.)

Injectio Thiopentoni Sodii

The B.P. defines this injection as a sterile solution of thiopentone sodium in water for injection;
it is prepared by dissolving the contents of a
sealed container in the requisite amount of water
for injection immediately before use. The quantity of C11H18O2N2S in the sealed container is
not less than 74.0 per cent and not more than
96.0 per cent, and the quantity of Na is not less
than 9.0 per cent and not more than 12.0 per cent,
of the labeled quantity of thiopentone sodium.
The LP. Injection of Thiopental Sodium with
Sodium Carbonate is prepared by dissolving the
contents of a sealed container of Thiopental Sodium with Sodium Carbonate for Injection in the
requisite amount of water for injection immediately before use; the LP. cautions that the solution should be used immediately after preparation
as it deteriorates on storage.
THONZYLAMINE

HYDROCHLORIDE. U.S.P.

2-[(2-Dimethylaminoethyl)(p-methoxybenzyl)amino]
pyrimidine Hydrochloride, Thonzylaminium Chloride

KJ

CH30— ^

/-CH2— NCH2CH2Nt(CH3)2

cv

"Thonzylamine Hydrochloride, dried at 105°
for 2 hours, contains not less than 98 per cent of
C16H22N4O.HCI." U.S.P.

to constant weight at 70° at a pressure not exce ding 5mm. of mercury. The LP. title for this
substance is Thiopental Sodium with Sodium Carbonate; the definition and requirements are identical with those of the B.P. except that the calculations are made with reference to the substance

N,N - Dimethyl - N' - (p - methoxybenzyl) - N'- (2 - pyrimidy 1) ethylenediamine Hydrochloride. Neohetramine Hydrochloride
(Nepera) .

dried at 70° for 24 hours. The LP. also recognizes a sterile form of the powder under the title
Thiopental Sodium with Sodium Carbonate for
Injection (Thiopentalum Natricum cum Natrii
Carbonate pro Injectione) ; the B.P. provides
specifications for a sterile powder in its monograph on Injection of Thiopentone Sodium.
Tests. — Completeness of solution. — A solution
of 2 Gm. of thiopental sodium for injection in
approximately 25 ml. of carbon dioxide-free water
is clear. Sterility. — Thiopental sodium for injection meets the requirements under Sterility Tests.
Other tests. — The substance conforms to the description and meets various specifications for
Thiopental Sodium. U.S.P. The B.P. specifies that
on boiling 200 mg. of the substance with sodium
hydroxide solution no ammonia is evolved. The
B.P. limits lead to 10 parts per million.
Uses. — For discussion of uses and dose see
under Thiopental Sodium.

Thonzylamine base, classified as a N-heterocyclic derivative of ethylenediamine, is structurally closely related to pyrilamine, the difference
being that the pyridine unit of pyrilamine has
been replaced by the pyrimidine nucleus (which
contains two nitrogen atoms). Thonzylamine may
be synthesized by the method employed for
pyrilamine, using 2-aminopyrimidine in place of
2-aminopyridine (see under Pyrilamine Maleate).
For a variant of the process see U. S. Patent
2,465,865 (March 29, 1949).
Description. — "Thonzylamine Hydrochloride
occurs as a white, crystalline powder, usually having a faint odor. Its solutions are slightly acid to
litmus, having a pH of about 5 to 6. One Gm. of
Thonzylamine Hydrochloride dissolves in about
1 ml. of water, in 6 ml. of alcohol, and in about
4 ml. of chloroform. It is practically insoluble in
ether and in benzene. Thonzylamine Hydrochloride melts between 173° and 176°." U.S.P.
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Standards and Tests. — Identification. — (1)
A red color is produced when 25 mg. of thonzylamine hydrochloride is dissolved in 5 ml. of
sulfuric acid, the color disappearing when the
solution is diluted with 20 ml. of water, leaving
a turbid solution from which a white or creamcolored precipitate separates in a few minutes.
(2) A 1 in 100,000 solution exhibits an ultraviolet
absorbancy maximum at 241 m\i ± 1 mfi, and
a minimum at 267 m|i ± 2 mn, the absorptivity
(1%, 1 cm.) at 241 m\i is between 720 and 740.
(3) Thonzylamine hydrochloride responds to tests
for chloride. Loss on drying. — Not over 0.5 per
cent, when dried at 105° for 2 hours. Residue on
ignition. — Not over 0.1 per cent. U.S. P.
Assay. — About 400 mg. of thonzylamine hydrochloride, dried at 105° for 2 hours, is assayed
by the nonaqueous titration method described
under Antazoline Hydrochloride. In the assay
thonzylamine hydrochloride functions as a diacidic
base. Each ml. of' 0.1 A* perchloric acid represents
16.14 mg. of C16H22N4O.HCI. US.P.
Uses. — Pharmacological studies by Reinhard
and Scudi (Proc. S. Exp. Biol. Med., 1947, 66,
512), Drever and Harwood (ibid., 1947, 66, 515),
Scudi et al. (J. Allergy, 1948, 19, 184) and Dreyer
(Ann. Allergy, 1950, 8, 229) have demonstrated
this compound to have active antihistaminic and
antianaphylactic properties, with less toxicity than
with many other antihistamines. Studies on isolated mucous membrane from the respiratory
tract of the rat showed that thonzylamine was
less toxic to ciliarv action than tripelennamine
(Scudi et al, J. Pharmacol, 1951, 102, 132).
Thonzylamine ranked twelfth in order of effectiveness of 13 antihistaminics tested by Sternberg
et al. (J.A.M.A., 1950, 142, 969) for ability to
raise the histamine whealing threshold in man.
Thonzylamine also possesses a mild atropine-like
and local anesthetic effect, but it does not alter
the action of epinephrine. It does not interfere
with the motor response to posterior pituitary
extract in the excised human uterus (Dreyer and
Slavin. /. A. M. Women's A., 1954, 9, 35).
Clinical efficacy of the compound in allergic
disorders has been reported by Friedlaender and
Friedlaender (/. Lab. Clin. Med., 1948, 33, 865),
Bernstein and Feinberg (/. Allergy, 1948, 19,
393). Criep and Aaron (ibid., 1948. 19, 215),
Waldbot and Borden (Ann. Allergy, 1948. 6, 305),
Schwartz and Reicher (ibid., 1949, 7, 320) and
others. In their review, Loveless and Dworin
(Bull. N. Y. Acad. Med., 1949, 25, 473) reported
relief in 52 per cent of 624 cases treated with this
antihistaminic; the incidence of untoward side
effects, 13 per cent, was the lowest in the group
of 11 antihistaminic agents surveyed in this report. Schwartz (Ann. Allergy, 1949. 5, 770) confirmed the minimal incidence of side effects when
this drug is used in therapeutically effective doses.
"Colds." — Arminio and Sweet (Ind. Med.,
1949, 18, 509) used thonzylamine in their study
of the effect of an antihistaminic agent on the
common cold, the investigation being undertaken
in a prison and in a boarding school. The average duration of cold symptoms in patients treated
during the first phase of the cold was 1.2 days,

in the second phase 2.8 days, and in the third
phase 5.1 days; the average duration in cases
treated with a placebo was 6.2, 5.8 and 5.3 days,
respectively, in the three phases. Daily prophylactic use of thonzylamine resulted in a marked
decrease in incidence of colds, with a negligible
incidence of side effects. Tebrock and Mitchell
(ibid., 1950, 19, 39) confirmed the findings in a
large industrial plant but in a "blind placebo"
study with four groups of patients on thonzylamine, pyrilamine, prophenpyridamine or lactose
tablets Lowell et al. (New Eng. J. Med., 1951,
244, 132) found no significant differences in the
response of the four groups. The dose of thonzylamine was 50 mg., followed by 25 mg. every
4 hours.
Tuberculosis. — Judd and Henderson (Ann.
Allergy, 1949, 7, 306) administered doses of 300
to 500 mg. daily for many weeks to patients with
acute exudative tuberculosis with benefit and without toxic effects. Studies of animal infection with
tuberculosis, by Duca and Scudi (ibid., 1949, 7,
318) suggested that it suppressed the hypersensitivity reaction; however, it did not potentiate the action of streptomycin in guinea pig
tuberculosis (Proc. S. Exp. Biol Med., 1951, 77,
641). Although Judd and Henderson reported decreased intensity of the tuberculin test in their
patients during treatment with large doses, Criep
et al (Am. Rev. Tuberc, 1949. 59, 701) found no
effect on the tuberculin reaction in individuals
with less acute tuberculosis, and Dammin and
Bukantz (J.A.M.A., 1949, 139, 358) found no
demonstrable effect on antibody production.
Arthus phenomenon, or the vascular lesions of
hypersensitivity.
Thonzylamine is capable of absorbing the burnproducing component of ultraviolet radiation.
Toxicology. — Untoward effects similar to
those reported for other antihistaminic agents
have been observed with thonzylamine. but much
less frequently. Quantitative studies in comparison with phenobarbital. by Landis and Zubin
(/. Lab. Clin. Med., 1951, 38, 873), showed no
evidence of sedation with a dose of 150 mg. of
thonzylamine.
Dose. — The usual dose is 50 mg. (approximately 24grain) up to 4 times daily, by mouth;
the range of dose is 25 to 100 mg. For children the
dose is 25 to 50 mg. A syrup containing 25 mg.
per 4 ml. is available, also a 2 per cent cream prepared with a water-miscible base.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
THONZYLAMINE
HYDROCHLORIDE TABLETS.
U.S.P.
"Thonzylamine Hydrochloride Tablets contain
not less than 93 per cent and not more than 107
per cent of the labeled amount of C16H22N4O.HC1." U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for thonzylamine hydrochloride being substituted.
Usual Sizes.— 25, 50 and 100 mg.
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THROMBIN.

U.S.P. (B.P.)

[Thrombium]

"Thrombin is a sterile protein substance prepared from prothrombin of bovine origin through
interaction with added thromboplastin in the presence of calcium. It is capable, without the addition of other substances, of causing the clotting
of whole blood, plasma, or a solution of fibrinoU.S.P.gen. It may contain a suitable antibacterial agent."
The B.P. defines Human Thrombin as the
enzyme which converts human fibrinogen into
fibrin. It is obtained from human plasma by precipitation with suitable salts and organic solvents
under controlled conditions of pH, ionic concentration, and temperature; the prothrombin of the
plasma is converted in solution to thrombin by
addition of calcium ions and of thromboplastin.
The solution is clarified by filtration and dried
from the frozen state. The product is required to
contain not less than 10 clotting doses per mg. B.P.
For information concerning production of purified thrombin from bovine plasma see Seegers and
McGinty (/. Biol. Chem., 1942, 146, 511); beef
protein is not recognizable in the product.
B.P. Human

Thrombin.

Description. — "Thrombin is a white or grayish, amorphous substance dried from the frozen
state." U.S.P.
Standards and Tests. — Loss on drying. — Not
over 3 per cent, when dried at room temperature
over phosphorus pentoxide at a pressure of not
more than 1 mm. of mercury to constant weight.
Other requirements. — Thrombin complies with the
solubility, safety, sterility, and potency tests and
other requirements of the National Institutes of
Health, including the release of each lot individually before its distribution. U.S.P.
Uses. — Thrombin is used alone or in combination with fibrin foam (q.v.) topically as a hemostatic for capillary bleeding and as a tissue "glue."
Thrombin reacts with fibrinogen in solution and
in whole blood or plasma to form a fibrin clot ; in
the presence of plasma it forms a fibrin clot which
"glues" tissues together in the obliteration of
"dead space" after surgical excision of tissue and
in facilitating the adherence of skin grafts. Potency isstandardized in units; 1 unit is the amount
required to clot 1 ml. of a standard fibrinogen
solution (formulated by the National Institutes
of Health) in 15 seconds.
Thrombin will not stop hemorrhage from a
spurting artery; all accessible bleeding points must
be ligated surgically. It is useful for topical application to areas of capillary oozing. It is never
injected into tissues or intravenously. For most
effective use of thrombin in hemostasis it should
be applied with a matrix which can hold the
thrombin in contact with the bleeding area until
clotting is completed. Such a matrix material was
developed from the interaction of human fibrinogen and thrombin to form what is known as fibrin
foam (q.v.). This is most effective when applied
with moderate pressure to stop the active flow of
blood until coagulation of blood in capillary de-
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fects can occur. In general surgery fibrin foam
saturated with thrombin solution is very useful,
particularly in those tissues in which ligatures are
not effective, as in the brain, bones, etc. (Bailey
et al., Surgery, 1945, 18, 347). Its value in obliteration of axillary "dead space" after radical mastectomy has been reported by Young and Favata
(War. Med., 1944, 6, 80), while Straith and McEvitt (Occupational Med., 1946, 1, 451) reported
good results in plastic surgical procedures. In the
presence of plasma, thrombin solution facilitates
adherence of split-thickness or pinch skin grafts
(Tidrick et al., Surgery, 1944, 15, 90; Clark et al.,
Lancet, 1945, 1, 498).
Thrombin solution has been used as a spray for
epistaxis and after tonsillectomy (McGovern,
Virginia Med. Month., 1946, 73, 23). Bleeding
after transurethral prostatectomy has been minimized by instillation of the solution (O'Connor,
/. Urol., 1945, 53, 584; Boyd, ibid., 54, 385).
Oral administration of thrombin solution has not
been very effective in massive bleeding from the
upper gastrointestinal tract unless the high acidity
of the stomach can be neutralized. Daly et al.
(Ann. Surg., 1949, 129, 832) administered for this
purpose 10,000 units of thrombin, dissolved in
50 ml. of a phosphate buffer solution, by stomach
tube after the gastric contents had been removed
and 50 ml. of the phosphate buffer (without
thrombin) had been present in the stomach for
half an hour. McClure (Surgery, 1952, 36, 630)
used 1 Gm. of absorbable gelatin sponge mixed
with 500 units of thrombin in 50 ml. of phosphate
buffer solution every 2 hours, alternating with
200 ml. of aluminum hydroxide gel every 2 hours
on the alternate hour, with benefit.
Thrombin must not be injected; intravenous
administration will cause intravascular coagulation
and embolism. Homologous serum hepatitis has
been traced to a preparation of human thrombin
employed as a hemostatic in neurosurgical procedures (Porter et al., J.A.M.A., 1953, 153, 17).
For this reason thrombin derived from bovine
plasma is preferred.
The usual amount of thrombin used is 1000
units, applied topically as a powder or as an
aqueous solution containing 1000 units per ml.
Solutions must be prepared just before use. A
concentration of 2000 units per ml. is used for
capillary oozing. To facilitate adherence of skin
grafts from 25 to 1000 units per ml. are employed.
Labeling. — "The package label bears the name
Thrombin; the potency expressed in N.I.H. units;
a statement of the animal source; the lot number;
the expiration date, which is not more than 3 years
after date of manufacture or date of issue; and
the manufacturer's name, license number, and
address." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense itin the unopened container in which it was
placed by the manufacturer." U.S.P.
THYME.
N.F.
Common

Thyme,

Garden

Thyme,

[Thymus]

"Thyme consists of the dried leaf and flowering
top of Thymus vulgaris Linne (Fam. Labiates).
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Thyme yields not less than 1.5 ml. of volatile
thyme oil from each 100 Gm. of drug." N.F.
Fr. Thym; Plante fleurie de thym. Ger. Thymian; Gartenthymian. It. Timo.

The thyme is a small shrub growing to a height
of about a foot, with ascending, grayish-brown to
purplish branches and oblong-lanceolate, grayishgreen leaves; the pale purple flowers are strongly
bilabiate and arranged in dense cymes, both axillary and terminal. The plant is a native of southcentral Europe and is widely cultivated in France,
Germany, Spain, and the United States.
The entire plant is aromatic, and yields a volatile oil, which is described in tie following
monograph.
"Unground Thyme occurs as quadrangular
stems, about 0.5 mm. in diameter, dusky purplish
red to dusky yellow-green in color, pubescent,
with nodes up to 20 mm. apart, and occasionally
with the opposite' leaves attached. The leaves are
linear, linear-lanceolate, ovate, or oblong, up to
6 mm. in length and from 0.5 to 2 mm. in width;
have an acute summit and an obtuse base, tapering into a short petiole. The margin is revolute.
The upper surface is light gray or light brownish
gray to weak olive-green, puberulent, with numerous hairs; and the lower surface is paler, pubescent, showing numerous non-glandular and glandular hairs. The inflorescence consists of axillary
whorls each with about 12 flowers. The flowers
are polygamous; the calyx tubular, about 4 mm.
in length, ovoid or slightly curved on the lower
side near the base, up to 12 -nerved, pubescent,
the throat being bearded, bilabiate, the upper lip
3-toothed, and the lower lip having 2 hairy, ascending attenuate divisions. The corolla is about
twice as long as the calyx, smooth within, slightly
pubescent without, the upper lip emarginate, the
lower spreading, and 3-lobed. The stamens are
slightly didynamous and exserted and the stigma
is bifid. The nutlets are about 0.5 mm. in diameter, spheroidal, and finely tuberculate. Thyme
has an agreeable odor and an aromatic and warming taste." N.F. For histology see N.F. X.
"Powdered Thyme is pale brown to dusky yellow-gre n. Itshows numerous glandular and nonglandular hairs as described under Histology;
fragments of leaf showing chlorenchyma, vascular
tissues, and epidermis; occasional fibers with
thick, lignified walls and simple pits; and nearly
spherical
pollen grains about 20|.i in diameter."
N.F.
Standards and Tests. — Stems. — Not more
than 3 per cent more than 1 mm. in diameter.
Foreign organic matter. — Not more than 2 per
cent, other than stems. Acid-insoluble ash. — Not
more than 4 per cent. N.F.
Assay. — The volatile oil in 100 Gm. of drug
is separated by steam distillation and its volume
measured. N.F.
Adulterants. — The chief adulterants of thyme
have been leaves and flowering tops of Origanum
creticum or "Spanish hops" and of O. Dictamnus
or "Cretan dittany." The former may be detected
by the yellowish-brown stems, palmately 5-veined.
ovate leaves, papillated nutlets and oil containing
carvacrol; the latter by the elliptical, densely

hairy leaves and volatile oil containing pulegone.
Uses. — The N.F. places thyme in the category
of a flavor. Whatever utility it has, therapeutically
or as a flavor, is probably entirely contributed by
the oil it contains. Thyme has been employed in
some proprietary preparations for treatment of
bronchitis and whooping cough.
THYME

OIL.

N.F.

Oleum Thymi

"Thyme Oil is a volatile oil distilled from the
flowering plant of Thymus vulgaris Linne or
Thymus Zygis Linne and its var. gracilis Boissier
(Fam. Labiatce). Thyme Oil yields not less than
40 per cent, by volume, of phenols." N.F.

Oleum Thymi ^Ethereum; Essentia Thymi. Fr. Essence
de thym. Ger. Thymianbl. It. Essenza di timo. Sp. Esencia
de tomillo.

The herbaceous portion of thyme, which should
be gathered when the plant is in flower, has a
characteristic, strong, aromatic, agreeable odor,
not lost on drying, and a pungent, aromatic
camphoraceous taste. The dried herb yields on
distillation 0.7 to 2.6 per cent of volatile oil, the
content depending upon the condition of the plant
material. Youngken and Feldman (Bull. N.F.
Com., 1940, 9, 70) found the leaves and tops of
Thymus vulgaris to average 2 per cent, the stems
1.02 per cent of volatile oil.
Thymus Zygis differs from T. vulgaris by possessing larger bracts and white flowers which are
borne on interrupted spikes. It grows profusely
in southern Spain. Most of the thyme oil entering
this country is produced in the provinces of
Murcia and Almeria and in the highlands of Andalusia. The thyme is gathered during the flowering
period from wild plants only for distillation of
the oil. In Spain, portable field stills are employed.
The oil, as prepared in Spain and Morocco, is,
after one distillation, of a yellowish red or reddish brown color, caused by the action of the
phenols present in the oil on the iron condensers
of the field stills, and called the "red oil," but
when again distilled is colorless, and in this condition is distinguished as the "white oil"; this
colorless oil, however, usually reddens again upon
prolonged storing, especially in metal containers.
For a detailed account of Spanish thyme oils
and their physico-chemical properties see Guenther, Am. Perfumer, June 1945 to Apr. 1946
inclusive.
During 1952 importations of thyme oil amounted
to 4193 pounds, coming from Spain and France.
Description. — "Thyme Oil is a colorless, yellow, or red liquid with a characteristic, pleasant
odor, and a pungent, persistent taste. It is affected
by light. Thyme Oil dissolves in 2 volumes of
80 per cent alcohol." N.F.
Standards and Tests. — Specific gravity. —
Not less than 0.910 and not more than 0.935.
Optical rotation. — The oil is slightly levorotatory,
but the angle of rotation in a 100-mm. tube at
25° does not exceed —3°. Refractive index. — Not
less than 1.4950 and not more than 1.5050, at 20°.
Water-soluble phenols. — The filtered aqueous
phase separated from 1 ml. of thyme oil shaken
with 10 ml. of hot distilled water is not colored
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even a transient blue or violet by 1 drop of ferric
chloride T.S. N.F.
Assay. — Thyme oil is analyzed in the same
manner as Clove Oil. The volume of residual
liquid from 10 ml. of thyme oil should not exceed
6 ml., indicating the presence of not less than 40
per cent, by volume, of phenols. N.F.
Constituents. — The more volatile portion of
the oil, distilling below 180°, is a mixture of
cymene and pinene. The less volatile and most
valuable portion is chiefly thymol, and normally
constitutes from 20 to 30 per cent of the oil (see
Thymol). Carvacrol, isomeric with thymol, is also
present, at times replacing part or all of the
thymol. Linalool and bornyl acetate have also
been found in small amount. Other constituents
in thyme oil are thymene (identical with laevoalphapinene), and menthene.
The oil is commonly adulterated with terpenes
or the product called "thymene," the latter a byproduct inthe manufacture of thymol from ajowan
oil, synthetic carvacrol being added to reconstitute the phenol content.
Uses. — Thyme oil, a strongly germicidal substance, isused for such effect in many oral preparations, such as gargles and mouth washes. It has
been used in various formulations for the treatment of bronchitis and whooping-cough. As with
many volatile oils, it possesses carminative action.
According to Camperdon, doses of 0.2 to 1 ml.
(approximately 3 to 15 minims) . cause mental
excitement; the oil may be employed for its stimulant effect in collapse. Thyme oil is sometimes
used for its rubefacient and counterirritant effects
in liniment formulations.
Thyme oil is also used for scenting soaps, and
sometimes employed for flavoring food products.
Dose, 0.06 to 0.3 ml. (approximately 1 to 5
minims) .
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — Compound Ephedrine Spray; N.F.
Antiseptic Solution, N.F.
THYMOL.

N.F., B.P.

[Thymol]
OH

The B.P. defines thymol as a crystalline phenol
which may be prepared synthetically, or obtained
from the volatile oils of Thymus vulgaris L., of
Monarda punctata L., and of Trachyspermum
ammi (L.) Sprague.
Thyme Camphor; Thymic Acid; £-Isopropyl-ro-cresol;
l-Methyl-3-hydroxy-4-isopropylbenzene; 5-Methyl-2-isopropylphenol. Thymolum. Fr. Thymol ; Camphre de thym. Ger.
Thymol. It. Timolo. Sp. Timol; Acido timico; Alcohol
timolico.

Thymol may be obtained from the volatile
oils of several plants, including Monarda didyma
Linn., M. punctata Linn., Thymus zygis Linn. var.
gracilis Boiss., Trachyspermum Ammi {Ajowan
Oil), Mosula Japonica and Carum copticum Benth.
et Hook, filius. It may be partly separated from
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the oils by prolonged refrigeration. Better yields
are obtained by a process in which the greater
portion of the hydrocarbons in the oil is first distilled off, and the residue treated with sodium
hydroxide solution to form a water soluble derivative ofthymol, which is a phenolic compound.
The nonphenolic portion of the oil rises to the surface. Thymol is liberated from the sodium hydroxide solution by acidification.
Thymol may be synthesized by a process involving the interaction of meta-cvesol and isopropyl chloride (U. S. Patent 2,286,953); it may
also be made from cymene.
Description. — "Thymol occurs as colorless
crystals, often large, or as a white, crystalline
powder. It has an aromatic, thyme-like odor and
a pungent taste. It is affected by light. Thymol
has a greater density than water, but when liquefied by fusion it is lighter than water. Its alcohol
solution is neutral to litmus. One Gm. of Thymol
dissolves in about 1000 ml. of water, in 1 ml. of
alcohol, in 1 ml. of chloroform, in 1.5 ml. of ether,
and in about 2 ml. of olive oil. It is solubule in
glacial acetic acid and in fixed or volatile oils.
Thymol melts between 48° and 51°, but when
melted remains liquid at a considerably lower
temperature." N.F.
Meldrum (Chem. News, 111, 193) attempted
to reconcile the conflicting melting points which
have been ascribed to thymol and stated that the
variations and wide range recorded are due to
supercooling. He gives the correct solidifying
point at 48.2° to 49.2°.
Standards and Tests. — Identification. — (1)
When triturated with about an equal weight of
camphor or menthol, thymol is liquefied. (2) A
deep bluish green color, when viewed by reflected
light, is produced when a very small crystal of
thymol is dissolved in 1 ml. of glacial acetic acid
and 6 drops of sulfuric acid and 1 drop of nitric
acid are added. (3) On dissolving 1 Gm. of thymol
in 5 ml. of a 10 per cent solution of sodium hydroxide, with the aid of heat, a clear, colorless, or
pale red solution is formed, becoming darker on
standing. On adding a few drops of chloroform
to this solution and agitating the mixture, a violet
color is produced. Non-volatile matter. — Not over
0.05 per cent of non-volatile residue is obtained
on drying to constant weight at 100°." N.F.
Incompatibilities. — Thymol produces a liquid
or a soft mass when rubbed with camphor, chloral
hydrate, menthol, acetanilid, phenol, salol, and
some other substances.
Uses. — Thymol was introduced as a disinfectant for about the same purposes for which phenol
is employed. The advantage claimed for it was a
more agreeable odor. In the absence of organic
matter it is undoubtedly a much more powerful
bactericide than phenol; Miller (Am. J. Pharm.,
1931, 103, 324) found its phenol coefficient by
the Hygienic Laboratory method to be 27.6, but
in the presence of large amounts of proteins its
activity is greatly reduced. Because of this latter
fact and the strong irritant properties of thymol
it is of little value as a bactericide for wounds or
mucous membranes. On the skin, however, where
its local irritant effects are less obstructive, it can
be used with benefit.
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Antimycotic. — Kingery and Adkisson (Arch.
Dermat. Syph., 1928, 17, 499) found thymol
strongly fungicidal and useful in a variety of
fungus infections of the skin (see Wise and Wolf,
J. A.M. A., 1936, 107, 1126). In the treatment of
epidermophytosis, it is used in solution, ointment
or dusting powder. One per cent of thymol may
be incorporated in an alcoholic solution containing 3 per cent of salicylic acid as a keratolytic
agent. A dusting powder may be made of 2 per
cent thymol, 35 per cent boric acid, and equal
parts of talc, zinc oxide and zinc stearate. One or
2 per cent of thymol may be included in Whitfield's ointment.
A solution prepared from 10 Gm. of thymol,
4 Gm. of mercury bichloride, 200 ml. of ether and
400 ml. of benzene, when painted on book bindings, prevented the growth of mold in warm, moist
climates (Hetherington, Science, 1945, 101, 223).
Thymol has been added to various aqueous solution for this purpose.
Thymol may be used both locally and systemically in the treatment of actinomycosis (Myers,
J.A.M.A., 1937, 108, 1S75). The oral dose is 1 to
2 Gm., given in divided doses, in courses of 2 of
each 3 days. In treating skin lesions, the sinuses
are opened and filled with 10 per cent of thymol
in olive oil. The drug is said to be useful also in
the treatment of blastomycosis, moniliasis and
coccidioidal infections.
Anthelmintic. — Internally, thymol has been
used for its antiseptic action in the stomach and
intestines. It has a burning taste and causes a
sensation of warmth in the upper abdomen. It
stimulates peristalsis and may cause diarrheal
stools. It is absorbed from the intestine and about
50 per cent is excreted in the urine as the glucuronate or sulfate. The urine is green and turns
black on standing due to formation of thymolhydroxyquinone. Thymol was formerly a popular
vermifuge, especially against hookworm, but it
must be given in such large doses that there is
grave danger of serious, or even fatal, poisoning.
For this reason its use as an anthelmintic has
greatly decreased in recent years. A saline cathartic must be given the night before and the night
after the thymol, and fat and whisky must be
avoided before and after its use (Barnes. J. A.M. A.,
1922, 79, 96). It may be mixed with lactose and
given in capsules, [v]
Toxicology. — The symptoms of thymol poisoning are nausea, vomiting, headache, ringing in
the ears, dizziness, muscular weakness, albuminuria, thready pulse, slow respiration, and fall of
body temperature. The heart is depressed by
clinical doses. For treatment see under Phenol.
The usual oral dose, as an anthelmintic, is 2
Gm. (approximately 30 grains) divided into 3
portions and given at intervals of 1 to 2 hours.
Topically. 1 or 2 per cent (rarely 10 per cent in
oil) is used in dusting powders, alcoholic solutions
or ointments.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
Off. Prep. — N.F. Antiseptic Solution: Alkaline
Aromatic Solution: Compound Zinc Sulfate Powder, N.F.; Kaolin Poultice. B.P.

THYMOL

IODIDE.

N.F.

[Thymolis Iodidum]

"Thymol Iodide is a mixture of iodine derivatives of thymol, principally dithymol diiodide
[C6H2(CH'3)
(C3H7)-l,3,4j2,
containing,
when
dried over(OI)
sulfuric
acid for 4 hours,
not less
than 43 per cent of I." N.F.
Aristol (H'inthrop). Diiododithymolum; Thymolum Jodatum.
Fr. Dithymol-di-iode. Get. Dithymoljodid. $p. Voduro
de timol.

Dithymol diiodide, the principal constituent of
thymol iodide, is the product of the condensation
of 2 molecules of thymol and the substitution of
the hydrogen in the hydroxyl group in each by
iodine. The official product is prepared by the
interaction of a solution of iodine in potassium
iodide and an alkaline solution of thymol. For
details of manufacturing processes, see U.S.D.,
22nd ed., p. 1109.
Description. — "Thymol Iodide occurs as a
reddish brown or reddish yellow, bulky powder,
with a very slight, aromatic odor. It is affected by
light. Thymol Iodide is freely soluble in chloroform, in ether, in collodion, and in fixed and volatile oils, usually leaving a slight residue. It is
slightly soluble in alcohol. Thymol Iodide is insoluble inwater and in glycerin, and in cold and in
hot solutions of the fixed alkali hydroxides." N.F.
Standards and Tests. — Identification. — When
heated with sulfuric acid, thymol iodide is decomposed with separation of iodine. Loss on drying. —
Not over 2 per cent, when dried over sulfuric acid
for 4 hours. Residue on ignition. — Not over 1.5
per cent. Soluble halides. — A saturated solution
representing 100 mg. of thymol iodide produces
with silver nitrate no greater turbidity than that
in a control test containing 2 mg. of potassium
iodide. Alkalies, free iodine. — The filtrate separated from a mixture of 500 mg. of thymol iodide
with 10 ml. of water is not alkaline to litmus
paper (alkalies) and is not colored blue upon the
addition of a few drops of starch T.S. (free
iodine). N.F.
Assay. — About 2 50 mg. of dried thymol iodide
is heated with anhydrous potassium carbonate in
a platinum crucible until the mass is completely
carbonized. The mass is extracted with boiling distilled water and the iodide in the resulting alkaline
solution is oxidized with potassium permanganate
to iodate. After reducing the excess permanganate
with alcohol the mixture is filtered to remove the
hydrated manganese dioxide and to a one-half
aliquot of the filtrate is added potassium iodide
which, on acidifying the mixture, reacts with the
iodate to liberate 6 atoms of iodine for every
atom of the halogen originally present in thymol
iodide; the iodine is titrated with 0.1 N sodium
thiosulfate. Each ml. of 0.1 N sodium thiosulfate
represents 2.115 mg. of I. N.F.
Uses. — Thymol iodide is used, like iodoform,
as a nontoxic and nonirritant dusting powder for
wounds; the former substance is comparatively
odorless. According to Shamberg and Kolmer
(J.A.M.A., 1914, 14, 1950) it restrains growth of
Staphylococcus aureus at a concentration level of
0.5 per cent.
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Formerly used as a dusting powder (undiluted
or mixed with 1 to 3 parts of talc) in the treatment of various skin diseases, such use of thymol
iodide is now of no significant value in dermatologic treatment. Daxenberger (Heilkunde, 1908)
recommended application of a 10 per cent solution in olive oil as a local application in atrophic
rhinitis, in fissure in ano, and also in other skin
diseases. Ointments containing 2 to 10 per cent
of thymol iodide have been variously employed.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
THYROID.
U.S.P., B.P., LP.
[Thyroideum]

"Thyroid is the cleaned, dried, and powdered
thyroid gland previously deprived of connective
tissue and fat. It is obtained from domesticated
animals that are used for food by man. Thyroid
contains not less than 0.17 per cent and not more
than 0.23 per cent of iodine (I) in thyroid combination, and is free from iodine in inorganic or
any form of combination other than that peculiar
to the thyroid gland. A desiccated thyroid of a
higher iodine content may be brought to this
standard by admixture with a desiccated thyroid
of a lower iodine content or with lactose, sodium
chloride, starch, or sucrose." U.S.P.
The B.P. states that thyroid is prepared from
the thyroid gland of oxen, sheep or pigs, and that
it contains 0.1 per cent of iodine in combination
as thyroxine (limits 0.09 to 0.10). The definition
indicates that thyroid is prepared by removing the
connective tissue and external fat from the thyroid glands, drying the glands at a temperature
not exceeding 60°, powdering, removing fat by extracting with light petroleum (boiling in the range
of 50° to 60°), and drying the residue. After determining the proportion of iodine in combination
as thyroxine, the residue is mixed with sufficient
lactose to produce a powder of the required
strength.
The LP. requires not less than 0.2 per cent of
organically combined iodine and not less than
0.045 per cent and not more than 0.05S per cent
of thyroxinic iodine.
I. P. Thyroidea. Dried Thyroid; Desiccated Thyroid;
Thyroid Powder. Thyroideum Siccum; Pulvis Glandulae
Thyroidae; Glandulae Thyroideas Siccatae. Fr. Poudre de
glande thyrolde. Ger. Getrocknete Schilddrusen. It. Tiroide.
Sp. Tiroides ; Tiroides desecada.

The thyroid body is a glandular structure found
in all mammals, located in the front of the neck.
It consists of two oval lobes usually connected
by an "isthmus" and differs considerably in size
even in animals of the same species. The human
thyroid averages from 30 to 40 Gm. in weight, but
in the condition known as goiter sometimes forms
a huge tumor. The gland secretes a substance necessary for the health of the animal, which is
poured directly into the blood vessels with which
it is richly supplied. Its use as a medicine is because of the secretion retained in it.
Description. — "Thyroid occurs as a yellowish
to buff-colored, amorphous powder, having a
slight, characteristic, meat-like odor and a saline
taste." U.S.P.
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Standards and Tests. — Identification. — This
consists of a description of microscopical characteristics (see U.S.P. XV). Water. — Not over 6
per cent, as determined by distillation with toluene.
Inorganic iodides. — An extract of thyroid with
saturated solution of zinc sulfate is treated with
sodium nitrite and sulfuric acid whereupon no
blue color should be produced with starch T.S.
U.S.P.
Assay. — A 1-Gm. portion of thyroid is ignited
with anhydrous potassium carbonate at 675° to
700° in a muffle furnace, which converts the iodine
in thyroid combination to iodide. The residue is
extracted with hot water and the iodide in the
solution oxidized to iodate with bromine T.S.
After acidifying the solution with phosphoric acid
the excess of bromine is volatilized by heating,
using starch iodide paper as a test for expulsion
of the halogen. A small amount of phenol is added
to react with traces of bromine which may remain
in the solution. Potassium iodide is then added
to react with iodate to liberate 6 atoms of iodine
for each atom originally present in the thyroid
sample. The halogen is titrated with 0.01 N sodium thiosulfate. A reagent blank test is performed. Each ml. of 0.01 N sodium thiosulfate
represents 0.2115 mg. of iodine. U.S.P.
In the B.P. assay 10 Gm. of thyroid is boiled
with 1 N sodium hydroxide under a reflux condenser for 4 hours, the mixture is filtered and the
filtrate diluted to 500 ml. A 50-ml. aliquot is
acidified with 1 N sulfuric acid to pH 3.5; after
18 hours the resulting precipitate containing the
thyroxin is filtered off (diiodo tyrosine remains in
solution), the filter paper and contents transferred
to a nickel crucible, the precipitate sprinkled with
a little anhydrous sodium carbonate and dried at
110°. The paper is then crumpled up and embedded completely in anhydrous sodium carbonate. The crucible with contents is inverted
into a larger one and the junction between the two
sealed with sodium carbonate; heat is applied
from a Bunsen burner until the outer crucible is
at a uniform dull red heat. Following extraction of
the fusion mixture with boiling water, the resulting solution is acidified slightly with sulfuric acid,
bromine is added as an oxidant and the solution
boiled briskly for 10 minutes in the presence of a
small piece of marble. A solution of phenol in
glacial acetic acid is added to react with excess
bromine, after which potassium iodide is added
and the solution titrated with 0.005 N solution of
sodium thiosulfate. The method described is a
modification of that suggested by Middleton
(Analyst, 1932, 57, 603).
The LP. provides two assays (see the rubric
above) based on principles utilized in the U.S.P.
and B.P. assays but varying in details of procedure.
For other methods of chemical assay of thyroid
see Hilty and Wilson (Ind. Eng. Chem., Anal.
Ed., 1939, 11, 637), Brand and Kassell (J. Biol.
Chem., 1939, 131, 489) and Nicklaus and Tippett (/. A. Ph. A., 1940, 29, 124).
It is questionable whether any assay process
for the proportion of organically combined iodine,
such as that of the U.S.P., measures the efficacy of
thyroid as a therapeutic agent. Although most of
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the iodine is in the form of thyroxin there is present also in thyroid an appreciable but varying
proportion of diiodotyrosine, which is perhaps a
precursor in the biological synthesis of thyroxin
(.Harington and Salter, Biochem. J., 1930, 24,
456) ; several investigators showed that there is
no strict parallelism between the activity of thyroid preparations and the iodine content (see Sole,
Deutsche med. Wchnschr., 1928, 54, 2038). Therefore, the chemical assay has not entirely obviated
the desirability of a biological standardization.
Three methods for bioassay have been suggested:
(1) Based upon the metamorphosis of tadpoles
(see Wokes, Quart. J. P., 1938, 11, 521); (2) the
increase of metabolic rate in guinea pigs or rabbits; (3) alterations in the susceptibility of mice
to poisoning by acetonitrile as suggested by Reid
Hunt in 1910. The last method was recommended
by the Hygiene Committee of the League of Nations (see Knaffl-Lenz, Arch. exp. Path. Pharm.,
1928, 135, 259). A review of biological methods
of assaying thyroid was prepared by Hamilton
(Ohio State M. J., 1940, 36, 286).
Constituents. — The attempt to isolate an active principle from the thyroid engaged the attention of physiological chemists for more than 60
years. In 1895 Baumann (Ztschr. physiol. Chem.,
21) described a principle, thyroiodine (iodothyrine), which possessed many of the physiological properties of the gland, but it was subsequently
shown not to be a pure chemical entity. Pick
and Pilenes (Ztschr. exp. Path. Ther., 1909, 7,
518) prepared a thyreoglobulin by precipitation
from an aqueous extract by means of ammonium
sulfate. In 1914 Kendall separated a crystalline
substance, thyroxin, which has received official
recognition, but it is not positively established as
the sole active constituent; the thyroxin occurs
combined with the protein thyroglobulin. Present
also are diiodotyrosine and monoiodotyrosine; the
former is the inactive precursor of thyroxin, while
monoiodotyrosine is the precursor of diiodotyrosine. Mutzenbecher (Ztschr. physiol. Chem., 1939,
261, 253) demonstrated that incubation of diiodotyrosine inalkaline medium results in the formation of a small amount of thyroxin, and Harington
(/. Chem. S., 1944, 193) succeeded in oxidizing
diiodotyrosine directly to thyroxin by hydrogen
peroxide in alkaline solution. Other proteins, such
as casein or serum globulin, in the presence of
iodine yield thyroxin under similar conditions
(Lautenschlager et al., Ztschr. physiol. Chem.,
1942, 274, 104; also Reineke et al., J. Biol. Chem.,
1943, 147, 115). An additional active substance.
triiodothyronine, has been isolated by Gross and
Pitt-Rivers (Biochem. J., 1953, 53, 645). There
is speculation as to whether this represents the
active form of thyroid hormone (see Editorial,
J. A.M. A., 1954, 155, 980). In reviewing the available information. Rosenberg and Astwood (Glandular Physiology and Therapy, American Medical
Association, J. B. Lippincott. 1954, Philadelphia)
suggest that thyroid hormone synthesis involves
oxidation of iodide (see under Iodine, in Part I)
to iodine or hypoiodite, combination with tyrosyl
residues of protein to form iodinated tyrosines
and oxidative condensation of these tyrosyl residues in a protein molecule to form thyroxin.
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Thyroxin is probably the circulating form of the
thyroid hormone; thyroglobulin is the storage
form of thyroxin in the thyroid gland.
Uses. — The thyroid gland is one of the endocrine organs, furnishing an internal secretion necessary for the health of the body.
Cretinism. — Deficiency of thyroid during the
growth period leads to the condition called cretinism, which is chiefly characterized by a failure
of growth, both mental and physical; a lack of
ossification in the bones; general sluggishness; the
deposit in the subcutaneous tissues of a peculiar
jelly-like material, which causes an appearance
resembling that of general dropsy; and usually
subnormal temperatures. Endemic cretinism (congenital hypothyroidism) is an end result of untreated endemic goiter lasting over a period of
several generations; this situation has existed in
certain mountainous regions where iodine is deficient inboth man and animals. Hypothyroidism
in infants born of normal mothers (sporadic cretinism) frequently causes irreparable damage,
particularly to the brain, before the presence of
hypothyroidism is suspected because about 3
months of deficient thyroid function elapses before
the clinical manifestations become definite. When
the cretinoid facies (open mouth with a thick and
broad tongue protruding, eyes far apart, broad
nose with depressed bridge, narrow palpebral fissures and swollen eyelids, large head with open
anterior fontanel, short and thick neck), dry scaly
skin and pot belly have developed, the diagnosis is
easy but it is usually too late for treatment to
restore the infant to normal. Lethargy, constipation, failure to grow or to nurse properly should
suggest the possibility of cretinism. Retardation
of ossification as shown on roentgenograms of the
skeleton, elevation of blood serum cholesterol,
decreased metabolic rate, a low level of proteinbound iodine, and poor uptake of sodium radioiodide confirm the diagnosis. Cerebellar symptoms
may be present. The electroencephalogram may
show abnormal patterns (D'Avignon and Melin.
Acta Paedriatica, 1949. 38, 37). Treatment should
be started immediately with 15 mg. of thyroid
daily for an infant. If well tolerated the dose
should be increased by 15 mg. after 2 weeks and
subsequently at 2-week intervals until the therapeutic effect or evidences of hyperthyroidism appear. Response to treatment is slow. The dose for
a child of 2 years is about 60 to 120 mg. daily
and for older children from 120 to 180 mg. Doses
up to 240 mg. daily may be needed, even to the
point of toxicity, to compensate for the period
during which growth and development have lagged,
22).
according
to Brown (Northwest Med.. 1951. 50,
Myxedema. — In adults an analogous symptomcomplex called myxedema results from thyroid deficiency. Inthis state there is the same myxedematous deposit beneath the skin, giving the appearance of a dropsy, from which, however, it can be
differentiated by the fact that the skin does not
pit on pressure. There is mental sluggishness, a
slowing of the pulse, a thick dry skin, loss of hair,
menorrhagia, puffin ess of the face and eyelids,
swelling of the tongue and larynx (producing slow,
hoarse and slurred speech), constipation, increased
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tolerance for sugar, and a diminished metabolic
rate. Hypothyroidism may be primary or secondary. The primary type results from loss of
thyroid tissue due to surgical excision, thyroiditis
or primary, idiopathic atrophy. Substitution therapy with thyroid corrects the deficiency and the
symptoms.
The secondary type arises from a lack of adequate thyroid stimulation; this is seen in cases of
hypofunction of the anterior lobe of the pituitary
and in some cases of Addison's disease. Administration of thyroid to these patients will raise the
depressed metabolic rate and correct the symptoms referable to hypothyroidism but not the
symptoms due to the primary glandular dysfunction. Considerable caution is required in these
cases because use of thyroid may precipitate an
acute episode of adrenal insufficiency. The use of
the thyrotropic hormone of the anterior pituitary
is indicated in pituitary myxedema. Thyroid administration iharmful
s
in Addison's disease.
There are many instances in which lowered
metabolism is a constitutional characteristic in
otherwise healthy individuals. In such persons
doses of thyroid adequate to raise metabolism to
normal will produce such manifestations of hyperthyroidism as nervousness, insomnia, tachycardia
and palpitation, interdicting further administration. A low basal metabolic rate, therefore, in the
absence of clinical findings characteristic of hypothyroidism, does not establish the diagnosis. Other
laboratory evidence favoring a diagnosis of hypothyroidism include elevation of blood cholesterol,
diminished protein-bound iodine level, poor uptake
of sodium radio-iodide (q.v.) and low conversion
ratio of iodine-131 (Clark et al., Surgery, 1949,
26, 331). Patients with malnutrition or cachexia
may have a low basal metabolic rate, in which
condition thyroid administration is harmful. Prolonged administration of thyroid in treatment of
true hypothyroidism is safe and effective, though
a slightly higher dose may be needed with the
passage of time (Johnston, Ann. Int. Med., 1951,
35, 1008). Burgess {ibid., 1946, 25, 146) reported a case of myxedema controlled by thyroid
therapy for 52 years.
Action. — Administration of thyroid or its active principle to healthy animals causes an increase in metabolism, with consequent tendency
for elevation of temperature and loss of body
weight. There is usually increased rapidity of the
pulse, nervous restlessness (often with tremors),
and a tendency to insomnia. The loss in body
weight is due chiefly to oxidation of adipose tissue,
but is accompanied, especially when the diet is
restricted, by destruction of nitrogenous (protein)
substances of the body. There is usually also an
increase in the number of lymphocytes in the
blood. Although a single dose produces no very
obvious changes in bodily functions, Asher and
Flack (Ztschr. Biol., 1911, 55, 83) demonstrated
that injection of the drug increases the irritability
of the vasomotor center, which observation was
confirmed by others. It is this increased sensitiveness that causes the extreme reaction to epinephrine, which is sometimes used as a diagnostic test
for hyperthyroidism. For literature on the physiology and clinical uses of thyroid see Thompson
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(J.A.M.A., 1941, 117, 441) and Lerman (ibid.,
p. 349).
The mechanism of action of the thyroid hormone is not established. Barker (Physiol. Rev.,
1951, 31, 205) stated that since direct involvement of thyroxin in an enzyme system has never
been demonstrated, it is more likely that thyroxin
causes the release of coenzymes, protein carriers
or other substances needed for many of the
energy-transforming processes in all cells. The
thyroid hormone has many functions. It has to do
with regulation of heat production, which is measured in terms of oxygen consumption and expressed as the metabolic rate (per cent above or
below the normal average). In health, oxygen consumption bears a constant relation to the surface
area of the body with modifications for age and
sex. For practical purposes an approximation of
surface area is obtained from height and weight
in standard tables which are readily available. In
the absence of all thyroid the metabolism drops
to about —40 per cent of normal over a period of
2 to 3 months. The thyroid hormone seems to act
as a catalyst to cellular respiration, not as such
itself, but through an effect on the usual respiratory catalysts of cells. The hormone also has an
action on both growth and on maturation. It differs
from the growth hormone of the anterior lobe of
the pituitary although there seems to be synergism
between the two. In thyroid deficiency there is
storage of water, salt and protein in the body.
When the hormone is administered, there is
rapid oxidation of the excess protein and excretion of the nitrogen along with the water and salt
in the urine. Some clinicians have applied this
diuretic action to the treatment of the nephrotic
syndrome; others claim it is of no value. It has
been shown that in dogs daily intravenous injection of thyroxin produces a marked increase in
glomerular filtration rate, renal plasma flow and
in renal oxygen consumption (see Handley et al.,
J. Pharmacol., 1951, 101, 823), apparently by
increasing the number of functioning nephrons in
the kidney. In myxedema a decreased blood
plasma volume exists and in hyperthyroidism it
is increased. In thyrotoxicosis, bone calcium and
phosphorus are mobilized and excreted in excessive amounts. In long-standing cases, osteoporosis
develops. In myxedema a diminished excretion is
found. In primary hypothyroidism the urinary
chlorides are decreased whereas in pituitary
myxedema there is increased urinary excretion
of sodium chloride and a low blood sodium chloride concentration due to the associated adrenal
deficiency. This may be an important differential
point since, as mentioned above, administration
of thyroid may precipitate severe adrenal deficiency. In such cases, salt and cortisone should be
administered during thyroid therapy. The danger
here is not only in a disturbance of water and
electrolyte balance but also in occurrence of
hypoglycemic episodes which may prove fatal as
a result of thyroid therapy.
In hyperthyroidism there is depletion of liver
glycogen in spite of a high carbohydrate diet;
diabetes mellitus is seriously aggravated. In myxedema, hepatic glycogen is excessive. A complex
relationship seems to exist between the pancreas,
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anterior pituitary, adrenal and thyroid glands and
other factors in regulating carbohydrate metabolism. A high blood serum cholesterol level is frequently found in patients with hypothyroidism
and a low concentration in the presence of hyperthyroidism; this finding is useful in the diagnosis
of atypical clinical syndromes.
The function of both the central and the autonomic nervous system is stimulated or depressed
according to the level of thyroid activity. The
muscles are affected. In thyrotoxicosis there is
creatinuria and muscular weakness varying from
mild myasthenia (difficulty in arising from the
sitting position) to muscular atrophy with degenerative changes in the muscles. In myxedema,
muscular weakness, delay in muscular relaxation
after a contraction and interstitial edema are
found.
Not only is the heart rate more rapid in cases
of hyperthyroidism, but cardiac output and rate
of circulation are increased. A capillary pulse may
be observed in such patients and the anomalous
situation of congestive heart failure with an abnormally rapid circulation time may exist. Myxedema is characterized by a bradycardia and an
enlarged heart due to a combination of diminished
tone of the heart muscle with myxedematous infiltration or pericardial effusion.
Patients with myxedema tolerate sedative drugs,
such as morphine, poorly and are but little benefited by digitalis when heart failure arises. On the
contrary, very large doses of sedatives are required
to influence patients with hyperthyroidism. Gastrointestinal absorption tends to be poor in myxedema and unusually rapid in hyperthyroidism.
Iron-deficiency anemia is common in myxedema;
macrocytic anemia also occurs.
Pituitary Thyrotropin. — The function of the
thyroid is affected by, and in turn affects, the
function of other glands of internal secretion. The
important practical problem of primary and secondary hypothyroidism has already been mentioned indiscussing pituitary7 myxedema (pituitary
cachexia or Simmond's disease). The thyrotropic
activity of the blood and urine is increased in
patients with primary' hypothyroidism and after
thyroidectomy and decreased in patients with
primary thyrotoxicosis. Administration of the
thyrotropic principle of the anterior pituitary results in hyperplasia of the thyroid, increased
metabolic rate, etc. It seems to act directly on
the cells of the thyroid. This relationship has attained great practical importance in connection
with the exophthalmos frequently observed in patients with hyperthyroidism, particularly the syndrome of malignant exophthalmos, which may
occur even after thyroidectomy in some patients
and result in blindness.
Exophthalmos. — Three types of exophthalmic
ophthalmoplegia are recognized (for literature see
J.A.M.A., 1946, 132, 80, 299): (1) lid retraction
and lid lag due to excessive thyroid function as
manifested by loss of weight, tachycardia, soft
and moist skin and increased metabolic rate; (2)
orbital, lid and conjunctival edema and infiltration
progressing to ophthalmoplegia, fundus changes,
proptosis. corneal ulceration and perforation due
to anterior pituitary thyrotropic hormone;
and
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(3) cases showing both effects simultaneously.
The thyrotropic or pituitary type of exophthalmos
is not correlated with the metabolic rate. In fact
some of the most serious cases have followed thyroidectomy. Prior to recognition of the thyrotropic factor, surgical removal of the bone between
the orbit and the brain was practiced to relieve
the increased intraorbital pressure and correct the
proptosis. In thyrotoxic ophthalmoplegia, thyroidectomy relieves the condition. In the pituitary
variety, administration of thyroid hormone in addition to iodine is the best sight-saving therapy.
Danowski et al. {Am. J. Med. Sc, 1945, 210, 77 7;
and others used thyroid in combination with iodine
and thiourea derivatives in management of patients
with hyperthyroidism to alleviate the myxedemalike state induced by the thiouracil therapy. Irradiation of the pituitary has been suggested. Localized
myxedema, closely resembling progressive exophthalmos inits behavior, may occur elsewhere
in the body in the presence of toxic diffuse goiter.
Curtis et al. {Arch. Dermat. Syph., 1949, 60, 318)
proposed that it may represent another manifestation of the same abnormality.
The relation between the thyroid and the posterior lobe of the pituitary is less certain although,
experimentally, thyroidectomy has alleviated, and
thyroid therapy aggravated, diabetes insipidus.
The decreased adrenal function in cases of pituitary myxedema has been discussed. Urinary excretion of 17-ketosteroids, which is an indication of
adrenocortical function, is decreased in cases of
primary myxedema and practically nil in cases
of pituitary myxedema. The increased sensitivity
of patients with hyperthyroidism to epinephrine
has been advocated as a test for diagnosis of hyperfunction of the thyroid; patients with myxedema
show decreased sensitivity. Gonadal function in
primary myxedema is present but decreased as
demonstrated by diminished urinary excretion of
17-ketosteroids (an indicator of adrenocortical and
testicular function) and estrogens. Menorrhagia is
the characteristic disturbance in cases of myxedema while oligomenorrhea or amenorrhea is seen
in hyperthyroidism. These changes, however, are
seen in some cases only and the changes in the
hormone flux seem to be quantitative rather than
total. Either excessive or diminished thyroid function may cause infertility and abortion. Thyroid
therapy is frequently effective in the management
of habitual abortion. Studies of the effect of estrogen administration on thyroid function have led
to controversy. The dose and duration of administration may determine the result since hyperplasia has been reported from short periods of
administration and involution of the thyroid after
prolonged therapy. The effect of the level of thyroid function on the carbohydrate metabolism in
reference to the activity of pancratic insulin has
been mentioned above. Although the activity of
thyroid function affects the metabolism of calcium and phosphorus, there is little evidence that
thyroid affects the activity of parathyroid glands.
Inadvertent excision of parathyroid glands at the
time of thyroidectomy has resulted in severe hypoparathyroidism. The persistent and large thymus
gland in patients with the exophthalmic goiter
(Grave's disease) syndrome is well known but not
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understood; perhaps the large thymus is but part
of the thymicolymphatic constitution frequently
observed in these patients.
The increased rate of metabolism in hyperthyroidism results in an increased nutritional requirement of all substances — including vitamins, minerals, etc. The requirement of the vitamin B
complex, particularly that of thiamine, has been
correlated with daily caloric expenditure of energy
rather than with body weight. Thiamine deficiency
is a common feature of the clinical picture of
hyperthyroidism. Vitamin B therapy does not alter
the state of hypermetabolism in these patients
but it alleviates many of the distressing symptoms
of hyperthyroidism such as weight less, tachycardia and nervousness.
Toxic goiter, either diffuse or nodular, is characterized by enlargement of the thyroid gland,
nervousness, tremor, tachycardia, palpitation,
dyspnea, loss of weight, increase in basal metabolism, exophthalmos in most diffuse goiters and
systolic thrill and bruit over most diffuse goiters,
emotional instability, fatigue, muscle weakness,
increased perspiration and, in some cases, diarrhea,
tracheal or vascular obstruction in the neck and
nausea and vomiting. Hyperthyroidism is treated
by subtotal thyroidectomy following preparation
of the patient with a thiouracil compound and
iodine, by x-ray irradiation, or the administration
of sodium radio-iodide (g.v.).
Therapeutic Uses. — As a medicine thyroid is
used to combat those symptoms which are due to
the absence of its secretion, either partial or complete, congenital or acquired. In addition to those
symptoms already described as myxedema and
cretinism, there are many physicians who attribute
various obscure chronic disorders, especially those
that occur during the climacteric, to diminished
activity of the thyroid gland and accordingly
recommend use of this drug. Because of the fact
that thyroid feeding causes a loss of weight, it has
been largely used in cases of obesity, even those
that are not dependent on thyroid deficiencies.
While there is no doubt that the thyroid will cause
a loss of excessive corpulence, the injudicious use
of it is accompanied with considerable danger,
especially of the production of cardiac disturbances (see case reported by Goldfinger, Ann. Int.
Med., 1946, 24, 701) which may seriously injure
the health. Means (J.A.M.A., 1935, 105, 24)
strongly deprecated use of the thyroid in any case
of obesity which is not due to subnormal metabolism. The great majority of fat persons have no
signs of hypometabolism (Newburgh, Physiol.
Rev., 1944, 24, 18; Conn, ibid., p. 31). If the
results of the basal metabolism test be calculated
in terms of the ideal (average for height, age and
sex) weight rather than the actual weight (much
of which is metabolically inactive fat), many of
these cases with an apparently low metabolic rate
will be found to have a normal or even slightly
increased rate of metabolism (Freed, J.A.M.A.,
1947, 133, 369). The use of thyroid may result
in a rapid loss of weight but the weight is often
regained as rapidly when thyroid is discontinued
because the habitual excessive food intake has not
been corrected. In some patients the food intake
may actually increase as a result of the nervous-
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ness, irritability, etc., of the induced hyperthyroid
state. Further, administration of thyroid to euthyroid individuals may in time suppress endogenous
secretion of the thyroid gland, the medication
then becoming merely replacement therapy. Most
such patients acquire tolerance to the ingestion of
large amounts of thyroid. Fortunately, depression
of the thyroid gland thus induced is not permanent (Johnston, loc. cit.; Greer, New Eng. J.
Med., 1951, 244, 385).
In addition to these states in which the drug is
obviously of value, it has been used in a more or
less empiric manner in many other disorders. There
are indeed few diseases, either acute or chronic,
for which thyroid has not been recommended by
someone. Among those conditions in which there
is evidence of its usefulness may be mentioned
uterine disorders, especially metrorrhagia, menorrhagia, functional uterine bleeding (Foster and
Foster, /. Clin. Endocrinol., 1941, 1, 836; First,
Med. Clin. North America, 1945, 29, 1375),
threatened and habitual abortion (Hamblen, Endocrinology ofWomen, 1945) and sterility, dysmenorrhea (Weinstein, New Orleans Med. Surg. J.,
1944, 96, 396), premenstrual tension (Hudgins,
Med. Times, 1943, 71, 265); nephrosis (McClendon, J. A.M. A., 1930, 94, 1202); headache
(Proetz, /. Iowa M. Soc, 1944, 34, 98) ; ununited
fractures; certain skin diseases, such as senile
eczema, ichthyosis, psoriasis, scleroderma, alopecia
areata and chronic acne vulgaris (Sutton and Sutton, Diseases of the Skin, 1939) ; recurrent respiratory diseases; celiac disease (Johnston and
Howard, /. Pediatr., 1949, 35, 1) ; and selected
cases of atherosclerosis (Morrison, J. A.M. A., 1951,
145, 1232). Buxton and Hermann (J.A.M.A.,
1954, 155, 1035) presented evidence that thyroid
is of doubtful value in sterility, [v]
The thyroprotein prepared from casein and
iodine has been used effectively in the treatment
of myxedema (Sturgis, Univ. Hosp. Bull. Ann
Arbor, 1944, 10, 49; Roche et al., Biochim. et
Biophys. Acta, 1949, 3, 658).
Dose. — In myxedema relatively large doses
may be needed but the use of large initial doses
often causes great discomfort. The effect of a dose
does not appear for 5 to 7 days. Whether for
myxedema or for other conditions, it is generally
well to begin with small doses, about 60 mg. (approximately grain)
1
a day, gradually increasing,
if necessary, until palpitation of the heart or excessive nervousness indicates that the physiological
limit or the therapeutic purpose is obtained. The
resting pulse rate is often a good criterion for the
size of the dose needed from week to week. In any
case, during the administration of the drug the
occurrence of any of the symptoms of hyperthyroidism should be the immediate signal for the
withdrawal of the drug or diminution of the dose
(Salter, New Eng. J. Med., 1941, 225, 709).
The U.S. P. gives the usual dose of thyroid as
60 mg. (approximately 1 grain) daily, orally, with
a range of 30 to 180 mg. On rare occasions as
much as 325 mg. is given daily. For the dose in
infants and children see the discussion (above)
under Cretinism.
Storage. — Preserve "in tight containers."
U.S.P.
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TABLETS.

U.S.P. (B.P.)

[Tabellas Thyroidel]

"Thyroid Tablets contain an amount of iodine
(I) in thyroid combination equivalent to not less
than 0.17 per cent and not more than 0.23 per
cent of the labeled amount of thyroid." U.S.P.
B.P. Tablets of Thyroid. Sp. Tabletas de Tiroides.

Usual Sizes. — J4, y2, 1, 2 and 5 grains (approximately 15,30, 60, 120 and 300 mg.).
TITANIUM
[Titanii

DIOXIDE.

N.F.

Dioxidum]

titanium is reoxidized to the tetravalent state. The
ferrous iron is then titrated with 0.1 N potassium
permanganate. A reagent blank determination is
performed. Each ml. of 0.1 N potassium permanganate represents 7.990 mg. of Ti02. N.F.
Uses. — Titanium dioxide is classified by the
N.F. as a "protectant." It was an ingredient of
the formerly official N.F. Sun Cream; it is also
employed in a number of dusting and face powders. In industry it is used as a white pigment for
paint, water colors, inks, shoe creams, plastics,
etc., and also as a filler for paper.
Storage. — Preserve "in well-closed containers." N.F.

MIXED TOCOPHEROLS
CONCENTRATE. N.F.

"Titanium Dioxide, dried at 105° for 3 hours,
contains not less than 99 per cent of Ti02." N.F.
Titanic Oxide; Titanic Anhydride.

Titanium dioxide occurs naturally, in more or
less pure form, in the minerals rutile, brookite,
and anastase. It may be recovered from these and
other minerals by fusion, as with potassium pyrosulfate, or by extraction with acid; the solution of
titanic salt is made to yield titanic hydroxide by
hydrolysis, and this is converted to the dioxide
by ignition.
Description. — "Titanium Dioxide occurs as a
white, amorphous, tasteless, odorless, infusible
powder. A suspension of Titanium Dioxide (1 in
10) in water is neutral to litmus. Titanium Dioxide
dissolves in hot concentrated sulfuric acid, and in
hydrofluoric acid. It is rendered soluble by fusion
with potassium bisulfate or with alkali hydroxides
or carbonates. Titanium Dioxide is insoluble in
water, in hydrochloric acid, in nitric acid, and in
dilute sulfuric acid." N.F.
Standards and Tests. — Identification. — A
mixture of titanium dioxide and sulfuric acid is
evaporated to fumes of sulfur trioxide and the
suspension diluted with water. Addition of a few
drops of hydrogen peroxide T.S. to the clear
filtrate separated from the mixture produces an
orange red color immediately. Loss on drying. —
Not over 0.5 per cent, when dried at 105° for 3
hours. Water-soluble substances. — Not over 3 mg.
of water-soluble residue, ignited to constant
weight, is obtained from 2 Gm. of titanium
dioxide. Acid-soluble substances. — Not over 17.5
mg. of residue, ignited at a dull red heat to constant weight, is obtained when 5 Gm. of titanium
dioxide is heated with 0.5 N hydrochloric acid, the
mixture filtered and the filtrate evaporated. Loss
on ignition. — Not over 0.5 per cent, when titanium
dioxide, previously dried at 105° for 3 hours, is
ignited at about 800°. Lead. — The limit is 20 parts
per million. Arsenic. — A solution representing 200
mg. of titanium dioxide meets the requirements of
the test for arsenic. N.F.
Assay. — About 500 mg. of dried titanium dioxide is dissolved by heating with sulfuric acid
and ammonium sulfate, and the filtered solution
is passed through a Jones reductor. containing
amalgamated zinc, which reduces tetravalent titanium to the trivalent state. The reduced titanium
salt is run into a solution of ferric ammonium sulfate T.S. whereby an equivalent amount of ferric
iron is reduced to the ferrous state while the

"Mixed Tocopherols Concentrate, a source of
Vitamin E, is obtained by the vacuum distillation
of edible vegetable oils or their by-products. It
contains not less than 34 per cent of total tocopherols and may be so adjusted by the addition
of an edible vegetable oil. Of the total tocopherols
present not less than 50 per cent consists of
rf-alpha tocopherol (C29H50O2). The content of
d-alpha tocopherol in Mixed Tocopherols Concentrate may be adjusted by physical or chemical
means." N.F.
Eprolin

(.Lilly); Natopherol (.Abbott).

Vitamin E is the name which was given to the
dietary factor essential for reproduction in rats
(see under Uses) ; this factor occurs in many food
substances, but especially in the unsaponifiable
fraction of fixed oils. From wheat germ oil Evans
et al. (J. Biol. Chem., 1936, 113, 319) isolated
a group of chemically related substances which
were given the name tocopherols (from tokos,
meaning child, pherein, to bear, and ol, an alcohol) ; at present four tocopherols are known,
these being designated a-tocopherol, P-tocopherol,
V-tocopherol, and 8-tocopherol. a-Tocopherol is
5,7,8-trimethyltocol; P-tocopherol is 5,8-dimethyltocol; v-tocopherol is 7,8-dimethyltocol; 8-tocopherol is 8-methyltocol. The respective tocopherols
may be considered products of the condensation
of tri-, or the appropriate di-, or monomethylhydroquinone with phytol (C20H39OH, an alcohol obtained by decomposition of chlorophyll);
the formula of a-tocopherol is shown under dl~
Alpha Tocopherol.
Concentrates of mixed tocopherols may be obtained by molecular distillation of vegetable germ
oils; it is stated that American wheat germ oil is
richer in a-tocopherol, while European wheat germ
oil is richer in 3-tocopherol. Corn oil contains
predominantly v-tocopherol. Soybean oil is rich in
6-tocopherol. The a-tocopherol is the easiest to
synthesize and obtain in pure form; it is official
in several forms (see the succeeding monographs).
For further information concerning tocopherols
see the excellent review of Smith (Chem. Rev.,
1940. 27, 287).
Description. — "Mixed Tocopherols Concentrate occurs as a brownish red to red. nearly odorless, clear, viscous oil. It oxidizes and darkens
slowly in air and on exposure to light. Mixed
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Tocopherols Concentrate is insoluble in water,
soluble in alcohol, and is miscible with ether, with
chloroform, with acetone, and with vegetable
oils." N.F.
Standards and Tests. — Identification. — On
heating a dehydrated alcohol solution of the concentrate with nitric acid a bright red to orange
color develops. Specific gravity. — Not less than
0.932 and not more than 0.955. Free jatty acids. —
Not more than 10 ml. of 0.1 N sodium hydroxide
is required for neutralization of the acids in 10
Gm. of concentrate. N.F.
Assay. — For total tocopherols. — About 0.3 mg.
of total tocopherols is treated with ferric chloride
in dehydrated alcohol solution, 2 ferrous ions
being produced by the reducing action of each
molecule of a tocopherol; the ferrous iron forms
a colored complex with a,a'-dipyridyl, the intensity of the color of which is measured at 520
mn. This assay was first described by Emmerie
and Engel {Ztschr. Vitamin} or sch., 1943, 13, 259).
For non-alpha tocopherols. — About 1.5 mg. of
non-alpha tocopherols is treated, in a dehydrated
alcohol solution, with nitrous acid liberated by
the interaction of sodium nitrite and acetic acid;
this treatment converts non-alpha tocopherols, but
not alpha-tocopherol, to nitroso derivatives. These
are extracted with petroleum ether, forming a
yellow solution the intensity of the color of which,
measured at 410 m^ is proportional to the concentration ofnon-alpha tocopherols. The content
of alpha tocopherol is calculated by subtracting
the result of this determination from that of total
tocopherols. This method of assay was developed
and described by Quaife (/. Biol. Chem., 1948,
175, 605). N.F.
Uses. — Alpha tocopherol is the most active
component of the vitamin E compounds (tocopherols). The place of these substances in nutrition
and in therapeutics remains indefinite and in controversy. As an antioxidant alpha tocopherol and
its relatives find important pharmaceutical applications.
In 1922 it was reported that with a certain restriction ofdiet female rats which were apparently
in perfect health failed to bear living offspring
(Evans and Bishop, /. Metab. Res., 1922, 1, 319,
335; J.A.M.A., 1932, 99, 469). They might become pregnant, but the embryo died at an early
stage in the gestation. It was further reported that
this condition could be corrected by adding wheatgerm oil to the diet. Shortly afterward it was
found that male rats on a similar diet were unable
to fertilize normal females. The ostensibly lacking factor was called "vitamin E" and it has since
received popular notoriety under the names "fertility vitamin" and " antisterility vitamin." Besides
degeneration of the germinal epithelium in the
male rat and resorption of the fetus in the female,
animals (including monkeys) very deficient in the
factor become weak and paralyzed and show
creatinuria and degenerative lesions in striated
(Dam, Ann. Rev. Biochem., 1951, 20, 265) and
cardiac (Mason and Telford, Arch. Path., 1947,
43, 363) muscle. It may be noted that abnormalities in fertility have not been observed in
primates. Histopathologic lesions are found in
many tissues, including those of the central ner-

vous system. A fluorescent pigment stainable with
Sudan III and resembling ceroid appears in the
liver in the absence of the vitamin.
Evans and his associates separated from wheatgerm oil a group of chemically related substances
to which were given the name tocopherols and
which possess in a high degree the activity of vitamin E. One of these, alpha tocopherol (see discussion above), is particularly active biologically,
and is often called vitamin E for this reason. But
there is ample evidence that vitamin E has a
multiple nature. The observations of Evans have
been confirmed, for rats (Mattill and Stone,
/. Biol. Chem., 1923, 55, 443; Sure, ibid., 1924,
58, 693), and for mice (Beard, Am. J. Physiol.,
1926, 75, 682).
In the diet, vitamin E is supplied by green
vegetables (spinach, kale, etc.). also by unrefined
vegetable oils. The usual daily diet provides about
10 mg. ; high fat diets contain up to 80 mg. daily.
The need for vitamin E in human nutrition has
not been established (J. AM. A., 1950, 144, 34).
Tocopherols are readily absorbed from the gastrointestinal tract and stored in adipose tissue
(Quaife and Dju, /. Biol. Chem., 1949, 180, 263).
Better utilization of a-tocopherol than of a-tocopheryl acetate was reported in humans (Week
et al., J. Nutrition, March 1952). The blood serum
level is about 1 mg. per 100 ml. and is decreased
in those diseases with impairment of fat absorption— sprue, steatorrhea, biliary obstruction
(Darby et al., Ann. N. Y. Acad. Sc, 1949, 52,
328). Increased serum concentrations have been
reported in diabetes mellitus, renal disease, hypertension and pregnancy. About 50 per cent of the
dietary tocopherol and a larger proportion of a
therapeutic dose is excreted in the feces (Klatskin
and Molander, /. Lab. Clin. Med., 1952, 39, 802).
The bile contains considerable tocopherol. There
is very little in the urine.
Therapeutic Applications. — Other than the
correction of the deficiency syndrome in experimental animals, the action of tocopherol in the
body is not understood. It is an antioxidant and
its function may depend on this property. There
may be some parallel with vitamin A and there
certainly is a relationship between the two in
metabolism. Dam and Granados {Acta Pharmacol.
Toxicol., 1951, 7, 181) suggested that it may protect unsaturated fatty acids in the diet. They
{ibid., 1952, 8, 47) found that methylene blue,
also an antioxidant, has a similar protective effect
for animals receiving a low-fat diet. Tocopherol
forms reversible oxidation-reduction systems in
vitro (Michaelis and Wollman, Science, 1949, 109,
313). It will protect succinic oxidase in vitro and
inactivate hyaluronidase. Administration of large
doses to animals causes no acute or chronic toxicity; in fact, large doses cause no effect which
has been recognized.
Its value in the treatment of an extraordinary
variety of diseases has been heralded and denounced. Despite early hopes, it seems to have no
place in the management of human infertility. It
has been used in the treatment of toxemias of
pregnancy, habitual abortion, muscular dystrophy,
amyotrophic lateral sclerosis, arteriosclerosis, hypertension, congestive heart failure, menopause,
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vaginitis, menstrual disturbances, fibrositis, Dupuytren's contracture, Peyronie's disease, varicose ulcers, etc. Because of the resemblance of
the lesions in animals deficient in vitamin E to
those of the several human muscular dystrophies,
extensive clinical trials have been conducted without success (Pappenheimer, Physiol. Rev., 1943,
23, 37; Minot and Frank, Am. J. Dis. Child.,
1944, 67, 371; Shank et al., Arch. Neurol. Psychiat., 1944, 52, 431). Enthusiastic reports have
appeared on the value of a-tocopherol in doses of
200 to 400 mg. daily in the anginal syndrome, in
rheumatic heart disease, hypertensive heart disease, congestive heart failure and a variety of
other diseases (Shute, Shute, and Vogelsang, Med.
Rec, 1947, 91, 163, 230; 1948, 161, 83). Failure
to confirm the therapeutic value in cardiac disease has been reported emphatically (Baer et al.,
Am. J. Med. Sc, 1948, 215, 542; Donegan et al,
ibid., 1949, 217, 294; Ravin and Katz, New Eng.
J. Med., 1949, 240, 331; and others). Vogelsang
{Lancet, 1950, 1, 734) again reported improvement in cases of congestive heart failure with
intramuscular administration of a-tocopheryl acetate. The reported improvement in patients with
intermittent claudication was confirmed by Radcliffe {Lancet, 1949, 2, 1128) but denied by
Hamilton and Wilson {Quart. J. Med., 1952, 21,
169; see the rebuttal by Boyd et al. and Shute
and Shute, Lancet, 1953, 1, 491, 492). Benefit in
acute thrombophlebitis (Shute, /. Obst. Gyn. Br.
Emp., 1951, 58, 842) and some benefit but not
cure in varicose ulcer and stasis dermatitis have
been recorded (Stritzler, Ann. N. Y. Acad. Sc,
1949, 52, 368). In thromboangiitis obliterans,
Pennock {ibid., 413) did not confirm previous
reports of benefit. In the prevention of postoperative phlebothrombosis, Kay et al. {Surgery,
1950, 28, 24; Yale J. Biol. Med., 1951, 23, 515)
used 10 ml. of 10 per cent calcium gluconate intravenously daily and 100 mg. of a-tocopheryl
phosphate every 8 hours intramuscularly, with
successful results. Patients with a deficiency of
antithrombin in their plasma seemed susceptible
to thrombosis as a result of the thrombin liberated
during the surgical procedure. Subnormal antithrombin titers were corrected by the calcium and
a-tocopheryl phosphate regimen and the incidence of thrombosis in a few thousand operative
cases seemed to be decreased as compared with
the average incidence. The a-tocopherol may be
given orally but the calcium gluconate is also
necessary and must be given intravenously. The
clinical importance of this work does not seem to
have been recognized although Faust {Med. Times,
1953, 81, 386) confirmed the rise in antithrombin
titers produced.
Improvement in lupus erythematosus and related collagen disorders has been reported (Burgess
and Pritchard. Arch. Dermat. Syph., 1948, 57,
953) but failure of such treatment has also been
described (Morgan, Brit. J. Derm., 1951, 63,
224). Partial or complete relief of Dupuytren's
contracture and of fibrositis has been reported
(Steinberg. Ann. N. Y. Acad. Sc, 1949, 52, 380;
Thomson, Brit. M. J., 1949. 2, 1382; Kirk and
Chieffi, Proc S. Exp. Biol. Med., 1952, 80, 565),

Part

I

of Peyronie's disease (Burford et al., Urol. Cutan.
Rev., 1951, 55, 337; Scardino and Scott, Ann.
N. Y. Acad. Sc, 1949, 52, 390), of interstitial
cystitis (Van Duzen and Mustain, /. Urol., 1951,
65, 1033), of multiple sclerosis (Dowd, Ann.
N. Y. Acad. Sc, 1949, 52, 422), and of Sydenham's chorea (Dowd, ibid., 419). In diabetes
mellitus, Vogelsang {ibid., 406; /. Clin. Endocrinol., 1948, 8, 883) described therapeutic value
and decrease in the insulin requirement but Pollack {Am. J. Med. Sc, 1950, 219, 657; was not
impressed with the usefulness of tocopherol in
diabetics. Relief of the unpleasant flushing of the
menopause was obtained with vitamin E therapy
without the undesirable side effects common with
estrogenic therapy (McLaren, Brit. M. J., 1949,
2, 1378; Finkler, /. Clin. Endocrinol., 1949, 9,
505).Sikkema, Rocky Mountain M. J., 1951, 48,
89;
Greater susceptibility to hemolysis of erythrocytes of newborn infants on exposure to dilute
hydrogen peroxide which is corrected by vitamin E in vivo or in vitro is reported (Gordon and
De Metry, Proc. S. Exp. Biol. Med., 1952, 79,
446; Gyorgy et al., ibid., 81, 536). A similar test
using dialuric acid instead of hydrogen peroxide
was described (Cohen et al., ibid., 1951, 77, 134)
in premature infants with retrolental fibroplasia.
This disorder, which appears to be a cause of
impaired vision of increasing frequency, consists
of a formation of fibrous tissue just behind the
lens of the eye (Terry, Am. J. Ophth., 1942, 25,
203; Owens and Owens, ibid., 1949, 32, 1); it is
of unknown etiology. Vitamin therapy of the
infant or of the mother and sudden decreases in
oxygen tension in the infant's blood during or
shortly after delivery have been implicated. Prevention ofthe disorder with vitamin E therapy of
the infant commencing immediately at birth has
been reported (Owens et al., ibid., 1631) but Reese
and Blodi {ibid., 1951, 34, 1) found no benefit
with vitamin E. Kinsey and Chisholm (ibid.,
1259) observed an increase in the plasma vitamin
E level with tocopherol therapy of their infants
but no clinical benefit in the incidence and course
of the ocular lesion.
Early therapeutic studies employed wheat-germ
oil as the source of vitamin E. A usual dose of
the oil was one teaspoonful daily. Currently one
form or another of the official tocopherol preparations isemployed, [v]
Dose. — The usual dose is determined by the
physician according to the apparent need of the
patient. As mentioned above, an average dose of
d/-alpha tocopherol is 100 mg. up to 4 times daily,
by mouth. Doses are sometimes stated in terms
of International Units. One such unit is the activity of 1 mg. of d/-a]pha tocopherol acetate; on
the same basis 1 mg. of d/-alpha tocopherol represents 1.1 units, 1 mg. of <f-alpha tocopherol acetate represents 1.36 units, and 1 mg. of d -alpha
tocopherol represents 1.49 units.
Labeling. — "Mixed Tocopherols Concentrate
may be labeled in terms of mg. of Mixed Tocopherols, provided it is also labeled in terms of mg.
of rf-alpha tocopherol or its equivalent in International Units of Vitamin E." N.F.
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Storage. — Preserve
containers." N.F.
J7-ALPHA

"in tight, light-resistant

TOCOPHEROL.
CH3

N.F.
CH3

CH3
CH3
CH3
(CH2)3CH(CH2)3CH(CH2)3CH
CH3

"(//-Alpha Tocopherol, a form of Vitamin E
prepared synthetically, contains not less than 96
per cent of C29H50O2." N.F.
o-Tocopherol ; 5,7,8-Trimethyltocol; 2,5,6,8-Tetramethyl-2(4',8',12'-trimethyldecyl)-6-chromanol.
Eprolin S (Lilly).

This is a synthetic form of a-tocopherol which
may be prepared by several methods of synthesis
(see Smith, Chem. Rev., 1940, 27, 287); one
method involves interaction of trimethylhydroquinone and phytyl bromide (phytol, the alcohol
derived from chlorophyll, may be used instead of
its bromide derivative). The product of synthesis is racemic, whereas the naturally occurring
a-tocopherol is dextrorotatory because of asymmetry in the phytyl chain. For further information concerning tocopherols see under Mixed
Tocopherols Concentrate.
Description. — "(//-Alpha Tocopherol is a yellow, nearly odorless, clear, viscous oil. It oxidizes
and darkens in air and on exposure to light.
(//-Alpha Tocopherol is insoluble in water, freely
soluble in alcohol, and is miscible with ether, with
chloroform, with acetone, and with vegetable
oils." N.F.
Standards and Tests. — Identification. — (1)
On heating a dehydrated alcohol solution of the
tocopherol with nitric acid a bright red to orange
color develops. (2) The absorptivity (1%, 1 cm.)
at 292 ran, in alcohol solution, is not less than 71
and not more than 76. (3) A chloroform solution
of the tocopherol has no appreciable optical rotation. Specific gravity. — Not less than 0.947 and
not more than 0.958. Refractive index. — Not less
than 1.5030 and not more than 1.5070, at 20°. N.F.
Assay. — About 50 mg. of (//-alpha tocopherol
is dissolved in 0.5 N alcoholic sulfuric acid, diluted
with water, and titrated with 0.01 N eerie sulfate
in the presence of diphenylamine T.S. as indicator. In this assay the hydroxyl group of the
tocopherol, along with the hydroxyl (in paraposition) formed by hydrolysis, are oxidized to a
quinone form; the equivalent weight is, accordingly, one-half the molecular weight. Each ml. of
0.01 N eerie sulfate represents 2.154 mg. of
C29H50O2. N.F.

Uses. — For uses and dose of this form of vitamin E see under Mixed Tocopherols Concentrate.
Each mg. of (//-alpha tocopherol is equivalent to
1.1 International Units of Vitamin E (1 International Unit is the activity of 1 mg. of (//-alpha
tocopheryl acetate").
Labeling. — "(//-Alpha Tocopherol may be
labeled in terms of mg. of (//-Alpha Tocopherol
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or its equivalent in International Units of Vitamin E." N.F.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
c/7-ALPHA TOCOPHERYL
ACETATE.
N.F.
d/-Alpha

Tocopherol

Acetate

"(//-Alpha Tocopheryl Acetate, a form of Vitamin E prepared synthetically, contains not less
than 96 per cent of C31H52O3 when assayed by
the method described herein." N.F.
Ephynal Acetate (Hoffmann-La Roche) ; Synotophero)
Acetate (Abbott).

This substance is the acetate ester of (//-alpha
tocopherol, obtained by acetylation of the latter.
Description. — -"(//-Alpha Tocopheryl Acetate
occurs as a yellow, nearly odorless, clear, viscous
oil. It is unstable in the presence of alkalies, and
is affected by light. (//-Alpha Tocopheryl Acetate
is insoluble in water, freely soluble in alcohol, and
is miscible with ether, with chloroform, with
acetone, and with vegetable oils." N.F.
Standards and Tests. — Identification. — Tests
(1) and (3) are the same as for dl-Alpha Tocopherol. (2) The absorptivity (1%, 1 cm.) at 284 mn,
in alcohol solution, is not less than 40 and not
more than 44. Specific gravity. — Not less than
0.950 and not more than 0.964. Refractive index.
— Not less than 1.4940 and not more than 1.4985,
at 20°. N.F.
Assay. — This is the same as the assay for
dl-Alpha Tocopherol. N.F.
Uses. — For uses and dose of this form of vitamin E see under Mixed Tocopherols Concentrate.
Each mg. of (//-alpha tocopheryl acetate is equivalent to 1 International Unit of Vitamin E.
Labeling. — "(//-Alpha Tocopheryl Acetate may
be labeled in terms of mg. of (//-Alpha Tocopheryl
Acetate, or its equivalent in International Units
of Vitamin E." N.F.
Storage. — Preserve "in tight, light-resistant
containers." N.F.

d-ALPHA TOCOPHERYL
CONCENTRATE.

ACETATE
N.F.

d-Alpha Tocopherol Acetate Concentrate

"(/-Alpha Tocopheryl Acetate Concentrate is a
source of Vitamin E obtained by vacuum distillation and acetylation of edible vegetable oils or of
the by-products of vegetable oil refining. It contains not less than 25 per cent of (/-alpha tocopheryl acetate and may be so adjusted by the addition of an edible vegetable oil. Of the total
tocopheryl acetates present not less than 64 per
cent consists of (/-alpha tocopheryl acetate. The
content of (/-alpha tocopheryl acetate in (/-Alpha
Tocopheryl Acetate Concentrate may be adjusted
by physical or chemical means." N.F.
This preparation is obtained by molecular distil ation ofvegetable germ oils rich in a-tocopherol,
which in the natural product is dextrorotatory due
to asymmetry in the phytyl chain; the product
is acetylated.
Description. — "i-Alpha Tocopheryl Acetate
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Concentrate occurs as a light brownish yellow,
nearly odorless, clear, viscous oil. It is unstable
in the presence of alkalies and of air. It is affected
by light. (/-Alpha Tocopheryl Acetate Concentrate
is insoluble in water, soluble in alcohol, and is
miscible with ether, with chloroform, with acetone, and with vegetable oils." N.F.
The tests and assay are similar to those provided for Mixed Tocopherols Concentrate, with
some modification to provide for saponification of
the ester. The specific gravity is required to be
not less than 0.932 and not more than 0.955. N.F.
Uses. — For uses and dose of this form of vitamin E see under Mixed Tocopherols Concentrate.
Each mg. of (/-alpha tocopheryl acetate is equivalent to 1.36 International Units of Vitamin E
(1 International Unit is the activity of 1 mg. of
(//-alpha tocopheryl acetate).
Labeling. — "(/-Alpha Tocopheryl Acetate Concentrate may be labeled in terms of mg. of
(/-Alpha Tocopheryl Acetate or its equivalent in
International Units of Vitamin E." N.F.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
d-ALPHA TOCOPHERYL
ACETATE.
N.F.
d-Alpha Tocopherol Acetate

"(/-Alpha Tocopheryl Acetate is a form of Vitamin E prepared by crystallizing (/-alpha tocopheryl
acetate concentrate from a suitable solvent. It
contains not less than 96 per cent of C31H52O3
when
N.F. assayed by the method described herein."
As indicated in the official definition this preparation isobtained by crystallization from (/-alpha
tocopheryl acetate concentrate dissolved in a suitable solvent (see preceding monograph).
Description. — "(/-Alpha Tocopheryl Acetate
occurs as a yellow, nearly odorless, clear, viscous
oil. It may solidify on standing in the cold, and
melts at approximately 25°. It is unstable in the
presence of alkalies, and is affected by light.
(/-Alpha Tocopheryl Acetate is insoluble in water,
freely soluble in alcohol, and is miscible with
ether, with chloroform, with acetone, and with
vegetable oils." N.F.
Standards and Tests. — Identification. — (1)
This is identical with the corresponding test under
dl-Alpha Tocopherol, except that the ester is hydrolyzed before making the test. (2) The absorptivity (1%, 1 cm.) at 284 mn, in alcohol
solution, is not less than 40 and not more than 44.
(3) The optical rotation of a 1 in 10 solution in
chloroform is approximately +0.25° when determined in a 200-mm. tube. Specific gravity. — Not
less than 0.950 and not more than 0.964. Refractive index. — Not less than 1.4940 and not more
than 1.4985, at 20°. N.F.
Assay. — Following hydrolysis of the ester, the
assay described under dl-Alpha Tocopherol is applied. N.F.
Uses. — For uses and dose of this form of vitamin E see under Mixed Tocopherols Concentrate.
Each mg. of (/-alpha tocopheryl acetate is equivalent to 1.36 International Units of Vitamin E.
Labeling. — "(/-Alpha Tocopheryl Acetate may
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be labeled in terms of mg. of (/-alpha tocopheryl
acetate or its equivalent in International Units of
Vitamin E." N.F.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
TOLAZOLINE HYDROCHLORIDE.
U.S.P.
Benzazoline Hydrochloride, 2-Benzyl-2-imidazoline
Hydrochloride, Tolazolinium Chloride

cr
"Tolazoline Hydrochloride contains not less
than 98 per cent of C10H12N2.HCI, calculated on
the dried basis." U.S.P.
Priscoline

(formerly Priscol)

Hydrochloride

(Ciba).

This compound is one of a series of substituted
imidazolines studied by Hartmann and Iser (Arch,
exp. Path. Pharm., 1939, 192, 141) in their investigation ofthe relationship of pharmacologic
activity to structure in this group. They found
that phenyl-substituted alkyl 2 -imidazolines almost
without exception decreased blood pressure, the
most pronounced effect being obtained with
phenylmethyl- 2 -imidazoline (2-benzyl-2-imidazoline), official as tolazoline hydrochloride; when
the phenyl group is replaced by naphthyl, however, the resulting derivative, which is official as
Naphazoline Hydrochloride, markedly raised blood
pressure. Tolazoline base may be synthesized by
heating ethylenediamine with fi-phenylpropionic
acid (Scholz, Ind. Eng. Chent., 1945, 37, 120),
the base being converted to the hydrochloride to
form the official product.
Description. — "Tolazoline Hydrochloride is a
white or creamy white, crystalline powder. Its
solutions are slightly acid to litmus. Tolazoline
Hydrochloride is freely soluble in water and in
alcohol. Tolazoline Hydrochloride melts between
172° and 176°." U.S.P.
Standards and Tests. — Identification. — (1)
Tolazoline hydrochlride responds to tests for chloride. (2) A pink-colored precipitate is formed
with ammonium reineckate T.S. (3) Tolazoline
picrate obtained in the assay melts between 144°
and 149°. Loss on drying. — Not over 0.5 per cent,
when dried in a vacuum desiccator over sulfuric
acid for 4 hours. Residue on ignition. — Not over
0.1 per cent. U.S.P.
Assay. — About 100 mg. of tolazoline hydrochloride isdissolved in 1 ml. of water and the
tolazoline precipitated as a picrate, which is collected on a tared, sintered-glass crucible, washed,
dried at 105° for 2 hours, and weighed. The
gravimetric factor for converting to C10H12N2.HC1 is 0.520. U.S.P.
Uses. — Tolazoline hydrochloride is used for the
treatment of spastic peripheral vascular disorders.
Action. — Tolazoline hydrochloride is an adrenergic-blocking agent which reverses the pressor
action of epinephrine, causes postural hypotension
but does not eliminate all vasomotor reflexes, such
as the cold pressor response. It stimulates cardiac
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rate and output, increases coronary blood flow,
increases gastric motility and produces peripheral
vasodilatation (Horwitz et al, Am. J. Med. Sc.,
1949, 218, 669; Vinson and Ottoman, Proc. S.
Exp. Biol. Med., 1949, 70, 647; Marzoni et al,
Surgery, 1949, 26, 117). The basic pharmacology
of the drug has been reported by Ahlquist et al.
(J. Pharmacol., 1947, 89, 271). Its blocking action
is less complete than that of Dibenamine but is
more effective than that of dihydroergocornine or
dihydroergotamine. In therapeutic doses it has
some direct dilating action on the blood vessels
but it causes little, if any, decreases in blood pressure in hypertensive patients.
With the aid of carbon- 14-labeled tolazoline,
Century et al. found that the drug was rapidly absorbed from the gastrointestinal tract following
oral administration. It was concentrated to the
greatest extent in the liver and kidneys, relatively little being in the brain. The drug was
rapidly excreted, as such, by the kidneys, with
very little of it being found in the urine as a
metabolite (/. Pharmacol., 1953, 109, 318). Likewise, Orloff et al. reported that tolazoline was extremely rapidly secreted by the renal tubules, by
a mechanism different from that which secreted
£-aminohippurate (ibid., 1953, 109, 214).
Therapeutic Uses. — Tolazoline hydrochloride
is employed in treating Buerger's disease, Raynaud's syndrome (for which it is particularly effective, Lager, Am. Pract., 1950, 1, 50), obliterative
arteriosclerosis (intermittent claudication), acute
arterial occlusions, causalgia, thrombophlebitis,
frostbite, gastric crises of tabes dorsalis (Grimson
et al., Ann. Surg., 1948, 127, 968; Rogers,
J. A.M. A., 1949, 140, 272; Kramer, Pennsylvania
M. J., 1948, 52, 140; Lynn, Lancet, 1950, 259,
676), and acute phases of poliomyelitis (Smith
et al, N. Y. State J. Med., 1948, 48, 2608;
LaBoccetta and Dawson, J.A.M.A., 1952, 148,
1083). Priscoline may be as effective as injections
of procaine around the lumbar sympathetic ganglia.
It is effective orally, and may be used in average
doses by ambulatory patients. Seligman (South.
Med. & Surg., 1949, 111, 368) reported similar
results from injections of Priscoline as from tetraethylammonium bromide. Moser et al. found it to
be useful in peripheral vascular disease but less
effective than hexamethonium or dibenzyline
(Ann. Int. Med., 1953, 38, 1245). Tolazoline was
not as effective as nerve block in dilating a vascular bed. Moreover, Murphy et al. found that the
drug tended to produce cutaneous vasodilatation
of the extremities by a shunting mechanism at
the expense of a decrease in blood flow through
the deeper muscular vascular bed, as measured
with the aid of radioactive sodium
(Surgery,
1950, 27, 655). Griffith and Little (South.
M. J., 1949, 42, 1082) used tolazoline effectively
in dysmenorrhea.
Toxicology. — Tolazoline hydrochloride is
probably contraindicated in cases of peptic ulcer
as it stimulates secretion of hydrochloric acid.
Side effects include flushing, formication, goose
flesh and chilly sensations, nausea, vomiting, abdominal pain, diarrhea, and postural hypotension.
Dose. — The usual oral dose is 50 mg. 4 times
a day, with a range of 50 to 75 mg. Parenterally
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(subcutaneously, intramuscularly, or intravenously), 10 to 50 mg. may be given up to 4 times
daily; for acute phenomena as much as 75 mg.
may be given slowly intravenously, under careful
observation.
Priscoline hydrochloride is available in tablets
containing 25 mg., in an elixir containing 25 mg.
per 4 ml., and in multiple-dose vials of an injection containing 25 mg. per ml.
Storage. — Preserve "in well-closed containers."
U.S.P.

TOLAZOLINE HYDROCHLORIDE
TABLETS. U.S.P.
"Tolazoline Hydrochloride Tablets contain not
less than 93 per cent and not more than 107 per
cent of the labeled amount of C10H12N2.HCI."
U.S.P.
Usual Size. — 25 mg.
TOLU BALSAM.
U.S.P. (B.P.)
[Balsamum

Tolutanum]

"Tolu Balsam is obtained from Myroxylon
Balsamum
(Linne) Harms (Fam. Leguminosce)."
U.S.P.
The B.P. defines Balsam of Tolu as a solid or
semi-solid balsam obtained from Myroxylon balsamum (L.) Harms. It contains not less than 35.0
per cent and not more than 50.0 per cent of total
balsamic acids, calculated with reference to the
dry alcohol-soluble matter.
B.P. Balsam of Tolu. Tolu. Balsamum Americanum;
Resina Tolutana. Fr. Baume de Tolu. Ger. Tolubalsam.
It. Balsamo del Tolu. Sp. Balsamo de Tolu.

This balsam was first described by Monardes
in 1574. Like Peruvian balsam, it has been the
subject of much botanical controversy. According
to the Rules of the International Botanical Congress, the U.S.P. (and present B.P.) source is
correctly stated.
Myroxylon Balsamum (L.) Harms [Myroxylon Toluifera H. B. K., Toluifera Balsamum
Linne] is a South American tree with spreading
crown, somewhat like Myroxylon Pereirce, differing from it mainly by its habit of branching about
14 to 16 meters above ground, in having leaves
with fewer leaflets and in bearing dense racemes
of flowers each with a tubular calyx. The trees
have been naturalized in Cuba. Most of the balsam
is obtained in the province of Tolu in the neighborhood of the Magdalena and Cauca rivers, in
Colombia.
The balsam is said to be produced normally in
the tree only in young growing tissues such as the
young twigs and leaves, and to be formed in the
older tissues only as the result of injuries received.
The bark of the trunk from which the balsam is
obtained is devoid of secretion reservoirs and it is
probable that these are formed in the new wood,
due to the effects of incisions made in the tree.
It is obtained by making V-shaped incisions in
the trunk quite through the bark. The juice is
received in small calabash cups, which are inserted in slight excavations beneath the point of
the two vertical incisions meeting at the lower
end; and Weir has seen as many as twenty cups
at a time on one tree. The collectors go from tree
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to tree, emptying the cups into bags of rawhide
slung over the back of a donkey. In these skin
vessels the balsam is shipped to Cartagena and
Savanilla, where it is transferred to cylindrical tin
cans containing 10 to 25 pounds and exported.
Importations of this drug during 1952 amounted
to 209,979 pounds, all from Colombia.
Myroxylon Balsamum has been introduced into
Surinam and Java, but only small amounts enter
commerce from these countries.
Schaer reported on Myrocarpus balsam (Cabureiba balsam, of Piso; Baume du Permi en coques,
of Guibourt), and concluded that it has properties
intermediate between tolu balsam and Peruvian
balsam. It did not contain cinnamic acid and the
benzoic acid which he obtained had a melting
point from 3° to 4° higher than official benzoic
acid (Arch. Pharm., 1909, p. 176). Fristedt believed itto be obtained either from Myrocarpus
fastigiatus Fr. All. or M. frondosus All. (Upsala
lakaref. fork., 1885).
Description. — "Tolu Balsam is a brown or
yellowish brown, plastic solid, transparent in thin
layers and brittle when old, dried, or exposed to
cold temperatures. It has a pleasant, aromatic
odor resembling that of vanilla, and a mild, aromatic taste. Tolu Balsam is nearly insoluble in
water and in petroleum benzin. It is soluble in
alcohol, in chloroform, and in ether, sometimes
with slight residue or turbidity." U.S.P.
Standards and Tests. — Acidity. — A 1 in 20
alcoholic solution of tolu balsam is acid to litmus
paper. Rosin, rosin oil, or copaiba. — Absence of
these constituents is confirmed by the official test
for rosin. Acid value. — Not less than 112 and not
more than 168. Saponification value. — Not less
than 154 and not more than 220. U.S. P.
The B.P. differs from the U.S. P. in requiring
an acid value of 100 to 160, and a saponification
value of 170 to 230, both calculated to the dry
alcohol-soluble material. A loss in weight of not
more than 4.0 per cent, when dried as a thin
layer in vacuo over sulfuric acid, is permitted.
Constituents. — Tolu balsam, like Peruvian
balsam, is a mixture of resinous matter with cinnamic and benzoic acids and esters of these acids.
Vanillin is also present in the balsam. The proportion of resinous matter is larger than in Peruvian balsam, amounting to 75 or 80 per cent.
It consists, according to Tschirch and Oberlander
(Arch. Pharm., 1894, 599), largely of benzoic and
cinnamic esters of an alcohol, toluresinotannol.
The total aromatic acids, according to Cocking
and Kettle (Pharm. J., 1918), amount to about
36 per cent, of which some 12 per cent is free
cinnamic acid and 8 per cent free benzoic. When
distilled with water, tolu balsam yields a small
quantity, 1.5 to 3 per cent, of a highly aromatic
volatile oil. The oil contains benzyl benzoate.
benzyl cinnamate, phellandrene, and farnesol. For
other reports on the composition and constituents
of tolu balsam, see Rollett and Schneider
(Monatsh. Chem., 1930, 55, 151) and Burger
(Chem. Abs., 1937, 31, 8108).
Adulterants. — Tolu balsam is sometimes adulterated with rosin and pine resins, both of which
are readily detected, as they are soluble in carbon
disulfide and benzol. The balsam of tolu of com-
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merce is sometimes deficient in alcohol-soluble
content. It has been known that cans of tolu contain large pieces of red brick with enough melted
balsam
poured in to cover the bricks and fill the
cans.
Uses. — Tolu balsam is a feeble stimulant expectorant; tolu syrup is much used, by virtue of
its agreeable flavor, as a vehicle for cough mixtures. Inhalation of vapor generated from the
balsam has been used in treatment of respiratory
infections. The balsam, when used internally, has
generally been given in emulsion dosage form.
Considerable amounts are used as a fixative in
perfume.
Dose, 0.6 to 2 Gm. (approximately 10 to 30
grains) .
Storage. — Preserve "in tight containers and
avoid exposure to excessive heat." U.S.P.
Off. Prep.— Tolu Balsam Tincture, U.S.P. ;
Compound Benzoin Tincture, U.S.P., B.P.; Syrup
of Tolu, B.P.
TOLU

BALSAM

SYRUP.

U.S.P.

(B.P.)

Syrup of Tolu, [Syrupus Balsami Tolutani]
B.P. Syrup of Tolu; Syrupus Tolutanus. Syrup of Balsam of Tolu. Syrupus Tolu. Fr. Sirop de baume de Tolu.
Ger. Tolubalsamsirup. It. Sciroppo di balsamo del Tolu.
Sp. Jarabe de balsamo de Tolu; Jarabe de Tolu.

Mix 50 ml. of tolu balsam tincture intimately
with 10 Gm. of magnesium carbonate and 60 Gm.
of sucrose in a mortar. Gradually add 430 ml. of
purified water, with trituration and filter. Dissolve 760 Gm. of sucrose in the clear filtrate, with
gentle heating, strain the syrup while warm, and
add enough purified water through the strainer to
make 1000 ml. Mix thoroughly. Tolu balsam
syrup may also be made by pouring the filtrate,
prepared as in the preceding, on 760 Gm. of
sucrose in a percolator, the percolate being returned until all of the sucrose has dissolved.
Enough purified water is passed through the cotton in the percolator to make 1000 ml. U.S.P.
Alcohol Content. — From 2 to 4 per cent, by
volume, of C2H5OH. U.S.P.
The B.P. prepares Syrup of Tolu by extracting
tolu balsam with boiling distilled water, then
making this solution into syrup by dissolving
sucrose therein.
Luck (/. A. Ph. A., 1933, 22, 844) found a
substance in tolu balsam, yellow in alkaline
solution but colorless in acid solution, which is
responsible for the darkening of the official syrup.
The author recommended that a standard of free
cinnamic acid be adopted for the syrup and suggested a procedure for this standardization. Tolu
balsam syrup may develop, through mold growth,
an unpleasant odor resembling coal gas; the
change is said to involve reduction of cinnamic
acid to the hydrocarbon styrene.
Uses. — Tolu balsam syrup is used chiefly to
impart its agreeable flavor to mixtures; while
tolu balsam possesses therapeutic properties, not
enough is dissolved by the syrup to have any
perceptible effect. The slightly alkaline reaction
of the syrup may give rise to incompatibilities. E
Dose, 4 to 15 ml. (approximately 1 to 4 fluidrachms).
Storage. — Preserve "in tight containers, pref-
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erably at a temperature not above 25°." U.S.P.
Off. Prep. — Expectorant Mixture, N.F.
TOLU BALSAM TINCTURE.
U.S.P.
Tolu Tincture,

[Tinctura Balsami Tolutani]

Tincture of Balsam of Tolu. Tinctura Toiu. Fr. Teinture
de baume de Tolu. Ger. Tolubalsamtinktur. Sp. Tintura de
Bdlsatno de Tolu.

Prepare the tincture from 200 Gm. of tolu balsam, by Process M (see under Tinctures), using
alcohol as the menstruum to make 1000 ml. U.S.P.
Alcohol Content. — From 77 to 83 per cent,
by volume, of C2H5OH. U.S.P.
Uses. — Tolu balsam tincture has the properties
of the balsam, and may be employed as an addition to expectorant mixtures in chronic bronchitis.
It is generally used in the form of the syrup, but
in small amounts it is sometimes employed as a
flavor for cough mixtures.
Dose, from 2 to 8 ml. (approximately Yz to 2
fluidrachms).
Storage. — Preserve "in tight, light-resistant
containers, and avoid exposure to direct sunlight
and to excessive heat." U.S.P.
Off. Prep.— Tolu Balsam Syrup, U.S.P.
N.F. TOOTHACHE
DROPS
Odontalgicum

Dissolve 25 Gm. of chlorobutanol in enough
clove oil to make 100 ml. N.F.
This is intended for relief of pain in carious
teeth. It may be applied by saturating a small
pledget of cotton with the oil and inserting it in
the cavity of the tooth.
Storage. — Preserve "in tight containers." N.F.
TOTAQUINE.
N.F. B.P.
[Totaquina]

"Totaquine is a mixture containing not less than
7 per cent and not more than 12 per cent of
anhydrous quinine and not less than 70 per cent
and not more than 80 per cent of total anhydrous
crystallizable cinchona alkaloids, the remainder
consisting substantially of diluents, preferably lactose, starch, or sucrose." N.F.
The B.P. recognizes a mixture of alkaloids from
the bark of Cinchona succirubra Pavon, Cinchona
robtista Howard, and other suitable species of
Cinchona. It contains not less than 70.0 per cent
of crystallizable cinchona alkaloids, of which at
least one-fifth is quinine.
Quinium. Fr. Totaquina. Sp. Totaquina.

Because of the widespread occurrence of malarial fevers in the tropics and the relative poverty of many of the inhabitants, many different
mixtures of cinchona alkaloids, as obtained from
various species of cinchona, without separation of
the individual alkaloids or much purification, have
been utilized for their antiperiodic effect. There
was extensively used in India, under the name of
Cinchona Febrifuge, a rather indefinite mixture
of cinchona alkaloids. Quinetum is a term applied
to a mixture of all the alkaloids of C. succirubra
in their natural proportions. The League of Nations Health Committee ruled that the term quinetum "should be reserved for a preparation consist-
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ing of quinine, cinchonidine and cinchonine in
equal parts, that being approximately the normal
proportion of these alkaloids in Cinchona succirubra" (the last part of this statement is not strictly
accurate). In order to make available other forms
of bark, which might be locally produced, the
Committee recommended the recognition by the
various pharmacopeias of a mixture of all the alkaloids of cinchona bark which should be entitled
Totaquina.
The mixture of alkaloids may be extracted from
the bark by one of several processes. That used by
the Bureau of Science of the Philippines for extracting bark obtained in the Mindanao Island district is as follows: The cinchona is ground to a
fine powder, mixed with lime and water, and
charged into percolators. The drug is percolated
with alcohol, the resulting percolate is distilled to
recover the alcohol, and the gummy residue thereupon obtained treated with sulphuric acid solution
to dissolve the alkaloids. This solution is filtered,
decolorized with charcoal, filtered again, and the
mixed alkaloids precipitated by the addition of
sodium hydroxide.
Description. — "Totaquine occurs as a white
to grayish white, or a slightly yellowish white
powder. It is odorless, or nearly so, has a bitter
taste, and is darkened by light." N.F.
Standards and Tests. — Identification. — (1)
A solution of totaquine in diluted sulfuric acid,
diluted with water, has a distinct blue fluorescence
when viewed in sunlight. (2) Addition of bromine
T.S. and ammonia T.S. to a portion of solution
prepared for the preceding test produces an emerald green color. Loss on drying. — Not over 5 per
cent, when dried at 105° for 4 hours. Residue on
ignition. — Not over 5 per cent, when ignited in
the presence of sulfuric acid. Heavy metals. — The
limit is 50 parts per million. U.S.P.
Assay. — For cinchonine. — A 2-Gm. sample of
totaquine is dissolved in water with the aid of
diluted hydrochloric acid. The solution is nearly
neutralized, filtered, alkalinized with ammonia
after adding nearly an equal volume of alcohol,
and the cinchonine thereby precipitated is filtered
off on a Gooch crucible, washed, dried at 105°,
and weighed (if the amount of cinchonine is present in an amount greater than 30 per cent it is
redissolved and reprecipitated). An additive correction isapplied to compensate for cinchonine
held in solution. For quinine and cinchonidine. —
The filtrate and washings are neutralized with hydrochloric acid and the quinine and cinchonidine
(both /e^o-alkaloids) precipitated as tartrates;
these are filtered through a tared filter, washed,
dried at 105° for 4 hours, and weighed. The corrected weight, multiplied by 0.79, represents the
weight of cinchonidine and anhydrous quinine.
The dried precipitate is dissolved in a solution of
hydrochloric acid, the solution clarified with activated charcoal, and the optical activity of the solution determined; from the observed angular
rotation the per cent of anhydrous quinine in
totaquine is determined by a formula given in
the N.F. The per cent of cinchonidine is calculated by difference. For quinidine. — The filtrate
and washing from the preceding assay is alkalinized with sodium hydroxide and the mixture
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shaken out with ether; from the ether extract the
quinidine is extracted into an acetic acid solution,
and precipitated as quinidine hydriodide, which
is weighed after drying at 105° for 4 hours. A
correction for solubility of the salt is applied; the
corrected weight, multiplied by 0.717, represents
the equivalent weight of quinidine. For total anhydrous crystallizable cinchona alkaloids. — One
Gm. of totaquine is mixed with water, made alkaline with ammonia T.S. and the liberated alkaloids
extracted with chloroform. After evaporating the
chloroform, the residue of total alkaloids is dried
at 105° for 4 hours. The weight of total alkaloids
so obtained is not more than 2 per cent greater or
less than the sums of the percentages of alkaloids
found in the preceding assays. N.F.
The B.P. assay differs from that of the N.F.
given above in several respects. Instead of separating cinchonine at the beginning, the B.P. first
determines the combined weight of quinine and
cinchonidine by a method similar to that employed in the N.F. The proportion of quinine in
this mixture is then calculated from a determination of the methoxyl content, this group being
characteristic of that alkaloid. The alkalinized
filtrate from the quinine and cinchonidine tartrates isextracted with several portions of ether,
sufficient to dissolve both cinchonine and quinidine. Following this both alkaloids are transferred
to a sulfuric acid solution ; the latter is then made
alkaline with sodium hydroxide and shaken with
sufficient ether to dissolve the quinidine but only
a small amount of cinchonine. The precipitate of
cinchonine is filtered off, washed, dried and
weighed; a correction is applied for the amount of
cinchonine dissolved by the ether. Quinidine is
determined in the ether filtrate by conversion to
the hydriodide.
Uses. — Totaquine was introduced for the purpose of providing an antimalarial agent which
would be less expensive and more readily available than quinine (for literature see Bull. Health
League of Nations, 1937, 6, 911). Such a drug
has been used in the Philippines and in India for
many years. Some of the other alkaloids of cinchona, besides quinine, have antimalarial activity
(see under Cinchonine and Cinchonidine).
Green (Bull. U. S. Army Med. Dept., 1945, 84,
51) reported obtaining similar therapeutic and
untoward effects with either totaquine or quinine
in the management of the acute attack of PI. vivax
malaria in soldiers. The majority receiving quinine
or totaquine manifested cinchonism in some degree; nausea, vomiting and vertigo were more
frequent with totaquine, while tinnitus and deafness were more frequent with quinine. Only 10
per cent of soldiers receiving quinacrine experienced untoward side effects while obtaining
equally good therapeutic results. Totaquine may
be employed for most of the purposes for which
quinine is useful.
Dose.— Meleney (.V. Y. State J. Med., 1944,
44, 2105) placed the oral therapeutic dose of
totaquine at 600 mg. 3 times daily for 7 days,
and 300 mg. 3 times daily for 2 to 4 weeks. For
children 1 to 4 years of age the dose is 150 mg.
3 times daily; for those 4 to 8 years of age the
dose is 300 mg. 3 times daily. Totaquine is not
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administered parenterally. Napier (New Eng. J.
Med., 1945, 233, 38) stated the dosage for nonimmune white persons with falciparum (malignant tertian) malaria as 1 Gm. 3 times daily for
2 days, then 600 mg. 3 times daily for 5 days.
The N.F. gives the usual dose as 600 mg.
Storage. — Preserve "in well-closed, light-resistant containers." N.F.

TRAGACANTH.

U.S.P., B.P.

Gum Tragacanth, [Tragacantha]

"Tragacanth is the dried gummy exudation
from Astragalus gummifer Labillardiere, or other
Asiatic species of Astragalus (Fam. Leguminosa)." U.S.P. The B.P. recognizes the species
known in commerce as Persian tragacanth.
Hog Gum; Goat's Thorn. Gummi Tragacanth*. Fr.
Gomme adragante. Cer. Tragacanth. It. Gomma adragante; Gomma dragante. Sp. Goma tragacanto; Tragacanto.

Tragacanth was known in the days of Theophrastus, who described it three centuries before
the Christian Era. It has been official in every
edition of the U.S.P. since 1820.
In the past there was considerable argument as
to the botanical source of tragacanth. It is now
known that it is derived from a number of species
of Astragalus. Botanists divide this genus into a
number of sections, of which the section Tragacantha includes all gum-producing species. These
are hairy, thorny shrubs, with odd-pinnate, rarely
simple, leaves; white, yellow or purple flowers,
arranged in racemes or spikes, and with membranous, orfleshy, fruits. They are found in the
mountainous sections of an area beginning in
eastern Iran (Persia) and extending westward
through Syria and Asia Minor as far as Smyrna.
According to Haussknecht. tragacanth is
yielded by the following species of Astragalus:
A. adscendens Boiss. et Hausskn. (southern
Persia) ; A. leioclados Boiss. (in middle and western Persia) ; A. brachycalyx Fisch. (Kurdistan
and Luristan) ; A. gummifer Labill. (widely distributed throughout Asia Minor) ; A. pycnocladus
Boiss. et Hausskn. (particularly in western
Persia) ; A. stromatodes Bge. (in northern Syria);
A. kurdicus Boiss. (Aintab) and A. parnassi
Boiss. var. cyllenea, found on the mountains of
Peloponnesus. In addition there is obtained a
similar exudate known as Kuteera (or Kutira)
gum, collected in Khorassan. in extreme western
Persia, that is derived from A. heratensis Bge.
The U. S. S. R. Institute of Plant Industry
reported that the tragacanth obtained in Turkmenistan isyielded by A. karakalensis Fr. and Sint.,
A. piletocladus Fr. and Sint. and probably other
species; and that the gum produced in Transcaucasia isyielded chiefly by A. aureus Wiild.
and A. erinaceus Fisch.
There is some difference of opinion as to
whether this material is a normal or pathological
product of plant metabolism. Many authorities
believe that it is produced as the result of
injuries, either by insects or by man or bacteria.
Hanbury noted that after cutting off the branches
of a living plant "there immediately exudes from
the center a stream of soft, solid tragacanth."
Peyer (Pharm. Zentralh., 1924, 65, 637), after an
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elaborate study, inclined to the opinion that the
substance is produced by action of oxidases upon
mucilaginous membranes in the pith and medullary rays, and that pathological irritation is not
necessary for its production.
The finest form of the drug, known as flake
tragacanth, occurs in thin ribbon-like flakes of a
horny translucent appearance, white or very pale
yellow in color. This variety is the only one recognized bythe B.P. It is produced in Iran, Turkish
Kurdistan and Iraq.
An inferior grade of Persian tragacanth {tragacanton or tragacanth in sorts) occurs in rounded
or irregular tears of a brownish waxlike appearance. It is believed to be an exudation through
natural ruptures of the bark.
Smyrna, Turkish or Anatolian tragacanth somewhat resembles the Persian, but the ribbon-like
character is not so marked, and it is more opaque
and darker in color. It contains considerable starch
and will give a decided reaction with iodine. This
variety is not produced in the immediate neighborhood of Smyrna but in the mountainous interior of Asia Minor, in the central Anatolian
plateau, especially in the Karahissar and Jalowadsch districts. It is obtained by incising the
stems of the plant in the late spring or early
summer; the gum which has exuded the day following the cutting is collected. The finest grades
of Turkish tragacanth have a yellowish color.
Vermiform tragacanth occurs in thin, narrow
vermiform bands, which are usually twisted or
coiled. It is the product of the A. cylleneus Boiss.
et Heldr., which grows in the peninsula of Morea
in southern Greece.
The term false tragacanth, or Indian tragacanth, has sometimes been applied to sterculia
gum.
The Persian tragacanth is collected chiefly in
Kurdistan in Asia Minor and in the neighborhood of Shiraz in Iran. In collecting the gum, it
is said the natives first burn the leaves off the
shrubs, then expose the roots and cut incisions in
them ; after a week or more the gum exuding from
the roots is collected. The gum obtained from the
first tapping is of superior quality, that from subsequent tappings being inferior and of yellow
color.
According to Trease {Pharm. J., Aug. 1936, p.
206) the method of collection in the province of
Fars consists in removing the earth from the base
of the shrubs in their second year of growth and
incising the exposed stems. The collector then
forces a wedge-shaped piece of wood into the incision and leaves it there for 12 to 24 hours. The
gum exudes as a broad, ribbon-like band and is
collected 2 days after the incision. Sometimes the
plants are burned at the top after the incising.
This is claimed to cause a greater quantity of
gum to be produced; however, it is of inferior
grade and of a dirty, reddish color. Persian tragacanth is sorted into seven grades by exporters;
four of these are used only in the textile industry.
Description. — "Unground Tragacanth occurs
in flattened, lamellated, frequently curved fragments or in straight or spirally twisted linear
pieces from 0.5 to 2.5 mm. in thickness. It is
white to weak yellow in color, translucent, and
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horny in texture. Its fracture is short. It is rendered more easily
by heating
to 50°.
It is odorless
and pulverizable
has an insipid,
mucilaginous
taste." U.S.P. For histology see U.S.P. XV.
"Powdered Tragacanth is white to yellowish
white. When examined in water mounts, it shows
numerous angular fragments of mucilage with
circular or irregular lamellae, and occasional
starch grains from 3 to 25 n in diameter, mostly
simple, spherical to elliptical, with occasional 2- to
4-compound grains, a few of the grains being
swollen and more or less altered. The powder
shows few or no fragments of lignified vegetable
tissue {Indian gum) ." U.S.P.
Standards and Tests. — Identification. — On
mixing 1 Gm. of tragacanth with 50 ml. of water
the former swells and forms a smooth, nearly
uniform, stiff, opalescent mucilage free from cellular fragments. Karaya gum. — No pink or red
color is produced on boiling 1 Gm. of tragacanth
with 20 ml. of water until a mucilage is formed,
then adding 5 ml. of hydrochloric acid and boiling
the mixture for 5 minutes. U.S.P. The B.P. limits
ash to 4.0 per cent, and foreign organic matter to
1.0 per cent.
Tragacanth is hard and more or less fragile,
but difficult to pulverize, unless exposed to a
freezing temperature, or thoroughly dried, and
powdered in a heated mortar. Its specific gravity
is about 1.38. When placed in water, it swells
considerably, and forms a mucilage, but dissolves
only to a slight extent. With a large amount of
water the greater part of the tragacanth separates
in a day or two, leaving a portion dissolved in the
supernatant fluid. Tragacanth is wholly insoluble
in alcohol. It appears to be composed of two
different constituents, one soluble in water and
resembling gum arabic, the other swelling in
water, but not dissolving.
Constituents. — According to O'Sullivan
(Proc. Chem. S., 1901) the soluble part of tragacanth is chiefly polyarabinan-trigalactan-geddic
acid; according to him this yields on hydrolysis
arabinose, galactose and geddic acid. The insoluble
part is mostly bassorin, (CnH2oOio)n; hydrolysis
by barium hydroxide solution forms two isomers,
alpha- and beta-tragacanthan-xylan-bassoric acid,
which on further hydrolysis yields tragacanthose,
xylose and bassoric acid.
Norman (Biochem. J., 1931, 25, 200) disagreed
with O'Sullivan concerning the nature of the soluble part of tragacanth. Norman separated the
soluble constituent by filtering dilute solutions,
concentrating under reduced pressure, and precipitating with alcohol acidulated with hydrochloric acid. Several reprecipitations resulted in
a fine white powder very soluble in water. This
was called tragacanthin, which was found to be
composed of uronic acid and arabinose. This led
to the suggestion that a portion of the arabinose
is united to uronic acid to form a resistant nucleus, the residue attached by glycosidic linkage.
He found that tragacanthin consists of 94 per
cent of a combination of uronic acid and arabinose
in about equal amounts.
Rowson {Quart. I. P., 1937, 10, 161) suggested
that bassorin is analogous to pectin in composition, containing complex
methoxylated
acids.
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Demethoxylation of bassorin results in formation
of tragacanthin, which lacks the swelling properties of bassorin. He recommended that a bassorin
content of not less than 60 per cent and a methyoxyl content of not less than 3.75 per cent be
required for tragacanth.
Tragacanth also contains small amounts of cellulose, starch and protein substances.
Adulterants. — Tragacanth is sometimes adulterated with Ghatti (or Indian ) gum. Both the
B.P. and the U.S. P. provide tests for the presence
of this. The most frequent adulterant, however,
is acacia. Peyer (Pharm. Ztg., 1924, 64, 1198)
found that if the amount of acacia is more than
10 or 20 per cent its presence can be shown by
tests, based on its larger proportion of oxidase,
with benzidine, orcin. or resorcinol. Krause
iPltarm. Ztg., 1927. 72, 331) reported adulteration with three spurious materials, one of which
was a pectin or plant slime.
Uses. — Tragacanth is demulcent but, because
it hydrates slowly and dissolves only to a slight
extent, is not practicable for internal use. It has
been employed for its demulcent effect in pharyngitis by allowing a piece of the gum to hydrate
slowly in the mouth.
The high viscosity imparted to water by tragacanth makes it useful for preparing aqueous suspensions of insoluble substances; it is also employed in making jellies for medicinal use, for
imparting consistence to troches and pills and,
sometimes, as an emulsifying agent. For this last
purpose it is not very efficient because of the
relatively coarse dispersions of oil it produces. In
using tragacanth it should be kept in mind that its
viscosity, when used in sufficient amount to produce a jellv. mav increase markedlv on standing
(Nichols. /. A. Ph. A., 1939, 28, 98; see also following article).
Off. Prep.— Tragacanth Mucilage. N.F., B.P.;
Cod Liver Oil Emulsion with Malt; Ephedrine
Sulfate Jelly; Ferrous Carbonate Pills; Tragacanth Glycerite. N.F.; Compound Powder of
Tragacanth ; Emulsion of Cod Liver Oil ; Glycerin
of Tannic Acid. B.P.
TRAGACANTH

MUCILAGE.

N.F. (B.P.)

[Mucilago Tragacanthae]
B.P. Mucilage of Tragacanth. Mucilago Gummi Tragacanthae. Fr. Mucilage de gomme adragante. Gcr. Tragacanthschleim. Sf. Mucilago de tragacanto.

Mix 18 Gm. of glycerin with 75 ml. of purified
water in a tared vessel, heat the mixture to boiling, discontinue the heating and add 6 Gm. of
tragacanth and 0.2 Gm. of benzoic acid. Macerate the mixture during 24 hours, stirring occasionally, then add enough purified water to make the
mixture weigh 100 Gm. Stir it until uniform,
then strain forcibly through muslin. N.F.
The B.P. prepares Mucilage of Tragacanth by
mixing 12.5 Gm. of finely powdered tragacanth
with 25 ml. of 90 per cent alcohol, in a dry bottle,
then adding, as quickly as possible, sufficient
chloroform water to produce 1000 ml., and shaking vigorously.
A part only of tragacanth is soluble in water:
the remainder hydrates and swells to form a soft

tenacious mass, which may be mechanically mixed
with water, but does not form a true solution. The
X.F. mucilage is thick and very viscid, but not
permanent, as the water separates from the insoluble portion of the tragacanth on standing. In
a study of the viscosity of tragacanth mucilages.
Chambers (Quart. J. P., 1948, 21, 56) observed
that homogeneous mucilages which had been fully
hydrated by heating and homogenization did not
undergo change in viscosity for several months
but afterwards showed a gradual decrease in viscosity as a result of hydrolytic decomposition of
the tragacanth. Mucilages in which the tragacanth
initially had not been fully hydrated showed an
increase
in viscosity over a period of several
weeks.
Tragacanth mucilage, while not having marked
protective properties as a colloid, is nevertheless
useful, because of its property of increasing viscosity, inproducing more or less stable dispersions
of solids in aqueous media. It is a useful addition
to lotions also for the purpose of localizing the
application, without having it spread over too
wide an area. The mucilage is well suited as a
base for the preparation of medicinal jellies. It
is also sometimes employed as an excipient for
pills and troches.
The B.P. mucilage of tragacanth is a liquid
which can be poured. The alcohol used in the
British process facilitates rapid hydration of the
tragacanth and quick production of the mucilage,
and in addition has a slight preservative action.
Storage. — Preserve ''in tight containers." N.F.
Off. Prep. — Emulsion of Chloroform, B.P.
COMPOUND
POWDER OF
TRAGACANTH.
B.P.
Pulvis Tragacanthae

Compositus

Compound Powder of Tragacanth is prepared
by mixing 15 per cent of tragacanth with 20 per
cent each of acacia and starch and 45 per cent of
sucrose, all in fine powder.
This may be used as a demulcent, but is employed chiefly as an aid in suspending heavy
insoluble powders in aqueous media.
Dose, 0.6 to 4 Gm. (approximately 10 to 60
grains).
TRIASYN

B CAPSULES.

N.F.

"Triasyn B Capsules contain, in each capsule,
not less than 2 mg. of thiamine hydrochloride, 3
N.F.
mg. of riboflavin, and 20 mg. of nicotinamide."
This represents an early official formulation of
certain vitamins of the B complex; for other
multiple-vitamin formulations see Hexavitamin
Capsules and Tablets, and Decavitamin Capsules
and Tablets. For actions and uses of the components of triasyn B see under the respective
vitamins.
Labeling. — "The labeling of Triasyn B Capsules shall include no claim based upon any quantity
N.F. in excess of that specified in this monograph."
Storage. — Preserve "in tight, light-resistant
containers." N.F.
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TRIASYN

B TABLETS.

N.F.

"Triasyn B Tablets contain, in each tablet, not
less than 2 mg. of thiamine hydrochloride, 3 mg.
of riboflavin, and 20 mg. of nicotinamide." N.F.
This is the tablet dosage form otherwise identical with the capsule form described in the preceding article.
TRIBROMOETHANOL.
U.S.P.
(B.P.) LP.

Tribromoethyl Alcohol,

[Tribromoaethanol]

Br3C.CH2OH
"Tribromoethanol, dried over sulfuric acid for
4 hours, contains not less than 99 per cent of
C2H3Br30." U.S.P. The B.P. and LP. also require
not less than 99.0 per cent of C2H30Br3, but the
substance is not dried.
B.P. Tribromoethyl Alcohol; Alcohol Tribromoethylicum. I. P. Tribromoaethanolum. Ethobrom; Avertin {Winthrop). Sp. Tribromoetanol.

Tribromoethanol, introduced as an anesthetic in
surgery in 1926, may be prepared by reducing
tribromoacetaldehyde with aluminum ethoxide in
an atmosphere of nitrogen.
Solutions of tribromoethanol are unstable, especially on exposure to light, decomposing into
hydrobromic acid and dibromoacetaldehyde.
Description. — "Tribromoethanol occurs as a
white, crystalline powder, having a slight aromatic
odor and taste. It is unstable in air and in light.
Both water and alcohol solutions of Tribromoethanol decompose on exposure to light. One Gm.
of Tribromoethanol dissolves in about 35 ml.
of water. It is very soluble in amylene hydrate.
Tribromoethanol melts between 79° and 82°."
U.S.P.
Standards and Tests. — Identification. — Following alkaline hydrolysis of tribromoethanol the
bromide ion thereby produced forms a yellowish
curdy precipitate with silver nitrate. Acidity. — A
1 in 50 solution is not acid to methyl red T.S.
Loss on drying. — Not over 1 per cent, when dried
over sulfuric acid for 4 hours. Residue on ignition.
— Not over 0.1 per cent. Halide ions. — A solution
of tribromoethanol in water produces no immediate opalescence with silver nitrate. Readily carbonizable substances. — A solution of 100 mg. of
tribromoethanol in 1 ml. of sulfuric acid has no
more color than matching fluid A. Aldehyde. — A
solution of tribromoethanol in water produces no
precipitate with phenylhydrazine acetate T.S.
within 30 minutes. Other brominated compounds.
— Each Gm. of dried tribromoethanol consumes
not less than 105.0 and not more than 108.0
ml. of 0.1 N silver nitrate. U.S.P.
Assay. — About 300 mg. of tribromoethanol is
heated with a solution of sodium hydroxide and
the bromide ion produced by hydrolysis is determined by the Volhard method employing 0.1 iV
silver nitrate and 0.1 N ammonium thiocyanate
as volumetric solutions, with ferric ammonium
sulfate T.S. as indicator. Each ml. of 0.1 N silver nitrate represents 9.426 mg. of C2H3Br30.
U.S.P.
Uses. — Tribromoethanol,
when
dissolved in
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amylene hydrate (see following monograph) and
the solution administered rectally, is used as a
basal surgical anesthetic. Its action is similar to
that of chloroform. Its advantages are ease of
administration, pleasant induction, and absence of
postoperative nausea and vomiting. Use of this
basal anesthetic reduces by one-half the amount
of inhalation anesthetic required.
Both components of the solution in which tribromoethanol isemployed are central nervous
system depressants (Barlow and Gledhill, J. Pharmacol., 1933, 49, 36). The degree of muscular
relaxation produced is proportional to the dose
and in safe doses is only partial. The drugs depress medullary centers and tend to cause a fall
in blood pressure shortly after administration.
Usually this is equivalent to only 15 to 40 mm.
of mercury but in hypertensive patients it may
reach 100 mm. Duration of hypotension is usually
no more than 15 minutes and is not often dangerous. Some depression of blood vessels and
myocardium occurs (Raginsky and Borne, /.
Pharmacol., 1931, 43, 219) but within the range
of safe dosage this is usually negligible (Morton,
ibid., 1935, 53, 139). Raginsky and Borne reported that during such anesthesia the heart is
more sensitive to epinephrine and its injection
may cause cardiac irregularity and occasionally
ventricular fibrillation. Respiratory depression,
even death, may follow toxic doses but is most
exceptional with average dosage. Ordinary doses
have no apparent effect on the liver, but large
doses in normal persons, and smaller doses in
persons with disease of the liver, may cause
hepatic damage (Andersen, Anesth., 1945, 6, 284).
Likewise, renal damage may be produced in persons with renal disease. As a general anesthetic
it is more dangerous than chloroform (Beecher,
J.A.M.A., 1938, 111, 122). However, it is not
used alone for surgical anesthesia but for basal
anesthesia preliminary to nitrous oxide or ether.
In tonsillectomy and adenoidectomy it eliminates
anxiety, reduces the amount of ether needed for
anesthesia, and permits easy control of bleeding
(Yinger, Arch. Otolaryng., 1949, 50, 290). It often
provides several hours of sedation following anesthesia and eliminates need of analgesics and hypnotics. Narcosis lasts for 1 to 2 hours. It is suitable for use in neurosurgery since it reduces
intracranial pressure. Inhalation anesthetics, of
course, tend to increase cerebrospinal fluid pressure. For further discussion of its use as an anesthetic see J.A.M.A., 1937, 109, 952.
Several favorable reports have appeared describing use of tribromoethanol to control convulsions of tetanus (Cole, Lancet, 1935, 2, 246;
Harvey, /. Physiol., 1939, 96, 348), epilepsy and
eclampsia (Campbell, /. Obst. Gyn. Br. Emp.,
1952, 59, 30), to quiet the psychotic, and to interrupt status asthmaticus.
Both absorption and excretion of tribromoethanol are rapid; 50 per cent is absorbed from the
rectum in 10 minutes and 95 per cent in 2 hours.
It is detoxified in the liver by conjugation with
glucuronic acid and then is excreted by the kidneys (Welsh, Arch. exp. Path. Pharm., 1939, 139,
303). Since tribromoethanol does not hydrolyze
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significantly in the body the pharmacological effect
of bromide ion is not exerted. Excretion is nearly
complete in 2 hours. H
Toxicology. — When kidney function is depressed tribromoethanol is contraindicated. Other
contraindications are liver disease, severe hypertension, diseases of the rectum and colon, severe
pulmonary disease, acidosis, shock, sepsis, severe
anemia, severe heart disease, old age, marked
cachexia and marked hypothyroidism. Alcoholics
may be abnormally tolerant of this anesthetic
and for them an effective dose may not be a safe
one. It should not be used in obstetrics since it
may induce uterine atony (Killian, Anesth. &
Analg., 1929, 8, 24).
Treatment of overdosage includes washing out
the rectum to remove any unabsorbed drug and
administration of stimulants. Carbon dioxide inhalation, ephedrine, picrotoxin, caffeine, and pentylenetetrazol are useful. It must be emphasized
that, except in the hands of a skilled anesthetist,
this is a dangerous compound to use. The greatest
care must be exercised, not only in calculating the
dose, but in preparing the mixture for administration (see under Tribromoethanol Solution).
Dose. — The anesthetic dose is 60 mg. per kilogram of body weight of the patient, administered
by rectal injection. The total amount employed
should not exceed 8 Gm. for women or 10 Gm.
for men, regardless of weight.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
TRIBROMOETHANOL
SOLUTION.
U.S.P. (B.P.)
Bromethol,

Liquor

Tribromoaethanolis

"Tribromoethanol Solution is a solution of tribromoethanol inamylene hydrate. It contains, in
each 100 ml., not less than 99 Gm. and not more
than 101 Gm. of C2H3Br30." U.S.P. The B.P.
recognizes this solution by the title Bromethol,
and requires it to contain 66.7 per cent w/v of
C2H3OBr3 (hmits, 62.7 to 70.0).
B.P. Bromethol; Bromethol. Avertin Fluid; Avertin
with Amylene Hydrate (Winthrop). Sp. Solucion de Tribromoetanol.

Dissolve 100 Gm. of tribromoethanol in 50 ml.
of amylene hydrate, and add enough amylene hydrate to make 100 ml. U.S.P. "Note. — For use as
an anesthetic, dilute the Tribromoethanol Solution
just before use with warm purified water in the
proportion of 2.5 ml. of Solution to 100 ml. of
the dilution. Mix 5 ml. of this dilution with 1
drop of congo red T.S.: it has the same color as
a mixture of 5 ml. of purified water and 1 drop
of congo red T.S." U.S.P.
The U.S.P. name for this preparation is unfortunate as it implies that its action is entirely that
of tribromoethanol while in fact amylene hydrate
is itself an effective hypnotic (see Amylene Hydrate).
The B.P. solution is made by dissolving 2 parts
by weight of tribromoethanol in 1 part by weight
of amylene hydrate.
Description. — "Tribromoethanol Solution is
a clear, colorless liquid, having a camphor-like
odor and a burning taste." U.S.P.
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Uses. — This mixture is widely used preliminary
to administration of gaseous anesthetics (see
under Tribromoethanol) ; it is given by rectal
injection. Each ml. of the solution represents 1
Gm. of tribromoethanol and 0.5 Gm. of amylene
hydrate. The solution should be diluted with
about 40 volumes of warm, purified water, and
should be at approximately body temperature
upon injection.
Dose. — The average dose for anesthesia is 0.06
ml. per kilogram of body weight. The usual maximum dose for basal anesthesia is 0.08 ml. per
kilogram; occasionally it is as much as 0.1 ml.
per kilogram in young, vigorous persons. A dose
of 0.03 to 0.05 ml. per kilogram is sufficient for
amnesia in most cases and does not cause depression of respiration or circulation. This basal anesthetic should be given only by persons experienced
in its use. The total amount administered should
not exceed 8 ml. for women or 10 ml. for men,
regardless of weight.
Storage. — Preserve "in tight, light-resistant
containers, carefully dried prior to filling." U.S.P.
The solution is rapidly decomposed in presence of
moisture.
TRICHLOROACETIC
U.S.P., B.P.

ACID.

[Acidum Trichloroaceticum]

ClaC.COOH
"Trichloroacetic Acid, dried over sulfuric acid
for 18 hours, contains not less than 99 per cent of
C2HCI3O2." U3.P. The B.P. requires not less
than 98.0 per cent of C2HO2CI3.
Fr. Acide trichloracetique. Ger. Trichloressigsaure. Sp.
Acido tricloroacetico.

Chlorination of acetic acid in the presence of
iodine, red phosphorus or other catalyst takes
place in three stages, corresponding to the formation, successively, of monochloroacetic acid,
dichloroacetic acid and trichloroacetic acid. By
carefully controlling the rate and quantity of
chlorine added, it is possible to prepare whichever of the acids is desired. Trichloroacetic acid
is, however, more conveniently prepared by oxidizing chloral hydrate with nitric acid.
Description. — "Trichloroacetic Acid occurs as
colorless, deliquescent crystals, having a slight,
characteristic odor. It is highly corrosive to the
skin. One Gm. of Trichloroacetic Acid dissolves
in about 0.1 ml. of water. It is soluble in alcohol
and in ether." U.S.P. The B.P. gives the melting
point as between 55° and 57°.
Standards and Tests. — Identification. —
Chloroform and an alkali carbonate are produced when trichloroacetic acid is heated with
alkali hydroxide solution; the presence of the
former is confirmed by the formation of phenylisocyanide, recognizable by its disagreeable odor,
on adding aniline to the heated mixture. Residue
on ignition. — Not over 0.05 per cent. Chloride. —
The limit is 350 parts per million. Sulfate. — The
limit is 800 parts per million. U.S.P.
Assay. — About 4 Gm. of dried acid is dissolved in water and titrated with 1 N sodium
hydroxide, using phenolphthalein T.S. as indicator.
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Each ml. of 1 N sodium hydroxide represents
163.4 mg. of C2HCI3O2. Each Gm. of the dried
acid requires not less than 6.06 ml. and not more
than 6.12 ml. of 1 iV sodium hydroxide (other
acids). U.S.P.
The B.P. assay is carried out by fusing a sample
with anhydrous sodium carbonate, then determining the chloride with silver nitrate and ammonium
thiocyanate volumetric solutions.
Uses. — Trichloroacetic acid combines with its
caustic action a high degree of astringency, which
has the two-fold effect of preventing too deep
destruction of tissue and of coagulating cell contents so as not to tend to draw lymph out of
capillaries. It is actively germicidal and it dissolves keratin. Its caustic action is accompanied
with relatively little pain; a white leathery eschar
remains.
Prior to the availability of effective antibiotics
it was considered a useful local application in
Vincent's angina (Gallaher, Laryn., 1918, 28,
551). It was also recommended for treatment of
laryngeal tuberculosis (Katz, Am. Rev. Tuberc,
1930, 21, 636), and was successfully employed in
treating rodent ulcer (Leslie-Roberts, Brit. M. J.,
April 30, 1927).
Trichloroacetic acid has found varied uses in
local treatment of dermatologic diseases and
lesions. It has been employed chiefly in treating
ordinary warts and juvenile, flat warts; surface
and penetrating applications, up to full strength,
are used. The caustic peeling action is responsible
for its successful effects. Difficult periungual
warts are effectively treated with trichloroacetic
acid, followed by local application of phenol and
use of an occlusive adhesive dressing for several
days to a week. Destruction of seborrheic and
early senile keratoses may be accomplished with
local application of trichloroacetic acid. In xanthelasma of the eyelids the acid is carefully applied with a lightly moistened cotton applicator
to the yellow lesions, which become white; crusting and peeling reduction of the local areas follow. The treatment may be repeated, with
caution to avoid too much destruction and possible scarring. Monash (Urol. Cutan. Rev., 1945,
49, 119) employed a 20 per cent solution to peel
the skin in treating acne scars, flat warts, lichenified eczema, lupus erythematosus of the local
discoid type, tinea versicolor, and chloasma; a
33 to 50 per cent solution was used to destroy
the lesions of xanthelasma palpebrarum and molluscum contagiosum. Sidi et al. (Presse med.,
1950, 58, 570) used 33 to 50 per cent trichloroacetic acid superficially in 200 dermatologic cases
without ill effect. In 55 of 100 patients with localized neurodermatitis, 2 to 6 applications of the
acid effected a cure; 40 patients improved greatly,
and 5 were not benefited. In localized pruritus
without lichenification, a polyvinyl alcohol varnish containing 5 per cent of trichloroacetic acid
was beneficial.
In hyperhidrosis trichloroacetic acid may be
applied in 0.1 to 1 per cent concentration for its
astringent effect.
A single topical application of a 15 per cent
solution produces erythema for several hours;
several applications at intervals of 5 minutes pro-
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duce a white film which turns red in a few hours ;
peeling of skin starts in about 4 days and is complete in a week. Stronger solutions have more
marked effects; the 50 per cent and stronger solutions are caustic and should be used only on small
areas. When used as a caustic the solution is applied by means of a glass rod, or wood or cottontipped applicator; the surrounding parts may be
protected with petrolatum or collodion. When sufficient penetration has occurred, the parts should
be washed with a solution of sodium carbonate.
Trichloroacetic acid has been used in 1 in 2000
to 1 in 1000 solution for its antiseptic action in
ozena and chronic inflammation of the nose,
pharynx and tonsils.
Storage. — Preserve "in tight containers, at a
temperature not exceeding 30°." U.S. P.
TRICHLOROETHYLENE.
B.P., LP.

U.S.P.,

[Trichloroasthylenum]

C1HC:CC12
"Trichloroethylene contains not less than 99.5
of C2HCI3. It contains not less than 0.010 per
cent and not more than 0.012 per cent of thymol
as a preservative. It may be colored with a harmless blue color certified for use in drugs by the
federal Food and Drug Administration." U.S.P.
The B.P. and LP. do not state a purity rubric but
do provide tests which insure a product of the
same quality as that meeting U.S. P. specifications;
addition of 0.01 per cent w/v of thymol as a
preservative is permitted.
Trichlorethylene. Chlorylen (Schering) ; Trethylene
(Davies-Rose); Westrosol; Gemalgene; Trielin. Ger. Trichlorathylen. Sp. Trichloroetileno.

Trichloroethylene may be made by a process
starting with acetylene. The latter is reacted with
chlorine to form tetrachloroethane, which is
passed over pumice at a temperature between
400° to 500° ; hydrogen chloride is split off, and
trichloroethylene formed, this being purified by
distillation. The B.P. indicates that tetrachloroethane may be converted to trichloroethylene by
treatment with calcium oxide.
Description. — "Trichloroethylene is a clear,
colorless or blue, mobile liquid. It has a characteristic odor resembling that of chloroform. It is
slowly decomposed by light in the presence of
moisture. It is not flammable. Trichloroethylene is
practically insoluble in water. It is miscible with
ether, with alcohol, and with chloroform, and dissolves most fixed and volatile oils. The specific
gravity of Trichloroethylene is between 1.458 and
1.463, indicating not less than 99.5 per cent and
not more than 100 per cent of C2HCI3. Trichloroethylene boils between 86° and 88°." U.S.P.
Standards and Tests. — Distinction frotn
chloroform and carbon tetrachloride. — On shaking
trichloroethylene with an equal volume of bromine T.S. at 15-minute intervals during 1 hour,
a white, turbid solution forms in the lower layer
(chloroform and carbon tetrachloride remain
clear). Non-volatile residue. — Not over 1 mg.
of residue, dried at 105° for 1 hour, is obtained
from 50 ml. of trichloroethylene. Acidity. — Not
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over 0.5 ml. of 0.01 N sodium hydroxide is required for neutralization of 20 ml. of trichloroethylene, using phenolphthalein T.S. as indicator.
Chloride ion. — No turbidity results when silver
nitrate T.S. and nitric acid are added to the aqueous layer separated from an agitated mixture of
25 ml. of trichloroethylene and an equal volume
of water. Acetylene. — No turbidity is observed in
either layer within 10 minutes when trichloroethylene isgently agitated with silver ammonium
nitrate T.S. Thymol. — The blue color produced
with 2,6-dibromoquinone chloroimide, a reagent
for phenols, is used as the basis for quantitative
estimate. U.S.P. The B.P. specifies that phosgene
be absent, as determined by the failure of phosgene test paper (impregnated with dimethylaminobenzaldehyde and diphenylamine) to acquire a
yellow color when suspended in the vapor above
trichloroethylene overnight.
Uses. — Trichloroethylene is extensively used
in the industries as a solvent for greases, fats and
resins, especially for degreasing metal objects and
in cleaning clothes. In pharmaceutical chemistry
it is useful in the extraction not only of oils but
also of certain alkaloids. It also serves as a raw
material in the synthesis of several organic compounds. Its industrial use has resulted in serious
poisonings (headache, vomiting, anorexia, dizziness, trigeminal paralysis, optic neuritis and paralysis of the oculomotor nerve), a number of which
have ended fatally (Kleinfeld and Tabershaw.
Arch. Ind. Hyg., 1954, 10, 134).
In 1915 Plessner (Berl. klin. Wchnschr., 1916,
53, 25) noted that in this industrial poisoning
there developed an anesthesia over the area supplied by the trigeminal nerve; this observation led
to use of trichloroethylene by inhalation in tic
douloureux and other facial neuralgias. Horrax
and Poppen (Surg. Gynec. Obst., 1935, 61, 394)
reported sufficient relief in about half of their 90
cases of neuralgia to make more radical surgical
or alcohol injection therapy unnecessary. Rubenstein et al. (J. Lab. Clin. Med., 1939, 24, 1238),
however, found that its effect on the trigeminal
nerve is no greater than upon the sciatic nerve,
confirming Goldberg's conclusion that its painrelieving action in trigeminal neuralgia is not a
specific effect but is due to general anesthetic
action; it would seem that its general action is
similar to that of chloroform except that it is
much more rapid and fleeting in its effects. It has
also been recommended for the relief of migraine
(Geiger and Goodman, J. A.M. A., 1937, 108, 1733)
and of angina pectoris. In the latter condition it
occasionally gives relief but. according to Willius
and Dry (Am. Heart J., 1937, 14, 658), the results are generally not very satisfactory. Undesirable sequelae from its use. even when frequently
repeated, are extremely rare although Eichert
(J.A.M.A., 1936, 106, 1652) reported 3 cases in
which gross overdose produced bad effects (psychosis).
Anesthesia. — Trichloroethylene has been proposed as a surgical anesthetic (Striker et al.,
Anesth. & Analg., 1935, 14, 68). At room temperature mixtures of the vapor with air are nonflammable. The electric cautery may be used at the
same time as the anesthetic if the latter is mixed
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with air although not when it is mixed with oxygen (Hunter, Brit. M. J., 1944, 2, 386). Trichloroethylene has fairly good analgesic action, Wolff
et al. (J. Clin. Inv., 1941, 20, 63) reporting an
elevation in the threshold to pain of 40 per cent
following inhalation of 1 ml. As an anesthetic it
is used only for short procedures, commonly less
than 10 to 15 minutes. The Council on Pharmacy
and Chemistry (J.A.M.A., 1936, 107, 1302) concluded that it is not a desirable anesthetic but
accepted the drug as an analgesic agent by inhalation (ibid., 1954, 156, 42 J. Tachypnea indicates that the first plane of anesthesia has been
reached and that inhalation should be interrupted.
With a suitable inhaler analgesia can be induced
by self-administration without loss of consciousness since the hand holding the inhaler to the
face falls away and interrupts inhalation if the
patient becomes unconscious. Self-administration
is not safe, however, if the patient is alone because the inhaler might not fall away from the
face.
For dental extractions, incision of furuncles,
and other short operative procedures trichloroethylene has the advantages of being a satisfactory analgesic that is readily portable, inexpensive,
and not unpleasant to inhale, with a wide margin
of safety between analgesic and toxic doses
(Galley, Lancet, 1945, 2, 249, 597; Cartwright,
ibid., 246, 261; Moore and Wade, 651). A concentration of0.7 to 1.25 per cent of the vapor
must be inhaled to produce anesthesia (Orth and
Gillespie, Brit. J. Anaesth., 1945, 19, 161). For
dental analgesia Scher (Dental Rec, 1946, 66,
213) poured 1.5 to 2.5 ml. on a cotton and gauze
pad and held it in front of the patient's nose. If
coughing and other reactions occurred, he removed
the pad for two breaths and then reapplied it; he
tested for analgesia by means of a pin prick on
the skin. Analgesia lasted for 1 to 2 minutes, but
deep bone pain wras not alleviated. Scher also used
an atomizer and hand bulb inhaler which the patient was instructed to squeeze when he felt the
need for further analgesia. Lambert (Brit. M. J.,
1945, 2, 403) used trichloroethylene effectively
for minor office surgery.
Trichloroethylene has been used as an obstetrical analgesic (Johnson, Brit. J. Anaesth., 1944,
19, 71; Brit. M. J., 1945, 2, 331); it is suitable
for young women where less than 10 minutes of
anesthesia is needed. Self-administration for obstetrical analgesia, alone or in combination with
pudendal block or low spinal anesthesia, has
proved to be effective and safe (Cappe and Pallin,
J.A.M.A., 1954, 154, 377). Such an analgesic procedure isapproved for use by midwives in England
(J. A.M. A., 1954, 156, 1190); used thus, no deleterious effect on oxygen saturation of the infant's
blood has been observed (Taylor, ibid., 1481).
The degree of muscular relaxation produced by
trichloroethylene is insufficient for abdominal
operations.
Untoward Effects. — Trichloroethylene cannot be
used in anesthesia machines employing soda-lime
or other similar carbon dioxide absorber because
highly toxic compounds — dichloroacetylene. phosgene and carbon monoxide — are formed which result in a high incidence of cranial nerve paralyses
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(Firth and Stuckey, Lancet, 1945, 1, 814;
Humphrey and McClelland, Brit. M. J., 1944,
1, 315). The use of trichloroethylene in anesthetic
doses frequently causes tachycardia or bradycardia and tachypnea, which may result in hyperventilation tetany. Barnes and Ives (Proc. Roy.
Soc. Med., 1944, 37, 528) and others reported a
high incidence of cardiac arrhythmias although
Hewer (Brit. M. J., 1941, 1, 924) did not observe
this. Epinephrine is contraindicated during use of
trichloroethylene, even as it is with chloroform,
because it may induce fibrillation of the heart.
Convulsions are rare. Salivation is considerable
and may be troublesome in dental procedures although itis less than with cyclopropane. Nausea,
vomiting, headache and confusion may follow its
use; a case of acute yellow atrophy of the liver
following a period of anesthesia of 4.5 hours was
reported by Herdman (Brit. M. J., 1945, 2, 689).
Trichloroethylene is not advocated for children
and is contraindicated in the presence of anemia,
toxemia of pregnancy, and disease of the heart,
lungs, kidneys and liver. 5]
Toxicology. — Symptoms reported in cases of
industrial poisoning have been epileptiform seizures, paralysis (both motor and senscry) of the
trigeminal nerve and, in several cases, optic neuritis with permanent loss of vision. None of these
symptoms has been reported from its therapeutic
use, even in the case of Eichert in which 180 ml.
was inhaled within a few days. Kleinfeld and
Tabershaw (loc. cit.) recommended a maximal
allowable concentration in the air under conditions
of industrial use of 100 parts per million. Some
of the toxicity of the commercial solvent may be
attributable to other ingredients.
Dose. — The required dose is given by inhalation. For trigeminal neuralgia it is 1 ml. (approximately 15minims), which may be repeated
in 15 minutes if necessary; not more than 4 ml.
should be used in 24 hours. Trichloroethylene is
dispensed in fragile glass containers holding 1 ml. ;
one of these is crushed in a handkerchief and the
vapor inhaled while the patient is lying down.
The liquid should not come in direct contact with
the skin of the face. For surgical anesthesia trichloroethylene iavailable
s
in 6-ml. ampuls, 15-ml.
tubes, and 30-ml. bottles.
Labeling. — "The label bears, in a prominent
place, the words, 'Warning: Trichloroethylene
must not be used in any closed-circuit rebreathing
system utilizing soda lime or other alkali because
phosgene
or other toxic products may be formed.' "
U.S.P.
Storage. — Preserve "in tight, light-resistant
containers. Avoid prolonged exposure to excessive
heat. Dispense it in the original container." U.S.P.
TRIETHANOLAMINE.

U.S.P.

[Tristhanolamina]

"Triethanolamine is a mixture of alkanolamines
consisting largely of triethanolamine [N(C2HtOH)3] admixed with various proportions of diethanolamine [NH(C2HtOH)2] and monoethanolamine [NH2C2H4OH]. It has an alkalinity
equivalent to not less than 6.7 ml. and not more
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than 7.2 ml. of 1 N acid for each Gm. of Triethanolamine." U.S.P.
Sp.

Trietanolamina.

The ethanolamines are obtained by the interaction of ammonia and ethylene oxide, (CH2)20.
When a ratio of 5 moles of ammonia to 1 mole
of ethylene oxide is used, the product is mainly
monoethanolamine; with 1 mole of ammonia and
3 moles of ethylene oxide, the product is mainly
triethanolamine. The ethylene oxide may be obtained by direct combination of ethylene and
oxygen at high pressure and high temperature in
the presence of silver catalyst. The commercial
product contains approximately 80 per cent of
triethanolamine, 15 per cent of diethanolamine,
and 2.5 per cent of monoethanolamine.
Description. — "Triethanolamine is a colorless
to pale yellow, viscous, hygroscopic liquid having
a slight ammoniacal odor. Triethanolamine is miscible with water and with alcohol. It is soluble in
chloroform. The specific gravity of Triethanolamine is not less than 1.1204 and not more than
1.1284. The refractive index of Triethanolamine
is not less than 1.481 and not more than 1.486
at 20°." U.S.P.
Standards and Tests. — Identification. — (1)
A deep blue color is produced on adding triethanolamine to copper sulfate T.S. On adding
sodium hydroxide T.S. to the mixture and concentrating byboiling, the blue color remains. (2)
A carmine red color is produced on adding cobalt
chloride T.S. to triethanolamine. (3) The vapors
evolved from heated triethanolamine turn moistened red litmus paper blue. Residue on ignition.
— The residue from 1 Gm. of triethanolamine is
negligible. U.S.P.
Assay. — A portion of about 2 Gm. of triethanolamine isdiluted with water and titrated
with 1 N hydrochloric acid, using methyl red T.S.
as indicator. Not less than 6.7 ml. and not more
than 7.2 ml. of 1 N acid is required for each Gm.
of triethanolamine. U.S.P.
Uses. — Triethanolamine is officially recognized
because it is a pharmaceutical necessity for preparing Benzyl Benzoate Lotion. It is a weakly
ionizing organic base which, like ammonia, combines with acids. The alkalinity of triethanolamine
is somewhat less than that of ammonia, the pH
of a 25 per cent solution being 11.2. With free
fatty acids triethanolamine forms soaps having
valuable properties as detergents and emulsifiers
(see Fiero, /. A. Ph. A., 1938, 27, 658). These
soaps are practically neutral, the pH being approximately 8,and are thus as a rule free from
irritating effect upon the skin, as well as not being
injurious to fabrics. The amine is widely used in
the formulation of dermatologic medicaments and
cosmetic creams (see Pharmaceutical Recipe Book,
3rd edition, 1943, for typical formulas). Very
stable emulsions of almost any oil, fat, or wax —
for external use — may be prepared with these
soaps. The usual requirements for emulsification
are between 2 and 4 per cent of triethanolamine
and 5 to 15 per cent of oleic acid or stearic acid,
depending on the weight of oil to be emulsified
(see Bergy, Am. Prof. Pharm., 1936, 2, No. 8,
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15; also Pharm. J., 1939, 142, 53). Addition of
approximately 12 per cent of the oleate soap to
mineral oil produces a "soluble oil" which will
emulsify with water and which may be used as a
cutting oil, textile lubricant, and as wool and
rayon oils. In dry-cleaning, triethanolamine soaps
exhibit marked detergency and high stability;
they may be dissolved in organic solvents. The
soaps are also employed in making emulsions of
insecticide spray oils.
The mildly alkaline character of triethanolamine makes it useful for such varied uses, where
an alkali is required, as in dispersing dyes, casein,
shellac, or rubber latex; it serves as a corrosion
inhibitor in engine coolants, special lubricating oils,
and metal-cleaning compounds. Because of its pronounced hygroscopicity it is useful as an economical softening agent, humectant and plasticizing
agent for textiles, glues, and leather coatings.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep.— Benzyl Benzoate Lotion, U.S.P.

TRIHEXYPHENYDYL

HYDROCHLORIDE. LP.

Trihexyphenydyli Hydrochloridum

The LP. defines this compound as 3-(iV-piperidyl)-l-phenyl-l-cyc/ohexyl-l-propanol hydrochloride and requires it to contain not less than 99.0
per cent of C20H31OX.HCI, calculated with reference to the substance dried at 100° for 4 hours.
Trihexyphenidyl Hydrochloride. Benzhexol Hydrochloride, B.P.C. Artane Hydrochloride (Lederle); Kemadrin;
Pipanol.

This parasympatholytic agent, the structural
formula of the base of which is given in the monograph on Parasympathetic Blocking Agents (in
Part II), may be synthesized by interaction of
acetophenone and piperidine, followed by treatment of the product with cyc/ohexylmagnesium
bromide and then hydrolysis and conversion to
the hydrochloride (for details see Denton et al.,
J.A.C.S., 1949, 71, 2053).
Description. — Trihexyphenidyl hydrochloride
occurs as a fine, white or faintly yellowish, crystalline powder, odorless or with a faint aromatic
odor. It is slightly soluble in water ; freely soluble
in alcohol and in chloroform. LP.
Standards and Tests. — Identification. — (1)
Trinitrophenol forms with trihexyphenidyl hydrochloride a voluminous bright-yellow precipitate.
(2) Sodium hydroxide produces with trihexyphenidyl hydrochloride a voluminous white precipitate. (3) Trihexyphenidyl hydrochloride responds to tests for chloride. Loss on drying. — Not
over 2.0 per cent, when dried at 100° for 4 hours.
Residue on ignition. — Not over 0.1 per cent. LP.
Assay. — From a methanol-water solution trihexyphenidyl isprecipitated as the reineckate.
which is subsequently dissolved in acetone and
the optical density of the solution measured at
526 mn; from a reference curve prepared by
similarly treating known weights of reagent quality trihexyphenidyl hydrochloride and plotting the
optical densities against concentration the amount
of C20H31ON.HCI in the sample is calculated. LP.
Uses. — For a general discussion of this
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parasympatholytic agent see the monograph on
Parasympathetic Blocking Agents, in Part II.
Pharmacological studies by Cunningham et al.
(J. Pharmacol., 1949, 96, 151) demonstrated this
drug to have antispasmodic action 20 times that
of Trasentine and one-half that of atropine; the
mydriatic effect was one-half, the antisialagogic
effect one-eighth, and the cardiac-vagus-inhibiting
action one-hundredth that of atropine. Chronic
toxicity studies showed no untoward effects.
Clinical studies in parkinsonism have been reported byDoshay and Constable (J.A.M.A., 1949,
140, 1317), Corbin (ibid., 1949, 141, 377), and
Canelis et al. (Am. J. Med. Sc, 1949, 218, 655).
Without detailed documentation Doshay and Constable reported their experience with different
drugs employed in the treatment of parkinsonism
as having been favorable in 76.1 per cent of patients treated with Artane, 64.3 per cent when
atropine was used, 55.0 per cent when various
belladonna preparations were employed, and 23.1
per cent when Panparnit was administered. The
criteria for favorable results were improvement in
symptoms, comfort and well-being, without untoward effects. Although atropine is valuable in
many cases of postencephalitic parkinsonism, it
presents the hazard of glaucoma and other disturbing circulatory and visceral phenomena in
the older, arteriosclerotic group of patients. With
Artane, Doshay and Constable found less favorable results in the postencephalitic group of cases.
Rigidity was improved and tremor and oculogyria
were lessened. Artane produced minimal dryness
of the mouth. The drug should be discontinued if
nausea or vomiting develops.
Corbin reported on the treatment of 104 patients with parkinsonism, spasmodic torticollis,
facial spasm and miscellaneous dyskinesias. There
was sufficient subjective improvement to justify
continuation of treatment in these patients. Half
of them had used the drug for more than 6
months. Relief comparable to, or greater than,
that afforded by belladonna was obtained, with
fewer disagreeable side effects. Dry mouth, nausea,
"giddiness," blurring of vision, nervousness, tinnitus, "tightness in the head*' and soreness of the
mouth were complained of occasionally by 41
patients. Severe and immediate toxic reactions including mental confusion, dizziness, nausea and
marked agitation appeared in 4 individuals. In
cases with severe sialorrhea, Doshay and Constable found it necessary to supplement the drug
with atropine or to give this drug before meals.
Canelis et al. found no changes in the blood or
urine during prolonged therapy.
Doshay et al. (J.A.M.A., 1954, 154, 1334) summarized 5years of experience with use of trihexyphenidyl inmanagement of parkinsonism. Of
411 patients, 73 per cent improved while taking
Artane in an individualized dose of 2 to 7.5 mg.
daily, orally. In idiopathic or postencephalitic
cases, 77 per cent improved; 65 per cent of arteriosclerotic cases improved. It was effective in
51 per cent of cases of tremor and in 53 per cent
of cases of muscular rigidity. Oculogyria was relieved in 84 per cent of cases. Although various
combinations of drugs were used, 70 per cent of
the patients received Artane alone; 182 patients
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were effectively and safely treated with the drug
over 3 to 5 years of continuous use. It proved to
be effective in relieving all types of symptoms:
rigidity, akinesia, tremor, oculogyria, lethargy,
sialorrhea and depression. In a comparative study
of combinations of drugs, Edward (M. Clin. North
America, 1954, 38, 485) reported the most complete relief with a combination of Artane, Rabellon
and Benadryl.
Dose. — The usual dose of trihexylphenidyl hydrochloride is2 mg. 3 or 4 times daily, with
meals. Treatment should be started with 1 mg.
administered 4 times daily, increased by 0.5 mg.
daily until an effective total daily dose between
6 and 15 mg. is reached. The drug is available in
scored tablets containing 2 or 5 mg., also as an
elixir containing 2 mg. in 4 ml.
Storage. — Preserve in tightly-closed containers. LP.
TRIMETHADIONE.

U.S.P. (B.P.)

3,5,5-Trimethyl-2,4-oxazolidinedione,

CH
CH

;rY

[Trimethadionum]

N-CH,

"Trimethadione, previously dried over sulfuric
acid for 6 hours, contains
not less than 98 per
0=
cent of C6H9NO3." U.S.P. The B.P. rubric is the
same.
B.P.

Troxidone. Tridione

(Abbott).

This anticonvulsant, discovered in the course
of a research program directed toward the finding of new analgesic drugs, was synthesized by
Spielman (J.A.C.S., 1944, 66, 1244) from 5,5dimethyl-2,4-oxazolidinedione by methylation with
dimethyl sulfate. The 5,5-dimethyl-2,4-oxazolidinedione may be prepared by condensation of dimethylglycolic acid, (CH3)2COHCOOH, with urea
in the presence of sodium, using absolute alcohol
as the reaction medium (see Stoughton, J.A.C.S.,
1941, 63, 2376).
Description. — "Trimethadione occurs as
white, crystalline granules. It has a slight, camphor-like odor. Trimethadione is soluble in water
and is freely soluble in alcohol, in ether, and in
chloroform. Trimethadione melts between 45° and
47°." U.S.P.
Standards and Tests. — Identification. — (1)
A precipitate is produced immediately when barium hydroxide T.S. is added to a solution of
trimethadione. (2) A portion of trimethadione is
heated with a sodium hydroxide solution, which
opens the ring between the oxygen atom and the
CO group adjacent to it; acidification of the mixture results in decarboxylation with formation of
N-methyl-a-hydroxyisobutyramide, which produces adeep yellow color with 1 drop of ferric
chloride T.S. (3) From the remainder of the acid
solution obtained in the preceding test N-methyla-hydroxyisobutyramide is extracted with ether;
the residue remaining after evaporation of the
ether, after recrystallization from benzene and
drying over sulfuric acid for 4 hours, melts between 79° and 81°. Loss on drying. — Not over
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0.1 per cent, when dried over sulfuric acid for
6 hours. Residue on ignition. — Not over 0.1 per
cent. U.S.P.
Assay. — About 350 mg. of dried trimethadione
is dissolved in alcohol and reacted with 50 ml. of
0.1 N sodium hydroxide at room temperature for
15 minutes, and the excess of alkali is titrated with
0.1 N hydrochloric acid using 4 drops of cresol
red T.S. as indicator. The trimethadione reacts
with a molecule of sodium hydroxide to open the
ring structure of the former as in identification
test (2), forming (CH3)2C(OH)CO.N(CH3)COONa. Each ml. of 0.1 N sodium hydroxide represents 14.31 mg. of C6H9NO3. U.S.P.
Uses. — As pointed out above, this compound
was synthesized in the course of a program of research directed toward the finding of new analgesic drugs; besides analgesic properties it possesses definite anticonvulsant effects. A general
discussion of the class of compounds to which this
agent belongs is provided in the monograph on
Skeletal Antispasmodic Agents, in Part II. Trimethadione isused effectively in the management
of petit mal epilepsy.
Everett and Richard (/. Pharmacol., 1944, 81,
402) found the substance to be more effective
than diphenylhydantoin or phenobarbital in controlling convulsions in animals; as an analgesic
the drug is hardly more effective than aspirin or
aminopyrine. Interestingly, the anticonvulsant
effect of trimethadione was first observed when
it prevented the convulsions normally developed
by toxic doses of Amethone (see in Part II).
Goodman et al. (Fed. Proc, 1945, 4, 119, 120)
confirmed the anticonvulsant properties of the
drug in experimental animals. The apparent low
toxicity of the drug suggested clinical trial.
Clinical studies of its use in epilepsy have been
made by several investigators. Lennox (J. A.M. A.,
1945, 129, 1069), who administered the drug to
120 patients, both children and adults, found it to
be "the most dramatic" in its effect on patients
whose seizures were predominantly petit mal, myoclonic or akinetic. In a period of days to weeks
the offending minor seizure ceased in 28 per cent
of patients not helped by other medication, was
reduced to less than one-fourth the frequency in
52 per cent, and little affected in 20 per cent.
The principal side effect was photophobia, which
affected older children and adults more frequently
than the young. The doses varied from 1 to 2 Gm.
(approximately 15 to 30 grains) daily, without
much regard for age. Other favorable reports were
published by Perlstein and Andelman (/. Pediatr.,
1946, 29, 20); Goodman et al. (Am. J. Med.,
1946, 1, 213); and by Dejong et al. (J. A.M. A.,
1946, 130, 565), who reported on the prevention
or reduction of the number of psychomotor seizures in 6 epileptic patients. The drug is ineffective
in grand mal.
Toxicology. — Two fatalities have been reported in patients being treated with trimethadione. Mackay and Gottstein (J. A.M. A., 1946, 132,
13) recorded the case of a woman who for 10
months had taken the drug in fairly effective but
not unusual doses and then succumbed to acute
aplastic anemia, agranulocytosis and thrombocytopenia only 17 days after the onset of head-
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ache, weakness and fatigue. Necropsy revealed
extensive hemorrhages throughout the body. The
authors urged that precautionary measures be
taken in the use of trimethadione. Harrison et al.
{J. A.M. A., 1946, 132, 11) reported the case of a
girl, aged 16, who died from aplastic anemia after
having taken trimethadione and methylphenylethylhydantoin (Mesantoin) concurrently for a
period of 6 months.
Since the introduction of this agent especially
for the treatment of petit mal epilepsy in 1946
there has been much to praise its utility and to
condemn its toxicity. The noteworthy incidence
of toxicity has been of sufficiently serious consequence as to contraindicate the use of this drug
where other less toxic agents are equally efficacious
or when the patient cannot be followed carefully
by routine blood and urine analyses. In addition
to the aforementioned literature, Klaus {Acta
Haemat., 1951, 5, 74) and Lawrence (/. Am. Vet.
M. Ass., 1951, 121-, 302) reported fatal or near
fatal pancytopenia due to trimethadione administration to man and dog. Exfoliative dermatitis
(Nordlander, Nord. Med., 1950, 44, 1833) and
other sensitivity have been reported to attend its
use (Forsey and Black, Can. Med. Assoc. J., 1951,
64, 120). Toxic hepatic necrosis and the toxic
nephrotic syndrome vie with blood dyscrasias as
being the more serious complications of its continued administration (Dubois, Am. J. Clin. Path.,
1950, 20, 153; Tegelaers and Tiddens, Monadschr.
kinder gene esk, 1952, 20, 23; Nabarro and Rosenheim, Lancet, 1952, 1, 1091; Steffensen and
Brandt, Nord. Med., 1953, 49, 134). The review
by Abbott and Schwab should be consulted with
regard to the serious side effects of trimethadione
(New Eng. J. Med., 1950, 242, 943).
Dose. — The usual dose is 300 mg. orally 3 to
6 times daily, with a range of dose up to 300 mg.
The maximum safe dose in 24 hours seldom exceeds 2Gm. In children under 6 years of age the
beginning dose should be 150 to 300 mg. 3 times
daily. The drug is usually given orally, though it
has on occasion been administered intramuscularly; 5-ml. ampuls, containing 1 Gm. of trimethadione and 0.75 Gm. of urethane, are available, in addition to the following dosage forms.
Storage. — Preserve "in tight containers, preferably at a temperature not exceeding 30°." U.S. P.
TRIMETHADIONE CAPSULES.
U.S.P.
"Trimethadione Capsules contain not less than
94 per cent and not more than 106 per cent of the
labeled amount of CeHoNOs." U.S.P.
Usual Size. — 300 mg.
TRIMETHADIONE SOLUTION.
U.S.P.
"Trimethadione Solution contains not less than
94 per cent and not more than 106 per cent of the
labeled amount of CeHgNOs." U.S.P.
The available preparation, Tridione Solution
(Abbott), is described as a flavored, aqueous solution containing 150 mg. of trimethadione in each
fluidram (4 ml.).
Storage. — Preserve "preferably at a temperature not exceeding 30°." U.S.P.
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TABLETS.

U.S.P.

"Trimethadione Tablets contain not less than
94 per cent and not more than 106 per cent of the
labeled amount of C6H»N03." U.S.P.
Usual Size. — 150 mg.
TRIPELENNAMINE HYDROCHLORIDE. U.S.P., LP.
Tripelennaminium Chloride, N-Benzyl-N',N'-dimethyl-N2-pyridylethyenediamine Hydrochloride, [Tripelennaminae
Hydrochloridum]

CH2CH2N

(CH3)2

CV
"Tripelennamine Hydrochloride, dried at 105°
for 3 hours, contains not less than 98 per cent of
CieHoiNs.HCl." U.S.P. The LP. requires not less
than 85.5 per cent of C16H21N3, calculated with
reference to the substance dried at 105° for 3
hours.
I. P. Tripelennamini Hydrochloridum. 2-[Benzyl(2dimethylaminoeth)l)amino] pyridine Hydrochloride. Pyribenzamine Hydrochloride
(Ciba).

According to U. S. Patent 2,406,594 (August
27, 1946), this antihistamine may be prepared by
first interacting a suspension of sodamide in a
toluene solution of 2-aminopyridine with 2-dimethylaminoethyl chloride; after 16 hours of refluxing (2-dimethylaminoethyl)(2-pyridyl) amine
is separated, and this is interacted with benzyl
chloride in the presence of sodamide to yield tripelennamine after refluxing 6 hours.
Description. — "Tripelennamine Hydrochloride occurs as a white, crystalline powder. It
slowly darkens on exposure to light. Its solutions
are practically neutral to litmus One Gm. of
Tripelennamine Hydrochloride dissolves in 1 ml.
of water, in 6 ml. of alcohol, in 6 ml. of chloroform, and in about 350 ml. of acetone. It is insoluble in benzene, in ether, or in ethyl acetate.
Tripelennamine Hydrochloride melts between 188°
and 192°." U.S.P.
Standards and Tests. — Identification. — (1)
A yellow, turbid solution is produced when 25 mg.
of tripelennamine hydrochloride is dissolved in
5 ml. of sulfuric acid, the color disappearing on
diluting the solution with 20 ml. of water. (2) A
1 in 100,000 solution exhibits an ultraviolet absorbancy maximum at 245 mji ± 1 mp,, and a
minimum at 221 ran ± 1 m\i. the absorptivity
(1%, 1 cm.), at 245 mn is between 480 and 500.
(3) Tripelennamine hydrochloride responds to
tests for chloride. Loss on drying. — Not over 1
per cent, when dried at 105° for 3 hours. Residue
on ignition. — Not over 0.1 per cent. U.S.P.
Assay. — About 300 mg. of tripelennamine hydrochloride, dried at 105° for 3 hours, is assayed
by the nonaqueous titration method described
under Antazoline Hydrochloride. Tripelennamine
hydrochloride, however, is a diacidic base, releasing two acetate ions to be titrated with perchloric
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acid. Each ml. of 0.1 N perchloric acid represents
14.59 mg. of C16H21N3.HCI. U.S.P. The I.P. assay
involves liberation of tripelennamine base from
an aqueous solution of the salt, using sodium carbonate as the alkah, extracting the tripelennamine
with a mixture of 3 volumes of chloroform and
1 volume of isopropanol, evaporating the solvent,
dissolving the residue in methanol, and titrating
with 0.1 iV hydrochloric acid in the presence of
methyl red, some water being added near the
end-point.
Uses. — Tripelennamine hydrochloride is used
orally, parenterally and topically in the symptomatic treatment of urticaria, hay fever and other
allergic disorders; it is reported to be useful also
in a variety of disorders only indirectly if at all
related to histamine. It has less sedative action
than diphenhydramine (see general discussion of
Antihistaminic Drugs, in Part II).
Historical. — Tripelennamine was the second
antihistaminic drug to come into general clinical
use in the United States. The marked antihistaminic action of this substance was reported by
Mayer et al. (Science, 1945, 102, 93). When injected subcutaneously into guinea pigs in doses of
5 mg. per Kg. of body weight, tripelennamine
protected the animals against 100 times the lethal
dose — 0.5 to 0.6 mg. per Kg. — of histamine phosphate; protection was also afforded against the
symptoms of bronchial asthma and shock in the
animal exposed to the inhalation of nebulized histamine (Mayer, /. Allergy, 1946, 17, 153). Wheals
produced in rabbits by intracutaneous injection
of 0.05 mg. of histamine did not appear after
previous subcutaneous injection of 1 mg. per Kg.
of tripelennamine. Yonkman et al. (J. Pharmacol.,
1946, 87, 256) extended the pharmacologic findings; tripelennamine hydrochloride antagonizes
the action of histamine on salivary secretion,
lacrimal secretion, blood pressure and the nictitating membrane (but not the pupil) and it tends
to potentiate adrenergic and cholinergic stimuli.
In studies on the mouse mesoappendix, Haley and
Harris (/. Pharmacol., 1949, 95, 293) observed a
direct vasoconstrictor action on the precapillary
sphincters not medicated through the adrenergic
nerves. Mayer et al. (J. Bad., 1946, 52, 257)
conducted extensive immunologic studies of this
drug in animals, including its effect on the response of pneumococcic infections to treatment
with type-specific-antiserum or sulfathiazole, the
effect on streptococcic infections treated with
sulfathiazole or penicillin, the opsonic activity
and agglutination with staphylococcus, the capsular swelling of pneumococcus (Neufeld) and the
hemolytic activity of streptococcus; the drug had
no effect on these phenomena.
Action. — Bucher (Arch, internat. pharmacodyn.
therap., 1949, 79, 336) concluded that tripelennamine prevents the attachment of histamine to
the receptor cell since animals did not become
tolerant to histamine aerosol if this substance was
included in the solution ; on the isolated intestinal
strip, however, he concluded that simple displacement was not the mechanism of action (Helv.
Physiol. Pharmacol. Acta, 1949, 7, 315). Mayer
(Ann. N. Y. Acad. Sc, 1950, 50, 1127) is of the
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opinion that the action in allergy is more complex
than that of a histamine-antihistamine displacement. Code et al. (ibid., 1177), after study of the
inhibition of action of histamine in the skin, concluded that the mechanism was different from
that of local anesthetic action. If the histamine is
circulating or diffusing extracellularly, the antihistaminic drugs are effective antagonists (see
Gilman, /. Allergy, 1948, 19, 281), but when the
histamine is released intracellularly by an antigenantibody or other reaction these drugs cannot be
fully protective. A comparable situation exists in
the protective action of atropine against the effects
of acetylcholine.
Mosko and Marshall (J. Allergy, 1950, 21,
242) inhibited the wheal formed by intracutaneous injection of histamine or ragweed extract in
sensitive persons by application of tripelennamine
by iontophoresis just before injection but 10 minutes after injection the antihistamine agent had
no effect. The tuberculin reaction in sensitive
patients was not inhibited by preliminary iontophoresis. Intracutaneous injections of histamine
immediately following application of a 0.5 per
cent tripelennamine cream to the skin produced
the usual reaction but 5 minutes after the cream
was applied the response was almost completely
inhibited (Hensen, /. Pharmacol., 1950, 100,
1950). Development of tolerance to continual use
of tripelennamine (50 mg. 3 times daily by
mouth) was observed by Dannenberg and Feinberg (/. Allergy, 1951, 22, 330); during the first
week the response to an intracutaneous dose of
histamine was inhibited, during the second week
it produced a minimal effect and during the third
and fourth week it produced a definite wheal.
The same decreased protection was demonstrated
with ragweed extract in the skin and also for
mucous membranes. In such individuals the usually effective dose of other antihistaminics, such
as diphenhydramine or py diamine, was also ineffective. On discontinuing the antihistaminic drug
for 2 weeks it was subsequently again effective in
inhibiting the action of histamine. Preliminary
intravenous injection of 2 to 5 mg. per Kg. of
tripelennamine in rabbits prevented the usual inflammatory response to a 15 per cent solution of
mustard oil in mineral oil applied to the conjunctiva (Mulinos and Christakin, /. Pharmacol.,
1951, 101, 28). Polemann (Arzneimittel Forsch.,
1951, 5, 211) reported inhibition of the growth
of pathogenic fungi by tripelennamine and other
antihistaminic chemicals.
Tripelennamine does not affect the antigenantibody reaction but it does counteract the local
or systemic effects of histamine released in the
reaction. A dose of 60 mg. and even 240 mg. per
day for 4 days in children did not inhibit the
intracutaneous tuberculin reaction (Friedman and
Silverman, Am. Rev. Tuberc, 1949, 60, 354;
Kendig et al., J. Pediatr., 1949, 35, 750); nor did
its administration for 4 weeks to patients with
moderate or far-advanced pulmonary or extrapulmonary tuberculosis (Hunter et al., Am. Rev.
Tuberc, 1950, 62, 525). It decreases the erythema
reaction to allergens injected intracutaneously
(Feinberg and Friedlaender, /. Allergy, 1945, 16,
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296); the wheal reaction is unaltered. Brown
(Proc. S. Exp. Biol. Med., 1948, 67, 373) found
no alteration in the symptoms which frequently
follow injections of typhoid vaccine in man.
Metabolism. — In human subjects the drug appears in the blood 2 hours after ingestion of a
single dose of 400 mg., increasing to a greater concentration level at 3 hours; 20 per cent of the
dose is excreted in the urine in 24 hours (McGavack et al, J. Allergy, 1948, 19, 251). Perlman
{Bull. N. Y. Acad. Med., 1950, 26, 565) found
about 10 per cent of single doses given orally or
intravenously in the urine of patients. In rats,
Way and Dailey (Proc. S. Exp. Biol. Med., 1950,
73, 423; observed rapid and complete absorption
from the gastrointestinal tract, a very transient
presence in blood, rapid localization in body tissues, only traces in urine and feces, and no tendency to storage on prolonged administration. The
drug seems to be metabolized in the liver. Using
the response of the skin to histamine by iontophoresis. LeVan et al. (Calif. Med., 1951, 74,
256) studied absorption by different routes of
administration. After intravenous injection of 50
mg. in 2 ml. of physiological saline solution there
was little inhibition at 30 minutes; the maximum
effect was at 2 hours, with inhibition persisting
for 5 hours. With a dose of 50 mg. in an entericcoated tablet given orally, inhibition appeared in
6 hours, reached a maximum at 7 hours, and persisted to 10 hours. With 250 mg. applied as a
5 per cent ointment, inhibition appeared in 3
hours, reached a maximum at 6 hours and persisted to 9 hours. The maximum amounts of histamine inhibited were as follows : by tablet, 0.085
microgram; by intravenous injection, 0.88 microgram; by ointment, 0.1 microgram. Rubitsky et al.
(Ann. Allergy, 1950, 8, 536) reported 3 asthmatic
patients in whom tripelennamine was ineffective
in protecting against histamine-induced dyspnea
when ingested orally but effective when administered intravenously or rectally.
Tripelennamine hydrochloride, along with diphenhydramine hydrochloride and pyrilamine
maleate. were found to be the most effective of
13 antihistamimc drugs tested by Sternberg et al.
(J.A.M.A., 1950, 142, 969) for ability to raise
the histamine-whealing threshold in man.
Hay Fever and Asthma. — Allergic rhinitis is
relieved in 70 to 80 per cent of patients by
tripelennamine (Arbesman, N. Y. State J. Med.,
1947. 47, 1775). When adequate preseasonal hyposensitization therapy has been conducted, residual
symptoms are controlled by small doses of tripelennamine without untoward reactions (Blumenthal. J.-Lancet, 1949. 69, 215). A 2 per cent
aerosol relieved 27 of 34 patients with hay fever
in whom oral administration had failed or had
caused untoward effects (Zeller, Ann. Allergy,
1949, 7, 103): six "squeezes" on a DeVilbiss No.
40 nebulizer were used even.' 2 to 3 hours. In
bronchial asthma. 40 to 50 per cent of patients
are benefited by oral administration (Waldbott
and Gadbaw. /. Michigan M. Soc, 1949, 48, 724) ;
mild cases and children with asthma respond best.
There is often less influence on the wheezing than
on the spasmodic cough. The drug is useful in the
prevention of severe constitutional reactions fol-
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lowing injection of a large dose of the specific
antigen. Kleckner (Ann. Int. Med., 1948, 28,
583) concluded that tripelennamine was more
effective and less toxic than diphenhydramine.
The frequent failures and incomplete relief in
asthma observed with all antihistaminics have
been disappointing. Inhalation of a 2 per cent
aerosol of tripelennamine by 57 moderately severe
asthmatics, who were not benefited by oral administration, relieved 10 and improved another 13
(Feinberg and Bernstein, J. Lab. Clin. Med., 1949,
34, 1078j, but again it was the cough rather than
the dyspnea which was relieved and an aerosol of
epinephrine inhalation or of isoproterenol hydrochloride was more effective (see also Schwartz
and Leibowitz, /. Allergy, 1949, 20, 269 J. In
status asthmaticus, where patients are refractory
to epinephrine and management has remained extremely difficult and unsatisfactory, oral antihistamimcs have been ineffective; Rubitsky et al.
(New Eng. J. Med., 1949, 241, 853) administered 20 to 50 mg. of diphenhydramine hydrochloride intravenously at a rate of 5 to 10 mg.
per minute effectively. Having relieved the attack,
the effect was maintained by inhalation of an
aerosol of 2 per cent tripelennamine, alone or with
a bronchodilator, such as isoproterenol hydrochloride (1:200), or by rectal administration of
25 to 50 mg. of tripelennamine (see also Herxheimer, Brit. M. J., 1949, 2, 901). Study of
asthmatic patients showed that oral administration of antihistaminic would not protect from the
effect of an aerosol of histamine or methacholine
during the 90 minutes after administration; the
patient was protected 15 to 30 minutes after rectal
administration and immediately after intravenous
or aerosol administration. The intravenous route
protected for about 6 hours and the aerosol for
3 to 4 hours.
Urticaria is relieved in 70 to 80 per cent of
patients by tripelennamine (Arbesman, loc. cit.i.
Acute cases respond quickly to oral administration; chronic cases respond more slowly and less
completely. In other dermatoses, itching is often
controlled by oral or topical exhibition of the
antihistaminic (Morrow. Calif. & West. Med.,
1948, 69, 22; Keston, Ann. Allergy, 1948, 6, 408 ).
Among 90 cases treated with a 2 per cent cream
applied to the lesion, Sulzberger et al. (J. Invest.
Dertnat., 1948, 10, 41) reported improvement in
27 of 40 with atopic dermatitis. 4 of 18 with
eczematous dermatitis. 12 of 16 with neurodermatitis. of
2 5 with pruritus ani: in 2 of these
90 cases the cream caused a contact dermatitis.
Waldriff et al. (Arch. Dermat. Syph., 1950, 61,
361) reported a similar experience. The best results with topical therapy are obtained in circumscribed neurodermatitis. Patients must be watched
for development of acquired sensitivity to the
antihistamimc drug. Levy and Bagner (Arch.
Pediat., 1951. 68, 413) found 10 mg. orally 4
times daily to be most effective in the management of erythema neonatorum.
Carrier et al. (J.-Lancet, 1948, 68, 240) reported relief following use of the drug in cases
of ivy poisoning. Hoagland et al. (J. A.M. A., 1951,
146, 612) used the 2 per cent cream effectively
as an antipruritic in ivy poisoning but found little
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evidence of any curative value. Bee stings have
been relieved after topical or oral administration.
A 3 per cent solution of tripelennamine in glycerin
was advocated for topical application in pruritus
vulvae (Zondek and Bromberg, Acta med. Orientalia, 1948, 7, 123).
Tripelennamine hydrochloride absorbs the erythema-producing component of ultraviolet light
(Baer et al, J. Invest. Dermat., 1948, 11, 405;
Friedlaender et al, ibid., 397); it is an effective
preventive agent against sunburn (Friedlaender
et al, J. Allergy, 1949, 20, 229). The cream has
been used also to prevent the erythema following
roentgen irradiation (Mains, Radiology, 1949, 52,
579). The pruritus of chicken pox was relieved by
oral administration (Silverman, /. Pediatr., 1949,
35, 442). Frankfeldt {Am. J. Surg., 1948, 75,
307) reported relief of pruritus ani in 57 of 90
cases following oral administration; 11 of these
57 cases responded to local application of a 2 per
cent ointment.
"Colds." — Considering the similarity in symptoms in the early stages of the common cold and
in hay fever, Brewster (U. S. Nav. M. Bull., 1949,
49, 1) made preliminary studies in 1946 on the
treatment of the common cold with diphenhydramine. Encouraging results led to a more extensive
controlled study in a large naval installation using
tripelennamine and other antihistaminic drugs. If
treatment was started within 6 hours of the onset
of the symptoms, 74 per cent of patients were
completely relieved. The sneezing, coughing and
profuse discharge from the nose were relieved
and the later stages of the cold did not develop.
Antihistaminic treatment after the first or second
day of symptoms was much less effective. Murray (Ind. Med., 1949, 18, 215) reported a similarly favorable experience with tripelennamine in
an industrial plant. But Hoagland et al. {J. A.M. A.,
1950, 143, 157) found that there was no significant difference in the proportion of cures reported
by patients receiving oral antihistaminic drugs
(tripelennamine hydrochloride, chlorothen citrate)
and those receiving oral placebos; furthermore,
essentially the same proportion of patients reported no benefit from either type of treatment.
These investigators did observe, however, that
lessened serous discharge was much more common
in subjects receiving antihistaminic drugs than in
those receiving placebos. Unsuccessful trials were
reported from a summer camp for boys (Fisher,
Am. J. Dis. Child., 1951, 81, 530) and in an industrial group (Beard et al., Arch. Ind. Hyg. Occupation. Med., 1950, 2, 197). On the other hand
Cronk and Marty (N. Y. State J. Med., 1952, 52,
579) reported symptomatic improvement, within
24 hours, in almost twice as many cases on tripelennamine as on a placebo. Although Paton et al.
(Lancet, 1949, 1, 935) demonstrated that antihistaminics did not protect human volunteers exposed to nasal washings (cold virus), Fox and
Livingston (Arch. Otolaryng., 1949, 49, 575)
pointed out that persons highly susceptible to
colds had hyperplastic mucosal and lymphoid tissues and, in a high percentage of cases, other
allergies or an allergic family history. TroescherElam et al. (Am. J. Physiol, 1945, 144, 711)
demonstrated significant quantities of histamine
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to be present in the nasal secretions of the early
stages of the common cold as well as in cases of
hay fever.
Blood Transfusions. — Prevention of allergic
and pyrogenic reactions from transfusion of whole
blood by adding 25 mg. of tripelennamine hydrochloride to the blood was reported by Ferris et al
(Am. Pract. Dig. Treat., 1952, 3, 177). A group
of 367 patients with allergic disorders or previous
transfusion reactions received 607 pints of whole
blood containing tripelennamine. There was a
single hemolytic reaction due to use of an incompatible type of blood and a case of allergic reaction in an instance in which the antihistamine
was not added until a portion of the blood had
been injected. In a control group receiving 742
pints of blood during the same period there were
20 allergic and 32 pyrogenic responses. A dose of
50 mg. intramuscularly, 1 hour before a transfusion, was also effective; oral administration relieved urticaria following transfusions given without the protection of the antihistaminic drug.
Miscellaneous. — Considering the ubiquitous
nature of histamine, it is not surprising that antihistaminic agents have been tried in a large variety of clinical conditions. Arbesman (loc. cit.)
reported failure following use of tripelennamine
in most cases of migraine, histamine cephalgia,
Meniere's disease, allergic headache, conjunctilergy.
vitis, and gastrointestinal and genitourinary alMucosal anesthesia was produced in the oropharynx and rectum with a 0.5 to 2 per cent
aqueous solution (Moseley, Am. J. Digest. Dis.,
1948, 15, 410); numbness appeared in 2.5 minutes and anesthesia in 4 minutes, persisting about
30 minutes. Reynolds et al (Gastroenterology,
1950, 14, 535) used 30 ml. of 1 per cent tripelennamine solution by swab application to the oropharynx prior to gastroscopy, finding it effective;
a burning sensation was felt prior to onset of
anesthesia. Pyrilamine or diphenhydramine also
proved to be effective. In dental procedures
Kutscher
(Oral Surg., Oral Med., Oral Path.,
1951, 4, 776) found the 4 per cent solution to be
an effective anesthetic for the mucous membrane,
being about 2.2 times as active as 10 per cent
butacaine sulfate; anesthetic action on dentine
and pulp was incomplete. As a local anesthetic
for the urethra in urological instrumentation, Fitzpatrick et al. (J.A.M.A., 1952, 150, 1092) found
that a 2 per cent solution produced adequate anesthesia; the initial burning sensation, which was
common with a 4 per cent solution, occurred in
only 3 of 50 cases. They recommend use of this
type of local anesthesia in individuals with an
idiosyncrasy to the usual anesthetics or in cases
of bleeding where there is danger of absorption
of the local anesthetic.
In management of traumatic injuries Kessler
and Van Emburgh (Ind. Med. Surg., 1951, 20,
567) reported that patients treated with tripelennamine every 4 hours, orally or by injection,
showed but slight edema on the first day only,
required only % to Yi the amount of narcotics,
and showed less drainage after the third day than
patients in a control group. In oral surgical procedures simultaneous use of an antihistaminic
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agent and penicillin, with intent of minimizing
penicillin sensitivity reactions, produced a gratifying decrease in postoperative swelling and discomfort (Silverman, Am. Soc. Oral Surgeons
Meeting, New Orleans, October 1952).
In patients receiving tetanus antitoxin use of
50 mg. of tripelennamine daily for 10 days decreased the incidence of serum reactions from
20.4 to 3.6 per cent. In experimental nephritis in
rabbits, produced by injection of duck anti-rabbitkidney serum, tripelennamine failed to inhibit the
damage (Winternitz and Hackel, Proc. S. Exp.
Biol. Med., 1951, 78, 294). Failure of tripelennamine and chlortetracycline hydrochloride to
benefit a case of Stevens- Johnson syndrome was
reported by Chipps {Oral Surg., Oral Med., Oral
Path., 1951, 4, 345).
Getzoff (New Orleans Med. Surg. J., 1948, 101,
22) prevented and relieved reactions to iodopyracet injection but Crepea et al. (N. Y. State J.
Med., 1949, 49, 2556) did not confirm this in a
highly sensitive patient. Fralick and Kiess (Arch.
Ophth., 1949, 41, 583) reported success in the
management of atropine dermatitis and conjunctivitis. According to Green and Klein (/. Michigan
M. Soc, 1949, 48, 12 75) varicose leg ulcers, but
not the surrounding stasis dermatitis, responded
to oral administration in 4 to 10 weeks without
other therapy. The withdrawal syndrome in morphine addicts was relieved (Kells, South M. J.,
1948, 41, 134). McEachern (Can. Med. Assoc. J.,
1948, 58, 503) reported relief in several cases of
angina pectoris. Hoffman
(Am. J. Obst. Gyn.,
1949, 58, 385) observed decrease in hypertension
and albuminuria in some patients with preeclampsia. Relief of menstryal cramps and backache but not mastalgia was reported by Hoffman
(/. M. Soc. New Jersey, 1950, 47, 287) in a majority of private and industrial clinic patients.
Studies of the effect of tripelennamine orally on
the threshold of pain with the Hardy-WolffGoodell radiant heat technic showed no effect
(Kutscher and Chilton, Am. J. Med. Sc, 1952,
223, 239). The drug was effective in a case of
trigeminal neuralgia which could be precipitated
by injection of histamine (Horton and Brennan,
J.A.M.A., 1948, 136, 870).
Toxicology. — In the majority of patients prolonged daily use of tripelennamine has caused no
untoward effects; no changes in kidney or liver
function have been found. In Arbesman's (loc.
cit.) 800 treatment cases untoward effects in 5.5
per cent of the patients necessitated discontinuance of the drug and 27.3 per cent experienced
some unpleasant effects. Untoward effects include
drowsiness, dry mouth, nausea, excitement, headache, polyuria, heartburn, loss of potency, diplopia, chilliness, dizziness, sweating and dysuria
(Baer et al, Am. Pract., 1947, 2, 237). Performance-test studies, using a complex coordination
test and a rapid calculation test, were conducted
on cadets after a dose of 100 mg. of tripelennamine, by McKay and Ferguson (/. Aviation Med.,
1951, 22, 194); the calculation test showed impairment, but not so the coordination test. Drowsiness proved to be the most sensitive criterion of
drug action. Similar results were obtained with
100 mg. of dimenhydrinate. Diphenhydramine has
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a greater tendency to cause sleepiness, but tripelen amine ismore spasmogenic on the gastrointestinal and genitourinary tracts. With doses up to
300 mg. per day the incidence of untoward effects
is about the same for diphenhydramine and tripelennamine, but with larger daily doses the latter
is less toxic (McGavack et al., J. Lab. Clin. Med.,
1948, 33, 595). Brown (Proc. S. Exp. Biol. Med.,
1948, 67, 373) concluded that "blind placebo"
studies are required to evaluate untoward side
effects as well as therapeutic effects of a drug
since drowsiness occurred in 30 per cent of cases
on a placebo, in 37 per cent on 50 mg. of tripelennamine every 4 hours for 5 doses, and in 48 per
cent on 100 mg. on the same schedule. A greater
incidence of nausea, dizziness and insomnia occurred with the drug, but headache, nervousness
and dry mouth were as frequent with the placebo.
Several cases of coma and convulsions following
accidental ingestion of large quantities of diphenhydramine have been reported, but there seems
to be only one case of severe central nervous system symptoms from tripelennamine. Towers and
Giuffra (N. Y. State J. Med., 1950, 50, 214) reported the case of a 39-year-old woman who had
taken 6.35 Gm. during 4 weeks, with 1.35 Gm. of
this total ingested in 48 hours. She complained
of dyspnea, pectoral pain and a burning tongue;
cyanosis, rigidity of the entire body, stupor and
circulatory collapse developed. She recovered in
24 hours, after having amnesia for 4 days.
A case of agranulocytosis was reported by
Cahan et al. (New Eng. J. Med., 1949, 241, 865) ;
following discontinuance of the drug and administration ofantibiotic the patient recovered. Tripelennamine hydrochloride was one of the drugs
taken by 3 patients who developed hemolytic
anemia following use of antihistaminic agents
over long periods of time (Crumbley, J. A.M. A.,
1950, 143, 726). Other cases of agranulocytosis
(Martland and Guck, ibid., 1950, 143, 742;
Hilker, ibid., 741), and a case of pancytopenia
(aplastic anemia) (Glassmire, /. Maine M. A.,
1951, 42, 83) have been reported. A case of purpura simplex was described by Uvitsky (/. Allergy, 1951, 22, 544). An instance of gross hematuria, dysuria and frequency was described by
Russell (California Med., 1950, 73, 361) in a 32year-old man who had received 50 mg. of tripelennamine 4 times daily for only 2 days in the
course of treatment of chronic ethmoiditis and
prostatitis. Impotence was observed in 2 patients
taking tripelennamine (Jennes, Ann. Allergy, 1950,
8, 407); relief following discontinuance of the
drug. A case of urinary retention was attributed
to the spasmogenic action of tripelennamine
(Wolfson. J.A.M.A., 1949, 140,. 958).
Acute urticaria (London and Moody, /. Invest.
Dermat., 1949, 13, 217; Pratt, Arch. Dermat.
Syph., 1950, 61, 667; Guiducci and Traub, ibid.,
1951, 63, 263), atopic dermatitis (Rattner and
Graffin, Am. Pract., 1948, 2, 754), and eczematous
contact dermatitis after local application (Strauss.
/. Invest. Dermat., 1948, 11, 155; Barrock, Wisconsin M. J., 1951. 50, 156; Sherman and Cooke,
/. Allergy, 1950. 21, 63) have been reported following use of the drug. In the review of topical
application of antihistaminic drugs, Ellis and
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Bundick (J.A.M.A., 1952, 150, 773) found 10
instances of sensitivity to tripelennamine in the
141 cases reported.
Dose. — The usual adult dose is 50 mg. (approximately Y\grain), by mouth, up to 3 times
daily; the range of dose is 50 to 100 mg. but 150
mg. is sometimes given. Parenterally a solution
containing 25 mg. per ml. is injected in doses of
0.5 to 1 ml. up to 4 times daily; intravenous injection should be performed slowly, with the patient recumbent. Administration by intravenous
drip of 25 mg. in 200 ml. of sodium chloride injection may be made over a period of 1.5 to 2
hours. Rectally the usual dose is 25 to 50 mg.,
dissolved in water. A 2 per cent solution is used
as an aerosol for nasal or oral inhalation; a 0.5
per cent solution is used in the nose. For topical
application a 2 per cent ointment or cream is used.
Various formulations of tripelennamine hydrochloride are available. Tripelennamine Citrate,
N.N.R., is more palatable than the hydrochloride
and is used in an elixir and other liquid dosage
forms.
Storage. — Preserve "in well-closed, light-resistant containers." U.S.P.
TRIPELENNAMINE HYDROCHLORIDE TABLETS.
U.S.P.
"Tripelennamine Hydrochloride Tablets contain not less than 93 per cent and not more than
107 per cent of the labeled amount of C16H21N3.HC1." U.S.P.
Assay. — The basic procedure described under
Antazoline Hydrochloride Tablets is employed,
the appropriate constants for tripelennamine hydrochloride being substituted.
Usual Size. — 50 mg.
ORAL

TRISULFAPYRIMIDINES
SUSPENSION.
U.S.P.

"Oral Trisulfapyrimidines Suspension contains
not less than 93 per cent and not more than 107
per cent of the labeled amount of total sulfapyrimidines, consisting of sulfadiazine (C10H10N4O2S), sulfamerazine (CiiHioN^S), and sulfamethazine (C12H14N4O2S). The amount of each
of the three sulfapyrimidines is not less than 30
per cent and not more than 37 per cent of the
labeled amount of total sulfapyrimidines. Oral
Trisulfapyrimidines Suspension may contain either
sodium citrate or sodium lactate, and may contain a suitable antibacterial agent." U.S.P.
Meth-Dia-Mer-Sulfonamides, N.N.R. Liquoid MethaMerazine (McNeil); Suspension Ray-Tri-Mides (Raymer) ;
Suspension Sulfa-tri-azine (Thompson) ; Suspension Terfonyl (Squibb); Suspension Trifonamide (Vanpelt &
Brown) ; Suspension Trionamide (Flint, Eaton) ; Syrup TriSulfameth (Funk); Suspension Trisulfazine (Central);
Suspension Truozine (Abbott).

This supsension may be prepared with a variety of suspending agents; sodium citrate or
sodium lactate is included as an alkalinizing agent
to increase the pH of urine. A suitable preservative, such as a mixture of methylparaben and
propylparaben, is generally required.
The individual components of the mixture are
identified by determining the melting point of
each of three undissolved residues obtained by
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washing three separate portions of the mixed
sulfonamides with a saturated solution of the particular sulfonamide for which this identification
test is to be performed.
Assay. — For total sulfapyrimidines. — A portion of suspension representing about 500 mg. of
total sulfapyrimidines is assayed by quantitative
diazotization with 0.1 M sodium nitrite, as explained under Sulfanilamide. Each ml. of 0.1 M
sodium nitrite is equivalent to 26.43 mg. of total
sulfapyrimidines (based on an average molecular
weight of 264.3 for the sulfonamides). For sulfadiazine, sulfamerazine, and sulfamethazine. — An
aqueous solution containing 5 micrograms of each
of the component sulfonamides is prepared and
portions of 0.02 ml. of this solution are simultaneously submitted to descending chromatographic analysis on several paper strips, using a
solution of ammonia in butanol as the flowing
solvent. After approximately 18 hours the strips
are removed and the positions of the three sulfonamides determined by spraying the paper first
with butyl nitrite to diazotize the compound and
then with N-(l-naphthyl)-ethylenediamine dihydrochloride as a coupling agent; this treatment
develops a violet-pink band or spot where each
sulfonamide occurs. The spot nearest the top is
that of sulfadiazine, the intermediate one is that
of sulfamerazine, and the farthest one is that of
sulfamethazine. Having established the position
of each substance the other (untreated) papers
are cut into segments, using the developed paper
as a guide, and the segments containing each
sulfonamide are separately treated with a dilute
solution of hydrochloric acid to elute the compound. Finally the solution in each flask is diazotized with sodium nitrite, coupled with N-(lnaphthyl)-ethylenediamine, and the transmittance
of each is determined. Quantitative evaluation of
these data is achieved by comparison with standard curves prepared with corresponding U.S.P.
reference standards, similarly treated. U.S.P.
Uses. — The mixture of three sulfapyrimidines
has the same therapeutic effectiveness as sulfadiazine and is preferred because of its lower toxicity. It has the pharmacologic and therapeutic
properties of each component; in this connection
it might be recalled that the three sulfonamides
of this mixture differ only in the number of methyl
groups in the pyrimidine radical common to all
three compounds. The mixture is rapidly absorbed
from the gastrointestinal tract. Concentrations of
10 to 15 mg. per 100 ml. are readily attained in
blood. Diffusion across the hematocephalic barrier and into tissues in general resembles that
of sulfamerazine, the diffusion of which is greater
than for the two other components of the mixture (Lehr, Antibiot. Chemother., 1953, 3, 71).
The simultaneous presence of several sulfonamides
does not alter the solubility of any one of them
in water or urine (Sjogren and Ortenblad, Acta
Chem. Scandinav., 1947, 1, 605). A mixture of
equal parts of the three sulfonamides has a solubility of 97 mg. per 100 ml. and when the acetylated derivatives are also included a total solubility of 119 mg. per 100 ml. is reached in solutions of pH 4.5 to 5.5; thus, even in strongly
acid urine, protection is provided against crystal-
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luria and renal blockade (Beamonte and Schneller,
J. A. Ph. A., 1952, 41, 341). The solubility of all
sulfonamides is greater in alkaline solution.
In vitro, Lehr found that the mixture of three
sulfapyrimidines, as compared with the activity
of its components separately, showed equal effectiveness inthe case of hemolytic streptococci and
pneumococci and definite potentiation of bacteriostatic action in the case of E. coli and certain
strains of Ps. aeruginosa, JErobacter arogenes,
and Staphylococcus aureus, but was less effective
in the case of Salmonella schottmuelleri. Similar
observations were made by Ginsburg and Eldridge
(Yale J. Biol. Med., 1950, 23, 184), and Schweinbig and Rutenburg (Proc. S. Exp. Biol. Med.,
1950, 74, 480). On the basis of antibacterial action, concentration in blood, distribution in tissues, and minimal toxicity, Lehr concluded that
this sulfonamide mixture is the preparation of
choice for treating systemic infections susceptible to sulfonamides (see also discussion of
Sulfadiazine). Included are infections with hemolytic streptococci of Lancefield's Group A,
pneumococci. meningococci and staphylococci (see
Vow, Ann. Int. Med., 1955, 43, 323).
Urinary tract infections due to E. coli, JErobacter
cerogenes, B. proteus and Ps. aeruginosa often
respond. The mixture is useful in systemic infections due to A7. pneumoniae and H. influenza
when used in combination with antibiotic therapy.
This mixture is the most effective sulfonamide
preparation for treating bacillary dysentery. It
is useful in early trachoma, lymphogranuloma
venereum, follicular conjunctivitis, molluscum
contagiosum, and chancroid. Diab and AbuJaudeh (Am. J. Ophth., 1952, 35, 1339) called
attention to the rather prevalent exaggerated idea
of the value of sulfonamides in trachoma, in
which condition they are most useful in controlling secondary infection (see also under Sulfanilimide) but do not control the virus of trachoma.
The sulfonamide mixture is effective in carriers
of meningococci and for prophylaxis of streptococcal infections in individuals who have had
rheumatic fever, although penicillin is replacing
it for this latter purpose. In conjunction with
the appropriate antibiotic it is useful in cases of
actinomycosis, gas gangrene and brucellosis. In
severe cases of any of these susceptible infections,
combined therapy is indicated.
Many unofficial mixtures of "triple sulfas" and
even of individual sulfonamides with penicillin,
oxytetracycline or erythromycin, for oral or topical administration, are available. Synergistic action of sulfonamides and penicillin was demonstrated bv Kolmer and Rule (Am. J. Med. Sc,
1948. 215, 136), Vollmer et al. (N . Y. State J.
Med., 1950, 50, 2293) and others (see also under
Sulfonamides, in Part II).
Toxicology. — The low blood, tissue and urine
concentrations of each of the separate components
of this mixture leads to a very low incidence of
sensitization and renal complications; Lehr (Brit.
M. J., 1948, 2, 543) observed such effects in less
than 2 per cent of patients treated.
Dose. — The usual adult dose is 4 Gm. (approximately 60grains) of the mixed sulfapyrimidines. followed by 1 Gm. every 4 hours. The
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range of dose is 500 mg. to 4 Gm. The total dose
in 24 hours seldom exceeds 12 Gm. For a child
the initial dose is 100 mg. (approximately V/2
grains) per kilogram of body weight, followed by
25 mg. per kilogram of body weight every 4 hours.
A concentration in the blood of 10 to 15 mg. of
sulfapyrimidines per 100 ml. is usually desired,
and therapy should be continued for 72 hours
after
normal.the patient's temperature has returned to
Labeling. — "The label of Oral Trisulfapyrimidines Suspension indicates the presence and proportion of any sodium citrate or sodium lactate
and any antibacterial agent." U.S.P.
Storage. — Preserve "in tight, light-resistant
containers,
at a temperature above freezing."
U.S.P.
Usual Form. — 100 mg. of total sulfapyrimidines in each ml.
TRISULFAPYRIMIDINES
U.S.P.

TABLETS.

"Trisulfapyrimidines Tablets contain not less
than 95 per cent and not more than 105 per cent
of the labeled amount of total sulfapyrimidines,
consisting of sulfadiazine (C10H10N4O2S), sulfamerazine (C11H12N4O2S), and sulfamethazine
(C12H14N4O2S). The amount of each of the three
sulfapyrimidines is not less than 31.5 per cent
and not more than 35.0 per cent of the labeled
amount of total sulfapyrimidines." U.S.P.
Meth-Dia-Mer-Sulfonamides, N.X.R. Metha-Merdiazine
(.McNeil); Multazine (Kremers-Urban); Ray-Tri-Mides
(Raymer); Sulfaloid (Lloyd & Dabney); Terfonyl (Squibb) ;
Tersulfas (Boyle); Trifonamide (Van Pelt & Bro-.cn):
Tripazine (Eaton) ; Tri-Sulfameth (Funk) ; Trisulfazine
(Central); Truozine (Abbott).

Storage. — Preserve "in well-closed containers."
U.S.P.
Usual Size. — 500 mg. of total sulfapyrimidines.
TRYPARSAMIDE.
Sodium

U.S.P.. B.P., LP.

JV-Carbamylmethyl-p-aminobenzenearsonte,
[Tryparsamidum]

OH

H.-TV

NHCH2CONH

V2 H20

"Tryparsamide, dried at 105° for 4 hours, contains an amount of arsenic (As) corresponding
to not less than 99 per cent and not more than
101 per cent of CsHioAsNsNaOi." U.S.P.
The B.P. defines Tryparsamide as sodium
p-carbamylmethylaminophyenylarsonate and requires that it contain not less than 25.1 per cent
and not more than 25.5 per cent of As, and not
less than 9.25 per cent and not more than 9.5 per
cent of X. both calculated with reference to the
substance dried at 105°. The LP. states that Tryparsamide issodium iV-phenylglycylamide-4-arsonate; the rubrics are the same as those of the
B.P.. except that the temperature of drying is
Fr. n-Phenyl-glycocoIlamide-p-arsinate
Triparsamide. Sp. Triparsomida.

110°.

de sodium.

It.
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Tryparsamide, developed during the systematic
investigation of arsenical organic derivatives at
the Rockefeller Institute, is made by reacting
chloroacetamide, CICH2.CO.NH2, with the sodium
salt of arsanilic acid (Jacobs and Heidelberger,
J.A.C.S., 1919, 41, 1581). The latter acid may be
prepared by heating aniline with arsenic acid.
Description. — "Tryparsamide occurs as a
white, odorless, crystalline powder. It is slowly
affected by light. Its 1 in 20 solution is neutral to
litmus. One Gm. of Tryparsamide dissolves in
about 2 ml. of water. It is slightly soluble in alcoU.S.P.hol, but is insoluble in ether and in chloroform."
Standards and Tests. — Identification. — (1)
The solution remaining after the assay is acidified
with sulfuric acid, mixed with sulfurous acid T.S.
in excess, boiled to expel sulfur dioxide, then saturated with hydrogen sulfide : a yellow precipitate
is formed, soluble in ammonium carbonate T.S.
(2) Ammonia is evolved on boiling a solution containing tryparsamide and sodium hydroxide T.S.
(3) A precipitate of microscopic, wedge-shaped
prisms is gradually formed on adding calcium
chloride T.S. to a solution of tryparsamide. Water.
— Not less than 2.5 per cent and not more than
3.5 per cent, determined by drying at 105° for
4 hours. Distinction jrom sodium cacodylate. — A
precipitate forms on adding diluted hydrochloric
acid to a solution of tryparsamide. Arsenate. —
No precipitate forms in the cold, but does on
warming, in a mixture of a solution of tryparsamide and magnesia mixture T.S. Arsanilic acid.
— No red color is produced on adding diluted hydrochloric acid and a solution of betanaphthol to
a cooled solution of tryparsamide and sodium nitrite. Arsphenamine compounds. — A brown precipitate, soluble in an excess of ferric chloride
T.S., is produced when this reagent is added to a
1 in 10 solution of tryparsamide; no blue color is
produced. U.S.P.
The B.P. and LP. have similar tests, with some
modifications of procedure.
Assay. — About 200 mg. of dried tryparsamide
is decomposed by heating with a mixture of sulfuric and nitric acids. When the solution is colorless or nearly so, the remaining nitric acid is
decomposed by heating with ammonium sulfate,
after which the pentavalent arsenic in the solution
is reduced to the trivalent state by reaction with
potassium iodide. The iodine simultaneously released isin part expelled by boiling and the remaining portion is reduced with 0.1 N sodium
thiosulfate. The solution is then adjusted to
slight acidity, an excess of sodium bicarbonate is
added, and the trivalent arsenic oxidized to the
pentavalent state by titration with 0.1 N iodine.
Each ml. of 0.1 N iodine represents 14.80 mg. of
C8HioAsN2Na04. The B.P. and I.P. assays for
arsenic are based on the same reactions, but the
results are calculated in terms of As; the B.P.
and I.P. assays for nitrogen utilize the Kjeldahl
method, in which nitrogen is converted to ammonia and the latter is determined by neutralization.
Uses. — Arsenic in the pentavalent state is relatively non-toxic, both to mammals and protozoa.
Probably because of this, the pentavalent arseni-
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cal tryparsamide has low trypanocidal activity,
though if it is incubated with living tissue (including red blood corpuscles) it becomes actively
trypanocidal, probably by being reduced to the
trivalent state (see Hawking et al., J. Pharmacol.,
1937, 59, 157).
Tryparsamide — as its name suggests — was introduced for use in the treatment of African
sleeping sickness, for which it has proved to be
a very valuable remedial agent. While such drugs
as suramin and pentamidine are effective during
the incubation period of African trypanosomiasis
(diagnosis of which is seldom recognized in this
stage) and also during the early stage of fever
and lymphadenopathy, tryparsamide cures 80 to
90 per cent of the cases in this early stage and is
the only agent which is effective during the late
stage of invasion of the central nervous system,
though the proportion of cases in which it is
beneficial at this stage is small (see McLetchie,
Trans. Roy. Soc. Trop. Med. Hyg., 1948, 41, 445;
also Acres, ibid., 1950, 44, 77). This curative
action of tryparsamide in the stage when the
central nervous system has been invaded by trypanosomes is attributable to its ability to penetrate the barrier between the blood and the brain
with greater facility than either suramin or pentamidine is able to do. McLetchie gave simultaneously 0.5 Gm. of suramin sodium and 1.5 Gm.
of tryparsamide, intravenously, every three days
for 6 to 20 doses, according to the severity of the
case. Tryparsamide has been used also in combination with other drugs, including pentamidine
and methenamine. It is noteworthy that none of
the antibiotics has proven to be effective in
African sleeping sickness. Also, none of the drugs
which are effective in African sleeping sickness
has been of value in treating the trypanosomiasis
of South America (Chagas' disease).
Tryparsamide has been employed in the treatment of syphilis but its curative action was found
to be much less satisfactory than that of arsphenamine. Voegtlin {Pub. Health Rep., 1923, 38,
1003), however, showed that pentavalent arsenicals are much more capable of penetrating into
the cerebrospinal cavity than are the trivalent
arsenicals, and Hawking (loc. cit.) found that the
cerebrospinal fluid becomes more trypanocidal
after the intravenous injection of tryparsamide
than after arsphenamine. These observations led
to the use of tryparsamide in the treatment of
the neurological sequelae of syphilis, such as general paresis. While in about 40 per cent of cases
there is marked amelioration, or even complete
remission of symptoms, in the majority of patients
serological evidence of improvement is much less
striking. Some authorities, however, have reported
that in some cases, following prolonged treatment,
the spinal fluid may show a negative Wassermann
reaction and reduction of the cell count to normal
limits. Many reports have indicated the value of
tryparsamide but the results have been difficult
to evaluate and over the years the drug has lost
favor. The questionable benefit from it hardly
justifies the extreme care required in its use because of the significant hazard of toxic effects.
Currently penicillin produces the best therapeutic
results in neurosyphilis; Ford and Stokes (Penn-

1460

Part I

Tryparsamide

sylvania M. J., 1951, 54, 945) concluded that use
of arsenicals before, during or after penicillin
therapy adds nothing to the results. In tabes
dorsalis, meningovascular syphilis and gumma the
therapeutic value of tryparsamide was never
striking, [v]
Toxicology. — Unfortunately, the pentavalent
arsenicals are prone to exert injurious effects
upon the peripheral nerves, and optic atrophy is
not an infrequent outcome of treatment with tryparsamide. Cady and Alvis (J.A.M.A., 1926, 86,
184) found that even in persons with normal vision
there was evidence of injury to the optic nerve in
1.3 per cent of those treated, and in persons with
already damaged vision further injury occurred
in 37 per cent of such cases. In individuals with
contracted visual fields or retinal abnormalities
the drug should be used cautiously if at all. Unfortunately, optic damage may not appear for
several weeks after the course of treatment has
been completed. If- the patient complains of dimness of vision or flashes of light, the visual fields
and ocular fundi should be examined before another dose is given; if these are not abnormal,
treatment may be continued. If ocular abnormalities are observed, further use of the drug is contraindicated for about 4 to 6 weeks. Friedenberg
(J.A.M.A., 1947, 135, 1072) reported the successful use of dimercaprol in treating a case of optic
neuritis. Tinnitus and dizziness may follow use of
tryparsamide. Nausea, vomiting, headache and
nitritoid reactions are infrequent. Kopp and Solomon {Am. J. Syph. Gonor. Ven. Dis., 1943, 27,
445) found little evidence of liver damage during
use of tryparsamide.
Dose. — The dose of tryparsamide varies from
1 to 3 Gm., according to the weight and condition
of the patient. The dose should not exceed 50 mg.
per kilogram of body weight. The tryparsamide
is usually dissolved in 10 ml. of water for injection and administered intravenously, occasionally intramuscularly, at weekly intervals for 8 to
16 weeks, this course of treatment being followed
by a rest period of 6 weeks or more.
Labeling. — "The container bears the official
title; the quantity, in Gm., of Tryparsamide in
the container; the lot number; the name and address of the manufacturer; and the expiration
date. The expiration date (the date beyond which
the contents cannot be expected beyond reasonable doubt to retain its quality) is not more than
5 years from the date of manufacture." U.S.P.
Storage. — Preserve "in tight containers, preferablv at a temperature not exceeding 20°, protected from light." U.S.P.
INJECTION

OF TRYPARSAMIDE.
B.P., LP.

The injection is a sterile solution of tryparsamide in water for injection, prepared by dissolving the contents of a sealed container in the requisite amount of water for injection immediately
before use. The B.P. requires the quantity of As
in the sealed container to be not less than 22.0
per cent and not more than 28.0 per cent, and
the quantity of N to be not less than 8.0 per cent

and not more than 10.5 per cent of the labeled
amount of tryparsamide.
TUAMINOHEPTANE

SULFATE.

N.F.

Tuaminoheptanium Sulfate

[CH3(CH2)4CH(CH3)N+H3]2S04=
"Tuaminoheptane Sulfate yields not less than
96.5 per cent of C14H34N2.H2SO4." N.F.
Tuamine Sulfate (Lilly).

Tuaminoheptane, which is 2-aminoheptane,
may be prepared by heating 2-bromoheptane with
alcoholic ammonia (Clark, J.A.C.S., 1909, 21,
102 7), or by reduction of 2-nitroheptane. Both
the base and its sulfate are employed in medicine.
Description. — "Tuaminoheptane Sulfate occurs as a white, odorless powder. Tuaminoheptane
Sulfate is freely soluble in water, soluble in alcohol, and sparingly soluble in ether." N.F.
Standards and Tests. — Identification. — The
cyanate derivative of tuaminoheptane melts between 127° and 129°. Loss on drying. — Not over
1 per cent, when dried to constant weight at 105°.
Residue on ignition. — The residue from 500 mg.
is negligible. N.F.
Assay. — About 200 mg. of tuaminoheptane
sulfate, in aqueous solution, is alkalinized with
sodium hydroxide and the tuaminoheptane base
thereby released distilled into a measured excess
of 0.1 -V hydrochloric acid, the distillate finally
being titrated with 0.1 N sodium hydroxide in
the presence of methyl red T.S. indicator. Each
ml. of 0.1 A* hvdrochloric acid represents 16.43
mg. of C14H34N2.H2SO4.

X.F.

Uses. — For a general discussion of the class of
compounds to which tuaminoheptane belongs see
the monograph on Sympathomimetic Amines, in
Part II. Certain alkylamines, like their arylalkylamino counterparts, have been known for many
years to produce vasoconstriction and to elevate
systemic blood pressure (Barger and Dale. /.
Physiol., 1910, 41, 19). Little was added to that
literature until Rohrmann and Shonle (/..4.C.5.,
1944, 66, 1516) synthesized and studied systematical y alarge series of these aliphatic amines.
From a group of 39 compounds Swanson and
Chen (/. Pharmacol., 1946, 88, 10) selected 2amino-4-methylhexane and 2-aminoheptane (tuaminoheptane) as the more active. Even so, the
order of pressor activity was not great as compared with the more generally employed compounds such as ephedrine, although the duration
of action was moderately sustained. Moreover,
the compound was inactive when administered
orally (Marsh, ibid., 1948, 94, 225). Consequently,
the toxicity data of Warren and Werner (ibid.,
1946, 86, 294) that placed the order of toxicity
as less than that of amphetamine for laboratory
animals is of academic consequence.
Tuaminoheptane sulfate is employed only as a
topical vasoconstrictor agent; the vasoconstrictive
effect of a 1 per cent solution exceeds that of
ephedrine in the same concentration and the duration of the effect is longer. A 1 per cent solution
may be applied to respiratory' mucous membranes,
in infants and adults, by spray, dropper, or tam-
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pon; a 2 per cent solution, preferably applied
with pledgets of cotton, may be used for operative
procedures, diagnostic examination, and other
special uses. For displacement therapy of paranasal sinuses a 0.2 per cent solution may be used.
Tuaminoheptane base is a volatile liquid and
was introduced by Proetz (Ann. Otol. Rhin.
Laryng., 1942, 51, 112; Arch. Otolaryng., 1946,
44, 166) as a volatile nasal decongestant; it is
virtually free of any central stimulating action
(Boyd et al., ibid., 1946, 44, 166) and there appears to be no evidence of toxicity from the use
of this agent for relief of nasal congestion attending upper respiratory infections. Tuaminoheptane
is supplied in inhalers (Tuamine, Lilly), each containing 325 mg. of the active amine, together with
aromatics. One or 2 inhalations through each
nostril is recommended every hour for nasal obstruction. Excessive use may cause tachycardia
and an increase in blood pressure.
Storage. — Preserve "in tight containers." N.F.
OLD

TUBERCULIN.

Concentrated

U.S.P., B.P., LP

Tuberculin, Crude Tuberculin,
Koch, Tuberculinum Pristinum

Tuberculin-

"Old Tuberculin is a sterile solution of the
concentrated, soluble products of growth of the
tubercle bacillus (Mycobacterium tuberculosis)
adjusted to the standard potency by addition of
glycerin and isotonic sodium chloride solution.
Its final glycerin content is approximately 50 per
cent. Old Tuberculin in diluted form suitable for
injection is prepared in a buffered diluent." U.S.P.
The B.P. defines Old Tuberculin as the concentrated filtrate from a fluid medium on which
Mycobacterium tuberculosis var. hominis or bovis
has been grown; the LP. definition is the same
except that the variety of the organism is not
specified. The B.P. distinguishes between the
preparations made from the hominis and bovis
varieties by assigning the suffix T to the name
Old Tuberculin when it is prepared from the former and PT when it is made from the latter. In
the United States a human strain of M. tuberculosis isgenerally used.
Fr. Tuberculine brute. Ger. Tuberkulin Koch; AltTuberkulin. It. Tubercolina. Sp. Tuberculina ; Tuberculina Antigua.

Old tuberculin is prepared by growing a selected
culture of M. tuberculosis on a glycerinated-veal
medium contained in shallow flasks or bottles.
The cultures are incubated at 37° for 6 weeks or
more, until the maximum growth has been obtained as indicated by sinking of the pellicle.
Growth is interrupted by removal from the incubator; the pellicle is disintegrated by vigorous
shaking and the suspension is finally sterilized at
100° for 1 hour on each of 3 successive days,
after which the organisms are removed by filtration through paper or a Berkefeld filter. The sterile
filtrate is evaporated to approximately one-tenth
the original volume; the concentrate is again
filtered to insure sterility, and is then standardized
against the standard of the N.I.H. to determine
potency. The final product is diluted, if necessary,
with 50 per cent glycerin in physiological saline
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solution to equal the Standard Old Tuberculin in
potency.
Description. — "Old Tuberculin is a clear,
brownish liquid, which is readily miscible with
water and has a characteristic odor." U.S.P.
Standards and Tests. — The U.S. P. requires
that old tuberculin "complies with the identity,
safety, sterility, and potency tests and other requirements of the National Institutes of Health,
including the release of each lot individually before its distribution." The potency test involves
comparison, in various dilutions, with the standard preparation of the N.I.H. The test consists of
intracutaneous injections into the shaved abdomens of white guinea pigs sensitized with appropriate doses of BCG vaccine; after 48 hours the
reactions are measured in comparison with those
produced by the standard. The B.P. and LP.
express potency in terms of units, a unit being the
amount of specific biological activity contained
in 0.00001 ml. of a standard preparation (the
LP. describes an International Standard Preparation) both
;
compendia require old tuberculin to
contain 100,000 units per ml.
Uses. — Diagnostic. — The most important use
of old tuberculin is as an aid in the diagnosis of
tuberculosis in man and certain animals. A positive reaction is generally considered as evidence
that the subject has at some time had a tuberculous focus in his system, but does not prove the
existence of active tuberculosis or reveal the extent of any existing infection. A negative reaction
excludes tuberculosis in all but a few exceptional
instances, and is of great differential diagnostic
value. In apparent instances of anergy in suspected tuberculous infection, intracutaneous injection of BCG vaccine (see in this volume) is
suggested. Such a test may be used to determine
the occurrence of hypersensitivity to bacillary
bodies in the absence of appreciable tuberculin
hypersensitivity (Aronson and McGettigan, J.
Immunol., 1951, 66, 715). The test with old tuberculin may be applied to humans in a variety
of ways, as described hereunder.
The Mantoux (or intracutaneous) test (also
called the Mendel test) is the most accurate test
against which other procedures are compared.
This test is performed by injecting the tuberculin
intracutaneously, that is, between the layers of
the skin. The doses recommended for this test
have varied considerably. It appears advisable to
begin with small amounts and, if no reaction
occurs, to repeat the injections with increasing
quantities. The first injection should represent
0.01 cubic millimeter (commonly but erroneously
called 0.01 mg.) diluted with sodium chloride injection so that the total volume injected is 0.1 ml.
(0.1 ml. of a 1 : 10,000 dilution of the tuberculin).
If no reaction occurs within 48 hours another
injection is given, increasing the dose to represent
0.1 cubic millimeter. If no reaction occurs to the
second dose a third injection containing 1 cubic
millimeter is given. In cases of slight reaction
from the first injection a second injection is given
without increasing the dose. A positive reaction
is a zone of redness and the presence of edema,
usually with a papule at the point of injection,
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which reaches its height in about 48 hours. The
test should not be performed with febrile patients;
in feeble or young children the dose should be
reduced about one-half.
The Vollmer patch test (Am. J. Dis. Child.,
1939, 58, 52 7) utilizes thin filter paper saturated
with a tuberculin solution about 4 times as strong
as the official, the paper being dried and cut into
pieces 1 centimeter square; two of these squares,
with an intervening square of filter paper saturated
with glycerin broth, are applied to the skin (on
the inner side of the forearm or other hairless
area) after thorough cleansing and defatting of
the skin surface with acetone, and held in contact
with the skin by adhesive plaster. After 48 hours
they are removed; in tuberculous persons there
will be found under the area covered by the tuberculin paper an eruption of follicles or papules of
an erythematous base, contrasting sharply with
the area under the control square. In young children, when there 'is suspicion of sensitivity to
tuber culin, it may be well to make a preliminary
trial in which the paper is left on the skin for
only 6 hours. The advantages of the Vollmer patch
test are that there is no operative pain to excite
a nervous child and little danger of severe reactions or of accidental infection. A number of
authorities rank it as almost, if not entirely, equal
in certainty as a diagnostic measure to the Mantoux test (see Court, Brit. M. J., 1939, 1, 824;
Savage, Am. Rev. Tuber c, 1941, 43, 52 7; Crimm,
ibid., 799; Pearce, J.A.M.A., 1942, 114, 227).
Other tests formerly employed include the von
Pirquet test, Calmette's ophthalmic reaction, and
Moro's percutaneous test; these are described in
US.D., 24th ed., p. 1247.
Therapeutic Attempts. — The use of tuberculin was originated by Koch as a therapeutic measure (although it is today used almost exclusively
for diagnostic purposes) ; he believed the soluble
toxic products of the tubercle bacillus might stimulate the formation of antibodies. In attempts to
produce fractions of the tubercle bacillus having
immunizing or desensitizing properties a variety
of preparations were developed and used; these
are described in U.S.D., 24th ed., p. 1246.
Attempts continue to derive an extract of tubercle bacilli which will produce immunity without hypersensitivity to tuberculoprotein (Dubos
and coworkers, J. Exp. Med., 1955, 101, 291, 313).
Whether immunity and hypersensitivity can be
dissociated has been debated for years. Since a
nonviable extract seems preferable, as an immunizing agent, to an attenuated living organism
preparation, such as BCG vaccine (q.v.), this
search will doubtless continue.
Because of the possibility that great harm may
be done, tuberculin should be used therapeutically
only by those who are well acquainted with its
potentialities (see Willis and Joez. Am. Rev.
Tuberc, 1939, 39, 318). The advent of effective
antibiotic and chemotherapeutic agents for tuberculosis (see Streptomycin Sulfate, Aminosalicylic
Acid and its calcium and sodium salts, and Isoniazid, in Part I) has made the use of a potentially
dangerous therapy of questionable efficacy generally uninteresting.

In the United States, Purified Protein Derivative of Tuberculin (see following monograph) has
largely replaced Old Tuberculin for diagnostic
use. In determining the response to Bacillus
Calmette-Guerin Vaccine (BCG vaccine), however, old tuberculin is used. E
Dose. — The usual dose of old tuberculin as a
diagnostic aid is 0.0001 ml. intracutaneously,
with a range of 0.000,01 to 0.001 ml. (see above).
Injection of 0.1 ml. of a 1:10,000, a 1:1000, or a
1:100 dilution, freshly prepared, is used to supply
these doses.
Labeling. — "The package label bears the name
Tuberculin, Old; a statement indicating the
amount of Old Tuberculin expressed as the
equivalent in mg. of the N.I.H. reference standard; the lot number; the expiration date, which
for undiluted Old Tuberculin is not more than
5 years after date of manufacture or date of
issue, and for diluted Old Tuberculin not more
than 1 year after date of manufacture or date of
issue; and the manufacturer's name, license number, and address." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense
it in the unopened container in which it was
placed
the manufacturer."
Usualby Sizes.
— 1 and 10 ml.U.S.P.
PURIFIED PROTEIN
OF TUBERCULIN.

DERIVATIVE
U.S.P., B.P.

Tuberculin P.P.D.

"Purified Protein Derivative of Tuberculin is a
sterile, soluble, purified product of growth of the
tubercle bacillus (Mycobacterium tuberculosis)
prepared in a special liquid medium free from
protein." U.S.P.

Sp. Tuberculina, Derivado Proteinico Purificado.

Purified protein derivative of tuberculin, commonly called P.P.D. , represents a relatively pure
form of an active principle similar to that found
in old tuberculin and is devoid of the culture
medium proteins and many of the culture metabolism end-products which are concentrated together with the active principle in the preparation
of old tuberculin. This increased purity is accomplished bygrowing M. tuberculosis organisms
in a synthetic medium free of protein and by subsequent fractionation of the culture to eliminate
many of the useless products of metabolism that
result from the growth of the organism. To prepare purified protein derivative of tuberculin a
strain of M. tuberculosis is grown in a medium
containing asparagin, dextrose, potassium phosphate, sodium citrate, magnesium sulfate, ferric
citrate, and glycerin which has been adjusted to
pH 7.0. After the cultures have been incubated
for approximately two months at 37° they are
killed by heat, filtered and concentrated as in
preparing old tuberculin. The concentrated material is then subjected to ultrafiltration, during
which the unutilized culture medium constituents
and the low-molecular-weight metabolic products
of the culture are eliminated. The active principle
is then precipitated with trichloroacetic acid and
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the precipitate is extracted with ether and dried.
The dried precipitate may then be mixed in
weighed amounts with an excipient, such as lactose, and compressed into tablets. Since purified
protein derivative of tuberculin is dispensed in
dry state it is extremely stable.
Description. — "Purified Protein Derivative of
Tuberculin is an amorphous, whitish powder readily soluble in water. It is supplied usually in
tablet form.'; U.S.P.
Standardization. — Purified protein derivative
of tuberculin is standardized by direct comparison
with a previous lot of purified protein derivative
of tuberculin which has been set aside as a reference material, the potency of which has been
checked against the N.I.H. reference standard.
This comparison is carried out by the simultaneous intracutaneous injection of the new lot and
the reference lot in tuberculous guinea pigs and
in humans known to be positive to the tuberculin
test.
Uses. — Purified protein derivative of tuberculin is used to assist in the diagnosis of tuberculosis. Most individuals who have tuberculosis
infection or who have had it are sensitized to the
proteins of the tubercle bacillus which are contained in tuberculin. Therefore, when small quantities of the tuberculin protein are injected intracutaneously a local skin reaction appears at the
site of injection within 48 hours. The appearance
of a positive reaction indicates that the individual
either has, or has had, a tuberculous infection.
The tuberculin test alone is not necessarily indicative of clinical tuberculosis, and serves only as
an aid in the clinical diagnosis of tuberculosis.
The occurrence of a negative reaction has considerable eliminative value in the differential diagnosis of tuberculosis.
Dose. — The usual dose as a diagnostic aid,
intracutaneously, is 0.000,02 mg. in 0.1 ml. of
solution; the range of dose is 0.000,02 to 0.0002
mg. Since individuals with active tuberculosis
may be extremely sensitive to tuberculin protein,
purified protein derivative of tuberculin is usually
supplied in 3 strengths. The weakest solution contains in each 0.1 ml. 0.000,02 mg. of the active
substance. This is used in the first intracutaneous
injection; if no reaction occurs during 48 hours
the test is repeated with a solution containing
0.0002 mg. of active substance in each 0.1 ml.
The injection of 0.0002 mg. of purified protein
derivative of tuberculin into a highly sensitive
individual may result in a very severe local and
systemic reaction. Infrequently an intracutaneous
test dose of 0.002 mg. is employed. The 0.000,02
mg. dose of purified protein derivative of tuberculin is approximately equivalent to 0.01 mg. of
Old Tuberculin.
Labeling. — "The package label bears the name
Tuberculin, Purified Protein Derivative ; a statement indicating the amount of Purified Derivative
of Tuberculin expressed as the equivalent in mg.
of the N.I.H. reference standard; the lot number;
the expiration date, which is not more than 5
years after date of manufacture or date of issue;
and the manufacturer's name, license number,
and address." U.S.P.
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Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense it in the unopened container in which it
was placed by the manufacturer." U.S.P.
Usual Sizes. — In 10- and 100-test packages
of first strength tablets (0.0001 mg.), of intermediate strength tablets (0.001 mg.), and of second
strength tablets (0.025 mg.).
TUBOCURARINE CHLORIDE.
U.S.P., B.P., LP.
OCH,
HO
d- Tubocurarine Chloride, Tubocurarinium
Chloride
N(CH3)2
CH,— (C6H4)-0-<f

,.

~7

2C1\5H20

CH30

The B.P. and LP. define Tubocurarine Chloride as the chloride of an alkaloid, (+)-tubocurarine, obtained from the stems of plants of the
genus Chondrodendron, and possessing the specific biological activity of curare on neuromuscular transmission; not more than 9.0 per cent of
methoxyl (CH36), calculated with reference to
the substance dried to constant weight at 105° is
required. The B.P. requires the potency, determined biologically, to be not less than 93 per cent
and not more than 107 per cent of the potency of
the "standard preparation"; the LP. requires the
potency, also determined biologically, to be not
less than 90 per cent and not more than 111 per
cent of the potency of the International Standard
tubocurarine chloride.
B.P. Tubocurarinae Chloridum. I.P. Tubocurarini
Chloridum. Delacurarine (Squibb) ; Tubadil (Endo) ;
Tubarine (Burroughs Wellcome).

Tubocurarine is the principal alkaloid of Chondodendron tomentosum and those related species
the stem bark of which yields extracts commonly
referred to as tube curare (see Curare, also
Pareira, in Part II). Tubocurarine is the principle
which is chiefly, if not entirely, responsible for
the characteristic action of tube curare. The
rather complex process of separating tubocurarine
from other alkaloids of C. tomentosum was described by Dutcher (Ann. N. Y. Acad. Sc, 1951,
54, 326) ; for further information see Hamerslag,
The Technology and Chemistry of Alkaloids, 1950.
Description. — "Tubocurarine Chloride occurs
as a white or yellowish white to grayish white,
odorless, crystalline powder. It melts at about
270° with curarine
slightChloride
decomposition.
Gm. 20of ml.
Tubo-of
dissolves in One
about
water and in about 45 ml. of alcohol. It is insoluble in acetone, in chloroform, and in ether."
U.S.P. The B.P. gives the melting point, after
drying at 105°, as between 2 74° and 275°, with
effervescence; the I.P. range is 270° to 275°,
with slight decomposition, after drying at 100°.
Standards and Tests. — Identification. — (1)
A pink color is produced on warming a mixture
of tubocurarine chloride, sulfuric acid, and potassium iodate solution. (2) Tubocurarine chloride yields with ammonium reineckate T.S. and
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Chloride

with trinitrophenol T.S. a pink precipitate. (3) A
solution of tubocurarine chloride responds to
tests for chloride. Specific rotation. — Not less
than +208° and not more than +218°, when determined ina solution containing 100 mg. in each
10 ml., the solution being allowed to stand for
3 hours, and the rotation calculated on the anhydrous basis. Clarity of alcohol solution. — A solution of 100 mg. in 10 ml. of alcohol is clear.
Water. — Not more than 11.5 per cent, when determined bydrying in vacuum at 100° over phosphorus pentoxide for 4 hours or by the Karl
Fischer method. Residue on ignition. — Not over
0.25 per cent. Chloroform-soluble substances. —
Not over 1 per cent. Chloride content. — Not less
than 9.7 per cent and not more than 10.3 per
cent of CI, calculated on the anhydrous basis.
U.S.P. The B.P. and I. P. determine methoxyl,
distilling the latter as methyl iodide, oxidizing the
iodide to iodate, and having this release six
equivalents of iodine for titration with sodium
thiosulfate solution. For a discussion of the biological assays see Tubocurarine Chloride Injection.
Uses. — Tubocurarine chloride blocks the
transmission of nerve impulses at the myoneural
junction to skeletal muscle (see the monograph
on Curarimimetic Agents, in Part II). It is used
in preparation for surgery to increase muscular
relaxation with small doses of anesthetic agents
(Prescott et al., Lancet, 1946, 251, 80; Dundee,
Brit. M. J., 1952, 2, 893; Ruben, Brit. J. Anaesth.,
1953, 25, 237; Forssell, Acta Chir. Scandinav.,
1953, 104, 408; Agarwal, /. Ophth., 1953, 37,
558), to soften convulsions in electroshock therapy (Gahagan, /. Nerv. Ment. Dis., 1953. 118,
78; McKeever, Dis. Nerv. Syst., 1954, 15, 44),
to reduce muscle spasm in fractures (Lipow,
Arch. Surg., 1953, 66, 1953), and for the diagnosis
of myasthenia gravis (Pelikan et al., Neurology,
1953, 3, 284; Bergh, /. Clin. Lab. Inv., 1953, 5,
5). The biological unit of curare activity is equivalent to that of 0.15 mg. of J-tubocurarine chloride pentahydrate. The latter substance is available in sterile aqueous solution containing 3 mg.
(20 units) or 15 mg. (100 units) per ml. A suspension of tubocurarine chloride in peanut or
sesame oil containing beeswax has been used intramuscularly for prolonged action in tetanus
(Weed et al, J.A.M.A., 1948. 138, 1087; Binger
and Devnich, Anesth., 1950, 11, 199), rheumatoid
spondylitis (Norcross et al, J.A.M.A., 1949, 140,
397); Margolis and Caplan. Ann. Int. Med., 1949,
31, 615) and other conditions with muscle spasm
(Raisman and Schneiderman. /. Internat. Col
Surg., 1953. 19, 93; Lipow, Arch. Surg., 1953, 66,
312; Lenahan and Hamilton. Anesth. & Analg.,
1953, 32, 206; Allen, Ann. Int. Med., 1953, 39,
624). Volpitto and Benton administered hexobarbital sodium with tubocurarine in a single solution intravenously to facilitate endotracheal intubation {Anesth., 1950, 11, 164). Relief of the
syndrome caused by the bite of the black widow
spider (Latrodectus Mactans^ was produced by
intravenous administration of tubocurarine chloride (Allen, Ann. Int. Med., 1953. 39, 624). Preoperative use of a repository dosage form intra-
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muscularly failed to benefit posthemorrhoidectomy pain (Turell, Surgery, 1954, 35, 243); the
generalized muscular relaxation was undesirable
in 3 patients.
The antidote for this potent drug is neostigmine methylsulfate, which should always be immediately available when tubocurarine chloride
is used; facilities for artificial respiration should
also be at hand. 13
Dose. — The usual dose in anesthesia, intravenously, is6 to 9 mg., followed in 5 minutes by 3
to 5 mg. more if necessary. The injection is made
over a period of 30 to 90 seconds. When ether
is employed as the general anesthetic one-third
this dosage is given. In other uses 0.075 mg. per
pound of body weight is administered intramuscularly or slowly intravenously (except in myasthenia gravis in which only lAo to Vb of this dose
is employed). The dose in the oil and wax vehicle
has varied from 0.2 to 0.27 mg. per pound of
body weight, administered intramuscularly at intervals of 2 to 4 days.
Storage. — Preserve "in tight containers."
U.S.P.
TUBOCURARINE CHLORIDE INJECTION. U.S.P. (B.P., LP.)
"Tubocurarine Chloride Injection is a sterile
solution of tubocurarine chloride in water for injection. Each ml. exhibits a potency equivalent to
not less than 93 per cent and not more than 107
per cent of the potency stated on the label in
terms of U.S.P. Tubocurarine Chloride Reference
Standard." U.S.P.
The B.P. requires the content of tubocurarine
chloride to be equivalent to the activity of a solution containing not less than 0.95 per cent w/v
and not more than 1.05 per cent w/v of tubocurarine chloride; the LP. requires the content
of tubocurarine chloride to be not less than 90
per cent and not more than 111 per cent of the
labeled content. Both the B.P. and LP. specify
water for injection as the solvent, the LP. permitting the use of suitable buffering agents; sterilization isdirected to be by heating in an autoclave at 115° to 116° for 30 minutes, the LP.
permitting also filtration through a bacteria-proof
filter. The B.P. specifies that the air in ampuls
containing the solution be replaced by nitrogen.
B.P. Injection of Tubocurarine Chloride. I. P. Injection of Tubocurarine Chloride; Injectio Tubocurarini
Chloridi.

The U.S.P. provides no specification for the
reaction of this injection, nor does the LP.; the
B.P. requires the pH to be between 4.0 and 6.0.
Both the U.S.P. and LP. require that the angular
rotation of the injection, in a 200-mm. tube, be
not less than +0.35° and not more than +0.40°
for each mg. of tubocurarine chloride per ml.
claimed on the label.
The U.S.P. assay is performed by observing
the dose of injection required to produce, when
injected into the marginal ear vein of each rabbit
in a group, the characteristic head-drop which
follows administration of drugs of the type of
tubocurarine. Quantitative evaluation is achieved
through comparison
with the dose of U.S.P.
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Tubocurarine Chloride Reference Standard required to produce the same effect. The rabbit
head-drop method is one of the biological methods
of assay permitted by the B.P. and I. P. The other
method which may be utilized for B.P. and LP.
assays is the rat phrenic nerve-diaphragm method
in which the doses necessary to produce selected
degrees of paralysis of the phrenic nerve are compared with the doses of the standard preparation
required to produce the same effects.
Storage. — Preserve "in single-dose or in multiple-dose containers." U.S.P.
Usual Sizes. — 15 mg. in 1 ml.; 30 mg. in 10
ml.; 60 mg. in 20 ml.

TURPENTINE

OIL.

N.F.

Spirits of Turpentine, Oleum Terebinthinae

"Turpentine Oil is the volatile oil distilled from
the oleoresin obtained from Pinus pahistris Miller
and other species of Pinus (Fam. Pinacece) which
yield terpene oils exclusively." N.F. The B.P.
recognizes under this title only the rectified oil.
"Note. — Rectified Turpentine Oil is to be dispensed when Turpentine Oil is required for internal use." N.F.
Oleum Terebinthinae .lEthereum; Essentia Terebinthinae.
Fr. Essence de terebenthine officinale. Ger. Terpentinbl.
It. Essenza di trementina ; Acqua ragia deourata. Sp.
Esencia de trementina.

This oil is commonly, but erroneously, called
spirits of turpentine. It is prepared by distillation from common turpentine, either with or without water, but in the latter case a much higher
temperature is required, and the product may
contain terpene decomposition products. The turpentine of Pinus pahistris is said to yield about
17 per cent of oil, that from Pinus Pinaster Ait.
(P. maritima Poir) about 25 per cent, and from
Pinus sylvestris L. 32 per cent. For a description
of the turpentine-yielding trees see Turpentine, in
Part II.
In industry turpentine oil distilled with steam
from the wood, reduced to chips, of the stumps of
P. palustris and other species of Pinus is widely
employed; it has been suggested that the N.F.
recognize this source of the oil (see Bull. N.F.
Comm., 1946, 14, 43, 114). The oils differ mainly
in that the product from distillation of wood contains more alpha-pinene and less beta-pinene than
the oil from oleoresin (see under Constituents).
The N.F. Revision Committee decided, however,
not to recognize oil from wood.
Description. — "Turpentine Oil is a colorless
liquid having a characteristic odor and taste, both
of which become stronger and less pleasant as the
Oil ages or is exposed to air. Turpentine Oil is
optically active but its rotation is variable. Turpentine Oil dissolves in 5 volumes of alcohol."
N.F.
Standards and Tests. — Specific gravity. —
Not less than 0.854 and not more than 0.868.
Refractive index. — Not less than 1.4680 and not
more than 1.4780, at 20°. Distillation range. —
When distilled in an Engler flask, not less than
90 per cent of the oil distils between 154° and
170°. Fixed oils. — Three drops of the oil evaporate
from white unsized paper without leaving a perma-
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nent stain. Mineral oil. — Not more than 1 per
cent of the oil separates as a reddish or strawcolored viscous layer from turpentine oil after
treatment with fuming sulfuric acid. Mineral or
rosin oils. — Not over 100 mg. of residue is obtained on evaporating 5 ml. of turpentine oil on
a water bath. Other foreign substances. — (1)
When shaken with an equal volume of potassium
hydroxide T.S., turpentine oil does not become
darker than a light straw-yellow after standing
24 hours. (2) When shaken with an equal volume
of hydrochloric acid and allowed to stand 5 minutes, turpentine oil does not develop a color
darker than a light straw-yellow. N.F.
Constituents. — American turpentine oil derived from the oleoresin of Pinus palustris contains 55 to 65 per cent of dextro-alpha-pinene, 25
to 35 per cent of dextro-beta-pinene, and 3 to 7
per cent of constituents including dipentene, terpinolene, methyl chavicol, pinocarveol, bornyl
acetate, para-menthane and various alkyl ethers,
esters, phenols and phenolic hydroxy compounds.
The oil distilled with steam from the wood of the
same species contains 80 to 85 per cent of dextroalpha-pinene, up to 2 per cent of dextro-betapinene, 3 to 8 per cent of camp bene, and 10 to 15
per cent of dipentene, terpinenes, terpinolene,
para-menthane, alpha-terpineol, borneol, fenchyl
alcohol, methyl chavicol, phenols, benzaldehyde,
furfural, camphor, cineol and sobrerol. For further information concerning the composition of
turpentine oil obtained from a number of species
of American pines see Haagen-Smit et al. (J. A.
Ph. A., 1950, 39, 260) and Mirov (ibid., 1951,
40, 410). French oil (from P. pinaster or P. maritima) is largely levo-alpha-pinene; considerable
amounts of levo-beta-pinene , and smaller amounts
of dipentene, sobrerol, pinol, and sesquiterpenes
are present. Oil of Russian origin, chiefly from
P. sylvestris, contains only about 15 per cent
pinene, the bulk of it being J-A3-carene (formerly
thought to be, and by some still reported as being,
sylvestrene, an isomeric terpene), with considerable amounts of cymene also present. This oil has
an odor entirely distinct from American or French
products. Swedish, Finnish, and Norwegian turpentine oils resemble the Russian variety, while
Spanish and Portuguese oils are very much like
the French product (see also the description of
unofficial turpentines under Turpentine).
The pungent odor of old turpentine oil is due to
an atmospheric reaction producing an aldehyde;
this pungent odor may be removed by shaking the
oil with sodium bisulfite, then distilling it in a
current of carbon dioxide.
Exposed to air the oil absorbs oxygen, becomes
thicker and yellowish, and loses much of its activity, in consequence of the formation of resin. To
insure having a good quality of oil it was formerly officially directed that the oil be rectified
by distilling it with about 4 volumes of water. In
the present N.F. the oil is rectified by distillation
from sodium hydroxide (see following monograph). The absorptive capacity for oxygen is
more pronounced in the Indian and Russian varieties of turpentine (Palmer, Chem. Trade J., 1930,
87, 176).

1466

Part I

Turpentine Oil

Turpentine oil has been adulterated with petroleum distillates. Such adulteration is detected by
treatment with sulfuric acid as described in the
official test for purity.
Uses. — Turpentine oil is feebly antiseptic and
locally irritant. It is absorbed through the mucous
membrane of the alimentary canal and apparently
also of the respiratory tract. It is eliminated partly
with the breath, to which it imparts its characteristic odor, and through the urine, to which it
gives an odor resembling that of violets. When
given in small doses, frequently repeated, it at
first stimulates the kidneys, augmenting secretion
of urine; if the administration is continued too
long it produces painful irritation amounting at
times to violent strangury and also may cause
inflammation of the kidney with scanty, albuminous, or even bloody urine. Apparently enough
may be absorbed after inhalation of its vapor to
irritate the urinary organs; it has been stated that
seamen of vessels loaded with turpentine sometimes develop strangury and hematuria.
Most therapeutic uses of the oil may be attributed to its local irritant effect; thus, during its
elimination through the mucous membrane of the
lungs it acts as a stimulant expectorant and is
useful in the treatment of chronic bronchitis. In
an experimental study of bronchial secretion in
animals, Boyd and Pearson (Am. J. Med. Sc,
1946, 211, 602) found that turpentine oil was
more effective than either terebene or terpin
hydrate; anise oil, however, was more active while
compound benzoin tincture had no effect. In the
same way it acts as a stimulant to the kidney and
was formerly used as a diuretic. As a carminative,
it was used in flatulent colic. It is sometimes
serviceable for its local stimulant action in chronic
diarrheas. It has been used in large doses, along
with castor oil to prevent absorption, as a vermifuge for tapeworm. In typhoid fever it is useful in
tympanitic states for its carminative effect. At one
time it was injected subcutaneously or intramuscularly to produce a "sterile abscess" as a means
of stimulating the resistance of the body to an
infection. For this purpose a 15 per cent solution
in sterile olive oil, with or without a local anesthetic such as 0.5 per cent ethyl aminobenzoate,
was used in a dose of 0.5 to 1 ml. about once a
week. Leukocytosis follows such treatment. Turpentine oil has been used in the treatment of
hemoptysis. Topically, as in a tooth socket, it will
stop bleeding. In the form of an enema the oil is
useful in obstinate constipation, tympanitis, and
seatworms. From 15 to 60 ml. (approximately
Yi to 2 fluidounces) may be added to 500 ml.
(approximately 1 pint) of warm soapsuds. Inhalation of the vapors of turpentine oil has been
recommended in chronic bronchitis.
Externally it is an excellent rubefacient and is
widely employed in the form of liniments in various rheumatic affections as lumbago, arthritis,
neuralgias, and the like. For this purpose it should
be diluted with from 1 to 3 parts of cottonseed or
other bland oil. In the form of turpentine stupe
it has been advantageously employed as a counterirritant in various deep-seated inflammations, especially of the abdomen. The turpentine stupe is

made as follows; a piece of flannel is wrung out
in hot water and then either sprinkled with 2 to
4 ml. (approximately /2 to 1 fluidrachm) or
dipped in previously warmed turpentine, quickly
wrung out and applied to the part. E
Toxicology. — Many cases of poisoning with
turpentine have been reported, the symptoms generally having been mild although several deaths
have resulted. Two drachms caused the death of
a 7-month-old baby, while one fluidounce produced very severe urinary symptoms in a 20-yearold woman (see also above).
A wide range of toxic effects is produced, according to Craig (Archives of Disease in Childhood, 1953, 28, 475). The commonest of the
symptoms is stupor; other symptoms may include
vomiting, convulsions, irritation of urinary tract
(the urine may smell of violets), various respiratory symptoms, and also pyrexia, ataxia, shock,
tachycardia, sweating and leukocytosis. Treatment
includes induction of emesis, followed by gastric
lavage; careful use of stimulants appears to be
indicated; other treatment is symptomatic (Craig).
For internal use the rectified oil should be used
(see Rectified Turpentine Oil). lY)
Storage. — Preserve "in tight containers." N.F.
RECTIFIED
Oleum

TURPENTINE
N.F. (B.P.)

Terebinthinae

OIL.

Rectificatum

"Note. — Rectified Turpentine Oil is to be dispensed when Turpentine Oil is required for internal use. Oil that has become turbid must not
be The
dispensed."
N.F.
B.P. recognizes
only rectified oil under the
title Turpentine Oil; it represents the volatile oil
distilled from the oleoresin (turpentine) obtained
from various species of Pinus, and rectified.
B.P. Turpentine Oil; Oleum Terebinthinae. Essentia
Terebinthinae Rectificata. Fr. Essence de terebenthine
rectifiee. Ger. Gereinig;tes Terpentinol. It. Essenza di
trementina rettificata. Sp. Esencia de trementina rectificada.

Rectified turpentine oil may be prepared by
mixing turpentine oil with an equal volume of an
aqueous solution containing in each 100 ml. 5.3
Gm. of 95 per cent NaOH, then distilling off
about three-fourths of the oil. After separating
the clear oil from the water, the former is dried
by shaking with anhydrous calcium chloride or
anhydrous sodium sulfate and is then filtered. N.F.
When turpentine oil is distilled in contact with
sodium hydroxide solution, the distillate is free
from the decomposition products which give the
commercial oil the disagreeable odor and taste,
and which are inseparable by distillation without
alkali. The distillate has in other respects the
same properties as Turpentine Oil.
Description and Tests. — "Rectified Turpentine Oil is a colorless liquid which has the properties of and responds to the tests under Turpentine
Oil, Specific gravity and Mineral or rosin oils excepted. The specific gravity of Rectified Turpentine Oil is not less than 0.853 and not more than
0.862 at 25°. Evaporate 5 ml. of Rectified Turpentine Oil rapidly in a tared dish on a water
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bath: the weight of the residue does not exceed
15 mg." N.F. The B.P. gives the refractive index,
at 20°, as between 1.467 and 1.477.
A dosage form of turpentine oil, formerly
official, is Turpentine Oil Emulsion. The N.F. VIII
directed this to be prepared by adding to 50 Gm.
of finely powdered acacia, in a dry bottle, 150 ml.
of rectified turpentine oil and mixing thoroughly;
100 ml. of distilled water is then added and the
whole is shaken briskly until an emulsion forms,
after which sufficient distilled water to make the
product measure 1000 ml. is added, and the emulsion thoroughly mixed. The average dose of the
emulsion was 2 ml. (approximately 30 minims).
For uses of the rectified oil see under Turpentine Oil.
Dose, 0.3 to 0.6 ml. (approximately 5 to 10
minims).
Storage. — Preserve "in well-filled, tight containers and avoid exposure to excessive heat." N.F.
Off. Prep. — Liniment of Turpentine, B.P.
LINIMENT

OF

TURPENTINE.

B.P.

Linimentum Terebinthinae

The B.P. requires this product to yield, on distil ation insteam, not less than 72.0 per cent v/w
and not more than 79.0 per cent v/w of volatile
oil and camphor.
The liniment is prepared by triturating 50 Gm.
of camphor with 75 Gm. of soft soap until thoroughly mixed, then incorporating similarly 650
ml. of turpentine oil (rectified), transferring the
mixture to a bottle with the aid of 225 ml. of
distilled water and shaking the product until a
creamy emulsion is formed.
The turpentine liniment formerly official in the
U.S. P. and later in the N.F. was based on a formula introduced by a Dr. Kentish more than a
century ago, for which reason it was commonly
called Kentish Ointment; it was prepared by melting 650 Gm. of rosin cerate, on a water bath,
adding 350 Gm. of turpentine oil (not rectified),
and mixing the two thoroughly. N.F. VIII.
The British preparation is employed as a counterirritant liniment, while Kentish ointment was
used as an application in the treatment of inflammatory conditions of the skin.
Both the B.P. and the N.F. formerly recognized
Acetic Turpentine Liniment, though the two products were quite different in composition. The N.F.
preparation, variously known as Stoke's Liniment,
St. John Long's Liniment, and Linimentum Album,
was directed to be prepared by triturating or agitating the contents of 2 eggs and the yolks of 2
others with 400 ml. of turpentine oil (not rectified) and 16 ml. of lemon oil until thoroughly
mixed, after which 80 ml. of acetic acid and 400
ml. of water were added, the mixture strained,
and enough water incorporated to make 1000 ml.
N.F. VIII. The B.P. preparation, official under
the title Acetic Liniment of Turpentine, was made
by mixing 110 ml. of glacial acetic acid, 445 ml.
of liniment of camphor, and sufficient turpentine
oil (rectified) to make 1000 ml.
These preparations, too, were used as rubefacient liniments, the irritant properties of tur-
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VACCINE.

U.S.P.

[Vaccinum Typhosum]

"Typhoid Vaccine is a sterile suspension, in
isotonic sodium chloride solution or other suitable
diluent, of killed typhoid bacilli (Salmonella
typhosa) of a strain selected for high antigenic
efficiency. It contains 1 billion typhoid organisms
in each ml. It may contain either not more than
0.5 per cent of phenol, or not more than 0.4 per
cent of cresol, as a preservative." U.S.P.
Antityphoid Vaccine; Typhoid Bacterin; Typho-bacterin.
Vaccinum Antityphicum. Up. Vacuna antitifica; V acuna
A ntitifoidea.

For information concerning vaccines and their
methods of preparation, see Vaccines, Part II.
In the preparation of typhoid vaccine the selection of the proper strains of Salmonella (formerly
Eberthella) typhosa is important, and it is equally
important to maintain the selected strains under
conditions suitable for the preservation of their
full antigenic capacity. It is now recognized that
S. typhosa contains three types of antigens: The
"H" or specific flagellar antigens, the "O" or nonspecific somatic antigens, and the "Vi" or virulence antigens which tend to cover or mask the
"H" antigens. When fully virulent strains are isolated from cases of typhoid fever it is usually
possible to demonstrate the presence of all three
antigen types; however, on further cultivation on
artificial culture media bacterial dissociation may
occur, causing the appearance of colonies in which
the bacterial cells have lost either the "H" or the
"Vi" antigen. The "Vi" antigen seems to be the
least stable of the three and is almost invariably
the first to be lost. When the "Vi" antigen is lost,
there is only a slight change in colony form and
the culture is still "smooth"; if the "H" antigen
is lost, however, the culture becomes rough and it
is usually possible to demonstrate almost complete loss of motility and virulence.
Because antibodies against all of these antigens
have been shown to have protective action on an
experimental basis, the strains used in vaccine
production are usually selected to have "H," "O,"
and "Vi" antigens present. Recently the Vi-containing subculture of the "Panama 58" culture of
S. typhosa has come into almost universal use.
The contribution of the "Vi" antigen in the vaccine
prophylaxis of typhoid fever is probably very
slight, however, because this antigen is quite
labile and is partially destroyed by the heat or
chemicals used to kill the culture during preparation of most vaccines.
In preparing the vaccine the growth from an
18- to 24-hour culture on beef infusion agar is
washed off and suspended in buffered sterile salt
solution, and after thorough agitation the number
of bacteria per ml. is determined in a photoelectric nephelometer in comparison with a standard
reference vaccine which contains 1000 million organisms per ml. The organisms are then killed by
adding 0.5 per cent of phenol or formaldehyde.
When sterility tests indicate the suspension to be
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no longer viable it is diluted to contain 1000 million organisms per ml. ; the diluent is physiological
saline solution containing 0.3 to 0.5 per cent of
phenol.
The potency of typhoid vaccine is determined
by an active immunity mouse-protection test in
which the potency of the vaccine is compared
with that of a standard vaccine. The assay procedure involves determination of survival rates
in groups of mice given graded doses of the respective vaccines, intraperitoneally; subsequently
a constant challenge dose of viable, virulent
S. typhosa suspended in 5 per cent mucin is given
by the same route. The potency of the vaccine
under test must equal or exceed that of the reference standard.
Some authorities have advocated use of sensitized typhoid vaccines (so-called typhoid serobacterins) prepared in the same manner as the
ordinary saline suspensions except that the living
bacilli are treated with immune serum (antityphoid serum) before heating. Sensitized typhoid
vaccine is said to produce less severe reactions and
is equal, if not superior, in protective power to
the regular typhoid vaccine.
Description. — "Typhoid Vaccine is a more or
less turbid, whitish fluid, nearly odorless or having
a faint odor due to the preservative." U.S.P.
The vaccine is required to comply with the
identity, safety, sterility, and potency tests and
other requirements of the National Institutes of
Health, including the release of each lot individually before its distribution. U.S.P.
Uses. — This vaccine is used chiefly as a prophylactic against typhoid fever. Today there can
be no justifiable skepticism as to the value of
typhoid inoculations as a preventive of typhoid
fever. Experience with several millions of military personnel, all over the world, has established
beyond any reasonable doubt the efficacy of the
vaccine. It is not claimed that it produces such
an absolute resistance to infection that one may
neglect all sanitary precautions without any danger
of infection but it does produce such a high degree
of immunity that under ordinary circumstances it
is improbable that the patient will develop typhoid
fever; also, if the disease develops as a result of
unusual exposure it runs a much milder course
than it does in the unprotected person. Miller
et al. (Am. J. Trop. Med., 1951. 31, 535), and
Balim and Gronbeck (Armed Forces M. J., 1954,
5, 68) did report epidemics to occur among vaccinated but heavily exposed troops.
There is no positive knowledge as to the duration of the immunity conferred by the vaccine. It
is quite likely that the loss of immunity is a
gradual process. In a general way it may be stated
that a degree of protection sufficient to prevent
contraction of typhoid fever under the conditions
encountered in average civilized communities lasts
about 1 or 2 years (Longfellow and Luippold.
Am. J. Pub. Health, 1939. 29, 95); this experience was confirmed in World War II.
In most American cities control over municipal
water supplies is so effective that the likelihood
of contracting typhoid fever is slight. Cases incited
by carriers handling food may occur. For those
who travel extensively, especially on walking or

automobile trips, and are likely to ingest water or
food or unknown quality, use of typhoid vaccine
is strongly advised. For routine use, however, the
mixed vaccine (see Typhoid and Paratyphoid Vaccine) is more desirable since it provides protection also against the related paratyphoid fever.
Typhoid vaccine, or the mixed triple vaccine,
is also employed for the purpose of exciting nonspecific febrile reactions in various diseases, as
arthritis, acne, keratitis, etc. (see Protein Therapy, in Part II).
Dose. — The usual dose consists of 3 subcutaneous injections of 0.5 ml. each, with an interval of 7 to 28 days between injections. Children
should receive doses in proportion to their weight
or age, as follows: ]/2 to 2 years, 0.12 ml.; 2 to 6
years, 0.25 ml.; 6 to 10 years, 0.5 ml. For revaccination the Office of the Surgeon General of the
U. S. Army recommends annual administration of
either 0.1 ml. intracutaneously or 0.5 ml. subcutaneously. The experience of the U. S. Army
Medical Corps indicates that these reduced doses
are as effective as the larger ones formerly used;
the smaller doses are less likely to induce reactions, such as local inflammation, edematous swelling, fever, malaise, headache, and nausea. Tuft
(J.A.M.A., 1953, 152, 1183) employed 3 intracutaneous injections of 0.1, 0.15, and 0.2 ml.,
respectively, at intervals of 7 to 28 days; this
program produced adequate antibody titers with
virtually no systemic or local reactions. Vaccination should not be performed if the patient is
suffering from any acute infection; it is also contraindicated in chronic nephritis and diabetes.
Labeling. — "The package label bears the name
Typhoid Vaccine; the number of organisms represented in 1 ml.; the lot number; the expiration
date, which is not more than 18 months- after date
of manufacture or date of issue; the manufacturer's name, license number, and address; and
the statement, 'Keep at 2° to 10° C. (35.6° to
Storage. — Preserve "at a temperature between
50° F.).'"
2° and 10°, preferably at the lower limit. Dispense it in the unopened container in which it
was placed by the manufacturer." U.S.P.
Usual Sizes. — 1, 1.5, 5, and 20 ml.
TYPHOID AND
VACCINE.

PARATYPHOID
U.S.P. (B.P.)

[Vaccinum Typhosum et Paratyphosum]

"Typhoid and Paratyphoid Vaccine is a sterile
suspension, in isotonic sodium chloride solution
or other suitable diluent, of killed typhoid bacilli
(Salmonella typhosa) of a strain selected for high
antigenic efficiency, killed paratyphoid 'A' bacilli
(Salmonella paratyphi), and killed paratyphoid
'B' bacilli (Salmonella schottmulleri) . The paratyphoid strains are smooth strains having complete antigenic structure. Typhoid and Paratyphoid Vaccine contains, in each ml., 1 billion
typhoid organisms and 250 millions of each of
the paratyphoid organisms. It may contain not
more than 0.5 per cent of phenol or not more than
0.4 per cent of cresol. as a preservative." U.S.P.
The B.P. Typhoid-Paratyphoid A and B Vaccine is similar but contains 500 or 750 million
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each of paratyphoid A bacilli and paratyphoid B
bacilli per ml. The B.P. also provides for an alcohol-treated vaccine which contains no other preservative, retains the Vi antigen and is used in
half the dose prescribed for the conventional vaccine. In a separate monograph the B.P. recognizes
Typhoid-Paratyphoid A, B and C Vaccine which
contains additionally 500 or 750 million paratyphoid Cbacilli (S. paratyphi C) per ml.
B.P. Typhoid-Paratyphoid A and B Vaccine. T.A.B.
Vaccine; Typhoid Combined Vaccine; Typhoid Paratyphoid
Combined Vaccine; Typhoid Mixed Vaccine Prophylactic;
Typhoid-Paratyphoid Prophylactic; Mixed Enteric Vaccine;
Typhoid-paratyphoid Bacterin; Triple Vaccine; Combined
Typhoid Vaccine. Fr. Vaccin antitypho-paratyphoidique.
Sp. Vacuna Antitifoidea y Antiparatifoidea; Vacuna TAB.

In 1896 Achard and Bensaude isolated from the
urine of a patient, suffering from a condition which
was clinically indistinguishable from typhoid fever,
a species of bacteria which differed materially
from the Eberthella typhi (now called Salmonella
typhi) in both cultural and serological characteristics, and in 1900 Schottmiiller obtained another organism from the blood of similar cases;
a few years later clinicians began to recognize a
separate group of fevers so similar in their symptomatology totyphoid that diagnosis without bacteriological and serological methods was impossible. This group of diseases is known as the
paratyphoid fevers, and the causative organisms
have been recognized as belonging to the genus
Salmonella, which contains a number of species
pathogenic for either man or the lower animals.
As a rule the paratyphoid infections are less serious diseases than true typhoid fever. Occasionally
paratyphoid A, caused by Salmonella paratyphi
{Bacillus paratyphosus A), may cause dangerous
illness but paratyphoid B, due to S. schottmulleri
(B. paratyphosus B), is hardly ever fatal. The
mortality does not exceed 4 per cent.
Typhoid immunization has been compulsory in
the U. S. Army since 1911. Various types of vaccines have been used. The formula described here
has been in use since 1940 and has been shown
to develop antibodies against all 3 organisms as
well as against several heterologous types of
Salmonella not contained in the vaccine as well
as 2 coliform organisms containing Salmonella
antigens (Longfellow and Luippold, Am. J. Pub.
Health, 1943, 33, 561; Am. J. Hyg, 1943, 38,
139). Frequently an increase in diarrheal diseases, such as bacillary and amebic dysentery,
nonspecific diarrhea, gastritis, enteritis and colitis,
is paralleled by an increase in typhoid fever. No
such increase occurred in typhoid or paratyphoid
fever during the mobilization period of 1940-42,
although there was a considerable rise in the incidence of the diarrheal diseases; this could be an
indication of the effectiveness of the typhoid and
paratyphoid vaccine currently being used (Calender and Luippold, J. A.M. A., 1943, 12, 319).
On the other hand several epidemics in British
troops have followed use of the apparently more
effective B.P. vaccine, the alcohol-treated form
of which Miller et al. (Am. J. Trop. Med., 1951,
31, 535) found to be 20 times as effective as the
U.S. P. typhoid and paratyphoid vaccine and 3
times as active as the equivalent B.P. phenolized
preparation. Improved sanitation rather than vac-
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cination may be responsible for the decrease in
incidence of typhoid fever in the United States
(Love et al., Med. Clin. North America, 1954,
38, 1493).
In preparing this vaccine the two species of
Salmonella are grown in separate cultures and suspensions made from each in a manner similar to
that for typhoid vaccine. The strains most commonly employed are the "Kessel" strain — isolated
from a case of paratyphoid A occurring in the
U. S. army on the Mexican border in 1916 — and
the "Rowland" strain — from a case of paratyphoid
B in the English army in Flanders in 1915. After
dilutions of the three suspensions have been made,
separately, they are then mixed together with
suspension of Salmonella typhi (typhoid vaccine)
in such proportions as to provide the desired concentration ofeach in the finished product.
Typhoid and paratyphoid vaccine is tested only
for the potency of the typhoid fraction; there is
no known test for the paratyphoid constituents.
A content of up to 0.055 mg. of protein nitrogen
per ml. is permitted. The vaccine complies with
the identity, safety, sterility, and potency tests
and other requirements of the National Institutes
of Health, including the release of each lot individually before its distribution.
Description. — "Typhoid and Paratyphoid
Vaccine is a more or less turbid, whitish fluid,
nearly odorless or having a faint odor due to the
preservative." U.S.P.
Uses. — This triple vaccine is usually preferred,
as a prophylactic, to typhoid vaccine because it
not only provides protection — which is probably
equal to that of typhoid vaccine — against typhoid
fever but also confers on the patient considerable
immunity against the paratyphoid fevers. For
further information see under Typhoid Vaccine.
The dose of typhoid and paratyphoid vaccine
is the same as for Typhoid Vaccine, as are the
labeling and storage requirements.
Usual Sizes.— 1.5, 5, 7.5, 15, and 20 ml.
TYPHUS
Epidemic

VACCINE.
Typhus

Vaccine

U.S.P., B.P.
(U.S.P.

XIV)

"Typhus Vaccine is a sterile suspension of the
killed rickettsial organism of a strain or strains
of epidemic typhus rickettsiae selected for antigenic efficiency. The rickettsial organisms are obtained by culturing in the yolk sac membrane of
the developing embryo of the domestic fowl
(Gallus domesticus). Typhus Vaccine consists of
refined material derived from an aqueous suspension of the infected yolk sac membranes, and the
rickettsial are killed by addition of not more than
0.1 per cent by volume of formaldehyde solution.
It may contain a suitable antibacterial preservative." U.S.P.
In preparing the vaccine the B.P. permits use
also of lungs of small rodents in which rickettsial
pneumonias have been caused by inhalation of
massive doses of virulent rickettsiae, or of peritoneal cavities of gerbils which have been infected
intraperitoneally. The use of 0.2 to 0.5 per cent of
formaldehyde is permitting in the manufacturing
process.
Typhus fever is a disease which has appeared in
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epidemic form for centuries in Europe, Asia and
Africa and has also occurred in North and South
America. It is caused by a microorganism called
Rickettsia prowazcki, which is one of a large group
of rickettsial organisms. These rickettsiae occupy
a position intermediate between bacteria and the
filterable viruses, having some of the characteristics of both. They are barely visible under magnification bythe fight microscope and appear as
small coccobacillary forms or occasionally as short
filaments; however, they require the presence of
living tissue for multiplication.
Epidemic typhus is transmitted by body lice
which feed on a typhus patient and then encounter
a new host. The rickettsial multiply within the
intestinal lining cells of the louse gut and are excreted with the louse feces. Since lice defecate at
the time of feeding, infected fecal matter is deposited on the skin surface adjacent to the louse
bite and is rubbed into the bite or into the skin by
the act of scratching, or by the pressure of clothing. It is believed that the disease is maintained
in rats during interepidemic periods where it is
transmitted from rat to rat by the rat flea. In
areas where louse infestation is not common, epidemic, person-to-person infection does not occur,
but occasional cases of typhus may be found.
These are usually explainable on the basis of direct
contact with infected rats or rat fleas.
Typhus is divided into two categories depending
upon the organism which is the causative agent
and the area of the world where it occurs. Epidemic or "Old-World" typhus occurs in Europe,
Asia, Africa and South America as mentioned
above and is usually transmitted from person to
person by means of the body louse. It is obvious
that the epidemic form depends upon the prevalence of social and economic factors favoring louse
infestation. Endemic, "New World" or murine
typhus occurs in Mexico and parts of North America. The organism causing this disease is antigenically different from that causing epidemic
typhus, but is similar in almost all other respects.
Endemic or murine typhus is transmitted from infected rats to humans by the rat flea and seldom
from human to human.
Epidemic typhus vaccine is prepared according
to various modifications of the method of Cox
(Science, 1941, 94, 399), who found that the
rickettsial would multiply in the yolk-sac membranes of the chick embryo. The Breinl strain of
R. prowazeki is inoculated into the yolk-sac of
6- to 7-day-old chick embryos which are then incubated at approximately 37° for an additional
4 to 1 1 days, after which the eggs are opened and
the yolk-sacs removed. This tissue is then ground
to a homogeneous suspension, phenol and formaldehyde are added and the suspension is stored
under refrigeration until it is no longer infectious.
The tissue suspension is then treated with ether
and the water phase collected. The tissue proteins
and yolk lipoids remain in the ether layer. Ether
dissolved in the aqueous phase is removed by
vacuum distillation and the water suspension of
the rickettsiae is preserved by the addition of a
mercurial preservative.
Description. — "Typhus Vaccine is a slightly
turbid, colorless or reddish-tinged liquid having

a slight odor related to the method of purifying
the rickettsial suspension." U.S.P.
Standardization. — Typhus vaccine is standardized by immunization of guinea pigs and subsequent demonstration in the blood serum of
toxin-neutralizing antibodies effective against the
toxic factor of rickettsial suspensions. The pooled
guinea pig serum must protect mice against 2
lethal doses of rickettsial suspension when 0.5 ml.
of a 1:16 dilution of serum is injected.
Uses. — Typhus vaccine is used as a prophylactic agent to protect against epidemic typhus;
it is not effective against endemic or scrub typhus.
The usual dose for initial immunization consists
of 2 injections of 1 ml. each, subcutaneously,
with an interval of 7 to 10 days between injections. Abooster dose of 1 ml. should be given at
the beginning of the epidemic season and repeated
3 months later and every 6 months thereafter.
Individuals with known allergy to eggs should be
vaccinated with caution. For children under 2
years the dose is 0.12 ml.; for those 2 to 6 years
old it is 0.25 ml., while in the age group of 6 to
10 years the dose is 0.5 ml. (Love et al., Med.
Clin. North America, 1954, 38, 1493).
Labeling. — "The package label bears the name
Epidemic Typhus Vaccine; the lot number; the
expiration date, which is not more than 18 months
after date of manufacture or date of issue; the
manufacturer's name, license number and address;
and the statement, 'Prepared from membranes of
the embryonated chicken egg infected with epidemic typhus rickettsiae," or an equally informative statement approved by the National Institutes of Health." U.S.P.
Storage. — Preserve "at a temperature between
2° and 10°, preferably at the lower limit. Dispense itin the unopened container in which it was
placed
the manufacturer."
Usualby Sizes.—
1 and 20 ml. U.S.P.
TYROTHRICIN.

U.S.P.

[Tyrothricinum]

"Tyrothricin is an antibacterial substance produced by the growth of Bacillus brevis Dubos
(Fam. Bacteriacece) . It consists principally of
gramicidin and tyrocidine, the tyrocidine usually
being present as the hydrochloride. Tyrothricin
has a potency not less than 90 per cent of that
of
the U.S.P. Tvrothricin Reference Standard."
U.S.P.
History and Production. — In 1939, just 10
years after Fleming's recognition and naming of
penicillin, the second of our present-day antibiotics was discovered. In that year, Dubos (Proc.
S. Exp. Biol. Med., 1939, 40, 311; /. Exp. Med.,
1939, 70, 1) isolated from soil which he had repeatedly contaminated with suspensions of pathogenic bacteria, a gram-positive spore-forming
aerobe which he identified as Bacillus brevis. He
found that culture filtrates of this strain of
B. brevis were capable of inhibiting the growth
of the species of organism he had used to contaminate (orto enrich) the soil and also of other
gram-positive organisms. The new antibiotic, originally called gramicidin, proved later to be a mixture consisting of two components. The name
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gramicidin was retained for one of the components; the other was named tyrocidine, and the
name tyrothricin was given to the combined mixture. The name tyrothricin is derived from Tyrothrix, a term used by Duclaux in 1898 to designate the group of organisms to which B. brevis
belongs. Tyrothricin is the only antibiotic, in current medical use, to have been discovered through
use of the soil enrichment technic. The appropriateness of different substrates as sources of nitrogen and other essentials for industrial biosynthesis
of tyrothricin has been reviewed by Lewis et al.
{Ind. Eng. Chem., 1945, 37, 996).
The antibiotic is obtained by acidifying the bacterial culture filtrate to pH 4.8, extracting the
resulting precipitate with alcohol, and precipitating tyrothricin from the alcoholic extract by
addition of salt solution. Treating the precipitated
tyrothricin with an acetone-ether mixture effects
separation of the two components: gramicidin is
in the soluble fraction ; the insoluble fraction contains tyrocidine, which can be crystallized as the
hydrochloride from alcohol acidified with HC1.
Details of recovery processes and chemical fractionation of tyrothricin have been reported by
Hotchkiss {Advances Enzymol., 1944, 4, 153).
Chemistry. — The gramicidin component (not
to be confused with gramicidin-S , described by
Gause and Brazhnikova, Nature, 1944, 154, 703,
and discussed below, is a polypeptide containing
L-tryptophan, D-leucine, D-valine, L-valine, L-alanine, glycine, and an aminoethanol. A noteworthy
feature of the molecule is the presence of valine
in both d- and L-forms. The tyrocidine component is a cyclopolypeptide in which there are
only 2 free chemical groups, namely, the delta
amino group of ornithine and the hydroxyl group
of tyrosine. Although gramicidin and tyrocidine,
obtained as outlined above, are crystalline products, they are nevertheless probably mixtures.
Gregory and Craig (/. Biol. Chem., 1948, 172,
839) demonstrated that there are at least 4 gramicidins, and according to Synge and Tiselius {Acta
chem. Scand., 1947, 1, 749; ibid., 1949, 3, 231)
there are several tyrocidines.
Both gramicidin and tyrocidine are slightly soluble in water and depress surface tension. In distilled water they form stable colloidal dispersions ;
tyrocidine, which behaves like a cationic wetting
agent, may increase the stability of dispersions
of gramicidin.
Description. — "Tyrothricin occurs as a white,
grayish white, or brownish white powder. It is
odorless, or nearly odorless, and is almost tasteless. Tyrothricin is practically insoluble in water.
One Gm. dissolves in about 15 ml. of alcohol,
usually leaving a small amount of residue. It is
freely soluble in glacial acetic acid, is slightly
soluble in acetone, but is insoluble in chloroform
and in ether." U.S.P.
The solubility of tyrothricin in alcohol and in
propylene glycol makes it possible to prepare
stable suspensions suitable for experimental or
clinical use by adding the proper quantities of
stock solutions of tyrothricin in either of these
solvents to isotonic sodium chloride solution or
to distilled water. Thus an alcohol or propylene
glycol solution containing 25 mg. of tyrothricin
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per ml. may be prepared and the proper volume
of this concentrate added to water to produce the
desired final concentration. Clear aqueous solutions of tyrothricin, which normally forms only
colloidal dispersions in water, may be prepared by
use of formaldehyde as a solubilizing agent; concomitantly the toxicity of tyrothricin is reduced.
Appropriate wetting agents also may be used as
solubilizing agents; cationic surface-active agents
are suitable, but care must be used in selecting
such an agent because some of them are precipitated when an electrolyte is added to the solution.
Stability. — Both dry tyrothricin and its solutions are stable. The dry powder withstands a
temperature of 100° for 1 hour. Solutions in
propylene glycol or in polyethylene glycols can
be autoclaved for short periods of time without
losing activity (Abraham, Antibiotics, 1949).
Dilute aqueous solutions are stable for several
weeks at room temperature.
Standards and Tests. — Identification. — A
blue color is produced on adding a dilute solution
of sodium nitrite to a mixture of tyrothricin and
p-dimethylaminobenzaldehyde T.S. Loss on drying.— Not over 5 per cent, when dried at 105°
for 3 hours. Residue on ignition. — The sulfated
residue is not more than 3.5 per cent of the weight
of tyrothricin taken. Fatty substances. — Not over
6 per cent is extracted with petroleum benzin.
U.S.P.
Assay. — The bacterial growth-inhibiting power
of dilutions of the tyrothricin under test is measured turbidimetrically and compared with that of
various dilutions containing known amounts of
U.S. P. Tyrothricin Reference Standard. U.S.P.
Uses. — Both gramicidin and tyrocidine, and
hence tyrothricin, are extremely active against
most gram-positive pathogenic cocci; their activity against gram-negative organisms is negligible.
Although very effective in vitro and in experimental infections against many gram-positive
pathogens, tyrothricin, because of its hemolytic
action (due mostly to tyrocidine), is not suitable
for systemic chemotherapy. The slight hemolytic
action of gramicidin can be reduced without loss
of antibacterial activity by preparation of methylol
or formaldehyde derivatives. However, one of the
globulin fractions of plasma inhibits the bacteriolytic activity of both gramicidin and tyrocidine. Therefore, clinical application of these
antibiotics and of the mixture (tyrothricin) is
generally restricted to topical or local oral medication (see below). However, successful treatment
of malaria (9 patients), pneumococcal pneumonia
(29 patients), cholecystitis (74 patients), and
cystitis (14 patients) with intravenous injection
of tyrothricin solution (4 mg. per day for 9 days)
was reported by Biro and Szekely {Acta Med.
Acad. Sc, Hungaricae, 1952, 2, 481). Intramuscular injection cannot be employed because of
necrosis at the site of injection.
Despite its several limitations, tyrothricin, alone
or used with other antibiotic or chemotherapeutic
agents, has many useful applications, as for example, in mastitis and in localized sites of infection, such as carbuncles, infected wounds, and
ulcers (especially those accompanying leprosy)
which are more readily accessible to direct irriga-
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tion than to systemic chemotherapy. Tyrothricin
also has been used to effectively control certain
superficial fungus infections, notably ringworm
{Microsporum audouini) and athlete's foot
( Trichophyton mentagrophytes) .
Wounds and Ulcers. — Beneficial effects followed use of tyrothricin in granulating wounds and
chronic ulcers infected with gram-positive bacteria
(Lask, Arch. Surg., 1948, 56, 475); action was
inhibited in the presence of Pseudomonas. Successful treatment of lepromatous ulcers by application ofa 2 per cent alcoholic spray has been
noted {J. A.M. A., 1948, 136, 830). Bourgeois and
Dupont (ibid., 1948, 137, 1617) found tyrothricin
to be effective in tuberculous laryngitis; ulcers
were healed but infiltrative lesions were unimproved following applications of a suspension containing 0.5 or 1 mg. per ml. 4 times daily. Dusting
the nasopharynx with a bismuth subnitrate powder
containing 0.5 per cent tyrothricin removed diphtheria organisms in 28 of 32 carriers, with no
untoward effects (Turpin, Presse med., 1947, 55,
402). Similar results were obtained by Polestina
(Minerva Medica, 1948, 32, 125) in 10 of 11
healthy and 20 of 23 convalescent carriers. A
1:1000 alcohol-glycerin solution of tyrothricin
was used to purifv anti variolic vaccine (Miranda,
J.A.M.A., 1947, 135, 51).
Respiratory Tract Infections. — Opinions differ concerning effectiveness of tyrothricin in infections of the upper respiratory tract; it is clear,
however, that the antibiotic is ineffective against
the common cold. Hartley et al. (J. Clin. Inv.,
1945, 24, 92) found no reduction in beta hemolytic streptococcus carrier rate in children
whose nose and throat had been sprayed with a
suspension of tyrothricin. But Packard (Eye, Ear,
Nose & Throat Monthly, 1949, 28, 75), in treating about 50 chronic rhinopharyngitis patients,
found nasal sprays of penicillin or of tyrothricin
effective, and frequently the antibiotics were effective when other treatments failed. Clearing often
occurred within 48 hours of the first spray. Followups during one month indicated that tyrothricin
was superior to penicillin. He used a similar treatment (3 times daily) to relieve post-nasal discharges due to pulmonary tuberculosis or to acute
antrum infections in about 200 patients.
Ophthalmologic Applications. — In ophthalmology also, the reports are conflicting. Bloomfield
(Am. J. Ophth., 1944, 25, 500) used suspensions
and ointments of tyrothricin to successfully treat
4 cases of corneal ulcer that were resistant to
other therapy: suspensions contained 0.2 mg. of
antibiotic per ml.; ointments were 1 to 5000 in
a petrolatum-lanolin base. However. Nizetic (Boll,
d' Ocnl., 1949, 28, 257) had "rather poor" results
in treating a variety of eye infections with tyrothricin. On the other hand, 0sterberg (Ugeskrift
for laeger, 1949, 111, 1068) reported that use of
a solution containing equal parts of tyrothricin
and 1-cetylpyridinium chloride cured 131 of 146
patients with acute or chronic squamous and
ulcerous blepharitis. 24 of 27 patients with acute
conjunctivitis, and 32 of 35 cases of acute superficial keratitis. There was no evidence of sensitization or of development of resistant organisms.
Virus infections and conditions due to gram-nega-
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tive organisms do not respond; but probably most
ocular infections due to gram-positive organisms
can be treated satisfactorily with tyrothricin ointments or suspensions.
Dermatologic Uses. — In dermatology, tyrothricin may be used as an ointment or in wet
dressings when the infection is purely superficial
and is due to sensitive organisms. Miller et al.
(Arch. Dermat. Syph., 1953, 68, 303) found bacitracin-tyrothricin mixtures effective in local treatment of pyogenic skin infections. For deeper
infections, direct injection into, or irrigation of,
the infected sites is satisfactory. Of course, no
antibiotic can act by remote control; physical
contact with the pathogen is necessary. Therefore,
pus or other mechanical barriers to actual contact
with the pathogen will reduce the efficacy of
tyrothricin. When large amounts of pus are present, dilution of the antibiotic preparation may become an important factor also. Joint use of wetting agents or of streptodornase may facilitate
penetration of tyrothricin through pus. Used as a
topical drug, tyrothricin seldom causes sensitization. However, continued exposure to the drug
over a long period of time may lead to sensitization (see Toxicology, below).
Surgery. — In surgery, local application of
tyrothricin may be a useful prophylactic adjunct
to the normal aseptic procedures. In this connection it has been largely replaced by other antibiotics, however.
Vaginal Trichomoniasis. — In treatment of
vaginal trichomoniasis, Kupperman and Iger
(Antibiotics Annual, 1954-55, p. 876; see also
Pildes, ibid., p. 885) used a suppository containing
5 mg. of tyrothricin, 3 mg. of phenylmercuric acetate, 7.5 mg. of sodium laurylsulfate, 10 mg. of
water-soluble chlorophyll, and 1.17 Gm. of lactose
once or twice daily for 10 days and then daily for
5 days commencing with the onset of the following two menses. Effective control was obtained in
about 80 per cent of cases; discomfort, excoriation, dysuria and a green vaginal discharge appeared if the dose of tyrothricin was increased
over 5 mg.
Gramicidin-S. — In 1942 Gause and Brazhnikova
(Lancet, 1944, 247, 715; Am. Rev. Soviet Med.,
1944, 2, 134) undertook a systematic investigation of various strains of antagonistic sporulating
bacilli from Russian soils which led to the isolation of a new bacterial polypeptide called Soviet
gramicidin or gramicidin-S . The organism which
produces this antibiotic is of the Bacillus brevis
type but is not identical in its growth properties
with the strain employed by Dubos from which
tyrothricin was isolated. The production of gramicidin-S in the form of a crystalline substance
is described in the paper of Gauze and Brazhnikova: itappears certain that it is different from
the tyrocidine and gramicidin of Dubos. A report
of the chemistry of gramicidin-S has been prepared by Belozersky and Passhina (Lancet, 1944,
247, 716; see also Synge, Biochem. J., 1945, 39,
363) Comparison of the antibacterial action of
gramicidin-S with that of tyrothricin has shown
that the former is more effective in killing staphylococci whereas the latter is more active in killing
streptococci and pneumococci
(see Gause and
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Brazhnikova, loc. cit.). The average toxic dose of
gramicidin-S, as LD50, is 17 mg. per Kg. when
injected intraperitoneally into white rats. Sergiev
(Lancet, 1944, 247, 717) reported on the use of
gramicidin-S in 1500 cases in leading Soviet hospitals; successful results were obtained in its application to gunshot wounds, severe burns, abscesses of the abdominal wall, in preparing wound
surfaces for skin-grafting, in empyema and peritonitis, in osteomyelitis, and in various skin infections. The gramicidin-S was distributed in ampuls
containing a 4 per cent alcoholic solution which
was diluted with 100 volumes of water for most
uses or with 100 volumes of 70 per cent alcohol
for treatment of skin infections ; a dilution of the
alcoholic solution with 50 volumes of castor oil
was employed in some instances. For a further report of the use of gramicidin-S in the treatment of
wounds and ulcers see Manevich and Pitskhelauri
(Am. Rev. Soviet Med., 1944, 2, 143). S
Toxicology. — The LD50 of tyrothricin for
mice and rats is 3.7 mg. per Kg. intravenously,
20-45 mg. per Kg. intraperitoneally, and more
than 1 Gm. per Kg. orally, according to data compiled by Baron (Handbook of Antibiotics, 1950).
The principal toxic effect of systemic tyrothricin
is hemolysis of red blood cells. Leukocytes remain
unaffected.
Used topically on the skin or in the eye in ointment or solution form, tyrothricin has a very low
sensitization potential and is a very satisfactory
antibiotic for treatment of cutaneous, ocular, or
other externally accessible infections due to grampositive bacteria and to certain fungi. However,
continued exposure to the drug over a long period
of time may lead to sensitization. Berke and Obermayer (/. Invest. Dermat., 1948, 11, 253) noted
hypersensitivity in 2 of 51 nurses who handled
the drug.
Reports have indicated possible impairment of
the olfactory nerve from use of nasal medication
containing tyrothricin and vasoconstrictors. Sydell
and McKnight (Arch. Otolaryng., 1948, 47, 465)
noted anosmia or parosmia in 8 patients who used
drops containing a 1 to 5000 concentration of
tyrothricin. Disastrous effects, with meningitis followed by hydrocephalus, were seen in two cases
by Otenasek and Fairman (ibid., 1948, 47, 21)
in whom frontal sinus irrigation with tyrothricin
solution had been performed.
Such instances appear to be rare, however.
Nonetheless, promiscuous use of this antibiotic,
as of any antibiotic, cannot be condoned, and
especially to be avoided is unnecessary irrigation
in cavities close to the subarachnoid space. In
fact, some investigators believe that, if applied in
closed spaces, such as the pleura or peritoneum,
the damage tyrothricin may do to the serous surface will nullify the good that may be accomplished through attacking the infective process.
Summary. — Tyrothricin is a biosynthetic mixture of two polypeptide complexes (gramicidin
and tyrocidine) elaborated by the soil microorganism Bacillus brevis. The mixture is stable,
both when dry and in aqueous suspension. It is
quite insoluble in water but is soluble in alcohol,
propylene glycol, and some other solvents. From
concentrates in these solvents stable aqueous sus-
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pensions can be prepared. Wetting agents and
cationic exchangers can be used to increase solubility, but care must be used in formulating with
these agents because some of them precipitate
with electrolytes.
Tyrothricin is inhibitory to gram-positive bacteria and to some fungi, notably the ringworm
organism (Microsporon audouini) and the athlete's foot organism (Trichophyton mentagrophytes). Because of its hemolyzing action, tyrothricin isnot used for systemic medication. It is
a useful antibiotic for pyodermic, ocular, and
other localized infections that can be treated by
topical or by strictly local application.
The action of tyrothricin is not impeded by
other antibiotics, or by sulfonamides, and several
such mixtures are available under trademarked
brand names. Vasoconstrictors may be added to
suspensions of tyrothricin intended for nasal
medication to afford concomitant decongestion and
antiinfective action, [vj
Storage. — Preserve "in tight containers."
U.S.P.
TYROTHRICIN

SOLUTION.

N.F.

Liquor Tyrothricini

"Tyrothricin Solution is a solution of tyrothricin in alcohol. A wetting agent may be added.
It has a potency of not less than 90 per cent and
not more than 120 per cent of the labeled potency." N.F.
Several tyrothricin solutions are recognized by
N.N.R. ; one contains 2 per cent w/v of tyrothricin
in 92 per cent alcohol solution; another contains
4 per cent w/v of the antibiotic in 23 per cent
alcohol solution. Under the trademark Soluthricin,
a concentrated solution containing 2.5 per cent
w/v of tyrothricin in alcohol and propylene glycol,
together with cetyldimethylethylammonium bromide, is available (Sharp & Dohme) ; a solution
containing 0.05 per cent w/v of tyrothricin in the
same type of solvent medium is also available.
For uses of tyrothricin solution see the preceding
monograph.
Storage. — Preserve "in tight containers." N.F.
TYROTHRICIN

SPRAY.

U.S.P.

Nebula Tyrothricini

"Tyrothricin Spray is a solution of tyrothricin
in water, made with the aid of suitable, harmless,
solubilizing and wetting agents. It may contain a
small proportion of alcohol, and a suitable vasoconstrictor may be added. It has a potency of
not less than 90 per cent and not more than 120
per cent of the labeled potency." U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.
TYROTHRICIN

TROCHES.

N.F.

"Tyrothricin Troches have a potency of not less
than 90 per cent and not more than 120 per cent
of the labeled potency." N.F.
Storage. — Preserve "in well-closed containers." N.F.
Usual Sizes. — 1 and 2 mg.
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Undecylenic

UNDECYLENIC

Acid

ACID.

Part I

U.S.P., I.P.

[Acidum Undecylenicum]

CH2:CH(CH2)8COOH
"Undecylenic Acid contains not less than 95
per cent of C11H20O2." U.S.P.
10-Hendecenoic Acid.

Undecylenic acid, a normal constituent of human sweat, may be prepared by heating castor
oil, generally under reduced pressure with exclusion of air and in the presence of a catalytic
material, as in a tube containing silica; besides
undecylenic acid there are produced heptaldehyde
and acrolein, from which the acid may be separated by distillation.
Description. — "Undecylenic Acid is a yellow
liquid having a characteristic odor. Undecylenic
Acid is almost insoluble in water. It is miscible
with alcohol, with chloroform, with ether, with
benzene, and with fixed and volatile oils. The
specific gravity of Undecylenic Acid is not less
than 0.910 and not more than 0.913." U.S.P.
Standards and Tests. — Identification. — (1)
Dropwise addition of potassium permanganate
T.S. to the acid results in discharge of the permanganate color. (2) The anilide obtained by
interaction of undecylenic acid and aniline melts
between 66° and 67.5°. Congealing range. — Not
below 21°. Refractive index. — Not less than 1.4475
and not more than 1.4485. Water-soluble acids. —
Not more than 0.1 ml. of 0.1 N sodium hydroxide
is required for neutralization of water-soluble
acids in 5 ml. of undecylenic acid. Residue on
ignition- ^Not over 0.15 per cent. Heavy metals.
— The limit is 10 parts per million. Neutral fat. —
The solution obtained by boiling undecylenic acid
with an aqueous solution of sodium carbonate is
clear or at most opalescent while hot. Iodine value.
— Not less than 131 and not more than 138. Acid
value. — Not less than 285, equivalent to not less
than 95 per cent of C11H20O2. U.S.P.
Uses. — Following a study of the role of the
fatty acid components of sweat (Peck et al., Arch.
Dermat. Syph., 1939, 39, 126) one of them, undecylenic acid, has come into use as a fungistatic
agent for topical application in the treatment of
superficial fungus infections.
Various combinations of undecylenic acid and
other agents are commonly employed. Keeney
et al. (Bull. Johns Hopkins Hosp., 1944, 75, 417)
reported on their extensive studies of the fungistatic and fungicidal activity of propionic acidpropionate and undecylenic acid-undecylenate
ointments in the treatment of fungous infections.
Sulzberger et al. (U. S. Nav. M. Bull., 1945, 45,
237) found undecylenic acid-undecylenate powders and ointments effective in treating tinea pedis
and cruris. Shaw et al. (J.A.M.A., 1945, 129,
1170) used the powder containing 2 per cent of
undecylenic acid and 20 per cent of zinc undecylenate in a talc base to reduce incidence of fungous
infections in service men being trained under
conditions simulating those of tropical islands;
an ointment containing 5 per cent of undecylenic
acid and 18 per cent of zinc undecylenate in a
base of Carbowax, propylene glycol, triethanolamine and water was also effective. Fungous in-

fections of the feet developed in 28 per cent of
trainees who did not use preventive measures,
while regular dusting with the powder reduced infections to 4 per cent; groin infections were reduced from 10.3 to 0.7 per cent. Shapiro and
Rothman (Arch. Dermat. Syph., 1945, 52, 156;
obtained good results in 113 of 150 patients afflicted with dermatophytosis through use of 5 per
cent of undecylenic acid and 20 per cent of zinc
undecylenate in a vanishing emulsion base; the
outcome was favorable regardless of whether the
eruption was vesicular, erosive, desquamating,
macerated and nssuring, or hyperkeratotic. Hopkins et al. (J. Invest. Dermat., 1946, 7, 239) found
undecylenic acid preparations to be effective clinical cures in 70 per cent of 1521 soldiers who required treatment for fungous infections; scrapings
became negative in 79 per cent of cases after 4
weeks of treatment. Generally the best results
were obtained with 5 per cent of undecylenic acid,
10 per cent of zinc peroxide, and 3 per cent of
triethanolamine in a Carbowax base. A triethanolamine and alcohol solution containing 5 per cent
of undecylenic acid was particularly effective in
noninflamed and chronic conditions, and of some
advantage in treatment of nail and scalp tinea.
Sulzberger and Kanof (U. S. Nav. M. Bull.,
1946, 46, 822) tested the prophylactic power of
undecylenic acid against such agents as calcium
propionate powder, talc, 5 per cent thiourea in
talc, U. S. Navy foot powder, 1 and 3 per cent of
Vioform in powders, and 5 per cent of diodoquin
powder and found undecylenic acid to be the most
effective in keeping feet clear of all infection. Of
patients with minimal infection of feet, 45 per
cent responded to treatment with undecylenic
acid-containing powder within a week; no significant difference was observed in the therapeutic effectiveness of ointment or powder application forms. In a mass trial in naval personnel in
subtropical areas undecylenic acid-zinc undecylenate preparations reduced incidence of fungous
infections by 85 per cent (Sulzberger and Kanof,
Arch. Dermat. Syph., 1947, 55, 391). After several years of therapeutic trial of fatty acid antifungal agents, Sulzberger and Baer (Yearbook of
Dermatology and Syphililogy, 1953) concluded
that fatty acids are (1) best for prophylaxis;
(2) not the most rapidly-acting or effective agents
for treatment of all types of infection; (3) accompanied with little risk of sensitization in various stages of infection; (4) not as effective as
other and older measures in some infections where
their action is resisted. The possibility that in
some cases at least the irritation encountered
from use of fatty acid ointments is attributable
to the Carbowax vehicle is mentioned.
Carrick (/. Michigan M. Soc, 1949, 48, 213)
obtained good results in treatment of tinea capitis
due to M . audouini after persistent treatment with
undecylenic acid-zinc undecylenate ointment.
F racier and Blank (A Formulary for External
Therapy of the Skin, 1954) stress the important
role of the vehicle for undecylenic acid in local
treatment of tinea infections. As a low-viscosity
lotion for application to the scalp, readily wetting
the skin, they recommend one containing 3 Gm.
of undecylenic acid, 27 ml. of isopropyl palmitate,
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and sufficient isopropyl alcohol (99 per cent) to
make 100 ml. As an ointment for use in fungous
infection of glabrous skin they recommend a formulation containing 2.5 Gm. of undecylenic acid,
1 Gm. of triethanolamine, 0.1 Gm. of hexachlorophene, and an aqueous emulsion base to make
100 Gm.; the vehicle does not macerate the skin
and, as it contains a large amount of water, relatively little undecylenic acid is required since
evaporation of water will leave over 5 times the
concentration of the therapeutic agent on the
skin as is represented in the original preparation.
Salts other than zinc undecylenate may be used
in formulating preparations of undecylenic acid.
Schwartz et al. (J.A.M.A., 1946, 132, 58) saturated melted Carbowax 1500 with copper undecylenate and used the pale-blue supernatant
liquid, after it had solidified, as a local application containing copper undecylenate, undecylenic
school children; this preparation effected apparent
cure in 24 of 42 children treated. Combes et al.
(J. Invest. Dermat., 1948, 10, 447) found a solution containing copper undecylenate, undecylenic
acid, dioctyl sodium sulfosuccinate, tetrachloroethylene and isopropyl alcohol to be effective in
the treatment of tinea capitis due to M. audouini;
the preparation was used also in dermatophytosis,
tinea corporis and tinea cruris. Casper and Malone
(iV. Y. State J. Med., 1954, 54, 1645) found this
copper undecylenate preparation {Decupryl Liquid, Crookes) effective also in the local treatment
of tinea capitis.
Oral Use. — Perlman's observation (J. A.M. A.,
1949, 139, 444; 140, 865) of the effectiveness of
orally administered undecylenic acid in the treatment of psoriasis and neurodermatitis has not
been substantiated (Guy, ibid., 1950, 143, 761)
and the use of undecylenic acid by the oral route
in this condition has been discontinued. Mountain
and Krumenacher (Am. J. Med. Sc, 1953, 225,
274) reported that none of 20 patients who received undecylenic acid orally simultaneously
with Aureomycin, Terramycin, or chloramphenicol developed pharyngitis, glossitis, pruritus ani,
pruritus vulvae or proctitis while 16 of 45 patients
receiving an antibiotic without undecylenic acid
did experience these effects; it is suggested that
undecylenic acid may prevent fungus from attacking body tissues, jv]
The oral dose recommended by Perlman was a
total of 6.6 Gm. daily for 3 days, then twice this
amount during the next 3 days, and subsequently
three times the amount for a total period ranging
from 2 to 27 weeks. Gastrointestinal disturbances,
headache, fever, dizziness, urticaria and anorexia
were observed in a large proportion of patients;
these toxic effects were not serious or lasting in
any of the cases reported.
Storage. — Preserve "in well-closed, light-resistant containers." U.S. P.
COMPOUND
UNDECYLENIC
OINTMENT.
N.F.

ACID

[Unguentum Acidi Undecylenici Compositum]

Melt 750 Gm. of polyethylene glycol ointment
on a water bath at a temperature of about 65°,
add 50 Gm. of undecylenic acid and 200 Gm. of
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zinc undecylenate, remove the mixture from the
bath and stir until it has congealed and the ingredients are well mixed. The proportion of the
polyethylene glycol components of the ointment
base may be varied to produce a suitable consistency under different climatic conditions but
the proportions of the active ingredients may not
be varied. N.F.
For uses of this ointment see under Undecylenic
Acid.
Under the generic name zincundecate the
N.N.R. recognizes preparations containing as active ingredients undecylenic acid and zinc undecylenate; both powder and ointment formulations
of these ingredients are included under this title.
Specific recognized products are Ointment Undesol
(Veltex) and Desenex Ointment of Zincundecate
(Wallace & Tiernan), which contain undecylenic
acid and zinc undecylenate in the proportions
specified above by the N.F. ; Powder Undesol and
Desenex Powder of Zincundecate also contain the
same proportions of active ingredients. Zinchlorundesal is the N.N.R. generic name for a preparation of the type of Ointment Salundek (New)
(Wallace & Tiernan), which contains 3 per cent
of salicylanilide, 2 per cent of 5-chlorosalicylanilide, 1 per cent each of 5,3'- and 5,4'-dichlorosalicylanilides, 2 per cent of undecylenic acid, and 10
per cent of zinc undecylenate, and is used topically
in treating tinea capitis caused by Microsporon
lide).
audouini (see also the discussion under SalicylaniStorage. — Preserve "in tight containers and
avoid
prolonged exposure to temperatures above
30°." N.F.
UREA.

U.S.P., B.P.

Carbamide, [Urea]

CO(NH2)2
The B.P. defines urea as the diamide of carbonic acid and requires it to contain not less than
99.5 per cent of CH4ON2.
Carbonyldiamide. Carbamidum. Fr. Uree. Ger. Carbamid;
Harnstoff. Sp. Urea.

Urea is the chief nitrogenous constituent of
the urine of man and other mammals, as well as
of sharks, frogs, turtles and some other animals.
The proportion of urea in human urine varies
greatly, depending on the amount of protein in
the diet; the amount excreted ranges from 5 to
30 Gm. per day for the healthy adult. When the
diet is low in protein there is a diminution not
only in the total amount of urea excreted but also
in the proportion of urea as compared with other
nitrogenous substances in the urine. For this
reason physiologists are inclined to the opinion
that urea in the excreta is of exogenous origin;
that is, it arises from the breaking-down of protein foods rather than as the result of cellular
metabolism. A cycle of reactions involving the
amino acids ornithine, citrulline, and arginine, the
last being hydrolyzed by the liver enzyme arginase
to urea and ornithine, is the mechanism believed
to account for the production of urea.
In 1828 Wohler prepared urea artificially by
heating ammonium cyanate. This is of historic
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interest as the first synthesis of an organic substance from inorganic materials.
Urea may be regarded as the diamide of carbonic acid. It forms crystalline compounds with
both bases and acids; of the acid salts the nitrate
is of practical importance.
Urea may be obtained from urine in a relatively
pure state by first precipitating phosphates, sulfates, urates, and hippurates with a solution of
barium nitrate and barium hydroxide, concentrating the filtrate, extracting the urea with alcohol,
decolorizing the filtrate with charcoal and crystallizing from it pure urea. Commercially it may be
prepared by interaction of carbon dioxide and
ammonia under high pressure and at elevated
temperature, by heating cyanamide with water
and in the presence of acid under pressure, or by
heating calcium cyanamide with a dilute sulfuric
acid.
Description. — "Urea occurs as colorless to
white, prismatic crystals, or as a white, crystalline
powder. It is almost odorless, but it may gradually
develop a slight odor of ammonia upon long
standing. Its solutions are neutral to litmus. One
Gm. of Urea dissolves in 1.5 ml. of water and
in about 10 ml. of alcohol. One Gm. dissolves in
about 1 ml. of boiling alcohol. It is almost insoluble in chloroform and in ether. Urea melts between 132° and 134°. U.S.P.
Standards and Tests. — Identification. — (1)
Urea, when heated in a test tube, liquefies and
evolves ammonia. If the heating is continued until
the liquid becomes turbid, and the fused mass
resulting on cooling dissolved in water and sodium
hydroxide solution, a reddish violet color develops
on adding cupric sulfate T.S. (2) A white, crystalline precipitate forms on adding nitric acid to a
solution of urea in water. Residue on ignition. —
Not over 0.1 per cent. Alcohol-insoluble matter.
— The limit is 400 parts per million. Chloride. —
The limit is 70 parts per million. Sulfate. — The
limit is 100 parts per million. Heavy metals. —
The limit is 20 parts per million. U.S.P.
Assay. — The U.S.P. does not require an assay.
The B.P. assay applies the Kjeldahl procedure to
about 170 mg. of urea, by which nitrogen is converted to ammonia and this is distilled into boric
acid solution, the ammonia finally being titrated
with 0.2 N hydrochloric acid. A reagent blank
determination is performed. Each ml. of 0.2 N
hydrochloric acid represents 6.006 mg. of
CH4ON2.
Uses. — Urea has found some therapeutic use
as a diuretic, its mode of action being similar to
that of saline diuretics. In the treatment of cardiac
and nephrotic edema, it has been given in doses
of 20 Gm. up to 5 times daily (Thorn and Tyler.
Med.
Clin.(Cincinnati
North America,
Vilter
M. J., 1944,
1943, 28,
24, 1173).'
193) gave
5 doses daily of 30 Gm. each of urea, along with
sulfathiazole, to a patient with subacute bacterial
endocarditis with good results after sulfadiazine
had failed. La Londe and Gardner (I.A.M.A.,
1948, 138, 406) gave 30 Gm. of urea orally every
4 hours, simultaneously with a sulfonamide or an
antibiotic, as indicated, in the management of
meningitis due to resistant bacteria such as A.
fecalis, Kl. pneumonia, and E. coli.
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While urea is commonly considered to be nontoxic, Hewlett (Arch. hit. Med., 1916, 18, 636)
reported a state of apathy and prostration following oral administration of doses of 100 Gm.
It is contraindicated in the presence of marked
impairment of renal function (azotemia).
Urea Clearance Test. — Urea is employed as
a sensitive test of kidney function (Van Slyke
et al., Medicine, 1930, 9, 257). Normal kidneys
clear more than 50 per cent of the urea contained
in 75 ml. of blood when secreting urine at a rate
of 2 ml. or more per minute, or in 54 ml. of
blood when forming urine at a rate of less than
2 ml. per minute (see also discussion under
Nephrotropic Agents, in Part II).
Topical Uses. — Since the demonstration of the
value of allantoin as a local therapeutic agent for
infected wounds it was suggested that the favorable action might be due to its urea component.
Several surgeons reported favorably on use of
urea not only in wounds (Holder, Ann. Surg.,
1939, 110, 94) but also in treatment of purulent
otitis media (Harris. Arch. Otolaryng., 1937, 26,
522). Gurchot and McCawley (Univ. Cal. Publications on Pharmacol., 1940) expressed the opinion that the beneficial effect of urea is due to
enhanced proteolysis resulting from softening of
the underlying fibrin substratum. It is to be noted
that strong solutions of urea do possess some
antiseptic properties (Symmers and Kirk, Lancet,
1915, 2, 1237). Urea has been employed in
wounds in concentrations from 10 per cent, in
aqueous solution, to implantation of pure crystals.
Ear drops containing 10 per cent of urea and
6 per cent of sulfathiazole in a vehicle of anhydrous glycerin (New Otosmosan, Doho) are employed intreating chronic suppurative otitis media
or external otitis. Lineback (Eye, Ear,' Nose &
Throat Monthly, March 1954) reported good results and antibacterial efficacy against most bacteria found in chronically infected ears when this
preparation was employed.
A 1.8 per cent aqueous solution of urea has
been recommended by Ebert and Bavetta (/.
Urol., 1948, 60, 933) for use as an irrigating
fluid, in place of distilled water, during transurethral prostatic resection. Credle et al. (ibid.,
1951, 65, 1065) pointed out. however, that
neither urea solution nor distilled water avoided
risk of hemolysis of red blood cells when the
liquid entered the blood stream through the
wound.
Urea has been used in combination with sulfonamides inthe treatment of infected wounds,
the combination appearing to be more effective
than sulfonamides alone (Holder and MacKay.
Surgery, 1943, 13, 677). By chemical debridement, urea removes necrotic tissue and pus which
form a medium for bacterial growth and produce
sulfonamide inhibitors. Moreover, urea itself antagonizes sulfonamide inhibitors and greatly increases solubility of sulfonamides.
Parkes (Ind'
1945. 14,
foundanda
combination
of Med.,
urea, sodium
alkyl565)
sulfate
benzyl alcohol to be useful in prevention of follicular dermatitis caused by contact with oils.
Rattner (Arch. Dermat. Syph., 1943. 48, 47)
treated pyodermas with a mixture of 5 per cent
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each of urea and sulfathiazole, in an emulsifying
base, and advocated use of a hand cream containing 3 per cent of urea in a vanishing cream base
for persons working in contact with water.
Goodfriend (/. A. Dent. A., 1948, 37, 511)
reported inhibition of dental caries following use
of a mouth wash containing 2 per cent of urea
and 1 per cent of an anionic surfactant. A dentifrice containing 3 per cent of urea and 5 per cent
of dibasic ammonium phosphate in powder form
has been employed for the same purpose. S
Dose. — The usual dose is 8 Gm. orally, up to
5 times daily, with a range of dose of 8 to 40
Gm. Topically, various concentrations of solution
are used (see above). Fruit juice or acacia syrup
may be used to mask the taste of urea.
Storage. — Preserve "in well-closed containers."
U.S.P.
URETHAN.
Ethyl

U.S.P. (B.P., LP.)
Carbamate,

Urethane

NH2COOC2H5
The B.P. and LP. define Urethane as ethyl
carbamate.
B.P., LP. Urethane; Urethanum. Ethyl Urethane. Fr.
Carbamate d'ethyle; Ester ethylcarbamique. Cer. Urethan;
Athylurethan. It. Uretano. Sp. Carbamato de etilo;
Uretano.

Urethan, the ethyl ester of carbamic acid, maybe prepared by a variety of reactions, as by action
of ammonia on ethyl carbonate, or by heating urea
nitrate with alcohol, or by interaction of ammonia
and ethyl chloroformate.
Description. — "Urethan occurs as colorless
crystals or as a white, granular powder. It is
odorless, or nearly so. Its solutions are neutral
to litmus. One Gm. of Urethan dissolves in 0.5
ml. of water, in 1 ml. of alcohol, in 3 ml. of
glycerin, in about 1 ml. of chloroform, in about
2 ml. of ether, and in about 35 ml. of olive oil.
Urethan melts between 48° and 50°." U.S.P.
Urethan is volatile at room temperature, Steiger
and Kuhni (Pharm. Acta Helv., 1948, 23, 390)
having observed that about half of a sample exposed to the atmosphere volatilized in 20 days.
The substance should not be dispensed in powder
papers; it may be kept in gelatin capsules, in a
tightly-closed bottle, without loss.
Standards and Tests. — Identification. — (1)
Carbon dioxide is evolved on heating urethan
with sulfuric acid. (2) Ammonia is evolved on
heating urethan with sodium hydroxide T.S. (3)
Iodoform crystals separate from a solution in
which urethan is interacted with iodine in the
presence of sodium carbonate. Water. — Not over
1 per cent, determined by the Karl Fischer method.
Residue on ignition. — Not over 0.1 per cent. Completeness and color of solution. — A solution of
1 Gm. of urethan in 5 ml. of alcohol is practically
complete and colorless. Chloride. — The limit is
140 parts per million. Nitrate. — No red or brown
color forms at the junction of a solution containing urethan and ferrous sulfate superimposed on
sulfuric acid. Heavy metals. — The limit is 10
parts per million. Urea. — No white precipitate
forms on adding nitric acid to a concentrated
solution of urethan in water. U.S.P.
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Uses. — Urethan was introduced into medicine,
by Schmiedeberg in 1885, as a somnifacient.
Physiological experiments showed that in doses approximating the therapeutic it has no effect on
circulation or respiration. Clinical experience indicated that it is a drug of low toxicity. It has,
however, uncertain hypnotic power.
Beneficial results are reported to have followed
use of urethan in severe bronchial asthma; doses
of 1 to 2 Gm., dissolved in water and given orally
once or twice daily for 3 or 4 days, were employed without untoward effect or narcotic action
(/. Lab. Clin. Med., 1939, 24, 453).
Absorption and Fate. — Urethan is rapidly absorbed from the gastrointestinal tract. Studies
with isotopically labeled urethan have demonstrated rapid degradation to carbon dioxide, ethyl
alcohol and ammonia, with excretion of 90 per
cent of the carbonyl carbon in the expired air and
9 per cent in the urine within 24 hours (Bryan
et al., J. Biol. Chem., 1949, 177, 941; Boyland
Rhoden, Biochem. J., 1949, 44, 528) ; the remaining 1 per cent was retained in many tissues of
the body. Rosenthal and Saunders (Proc. S. Exp.
Biol. Med., 1950, 75, 173) found no relation between the dose and the concentration in blood.
Suhrland and Weisberger (J.A.M.A., 1954, 154,
1415) used rectal suppositories containing 1 Gm.
of urethan in beeswax and theobroma oil effectively and without irritation in doses of 3 to 6
Gm. daily.
Use in Neoplastic Disease. — Paterson and
associates (Lancet, 1946, 250, 677) reported successful use of urethan in treating myeloid and
lymphatic leukemia. Trial of carbamates in experimental carcinoma (Haddow and Sexton, Nature, 1946, 157, 500) followed the observation
of the arrest of mitosis in plant roots by such
compounds. Urethan had carcinostatic (not carcinolytic) action but in treating patients with
carcinoma little benefit was observed, although
development of leukopenia was noted. In the
studies of Paterson et al., administration of a
total dose of 19 to 134 Gm. of urethan, over a
period of 11 to 36 days, resulted in a reduction
to 20,000 per cubic millimeter in the white cell
count. Individual doses ranged from 3 to 5 Gm.
daily, and were dispensed in a mixture of orange
syrup with chloroform water. The results were
reported to have paralleled those obtained with
x-ray therapy but nc indications that permanent
benefit was achieved by urethan were observed.
Urethan interferes with cell division in the
bone marrow and effects regression of tumor
masses and prolongs life in leukemic mice (Kirschbaum and Lu, Proc. S. Exp. Biol. Med., 1947, 65,
63; Skipper and Bryan, /. Nat. Cancer Inst., 1949,
9, 391). It inhibits cellular division without affecting oxygen consumption by a mechanism still
unknown (Boyland and Rhoden. loc. cit.). Studies
with isotope-labeled urethan did not show a selective uptake by rapidly dividing cells or by
nucleic acid fractions of tissues (Bryan et al.,
loc. cit.).
Leukemia. — The best therapeutic results with
urethan are obtained in chronic myelogenous
leukemia; they resemble those induced by radiation or by nitrogen mustard therapy. A decrease
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in the leukocyte count in acute leukemia and in
chronic lymphatic leukemia is produced but there
is little effect on tissue infiltration or on symptoms. The usual dose in leukemia is 1 Gm. 3
times daily after meals, but this must be adjusted
to the response of the patient. The objective of
treatment is a leukocyte count of 20,000 per cu.
mm. of blood; at this point the drug should be
discontinued since a further decrease in the count
may be expected as the full effect of the urethan
becomes operative (Watkins et al., Blood, 1948,
3, 892).
Multiple Myeloma. — In plasma cell myeloma
urethan has been the most effective and least toxic
therapeutic agent, although only 35 per cent of
patients respond well (Luttgens and Bayrd,
J.A.M.A., 1951, 147, 824; Harrington and Moloney, Cancer, 1950, 3, 253; Loge and Rundles,
Blood, 1949, 4, 201). Early cases respond best.
Myeloma cells decrease in the bone marrow,
anemia improves, hyperglobulinemia decreases,
fever and skeletal pain decrease. Improvement
usually requires 3 to 6 weeks of treatment. When
a total dose of 120 to 240 Gm. of urethan has
been given and symptoms have subsided, the drug
should be discontinued until symptoms recur.
Rundles et al. (J. Clin. Inv., 1950, 29, 1243)
described a patient receiving urethan over a long
period who improved when the drug was discontinued.
Mycosis Fungoides. — Kennedy et al. {Cancer,
1950, 3, 66) reported temporary relief of itching
and pain, and healing of ulcers in the skin following treatment with urethan. Goodman and Lewis
(JAMA., 1946, 132, 1105) administered 3 Gm.
of urethan orally daily to a patient covered with
nodules of anaplastic undifferentiated cancer;
after 30 days of treatment the nodules had almost entirely disappeared and 2 months after the
start of treatment there had been no recurrence
on a maintenance dose of 2 Gm. of urethan daily.
Stock (Lancet, 1951, 1, 612) used urethan rather
unsuccessfully in nasopharyngeal carcinoma.
Other Uses. — Formerly urethan was recognized because of its property of increasing the
solubility of quinine salts, with which it was employed as a sclerosing solution for injection treatment of varicose veins ; it has a similar effect with
cinchonine (Musso, /. pharm. chitn., 1935, 22,
504). Urethan (ethyl carbamate), as well as
butyl carbamate, has been reported to exert both
a bacteriostatic and bactericidal action (in about
3 and 10 per cent concentration, respectively),
mainly against gram-negative bacteria; they also
antagonize sulfonamide inhibitors, increase solubility of sulfonamides, and are effective in treatment of infections in man (Science, 1945, 101,
44). Urethan has proved to be a good anesthetic
for laboratory animals; however, intraperitoneal
injections cause periportal edema and cloudy
swelling of liver cells in rats (Am. J. Path., 1944,
20, 945) and. in susceptible rats, one or two
doses have greatlv increased incidence of lung
tumors (/. Nat. Cancer Inst., 1943, 4, 309). S
Toxicology. — Bone marrow depression, with
anemia, neutropenia and thrombocytopenia, are
the most serious toxic effects of urethan administration. In therapy of leukemia moderate bone
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marrow depression is the desired result. If anemia
develops rapidly in a patient receiving urethan
the drug must be discontinued immediately to
avoid development of aplastic anemia. Nausea,
vomiting, anorexia, drowsiness and dizziness are
common side effects. The dose may be reduced,
or enteric-coated tablets administered, to minimize gastric irritation. Mild sedation is often
desirable in the patient with neoplasm. Disseminated, focal degeneration of the central nervous
system has been reported (Klima and Wengrof,
\Vien. klin. Wchnschr., 1949, 99, 109). Hepatic
necrosis was reported after 2 1 months on urethan
with a dose of 6 Gm. daily during the last 4
months and a total dose of 2259 Gm. (Ohler et al.,
New Eng. J. Med., 1950, 243, 984).
Dose. — The usual dose is 3 Gm. daily (1 Gm.
after each meal), with a range of dose of 2 to 6
Gm. Urethan may be administered in entericcoated tablets or in 10 to 20 per cent solution
flavored with orange or raspberry syrup.
Storage. — Preserve "in well-closed containers,
preferably at a temperature not exceeding 30°."
US.P.
VANILLA.
U.S. P.
Vanilla Bean.

[Vanilla]

"Vanilla is the cured, full-grown, unripe fruit
of Vanilla planifolia Andrews, often known in
commerce as Mexican or Bourbon Vanilla, or of
Vanilla tahitensis Moore, known in commerce as
Tahiti Vanilla (Fam. Orchidacece). Vanilla yields
not less than 12 per cent of anhydrous extractive soluble in diluted alcohol." U.S.P.
Fructus
Vanille.

Vanillae.

Fr.

Vanille;

Fruit

de

vanille.

Ger.

Vanilla was used by the ancient Mexicans as a
flavor for chocolate. During the 16th century it
was introduced into Europe by the Spaniards. In
1721 it was recognized by the London Pharmacopoeia. Introduced into Java in 1819, growth of
vanilla on a commercial scale started there in
1841.
Vanilla planifolia is a tall, perennial, climbing
epiphyte, with a very long, smooth, dark green
stem, much branched, and furnished at the nodes
with aerial roots, which cling to the tree or the
wooden framework supporting the plant. The dark
green, tough leaves are alternate, oval, sessile,
attenuate at the apex, fleshy and veinless. The
pale greenish-yellow, sessile flowers are about two
inches in diameter, and occur in loose, axillary
racemes of twenty or more blossoms. Each flower
possesses 6 oblong perianth segments — one of
which is modified as a trumpet-shaped labellum —
and a column containing a mass of pollen separated from a stigma by a projecting appendage
called the rostellum. The fruit is a slender, narrowly cylindrical, tricarpellate capsule, 10 to 25
cm. long, 8 to 14 mm. in diameter, and filled with
an oily mass containing numerous small, black,
shining seeds.
This plant is a native of Mexico and probably
Central America and northern South America,
but is now widely cultivated in various parts of
the tropics and in greenhouses. The commercial
supplies are chiefly from Madagascar and other
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islands of the Indian Ocean, and from Mexico.
Vanilla tahitensis Moore, the source of Tahiti
vanilla, is an epiphytic climber native probably
to Oceania and cultivated in the Society Islands.
Its stems are about 4 mm. in diameter with
single adventitious roots at the nodes, its leafblades broadly ovate-lanceolate, from 12 to 14
cm. in length and 2 to 3 cm. in breadth. Its
flower cluster is a raceme of small, yellowishgreen flowers. Its fruit is a capsule 12 to 14 cm.
long and 1 cm. broad, truncate at its summit.
According to Moore, it differs from Vanilla planifolia in having more slender stems, narrower
leaves, larger perianth segments, a Up that is
shorter than the sepals, a longer column and
shorter pods. For further details see J. W. Moore
(Bernice P. Bishop Museum Bull., Honolulu,
1933, 102, 25). Gnadinger (Ind. Eng. Chem.,
1925, 17, 303) reported the presence of anisyl
alcohol in Tahiti vanilla which does not exist in
"beans."'
Mexican
theThere
are several kinds of Tahiti vanilla. One
of these is Vanilla planifolia, native to Mexico
and introduced into cultivation in Tahiti, another
is V. planifolia var. augusta, also V . tiarei, but the
kind of Tahiti vanilla recognized by that name
in the U.S. P. monograph is yielded by Vanilla
tahitensis J. W. Moore.
In Mexico the vanilla plant thrives from sealevel up to 2000 feet of altitude, requiring for
perfection a moist, hot climate, with an habitual
dry summer spell. It is propagated by means of
cuttings, sometimes 2 or 3 feet in length, but
preferably from 10 to 12 feet long, taken from
growing shoots; these are attached to trees where
they develop roots on the moist bark and become
epiphytal climbing vines which ascend the tree;
the flowers appear in about two or three years.
Occasionally the cutting is placed in the ground
and grown on trellises. In the wild state the
flowers are pollinated by bees and humming birds,
but in cultivation they are usually pollinated by
hand. The pods reach their full growth in from
2 to 8 months, depending on the climate and the
conditions of agriculture. They are gathered as
soon as they start to turn yellow.
In the process of curing, as followed in Mexico,
the pods are gathered and stored in sheds for several days until they begin to shrivel. They are
then placed on woolen blankets in the sun for a
few hours after which the blanket is folded over
them for the rest of the day, then transferred to
blanket-lined containers and allowed to sweat all
night. This process is repeated until the pods acquire a chocolate-brown color. During cloudy
weather, the pods are wrapped in blankets
sprinkled with water and heated in the oven at
140° F. for the larger pods and 113° F. for the
smaller ones. After from 24 to 36 hours the pods
will have acquired a brown color, and are removed. Following the sweating or curing process,
the pods are spread out in the sun daily for two
months and subsequently in a shelter until sufficiently dry for marketing. During the curing of
vanilla the characteristic color and odor are developed as the result of enzymic activity. The
fresh fruit has no aroma. For more detailed description of the curing process as practiced in
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different countries see Correll {Economic Botany,
1953, 7, 291).
When thoroughly cured the beans are sorted
according to length, those that have split or become otherwise defective being separated. After
coating with oil they are tied in bundles, wrapped,
and shipped to the market in tin cases holding
about 40 pounds.
Fruits which have not been picked early enough
are inferior and are frequently cut into short
pieces and sold as "cuts." If by chance the fruit
should be picked too early the quality of the
resulting product is distinctly inferior.
Mexican vanilla "beans"' are the most highlyprized variety in the United States. Bourbon
vanilla ranks next to the Mexican in quality and
is frequently combined with Mexican beans by
manufacturers of vanilla extracts owing to the
desirable flavor resembling Tonka it is claimed
to impart. It is produced in the northern part of
the east coast of Madagascar, the Comoro Islands,
Reunion Island and in Nossi-Be, an island near
the northwestern coast of Madagascar. The
methods of culture and curing are similar in
principle to those used in Mexico although differing somewhat in details.
Bourbon vanilla beans, formerly from the Island
of Reunion (Bourbon) but now including all
beans grown in Madagascar and the Mascareen,
Comoro and Seychelles islands, resemble the Mexican vanilla, but are on the average shorter than
the large fine grade of the latter, being about
two-thirds as long. They are blacker in color,
have a smooth and waxy surface which frequently,
even during transportation, becomes covered with
needle-shaped crystals of vanillin. The beans are
imported into this country from France and
Madagascar.
Tahiti vanilla consists of reddish-brown, flattened, cylindrical pods which, while attaining the
length of the Mexican and Bourbon vanillas,
differ from them in being usually shorter and
in being broadest in the middle and tapering
toward either end, both ends of the dried pod
being somewhat similar.
Mauritius vanilla, from the Seychelles, is a type
of Bourbon vanilla whose pods are about 15 cm.
in length, of a lighter color than the Bourbon
and stated to be less aromatic.
Unofficial Vanillas. — Vanilla splits represent more mature fruits of vanilla which have
split because of late harvesting and subsequent
drying.
facture. They are imported for extract manuPompona vanilla is the product of Vanilla Pompona Schiede, growing in Central America and
comes chiefly from Guadeloupe. It is up to 14
cm. in length and 1.5 to 2.5 cm. in breadth.
Vanillons consist of the dried fruits of wild
plants of Vanilla planifolia. They are brown to
reddish-brown, often sharply angled, up to 12
or 13 cm. in length and 2.5 cm. in breadth and
frequently show dehiscence and transverse markings. They possess a heliotrope odor from the
presence of the phenolic aldehyde, heliotropin.
They are used in flavoring tobacco and in certain
sachets. Owing to the transverse markings by
twine with which they have been wrapped during
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the process of curing, the beans have a peculiar
twisted appearance.
During 1952 imports of vanilla beans amounted
to 1,600.069 pounds, mostly from Madagascar.
Mexico, Indonesia, French West Indies, Seychelles, French Oceania and the British West
Indies.
Description. — "Unground Vanilla occurs as a
linear, flattened capsule, from 12 to 35 cm. in
length and from 5 to 9 mm. in width; having an
apex terminating in a flat, circular scar; a base
gradually tapering, more or less curved or hooked,
or in Tahiti Vanilla, broad in the middle and
tapering toward either end. the base closely resembling the summit. It is flexible and tough;
externally nearly black, dusky brown to moderate
brown, longitudinally wrinkled, moist, glossy, and
occasionally with an efflorescence or acicular or
prismatic crystals of vanillin. Internally it is unilocular, with a brownish black pulp and numerous
minute seeds. Occasional capsules are split near
the summit into 3 parts. The odor and taste are
characteristic, agreeablv fragrant, and aromatic."
U.S.P. For histology see U.S.P. XV.
"Powdered Vanilla is dusky brown to nearly
black. The principal elements of identification are
fragments of parenchyma of the sarocarp with
long, oblique, slit-like walls or broad spiral bands,
calcium oxalate crystals of acicular outline and
up to 400 \i in length, and monoclinic prisms up
to 35 n in length, numerous unicellular, nearly
straight glandular hairs, fragments of the seedcoat with polygonal stone cells, and the slender
crystals of vanillin." U.S. P.
Test.- — For vanillin. — On treating a few of the
crystals occurring as an efflorescence on the fruit
with a drop of phloroglucinol T.S. and a drop of
hydrochloric acid the resulting solution immediately acquires a red color. U.S.P.
Assay. — A 2-Gm. sample of vanilla, finely cut
or in coarse powder, is extracted with enough
diluted alcohol to make 100 ml. of clear extract.
A 50-ml. portion of the extract is evaporated to
drvness on a water bath and the residue dried at
10*5° for 4 hours. U.S.P.
Adulteration. — Vanilla beans from which the
vanillin has been removed by means of a solvent
have been offered for sale. The fraud is detected
by the absence of flavor and odor. Such beans, and
also beans of an inferior quality, are sometimes
"improved" in appearance and in odor by the use
of benzoic acid. Such adulteration may be detected by the fact that the crystals of benzoic
acid are flattened and rhomboidal and generally
he upon the bean, while those of vanillin are
usually acicular and stand out at right angles
from the surface of the fruit. The absence of the
crystalline coating on the vanilla beans, however,
seems to be no proof of inferiority, Lecomte having shown that it is not infrequently absent in the
best Mexican bean (Bull. sc. Pharmacol., 1901).
Constituents. — Fresh vanilla fruit possesses
none of the pleasant odor commonly associated
with the fruit, the aroma being developed during
the process of curing. There appear to be present
in the fruit three glycosides and two enzymes
which, under the influence of gentle heat and
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moisture, produce vanillin from two of the glycosides and, perhaps, another aromatic substance
from the third glycoside. Goris (Compt. rend,
acad. sc, 1924, 179, 70) reported the glycosides
to be glucovanillic alcohol, glucovanillin, and a
third, unnamed, glycoside which on hydrolysis
yields an ether of strong and pleasant odor. Apparently the glucovanillic alcohol is oxidized to
glucovanillin and the latter on hydrolysis is converted to vanillin. Lecomte's researches (/. pharm.
chitn., 1903, p. 343), which resulted in the conclusion that two enzymes are present in vanilla,
showed that one is an oxidase and the other a
hydrolyzing enzyme; both appear to be involved
in the production of vanillin as explained in the
foregoing. The flavor of vanilla, generally more
pleasant than that of vanillin, is doubtless enhanced by other aromatic substances, one of
which may be the ether referred to above.
Tiemann and Haarmann obtained from Mexican vanilla 1.69 per cent of vanillin, from Reunion vanilla 2.48 per cent, from Java vanilla
2.75 per cent.
Uses. — Vanilla is used solely as a flavoring
agent; the tincture is an ingredient of several
official preparations.
Labeling. — "The commercial variety of
Vanilla, whether Mexican, Bourbon, or Tahiti
Vanilla, is stated on the label." U.S.P.
Storage. — Preserve "in tight containers in a
cold place. Do not use Vanilla which has become
brittle." U.S.P.
VANILLA

TINCTURE.

U.S.P.

Tinctura Vanillae
Fr. Teinture

de vanille.

Ger. Vanilletinktur.

Add 200 ml. of water to 100 Gm. of vanilla,
cut into small pieces, in a suitable covered container, and macerate during 12 hours, preferably
in a warm place. Add 200 ml. of alcohol to the
mixture, and macerate about 3 days. Transfer
the entire mixture to a percolator containing 200
Gm. of sucrose, in coarse granules, and drain,
then pack the drug firmly and percolate slowly
with diluted alcohol as the menstruum to make
1000 ml. of tincture. U.S.P.
Alcohol Content. — From 38 to 42 per cent,
by volume, of C2H5OH. U.S.P.
This tincture, used solely as a flavoring agent,
is sometimes referred to as extract of vanilla.
The Federal Food and Drug Administration requires that any preparation called extract of
vanilla shall contain in each U. S. gallon the soluble matter from not less than 13.35 avoirdupois
ounces of vanilla beans (not 12.8 ounces as some
manufacturers have mistakenly believed) and at
least 35 per cent of C2H5OH to keep this soluble
matter in solution; such a preparation corresponds
to the U.S.P. tincture, except that the latter requires a somewhat higher minimum content of
alcohol.
Storage. — Preserve "in tight, light-resistant
containers and avoid exposure to direct sunlight
or to excessive heat." U.S.P.
Off. Prep. — Acacia Syrup. U.S.P.; Bromides
Syrup, N.F.
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Vasopressin
VANILLIN.

U.S.P., B.P.

[Vanillinum]

CHO

OCri,

The B.P. defines Vanillin as 4-hydroxy-3methoxybenzaldehyde, which may be obtained
from Vanilla planijolia Andrews or other species
of Vanilla, or prepared synthetically.
Methylprotocatechuic Aldehyde; Vanillic Aldehyde. Fr.
Vanilline. Ger. Vanillin. Sp. Vanilina; Vanillina.

Vanillin, first separated from an alcoholic extract of vanilla beans, is now known to be rather
widely dispersed in the vegetable kingdom; it
occurs in the sugar beet, in the flower of the
potato; and in the woody tissues of several plants.
Vanillin has been identified as the methyl ether
of protocatechuic aldehyde ; in damp air it slowly
oxidizes to vanillic acid, CsHsO*; heated with
diluted hydrochloric acid it is converted to methyl
chloride and protocatechuic acid.
Vanillin was first synthetically prepared from
coniferin, C16H22O8, a principle discovered by
Hartig in the cambium layer of coniferous trees
and later found in several other plants. When
conifern is hydrolyzed it yields dextrose and
coniferyl alcohol, C10H12O3, which is 4-hydroxy3-methoxycinnamic alcohol. Both coniferin and
coniferyl alcohol yield vanillin when subjected to
oxidation by the action of sulfuric acid and potassium dichromate. Vanillin is also made synthetically from eugenol or, more commonly, from
guaiacol. In the latter case the guaiacol is converted to vanillic alcohol by action of formaldehyde; the vanillic alcohol, when treated with
phenylhydroxylamine and subsequently hydrolyzed by acid, yields vanillic aldehyde — which is
vanillin. Vanillin is also obtained as a by-product
in the wood-pulp industry.
Description. — "Vanillin occurs as fine, white
to slightly yellow crystals, usually needle-like,
having an odor and taste suggestive of vanilla.
It is affected by light. Its solutions are acid to
litmus. One Gm. of Vanillin dissolves in about
100 ml. of water and in about 20 ml. of glycerin.
One Gm. dissolves in 20 ml. of water at 80°. It
is freely soluble in alcohol, in chloroform, in
ether, and in solutions of the fixed alkali hydroxides. Vanillin melts between 81° and 83°." U.S.P.
Standards and Tests. — Identification. — (1)
A blue color is produced on adding ferric chloride T.S. to a cold, saturated solution of vanillin.
On heating the mixture at about 80° for a few
minutes the color changes to brown; on cooling, a
white or nearly white precipitate forms. (2) Vanillin is completely extracted from an ether solution
by shaking with a saturated solution of sodium
bisulfite; from the latter vanillin is precipitated
by acids. (3) A white precipitate forms on adding
lead subacetate T.S. to a cold solution of vanillin;
the precipitate is sparingly soluble in hot water
but is soluble in acetic acid. Loss on drying. — Not
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over 1 per cent, when dried over sulfuric acid for
4 hours. Residue on ignition. — Not over 0.05 per
cent. U.S.P.
Uses. — Because of its comparatively low cost
vanillin is largely used as a flavoring agent in
place of vanilla. Although tests by the Federal
Food and Drug Administration indicate that 1
part of vanilla beans is approximately equivalent,
in flavor, to 0.07 part vanillin, the latter substance does not have the full flavor of vanilla.
Vanillin is official as a flavoring ingredient of several official preparations. Deichmann and Kitzmiller (/. Pharmacol., 1940, 69, 282) found the
lethal dose of vanillin for rabbits to be about 3
Gm. per Kg. of body weight, when given by
mouth.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
Off. Prep. — Cacao Syrup, US. P.; Aminoacetic
Acid Elixir; Compound Benzaldehyde Elixir;
Aromatic Castor Oil; Liquid Petrolatum Emulsion with Phenolphthalein ; Phenolphthalein in
Liquid Petrolatum Emulsion, N.F.
VASOPRESSIN INJECTION.
(B.P, LP.)

U.S.P.,

"Vasopressin Injection is a sterile solution in
water for injection of the water-soluble, pressor
principle of the posterior lobe of the pituitary
body of healthy domestic animals used for food
by man. Each ml. of Vasopressin Injection possesses a pressor activity equivalent to 20 U.S.P.
Posterior Pituitary Units." U.S.P. The B.P. defines Injection of Vasopressin as a sterile solution containing the pressor and antidiuretic principles of the posterior lobe of the pituitary bodies
of oxen or other mammals, the injection being
sterilized in heating in an autoclave; its potency
is identical with that of the U.S.P. injection. The
LP. injection is a sterile solution of pressor and
antidiuretic principles obtained from the posterior
lobe of the pituitary body of healthy domesticated
animals used for food by man; it contains 10
International Units (pressor) per ml.
B.P., LP. Injection of Vasopressin; Injectio Vasopressin!. Pitressin (Parke, Davis).

Vasopressin is the characteristic hormone of
posterior pituitary with pronounced vasopressor
and antidiuretic activities. It is commonly obtained by a lengthy and cumbersome process of
fractionation of an extract of posterior pituitary,
thereby separating it from the hormone oxytocin
(for references see under Oxytocin Injection).
From studies of a very pure sample of vasopressin, separated by countercurrent distribution
technics, du Vigneaud and his associates concluded that the structure of vasopressin resembles
that of oxytocin in that 6 of the 8 constituent
amino acids are identical, vasopressin differing
from oxytocin in containing arginine and phenylalanine in place of the leucine and isoleucine in
oxytocin (J.A.C.S., 1953, 75, 4880). Vasopressin
has not been synthesized.
Beef vasopressin is one of the most basic peptides known, having an isoelectric point of pH
10.9; by virtue of this its rate of migration on
electrophoresis is different from that of oxytocin,
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making this technic a powerful tool for purification of the hormone (du Vigneaud et al., J. Biol.
Chem., 1953, 205, 45). In the course of these
electrophoretic studies it was demonstrated that
vasopressin possesses some inherent oxytocic activity, this being in the proportion of 1 oxytocic
unit to 20 pressor units when measured by uterine
strip assay. Since this ratio coincides with the
limit of oxytocic activity permitted by the U.S. P.
in vasopressin injection it would appear that the
official lest for such activity measures an inherent property of vasopressin rather than the presence of oxytocin itself.
For further information concerning the biochemistry and actions of vasopressin see the review of Heller (/. Phann. Pharmacol., 1955, 7,
225).
Description. — '"Vasopressin Injection is a
clear, colorless or practically colorless liquid, having a faint, characteristic odor." U.S.P.
Standards and Tests. — Oxytocic activity. —
The submaximal contractions of guinea pig uterus
produced by a dilution of the injection, prepared
on the assumption that each ml. of the injection
contains oxytocic activity equivalent to 1.0 U.S. P.
Posterior Pituitary Unit, should not exceed those
produced by an equivalent dilution of a standard
solution prepared from U.S.P. Posterior Pituitary
Reference Standard. Other requirements. — The
injection meets the requirements under Injections.
U.S.P.
Assay. — The elevations of blood pressure in
a male rat, previously given an intravenous injection of the adrenergic blocking drug phenoxybenzamin^ hydrochloride, produced by dilutions
of vasopressin injection are compared with elevations produced by dilutions of a standard solution
prepared from U.S.P. Posterior Pituitary Reference Standard. The potency is considered satisfactory ifthe vasopressin activity in each ml. of
the injection is not less than 17 and not more
than 24 U.S.P. Posterior Pituitary Units. While
this assay measures pressor activity this action
parallels the antidiuretic action. U.S.P. The B.P.
assay for pressor activity involves determination
of the dose of a standard preparation of posterior
pituitary which will produce the same rise of
blood pressure in a cat as that produced by a
dilution of the injection. Antidiuretic activity of
the injection is determined by comparing the
amount of water excreted by rats, previously administered adefinite amount of tepid water by
stomach tube, in the period of 30 to 90 minutes
after subcutaneous injection of a dilution of the
vasopressin injection, comparison being made
with the effect produced by similar administration of dilutions of a standard preparation of
posterior pituitary.
Uses. — Vasopressin is the antidiuretic-pressor
principle of the posterior lobe of the hypophysis.
As described under Posterior Pituitary it acts on
the kidney and smooth muscle of the vascular
system and intestine and has therapeutic uses
based on such actions. Vasopressin injection, having minimal oxytocic action, is preferred to posterior pituitary injection in testing renal function and in treating diabetes insipidus; it has
also been employed in surgical shock and in ab-
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dominal distention (tympanites). In this section
the antidiuretic action is discussed. Manifestation
of pressor action requires a dose about 1000 times
that required to produce antidiuretic action.
Failure of antidiuretic hormone action results
in failure of renal tubules to reabsorb water; as
much as a fifth of the water filtered through the
glomerulus may appear in the urine, resulting in
polyuria. Electrolytes are reabsorbed as usual,
mostly in the proximal convoluted tubule, and
body fluids become hypertonic; this results in
thirst and ultimately polydipsia. This is the syndrome of diabetes insipidus. Lesions in the pituitary or the hypothalamus may cause diabetes
insipidus.
Antidiuretic Action. — The extensive studies
of the control of water and electrolytes in the
body have been reviewed in detail by Gaunt and
Birnie (Hormones and Body Water, American
Lectures in Physiology, edited by Pitts, 1951)
and briefly summarized by Streeten (Univ. Mich.
M. Bidl., 1954, 20, 161). In the maintenance of
the milieu interieur, the loop of Henle in the
kidney permits reabsorption of water and maintenance of normality on a minimal daily intake of
water. Antidiuretic substance is released into the
blood in response to the need to conserve water
while in overhydration of the body release of antidiuretic hormone ceases and a large volume of
dilute urine is formed. Extracts of the posterior
lobe of pituitary possess antidiuretic action. It
was formerly believed that the hormone responsible for this effect was formed by pituicytes.
which are differentiated neuroglia cells in the posterior lobe (Pickford, Pharmacol. Rev., 1952, 4,
254). However, interruption of the supraopticohypophyseal nerve tract between the hypothalamus in the brain stem and the posterior lobe of
the pituitary gland, either experimentally or by
disease, results in the polyuria, polydipsia and
dehydration characteristic of diabetes insipidus.
Electrical stimulation of the supraoptic nucleus
suppresses diuresis and results in the presence of
increased antidiuretic activity in the urine and
increased uterine activity (Harris. Brit. M. J.,
1951, 2, 559). The supraoptic nucleus is also
stimulated by minute amounts of acetylcholine
to release antidiuretic substance (Pickford, /.
Physiol., 1947, 106, 264). The nucleus responds
to emotional stimuli and to changes in the tonicity
of blood (Verney, Proc. Roy. Soc. Med., 1947,
135, 25). Unpleasant noises, pain, and exertion
inhibit diuresis in a manner similar to that caused
by injection of an extract of posterior pituitary.
Such antidiuresis is absent in bypophysectomized
animals and is inhibited by epinephrine. Increasing the osmotic pressure in the blood of the
carotid artery by as little as 1 per cent reduces
the urinary output of hydrated dogs to 10 per
cent of the expected volume of urine and induces
thirst. Injection of hypertonic solutions of sodium
chloride, sodium sulfate, or sucrose produces this
effect, whereas injection of similar solutions of
urea or of dextrose does not unless these are injected very rapidly. Vesicles about 60 microns
in diameter have been demonstrated in the supraoptic nucleus and these are believed to change in
size in response to changes in osmotic pressure of
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the blood and thereby instigate nerve impulses
in the nucleus. Antidiuretic activity has been detected in the blood in the jungular vein following
intracarotic injection of hypertonic solutions
(Ames et al., Endocrinology, 1950, 46, 215).
Evidence that the antidiuretic, pressor and
oxytocic principles of posterior pituitary extract
arise in neurosecretory cells of the supraoptic
and paraventricular nuclei of the hypothalamus
in higher vertebrates and pass along the nerve
tracts to the posterior lobe of the pituitary gland
for storage has been collected by Scharrer (Science, 1953, 118, 779) and by Bargmann and
Scharrer, Am. Scientist, 1951, 39, 255). Antidiuretic activity has been found in extracts of
the hypothalamus of cattle (Waitzman and Steggerda, Fed. Proc, 1954, 13, 159). The presence
of volume receptors in the hypothalamus is also
hypothesized; changes in volume of body fluids
result in changes in pressure within the skull because of its rigid nature and cause stimulation or
inhibition of release of antidiuretic hormone
(Smith, Fed. Proc, 1952, 11, 701; Strauss et al.,
J. Clin. Inv., 1952, 31, 80). In states of dehydration, antidiuretic activity appears in the urine
(Gilman and Goodman, /. Physiol., 90, 113).
Various drugs stimulate secretion of antidiuretic
hormone, as demonstrated by inhibition of diuresis in the hydrated animal. Physostigmine, as well
as acetylcholine, causes release of antidiuretic
hormone when injected into the supraoptic nucleus
(Pickford, Physiol. Rev., 1945, 25, 573). Barbiturates, morphine, and nicotine increase antidiuretic
hormone action (de Bodo et al., J. Pharmacol.,
1944, 82, 74; 1945, 85, 222).
Significance in Disease. — Hypofunction of
pituitary antidiuretic hormone in diabetes insipidus is generally recognized but information concerning hyperfunction remains confused. In extracts of the pituitary glands of patients succumbing to hypertension, congestive heart failure, cirrhosis of the liver with ascites, diabetes mellitus,
eclampsia and Addison's disease, greater antidiuretic hormone activity has been observed than
in cases of accidental death; lesser activity was
found in patients with diabetes insipidus and
hemochromatosis (Cavallero and Zanchi, /. Path.
Bad., 1951, 63, 249). Increased antidiuretic activity has been reported in the blood or urine of
patients with various edematous diseases, as
eclampsia (Teel and Reid, Endocrinology, 1939,
24, 297), nephrosis (Robinson and Farr, Ann.
Int. Med., 1940, 14, 42), hepatic cirrhosis (Ralli
et al., J. Clin. Inv., 1945, 24, 316), essential hypertension (Ellis and Grollman, Endocrinology,
1949, 44, 415), and congestive heart failure
(Bercu et al., Circulation, 1950, 2, 409). However,
the antidiuretic action in these instances has not
been identified as that of vasopressin; most of
the reports are based on observation of antidiuretic action of blood or urine of patients when
injected subcutaneously or intraperitoneally into
hydrated rats. Van Dyke (Bull. N. Y. Acad. Sc,
1953, 29, 24) considers this method of assay not
to be specific for vasopressin injection; he believes that a transient decrease in diuresis in the
hydrated normal dog is a more specific indication
of the presence of vasopressin.
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Studies of the output of urine during continuous hydration by administration of 5 per cent
dextrose solution at a rate of 10 ml. per minute
and following continuous intravenous infusion of
vasopressin injection in a dose of 0.57 milliunit
per Kg. of body weight in a group of patients
with diabetes insipidus and another group with
chronic renal disease, indicated deficient elaboration of antidiuretic hormone in the former group
and diminished renal tubular responsiveness to
antidiuretic hormone in the latter group (White
et al., Am. J. Med., 1954, 16, 220). In the group
with renal disease the amount of glomerular filtrate presented to the renal tubules may be decreased. However, the water load presented to
the distal convoluted tubule may be excessive
because of impaired function of the proximal convoluted tubule due to the nephritis. Ordinarily
the proximal tubule reabsorbs most of the water
as well as the electrolyte from the glomerular
filtrate. In congestive heart failure with edema,
and in hepatic disease with ascites, no evidence
either for increased production or decreased inactivation of antidiuretic hormone has been found
(Bernstein et al., J. Clin. Inv., 1953, 32, 422;
Miller and Townsend, ibid., 590; White et al.,
ibid., 931). Holland and Stead (Arch. Int. Med.,
1951, 88, 571) concluded that the antidiuretic
hormone of pituitary plays no role in sodium retention in congestive heart failure. In a variety
of diseases no relation between edema and antidiuretic activity of the patient's blood was observed by Stein et al. (J. Clin. Inv., 1954, 33, 77).
Aldosterone. — The recent recognition of this
steroid (see under Desoxycorticosterone Acetate)
as a potent, salt-retaining hormone elaborated by
the adrenal cortex has confused the problem
further. The adrenalectomized animal is unable
to excrete a large dose of water (Gaunt and
Birnie, loc. cit.), this defect being used as a
clinical test for Addison's disease (see under
Desoxycorticosterone Acetate). The defect is also
corrected by cortisone. In normal organisms large
doses of either cortisone or desoxycorticosterone
cause polyuria and polydipsia. Aldosterone has to
do with regulation of sodium in the obdy; it appears to act specifically on the proximal convoluted tubule. Conn (Trans. A. Am. Phys., 1955)
reported the case of a patient with so-called
potassium-wasting nephritis in which the kidneys
show thetensive
"clear-cell
tubular
(exvacuoles in the
cells nephropathy"
of the convoluted
tubules) and a tumor of the adrenal cortex which
was successfully removed — primary aldosteronism. According to Laragh and Stoerk (Proc. Am.
Soc. Clin. Inv., 1955) the amount of aldosterone
activity in the urine is related to increased serum
potassium rather than to decreased serum sodium
concentration; however, the degree of tissue hydration may be the determinant of aldosterone
secretion. The effect of vasopressin injection on
aldosterone secretion in humans was not found to
be consistent in 3 subjects (Beck et al., Trans. A.
Am. Phys., 1955).
Nephrosis. — In the urine of nephrotic children marked sodium-retaining activity, similar to
that induced by aldosterone, was observed by
Luetscher and Johnson (/. Clin. Inv., 1954, 33,
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276). Those cases in which diuresis followed treatment with corticotropin were the ones which
showed increased excretion of sodium-retaining
steroid in the urine (McCall and Singer, J. Clin.
Endocrinol., 1953, 13, 1157). Galen et al. {Pediatrics, 1953, 12, 233), however, felt that the blood
serum of nephrotic children when injected into
hydrated rats acted more like vasopressin than
like aldosterone and that the increase in urinary
excretion of salt-retaining steroid was related to
the increased volume of urine formed. On the
other hand, the retention of sodium in nephrotic
patients has been explained, without recourse to
hormones, as a secondary result of albuminuria
and hypoproteinemia (Metcoff et al., J. Clin. Inv.,
1954, 33, 665); due to the shift of protein from
cells to plasma in hypoproteinemia, potassium
shifts from cells to plasma to maintain osmotic
equilibrium and the potassium is promptly excreted by the kidney while sodium is retained in
the body fluids to maintain isotonicity. In beriberi
in animals, increased urinary excretion of antidiuretic substance and impaired in vitro inactivation of vasopressin by the liver have been observed (Guggenheim. Metabolism, 1954, 3, 44;
see also Iseri et al., Circulation, 1954, 9, 247).
Premenstrual Edema. — In patients wTith the
premenstrual tension syndrome, Lloyd and Lobotsky (/. Clin. Endocrinol, 1950, 10, 318) found
an increased titer of antidiuretic substance in
blood serum. Hawker {Lancet, 1952, 2, 1108) described a sudden decrease in antidiuretic activity
of blood serum at the onset of menstrual flow in
such patients. The amino acid content of the antidiuretic substance in the urine of patients with
premenstrual syndrome has been found to be
similar to that of the principle occurring in pituitary extracts (Valeri et al., Endocrinology, 1953,
52, 10). The possible role of steroid hormones in
this syndrome is discussed under Progesterone. In
toxemias of pregnancy it appears that the sodiumretaining steroids of the adrenal cortex are more
important than the pituitary antidiuretic hormone
(Hughes et al, Am. J. Obst. Gyn., 1954, 67, 782;
Venning et al, ibid., 542).
Central Nervous System. — Severe dehydration, characterized by hypernatremia and hyperchloremia, is often associated with a variety of
intracranial lesions and constitutes a clinical problem (Allott, Lancet, 1939. 1, 1035; Cort. ibid.,
1954. 1, 752; Higgins et al, ibid., 61; Rapoport
et al, J. Lab. Clin. Med., 1951, 37, 550; Welt
et al, Arch, hit Med., 1952. 90, 355). Among 73
consecutive unconscious patients having head injury. 15 per cent showed hyperchloremic and 7
per cent hypochloremic syndrome THiggins et al,
loc. cit.). The advent and general use of active
adrenocortical steroids in therapeutics serves to
emphasize certain discrepancies in the concept
that intracellular and extracellular water distribution depends entirely on osmotic forces (Peters.
Physiol. Rev., 1944. 24, 491) without any active
cellular participation. It has been suggested that
intracellular fluid is always hypertonic with reference to extracellular fluid as a result of active and
constant transfer of water (Robinson and McCance. Ann. Rev. Physiol, 1952, 14, 115). Such
a transfer involves work, and consumption of
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oxygen to "pump"' water out of cells. The role
of the adrenal cortex in this function is apparent
after adrenalectomy in the shift of water from the
extracellular to the intracellular space of the body
(Frost and Talmage, Endocrinology, 1951, 49,
606), and in the increase in the water content
and volume of erythrocytes and muscle cells
(Hegnauer and Robinson, J. Biol Chem., 1936,
116, 769; Darrow et al, ibid., 1939, 130, 487).
Streeten {loc. cit.) used the mean corpuscular
hemoglobin concentration (MCHC), which represents the ratio of blood hemoglobin to hematocrit
value, as a criterion of cellular water. In dogs
with acute sodium depletion following intraperitoneal injection of 5 per cent dextrose solution
the MCHC decreased, reflecting a movement of
water from the body fluids into the cells. During
the Robinson-Power-Kepler water-excretion test
for Addison's disease, normal subjects showed a
slight decrease in the MCHC during the first hour
with a return to normal during the second hour.
In untreated patients with Addison's disease,
the MCHC decreased and remained depressed
throughout the 4 hours of the test. In 7 of 9 patients Streeten observed a decrease in blood serum
total base and in specific gravity of urine without
diuresis which he interpreted to indicate that
hemodilution (cell dilution) had inhibited release
of antidiuretic hormone. In the 2 other patients
antidiuretic hormone was considered to have acted
because the concentration of total base in the
serum the specific gravity of the urine increased
despite a decrease in the MCHC. In one of these
cases, administration of 10 mg. of desoxycorticosterone acetate before the water-loading test was
followed by a decrease in serum base with a rise
in the specific gravity of the urine, as though the
steroid had facilitated antidiuretic action. Considering the decrease in MCHC in these Addisonian patients receiving a large dose of water, it
is suggested that the failure of diuresis in patients
with adrenal insufficiency is due to a storage of
water in cells of the body in a manner not influenced byantidiuretic hormone action. Cortisone
therapy prevents swelling of erythrocytes with
water and thereby seems to be essential for cells
in order to "pump" water into extracellular space.
Renal Function. — Normally most of the
water and electrolyte in the glomerular filtrate are
reabsorbed in the proximal renal tubule. The distal
tubule can also absorb water without electrolyte
under the influence of the antidiuretic hormone of
the pituitary. This reabsorption can amount to as
much as 4 ml. of water per minute: up to 5 liters
daily can be conserved. The maximum concentrating ability reaches about 1400 milliosmols per
liter: a minimum concentration during marked
diuresis of 65 milliosmols per liter has been reported (Kleeman et al., Clin. Res. Proc, 1955. 3,
138). If the subject is receiving a hypertonic
solution of sodium chloride, the amount of electrolyte supplied for excretion may exceed the
capacity of the proximal convoluted tubule and
a high concentration of sodium chloride will reach
the distal tubule. Reabsorption of water in the
distal tubule under the influence of vasopressin
injection in this situation can have little effect on
the large volume of concentrated urine. If. how-
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ever, the load of water and electrolyte is average,
vasopressin injection results in a small volume of
concentrated urine. During water diuresis, or in
diabetes insipidus, a large volume of dilute urine
is excreted. In maximum water diuresis the volume of urine approaches 15 per cent of the volume
of the glomerular filtrate. If vasopressin injection
is given, the urine volume is rapidly decreased: a
dose of 0.005 unit (about 10 micrograms of vasopressin) issufficient (Lauson, Am. J. Med., 1951,
11, 135). If diuresis is caused by intravenous injection of hypertonic sodium chloride solution,
vasopressin has no effect because water is already
being reabsorbed at maximum capacity in consequence of the hyperosmolarity of tissue fluids.
The body produces a concentrated urine of higher
osmolarity than is present in blood through reabsorption of water in the tubules (Zak et al.,
J. Clin. Inv., 1954, 33, 1064) ; in such situations
simultaneous injection of meralluride did not alter
the effect of vasopressin injection on water reabsorption. In hydrated animals vasopressin injection increases excretion of sodium chloride to
some extent (Silvette, Am. J. Physiol., 1940, 128,
747) but the effect is only transient. In diabetes
insipidus and also in normal humans electrolyte
excretion is often less following use of vasopressin
injection (Blotner, Am. J. Med. Sc, 1941, 202,
222; Thorn and Stein, /. Clin. Endocrinol., 1941,
1, 680; Black and Thomson, Clin. Sc, 1951, 10,
511). Any increase in loss of sodium is a result
of hypervolemia (blood volume greater than normal) rather than of antidiuretic hormone activity
(Leaf et al., J. Clin. Inv., 1953, 32, 868). With
chronic use of vasopressin injection in animals,
spontaneous restriction of fluid intake to equal the
restricted output is observed. If fluids are given
parenterally to such animals, they refuse to drink
water until the excess water is excreted (Spingarn
et al., loc. cit.). If the human continues intake of
water in excess of its excretion while under the
influence of vasopressin injection water intoxication, i.e., hypochloremic shock, results before
edema appears (Leaf et al., loc. cit.).
Clinical Tests. — The efficiency of the antidiuretic mechanism of the body can be tested by
(1) dehydration, (2) intravenous infusion of hypertonic saline solution or (3) intravenous injection of nicotine. Fluid deprivation for 12 to 16
hours fails to raise the specific gravity of the urine
above 1.008 to 1.010 in patients with lesions in
the hypothalamus or neurohypophysis or in those
with advanced retinal disease. In the hypertonic
saline test the patient is hydrated by ingestion of
20 ml. of water per kilogram of body weight and
urine volume is measured every 15 minutes
(Hickey and Hare, J. Clin. Inv., 1944, 23, 768;
Carter and Robbins, J. Clin. Endocrinol., 1947,
7, 753). When diuresis is proceeding, a 2.5 per
cent aqueous solution of sodium chloride is injected intravenously at a rate of 0.25 ml. per
kilogram per minute for 45 minutes. Normally
the rate of urine flow decreases during, or within
30 minutes of cessation of, the infusion. If diuresis
continues despite injection of hypertonic saline
solution, 0.1 unit of vasopressin injection is given
intravenously. Diuresis ceases unless the kidney
tubule is unresponsive
to vasopressin, which
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occurs in 5 to 15 per cent of cases of diabetes
insipidus (Biggart, /. Path. Bad., 1937, 44, 305;.
Some cases of polyuria appear to be due to
habitual intake of excessive amounts of fluid.
Burn et al. {Brit. M. J., 1945, 1, 403) found that
on smoking a cigarette or on intravenous injection
of nicotine diuresis is inhibited in the healthy
water-loaded person (see also Lewis and Chalmers,
Clin. Sc, 1951, 10, 137). Nicotine, like acetylcholine, stimulates the supraoptic nuclei of the
hypothalamus to release vasopressin. Coates and
Garrod {ibid., 1951, 10, 145) employed a dose of
3 mg. of nicotine sulfate in sodium chloride injection intravenously in smokers and 1 mg. in
non-smokers in the performance of the test.
Adenosinetriphosphate has been shown to stimulate the release, in animals, of antidiuretic hormone from the pituitary (Dexter et al., I . Endocrinol, 1954, 11, 142).
Pressor Action. — The pressor action of posterior pituitary is discussed under Posterior Pituitary. This action is due to vasopressin, which acts
directly on capillaries and arterioles, particularly
the former; the action is not antagonized by
adrenergic blocking agents (such as Dibenamine)
or by sympathectomy. This property it utilized
in the official assay (q.v.), in which the rise of
blood pressure in rats previously injected with
phenoxybenzamine hydrochloride is measured
(Dekanski, Brit. J. Pharmacol. Chemother., 1952,
7, 567). A decrease in peripheral blood flow has
been observed to follow injection of vasopressin
(Baldes et al., Am. Heart J., 1941, 21, 743;
Wakim et al., ibid., 1954, 47, 77). Coronary arterial vasoconstriction results in decreased blood
flow to the myocardium (Green et al., J. Pharmacol., 1942, 76, 378; Bulbring et al., Quart. I.
Med., 1949, 18, 73). A transient tachycardia followed by bradycardia associated with prolongation
of the auricular-ventricular conduction time which
could not be abolished with atropine was described
by Geiling and Resnik (/. Clin. Inv., 1925, 1,
217). Cardiac changes are due to impaired blood
flow (Melville, /. Pharmacol., 1938, 64, 86). In
anesthetized animals posterior pituitary injection
causes a rise in blood pressure but a decrease may
occur in unanesthetized animals due to a decrease
in cardiac output (Kolls and Geiling, /. Pharmacol., 1924, 24, 67); effects in humans are similar (Grollman and Geiling, ibid., 1932, 46, 447).
Following administration of intravenous doses
sufficient to cause abdominal cramps, Graybiel
and Glendy (Am. Heart J., 1941, 21, 481) observed pallor of the skin, particularly of the face,
and a small radial pulse without rise in blood pressure because of myocardial depression of the
anoxemia. In patients with coronary insufficiency
posterior pituitary injection induces electrocardiographic changes similar to those following exercise when associated with angina pectoris. Ruskin
(Am. Heart J., 1947, 34, 569) administered 2 ml.
of posterior pituitary injection intramuscularly
instead of exercise as a test of coronary insufficiency in patients but this is a dangerous procedure (Mills et al., Proc Mayo, 1949, 24, 254).
Pituitary shock, particularly that resulting from
use of posterior pituitary injection in obstetrics,
has proved fatal due to myocardial depression
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(Kanter and Klawans, Am. J. Obst. Gyn., 1948,
56, 366; Slotnik and Teigland, J.A.M.A., 1951,
146, 1126). Despite the connotation of the name
of vasopressin injection, sympathomimetic agents,
such as epinephrine, are preferred for treatment
of hypotension because of the danger of myocardial depression inherent in the vascular action
of the posterior pituitary principle.
Intestinal Action. — Action on the smooth
muscle of the intestinal tract, mentioned under
Posterior Pituitary, arises from the vasopressin
component of the gland; for this effect the relatively large doses of 5 to 20 units of vasopressin
are required. Peristaltic activity, rather than tone,
is increased and the action on the colon is greater
than on the small intestine (Puestow, J.A.M.A.,
1942, 120, 903; Ingelhnger, New Eng. J. Med.,
1943, 229, 114). This action on the intestine is
utilized in the treatment of tympanites, doses of
5 to 10 units being employed intramuscularly.
Vasopressin injection is also used to eliminate
interfering gas shadows on roentgenograms in
cholecystography or urography although neostigmine isperhaps more popular for this purpose.
Other Uses. — Aside from the treatment of
diabetes insipidus the most important use of vasopressin injection depends on its utility in rapidly
testing renal function. A dose of 5 to 10 units is
given intramuscularly and the specific gravity of
the urine is determined 1 and 2 hours later. With
normal renal function the specific gravity rises to
1.018 or more. This 2-hour test, which requires
no preparation, is equivalent in its significance to
tie test in which the patient is deprived of water
for 18 hours. Furthermore, mobilization and excretion of edema fluid do not interfere with the
rise of specific gravity, as may be the case after
water deprivation. Vasopressin injection has been
employed during intravenous urography to obtain
maximum concentration of radiopaque medium in
the urine; a dose of IS to 20 units is used for this
purpose. A similar dose of vasopressin, accompanied by a large dose of water and followed by
observation of the encephalogram, has been employed in diagnosis of epilepsy (Wikler. Arch.
Neurol. Psychiat., 1947, 57, 78), but marked
hydration and severe convulsions may result (Blier
and Redlick, ibid., 211). The use of vasopressin
injection with electrocardiographic observation in
the diagnosis of coronary insufficiency (v.s.) is
likewise dangerous.
Robinson and Farr (Ann. Int. Med., 1940, 14,
42) reported that daily injections in edematous
patients resulted in an increase in antidiuretic
activity of the urine for a few days, followed by
disappearance of the antidiuretic activity associated with diuresis and subsidence of the edema.
Griffith and his associates (Am. Heart J., 1941,
21, 77) described observations of patients with
hypertension having in their blood serum a substance capable of suppressing water diuresis in
rats. Selecting patients with hypertension having
antidiuretic and low gonadotropic activity in their
blood serum, and with normal renal function as
measured by the plasma creatinine level, Griffith
et al. (Am. J. Med. 5c, 1946, 212, 31) gave 1 ml.
of Pitressin tannate in oil. representing 5 pressor
units, intramuscularly each week for 3 weeks, then

monthly during 3 months or more until antidiuretic activity disappeared from the blood
serum. About half of the patients showed a decrease in both systolic and diastolic pressure, and
experienced relief from symptoms. The only untoward effect was mild urticaria in a few instances.
Absorption. — Vasopressin injection is inactive
when administered orally but is rapidly absorbed
following intramuscular or subcutaneous injection. It is rapidly inactivated by the fiver and
kidney. After large parenteral doses a trace of the
hormone is found in the urine (Ginsburg and
Heller, /. Endocrinol., 1953, 9, 283). Assays of
antidiuretic activity in the rat (Lloyd et al.,
J. Clin. Endocrinol., 1954, 14, 840) indicated
activity equivalent to 50 to 400 microunits of
vasopressin per ml. of blood serum, 25 milliunits
in the hypophysis, and 5 milliunits in the hypothalamus. After hypophysectomy, activity persists
in the hypothalamus in greater than normal concentration. Prolonged therapeutic action is obtained with Pitressin Tannate in Oil (see under
Posterior Pituitary) given intramuscularly every
1 or 2 days (Court and Taylor, Lancet, 1943, 1,
265; Jones, Arch. Int. Med., 1944, 74, 81). The
antidiuretic principle is also absorbed from the
nasal mucous membrane; for this route of administration posterior pituitary powder is usually
employed, as a snuff, in a dose of 40 mg. every
6 to 12 hours.
Toxicology. — Untoward effects of vasopressin injection include nausea, belching, abdominal
cramps, flatulence, defecation, menstrual cramps,
and pallor of the skin. Except in the small doses
needed to induce antidiuretic action, vasopressin
injection is usually contraindicated in older patients with cardiovascular insufficiency, particularly those with coronary artery disease, and also
those with epilepsy.
Dose. — The usual dose of vasopressin injection is 1 ml. (20 U.S.
Posterior
Pituitary
intramuscularly,
the P.range
of dose
being Units")
up to
1 ml., depending upon the needs of the patient.
Injections may be given every 3 to 4 hours.
Storage. — Preserve "in single-dose or in multiple-dose containers, preferably of Tvpe I glass."
US.P.
Usual Sizes.— 10 U.S.P. Units in 0.5 ml.; 20
Units in 1 ml.
VERATRUM

VIRIDE.

X.F.

Green Hellebore, American Hellebore. [Veratrum Viride]

"Veratrum Viride consists of the dried rhizome
and root of Verartum viride Aiton (Tarn.
LUiacecB)." N.F.
Swamp Hellebore; Indian Poke. Fr. Yeratre vert. Ger.
Amerikanische Nieswurzel.

Recognition of the official source of veratrum
has undergone several changes. In the 1880 and
1890 revisions of the U.S.P. the source of the drug
was restricted to that obtained from V. viride. In
1900 both V. viride and V. album were recognized,
this being done for reason of the large importations of Veratrum album, there being no practical
method at the time of distinguishing between
these two drugs. The U.S.P. IX restricted the
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source to V. viride and the N.F. continues this
requirement.
Ihe two species are very closely allied, and the
two rhizomes are histologically, chemically, and
toxicologically very similar. Ihe European plant
(V. album) seems to be more actively poisonous
than is the American, and has been said by some
chemists to contain a larger proportion of the
alkaloids. It usually also has a distinctly greater
action upon the intestinal tract and it is probable
that the proportionate amounts of the alkaloids
differ in the two species. The conclusions reached
in the physiological investigations of H. C. Wood
and H. C. Wood, Jr., for the Committee of Revision of the U.S.?. VIII (Am. J. Med. Sc, May,
1899) was that the drugs can scarcely be distinguished physiologically, but that the European
plant is more likely to disturb the intestines and
that in the absence of any cogent reason for recognizing V. album, Veratrum viride should alone be
retained.
The American hellebore, Veratrum viride, has
an erect, thick, fleshy rhizome, the upper portion
of which is tunicated, the lower solid, and beset
with numerous whitish roots. The stem is annual,
cylindrical, striated, pubescent, and solid, from
3 to 6 feet in height, furnished with bright green
leaves, and terminating in a panicle of greenishyellow flowers. The leaves gradually decrease in
size as they ascend. The lower are from 6 to 12
inches long, oval, acuminate, plaited, nerved, and
pubescent, and embrace the stem at their base,
thus affording it a sheath for a considerable portion of their length. Those on the upper part of
the stem, at the origin of the flowering branches,
are oblong-lanceolate. The panicle consists of
numerous flowers, distributed in racemes with
downy peduncles. Each flower is accompanied by
a downy, pointed bract, much longer than its
pedicel. The perianth consists of 6 oblong or
oblanceolate, acute segments, thickened on the
inside at their base, with the 3 alternate segments
longer than the others. The 6 stamens have recurved filaments and roundish 2-lobed anthers.
The ovary is ovoid, tricarpellary ; styles 3 and
persistent. Some of the flowers have only the rudiments of pistils. Those on the upper end of the
branchlets are barren, those below fruitful. The
fruit is a 3-lobed capsule, 3-celled, and containing flat imbricated seeds. This indigenous species
of veratrum inhabits swamps, wet meadows, and
the banks of mountain streamlets. It is more
abundant northward, but reaches as far south as
Georgia. From May to July is the season for
flowering. It is doubtful whether the rhizome
should be collected in autumn or just before flowering. Itshould be thoroughly dried and carefully
preserved, as otherwise it deteriorates.
The commercial supplies of the drug are obtained from the southern Blue Ridge, Quebec,
New England, New York, and Michigan.
Veratrum album L. (V. viride Roehl., but not
V. viride Aiton.) (white hellebore, European
hellebore). — The specific difference between this
plant, which is a native of Europe and northern
Asia, and V. viride of North America has been
questioned by various botanists, but prominent
taxonomists still regard the two species as distinct.
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V. album resembles closely the American species,
but is distinguished by its smaller leaves, by possessing flowers with shorter pedicels and ovate
perianth segments. The rhizome of V. nigrum of
central Europe is said to be sometimes substituted
for that of V. album, but is much smaller. According to the Pharmacographia, that of the Mexican species, V. jrigidum Schl., exactly resembles
that of V. album. Powdered white hellebore is
used as an insecticide.
Description. — "Ungrowid Veratrum Viride
occurs as a more or less conical rhizome, from 2
to 7 cm. in length, from 1.5 to 3 cm. in diameter,
externally brownish gray or brown; frequently
bears at the summit numerous, thin, closely arranged leaf-bases, otherwise rough and wrinkled
and somewhat annulate from scars of bud-scales;
and numerous roots. These are nearly cylindrical,
from 3 to 8 cm. in length and from 1 to 4 mm. in
diameter, usually transversely wrinkled, weak
brown to weak yellowish orange. The fracture is
brittle and more or less starchy. Veratrum Viride
is odorless but strongly sternutatory and has a
bitter X.and acrid taste." N.F. For histology see
N.F.
"Powdered Veratrum Viride is pale brown to
pale olive. It shows numerous starch grains from
3 to 20 n in diameter, spheroidal or ellipsoidal,
single or 2- to 4-compound; raphides from 15 to
150 n in length, and scalariform or reticulate vessels, often with yellowish contents and associated
with slightly lignined pitted fibers; and a few
fragments of cork." N.F.
At times, the roots have been removed from
commercial V. album, while in America they are
generally allowed to remain on the rhizomes of
V. viride. Starch grains have been usually more
abundant in V. album than in V. viride commercial samples, but this test cannot be regarded as
more than circumstantial until more evidence appears. According to Denniston, no microscopic
differences can be detected in the rhizomes, but
in the roots distinction is possible, as directly beneath the epidermis in V. viride the collenchyma
region consists of but 2 or 3 rows of large, irregular and distorted cells, while in V. album this
region is generally made up of 7 to 8 rows of
rounded, thicker-walled and smaller cells, which
are not in the least distorted. Any such test is,
of course, inapplicable to the drug in powder. According to Viehoever, Keenan and Clevenger, in
the roots the endodermal cells of V. viride possess
a U-shaped lumen, whereas those of V. album
possess a V-shaped lumen; further, the aerenchyma of V. viride shows air-spaces surrounded by
disorganized parenchyma more pronounced than in
V. album. These authors found, during their investigation of V. viride, V. album and V. californicum, that the histological characters of the
rhizomes and roots of these species vary to a considerable degree, showing a tendency to overlap in
single instances (/. A. Ph. A., 1921, 10, 581).
Working with botanically authenticated plants
of Veratrum viride and V. album, Youngken found
the lumen of the endodermal cells of the roots of
V. viride to be typically U-shaped, although in
some roots of that species, some of the cells of
the endodermis possessed V-shaped lumina, a
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characteristic of the typical endodermal cells of
V. album, while occasional endodermal cells exhibited quadratic lumina. He also found that some
Veratrum album roots possessed endodermises
with both V-shaped and U-shaped lumina and that
occasional endodermal cells exhibited thin walls
and a quadratic lumen. He found 32 somatic
chromosomes in the root tips of both Veratrum
viride and V. album. For details on the histology
of Veratrum viride, V. album, V . Woodii, V. Eschscholtzii and V. fimbriatum, see Youngken, J. A.
Ph. A., 1952. 41, 356. For additional information
concerning V. Eschscholtzii A. Gray, a western
North American species, see Youngken, ibid.,
1953, 42, 39.
Standards and Tests. — Stems and other foreign organic matter. — Not over 5 per cent. Acidinsoluble ash. — Not over 6 per cent. N.F.
Assay. — No method of assay of veratrum
viride is commonly accepted, though many methods have been proposed and are used by individual groups of investigators. The need for an
acceptable method of assay is obvious, not only
for the purpose of evaluating different lots of the
drug but also to learn more about its stability,
concerning which there is some question (Hargreaves, /. A. Ph. A., 1930, 19, 122).
The Swiss Pharmacopeia utilizes a chemical
method for determining the total alkaloid content
of veratrum viride. Many believe that such a determination isof no significance in evaluating the
therapeutic potency of veratrum viride since there
is considerable variation in the therapeutic activity of the individual alkaloids. If there is some
constancy in the proportions of the different alkaloids in the drug, such a method may nevertheless serve as an index of activity.
Among biological methods of assay several
lethal-dose methods have been proposed but the
objection to these is that the amount required to
kill is a measure of toxicity and not necessarily
of therapeutic effectiveness. Such methods include
those utilizing Daphnia magna as the test organism, in connection with the use of which a "Craw
Unit" was employed to express dosage of veratrum
viride (Craw and Treloar, /. A. Ph. A., 1951, 40,
345; see also Viehoever and Cohen, Am. J. Pharm.,
1939, 111, 86). Christensen and MacLean (/. A.
Ph. A., 1939, 28, 74) proposed a method of assaybased on the emetic dose for pigeons, which they
found to parallel closely the blood pressure-reducing effect. Methods of measuring the degree of
hypotensive action when preparations of veratrum
viride are injected into dogs have been described
by Maison and Stutzman (Arch, internat. pharmacodyn. therap., 1951, 85, 357) and by Chen
and Russell (/. A. Ph. A., 1953. 42, 373). The
decrease in response to the carotid sinus pressor
reflex has been utilized as the basis of assay methods reported by O'Dell (ibid., 1952, 41, 316), and
by Rubin and Burke (/. Pharmacol, 1952, 105,
409). It remains to be determined whether any
of these methods will find general acceptance as
a means of evaluating veratrum viride.
Constituents. — Interest in the various species
of Veratrum has become so intense that few, if
any, plants have been the subject of so much
research in recent times. While our knowledge of
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the constituents of these species has advanced,
so also has the realization of the complexity of
the inter-relationships of the many principles
which have been already isolated and identified,
and those which are known to be present but have
not been separated as pure compounds.
The therapeutically important alkaloids of both
Veratrum viride and V. album, and also some at
least of the less important alkaloids, are esters of
highly hydroxylated parent alkanolamine bases, of
which three have been extensively studied, these
being cevine, germine and protoverine. These three
bases are now considered to be isomers, of the
formula C27H43NO8, and contain a nucleus representing cyclopentanoperhydrophenanthrene (see
Sterids) condensed with octahydropyrrocoline. In
1952, Stoll and Seebeck (Helv. Chim. Acta, 1952,
35, 1270) reported that cevine is a product of an
alkali isomerization in which migration of its
single double bond produces a ketonic base, which
they name cevagenine ; this latter they concluded
to be the original or genuine base occurring in
certain of the veratrum ester alkaloids. In 1953,
Pelletier and Jacobs (J.A.C.S., 1953, 75, 3248)
presented evidence to show that a non-ketonic
base which they called veracevine is the original
alkanolamine base, rather than cevagenine; according to these investigators veracevine is the
precursor of both cevine and cevagenine. All three
compounds are isomeric. Depending on whether
the saponification of the appropriate ester alkaloids is mild or drastic, it is possible to obtain
veracevine, cevagenine, or cevine.
Cevadine and veratridine, two of the ester
alkaloids of V. viride, are tiglic and veratric acid
esters, respectively, of veracevine; these were
formerly described as esters of cevine.
Germine and protoverine are considered by
Pelletier and Jacobs to be original bases which
occur in corresponding ester alkaloids. Germine
has been, however, isomerized to isogermine, which
is analogous to cevagenine, and also to pseudogermine, analogous to cevine. Protoverine has
been isomerized to isoprotoverine, analogous to
cevagenine and isogermine. Thus, instead of having to deal with three isomeric bases of this particular type, there are eight, and possibly nine,
such bases; together with other bases which are
present the possibilities of ester formation seem
almost limitless.
The chief hypotensive alkaloids of V. viride
would appear to be certain esters of germine;
these are germidine, germitrine and neogermitrine
(see Fried et al., J.A.C.S., 1950. 72, 4621). Germidine is a diester which upon hydrolysis yields
one mole each of acetic acid, 2-methylbutyric acid,
and germine. Germitrine is a triester, and yields
one mole each of acetic acid, 2-methylbutyric
acid, methylethylglycolic (also called 2-hydroxy2-methylbutyric) acid, and germine. Neogermitrine
is also a triester; on partial hydrolysis it yields
acetic acid and germidine (Fried et al., ibid., 1952,
74, 3041) while on complete hydrolysis it yields
two moles of acetic acid, and one mole each of
2-methylbutyric acid and germine. Triesters are
considered by some to be the most potent of the
hypotensive principles of the veratrums. Germbudine and isogermidine are esters of germine
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which were isolated from V. viride by Myers et al.
(ibid., 1952, 74, 3198); their composition appears not to have been fully elucidated. Germerine
(C36H57NO11) is an ester alkaloid found in
V. album, which hydrolyzes to methylethylacetic
acid, methylethylglycolic acid, and germine. Germvtetrine B, a tetraester of germine, isolated from
V. album by Nash and Brooker (J.A.C.S., 1953,
75, 1942), is analogous to protoveratrine B (see
below) in yielding the same acids as the latter
on hydrolysis.
Protoveratrine, at first thought to be a single
constituent, has been separated into the two substances protoveratrine A and protoveratrine B
(Nash and Brooker, J.A.C.S., 1953, 75, 1942).
Protoveratrine A of Nash and Brooker is a tetraester of the formula C41H63NO14 and yields, on
hydrolysis, two moles of acetic acid, and one
mole each of 2-methylbutyric acid, methylethylglycolic acid, and protoverine; protoveratrine B
appears to be identical with the alkaloids neoprotoveratrine and veratetrine which were reported by
two other teams of investigators, having the formula C41H63NO15, and yielding on hydrolysis two
moles of acetic acid, and one mole each of
2-methylbutyric acid, 2, 3-dihydroxy-2 -methylbutyric acid and protoverine. Protoveratrine A
and protoveratrine B both are found in V. album
and in V. viride. What was considered to be the
single substance protoveratrine, prior to the finding of Nash and Brooker, had been described as
a triester of the composition C39H61NO13, yielding one mole each of acetic acid, 2-methylbutyric
acid, methylethylglycolic acid, and protoverine
(Fried et al., J.A.C.S., 1950, 72, 4621).
Other alkanolamines which have been isolated
from both V. viride and V. album are jervine
(C27H39NO3), which is the predominant alkaloidal constituent of V. viride, rubijervine (C27H43NO2), and pseudojervine (C29H43NO7) ; these,
being physiologically practically inert, have not
been as thoroughly studied as have the other
bases. I sorubi jervine, isolated by Jacobs and Craig
(/. Biol. Chem., 1943, 148, 57), occurs in both
V. viride and V. album; earlier established as an
isomer of rubijervine, it has been identified by
Pelletier and Jacobs (J.A.C.S., 1953, 75, 4442) as
a tertiary steroidal base of 3-hydroxy-A5- character and corresponding also to a hydroxy-solanidine. Veratrosine, a principle obtained from
V. viride by Jacobs and Craig (/. Biol. Chem.,
1944, 155, 565) is a glucoside yielding on hydrolysis D-glucose and veratramine. The latter
has the formula C27H39NO2 and is believed to
have a perhydrobenzenefluorene type of structure
(Tamm and Wintersteiner, J.A.C.S., 1952, 74,
3842).
Other alkaloids which have been found in
V. album are veralbidine (C37H61NO12), isolated
by Stoll and Seebeck (Science, 1952, 115, 678),
and veratrobasine (C24H37NO3) and geralbine
(C22H33NO2), isolated by the same investigators
(J.A.C.S., 1952,74,4728).
The name veratrine was originally applied to
cevadine, but is now more generally given to a
mixture of alkaloids from V. viride.
From V. fimbriatum Gray, Klohs et al. (J.A.C.S.,
1952, 74, 4473; 1953, 75, 4925) reported isola-
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tion of the new hypotensively active ester alkaloids germanitrine (C39H59NO11) and germinitrine (C39H57NO11), also neogermitrine, jervine,
pseudojervine, and veratroylzygadenine, the last
an alkaloidal ester previously isolated from
Zygadenus venenosus Wats. The triester germanitrine yields on hydrolysis one mole each of
germine, acetic acid, tiglic acid and methylethylacetic acid; germi trine yields one mole each of
germine, acetic acid, tiglic acid and angelic acid.
From V. eschscholtzii Gray, Klohs et al. (ibid.,
1952, 74, 1871) obtained the new alkaloid which
they called escholerine, also neogermitrine, isorubijervine, jervine, rubijervine, pseudojervine
and veratramine, and four apparently new crystalline alkanolamines and a new ester alkaloid
which have not been characterized. Escholerine
is a tetraester of protoverine, yielding on hydrolysis this alkamine, along with two moles of acetic
acid, and one mole each of (/ei>o)-a-methylbutyric acid and angelic acid (Klohs et al.,
J.A.C.S., 1954, 76, 1152).
Saito et al. (Chem. Abs., 1940, 34, 3275) obtained from V. grandiflorum, which they called
"white hellebore," the alkaloid veratramine, and
also chelidonic acid. Takaoda (ibid., 1941, 35,
1398) reported finding in the same species two
hydroxy derivatives which he named resveratrol
and hydroxy resveratrol.
Uses. — Veratrum preparations have been used
widely in the treatment of hypertensive disorders.
The unstandardized official preparation, which is
the dried rhizome and root, often has very weak
and even questionable action. Mixtures or concentrated preparations of alkaloids, such as those
described below, have marked pharmacological
action. On oral administration the effective antihypertensive dose and the toxic dose are so close
together as to make effective use of veratrum
preparations impractical in many patients because
of changing individual sensitivity to the drug.
Parenterally the alkaloidal preparations are valuable and safe if used with caution and insight.
Krayer and Acheson (Physiol. Rev., 1946, 26,
383) reviewed the pharmacological actions and
Hoobler and Dontas (Pharmacol. Rev., 1953, 5,
135) the therapeutic applications of veratrum
alkaloids. Briefly stated, the veratrum alkaloids
produce the Bezold effect (Bezold and Hirt,
Unters. physiol. Lab., Wurzburg, 1867, 1, 75)
which is a reflex depression of blood pressure and
heart rate (see also Krayer et al., J. Pharmacol.,
1944, 82, 167). The alkaloids are absorbed from
the gastrointestinal tract, although somewhat variably, on administering doses 5 to 20 times that
required to induce a similar action by intramuscular or subcutaneous injection. Very little
information exists regarding distribution of the
active constituents in the body or excretion,
Veratrum was introduced into medicine about a
century ago by the physicians who called themselves "eclectic." They attributed to it mysterious
virtues and used it in all sorts of inflammatory
diseases. Later, under the belief that it dilated
the blood vessels and, therefore, would relieve
various local congestions, it was employed in
treating pneumonia, peritonitis and other infections. Even in the 19th century veratrum was
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recommended in the management of eclamptic
toxemia of pregnancy but did not attain general
acceptance partly because of slow absorption
after ingestion in such patients and the prevalence
of rather inert preparations.
Action. — Active preparations of veratrum alkaloids cause a decrease in both systolic and diastolic blood pressure, a decrease in the heart rate
and an increase in peripheral blood flow. The fall
in blood pressure results from reflex peripheral
vasodilatation. The afferent pathway of the reflex
is the vagus nerve from endings in the left ventricle and the lungs. Receptors may include in
addition to the medulla the carotid sinus and the
nodose ganglion (Gruhzit et al., J. Pharmacol.,
1953, 109, 261). The efferent pathway of the
reflex is not fully elucidated since the effect on
the blood pressure is only partially inhibited by
atropine. Veratrum alkaloids may inhibit the central vasoconstrictor mechanism, which is the sympathetic portion of the autonomic nervous system.
There is no direct dilating action on peripheral
vessels, and no ganglionic blocking or adrenergic
blocking action. The hypotensive action can be
prevented or corrected by sympathomimetic
amines such as ephedrine. Ganglionic blocking
drugs, such as tetraethylammonium chloride, prevent the action of veratrum by blocking transmission inthe efferent pathways. The hypotensive
action is proportional to the dose and is independent of the change in heart rate. With therapeutic
doses, orthostatic hypotension is infrequent.
Bradycardia is also reflex in origin. The afferent
pathway is the same as for the blood pressure
action and the efferent path is largely the vagus
(cholinergic) since bradycardia can be prevented
or corrected by atropine or vagotomy. The pulse
rate decreases to about 60 per minute under the
full influence of the drug. Epinephrine and similar drugs will still increase the rate as usual and
the cold pressor, Valsalva and other cardiovascular reflexes are retained. With large doses stimulation of the central vagal mechanism is induced
(Dawes and Comroe, Physiol. Rev., 1954, 34,
167).
Cardiac output is unchanged unless an excessive dose causes vascular collapse. In certain patients with congestive heart failure, cardiac output
may actually increase in response to veratrum.
With large intravenous doses, arrythmias such as
heart block, ventricular extrasystoles and bigeminy
may result; these are abolished by atropine and
aggravated by digitalis. In some hypertensive patients, the inverted T wave in the electrocardiogram becomes upright after veratrum. Increased
force of contraction of the isolated mammalian
heart has been reported after veratrum. Release
of potassium ion has been suggested as the mechanism of the action of veratrum on the cardiodepressor and cardioaccelerator afferent endings
(Amann and Jarish, Arch. exp. Path. Pharm.,
1943. 201, 46); veratrum seems to induce reflexes
which are ordinarily started by stretching of the
left ventricle in a manner resembling the impulses
arising in the aortic arch and carotid sinus when
the blood pressure increases.
Peripheral blood flow is increased in the ex-
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tremities, kidney, and liver but does not change
in sympathectomized extremities. In usual doses,
there is no significant effect on renal function. If
there is a decrease in a hypertensive blood pressure, there is a transient and moderate decrease in
glomerular filtration rate and a slight depression
in effective renal plasma flow. The afferent glomerular arterioles dilate in both normal and hypertensive or nephritic persons (Fries et al., J. Clin.
Inv., 1949, 28, 353; Goldman and Frierson, Am.
J. Med., 1953, 14, 168; Meilman. /. Clin. Inv.,
1953, 32, 80; Royce, Pediatrics, 1953, 12, 358).
Hypotensive doses given intravenously cause a
decrease in cerebral arterial resistance in patients
with benign or malignant hypertension (Moyer
et al, Am. J. Med., 1953, 14, 175) or eclampsia
(McCall, Am. J. Obst. Gyn., 1953, 66, 1015). No
change in oxygen consumption, cerebral blood
flow or respiratory quotient of the brain has been
observed.
Respiration is affected only by doses larger
than those required to affect the cardiovascular
system. Large doses depress respiration and cause
death by respiratory failure. Small doses stimulate the vagal receptors in the lungs and pulmonary veins which are ordinarily stimulated by
stretching (Aviado et al., Am. J. Physiol., 1951,
165, 261). Atropine abolishes this action. The
action of direct central depression and bronchoconstriction caused by large doses is not inhibited
by atropine.
Neurophysiological studies with certain alkaloids have found that veratrine converts the normal bursts of nerve impulse in the vagus following
each heart beat to a continuous discharge (Amann
and Schaefer, Arch. ges. Physiol., 1943, 246, 757).
Antagonism of the cardioaccelerator effect of
sympathomimetic amines or of stimulation of the
sympathetic nerves to the heart was reported for
veratramine (Krayer. /. Mt. Sinai Hosp., 1952,
19, 53). This action is thought to be on the pacemaker of the heart and may find usefulness in
the management of paroxysmal tachycardias and
fibrillation (Wedd and Drury, Heart, 1926, 12,
307). No effect on the inotropic or hypertensive
effect of sympathomimetic amines was found. In
skeletal muscle, veratrine causes a prolonged secondary tetanus after an initial response to a single
stimulus. The negative after-potential following
each impulse is increased by small concentrations
(Kuffler. /. NenrophysioL, 1945. 8, 113). A decreased rate of repolarization was described
(Lorente de No. Studies Rockefeller Inst. Med.
Res., New York. 1947, Vol. 131 & 132). as
though the muscle was in a permanent state of
repolarization. Oxygen consumption was increased
at rest. There was interference with maintenance
of membrane potential in skeletal, smooth and
cardiac muscle. No effect on synaptic transmission at neuromuscular junctions or in ganglions
of the autonomic nervous system was found.
Krayer and Acheson Hoc. cit., 1946) suggested
that veratrine promoted potassium leakage from
the cellsoutandof the
interfered
withaction
the of"pumping"
sodium
cells. The
veratramineof
was found to be more quinine-like and to antagonize the action of veratrine (Krayer and George.
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J. Pharmacol, 1951, 103, 249) but larger concentrations likewise cause repetitive discharge in
nerve and in muscle as is reported for veratrine.
In general, it may be commented that so far relatively little difference has been found in the
actions of the several veratrum alkaloids.
Therapeutic Uses. — In acute hypertensive
phenomena, preparations of veratrum alkaloids
given parenterally have proven most valuable;
other agents, such as the adrenergic blocking agent
dibenzylchloroethylene hydrochloride or the ganglionic blocking drug hexamethonium chloride, are
also effective. In hypertensive toxemia of pregnancy, veratrum alkaloids controlled the headache, scotoma, epigastric pain, hypertensive crises
and convulsions (Assali, Am. J. Obst. Gyn., 1950,
60, 387; Meilman, J.A.M.A., 1953, 153, 540;
Finnerty and Fuchs, Am. J. Obst. Gyn., 1953, 66,
830). Irving (Am. J. Obst. Gyn., 1947, 54, 731;
employed a regimen, including veratrum viride,
for the treatment of the eclamptic toxemia of
pregnancy, but Willson (Med. Clin. North America, 1948, 32, 1673) believes that the decreased
mortality observed is due to the general regimen,
rather than to the use of veratrum viride. Although veratrum viride controls convulsions, it
also causes oliguria; there are other less toxic
methods of controlling convulsions. However,
intravenous 5 per cent dextrose injection will
induce diuresis in edematous cases. In the control
of convulsions, veratrum alkaloids intravenously
are claimed to produce better results than the
older regimen of magnesium sulfate and barbiturate or opiate sedation.
In malignant hypertension with cardiac, renal,
cerebral or ocular crises, intravenous use of
veratrum alkaloids may prove life- or organ-saving
(Stearns and Ellis, New Eng. J. Med., 1952, 246,
397; Meilman, ibid., 1953, 248, 894; Moyer et al.,
Am. J. Med., 1953, 14, 175). No prolonged benefit
is to be expected but the drug will often control
the dangerous crises. Vomiting and hiccough may
prevent the administration of a sufficient dose to
control the hypertension. Arrythmia may develop
in digitalized patients.
In mild cases of hypertension, parenteral use of
the drug is seldom justified. It has been used
widely by mouth in combination with other antihypertensive drugs such as reserpine, pentapyrrolidinium, hydralazine, hexamethonium, phenobarbital, etc. (Shapiro and Ferris, Ann. Int.
Med., 1952, 36, 792; Livesay, et al., J. A.M. A.,
1954, 155, 1027; Doyle et al, Circulation, 1955,
11, 170). Orally the incidence of side effects, with
doses sufficient to cause significant lowering of the
blood pressure, is high. The pure alkaloids have
not been superior to the less purified concentrates
of veratrum in this respect. As in the case of other
antihypertensive drugs, some have denied their
clinical value (McNair et al, Am. Heart J., 1950,
40, 382; Bolomey and Lenel, Permanente Found.
M. Bidl, 1952, 10, 57). S
Veratrum Alkaloid Preparations. — Alkavervir, N.N.R., available as Veriloid (Riker), is
a mixture of alkaloids obtained by selective extraction ofveratrum viride with organic solvents
and selective precipitation from acidic and basic
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solutions. It is a light yellow powder which causes
sneezing if inhaled ; it is almost insoluble in water
but dissolves in ethanol and acetone. For oral
administration it is available in tablets of 1, 2 and
3 mg. The usual dose is 3 to 5 mg. three times
daily after meals. The evening dose may be given
at bedtime and may be 1 or 2 mg. larger than the
other two doses. Ordinarily treatment is commenced with doses of 1 or 2 mg., which are increased at a rate of 1 mg. per dose once or twice
weekly as needed and tolerated. For intravenous
use, it is marketed in 5 ml. ampuls containing
0.4 mg. per ml. in 0.25 per cent acetic acid solution. Administration requires caution and close
observation of the patient. For the inital dose 0.15
ml. of this solution for intravenous use is used per
4.5 kilograms (10 pounds) of body weight; this
dose is diluted to 10 ml. with sodium chloride
injection or 5 per cent dextrose injection. The
diluted solution is injected at a rate of 0.5 ml. per
minute for as long as 8 minutes, with blood pressure measurements every minute. If the systolic
or diastolic blood pressure at any time drops as
much as 20 mm. of Hg the injection should be
discontinued. At the end of 8 minutes, when 4
ml. of this dilution has been injected, a pause of
2 minutes should be allowed for the full effect of
the dose to develop. If the pressure remains elevated, injection may again be resumed at the
same rate, with determination of the blood pressure every minute, for 6 minutes, followed by another pause of 2 minutes. The remainder of the
calculated dose is then given at the same rate if
indicated. Should arrhythmia, vomiting or a decrease in systolic or diastolic blood pressure of
as much as 20 mm. of Hg occur, the injection
should be stopped. If no effect is obtained with
the calculated dose, the same dose may be repeated in the same manner after a pause of 5
minutes. Rarely a third injection may be needed.
The decrease in blood pressure usually persists
for 1 to 3 hours. Maintenance may be achieved by
repeating the initial procedure when the blood
pressure rises again or by continuous slow intravenous injection. For the latter purpose, 0.6 ml.
of the undiluted solution for intravenous use is
added to 1 liter of 5 per cent dextrose injection
and injected intravenously at a speed sufficient
to hold the blood pressure at the lower level without vomiting or arrhythmia. The blood pressure
must be measured every 10 minutes and the
patient must be watched carefully by a nurse or
other trained person. The rate of injection should
not exceed 100 ml. per hour. For excessive hypotension, 25 mg. of ephedrine sulfate is indicated
and for undesirable bradycardia or arrhythmia
1 mg. of atropine sulfate is injected. An intramuscular preparation is available in 2 ml. ampules
containing 1 mg. per ml. of 0.25 per cent acetic
acid solution which also contains 10 mg. of procaine hydrochloride per ml. This preparation is
preserved with 0.5 per cent chlorobutanol and 0.1
per cent of sodium bisulfite. The initial dose is
0.25 ml. per 22.5 kilograms (50 pounds) of body
weight intramuscularly but the initial dose should
not exceed 1 ml. The blood pressure should be
taken every 15 minutes for 1 hour and a tourni-
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quet may be applied proximal to the injection site
if the response is excessive. The maximum effect
occurs in 1 to 1.5 hours and persists for 3 to 6
hours. The second dose is adjusted according to
the response to the first dose.
Protoveratrin.es A and B, N.N.R., available as
Veralba (Pitman-Moore), is a mixture of two
alkaloids isolated from Veratrum album. This is
a white, odorless but strongly sternutatory, bitter
powder which melts at 256° to 262° C. with decomposition. Itis freely soluble in chloroform,
slightly soluble in ether and practically insoluble
in petroleum ether or water. Solutions are stable
for several months at pH 4 to 6 but it decomposes
rapidly in alkaline or alcoholic solutions. The
powder is stable to light and air. The two alkaloids
possess the same action; protoveratrine B is about
80 per cent as active pharmacologically as A. It is
available in tablets of 0.2 and 0.5 mg. The usual
dose is 0.5 mg. three times daily orally after meals
and at bedtime. /The range of dose is from 0.4 to
1.5 mg. The blood pressure should be determined
2 to 3 hours following the dose to determine the
effect. For intravenous injection, the initial dose
is 0.06 to 0.1 mg. (0.3 to 0.5 ml). After 4 hours
the dose may be repeated or increased by 0.02
mg. if indicated. Subsequent doses at 4-hour intervals are determined according to the response,
which usually occurs in 10 to 30 minutes after an
injection and persists for lJ/4 to 3 hours. For intramuscular administration a dose of 0.16 to 0.4
mg. may be given. Provell Maleate Tablets,
N.N.R. (Lilly), contain 0.5 mg. of protoveratrine
A and B maleates for oral use.
Vergitryl (Squibb) is a partially purified preparation of the ester alkaloids of veratrum which
is bioassayed by observing the amount required
to inhibit the carotid sinus reflex in a vagotomized
dog. The usual dose is 3 to 15 units daily.
Insecticidal Use. — Veratrum has been used
to a limited degree as an insecticide. Although it
is undoubtedly efficient (Fisher, /. Econ. Entomol.,
1940, 33, 728), its high toxicity for mammals
militates against its usefulness. H
Toxicology. — The outstanding symptom of
veratrum poisoning is vomiting accompanied
with great nausea and much retching. The untoward effects have been discussed above. The hypotensive and emetic actions are parallel in all
preparations of the veratrum alkaloids. The
emetic action arises from stimulation of the
nodose ganglion rather than of the medulla (Borison and Fairbanks, /. Pharmacol., 1952, 105, 317;
Borison and Wang, Pharmacol. Rev., 1953, 5,
193). There is profound prostration with muscular weakness, the skin bedewed with perspiration
and pale in color; the pulse, in milder cases or
in the early stage of severe cases, is extremely
slow and easily compressible; later, in severe
types of poisoning, it may become rapid and
irregular. The respirations are often shallow and
sometimes stertorous. Frequently there is much
complaint of dizziness and in a few cases there
has been dilatation of the pupil with disturbance
of vision. Because of the promptness with which
vomiting comes on, recovery may follow even
very large single doses of veratrum; Buckingham
(Am. J. Med. Sc, 1865) reported a case in which

recovery followed ingestion of a teaspoonful of
fluidextract. But when repeated large doses have
been taken, the poisoning is much more dangerous.
In the treatment of veratrum poisoning if the
patient is vomiting it is well to give two glasses
of water in order to cleanse the stomach; at the
same time a teaspoonful of activated charcoal
may be given as a possible antidote. If for any
reason vomiting has not occurred it should be induced or the stomach washed out by means of a
stomach tube. The patient must be kept in a horizontal position and should not be allowed to sit
up to vomit. After washing out the stomach an
effort should be made to terminate vomiting by
use of counterirritation over the epigastrium and
cautious administration of morphine. But since,
when the drug proves fatal, death is due to respiratory arrest morphine should not be given in too
large doses. Carbon dioxide and oxygen inhalation
may be helpful. If seen in the early stages when
the pulse is slow, atropine is of great value to
antagonize the effect of veratrum upon the vagus
nerve and at the same time check excessive sweating and stimulate the respiratory center. Ephedrine sulfate or phenylephrine hydrochloride is
indicated for the hypotension. Caffeine is also
indicated. If the body temperature is low it should
be maintained by external application of heat.
Contraindications to use of the drug include:
hypotension, aortic coarctation, pheochromocytoma, digitalis intoxication, increased intracranial
pressure and inability to watch the patient closely.
The drug must be used with caution in uremia,
angina pectoris, coronary thrombosis and cerebrovascular disease.
Dose. — The usual dose of the crude drug is
100 mg. (approximately \x/i grains) by mouth
every 2 or 3 hours until the heart rate is decreased
or toxic effects appear. Doses of the concentrates
are outlined above.
VIBURNUM

OPULUS.

N.F.

High-bush Cranberry Bark, True Cramp Bark,
[Viburnum Opulus]

"Viburnum Opulus is the dried bark of Viburnum Opulus Linne var. americanum (Miller)
Aiton {Viburnum trilobum Marshall) (Fam.
Caprifoliacece):' N.F.

Cramp Bark; Wild Guelder Rose; Cranberry Tree Bush;
White Dogwood. Cortex Viburni Opuli. Fr. Obier. Ger.
Schneeballbaumrinde ; Wasserholderrinde.

Viburnum Opulus L. var. americanum Ait. (V.
trilobum Marshall, V. americanum Mill.), cranberry bush or high bush cranberry, belongs to the
section of the genus which has peduncled cymes,
light red, acid, roundish drupes, with very flat
orbicular not sulcate stones, palmately veined
leaves, and scaly winter buds. It is a large bush,
reaching a height of 10 feet, growing in low
grounds from New Brunswick far westward, and
southward to Pennsylvania. The leaves are from
3- to 5-ribbed, strongly 3-lobed, broadly wedgeshaped or truncate at the base, with the spreading
pointed lobes mostly toothed in the sides and
entire in the sinuses. The petioles bear several
small glands at the apex. The snow-ball tree, or
Guelder rose, represents the var. sterile DC. in
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which the whole inflorescence has been turned
into a mass of showy sterile flowers.
Description. — "Unground Viburnum Opulus
occurs as strips, or occasionally in quills or chiplike fragments, the bark up to 3 mm. in thickness. Ihe outer surface of the thinner pieces is
brownish gray to weak greenish yellow, the thicker
pieces to dusky brown, sometimes with crooked
longitudinal wrinkles and a few small light-colored
lenticles with dark-colored apothecia, and is flnely
fissured or scaly. The inner surface is fight brown
to dusky yellow with short oblique or irregular
striae except where the wood adheres. The fracture is short with few or no projecting fibers in
thinner bark to short and weak in thicker bark.
The fractured surface shows an outer bark, a
phelloderm, and an inner bark. It has a slight but
characteristic odor which becomes valeric acidlike when the bark is triturated with phosphoric
acid. The taste is somewhat astringent and decidedly bitter." N.F. For histology see N.F. X.
"Powdered Viburnum Opulus is pale brown to
weak yellowish orange. It shows numerous fragments of starch-bearing parenchyma and crystals ;
fragments of cork with polygonal, tabular cells,
the walls occasionally lignified, the tangential ones
frequently thickened; stone cells variable in shape,
up to 124 n in length and 35 \k in thickness; pericylic and bast fibers with walls somewhat lignified,
thick, lamellated, and finely pitted; numerous calcium oxalate rosette aggregates, up to 42 \i in
diameter; simple, spheroidal to ovoid starch
grains, usually not exceeding 6 jx in diameter; and
a few fragments of adhering wood having wood
fibers with oblique, bordered pits, and associated
with scalariform and pitted vessels." N.F.
Youngken (/. A. Ph. A., 1932, 21, 444) reported the history and pharmacognosy of Viburnum Opulus and the distinctions between the
American and European varieties.
Standards and Tests. — Wood. — Not more
than 5 per cent of adhering wood. Foreign organic
matter. — Not more than 2 per cent, other than
adhering wood. Acid-insoluble ash. — Not more
than 2 per cent. N.F.
Constituents— Heyl (/. A. Ph. A., 1922, 11,
329) found in the resinous extract of viburnum
opulus a number of fatty acids, including acetic,
caproic, valeric, palmitic, etc., and traces of a
paraffin, myricyl alcohol and two phytosterols ; in
the water soluble extract he found acetic and
valeric acids, tannin and sugar. There were also
indications of a small amount of glycoside but
no alkaloid. Costello and Lynn (/. A. Ph. A., 1943,
32, 20) found that the aqueous solution prepared
from an alcoholic extract of viburnum opulus,
and also its volatile oil, have depressant action
on the uterus; the oil was found to contain more
than 50 per cent of acids apparently containing
from 2 to 10 carbon atoms, as well as esters,
phenols and aldehydes or ketones. Viburnin, said
to be a glycoside of valeric acid and glucose, has
been reported to be present. For other constituents which have been reported see the review of
Woodbury, Drug Standards, 1951, 19, 143.
Adulterants. — The bark described in the
U.S.P. VIII as "Viburnum Opulus" was that of
Acer spicatum Lam., commonly known as moun-
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tain maple, or false cramp-bark as shown first
by Sattler and Farwell. Farwell stated that as
early as about 1890, A. spicatum was mistaken
for true cramp-bark (V. Opulus) and that from
then on until 1913, this bark represented the
commercial cramp-bark. He gave detailed distinctions between mountain maple and true
cramp-bark in an elaborately illustrated article
(Bull. Pharm., 1913, p. 65). Viehoever, et al., in
1918, again called attention to the extent of the
substitution of A. spicatum for Viburnum Opulus.
They stated that the barks, as well as the preparations, can be distinguished by the different color
reactions of the tannins in the barks with iron
salt, these being blue in A. spicatum and green in
Viburnum (J. A. Ph. A., 1918, 7, 944). Despite
a Federal ruling that all material labeled "crampbark" must represent the bark of V. Opulus var.
americanum, substitution of this bark still occasionally continues, probably due to the synonym
"cramp-bark" being commonly used for A. spicatum in the southern Appalachians, where much
of this substitute drug is collected. The bark of
Acer spicatum may readily be distinguished from
that of Viburnum Opulus var. americanum by its
fibrous fracture, absence of a valeric acid odor,
especially when triturated in a mortar with phosphoric acid, and by its inner structure which exhibits numerous lignified sclerenchyma fibers in
cortex, pericycle and phloem, as well as scattered
monoclinic prisms of calcium oxalate. The bark
of an elder has also been reported as being used
to adulterate cramp-bark.
During 1939 Youngken discovered that large
amounts of the bark of the hobble-bush, Viburnum
alnifolium Marsh, were being collected in the
southern Blue Ridge district and marketed as
"southern cramp bark" and as "cramp bark."
True cramp bark, or V. Opulus var. americanum,
is distinctly a northern shrub and does not occur
in a wild state below the Mason and Dixon line.
Youngken and Munch (/. A. Ph. A., 1940, 29,
440) gave a detailed description of the macroscopic and microscopic differences between these
barks; they also report that the hobble-bush is
distinctly toxic which the true cramp bark is not.
Uses. — Viburnum opulus is occasionally employed with other drugs in the treatment of functional uterine disorders. Whether or not it is
therapeutically active is uncertain, the few published results being conflicting and largely superficial (for review see Woodbury, Drug Standards,
1951, 19, 143). Thus Costello and Lynn (see
under Constituents) reported finding in it substances having uterine sedative action; it has been
stated on the other hand (Pilcher and Burman,
1916) that the drug is therapeutically inert.
The berries of viburnum opulus have been used
as a substitute for cranberry; they are antiscorbutic.
The usual dose is 4 Gm. (approximately 60
grains) .
VIBURNUM

PRUNIFOLIUM.

N.F.

Black Haw Bark, [Viburnum Prunifolium]

"Viburnum Prunifolium is the dried bark of
the root or stem of Viburnum prunifolium Linne
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or of Viburnum
rufidulum
Caprifoliacea)." N.F.

Rafinesque

(Fam.

Southern Black Haw; Viburnum; Stag-bush. Cortex
Viburni Prunifolii. Fr. Viburnum; £corce de viburnum.
Get. Aiuerikaniicae Schneclballbaumrinde. It. Viburno. Sp.
Corteza de viburno.

Viburnum prunifolium is a handsome shrub or
small tree quite common in the middle and southern United States, east of the Mississippi, flowering in May and ripening in the early autumn its
ovoid or oblong blackish fruit. It is specifically
characterized by its short, pointed, winter buds,
by its acuminate, sharply serrulate, ovate leaves
on long, slender, glabrous, often narrow-margined
petioles. Its sessile, white-flowered cymes are 2
to 5 inches broad and bear oval, bluish-black,
glaucous drupes slightly over one-third inch in
length.
Viburnum rufidulum Raf. (V. prunifolium
Linne var. ferrugineum Torrey and Gray), or
southern black haw, is a large shrub or small
tree attaining a height of about 30 ft. and found
distributed usually in stony soil from Virginia to
Florida west to Illinois and Texas. It possesses
stout, rigid branches with obtuse, rusty hairy winter buds and elliptic to obovate, usually obtuse
and serrulate leaves which are glabrous, shining
and dark green on the upper surface, rusty pubescent on the veins beneath, especially toward the
base, and with usually narrowly winged, rusty
pubescent petioles, up to about one-half inch in
length. The leaves are distinctly coriaceous in
texture. Its flowers are white and arranged in
sessile compound cymes. Its fruits are dark blue,
ellipsoidal drupes with a fiat stone. It has recently
been ascertained by a study of its floral traces
and bark histology in comparison with those of
other native viburnums to be a close relative of
V. prunifolium and nearer to that species than
other medicinal viburnums native to North America. Its bark has long been collected and marketed
as "black haw."
Description. — "Unground Viburnum Prunifolium.— The root bark occurs as irregular, transversely curved or quilled pieces, up to 9 cm. in
length, and up to 3.5 mm. in thickness. The outer
surface is brown, or, wrhere the outer cork has
scaled off. reddish brown to yellowish brown, and
irregularly longitudinally wrinkled. The inner
surface is paler, frequently showing light-colored
streaks and longitudinal striae. The fracture is
short but uneven, showing a dark-colored cork
and a lighter-colored inner bark with numerous
groups of yellowish stone cells. The stem bark
occurs in irregular, transversely curved or quilled
pieces up to 15 cm. in length and up to 6 mm. in
thickness. The outer surface of young bark is
grayish with raised, circular, or oval lenticels; the
older bark brownish gray to black, but preferably
rossed to the reddish brown to olive-brown middle
bark. The inner surface is paler, longitudinally
striated and the fracture short but uneven, showing scattered groups of yellowish stone cells in the
light-colored inner bark. Viburnum Prunifolium is
inodorous, but acquires a mild valeric add-like
odor upon aging, or upon trituration with phosphoric acid. It has a bitter and astringent taste."
X.F. For histolosrv see Ar.F. X.
"Powdered
Viburnum
Prunifolium
is light

brown to moderate yellowish brown. It shows
numerous rounded or elongated stone cells, in
groups or isolated up to 260 \i in length, with
thick, porous, lignined walls; numerous fragments
of lignihed cork tissue; fragments composed of
parenchyma cells containing oil globules, orange
to olive-brown colored amorphous masses, calcium oxalate rosette aggregates and monoclinic
prisms, up to 57 n in diameter or length, and
simple or 2- to 3 -compound starch grains, the
individual grains spheroidal, ovate, elliptical, pyriform, or plano-convex, up to 23 n in diameter or
length; and a few fragments having wood fibers
with lignified walls, some with bordered pits, and
with lumina of irregular width." N.F.
It is probable that much of the Viburnum
prunifolium on the market is not genuine. Youngken (/. A. Ph. A., 1928, 17, 330) showed that
the bark of V. cassinoides L. is widely collected
in North Carolina as shonny (shawnee) haw, and
used by manufacturers as a substitute for black
haw, and even this substitute is sophisticated with
the black choke berry (Aronia melanocarpa Elliott
var. grandifolia Schneid.). Youngken (/. A. Ph.
A., 1930, 1931, 1932) published a series of papers
on the botany and pharmacognosy of Viburnum
prunifolium
the related
species,
including
T'.
Lentago
L. and
(popularly
known
as sheep
berry,
nanny berry, or sweet viburnum) , and V. nudum L.
Standards and Tests. — Wood. — Not more
than 7 per cent of adhering wrood. Foreign organic
matter. — Not more than 2 per cent, other than
adhering wood. Acid-insoluble ash. — Not more
than 3 per cent. N.F.
Constituents. — Evans and associates (/.
Pharmacol., 1942, 75, 174) separated from a
pharmacognostically identified sample of T\
prunifolium a yellow, crystalline glycoside which
possessed a relaxing action on the uterine muscle.
Refinement of the method of isolating the glycoside yielded a white product identified as salicin,
identical with the same principle obtained from
poplar and willow barks (Evans, Iwamoto and
Krantz, /. A. Ph. A., 1945. 34, 205. 207). Costello and Lynn (/. A. Ph. A., 1943, 32, 20) separated about 0.3 per cent of a volatile oil which
was active on uterine muscle. For general description of the components of the bark see Hevl and
Barkenbus (J.A.C.S., 1920, 42, 1744). Holbert
(/. A. Ph. A., 1946, 35, 315) found isovaleric
acid in V. prunifolium root bark.
Uses. — In 1866 Dr. Phares recommended use
of viburnum prunifolium in the treatment of
various uterine colics and as a general antispasmodic. For some years it enjoyed a considerable
degree of popularity.
Pilcher and Mauer (Surg. Gynec. Obst., 1918,
27, 97). and Hager and Becht (/. Pharmacol.,
1919, 13, 61") concluded from pharmacological
studies that the drug has no effect whatsoever
upon uterus. The preparations these experimenters
used were of the commercial drug and in view of
the considerable adulteration which was common
at that time their conclusions may be questioned.
Munch (Pharm. Arch., 1940. 11, i^ reported
experiments on the human uterus which indicate
that whether orallv administered or locally applied
viburnum prunifolium lowers both the contractility and the tonus of the uterus. Marriott and
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Munch (Am. J. Pharm., 1946, 118, 367) reported
that neither salicin nor its hydrolysis product
saligenin, when applied in concentrations equivalent to the salicin content of viburnum prunifolium fluidextract, produced in isolated rat uterus
the decrease in amplitude of contractions obtained with the fluidextract, suggesting that some
other principle besides salicin is responsible for
the uterine sedative effect of the viburnum, in
disagreement with the opinion of Evans et al.
(J. A. Ph. A., 1945, 34, 207) to this effect. Grote
and Woods (ibid., 1947, 36, 191) found viburnum
prunifolium fluidextract to exert sedative action
upon the rat uterus, in vitro; this action appeared
to reside in amorphous material in the fluidextract
rather than in an unidentified crystalline compound which the investigators had isolated from
the bark. The question of whether or not viburnum
prunifolium is therapeutically useful cannot be
answered with certainty on the basis of present
information (for further information concerning
the viburnums see the review by Woodbury, Drug
Standards, 1951, 19, 143).
The usual oral dose assigned to viburnum prunifolium is4 Gm. (approximately 60 grains).
VINBARBITAL.

N.F.

S-Ethyl-S-(l-methyl-l-butenyl) barbituric Acid

C=CHCH2CH3

"Vinbarbital, dried at 105° for 2 hours, contains
not less than 98.5 per cent of C11H16N2O3." N.F.
This barbiturate has been commonly used in
the form of its sodium derivative, available as
Delvinal Sodium (Sharp & Dohme). The latter
may be prepared by interaction of an absolute
alcohol solution of sodium ethoxide and guanidine
carbonate with the ethyl ester of ethyl- (1-methyl1-butenyl) cyanoacetic acid (for details of synthesis see Cope and Hancock, J.A.C.S., 1939, 61,
776; also U. S. Patent 2,187,702, issued in 1940).
The acid form is official.
Description — "Vinbarbital occurs as a white
powder. It has a characteristic odor and a bitter
taste. Vinbarbital is very slightly soluble in water
and is soluble in alcohol. It is sparingly soluble in
ether. Vinbarbital melts between 160° and 163°.
N.F.
Standards and Tests. — Identification. — (1)
Ammonia is evolved on boiling a solution of vinbarbital insodium hydroxide T.S. (2) A sodium
hydroxide solution of vinbarbital produces a precipitate with mercuric nitrate T.S., soluble in ammonia T.S.; another portion of the solution produces a precipitate with silver nitrate T.S.,
dissolving at first but remaining insoluble when
an excess of silver nitrate has been added. (3) A
solution of vinbarbital in 0.1 N sodium hydroxide
shows an absorption maximum at 252 mn, with
an absorptivity of 7089, and an absorption minimum at 233 mn, with an absorptivity of 4499.
Loss on drying. — Not over 1.5 per cent, when
dried at 105° for 2 hours. Residue on ignition. —
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Not over 0.1 per cent. Sulfate. — A saturated solution of vinbarbital produces no turbidity with
barium nitrate T.S. Halogens. — A saturated solution of vinbarbital produces no opalescence with
silver nitrate T.S. Heavy metals. — A solution of
vinbarbital produces no color or precipitate with
sodium sulfide. T.S. N.F.
Assay. — About 500 mg. of dried vinbarbital is
dissolved in alcohol, the solution diluted with an
equal volume of water, and titrated with 0.1 N
sodium hydroxide using thymolphthalein T.S. as
indicator. Each ml. of 0.1 N sodium hydroxide
represents 22.43 mg. of C11H16N2O3. N.F.
Uses. — A general discussion of barbiturates,
including vinbarbital, is provided in the monograph on Barbiturates, in Part II. The pharmacologic properties of vinbarbital were reported by
Hendrix (/. Pharmacol., 1940, 68, 22). He found
the compound to be well absorbed and promptly
effective, producing a smooth recovery from the
depressant, hypnotic or anesthetic effects in lower
animals. While the anesthetic dose is greater (50
mg. per Kg.) and the duration of action is longer
in the dog than for pentobarbital (Allison et al.,
Am. J. Vet. Res., 1944, 5, 62), it is classified as
having a short to moderate duration of action in
man. When administered to patients Hendrix (Am.
J. Med. Sci., 1942, 204, 93) found it to be without harmful effects on the cardiovascular system.
Whereas the sedative dose was observed to be 32
mg- (l/z grain) to 200 mg. (3 grains) in patients,
as much as 1.4 Gm. (21 grains) was administered
in 24 hours to a patient with chronic bronchitis
and intractable asthma. When administered to
patients with simple insomnia the drug was effective and notably free from depressant effect after
the night's sleep. In general, these observations
were corroborated by Marvin (Anesth. & Analg.,
1942, 21, 229). Its metabolic fate has not been
studied adequately (Maynert and vanDyke,
Pharmacol. Rev., 1949, 1, 217).
In addition to its efficacy as an hypnotic agent
for insomnia, vinbarbital has found acceptance
(1) as a depressant for certain psychotic states,
(2) for the induction of obstetrical amnesia and
anesthesia, and (3) as a preoperative sedative.
Davidoff (Psych. Quart., 1941, 15, 370) reported
that it produced satisfactory sedation when administered orally or by rectum to moderately irritable psychotic patients in doses of 100 to 250
mg. Since there was no marked tolerance to the
drug, the same dose could be administered indefinitely. Likewise, it was effective when administered to patients with psychoneuroses and was
particularly effective when administered to patients during manic depressive psychoses (Davidoff,
Dis. Nerv. System, 1941, 2, 288). In these cases
it was effective in doses of 125 mg. to 1 Gm.,
depending on the degree of disturbance in the
patient.
Bernstein and Prince (Am. J. Obst. Gyn., 1943,
45, 851) administered vinbarbital to 117 women
in labor. They found it to be rapidly absorbed
and quickly eliminated and without harmful
effect. Good amnesia and analgesia were obtained
in 85 per cent of the cases and there was no increase in the number of operative deliveries.
They recommended that the drug be given in
the first stage of labor and be supplemented with
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gaseous anesthesia in the second stage. Evans
(ibid., 1944, 47, 821) administered vinbarbital
intravenously to 1500 consecutive patients for induction of obstetric amnesia. Complete amnesia
was induced by the drug in 90 per cent of patients, was rapid and smooth in onset and did
not induce excitement. There was no deleterious
effect on mother or child. Both Davidson (South.
M. J., 1945, 38, 790) and Lewis (Am. J. Obst.
Gyn., 1946, 51, 395) confirmed the utility of
vinbarbital for obstetrical amnesia and anesthesia.
Lorhan (Anesth., 1944, 5, 370) reported use
of vinbarbital, in a dose of 30 to 300 mg. orally
or rectally, preoperatively in 1369 patients; he
found excitement was diminished and neither
respiration nor blood pressure was reduced.
Dose. — The usual dose of vinbarbital sodium
is 60 mg. (approximately 1 grain), with a range
of 30 to 400 mg. ; the barbiturate is administered
orally, intramuscularly or subcutaneously. As a
sedative a dose of 30 mg. is given 3 or 4 times
daily; as an hypnotic 100 to 200 mg. is given half
an hour before retiring; as a preoperative hypnotic the dose is 100 to 200 mg.; in psychiatric
cases 100 to 400 mg. is used; for obstetric sedation 200 to 400 mg. is given, with or without
scopolamine. Children are given proportionately
smaller doses. The official acid form, vinbarbital,
is administered orally in the same dose range.
Storage. — Preserve "in tight containers." N.F.
VINBARBITAL CAPSULES.
X.F.
"Vinbarbital Capsules contain not less than 95
per cent and not more than 105 per cent of the
labeled amount of C11H16X2O3." NJ*.
Usual Sizes.— 30, 100, and 200 mg. (l/2, 1^2,
and 3 grains).
VINBARBITAL
INJECTION.

SODIUM
X.F.

"Vinbarbital Sodium Injection is a sterile solution of vinbarbital sodium in a suitable solvent.
It contains not less than 90 per cent and not
more than 105 per cent of the labeled amount of
CnHi5X2Xa03. Note. — Solutions of vinbarbital
sodium in water decompose on standing." N.F.
Vinbarbital sodium injection is commonly supplied in aqueous propylene glycol solution containing 60 mg. of vinbarbital sodium per ml. The
X.F. requires the pH to be between 8 and 10.
The injection is administered intramuscularly or
subcutaneously, in the doses given under Vi?ibarbital.
Storage. — Preserve "in single-dose, or multiple-dose containers, preferablv of Tvpe I glass."
N.F.
VINYL

ETHER.

Divinyl Oxide,

U.S.P.. B.P.. LP.
[iEther Vinylicus]

CH2:CH.O.CH:CH2
"Vinyl Ether for anesthesia consists of about
96 per cent of C4H6O and about 4 per cent of
dehydrated alcohol. It may contain 0.025 per cent
of a suitable preservative. Caution. — Preserve
Vinyl Ether to be used for anesthesia in tight
containers of not more than 200-ml. capacity and
do not use if the original container has been
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opened longer than 48 hours." U.S.P. The B.P.
defines Vinyl Ether as divinyl ether to which has
been added about 4 per cent v/v of dehydrated
alcohol and not more than 0.01 per cent w/v of
phenyl-a-naphthylamine or other stabilizer. The
LP. definition is essentially the same as that of
the U.S.P.
Vinethene

(Merck). Sp. Eter vinilico.

Vinyl ether is the ether of the hypothetical vinyl
alcohol. CH2 = CHOH. and is related to the unsaturated hydrocarbon ethylene. Indeed, the usefulness of ethylene as an anesthetic led to the
discovery, by Leake and Chen, announced in 1930,
of the anesthetic properties of vinyl ether.
Vinyl ether is usually synthesized from ethyl
ether. The latter is chlorinated to P,B'-dichloroethyl ether, which is fused with molten potassium
hydroxide, using ammonia as a catalyst, according
to the following reaction:
(CH2CH2CO2O

+ 2KOH -*
(CH2 = CH)20 -f 2KC1 + 2H2O
Side reactions, resulting in the formation of acetyllene, ethylene, chloroethyl-vinyl ether, aldehydes,
dioxane and hydrogen, also occur; complicated
purification procedures are necessary to produce
pure vinyl ether.
Description. — "Vinyl Ether is a clear liquid
having a characteristic odor. It is colorless or has
a slight purple fluorescence derived from the preservative. Itboils between 28° and 31°. Vinyl
Ether is slightly soluble in water. It is miscible
with alcohol, with acetone, with chloroform, and
with ether. The specific gravity of Vinyl Ether is
not less than 0.767 and not more than 0.771."
U.S.P.
Standards and Tests. — Non-volatile residue.
— Not over 0.03 per cent. Acidity or alkalinity. —
On shaking 5 ml. of vinyl ether with 2 ml. of
recently boiled and cooled water for 30 seconds
the water layer does not affect blue or red litmus
paper. Foreign odor. — Xo foreign odor is apparent
when vinyl ether evaporates to one-tenth its original volume, or when the residual liquid is evaporated from clean, odorless filter paper. Aldehyde.
— An alkaline solution of phloroglucinol is not
colored by vinyl ether any more than a control
made with benzene. Chlorine. — Illuminating gas,
mixed with vapors from vinyl ether and ignited,
does not acquire a green color when the flame is
allowed to impinge on a clean, previously ignited,
heavy copper gauze. U.S.P.
The B.P. specifies two identification tests: (1)
On warming 2 ml. of vinyl ether with 2 ml. of
dilute sulfuric acid acetaldehyde. recognizable by
its odor, is evolved; (2) on snaking 2 ml. of vinyl
ether with 2 ml. of bromine T.S. the color of the
latter is immediately discharged. Chlorinated
compounds are determined, following reduction
with sodium in an amyl alcohol medium, by residual titration with 0.02 N silver nitrate and 0.02 N
ammonium thiocyanate, in the presence of nitrobenzene and with ferric alum as indicator.
Stability. — Vinyl ether is not as stable as
ethyl ether. Air oxidizes the former to formaldehyde, formic and acetic acids, and complex peroxides. The ether polymerizes to form a polyvinyl
resin. Acids accelerate its decomposition, while
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alkalies stabilize the ether. The non-volatile base
phenyl-alpha-naphthylamine is added, in not over
0.025 per cent concentration, as a stabilizing
alkali. About 3.5 per cent of absolute alcohol is
added to decrease the volatility of the ether and
thus to inhibit freezing of water vapor in exhaled
air on the mask or in gas machines during inhalation anesthesia. Vinyl ether is stable in the presence of soda lime in carbon dioxide filters used
for anesthesia. Mixtures of vinyl ether vapor and
air or oxygen explode, when ignited, in the concentration range of 1.87 per cent to 85.5 per cent
of vinyl ether at 25° and atmospheric pressure.
For further information concerning vinyl ether
see Adriani's The Chemistry of Anesthesia, 1946.
Uses. — Vinyl ether is employed as an anesthetic for short operative procedures (30 to 60
minutes' duration), for rapid and smooth induction of anesthesia prior to maintenance of anesthesia with ethyl ether, to supplement spinal anesthesia which is wearing off prior to completion of
an operation, and to supplement nitrous oxide or
ethylene anesthesia when greater muscular relaxation is needed or when cyanosis is troublesome
(Martin and Rovenstine, Anesth., 1941, 2, 285).
It is useful also for emergency prccedures in
patients who have recently eaten since postoperative vomiting following its use is very infrequent.
It does not require cumbersome apparatus for its
administration and is very convenient for short
procedures in the home. Vinyl ether is often
preferred for dental surgery, for procedures on
the eye, ear, nose or throat, for setting of fractures, and for changing of dressings attended with
pain. Because of its less disagreeable odor and its
rapid action it is especially recommended for use
on children.
Vinyl ether was suggested by Leake (/. Pharmacol., 1933, 48, 5) as an anesthetic for surgical
operations. Advantages claimed for it are its less
unpleasant odor, greater rapidity in onset of unconsciousness and also of recovery, and the reduced incidence of postanesthetic vomiting. Goldschmidt et al. (J. Pharmacol., 1937, 59, 1) found
that it may cause the same type of secondary
fiver injury that is seen after chloroform, although
it requires a much longer exposure to do so. Vinyl
ether is not recommended for patients with liver
disease. Repeated anesthesia at short intervals
with vinyl ether has resulted in serious hepatic
coma (Hawk et al., Anesth., 1941, 2, 388). Draper
and Whitehead (Surg. Gynec. Obst., 1938, 67,
436), from experiments on animals, concluded
that vinyl ether is a much less dangerous anesthetic than chloroform, although slightly less safe
than ether. Livingstone et al. (J.A.M.A., 1940,
115, 1353), from an analysis of 2000 cases of
human anesthesia, recommended it highly for short
operations, especially for ambulant patients. In
over half their cases there was complete unconsciousness within 1 minute of beginning the inhalation; recovery was prompt and less than 10
per cent of the patients showed nausea or vomiting. The amount of vinyl ether required to induce
anesthesia averaged about 5 ml. per patient.
Vinyl ether is not altered chemically in the
body; the major portion is eliminated through
the lungs, although a small amount appears in
the urine. It will produce stage IV anesthesia
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without the aid of preliminary sedation and without anoxia. On the basis of concentrations in the
blood needed to produce anesthesia it is 7 times
as active as ethyl ether; a level of 18 mg. per 100
ml. produces abdominal muscular relaxation. Inhalation of0.2 volume per cent induces analgesia,
2 to 4 volumes per cent causes unconsciousness,
and 4 volumes per cent will maintain surgical
anesthesia. For operations which do not require
muscular relaxation, a blood concentration of 11
mg. per 100 ml. is adequate. Laryngeal irritation
or spasm is infrequent. Its action is extremely
rapid and the several stages of anesthesia pass in
such rapid succession that they can seldom be
recognized. The rate, depth and regularity of
respiration provide the best clinical criteria of
the depth of anesthesia induced. During surgical
anesthesia (stage III, see under Ether), respirations are regular and full. As the anesthesia becomes fighter, respirations become more rapid
and shallow; with excessive doses respiration is
slow and irregular. The eye signs used in evaluating ether anesthesia are of little use. Blood pressure changes but little except during deep anesthesia, when it falls as it does with ethyl ether.
Salivation is present but mild if induction of
anesthesia has been smoothly accomplished. Premedication with atropine diminishes salivation.
Vinyl ether produces good muscular relaxation
comparable to that with ethyl ether and better
than with nitrous oxide. Convulsions are rare
even with prolonged periods of anesthesia (Boston, Brit. M. J., 1940, 1, 929). Vinyl ether does
not affect the heart as cyclopropane does; sympathomimetic amines may be employed safely
(Bush et al., Anesth., 1952, 13, 197). Liver damage is a danger if this anesthetic is used for longer
than 1 hour or in patients with impaired liver
function. Nephritis is also a contraindication.
If administered by the closed method, oxygen
rather than air must be used. Vinyl ether may be
used with any type of carbon dioxide absorption
apparatus but the liquid should not come into
contact with the skin or eyes. By the open method
of dropping the anesthetic on a mask the tip
must be within an inch of the mask because of
the high volatility of the liquid. In hot climates
or at high altitudes the open method may not be
practicable. For induction 30 drops for infants
and 60 to 80 drops for adults, per minute, are
used and then decreased according to the needs
of the particular situation. Some practice is required to maintain an even anesthesia because of
rapidity of action. The same excitement stage II
occurs as with ethyl ether but it can be passed
through very rapidly. The pulse is regular and
full and the skin color is normal. If respiration
stops the heart continues to beat. The anesthetic
should be discontinued, a patent airway established, artificial respiration given, and inhalation
of oxygen started. Recovery is usually rapid.
There should be no flames in the room and cautery
cannot be employed.
Vinyl ether produces good analgesia (Bourne.
Lancet, 1934, 1, 566) and has been used in obstetrics; the patient takes 4 to 6 breaths with
the start of each pain. This agent has also been
advocated for dental extractions (/. A. Dent. A.,
1943. 30, 19).
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The usual dose is applied by inhalation as required (see above).
Storage. — Preserve "in tight, light-resistant
containers
not the
more
than which
200-ml. follows
capacity."
U.S.P. See ofalso
caution
the
official definition.
WATER-MISCIBLE
U.S.P.

VITAMIN

A.

"Water-miscible Vitamin A is vitamin A, in
the form of Oleovitamin A, rendered watermiscible with the aid of suitable, harmless dispersing agents. The vitamin A activity is not less
than 95 per cent of that declared on the label. It
may contain a flavoring agent." U.S.P.
The methods by which vitamin A is rendered
water-miscible are discussed under Oleovitamin A.
Description. — "Water-miscible Vitamin A is
a pale yellow to yellow, viscous liquid. Its 1 in 10
solution
is neutral or slightly acid to litmus."
U.S.P.
Standards and Tests. — Identification. — An
intense blue color is produced on adding antimony trichloride to chloroform which has been
shaken with a small portion of water-miscible
vitamin A. Miscibility with water. — A 1 to 10
dilution with water of water-miscible vitamin A
is clear or opalescent, and no oily drops are
visible after standing for 1 hour. Miscibility with
alcohol. — A 1 to 10 dilution with alcohol of
water-miscible vitamin A is clear. Free acid. — Not
more than 0.3 ml. of 0.1 N sodium hydroxide is
required to neutralize an alcohol solution of 2 ml.
of water-miscible vitamin A. U.S.P.
Assay. — The spectrophotometric assay for
vitamin A is applied (see under Oleovitamin A).
U.S.P.
Uses. — For a general discussion of vitamin A
in nutrition and therapeutics see under Oleovitamin A. The water-miscible preparations enable
formulations of vitamin A which were not possible with the vitamin itself. Aqueous dispersions
of vitamin A are better absorbed from the gastrointestinal tract than are oilv preparations (Kramer
et al., Am. J. Dis. Child., 1951, 82, 17), not
only in health but particularly in diseases characterized byimpaired absorption of fat. Such preparations are also useful for topical application to
the skin. In infants with allergy to some component of fish liver oils synthetic vitamin A may
be supplied in this form to eliminate the allergic
eczema following use of the oils (Stoesser and
Nelson, Ann. Allergy, 1952, 10, 703).
Dose. — The recommended daily dietary allowance of vitamin A in the adult is 5000 U.S.P.
units, and in the infant is 1500 units. The usual
therapeutic dose in the adult is 25.000 units, with
up to 200,000 units being given daily, by mouth.
As much as 200,000 units may be given intramuscularly.
Storage. — Preserve "in tight, light-resistant
containers." U.S.P.
VITAMIN B12 WITH
INTRINSIC
FACTOR CONCENTRATE.
U.S.P.
"Vitamin B12 with Intrinsic Factor Concentrate
possesses vitamin B12 activity made more readily

absorbable from the gastro-intestinal tract of patients suffering from pernicious anemia by combination with suitable preparations of the mucosa
of the stomach or intestine of domestic animals
used for food by man. The approximate antianemia potency of Vitamin B12 with Intrinsic
Factor Concentrate is expressed in U.S.P. Units
(oral;. The amount constituting 1 U.S.P. Unit
(oral) has a Vitamin B12 activity equivalent to
that of not more than 15 micrograms of cyanocobalamin and contains not more than 300 milligrams, on the dried basis, of the preparation
constituting the intrinsic factor concentrate. Vitamin B12 with Intrinsic Factor Concentrate conforms to all other requirements under Anti-anemia
Preparations." U.S.P.
As the official definition indicates this preparation is a combination of a preparation of vitamin
B12 (for sources see under Cyanocobalamin) with
one of stomach or intestinal mucosa, the latter
being an extract or fraction of the tissue which
contains the intrinsic factor (see under Uses for
discussion of this factor). The U.S.P. Unit (oral)
referred to in the above definition is that amount
of a product, otherwise acceptable, which produces, when administered daily, clinical and
hematopoietic responses in Addisonian pernicious
anemia that are considered by the U.S.P. Antianemia Preparations Advisory Board to be satisfactory; itis to be noted that the U.S.P. establishes limits as to how weak the activity may be
but does not limit the degree to which it may be
concentrated
(see under Uses for further discussion).
Description. — "Vitamin B12 with Intrinsic
Factor Concentrate occurs as a dry, slightly yellow, amorphous powder." U.S.P.
Uses. — The role of intrinsic factor in the absorption ofvitamin B12 is discussed under Cyanocobalamin. Briefly stated, small doses of cyanocobalamin are not absorbed from the gastrointestinal tract by patients with primary pernicious
anemia unless intrinsic factor is added to the diet.
Powdered stomach has been official for some years
and may be considered a crude intrinsic factor
preparation just as liver with stomach is a crude
extrinsic with intrinsic factor mixture. The recognition and isolation of pure vitamin B12 and its
ready availability from fermentation sources
other than liver, even though its complete structural identification has not been accomplished,
has stimulated further studies of intrinsic factor.
These have resulted in the production of a commercial extract of the gastrointestinal mucosa of
tivity.
the hog possessing marked intrinsic factor acAction. — As discussed in detail under cyanocobalamin, most of the ingested dose of vitamin
B12 is found in the feces of patients with primary
pernicious anemia. When intrinsic factor is also
ingested most of the vitamin B12 is absorbed.
Bethell et al. (Ann. Int. Med., 1951, 35, 518),
Spies et al. (J. A.M. A., 1953, 151, 1264) and
others demonstrated that patients with primary
pernicious anemia in relapse show no increase
in reticulocyte count in the blood (see discussion
under Liver Injection) or increase in the hemoglobin concentration or erythrocyte count when 5
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micrograms of vitamin B12 are ingested daily.
When intrinsic factor concentrate is added to the
diet, a full response is observed, comparable to
that produced by adequate doses of liver injection
or cyanocobalamin injection. Bethel and his associates reported that the action of one U.S. P. antianemia unit daily was produced when 5 micrograms of cyanocobalamin was fed daily along
with 75 to 100 ml. of normal human gastric juice
neutralized immediately on its withdrawal from
the donor, or with more than 10 Gm. of whole
hog duodenum, or 2 to 4 Gm. of hog duodenal
mucosa, or 1 to 2 Gm. of an acid extract of hog
duodenum, or 0.75 to 1.5 Gm. of the water-soluble
portion of the nondialyzable extract of hog duodenal mucosa. In Bifacton (Organon) about 50 mg.
of intrinsic factor concentrate with 15 micrograms
of vitamin B12 contains the activity of one U.S. P.
anti-anemia unit (oral) ; each tablet represents
one-half unit. The combination of intrinsic factor
concentrate and cyanocobalamin is heat-stable
and resistant to tryptic digestion whereas intrinsic
factor alone is heat-labile, being destroyed if kept
at 70° C. for 30 minutes. In humans the site of
formation of intrinsic factor is the fundic portion of the stomach (Fox and Castle, Am. J. Med.
Sc, 1942, 203, 18) whereas in the hog it is in
the pyloric region and the duodenum (Meulengracht, Acta med. Scandinav., 1953, 144, 290).
Intrinsic factor may be separated from pepsin
and rennin by casein precipitation; it is not destroyed when maintained at pH 9.8 for 30 minutes, which rapidly inactivates pepsin and rennin.
It does not pass through a semipermeable membrane, whereas free vitamin B12 passes readily.
It is precipitated from extracts of gastric mucosa
at 50 per cent saturation with ammonium sulfate.
It is partially soluble in 60 per cent ethyl alcohol.
The demonstration of intrinsic factor activity
in an unknown preparation has required a patient
with primary pernicious anemia in relapse in
whom the administration of 5 micrograms of
vitamin B12 daily for 10 days showed no response
in symptoms or reticulocyte count whereas the
daily administration of the unknown intrinsic
factor material along with the vitamin B12 gives
a full reticulocyte response. If a full response is
not obtained, demonstration of the lack of activity
in the intrinsic factor preparation requires subsequent demonstration of this patient's ability to
respond to vitamin B12 and a preparation of
known intrinsic factor activity. More recently it
has become possible to test the activity of unknown materials in non-anemic cases of primary
pernicious anemia by measuring the absorption
of cyanocobalamin labeled with the isotope cobalt60 (see discussion under Cyanocobalamin) . Without intrinsic factor the patient with primary pernicious anemia excretes 70 to 95 per cent of the
isotope in the feces (Welch et al., Fed. Proc,
1952, 11, 308).
Since intrinsic factor forms with vitamin B12
a complex which is not available to bacteria in the
microbiological assay (see under Liver Extract),
Ternberg and Eakin (J.A.C.S., 1949, 71, 3858)
suggested that this combination protected the
vitamin B12 from destruction by intestinal bacteria and perhaps facilitated absorption but many
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observations are not compatible with this theory.
Spray {Biochem. J., 1952, 50, 587) succeeded in
separating the bacterial growth activity from the
hemopoietic activity of gastric juice. Bethell also
found that the binding capacity of gastric juice
of patients with pernicious anemia was the same
as that of normal individuals. Bethell concluded
that intrinsic factor probably acted as a receptor
for vitamin B12 at the mucosal barrier of the
gastrointestinal tract.
Identification. — Several substances have^been
thought to be intrinsic factor including the hypothetical apoerythein of Ternberg and Eakin (loc
cit.), lysozyme (Meyer et al., Fed. Proc, 1950,
9, 205), aminopolypeptidase (Agren and Waldenstrom. Acta med. Scandinav., 1947, 196, 432) and
gastric mucoprotein (Glass et al., Science, 1952,
115, 101). None of these substances has been
generally accepted as the intrinsic factor (Schilling et al., J. Lab. Clin. Med., 1950, 36, 942). The
gastric mucoprotein, being the secretion of the
mucoid cells at the neck of the gastric glands,
has much circumstantial evidence to indicate its
being the intrinsic factor. However, it is not a
homogeneous substance. This gastric mucoprotein
is present in solution in the gastric juice; it is
not the visible slime frequently seen in specimens
of gastric juice. The enzyme-like action of the
intrinsic factor suggested that substances adsorbed
in this mucoid material could be the active material. However, Latner et al. (Lancet, 1954, 1,
497) isolated a mucoprotein, which they believe
to be pure, which is 15 times as active as the
precipitate obtained by 50 per cent saturation of
gastric juice with ammonium sulfate when measured by the effect on the absorption of cobalt-60
labeled cyanocobalamin. This material was first
isolated by paper strip electrophoresis and later
by extraction of gastric mucosal tissue at pH 6.35
followed by acidification to pH 2 at which the
active material is soluble. In the ultracentrifuge
5 per cent of protein separates rapidly leaving a
homogeneous material with a molecular weight of
the order of 15,000. This is identical with the material obtained by electrophoresis. Wijmenga et al.
(Fed. Proc, 1954, 13, 320) studied the proteincyanocobalamin complexes isolated from intrinsic
factor-vitamin B12 mixtures and concluded that
they are mucoproteins.
Therapeutic Uses. — Clinically intrinsic factor
concentrate with vitamin B12 is indicated in those
anemias which respond to vitamin B12 parenterally. The situation is not fully clarified since
some patients with primary pernicious anemia
respond to the small dose of 5 micrograms daily
of vitamin B12 orally without any intrinsic factor
(Spies et al., J.A.M.A., 1953, 151, 1264), some
cases show a slow response to oral administration
of vitamin B12 with intrinsic factor concentrate
(Glass and Boyd, Blood, 1953, 8, 867) and some
cases fail to respond at all and require parenteral
vitamin B12. It should be noted that most patients
with primary pernicious anemia will respond to
the large dose of 5 mg. of cyanocobalamin initially
followed by 1 mg. weekly orally without any
supply of intrinsic factor (see discussion under
Cyanocobalamin). Lowther et al. (Lancet, 1954,
1, 495) observed satisfactory maintenance of pa-
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tients with primary pernicious anemia, including
3 with subacuate combined degeneration of the
spinal cord, with daily administration orally of
vitamin B12 with intrinsic factor concentrate.
Spies et al. (loc. cit.) found that patients with
tropical sprue did not respond as well to this combination as those with pernicious anemia. This
preparation is effective in nutritional macrocytic
anemias. Folic acid alone, or with vitamin B12
with intrinsic factor concentrate, seems to be preferred for megaloblastic anemias of pregnancy or
infancy. Allergic responses to hog protein are possible with this preparation but have not been
reported.
Dose. — The usual dose is 1 U.S. P. unit (oral)
daily, administered in two portions one-half hour
before the morning and the evening meals. In
instances of very severe anemia. 1 unit twice daily
is indicated during the first two weeks. In the
presence of infection, gastrointestinal disease or
malignancy the response may be poor and parenteral injection of vitamin B12 is indicated.
Labeling. — "Label Vitamin B12 writh Intrinsic
Factor Concentrate to show the potency in U.S. P.
Units (oral) assigned to it by the U.S. P. Antianemia Preparations Advisory Board. The label
bears no declaration of the content of vitamin
B12 activity." U.S.P.
Storage. — Preserve "in tight containers, preferably in a cool place." U.S.P.
VITAMIN B12 WITH INTRINSIC
FACTOR CONCENTRATE
CAPSULES.
U.S.P.
"Vitamin B12 with Intrinsic Factor Concentrate
Capsules contain the quantity of vitamin B12 with
intrinsic factor concentrate declared on the label
and conform to the requirements under Antianemia Preparations." U.S.P.
Usual Sizes.— H and Vz U.S.P. Unit (oral).
VITAMIN B12 WITH INTRINSIC
FACTOR CONCENTRATE
TABLETS.
U.S.P.
"Vitamin B12 with Intrinsic Factor Concentrate
Tablets contain the quantity of vitamin B12 with
intrinsic factor concentrate declared on the label
and conform to the requirements under Antianemia Preparations." U.S.P.
Usual Sizes.— ^ and y2 U.S.P. Unit (oral).
WATER.
U.S.P.
[Aqua]
Fr. Eau ordinaire; Eau. Ger. Wasser. It. Acque. Sp.
Agua.

The United States Pharmacopeia recognizes
water under the titles Water, Purified Water, and
Water for Injection. Although one of the two
latter forms is generally used in official processes,
"Water" nevertheless finds extensive use in certain manufacturing procedures and it is. of course,
the potable variety of water. Hereunder are described the waters derived from several natural
sources and, for comparison, certain properties of
pure water are given. The other official forms of
water are described under their respective titles.
Water, when pure, is a clear, transparent liquid,
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without color, taste or odor. It solidifies at 0° and
boils at 100° under normal atmospheric pressure.
The density of water varies with the temperature,
attaining a maximum at 3.98°. In the form of ice
its density is 0.9175 at 0°. At 25° its surface tension is 71.97 dynes per centimeter. The pH of
pure water at room temperature is 7.0, which
is commonly taken as the neutral point on the
pH scale; in contact with air, water dissolves
sufficient carbon dioxide to lower the pH to approximately 5.7.
Water serves as the standard substance for
establishing the magnitude of the almost universally employed metric unit of volume, the liter,
which is defined as the volume of a kilogram of
water at the temperature of its maximum density.
The milliliter is the one-thousandth part of this
unit. It is not absolutely identical with the cubic
centimeter, which is a unit of volume based on
the standard of length, rather than that of mass;
the milliliter is larger than the cubic centimeter
by 2 7 parts in a million, 1 milliliter being equivalent to 1.00002 7 cubic centimeters.
Natural Water. — Because of its solvent action, naturally occurring water, even that falling
as rain, contains dissolved or suspended matter or
both. Water which has been in contact with the
earth may dissolve or disperse both organic and
inorganic substances, the amount and nature of
which depend on the composition of the rocks and
soil over or through which the water flows. Gases,
too, may be dissolved, these ranging from the normal constituents of the atmosphere, which render
water more palatable, to such substances as hydrogen sulfide and ammonia, for example. Clumps of
algas, and even of bacteria, are often seen in water
and the latter organisms may be found in the
clearest of waters. If the foreign substances in
water are not excessive or objectionable, either
from the sanitary or esthetic viewpoints, the water
is considered to be potable.
Water, whether potable or not, may be classified as hard or soft. Hardness in water is caused
by the presence mainly of soluble calcium and
magnesium salts ; these cause precipitation of soap
and prevent it from lathering, and also form scale
and sludge in boilers, heaters, sterilizers, water
pipes, valves, etc. Soft waters, containing little or
no calcium and magnesium salts, are devoid of
these properties. A distinction is made between
carbonate and non-carbonate hardness; the former
is due largely to bicarbonates (which may be converted to insoluble carbonates by heating and for
which reason this type of hardness was formerly
called temporary), which the latter is due to dissolved sulfates, chlorides and nitrates (which are
not precipitated on heating and the hardness from
which was formerly designated as permanent).
Removal of Ions From Water. — Hard
waters may be softened by adding one or more
chemicals to precipitate the troublesome calcium
and magnesium salts ; the degree of softening may
be controlled at will. If it is desired to reduce only
the calcium bicarbonate content of a water, sufficient lime is added for this purpose; more lime is
needed to precipitate magnesium bicarbonate as
well. In order to reduce non-carbonate hardness
soda ash must be included with the lime. Another
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method of reducing hardness of water is to pass it
through an ion exchanger. The first exchanger to
be used commercially was natural or artificial
sodium zeolite (a complex sodium alumino-silicate); water passed through a bed of sodium
zeolite exchanges its calcium and magnesium ions
for the sodium ions of the zeolite with the result
that a soft water is produced. The activity of the
zeolite is subsequently regenerated by passing
through it a saturated solution of sodium chloride, which reverses the exchange process and restores sodium to the zeolite while removing its
calcium and magnesium. Waters treated in this
manner have a higher dissolved solids content than
have raw waters and, if the carbonate or bicarbonate content of the latter is high, the alkalinity
after treatment may be excessive with consequent
danger of embrittlement in boilers in which such
waters are used. A more recent development in
the field of ion exchangers has made it possible
to overcome this disadvantage. It was discovered
that certain synthetic resins and sulfonated coal
or lignite derivatives, when they have been treated
with sodium chloride solution, function in precisely the same way as sodium zeolites but, when
they have been treated with an acid (dilute hydrochloric or sulfuric), they are able to remove all
metal cations from raw water and replace them
with hydrogen ions. An obvious disadvantage of
this process is the formation, in waters containing
sulfates, chlorides, and nitrates, of equivalent
quantities of the corresponding acids. A solution
for this problem was the development of the anion
exchanger or acid absorber, which is a resin containing amine groups; the latter combine with
hydrogen ions in the same way that ammonia
forms ammonium ion when it reacts with hydrogen ion. By passing a raw water first through an
acid-treated cation exchanger (referred to as
operating on the hydrogen cycle), then through
an anion exchanger, and finally degasifying it, the
effluent is completely demineralized and equal to
distilled water in purity. Such deionized water is
one form of U.S. P. purified water, the other being
distilled water. Such treatment is commercially
feasible if the salt content of a raw water is not
too high. Since the resin beds can function as a
culture medium for retained bacteria (Eisman
et al., J. A. Ph. A., 1949, 38, 88), it is essential
that deionizing units operating on this principle
be used daily and the component resins regenerated every few days ; otherwise, the bacterial content of the effluent water may be excessive. Cation
exchangers operating on the hydrogen cycle may
be regenerated by treatment with an acid; anion
exchangers may be restored by treatment with sodium carbonate solution. For a further discussion
of the use of ion exchangers in water purification
see Tiger and Sussman (Ind. Eng. Chem., 1943,
35, 186), and Harrisson, Myers and Herr (/. A.
Ph. A., 1943, 31, 121). Commercially available
cation exchangers include certain Amberlites
(resins), Decalso (a synthetic sodium aluminosilicate), the Zeo-Durs (processed glauconites),
and Zeo-Karb (a sulfonated coal derivative) ;
anion exchangers include Amberlites of the amine
resin type, and De-Acidite.
Municipal Water Purification. — The puri-
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fication ofnatural waters, to insure their potability, is a problem which becomes increasingly complex as the population of a community increases.
Even waters which are not contaminated with
sewage and other organic matter should be treated
to destroy microorganisms that are likely to be
present. For this purpose chlorine is generally
employed, from 2 to 5 pounds per 1,000,000 gallons of water generally being sufficient. The chlorination of municipal waters has practically eliminated typhoid fever, the incidence of that disease
showing a decided decrease coincident with the
introduction of chlorinating plants into municipal
water-purifying systems. In order to remove suspended matter, municipal sources of supply are
filtered through beds of sand and gravel, which
may be of the slow or rapid type in construction;
following this treatment the filtered water is chlorinated as an added precaution. Turbid waters
having a basic reaction, or which have been adjusted to the proper alkalinity, may be conveniently treated with aluminum sulfate which precipitates as aluminum hydroxide in the form of
a colloidal dispersion; this slowly coagulates and
settles, carrying down with it suspended matter,
bacteria and coloring matters. After the precipitate has settled, the supernatant water is drawn
off and filtered through rapid sand filters; finally
it is chlorinated. Ozone is employed in some
municipal water-purification stations in place of
or in conjunction with chlorine; improved taste
is generally observed in waters thus treated. Considerable experimentation has been done on the
use of metallic silver as a sterilizing agent for
water supplies ; one method, developed abroad, employs sand, which has been plated with silver, as
a filtering medium. Sterilization by oligodynamic
action is the term applied to this process ; it refers
to the action of a small amount of silver.
Analysis of Water. — The analysis of water
to determine its suitability for drinking is referred
to as a sanitary examination. Pollution by sewage
is chiefly responsible for rendering water unsuitable for drinking, and evidence of this can be
determined with certainty only by a combination
of physical, chemical and bacteriological tests.
Sometimes, toxic contaminants are of chemical
origin entirely as, for example, fluorides or lead,
in which case chemical examination suffices to
determine the quality of water. It is to be emphasized that upper limits of chemical impurities
cannot generally be established with rigor; much
depends on the source of the water and the interpretation ofthe results of a sanitary chemical
analysis must include a consideration of the geology of the water source and route, as well as any
other factors which may have a bearing on the
water being examined.
The methods employed in the chemical, physical and bacteriological examination of water to
determine its potability are described in Standard Methods of Water Analysis, American Public
Health Association. Physical and chemical tests
are provided for turbidity, color, odor, pH, hardness, many specific anions and cations, and for
certain special constituents such as tannin, hydrogen sulfide, etc. The importance of most of these
tests as health-guarding measures is obvious; the
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tests for the several forms of nitrogen aid in
establishing the state of vegetable or animal contamination, while the presence of chloride ion is
often, but not always, indicative of sewage contamination. Bacteriological tests include a determination of the total count of bacteria and an
examination for the presence of members of the
conform (coli-aerogenes) group of bacteria.
Water may also be examined to determine its
fitness for varied industrial uses, as for steam production, for various textile uses, for laundering,
etc. Such industrial analyses of water, which are
almost always chemical in nature, vary in nature
with the use to which the water is to be put. The
standard methods are described in the aforementioned Standard Methods of Water Analysis.
Description. — "Water is a clear, colorless,
odorless liquid." U.S.P.
Standards and Tests. — Acidity and alkalinity.
— No red color is produced on adding 2 drops of
methyl red pH indicator to 10 ml. of water. Xo
pink or red color is produced on adding 2 drops
of phenolphthalein T.S. to another 10 ml. portion
of water. Heavy metals. — Hydrogen sulfide T.S.
produces no darkening when added to water containing diluted acetic acid, comparison being made
with an identical volume of water to which purified water is added in place of the hydrogen sulfide
reagent. Zinc. — Xo greater turbidity is produced
by adding 3 drops of glacial acetic acid and 0.5
ml. of potassium ferrocyanide T.S. to 50 ml. of
water than when the same reagents are added to
50 ml. of purified water. Foreign volatile matter.
— Xo odor is evolved on heating water nearly to
the boiling point and agitating. Total solids. — Xot
over 100 mg. residue is obtained from 100 ml. of
water on evaporating to dryness on a water bath,
then heating at 105° for 1 hour. Bacteriological
purity. — Water meets the standards for bacteriological purity required for potable water by the
United States Public Health Service. U.S.P.
Water meeting the above requirements may be
used in a number of pharmaceutical operations
such as the extraction of vegetable drugs. It should
be used in non-official preparations only if it is
certain that no undesirable reactions will occur;
for example, boiling renders most samples of tap
water appreciably alkaline and this may result in
harmful physiological effect and also destruction
of medicaments which are unstable in alkaline
media.
Action on Metals. — The action of water upon
various metals has been studied by Jorissen (Internat. Pharm. Cong., 1914, 696) who found that
aluminum was but slightly affected by distilled
water; ordinary water acted upon it decidedly,
producing crater-shaped corrosions, this more than
likely due to the fact that most boiled potable
waters, through release of carbon dioxide, become
decidedly alkaline, often reaching a pH of over
8.5. Magnalium (an alloy of magnesium and aluminum) isless liable to corrosion. Copper is only
slightly affected by distilled water; sea water, free
from air, does not act upon copper, but in the
presence of air, corrosion readily occurs with formation of carbonates and chlorides. Lead is dissolved bywater which is free from carbon dioxide,
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especially when dissolved oxygen is present; the
presence of carbon dioxide appreciably lowers the
proportion of dissolved lead. Xickel is not corroded even by sea water; over 35 per cent of
nickel will prevent iron from rusting. Tin resists
any action of distilled water; ordinary water acts
upon it slightly; sea water containing air acts upon
it at first, but it is soon protected by a layer of
basic salts. Zinc in distilled water free from carbon
dioxide and oxygen retains its shining surface for
years; when oxygen is present zinc hydroxide is
produced, which is slightly soluble, and when carbon dioxide is present, a slightly soluble carbonate
is also formed. Alloys such as monel metal and
the
steels" are very resistant to water,
both "stainless
cold and hot.
Mineral Waters. — Xatural spring waters
which contain a sufficient concentration of inorganic salts, with or without dissolved gases, to
exert a physiological effect are called mineral
waters. With reference to physiologic effects.
Goldberger {Arch. Phys. Med., 1945, 26, f
classified mineral waters broadly on the following
bases: (1) Temperature of the water at its source;
(2) dominant salt constituents; (3) gaseous constituents; (4; osmotic influence on body tissues
and fluids. Further classification, according to temperature, leads to the following groupings: (a.)
Nonthermal cold (temperature below 70° F.);
(b) thermal tepid (temperature between 70° and
98° F.); (c) thermal { temperature between 98°
and 106° F.) ; (d) hyperthermal (temperature
above 108° F.). On the basis of salt components
mineral waters may be classified as: (a) Alkaline
waters, in which sodium, potassium, calcium and
magnesium ions occur along with, chiefly, bicarbonate ion; (b) saline waters, in which sodium,
potassium, calcium and magnesium cations are
usually combined with chloride or sulfate; (c)
alkaline-saline waters, containing the constituents
mentioned in the two preceding categories; (d)
ferruginous, or chalybeate, waters, which contain
ferrous iron; (e) special waters, containing lithium,
strontium, arsenic, or iodine. Among gaseous constituents, carbon dioxide is the most important;
it may occur free (escaping quickly), dissolved
(escaping slowly), and "half-bound" in the form
of bicarbonates. Alkaline, saline, and alkalinesaline waters frequently contain carbon dioxide
in one form or another. Hydrogen sulfide is the
constituent characteristic of sulfuretted waters.
Radium waters actually contain radon (radium
emanation). Classification of mineral waters on
the basis of osmotic influence leads to isotonic,
hypotonic and hypertonic waters, with reference
to the osmotic pressure of blood plasma.
Carbonic Acid Water. — This water, also
called carbonated water, and formerly official in
the U. S. Pharmacopeia, consists of water charged
with carbonic acid. Water at room temperature
will dissolve approximately its own volume of
carbon dioxide gas at a pressure of one atmosphere. The solubility of the gas increases as the
temperature of the water is lowered, or the pressure upon the gas increased. For each atmosphere
that the pressure of the gas is increased, the water
will dissolve another volume of carbon dioxide so
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that at 5 atmospheres (corresponding to a pressure of 75 pounds per square inch) water will dissolve about 5 times its volume of the gas.
Carbonic acid water has an agreeable, pungent,
acidulous taste. It reddens litmus, produces a precipitate with lime water, and effervesces markedly
when the pressure over the water is released.
Hence, to preserve it, it should be kept in strong,
well-stoppered bottles placed inverted in a cool
place. Many natural waters contain carbonic acid.
Carbonic acid water is especially acceptable to
febrile patients, allaying thirst, lessening nausea
and gastric distress, and promoting the secretion
of urine. The quantity taken need only be regulated by the reasonable wishes of the patients. It
is useful also as a vehicle for administering saline
cathartics generally, making these less objectionable to the palate and better tolerated by the
stomach, especially when it is in an irritated state.
Medicinal Properties of Water. — When
taken internally, cold water, below 10°, inhibits
secretion of digestive juices and therefore delays
digestion; at a temperature of from 15° to 21° it
is almost without effect; at tepid temperatures,
25° to 32°, it is likely to nauseate, and if taken
in large amount may produce emesis. Following
its absorption water increases all secretions, notably those of the kidney and sweat glands. It is
therefore frequently used as a diuretic when it is
desired either to wash out toxic substances from
the system or, by dilution, to make an irritating
urine more bland. In conjunction with external
heat, or diaphoretic drugs, it serves to increase
perspiration in various morbid conditions. When
the systemic effects of water are desired quickly
it is given parenterally in the form of dextrose
injection, Ringer's solution, and isotonic sodium
chloride injection. Although it is a valuable therapeutic agent when properly used, it should not be
forgotten that excessive drinking of water may
prove harmful, especially in patients with feeble
heart muscle.
Externally, water may produce therapeutic
effects through chemical, thermal or mechanical
action, or a combination of two or more of these
actions. Over small areas it may be applied very
hot, 49° to 60°, or ice cold, for its counterirritant
effect in various internal inflammations. Continuous tepid baths have a pronounced sedative effect
and are useful for quieting maniacal patients. The
use of hot and cold baths has become a valuable
therapeutic adjunct; for consideration of the subject the reader is referred to textbooks on hydrotherapy (see also Currence, Bull. N. Y. Acad.
Med., 1948, 24, 803).
Mineral waters are widely used both internally
and externally, and are the basis of balneotherapy
as practiced at the spas. While many other factors
are also involved there is no question that the
beneficial effects of many mineral waters are at
least in part physiologic. Goldberger (Arch. Phys.
Med., 1945. 26, 558) summarized some of the
papers dealing with the physiologic and pharmacologic actions of various mineral waters. Frequently artificial mineral waters are prepared by
adding various salts to water; these may be used
internally or externally. Of the saline baths one
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of the most prominent is the so-called Nauheim
or carbonated baths. The naturally effervescent
spring, Bad Nauheim in Germany, provides the
natural water. Artificial Nauheim baths, however,
have been widely employed. For this purpose the
following formula may be used: In one package is
a mixture of sodium carbonate, 1^2 pounds; sodium bicarbonate, Yz pound; calcium chloride, 3
pounds; sodium chloride, 2 pounds. This is dissolved in the bath of about 50 gallons, and then
afterward 1 pound of sodium bisulfate is added
slowly. This bath is used chiefly in the treatment
of certain forms of heart disease. McClellan et al.
(Am. Heart J., 1945, 29, 44) found that a hyperemia developed over the immersed area of
the skin of patients emerging from a carbon dioxide bath, and that the skin temperature was
from 0.9 to 1.8° F. higher in carbon dioxide than
in plain water when the baths were both at a contemperature between
100° F. There
was a stant
considerable
increase 95°
in and
the elimination
of
carbon dioxide in the expired air during the time
the patient was in the mineral water baths; the
evidence supports the theory that some carbon
dioxide is absorbed through the skin and subsequently eliminated through the lungs. McClellan
and his co-workers believe that carbon dioxide
baths have a definite physiologic effect in treating
disorders of the heart and circulation.
Another and very old bath which was formerly
used both as a diaphoretic and as a stimulant in
various forms of shock is the mustard bath, which
was prepared by adding ground mustard in the
proportions of 1 or 2 ounces for each gallon of
water.
Off. Prep.— Purified Water, U.S. P.; Distilled
Water. B.P., LP.; Water for Injection, U.S. P.,
B.P., LP.
WATER

FOR INJECTION.
U.S.P., B.P., I.P.

Water for Parenterals,

[Aqua Pro Injectione]

"Water for Injection is water purified by distillation for the preparation of products for parenteral use. When packaged, it is sterile. It contains
no bacteriostatic agent or other added substance
except when it is in a multiple-dose container of
not over 30-ml. size or when it contains 0.1 per
cent of hydrous citric acid and is marketed in
combination with dried normal human plasma for
which it is to be the solvent." U.S.P.
The B.P. requires that Water for Injection be
prepared by distilling potable water from a neutral glass or metal still fitted with an efficient
device for preventing entrainment; the first portion of distillate is to be rejected, the remainder
collected in a neutral glass container and immediately sterilized by heating in an autoclave. When
the water is to be free from carbon dioxide the
distillate is to be boiled for 10 minutes with as
little exposure to air as possible, then cooled, distributed in the final containers, and sterilized by
heating in an autoclave. The I.P. requires that
freshly distilled water be used to distil water for
injection, the first portion of distillate being rejected and the distillation discontinued when the
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volume of water in the still is reduced to onetenth the original volume.
Sp. Agua para Inyeccidn.

for Injection." U.S.P.

Standards and Tests. — Total Solids. — The
limit is 20 parts per million, unless the water is
packaged and sterilized in glass containers of a
capacity of 30 ml. or less, when the limit is 40
parts per million (to allow for solution of container or stopper constituents on sterilization), or
unless it is packaged and sterilized in containers
of more than 30 ml. and not more than 100 ml.,
when the total solids may not exceed 30 parts per
million. When added substances are present these
limits do not apply. Chloride. — No opalescence
is produced when 5 drops of nitric acid and 1 ml.
of silver nitrate T.S. are added to 100 ml. of water
for injection, except when packaged and sterilized
in glass containers of a capacity of 30 ml. or less,
when no opalescence is discernible within 10 minutes following addition of 47 ml. of purified water,
5 drops of nitric acid, and 1 ml. of silver nitrate
T.S. to 2 ml. of water for injection, in a 50-ml.
Nessler tube. Pyrogen. — The requirements of the
official test are met. Sterility. — The requirements
of the official test are met. Other tests. — Water
for injection meets the requirements of other tests
under Purified Water, except when it contains a
bacteriostatic agent or other added substance
which interferes with a particular test. U.S.P.
Uses. — Water for injection is intended, as indicated by its title, to be used in preparing products
for parenteral use. The water must be prepared
by distillation since deionized water is likely to
contain microorganisms. It is essential that the
distillate be collected in a clean container. Pyrogens (see discussion under Injections, in Part II)
must be absent since these are responsible for
febrile reactions which may occur when water containing such substances is injected.
Labeling. — "If bacteriostatic agents or other
substances are added to Water for Injection as
indicated above, the quantity or proportion of
each substance so used is indicated on the labeling." U.S.P.
Storage. — Preserve "in single-dose containers
holding not more than 1000 ml. or in multiple-dose
containers holding not more than 30 ml., preferably of Type I, Type II, or Type IV glass. Water
for Injection containing no antibacterial agent
may be packaged in a multiple-dose container of
not greater than 100-ml. size provided the package is marketed in combination with a medicinal
preparation for parenteral administration for
which it is to be the solvent and provided the resulting solution is bacteriostatic or is to be used
immediately. Water for Injection may be stored
for not more than 24 hours in well-cleansed, tight
containers at a temperature below or above that
at which bacterial growth may take place." U.S.P.
PURIFIED

WATER.

enteral administration or in preparations to be
used parenterally. For such purposes use Water

U.S.P. (B.P., LP.)

Distilled Water (U.S.P. XIV)

"Purified Water is water obtained by distillation or de-ionization." U.S.P. The B.P. and LP.
recognize only Distilled Water (Aqua Destillata) .
"Caution. — Do not use Purified Water for par-

Fr. Eau distillee. Ger. Destilliertes Wasser. It. Acqua
distillata. Sp. Agua destilada.

No natural water is sufficiently pure for certain
pharmaceutical purposes, hence it must be purified
by distillation or de-ionization; for information
concerning the latter procedure see the discussion
of Removal of Ions from Water, in the article on
Water.
In distilling water from stills which are charged
intermittently it is imperative that both the first
portion that passes over and the last portion remaining in the still be rejected. The former contains volatile impurities as, for example, ammonia
and carbon dioxide; the latter represents a concentrated solution of less volatile constituents and
salts which may contaminate the distillate through
entrainment or hydrolytic decomposition of the
more complex organic constituents into simpler,
more volatile compounds. Water is generally distilled, however, in stills manufactured expressly for
that purpose. These are continuous in their operation and are so constructed as not to require rejection of the first and last portions of water.
Elimination of volatile impurities is effected by
collecting the distillate at a temperature of 70° to
90°, thus permitting volatilization of dissolved
gases. By the use of baffles, entrainment is avoided,
and by continuously drawing off a portion of the
water in the boiling chamber concentration of dissolved matter is minimized. Such stills must be
operated within the prescribed rate of flow of
water and rate of heating, and they must be
cleaned regularly. Improper use of the stills or use
of faultily constructed apparatus may lead to the
collection of distilled water that is more impure
than the original. Block tin and quartz are the best
materials for the construction of condensers and
receivers for distilled water ; their high cost is the
objection to their general use. Copper should not
be used because of the catalytic effect of small
amounts of it in decomposing certain chemicals
that may be dissolved in the water.
Unless special precautions are taken to exclude
air, distilled water will absorb from it sufficient
carbon dioxide to produce an acidity corresponding approximately to pH 5.7. In determining the
pH, colorimetrically, of water or unbuffered solutions, Kolthoff and Kameda (J.A.C.S., 1931, 53,
825) conclusively demonstrated the need for using
an isohydric indicator solution, i.e., one having
the same pH as the liquid being tested; directions
for carrying out a precise measurement are given
in their paper. Purified water which has been
stored for some time in glass, even the most resistant varieties, will dissolve a small amount of
the glass; this is allowed for in the U.S.P. test
for total solids.
Distilled water used for drinking purposes must
be aerated in order to mask the flat insipidity of
taste. This is sometimes accomplished by passage
through charcoal filters.
Description. — "Purified Water is a colorless,
odorless, clear liquid." U.S.P.
Standards and Tests. — Reaction. — No red
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color is produced on adding 2 drops of methyl red
pH indicator to 10 ml. of purified water. A 10-ml.
portion of the water shows no blue color on addition of 5 drops of bromothymol blue pH indicator.
Chloride. — No opalescence results on adding 5
drops of nitric acid and 1 ml. of silver nitrate T.S.
to 100 ml. of purified water. Sulfate. — No turbidity isproduced on adding 1 ml. of barium chloride T.S. to 100 ml. of purified water. Ammonia.
— Not more than a faint yellow color results when
1 ml. of alkaline mercuric-potassium iodide T.S.
is added to 100 ml. of purified water. Calcium. —
No turbidity is produced when 2 ml. of ammonium
oxalate T.S. is added to 100 ml. of purified water.
Carbon dioxide. — A mixture of 25 ml. each of
purified water and calcium hydroxide T.S. is clear.
Heavy metals. — Hydrogen sulfide T.S. produces
no darkening when added to purified water containing diluted acetic acid, comparison being made
with an identical volume of purified water. Oxidizable substances. — On heating 100 ml. of purified
water and 10 ml. of diluted sulfuric acid to boiling, then adding 0.1 ml. of 0.1 N potassium permanganate and boiling for 10 minutes, the pink
color does not completely disappear. Total solids.
— Not more than 10 parts per million. U S.P.
Labeling. — "Label Purified Water to indicate
the method of preparation." U.S.P.
Storage. — Preserve "in well-closed containers." U.S.P.

EMULSIFYING
Cera

WAX.

B.P.

Emulsificans

Emulsifying wax is a mixture of 90 per cent
cetostearyl alcohol and 10 per cent sodium lauryl
sulfate. A method of preparing it is to melt 90
Gm. of cetostearyl alcohol and, after heating it
to about 95°, incorporate 10 Gm. of sodium lauryl
sulfate, then 4 ml. of water, and heat at 115° until
frothing ceases and the mixture is translucent,
indicating expulsion of the water; the mixture is
then cooled quickly. The water is employed to
facilitate the dispersion of sodium lauryl sulfate
in the fatty alcohol.
Description. — Emulsifying wax is an almost
white, or pale yellow, waxy solid; it has a faint
and characteristic odor. On warming it becomes
plastic. Emulsifying wax is almost insoluble in
water, forming an emulsion; it is partially soluble
in alcohol.
Standards and Tests. — Acid value. — Not
more than 0.1. Iodine value. — Not more than 3,
determined by the iodine monochloride method.
Saponification value. — Not more than 1. Unsaponifiable matter. — Between 88.0 and 92.0 per
cent, having an acetyl value between 170 and 185,
and a melting point not below 43°. Alkalinity. —
A dispersion of 5 Gm. of the wax in 25 ml. of
warm neutralized alcohol, when cooled, is not
colored red upon addition of a phenolphthalein
solution. Water and lower alcohols. — The initial
boiling point is not lower than 300°.
Uses. — The pronounced hydrophilic property
of emulsifying wax is utilized in preparing the
B.P. Emulsifying Ointment, which is miscible with
water in all proportions, and also Simple Cream,
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a washable ointment base (see this volume for
both formulas).
WHITE

WAX.

U.S.P. (B.P.)

Bleached Beeswax,

Cera Alba

"White Wax is bleached yellow wax." U.S.P.
The B.P. recognizes the same product.
B.P. White Beeswax. Bleached Wax. Fr. Cire blanche.
Ger. Weiszes Wachs; Gebleichtes Wachs. It. Cera bianca.
Sp. Cera bianca.

According to Jaubert (Compt. rend. acad. sc,
1927, 185, 405) the wax secreted by the bee is
colorless, the yellow tinge of ordinary beeswax
being due to the varnish of propolis — which is
derived from resiniferous plants — on the cover of
the cells of the comb. This coloring matter can
be. destroyed by oxidation. Formerly this was accomplished byexposing the wax, in thin ribbons,
to the effects of sun, air, and moisture. Although
this method is still practiced, at present wax is
generally bleached by chemical oxidants such as
potassium permanganate, hydrogen peroxide, or
benzoyl peroxide. The chemical changes which
occur during bleaching lessen somewhat its unctuous character, but are not marked enough to interfere with its pharmaceutical uses. It sometimes
contains free fatty acids, resulting from the
bleaching process, which render it unfit for use
in certain preparations. These acids may be removed by treatment with alcohol.
Description. — "White Wax is a yellowish
white solid, somewhat translucent in thin layers.
It has a faint, characteristic odor, and is free from
rancidity. Its specific gravity is about 0.95. White
Wax is insoluble in water, and sparingly soluble
in cold alcohol. Boiling alcohol dissolves the
cerotic acid and a portion of the myricin, which
are constituents of White Wax. White Wax is
completely soluble in chloroform, in ether, and in
fixed and volatile oils. It is partly soluble in cold
benzene and in cold carbon disulfide, and is completely soluble in these liquids at about 30°. White
Wax melts between 62° and 65.°" U.S.P.
Standards and Tests. — Acid value. — Not less
than 17 and not more than 24. Ester value. — Not
less than 72 and not more than 79. Other characteristics.— They are identical with those of yellow
wax. U.S.P.
For information concerning the chemical composition of white wax see under Yellow Wax.
White wax is an ingredient of several official
ointments.
Storage. — Preserve "in well-closed containers." U.S.P.
YELLOW

WAX.

U.S.P.

Beeswax, Cera Flava

"Yellow Wax is the purified wax from the
honeycomb of the bee, Apis mellifera Linne (Fam.
Apidce):' U.S.P.
Yellow Beeswax. Cera Citrina. Fr. Cire jaune. Ger.
Gelbes Wachs; Bienenwachs; Wachs. It. Cera vergine.
Sp. Cera amarilla.

The name Apis mellifera was given to the
honeybee of Linnaeus in 1758, Systema Naturae,
10th edition; subsequently
(ibid., 12th edition,
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1767), Linnasus changed the name to mellifica, but
according to the established rules of scientific
nomenclature the first name must hold. It was at
one time doubtful whether the wax which constitutes the walls of the honeycomb is elaborated or
merely gathered by the insect. Huber, however,
by feeding bees exclusively on honey and water,
determined that under these circumstances wax is
produced in the form of scales under the rings of
the abdomen. A wax is also produced in India by
the so-called Kota bees, belonging to the genus
Melipona; they are minute stingless insects, which
furnish a sticky, dark-colored wax, resembling in
physical and chemical characteristics the propolis
of the honeybee rather than the true wax. According to H. Ikuta the Japanese honeybee, Apis
indica, giving wax closely resembling Oriental
beeswax, is rapidly disappearing {Analyst, 1931,
56, 430).
Propolis or bee-glue is a brownish resinous substance sometimes deposited at the base of the
hive; it is collected from the resinous exudate of
buds of various trees such as the balm of Gilead,
balsam poplar and conifers. Jaubert (Compt. rend,
acad. sc, 1927, 185, 405) expressed the opinion
that the yellow color of beeswax is due to the
presence of propolis, the wax secreted by the bee
being colorless.
Wax is obtained by slicing the comb taken from
the hive, removing the honey by centrifugal action,
and melting the residue in boiling water, which is
kept hot for some time in order to allow the impurities to separate and either subside or be dissolved by the water. When the liquid cools the
wax solidifies. Further purification is effected by
repetition of the treatment with hot water and by
straining the melted wax. It is finally poured into
suitable containers or molds to solidify.
Description. — "Yellow Wax is a solid, varying in color from yellow to grayish brown. It has
an agreeable, honey-like odor. It is somewhat
brittle when cold, and presents a dull, granular,
noncrystalline fracture when broken. It becomes
pliable from the heat of the hand. Its specific
gravity
about 0.95."
see underis White
Wax. U.S.P. For solubility data
Standards and Tests. — Camauba wax. — 100
mg. of yellow wax is dissolved in 20 ml. of
re-butanol with the aid of heat, and this solution
allowed to cool to room temperature during a
period of 2 hours. The fine, needle-like crystals
which separate have the appearance, under the
microscope, of loose needles or stellate clusters,
without showing any of the amorphous masses
characteristic of camauba wax. Fats or fatty acids,
Japan wax, rosin, or soap. — Yellow wax is not
saponified on boiling 1 Gm. for 30 minutes with
35 ml. of a 1 in 7 solution of sodium hydroxide,
the volume being maintained constant by addition
of water; on cooling the mixture the wax separates without leaving the liquid opaque. On filtering the cold mixture through glass wool or asbestos
and adding an excess of hydrochloric acid to the
filtrate no precipitate forms. Acid value. — Not
less than 18 and not more than 24. Ester value. —
Not less than 72 and not more than 77. UJ>.P.
Composition. — The chief constituent of beeswax is myricin (myricyl palmitate) , which melts

at 72°. It also contains cerotic acid (formerly
called cerin), C2GH52O2, and melissic acid, C30H00O2. There are also present about 6 per cent of
hydrocarbons of the paraffin series, including
heptacosane, C2tH56, and hentracontane , C:uHe4.
Myricyl alcohol, C30H61OH, is liberated when
myricyl palmitate is saponified; when fused with
potash lime it is converted into potassium melissate, KC30H59O2.

Adulterations. — Beeswax is frequently adulterated, the most common sophistications being
resin, paraffin, Japan wax and various fatty substances. All these may be ruled out by the official
tests for purity. For other tests, see U.S.D., 22nd
ed., p. 310.
Uses. — Wax has little effect upon the system.
Under the impression that it sheathed the inflamed
mucous membrane of the bowels, it was formerly
prescribed in diarrhea and dysentery; it is mentioned by Dioscorides as a remedy in the latter
ailment. It is used in the formulation of ointments,
cerates, plasters, suppositories, and surgical dressings, etc., in which it acts mechanically, either
imparting stiffness or serving to protect from
water. A medium composed of a vegetable oil and
beeswax (usually the white variety) was found
very useful in delaying, and hence prolonging, the
action of such drugs as penicillin and curare; such
a vehicle was the basis of the first repository
forms of these medicaments.
Storage. — Preserve "in well-closed containers." U.S.P.
WHISKY.
Whiskey,

N.F.

Spiritus Frumenti

"Whisky is an alcoholic liquid obtained by the
distillation of the fermented mash of wholly or
partly malted cereal grains, and containing not
less than 47 per cent and not more than 53 per
cent, been
by volume,
at 15.56°.
It must
have
stored of
in C2H50H,
charred wood
containers
for
a period of not less than 2 years." N.F.
The term "whisky" is a corruption of the Gaelic
"usquebaugh" or more correctly "uisgebeatha,"
which signifies "water of life" and is said to have
been first applied to the spirit obtained from
barley in the Highlands of Scotland. As presently
defined, whisky is the distilled spirit from the fermented mash of various grains, including maize,
wheat, rye and barley.
There are three principal steps in the manufacture of whisky: fermentation, distillation, and
maturing or aging. In the earlier practice of
whisky manufacture, fermentation was allowed
to take place in open wooden tanks which were
never sterilized and in which many varieties of
wild yeast grew, and distillation was conducted
without regard to the content of constituents other
than alcohol in the distillate. The result was a
harsh and unpleasant distillate which on long
aging in charred oak barrels improved in taste and
aroma through slow chemical reactions taking
place between certain of the congeners (the name
given to the various non-ethanol constituents like
fusel oil) and the wood extractives. The higher the
content of congeners, the longer the aging period
required to obtain the proper quantity of extrac-
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tives to produce a product of pleasant flavor and
odor.
Today, whisky manufacture is under rigid scientific control. Ihe grain is selected on the basis of
maximum starch content and minimum bacterial
count. Corn and rye are extensively used, although
other grains may also be employed. The grain is
cut to a fine meal, mixed with water (preferably
limestone-bearing), and cooked under pressure to
a uniform consistency. When the cooking operation is complete, the mixture is partially cooled
and an aqueous slurry of malt is introduced,
whereupon the starch is converted into sugar. The
resulting mash is delivered to fermentation tanks
where it is mixed with a lactic acid-containing culture of a selected strain of yeast and some sterile,
screened ''back-slop" or waste from other stills,
the latter maintaining the content of amino acids
in the fermenting mash up to standard and also
providing more lactic acid, both of which promote
the action of yeast in converting sugar to alcohol.
Every effort is directed toward exclusion of organisms which produce other types of fermentation. After about 12 hours of fermentation, the
mixture or "beer," as it is called, is dropped into
a well from which it is pumped to stills, usually
of the continuous type, and distilled to produce
the "high wines" of 100 to 150 proof. If satisfactory, these are transferred to a cistern building
for dilution to the required proof and storage in
charred oak barrels. Faulty batches of distillate
are redistilled into cologne spirits. The barrels
used for storage of whisky are given a light,
medium, or heavy char, depending on the type of
whisky to be stored.
Modern methods of manufacturing whisky have
made it possible to reduce greatly the content of
fusel oil and other by-products which together are
responsible for the unpleasant taste and odor of
raw whisky. It appears to be unnecessary, therefore, to store such whisky in charred containers
for 4 years, as was formerly a requirement, in
order to improve its flavor and aroma, nor to require that it have the official minimum requirements as to acidity or content of esters, both of
which increase on storage (see Haggard and Haag,
Quart. J. Stud. Alcohol, 1940, 1, 444, and also
compare the N.F. definition and requirements with
those of the Federal Alcohol Administration, reprinted below, in part) .
Valaer and Frazier (Ind. Eng. Chem., 1936, 28,
92) showed that the amount of acids, esters, solids
and color increase on storage for 4 years in charred
oak barrels, with the largest increases occurring
during the first 6 months. The apparent content
of fusel oil also shows an increase, but when this
is calculated back to the original volume of whisky
in the barrel, there was actually a loss of this substance. Itis to be noted that the content of alcohol increases on storage in wooden casks because
of the greater rate of diffusion, and subsequent
evaporation, of water through the wood.
The federal standards of identity for several of
the many types of whisky recognized by the Federal Alcohol Administration Act, reproduced in
part from Regulations No. 5 (amended to June 5,
1948), are as follows:
"Whisky. — 'Whisky' is an alcoholic distillate
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from a fermented mash of grain distilled at less
than 190° proof in such manner that the distillate
possesses the taste, aroma, and characteristics generally attributed to whisky, and withdrawn from
the cistern room of the distillery at not more than
110° and not less than 80° proof, whether or not
such proof is further reduced prior to bottling to
not less than 80° proof; and also includes mixtures of the foregoing distillates for which no specific standards of identity are prescribed herein.
" 'Rye whisky,' 'bourbon whisky,' 'wheat
whisky,' 'malt whisky,' or 'rye malt whisky' is
whisky which has been distilled at not exceeding
160° proof from a fermented mash of not less
than 51 per cent rye grain, corn grain, wheat grain,
malted barley grain, or malted rye grain, respectively, and, if produced on or after March 1, 1938,
stored in charred new oak containers; and also
includes mixtures of such whiskies where the mixture consists exclusively of whiskies of the same
type. 'Corn whisky' is whisky which has been distilled at not exceeding 160° proof from a fermented mash of not less than 80 per cent corn
grain, stored in uncharred oak containers or reused
charred oak containers, and not subjected, in the
process of distillation or otherwise, to treatment
with charred wood; and also includes mixtures of
such whisky.
" 'Straight whisky' is an alcoholic distillate from
a fermented mash of grain distilled at not exceeding 160° proof and withdrawn from the cistern
room of the distillery at not more than 110° and
not less than 80° proof, whether or not such proof
is further reduced prior to bottling to not less than
80° proof, and is— (1) aged for not less than 12
calendar months if bottled on or after July 1,
1936, and before July 1, 1937; or (?) aged for not
less than 18 calendar months if bottled on or after
July 1, 1937, and before July 1, 1938; or (3) aged
for not less than 24 calendar months if bottled on
or after July 1, 1938.
" 'Straight rye whisky' is straight whisky distilled from a fermented mash of grain of which
not less than 51 per cent is rye grain. 'Straight
bourbon whisky' is straight whisky distilled from
a fermented mash of grain of which not less than
51 per cent is corn grain. 'Straight corn whisky'
is straight whisky distilled from a fermented mash
of grain of which not less than 80 per cent is corn
grain, aged for the required period in uncharred
oak containers or reused charred oak containers,
and not subjected, in the process of distillation or
otherwise, to treatment with charred wood.
" 'Straight wheat whisky' is straight whisky
distilled from a fermented mash of grain of which
not less than 51 per cent is wheat grain.
" 'Straight malt whisky' and 'straight rye malt
whisky' are straight whiskies distilled from a fermented mash of grain of which not less than 51
per cent of the grain is malted barley or malted
the official standards for identity of
rye,For
respectively."
"blended whiskies," "blends of straight whiskies,"
"spirit whisky," and the various foreign whiskies,
reference should be made to the regulations referred to above. Scotch whisky, a distinctive product of Scotland, possesses its characteristic smoky
flavor by virtue of its being prepared from barley
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malt dried in kilns over peat fires, from which it
takes up some of the volatile ingredients of the
smoke.
Whisky was formerly official in the U.S. P. but
was deleted from U.S. P. XIII.
Description. — "Whisky is a light to deep
amber-colored liquid, having a characteristic odor
and taste." X.F.
Standards and Tests. — Specific gravity. —
Not less than 0.923 and not more than 0.935.
Acidity.— A 25-ml. portion requires not less than
2 ml. and not more than 6 ml. of 0.1 X sodium
hydroxide for neutralization, using phenolphthalein
T.S. as indicator. Total solids, glycerin, sugar. —
Not over 100 mg. of residue, dried at 105° for 4
hours, is obtained from 20 ml. of whisky. The
residue is not sticky, and it has a slightly astringent but not distinctly sweet or bitter taste. Storage hi wood. — The residue from the preceding
test is not completely soluble in 5 ml. of water.
On adding 1 drop of ferric chloride T.S. (1 in 10)
to the filtered solution separated from the mixture
a greenish black color develops. Esters. — Not less
than 2 ml. and not more than S ml. of 0.1 N sodium hydroxide is required for saponification of
esters in a distillate representing 50 ml. of whisky.
Acetone, other ketones, isopropyl alcohol, and
tertiary butyl alcohol. — Mercuric sulfate T.S. produces no precipitate, within 3 minutes, when
added to a distillate from whisky. Alkaloids. —
Neither iodine T.S. nor mercuric potassium iodide
T.S. produces a precipitate when added to a
filtered, acidified portion of whisky from which
the alcohol has been removed by evaporation and
replaced by water. Caramel and certain coal tar
dyes. — On shaking whisky with a mixture of amyl
alcohol, phosphoric acid and water the aqueous
layer is colorless or very nearly so. Formaldehyde.
— A mixture of whisky, phloroglucinol solution
and sodium hydroxide T.S. has no color. Methanol.
— Chromotropic acid T.S. added to a distillate
from whisky which has been previously oxidized
with potassium permanganate solution and the
excess of permanganate reduced with sodium bisulfite solution, produces no violet color within
10 minutes when the mixture is heated at 60°.
Heavy metals. — No precipitate is produced when
hydrogen sulfide T.S. is added to an acidified solution representing whisky from which alcohol has
been evaporated: also, no precipitate is produced
after the mixture is made alkaline with ammonia
T.S. N.F.
Uses. — The therapeutic value of whisky depends chieflv on the alcohol that it contains (see
Haggard and Haag. Quart. J. Stud. Alcohol, 1940.
1, 444). Its only advantage as an internal medicine is the characteristic flavor which makes it
more acceptable to the palate of some persons. It
may be used for nearly all the therapeutic purposes for which alcohol of the same concentration
is employed (see Diluted Alcohol).
Storage. — Preserve "in tight containers." N.F.
WHITE

LOTION.
Lotio Alba

U.S. P.

Dissolve 40 Gm. each of zinc sulfate and sulfurated potash, in separate 450-ml. portions of

I

purified water, and filter each solution. Add the
sulfurated potash solution to the zinc sulfate solution, slowly and with constant stirring. Then add
enough purified water to make 1000 ml. Mix the
product well. Note. — The lotion should be freshly
prepared and shaken thoroughlv before dispensing.
U.S.P.
Uses. — White lotion is used in the treatment
of various types of skin diseases for which sulfur
is employed. The lotion is somewhat more active
than elemental sulfur but less so than sulfurated
potash. It may be used full strength or diluted
with equal parts of water.
A stabilized powder form of white lotion
(Pronac, Fougera) has been described (Perrin et
al., Am. Pract. Dig. Treat., 1955, 6, 883); a unit,
sufficient to prepare half a fluidounce of lotion,
consists of 0.60 Gm. of sulfurated potash, the particles of which are coated with a film of inert
protective colloid, and 0.40 Gm. of zinc sulfate
monohydrate.
WHITE

PINE.

White Pine Bark,

N.F.
Pinus Alba

"White Pine is the dried inner bark of Pinus
Strobus Linne (Fam. Pinaceae)" N.F.
Deal Pine;

Weymouth Pine;

Northern Pine.

The Pinus Strobus or white pine is a large handsome evergreen tree reaching a height of 150 feet,
found throughout the whole eastern portion of the
U. S. and lower Canada as far south as Georgia,
being most abundant in New England and Canada.
Its leaves are soft, bluish-green, 2 to 5 inches long
and occur in fascicles of five. Its carpellate cones
are slender, cylindric, often curved, 10 to 15 cm.
in length, with oblong-obovate scales bearing
winged reddish-brown seeds. Its wood, because of
its fight color, ease of working and freedom from
resin is one of the most highly esteemed sorts of
lumber. The part used in medicine is the dried
inner bark which is officially described as follows :
Description. — "Unground White Pine occurs
as flat pieces of variable size, from 1 to 3.5 mm. in
thickness. The outer surface is light brown to
weak yellowish orange, occasionally having small
patches of dark periderm adhering, and often
showing small scattered pits. The inner surface is
weak orange to yellowish orange, finely striated
longitudinally, and transversely corrugated. The
fracture is short and irregular. White Pine posses es a slightly terebinthinate odor and a slightly
mucilaginous, sweet, then bitter and astringent
taste." X.F. For histology see X.F. X.
"Powdered Wlute Pine is weak yellowish orange
to light yellowish brown. It shows numerous fragments of sieve tube groups and fiber-like cells,
some crossed by phloem rays; thin- walled parenchyma cells, isodiametric or elongated, many containing starch grains. The starch grains are numerous, simple, rounded or oval, up to 35 \i in
diameter, some having a cleft through the center.
Prisms of calcium oxalate are few, up to 25 n in
length. Resin occurs in orange-colored, angular
masses. Borke elements and stone cells are few
and tracheids are few or absent." X.F.
Standards and Tests. — Outer bark. — Not
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over 1.5 per cent of adhering bark. Foreign organic
matter. — Not over 0.2 per cent, other than adhering outer bark. Acid-insoluble ash. — Not over 0.5
per cent. N.F.
Constituents. — White pine bark contains a
glycoside coniferin, C16H22O8.2H2O. This, when
hydrolyzed, yields coniferyl alcohol which can be
oxidized to vanillin. It is not probable that coniferin is of any remedial value, although it is a
commercial source for synthetic vanillin. The bark
also contains upwards of 10 per cent of tannin and
some mucilage and oleoresin. Presumably any
therapeutic value the bark may have resides in
the volatile oil and resin, which, however, do not
appear to have been carefully investigated.
Uses. — White pine bark is used as an ingredient in cough syrups. As it is always employed
in conjunction with other remedial agents, it is
difficult to determine whether it does possess any
real virtues.
Dose, from 1 to 3 Gm. (approximately 15 to
45 grains).
Off. Prep. — Compound White Pine Syrup,
N.F.
COMPOUND
Syrupus

WHITE
N.F.

PINE

Pini Alba

Compositus

SYRUP.

Mix 85 Gm. each of white pine and wild cherry,
10 Gm. each of aralia, poplar bud, and sassafras,
and 8 Gm. of sanguinaria, all in moderately coarse
powder, and moisten the mixed drugs with a
menstruum composed of 100 ml. of glycerin, 100
ml. of alcohol, and 200 ml. of water. Pack the
damp drug in a percolator, and macerate during
12 hours. Then percolate, using first the remainder
of the menstruum already prepared, and then a
mixture of 1 volume of alcohol and 3 volumes of
water until the percolate measures 600 ml. Filter
the percolate, if necessary, and in the clear liquid
dissolve 625 Gm. of sucrose, add 6 ml. of chloroform, 10 ml. of amaranth solution, and enough
water to make the product measure 1000 ml. N.F.
Alcohol Content. — From 10 to 12 per cent,
by volume, of C2H5OH. N.F.
This syrup is employed as a mild expectorant
in subacute bronchitis but its value is doubtful.
Dose, from 4 to 8 ml. (approximately 1 to 2
fluidrachms) .
Storage. — Preserve "in tight containers, and
avoid excessive heat." N.F.
COMPOUND
WITH

WHITE
PINE
SYRUP
CODEINE.
N.F.

Syrupus Pini Albae Compositus cum Codeina

Dissolve 2 Gm. of codeine phosphate in 10 ml.
of purified water with the aid of heat, and mix
this solution with enough compound white pine
syrup to make 1000 ml. N.F.
Alcohol Content. — From 10 to 12 per cent,
by volume, of C2H5OH. N.F.
This syrup exerts the sedative effect of codeine
but is rarely prescribed.
Dose, 4 ml. (approximately 1 fluidrachm).
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Storage. — Preserve "in tight containers, and
avoid excessive heat." N.F.
SHERRY

WINE.

N.F.

Vinum Xericum

"Sherry Wine is an alcoholic liquid obtained by
fermenting the juice of sound, ripe grapes, fortifying with brandy, and containing, at 15.56°, not less
than 17 per cent and not more than 24 per cent,
by volume, of C2H5OH." N.F.
Since the 16th century sherry has been a wellknown wine in Spain and also in England. The
name is derived from Jerez de la Frontera, the
Spanish town which is the center of the sherryproducing district of that country. In the Jerez
district the wines are matured in casks which are
never cleaned, in order that the organisms responsible for imparting the characteristic flavor and
aroma of sherry may be perpetuated and the
character of the wine maintained. Nevertheless,
changes in the wine have occurred. To minimize
the differences in sherry wines of different vintages itis customary to blend wines. Sherry wines
may be classified as dry, medium, or sweet, depending on the content of natural grape sugar. A
further distinction may be made between sherry
wines which have been submitted to a mild secondary fermentation by permitting a film of yeast
to form on the surface of the drier types of sherry,
causing a "flowering" which imparts to a high
degree the characteristic properties of sherry and
those wines which have not been thus treated,
Fermentation is in some instances checked by
adding grape brandy before all the natural grape
sugar is exhausted; this is the type of wine recognized by the N.F. It is apparent that sherry wines
may differ widely in flavor and aroma, in content
of alcohol, and in the identity and proportion of
its other constituents. Nevertheless, there is a
sufficient resemblance in the properties of certain
of these wines to classify them as belonging to
the "sherry" type.
Description. — "Sherry Wine is a pale yellowish brown or amber-colored liquid, having a characteristic aromatic odor and taste. The specific
gravity of Sherry Wine is not less than 0.985 and
not more than 1.030 at 15.56°." N.F.
Standards and Tests. — Acidity. — Not less
than 4 ml. and not more than 8 ml. of 0.1 N sodium hydroxide is required for neutralization of
10 ml. of sherry wine. Total solids, glycerin, and
sugar. — Not over 1.75 Gm. of residue, dried at
105° for 4 hours, is obtained from 25 ml. of sherry
wine. Ash. — Ignition of the residue from the preceding test yields not more than 125 mg. of ash.
Volatile acids. — Sherry wine yields not more than
140 mg. of acids, calculated as acetic acid, from
100 ml. Sidfate. — Not over 340 mg. of barium
sulfate may be obtained from 50 ml. of sherry
wine when the sulfate is precipitated with barium
chloride T.S. Total sulfur dioxide. — Not over 350
parts per million. Uncombined sulfur dioxide. —
Not over 70 parts per million. N.F.
Use. — Sherry wine is official because of its use
as an ingredient of the N.F. Beef, Iron and Wine.
Storage. — Preserve "in tight containers." N.F.
Off. Prep.— Beef, Iron and Wine, N.F.
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ALCOHOLS.

B.P.

Alcoholia Lanae

This mixture of cholesterol and other alcohols
is obtained by the saponification of the grease
from the wool of sheep; it is required to contain
not less than 28.0 per cent of cholesterol.
Description and Tests. — Wool alcohols is a
golden-brown solid, somewhat brittle when cold,
plastic when warm, with a faint characteristic
odor. Its fracture is smooth and shiny. It is insoluble in water, moderately soluble in alcohol, and
freely soluble in ether, chloroform and light petroleum. The addition of 1 ml. of acetic anhydride
and 2 drops of sulfuric acid to a solution containing 500 mg. of wool alcohols in 5 ml. of chloroform produces a green color.
Its melting point is not below 58°; the acid
value is not more than 2.0; the saponification
value (two hours' boiling) not more than 12;
acetyl value, between 130 and 140. It is completely soluble in 25 parts of boiling dehydrated
alcohol. No red color is produced when 2 Gm. is
dissolved in 25 ml. of hot alcohol which has been
freshly boiled and neutralized while hot after the
addition of 2.5 ml. of solution of phenolphthalein.
It loses not more than 0.5 per cent of its weight
when heated at 105° for one hour and leaves, on
incineration, not more than 0.15 per cent of
sulfated ash.
Assay. — About 100 mg. is dissolved in 12 ml.
of alcohol and allowed to stand for 12 hours, then
filtered and washed with 5 ml. of alcohol; 40 ml.
of a 0.5 per cent solution of digitonin in alcohol
is added to the filtrate and washings and the mixture warmed to 60° : the resulting precipitate of
cholesterol digitonide is collected, washed with
alcohol, and dried at 105°. Each Gm. of the residue is equivalent to 239 mg. of cholesterol.
Wool alcohols, when dispersed in petrolatum,
confers upon the latter hydrophilic power. It is
an ingredient of Ointment of Wool Alcohols (see
following article). For a discussion of the uses of
wool alcohols in the cosmetic industry see Soap
Per}. & Cos., 1945, 18, 125, 219.
OINTMENT

OF

Unguentum

WOOL
B.P.

ALCOHOLS.

Alcoholium Lanae

This ointment base contains 6 per cent wool
alcohols, 24 per cent hard paraffin, 10 per cent
white soft paraffin or yellow soft paraffin, and 60
per cent liquid paraffin; the melted mixture of the
ingredients is stirred until cold. In preparing the
ointment the proportions of the three paraffins
may be varied in order to produce a base having
suitable properties.
This base, because of its content of cholesterol,
is miscible with its own weight of water, for which
property it finds use when it is desired to incorporate an aqueous phase in petrolatum.
Off. Prep. — Hydrous Ointment; Ointment of
Salicylic Acid, B.P.
WOOL

FAT.

U.S.P., B.P.

Anhydrous Lanolin, Refined Wool Fat, Adeps Lanae

"Wool Fat is the purified, anhydrous, fat-like

substance from the wool of sheep, Ovis aries Linne
(Fam.
the
same.Bovidce)." U.S.P. The B.P. definition is
Anhydrous Wool Fat. Adeps Lanae Anhydricus. Fr.
Lanoleine; Graisse de suint purifiee. Ger. Wollfett. It.
Lanolina;
Grasso di lana. Sp. Lanolina;
Crasa de Lana.

The wool of sheep contains from 10 to 50 per
cent of a grease which occurs as an external coating on the fiber. It is analogous in function and
composition to human sebum. Wool fat is composed largely of fatty acid esters of high molecular weight alcohols, as cholesterol and oxycholesterol. The isocholesterol reported earlier as one
of the alcohols found in wool fat esters was shown
by Ruzicka and coworkers (Helv. Chitn. Acta,
1944, 27, 472), and others, to be a mixture of
alcohols, including the tetracyclic terpene derivatives lanosterol (C30H50O), y-lano sterol, dihydrolanosterol, and agnosterol (C30H48O). In view of
the demonstrated nonrelationship of these alcohols to sterols Noller {Ann. Rev. Biochem., 1945,
14, 402) proposed that the names lanosterol and
agnosterol should be changed, possibly to lanol
and agnol, respectively. A portion of these high
molecular weight alcohols exists free. Wool fat
also contains aliphatic alcohols, as cetyl, ceryl and
carnaubyl alcohols. The fatty acid components of
wool fat include carnaubic, cerotic, lanoceric,
lanopalmitic, myristic and palmitic acids.
Wool fat is most frequently obtained from the
soapy, greasy liquors from the scouring of raw
wool. In the old, established method, still widely
used, this liquid is "cracked" with sulfuric acid;
the greasy magma thus formed is skimmed off and
hot-pressed to free it from foreign matter. The
grease recovered by this method (or the older
method of lime treatment) contains some free
fatty acids, which are removed by refining. Certain
mechanical improvements, including the use of
centrifuges for separating the fat, and an aeration
process to accomplish the same purpose have been
used. These recover about 50 per cent of the grease
suspended in the liquors; the remainder must be
recovered by the acid treatment.
Processes have been in use in which the wool
fat was obtained directly from the raw wool by
extraction with volatile solvents. Extractions with
ether, benzene, petroleum ether, carbon disulfide,
and trichloroethylene have been reported.
Commercial wool grease requires extensive purification to make it suitable for medicinal use. This
is accomplished with the aid of solvents, bleaching
agents and other suitable reagents.
Description. — "Wool Fat is a brownish yellow, tenacious, unctuous mass, having a slight,
characteristic odor. Wool fat is insoluble in water,
but mixes without separation with about twice its
weight of water. It is sparingly soluble in cold
alcohol, more soluble in hot alcohol, and freely
soluble in ether and in chloroform. Wool Fat melts
between 36° and 42°." U.S.P.
Standards and Tests. — Loss on drying. — Not
over 0.5 per cent, when dried to constant weight
on a water bath. Residue on ignition. — Not over
0.1 per cent. Alkalinity. — A solution of 2 Gm. of
wool fat in 10 ml. of ether is not colored red by
2 drops of phenolphthalein T.S. Chloride. — The
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limit is 350 parts per million. Water-soluble acids
or alkalies. — A clear aqueous phase, neutral to
litmus paper, results when 10 Gm. of wool fat is
warmed with 50 ml. of water until the fat is
melted. Ammonia. — A portion of the aqueous solution from the preceding test emits no ammonia
when boiled with sodium hydroxide T.S. Glycerin.
— Another portion of the aqueous solution from
the test for water-soluble acids or alkalies leaves
no sweet residue when evaporated. Water-soluble
oxidizable substances. — A 10-ml. portion of the
aqueous solution from the test for water-soluble
acids or alkalies is not completely decolorized 10
minutes after adding 0.05 ml. of 0.1 N potassium
permanganate. Petrolatum. — A clear or not more
than opalescent solution is produced on boiling
40 ml. of dehydrated alcohol with 500 mg. of wool
fat. Acid valve. — Not over 2 ml. of 0.1 N sodium
hydroxide is required to neutralize 10 Gm. of wool
fat. Iodine value. — Not less than 18, and not more
than 36. U.S.P.
For account of uses see under Hydrous Wool
Fat.
Storage. — Preserve "in well-closed containers,
preferably
at a temperature not exceeding 30°."
U.S.P.
Off. Prep.— Hydrous Wool Fat, U.S.P. , B.P.;
Calamine Ointment; Ichthammol Ointment; Iodine Ointment; Strong Mercurial Ointment;
Compound Resorcinol Ointment; Scarlet Red
Ointment; Thimerosal Ointment, N.F.; Eye Ointments; Ointment of Hamamelis; Ointment of
Mercury; Simple Ointment, B.P.
HYDROUS

WOOL

Lanolin,

FAT.

Adeps Lanae

U.S.P., B.P.

Hydrosus

"Hydrous Wool Fat is wool fat containing not
less than 25 per cent and not more than 30 per
cent of water." U.S.P.
Adeps lanae cum Aqua. Fr. Lanoleine hydratee ; Graisse
de suint hydratee. Ger. Wasserhaltiges Wollfett. It. Lanolina idrata. Sp. Grasa de Lana Hidratada.

The B.P. directs Hydrous Wool Fat to be prepared by melting 700 Gm. of wool fat and gradually incorporating, by stirring, 300 ml. of distilled
water.
Description. — "Hydrous Wool Fat is a yellowish white, ointment-like mass, having a slight,
characteristic odor. Hydrous Wool Fat, heated on
a water bath, separates into an upper oily and a
lower water layer. When the heating is continued
with frequent stirring until the Hydrous Wool Fat
ceases to lose weight, a residue remains, which,
when melted, is transparent and when cold is a
yellowish, tenacious, unctuous mass completely
soluble in ether or chloroform and only sparingly
soluble in alcohol. Hydrous Wool Fat is insoluble
in water. It is soluble in chloroform and in ether,
with the separation of water." U.S.P.
Standards and Tests. — Water. — Not less
than 25 per cent and not more than 30 per cent,
when dried to constant weight on a water bath.
Other requirements. — Hydrous wool fat complies
with various tests under Wool Fat, allowance
being made for the proportion of water present.
U.S.P.
Uses. — Wool fat (anhydrous lanolin) is a stiff,

Fat, Hydrous
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sticky fat which is not too easily applied to the
skin but which may be mixed with other fats. By
virtue of its content of cholesterol and other high
molecular weight alcohols and their esters, anhydrous lanolin is capable of absorbing nearly half
its weight of water thereby enhancing, when incorporated with other fats, the capacity of the
latter to absorb water (see also Wool Alcohols).
Wool fat mixes with the fats of the superficial
layers of the skin and is believed to promote penetration and absorption of ointments and their
active ingredients when the former is also present.
In the experiments of Sutton and Gardiner (see
under Ointments, in Part II) it was found that
wool fat penetrated the skin much less readily
than did lard. On the other hand Johnston and Lee
(/. A. Ph. A., 1943, 32, 278), using as a tracer
radioactive sodium chloride dispersed as an aqueous solution in various ointment bases, found wool
fat to produce better absorption through the skin
than did a base of lard, petrolatum, or of a washable type of ointment. The efficacy of wool fat or
any other base in promoting release of a medicament when applied locally depends not only on
the base but also on the nature of the medicament
and the state of the skin to which the ointment
is applied.
Wool fat, particularly the hydrous form, has
been much used in the treatment of rough, dry
skin and allied conditions. While it is quite satisfactory for this purpose it has been largely superseded by newer formulations of the water-in-oil
emulsion type in which the emulsifying constituents of wool fat are used as emulsifying agents.
Reports of sensitization to wool fat led to the
deletion, in U.S.P. XIV, of this substance from
all ointments in which it was formerly used. Sulzberger et al. (/. Invest. Dermat., 1953, 20, 33)
studied skin hypersensitivity to lanolin and observed that in 12 subjects with positive patch tests
to lanolin 11 showed a positive patch test to the
aliphatic alcohol fraction, with only one of these
reacting to the alcohol fraction after it had been
acetylated. They considered it probable that one
or more of the free aliphatic alcohols of lanolin
were chiefly responsible for the observed hypersensitivity, for their denaturation through esterification resulted in reduction or disappearance of
the allergenic potential. Further tests by inunction
of lanolin on uncovered skin showed a positive
reaction in only 2 of 18 persons hypersensitive to
patch tests with lanolin. Also, only 3 of 18 subjects with positive reactions to undiluted lanolin
reacted to patch tests with 5 per cent of lanolin
in olive oil. No positive reactions to 1 per cent
lanolin were obtained. This apparently infrequent
occurrence of hypersensitivity to dilutions of wool
fat was considered to be of practical significance
since many cosmetic and medicinal preparations
contain only small proportions of lanolin. The low
incidence of reactions to dilutions of lanolin indicates that the hypersensitivity to lanolin is of
weak intensity when compared with other eczematous hypersensitivities.
Heerema and Friedenwald (Am. J. Ophth.,
1950, 33, 1421) studied the effects of lanolin applied to minute epithelial defects induced in the
cornea of albino rats and found that it produced
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a pronounced inhibition in the healing of the
wounds as compared with the healing in untreated
eyes. White petrolatum produced a similar effect
but to a lesser degree. Lanolin washed with 0.01
molar phosphate buffer of pH 7.4 and isotonic
saline solution showed no inhibitory effect on
corneal wound healing.
Anhydrous lanolin has been shown to be useful
in the treatment of miliaria, the sweat-retention
syndrome resulting from mechanical obstruction
of the sweat ducts or pores with prevention of
free sweating. The lanolin renders the keratinous
ring surrounding the sweat duct orifice patent following its closure in the presence of excessive
sweating or following application of solvent to the
skin. Wool fat is more effective than keratolytic
agents, such as salicylic acid, in maintaining the
patency of the duct orifice.
Several investigators have reported that lanolin
will detoxicate diphtheria toxin. This action is probably an adsorption effect, as Eisler and Gottdenker
{Ztschr. Immun. exp. Ther., 1937, 90, 427) found
that by shaking the mixture with chloroform the
toxicity was restored. Nelis (Compt. rend. soc.
biol., 1938, 127, 1423) reported that a mixture of
petrolatum and lanolin exposed to body temperature for a period of 8 to 24 hours will kill various
species of bacteria.
Storage. — Preserve "in well-closed, preferably
rust-proof, containers, preferably at a temperature
not exceeding 30°." U.S.P.
Off. Prep. — Compound Menthol Ointment;
Mild Mercurous Chloride Ointment, N.F.
DRIED

YEAST.

U.S.P.

Dry Yeast, Saccharomyces Siccum

"Dried Yeast consists of the dry cells of any
suitable strain of Saccharomyces cerevisice Meyen
(Fam. Saccharomycetacece) . Dried Yeast may be
obtained as a by-product from the brewing of beer
which has been made from an extract of cereal
grains and hops. The yeast cells are washed free
of beer and dried, and may or may not be debittered. These yeasts are commonly known, respectively, as 'Brewer's Dried Yeast' and 'Debittered
Brewer's Dried Yeast.' Dried Yeast may be obtained also by growing suitable strains of Saccharomyes cerevisice, using media other than those
required for the production of beer, and under
appropriate environmental conditions. The yeast
thus obtained is commonly known as 'Primary
Dried Yeast.' Dried Yeast contains not less than
45 per cent of protein and, in each Gm., the
equivalent of not less than 0.30 mg. of nicotinic
acid, 0.04 mg. of riboflavin, and 0.12 mg. of thiamine hydrochloride." U.S.P.
Sp. Levadura Desecada.

The pharmacopeial definition for dried yeast
is sufficiently broad to include yeasts obtained
from several sources, these being indicated in the
official definition. The debittering of brewer's
yeast, where this is required to improve taste, is
generally accomplished by washing the cells with
an alkaline liquid which removes the bitter resins
from hops.
Dried yeast obtained by growing strains of yeast

employed in the brewing of beer on media other
than that used in making beer is called brewer's
type yeast; while such yeast is included in the
official definition it should not, however, be called
brewer's yeast.
The thiamine of yeast occurs largely as the
phosphorylated compound called cocarboxylase or
thiamine pyrophosphate ; if the yeast is improperly dried it is largely converted to thiamine. The
niacin occurs as coenzyme I or coenzyme II; the
former is a dinucleotide composed of two molecules each of D-ribose and phosphoric acid, and
one molecule each of adenine and nicotinic acid
amide; the latter is a dinucleotide composed of
two molecules of D-ribose, three molecules of
phosphoric acid, and one molecule each of adenine and nicotinic acid amide.
Description. — "Dried Yeast occurs as yellowish white to weak yellowish orange flakes, granules, or powder, with an odor and taste characteristic of the type. Dried Yeast is inactive in
fermenting power.
"Histology. — Dried Yeast, when examined under
the microscope in water mounts, shows numerous
irregular masses and isolated yeast cells, the latter
ovate, elliptical, spheroidal, or elliptic-elongate in
shape, some with one or more attached buds; up
to 12 n in length and up to 7.5 n in width; each
with a wall of fungous cellulose surrounding a
protoplast containing refractile glycogen vacuoles
and oil globules; occasional septated hyphal outgrowths ofSaccharomyces cerevisics and segments
of elongated forms of yeast films." U.S.P.
Standards and Tests. — Fillers. — Dried yeast
contains no starch, corn meal or other filler, as
determined microscopically. Bacterial and mold
count. — Dried yeast is suspended in sterile water,
plated on nutrient agar, and incubated at 37.5°
for 48 hours: the five bacteria count does not exceed 7500 per Gm. and the mold count does not
exceed 50 per Gm. Water. — Not over 7 per cent.
Ash. — Not over 8 per cent. U.S.P.
Assay. — For protein. — This is performed by
determining the nitrogen content by the Kjeldahl
method and multiplying the percentage of nitrogen by 6.25. For thiamine hydrochloride. — This is
performed by the Thiochrome method. For riboflavin.— This is performed by measurement of the
fluorescence of riboflavin. For nicotinic acid. —
This is performed by the procedure provided for
Nicotinic Acid Tablets. U.S.P.
Uses. — Dried yeast powder is a valuable source
of vitamin B factors and of protein for therapeutic utilization. Although the amount of thiamine and other vitamins which it contains is small.
it is sufficiently cheap to be used in large doses as
a dietary supplement in institutions and in geographic areas with inadequate supplies of food.
In the treatment of cirrhosis of the liver, sprue,
pellagra, pernicious anemia, etc., as much as 30
to 90 Gm. is ingested daily. It may be suspended
in milk, fruit or vegetable juices, soup, or coffee,
according to the taste; it should preferably be
rubbed into a paste with a small amount of liquid
and then dispersed in a larger volume so that it
will not adhere to the utensils employed. A paste
may be made with cheese and spread on bread.
Tablets provide a more palatable dosage form. It
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is to be noted that pellagra has developed in patients receiving many yeast tablets daily; the
amount of nicotinic acid represented is small and
may be inadequate. S
Fresh baker's yeast is of little value as a source
of vitamins or proteins; the doses which may be
taken are small, both because of the bulk of the
fresh material and because of its laxative action.
Moreover, Ness et al. (Science, 1946, 103, 198)
found that administration of fresh yeast resulted
in increased levels of fecal thiamine and greatly
decreased levels of urinary thiamine; apparently
the thiamine is not absorbed.
Torula yeast (Torulopsis utilis) has been studied
as a source of food protein for animals and
humans. Since this strain of yeast will grow luxuriantly on waste-liquors from the wood-pulppaper and the cane sugar-molasses industry, it is
a cheap by-product of the necessary disposal of
these industrial wastes. Early dietary supplementation studies with dried torula yeast grown in
tropical areas resulted in diarrhea, apparently due
to bacterial contamination occurring during growth
in the vats. The development of hepatic necrosis
in rats with certain restricted diets, including one
containing torula yeast as a source of protein (but
not when brewer's yeast was similarly used), has
further confused the evaluation of torula yeast as
a dietary supplement (see Schwarz, Proc. S. Exp.
Biol. Med., 1951, 78, 852, 878; Ann. N. Y. Acad.
Sc, 1954, 57, 878); a factor 3, of unknown identity, may be concerned. Pending clarification of
these findings torula yeast has not received official
recognition.
Dose. — The usual dose of dried yeast is 10 Gm.
4 times daily, the range of dose being 1 to 10 Gm.
One tablespoonful of the yeast weighs about 10
Gm. and represents approximately 35 Calories,
4.6 Gm. of vegetable protein, 0.2 Gm. of fat, 3.7
Gm. of carbohydrate, 11 mg. of calcium, 189 mg.
of inorganic phosphorus, 1.8 mg. of iron, 1.2 mg.
of thiamine, 0.54 mg. of riboflavin, and 3.6 mg. of
nicotinic acid; no vitamin A or vitamin C is present. Yeast is relatively deficient in the essential
amino acid methionine.
Labeling. — "Label Dried Yeast to indicate its
source, as 'Brewer's Dried Yeast,' 'Debittered
Brewer's Dried Yeast,' or 'Primary Dried Yeast,'
whichever is appropriate." U.S.P.
Storage. — Preserve "in tight containers."
U.S.P.
DRIED

YEAST
Tabellse

TABLETS.

U.S.P.

Saccharomycitis Sicci

"Dried Yeast Tablets contain the equivalent of
nicotinic acid, riboflavin, thiamine hydrochloride,
and protein corresponding to not less than 95 per
cent of the labeled amount of dried yeast." U.S.P.
Usual Size.— 500 mg. {iy2 grains).
YELLOW

FEVER VACCINE.
U.S.P., B.P.

"Yellow Fever Vaccine is the living virus of an
attenuated strain of yellow fever virus, selected
for high antigenic activity and safety. It is prepared by culturing the virus in the living embryo
of the domestic fowl (Gallus domes ticus) . The
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virus-infected, chick-embryo pulp is suspended in
water and after appropriate processing is distributed in suitable quantities into ampuls and
dried from the frozen state, after which the
ampuls are filled with dry nitrogen and flamesealed. Yellow Fever Vaccine is rehydrated immediately before use. It contains no human
serum." U.S.P.
Sp. Vacuna Contra la Fiebre Amarilla; Vacuna Antiamarilica.

Yellow fever is an acute infectious disease
caused by a filterable virus which is endemic in
the tropical countries of the western hemisphere
and along the west coast of Africa. The disease
has also been known to make epidemic invasions
into the north temperate areas of the United
States and Europe. The places of its occurrence
are defined by the limits of the zone in which its
chief vector, the mosquito JEdes mgypti, is found.
Yellow fever is transmitted from one person to
another only through the bite of infected mosquitoes. Aform of yellow fever called jungle fever
is also known; this seems to have an animal
reservoir and to be transmitted by other types
of mosquitoes which normally live on animal
blood and only rarely feed on humans. This form
of the disease does not usually reach epidemic
proportions.
Yellow fever causes the rapid development of
fever with severe gastrointestinal symptoms, jaundice, bloody vomitus, and delirium. The mortality
is usually high. It was first believed that the elimination of JEdes (Bgypti mosquitoes could bring
about the complete eradication of yellow fever,
but with the recognition of jungle fever as a form
of yellow fever and the implication of an animal
reservoir for this disease, it became apparent that
the elimination of yellow fever would be quite
difficult.
So far, it has not been possible to produce satisfactory immunity in man through the use of killed
yellow fever virus preparations. The present yellow fever vaccine is prepared from the attenuated
17D strain of yellow fever virus developed by
Theiler and Smith (/. Exp. Med., 1937, 65, 767).
This virus is inoculated into 7-day-old chick embryos. After 4 days of further incubation at 37°
the infected embryos are removed from the eggs
and homogenized in a small volume of distilled
water. The embryonic tissue suspension containing the attenuated virus is then centrifuged, the
supernatant liquid drawn off, and this liquid
desiccated from the frozen state under vacuum by
means of the lyophile technic after having been
placed in suitable containers. After desiccation
the vials are filled with dry nitrogen gas and
sealed. At the time of use the vaccine is restored
with distilled water to the volume indicated on
the label.
Formerly, human serum was employed in the
preparation of the vaccine, and although it was
very effective in producing immunity against yellow fever such vaccine was responsible for causing
thousands of cases of homologous serum hepatitis.
The presence of human serum in the vaccine is
now forbidden. It should not be given at the same
time as smallpox vaccine nor to persons ill with
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other virus diseases. Allergy to egg or chicken protein isa contraindication.
Description. — "Yellow Fever Vaccine is a
slightly dull, light-orange colored, flaky or crustlike desiccated mass." U.S. P.
Standardization. — Yellow fever vaccine is required to have a virus potency such that each ml.
contains at least 150,000 mouse lethal doses when
the vaccine is injected into mice by the intracerebral route.
Dose. — The usual dose is 0.5 ml., subcutaneously, of vaccine after rehydration to make an
approximately 1:10 dilution; children receive the
same dose as adults. The vaccine must be used
within 60 minutes after the addition of the diluent.
Immunity develops in 7 days and probably lasts
for many years. Revaccination should be performed at least every 6 (perhaps 9) years (Love
et al, Med. Clin. North America, 1954, 38, 1493).
The vaccine should be administered 10 to 12 days
before exposure to the vector. In the presence of
an epidemic a booster dose of 0.5 ml. is indicated.
In the United States the vaccine is usually available for civilians only at clinics maintained by
the U. S. Public Health Service or the U. S. Navy.
Labeling. — "The package label bears the name
Yellow Fever Vaccine; a statement that the product is a live virus vaccine of a specified strain prepared from infected chick embryo; directions for
rehydrating; dose; the lot number; the expiration
date, which is not more than 1 year after date of
manufacture or date of issue; the manufacturer's
name, license number, and address ; and the statement 'Expiration date . . . , if kept below 5° C.
(41°
F.).
Keep preferably below 0° C. (32° F.).' "
U.S.P.
Storage. — Preserve "in nitrogen-filled, flamesealed ampuls at a temperature preferably below
0° but never above 5°, throughout the dating
period. Store it prior to dating by the manufacturer preferably at a temperature of —20° but
never above —5°. Preserve it during shipment in
a suitable container adequately packed in solid
carbon dioxide, or provided with other means of
refrigeration, so as to insure a temperature constantly below 0°. Dispense it in the unopened
container in which it was placed by the manufacturer." U.S.P.
Usual Sizes. — 5- and 20-dose ampuls.
ZINC.
Zincum

Zn (65.38)
Fr. Zinc. Ger. Zink. It. Zinco. Sp. Cine.

Metallic zinc occurs in nature only in combination; important ores of it, found widely distributed, are : zinc blende or sphalerite, ZnS ; willemite,
Zn2Si04; calamine, Z^SiO-i.EbO; smithsonite,
ZnC03; zincite, ZnO; franklinite, a mixture of
zinc oxide with iron and manganese oxides. Missouri produces much of the zinc mined in the
United States, with New Jersey, Kansas, Oklahoma, Montana, Idaho, Wisconsin and Colorado
providing most of the remainder. Profitable working of zinc ores generally necessitates mechanical
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concentration of them. Concentrates of oxide and
carbonate ores are then mixed with coal and
heated in large furnaces; the zinc distils, the first
portions forming an oxide-containing powder
known as zinc dust, the remainder collecting as
molten metal which is separated and cast into
slabs called spelter. Sulfide ores, which are not
directly reduced by heating with coal, are first
roasted in furnaces permitting of the conversion
of evolved sulfur dioxide into sulfuric acid. Considerable zinc is obtained by leaching its ores with
sulfuric acid and then electrolyzing the solution to
deposit the zinc ; as the solution is depleted of zinc
it becomes increasingly acid, and is Anally used to
leach a new portion of ore. Refining of zinc is
accomplished in various ways, as by electrolysis,
redistillation, subsidence of metallic impurities
from molten zinc, etc.
Zinc is a bluish-white metal, showing a crystalline fracture. It occurs in the form of thin sheets,
or in irregular, granulated pieces, or moulded into
thin pencils, or in powder, and has a density ranging from 6.9 when it is cast to 7.2 after it is rolled.
It is dissolved by diluted sulfuric or hydrochloric
acid with the evolution of hydrogen. When heated
between 100° and 150°, the metal becomes malleable and ductile; above 200°, it becomes sufficiently brittle to be powdered in an iron mortar;
at 419.4°, it melts, and at 907°, it boils and may
be readily distilled.
Granulated Zinc {Zincum Granidatum) of the
B.P. 1885 was made by pouring molten zinc, in a
thin stream, into a vessel containing cold water.
Uses. — Zinc is extensively employed in industry and the arts. It is used in the manufacture of
batteries, and as a component of many alloys, of
which brass is the most important. In the form
of sheet zinc it is used as a roofing material and
for other protective uses. It is applied as a coating
on iron to protect it from atmospheric oxidation
by immersing the latter in molten zinc, producing
galvanized iron; by electroplating; by applying
zinc dust and then baking, as in the sherardizing
process; or by spraying molten zinc on iron. Zinc
dust, which contains 90 per cent or more of zinc,
the remainder consisting of the oxide, is a convenient reducing agent in many chemical manufacturing operations. Zinc should never be used
for culinary vessels, as it is soluble in the weakest
acids (Callender and Gentzkow, Mil. Surg., 1937,
80, 67). The zinc caps on some types of glass
fruit jars have caused gastric irritation when such
jars have been employed for putting up pickles
and relishes in which vinegar is a constituent.
Zinc and its oxide are dissolved to a certain extent
by water containing common salt, a double zinc
and sodium chloride being produced in solution.
Small quantities of zinc occur constantly in the
carbonic anhydrase of the blood and zinc seems
to be important in relation to intestinal and blood
phosphatase and hepatic and renal catalase enzymes (Day et al., Proc. S. Exp. Biol. Med., 1940,
45, 282
J.'Nutrition,
1947, (Hove
33, 27).and
ZincElvehjem.
is essential in;animal
nutrition
/. Biol. Chem., 1940, 136, 425). The pancreas
contains a high concentration of zinc, and zinc or
a related metal is essential for crystallization of
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insulin (Scott and Fisher, J. Pharmacol., 1935,
55, 206; see also Insulin Injection, in Part I).
Feeding zinc to cats for prolonged periods caused
marked fibrosis of the pancreas but no change in
the insulin content (Scott and Fisher, Am. J.
Physiol., 1938, 121, 253). Rats fed on a diet deficient inzinc manifest retarded growth, inanition,
alopecia, hyperkeratinization of the skin and parakeratosis ofthe esophagus (Follis et al., J. Nutrition, 1941, 22, 223). Zinc is required for normal
growth of both plants and animals and is found
in most foods. The daily human intake ranges
from 5 to 30 mg. Studies with the isotope zinc-65
indicate that zinc is rapidly taken up by erythrocytes and the liver, pancreas, kidney and pituitary
transiently after intravenous injection and is
stored more permanently in the erythrocytes,
brain, skeletal muscle and skin (Sheline et al.,
J. Biol. Chem., 1943, 147, 409; 149, 139 j. Zinc
is mostly excreted in the feces via the intestinal
and pancreatic secretions and the bile (Montgomery et al, J. Exp. Med., 1943, 78, 151). Very
little intravenously injected zinc enters the urine.
The zinc content of urine is increased in patients
with albuminuria (McCance and Widdowson, Biochem. J., 1942, 36, 692). Zinc has been employed
in the preparation of a repository dosage form of
corticotropin and in the preparation of blood
fractions.
Because of the observation of Sacher (1893)
that zinc salts have a depressant action upon the
central nervous system, they were suggested for
various nervous diseases, especially epilepsy. However, the official salts, being precipitants of protein, could not be absorbed into the blood stream.
The chief use of zinc salts in medicine is topically
for astringent effect. S
Toxicology. — Batchelor et al. (J. Ind. Hyg.
Toxicol., 1926, 8, 322) in an elaborate study of
workmen who had been for many years — some as
long as 35 — exposed to dust of finely divided
metallic zinc, zinc oxide or zinc sulfide, were unable
to detect any evidence of injurious effect upon
their health. Lehmann (Arch. Hyg., 72, p. 358)
was unable to cause any chronic intoxication in
dogs, even with large doses of zinc carbonate continued for months. It is highly improbable that
any amount of zinc likely to be absorbed with
foodstuffs would exercise a deleterious influence on
the health. Large doses by mouth cause nausea,
vomiting, diarrhea and abdominal pain. In the diet
of rats, 1 per cent of zinc caused failure of growth
and reproduction and severe anemia (Sutton and
Nelson, Proc. S. Exp. Biol. Med., 1937, 36, 211).
It is well known, however, that workers in factories, such as brass foundries and zinc smelters,
who are exposed to fumes of zinc develop an acute
illness — chills, fever and leucocytosis for about 24
hours — which is known among the workmen as
brass ague, zinc fever, or spelter shakes. While the
greatest number of these cases have occurred in
men who are exposed to vapors of zinc, it is probable that other volatile metals produce very similar conditions, and the term metal-fume fever is
more appropriate. For further information upon
this subject see Hegsted and associates (Pub.
Health Rep., 1945, Suppl., 179, 1).
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N.F.

[Zinci Chloridum]

"Zinc Chloride contains not less than 95 per
cent of ZnCl2." N.F.
Butter of Zinc. Zincum Chloruretum; Zincum Chlorurura;
Zincum Chloratum. Fr. Chlorure de zinc. Ger. Zinkchlorid;
Chlorzink. It. Cloruro di zinco. Sp. Cloruro de cine;
Manteca de cine; Cloruro de zinc.

Official zinc chloride is prepared by recrystallization of the technical grade of the salt from an
aqueous solution acidified with hydrochloric acid.
The technical form of the salt is generally prepared by treating zinc with an excess of hydrochloric acid, evaporating to dryness, fusing the
residue, and pouring it into suitable containers
or molds.
Description. — "Zinc Chloride occurs as a
white, or nearly white, odorless, crystalline powder, or in porcelain-like masses, or molded in pencils. It is very deliquescent. An aqueous solution
of Zinc Chloride (1 in 10) is acid to litmus. One
Gm. of Zinc Chloride dissolves in 0.5 ml. of
water, in about 1.5 ml. of alcohol, and in about
2 ml. of glycerin. Its solution in water or in alcohol is usually slightly turbid but the turbidity disappears upon the addition of a small quantity of
hydrochloric acid." N.F.
When pure, zinc chloride is entirely soluble in
water, alcohol, and ether, but it often contains
some zinc oxychloride, which is insoluble in water.
The addition of an equal weight of boric acid to
zinc chloride has been recommended to effect
solution of any oxychloride present; one-fifth the
weight of ammonium chloride functions similarly.
Standards and Tests. — Identification. — An
aqueous solution of zinc chloride responds to tests
for zinc, and for chloride. Oxychloride. — Not over
0.3 ml. of 1 ^ hydrochloric acid is required to
clarify a mixture of 5 ml. of a 1 in 20 aqueous
solution of zinc chloride and 5 ml. of alcohol.
Sulfate. — The limit is 300 parts per million. Ammonium salts. — Ammonia is not evolved on heating a solution of zinc chloride containing an excess
of sodium hydroxide T.S. Alkalies and earths. —
The limit is 1 per cent. Heavy metals. — The limit
is 50 parts per million. N.F.
Assay. — The procedure applied to Zinc Sulfate
is employed. The factor for calculating the equivalent of ZnCb from the weight of ZnO is 1.675.
N.F.
Incompatibilities. — These are discussed under
Zinc Sulfate.
Uses. — Zinc chloride is an active astringent
and antiseptic. Sternberg found that a 2 per cent
solution destroyed vegetative organisms in 2 hours
but Koch found that a 5 per cent solution would
not kill anthrax spores in 30 days. Its bacteriostatic power is claimed to exceed that of phenol
(Miquel). Solutions of the salt, while irritant to
the skin, are not injurious to most fabrics. Zinc
chloride is deodorant and is employed in mixtures
with other substances as a commercial disinfectant.
In dilute solutions it is sometimes used for its
astringent action in leukorrhea. Novak (Urol.
Cutan. Rev., 1946, 50, 80) treated trichomonas
vaginitis with 1000 ml. of a 0.5 per cent solution
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in luke-warm water used as a vaginal douche twice
daily for a week, then once daily for another
week; sexual relations were forbidden during the
treatment. Zinc chloride is the principal active
constituent in certain proprietary astringent mouth
washes. In these about 1 per cent of zinc chloride
is employed in aqueous solution flavored with
aromatic and antiseptic oils.
Zinc chloride has been used internally in epilepsy, chorea, and other nervous diseases but is
of no value for these purposes. It was formerly
employed as a caustic in cancers of the skin (for
formula of Canguoin's Paste and other applications for this purpose see U.S.D., 21st ed.,
p. 1169). S
Toxicology. — In overdose zinc chloride acts
as a corrosive poison, producing a burning pain in
the gullet and stomach, nausea and vomiting, cold
sweats, depression of the pulse, and cramps of the
legs. Antidotes are weak solutions of alkalies or
their carbonates; if these are not immediately
available, soap may be used. Milk and white of
egg are useful. Emetics and the stomach tube
should not be used.
Application. — For topical application 0.2 to
0.5 per cent aqueous solutions are used on mucous
membranes; for foul wounds of the skin small
quantities of 1 to 2 per cent solution are employed; as a caustic alcohol solutions containing
up to 30 per cent of zinc chloride, or pencils containing the salt along with starch, have been used.
Storage. — Preserve "in tight containers." N.F.
ZINC

COMPOUNDS
CEMENT.

AND EUGENOL
N.F.

Zinc-Eugenol Cement

1. The Powder. Powder 28.5 Gm. of rosin, mix
it with about an equal weight of zinc oxide, and
sift the mixture on a sieve of not less than 100mesh. Grind the material which does not pass
through the sieve with more zinc oxide and sift
again, and repeat the process until all of the material passes through the sieve. Thoroughly mix
1 Gm. of zinc stearate and 0.5 Gm. of zinc acetate
with a portion of zinc oxide (a total of 70 Gm. is
used in the formula) and pass through the sieve.
Finally mix the two mixtures with the remainder
of the zinc oxide. 2. The Liguid. Mix 85 ml. of
eugenol with 15 ml. of cottonseed oil. To prepare
the cement mix 10 parts of the powder with 1 part
of the liquid to a thick paste immediately before
use; the proportion of liquid may be varied to
give any desired consistency. N.F.
Description. — "The Powder is yellowish white
to white in color. The Liquid is thin and colorless
to weak yellow, having a strong aromatic odor of
clove and a pungent, spicy taste. It is affected by
light. The Liquid is miscible with alcohol, with
chloroform, and with ether. It is only slightly
soluble in water." N.F.
Uses. — This cement is used by dentists as a
temporary filling for carious teeth. It is supposed
to exert a sterilizing effect as well as protect the
dentine from further destruction.
Storage. — "Preserve the Powder in well-closed

containers. Preserve the Liquid in tight, lightresistant containers." N.F.
ZINC GELATIN.
U.S.P. (B.P.)
Zinc Gelatin Boot,

[Gelatinum Zinci]

Add gradually, with constant stirring, 150 Gm.
of gelatin to 350 Gm. of cold purified water, allow
the mixture to stand for 10 minutes, and then heat
on a steam bath until the gelatin dissolves. Incorporate in this solution a mixture of 100 Gm. of
zinc oxide previously made into a smooth paste
with 400 Gm. of glycerin. Stir the mixture carefully until a smooth jelly results. U.S.P. The B.P.
prepares a solution from 150 Gm. of gelatin, 350
Gm. of glycerin and 350 ml. of distilled water,
and incorporates in this 150 Gm. of finely sifted
zinc oxide.
B.P. Gelatin of Zinc. Unna's Boot; Unna's Paste.

Uses. — This preparation is used as a protective and supportive dressing for varicose eczema
and ulcers. In preparation for its application the
skin of the foot, ankle and calf is cleaned thoroughly and a dusting powder applied. The zinc
gelatin is liquefied by warming and when it has
cooled to a bearable temperature it is applied to
the entire area from the instep to just below the
knee. A layer of gauze bandage is applied followed by another layer of zinc gelatin; a second
layer of bandage and another layer of gelatin are
applied, and finally a third layer of bandage. The
entire bandage is secured with strips of adhesive
tape. The best means of applying the zinc gelatin
is with a paint brush. The bandage, referred to as
a variation of Unna's boot, is left in place for from
3 days to about 2 weeks. To remove the boot, the
outer bandage is taken off and the .treated part
soaked in water at 95° to 98° F. until the dressing
practically floats off.
Storage. — Preserve "in well-closed containers." U.S.P.
ZINC

OXIDE.

U.S.P., B.P.

[Zinci Oxidum]

"Zinc Oxide, freshly ignited, contains not less
than 99 per cent of ZnO." U.S.P. The B.P. rubric
is the same, calculated with reference to the substance strongly ignited to constant weight.
Flowers of Zinc; Zinc White. Zincum Oxydatum. Fr.
Oxyde de zinc; Blanc de zinc. Ger. Zinkoxyd. It. Ossido
di zinco. Sp. Oxido de cine; Oxido de Zinc; Flores de
cine.

The U.S.P. and B.P. formerly directed zinc
oxide to be prepared by ignition of zinc carbonate.
It is also obtained by combustion of metallic zinc.
The metal melts at 419° and immediately becomes
covered with a film of gray oxide. When the temperature israised nearly to redness, it takes fire
and burns with an intense white light, producing
the oxide in the form of very light and white
flocculi, resembling carded wool. This form was
at one time called pompholix, nihil album, lana
philosophica, and flowers of zinc.
Description. — "Zinc Oxide occurs as a very
fine, odorless, amorphous, white or yellowish white
powder, free from gritty particles. It gradually
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absorbs carbon dioxide from air. Zinc Oxide is
insoluble in water and in alcohol. It is soluble in
dilute acids." U.S.P.
Standards and Tests. — Identification. — (1)
On strong heating zinc oxide assumes a yellow
color which disappears on cooling. (2) A solution
of zinc oxide in a slight excess of diluted hydrochloric acid responds to tests for zinc. Loss on
ignition. — Not over 2 per cent. Carbonate and
color of solution. — No effervescence occurs on
warming a mixture of zinc oxide, water, and
diluted sulfuric acid, and the resulting solution
is clear and colorless. Alkalinity. — Not more than
0.3 ml. of 0.1 N hydrochloric acid is required for
neutralization of any alkali that may be in 1 Gm.
of zinc oxide, phenolphthalein T.S. being employed
as indicator. Arsenic. — The limit is 8 parts per
million. Iron and many other metals. — Cooled
portions of the solution obtained in the test for
carbonate yield white precipitates with potassium
ferrocyanide T.S. and with sodium sulfide T.S.
Lead. — Addition of potassium chromate T.S. to
a solution prepared from zinc oxide, water and
glacial acetic acid, produces no turbidity or precipitate. U.S. P.
Assay. — About 1.5 Gm. of freshly ignited zinc
oxide is dissolved with 50 ml. of 1 A7 sulfuric acid,
in the presence of ammonium chloride, and the
excess of acid is titrated with 1 N sodium hydroxide, using methyl orange T.S. as indicator. The
ammonium chloride is added to prevent precipitation of zinc hydroxide during the titration or at
the equivalence point, the ammonium ion combining with hydroxyl ion so that the solubility
product of zinc hydroxide is not exceeded. Each
ml. of 1 A sulfuric acid represents 40.69 mg. of
ZnO. U.S.P.
Incompatibilities. — By a slow reaction with
the fatty acids of oils and fats, zinc oxide forms
lumps of zinc oleate, stearate, etc. It causes vanishing creams to become dry and to crumble. To
ensure its smooth incorporation into ointments it
may be levigated with a little liquid petrolatum.
Uses. — Zinc oxide finds its most important use
in medicine as a dermatologic therapeutic application ina wide variety of cutaneous diseases. It
is a component of most dermatologic powders,
and of many ointments, pastes and lotions. Zinc
oxide has no well-defined and specific pharmacologic action on the skin; its popularity may be
attributed to a combination of four qualities: it
is protective, mildly astringent, possibly weakly
antiseptic, and non-toxic.
With petrolatum it forms a heavy ointment
which possesses greater adhesiveness than petrolatum itself when applied to the skin. A paste
prepared from zinc oxide, gelatin, glycerin and
water (see Zinc Gelatin) has had considerable use
as a supportive and protective dressing for varicose eczema and ulcers, and as a fixed dressing to
prevent local trauma in some localized pruritic
eczemas. Goodman (J.A.M.A., 1945, 129, 707)
suggested that zinc oxide be substituted for calamine in lotions and other preparations for external
use. Pillsbury et al. (Manual of Dermatology,
1942) provide formulas for various lotions containing zinc oxide: a simple wetting lotion con-
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tains 20 Gm. each of zinc oxide and talc, 15 ml.
of glycerin, and 70 ml. of water; a simple drying
lotion contains 20 Gm. each of zinc oxide and
talc, 15 ml. of glycerin, and 35 ml. each of water
and alcohol. Other medicaments for topical application, such as antipruritics, may readily be incorporated inthese lotions. Several official formulations containing zinc oxide are described in
monographs which follow.
Zinc oxide has been used in treating skin burns
resulting from exposure to mustard gas. In dentistry ithas been employed in treating Vincent's
angina and, in combination with zinc chloride, in
the filling of dental caries.
Internally, zinc oxide has been used as an antispasmodic in chorea, epilepsy, and whooping
cough. It has also been used for protective action
in diarrhea. E
For external use zinc oxide is applied topically
as required. Although it is now seldom, if ever,
used internally an oral dose of 120 to 300 mg.
(approximately 2 to 5 grains) has been given.
Storage.
ers." U.S.P. — Preserve "in well-closed containOff. Prep. — Calamine Lotion; Zinc Gelatin;
Zinc Oxide Ointment; Zinc Oxide Paste, U.S. P.,
B.P.; Compound Resorcinol Ointment; Compound
Tar Ointment; Zinc Compounds and Eugenol
Cement, N.F.; Cream of Zinc Oxide; Ointment
of Zinc Oxide and Castor Oil; Paste of Zinc Oxide
and Salicylic Acid, B.P.
CREAM
OF ZINC OXIDE.
B.P.
Zinc Cream

Cream of Zinc Oxide is a mixture of 320 Gm.
of zinc oxide, 5 ml. of oleic acid, 320 ml. of arachis
oil, 80 Gm. of wool fat, and sufficient calcium hydroxide solution to produce 1000 Gm. of product.
ZINC OXIDE OINTMENT.
U.S.P. (B.P.)
Zinc Ointment, Unguentum

Zinci Oxidi

"Zinc Oxide Ointment contains not less than
18.5 per cent and not more than 21.5 per cent of
ZnO." U.S.P. The B.P. requires Ointment of Zinc
Oxide to contain zinc oxide equivalent to 15.0 per
cent of ZnO (limits, 14.0 to 16.0).
Ointment
of Zinc
Oxide. Ger.
Fr. Pommade
deB.P.
zinc;
Pommade
zincique.
Zinksalbe;a l'oxyde
Weisze
Augensalbe. It. Unguento di ossido di zinco; Pomata di
ossido di zinco. Sp. Pomada de oxido de cine; Unguento
de Oxide de Zinc.

Levigate 200 Gm. of zinc oxide with 150 Gm.
of liquid petrolatum to a smooth paste, then incorporate 650 Gm. of white ointment. U.S.P. The
B.P. preparation is made by triturating 150 Gm.
of zinc oxide with 850 Gm. of simple ointment.
Assay. — About 2 Gm. of zinc oxide ointment
is heated, then ignited to constant weight of the
residue of zinc oxide. U.S.P.
Uses. — Zinc oxide ointment is widely employed
in the treatment of a variety of diseases and irritations of the skin; for a discussion of its actions
and uses see under Zinc Oxide.
Storage. — Preserve "in well-closed containers,
and avoid prolonged exposure to temperatures exceeding 30°." U.S.P.
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Zinc Oxide and

OINTMENT OF ZINC
CASTOR OIL.

OXIDE
B.P.

AND

Zinc and Castor Oil Ointment, Zinc and
Castor Oil Cream

This preparation contains 7.5 per cent of zinc
oxide, 50 per cent of castor oil. 2 per cent of
cetostearyl alcohol, 10 per cent of white beeswax,
and 30.5 per cent of arachis oil.
For dermatologic uses of castor oil and zinc
oxide see under the respective titles in this volume.
ZINC

OXIDE

PASTE.

Part I

Castor Oil, Ointment of

U.S.P. (B.P.)

Lassar's Plain Zinc Paste, Pasta Zinci Oxidi

"Zinc Oxide Paste contains not less than 24
per
cent and not more than 26 per cent of ZnO."
U.S.P.
B.P. Compound Paste of Zinc Oxide; Pasta Zinci Oxidi
Composita. Zinc Paste. Pasta Zinci (Ger.). Ger. Zinkpaste.

Mix 250 Gm. each of zinc oxide and starch with
500 Gm. of white petrolatum. U.S.P., B.P.
Uses. — Zinc oxide paste may be employed in
many dermatologic disorders that indicate the use
of the bland zinc oxide ointment. The paste has,
however, the advantage over the heavier, more
impermeable ointment in that it can be used on
more acute lesions where there is a tendency to
vesiculation, oozing, or crusting. Better adherence
to the skin, greater permeability, and increased
absorption of secretions and perspiration are
achieved, thereby avoiding the macerating and
overheating effects of an ointment (see discussion
under Pastes, in Part II).
Zinc oxide paste is usually applied to the area
to be treated and also to the dressing to be applied
to the same area. In some instances a superimposed bandage or dressing may not be required
if the application is made to a small area and
powder is applied to the treated surface afterwards. The skin to which zinc paste has been applied isusually cleansed daily with an oil although
it is not necessary to remove the entire layer of
paste each time.
Storage. — Preserve "in well-closed containers,
and avoid prolonged exposure to temperatures exceeding 30°." U.S.P.
Off. Prep.— Coal Tar Ointment, U.S. P.; Zinc
Oxide Paste with Salicylic Acid, B.P., N.F.
ZINC OXIDE PASTE WITH
SALICYLIC ACID.
N.F. (B.P.)
Lassar's Zinc Paste with Salicylic Acid, Pasta Zinci
Oxidi cum Acido Salicylico

"Zinc Oxide Paste with Salicylic Acid contains
not less than 23.5 per cent and not more than 25.5
per cent of ZnO by weight." N.F.
B.P. Paste of Zinc Oxide and Salicylic Acid. Lassar's
Paste.

Thoroughly triturate 20 Gm. of salicylic acid
with a portion of zinc oxide paste, then incorporate sufficient of the paste to make 1000 Gm.
of product, triturating until a smooth mixture is
obtained. N.F. The B.P. preparation is practically
the same, but is prepared from zinc oxide, salicylic
acid, starch, and white petrolatum.
Uses. — This paste combines the antiseptic and
keratolytic actions of 2 per cent of salicylic acid

with the protective and soothing actions of zinc
oxide paste.
Storage. — Preserve "in well-closed containers." N.F.
MEDICINAL ZINC PEROXIDE.
U.S.P. (B.P.)
[Zinci Peroxidum Medicinale]

"Medicinal Zinc Peroxide consists of a mixture
of zinc peroxide, zinc carbonate, and zinc hydroxide. Each Gm. of Medicinal Zinc Peroxide, previously heated at 135° to 140° for 4 hours, evolves
not less than 2.16 ml. of oxygen in 20 hours and
not less than 0.24 ml. of oxygen in the following
4 hours." U.S.P. The B.P. defines Zinc Peroxide
as a mixture of zinc peroxide, zinc oxide and zinc
hydroxide and requires not less than 60.0 per
cent of ZnO-2.
B.P.

Zinc

Peroxide.

Sp.

Perdxido

de Zinc, Medicinal.

Substances designated zinc peroxide have been
known for some time, a compound to which this
name was given having been first prepared in 1818
by Thenard by reaction between zinc hydroxide
and hydrogen peroxide. The samples of zinc peroxide on the market are quite variable in composition, oftentimes even when prepared by the same
process. This fact, together with the observation
that they had never been able to prepare a peroxide which contained no hydrogen, led Noel and
Lynn (/. A. Ph. A., 1942, 31, 523) to investigate
whether or not they could prepare a zinc peroxide
of the formula Zn02. Though they tried many
experiments they were unable to prepare such a
compound; they suggested, therefore, that the
commercial articles are probably combinations of
zinc oxide with hydrogen peroxide.
In recent years a medicinal grade of the substance has been prepared and found eminently
satisfactory for medicinal use where other commercial varieties have proved ineffective. It is impossible to say authoritatively whether this grade
is a true peroxide or a mixture of the type described byNoel and Lynn.
Description. — "Medicinal Zinc Peroxide occurs as a fine, white, or only faintly yellow, odorless powder. Medicinal Zinc Peroxide is almost
insoluble in water and in organic solvents. It is
readily soluble in dilute mineral acids." U.S.P.
Standards and Tests. — Identification. — (1)
A solution of the peroxide in a slight excess of
diluted hydrochloric acid, boiled to remove the
hydrogen peroxide formed, responds to tests for
zinc. (2) On adding ether and potassium dichromate T.S. to an acidified aqueous suspension of
the peroxide the aqueous layer becomes blue; on
shaking the mixture the blue color passes into the
ether. Chloride. — The limit is 1.0 per cent. Sulfate.
— The limit is 0.2 per cent. Alkalies and earths. —
The limit is 2.0 per cent. Reaction. — The pH of
the supernatant liquid of a mixture of 5 Gm. of
the
heated
with peroxide,
100 ml. ofpreviously
water is not
less at
than135°
7.0 to
and140°,
not
more than 8.5. U.S.P.
Assay. — About 5 Gm. of dried medicinal zinc
peroxide is mixed with water at 37.5° and the
volume of oxygen released during the periods

specified in the official rubric is measured. U.S.P.
The B.P. assay is based on titration of hydrogen
peroxide, liberated by zinc peroxide in dilute sulfuric acid, with 0.1 N potassium permanganate.
Uses. — Medicinal zinc peroxide is employed as
a disinfectant, astringent and deodorant in external treatment of infected wounds, especially
those infected with anaerobic or micro-aerophilic
bacteria (Meleney, J.A.M.A., 1952, 149, 1450).
It has been used as a dusting powder, usually
mixed with talcum, and in the form of 5 to 25 per
cent ointment (Reid and Altmeier, Ann. Surg.,
1943, 118, 741), but it is most effectively applied
as a thick, creamy suspension in sterile distilled
water (for literature see Rhoads, Surgery, 1937,
2, 937; Freeman, J. A.M. A., 1940, 115, 181).
Meleney {Surgery, 1937, 1, 169) reported that
only if it is capable of forming a colloidal suspension iszinc peroxide of value. Disintegration
of zinc peroxide leaves deposits of zinc oxide and
hydroxide in the wound and increases exudation;
untoward drying of the medication may be prevented by properly covering the area with petrolatum or zinc oxide ointment gauze.
The powder is sterilized by heating in a dry
oven for 4 hours at exactly 140°, not more than
25 Gm. being treated at one time. Lower temperatures are not as effective and higher temperatures may destroy the product. Following sterilization, zinc peroxide may be kept and used for
several weeks although the heat treatment activates the evolution of oxygen and deterioration
progresses slowly. A smooth suspension of the
sterile powder in sterile distilled water is prepared
and applied to the wound with a sterile syringe so
that a layer about ]/% inch thick is obtained. The
suspension should have the consistency of a thick
cream so that penetration will not be unduly retarded and, at the same time, the medication will
not run off the area. Thin cotton compresses
soaked with the suspension are next applied, then
a thick layer of cotton wet with sterile distilled
water. Finally, the area is sealed with an impermeable covering of some kind. The dressing
is changed daily although it may be left in place
for several days in some instances.
Burt and Pulaski (Surg. Gynec. Obst., 1942, 75,
765) used zinc peroxide dressings for postoperative anorectal wounds; Holzwarth (/. Bone Joint
Surg., 1943, 25, 177) found it useful in the treatment of gas-bacillus infection and traumatic
wounds; Strieder and Lynch (New Eng. J. Med.,
1946, 234, 1) found that a gauze pack, impregnated with activated zinc peroxide and placed
partly in the pleural cavity and partly in the
wound, served as a deodorant and led to a clean
granulating wound within 5 to 7 days following
open operation in cases of putrid empyema.
A suspension of medicinal zinc peroxide is used
in dental practice by massaging the agent into the
interproximal spaces between the teeth and along
the gingival margin every three hours for one to
two days, then every four hours (see Mallett and
Guralnick, /. A. Dent. A., 1942, 29, 384; Nizel
and Rubin, Mil. Surg., 1943, 93, 49).
The U.S.P. indicates that medicinal zinc peroxide isemployed externally as a 40 per cent suspension in water. Suspensions of zinc peroxide
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should not be dispensed in screw-top containers
as an explosion may occur from accumulation
of gas.
Storage. — Preserve "in tight containers."
U.S.P.
ZINC
Zinc

PHENOLSULFONATE.
Sulfocarbolate,

[Zinci

N.F.

Phenolsulfonas]

(HO.C6H4.S03)2Zn.8H20
"Zinc Phenolsulfonate contains not less than
73.7 per cent and not more than 77.4 per cent of
Ci2Hio08S2Zn, corresponding to not less than
99.5 per cent of the Ci2Hio08S2Zn.8H20." N.F.
Zinc Sulfophenate. Zinci Sulfocarbolas ; Zincum p-Phenolsulfonicum.

Zinc phenolsulfonate may be prepared by interaction ofsolutions of phenolsulfonic acid and a
zinc salt; the former is obtained by heating a mixture of phenol and sulfuric acid.
Description. — "Zinc Phenolsulfonate occurs
as colorless, transparent, rhombic prisms or tabular crystals, or as white granules or powder. It is
odorless, and has an astringent, metallic taste.
When exposed to the air, the salt effloresces, and
upon exposure to light and air, may become
slightly pink. A solution of Zinc Phenolsulfonate
(1 in 10) is acid to litmus. One Gm. of Zinc
Phenolsulfonate dissolves in about 1.6 ml. of water
and in about 1.8 ml. of alcohol; also in about 0.4
ml. of boiling water." N.F.
Standards and Tests. — Identification. — (1)
A solution of zinc phenolsulfonate responds to
tests for zinc. (2) A white precipitate, soluble in
an excess of reagent, forms when ammonium carbonate T.S. is added to a solution of zinc phenolsulfonate. (3)A 1 in 100 solution of zinc phenolsulfonate iscolored pale violet by ferric chloride
T.S. Sulfate. — The limit is 400 parts per million.
Arsenic. — Zinc phenolsulfonate meets the requirements of the test for arsenic. N.F.
Assay. — About 2 Gm. of zinc phenolsulfonate
is assayed by the procedure employed for Zinc
Sulfate. The factor for calculating the amount of
Ci2Hio08S2Zn is 5.059. N.F.
Uses. — Zinc phenolsulfonate has been employed as an antiseptic and astringent application
to indolent or foul ulcers, and in subacute inflam ations ofthe mucous membrane of the nasopharynx or vagina. The solutions used may be
somewhat stronger than those of zinc sulfate employed similarly, i.e., 0.5 to 1 per cent. It is still
sometimes employed as an intestinal astringent
and antiseptic. lY)
Dose. — The usual dose is 125 mg. (approximately 2grains), with a range of 60 to 200 mg.
Storage. — Preserve "in tight, light-resistant
containers." N.F.
ZINC

STEARATE.
[Zinci

U.S.P., B.P.

Stearas]

"Zinc Stearate is a compound of zinc with
variable proportions of stearic acid and palmitic
acid, containing the equivalent of not less than
13 per cent and not more than 15.5 per cent of
ZnO." U.S.P. The B.P. rubric is the same.
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Stearate

Zsncum Stearinicum. Fr. Stearate de zinc. Ger. Zinkstearat; Stearmsaures Zink. Sp. Estearato de Zinc,

Vetriolo bianco. Sp. Sulfato de cine; Sulfato de Zinc;
Vitriolo bianco.

Zinc stearate may be prepared by interaction of
a solution of sodium stearate with a solution of
either zinc acetate or zinc sulfate, at elevated
temperature. The resulting precipitate is washed
and dried.

Impure zinc sulfate, known in commerce as
white vitriol, is manufactured by roasting blende
(native zinc sulfide) in a reverberatory furnace;
various impurities in the mineral are removed by
lixiviation. crystallization and other means. A
pharmacopeial grade of the salt may be prepared
by reacting zinc and dilute sulfuric acid, oxidizing
any ferrous iron with chlorine water and precipitating it with zinc oxide or carbonate, filtering
and concentrating the solution, then crystallizing
the salt.
The official crystalline zinc sulfate contains 7
molecules of water of crystallization; the white
vitriol
water. of commerce contains but 3 molecules of

Description. — "Zinc Stearate occurs as a fine,
white, bulky powder, free from grittiness. and has
a faint, characteristic odor. It is neutral to moistened litmus paper. Zinc Stearate is insoluble in
water, in alcohol, and in ether."* U.S.P.
Standards and Tests. — Identification. — (1)
On heating zinc stearate with a mixture of water
and hydrochloric acid fatty acids are liberated and
separate as a layer floating on the aqueous phase ;
the aqueous layer responds to tests for zinc. (2)
The washed and dried fatty acids liberated from
zinc stearate solidify not below 54°. Alkalies and
earths. — The limit is 1.0 per cent. Arsenic. — The
limit is 2 parts per million. Lead. — The limit for
the ignited residue is 10 parts per million. U.S.P.
Assay. — About 1 Gm. of zinc stearate is boiled
with 50 ml. of 0.1 A* sulfuric acid and. after removing the fatty acids by filtration, the excess
acid is titrated with 0.1 AT sodium hydroxide as
described under Zinc Oxide. Each ml. of 0.1 A'
sulfuric acid represents 4.069 mg. of ZnO. U.S.P.
The B.P. assay is essentially the same.
Uses. — Zinc stearate is variously used in dermatologic practice, either alone or in combination
with other powders. It serves as a water-repellent
protective, makes powders adhere better to the
skin, makes pastes smoother and more plastic, and
has some antipruritic properties (Polano. Skin
Therapeutics, 1952). It is credited with mild asstringent and antiseptic effects.
The use of zinc stearate in the nursery as a
substitute for talcum powder has been discontinued almost entirely. According to the findings
of a special committee of the American Medical
Association ^see JAM A., 192 5. 84, 750) it possesses no superiority over talcum and a number
of fatal cases of pulmonary inflammation from
its inhalation have been reported (Heiman and
Aschner. Am. J. Dis. Child., 1922, 23, 503, and
others). It is sometimes used as an aid in massage
of the skin. When sold as a toilet powder it should
always be in containers with self-closing apertures.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Compound Iodochlorhydroxyquin
Powder. U.S.P.; Zinc Compounds and Eugenol
Cement. N.F.
ZINC

SULFATE.
[Zinci

U.S.P. (B.P.)
Sulfas]

"Zinc Sulfate contains not less than 55.6 per
cent and not more than 61.0 per cent of ZnSO-i.
corresponding to not less than 99 per cent of the
hydrated salt (ZnSCu.TIfrO )." U.S.P. The B.P.
requires not less than 99.5 per cent and not
more than the equivalent of 101.0 per cent of
ZnS04.7H20.
B.P. Zinc Sulphate; Zinci Sulphas. White Vitriol; Zinc
Vitriol. Zincum Sulfuricum; Vitriolum Album. Fr. Sulfate
de zinc officinal. Ger. Zinksulfat; Schwefelsaures Zink:
Zinkvitriol;
Weiszer
Galitzenstein.
It. Solfato
di zinco ;

Description. — "Zinc Sulfate occurs as colorless, transparent prisms, or small needles. It may
occur as a grandular. crystalline powder. It is
odorless. It is efflorescent in dry air. Its solutions
are acid to litmus. One Gm. of Zinc Sulfate dissolves in 0.6 ml. of water and in about 2.5 ml. of
glycerin. It is insoluble in alcohol." U.S.P.
Standards and Tests. — Identification. — A solution of zinc sulfate responds to tests for zinc,
and for sulfate. Acidity. — A 1 in 20 solution of
zinc sulfate is not colored pink by methyl orange
T.S. Alkalies and earths. — Not over 0.5 per cent.
Arsenic. — The limit is 10 parts per million. Heavy
metals. — The limit is 10 parts per million. U.S.P.
The B.P. arsenic limit is 4 parts per million.
Assay. — About 1 Gm. of zinc sulfate is dissolved in water and the zinc precipitated as carbonate, which is ignited to oxide and weighed. The
weight of zinc oxide obtained, multiplied by 1.984,
indicates the equivalent of ZnSO-t. U.S.P.
In the B.P. zinc is precipitated as zinc mercuric
thiocyanate. Zn('SCX)2.Hg(SCX)2. by a solution
of mercuric ammonium thiocyanate. The precipitate is filtered off, washed with a dilute solution
of the precipitant, then transferred to a bottle in
which it is treated with concentrated hydrochloric
acid and titrated with 0.2 M potassium iodate in
the presence of chloroform. The reaction occurring in the titration is represented by the following equation :
Zn(SCX>2.Hg(SCX)2 + 6KIO3 +
12HC1 -» ZnS04 + HgS04 + 2H2SO4 +
4HCX + 6IC1 + 6KC1 + 2H20
Each ml. of 0.2 M potassium iodate represents
9.585 mg. of ZnSO4.7H.2O.
Incompatibilities. — Zinc ion is precipitated
by hydroxides, carbonate and borates: in the last
case addition of glycerin will prevent precipitation.
Uses. — Zinc sulfate is used internally only as
an emetic: its promptness of action and certainty
of effect, together •with its relative safety of use.
make it one of the most useful of emetics for
treatment of poisoning. From experiments on animals it appears that the emetic dose of zinc sulfate depends on the amount of gastric content,
rather than on body weight (Schwarz and Alsberg.
/. Pharmacol., 1923. 21, 1); it is estimated that
a dose of 2 Gm. (30 grains) should be sufficient
to cause vomiting even if the volume of the stomach contents is 300 ml.
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Externally, zinc sulfate is actively astringent,
though almost devoid of antiseptic property. In
concentrated solutions it is irritant and even
mildly caustic, but much less so than the chloride.
It is useful as a styptic; in dilute solution it serves
as an astringent wash for mucous membranes of
the eye, nose, throat and genital tract. For use as
an astringent the concentration of solution ranges
from 0.2 to 1 per cent, depending on where it is
applied. Zinc sulfate is an ingredient of Dalibour
water, which is used as a wet dressing particularly
in impetiginized, pustular and exudate dermatoses.
The original formula has been modified by Sulzberger to contain 6 Gm. of copper sulfate, 20 Gm.
of zinc sulfate, and camphor water to 1000 ml.;
in use this solution is diluted 15 to 25 times. Because of its astringent action zinc sulfate was employed as a protective against infantile paralysis
on the unfounded theory that the virus of that
infection entered the system through the nasal
mucosa (see Shahinian, J. A.M. A., 1938, 110,
1254); it was applied as a 1 per cent solution,
with 0.5 per cent sodium chloride and 1 per cent
of tetracaine hydrochloride, either by atomization
or with a dropper. The studies of Tisdall and
associates {Can. Pub. Health J., 1937, 29, 523)
showed that this was a worthless procedure. H
Toxicology. — In overdose zinc sulfate acts as
an irritant poison. It causes, beside vomiting and
incessant retching, anxiety, distressing restlessness,
and extreme prostration. Few cases are on record
of fatal poisoning, the patient generally recovering as a result of prompt expulsion of the salt by
vomiting. Death is said to have been caused by
45 Gm. Treatment consists in administration of
an alkaline carbonate, as that of sodium or potassium, followed by free use of demulcents such as
the white of egg or mucilage of acacia. Opium has
been used to allay excessive vomiting. Other symptoms should be treated as they arise.
Dose. — The dose of zinc sulfate as an emetic
is 2 Gm. (approximately 30 grains), dissolved in
200 ml. of water. For external use it is commonly
employed in concentrations of 0.2 to 1 per cent.
Storage. — Preserve "in tight containers."
U.S.P.
Off. Prep.— White Lotion, U.S. P.; Compound
Zinc Sulfate Powder, N.F.
COMPOUND
ZINC SULFATE
POWDER.
N.F.
[Pulvis

Zinci

Sulfatis

Compositus]

Triturate 5 Gm. of salicylic acid and 125 Gm.
of zinc sulfate to a very fine powder, and add a
mixture of 1 Gm. each of phenol, eucalyptol.
menthol, and thymol, previously liquefied by trituration. Add 866 Gm. of boric acid, and continue

Undecylenate
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the trituration until a uniform mixture is obtained; finally pass the powder through a very
fine sieve. N.F.
Test. — For antiseptic value. — Six squares, or
circles, of gauze, impregnated with the powder, are
placed on standard agar inoculated with Staphylococcus aureus, contained in three petri dishes.
After incubating at 37° for 24 hours the average
width of the 6 zones of inhibition is required to
be not less than 4 mm.
Uses. — This antiseptic powder is employed in
preparing solutions for washing out body cavities,
especially as a vaginal douche. It may also be
used as a topical application on cuts, abrasions,
and dermatoses.
Storage. — Preserve "in well-closed containers." N.F.
ZINC

UNDECYLENATE.
[Zinci

U.S.P.

Undecylenas]

[CH2:CH(CH2)8COO]2Zn
"Zinc Undecylenate contains not less than 98
per cent and not more than 102 per cent of
C22H3804Zn." U.S.P.
Zinc undecylenate may be prepared by interaction of zinc oxide or zinc carbonate with undecylenic acid at elevated temperature.
Description. — "Zinc Undecylenate occurs as
a fine, white powder. Zinc Undecylenate is practically insoluble in water and in alcohol." U.S.P.
Standards and Tests. — Identification. — (1)
Undecylenic acid released from the salt by treatment with diluted sulfuric acid responds to tests
for Undecylenic Acid. (2) A white flocculent precipitate isproduced on adding sodium sulfide T.S.
to an ammoniacal solution of zinc undecylenate.
Loss on drying. — Not over 1.25 per cent, when
dried at 105° for 2 hours. Alkalies and alkaline
earths. — Not over 7.5 mg. of sulfated residue is
obtained from 750 mg. of zinc undecylenate.
U.S.P.
Assay. — About 1 Gm. of zinc undecylenate is
boiled with 50 ml. of 0.1 N sulfuric acid, whereby
zinc sulfate and undecylenic acid are produced.
After filtering off the undecylenic acid the excess
sulfuric acid is titrated with 0.1 A7 sodium hydroxide, using methyl orange T.S. as indicator. Each
ml. of 0.1 N sulfuric acid represents 21.60 mg. of
C22H3804Zn. U.S.P.
Uses. — Zinc undecylenate is employed as a
fungistatic agent, its manner of use being discussed under Undecylenic Acid.
Storage. — Preserve "in well-closed containers." U.S.P.
Off. Prep. — Compound Undecylenic Acid Ointment, N.F.

PART TWO: Drugs not official in The United States
Pharmacopeia, British Pharmacopoeia, International
Pharmacopoeia or The National Formulary
In this section are included medicinal agents not recognized in the official
compendia which provide the basis for inclusion in Part One; also certain
formerly official drugs and various other agents, some of which may be only
of toxicological interest. Included as well are general articles on (a) pharmacological and (b) pharmaceutical classes of drugs.

Abrus. Abrus Seeds. Crabs' Eyes. Indian Liquorice,
Jequirity. Jumble Beads. Liquorice Bush. Love Pen.
Prayer Beads. Red Bean. Rosary Pea. Wild Liquorice.
— The seeds of this plant, Abrus precatorius L. (Fam.
Leguminosat) , which grows in India and also in
Brazil and Florida, are ovoid, from 5 to 8 mm. in
length, smooth, shiny and bright scarlet, having a
black marking at the lower, or hilum, portion. They
contain abric acid, a toxalbumin called abrin, and also
L-abrine, which is N-methyltryptophan. The toxalbumin abrin is a yellowish powder, soluble (with turbidity) in solutions of sodium chloride. It is highly
toxic, the lethal dose for animals being claimed to be
0.01 mg. per Kg. of weight. Both Ehrlich and Calmette
succeeded in immunizing rabbits against abrin, and
obtained an antitoxic serum. Ingestion of a single
bean, if chewed, may cause severe vomiting, diarrhea,
convulsions, and even death. Symptoms are usually
delayed for hours in onset. In addition to catharsis
and supportive measures, arecoline has been recommended in treatment. The root of Abrus, known as
Indian liquorice, possesses the toxic properties of the
seeds and should not be used in place of licorice. According to Hooper, it contains glycyrrhizin (Pharm. J.,
1894).
Abrin has been used, in a concentration of 1 in
500,000, in treating certain chronic diseases of the eye,
especially corneal opacities and trachomatous pannus.
It excites a purulent inflammation of the conjunctiva,
which appears to cause an increase of local circulation, thereby promoting absorption of inflammatory
exudates. The substance may be harmful in unsuitable
cases. Infusion of jequirity was formerly employed
for the same purposes but the possibility of its causing
an uncontrollable inflammation which in some instances entirely destroyed vision led to its abandonment as a therapeutic agent. For further information
see US.D., 23rd ed., p. 1237.
Absinthium. Wormwood. Madderwort. Wermuth.
Mugwort. Mingwort. Warmot. Magenkraut. Herba
Absinthii. — Absinthium or Wormwood was formerly
officially recognized as: "The dried leaves and flowering tops of Artemisia Absinthium Linne (Fam. Compositce), without the presence of more than 5 per cent
of foreign matter." N.F. IV.
Wormwood is a shrubby, more or less herbaceous,
finely canescent plant, growing to a height of 2 to 4
feet. The leaves are 1 to 3 pinnately divided, the lobes
being lanceolate or obovate, the basal leaves being
petiolate while the floral ones are linear and entire;
the flowers are all fertile, tubular, yellowish, in hemispherical panicled heads. The plant is a native of
Europe, Asia, and Northern Africa, and is to some extent cultivated in the United States. Gathered in July

or August, during flowering, the plant yields the greatest quantity of volatile oil. For a pharmacognostic
description see U.S.D., 21st ed., p. 182.
Wormwood yields a volatile oil which is usually
dark green, but is sometimes yellow or brown or even
blue, having a strong odor of the plant, an acrid taste,
and a specific gravity of 0.925 to 0.950. It contains
thujone (absinthol) ; thujyl alcohol, both free and as
esters of acetic, isovaleric, and palmitic acids; phellandrene, and possibly pinene; cadinene; and a blue
oil fraction which is probably azulene (Gildemeister
and Hoffmann, Aetherische Oele) . The absinthic acid
found by Braconnot appears to be succinic acid.
Wormwood also contains a yellowish glycoside, with
an intensely bitter taste, called absinthin. Bourcet described this compound {Bull. soc. chim., 1898, 19,
537) as having the formula C30H40O8, and occurring
in white lustrous needles melting at 68°, soluble in
water, alcohol, and ether. Adrian and Trillat isolated
another crystalline principle, anabsinthin, C18H04O4
(Pharm. J., 1899, 1, 75). The old salt of wormwood
(sal absinthii) was impure potassium carbonate, made
from the ashes of the plant.
Wormwood, formerly popular as a stomachic tonic,
antiperiodic, and anthelmintic, is now seldom used.
Patoir et al. (Compt. rend. soc. biol., 1938, 127, 1325)
found that an aqueous extract of the leaves produced
in rabbits dyspnea, hematuria, gastroenteritis, and
death. The volatile oil is an active narcotic poison.
It causes trembling, stupor, and later violent epileptiform convulsions, with involuntary evacuations, unconsciousness, and stertorous breathing, which may or
may not end in death. A half-ounce (15 ml.) of it
caused, in a male adult, insensibility and convulsions,
though the patient recovered under the use of emetics,
with stimulants and demulcents (Lancet, Dec. 6,
1862). Dose, of entire wormwood, 1.3 to 2.6 Gm. (20
to 40 grains) ; of the infusion (one ounce in a pint of
boiling water), from 30 to 60 ml. (1 to 2 fluidounces) ;
of the oil, 0.06 to 0.12 ml. (1 to 2 minims).
Absinthe is a liqueur containing oils of Wbrmwood,
angelica, anise, and marjoram. Absinthism differs from
ordinary alcoholism in its manifestations; its characteristic symptoms are restlessness at night, with disturbing dreams, nausea and vomiting in the morning,
with great trembling of the hands and tongue, vertigo, and a tendency to epileptiform convulsions.
Acalypha, B.P. Add. 1900. Indian Nettle. Kuppi.
Dadaro. — The fresh or dried euphorbiaceous plant,
Acalypha indica L., is said to have expectorant and
emetic properties similar to those of ipecac. In the
form of fresh leaves, native Indian practitioners are
reputed to use it as a poultice for ulcers, as a vermifuge and as a suppository for constipation in children.
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It contains an alkaloid acalyphine and also a cyanogenetic glycoside which, according to Steyn (Chem.
Abs., 1938, 32, 7572), is actively poisonous.
The liquid extract (Extractum Acalyphaz Liquidum,
B.P. Add. 1900), made with a menstruum of 90 per
cent alcohol, was given in doses of from 0.3 to 2 ml.
(S to 30 minims).
The A. virginica L. {mercury weed, three-seeded
mercury), which grows in the eastern United States,
has been used as an expectorant and diuretic.
Acetal. Diethylacetal. CH3CH(OC2H5)2.— Ethu
dene (Ethylidene) diethyl ether, a limpid volatile
liquid resulting from the interaction of alcohol and
acetaldehyde. It boils at 102.7°, has a density of 0.8254
at 20°,
is sparingly
soluble
water,
and readily
ble in alcohol.
It has
been inused
in bDth
human soluand
veterinary practice for its hypnotic action.
Acetaldehyde. Acetic Aldehyde. Ethyl Aldehyde
"Aldehyde." CH3CHO.— Acetaldehyde may be prepared by controlled oxidation of alcohol; commercially it is made by hydration of acetylene in dilute
sulfuric acid, in the presence of a mercury salt. Acetaldehyde isa colorless, mobile, flammable liquid, having a decidedly pungent, ethereal, and suffocating
odor. Its specific gravity is 0.790 at 15°, the boiling
point is 21°. It is miscible with water, alcohol, and
ether, and is rapidly oxidized to acetic acid on exposure to the air. Acetaldehyde possesses very marked
antiputrescent properties.
Supniwski (/. Pharmacol., 1927, 30, 429) found the
intravenous lethal dose of acetaldehyde for rabbits to
be 0.3 Gm. per Kg. Small doses stimulated the respiration; larger, but non-fatal, doses caused narcosis
and fall of the blood pressure (see also Disulfiram,
in Part II). Fatal doses arrested the respiration.
Koppanyi (Anesth., 1945, 6, 603) has studied the
anesthetic effect of acetaldehyde on dogs. Applied
locally, acetaldehyde is very irritating.
A condensation product of ethyl aldehyde, known
as "aldol," CH3.CH(OH).CH2.CHO, $-hydroxybutyraldehyde, has been recommended as a hypne>tic
and sedative.
Acetophenolisatin. Endophenolphthalein. Isacen.
Bisatin. Diacetyldiphenolisatin. 3,3-Bis-(£-Acetoxyphenyl) oxindole. C24H19NO5. — This laxative compound occurs in white, odorless, tasteless crystals or
powder; it is insoluble in water and slightly soluble
in alcohol. Its laxative property was first observed by
Guggenheim (Schweiz. med. Wchnschr., 1925, 55,
16) ; this and subsequent studies are briefly reviewed
by Sanders et al., who observed no adverse effects
from large doses in the rat (/. A. Ph. A., 1951, 40,
340) and who also found a diphenylisatin in a concentrate of California prunes (ibid., p. 348). In his
report of a study of the laxative activity of triphenylmethane derivatives, Loewe (/. Pharmacol., 1948, 94,
288) called attention to the high laxative potency of
diacetyldiphenolisatin, which he estimates as about 17
times that of phenolphthalein on an equal weight
basis. The compound acts on the intestinal mucosa;
it is completely excreted in the feces. The usual adult
dose is 5 mg. (approximately Yi2 grain).
Acetylene. CH=CH. — Acetylene, discovered by
Davy in 1836 and synthesized in 1859 by Berthelot,
is prepared on a large scale by the decomposition of
carbides, such as calcium carbide, or by methods involving the reduction of higher hydrocarbons.
Acetylene is a colorless gas of ethereal odor, slightly
soluble in water, more readily in alcohol and ether,
and abundantly in acetone. It ordinarily burns with a
very smoky flame, but from a burner with a fine slit
gives a clear white flame. It forms an explosive mixture with air, also a series of explosive carbides with
copper, silver, and other metals. Acetylene finds extensive use in industry for oxyacetylene welding and
in organic syntheses.
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Inhalation of high concentrations of acetylene
causes unconscibusness. Under the trade-name narcylene it was at one time suggested as a surgical anesthetic. According to Wieland its stupefying action is
due to interference with the utilization of oxygen by
the body and its use as an anesthetic has been practically abandoned. (For literature see J.A.MA., 1923,
80, 1383 and Mallebrein and Maier, Deutsche med.
Wchnschr., 1925, p. 1521.) It is employed clinically
for determinations of cardiac output (Chapman,
J. Clin. Inv., 1950, 29, 651).
Acetyl-p-aminophenol. Apamide (Ames). NAcetyl-p-aminophenol. p-Hydroxyacetanilid. CH3CO.NH.CeH3(OH)NH2. — This compound occurs as
a white, crystalline powder, odorless, and with a
bitter taste; it is soluble in approximately 73 parts
of water at room temperature.
N-acetyl-/>-aminophenol is the principal metabolite
when either acetanilid or acetophenetidin is administered to humans; it is probably directly responsible
for the analgetic effect of the latter drugs. Flinn and
Brodie (/. Pharmacol., 1948, 94, 76) demonstrated
that equivalent doses of N-acetyl-/>-aminophenol and
acetanilid produce equivalent analgesia as measured
by elevation of the heat-pain threshold. Higher and
more rapidly attained plasma levels of N-acetyl-/»aminophenol were obtained with that substance than
with acetanilid (Brodie and Axelrod, ibid., 1948, 94,
29; no methemoglobin resulted from ingestion of the
acetyl-£-aminophenol. The drug has been used, according to unpublished clinical reports, in a variety
of conditions in which an analgetic of the type of
acetophenetidin or acetanilid may be used. The range
of adult dose is 300 to 600 mg. (approximately 5 to
10 grains) every 4 hours.
Acetylphenylhydrazine. C6H5NHNHCOCH3.—
This substance, first introduced into medicine in an
impure form, under the name pyrodin, has since been
used in the pure condition under the name of hydracetin. It forms colorless, inodorous crystals, melting
at 128°, soluble in 50 parts of water and readily soluble in alcohol. It is a powerful antipyretic but is a
dangerous remedy because of its destructive action on
the red blt>od cells. It has been used for polycythemia
(McCance and Widdowson, Quart. J. Med., 1937, 6,
277; McAlpin and Smith, New York State J. Med.,
1938, 38, 101). Dose, from 60 to 120 mg. (approximately 1 to 2 grains). For further information see
US.D., 20th ed., p. 1226.
Acetyltannic Acid. Acidum Acetyltannicum,
UJS.P. XI. Diacetyltannic Acid. Tannyl Acetate.
Tannigen (Winthrop). Acetannin. — This compound is
prepared by heating tannin with acetic anhydride in
the presence of glacial acetic acid. The substance is
apparently not a definite chemical compound as different samples vary in color, st-lubility and acetyl
content (see Corfield and Short, Chem. Drug., 1924,
101, 195).
The U.S.P. XI described it as follows: "A yellowish-white, or a grayish-white powder which darkens
on exposure to light. It is odorless or has a slight,
acetous odor. Acetyltannic Acid is only slightly soluble in water and in alcohol, but is soluble in ethyl
acetate. It is soluble with gradual decomposition in
aqueous solutions of alkali hydroxides and carbonates.
It is also soluble in aqueous solutions of sodium borate and of sodium phosphate." For tests see U.S.D.,
23rd ed., p. 1240.
Acetyltannic acid has a very mild astringent effect
due to the presence of a small amount of free tannic
acid. In alkaline solutions it is slowly hydrolyzed,
liberating tannic acid which exerts its characteristic
astringent effect. According to Sollmann (/. Pharmacol., 1921, 17, 87) this decomposition takes place
rather slowly, the astringency reaching its maximum
in about 2 hours. This may be interpreted to mean
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that the drug would exercise very little astringent
effect in the stomach or duodenum ; that in the lower
part of the intestinal tract it would exert a mild and
continuing effect as it is gradually hydrolyzed. Acetyltannic acid was used in the treatment of diarrheas of
various types, such as chronic enteritis, cholera infantum, dysentery, and even in relieving symptoms of
intestinal tuberculosis. The dose is 0.3 to 1 Gm. (approximately to
5 15 grains). [v]
Achillea, UJSJ>. 1870.— The flowering tops of
Achillea Millefolium L. Milfoil, or yarrow, is a perennial herb, very common both in Europe and America. It is also known by the names of ladies' mantle,
nosebleed, thousand-leaf and noble yarrow. The plant
is from 12 to 18 inches in height, and is specifically
distinguished by its doubly pinnate, downy, minutely
divided leaves, with linear, dentate, mucronate divisions, from which it derives the name of milfoil, by
its furrowed stem and involucre, and by its dense
corymbs of whitish flowers, which appear throughout
the summer, from June to September. Achillea nobilis
L., and A. moschata Jacq., or iva of Europe, are
sometimes used as substitutes for A. Millefolium.
Both the flowers and leaves of A. Millefolium have
an agreeable, though feeble, aromatic odor, and a bitterish, astringent, pungent taste. The plant contains
volatile oil, tannin, achilleine, achilleic acid (apparently identical with aconitic acid) and a bitter principle called ivain. The volatile oil is blue (from the
presence of azulene) and consists largely bf cineol
(Schimmel, Ber., 1894, p. SO). Graham (/. A. Ph. A.,
1933,27,819) showed that the azulene is formed during distillation of the volatile oil. Gisvold (J. A. Ph. A.,
1935, 24, 1071) found stigmasterol and sitosterol in
milfoil. For data on other constituents see McMurray
(Am. J. Pharm, 1933, 105, 573). A number of other
species of achillea have been distilled for the volatile
oil, including A. coronopifolia Willd., A. moschata
Jacq., A. nobilis, and A. ageratum L.
Milfoil has been used, chiefly as a folk-remedy in
the form of a "tea," as a sudorific and in amenorrhea.
Miller and Chow (J A. C.S., 1954, 76, 1353), calling
attention to the use of yarrow as a hemostatic, found
that the alkaloid achilleine, which they confirmed as
being present, reduces the clotting time of blood in
rabbits, the action lasting for 45 minutes and being
without observable toxic effect. Achillea has been used
in doses of 2 to 4 Gm. (approximately 30 to 60
grains) ; the volatile oil has been used in doses of 0.6
to 1 ml. (approximately 10 to 15 minims).
ACS. Antireticular Cytotoxic Serum. — This preparation isan antiserum obtained by immunizing lower
animals, usually horses or rabbits, with extracts of
human spleen and bone marrow. According to Bogomolets (Am. Rev. Soviet Med., 1943, 1, 101) and
other Russian proponents, proper doses of ACS stimulate hypothetical physiological functions of the connective tissue. In mice, the Russians claim complete
disappearance of large carcinogenous tumors and a
diminishing influence on metastases to the lungs. In
rabbits, they observed an acceleration of healing of
experimental fractures and rapid growth of normal
bone callosity.
First used in human patients in 1936, the Russian
clinical work was climaxed in 1946 by a combined
report on 2500 cases at Ufa. At this conference ACS
was declared therapeutically effective in gunshot
wounds, fractures, sepsis, several infectious diseases,
traumatic and infectious diseases of the nervous
system, certain psychoses, and other diversified disorders.
In the United States, published clinical evidence has
not been extensive or conclusive. Pomerat and coworkers demonstrated (1) the inhibitory phase of
ACS with tissue culture technic (Science, 1944, 100,
456), (2) some evidence of stimulation with small
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doses (Fed. Proc, 1945, 4, 56), (3) depression of
hematopoiesis in rats and mice with large doses (Fed.
Proc, 1945, 4, 111; 1946, 5, 176), and (4) no effect
on trypanosome infections in mice (Fed. Proc, 1946,
5, 177). The interesting observation has been made
that acute bartonellosis in rats may be induced by
"blocking" doses of ACS. Nickerson et al. (Fed. Proc,
1946, 5, 196) reported no stimulating effect of small
doses on the healing of experimental fractures in rats
but did not consider their results conclusive. On the
other hand, Strauss (/. Immunol., 1946, 54, 163) reported an accelerated rate of healing in experimental
fractures in rabbits.
It would appear that stimulating doses of ACS
give promise of clinical utility in speeding the healing
of fractures. Davis (Am. J. Med., 1947, 3, 123) administered the serum to 62 patients with far advanced
cancer; although it cannot be said that any lives were
prolonged, 10 patients experienced a marked relief
from pain, a gain in weight, an increased appetite, and
a sense of well-being. Eleven more patients noted
moderate benefit. Of 21 cases of rheumatoid arthritis,
12 obtained pronounced relief. A patient with myeloid
leukemia responded dramatically to repeated injections; patients with osteoporosis had complete relief
from pain; others with Hodgkin's disease, multiple
myeloma and lupus erythematosus disseminatus obtained moderate benefit.
Rogoff and associates (Am. J. Med. Sc, 1947, 214,
395) found ACS therapy of no benefit in the great
majority of patients with rheumatoid arthritis; in
the few cases apparently improved, benefit was usually transient. Samitz and Stritzler (Arch. Dermat.
Syph., 1949, 59, 493) reported ACS to be beneficial
in four cases of chronic ulcerations of the leg, but of
no value in the cases of scleroderma, exfoliative dermatitis, generalized psoriasis and pemphigus which
they treated with the serum.
The equivocal results in these hopeful trials have
discouraged further evaluation pending identification
of an active principle and information on its action.
Adenine. 6-Aminopurine. C5H5N5.3H2O. — This is
one of the purine base components of the nucleic
acids (q.v.) found in animal and plant tissues; it
occurs as white crystals, slightly soluble in water.
Adenine may apparently be incorporated into the
purine moieties of polynucleotides (of the rat) not
only as the adenine component but also in the form
of guanine (Brown, Ann. N. Y. Acad. Sc, 1954, 60,
185), suggesting that there can be transformation of
one purine into another. Several structural analogs of
adenine have been investigated to determine whether
they may serve as antimetabolites having ability to
alter characteristics of growth, notably inhibition of
neoplastic tissue growth. The most effective of these
analogs, especially in the treatment of acute leukemia,
is 6-mercaptopurine, which is discussed under this
title in Part II. The compound 2,6-diamino purine has
also been used therapeutically to antagonize adenine
in the metabolism of leukemic cells (Burchenal et al.,
Cancer, 1951, 4, 549).
Adenine has been reported to influence diuresis,
muscle activity and the central nervous system much
like the bases of the xanthine group (Yoshimuro,
Ztschr. physiol. Chem., 1913, 88, 334). Adenine sulfate
has been used in treating agranulocytosis by intravenous injection of 1 to 2 Gm. in 30 to 60 ml. of
isotonic sodium chloride solution (see also Pentnucleotide, under Nucleic Acids).
Adenium. — In southern Africa a number of native tribes used as arrow poisons various species of
the genus Adenium (Fam. Apocynacece) . Of these the
poison known to the natives as echuga (echuja)
comes from the A. Boehmianum Schinz. Bohm
(Arch. exp. Path. Pharm., 1889) isolated from this
species a crystalline glycoside echugln and a resinous
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body echugon. He found that it had a digitalis-like
effect on the heart but also caused tetanic convulsions.
A. Coetaneum Stumpf, according to Krause (Berl.
klin. Wchnschr., 1910, p. 1699), also contains a glycoside whose physiological action is essentially the
same. From A. honghel Hunger and Reichstein (Helv.
Chim. Acta, 1950, 33, 76) isolated the cardiac glycosides honghdoside A and hongheloside B, while
Frerejacque and Hasenfratz (Compt. rend. acad. sc,
1949, 229, 1949) reported isolation of a glycoside
which they called hongheline. From A. multiflorum
Hunger and Reichstein (Helv. Chim. Acta, 1950, 33,
1993) isolated the same glycosides as they did from
A. honghel, except for a further enzymatic splitting
of the former.
Adenosine-5-monophosphate. Muscle Adenxlic
Acid. My-B-Den (Bischoff). C10H14X5O7P — This
natural constituent of muscle tissue is a mononucleotide yielding on hydrolysis a molecule each of
adenine, D-ribose, and phosphoric acid.
In the course of its trial in the treatment of patients suffering from Hodgkin's disease, for which disease it is not effective, adenosine-5 -monophosphate
was found to relieve pruritus (Rottino, J .-Lancet,
1949, 49, 285) ; such antipruritic action has been
confirmed by Kennedv (.V. F. State J. Med., 1950,
50, 1609), Matt (South. M. J., 1951. 44, 537), and
Sussino [Am. Pract. Dig. Treat., 1951, 2, 491). The
compound has also been used effectively in the treatment of tendinitis (Rottino, J. -Lancet, 1951, 71, 237;
Sussino and Verdon. J.A.M.A., 1954, 154, 239);
multiple sclerosis (Lowry et al., Am. J. Med. Set.,
1953, 226, 73), varicose veins (Lawrence et al.,
Angiology, 1951, 2, 405), and phlebitis (Rottino et al.,
Angiology, 1950, 1, 194).
Adenosine-5-monophosphate has been variously administered, asby intramuscular injection of 20 mg.
(as the sodium salt) hourly for a total of 5 injections
per day for 3 consecutive days, or orally in the form
of 20-mg. tablets for sublingual absorption, given at
hourly intervals for 5 to 7 doses daily for 4 to 7 days,
after which 2 to 5 tablets daily are administered.
My-B-Den is available in 20-mg. sublingual tablets, in 1-ml. ampuls containing 20 mg. (as the sodium
salt) in aqueous solution, and in 10-ml. vials containing a sustained action vehicle (gelatin-base) with
20 mg. per ml. of adenosine-5-monophosphate (2s the
sodium salt).
Adhatoda, BJ3. Add. 1900. (Fam. Acanthaceae.) —
The fresh and dried leaves of Adhatoda vasica Nees
(Justicia Adhatoda L.). Malabar Nut Tree. The
leaves contain an alkaloid, vasicine, C11H12N0O (apparently identical with peganine from Peganum harmala), and an organic acid, adhatodic acid. Vasicine,
according to Chopra and Ghosh (Indian Med. Gaz..
1925, 60, 355), produces in experimental animals a
mild but persistent dilatation of the bronchi. The
claim is made that it exerts a powerful toxic influence upon lower forms of vegetable and animal life,
but is not poisonous to the higher animals. The
leaves are used in India as an expectorant and antispasmodic, especially in the treatment of asthma. The
B.P. Add. 1900 recognized the liquid extract (Extractum Adhatcdae Liquidutn), made with alcohol
and given in doses of from 1.3 to 4 ml. (20 to 60
minims) ; and the freshly expressed juice (Succus
Adhatodae), dose, from 4 to 15 ml. (1 to 4 fluidrachms).
Adlumia. — Species of this papaveraceous genus
contain some of the same alkaloids which are found
in corydalis. In A. cirrhosa are found adlumine,
adlumidine, allocryptine, and protopine (Watkins,
Pharm. Arch., 1903, 6, 17). In A. fungosa Greene,
Manske (Can. J. Research, 1933, 8, 210) found adlumine, adlumidine, protopine and bicuculline. For
further information concerning these alkaloids see
under Corydalis.
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Adonis, N.F. VII. Adonis V emails. Pheasants-eye.
Spring Adonis. False Hellebore. — "Adonis is the dried
overground portion of Adonis vernalis Linne (Fam.
Rammculacece) ." N.F. VII.
Adonis vernalis is an erect perennial herb a little
less than one foot high, with light green, pinnatified
leaves and conspicuous yellow solitary flowers and
achene fruits. It is a native of northern Europe and
Asia. Its rhizome has occurred in commercial black
hellebore as an adulterant. For descriptions of unground and powdered adonis, see US.D., 23rd edition.
Adonis aestivalis L., or summer adonis, has been
substituted for A. vernalis. It may be distinguished
from the latter by its crimson flowers and by its
stem
at thewhich,
top. unlike that of A. vernalis, is branched
Constituents. — In 1882 Cervelo obtained an active
principle from the plant, to which he gave the name
adonidin. This is, however, a complex material, containing a mixture of glycosides and adonic acid. Koch
(Deutsche Apoth.-Ztg., 1939, 54, 442) stated that the
activity of A. vernalis is due to two glycosides:
adonivernoside — almost insoluble in water, having,
in addition to cardiac activity, a spasmolytic and
diuretic effect — and adonidoside, a yellowish white,
hygroscopic powder easily soluble in water. According to Mercier and Macary (Compt. rend. soc. biol.,
1938, 128, 228) the latter is twice as powerful as
adonivernoside. The drug contains also adonitol,
pentahydroxypentane, occurring as white crystals
which melt at about 102°. For a review of the investigation of the glycosides of A. vernalis by Karrer,
see Festschrift, Emil C. Barell, 1936, p. 238.
Other species of adonis seem to possess similar
properties. A. cupanianus Guss., found in Sicily, is
described by Gatto (Arch, farmacol. sper., 1939, 67,
226), who found its therapeutic action to be similar
to that of A. vernalis. Tahara (Ber., 1891, 24) found
an allied glycoside adonht in the A. autumnalis, and
Inoko (Arch. exp. Path. Pharm., 1890, 28) a glycoside
also related to adonidin in the A. amurensis of Japan.
Uses. — Physiologically, adonis slows the heart by
stimulating inhibition and in lethal dose the frog's
heart is arrested in systolic spasm. For physiological
studies see Schmidt (Am. J. Pharm., 1920, 92, 702),
and Mercier and Delpaut (Compt. rend. soc. biol.,
1938, 129, 319). Adonis was introduced as a cardiac
tonic by Bubnow, in 1879, with the claim of advantages over digitalis in that it was more prompt in its
action and had less cumulative tendency. While favorable reports of its clinical use have appeared, Hatcher
and Haag (/. Pharmacol., 1933, 47, 217) came to the
conclusion that it is distinctly inferior in its therapeutic action to digitalis because of the irregularity of
absorption.
The drug is rarely prescribed in this
country.
Bechterew found that adonis was a useful adjuvant
to the bromides in the treatment of epilepsv. Masslow
(Arch. exp. Path. Pharm., 1926, 111, 114) found
that it antagonizes such cerebral convulsants as
cocaine and picrotoxin. Under the name of panadonine, a preparation of the Japanese A. Davurica was
introduced into medicine not only for its cardiac
effect but also as an analgesic in neuralgia.
The N.F. did not provide an assay for adonis.
Mercier and Macary (Compt. rend. soc. biol., 1939,
132, 529) found the guinea pig unsuited to the assay
of the drug, while Munch and Krantz (/. A. Ph. A.,
1934, 23, 988) stated that adonis and its preparations,
assayed by the 1-hour frog method, should have the
same potency as digitalis and its corresponding preparations.
The dose of adonis is from 60 to 300 mg. (1 to 5
grains) . The glycoside adonidin, referred to under
Constituents, has been given in doses of 5 to 15 mg.
042 .to lA grain).
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Adrenergic Blocking Agents. — Synonyms. —
Anti-adrenergic agents, adrenolytic agents, sympatholytic agents, sympathicolytic agents.
Definition. — An adrenergic blocking agent is a
compound the predominant pharmacodynamic action
of which is to block certain physiological responses to
the injection of epinephrine or to sympathetic (thoracolumbar autonomic) stimulation.
Physiological Basis. — The predominant regulation of blood pressure by the nervous system is mediated through the sympathetic or thoracolumbar division of the autonomic nervous system. Stimulation
of sympathetic nerves causes a constriction primarily
of the arterioles to produce an elevation in systemic
blood pressure. Sectioning of the sympathetic nerve
supply to an area of the body results in an immediate
vasodilatation within that area. A fall in blood pressure is also seen to follow the paralysis of the sympathetic innervation to the blood vessels innervated by
that portion of the autonomic system below the site
of spinal anesthesia.
The chemical mediator of sympathetic iihpulses
across the neuromuscular junction between the sympathetic (adrenergic) nerves and the arterioles has
been demonstrated to be arterenol (norepinephrine)
or epinephrine (adrenaline) (von Euler, Pharmacol.
Rev., 1951, 3, 247; Bulbring and Burn, Brit. J. Pharmacol. Chemother., 1949, 4, 245 ; Burn, Irish J. Med.
5c, 1951, 308, 345; Bacq, /. Pharmacol.. 1949, 95,
1). Thus, injection of norepinephrine or epinephrine
produces the same general effects of cardio-acceleration or increase in systemic blood pressure that may
be seen to follow reflex or direct stimulation of the
sympathetic nervous system. Likewise, stimulation of
the adrenal medulla to liberate epinephrine causes an
increase in systemic blood pressure as well as the
other effects of injecting epinephrine.
It is the action of adrenergic blocking agents to
abolish the excitatory effects of epinephrine or the
adrenergic mediation of sympathetic nervous stimulation. In blocking this action, the compounds have
been considered to have potential utility in the management of local or general neurogenic vasoconstriction (Xickerson, J. Pharmacol., 1949, 95, 27; Goodman and Xickerson, Med. Clin. N. Am., 1950, 34, 1;
Hoobler and Dontas, Pharmacol. Rev., 1953, 5, 135).
Chemistry. — The ability to block the pressor response to epinephrine is resident in several types of
chemical compounds. Perhaps the oldest group of
agents wherein this epinephrine-reversal effect was
noted is in the ergot alkaloids. For many years it
has been known that ergotamine and ergotoxine were
capable of reversing the pressor response of injected
epinephrine to one of overall vasodilatation (Dale,
/. Physiol., 1906, 34, 163; ibid., 1913, 46, 291). More
recently, because of intensification of work in this
field resulting both in the resolution of individual
components of ergot alkaloids and in the hydrogenation of several of these components, more active
adrenergic blocking agents have been developed (Stoll
and Hofmann, Helv. Chim. Acta, 1943, 26, 2070;
Rothlin, Bidl. Schiveiz. Akad. d. med. Wissensch.,
1947, 2, 249). The more promising of these compounds include dihydroergotamine, dihydroergocornine, dihydroergocristine and dihydroergocryptine
(Briigger, Helv. Physiol, et Pharmacol. Acta, 1945, 3,
117; Rothlin and Briigger, ibid., 1945, 3, 519). The
structural formulae of these compounds are as follows:

Blocking

Agents

Dihydroergotamine: Ri = C6H5CH2; R2 = CH3
Dihydroergocornine: Ri = (CHs)2CH;
R2 = CH(CH3)2
Dihydroergocristine: Ri = C6H5CH2;
R2 = CH(CH3)2
Dihydroergocrvptine: Ri = (CH3)2CHCH2;
R2 = CH(CH3)2
A pharmaceutical combination of the latter three
agents is marketed under the trade-mark Hydergine
(Sandoz).
The first of the generally recognized synthetic
adrenergic blocking agents were the Fourneau series
of benzodioxanes of which Compounds 933F and
883F have been the more intensively studied (Bovet
and Simon, Arch, intcrnat. pharmacodyn. therap.,
1935, 52, 413; ibid., 1937, 55, 15; Vleeschhouwer,
ibid., 1935, 50, 251; Bovet and Bovet-Nitti, Medicaments du Systeme Nerveau Vegetatif, 1948, S. Karger,
Basel). One of these (933F) has been marketed under
the name of Benodaine; its chemical structure is as
follows :

A generally useful type of adrenergic blocking
agent is found in the imidazolines. Examples of these
compounds include Priscoline (Hartman and Isler,
Arch. exp. Path. Pharm., 1939, 192, 141 ; Chess and
Yonkman, Proc. Sc. Exp. Biol. Med., 1946, 61, 127;
Ahlquist et al., J. Pharmacol., 1947, 89, 271) and
Regitine (Meier et al., Proc. S. Exp. Biol. Med., 1949,
71, 70; Moyer et al., J. Pharmacol., 1953, 108, 240),
the latter being the more recently introduced compound. The structural formulae of Regitine (official
as Phentolamine Hydrochloride) and of Priscoline
(official as Tolazoline Hydrochloride) are:
N

Basic Structure

CH,

NH — CH,

**/"%.
N

CH2

NH — CH2

Priscoline

Recently a series of dibenzazepine derivatives have
been described as having adrenergic blocking action.
The compound identified as Ro 2-3248 (Azapetine,
Ilidar) has been described as an outstanding example
of this class of compounds (Randall and Smith, J.
Pharmacol., 1951, 103, 10). The chemical structure
of this compound is:

N-CH2-CH=CH2

R.
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Ilidar has been compared pharmacologically with
Regitine and Priscoline and was found to be of the
order of activity of the latter and Vio that of Regitine
(Johnson et al., J. Pharmacol., 1953, 108, 144). Its
clinical utility has not yet been established broadly.
The group of adrenergic agents that has received
the greatest attention over the past several years is
the |3-haloalkylamines. Among these compounds are
the most potent adrenergic blocking agents and those
having the longest duration of action (Xickerson, /.
Pharmacol., 1949, 95, 27). The best known of these
compounds is Dibenamine (Xickerson and Goodman,
/. Pharmacol, 1947, 89, 167). The one currently receiving most attention in therapeutics is Dibenzyline
(Woodward et al., Fed. Proc, 1952, 11, 404; Bannon,
Proc. Mayo, 1952, 27, 475; Bakke and Williams, Am.
J. Med., 1953, 14, 141). The chemical structures of
Dibenamine and Dibenzvline are as follows:

CK

c\°s

CK

N-CH2CH2CI

Dibenamine

N-CH

OW-H

2

CH CI
2

Dibenzyline

Yohimbine has been recognized for many years to
have adrenergic blocking action (Raymond-Hamet,
Compt. rend. acad. sc, 1925, 180, 2074), but since its
utility has been limited to laboratory investigations,
primarily, it will not be discussed further in this
monograph.
Site of Action. — Principally these compounds
block stimulating or excitatory actions of epinephrine
and norepinephrine. Thus, the agents will block the
rise in blood pressure that follows injection of
epinephrine, or the effect of the compound on the
nictitating membrane of experimental animals. These
agents do not block the inhibitory effect of epinephrine on gastrointestinal activity, the uterus, or the
bronchodilator action of epinephrine. Neither do
they block the cardio-accelerator action of epinephrine or its effect on the force of contraction of the
heart. These two actions of epinephrine are known
respectively as its chronotropic and inotropic effects.
Thus, the utility of these compounds is limited to the
fields of neurogenic hypertension, the relief of localized arterial spasm as in Raynaud's or Buerger's disease, and as diagnostic agents for pheochromocytomas.
Another potential utility of several of these compounds is for the inhibition of the development of
cardiac arrhythmias that occur spontaneously under
chloroform or cyclopropane anesthesia or following
the injection of epinephrine or arterenol during surgery. Although all of these agents have these common
attributes (Xickerson, J. Pharmacol., 1949, 95, 27;
Goodman and Xickerson, Med. Clin. North America,
1950, 34, 1; Hoobler and Dontas, Pharmacol. Rev.,
1953, 5, 135), they differ markedly among themselves
with respect to their other actions, their durations of
effect and oral efficacy.
Mode of Action. — The mode of adrenergic blocking action of the ergot alkaloids and their derivatives

Part

II

is not well understood. Actually they have been
reported to be potent antagonists to the hypertensive
effect of serotonin (Woolley and Shaw, Fed. Proc,
1953, 12, 293; Fingl and Gaddum, ibid., 1953, 12,
321). (It will be recalled that serotonin is the hypertensive agent from clotted blood — see under Sympathomimetic Amines, in Part II). This lack of specificity of the ergot alkaloids (ergotoxin and dihydroergotamine) would indicate that their effect may be
on the mechanism (s) of fundamental importance to
the overall metabolism of the tissues affected by
epinephrine.
The mode of action of the Fourneau compounds
is not understood, although it has been proposed that
they alter the permeability of tissue to epinephrine.
The action of Priscoline and Regitine appears to
be a mixture of histamine-like, cholinergic, direct
vasodilator effect, and a blocking of the excitatory
effects of epinephrine (Hermann et al., Compt. rend,
soc. biol., 1941, 135, 1653; Chess and Yonkman,
Proc. S. Exp. Biol. Med., 1946, 61, 127; Yonkman
et al., Fed. Proc, 1946, 5, 216; Ahlquist et al., J.
Pharmacol., 1947, 89, 271; Trapold et al., ibid., 1950,
100, 119).
The mode of action of Dibenamine and Dibenzyline
appears to be due to their cyclization to intermediate
ethylenimmonium ions (Xickerson et al., Fed. Proc,
1946, 5, 195; Xickerson and Goodman, ibid., 1948, 7,
397), following which these structures hydrolyze to
yield inactive compounds. Apparently the onset of
action of the agents is determined by their rate of
cyclization, which in some instances is very slow
(Xickerson and Gump, J. Pharmacol., 1949, 97, 25).
Presumably, the duration of action of the compounds
may be due either to their complexing as alkylating
agents at the site of action of epinephrine (Xickerson
and Gump, /. Pharmacol., 1949, 97, 25) or to their
slow release from fat depots for distribution to the
receptor mechanisms (Brodie et al., Fed. Proc, 1951,
10, 283). The fact that a rearrangement of the compounds isrequired for their activation can be demonstrated by the parallelism between their in vitro rate
of titration with thiosulfate and their delayed in vivo
onset of anti-adrenergic action. That they are strictly
anti-adrenergic in action in that they compete with
epinephrine for a receptor mechanism can be demonstrated by the ability of prior injections of large
amounts of epinephrine to block the action of the
anti-adrenergic agents (Xickerson and Gump, J.
Pharmacol., 1949, 97, 25). The ability of Dibenamine
to block sympathetic stimulation and norepinephrine
effects on blood pressure appears to be less than its
ability to reverse the response to epinephrine (Xickerson and Goodman, /. Pharmacol., 1947, 89, 167).
However, it is claimed that this difference is more
apparent than real, for epinephrine has a greater vasodilator component to its action than does norepinephrine, which is presumably the mediator of adrenergic impulses at most neuromuscular junctions. Thus,
if the adrenergic blocking action of a compound On
epinephrine, norepinephrine and other sympathomimetic amines is equated on the basis of vasoconstrictor component of action of the compounds, it
is claimed that the blocking action is essentially the
same
the several 1953,
agents107,(Xickerson
and X'omaguchi, for
/. Pharmacol.,
284; Xickerson
et at.,
ibid., 1953, 107, 300).
Pharmacodynamic Actions. — Although the ergot
alkaloids have been recognized as adrenergic blocking
agents for many years, their clinical utility for this
purpose is limited. Indeed, it is doubtful whether
they produce any epinephrine blocking action at
dosages that do not have other systemic effects (Freis
et al., J. Clin, lnv., 1949, 28, 1387; Barcroft et al.,
J. Physiol., 1951, 112, 273). The dosage of the agents
is determined more by the tolerance of the patients to
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the drug than by the amount which must be administered to produce a therapeutic effect. Thus, the
most troublesome side effects of the dihydro ergot
alkaloids are nausea and vomiting (Bluntschli and
Goetz, S. African Med. J., 1947, 21, 382; Freis et al.,
Am. J. Med. Sc, 1948, 216, 163). It is said that hypertensive patients are more sensitive to these "toxic
effects" of the agents than are normal individuals.
Although the compounds can be administered orally
the dosage must be very carefully adjusted to the
individual patient. Apparently, only a small number
of hypertensive patients respond to dihydroergotamine (Wilkins et al., J. A.M. A., 1949, 140, 261). Resistance to the sympatholytic action of dihydroergocornine develops in some patients during long-term
oral therapy (Moister et al., J. Pharmacol., 1949, 96,
21).
The benzodioxanes are less potent adrenergic blocking agents than either the ergot alkaloids or the
(3-haloalkylamines (Bovet and Simon, Arch. int.
pharmacodyn., 1937, 55, IS; Hermann et al., Compt.
rend. Soc. de Biol., 1939, 131, 282). Although the
onset of activity is rapid, their duration of action is
limited to 2 or 3 hours. These compounds must be
administered intravenously to be effective (Emlet
et al., Am. J. Med., 1951, 11, 241). Consequently,
their utility in the treatment of hypertension is
strictly limited. Their greatest usefulness has been
as an aid to the diagnosis of the pheochromocytoma.
The pheochromocytoma is a tumor of the chromaffin
tissue of the adrenal medulla, which secretes, intermittently or continuously, excessive amounts of norepinephrine and epinephrine. Consequently, there
may be intermittent attacks of severe hypertension or
the blood pressure may be sustained at high levels.
The administration of Benodaine to these patients
usually produces a prompt fall in both systolic and
diastolic pressures to or below normotensive levels
(Goldenberg et al., J. AM A., 1947, 135, 971; Cahill
and Aranow, Ann. Int. Med., 1949, 31, 389). This is
due to the ability of the compound to block the
constrictor action of epinephrine and arterenol secreted by the tumor on the receptor mechanism of
the arterioles.
The imidazolines, Priscoline and Regitine, are weak
adrenergic blocking agents (King, Fed. Proc, 1947,
6, 345 ; Goweley, Brit. J. Pharmacol. Chemother.,
1948, 3, 254). Among the imidazolines are compounds that have mixed types of adrenergic, cholinergic, adrenergic blocking, and histamine-like activity (Craver et al., J. Pharmacol., 1944, 82, 275;
Ahlquist, Am. J. Physiol, 1948, 153, 586; Friedlaender and Friedlaender, Ann. Allergy, 1948, 6, 23).
Their principal attribute is that they may be administered orally for the relief of localized arteriospasm.
It is likely that their ability to relax blood vessels
is due to their histaminic vasodilator action as well
as to their adrenergic blocking action. These agents
have been used particularly in the treatment of peripheral vasospasm, Buerger's disease, Raynaud's disease,
frostbite and causalgia (Kohlmayer, Wien. klin.
Wchnschr., 1939, 52, 1155; Schnetz and Fluch, Ztschr.
klin. Med., 1940, 137, 667; Rogers, J. AM A., 1949,
140, 272). The response to the compounds is not
universally good, but they give relief in a sufficient
proportion of cases as to warrant their recognition,
especially since they may be administered orally.
The 3-haloalkylamines, Dibenamine and Dibenzyline, have been studied considerably from the standpoint of their clinical utility. Dibenamine produces
gastric irritation and must be administered intravenously to be effective. There is a delay of one or more
hours following injection before the compound becomes effective in reducing blood pressure, but its
duration of action may persist for 48 hours, or more.
Its low solubility requires that it be administered
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slowly in a large volume by venoclysis. It is most
useful in hospitalized patients, for it produces orthostatic hypotension sufficient to produce syncope on
standing. The earliest noted effects of the compound
include miosis and nasal stuffiness or vasodilatation.
If the compound is administered rapidly it may
cause profound hypotension, salivation, nausea and
mental confusion. Since these haloalkylamines are
very irritating, some incidence of thrombophlebitis
and phlebothrombosis has been reported (Hecht
and Anderson, Am. J. Med., 1947, 3, 3 ; Wunsch et al.,
Ann. Int. Med., 1950, 33, 613; Goodman and Nickerson, Med. Clin. North America, 1950, 34, 1 ; Barnett, Med. J. Australia, 1951, 1, 939).
The advantage of Dibenzyline over Dibenamine is
said to be its useful order of oral efficacy. This difference in oral efficacy of the two compounds is
strictly a quantitative one. The oral utility of these
drugs is influenced in large measure by their production of nausea and vomiting. Dibenzyline has a lower
propensity to produce these manifestations of gastric
irritation than does Dibenamine. Dibenzyline seems
to be quite active when administered intravenously.
When administered orally the dosage of the compound must be adjusted carefully to the patient. Its
effect is said to diminish over the course of administration of several months. Some 87 per cent of patients receiving the compound report nasal congestion. Over half of the patients may experience some
indigestion, anorexia, nausea or vomiting. Thus, while
utility has been demonstrated for the agent it must
await further investigation before its general acceptance clinically can be ascertained. Like Dibenamine,
Dibenzyline has a duration of action as long as several days (Haimovici et al., Proc. S. Exp. Biol. Med.,
1951, 77, 477; Moser et al., Arch. Int. Med., 1952,
89, 708; Bakke and Williams, Am. J. Med., 1953,
14, 141).
Toxicity. — The toxicities of adrenergic blocking
agents relate (1) to their anti-adrenergic activity per
se, and (2) to their collateral chemical or pharmacodynamic attributes.
Thus, nausea and vomiting produced by the ergot
alkaloids are their most frequent drawbacks. As was
indicated above, it is unlikely that in dosages in which
they are employed in therapy they produce useful
adrenergic blocking effects (Goodman and Nickerson, Med. Clin. North America, 1950, 34, 1).
The reactions to rapidly administered Benodaine
(benzodioxane) include palpitation, peripheral vasodilatation, excitement, fright or confusion, and hypotension (Goodman and Nickerson, ibid., 1950, 34, 1).
When used as a diagnostic agent it is difficult to
divorce the reactions to the sudden fall in blood
pressure from those of the compound per se. The use
of such diagnostic agents for pheochromocytoma is
attended by some risk.
The imidazolines may actually produce an elevation of blood pressure and palpitation in some patients. Apparently because of the histaminic action
of the compounds they may produce increased gastric
acidity (Thiele, Klin. Wchnschr., 1940, 19, 620;
Nasio, Am. J. Digest. Dis., 1944, 11, 227).
The reactions to Dibenamine and Dibenzyline are
mostly referable to their adrenergic blocking action.
Thus, they produce profound orthostatic hypotension
which in young individuals may be compensated satisfactorily. Older patients do not compensate as well
for the orthostatic hypotension and so usually should
be confined to a bed during therapy. Nasal stuffiness,
dizziness, occasional tachycardia and salivation are
manifestations of their adrenergic blocking propensity. The nausea and vomiting may be referable to
the irritating action of the compounds when administered orally or perhaps to the redistribution of blood
as it accompanies the adrenergic action of the agents.
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Toxic reactions to the compounds can be terminated
by withdrawing therapy.
Undesirable side effects may be minimized by careful adjustment of dosage and by the slow administration of those agents which must be given by venoclysis.
Hereunder are described the several non-official
drugs of this class; the others mentioned above are
discussed further in Part I.
Non-official Compounds
Azapetine Phosphate. — Ilidar (Roche). — Azapetine is one of a series of dibenzazepine derivatives
synthesized and described by Wenner (/. Org. Chetn.,
1951, 16, 1475) ; it is 6-allyl-6,7-dihydro-5H-dibenz[c,e]azepine (see formula, p. 1527). Pharmacologic
studies of 18 of these compounds were published by
Randall and Smith (J. Pharmacol., 1951, 103, 10),
who pointed out that the more potent derivatives of
dibenzazepine have many of the pharmacodynamic
properties common to imidazoline and benzodioxane
derivatives. Azapetine was reported by Randall and
Smith (loc. cit.) to have an acute intravenous toxicity in mice of 26 mg. per Kg. and in dogs of 50 mg.
per Kg. Sublethal doses produce central excitation,
disorientation and tremors. The principal attribute of
this compound as it represents this series is its ability
to block adrenergic vasoconstriction. Thus, the compound blocks effectively the pressor action of epinephrine and of arterenol, the pressor response to carotid
sinus stimulation, and the nictitating membrane response to epinephrine, arterenol and electrical stimulation of the superior cervical ganglion of the cat.
Like other adrenergic blocking agents, it has no
significant effect on gastrointestinal motility as measured in vitro on isolated intestinal strips and on the
motility of the Thiry-Vella intestinal loop in dogs.
In isolated heart preparations azapetine is reported to be a vasodilator of roughly the same order
of activity as papaverine. Like other adrenergic
blocking agents, azapetine blocks the effect of epinephrine-induced cardiac arrhythmias under chloroform anesthesia. It does not block the accelerator
effect of epinephrine on heart rate to any appreciable
extent. It is claimed that more nearly the same dose
of azapetine is required to block both epinephrine
vasoconstriction and that produced by sympathetic
stimulation, whereas with the other classic adrenergic
blocking agents substantially higher doses are required to block sympathetic stimulation than epinephrine vasoconstriction.
Page and McCubbin (Am. J. Physiol., 1953, 173,
411) and Handley and Moyer (J. Pharmacol., 1954,
110, 277) are agreed that azapetine produces a renal
vasodilatation and an increase in renal blood flow,
in spite of the decrease produced by the compound
in mean systemic blocd pressure in the dog. Azapetine
is active when administered orally in contrast to most
adrenergic blocking agents, but the duration of action persists for only an hour or so. Moore et al.
(J. Pharmacol., 1952, 106, 14), Johnson et al. (ibid.,
1953, 108, 144) and Griffin and his associates (ibid.,
1954, 110, 93) studied azapetine and compared it
to phentolamine (Regitine) and benzazoline (Priscoline) for adrenergic blocking action in innervated
and denervated vascular beds to the skin and muscle.
In general, they found azapetine to have the same
order of activity as benzazoline, and both of them
to be Ye to Vio as active as phentolamine.
Green and DuBose (Circulation, 1954, 10, 374)
studied the effects of azapetine in some 86 patients
with peripheral vascular diseases. They found it to
produce symptomatic benefit in about x/s of the patients having arteriosclerosis obliterans and to be a
useful agent in the relief of spasm occasioned by
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sudden arterial occlusion, thromboangiitis obliterans,
Raynaud's disease and post-phlebitic syndrome.
The side effects of azapetine include a moderate
postural hypotension occasioned by sympathetic
blockade and accompanied by weakness, dizziness,
fatigue and nausea. These side effects may be minimized by careful adjustment of dosage. Azapetine is
usually contraindicated in patients having a history
of asthma, in incipient shock or in conditions in
which postural hypotension may exist. It is recommended that the agent be used with caution in patients having a history of respiratory distress or
peptic ulcer.
Dose. — Azapetine is available in coated tablets
containing 25 mg. of azapetine in the form of its
phosphate. Two or three tablets (50 to 75 mg.) may
be administered 4 times daily. The dosage should be
adjusted carefully to th# patient in order to produce
an optimal hypotensive effect with minimal side
effects such as would be produced by profound sympathetic blockade.
Diben amine Hydrochloride (Smith, Kline &
French) . — This substance, N,N-dibenzyl-|3-chloroethylamine hydrochloride, is a sympatholytic and
adrenolytic agent; it is structurally related to the
nitrogen mustards. This compound was the first of
this general class of adrenergic blocking agents, of
which Dibenzyline is the available example on the
market. The pharmacologic properties of Dibenamine
were described first by Nickerson and Goodman (/.
Pharmacol, 1947, 89, 167; ibid., 1949, 95, 27). Its
adrenergic blocking action is characterized by a delayed onset requiring an hour or so following its
intravenous administration for full effect. It must be
administered intravenously and in large volume
slowly because of its necrotizing effect. Consequently,
it cannot be administered subcutaneously or intramuscularly safely. The compound is not active when
administered orally. The duration of action persists
for 36 to 96 hours in man. The compound causes a
reversal of the pressor effect of intravenously administered epinephrine and depresses the pressor response to the injection of norepinephrine or to the
stimulation of sympathetic innervation either directly
or reflexly. The adrenergic blocking action of the
agent pertains to the effect of epinephrine on the
vascular system and not to the gastrointestinal responses to that sympathomimetic agent. These general attributes have been reviewed most adequately
by Nickerson (Pharmacol. Rev., 1949, 1, 27).
The fact that the compound is not active when
administered orally and is tedious to administer intravenously has precluded its general clinical use.
The agent has not been made available on the open
market and is only available for clinical investigation.
It has been found to have little effect on the normotensive individual with respect to blood pressure,
heart rate and electrocardiogram. In the presence of
neurogenic vascular spasm the compound produces
an increase of peripheral blood flow and an elevation in skin temperature due to the blocking of
sympathetic innervation of the cutaneous vessels.
The translation of this pharmacodynamic attribute
to the clinic has shown it to produce vasodilatation
beneficial in Buerger's disease, Raynaud's disease,
frostbite and acute arterial occlusion. The agent has
been employed preoperatively in an attempt to predict the result of surgical sympathectomy (Console,
Am. J. Med., 1948, 5, 164). Also, it had been employed successfully in diagnosis and preoperative care
of pheochromocytoma (Griswold, New Eng. J. Med.,
1948, 239, 736). There has been some interest and
claim for the utility of Dibenamine in the management of schizophrenia and anxiety states (Medinets
et al, Proc. S. Exp. Biol Med., 1948, 69, 238; Sulli-
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van, Gastroenterology, 1949, 13, 564). There is a
substantial literature with respect to the utility of
this agent on an experimental basis. Unfortunately,
its physical and secondary pharmacologic attributes
are not conducive to its general use.
The compound causes orthostatic hypotension, nasal
congestion, miosis and loss of time perception in some
cases. Too rapid infusion may cause nausea, vomiting
and central nervous system excitation or tremors.
Direct intravenous infusion of the 5 per cent solution
may cause thrombosis. Extravasation of the solution
may cause local tissue necrosis.
A single dose for an adult is 4 to 6 mg. per Kg. of
body weight; the single total dose should not exceed
500 mg. The solution of the compound should be
added to 300 to 500 ml. of sterile isotonic sodium
chloride with or without 5 per cent dextrose. The rate
of flow should be adjusted so that the volume is administered over a total period of 45 to 60 minutes.
The dose may be repeated 2 to 3 times weekly.
Dibenzyline Hydrochloride (Smith, Kline &
French). — This substance, N-phenoxyisopropyl-Nbenzyl-|3-chloroethylamine hydrochloride (see formula,
p. 1528), is an adrenergic blocking agent for which
oral as well as intravenous efficacy for the reduction
of hypertensive blood pressure has been claimed. The
results of its trial in hypertensive patients have been
variable. Moser et al. (Circulation, 1953, 8, 224) described itas orally effective, moderately potent, and
as having a long duration of action. On the other
hand, Corcoran, Taylor and Harrison (Proc. S. Exp.
Biol. Med., 1952, 80, 265) reported it to be ineffective
in their hands in the treatment of essential hypertension. Whereas Gill et al. (Am. J. Med. Sc, 1953,
226, 249) did not consider Dibenzyline to be satisfactory in the treatment of arterial hypertension when
administered orally alone, they found that when combined with low-sodium cation exchange resin therapy
a fall in blood pressure could be induced. Moser and
his associates (Ann. Int. Med., 1953, 38, 1245) reported Dibenzyline to be more potent than Priscoline
in vasospastic and causalgic states, but only occasionally was it superior to the latter drug in thromboangiitis obliterans and arteriosclerosis. They caution
that in older arteriosclerotic patients Dibenzyline
should be used with care. Bakke and Williams (Am.
J. Med., 1953, 14, 141) indicated that in spite of their
observations that about one-third of the patients had
a decrease in blood pressure during initial course of
Dibenzyline therapy, only 13 per cent of the patients
reported subjective improvement. These patients were
relieved of headache or angina pectoris.
When administered orally, and especially so when
administered intravenously, the most common complaint of patients was nasal congestion. Dizziness,
especially as associated with upright posture (orthostatic hypotension) is also a common complaint. Consequently, most patients are more comfortable when
confined to bed during therapy. Indigestion, nausea
and anoxia are frequent undesirable signs, but they
are not of serious consequence.
The oral dose of Dibenzyline is said to be 30 to 240
mg. daily. This dosage must be adjusted carefully to
the needs of the patient if it is to be effective without
undesirable manifestations or side effects.
Hydergine (Sandoz) . — This preparation consists of
equal parts of a mixture of 3 hydrogenated ergot
alkaloids (see also under Ergot, in Part I), these
being dihydroergocornine, dihydroergocristine, and
dihydroergocryptine, in the form of their methanesulfonate salts. Hydergine is used in peripheral vascular diseases such as Raynaud's syndrome, Buerger's
disease, frostbite, thrombophlebitis, arteriosclerosis
obliterans; for varicose ulcers, and in essential hypertension.
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Dihydroergocornine (DHO 180, Sandoz) has received extensive clinical trial but is marketed only in
combination with the two other hydrogenated alkaloids. Like ergotamine, ergocristine and ergocryptine,
ergocornine has adrenergic-blocking action (Goetz
and Katz, Lancet, 1949, 256, 561) ; ergonovine does
not have such action. In addition to this action, these
alkaloids stimulate smooth muscle directly and have
complex excitant and depressant effects on the central nervous system. Hydrogenation increases the
adrenergic-blocking action and decreases the direct
muscle action but DHO 180 retains some oxytocic
action. Its adrenergic-blocking action is second only
to that of Dibenamine in animals when used in adequate doses (Nickerson, J. Pharmacol., 1949, 95, 27)
but in man the blocking action cannot be obtained
because nausea, vomiting and malaise limit the dose
to 0.3 mg. intravenously or 20 mg. orally.
Its clinical effects are chiefly on the central nervous
system (Goetz, Lancet, 1949, 256, 510). It lowers
blood pressure in some hypertensive patients (Fries
et al., Am. J. Med. Sc, 1948, 216, 163) when given
parenterally or orally, but tolerance develops rather
rapidly (Josephs, Am. Pract., 1949, 4, 71; Moister
et al., J. Pharmacol., 1949, 96, 21). Tolerated doses
do not affect blood pressure in normotensive persons.
In the hypertensive patient it causes a decrease in
both the systolic and diastolic blood pressure, a
decrease in heart rate, a slight increase or no change
in cardiac output, a transient decrease in hepatic and
renal blood flow, an increase or no change in blood
flow in the arms and legs, a rise in skin temperature,
and elimination of vasomotor reflexes (Wilkins et al.,
J.A.M.A., 1949, 140, 261; Freis et al., J. Clin. Invest.,
1949, 28, 1387; Hays et al., ibid., 1949, 28, 615).
Oral administration of dihydroergocornine for 3 to
9 months gave favorable results in 12 of 25 patients
with arteriosclerosis obliterans, 2 of 14 with vasospastic disorders, but not in a patient with embolic occlusion (Popkin, California Medicine, 1950, 72, 108). It
did not cause angina pectoris or changes in the electrocardiogram inpatients with enlarged left ventricles
(Scherf et al., Proc. S. Exp. Biol. Med., 1949, 71,
420).
Presently the combination of the 3 hydrogenated
alkaloids is marketed because it is cheaper to produce, it has been shown to be equally effective, and
it is perhaps less toxic in doses of equivalent action.
In hypertension, Hueber and Wohlrab (Munch, med.
Wchnschr., 1951, 93, 2157) reported subjective improvement without change in blood pressure in 4 of
10 aged, hypertensive patients. Both subjective and
objective improvement was recorded in 12 menopausal, hypertensive cases, and in 3 of 9 cases of
essential hypertension. No improvement was observed
in hypertensive patients with nephritis and in those
with malignant hypertension. Intramuscular administration was the most effective route, and sublingual
tablets were several times as effective as oral administration. Using oral administration, supplemented with
intramuscular doses if needed, Odenthal (Deutsche
med. Wchnschr., 1951, 76, 1107) reported relief from
symptoms of headache and dizziness in 122 of 218
ambulatory patients with hypertension, although only
19 per cent of hospitalized cases were relieved of
symptoms. The average decrease in systolic pressure
was about 25 mm. and of the diastolic pressure 13 mm.
of mercury. Wilbrandt (Angiology, 1953, 4, 183) used
subcutaneous injections daily or on alternate days for
10 to 20 doses, followed by sublingual administration ;
among 100 patients with stage I or II hypertension
(graded according to the changes in the retinal vessels) symptoms were relieved in 80 per cent but blood
pressure decreased in only 5 per cent; among 100 patients with severe hypertension, stage III or IV,
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symptoms were relieved in 52 per cent and blood pressure was decreased in 31 per cent. When a placebo
was substituted the patients relapsed; no tolerance to
the drug was observed to develop.
Tandowsky (Circulation, 1954, 9, 48) evaluated
the parenteral use of this preparation for 2 weeks to
1 year in 100 patients and concluded that the transitory effect on blood pressure and pulse rate made this
preparation impractical in ambulatory patients but
in 22 cases with manifestations of early cerebrovascular derangement, such as headache, brief hemiplegia, sudden loss of memory, etc., the parenteral use,
particularly by intravenous injection, of Hydergine
relieved the manifestations.
Snyder et al. (Am. Pract. Dig. Treat., 1954, 5, 299)
treated 20 patients with essential hypertension with
subungual tablets 4 times daily, commencing with
0.3 mg. and increasing the dose until therapeutic
response or incapacitating side effects appeared. On
the average these patients received 12.8 mg. daily,
with a range of 2.4 to 30 mg. Only 3 of 20 patients
showed a decrease in blood pressure and side effects,
including nausea, vomiting, headache, dizziness, blurring of vision, skin rash, anorexia and abdominal
cramps, preventing continuation of treatment. In another 20 patients, Hydergine was injected subcutaneously, commencing with 0.3 mg. every 6 hours
and increasing this dose to effectiveness or tolerance;
in 5 there was a reduction of mean blood pressure of
20 to 30 mm. of mercury and 5 decreased more than
30 mm.; when sublingual therapy was substituted all
but 1 patient returned to the pre-treatment blood
pressure le%'el. It was ineffective in cases of malignant
hypertension but it was recommended for short-term
use parenterally in moderately severe hypertension
complicated by renal failure since precipitous drops
in blood pressure which may aggravate renal failure
are seldom caused by Hydergine. Numerous reports
of symptomatic benefit with Hydergine in patients
with hypertension have appeared (Josephs, Am. Pract.
Dig. Treat., 1949, 4, 71; Nuzum, Ann. West. Med.
Surg., 1950, 4, 781; Schultz, Am. Pract. Dig Treat.,
1953, 4, 330; Grenfell, ibid., 1954, 5, 532). The lastnamed gave injections 3 times weekly for 2 weeks,
then twice and later once weekly for 2 -week periods
each, and finally every 2 weeks; both decrease in
blood pressure and relief of symptoms resulted.
In peripheral vascular disease, Zeman and Finkemeyer (Deutsche med. Wchnschr., 1951, 76, 1207)
reported improvement of intermittent claudication in
14 of 30 patients following oral or parenteral use of
Hydergine. Ehren (ibid., 1334) reported marked improvement in 3 of 18 cases with arteriosclerotic
peripheral vascular disease, 18 of 33 with endarteritis
obliterans, 24 of 31 with vasospastic peripheral vascular symptoms, and in all 6 patients with symptoms
following frostbite. Roberts et al. (Am. J. Med. Sc,
1952, 224, 431) used 0.5 to 2 mg. orally 4 times daily
in 72 patients and observed significant improvement
in those with organic vascular disease, particularly
those with ulceration, but little benefit in those with
spastic vascular disease. Luke and Marien (Can. Med.
Assoc. J., 1953, 68, 221) described marked improvement in 8 of 10 patients with arteriosclerosis obliterans with 0.5 to 1 mg. sublingually 4 times daily.
Eichler and Heinzel (Arch. kUn. Chir., 1954, 278,
568) reported on 157 patients studied over a period
of 5 years. Twenty-five of 60 cases of Buerger's disease had good results; 20 who had been subjected
to sympathectomy without relief were benefited by
Hydergine therapy. Amputation was avoided in 16 of
27 cases. Of 44 cases with arteriosclerotic peripheral
vascular disease, 10 obtained good and 17 satisfactory
results. Seven of 12 cases with arterial embolism were
benefited. Eleven of 13 cases with Sudeck's atrophy
of bone, 11 of 13 with Raynaud's syndrome, and 4 of
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11 with indolent leg ulcers were benefited. Mild cases
received 0.5 to 1 mg. sublingually 4 times daily ; moderate cases received 0.3 to 0.6 mg. subcutaneously
daily in addition to the sublingual dose; severe cases
also received 0.3 to 0.6 mg. by intraarterial injection
daily in addition. July and Babilliot (Semaine hop.
Paris, 1954, 30, 4369) reported improvement in patients with peripheral vascular diseases with oral and
subcutaneous therapy and intraarterial injections of
Hydergine dissolved in 10 ml. of 1 per cent procaine
hydrochloride solution.
In patients with migraine, Bercel (Am. Pract. Dig.
Treat., 1955, 6, 348) used dihydroergotamine in treatment of attacks but Hydergine daily sublingually as
a prophylactic measure with a decrease in incidence
of headaches of 71 per cent. Popkin (ibid., 1952, 3,
532) used Hydergine effectively in the relief of a
variety of symptoms in aged patients.
Dose. — The usual dose sublingually is 2 to 3 mg.
daily in divided doses every 4 to 6 hours. Subcutaneously or intramuscularly, the usual dose is 0.3 to
0.6 mg. daily or on alternate days. Oral administration
is rather ineffective. Intraarterial injection is used
(W.).
Hydergine is available in sublingual tablets of 0.5
mg. and in 1-ml. ampuls containing 0.3 mg.
Piperoxane Hydrochloride. Benodaine Hydrochloride (Merck), Compound 933F. — This substance is
2-(l-piperidylmethyl)-l,4-benzodioxane hydrochloride
(see formula, p. 1527), an odorless, crystalline powder, freely soluble in water. Its solutions may be autoclaved, are stable to light and on storage.
Piperoxane hydrochloride is an adrenergic-blocking
agent of short duration of action which has come into
use as a diagnostic test to distinguish between essential hypertension and the hypertension due to an epinephrine-secreting tumor (pheochromocytoma). In the
test a solution containing 2 mg. per ml. is injected into
the tubing through which a slow intravenous infusion
of normal saline solution is being administered to the
patient; the dose of piperoxane hydrochloride is 10
mg. per square meter of body surface (about 0.25 mg.
per kilogram of weight, or about 20 mg. for the average adult). If the patient's hypertension is due to an
epinephrine-secreting tumor, a significant drop in
blood pressure occurs in about 4 minutes and persists
for about 10 minutes; in other hypertensive patients
the pressure is unchanged or may rise. Drill (New
Eng. J. Med., 1949, 241, 777) reported rises to 300
mm. systolic pressure, with nausea, headache, dizziness, and precordial pain, in two hypertensive patients.
Negative tests have been obtained in patients with
tumors, while positive tests in patients in whom no
tumor could be found have been reported (Taliaferro
et al., J. AM. A., 1949, 140, 1271). Before operating on
the basis of a positive test this should be compatible
with clinical features and should be checked with the
histamine test (Roth and Kvale, Am. J. Med. Sc,
1945, 210, 653), the methacholine test (Guarneri and
Evans, Am. J. Med.. 1948, 4, 806), and/or the tetraethylammonium ion test (LaDue et al., Ann. Int.
Med., 1948, 29, 914).
The more recent indications that some pheochromocytomas may contain a predominant amount of
arterenol or noradrenaline have provoked a re-evaluation of the reliability of the piperoxane test for this
laboratory diagnosis. The reason for this concern has
been the relative insensitivity of arterenol to adrenergic blocking agents generally. However, Goldenberg et al. (Arch. Int. Med., 1950, 86, 823; J. AM A.,
1950, 143, 1139) and others confirmed the utility of
piperoxane for this diagnostic purpose even when the
gland content of pressor amine was found on extirpation to be predominantly norepinephrine (arterenol)
(Koffler et al, J. Clin. Endocrinol., 1950, 10, 897;
Conference on Therapy, Am. J. Med., 1954, 16, 574).
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Aerosol Antiseptics. — The term "aerosol" signifies minute particles — liquid or solid, organic or inorganic— dispersed in air; the liquid droplets are
usually from less than 1 micron to 2 microns in
diameter. Unfortunately there is some confusion of
this term with the surface-active agents known as
Aerosol, as Dioctyl Sodium Suljo succinate.
A true liquid aerosol does not wet surfaces which
it touches, regardless of the rate at which it flows or
the quantity of liquid at the outlet of the generator.
Moreover, such an aerosol offers considerable resistance to dissolution in the solvent serving as the vehicle
for its dispersion; thus, an aerosol dispersed from an
aqueous solution of eosin or fuchsin or toluidine blue
and then splashed into or through successive flasks
containing water will color it only slightly or not at
all (Dautrebande, Physiol. Rev., 1952, 32, 215).
The idea that it would be possible to kill bacteria
floating in the air by spraying antiseptic solutions was
originally applied by Lister in 1867 in the operating
room. The phenol which he used for this purpose,
however, proved so toxic to the surgeon that the
method was completely abandoned. In 1938 Masterman showed that an atomized solution of sodium
hypochlorite would kill air-borne bacteria when present in as small a proportion as 1 Gm. of NaOCl in
40,000 liters (1400 cu. ft.) of air. A considerable number of other antiseptics has been tried.
Studies by Robertson and his colleagues at the University of Chicago, first reported in 1941, indicated
that both propylene glycol and triethylene glycol
vapors are highly bactericidal against many organisms,
including their spores. Triethylene glycol had come to
be the agent of choice for aerial disinfection of environments occupied by human beings, for as little as
1 ml. of glycol in several hundred million ml. of air
proved to be lethal to the common respiratory bacteria, pathogenic and non-pathogenic, as well as to
the viruses of influenza, psittacosis and meningopneumonitis (see Robertson, Am. J. Med., 1949, 7,
293). Germicidal concentrations of the vapor are
odorless, tasteless, non-irritating, non-toxic, invisible
(except for production of a Tyndall beam when a mist
is produced) and have no deleterious effects on walls,
fabrics, books and other objects.
A fairly wide use of triethylene glycol for air sterilization in hospital wards, military barracks, schoolrooms and other public places indicates that the glycol
may be effective in controlling air-borne infections,
although some of the results are inconclusive (Robertson, loc. cit.; Sahyun, Stanford M. Bull., 1948, 6,
457). Nagy and Mouromseff (Science, 1950, 112, 593;
1951, 113, 698), studying the effect of vaporized or
atomized propylene glycol and triethylene glycol on
E. colt dispersed in air, concluded that the glycol
vapors are not germicidal but simply accelerate the
rate of settling of the bacteria. Lester, Dunklin, and
Robertson (ibid., 1952, 115, 379), reporting their own
experiments showing that the vapors of the glycols
are bactericidal against E. coli, infer that insufficient
glycol was used in Nagy and Mouromseff's experiments; the former investigators did find, however,
that triethylene glycol vapor acted more slowly and
produced a considerably lower rate of kill of organisms than did propylene glycol, an observation apparently contrary to earlier findings as to the relative
efficiency of the glycols for a number of different
kinds of bacteria (Robertson et al., Science, 1943, 97,
142). The concentration of propylene glycol used by
Lester and his co-workers ranged from 0.2 to 0.4 mg.
per liter of air (equivalent to 1 to 2 times saturation),
while the concentration of triethylene glycol ranged
from 10 to 25 micrograms per liter of air (equivalent
to 2 to 10 times saturation). A relative humidity between 15 and 40 per cent is essential for optimum
activity of the glycols.
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The term aerosol therapy or inhalation therapy
refers to the use of a dispersion of liquid particles
(though sometimes also of a dispersion of solid particles) in a gas for inhalation treatment. Various drugs
may be thus administered, a suitable nebulizer being
essential. For an excellent discussion of this type of
therapy see Dautrebande (Physiol. Rev., 1952, 32,
214), Rooth (Acta med. Scandinav ., Supplement 228,
1949, "Inhalation of Liquid Aerosols," in English),
also Cobe (/. A. Ph. A., Prac. Ed., 1949, 10, 88).
iEsculus. Horse-chestnut. — The JEsculus hippocastanum L. (Fam. Hippocastanacece) or horse chestnut tree seems to have been originally a native of
Asia but is now grown as an ornamental tree in Europe
and America. The seeds or "nuts" contain about 49
per cent of starch and nearly 4 per cent of oil. They
have a very bitter taste and are probably poisonous
in the raw state but it is said that they are used after
roasting by the Indians as a food. In Germany the oil
is being extracted commercially.
The bark contains considerable amounts of a
strongly hemolytic saponin (escin) which has been
suggested as a substitute for quillaja (Deutsche
Apoth.-Ztg., 1939, 54, 416) as an emulsifying agent.
The most interesting constituent of the bark is a
glucoside, esculin (cesculin), also called polychrome,
bicolorin, enallochrom and esculinic acid. It has been
identified as 6,7-dihydroxycoumarin-6-glucoside; on
hydrolysis it forms esculetin (6,7-dihydroxycoumarin)
and glucose. Aqueous solutions of esculin and esculetin
show a blue fluorescence when the pH is above 5.8.
Several other principles, such as the glycoside argyrcescin and capsulcescinic acid, have been reported but
are of little importance.
Following intravenous administration of Venostasin,
an extract of horse chestnut, an increase in capillary
and erythrocyte resistance and an apparent increase
in plasma antithrombin activity were noted in most of
the 20 patients thus treated by Perlick and Bodecker
(Munch, med. Wchnschr., 1951, 93, 1465). In 40 patients, Enders (Die Medizinische, 1953, 22, 755) used
this extract for venous stasis with benefit; embolism
was not observed in patients with thrombosis in
the legs.
Esculin is used in about a 4 per cent solution or
ointment to protect the skin from sunburn. It has the
property, like other fluorescent substances, of absorbing ultraviolet rays.
It is probable that our native species, which are
popularly called Buckeye — such as JEsculus glabra
Willd. and JE. Pavia L. — have similar properties although we know of no definite proof.
Agaric. Agaricus, N.F. V. Agaricus Albus. White
Agaric. Larch Agaric. Touch-wood. German Tinder.
"Agaric is the dried fruit body of Polyporus officinalis Fries (Fam. Polyporacece) deprived of its outer
rind." N.F. V.
The term "agaric" is more properly applied to the
fungi of the genus Agaricus, but the majority of
medical writers limit it to the fungus from Polyporus
officinalis Fries (Boletus laricis Jacquin; B. purgans
Persoon), which is found upon the old trunks of various coniferous trees of the eastern and western hemispheres. Itvaries in size, from that of the fist to that
of a child's head, and is hard and spongy, externally
brownish or reddish. As found in commerce, it is deprived of its exterior coat, and consists of a light,
white, spongy, somewhat farinaceous, friable mass.
Impregnated with potassium nitrate, and afterwards
dried, it constitutes spunk, punk, or tinder (amadou
of the French), capable of absorbing liquids, and
flammable. Punk is said to be prepared also from various other species of Polyporus, as P. ungulatus,
P. ribis, etc.
Microscopically, powdered agaric is characterized by
numerous non-septate, narrow, mycelial threads and
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few prismatic or cubical crystals of calcium oxalate
from 0.010 to 0.040 mm. in diameter.
The most interesting constituent of the plant is
agaric acid (also called agaricin, agaricic acid, laricic
acid). This tribasic acid is a-n-hexadecyl citric acid,
Ci9H360H(COOH)3.1^H20. It forms odorless tastecrystals, melting at 142°, which are slightly solubleless
in water.
The chief physiological effect of agaric acid is to
stop secretion of sweat. There has been considerable
discussion of the mechanism of this antihydrotic
effect. Because it antagonized the effect of pilocarpine
on the sweat glands but not on the salivary, Hattori
(Ber. gesam. Physiol, 1934, 86, 671) concluded that
its action was directly on the gland structure and
not through the parasympathetic nerves. McCartney
(J. Pharmacol., 1917, 10, 83) proposed the remarkable theory that the antihidrotic effect is due to
spasms of the muscular layers of the skin. In large
doses agaric acid has also an action on the medullary
centers, at first increasing blood pressure and respiration and later depressing them. In overdose it also
causes vomiting and purging, probably from local
irritation of the alimentary mucous membrane.
Agaric and agaric acid were formerly used in the
treatment of the colliquative sweats of wasting conditions, such as tuberculosis. Opinion differed as to
its value.
Under the name agaricin were marketed preparations containing the active agaric acid, with larger or
smaller amounts of impurities. The pure principle was
administered in a dose of 10 to 30 mg. (approximately
Ye to y2 grain).
Dose, of agaric, 0.3 to 1 Gm. (approximately 5 to
15 grains) .
Fungus chirurgorum. Boletus chirurgorum. Boletus
igniarius. Oak-agaric. — Surgeon's agaric is formed by
Polyporus fomentarius (L.) Fries, growing upon the
oak and beech trees of Europe. The inner part of the
fungus, beaten to a soft texture and sterilized, was
formerly used by surgeons for arresting hemorrhage,
being applied with pressure. Its hemostatic effect was
probably purely mechanical. P. ignarius (L.) Fries and
P. marginatus Fries yield similar products.
Agave. Agave americana L. American Aloe. Century Plant. Flowering Aloe. Spiked Aloe. Maguey.
(Fam. Amaryllidacece .) — An evergreen succulent plant,
indigenous to Florida, Mexico, and other parts of
tropical America, and cultivated, for hedges in Spain.
Botanists have described 50 species of the genus, Sisal
grass or sisal hemp and Tampico hemp, also known
as Pita hemp or Pita fiber, are the most important of
the various fibers obtained from the agave leaves.
From a number of species of Agave are produced in
Mexico large quantities of a fermented liquor, known
as pulque, and distilled liquors known as mescal or
tequila. All of the pulque agaves have thick leaves.
When they are about to bloom the central bud is cut
out, leaving a large cavity into which the sap (aguamiel or honey water) exudes rapidly. At first clear
green, yellowish or whitish, this sap soon by fermentation becomes milky and acquires a cider-like taste
or, if the process is allowed to go on, is rapidly converted into vinegar. Pulque is said to contain about
7 per cent of alcohol, and is used as a beverage. The
juice has in it an optically inactive reducing sugar,
agavose, C12H22O11. The juice and also the herbage
of the agave contain a saponin and are used in Mexico
in the place of soap. For chemical and physiological
study of this saponin see Jones et al. (J. A. Ph. A.,
1932,21, 787).
Agrostemma. Corn Cockle. Purple Cockle. Corn
Rose. Corn Campion. Crown-of-the-Field. — The A.
githago L. (Fam. Caryophyllacece) is an annual herb
with a few erect branches and densely pubescent
throughout; it bears linear lanceolate leaves and red
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flowers about 2 inches broad. It is a native of Europe
but has been naturalized in this country where it is
a troublesome weed in the winter wheat fields. It contains two saponins known as githagin and agrostemmic
acid. These saponins are absorbable from the alimentary canal and may produce systemic poisoning. Besides gastrointestinal irritation, severe muscular pains
and twitching, respiratory depression and coma may
occur. Poultry and live stock are poisoned by the
seeds of the corn cockle. Wheat may sometimes contain these seeds. (See Muenscher, Poisonous Plants of
the United States, Macmillan Co., New York, 1951).
Albumin Tannate. Albumini Tannas, USP. XI.
Tannin Albuminate. Albutannin. — Various compounds
of tannin with protein substances have been introduced into medicine under proprietary names. The
substance Tannalbin (Bilhuber- Knoll) is said to be
made by precipitating egg albumin with tannic acid
(see Ott, Pharm. Ztg., 1927, 68, 388).
Albumin tannate is a "yellowish-white, odorless
powder. It is almost insoluble in water, in alcohol, in
chloroform, and in ether. It is decomposed by aqueous
solutions of alkali hydroxides and carbonates." U.SF.
XI. For results of tests of the solubility of different
brands of tannin albuminate see Leach {J. AM. A.,
1920, 75, 1129).
Although, as shown by Sollmann (/. Pharmacol.,
1921, 17, 63), most commercial preparations of albumin tannate are more or less soluble in water and
slightly astringent, this effect is probably due to presence of uncombined tannin as an impurity. When submitted either to peptic or pancreatic digestion the
compounds are gradually hydrolyzed, liberating tannic
acid, which exercises its characteristic astringent effect.
The digestion by pepsin is, however, so slow that
under ordinary conditions it is not probable that any
considerable amount of tannin will be liberated in
the stomach. Therefore, the astringent effect is felt
mostly in the intestinal tract. Pancreatic digestion is
also very slow, so that an astringent action will be
continued through almost the whole of the alimentary
canal. As the tannin is liberated gradually the astringency will evidently be comparatively mild in its
effect.
Albutannin was used in medicine as an astringent
in the treatment of diarrheas, having the advantage
over vegetable astringents in that it is much less likely
to produce gastric disturbances. It was used in chronic
enteritis involving the lower portions of the small
bowel and colon. [V]
Dose, from 1 to 4 Gm. (15 to 60 grains) 3 or 4
times a day.
Aldrin. 1,2,3,4, 10,10-Hexachloro-l,4,4a,5,8,8a-hexahydro-l,4,5,8-dimethanonaphthalene. C12H8CI6. — Pure
aldrin is a white, crystalline solid, substantially odorless at room temperature but having a mild pine-like
odor when warm, insoluble in water but soluble in
many organic liquids; the melting point of the pure
material is about 104°. The commercial grade of the
substance is required to contain not less than 95 per
cent of pure aldrin. The stability of aldrin in the
presence of alkalis is notable among halogenated insect
toxicants.
Aldrin and its chemical relative dieldrin both function as contact and stomach poisons toward a wide
variety of insects, appearing to be substantially more
potent than other insecticides in common use. A critical evaluation of their effectiveness requires more
extensive trials of the products under different conditions of use. For data on relative toxicities of aldrin
and other insecticides on different insects see Lidov
et al. in Agricultural Control Chemicals, American
Chemical Society, 1950, p. 175.
When administered in edible oil to albino rats, the
acute toxicity, expressed as LD50, is 40 to 50 mg. per
Kg. of body weight. Since aldrin is a chlorinated hy-
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drocarbon it may be expected that cases of human
poisoning which may occur will show symptoms typical of intoxication by chlorinated hydrocarbons,
namely stimulation of the central nervous system and
disturbance of the gastrointestinal system. These have
been discussed under Chlorophenothane and Toxaphene; the treatment is essentially identical. For a
more detailed discussion of the probable symptoms
and treatment of poisoning by aldrin or dieldrin see
J. A.M. A., 1951, 146, 378; there is no specific antidote. [V]
Aletris, N.F. VII. Stargrass. True Unicornroot.
Unicorn Root. Starwort. Blazing Star. Colic Root. —
"Aletris consists of the dried rhizome and roots of
Aletris jarinosa Linne (Fam. Liliacece) ." AT.F. VII.
Aletris jarinosa L., or true unicorn root, is a perennial acaulescent herb indigenous to sandy and grassy
woods of the eastern United States and extending
westward to Arkansas and Minnesota. It is characterized by possessing a horizontal to slightly oblique
grayish-yellow to grayish-brown rhizome, from the
sides and lower face of which emanate many tough,
wiry, pale yellow or whitish, fibrous rootlets. From
this rhizome there arises a spreading rosette of thin
lanceolate foliage leaves and later, through the center
of the rosette, a naked slender scape, bearing a spikelike raceme of small, white, tubular flowers. The fruit
is an ovoid, beaked capsule inclosed in a roughened,
mealy looking perianth.
Probably because of the fact that the English names
"blazing star" and "starwort" have been applied to
the aletris as well as to the chamaelirium or false
unicorn root, which yields the drug helonias, aletris
is often confused with the latter herb. For a detailed
description of aletris, see USD., 24th edition, p. 1312.
Marker and co-workers (J.A.C.S., 1940, 62, 2620)
isolated the steroidal sapogenin, diosgenin, which had
previously been obtained from Dioscorea tokoro (see
under Dioscorea) . Costello and Butler, in a report to
the Scientific Section of the Proprietary Association
(May 19, 1947, Atlantic City, N. J.), stated that
aletris contains a pharmacologically active volatile
oil and an active resinous material.
As suggested by its popular name "colic root,"
aletris was formerly used, especially in domestic practice, for expelling flatulence. It has been claimed to be
of value in the treatment of various uterine disorders,
and Costello and Butler (loc. cit.) attributed to its
volatile oil and resinous material depressant action
on the uterus.
Dose, 1.3 to 2 Gm. (20 to 30 grains).
Alkaloids. — Alkaloids are naturally occurring,
basic, organic nitrogen compounds possessing, generally, marked physiological activity; the term is
generally applied to substances of plant origin but by
some authors it is also given to certain bases from
animal sources. Most plant alkaloids contain the nitrogen in a cyclic structure though some, as for example
ephedrine and other phenylalkylamines, are open
chain bases, for which reason the latter are by some
not considered to be true alkaloids. The classification
of alkaloids can only be arbitrary; it is not possible
on any basis to define exactly what constitutes an
alkaloid notwithstanding the fact that for convenience
in discussing them they are often classified as derivatives of certain fundamental organic nuclei. The property common to alkaloids is that they are nitrogenous
bases, and may be considered to be substituted
ammonias.
Plant alkaloids are almost exclusively found in
phanerogams; rarely do they occur in cryptogams.
They generally exist as salts of naturally occurring
organic or inorganic acids; sometimes they are present as the free bases, or as esters, or as amides, or
even in glycosidic combination. Individual plants contain more than one alkaloid, as a rule; cinchona con-
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tains more than twenty. Extraction is effected by
means of various solvents; aqueous solutions of dilute
acids often extract the alkaloid as a water-soluble salt,
alkalinization of the plant material generally permits
extraction of the alkaloid base with organic solvents.
The complexity of the structure of most alkaloids
renders difficult the problem of determining their constitution. A supply of pure alkaloid is, of course,
essential for a structural study but a not uncommon
difficulty encountered at the outset is the possibility
that in the process of extraction of an alkaloid from
a plant it may have undergone hydrolytic decomposition or racemization, as when hyoscyamine is converted to atropine in the course of alkaloidal extraction of belladonna. After determining the empirical
formula and optical rotatory power of the alkaloid
(most alkaloids are optically active), an attempt is
made to determine the character of the molecule.
Phenolic groups may be identified through solubility
of the alkaloid in fixed alkalies, color reaction with
ferric chloride, alkylation and acylation. Alcohol
groups may be detected by their reaction with phosphorus chlorides or thionyl chloride, by acetylation,
or through oxidation or dehydration reactions. Presence of carboxyl groups may be demonstrated through
solubility in ammonia or by esterification. Methoxyl
is tested for by reaction of the alkaloid with concentrated hydriodic acid, followed by a quantitative
determination of the amount of methyl iodide formed.
Methylenedioxyl groups may be determined by reactions involving the elimination of formaldehyde.
Several different reactions are utilized in determining
whether the nitrogen in cyclic structures is secondary
or tertiary. Finally, the alkaloid is subjected to several different types of degradation reactions, by which
treatment it may split into more readily identifiable
molecules.
The alkaloids are generally colorless crystallized
compounds, containing carbon, hydrogen and oxygen,
in addition to nitrogen. Some, however, are liquids as,
for example, confine, nicotine, arecoline and sparteine;
these as a rule contain no oxygen. A few colored alkaloids exist; the yellow berberine is an important example. Most alkaloids combine with acids, without
any liberation of hydrogen, to form well-defined salts ;
some principles (such as caffeine and other xanthines)
which are so weakly basic that true salts appear incapable of existence, are by some also classed among
the alkaloids. Many of the alkaloidal salts are soluble
in water and, to a lesser extent, in alcohol; in other
organic solvents they are generally insoluble. The free
bases, on the contrary, are as a rule insoluble in water
but soluble in organic solvents. There are, however,
some exceptions to these generalizations.
Detection and identification of alkaloids are effected
through the use of various reagents which produce
precipitation or color x-eactions, or both, that are characteristic for individual alkaloids. Quantitative determinations ofalkaloids are based on weighing of
the separated alkaloid or some definite compound of
it, or on the volumetric measurement of the acidcombining power or some other stoichiometric reaction of the alkaloid.
The similarity of alkaloids in any one of the several series of these principles found in plants appears
to indicate that plants have the ability to synthesize
a variety of alkaloids from a common parent substance through such fundamental chemical reactions
as oxidation and reduction, condensation, methylation,
decarboxylation, etc. Starting compounds for these
syntheses are amino acids and their derivatives, formaldehyde, formic acid, and methanol. The function of
alkaloids in plants is uncertain. They are variously
regarded as plant metabolism products, reserve materials for protein synthesis, plant stimulants, detoxication products, or protective substances against ani-
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mal or insect feeding. Many alkaloids have been synthesized, and a few are largely produced in this
manner.
The large variety of structures occurring in alkaloids
has made it thus far impossible to systematize their
nomenclature. Names of specific alkaloidal bases are
often derived from the botanical name of the plants
in which they are found ; in general such names end
in ine, but it must not be assumed that all substances
having names ending thus are alkaloids. Names of
alkaloidal salts continue in their antiquated and illogical usage. The salts which quinine, for example, forms
with hydrochloric and sulfuric acids are called quinine
hydrochloride and quinine sulfate, respectively, and
their formulas are written to indicate an apparent
addition of one or more molecules of acid, thus,
C20H24N2O2.HCI, and (C2oH24N202)2.H2S04. Salt
formation in these instances is analogous to that by
which ammonium chloride is formed from ammonia
and hydrochloric acid, for which compound the term
ammonia hydrochloride and formula NH3.HCI were
long ago abandoned. The quinine salts, therefore,
should be called ojuininium chloride and quininium
sulfate, respectively, and their formulas should be
written to indicate transfer of the proton (H + ) of
the acid to the alkaloidal base.
Henry, in describing most of the plant alkaloids in
his book Plant Alkaloids, classifies them as derivatives
of the following fundamental groups, the more important members of which are also given.
Chemical Classification of Alkaloids
According to Fundamental Groups
Pyridine Group. — Piperine, arecoline, coniine, pelletierine, the lobelia alkaloids, the tobacco alkaloids.
Tropane Group. — The solanaceous alkaloids, the
coca alkaloids.
Lupinane Group. — Sparteine, anagyrine, cytisine.
Isoquinoline Group. — Including the alkaloids of the
following plants: Cactus, hydrastis, corydalis, opium
and other papaveraceae, ipecac, berberis, and curare.
This group includes several sub-groups.
Phenanthridine Group. — The Amaryllidaceae alkaloids.
Quinoline Group. — The cinchona alkaloids.
Indole Group. — Including alkaloids of the following:
Harmala, yohimbe, quebracho, ergot, calabar, nux
vomica and other strychnos species.
Pyrrolidine Group. — Carpaine.
Pyrrolizidine Group. — The senecio alkaloids.
Quinazoline Group. — Vasicine.
Glyoxaline Group. — Alkaloids of the pilocarpus
species.
Alkaloidal Amines. — Including the alkaloids of the
ephedra species, the brassica species, the colchicum
alkaloids, and muscarine.
Steroidal Alkaloid Group. — The solanum alkaloids,
the aconite alkaloids, the delphinium alkaloids, and
the veratrum alkaloids.
Alkaloids of Undetermined Constitution. — Alkaloids
of species of alstonia, aristolochia, gelsemium, lycopodium, rauwolfia and some others.
The purine bases, including caffeine, theobromine
and theophylline, while often considered as alkaloids,
are perhaps more frequently referred to as purine derivatives and are generally described under this heading. In this connection it should be noted again that
the selection of substances comprising the group of
alkaloids follows no rigidly defined rules.
From both living and decomposing animal tissues
there have been isolated a number of basic substances,
relatively simple in chemical composition, which are
sometimes spoken of as animal alkaloids. From decomposing flesh have been isolated such substances
as methylamine, dimethylamine, trimethylamine, putrescine, cadaverine, choline, muscarine, and neurine;
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these are sometimes called ptomaines, and many of
them are poisonous. Bases obtained from living tissue
are called leucomaines.
For a discussion of specific alkaloids or alkaloidcontaining drugs reference should be made to the individual monographs in this book. Other reference
works include Henry's Plant Alkaloids, 4th edition,
1949; Manske and Holmes' The Alkaloids, Vol. 1,
1950, Vol. 2, 1952; Hamerslag's The Technology and
Chemistry of Alkaloids, 1950.
Alkanet. Alkanna Root. Alkanet Root. Orcanette.
Spanish Bugloss. — This is the root of Alkanna tinctoria
Tausch. or dyers' alkanet, an herbaceous perennial
plant, of the Fam. Boraginacece, indigenous to Asia
Minor and southeastern Europe. It is not to be confused with the allied bugloss (Anchusa) formerly
official. The root contains a coloring principle called
alkannin (or anchusin) which is most abundant in the
cortical regions; there is present also a small amount
of a wax, carnaubyl cerotate. Alkannin is brownish
red in color with a coppery luster, but with metals
forms salts which are usually blue. It is almost insoluble in water but soluble in alcohol, ether and fixed
oils. For further information concerning the chemical
structure and physical properties of the compound see
Brockman {Ann. Chem., 1935, 521, 1).
Alkanet is somewhat astringent, and was formerly
used medicinally; it is now employed only to impart
a red color, as to oils, fats and waxes.
Allantoin. Glyoxyldiureid. Cordianine. C4H6N4O3.
— Allantoin is a product of the oxidation of uric acid.
Certain anfaals — but not man — possess an enzyme,
known as uricase, which is capable of causing this
transformation. Allantoin occurs as a white crystalline powder, odorless and tasteless, sparingly soluble
in cold water; optically active and racemic forms of
it exist. In World War I it was noticed that severe
wounds, especially those involving osteomyelitis, which
became infested with maggots healed with unexpected
promptness. This observation led to the widespread
use of the so-called maggot therapy (see Buchman,
Ann. Surg., 1934, 99, 251). In 1935 Robinson, of the
United States Bureau of Entomology, presented evidence that the beneficial action of maggots was due
to the presence of allantoin in their excretion. Following this allantoin was widely employed by surgeons for the purpose of accelerating cell proliferation
in sluggish wounds, especially in osteomyelitis. Greenbaum {Med. Rec, 1940, 151, 8 and 286) confirmed
an earlier observation of Macalister that when allantoin is introduced into the circulation either by intravenous or by oral administration it causes a definite
increase in the neutrophile leukocytes and that it is
practically non-toxic. An extensive review of the
chemistry and therapeutics of allantoin is provided in
an article by Greenbaum {Am. J. Pharm., 1940, 112,
205). Its use in cosmetics is discussed by Mecca, Drug
Cosmet. Ind., 1955, 76, 768.
Allantoin is used, most frequently in combination
with other substances, as a local application to various infections and wounds in strengths of 0.4 to 2
per cent. Allantoin has also been suggested as a remedy
for gastric ulcer to be given in doses of from 30 to
130 mg. (approximately y2 to 2 grains).
Allergens. Allergenic Extracts. — Allergy is an altered reaction of the tissues, in certain individuals, to
agents which in similar amounts are innocuous to
other persons. The agents which produce allergy are
called antigens or allergens and stimulate the production of specific antibodies within a sensitive organism. The antibodies so produced may be humoral
and freely circulating in the blood stream or sessile,
that is, firmly attached to tissue cells. It is the interaction of the allergen with sessile antibodies that produces allergic symptoms. The theory most widely held
is that the injured cells from this interaction release
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histamine which produces the allergic reaction. In
many instances there is a familial tendency toward
allergy.
The principal symptoms of allergy are "hay fever"
(a misnomer since the symptoms are not necessarily
related to hay nor is fever present), asthma, gastrointestinal disturbances, urticaria, angioneurotic edema,
eczema, coryza, arthralgia, etc. Hamilton and Bendkowski (Brit. M. J., 1954, 1, 1069) surveyed the incidence of these disorders in general practice.
Innumerable substances may cause allergy. An allergic individual may be sensitive to one or a multiple of allergens. Allergens are generally classified as
follows: Inhalants include the allergens causing symptoms in the respiratory tract — pollens, fungi, animal
epithelial emanations, various dusts, smoke, cosmetics,
perfumes and strong odors. Foods may be the cause of
symptoms. Among the common offenders are wheat,
eggs, milk, chocolate, fish, nuts, pork and strawberries. Drugs may act as an allergen. Penicillin and
aspirin are common offenders along with vaccines and
serums. Infectious agents include bacteria, fungi, parasites and viruses. Contactants include plants, flowers,
furs, leather, jewelry, cosmetics, insecticides, many
industrial chemicals, etc. Physical agents are represented by heat, light, cold and pressure.
For the diagnosis and treatment of allergy there are
available allergenic extracts which are aqueous (usually glycerinated) extracts of the specific proteins of
the substances responsible for allergy. These solutions
are standardized usually on the basis of pollen or
nitrogen units depending upon the manufacturer.
Some of the diagnostic allergens are prepared in
dried powder or paste form. Most are in the liquid
form ready for injection. There are also available oral
preparations of pollen for prophylaxis or treatment.
Diagnosis.— The diagnosis of allergy is made in
several ways. An accurate, careful history is of paramount importance. Relationship of attacks to the season of the year, environment, changes in occupation,
eating of foods, etc. is often indicative of a particular
sensitivity. Diagnosis may also be made by one of
several test methods using specific allergenic extracts
applied by (a) intracutaneous injection, (b) cutaneous scratch, (c) cutaneous patch test, (d) indirect
skin testing (passive transfer) using a nonallergic individual, (e) mucosal application to either the conjunctival sac, inferior turbinates or by aerosol to the
bronchial mucosa. Allergenic extracts vary in concentration depending upon the manufacturer and the
recommendations accompanying the product used
should be followed closely. Sheldon et al. (J.A.M.A.,
1953, 151, 785) discussed the significance of skin
tests. Tuft and Heck (/. Allergy, 1954, 25, 340) found
that skin sensitivity persists for many years regardless of the treatment employed.
Treatment. — The most successful treatment of allergy is the avoidance of contact with the offending
agent. In many cases this is impracticable and treatment consists of desensitization. This is done by
injection of the specific allergenic extract in a series
of gradually increasing doses. Suitable preparations
are usually available as stock solutions although prescription preparations may be obtained to fit individual cases. Various combinations of extracts may be
made, on prescription, so that a patient may be desensitized for several allergens simultaneously. There
are three methods of desensitization generally employed: (1) The coseasonal method depends for
successful treatment upon frequent administration of
small doses for the purpose of reducing symptoms.
Treatment is not begun until symptoms are evident
and is discontinued when symptoms have been relieved and not resumed until symptoms reappear.
(2) The preseasonal method of desensitization consists
in starting treatment approximately 2 months or more
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preceding the usual initial attack. The injections are
given weekly or twice weekly, depending upon the
general reaction toward the extract. (3) The perennial
method is now followed by many allergists. The
principle of perennial treatment is to keep the tolerance of the patient near its maximum throughout the
year. It has been found that perennial treatment
yields a higher percentage of satisfactory results than
preseasonal desensitization. In perennial treatment the
dosage of the extract is reduced to a maintenance
dose, approximately one tenth of the maximum desensitizing dose, and is administered monthly or semimonthly throughout the year. House dust is perhaps
the most important cause of perennial allergy and,
since complete avoidance is impossible, perennial
treatment is the method of choice. Use of antihistaminic drugs for symptomatic relief is discussed under
Antihistaminic Drugs, in Part II; the treatment of
severe allergic syndromes is also discussed under Cortisone Acetate, and Epinephrine, in Part I.
Rapid desensitization in cases of serum sensitivity
may be attempted in emergencies where it is necessary to administer antitoxin or immune serum as
therapeutic agents (see Serum Reactions under Diphtheria Antitoxin in Part I).
In the treatment of allergies, precaution must always be exercised and the patient kept under a physician's care for at least half an hour after the
administration of a dose so that in the event of an
immediate reaction epinephrine can be administered
promptly. Each patient should be treated individually
and under no circumstances should any dose be increased where severe reactions occur from the preceding one.
Stock allergenic extracts are available or may be
prepared on prescription for every substance that may
cause allergy and a listing of all available would be
impractical. Some of the more commonly used preparations are as follows: House Dust Allergen, derived
from many sources to insure broad antigenicity.
Mixed Grasses Allergen, including timothy, June, orchard, sweet vernal and red top grasses, which are
usually the cause of spring hay fever. Ragweed Combined Allergen, prepared from short and giant varieties, the most common excitants of fall hay fever.
Rocky Mountain Formula Allergen, including pigweed, western ragweed, Russian thistle, sagebrush, the
pollens of which are active from July to October.
Southern Formula Allergen, including Bermuda grass,
Johnson grass, giant and short ragweed, the pollens
of which are active from April to frost. West Coast,
Early Summer Allergen. West Coast, Late Summer
Allergen. Poison Ivy, Oak, Sumac Extract, which are
available as monovalent extracts or in combination
for the prophylaxis and treatment of poison ivy, oak,
and sumac dermatitis.
Some bacterial diseases in humans produce a state
of allergy or sensitivity shortly after the infection
occurs, and this sensitivity persists for many years
after the disappearance of the infection from the
body. These sensitivities, as demonstrated by skin
tests, are valuable in the diagnosis of disease. The
classic example of this reaction is the tuberculin test
for tuberculosis (see Old Tuberculin, Part I) . Other
diseases for which allergic extracts are available for
diagnosis are brucellosis, coccidioidomycosis, and histoplasmosis.
Brucellergen is a protein nucleate prepared from
smooth strains of Brucella abortus, Br. suis and Br.
melitensis (Huddleson et al., Brucellosis in Man and
Animals, New York, The Commonwealth Fund,
1943). The test is performed by injecting intracutaneously, on the flexor surface of the arm, 0.1 ml. of
Brucellergen. A positive reaction consists of a circumscribed area of erythema and edema from 2 to 10 cm.,

1538

Allergens

developing in 24 to 48 hours and persisting for as long
as 7 days. A mild to severe systemic reaction may
follow the injection of Brucellergen. It must be used
with caution in persons suspected of extreme sensitivity, for example veterinarians.
Coccidioidin is prepared from cultures of Coccidioides im mitts. It is used for the diagnosis of
infection with C. immitis, which produces coccidioidomycosis, most prevalent in the interior valleys of
California and also referred to as valley fever, desert
rheumatism, San Joacquin fever. In its pulmonary
form the disease produces pulmonary lesions difficult
to differentiate from tuberculosis.
Histoplasmin is the filtrate from cultures of Histoplasma capsulatum and is used in the diagnosis of
histoplasmosis, a fungus infection of the reticuloendothelial system. The disease is characterized by
ulcerations of the oropharynx and gastrointestinal
tract, and often accompanied by lymphadenopathy.
The severe form is usually fatal, but a benign form,
affecting a high percentage of the population (especially the east central states), produces pulmonary
calcifications without symptoms. Histoplasmin is of
value, along with tuberculin and coccidioidin in the
interpretation of roentgenographic plates showing
pulmonary infiltration and calcification. The test consists of the injection intracutaneously of 0.1 ml. of
diluted histoplasmin into the flexor surface of the
arm. The reaction is read in 24 to 48 hours.
All allergenic products are produced under license
from the National Institutes of Health, Department
of Health, Education and Welfare. Expiration dates
for these products vary from 18 months to 5 years
if Allium.
stored constantly
at' 2° to
10° fresh
C. bulb of Allium
Garlic. — "Garlic
is the
sativum Linne (Fam. Liliacece) ." NJi. V.
The genus Allium includes a large number of species, of which nearly seventy are indigenous to this
country. Allium sativum L., or English garlic, is a
perennial herb with an underground compound bulb
composed of numerous bulblets which have a common
membranous covering, from the base of which numerous rootlets descend. The compound bulb consists
of from 6 to 15 bulblets (sometimes called "cloves")
each of which is ovate wedge-shaped and covered with
dry membranous scales. When bruised they have a
strong odor and an intensely pungent taste. "The
membranaceous scales, dry leaf and root remains
should be removed before Garlic is used for the manufacture of pharmaceutical preparations." NJF. V.
Garlic yields about 0.1 per cent of a volatile oil of
brownish-yellow color, with a specific gravity of from
1.046 to 1.057. It has a disagreeable pungent odor. It
consists chiefly of allyl disulfide, CeHioS2, and allylpropyl disulfide with small amounts of higher polysulfides; it contains no allyl sulfide (diallyl sulfide).
Garlic has been reported to have therapeutic virtues
which have been variously attributed to the presence
of diallyl sulfide, unstable sulfur in alkyl polysulfides,
a bacteriophage, acrolein or some similar unsaturated
aldehyde, and to a chemically undefined group of substances designated as phytoncides. Walton and Lindegren (Proc. S. Exp. Biol. Med., 1937, 36, 55) reported
the presence of enough allyl aldehyde to render the
vapors of garlic markedly bactericidal. Lehmann
(Arch. exp. Path. Pharm., 1930, 147, 245) reported
that garlic juice, in as little as one part in a million,
produced methemoglobin when mixed with blood.
Cavallito and Bailey (JA.CS., 1944, 66, 1950), however, showed that none of the constituents separated
from the oil from garlic have the antibacterial activity
claimed for them; from an alcoholic extract of clove
they did isolate an unstable, liquid antibacterial agent,
allicin. The substance has been assigned the formula
C3H5.S(0)S.C3H5 (JA.CS., 1944, 66, 1952). When
tested by the cylinder-plate method against Staphylo-
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coccus aureus, using the technic employed for penicillin, allicin shows an activity equivalent to about 15
Oxford penicillin units per milligram, which is about
1 per cent of the activity of penicillin; allicin is
active against both gram-positive and gram-negative
bacteria.
Among the ancients garlic was credited with curative virtues in an extraordinarily large variety of diseases. Ithas been widely employed in pulmonary conditions such as chronic asthmatic bronchitis and sometimes whooping cough. Minchin (Pract., Feb., 1918)
revived the ancient idea of its value as an internal
antiseptic. Loeper and DeBray (Bull. soc. med., 1921,
37, 1032), from experiments upon both human beings
and dogs, reached the conclusion that garlic tincture
causes a fall in blood pressure which is most marked
in cases of hypertension. They also found that it
brings about a leukocytosis. There is no doubt that
the oil is absorbed through the alimentary tract and
eliminated partly through the lungs and partly through
the urine. Garlic is also occasionally employed as an
anthelmintic, a use which has received some scientific
support from the experiments of Rico (Compt. rend,
soc. biol., 1926, 95, 1597). Dehydrated garlic has been
used for its carminative effect in various functional
gastrointestinal disorders (Rev. Gastroenterol., 1949,
16, 411).
Externally it has been employed as a rubefacient
and stimulant to the nervous system. In catarrhal
pneumonia bruised garlic cloves were sometimes applied as a poultice to the chest.
The expressed juice of garlic has been employed in
doses of 2 ml. (15 minims) but the most popular
preparation was the syrup (Syrupus AIM, N.F. V),
in doses of 4 to 8 ml. (1 to 2 fluidrachms) . The oil
has
been given in doses of 0.12 to 0.2 ml. (2 to 3
minims).
Under the name Allisatin (Sandoz) an odorless and
tasteless tablet preparation of garlic principles adsorbed on vegetable charcoal, which releases the principles on contact with stomach juices, is offered for
use as an intestinal antispasmodic. Allimin (Van
Patten), a commercially available tablet containing a
dehydrated garlic concentrate with dehydrated parsley
concentrate, is advertised as a vasodilator for use in
hypertension.
Alloxan. — This product of the oxidation of uric
acid has been known for more than a century, but
it has been only relatively recently discovered to have
the property of inducing experimental diabetes mellitus, in animals, without surgical removal of the pancreas (Dunn et al., Lancet, 1943, 1, 484; 2, 384).
Alloxan has the structure represented by:
HN— CO

I

OC

I

I

CO

HN— CO
It occurs as a colorless powder, easily soluble in water
and in alcohol. Alloxan acts by destroying the P-cells
of the islets of Langerhans, possibly through inactivation of essential sulfhydryl enzymes of the cells,
thus resulting in permanent diabetes, commonly without damaging the a-cells or the acinous cells of the
pancreas. Following intravenous injection, in rabbits,
of 200 mg. of alloxan per Kg. of body weight the substance disappears from the circulating blood within
5 minutes, during which period necrosis of the beta
cells, which elaborate insulin, begins. Within 24 hours
some of the islets have disappeared entirely, while
others exist only as alpha cells. In addition to its
effects on the pancreas, alloxan produces cataracts,
necrosis of renal tubules, and other less striking
changes in the adrenal cortex, pituitary, thyroid, and
thymus.
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Alloxan has been used in humans as a cytotoxic
agent in the treatment of neoplastic islet cell formation, as in functioning insulinoma (Brunschwig et al.,
J.A.M.A., 1944, 124, 212) ; the results have been
variable and any beneficial results transitory. Conn
(Proc. A. Diabetes A., 1946, 6, 391; J. Lab. Clin.
Med., 1947, 32, 347) reported the case of a man in
whom severe damage of islets of the pancreas proper
followed injections of alloxan. For a review of the
literature on alloxan diabetes see Lukens (Physiol.
Rev., 1948, 28, 304).
In humans doses as large as 500 mg. per Kg. of
body weight have been injected slowly intravenously.
Inactivation in the body is very rapid; for example,
exclusion of the pancreas from the circulation of animals for 5 minutes after injection prevents pancreatic
damage.
Allyl Isothiocyanate, N.F. VIII. Allylis Isothiocyanas. Volatile Oil of Mustard. Fr. Isosulfocyanate d'allyle. Ger. Senfol. CH2:CH.CH2.N:CS.—
"Allyl Isothiocyanate is the oil obtained by maceration with water and subsequent distillation of the
dried ripe seed (free from fixed oil) of Brassica nigra
(Linne) Koch or of Brassica juncea (Linne) Czerniaew
(Fam. Cruciferce) , or prepared synthetically. It contains not less than 93 per cent of C3H5NCS. Allyl
Isothiocyanate must be labeled to indicate whether
it was made synthetically or distilled from either of
the plants mentioned above. Caution — Great care
must be exercised in smelling Allyl Isothiocyanate. It
should be tasted only when highly diluted." N.F. VIII.
After mustard seeds have been deprived of their
fixed oil by hydraulic pressure, the cake — retaining
its sinigrin and enzyme (see Black Mustard) — when
macerated in water gives rise to the characteristic
volatile oil which may be collected by distillation.
This volatile oil consists chiefly of allyl isothiocyanate
but usually contains traces of allyl cyanide and sometimes of carbon disulfide. According to Zeller mustard seeds yield from 0.33 to 0.63 per cent of volatile
oil. Synthetic allyl isothiocyanate has practically entirely replaced the natural oil; it may be prepared by
refluxing allyl iodide with ammonium thiocyanate in
alcoholic solution, diluting with water and then extracting the mustard oil with ether. The ether extract
is distilled; the portion distilling at 148° to 154° is
allayl isothiocyanate.
Description. — "Allyl Isothiocyanate is a colorless or
pale yellow, strongly refractive liquid, having a very
pungent, irritating odor, and an acrid taste. It is
optically inactive. Allyl Isothiocyanate is miscible
with alcohol, with ether, and with carbon disulfide.
The specific gravity of Allyl Isothiocyanate is not less
than 1.013 and not more than 1.020 at 25°. The refractive index of Allyl Isothiocyanate is not less than
1.52 75 and not more than 1.5310 at 20°." NJ. VIII.
For standards, tests, and assay see U.SD., 24th ed.,
p. 38.
Light and moisture cause gradual decomposition of
allyl isothiocyanate, with formation of a precipitate.
According to Ganassini (Chem. Abs., 1932, 26, 2657)
the decomposition products include allyl amine, diallyl ether, thiocyanic acid, and hydrogen sulfide.
Alcoholic solutions of mustard oil likewise deteriorate,
due to a reaction between alcohol and allyl isothiocyanate (Sido, Pharm. Ztg., 1935, 80, 619).
Uses. — Allyl isothiocyanate is a powerful rubefacient, causing within a few minutes warmth and redness which may persist for one or two days. It is
likely to blister and should remain on the skin no
longer than 20 minutes. Diluted with either alcohol
or lard, it is used as a counterirritant application in
sprains, rheumatism and like conditions. It may be
employed in strengths of from 1 to 4 per cent. According to Sollmann (/. Pharmacol., 1918, 11, 229),
the irritant effect of oil of mustard upon the skin is in
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inverse proportion to its solubility in the solvent employed; thus a 1 per cent solution in olive oil caused
practically no irritation, in dilute alcohol marked
irritation, as an emulsion in mucilage still more. Morel
(Compt. rend. soc. biol., 1937, 124, 188, 749) found
that allyl isothiocyanate has marked bacteriostatic
powers, especially against the tubercle bacillus (see
also Foster, /. Bact., 1939, 38, 353).
Volatile oil of mustard has been used instead of
the more widely used mustard plaster. For this purpose one volume is mixed with sixty volumes of
alcohol, and the mixture sprinkled, not too heavily,
on muslin and covered with waxed paper. It acts
speedily and efficiently.
The oil is too pungent and irritating to be given
internally. Care must be exercised in handling it;
it should not be tasted or smelled unless well
diluted. @
Storage. — Preserve "in tight containers." N.F. VIII.
Alphaprodine Hydrochloride. Prisilidene Hydrochloride. Nisentil Hydrochloride (Hoffmann-LaRoche). Nu-1196. C16H23NO2.HCL— This compound,
the d/-alpha form of l,3-dimethyl-4-phenyl-4-propionoxypiperidine hydrochloride, was synthesized in
the course of researches on substances having structural resemblance to morphine or to certain of its
derivatives, such as dihydrodesoxymorphine-D, which
possess even greater analgesic activity than has morphine. The method of synthesis has been described by
Ziering and Lee (/. Org. Chem., 1947, 12, 911).
Alphaprodine hydrochloride occurs as a crystalline
powder, soluble in water; it melts between 212° and
The pharmacology of the compound has been reported by Randall and Lehmann (/. Pharmacol.,
215°.
1948, 93, 314). On subcutaneous administration the
analgesic potency of alphaprodine hydrochloride is
approximately the same as that of morphine salts; it
acts usually within 5 minutes and the effect lasts for
about 2 hours. Gastrointestinal side effects and respiratory depression are minimal. Tolerance appears
not to develop as easily as with morphine.
Alphaprodine hydrochloride is used primarily for
obstetrical analgesia, though it is useful also in other
conditions where rapid and brief action is desired.
Hapke and Barnes (Am. J. Obst. Gyn., 1949, 58, 799)
found that in obstetric use there was little evidence
of fetal respiratory depression. Kane (ibid., 1953, 65,
1020) employed the drug in 1000 deliveries, with satisfactory analgesia being obtained in 981 of the cases.
For other reports on obstetrical use see LaForge
(N. Y. State J. Med., 1951, 51, 1835), Taylor (J. A.
M. Women's A., 1953, 8, 363), and Smith and Nagyfy
(Am. J. Obst. Gyn., 1949, 58, 695).
The usual dose is 40 mg., subcutaneously, every 2
to 4 hours; the range of dose is 20 to 80 mg. Under
the trade-marked name Nisentil hydrochloride the
drug is supplied in 1-ml. ampuls containing 40 or 60
mg., and in 10-ml. vials containing 60 mg. per ml.
Alstonia. — Cortex Ditce. Cortex Tabernce Montana;. Dita Bark. Australian Fever Bark. Bitter Bark.
Australian Quinine Bark.
The B.P. 1914 recognized the dried barks of Alstonia
scholaris (L.) R. Br., Devil's tree (Echites scholaris
L.), of India and the Philippine Islands, and Alstonia
constricta F. Muell., of Australia, two apocynaceous
trees whose barks are quite dissimilar in appearance,
and, as far as our present knowledge goes, contain
different alkaloids. For description of these barks see
U.S.D., 22nd ed., p. 1227.
Although these two barks were recognized under
the same name they differ materially both in their
general appearance and in the alkaloids which they
contain. From the A. constricta have been isolated
alstonine (chlorogenine) , alstonidine, porphyrine, porphyrosine, and three unnamed bases (see Sharp, /.
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Client. S., 1934, p. 287, and 1938, p. 1353). A. scholaris
contains ditamine, echitamine (ditaine), echitenine
and echitamidine (see Goodson, /. Chem. S., 1932,
p. 2626). Several other species of the same genus
contain one or more of the alkaloids found in A.
scholaris. A. macro phylla Wall, yields also villalstonine macralstonine and macralstonidine (Sharp, J.
Chem. S., 1934, p. 1227).
Harnack, as far back as 1877, found that ditaine
has a paralyzing action on the motor nerves similar
to that of curare and that it caused a fall in blood
pressure when given in large doses. Alstonine and
villalstonine are depressants to unstriped muscle and
to the circulation (see Sharp, /. Chem. S., 1934, 41,
287 and 1227). Echitamine has been studied physiologically byRaymond-Hamet (Compt.rend. soc.biol.,
1934, 116, 1022). Interest in these plants arose from
the popular conviction among the inhabitants of the
Philippines and Australia of their value in malarial
fever. Goodson and Henry (Biochem. J., 1930, 24,
874) studied the action of alkaloids of the plants in
experimental malaria in birds with rather negative
results, although echitamine had a slight beneficial
action. A tincture, representing 12.5 per cent of the
drug, was formerly official, the dose of which was 2
to 4 ml. (30 to 60 minims).
Aluminum Acetate, Basic. Aluminum Subacetate. Printer's Acetate. Lenicet. — The substance, commonly known commercially as the basic aluminum
acetate, is not the same salt which occurs in the
Aluminum Subacetate Solution (see Part I). Its
chemical formula is approximately Al20(CH3COO)4.
4HjO. It is a white powder, almost insoluble in
water, but easily soluble in mineral acids and solutions of the fixed alkalies. Exposed to the air it loses
some of its acetic acid and becomes more basic and
less easily soluble in acids. In the industries it has
been used as a mordant in dyeing and also for waterproofing and fireproofing fabrics. Medicinally it has
been used as a desiccant and deodorant dusting
powder in weeping eczema, sweating feet and chronic
external ulcers.
Aluminum Carbonate, Basic, A'.A'J?. Basaljel
(Wyeth). — This is an aluminum hydroxide-carbonate
complex, available only as an aqueous suspension
containing the equivalent of 4.9 to 5.3 per cent of
aluminum oxide, AI2O3, and not less than 2.4 per
cent of carbon dioxide. Basic aluminum carbonate
suspension is prepared by interaction of aluminum
salts and carbonates. It shares the antacid properties
of other aluminum compounds used to control gastric
hyperacidity and as an adjunct in the treatment of
peptic ulcer. Its acid-consuming capacity is greater
than that of the upper allowable range of an equivalent weight of aluminum hydroxide.
This suspension was developed to provide an aluminum preparation with a greater phosphate-binding
capacity in the intestine than is provided by aluminum hydroxide gel. Freeman and Freeman (Am. J.
Dis. Child., 1941, 61, 981) demonstrated a decrease
in blood serum hyperphosphatemia and an improvement in the hypocalcemia in children with chronic
ren*l insufficiencv (renal ricketts). Metabolic studies
by Shorr and Carter (J.AJI.A., 1950, 144, 1549) of
patients with recurrent renal phosphatic calculi indicated that the concentration of phosphate in the
urine could be decreased below the concentration
required to precipitate calcium phosphate or ammonium magnesium phosphate in the urine by means
of (a) a low phosphorus diet to decrease the amount
of phosphate in the intestine and (b) administration
of aluminum hydroxide to prevent the absorption of
phosphate from the intestine by forming an insoluble
aluminum phosphate which is excreted in the feces.
A practical diet was devised, omitting foods high in
phosphorus, which provides daily 1.3 Gm. phosphorus,
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0.7 Gm. calcium and 13 Gm. nitrogen. On such a
diet plus 45 ml. of aluminum hydroxide gel 4 times
daily the urinary phosphorus is reduced from about
1 Gm. on an average diet to less than 03 Gm. daily.
A dose of 30 ml. of Basaljel 4 times daily accomplishes
the same diversion of phosphorus from the urine to
the feces. The clinical value of this program reported
for 22 patients by Shorr and Carter has been confirmed by Barrett (J. Urol., 1951, 66, 315), by
Satterthwaite in 31 paraplegic, battle-casualty cases,
and by Marshall and Green (ibid., 1952, 67, 611).
Xo deleterious effects on bone or calcium metabolism
have been observed after many years of use of this
program by Shorr and Carter. Constipation should
be prevented by use of laxative foods or mild laxatives if necessary. In experimental ammonium magnesium phosphate stones in rats, Vermeulen et al.
(ibid., 1951, 66, 6) confirmed the ability of aluminum
hydroxide feeding to prevent stone formation. This
program is useful and effective in instances with
ammonia-forming urinary tract infections or impaired
renal function where urinary acidifiers, such as ammonium chloride or the ketogenic diet, are either
ineffective or present the risk of systemic acidosis.
Experience indicates that determination of the urinary phosphate excretion at periodic intervals is
worth while to insure continued adequate adherence
to the regimen.
Ambonestyl Hydrochloride (Squibb). MC 4112.
C12H19X3O.HCI. — This compound, which is N-(betadiethylaminoethyDisonicotinamide hydrochloride, differs from procainamide hydrochloride (q.v.), in having a pyridvi ring replacing the />-aminophenyl group
of the latter compound. The advantages claimed for
Ambonestyl hydrochloride over procainamide hydrochloride are less hypotension, less anticholinergic and
ganglionic blocking action, less depression of conduction, less increase of threshold or refractory period
of the heart, and a wider margin of safety in clinical
use while having equivalent ventricular antiarrhythmic activity (Clark and Etsten. New Eng. J. Med.,
1955, 253, 217). The drug has little effect on auricular arrhythmias. Rapid intravenous injection is safe.
The dose is 500 mg., administered intravenously in
5 per cent aqueous solution, repeated every 10
minutes, if needed, up to a total dose of 1.5 or
2.5 Gm.
Ambrosia. — The ragweeds are large, unattractive,
composite plants with inconspicuous greenish flowers,
varying in height from 1 to 12 feet and exhaling
somewhat unpleasant odors. The most abundant species is the A. artemisicefolia L. (known sometimes as
Roman wormwood, hogweed, bitter-weed, or wild
tansy) which is found all over the North American
continent from Nova Scotia and British Columbia to
Mexico growing in the waste places; the A. trifida L.
or giant ragweed (great ragweed, horseweed, horsecane, wild hemp, richweed) prefers a moist soil and
is moderately abundant along river banks throughout
the United States and lower Canada. These plants
are notorious causes of the so-called "hay fever."
Their pollen which is produced in the late summer
is both abundant and very small — it has been estimated that 90,000.000 pollen grains would weigh
only one gram — which favors their being carried over
wide areas. For chemical and immunological studies
of ragweed pollen see Hecht et al. (Proc. S. Exp.
Biol. Med., 1938, 39, 588).
Amino Acids. — Any organic acid which contains
one or more amino (NH2 — ) or imino (NH:=)
groups may properly be called an amino acid; in
nutritional chemistry, however, the designation refers
particularly to the amino acid components of proteins. Altogether some 23 different amino acids have
been investigated to an extent warranting their consideration asbuilding stones in the formation of vari-
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ous proteins; most of the latter will yield nearly all
of the known amino acids.
History. — In 1810 the chemist Wollaston isolated
what is now known as cystine, one of the 23 amino
acids, from a urinary calculus; it was not until 1899,
however, that this acid was recognized as a constituent of protein. Proust, in 1819, obtained from cheese
a substance which Braconnot a year later also isolated from the hydrolysis products of muscle and
wool, and to which the latter investigator gave the
name leucine. About the same time Braconnot boiled
gelatin with sulfuric acid and from the product eventually obtained sweet-tasting crystals of a substance
which he termed "sucre de gelatine" but which is
now designated glycine. Modern protein chemistry is
said to date from the time of this discovery, though
the name protein (meaning first) was not introduced
until 1839, by Mulder. Research on proteins has continued with increasing momentum since those early
days. Periodically new amino acids have been discovered, with threonine, the most recent of the recognized acids to be isolated, announced by Rose in
1935. Many of the amino acids have been synthesized.
Peptides. — The exact mechanism of protein formation has not been determined; a popular hypothesis
is that the amino group of one amino acid combines
with the carboxyl group of another by means of a
"peptide" linkage, thus:
CH3CH(NH2)COOH + H2NCH2COOH =
alanine
glycine
CH3CH(NH2)CONHCHoCOOH + H20
alanylglycine
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The molecular weights of protein molecules range
from about 15,000 to several million.
With the exception of glycine, which is optically
inactive, each of the amino acids contains an asymmetric alpha-carbon atom and thus occurs in at least
two optically active forms; hydroxyglutamic acid,
hydroxyproline and isoleucine, each of which contains two asymmetric carbon atoms, exist in four optically active modifications. All are solids of varying
solubility in water and in other solvents. There is a
marked difference in the utilization of the different
optical isomers by the animal body.
All of the naturally occurring forms of the amino
acids are stereochemically related, the configuration
being conventionally represented in two dimensions as
COOH
NH2— C—
I H
R
which structure is similar to that of L-lactic acid.
Because of this similarity there is an increasing tendency to abandon the older usage of the prefixes land d- indicating levo- and dextro-rotation, respectively, and to designate the naturally occurring form
of the amino acid as the L-form, and its optical activity by the sign + or — . Thus l-(+) -alanine refers to
the alanine derived from natural sources, which is
dextro-rotatory; the earlier designation for it, which,
however, does not indicate its origin, is d-alanine.
The accompanying table lists all the amino acids at
present recognized by physiologists; those marked
with an "*" are described in more detail elsewhere
in this work.
Physiological Role. — From many experiments, beginning with those of Willcock and Hopkins in 1906,
and Osborne and Mendel in 1914, it has been established that for normal growth of both animals and
humans certain amino acids are required in the diet.
Earlier experimenters used various proteins of known
amino acid composition, supplemented by more or

From the formula for alanylglycine it is evident that
it can react, through its amine and carboxyl groups,
with two more amino acid molecules, the process continuing until a "peptide" chain of indefinite length is
produced; such chains may contain several hundred
amino acid "residues" and a given protein molecule
may be made up of several peptide chains bunched
together by coordination through the hydrogen bond.

*
*
*
*
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Chemical Formula
CH3CH(NHo)COOH
NH2C ( : NH) NHCH2CH2CH2CH (NH2 ) COOH
HOOCCHoCH(NH2) COOH
HSCH2CH(NH2)COOH
HOOCCH(NH2)CH2S-SCH2CH(NH2)COOH
HOOCCH2CH2CH(NHo) COOH
NH2CH2COOH

Chemical Name
a-aminopropionic acid
a-amino-S-guanidinovaleric acid
aminosuccinic acid
a-amino-p'-thiolactic acid
di-a-amino-(3-thiopropionic acid
a-aminoglutaric acid
aminoacetic acid

NH.CH:N.CH:C.CH2CH(NHo) COOH
HOOCCH2CH(OH)CH(NH2)COOH

a-amino-(3-imidazolepropionic acid
a-amino-hydroxyglutaric acid

il
NH.CH2.CH(OH)CH2CH.COOH

Y-hydroxypyrrolidine-a-carboxylic
acid

CH.CI:C(OH).CI:CH.C.CH2CH(NH2)COOH
CH3CH2CH(CH3)CH(NH2)COOH
CH3CH(CH3)CH2CH(NH2)COOH
NH2CH2CH2CH2CH2CH (NH2 ) COOH
CH3SCH2CH2CH(NH2)COOH
\TCH3CH2CH2CH2CH(NH2)COOH
C6H5.CHoCH(NH2)COOH

3,5-diiodotyrosine
a-amino-3-methylvaleric acid
a-aminoisocaproic acid
a-amino-e-aminocaproic acid
a-amino-Y-methylthiolbutyric acid
a-aminocaproic acid
a-amino-|3-phenylpropionic acid

Proline
Serine
Threonine

NH.CH2.CH2.CH2.CH.COOH
HOCH2CH(NH2) COOH
CH3CH (OH ) CH (NH2 ) COOH

pyrrolidine-a-carboxylic acid
a-amino-3-hydroxypropionic acid
a-amino-|3-hydroxybutyric acid

Tryptophan

HC:CH.CH:CH.C:C.NH.CH:C-

Common Name
Alanine
Arginine
Aspartic acid
Cysteine
Cystine
Glutamic acid
Glycine

* Histidine
Hydroxyglutamic acid
Hydroxyproline
* Iodogorgoic acid
Isoleucine
Leucine
Lysine
* Methionine
Norleucine
Phenylalanine

i

a-amino-(3-indolepropionic acid

1

CH2CH(NH2)COOH
Tyrosine

£-HO.C6H4.CH2CH(NH2)COOH

a-amino-(3- (/>-hydroxy phenyl) -

Valine

CH3.CH(CH3)CH(NH2)COOH

a-aminoisovaleric
propionic acid acid

1542

Amino

Acids

less pure amino acids, in the diet of various animals
to determine which acids are required for normal development. Rose, a contemporary investigator, utilized
mixtures of pure amino acids rather than specific
proteins. The evidence, gathered from several sources,
indicates that of the 23 nutritionally-significant
amino acids, 13 may be omitted from the diet of the
rat (provided sufficient amounts of the 10 remaining
acids are included) without inducing any unfavorable symptoms. Elimination of any one of the 10
"essential" acids promptly resulted in the appearance
of deficiency symptoms which, however, disappeared
when the missing amino acid was included in the diet.
Accordingly, the 23 amino acids may be classified as
essential (indispensable) or non-essential (dispensable)
for normal growth of rats. The essential acids are:
isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophan and valine and perhaps arginine and histidine. An essential amino acid may be
defined as one which cannot be synthesized by the
animal organism out of materials ordinarily available
at a speed commensurate with the demands for normal growth. It must not be assumed that the nonessential acids are not necessary for growth, the
difference is that they can be synthesized in the body
if sufficient quantities of the essential amino acids and
the other necessary food factors are ingested.
Exclusion from the diet of growing animals of one
or more of the essential amino acids results in various
visible symptoms. Loss of appetite, decline in weight,
and death occur when any one of the acids, except
arginine, is omitted. When the animal is fully grown,
determination of "nitrogen balance" is a most valuable tool for studying the role of amino acids in nutrition. Nitrogen balance occurs when the amount of
nitrogen eliminated from the body over a given period
of time equals that ingested in the food during the
same interval. Practically all the eliminated nitrogen
is found in the urine and feces, with much smaller
amounts (usually neglected) being excreted in perspiration. In growing individuals the mass of protein
in the body is increasing and more nitrogen is consumed than eliminated; such an individual is said to
be in positive balance. Conversely, in malnutrition,
starvation, fevers, and wasting diseases more nitrogen
is excreted than consumed; an individual in such a
state is reported to be in negative balance. It has
been found that if an essential amino acid is omitted
from the diet of test animals, a negative nitrogen balance results since the animal cannot utilize amino
acids unless all the required ones are present.
Rose et al. {J. Biol. Chem., 1943, 148, 457) have
also conducted studies of the amino acid requirements
of man. The essential amino acids were furnished in
proportion and in amounts based on requirements for
animals. All other food requirements were supplied
by highly purified and adequate amounts of starch,
fats, inorganic salts, and vitamins. After nitrogen
balance was maintained for a period the essential
acids were left out of the diet, one at a time. In this
manner it was found that a negative nitrogen balance
promptly occurred when any of the acids were
omitted, with the exception of arginine and histidine.
Accordingly, man requires only 8 of the 10 amino
acids essential to the rat. Deficiency symptoms which
became apparent when any of the 8 essential amino
acids was omitted were irritability, fatigue and lack
of appetite. The greater frequency of pellagra in cornthan in wheat-eating populations may be related to
the differences in the amino acids supplied by these
two foods (see Nicotinic Acid in Part I).
It is apparent, therefore, that for man at least
8 amino acids acquire especial importance in the
dietetics of both the healthy and the sick. Just as
the properly-fed, healthy individual probably receives
all the vitamins he needs in his foods, so the same
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person doubtless synthesizes all the amino acids he
needs out of the daily normal protein intake, and
from these amino acids synthesizes the proteins peculiar to man. For the individual who, for one reason
or another, is unable to utilize food proteins, administration of at least the essential amino acids is indicated.
Elvehjem and Harper, reviewing recent observations of the effect of individual amino acids in nutrition, reported for the Council on Foods and Nutrition
of the A.M.A. {J.A.M.A., 1955, 158, 655) that 3
types of amino acid imbalance may be encountered,
as follows: (1) When the most limiting amino acid
in a diet poor in protein is increased, a deficiency of
the next most limiting acid may occur; conversely,
the addition of a small amount of the second most
limiting amino acid may increase the severity of the
deficiency of the most limiting acid. (2) When an
excess of an amino acid, which may or may not be
limiting, is added to a diet that is marginal in certain
B vitamins, the severity of the vitamin deficiency
may be increased. (3) In certain instances an excess
of an amino acid may reduce utilization of another
amino acid provided in normally adequate amounts
in the diet to such an extent that a deficiency occurs.
It is also emphasized that what may be considered
a satisfactory balance of amino acids by one criterion,
as growth, may be judged inadequate by another
criterion, as deposition of liver fat. Finally, consideration must be given to the fact that toxic levels of
many amino acids range from 2 to 10 times the requirements, inthis respect being unlike B vitamins,
which can be given in amounts ranging from hundreds to thousands of times the known requirements.
The results of the many quantitative experiments
performed by Rose and his co-workers in man over
a period of five years indicate the following minimum
daily requirement, in grams, of each of the essential
amino acids (in their natural, or L-, form), when
the diet furnishes sufficient nitrogen for the synthesis
of the non-essential amino acids: Isoleucine, 0.70;
leucine, 1.10; lysine, 0.80; methionine, 1.10; phenylalanine, 1.10; threonine, 0.50; tryptophan, 0.25; valine,
0.80 (see review, by Rose, in Chem. Eng. News, 1952,
30, 2385) ; the recommended daily intake is at least
twice the minimum amount of each amino acid.
Albanese et al. {Am. J. Clin. Nutrition, 1955, 3, 121)
reported that addition of t-lysine to diets, currently
accepted as being adequate, increases growth rate and
blood hemoglobin concentration in certain malnourished infants and children; it was concluded that the
ratio of lysine to tryptophan in the diet of infants
should be 6. Holt, Jr., however, believes that further
study is desirable since a ratio of 2 in young adult
women was determined by Bricker et al. {J. Nutrition, 1945, 30, 269) and of 3.2 in young adult males
by Rose {Fed. Proc, 1949, 8, 546) . A lysine requirement of 630 mg. per Kg. of body weight was determined by Jones et al. {ibid., 1955, 14, 438) and a
tryptophan requirement of 160 mg. per Kg. was found
by Leverton (National Vitamin Foundation, Series 8,
1954, p. 75); these figures correspond to a ratio of
3.9. According to Macy et al. {Bull. National Research
Council, 254, 1953) a ratio of 3.7 occurs in human
breast milk on which growth of the human infant
seems to be higher
optimalthan
; the 3.7.
ratio in cow's milk is usually
somewhat
Among the clinical conditions in which amino acid
therapy may be indicated are the following: Nutritional edema (also called war edema, hunger swelling, famine edema, alimentary dropsy, and prison
edema), anemia, hepatitis and cirrhosis of the liver,
nephrosis, peptic ulcer, bed sore's, pregnancy, and
various protein deficiency states encountered in pediatrics and geriatrics. Surgical cases of almost every
kind are likely to involve protein under-nutrition
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before, during, or after operation. In burns, skin tissue destruction results in an increased excretion of
urinary nitrogen (negative nitrogen balance) ; simultaneously with cellular tissue damage, skin capillaries
become permeable to plasma proteins. Protein ingestion, particularly in the form of amino acids, materially hastens the convalescence of burn cases. For
those patients who exhibit allergy to protein foods,
amino acid feeding often avoids the characteristic
unfavorable phenomena.
The physiological utilization of amino acids is not
limited to protein fabrication. Quick lists at least
four distinct functions for glycine, for example: (1)
It is a constituent of many proteins; (2) it combines
with cholic acid to form the bile acid glycocholic
acid; (3) it takes an integral part in the synthesis of
creatine (essential for muscle contraction) ; (4) it
conjugates with a large number of aromatic acids (for
the purpose, some experimenters believe, of detoxifying the aromatic acids). There is good evidence that
thyroxine, epinephrine, histamine and perhaps other
hormones are derived from amino acids.
There are available commercially limited quantities
of each of the amino acids in relatively pure form.
Aside from their use in research such material finds
little practical application because of the relatively
high cost and some uncertainty of supply. The most
popular form in which amino acids are used are the
protein hydroly sates, which are made by hydrolyzing
various proteins, as from milk, beef, fish, wheat,
yeast, etc., until they are largely converted to amino
acids and then, after purifying the product, administering it as the mixture of amino acids and other
hydrolysis products. Hydrolysis may be effected with
the aid of acid, alkali, or enzymes. Typical protein
hydrolysates are prepared by acid or enzyme hydrolysis and are offered in forms suitable for oral and
parenteral administration. Such products contain the
essential amino acids and, apparently, possess the
same physiological actions as a combination of the
several pure amino acids. Protein Hydrolysate Injection is official (see in Part I).
Uses. — The increasing recognition of the frequency
of protein deficiency in many diseases, the realization
of the importance of adequate protein nutrition in
wound healing, resistance to infection through antibody formation, normal capillary function, etc., and
the availability of protein in the form of human
plasma and amino acids (protein hydrolysates) for
parenteral use have resulted in the development of a
new field of therapeutics (see the series of articles on
Protein Nutrition in Health and Disease, by many
authors, J.A.M.A., 1945, 127, 985, 1052 and 1120;
1945, 128, 95, 283, 360, 439, 590 and 659).
Protein Deficiency. — Except for the clinical picture
of starvation, the clinical recognition of protein deficiency is hampered by the lack of pathognomonic
symptoms or signs of this deficiency state and the
fact that the expected decerase in the blood serum
protein concentration is all too often masked by a
decrease in plasma volume due to an associated dehydration. Furthermore, tissue depletion of protein
is estimated to be as much as 30 times that present
in the blood, i.e., a drop of only 0.5 Gm. per 100 ml.
of plasma means a deficiency of about 20 Gm. for
the entire blood plasma volume (about 3500 ml.) of
an adult and a total body tissue protein deficiency of
as much as 600 Gm. (20 Gm. X30). Since plasma
volume determinations are not readily available, the
significance of the concentration of serum protein
must be evaluated on the basis of the presence or
absence of the signs of dehydration (dry mouth,
thirst, inelasticity of the skin, decreased proportion
of plasma to cells in the hematocrit determination or
an abnormally high blood hemoglobin concentration).
The determination of the serum protein level after the
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deficiency of water and electrolytes has been corrected
is more useful.
Diagnosis. — The diagnosis of protein deficiency
usually must rest on: (1) a dietary history, (2) loss
of weight, and (3) the presence of disease conditions
in which protein depletion is commonly present.
These causes of protein deficiency include: (1) inadequate protein intake, i.e., less than 0.5 to 1.0 Gm. of
a mixture of animal and vegetable proteins per kilogram of ideal (for height, age and sex) body weight
daily for reasons of cost, indigestion, restricted therapeutic diets, edentia, psychosis, etc.; (2) increased
physiological demand for protein, as during growth
(3 to 4 Gm. per kilogram per day), pregnancy and
lactation (1.25 to 1.5 Gm. per kilogram) ; (3) impaired digestion or absorption of protein, as in cases
of chronic diarrhea, external fistulae of the small
intestine, intestinal obstruction with vomiting, etc.;
(4) inadequate utilization of the amino acids which
are absorbed, as in hepatitis, nephrosis, etc.; (5)
increased metabolic breakdown of protein in disease, as in the hypermetabolism of fever (infections),
hyperthyroidism, leukemia, or following trauma
(fractures, etc.), operations, etc.; (6) increased loss
of protein from the body, as in chronic hemorrhage,
albuminuria, extensive burns of the skin, repeated
abdominal paracenteses or thoracenteses, draining abscesses, exfoliative dermatitis, etc. Although loss of
protein in many of these states has long been obvious,
the magnitude of these losses has only recently been
demonstrated. After an injury, such as a broken
bone, the existence of a negative nitrogen balance
was not previously recognized. Losses of as much as
170 Gm. of protein per day for many days have
been measured in patients with severe burns, of 80
Gm. daily after fractures or operations, of 30 Gm.
daily from paracenteses for ascites.
Results. — Protein-depleted patients show deficient
antibody formation in response to infections and are
more susceptible to surgical shock, liver damage,
wound disruption, failure of skin grafts to take,
decubitus ulcers, and edema formation, particularly
as a result of the parenteral administration of saline
solution in the correction of the almost invariably
present deficiency of water and electrolytes. Edema
due to hypoproteinemia (low osmotic pressure of the
blood) interferes with absorption of food from the
gastrointestinal tract and the utilization of foods by
the liver and other tissues and with the diffusion of
oxygen and nutritive materials from the blood into
all the tissues. Both anemia and toxemia aggravate
this condition; anoxia further impairs capillary function. Edema at the sites of even a large enterostomy
stoma may result in intestinal obstruction.
The importance of optimum nutrition in recovery
from any disease or injury cannot be overemphasized.
The reserve stores of even the most healthy individual are insufficient to serve for more than a couple
of days without food. Even the obese cannot supply
energy from their body fat for more than a 25 to 50
per cent deficit in their caloric intake without consuming their own tissue protein for energy. This is in
the healthy adult and the losses of protein in disease
are often difficult to correct both because of their
magnitude and because the endocrine status in disease is predominantly catabolic in response to the
"stress" of the injury in the sense of the adaptation
syndrome of Selye. Keeton {J. A.M. A., 1953, 151,
253) reviewed available information on protein and
energy metabolism in relation to illness. The function of the "adrenal-pituitary axis" is altered by illness in the direction of protein breakdown (catabolism). The conversion of protein to carbohydrate is
stimulated by the altered hormonal balance. A somatotrophic hormone preparation from the anterior pituitary gland has counteracted this trend in animal ex-
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periments conducted by Selye but this hormone is
not available for clinical use. When the disease is
corrected the endocrine balance reverts to normal, or
even toward an increased rate of protein synthesis
(anabolism) in tissues, and it is possible to correct
the malnutrition by diet. However, this requires time
and patients have succumbed to malnutrition although cured of their primary disease. Hence, close
attention to maintenance of adequate nutrition in
all illnesses, injuries, surgical operations, etc., from
the very beginning is essential to decrease mortality,
shorten disability and produce the maximum possible
recovery from the damage.
Treatment. — Food remains the best source of protein for almost all patients. Eternal vigilance by the
physician is important to prevent the development
of protein deficiency because its correction is often
very difficult. The ingestion of 100 to 150 Gm. of
protein daily in the diet is about the maximum possible and even this intake cannot be attained in many
instances because of anorexia, vomiting, etc. But the
protein deficiency is often so severe as to require a
daily intake of as much as 300 Gm. of protein. An
intake of 200 Gm. daily may be reached by experts
with the administration of a high protein liquid
through a tube passed into the stomach or duodenum.
Human plasma, although valuable in the correction
of a shrunken blood volume in cases of shock, is
unable to meet such needs, as it contains not more
than 17 Gm. of serum proteins in each 250 ml. unit
(derived from 500 ml. of whole blood) and it likewise contains enough salt (at least 0.5 Gm. per 100
ml. of plasma) to aggravate the tendency to edema
formation secondary to the hypoproteinemia. Protein hydrolysates have provided a means, not heretofore available, of orally and parenterally meeting
these tremendous protein needs.
Oral. — Co Tui et al. (Gastroenterology, 1945, 5, 1:
Bull. N. Y. Acad. Med., 1945, 21, 631) maintained
an intake of 0.6 Gm. of nitrogen (equivalent to approximately 3.75 Gm. of protein) per kilogram of
body weight daily in patients with peptic ulcer and
other diseases by means of a protein hydrolysate.
They added carbohydrate to maintain caloric intake
at 30 to 50 Calories per kilogram daily. The use of
carbohydrate increases the protein available to the
body by sparing it from combustion for the energy
needs of the body. For example, a 70-kilogram adult
would require 42 Gm. of nitrogen daily. If the hydrolysate contained 12 per cent of nitrogen, 350 Gm.
of the hydrolysate would be used daily; this represents about 270 Gm. of protein (since the hydrolysate
is a mixture of amino acids and peptides the usual
factor of nitrogen times 6.25 does not represent the
equivalence of protein) and provides about 1000
Calories (4 Calories per Gm. X 270 Gm. of protein).
The additional Calories to make up 2800 Calories
daily (40 Calories per kilogram X 70 kilograms),
could be provided by 450 Gm. of carbohydrate (1800
Calories divided by 4 Calories per Gm.) . Co Tui gave
these amounts of protein hydrolysate and carbohydrate, dissolved in 1 to 1.5 liters of hot water and
divided into 8 or 9 portions of about 150 ml. each to
be swallowed at intervals of 2 hours. This makes a
vile-tasting liquid which can only be regarded as
medicine and not as pleasurable food. More tasty
amino acid preparations are on the market but it is
imperative that the nitrogen content be ascertained
from the label because some of them are relatively
low in the content of this essential constituent. In
addition to this mixture, Co Tui used a multivitamin
supplement. The use of a liquid with the gastricstimulating properties of meat extract seems entirely
irrational for patients with peptic ulcer; while protein
hydrolysate does stimulate gastric secretion, it is also
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an excellent buffer which rapidly neutralizes any excess acidity which it may induce.
Where allergy to common food proteins exists or
is suspected, the feeding of amino acid preparations
as the sole source of food nitrogen for a few weeks
may prove very beneficial. This is most commonly
resorted to in cases of atopic dermatitis and in certain instances of chronic ulcerative colitis. Carbohydrate is used to supply the calories required.
In many situations, protein hydrolysates are prescribed as a supplement to a good diet, either with or
between meals. These preparations may, however,
cause anorexia and actually produce a decrease rather
than an increase in the total daily nitrogen intake.
In the management of hepatitis, for example, where
anorexia is often severe due to the disease, protein
hydrolysates frequently aggravate the situation. In
most cases it is desirable to start protein hydrolysates
slowly to minimize gastrointestinal irritation, i.e.,
about l/i to y2 the desired dose the first day. Diarrhea, if it develops, has been controlled with kaolin
or aluminum hydroxide gel preparations orally. Prolonged use of protein hydrolysates as the entire diet
may result in mineral as well as vitamin deficiency,
particularly calcium, iron, etc.
Intravenous. — By this route from 50 to 75 Gm. of
amino acids per day may be administered, dissolved
in 3000 to 4000 ml. of isotonic sodium chloride solution and or 5 to 10 per cent dextrose solution at a
rate of 15 to 20 Gm. of amino acids per hour. A mixture of vitamins, such as thiamine chloride 10 mg.,
riboflavin 10 mg., nicotinamide 250 mg. and ascorbic
acid 500 mg., should be added to this daily intravenous solution in most cases. This minimizes the nitrogen (protein) loss and is more effective than dextrose
alone but it must be realized that such amino aciddextrose mixtures do not supply sufficient calories for
the healthy, let alone the sick person. For example,
if a patient receives 3000 ml. of a solution containing 150 Gm. of protein hydrolysate and 300 Gm. of
dextrose, only 1800 Calories have been injected and
such an infusion would require about 8 hours for
administration at the maximum rate of safe flow into
a vein. Instead of correcting the nitrogen deficiency
in the tissues, the amino acids administered must be
consumed for energy particularly in the presence of
the hypermetabolism of fever and disease. Extensive
studies with parenteral fat emulsions to provide the
needed Calories (9 Calories per gram of fat) and
hence spare the amino acids for tissue protein regeneration have been conducted successfully in research
centers. Unfortunately, fat emulsions are unstable
both physically and chemically and must be prepared
and homogenized immediately before injection ; otherwise febrile and other untoward reactions may be
rather severe (Neptune et al., Surg. Gynec. Obst.,
1951, 92, 365).
As much as 225 Gm. of amino acids have been
given in 24 hours without untoward effects. Fever,
nausea and vomiting may occur if the injection is
given more rapidly. Thrombosis of the vein used for
the injection may follow use of more concentrated
amino acid solutions. That orally or parenterally
administered amino acids are utilized by the body
and that nitrogen equilibrium can be maintained in
this manner have been amply demonstrated. In severe nephrosis, Farr and others found no increase in
the low levels of amino acids or protein in the blood
following the administration of protein hydrolysates
but reported nevertheless a marked decrease in the
mortality during the crises of this disease (peritonitis, etc.). In patients with hepatitis, the fiver may
be unable to synthesize more than 25 Gm. of serum
albumin per day regardless of the amount of amino
acids supplied.
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Aminometramide. Mictine (Searle). l-Allyl-3ethyl-6-aminotetrahydropyrimidinedione. — The structure of this cyclic compound may be depicted as
1
f
N(C3H5) .CO.N(C2H5) .CO.CH:C(NH2)
It is a synthetic oral diuretic which functions by
inhibiting reabsorption of sodium ions by the renal
tubule. Approximately 70 per cent of unselected
edematous patients respond to the drug. In therapeutic dosage it has not caused any effect on glomerular filtration rate, renal plasma flow, cardiac output, heart rate or blood pressure. At times headache
»or gastrointestinal symptoms (nausea or anorexia but
rarely vomiting or diarrhea) have occurred; these
effects are minimized by giving the drug on an interrupted dosage schedule. In the maintenance of an
» edema-free state and the initial and continuing control
of patients with mild congestive failure the recommended dosage is 200 to 800 mg. daily, in divided
doses with meals, on an alternate-day schedule or on
a 3-day-on and 4-day-off schedule of administration.
In the more severe congestive states the dosage is 400
mg. to 1.2 Gm. per day, in divided doses and on an
interrupted schedule. Mictine is available in uncoated
tablets containing 200 mg.
Amithiozone. Tibione. Panrone. />-Formylacetanilid-thiosemicarbazone. />-Acetylamino-benzaldehyde-thiosemicarbazone. CH3CONH.C6H4.CH:N.NH.CS.NH2 — This tuberculostatic agent, first used
in Germany under the designation Tb 1-698 and
available in that country under the trade-name
Conteben, is the most active of a number of thiosemicarbazones investigated for possible value in tuberculosis. The substance is a white to pale yellow,
bitter-tasting, microcrystalline powder, practically insoluble in water and only sparingly soluble in alcohol,
acetone or chloroform. The British Pharmaceutical
Codex recognizes it as Thiacetazone.
Domagk first reported, in 1946, the value of Tb
1-698 (Bayer) in experimental tuberculosis in animals
(see Am. Rev. Tuberc, 1950, 61, 8) ; the drug received extensive clinical trial in Germany in various
forms of tuberculosis (see Heilmeyer, Deutsche med.
Wchnschr., 1949, 74, 164). Hinshaw and McDermott
{Am. Rev. Tuberc, 1950, 61, 145) evaluated the
reported results with this new drug after visiting ten
institutions in Germany during 1949; they found
that more than 10,000 patients in 300 institutions had
received the drug in the preceding two-year-period.
Early pulmonary tuberculosis was benefited but best
results were seen in pulmonary tuberculosis with
mucous membrane-type complications, such as tuberculous laryngitis and enteritis. Amithiozone is not
sufficiently potent to affect miliary or meningeal
forms of tuberculosis.
Moncorps and Kalkoff {Med. Klin., 1947, 42, 812)
reported amithiozone to be efficacious in lupus vulgaris.
Use of amithiozone as a tuberculostatic agent has
been largely abandoned in the U. S. due to its toxicity
(Fox, Trans. N. Y. Acad. Sci., 1953, 15, 234). The
drug produces liver damage proved by biopsy, and
blood dyscrasias including anemia and granulocytopenia {J.A.M.A., 1951, 147, 235). Other common side
effects are anorexia, malaise, nausea, vomiting, exanthemata, and conjunctivitis. Carr {ibid., 1952, 150,
1170) believes that amithiozone should be used for
treatment of tuberculosis only when other drugs fail
and then with extreme caution.
Amithiozone has nearly the same degree of antituberculosis activity as para-aminosalicylic acid but
is less potent than streptomycin. Tubercle bacilli do
not develop appreciable drug resistance to amithiozone. On the other hand, streptomycin resistance re-
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mains high when this antibiotic is given concomit1165). antly with amithiozone (Tempel, ibid., 1952, 150,
Therapeutic results in leprosy are more promising
(Vegas et al., Internat. J. Leprosy, 1950, 18, 451 and
Lowe, Lancet, 1952, 2, 436). On a maintenance dose
of 150 mg. daily, Lowe encountered one severe case
of agranulocytosis but, in general, toxic reactions
were less frequent or severe and therapeutic effect
equal as compared with the sulfones.
Dose. — In tuberculosis, patients are started on 50
mg. daily with a gradual increase to 200 mg. daily.
Ammi Majus. — Ammi majus L., an annual umbelliferous herb native to the Mediterranean countries
and found abundantly in the Nile Delta region of
Egypt, possesses brownish cremocarp fruits of cylindrical shape which are used in Egypt, in powdered
form, for treatment of leukoderma. From the fruits
have been isolated the principles ammoidin, ammidin,
and majudin; these have been shown to be identical
with xanthotoxin (found in the fruits of Fagara
xanthoxyloides and Luvanga scandens), imperatorin
(first isolated from Imperatoria ostruthium), and
bergapten (a camphor from bergamot oil), respectively. Ammoidin (xanthotoxin), C12H8O4, is the
methyl ether of 8-hydroxy-4',5',6,7-furocoumarin
(Schonberg and Sina, J.A.C.S., 1950, 72, 4826); ammidin (imperatorin) and majudin (bergapten) are
closely related. Ammoidin, given orally in doses of
50 mg. 3 times daily or applied externally as a 1 per
cent liniment, in either case followed by exposure of
affected areas to sunlight or ultraviolet light, induces
normal pigmentation in patients having leukodermic
areas; ammidin and majudin are comparatively less
effective (Fahmy and Abu-Shady, Quart. J. P., 1948,
21, 498). For other papers on the subject see Kenney,
/. Nat. M. A., 1953, 45, 106; Lerner et al., J. Invest.
Dermat., 1953, 20, 299; Kanof, ibid., 1955, 24, 5;
George, Arch. Dermat., 1955, 71, 14).
Ammoidin, also called 8-methoxy psoralen and assigned the generic name methoxsalen, is supplied
under the trade-mark Oxsoralen (Elder) in capsules
containing 10 mg. and a lotion containing 1 per cent
of the active constituent for use in the treatment of
vitiligo. The adult dose is 2 capsules at one time
daily, followed by exposure to a dependable source
of radiant energy between 2 and 4 hours later. Small
vitiliginous lesions may be treated with the lotion by
painting once a week. It is stated that repigmentation
may begin after a few weeks, but that significant repigmentation may require as long as 6 to 9 months
of treatment. Hepatic insufficiency is a contraindication to use of methoxsalen.
Ammi Visnaga. — The Ammi Visnaga Lam is a
perennial umbelliferous plant growing in the waste
lands of the Eastern Mediterranean and particularly
in the region of the Nile delta. The Egyptians call it
khella, chellah, or khilla; it is a hardy plant growing
to a height of about 1.5 meters, with fruits somewhat resembling those of caraway. Decoctions of the
fruits have long been used in Egypt as an antispasmodic in the treatment of ureteral spasm and kidney
stones.
Three distinct crystalline substances have been isolated, in pure form, from the fruit; these are khellin,
visnagin, and khellol glucoside. Khellin, also called
visammin, is 2-methyl-5,8-dimethoxyfuranochromone,
C14H12O5; visnagin is 2-methyl-5-methoxyfuranochromone, C13H10O4; khellol glucoside, also called
khellinin, is 2-hydroxymethyl-5-methoxyfuranochromone glucoside, C19H20O10. In general, the fruits
contain about 1 per cent of khellin, 0.1 per cent of
visnagin, and 0.3 per cent of khellol glucoside. Khellin and visnagin have been synthesized. For further
information concerning physical and chemical prop-

1546

Ammi

Visnaga

erties of these substances, also their physiological
action, see the review article by Huttrer and Dale
(Chem. Rev., 1951, 48, 543), also Bailey et al. (J. A.
Ph. A., 1951, 40, 280) and Ellenbogen et al., (ibid.,
1951, 40, 287).
Pure khellin occurs as odorless, colorless crystals,
which may sometimes have a slight greenish tinge,
melting between 151° and 155°; it is very slightly
soluble in cold water and sparingly soluble in boiling water; soluble in chloroform, acetone and alcohol; moderately soluble in ether.
Khellin is the therapeutically important constituent; khellol glucoside has been both claimed and
denied to have a coronary vasodilating effect; visnagin, if it is physiologically active, is present in
such small amounts as to be relatively unimportant.
Khellin is a potent coronary vasodilator, being
several times more active than aminophylline ; khellin
remains in the circulation for several hours and its
action is thus prolonged (Anrep et al., J. Pharm.
Pharmacol, 1949, 1, 164; Am. Heart J., 1949, 37,
531). In animals khellin causes a conspicuous relaxation of the bronchi in isolated lungs and a diminution
of intestinal tone in the intact animal. It is rapidly
absorbed from the stomach, the small intestine and
the large intestine; it is not excreted in the urine in
unchanged form, and disappears from the blood and
tissues at a very slow rate, repeated administration
leading to cumulative effects.
Anrep and his co-workers treated 250 patients with
angina pectoris with khellin and found distinct improvement in 140 patients, with moderate improvement in 85, and no effect in the others; the drug
was administered orally in doses of 50 to 100 mg. 3
times a day or as an intramuscular injection in doses
of 100 to 200 mg. They also used the drug successfully in many cases of bronchial asthma, especially
in severe cases resistant to aminophylline and epinephrine. While a number of other clinical trials of
khellin in angina pectoris have been made, mostly
with favorable results, Hultgren and his associates, in
a report to the Council on Pharmacy and Chemistry
of the A.M.A. of their experience with 14 carefully
selected patients with angina pectoris induced by
effort, concluded that khellin has strikingly little
effect in such cases, and that where it was apparently
effective the anorexia and nausea caused by the drug
may have reduced physical activity sufficiently to
prevent attacks (J. AM. A., 1952, 148, 465). Snider
et al. (ibid., 1952, 150, 1400) were unable to demonstrate any consistent or appreciable bronchodilator
effect of khellin, either when given orally in a dose
of 120 mg. daily or intramuscularly in 300-mg. doses,
in groups of 8 and 6 asthmatic patients, respectively.
The incidence of side reactions, including nausea,
constipation, light-headedness, dizziness, diarrhea,
somnolence, insomnia, urticaria and dermatitis is high,
particularly with larger dosage, and limits use of
the drug (Rosenman et al., JA.M.A., 1950, 143,
160) ; it is not certain whether the untoward effects
are entirely due to the drug itself or to impurities
in it.
The usual beginning dose is 10 to 20 mg., orally
or intramuscularly, 2 or 3 times daily, which is increased to 20 to 50 mg. 3 times daily until symptomatic response is obtained; thereafter the dose is
decreased to 10 to 30 mg. 3 times daily for maintenance.
Ammicardin (Alpha Laboratories, Cairo) and Ammivin (National Drug) are commercially available
preparations of pure khellin supplied in tablets containing 10, 20, or 40 mg., and an injection containing
50 mg. per ml.; Eskel (Smith, Kline and French Laboratories) isa mixture of 96 per cent of khellin and
4 per cent of other active principles such as visnagin,
being available in 20- and 40-mg. tablets.
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Ammoniacum. Ammoniac. Gum Ammoniac.
Gummi-resina Ammoniacum. — This gum re^in. which
was formerly official in most of the pharmacopoeias
of the world, is the exudation of the stem of the
Dorema ammoniacum Don and probably other species
of the same genus of the Umbelliferce. The plant is
a perennial herb which grows wild in Persia and
southern Siberia.
Ammoniac occurs either as "tears," or in aggregated masses (lump ammoniac) ; in both forms it is
frequently mixed with impurities. The odor of ammoniac ischaracteristic, the taste is slightly sweetish,
bitter, and somewhat acrid. When heated, the gumresin softens and becomes adhesive, but does not
melt. It is partly soluble in water, alcohol, ether,
acetic acid, and alkaline solutions. It forms a natural
emulsion (milk of ammoniac) when triturated with
water.
Ammoniac is composed of about 65 per cent of
resin, 26 per cent of gum, and a small amount of
volatile oil with a disagreeable odor. According to
Spath (Ber., 1936, 69B, 1656) the most important
constituent
is ammoresinol, which is 4-hydroxycoumarin.
Ammoniac has been employed in medicine from
remote antiquity, being mentioned in the writings of
Hippocrates, but is probably no longer used. It was
formerly employed chiefly in the treatment of chronic
bronchitis but also occasionally as a diaphoretic or
emmenagogue. Externally applied, in the form of a
plaster, it was thought to be useful as a discutient
or resolvent in white swellings of the joints, and
other indolent tumors. (See Emplastrum Ammoniaci
cum Hydrargyri, USD., 19th ed., p. 437.)
Ammonium Benzoate. Ammonii Benzoas, USjP.
XI. — This occurs as "thin, white crystals, or a crystalline powder. Ammonium Benzoate gradually loses
ammonia on exposure to air. It is odorless, or has a
slight odor of benzoic acid. One Gm. of Ammonium
Benzoate is soluble in 10 ml. of water, in about 36
ml. of alcohol, and in about 8 ml. of glycerin, at
25° C." USF. XI.
Ammonium benzoate has been employed as a urinary antiseptic in fermentative cystitis, in which not
only is the benzoic acid antiseptic but, because the
ammonium radical is converted to urea in the body,
the salt tends to increase the acidity of the urine,
thereby enhancing the antibacterial effects of other
agents (see Scott and Mitchell, Can. Med. Assoc. J.,
1931, 25, 668).
Dose, from 0.6 to 2 Gm. (approximately 10 to 30
grains).
Ammonium Citrate. Diammonium Citrate.
(NH4)2HC6H507.— This water-soluble salt has been
used as a diuretic. It differs from the metallic citrates in that it does not alkalinize the urine. Dose
from 1 to 3 Gm. (approximately 15 to 45 grains) .
Ammonium Hypophosphite. Ammonii Hypophosphis,
VII. XH4H2PO2.—
salt powder,
"occurs
as colorless,NJP.
hexagonal
plates, or as This
granular
and is very deliquescent. It is odorless, and has a
bitter, saline taste. One Gm. of Ammonium Hypophosphite is soluble in about 1 ml. of water and in
about 20 ml. of alcohol, at 25° C; it is very soluble
in boiling water or boiling alcohol. Caution should be
observed in compounding Ammonium Hypophosphite
with other substances, as an explosion may occur if
it is triturated or heated with nitrates, chlorates, or
other
A".F. VII.in the treatment of
This oxidizing
salt had agents."
some popularity
the later stages of bronchitis and laryngitis; its value
is not apparent and it has been properly deleted from
the N.F. It was employed in doses of 130 to 300 mg.
(2 to 5 grains).
Ammonium Mandelate. C6H5CH(OH)C02XH4. — This is a white crystalline powder, very deli-
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quescent, practically odorless but having an unpleasant, acrid taste. It is slightly acid to litmus and discolors on exposure to light. It is used as a urinary
antiseptic (see Mandelic Acid) with the advantage
over other salts of mandelic acid that it tends to
acidulate the urine. It is best given in an aromatized
liquid preparation. The dose is usually about 3 Gm.
(approximately 45 grains) 4 times a day.
Ammonium Nitrate. Ammonii Nitras, U.SJ'.,
1890. Nitrate of Ammonia. NH4NO3. — Ammonium
nitrate occurs as colorless crystals, very soluble in
water, moderately so in alcohol, having a sharp, bitter
taste, and being somewhat deliquescent.
Keith (Ann. Int. Med., 1930, 46, 797) experimented with ammonium nitrate as a diuretic. He
found that it acts favorably in some cases in doses
of 6 to 12 Gm. (approximately 1^ to 3 drachms)
daily in enteric-coated tablets. When the kidney
function is subnormal there is danger of acidosis and
nitrite formation in the intestine may be sufficient
to cause methemoglobinemia.
For further information concerning this salt, see
U.S.D., 19th ed., p. 1380.
Ammonium Sulfate. Ammonii Sulfas, U.S.P.
1880. (NH.i)2S04. Sal Ammonium Secretum Glauberi. — Ammonium sulfate occurs as colorless, transparent crystals, permanent in the air, odorless, having
a sharp, saline taste; soluble in 1.3 parts of water at
15° and in 1 part of boiling water; insoluble in absolute alcohol, but slightly soluble in 95 per cent alcohol. It is not commonly used as a medicine, but does
find extensive usage in fireproofing fabrics, manufacturing viscose silk, galvanizing iron and in the preparation of freezing mixtures. It is also a useful protein
precipitant and the commercial grade is employed as
a fertilizer. An aqueous solution containing 0.75 per
cent ammonium sulfate, 0.75 per cent benzyl alcohol
and 0.48 per cent sodium chloride (Dolamin) has
been injected to produce prolonged local analgesia of
surgical incisions (Davis and Wilson, Am. J. Surg.,
1951, 81, 318) and of the stellate ganglion in cases of
angina pectoris (Stubbs and Woolsey, South. M. J.,
1950, 43, 675). The latter combined 5 ml. of 1 per
cent procaine hydrochloride with 20 ml. of the mixture. It is thought that the ammonium ion affects the
afferent, non-myelinated nerve fibers to a greater
extent than the motor fibers (see also under Ammonium Chloride, Part I).
Ammonium bisulfate (acid ammonium sulfate),
NH4HSO4, was at one time used in stomach disorders in doses of from 1 to 4 Gm. (15 to 60 grains).
Ammonium Tartrate. (NH4)2CiH406. — Ammonium tartrate forms colorless crystals which on exposure to air give off ammonia and become acid in
reaction. It is soluble in about 17 parts of water.
Aqueous solutions may become moldy. Ammonium
tartrate has been used by Clause for clearing corneal
opacities. According to Wolff (Lancet, 1926, 1212) it
is especially valuable for treatment of lime burns of
the eye as it aids in removal of calcium. The eye is
irrigated with a warm neutralized solution containing
5 or 10 per cent of ammonium tartrate.
Ammonium Valerate, Acid, N.F. IX. Ammonii
Valeras Acidus. Ammonium Valerianate. — "Acid Ammonium Valerate yields not less than 33 per cent and
not more than 38 per cent of C4H9COONH4 (119.16),
and not less than 62 per cent and not more than 67
per cent of free valeric acid, C4H9COOH (102.13)."
N.F. IX.
This variable compound approximates the composition corresponding to one molecule of ammonium
valerate with two molecules of valeric acid. It can be
prepared by the reaction of valeric acid and gaseous
ammonia.
"Acid Ammonium Valerate occurs as colorless,
quadrangular plates, and is deliquescent in moist air.
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It has the characteristic odor of valeric acid, a sharp,
sweetish taste and its aqueous solutions are acid to
litmus paper. One Gm. of Acid Ammonium Valerate
dissolves in about 0.3 cc. of water and in about 0.6 cc.
of alcohol; it also dissolves in ether." N.F. IX.
Uses. — On the erroneous theory that valerian owed
its activity to valeric acid, ammonium valerate was
introduced many years ago as a nerve sedative and
euphoric. Physiologically, however, it is practically
inert and any beneficial result which may have followed its administration may more reasonably be
attributed to the psychic effect of its odor and taste
than to any direct action on the nervous system.
Dose, from 130 to 600 mg. (2 to 10 grains).
Storage. — Preserve "in tight containers and avoid
continuous excessive heat." N.F.
Amylcresols. — In 1931 Coulthard (Brit. J. Exp.
Path., 1931, 12, 331) called attention to the possible
value of amylmetacresol as a surgical antiseptic. He
found that the phenol coefficient (by the Rideal
method) ranged between 200 and 250 for several species of bacteria; that it inhibited the growth of both
bacteria and molds in a dilution of 1 in 30,000; that
its powers were slightly lessened by the presence of
blood-serum but distinctly lower in soapy solution.
Although he did not give any experimental evidence,
Coulthard stated that its toxicity was comparatively
low. He reported that administration of 300 mg. to
men, 5 times a day, rendered the urine bacteriostatic.
He recommended as a solvent either 0.005 N sodium
hydroxide or diluted alcohol. Later he suggested
(Pharm. J., 1936, 137, 79) its use for sterilizing surgical ligatures.
Dunn (Ind. Eng. Chem., 1936, 28, 609) reported
that a mixture of the three isomeric amylcresols had
phenol coefficients (by the F.D.A. method) varying
from 14 for Eberthella typhi, to 100 for Staphylococcus aureus or Streptococcus hemolyticus. Under
the title Oral Pentacresol (Upjohn) there has been
marketed a solution of secondary-amyltricresols for
use as an oral antiseptic. According to specifications
of the patent protecting the process of preparing the
amyltricresols used in this solution an appreciable
excess of cresol is condensed with the amyl alcohol,
as by heating to 150° in the presence of zinc chloride.
Anabasis. — The Anabasis aphylla L. (Fam. Chenopodiacece) is a perennial herb which grows in the
Russian Steppes where it is reputed to be a poisonous
plant. It contains about 2.3 per cent of alkaloids of
which the most important is anabasine (see Orekhov,
Ber., 1919, 52, 1005). The other alkaloids are known
as apkylline, which is isomeric with lupanine, and
aphyllidine. Anabasine is 2-(3-pyridyl)piperidine and
is also the principal alkaloid in Nicotiana glauca.
Smith (J.A.C.S., 1935, 57, 959) has synthesized a
compound, which he called neonicotine, that is a
stereoisomer of anabasine.
In a physiological study on anabasine, Haag (J.
Pharmacol., 1933, 48, 95) found that it has qualitatively the same effects as nicotine but that it is
about 3 times as toxic for rabbits, although only
slightly more toxic for guinea-pigs, and that it has
less exciting and more depressing action than nicotine.
Anabasine sulfate of commerce is a mixture of all
the alkaloids of the anabasis. It possesses insecticide
properties similar to those of nicotine.
Anacardium. Anacardium occidentale L. Cashewnut. East Indian Almonds. — This small and elegant
tree of the Fam. Anacardiacece grows in the West
Indies and other tropical areas. A gum exudes from
the bark, this bearing some resemblance to gum
arabic; it is the gomme d'acajou of French writers.
The fruit is a fleshy, pear-shaped receptacle, supporting at its summit a hard, shiny, ash-colored, kidneyshaped nut, an inch or more in length and 0.75 inch
broad, consisting of a pericarp having large balsam
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canals, and of a sweet, oily kernel which is used as a
food. The edible receptacle is red or yellow, and has
an agreeable, somewhat acid flavor with some astringency. The nuts must be roasted before cracking to
eliminate toxic elements in the shell; fumes from
roasting irritate the eyes.
Although the seeds are edible, the black juice contained between the outer and inner shell of the nuts
is extremely acrid and corrosive; when applied to the
skin the juice produces severe inflammation followed
by blisters or desquamation. The liquid contains a
considerable proportion of the monohydric phenol
anacardic acid (o-pentadecadienylsalicylic acid) and
a small amount of the polyhydric phenol cardol, the
latter being related to urushiol, the irritant principle
of poison ivy; cardol is probably responsible for the
irritant property of the liquid. Internally it causes
severe gastroenteritis. The juice, or its active oil, has
been used in medicine as a discutient. In the West
Indies the juice is said to be used to remove corns
and warts, also in the treatment of ringworm and
elephantiasis. The oil from the shells, which is quite
different in composition from that of the seeds, is
brown and has been used by natives for local treatment of leprosy and also to protect wood, books,
vanilla beans, etc., from ravages of white ants and
other insects.
The oil from the kernels, which is pale yellow, has
been studied with a view to industrial utilization.
The black juice of the nut and a milky juice which
flows from the tree after incision are used for almost
indelibly marking linen. Cashew nut shell liquid is
used, when interacted with formaldehyde, in the
manufacture of an electrical insulating varnish. For
a report of occupational dermatitis resulting from
handling of such varnish and the liquid from which
it is made see Schwartz et al. (Industrial Medicine,
June 1945, 500) ; these investigators also provide information as to the known irritant principles of the
Anacardiacece and related plants.
Andromeda. — Oxydendrum arboreum (L.) DC.
(Andromeda arboreum L.), sour wood, or sorrel-tree,
grows in the valleys of the Alleghenies, from Pennsylvania to Florida and west from Indiana to Louisiana. The decoction of the leaves was at one time used
as a pleasantly acidulous drink in fevers. The powder
of the leaves and buds of Leucothoe racemosa (L.)
A. Gray (Andromeda racemosa L.) is said to be a
powerful errhine.
In 1882 Eykman of Japan isolated from Andromeda
(Pieris) japonica Thunb. a poisonous principle which
he named asebotoxin, which is probably the same as
andromedotoxin which is found in a number of other
ericaceous plants. (See Murakami and Takeuchi,
J. Pharm. Soc. Japan, 1936, 56, 649.)
Andromedotoxin is soluble in cold water and in alcohol, less soluble in hot water, chloroform, ether or
amyl alcohol, insoluble in petroleum benzin. It is a
neutral, non-nitrogenous principle, precipitated neither
by the alkaloidal reagents nor by metallic salts. It does
not reduce Fehling solution and is not decomposed by
hot acetic acid. The symptoms of poisoning by andromedotoxin, or the various leaves containing it, are:
salivation, vomiting, staggering gait, followed by convulsions, labored respirations, then a progressive paralysis of the extremities until death. The heart is at
first slowed, later becomes more rapid, but before
death becomes slow and weak. Hardikar (J. Pharmacol., 1922, 20, 17), from his physiological studies,
concluded that the principle has a very complex
action: it first stimulates, later paralyzes the peripheral ends of the vagi, which explains the respiratory
and cardiac symptoms; it has a narcotic action upon
the higher brain centers which is the cause of the
staggering gait; it paralyzes the motor end plates in
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voluntary muscle which is the cause of loss of power
in the extremities; in fatal doses it has a depressant
action upon the cardiac muscle which explains the
late slowing of the pulse; the cause of the salivation
and emesis was not determined. The poisonous honey
of Xenophon, derived from the flowers of Rhododendron ponticum, probably owed its toxic properties
to andromedotoxin. Wood et al. (JA.CS., 1954, 76,
5689), working with a pure preparation of andromedotoxin isolated from Rhododendron maximum,
found it to have potent hypotensive action and to
show extraordinary similarity to protoveratrine in its
pharmacological actions.
Angelica. — Under the names of Angelica; Fructus
(Angelica seed) and Angelica Radix (Angelica root)
the N.F. V recognized the seeds, and the rhizome and
roots, respectively, of Angelica Archangelica Linne
(Fam. Umbelliferce) and of other species of Angelica.
Two species of this genus have been used in medicine,
Angelica Archangelica L. (garden angelica), a native
of Europe, and A. atropurpurea (masterwort) , which
grows throughout the eastern United States.
Angelica contains about 0.5 per cent of a volatile
oil, besides angelic acid, resin, starch, etc. For a detailed description of the fruit and root, and for further
information concerning the constituents of this drug,
see UJS.D., 19th ed., p. 1386.
Angelica root has been used as an aromatic in
flatulent colic and also as a domestic diaphoretic and
diuretic, and, occasionally externally as a counterirritant. The seeds were at one time supposed to
possess antimalarial properties and were an ingredient
of the Tinctura Antiperiodica, N.F. V.
Dose, of either root or seeds, from 1 to 2 Gm. (30
to 60 grains).
Anhalonium. Lophophora. Mescal Buttons. — The
dried tops of Lophophora Williamsii Coulter (Fam.
Cactacece) , commonly known as peyote or mescal buttons, is obtained from a small, fleshy, spineless cactus
indigenous to northern Mexico and found growing
now in Zacatecas, Chihuahua and on both sides of the
Rio Grande near Laredo, Texas. It was called "sacred
mushroom" by the Aztecs, who, like some of the
American Indians, used it in their religious rites and
attributed to it divine properties. It is probably used
also as a habit narcotic although the extent of the
habit is doubtful (see Saffow, J.A.M.A., 1921, 67,
1278, also La Barre et al., Science, 1951, 114, 582,
and Collier, ibid., 1952, 115, 503).
The plant is a perennial herb whose main axis is
subterranean. From this arise a number of aerial
shoots which appear like peltate fungi, and bearing
tufts of yellowish-white hairs among which spring
pinkish flowers. This constitutes the "mescal button."
The species was first placed in the genus Echinocactus by Lemaire, in 1845, who described it under
the name of Echinocactus Williamsii. It was later
transferred to the genus Anhalonium, and subsequently made the type of a new genus, Lophophora,
by Coulter. The L. Lewinii seems to be a variety
rather than a distinct species.
The mescal button is about 50 mm. in diameter and
6 mm. in thickness, with a convex under surface, a
texture which is brittle and hard when dry. but becomes soft when moistened. It has a very bitter disagreeable taste, and an odor (when moist) which is
peculiar and disagreeable, and is especially marked
in the powdered drug. According to C. H. Thompson, the buttons of L. Lewinii and L. Williamsii are
readily distinguished by the fact that the surface of
L. Lewinii is traversed by thirteen shallow narrow
furrows giving the appearance of there being as many
irregular or much broken ribs or obtuse ridges, while
in L. Williamsii the furrows and ridges are eight in
number and regular.
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Constituents. — Mescal contains the following
alkaloids: anhalamine, anhalonine, anhalonidine,
lophophorine and pellotine, which are all closely related, also mescaline (mezcaline) which is 3,4,5-trimethoxyphenethylamine, and anhaline which is identical with hordenine found in barley (see Hordeum).
For information concerning the chemistry of these
alkaloids see Henry (Plant Alkaloids, 1949, p. 154).
Actions. — From time immemorial the Kiowa Indians of the Rio Grande have used mescal buttons for
the purpose of producing intoxication during their
religious ceremonies.
Attention was first called to the peculiar cerebral
action of this intoxicant by Prentiss and Morgan in
1895. It produces a form of delirium somewhat similar to that of cannabis but accompanied with extraordinary color hallucinations. During intoxication
there are dilatation of the pupil, muscular relaxation,
loss of sense of time, more or less analgesia and circulatory depression.
The physiological action of the mescal alkaloids
has been studied chiefly by Heffter {Arch. exp. Path.
Pharm., 1898, 40, 385) ; Raymond-Hamet (ibid., 1933,
169, 97); and by Grace (/. Pharmacol., 1934, 50,
359). The most active of the alkaloids is lophophorine,
which in doses of about 12 mg. per Kg. of body
weight causes violent tetanic convulsions in the rabbit
similar to those of strychnine. In the lower animals
pellotine, in sufficient dose, also causes tetanic convulsions but in man the most characteristic effect is
the feeling of drowsiness which has led to its experimental use as a hypnotic (see Pilcz, Wien. klin.
Wchnschr., 1896, 9) with some, but uncertain, effect.
Anhalonidine is also somewhat stimulant to the central nervous system but much less powerful. The
characteristic effects of the mescal button seem to be
due chiefly, if not solely, to the mescaline. According
to Grace this alkaloid produces a progressive depression of the central nervous system involving the respiration, the motor reflexes, and the circulatory apparatus. In experiments on human subjects it caused
nausea, dizziness, dilatation of the pupil and some
blurring of vision and somewhat later the characteristic hallucinations with brilliantly colored pictures
and, frequently, disturbance of the olfactory and
gustatory senses (see also Hoch et al., Am. J. Psychiat.,
1952, 108, 579). For a report of a study of psychic
effects of mescaline see Beringer Monograph, a. d.
ges. Neurol, und Psych., 1927, Heft 49.
Mescaline is excreted in urine as such and in traces
as 3,4,5-trimethoxyphenylacetic acid (Cochin et al.,
J. Pharmacol., 1951, 101, 205). At the time of hallucinations, inthe mouse, Block et al. (Ztschr. physiol.
Chem., 1952, 291, 119) found the highest concentration of mescaline to be attached to protein of the
liver rather than being present in the brain (see also
Block and Block, Chem. Abs., 1952, 48, 8966d). The
LD50 (intraperitoneal) of mescaline sulfate in mice
is about 280 mg. per Kg. of body weight; lethargy,
quivering, and convulsions are observed with both
lethal and sublethal doses. An oral dose of 5 mg. per
Kg. of body weight will produce in man hallucinations and other psychic effects; the response is rapid
and persists for about 12 hours. No therapeutic value
from intravenous administration of 400 to 600 mg. of
mescaline to schizophrenic patients was found (Hoch
et al., loc. cit.). Using the similarly-acting lysergic
acid diethylamide (see under Ergonovine Maleate, in
Part I), Abramson (J. Psychol., 1955, 39, 127) reported facilitation of exteriorization of unconscious
fears in a patient with severe neurodermatitis. It may
be noted that repeated doses of lysergic acid diethylamide (LSD -25, Sandoz), commencing with 10
micrograms orally showed development of tolerance
within 7 days to such a degree that a dose of 75
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micrograms had little effect (Isbell et al., Fed. Proc,
1955, 14, 334) ; 3 days after discontinuing daily doses
the tolerance disappeared. The drug Frenquel (see in
Part II) has been observed to block the dissociation
of thought and the hallucinations caused in humans
by ingestion of 0.1 mg. of lysergic acid diethylamide;
the oral dose of Frenquel was 5 to 25 mg. twice daily
for a week (Fabing, Science, 1955, 121, 208; Neurology, 1955, 5, 319). Frenquel also prevented the characteristic action of mescaline. It is of interest that
Frenquel did not block the visceral effects of lysergic
acid diethylamide, such as nausea, numbness and
sweating of extremities, dry mouth, tightening of
jaws, and conjunctival congestion. The cerebral electrographic changes, but not the mydriasis, caused by
either mescaline or lysergic acid diethylamide in rabbits were found to be corrected by Frenquel (Rinaldi
and Himwich, Science, 1955, 122, 198). Lysergic acid
diethylamide is active in much smaller doses than
those of mescaline; an oral dose of 1 microgram of
the former per Kg. of body weight in normal persons
(3 micrograms per Kg. in psychotic persons) produced changes similar to the state of schizophrenia
(see also under Lysergic Acid Diethylamide in Part
I), which were described in detail by Rinkel et al.
(Am. J. Psychiat., 1952, 108, 572). Studies of conditioned reflexes in dogs under the influence of mescaline suggested to Bridger and Gantt (/. Pharmacol.,
1955, 113, 7) that the drug causes dissociation between conditioned and unconditioned stimuli such
that the symbols of reality have the effect of reality.
Sodium succinate has been used as an antidote to the
effects of mescaline (Delay et al., Compt. rend. soc.
biol., 1950, 144, 163).
The therapeutic value of mescal buttons is doubtful ;it has been employed to a slight extent in various
forms of neurasthenia and hysteria, and Landry
(Therap. Gaz., 1888) reported it to be especially valuable in cases of asthma. It has also been alleged to be
useful in neuralgic and rheumatic affections. Prentiss
and Morgan gave the dose of the fluidextract as from
0.6 to 1 ml. (10 to 15 minims).
Several other specimens of anhalonium have been
found by Heffter to contain poisonous alkaloids. In
A. prismaticum he found an extremely toxic alkaloid
which caused tetanic convulsions followed by paralysis and systolic spasm of the heart. In A. jourdanianum
an alkaloid was found which caused in the frog complete paralysis of the voluntary motor system.
Carnegine, found in another cactus, the Carnegia
gigantea (Engelm.) Britt. and Rose, is closely related
chemically to the anhalonium alkaloids, although we
know of no pharmacological studies. The alkaloid
pectenine, originally found in the Cereus pecten
aboriginum by Heyl in 1901, is apparently identical
with carnegine.
Aniline. Aminobenzene. Phenylamine. C6H5NH2.
— This is an organic base obtained from coal tar or
more directly from nitrobenzene. It was first discovered byUnverdorben, in 1826, among the products
of the dry distillation of indigo, and was named by
him Krystallin. Fritzsche, who obtained it afterwards
from indigo by another process, seems to have been
the first to give it the name of aniline, from the
Portuguese word anil (indigo). Aniline did not possess
any commercial importance until the discovery in
1856, by Perkin, of the first of the so-called aniline
colors, Perkin's purple.
Pure aniline is a colorless, highly refractive fluid, of
an oily appearance; but as found in commerce it is
generally more or less colored. It is slightly soluble in
water, but dissolves in all proportions in ether or alcohol. With acids it forms soluble and readily crystallizable salts. The chief value of aniline is in organic
synthesis, some of its products being used in medicine.
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Under the name of aniline oil a liquid is available
in commerce which consists of a mixture of aniline,
toluidine, xylidine, cumidine, and varying quantities
of by-products found in the "tailings"; it is used as
a solvent for rubber, copal, etc.
Toxicology. — The symptoms which are produced by
the inhalation or ingestion of aniline are great prostration, headache, mental confusion, giddiness, vomiting, violent neuralgic pains, and, if the dose has been
large enough, cyanosis, coma with dilatation of the
pupils, excessive perspiration, loss of reflexes and of
voluntary movement, hurried weak pulse, rapid or
irregular respiration, hemoglobinuria, a peculiar discoloration of the skin, and, if the patient survives
sufficiently long, jaundice with great increase in the
biliary pigment of the urine. Young and Muehlberger
(/. Pharmacol., 1926, 27, 101) studied the effects of
aniline on lower animals. They found it to be a
cardiac poison but reported, contrary to reports of
others, that it does not cause methemoglobinemia. A
number of cases of poisoning from the use of shoe
dyes in which aniline was the solvent have been reported (see Muehlberger, JA.M.A., 1925, 84, 1897).
As little as 0.2S ml. of aniline may produce symptoms of poisoning; 25 ml. has been fatal, while recovery has followed ingestion of 75 ml. Casciano
(/. M. Soc. New Jersey, 1952, 49, 141), noting that
reports in the literature cite many cases of methemoglobinemia arising from contact with substances containing aniline or its derivatives but few caused by
the pure chemical, reported a case of acute methemoglobinemia resulting from the spilling of aniline on
clothing, some coming in contact with the abdomen
and hands ; following transfusion of blood and oxygen
therapy the patient recovered.
Anise, NJ?. IX. Anisum. Aniseed. Sweet Cumin. —
"Anise is the dried ripe fruit of Pimpinella Anisum
Linne (Fam. Umbelliferce). Anise yields not less than
1.75 ml.
N.F.
IX. of anise oil from each 100 Gm. of drug."
Pimpinella Anisum is an annual plant, about a foot
in height, with an erect, smooth and branching stem.
The leaves are petiolate, the lower rounded-cordate,
lobed, incised-serrate, the middle pinnate-lobed with
cuneate or lanceloate lobes, the upper trifid, or undivided, linear. The flowers are small, white, and in
terminal compound umbels, destitute of involucres.
The fruit is a mouse-shaped cremocarp.
The anise plant is a native of Egypt and the Levant,
but has been introduced into southern Europe and
is cultivated in all warm climates, especially Russia,
Germany, Italy, Spain, France, Bulgaria, Turkey,
India, Tunis, Syria, Chile and Mexico. It is cultivated
extensively in gardens of this country. The Spanish
or Alicante anise is smaller than the German or
French, and is usually preferred; the Russian fruit is
very short. In 1952, 519,937 pounds of anise were
imported into this country from Czechoslovakia,
Turkey, Spain, Indochina, and Mexico.
Anise is one of the oldest aromatics, having been
used by the ancient Egyptians, and was referred to
by Theophrastus, Dioscorides and Pliny, and cultivated in the imperial German farms of Charlemagne.
It is said that in 1305 Edward I granted a patent
giving the right to levy tolls upon it at the Bridge of
London for the purpose of repairing the bridge.
"Unground Anise. — The cremocarps of Anise are
ovoid, laterally compressed, 3 to 6 mm. long and 2 to
3 mm. wide, and are attached to a slender pedicel
2 to 12 mm. long; the apex with a ring-like disk and
2 projecting, diverging styles. Anise is moderate
brown to light yellowish brown, slightly pubescent;
each mericarp having 5 light-colored filiform ridges."
N.F. IX. F^r histology of anise, and description of the
powdered drug, see U.S.D., 24th ed., p. 84.
The odor and taste of anise depend upon a volatile
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oil existing in the proportion of 1.5 to 3.5 per cent (see
Anise Oil). The endosperm of the fruit contains a
bland fixed oil. By expression, a greenish oil is obtained, which is a mixture of the two. The fruits are
sometimes adulterated with fine gravel and small
fragments of an argillaceous earth which resembles
them in color. This accounts for the fact that the
amount of ash may run as high as 30 per cent, whereas
the N.F. IX limit was 1.5 per cent. The aromatic
quality of anise is occasionally impaired by a slight
fermentation which may occur when the seed is collected before maturity. Russian anise has been sometimes admixed with as much as 30 per cent of
coriander. Anise is also contaminated with weed seeds
and stems of the anise plant. Occasional shipments of
anise are found adulterated with exhausted fruits.
Italian anise has not infrequently been admixed
with from 2 to 50 per cent of the fruits of conium.
A case of poisoning is on record from the accidental
admixture of the fruits of Conium maculatum, which
latter may be distinguished by their crenate or notched
ridges and the absence of oil tubes; by their mericarps
being smooth, grooved upon the face, and having
crenate or notched ridges with wrinkles between
them. The conium fruits are, moreover, broader in
proportion to their length, and are generally separated
into half fruits (or single mericarps), while those of
anise are whole (double mericarps).
Star aniseed, the Cardamomum Siberiense or Annis
de Siberie of the 17th century and the badiane of the
French writers, is the product of Illicium verum
Hook, f., and is described under the title Illicium,
Part II. It contains about 4 per cent of a volatile oil
very closely resembling that of anise.
Anise is a mild aromatic carminative and has been
used in flatulent colic.
Dose, 0.5 to 1 Gm. (approximately 7% to 15
grains) .
Anthemis. Anthemidis Flores, BJP. 1914. Chamomile Flowers. English Chamomile. Roman Chamomile. Whig-plant.
"Chamomile Flowers are the expanded flowerheads of Anthemis nobilis, Linn., collected from cultivated plants, and dried." BJ>. 1914.
The term "Chamomile" has been applied to several
aromatic plants and it is therefore important always
to distinguish by adjectives the variety of chamomile
referred to or, better yet, to avoid the use of the English name altogether (see also Matricaria).
Anthemis nobilis is an herbaceous, composite plant
with a perennial root. The plant is a native of Europe,
and grows wild in all the temperate parts of that continent and even in some parts of America. It has been
largely cultivated for medicinal purposes.
Chamomile flowers, as usually found in commerce,
are large, almost spherical, of a dull white color, a
fragrant odor, and a warmish, bitter, aromatic taste.
When fresh, their odor is much stronger, and was
fancied by the ancients to resemble that of the apple.
Hence the name chamamelum (xau.cu, on the ground,
and uf)?wOv, an apple) ; and the Spanish name, manzanilla (a little apple), has a similar derivation. A
bitter glycoside, anthemide, and a crystalline, feebly
acid substance, anthemisine, were obtained from the
flowers by Reeb (/. pharm. Alsace Lorraine, 1923,
50,204).
Any medicinal properties of chamomile are probably due to a volatile oil of which it contains from
0.8 to 1.5 per cent.
The oil of chamomile (Oleum Anthemidis, B.P.
1914) contains isobutyl and isoamyl esters of angelic
and tiglic acids, an isomer of camphor called anthemol
and a paraffin named anthemene. A sterol is also
present (see Burrows and Simpson, J. Chem. S., 1938,
2042). The oil is blue when freshly distilled, due to
the presence of azulene, but gradually becomes green-
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ish or brownish-yellow in the presence of air and
light.
Chamomile has been used as an aromatic bitter,
but in large doses may act as an emetic. The flowers
have sometimes been applied externally, in the form
of a fomentation, in cases of irritation or inflammation of abdominal viscera, and to flabby, ill-conditioned ulcers. Certain claims for antihistaminic and
anti-inflammatory action in the treatment of dermatitis and asthma have not found acceptance in the
United States.
The volatile oil has been given in doses of 0.03 to
0.2 ml. {V2 to 3 minims) ; the flowers in doses of 2 to
>-Gm. (30 to 60 grains).
Antibiotics.* — Definition. — Antibiotic means literally something detrimental to life (anti =z against
-|- bios = life). In the health sciences the word may
be used as a noun or as an adjective, but in either
instance it has a restricted and specific meaning.
Several definitions of the noun antibiotic have been
proposed, but the one formulated by Waksman
{Microbial Antagonism and Antibiotic Substances,
2nd ed., 1947, Commonwealth Fund) is most generally acceptable. According to this definition, an antibiotic is a chemical substance that is produced by
one microorganism and that, even when present in
extremely low concentrations, is detrimental to the
life activities of other microorganisms. Waksman's
definition emphasizes the fact that antibiotics fundamentally are natural products, i.e., they are biosynthetic, but it does not exclude the possibility of industrial duplication of the natural product by chemical
synthesis (for example, chloramphenicol, Part I). It
is conventional to include also derivatives that are
produced in the laboratory by slight modification of
the natural antibiotic and that retain the antimicrobial
activity of the original product. For example, dihydrostreptomycin, produced by reduction of the carbonyl
group of the streptose moiety of streptomycin, and
tetracycline,! produced by removing the chlorine atom
from chlortetracycline (Aureomycin) , are considered
to be antibiotics.
The true antibiotics are active antibacterially in
concentrations of micrograms per ml. In general, antimicrobial substances, such as quinine, emetine, thymol,
phenols, etc., derived from higher plants are active
only in concentrations measured in milligrams per ml.,
and are not included in the class of antibiotics.
Historical. — The phenomenon of antibiosis, or antagonism among living organisms, had been recognized, although not specifically named, for centuries.
Soon after the development of bacteriology as a science, it was learned that antagonism exists among
microorganisms also. In 1885 the idea that these
antagonisms, presumed to be due to liberation of
specific chemical inhibitors, could be applied therapeutically was suggested by Cornil and Babes (/. Connaiss. Med. Prat, et Pharmacol., 7, 321). However, it
remained for Pasteur and his student, Joubert, to provide experimental substantiation of the idea (Compt.
rend. acad. sc, Paris, 1887, 85, 101). They observed
* For a comprehensive account of antibiotics and the
facts and principles upon which their clinical use depends,
see Antbiotics, 2nd ed., 1953 (Lippincott) by Pratt and
Dufrenoy. Other accounts dealing with special aspects of
antibiotics have been given by Waksman (Microbial Antagonism and Antibiotic Substances, 2nd ed., 1947, Commonwealth Fund), Florey et al. (Antibiotics, 2 vols., 1949,
Oxford Press), Welch and Lewis (Antibiotic Therapy, 1951,
Arundel Press), the Council of the Pharmaceutical Society
of Great Britain (Antibiotics, 1952, Pharmaceutical Press,
London), Waksman and Lechevalier (Actinomycetes and
their Antibiotics, 1953, Williams and Wilkins), Hussar and
Holley (Antibiotics and Antibiotic Therapy, 1954, MacMillan), and by Martin et al. (Am. Pract. Dig. Treat.,
1954, 5, 813).
t First produced in the laboratory by catalytic dehalogenation of chlortetracycline, tetracycline has subsequently
been recognized as a natural biosynthetic product of a soilinhabiting streptomycete.
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that anthrax bacilli grew well in sterile urine but
failed to grow if the urine contained some common
air-borne contaminants. They also noted that animals
inoculated with normally lethal quantities of anthrax
organisms and concomitantly inoculated with appropriate air-borne contaminants did not develop the
disease. Pasteur and Joubert suggested that the results
of their experiments held "the highest hopes for therapeutics." These observations soon were confirmed by
the observations of many other research workers, and
by 1900 "replacement therapy" was being vociferously
advocated by several physicians and bacteriologists.
Replacement therapy involved administering to a diseased patient a culture of an organism (preferably,
but not always, nonpathogenic) previously demonstrated in vitro to be antagonistic to the species
causing the disease under treatment.
These primitive attempts at antibiotic therapy soon
were followed by use of crude cell-free culture filtrates instead of actual cultures of microorganisms
and these, in turn, by more or less purified extracts
of culture filtrates or of the organisms. By 1906, an
extract of Pseudomonas aeruginosa (Ps. pyocyanea)
was being prepared on an industrial scale in Germany
and marketed under the name pyocyanase. This antibiotic, which consisted of a mixture of compounds,
was capable of lysing the organisms causing anthrax,
diphtheria, plague, and a number of pyogenic infections. Clinical results with pyocyanase were irregular
and inconsistent because of considerable lot-to-lot
variation which was due largely to lack of proper
biologic and chemical control during biosynthesis and
extraction and to lack of proper methods of standardization ofthe final product. Therefore, about the
time of World War I, the antibiotic fell into disrepute.
Attention was again directed to the possibility of
using biosynthetic products of microorganisms for
therapy following Fleming's observations on penicillin
in 1929. The therapeutic success achieved with penicillin led to avid searching for similarly useful biosynthetic products of microbial metabolism, and more
than 1000 different microorganisms, including bacteria, actinomycetes, fungi, lichens, and protozoa, have
been reported to yield substances with antibiotic
properties. About 300 of these substances have been
isolated in varying states of purity; about SO of them
have been crystallized. In recent years several new
antibiotics have been reported in the scientific literature every month. Indeed, so numerous have antibiotics become that a Dictionary of Antibiotics (Karel
and Roach, 1951, Columbia University Press) and a
Handbook of Antibiotics (Baron, 1950, Reinhold)
have been published.
The present antibiotic era began in 1942 with the
pooling of personnel, information, and resources by
the governments of the United States and Great
Britain. The phenomenally rapid rise of the technic
of antibiotic therapy was made possible by the cooperation of government, university, and industrial
laboratories and the collaboration of microbiologists,
chemists, physicists, engineers, and others that led to
mass production of antibiotics for therapeutic trial
and evaluation by physicians.
By 1952, the end of the first decade of the antibiotic era, the capitalization of the antibiotics industry
in the United States was $200,000,000 and the annual
wholesale value of its products exceeded $250,000,000
(Raper, Mycologia, 1952, 44, 1).
Natural Sources. — The original strain of Penicillium used for early industrial production of penicillin was an air-borne contaminant in Fleming's
laboratory and the strain of Bacillus subtilis that produces bacitracin was isolated from a flesh wound. But
both of these organisms are normal inhabitants of
soil and the soil appears to be the most fruitful
source of microorganisms capable of biosynthesizing
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antibiotics. Nearly all of the investigators seeking to
discover new antibiotics have used soil samples as
their starting material. Many pharmaceutical houses
and some research laboratories have enlisted the aid
of foreign correspondents, airline pilots, merchant seamen, explorers, and other individuals who travel extensively to collect soil samples from widely scattered
parts of the world. This policy has paid off in yielding
some of our most important antibiotics, for example,
chloramphenicol from a Venezuelan soil sample and
erythromycin from the Philippines. (For geographic
sources of other antibiotics see the specific descriptions in Part I.)
Screening soil samples for antibiotic-producing organisms isa laborious task with long odds of success.
It was only after time-consuming microbiologic examination ofabout 100,000 soil samples in a carefully
planned research program that the actinomycete that
produces Terramycin was found. For the technics
employed in such tests and discussion of precautions
that must be taken to obviate the many factors that
>

has proved to be clinically satisfactory on a wide
scale, and of the scores of antibiotics derived from
bacteria, only three (bacitracin, polymyxin, and tyrothricin) have attained clinical prominence.
Industrial Production. — Chloramphenicol is the
only antibiotic, currently of major significance, for
which an economically practicable procedure for laboratory synthesis has been devised. The trimethylammonium salt of benzyl penicillin has been synthesized
by du Vigneaud el al. (Science, 1946, 104, 431) by condensing D-penicillamine hydrochloride with 2-benzyl4-methoxymethylene-5(4)-oxazolone, activating the
inactive reaction product by heating in pyridine containing pyridinium chloride, and concentrating the
biologically active trimethylammonium salt from the
mixture. But the method is of academic interest only:
it cannot compete economically with biosynthesis
through fermentation in industrial production of penicillin. All the major antibiotics, except chloramphenicol, are produced commercially by fermentation or by
modification of biosynthetic products.

Table 1. Antibiotics Produced Industrially
Biologic Source

Antibiotic*
Bacitracin
Carbomycin
(Magnamycin)
Chloramphenicol
(Chloromycetin)
Chlortetracycline
(Aureomycin)
Erythromycin (Ilotycin, Erythrocin)
Fumagillin
Neomycin
Oxytetracycline
(Terramycin)
Penicillin
Polymyxin B
(Aerosporin)
Streptomycin
Tetracycline
Tyrothricin
Viomycin

Species
Bacillus subtilis (Tracy I
strain)!
Streptomyces halstedii

Principal Clinically
Useful Antibiotic Spectrum!

Class
Bacterium

Narrow [Gram + bacteria, Gram — cocci]

Actinomycete

Narrow

[Gram -f- bacteria]

some

Streptomyces Venezuela

Actinomycete

Broad

Streptomyces aureofacicns

Actinomycete

Streptomyces erythreus

Actinomycete

Aspergillus fumigatus
Streptomyces f raditr
Streptomyces rimosus

Fungus
Actinomycete
Actinomycete

protozoa]
Broad
[Bacteria, rickettsias, some large viruses, some
protozoa]
Intermediate
[Gram + and some Gram — bacteria,
some protozoa, some large viruses (?)]
Narrow [Endamaba histolytica]
Narrow [Gram — bacteria]
Broad [Bacteria, rickettsias, some large viruses, some
protozoa, some helminths (?)]
Narrow [Gram + bacteria, Gram — cocci, spirochetes]

Penicillium notatumchrysogenum
Bacillus polymyxa
Streptomyces griseus
Streptomyces sp.§
Bacillus brevis
Streptomyces puniceus

Fungus

[Bacteria, rickettsias, some large viruses,

Bacterium

Narrow [Gram — bacteria]

Actinomycete
Actinomycete
Bacterium
Actinomycete

Narrow [Mycobacteria, Gram — bacteria]
Broad [Bacteria, rickettsias (?)]
Narrow [Gram + bacteria, some fungi]
Narrow [Mycobacteria]

* Names in parentheses are registered trademark names which in some instances are more familiar than the public
or generic names. See monographs on individual drugs for details.
t The clinically useful antibiotic spectrum is not always as broad as the in vitro antibiotic spectrum. See also Figure 1 and
Table 3.
t Classified by some microbiologists as a strain of B. licheniformis.
§ Also produced by catalytic dehalogenation of Chlortetracycline (Aureomycin).

may interfere with detection of antagonistic organisms, see Pratt and Dufrenoy (Antibiotics, 2nd ed.,
1953, Lippincott).
It is not difficult to isolate microbial antagonists,
but to find one that can be used industrially to produce a clinically useful antibiotic is rare. Waksman
(Biol. Rev. Cambridge Phil. Soc, 1948, 23, 452) reported that of about 10,000 cultures of organisms
studied in his laboratory, nearly 1000 had antibacterial properties, but that only 100 of these produced
antimicrobial substances when cultured in liquid
media. Ten of these substances were isolated; one
proved to be useful. This was streptomycin. Several
hundred antibiotics are known, but to date only
about a dozen having the chemical and physical properties required for industrial production and the
biologic properties necessary for practical clinical use
have been found. These are listed in Table 1.
Table 1 suggests that the actinomycetes, related on
the one hand to the true fungi and on the other to the
true bacteria (Waksman, The Actinomycetes, 1950,
Chronica Botanica) are the most promising group of
microorganisms for production of useful antibiotics.
Penicillin is the only antibiotic of fungous origin that

The general procedures involved in commercial production are the same for all antibiotics. These are
outlined below. The several steps involved can be
discussed most conveniently under the following headtesting. ings: biosynthesis, recovery and purification, and
Biosynthesis. — Antibiotics are produced by certain
microorganisms during the course of their growth and
development in or on suitable nutrient media. Factors
that have a major influence on the yield of antibiotics are (1) purity of the culture used to inoculate
or seed the nutrient medium, (2) size of the inoculum,
(3) composition of the medium, (4) sterility of the
medium, and (5) rate of aeration.
The importance of selecting an appropriate strain
of microorganism is exemplified by the history of penicillin production. The first strain of Penicillium
notatum that was used industrially produced a maximum yield of about 100 units of penicillin per ml. in
media containing corn steep liquor (see below) and
would do this only when floating on the surface of
liquid media. Subsequently, strains of P. chrysogenum
were isolated which were capable of producing similar
yields in submerged fermentation, i.e., in tanks con-
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taining thousands of gallons of medium in which the
mold was constantly agitated by propellers and finely
dispersed sterile air under pressure, the latter serving
also for aeration of the culture. Under these conditions, the mold grows throughout the entire volume
of the medium and the much greater growth is accompanied byincreased production of antibiotic. One
strain of P. chrysogenum which proved to be especially valuable was selected by workers at the Northern Regional Research Laboratory, where pioneering
work on penicillin biosynthesis was performed, and
was designated NRRL 1951. This strain, originally
isolated from a moldy cantaloupe found in a fruit
market in Peoria, Illinois (where the N. R. R. L. is
located) was the progenitor of a number of higheryielding artificially-induced mutants. Various technics are used to induce mutations. The most successful, so far as inducing strains that produce higher
yields of antibiotics are concerned, seem to be exposure to near-lethal doses of x-ray or ultraviolet
radiations or to methyl-bis((3-chloroethyl) amine, also
known as nitrogen mustard. New colonies are started
from the few surviving spores, and these colonies, in
turn, may be subjected to further mutagenic treatment. Tens of thousands of mutant strains produced
in this way from single spores have been examined.
Most of the mutants produce no more, or even less,
penicillin than the parent strain but occasionally a
mutant is isolated which far surpasses the parent
strain in penicillin-biosynthesizing ability. Industrial
yields now regularly exceed 1000 to 1200 units per
ml. of crude harvested culture liquor and sometimes
are as high as 2000 units per ml. Similar mutagenic
technics have been used to induce high-yielding strains
of other organisms used for biosynthesis of other
antibiotics.
It is not practicable to transfer organisms from one
production tank to another indefinitely because there
often is a reduction in yield. This "run-down" of
strains has been troublesome in production of penicillin and especially of streptomycin, and necessitates
maintenance of stock cultures. Cross-inoculation from
one tank to another can be practiced for a limited
number of transfers, but most producers prefer to
resort to fresh inocula periodically. To do this, a seed
culture of the proper organism is prepared on an agar
slant, and from this successively larger containers are
inoculated until finally there is enough of the growing organism to inoculate the large (2000 to 15,000
gallon) fermentation tanks.
Chemically defined media consisting only of inorganic salts (providing N, S, O, P, H, Mg, K, Fe,
Cu, Zn) and a carbon source, such as lactose, have
been formulated for studying the metabolic pathways
by which various microorganisms biosynthesize their
respective antibiotics. But to accomplish biosynthesis
of the desired antibiotics at rates compatible with
industrial production, most organisms require a richer
and more complex medium than these simple minimal
formulations.
Corn steep liquor (a by-product obtained during
the production of corn starch) is a relatively inexpensive source of most of the constituents necessary
for biosynthesis of antibiotics and in the United States
now is used universally in producing penicillin and is
used extensively in media for other antibiotics. Other
industrial by-products that are abundant sources of
organic sulfur and nitrogen have also been used successfully elsewhere, for example, soy bean mash,
asparagus butt juice, and hydrolysates of silk-worm
pupae. Carbon is generally supplied as lactose or in
the form of some other suitable sugar for industrial
biosynthesis.
Varying amounts of precursors, or preformed moieties of the desired final product, often are added to
the fermentation medium to accelerate production
and to increase the yield. The use of precursors is
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particularly important in producing benzyl penicillin
(see Part I).
Microtrophic (trace) elements undoubtedly are important in the biosynthesis of antibiotics, but few
quantitative studies of their effects have been made.
Pratt and Dufrenoy {Science, 1947, 105, 574) showed
that traces of chromium and possibly of aluminum
are necessary for biosynthesis of penicillin and Jann
et al. (Appl. Microbiol., 1953, 1, 224) reported that
higher yields of antibiotics are obtained in media prepared with sea water than in similar media prepared
with tap water or with distilled water. They attribute
the increased yield to the presence of trace elements
in the sea water.
Substitution of the present submerged fermentation
technics for the original surface culture methods made
it possible to provide optimum conditions for biosynthesis throughout the fermentation cycle. Following initial compounding and sterilization, the fermentation medium can easily be adjusted at any time to
the desired pH and can be aerated. Moreover, various
precursors can be added at any time, or continuously,
thereby increasing the yield. An additional advantage
of the submerged technic is elimination of much separate handling of cultures. It has been estimated that
replacement of the original surface culture methods
by submerged culture increased volume output of
penicillin about 20-fold in terms of space required
for biosynthesis and about 72-fold in terms of man
hours.
The microorganisms used for biosynthesis of antibiotics are aerobes. Abundant aeration must be provided. For penicillin production, the optimum rate is
between 1.0 and 1.5 volumes of sterile air per volume
of culture medium per minute. In other words, in a
20,000-gallon fermenter, 20,000 to 30,000 gallons of
sterile air under pressure would be forced through the
medium every minute. Maintenance of a higher pressure within the fermenters than outside tends to prevent extraneous contaminants from entering the
fermenters.
Introduction of submerged fermentation and its
attendant necessity for aeration presented a new problem, namely, foaming of the fermentation liquor. This
was solved by use of various agents to break the
foam. Lard oil has been used widely for this purpose.
This, in turn, introduced another problem in the biosynthesis of penicillin. The oil, being a source of
aliphatic residues, favors elaboration of the less desirable aliphatic penicillins, especially penicillin K (see
Part I). This difficulty is overcome by adding adequate amounts of phenylacetic acid, of phenylacetamide, or of other precursors with appropriate moieties.
Recovery and Purification. — The first step in recovery of antibiotics from the fermented culture
liquor is elimination of the microorganisms, usually
by filtration: centrifuges have been used occasionally.
Separation of the antibiotic from the filtrate is
achieved by methods that depend on adsorption and
elutriation, on ion exchange technics, or on partition
coefficients of acid and basic forms of the antibiotic
between water and organic solvents at different pH
values. Electrodialysis also has been used to separate
antibiotics from impurities, especially pyrogenic materials. The details of the procedure used are determined by the physical and chemical characteristics of
the antibiotic being processed, and often all of these
technics are employed in industrial recovery and
processing of a single antibiotic.
The highly purified antibiotics may be crystallized
repeatedly from different solvents until a product with
the desired purity is obtained. The crystalline products are not always significantly purer than highly
purified amorphous preparations, but sometimes (notably penicillin) are more stable in the dry state than
amorphous preparations of similar purity recovered
from aqueous solutions. The improved stability prob-
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ably is due to absence of traces of moisture. Sometimes, as in the case of penicillin salts, aqueous solutions prepared from the crystalline product are less
stable than solutions of equal concentration made
from amorphous preparations.
Finally, the antibiotics must be sterilized and freed
aseptically of remaining traces of water or other
solvent. Sterilization is accomplished by recovering
the crystalline or amorphous product aseptically from
solutions rendered sterile by passage through a bacteriologic filter or by other appropriate means. Moisture and solvents generally are removed by lyophilization, especially when working with antibiotics that
are readily destroyed by heat.
Testing. — Before entering commerce for medicinal
use, antibiotics intended for parenteral administration
must pass tests for potency, sterility, safety (toxicity),
clarity, absence of pyrogens, and moisture content.
Special dosage forms may be subjected to additional
tests, such as stability, pH, particle size, and duration
for which a therapeutic concentration of the drug
exists in the blood following a single dose. The detailed specifications and technics for these tests for
different antibiotics 'are given in the pharmacopeias
of the United States and Great Britain and in the
Federal Register (U. S.) . Chemical tests for identifying all the major antibiotics have been reviewed by
Fischbach and Levine (Antibiot. Chemother., 1953,
3, 1159).
Antibiotic Spectra. — Narrow vs. Broad Spectrum.
— Most antibiotics, and all clinically useful ones, are
characterized by a relatively high degree of selectivity
of antimicrobial action. This is one of the most distinctive features of this class of drugs and distinguishes them physiologically from the common disinfectants, such as phenols, quaternary ammonium
salts, mercurials, arsenicals, etc., which are detrimental to virtually all classes of microorganisms and
often to animal tissues also. However, despite their
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relative selectivity of action, as contrasted with other
drugs, the antibiotics differ widely among themselves
in ability to inhibit growth and reproduction of different species and classes of microorganisms. Thus it
is convenient and has become conventional to describe
antibiotics biologically as possessing a narrow spectrum or a broad spectrum. Aureomycin, Chloromycetin, and Terramycin are active in low concentrations against a large number of microbial species
belonging in different classes, including gram-positive
bacteria, gram-negative bacteria, rickettsias, some of
the larger viruses, some spirochetes, and some protozoa. Such antibiotics are said to have a broad
biologic or antibiotic spectrum. Penicillin, which, in
therapeutic doses, is active principally against species
of gram-positive organisms, certain species of gramnegative cocci, and the syphilis spirochete; and
polymyxin, which is effective only against certain
gram-negative species, are called narrow-spectrum
antibiotics. Other antibiotics, such as erythromycin
and carbomycin, are intermediate in range of antimicrobial activity. The spectral classification of the
clinically important antibiotics is indicated in Table 1
and is shown diagrammatically in Figure 1.
Organisms Against which Antibiotics are Clinically
Effective. — Ideally, one would wish for an antibiotic
that would be effective in low concentrations against
all classes of pathogenic microorganisms, that is, one
with an extremely broad antimicrobial spectrum.
Pratt and Dufrenoy (loc. cit.) pointed out that "the
chances of finding such an antibiotic that will be generally useful in the clinic seem slim. In order to be
effective against such a broad range of organisms, a
compound probably would need to interfere with
some biochemical process at a level common to all
living cells; thus it might be expected to evidence
toxicity to the host as well as to the pathogen. . . .
Thus it appears that narrowing or restriction of the
antibiotic spectrum is the price one must pay in order

SPECTRA

Fig. 1. Approximate in vitro biologic spectra of 11 antibiotics. The black bands indicate the range
of activity of the several antibiotics against the members of different classes of microorganisms.
(After Pratt and Dufrenoy, Antibiotics, 2nd ed., 1953, Lippincott.)
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to obtain an agent that is capable of inhibiting pathogenic organisms without causing undesirable effects
on the host. . . ."
Indeed, because of the toxicity factor, the clinically
useful spectrum of an antibiotic is not always as
broad as in vitro tests suggest it might be. For example, tyrothricin is restricted to local medication
because its hemolytic property makes the drug unsuitable for systemic therapy.
In general, there are now available antibiotics suitable and effective for treatment of most diseases
caused by bacteria, spirochetes, and rickettsias and
for some infections caused by the larger viruses or
viruslike entities.
A few diseases of protozoal origin, notably amebic
dysentery, also are amenable to appropriate antibiotic therapy. It is not entirely clear whether the
efficacy of antibiotics in amebic dysentery is due to
direct interference with the biochemical machinery of
the specific disease agent or is indirect. There is evidence to suggest that in some instances the antibiotic
curtails growth and reproduction of bacteria upon
which the protozoa depend for survival and, thus,
indirectly starves the invading pathogens. A similar
indirect mechanism of action may be responsible for
the reported efficacy of broad-spectrum antibiotics
Table 2. Deaths from Selected Infectious Diseases
per 100,000 of Population in the United States*
in 1939 (No Antibiotics Available)
and in 1950
Disease
Diphtheria
Meningitis (all forms)
Pneumonia
Scarlet fever and streptococcal sore
throat
Syphilis and its sequelae
Tuberculosis (all forms)
Typhoid
Typhus and other rickettsial diseases
Whooping cough

1950
0.3
1.8
26.9

1939
1.5
2.7
50.3

0.2
5.0
22.5
0.1
0.0
0.7

2.2
15.0
45.2
1.5
0.2
2.3

* Data from Nat'l. Office Vital Statistics, Special Reports,
1951, 36, No. 10, Dec. 3; ibid., 1953, 37, No. 10, Sept. 11;
U. S. Bureau of Census, Vital Statistics, Special Reports,
1939, 12, No. 1; and Statistical Abstract of the United
States, 73rd ed., 1952, U. S. Dept. Commerce.

(notably, Terramycin) in treating helminth infestations, especially pinworms (Loughlin et al., Antibiot.
Chemother., 1951, 1, 558; Wells et al., ibid., 1951, 1,
299; Greene, N. Y. State J. Med., 1952, 52, 749).
Therapeutic Aspects. — Diseases usually Amenable
to Antibiotic Therapy. — Since the advent of antibiotic therapy, most bacterial and rickettsial infections no longer are the threat to life that they once
were. Most streptococcal and staphylococcal infections such as cellulitis, erysipelas, scarlet fever, otitis
media, mastoiditis, osteomyelitis, etc., generally yield
to penicillin or to one of the broad-spectrum antibiotics and the once almost-always fatal bacterial
endocarditis now has a favorable prognosis when
penicillin and streptomycin are used jointly. (For exceptions involving penicillin-resistant organisms see
Part I.) Pneumococcal pneumonias usually yield to
penicillin and pneumonias caused by such gramnegative organisms as Hemophilus influenza; or Klebsiella pneumoniae generally respond favorably to
Aureomycin, Chloromycetin, or Terramycin, which
are indicated also for primary atypical (virus) pneumonia.
Urinary infections due to Mrobacter cerogenes or to
Escherichia coli usually can be controlled by one of
the broad-spectrum antibiotics, and polymyxin often
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is effective in eliminating persistent Proteus or Pseudomonas invaders of the urinary tract.
Among the gastrointestinal infections, bacillary
dysentery responds favorably to broad-spectrum
antibiotics and patients with amebic dysentery often
are helped by Aureomycin, Terramycin, erythromycin, or fumagillin. Chloramphenicol is especially effective in curing typhoid fever, shigellosis, and other
similar enteric diseases.
The scourges of antiquity — typhus, plague, and tuberculosis— though still extremely serious, no longer
are dreaded as they once were. Chloramphenicol,
Aureomycin, and Terramycin competently control
typhus, and streptomycin therapy markedly improves
the prognosis in cases of tuberculosis and of plague.
Nearly all of the venereal diseases can be treated
successfully with antibiotics. Penicillin is especially
effective for gonorrhea and for syphilis. The broadspectrum antibiotics are perhaps somewhat less effective than penicillin in gonorrhea and syphilis but are
efficacious in chancroid, granuloma inguinale, and
lymphogranuloma venereum.
The effect of antibiotic therapy on death rates from
several important diseases is shown in Table 2.
Specific indications for use of the major antibiotics
are discussed under the respective drugs in Part I and
are summarized in Table 3. Most of the systemic
diseases caused by viruses and fungi are beyond the
range of currently available antibiotics.
Antibiotics and Cancer. — During the first half of
the first decade of antibiotic research, emphasis was
primarily on agents capable of controlling bacterial
infections; during the second half of the decade the
discovery of chloramphenicol and later of other
broad-spectrum antibiotics tended to emphasize research to produce antibiotics that could combat diseases of rickettsial, viral, and protozoan origin. Today
there are available antibiotics capable of controlling
most of the important bacterial and rickettsial diseases and some of those due to the larger viruses. In
the field of protozoan and fungous infections limited
success has been achieved, but much remains to be
done.
The field of antibiotic treatment of cancer is virtually virgin. None of the presently established antibiotics has proved of value in the treatment of cancer
(but see under Azaserine) . Perhaps the second decade
of antibiotic research will be made notable by advances in this important aspect of laboratory and
clinical research. Re-examination of some of the scores
of antibacterial antibiotics discarded because of their
toxicity might be rewarding.
Actinomycin, the first true antibiotic isolated from
a species of Streptomyces (Waksman and Woodruff,
Proc. S. Exp. Biol. Med., 1940, 45, 609), was discarded in favor of the less toxic streptomycin. But
14 years later, it appears that the cytotoxicity of
actinomycin may be turned to a practical use.
Lymphogranulomatosis patients given 50 to 100
micrograms per day responded so favorably that
radiation treatment was unnecessary or could be reduced (Waksman, Antibiot. Chemother., 1954, 4,
502). Total doses per patient ranged from 1900 to
4350 micrograms with no serious untoward complications. It is now recognized that actinomycin is a
complex and that there are at least 6 actinomycins.
One of these, actinomycin C, has been the subject of
more recent cancer research (Field, Antibiotics Annual, 1954-1955, p. 842).
Japanese investigators have been especially active
in screening soil-inhabiting organisms as sources of
agents potentially active against neoplastic growths,
and Yamamoto and Yamaoka {Japanese Journal of
Antibiotics, 1954, 7A, 7) developed an anticancer
screening method to expedite the work. Results of
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Table 3. Antibiotics for Systemic Use in Some Common
Key:
A = Aureomycin
B =: Bacitracin

C = Chloromycetin
E = Erythromycin
M = Magnamycin

N = Neomycin
Pen — Penicillin
Po = Polymyxin

Actinomycosis
Common

z.o

Remarks

I
«
Q

<
O

<P
B

ctS

Pen

Diphtheria
Influenza
Otitis Media 1 streptococcic,
and
y staphylococcic,
Mastoiditis
J or pneumococcic

Pen
Pen

rt

r Diplococcus pneumonia
Hemophilus influenza
Klebsiella pneumonia . .
c Streptococcus hemolyticus
^Primary atypical (virus)
C-*
Psittacosis
Scarlet Fever
Streptococcic rhinopharynx
Tracheobronchitis
><
Tuberculosis

13
cough

A, T
A, T C
C, S

A,T
Pen
A, T
Pen, S

E S
C,
A,
C T,

Pen
Pen

C, E
E S
B,

C
A, T
A, T,

E

C

A, T

C

A, C, N,

Gastro-enteritis
Enteric fever
Typhoid fever

•ga IBacillary dysentery
^ J Infant diarrhea

A, C, T
C
C

Po, T
S. X, Po
A, T
A,T

Pen
S, N, Po

Xo effect on toxins, but check
causal organism. Orally only.
Orally only.
Orally only.
C

A, C, T

growth

of

may not eliminate carrier state. Pen in
very high doses has been effective in some
cases.

Sulfonamides or sulfa + antibiotic also effective. Orally only.

S, Po
diarrhea in children

Peritonitis

Pen

Pen effective only when gram positive organism involved; then only in high concentration.
Use PAS with S.

E, B, M
E, B, M
E, B, M

Often Pen and S synergistic.

A, T. C
A, T, C

C, E

Po
B,M

A, C, T

Tuberculosis
Cellulitis
$-\ Erysipelas
Lymphadenitis
Suppurative staphylococcic lesions
Lesions due to gram-negative
organisms
Leprosy
Osteomyelitis
Streptococcic
Staphylococcic
Pneumococcic
Meningococci .
Gram-negative organisms
Tetanus
1
Gas gangrene j

Pen
Pen
Pen

A, T, C

Pen, A, T
S, A, T

Sulfones, isoniazid,
may be indicated.

Pen
A, T
S, A, T
Pen

B, E, S
Po

or chaulmoogra

oil also

Choice of antibiotic depends on causal organism. For Pseudomonas infection of bone,
Po may be most effective agent,

C, N
Combined
S, E

Tuberculosis

may be antibiotic of choice bacteriologically. But toxicity may be a problem.

Fumagillin
also effective but not in acute
diarrheal phases.
Antibiotics may, at best, be only palliative.
S orally only.

A, T
A, T

'Food poisoning

Use streptoduocin to avoid toxicity : PAS to
avoid resistant strains. Addition of isoniazid may give superior results.
Local therapy to support systemic treatment
advisable.
Po

S, Po
Amebic dysentery

Sulfonamides also effective.

Pen -f- S may be indicated.
In severe cases or toxemia, use convalescent
serum or antitoxin also.

B,

A, T, C

Cholera

Surgical drainage may be necessary. Results
often better in acute infection
than in
chronic.

A T, C

A, T, C
S
Pen

jj= I Summer

Use sulfonamides also. Sometimes Pen -f- KI
is useful.
used to "prevent secondary
infections" may obscure diagnosis of serious
underlying chronic infection.
Use antitoxin also.
See note under Common Cold.

C

A, T

A, T

Vincent's infection
Whooping

Like all generalizations, this table is subject to exceptions, due to strain variation among pathogens, site of infection,
accessibility of the focus of infection to
the antibiotic, etc.
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g

Cold

Infections
~ J) Streptomycin
Dihydroatreptomycin
Terramycin

First
Often
May Be
Choice
Effective
Effective
Items listed together are considered equally effective and
do not indicate mixed therapy.
Pen
S
A T
B,

II

therapy with toxoid if patient recently immunized; if not, combined therapy with immune serum. In latter instance,
take usual precautions against anaphylaxis
and serum sickness.

See note under Tuberculosis in respiratory
section.
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First
Choice

Often
Effective

Remarks

May Be
Effective

Like all generalizations, this table is subject to exceptions, due to strain variation among pathogens, site of infection,
accessibility of the focus of infection to
the antibiotic, etc.

Items listed together are considered equally effective and
do not indicate mixed therapy.
Chancroid
Gonorrhea

A, C, T,
S
Pen

Granuloma inguinale
Lymphogranuloma venereum
Pinta
Syphilis
Yaws

A, T
A, T
Pen
Pen
Pen

JErobacter arogenes
Escherichia coli

A, T
A, T

Gram-positive cocci

Pen

C, S
A, T, S

jj | Proteus sp.
Ps. ecruginosa
Tuberculosis

Po, S
Po, S
S

A, C, T
A, C, T

Trichomonas

A, T

vaginitis

Streptococci :
Viridans group
Enterococcic group
Hemolyticus D
B
' Str. hemolyticus A & B
Staphylococcic
Gonococcic
Pneumococcic
(. Gram-negative bacterial
Bacteremia
il

o S
g 5
J >"H

«S5 5?
r>

Ss

o

E

fc

C,
C S

O

i
ii4

HH

Iw

*High concentration with sulfonamides.

A, T
A, T
A, T
C,S

N
N

Pen*

E, B

Resistant persisters may remain after A, C,
S, or T. Po may be antibiotic of choice.
Use streptoduocin to avoid toxicity; PAS
avoid resistant strains.

to

Fortified by local treatment with suppositories.

Pen

A, T

B, E, C

Pen
Pen,- A, T
Pen
Pen

A, T
C

C

A, T

S, A, T

C
A, T

In severe cases mixed therapy may be indicated. Pen + S often are synergistic and
treatment of choice for subacute cases. In
others Pen -f S or Pen + a broad-spectrum antibiotic may be indicated, depending
on sensitivity of organism. Sulfonamides
sometimes helpful when used with antibiotics.

B, E, C
Po
B, E, C

May arise from a number of different causes. Not primarily a circulatory infection,
since organisms discharged into blood stream from infected tissue site. Choice of
antibiotic depends on organism — Pen, E, or B for Gram-positive; A, T, C, or S
for Gram-negative. Mixed therapy may be indicated.

Meningitis
Streptococcic
"\
Staphylococcic
l
Pneumococcic
[
Meningococci J
Gram-negative rods
Tuberculous

Pen, E
S
S

Ophthalmia neonaturum
Trachoma

Pen
T, A

Tuberculosis

s

Actinomycosis and infections
due to Nocardia sp.

Pen

Po

,s
T, C

E B, M

S, A,

application.
Sulfonamides may be equally effective. Mixed
antibiotic-sulfa
therapy
sometimes
useful.
Isoniazid
or sulfones
also may
be helpful.
Local treatment used to augment systemic.
Pen
-f- sulfonamides
preferred ; potassium
iodide with Pen or S often helpful. Similarly,
broad-spectrum antibiotic with sulfonamide or KI.

T

Pen
S + A
orT

Use sulfonamide concurrently.
tively.
May
need to use Brucella antigen suppor-

s,
s,

C
T?

S

E,

Pen

Pen,
A.T

PenT
A,

A, T, C

s

>

M?
A, T, C
S
A, T,

LTndulant fever

C
See Brucellosis

Use serum and sulfonamides supportively.

C
E

C/D

S

Supportive
treatment with sulfadiazine also
indicated for cocci. Intrathecal administration may be indicated in all severe cases.
For precautions
with different antibiotics
given by intrathecal
route see discussion
under respective drugs in Part I.

Systemic treatment to be supported by local

C

C/3

Tularemia

^

,c

P

Rickettsial infections
Tuberculosis

»

C

A, T

Pen

Malaria
Measles
Plague
Poliomyelitis
Ratbite fever
Relapsing fever
Rheumatic fever

B

A, T

Gonorrheal conjunctivitis

Anthrax
Brucellosis
m

S

A, C, T

S, A,
t/>
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Sulfas may be rheumatogenic and, therefore.
contraindicated (Moore, Med. Clin. North
America, 1952, 36, 217). Continue therapy
prophylactically in child cases for at least
5 years or to age 18; in adults for 5 years
after last attack (Stollerman, in Symposium
on Rheumatic Fever, N. Y. Acad. Med.,
Feb. 10, 1954).
Use streptoduocin to avoid toxicity; PAS to
avoid resistant strains. Addition of isoniazid may give superior results.
Joint use of S plus a broad-spectrum antibiotic may be preferred treatment.
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studies using their technic suggest that members of
the genus Streptomyces may be an abundant source
of compounds with anticancer activity, as they are
of antimicrobial drugs. Whether the antineoplastic
antibiotics can survive critical toxicity studies and
will warrant clinical trial remains to be determined.
Some of the antibiotics that may ultimately prove to
have some importance in cancer research are listed in
Table 4.
Emergence of Resistant Strains of Pathogens. —
Populations of microorganisms initially sensitive to
a given antibiotic may, following sub-lethal exposure
to the drug, give rise to progeny that are much less
sensitive and, indeed, may be highly resistant to it.
This change in a microbial population may occur with
astonishing rapidity. Moreover, it is sometimes accompanied bycross-resistance, that is, resistance may
not be limited to the specific antibiotic used in the
primary exposure. For example, in acquiring resistance to one broad-spectrum antibiotic, organisms
often simultaneously become more resistant to other
broad-spectrum antibiotics also, even without exposure to them. Likewise, increased resistance to one

quired to inhibit 90 per cent of the populations of
staphylococci isolated from similar new hospital admissions. Types of pathogens that can be controlled
only by doses much higher than those effective in
the early years of penicillin therapy are being reported more and more frequently. Some of these organisms are not amenable at all to clinically practicable doses of penicillin and can be controlled only
by other antibiotics that are not as free as penicillin
is of untoward effects.
Similar changes in the microbial populations harbored in human and animal reservoirs occur with
respect to other antibiotics also and may be expected
to continue as long as antibiotics are used promiscuously. A survey made in Seattle by Kirby and Ahem
(Antibiot. Chemother., 1953, 3, 831) showed that 70
per cent of Staphylococcus populations isolated from
hospital patients were resistant to penicillin and that
61 per cent were resistant to Aureomycin and to
Terramycin, the latter figure being an increase of 19
per cent in one year. It seems significant that during
the same year the incidence of isolates resistant to
Chloramphenicol decreased 14 per cent and that this

Table 4. Some Antibiotics That Have Been Reported to Have Antitumor
or Antineoplastic Activity in Experimental Animals*
Source

Active Against

Actinomycin C

Streptomyces chrysomallus

Azaserine
Caryomycin
Carzinophilin

Streptomyces fragilis
Streptomyces filamentosus
Streptomyces sp.

Puromycin

Streptomyces albo-niger

Crocker sarcoma 180
RC carcinoma
Leukemia L4946
Crocker sarcoma 180
Ehrlich carcinoma
Yoshida sarcoma
Ehrlich carcinoma
Mammary tumor

Sarkomycin

Streptomyces

Erlich carcinoma

Antibiotic

erythrochromogenes**

Test
Animal
Mouse
Mouse
Mouse
Mouse

Reference
Field et al., Antibiotics Annual,
1955, p. 842

1954-

Mouse
Rat
Mouse
Mouse

Stock et al., Nature, 1954, 173, 71
Okami, /. Antibiotics, 1953, 6A, 153
Hata, /. Antibiotics, 1954, 7A, 107

Mouse

Oleson ceretCongress,
al., Trans.
6th Internat'l.
CanSao Paulo,
Brazil
Umezawa et al., Antibiot. Chemother.,
1954, 4, 514

* More than twenty substances or extracts derived from microorganisms and having antitumor activity in vitro or in
experimental animals have been reported. Many of them have proved to be extremely toxic to normal as well as to abnormal
cells. Only those substances that have shown a reasonable degree of differential cytotoxicity in experiments with animals
are listed.
** The authors state the organism they studied conformed "most nearly" to this species as described in Bergy's Manual
and by Krainsky {Cent. f. Bakt., 1914, II, 41, 662). A full description of the organism is given by Okami {loc. cit. under
caryomycin).

narrow-spectrum antibiotic may entail increased resistance to other narrow-spectrum agents.
These facts are cogent arguments against indiscriminate use of antibiotics. Jackson and Axelrood, studying the influence of antibiotics on host susceptibility
to infection by antibiotic-resistant microorganisms,
concluded that use of antibiotics may predispose to
infection by resistant organisms (Antibiot. Chemother., 1954, 4, 277). The conclusion was based on
laboratory experiments with inoculated eggs, but
there is good evidence from clinical observations also
to suggest that unwarranted or inadequate use of
antibiotics can become an important public health
menace, especially with regard to the ubiquitous
staphylococci. Over a relatively short period of time,
the human population could become a reservoir of
highly antibiotic-resistant pathogens. This is not a
mere theoretical possibility. It is an actuality that is
already occurring. Finland et al. (Am. J. Clin. Path.,
1950, 20, 325) reported that, in 1946, when penicillin
first came into general use, 90 per cent of the populations of staphylococci cultured from the ear, nose, or
throat of newly admitted hospital patients (in Boston) were inhibited by 1.2 micrograms (2 units) or
less of penicillin in vitro but, in 1949, after 3 years
of general use of penicillin, only 50 per cent of the
cultures were sensitive to that concentration of penicillin and about 200 micrograms per ml. was re-

was a period during which sales of Aureomycin and
Terramycin increased while prescriptions for Chloramphenicol rapidly decreased, almost to the vanishing point in some communities, because of the unfavorable and probably unwarranted publicity the
latter antibiotic received in connection wtih aplastic
anemia (see Part I). A comprehensive clinical survey
of the problem of resistance of 11 different types of
bacteria to 5 of the major antibiotics over a 4-year
period in a Veterans' Administration Hospital in New
York City has been reported by Kenny et al. (Antibiot. Chemother., 1953, 3, 1221).
Another hazard of indiscriminate antibiotic therapy
arises from the danger of engendering resistance
among secondary bacterial invaders which commonly
are saprophytic but which may become pathogenic,
especially when the composition of the normal bacterial flora is drastically altered. In reviewing the
complications induced by antimicrobial agents, Finland and Weinstein (New Eng. J. Med., 1953, 248,
220) pointed out that "a small but significant percentage of patients treated with chemotherapeutic
agents become infected with different organisms from
the one for which the drugs are originally given."
Serious consequences may result frcm use of a broadspectrum antibiotic in treating a mixed infection:
most microbial components may be suppressed, but
any pathogen which is originally resistant or de-
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velops resistance may flare up. For instance, resistant
pathogenic staphylococci become prominent in the
intestinal tract or in the lungs, and deaths from
staphylococcosis have been reported for patients with
pneumococcal pneumonia treated with broad-spectrum antibiotics. Ptoteus species sometimes remain as
persisters from mixed urinary infections treated with
these antibiotics. Occasionally, Hemophilus influenza
replaces gram-positive coccal infections treated with
penicillin.
The flare-up of yeasts or of yeastlike fungi (notably
Candida albicans) following Aureomycin or Terramycin therapy often may not be of clinical importance,
but occasionally these organisms have emerged as invasive pathogens in patients subjected to intensive
broad-spectrum antibiotic therapy and have been
assumed to be the cause of death in some cases
(Brown et al., J. AM A., 1953, 152, 206). These observations may be related to the fact that the external
surfaces of the human body often are heavily populated by diverse species of nonfermenting nonpigmented yeasts (Connell and Skinner, /. Bad., 1953,
66, 627). Thus there may always be a reservoir of
normally saprophytic yeasts (perhaps held in check
by other microorganisms) that become able to enter
the body, multiply, and even become pathogenic when
their normal antagonists are suppressed.
Results of experiments with mice suggest that the
increase in yeast population following treatment with
Aureomycin or Terramycin may be curtailed by concomitant administration of fungicidin, an antibiotic
produced by an actinomycete. Hazen et al. (Antibiot.
Chemother., 1953, 3, 1125) reported that injection of
fungicidin at the time of injection of mixtures of
Terramycin and Candida albicans, or 2 hours before
or after administration of the mixture, markedly
curtailed deaths among the mice.
Other complications may result from hasty use of
antibiotics early in the course of an ill-defined infection. Ultimate definitive diagnosis may be obscured
and recovery of the patient may be retarded. In
acquiring resistance to an antibiotic, many organisms
undergo such profound morphologic and biochemical
changes that identification is virtually impossible.
Therefore, in dealing with such ill-defined infections,
if immediate institution of antibiotic therapy is
deemed necessary, at least a culture or swab should
be taken before any antibiotic is given, and it should
be sent to the laboratory for identification and sensitivity testing. This procedure provides a safeguard.
If the antibiotic selected for first trial proves to be
ineffective the physician then has concrete evidence
from the laboratory upon which to base further
treatment.
Bacteriologic determination of the sensitivity of a
pathogen to antibiotics can be obtained in from 24 to
36 hours, and generally it is advantageous to wait
for information from the laboratory before selecting
a course of antibiotic therapy. In acute infections of
unknown origin calling for emergency treatment,
pending receipt of definite information from the laboratory concerning which antibiotics to use, simultaneous administration of penicillin and a sulfonamide, or of streptomycin and penicillin or a sulfonamide, or of chloramphenicol with Aureomycin or
Terramycin may be justified. When such emergency
treatment (lasting from 24 to 36 hours) is instituted,
a high dosage should be given to ensure adequate
serum level and to guard against development of
resistant strains. Generally, depot penicillin should
not be used during such interim treatment. If two
or more antibacterials are used, they should be used
together and not in sequence.
The general subject of antibiotic-resistant strains
of microorganisms and their clinical significance has
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been reviewed by Pratt and Dufrenoy (Antibiotics,
2nd ed., 1953, Lippincott), and specific aspects of
the problem have been discussed by many investigators. Special attention is directed to papers by Garrod
(Bull. Hyg., 1950, 25, 539), Kaipainen (Ann. med.
exper. et biol. Fenniae, Suppl. I, 1951, 29, 1), Pratt
et al. (J. A. Ph. A., 1951, 40, 155), Haight et al.
(J. Lab. Clin. Med., 1952, 39, 637), Szybalski and
Bryson (J. Bad., 1952, 64, 489), Chabbert (Ann.
Inst. Pasteur, 1953, 84, 545), Levaditi and Henry Eveno (Rev. d' Immunologic, 1953, 17, 1), by Spinck
(J. AM. A., 1953, 152, 585), and by Yanagita et al.
(Bot. Mag., 1953, 46, 71).
The comments regarding acquired resistance and
the hazards of promiscuous antibiotic therapy are not
intended to imply that antibiotics are harmful drugs.
But they can be dangerous when used without good
reason. Woodward (International Forum, 1953, 1,
No. 1) emphasized that in order to use these drugs
rationally "the physician must weigh all eventualities
and be prepared to answer several questions before
administering any antibiotic. 1. Is an antibiotic really
needed? 2. What is the proper antibiotic and how
long should it be given? 3. Is antibiotic therapy going
to affect in any way the ultimate immune status of
the patient? 4. Is the microbial agent sensitive to the
antibiotic being employed and does it readily acquire
any resistance to the drug? 5. Can therapy with an
antibiotic be harmful?"
These are important questions. Determination and
careful consideration of their answers before embarking on a program of antibiotic therapy is imperative
in the practice of good medicine.
Effect of Antibiotics on Immune Status of Patient
and Antigenicity of Pathogen. — Minor infectious illnesses generally are arrested by the natural forces
of immunity in the host. When more serious infections call for the use of chemotherapeutic agents, the
drugs should be looked upon as supplemental aids to
the natural immune reactions of the patient. In the
usual therapeutic doses, broad-spectrum antibiotics
probably are generally bacteriostatic rather than bactericidal. Therefore, their function essentially is to
fight a holding action until the host defense mechanisms can be mobilized sufficiently to overcome the
pathogens held in check by the antibiotic.
The not infrequent relapse of patients following
discontinuance of therapy with broad-spectrumantibiotics for typhoid, tularemia, or rickettsial infections does not necessarily indicate direct interference of the antibiotic with the immune response. It
may merely indicate withdrawal of the suppressive
agent before the host mechanisms are sufficiently
mobilized to cope with the pathogen. This difficulty
may be countered by intermittent therapy to prevent
relapses in diseases in which immune reactions develop slowly. Intermittent therapy consists of several
short but intensive dosage regimens instead of the
usual more prolonged regimen at lower doses. One
hazard of intermittent therapy is the risk of inducing sensitization phenomena in the host.
Following prompt, high-dosage treatment early in
the course of typhoid or rickettsial infections, patients may be more subject to reinfection than after
less prompt or less intensive therapy. This is probably
related to the altered antigenicity of organisms exposed to antibiotics. This subject has been studied
most extensively in connection with the effect of
chloramphenicol on Eberthella (Salmonella) typhosa
and has been reviewed by Luise (Boll. ist. sieroterap.
Milan., 1951, 30, 492) and by Bruni and MaguddaBorzi (Minerva Medica, 1952, 43, 10). A typical
example is afforded by the results obtained with
rabbits. Agglutination titers induced in the animals
by typhoid organisms exposed to chloramphenicol
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rise more slowly and do not persist as long as those
induced by organisms not exposed to the antibiotic.
In order to achieve agglutination titers in chloramphenicol-treated animals comparable to those achieved
in control animals not receiving the drug, it is necessary to inoculate with 3 to 4 times as many organisms. Similar quantitative alteration of antigenicity
has been reported for 5. typhosa, Proteus mirabilis,
and Alcaligenes faecalis exposed to Aureomycin.
Paradoxical as it may seem, reduction of antibody
formation may have practical importance in preventing some diseases. Woodward (International Forum,
1953, 1, No. 1) pointed out that "One present concept for prevention of rheumatic fever is based on
inhibition of the hypersensitive state. . . ." Prompt
and high dosage therapy at the first signs of incipient
infection by hemolytic streptococci in the upper
respiratory tract may "cut short the infection before
a sufficient antigenic mass of bacterial products becomes available for inducing the hypersensitive
state."
Mixed therapy. — The practice of using two or more
antibiotics or antibiotics and other chemotherapeutic
agents together has become prevalent since 1950.
This practice is called mixed, or combined, or polyantibiotic therapy. The technic offers two practical
advantages: (1) more prompt and efficient control
or cure of diseases, particularly those involving mixed
infections and (2) in some instances, reduction of
toxicity. However, potential hazards are involved
also, and unless care is exercised in selection of the
agents to be used simultaneously neither of these
benefits may be obtained: quite the reverse, unfavorable clinical results may ensue.
Some antibiotics are antagonistic to each other
in vitro and may behave similarly in vivo. Furthermore, there is the risk of inducing emergence of
bacterial strains resistant to not one but to both
antibiotics. Garrod (Brit. M. J., 1953, 1, 953) justifiably commented that "The laboratory work sometimes required for the intelligent direction of such
treatment is perhaps more elaborate and timeconsuming than anything previously undertaken in
routine clinical bacteriology." However, results of
such laboratory work can be extremely important.
In vitro experiments suggest that if properly selected
pairs of antibiotics are used development of resistance may be retarded. Purcell, Wright, Finland, and
coworkers (Proc. S. Exp. Biol. Med., 1953, 82, 124;
ibid., 1954, 85, 128) concluded that for staphylococci,
a strain of enterococcus, and for E. coli, within the
limitations of the experimental method, resistance
generally developed more slowly and to a smaller
degree when the organisms were repeatedly subcultured in properly chosen pairs of antibiotics than
when the same organisms were exposed to the same
antibiotics singly.
The primary microbiologic object of mixed antibiotic therapy is to bring into play two or more
antibiotics that will interfere with different metabolic
pathways in the invading microorganisms. The theoretical advantage of such a plan is obvious when
mixed infections, involving different species of pathogens, are under treatment. But mixed therapy occasionally may be advantageous even in treatment of
an infection due to a single entity. If certain resistant
members of the population can bypass some normally
essential metabolic process that is blocked by the
antibiotic which is effective for most of the organisms, these resistant individuals may have another
essential biochemical pathway that cannot be bypassed and that is vulnerable to some other antibiotic. Therefore, in some instances more effective
control might be expected from use of two antibiotics than from use of either one alone. However,
it is not safe to jump to the a priori conclusion that
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two antibiotics will be more effective than one wisely
selected antibiotic. Generally, if the pairs of antibiotics show only an additive effect in vitro, little is
to be gained by their joint use, and frequently an
equally favorable clinical result can be achieved
merely by increasing the dose of the more active
single drug.
There are occasions, however, when mixed therapy
can be justified, even when only an additive effect
can be anticipated. For example, if for pharmaceutic
reasons of compounding, or if for pharmacologic
reasons of host tolerance, it is not practicable to
administer a sufficiently large dose of either of two
antibiotics to control a given infection, it may be
possible to achieve control with preparations that
contain both antibiotics in concentrations below the
critical level. Examples are the concomitant use of
bacitracin and penicillin and of dihydrostreptomycin
and streptomycin.
Injudicious mixed therapy may, because of antagonism, be not only less effective than would be
anticipated if there were a simple additive effect but
may be less effective than therapy with either drug
alone. This has been demonstrated by Jawetz et al.
in experiments with animals (Arch. Int. Med., 1951,
87, 349; Am. J. Med. 5c, 1952, 223, 280). It is more
difficult to accumulate conclusive data on this point
for human patients, but the animal studies indicate
that caution should be used in selecting antibiotics
for joint clinical use. Jawetz and Gunnison (Antibiot.
Chemothr., 1952, 2, 243) suggested that, in general
(1) pairs composed of two narrow-spectrum antibiotics are frequently synergistic, sometimes additive,
and seldom antagonistic in action; (2) pairs composed of two broad-spectrum antibiotics are sometimes additive but seldom synergistic or antagonistic;
(3) the action of a narrow-spectrum antibiotic against
a sensitive organism may be antagonized by a broadspectrum antibiotic; but that (4) action of a broadspectrum antibiotic usually is not impeded by addition of a narrow-spectrum drug; and (5) may be
synergized by it if the organism is resistant to the
narrow-spectrum antibiotic but can be inhibited by
high concentrations of it. For synergism to occur in
any of the above combinations, each member of the
pair must be capable of inhibiting the specific microorganism independently, although the inhibitory concentration may be above clinically practicable levels.
The clinical condition for which mixed antibiotic
therapy is best established is subacute bacterial endocarditis due to the enterococcic group of streptococci.
In such a condition, penicillin plus streptomycin
generally seems to be indicated. Doses are adjusted to
suit individual cases but frequently are from 500,000
to 2,000,000 or more units of penicillin and 0.5 to 1
gram of streptomycin daily for 6 to 8 weeks. Both
drugs should be given in divided doses intramuscularly, or intravenously in cases of extreme emergency.
The possibility of damage to the eighth cranial nerve
must be considered when streptomycin therapy of
such long duration is contemplated (see in Part I).
Penicillin plus Terramycin and penicillin plus Chloromycetin have been used successfully in some cases
of subacute bacterial endocarditis when joint use of
penicillin and streptomycin has failed. Other examples
of conditions in which mixed therapy has been reported to be effective are given in Table 5.
Generally, when mixed therapy is employed the
two or more agents should be given from the start
of treatment and not in sequence (Lamensans et al.,
Compt. rend. acad. sc, 1952, 234, 767; Pratt et al.,
J. A. Ph. A., 1951, 40, 156).
Synthetic chemotherapeutic agents also may sometimes be used advantageously with antibiotics. The
clinical advisability of joint use of para-aminosalicylic acid (PAS) with streptomycin or dihydrostrep-
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tomycin in tuberculosis is well established (see Part
I). Isoniazid and related compounds also are used
with streptomycin or dihydrostreptomycin (see Part
Sulfonamides probably comprise the largest single
class of compounds that have been studied for potentiating action with antibiotics. Sulfathiazole, sulfadiazine, and sulfamerazine have proved to be the most
generally useful therapeutically in joint antibiotic
Table 5. Some Examples of Mixed
Antibiotic Chemotherapy
Code:

A—
B—
C—
N—
P—
PO—

Aureomycin S —
Bacitracin
Chloramphenicol SU —
Neomycin
Penicillin T —
Polymyxin TY—

Streptomycin or
Dihydrostreptomycin
Appropriate
Sulfonamide
Terramycin
Tyrothricin
Combination
Infectious Agent or
Reported
Clinical Symptom
Effective

Actinomycosis

P + SU ; P + potassium iodide
. . . T + fumagillin
S + SU; A + S;
T+ SU; T + C
Cervicitis, chronic, and cervical erosion
B + P
Colitis and chronic diarrhea of
bacteriologic etiology
B + PO -f- S
Cryptococcomycosis
P + SU
Empyema
P + SJ
Endamccba histolytica
See amebiasis
Endocarditis, bacterial, subacute
P + S;B-f-P
Enteric fevers (Salmonellosis)
S + SU
Erysipeloid (caused by Erysipelothrix
erysipeloides)
P + S ^
Gas gangrene
P + SU
Infected root canals in pulpless teeth . . B + P + S
Klebsiella pneumonia'
B + P; P + S
Ludwig's
angina
PP ++ SU;
SU P + T
Lung abscesses
Lymphogranuloma venereum
P + S
Meningitis (due to Hemophilus
S + SU; A + SU;
influenza')
T + SU
Meningococcemia, fulminating
P + SU
Osteomyelitis, chronic (Staph, aureus)
B + P
Peritonitis
P + SU
Pertussis
P + SU; P + PO
Pneumonia, pneumococcal
P + SU
Pyelonephritis (Ps. wruginosa)
A + S
Pyogenic dermatoses
B + Ty (topical)
Salmonella typhosa
C + T*
Sinorespiratory infections and
sinusitis (some forms)
B + P; P + SU
Staphylococcus aureus suppurative P+S;B + S;N + S;
processes and other infections
C + S;S + T;
B + N; B + C;
A + B; B + T;
C + N; A + N;
N + T; B + Ty
(topical only)
Streptococcus sp., enterococcic group
(infections of blood stream; subacute bacterial endocarditis)
P + S
Streptococcus sp., pyogenic group
(infections of blood stream)
P + S
Streptococcus sp., viridans group
(oral abscesses and subacute
bacterial endocarditis)
P+S;B + P
Syphilis
P + bismuth
Tularemia
S + A
Urethritis, non-specific (some forms) . . P + SU
Amebiasis
Brucellosis

(Endamccba histolytica)

* Normally in typhoid fever, Chloromycetin alone is sufficient. However, if intestinal perforation occurs, mixed therapy with Terramycin or Aureomycin is indicated. (From
Pratt and Dufrenoy, Antibiotics, 2nd ed., 1953, Lippincott.)

therapy. Consideration must be given to microbial
biochemistry in selection of sulfa drugs for joint use
with antibiotics. That one member of the sulfonamide
series enhances antibacterial action of an antibiotic
is no assurance that another member of the series
will behave similarly. Interference may not occur
directly between the sulfonamide and antibiotics per
se, but only after some metabolic conversion of one
of the drugs in the tissues of the patient. For instance, metabolization of procaine from procaine
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penicillin to para-aminobenzoic acid (PABA) may be
sufficient to yield concentrations of PAB great enough
to antagonize the antibacterial action of sulfanilamide
or of sulfaguanidine, although too low to affect other
sulfonamides, the action of which is not so sensitive
to competition by PABA.
Mixed therapy also may involve joint use of antibiotics and inorganic salts, such as potassium iodide
or salts of bismuth or of cobalt which, under appropriate circumstances, may greatly potentiate antibiotic
action, or it may entail concomitant use of an antibiotic with other microbiologic products that are not
themselves endowed with antibiotic action. For example, streptokinase, obtained from hemolytic streptococci, activates formation of fibrinolysin and so,
when administered during antibiotic therapy, may
make it possible for the antibiotic to reach organisms
embedded in blood clots in which the pathogens would
be inaccessible to and, therefore, protected from, the
antibiotics. Likewise, streptodornase, also obtained
from streptococci, through its ability to liquefy pus,
renders organisms in purulent exudates accessible to
antibiotics.
Other Uses of Antibiotics. — As technology of
producing antibiotics on a large scale has improved,
the pharmaceutical industry has been able to provide more than enough of these drugs to meet therapeutic needs, and as the supplies have increased new
uses for antibiotics have been found. Most of the
applications, quite naturally, are based on the antimicrobial properties of the drugs.
Allied Medical Uses. — Augustine et al. (U. S.
Armed Forces M. J., 1953, 4, 1587) reported that
preservation of bone in refrigerated saline solution
containing penicillin and streptomycin is "simple,
inexpensive . . . and practical." In a series of 100
grafts made with bones so preserved no infections
occurred, and all bones integrated well.
Development of antibiotics has contributed to the
growing success of artificial insemination of dairy
cattle. Bull semen often is contaminated with organisms that may reduce the viability of the spermatozoa
or cause vaginal infection or abortion in the cow.
Dihydrostreptomycin sulfate (500 micrograms per
ml.) is a useful adjunct in the semen specimens,
serving not only as a preservative but also to reduce
subsequent infection in the cow.
Antibiotics may be used also as preservatives in
certain drugs and biologicals. The Food and Drug
Administration does not condone use of antibiotics in
foods intended for human consumption (see below).
However, the F. D. A. has ruled that biological
drugs containing certain antibiotics added solely as
preservatives and conspicuously labelled to indicate
the presence of the antibiotics as a preservative are
not considered to be adulterated.
Antibiotics too toxic for clinical use may find practical application in sterilizing cadavers. Modern embalming fluids do not necessarily kill all organisms.
Recovery of Hemophilus influenzae, Klebsiella pneumoniae, Mycobacterium tuberculosis, Nocardia asteroides, Histoplasma capsulatum, and other important pathogens from bodies embalmed for comparatively long periods of time has been reported. These
etiologic agents of infection are a potential hazard
to pathologists and others called upon to work on
the diseased tissues. Netropsin, clavacin, and actidione, all of which are too toxic for systemic clinical
therapy, have been tested experimentally against organisms isolated from unembalmed bodies. The results
have suggested to Rose and Bicknell (Antibiot.
Chemother., 1953, 3, 896) the possibility of using toxic
antibiotics "in situations where internal sterilization
of the cadaver is required." Netropsin and actidione
are biosynthesized by different species of Streptomyces, clavacin by several species of fungi.
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Supplements in Animal Feed. — Antibiotics not only
have therapeutic value in animal husbandry but are
useful also as growth stimulants when added to animal feed. The young of several species, especially poultry and swine, during the period of active growth, are
especially responsive to small amounts of penicillin,
Aureomycin, Terramycin, or bacitracin added to the
basal diet. Antibiotic supplements of the order of about
ten grams of drug per ton of feed have been found
satisfactory. It is not necessary to use highly purified
antibiotics for this purpose: the microbial mass remaining as a residue after the culture filtrate has been
removed for recovery and purification of the antibiotic isa suitable source of antibiotics for feed supplements and, when dried, is an agriculturally useful
by-product of the antibiotics industry. The value of
antibiotic supplements in nutrition of animals has
been reviewed by Braude et al. (Antibiot. Chemother., 1953, 3, 271). See also Antibiotics Annual,
1953-1954, pp. 366-379 and 401-448.
Plant Pathology. — Antibiotics may start a new era
in plant pathology. Many diseases of plants are
caused by bacteria, fungi, and viruses, which penetrate the tissues from the outer surfaces of the plant
and then may spread systemically. Some fungicidal
sprays have been reasonably effective for controlling
fungal infections, but most sprays have been relatively ineffective for direct control of bacterial or
viral diseases of plants. Insecticidal sprays may have
indirect prophylactic value in minimizing incidence
of plant diseases transmitted by insect vectors. But
since sprays that remain on the plant surfaces are
subject to weathering they can, at best, provide only
transient protection. Moreover, effective control at
each spraying demands virtually 100 per cent coverage of the exposed parts of the plant. Furthermore,
once the pathogenic organisms have penetrated below
the dermal layers of the plant, eradication of the
disease has been difficult, if not impossible, and treatment has involved destruction of the plant or of its
diseased parts to prevent spread of the infection.
Antibiotics may change this situation.
Several antibiotics, some of them too toxic for
human systemic medication, are active against some
phytopathogens and have given promising results in
small field trials. Notable among these antibiotics are
griseofulvin, viridin. and gliotoxin, all of which are
biosynthesized by soil-inhabiting fungi, and actidione,
Aureomycin, Terramycin, and streptomycin, which
are elaborated by species of Streptomyces.
Some of these antibiotics are capable of affording
plants systemic protection against invading pathogens.
Applied to the soil, griseofulvin can be absorbed by
the roots and translocated to various tissues. Applied
to lower stems or leaves, streptomycin and some
other antibiotics pass into underlying tissues and
are translocated upward, so that a few hours later
they are present in upper regions of the plant. Similarly, seeds dipped in dilute solutions of these antibiotics retain enough of the drug, which passes into
the tissues of the germinated seedling, to afford protection against relatively heavy inoculation with
different kinds of bacterial plant pathogens. Among
plant diseases that have been successfully controlled
by antibiotics are scab of apples, halo blight of beans,
brown necrosis of the giant cactus, angular leaf spot
and scab of cucumber, and black root of lettuce. Fire
blight of pears and apples, walnut blight, and wildfire
and blue mold of tobacco appear to be especially
responsive to streptomycin.
Mixed antibiotic therapy may prove to be useful
in plant pathology as well as in human medication.
Visor et al. (Antibiotics Annual, 1954-1955, p. 540)
found that mixtures of streptomycin and oxytetracycline were more effective than either antibiotic
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alone against several phytopathogenic bacteria. The
optimum streptomycin/oxytetracycline ratio in their
experiments was 10:1.
Some antibiotics, in concentrations of a few parts
per million, also enhance the early growth of plants,
increasing not only the fresh weight but also the
dry weight, thus indicating an effect on the biosynthetic and metabolic processes of the young plant.
Experimentally, growth of corn, radishes, and sorrel
has been stimulated by addition of diamine penicillin,
procaine penicillin, Terramycin, thiolutin (biosynthesized by Streptomyces albus), and other antibiotics.
Thus far, these applications of antibiotics in controlling diseases and in enhancing early growth of
plants have been limited to experimental trials. Practical application will depend on further research and
on economic factors, such as cost of the treatment on
a large scale, value of crops or plants resulting from
the treatment, etc.
Food Preservation. — The antibacterial effectiveness
of antibiotics early suggested their use as food preservatives. Subtilin (from strains of Bacillus subtilis)
has been proposed for use in the canning industry
because of its inhibitor}' action on heat-resistant
spore formers.
Fresh meat or fish dipped briefly in solutions containing, per ml., 5 to 10 micrograms of Terramycin,
Aureomycin, or rimocidin (derived from Streptomyces rimosus), and then refrigerated, resist spoilage
longer than similar products not so treated. Flake ice
prepared from dilute solutions of Aureomycin (and,
therefore, essentially impregnated with the antibiotic) is more effective than antibiotic-free ice in
retarding spoilage of fish and has been proposed as
a shipping medium for fresh sea foods. Streptomycin
also is effective in preserving meat products containing nitrate that is subject to bacterial reduction to
nitrite with consequent formation of nitric oxide
hemochromogen.
The experimental trials of antibiotics as adjuncts to
refrigeration to retard spoilage of foods seem to have
indicated several possible practical applications in
different phases of the food industry. However, use
of antibiotics, as of any other preservatives, in foods
for humans is subject to regulation by the Food and
Drug Administration and currently is not sanctioned
because of the potential public health hazard that
might arise through sensitization of consumers to the
antibiotics or from inducing emergence of antibioticresistant strains of microorganisms. Under present
F. D. A. rulings, "the presence of antibiotic drugs in
foods intended for human consumption . . . may be
deemed an adulteration. . . ."
Miscellaneous. — Numerous other uses of antibiotics
have been proposed. Among the more interesting are
the use of these drugs to improve the quality of
whisky and beer, and to impregnate packaging
materials.
Tyrothricin, Terramycin, Aureomycin, Chloromycetin, and penicillin have been used experimentally
to inhibit the undesirable lactic-acid bacteria that
plague the cUstilling industry by reducing the yield
of alcohol and sometimes altering the flavor of
whisky. Thiolutin has been successfully used experimentally to check the development of bacteria that
grow in finished beer and cause serious economic
losses in breweries. Such use of antibiotics, especially
in finished products as they reach the consumer,
would be subject to F. D. A. approval. It seems unlikely that this will be forthcoming.
Impregnation of packaging materials with antibacterial and antifungal antibiotics also has been suggested as a means of preventing spoilage, especially
in shipments to tropical areas. Actidione may have a
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dual usefulness in this connection, since the antibiotic
is extremely repellent to rats.
Non-Official Antibiotics
When people are starving they are less discriminating about food than when they have plenty. And so
it is with drugs. Today an antibiotic must have very
special attributes to merit clinical acceptance. New
antibiotics are being discovered every week. But, in
view of the general excellence of the antibiotics recognized in the official compendia, a new antibiotic
attracts significant attention only if it seems to offer
some distinct advantage over those currently accorded official recognition. Among the advantages
that are sought are (1) greater efficacy against one
or more important pathogens, (2) wider clinically
useful antimicrobial spectrum, (3) lower toxicity, (4)
less antigenicity, (5) more desirable physico-chemical
properties (stability, solubility, etc.), (6) less tendency to engender resistance among pathogens exposed
to it, or (7) some practical industrial or agricultural
use.
Several antibiotics not yet accorded official recognition seem to possess one or more of the above
attributes: Some of these are discussed in the following paragraphs.
Anisomycin. Flagecidin (Pfizer). — Anisomycin, a
crystalline monobasic antibiotic with the tentative
formula C14H19NO4, was first isolated by Sobin and
Tanner from culture filtrates of Streptomyces griseolus
and of an unidentified streptomycete {J.A.CJS., 1954,
76, 4053). Chief interest in this antibiotic, which is
virtually devoid of activity against the gram-positive
and gram -negative bacteria tested, is due to its potential usefulness in treating trichomona! infections
and amebiasis.
Methods of extracting anisomycin from crude culture liquors have been briefly outlined and its chemical, microbiologic, and pharmacologic properties have
been summarized by Tanner et al. {Antibiotics Annual, 1954-1955, p. 809).
Lynch et al. {ibid., 1954-1955, p. 819), on the
basis of experiments with guinea pigs severely infected with Endamoeba histolytica, showed that anisomycin in regimens of 25 mg. per Kg. and higher was
able to protect a high percentage of animals. The
drug appears to be less toxic than fumagillin (for
guinea pigs) and more efficacious than oxytetracycline
in equivalent doses for treating experimental amebiasis. It is being evaluated clinically in human
amebiasis.
Following demonstration of the ability of anisomycin to protect mice experimentally infected with
Trichomonas vaginalis (Lynch et al., Antibiot.
Chemother., 1954, 4, 899), clinical trials in human
vaginal trichomoniasis were made (Frye et al., Antibiotics Annual, 1954-1955, p. 820; and Armstrong
and Santa Maria, ibid., p. 824). Packing the vaginal
vault with 2 Gm. of powder containing 2 mg. of
anisomycin every other day for a total of 6 applications gave a cure rate of 47 per cent (15 patients in
series) . The cure rate increased with repeated courses
of treatment; it was 73 per cent following a second
course of treatment and 87 per cent after a fourth
course.
In a larger series of 80 infected women treated with
anisomycin vaginal tablets, the cure rate was 52 per
cent and 59 per cent on the basis of laboratory
findings and clinical findings, respectively. A number
of other patients seemed improved, although not
cured. Failures totaled 29 per cent, according to laboratory findings, after the first menstrual period
following treatment; only 11 per cent were failures
according to clinical observations. Tablets were introduced into the posterior fornix 3 times weekly for
2 weeks; on each occasion, one 1-mg. tablet was
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directed to the right side and one to the left side of
the vaginal vault. Local reactions to the drug were
minimal, and in no case was it necessary to discontinue the treatment.
Azaserine. — Several antibiotics, including partially
purified penicillin, have been reported at one time or
another to have carcinolytic or antineoplasm activity
in vitro and occasionally even in vivo. But the
claims have not been able to stand the test of critical
experimental evaluation. Therefore, isolation of an
antibiotic with proven antineoplasm activity in animals has attracted marked interest. This antibiotic
is azaserine (see also Antibiotics and Cancer, above,
and Table 4).
First isolated from fermentation cultures of a
species of Streptomyces, identified as S. fragilis, in
the laboratories of Parke, Davis and Co. (Ehrlich
et al., Nature, 1954, 173, 72), the chemical and physical properties of the active component were later
described (Fusari et al., J.A.C.S., 1954, 76, 2878)
and subsequently it was identified as o-diazoacetyl-Lserine (Fusari et al., ibid., 2881). A laboratory synthesis has been developed (Moore et al., ibid., 1954,
76, 2884; Nicolaides et al., ibid., 2887).
Microbiological studies, including fermentation
media for production of azaserine and antimicrobial
spectra, have been published by Coffey et al. {Antibiot. Chemother., 1954, 4, 775). In comparison with
other antibiotics, azaserine is not impressive in tests
against bacteria, actinomycetes, fungi, or protozoa.
However, its demonstrated activity against Crocker
mouse sarcoma 180 (Stock et al., Nature, 1954, 173,
71) does command attention. It is effective in concentrations aslow as 1 mg./Kg./day. The D isomer
is inactive; the dl mixture is half as active as the
L form. Stock et al. {loc. cit.) reported that there is
an 8-fold range between the minimum effective and
maximum tolerated doses of the l form. Preliminary
trials suggest that the antibiotic may be beneficial in
acute leukemia (Ellison et al., Cancer, 1954, 7, 801).
Whether or not azaserine proves potentially useful
in human cancer, it may be an interesting tool for
revealing the biochemical intricacies of living systems.
Studies of the effect of the antibiotic on abnormal
filament formation in E. coli have suggested a similarity of action (in this organism) of azaserine and
nitrogen mustard (Maxwell and Nickell, Science,
1954, 120, 270).
The relatively low activity of azaserine against bacteria seems to distinguish it as a separate entity from
the antitumor substance, carzinophilin, isolated from
an unidentified species of Streptomyces in Japan and
reported in the Japanese Journal of Antibiotics, 1954,
7 (abstracted in Antibiotic Medicine, 1955, 1, 109).
Carzinophilin is reported to be active against Yoshida
sarcoma in rats and against Ehrlich carcinoma in
mice.
Carbomycin, N.N.R. — In 1952, Tanner et al.,
working in the laboratories of Chas. Pfizer and Co.,
isolated a previously undescribed antibiotic from
culture filtrates of strains of the actinomycete, Streptomyces kalstedii {Antibiot. Chemother., 1952, 2,
441). The new antibiotic was given the generic name
carbomycin and the trademarked name Magnamycin
(Pfizer).
Carbomycin is produced industrially by the conventional methods, employing submerged aerobic
culture for biosynthesis and differential solubility and
adsorption for isolation of the purified product.
Chemistry. — Carbomycin, like the names of several other antibiotics, is a generic term: at least two
carbomycins, A and B, that differ slightly from each
other chemically, are found in the fermented culture
nitrate. The antibiotic is a monobasic compound that
is recovered as slender, white, blunt-ended, needleshaped crystals of the free base. Acid salts can be
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prepared easily. The free base contains only carbon,
hydrogen, oxygen and nitrogen. Ultraviolet and infrared absorption data are given by Tanner et al.
{loc. cit.). The free base is readily soluble in acetone,
methanol, and ethanol but only 0.1 to 0.2 mg. dissolves rapidly in water (at room temperature) ;
equilibrium is reached at about 0.6 mg. per ml. after
20 hours. The hydrochloride is much more soluble
in water (100 to 130 mg. per ml.) and is the form
used therapeutically.
Stability. — Dry carbomycin base is stable. Aqueous
solutions of carbomycin hydrochloride having antibiotic activity equivalent to 1000 units of the free
base show no loss of activity after storage for one
week under refrigeration (4°) but lose 7 per cent of
their activity in two weeks and 25 per cent in three
weeks. When frozen, similar solutions lose 25 per
cent of their activity in four hours, 75 per cent in
one day, and 90 per cent in three days (Antibiot.
Chemother., 1953, 3, 865). The rapid deterioration
in the frozen state is due to the action of the acid.
Action. — Carbomycin is absorbed irregularly following oral administration and wide discrepancies
occur in the serum levels achieved in different patients. Following a single dose of 2 Gm. orally, the
maximum level (averaging about 0.2 microgram per
ml.) was attained in 2 hours; in subjects with jaundice much higher levels were reached (average 5.6
micrograms per ml.) after 4 hours. Intravenous doses
of 0.5 Gm. gave an average serum level of 7.6 micrograms per ml. after 2 hours, and this value dropped
to 4.6 and to 4.2 micrograms after 4 and 6 hours,
respectively (Brainerd et al., Antibiot. Chemother.,
1953, 3, 925). A peculiarity of carbomycin is that it
may provide higher serum levels when given with a
meal than when administered between meals (English
et al., ibid., 1953, 3, 307) and that higher concentrations are achieved in tissues and organs than would
be anticipated from the values found upon assay of
serum. See data of English et al. {Antibiotics Annual, 1953-1954, 522; Antibiot. Chemother., 1954, 4,
561).
Relatively low levels of carbomycin are found in
the urine; major excretion is via the bile. Concentrations of 24 to 96 micrograms per ml. have been
reported to occur in the bile within 2 hours after
ingestion of a 2-Gm. dose and to persist for at least
6 hours. The low serum and urine levels probably
are related to the high excretion in the bile in nonjaundiced patients: when jaundice exists, considerably
higher serum levels are achieved.
The antibiotic does not enter the cerebrospinal
fluid following oral or parenteral administration.
Similar observations were made by Whitaker et al.
{Antibiotics Annual, 1953-1954, p. 527) using carbomycin B in doses of 500 mg. every 12 hours. They
noted also that the antibiotic does not readily traverse the placental barrier in pregnant women and
that it does not readily diffuse through the peritoneum.
Uses. — Carbomycin is active principally against
gram-positive bacteria. It inhibits gram-negative cocci
also but has little effect on most other gram-negative
bacteria. Different strains of Pasteurella multocida,
however, seem to be inhibited by it in concentrations
of 1 to 10 micrograms per ml. (Gorzynski and Xeter,
Antibiot. Chemother., 1953, 3, 1211). Tests with experimental animals show that it also has activity
against the rickettsias and some of the larger viruses
(Wong et al., ibid., 1953, 3, 741). In most of these
experimental infections it compares favorably with
broad-spectrum antibiotics but is somewhat less effective against murine typhus; it is more effective in
experimental R. tsutsugamushi infection. The reported activity of carbomycin against such organisms
as Endamceba histolytica, Trypanosoma cruzi, and
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Leishmania donovani in experimental animals (Seneca
and Ides, ibid., 1953, 3, 119) is of particular interest.
Later, Seneca reported clinical and parasitologic
cures in 16 of 17 chronic cases of intestinal amebiasis
{Am. Pract. Dig. Treat., 1954, 5, 930). The regimen
was 2 Gm. daily in divided doses for 5 to 10 days:
children were given 50 to 60 mg. per Kg. daily.
In vitro tests indicate that bacteria acquire resistance to carbomycin slowly according to the
stepwise penicillin pattern (English et al., ibid., 1952,
2, 678) and that there is essentially no crossresistance between carbomycin and other commonly
used antibiotics except erythromycin, with which
there may be almost complete cross-resistance. There
have been few reports of clinically significant resistance to carbomycin developing during treatment.
Field and Taylor {ibid., 1954, 4, 65) noted one instance of slightly increased resistance of a pneumococcus in a patient treated for 18 days (28 patients
in the series) and three instances of acquired resistance in Strep, viridans in three patients treated for
10, 18, and 30 days, respectively (37 patients in
series). Sensitive organisms generally are inhibited in
solutions containing 1 microgram or less of carbomycin per ml. Neisseria catarrhalis may be inhibited
by as little as 0.02 microgram per ml.
Carbomycin was claimed to be successful in curing
urinary infections (Trafton et al., New Eng. J . Med.,
1952, 248, 379). In view of the low and inconstant
levels of carbomycin reported, the successful results
are difficult to understand. Perhaps they may be
ascribed to the relatively high intracellular concentrations that the antibiotic may attain without correspondingly high levels in blood or urine. Trafton
and Lind {Antibiot. Chemother., 1954, 4, 43) found
carbomycin (2 Gm. orally in 4 divided doses daily
for one week) generally effective against enterococci
encountered in urinary tract infections. There was no
evidence of acquired resistance. However, following
clearing of the enterococci, often carbomycin-resistant
E. coli remained as persisters or appeared as secondary invaders. Kutscher et al. {ibid., 1953, 3, 1194)
found carbomycin (500 mg. orally every six hours)
satisfactory in curing oral infections and as a prophylactic safeguard in mass extraction of chronically
infected teeth in areas of general infection. Side
effects were minimal in most patients, although 1 case
(among 15 patients) of severe delayed diarrhea and
1 case of severe nausea did occur. Serum levels varied
greatly among different patients and generally were
low, i.e., 0.1 microgram or less per ml.
The fact that carbomycin can build up relatively
high concentrations in the tissues would seem to indicate its use in intracellular infections. However, until
accurate methods are devised for rapidly ascertaining
intracellular concentrations from determination of
levels in the blood stream it will be difficult to
achieve controlled therapy with this drug. Finland
et al. {New Eng. J. Med., 1953, 249, 310), after
study of clinical reports by others and observation
of 45 patients of their own treated with carbomycin,
concluded that the drug cannot at present be recommended as a useful antibiotic in most bacterial infections and that it is "considered to be specifically
contraindicated in the treatment of pneumococcal infections." Contrasted with the observation of Finland et al. is the report of Field and Taylor {loc. cit.)
who found 20 of 28 patients with pneumococcal
pneumonia responding satisfactorily to carbomycin
and who concluded that carbomycin (500 mg. every
6 hours or an initial dose of 1 Gm. followed every
6 hours by 250 or 300 mg.) is effective for treatment
of infections due to gram-positive organisms.
The discrepancy may be due to use of carbomycin
A in the earlier work and carbomycin B in the later
reports. This point is not clear from the papers.
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Whitaker et al. {Antibiotics Annual, 1953-1954, p.
527) maintain that carbomycin B surpasses carbomycin A for oral administration, since average doses
of it provide therapeutically adequate serum levels.
Nevertheless, until more clinical data are available,
the principal therapeutic application of carbomycin
in bacterial diseases probably will be in treatment
of patients with infections that are due to grampositive organisms that are resistant to penicillin and
other antibiotics.
Carbomycin may prove to be a useful adjunct to
other antibiotics in mixed treatment. Loughlin and
Mullin treated 23 cases of chronic intestinal amebiasis
and reported 90 per cent cures following administration of equal parts of carbomycin and of oxytetracycline {Antibiotics Annual, 1954-1955, p. 942).
Total daily doses, given in 2 or 3 divided doses for
10 days, were 0.5 Gm. of each antibiotic for children up to 5 years of age, 0.75 Gm. to children between 5 and 10 years of age, and 1 Gm. to older
subjects. No untoward reactions were noted. Prigot
et al. {ibid., 1954-1955, p. 457) recommended preoperative use of a neomycin-carbomycin mixture to
reduce the possibility of suppurative peritonitis following intestinal surgery.
In the areas of veterinary medicine and of animal
husbandry, carbomycin has been reported to be highly
effective in treatment of the "distemper complex" in
small animals (Hawley and Downing, ibid., 19541955, p. 336) and to be a potentially useful adjuvant
for feed (2 Gm. per ton) to improve the early
growth of poultry and swine (Reynolds et al., ibid.,
p. 510).
Toxicology. — Gardocki et al. {Antibiot. Chemother.,
1953, 3, 55) determined the LD50 of carbomycin hydrochloride, administered by different routes, for mice.
Their results expressed in terms of mg. of free base
per Kg. of body weight were as follows: oral, more
than 3500; subcutaneous, about 3000; intramuscular,
900 to 1000; and intravenous, 550. The LD50 for rats
was somewhat higher.
The same authors saw no evidence of eighth cranial
nerve damage in cats given 200 mg. of carbomycin
per Kg. intramuscularly daily for 9 weeks, nor any
untoward systemic effects in dogs given the same
dosage orally or intramuscularly for 20 weeks. Daily
intravenous injection of 200 mg. per Kg. for 5 days
did not alter the nonproteinaceous nitrogen of dogs
and was well tolerated by them. Gross histologic
study of the several organs of the sacrificed animals
shows no pathologic changes attributable to the drug.
Slight prolongation of 1 to 4 minutes in coagulation time of whole blood from rabbits, lasting for a
few hours, was noted by Macht and Kremen {ibid.,
1953, 3, 990). No genuine thromboplastic effects were
observed.
In human subjects, nausea, vomiting, diarrhea, and
other symptoms of gastrointestinal upset that are
recognized as concomitants or sequelae of oral administration ofbroad-spectrum antibiotics have been
reported following oral doses of carbomycin. However, their incidence may be less frequent than after
Aureomycin or Terramycin. Field and Taylor {loc.
cit.) noted 2 mild cases of side effects in a series of
36 patients. Trafton and Lind {loc. cit.), using a
higher dosage schedule (2 Gm. per day) had to
modify or interrupt treatment in 7 patients.
Summary. — Carbomycin (Magnamycin, Pfizer) is
a crystalline antibiotic elaborated by strains of Streptomyces halstedii. The crystalline compound is stable
when dry, but aqueous solutions of the hydrochloride
begin to deteriorate in about a week at refrigerator
temperature (4°) or more quickly at higher temperatures or when frozen.
Carbomycin is active primarily against gram-posi-
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tive bacteria, some rickettsias, a few protozoa, and
the virus of psittacosis. The antibiotic is relatively
non-toxic but may occasionally cause nausea, vomiting, or diarrhea in humans.
Absorption, following oral doses, is irregular and
there is wide discrepancy in the blood levels achieved
in different patients. The levels attained in tissues are
higher than would be anticipated from the concentrations in the serum.
Until further clinical data are available, use of
carbomycin probably should be limited to treatment
of infections caused by gram-positive organisms resistant to other antibiotics. The usual oral dose is
2 Gm. daily given in equal divided doses 6 hours
apart. Intramuscular injection is accompanied by local
pain. Intravenous administration seems unwarranted.
Cephalosporin. — Under this name two antibiotics
produced by a species of Cephalosporium have been
described. Cephalosporin N is an acidic penicillin
which differs from others in its hydrophilic character.
It has a bacterial spectrum and degree of activity
similar to those of benzyl penicillin (penicillin G),
according to Abraham et al. {Nature, 1953, 171, 343).
Cephalosporin N appears to be absorbed more slowly,
following ingestion, and to be excreted to a lesser
extent in urine than does penicillin G (Heatley and
Florey, Brit. J. Pharmacol. Chemother., 1953, 8, 252).
In animals it is less toxic than penicillin G. Methods
of purification were reported by Abraham and Newton {Biochem. J., 1954, 58, 94). The studies of
Newton and Abraham {ibid., 103) of purified material suggest that cephalosporin N is probably d-4amino-4-carboxy-n-butyl penicillin.
Cephalosporin C was described by Newton and
Abraham {Nature, 1955, 175, 548), and its similarity
to synnematin B, described by Gottshall et al. {Proc.
S. Exp. Biol. Med., 1951, 76, 307) and Olson et al.
{Science, 1953, 117, 76), was noted. Cephalosporin C
is more stable in acid solution than penicillin G and
is not inactivated by penicillinase. As with cephalosporin N it yields, on acid hydrolysis, d-a-aminoadipic acid. Following the study of the effect of
synnematin B in Salmonella infections in mice, by
Olson and Jennings {Antibiot. Chemother., 1954, 4,
11), Benavides et al. {J.A.M.A., 1955, 157, 989) used
76 to 370 mg. per Kg. of body weight daily intramuscularly (divided into portions administered every
4 hours) in patients with typhoid fever. The lower
dose seemed to be ineffective; with the larger doses,
12 of 14 cases were cured without untoward effects
or the complications frequently encountered in cases
of typhoid fever. Since feces were rapidly sterilized
of S. typhi, it was suggested that synnematin B has
bactericidal action. In this small series of patients the
therapeutic results appeared to be better than with
chlo ramphenicol.
Cycloserine. Oxamycin (Merck). Seromycin
(Lilly) . — The history of antibiotics is punctuated by
instances in which the same drug has been discovered
independently, and sometimes almost simultaneously,
by different investigators. One of the most notable
examples is that of Polymyxin-Aerosporin (Part I).
The discovery of cycloserine is another example of
such coincidence.
Independently, a few months apart, discovery of
cycloserine from culture filtrates of Streptomyces
orchidaceus {Antibiotic Medicine, 1955, 1, 72, 80) and
of oxamycin from filtrates of a new species, Streptomyces garyphalus, isolated from a soil sample collected at Chicacao, Guatemala {Antibiot. Chemother.,
1955, 5, 183, 191) was announced. Subsequent chemical studies established that the two compounds probably are identical. The Commercial Solvents group
(Harned et al., Antibiot. Chemother., 1955, 5, 204)
proposed the following tautomeric structures for the
compound:

1566

Part

Antibiotics

HC

1

H
C-NH

1

/

—

H

*l

1

H,C

C-NH

ft

-7

r— ft

VN/CH

°

4-amino-2-isoxazoline-3-ol 4-amino-3-isoxazolidinone
Tautomeric Forms of Cycloserine (Oxamycin)
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The Merck investigators assigned the chemical name
D-4-amino-3-isoxazolidone to the compound; it has
been synthesized (JA.CS., 1955, 77, 2345).
Since the generic name cycloserine was in the literature first, presumably it will have priority over
oxamycin as the common name, and it will be used
in the remainder of this article.
Cycloserine is a water-soluble, broad-spectrum antibiotic that diffuses readily in agar and other aqueous
media. This facilitates assay by the cylinder plate
technic and, on the clinical side, the diffusibility favors
penetration of the antibiotic into tissues and into the
pleural and cerebrospinal fluids.
Early publications indicate that cycloserine may
be more effective clinically than would be anticipated
from in vitro tests or even animal experiments. For
example, it has been reported to be ineffective in
treating experimental mouse tuberculosis (Welch et al.,
Antibiotic Medicine, 1955, 1, 72) but Cummings et al.
(Antibiot. Chemother., 1955, 5, 198) found that virulent strains of Myco. tuberculosis were inhibited in
vitro by concentrations of the drug attainable in
clinical usage; and Epstein et al. (ibid., 80), treating
a series of 37 human tubercular patients (29 of whom
had active, far-advanced, progressing, chronic tuberculosis and had been pronounced failures in prior intensive antimicrobial therapy) found that daily doses
of 1 to 1.5 Gm. for from 6 weeks to 4 months exerted
a "powerful antituberculosis effect" and they considered the results "impressive." There was "prompt
improvement in symptoms, resolution of pathology,
and conversion of sputum." The incongruity of in
vitro and clinical activity is highlighted by Welch
et al. (loc. cit.), who cite unpublished work showing
effectiveness of cycloserine in treatment of refractory
urinary tract infections. The infections were caused by
strains of Proteus, Pseudomonas, JErobacter cerogenes,
and Escherichia coli with in vitro resistances ranging
from 100 to 1000 micrograms per ml. Welch et al.
point out that with the doses of cycloserine that were
administered (minimum 0.4, maximum 1.2 Gm. per
day), peak blood levels of only 10 to 30 micrograms
per ml. could have been expected and that "one would
not expect similar high urinary tract tissue concentrations." Of 62 urinary tract infections, 74 per cent
responded well; 18 per cent were failures.
Cycloserine appeared to be less active than benzyl
penicillin, streptomycin, or oxytetracycline against
most of 37 strains of gram-positive and gram-negative organisms studied in vitro by Cuckler et al.
(Antibiot. Chemother., 1955, 5, 191). But the drug was
equally effective as oxytetracycline (and in some in-
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stances more effective) in mouse protection studies.
Although gram-positive organisms seem to be more
sensitive than gram-negative ones in assays, the doses
required to control gram-positive and gram-negative
infections in experimental animals are of the same
order of magnitude. The pronounced synergistic action
of cycloserine with established antibiotics is of special
interest (Harris et al., Antibiot. Chemother., 1955,
5, 183).
Acute and chronic toxicity of cycloserine appears
to be "extremely low" and "not unlike that observed
with penicillin" (Welch et al., loc. cit.). Epstein et al.
(loc. cit.) in their study of tuberculosis patients receiving 1to 1.5 Gm. daily found it necessary to discontinue the drug after from 3 to 4 weeks in 11 per
cent of the patients (4 out of 37) because of neurologic symptoms. However, they point out that all
four patients had been subject to such symptoms prior
to therapy and that, therefore, the relationship between the drug and development of symptoms is
questionable. Temporary constipation appeared in 3
other patients during the first week of treatment but
then cleared spontaneously without discontinuance of
the drug. There were no blood or urinary changes,
no electrocardiographic changes, and there was no
impairment of liver or kidney function.
The broad antibiotic spectrum of cycloserine, embracing gram-positive and gram-negative bacteria,
rickettsias, and some protozoa, together with its antituberculosis activity, low toxicity, and its diffusibility
suggest an important future for this drug.
FuMAGnxix. — This antibiotic was first isolated
from the fermentation products of Aspergillus jumigatus by Hanson and Elbe (/. Bad., 1949, 58, 527),
who described it as an antiphage agent. Later McCowen et al. (Science, 1951, 113, 202) found crystalline fumagillin, in high dilution, to be an effective
direct-acting amebicide. Subsequent in vivo experiments seemed to confirm the opinion that the
antibiotic is direct-acting, i.e., that it does not owe
its amebicidal properties, as some other antibiotics
presumably do, to suppression of intestinal microflora
that are essential for nutrition of the amebas. There
has been no evidence of demonstrable antibacterial
influence of fumagillin on intestinal flora.
Chemical studies have shown that fumagillin is a
monoester of decatetraenedioic acid (Schenck et al.,
JA.CS., 1953, 75, 2274). Even in the crystalline
state it is somewhat unstable, being decomposed by
light either in the presence or absence of air. Some
of the degradation products and the kinetics of degradation have been studied by Garrett and Eble
(/. A. Ph. A., 1954, 43, 385, 536) and by Garret
(ibid., 539).
Aureomycin, Terramycin, and Chloromycetin have
all been claimed to have protozoacidal properties and
have been endorsed as therapeutically effective in
amebiasis. But recurrence incidence in apparently
cured amebiasis patients has demonstrated that the
broad-spectrum antibiotics are not the ultimate therapeutic answer to the problem of amebiasis. This attitude was typified by McHardy (Gastroenterology,
1951, 17, 1) in a paper entitled "Is Aureomycin
Amebicidal?" Elsdon-Dew (Lancet, 1952, 2, 104) concluded after study of recurrence incidence that the
broad-spectrum antibiotics, as well as penicillin, bacitracin, streptomycin, and neomycin, have adjunctive
action only in amebiasis and stressed the need for
direct-acting, non-toxic amebicides. However, Armstrong (South African Med. J., 1953, 27, 42) reported
90 per cent cures when either Aureomycin or Terra20 days.mycin were used alone at a dose of 1 Gm. daily for
Anderson et al. (Am. J. Trop. Med., 1952, 1, 552)
found that fumagillin was effective orally in clearing
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amebiasis in macaque monkeys and in man and concluded that this antibiotic was more active than
either Terramycin or thiocarbazone. In man, 9 of 10
cyst-passers remained clear during a 3-month follow-up period after receiving 100 mg. of fumagillin
orally over 12.5 days. Only 4 of 10 other individuals
receiving a total dose of SO mg. were cleared. There
were no symptoms of intolerance in man or the
monkeys, although one individual had retention of
sulfobromophthalein and another had blood urea nitrogen after therapy.
Killough et al. (Science, 1952, 115, 71), using
higher doses (maximum 50 mg. daily) in a 22-patient
series, recorded only vertigo and anorexia, but at 200
mg. daily (personal communication cited in South.
Med. J., 1953, 46, 429) precipitated "papular-pustular
dermatitis, nausea, and emesis."
McHardy et al. (South. M. J., 1953, 46, 428)
favor fumagillin over broad-spectrum antibiotics for
amebiasis, since, in their opinion, "the influence [of
broad-spectrum antibiotics] on intestinal flora is too
frequently a significant contraindication." They used
fumagillin in 10 volunteers for tolerance trials at a
daily level of 10 mg. per individual per day, increasing by 10 mg. per day to a daily maximum of 100 mg.
Anorexia occurred uniformly at 30 mg. per day;
nausea and abdominal discomfort at 60 mg. Mild
vertigo occurred in some individuals at doses over
60 mg. There was no evidence of renal, hepatic, or
hematologic abnormality during or after dosage.
On the basis of later therapeutic trials with 64
amebiasis patients who could be followed closely during and for at least 4 months after treatment, McHardy et al. (loc. cit.) recommended a dosage schedule of 20 mg. 3 times daily for 10 consecutive days.
Follow-up periods ranged from 4 to 8 months. There
were only 3 recurrences among this group. The authors
concluded that fumagillin is the antibiotic of choice
for treating amebiasis. However, Malewitz (J. A M.A.,
1953, 153, 1446) suggested that fumagillin is capable
of causing parenchymatous degeneration and depression of bone marrow activity. In a patient given 40
mg. of fumagillin daily for two weeks, he noted
leukopenia and pharynx abnormality. Lower doses
may be adequate. MacQuiddy (Antibiot. Chemother.,
1954, 4, 178) found that in a series of 82 chronic cyst
carriers and passers a dose of 10 mg. twice daily for
2 weeks was curative with only minimal side effects.
There were no relapses among the 32 patients he was
able to study during a follow-up period of 3 months.
Fumagillin may be used effectively jointly with
other amebicidal antibiotics, and ultimately mixed
antibiotic therapy may prove to be the treatment of
choice for amebiasis. Nakamura (Am. J. Trop. Med.
Hyg., 1953, 2, 206) found that in infected monkeys
Terramycin or fumagillin at a dose of 50 mg. per Kg.
cleared the infection in the majority of animals and
that equally satisfactory results were obtained when
the two drugs were used together, each at one-fourth
the dose needed for either antibiotic used singly. Such
a schedule provides effective therapeutic action with
minimum risk of incurring toxic manifestations.
However, Johnstone (personal communication) contends that while fumagillin is effective in clearing
amebic cyst passers it is not effective in acute diarrheal
phases of amebic dysentery. Preliminary trials in several institutionalized human patients indicated that
erythromycin may provide at least a partial cure during acute diarrheal stages of amebiasis. Since erythromycin does not significantly affect intestinal bacterial
flora in most patients it, presumably, also is a directacting amebicide.
Nystatin (Fungicidin) . Mycostatin (Squibb). —
There are few clinically important diseases of bacterial origin that are not amenable to treatment with
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one or more of the antibiotics that have been discovered and made available for clinical use since
Fleming's initial observation on penicillin in 1929.
But for more than 2 decades of the antibiotic era
stemming from that observation, fungous infections
remained beyond the range of antibiotic therapy. Of
the hundreds of antibiotics that have been reported
in the scientific literature, a few have some activity
against fungi, but very few have been clinically
promising as fungistatic or fungicidal agents against
pathogenic molds and yeasts. Therefore, discovery of
nystatin, which has significant antimycotic activity
and is of sufficiently low toxicity to permit systemic
use, added an important drug to the antibiotic arsenal.
The discovery was particularly timely in view of the
widespread and increasing use of tetracycline antibiotics which, when employed in prolonged or oftrepeated courses of treatment, seem to favor development of moniliasis and a variety of other clinical
symptoms and disease states attributable to excessive
proliferation of Candida albicans and other yeasts or,
less frequently, other fungi. (See the discussion headed
Toxicology under Chlortetracycline and under Oxytetracycline in Part I. See also Keefer, Am. J. Med.,
1951, 11, 665; Smith, Ann. Int. Med., 1952, 37,
1135; Zimmerman, Arch. Path., 1950, 50, 591; and
Brown et al., J. AM. A., 1953, 152, 206; Pratt and
Dufrenoy, Antibiotics, 2nd ed., 1953, Lippincott).
Isolation. — In 1949 Hazen and Brown (Ann. Report Div. Labs. & Res., N. Y. State Dept. Health,
1949, pp. 19-21), working with cultures of an actinomycete isolated from a soil sample collected in Virginia, reported preparation of crude concentrates of
a new antifungal antibiotic. In this and later publications (Proc. S. Exp. Biol. Med., 1949, 71, 454; ibid.,
1951, 76, 93) they described a method of improving
the activity of the concentrate by filtration and
showed that in concentrations of about 1 to 6 micrograms per ml. the antibiotic inhibited growth of a
large number of saprophytic, pathogenic, and phytopathogenic fungi in vitro, but the antibiotic had very
little, if any, activity against bacteria. Concentrations
up to 100 micrograms per ml. did not inhibit growth
of any of the bacteria that were tested. Subsequently,
the actinomycete was described as Streptomyces
noursei and the antibiotic was named fungicidin —
later the name was changed to nystatin. The Squibb
trademark for nystatin is Mycostatin.
Nystatin is unique among currently used antibiotics
not only in its strong activity against fungi but also
in the fact that it is recovered from both the mycelium
and the fermented broth. Most of the antibiotics produced industrially are obtained from the culture filtrates. In brief, recovery of nystatin involves solvent
extraction of the S. noursei fermentation culture ; concentration of the extract in vacuo; and filtering,
washing and drying of the antibiotic which precipitates. The dried, pale yellow, micro crystalline powder
has a potency of 2500 to 3000 units per mg. Further
treatment can improve the purity and yield homogeneous, crystalline Mycostatin with a biopotency
(see below) of about 3500 units per mg.
Chemistry. — Dutcher et al. (Antibiotics Annual,
1953-1954, p. 191) showed that the chemical and
physical properties of nystatin differentiate it from
other closely related antibiotics (rimocidin, ascosin,
and candicidin) elaborated by other actinomycetes.
The probable empirical formula of nystatin is C46H77NO19. The crystalline antibiotic is insoluble in
nonpolar solvents and only slightly soluble in water,
methanol, ethanol, butanol, or dioxane. Solubility in
polar solvents is increased in the presence of 10 to 20
per cent water. Semi-crystalline nystatin with a
potency of 2500 to 3000 units per mg. is more soluble
than highly purified material in commonly used sol-
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vents because of the solubilizing nature of the impurities. Dutcher and coworkers believe that in the
crystalline form nystatin exists as a zwitter ion and
that the molecule contains a primary amino group
and a lactone group. In solution, the compound is
rapidly inactivated upon exposure to heat, light,
oxygen, or extremes of pH. The lactone ring and unsaturated nature of the nystatin molecule probably
contribute to its instability. In organic-water solutions at room temperature and protected from sunlight and undue exposure to air, approximately 50 per
cent of the activity is lost in 5 days. The dry antibiotic, stored in refrigerated sealed containers, retains
its potency for at least 6 months: at 40° about 25
per cent of its activity may be lost in 6 months.
Assay. — No reliable chemical assay has been developed for nystatin but Gold et al. (Antibiotics
Annual, 1953-1954, p. 195) described agar diffusion
and broth dilution assay methods, using Candida
albicans and Saccharomyces cerevisice as the test organisms. C. albicans in the agar technic is employed
in the assays used during commercial production. For
determining nystatin in blood, urine, or feces, the
tube dilution technic with 5. cerevisice is used. This
method is capable of revealing as little as 1 unit of
nystatin per ml. A value of 1000 units per mg. has
been arbitrarily assigned to a Mycostatin standard.
Action and Uses. — Studies performed in vitro soon
showed that nystatin exerts fungistatic and fungicidal
action against dermatophytes and against such important systemic pathogens as Cryptococcus neojormans, Histoplasma capsulation, Coccidioides immitis, Candida albicans, and species of Blastomyces
and of Sporotrichum (Hazen and Brown, 1951, loc.
cit.; Cohen and Webb, Arch. Pediatr., 1952, 69, 414;
Sternberg et al., Antibiotics Annual, 1953-1954, p. 199;
Campbell et al., ibid., p. 210; Levi and Zaliani (Boll.
ist. sieroterap. Milan., 1952, 142). Animal experiments
soon demonstrated the therapeutic effectiveness of
nystatin in experimental coccidioidomycosis, histoplasmosis, and torulosis (cryptococcosis) in mice (Hazen
and Brown, loc. cit.; Campbell et al., loc. cit.) and
the protective effect of parenteral or oral nystatin in
mice experimentally inoculated with systemic moniliasis (Sternberg et al., loc. cit.) or with normally
fatal mixtures of Candida albicans and tetracycline
antibiotics (Brown et al., Science, 1953, 117, 609;
Hazen et al., Antibiot. Chemother., 1953, 3,
1125).
Extending the study to humans, Sternberg et al.
(loc. cit.) and Newcomer et al. (Antibiotics Annual,
1954-1955, p. 686) found that "yeastlike fungi" in the
stools were markedly reduced in number or eradicated
when the subjects were given 500 mg. of nystatin
orally 2 or 4 times daily. Treatment was continued
for 1 week but usually the antiyeast effect was clearly
established in from 2 to 3 days. The yeasts reappear
when the drug is withdrawn. The effectiveness of
nystatin in decreasing yeastlike intestinal microflora
was not altered when 250 mg. of oral oxytetracycline
was given concomitantly with each dose, despite the
well-known propensity of Candida and other yeasts
and fungi to dominate the intestinal microflora of
patients receiving one of the tetracycline antibiotics.
No toxic manifestations attributable to nystatin were
observed: incidence and severity of side reactions were
no greater in patients receiving the 2 antibiotics than
in those receiving oxytetracycline alone. Newcomer
et al. (loc. cit.) concluded that "nystatin . . . appears
ideally suited for . . . prophylactically preventing . . .
complications attributed to rapid growth and development of fungal flora of the gastrointestinal tract
occurring with the oral administration of [broadspectrum] antibiotics" over an extended period.
Mysteclin
(Squibb),
containing
tetracycline
and
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nystatin in the recommended proportions in each
capsule, is a commercially available product intended
for broad-spectrum antibacterial therapy with concomitant antifungal prophylaxis. Extensive clinical
trials indicate that nystatin may become an important
medicament for cutaneous monilial and fungal infections also. Nystatin ointment, oral powder, troches,
and vaginal tablets have been employed.
Toxicity. — Nystatin appears to have low toxicity:
oral doses of 300 mg. per Kg. for 30 days caused no
differences in growth rate and no hematologic or gross
pathologic changes in rats (Thomas, cited by Sternberg et al., loc. cit.). Dogs tolerate more than 3 times
this dosage level for prolonged periods (Sternberg
et al., loc. cit.) and no toxic side reactions were observed in mice injected intraperitoneally with doses
up to 24 mg. per Kg. per day for "a long time"
(Newcomer et al., J. Invest. Dertnat., 1954, 22, 431).
In man, transitory gastrointestinal complaints have
been observed following high doses but the effects
appear not to be serious (Newcomer et al., Antibiotics
Annual, 1954-1955).
Nystatin is poorly absorbed from the gastrointestinal tract, even following doses of 16 Gm. per day (in
man) ; in dogs about 30 per cent of an orally administered dose can be recovered from the stools
(Newcomer et al., Antibiotics Annual, 1954-1955).
Other Antimycotic Antibiotics. — Among the other
antibiotics that have been reported to have antimycotic activity are bacillomycin, eumycin, mycosubtilin, and toximycin, produced by strains of Bacillus
subtilis; actidione, ascosin, candicidin, endomycin,
mycomycin, rimocidin, and streptothricin, elaborated
by different species of Streptomyces ; and albidin,
biformin, clavacin, frequentin, gladiolic acid, glutinosin, griseofulvin, trichothecin, and viridin, found in
culture filtrates of penicillia and other fungi. In general, these antimycotic agents have been disappointing
clinically: either they have been inactive in vivo
against medically important molds and yeasts or they
have exhibited such high toxicity for mammals that
clinical investigations have seemed unwarranted. Some
of them, particularly those derived from fungi, have
been tested experimentally as potentially useful agents
in phytopathology. The antifungal agents from streptomycetes have been reviewed by Wakaki et al. in a
series of papers published in the Japanese Journal of
Antibiotics during 1952 and 1953.
Actidione, candicidin, and rimocidin have had
limited trials in experimentally infected animals, and
on the basis of some of these tests Kligman and Lewis
(Proc. S. Biol. Med., 1953. 82, 399) suggested use of
candicidin (which is one of the products elaborated
by Streptomyces griseus — streptomycin is another) in
human medication to prevent development of moniliasis during treatment with chlortetracycline or
oxytetracycline.
Nystatin, distributed as Mycostatin (Squibb) for
topical use and in Mysteclin (Squibb) for use in tetracycline therapy, is available in a more highly purified
form than candicidin and appears to enjoy better
acceptance by clinicians.
Puromyctn*. — In 1952. Porter et al. discovered a
new antibiotic elaborated by Streptomyces albo-niger
(Antibiot. Chemother., 2, 409). Since the crystallized
drug lacked pigment, they named it achromycin, and
it was so designated in the scientific literature until
1953 when the Lederle Laboratories obtained the
trademark Achromycin as their brand name for tetracycline. At that time, the name puromycin was coined
for the antibiotic product of S. albo-niger. Subsequently, this antibiotic was shown to be 6-dimethylamino-9-(3'-/>-methoxy-L-phenylalanylamino-8-Dribofuranosvl) purine and to have the following structure (Waller et al, J.A.C.S., 1953, 75, 2025):
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induced repeated vomiting in several experimental
subjects.
Puromycin appears to warrant clinical trials in
human
somiasis. patients afflicted with amebiasis or trypano-
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Puromycin

The antibiotic is employed as the hydrochloride.
Major interest in puromycin is due to its trypanocidal and amebicidal properties; its antibacterial activity is only moderate; the parent compound and
some of its amino acid analogs appear to have inhibitory effects on mouse mammary tumors (Bennett
et al., Antibiotics Annual, 1954, p. 766). The original
report on puromycin (Porter et al., loc. cit.) indicated curative effects of the antibiotic in mice infected
with Trypanosoma equiperdum. The activity of the
drug against T. equiperdum and T. cruzi (Hewitt
et al., Am. J. Trop. Med. Hyg., 1953, 2, 254) suggests application in veterinary medicine as well as in
clinical trials with human patients. Other workers
have demonstrated the efficacy of puromycin in
Endamoeba histolytica amebiasis in several species
of experimental animals. These reports have been
cited by Taylor et al. {Antibiotics Annual, 1954-1955,
p. 745). In general, the antibiotic appears to be very
active, although there seems to be variation in its
activity in different species. For example, in guinea
pigs it is not as effective as glaucarubin (Simarubidin,
Merck) but is more effective at low doses in the rat
(Taylor et al., loc. cit.). Effective oral doses in experimental animals range from 6.25 to 50 mg. or more
per Kg. twice daily for 5 days.
The effect of structural modifications of the molecule on the amebicidal and trypanocidal activity of
puromycin has been studied. Bond et al. (Antibiotics
Annual, 1954-1955, p. 751) found none of 31 analogs
as active as the parent compound against experimental amebiasis in the guinea pig, and Hewitt et al.
(Antibiot. Chemother., 1955, 5, 139) found that none
of 52 substituted forms of puromycin and various
analogs was any more active than the unmodified
antibiotic in experimental trypanosomiasis (T. equiperdum) in mice. However, an interesting observation came out of the latter study, namely, a close
parallelism between activity against T. equiperdum
and against mammary adenocarcinoma in C3H mice.
Consideration of the simple and substituted purines
that reverse the effects of puromycin and of its analogs
led Hewitt et al. (loc. cit.) to suggest that puromycin
interferes with the synthesis of nucleic acid or of
nucleoproteins in the sensitive biologic systems studied
but that it does so at different links in the metabolic
chain in the different systems. These conclusions are
consistent with the observations of Bortle and Oleson
on the antimetabolic activity of puromycin in the
protozoan, Tetrahymena pyriformis (Antibiotics Annual, 1954-1955, p. 770).
Acute toxicity studies on puromycin hydrochloride
indicate LD50 values of 335 mg. per Kg. (intravenous) to 720 mg. per Kg. (oral) in the mouse and
202 mg. per Kg. (intravenous) to 600 mg. per Kg.
(oral) in the guinea pig (Sherman et al., Antibiotics
Annual, 1954-1955, p. 757). These values are in agreement with those of other investigators (Porter et al.,
loc. cit.) . The major side effect of puromycin (in
dogs) appears to be emesis. A single dose of the order
of 25 mg. per Kg., whether given orally (in the form
of powder or 0.5 per cent solution) or intravenously,

Subtllin. — This antibiotic is a cyclic, basic polypeptide with the ability to protect animals against
experimental infections caused by a number of grampositive organisms, some gram-negative cocci, Mycobacterium tuberculosis, and some yeasts and fungi.
Nearly 20 different antibiotics have been recognized
among the biosynthetic products elaborated by different strains of the subtilis group of bacilli but to
date only bacitracin and subtilin have attracted more
than passing interest. Principal interest in subtilin at
present is in its activity against heat-resistant spore
formers that are important in the canning industry
(Anderson et al., Antibiot. Chemother., 1953, 3, 521)
and against organisms causing "seed rot" of crop
plants.
Among the amino acids isolated from the degradation products of subtilin are glycine, alanine, valine,
leucine, isoleucine, proline, phenylalanine, tyrosine,
lysine, aspartic acid, glutamic acid, and lanthionine.
A peculiarity of the molecule is that sulfur, of which
there is more than 4 per cent, is embodied largely in
lanthionine rather than in cysteine or methionine.
The latter are present only in traces, if at all, in the
subtilin molecule.
Although subtilin has a useful antibiotic spectrum,
it is surpassed by penicillin, bacitracin, and broadspectrum antibiotics for treatment of infections due
to gram-positive organisms; by streptomycin and the
hydrazides of isonicotinic acid for tuberculosis; and
by fumagillin for amebic dysentery. It seems unlikely,
therefore, that subtilin will become clinically important, although it may become important in agriculture as a seed disinfectant.
Viomycin. — In 1950, an antibiotic notable because
it exhibits greater activity against species of the acidfast genus Mycobacterium than against other groups
of organisms was reported by Patelski (Trans. Ninth
Streptomycin Conference of the Veterans Administration, April 18-21, p. 186). This antibiotic, which
is called viomycin, is a tuberculostatic agent highly
active against both streptomycin-sensitive and streptomycin-resistant strains of Mycobacterium tuberculosis var. hominis H37Rv. Viomycin sulfate is available under the brand names Vinactane Sulfate (Ciba)
and Viocin Sulfate (Pfizer) .
Viomycin was discovered and developed independently from different soil samples in the research laboratories of Chas. Pfizer & Co. and of Parke, Davis &
Co. The Pfizer group designated the actinomycete
that elaborates the antibiotic Streptomyces puniceus
in allusion to the purple-red color of its vegetable
mycelium (Finlay et al., Am. Rev. Tuberc, 1951, 63,
1). The Parke, Davis group called the organism found
in their laboratory Streptomyces floridce because it was
isolated from a soil sample collected in Florida (Bartz
et al., ibid., 1951, 63, 4). Subsequent investigation
demonstrated the identity of the two cultures and
the species name puniceus is now the accepted one.
Commercial glucose is a satisfactory source of carbon for biosynthesis of viomycin by S. puniceus in
submerged culture, but the organism can also utilize
a variety of carbohydrates, including pentoses, poly-,
di-, or monosaccharides. A rich source of organic
nitrogen also is necessary for biosynthesis on an industrial scale. Casein hydrolysate, enzymatically hydrolyzed glue liquor, extract of hog stomach, whole
blood, blood albumin, fish viscera, and soy bean derivatives are all suitable nitrogenous substrates. The
antibiotic can be recovered from crude fermentation
liquor as the crystalline sulfate by carbon adsorption
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and subsequent elution followed by repeated precipitation from SO per cent aqueous methanol and
ultimate drying in vacuo.
Viomycin is a strongly basic polypeptide, among
the degradation products of which L-serine, a.P-diaminopropionic acid, and a basic amino acid isomeric
with lysine have been identified (Haskell et al.,
JA.CS., 1952, 74, 599). The tentative empirical formula C18H31-33N9O8, based on analyses of crystalline salts, has been proposed. The positive Sakaguchi
test indicates the presence of one or more guanidine
groups in viomycin. Biuret and ninhydrin tests also
are positive: maltol, Molisch, and Benedict tests are
negative. Essentially neutral salts of viomycin are
prepared readily: the sulfate, hydrochloride, picrate,
reineckate, and oxalate have been crystallized.
The sulfate and hydrochloride salts of viomycin are
readily soluble in water but not in most organic
solvents. The antibiotic is stable in acid solutions
(no loss of activity at pH 2.0 in 24 hours at 25° or
in 15 minutes at 100°) but is less stable in basic solutions (19 per cent loss of activity at pH 9.5 in 24
hours at 25° and 68 per cent loss in 15 minutes at
100°). At pH 7.0 there is no less of activity in 24
hours at 25°, but 41 per cent of the activity is lost
in 15 minutes at 100° (Bartz et al., Am. Rev. Tuberc.
1951, 63, 4). Acid and basic hydrolysates of viomycin
salts are inactive biologically.
The unit of viomycin has been established as 1
microgram of the pure base, and the activity of
viomycin preparations is expressed in terms of such
units. Klebsiella pneumoniae is used as a test organism
in turbidimetric bioassay. Myco. butyricum or B. subtilis are useful test organisms in cylinder plate assavs
(Ehrlich et al, Antibiot. Chemother., 1951, 1, 211).
Sensitivity of the tests may be increased by taking
advantage of the synergism between viomycin and
subinhibitory concentrations of sulfadiazine (Dye
et al., ibid., 1952, 2, 610).
Uses. — Principal interest in viomycin as a chemotherapeutic agent centers in its tuberculostatic activity. At concentrations of 5 to 10 micrograms per ml.,
viomycin completely inhibits the growth of many
isolates of streptomycin-sensitive and streptomycinresistant H37Rv mycobacteria in vitro. In human patients daily doses ranging from 30 to 75 mg. per Kg.
for periods of 2 weeks to 6 months have been used,
the total daily dose being given in 2 or 3 equal fractions intramuscularly. Later, following the regimen
found useful in streptomycin therapy, dosage schedules
of 2 Gm. twice a week, preferably with conjoint use
of streptomycin twice weekly and PAS daily, were
recommended (Pitts et al., Dis. Chest, 1953, 23, 241).
Tuberculosis organisms resistant to viomycin emerge
rapidly from initially sensitive populations. Resistance
increases according to the streptomycin pattern. In
vitro, Myco. tuberculosis H37Rv initially inhibited by
5 micrograms of viomycin per ml. may give rise in a
few transfers to populations not inhibited by 1000
micrograms per ml., and in human patients an 8- to
16-fold increase in resistance of H37Rv has been noted
after treatment for about two months.
Tests on experimental animals indicate relatively
low acute and chronic toxicity of viomycin sulfate
(the acute intravenous LD50 in mice is 241 mg. per
Kg.; subcutaneous, 1381 mg. per Kg.). Dogs tolerate
daily intramuscular injections of 50 to 100 mg. of
viomycin sulfate per Kg. for more than 5 months
(P'an et al., Am. Rev. Tuberc, 1951, 63, 44). The
drug is nonirritating and can be given as a 10 per cent
solution subcutaneously, intramuscularly, or intravenously without causing pain, necrosis, or thrombosis.
Although human patients can tolerate daily intramuscular doses of 50 to 75 mg. of viomycin sulfate
per Kg. of body weight for long periods of time, toxic
manifestations have been reported in some individ-
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uals: the most serious symptoms are renal irritation,
accompanied by albuminuria and appearance of hyaline and granular casts, erythrocytes and leukocytes
in centrifuged urine sediment, and electrolyte imbalance accompanied by nausea, weakness, muscular
cramps, lassitude, and electrocardiographic changes
consistent with electrolyte abnormalities. Schaffeld
et al. (Am. Rev. Tuberc, 1954, 69, 520), on the basis
of thorough study of 23 tuberculous patients treated
with viomycin, concluded that the antibiotic has
"definite but not prohibitive toxicity." They advise
that when viomycin is employed good laboratory
facilities for conducting plasma electrolyte studies and
audiometry should be available. Other reported toxic
symptoms include blood dyscrasias, impairment of
vestibular mechanisms, and deafness.
Intensive therapy with potassium and calcium salts
may correct the electrolyte abnormalities and restore
the normal electrocardiographic picture. Werner et al.
(Am. Rev. Tuberc, 1951, 63, 49) suggested concurrent administration of potassium and calcium salts
with viomycin as a precaution to diminish or perhaps
prevent development of electrolyte imbalance during
prolonged treatment with this antibiotic.
The reports cited above and those of Payne and
coworkers (Dis. Chest., 1953, 24, 591), Adcock et al.
(Am. Rev. Tuberc, 1954, 69, 543), and others indicate that viomycin is less effective and no less toxic
than streptomycin but that it has a definite place in
the arsenal of antituberculosis drugs. The antibiotic
is not recommended when the routine measures customarily employed in tuberculotherapy prove adequate or when streptomycin-dihydrostreptomycin
mixtures, combined with PAS, are effective. Viomycin
may be useful, however, in treating tuberculous patients who are allergic to streptomycin or who harbor
streptomycin-resistant tuberculosis organisms. It may
be used with streptomycin and its standard adjuvants
in mixed antibiotic therapy; if used as the only antibiotic, viomycin should be accompanied by PAS,
isoniazid, and the standard adjuncts used in treatment of tuberculosis. The observations of Adcock
et al. (loc cit.) and of others indicate that clinical
and radiologic improvement can be expected to be
more pronounced in tuberculous patients with a recently acquired and exudative form of the disease
than in patients with disease of longer standing. Generally, viomycin is considered relatively ineffective in
caseous or fibrotic lesions. However, Tucker (Am.
Rev. Tuberc, 1954, 70, 812) found that viomycin
induced roentgenographic improvement, cavity closure, and conversion to a status of non-infectiousness
in a significant number of 125 tuberculous patients
who had far advanced, highly cavernous, sputum-positive, progressive disease which had failed to respond
to other forms of therapy.
It seems to be the consensus that about one out of
3 to 4 tuberculous patients does not respond satisfactorily toany of the standard forms of chemotherapy
(13th Conference on the Chemotherapy of Tuberculosis, held under auspices of U. S. Veterans Administration, Army, and Navy, 1954, p. 144; Deuschle
et al., Am. Rev. Tuberc, 1954, 70, 228). This group
may be significantly benefited by administration of
viomycin with other standard forms of treatment.
Anticoagulant Drugs. — With the fuller recognition of the morbidity and mortality associated with
phlebitis, thrombosis and embolism, sometimes referred to as thromboembolic disease, and including
thrombophlebitis, phlebothrombosis, embolism and infarction, the prophylactic and therapeutic use of
anticoagulant drugs has attained a place of major
importance in clinical medicine. Two types of drugs
are in use: the heparin type (see under Heparin
Sodium in Part I) and the coumarin derivatives (see
under Bishydroxy coumarin in Part I) . The heparinoid
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substances are the result of numerous attempts to
produce a synthetic and cheaper substance with the
action of heparin ; so far none of these substances has
proved to be sufficiently satisfactory to replace heparin in therapeutics, usually because of untoward
side effects. In this group the following (v.i.) are
discussed briefly: dextran sulfate, Paritol, Thrombocid and Treburon. Efforts to improve on the degree
of activity and the duration of action of the antiprothrombin coumarin derivatives have produced
ethyl biscoumacetate (see in Part I), cyclocumarol
and Warfarin. The latter two are discussed here
briefly. Phenindione is also included in this section
since it possesses antiprothrombin action resembling
that of the coumarin derivatives, although it differs
in chemical nature. Certain aspects of the physiology
and pharmacology of prothrombin are considered
under menadione, phytonadione, menadiol sodium
diphosphate, and acetomenaphthone — the vitamin K
substances — in Part I.
Non-official Anticoagulant Drugs
Cyclocumarol, N.N.R. Cumopyran (Abbott). —
3,4 -Dihydro - 2 -methoxy - 2 - methyl-4-phenyl-2H,5Hpyrano [3,2-c] [l]-benzopyran-5-one is a white
crystalline powder, insoluble in water and slightly
soluble in alcohol. Cyclocumarol is an anticoagulant
drug for oral administration, the indications and contraindications for its use being similar to those of
bishydroxycoumarin (q.v.), to which it is related
chemically. It acts by inhibiting the formation of
prothrombin in the liver. Known originally as 4-hydroxycoumarin anticoagulant No. 63, it was synthesized in 1942 by Ikawa in Link's laboratory. The
initial clinical observations by Battle and associates
(/. Lab. Clin. Med., 1950, 35, 8) indicated that it has
a latent period of approximately 24 hours and that a
single dose of 2 mg. per Kg. of body weight produced adequate hypoprothrombinemia in 24 to 48
hours. The prothrombin time returned to pretreatment levels in an average of 8 days (4 to 14 days).
In their patients no changes in the blood count,
urinary findings or liver function could be demonstrated. Rotter and Meyer (ibid., 1950, 36, 981) demonstrated the ease of maintaining a stable level of
hypoprothrombinemia with this drug.
In a subsequent report on 130 trials in 124 patients
Rotter and Meyer (Arch. Int. Med., 1951, 88, 296)
concluded that it is a better anticoagulant than bishydroxycoumarin, safe and effective prothrombin levels being maintained more easily and with less fluctuation than with the latter compound. Of their cases 53
had no evidence of thromboembolic disease, while the
other 71 were in need of therapy for such diseases as
myocardial infarction, thrombophlebitis, pulmonary
embolism, cerebral thrombosis and embolism, and
peripheral arterial embolism. Therapeutic prothrombin
levels were attained in 78 per cent of the patients
within 48 hours. The incidence of toxic manifestations was low, only 4 of the 124 patients having any
significant hemorrhagic phenomena and microscopic
hematuria was uncommon. They found vitamin Ki to
be the most effective antidote, while water-soluble
vitamin K preparations were not efficacious. Transfusion with fresh whole blood was relatively ineffective
as an antagonist to its action, in contrast to its effectiveness as an antidote for bishydroxycoumarin. In
this series no anticoagulant was given unless the baseline prothrombin time was 70 per cent or more. The
initial dose was 2 mg. per Kg., adjusted to the nearest
25 mg. None was administered on the second day.
Subsequent dosage was based on the prothrombin
time, none being given if the level was in the lower
therapeutic range and decreasing or if lower than 20
per cent; with a prothrombin time of 20 to 40 per
cent the dose was 25 mg., and those whose prothrom-
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bin time was above 40 per cent were given 50 mg.
Only two of the patients proved to be hyperreactors.
Barker et al. (J. A.M. A., 1952, 148, 274) determined
that the initial dose required for ethyl biscoumacetate
is from 5 to 6 times as much as for bishydroxycoumarin, while the initial dose of cyclocumarol is only
one-third to one-half as much. Difference in dosage
is accounted for by the differences in solubility. Maintenance dosage for the three preparations was in the
same proportion. Doses were required less often for
cyclocumarol than for bishydroxycoumarin, while
ethyl biscoumacetate had to be given more frequently.
Resistance to cyclocumarol was not encountered,
whereas 8 per cent were resistant to bishydroxycoumarin and 10 per cent to ethyl biscoumacetate.
Five patients who failed to respond adequately to
bishydroxycoumarin had therapeutic prothrombin
levels following cyclocumarol. The latter drug produced a somewhat more consistent hypoprothrombinemia with less tendency to fluctuate from day to
day, but hypoprothrombinemia tended to persist for
a longer period after the drug was discontinued than
was the case with bishydroxycoumarin. They confirmed that vitamin Ki is a strong antagonist to cyclocumarol, nearly always terminating the hypoprothrombinemia in 24 to 48 hours. These authors
concluded that the therapeutic effects and risk of
bleeding of all three preparations are comparable if
comparable blood levels are maintained.
Blaustein (Medical Times, 1953, 81, 605) stated
that studies do not substantiate the claim that cyclocumarol isless toxic to small blood vessels and capillaries than other anticoagulants. Cyclocumarol is 2 to
3 times as potent as bishydroxycoumarin and its
onset of therapeutic effect is sometimes more rapid
and often somewhat more prolonged. Its administration must be carefully controlled with prothrombin
time determinations and the same precautions must
be observed as with similar anticoagulants in order
to avoid overdosage and hemorrhage.
Dose. — The initial dose of cyclocumarol is 100 to
200 mg. administered orally, depending upon the size
and condition of the patient as well as upon the existing blood level of prothrombin. Patients with cardiac
decompensation or myocardial infarction usually require somewhat smaller dosage. Onset of effect usually
takes place within 24 hours and full therapeutic action
is usually attained within 36 hours. Anticoagulant
therapy may be initiated with heparin sodium if
prompt action is necessary. Prothrombin activity is
determined daily during the first 10 days after the
initial dose to determine the maintenance dose. If
prothrombin activity is above 25 per cent a dose of
12.5 to 50 mg. daily is given. It may be necessary to
eliminate the dose for the day if activity falls below
25 per cent. The most effective antagonist in event of
overdosage
is vitamin Ki (and possibly vitamin Ki
oxide) .
50 Cumopyran
mg.
is available in tablets containing 25 and
Dextran Sulfate. — This substance (see also discussion of Dextran under Plasma Extenders, in Part
II) has anticoagulant action, as might be expected of
a sulfated polysaccharide (Ricketts, Biochem. J., 1952,
51, 129). Preparations with a molecular weight of
about 7500 resemble heparin in action and possess low
toxicity. Preparations with molecular weight of 40,000
or more have anticoagulant action but also combine
with proteins, such as fibrinogen and prothrombin, in
the blood, to form insoluble complexes and, in large
doses, result in agglutination of platelets and other
blood cells with resulting embolism and infarction
(Walton, Brit. J. Pharmacol. Chemother., 1954, 9, 1).
This heparinoid anticoagulant has not come into
clinical use.
Dipaxin . 2 - Diphenylacetyl - 1 ,3 - indanedione . — This
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substance, related to phenindione, is an anticoagulant
which has proved to have effective prothrombin depressant action (.Pascale and Olwin, Circulation, 1954,
9, 230; Reitemeier et al., Sckwea. med. Wchnschr.,
1954, 84, S27). The initial dose is 15 to 25 mg., decreasing progressively to a maintenance dose of 3 to
5 mg. daily by the fifth day.
Paritol. Manuronate. — Paritol is the sodium salt
of polyanhydromannuronic acid sulfuric ester, produced by treating kelp seaweed extract with sulturic
acid. Its chemical structure is similar to that of
heparin and its action is similar in that it inhibits the
action of thrombin. It is, therefore, a cheaper synthetic
substitute for heparin {q.v.). This drug is about oneseventh as active as heparin when compared on the
basis of mg. of dose per Kg. of body weight, and the
duration of its anticoagulant effect is from 2 to 4
times that of heparin (Wright. Circulation, 1952, 5,
161). By adjusting the dosage the clotting time can
be prolonged in the same therapeutic range as with
heparin. Beazley et al. {Am. J. Med. Sc, 1953, 226,
275) observed that single injections effectively prolong the clotting time from 8 to 10 hours, and the
anticoagulant action can be prolonged at therapeutic
levels by injections at similar intervals. Studies on
animals indicate that about 25 per cent of the drug is
excreted in the urine; the remainder is inactivated in
the peripheral blood stream by an antithrombin inhibitor (Seifter and Begany. Am. J. Med. Sc, 1948,
216, 234). As in the case of dextran sulfate {q.v.),
the molecular size of this material affects the degree
of anticoagulant action. It has been found by Howe
et al. {ibid., 1952. 223, 258) that both heparin and
Paritol have a definite antirheumatic action and
produced a complete remission in 5 cases of acute
gouty arthritis. The mechanism of action in this regard is unknown and is apparently not primarily due
to the anticoagulant effect.
In a series of 50 patients, half of whom were in the
postoperative period following major surgery. Martin
and Boles {Surgery, 1952, 31, 691) found that initial
injection of Paritol appeared to potentiate subsequent
administration of the drug, as determined by the
maximum rise in clotting time. Increase in the coagulation time was greater after the second or third
intravenous injection of 3 mg. per Kg. of body weight
than after the initial injection. Further, the initial
dose produced a significant increase in coagulation
time for 6 to 8 hours, while continuation of treatment
on subsequent days was characterized by effective
prolongation for 12 to 16 hours following each dose.
For this reason they advised that frequent determinations of the Lee-White coagulation time be performed
in order to control therapy effectively. Similar results
were obtained following intramuscular injections, but
alteration in clotting time was much less. The necessity of intravenous administration is an obvious disadvantage.
Wright {loc. cit.) did not feel justified in recommending Paritol for general use because of the untoward reactions which have been known to occur,
the most serious being a shock-like reaction, which
in some patients has produced generalized vasomotor
collapse. In addition. Paritol has been found to cause
elevation of the blood urea nitrogen in some patients
with renal disease; in other patients there have been
urticarial reactions and alopecia. Accidental extravasation during intravenous injection may produce local
inflammation, and intramuscular injection is quite
painful. Protamine sulfate {q.v.) is an effective antidote to its anticoagulant action.
Dose. — The usual dose of Paritol is from 3 to 5
mg. per Kg. of body weight intravenously in 10 per
cent solution. For laboratory purposes it is available
as Manuronate (Wyeth). in bottles of 25 Gm. For
blood specimens, a concentration of 50 to 100 mg. per
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liter of blood is used. In manometers, a concentration
of 1 to 3 Gm. per liter of sodium chloride injection
is used. In vivo, in animals, the dose is 5 to 40 mg.
per Kg. intravenously.
Thrombocid is a xylan sulfuric acid ester with
action similar to that of Manuronate (Astrup, Scandinav. J. Clin. Lab. Invest., 1953, 5, 137).
Phexixdioxe, JV..Y J?. Pheny'.indanedione. 2-Phenyl1,3-indanedione. Danilone (Schieffelin). Hedulin
(Walker). — Phenindione occurs in pale-yellow crystalline leaflets, practically odorless, very slightly soluble
in water, and dissolving in alcohol to the extent of
about 1 Gm. in 100 ml. The compound is an anticoagulant drug, administered orally, with action and
uses similar to those of bishydroxycoumarin {q.v.),
though not related chemically. The structure of
phenindione may be represented as

Prolongation of the prothrombin time by certain
indanedione derivatives was first described by Kabat
and associates {J. Pharmacol., 1944, 80, 160). Three
years later Meunier et al. {Compt. rend. acad. sc,
1947, 224, 1666) reported that phenylindanedione was
the most active of these substances. Soulier and
Gueguen {Compt. rend, soc biol., 1947, 141, 1007)
were the first investigators to use it clinically. In
animal experiments Jacques et al. <Fed. Proc, 1949,
8, 81; Can. Med. Assoc J., 1950, 62, 465) found the
latent period to be only half that of bishydroxycoumarin and that normal prothrombin time was restored in less than one-third the time required for the
latter. Bjerkelund {J. Lab. Clin, hn., 1950, 2, 83)
demonstrated that vitamin K in large doses intravenously has an antagonistic effect.
Preston et al. {Circulation, 1952, 6, 515) reported on
its use in 74 patients, the initial dose being 150 to 200
mg. and the average maintenance dose 50 mg. twice
daily to maintain prothrombin activity from 10 to
30 per cent of normal. In their series resistance was
infrequent and minor hemorrhagic complications occurred in onlv 5 patients. OConnor et al. {Quart.
Bull. Northwest. U. Med. Sch., 1952. 26, 193) reported minor hemorrhagic phenomena in 3 of 50
patients receiving the drug for myocardial infarction.
McCabe and Fittipoldi (.4m. Pract. Dig. Treat., 1953,
4, 765) regarded it as the anticoagulant of choice by
virtue of its safety and lack of toxic reactions. They
found that if the clinician is too cautious with initial
dosage a higher maintenance dose will be needed.
Brown and MacMillan {Am. J. Med. Sc, 1953. 225,
495) found little acceleration of effect from increasing
the size of the initial dose, response to 100 mg. frequently being as rapid as to 300 mg. In most cases a
satisfactory therapeutic effect was obtained within 48
hours. The action was dissipated in the majority of
cases by the second day after discontinuing treatment,
in virtually all by the third day. Required daily
maintenance dose varied from 12.5 to 300 mg. They
noted that patients with severe cardiac insufficiency
or shock exhibited increased response and urged the
exercise of caution in administering phenindione to
such patients. They found that vitamin Ki and its
oxide are effective antidotes to the anticoagulant
action, restoring safe prothrombin levels in 4 to 5
hours. In a series of 400 cases Blaustein et al. {Am. J.
Med., 1953, 14, 704) gave an initial dose of 200 mg.
to patients weighing 150 lbs. or less, 300 mg. to those
over 150 lbs. Maintenance doses averaged 65 mg.
daily, varying from 25 to 100 mg. Minimal fluctua-

Part II
tions in prothrombin time were achieved by giving
half the clay's dose in the morning and the remainder
at bedtime. Therapeutic prothrombin time depression
was obtained in less than 20 hours in 20 patients, in
28 hours or less in 274 patients, in 32 hours in 82
patients, and in 54 hours in 9 patients. No therapeutic
effect was ever obtained in 15 cases. They discovered
that resistance to phenindione indicates resistance to
oral prothrombopenic drugs in general. Recovery from
action of the drug was complete in 48 hours or less in
386 of the 400 patients. Hematuria occurred in only
two cases. Vitamin Ki emulsion was effective in
restoring the prothrombin level to normal in four
hours.
In reporting on the use of phenindione in 200
patients treated for periods of 1 to 8 weeks Coon
et al. (Ann. Surg., 1953, 138, 467) concluded that it
is the most desirable of any of the hypoprothrombinemic drugs in current use. In most of their cases an
initial dose of 300 mg. was repeated after 12 hours
and a third dose of 100 mg. was given 24 hours after
the first dose. The average daily dose to maintain 20
per cent prothrombin activity (Quick's method) was
130 mg., divided into 2 equal doses, smaller amounts
being needed in patients with myocardial infarction or
congestive heart failure than in those with other
thromboembolic disorders. Transient proteinuria was
observed in two-thirds of the patients, disappearing
after 1 to 4 days while the drug was continued. The
incidence of hemorrhagic phenomena was 6.5 per cent,
as compared with 9 per cent of cases receiving ethyl
biscoumacetate and 11.2 per cent of those given bishydroxycoumarin. The antagonistic action of synthetic
water-soluble vitamin K (menadione bisulfite) proved
to be unpredictable and highly variable whereas
vitamin Ki was uniformly efficacious.
Toohey (Brit. M. J., March 21, 1953, p. 650) observed the action of phenindione to be midway between that of bishydroxycoumarin and ethyl biscoumacetate. There was less danger of cumulative
effect than with the former and easier clinical control
than with ethyl biscoumacetate because of the slower
metabolism and excretion of phenindione. He regarded a weekly prothrombin time determination as
adequate during prolonged therapy. In his series of
35 patients with acute thromboembolic disease Kim
(U. S. Armed Forces M. J., 1954, 5, 1623) found the
average time for therapeutic effect to be 28 hours.
Prothrombin escape was controlled by increasing the
dosage and low prothrombin values were corrected
by omitting the drug for a day or two. Kruesi and
Schilling (New Eng. J. Med., 1954, 251, 927) suggested that the day's dose be diminished by 50 per
cent if prothrombin activity is slightly prolonged
rather than to eliminate it entirely, which may result
in a normal level in 24 hours.
Toxicology. — No impairment of liver or kidney
function is produced by phenindione, according to the
investigation by Kim (loc. cit.). However, Brown and
MacMillan (Am. J. Med. 5c, 1954, 227, 526) described 2cases of agranulocytosis, one of them fatal,
following administration of phenindione. An instance
of agranulocytosis has also been cited by Townsend
and associates (Can. Med. Assoc. J., 1953, 69, 149).
A case of acquired sensitivity was reported by Makous
and Vander Veer (J. A.M. A., 1953, 155, 739), the
severe general reaction including hepatitis, jaundice,
a leukemoid blood picture, skin rash, and anemia.
The urine of patients receiving this drug is usually
orange in color within 6 hours after the initial dose,
this being the color of the drug in alkaline solution;
it is not to be confused with gross hematuria.
Contraindications to its use are similar to those for
bishydroxycoumarin (q.v.) and include acute nephritis, subacute bacterial endocarditis, blood dyscrasias
with bleeding tendency, the presence of ulcerative
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lesions from which bleeding may occur, recent operations on the brain or spinal cord and recent cerebrovascular accidents. It must be administered with
caution in patients with impaired liver function or
renal insufficiency.
In summary, phenindione is an indanedione derivative used orally as an anticoagulant in prevention and
treatment of thromboembolic disease. Like the 4hydroxycoumarin compounds it acts by inhibiting
prothrombin formation in the liver. It is intermediate
in its action between bishydroxycoumarin and ethyl
biscoumacetate. It is apparently safer from the standpoint of inducing hemorrhage but it can cause fatal
agranulocytosis. Its administration must be controlled
by prothrombin time determinations at suitable intervals. Vitamin Ki and its oxide are reliable antagonists to its hypoprothrombinemic action.
Dose. — The initial total daily dose of phenindione
is 200 to 300 mg., administered orally, half given in
the morning and half at bedtime. Patients weighing
less than 70 Kg. should be given 200 mg. ; those
weighing more than 70 Kg. should receive 300 mg.
Maintenance dosage is adjusted to lengthen the prothrombin time to 2 to 2.5 times the normal values.
Daily maintenance dosage varies from 50 to 100 mg.,
given in 2 doses in the same manner as the initial
dose. The average maintenance dose is 75 mg. When
the usual daily requirement has been established by
daily prothrombin determinations for the first 3 days,
the prothrombin time need be repeated only at intervals of 7 to 14 days, unless the patient's condition
indicates otherwise. If hemorrhage occurs the drug
must be withdrawn immediately and 50 to 75 mg.
of vitamin Ki should be administered intravenously.
Transfusions of fresh whole blood or plasma may be
helpful.
mg.Phenindione is supplied in tablets containing 50
Treburon (Hoffmann-La Roche). — Mepesulfate. —
The sodium salt of sulfated polygalacturonic acid
methyl ester methyl glycoside, this is a synthetic anticoagulant similar to heparin (q.v.) in its action.
Scholz and Barker (Proc. Mayo, 1952, 27, 332)
reported it to be one-third to one-fourth as potent as
heparin. They found an intravenous dose of 200 mg.
to be effective in 30 minutes, clotting time being at
least twice normal 3 hours after injection. As with
heparin, administration by the sublingual route is
ineffective. In 15 patients the only adverse reaction
noted by these authors was slight transient nausea
and tingling of the fingers in one individual.
Hirschboek et al. (Am. J. Med. Sc, 1954, 227, 279)
found that an intramuscular injection of 625 mg. of
Treburon (2.5 ml. of a 25 per cent solution with 0.5
per cent phenol) prolongs the coagulation time of
venous blood from 20 to 60 minutes over a period
of 12 to 18 hours, as determined by the Lee-White
method. In a series of 240 patients with a variety of
vascular disorders they observed that it was usually
possible to prolong the coagulation time to between
30 and 60 minutes with a maintenance dose of 250
mg. every 12 hours.
The toxicity of Treburon in animals is only onehalf that of heparin (Mangieri et al., J. Pharmacol.,
1951, 102, 156). There is little change in the prothrombin time and none in the platelets, fibrinogen
or sedimentation rate. It does not affect renal function, according to Hirschboek et al. (loc. cit.). The
latter observed, however, that Treburon caused some
degree of alopecia in 19 per cent of their patients and
in 35.5 per cent of patients who received a total dose
of more than 3000 mg. The alopecia may occur as
late as 1 month after administration of the drug has
been discontinued. They also found that brittle,
chalky nails, diarrhea, and epistaxis may occur. The
hair regrows and the nails return to normal subse-
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quently. The anticoagulant action of Treburon is
partly or entirely neutralized by an injection of 50
mg. of protamine sulfate (Scholz and Barker, loc.
cit.). Treburon is not available commercially.
Warfarin. WARF Compound 42. 3-a-Phenyl-fJacetylethyl-4-hydroxycoumarin. C19H16O4. — This
coumarin derivative occurs as a colorless, odorless,
practically tasteless powder; it is practically insoluble
in water, but is soluble in alcohol, in ether, and in
alkaline aqueous solutions. The sodium salt (Warfarin
sodium) is soluble in water; it is available commercially under the trade-marked name Coumadin Sodium (Endo).
Warfarin (named after the Wisconsin .41umni
.Research Foundation) is an outgrowth of the researches of Link and his associates at the University
of Wisconsin which led to the identification of hydroxycoumarin compounds as the constituents of
spoiled sweet clover which were responsible for the
hemorrhagic "sweet clover disease" of cattle and
which led also to the introduction of the anticoagulant
bishydroxycoumarin (q.v.).
As with other hydroxycoumarin compounds, Warfarin inhibits formation of prothrombin by the liver,
its capacity to produce hypoprothrombinemia being
about 40 times that of bishydroxycoumarin. This
property, leading to fatal internal hemorrhage when
sufficient of the compound is ingested, is the basis for
the use of Warfarin as a rodenticide. Consumption of
a bait, usually corn meal, containing 1:4000 of Warfarin will prove fatal to most rodents when consumed
over a period of 4 to 6 days, although Norway rats
may require a concentration of 1:1000. For information concerning the rodenticidal efficacy of the compound see Pub. Health Rep., 1950, 65, 368, 1537;
1951, 66, 1727).
Warfarin, commonly employed in the form of the
water-soluble sodium salt, is a potent anticoagulant
used in prophylaxis and treatment of thromboembolic disorders, including pulmonary embolism and
coronary thrombosis with myocardial infarction. It
acts by inhibiting prothrombin formation in the liver
(for details of action and uses see Bishydroxycoumarin). It is absorbed rapidly and completely from
the gastrointestinal tract. The onset of action, the
peak effect and the duration of hypoprothrombinemia
are quite similar to those which follow parenteral
administration (Clatanoff et al., Arch. Int. Med., 1954,
94, 213). Warfarin sodium is the only 4-hydroxycoumarin compound which can be administered orally,
intravenously and intramuscularly.
In a series of 100 cases of acute myocardial infarction, pulmonary embolism, peripheral venous thrombosis and migratory thrombophlebitis, Shapiro (Angiology, 1953, 4, 380) had no failures in achieving
satisfactory hypoprothrombinemia and he stated that
Warfarin sodium is easier to use and safer than other
anticoagulants now in use. An initial dose of 1 mg.
per Kg. of body weight administered by vein produced atherapeutic prolongation of prothrombin time
within 18 hours; the drug action lasted from 5 to 8
days. Subsequent intravenous doses were two-thirds
the initial dose unless the prothrombin time approximated normal, in which event the same dose first used
was repeated. Shapiro (/. Kansas M. Soc, 1954, 55,
687) recommends that the smallest initial dose should
be 50 mg., while in patients weighing more than 75
Kg. a dose of 100 mg. be given. Intravenous or intramuscular maintenance doses are given every 4 or
5 days. He states that oral doses of 12.5 mg. daily
or 25 mg. on alternate days will maintain the prothrombin time in the accepted therapeutic range of
1.5 to 2.5 times normal in seconds, as determined by
the Link-Shapiro modification of the Quick one-stage
method. However, Shapiro prefers an intermittent
dosage scheme, believing it is less likely to affect the
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integrity of the vascular wall, therefore reducing the
danger of hemorrhage. For this purpose oral doses of
50 mg. every third or fourth day provide satisfactory
maintenance. In his experience gross hematuria has
occurred less frequently than with bishydroxycoumarin, cyclocumarol, or ethyl biscoumacetate and its
action is highly predictable. He indicates an additional
advantage in that restoration of prothrombin time to
normal by giving vitamin Ki does not preclude
prompt
response to further administration of Warfarin.
Wolff et al. (Proc. Mayo, 1953, 28, 489) used
Warfarin sodium intravenously to initiate anticoagulant therapy in 29 patients. They concluded that its
effect is more rapid and consistent than that of other
coumarin derivatives administered orally. In 26 of
the cases a therapeutic effect was obtained in 24 hours
and in most instances the maximal effect was present
in 48 hours. They found little or no measurable effect
during the first 12 hours, indicating that this drug
is not a substitute for heparin if immediate action is
required. In their experience results were variable
enough that they recommended performing a daily
prothrombin time. These authors reported suboptimal
results from doses below 60 mg. in patients weighing
less than 60 Kg. and an adequate effect from 75 mg.
in those weighing over 75 Kg. Wolff and associates
advised using only two-thirds the calculated dose if
the nutritional status or hepatic function is questionable and even smaller doses in patients who have
vomiting. In three patients to whom they gave 250
mg. of vitamin Ki orally at the peak effect of a
second dose of Warfarin sodium the prothrombin
time was within 2 seconds of normal in eight hours
and normal in 24 hours.
The latent period and the time needed for therapeutic response to Warfarin are similar to those for
ethyl biscoumacetate (q.v.), but the duration of
action is more prolonged and it is less difficult to
maintain a stable level, according to Clatanoff and
associates (loc. cit.) . These authors stated further that
the latent period and time required for therapeutic
response are shorter than with bishydroxycoumarin
or cyclocumarol (q.v.), while the duration of effect is
similar. They found that frequent prothrombin times
are required and that, as with bishydroxycoumarin,
the maintenance dose depends not only on the prothrombin time for the day but on whether the value
is rising or falling. They believed that there is no
advantage in giving Warfarin sodium intravenously
unless the patient is vomiting and unable to tolerate
oral medications, that the maximal dose should be
75 mg., and agreed that vitamin Ki is a very effective
antidote.
Toxicology. — The potentially toxic properties of
Warfarin are indicated in its use as a rat poison (see
above) ; the lethal amount per rat is about 0.7 mg.
Toxicity data have been reported by Hagan and
Radomski (J. A. Ph. A., 1953, 42, 379). A case of attempted suicide, in which a total of 4 ounces of a
powder containing 0.5 per cent of Warfarin was taken
over a period of 6 days, is recorded (JA.M.A., 1952,
148, 935). The patient exhibited marked hypoprothrombinemia with some evidence of bleeding; treatment with vitamin K, given intravenously, accompanied by transfusions of whole blood, resulted in
complete recovery in 2 weeks.
The danger of hemorrhage attends the use of Warfarin, as in therapy with any anticoagulant drug.
Patients who are vomiting and those who have undergone extensive surgical procedures may be hyperreactors. Hypersensitivity in the absence of any obvious factors has been reported (Clatanoff et al., loc.
cit.). Microscopic hematuria may occur. Hemorrhage
may be prevented by proper selection of patients and
by careful control with frequent prothrombin time
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determinations. In event of bleeding SO mg. of vitamin
Ki emulsion should be given intravenously. Vitamin
Ki oxide in doses of 0.5 to 2.5 mg. may be used. If
neither preparation is available menadione is given
by vein. Search for toxicity from Warfarin by means
of complete blood counts, urinalyses and liver function tests has revealed none.
Contraindications to its use include the following:
visceral ulceration or bleeding granulomatous lesions;
subacute bacterial endocarditis; impaired hepatic or
renal function; surgical operations on the brain or
spinal cord; continuous tube drainage of the stomach,
small intestine or urinary bladder. It is to be used
with caution in the presence of poor nutrition, vomiting, and after extensive surgical procedures.
In summary, the therapeutically effective dose of
Warfarin is the smallest of any of the coumarin derivatives in terms of milligram of drug per kilogram
of body weight. Its sodium salt is equally effective
by the oral and intravenous routes. It provides a
smoothly extended course of hypoprothrombinemia
and its action is highly predictable. No toxic effects
have been described with therapeutic doses and bleeding following its administration is infrequent. Its
action may be reversed promptly by vitamin Ki.
Dose . — The average initial dose of Warfarin sodium
intravenously is 1 mg. per Kg. of body weight (not
less than 60 mg. or more than 100 mg.) ; the effect
usually persists 5 to 6 days. Subsequent intravenous
doses should be about two-thirds the initial dose and
should be given after the prothrombin time has begun
to recede from the highest point on the prothrombin
curve in the therapeutic range. An initial oral dose of
75 to 100 mg. is effective for 2 to 5 days. The therapeutic effect after initial administration by either
route may be maintained by oral doses of 12.5 mg.
daily or 25 to 50 mg. every 2 to 4 days (the latter
dose is effective for 72 hours). Oral treatment must
be controlled by prothrombin time determinations
every 24 to 48 hours in the first 14 days. A prothrombin time determination should be made in all patients
at the outset of treatment. Where an immediate anticoagulant effect is necessary 50 to 100 mg. of heparin
sodium may be given intravenously in the same
syringe with the initial dose of Warfarin sodium.
Coumadin Sodium is supplied in 10-ml. ampuls
containing 75 mg., also in tablets containing 25 mg.
Antihistaminic Drugs. — The release of histamine
or a histamine-like substance is believed by many investigators tobe primarily responsible for the various
manifestations of allergic diseases. Horton (Proc.
Mayo, 1945, 20, 417) is of the opinion that the histamine, or histamine-like substance, provokes an edema
which at certain seasons manifests itself as hay fever
and at other times as vasomotor rhinitis; in the skin,
localized edema is observed in the form of urticaria
and angioneurotic edema, and in the labyrinth as
Meniere's symptom complex. An antihistaminic substance which destroys, counteracts, blocks, or otherwise prevents histamine from functioning, suggests
itself as the most direct means of treating allergic conditions of such origin.
Histaminase. — One ineffective clinical approach
was the utilization of the enzyme which destroys
histamine in the body. Best et al. (J. Physiol., 1929,
67, 256; 1930, 70, 349) demonstrated the presence
of this enzyme, called histaminase, in tissues. Preparations ofthe enzyme have been tried therapeutically,
often with disappointing results, perhaps due to destruction orinactivation of the enzyme. Such a preparation is Torantil (Winthrop), an extract of desiccated hog kidneys offered in enteric-coated tablets
containing 10 units of histaminase, each unit of which
inactivates 1 mg. of histamine hydrochloride in 24
hours at pH 7.4. For a review of literature pertaining to the substance see J.A.M.A., 1940, 115, 1019,
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also a report by Feinberg, J.A.M.A., 1946, 132, 702.
The use of substances which counteract the effects of
histamine by their own activity is a measure which
is employed practically; epinephrine, for example, is
very useful for this purpose but its own potent activity is a drawback to general usage. Still another approach is to find substances which block the actions
of histamine without themselves producing biologic
effects. Atropine is, to a degree, such an antihistaminic
substance but the effect on the cholinergic nervous
system reduces its usefulness for the former effect.
Synthetic Compounds. — In 1937, Bovet and Staub
(Compt. rend. soc. biol., 1937, 124, 547), of the
Pasteur Institute in Paris, who had begun a systematic search for synthetic substances having a specific antihistaminic effect, issued preliminary reports
concerning the first effective agents of this kind. This
stimulated world-wide research to find other and
better antihistaminic drugs, out of which has come
such a large number of useful compounds that not
only has the supply of them exceeded the abundant
market for the substances but there are many which
have not been introduced commercially. This is not
surprising when it is realized that the characteristic
similarities in the molecular structure of the most
powerful antihistaminic agents may be incorporated
in many substances synthesized by the chemist. Moreover, it appears that considerable variation in the
structural characteristics is possible while still retaining significant antihistaminic activity in many of the
products of synthesis.
The earlier antihistaminic compounds, as well as
the large majority of the compounds more recently developed, have the general formula represented by:

I

I

/

R— X— C/3— C«— N(

The following generalizations concerning the specific
nature of the component parts of this formula, based
X
on the published results of
activity
I theIphysiological
of a large number of histamine-antagonizing substances, may be made (for a more detailed consideration see Idson, Chem. Rev., 1950, 47, 307):
(1) The part R, sometimes called the nucleus, has
a critical shape and size in the several series of compounds conforming to the general formula shown
above. Usually it is composed of at least two 5- or 6membered cyclic (aromatic or heterocyclic) groups or
the equivalent of a polycyclic system, with a minimum molecular weight of 150 for useful antihistaminic
activity. In certain compounds, substitution by halogen, a small alkyl group, or a small alkoxy group
in the para position of a phenyl or benzyl group included in R enhances activity.
(2) The component X may be a nitrogen, oxygen
or carbon atom. Compounds in which X is nitrogen
are called the dialkylaminoethylamines or ethylenediamine derivatives; tripelennamine is the type example of this class. Those in which X is oxygen are
called the dialkylaminoethoxy compounds or ethanolamine derivatives; diphenhydramine is illustrative of
this group. Substances in which X is carbon are
called dialkylaminoalkyl compounds, and are exemplified by prophenpyridamine. As a rule, compounds in which X is nitrogen have more powerful
antihistaminic activity than those in which it is
either oxygen or carbon; those in which X is carbon
possess lowered toxicity and decreased side effects;
those in which X is oxygen have a significant sedative effect in man.
(3) The rest of the antihistaminic molecule, sometimes called the side-chain, apparently contributes
maximum activity when it is a dimethylaminoethyl
group, i.e., when the two substituents on the nitrogen
atom are methyl groups and those on the carbon
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atoms are hydrogens. An exception is observed
when the dimethylaminoethyl group is replaced by
a 2-methylimidazoline group, the resulting compound, though having reduced activity, being useful
because of its freedom from local irritation. Increasing
the number of carbon atoms in the side-chain from
two to three decreases the activity. There is some
evidence, however, that attachment of a methyl
group to the alpha-carbon increases potency, while a
similar alteration at the beta-carbon reduces potency.
Uses: Loew {Physiol. Rev., 1947, 27, 542) defined
an antihistaminic drug as a substance "capable of
diminishing or preventing several of the pharmacological effects of histamine ... by a mechanism
other than the production of pharmacological responses diametrically opposed to those produced by
histamine." By definition epinephrine is not an antihistaminic drug, although it produces hypertension
and other pharmacologic actions opposed to those of
histamine. Presumably the antihistaminic substance
attaches to the effector cell in a manner which prevents the action of histamine on the cell, comparable
to the antagonism of atropine to acetylcholine. The
large number of antihistaminic drugs defies detailed
analysis at this time. Clinical efficacy is not correlated quantitatively with the inhibition of histamine action on the isolated intestinal strip, or on
the blood pressure, or the bronchi in the intact animal (Friedlaender and Friedlaender, Ann. Allergy,
1949, 7, 83).
Sternberg et al. (JA.M.A., 1950, 142, 969), observing the extra amount of iontophoretically administered histamine required to produce diffuse
follicular whealing in human patients following oral
administration of an antihistaminic, rated the commercially available drugs as follows: Diphenhydramine (Benadryl) hydrochloride, 0.72; tripelennamine
(Pyribenzamine) hydrochloride, 0.70; pyrilamine
(Xeo-antergan) maleate, 0.69; Hydryllin (diphenhydramine and aminophylline) , 0.69; phenindamine
(Thephorin) tartrate, 0.50; methaphenilene (Diatrin)
hydrochloride, 0.47; prophenpyridamine (Trimeton),
0.46; doxylamine (Decapryn) succinate, 0.45; chlorothen (Tagathen) citrate, 0.40; methapyrilene
(Thenylene) hydrochloride, 0.33; methapyrilene
(Histadyl) hydrochloride, 0.33 ; thonzylamine (Neohetramine) hydrochloride, 0.32; antazoline (Antistine) hydrochloride, 0.32. The number appearing
after the name of each drug represents the micrograms of extra histamine "blocked by a 50-mg. dose
of antihistamine (except in the cases of Thenylene
and Antistine, of which 100 mg. was given).
Despite the potency of these compounds in preventing the bronchoconstriction caused by histamine
in guinea pigs, the therapeutic action in asthma in
man has been disappointing; epinephrine or aminophylline are much more effective. However, some
asthmatic patients failing to respond to oral administration have been relieved by inhalation of an antihistaminic aerosol. Antihistaminic drugs antagonize
anaphylactic shock in animals but much larger doses
are required than in the case of the untoward actions
of histamine (Lindau et al., Bull. Johns Hopkins
Hosp., 1948, 83, 343). Antihistaminic agents do not
prevent antibody production, antigen-antibody combination, the Arthus phenomenon or the vascular
lesions of hypersensitivity (Dammin and Bukantz,
J. AM. A., 1949, 139, 358).
Pharmacologic Action: The antihistaminic drugs
prevent or diminish the following actions of histamine: bronchiolar and intestinal spasm, hypotension,
increased capillar}' permeability, cutaneous wheal and
flare, release of epinephrine from the adrenal gland,
and salivation (but not gastric secretion). The drugs,
as a group, have many side actions: atropine-like or
antiacetylcholine
and
antispasmodic
(particularly
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when X is oxygen) ; spasmogenic (particularly when
X is nitrogen) ; sedative on the central nervous system, like hyoscine (but phenindamine often has a
stimulant action resembling d,/-amphetamine) ; local
anesthetic, resembling procaine (except prophenpyridamine) ;enhancement of the pressor action of epinephrine (except phenindamine, promethazine, pyrrolazote and propheniramine which diminish or
even reverse) ; quinidine-like action on the isolated
auricular muscle, and perhaps a membrane action
which decreases permeability. Some adrenergic-blocking drugs, such as benzodioxane (but not dibenamine),
are active anti-histaminic agents; however, none of
the histamine-antagonizing compounds in clinical
use has a significant adrenergic-blocking action. Many
of the compounds filter out the erythema-producing
ultraviolet wave lengths.
Mechanism of Action. — Certain information is suggestive, although not fully accepted, of the "antimetabolite" concept of action (Woolley, Adv. Enzymol., 1946, 6, 129; Gaddum, Brit. M. J., 1948, 1,
867), by which a compound with structural similarity
to histamine may attach itself to the "receivers" and
thus prevent the attachment of histamine, with consequent prevention of the physiological action of
histamine. This is not a physiological or a chemical
antagonism, i.e., the antihistaminic drugs neither produce symptoms opposite to those produced by histamine (by definition) nor do they destroy the histamine molecule when mixed in the test-tube (Staub,
Ann. Inst. Pasteur, 1939, 63, 400, 420, 485). It is a
so-called specific antagonism in tissue, or a competitive inhibition, in which the resultant physiological
action of histamine and antihistamine depends upon
the concentrations and the relative affinities of the
two for the receptor. Wells (Ann. N. Y . Acad. Sc,
1950, 50, 1202) studied the response of the isolated
guinea pig ileum strip to histamine in the presence
of varying concentrations of the antihistaminic chemical and concluded that the results were compatible
with the concept of competitive inhibition. He made
similar observations (/. Pharmacol., 1945, 85, 122)
using the change in blood pressure as the test object.
There seems to be an easily reversible union of the
two substances with a tissue receptor on which the
antihistaminic chemical produces no recognized physiological action and hence prevents the physiological
action of the histamine. The same maximum tissue
response is obtained with or without the antihistaminic drug. The only difference is the increasing
amount of histamine required in the persence of increasing concentrations of the antihistamine. If the
concentration of histamine is charted against the
tissue response (muscle contraction or blood pressure
change) a series of hyperbolas is obtained with the
same minima and maxima and differing only in the
slope of the curve, which is proportional to the concentration of the antihistaminic substance present.
Wells concludes that such data are not compatible
with a competitive monomolecular chemical reaction or a competitive adsorption reaction. The
physiological action is a resultant of relative affinities
and concentrations of the substances. These conclusions seem compatible with the observations and
thoughts of Halpern and Maurice (Compt. rend. soc.
biol., 1946, 140, 440), Gaddum (loc. cit.), Gilman (/.
Allergy, 1948, 19, 281) and Beraldo and Rocha e
Silva (J. Pharmacol., 1949, 97, 388).
An interesting in vitro experiment by Zetler (Arch.
exp. Path. Pharm., 1951, 213, 551) measured surface
tension and adsorption on animal charcoal. Several
of the commonly used antihistaminic drugs decreased
the surface tension of buffer solutions markedly. Histamine increased the surface tension slightly. In
solutions containing histamine, antihistamine and
animal charcoal, compared with a mixture without
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the antihistamine, there was inhibition of adsorption
of histamine on the charcoal. Polysorbate 80 was as
active as tripelennamine in inhibiting adsorption of
the histamine on the charcoal but it was much less
active than tripelennamine in inhibiting the action of
histamine on the isolated muscle strip. Pellerat
(Thesis, Lyon, 1945, quoted by Martin, Biological
Antagonism, 1951) reported that the blood histaminelike concentration rose from 90 to 335 micrograms
and the plasma concentration increased from 30 to
154 micrograms 24 hours after a dose of an antihistaminic drug. Barany and Nordquist (Nature,
1949, 164, 701) reported that the local anesthesia
produced by the antihistaminic drugs could be
washed away from a nerve preparation or prevented
by the use of histamine. Sterzl and Krecek (ibid.,
1949, 164, 700) showed that the bacteriostatic action
of the antihistaminic drugs for sensitive bacteria
could be inhibited by the addition of histamine.
Tolerance develops with large doses of an antihistaminic drug, as measured by the amount of histamine
or a specific pollen required to produce a wheal-flare
reaction in the skin, even though the allergic patient's
symptoms are relieved. The tolerance applies to antihistaminic drugs other than the one used during the
3 or 4 weeks required to develop the tolerance. After
discontinuance of the antihistaminic drug for 3 to 14
days response to the drug is restored (Dannenberg
and Feinberg, J. Allergy, 1951, 22, 330).
In retrospect, certain structural similarities of the
quite varied antihistaminic compounds, which were
actually discovered by empirical testing, are recognizable, although obscured by considerable structural
modification (Idson, Chem. Rev., 1950, 47, 307). An
ethylamine structure is common to all antihistaminic
chemicals, either in a straight chain or as part of a
ring, and this is present in the structure of histamine
in both the side chain and in the imidazole chain.
Imidazole itself has antihistaminic properties (Morris
and Dragtstedt, Proc. S. Exp. Biol. Med., 1945, 59,
311). The overlapping of several actions in variable
proportions — antihistaminic, anticholinergic, antispasmodic, local anesthetic, and adrenergic blocking of
stimulation — is apparent but confusing for many of
these compounds.
Therapeutic Uses. — Loveless and Dworin (Bull.
N. Y. Acad. Med., 1949, 25, 473) reviewed reports
on the use of 11 antihistaminic drugs in 13,000 cases
(see also Waldbott and Gadbaw, /. Michigan M.
Soc, 1949, 48, 724; Gay et al., Bull. Johns Hopkins
Hosp., 1948, 83, 356; Arbesman, /. Allergy, 1948, 19,
178). These drugs have proved most effective in hay
fever and urticaria, from 40 to 70 per cent of patients obtaining symptomatic relief. In the nonseasonal or perennial cases, the cases of vasomotor
rhinitis, particularly those with significant infection
or psychosomatic factors, and in chronic urticaria the
results have been less striking. In all instances elimination and hyposensitization regimens are of major
importance; the antihistamines are useful for symptomatic relief or for the control of residual symptoms. In hay fever they relieve the itching, watery
discharge and sneezing but exert little effect on the
nasal obstruction. An undesirable drying action
(atropine-like) may be produced. Because of the similarity of the symptoms, antihistaminic drugs have
been tried in the treatment of the "common cold."
Symptomatic relief during the early stages has been
reported in the majority of cases (Brewster, U. S.
Nav. M. Bull., 1949, 49, 1 ; Arminio and Sweet,
Indust. Med., 1949, 18, 12). But Hoagland et al.
(J.A.M.A., 1950, 143, 157) found that there was no
significant difference in the proportion of cures reported by patients receiving oral antihistaminic drugs
(tripelennamine hydrochloride, chlorothen citrate)
and those receiving oral placebos (see also Cowan
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and Diehl, J.A.M.A., 1950, 143, 421); furthermore,
essentially the same proportion of patients reported
no benefit from either type of treatment. These investigators did observe, however, that lessened serous
discharge was much more common in subjects receiving antihistaminic drugs than in those receiving
placebos. In asthma not more than 40 per cent of
patients are relieved and there is more improvement
in cough than in wheezing. Mild cases of asthma and
childhood asthmatics respond best. The irritated mucosa may not tolerate aerosol administration. Hydryllin (Searle), a mixture of diphenhydramine and
aminophylline, has been the most effective. In neurodermatitis, atopic dermatitis, etc., the antihistaminic
compounds relieve itching and result in lessened secondary infection following scratching but do not
correct the underlying disorder.
These drugs have been employed in a wide variety
of conditions including drug allergies (from penicillin, liver extract, insulin, etc.), allergic headache,
Meniere's syndrome, pruritus vulvae and ani, nausea
and vomiting of pregnancy, motion sickness, airsickness, parkinsonism, morphine-withdrawal syndrome, post-vaccinal encephalitis, etc. Acute rheumatic fever has not responded. Nasal or aerosol
solutions (0.5 per cent), ophthalmic solutions or
ointments (0.5 per cent), creams (2 per cent) and
ointments (2-5 per cent) are in use for topical
application. Enteric coating is employed to delay
absorption. Syrups and elixirs, with or without other
drugs such as ammonium chloride and ephedrine
sulfate, are used. Sterile solutions containing 1 to 20
mg. per ml. are used intravenously or intramuscularly in doses of 10 to 50 mg. Usual oral doses may
be instilled in solution into the rectum. Iontophoresis
has been accomplished with the antihistaminic drugs.
Untoward Effects. — Sedation is the most common
side effect and occurs to a greater or less degree with
almost all of the antihistaminic drugs in adequate
doses. Other side effects are dizziness, dry mouth,
weakness, nausea, anorexia, nervousness (jumpy),
headache, polyuria, heartburn, reduction in potency,
diplopia, sweating, dysuria and very rarely dermatitis. These untoward effects are often mild and
transient and the drug may be continued. Intolerance
to one drug does not mean untoward reactions to all
antihistaminic drugs. The drowsiness, particularly at
bedtime, or in instances where anxiety, secondary to
the allergic disorder or to other causes, aggravates the
allergic diseases, is often a desirable therapeutic effect.
In the working patient, however, drowsiness, dizziness, etc., may be intolerable and may create an accident hazard. Accidental ingestion of large doses by
small children has resulted in severe, and even fatal,
poisoning. Reported statistics vary widely both as to
the incidence of therapeutic benefit and untoward
effects. Although marked differences in antihistaminic
activity of the drugs have been demonstrated in animals, these differences do not appear in their clinical
effects where approximately similar doses are required.
As is true in the use of most drugs, the larger the
dose the greater the effect, both desirable and undesirable; marked individual variations are encountered. A closer correlation is often found between
the duration and degree of benefit and the severity
of the patient's disease than with the specific antihistaminic compound or its dose.
Crumbley (J.A.M.A., 1950, 143, 726) reported 3
cases of hemolytic anemia following use of antihistaminic drugs over long periods of time; withdrawal of
the drug resulted in a return to normal of the blood
picture. Agranulocytosis and contact dermatitis, although rare, call for vigilance in the use of these drugs.
In an appraisal of the topical use of antihistaminic
drugs, Ellis and Bundick (J.A.M.A., 1952, 150, 773)
found that while 94 per cent of the 200 dermatolo-
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gists who answered their questionnaire had used the
drugs topically, only 60 per cent continued to use
them, with less than 10 per cent using them often.
Use had been discontinued or restricted because 38
per cent found topical antihistamines ineffective, 22.5
per cent observed a too frequent aggravation of the
dermatosis, and 50.5 per cent noted the high incidence of contact-type sensitization; 29 per cent of
the dermatologists stated that preparations of antihistamines for local use should be taken off the
market. Peck (N. Y. State J. Med., 1950, 50, 2690)
reported development of cross sensitivity as a result
of the use of antihistamine creams. Antihistaminic
drugs should be used with care and discretion.
Locally, they are contraindicated in generalized or
acute dermatoses
(Davis, Bull. N. Y. Acad. Med.,
1950, 26, 686).
The following antihistaminic drugs are official, and
are described in Part I: Antazoline Hydrochloride,
Chlorcyclizine Hydrochloride, Chlorothen Citrate,
Chlorpheniramine Maleate, Dimenhydrinate, Diphenhydramine Hydrochloride, Doxylamine Succinate,
Methaphenilene Hydrochloride, Methapyrilene Hydrochloride, Phenindamine Tartrate, Pheniramine
Maleate, Promethazine Hydrochloride, Pyrathiazine
Hydrochloride, Pyrilamine Maleate, Thenyldiamine
Hydrochloride, Thonzylamine Hydrochloride, and
Tripelennamine Hydrochloride. Certain non-official
compounds are discussed hereunder.
Non-official Antihistamines
Antergan (Rhone-Poulenc). Lergitin. — This antihistaminic base is N-benzyl-X',X'-dimethyl-N-phenylethylenediamine ; it differs from tripelennamine base
(see formula of Tripelennamine Hydrochloride, in
Part I) in having a phenyl group in place of the
pyridyl group of tripelennamine.
The antihistaminic action of Antergan, also referred to as RP 2339, was demonstrated by Halpern
{Arch, internat. pharmacodyn. therap., 1942, 68, 339)
and clinical trial showed it to be effective in allergic
disease (Sciclounoff and Junet, Rev. med. Suisse
Rom., 1943, 63, 570; Strengers et al., Ada med.
Scandinav., 1947, 129, 193). It was often poorlytolerated, with pyrosis, anorexia, nausea, dizziness
and headache following its use; it is not employed
in the United States.
The usual adult dose of the hydrochloride is 100
mg., by mouth, up to 6 times daily.
BrOMODLPHENHYDRAMLNE

HYDROCHLORIDE.

BrOma-

zine Hydrochloride. Ambodryl Hydrochloride (Parke,
Davis.). — This compound differs from the official
diphenhydramine hydrochloride in the substitution,
in />ara-position, of a bromine atom for a hydrogen
atom in one of the two benzene rings of diphenhydramine.
Chen et al. (Proc. S. Exp. Biol. Med., 1950, 75,
96) reported bromodiphenhydramine hydrochloride
to have 2.16 times the antihistaminic activity of diphenhydramine hydrochloride as shown by protection against the lethal toxicity of histamine aerosol
in guinea pigs, one-quarter the anticholinergic action
of the latter compound against acetylcholine on the
isolated intestinal muscle strip, equal spasmolytic
action for both compounds against barium chloride
on the same test tissue, and one-half the toxicity of
diphenhydramine hydrochloride on intraperitoneal
injection in mice. McCawley et al. (J. Pharmacol.,
1951, 102, 250) reported substantially the same antifibrillatory action on the isolated auricle for both
compounds. McGavack et al., J. Allergy, 1951, 22,
31) demonstrated inhibition by the halogenated derivative of dermal response to histamine in the
human, and effectively treated several hundred patients afflicted with allergic disorders. Thomas et al.
(Ann. Allergy, 1951, 9, 481) reported similar satis-
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factory therapeutic results in a variety of allergic
disorders. In a later report, McGavack et al. (ibid.,
1952, 10, 172) reported on continuous use of the
drug in 41 cases for over a year, with good control
of allergic symptoms and no untoward effects. On a
dose of 75 mg. daily no toxic effects have been observed. Among 383 patients receiving 100 to 375 mg.
daily, 29 experienced drowsiness, dry throat, diarrhea, anorexia, or dizziness. Doses above 400 mg.
daily are poorly tolerated. This compound seems to
be another highly active and safe antihistaminic drug.
The dose is 25 to 50 mg., by mouth, 3 times daily.
The dose for children is 25 mg. 2 or 3 times daily.
Carbinoxamine Maleate, N.N.R. Clistin Maleate
(McNeil). — The base of this antihistaminic agent is
2-[/>-chloro-a-(2-dimethylaminoethoxy)benzyl]pyridine; it differs from diphenhydramine base (see formula of Diphenhydramine Hydrochloride, in Part I)
in the replacement of the two phenyl groups of
diphenhydramine by a />-chlorophenyl and a pyridyl
group. Carbinoxamine is supplied as the maleate,
which is a white powder, practically tasteless, soluble
in water.
Studies with animals indicate the compound to
have high antihistaminic potency and low toxicity
(Marsh, J. Pharmacol., 1954, 110, 35) ; oral administration of 0.15 mg. of carbinoxamine maleate protected guinea pigs from the toxic effects of intravenous doses of histamine. The ratio between the effective dose and the lethal dose (411 mg. per Kg.)
was 2 to 50 times that of 15 other compounds tested.
Clinical trials showed a high degree of effectiveness
in allergic disorders, with low incidence of side effects.
Studies in 126 patients indicated it to compare favorably with the most effective antihistamines while
producing less drowsiness than most other drugs of
this class (Beale et al., J. Allergy, 1954, 25, 521). In
another group of 116 patients doses of 2 to 4 mg.
proved to be effective, likewise with relatively weak
manifestation of sedative properties (Johnson, Am.
Pract. Dig. Treat., 1954, 5, 863).
The average adult dose is 4 mg., administered
orally, 3 or 4 times daily. For children 1 to 5 years
of age the dose is 1 to 2 mg.; in the age range of 6
to 10 years it is 2 to 4 mg. ; over 10 years of age the
4 mg. dose may be given. Clistin maleate is available
as scored 4-mg. tablets, as an elixir containing 4 mg.
per 5 ml., and in several other formulations.
Hydryllln (Searle). — This is a mixture of 25 mg.
of diphenhydramine base and 100 mg. of aminophylline which is marketed as a tablet. It has been found
to be more effective than diphenhydramine hydrochloride alone in treating bronchial asthma (Loveless and Dworin, Bull. N. Y. Acad. Med., 1949, 24,
473 ; and others) ; the incidence of untoward effects
was also less. Rubitsky et al. (J. Allergy, 1950, 21,
559) measured the decrease in vital capacity in cases
of bronchial asthma following intravenous injection
of 0.01 to 0.05 mg. of histamine or 0.1 to 0.5 mg. of
methacholine chloride. Previous oral administration
of diphenhydramine hydrochloride (50 mg.), ephedrine sulfate (25 mg.), or aminophylline (200 mg.)
exerted some protection especially against histamine.
The combination of antihistamine and ephedrine
sulfate was no better than the most active compound,
the antihistaminic drug; combination of diphenhydramine hydrochloride and aminophylline gave more
protection than either alone (at least additive if not
synergistic) but the further addition of ephedrine
sulfate showed no further increase in protection.
Perry et al. (J. Invest. Dermat., 1948, 11, 461) reported that oral administration of the equivalent of
diphenhydramine in the form of the Hydryllin mixture provided better protection against iontophoresis
of histamine into the human skin than did 50 mg. of
diphenhydramine alone, or 250 mg. of aminophylline
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alone, or 50 mg. of tripelennamine, or 25 mg. of
ephedrine sulfate. Kessler (/. M. Soc. New Jersey,
1950, 47, 29) reported good results with 1 tablet of
Hydryllin every 4 hours in patients with the "common cold." He also reported {Ind. Med. Surg., 1951,
20, 42) less edema and erythema, weeping and a
shorter period of disability in cases with burns or
scalds when 1 tablet was given every 4 hours.
The dose is 1 or 2 tablets (25 to 50 mg. diphenhydramine with 100 to 200 mg. aminophylline), by
mouth, 3 or 4 times daily. A syrup containing 12.5
mg. diphenhydramine and 50 mg. aminophylline in
each 4 ml. is also available.
Methylftjrylene Fumarate. Foralamin (Eaton) .
— This antihistamine is N-2-furylmethyl-N',N'-dimethyl-N-2-pyridylethylenediamine fumarate; the
base is a furyl isostere of tripelennamine in which the
furyl group replaces the phenyl group of tripelennamine (Hayes et al., J.A.C.S., 1950, 72, 1205). The
report of the Therapy Committee of the American
Academy of Allergy (/. Allergy, 1952, 23, 290) indicates the therapeutic value of the substance; the incidence of side effects is similar to that of tripelennamine or pyrilamine.
The dose is 50 mg., by mouth, 3 or 4 times daily.
Foralamin is available in 50-mg. scored tablets.
Phenyltoloxamine. Bristamin (Bristol). — The
base of this antihistamine agent is isomeric with
diphenhydramine, being N,N-dimethyl-2-(a-phenylo-toloxy)ethylamine; the commercially available salt
is the dihydrogen citrate. It is a potent antagonist of
histamine and is one of the least toxic of antihistaminic agents (Hoekstra et al., J. A. Ph. A., 1953, 42,
587). In a group of 77 patients receiving the drug 62
per cent showed good or excellent response, side
reactions occurring in only 6 per cent of the patients
(Seyler and Simon, /. Allergy, 1953, 24, 261) ; the
side effects were drowsiness and dryness of the
mouth.
The usual dose is 25 mg., by mouth, 3 or 4 times
daily; if necessary 50 mg. may be given. Bristamin
is supplied in 25-mg. tablets.
Pyrrobutamine. Pyronil (Lilly). — The base of this
compound is l-£-chlorophenyl-4-pyrrolidino-2-butene ;
the commercially available salt is the diphosphate. It
is classified as a long-acting antihistaminic agent; the
therapeutic effect of the compound is not apparent
for 1 to 1.5 hours following oral administration but
it does persist for about 12 hours. Effectiveness in
cases of hay fever or allergic dermatoses of moderate
severity has been reported (Mothersill, J. Indiana
M. A., 1952, 45, 786) ; it is satisfactory for prolonged use and side effects are minimal. To obtain
both rapid and prolonged action 15 mg. is combined
with 25 mg. of methapyrilene hydrochloride and 12.5
mg. of cyclopentamine hydrochloride in the preparation supplied under the name Co-Pyronil (Lilly).
The dose of pyrrobutamine is 15 to 30 mg., by
mouth, every 8 to 12 hours; for children the dose is
7.5 to 15 mg. Pyronil is available in 15-mg. tablets.
Synopen (Geigy). — This antihistamine is 2-[(2dimethylaminoethyl) (£-chlorobenzyl) amino] pyridine ;
it differs from pyrilamine (see structural formula for
Pyrilamine Maleate, in Part I) only in the replacement of the methoxy (CH3O-) group of pyrilamine
with chlorine. Synopen is available as the hydrochloride salt.
Pharmacological demonstration of the antihistaminic activity of this substance was performed by
Domenjoz and Jaques (Schweiz. med. Wchnschr,,
1949, 78, 476). Its use in dermatological conditions
was reported by Burckhardt and Steigrad {ibid., 1949,
78, 480). Control of pruritus in 80 per cent of cases
of eczema was reported by Kuhn {ibid., 79, 1245) ;
he advised an initial dose, intramuscularly or intravenously, of 20 mg., followed by oral use of 25 mg.
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6 times the first day and 3 or 4 times daily thereafter. It was effective in hay fever and alleviated the
pruritus of Hodgkin's disease. Aerosol inhalation of
0.25 to 0.5 per cent aqueous solution was effective in
asthmatic patients. Its use in place of sympathomimetic drugs in patients with cardiovascular disease
was recommended by Benstz and Holldack {ibid.,
1951, 81, 922).
The usual adult dose is 50 mg., by mouth, 4 times
daily.
Antimalarial Agents. — The ideal antimalarial
drug would destroy the asexual, the sexual, and the
tissue forms of human malaria parasites, and be
effective against the four different species of Plasmodium producing malaria in man: (1) P. vivax, the
cause of benign tertian malaria, which is widespread
and tends to relapse repeatedly but has low mortality; (2) P. falciparum, the cause of malignant tertian, or estivo-autumnal, malaria, which is the most
damaging form of the disease both as to incidence
and severity of symptoms but has less tendency to
relapse; (3) P. malarice, the cause of quartan malaria,
which is less frequent but has a high mortality rate;
(4) P. ovale, which is quite rare and is usually mild.
Quinine and related cinchona principles, quinacrine,
chloroquine and chloroguanide are effective against
the asexual forms of the parasites but have little
effect against gametocytes; they are good suppressive
drugs. Pamaquine, pentaquine and primaquine are
effective against the tissue stages of the parasites,
which in the case of P. vivax and P. malarice are so
persistent and consequently responsible for the tendency to relapses months and even years after apparent
cure; these are essentially curative drugs but they
are not highly effective suppressive drugs and their
toxicity makes prolonged use undesirable.
Under the auspices of the Office of Scientific Research and Development, confronted with the problem of finding an effective substitute for quinine
when the supplies of this alkaloid were cut off during
World War II, some 14,000 chemicals, about half of
them newly synthesized for the study, were submitted
to screening tests to discover which had promise as
antimalarial agents. Only a few of these compounds
have attained to importance in therapeutics. In addition to quinine, quinacrine and pamaquine, which had
earlier attained official recognition, there are now
official also amodiaquine, chloroquine, chloroguanide,
pentaquine and primaquine, all of which are discussed
in Part I. In this monograph are described several
other useful antimalarials.
An understanding of the life cycle of the malarial
parasite is essential to the successful treatment of the
disease. The mosquito injects sporozoites into the tissues of the person. These are converted into nterozoites in the cells of the liver, where they persist as
the exo -erythrocytic phase (often referred to as the
schizont stage) of the parasite, which persists for
only a few weeks in the case of P. falciparum but for
months or even years in the case of P. vivax or
P. malarice. The merozoites enter the blood stream,
invade the erythrocytes and develop into asexual
trophozoites and sexual gametocytes, the characteristic appearances of which provide the diagnostic criteria for the presence and the species of the infestation in the examination of blood films {A Manual for
the Microscopical Diagnosis of Malaria in Man, 2nd
edition, U. S. Public Health Service, 1952, Washington, D. C). The asexual trophozoites rupture and
discharge large numbers of merozoites which invade
other erythrocytes; this episode is correlated with the
chill of the symptom-complex of malaria — the paroxysm. A considerable percentage of the red blood
cells become parasitized in this manner. The sexual
gametocytes are aspirated into the stomach of the
Anopheles mosquito, where the sexual phase of the
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life cycle of the parasite occurs; from the fertilized
oocyst there are formed sporozoites, which pass into
the injecting apparatus of the mosquito. The mosquito
is both the vector and the definitive host. For a
graphic presentation of the disease in man, see
Alving et al. (J.A.M.A., 1952, 149, 1558).
Non-official Agents
Isopentaquine. SN 13,274. C18H07N3O. — Chemically 8-(4-isopropylamino- 1 -methylbutylamino ) -6methoxyquinoline, this substance is a member of the
group of 8-aminoquinoline derivatives and thus is
related to pamaquine. It has been tested clinically in
the form of the oxalate; large-scale trials have not
been conducted because of the high cost of synthesis.
The pharmacologic action, antimalarial effect and
toxicology are similar to those of pamaquine (Alving,
Proc. 4th Int. Cong. Trop. Med. Malariol., 1948,
Washington, D. C, 1, 734). The maximum tolerated
dose of 240 mg. of the base daily for 4 days eliminated the gametocytes of P. falciparum but was not
always effective in controlling symptoms of the
malarial paroxysm. A dose of 60 mg. daily, with
quinine given simultaneously, destroyed the tissue
phase of P. vivax in all moderate and 80 per cent of
the severe infections.
Metachloridine (American Cyanamid). SN 11,437.
C10H9CIN4O2S.— This compound is N1-(5-chloro-2pyrimidyl)metanilamide or 2-metanilamido-5-chloropyrimidine. In avian malaria it was found to be more
active than sulfadiazine. In humans the results have
been inferior to both chloroguanide and chloroquine
in the suppression or treatment of all three types of
malarial parasite (Kenney and Brackett, Am. J.
Trop. Med., 1947, 27, 493; Cooper et al., Am. J.
Hyg., 1949, 49, 355; Schneider and Mechali, Bull.
Soc. Path, exot., 1948, 41, 274; McLendon and
Young, J. A.M. A., 1951, 147, 822). Maximum blood
concentration following a single oral dose occurs at
4 hours; the drug exists mostly in the plasma. Traces
of the drug remain in plasma one week after a dose
of 2 Gm. A mean plasma concentration of 2.2 mg.
per 100 ml. was observed on a dose of 1 Gm. daily.
Excretion is largely in the urine; the compound does
not appear to be acetylated but sodium bicarbonate
speeds excretion. Untoward effects of the drug included nausea, vomiting, leukopenia, purpura during
the second course of the drug, cyanosis, and epistaxis
and other mucous membrane bleeding which responded to administration of vitamin K.
A dose of 500 mg. four times daily for 6 days was
tried in the treatment of malarial paroxysm.
Oxychloroquine. SN 8137. C16H22CIN3O.— This
compound, of the 4-aminoquinoline type, is 7-chloro4- (3 -diethylamino - 2 - hydroxypropylamino ) quinoline,
being closely related to chloroquine. It has been tried
clinically in the form of the diphosphate salt, which
represents about 62 per cent of the base; this salt
occurs in yellow crystals, slightly soluble in water.
For its svnthesis see Surrey and Hammer (J.A.C.S.,
1946,
68,'studies
113). by Berliner et al. (J. Clin. Invest.,
Initial
1948, 27, suppl., 98) indicated that this chemical was
less toxic but also less active than chloroquine. In
field studies, no advantage over chloroquine was
found for P. vivax or P. falciparum (Gordon et al.,
Arch. Int. Med., 1947, 79, 365; Packer, /. Nat.
Malaria Soc, 1947, 6, 147; Elmendorf, Am. J. Trop.
Med., 1948, 28, 425). Good control of the paroxysm
of P. falciparum, with a single dose of 2 Gm. by
mouth (children under 6 years, 1 Gm.; 6 to 12 years,
1.5 Gm.), was reported by Loughlin (Antibiot.
Chemother., 1952, 2, 171). Toxic effects are similar
to those of chloroquine (Hering et al., J. Nat. Malaria
Soc, 1948, 7, 322). The drug has not been available
commercially in the United States.
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Pyrimethamine. Daraprim (Burroughs Wellcome).
— This compound, which is 2,4-diamino-5-/>-chlorophenyl-6-ethylpyrimidine, is one of a large series of
substituted 2:4-diaminopyrimidines synthesized by
Falco et al. {Brit. J. Pharmacol., 1951, 6, 185). Originally studied because they were found to be powerful antagonists of folic acid, the 2:4-diaminopyrimidines came to be investigated for possible antimalarial
activity when it was discovered that the antimalarial
compound proguanil (q.v.) was also an antagonist
of folic acid. The diaminopyrimidines proved to be
active in avian malaria, and of the many which were
thus tested, pyrimethamine proved to be the most
active. Studies with a proguanil-resistant strain of
malaria indicated susceptibility to pyrimethamine
(Rollo, Nature, 1951, 168, 332).
In West Africa, McGregor and Smith (Brit. M. J.,
1952, 1, 730) treated a few children and adults with
0.25 to 0.5 mg. per Kg. of body weight for P. falciparum or P. malaria; infections with disappearance of
asexual forms and fever within 72 to 96 hours. In a
larger series of children in Nigeria, Archibald (ibid.,
1951, 2, 821) observed marked reduction in the number of asexual trophozoites after a single dose of
25 mg. Gametocytes persisted and P. malarice was
less responsive. In other areas, single doses of 20 to
100 mg. have been required for all three types of
malarial parasite. Other drugs are more active for
the acute malarial paroxysm, but it is hoped that a
single dose at the beginning of the rainy season
might prove useful in minimizing symptoms in the
partially immune population. The use of 25 mg.
weekly for 11 weeks in isolated villages in the Belgian
Congo region resulted in a decrease in the incidence
of parasites in the blood from 22 per cent to 0 per
cent (Vincke, Bruxelles-med., 1952, 32, 821); the
sporozoite index in the mosquitoes in the area decreased. Pyrimethamine is a good suppressant for
P. vivax malaria in the minute dose of 25 mg.
weekly. It does not act sufficiently rapidly to be
useful in the treatment of acute attacks (Coatney
et al, Am. J. Trop. Med., 1953, 2, 777):
In the children observed by Archibald, there were
no untoward symptoms and use of 50 mg. twice
weekly for 3 months or more by volunteers in England produced only mild gastrointestinal symptoms
(Goodwin, Brit. M. J., 1952, 1, 732). Clayman et al.
(J. A.M. A., 1952, 149, 1566) reported the use of 25
mg. along with the standard 2 -week course of primaquine to be without untoward effects in 3 cases.
The dose is 25 mg. by mouth per week as a
malarial suppressive drug, 50 mg. repeated the next
day for treatment of the malarial paroxysm and, in
infestations with P. vivax, 25 mg. weekly for 10
weeks. It is available in 25 mg. tablets.
Sontochin. Sontoquine. Santoquine. Santochin.
Nivaquine. SN 6911. RP 3038. C19H28CIN3.— This
antimalarial, like chloroquine, is of the 4-aminoquinoline type, being 7-chloro-4-(4-diethylamino-l-methylbutylamino)-3-methylquinoline. The disulfate monohydrate and the dihydrochloride, both occurring in
pale yellow crystals, slightly soluble in water, have
been used. For information concerning synthesis see
Steck et al. (J.A.C.S., 1946, 68, 380), also U. S.
Patent 2,233,970. Attention is directed to the fact
that while the name Nivaquine is frequently employed for the base, and Nivaquine C for the dihydrochloride, Nivaquine B has been applied to chloroquine
salts.
Sontochin is a suppressive antimalarial drug with
action similar to that of chloroquine (see in Part I).
It is well absorbed from the gastrointestinal tract
(Berliner et al., J. Clin. Invest., 1948, 27, Suppl. 98).
The blood plasma level on a daily oral dose of 0.3
Gm. is about 179 micrograms per liter. The concentration ishighest in the liver. The blood cells con-
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tain more than the plasma. Excretion and metabolism
are slow and the drug persists in the body for at
least a week after ingestion is discontinued.
Antimalarial Action. — Sontochin controls the malarial paroxysm due to P. vivax (Decourt and
Schneider, Bull. Soc. Path, exot., 1947, 40, 14, 179;
Halawani et al., Ann. Prop. Med., 1948, 42, 304) and
to P. faciparum (Canet, Bull. Soc. Path, exot., 1948,
41, 527; Schneider and Mechali, ibid., 274). It will
not prevent relapse in P. vivax malaria (Ruhe et al.,
Am. J. Hyg., 1949, 49, 41). Canet {Bull. Soc. Path,
exot., 1949, 42, 278) reported better results as a suppressive with sontochin than with chloroguanide. In
cerebral malaria due to P. falciparum, Machella et al.
(Bull. U. S. Army M. Dept., 1947, 7, 1000) reported
good results with 0.6 Gm. intravenously, which were
equivalent to those obtained with quinine or quinacrine.
In the treatment of intestinal amebiasis, Conan
(Am. J. Trop. Med., 1951, 31, 18) reported equivocal
results.
Toxicology. — In the comparative study of tolerance by Hering et al. (J. Nat. Malaria Soc, 1948, 7,
322), the incidence of untoward symptoms with
sontochin were greater than with chloroquine but
less than with quinacrine. Toxic effects included
nausea, vomiting, diarrhea, tinnitus, abdominal
cramps, drowsiness, flushing, headache, anorexia and
erythematous rash.
The dose is the equivalent of 100 mg. of the base
three times daily for 5 to 7 days to control malarial
paroxysm. Doses as large as 1 Gm. have been given
but usually seem unnecessary. As a malarial suppressive, 100 mg. daily or 300 mg. weekly is used.
This drug is not available commercially in the United
States.
Antimetabolites. — Definitions. — An antimetabolite isa compound that derives its principal effect on
the organism from interference with the function role
played by an essential metabolite. An essential metabolite is a compound of biological origin that is
required by the organism for homeostasis or for the
maintenance of life. These may be of endogenous
or exogenous origin. A growth factor is an essential
metabolite of exogenous origin that is required but
cannot be synthesized by a given organism.
Concept. — It is difficult to develop a definition of
the term antimetabolite that would be restrictive
enough not to be all-inclusive and yet be sufficiently
comprehensive to encompass the intent of its acceptance. A still broader term is that of biological antagonists, which will be developed in the text.
In 1940 Fildes proposed that chemotherapeutic
agents useful against infectious diseases might be
produced by so altering the structure of an essential
metabolite or vitamin as to produce an analog that
was antagonistic to its action (Lancet, 1940, 1, 955).
That the basis for this proposition might have been
found historically in any of the fields of enzymology,
nutrition or pharmacology is not surprising. The
immediate acceptance and extension of this thesis to
encompass and to enrich research and knowledge in
these several fields attested to the general awareness
of its breadth of application and to the simplicity of
its expression.
The extent to which the concept has been extrapolated isdescribed by Woolley as follows: "If the basic
chemical structure of a given metabolite is changed
in one of several minor ways, a compound may be
obtained which will call for the signs associated with
the specific lack of the metabolite when the analog
is given to animals, microorganisms or other living
things" (A Study of Antimetabolites, 1952, John
Wiley and Sons, N. Y., p. 21). Thus the concept of
antimetabolites has become a way of thinking instead of a theory.
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Very soon after sulfanilamide was shown to inhibit
the growth of certain bacteria it was recognized that
there were materials present in culture media, in pus
and in certain microorganisms that were capable of
antagonizing its action (Stamp, Lancet, 1939, 237,
10; Green, Brit. J. Exp. Path., 1940, 21, 38). Following partial purification of such a material from a
yeast extract Woods proposed that the substance
was />-aminobenzoic acid (PABA) and that PABA
was an essential metabolite (ibid., 1940, 21, 74). He
showed that this simple compound antagonized the
bacteriostatic action of sulfanilamide on a mass
action basis and that a constant molar ratio existed
between the amounts of the two agents that produced
a reproducible effect on the growth of certain microorganisms. This same phenomenon was known to
enzymologists from the much earlier work of Michaelis
and his associates (Biochem. Ztschr., 1913, 60, 62;
ibid., 1913, 60, 79) and the striking competitive inhibition of succinate oxidation (by succinic dehydrogenase) by the refractory substrate, malonate (Quastel
and Woolridge, Biochem. J., 1927, 21, 1224).
To be sure, others had proposed that the bacteriostatic action of sulfanilamide-type compounds was
due to the blocking of an essential enzyme system or
systems (Lockwood, /. Immunol., 1938, 35, 155;
Mcintosh and Whitby, Lancet, 1939, 236, 431), but
the proposal by Fildes required the substantial documentation byWoods to excite biochemists and medicinal chemists. The concurrence of the antimetabolite
explanation of sulfonamide activity and the possibility that the newly appreciated chemotherapeutic
activity of penicillin might similarly be explained lent
strong impetus to the synthesis of simple analogs of
known metabolites and especially vitamins. A limited
number of examples of the direction this work took
will be described in a later section of this monograph.
Thus, over the past 15 years there has gone on
side-by-side attempts to develop new useful chemotherapeutic agents by application of the antimetabolite
approach, and the frankly random screening methods
that have brought to the fore such useful agents as
streptomycin, Aureomycin, Terramycin and chloramphenicol, to name only a few antibiotic agents.
Whereas the antimetabolite approach has fallen far
short of the less "scientific" hit-or-miss screening of
thousands of soil samples for antimicrobial activity
the efforts expended in both directions have been
amply rewarded. There are fundamental differences
between the two approaches to a problem that bear
more discussion than space permits. However, the
subject requires comment.
To develop antimetabolites requires that the chemist work within the limits of present knowledge of
what is an essential metabolite and what are essential
metabolic (enzymatic) processes (reactions). The
screening of antibiotic or synthetic compounds for
antibacterial action obviously is not restricted by
available knowledge of biochemical processes.
In both approaches the goal is the destruction of
the bacteria, the virus, etc. This can be accomplished
with a reasonable incidence of success in vitro by
analogs of essential metabolites, perhaps at least as
frequently as in a random screening program. Unfortunately the more fundamentally situated the
metabolite chosen for modification the more likely
the antimetabolite is to be prohibitively toxic to host
as well as to microorganism.
Thus, it may be anticipated that the most successful application of the antimetabolite manner of
thought will be its direction toward antagonists of
less obviously fundamental systems. Actually, the
antagonism of PABA by sulfonamides is a good example of this, for it was not until after their development that PABA became accepted as an essential
metabolite.
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While the development of antimetabolites is a useful approach to chemotherapy, whether it be bacterial,
viral, or cancer, the useful application thereof must
incorporate within the compound useful pharmacodynamic characteristics. Often it is as difficult to tailor
into such molecules such useful features as oral
efficacy, biological stability and effective duration of
action as it is to obtain inherent activity. Finally,
there is always the likelihood that the antimetabolite
may have collateral pharmacodynamic effects that are
as important or as potent as the desired action.
Sulfanilamide, itself, is a good example of this for it
is a potent inhibitor of carbonic anhydrase (Mann
and Keilin, Nature, 1940, 146, 164) as well as an
inhibitor of PABA.
If the field of antimetabolite research has developed
slowly the same cannot be said for the identification
of essential metabolites, growth factors or vitamins,
with which the same general group of investigators
has been identified. Thus, folic acid, biotin and vitamin B12, developed within this same period of time,
attest to the importance of the collaborative efforts of
the microbiological- chemist and the organic chemist.
Long before the development of the antimetabolite
approach in research the pharmacologist was interested in the relationship of chemical structure to
biological activity. The fact that closely related compounds could behave qualitatively dissimilarly has
been recognized in the field of sympathomimetic
amines at least since the systematic study bv Barger
and Dale in 1910 (J. Physiol., 1910, 41, 19). The
N-isopropyl analog of epinephrine is at least as potent
a depressor compound as that hormone is effective in
raising blood pressure (see monograph on Sympathomimetic Amines). Although he did not emphasize
the "metabolite" nature of acetylcholine, Clark considered the action of tetraalkylammonium compounds
and atropine to be a competitive one with acetylcholine at a single receptor mechanism for which
they had affinity (Handbuch der experimentellen
Pharmakologie IV, 1937, Springer, Berlin). Today
atropine and compounds that act in like manner are
called anticholinergic agents to denote their antagonism to the action of acetylcholine.
One of the pitfalls of oversimplification in the antimetabolite approach as a restricted point of view can
also be illustrated by acetylcholine antagonists. Anticholinergic agents that have a tertiary amino group
in the molecule have a predilection for blocking at the
visceral neuromuscular junction with relatively little
effect at ganglia or on skeletal neuromuscular transmission. Anticholinergic agents that have a single
quaternary ammonium group in the molecule have a
definite affinity for blocking cholinergic ganglionic
transmission as well as at visceral neuromuscular junctions, but they likewise have little or no effect on
the innervation of skeletal muscles. Inhibitors of
cholinergic transmission at skeletal neuromuscular
junctions (curarimimetic agents) are almost invariably
bis- or diquaternary ammonium agents, although compounds within the series may show strong ganglionic
blocking propensity. These points are discussed in
monographs within this volume. They are recalled
here to illustrate the several affinities and independent
utilities of series of agents, all of which are antimetabolites of an essential metabolite, acetylcholine.
In the following presentation examples of metabolite-antimetabolite or biological antagonists, relationships are presented that have some direct bearing on
experimental therapy. Thus, many of the well-known
but useless vitamin antagonists are omitted, as are
examples in immunology and the antihistaminic agents
(see the monograph on Antihistaminic Agents).
I. PABA Antimetabolites. — Sulfonamides. — The
recognition that sulfonamides act as inhibitors of
PABA utilization by bacteria has been discussed in
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previous paragraphs. There are no true sulfonamides
that do not have this propensity. Many of these compounds have been studied systematicallv. Bell and
Roblin (J.A.CS., 1942, 64, 2905; Ann. N. Y. Acad.
Sc, 1943, 44, 449) proposed a theory that related the
structure of sulfanilamide-like compounds to their in
vitro antibacterial activity. It was suggested that if
the bacteriostatic action of sulfonamides was due to
competition with PABA, the more the analog resembled the metabolite from the standpoint of its
dissociation constant the greater should be its bacteriostatic action. This generalization seems to apply
within the limits of a narrowly defined series of compounds but it cannot be used safely for predictions
of relative activity when comparing compounds of
one series with those of another. Roblin's review of
metabolite antagonists (Chem. Rev., 1946, 38, 255)
is an excellent general discussion of the broad field.
p- Aminosalicylate (PAS A ) . — The tuberculostatic
effect of PASA is antagonized by PABA (Youmans
et al., J. Bad., 1947, 54, 409; Sorkin et al., Experientia, 1951, 7, 257). Perhaps this was to be anticipated, for PASA is simply the ortho-hydroxy analog
of PABA. However, this inhibitory effect of PABA
in vitro is shared with thiamine (Brun et al., Compt.
rend. soc. biol., 1951, 145, 390) and biotin (Lutz,
Ann. Inst. Pasteur, 1949, 76, 150). Obviously the
actions of PABA, thiamine and biotin in antagonizing
the effect of PASA on the tubercle bacillus need not
be identical.
II. Folic Acid Antimetabolites. — Since folic acid
is implicated in many of the reactions of PABA and
since it contains PABA as a part of its structure, it
was logical to deduce that PABA was a precursor of
folic acid which in turn was incorporated into a
coenzyme. The antagonism between PABA and sulfonamides was explained as an inhibition of folic acid
synthesis from PABA (Auhagen, Ztschr. physiol.
Chem., 1943, 277, 197). However, folic acid is able
to replace PABA as an inhibitor of sulfonamide in
only certain organisms where the PABA-sulfonamide
competitive inhibition can be demonstrated. Lampen
and Jones (/. Biol. Chem., 1946, 166, 435) proposed
the generalization that sulfonamides are counteracted
by folic acid when the test organisms are capable of
synthesizing the vitamin. No antagonism occurs if the
organism requires exogenous folic acid for growth.
The importance of folic acid in the treatment of
pernicious anemia has stimulated the synthesis of its
antimetabolites for study in the leukemias. Of these
analogs 4-aminopteroylglutamic acid, Aminopterin,
has been most carefully studied for its effect on
leukemia. Clinical trial of the agent has produced
temporarv beneficial effects (Stickney et al., Proc.
Maxo, 1949, 24, 525; Farber et al., Blood, 1949, 4,
160), but Thiersch (Cancer, 1949, 2, 877) found that
the bone marrow never became normal during such
therapy. Toxic effects of this and other folic acid
antagonists (A-methopterin, 4-amino-N10-methylpteroylglutamic acid, and A-ninopterin, 4-amino-9methylpteroylglutamic acid, or Amino-an-fol, 4aminopteroylaspartic acid) include ulcerative stomatitis, gastrointestinal disturbances, pancytopenia,
and in some instances alopecia and deafness.
Teropterin (pteroyltriglutamic acid) and Diopterin
(pteroyldiglutamic acid) have been tried in the treatment of various types of inoperable cancer with indifferent results, although they do increase appetite
and produce a sense of well-being temporarily
(J.A.M.A., 1948, 137, 699). For further information
see the monograph on Folic Acid Antagonists.
III. Purines and Pyrimidines. — Stetton and Fox
(/. Biol. Chem., 1945, 161, 333) observed the formation of an amine by E. coli during sulfonamide partial
bacteriostasis that was identified as 4-amino-5-imidazolecarboxamide
by Shive et al. (J.A.CS., 1947,
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69, 725), who recognized it as a possible precursor in
the biosynthesis of purines. Woolley and Pringle
(ibid., 1950, 72, 634) found this amine in cultures of
E. coli grown in the presence of 4-aminopteroylglutamic acid. These several observations tended to
link folic acid (probably as folinic acid) functionally
with the synthesis of purines and the pyrimidine,
thymine (Shive, Vitamins and Hormones, 1951, 9, 75).
Purine and pyrimidine biosynthesis has been subjected to intensive investigation within recent years,
following the appreciation that viruses and bacteriophages are preponderantly nucleoprotein and that bacteria and cancerous tissue contain an unusually large
amount of nucleic acid. Recent knowledge of the
synthesis of the purine structure of nucleic acids
(Totter et al., J.A.C.S., 1951, 73, 1521) has given
additional substance to the development of antagonists
to the synthesis of these basic compounds. From this
research have come several compounds, including the
folic acid analogs, that do produce a temporary remission in certain experimental cancers in the laboratory, as reviewed by Skipper (Cancer Res., 1953,
13, 545). Of these compounds 8-azaguanine has been
studied extensively and appears to inhibit certain
carcinomas and leukemias without being effective
against sarcomas. A-methopterin appears to be effective against certain experimental leukemias. The antimetabolites ofnucleic acid metabolism have been reviewed adequately by Wright (Vitamins and Hormones, 1951, 9, 131).
IV. Vitamin K — Dicumarol: Biological Antagonists.—The role of vitamin K and the more simple
related quinones in the formation of prothrombin
and their therapeutic importance in the management
of certain hemorrhagic diseases had been understood
for many years before the concept of antimetabolites
was developed.
The discovery of biological antagonists to vitamin K
began with the isolation by Campbell and Link
(/. Biol. Chem., 1941, 138, 21) of the substance in
sweet clover that caused a hemorrhagic disease in
cattle. This substance was soon identified as 3,3'methylene bis(4-hydroxycoumarin) by Stahmann et
al. (ibid., 1941, 138, 513). Later Link and his associates reported the interrelationship of bishydroxycoumarin, vitamin K and ascorbic acid (Overman et al.,
ibid., 1942, 142, 941; ibid., 1942, 145, 155; ibid.,
1944, 153, 5). Overman and the Wisconsin group
published an extensive study of the relationship of
structure to anticoagulant activity in the 4-hydroxycoumarin group of compounds. They concluded that
the minimal structural requirements for antihemorrhagic activity in the series was an intact 4-hydroxycoumarin residue with a hydrogen atom or an alkyl
substitution in the 3-position.
It is generally accepted that the action of Dicumarol
is that of a biological antagonist to vitamin K (Boyd
and Warner, J. Lab. Clin. Med., 1948, 33, 1431).
However, the antagonism is restricted to vitamins
Ki and Ki oxide and is not shared by 2-methyl-l,4naphthoquinone that is frequently employed clinically
as a vitamin K (Miller et al., New Eng. J. Med.,
1950, 242, 211).
If one pauses to consider this example, it obviously falls outside the restricted concept of antimetabolite. The structures of the bishydroxycoumarins
are not likely to be confused with those of the K-vitamins on the basis of similarity, and both parent compounds of the group of antagonists are of biological
origin. Thus, these compounds are more properly to
be considered biological antagonists, as Martin has
presented them in his excellent monograph on this
broad subject (Biological Antagonism, 1951, Blakiston Co., Phila.).
Three more examples of biological antagonists may
be cited, principally to illustrate how the antimetabo-
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lite approach is a restricted view of a much larger
sphere of research. Each illustrates a different aspect
of the matter.
V. Serotonin Antimetabolites. — Serotonin is a
hypertensive substance originally isolated from clotted
blood and identified as 4-hydroxytryptamine (Rapport, /. Biol. Chem., 1949, 180, 961; Hamlin and
Fischer, J.A.CS., 1951, 73, 5007; Page, J. Pharmacol.,
1952, 105, 58). Erspamer and Asero (Nature, 1952,
169, 800; ibid., 1952, 170, 282) considered it to be a
hormone, Enteramine, and demonstrated it to have a
number of physiological actions.
Woolley and Shaw (J. Pharmacol., 1953, 108, 87)
synthesized 2-methyl-3-ethyl-5-nitroindole and 2,3dimethyl-5-aminoindole. They demonstrated that these
antimetabolites of serotonin blocked the pressor response to its administration. More recently Shaw and
Woolley showed that ergotamine and yohimbine antagonized the vasoconstrictor effect of serotonin and
called attention to what they considered a real similarity of structure between yohimbine and the pressor
agent (/. Biol. Chem., 1953, 203, 979). The importance of this work, other than as an extension of the
antimetabolite concept once more into the field of
pharmacodynamics, is in the possibility that serotonin
may somehow be related to the etiology or pathogenesis of hypertension. In fact, this recalls to mind
the work of Clark referred to previously as antedating
the antimetabolite concept where synthetic tetraalkylammonium compounds and the naturally occurring
atropine were considered to compete with a "hormone," acetylcholine, and so to act by blocking its
effect on the receptor mechanism of muscle or glands.
The citation of yohimbine and ergotamine as antimetabolites brings to mind another attribute of this
research that has not been emphasized in this monograph, namely: that an antimetabolite or biological
antagonist may antagonize the action of more than
one metabolite (i.e., epinephrine reversal by yohimbine
and ergotamine) and that such compounds may hava
pharmacodynamic properties quite apart from their
role as antagonists.
VI. Morphtne-Nalorpitine Antagonism. — The antagonism ofthe pharmacodynamic action of morphine
by its analog N-allylnormorphine (Nalorphine, see
in Part I) represents perhaps still another type of
"antimetabolite" or "biological antagonist" effect. Both
compounds have an affinity for essentially the same
organs and influence similar functions. The activity
of morphine is far greater than that of N-allylnormorphine, yet the affinity of the latter compound for
the structure is so much greater than that of morphine
that it may be employed as an antidote, displacing
morphine from its site of action. The basic interrelationship of morphine and nalorphine and the
utility of the latter in the treatment of morphine addiction and respiratory depression may be found in
the work of Unna (/. Pharmacol., 1943, 79, 27),
Smith et al. (Fed. Proc, 1951, 10, 335), Wickler et al.
(ibid., 1952, 11, 402), Gruber and Gruber (J. Pharmacol., 1953, i09, 157), and Orahovats et al. (ibid.,
1953, 109, 413).
VII. Competitive Inhibition of Renal Transport
Mechanisms. — Since this subject is discussed in the
monograph on Nephrotropic Agents, reference should
be made particularly to the sections on Penicillin
Secretion Antagonists and on Natriuretic Agents.
These are applications of the more general concept of
biological antagonists, particularly the competitive
inhibition of definitive components of complex enzymatic processes. Viewed from an enzymologic perspective Beyer listed some seven approaches whereby
agents may be developed for the inhibition of renal
transport
mechanisms (Pharmacol. Rev., 1950, 2,
227).
Other excellent surveys of the general subject of
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antimetabolites that may be recommended highly are
those by Welch (Physiol. Rev., 1945, 25, 687), Shive
(Ann. Rev. Microbiol., 1952, 6, 437), and Woolley
et al. (Ann. N. Y. Acad. Sc, 1950, 52, 1197-1378).
Antimonials, Organic. — Following the demonstration that antimony potassium tartrate improved
the poor prognosis of leishmaniasis, granuloma inguinale and schistosomiasis, much effort was devoted
to the development of organic antimonial compounds
which would have a more favorable therapeutic index.
As in the case of organic arsenicals, both trivalent
and pentavalent antimony compounds were synthesized, and are employed in clinical medicine. In
general, the pharmacological and therapeutic action
is proportional to the rate of release of antimony from
the compound in the body. The trivalent organic
compounds are less toxic than tartar emetic but are
likewise less effective; until the advent of the broadspectrum antibiotics these compounds constituted the
most effective therapy for granuloma inguinale. The
pentavalent compounds were even better tolerated by
tissues but, besides being relatively costly, they failed
in the treatment of' cutaneous leishmaniasis, schistosomiasis and filariasis, although they did prove useful
in kala-azar (visceral leishmaniasis). The high hopes
for successful results with antimony compounds in
trypanosomiasis were not realized; organic arsenical
compounds proved to be more effective.
The list of trivalent antimonials includes antimony
potassium tartrate, antimony sodium tartrate, stibophen, antimony thioglycollamide, antimony sodium
thioglycollate, and antimony lithium thiomalate.
Among the pentavalent antimonials are ureastibamine,
stibamine glucoside, antimony sodium gluconate,
ethylstibamine and stibenyl. In Part I are described
those which are officially recognized — antimony potassium tartrate, antimony sodium tartrate, antimony
sodium thioglycollate, and stibophen. Hereunder is
provided information concerning certain other antimonials.
Non-official Compounds
Anthiomaline (May & Baker). Antimony Lithium
Thiomalate. — This compound represents approximately
Li6Ci2HgOi2SbS3.9H20, and contains about 15 per
cent of antimony (trivalent) . It has been used for the
treatment of trypanosomiasis, filariasis and other infections in which antimony is believed useful; the
most striking results have been in lymphogranuloma
and schistosomiasis. It has the advantage over tartar
emetic that, being less actively emetic, it can be given
in larger dose, with consequent better therapeutic results. Shaffer (Am. J. Syph. Gonor. Ven. Dis., 1942,
26, 489) employed it in nearly 50 cases of lymphogranuloma with apparent cure in about one-half and
marked benefit in nearly all the patients. Allison
(South. M. J., 1948, 41, 276) reported apparent cure
in 41 of 65 patients, without significant local or systemic toxicity. In schistosomiasis the proportion of
apparent cures is about 70 per cent (Mills, Lancet,
1946, 250, 12; Hernandez-Morales et al., Puerto Rico
J. Pub. Health, 1950, 25, 310; Rodriguez-Molinda,
Am. J. Trop. Med., 1950, 30, 881). Brown (Ann.
N. Y. Acad. Sc, 1948, 50, 51) reported marked but
incomplete disappearance of the microfilaria in about
two-thirds of cases of filariasis treated with this drug.
Vomiting and epigastric pain are frequent with this
drug, while fever, arthritis and erythema are rare.
Intramuscular injections are well tolerated. When
given in sufficient dose, Anthiomaline causes localized
pains in the muscles and some weakness; so regularly do these occur that these signs have been used
as an indication of the patient's tolerance.
Anthiomaline is employed in the form of a 16 per
cent solution, of which 1 ml. represents 10 mg. of
antimony; from 0.5 to 5 ml. (approximately 8 to 75
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minims) of this solution may be injected intramuscularly at intervals of two or three days, for about
20 doses. It is advisable to begin with the smaller
dose and increase it gradually until the patient's point
of tolerance has been determined. The drug should
be avoided in patients with serious insufficiency of
the kidneys or liver.
Antimony Sodium Gluconate. — At least two substances, one a trivalent antimonial and the other a
pentavalent derivative of antimony, have been referred to in the literature under this name. The
British Pharmaceutical Codex describes sodium stibogluconate as a pentavalent antimony derivative of
indefinite composition, which may be prepared by
reaction between antimonic acid, gluconic acid and
sodium hydroxide, or by adding antimony pentachloride to a solution of gluconic acid and treating
the reaction mixture with sodium hydroxide; the
composition of this compound has been represented
by the formula CeHgOgN^Sb, though the Codex
states that the product usually contains less than 2
atoms of sodium for each atom of antimony. This
compound occurs as a colorless powder, soluble in
water; it contains from 30 to 34 per cent of antimony.
It forms a stable aqueous solution which is nonirritant and of relatively low toxicity; nausea and
vomiting are infrequent but anaphylactoid symptoms
may occur after four or five injections. Solustibosan
(Bayer Products) is a proprietary brand of the compound; Pentostam (Burroughs Wellcome) is an injection form of the substance. Solutions for injection
may be sterilized by heating in an autoclave or by
filtration through a bacteria-proof filter; they should
be protected from light.
Chung et al. (Chinese M. J., 1944, 62, 17) employed
the drug effectively in the treatment of kala-azar by
injecting 6 to 12 ml. of a solution containing 20 mg.
of antimony per ml., administered intravenously or
intramuscularly every day or on alternate days, until
a total dose of 60 to 162 ml. of solution had been
given. Tuckman (J. Trop. Med. Hyg., 1949, 52, 199),
on the basis of the treatment of 148 patients, concluded that it is the best drug for Chinese kala-azar.
For larva migrans (creeping eruption), Wilson
(South. M. J., 1952, 45, 127) used an average of 6
daily doses of 4 ml. each, intramuscularly administered, together with local application of ethyl acetate
collodion, in successfully treating 22 of 75 cases; in
50 cases freezing of residual lesions with ethyl chloride completed the cure.
A trivalent form of antimony sodium gluconate was
employed effectively in schistosomiasis (bilharziasis)
by Erf an and Talaat (Trans. Roy. Soc. Trop. Med.
Hyg., 1950, 44, 123) and by Watson and Pringle
(/. Trop. Med. Hyg., 1950, 53, 233). Daily doses of
3 ml. of a 6 per cent solution were given intravenously for six to twelve days. It was emphasized that
solutions must be prepared immediately before use by
dissolving the antimonial under aseptic conditions in
ice-cold sterile distilled water. Untoward reactions
were much less frequent than with antimony potassium tartrate.
Antimony Thioglycollamide, NJf.R. 1951 (Hynson, Westcott and Dunning). — This substance is the
triamide of antimony thioglycollic acid, SMS.CH2CO.NH2)3, containing about 30 per cent of antimony.
It occurs as a white, crystalline powder, soluble in
about 200 parts of water, less soluble in alcohol. It
has been used in the treatment of schistosomiasis and
leishmaniasis. Hazen (JAM.A., 1932, 99, 1410) reported good results from its use in the treatment of
granuloma inguinale. Antimony thioglycollamide has
proved to be somewhat more toxic than the related
antimony sodium thioglycollate (see in Part I). The
thioglycollamide is also less soluble, but it has the
advantage of being more stable. The usual dose, which
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is injected intramuscularly or intravenously, is 80 mg.
(approximately V/3 grains), given every second day
until IS to 25 injections have been administered; at
least 12 doses should be given after the first signs
of healing. This antimonial is supplied as 0.4 per cent
solution, in 10-ml. ampuls.
Diramin (Parke, Davis) .—Under this name appeared a preparation representing an aqueous solution of the product of reaction between antimony
catechol and triisopropanolamine in the presence of
propylene glycol; it is a trivalent antimonial and the
available solution contains 8.5 mg. of antimony in
each ml. The solution is colorless when first prepared,
but may develop a faint pink color on standing.
Paggi and Hull (Ann. Int. Med., 1944, 20, 686) used
Diramin in the successful treatment of a patient with
extensive granuloma inguinale complicated by metastatic lesions and subcutaneous abscesses. Greenblatt
et al. (J. Ven. Dis. Inform., 1945, 26, 238) found it
to be an effective and safe preparation in their treatment of patients with the same disease. The solution
was given in 2 -ml. doses, intravenously, three times
a week. When given intramuscularly, pain and local
irritation were experienced.
Neostam Stibamine Glucoside (Burroughs Wellcome). Stibamine Glucoside, N.N.R. — This structurally ill-defined pentavalent antimony compound is a
nitrogen glycoside of sodium ^-aminobenzenestibonate; its solution is unstable if warmed or exposed to
the air. It is recommended for the treatment of leishmaniasis, both visceral and cutaneous (Snow et al.,
Arch. Dermat.
Syph., 1948, 57, 90) and schistosomiasis. It may cause vomiting about 20 minutes
after injection; sometimes diarrhea develops. After
6 or 7 injections anaphylactoid reactions may occur,
these including urticaria, hoarseness, and collapse.
Pneumonia, nephritis or hepatitis are contraindications. The usual intravenous or intramuscular dose
is 100 mg. per 100 pounds of body weight every other
day until a total of 3 Gm. per 100 pounds has been
given; the antimonial is employed in a freshly prepared 4 per cent solution in sterile distilled water.
It is supplied in vials containing 100, 200 and 500 mg.
Neostibosan
(Winthrop-Stearns) . Ethylstibamine,
N.N.R. 1950. — This pentavalent antimony complex is
a mixture principally of the tetramer of ^-aminobenzenestibonic
acid, the dimer of />-acetylaminobenzenestibonic
acid, antimonic
acid and diethylamine; it represents 41 to 45 per cent of antimony.
It occurs as a light yellow to yellow-brown powder,
readily soluble in water to form a neutral solution;
a 25 per cent solution is approximately isotonic. Solutions for injection should be prepared just before use,
as they are unstable on standing or heating. Like
other antimony compounds it is excreted rapidly in
the urine after either intravenous or intramuscular
injection, although traces remain in the body for
many weeks. Neostibosan is used in the treatment of
kala-azar and other forms of leishmaniasis (Most and
Lavietes, J. AM. A., 1948,
136, 472). In human
filariasis Culbertson et al. (World Med., 1948, 3, 108)
found the blood free of microfilaria in 23 of 35 cases
one or more years after treatment. Rubinstein (Blood,
1949, 4, 1068) tried it with indifferent results in cases
of multiple myeloma. The antimonial is injected intravenously (slowly) as a 5 per cent solution, or
intramuscularly as a 25 per cent solution; for adults
and older children the initial dose is 200 mg., increased
to 300 mg. in a course of 8 to 10 injections given
daily or every other day; the dose for infants and children is generally 50 mg. initially, increased to 100 mg.
The patient must rest for an hour or longer following
either intravenous
or intramuscular injection. Untoward effects include nausea, vomiting, fever, cough,
headache, diarrhea, dermatitis, gingivitis and convulsions. Anaphylactoid reactions may occur after
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many injections. Neostibosan has the same contraindications as other antimony compounds. It is supplied in ampuls containing 0.3 Gm.
Ureastibamine. Carbostib amide. Stiburea. — This
urea derivative of stibanilic acid is sometimes represented as having the composition of />-H2NCONHCeH4SbC>3H(NH4) but it would appear, in view of the
variable nature of commercial samples, that other related derivatives may be present. Ureastibamine occurs
as a white powder, soluble in water.
Uses. — Ureastibamine has been used for the tropical
diseases leishmaniasis (kala-azar, oriental sore),
schistosomiasis and filariasis. It is one of several
organic compounds containing pentavalent antimony.
Pentavalent compounds are in general less toxic than
trivalent antimonials such as stibophen, being similar
to organic arsenicals in this respect. It is less toxic
than antimony potassium tartrate, and the effective
dose is less than that of Neostibosan, according to
Lee and Chu (Chinese Med. J., 1935, 328).
In mice infected with cercariae of Schistosoma
mansoni 8 weeks previously, the therapeutic index
(LD50/CD50) was reported to be less than 1 (Schubert et al., Am. J. Trop. Med., 1949, 29, 115) ; a dose
of 16 to 37 mg. per Kg. of body weight was given
intraperitoneally 6 times weekly for 2 weeks. Hernandez-Morales (ibid., 1946, 26, 327) treated 14
hospitalized patients infected with this parasite with
from 3.4 to 10 Gm. of ureastibamine divided into daily
doses over a period of about 2 weeks, according to
the tolerance of the patient. No parasites were found
in the stools for 4 months after treatment. Flushing,
edema, hoarseness, abdominal pain, vomiting, leukopenia, albuminuria, sweating and collapse occurred in
all cases during or shortly after intravenous injection.
In leishmaniasis in 793 Chinese patients, Ho et al.
(Tr. Roy. Soc. Trop. Med. Hyg., 1949, 42, 473) employed adose of 20 to 40 mg. per Kg. of body weight
intravenously, divided into 6 equal portions administered at weekly intervals or 12 equal portions twice
weekly in the more debilitated cases. Parasites disappeared more rapidly on the weekly program (82.9
per cent showed negative smears at 6 weeks) and the
relapse rate during 3 years of observation was less.
Chen (Am. J. Trop. Med., 1949, 43, 174) studied a
rapid treatment program in which he gave 400 mg.
to 1 Gm. (in 1 case 1.5 Gm.) daily for 3 days intravenously in 5 per cent dextrose solution; uneventful
recovery in 9 of 11 hospitalized cases occurred, with
1 patient requiring a second course of injections. Five
patients experienced nausea, 1 vomiting, and 2 mild
abdominal pain following the injections. Fever subsided within 24 to 48 hours after the first injection
and parasites disappeared from smears obtained from
the spleen and bone marrow. No relapses were observed during the following 6 months. One case received 2.1 Gm. in 5 per cent dextrose solution slowly
by vein over a period of 5 hours although nausea,
vomiting, epigastric pain and malaise occurred for 24
hours. Mucocutaneous leishmaniasis responded to a
regimen of penicillin followed by ureastibamine parenteral^ and application topically of 5 per cent salicylic
acid ointment (Piers, Tr. Roy. Soc. Trop. Med. Hyg.,
1947, 40, 713).
Other Compounds. — The number of organic antimonials which have been used experimentally or
clinically, with more or less success, is relatively large;
the importance of the majority of these is not sufficient to warrant discussing them here. Several, however, are of interest either because of fairly extensive
use prior to the development of better products or
because they give promise of being useful. Stihenyl, a
pentavalent antimonial having the composition of
sodium 4-acetamidobenzenestibonate, is of interest as
being the first of the pentavalent antimonials to be
employed in kala-azar; other antimonials surpass it
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in effectiveness. Stibosan, a pentavalent antimonial of
the composition of sodium 3-chloro-4-acetamidobenzenestibonate, once fairly extensively employed, is
now considered to be inferior to a number of other
antimonials. The N -methylglucamine meta-antimonale ,
likewise a pentavalent antimonial, has been studied
pharmacologically and reported as being effective in
the treatment of kala-azar by Sen Gupta {Indian
Med. Gaz., 1950, 85, 291); he employed it as a 30
per cent solution, given intramuscularly, in a dose up
to 15 ml. on alternate days until a total dose of about
180 ml. per 100 pounds of body weight had been
given.
Antistiffness Factor. — In guinea pigs a diet deficient in a fat-soluble factor present in green vegetables and unheated molasses results in an abnormal
metabolism of calcium and phosphorus with a resulting diffuse calcinosis (Harris and Wulzen, Am. J.
Path., 1950, 26, 595). Possible parallelism between
this deficiency state in animals and calcinosis universalis inhumans was pointed out by Lansbury et al.
(Ann. Rheum. Dis., 1950, 9, 97). Guinea pigs show
circumscribed or diffuse interstitial calcinosis with
muscular degeneration and stiffness, noninfectious
fever, anemia, increased erythrocyte sedimentation
rate, eosinophilia. reversal of the albumin/globulin
ratio in blood serum, and collagen necrosis. Because
of the resemblance of human cases of scleroderma
with calcinosis, 10 patients were treated with concentrates of the antistiffness factor, but without significant benefit. Subsequently the antistiffness factor for
guinea pigs was identified as stigmasterol (Rosenkrantz et al., Proc. S. Exp. Biol. Med., 1951, 76, 408;
Kaiser and Wulzen, Arch. Biochem. Biophysics, 1951,
31, 326).
ANTU. Al pha-naphthylthiourea. — The observation
that phenylthiourea, a substance which is of interest
because it tastes bitter to most people but is tasteless
to some, kills rats when placed on the tongue of these
animals, while being apparently nontoxic to man, led
to its investigation as a possible rat poison. Preliminary tests with phenylthiourea on several city dumps
and large grocery stores indicated the substance to be
uncertain as a raticide, presumably because of discrimination on the part of the rats against poisoned
bait. A search of more than 100 other thiourea derivatives, which would have the same high toxicity as
phenylthiourea without its bitter taste, was then undertaken, and out of this study it was learned that
alpha-naphthylthiourea was the most effective. It is a
relatively specific poison for Norway rats, being less
toxic to all other species tested (Richter, J. A. MA.,
1945, 129, 927) ; it kills by its action on the capillaries
of the lungs, producing drowning pulmonary edema.
Its emetic property protects dogs in most cases. Xo
human fatalities or toxic symptoms in human beings
were observed during the 3 years of extensive use in a
city reported by Richter. No antidote is yet available,
but the great insolubility of the compound makes
prompt stomach lavage a useful countermeasure.
Should pulmonary7 edema develop following accidental
human poisoning, oxygen should be administered but
no fluids given either by mouth or intravenously.
ANTU occurs as a bluish-gray powder, highly insoluble inwater, stable to heat, and deteriorating very
little if at all during several years' dry storage. It has
no perceptible odor, and only a very transient bitter
taste. The pharmacologic action has been studied bv
McClosky and Smith (Pub. Health Rep., 1945, 60,
1101) and its pathology by Lillie (ibid., 1945, 60,
1108). It may be used in ground baits by mixing 2 or 3
parts of the substance with 100 parts of finely ground
grain, preferably a high grade of yellow corn, or it
may be dusted on ground grain, diced apples, sweet
potatoes, tomatoes, ground meat, etc. A mixture of
equal parts of ANTU and flour may be spread over
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ground which rats frequent, and the raticide dusted
on or mixed with water. The success of the use of
ANTU is dependent on getting a fatal amount of the
poison into the rats at the first meal, since after eating
a sublethal dose they develop a tolerance which lasts
about 30 days and an aversion which may last several
months. For detailed instructions concerning the use
of ANTU see Richter and Emlen, Pub. Health Rep.,
1946, 61, 602. [V]
Apocodeine. — This synthetic alkaloid is made by
heating anhydrous oxalic acid and codeine. Dixon
(1902) found that it caused a marked increase of
intestinal peristalsis and suggested its use as a hypodermic cathartic. Schwartze (Arch. exp. Path. Pharm.,
1931, 41, 461), however, reported that it is a circulatory depressant and that its cathartic effect is uncertain; he believes that it is not therapeutically useful.
Dose, 20 mg. (approximately */j grain).
Apocynum, N.F. VIII. Black Indian Hemp. Canada-hemp. Dogbane. Wild Cotton. — "Apocynum consists of the dried rhizome and roots of Apocynum
cannabinum Linne or of Apocynum androscemifolium
Linne (Apocynacece). Apocynum possesses a potency
such that 0.1 Gm. of it is equivalent to not less than
2 U.S.P. XIII Digitalis Units." X.F. VIII.
There are several indigenous species of this genus of
very similar general aspect, the rhizome and roots of
two of them being collected, viz.: Apocynum cannabinum, L., or Canadian hemp, and A. androsamijolium, L., or dogbane. Both plants abound in a
milky juice, which is present in simple latex cells that
occur in the cortex and pith of the stems and mesophyll of the leaves, and have a tough, fibrous bark,
which, by maceration, affords a substitute for hemp;
hence the common name. It was used by the Indians
of California for making cordage and for weaving.
Both species are indigenous to North America and
widely distributed.
In A. cannabinum the stems and branches are upright or ascending, terminated by erect and close,
many-flowered cymes, which are usually shorter than
the nearly sessile leaves, and the white corolla has
nearly erect lobes, with the tube not longer than the
lanceolate divisions of the calyx. In A. androscemifolium, or dogbane, the branches are divergently
forked, the leaves are slender petioled, the cymes
loose and spreading, the flowers with a bell-shaped,
pink to pinkish-white corolla with revolute lobes and
a tube much longer than the ovate-pointed divisions
of the calyx. A. cannabinum, of which there are several well-recognized varieties, grows in gravelly or
sandy soil, mostly near streams, while .4. androsoemifolium grows in dry thickets and open woods.
Description. — "Unground Apocynum. — Unground
Apocynum occurs as cylindrical, sometimes branched
segments, of varying lengths and up to 1.5 cm. in
diameter. Externally it is weak reddish brown to
brownish gray, longitudinally wrinkled, and occasionally has transverse fissures with vertical sides extending through the bark. The fracture is short; the
bark is very pale orange to light yellowish brown,
1.5 to 3.0 mm. thick; and the wood is porous, slightly
radiate and possesses large tracheae. The pith is small
and is present only in the rhizome. It shows short
rootlets, root-scars, buds, or occasionally short stem
bases which have a thin fibrous bark and hollow center." X.F. VIII. For histology, and description of
powdered apocynum, see US.D., 24th ed.. p. 92.
Constituents. — The chemist ry of apocynum is still
uncertain. Schmiedeberg (Arch. exp. Path. Pharm.,
1883, 16, 161) obtained two amorphous, probably
impure, principles which he designated as apocynin
and apocynein; the latter he regarded as a saponin.
Subsequently, Finnemore (/. Chem. S., 1908. 93,
1517) showed that apocynin is 4-hydroxy-3-methoxy
acetophenone or acetovanillone. The following year
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the same worker reported a bitter active principle
cynotoxin, to which he gave the formula C9,oH2s06
and a melting point of 165° (Proc. Chem. S., 1909,
25, 77). Moore (/. Chem. S., 1909, 95, 734) obtained
from A. androscemifolium a similar principle called
apocynamarin ; this is probably identical with the
aglycone of cymarin, now believed to be the important cardioactive principle of apocynum (Impens,
Arch. ges. Physiol, 1913, 153, 239). Windaus and
Hermanns (Ber., 1915, 48, 979) determined the formula of anhydrous cymarin to be C30H44O1). On
hydrolysis with cold hydrochloric acid it yields a
sugar, cymarose, C7H14O4, and strophanthidin, C23H32O6. This shows cymarin to be closely related to
many glycosides of the digitalis group, such as strophanthin, scillaren, and digitoxin. See Jacobs (/. Biol.
Chem., 1935, 108, 497) and Chen (/. A. Ph. A., 1936,
25, 579).
Uses. — Apocynum was introduced to the medical
profession by M. L. Knapp in 1826, although its virtues seem to have been known to the aborigines. A
number of clinicians have employed it in the treatment of various dropsies and presented evidence that
it is related to the digitalis group in its therapeutic
effects. H. C. Wood, Jr. (J.A.M.A., 1904, 43, 1953)
demonstrated that, like digitalis, apocynum in moderate dose causes a slowing of the pulse and increase
in the amplitude of the cardiac contractions and in
toxic dose it causes marked increase in the systolic
tone of the heart with great irregularity of its beat.
In the intact animal Wood found that the blood pressure was usually lowered because of marked cardiac
inhibition, but that when the vagus nerves had been
divided there was a notable increase in the blood pressure, which he attributed chiefly to stimulation of the
heart. Youngken and Vander Wyk (/. A. Ph. A., 1939,
28, 28) found that the A. cannabinum is about three
times as potent as the A. androscemifolium in its
effect on the frog's heart. Dale and Laidlaw {Proc.
Roy. Soc. Med., Dec, 1909) showed that apocynum
has a very marked stimulant action upon the vasomotor system. It appears to be more irritant to
mucous membranes than either digitalis or strophantus. Perhaps this local stimulant effect contributes to
its very powerful diuretic action; Dale and Laidlaw
attributed this result to an increased blood flow to
the kidneys.
Although apocynum may be used as a substitute for
digitalis in the treatment of chronic heart disease, the
studies of Marvin and White (J. AM. A., 1921, 77,
1865) on patients suffering with auricular fibrillation
show that it is ordinarily inferior in its action to
digitalis. Doses large enough to control the cardiac
irregularity produced, almost uniformly, nausea and
vomiting and sometimes purgation, and in several
cases in which digitalis was afterwards used successfully, they were unable to obtain distinct benefit from
apocynum. The older writers believe that it has a
stronger effect upon the kidney and is especially of
service in the treatment of dropsies, both those due to
failure of the heart and the ascites of hepatic cirrhosis.
Ordinarily it should not be given simultaneously with
digitalis or drugs with digitalis-like action.
Cymarin has been used clinically by Bounsmann
(Med. Klin., 1921, 17, 1522) and others as a cardiac
stimulant and tonic in daily doses of 0.5 to 1.0 mgm.
(approximately ^o to %o grain) hypodermically.
The N.F. assigned an average dose of 60 mg. (approximately 1grain) for apocynum.
Aristochin. Aristoquin. Aristo quinine. Diquinine
carbonic ester. CO(C2oH23No02)2- — A white or pinkish amorphous powder, soluble in alcohol, ether,
chloroform, glycerin, and dilute acids, but insoluble in
water. It is incompatible with alkalies and acids,
being decomposed with the liberation of quinine. It
is said to contain 96 per cent of quinine, and probably
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is an effective antiperiodic, but has been chiefly used
in whooping cough. Ciuca (Bull. Health Leag. Nat.,
1938, 7, 85) reported that it is practically equal to
quinine in its antimalarial power, although somewhat
slower in action. It has the advantage over quinine
of being practically tasteless. The dose for infants is
about 60 mg. (approximately 1 grain) ; for adults 0.5
to 1 Gm. (approximately 1l/2 to 15 grains).
Arsenic Triiodide, N.F. VIII. Arseni Triiodidum.
Arsenous Iodide. ASI3. — "Arsenic Triiodide, when
dried to constant weight over sulfuric acid, contains
not less than 99 per cent of ASI3. Caution. — Arsenic
Triiodide is extremely poisonous." N.F.
Arsenic triiodide may be prepared by the direct
combination of arsenic and iodine by heating or in a
solvent medium, such as carbon disulfide. It may
also be prepared by the interaction of an acid solution of arsenic trioxide with a solution of potassium
iodide.
"Arsenic Triiodide occurs as an orange to red, odorless or nearly odorless, crystalline powder. It is
affected by light. One Gm. of Arsenic Triiodide dissolves in about 12 cc. of water at 25° with almost
complete hydrolysis. It is soluble in alcohol, in chloroform, in ether, and in carbon disulfide." N.F. VIII.
Arsenic triiodide has been used internally, in the
form of the once-popular Donovan's Solution
(Arsenic and Mercuric Iodides Solution), in the treatment of various chronic luetic diseases of the skin,
in certain cases of lymphadenitis, and in some forms
of chronic joint disease. This solution contained 1
per cent w/v each of arsenic triiodide and red mercuric iodide, dissolved in water; after dissolving the
salts the solution was neutralized with sodium bicarbonate (for formula see U.S.D., 24th ed., p. 106).
Arsenic triiodide has also been given internally by
itself, for the effects of arsenic; in large doses it acts
as a violent gastrointestinal irritant and poison.
Locally, it has been applied in treating skin conditions where a powerful stimulant was desired; an
ointment containing 3 grains to the ounce has been
thus used.
Dose. — 3 to 12 mg. (approximately ^o to %
grain).
Preserve "in tight, light-resistant containers, and
avoid excessive heat." N.F. VIII.
Arsenicals, Organic. — Under this title are described the several non-official organic arsenicals
which are today used in medicine, or which are of
particular interest by virtue of the important role
therapy.
they
had in the development of present-day arsenical
Acetylarsan (Merck). Diethylamine Acetarsone. —
This compound is the diethylamine salt of the
trivalent arsenical acetarsone (see in Part I). It has
been used in the treatment of syphilis, by subcutaneous or intramuscular injection, reputedly being useful
where arsphenamines were contraindicated, as in
cardiovascular and hepatic syphilis. Acetylarsan is
supplied as a 23.5 per cent solution, each ml. of
which represents 50 mg. of arsenic. The dose of this
solution is 2 to 3 ml. weekly, for 12 to 16 injections.
/>-Arsenosophenyi,butyric Acid. CeH4.AsO(CH2CH2CH2COOH) . — Unlike most acid-substituted
phenyl arsenoxides, this trivalent arsenical compound
is an active trypanocidal agent. Its synthesis has been
described by Doak et al. (J.A.C.S., 1940, 62, 3012).
The acid is a water-insoluble white compound which
dissolves in alkali to form a yellowish solution; it
appears to be preferable to employ it in the form of
the dry sodium salt which is dissolved in water to
produce a 2 per cent solution prior to injection. Eagle
(Pub. Health Rep., 1946, 61, 1019) reported on its
use in the treatment of 319 human cases of Trypanosoma gambiense infection. Early infections may be
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cured with 12 to 14 daily injections at a dosage of
0.5 mg. per Kg. body weieht, or by 6 to 7 injections of 1 mg. per Kg. Where daily injections are
not feasible it would appear that the same number
of injections may be given at any desired interval
up to one week. Almost all the patients were
injected intravenously ; some, however, were injected
intraglutcally with either no reaction or transitory
discomfort at the site of injection. The characteristic
nausea-vomiting reaction so often observed with
other arsenicals was conspicuously uncommon, occurring after less than 1 per cent of the approximately
4000 injections given. Patients injected by error with
a dose of approximately 2 mg. per Kg. daily for 5 to
10 days showed no immediate or delayed toxic reactions.
Arspkexaminf. Arsphenamina, US.P. XIII. Diaminodihydroxyarsenobenzene Dihydrochloride. "Arsenobenzene." Saharsan. "606." — This compound, for
years one of the most important of therapeutic
agents, has the composition represented by the formula :
NH2. HCI

NH2.HCI
0H-2H20

The important intermediate from which not only
arsphenamine, but practically all other aryl arsenicals
may be synthesized is arsanilic acid. H2X.C0H4.AsO(OH)2, which is made by heating aniline with
ortho-arsenic acid. Diazotization of arsanilic acid,
followed by hydrolysis of the product, yields 4-hydroxyphenylarsonic acid, HO.CcH4.AsO(OH)o, which
is nitrated to 3-nitro-4-hvdroxvphenvlarsonic acid,
(X02).HO.C6H3.AsO(OH)2. Treatment of this compound with an alkaline solution of sodium hydrosulfite, in the presence of magnesium chloride, reduces
both the nitro group and the arsenic and simultaneously links together two molecules between their
respective arsenic atoms, forming arsphenamine base;
from arsphenamine base the synthesis may be continued to produce neoarsphenamine or sulfarsphenamine. The reduction of 3-nitro-4-hydroxyphenylarsonic acid may also be carried out so as to reduce
only the nitro group, and not the arsenic, in this
way forming 3-amino-4-hydroxyphenylarsonic acid,
from which may be prepared dichlorophenarsine,
oxophenarsine, acetarsone, or aldarsone. Variants of
the preceding method of synthesis are possible, and
have been used for commercial production of arsphenamine and other arsenicals.
The formerly official arsphenamine is the dihydrochloride of arsphenamine base, which is soluble in
water. Addition of an alkali, such as sodium hydroxide, in an amount sufficient to neutralize the two
molecules of HCI combined in the salt precipitates
arsphenamine base; further addition of alkali neutralizes first one of the OH groups and then the
other, both derivatives being soluble in water. The
form in which arsphenamine was employed, by intravenous injection, was that of an aqueous solution
containing sufficient sodium hydroxide to neutralize
not only the two HCI molecules but also both OH
groups.
Arsphenamine varied considerably in its toxicity
because of the presence of variable amounts of inorganic arsenic and other organic arsenical compounds in it; in consequence of this it was required
that arsphenamine be prepared only in establishments
licensed for the purpose by the United States Government, upon recommendation of the Surgeon General
of the United States Public Health Service, and that
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each lot of the product before being offered for sale
had to comply with the toxicity, labeling:, and other
requirements of the National Institutes of Health, and
be released by the Institutes.
Description. — "Arsphenamine occurs as a light yellow powder. It is odorless or has a slight odor, and
is hygroscopic. In the dry state or in solution it is
oxidized by exposure to the air, becoming darker and
more toxic. Its solutions are acid to litmus paper.
Arsphenamine is soluble in water, in alcohol, and in
glycerin, but onlv very slightly soluble in chloroform
and in ether." US.P. XIII. For standards and tests
see US.D., 24th ed., p. 108.
Uses. — Arsphenamine was introduced into medicine
in 1910 as the result of the extensive experiments of
Ehrlich, undertaken with the objective of preparing a
substance which should be non-toxic for higher animals, especially man, but poisonous to certain infective parasites. Arsphenamine proved to be an effective
drug in both acute or early syphilis and late or latent
The necessity of carefully alkalinizing the aqueous
syphilis.
solution of arsphenamine to the proper degree prior
to intravenous injection led to the development and
increasing use of neoarsphenamine, which did not require such treatment. Later, such observations as that
arsphenamine had little spirocheticidal effect in vitro
when the solutions were recently prepared but increased in potency upon oxidation, that in vivo
arsphenamine showed a distinct latent period, and
that the relatively simple compound "arsenoxide"
(3-amino-4-hydroxyphenyl arsineoxide) was effective
almost at once (both in vitro and in vivo), led to the
hypothesis that arsphenamine had to undergo oxidative cleavage in the body at the linkage of its two
arsenic atoms, with addition of an atom of oxygen
at the arsenic end of each of the resulting fragments,
forming
moleculeswhen
of "arsenoxide."
This hypothesis was two
established
it was demonstrated
that
"arsenoxide" was also clinically effective, in lower
dose and with relatively lower toxicity, and in time
the compound oxophenarsine hydrochloride' (see under
this title in Part I), which is the hydrochloride of
"arsenoxide" all but completely displaced arsphenamine as a therapeutic agent. Since the action of neoarsphenamine involves essentially the same chemical
cleavage, it too was relegated to a place of secondary
importance among arsenicals. At present the brilliant
success of penicillin in the treatment of syphilis has
greatly restricted the use of all arsenicals in this disease wherever adequate supplies of the antibiotic have
been available. This development, combined with the
superiority of the simpler organic arsenicals in instances where these compounds may be indicated or
where penicillin is unavailable, has placed arsphenamine, the "wonder drug" of an earlier generation, in
the category of the obsolete.
It is important to note, in view of the interest in
the ultimate mechanism of drug action, that the mode
of action of the cleavage products of arsphenamine
and other arsenicals of its type appears to involve
inactivation of glutathione-like sulfhydryl (-SH)
groups within trypanosomes b\T conversion to a chemical form which the organisms cannot utilize in the
process of respiratory' metabolism.
For a review of the uses and clinical toxicology of
arsphenamine see US.D., 24th ed., p. 107 ff .
Arsphenamine, except in those cases where its solutions were locally applied, was administered intravenously; the technic of injection was complicated
(see USD., 24th ed., p. 111). It was usually given in
a dose of 200 to 400 mg. (approximately 3 to 6
grains), if indicated cautiously increased to 600 mg.
(approximately 10 grains), given generally at intervals of a week. Based on body weight, the dose was
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regulated at about 100 mg. per IS Kg. (about 35
pounds). "Prior to injection the solution must be
alkalinized with 0.85 cc. of normal sodium hydroxide
for each 0.1 Gm. of Arsphenamine." U.S.P. XIII.
Storage. — Preserve "in a cool place, at a temperature preferably not above 25° in hermetic containers
of colorless glass, from which the air has been excluded either by the production of a vacuum or by
displacement with a non-oxidizing gas." U.S.P. XIII.
Arsthinol, N.N.R. Balarsen (Endo). CnHuASNO3S2. — This trivalent arsenical is the cyclic 3hydroxypropylene ester of 3-acetamido-4-hydroxydithiobenzenearsonous acid; it represents the
dimercaprol (BAL) ester of a derivative of acetarsone
in which the pentavalent arsenic atom of the
-AsO(OH)2 group of the latter has been reduced to
the trivalent form represented by -AsO. In arsthinol
the trivalent arsenic atom of the acetarsone component isjoined to both sulfur atoms of dimercaprol
by elimination of water. The resulting ester is a
white, odorless, microcrystalline powder, very slightly
soluble in water and in ether, sparingly soluble in
alcohol; it melts between 163° and 166°.
Arsthinol, when administered by mouth, has been
demonstrated to be effective against intestinal amebiasis and yaws (Levy and Talley, Gastroenterology,
1952, 22, 588). There is no adequate evidence that
it is effective against nonintestinal amebiasis, but it
may be of value against other intestinal protozoa.
The daily oral dose is 10 mg. per Kg. of body
weight, with a maximum of 500 mg. in 24 hours;
the drug is given in courses lasting 5 days and usually
the entire daily dose is taken before breakfast. Arsthinol is available in tablets containing 100 mg. of
the compound.
Atoxyl. Sodium Arsanilate. Arsamin. Sodium
/>-aminophenylarsonate. H2N.CeH4.AsO (OH) (ONa).3H2O. — This compound is of historical interest as
being one of the first of the modern organic derivatives of arsenic; it is a pentavalent arsenical. Atoxyl
occurs as a white powder, soluble in cold water.
Bismuth Arsphenamine Sulfonate, N.N.R. 1951.
Sulfarsphenamine Bismuth. Bismarsen (Abbott). —
This trivalent arsenical, the exact structure of which
is not known, is the sodium salt of a bismuth derivative of arsphenamine methylene sulfonic acid. It contains approximately 13 per cent of arsenic and 24
per cent of bismuth. Bismarsen is a brownish-yellow
amorphous powder, readily soluble in water, yielding
a yellow solution which is slightly alkaline to litmus.
Bismarsen is injected intramuscularly in the treatment of syphilis. It is said to be somewhat slower in
action than is sulfarsphenamine, when the latter is
administered intramuscularly, or neoarsphenamine
when this is administered intravenously. While it is
often better tolerated than are other arsphenamines,
it is less effective. A case of thrombopenic purpura
from its use has been reported (Haynes and Ormond,
J.A.M.A., 1950, 142, 1066). Bismarsen will not serve
as a replacement for treatment with alternating
courses of bismuth and arsenic therapy, notwithstanding that it contains both elements.
The initial dose of Bismarsen is 100 mg. (approximately \y2 grains), dissolved in 1 ml. of an 0.25 per
cent aqueous solution of butacaine sulfate; the dose
is later increased to 200 mg. (approximately 3 grains),
if well tolerated, and is eventually administered twice
weekly ; intramuscularly.
Carbarsone Oxide. — This compound differs from
carbarsone (see in Part I) in that the -AsO (OH) 2
group of the latter substance, containing pentavalent
arsenic, is replaced by -AsO, which contains trivalent
arsenic. Carbarsone oxide was most effective in treating natural amebiasis in laboratory monkeys, and
successful in one human case of amebiasis (Anderson
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el al., Am. J. Trop. Med., 1947, 27, 153). The greater
activity of this trivalent form is indicated by its
smaller dose of 30 mg., three times daily, by mouth,
for 10 days.
Melarsen. — This pentavalent arsenical is the disodium salt of N-(4,6-diamino-2-s.triazinyl)arsanilic
acid, also known as disodium />-melaminylphenylarsonate; its synthesis has been described by Friedheim
(J.A.C.S., 1944, 66, 1775). The drug has been under
investigation to determine its usefulness as a trypanocidal agent. Duggan and Hutchinson (Trans. Roy.
Soc. Trop. Med. Hyg., 1951, 44, 535) gave 8 doses of
15 mg. per kilo of body weight, intravenously administered, at intervals of five days in cases of sleeping
sickness due to T. gambiense with results comparable
to those obtained with 12 doses of tryparsamide,
except for a greater incidence of side effects. Rollo
and Williamson (Nature, 1951, 167, 147) studied the
drug.
development
of resistance by trypanosomes to the
Melarsen Oxide. — This trivalent arsenical is
N- (4,6-diamino-2-s.triazinyl) -/>-aminophenyl arsine
oxide, also known as N-(/>-arsenosophenyl)melamine;
it differs from Melarsen in that the pentavalent arsenic
containing group -AsO(ONa)2 is replaced by -AsO.
For synthesis of the compound see Banks et al.
(J.A.C.S., 1944, 66, 1771)
and Friedheim
(ibid.,
1944, 66, 1775). It is characterized by relatively
great stability, even in aqueous solution.
Clinical reports concerning this trypanocidal agent
have been conflicting. While Duggan and Hutchinson
(Trans. Roy. Soc. Trop. Med. Hyg., 1951, 44, 535)
reported that it proved to be too toxic for largescale use under field conditions in treating sleeping
sickness, Weinman and Franz (Am. J. Trop. Med.,
1945, 25, 343) had found this trivalent compound to
be non-toxic and effective in 14 of 16 cases with increased cell count in the spinal fluid; a dose of 3 mg.
per Kg. of body weight was given by mouth daily for
5 to 8 days, or 1 mg. per Kg. intravenously daily for
5 days. Friedheim (Ann. Trop. Med., 1948, 42, 357)
administered up to 1.5 mg. per Kg. intravenously, in
the form of a 5 per cent solution in propylene glycol ;
treatment consisted of 2 courses of 7 daily injections,
a rest period of one month separating the courses.
Payne et al. (South. M. J., 1946, 39, 972) used it
effectively in Brazil in the treatment of tropical ulcer
and frambesia in a daily intravenous dose of 25 mg.,
without toxic effects; the compound had been selected because of the stability of its solution under
tropical conditions. Rose and Culbertson (J. Parasitol., 1945, 31, 17 Suppl.) reported severe reactions
following its use in treating filariasis.
Mel B. — This substance is a product of the interaction of 2,3-dimercapto-l-propanol (dimercaprol
or BAL) and N-(£-arsenosophenyl)melamine (melarsen oxide) in whicn the trivalent arsenic atom of
melarsen oxide is joined to both sulfur atoms of
dimercaprol through the elimination of water. Friedheim (Am. J. Trop. Med., 1951, 31, 218) reported
favorably concerning its efficacy in sleeping sickness.
All 394 tryparsamide-resistant cases in the second
stage of the disease (166 with trypanosomes in the
spinal fluid) responded to a dose of 3 mg. per Kg. of
body weight daily, administered intravenously as a 5
per cent solution in propylene glycol, for ten consecutive days or with a 4-day rest period in the middle of
the series of injections. Only 3 per cent relapsed in
a follow-up period ranging from 1 to 15 months.
Increases in cell count and protein content persisted
or even increased for some time after the treatment;
clinical improvement was correlated with a return of
these abnormalities toward normal. Except for observing loss of weight, sclerosis of veins, and diarrhea,
Le Rouzic et al. (see abstract in Trop. Dis. Bull.,
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1950, 47, 449) reported similar results. No cases of
renal damage or optic atrophy were observed.
Neocryl. — Sodium succinanilomethylamide-/>-arsonate. CH3NHCO(CH2)2CONH.C6H4.AsO(OH) (ONa). — This is a pentavalent arsenical used by
Yorke (Brit. M. J., 1936, 1, 1042) as a substitute for
tryparsamide in locomotor ataxia and by others in
African sleeping sickness but experiments of Hawking
(J. Pharmacol, 1937, 59, 167) would indicate that
it is inferior to tryparsamide.
Orsaxixe (Specia). — Sodium 4-acetylamino-2hydroxyphenylarsonate. This pentavalent arsenical
was originally introduced by Fourneau as No. 270.
The acid of which it is the salt is isomeric with acetarsone, the acetylamino group being in the para instead
of the meta position, as in acetarsone. It has been
used quite extensively in Africa in the treatment of
trypanosomiasis (Hawking et al., J. Pharmacol., 1937,
59, 166). The dose is from 1 to 3 Gm. (approximately
IS to 45 grains) intramuscularly, which may be repeated at weekly intervals.
Phexarsoxe Sulfoxylate, N.N.R. Sodium 3amino-4-hydroxy ph&nylarsonate-M '-methanol Sulfoxylate. Aldarsone (Abbott). — A pentavalent arsenical,
this compound was prepared by Raiziss (/. Chemother., 1934, 11, 34) from 3-amino-4-hydroxyphenylarsonic acid by combining it with sodium formaldehyde sulfoxylate, the reaction being analogous to
that by which neoarsphenamine is obtained from
arsphenamine. Aldarsone differs from acetarsone (see
Part I) in having the methanal sulfoxylate group,
-CHoSOsNa, replacing the acetyl of acetarsone, also
in the replacement of a hydrogen of the arsonic acid
by sodium. It contains from 17.0 to 18.5 per cent of
arsenic and occurs as a white, odorless, amorphous
powder, soluble in water and insoluble in alcohol.
The pH of a 5 per cent solution is between 7.0 and
7.4, hence it does not require neutralization prior to
intravenous injection.
Raiziss (loc. cit.) found that in rabbits experimentally inoculated in the spinal canal with Spirocheta pallida, Aldarsone was decidedly superior to
tryparsamide both in prophylactic and in curative
effect. Spiegel et al. (Am. J. Syph. Gonor. Yen. Dis.,
1941, 25, 472) reported on 133 cases of neurosyphilis
treated with Aldarsone; of these there was complete
reversal of the Wassermann reaction in 8, and only
11 showed no improvement either serologically or
symptomatically. More striking, however, than the
large proportion of clinical improvement was the
complete absence of any indication of injury to the
eye; indeed in some cases in which there was already
existent evidence of optic nerve damage, either from
the previous use of tryparsamide or from the infection itself, there was apparent improvement of vision.
Aldarsone is also employed in the treatment of
trichomonas vaginitis by insufflating a powder containing 500 mg. of Aldarsone and 2.5 Gm. of kaolin,
alternating with the use of a glycerogelatin base suppository containing 130 mg. of Aldarsone.
The dose of Aldarsone, administered intravenously
in the treatment of central nervous system syphilis,
begins with 250 mg. (approximately 4 grains), increasing to 1 Gm. (approximately 15 grains) if the
patient shows no untoward reactions; injections are
given weekly for forty to fifty weeks.
Silver Arsphexamixe. N.NJI. 1947. Arsphenamina Argentea. Sodium Silver Arsphenamine. SilverSalvarsan (Winthrop). — The exact molecular formula
of this compound has not been established but it is
the sodium salt of silver diaminodihydroxyarsenobenzene, containing not less than 19 per cent of arsenic and 12 to 14 per cent of silver. Silver arsphenamine is a brownish-black powder, readily soluble in
water, yielding a dark brown solution. It was introduced into medicine with the idea that the silver
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would have a spirillicidal effect and that, therefore,
smaller doses would be required and there would be
less danger of toxic action. Experience seems to have
confirmed the first of these expectations and the drug
is efficient in smaller dose than arsphenamine but
there was difference of opinion as to its relative toxicity in equivalent doses. Cannon (J AM. A., 1934, 102,
268) believes it is more efficient than neoarsphenamine
but less reliable than arsphenamine. One of the objections to its use has been the occurrence of several
cases of argyria (see Becher and Ritchie, J. A.M. A.,
1931, 97, 389). Silver arsphenamine was administered,
by injection, in doses of 100 to 300 mg. (approximately 1^ to 5 grains), treatment beginning with
the smaller dose and gradually being increased, at
intervals of not less than four days, to the larger, if
well tolerated. Solutions were freshly prepared at
time of use.
Sodium Methylarsoxate. Disodium Monomethyl
Arsonate. Sodium Methar senile . CH3AsO(ONa)2.5H2O. — This pentavalent arsenic preparation occurs
as a crystalline powder containing 27.3 per cent arsenic, easily soluble in water and less so in alcohol.
It appears to be about equivalent in its physiological
and therapeutic effects to sodium cacodylate (see
Part I), over which the advantage is claimed that it
does not impart the garlicky odor to the breath that
is characteristic of the cacodylates. The dose is from
20 to 60 mg. (approximately ^ to 1 grain). It has
been sold under various trade names, as arrhenal,
arsynal, neoarsycodile, stenosine, etc.
Artabotrys. Artabotrys odoratissima (Roxb.), R.
Br. (Fam. Anonacece) and Anona uncinata Blanco.
Ilag-ilag de China, Sp.-Fil. Alag-ilag Sonson, Tag. —
A decoction of the leaves of these plants is used in
the Philippine Islands in the treatment of cholera ; the
overdose is said to be capable of producing abortion.
The bark of the Artabotrys suaveoleus BL, whose
leaves are also used in cholera, contains two alkaloids,
artabotrine and suaveoline (see Barger et al., J. Chem.
S., 1939, p. 991).
Asarum, N.F. VII. Canada Snaker'oot. Wild
Ginger.rhizome
Under and
this roots
title the
VII canadense
recognized Linne
"the
dried
of N.F.
Asarum
(Fam. Aristolochiacece) ." N.F. VII.
This plant is a low, perennial herb having an aromatic-bitter rhizome and root system. It is native to
rich woodlands of North America. The rhizome bears
several long petioled, radical, reniform leaves and
also bell-shaped flowers that have a brownish-purple
calyx. The drug is collected in the spring, most of the
roots being usually removed from the rhizome. For
a description of the drug see US.D., 23rd ed., p. 176.
Asarum owes its activity to an acrid bitter resin
and a volatile oil. The chief ingredient of the latter
is the methyl ether of eugenol. The other constituents
include d-linalool, Z-borneol, /-terpineol, geraniol, a
pinene and a blue oil, of undetermined composition,
consisting of oxygenated substances of alcoholic nature (see Power and Lees, Trans. Chem. Soc, 1902).
The presence of antibiotic substances has been reThe medicinal properties of this drug are those of
aported.
feeble aromatic. From 2 to 4 Gm. (30 to 60 grains)
has been given.
Asbestos. — Any silicate mineral having a fibrous
structure is classified as asbestos, regardless of its
chemical composition. The most important varieties
are hydrated magnesium silicate, H.|Mg3Si209, sometimes called short-jxbered asbestos, and a mineral of
less certain composition frequently containing Ca and
Fe as well as Mg and known as long-fibered asbestos.
The short-fibered variety is superior as a heat insulator and the fibers are stronger. These properties
lead to its extensive use in the manufacture of insulating materials and in non-combustible materials
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such as cloth, board, felt, tape, paper, paint, cement
and curtains. The long-fibered, amphibole, asbestos
is preferred as a filtering medium.
In recent years, since asbestos has become a commodity of outstanding importance, there have occurred a number of cases among the workers in this
industry of a pulmonary condition known as asbestosis whose symptoms are very similar to those of
silicosis (pulmonary fibrosis) and it may be complicated by tuberculosis. For literature on this subject see JAMA., 1939, 112, 2067.
Asclepias. Milkweed. — A large number of milkweeds are known to be poisonous and it is not improbable that all of them are more or less so. A
number of the western species have proved troublesome to the stock raisers. It is said, for example, that
two or three ounces of leaves of A. galioides H. B. K.
of the southwestern United States (whorled milkweed, sometimes called bed-straw milkweed or beeweed) is sufficient to kill a sheep. (For a fist of the
poisonous species see Muenscher, Poisonous Plants of
the United States, 1939, p. 193.) The poisonous principle is alcohol soluble and is probably to be classed
among the resins.
Three species of asclepias were recognized in the
U. S. Pharmacopoeia of 1840, namely, the A. syriaca
L. (A. Cornuti Decaisne) or silkweed; the A. incarnata L. or swamp milkweed, and the A. tuberosa L.
The last-named (popularly known as pleurisy root,
butterfly weed, orange swallowwort or wind root)
was continued in the N.F. until 1936. This species is
conspicuous for its large umbels of brilliant, orangecolored flowers and extends throughout the whole
of the eastern United States. It is the only species of
the genus that does not have a milky juice. It appears to contain the glycoside asclepiadin which was
first described by Gram, in A. incarnata, in 1884.
Rihn and De Kay (/. A. Ph. A., 1940, 29, 69)
studied the glycosides of A. Cornuti. A proteolytic
enzyme, asclepain, from the latex of milkweed has
been reported by Winnick et al. (J. Gen. Physiol.,
1940, 23, 275). For a description of pleurisy root see
U.S.D., 22nd ed., p. 1256.
In full doses asclepias is emetic and cathartic.
Probably through its nauseating action, in smaller
doses it acts as a diaphoretic and expectorant. It has
been used not only in bronchitis and other pectoral
complaints, but also in rheumatism and to promote
the eruption in exanthematous fevers. Costello and
Butler (J. A. Ph. A., 1950, 39, 233) found the fluidextract to contain substances estrogenic to castrate
rats; also, an appreciable uterine stimulant action
was observed in the cat, dog and rabbit.
The dose of the fluidextract is 1 to 4 ml. (approximately 15 to 60 minims).
Aurothioglycanide, N.N.R. Lauron (Endo).
ct-Auromercaptoacetanilid. CeHsNH.CO.CHoSAu. —
This is a grayish-yellow powder which is insoluble
in water, acid or alkaline solutions, benzene, ether
and chloroform. It contains 54 per cent of gold linked
by a sulfur bridge to the organic portion of the molecule. Following injection it is absorbed more slowly
from tissues than water-soluble gold salts (see Aurothioglucose, Gold Sodium Thiomalate and Gold Sodium Thiosulfate in Part I) . It is used in the treatment of rheumatoid arthritis; a lower incidence of
toxic reactions is reported. Batterman (JAM. A.,
1953, 152, 1013) reported major improvement in 26
of 69 patients during the initial period (up to 6
months) of weekly injections. Complete remission was
observed in 8 and major improvement (grade 2 of
the therapeutic criteria of the American Rheumatism
Association) in 18 patients. Of 8 patients with early
(stage 1) rheumatoid arthritis, 4 experienced complete remission and 2 showed major improvement;
among 17 patients with stage 2 arthritis, 4 had a
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complete remission and 4 major improvement. No
complete remissions were obtained in patients with
stage 3 or 4 disease, but 6 of these 44 cases had major
improvement. Maintenance therapy with aurothioglycanide was conducted with 17 patients; 15 of these
had a satisfactory end result. The same toxic effects
as of other gold salts were observed but the incidence
was only 31 per cent of those cases with no previous
history of untoward responses to gold salts. Among
44 patients treated with aurothioglucose by Batterman
or Joseph Bunim, the incidence of toxicity was 55 per
cent. Batterman points out that the long-term benefit
of the rheumatoid activity is rarely complete with
cortisone therapy despite the rapid functional improvement which is almost always obtained. Considering the high relapse rate and the high incidence
of untoward effects of prolonged cortisone therapy,
many rheumatologists are returning to gold salt therapy and continuing the search for more satisfactory
forms of therapy.
Batterman commenced with a dose of 25 mg. of
aurothioglycanide intramuscularly weekly for 3 weeks
and increased this to 50 mg. if the therapeutic response was insufficient. At intervals of 8 to 10 weeks
the dose was increased another 25 mg., if indicated.
The maximum single dose was 150 mg. and most patients did not receive more than 100 mg. When improvement was well established without evidences of
untoward effects of gold therapy, patients received
50 to 150 mg. every 2 to 4 weeks. The maximum total
dose over a period of several years was 1 to 5 Gm.
and in a few cases a little more than 5 Gm. Robinson
(Can. Med. Assoc. J., 1945, 53, 279) reported good
results with Lauron. Merliss et al. (Ann. Int. Med.,
1951, 35, 352) denied the value of this gold salt in
rheumatoid arthritis. Margolis et al. (Am. J. Med.
Sc, 1949, 218, 121) implanted pellets of 850 mg. of
Lauron intramuscularly in 6 patients in a total dose
of 4 to 6 Gm. ; the average blood plasma gold concentration was 0.065 mg. per 100 ml. Aurothioglycanide isavailable in 5- or 10-ml. vials containing 50 or 150 mg. of aurothioglycanide per ml. of
sesame oil. The usual dose is 25 mg., which may be
increased as indicated (v.s.).
Azedarach. Azedaracha, U.S.P. 1860. Pride of
India. Pride of China. Indian Lilac Tree. China
Berry. White Cedar. China Tree.— This, large deciduous tree, native to the Levant and in northern India,
is widely cultivated as an ornamental shade tree and
has been naturalized in the southern United States.
The U.S.P. formerly recognized the bark of the root
— and the B.P. Add. the bark of the stem — of Melia
Azedarach L. (Fam. Meliaceoe), a beautiful tree,
thirty or forty feet high, with a trunk fifteen or
twenty inches in diameter.
Azedarach contains a bitter principle, margosine,
which is perhaps alkaloidal and is supposed to have
antimalarial activity (Chem. Drug., 1919, 91, 551).
It has been said that robins are narcotized from eating the fruit, and the bark has been claimed to be
cathartic and emetic but H. C. Wood was unable to
poison frogs or rabbits with extracts from either the
bark or fruit. Steyn (Toxicology of Plants of South
Africa, 1934) found that sheep and pigs were susceptible to the fruit, the symptoms being complete
paralysis with depression of respiration. The bark has
also been claimed to have anthelmintic activity and
has been used for this purpose in the form of a decoction. A principle having santonin-like activity, of the
composition represented by C9H8O4, has been separated from the bark by Nakabayashi (J. Pharm. Soc.
Japan, 1952, 72, 717).
Bacteriophage. — A bacteriophage is a virus which
causes transmissible lysis of bacteria. As small an
amount as 1 part per billion, added to an actively
growing culture of susceptible bacteria, will in a few
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hours cause solution of nearly all cells. A minute
volume of the clear solution is capable of again effecting lysis of another young culture of growing bacteria.
This lysis or solution of bacteria is the outstanding
characteristic of bacteriophage action. The effects of
a bacteriophage are more or less narrowly restricted
to organisms of the same, or closely related, species.
A bacteriophage is inactivated by various chemical
and physical agents, including blood serum and various colloidal suspensions. When injected into the body
a bacteriophage acts as an antigen and causes formation of a substance which neutralizes its effects. It is
inactivated when heated to about 75° for 30 minutes.
However, it passes through compact clay filters which
retain bacteria.
Prior to the antibiotic era there were commercially
available, either singly or in polyvalent mixture,
"phages" against staphylococcus, streptococcus, Bacillus colij dysentery bacillus, etc. They were used as
remedial agents either by local application — in carbuncles and other localized infections — or hypodermically to excite a nonspecific protein reaction, or
internally in various infections of the alimentary
canal, and even intravenously. Bacteriophage has been
tried in bacillary dysentery, cystitis, and other infections. Reported results indicate that bacteriophages
are far less effective in living tissue than in vitro (see
Jern and associates, /. Lab. Clin. Med., 1934, 19,
1257; MacNeal et ah, Am. J. Med. Sc, May, 1934;
Eaton and Bayne-Jones, J.A.M.A., 1934, 103, 1769,
1847, 1936).
Knouf (J.A.M.A., 1946, 132, 134) reported successful treatment of 56 patients with typhoid fever
by intravenous injection of type specific bacteriophage
prepared from a culture of each patient's blood. The
bacteriophage material was administered in 500 ml.
of dextrose solution by intravenous drip over a period
of 4 to 7 hours. A moderate chill, lasting about 30
minutes, developed initially, after which the temperature rose to 105° to 107° in 3 to 6 hours and
then returned to normal 9.5 to 24 hours after start of
treatment. Goldsmith (ibid., 1946, 132, 472) found
patients infected with septicemias, carbuncles, furunculosis, cellulitis, acute osteomyelitis, pyelitis, and
peritonitis to respond far better when treated with a
bacteriophage developed in the presence of the actual
infecting organism than when a stock phage was used.
The preparation of a type-specific bacteriophage is
described in Gradwohl's Clinical Laboratory Methods
and Diagnosis. In an extensive review of the literature, Krueger and Scribner (J.A.M.A., 1941, 116,
2160, 2269) concluded that the evidence is insufficient
to establish phage therapy.
The commercial bacteriophage preparations were
either in liquid form or were incorporated in watersoluble jelly bases preserved with a suitable antiseptic. They were administered topically, orally, subcutaneously, or intravenously in a dosage based on
clinical experience. Straub and Applebaum (J. AM. A.,
1933, 100, 110) called attention to great variation in
the potency of commercial bacteriophages.
Bael Fruit. Beloe Fructus, B.P. 1914. Beta. Indian
Bael. Bheh Bengal Quince. Marmelos de Benguala. —
The Mgle Marmelos Correa is a rather large tree
(Fam. Rutacece), extensively cultivated in India, with
an erect stem, few and irregular branches, an ashcolored bark, strong, very sharp, axillary thorns, single
or in pairs, trifoliate leaves and large white flowers.
The fruit is a berry of delicious flavor, of about the
size of a large orange, with a hard, smooth, greenish
shell, and from ten to fifteen loculi containing, besides the compressed woolly seeds, a large quantity of
exceedingly tenacious mucilage, which when dried is
hard and transparent. The mucilage about the seeds
has been applied industrially. The rind is used in
dyeing. The flowers are considered refrigerant by the
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native physicians. The fresh leaves yield a bitterish
and somewhat pungent juice, which, diluted with
water, has been used in the early stage of catarrhal
and other fevers. The bark of the stem and root is
thought to possess febrifuge properties.
The most important constituent of bael fruit appears to be its mucilage. It also contains pectin,
sugar and traces of tannic acid and of an essential
oil (see Badakow, Apoth.-Ztg., 1894, p. 773). Dikshit
and Dutt (/. Chem. S., 1930, 7, 759) separated a
crystalline material they called marmelosin and which
is identical with imperatorin, first isolated from
Imperatoria ostruthium (see also Ammi Majus). The
active principles of the bark are y-fagarine, marmesin
(a coumarin), and umbelliferone (Chatterjee and
Mitra, J.A.CS., 1949, 71, 606).
Bael fruit has been used in India in the treatment
of diarrhea and dysentery for many years. It is said
to possess laxative properties. A decoction, 2 ounces
of dried fruit in a pint of water evaporated by boiling to 4 fluidounces, has been employed in doses of
30 to 60 ml. (1 to 2 fluidounces) every 2 to 6 hours.
The liquid extract (Extractum Belce Liquidum, BJ*.
1914) has been given in doses of 4 to 8 ml. (1 to 2
fluidrachms).
Balsam of Gilead. Balm of Gilead. Mecca Balsam. Balsamum Mecca or Judiacum. Balsamum
Gileadense. — The genuine balm of Gilead is the resinous juice of Commiphora Opobalsamum (L.) Engl.
(Fam. Burseracece) , a small evergreen tree, growing
on the Asiatic and African shores of the Red Sea. It
was in high repute with the ancients, and apparently
is still employed in Eastern nations as a medicine and
cosmetic. It is described as of a yellow color, about
the consistency of honey, but solidifying on exposure, and having a pleasant odor. It possesses no
medicinal properties. It was formerly known as
opobalsamum, while the dried twigs of the tree were
called xylobalsamum, and the dried fruit, carpobalsamum. In this country poplar buds are often, incorrectly, called Balm of Gilead Buds.
Baptisia. Wild Indigo. — "Baptisia is the dried
root of Baptisia tinctoria (Linne) R. Brown (Fam.
Leguminosce) ." N.F. V.
This is a perennial herb, abundant throughout the
eastern United States, in woods and dry, barren uplands. Its leaves are trifoliate with cuneate-obovate
leaflets. Its inflorescence is a short raceme of yellow
flowers. Its fruit is a subcylindric, many seeded
legume. For a description of the root see UJS.D., 21st
ed., p. 212.
Baptisia contains, according to Gorter (Arch.
Pharm., 1897, 235, 321), a non-toxic glycoside baptisin, and an alkaloid baptitoxine ; the latter is identical with cytisine (see Cytisus) . There is present also
a bluetute for
dye
which has been used as an inferior substiindigo.
Baptisia has been used, both locally and internally,
in the treatment of various septic conditions. Thus,
it has been recommended as a gargle in ulcerative
pharyngitis, as an application to foul ulcers, and internally in the treatment of various infectious fevers.
Its value, however, is very questionable. In overdoses it acts as an emetic and cathartic.
The fluidextract (Fluidextractum Baptisia:, N.F. V)
has been administered in a dose of 0.3 to 1.3 ml. (5
to 20 minims).
Barbados Nuts. Purging Nuts. Physic Nuts.
Semen Ricini Majoris. Pignons d'Inde. — These are
the seeds of Jatropha Curcas L. (Curcas pvrgans
Adanson) (Fam. Euphorbiacece) , growing in Brazil,
the West Indies, and cultivated extensively in all
tropical countries. The fruit is a 3-locular capsule,
containing one seed in each locule, and is about the
size of a walnut. The seeds are blackish with small
white patches, oval, 1.5 to 2 cm. long, flat on one
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side, convex on the other, and the two sides present
a slight longitudinal prominence. They yield a fixed
oil, an acrid resin, sugar, gum, a fatty acid, gluten, a
free acid, and salts. The oil, called curcas oil or
jatropha oil, may be separated by hot expression,
the yield being about 40 per cent. When fresh it is
odorless and practically colorless, but becomes yellowish and slightly odorous on standing. Grimme
reported in 1921 that the oil yielded a hydroxy-fatty
acid (analogous to ricinoleic acid), which he called
curcinoleic acid, but Cruz and West deny this (Philippine J. Sc, 1936, 61, 437), finding that the oil consists chiefly of olein, linolein and palmitin with small
amounts of myristin, stearin and arachidin. From
three to five of the seeds, slightly roasted and deprived of their envelopes, cause active catharsis, but
rarely produce nausea and vomiting, with a sense of
burning in the stomach. According to Droit (Chem.
Abs., 1933, 27, 3839) the oil contains a toxic resinolipoid and the cake, after expression of the oil, a
toxalbumin, curcine, which is capable of causing serious poisoning. The leaves of the plants are rubefacient, and the juice is said to have been employed
as a local remedy in piles. The oil purges in a dose
of 0.3 to 0.6 ml. (5 to 10 minims), and is analogous
in its action to croton oil, though less powerful.
Barbiturates. — Historically, barbituric acid is
said to have been prepared by Conrad and Gutzeit
in 1882 and Fischer and von Mering introduced diethylbarbituric acid in 1903 as the first of the barbiturate hypnotic agents under the name of Veronal.
Thus, this was one of the earlier synthetic compounds
that has withstood the many tests of time and the
advent of other compounds.
These agents and the field of hypnotic drugs are
unique among those represented in the series of
monographs that appear in The Dispensatory, for
they cannot be associated immediately in one's
thoughts with either the motor or the sensory side
of the nervous system at a specific site nor do they
mimic or antagonize the actions of humoral agents in
the manner of other agents. Yet they are among the
more valuable and widely used of drugs.
The pharmacodynamic characteristics of the many
barbiturates may be distilled into two fractions: (1)
Within the barbituric acid structure is inherently the
property of affecting the irritability and conductivity
of the cell, primarily the neuron. These agents are
never predominantly antihistaminic, anticholinergic,
antiadrenergic, etc., and yet they are employed along
with sympathomimetic and antihistaminic agents for
the relief of allergies, with anticholinergic agents in
the therapy of peptic ulcer, with adrenergic blocking
agents in the treatment of hypertension, etc. (2) The
type of alkyl or aryl substitutions at one or more of
three sites on the barbiturate nucleus determines the
metabolic fate and hence the duration of action, the
dosage, and the clinical indications for a specific
compound.
Mode of Action. — Electrical. — Early reports invited attention to the similarity between electroencephalographic (EEG) records obtained during barbiturate sedation and those recorded during natural
sleep. In general, the clinical literature indicates that
prior to the induction of sleep by the barbiturates
there is frequently the appearance of fast EEG activity. If sufficient drug is administered to produce
sleep, the record is altered to the slow rhythm and
the appearance of spindles characteristic of sleep.
Actually, patients are more excitable or less cooperative under doses of a short-acting barbiturate
inadequate to induce sleep. Moreover, some of the
compounds seem predominantly to produce stimulation.
Toman and Davis (Pharmacol. Rev., 1949, 1, 439)
reviewed the literature pertaining to the effect of
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barbiturates on the electrical activity of the brain
and presented the following summary: ". . . , there
seems to be nothing incompatible with the view
that the essential mechanisms of barbiturate action
are increased recovery time and increased threshold
for cerebral neurons in general, with a somewhat
greater sensitivity of cortex than of diencephalic
centers. In this light the various qualitative changes
in the EEG should be looked upon not as the sudden
appearance of an additional type of drug action, but
as an expression of the functional organization of
the brain itself, which can operate within several
semistable states of self-regulation, the state being
determined in part by the inflow of afferent impulses,
and in part by some as yet unknown perversities
that characterize a machine evolved for learning and
Chemical.— Jowett and Quastel (Biochem. J., 1937,
dreaming."
31, 565; /. Physiol., 1938, 92, 322) found that glucose oxidation was depressed when brain slices were
incubated in the presence of barbiturates. While
these drugs do not affect basal metabolic rate when
administered in hypnotic dosages, amobarbital administered inanesthetic amounts has been shown to
lower oxygen consumption of the patient markedly
(Shapiro, /. Nerv. Ment. Dis., 1937, 85, 305). At
that time the in vivo and in vitro results seemed
compatible; but the recent literature is more difficult
to coordinate with gross observations.
It was found by Westfall (J. Pharmacol, 1949, 96,
193; ibid., 1951, 101, 163) that very low concentrations of phenobarbital increased the oxygen consumption of cerebral cortex slices, whereas higher
concentrations inhibited uptake. Persky et al. (ibid.,
1950, 100, 273) claim that in the pyruvate oxidase
system it is the sulfhydryl group of the dehydrogenase that is barbiturate-sensitive. Grieg (ibid., 1952,
106, 24) could not repeat their observations and,
since she found no effect of BAL (dimercaprol) on
inhibition of brain metabolism by pentobarbital, she
maintained her position that the barbiturate blocked
hydrogen transport between the coenzyme and the
cytochrome system (ibid., 1946, 87, 185), a position
that could not be substantiated by Persky et al. (loc.
cit.) Apart from that lack of agreement Brody and
Bain (Proc. S. Exp. Biol. Med., 1951, 77, 50) contend
that the action of the barbiturates may be to uncouple phosphorylation from oxidation, which is a
difficult position to defend.
It would appear from collateral evidence that the
action of barbiturates is related to carbohydrate
fragment metabolism. Lamson et al. (J. Pharmacol.,
1951, 103, 460) were able to demonstrate that glucose, occasionally, and most of its phosphate and
Krebs' cycle derivatives were capable of potentiating
the duration of barbiturate hypnosis. Among the interesting metabolites that they found to produce the
glucose-like prolongation of barbiturate hypnosis was
succinate. Previously, Soskin and Taubenhaus (ibid.,
1943, 78, 49) had reported that succinate was capable
of shortening the duration of sleep induced by pentobarbital. Beyer and Latven (ibid., 1944, 81, 203)
could not substantiate their claims. Similarly, Schack
and Goldbaum (ibid., 1949, 96, 315) were not able
to confirm an analeptic effect of succinate on barbiturate hypnosis (see also under Barbital, Toxicology,
in Part I).
If one keeps in mind the general depressant effect
of the barbiturates, the specific effects of the various
marketed agents in any of the categories to be mentioned may be anticipated. The thiobarbiturates may
increase blood pressure transiently but on the whole
these agents lower blood pressure, especially when
administered in large doses. There are reports to the
effect that thiobarbiturates may potentiate cardiac irregularities, but this is not encountered sufficiently
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to be clinically noteworthy. Several of these compounds produce a sufficient depression of vagal tone
to permit an increase in heart rate.
It is important to recall that in hypnotic doses
barbiturates do not obtund pain. Consequently, they
cannot be relied on to induce sleep when a patient
complains of pain except when accompanied by a
dosage of an analgesic agent adequate to relieve discomfort. The depressant effect of barbiturates on
spinal reflexes, salivary secretion, gastrointestinal motility and secretion, urine flow and bladder tonus are
summarized in the review of their pharmacology by
Tatum (Physiol. Rev., 1939, 19, 472; Ann. Rev.
Physiol., 1940, 2, 359).
Classification of Barbiturates. — Generically, the
structure of barbiturates may be represented as
follows:
i— Hor CH3
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Fitch and Tatum (/.c Pharmacol., 1932, 44, 325) were
the first to stress a systematic classification of barbiturates on the basis of duration of action, for it,
not collateral pharmacology, is the principal attribute
that distinguishes the compounds one from another
and which determines their utility. An extension of
their classification to include newer available compounds might be modified from Table 2 in the more
recent review by Mavnert and Van Dyke (Pharmacol.
Rev., 1949, 1, 217) as follows:

Since duration of action so profoundly influences
the utility of these compounds, it is not surprising
that such a predominant proportion of research in
this field over the past few years should have been
directed toward elucidating their metabolic fate. Older
work along these lines was hampered seriously by
lack of reasonably specific and simple methodology.
Barbiturates that have long duration of effect are
characterized by profound biological stability. In
general, they are slow in onset of action whether
administered orally or parenterally. Their duration
of action is determined by their slow rate of renal
elimination, for they are largely excreted as such.
Giotti and Maynert selected barbital (see in Part I)
as an example of this class for a study of its renal
clearance since it does not undergo change in vivo
(Maynert and Van Dyke, J. Pharmacol., 1950, 98,
184) and since ordinarily 7 to 10 days are required
to excrete a single dose (Maynert and Van Dvke,
Pharmacol. Rev., 1949, 1, 217). They were of the
opinion that the compound was largely reabsorbed
by the renal tubules as the free acid by a process of
back-diffusion (J. Pharmacol., 1951, 101, 296). It is
generally well known that in the presence of renal
impairment, compounds of this class have an even
more prolonged duration of action (Murphy and
Koppanyi, /. Pharmacol., 1934, 52, 80; Mason and
Beland, Anesthesiology, 1945, 6, 483; Hirschfelder and
Haury, Proc. S. Exp. Biol. Med., 1933, 30, 1059).
Butler el al. (J. Pharmacol., 1954, 111, 425) found
that 11 to 23 per cent of a daily dose of phenobarbital was excreted. They accounted for the lack of
cumulation of effect by the buildup of tolerance to
the agent.
These compounds are generally employed as mild
sedatives alone and in other formulations where it is
desired to depress psychic hyperactivity without impairing cerebration to the disadvantage of the pa-
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tient during the daytime. The moderate and shorteracting agents are more to be preferred for the management of insomnia, since their onset of action is
more prompt, the effect is more profound and the
postnocturnal depression is not so persistent.
The utility of phenobarbital in the management
particularly of grand mal epilepsy is a most important feature of this drug. It is discussed in greater
detail in the monograph on this compound in Part I.
In general the management of toxicity attributable
to chronic overdosage is withdrawal of the agent.
This should be done carefully, for if phenobarbital is
withdrawn from an epileptic patient quickly, severe
epileptic attacks are likely to ensue. Habituation
and, in a sense, addiction to orally active barbiturates
is a more frequent than serious problem that has
been reviewed adequately by Isbell and Fraser (Pharmacol. Rev., 1950, 2, 3SS).
The management of acute toxicity induced by
gross overdosage is difficult (see under Barbital, in
Part I). Unabsorbed drug should be removed from
the stomach if the patient has not become comatose.
Symptomatic treatment of the unconscious patient
should be directed toward maintenance of adequate
respiration and blood pressure. Such measures as may
be necessary to maintain urine flow and urinary
bladder drainage should receive attention. Maintenance of normal body temperature, shifting the position of the patient from side to side in bed, and the
institution of adequate chemotherapeutic measures
may forestall the development of hypostatic pneumonia.
Barbiturates having moderate to short duration of
action are usually rapidly absorbed and effective following oral or parenteral administration. While they
differ somewhat among themselves in particular, they
have much the same attributes, varying in acuteness
of onset and in duration of action only within a
range of a few hours. These two variations account
for most of the claims having to do with induction
of sleep and hangover or depression beyond the
accustomed sleep period.
Although they are primarily employed in the management of insomnia or to produce mild daytime
sedation, the individual peculiarities of each drug
make it possible usually to find one best suited to
the requirements of the individual patient. In general,
the oral dosage of the agents is much the same,
being 90 to 180 mg. (iy2 to 3 grains) for adults.
They are also employed orally in premedication for
surgery, and orally or intravenously in obstetrical
deliveries where the tolerated dose is considerably
greater than otherwise (see individual monographs
which follow for such usage and dosage).
In contrast to the metabolic fate of the longacting compounds, those of intermediate to short
action are excreted as such only in trace amounts, if
at all. The earlier attack on the metabolism of these
agents led Shonle et al, (/. Pharmacol., 1933, 49,
393) to propose that the barbiturate ring was broken
metabolically and that the compounds were degraded
to carbon dioxide, ammonia and urea. Although such
drastic decomposition of the compounds in vivo apparently occurs only to an insignificant extent if at
all, there is general agreement that the liver is a
principal site of their inactivation in vivo (Schliefly
and Higgins, Am. J. Med. Sci., 1940, 200, 264; Mason
and Beland, Anesthesiology, 1945, 6, 483) and in vitro
(Martin et al., Anesthesiology, 1940, 1, 153; Dorfman
and Goldbaum, /. Pharmacol., 1947, 90, 330).
As examples of this broad category of barbiturates
most of the current research on their metabolic fate
has employed pentobarbital or amobarbital. When
C14-labeled pentobarbital became available, Roth et
al. (/. Biol. Chem., 1949, 178, 963) were able to show
that at least five metabolic products thereof appeared
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in urine of mice. They found none of the radioisotopic material as urea nor as unchanged drug. Employing isotopic pentobarbital, Maynert and Van
Dyke {Science, 1949, 110, 661) found that one of its
major metabolic products was 5-ethyl-5-(3-hydroxyl1-methylbutyl) barbituric acid; this was confirmed
by Brodie et al. (J. Pharmacol., 1953, 109, 26).
These findings indicate that oxidation of the longer
alkyl side chain of barbiturates was an important
metabolic pathway. Likewise, Maynert and Van
Dyke (J. Pharmacol., 1950, 98, 180) found that the
metabolism of isotopic amobarbital was other than
by degradation of the ring to urea and ammonia or
to theoretical intermediates in such reactions. Later,
Maynert (/. Biol. Chem., 1952, 195, 389; ibid., 1952,
195, 403) was able to report that the principal degradation product of this barbiturate was 5-ethyl-5-(3hydroxyisoamyl) barbituric acid.
Interestingly, Goldbaum and Smith (J. Pharmacol.,
1954, 111, 197) found that there is an inverse correlation between duration of action and the extent
of reversible binding of barbiturates on plasma protein (albumin). Thus, the long-acting barbiturates
are the least bound and the ultrashort-acting drugs
of this series are bound or adsorbed to the greatest
extent on plasma protein.
The ultrashort-acting barbiturates are either C-2thio or N-1-methyl compounds having a fairly longbranched or unsaturated chain for one of the two
alkyl groups on the C-5 carbon atom of the ring.
These compounds are inactive when administered
orally and are employed chiefly as intravenous anesthetic agents. Their onset of action requires only a
few seconds and their duration of useful effect may be
measured in minutes rather than hours.
For these reasons, it was thought that they must
be metabolized extremely rapidly. Certainly the studies referred to in the foregoing discussion of barbiturate metabolism indicated that they were inactivated
by the liver in vitro and in vivo and that even the
kidney in vitro was capable of inactivating the drug.
However, nephrectomy does not alter significantly
the duration of thiopental hypnosis (Richards et al.,
J. Pharmacol., 1953, 108, 461).
The complexity of the inactivation of thiobarbiturates was emphasized by Taylor et al. (J. Pharmacol.,
1952, 104, 93; Fed. Proc, 1950, 9, 320; Anesth. &
Analg., 1950, 29, 101), who employed S35 thiopental
for their studies. They found radioactive sulfur in
some twelve fractions of paper chromatograms of
urine from animals administered the compound.
The evanescent duration of action of thiopental is
not due to rapid metabolism but to its avid distribution into fatty depots in the body. There it is held
and slowly released for destruction (Brodie et al.,
J. Pharmacol., 1950, 98, 85). Brodie and his associates
found its actual rate of destruction to be slower
than the longer-acting pentobarbital, which was distributed more slowly and to a much less extent into
fat. Also, the principal metabolite of thiopental isolated by Brodie and his associates contained a carboxyl group as the terminal carbon atom on the
branching of the C-5 longer alkyl chain. Thus, its
destruction differs from the side chain hydroxylaVion
of amobarbital or the oxidation of the side chain of
pentobarbital. Presumably, the rapid distribution into
fat accounts for the ultrashort duration of action of
Surital (see below) (Reutner and Gruhzit, J. Am.
Vet. M. A., 1948, 113, 357; Woods et al., J. Pharmacol., 1949, 95, 328; Wyngaarden et al., ibid., 1949,
95, 322) and for Kemithal (see below) (Carrington
and Raventos, Brit. J. Pharmacol. Chemother., 1946,
1, 215; Macintosh and Scott, Lancet, 1946, 250, 767;
Halton, ibid., 1946, 250, 771), although this does
not appear to have been published as yet.
Another type of N-methyl ultrashort-acting bar-

1596

Barbiturates

biturate is represented by Evipal (see under Hexobarbital, in Part I). Information is inadequate to explain with assurance the cause of its evanescent
duration of action. It is known that the N-methyl
substitution of analogous but longer-acting barbiturates can be dealkylated to leave in each instance a
less active metabolite, as in the case of N-methylbarbital (Butler, /. Pharmacol, 1953, 108, 474), but
this is a slow process. Bush and Butler (/. Pharmacol., 1940, 69, 277) concluded that not over 10 per
cent of a dose of Evipal was excreted as the
N-demethylated metabolic product. Apparently the
cyclohexenyl ring can be oxidized to 5-cyclohexenonyl5-methylbarbituric acid to account for the excretion
of another 5 per cent of a dose of Evipal. However,
this leaves a predominant amount of the original dose
to be accounted for. Although the rate and extent of
distribution of Evipal does not seem to have been
studied by recent methods, one might anticipate that
its ultrashort duration of action may be due to a
rapid and predominant sequestration of the agent
into tissues pharmacodynamically indifferent so far
as its hypnotic action is concerned.
The ultrashort duration of action of these compounds requires that they be administered intravenously, and limits their use to surgical procedures.
Although they are very useful for short-duration
surgery, such as minor repairs, orthopedic manipulations, etc., their usefulness may be extended to
longer procedures by administering the agents by
drip or by intermittent venoclysis in conjunction with
other measures more suitable for producing muscular
relaxation, such as the curarimimetic drugs.
Since these ultrashort-acting barbiturates are employed exclusively by anesthetists or by other medical
personnel familiar with their use, the agents are
quite safe. Laryngospasm is a noteworthy complication of their use, especially when anesthesia is light.
Temporary cessation of respiration attends sudden
or massive overdosage. Artificial respiration may be
required until the compound distributes itself to the
point that the patient respires spontaneously. In practice, these agents are safe in the hands of those competent and equipped to handle such complications as
occasionally arise.
Non-official Barbiturates
Butabarbital Sodium, N.N.R. Butisol Sodium
(McNeil). Sodium 5-sec.-Butyl-5-ethylbarbiturate. —
This compound, freely soluble in water, is one of
the rapid-acting group of barbiturates, having a
moderate duration of action; its pharmacology and
toxicology have been described by Gruber et al. (J.
Pharmacol., 1944, 81, 254). The agent has been
employed successfully as a sedative and hypnotic
(Becker, Med. Monatsschr., 1953, 7, 655), being
effective in the treatment of insomnia, in the relief
of preoperative apprehension, menopausal hysteria,
and neuroses. Dripps (J.A.M.A., 1949, 139, 148)
found it particularly useful for daytime sedation and
"delayed" hypnosis.
The oral dose for adults averages 30 mg., with a
range of 8 to 60 mg. (approximately % to 1 grain)..
As a hypnotic the average oral adult dose is 100 mg.,
with a range of 50 to 200 mg.
Cyclopal (Upjohn). 5-Cyclopentenyl-5-allylbarbituric Acid. — This barbiturate, slightly soluble in
water, is a relatively quick-acting hypnotic, the
effects coming on in about 30 minutes and lasting
from 4 to 6 hours. The detailed pharmacology of
the agent has been described by Dille and Kipple
(Anesthesiology, 1943, 4, 135), and by Van der
Brook et al. (J. Pharmacol., 1944, 80, 119). It has
been recommended especially for preoperative sedation and also as an obstetric analgesic. The oral dose
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ranges from 50 to 150 mg. (approximately Y\ to 2^
grains) .
Eunarcon. Sodium 5-Isopropyl-5-6eta-bromallylN-methylbarbiturate. — The acid form of this barbiturate isstructurally related to Nostal (propallylonal),
differing from the latter in having a methyl group
attached to a nitrogen atom. It is a very rapidly
acting drug (Stuppy, Munch, mrd. Wchnschr., 1938,
85, 1709). It acts as rapidly as Evipal (hexobarbital),
and is useful intravenously for surgical anesthesia
(Barth, Zentralbl. Chir., 1954, 79, 274; Krause,
Aerztl. Wchnschr., 1954, 9, 43). The 10 per cent solution is used intravenously in doses of 5 to 10 ml.
The anesthesia produced lasts from 10 to 20 minutes.
Hexethal Sodium, N.N.R. Ortal Sodium (Parke,
Davis). Sodium 5-n-Hexyl-5-ethylbarbiturate. — This
substance occurs as a white or yellowish powder,
readily soluble in water. Boyd (Quart. J. P., 1937,
10, 659) found it to be less depressant to the spinal
cord than barbital, slightly more depressant to the
heart and about of equal effect on blood pressure and
respiration. From the experiments of Gruber and
Brundage (J. Pharmacol., 1937, 60, 439) it would
seem that the effect of hexethal sodium lasts about
one-third as long, and that its toxicity is about the
same, as that of Amytal (amobarbital). The hypnotic
dose is usually in the range of 60 to 200 mg. (approximately 1 to 3 grains) but larger doses may be used
in severe conditions.
Kemithal. Thialbarbitone. 5-Allyl-5-(A2-cyclohexenyl)-2-thiobarbituric acid. — The acid form of this
British compound is sparingly soluble in water, but
readily soluble in most organic solvents; its sodium
salt, a pale yellow hygroscopic powder, is readily
soluble in water, forming solutions which are stable
for 4 to 5 hours. The pH of a 10 per cent (w/v)
solution is 10.6.
Carrington and Raventos (Brit. J. Pharmacol.
Chcmotherap., 1946, 1, 215) reported Kemithal to
be about half as potent, in mice, as thiopental sodium, and to be less depressant to respiration than
the latter compound; the duration of action is about
the same as with thiopental sodium. Kemithal is
almost completely destroyed in the body. No histological changes have been found in the tissues of
rabbits injected intravenously with 50 mg. of Kemithal daily for 2 weeks. Mackintosh and Scott (Lancet,
1946, 250, 767) used the drug in 400 patients to
produce anesthesia; doses of 0.5 to 6.3 Gm. were
administered intravenously. Gordon and Gibbons
(Lancet, 1946, 250, 768) obtained smooth and rapid
induction of anesthesia, using 5 or 10 per cent solutions of Kemithal sodium intravenously, in intermittent doses prior to cyclopropane anesthesia. From
0.3 to 1 Gm. was required for induction, and 0.4 to
2 Gm. per hour for maintenance. Recovery was
usually complete within 30 to 45 minutes. They also
used Kemithal as the principal anesthetic in 208 patients. An initial fall in blood pressure and increase
in pulse rate rapidly returned to normal. Postoperative complications developed in 34 of the patients
receiving Kemithal as the principal anesthetic; these
included vomiting in 15 patients, which may have
been due to sulfonamide therapy, lobular or lobar
pulmonary atelectasis in 5, urinary retention in 1,
headache in 2, postoperative excitement in 1, respiratory depression in 2. Halton (Lancet, 1946, 250,
771) found Kemithal to be superior to other barbiturates in over 300 major thoracic operations. He
reported that simultaneous administration of d-tubocurarine chloride intravenously permitted the dosage
of Kemithal to be halved with easier control of
respiration and elimination of cough and spasm.
Later clinical studies on the use of Kemithal in anesthesia include those of Harrison
(Brit. J. Anesth.,
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1953, 25, 204) and of Mayrhofer and Kurka (Anesthetist, 1953, 2, 15).
Medomin (Geigy). 5-Cycloheptenyl-5-ethylbarbituric Acid. — This barbiturate has been demonstrated
to have hypnotic action in animals (Pulver, Schweiz.
med. Wchnschr., 1943, 73, 124) and a good therapeutic index (Halbeisen et al, J. Pharmacol., 1948,
93, 101); it has action of moderate duration. Successful clinical use as an hypnotic (Aisslinger, Therap.
Umschau, 1946, 3, 89; Rust, Praxis, 1945, 34, 19;
Zuercher, ibid., 1946, 35, 369) and a daytime sedative (Mutrux, ibid., 237; Steinerer, Prakt. Arzt., 1953,
7, 224; Kotsovsky, Med. Klin., 1954, 49, 1043) has
been reported. Infrequency of "hangover" in the
morning with effective hypnotic doses as well as the
ability to arouse the patient during the night if
necessary is claimed for this barbiturate. Chronic
toxicity has not been recorded.
The usual oral dose is 200 to 400 mg. as an
hypnotic at bedtime and 50 to 100 mg. 3 times
daily as a sedative.
Methallatal. Mosidal (Abbott). V-12. 5-Ethyl-5(2-methylallyl)-2-thiobarbituric Acid. — Following the
observation by Noble {Can. J. Research, 1945, 23E,
226) that dogs susceptible to motion sickness were
completely protected against such sickness by the
prior administration of "V-12," the same investigator
conducted experiments with human volunteers and
found the substance to be the most effective of a
number of barbiturates tested, 78 per cent of susceptible individuals receiving a divided total dose of
300 mg. being completely or partially protected
against swing sickness (ibid., 1946, 24E, 10; also
Can. Med. Assoc. J., 1947, 56, 417). Parker (National Research Council of Canada, Report C4116,
February 16, 1945), however, obtained only 22 per
cent protection in swing tests with a single dose of
390 mg. ; hyoscine in a dose of 0.8 mg. was considerably more effective. In sea tests by Tyler (Am.
J. Physiol., 1946, 146, 458; see also Physiol. Rev.,
1949, 29, 356), from 30 to 56 per cent of susceptibles
were protected in several different series of experiments; the dose was a single one, usually 0.325 Gm.
Presently dimenhydrinate and promethazine (in Part
I), meclizine and cyclizine (in Part II) are more
popular for motion sickness.
Atkinson (Arch. Otolaryng., 1950, 51, 312) reported Mosidal to be effective in controlling vertigo
in 21 of 32 patients with Meniere's syndrome.
Usually one dose of 200 mg. at the onset of an
attack sufficed; sometimes a second dose after 30
minutes, and rarely a third dose after another 60
minutes, was needed. Only 3 doses were permitted
to be given. Addition of 50 mg. of riboflavin to each
dose of Mosidal brought about a favorable response
in 9 of the 11 patients who had obtained no relief
with Mosidal alone. Drowsiness was noticed in 2
patients only.
Noble's experiments (loc. cit.) indicated the drug
to have low toxicity. Although Mosidal is
rather
closely related to the barbiturate thiopental, doses of
150 mg. of the former twice daily are not likely to
cause sleepiness or produce other side effects. Though
no cases have been reported there is a potential
danger of causing agranulocytosis.
The suggested dose is 150 mg. (approximately iy2
grains) immediately after breakfast and supper;
treatment should be started 24 hours before exposure
to motion. The drug is available in 150-mg. tablets.
Metharbital, N.N.R. Gemonil (Abbott). 5,5Diethyl-1-methylbarbituric Acid. — This is a white,
crystalline powder, with a faint aromatic odor,
slightly soluble in water. In animals it has been
demonstrated
to control
convulsions
caused by
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pentylenetetrazol but it is less effective against
electroshock convulsions. Like phenobarbital, it is
used in the management of epilepsy. It causes less
drowsiness in some patients. It has been recommended for myoclonic seizures. Untoward effects such
as drowsiness, irritability, rash, dizziness or gastric
distress are infrequent. The usual oral dose is 100
mg. (approximately 1J/2 grains) up to 3 times daily;
the dose may vary from 50 mg. for children to 200
mg. for adults as often as 4 times daily.
Propallylonal, N.N.R. 1948. Nostal. Noctal. 5Isopropyl-5-6eta-bromallylbarbituric Acid. — Nostal
has been used as a sedative and hypnotic. Hoick and
Cannon (/. Pharmacol., 1936, 57, 289) reported it to
cause delayed death in some rats; in the fatal cases
there were changes in the liver, kidneys, and sometimes in the lungs. The sedative dose range is 50 to
100 mg. ; the hypnotic dose range is 100 to 300 mg.
Rutonal (May and Baker). 5-Phenyl-5-methylbarbituric Acid. — This occurs as a white crystalline
powder, slightly soluble in water. It is recommended
as an anticonvulsant in epilepsy in a dose about
twice that of phenobarbital. It has a long duration
of action. The usual single oral dose is from 60 to
200 mg. (approximately 1 to 3 grains).
Sigmodal Sodium (Ames). Sodium sec.-amyl-|3bromallylbarbiturate. — This barbiturate is marketed
only in the form of a 10 per cent solution and is
intended to be given by rectal injection as a surgical
preanesthetic or for obstetric analgesia (Rassler, Zbl.
Gyn., 1953, 75, 1610). Emmert and Goldschmidt
(South. M. J., 1938, 31, 240) used it in 200 obstetric
cases with complete analgesia in 75 per cent. They
found that the effects came on within 15 minutes
after rectal injection and lasted from 4 to 6 hours.
In obstetrics, an average dose of 8 to 12 ml. of
the 10 per cent solution of Sigmodal sodium followed
by 4 ml. of saline is recommended. In surgery, the
maximum recommended dose is 1.3 ml. per 10 Kg.
(22 lb.) of body weight.
Thiamylal Sodium, N.N.R. Surital Sodium
(Parke, Davis). Sodium 5-Allyl-5-(l-methylbutyl)2-thiobarbiturate. — Structurally, thiamylal differs
from thiopental in having a 5-allyl substituent in
place of a 5-ethyl group. Thiamylal sodium occurs
as a pale yellow, hygroscopic, agglutinated masses of
crystals, freely soluble in water; it is marketed as a
mixture with sodium carbonate.
It was reported by Kelly et al. (Fed. Proc, 1948,
7, 233) that thiamylal is more potent and less stable
than thiopental. Likewise, Wyngaarden et al. (J.
Pharmacol, 1949, 95, 322) reported it to be 1.5
times as active as thiopental. The compound has a
rapid onset of action. Apparently, its ultrashort
duration of action is due to its rapid distribution
into fat depots in the body, since it is not sufficiently
rapidly inactivated to account for its evanescent
effect (Lief et al., Anesth. & Analg., 1952, 30, 147).
Following the paper by Reutner and Gruhzit (J. Am.
Vet. M. A., 1948, 113, 357), wherein they described
the effect of thiamylal in dogs, Roberts and his
associates (ibid., 1951, 118, 151) extended experience
with that agent in canine surgery.
Clinical experience with the compound has been
found to be satisfactory by Stephen et al. (Anesth. &
Analg., 1953, 32, 361), by Clarke et al. (ibid., 1952,
31, 73) and by Helrich et al. (Anesthesiol, 1950,
11, 33), who evaluated thiamylal in 1200 patients. It
was their impression that laryngeal reflexes were less
irritable following the administration of this agent
than succeeding induction by thiopental. They state
that hypnosis without producing surgical anesthesia
can be maintained regularly and easily with
thiamylal.
Apparently, there are no outstanding manifesta-
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tions of toxicity attributable to the compound, other
than those characteristic of barbiturate venoclysis.
Likewise, in his report on the administration of
thiamylal to 6000 consecutive cases, Lund (Anesth.
& Analg., 1954, 33, 86) found the agent to produce
rapid and pleasant induction without an excitement
stage. He considered the contraindications of the
compound to be essentially the same as those for
thiopental.
Dose. — The intravenous administration of 3 to 6
ml. of a 2.5 per cent solution of thiamylal sodium
is recommended as an initial dose. Following a pause
of 30 to 40 seconds, an additional 3 ml. may be
given. Another 2 to 3 ml. may be required before
the patient is completely unconscious. Maintenance
of low first to second plane anesthesia may be accomplished by adding 2 to 3 ml. at intervals of 10 to 20
minutes. Surital sodium is marketed only as a sterile
powder.
Barium Chloride, NJP. IX. Barii Chlcridum. —
"Barium Chloride contains not less than 99 per cent
of BaCK2HoO. Caution. — Barium Chloride is extremely poisonous." X.F. IX.
Barium chloride may be prepared from native
barium carbonate {n-itherite) by reaction with hydrochloric acid, or by heating the native barium
sulfate (barite or heavy spar) with carbon and calcium chloride, the by-products of the latter reaction
being calcium sulfide and carbon monoxide. The
product in each case requires purification, for which
purpose a number of methods are available.
Description. — "Barium Chloride occurs as white
or colorless crystals or as white granules. It is odorless. One Gm. of Barium Chloride dissolves in about
2.8 cc. of water, and in about 8 cc. of glycerin at
25°. It is insoluble in alcohol. One Gm. of Barium
Chloride is soluble in about 1.5 cc. of boiling water."
-V_F. IX. For standards, tests, and assav see U.S.D.,
24th ed., p. 219.
Uses.-*-1 This salt was for a while given official
recognition because of its use in veterinary medicine.
Since it is toxic (see under Barium Sulfate), it has
found little use in human medicine. As little as 0.8
Gm. of a soluble barium salt has proved fatal. Years
ago barium was attributed with "alterative"' properties, analogous to those of arsenic, and was employed in the treatment of scrofula, cancer and ulcerative diseases of the skin. For this purpose the
U.S.P. 1870 recognized a 33 per cent Solution of
Barium Chloride, the dose of which was five drops
2 or 3 times a day.
The soluble salts of barium are all active poisons
for both the striated and unstriated muscles. They
produce violent intestinal peristalsis which leads to
purgation. The excitability of the heart is increased
and, with sufficient dose, the heart may pass into
fibrillation as after digitalis (Smith et al., J. Pharmacol., 1940, 68, 113). The blood vessels are contracted and the blood pressure consequently elevated. The voluntary muscles likewise show increased irritability and a great prolongation of the
contracted period similar to that produced by
veratrine.
Cohn and Levine {Arch. Int. Med., 1925. 36, 1)
used it for cases of complete heart block with AdamsStokes svndrome and reported good results. McMillan
and
Wo'lferth
Med.,eriect
1929,was14,favor839)
reported
a case (J.
in Lab.
which Clin.
the first
able but after prolonged use the patient developed a
condition of paroxysmal extrasystoles which the
authors believed was very close to ventricular
fibrillation and they warned that the drug should be
used with caution. Petrina (Brit. M. J., 1931. 1, 96)
recommended barium chloride for typhoid fever. In
veterinary medicine barium chloride is used as a
purgative
for horses and, combined
with tartar
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emetic, as a ruminatorium for cattle. Administered
intravenously, it is the most rapid purgative known,
causing purgation within a few minutes, but many
fatalities have occurred. E
Dose. — For the human, the oral dose is 20 to 30
mg. (approximately lA lo I/2 grain) 3 or 4 times
daily ; for horses, 4 to 8 Gm. (approximately 1 to 2
drachms) as a drench or in ball, and 0.5 to 1 Gm.
(approximately lYi to 15 grains) intravenously. It
cannot be injected subcutaneously due to abscess
formation.
Barium Sulfide. — The commercially available
barium sulfide is a grayish-white or pale-yellow
powder, containing 80 to 90 per cent of BaS; in
moist air it undergoes hydrolytic decomposition,
forming hydrogen sulfide and barium carbonate.
Barium sulfide is employed as a depilatory; a highly
alkaline medium is required for it to function. Upon
application, the hair shaft swells and becomes weak
to the point of being removable by rubbing. As soon
as the hair becomes "corkscrew" in shape, the
depilatory should be washed off to avoid dermatitis.
As it is sometimes abbreviated "Bar. Sulf.," it has
mistakenly been dispensed for barium sulfate with
fatal results. For description of barium poisoning
see under Barium Sulfate, Part I.
The only treatment of any avail in barium poisoning is its immediate neutralization by means of a
sulfate: any soluble non-toxic sulfate may be used,
as magnesium sulfate or sodium sulfate. In the
absence
of either
Epsom
or Glauber's salt, diluted
sulfuric acid
may be
employed.
Bebeeru Bark. — Xectandrce Cortex, BT. 1885, is
the dried bark of Ocotea Rodicei (R. Schomburk)
Mex. (Xectandra Rodiari Hook.) (Fam. Lauracece).
The bebeeru, bibiru, sipri or yellow dye tree, as it
has been variously named, is a tree 60 feet or more
in height, growing in British Guiana and the neighboring regions of South America, and yielding the
wood known as greenheart.
The bark occurs in large, flat, heavy pieces, from
30 to 60 cm. long, from 10 to 15 cm. broad, and
about 6 mm. thick, with a short granular fracture,
of a grayish -brown color on its outer surface and a
dark cinnamon color on the inner. It has an intensely
bitter, somewhat astringent taste. Maclagan (1843)
found in it two alkaloids, bebeerine and sepeerine.
Later Maclagan and Gamgee (1869) reported another alkaloid which they called nectandrine. Their
work, however, has not been confirmed. The
bebeerine is the d-iorm, which is also found in
certain Chondodendron species (see Pareira) ; it
should not be confused with the l-bebeerine, better
known as l-curine, occurring in Chondodendron
tomentosum.
Xectandra is claimed to have some of the actions
of cinchona, although it is definitely inferior. It has
generally been employed in the form of the mixture
of alkaloid, offered as bebeerine sulfate. In some
cases of intermittent and remittent fevers it has
apparently exercised a curative effect but it often
fails, and cannot be relied on as a substitute for
quinine. Bebeerine sulfate has been given in dysmenorrhea, menorrhagia, and leukorrhea. The dose of
the salt is from 120 to 300 mg. (2 to 5 grains). In
malaria from 600 mg. to 2 Gm. (10 to 30 grains)
has been given, in divided doses, between the
paroxysms.
Bee Venom. — It has been a popular belief for centuries that bee stings have curative properties in
rheumatism. Preparations of bee venom suitable for
injection have been commercially available and have
been used for treatment of arthritis, myositis, and
neuritis.
While considerable work has been done on the
chemistry of bee venom, we still know little of its
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composition or method of action. According to Beck
(Bee Venom Therapy, 1935) there is present in fresh
bee venom a volatile local irritant which disappears
on drying and is not associated with the therapeutic
benefit. The remainder of the venom he believes is
quite analogous to snake venom, containing three
poisonous principles: a neurotoxin, a hemolysin, and
an endotheliotoxin, the latter giving rise to hemorrhage. The old belief that the irritant properties were
due to formic acid is not tenable; there appears to
be no formic acid in bee venom. Benson and
Semenov (/. Allergy, 1930, 1, 105) called attention
to the similarity of the action of bee venom with
that of histamine but Marcou (Compt. rend. soc.
biol., 1937, 126, 726) concluded that its toxic effects
cannot be attributed to histamine. Klopstock and
Neter (Biochem. Ztschr., 1933, 261, 207) reported
that the hemolytic action is essentially similar to that
of the saponins. For further studies of the chemistry
of bee venom see papers bv Hahn and co-workers
(Ber., 1936, 1937, and 1939).
Cases of death resulting from a single sting of
bees have been reported by Wegelin (Schweiz. tned.
Wchnschr., 1948, 78, 1253). Kroner (Am. Int. Med.,
1938, 11, 1077) used bee venom in 100 cases of
rheumatoid arthritis in 73 of whom there was definite
improvement and 17 had remained completely free
from symptoms for periods of 6 months to a year.
It has been employed intracutaneously in the treatment of nonspecific keratitis, episcleritis and iritis.
There is no accepted standard of dosage and the
physician must employ one of the several proprietary
preparations following the directions of the manufacturer for its use. Among these may be mentioned
Apicosan (Kretschmar), Bee Venom Solution
"Lyovac" (Sharp and Dohme), and Ven-Apis
(Strasenburgh).
Benzene. CoHg. Benzol. Phenyl Hydride. Coal-tar
Naphtha. Cyclohexatriene. — Benzene must not be
confused with benzin, which is a mixture of various
hydrocarbons obtained in the distillation of petroleum. (See Petroleum Benzin.)
Benzene was discovered by Faraday in 1825 in the
liquid obtained by compression of illuminating gas.
It is now obtained commercially as a coke-oven
by-product and is also made from petroleum benzin
by heating its vapor under high pressure.
Commercial benzene is always contaminated with
more or less toluene and xylene. A frequent contaminant of otherwise quite pure benzene is thiophene. This may be removed by shaking the benzene
with sulfuric acid. Pure benzene is a clear colorless
liquid with a characteristic odor; its specific gravity
is about 0.879, boiling point about 80°, and freezing
point
about and
5°. Itether
is miscible
absolute
alcohol,
chloroform
but iswith
almost
insoluble
in
water. Benzene vapor and air when mixed produce
a highly explosive combination; the range of maximum explosibility is from about 3 to 6 per cent of
benzene vapor in air.
Benzene dissolves many substances, including
sulfur, phosphorus, iodine, most resins, fats and oils,
and camphor. Its solvent power for certain alkaloids has led to its use in their extraction.
Benzene has been shown by Chassevant (Arch,
internat. pharmacodyn. therap., 1896, 2) to be depressant to the central nervous system and to the
vasomotor system. The fact that cases of fatal benzene poisoning showed, at autopsy, an aplastic bone
marrow led Von Koranyi, in 1912, to use benzene in
the treatment of leukemia, and several authors reported favorable results in this intractable disease.
Ravenna (Rif. med., 1920, 36, 86) concluded, however, that its effects are only palliative, not curative.
Beneficial effects have also been reported in Hodgkin's disease and in polycythemia, but the difficulty
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of controlling its degree of action and the occurrence
of several fatalities led to its abandonment. Discontinuance of the drug frequently failed to halt destruction of the leukocytes with resultant leukopenia.
On the other hand there are on record a few rare
instances in which benzene, instead of causing degeneration ofbone marrow, stimulated bone marrow
and produced a true leukemic process (see Sacca,
N. Y. State J. Med., 1948, 48, 1619).
Industrial poisoning by benzene vapor is quite frequent in the rubber, varnish, and other industries in
which it is used as a solvent, and has become an important industrial hazard. The symptoms in these
cases of poisoning have been partially of local irritation, such as conjunctivitis, bronchitis, and gingivitis;
partly those of anemia, such as headaches, dizziness,
muscular weakness; and partly of nervous disturbances, such as tremors, convulsions, hallucinations,
etc. For further information on industrial poisoning
by benzene see J.A.M.A., 1940, 114, 553, 587.
Benzoyl Peroxide. Benzoyl Superoxide. Lucidol.
C6H5.CO.O.O.CO.C6H5. — This compound occurs in
white, prismatic crystals, almost insoluble in water.
When dry, benzoyl peroxide is highly flammable and
may, under some circumstances, even be explosive. It
is a powerful oxidizing agent but is almost nonirritant. It has been recommended as a local application,
either pure in the form of a dusting powder, or as a
10 per cent ointment, in burns and skin diseases. It
is also employed in a 2 per cent olive oil solution.
Lamson (J.A.M.A., 1931, 97, 1235) recommended a
paste of benzoyl peroxide as an application for poison
ivy. Technically it is used in bleaching flour and
fixed oils. It is also used as a reagent and as a fixing
agent in microscopy.
Benzyl Succinate. Benzylis Succinas. Dibenzyl
Succinate. Esterol. — This compound occurs as white
or pale yellowish crystals, practically tasteless and
odorless, almost insoluble in water but soluble in
alcohol, benzol, chloroform, ether and oils, melting
at 45°. It is said to be nonirritant to the stomach
and has been recommended as an antispasmodic for
smooth muscles in the same conditions in which
benzyl benzoate has been used. The dose is 0.3 to 1
Gm. (approximately 5 to 15 grains), three or four
times a day.
Under the name of Mobenate (Seydel), sodium
monobenzylsuccinate has been used for the same purposes asv dibenzyl succinate. It occurs as a white
powder, freely soluble in water or alcohol. The usual
dose is from 0.3 to 0.6 Gm. (approximately 5 to 10
grains).
Berberis, N.F. VII. Oregon Grape Root. Barberry.
Trailing Mahonia. Fr., Racine de berberide. Ger.,
Berberitzenwurzel. — "Berberis consists of the dried
rhizome and roots of species of the section Mahonia
(Nuttall) De Candolle of the genus Berberis Linne
(Fam. Berberidaceoe) . Berberis contains not more
than 5 per cent of attached overground stems and
not more than 2 per cent of other foreign organic
matter, and yields not more than 2 per cent of acidinsoluble ash. Reject pieces of the rhizome or root
over 45 mm. in diameter or with the bark removed."
N.F. VII.
The genus Berberis (Fam. Berberidaceae) is a large
one, comprising shrubs or trees with yellow inner
bark and wood, which are widely distributed throughout temperate regions and in the mountains of the
tropics.
Engler and Prantl (Die Naturliche Pflanzenfamilien) divide the genus Berberis into two sections,
Mahonia and Euberberis. In the Mahonia section,
which alone was recognized as the source of the drug
by the National Formulary, are included mostly evergreen species having pinnate leaves, the leaflets mostly
spiny-toothed
along the margin, and possessing
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racemes in the axils of bud-scales. This section includes Berberis Aquijolium Pursh., B. nervosa Pursh.,
B. Fremontii Torr., B. jascicularis Lindl., B. repens
Lindl., all occurring in North America, B. Fortunei
Lindl. found in China, B. nepalensis of India, B.
Chococo Schlect., a native of Mexico, and a number
of other species occurring in Mexico and Central Asia.
Rehder makes a separate genus out of many species
of this section which he calls Mahonia Nutt. The section Mahonia corresponds to the section Odostemon
of Rafinesque and the chief sources of berberis in
the U.SA. are Berberis Aquijolium and Berberis
nervosa.
Berberis Aquijolium Pursh. (Mahonia Aquijolium
Nutt.), commonly known as Oregon grape, Rocky
Mountain grape, California barberry, holly-leaj barberry, trailing mahonia, is a tall shrub, about 6 to 7
feet high, with evergreen, coriaceous, bright and shining leaves, and having numerous small, yellowishgreen flowers in the early spring, and later clusters of
blue berries containing an acid pulp. It is a native to
woods of the Pacific Northwest extending from
northern California to British Columbia.
Berberis nervosa- Pursh. (Mahonia nervosa Nutt.)
is a low evergreen shrub with large shining leaves
with 9 to 19 lance-ovate, remotely spiny-toothed leaflets, elongated, erect racemes and oblong, blue berry
fruits. It is a native from California to British
Columbia.
The section Euberberis of the genus Berberis contains over 100 species of mostly deciduous shrubs
occurring in Asia, Europe and America which are
characterized by their long shoots bearing spines,
mostly 3-parted, in the axils of which arise short
shoots with undivided foliage leaves and yellowish
flowers arranged in elongated or umbel-like racemes
or in fascicles or solitary. To this group belong
Berberis boliviano Lechler of South America,
Berberis vulgaris L., native to Europe but common
in North America, B. aristata DC. and B. Lycium
Royle of the Himalayas, B. canadensis Mill, of the
Alleghanies, B. sinensis Desf. of China, etc.
Constituents. — In the several species of berberis at
least seven different alkaloids have been found. These
are berberine, oxyacanthine, berbamine, palmatine,
jatrorrhizine, columbamine, berberrubine, and hydrastine. Of these, the first three are most important ;
several of the others are the characteristic alkaloids
of other medicinal plants and are discussed under
these (see Calumba and Hydrastis) .
Berberine, C20H19NO5, forms yellow needles, soluble in water, less soluble in alcohol. It is believed
that berberine may exist in three forms; the common form behaves as a quaternary base, while a
tautomeric pseudobase and an imino aldehyde form
are indicated.
Berbamine and oxyacanthine are isomeric bases
having the empirical formula C37H40N2O6. They are
phenolic, polycyclic alkaloids derived from isoquinoline, and differ from each other only in certain details
of structure.
For further information on the chemistry of berberis alkaloids and their distribution among the various species, see Henry's Plant Alkaloids, Fourth
Edition, 1949.
Uses. — The physiological action of berberine is comparatively feeble, although in sufficient quantities it
will cause pronounced and even fatal poisoning.
Chopra (Indian J. Med. Res., 1932, 19, 1193) found
that in doses of approximately 2 mg. per kilo in dogs
or cats, berberine depresses the heart and dilates
blood vessels by direct action and also by stimulation
of the vagus. It also depresses respiration but it is
claimed to stimulate the smooth muscle of the intestine, uterus and other structures such as the
bronchial muscle, which results in bronchial constric-
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tion. (Hydrastine may produce depression of intestinal smooth muscle.) Jang (/. Pharmacol., 1941,
71, 178) found that in doses of 1 to 10 mg. berberine
has a distinct stimulant effect upon the heart muscle
and increases the flow through the coronary artery
but in larger quantities depresses the heart. It has a
mild local anesthetic action on mucous membranes
and subcutaneous tissues (Seery and Bieter, J.
Pharmacol., 1940, 69, 64).
Berberine inhibits cultures of Leishmania tropica
in a dilution of 1 in 80,000; this is one-eightieth of
the concentration of the protoplasmic poison, quinine,
which is required (Das Gupta and Dikshit, Indian
M. Gaz., 1929, 64, 67). Infiltration of the margins of
Oriental sore with 1 or 2 ml. of a 0.5 per cent aqueous
solution of berberine acid sulfate by hypodermic injection at weekly intervals has been very effective in
2 to 12 weeks depending upon the severity of the
secondary bacterial infection (Indian Med. Gaz., 1927,
62, 84, 558). It was at one time employed as a
remedy for malarial fevers (Fischl and Kussat,
Ztschr. ges. exp. Med., 1931, 78, 805). Intravenous
injections cause a release of malarial parasites from
the tissues into the blood stream and have been used
in conjunction with quinine in the treatment of
malaria (Indian Med. Gaz., 1944, 79, 259). In India,
under the name of Daruharidra, berberis has been
employed as a febrifuge, carminative and dressing
for indolent ulcers of the skin. For a review of the
literature on the pharmacology and therapeutics of
berberine see Shideman {Bull. X. F. Com., 1950, 18, 3).
In this country berberis is rarely used except as a
bitter stomachic. The N.F. assigned a dose of 2 Gm.
(approximately 30 grains). The dose of the alkaloid
berberine is from 60 to 300 mg. (1 to 5 grains).
Beryllium. Be (9.013). — This ekment was formerly called glucinum, and given the symbol Gl. It
is a metal of the magnesium group, and occurs in
hard, noncorrodible, grayish-black, hexagonal crystals. The specific gravity of beryllium is 1.83, and it
melts at 1287° ; it dissolves in acids and alkalies.
Beryllium ores are generally found in granitic rocks.
The principal sources are beryl, chryso-beryl, helvine,
and plenakite. Beryllium was discovered in 1797 by
Vauquelin, and isolated in 1828 by Woehler. It is
stated to be one of the most remarkable of all metals
in its elasticity and non-corrosive quality. It is fight
gray in color and takes a polish like high-grade steel.
It forms alloys with aluminum which are 20 per cent
lighter, far more resistant to corrosion, and much
higher in tensile strength than aluminum alone. Its
most important alloys are those with copper, the
most prominent of which contains 2 per cent beryllium. 0.3 per cent cobalt and the balance copper. It
has been said that beryllium is to copper what carbon
is to steel. For information concerning the production
of beryllium compounds, metal and alloys, see
Kawecki (The Electrochemical Society Transactions,
1946). The alloys were used during the war in precision instruments, aircraft engine components, etc.
Beryllium phosphors have been used in the manufacture of fluorescent lamps, but are being displaced
by less toxic and more efficient phosphors.
Toxicology. — Van Ordstrand et al. (J .AM.A., 1945,
129, 1084) reported that in a period of 4 years a
total of 170 workers have been poisoned by beryllium in 3 plants producing the element and its compounds and alloys. Manifestations included dermatitis,
chronic skin ulcer, and inflammatory changes in the
respiratory tract; the severest manifestation was
diffuse pneumonitis, which caused the death of 5 patients. The specific etiology of beryllium poisoning is
not known. Tebrock, Machle and Wilson (Merck
Rep., July 1952, 20), noting that approximately 500
cases of berylliosis have been observed or reported,
believe that the more soluble compounds of beryllium
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are likely to produce acute disease whereas the less
soluble compounds tend to cause chronic berylliosis.
In situations where sizeable groups of cases have
occurred, fatality rates ranged from 10 to 30 per
cent. Cortisone is the one therapeutic measure, outside of symptomatic management, which has proved
of real worth in the management of berylliosis ; a
dose of 100 mg. every other day is routinely employed by Tebrock and his associates. The lack of a
specific agent which would release beryllium from
the tissues, however, and the insidious nature of the
onset of berylliosis make its prevention a major concern of industries handling beryllium. Chronic beryllium skin granuloma can follow laceration from a
fluorescent lamp tube containing a beryllium
phosphor (Van Ordstrand et al., Cleveland Clinic
Quarterly, 1950, 17, 34).
Betaine. N -Trim ethylgly cine . Oxyneurine. Lycine.
— Discovered by Schiebler in the juice of the sugar
beet (Beta vulgaris L.), in 1869, this substance is
found in an extraordinarily large number of plants,
as well as in the animal kingdom. Chemically, it is
completely methylated aminoacetic acid, or trimethylglycocoll, and it can be prepared by the methylation
of aminoacetic acid, or by the reaction of chloroacetic
acid and trimethylamine. A commercial source of the
natural substance is sugar beet molasses.
The formula of betaine may be written either as
CH2— CO
(CH3)3N
O
or as a "zwitter-ion," i.e., dipolar ion containing
both a positive and negative charge, as shown,
but electrically neutral as a whole, thus:

(CH3)3N.CH2.COO
+
In plants, betaine usually occurs together with its
corresponding alcohol choline. Because of its similarity in many respects to alkaloids, betaine is sometimes referred to as an alkaloid. It occurs as colorless,
deliquescent
water and incrystals,
alcohol. melting at 293°, soluble in
The name "betaine" is also given to the class of
nitrogen trialkyl derivatives of amino acids and indeed is still more generally applied to the internal
(or intramolecular) salts of quaternary ammonium,
oxonium, sulfonium, etc., bases. According to Barger the betaines are probably end-products of nitrogen metabolism in plants.
Betaine, taken by mouth, is apparently without
toxic effects. In large quantities, if injected hypodermically, betaine produces effects similar to those
of choline. Betaine is known to increase formation of
choline in the body, by furnishing methyl groups for
the synthesis of choline (rather than by being directly
reduced to choline, as was formerly believed) . On
the other hand, it is also known that choline may
be oxidized to betaine aldehyde and to betaine,
through the action of the enzyme choline oxidase.
Inasmuch as one action of choline in the body is
that of being a donor of methyl groups for certain
intermolecular transfer (transmethylation) reactions
within the body, the question arises as to whether
choline or betaine is the ultimate methyl donor. It
appears that in some reactions choline needs to be
reduced to betaine before methyl transfer occurs,
while in others this change is not essential.
Betaine, choline and methionine are each capable
of preventing or alleviating the accumulation of fat
in liver tissue. This lipotropic action of betaine and
methionine is apparently attributable to the ability
of each to donate methyl groups for the synthesis of
choline, which combines directly with the fat and
with phosphoric acid to form phospholipids having
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greater solubility and mobility in body fluids than
does neutral fat. Hemorrhagic degeneration of kidney
tissue, resulting from a dietary deficiency of choline,
is also prevented by betaine; the lesser effectiveness
of the latter, as compared with choline, suggests that
at least in this syndrome only one of the three methyl
groups of betaine is utilizable (see Welch, J. Nutrition, 1950, 40, 113).
Several clinical reports have confirmed the corrective action of betaine toward fatty infiltration of the
liver in humans. Enlargement of the liver, frequently
seen in severe, poorly controlled cases of diabetes, is
primarily due to gross fatty infiltration. Marble and
associates (Arch. Int. Med., 1935, 62, 741) reported
that 50 per cent of such diabetic cases responded to
betaine hydrochloride by diminution of liver size.
Lowe (J. Lab. Clin. Med., 1939, 24, 943) found that
alimentary lipemia in young diabetics is associated
with liver dysfunction and reported several cases in
which the use of betaine lowered the lipemia and
improved the general condition of the patient. He
used betaine hydrochloride in doses of from 3 to 6
Gm. (approximately 45 to 90 grains) daily. Morrison
(Am. J. Digest. Dis., 1952, 19, 381) successfully employed betaine as a lipotropic agent in cases of
coronary atherosclerosis.
Betaine hydrochloride (Acidol, Winthrop) occurs
as colorless crystals, freely soluble in water, and contains the equivalent of 23.8 per cent Hydrochloric
acid. When dissolved in water betaine hydrochloride
releases hydrochloric acid by hydrolysis, for which
reason it is sometimes also used as a substitute for
hydrochloric acid in gastric indigestion; 500 mg.
(approximately lYi grains) corresponds to about
1.2 ml. (approximately 18 minims) of diluted hydrochloric acid U.S.P.
Recently, combinations of glycocy amine and betaine
have been used in the treatment of a variety of conditions involving muscular weakness or degeneration,
including cardiac failure, and in some neurological
conditions. The basis for such use is the hypothesis
(see Borsook and Borsook, Ann. West. Med. Surg.,
1951, 5, 825) that larger than normal amounts of
creatine (methylguanidoacetic acid, HoN.C(:NH).N(CH3).CHoCOOH), an amino acid found both free
and combined as creatine phosphate largely in
muscle tissue, may be beneficial in such conditions.
Creatine is synthesized in the body through reactions
involving the amino acids glycine, arginine and
methionine. The glycine and arginine first interact,
in the kidney, to form glycocyamine (guanido acetic
acid, H2N.C(:NH)NH.CH2COOH), which is transported to the liver where it is methylated by
methionine to form creatine. Since betaine also is a
methylating agent, a combination of glycocyamine
and betaine may conceivably provide the essential
creatine.
The Borsooks and other investigators (see ibid.,
1951, 5, 825-875) reported favorable results in cardiac
decompensation, congestive heart failure and other
diseases of the heart, and in certain patients suffering
disabilities of poliomyelitis, from the use of a combination of 90 to 150 mg. of betaine and 30 mg. of
glycocyamine per pound of body weight daily, given
orally in 4 or 5 doses, for periods of 6 to 10 months.
No evidences of toxicity were observed, although a
few patients had transient nausea and diarrhea. But
Fallis and Lam (J.A.M.A., 1952, 150, 851), in a test
of the efficacy of a combination of glycocyamine and
betaine in a series of patients having motor deficit
residual to poliomyelitis, found no significant increment in muscle strength of their patients. Glycocyamine-betaine therapy requires further study before
its utility may be fully determined.
Betel, B.P. 1914. Betel Pepper. Betle. Pawn. Pinang.
— The leaves of the Piper Betle (Chavica Betle (L.)
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Miq.) and P. Siriboa L., are used by the Malays as a
masticatory, usually admixed with scrapings of the
areca nut and lime. The betel plants are indigenous
throughout the entire Indian-Malay region and cultivated in Madagascar, Bourbon and the West Indies.
The plants are climbing shrubs and trained upon
trellises and poles in shady, but hot, places. The
leaves are picked while green, pressed and dried.
The warm aromatic taste of the betel leaves is due
to an essential oil known as oil of betel. This is of a
color varying from clear yellow to dark brown and
of aromatic, somewhat creosote-like odor and burning sharp taste.
The betel oil from Siam contains cadinene and a
characteristic phenol named betelphenol, or aseptosol,
isomeric with eugenol; the oil from Java contains in
addition to the betelphenol, chavicol and a sesquiterpene; while the Manila oil contains betelphenol as
the sole phenolic constituent. According to McLang
(Chem. Trade J., 1926, 78, 560) betelphenol is nearly
colorless with an odor similar to that of phenol and a
melting point of 15.8°. He claimed that it is an active
bactericide. Pai and Irani (Indian Med. Gaz., 1950,
85, 302) found extracts of betel leaves to have
bacteriostatic action on several organisms.
The essential oil of betel has been used in the treatment of various respiratory catarrhs, and as a local
application, either by gargle or inhalation, in diphtheria. In India, betel leaves are used locally to a
considerable extent for the purpose of counterirritation and, applied to the mammary glands, for the
purpose of suppressing the secretion of milk in mammary abscesses.
Betula. Betula alba L. Paper, White or Canoe
Birch. (Fam. Betulaceoz.) — Various parts of this tree
have been applied to medicinal uses. The young
shoots and leaves secrete a resinous substance which,
combined with alkalies, is said to be laxative. The
inner bark is bitterish and astringent. The bark contains 10 to 14 per cent betulin, or betula camphor,
which is a dihydric alcohol, with the formula
C30H50O2. Destructive distillation of the bark yields
a liquid tar called oleum rusci (see Rectified Birch
Tar Oil) .
The leaves of birch, which have an aromatic, agreeable odor, and a bitter taste, were at one time employed, in the form of infusion, in rheumatism and
in dropsy. When the stem of the tree is cut a saccharine juice, susceptible to vinous fermentation,
exudes. A beer, wine, spirit, and vinegar have been
prepared from it in some parts of Europe.
Betula lenta L., popularly known as sweet birch or
black birch, is an indigenous tree with a dark brown,
close bark with much less tendency to separate into
laminae than the other birches. The wood is rosecolored, fine grained, and highly esteemed for cabinet
work. The bark of this tree owes its sweet odor to
methyl salicylate and is an important commercial
source of natural "oil of wintergreen."
Biotin. Bios lib. Vitamin H. Coenzyme R. — Some
years ago it was shown that a minimal amount of a
certain factor was necessary for the growth of the
yeast fungus; this factor was named bios lib. Kogl
and Tonnis (Ztschr. physiol. Chem., 1936, 242, 43)
subsequently isolated from egg yolk (as well as from
other natural sources) a crystalline material having
high bios lib activity; to this compound they gave
the name biotin. Other investigations had, in the
meantime, led to the discovery of two other factors,
both originally unknown to be related to biotin and
to each other. One of these factors, designated vitamin H, was found to cure, in rats, a characteristic
syndrome, referred to as "egg-white sickness," induced by a diet rich in egg-albumin; this curative
effect is presumably due to formation of a nonabsorbable compound of vitamin H and avidin, a
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toxic protein occurring in egg-albumin. The second
principle which was discovered was coenzyme R, a
growth and respiration factor for many strains of
legume nodule bacteria. Later studies by several
workers at first suggested, and later established, the
identity of biotin, vitamin H and coenzyme R. Liver
and yeast are rich sources of the principle, now generally referred to as biotin ; molasses also is a fairly
potent source. Biotin occurs as a white, crystalline
powder, melting at about 232°, is soluble in water
and in alcohol, but insoluble in chloroform, ether
and petroleum ether; it is heat-stable and is adsorbed
readily on charcoal. Stable in acid solutions, biotin is
inactivated by alkalies and by oxidizing agents.
The chemical structure of biotin has been elaborated by du Vigneaud and collaborators (/. Biol.
Chem., 1942, 146, 475, 487) and the substance has
been synthesized by Harris et al. (Science, 1943, 97,
447 and J.A.CS., 1945, 67, 2096). It consists of a
5-membered urea ring fused to a 5-membered cyclic
thioether having a normal valeric acid side chain ; the
total formula is C10H16N2O3S. It is commonly
classed as a member of the B complex group of
vitamins.
Burk and Winzler (Science, 1943, 97, 57) showed
that there are several compounds that have the biotin
effect on yeast but not all of them possess the biotin
power of neutralizing avidin. The degree of activity
of stereoisomers of biotin, as well as of a number of
biotin derivatives, such as desthiobiotin and biotin
sulfone, have been studied by du Vigneaud and his
associates (Science, 1944, 100, 129).
Although Sydenstricker succeeded in producing, experimentally, egg-white sickness in human beings,
this can hardly occur naturally, probably because
biotin is formed by bacteria in the human intestines.
Daft and colleagues showed (Science, 1942, 96, 321)
that biotin is able to overcome the leukopenia and
anemia caused by sulfaguanidine in rats kept on a
purified diet. Evidence has been presented that progressive ascending paralysis in dogs due to a deficiency of a vitamin B complex factor found in yeast
promptly responds to synthetic biotin therapy
(Smith, Science, 1944, 100, 389; Am. J. Physiol,
1945, 144, 175). Biotin has been found to be required bv mice maintained on a completely artificial
diet (Nielsen, /. Nutrition, 1944, 28, 203). Du
Vigneaud found that large doses of biotin increase
the carcinogenic action of the dye "butter yellow" on
rats; this naturally aroused the suspicion that biotin
may be a causative factor in human cancer, but the
theory has no definite evidence to support it. Although West and Waglon (Science, 1941, 93, 525)
reported a high percentage of biotin in carcinomata,
Pollack and colleagues (Cancer Research, 1942, 2,
748) found that the proportion of biotin in cancerous
tissue is no higher than that occurring normally in
the kidney or liver. For further literature on biotin
see Elvehjem, J. AM. A., 1942, 120, 1394.
Biotin may function as a coenzyme in intermediary
metabolism but its exact role remains uncertain; it
has no obvious pharmacodynamic action (Crittenden,
Arch, internat. pharmacodyn. therap., 1948, 76, 417)
and no established therapeutic utility, although some
beneficial results have been claimed in treating certain dermatological disorders.
Birch Tar Oil, Rectified, N.F. IX. Oleum Betula;
Empyreumaticum
Rectificatum.
Oleum Rusci.
— "Rectified Birch Tar Oil
is the pyroligneous
oil obtained
by the dry distillation of the bark and wood of
Betula pendula Roth and related species of Betula
(Fam. Betulaceoz), and rectified by steam distillation." N.F. IX.
"Rectified Birch Tar Oil is a clear, dark brown
liquid with a penetrating, empyreumatic odor. Rectified Birch Tar Oil yields clear mixtures with 3
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volumes of dehydrated alcohol, and with ether, chloroform, glacial acetic acid, amyl alcohol, turpentine
oil, and benzene. The specific gravity of Rectified
Birch Tar Oil is not less than 0.886 and not more
than 0.950." N.F. IX.
The oil contains guaiacol, creosol, cresol, xylenol
and traces of phenol. The composition of the oil
varies according to its source, Dutch and German
oil being quite different from Russian oil. The Russian oil is said to contain pyrobetulin, which has
value as an antiseptic (Chem. Drug., 1924, 101, 945).
Rectified birch tar oil has been found useful as a
local application in chronic eczema and other skin
diseases in strengths of 1 to 20 per cent. Its medicinal
properties closely resemble those of other tars, but
its strong odor may be objectionable.
Preserve "in tight, light-resistant containers. Rectified Birch Tar Oil stored in metal containers rapidly
darkens in color and becomes unsuitable for use."
N.F. IX.
Bismuth Compounds. — In addition to the bismuth compounds described in Part I, a considerable
number of unofficial compounds and preparations are
available. Such substances may be conveniently discussed under two classifications: those which are
used chiefly for their local effects — either on the
skin, mucous membranes or wounds — and those
which are used for their systemic action, especially in
syphilis. (For consideration of the general therapeutic
properties of the bismuth compounds see under Bismuth, Part I.)
Compounds Used for Local Effects
Bismuth Albuminate. Bismutose (Winthrop). —
A compound of indefinite composition containing
about 22 per cent bismuth and 66 per cent albuminoid
material. It is a pale gray or white powder, not
wholly soluble in water. It is used in gastric and
intestinal cramps in doses of from 0.5 to 1 Gm. (approximately iy2 to 15 grains).
Bismuth and Ammonium Citrate. Bismuthi et
Ammonii Citras, U.S.P. IX. Bismuth Ammoniocitrate. — Both the U.S.P. and B.P. formerly recognized
processes for preparing a soluble bismuth compound
by interaction of bismuth citrate and ammonia water
(for formulas see U.S.D., 21st ed., p. 626 and
p. 1225). According to Morton (Quart. J. P., 1930,
3, 561) the salt which is formed is a mixture of
ammonium citrate and a double salt with the formula
3Bi(OH)3.BiC6H507.
The U.S.P. preparation was in the form of pearly
scales or a white powder, losing ammonia and becoming opaque on exposure to the air. It is very soluble
in water and sparingly so in alcohol. The B.P. preparation (Liquor Bismuthi et Ammonice Citratis) was
a clear, colorless solution, faintly alkaline in reaction.
Because of its solubility, bismuth and ammonium
citrate differs essentially in its action from the insoluble salts such as bismuth subnitrate. It is actively
astringent and distinctly irritant. It is occasionally of
service in serous diarrheas but is relatively of little
use.
The dose of bismuth and ammonium citrate is
from 60 mg. to 300 mg. (approximately 1 to 5
grains), orally.
Bismuth Betanaphthol. Basic Betanaphtholbismuth. Bismuth Naphtholate. Orphol. — This is a
compound of bismuth and betanaphthol of somewhat
varying composition, yielding about 18 per cent of
betanaphthol and between 73 and 78 per cent of
bismuth oxide (Bi203). It is obtained by precipitating a solution of sodium betanaphtholate with an
acetic acid solution of bismuth nitrate with addition
of solution of sodium hydroxide. It was officially
described as "a buff-colored to grayish-brown, amorphous powder; odorless or having a faint odor of
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betanaphthol; tasteless. Bismuth betanaphthol is
nearly insoluble in water, alcohol, chloroform or
ether; partially dissolved by mineral acids with the
formation of the corresponding bismuth salts and the
liberation of betanaphthol." U.S.P. IX. For tests of
this salt and method of assay, see U.S.D., 21st ed.,
p. This
1225. salt of bismuth is still occasionally employed,
especially in the treatment of enteritis, on the supposition that in the intestinal tract it will liberate
betanaphthol, and therefore exercise a more powerful
antiseptic action than the other salts of bismuth.
Dose, from 0.3 to 1.3 Gm. (approximately 5 to 20
grains).
Bismuth Bromide. Bismuth Tribromide. BiBr3. —
A yellow crystalline powder, soluble in 10 per cent
aqueous solutions of the halogen salts of potassium
and decomposed by water. It has been used in veterinary medicine, especially in the treatment of canine
distemper.
Bismuth Citrate. Bismuthi Citras, U.S.P. VIII.
BiC6Hs07. — This salt, which was formerly official for
the purpose of manufacturing bismuth and ammonium citrate, is made by boiling a mixture of bismuth
subnitrate and citric acid. For details of the process
see U.S.D., 19th ed., p. 237.
It is a white, amorphous, microcrystalline powder,
odorless and tasteless. It is insoluble in water and in
alcohol but dissolves in ammonia water or in solutions of the alkali citrates. It is not used as such in
medicine.
Bismuth Ditannate. Bismuth Tannate. Bismuth
Bitannate. — This salt was introduced into medicine
under the trade name of Tannismut. It is a light
yellow powder, insoluble in water or alcohol but
soluble in aqueous solutions of the acids. It has been
used in the treatment of intestinal inflammation, and
is believed to be more astringent than other insoluble salts of bismuth on the supposition that one
of the tannic acid molecules will be split off in the
intestinal tract. Sollmann (/. Pharmacol., 1921, 17,
99) found that tannismut is more soluble in acid than
in neutral or alkaline media; the portion dissolved by
acids acts like free tannin. He believes that it exercises an astringent effect in the stomach and that in
the intestines it acts like the insoluble salts of bismuth. The dose is 0.3 to 2 Gm. (approximately 5 to
30 grains).
Bismuth Oxide. Bismuthi Oxidum, B.P. 1898. Bismuth Trioxide. Bi203. — The B.P. formerly recognized
a bismuth oxide which was made by boiling together
bismuth subnitrate and sodium hydroxide and collecting the precipitate. It is a dull yellow powder,
insoluble in water but soluble in a 50 per cent solution of nitric acid without effervescence.
The medicinal properties of bismuth oxide are essentially the same as those of the other insoluble salts
of this metal but it is seldom used today. It was administered inenteritis in doses of from 0.6 to 2 Gm.
(approximately 10 to 30 grains).
Bismuth Oxyiodogallate. Bismuth Iodosubgallate.
Airol. Airojorm. Airogen. C6H2(OH)3COO.Bi(OH)I.
— This is a basic combination of bismuth, iodine, and
gallic acid, containing about 47 per cent of bismuth
trioxide and 24 per cent of iodine. It is prepared by
heating molecular quantities either of bismuth subgallate and hydriodic acid or of bismuth oxyiodide
and gallic acid, in the presence of water, until a
grayish-green product results which is collected,
washed and dried. It is an odorless and tasteless
powder, insoluble in alcohol, ether, chloroform and
olive oil, slightly soluble in glycerin, decomposed by
water.
Although there is some doubt about the antiseptic
action of Airol (see Von Herrenschwand, Arch. j.
Ophthalm., 1913, 82) it is generally agreed that in
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contact with the bodily fluids it liberates iodine and
is actively antiseptic. When injected into the peritoneal cavities of the lower animals, in doses of 1 or
2 Gm. per Kg., is gives rise to clonic convulsions
with coma, followed by nephritis and degeneration of
the liver. One case of human poisoning is recorded in
which the injection of 35 ml. of a 10 per cent suspension in glycerin into an abscessed cavity gave rise
to symptoms of bismuth poisoninsr.
Airol has been extensively employed as an antiseptic dusting powder in the treatment of wounds
and also as a local application in various inflammations of mucous membranes, as in vaginitis or
rhinitis, and in the treatment of gonorrheal ophthalmia.
Bismuth Subbexzoate. or basic bismuth benzoate,
is a white powder containing 60 to 70 per cent of
B10O3 and insoluble in water. It was formed}' occasionally employed as a protective in inflammatory
conditions of the alimentary canal and also as a dusting powder for wounds, skin diseases and indolent
ulcers. The internal dose is from 0.3 to 1 Gm. (approximately to
5 15 grains).
Bismuth Subiodide. Bismuth Oxyiodide. Bismuthyl Iodide. BiOI. — The compound has a yellowish-red color, is insoluble in water and is decomposed by acids and alkalies. Bismuth oxyiodide
was formerly used as a local antiseptic and substitute
for iodoform.
Bismuth Tribomophexate, X.X.R. 1951. Bismuth
Tribromphenol. Xerojorm (Schering & Glatz). Sigmaform. — This is a basic bismuth tribromophenolate of
variable composition containing 40 to 49 per cent of
bismuth. It occurs as an amorphous, yellow powder,
neutral to litmus paper; it dissolves only slightly in
water, in alcohol, and in oils.
Xeroform was widely used as a substitute for iodoform in various surgical procedures. The advantages
claimed for it are that it is not only practically odorless, but is also non-toxic, and that it exercises a
more powerful antiseptic effect. It appears also to
possess a considerable degree of analgesic action, as
well as desiccating and antiseptic effect on wounds
and weeping eczemas. It has also been employed as
a substitute for the salts of bismuth in the treatment
of enteritis, gastric ulcer and similar conditions. For
the latter purpose it is administered in doses of from
0.5 to 2 Gm. (approximately ll/2 to 30 grains).
Compounds Used for Systemic Effects
Arsexo-bismulak (Lakeside). — This is described
as an aqueous solution of bismuth sodium paraaminophenylarsonate. representing in each 2 ml. 7.8
mg. of arsenic and 21.8 mg. of bismuth. It is injected
intragluteally in doses of 2 ml. twice weekly during
10 weeks, and is followed by a rest period.
BnxposoL (Ulmer). — This is a complex bismuth
compound the chemical structure of which is not
definitely established; it combines bismuth and alphacarboxyethyl-beta-methylnonoic acid. It is a yellowish mass of about the consistency of stearic acid,
readily soluble in fixed oils and in most of the oil
solvents, such as benzin, chloroform, etc. It represents
about 45 per cent of bismuth. It is marketed in the
form of ampuls containing 2 ml. of an oily solution,
representing SO mg. of bismuth ; the solution has been
used in the treatment of syphilis. The contents of
one ampul may be injected twice weekly for about
12 doses. After a few weeks' rest the course may be
repeated.
Bismo-rhodaxol (Hille). — Under this name a suspension of colloidal bismuth oxyrhodanite, representing 2 per cent of elemental bismuth; it has been used
for the treatment of syphilis. The recommended dose
is 2 ml., by intramuscular injection, once or twice
weekly, for 12 to 16 injections.

Part

II

Bismuth Ascorbate. Bismuth Cevitamate (C. D.
Smith). — There is on the market a solution which
contains sodium bismuthyl cevitamate. It is available
in the form of 1-ml. ampuls, each representing 20 mg.
of metallic bismuth. It is intended for treatment of
syphilis. One ml. may be injected intramuscularly
once or twice a week.
Bismuth Ethylcamphorate. X.X.R. 1952. — This
fat-soluble salt is marketed in the form of a solution
in oil (Upjohn), each ml. representing 40 mg. of bismuth, and containing 2.5 per cent of benzyl alcohol
for its local anesthetic action. The recommended dose
of this antisyphilitic solution is 1 to 2 ml. by intramuscular injection once a week.
Bismuth Quixtxe Iodide. — Under various trade
names, as Quinby, Iodobismuthate of Quinine (Fougera), Spirobismol, etc., have been introduced compounds containing bismuth, quinine, and iodine. The
X.X.R. formerly described Quinine Bismuth Iodide
as a substance of variable composition containing between 18 and 20.1 per cent of bismuth, and between
48.7 and 53.5 per cent of iodine, and quinine; it is
a red powder, insoluble in water and most solvents.
It was proposed as a means of obtaining the systemic
effect of bismuth in the treatment of syphilis.
Bismuth Sodium Iodide. lodobismuthite Sodium,
X.X.R. 1947. Sodium Bismuth Iodide. — This compound, formed by interaction of bismuth chloride and
sodium iodide in ethyl acetate solution, consists essentially of hydrated sodium iodobismuthite (XaoB1I5) with inorganic salts. It represents approximately 21 per cent of bismuth and 62 per cent of
iodine.
This preparation has been recommended by Hanzlik
and co-workers (J. A.M. A., 1932, 98, 537) with the
claim that it penetrates readily into the cerebrospinal
canal and is, therefore, of especial value in cases of
nerve syphilis (see also Barnett and Kulcher,
J. A.M. A., 1937, 109, 1715).
Bismuth Sodium Thioglycollate. Sodium Bismuth Thiogly collate. Thio-Bismol, X.X.R. 1951
(Parke. Davis). — This is a yellow granular powder,
with a garlic-like odor, freely soluble in water, but its
solutions, which are slightly alkaline, are unstable
and must be freshly prepared at the time of injection.
It contains approximately 38 per cent of bismuth.
Gruhzit and Perkins {Arch. Dermat. Syph., 1927,
15, 550) found that it is quickly absorbed and that
it produces less local injury than most of the other
water-soluble salts. It is used by intramuscular injection for the treatment of syphilis. Schwartz (/.
Pharmacol., 1939, 65, 175) reported that it is useful
to control the "therapeutic" malarial fever, which is
employed in treating neural syphilis (see also Kaplan
et al., J. Lab. Clin. Med., 1946, 31, 735). It is recommended that the dose be varied according to the
weight of the patient ; for the average man of 150
pounds it is 200 mg., administered intramuscularly
3 times a week for 12 to 15 doses.
Bismuth Sodium Triglycollamate, XX\R.
Bistrimate (C. D. Smith). Sodium Bismuth Complex
of Xitrilotriacetic Acid. — This is a double salt of
bismuthyl sodium triglycollamate containing approximately 18.3 per cent of bismuth (see U. S. Patent
2,348,984) ; it occurs as a white powder, odorless
and crystalline, with a somewhat salty taste, very
soluble in water but insoluble in organic solvents,
such as acetone, benzene and ether. It is stable on
exposure to air and light. The pH of a 2 per cent
solution is between 7.0 and 8.0.
Uses. — Bismuth sodium triglycollamate is effective
for oral administration in the treatment of syphilis
and certain skin diseases. It can be used in managing
certain forms of syphilis, but not for curative treatment of early or active syphilitic infection. It is
indicated primarily when
there is intolerance to
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other drugs or other forms of bismuth employed for
the same purpose. Lehman and Fassett (Am. J.
Syph. Gon. Ven. Dis., 1947, 31, 640) administered
Bistrimate to 15 hospitalized patients, 13 of whom
were normals for the study, and found maintenance
of an effective urinary excretion level with a dosage
that was well tolerated over long periods. Five patients treated for syphilis showed a response typical
of systemic bismuth therapy. Gross and Wright
(Penna. State Medical Soc. Meeting, Oct. 1946) administered Bistrimate to 60 patients, with therapeutic
effectiveness in syphilis, and benefit noted in some
cases of lupus erythematosus, lichen planus, verrucae
and scleroderma. Patients were given 6 tablets daily.
Gross and Howies (A. M. A. Meeting, 1947) further
described beneficial effect in a varying percentage
of cases of the same cutaneous diseases. Sawicky (J.
Invest. Dermat., 1947, 9, 159; Arch. Dermat. Syph.,
1950, 61, 906) found Bistrimate as effective as
parenteral bismuth in the treatment of chronic discoid
lupus erythematosus. Miller and Delaney (Arch.
Dermat. Syph., 1949, 60, 196) observed some effectiveness in the treatment of verrucae, condyloma
acuminatum, chronic discoid lupus, lichen planus and
scleroderma.
Bismuth sodium triglycollamate is subject to the
contraindications of bismuth in general and should
be discontinued in the presence of nephritis upon
the appearance of albuminuria or gastrointestinal
upset. The urine should therefor be examined frequently during the use of the drug. Gingivitis may
occur. Noun and Greenhill (Arch. Dermat. Syph.,
1949, 59, 347) described the occurrence of toxic
symptoms in two patients, 1 and 16 days after
therapy.
Bistrimate is available in 0.41-Gm. tablets, containing the equivalent of 75 mg. of bismuth. The
drug is usually prescribed in single doses of 0.41 Gm.
(75 mg. of bismuth) 2 or 3 times daily after meals
to provide a total daily dosage of 0.82 Gm. (150 mg.
of bismuth) to 1.23 Gm. (225 mg. of bismuth). The
higher dosage is desirable to maintain a satisfactory
excretion level, but reduction may be necessary to
overcome gastrointestinal disturbances occasionally
encountered.
Colloidal Bismuth. — Under the names Bismoid
(Lilly) and Bismuthoidol (Fougera) dispersions of
bismuth metal have been used in the treatment of
syphilis. Bismoid contains 25 mg. of bismuth in 1
ml.; Bismuthoidol contains 8 mg. in 2 ml. The
former is given intragluteally in doses of 1 ml. every
3 or 4 days for 12 to 15 injections, the series being
repeated after a rest period of a month ; Bismuthoidol
is injected intramuscularly in a dose of 2 ml. every 2
or 3 days for 5 to 6 weeks, with a rest period after
the series.
DlHYDROXYPROPYL

BlSMTJTHATE.

C3Ho(OH)2BiC>3.

— This water-soluble compound of pentavalent bismuth contains 62.8 per cent of the element. It is
prepared by carefully controlled esterification of
glycerin and sodium bismuthate and occurs as a light
tan powder or transparent amber scales; details of
preparation are described by Wheeler et al. (J. A.
Ph. A., 1944, 33, 156).
Wheeler (7. Pharmacol., 1943, 78, 265) found that
it resists the action of gastric juice and is well absorbed from the alimentary canal of both man and
lower animals. The lethal dose, for rats, is equivalent
to about 32 mg. per Kg. Nomland et al. (Am. J.
Syph. Gonor. Ven. Dis., 1944, 28, 68) used it orally
in syphilis with apparently satisfactory effect. They
found that it gave a higher bismuth concentration
than Sobisminol by mouth and compared favorably
with injections of bismuth subsalicylate. The doses
they used were from 50 to 100 mg. (approximately
Y$ to V/z grains), 3 times a day between meals.
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Lipo-Bismol (Parke, Davis). — This is described as
an oil solution of bismuth octyloxyacetate, equivalent
to 100 mg. of bismuth per ml., with 20 per cent of
benzyl benzoate. It is injected intramuscularly in the
treatment of syphilis, the dose being 1 ml. weekly for
6 to 16 injections, alternating with a course of arsenicals.
Sobisminol, N.N.R. 1950. — This compound, which
was originally introduced as sodium bismuthate
soluble, was developed by Hanzlik in 1936 as a
means of administering bismuth by mouth for the
treatment of syphilis. It was prepared by interaction
between sodium bismuthate triisopropanolamine and
propylene glycol, and represented about 20 per cent
of bismuth. It occurs as a brown pasty mass, with a
taste at first bitter and afterwards sweetish and
metallic; soluble in water, the solution having a
markedly alkaline reaction.
Following administration of sobisminol by mouth
bismuth was found in the blood stream and urine;
a strong antisyphilitic effect in both early and late
stages of the disease was observed (Meininger and
Barnett, J. A.M. A., 1939, 116, 2214). In clinical use a
considerable number of patients showed evidence of
irritation of the stomach and a few developed
stomatitis (Scholtz and associates, J.A.M.A., 1939,
113, 2219). For a period the drug had considerable
usage in the treatment of syphilis, both by oral and
intramuscular injection, but it is no longer marketed.
Thiopentarson (Christina). — This is a 2 per cent
solution of the sodium salt of bismuthylaminosulfonic
acid ester of benzylarsonic acid, representing approximately 36 per cent of elemental bismuth and 13 per
cent of pentavalent arsenic. It is used to provide both
arsenical and bismuth therapy in syphilis; the intramuscular dose is 2 ml. weekly for 25 injections.
Bistort. Snakeweed. Adders' Wort. Snakewort. —
This is the rhizome of Polygonum Bistorta L. (Fam.
Polygonaccce) , a perennial herbaceous plant, growing in Europe and the north of Asia. It contains about
20 per cent of tannin (Welliere and Stockmans,
J. pharm. Belg., 1929, 11, 649) and has been used as
an astringent in diarrhea. The best solvent for the
tannin compounds is 30 per cent alcohol (Gorodetskii,
Chem. Abs., 1939, 33, 8917). The dose of the powder
is 1.3 to 2 Gm. (20 to 30 grains).
Besides bistort, certain other plants belonging to
the genus Polygonum have been used as medicines.
Steenhauer (Pharm. Weekblad, 1919, 56, 1084) reported botanical and chemical examinations of several species of Polygonum, the most interesting of
which is the finding in a number of them of amounts
of emodin ranging from 0.02 to 0.08 per cent.
Among the species which have been used as medicines is P. aviculare L., or knot weed, a mild astringent, formerly employed as a vulnerary and styptic.
A phytochemical study of this drug was made by
Daels (/. pharm. Belg., 1928, 10, 353). Ota found in
it the glycosides quercetin 3-arabinoside and avicularin
(Ztschr. physiol. Chem., 1940, 263, 221). P. Persicaria
L., or lady's thumb, of a feebly astringent saline
taste, at one time considered antiseptic, is another
such drug.
The leaves of P. hydropiper L., common smartweed, or water-pepper, have a burning and biting
taste, and inflame the skin when rubbed upon it; they
were formerly employed for diuretic effect, and also
have been used in amenorrhea and other uterine disorders. The medicinal properties of the leaves have
been variously attributed to the presence of the following constituents: polygonic acid, having irritant
properties; a glycoside promoting the coagulation of
blood (Steinberg, Chem. Abs., 1929, 23, 238) ; a
polygonone-containing ethereal oil which lowers blood
pressure (Krynska and Witanowski, Chem. Abs., 1934,
28, 1776). The water-pepper or sniartweed of this
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country — P. acre H. B. K. — which grows abundantly
in moist places, possesses properties similar to those
of the European water-pepper. B. Woodward found
that the dried plant contains 18 per cent of tannin,
and used a tincture in diarrhea.
Fagopyrum esculentum Moench {Polygonum Fagopyrum L.) is common buckwheat. The leaves of this
plant contain rutin (q.v.). The herbage of the buckwheat plant contains a photosensitizing substance
which may cause serious symptoms in animals that
are exposed to sunlight after eating it. It is uncertain
whether this principle is in the plant itself or is due to
some fungus growing on the plant.
From P. cuspidatum L. has been separated a glycoside, polygonin, and also emodin. The bark of the
rhizome was recommended by Goris and Crete (Bull,
sc. Pharmacol., 1907) as a laxative. The leaves of
P. dumetorum are, according to Tunmann (Pharm.
Zentr., 1906), also useful as a laxative.
Various species of the genus Polygonum have been
used for production of dyestuffs; thus indigo has been
obtained from leaves of P. tinctorium Ait., and is said
also to be present in those of P. aviculare and P. barbatum L.; the roots of P. cuspidatum have been employed for making a yellow dye.
Blue Flag. Iris Versicolor, NJ. VIII. Larger Blue
Flag. — "Blue Flag is the dried rhizome of Iris versicolor Linne, or of Iris virginica Linne (Fam. Iridacece)." N.F. VII.
Iris versicolor L., or blue flag, is indigenous to
marshes, wet meadows and thickets from Newfoundland and Manitoba south to Florida and Arkansas.
The somewhat leafy stem is taller than the equitant,
basal, sword-shaped, slightly glaucous leaves and often
branched; the flowers are a violet blue, variegated
with green, yellow or white, and purple-veined, with
petals half as long as the sepals. The fruit is a 3 -celled
capsule with rounded angles and containing 2 rows
of seeds in each cell. The fresh rhizome is almost
odorless and has a nauseous, acrid taste. For a description of unground and powdered blue flag see
U.S.D., 23rd ed., p. 579.
Iris virginica L. (/. caroliniana Wats.) occurs along
the Coastal Plain in acid sloughs and swamps from
Maine to Virginia, and in Louisiana. It differs from
the preceding species by having bright green leaves
which are knife-bladed shaped without a noticeable
midrib, except for a thickening at the base, and from
V% to 1 in. in width, by its seeds being in one row in
each of the capsule cells, and by its petals being only
slightly shorter than the sepals. Its flowers are usually
lavender or blue-violet, variegated with yellow and
white.
The active principle of blue flag is unknown. The
term iridin, which has also been applied to the oleoresin as well as to the protamine from rainbow trout,
is applied to a glycoside (3',5,7-trihydroxy-4',5',6trimethoxyisoflavone-7-glucoside) found in several
species of Iris (see Koike, Chem. Abs., 1931, 25, 3395),
but apparently not in blue flag. The word irisin, which
is sometimes applied to a mixture of the oleoresin and
powdered root, has been used to designate the polysaccharide that is found in several species of iris.
For a report on the chemical examination of the resin
of iris root see Power and Salway (Am. J. Pharm.,
1911, 83, 14).
Blue flag root is a cathartic and emetic said to have
been used by the Indians of the southern United
States. By some it was supposed to have a favorable
effect upon the liver and was for that reason used as
a cathartic in biliousness. The eclectic physicians attributed to it also alterative powers and employed it
in various skin diseases and chronic rheumatism.
Dose, 0.6 to 2 Gm. (10 to 30 grains).
Boldus. Boldo Leaves. — The N.F. V recognized
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the dried leaf of Peumus Boldus Mol. [Boldu Boldus
(Molina) Lyons] (Fam. M onimiacece) , an evergreen
shrub, frequenting the meadows of the Andes in Chile,
where its yellowish-green fruit is eaten, its bark used
in tanning, and its wood is employed in charcoal
making. For a description of the leaves see US.D.,
22nd ed., p. 1279.
Boldo leaves contain a glycoside boldogkicin which
occurs as a syrupy yellowish liquid which can be volatilized without decomposition (Chapoteaut, Compt.
rend. acad. sc, 1884, 98) ; an alkaloid boldine which
is related to laurotetanine found in many plants of
the laurel family (Schlitter, Ber., 1933, 68, 988) ; and
2 per cent of a volatile oil which seems to be chemically related to chenopodium oil (for data on the
constituents, see Bachstez and Cavallini, Chimica e
I'industria Milan, 1937, 19, 126). Physiologically,
boldus primarily excites the central nervous system,
giving rise to exaggerated reflexes, disorders of coordination and convulsions. In large doses it paralyzes
both the motor and sensory nerves, and eventually
the muscle fibers, causing death by arrest of respiration. It has been employed both in human and in
veterinary medicine in various disturbances of liver
function. Fedeli (// Policlinico, 1907) reported favorable results in cholelithiasis. Kretmair (Pharmazie,
1952, 7, 507) found boldin to have diuretic action
and to increase the amount of urea in urine; the effect
was not observed with the total alkaloids of boldo.
The dose of the fluidextract (Fluidextractum Boldi,
N.F. V) was from 0.3 to 0.6 ml. (5 to 10 minims).
Bole, Armenian. Bolus Armenice. Bolus Rubra.
Argilla Ferruginea. — The term bolus or bole was formerly applied to various forms of argillaceous earth,
differing in color or in place of origin. Such were the
Armenian, Lemnian, and French boles, and the red
and white boles. Some of these substances were so
highly valued as to be formed into small masses and
impressed with a seal, and hence received the name of
terree sigillatce. The most recently used of these was
that called bole Armenian, from its resemblance to the
substance originally brought from Armenia. Prepared
by trituration and elutriation, from certain native
earths existing in different parts of Europe, it was
offered in pieces of various sizes, reddish, soft, and
unctuous, adhesive to the tongue, and capable of
forming a paste with water. Insoluble in the usual
solvents, it consisted chiefly of a hydrated aluminum
silicate with ferric hydrate. The boles were, and perhaps some still are, used as adsorbents and protectives
in various gastrointestinal inflammations. Their action
was essentially similar to that of kaolin (see Part I).
Armenian bole has found use as a coloring ingredient
in tooth-powders. It appears that in some quarters a
form of iron oxide, suitable for coloring use, is offered
under the name Armenian bole.
Bonduc Seeds. Fever Nuts. — These are seeds derived from Caesalpinia Bonducella Fleming (Indian
hazel nut or yellow nicken tree) (Fam. Leguminosce),
a tree indigenous to India, which are used in India as
febrifuge, tonic, and antiperiodic. According to Katte
(J. Indian Chem. Soc, 1930, 7, 207) bonduc seeds contain a bitter resinous acid, bonducine (or guillandin),
which is a white powder practically insoluble in water
but freely soluble in alcohol and the fatty oils. There
is, as far as we know, no scientific confirmation of the
virtues attributed by the natives to these seeds.
Bragantia. Bragantia Wallichii R. Br. (Fam.
Aristolochiacece) . — The roots of this shrub of India
contain an alkaloid allied to aristolochine, an oil, a
soft resin, a resinous acid, and a substance related to
dulcite (Pharm. J., 1894, 231). Manjunath and Rao
(J. Indian Chem. Soc, 1938, 15, 646) identified a
yellow substance separated from the roots as being
isoaristolochic acid and determined some of the con-
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stituents of the fatty oil. These authors stated that
the roots, prepared into a paste with lemon juice, are
used in the treatment of cholera and diarrhea.
Brayera. Cusso. Kouso. Kusso. Cousso. Kousso. —
Both the N.F. V and the B.P. 1914 recognized the
dried panicles of the pistillate flowers of the Hagenia
abyssinica (Bruce) Gmelin {Brayera anthelmintica
Kunth.) a handsome monoecious tree belonging to the
Fam. Rosacea;. It is native to northeastern Africa
and is cultivated by the natives of Abyssinia as a
worm remedy. The plant attains a height of 18 to 38
feet and is characterized by possessing large, imparipinnate leaves with lanceolate, serrate leaflets,
paniculate inflorescences and achenial fruits. For a
description of brayera see U.S.D., 22nd ed., p. 1280.
Kousso contains a yellow amorphous compound,
kosotoxin (Leisenring, Arch. Pharm., 1894, 232, SO),
which is considered the active principle. This substance is allied to filicic acid and to rottlerin. Other
constituents are a-kosin, &-kosin, protokosin, and
kosidin (see /. Chem. S., 1937, p. 562; ibid., 1952,
p. 3102). The last two are colorless crystalline compounds, and are inactive.
Kousso is highly valued in Abyssinia as a vermifuge, especially useful against the tapeworms. It was
at one time used in this country. While no cases of
human poisoning by kousso or its active principle
appear to be on record, it has been found by Rochebrune to be capable of causing centric convulsions in
lower animals.
The dose has been given as from 8 to 15 Gm. (approximately 2to 4 drachms), usually in the form of
an infusion, followed by a saline cathartic if no action
on the bowels occurred within 2 hours.
Bromine. Br (79.916). Bromum. Brominium. —
Bromine was discovered in 1826 by Balard, of Montpellier, in the bittern of sea salt works, in which it
exists as a bromide. In the United States it is now
obtained, commercially, from sea water and from various inland natural brines.
The method of separating the bromine from these
various sources depends on its liberation in elemental
form, either by chemical or electrolytic oxidation.
Bromine congeals at — 7.2° and at — 20° becomes
a hard, brittle, crystalline solid, having a dark leaden
color, and a luster nearly metallic; it boils at 58.2°,
forming a reddish vapor. At room temperature it is
a heavy, mobile, reddish-brown liquid, appreciably
volatile. Its vapor is extremely irritating to the eyes,
nose and throat. Bromine is sparingly soluble in water,
freely soluble in alcohol, ether, chloroform or carbon
disulfide. It corrodes the skin and gives it a deep
yellow stain. It forms acids which are analogous in
properties and composition to the corresponding acids
of chlorine and iodine. For tests for identity and
purity see US.D., 22nd ed., p. 1282.
In concentrated solution bromine is a powerful
caustic and germicide. Its disinfectant properties appear to be somewhat inferior to those of chlorine;
according to Koch, a 2 per cent solution destroys the
anthrax spores in 24 hours and Miquel gives the antiseptic limit as 1 in 1600. In dilute solution, from 10
to 40 minims to a pint of water, it was employed as
a wash for ulcers but has no advantage over other
disinfectants. It was once highly lauded for treatment
of hospital gangrene, which before the days of antiseptic surgery was a frequent condition in military
hospitals. Babcock {J.A.M.A., 1945, 129, 1094) found
bromine to be an effective deodorant in aqueous solutions containing from 1 in 2000 to 1 in 500 of the
halogen. Compresses wet with 1 in 500 solution were
used to cover gangrenous limbs; solutions of 1 in
1000 and 1 in 2000 were applied on gauze or other
absorbent dressings for days over the perineum with
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little or no irritation of the skin. The dressings were
moistened from time to time, whenever the faint odor
of bromine had disappeared.
Bromine is intensely irritant and solutions of it
when swallowed may cause, in sufficient amount, fatal
gastroenteritis. The inhalation of its vapor is likely to
give rise to violent irritations of the mucosa of the
respiratory tract. It was one of the poison gases used
in the trench warfare in France and Belgium in World
War I, The best antidote, according to Smee, is ammonia, given largely diluted and mixed with sweet
oil. Thiosulfates are also antidotal; an effective mask
to prevent the inhalation of the fumes is provided by
covering the mouth and nose with gauze which has
been recently saturated with an aqueous solution of
sodium thiosulfate.
Bromoaspirin.
Acetyl
5'-bromosalicylic
Acid. —
This
substance occurs
as - fine
microscopic crystals,
odorless and having a slightly sour followed by a
sweet taste, and melting between 168° and 169° ;
1 Gm. dissolves in about 1500 ml. of water. Krantz
et al. (Anesth. & Analg., 1946, 25, 221) found it to
give prompt relief from muscular aches and headaches
in 80 per cent of 310 patients; it acts approximately
twice as fast as acetylsalicylic acid and has greater
analgesic action. The optimal dose was 60 mg. (approximately 1grain). No signs of toxicity developed
in 2 monkeys given 2 Gm. of bromoaspirin daily for
one week, but growth was reversibly retarded in rats
given a diet containing 0.5 per cent bromoaspirin. The
LD50 for mice was 65 mg. per 100 Gm.; for rats this
dose was 113 mg. per 100 Gm. body weight.
Bromosalizol. Bromsalizol (Hynson, Westcott
& Dunning). Monobromosalicyl alcohol. 5-Bromosaligenin. — According to Macht and Mayo (Proc. Soc.
Exp. Biol. Med., 1934, 31, 465) bromosalizol is locally
anesthetic and also capable of relaxing spasm of nonstriated muscles. They found it useful in treatment of
gall bladder colic, dysmenorrhea, spasm of the urinary tract and like conditions. Systemically it is believed to combine a mild salicylate action with a
sedative effect on the cerebrospinal axis. It is claimed
to be useful in various forms of arthritis, having the
advantage over other salicylates of not producing
irritation of the stomach. The recommended dose is
from 300 to 600 mg. (approximately 5 to 10 grains)
three times a day.
Lee et al. {Am. J. Med. Sc, 1945, 209, 314) used it,
in the form of a 4 per cent solution in peanut oil, to
prolong sympathetic nerve block.
Brucine Sulfate, N.F. IX. Brucince Sulfas. (C23H26N204)2-H2S04.7H20. — Brucine, isolated from nux
vomica by Pelletier and Caventou in 1817, is obtained
as a by-product in the mother liquors remaining after
separation of strychnine. It is a monoacidic base and
differs from strychnine in the replacement of 2 hydrogen atoms in the latter by 2 methoxy groups;
brucine is, accordingly, a dimethoxystrychnine. Brucine is soluble in about 300 parts of cold water and
about 150 parts of boiling water, readily soluble in
alcohol and in chloroform, sparingly soluble in benzene, and but slightly soluble in ether. Solutions of
brucine are levorotatory.
"Brucine Sulfate occurs as small, white crystals or
powder. It is odorless and has a very bitter taste. It
is affected by light. One Gm. of Brucine Sulfate dissolves in about 70 cc. of water at 25°; it is more
soluble in boiling water, but sparingly soluble in
alcohol." N.F. IX. For standards and tests see U.S.D.,
24th ed., p. 170.
There has been some question as to whether brucine
is physiologically inert or whether it exerts a feeble
strychnine-like effect (for its actions see under Nux
Vomica). From a practical viewpoint, it may be considered to have the properties of a simple bitter.
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The N.F. cave the average dose as 2 mg. (approximately Ho grain).
Preserve
"in tight, light-resistant containers." NJ.
IX.
Bryonia, .V.F. VIII. Bryonia. Bryony. — "Bryonia
is the dried root of Bryonia alba Linne, or of Bryonia
dioica Jacquin (Fam. Cucurbitacem) .'' .V.F. VIII.
The bryonias are climbing or trailing perennial herbs
with rough, hairy leaves. The uhite bryony (B. alba)
is found in central and northren Europe, the Caucasus
and Persia, and the red bryony (B. dioica) in England, central and southern Europe and northern
Africa. The fruit of the latter is red and that of the
white bryony is black. The term "black bryony'' has
been applied to a very different plant, Tamus communis, L., which belongs to the Dioscoreacece. The
berries of this plant are irritant poisons and, according to Coutagne, cause in animals paralysis and convulsions (see Pharm. J., 1903, 70). The B. americana
Lam. of the West Indies and the B. africana Thumb,
are said to be employed in their respective countries
as hydragogue cathartics.
The flowers of the B. alba are monoecious and the
berries black. The B. dioica has dioecious flowers and
scarlet berries.
Description. — "Unground Bryonia. — Unground Bryonia usually occurs as circular or elliptical slices.
from 1.5 to 10 cm. in diameter and up to 15 mm.
thick. Externally it is weak yellowish orange to moderate yellow, rough and striate. The cut surface shows
a thin cortex, and a wood with numerous projecting,
bicollateral fib ro -vascular bundles arranged in concentric zones. The fracture is short and mealv."
NJP. VIII.
Constituents. — The substance known as bryonin,
according to Power and Moore (Trans. Chem. Soc,
1911, 99, 937), is not a pure principle but a mixture
of a glycoside and an alkaloid, neither of which is
physiologically active. Jensen (Pharm. J., 1915. 95,
641) confirmed the inertness of bryonin but described
a second glycoside, bryonidrn, which exercises a paralytic effect upon the central nervous system. Bryonia
also contains a dark brown resin, known as bryoresin,
to which its purgative properties are probably due.
Kiissner and Kreitmair (Merck's Jahresber., 1938, 52,
56) were unable to prepare crystalline active material
from bryonia but did obtain an amorphous fraction
with purgative action.
Uses. — Bryonia is an active irritant hydragogue
cathartic, but is little used at present for this purpose. It has produced serious or even fatal poisoning.
Vomiting and purging have been commonly present,
but in some cases there has been no diarrhea. Giddiness, delirium, and dilated pupils, coupled with fall
of the bodily temperature, imperceptible pulse, cold
perspiration, and other manifestations of collapse, are
the usual symptoms. As little as 5 ml. of the homeopathic tincture caused very- serious but not fatal poisoning. The fresh root, when bruised and applied to
the skin, is capable of producing vesication.
By the medical sect who called themselves eclectics
it was highly regarded for treatment of bronchitis,
whooping-cough, pleurisy and pneumonia, and also
in various other inflammatory disorders. A 20 per cent
Tincture of Bryonia was recognized in the N.F. VII:
this was administered in doses of 2 to 6 ml. (approximately 30 to 90 minims).
Dose, of the powder, 0.65 to 2 Gm. (10 to 30
grains).
Buphane. — The B. disticha Herb. (Hamanthus
toxicarius L.) is an herb growing in the mountainous
regions of South Africa belonging to the amaryl'.is
family. From its bulb the Hottentots prepared an
arrow poison. Lewis (Arch. exp. Path. Pharm., 1912,
68, 333) separated from this an alkaloid which he
called hcemanthine , which is apparently identical with
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buphanine reported by Tutin a year previously. This
bulb contains also lycorine and two amorphous bases.
Physiologically buphanine closely resembles scopolamine, dilating the pupil and paralyzing the vagus and
checking salivary- secretion. Its action is weaker and
less lasting than that of scopolamine.
Butylchloral Hydrate, S.S.R. 1948. ButylChloral Hydras, BJ>. 1914. Croton Chloral Hydrate
(incorrectlv so-called). Trichlorbutxlidene Glycol.
Trichlorbutylaldehyde Hydrate. CH3CHCI.CCI0.CH(OH)o. — Butylchloral is made by passing dry
chlorine through acetaldehyde cooled to —10°, collecting the fraction which distils between 163° and
165°, and then heating the product with water to
form butylchloral hydrate.
The British Pharmacopoeia described it as "pearlywhite, trimetric laminae. Odor pungent but not acrid;
taste acrid and nauseous. Melts at about 78° C. to a
transparent liquid, which, on cooling, begins to solidify
at about 71° C. Soluble in about 40 parts of water,
and in less than 1 part of glycerin or of alcohol (90
per cent) ; 1 Gm. soluble in 20 Gm. olive oil and it
slowly dissolves in 20 parts of chloroform. The aqueous solution is neutral or but slightly acid to litmus;
the alcoholic solution is neutral." B.P. 1914.
Butylchloral hydrate was proposed by Liebreich,
in 1870, for treatment of trigeminal neuralgia. Its
action is essentially the same as that of chloral hydrate
(see Lahousse, Arch, internat. pharmacodyn. therap.,
1S95. 1). The relief obtained is only temporary and
palliative.
Dose, from 0.3 to 1.3 Gm. (5 to 20 grains).
Buxus. Buxus sempervirens L. Box. (Fam.
Buxacece.) — This evergreen shrub, although much cultivated in this country as an ornamental plant, is a
native of Europe and western Asia. The leaves, which
have a characteristic odor and a bitter disagreeable
taste, cause in some persons dermatitis on contact. If
taken internally they are quite poisonous, acting as
an emetic and purgative and occasionally producing
convulsions. Domestic animals do not commonly eat
them because of their unpleasant taste, but fatal poisonings to live-stock have been reported.
In days of therapeutic superstition various parts of
the plant were employed in rheumatism, malarial
fevers, epilepsy and syphilis but there is no sufficient
reason to believe them of therapeutic significance. The
alkaloid buxine, C19H21XO3, has been isolated from
the leaves of this tree. Pavia obtained a second alkaloid, parabuxine (1874), while Barbaglia (1885) described still another alkaloid, parabuxinidine. For a
report on the general occurrence of alkaloids in
species of Buxacece see Compt. rend. acad. sc, 1930,
191, 625.
Caapi.— According to Rusby (J. .4. Ph. A., 1924.
13, 98) the root and rhizome of Banisteria Caapi
Spruce (Fam. Malpighacece) . a woody vine growing
along the Amazon, is used to provide a ceremonial
drink by natives to stimulate fortitude during ordeals.
The vine is known under various native names as:
Yaje (not to be confused with yage). Ayahuasca,
Nepe, etc. In 1923 Fischer-Cardenas isolated from it
an alkaloid he called telepathine, which Rumpf (Arch.
Pharm., 1928, 266, 188) showed to be identical with
harmine of Peganum Harmala; Kreitmars confirmed
their identity physiologically (Wicn. klin. Wchnschr.,
1929. p. 1559). This alkaloid is also known as banisterine or ya}eine. For further description of its chemical and therapeutic properties see under Peganum.
Cabbage-Tree Bark. Partridge Wood. Worm
Bark.— The bark of Youacapoua inermis Sw. (Andira
inermis H. B. K), a leguminous tree native to Jamaica and other West India islands, occurs in long
pieces, thick, fibrous, externally of a brownish-ash
color, scaly, and covered with lichens, internally yellowish, of a resinous fracture, a disagreeable odor, and
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a sweetish, mucilaginous, bitterish taste. The cabbagetree contains an alkaloid andirine, which is N-methyltyrosine and identical with rhatanine from Krameria,
as well as with the alkaloids angeline, geoffroyine and
surinamine which have been isolated from various
other plants. Violent purging in pigeons was produced
by 120 mg. (2 grains) of the alkaloid.
Cabbage-tree bark is cathartic and, in large doses,
prone to induce vomiting, fever, and delirium. In the
West Indies it is considered a powerful vermifuge,
and is employed for expelling roundworms; but it is
dangerous if incautiously administered, and instances
of death from its use have occurred. It is almost unknown in this country. The dose of the powder is from
1.3 to 2 Gm. (20 to 30 grains).
On the continent of Europe the bark of V. retusa
Poir, which grows in Surinam, has also been used. It
is considered a more powerful vermifuge and less
likely to produce injurious effects.
Cactus Grandiflorus. Night-Blooming Cereus. —
Under this title the N.F. VII recognized "the fresh
succulent stem of the wild growing Selenicereus
grandiflorus (Linne) Britton et Rose (Fam. Cactacece)."
Night-blooming cereus, Selenicereus grandiflorus
(L.) Brit, and Rose, is a large fleshy perennial creeping and climbing vine with terete, usually 7-9 angled
stems, bearing occasional, branched, adventitious roots
and terminal and lateral flowers with a diameter of
from 8 to 12 inches which open at night, exhaling a
vanilla-like odor during their few hours of bloom. It
is a native of Jamaica but is frequently grown in hothouses for its showy flowers which, with their outer
leaflets of dark brown shading through golden yellow
into pure white in the center, are among the most
beautiful of flowers. The fleshy stems are armed with
the spines which are characteristic of the cactus
family. A detailed description of the drug may be
found in U.S.D., 23rd ed., p. 220.
Sultan (Am. J. Pharm., 1891, p. 424) claimed to
have isolated from this plant an alkaloid which he
called cactine but subsequent investigators have been
unable to confirm this. Sharp could find only inert
resins.
The drug has long been used in tropical America in
the treatment of dropsy. It was recommended as a
cardiac remedy by Rubini of Naples in 1896. Hatcher
and Bailey (J.A.M.A., 1911, 56, 26), from experiments
with identified specimens as well as commercial preparations purporting to be of this drug, reached the
conclusion that it is physiologically inert. Gordon
Sharp (Pract., 1894, 53), from a review of the literature and his own extensive clinical trials, reached the
conclusion that the drug was therapeutically useless.
Despite this it has had some use in various neurogenic
disturbances of cardiac rhythm such as seen in Graves'
disease, nicotinism, neurasthenia and allied affections.
Storage. — "Cactus Grandiflorus may be preserved
in alcohol, using about as much alcohol as the weight
of the drug, the drug eventually to be extracted with
the alcohol in which it is preserved." N.F. VII.
The dose has been given as from 0.3 to 1 Gm. (approximatelyto
5 IS grains).
Cadmium. Cd (112.41). — Cadmium is an element
of the zinc family, discovered in 1817, by Stromeyer,
who found it in a sample of manufactured zinc chloride. It is a silvery, ductile metal, specific gravity,
8.642; melting point, 320.9°; boiling point, 770°. It is
insoluble in water, but is dissolved by acids. It is found
in nature associated with zinc, occurring principally
as greenockite (CdS), a yellowish incrustation upon
zinc blende (ZnS), and, being more volatile than that
metal, comes over with the first portions of the zinc
on distillation. By fractional distillation the cadmium
may be obtained in a fairly pure form. It can also be
separated from zinc by electrolytic refining.
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It is little affected by air, but, when heated, combines with an atom of oxygen to form the oxide. The
metal is used in electroplating iron and steel articles to
protect them against rusting. It is also used in some
alloys of low melting point and in certain antifriction
metals. Cadmium metal finds an important application in the manufacture of "standard" electrochemical
cells.
Salts of cadmium, like those of zinc, are actively
astringent and in concentrated solution irritant. Alsberg and Schwartze (/. Pharmacol., 1923, 21, 1)
found that as an emetic cadmium chloride is 8 or 9
times as potent as zinc chloride; systemically salts of
cadmium are much more poisonous. The fatal dose
for rabbits is about 60 mg. per Kg. but even very
small quantities when repeatedly ingested have markedly injurious properties. According to Fitzhugh and
Meiller (/. Pharmacol., 1941, 72, IS) as little as 45
parts per million in food is capable of causing toxic
manifestations, especially if the diet is low in protein.
The most characteristic symptom was a progressive
anemia. Cooper and Robinson (J. Soc. Chem. Ind.,
1925, 45, 321) found that salts of cadmium are very
potent antiseptics; as little as 1 part of the iodide in
85,000 parts of water will inhibit growth of B. coli
communis.
Spolyar and his associates (7. Ind. Hyg. Toxicol.,
1944, September) reported cases of cadmium poisoning in industry arising from absorption of fumes or
dust by way of the respiratory tract; of 43 cases reported, 6were fatal. A symptom complex develops
within 4 to 8 hours and is initially manifested by
irritation of the nasopharynx, cough, headache, and
a metallic taste in the mouth. This is followed by a
latent period of 20 to 36 hours, when the chief complaints are dyspnea and severe pain in the chest.
Gastrointestinal complaints may develop, depending
on the amount of cadmium swallowed. Death occurs
between the fifth and seventh days after exposure.
Metal pitchers, ice-cube trays in refrigerators, etc.,
have been plated with cadmium. Acid foods, such as
citrus fruit juices, dissolve cadmium. A concentration
of only 30 parts per million of cadmium in solution
causes, in 10 to 30 minutes after ingestion, nausea,
vomiting, abdominal cramps and weakness and diarrhea (see Lyon, /. Pediatr., 1942, 21, 392, 534) ; recovery follows in 5 or 6 hours. Treatment of this
acute but transient gastrointestinal irritation consists
of sedative and supportive measures.
Cadmium Sulfate. 3CdS04.8H20.— This salt occurs as colorless crystals having an astringent, slightly
acidulous, and harsh taste, efflorescing on exposure to
the air, and very soluble in water.
Cadmium sulfate has been used as a local astringent
and stimulant in diseases of the eye and in gonorrhea.
It has been employed either in solution or as an
ointment, in concentiations of 0.5 to 2 per cent. It
was formerly occasionally used internally in syphilis
in doses of from 6 to 12 mg. (approximately %o to
M> grain).
Cahinca. David's Root. Snowberry. Cainca. — -This
drug attracted at one time considerable attention,
the name cahinca, or cainca, originating from the language of Brazilian Indians. The Portuguese of Brazil
call the medicine raiz pretta, or black root. It is derived from the Chiococca racemosa L. (Fam. Rubiacece), and perhaps other species of the genus, the
bark of the root being considered active. A glycoside,
caincin, has been extracted from cahinca by Costa
(Rev. basil med. farm., 1932, 8, 124) and the pharmacology of the drug has been studied. The drug is used
as a diuretic and purgative.
Cahinca is an emetocathartic capable of producing
serious gastrointestinal irritation. In Brazil it has long
been used by the natives as a remedy for bites of
serpents, also in rheumatism and in dropsy. Dose, of
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the powdered bark, from 1.3 to 4 Gm. (20 to 60
grains). For further information see U.S.D., 20th
ed., p. 1295.
Cajuput Oil. Oleum Cajuputi — The B.P. 1948
recognized this as the oil, rectified by steam distillation, obtained from the fresh leaves and twigs of
Melaleuca Leucadendron Linn., and other species of
Melaleuca. It was required to contain not less than
50 per cent and not more than 65 per cent of cineol,
CioHjgO.
Cajuput oil was first imported into Europe early in
the 17th century. Linne ascribed it to Melaleuca
Leucadendron, and later Smith to M. Leucadendron
vera. Roxburgh, however, stated that this source was
incorrect and named the tree from which the oil was
obtained M . cajuputi, but this was later found to be
identical with M. minor Smith. The Index Kewensis
gives both of these latter names as synonymous with
M . Leucadendron.
Melaleuca Leucadendron Linne (M. Cajuputi
Roxb.) — commonly known as cajuput tree, punk tree
and swamp tea tree — is a large tree with crooked
trunk, thick, pale-buff, spongy bark which peels off
in thin layers, and scattered branches bearing pendulous twigs. The leaves are alternate, elliptic or
oblong, when young sericeous, when full-grown
smooth, deep green, with 3 to 7 parallel nerves and
numerous cross veinlets, slightly falcate, entire, from
3 to 8 inches long, from 0.5 to 0.75 inch broad, and
when bruised exhale a strong aromatic odor. The
flowers are small, white, varying to pink and purple
in Australia, inodorous, sessile, and disposed in terminal and axillary downy spikes, with solitary, lanceolate, three-flowered bracts. The filaments are 3 or 4
times longer than the petals, and both are inserted in
the rim of the calyx. The oil is obtained from the
leaves by distillation. It is prepared chiefly in Banda
and Bouru, and is exported from the East Indies in
glass bottles or drums. The small proportion yielded
by the leaves and the extensive use made of it in
India render it somewhat costly.
From the leaves and terminal branches of the related M. alternifolia Cheel, of New South Wales, is
obtained a volatile oil commercially known as tea-tree
oil and Australian tea-tree oil. It contains from 6 to
8 per cent of cineol, 50 to 60 per cent of terpenes and
some terpineol. It is actively germicidal, its phenol
coefficient being from 11 to 13 (see Per]. Ess. Oil
Rec, 1929, 20, 155; Australasian J. Pharm., 1937,
18, 274).
Description. — Cajuput oil is a colorless or yellow
liquid with an agreeable camphoraceous odor and a
bitter aromatic taste. When fresh it is soluble in
two volumes of 80 per cent alcohol but on standing
it becomes less soluble. Its weight per ml., at 20°,
is between 0.913 Gm. and 0.923 Gm.; its refractive
index at 20° is 1.464 to 1.472; its optical rotation
does not exceed — 4°.
Constituents. — This oil contains as its chief ingredient about 40 to 65 per cent of cajuputol, which
is identical with eucalyptol (cineol) . There is present
also a small amount of the solid terpineol, both free
and as the acetic ester, also Z-pinene and traces of
butyric, valeric and benzoic aldehydes.
Cajuput oil is said to be adulterated often with
oils derived from other than the official species of
Melaleuca. Rosemary oil and turpentine oil, impregnated with camphor and colored with the resin
of milfoil, are also said to be employed as adulterants.
Uses. — This oil is highly stimulant, producing when
swallowed a sense of heat, with an increased fullness
and frequency of pulse, and exciting in some instances profuse perspiration. It is esteemed by the
Malays and other people of the East, who consider
it a panacea. Formerly the oil was used internally in
chronic rheumatism, and various other complaints,
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but is rarely employed at present for this purpose.
It is useful internally as a stimulating expectorant
in chronic laryngitis and bronchitis, and is stated to
be useful as an anthelmintic, especially against the
roundworm. Its most frequent uses, however, are
externally in the treatment of various skin diseases.
For this latter group of affections it is used for its
anti-parasitic effect in such diseases as scabies, tinea
versicolor, etc., and for its stimulating action in acne
rosaceae, psoriasis, and other chronic conditions. It is
also used externally as a counterirritant in chronic
rheumatism and other painful conditions. Like many
other essential oils it relieves toothache if introduced
into the hollow carious tooth.
Dose, from 0.06 to 0.2 ml. (approximately 1 to 3
minims).
Storage. — Preserve in a well-closed container, protected from light, and stored in a cool place.
Calamus, NE. VIII. Sweetflag. Sweet Root. Sweet
Cinnamon. Sweet Cane. — "Calamus is the peeled,
dried rhizome of Acorus Calamus Linne (Fam.
Aracece) . Note: Calamus intended for extractive
preparations may be unpeeled. Such unpeeled Calamus
yields not more than 2 per cent of acid-insoluble ash,
and in all other respects meets the requirements for
peeled Calamus. Calamus yields not less than 1.2 cc.
of volatile oil of calamus from each 100 Gm. of
drug." N.F. VIII.
Acorus Calamus is a perennial monocotyledonous
plant growing in swamps, on the banks of streams
and and in ponds of North America, Europe and
Asia. It possesses a horizontal, jointed, somewhat
vertically compressed, branching and aromatic rhizome of spongy texture, from 0.5 to 1 inch in thickness and attaining a length at times of several feet.
From the lower surface of the rhizome emanate
numerous yellowish or whitish roots in zigzag lines
and from tiie upper surface at the nodes long, swordshaped, equitant leaves and scapes which when detached leave triangular leaf scars. The flowering stem
or scape resembles the leaves, but is longer, and from
one side above the middle of its length sends out a
cylindrical spadix about two inches in length which
is crowded with greenish-yellow flowers; from the
point of attachment of the spadix, the scape is prolonged as a spathe. The fruit is an oblong 3-locular
capsule containing numerous oval seeds.
The leaves as well as the rhizome of calamus have
an aromatic odor, and the spadices, which have a
pleasant aromatic flavor, are frequently eaten by
country folk. The rhizome has long been employed
in medicine. It should be collected in the spring or
late autumn, washed, freed of roots, and cut into
segments, the thicker pieces split lengthwise before
heat.
drying.
Drying should be accomplished at a moderate
Calamus occurs in two forms on the market, viz.,
peeled and unpeeled. The N.F. recognized the latter
article for the manufacture of extractive preparations.
Most of the commercial article has the outer portion
of the cortex removed. In drying, the rhizome loses
about 75 per cent of its weight and shrinks to about
one-half of its original diameter, but it improved in
odor and taste.
The commercial supplies of the drug come from
the southern Blue Ridge district, from Indiana,
Michigan, Germany, England, Russia and India.
Description. — "Unground Calamus. — Unground
Calamus is subcylindrical, usually split longitudinally,
up to 22 cm. long and up to 2 cm. thick. It is very
pale orange to weak yellowish orange in color externally, with small, darker-colored, slightly raised
root-scars distributed over the lower surface in zigzag arrangement. The upper surface is longitudinally
furrowed; and the fracture is short, granular, and
porous,
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a
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N.F. VIII. For histology, description of the powdered
drug, and standards and tests, see UJi.D., 24th ed.,
p. 185.
The characteristic odor of calamus is due to a
yellowish volatile oil. For analytical data on this oil
see Senov (Chem. Abs., 1939, 33, 5994), and the
report of the A. Ph. A. Laboratory (Bull. N.F. Com.,
1940, 8, 224). Faust found in the root a bitter nonnitrogenous substance, acorin. The supposed alkaloid
found by Thorns (1886) is probably choline.
Uses. — Calamus is a feeble aromatic and is sometimes used, chiefly as a household remedy, in flatulent
colic. The volatile oil is largely used in perfumery,
and the powdered root itself is esteemed in Ceylon
and India as a vermifuge and an insecticide. Dose,
1 to 3 Gm. (approximately 15 to 45 grains).
Calcium Acetylsalicylate. (CH3CO.OC0H4COO)2Ca.2H20. — This salt occurs as a white powder,
readily soluble in water, differing from other salts of
acetylsalicylic acid in that it is not hygroscopic and
its aqueous solution not so rapidly decomposed. It is
used like acetylsalicylic acid in doses of from 0.5 to
1 Gm. (approximately 7}4 to 15 grains).
Calcium Creosotate. Calcii Creosotas, N.F. VII.
— "Calcium Creosotate is a mixture of the calcium
compounds of the constituents of creosote. When
dried to constant weight over sulfuric acid it yields,
upon ignition, not less than 40 per cent and not more
than 50 per cent of CaO." iV.F. VII.
Calcium creosotate was originally introduced as a
patented product under the trade name of Calcreose
(Maltbie). According to patent specifications it is
made by interaction of equal parts of creosote and
calcium oxide in the presence of water. In this mixture
the phenolic compounds in creosote combine with
calcium to form water-soluble compounds. "Calcium
Creosotate is a dark brown powder having an empyreumatic odor and a sharp, characteristic, phenolic
taste. Calcium Creosotate is partially soluble in water
but, on standing, the solution deposits a mixture of
calcium hydroxide and calcium carbonate." N.F. VII.
Calcium creosotate is decomposed in the alimentary
tract, probably largely through action of hydrochloric acid in the stomach, liberating creosote. As
this decomposition is more or less gradual, there is
less likely to be irritation of the mucous membrane,
and for this reason the compound offers a means of
obtaining the therapeutic action of creosote with less
likelihood of causing digestive disturbances. Fellows
(/. Pharmacol., 1937, 60, 178) reported that calcium
creosotate is more actively bactericidal and also better
absorbed than creosote. Calcium creosotate has been
used quite extensively as an expectorant in chronic
bronchitis and tuberculosis and also as an intestinal
antiseptic. Although it is less irritating to the stomach than creosote itself and can usually be given in
solid form, in patients with sensitive stomachs it is
advisable to give it in solution, well diluted.
As the drug represents approximately 50 per cent
of creosote the dose should be twice that of the latter,
i.e., from 0.5 to 1.2 Gm. approximately iy2 to 20
grains) .
Calcium Lactophosphate. Calcii Lactophosphas,
N.F. V. — Under this name the N.F. formerly recognized "a mixture in variable proportions of calcium
lactate, calcium acid lactate, and calcium acid phosphate, corresponding to not less than 1.5 per cent
and not more than 2 per cent of P2O5."
Calcium lactophosphate is a white, odorless powder
soluble in water, almost insoluble in alcohol. Its
aqueous solution is acid to litmus. For tests of identity and purity see U.S.D., 21st ed., p. 258.
Calcium lactophosphate probably represents the
therapeutic virtues of calcium phosphate, its chief
advantage residing in its solubility. It has been occasionally employed in treatment of rickets and other

Calendula

1611

bone diseases, especially in the form of a syrup (for
formula see U.S.D., 23rd ed., p. 1072). [v]
Dose, 300 to 600 mg. (approximately 5 to 10
grains).
Calcium Sulfate. Calcii Sulfas Exsiccatus, U.S.P.
VIII. Exsiccated Calcium Sulfate. Gypsum. Plaster of
Paris. — Native calcium sulfate dihydrate, commonly
known as gypsum, is an abundant natural product.
When heated sufficiently to drive off a portion (approximately three-fourths) of its water of crystallization and reduced to a fine powder it forms the substance popularly known as plaster of Paris. This has
marked affinity for water, forming with half its weight
of water a cohesive paste which rapidly hardens into
an almost stone-like mass.
In the manufacture of plaster of Paris the gypsum
is deprived of three-fourths of its water by exposure
to a temperature of about 125°. If heated above
204° it becomes dead-burnt, does not take up water
readily and does not harden. Colloids retard and
crystalline substances hasten the setting of the
hydrated calcium sulfate; thus, 1 per cent of salep
increases the time of setting from 20 to 50 minutes,
while 3 per cent of alum reduces the time to about
five minutes. The hydrated material expands in solidifying, hence its advantage in preparing casts — the
expansion causing it to fill in accurately all interstices.
Calcium sulfate is used, in medicine, chiefly to
provide mechanical support or to immobilize various
parts of the body. In fractures and sprains it frequently replaces various forms of splints. Plaster
jackets are used to support the thorax in cases of
tuberculous diseases of the spine. Ordinarily for
surgical purposes it is applied by saturating bandages
with the dry powder, these bandages being dipped in
tepid water at the time of application. The bandages
should then be rolled up loosely, and kept for use in
air-tight cases. Dry calcium sulfate has also been
recommended as an absorbent dressing in wounds,
foul ulcers and similar conditions, for which its hygroscopic properties render it useful. Murray and Denton
(Can. Med. Assoc. J., 1949, 60, 1) reported fatal
tetanus in a patient following a knee operation in
which plaster of Paris bandages had been used;
tetanus and gas gangrene organisms were found in
the stock of bandages. These physicians believe that
infection of wounds from plaster of Paris is more
common than has been realized, [v]
Calcium Thiosulfate. Calcium Hyposulfite.
CaS20"3.6H20. — This occurs as white crystals, efflorescing at 40°. It is freely soluble in water, insoluble
in alcohol. The salt has been employed as a 10 per
cent solution by intravenous injection in the treatment of dermatitis and jaundice due to arsphenamine.
Hirade and Yasui (Brit. M. J., 1948, 1, 902) found
that patients with kala-azar who were resistant to
antimony preparations responded when calcium thiosulfate was simultaneously administered (intravenously) ;the same investigators also observed
calcium thiosulfate to act synergistically with quinine
hydrochloride in the treatment of experimental malaria in canaries. The usual dose is about 500 mg.
(approximately iy2 grains).
Calendula, N.F. VII. Marigold. Mary-bud. Goldbloom. Garden Marigold. Holligold. — "Calendula is
the dried ligulate floret of Calendula officinalis Linne
(Fam. Compositce)." N.F. VII. Calendula is an annual,
ornamental herb with spatulate or oblanceolate leaves
having toothed margins and terminal flower-heads of
yellow to orange-colored ligulate and tubular florets.
The blossoms contain carotenoid pigments and also
a saponin which on hydrolysis yields oleanolic acid
(see Winterstein and Stein, Ztschr. physiol. Chem.,
1931, 199, 64; also Gedeon, Pharmazie, 1951, 6, 547).
Calendula contains traces of a volatile oil, a bitter
principle, and an amorphous tasteless substance called
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calendulin (occurring most abundantly in the flowers)
which swells in water and is soluble in alcohol. For
description of calendula and its microscopic characteristics, see US.D., 23rd ed., p. 242.
French or African Marigold, so called, is the Tagetes
patula L., and T. erecta L., both of Mexico. These
contain a yellow crystalline substance, quercetagetin,
which Perkin examined and assigned the composition
Ci5Hio08 (Pharm. J., 1902, 294) ; it has been synthesized byBaker et al. (J. Chem. S., 1929, 61).
Formerly calendula was thought to be medicinally
active, but it has no action beyond that of a feeble
aromatic. Both the leaves and the flowers were used,
the latter being preferred, and were usually administered in the form of tea. The herb has also been used
as a local application in various inflamed conditions
of the skin or mucous membranes and even as a
stimulant to wounds and ulcers.
Caloncoba. — Various species of this genus of
plants (Fam. Flacourtiacece) growing in Africa have
been used in the treatment of leprosy. The seeds of the
C. echinata Gilg. yield an odorous solid fat known as
Gorli fat (Perrot and Francois, Bull. sc. Pharmacol.,
1929, 36, 551) which contains chaulmoogric acid. The
C. glauba Gilg. and the C. Welwitschii, as well as the
related genus Oncoba, have been studied by Peirier
(/. pharm. chim., 1929, 10, 124).
Calotropis. — According to Lewin the C. procera
R. Brown is widely spread in various parts of Africa,
as well as Persia, Arabia, and India. It has been used
in the Sudan for arrow poison. It is known in India
as mudar (or madar) and in Arabia as uschar. The
C. gigantea R. Brown or giant milkweed grows in
India, Malay, and the Molucca Islands. In India it
has been used as a suicidal and infanticidal poison.
Both plants have been naturalized in the West Indies.
Their milky juice is a violent local irritant, which,
when taken internally, acts as an emetocathartic and
may produce a fatal gastroenteritis.
These plants contain a proteolytic enzyme and three
glycosides, calotropin, uscharin and caiotoxin (Hesse,
Ann. Chem., 1936, 526, 252; 1938, 537, 67) which
Chen et al. (J. Pharmacol., 1942, 74, 223) showed to
exert a powerful digitalis-like action, calotropin approaching ouabain in its potency. Murti and Seshadri
(Proc. Indian Acad. Sci., 1943, 18A, 145) isolated the
alcohols a-calotropeol and fi-calotropeol. Rathnasabapathy (Indian J. Vet. Sci., 1951, 21, 95; 22, 151)
separated a principle which he called gigantin
(C24H36O9, not to be confused with the antibacterial
substance of the same name elaborated by Aspergillus
giganteus) and which acts on the heart in a manner
similar to that of digitalis.
Calotropis has been used as a local remedy in
Hindostan in elephantiasis and leprosy, and is said to
be useful in chronic eczema. It has also been employed
internally as a remedy in diarrhea and dysentery ; also
with less probability of usefulness in syphilis and
rheumatism. Dose, of powder, from 200 to 750 mg.
(approximately 3 to 12 grains), 3 times a day, gradually increased until it affects the system.
Calumba, N.F. VIII. Colombo.— "Calumba. is the
dried root of Jateorrhiza palmata (Lamarck) Miers
(Fam. Menispermacece)." N.F. VIII.
This drug derives its name from Kalumb, the native
African name for the root. It was introduced into
Europe by the Portuguese in the 17th century and
was recognized in the London Pharmacopoeia of 1788.
Jateorrhiza palmata is a dioecious climbing plant,
with a short, slender rhizome bearing numerous thick
fusiform roots. The stems are twining, cylindrical,
hairy and simple in the staminate plant, being
branched in the pistillate plant. The leaves, which
stand on rounded, glandular, hairy petioles, are alternate, distant, cordate, with three, five, or seven entire,
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acuminate, wavy, somewhat hairy lobes, and as many
nerves, each running into one of the lobes. The
flowers are small and inconspicuous, and arranged in
solitary axillary racemes, which in the staminate plant
are compound, in the pistillate simple, and in both
plants are shorter than the leaves.
The Calumba plant is indigenous to Mozambique,
on the southeastern coast of Africa, where it grows
wild in great abundance in the thick forests extending
from the sea many miles into the interior. The root
is dug up in March, when dry weather prevails.
Description. — "Unground Calumba. — Unground Calumba occurs as circular or oval disks, attaining a
diameter of 10 cm. and seldom exceeding 2 cm. in
thickness; or as longitudinal or oblique slices, attaining a length of 30 cm. The edge is pale reddish brown
to light olive-brown and roughly wrinkled ; the cut
surfaces are weak yellowish orange to moderate greenish yellow, indistinctly radiate in the region of the
dark cambium, and often depressed in the central
portion. The fracture is short and mealy." N.F. VIII.
For histology, a description of the powdered drug,
standards and tests, and adulterations, see U.S.D.,
24th ed., p. 203.
The odor of calumba is slightly aromatic. The taste
is very bitter, that of the cortical much more so than
that of the central portion, which is somewhat mucilaginous. The root is easily pulverized. The powder
is greenish, becoming browner with age, and deepening when moistened. As it attracts moisture from the
air, and is likely to undergo decomposition, it should
be prepared in small quantities. Insects may attack
calumba.
Constituents. — Calumba differs from most vegetable drugs in not containing tannin. It contains, besides about one-third of its weight of starch, a small
proportion of volatile oil, salts of calcium and potassium, ferric oxide, and silica.
Calumba contains three alkaloids which are all
quaternary bases. They are known as calumbamine
(columb amine) , jateorhizine and palmatine. For description of the physical properties of these bases see
Henry, Plant Alkaloids, 1949; also Spaeth and Burger,
Ber., 1926, 59, 1480. In addition to these alkaloids
there is present also a bitter principle, discovered by
Wittstock, and known as columbin. The composition
of this substance has been the subject of considerable
research by and controversy between Feist and
Volksen (Chem. Abs., 1938, 32, 4570), and Wessely
and Jentzch (ibid., 1937, 31, 4334). Wessely and his
co-workers have also isolated and investigated substances which they call chasmanthin and palmarin
(see Chem. Abs., 1936, 30, 5998; ibid., 1938, 32, 575).
The presence of berberine was claimed by Alessandri
and also Bocchiola (Year-book Pharm., 1891, 162),
but has been denied by other investigators.
Uses— Biberfeld (Ztschr. exp. Path. Ther., 1910, 7,
569) found that all the alkaloids of calumba root are
depressant to the central nervous system and especially
to the respiratory center; palmatine indeed exceeds
morphine in its respiratory toxicity; columbamine
and jateorhizine increase intestinal tonus. Despite
these findings, however, it is improbable that calumba
has any medical virtue aside from that of a mild
bitter, free from astringency. It has been used in
functional atonic conditions of the digestive organs,
especially with other tonics, aromatics, or cathartics.
By the natives of Mozambique it is used in dysentery
and various other diseases, |v]
Dose, of the powder, from 0.6 to 2 Gm. (10 to 30
grains), which may be repeated 3 or 4 times a day.
Calycanthus. Calycanthus fioridus L. — This is a
shrub of the Fam. Calycanthacew, from 6 to 8 feet
high, which inhabits low, shady woods along the
mountains from Florida to Tennessee, where it is
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known as sweet shrub, strawberry shrub, or Carolina
allspice. The whole plant is aromatic, having, when
crushed, an odor suggestive of strawberries.
The seeds appear to contain three alkaloids: calycanthine — which occurs also in the C. glaucus Willd.
(Spath, Ber., 1925, 58, 2131); calycanthidine and
isocalycanthine (Barger, Rec. trav. chim., 1938, 57,
548). These alkaloids have similar physiological properties, causing in mammals violent convulsions, apparently due to an action upon the spinal cord, followed
by paralysis of the peripheral motor nerves. There is
also depression of the heart muscle (MacGuigan and
Hess, /. Pharmacol., 1912, 3, 441).
These species, as well as C. fertilis Walt. (C. Icevigatus Willd.), which is found in the Allegheny Mountains of Pennsylvania, are an occasional source of
poisoning to cattle and sheep. Calycanthus has been
used as an antiperiodic. The dose of the fluidextract
was 2 to 4 ml. (approximately 30 to 60 minims).
Canella. White Cinnamon. Cassia alba. Jamaica
Winter's Bark. Wild Cinnamon Bark.— The N.F. V
recognized the dried rossed bark of Canella Winterana
(Linne) Gaertner (Fam. Canellacece) .
This tree is a native of Florida and the Bahama
and West Indies islands. The bark of the branches,
which is the part employed in medicine, is loosened
and deprived of its epidermis by beating. After removal from the tree it is dried in the shade. For a
description of whole and powdered canella see U.S.D.,
24th ed., p. 1381.
Canella bark yields, on distillation, from 0.75 to
1.25 per cent of a volatile oil, having an odor resembling that of a mixture of cajeput and clove. It
contains benzoyleugenol, /-pinene, cineol and caryophyllene. There is present also some bitter principle
(see Frey, Am. J. Pharm., 1884, p. 1).
Canella is a mild, aromatic bitter. Its best known
preparation was the famous Pulvis Aloe et Canellce,
commonly known as Hiera Picra, literally "sacred
bitters," from the esteem in which it was once held.
In the West Indies it is employed by the natives as a
condiment and as an antiscorbutic.
Dose, 0.6 to 2.6 Gm. (approximately 10 to 40
grains) .
Cannabis. Hemp. Cannabis Indicoz. Indian Hemp.
Mex. Marihuana. — "Cannabis consists of the dried
flowering tops of the pistillate plants of Cannabis
sativa Linne (Fam. Moraceoz). It contains not more
than 10 per cent of its fruits, large foliage leaves, and
stems over 3 mm. in diameter, and not more than 2
per cent of other foreign organic matter. It yields
not more than 5 per cent of acid-insoluble ash."
V.SJ>. XI.
The Cannabis sativa, or hemp plant, is a tall, rough,
dioecious annual, from 4 to 16 feet or more in height,
with erect, branching, angular stem. The leaves are
alternate or opposite, and palmately-compound, with
5 to 7 linear-lanceolate, coarsely serrated leaflets. The
stipules are subulate. The flowers are axillary, greenish, the male and female occurring on separate plants;
the staminate in long, branched, drooping panicles;
the pistillate in erect, simple catkins. The stamens are
5, with long pendulous anthers; the pistils 2, with
long, filiform, glandular stigmas. The fruit is an
ovate achene. The whole plant is covered with a fine
pubescence, scarcely visible to the naked eye, and
somewhat viscid to the touch.
The hemp seems to have originated in Asia Minor
but is now cultivated in many parts of the temperate
zone for the long bast fibers of its stem which are used
for making cordage and certain coarser cloths. Only
the female plant was officially recognized as the source
of the drug inasmuch as there is some doubt that the
male plant is equally active, but the male plant is
said to yield the better bast fibers. The flowering tops
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are collected when they have taken on a brownish
color, the fruits shaken out and the herbage allowed
to wilt and then subjected to the rolling and treading
process in order to work resinous matter from the
stems into the inflorescences.
The fruits — often incorrectly called seeds — are from
3 to 5 mm. long and about 2 mm. broad, roundishovate, somewhat compressed, of a shining ash-gray
color, and of a disagreeable, oily, sweetish taste. They
yield about 20 per cent of a fixed oil which, because
of its "drying" property, is used in the arts. The fruits
are much used as food for birds.
In India, Persia, and other parts of the East, hemp
has long been habitually employed as an intoxicating
agent. The parts are the tops of the plant, and a
resinous product obtained from it. Bhang is the
selected, dried larger leaves and young twigs. Ganjah
or gunjah is the tops of cultivated female plants, cut
directly after flowering, and formed into round or
flat bundles from 2 to 4 feet long by 3 inches in diameter. In some localities the plant has been squeezed
between the palms of the hands, and the resin scraped
from the hands. Balls thus formed, and also masses
formed out of resin mechanically separated from the
hemp plant, are called charas or churrus. This is the
hashish (or hasheesh) of the Arabs. Momea or mimea
is a hemp preparation said to be made in Tibet with
human fat.
The pistillate plants are much more active than the
staminate and when hemp is grown for its drug it is
the custom to eradicate the latter, pruning the remaining female plants so as to make them branch
more luxuriantly.
Cannabis was described in the U.S.P. XI as follows.
— "Unground Cannabis. — In separate tops or more or
less agglutinated masses or fragments, consisting of
the short stems with their leaf-like bracts and pistillate
flowers or more or less developed fruits; color green
to dark green or greenish-brown; odor agreeable,
somewhat heavy and narcotic; taste somewhat acrid
and pungent. Leaves digitately compound, usually
broken. Leaflets when entire, linear-lanceolate, nearly
sessile, margin deeply serrate. Bracts ovate, pubescent,
each enclosing 1 or 2 pistillate flowers or more or less
developed fruits. Calyx dark green, pubescent and
somewhat folded around the ovary. Styles 2, filiform
and pubescent. Ovary with a single campylotropous
ovule. Stems cylindrical, longitudinally furrowed, light
green to light brown or purplish-brown, strigosepubescent.
"Structure of Stem. — Cortex composed of collenchyma and several layers of parenchyma, in the
larger stems, the phloem with numerous strands of
more or less lignified bast-fibers; the xylem with
strongly lignified wood having medullary rays 1-cell
wide; pith, often hollow; rosette aggregates of calcium oxalate numerous.
"Powdered Cannabis. — Dark green; epidermis from
lower surface of leaves with sinuate vertical walls
and numerous oval stomata, from upper surface with
straight walls and no stomata; non-glandular hairs
numerous, unicellular, rigid, curved, with a very
slender pointed apex and an enlarged base usually
containing a cystolith ; glandular hairs of two kinds,
one with a short 1 -celled stalk, the other with a long
multicellular, tongue-shaped stalk, the head being
globular and consisting of 8 to 16 cells; fragments of
bracts and leaves showing yellowish-brown laticiferous
vessels, numerous rosette aggregates of calcium oxalate,
0.005 to 0.030 mm. in diameter, and strands of spiral
tracheae and phloem ; fragments of fruits with palisadelike, non-lignified cells with yellowish-brown finely
porous walls; tissues of embryo and endosperm with
numerous oil globules and aleurone grains, the latter
from 0.005 to 0.010 mm. in diameter and displaying
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crystalloids and globoids. Diluted hydrochloric acid
added to powdered Cannabis causes effervescence
visible under the microscope." U.S.P. XI.
Because of the widespread attention to cannabis,
recognition of its presence in tobaccos and medicines
has been a matter of considerable importance. The
method originated by William Beam {Beam Test),
more or less modified, is the one which is most frequently employed. Beam suggested two tests, both
applied on an ethyl acetate extract of the drug. In
the first test, the extract is treated with an alcoholic
solution of potassium hydroxide which yields with
cannabis a purple color; the second test is with a
saturated solution of hydrogen chloride in alcohol
which gives a cherry-red with cannabis. For details
of these tests see Matchett (J. A. Ph. A., 1938, 27,
29; 1940, 29, 399). The reliability of the tests is not
universally conceded. For other tests see Ghamrawy
(Chem. Abs., 1938, 32, 4724) and Duquenois (Chem.
Abs., 1939, 33, 8525).
Constituents. — The chemistry of cannabis has for
many years been obscure, but the researches of Adams
and his associates, and others, have shed much light
upon the subject. Adams and his group isolated the
nonnitrogenous substances cannabinol and cannabidiol
and determined their structures; though these substances possess only slight physiological activity at
most, cannabidiol may be isomerized to the highly
active substance tetrahydrocannabinol (J.A.CJS., 1940,
62, 2566). Later, Wollner et al. (J.A.CJS., 1942, 64,
26) succeeded in isolating a tetrahydrocannabinol of
high activity from cannabis; it, however, was not
identical with the compound prepared by Adams,
probably being an isomer. Levine (J.A.C.S., 1944, 66,
1868) has concluded that cannabinol is formed in
cannabis by the spontaneous dehydrogenation of
tetrahydrocannabinol. Though it had been generally
agreed that cannabinol is physiologically entirely inactive, Loewe (Science, 1945, 102, 615) demonstrated
that it does possess some marihuana activity. Analogues of the tetrahydrocannabinols have been synthesized; one of these, the l-hydroxy-3-n-hexyl-6,6,9trimethyl-7,8,9,10-tetrahydro-6-dibenzopyran, known
also as synhexyl, pyrahexyl, and parahexyl, in which
the n-hexyl group replaces the K-amyl group of the
parent tetrahydrocannabinol, has been successfully
employed in treating patients with neurotic depression
(Stockings, Brit. M. J., 1947, 1, 918). Synhexyl occurs
as a pale-yellow, translucent, very viscous, odorless
resin; it is soluble in organic solvents, but insoluble
in water.
There being no chemical assay method available for
cannabis attempts have been made to standardize it
biologically. The method official in the U.S.P. X,
which was based on the determination of the dose
required to render dogs ataxic, is able to distinguish
inert samples from active ones but is not even approximately reliable as a quantitative measure. For
a description of this test, see USD., 22nd ed., p. 277.
Gayer, 1928, suggested a procedure based upon the
disappearance of the corneal reflex in rabbits after the
injection of cannabis. Walton et al. (J. Pharmacol.,
1938, 62, 239) say "The method is reasonably satisfactory but the results are considerably influenced by
the arbitrary conditions of the procedure."
It has generally been believed that cannabis deteriorates rapidly, but Eckler and Miller (/. A. Ph. A.,
1917, 6, p. 872) found that the crude drug showed
practically no change after a year's storage but that
after 2 years it had lost about half of its potency ;
Hamilton (J. A. Ph. A., 1918, 7, p. 333) stated that
the loss must be usually much slower because he found
a sample 14 years old to be 70 per cent of standard,
and an extract, which had been constantly used for
assay purposes for 9 years, had shown no appreciable
change. The conclusions of both investigations were
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based on effects produced on dogs. In the light of
these and other conflicting reports conclusive statemade. ments concerning the stability of cannabis cannot be
Uses. — Cannabis is not used in medical practice at
present. Aside from a slight local irritant effect the
action of cannabis seems to be limited almost exclusively to the higher nerve centers. In man, after a
dose of 120 mg., ingested or inhaled as smoke, this is
first manifested by a peculiar delirium which is accompanied with exaltation of the imaginative function not infrequently with hallucination and later by
a remarkable loss of the sense of time. The delirium
is often accompanied with motor weakness and diminished reflexes and generally followed by drowsiness.
In the dog the earliest manifestation of the drug's
action is a slight degree of restlessness which is soon
followed by disturbances of equilibrium and later
weakness of the legs and drowsiness.
Cannabis has been used in medicine to relieve pain,
to encourage sleep, and to soothe restlessness. We
have very little definite knowledge of the effects of
therapeutic quantities, but in some persons it appears
to produce a euphoria and will often relieve migrainic
headaches. The great variability in the potency of
different samples of cannabis renders it impossible to
approximate the proper dose of any individual sample
except by clinical trial. Because of occasional unpleasant symptoms from unusually potent preparations,
caution has had to be exercised in the use of the drug.
The dose of an individual preparation can be determined only by administering it in increasing quantities until some effect is produced, [v]
Addiction. — The cannabis habit has claimed its victims in many of the eastern countries for more than
a thousand years. In recent times it has become a
problem of some importance in the United States.
Most of the addicts in this country ingest the drug
by smoking. In a general way the euphoria produced
is similar to that following alcohol but the sequelae
after the acute effects have worn off are less unpleasant. Despite a popular notion it is not directly conducive to crime, such lawless acts as accompany the
indulgence are due rather to removal of inhibition
than to creation of immoral tendencies. Repeated indulgence in the habit is likely to produce more or less
mental deterioration but Bromberg (J.A.M.A., 1939,
113, 4) believes that in the cases of insanity which
have been reported the patients were mentally unbalanced beforehand. Tolerance does not develop and
there is no abstinence syndrome (Isbell, Public Health
Serv. Publ. No. 94, 1951).
Synhexyl. — The synthetic cannabis-like compound
synhexyl (see above) has been used by Stockings
(loc. cit.) as a euphoriant in the treatment of 50 patients showing the thalamic dysfunction syndrome.
The dosages employed varied from 15 to 90 mg., the
drug being administered immediately on rising in the
morning, before a meal was taken. A latent period of
1.5 to 3 hours, which is about twice that for cannabis
extract, is followed by the patient's experiencing a
sudden and peculiar sensation of lightness and mild
intoxication accompanied by acceleration of the pulse
and feelings of slight palpitation and oppression in
the head and chest. The euphoric effect quickly follows, and consists of a feeling of happiness and exhilaration with a marked sense of physical well-being
and self-confidence; there is a sense of relief from
tension and anxiety. Later this effect gives way to a
sense of dreamy apathy and contentment; in larger
doses it may reach the stage of ecstasy. Visual illusions
of the cannabis type may develop. The average duration of the effects is 8 to 10 hours. With excessively
large doses, toxic effects are evidenced by a sudden
feeling of acute apprehension and collapse, with rapid
bounding pulse, mydriasis and dryness of the mouth
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and throat, hyperreflexia, clonic twitchings, mental
confusion, headache, and vertigo; euphoria is absent
in this stage. For further information concerning
pharmacological, neurophysiological, and psychiatric
studies with this compound see Williams et al. {Pub.
Health Rep., 1946, 61, 1059).
Dose, of cannabis, 60 to 200 mg. (approximately
1 to 3 grains). The U.S.P. XI recognized an extract
(Extractum Cannabis), dose, 15 mg. (approximately
V\ grain), and a fluidextract (Fluidextractum Cannabis), dose, 0.1 ml. (approximately \l/2 minims).
Capsella. Capsella Bursa-pastoris (L.) Medic.
Shepherd's Purse. Molette. (Fam. Crucijerae.) — This
very common weed in the United States has been
naturalized from Europe. Its aerial portion consists
of a basal rosette of rarely entire, usually more or less
lobed or pinnatifid leaves, from the center of which
arises a stem that may attain a length of 20 inches
and which bears few lanceolate, auricled or dentate or
entire leaves and axillary racemes of white flowers.
The fruit is a triangular pod, one-sixth to one-third
inch long.
The alkaloid bursine which has been reported in
this drug apparently is choline. There is present probably also tyramine and histamine, but whether these
are produced by the plant itself or by the fungus
which commonly infests the plant is uncertain. (See
Seel, Pharm. Ztg., 1924, 69, 1866, and Harste, Arch.
Pharm., 1928, 266, 133.) The plant also yields a
volatile oil of the sulfide group.
Capsella was at one time used as a uterine stimulant and more recently was employed in the treatment
of uterine hemorrhages, though its value for this purpose is questionable (see Johnson, Proc. S. Exp. Biol.
Med., 1941, 46, 496). Boruttau and Cappenberg
(Arch. Pharm., 1921, 259), reported that it has a
stimulating action on the uterine muscles and also
produces a lowering of the blood pressure which they
attribute to the presence of acetylcholine. In the past
the drug has also been used as an antiscorbutic and
diuretic. From 60 to 120 ml. (2 to 4 fluidounces) of
the freshly expressed juice have been given at a dose;
or from 1 to 2 ml. (15 to 30 minims) of the fluidextract of the dried plant.
Carbimazole. Neomercazole (Schering, Ltd.). —
This is a derivative of methimazole (q.v.) in which
the hydrogen atom of the SH group is replaced by
carbethoxy (C2H5O.CO-) ; it may be prepared by
interaction of ethyl chloroformate and methimazole.
Carbimazole is a white or creamy white, crystalline
powder, at first tasteless but afterward bitter, almost
insoluble in water and sparingly soluble in alcohol.
This drug slowly releases methimazole in the body
to exert slow, prolonged antithyroid action. Doniach
(Lancet, 1953, 1, 873) treated 92 cases of primary
thyrotoxicosis and 28 cases of toxic nodular goiter;
in 30 of these cases the drug was effectively used in
preoperative preparation. Doses ranged from 15 mg.
daily in mild cases to 45 mg. daily in severe thyrotoxicosis. In 2 to 8 weeks 93 patients became euthyroid; 9 of the remainder were operated upon, and
18 responded within 3 to 6 months to the drug alone.
No toxic effects were observed, although all of the
untoward effects of methimazole might be expected.
Bartels (/. Clin. Endocrinol., 1953, 13, 1305) confirmed the efficacy of the drug but experienced among
52 patients 1 instance of mild dermatitis, 1 of severe
dermatitis, and 1 of agranulocytosis, which last survived following withdrawal of the drug and administration of antibiotics. Richardson et al. (Brit. M . J.,
1954, 1, 364) reported a fatal case of aplasia of the
bone marrow following use of 10 mg. 3 times daily
for 8 weeks; treatment with antibiotics, adrenal corticoids, and blood transfusions alleviated the anemia,
purpura and neutropenia, but the patient died in
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Dose. — For the control of thyrotoxicosis 10 mg. is
given, orally, 2 to 4 times daily ; the maintenance dose
is 5 to 15 mg. daily. Bartels (loc. cit.) stated that
30 mg. daily is equivalent in action to 300 mg. of
propylthiouracil or 30 mg. of methimazole. The drug
is available in 10-mg. tablets.
Carbon Disulfide. Carbon Disulfidum, BJ>. 1914.
Carbonis Bisulfidum. CS2. Carbon Bisulfide. — Carbon
disulfide is prepared by direct combination of carbon
and sulfur at elevated temperature.
Carbon disulfide finds extensive use as a solvent for
oils, for the cleansing of wool and recovering the fat,
as a solvent for caoutchouc in the manufacture of
India rubber goods, for the extraction of perfumes,
and on a large scale in France as a remedy against
the phylloxera. Perhaps its most important use is in
the manufacture of viscose silk or rayon. Large quantities are also used in chemical syntheses. It is also
used to exterminate rodents and other ground burrowing animals, by pouring a small quantity into each
burrow. Its vapor, being heavier than air, penetrates
to the innermost recesses of the burrow and being
very toxic the animal dies underground.
Although carbon disulfide was recommended by
Taar (Berl. tierdrztl. Wchnschr., 1907, p. 406) for
destruction of intestinal parasites in the horse, it has
not found use in human medicine as an internal
remedy. It has, however, been occasionally used externally as a counterirritant and local anesthetic.
Turnbull especially recommended it as an external
application in enlarged lymphatic glands. Carbon
disulfide has been similarly used, often with good results, in facial and other neuralgias and various local
pains. It causes smarting, but its disagreeable odor is
the chief objection to it. In veterinary medicine it has
been given
bot-fly.
[V] internally to destroy the larva? of the
Toxicology. — Carbon disulfide is an active poison
and because of its wide industrial use its toxic action
has become a matter of importance. The most frequent symptoms in industrial poisoning involve the
central nervous system and include fatigue, marked
psychic disturbances, ranging from extreme irritability to outspoken mania with hallucinations; in
many cases there are marked tremors, auditory and
visual disturbances and not infrequently loss of weight
and changes in the blood. Crutchfield (Indust. Med.,
1945, 14, 325) advocated large doses of thiamine
chloride in the treatment of poisoning and a high
vitamin B diet as a prophylactic measure in exposed
workers. For literature on this subject see J.A.M.A.,
1939, 112, 51.
Carbon Monoxide. Carbonic Oxide. CO. — This
is a colorless, odorless gas, somewhat lighter than
air, and resulting from the incomplete combustion of
carbonaceous material. It is the poisonous ingredient
found in illuminating gas, the after-damp in coal
mines, in the exhaust of automobile engines, in rooms
recently painted with linseed oil paints, etc.
Poisoning with carbon monoxide is common. The
toxic effects of this gas are due to its power of combining with the hemoglobin of the blood to form
carboxyhemoglobin, which is such a stable compound
that there is required a much higher vapor-tension of
oxygen to displace it from the corpuscles; the blood,
therefore, becomes incapable of carrying oxygen to the
tissues, and the body suffers from internal asphyxia.
When the percentage of hemoglobin so altered is
small, the symptoms are trivial, but with a larger
destruction of the oxygen-carrying power of the blood,
they become very serious. It should be noted that the
danger of carbon monoxide poison is not only that of
acute death from lack of oxygen but that there frequently follows severe degenerations of the central
nervous system, which may leave the patient permanently incapacitated or lead to death some weeks
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later. The experiments of von Oettingen (J. Pharmacol., 1941, 72, 42) indicated that these degenerations are not due solely to the deprivation of oxygen
as was formerly believed ; he found that there was a
great increase in the cerebrospinal fluid which would
last for several hours after the animals had recovered
from the acute symptoms of carbon monoxide poisoning (see also Carbon Monoxide: Its Hazards and the
Mechanism of Its Action, by von Oettingen, Public
Health Bulletin No. 290, Government Printing Office,
1944). For description of the symptomatology and
pathology of these cases see Beck and Suter (J. A.M. A.,
1940, 115, 1). The proportion of carbon monoxide
in the atmosphere which is required to produce toxic
symptoms depends largely upon the duration of the
exposure. Henderson and Haggard (J. Pharmacol.,
1920, 41, 11) used a formula in which time (expressed
in hours) is multiplied by concentration (expressed
in parts per 10,000 of air) ; if the product equals 6,
there are barely perceptible effects; if it equals IS,
there is danger to life. A concentration of 0.1S per
cent of CO in the atmosphere is highly dangerous,
even for brief exposures.
The symptoms from slight exposures to carbon
monoxide are headache, dizziness, nausea, dyspnea on
slight exertion. On exposure to high concentrations,
the patient may fall unconscious without any prodromal symptoms, and die in a few minutes. After death,
the blood retains its fluidity, and is of a bright cherryred color. The presence of bright red patches on the
skin of a corpse is quite characteristic of death from
this gas. In the treatment of poisoning by illuminating
gas, the patient should at once be removed from further exposure, and if breathing, should inhale oxygen ;
if not breathing, artificial respiration with oxygen inhalation isto be employed. Rebreathing from a bag
in the oxygen mask delays excretion ; a nasal catheter
or other open method of administration is preferred.
Henderson and Haggard highly favor a mixture of
5 per cent of carbon dioxide with 95 per cent of
oxygen; the carbon dioxide does not combine with
the hemoglobin, but acts as a stimulant to the respiratory center. Zeigler (/. Lab. Clin. Med., 1926, 12,
109), from experiments on animals, suggested intravenous use of sodium thiosulfate; he recommended a
2 per cent solution of this salt to be given in doses of
5 ml. for each 10 Kg. of body weight, to be followed
at once by subcutaneous injection of calcium lactate.
Some years ago considerable interest developed in
the report of Dr. Geiger, of San Francisco, concerning
the use of methylene blue in carbon monoxide poisoning. Haggard and Greenberg (J.A.M.A., 1933, 100,
2001), however, found no scientific reason to believe
that methylene blue is indicated. Their experiments
on lower animals showed a higher mortality from
carbon monoxide poisoning when it was employed
(see also Martland, JAM A., 1934, 103, 643).
Carota, U.S.P. 1870. Carrot. — Daucus Carota, L.,
the wild carrot (Fam. Umbelliferce), is widely distributed, growing along fences, and in neglected fields
and from the beauty of the flowers is often known as
Queen Anne's lace. It grows wild also in Europe. The
well-known garden carrot is the same plant altered
by cultivation. The fruits are very light, of a brownish color, an oval shape, flat on one side and convex
on the other, and on their convex surface present four
longitudinal ridges, which are beset with stiff whitish
hairs or bristles. They have an aromatic odor, and a
warm, pungent, and bitterish taste. On distillation
they yield about 1.26 per cent of a yellow to brownish
volatile oil, possessing the odor of carrots only to a
slight extent. For an account of the method of production and of the constituents of this oil see Am.
Perfumer, 1936, 31, No. S, 71. Pictet (Bull. soc. chim.,
1907, 1, 1001) isolated from the leaves of carrots two
liquid bases, pyrrolidine [(CH2)4NH]
and daucine
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(CnH]8N2). Carrot seeds are slightly aromatic, and
were formerly considered diuretic.
The root of the cultivated carrot, used as a foodstuff, contains a considerable proportion of carotene
(see under Oleovitamin A).
Infusion of carrot has long been used as a folkremedy for threadworms. The scraped root was formerly employed as a local stimulant to indolent
ulcers. Kreitmar (Merck's Jahresber., 1936, 50, 102)
reported an extract of wild carrot to be effective in
causing contraction of the uterus. For additional information see U.S.D., 19th ed., p. 1432.
Ingestion of excessive quantities of carotene or vegetables containing it, may lead to a condition, known
as carotinemia, in which the skin, particularly of the
palms of the hands and other calloused areas, becomes
of a distinctly yellowish hue simulating jaundice
(the sclerae, however, are not yellow) ; there does not
seem to be any serious disturbance of bodily functions (Levin, J A. MA., 1931, 96, 2190).
Carpotroche. — The C. brasiliensis (Fam. Flacourtiacice) is a South American tree known locally
as sapucainha or canudo do pito, where an extract has
long been used as a popular remedy for skin diseases.
The fruits of this tree yield upwards of 70 per cent
of a fixed oil which is commercially known as sapucainha oil. Cole and Cardoso (J.A.C.S., 1938, 60, 614)
found in this oil hydnocarpic, chaulmoogric, gorlic
(dehydrochaulmoogric), palmitic and oleic acids.
Sapuchainha oil is traditionally useful in leprosy, and
its value has been attested by a number of Brazilian
physicians (see Brasil-med., 1926, 40, 268-275). A
number of derivatives of the oil are marketed in
South America.
Carvacrol. Isopropyl-o-cresol. C6H3(CH3) (OH)(C3H7) [1:2:4]. — This phenolic compound, isomeric
with thymol, occurs in Trieste and Smyrna origanum
oil and in other labiate plants; it is also prepared
synthetically. It is a thick, colorless oil, having an
odor like thymol, solidifies at 0.5°, boils at 238°, has
awith
specific
gravity of 0.977 at 20°, and is miscible
alcohol.
According to Martindale, carvacrol is almost as
actively germicidal as its isomer, thymol. It has been
used in medicine not only for its antibacterial properties, but also as a local anesthetic in toothache, cotton
saturated with it being inserted into the carious cavity.
The experiments of Livingston (J. Pharmacol., 1921,
17, 261) indicate that the toxicity of carvacrol on
mammals, as well as for certain worms, is practically
the same as that of thymol and the suggestion was
made that it would afford a substitute for thymol as
an anthelmintic.
Cascara Amarga. Honduras Bark. — Under this
title the N.F. VI recognized "the dried bark of Sweetia
panamensis Bentham (Fam. Leguminosce) . Cascara
Amarga contains not more than 2 per cent of foreign
organic matter, and yields not more than 2 per cent
of acid-insoluble ash." N.F. VI.
Cascara Amarga was discovered by Froehling of
Virginia, who, while traveling in Mexico from 1877 to
1880, used this drug in the treatment of syphilis and
scrofula and sent samples of the bark to physicians in
Baltimore. This bark was first considered to be from
a species of Picramnia (Fam. Simarubacece) but in
1930 Farwell identified it as Sweetia panamensis
Benth. (Am. Drug., Feb., 1928).
Sweetia panamensis is a tree growing to the height
of about 40 feet with imparipinnate leaves, white
flowers arranged in axillary panicles and flat, oblong
to elliptic leguminous fruits. It is indigenous to southern Mexico, Central America and Panama.
"Unground Cascara Amarga. — In quills up to 60
cm. long and 3 cm. in diameter; bark up to 8 mm.
thick, sometimes in broken, irregular, flattened, or
transversely curved pieces ; externally yellowish brown,
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more or less covered with grayish lichens showing
blackish apothecia, longitudinally fissured and roughened with cork layers, or with cork more or less removed and reddish brown; inner surface grayish
brown to dark reddish brown, with irregular longitudinal striations and numerous minute transverse
markings; internally yellowish brown to dark brown
with a light yellow zone beneath the cork and numerous yellowish groups of stone cells, the latter especially
pronounced in the older bark; fracture short, hard
and brittle. Odor faint; taste extremely bitter and
persistent." N.F. VI. For description of microscopic
characters see U.S.D., 22nd ed., p. 303.
In 1884 Thompson separated from this bark an
amorphous yellow substance, which he believed was
alkaloidal, for which he suggested the name picramnine. St. Clair (Bull. Mass. Coll. Pharm., Dec, 1929)
has made some studies of this substance and suggested
that its name should be sweetine, in conformance with
its botanical origin.
Honduras bark appears to have been used as a folk
medicine in Mexico in chronic skin diseases, especially
those of syphilitic origin. Atkinson (Therap. Gaz.,
1881) reported a few cases of healing of syphilitic
ulcers under the continued use of the remedy; his case
histories, however, do not afford any convincing evidence that the healing process was materially hastened
by the drug. There is no convincing evidence that it
has any therapeutic value. It has been given in doses
from 1 to 3 Gm. (approximately IS to 45 grains).
Cascarilla, B.P. 1914, N.F. IV. Sweet Bark. Sweetwood Bark. Cortex Eluterice. Cortex Thuris. —
Cascarilla is the bark of the West Indian tree Croton
Eluteria Benn. (Fam. Euphorbiacece) . This is a shrub
or a small tree with a stem from four to eight inches
in diameter. The stem is straight, and marked at
intervals with white or grayish stains. The leaves are
petiolate, often somewhat cordate at the base, obtusely acuminate, pale or grayish-green above, and
densely covered beneath with shining silvery scales,
appearing white at a distance. The flowers are
monoecious, small, white, petiolate, and closely set in
simple terminal or axillary spikes. For further information concerning cascarilla and related barks see
U.S.D., 20th ed., p. 302.
Cascarilla bark contains — besides about IS per cent
of resin — a fixed oil, a volatile oil and a crystallizable,
neutral bitter principle called cascarillin. The presence of alkaloid has been denied by Cripps {Pharm.
J., 1886) ; Naylor found betaine in cascarilla
{Pharm. J., 1898, 279).
Although at one time used as a substitute for
cinchona it probably has no ©ther therapeutic value
than that of a bitter aromatic stomachic. Because of
its pleasant odor when burned, some smokers have
mixed it with tobacco, but it is said to produce
vertigo and intoxication.
Dose, 1.3 to 2 Gm. (approximately 20 to 30
grains).
The B.P. 1914 recognized a S per cent infusion,
dose from 15 to 30 ml. (Y2 to 1 fluidounce) ; and a
20 per cent tincture, dose 2 to 4 ml. (30 to 60
minims) .
Casein. — Of the three proteins occurring in milk —
casein, lactalbumin, and lactoglobulin— casein comprises about 80 per cent of the total. It is a phosphoprotein, separable into alpha- and beta- forms (see
J.A.C.S., 1944, 66, 1725); on hydrolysis it yields
phosphoric acid and the amino acids alanine, arginine,
aspartic acid, cystine, glutamic acid, glycine, histidine,
hydroxyproline, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, trytophan,
tyrosine, valine.
Casein may be precipitated from milk by addition
of acids, by allowing milk to sour, or by precipita-
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tion with rennin. Casein occurs as a white or yellowish granular powder. It is insoluble in water or
in organic solvents but is dissolved by dilute mineral
acids and by solutions of alkali hydroxides and
certain salts.
Numerous useful products are manufactured from
casein such as: plastics, synthetic wool-like fiber,
paint brushes, adhesives, cold water paint and imitation leather
products.
"rolling"
cosmetic
creams
have Many
casein ofasthea so-called
base. It is
useful
also in the detannating of wines for pharmaceutical
purposes and finds some use as an emulsifying agent.
Casein is the raw material from which many protein hydrolysates are prepared ; hydrolysis is accomplished with acids or enzymes as catalysts. Compounds of casein with iodine have been employed
medicinally as a substitute for iodides. Solutions of
highly purified casein have been used in non-specific
protein therapy.
Casein-Calcium (Calcium Caseinate) contains between 1.4 and 2.1 per cent of calcium. It is a pale,
yellowish, fluffy powder which when shaken with
water yields a turbid suspension. It is used as an
accessory food in diarrheas of infancy and in the
preparation of high-protein diets. A proprietary form
son).
of casein calcium is known as Casec (Mead-JohnCasein-Sodium is a white, amorphous powder, with
little odor or taste, insoluble in alcohol and ether,
slightly so in cold water, but readily soluble in hot
water. It has been considered to be a valuable food
in intestinal and digestive disturbances, also in anemia
and scrofula.
Casimiroa. Casimiroa edulis Llav. et Lex. Cochil
Sapote. White Sapota. — This is a large tree belonging
to the Fam. Rutaceoe, a native of Mexico, the leaves
of which are employed in diarrhea and as an
anthelmintic. Robin and Coyen (Presse mid., 1909,
p. 454) and Chevalier (Bull. gen. therap., 1909,
158, 96) reported that casimiroa seeds are narcotic.
Altamirano obtained from the seeds what he believed to be a glycoside which he called casimirose
and Bickern (Arch. Pharm., 1903, 241, 166) an
alkaloidal glycoside which he named casimirin. Power
and Callan (Trans. Chem. Soc, 1911, 99, 1093)
found two alkaloids, casimiroine and casimiroidine,
a small quantity of volatile oil, and various other
organic substances. The composition of the fruits has
been investigated by Stahl (Fla. Agr. Expt. Sta. Bull.,
1935, 283). Neither the alcoholic extract of the
kernels nor any of the principles separated from
them possesses any physiological action beyond that
of a local irritant effect on the stomach, confirming
the previous conclusion of Esch and Kochmann
(Arch, internat. pharmacodyn. therap., 1911, 21,
353).
Cassia. Cassia marilandica L. Wild Senna. Locust
Plant. American Senna. (Fam. Leguminosce.) — This
is an indigenous perennial plant of vigorous growth,
sending up annually numerous round, erect, nearly
smooth stems, which are usually simple, and rise
from 3 to 6 feet in height. The leaves are alternate,
and composed of from 8 to 10 pairs of oblonglanceolate, smooth, mucronate leaflets, green on their
upper surface, pale beneath, and connected by short
petioles with the common footstalk, which is compressed, channeled above, and furnished near its base
with an ovate, stipitate gland. American senna is
common from New England to North Carolina. The
leaflets are from 1.5 to 2 inches long, from 0.25 to
0.5 inch in breadth, thin, pliable, and of a pale green
color. They have a feeble odor, and a nauseous
taste, somewhat analogous to that of senna. Schroeter
(Am. J. Pharm., 1888, 231) found in them chrysophanic acid; also a principle corresponding in all
respects with cathartic acid. American senna is an
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efficient and safe cathartic, acting like senna but
more feebly.
Cassia nictitans L., or Wild Sensitive Plant, was
investigated by Gallaher (Am. J. Pharm., 1888, 280),
who failed to find any glycoside or alkaloid. The
amount of volatile oil found was very small, and
cathartic acid could not be prepared from it, although the powder produced griping. The leaves of
Cassia alata L., Ringworm bush, have been recommended as a local application for ringworm; they
were moistened and the parts affected rubbed with
them. These leaves are also employed as a cathartic,
and have been found to contain rhein in reduced
form (see Hauptmann and Nazario, J.A.C.S., 1950,
72, 1492). For a comparative study of the leaflets
of Cassia marilandica, C. medsgeri, C. nictitans and
C. Chamoecrista and the official sennas, see Slama
(/. A. Ph. A., 1934, 23, 550).
Under the names of Cheshmat, Chashmizok,
Schischen, the seeds of Cassia Absus L. are said to be
used in India and Africa in the treatment of inflammations of the eye, either in the form of a fine
powder or an infusion made from the coarsely
ground seeds to which several medicinal substances
are added. From these seeds Siddiqui and Ahmed
(Proc. Indian Acad. Sc, 1935, 2 A, 421) isolated two
alkaloids, chaksine and isochaksine , which were found
to be depressants of the heart, respiration and nerves.
Cassia Fistula. — Cassia Fistula, L. (Cathartocarpus Fistula (L.) Persoon) is a large tree attaining
a height of about 15 m., with a trunk of hard, heavy
wood, dividing towards the top into numerous
spreading branches, and covered with a smooth, ashcolored bark. The leaves are commonly composed of
5 or 6 pairs of opposite leaflets, which are petiolate,
ovate, pointed, undulated, smooth and of a pale
green color. The flowers are large, of a golden yellow
color, and arranged in long, pendent, axillary
racemes. The fruit consists of long, cylindrical,
woody, dark-brown, pendulous loments, which when
agitated by the wind strike against each other and
produce a sound that may be heard at a distance.
This species of cassia is a native of India, whence it
is generally supposed to have been transplanted to
other parts of the world. It is now widely diffused
through tropical regions, being found in insular and
continental India, Cochin China, Egypt, Xubia, the
West Indies, and the warmer regions of America.
Under the name Golden Shower it is known as an
ornamental shade tree in all tropical countries.
The N.F. V recognized the dried fruits which it
described as follows:
"Unground Cassia Fistula. — Cylindrical, from 25
to 50 cm. long, about 20 mm. in diameter, smooth,
chestnut-brown in color, on one side a longitudinal
groove and on the other a smooth line or slight ridge,
indicating the sutures; indehiscent, the cavity divided transversely into numerous compartments, each
containing a reddish brown, glossy, flattish ovoid
seed embedded in a blackish brown sweet pulp. Odor
resembling that of prunes." N.F. V.
The B.P. 1932 recognized, under the title Cassia,
the pulp of the ripe fruits, obtained by crushing the
fruits, dissolving out the pulp by percolation with
distilled water and, after straining, evaporating the
percolate to the consistency of a soft extract. The
pulp is the part employed; it should be black, have
a slight odor, and a sweet mucilaginous taste. The
laxati%-e property of the pulp is attributed to hydroxymethylanthraquinones; it contains also considerable gum and sugar, with a small amount of volatile
oil.
Cassia pulp is laxative and was formerly widelv
used, particularly in a combination known as confection of senna, which contained senna leaf,
coriander, figs, tamarind, prunes, licorice extract and
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sucrose, besides the cassia pulp. The dose of the pulp
was given by the B.P. as 4 to 8 Gm. (approximately
1 to 2 drachms).
Castanea, N.F. VII. Chestnut Leaves.— "Castanea
is the dried leaf of Castanea dentata (Marshall)
Borkhausen (Fam. Fagaceoe)." N.F. VII.
Castanea dentata, or the American Chestnut, is a
large, spreading, deciduous tree attaining a height of
100 ft. and a trunk diameter of 3 to 4 ft. in close
stands with deeply fissured bark, and smooth, simple,
alternate, oblong-lanceolate leaves with serrate margins. Its staminate flowers are crowded on lower
aments while its pistillate flowers appear in twos or
threes in stiff-spined, spherical involucres at the base
of the upper aments. Its fruit is a spiny bur containing 1 to 5, usually 2 or 3, nuts. The tree was formerly one of the most frequent and handsome of our
eastern forest but in recent years has been almost
exterminated by a fungus (Endothia parasitica)
blight. For a description of the whole and powdered
leaves see U.S.D., 23rd ed., p. 284.
Chestnut leaves contain up to 9 per cent of tannin
and a small amount of gum.
Chestnut leaves were recommended a half century
or more ago in the treatment of whooping cough.
There is, however, no reason to believe castanea to
have any therapeutic value except that of a mild
astringent. A fluidextract was official in N.F. VII.
Castela. Castela Nicholsoni texana Torrey and
Gray. (Fam. Simarubacece.) — This plant, which is
known among the Mexicans as chaparra amargosa,
that is, bitter bush, was recommended by Nixon
(1916) in the treatment of amebic dysentery. He
found that a 1 to a million dilution of a detannated
fluidextract caused Endamaeba histolytica to become
immobile. Bosman (J. Chem. S., 1923, 123, 207)
found in it the glycosides castelin, castelamarin and
castelagenin but it is not apparent that these are the
amebicidal principles.
The conclusions of Nixon concerning the amebicidal effects of chaparra amargosa have been confirmed by Shepheard and Lillie (Lancet, April 6,
1918), and Seldards and Mclver (J. Pharmacol.,
1918, 11, 331). Nixon preferred a decoction of the
drug, but the fluidextract has been given in doses
of 4 to 12 ml. (approximately 1 to 3 fluidrachms).
Catalpa. Catalpa bignonioides Walt. Catawbatree. Indian Bean. — This is a beautiful, indigenous,
flowering tree, of the Fam. Bignoniaceoe, the seeds of
which have been employed in asthma. Classen (Am.
Chem. J., 1888, 10, 328) found in them a bitter
glycoside, catalpin. The presence of catalposide was
reported by Colin et al. (Chem. Abs., 1944, 38, 2341).
Large doses of the seeds are said to cause nausea,
vomiting and slow, weak pulse. Some persons develop dermatitis from handling the flowers.
Cataria,
N.F.dried
VIII.leaves
Catnip.
— "Cataria
consists
of the
and Catmint.
flowering
tops of
Xepeta Cataria Linne (Fam. Labiatae)." N.F. VIII.
Cataria is a perennial herb which is common near
dwellings in the United States, but is indigenous to
Europe. Most of the drug is grown in the United
States. It has been cultivated on a large scale especially in New Hampshire. It is called catnep on
account of the fondness which cats show for it
either in the fresh or the dried condition.
Description. — "Unground Cataria consists of tops
from 10 to 20 cm. long, much branched, or crushed
and broken. The stems are quadrangular, downy, and
up to 4 mm. in diameter. The leaves are opposite, the
larger ones petiolate, from 2 to 7 cm. long, ovate or
oblong, rounded or heart-shaped at the base, pointed
at the apex, light olive to weak olive-green, sparsely
hairy above, downy beneath; the margin deeply
crenate; the floral leaves are small and bract-like.
The flowers are small, in dense interrupted spikes.
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The calyx is hairy, tubular, curved obliquely and
subequally S-toothed. The corolla is light colored, has
a dilated throat, the limb being bilabiate, the upper
Up erect and 2-cleft, the lower spreading and 3-cleft,
the middle lobe largest, crenulate. Stamens in 2
pairs ascend under the upper lip, the lower pair
shorter.
"Powdered Cataria is light olive-brown to light
olive. It has a faintly aromatic and mint-like odor
and a bitter, pungent, aromatic taste. It shows
numerous fragments of parenchyma, the palisade
tissue containing plastids; non-glandular hairs are
numerous, 1- to 5-celled, tapering, frequently
papillose and more or less broken, the basal cells up
to 50 microns in diameter; glandular hairs have a
1 -celled stalk and a many-celled secreting head, the
latter up to 70 microns in diameter. The tracheae
have spiral, reticulate, annular, or simple pore markings. The epidermis is composed of sinuous-walled
cells and broadly elliptical stomata up to 30 microns
in length. Collenchyma and lignified wood fibers are
few. Pollen grains are few, spherical, smooth, and
grooved." NF. VIII.
Constituents. — The active constituents of cataria
are a volatile oil and a tannin of the type that produces a greenish color with ferric salts. The oil contains alpha- and beta-citral, limonene, dipentene,
geraniol, citronellol, nerol, a levorotatory sesquiterpene, acetic acid, butyric acid and valeric acid.
Uses. — Catnep has no therapeutic virtues other than
that of a mild aromatic. The hot infusion has been
used as a domestic remedy in infantile colic. It has
also been used as a sudorific in colds and febrile
complaints, and in painful or delayed menses. Chewing the leaves is reputed to have relieved toothache.
Dose, 4 to 8 Gm. (approximately 1 to 2 drachms).
Catechu. Catechu Nigrum, B.P. 1914. Black
Catechu. Terra Japonica. Cutch. Cachou. Pegu
Katechu. Caticu. Cutt. — The name "catechu" in the
native language signifies the juice of a tree, and appears to have been applied to astringent extracts obtained from various plants (see also Gambir). Black
catechu is an extract prepared from the wood of
Acacia Catechu Willd. (Fam. Leguminosce) . This is
a small tree, seldom more than 12 feet in height, a
native of India and Burma. It has become naturalized in Jamaica.
This drug was long known before its source was
discovered. It was at first called terra japonica, under
the erroneous impression that it was an earthy substance derived from Japan. It is made by boiling
chips of the brownish heart-wood, straining and
evaporating the decoction. The product varies in
color from bright red to almost black. In India
the light red variety has been used with the betel
nut as a masticatory. It is partially soluble in cold
water or alcohol and almost entirely soluble in boiling
water. Its taste is astringent and bitter with an after
sensation of sweetness.
The most important constituent of catechu is 25 to
35 per cent of catechutannic acid; present also are
catechin, quercetin, and catechu-red.
Catechu has been used for its astringent effect in
the treatment of diarrhea, the dose being from 0.3 to
1 Gm. (approximately 5 to 15 grains).
Catha. Catha edulis. — Under various Arabic names,
such as Kdt, Khdt, Chaat, Kus es Salahin, Tchaad,
Tschut, Tohat, Tohai, Gat, the leaves of Catha edulis
Forsk. (Fam. Celaslraceaz) (Abyssinian or African
tea) are used as a stimulant in northern Africa, the
plant being extensively cultivated.
The plant is a shrub, reaching the height of 9 to 12
feet, with thin coriaceous leaves whose margins are
bluntly serrate. The green leaves may be chewed or
made into a tea. The taste is sweetish and astringent,
somewhat suggesting licorice. They are said to be
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stimulant, overcoming the sense of fatigue in the
same manner as cocaine, or caffeine. Flikkiger and
Gerrock found in it an alkaloid, katine, C10H18N2O,
which has been studied by Chevalier (Bidl. gen.
therap., 1912, 18), who found that it is a stimulant
to the central nervous system. Stockman (Pharm. J.,
1912, 88) found the alkaloids, cathine, cathinine, and
cathidine, and also a fourth alkaloid in too small
quantities for study. He found (/. Pharmacol., 1913,
4) these alkaloids stimulating to both the brain and
spinal cord, in large doses producing paralysis through
direct action upon the muscle. Wolfes (Arch. Pharm.,
1930, 268, 81) proved cathine to be identical with
d-nor-\[>-ephedrine.
Caulophyllum, N.F. VIII. Blue Cohosh. Papoose
Root. Squaw Root. — "Caulophyllum consists of the
dried rhizome and roots of Caulophyllum thalictroides
(Linne) Michaux (Fam. Berberidacece)." NM.
This is an indigenous perennial herb, with a matted,
knotty rhizome, from which rises a single smooth
stem, 2 \.o iy2 feet high which terminates in a panicle
of greenish-yellow flowers. Beneath the flower cluster
the stem bears a large, sessile triternately compound
leaf having 2- to 3-lobed leaflets. The large, globose,
deep blue seeds stand erect on the dry stalks in
autumn. The commercial supplies are gathered chiefly
in the southern Appalachian Mountains.
Description. — "Unground Caulophyllum shows a
rhizome of horizontal growth, from 7 to 25 cm. long
and from 5 to 15 mm. thick, much branched, with
large cup-shaped stem-scars on the upper surface and
numerous roots from all surfaces. It is dusky brown
to light yellowish brown in color. The fracture of the
rhizome is rough and woody, and of the roots is
tough. Internally it is light brown to light yellowish
brown with a waxy luster. It shows a thin bark; a
narrow xylem zone, consisting of numerous thin
wood-wedges and medullary rays; and a large, parenchymatous pith. The roots occur in a tangled or
matted mass, and are long, tortuous, thin, wiry, dusky
brown to light yellowish brown in color." N.F. VIII.
For histology, description of powdered drug, and
standards and tests see U.S.D., 24th ed., p. 241.
Constituents. — Caulophyllum contains an alkaloid
and several glycosides. The alkaloid caulophylline,
which was reported by Lloyd in 1893, has been shown
by Power and Salway (J. Chem. S., 1913, 103, 191)
to be N -methylcy tisine . These authors also reported
two crystallizable saponins, caulosaponin and caidophyllo saponin; Davy and Chu (/. A. Ph. A., 1927,
16, 302) believe that the latter does not occur in the
living plant but is formed by enzyme action when
the drug is moistened and allowed to stand for a few
days. Ferguson and Edwards (/. A. Ph. A., 1954, 43,
16) isolated from caulophyllum a crystalline glycoside
which exhibited definite oxytocic action.
Uses. — Caulophyllum was used by the American
Indians to facilitate child-birth, the practice being
brought to the attention of the medical profession by
Peter Smith in 1813. It was administered 2 or 3 weeks
previous to labor. Caulophyllum has been used in the
treatment of various uterine disorders such as amenorrhea, dysmenorrhea, menorrhagia, threatened abortion, to produce abortion, etc., implying somewhat
contradictory properties on the part of the drug.
Pilcher (J.A.M.A., 1916, 67, 490) found that it has
a marked stimulating effect on the uterine muscle but
did not believe this would occur under clinical use.
The drug was also employed by the eclectics in hosts
of other diseases, such as chronic rheumatism, bronchitis, intestinal colic and hysteria.
The dose of the crude drug, sometimes employed
in the form of decoction, is from 0.5 to 1 Gm. (approximately 1l/2to 15 grains).
Ceanothus. Ceanothus americanus L. New Jersey
Tea. Mountain Tea. Bohea. Red-root. — A small in-
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digenous shrub, of the Fam. Rhamnacece, growing
from western Ontario and Maine southward. The
root is astringent, and imparts a red color to water.
Ceanothus contains cean otitic acid and also three alkaloids, one named ceanothine, the others unnamed (see
Clark, Am. J. Piiarm., 1928, 100, 240, and Julian,
J.A.CS., 1938, 60, 77). Bertho and Won Sang Liang
(Arch. Pharm., 1933, 271, 273) isolated 1 per cent of
ceanothine from C. americanus.
Ceanothus was at one time used in syphilis but
there is no reason to believe it of value. Within more
recent years a proprietary tincture of ceanothus has
been used to a considerable extent to increase the
coagulability of blood; especially for the prevention
of hemorrhage from surgical operations. Groot
(/. Pharmacol., 1927, 30, 275) found the mixed alkaloids to cause a fall of the blood pressure and a definite decrease in the coagulation time of the blood,
and a number of clinicians reported more or less
favorable results on the action of this drug. But in
an elaborate study undertaken for the Council of
Pharmacy and Chemistry, Tewksbury and Connery
{J.A.M.A., 1930, 94, 410; see also J. A. Ph. A., 1931,
24, 1287) were unable to note any material change
in the coagulation time and they criticized the methods used by some of the earlier investigators. Wastl
(Fed. Proc, 1948, 7, 131) reported that administration
of an infusion of ceanothus reduced blood pressure
both in hypertensive rats and human patients.
Ceanothyn (Flint, Eaton) is a proprietary tincture
of ceanothus which is recommended in doses of IS
ml. (approximately 4 fluidrachms) at intervals of 30
minutes, more or less, as may be required.
Celastrus. — Various species of the Celastracece
have medicinal properties. In the East Indies the oil
obtained from the seeds of Celastrus paniculata. Willd.
is used as a stimulant and diaphoretic in rheumatism,
gout, and various fevers. The oil is sometimes known
as oleum nigrum. In Abyssinia, according to Dragendorff, the leaves of C. serratus Hochst. (C. obscurus
A. Rich.) have been used as an antiperiodic under the
name of addadd. Dragendorff found in them tannic
acid, a volatile oil, and a bitter principle, celastrine
(Am. J. Pharm., 26).
In North America the bark of the root of Celastrus
scandens L. (climbing staff tree, false bittersweet,
fever twig) has been used in chronic affections of the
liver and in secondary syphilis, and is said to be
emetic, diaphoretic, and alterative. Gisvold (J. A.
Ph. A., 1940, 29, 432) separated from the bark of the
root of C. scandens a red pigment which he calls
celastrol; it is an alkyl substituted naphthoquinone.
Wayne isolated from C. scandens white minute crystals, to which he gave the name of celastrine. For a
phytochemical study of the leaves of C. scandens, see
Cook et al. (J. A. Ph. A., 1944, 33, 15, 18) ; among
other substances these investigators isolated fi-amyrin;
lupeol, and the new triterpene alcohol scandol. According to Ugolino Mosso (Rivista Clinica, 1891),
celastrine arrests the frog's heart in systole; does not
affect markedly the blood pressure in mammals, and
influences the respiration only through its action on
the vagus. The stimulant action is especially manifest
on the brain and is not followed by a secondary
depression. There is marked, persistent elevation of
the temperature.
Celery Fruit. Apii Fructus, N.F. VII. Celeryseed.
— "Celery Fruit is the dried ripe fruit of Apium
graveolens Linne (Fam. Vmbelliferce)." N.F. VII.
The celery, Apium graveolens L., is a biennial, sometimes an annual, herb native to southern Europe and
northern Africa and cultivated as an annual crop
throughout most of the temperate zone for its
bleached leaf stalks which constitute one of the major
vegetables. In the wild state it grows from 1 to 2 ft.
in height in marshy places. From a vertical rhizome
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bearing fibrous roots arise first a number of long
petioled pinnately-compound leaves with 3 pairs and
a terminal leaflet which are ternately lobed or divided
and coarsely toothed, and later a flower stalk which
is 2 to 3 ft. hijih, branched and leafy, bearing compound umbels of small, white flowers. The fruit is an
ovate, dark brown cremocarp.
Celery fruit, commonly known as "celery seed,"
was largely imported from Europe but since World
War II has been supplied from domestic crops, especially in Michigan and Wisconsin.
The fruit occurs as ovoid, laterally, compressed
cremocarps with occasional pedicels, the mericarps
often separate, ovoid, slightly curved, 1 to 2 mm. long,
general color weak brown to light olive-brown, commissural surface flat, dorsal surface convex, smooth
except for five very slender light-colored ribs, two of
which are marginal. For histology and characteristics
of powdered drug see US.D., 23rd edition, p. 141.
Celery seed yields a volatile oil possessing the characteristic odor of the drug. This oil consists chiefly
of J-limonene, but its odor appears to be due to two
anhydrides: sedanolid, C12H18O2, the lactone of
sedanolic acid, and sedanonic anhydride, C12H18O3.
The average yield of oil is 2.2 per cent.
There is a popular superstition among the uninformed that celery seed has a sedative effect upon the
central nervous system and it is sometimes added to
mixtures intended for nervous patients. According
to Kreitmair (Merck's Jahresber., 1936, 50, 102) the
drug causes contraction of either the gravid or virginal uterus. It is sometimes used in dysmenorrheas
but its value is questionable. The whole and ground
fruits are used for culinary purposes. The oil is used
for flavoring.
Dose, of celery seed, from 1.3 to 4 Gm. (approximately 20 to 60 grains).
Centaury. Centaurium, N.F. V. Herba Centaurn.
— The X.F. V recognized "the dried flowering herb of
Erythrcea Centaurium (Linne) Persoon (Fam. Gentianacece) ." This is a small annual, native of Europe
but naturalized in the United States, especially along
the shores of Lakes Ontario and Michigan. Its valid
name is Centaurium umbellatum Gilib. For a description of the unground drug and its microscopic characteristics see U.S.D., 22nd ed., p. 1306. For description of "American centaury" see Sabbatia.
This plant yields a colorless, crystalline, nonnitrogenous substance erythrocentaurin (see Reis,
Apoth.-Ztg., 1911, p. 148). Herissey and Bourdier (/.
pharm. chim., 1908) claimed to have found a glycoside which they named erytaurin. Kariyone and
Kashiwagi (/. Pharm. Soc. Japan, 1934, 54, 1077)
have apparently demonstrated that erythrocentaurin
is an aglycone of erytaurin. Kalinowski (J. pharm.
chim., 1938, 27, 369) believes that a still unknown
glycoside is present.
Centaury possesses the bitter properties of the
gentians and has been used as a stomachic, in doses
of 1.2 to 2.5 Gm. (approximately 20 to 40 grains).
Cephalanthus.
occidental's
Button Bush. Button Cephalanthus
Wood. Crane
Willow. L.
Swamp
Dogwood. Globe Flower. (Fam. Rubiaceae.) — A common indigenous shrub which grows in moist places,
as along streams or on the borders of swamps
throughout the United States. The flowers occur in
dense spherical heads, the corolla being tubular and
of a dull white color, with long styles protruding like
pins from the flower ball. Quimby (Pharm. Arch.,
1939, 10, 37) investigated the anatomy of the leaf,
fruit, peduncle and stem of the plant.
The whole plant appears to be toxic and cattle are
sometimes poisoned by eating the leaves. The toxic
principle is apparently a glycosidal saponin, cephalanthin, which like other saponins causes vomiting, convulsions and hemolysis (Mohrberg, Arbeit, pharmakol.
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Inst. Dorpat, 1892, 8, 20). There is present also another glycoside known as cephalein or cephalin (this
should not be confused with the brain lipid cephalin).
Cerates. Cerata. — Cerates, the name of which is
derived from the Latin cera, meaning wax, are unctuous substances consisting of oil or lard, mixed with
wax, spermaceti, paraffin, petrolatum, suet or rosin,
in which various medicaments are frequently incorporated. The consistence of cerates is intermediate
between that of ointments and of plasters, and is such
that they may be spread at ordinary temperatures
upon linen or muslin. They do not melt or run when
applied to the skin. Cerates are prepared by fusion,
the ingredients of the base being melted on a water
bath to avoid the charring which may occur by direct
application of heat. The solid of highest melting
point should be melted first.
Cerates were formerly extensively used as protectives in inflammatory and ulcerated conditions of the
skin. For this purpose they were usually spread upon
cloth. The X.F. V recognized a group of such spread
cerates under the name of Mullce (salve mulls or
steatins, also referred to as Unguenta Extensa). In
recent years, however, the use of cerates has practicallv ceased. Not one cerate is recognized by the
U.S.P., N.F., B.P. or LP., although several of the
preparations designated by this name in earlier editions of the B.P. are now classed as ointments.
Simple cerate, N.F. VIII, was prepared by melting
300 Gm. of white wax on a water bath, adding 700
Gm. of benzoinated lard, heating until liquefied,
straining the mixture if necessary, and stirring it until
congealed. This cerate was formerly employed as a
dressing for blisters, wounds, etc., to exclude air and
protect against irritation. Since such greasy applications often tend to encourage growth of bacteria
underneath the protective agent and cause maceration of regenerating epithelium, more harm than good
may result.
For information concerning rosin cerate and compound rosin cerate, which were the two other cerates
official in N.F. VIII, see under Rosin.
Cerberin. — The original substance described under
this name was obtained from the seeds of the Cerbera
Oddollam Gartn. (Apocynacece), but the name has
been applied to principles from various allied plants
(see also Thevetia) . This is a yellowish, amorphous
powder, with a bitter taste and soluble in water.
Matsubara (Bull. Chem. Soc. Japan, 1937, 12, 436)
gave it the formula C29H440s.^H20 and stated that
on boiling with an alcoholic solution of sulfuric acid
it is converted to anhydrocerberigenin and cerberose,
a sugar isomeric with rhamnose. It acts on the heart
like digitalis but Wagner (Russkii vrach, 1892, 1033)
reported that it is too irritant to the intestinal tract
to be clinically valuable. Bond et at. (Am. Heart J.,
1945, 30, 194) found intravenous or oral administration of cerberin to control auricular fibrillation more
rapidly than digitalis. The dose is, hypodermically,
0.6 mg. (approximately Yiqo grain) ; by mouth, 1 to
2 mg. (approximately }&> to Yzo grain).
Ceresin. Ozokerite. Earth-wax. Cerin. Cerosin.
Mineral Wax. — Under this name there has been introduced into commerce, as a substitute for wax, a
substance which closely resembles white beeswax, but
which is a natural mineral product. It is found most
abundantly in Galicia, on the slopes of the Carpathian
Mountains, and also on the Wallachian side of the
range, in smaller deposits along the Caspian. A valuable deposit has also been discovered in southern
Utah. It consists of a mixture of solid paraffin with
some oxygenated bodies. The crude ozokerite is
melted to allow earthy impurities to settle out, is
treated with sulfuric acid and alkali, as in the treatment of paraffin, and is clarified by bone black or an
adsorbent clay. Ceresin is also obtained by selective
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solvent extraction of crude petrolatum. The refined
ozokerite or ceresin melts between 61° and 78°, is
quite odorless and colorless, and has the appearance
of beeswax. It may be distinguished from the latter
by its lower specific gravity (0.753 at 98° as compared with 0.822 for beeswax) and its resistance to
alcoholic potassium hydroxide, no trace of saponifiable matter being present. It is used for making
containers for hydrofluoric acid; in dentistry for preparing impression and inlay waxes; in the manufacture of candles and waterproofing material ; and for
other industrial purposes.
Cerium. Ce (140.13).— This rare earth element
was discovered in 1803 by the German chemist Klaproth in a mineral, now known as cerite, found near
Vtterby, Sweden. The element was named cerium by
Berzelius and Hissinger. Important sources of cerium
are the minerals ceschynite, allanite, cerite and tnonazite. The element is an iron-gray, ductile, malleable
metal, of density 6.92, and melting point 623°. It
burns in air like magnesium, decomposes water
and is readily soluble in acids, except concentrated
sulfuric. Cerium forms two classes of compounds, the
one designated cerous in which the element has a
valence of 3, the other called eerie, with a valence of
4. Pure metallic cerium has no commercial uses but
alloys of it have wide application. One of these is
the alloy called "mischmetall," which is pyrophoric
or spark-producing and is employed in friction
lighters. Pyrophoric alloys of this type are also used
in warfare for firing mines, signaling, and making
tracer bullets and shells for night firing. Cerium alloys
have also been used as scavengers in the refining of
some metals.
Hara (Arch. exp. Path. Pharm., 1923, 100, 217)
studied the physiological properties of cerium salts.
He found the soluble salts to be actively astringent
and, in concentrated solution, caustic. When introduced into the circulation they diminish irritability
of the central nervous system, depress both heart
and skeletal muscle, but increase the tone of the nonstriated muscle. Uruzawa (Ztschr. ges. exp. Med.,
1924, p. 1542) found that intravenous injection of
certain salts had a sedative effect on the emetic center
although they could not be absorbed from the alimentary canal in large enough amount to exert any
influence.
Cerium Oxalate, N.F. IX. Cerii Oxalas. Cerous
Oxalate. — "Cerium Oxalate is a mixture of the oxalates of cerium, neodymium, praseodymium, lanthanum, and other associated elements." NJ?. IX.
As is evident from the official definition, medicinal
cerium oxalate is not a chemical individual but instead consists of a mixture of the oxalates of the
rare-earth elements cerium, lanthanum and didymium, the latter being the name usually applied to a
mixture of praseodymium and neodymium.
Medicinal cerium oxalate is a by-product in the
process of recovering thorium from monazite sand,
being obtained when the residue remaining after the
separation of thorium is treated with oxalic acid.
Inasmuch as the residue contains other rare-earth
elements which also form insoluble oxalates, the
precipitate of cerium oxalate is contaminated with the
latter.
Description. — "Cerium Oxalate occurs as a fine,
white, or slightly pink powder, without odor or taste,
and is permanent in the air. Cerium Oxalate is insoluble in water, in alcohol, in ether, in solutions of
the alkali hydroxides, in cold diluted sulfuric acid,
and in cold diluted hydrochloric acid, but it is dissolved by these acids when heated." NJ*. IX. For
standards and tests see U.S.D., 24th ed., p. 243.
Uses. — Bachem (Arch, internal, pharmacodyn.
therap., 1907, 17, 363) found that cerium, didymium
and lanthanum are all practically nontoxic; some of
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their salts have antiseptic action. Cerium oxalate
was introduced by Sir James Y. Simpson as a remedy
for the vomiting of pregnancy; it has been used extensively in this condition and also in various other
gastric disturbances attended with vomiting. Baehr
and Wessler (Arch. Int. Med., 1909) demonstrated
that it has no effect in vomiting which is of central
origin, although Umezawa (Ztschr. ges. exp. Med.,
1925, 44, 404) found intravenous injection of soluble
cerium salts to lower the irritability of the emetic
center. However, as the oxalate is completely insoluble, its value as an antemetic is probably parallel to
that of the insoluble salts of bismuth; when used in
large quantities it forms a protective coating over the
mucous membrane of the stomach. Lange (Munch,
med. Wchnschr., 1943, 90, 749) reported successful
therapeutic use over a 10-year period. Correction of
metabolic disturbances by means of parenteral glucose, saline, amino acids and vitamins is often essential in the management of patients with prolonged
vomiting, [v]
The usual dose of cerium oxalate is 200 mg. (approximately 3grains^ every 2 to 3 hours.
Cetraria, US.P. 1890. Iceland Moss. Iceland
Lichen. — Under this name the U.S.P. formerly recognized the dried plant of Cetraria islandica Acharius
(Lichen islandicus L.). This plant, although known
as Iceland moss, is not a moss, but a lichen which
grows in most northern latitudes and on elevated
mountains further south, including the northern
United States.
The dried plant is of diversified color, grayishwhite, brown, and red, in different parts, with less
of the green tint than in the recent state. It was
officially characterized as follows: "From 5 to 10 cm.
long, foliaceous, irregularly branched into fringed
and channelled lobes, brownish above, whitish beneath, and marked with small, depressed spots; brittle
and inodorous; when softened in water, cartilaginous,
and having a slight odor; its taste is mucilaginous
and bitter." UJSJ>. 1890. Macerated in water, it
absorbs rather more than its own weight of the fluid,
and, if the water is warm, renders it bitter. Boiling
water extracts all its soluble principles. The decoction
thickens upon cooling, and acquires a gelatinous
consistence without viscidity.
The principal constituent of cetraria is a carbohydrate known as lichenin or moss-starch. This is insoluble in cold water but forms gelatinizing solutions
with boiling water. Like starch it hydrolyzes to dextrose with mineral acids. It differs from starch in
not giving a blue reaction with iodine. There is present also another carbohydrate called isolichenin or
dextrolichenin ; this is soluble in cold water and gives
a blue reaction with iodine. The total carbohydrate
of cetraria is equivalent to about 70 to 80 per cent
of fermentable sugar. Also present is a bitter acid
principle, formerly called cetrarin but which is a
mixture of three distinct substances: (1) cetraric
acid, which is the true bitter principle, crystallizable,
and intensely bitter; (2) a substance resembling the
fatty acids, called lichen-stearic acid, and (3) a green
coloring substance, thallochlor. Optically active isomers of proto-lichesterinic acid have been reported to
be present as well (Ber., 1937, 70B, 1053).
The Cetraria vulpina of Europe is said to be sometimes used as a poison for wolves and foxes — hence
the popular name of wolf's moss (Ulfmossa) . It contains vulpinic acid, C19H14O5 (see Husemann, Die
Pflanzenstoffe, 1882, p. 315), which has been shown
by Kobert to be an active poison causing primary
excitation and secondary paralysis of the central nervous system and also some hemolytic change.
Cetraria, like the other demulcents, has been used
internally as a folk-remedy for bronchitis. Because of
its bitterness it may have some action as a stomachic.
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It is not prescribed by the medical profession. It has
been recommended for emulsion, salve bases, etc.,
and as a vehicle for disguising the bitter taste of
some laxative drugs.
Cetyl Pyridinium Chloride, N.N.R. Ceepryn
Chloride (Merrell). C.-,Hr,N(Ci(jH33)Cl.— This quaternary salt of pyridine and cetyl chloride is a white
powder, with a slight odor, very soluble in water,
alcohol, and chloroform.
Cetyl pyridinium chloride possesses the detergent
and antiseptic properties of quaternary ammonium
antiseptics, though structurally it differs from such
other compounds of this class as benzalkonium chloride, benzethonium chloride, and cetrimide (see under
these titles in Part I) in that the nitrogen is incorporated in a pyridine ring; the essential long alkyl
hydrocarbon chain is contributed by the cetyl group.
Koloff et al. (J. A.M. A., 1942, 31, 51) found that a
1 in 50,000 solution will kill staphylococci in 10 minutes, though not in 5. The action of the compound
against clostridial spores is not reliable. The experiments of Warren et al. (J. Pharmacol., 1942, 74, 401)
indicate that its germicidal power is considerably
reduced in the presence of serum. The studies of
Sarber (ibid., 1942, 74, 277) suggest that a 1 in 200
solution of cetyl pyridinium chloride is less efficient
than iodine tincture but more so than 1 in 1000
hexylresorcinol solution. Toxicity data for the compound were reported by Warren et al. (loc. cit.). As
with other cationic detergents, the effectiveness of
cetyl pyridinium chloride is reduced by soap.
Intact skin may be prepared for surgery by scrubbing for 5 to 10 minutes with a 1:100 aqueous solution of cetyl pyridinium chloride; if the conventional
soap-alcohol-ether-germicide method is used 1 : 1000
to 1:500 tinctures may be employed following complete removal of soap. Dilutions of tincture or aqueous solution to provide 1:1000 to 1:500 concentrations of the antiseptic may be applied topically to
minor lacerations and abrasions. For application to
mucous membranes or large areas of exposed tissue
1:10,000 to 1:5000 solutions are used. Ceepryn chloride is supplied in the following forms: a 10 per
cent aqueous solution for preparation of solutions
and tinctures; a 1:1000 isotonic aqueous solution; a
1:500 and a 1:200 tincture (tinted) prepared with a
solvent of alcohol, acetone, and water.
Ch'ang Shan. — For centuries a medicinal herb by
this name has been known in China for its antimalarial activity. The botanical identity of the herb
remains uncertain, some claiming it to be Orixa
japonica and others attributing it to Dichroa febrifuga Lour.; most investigators accept the latter as
being correct, although there has been no conclusive
verification. The plant is an evergreen shrub, indigenous to Southwestern China ; the roots are employed
medicinally, but the leaves and stems are also active.
Following the Japanese occupation of Eastern
China during World War II, when large masses of
the population migrated to Southwestern China and
there fell victims of malaria, Ch'ang Shan was investigated in Chinese governmental laboratories when it
became apparent that the powdered herb was indeed
efficacious in the treatment of malaria. A study of
the herb by Chou and his colleagues (J.A.C.S., 1948,
70, 1765), at the Institute of Materia Medica, in
Shanghai, resulted in the isolation of three isomeric
alkaloids, a-, (}-, and y- dichroines, of which the
Y-isomer was the most active in gallinaceum infection
of chickens. Following further investigations in the
United States, Koepfli and his associates (ibid., 1949,
71, 1048) isolated two interconvertible, isomeric alkaloids, jebrifugine and isofebrifugine, from the roots
and leaves of Dichroa febrifuga. What at one time
they considered to be a third alkaloid proved to be
a crystalline modification of febrifugine. They believe
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that the ct-dichroine of Chou and his group corresponds to isofebrifugine, while the |3- and y-dichroines are the two crystalline modifications of febrifugine. Kuehl et al. (ibid., 1948, 70, 2091) also isolated two isomeric alkaloids, referred to only as
alkaloid I and alkaloid II, which have the same composition as the alkaloids of the other investigators.
Some discrepancies in the physical constants of supposedly identical alkaloids isolated in the three laboratories require further investigation before definite
conclusions as to the identity or otherwise may be
made.
Febrifugine isolated by Koepfli et al. has been
found to be 100 times as active as quinine against
Plasmodium lophurae in ducks, while Henderson and
his associates (J. Pharmacol., 1949, 95, 191) found
y-dichroine (which may be identical with febrifugine)
to be 148 times as active as quinine against the same
organism, in ducklings. Both groups of investigators
found their respective alkaloids to produce emesis,
Koepfli and his co-workers reporting that the 2.5 mg.
dose of febrifugine given orally four times daily to
reduce parasite count was so powerfully emetic as
probably to preclude its clinical use in malaria. The
emetic action in man, when Ch'ang Shan or its extract has been used for treatment of malaria, has
been reported by several investigators. For other
pharmacological data concerning v-dichroine, see the
report of Henderson et al. (loc. tit.). Isofebrifugine
and a-dichroine (identical?) have very much less
antimalarial activity.
Cheiranthus. Cheiranthus Cheiri L. (Fam. Crucijeroe) . Wall Flower. Wild Flower. — From the leaves
of this ornamental European perennial Reeb (Arch,
exp. Path. Pharm., 1899, 43, 130) separated a glycoside which exerted a digitalis-like effect on the heart
and an alkaloid resembling quinine in its physiological action. These he called, respectively, cheiranthin and cheirinine. Subsequently Wagner separated
another crystalline principle, cheiroline, that resembled cheirinine in its effects. Schneider (Ann. Chem.,
1912, 392, 1) showed that it was a methylthiocarbimido-propylsulfone, C5H9O2NS2. Schwarz et al.
(Pharm. Acta Helv., 1946, 21, 250) isolated from the
seeds a highly active cardiac glycoside, called cheirotoxin, which yielded strophanthidin as the aglycone.
Another cardiac glycoside is present, as are other constituents which do not possess cardiac activity (see
Shah et al., Pharm. Acta Helv., 1949, 24, 113; also
Schindler, Pharmazie, 1951, 6, 512).
Chelidonium U.S.P. 1890. Chelidonium majus L.
(Fam. Papaveracece) . Celandine. Tetterwort. — A perennial herbaceous plant growing wild in both Europe
and America, recognized readily by its pinnately
divided leaves, small peduncled yellow flowers and
yellow opaque juice. The entire plant was formerly
official. The fresh plant contains a saffron-colored
milk-juice and has an unpleasant odor and acrid
taste.
The plant contains alkaloids of the chelidonine and
protopine sub-groups (see Henry, Plant Alkaloids,
1949). The former includes chelidonine, a-homochelidonine, hydroxy chelidonine, methoxy chelidonine,
sanguinarine and chelerythrine ; the latter, protopine
and a- and fi-allocryptopines. In addition, berberine,
sparteine and an unnamed base have been isolated.
Probst found in it an acid which has been called
chelidonic acid. This has been found in other plants
also.
Chelidonium is an irritant purgative to which toxic
properties have been ascribed with doubtful correctness. The irritant juice has been used locally upon
corns, warts, eczema and other diseases of the skin,
and even upon cancer.
The dose of the dried root or herb is from 2 to 4
Gm. (approximately 30 to 60 grains), that of the
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fresh root 4 to 8 Gm. (approximately 1 to 2 drachms) .
Chemical Warfare Agents. Poison Gases. War
Gases. — Chemical warfare is defined as the use in
war of chemical agents to attain military results by
direct chemical action. A chemical agent useful for
such military purposes functions by producing (1) a
powerful physiological effect, (2) a screening smoke,
or (3) an incendiary action. In the following we
discuss only those substances which are employed
for their physiological effect. These are designated
physiological agents and, as will be seen, they may
be solids or liquids, as well as gases; the only requirement in this connection is that the agent must
be capable of vaporization or other method of dissemination in sufficient quantity to produce the desired physiological effects. Whether a true gas or a
colloidal dispersion of liquid or solid particles is
finally produced is not of particular importance.
Physiological, as well as other chemical, agents
are projected into enemy lines by various means, including release of gases from cylinders, vaporization
of agents from suitable "candles" and chemical mines,
projection of grenades and shells filled with the agent
from rifles, artillery, chemical mortars, etc., and also
by spraying and bombing from aircraft. The successful use of chemical agents is largely dependent on
having favorable meteorological conditions.
Classification of physiological agents may be variously made; for example, it may be based on the
degree of persistence of the agent, on its tactical use
(casualty, harassing or area-denial agents), or according to physiological action. Under the latter
classification, which we employ here, physiological
agents are divided into five major groups: Lacrimators, sternutators, lung irritants, vesicants, and systemic toxic agents.
Lacrimators may be simple or toxic; the former
act only on the eye, the latter affect also the mucous
membranes of the respiratory tract. Their chief use
in war is to blind the enemy temporarily, or to force
use of masks which reduce military efficiency. In
peacetime they are used chiefly for dispersing mobs.
The most important agent in this group is chloroacetophenone, C6H5COCH2CI, which occurs as a
solid melting at 59° and boiling at 247°. It may be
dispersed by burning it in a powder mixture, or by
exploding it in the solid state or in solution. Its
vapor, which has an odor resembling apple bossoms,
produces lacrimation in a concentration as low as
0.0003 mg. in a liter of air; with 0.0045 mg. per
liter the environment is intolerable, and at a concentration of0.85 mg. per liter it is fatal after 10
minutes' exposure. The lacrimatory effect of the
agent wears off in a few minutes after fresh air replaces the vapor and the inflammation of the eyes
caused by it usually subsides in a few days without
serious after-effects. Experiments with animals show,
however, that in sufficient concentration it may cause
permanent injury of the cornea and also serious inflammation of the upper respiratory tract.
Bromobenzylcyanide, CeHsCHBrCN, used during
World War I, is a lacrimator which occurs as a solid
melting at 25° and boiling at 225°. Its minimum
lacrimatory concentration in the vapor state is 0.00015
mg. per liter.
Other simple lacrimators include ethyliodoacetate,
xylyl bromide, benzyl iodide, ethylbromo acetate,
benzyl bromide and bromomethylethylketone ; these
are arranged according to the concentration required
to produce lacrimation, the more powerful agents
being given first. Toxic lacrimators include bromoacetone, chloropicrin, phenylcarbylamine chloride,
acrolein, iodoacetone and chloroacetone, similarly
arranged.
Sternutators are solids with high melting points
and low vapor pressures; they are dispersed in clouds
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composed of minute particles of the solid. If the
victim is unmasked or if a gas mask is not equipped
with a mechanical filter to remove such particles the
latter immediately produce sufficient local irritation
of the upper respiratory tract to cause sneezing and
coughing, often with nausea and vomiting, thereby
preventing masking or forcing removal of the mask
and exposing the individual to the more toxic gases
which are generally used in conjunction with sternutators. Masks which are equipped with niters to
remove the small particles of solid are now available; these, however, have higher breathing resistance. Sternutators may be "simple" or "toxic"; both
types are arsenical compounds. The former cause
only local irritation of the upper respiratory tract,
the latter in addition penetrate the bronchial tree and
cause arsenic poisoning; the toxic sternutators are
therefore generally classified as lung irritants. Of the
simple sternutators diphenylchloroarsine, (CcHsJoAsCl, a solid melting at 45° and with an odor suggesting oil of mirbane, was effectively used during
World War I. Diphenylaminechlor oar sine (CeH^NHAsCl, better known as Adamsite, is a United States
development. It is a solid melting at 195° and is
dispersed by high explosive or through vaporization
from a "candle." It is the easiest and cheapest of
all arsenical agents to manufacture. Other sternutators include diphenylcyanarsine , phenyldichloroarsine, ethyldichloroarsine and ethyldibromoarsine.
Lung irritants include chlorine-containing compounds as well as certain arsenicals which in addition
to lung irritation give rise to symptoms of arsenical
poisoning. Chlorine was the first toxic gas to be used
in World War I; it was very effective against the
then unprepared troops but it is easy to protect
against this gas by the use of masks. One part of
chlorine in 10,000 parts of air irritates the respiratory
tract markedly, a concentration of 1:1000 is fatal
after 5 minutes' exposure. Pulmonary edema follows
exposure to chlorine, as well as to other chlorine
compounds (for treatment see under Chlorine, in Part
II). Such compounds include phosgene, COCI2, a gas
approximately 10 times as toxic as chlorine and
having the odor of new-mown hay ; and chloropicrin,
CCI3NO2, an oily liquid boiling at 112°, and having
a sweetish odor. The latter is also strongly lacrimatory and in addition causes nausea, vomiting, colic
and diarrhea. Other lung irritants which have been
employed are phenyldibromoarsine, phenyldichloroarsine, dibr omodimethyl ether, dichloro dimethyl ether,
ethyldichloroarsine, trichloromethylchloro formate,
dimethylsulfate, phenylcarbylamine chloride, monochloromethylchloroformate, ethylsulfuryl chloride,
methylsulfuryl chloride, and perchloromethylmercaptan.
Vesicants, use of which was introduced in July,
1917, introduce the chief problem of adequate protection because of the penetrability of the agents.
The most important member of this group is dichlorodiethylsulfide, S(CH2CH2C1)2, better known as
"mustard gas," and termed "king of the battle gases."
It is a liquid, boiling at 217°, but its vapor pressure
is sufficiently high to attain lethal concentrations on
the battle field. The density of the vapor is 5.5 times
that of air and it persists for periods ranging from a
day to several weeks, depending on the terrain and
meteorological conditions. It is dispersed in a variety
of ways and can be sprayed from airplanes and
dropped in bombs. The vapor penetrates clothes,
leather and even rubber, necessitating the wearing
of specially treated protective clothing when exposed
to it. A concentration of 0.15 mg. of the gas in a liter
of air is lethal in 10 minutes and as little as 0.001 mg.
per liter causes severe conjunctivitis after an hour's
exposure. Mustard gas is irritant to the eyes, is a
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powerful lung irritant and causes vesication of the
skin; its effects are of long duration, extending into
weeks and months. Its first action is on the eyes,
producing lacrimation, followed by swelling of the
eyelids and inflammation of the conjunctiva. Photophobia and extensive hyperemia develop and the eyelids may become glued together. Maximum inflammation occurs in three to five days. Action on the skin
is delayed, erythema developing only after 2 to 10
hours following exposure. In severe cases, a bluish
discoloration of the skin develops, accompanied by
marked swelling of the epidermis and cutis and simultaneous formation of blisters filled with fluid. Exposure of the tissue under the blister produces severe
pain and itching. Different areas of the skin vary in
degree of susceptibility, the face, scrotum and the
anus being the most seriously affected. The lesions
heal very slowly, many weeks being required for
serious burns. Infections of the respiratory tract
vary from erythema of the nose and throat to progressive involvement of the larynx and bronchopulmonary tree, often resulting in bronchopneumonia
and, occasionally, death from asphyxia caused by
occlusion of the glottis.
Treatment of mustard burns involves washing of
the skin with warm water, soap and a solvent like
kerosene, and application of a dusting powder of
boric acid, zinc oxide, chalk and starch. Application
of chloramine-T or Dakin's solution is also recommended. The eyes may be washed with boric acid
solution.
Nitrogen analogues of dichlorodiethylsulfide,
known as nitrogen mustards, were made during World
War II for possible use as chemical warfare agents.
These compounds have the general formula RN(CH2CH2C1)2, in which R is an alkyl, haloalkyl, or aryl
group. Certain of the substances are vesicants, with
toxic properties similar to those of dichlorodiethylsulfide. In addition, aqueous solutions of some of the
amines have a pronounced neurotoxic action, with
rapid lethal effect. Because many of the actions of
the nitrogen mustards resemble those of ionizing
radiations, they are called radiomimetic poisons. It
is believed that many of the toxic effects of these
amines are attributable to their ability to form cyclic
"-onium" compounds, which react rapidly with the
functional groups of substances that are essential to
living cells, such as the free amino groups of enzymes
or amino acids. For further information concerning
these compounds, which also have therapeutic utility,
see
Sterile Mechlorethamine Hydrochloride, in
Part under
I.
Chlorovinyldichloroarsine, CHClCHAsCl2, known
as Lewisite, was developed in this country too late
for use in World War I. It is believed to be a potent
chemical agent. An amber oil, boiling at 190°, its
vapor is 7.1 times as dense as air. It is a versatile
physiological agent in that it possesses vesicant,
lacrimatory and lung irritant effects, as well as being
a systemic poison because of its arsenic content. The
action of Lewisite is more rapid than that of mustard.
It cannot be detected by smell until its concentration
exceeds by nearly 20 times the minimum irritant concentration of0.0008 mg. per liter of air; in the field
it is possible to obtain concentrations several times
higher than those which are fatal under varying
times of exposure (see discussion under BAL).
Other vesicants which have been employed in
battle or experimentally used are ethyldichloroarsine,
methyldichloroarsine and dibromoethylsulfide.
Systemic toxic agents, such as hydrocyanic acid
and carbon monoxide, have been employed in battle
or otherwise investigated. While these particular substances possess a high degree of toxicity it has been
found impossible to maintain a sufficient concentra-
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tion of the agents to produce any toxic effect. Researches, principally during World War II, have
shown that the classes of compounds known as
fluoroacetates and fluo phosphates, respectively, probably provide what would be the most potent of all
chemical warfare agents. Certain of these compounds
have been referred to as nerve gases, though most of
them are liquids and a few are solids.
The fluoroacetates are esters of fluoroacetic acid
and of higher co-fluorocarboxylic acids, and have the
general formula F(CH2)»COOR, of which the simplest example is methyl fluoroacetate, FCH2COOCH3.
These esters are highly toxic when inhaled and to
some extent also when absorbed through the skin;
they are convulsant poisons with a delayed effect.
They possess no lacrimatory or miotic effect. It was
planned to use these compounds especially as water
contaminants, because of their stability in water and
their lack of odor and taste.
The fluophosphates comprise the diesters of fluophosphoric acid, (RO)2P(0)F, the substituted diamidophosphoryl fluorides, (R2N)2P(0)F, and other
related substances, such as the esters of alkylamidosubstituted phosphoric acid, (RO) (R2N)P(0)X, and
the esters of alkanephosphonyl fluoride, (RO)RP(O)F, in which R is an alkyl, aryl, or cycloalkyl
group, and X is a halogen, cyano, or cyanate substituent. The diesters of fluophosphoric acid, of which
diisopropyl fluophosphate is the most thoroughly
investigated compound (see under Isoflurophate for
detailed discussion), are highly toxic when inhaled,
producing a quick knock-out action comparable to
that of hydrogen cyanide. The toxicity of some of
these fluophosphates is higher than that of phosgene.
Their vapors have a pronounced effect on the eyes.
Though there is no tear formation during exposure,
the pupils remain severely contracted for several
days and vision is seriously affected, especially at
night. A more or less severe bronchospasm, obstructing both inhalation and exhalation, may result. The
most toxic representatives of the group produce these
effects at concentrations sufficiently low as to give
no sensory warning. The compounds are the most
powerful and specific enzyme inhibitors known, progressively and irreversibly inhibiting cholinesterase.
The ethyl ester of dimethylamidofluophosphoric acid,
(CH3)2N.C2H5O.P(0)F, is about twice as toxic as
diisopropyl fluophosphate. The related ethyl ester
of dimethylamidocyanophosphoric acid, (CH3)2N.C2H50.P(0)CN, known as Tabun or Trilon 83, is
about five times as toxic as diisopropyl fluophosphate
and was being produced by Germany at the rate of
1000 metric tons per month at the end of World
War II. The isopropyl ester of methanephosphonyl
fluoride, (CH3)2CHO.CH3.P(0)F, known as Sarin
or Triton 46, is reported to be twenty times as toxic
as diisopropyl fluophosphate and was being produced
by the Germans at the rate of 600 metric tons a
month at the close of World War II.
Treatment of nerve gas poisoning consists of intramuscular or intravenous administration of relatively large doses of atropine; Wood (J. AM .A., 1950,
144, 606) advises 2 mg. (approximately %o grain)
of atropine sulfate, repeated every few minutes until
cardiorespiratory symptoms are relieved and some
dryness of the mouth appears. Thereafter, smaller
oral or parenteral doses of atropine must be administered every few hours for at least several days,
since the poisoning is far more persistent than the
duration of atropine effects. In severe cases with
profound and prolonged anoxia administration of
atropine should be delayed until the lungs have
been ventilated and the heart has made some recovery from anoxia. In preliminary experiments on
poisoned isolated organs, such as the heart, certain
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hydroxylamine derivatives, notably nicotinhydroxamic acid methiodide, have been found to restore the
organ to normal activity (Wilson, Chem. Eng. News,
1955, 33, 136).
During and after World War I some 4000 substances were examined with a view to employment
as chemical warfare agents. Of these the ones described above have been found to be fairly successful
or promising of utility. For a further discussion of
chemical agents and their use in war, see Prentiss,
Chemicals in War (McGraw-Hill, New York, 1937) ;
Medical Manual of Chemical Warfare (Chemical
Publishing Co., Brooklyn, 1941) ; Vedder, Medical
Aspects of Chemical Warfare (Williams and Wilkins,
Baltimore, 1925) ; also articles by Goldman and
Cullen on Some Medical Aspects of Chemical Warfare Agents (J.AM.A., 1940, 114, 2200), by Sartori
on New Developments in the Chemistry of War Gases
(Chem. Rev., 1951, 48, 225), and by Wood on Medical Problems in Chemical Warfare (J.AM.A., 1950,
144, 606).
Chenopodium. American Wormseed. — The fruit
of C. ambrosioides var. anthelminticum (L.) Gray
(Fam. Chenopodiaceoe) — known commonly by the
names of wormseed, goosefoot, Jerusalem oak, Mexican tea, Jesuit's tea and ambrosia — grows in almost
all parts of the eastern United States. The whole herb
has a strong, offensive, yet somewhat aromatic, odor
which it retains when dry. All parts of the plant are
occasionally employed, but the fruit alone was official
in the U.S.P., 1890.
Wormseed is an utricle, a type of fruit which consists of an achene with a bladdery calyx investment.
It is about 2 mm. in diameter, with a membranous
pericarp, irregularly spherical, very light, of a dull
greenish-yellow or brownish color, a bitterish, somewhat aromatic, pungent taste, and possessed in a
high degree of the peculiar odor of the plant. These
fruits, when deprived, by rubbing them in the hand,
of the membranous calyx covering which invests the
achene, exhibit the shining, blackish surface of the
obtusely-edged achene. They abound in a volatile
oil, upon which their sensible properties and medicinal virtues depend. (See Chenopodium Oil, Part I.)
The same oil impregnates to a greater or less extent
the whole plant. All parts of the plant contain
saponins, the greatest amount being found in the
roots (see Dafert and co-workers, Scientia Pharm.,
1934, 5, 84; also Chem. Abs., 1934, 28, 4839.
Of the activity of the wormseed as an anthelmintic there can be no question, but it has been
entirely displaced by the official oil. The crude drug
has been given in doses of 1.3 to 2.6 Gm. (approximately 20 to 40 grains). [V]
Chimaphila, N.F. VII. Pipsissewa. Prince's Pine.
Bitter Wintergreen. — The N.F. VII recognized Chimaphila as "the dried leaf of Chimaphila umbellata
(Linne) Barton (Fam. Ericaceae) ."
Chimaphila umbellata is a low perennial evergreen
herb, 4 to 10 inches in height, bearing from 4 to 7
white or pink umbellate flowers and capsular fruits.
The oblanceolate leaves are sharply serrate and borne
in irregular whorls, of which there are usually two on
the same stem, thick and shiny, not spotted, remaining green through the winter. This plant is common
in dry woods from Nova Scotia to Georgia and
westward. It is also found in the northern latitudes
of Europe and Asia.
The C. maculata (L.) Pursh (spotted wintergreen) differs in having the leaves obtuse at the
base and broader than at the summit, remotely
toothed and the upper surface of a deep olive green
variegated with white. Viehoever (J.A.O.A.C., 1920,
4, 153) stated that it is frequently substituted for the
official species. Schwarting and Hiner (/. A. Ph. A.,

1626

Chimaphila

1943, 32, 182) reported comparative histological
studies on the leaves of Chimaphila umbellata and
C. tnaculata. For a description of unground and powdered chimaphila see VJS.D., 23rd ed., p. 291.
Chimaphila contains the glycoside arbutin and a
neutral principle chimaphilin. Peacock (Am. J,
Pharm., 1892, p. 295) found that chimaphilin has the
chemical composition C24H21O4; Ridenour (Am. J.
Pharm., 1895, 236) confirmed this formula. He also
prepared another crystalline principle, to which he
gave the formula C10H19O.
Chimaphila is stated to have been used internally
by the North American Indians in scrofula and
rheumatism, and was a popular remedy among the
settlers of this country. It has no medicinal properties, however, beyond a feeble diuretic action and
perhaps some antiseptic influence on the urine. It
has occasionally been prescribed for cystitis.
Chimaphila was given in doses of 2 to 6 Gm. (approximately 30 to 90 grains).
Chionanthus, N.F. VII. Fringe Tree Bark. Old
Man's Beard. Poison Ash. Flowering Ash. Shavings
Tree. — "Chionanthus is the dried bark of the root of
Chionanthus
virginicus Linne (Fam. Oleaceoe) ." N.F.
VII.
Chionanthus virginicus is a low, deciduous tree
indigenous to the southern United States and extending north into Pennsylvania and New Jersey. It
bears opposite, petiolate, ovate to obovate-lanceolate
leaves and drooping panicles of white flowers. Its
fruit is an ovoid, purple drupe. For a description of
unground and powdered chionanthus see UJS.D.,
23rd ed., p. 292.
A crude saponin and a glycoside have been found
in chionanthus. In 1941, Youngken and Feldman
verified the presence of a saponin which appeared to
be different from the glycoside chionanthin reported
in 1893 by Von Schulz. They developed a tentative
hemolytic method of assay for the drug and found a
hemolytic index of 1:1110 to 1:1250 for the crude
saponin (see /. A. Ph. A., 1942, 31, 129).
Chionanthus was formerly used in the treatment of
catarrhal jaundice and portal congestion but is no
longer prescribed. A fluidextract was official in N.F.
VII.
Chionanthus has been given in doses of 2 to 4 Gm.
(approximately 30 to 60 grains).
Chirata. East Indian Balmony. Chirayta. Chiretta.
— The dried plant of Swertia Chirayita (Roxburgh)
Lyons (5. Chirata Buch.-Ham., Ophelia Chirata,
Griesbach) (Fam. Gentianaceoe) was formerly official
in the B.P. 1914, and the N.F. V. It is an annual
plant, about three feet high, native of Nepal and
other parts of northern India. The whole of it is
gathered when the flowers are well advanced. For a
description of macroscopic and microscopic characteristics of chirata see U.S.D., 22nd ed., p. 1311.
Fliickiger and Hohn found in chirata an acid which
they named ophelic, and a bitter substance denominated chiratin. The acid is a yellowish-brown, deliquescent, syrupy substance, soluble in water and in
alcohol; it appears to be a cleavage product of
chiratin. The chiratin of Fliickiger and Hohn, a
yellow, amorphous substance, has been resolved by
Majumdar and Guha (/. Indian Inst. Sc, 1933, 16A,
29) into two unnamed compounds of well-defined
melting point, and a viscous resin. According to these
investigators the drug contains no alkaloids.
Chirata has been used as a simple bitter and its
properties probably do not differ from those of the
other members of the family of Gentianacea (see
Gentian). Like these, in over-doses it nauseates and
oppresses the stomach. Some have supposed that, in
addition to its tonic properties, it exerts an influence
on the liver. It has been used in dyspepsia, and in
the debility of convalescence, and generally in cases
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in which corroborant measures are indicated. In India
it has been employed in malaria, combined with the
seeds of Guilandina Bonducella L.
Chirata has been given in doses of 0.6 to 1.3 Gm.
(approximately 10 to 20 grains). The B.P., 1914,
recognized a 5 per cent infusion, dose, 15 to 30 ml.
(yi to 1 fluidounce), and a 10 per cent tincture, dose,
2 to 4 ml. (30 to 60 minims). The N.F. V recognized
the
fluidextract, dose, 1 ml. (approximately 15
minims).
Chloral Menthol. Mentholated Chloral. — This
is obtained by triturating equal weights of hydrated
chloral and menthol, and heating gently in a water
bath until liquefied. It is an oily, colorless liquid,
with a distinctly mint-like odor and warm taste,
having a specific gravity of about 1.198. It is freely
soluble in alcohol, chloroform, and petroleum benzin.
Chloral menthol has been used as a counterirritant
and local anesthetic in facial and other neuralgias.
Chloralose. CsHnClsOe. Anhydro-gluco-chloral.
Glucochloral. — When equal parts of anhydrous chloral and glucose are heated together for an hour at
the temperature at which chloral boils, two isomeric
substances — chloralose, which is soluble, and parachloralose (beta-chloralose), which is poorly soluble
— are formed. Chloralose occurs in small crystals having a very bitter and disagreeable but not acrid taste.
It is freely soluble in alcohol and in hot water,
slightly so in cold water. Its melting point is 185°.
Chloralose is an active hypnotic differing from
chloral in that it is not depressant to the circulation,
has a stimulant rather than a depressant effect upon
the motor centers of the brain and spinal cord and
has a marked anesthetic power (Gautrelet, J. pharm.
chim., 1918, 17, 408).
As a practical hypnotic, the action of chloralose
is very variable and is often attended by disagreeable
results, 600 mg. frequently failing to cause sleep,
although the same amount has produced complete
unconsciousness with alarming symptoms. Vomiting,
paralysis, tremors, great slowing of the pulse, and
enfeebled heart action have followed the use of the
drug. The dose which has been usually employed is
from 300 to 600 mg. (approximately 5 to 10 grains),
but Rendu (Bull. soc. med., 20, 1895) reported
violent collapse, excessively rapid feeble pulse, pronounced disturbance of respiration, epileptiform convulsions, and collapse produced by 250 mg. (approximately 4 grains) of chloralose. Chloralose is used
principally
animals, [v] to produce general anesthesia in laboratory
Chlordane. 1,2,4 ,5,6, 7,8,8-Octachloro-4, 7-methano3a,4,7,7a-tetrahydroindane. CioHeCbj. — Technical
chlordane is a mixture of one or more of the eight
theoretically possible stereoisomers of the formula
CloHeCIs with closely related compounds obtained
in the manufacturing process; the product is a viscous, amber-colored liquid, insoluble in water but
soluble in most organic liquids. Chlordane functions
insecticidally as a contact and stomach poison, and
as a fumigant; it is effective against a wide range
of agricultural and household insect pests, and especially so against grasshoppers and cockroaches. The
insecticide may be formulated in a variety of ways,
including solutions in oils, emulsions, dusts, wettable
powders, etc.
Chlordane is moderately irritating to the skin, and
may be absorbed through the intact tissue to the
extent of being dangerous. Early signs of poisoning
are those of irritability of the central nervous system, leading to convulsions, and followed by a period
of depression. This sequence may be repeated, and
could terminate fatally. In chronic poisoning the
liver bears the brunt of the poisoning action; the
usual degenerative changes produced by chlorinated
hydrocarbons
occur. While chlordane
appears to
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have about one-half the acute toxicity of DDT, the
side effects are such that in the final analysis it is
about five times as toxic as DDT. Ingestion of technical chlordane in an amount corresponding to about
100 mg. per Kg. of body weight has been fatal to
an adult. The published reports of poisoning attributed to chlordane, including those of several fatal
cases, are briefly reviewed in an article on the status
of chlordane in JAM. A., 1955, 158, 1364; the exposure to chlordane involved ingestion, skin contact,
or inhalation with skin contact. Derbes et al. (ibid.,
1367) reported in detail 2 cases of fatal chlordane
poisoning, one caused by absorption of accidentally
spilled suspension (25 per cent concentration), the
other by ingestion of a dust (5 per cent concentration) with suicidal intent.
No specific antidote to chlordane is known. In the
status report referred to above it is indicated that
treatment depends on use of symptomatic measures,
including removal of the poison from the skin or
stomach followed by a saline purge and sedative
therapy. Milk, oil purgatives, and other fatty or oily
demulcents and evacuants should not be used since
they facilitate absorption of chlordane. [v]
Chlorinated Paraffin, N.F. VIII. Paraffinum
Chlorinatum. Chlorcosane. — "Chlorinated Paraffin is
a liquid paraffin which has been treated with chlorine." N.F. VIII.
This preparation was suggested by Dakin and
Dunham (Brit. M. J., 1918) as a solvent for dichloramine-T. They made it by passing chlorine gas into
melted paraffin, maintaining the temperature at 125°
to 140°, until the liquid increased in weight about
50 per cent. This liquid, while still warm, was then
agitated with 5 per cent of its weight of dry sodium
carbonate and filtered. It contains from 30 to 40
per cent of chlorine in the form of the halogensubstituted hydrocarbons.
"Chlorinated Paraffin is a light yellow to light
amber, clear, thick, oily liquid. It is odorless, and is
stable in air. Chlorinated Paraffin is slightly soluble
in alcohol. It is miscible with benzene, carbon tetrachloride, chloroform, and with ether but is immiscible
with water. The specific gravity of Chlorinated Paraffin is not less than 1.00 and not more than 1.07 at
25°." N.F. VIII. For standards and tests see U.S.D.,
24th ed., p. 822.
Chlorinated paraffin was employed solely as a
means of applying dichloramine-T, the latter being
rapidly decomposed by liquid petrolatum. Solutions
containing up to 8 per cent were prepared.
Storage. — Preserve "in tight containers." N.F. VIII.
Chlorine. CI (35.457).— The element chlorine, discovered in 1774 by Scheele, is a greenish-yellow gas
with a highly irritating odor; it is about 2.5 times
heavier than air. It is prepared on a commercial scale
almost entirely by electrolysis of sodium chloride
solutions. At 25° chlorine dissolves in water to the
extent of about 2 volumes in 1 volume of water ; some
hypochlorous and hydrochloric acids are formed in
such solutions. The bleaching and bactericidal actions
of chlorine, which are evidenced only in the presence
of water, are believed to depend on the oxidizing
action of hypochlorous acid, possibly involving release of nascent oxygen.
Chlorine was the first poison gas to be used, in
World War I (see under Chemical Warfare Agents).
Some years ago its use in the treatment of acute
respiratory infections, such as coryza, was popular,
but clinical experience indicated it to be more irritant
than antiseptic (see Jones and Garofalo, Arch. Otolaryng., Jan., 1925). Nevertheless, Edwards (Brit.
M. J., 1945, 1, 785) reported its successful use in the
treatment of colds in workers in a small factory by
having patients sniff the chlorine, to the point of
causing coughing, every hour; most colds required
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one or two days' treatment for cure. No compliveloped. cations, such as sinus infection or bronchitis, deIn the presence of water chlorine exercises a
powerful germicidal effect; from 0.1 to 0.25 part per
million of chlorine will kill most organisms in about
30 seconds, although Mycobacterium tuberculosis is
said to require 500 times the concentration which
kills other organisms. Moll (Zentralbl. Bakt., 1920,
84, 416) found that 0.4 per cent solution of chlorine
destroyed the highly resistant spores of tetanus in 5
minutes as compared with 8 days required by a 1 in
1000 solution of mercuric chloride. Chlorine is virucidal and amebicidal as well as bactericidal, and it is
also deodorant. Chlorine is commonly employed for
disinfection of municipal water supplies; the amount
of chlorine required depends on a number of factors, including the proportion of organic matter
present, but a residual chlorine content of 0.2 to 0.4
part per million is generally adequate to insure safety.
Halazone and succinchlorimide are organic chlorinecontaining compounds used similarly for emergency
disinfection of small amounts of water for individual
consumption. Solutions of sodium hypochlorite and
of certain organic compounds which contain "available" chlorine have been used as antiseptics. Chlorine
gas has been used to disinfect the holds of ships; its
effective action requires the presence of water vapor.
Poisoning by chlorine gas is discussed in the article
on Chemical Warfare Agents, in the category of Lung
Irritants. Treatment of such poisoning calls for
prompt access to fresh air and/or administration of
oxygen; bleeding to avoid right heart failure and
venous congestion or intravenous administration of
isotonic sodium chloride injection or other fluid is
performed, as indicated. Irritation of the upper respiratory tract may be alleviated by inhalation of a
mist of 5 per cent solution of sodium bicarbonate.
Chlorophyll. — Natural chlorophyll, obtained from
the green leaves of higher plants, is a mixture of two
closely related substances, chlorophyll a and chlorophyll b. Both substances consist of a complex molecule in which four pyrrole rings are joined through
three -CH= bridges and one cyclopentane ring in a
cyclic structure at the center of which is a magnesium
atom; both chlorophylls contain two carboxyl groups
each, one of which is esterified with methyl alcohol,
the other with phytyl alcohol; several small sidechain substituents are present in each chlorophyll.
Chlorophyll a may be described as a magnesium
complex salt of l,3,5,8-tetramethyl-4-ethyl-2-vinyl-9oxo-10-carbomethoxyphorbin-7-propionic acid phytyl
ester; chlorophyll b is a magnesium complex salt of
1 ,5,8-trimethyl-4-ethyl-2-vinyl - 3 - f ormyl - 9 - oxo - 10 carbomethoxyphorbin-7-propionic acid phytyl ester.
The only difference between the two substances is
that chlorophyll a contains in position three a methyl
group where chlorophyll b has, in the same position,
a formyl (aldehyde) group. The ring structure of the
chlorophylls bears a striking resemblance to that of
hemoglobin, a notable difference being that the latter
substance contains iron as the central atom.
Both chlorophylls occur as waxy blue-black microcrystals; soluble in ether, chloroform, alcohol, acetone, and in oils; very slightly soluble in water.
Chlorophyll a is the predominant constituent of
leaves, being present in two to three times the concentration ofchlorophyll b. In plants, the chlorophylls
occur in the chloroplast as a protein-chlorophyll
complex, which it has not yet been possible to extract
in the conjugated form. When extraction of leaves is
effected with acetone, a mixture of the two compounds described above is obtained; these may be
separated by chromatographic procedures. It is significant that chlorophyll exhibits photosynthesis only
while it is in the chloroplast; no specimen of an
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extracted product, or any derivative of chlorophyll,
shows such activity.
A number of derivatives of the chlorophylls are,
unfortunately, designated by the same name. When
ethyl alcohol is used for extraction of the substances
from leaves the enzyme chlorophyllase, which is present in the leaves, effects substantial completion of
the following reaction:
C32H3oN4OMg(COOCH3)(COOC20H39)
chlorophyll a
C32H8oN40Mg(COOCHs) (COOC2H5)
ethyl chlorophyllide a

+
C2H5OH

->

+ C20H39OH
phytyl
alcohol

A similar reaction occurs with chlorophyll b. The
ethyl chlorophyllides are the main constituents of
what is commonly called crystalline chlorophyll; the
term is, obviously, a misnomer. Methyl chlorophyllides are obtained when methyl alcohol is used
for the extraction. It is apparent from the nomenclature employed here that the chlorophylls may be
called phytyl chlorophyllide a and phytyl chlorophyllide b,respectively.
Treatment of either chlorophyll a or chlorophyll b
with dilute acid results only in replacement of the
magnesium atom by two hydrogen atoms; the
products are called pheophytin a and pheophytin b,
respectively. From the standpoint of this reaction the
chlorophylls may be named, entirely appropriately,
magnesium pheophytin a and magnesium pheophytin
b. It is possible to replace magnesium with either
copper or iron — without altering the rest of the
molecule of chlorophyll in any way — to produce
copper pheophytins or iron pheophytins. These
pheophytins, like the original chlorophyll, are soluble in oil, and have been offered on the market as
forms of oil-soluble chlorophyll, sometimes designated
as copper or iron chlorophyll, as the case may be.
When either of the chlorophylls (a or b) is subjected to an alkaline hydrolysis, as by sodium hydroxide, the esterified methyl and phytyl groups are
split off as the corresponding alcohols and, simultaneously, the cyclopentane ring is opened so as to
form a third carboxyl group and to yield, finally,
the substance known as sodium magnesium chlorophyllin, which has the composition represented by
C3iH3iN4Mg(COOXa)3 when the starting compound is chlorophyll a ; a similar derivative is formed
from chlorophyll b. These derivatives are soluble in
water. If the sodium magnesium chlorophyllin is
treated with acid, both sodium and magnesium are
replaced by hydrogen, producing chlorin-e, which
has the composition C3iH3iN.tH2(COOH)3; this is
insoluble in water. If chlorin-e is treated with cupric
acetate the water-insoluble compound C31H31N4CU(COOH)3, known as copper chlorin-e or copper
chlorophyllin, is produced. Treatment of this substance with sodium hydroxide forms C31H31N4CU(COONa)3, called sodium copper chlorin-e or sodium
copper chlorophyllin; this salt is soluble in water and
is the chlorophyll derivative which probably has
been most frequently employed in recent studies of
the utility of chlorophyll derivatives as deodorant
and therapeutic agents. It is also possible to prepare,
in a similar manner, other chlorophyllins, in which
an element other than copper replaces the magnesium
and in which the carboxyl hydrogens are replaced
by some other alkali element as, for example,
potassium.
Still another reaction of chlorophyll which is of
interest is that occurring when it is treated with a
strong acid; in this case the central magnesium atom
is replaced by two hydrogen atoms and the phytyl
group is split off as phytyl alcohol. The resulting
compound is called a pheophorbide, the a variety of

which has the formula CsaHso^OI^COOCHs)(COOH): the same substance may be produced by
treating either ethyl chlorophyllide a or pheophytin
a with strong acid.
Chlorophyll is most commonly extracted, on a
commercial scale, from dehydrated alfalfa leaf meal,
which contains 0.2 to 0.4 per cent of chlorophyll.
Broccoli leaf meal contains 0.8 to 1.0 per cent of
chlorophyll, but has the disadvantage of being available only in limited quantities. For a detailed description of processes for extracting chlorophyll from
broccoli leaf meal, and for preparing various derivatives for industrial and pharmaceutical use see
U. S. Department of Agriculture Publication AIC299.
Uses. — Topical. — In 1940 Gruskin {Am. J. Surg.,
49, 49) reported deodorizing and tissue-stimulating
effects from local application of a water-soluble
sodium magnesium chlorophyllin to various infections (suppurating wounds, otitis media, ulcerative
skin diseases, cancerous growths, etc.). He applied a
sterile 0.2 per cent solution of the chlorophyllin either
by irrigation or with gauze soaked with the solution.
While the preparation had weak bacteriostatic action
he believed this was not sufficient to explain the
beneficial effects, rather attributing these to an action
on tissue cells. Smith and Livingston (ibid., 1943, 62,
358) found chlorophyll preparations to accelerate
healing of both traumatic and thermal wounds in
animals. Bowers (ibid., 1947, 73, 37) reported on
400 cases in which burns, gunshot wounds, decubitus
ulcers, otitis media, sinusitis, rhinitis, etc., were favorably influenced by treatment with chlorophyll preparations. Boehme (Lahey Clinic Bull., 1946, 4, 242)
successfully treated chronic and difficult leg ulcers
with a chlorophyll ointment.
It was natural that the question should be raised
as to whether chlorophyll derivatives actually stimulated healing of damaged tissues, concerning which
divergent opinions had been expressed. In a study of
the utility of water-soluble chlorophyllins (Chloresium) as a local application to wounds, reported
to the Council on Pharmacy and Chemistry of the
American Medical Association, Moss et al. (J. A.M. A.,
1949, 140, 1336) found that chlorophyll therapy did
not consistently promote healing of wounds although
it did do so in some instances; however, in the form
of solution or ointment, chlorophyll consistently
proved to be an effective deodorant when applied
to foul-smelling wounds and it did tend to improve
the appearance of wounds and to give them a healthy
granulating appearance. This is the basis for the
statement of action and uses of Water-Soluble
Chlorophyll Derivatives, N.N.R., under which name
are recognized those derivatives which consist chiefly
of the copper complex of the sodium and/or potassium salts of saponified chlorophyll; the Councilaccepted preparation is Chloresium (Rystan).
By Ingestion.— In 1950 Westcott (N. Y. State J.
Med., 50, 698) reported that oral administration of
specially prepared fractions of water-soluble chlorophyll to humans reduced obnoxious body and breath
odors. Since this report many investigators undertook the study of the deodorizing potential of chlorophyll derivatives when taken orally and either
swallowed or allowed to remain in the mouth; the
conflicting reports have provided the basis for one
of the great controversies of the decade. Because of
the many uncontrolled variables in at least the
majority of the studies the significance of the findings is questionable; arguments pro and con may be
found in the following communications: Montgomery
and Nachtigall (Postgraduate Medicine, 1950, 8,
401) ; Taber (J. M. Soc. New Jersey, 1951, 48, 321) ;
Corwin (Chem. Eng. News, 1952. 30, 5248) ; Brocklehurst (Brit. M. J., 1953, 1, 541); Alstead (Brit.
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M. J., 1953, 1, 832); Bazille (Presse mid., 1953, 61,
1671) ; Harrisson (Journal of Cosmetic Chemists,
March, 1953); Westcott (JAMA., 1953, 153, 749);
Ryan (J.A.M.A., 1953, 153, 749); Thimann
(J. A.M. A., 1953, 152, 869; ibid., 1954, 154, 1023).
Perhaps the following editorial comment summarizes
the present status of the question of the utility of
chlorophyll derivatives when used for the purpose
of deodorization other than of wounds (see above) :
"It seems apparent that no final conclusion can be
reached about the deodorizing effects of chlorophyll
derivatives until the composition of the various
preparations is more exactly delineated, the fate of
ingested chlorophylls in the body is determined and
more objective testing has been done" (J. A.M. A.,
1953, 152, 1716; see also 1953, 153, 728).
Toxicity. — In experiments in which potassium sodium copper chlorophyllin was fed to rats in amounts
up to 3 per cent of their diets over the life span of
the animals no metal toxicity was evident and no
photosensitization occurred (Harrisson et al., J. A.
Ph. A., 1954, 43, 722).
Supply. — Under the name Chloresium a 0.2 per
cent solution of water-soluble chlorophyll derivatives
and a 0.5 per cent ointment (water-miscible base)
are available for topical application to wounds,
ulcers, burns and dermatoses (see above). Many
different preparations of chlorophyll derivatives, for
use as a breath and body deodorant, have been
offered under various proprietary names. [V]
Chloropicrin. Trichlornitromethane. Nitrochloroform. CCI3NO2. — Prepared from trinitrophenol by
distillation with chlorinated lime, this colorless liquid
has an intense and penetrating odor. It has been used
for the destruction of insects in rooms and for disinfecting cereals and grains. According to Roux
(Chem. Drug., 1919, 91) 750 Gm. of the gas will
kill all insects in a room of 75 cubic meters within
4 hours. Jatsenko (/. Soc. Chem. Ind., 1934, 3, 91)
recommended application of equal parts of chloropicrin and liquid petrolatum to the surface of ponds
to destroy mosquito larvae. It has been used as a
"poison gas" in warfare; it causes profuse lacrimation and frontal headache (see under Chemical Warfare Agents, Part II).
Chlorpromazine Hydrochloride. Thorazine
Hydrochloride (Smith, Kline & French, No. 2601-A).
Largactil (Rhone-Poulenc Specia, No. 4560). Ampliactil. Amplictil. Hibernal. Megaphen. — This
derivative of phenothiazine (see in Part I) is 10- (3'dimethylaminopropyl) -2-chlorophenothiazine hydrochloride; the base has the structure represented by:

CH2CH2CH2N(CH3)2

Chlorpromazine base differs from promethazine base
(see formula of Promethazine Hydrochloride, in Part
I) in having a chlorine atom on the ring and in the
point of attachment of the dimethylamino group in
the propyl side chain.
These phenothiazine derivatives have a rather astonishing variety of pharmacological actions (Courvoisier et al., Arch, internat. pharmacodyn. therap.,
1953, 92, 305; Weese, Arch. exp. Path. Pharm., 1954,
222, 15; Farrar, Pennsylvania M. J., 1955, 58, 287)
and hence therapeutic (Moyer et al., Arch. Int. Med.,
1955, 95, 202) uses (see also Profenamine Hydrochloride in Part I, and Diparcol under Skeletal Antispasmodic Compounds in Part II) . An enormous
world literature has appeared on the clinical use of
this drug in the few years since its introduction by
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Laborit et al. (Presse mid., 1952, 60, 206). It is
presently used in three broad therapeutic areas: (1)
the prevention and treatment of nausea and vomiting;
(2) the potentiation of the action of hypnotic and
analgesic drugs as in the control of intractable pain
in patients with metastatic carcinoma; (3) the reduction of tension and anxiety in certain neuropsychiatric
II).
disorders
(see also discussion under Rauwoljia in Part
Chlorpromazine hydrochloride is a gray-white,
crystalline powder melting between 194° and 197°. It
is odorless and has a bitter taste followed by a numbing sensation of the tongue. It is sensitive to light.
It is soluble in water; solutions are stable for a short
time but a reducing agent such as hydroquinone or
ascorbic acid is required for prolonged stability of the
injection dosage form. The compound was synthesized by the Rhone-Poulenc Specia Research Laboratories in France. The chemistry of phenothiazine is
reviewed by Massie (Chem. Rev., 1954, 54, 797).
Action. — Like other members of this phenothiazine
series of compounds, chlorpromazine possesses adrenolytic, parasympatholytic, gangliolytic, local anesthetic,
antihistaminic, antiedema, antifibrillatory, anticonvulsant, antiemetic, antipyretic and other less well-defined
actions. Weese (loc. cit.) emphasized the quantitative
rather than the qualitative differences in the action
of this series, viz., promethazine has marked antihistaminic compared to the weak antihistaminic action of chlorpromazine; chlorpromazine has a marked
leukotomy-like action whereas prophenamine has very
little if any effect simulating destruction of the frontal
lobes of the cerebrum. Chlorpromazine is the only
drug which has been found capable of suppressing
vomiting due to apomorphine in dogs (Boyd et al.,
Fed. Proc, 1953, 12, 303). It does not prevent vomiting due to protoveratrine nor to ingestion of copper
sulfate. Depression of a chemoreceptor center in the
medulla is suggested (Glaviano and Wang, Fed. Proc,
1954, 13, 358). Studies of motion sickness (Chinn and
Smith, Pharmacol. Rev., 1955, 7, 33) point to two
centers in the medulla: an emetic center near the
fasciculus solitarius which accounts for the act of
vomiting and an emetic trigger zone dorsolateral to
the vagal nuclei which activates the emetic center and
which is sensitive to certain chemicals (apomorphine) .
In motion sickness, drugs with central anticholinergic
action — hyoscine, diphenhydramine, promethazine,
etc. — are effective. Chlorpromazine is ineffective
against motion sickness (Hanford et al., J. Pharmacol., 1954, 111, 447) despite its inhibition of apomorphine emesis. The action of chlorpromazine in
nondepressant doses against emesis due to drugs and
toxins in animals (Brend et al., ibid. 110, 86) and
in clinical practice (v.i.) is outstanding. Depression
of a reflex mechanism through the nodose ganglion
was postulated for some of these drugs.
Chlorpromazine has slight adrenergic blocking action
in cats (Melville, Fed. Proc, 1954, 13, 386) and
causes a decrease in blood pressure and the resulting
reflex increase in pulse rate in humans (Moyer et al.,
Am. J. Med. Sc, 1954, 227, 283). The decrease in
blood pressure is due to decreased peripheral resistance
with a variable effect on cardiac output. Large doses
in dogs cause flattening of the T wave in the electrocardiogram followed by intraventricular block and
ventricular tachycardia. Some increase in sodium and
water excretion by the kidney without significant
change in glomerular filtration was observed with
therapeutic doses. Chlorpromazine has moderate anticholinergic and marked ganglionic blocking action. As
Laborit et al. (loc cit.) pointed out, it causes depression of the central nervous system, particularly of
the central autonomic functions. It inhibits the thermoregulatory centers and is utilized to facilitate
refrigeration anesthesia
(Laborit and Huguenard,
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Pratique de I'hiberno-therapy, Masson and Cie, Paris,
1954), although it does not cause hypothermia unless
cooling is applied to the body. Shivering is inhibited,
the autonomic effects of trauma (shock) are minimized and apprehension (anxiety) is controlled. In
decorticate cats, it depresses sham rage in doses insufficient to cause somnolence in intact cats. Small
doses transform an aggressive monkey into an easily
handled animal. The effect of the drug on behavior
and the electroencephalogram resembles that produced
by interruption of the medial ascending pathways
from the reticular formation in the brain stem which
are concerned with arousal and wakefulness (Das
et al., Bull. Calcutta School Trop. Med., 1954, 1, 5).
In large doses, chlorpromazine has a sedative action
but, unlike the effect of the barbiturates, the animal
or human can be aroused and has no dulling of the
mental functions. It potentiates and prolongs the
action of analgesic and centrally depressant drugs.
Inhibition of conditioned reflexes is produced but
psychometric studies show no effect on the function
of the cerebral cortex. Electroencephalograms show a
better developed alpha rhythm.
Absorption*. — Chlorpromazine is rapidly absorbed
after oral or intramuscular administration. Action
persists for 6 to 12 hours. Less than 10 per cent of a
dose appears unchanged in the urine. The metabolic
fate is unknown as yet. Since smaller doses are effective clinically in patients with impaired renal or
hepatic function, both these organs are probably
involved in its metabolism.
Therapeutic Uses. — Antiemetic. — Chlorpromazine
has proved most effective in the control of emesis due
to a variety of causes (Moyer et al., Arch. Int. Med.,
1955, 95, 202; Friend and Wells, Am. Pract. Dig.
Treat., 1955, 6, 698). Favorable results are reported
in the prevention or treatment of vomiting due to
digitalis, nitrogen mustard, folic acid antagonists,
aminophylline, stilbefitrol (Whitelaw, /. Clin. Endocrinol., 1954, 14, 795), tetracycline antibiotics, narcotics (morphine, meperidine), urethan, hexamethonium salts, inhalation or spinal anesthesia (Albert
and Cookley, Anesth. & Analg., 1954, 33, 285), roentgen irradiation (Marks, New Eng. J. Med., 1954,
250, 999), infectious gastroenteritis, peptic ulcer,
lower intestinal obstruction, pregnancy, labyrinthitis,
uremia (Friend and Cummings, ibid., 997), congestive
heart failure, myocardial infarction, diabetic coma,
Addison's
disease, terminal malignancy, and disulfiram
in the alcoholic.
A dose of 10, 25 or 50 mg. is used orally 2 to 6
times daily as needed or, if the patient is already
vomiting, the first doses are given intramuscularly or
as a rectal suppository- During abdominal surgery in
humans under spinal anesthesia, Moyer et al. produced retching and nausea by tugging on the stomach ;
5 to 10 minutes after 12.5 mg. of chlorpromazine intravenously repetition of the tugging caused no retching or nausea. Hypotension may be caused by intravenous injection of chlorpromazine.
Obstetrics. — In severe hyperemesis gravidarum the
bedtime dose may not prevent vomiting on arising;
this can be controlled by an intramuscular dose before
arising or prevented by awakening the patient at
about 2 A. M. for an oral dose. The undesirable
disoriented hyperactivity during uterine contractions
in labor conducted under scopolamine amnesia is controlled by chlorpromazine. Hershinson et al. {New
Eng. J. Med., 1954, 251, 216) gave 200 mg. of secobarbital when the first stage of labor was established
and 1 hour later 0.4 to 0.6 mg. of scopolamine and
25 mg. of chlorpromazine intramuscularly. Half the
dose of the latter two drugs was repeated every 2
hours during the first stage. During the second stage
a lesser amount of anesthetic and analgesic is required
and vomiting is prevented. Fetal respiration was not
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affected. Maternal blood pressure decreased in some
cases. During early pregnancy chlorpromazine often
caused sedation and dizziness during the first week of
therapy; the former could be alleviated with dextroamphetamine and the latter (orthostatic hypotension)
by avoidance of sudden changes in position of the
body. An initial intramuscular dose of 50 mg. of
chlorpromazine often causes marked sedation and hypotension for a few hours.
Among the 352 cases treated by Moyer et al. for
emesis, 47 per cent experienced drowsiness, 23 per cent
dizziness and 19 per cent mild hypotension. Bradycardia and dry mouth were not troublesome. Aside
from the pregnant cases, who used the drug for an
average of 2 months, 55 patients used chlorpromazine
for an average of 10 days (5 days to 3 months)
without untoward effects. The initial drowsiness disappeared but the antiemetic action and the increased
susceptibility to opiates persisted.
Hiccough. — Among 10 patients with persistent hiccough not corrected by other forms of treatment for
48 hours or longer, 6 responded in 20 minutes to 25
mg. intramuscularly, 2 required a second dose and 2
failed to respond. These cases were idiopathic or
associated with congestive heart failure, carcinoma
and genito -urinary surgery.
Potentiation of the Action of Central Depressant
Drugs. — In patients with severe abdominal, bone or
neuritic pain due to cancer, Sadove et al. (J .AM.A.,
1954, 155, 626; found that 22 of 28 were relieved
when chlorpromazine was used along with previously
ineffective doses of narcotics. A dose of 25 mg. twice
daily orally of chlorpromazine was used. The dose of
the opiate could often be decreased and given at
longer intervals. In some patients pain persisted but
the patient was not distressed by the pain. The frequent anxiety and apprehension of such patients were
replaced with relaxation and calmness (Mathews
et al., Am. Pract. Dig. Treat., 1955, 6, 360). Dobkin
et al. (Can. Med. Assoc. J., 1954, 70, 626) reported
that Largactil and aspirin often could replace morphine, meperidine, etc. In fractures and other orthopedic conditions, Martin et al. (Bull. Ac. Med.,
Toronto, 1954, 27, 175) found it most useful and a
means of decreasing the need for narcotics. The
sedative effect is often valuable but in mild conditions
the drowsiness and orthostatic hypotension initially
may be troublesome. Following an initial parenteral
dose the patient should be kept supine and observed
for 0.5 to 2 hours. In patients receiving large doses
of narcotics or barbiturates, the doses should be
omitted or at least reduced by one-half to one-third
before starting chlorpromazine and later adjusted
according to the response. Patients in alcoholic stupor
should be allowed to awaken before starting chlorpromazine.
Anesthesia. — When used as a preoperative sedative
in doses of 12.5 to 25 mg. intramuscularly 45 minutes
before surgery-, together with 50 to 75 mg. of meperidine or 8 mg. of morphine and 0.04 mg. of scopolamine, most patients became calm, relaxed and slept
when not disturbed (Mathews et al., loc. cit.). The
skin was pale, but warm and dry. The blood pressure
decreased 10 to 20 mm. (systolic) and the pulse rate
increased 5 to 15 beats per minute. Induction of anesthesia was smooth and bronchial reflex activity was
reduced. Much less ether, in particular, and of nitrous
oxide or cyclopropane was needed. Excitement was
minimal during recovery and vomiting was usually
absent if 12.5 to 25 mg. of chlorpromazine was given
postoperatively. Narcotics were seldom needed and
small doses, such as 5 mg. of methadone hydrochloride, was adequate. A dose of 50 mg. postoperatively
often delays recovery' from the anesthetic. Prescription of promethazine orally the night before surgery
is common practice in France.
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In cardiac surgery, hypothermia enables stopping
the heart for as long as 15 minutes (Bigelow, Minn.
Med., 1954, 37, 181). Chlorpromazine aids cooling by
inhibiting the thermoregulatory centers (Ripstein
et al., Surgery, 1954, 35, 98). With lowering of body
temperature to 20° C. (Callaghan et al., Arch. Surg.,
1954, 68, 208) ventricular fibrillation is troublesome.
This is minimized by light anesthesia and hyperventilation with oxygen during cooling (Swan et al., Ann.
Surg., 1953, 138, 360) . The usual antifibrillatory drugs
are rather ineffective.
Lytic Cocktail (Artificial Hibernation). — In the
prevention of traumatic shock, the lytic cocktail of
Laborit et al {Joe. cit.) has attracted wide interest
because of the excellent results reported in military
medicine where conditions necessitated delay in definitive therapy. This consists of the parenteral administration of chlorpromazine, promethazine and meperidine simultaneously with repetition as needed. Marked
sedation but not stupor results. Very little anesthesia
is required for surgical procedures. In a cold environment body temperature decreases. It is suggested that
the lytic cocktail inhibits the arteriolar constriction,
which is a normal defense mechanism for the shrunken
blood volume of hemorrhage or traumatic shock, although this arteriolar constriction may eventually
result in tissue anoxia (irreversible shock) and cause
death. The lytic cocktail causes partial block of this
autonomic function.
This autonomic blockade has been applied to general surgery by giving 50 mg. of promethazine orally
the previous evening and, 2 to 3 hours before the
operation, an intramuscular injection of 100 mg. of
meperidine and 50 mg. of promethazine. At the time
for surgery, 100 mg. each of meperidine and chlorpromazine and 50 mg. of promethazine are injected
intravenously in 15 minutes in 200 ml. of sodium
chloride injection. Studies by Shackman et al. {Lancet, 1954, 2, 617) usually found an increased pulse
rate, a decreased blood pressure, a rise in cardiac output, a decreased peripheral resistance, no change in
oxygen consumption and no change in temperature
in the unexposed patient. It was a good preoperative
and postoperative sedative and minimal, often no,
anesthetic was required for major urologic surgery.
The authors object to the term artificial hibernation
for a condition with increased cardiac output and no
decrease in oxygen consumption. Foster et al. (ibid.,
614) reported similar observations and noted that the
action of epinephrine on the vessels of the hand was
reversed whereas the pressor effect of norepinephrine,
although decreased, persisted; the latter was recommended ifthe degree of hypotension became troublesome. Joseph and Alsion (Semaine hop., Paris, 1954,
30, 3173) applied this "hibernation" procedure successfully to infants in shock due to a variety of
causes; definitive therapy was performed as indicated.
The prolongation with chlorpromazine of morphine
analgesia in mice was reported by Schneider (Proc. S.
Exp. Biol. Med., 1954, 87, 614), whereas reserpine
antagonized morphine analgesia.
Neuropsychiatry. — Chlorpromazine and reserpine
have created a revolution in the therapy of neurotic
and psychotic patients. Both of these drugs relieve
anxiety, tension and agitation without narcosis. Previously, the barbiturates had been the closest approach to such a therapeutic agent. Aside from the
practical value of such therapy as an adjunct to
psychotherapy, which it does not replace, the observations have opened a new field of research in the
mechanism of drug action on the mind. The mechanism of action of chlorpromazine is incompletely
comprehended. Delay et al. (Presse mid., 1953, 61,
1165) described the action as one of resting the
neurovegetative system in the patient with a psychosomatic disorder. Baruk (Ann. Med.-Psychol., 1954,

Chlorpromazine

Hydrochloride

1631

2, 66) termed chlorpromazine a cerebrovascular sedative and Anton-Stephens (/. Ment. Sc, 1954, 100,
543) described it as a hormone antagonist and inhibitor of the central nervous system. Whereas the
barbiturates cause complete sedation (sleep), Lehmann and Hanrahan (Arch. Neurol. Psychiat., 1954,
71,
described a and
selective
of "drive"
with 227)
chlorpromazine
Azina inhibition
and Ogle (Can.
Med.
Assoc. J., 1954, 71, 1116) emphasized the inhibition
of anxiety and excitement. It does not benefit aggressive drive which is directed inwardly — mental depression. Hiebel et al. (Semaine hop., Paris, 1954, 30,
2346) placed the action on the ascending reticular
activating system in the brain stem, described by
Magoun (Arch. Neurol. Psychiat., 1952, 67, 145),
which controls consciousness and behavior from
rage to alertness to sleep (see also under Action
above). In psychiatric terms, Freed (Am. Pract. Dig.
Treat., 1955, 6, 706) identified this mechanism with
the fight-or-flight response. Because of the astonishing
improvement in many acute and violent psychotic
states which have been considered hopeless, a new
enthusiasm has gripped psychiatry and medical research. It should be emphasized that these drugs are
an adjunct to good psychotherapy and that alone
these drugs seldom cure anything.
A preliminary survey of the results in 272 office
and 195 hospitalized neuropsychiatric patients by
Moyer et al. (Arch. Int. Med., 1955, 95, 202) concludes that chlorpromazine in large doses is an effective inhibitor of psychomotor excitement and agitation and in small doses it alleviates symptoms in the
neuroses. Among 109 office cases of tension state, 78
were restored to normal health. These patients complained of nervousness, irritability, fatigue, headache,
muscular aches and cramps and inability to concentrate. Anorexia, obesity, dysmenorrhea, diarrhea, indigestion and insomnia were also often present. These
patients did best on doses of 15 to 30 mg. daily by
mouth. With more than 50 mg. daily, they were more
unhappy with the side effects of chlorpromazine than
they were with their previous symptoms. Treatment
can be discontinued in a few weeks in most cases of
acute tension of short duration. Cases with fixed somatic complaints or immature personalities did not
respond. Out of 31 anxiety neuroses 22 responded
completely. Among 38 mild to moderately severe
depressions, associated with the vicissitudes of life or
with the menopause, 18 were relieved. Among 11
chronic schizophrenics, leading a secluded life outside
of the hospital, all were relieved of symptoms but
relapsed as soon as the drug was discontinued. Two
acute schizophrenics of a few days' duration were
controlled sufficiently to make hospitalization unnecessary. Two cases of conversion hysteria were not
benefited.
Two of three cases of migraine had fewer attacks
while on a small daily dose of chlorpromazine and one
was relieved of the attack by 50 mg. intramuscularly
given at the onset of the premonitory visual symptoms. Archibald (J.A.M.A., 1955, 157, 1042) noted
that the value of chlorpromazine for patients with
frequent severe headaches has been underemphasized.
Six epileptic cases experienced fewer seizures when
chlorpromazine was added to their anticonvulsant
therapy. A few cases of postalcoholic tension, confusion associated with cerebrovascular disease, narcotic
addiction and senile depression were benefited. Six
of 8 behavior problems in children of 2 to 13 years
of age were relieved with a dose of 25 mg. 4 times
daily orally.
In hospitalized patients 18 cases of mania were
treated with an average dose of 1.2 Gm. daily orally
and intramuscularly for 10 to 20 days; 11 remissions
and 5 improvements of sufficient degree to return
home were obtained. This confirms the report of
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Haman et al. (Ann. Med. -Psychol., 1952, 110, 331;
Delay el al., loc. cit.; Lehmann and Hanrahan, loc.
cit.). Among 13 cases with reactive depression only
one was benefited. The somnolence, apathy and asthenia induced by chlorpromazine augmented the
depressive reaction.
The variable natural history of schizophrenia
makes evaluation of therapy difficult. Among 64
cases, 27 went into remission; these 27 included 5
with catatonic schizophrenia, 3 with hebephrenic
schizophrenia, 13 with paranoid schizophrenia and 6
mixed cases. Another 17 cases (9 paranoid schizophrenics) were much improved. These cases require
large parenteral doses. Commencing with 50 mg. intramuscularly every 4 hours for 24 hours, the dose
is rapidly increased to a daily oral and intramuscular
dose of 2 to 3 Gm. Improvement was not gradual
but usually was sudden after a certain threshold dose
was reached. These large doses can be discontinued
suddenly without untoward effect other than transient hypertension and restlessness. Parkinsonism
(v.i.) is frequent with these large doses. Some of these
cases require oral maintenance doses of 75 to 200 mg.
daily indefinitely. In others the dose was gradually
decreased over a 2-month period without relapse.
Goldman (J. A M.A., 1955, 157, 1274), reporting on
500 psychotic patients, concluded that favorable responses are to be expected in cases of short duration,
and palliation in chronic cases. Cohen (Am. J. Med.
Sc, 1955, 229, 355) studied 1000 cases and concluded
that chlorpromazine was most effective in agitation,
anxiety or aggression regardless of the specific diagnostic entity. Lehman (Can. Med. Assoc. J., 1955, 72,
91) found that chlorpromazine would shorten the
duration of acute psychotic episodes and also prevent psychotic breakdowns if given in the prodromal
stage. He found it equally effective in manic states,
catatonic excitement, depressive agitation, toxic delirium, epileptic clouded states or hysterical excitement. It was particularly useful in agitated conditions associated with organic cerebral disturbances.
Complete remissions were obtained within 40 days
in 48 per cent of patients in the manic phase of
manic-depressive psychosis. Of 98 patients with schizophrenia, complete remissions were obtained within 40
days of treatment in 28 per cent of those patients
whose symptoms had been present for one month or
less. Of 54 patients with acute schizophrenia, 39 per
cent could be discharged within less than 2 months.
No recoveries occurred among 44 patients with
chronic and subacute schizophrenia, but symptomatic
improvement and control could be obtained in a
large number of these cases.
In 27 toxic-confusional psychoses reported by
Mover et al., 26 cleared in 24 hours with doses of 50
to 100 mg. every 4 to 6 hours parenterally or orally.
This group included 22 with alcoholic delirium, 2
due to bromides, and one each to corticotropin and
infection. Many cases of delirium tremens were discharged in 3 days and some responded quickly in
the accident ward. Confusion, hallucinations and
overactivity disappeared and fever, tachycardia, anorexia and toxemia subsided also. Mitchell (Am. J.
Med. Sc, 1955, 229, 363) reported effective sedation
in 85 per cent of 200 alcoholics and emphasized the
decreased nursing care required and the more rapid
recovery of these patients. Confusion in 8 of 12
cases with cerebrovascular disease and general paresis
was relieved. Some improvement was obtained in 3
of 4 epileptics experiencing grand mal seizures despite
appropriate anticonvulsive therapy. In confirmation
of Staehelin and Kielholz (Schweiz. med. Wchnschr.,
1953, 83, 581), the narcotic was withdrawn from
two addicts without discomfort while receiving 200
mg. of chlorpromazine daily.
Eighteen hospitalized neuroses were treated, in-
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cluding 7with hysteria and 11 with anxiety neurosis.
Two acute panic reactions and 4 with hysterical convulsions, disassociative reactions and major conversion symptoms responded promptly. Seven others
improved enough to go home but cases with multiple
diffuse complaints and minimal tension were not
benefited.
Contrary to the report of benefit in parkinsonism
by Lehmann (Am. J. Psychiat., 1954, 110, 856), 2
cases were aggravated by chlorpromazine. One case
of status asthmaticus, which responded slowly and
incompletely to aminophylline and epinephrine, was
relieved by 50 mg. of chlorpromazine intramuscularly
in 30 minutes. Ende (Am. Pract. Dig. Treat., 1955, 6,
710) reported relief in 11 of 12 such cases of asthma
in 45 to 60 minutes. One child with Sydenham's
chorea was benefited by 25 mg. parenterally four
times daily.
Toxicology. — Side Effects. — Daily doses over 100
mg. usually produce side effects during the first few
days, as do single doses of 50 mg. or more. Drowsiness is most common and varies from short naps to
prolonged somnolence during which the electroencephalogram ischaracteristic of normal sleep. Some
patients complain of general weakness. Patients are
easily aroused and rational when aroused from this
sleep. Hypotension is frequent in the upright position
— decreasing as much as 60 mm. Hg systolic and
40 mm. diastolic. Orthostatic hypotension with faintness is frequent. About half of patients complain of
dryness of the mouth and nose and congestion with
obstruction of the nose. Chewing gum and antihistaminic drugs are helpful. Constipation occurs in a
few people. Pyrosis may be caused if the drug is taken
before meals. With large doses, impaired visual accommodation and nocturia occur in a few. With large
doses an asymptomatic elevation or reduction of
temperature, perhaps depending on the environment,
is reported. An increase in appetite is observed in
some neurotic patients. A chalky pallor is frequent
with large doses and is often associated with increased
secretion of sebum. Engorgement of the breasts and
secretion of colostrum was observed with large doses
but no menstrual irregularities have been reported.
Bizarre dreams are rare in contrast to their more
frequent occurrence with large doses of reserpine.
Complications. — Dermatitis, parkinsonism, confusion or jaundice may occur and require discontinuation of chlorpromazine therapy. In Moyer's 412 psychiatric cases, 27 instances of dermatitis occurred, including maculopapular, generalized erythema, localized nodular lesions, acneform lesions with stomatitis, and exfoliative dermatitis. Pruritus was often
severe. Dermatitis usually appeared during the second
week of treatment in patients with an allergic history
receiving more than 100 mg. of chlorpromazine daily.
The lesions were aggravated by exposure to sunlight.
Lesions usually cleared in a week after discontinuation of the drug and some cases received chlorpromazine later without recurrence of the dermatitis.
Antihistaminic drugs relieved the pruritus.
In 4 cases, confusion with disorientation, hyperactivity and disorganized behavior occurred suddenly
during the third week of therapy with large doses in
schizophrenic patients. Discontinuance of the drug
relieved this syndrome.
Parkinsonism developed in 14 patients under 40
years of age who were receiving more than 800 mg.
daily of chlorpromazine. Four of the 14 had the
classical postencephalitic Parkinson syndrome. The remainder had mild or moderate changes. The complication was relieved by reduction in the dose of chlorpromazine. Giacobini and Lassenius (Nord. Med.,
1954, 52, 1693; J. A.M. A., 1955, 157, 1657) reported
an incidence of these extrapyramidal symptoms of
19.1 per cent in psychotic patients receiving chlor-
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promazine in large doses but only 3.8 per cent in such
patients receiving both promethazine and chlorpromazine.
Jaundice has perhaps caused the most trouble because itwas unexpected. Since the clinical and laboratory findings are characteristic of obstructive jaundice,
many of these cases were operated upon to remove a
stone which could not be found. In one case in
Moyer's series, jaundice and pruritus appeared suddenly after the use of SO mg. of chlorpromazine 4
times daily for 2 weeks. There was epigastric tenderness and an enlarged liver, acholic stools, dark
urine, nausea and vomiting. The liver function studies
showed changes characteristic of obstructive rather
than hepatocellular or hemolytic jaundice — hyperbilirubinemia, bilirubinuria, elevated alkaline phosphatase, negative flocculation test, normal cholesterol
esterification and normal prothrombin time. Eosinophilia in the blood is reported in these cases. Chlorpromazine in the urine may cause a false positive test for
bile; a purple color with ^-dinitrobenzenediazonium
^-toluenesulfonate (Ictotest, Ames) is satisfactory
evidence of bile even in the presence of chlorpromazine in the urine. A liver biopsy showed bile stasis,
cholangiolitic obstruction, and round cell infiltration
but no hepatic cell damage. Discontinuation of chlorpromazine and symptomatic therapy was followed
by recovery in 2 weeks. Serial liver function studies
in 37 patients receiving 200 to 2000 mg. daily for 4
to 10 weeks showed no evidence of liver damage.
Similar cases of cholangiolitic obstructive jaundice
are reported by Limire and Mitchell (Arch. Int. Med.,
1955, 95, 840), Van Ommen and Brown (J. AM. A.,
1955, 157, 321), Loftus et al. (ibid., 1286) and others.
Agranulocytosis has been reported surprisingly few
times. Lomas (Brit. M. J., 1954, 2, 358) described a
case. Prokopowycz (J.A.M.A., 1955, 157, 1042) described afatal agranulocytosis in a female with presenile brain disease treated with 50 mg. 3 times daily
for 2 weeks, then, because of an allergic dermatitis,
twice daily for 5 weeks. Diphenhydramine was used
for 3 days at the onset of the rash. Boleman (ibid.,
364) described a similar case in which several drugs
had been used.
Except for incapacitating pain or neuropyschiatric
conditions, administration of large doses of chlorpromazine for more than a week is inadvisable because
of the severity of the infrequent untoward reactions.
In patients in whom hypotension is undesirable,
chlorpromazine must be used with care and never
intramuscularly unless the patient can remain supine.
Contact dermatitis due to chlorpromazine solution
has occurred in nurses and others handling the chemical frequently (Lewis and Sawicky, J. AM. A., 1955,
157, 909). The usual precautions to avoid contact,
as in the case of streptomycin solution, must be
observed. Rubber gloves should be worn when washing syringes, needles, etc.
Dose. — The usual dose of chlorpromazine is 25 mg.
orally 3 or 4 times daily, with a range of 5 to 50 mg.
in ambulatory patients. In hospitalized psychotic patients, an initial dose of 50 mg. intramuscularly repeated every 4 to 6 hours and increased to 100 mg.
on the second day is employed. In addition, after 48
hours increasing oral doses are added until the total
oral and intramuscular dose is about 2 Gm. in 24
hours, with a range of 600 mg. to 4 Gm. daily. These
large doses are seldom continued more than 10 days.
For children, the usual oral dose is 10 mg. every 4
to 6 hours and the intramuscular dose is based on
0.25 mg. per pound of body weight every 6 to 8
hours but not to exceed 40 mg. daily for the child
under 5 years of age or 75 mg. for the child between
5 and 12 years of age. For intramuscular use it is well
to dilute the 1 ml. of 25 mg. to 5 ml. or the 50 mg.
(2 ml.) to 8 ml. with sodium chloride injection and
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inject over a period of 2 to 3 minutes deeply in the
upper outer quadrant of the buttock followed by
massage of the area. A few drops of 2 per cent procaine hydrochloride may be added to minimize the
discomfort of this injection. Except in anesthetized
patients under expert care, chlorpromazine is not
advised for intravenous administration and it is too
painful for subcutaneous injection. Rectal suppositories of 25 or 50 mg. may be employed where vomiting precludes oral administration.
Thorazine hydrochloride is available as 10-, 25-,
50-, 100- and 200-mg. tablets and ampuls of 1 ml.
containing 25 mg. or 2 ml. containing 50 mg.
Chlorquinaldol. Sterosan (Geigy). Dichloroxyquinaldine. 2-Methyl-5,7-dichloro-8-hydroxyquinoline. — This derivative of 8-hydroxyquinoline has for
some years been used in European dermatologic practice for its bacteriostatic effect against a variety of
gram-positive cocci, such as staphylococci, streptococci, and enterococci (but not pneumococci). It has
been found to be clinically efficacious in the treatment of pyogenic skin disorders, localized infections
and minor suppurating wounds (Pierce, J. Nat. M. A.,
1953, 45, 207; Tronstein, J. Invest. Dermat., 1949,
13, 119; Lubowe, Am. Pract. Dig. Treat., 1955,
6, 1216). It is also useful in treating mycotic diseases of the skin and mixed infections (Haefner and
Kym, Schweiz. med. Wchnschr., 1947, 77, 1369; Sigg,
ibid., 1947, 77, 123). Dermatophytosis of the feet
responds to application of chlorquinaldol.
Chlorquinaldol has little irritating property and no
case of sensitization has definitely been attributed to
it. Sterosan is available in 3 per cent concentration
as a cream or ointment and is used by application in
a thin layer to the affected parts.
Cicuta. Water Hemlock. Cowbane. — This umbelliferous genus has long been famous for the
poisonous properties of its species. Because of the
close botanical relation to conium it has been assumed that their toxicity was of a type similar to
that of conium, an assumption which is far from the
truth. The toxic powers of the cicutas depend on a
neutral bitter principle cicutoxin, which is physiologically more nearly related to picrotoxin than it is
to confine. Cicutoxin is a resin-like substance soluble
in alcohol and solutions of the alkalies.
The poisonius principle is most concentrated in the
parsnip-like roots although other parts of the plant
are not innocuous. All of these plants favor damp
soil and are found along streams or in marshy places.
C. virosa L. grows in Europe. The following are the
important American species: C. maculata L. (also
known as beaver-poison, musquash-root or spotted
cowbane) is found in the whole United States in
damp meadows or along borders of streams; the
stout stem is from 2 to 5 feet tall and streaked with
purple, the leaves art doubly or triply pinnate with
narrow leaflets. The C. bulbifera L. is a more slender
species and limited to the northeastern part of the
country extending westward as far as Iowa. The
western species are the C. vagans and the C. occidental Dougl.
The symptoms of poisoning by cicuta are nausea,
vomiting and convulsions in 1 to 2 hours; one of the
outstanding symptoms is a frothing at the mouth,
which is sometimes bloody. In many cases there are
dilated pupils and unconsciousness. For report of
cases see Gompertz (J. A.M. A., 1926, 87, 1277). The
most important factor in the treatment is the evacuation of the stomach by lavage and purgation. Stimulants to combat the collapse, and the cautious use of
morphine or barbiturates to control the vomiting
and convulsions should also be included. Reasoning
from the similarity between cicutoxin and picrotoxin
it would seem that the barbiturates should be very
useful and Miller (J. AM. A., 1933, 101, 850) re-
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ported a case in which amobarbital sodium had an
apparently life-saving effect.
Cimicifuga, X.F. VIII. Black Cohosh. Black
Snakeroot. Macrotys. Bugbane. — "Cimicifuga consists of the dried rhizome and roots of Cimicifuga
racemosa
X.F.
VIII. (Linne) Nuttall (Fam. Ranunculacece)."
Cimicifuga racemosa is a perennial herb having a
subterranean knotty rhizome, and a simple herbaceous stem, up to about 8 feet in height. The leaves
are large, and ternately decompound, having oblongovate leaflets, incised and toothed at their edges. The
flowers are small, white, and disposed in a long,
terminal, wand-like raceme, with occasionally 1 or
2 shorter racemes near its base. The calyx is white,
4-leaved, and deciduous; the petals are minute, and
shorter than the stamens ; the pistil consists of an
oval ovary and sessile stigma. The fruit is an ovoid
capsule containing numerous flat seeds. The plant
grows in shady or rocky woods from southern New
England to Wisconsin and southward, flowering in
June and July. The drug is gathered for the market
in Michigan, Indiana, Illinois, and the southern
Appalachians. '
Description. — "Unground Cimicifuga occurs as
more or less branching rhizomes from 2 to 15 cm. in
length and from 1 to 2.5 cm. in thickness. The
rhizome and roots are dusky brown to dark yellowish
brown, slightly annulate, the upper surface having
numerous hard, erect, somewhat curved branches
having deep, cup-shaped, radiating scars; and the
lower and lateral surfaces marked by numerous rootscars and occasional short roots. The fracture is
horny and mealy internally. The bark is thin and
the wood distinctly radiate and light-colored, the
medullary rays and pith usually being dark-colored.
The pith is about equal in diameter to the width of
the woody zone. The roots are nearly cylindrical or
obtusely quadrangular, from 3 to 12 cm. in length
and from 1 to 3 mm. in thickness, and longitudinally
wrinkled. The fracture is short and exhibits a thin
and dark-colored cortex and a light-colored wood."
X.F. VIII. For histology, description of powdered
drug, and standards and tests, see U.S.D., 24th ed.,
p. 275.
The odor, though not strong, is characteristic and
rather disagreeable, and is gradually lost with age.
The drug of commerce is likely to be unintentionally
admixed with other species of Cimicifuga and Aetata.
Constituents. — Cimicifuga yields some 15 to 20
per cent of resin, which is known as cimicifugin or
macrotin. Finnemore (Pharm. J., 1910, 85, 142, 178)
found in the rhizome palmitic acid, oleic acid,
isoferulic acid, 3 crystalline bodies apparently alcohols, a phytosterol, and indications of alkaloid. There
appears to be present also a crystallizable bitter principle to which the name racemosin has been applied.
^ There is no evidence that these substances are physiologically important. Mercier and Balansand
(Compt. rend. soc. biol., 1935, 118, 166) reported having isolated from the rhizome of C. racemosa a very
soluble acid saponin, a glycoside-tannin containing a
phlobaphene, another water-soluble glycoside, and a
glycoside insoluble in water but soluble in alcohol.
-*They found that the last-named has a cardiotoxic
action in dogs when administered intravenously.
Uses. — Cimicifuga was introduced to the medical
profession by Young, in 1831, and since that time
has been variously used, as in the treatment of
chorea, tinnitus aurium, chronic rheumatism, and
also as a bitter tonic. A fluidextract was official in
X.F. VIII. In overdoses it is said to cause general
relaxation, vertigo, tremors, slowing of the pulse,
giddiness, with intense headache and prostration ;
occasionally it causes vomiting, but its emetic action
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is never violent, and is probably simply the result of
a mild gastric irritation. Macht and Cook (/. A.
Ph. A., 1932, 21, 324) after elaborate study reached
the conclusion that there was no pharmacologic evidence of any therapeutic value of cimicifuga.
Powdered cimicifuga has been given in doses of 1
Gm. (approximately 15 grains) up to 3 times daily.
Cinchona, XJ*. IX. Cinchona Bark. Peruvian
Bark. Jesuit's Bark. Ger. Chinarinde, Fieberrinde. Fr.
Quinquina gris (jaune, rouge). — Cinchona is no
longer official, not having been admitted to the
latest editions of the U.S.P., N.F., B.P., or I.P. after
many years of official recognition.
"Cinchona is the dried bark of the stem or of the
root of Cinchona succiruba Pavon et Klotzsch or its
hybrids, known in commerce as Red Cinchona, or of
Cinchona Ledgeriana (Howard) Moens et Trimen,
Cinchona Calisaya Weddell or hybrids of these with
other species of Cinchona, known in commerce as
Calisaya Bark or as Yellow Cinchona (Fam.
Rubiaceae) . Cinchona yields not less than 5 per cent
of the alkaloids of Cinchona." N.F. IX.
The B.P. 1932 recognized as the source of Cinchona
the following species: C. Calisaya Weddell, C.
Ledgeriana Moens, C. officinalis Linn., C. succirubra
Pavon, and hybrids of either of the last two with
either of the first two ; it was required to yield not
less than 6 per cent of total alkaloids of Cinchona,
of which not less than one-half is quinine and
cinchonidine.
History. — The circumstances of the discovery of
the antimalarial properties of cinchona bark are
shrouded in a nebula of tradition and fiction. There
is no certain evidence that the natives of Peru knew
of these properties and employed it as a drug before
the arrival of the Spaniards in the 16th century. The
earliest legendary record dates back to 1630 when
Don Juan Lopez de Canizares, Corregidor of the
province of Loxa in southern Peru, was cured of a
malarial fever. One tradition ascribes his treatment
to an old Indian medicine-man, while according to
others the original prescriber of the bark was a
Jesuit priest. A few years later, according to the
legend, the wife of the Count of Chinchon, then
Viceroy of Peru, being afflicted with the same malady, Canizares sent to her physician, Dr. Juan del
Vega, a package of the bark which was used upon
her with the same gratifying results. After her recover}', the Countess is stated to have brought back
supplies of the bark to Spain. However, the official
diary of the Count of Chinchon which reports details
in the life of the Count and his family was found
in 1930 in the Sevillian Archivo Generate de Indias
by Miss I. A. Wright and later studied by A. W.
Haggis (Bull. Hist. Med., 1941, 10, 568) who found
no mention therein of cinchona or of any serious
illness of the Countess of Chinchon who is stated
never to have returned to Spain but to have died at
Cartagena, Colombia, Jan. 14, 1641. The Jesuit missionaries, later, sent some of the bark to Europe and
for many years the Order of Jesuits had a monopoly
of the distribution, hence the popular medieval name
of Pulvis Jesuiticus. The remedy rapidly attracted
tremendous attention and was sold in the 17th century at fabulous prices.
For nearly a hundred years the source of the bark
was entirely unknown to Europeans, but in 1735
Charles Marie de la Condamine, the commander of
a scientific expedition sent out by the French government, collected a number of young plants which he
transported down the Amazon River for 2000 miles,
but all of them were lost in a storm which overtook
his fleet in the mouth of the river. He, however, succeeded in bringing back specimens of the tree, the
description of which he published in 1738. Linne,
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from La Condamine's specimens, established a new
genus which he named, in honor of the Countess of
Chinchon, Cinchona. In 1846, Dr. Weddell succeeded
in bringing back to Paris some seeds from which a
few cinchona trees were grown in the Jardin des
Plantes in Paris. The first considerable exportation
of cinchona trees was brought back by the Dutch
botanist Hasskarl in 1854 and afforded the beginning
of the cinchona plantation in the Island of Java. In
1859 the English government sent out an expedition
under Clements R. Markham who succeeded in establishing a plantation in the Neilgherry Hills of India.
Among other botanists who contributed to the early
knowledge of this species may be mentioned especially Ruiz and Pavon, Ledger, Karsten, etc. At the
present time there are recognized more than 30
species of the genus, some of which, however, are
medicinally unimportant. For a review of the history
of cinchona and its alkaloids see A. Lendle, Pharm.
Ztg., 1937, 82, 879.
The word quinine is derived from the Indian word
"quina" or "kina," which means a bark.
Geographical Distribution. — The cinchona trees
are natives exclusively of South America. In that
continent, however, they are widely diffused, extending from the 19th degree of south latitude to about
the 10th degree of north latitude. They follow, in
this distance, the circuitous course of the great
mountain ranges, and for the most part occupy the
eastern slope of the second range of the Cordilleras.
They require a moderate and equable temperature
and an abundant and fairly constant supply of water.
Irrigation cannot supply the place of a humid climate, for the atmosphere as well as the soil must be
well charged with moisture. A certain amount of dry
weather is, however, required for the ripening of the
capsules. Free drainage is an important condition. In
their natural habitat the temperature rarely goes
below 2° or above 21°.
The limits of altitude and climatic conditions are
closely drawn. In the most southern districts, the
trees descend to about 2500 feet, while in the
warmest regions they scarcely ascend to the 10,000foot level. The individual species are for the most
part rigidly restricted as to altitude and latitude, and,
indeed, it has not always been found easy to detect the
climatic conditions which would cause one species
or variety to thrive while another very near it would
languish. This is especially true of the more valuable
forms.
The ever increasing demand for cinchona and the
wanton carelessness in methods of collecting the
bark, made such great inroads on the natural supplies that as early as the beginning of the 19th
century the necessity of cinchona culture was universally recognized and led to repeated efforts of
various governments to establish plantations in other
parts of the tropics.
The earliest cinchona plantation was in Java,
where in 1860 there were 947,000 young cinchona
plants, most of them, however, being of species
worthless as medicine. The second plantation was
that started in India by Markham in 1861. In 1865
Ledger obtained some seeds of the superior species
of cinchona known today by his name, which he
sold to the Dutch government from which they grow
what is generally regarded as the finest variety of
bark. There are at present large plantations in Java
and southern India; smaller plantations are also in
Ceylon, Tanganyika, Philippine Islands, Burma, Jamaica, the Cameroons and Formosa. The Formosan
bark yielded 3 to 7 per cent of quinine. A large
plantation in Colombia is also commercially productive as are smaller ones in Ecuador and Guatemala.
Before World War II about 90 per cent of the world's
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supply came from the island of Java, which produced over 22 million pounds of the dry bark annually. The second most important source was from
the Neilgherry (Nilgiri) Hills in India, whose annual
production has been over 500,000 pounds.
In early 1942 the Japanese invaded the Dutch
East Indies and cut off the world's chief source of
supply of cinchona and quinine. The U. S. Board of
Economic Warfare took immediate steps to revive
the cinchona bark industry in the South American
Andean republics including Colombia, Ecuador, Peru
and Bolivia and several of these granted to the
Board exclusive buying rights. American botanists
were sent to make a survey and establish nurseries
and plantations, and much bark has since been procured from South America for American quinine
factories. During one of these surveys, Cinchona
pitayensis, first discovered on the slope of the
Nevado del Huila in south central Colombia, was
rediscovered in substantial quantities in Colombia
and later by Steere, in Ecuador, during 1943. Its
bark has been found unusually rich in quinine which
can be extracted easily therefrom.
During the latter part of World War II a portable
quinine extraction device was developed which made
possible the extraction of the cinchona alkaloids directly in the field. This proved to be a more economic expedient than that of shipping huge amounts
of bark, often improperly dried, long distances to the
processing plants.
Description of Plants. — As the result of much
experimentation, commercial growers of cinchona
cultivate only the four species described below and
their hybrids.
C. Calisaya Weddell yields the calisaya bark or
Yellow cinchona. It is a tall tree, usually surpassing
those about it, the trunk often more than two feet
in diameter. Leaves are petiolate, the blade ovateoblong to slightly obovate, 7 to 17.5 cm. long by 2.5
to 7 cm. broad, obtuse, the base acute or slightly
attenuated, very thin, smooth, and, especially below,
with a satiny luster, above dark green, below
emerald-green or deep purple-green, scrobiculate, the
glands scarcely visible above. Stipules are oblong,
about equaling the petioles, very smooth, very
obtuse. Panicles are ovate to subcorymbose. The
calyx is pubescent, with a cup-shaped limb and short
triangular teeth. The corolla is rose-colored (in cultivation often white or nearly so), the tube cylindrical and about 8 mm. long, the laciniae more deeply
colored, the edges white-hairy. Stamens are included.
The capsule is ovate, scarcely as long as the flowers.
Seeds are elliptical lanceolate, the margin irregularly
fimbriate-toothed. The species presents many forms,
and two varieties are recognized.
Calisaya is collected in a wild state, and cultivated
in many plantations. It is the largest quinine yielder,
its proportion being 70 to 80 per cent of the total
alkaloids contained in the bark. C. Ledgeriana yields
a very valuable hybrid bark with C. succirubra. C.
Calisaya also hybridizes with the latter species.
C. Ledgeriana Moens, formerly regarded as a
variety of C. Calisaya, differs from the type chiefly
in its thicker, narrower, oblong leaves, with attenuate base, often bluish-green below. It yields a thick
and remarkably rich bark, and is probably the most
valued of all the cinchonas. This species was named
in honor of Ledger, who first brought seed of this
species from Bolivia.
C. succirubra Pavon, from which comes Red cinchona, has an extreme size even greater than that
of the last. Branches are silvery. The petiole is pubescent, leaf ovate to oval, acute with a very short
point, the base more or less narrowing, often 6 to
9 inches, dark green and smooth above, below paler

1636

Cinchona

and pubescent to a variable degree, especially on the
veins, not scrobiculate, the margin slightly revolute.
Stipules are entire, oblong, obtuse subamplexicaul.
Flowers are much as in C. Calisaya, but rather
smaller. The fruit is lanceolate.
C. officinalis Hooker fil. — Petioles are smooth,
cylindrical, and, like the veins, reddish; the blade is
10 to 12.5 cm. long, varying from broadly oval to
lanceolate, acute at both ends, the margins usually
recurved, smooth and deep green above, paler, but
bright green below, scrobiculate, the principal veins
pubescent. Stipules equal the petioles, and are ovate,
acute, entire, pubescent. Flowers and fruit are much
as in C. Calisaya. This species is widely distributed,
at an elevation of from 5000 to 7500 feet from
western Venezuela through the eastern Andes of
Colombia and Ecuador into Peru and Bolivia. It is
the source of the barks known as Pale, Crown,
Loxa, Cuenca, and Huanuco. This is the original
species, upon which the genus Cinchona was founded.
C. officinalis has many varieties or races which
vary in quinine content, some of them possessing no
quinine, others rich in quinine, cinchonidine and
quinidine. It has been cultivated in Java and has
hybridized with C. Calisaya, C. Ledgeriana and
C. succirubra.
Methods of Cultivation and Collection of
Bark. — The cultivation of cinchona has been complicated by the difficulty of obtaining pure seeds,
because of the tendency of the plants towards crosspollination. In every locality where the industry has
been established growers soon discovered that the
plants which had been reared with great care were
contaminated by the admixture of foreign pollen.
This was especially true in the earlier attempts, before this tendency had become known. Experience at
length established that absolute isolation of the seedtrees was essential. One of the interesting findings of
these experiments was the observation, already referred to, that the value of the progeny was not
always assured by the value of its parentage. Some
of the hybrids, even when least expected, would develop a surprisingly rich yield; and this tendency
has been utilized to develop the most valuable stocks
in existence. Propagation by cuttings, extensively
practiced in some localities, has been found too slow
and expensive to become general. In Java the rich
C. Ledgeriana is frequently grafted on the more
robust C. succirubra.
Four methods of collecting the bark are employed,
these being variously modified in different sections.
The first is uprooting, the most primitive, by which
the trees are simply uprooted at the proper age, and
the ground replanted. This method has been extentively used in plantations of the Netherlands Indies.
There the cinchona seedlings are planted only a few
feet apart and in six or seven years the plants are
thinned out by uprooting some of the trees and
gathering the bark from stems and roots. A thinning
takes place every year, until after fifteen or twenty
years only about 25 per cent of the original stand
remains. These are then uprooted. The barks of
root, stem, and branches are preserved and marketed
separately. The second method is coppicing, by
which, after the trees are about 7 years old they are
cut down to within a few inches from the ground
and the stem and branch bark removed from the
felled trees. From the short trunk or "stool," numerous adventitious shoots arise. When these have
grown to a certain size, they are cut and long quills
peeled off which constitute, after drying, "druggists'
quills." By the third method, scraping, the outer
bark is scraped off, leaving the liber untouched. The
fourth method is known as mossing. From the observation that cinchona alkaloids, especially in any
form other than that of sulfate, are likely, on ex-
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posure to sunlight, to become reddened by the production of coloring matter at the expense of the
alkaloid, it was believed that a similar change might
take place in the living plant, in consequence of
which the proportion of alkaloids produced might be
diminished. It was also observed that the bark upon
that side of the tree where the sun struck it was less
rich in alkaloids than that upon the shady side. To
obviate this presumed effect, Maclvor tried the experiment of covering the stems of the growing trees
with a layer of moss, so as to protect the bark
against sunlight. The result was favorable beyond all
expectation, and the yield of alkaloids in the bark
thus protected is said to be doubled, tripled, or increased even in larger proportion. A tree can thus
be made continuously productive ; for if a slip is removed longitudinally from the trunk, from top to
bottom, by covering the decorticated portion with
moss, the bark is renewed at least as rich as previously in alkaloids, while from time to time other
strips may be taken, until the whole of the old bark
is removed, and the new ready for removal by a
repetition of the same process ; the tree is thus preserved for a long time.
The bark stripped from the trunk of the tree is
known as "quina tabla" while that stripped from the
branches is called "quina canuto" or "quill." The
quills, after thorough drying, are packed in bales or
boxes to avoid breakage.
By scientific methods of arboriculture the quality
of bark produced has been greatly improved. This
is well shown by the facts that in 1889 the average
percentage of quinine (calculated as sulfate) in Java
bark was 4; in 1893 it had risen to 4.6; while in the
five years from 1900 to 1904, inclusive, the average
quinine percentage of all the Java barks sold in the
Amsterdam market was 5.37; in 1924 it was 6 per
cent.
In structure the root barks correspond very closely
to the stem barks of the same variety. They can be
readily distinguished from the latter, in being thinner,
having lighter external and darker inner color,
greater softness, and a twisted or contorted shape.
They occur in short, irregular quills or chips, or
sometimes as shavings, and contain very much more
dust than any other form. Except partly as regards
structure, the description of stem barks does not
apply to branch barks of the same variety, for the
characteristic markings do not appear in young
tissue. The branch bark appears in shavings, to the
inner surfaces of many of which more or less wood
adheres. If the branches were shaved while yet fresh,
these shavings will be more or less rolled up and
curled; but if dry before being removed, this rolling
and curling will not occur. Shaved bark taken from
living trees is thin, soft, and brittle, consisting of the
outer bark only. The large quills are of uniform
length from the same plantation, but not necessarily
so from different plantations or different sections.
They are commonly from 2 to 3 feet in length, but
some have been marketed having a length of 5 feet.
Usually they represent the entire circumference of
the stem, but occasionally only half of it. In drying
they roll up very tightly from one or both edges,
and rarely one will be wholly or partly involved in
another. The periderm, with all its markings, remains intact, and no other form so well displays the
natural appearance as this. Mossed bark differs from
natural stem bark in its greater thickness and weight,
less breadth of the quills, freedom from lichens, very
dark color, and rough, corrugated or warty surface.
The outer bark or cellular portion bears a greater
ratio to the inner or fibrous portion than in natural
bark. Renewed bark is lighter, both in color and
weight, thinner, soft and brittle, and marked by a
peculiar external smoothness, sometimes very marked
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indeed. In its general appearance it is strikingly like
a root bark, except for the relative straightness of its
fibers. Like the mossed bark, it is in narrow, only
partly rolled quills or bands, and is entirely free from
lichens.
Description. — "Unground Cinchona. — Unground
Cinchona occurs as quills or chips, curved pieces or
broken fragments. The bark is from 2 to 9 mm. in
thickness; externally weak reddish brown to moderate yellowish brown, usually with lighter-colored
lichens (stem bark) more or less roughened with
corky ridges or protuberances, and with transverse
or irregular fissures, rarely numerous or much intersected and having their sides sloping (Red Cinchona
stem bark), or with numerous intersecting transverse
and longitudinal fissures having nearly vertical sides
(Yellow Cinchona stem bark) . The inner surface is
moderate brown to dusky yellowish orange and
striate. The fracture is short and granular in the
outer region, rather splintery in the inner region of
the stem bark or finely fibrous in root bark. The
inner surface of the root bark is frequently fissured.
"Histology. — Cinchona shows a cork, frequently
bearing dense masses of lichen tissue on its outer surface (stem bark) ; consisting of rectangular, thinwalled cells with reddish brown to yellowish brown
contents. The parenchyma has brown to yellowish
orange walls and contains starch grains, or in some
widely scattered cells microcrystals. Lacticiferous
ducts, when present, are widely separated in a single
row near the inner edge of the cortex, are circular
or oval in transverse section, and up to 120 microns
in diameter. The phloem rays are usually 1 to 3
cells wide with rectangular thin-walled cells, frequently tangentially elongated in the outer part of
the ray. Bast fibers are numerous, isolated or in small
groups between the medullary rays.
"Powdered Cinchona.— Powdered Cinchona is light
brown to moderate yellowish brown, has a faintly
aromatic odor and an astringent, bitter taste. Bast
fibers are frequently entire, spindle-shaped, from 300
to 13S0 microns in length and from 50 to 135
microns in width, and have thick strongly lignified,
lamellated walls showing numerous simple or
branched pores. Parenchyma and cork fragments are
reddish brown to yellowish orange; the starch grains
being inconspicuous, single or 2- to 5-compound, and
usually from 6 to 10 microns in diameter but occasionally up to 21 microns in diameter. Sphenoidal
micro -crystals of calcium oxalate are very minute."
N.F. IX.
For other characteristics which distinguish the
barks see U.S.D., 24th ed., p. 280.
Standards and Tests. — Identification. — On heating
about 0.5 Gm. of cinchona in a test tube red-purple
vapors form, condensing in red to orange drops on
the walls of the upper part of the tube. The liquid is
soluble in diluted alcohol. Foreign organic matter. —
Not over 2 per cent. Acid-insoluble ash. — Not over
2 per cent. N.F. IX.
Assay. — A 5-Gm. portion of cinchona is heated
with 3 per cent hydrochloric acid to hydrolyze the
cinchotannic and quinic acids with which the alkaloids are combined and which would not yield the
alkaloidal bases on alkalinization with ammonia as
in most assays for alkaloids. A mixture of 3 volumes
of ether and 1 volume of chloroform is employed to
extract the alkaloids, by maceration, in the presence
of ammonia. From an aliquot portion of the extract
the alkaloids are transferred to 5 per cent sulfuric
acid solution, and from this to chloroform, after
alkalinization with ammonia. The solvent is evaporated and the alkaloidal residue weighed after drying
to constant weight at 100°. N.F. IX.
For a review of methods for the separate determination of the principal alkaloidal constituents of cin-
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chona, see Henry's Plant Alkaloids, 4th edition, 1949.
Constituents. — The first investigation seeking the
active principle of cinchona bark appears to have
been undertaken by Duncan of Edinburgh, in 1803.
He believed the precipitate yielded by infusion of
cinchona with that of galls to be a characteristic
vegetable principle, and accordingly called it "cinchonin." Gomez (1811), a Portuguese physician, obtained, by action of potassium hydroxide upon an
aqueous infusion of the alcoholic extract of the bark,
what he believed to be a pure form of the same
principle found by Duncan and which was probably
the alkaloid now known as cinchonine. But Gomez
was unaware of its nature, considering it to be
analogous to resin. Pelletier and Caventou, in 1820,
demonstrated the alkaline character of the principle
discovered by Gomez, and named it cinchonine.
They discovered in the yellow or calisaya bark another alkaline principle, which they called quinine.
Both these bases they proved to exist in the bark
combined with quinic acid. They established, moreover, that the febrifuge property of the bark depends upon the presence of its alkaloids.
Later investigators isolated some twenty or more
alkaloids from various species of cinchona. Of these,
two, quinine and quinidine, afford salts which are
officially recognized and are discussed under their
respective titles. Cinchonidine and cinchonine are described in separate articles in Part II ; the lesser
alkaloids are briefly described immediately below.
In a series of experiments made at the Java governmental cinchona plantations, Lotsy (Bull. Inst.
Botanique Buitenzorg, 3, 1900) found that the seeds
of C. succirubra and C. Ledgeriana contain no alkaloids, but that the alkaloids appear in the cotyledons
shortly after they become green. They exist chiefly
in the bark in combination with a tannic acid. Lotsy
found that the percentage of alkaloids is 10 times
greater in young than in old leaves ; also that the
petioles are richer in alkaloids than is the blade, and
that the branch bark contains more than the trunk
bark, and that the root bark is practically free from
alkaloids. During the active life of the parenchymatous cells of the leaves, wood, and cortex, the
alkaloids can always be found in the active protoplasmic contents, but when these cells pass into the
inactive condition, they are deposited in the cellwalls. The alkaloids found in the leaves are, however, never crystalline; the reason for this may be
that these organs produce a common alkaloidal base
which is elaborated into the respective alkaloids.
The total amount of alkaloids, as well as the relative proportions of different ones, varies greatly in
individual samples of bark. In a general way it may
be said that the red bark contains from 5 to 7 per
cent (occasionally more), of which about one-fifth
to two-fifths is quinine; calisaya runs about 6 to 8
per cent, of which approximately one-half is quinine ;
Ledger bark averages from 6 to 10 per cent, with
usually three-fourths of this quinine. One of the
richest specimens was a sample of Ledger bark containing 14.5 per cent of alkaloids. Generally speaking,
the root barks contain more than the stem barks.
Many investigators, particularly Rabe and his coworkers, have carried on extensive studies directed
toward the synthesis of cinchona alkaloids. Both
hydroquinine and hydroquinidine have been totally
synthesized by Rabe. He suggested the name ruban
for the parent substance of the natural cinchona
alkaloids and named the latter as ruban derivatives.
Thus cinchonine and cinchonidine are named 3vinylruban-9-ol, quinine and quinidine are designated
6'-methoxy-3-vinyl-ruban-9-ol. For an excellent review of the investigations on the synthesis of these
alkaloids see Henry's Plant Alkaloids, 1949. In 1944
Woodward and Doering
(J.A.C.S., 1944, 66, 849;
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1945, 67, 860) reported the first total synthesis of
quinine; they started with 7-hydroxyisoquinoline, CoH7NO, a compound previously prepared synthetically.
Besides the natural bases there occur a number of
alkaloids formed by the alteration of these natural
bases, or in some cases molecular compounds of two
of the natural bases.
Chinoidine or Quinoidine occurs as a dark brown
powder or a black pitch-like mass; it is the alkaloidal
residue remaining after the extraction of the four
principal alkaloids of cinchona and their dihydro derivatives. This substance still appears in commerce as
an inexpensive febrifuge but its value as an antimalarial isslight. Besides unaltered alkaloids, it contains bases which have been modified by the action of
heat and chemical agents.
The following is a list of alkaloids of cinchona not
described elsewhere in this book. For a discussion of
quinine, quinidine, cinchonine and cinchonidine, see
under these titles; for additional data on chemical and
physical properties of all of the cinchona alkaloids see
Henry's Plant Alkaloids, 4th ed., 1949.
Aricine or quinovatine, C23H26N2O4, found in the
C. cordifolia var. Pelletieriana; melting point, 188° ;
specific rotatory power, in alcohol, — 58.3°, in acid,
14.5°.
+ Cinchotine,
C19H24N2O, also known as dihydrocinchonine and cinchonifine, found in many species of
cinchona, usually a constituent of commercial cinchonine and also prepared by the catalytic hydrogenation of cinchonine. Crystallizes in prisms, melting
point of 267°. It is diacidic.
Conquinamine. C19H24N2O2. — This alkaloid, discovered by Hesse, occurs in C. succirubra, C. rosulenta
and in other species. It forms triclinic crystals melting at 121°. isomeric with aricine, like it occurs in
Cusconine,
the cusco bark. This bark also contains, according to
Hesse (Ann. Chem., 1880, 200), cuscamine, cuscamidine and cusconidine, the compositions of which are
unknown.
Dicinchonine, C38H44N4O2, found in the C. rosulenta and C. succirubra, also known as dicinchonicine
and as apodicinchonine. Its melting point is 40°.
Diconquinine, C40H46N4O3, also known as diquinicine or apodiquinidine, forms the chief ingredient of
the mixture known commercially as quinoidine.
Hydro cinchonidine, C19H24N2O, also known as dihydrocinchonidine and cinchamidine, first isolated
by Forst and Borhinger (Ber., 1881, 14) from C.
Ledgeriana, also occurs in other species. It may be
prepared by hydrogenation of cinchonidine. Hydrocinchonidine crystals melt at 232°; its salts exhibit
neither fluorescence nor give the thalleioquin reaction.
Hydroquinidine (dihydro quinidine) , C20H26N2O2.2J4H2O, is found in commercial quinidine. It is crysreaction.talline, melts at 169°, and responds to the thalleioquin
Hydroquinine (methylhydrocupreine) , C20H26N2O2.2H2O, also known as dihydroquinine, was discovered by Hesse in the mother liquors from C.
Ledgeriana after quinine sulfate has been crystallized
(Ber., 1882, 15). It is a frequent constituent of commercial quinine sulfate. It is a diacidic base giving the
thalleioquin reaction; its crystals melt at 173.5°.
Hydroquinine is effective against malaria (see MacGilchrist, Indian J. Med. Res., 1915, 3, 1). Morganroth and Hallberstadter (Berl. klin. Wchnschr., 1911)
stated that it will bring about a disappearance of
trypanosomes from infected animals, which quinine
will not do. It was also commended by Lenzmann
(Munch, med. Wchnschr., 1912, p. 2193) as a local
application in whooping-cough. Commercially, it is
of importance as a material for the manufacture of
hydrocupreine (see Ethylhydrocupreine Hydrochloride). The dose of the hydrochloride is from 200 to
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600 mg. (approximately 3 to 10 grains) ; it is sometimes given hypodermically.
Javanine. — Found in the C. Calisaya var. Javanica,
composition unknown.
Paricine, Ci«Hi8N20, found in C. succirubra, melts
at 136°, forms amorphous salts.
Quinamine, C19H24N2O2. — Hesse discovered this
cinchona alkaloid in the bark of C. succirubra, later
finding it in several other species, particularly C.
Ledgeriana. Its melting point is 185°.
Quinicine, C20H24N2O2, was first prepared by
Pasteur, 1853, by heating quinine bisulfate and subsequently by Hesse in a similar manner from
quinidine; the latter named it quinotoxine. It also
occurs naturally in cinchona bark.
In addition to the numerous alkaloids, several other
substances have been found in cinchona barks. The
more important of these are as follows:
Cinchofulvic Acid. — The cinchonic red of Reuss,
identical with the insoluble red coloring matter of
Pelletier and Caventou, C12H14O7, is an odorless,
reddish brown substance, almost insoluble in water
and in ether, soluble in alcohol. It yields protocatechuic acid, C7H6O4, when fused with potassium
hydroxide. It is most abundant in the red bark (over
10 per cent), and least so in the pale.
Cinchotannic Acid, Cinchotannin, C14H16O9, is
present as a glycoside in cinchona barks in the proportion of 3 to 4 per cent. It has a brownish-red
color, a sour and astringent taste, is soluble in water
and alcohol, and produces precipitates with salts of
iron which vary in color according to the variety of
bark, being deep green with the pale bark, blackishbrown with the yellow, and reddish-brown with the
red. Rembold found that when cinchotannic acid is
boiled with diluted sulfuric acid, cinchonic red is
produced, sugar being formed at the same time.
Quinic Acid (Hexahydro-1 ^,4-5-tetrahydroxybenzoic Acid), C7H12O6. — This acid was isolated as
early as 1790 by Hofmann, an apothecary of Leer,
who obtained it as the calcium salt from cinchona.
It exists in a number of important plants — ivy, oak,
elm, ash, coffee, etc. The crystals are transparent and
colorless, of sour taste, soluble in water, less soluble
in alcohol, and almost insoluble in ether; they melt
at about 162°. Quinic acid is nontoxic and seems,
like other vegetable acids, to be decomposed in the
system, forming, when taken as an alkaline salt, a
carbonate of the alkali in the blood, and rendering
that fluid alkaline. Several salts of quinic acid were
at one time used in medicine.
Quinovin, Kinovin, or Chinovin, C38H62O11. —
This bitter glycoside probably exists, in greater or
less proportion, in all the cinchona barks. It is
white, uncrystallizable, almost insoluble in water,
but readily dissolved by alcohol and ether. Quinovin
may be hydrolyzed to quinovic acid, C24H38O4, and
the sugar mannitan, CeH^Os.
Quinovic Acid (Kinovic Acid), C30H46O5, occurs
as white, rhomboidal crystals, insoluble in water,
slightly soluble in ether or alcohol, but very soluble
in ammonia and the fixed alkalies, forming solutions
that froth greatly. On adding acid to an alkaline
solution of quinovic acid, a hydrated quinovic acid
precipitates as a voluminous jelly, the content of the
vessel gelatinizing.
The odor of cinchona appears to be due to a
volatile oil, which Fabroni and Trommsdorff obtained by distallation with water. The oil is lighter
than water, is of a thick consistence, and has a
bitterish, acrid taste, with the odor of bark.
Cinchona Preparations. — Among the many dosage forms of cinchona which have been employed,
Compound Cinchona Tincture enjoyed wide popularity as a bitter tonic. The N.F. IX gave the following formula for its preparation: Dampen 100 Gm.
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of cinchona, in moderately coarse powder, 80 Gm.
of bitter orange peel, in moderately coarse powder,
and 20 Gm. of serpentaria, in fine powder, with
sufficient of a mixture of 130 ml. of alcohol, 15 ml.
of diluted hydrochloric acid, and 50 ml. of water,
pack into a percolator, pour the remainder of the
menstruum on the drug, and macerate during 2
hours. Then percolate rapidly, completing the extraction with a mixture of 2 volumes of alcohol and
1 volume of water, and collecting 875 ml. of percolate. To this add 70 ml. of glycerin, mix, and assay
the liquid. Finally adjust the tincture to a potency
of 450 mg. of cinchona alkaloids in 100 ml. by addition of a mixture of 20 volumes of alcohol, 2.5
volumes of glycerin, 0.5 volume of diluted hydrochloric acid, and 7 volumes of water. The N.F. gave
the usual dose of this preparation as 4 ml. (approximately 1fluidrachm).
Another preparation which had some popularity is
Cinchona Alkaloids Elixir, the N.F. IX formula for
which was as follows: Dissolve 2 Gm. of quinine
sulfate, and 1 Gm. each of cinchonidine sulfate and
cinchonine sulfate in 900 ml. of aromatic elixir; add
50 ml. of compound amaranth solution and enough
aromatic elixir to make 1000 ml. Filter, if necessary,
until the product is clear. The usual dose of this
bitter tonic was given as 8 ml. (approximately 2
fluidrachms) .
Uses. — At one time cinchona and its preparations
were used for the treatment of malaria. More recently it has been used, particularly in the form of
tincture, as a bitter stimulant of appetite and gastric
digestion. In large dose cinchona exerts an irritant
effect on the stomach and may occasion nausea and
even vomiting. If the dose of the cinchona bark has
been large enough, symptoms of cinchonism may
result (see Quinine).
Dose, 1 Gm (approximately 15 grains) one to four
times daily.
Cinchonidine Sulfate, N.F. IX. Cinchonidince
Sulfas. Cinchonidinium Sulfate. (Ci9H22N20)2-H2SO4.3H2O. — "Cinchonidine Sulfate is the sulfate
of an alkaloid obtained from cinchona." N.F. IX.
Cinchonidine, the levorotatory isomer of cinchonine,
is obtained from the mother liquors remaining after
the separation of quinine from cinchona. The liquors
are treated with Rochelle salt, which precipitates the
cinchonidine and any quinine which may be in solution. The bases are liberated from their tartrates by
solution in sulfuric acid followed by treatment with
sodium hydroxide. The quinine contained in the precipitate isremoved by macerating the wet precipitate
with small quantities of alcohol, the quinine being
about twenty times as soluble in the alcohol as cinchonidine.
Cinchonidine base is a diacidic base and may be
readily distinguished from quinine and quinidine by
absence of fluorescence in solutions of its salts and
by not giving the thalleioquin reaction.
"Cinchonidine Sulfate occurs as white, glistening,
silky needles, or prisms. It is odorless, has a very
bitter taste, and is affected by light. A solution of
Cinchonidine Sulfate in water is levorotatory. Its
solutions in water are neutral or alkaline to litmus
paper. One Gm. of Cinchonidine Sulfate dissolves in
about 65 cc. of water, in about 90 cc. of alcohol,
and in about 620 cc. of chloroform. One Gm. of Cinchonidine Sulfate dissolves in about 22 cc. of water
at 80°, and in about 41 cc. of alcohol at 60°. It is
nearly insoluble in ether." N.F. IX. For standards
and tests see U.S.D., 24th ed., p. 286.
Cinchonidine influences the system in a manner
similar to that of quinine (see also under Cinchonine
Sulfate). The mean blood plasma concentration
effective in suppression of Plasmodium vivax or
P. falciparum malaria is 2.5 mg. per liter, which was
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obtained with a dose of 1 Gm. daily (0.25 Gm.
every 6 hours) for 4 to 6 days. Cinchonidine is
about one-half as active as quinine (Taggart et at.,
J. Clin. Inv., 1948, 27, No. 3, Part 2, 80). In these
studies no toxicity was observed on doses of 2 Gm.
or less daily, whereas 50 per cent of the cases treated
manifested cinchonism on a dose of 1.5 Gm. daily of
quinine.
Dose, 150 to 500 mg. (approximately 2l/2 to 7^
grains) four times daily, by mouth.
Cinchonine Sulfate, N.F. IX. Cinchoninoe Sulfas.
Cinchoninium Sulfate. (Ci9H22N20)2-H2S04.2H20. —
"Cinchonine Sulfate is the sulfate of an alkaloid
obtained from cinchona." N.F. IX.
Cinchonine, discovered in cinchona by Gomez in
1811, is present in nearly all species of the bark and
is especially evident in C. micrantha. Commercially it
is obtained from the mother liquor after separation
of quinine. The addition of sodium hydroxide to this
liquor precipitates the remaining alkaloids, chiefly
quinidine, cinchonidine and cinchonine. Because of
the sparing solubility of cinchonine in ether, this
precipitate is first extracted with ether to remove the
two other alkaloids, and the insoluble residue treated
with successive portions of boiling alcohol from
which the cinchonine crystallizes on cooling. The
latter contains quinidine from which separation is
effected by recrystallizing the cinchonine from boiling alcohol until it ceases to show fluorescence in
dilute sulfuric acid solution. To remove the 10 to 15
per cent of dihydrocinchonine which remains after
removal of quinidine, the cinchonine is generally reprecipitated as a cuprichloride from which the alkaloid is subsequently released.
Cinchonine is the dextrorotatory isomer of cinchonidine. The base is sparingly soluble in water,
more so in alcohol, ether and chloroform. It is a
strongly alkaline, diacidic base, forming two series
of salts, neutral and acid; cinchonine sulfate is a
neutral salt.
Cinchonine differs from quinine in rotating polarized light to the right, in the absence of fluorescence
in its solution, and in failing to respond to the
thalleioquin test.
The substance known as homocinchonine is an impure form of cinchonine.
Description. — "Cinchonine Sulfate occurs as white,
lustrous, prismatic crystals, and is permanent in the
air. It is odorless, has a very bitter taste, and is
affected by light. A solution of Cinchonine Sulfate
in water is dextrorotatory. A saturated solution of
Cinchonine Sulfate in water is neutral or alkaline to
litmus paper. One Gm. of Cinchonine Sulfate dissolves in about 60 ml. of water, in about 12.5 ml. of
alcohol, in about 47 cc. of chloroform, or in about
3230 ml. of ether. One Gm. of Cinchonine Sulfate
dissolves in about 33 ml. of water at 80°, and in
about 7 ml. of alcohol at 60°." N.F. IX. For standards
and tests see U.S.D., 24th ed., p. 286.
Cinchonine bisulfate, C19H22N2O.H2SO4.3H2O, may
be prepared by adding a mole equivalent of sulfuric
acid to one of cinchonine sulfate; the bisulfate is
freely soluble in water.
Uses. — Cinchonine, cinchonidine, quinidine and
quinine are equally effective as antimalarial agents,
according to the Madras (India) Cinchona Commission in 1867-8 (Napier, New Eng. J. Med., 1945,
233, 38) ; Sinton and Bird (Indian J. Med. Res.,
1929, 16, 725) confirmed the earlier report. The rates
of absorption and the concentrations attained in the
blood plasma with the alkaloids quinine, quinidine
and cinchonidine have been found to be similar.
After oral administration the maximum concentration
in the blood plasma is reached within 1 to 3 hours
and is almost as high as after intravenous administration; after 24 hours only traces remain in the
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blood and doses every 6 hours are required to maintain therapeutic effect (Taggart et al., J. Clin. Inv.,
1948, 27, No. 3, Part 2, 80). Because the concentration in the plasma is lower, it was formerly thought
that cinchonine was poorly absorbed, but Zubrod
et al. (Fed. Proc, 1946, 5, 216) found that it is
absorbed as well as the other three alkaloids; the
plasma level with cinchonine is lower because of more
rapid degradation to its carbostyril in the body. The
mean blood plasma concentration effective in suppressing Plasmodium vivax malaria is 0.1 mg. per liter,
which was obtained with a dose of 1 Gm. daily (0.25
Gm. every 6 hours) for 4 to 6 days (Taggart et al.,
loc. cit.). It is therefore about one-half as active
as quinine and equally as active as cinchonidine. For
P. falciparum malaria, however, a mean plasma level
of 1 mg. per liter was required, which was obtained
with a daily dose of about 2 Gm. Cinchonine has
been recovered in the urine to the extent of 85 per
cent of the oral dose, as follows: cinchonine, 5 per
cent; the carbostyril of cinchonine, 55 per cent; and
the second metabolic product of cinchonine, 25 per
cent (Earle et al., ibid., 87). The carbostyril is 2hydroxycinchonine and the second metabolic product
contains another oxygen atom on the quinuclidine
nucleus. The degradation to the carbostyril occurs
rapidly but the second metabolic product forms
slowly. The carbostyril is produced by a flavoprotein
enzyme found in the liver which is not dissociable
from the flavoprotein liver aldehyde oxidase (Knox
et al., Fed. Proc, 1946, 5, 185) ; anaerobically this
enzyme is reduced by cinchonidine and the carbostyril
is reduced during the oxidation of aldehyde. It was
suggested that antimalarial activity is related to the
tendency of the cinchona alkaloid to be oxidized to
its carbostyril in the body. Since the effective plasma
concentration is so much lower than in the case of
the other cinchona alkaloids and it is so quickly
metabolized to its carbostyril, Earle et al. (loc. cit.)
studied the antimalarial activity of the latter to determine if the metabolic product might be more
active. But the dose required of 2-hydroxycinchonine
was five times that of cinchonine and the mean
effective blood plasma level was 3.4 mg. per liter.
By contrast quinacrine is effective at a plasma concentration of only 0.03 mg. per liter. All of these
drugs act on the trophozoite or erythrocytic form
of the malarial parasite (see also discussion under
Quinine and Quinacrine. Doses of 3 to 4 Gm. daily
of cinchonine cause cinchonism in most patients but
2 Gm. or less is well tolerated.
Rogers (Brit. Al. J., 1918, 2, 459) used cinchonine
dihydrochloride intramuscularly with satisfactory results in all forms of malaria, especially in the malignant tertian variety. Kapff (Deutsche med. Wchnsclir.,
1921, 47, 10) employed it in place of quinidine for
the treatment of cardiac arrhythmias. Cinchonine
salts have been employed as bitter stomachics but
other less toxic agents are available.
The average dose of cinchonine sulfate is 150 mg.
(approximately 2l/2 grains) ; the antimalarial dose is
250 to 500 mg. (approximately 4 to ll/2 grains) four
times daily by mouth.
Cinchophen Compounds. — A number of derivatives or compounds of phenylcinchoninic acid have
been introduced under various trade names as remedies in rheumatism and gout. The action of these is
essentially similar to that of the official cinchophen
(see Part I).
Atoquixol. Atochinol. Allyl-phenylcinchoninate. —
This ester of phenylcinchoninic acid occurs as odorless,
yellowish crystals, insoluble in water, sparingly soluble in alcohol. It appears to possess the characteristic
anodyne and eliminant powers of phenylcinchoninic
acid and has been used in the treatment of rheumatism, gout, neuralgia, etc., in doses of 0.5 to 1 Gm.
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in
this country. 7lA to 15 grains). It is not available
Farastan. — This is a combination of 14 parts of
cinchophen and 1 part of monoiodocinchophen; it is
supplied
mixture. in capsules containing 3)4 grains of the
Oxyl-Iodide (Lilly). Cinchophen Hydriodide. —
This compound represents approximately 67 per cent
of phenylcinchoninic acid and i3 per cent of iodine.
Its effects would seem to be due more to the iodine
than to the cinchophen portion. It is marketed in
3-grain tablets, of which 2 are taken after meals; also
as a mixture with an equal part of cinchophen.
Citronella Oil. — There are a group of closely
allied grasses which yield sweet-scented volatile oils.
Of these volatile oils, which are sometimes spoken of
collectively as Indian grass oils, there are at least five
commercial varieties, namely, the oils of citronella,
lemon grass, palmarosa, ginger grass, and of vetiver.
The botany of the sweet-scented grasses from which
perfumery oils are obtained has been somewhat confused. Stapf (see Schim. Rep., April, 1907, p. 20)
divided them into three groups, the Cymbopogon,
Andropogon and Vetiveria.
Cymbopogon Nardus Rendle (Andropogon nardus
L.) (Fam. Gramineoe) yields citronella oil. It grows
in Ceylon, the Malaccan Peninsula, India and to some
extent in tropical East Africa. There are two principal varieties, the one, Lana Batu, grows widely in
Ceylon and yields an oil relatively poor in geraniol
and is the principal source of the oil of commerce.
The second variety, known as Maha pangiri, is generally cultivated in the Straits Settlements and in
Java. This latter oil has a lower specific gravity, a
lighter color and is claimed to be superior in quality.
Citronella oil (Oleum citronella;) is produced in
Ceylon, the Straits Settlements, close to Malabar, the
Malay Peninsula and Java, the last named being the
most highly esteemed. The oil is of a yellowish -green
color, having a characteristic odor and pungent taste.
Its specific gravity ranges from 0.885 to 0.912 and its
refractive index (at 20°) from 1.468 to- 1.485. The
most important constituents of this oil are geraniol
and citronellal, which together may make up as much
as 93 per cent of the oil; methyl heptenone, terpenes
and terpene alcohols and acids have also been isolated.
It is largely used as a perfume and serves as a repellent of mosquitoes and other insects. The insectrepelling property has been attributed to methylheptenone.
Cobalt. Co (58.94). — This element of the iron
group was discovered in 1735 by G. Brandt, a German
chemist. It was named for the German word meaning
goblin, because its ores gave such trouble in smelting
operations by which other metals, notably iron, were
supposed to be obtained. Cobalt is a steel-gray,
slightly pinkish, ductile metal. The specific gravity is
8.9 at Cobalt
20°; melting
1480c. form
It is indissolved
byacids.
occurs point
in metallic
meteorites.
The common cobalt minerals are compounds with
sulfur or arsenic; cobaltite is a sulfarsenide, smaltite
an arsenide, while linnceite, wad or cobalt bloom is a
sulfide.
The large producers of cobalt are the Belgian Congo
and the area about Cobalt City, in the province of
Ontario, Canada. Here the arsenides of cobalt and
nickel are associated with silver and constitute a
valuable by-product of the silver mining of that
district.
Cobalt forms cobaltous and cobaltic compounds, in
which it has a valence of 2 and 3, respectively. The
former are more numerous and more stable. Soluble
cobaltous salts, by virtue of the fact that they are
blue when they are more or less dehydrated and red
when fully hydrated, find important uses as indicators of the content of moisture in desiccants.
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Cobalt is similar to nickel in many of its properties.
Its largest use is in the alloy known as stellite, which
is corrosion-resistant and extremely hard, even at red
heat. It is also a constituent of magnet steels, tool
steels, and rust-resistant steels. The earliest use of
cobalt compounds, especially of the oxide, was in
ceramics. Cobalt compounds produce a characteristic
blue color in glass and pottery, known as cobalt blue,
which is due to a colloidal dispersion of silicate or
borate of cobalt.
Physiological Actions and Uses. — The role of the
trace amounts of cobalt found in human tissues was
not known until recently, when it was discovered that
one of its functions, at least, is that of serving as the
coordinating atom in the complex molecule of vitamin B12. While it is difficult to produce cobalt deficiency in animals because of the low requirement of
the element it has nevertheless been demonstrated that
its lack may result in anemia and that its presence
leads to more complete utilization of iron in hemoglobin synthesis.
There is evidence that cobalt inhibits the respiration
of microorganisms as well as animal tissues and
tumors (Burk et al., J. Biol. Chem., 1946, 165, 723)
and that it does so by inhibiting -SH groups of
enzyme systems (Barron, /. Bact., 1948, 55, 727).
Daily subcutaneous injection of cobaltous chloride,
in rats, at the rate of 2.5 mg. per Kg. of body weight,
resulted in an increase of more than 30 per cent in
erythrocyte count and content of hemoglobin in
blood; to produce a similar effect from oral administration, within the same period of time, required 40
mg. per Kg. (Stanley et al., Proc. S. Exp. Biol. Med.,
1947, 66, 19). These dosages were without significant toxic effects, but rats receiving injections of
10 mg. per Kg. averaged a 24 per cent loss of weight
in six weeks, and others receiving 40 mg. per Kg.
failed to survive longer than eight days. Polycythemia
has been produced in a variety of animal species by
feeding or ingestion of cobalt; this effect appears not
to have been observed in man.
Oral administration of 100 mg. of cobaltous chloride, 3times daily, for periods up to four weeks, produced a more or less favorable reticulocyte response,
with rises in red-cell, hemoglobin and hematocrit
values, in only about one-third of the anemic patients
treated by Berk et al. (New Eng. J. Med., 1949, 240,
754). Chief manifestations of toxicity from this treatment were anorexia, heartburn, nausea and vomiting;
intravenous injection of 50 mg. of cobaltous chloride
dissolved in isotonic sodium chloride solution produced burning sensations and flushing of the face if
less than 2 hours was required for the injection.
LeGoff (/. Pharmacol., 1930, 38, 1) found that in
amounts ranging from 10 to 50 mg. cobalt salts cause
in humans a dilatation of the blood vessels and a
lowering of blood pressure by an action upon the
sympathetic nervous system.
In 9 patients suffering with chronic suppurative
infections oral administration of 20 to 60 mg. a day
of cobaltous chloride, for a period of 2 to 11 weeks,
produced reticulocytosis within 6 days, followed by
increases in red-cell counts, in hemoglobin values, in
hematocrit levels, in blood volume and in total circulating hemoglobin (Robinson et al., New Eng. J.
Med., 1949, 240, 749).
Wolf and Levy (Arch. Int. Med., 1954, 93, 387)
treated 4 patients with sickle-cell anemia with oral
doses of 300 mg. of cobaltous chloride daily for 6
weeks; in all 4 there was both symptomatic and
hematologic improvement. These clinicians noted that
in doses of 300 mg. daily there is frequently nausea,
vomiting, anorexia and diarrhea; some patients develop erythema multiforme or urticarial reaction.
A difference of opinion has arisen concerning the
possibility that cobalt therapy may cause thyroid dys-
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function. Kriss et al. (J.A.M.A., 1955, 157, 117) reported that several children receiving cobalt therapy
developed thyroid hyperplasia and goiter. Klinck
(ibid., 1955, 158, 1347) observed that of 10 children
with thyroid hyperplasia 5 received cobalt chloride
and ferrous sulfate; while not considering goitrogenic
activity of cobalt to be established, Klinck suggested
that study of a large series of cases is indicated. A
patient with sickle cell anemia receiving 300 mg. of
cobaltous chloride daily for 44 days was found to
undergo a considerable reduction of radio-iodide uptake during therapy (Keitel, ibid., 1955, 158, 1390).
On the other hand Jaimet and Thode (ibid., 1955,
158, 1353) found no significant change in thyroid
function in 17 children receiving a cobalt-iron preparation daily for 10 weeks. Holly (ibid., 1955, 158,
1349) could find no evidence of deleterious effect of
cobalt or cobalt-iron therapy upon the liver of pregnant women nor any sign of thyroid enlargement;
in his report Holly called attention to the fact that
while the hematological decreases in pregnant women
can be prevented in about 80 per cent of patients by
administration of an iron salt, normal values can be
maintained in nearly 100 per cent of the patients
when cobalt is combined with iron. In experiments
with rats, Scott and Reilly (ibid., 1955, 158, 1355)
found that addition of cobaltous chloride to the
drinking water to maintain a daily intake of 60 mg.
per Kg. of body weight had no appreciable effect on
iodine metabolism nor upon thyroid function or
growth. [V]
Cobaltous chloride, C0CI2.6H2O, sometimes simply
called cobalt chloride, occurs as red crystals or a red,
crystalline powder; it is very soluble in water and in
alcohol, and soluble in glycerin. The salt is slightly
deliquescent.
Coca. Cocce Folia, U.S.P. VIII; B.P. 1898. Coca
Leaves. Cuca. Hayo. Ipadu. — The dried leaves of
Erythroxylon Coca Lamarck (Fam. Erythroxylacece) ,
known commercially as Huanuco Coca, or of E.
truxillense Rusby, known commercially as Truxillo
Coca, or of E. novogranatense (Morris) Hieron.
known commercially as Peruvian Coca (Fam. Erythroxylacece).
The coca plants are shrubs and trees native to South
America, where they are found growing on the eastern
slopes of the Andes at an elevation of from 1500 to
6000 feet and in a moist, warm atmosphere. The
records of the early Spanish explorers describe the
use of their leaves by the natives and their stimulating
effects. They were revered by the ancient Incas as a
symbol of royalty.
Although several species of Erythroxylon are believed to be used in the production of cocaine, the
principal sources of coca leaves are E. Coca Lam.
and E. truxillense Rusby. E. Coca is believed to be
native to the mountains of Peru and Bolivia, from
which it spread to other parts of South America until
today it occurs in many parts of tropical America.
In the wild form, this shrub attains a height of 12 to
18 feet, but cultivated plants are pruned and rarely
exceed 6 feet. It possesses slender branches bearing
alternate, entire, broadly elliptical to obovate leaves,
clusters of 3 to 5 small yellow flowers and red,
1-seeded drupes. The Trujillo coca of South America
is a variable small-leaved form of E. Coca which
under abnormal climatic conditions becomes somewhat inferior.
E. truxillense Rusby, the source of Peruvian or
Truxillo coca according to Rusby, is believed to be
native to Peru. It is regarded by Thorns (Handbuch
d. Pharm., 1931, 1220) as synonymous with E. novogranatense (Morris) Hieron. but the latter species is
stated by Schulz to be a native of Colombia and was
not regarded by Dr. Rusby as the source of Peruvian
coca, which he thought was from E. spruceanum
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Burck. Rusby renamed the latter species E. truxillense
because the species epithet, spruceanum, had been
previously applied by Psyritish to a different species.
Later, E. M. Holmes pointed out that the plant
should not be regarded identical with E. spruceanum
of Burck, since the latter possesses styles which are
longer than the stamens while in E. truxillense, the
length of the stamens exceeds the styles; also, that
the leaves agree with those of E. Coca in having a
ridge on the upper side of the midrib, and, except in
the shape of the leaves, it closely approaches E. Coca.
Holmes considered E. spruceanum might be the longstyled form of the plant of which E. truxillense represents the short-styled form (Pharm. J., 1910, 936).
Ballard has shown that the leaves of wild coca shrubs
become modified in morphological aspect as the result
of escape from cultivation, and histological studies by
Ballard appear to show that E. truxillense, E. novogranatense and E. carthagense are closely related
(/. A. Ph. A., 1926, 15, 343, 433, 530). It appears
possible that E. truxillense and E. novogranatense
may be varieties of E. Coca.
The coca leaves of commerce are derived from
plants cultivated in Peru, Bolivia, Java or Ceylon.
The mature leaves are plucked by the natives and
dried, later stored in dry buildings and packed in
bales or bags for shipment.
Huanuco or Bolivian coca leaves are short and
stoutly petiolate, broadly elliptical to broadly obovate,
glabrous, slightly coriaceous, from 2.5 to 8 cm. in
length and from 1.5 to 4 cm. in breadth, greenish
brown to brown with an entire margin, acute to
occasionally obtuse apex and acute base. The reddishbrown midrib is prominent on the lower surface and
exhibits a ridge on the upper surface and projects
slightly beyond the blade as an apiculus. On either
side of the midrib are two conspicuous curved lines.
The odor is slightly tea-like, the taste bitter and
slightly aromatic followed by a sensation of numbness.
Peruvian or Truxillo coca leaves differ from the
Huanuco variety by being smaller, thinner and membranous, the blades elliptical to rarely obovate and
the lateral lines on the lower surface being either incomplete, obscure or absent. Java coca resembles the
Truxillo variety.
The chief diagnostic histological features of coca
leaves are the lower epidermal cells which are polygonal in surface view, each exhibiting a papilla, the
stomatal apparatus with 2 parallel neighbor cells with
their longer axes parallel to the stoma, the monoclinic
prisms of calcium oxalate up to 15 microns in diameter and the crystal fibers containing these prisms
which accompany the sclerenchyma of the stronger
veins.
Uncertainty exists as to the real botanical sources
of Java and Ceylon coca. Ballard claimed that the
leaves of a Ceylon coca plant which he examined histologically (/.A. Ph. A., 1926, 15, 530) were substantially identical in structure with E. truxillense and
that E. novogranatense appears to be distinct from
E. Coca and E. truxillense.
For more detailed description of coca leaves see
VS.D., 21st ed., p. 1260. A listing of the alkaloids of
coca is given under Cocaine, Part I.
Coca Chewing. — In South America many of the
Indians habitually chew the leaf of the coca plant,
generally mixed with some alkali as ashes or lime. It
is said that they will go for days performing hard
physical labor without any other food. It is, however,
clearly proved that these leaves do not take the place
of nutriment, but simply put off the sense of fatigue
and hunger. Eventually, however, this habit undermines the health and finally the inveterate, excessive
coca-chewer can be recognized by his uncertain step,
general apathy, sunken eyes, trembling lips, green and
crusted teeth, and excessively fetid breath. An in-
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curable insomnia may develop, emaciation becomes
extreme, dropsy appears, and death may result from
a condition of general marasmus. It has been believed
that the effects of coca chewing are different from
those produced by the alkaloid cocaine and hence it
has been by some argued that the coca leaf contains
other active principles, but there is no difference between the results of the habit as practiced by the
South American Indian and the use of the alkaloid
by depraved Caucasians, which cannot be readily explained on the ground of difference in the mode of
taking the stimulant or racial variation. While there
are other active substances present in the coca leaf, it
is not manifest that they modify the action of the
crude drug materially. For a study of the uses and
effects of its alkaloids see Cocaine, Part I, and Tropacocaine, Part II.
Uses. — Coca was at one time used for its stimulant
effect on the central nervous system in the treatment
of neurasthenia and other debilitated conditions. The
danger of the formation of the habit, however, far
outweighs any value the drug may possess. Decocainized leaves are employed in the manufacture of
extracts for coca beverages. The U.S.P. VIII recognized afluidextract, the dose of which was from 2 to
4 ml. (approximately 30 to 60 minims), and a wine
the dose of which was 8 to 30 ml. (approximately 2 to
8 fluidrachms) .
Cocculus, N.F. VII. Cocculus Indicus. Fish Berry.
Indian Berry. Levant Berries. Fructus Cocculi. Fr.
Coque du Levant. Ger. Kokkelskorner. Fischkorner.
Kokkelsamen. "Cocculus is the dried ripe fruit of
Anamirta Cocculus (Linne) Wight et Arnott (Fam.
Menispermacece) ." N.F. VII.
Anamirta Cocculus (L.) Wight et Amott (A. paniculata (Colebrooke) is a perennial woody climber with
alternate, pinnate-reticulate, cordate leaves, axillary
panicles of small flowers and red kidney-shaped
drupaceous fruits, each containing an urn-shaped seed.
It is indigenous to mountainous districts of southern
Asia and the East Indies and is particularly abundant
along the Malabar coast.
"Unground Cocculus. — Reniform, 8 to 13.5 mm.
long, 7 to 11 mm. wide, and 7 to 10 mm. thick, dusky
reddish brown to moderate brown, wrinkled; hilum
and micropyle indicated on the surface of the fruit,
close together, separated by a shallow sinus, and connected by an obscure ridge extending around the fruit ;
distinct circular stalk-scar; pericarp tough, about 1
mm. thick, outer layer brownish, inner layer yellowish, enclosing a single seed. Seed urn-shaped, longitudinal and transverse sections crescent-shaped. Powdered Cocculus. — Color moderate yellowish brown;
odorless; taste bitter, the seed intensely bitter; numerous fragments of epicarp ; fragments of endosperm
parenchyma, the cells containing aleurone grains up
to 50 microns in length, many fixed oil globules, and
acicular crystals, the latter soluble in diluted hydrochloric acid and insoluble in water, alcohol, and
potassium hydroxide T.S.; numerous thick-walled,
mostly non-lignified fibers ; tracheae spiral." NJ*. VII.
For further histological characteristics of cocculus see
Brewer, Pharm. Arch., 1943, 14, 353.
Its most important constituent is the neutral principle picrotoxin, which is official, of which it contains
from 1.5 to 5.0 per cent. The alkaloids menispermine
and paramenispermine , discovered by Pelletier and
Couerbe in 1834, appear to be inert. The picrotoxin
is found in the seed portion, while the alkaloids
menispermine and paramenispermine are found in the
fruit wall. Munch and Ponce (/. A. Ph. A., 1934, 23,
98) developed a method of bioassay based on the convulsant effect on mice.
Cocculus has been used in India to stupefy fishes.
Both its poisonous properties and any therapeutic
virtues it may contain depend upon picrotoxin. It has
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been used in medicine for destroying vermin in hair,
but it is an extremely dangerous drug ; several cases of
poisoning have occurred. A tincture (10 per cent,
w/v) was official in the N.F. VII for this purpose.
Cocillana. N.F. V. Huapi Bark. Trompilo. —
"Cocillana is the dried bark of Guarea Rusbyi (Britton) Rusby (Fam. Meliacece). Cocillana contains not
more than 5 per cent of wood or other foreign organic
matter." N.F. V.
The plant yielding cocillana is a tree indigenous to
the upper slopes of the eastern Andes in Bolivia. The
bark of this tree was long used by the aborigines as an
emetocathartic. It was introduced into this country by
Dr. H. H. Rusby in 1886. The bark of Guarea Bangii
Rusby has been substituted for the genuine (for description of trees yielding this substitute bark and
possible future substitutes see Bull. Torrey Bot. Club,
1922, 49, 262). This substitute may be distinguished
from the genuine article by the more reddish cast of
its cork, its tougher and more fibrous fracture, the
fibers projecting throughout the middle and inner
bark, by its smaller stone cells and less numerous
crystals. The powdered bark is light chocolate brown
whereas the genuine article is grayish -brown (Ballard,
/. A. Ph. A., 1922, 11, 781-787).
For detailed description of the general and microscopic appearance of cocillana see U.S.D., 22nd ed.,
p. 1328.
Cocillana contains a small quantity of an alkaloid,
called rusbyine, about 2.5 per cent of resin, 2.5 per
cent of fixed oil and a white crystalline hydrocarbon,
melting at 80°, sublimable, with an aromatic odor.
In doses of from 1.3 to 3.3 Gm. (approximately 20
to 50 grains) the bark causes vomiting, with prostration and some purging ; also, it is said, much sneezing,
dull frontal headache, and discharge from the nasal
mucous membrane. It has been used as a nauseating
expectorant, similar to ipecac, in various forms of
bronchitis.
Cocillana has been given in doses of 0.5 to 1 Gm.
(approximately iy2 to 15 grains). The N.F. V recognized a fluidextract, of which the dose was 0.6 ml.
(approximately 10 minims).
Coconut Oil, N.F. IX. Oleum Cocois. — "Coconut
Oil is the fixed oil obtained by expression or extraction from the kernels of the seeds of Cocos nucifera
Linne (Fam. Palmce) . Coconut Oil that has become
rancid must not be used." N.F. IX.
The coconut palm, Cocos nucifera L., is a tree widely
distributed throughout the tropical zone, especially in
the Philippines, South Sea Islands, Java, Ceylon,
Sumatra, and East and West Africa. As the tree requires a salty soil for its full growth it is rarely found
far from the ocean. The tree is 50 to 100 feet high,
the trunk terminating in a crown of about 20 pinnately compounded leaves 12 to 15 feet in length.
Flowers are borne in spadices appearing in the axils
of the leaves. Nuts develop when the tree is 6 or 7
years old, the productive peak being in the tenth to
the twelfth year. Each tree bears about 60 coconuts;
from an acre planted with coconut palms from 3000
to 6000 coconuts may be expected, depending on the
number of trees. The coconuts in turn yield from
1000 to 1600 pounds of copra-— the dried "meat" of
the seed, consisting of the white, fleshy endosperm and
small plug-like embryo embedded near its base — from
which about 60 to 65 per cent of oil may be obtained.
The nuts are harvested throughout the year. Formerly the natives boiled the crushed "meats" in water
and skimmed off the oil as it rose to the surface. The
common practice now is to split the nuts in half,
remove the coconut milk, and dry the former in the
sun or by artificial means until the "meat" may be
removed from the shell; this is further dried, until
the moisture content is below 8 per cent, so as to prevent mold growth and consequent deterioration of the
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oil. Preliminary drying of the "meat" in trays placed
in closed chambers containing sulfur dioxide prevents
development of microorganisms and produces a product of lighter color. The dried "meat," or copra, may
be crushed and the oil expressed in the producing
region, or the copra exported for similar treatment at
its destination. The press cake remaining after expression of the oil is used in the United States and
Europe as a livestock feed and especially where such
use is made of it copra, rather than oil, is shipped
into commerce.
Expression of oil is carried out at elevated temperatures and at pressures of 4000 to 5000 pounds per
square inch. After a period of storage in a settling
tank the oil is refined by agitation with a dilute solution of caustic soda, warmed with water and bleached
while warm with activated carbon or a mixture of
fuller's earth and carbon, filtered, and deodorized
under high vacuum with superheated steam. Coconut
oil is sometimes separated, by chilling, into stearin
and olein fractions; the former is used in the confectionery trade under the names coconut butter and
chocolate fats, the later finds use in cooking shelled
nuts prior to salting. Various grades of coconut oil,
differing in degree of refinement, are commercially
available. Coconut oil may also be separated by solvent extraction. For additional information concerning coconut oil see Jamieson, Vegetable Fats and Oils,
2nd edition, 1943; Bailey, Oil and Fat Products, 1945.
Annual world production of coconut oil is estimated
at about 1.2 billion pounds. In 1953 a total of 137,635,606 pounds of oil was imported into the United
States, the supplies coming from the Philippine
Islands, Netherlands, British East Africa, United
Kingdom, Ceylon, Mozambique and Switzerland.
Description. — "Coconut Oil is a pale yellow to colorless liquid at temperatures of 28° to 30°. It becomes
semi-solid at a temperature of 20° and is hard and
somewhat brittle, and has a characteristic fracture
below 15°. Its odor and taste are faintly characteristic of coconut; or it is odorless and tasteless. It is
readily subject to hydrolytic rancidity, and is affected
by light. Coconut Oil is readily soluble in ether, in
chloroform, in carbon disulfide, and in petroleum
bezin. It is insoluble in water." N.F. IX.
Standards and Tests. — Melting point. — The oil melts
between 22° and 25°. Specific gravity. — Not less than
0.916 and not more than 0.920, at 25°. Refractive
index. — Not less than 1.4477 and not more than
1.4495, at 40°. Acid value. — Not more than 0.55 ml.
of 0.1 N sodium hydroxide is required for neutralization of the free fatty acids in 10 Gm. of coconut oil.
Saponification value. — Not less than 251 and not more
than 262. Iodine value. — Not less than 7 and not more
than 10. N.F. IX.
Constituents. — Approximately 45 to 50 per cent of
the fatty acids in the glycerides of coconut oil consists of lauric acid, CH3(CH2)ioCOOH, 15 to 20 per
cent of myristic acid, CH3(CH2)i2COOH, and the
remainder of capric, caprylic, caproic, palmitic, stearic
and oleic acids. All of these acids, except oleic, are
saturated but, because they are of rather low molecular weight, coconut oil has a low melting point. The
fact that coconut oil, unlike most fats, does not show
gradual softening with increase of temperature but,
instead, melts relatively sharply, is attributable to the
narrow melting range of its predominant acids. The
low molecular weight of the fatty acid components
of the glycerides of coconut oil results in a high
saponification value and a low refractive index for
the oil.
Uses. — Coconut oil is used in large quantities to
manufacture soaps which are much less affected by
salt and hard waters than are ordinary soaps. The
relatively low molecular weight of coconut oil acids
produces soaps which are more soluble in water and

1644

Coconut Oil

less affected by the salting-out effect of electrolytes.
Formerly large quantities were used in the manufacture of margarines, but this use has declined. The confectionery trade utilizes a substantial proportion of
coconut oil.
In pharmacy coconut oil is used, especially abroad,
as an ointment base; advantages claimed for it are
ready penetration into the skin and an appreciable
water-absorbing property. It may be combined with
about half its weight of petrolatum to produce a base
of suitable consistency for some applications. Solid
and liquid soaps and shampoos made with coconut
oil are recognized in a number of official and unofficial formularies.
According to Parisi, the endopserm, or "meat," of
the coconut is a powerful taeniacide; the coconut is
said to be largely used in India as a vermifuge.
Storage. — Preserve "in tight, light-resistant containers." NJF. IX.
Comptonia. Comptonia peregrina (L.) Coulter
{Comptonia asplenifolia Gaertn.). Sweet Fern. Ferngale. Meadow-jern. (Fam. Myricacece.) — A shrubby
indigenous plant, named from the resemblance of its
leaves to the spleenwort fern. It grows in sterile soil,
from Nova Scotia to North Carolina and Michigan.
All parts of it possess a resinous, spicy odor. DeNicola
and Lynn (/. A. Ph. A., 1939, 28, 588) separated from
it a yellowish-brown oil containing about 20 per cent
of terpenes with a considerable amount of cineol. It
contains a considerable proportion of tannin and was
formerly used in diarrhea in the form of a decoction.
Condurango. Condurango Bark. Eagle-vine Bark.
Condor-vine Bark. The X.F. YII recognized condurango as "the dried bark of Marsdenia Condurango
Reichenbach filius (Fam. Asclepiadacea)." NJP. VII,
Marsdenia Condurango Reichenbach filius {Gonolobus Condurango Triana) is indigenous to Ecuador
but is also found growing in Colombia and other parts
of South America. The bark is prepared by pounding
the stem with a mallet to separate it, and then drying
it in the sun.
"Unground Condurango.- — In quills or transversely
curved pieces, up to 13.5 cm. long; bark 1 to 6 mm.
thick ; outer surface pale brown to dark brown, nearly
smooth and with numerous lenticels, or more or less
scaly and considerably roughened, the surface color
modified by fight- or dark-colored lichens, bearing
apothecia; inner surface pale brown to weak yellowish orange, longitudinally striate; fracture shortfibrous in the outer portion and granular in the inner
portion." X.F. VII. For the description of the histology and of powdered condurango see US.D., 23rd
edition, p. 341.
The literature on the chemistry of condurango is
confusing. Vulpius {Pharm. J., 1885) isolated from the
drug a glycosidal fraction called condurangin; this appears to have been a mixture, as are apparently other
preparations which have been designated by the same
name. A pure condurangin seems to have been prepared by Kern and Momsen {Arch. Pharm., 1938,
276, 463), who showed that their preparation lacks
the hemolytic action previously reported for other
preparations of the same name. Kern and Fricke
{Pharm. Zentr., 1939, 80, 349) identified another constituent of condurango, originally discovered bv
Kubler {Arch. Pharm., 1908, 246, 620), and called
conduritol, as a tetrahydroxycyclohexene. An alkaloid
resembling strychnine in its action is present in small
quantity. Carrara {Am. J. Pharm., 1892) isolated a
sterol-like substance which has been designated
conduransterin.
.Although condurango, while formerly used as an
aromatic bitter and astringent, has been claimed to
be inactive, condurangin has been reported to be a
violent poison, causing convulsions followed by paralysis. Chiriboga stated that 180 grains of the bark,
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which he took in the form of decoction, produced
considerable activity of the circulation, copious diaphoresis, increased secretion of urine, and even some
vertigo and disturbance of vision. Condurango was
used by the natives of South America in the treatment
of cancers and of syphilis but there is no evidence of
its usefulness in either condition.
Dose, 4 Gm. (approximately 60 grains).
Conessi Bark. Tellicherri Bark. Kurchi. — This
spongy, rust-colored, bitter bark of Holarrhena antidysenterica (Roxb.) Wall, a small apocynaceous tree
growing in India, has long been used in that country
in the treatment of amebic dysentery and diarrhea.
In 1858 Haines isolated from kurchi bark an alkaloid, found also in the seeds, which was named
urightine (from an old botanical name of the plant).
This alkaloid, now known as conessine, has since been
found in H. africana DC, in H. congolensis Stpf.,
and in another African species, H. uulfsbergii. Conessine hydrobromide is official in the International
Pharmacopoeia and is described in Part I. In addition
to conessine 15 other alkaloids have been reported to
be present in H. antidysenterica but there is some
doubt as to their identity. The more important of
these alkaloids are norconessine, isoconessine, kurchine,
kurchicine, holarrhenine and lettocine. For further
information concerning the chemistry of the alkaloids
see Henry's Plant Alkaloids, 1949.
Although the seeds of the plant apparently have
narcotic properties none of the alkaloids which have
been physiologically studied exerted such effects. Burn
(/. Pharmacol., 1914, 6, 305) investigated conessine
and holarrhenine; White {ibid., 1933, 48, 79) studied
norconessine; Bakhsh (ibid., 1936, 58, 361) experimented with kurchicine. conessine and isoconessine.
In sufficient dose all of the alkaloids kill by cardiac
depression; most stimulate unstriped muscle; several
have distinct amebicidal action. Bakhsh found the
strongest amebicidal action in isoconessine. which
kills in dilutions of 1 to 80,000. Stephenson {Brit. J.
Pharmacol. Chemother., 1948, 3, 237) found conessine
and its isomers isoconessine and neoconessine (the
two latter prepared by treating conessine with sulfuric
acid) to possess pharmacological actions very similar
to those of quinine and quinidine, having an action
like that of quinidine on the heart; they have, however, no antimalarial action, as observed on chickens.
The local anesthetic potency of conessine, measured
by intracutaneous injection into guinea pigs, is about
twice that of cocaine; isoconessine is 50 per cent
stronger than cocaine, while neoconessine is about as
active as cocaine.
Various parts of the tree have been used as medicinal agents in India and Persia from earliest times.
The first European reference to the plant was an
account by a Portuguese physician who recommended
it in 1563 for treatment of tropical dysentery. Since
that time many physicians, especially those who have
practiced in India, have commended its value in
amebic dysentery. The amebicidal power of conessine
has been experimentally demonstrated by Henry and
Brown {Lancet, 1928, 1, 108). On the other hand
Leake (J.A.M.A., 1932, 98, 195) found the alkaloids
of conessi bark of inferior value in clinical treatment
of dysentery; he used a bismuth -iodide salt of the
mixed alkaloids. For further information see Conessine
Hydrobromide, in Part I.
Conium. Poison Hemlock. Hemlock. Spotted Hemlock or Parsley. Fool's Parsley. St. Bennett's Herb.
Spotted Coivbane. — Conium maculatum is an umbelliferous plant, native of Europe, but naturalized in
the United States. It is sometimes referred to as cicuta
but this name properly belongs to another genus of
Umbellifera (see Cicuta). The conium usually grows
in clusters along road-sides or on waste grounds and
is found most abundantly near old settlements. It
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reaches a height of from 2 to 5 feet and is characterized by large, pinnately decompound leaves — the
lower being sometimes more than a foot in length,
the upper leaves being sessile and the lower petioled —
a spotted stem and umbels bearing white flowers in
June and July. The whole plant, during mid-summer,
exhales a fetid odor, compared by some to that of
mice, by others to that of the urine of cats. Narcotic
effects result from breathing for a long time air contaminated with the effluvia. The plant varies in narcotic power according to the weather and climate,
being most active in hot and dry seasons and in warm
countries.
All parts of the plant contain the toxic principle
coniine. The fruits were formerly recognized by the
U.S.P.; the leaves by the British Pharmacopoeia. The
fruits retain their activity much longer than the
leaves.
The fruit (sometimes incorrectly called conium
seed) is broadly ovoid, about 3 mm. long, and somewhat curved. The inner — flattened — side is marked
by a deep longitudinal groove and the outer — convex
— side with 5 pale yellow, somewhat crenate, ribs.
The odor of the fruit is slight, but if triturated with a
solution of potassium hydroxide it gives off a strong
disagreeable odor. For microscopical characteristics
and assay process see UJS.D., 22nd ed., pp. 1334-35.
Farr and Wright (Phartn. J., Feb., 1904) found the
average alkaloidal content of fresh seed to be 2.13 per
cent and of the commercial dried seed, 0.674 per cent.
The N.F. required not less than 0.5 per cent.
The activity of conium is due to the presence of five
alkaloids: coniine, methylconiine, conhydrine, pseudoconhydrine and coniceine.
Coniine, the most important of these, was discovered in 1827, by Giesecke. It is dextro-2-propylpiperidine, C8H47N. When pure it is a colorless,
strongly alkaline liquid with a mousy odor, similar
to that of the plant. It forms crystalline salts with a
number of acids. Coniine has been prepared synthetically in various ways. It is freely soluble in alcohol,
ether, and the fixed and volatile oils, and slightly
soluble in cold, less soluble in hot, water. It combines
with about one-fourth of its weight of water to form
a hydroxide. Methylconiine, l-methyl-2-propylpiperidine, C8H16N.CH3, is a colorless oily liquid. Conhydrine, discovered by Wertheim in 1857, is 2-(ahydroxypropyl) piperidine, C8H17NO; it is crystalline. Isomeric with it is pseudoconhydrine, which is
5-hydroxy-2-propylpiperidine, occurring in hygroscopic crystals. Of the six substances called coniceine,
some obtained in various ways from other conium
alkaloids, gamma-coniceine occurs in the drug; it is
2 -propyl- 1,4,5, 6-tetrahydropyridine, CsHisN. It is an
oily liquid. For detailed description of the chemical
structure of the conium alkaloids see Henry (Plant
Alkaloids, 1949).
Conium juice is supposed to be the narcotic used
by the Athenians to destroy the life of condemned
individuals, and by which Socrates and Phocion died.
The alkaloids of conium all have the same physiological properties, although there is a difference in
the degree of their power, coniceine and coniine being
the most toxic and conhydrine the least (Albahare
and Loffler, Compt. rend. acad. sc, 1908, 147, 996).
Their most important effect is a paralysis of the
peripheral endings of the motor nerves. In the account
of the death of Socrates reference is made to loss of
sensation as one of the prominent symptoms of his
poisoning and there is evidence that the drug has an
effect upon the sensory as well as upon the motor
nerves, but the dominant action is certainly upon the
motor system. Hayashi and Muto (Arch. exp. Path.
Phartn., 1901, 48) observed that the phrenic nerve
is more susceptible to the drug than the other motor
nerves of the body. It is evident, therefore, that if
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given in sufficient dose to control spasms, conium
would stop the movements of the diaphragm and
therefore cause death through asphyxia. The drug has,
however, been used in spasmodic disorders, such as
tetanus and acute mania, reputedly with good results
in some cases.
The dose of the fluidextract (Fluidextr actum Conii,
VIII) was 0.2 to 0.3 ml (approximately 3 to
5USJ>.
minims).
The alkaloidal salt, coniine hydrobromide, has been
used in doses of from 1.5 to 3 mg. (approximately
YiO to V20 grain).
Convallaria, N.F. VIII. Lily -oj-the-V alley Root.
Fr., Racine de tnuguet. Ger., Maiblumenwurzel. —
"Convallaria consists of the dried rhizome and roots
of Convallaria majalis Linne (Fam. Liliacece). Convallaria possesses a potency such that 0.1 Gm. of it is
equivalent to not less than 3 U.S.P. XII Digitalis
units." N.F. VIII.
Convallaria majalis L. is a low, acaulescent, perennial herb native to mountainous regions of Europe,
Asia and southeastern United States. It is widely
cultivated for the beauty and fragrance of its flowers.
The above-ground portion first exhibits two or three
oblong, parallel-veined leaves and later a slender onesided raceme of small, white, nodding, bell-shaped
flowers; the fruits are red berries. Both the root and
flowers were once official but the N.F. VIII recognized only the rhizome and roots.
"Unground Convallaria shows a horizontal or
oblique rhizome, elongated, usually branched, cylindrical, and from 1 to 3 mm. in diameter. Externally
it is light brown to moderate yellow. The rhizome
shows nodes with an occasional circular, hollow stemscar, and with 3 to 9 thin, tortuous, branching roots
moderate brown to moderate yellowish brown in
color, or root remnants or root-scars at each node ;
occasional terminal or lateral buds up to 8 mm. in
thickness and with numerous scales; and occasional
groups of annulate leaf-scars. The fracture is short or
somewhat fibrous." N.F. VIII. For histology and a
description of the powdered drug see US.D., 24th
ed., p. 326.
Constituents. — The characteristic principles of lilyof-the-valley are the glycosides convallamarin, convallatoxin, and convallarin. The first-named constituent, which has practically no cardiac activity, yields
on hydrolysis the aglycone convallamaretin, two molecules of L-rhamnose and one of D-glucose. The name
convallamarin is sometimes applied to a mixture of
the glycosides. Convallatoxin is the main cardioactive
material being, according to Karrer (Helv. Chim.
Acta, 1929, 12, 206), ten times as toxic to the frog's
heart as digitoxin and, according to Hans (Compt.
rend. soc. biol., 1948, 142, 1461), 16 times as active
as digitoxin on isolated rabbit auricle. Fieser and
Jacobson (J.A.C.S., 1937, 59, 2335) reported that the
aglycone of convallatoxin is identical with strophanthidin; this has been confirmed by Reichstein and
Katz (Chem. Abs., 1944, 38, 2046), who found that
the sugar component of convallatoxin is L-rhamnose.
Hence convallatoxin differs from cymarin (a glycoside of apocynum and of strophanthus) only in the
sugar component. Convallarin appears to be a saponin.
Convalloside, a water-soluble and strongly active
glycoside isolated from the seeds of C. majalis by
Schmutz and Reichstein (Pharm. Acta Helv., 1947,
22, 359), on hydrolysis yields convallatoxin and
D-glucose.
Uses. — Physiologically, convallaria exerts an effect
upon the heart very similar to that of digitalis. According to Major and Ledger (Am. Heart J., 1939,
18, 444) it differs from digitalis in the fact that it
has little or no cumulative tendency and does not
cause heart block and is apparently also more actively
diuretic. They have found it especially useful in
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cardiac decompensations associated with heart block
in which group of cases digitalis is a dangerous drug.
Marvin and White (J.AM. A., 1921, 77, 1868) found
that in auricular fibrillation, although it might reduce
the ventricular rate, it rarely led to clinical improvement and it was generally much inferior to digitalis
in heart diseases.
A water-soluble extract of the leaves, 1 part representing 30 parts of the dried leaves, was found to
have a potency of about 12 U.S.P. XII Digitalis Units
per 0.1 Gm. of extract and to undergo no deterioration after storase for several vears (see Hoick et al.,
J. A. Ph. A., 1945. 34, 149).
As with other digitalis-like drugs, convallaria causes
vomiting and purging when taken in overdose.
Dose, of convallaria root, from 200 to 600 mg. (approximately 3to 10 grains).
Copaiba, X.F. IX. Copaiba Balsam. — "Copaiba is
an oleoresin obtained from South American species of
Copaijera Linne (Copaiba Adanson) (Fam. Leguminosce)" XJF. IX.
Copaiba was first mentioned in a work published
by Purchas, in England, in 1625. It was introduced
into the London Pharmacopoeia of 1677 and into the
U.S.P. of 1820. It is derived from several South American trees of the genus Copaijera L. (Copaiba Adanson) .The genus name Copaiba was given this group
of trees by Adanson in 1763 but is not valid under
the Rules of the International Congress since Linnaeus
had already described this group under the name
Copaijera in his Species Plantarum, 2 ed., 1762.
The most important of these are: C. officinalis L.,
C. reticulata Ducke, C. multijuga Hayne, C. Martii
Hayne, C. Martii var. rigida (Benth.) Ducke, C.
guianensis Desf., C. Langsdorffii Desf., and C. coriacea
(Mart.) Ktze.
The plants yielding the drug are large, much
branched trees having in their full-grown condition
huge trunks. The branches have smooth bark and bear
alternate, paripinnate leaves, each with 6 to 10 entire,
ovate, coriaceous, pellucid-punctate leaflets. The flowers are small and white, each with a receptacle bearing
S sepals, 10 stamens and a monocarpellary pistil. The
fruit is a one-seeded legume.
Copaiba is considered a morbid product of the cell
walls of the wood parenchyma. It accumulates in
schizogenous cavities, within the wood and pith of the
trunk of the tree, that enlarge and join to form great
reservoirs, the latter often holding several gallons of
oleoresin.
The juice is obtained by drilling two holes into the
trunk, one 10 to 20 ft. above ground and another
2 to 3 ft. above ground. A bamboo tube carrying a
stopcock is plunged into the lower hole. The copaiba
flows easily and is collected in cans. After collecting
the flow, the holes are closed with plugs. The operation is said to be repeated several times during the
same season; single trees have yielded as much as 40
liters. As it flows from the wound, it is clear, colorless, and very thin, but it soon acquires a thicker consistence, and a yellowish tinge. It is mostly collected
in the provinces of Para and Maranham, in Brazil,
and is brought to this country from the port of Para,
in small casks or barrels. According to Friese (Sudd.
Apoth.-Ztg., 1937, 77, 11) about 70 per cent of Brazilian copaiba is from C. reticulata, with lesser amounts
from C. guianensis, C. multijuga and C. Martii.
C. officinalis is a native of Venezuela, and grows in
the province of Cartagena, mingled with the trees
which yield the balsam of Tolu. It grows also in some
of the West India islands, particularly Trinidad and
Martinique. This is the source of the Maracaibo or
Venezuela copaiba, which is also obtained in part
from C. guianensis. This variety of copaiba is distinguished by being laevogyrate, more viscid and darker
in color.
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Most copaiba is either of the Maracaibo or Para
varieties. During 1952 a total of 165,464 pounds of
copaiba was imported into this country from South
America.
Description. — "Copaiba is a pale yellow to yellowish brown, more or less viscid liquid, either without
fluorescence or with only a slight greenish fluorescence. It has a peculiar, aromatic odor, and a persistent, bitter, acrid taste. Copaiba dissolves in carbon
disulfide, in fixed or volatile oils, in chloroform, and
in ether. Copaiba dissolves in an equal volume of
petroleum benzin, the further addition of the solvent
producing a flocculent precipitate. It is almost completely soluble in dehydrated alcohol, partially soluble
in alcohol, but is insoluble in water. The specific gravity of Copaiba is not less than 0.930 and not more
than 0.995 at 25°." NJ7. IX. For standards and tests
see USD., 24th ed., p. 327.
Copaiba, upon exposure to the air, acquires a deep
color, a thicker consistence, and greater density, and,
if spread out upon an extended surface, ultimately
becomes dry and brittle. This change is due partly
to volatilization and partly to oxidation of the essential oil. Considerable variation, therefore, exists in
the drug, both in its physical properties and in the
proportions of its ingredients, according to its age
and degree of exposure. Similar differences also exist
in the copaiba procured from different sources.
Constituents. — The essential components are volatile oil and resin, with at times small quantities of
acid. As it contains no benzoic acid, it cannot properly be called balsam of copaiba. The substances
which it most closely resembles, both in composition
and in properties, are the turpentines. The proportion
of oil varies greatly, ranging from 30 to 75 per cent.
The resinous mass which remains after the distillation of the oil is hard, brittle, translucent, greenishbrown, and nearly devoid of odor and taste. From
Maracaibo balsam a crystalline resin acid, metacopaivic obtained.
acid, C11H16O2,
melting
89° toto 90°,
has
been
Para balsam
wasat found
contain
two crystallizable resin acids together with several
uncrystallizable ones. Illurinic acid has also been reported in Maracaibo balsam. Keto (/. pharm. chim.,
1902. p. 381) found in Para balsam the two crystallizable acids referred to above, one of which he
named paracopaivic acid, with the formula C20H32O3,
and the other homo paracopaivic acid, C18H28O3. To
illurinic acid he assigned the formula CooHosOaThe oil oj copaiba was. at one time, official in the
U.S.P. and B.P. When freshly distilled it is colorless
but on standing acquires a yellow to greenish hue.
It has the characteristic odor of copaiba and a pungent taste. It is soluble in 2 parts of 95 per cent of
alcohol. Its specific gravity is from 0.895 to 0.910;
refractive index at 25°, 1.494 to 1.500. It is levorotatory, constituent
with an optical
rotation of —7° to —35°. The
chief
is caryophyllene.
Deussen (Arch. Pharm., 1932, 270, 263) stated that
the various tests used for the detection of Gurjun
balsam depend upon the presence of cadinene; since
this is also found in small amounts in copaiba, these
tests are unreliable. For a discussion of the several
tests for Gurjun balsam, see Birza (Chimie et Industrie, 1934, 33, 423).
Adidterants. — Copaiba is to a limited extent adulterated. Among the substances used for this purpose
are certain fixed oils, especially castor oil, as this
cannot be distinguished by its insolubility in alcohol,
Gurjun balsam, volatile oils, especially oil of turpentine or of sassafras, colophony, liquid petrolatum,
and oil pressed from the seed of Carapa guianensis
(Fam. Meliacece) .
Uses. — Copaiba was formerly frequently employed
in chronic inflammations of the mucous membranes,
such as chronic cystitis, chronic diarrhea, hemorrhoids,
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chronic bronchitis and, especially, gonorrhea. Kvorning (AW. Med., 1946, 32, 2439) concluded, on the
basis of literature reports, that the drug has no place
in human therapy; in gonorrheal urethritis it has
little or no curative effect, but its administration is
associated with severe symptoms such as cutaneous
eruptions, gastrointestinal attacks, and renal lesions.
In excessive doses it may cause vomiting, painful
purgation, strangury, bloody urine, and a general
state of fever. Much more effective drugs are now
available for whatever use has been made of copaiba. [V]
The dose of copaiba has been given as from 1 to
4 ml. (approximately IS to 60 minims).
Coparaffinate. Iso-Par (Medical Chemicals, Inc.),
N.N.R. — This substance is stated to be a mixture of
water insoluble isoparaffinic acids partially neutralized with isooctyl hydroxybenzyldialkyl amines; the
acids are obtained by passing oxygen through petroleum hydrocarbons, at elevated temperature and in
the presence of a catalyst, followed by fractionation
of the reaction product. Iso-Par is a viscid, dark
brown, oily liquid having an odor of burnt petroleum.
An ointment containing 17 per cent of Iso-Par and
4 per cent of titanium dioxide in a base of beeswax,
cetyl alcohol, lanolin and petrolatum, available as
Iso-Par Unguentum, is recommended as an external
application for treating pruritus ani and vulvae,
mycotic infections of the hand and feet, eczemas of
the ear, and certain skin allergic manifestations. It is
claimed to be effective in the majority of cases, when
applied morning and evening, in from 3 to 14 days.
The initial application may cause a temporary burning sensation.
Coptis, A7 J7. V. Goldthread.— Under this title the
N.F. V recognized the dried plant of Coptis trijolia
(L.) Salisb., but Fernald {Rhodora, 1929, 31, 136)
stated that this species does not grow in the eastern
United States and that the proper name for the plant
is C. grcenlandica (Oeder) Fernald (Fam. Ranunculacece) . This is a low perennial herb characterized by
having a slender (filiform) orange-colored rhizome
from which spring several radical, evergreen, longpetioled, trifoliate leaves and a slender scape terminating in a single white flower which opens from
May to July. It is frequently found in the dark
shady swamps and cold morasses of northern latitudes, and abounds in Canada and in the hilly districts of the northern United States.
The N.F. V recognized the whole plant but the
rhizome is generally preferred. For description of the
N.F. drug see US.D., 22nd ed., p. 1338. This plant
contains berberine — to which any medicinal virtues
it possesses may probably be attributed. Schulz (Am.
J. Pharm., 1884, p. 261) reported a second alkaloid,
coptine. The plant is unusual for the absence of
resin, gum or tannin.
Goldthread has been widely employed as a folk
remedy in chronic inflammations of the mucous membrane such as stomatitis and conjunctivitis. It has
been given in substance, infusion, or tincture. The
N.F. V recognized a fluidextract (Fluidextr actum
Coptis) the dose of which was 2 ml. (approximately
30 minims).
C. occidentalis Salisbury, which grows abundantly
in Montana and Idaho, has been suggested as a commercial source of coptine and berberine (see Rowe,
/. A. Ph. A., 1939, 28, 422 and Mollett and Christensen, J. A. Ph. A., 1934, 23, 310).
Coptis Teeta of Wallich, which grows in the
mountainous regions bordering on Assam, the C.
trijolia Salisb. of India, and the C. anemone folia Sieb.
et Zucc. of Japan, also contain berberine and have
been used as gastrointestinal tonics.
Coriaria. Coriaria myrtijolia L. Currier's Sumac.
(Fam. Coriariacece.) — This is a shrub indigenous to
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southern Europe, which is sometimes cultivated in
our gardens for its handsome foliage.
The fruit, resembling berries in form, are black, and
about the size of a pea. Both these and the leaves
are poisonous in large doses, and several instances of
death are on record from eating the fruit. Riban, in
1864, found in the fruit a principle called coriamyrtin.
It occurs as bitter, white crystals, fusing at 228° to
230°, sparingly soluble in water but freely so in
alcohol and other organic solvents. Its empirical
formula is C15H18O5.
Physiologically, coriamyrtin closely resembles picrotoxin, increasing both the blood pressure and respiration and, in large doses, causing medullary convulsions and antagonizing the depressant action of the
barbiturates (Bleckwenn, /. Pharmacol., 1940, 69,
81). According to Swanson and Chen (/. Pharmacol.,
1936, 57, 410) it is considerably more potent than
picrotoxin. Coriamyrtin has been employed as a stimulant in collapse in doses of 1 mg. (approximately
%o Tlolocopetale,
grain).
a Mexican drug, is probably C.
myrtijolia; it contains coriarin and coriamyrtin, and
is actively poisonous.
Toot-poison. Tu-tu. — In New Zealand a poisonous
plant, known as the toot-plant, has proved very destructive to the domestic animals. W. Lauder Lindsay
found it to resemble either Coriaria ruscifolia or
C. sarmentosa Forst., and in its action on the system
to be an irritant narcotic. C. thymifolia Humb. et
Bonpl. and C. angustissima Hook, f., have been reported to occur in New Zealand, but Lindsay believes
them to be merely varieties of C. ruscifolia. Not only
cattle are poisoned by the plant, but not infrequently
also children, and occasionally even an adult. The
prominent symptoms of the poisoning in man are
giddiness, stupor, and coma, with or without delirium
or convulsions. Occasionally the delirium resembles
that of alcoholic intoxication, in other instances approaches that of acute mania, and is attended with
violent muscular action. Loss of memory is a characteristic of the convalescence. The poisonous properties of toot-poison depend on the presence of a
glycoside — tutin — which Swanson (/. A. Ph. A., 1940,
29, 2) has shown very closely resembles coriamyrtin
in its physiological and toxic effects, although slightly
less active.
Cornus. Dogwood Bark. Flowering Dogwood.
Flowering Cornel. — Cornus florida Linne (Fam.
Comacece) is a small tree, native to the woods of
eastern and central United States. Its leaves are opposite, simple, ovate, acute at apex, cuneate at base,
entire to wavy along margin and with very prominent midrib and lateral veins. Its flowers appear
during April. Each so-called "flower" is in reality a
glomerule consisting of a dense cluster of small,
greenish florets imbeded on a compound receptacle
that is surrounded by a white involucre of four obcordate bracts. The fruit appears in autumn as a
scarlet, ovoid drupe.
For a description of the general appearance and
microscopic structure of dogwood bark, which was
recognized in the N.F. V, see US.D., 22nd ed., p.
1341.
Geiger in 1836 separated from dogwood a bitter
principle, cornin (or comic acid). Miller (J. A. Ph. A.,
1928, 17, 744) obtained this substance in the pure
state and established its glycosidal nature. Reichert
et al. (Arch. Pharm., 1935, 273, 357) subsequently
established that cornin is identical with verbenalin
(see Verbena). Robertson (/. Chem. S., 1939, p.
1267) found betulic acid in the bark of C. florida.
Dogwood bark was used many years ago as an
antiperiodic in intermittent fever, but it is only a
feeble, astringent bitter. Formerly from 1 to 2 ounces
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of the powder were given in the interval between the
paroxysms of intermittent fever.
The N.F. V recognized a fluidextract (Fluidextractum Corni), dose from 2 to 4 ml. (approximately 30
to 60 minims) .
Corpus Luteum, N.F. VIII. Lutein. — "Corpus
Luteum is the dried, undefatted and powdered corpus luteum from the ovary of cattle, sheep, or swine.
Corpus Luteum is derived from sound, clean glands
freed as far as practicable from other ovarian tissue,
and containing no diluents or preservatives. One part
of Corpus Luteum is obtained from approximately
5 parts by weight of the fresh corpus luteum. It
should be dried in a vacuum at a temperature not
exceeding 60°." NJ. VIII.
The corpus luteum is a transitory organ of internal
secretion. It appears following rupture of the Graafian
follicle (see under Ovary) and extrusion of the ovum
and persists for about 12 days unless pregnancy ensues. After rupture of a follicle, the cavity is partly
occupied by a blood-clot, constituting what has been
called the corpus rubrum. The avascular granulosa
cells of the follicle hypertrophy and the theca interna
cells pass through > the separating hyalin membrane
along with capillaries and fibroblasts into the cavity.
These form the lutein cells which form a yellow or
orange-colored mass called the corpus luteum. If
pregnancy does not occur, the function of the corpus
luteum ceases abruptly about 12 days after ovulation
and 1 to 2 days before the menstrual flow. It becomes much smaller and is replaced by scar tissue
called the corpus albicans. If impregnation of the
ovum occurs, the corpus luteum enlarges greatly,
sometimes forming a mass as large as a mulberry.
In pregnancy its function persists for 4 months, after
which this is taken over by the syncytial layer of the
trophoblast — the maternal element of the placenta
(Wilson et al., Am. J. Obst. Gyn., 1939, 37, 69).
The corpus luteum contains the hormone progesterone (see under this title in Part I) ; the latter
effects a variety of changes in the wall of the uterus.
Among these are an increase of blood vessels, overgrowth of the internal epithelium (especially of the
epithelial cells of the glandular type), and an accumulation ofglycogen; these changes commence 48
hours after ovulation, at the same time as the increase in urinary pregnanediol occurs. Besides these
structural alterations, the endometrium acquires a
peculiar sensitivity such that foreign bodies, particularly an ovum, coming in contact with it induce formation of a special structure which is the maternal
part of the placenta. Progesterone also lowers the
irritability of the uterine muscle and stimulates
growth of alveoli of the mammary gland. All these
changes are obviously intended for reception and nutrition of the fertilized ovum. It has been experimentally demonstrated that if the corpus luteum of an
animal is removed soon after fertilization pregnancy
will not proceed unless the hormone progesterone is
administered. For a review of the literature on the
physiology of the corpus luteum see Corner, J. AM. A.,
1941, 116, 591, also Hormones in Human Reproduction, Princeton University Press, 1942. Although progesterone is required to maintain pregnancy, after
the first few weeks pregnancy will continue, in the
human, despite bilateral ovariectomy (Cohen et al.,
Lancet, 1935, 1, 674). Estrogen is essential in the
proportion of about 1 part to 1000 parts of progesterone (Courrier and Jost, Compt. rend. soc. biol.,
1939, 130, 726). The placenta provides both estrogen
and progesterone, about one-third of the latter arising from the placenta (Haterius, Am. J. Physiol.,
1936, 114, 399). The placenta also produces large
quantities of chorionic gonadotropin, which serves to
maintain the corpus luteum (Astwood and Greep,
Proc. S. Exp. Biol. Med., 1938, 38, 713). The adrenal
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cortex also produces progesterone (Zarrow et al.,
Endocrinology, 1950, 46, 403).
Progesterone-free aqueous extracts of the corpus
luteum of sow ovaries have been found to have
uterine-relaxing action in animals and in man. It
appears that such activity is attributable to two related water-soluble, protein-like principles (Felton
et al., J. Pharmacol, 1953, 107, 160), one called
relaxin (Hisaw, Proc. S. Exp. Biol. Med., 1926, 23,
661; Frieden and Hisaw, Arch. Biochem., 1950, 29,
166), the other referred to as uterine relaxing factor
(Krantz et al., Surg. Gynec. Obst., 1950, 90, 372;
Felton et al., loc. cit.). Relaxin differs from uterine
relaxing factor in also consistently having the property of relaxing the symphysis pubis of the guinea
pig; the possibility exists that the physiological effects
of progesterone are mediated by relaxin or a related
substance. The uterine relaxing factor may be obtained by extracting dried, methanol-extracted sow
ovaries with dilute hydrochloric acid, salting-out the
active component at pH 6.5, and purifying it by
dialysis (the factor dialyzes slowly, while impurities
dialyze rapidly). This factor is not destroyed in the
stomach, and appears in blood serum within 30 minutes after oral ingestion (Jones and Smith, Am. J.
Obst. Gyn., 1954, 67, 628). Tablet dosage forms of
the factor have been found to provide adequate relief
in the treatment of dysmenorrhea (Rezek, ibid., 1953,
66, 396; Jones and Smith, loc. cit.). Uterine relaxing
factor is recognized by N.X.R. under the generic name
lututrin, the accepted product being Lutrexin (Hynson, Westcott & Dunning), marketed in tablets containing 1000 units. A unit is defined as the minimal
amount of substance which, when injected intravenously into the estrogenized guinea pig, effects a
90 per cent reduction in the height of spontaneous
contractions for a period of at least 10 minutes
(Felton et al., loc. cit.). In dysmenorrhea the usual
effective dosage ranges from 2000 to 4000 units initially, preferably before the onset of severe symptoms, followed by 2000 to 3000 units every 3 or 4
hours as required; doses as high as 10.00Q units have
been employed without untoward effects. Notwithstanding that lututrin is standardized by intravenous
injection, it is used therapeutically only by the oral
route.
Description. — "Corpus Luteum occurs as a yellow
or light brown powder having a characteristic maltlike odor. Corpus Luteum only partially dissolves in
water, alcohol, ether, or petroleum benzin.
"Histological characters. — Corpus Luteum shows
numerous lutein cells of yellowish green color as
observed in water mounts, occurring singly or in small
groups, the individual cells large, polyhedral, with
spheroidal, central nuclei and with fat globules and
lutein granules which become black upon the addition of osmic acid T.S. The groups of lutein cells are
intermingled with collagen fibers, the latter staining
a deep red with acid fuchsin T.S. Occasional capillaries and somewhat cylindrical fragments of arterioles
and veins whose ends exhibit somewhat rounded
lumina and serrate margins of endothelial cells having dark outlines when mounted in silver nitrate
T.S.Forare further
also present."
detailsNf.
of VIII.
the histology of corpus
luteum see Youngken (/. A. Ph. A., 1933, 24, 576).
Uses. — While desiccated corpus luteum was once
widely employed therapeutically it is the consensus
that even the largest closes of it would contain an
insufficient amount of hormone to be effective. Moreover, progesterone is effective only in large doses by
mouth. While aqueous extracts of corpus luteum
have been claimed to have therapeutic value in a
miscellany of dysfunctions, whatever action they
may have, which has never been clearly established,
is certainly not to be attributed to the presence of
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more than traces of progesterone. Certain aqueous
extracts have uterine relaxing activity useful in dysmenorrhea (see above). When the progesterone activity of corpus luteum is desired, progesterone or
ethisterone (anhydrohydroxyprogesterone), the latter
effective when taken orally, should be used.
Corydalis, N.F. VII. Turkey-corn. Squirrel-corn.
— "Corydalis is the dried tuber of Dicentra canadensis
(Goldie) Walpers, or of Dicentra Cucullaria (Linne)
Bernhardi (Fam. Fumariaceoe) ." N.F. VII.
Dicentra canadensis and D. Cucullaria are delicate,
low, perennial herbs indigenous to rich woodlands
from Nova Scotia to Minnesota south to North Carolina and Missouri. The former is commonly known
as turkey-corn or squirrel-corn while the latter is
called Dutchman's breeches. The aerial portions of
both of these plants agree in possessing narrowstalked, ternately-compound, dissected leaves and
few-flowered racemes. The plants differ mainly in
respect to their tubers and flowers. Turkey-corn has
scattered, pea-like tubers arranged on subterranean
shoots, whereas the tubers of Dutchman's breeches
are somewhat scale-like and attached to the subterranean shoots in clusters of three. The flowers of
turkey-corn are heart-shaped, greenish-white, tipped
with rose, each showing 2 short, rounded spurs,
whereas those of Dutchman's breeches are irregularly
heart-shaped, white, tipped with cream color, each
possessing two more elongated and divergent spurs.
For the formerly official description of unground and
powdered corydalis see U.S.D., 23rd ed., p. 348.
Constituents. — Manske in a series of papers {Canadian Jour, of Research, 1932, 7, to 1940, 18), reported on the alkaloids of the Dicentra canadensis
and the D. Cucullaria and of related species. He
found in them protopine and cryptopine and a number of phenolic alkaloids, including bulbocapnine,
corydine, isocorydine, and bicuculline; the last named
is physiologically and chemically related to hydrastine. Several of these alkaloids had been previously
reported by Gadamer {Arch. Pharm., 1910, 1911, and
1916) in the closely allied genus Corydalis, especially
the C. cava and C. tuberosa (see also Manske,
J.A.C.S., 1953, 75, 4928). Gadamer classified these
alkaloids into three groups as follows: 1. Corydaline,
dehydrocorydaline, corybidbine, isocorybulbine, and
corypalmine ; 2. Corycavine, corycavamine, corycavidine; 3. Bulbocapnine, corytubine and corydine.
Many of these alkaloids are physiologically active
(see Waud, /. Pharmacol., 1934, 50, 100; and Welch
and Henderson, /. Pharmacol., 1934, 51, 482), but
there is only one of them which seems to offer promise of therapeutic value — bulbocapnine. This has a
pentacyclic structure of the composition of C19H19NO4. Th base melts at 199° ; it is practically insoluble in water but the hydrochloride is water-soluble.
Uses. — Although there is no doubt that corydalis is
physiologically active the purposes for which it has
been used in medicine have no connection with the
effects of its alkaloids. Corydalis was classed as an
"alterative" and was used in syphilis, chronic skin
diseases, etc.; there is no reason to believe it was of
value in these conditions. It was given in doses of
0.6 to 2 Gm. (approximately 10 to 30 grains).
Bulbocapnine. — In 1904 Peters {Arch. exp. Path.
Pharm., 51, 130) called attention to the remarkable
state of catalepsy produced in lower animals by
bulbocapnine; notwithstanding that several studies
have been made it is still uncertain exactly which
portion of the nervous system is affected, although
the site is probably the basal ganglia rather than the
hypothalamus, the medulla or the peripheral neuromuscular apparatus. Bulbocapnine is structurally related to apomorphine but lacks the emetic action of
the latter. Following subcutaneous injection into cats
and other animals a fixed posture develops in about
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10 minutes which persists for hours. Initially the
animal is not asleep but voluntary motion is absent
and the muscles possess a plastic rigidity. The extremities can be placed in peculiar positions which
will be maintained for hours. Eventually the animal
goes to sleep and wakens some 18 hours later without any residual effects. Electromyograms show that
the muscles respond normally during the period of
catalepsy. Scopolamine enhances the catatonia while
cocaine, amphetamine and environmental stress counteract it. Salivation and nausea may develop. With
larger doses tonic and clonic convulsions occur. No
cumulative action has been recognized (see Richter
and Paterson, /. Pharmacol., 1931, 43, 677). Feldman
and associates {Proc. S. Exp. Biol. Med., 1941, 46,
157) stated that it acts upon the sympathetic system
like
ferent.cocaine, although its other effects are very difBulbocapnine has been used clinically for relief of
Meniere's disease, paralysis agitans and other muscular tremors, vestibular nystagmus and similar conditions, with some favorable reports (see de Jonge,
Arch. Neurol. Psychiat., 1926, 16, 55, and Experimental Catatonia, Williams and Wilkins, 1945 ; also
Leiner and Kaufman, Arch. Neurol. Psychiat., 1928,
20, 1151). From 3 to 5 mg. per Kg. of body weight
of the hydrochloride has been given subcutaneously
to prevent movement artefacts in routine electroencephalography ofchildren of 2 weeks to 11 years
of age (Baird et al., Ill Internat. E. E. G. Congress,
1953, p. 27). Within 6 to 9 minutes the child becomes less active and a satisfactory tracing may be
obtained; later it becomes drowsy and falls asleep,
the characteristic changes of sleep occurring in the
tracing. Within 45 minutes the effect begins to disappear and ambulatory patients are able to return
home. With this dose no changes in blood pressure,
pulse or respiration were observed. Bulbocapnine has
been used by veterinarians as a preanesthetic to pre85). vent struggling (see Molitor, /. Pharmacol., 1936, 56,
The dose of bulbocapnine for man is 100 to 200
mg. (approximately 1^2 to 3 grains) 3 times daily,
orally. A dose of 500 mg. may cause headache and
dizziness. Parenterally, 3 to 5 mg. of the hydrochloride
per Kg. of body weight has been given to children.
Coscinium, B.P. Add. 1898. — The dried stem of
Coscinium fenestratum Colebr. The stem of this
menispermaceous plant has long been used in Ceylon
and southern India as a yellow dye and bitter tonic,
and has been used in Europe under the names false
columba and tree turmeric. It contains berberine and
is an efficient stomachic. Other bases have been reported (see Arch. Pharm., 1930, 268, 314; Chetn.
Abs., 1944, 38, 1847). The B.P. Add. recognized a 10
per cent tincture {Tinctura Coscinii), dose, 2 to 4
ml. (approximately 30 to 60 minims).
Cotarnine Chloride, N.F. VIII. Cotarnine Hydrochloride. Stypticin (Merck). C12H14CINO3.2H0O.
— "Cotarnine Chloride is the chloride of an alkaloid
obtained by the oxidation of narcotine." N.F. VIII.
Cotarnine was first prepared by Wohler in 1844
by the oxidation of narcotine with manganese dioxide
in the presence of sulfuric acid. In 1910 Salway synthesized itfrom myristicin, a constituent of nutmeg.
Cotarnine may be conveniently prepared by heating
narcotine with dilute nitric acid; opianic acid is also
formed in the reaction and is filtered off before alkalinizing the liquid to precipitate cotarnine.
Cotarnine base crystallizes in colorless or white
needles; it is only slightly soluble in water, but is
soluble in alcohol, in ether and in benzene. Cotarnine
base reacts as if it exists in an equilibrium mixture
of three tautomeric forms, in one of these containing
an aldehyde group, in another a secondary alcohol
radical, and in the third having the structure of an
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ammonium base. The last form is the one which yields
cotarnine salts with acids; in such reactions a molecule
of water is eliminated, for which reason the cotarnine chloride is designated chloride rather than hydrochloride. Chemically, cotarnine chloride may be described as 6,7-methylenedioxy-8-methoxy-3,4-dihydroisoquinoline methyl chloride.
Closely related to cotarnine is hydrastinine, a hydrolytic oxidation product from hydrastine. Hydrastinine differs from cotarnine in having a hydrogen
atom in place of the methoxyl (OCH3) group in the
latter compound.
Description. — "Cotarnine Chloride occurs as a
weak greenish yellow, odorless, crystalline powder.
It is deliquescent in moist air and is affected by
light. An aqueous solution of Cotarnine Chloride (1
in 20) is neutral to litmus paper. One Gm. of Cotarnine Chloride dissolves in about 1 ml. of water and
in about 4 ml. of dehydrated alcohol." NJ. VIII. For
standards and tests see U.S.D., 24th ed., p. 332.
Uses. — Because of the chemical similarity of the
two substances Freund suggested that cotarnine
might serve as a substitute for hydrastinine. Cotarnine has been physiologically studied by Kehrer
(Monatsschr. Geburtsh. Gynak., 1907, 26, 709), Laidlaw (Biochetn. J., 1910, 5, 243), and others. It differs
from hydrastinine in that it has practically no effect
upon the circulation, but resembles it in its depressant action upon the spinal cord, and in its stimulant
effect upon the uterine muscle. It has been used clinically in menorrhagia and metrorrhagia and it was at
one time employed in the treatment of various forms
of internal bleeding. However, it does not alter the
coagulation time of the blood and Hanzlik showed
(/. Pharmacol., 1919, 12, 71) that whether applied
locally or administered internally cotarnine tends to
increase rather than diminish the rapidity of the
bleeding. Styptol (Bilhuber-Knoll) is cotarnine
diphthalate.
The average dose is 60 mg. (approximately 1 grain)
but as much as 250 mg. (approximately 4 grains)
may be given as a single dose.
Storage. — Preserve "in tight, light-resistant containers." NJf. VIII.
Coto Bark. — There have appeared on the market
several barks known as coto bark. According to
Rusby genuine coto comes from Aniba Coto (Rusby)
Kosterman (Xectandra coto Rusby) (Bull. Torrey
Bot. Club, 1922, 49, 260). Under the title of paracoto
the N.F. IV recognized the bark "of an unidentified
tree indigenous to northern Bolivia." Rusby stated
this bark to be the product of a new species of the
laurel family Ocotea pseudo-coto Rusby. Both barks
are aromatic but their odors are different, the true
coto resembling cinnamon and the paracoto suggesting nutmeg. The true coto is much more pungent in
its taste. Freise (Pharm. Zentr., 1933, 74, 577) lists
more than 20 species as sources of commercial coto
bark.
Because of the uncertainty of identification of the
various coto barks the chemistry is somewhat confused. Jobst and Hesse obtained a crystallizable body,
cotoin, from true coto bark. Cotoin (2,6-dihydroxy4-methoxybenzophenone) is a yellow crystalline powder, with a pungent taste, almost insoluble in
water. Hydrocotoin, methylhydrocotoin, protocotoin
and methyl protocotoin are also present. Hesse described a coto bark which contains cotellin (Pharm.
Ztg., 1905, 845) but not cotoin. Seil (J. A. Ph. A.,
1922, 11, 904) found in what he believed to be the
true coto bark, besides cotoin, a phenolic alkaloid,
parostemine.
Paracotoin is extracted from paracoto bark, in
which it exists associated with hydrocotoin, rotocotoin, methylhydrocotoin, methylprotocotoin, and
leucotin (phenyl coumarin). Paracotoin may be dis-
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tinguished from cotoin by giving no reaction with
ferric chloride. Piperonylic acid (methylene protocatechuic acid) is present in both barks.
Coto bark is decidedly irritating; its powder, rubbed
upon the skin, is said to produce heat and redness,
and, according to Burkart, 1 Gm. taken into the
stomach produces persistent burning pain, followed
by repeated vomiting. The bark was first introduced
for treatment of diarrhea. Impens (Deutsche med.
Wchnschr., 1913, 38, 1827), from his physiological
studies, concluded that it acts by lessening intestinal
peristalsis. It is not probable that cotoin has any
strong general action upon the system, as Jobst found
that even 1 Gm. injected hypodermically into the
rabbit produced no other than local symptoms. Coto
bark enjoyed in the latter part of the preceding century a considerable reputation in the treatment of
intestinal disorders but is no longer used.
Cotton Root Bark, S.F. VIII. Gossypii Radicis
Cortex. — "Cotton Root Bark is the recently gathered,
air-dried bark of the root of one or more of the
cultivated varieties of Gossypium hirsutum Linne, or
of
N.F.other
VIII. species of Gossypium (Fam. Malvaceae)."
The genus Gossypium comprises 10 good species of
tropical and subtropical plants occurring in both
hemispheres. There are only 5 or 6 species which
yield useful products and the bulk of the cotton is
the product of 3 species: G. hirsutum, L., which,
together with its hybrids, furnishes the greater
amount of the American Upland or short staple
cotton; G. herbaceum, L., the source of Levant
Upland cotton, which is cultivated in southern Europe
and western Asia, and G. barbadense, L., the source
of the Sea Island or long staple cotton. The Levant
Upland cotton has been cultivated in East India and
Arabia since ancient times. The Sea Island cotton is
indigenous to sandy soil near the coast from North
Carolina to Florida and the West Indies. It is the
type observed by Columbus.
Gossypium hirsutum is an annual or biennial herb
attaining a height of from 2.5 to 4 ft. with petiolate,
stipulate, cordate leaves which are usually 3-lobed,
white flowers which turn pink on the second dayafter opening and capsular fruits which are called
"bolls." It requires a certain duration of warm
weather to perfect its seeds, and, in the United
States, does not ordinarily mature north of Virginia.
It is cultivated widely in the southern United States
from Virginia to Texas.
Gossypium herbaceum is a biennial or triennial
plant, with a branching stem from two to six feet
high and palmately 3- to 5-lobed hoary leaves, the
lobes of which are triangular-ovate. The flowers possess yellow petals, having a purple spot near the
claw. The leaves of the involucel or bracteoles are
united. The capsule or "boll" opens when ripe, and
displays a loose white tuft of long slender filaments,
which surround the seeds and adhere firmly to the
outer coating. The plant is a native of Asia, but is
cultivated in most tropical countries. It was brought
to the United States in 1621 and cultivated for a
time but finally largely replaced by the more desirable West Indian cottons. Watt is of the opinion
that it still survives as an Upland cotton of this
country though mostly in the state of hybridization
with G. hirsutum.
Gossypium barbadense (Sea Island cotton) is an
annual or perennial smooth herb with palmatelylobed leaves having 3 to 5 ovate-lanceolate, acuminate lobes mostly larger than the body of the blade,
bright yellow flowers, small and pointed bolls containing seeds 4-5 mm. in diameter bearing seed hairs
with a finer and longer staple. It is cultivated chiefly
in South Carolina, Georgia and northern Florida.
The herbaceous part of the cotton plant contains
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much mucilage, and has been used as a demulcent.
The seeds yield by expression a fixed oil (see Cottonseed Oil). The portion for which the plant is cultivated is the filamentous substance surrounding the
seeds. This, when separated, constitutes the cotton
of commerce, and when purified, is official as Purified
Cotton.
Description. — "Unground Cotton Root Bark occurs
as flexible bands or quilled pieces, attaining a length
of 30 cm. and a thickness of about 1 mm. It shows
an outer surface weak brown to moderate yellowish
brown in color, sometimes smooth, but usually finely
wrinkled, fissured longitudinally and roughened from
the tendency of the corky layers to exfoliate; and
an inner surface light brown to pale yellowish
orange, longitudinally striate. The fracture is tough
and fibrous; and the inner bark readily separable
into fibrous layers." N.F. VIII. For histology, description of powdered drug, and standards and tests,
see U.S.D., 24th ed., p. 334.
The drug of commerce frequently contains considerable woody material and many samples have
been found to consist chiefly of segments of whole
roots. It deteriorates with age and therefore only
recently gathered bark should be used.
Constituents.— Power and Browning (Pharm. J.,
1914, 93, 420) found in cotton root bark the following constituents: acetovanillone (in the steam distillate), a phenolic acid (probably 2,3-dihydroxybenzoic
acid), salicylic acid, a colorless phenolic substance
(C9H10O3), a yellow phenolic substance (C13H18O5),
betaine, a fatty alcohol (C20H42O), a phytosterol
(C27H46O), triacontane, ceryl alcohol, oleic and
palmitic acids, and a sugar. Almost all of these constituents were separated from the resinous extractive
which constituted between 10 and 11 per cent of the
air-dried bark. No tannin was present and no alkaloids were detected.
Seeking the constituents of the Upland cotton
plant, Gossypium hirsutum, that were attractive to
the boll weevil, Viehoever et al. found that the leaves
and flowers (deprived of the petals) contained the
glycoside, quercimeritrin, while the petals contained
both quercimeritrin and isoquercitrin. These two glycosides are isomeric, having the formula C21H20O12,
and both hydrolyze to quercetin and dextrose. By
distillation of 4000 pounds of fresh leaves of Upland
cotton about 1 ounce of volatile oil, attractive to the
boll weevil, was obtained (/. Agric. Res., 1918, 13,
345).
Uses. — The attention of the medical profession
was called to cotton root bark by Bouchelle in 1840,
who stated that it was a popular abortifacient
among negro slaves. Scott {Therap. Gaz., 1911) and
Eckler (Lilly Scientific Bull., 1920, p. 349), from
studies on lower animals, both reached the conclusion
that it has a weak stimulating effect upon the uterus;
while its action is similar in kind to that of ergot, it
is quantitatively greatly inferior. Leclerc (Presse
med., 1935, 43, 72) reported that an extract of the
bark has a vasoconstrictor action as well as causing
contraction of the uterine muscles. It is said to contain vitamin E and to have a slight narcotic action.
Dose, 2 to 4 Gm. (approximately 30 to 60 grains).
Creosote Carbonate, N.F. IX. Creosoti Carbonas. Creosotal (Winthrop). — "Creosote Carbonate
is a mixture of the carbonates of various constituents
of creosote." N.F. IX.
Creosote carbonate is prepared by passing carbonyl
chloride into a sodium hydroxide solution of creosote. The oily liquid which separates is washed first
with a weak solution of sodium hydroxide, then with
water, and is finally dried.
"Creosote Carbonate is a clear, colorless or yellowish, viscid liquid. It is odorless and tasteless, or has
a slight odor and taste of creosote. On prolonged
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exposure to a low temperature, it may deposit crystals, which redissolve on warming. Creosote Carbonate is miscible with alcohol, with petroleum benzin,
with fixed oils, with chloroform and with benzene.
It is immiscible with water. The specific gravity of
Creosote Carbonate is not less than 1.145." N.F. IX.
Creosote carbonate is incompatible with alkalies,
which saponify it with formation of the alkali derivative of creosote. In aqueous mixtures it may be
emulsified to produce a uniform suspension.
Uses. — Creosote carbonate was introduced as a
substitute for creosote, over which it has the advantages of being comparatively tasteless and nonirritating to the stomach. Fellows (J. Pharmacol.,
1936, 57, 122; 1937, 60, 178, 183) studied the bacteriological, pharmacological and therapeutic effects
of this drug. He found that it was absorbed after
ingestion and excreted in the urine but not in the
sputum. It must be regarded as an uncertain medicinal agent (see also under Creosote).
Dose, 1 Gm. (approximately 15 grains) 3 or 4
times daily.
Crocus, N.F. VII. Saffron. Spanish Saffron. True
Saffron. Flores Croci. Stigmata Croci. Fr. Safran. Ger.
Safran. Gewiirzsafran. It. Zafferano. Sp. Azafrdn.
The National Formulary formerly defined Crocus
as "the dried stigma of Crocus sativus Linne (Fam.
Iridacece)." N.F. VII.
Crocus sativus is a perennial plant, with a rounded
and depressed bulb or corm, from which the flower
rises a little above the ground, upon a long, slender,
white, and succulent stem. The flower is large, of a
beautiful lilac or bluish-purple color, and appears in
September or October. The leaves are radical, linear,
slightly revolute, dark green upon their upper surface,
with a white longitudinal furrow in the center, paler
underneath, with a prominent flattened midrib ; they
are enclosed at their base — together with the tube
of the corolla — in a membranous sheath, from which
they emerge soon after the appearance of the flower.
The style hangs out on one side between the two
segments of the corolla, and terminates in 3 long,
convoluted stigmas, which are of a rich orange color,
highly odorous, rolled in at the edges, and notched at
the summit.
The plant is believed to be a native of Greece,
Persia and Asia Minor, where it has been cultivated
from the earliest ages. Its cultivation in Spain dates
from the tenth century and in England from the
fourteenth century. Saffron is cultivated for medicinal
use chiefly in Spain. A little saffron is raised in
Greece, France and Persia. The plant is cultivated in
this country chiefly as a garden flower.
"Unground Crocus. — Stigmas three, attached to the
apex of the style or separate; about 25 mm. long,
cornucopia-shaped, of a dark red to moderate reddish
brown color, the margin dentate or fimbriate; styles
about 10 mm. long, more or less cylindrical, solid,
moderate yellowish brown to weak yellowish orange.
Odor strong, characteristically aromatic; taste bitterish, aromatic. It colors the saliva yellow when
chewed." N.F. VII. For histology, tests and assay of
saffron see U.S.D., 23rd ed., p. 355.
Constituents. — The chief coloring agent in saffron
is the glycoside crocin. This is a yellow powder easily
soluble in water, slightly soluble in absolute alcohol;
on hydrolysis it yields a sugar, which Kayser (1884)
called crocose but which Karrer (Helv. Chitn. Acta,
1933, 16, 643) found to be digentiobiose, and a
carotenoid pigment crocetin. The chemical structure
of the latter has been elucidated by Karrer (Helv.
Chim. Acta, 1932, 15, 1399). There is present also a
colorless, bitter glycoside known as picrocrocin or
saffron bitter. It yields on hydrolysis the aldehyde
saffranal and glucose (see Kuhn
and Winterstein,
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Ber., 1934, 67B, 344). Saffron contains also a small
proportion of essential oil.
Uses. — Saffron was extensively used by the ancients
and by medieval physicians as a nerve sedative and
emmenagogue. In domestic practice saffron tea has
been occasionally used in exanthematous diseases, to
promote the eruption. It has also been used for its
coloring and flavoring properties.
Saffron has been given in doses of 0.6 to 2 Gm.
(approximately 10 to 30 grains).
Croton Oil. Oleum Tiglii, N.F. VII. Oleum
Crotonis. Ger. Crotonol; Granatillol. — "Croton Oil is
the fixed oil expressed from the seed of Croton
Tiglium Linne (Fam. Euphorbiaceae). Caution should
be observed in handling Croton Oil as it causes
pustular
eruptions when applied to the skin." X.F.
VII.
Croton Tiglium L. is a small tree or shrub native
to India and Ceylon whose branches bear alternate
petiolate leaves, which are ovate, acuminate, serrate,
smooth, of a metallic green to bronze and orange
or variegated color on the upper surface, paler beneath. The flowers are in erect terminal racemes,
scarcely as long as the leaf, the lower being pistillate,
the upper staminate with straw-colored petals. The
fruit is a smooth capsule, about the size of a filbert,
with three cells, each containing a single anatropous
seed.
The tree is pervaded by an acrid purgative principle, probably analogous to that found in other
plants belonging to the family Euphorbiaceae. But
the seeds are the most active part. These have been
long used in India as a powerful purgative, and were
employed as early as 1630 in Europe, under the names
of grana Molucca and grana tiglia. Their oil was
official in the first U. S. Pharmacopeia. It is probable
that most if not all of the Crotons are purgatives.
The seeds of the C. Tiglium resemble castor beans
in general structure. About 25 to 35 per cent of oil
is obtainable by expression of the seeds. They contain
also a toxic mixture of globulin and albumose,
analogous to ricin (see Castor Oil), which is known
as crotin. This is described as a yellowish powder,
soluble in water; the subcutaneous lethal dose for the
rabbit is from 50 to 80 mg. per Kg. It attacks the
blood corpuscles as well as the central nervous system, and, indeed, probably affects all protoplasm.
The X.F. VII described croton oil as a "pale
yellow or brownish yellow, somewhat viscid and
slightly fluorescent liquid, with a faint, characteristic
odor. Croton Oil is slightly soluble in alcohol, the
solubility increasing with age; it is miscible with
ether, chloroform, fixed or volatile oils. The specific
gravity of Croton Oil is between 0.935 and 0.950 at
25° C." .\.F. VII. For tests see US.D., 23rd edition,
p. 792.
Constituents. — Flaschentrager and Wolffersdorff
(Helv. Chim. Acta, 1934, 17, 1444) reported the following constituents of croton oil: Oleic acid, 37.0 per
cent; linoleic acid, 19.1 per cent; arachidic acid, 1.52
per cent; myristic acid, 7.45 per cent; stearic, palmitic,
lauric, valeric, tiglic, butyric, acetic, and formic acids,
each present in amounts less than one per cent;
glycerin, 7.20 per cent; unsaponifiable matter, 0.25
per cent. A toxic fraction, soluble in methyl alcohol,
is present to the extent of 3.4 per cent.
Dunstan and Boole (Proc. Roy. Soc. London, 1895,
63) stated that the active ingredient is a resinous
substance called croton resin; this conclusion was confirmed by Boehm (Arch. exp. Path. Pharm., 1915, 79,
p. 138). More recently Flaschentrager and Boehm
(Apoth.-Ztg., 1930, 45, 1401) separated from this
resin, by hydrolysis, a non-toxic crystallizable substance, phorbol. This has the formula C20H08O6 and
is an alcohol. These workers believe phorbol to be
the nontoxic parent substance of the various highly
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toxic croton preparation. Acetylphorbone resembles
croton oil closely in its toxic and pharmacologic
effects (see Arch. exp. Path. Pharm., 1935, 177, 212).
Spies (/. Org. Chem., 1937, 2, 62) has investigated
croton resin ; he found evidence of more than one
toxic substance in the resin mixture.
Uses. — Croton oil, the most drastic of all purgatives, is no longer used in medical practice. Within
1 to 3 hours after administration it produces copious,
watery bowel movements, accompanied by severe
griping. Overdosage may produce severe, hemorrhagic
gastroenteritis; death has resulted in man from the
ingestion of only 20 drops. Treatment of overdosage
consists of intravenous infusions of saline solutions
and plasma to combat shock, opiates to ease pain,
and demulcents. The oil has been used in various
preparations on the skin for counterirritant effect,
but it is unsafe even for this purpose since it may
cause sloughing. [V]
The oil was given in doses of 0.03 to 0.12 ml.
(approximately l/i to 2 minims).
Cryptostegia Species. — Members of this genus
of the Asclepiadacece (milkweed) family are of interest because at least two species are known to contain digitalis-like principles. C. madagascariensis, indigenous to Madagascar, was found by Chen and
Robbins (J. Pharmacol., 1940, 69, 279) to have
about 40 per cent of the activity of digitalis, based
on the dose required to produce systolic standstill of
the frog's heart. Glycosides, at least one of which is
cardioactive, have been isolated from this plant (see
Mercier and Balansard, Compt. rend. acad. sc, 1932,
195, 1427; also Perrot and Raymond-Hamet, Bull.
Acad. med. Paris, 1932. 108, 1475).
A closely related species, C. grandiflora, commonly
known as rubber vine, native to Africa but cultivated
in India. Jamaica and Key West, was found by Chen
et al. [ibid., 1950, 100, 346) to contain in the stems
and especially in the leaves at least two glycosides
possessing digitalis-like action. These glycosides, designated cry ptogrando side A and cryptograndoside B,
respectively, are derivatives of oleandrigenin (which
is an acetylgitoxigenin) . Cryptograndoside A, a
monoside containing the sugar sarmentose, is more
than twice as potent, in cats, as cryptograndoside B,
which is a bioside containing both sarmentose and
glucose. The latex of this plant is apparently free
from digitalis-like substances.
Cudbear, X.F. VIII. Persio. — "Cudbear is a powder prepared from species of RocceUa De Candolle,
Lecanora Acharius, or other lichens (Fam. Parmeliacece) ." NJP.
Three purple or blue coloring substances obtained from various lichenous plants are known in
commerce under the names of litmus, archil and
cudbear. The species of lichens concerned represent
various genera; at present the two most important
of the lichens are said to be the RocceUa Montagnei
Bel. of Mozambique and the Dendrographa leucophcea
Darbish of California. In the north of Europe
Lecanora tartarea Ach., or Tartarean moss, and on
the Mediterranean coasts the RocceUa tinctoria Ach.,
or orchilla weed, at one time furnished the great bulk
of the orchil of commerce. In some of the lichens
the coloring principles are chiefly situated in the
cortex; in others they are especially abundant in the
gonidial layer.
These lichens are brought into commerce from the
coasts of Sweden and Norway; from the Alps, the
Pyrenees, and other European mountains; from the
European and African coasts of the Mediterranean;
from the Canaries, Madeira, and various other rocky
islands, especially from Mozambique, Madagascar,
and Angola, and from California.
Cudbear is prepared by macerating the lichens
with diluted ammonia, probably also with the addi-
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aqueous solutions of the alkalies. During World War
tion of potassium or sodium hydroxide, for several
II bark of R. pedunculata from South America was
days. After the proper fermentation has occurred the
used for extraction of quinine, which is present up
mixture is dried and powdered.
to about 3 per cent (Steere, Science, 1945, 101, 177).
Orchil (archil, orseille) seems to differ in its
In commenting on this, Hocking (Science, 1945, 101,
preparation from cudbear in that, after fermentation,
sulfuric acid and sodium chloride are added. It is
484) called attention to the use of R. pedunculata as
a source of quinine as far back as 1879. It is also an
used as a dyestuff, especially for modifying the
tinctorial effect of other dyes, as indigo.
important source of quinidine.
Cupreine, C19H22N2O2, is strongly levorotatory
Description. — ''Cudbear occurs as a very dusky
red-purple to very dusky red powder showing under
and melts at 198° ; it is sparingly soluble in ether but
dissolves readily in alcohol or solutions of sodium or
the microscope fragments of hyphae from the subpotassium (but not ammonium) hydroxide. It is of
hymenial layer of the lichen and fragments of undifferentiated pseudo-parenchyma. Woody and leafy
importance because it can be reduced to hydrocupreine, which is used in the synthesis of optochin
tissue should be present only in limited amounts."
(which see). (For description of these barks see
N.F. VIII. For standards, tests, and assay, see U.S.D.,
U.S.D., 19th ed., p. 349.)
24th ed., p. 344.
Constituents. — The principles in these plants upon
Cupric Citrate, U.S.P. XIII. Copper Citrate —
which their valuable properties depend are them"Cupric Citrate contains not less than 34 per cent
and not more than 37 per cent of Cu, corresponding
selves colorless, but yield coloring substances by the
action of water, air, and ammonia. They are generto
not less
U.S.P.
XIII.than 96.3 per cent of Cu2C6H407.2>4H20."
ally acids or acid anhydrides, and are named accordCupric citrate is an unusual salt of citric acid in
ing to their origin. Lecanoric acid, C16H14O7, occurs
in Roccella and in Lecanora, and evernic acid,
that not only are the three hydrogen atoms of the
C17H16O7, occurs together with orsellinic acid in
carboxyl groups replaced by copper, but also the
hydrogen of the alcoholic hydroxyl group. The salt
Evernia prunastri. Lecanoric acid represents the condensation of2 molecules of orsellinic acid, and yields
may be prepared by the interaction of hot aqueous
solutions of cupric sulfate and sodium citrate. It
the latter on hydrolysis. Avernic acid is a methyl
ether of lecanoric acid, and yields, on hydrolysis,
occurs as a green or bluish-green, finely crystalline,
orsellinic acid and everninic acid, which is a methylodorless powder; it is slightly soluble in water, somewhat more soluble in a solution of an alkali citrate.
orsellinic acid. Orsellinic acid is 4,6-dihyd:oxy-ortAotoluic acid; decarboxylation yields 3,5-dihydroxyCupric citrate possesses the astringent and antitoluene, the substance known as orcin (orcinol). The
septic properties of other cupric salts when comparilatter when treated with hydrogen peroxide and amson is made in solutions of equivalent copper conmonia forms orcein, C28H24N2O7. Orcin occurs in
centration; the citrate, however, is somewhat less
irritant. The compound was recognized by the U.S.P.
white crystals melting at 107° to 108°; it is soluble
XIII because it was an ingredient of cupric citrate
in water, alcohol, and ether, and is used as a reointment used in the treatment of trachoma, chronic
agent for certain carbohydrates. Orcein is a brownishred powder, insoluble in water, soluble in alcohol. It
granular types of conjunctivitis, and corneal ulcers.
dissolves in acids with a red color, in alkalies with a
Ophthalmic ointments containing 5 or 10 per cent
of cupric citrate are supplied commercially ; the
blue-violet color, and is used as a stain in microscopic
work.
U.S.P. ointment contained 8 per cent of the salt.
Kane separated from cudbear a deep red crystalline ^ Curare. Woorari. Woorara. Woorali. Urari. — The
substance, erythrolitmin, and a brownish-red coloring
term curare is an Indian word meaning "poison" and
principle, azolitmin. This latter is considered as the
has been applied to the large variety of arrow poisons
which are used in South America. Much confusion
distinctive coloring matter of commercial litmus.
concerning the physiologic actions of these poisons
Azolitmin occurs as violet scales or a dark red powder, sparingly soluble in water, insoluble in alcohol,
has arisen from the assumption that they are more or
freely soluble in dilute solutions of alkali hydroxides
less closely related. Not only are the different forms
or carbonates; it is used as an indicator.
of curare of widely differing botanical origins but
some of them are made of extracts of several different
Use. — Cudbear is used solely for its tinctorial propplants. Boehm classified the curares into three groups,
erties. Because of the difficulty of completely extracting cudbear the liquid preparations are rarely
depending on the physical form in which they are
uniform in color value. The N.F. VIII recognized
prepared: Tubocurare, which is cylindrical in shape
cudbear tincture, which has a bright red color, and
from having been packed in hollow bamboo canes;
Gourd or Calabash Curare; and J or Curare, which is
compound cudbear tincture, which has a red-brown
color from addition of caramel; these tinctures were
extremely rare in commerce. This unfortunate groupused in coloring various official preparations. The
ing has been the source of much of the confusion
tinctures have been replaced by amaranth solution
concerning the curares.
Krukoff (Bull. Torrey Bot. Club, 1937, 64, 401)
and compound amaranth solution, respectively, both
of which are of more constant and reproducible
observed the process and collected material used
coloring power.
by the Ticuna Indians in the neighborhood of the
Solim5es River in the northwestern part of Brazil.
Cuprea Bark. — In 1820 a Brazilian physician,
Dr. Remijio, recommended the bark of certain
These Indians have become partly civilized and no
shrubs, growing in Brazil, as substitutes for cinchona.
longer use the blow-gun with poisoned darts but one
of the older members of the tribe made for him a
These plants were at one time assigned to the genus
Cinchona but are now classified into a separate genus
quantity of curare according to the traditional foron the character of their fruit. Two species have been
mula. Into this went the Strychnos Castelncei Wedd.
imported into Europe. Remijia Purdieana Wedd.,
and sometimes the 5. toxijera Schomb. (Loganiacece)
apparently contains no quinine but yields a little
— although the latter they considered inferior — tocinchonine together with a group of related alkaloids
gether with Chondodendron polyanthium and a numincluding cinchonamine, concusconine and chairamine
ber of other plants probably of lesser importance.
(see Hesse, Ann. Chem., 1884, 225, 211; also Howard,
The toxic properties of these have been examined by
J. Soc. Chem. Ind., 1909, 28, 53). R. pedunculata
Folkers (loc. cit.), who found the only ones producFliickiger (Ladenbergia pedunculata K. Sch.) contains
ing the characteristic curare action are the species
chiefly homoquinine which readily yields quinine and
of Strychnos and Chondodendron, although Anona
a base called cupreine, the latter being soluble in
Ambotay
Aubl. species of Piper and Cyclanthera
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(Cucurbit ace at) contained alkaloids of unknown
toxicity.
Around the Javari River — which forms the boundary line between Brazil and Peru and is a tributary
of the Solimoes River — the Indians used darts poisoned, according to Krukoff, with a mixture made
from several species of Strychnos, probably including
the S. Casteltuzi, the S. Jobertiana Baill. and other
unidentified species, mixed with Capparis sola MacBride (Capparidacece), species of Duguetia (Anonaceae), of Piper (Piperacece) and of Protium (Burseracece) ; although these plants contain alkaloids
none of them except the Strychnos species and the
Capparis has a positive paralyzing action.
Constituents. — In 1898 Boehm isolated from a
tube curare of unknown botanical origin the physiologically inactive tertiary base l-curine (also known
as l-bebeerine) , together with the highly active quaternary base tubocurarine (see in Part I), later also
isolated by King (J. Chetn. Soc, 1935, 1381) from a
botanically unidentified museum specimen of tube
curare. Following investigations by Folkers (Arch,
internal, pharmacodyn. therap., 1939, 61, 370) which
indicated that crude extracts prepared from the dried
stem bark of Chondodendron tomentosum (the source
of Pareira, see Part II) may contain the active principle of curare, Wintersteiner and Dutcher (Science,
1943, 97, 467) isolated from a sample of curare
known to be prepared from this plant species a substance shown to be identical with the tubocurarine
(d-tubocurarine) of King. Wintersteiner and Dutcher
also isolated the four crystalline tertiary bases: disochondodendrine, a phenolic alkaloid previously
obtained by Scholtz from Pareira brava and by King
from various other Chondodendron species; d-isochondodendrine dimethyl ether, an alkaloid encountered so far only in the Asiatic menisperm, Cissampelos insularis; a new alkaloid for which the name
d-chondocurine was proposed; a new levorotatory
alkaloid which differs from the l-curine previouslyreported by Boehm, King and others (see J.A.C.S.,
1946, 68, 419). Only the tubocurarine has the physiological activity which is characteristic of curare.
Carneiro (Compt. rend. acad. sc, 1938. 206, 1202)
has reported finding in the Strychnos lethalis, which
possesses a curare action, two alkaloids, strychnolethaline and curalethaline .
Action. — The characteristic action of curare, at
least of that type of curare which owes its activity
to tubocurarine, is muscular relaxation induced by
the blocking of nerve impulses between the nerve
fiber and the muscle fiber supplied by it; the mechanism of action apparently involves prevention of
the acceptance by the muscle of the mediating substance acetylcholine. When the drug is injected intravenously or intramuscularly (it does not function
when given orally) the physiologic effects appear
within a minute or two. The first symptom of relaxation ishaziness or fuzziness of vision, followed
by a bilateral drooping of the lips, with heaviness of
the face and relaxation of the jaws. Then generalized
heaviness and weakness of the neck muscles, with
inability to raise the head, are followed by weakness
or complete paresis of the spinal muscles, legs and
arms. Shallowness of respiration is the last symptom
to appear. Because of rapid excretion and destruction
of the drug its action is brief, usually not exceeding
15 to 20 minutes.
Therapeutic Uses. — Since 1856, when Claude Bernard described the physiologic effects of curare, this
drug has been used and abandoned in therapeutics
many times; the variability in strength and composition largely contributed to its earlier reputation for
unreliability. With the isolation of d-tubocurarine and
the development of an assay method, variability of
the drug was no longer a problem. Under the name

Part

II

Intocostrin (Squibb), a brand of Chondodendron
Tomentosum Extract, Purified, N.N.R., a standardized solution containing in each ml. 20 units of curare
activity (one unit represents 1 mg. of standard curare
or the potency of 0.15 mg. of d-tubocurarine chloride pentahydrate) is available to provide a drug
having substantially pure curare action in producing
paralysis of skeletal muscles.
Significant among the more recent studies which
are indicative of the present therapeutic uses of standardized curare are those of Bennett (J. A.M. A., 1940,
114, 322) in which the muscular relaxation produced
by an extract of curare was found to soften the convulsions of mental patients and to protect them
against the possibility of fractures that may occur
during shock therapy (as with Metrazol). At least
50,000 such treatments have been given, with only
one fatality (see Bennett, J. Nerv. Ment. Dis., 1943,
98, 23). Patients receiving curare should be carefully
watched for evidence of respiratory embarrassment,
due to paralysis of respiratory muscles, until consciousness isregained; if respiratory failure is observed artificial respiration should be instituted and
an ampul of 1:2000 neostigmine methylsulfate solution should be available as an antidote to excessive
curarization.
The muscular relaxation obtained with curare led
to its trial in inducing relaxation for surgical purposes. Griffith (Anesth., 1942, 3, 418) was the first to
use curare (in the form of Intocostrin) in this manner. He administered it initially to 25 patients anesthetized with cyclopropane; a later report (Lancet,
1945. 249, 74) indicated he had used it more than
500 times to attain a relaxation similar to that obtained with spinal anesthesia without causing even
temporary damage to j& single patient (see also
Anesth. & Analg., 1946, 25, 45). Cullen (Surgery,
1943, 14, 26; Anesth., 1944, 5, 166) has used Intocostrin routinely in abdominal surgery in more than
1000 cases. When ether is used as the anesthetic the
amount of Intocostrin required is less than with
cyclopropane, since ether itself has a curare-like effect
on the myoneural junction. Intocostrin has also been
used with other anesthetic agents, such as thiopental
sodium, nitrous oxide or ethylene. Massive doses of
Intocostrin, up to 400 units, have been employed to
produce complete muscular paralysis and loss of
consciousness, permitting surgery without application
of any anesthetic; artificial respiration was, however, required during the operation (Whitacre and
Fisher, Anesth., 1945, 6, 124). For a review of the
use of, and experiences with, curare in anesthesia see
New Eng. J. Med., 1947, 236, 523, 526.
Intocostrin has been found to produce a more or
less transient but often useful relaxing effect in certain neurologic conditions, reducing hypertonia,
tremor, incoordination, athetosis, and dysarthria
(Bennett, Am. J. Med. Sc, 1941, 202, 102). Denhoff
and Bradley (New Eng. J. Med., 1942, 226, 411)
employed the drug successfully in producing improved
relaxation in children with spastic cerebral palsy.
Schlesinger et al. (Arch. Neurol. Psychiat., 1946, 55,
530; Am. J. Med., 1946, 1, 518, 621; Bull. N. Y.
Acad. Med., 1946, 22, 520) successfully used a suspension of d-tubocurarine in oil and wax in the
treatment of muscle spasm in acute low back pain
and similar syndromes. This preparation, because
of its slow absorption, affords a more satisfactory
therapeutic index and a more prolonged effect than
the aqueous solution.
In acute anterior poliomyelitis, Intocostrin has
produced relief from spasm and pain and permitted
carrying out of an intensive program of physical
therapy to obtain and maintain normal muscle
lengths (Ransohoff, J.A.MA., 1945, 129, 129; N. Y.
State J. Med., 1947, 47, 151). The relaxing effect of
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curare has also been utilized in carrying out certain
manipulative diagnostic procedures, as well as in
reducing fractures and dislocations.
Still another use of Intocostrin is in the diagnosis
of patients suspected of being afflicted with myasthenia gravis. In afflicted patients injection of Vl5
to Vo the average adult dose of Intocostrin produces
a profound exaggeration of the symptoms and may
add new symptoms not previously exhibited, the peak
reaction usually occurring within 2 minutes after administration ofthe drug (Bennett and Cash, Arch.
Neurol. Psychiat., 1943, 49, 537). The test should
be terminated within 2 or 3 minutes by intravenous
injection of l.S mg. of neostigmine methylsulfate
with 0.6 mg. of atropine sulfate ; without such termination marked exaggeration of myasthenic symptoms
may be dangerous (see Eaton, Proc. Mayo, 1947,
22, 4).
In recent years, the clinical use of curariform
products from natural sources, which are biologically
standardized, has been supplanted in large measure
by the use of tubocurarine (see in Part I) and the
synthetic curarimimetic agents (see following monograph), s
Dose. — In softening the convulsions of shock
therapy or to produce relaxation in manipulative
procedures 0.5 unit per pound of body weight of
Intocostrin is administered intravenously at a uniform rate during 1 to 1.5 minutes. Larger doses
may be necessary, but if the estimated dose fails to
produce paralysis another dose should not be given
for 24 hours. In spastic and athetoid states in children the dose is 0.5 to 1.5 units per pound of body
weight, administered intramuscularly at 4-day intervals. For the diagnostic dose in myasthenia gravis,
see above. To produce muscular relaxation during
light anesthesia with cyclopropane, nitrous oxide or
barbiturates, 40 to 60 units of Intocostrin may be
administered when the skin incision is made and 20
to 30 units may be added, if needed, in 3 to 5 minutes. For operations lasting longer than 45 minutes
from 30 to 40 units more may be required. With
ether only about one-third of the quantity of Intocostrin is needed. When Intocostrin is administered
with Pentothal Sodium the precipitate of Pentothal
produced initially by the acid Intocostrin redissolves
on further addition of the barbiturate with its buffer.
The drug is not without danger, overdosage producing respiratory muscle paralysis which may be counteracted by administration of neostigmine methylsulfate (see above).
Curarimimetic Agents and Their Antagonists.— Synonyms. — Somatic (skeletal) anticholinergic agents; skeletal muscle relaxants; curarimimetic
agents.
Definition. — A curarimimetic agent is one that inhibits at the neuromuscular junction (myoneural
junction) the transmission of an impulse from a
nerve to the skeletal muscle fibers that it innervates.
Physiology. — Skeletal muscles are innervated
characteristically by a neuron that has its cell body
in the anterior horn of the spinal cord and its terminations in an anatomically discrete end-plate in or
on a muscle fiber. These nerves characteristically carry
a sheath or neurilemma which is said to be continuous with the sarcolemma of the muscle fiber. This
nerve is spoken of as a lower motor neuron, and it
is at the connection between it and the muscle fiber
that curarimimetic agents' act. This nerve end-plate
or motor end-plate is anatomically discernible and
its potential can actually be measured. At the motor
end-plate the nerve impulse is transmitted to the
muscle presumably through the mediation of acetylcholine, which can be demonstrated to be liberated
simultaneously with neuromuscular transmission. That
acetylcholine is liberated from the myoneural junc-
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tion at the time of stimulation of the nerve was
demonstrated by Brinkman and Ruiter {Arch. f. d.
ges. Physiol., 1925, 208, 58) and was studied intensively by Dale and Feldberg and their associates (J.
Physiol., 1936, 86, 353; ibid., 1936, 87, 394). Actually the intraarterial injection of acetylcholine causes
contraction of the skeletal muscles supplied by that
vascular bed in a manner analogous to that resulting
from indirect stimulation of the muscles through
their nerves (Simonart and Simonart, Arch. int.
pharmacodyn., 1934, 49, 302 ; Brown et al., J.
Physiol., 1936, 87, 394). It can be demonstrated
that the neuromuscular transmission of the impulse
at the end-plate is accompanied first by a depolarization and then by a repolarization thereof. This can
be followed by a change in the negative potential of
that organ. Acetylcholine causes a depolarization
(Feldberg and Fessard, /. Physiol, 1942, 101, 200).
The depolarization is considered to be associated
with the destruction of acetylcholine by cholinesterase.
Thus, normally there is a continuous passage of
impulses along the nerves to skeletal muscles which
maintains their state of partial contracture or tonus
that is essential for maintenance of posture. In the
instance of intercostal muscles the alteration of tonus
or frequency of impulses as mediated from the respiratory center is responsible for their contraction and
relaxation, which, together with corresponding alterations in contraction and relaxation of the diaphragm,
are responsible for respiration. From the above consideration ofthe electrical phenomena accompanying
the passage of an impulse at the neuromuscular junction it follows that paralysis of the muscle could be
accomplished without either impairing transmission
of impulses along the nerve or altering the contractility of the muscle per se. Thus, an agent that would
reduce or prevent the depolarization of the endplate by acetylcholine would inhibit the transmission
of impulses and so produce paralysis. Another agent
that would cause a sustained depolarization so that
transmision of impulses could not obtain, likewise
could produce paralysis. These considerations form
the basis of action of so-called curarimimetic agents
and also the basis for action of the chemical antagonists to the action of such compounds. Reference
should be made to the following reviews for extension of the foregoing discussion: Feldberg, Brit. M.
J., 1951, 1, 967; Riker, Pharmacol. Rev., 1953, 5, 1;
Symposium on Neurohumoral Transmission, ibid.,
1954, 6, 3; Taylor, ibid., 1951, 3, 412.
Chemistry. — In proportion to their utility in medicine, perhaps no other group of compounds has provoked as much interest among chemists, pharmacologists, and physiologists. Reviews, such as those by
Craig (Client. Rev., 1948, 42, 285), Bovet and BovetNitti (Curari di Sintesi, Rend. 1st. Super. Sanita,
1949, 12, Parte I, II, III), Ing (Physiol. Rev., 1936,
16, 527) and others, are an indication of the number of compounds that have been prepared and
studied in the course of this research. Certainly these
agents have contributed in large measure to the
physiology of neuromuscular transmission. The principal agents fall into two categories in so far as they
are understood:
(1) Anticholinergic agents, such as d-tubocurarine
(see in Part I), Metubine (see Dimethyl Tubocurarine in Part I), Flaxedil (see Gallamine Triethiodide
in Part I), Laudolissin (Fougera), also known as
laudexium methylsulfate, chemically decamethylenea,co-bis-[l-(3',4'-dimethoxybenzyl)-l,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoquinolinium] methosulfate (Collier and Macauley, Brit. J. Pharmacol.,
1952, 7, 398; Brodman et al., Lancet, 1952, 2, 517),
and the erythroidines. Following the elucidating work
of Gill (Anesthesiology, 1946, 7, 14), from which the
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first commercially practical curare preparations were
obtained, the isolation and characterization of dtubocurarine by King (J. Chem. S., 1935, pt. 2,
1381) and by Wintersteiner and Butcher {Science,
1943, 97, 467), and its biological characterization by
Mclntyre and King {ibid., 1943, 97, 69, 516) put the
pharmacological and physiological studies of these
agents on a firm basis. Methylation of d-tubocurarine
by King (/. Chem. S., 1935, pt. 2, 1381; ibid., 1948,
p. 265), the clinical study of this methylated derivative by Stoelting, Graf and Vieira {Proc. S. Exp. Biol.
Med., 1948, 69, 565), and the isolation and characterization of the erythroidines by Folkers and his associates {J.A.CJS., 1937, 59, 1580), together with the
work on synthetic curarelike compounds that resulted in the development of Flaxedil by Bovet
{Compt. rend. acad. sc, 1947, 225, 74; Arch, internal, pharmacodyn. therap., 1949, 80, 172), made
available compounds that were essentially similar to
d-tubocurarine. The fact that these compounds differed structurally was of real interest and importance.
(2) Cholinergic agents, such as decamethonium (see
Decamethonium Bromide in Part I) (Barlow and
Ing, Nature, 1948, 161, 718; Paton and Zaimis, ibid.),
Mytolon {v.i.) (Hoppe, /. Pharmacol., 1950, 100,
333; Ann. N. Y. Acad. Sci., 1951, 54, 395), and
succinylcholine (see in Part I) (Bovet et al., Rend.
1st. Sup. Sanita, 1949, 12, 106). Through their synthesis and study of bis-methonium compounds, Paton
and Ing encouraged the synthesis of a large number
of synthetic compounds from which decamethonium
(Syncurine, C-10) was selected for study. Benzoquinonium (Mytolon) has a mode of action similar
to that of decamethonium, but these two compounds
differ radically in structure, their only common attribute being two quaternary ammonium ions. The
ultrashort-acting succinylcholine first studied by
Bovet also falls into this category.
(3) Several other types of compounds have been
demonstrated to have curarimimetic action, notably
quaternary derivatives of cinchona alkaloids, pyridine alkaloids and erythroidine alkaloids (see
Erythrina in Part II). These have been reviewed by
Craig {loc. cit.).
(4) Antagonists of the curarimimetic agents include
the first-noted acetylcholine and |3-methylcholine,
which have no practical utility in this connection, and
pentamethonium or C-5, which is of limited utility.
Physostigmine (see in Part I) and neostigmine (see
in Part I) are the best established of the antagonists
(Riker, Pharmacol. Rev., 1953, 5, 39). Tensilon
{Edrophonium, v.i.) is the most recent addition to
this group of compounds (Randall, /. Pharmacol.,
1950, 100, 83).
Pharmacology. — The observation of the depression of respiration by curare extracts (see the preceding monograph, on Curare) was recorded in scientific literature as early as 1811 by Brodie {Phil. Tr.,
1811, p. 194; ibid., 1812, p. 212). Perhaps the classic
work with curare by Claude Bernard is better known
to most from an historical standpoint {Compt. rend,
acad. sc, 1856, 43, 824). Bernard noted that when
curare was put into a dorsal lymph sac of the frog
it produced paralysis of the skeletal muscle without
impairing the ability of muscle to respond to direct
stimulation. Thus, obviously the muscle per se was
not involved in the pharmacologic action of curare.
Following a lapse of approximately 75 years, Brinkman and Ruiter {Arch. f. d. ges. Physiol., 1925, 208,
58), Dale, Feldberg and Vogt (/. Physiol, 1936, 86,
353), and Brown, Dale and Feldberg {ibid., 1936,
87, 394) established the experimental fact that curarization was accomplished without blocking of acetylcholine liberation at the nerve ending and without
effect on either nerve or muscle transmission at fully
paralyzing dosages. Indeed, it was demonstrated that
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rf-tubocurarine could block the effect of intraarterial
injection of acetylcholine on the muscle. Thus, the
curarimimetic agents cannot be considered true
muscle relaxants or antispasmodic agents from the
standpoint of any effect on the muscle. Moreover,
the action of d-tubocurarine is analogous to that of
atropine from the standpoint of visceral anticholinergic effects in that neither drug blocks the liberation
of acetylcholine. Consequently, these curarimimetic
agents that act like rf-tubocurarine may be thought
to be somatic or skeletal anticholinergic drugs, in
contrast to visceral anticholinergic agents as represented by atropine.
It will be seen from the following discussion that
this analogy between the two systems does not hold
for the whole category of curarimimetic agents. One
can demonstrate very easily the anticholinergic action
of d-tubocurarine by its ability to block the stimulating effect of acetylcholine on the isolated frog rectus
abdominis. Also, when injected into birds it produces
a profound flaccid paralysis (Pelikan and Unna, /.
Pharmacol., 1952, 104, 354). From an electrochemical
standpoint it appears that d-tubocurarine and compounds of this group act by reducing the response
of the end plate to the depolarizing action of acetylcholine (Feldberg, Brit. M. J., 1951, 1, 967). Thus,
in this circumstance the amounts of acetylcholine
usually released from the nerve are insufficient to
produce a change in the action potential of the end
plate sufficient to excite contraction of the muscle
fiber. The action of d-tubocurarine and its physiological analogs is reversed by inhibitors of cholinesterase
(Smith et al., J. Pharmacol, 1952, 105, 391). Such
cholinesterase inhibitors permit the build-up of sufficient acetylcholine to overcome the reduction in
depolarization produced by d-tubocurarine and so
permit the transmission of impulses across the neuromuscular junction, or so it is proposed by exponents
of this theory. Prostigmine is more active in this connection than physostigmine and is most generally
used (Hunter, Brit. M. J., 1953, 1, 640; Marbury
et al., J. Pharmacol, 1951, 103, 280). Tensilon, like
Prostigmine and physostigmine, is said to- act by inhibiting cholinesterase, but this seems unlikely for
Tensilon is a very weak inhibitor of cholinesterase.
However, this compound has an ultra-short duration
of action which may be an advantage when used
properly (Randall, /. Pharmacol, 1950, 100, 83;
Ann. N. Y. Acad. Sci., 1951, 54, 460; Riker and
Wescoe, /. Pharmacol, 1950, 100, 454; Smith et al,
ibid., 1952, 105, 391).
There are considerable differences between some of
the compounds of this general class. d-Tubocurarine
and dimethyl d-tubocurarine differ from a practical
standpoint only in that the latter compound is a
little more active both in the laboratory and in the
clinic (Swanson et al, J. Lab. Clin. Med., 1949, 34,
516; /. A. Ph. A., 1952, 41, 487; Unna et al, J.
Pharmacol, 1950, 98, 318). Flaxedil is much less
active than rf-tubocurarine (Unna et al, ibid., 1950,
100, 201; Pelikan and Unna, ibid., 1952, 104, 354;
Marbury et al, ibid., 1951, 103, 280), but perhaps
has an advantage in that reactions resulting from
the liberation of histamine are said not to follow its
administration (Mushin et al, Lancet, 1949, 1, 726).
Histamine release following the administration of
d-tubocurarine is reported in the literature (Alam
et al, J. Physiol, 1939, 95, 148; Gregory and Schild,
Proc. XVII Internal Physiol. Cong., 1947, p. 288;
Grob et al, Bull. Johns Hopkins Hosp., 1947, 80,
299). The erythroidines differ fundamentally structurally from the aforementioned compounds in that
these agents are tertiary amines in contrast to the
diquaternary ammoniums of the other compounds.
Moreover, whereas d-tubocurarine, its dimethyl analog and Flaxedil are inactive when
administered
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orally, the erythroidines are quite active when administered inthis manner.
Apparently the rapid distribution of d-tubocurarine
into tissues determines its duration of action (Marsh,
J. Pharmacol., 1952, 105, 299; Kelly and Shideman,
ibid., 1949, 97, 292), for the compound can be demonstrated to be excreted in urine as such far beyond
its apparent duration of effect (Marsh, loc. cit.;
Kalow, /. Pharmacol., 1953, 109, 74). The erythroidines are inactivated in the body by adsorption in so far as they have been studied (Kirschner
and Stone, ibid., 1953, 107, 188). However, beyond
the reports of Unna and his associates {ibid., 1944,
80, 39; ibid., 1944, 80, 53) and the earlier work by
Lehman (ibid., 1937, 60, 69), these latter compounds
have not excited much pharmacologic or clinical
study (Robbins and Lundy, Anesthesiology, 1947, 8,
252; ibid., 1947, 8, 348).
The bisonium (methonium) compounds may be
considered to be pseudocurarimimetics in that they
are not true skeletal anticholinergic agents. Indeed,
their action might be more properly considered to
be cholinergic (Paton and Zaimis, Pharmacol. Rev.,
1952, 4, 224; Zaimis, ibid., 1954, 6, 53), as was suggested in the foregoing chemical classification. The
differentiation in the action of decamethonium, Mytolon and succinylcholine as compared with the
previous compounds that have been discussed can be
demonstrated very simply in the laboratory.
Whereas <f-tubocurarine antagonizes the stimulating effect of acetylcholine on the isolated frog rectus
abdominis, these compounds actually produce a contraction somewhat resembling that of acetylcholine.
Whereas rf-tubocurarine produces a flaccid paralysis
of the skeletal muscles when it is administered to
birds, these compounds produce a spastic paralysis
when administered to this species (Buttle and Zaimis,
/. Pharm. Pharmacol., 1949, 1, 991). Electrophysiological studies of the mode of action of decamethonium or C-10 characterize it as producing a sustained
depolarization at the neuromuscular junction. This
sustained depolarization blocks the passage of other
impulses passing down the nerve and so prevents the
excitation of the muscle to contract. These differences
in the effect of decamethonium and d-tubocurarine
at the neuromuscular junction have been studied
extensively and have been summarized in the publications by Feldberg (Brit. M. J., 1951, 1, 967) and
by Paton and Zaimis (Pharmacol. Rev., 1952, 4, 224).
Since these compounds produce a sustained depolarization which is an exaggeration or prolongation
of the first phase of the action of acetylcholine, it
follows that anticholinesterases not only do not antagonize the curarizing effect of these compounds but
may actually intensify it. Indeed, since the modes of
action of cf-tubocurarine and decamethonium are
qualitatively dissimilar, they actually are antagonistic
to some extent. Consequently, their use in the same
patient during protracted surgical procedures is contraindicated. It is a characteristic of these decamethonium-like compounds that their onset of action
is associated with an increase in contracture or fasciculation of muscle prior to paralysis. These compounds frequently cause excessive salivation, which
again is a characteristic of cholinergic action. They
differ from the true curarizing agents, however, in
that they do not produce a fall in blood pressure at
curarizing doses (Paton, Ann. N. Y. Acad. Sci., 1951,
54, 347; Unna et al., ibid., 1951, 54, 480).
Although a qualitative distinction has been made
with regard to the mode of action of these two
groups of compounds, it is likely that some agents
may have mixed types of activity. Indeed, this is
claimed to be true for Mytolon, which was first
thought to be classified along with rf-tubocurarine
(Hoppe, ibid., 1951, 54, 395). A striking illustration
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of how the mode of action of these compounds can
be altered by modifying chemical structure is the
observation that frequently the benzyl substitution
for a methyl group on each of the ammonium ions
alters the activity of compounds from Cio-like to
d-tubocurarine-like (Randall, J. Pharmacol., 1952,
105, 1; ibid., 1952, 105, 16).
Whereas decamethonium and Mytolon are similar
in many respects, succinylcholine differs markedly
from them in two respects: (1) Succinylcholine is
ultrashort-acting, due to the fact that its ester linkage is rapidly hydrolyzed in the body; (2) whereas
cholinesterase inhibitors actually have very little
effect on the decamethonium compound, they potentiate the intensity and duration of action of succinylcholine. The reason for this is that they block
the hydrolysis of the ester group in this agent (Castillo and deBeer, /. Pharmacol., 1950, 99, 458). Normally only 5 to 15 per cent of a dose of succinylcholine is excreted unhydrolyzed (Norton and deBeer, ibid., 1954, 110, 392).
Clinical. — Two indications for the utilization of
curarimimetic agents seem to be clear cut and a
third one has been explored to a very limited extent.
(1) Perhaps the greatest use of these compounds is
as adjuncts to other medication in the course of surgery (Griffith and Johnson, Anesthesiology, 1942, 3,
418; Harris and Dripps, ibid., 1950, 11, 215; Vetten
and Nicholson, Anesthesia, 1950, 5, 175; Foldes et al.,
J. A.M. A., 1952, 150, 1559; Mushin et al., Lancet,
1949, 1, 726; Artusio et al., Ann. N. Y. Acad. Sci.,
1951, 54, 512; Stoelting et al., Anesth. & Analg.,
1949, 28, 130). They are indicated particularly in
upper abdominal surgery where optimal relaxation
is necessary and where control of respiration may
be desirable. They are also used in the course of
orthopedic surgery and, indeed, find considerable use
in general surgery where muscular relaxation is desirable. It should be kept in mind that ether has
some curarizing action and so the amount required
is not as great when coadministered with rf-tubocurarine or its analogs. The amount of the curarizing
agent will be greater when administered with cyclopropane than when administered with ether in general
anesthesia. (2) These compounds have been used as
adjuncts to electroshock therapy (Bennett, J.A.M.A.,
1940, 114, 322; Adderley and Hamilton, Brit. M. J.,
1953, 1, 195; Holmberg et al., Nord. Med., 1953, 49,
463; Grob et al, New Eng. J. Med., 1949, 241, 812;
Hobson and Prescott, Lancet, 1949, 1, 819; Tewfik,
ibid., 1953, 2, 110; Bodman et al., ibid., 1952, 2,
517). The rationale for this use is to modify the
severe muscular contraction that accompanies the
electroshock. A result of this contraction in some
instances is sufficient to produce fractures, particularly of the transverse process of the vertebra. Apparently succinylcholine can be the drug of choice,
particularly in this field, because of its ultrashort
duration of action. (3) To a lesser extent the compounds have been explored as skeletal antispasmodic
agents, as in poliomyelitis, tetanus, sciatica, etc.
(Schlesinger, Arch. Neurol. & Psychiat., 1946, 55,
530; Bull. N. Y. Acad. Med., 1946, 22, 520; Denhoff,
Rhode Island Med. J., 1946, 29, 505; Weed et al.,
J.A.M.A., 1948, 138, 1087; Narcross et al, J.A.M.A.,
1949, 140, 397; Margolis and Caplan, Ann. Int. Med.,
1949, 31, 615; Bower et al., Am. J. Med., 1950, 8,
137; Raisman, N. Y. State J. Med., 1952, 52, 1089),
and in endoscopy (Sadove, Laryngoscope, 1951, 61,
39; Volpitto, Anesthesiology, 1951, 12, 648; Davis,
ibid., 1950, 11, 245; Mascaro and Bishop, N. Y.
State J. Med., 1950, 50, 1381). For the present, the
difficulty in employing these agents for this general
type of use is determined by their very narrow margin of safety, their relatively evanescent duration of
action, and the lack of oral efficacy of those that are
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well understood or a reasonable margin of safety of
the orallv active ones that have been studied carefully.
Toxicity. — In general the principal toxicity attributable to these compounds is the overt manifestations of their pharmacodynamic effect, although
idiosyncrasies even resulting in death have been reported for those agents that have enjoyed usage in
the greatest number of patients. Thus, these agents
are most prone to produce respiratory paralysis when
used in excessive amounts. Usually the respiratory
paralysis can be overcome without the use of antagonists, if artificial respiration and adequate blood
pressure are maintained until spontaneous respiration
recurs. Occasionally d-tubocurarine has been reported
to stimulate the release of histamine, particularly as
it affects bronchospasm. Apparently this effect can
be counteracted by the use of antihistamine agents.
Occasionally, patients that have not been followed
long enough postoperatively will lapse into a sufficiently depressed respiration when left alone in their
rooms to result in a hypoxic state. Some patients are
particularly annoyed by the fasciculations which
occur during the induction of curarization by decamethonium and its analogs and on recover.- from
their effect. Also this fasciculation may be embarrassing to the anesthetist during tracheal intubation.
Whereas the onset of succinylcholine action is rapid
and recovery is quick, there have been instances of
profound respiratory depression attending its use.
Under these circumstances cholinesterase inhibitors
are contraindicated. since they actually potentiate
the effect of succinylcholine. In this instance artificial
respiration and the maintenance of adequate blood
pressure are required. Flaxedil is reported to produce
a tachycardia which is greater than is customarily
noted for the other compounds. Mytolon is reported
to produce considerable salivation.
Specific Agents
BzszoQvrsoxivu.. Mytolon (Winthrop). 2.5-Bis-(3diethylaminopropylamino) -benzoquinone-bis- (benzyl
chloride). — Benzoquinonium differs substantially in
molecular configuration from decamethonium. to
which it is comparable more or less from the standpoint of its mode of curarimimetic action. The pharmacology of benzoquinonium was described first by
Hoppe (J. Pharmacol., 1950, 100, 333). This compound is one of the more potent skeletal antispasmodic agents, having an order of activity similar to
that of <f-tubocurarine. However, its mode of action
more nearly resembles that of decamethonium. in
that it produces a depolarization of the motor end
plate and its action is not reversed by the injection
of a parasympathomimetic agent such as physostigmine or neostigmine. Hoppe (loc. cit.) demonstrated
that the prior administration of such a parasympathomimetic agent increased somewhat the dosage of
benzoquinonium required to produce a given degree
of activity in experimental animals. However, this
has not proved to be a valid basis for considering a
compound to be equivalent to d-tubocurarine in its
mode of action. Moreover, the compound produces
excessive salivation, which is characteristic of the
acetylcholine type of activity that would be produced
by a depolarizing agent.
Benzoquinonium was rpported by Patterson
{Anesth. & Analg., 1952, 31, 65) to produce in patients an adequate degree of muscular relaxation
with seemingly less respiratory depression. This clinical utility of the compound was confirmed by Foldes
and his associates {ibid., 1952. 30, 185: JAMA.,
1952, 150, 1559). It has been unnecessary to employ
antagonists with benzoquinonium. since positive pressure artificial respiration was sufficient to overcome
any profound respiratory depression occasioned by
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too high dosage of the agent. Benzoquinonium is
claimed to be smooth in its onset of action. The profound salivation produced by the compound could be
antagonized by the prior administration of adequate
dosages of atropine and or scopolamine. The indications for the use of benzoquinonium are the same as
those for other longer-acting curarimimetic agents.
It is useful for tracheal intubation and for general
surgery where profound muscular relaxation is indicated or desired.
The contraindications and the toxicity of benzoquinonium are similar to those for decamethonium.
These compounds must be administered with caution,
if at all, to patients having respiratory impairment or
such other pulmonary disorders as would embarrass
pulmonary ventilation. Patients with myasthenia
gravis are exquisitely sensitive to curarimimetic
agents and usually the dosage of such compounds is
less when administered in the course of general
anesthesia.
Dose. — The average initial dosage is given by
Foldes et al. {JAMA., 1952, 150, 1559) as being
12.3 mg. The onset of action is somewhat slower
than for decamethonium. Benzoquinonium by venoclysis may not need to be administered quite as
frequently as is the case with decamethonium. However, the agent can be administered only intravenously
and must be administered repetitively on a symptomatic basis during its indication in surgery. Postoperative respiratory depression occurs infrequently
but should be watched for. In general, curarimimetic
agents should be employed only by experienced personnel under optimal hospital conditions whereby
adequate airway and respiratory exchange can be
handled on an emergency basis.
EDROPHON'nrM, NS.R. Tensilon (Hoffmann-La
Roche) . Dimethylethyl- (3 -hydroxyphenyl) ammonium
chloride. — Edrophonium chloride is one of a series of
phenolic ammonium compounds studied by Randall
and his associates (/. Pharmacol., 1950, 100, 83) for
its ability to antagonize the effect of curarimimetic
agents on skeletal muscle. They noted that this
agent and its congeners were capable of antagonizing
the action of d-tubocurarine and related curarimimetic agents, but were incapable of reversing the
paralyzant action of decamethonium. Interestingly,
Randall (/. Plvarmacol., 1952, 105, 7) reported later
that if bisquaternary ammonium curarizing agents
having an action like that of decamethonium were
altered by the replacement of an aromatic radical
for one of the alkyl groups on the quaternary ammoniums, these compounds were converted from
edrophonium-irreversible to edrophonium-reversible
compounds of the tubocurarine type. This action of
edrophonium is said to be attributable to its anticholinesterase properties, rather than to a direct
muscular stimulating action (Hobbiger, Brit. J.
Pharmacol., 1952, 7, 223). However, the anticurare
action of this agent is said to be considerably more
specific than that of neostigmine, which has been
recommended as a tubocurarine antidote and which
was presumed to act at least in part by virtue of its
ability to inhibit the action of cholinesterase. The
interesting point of difference between edrophonium
and neostigmine is that the former agent is much
more selective in its action. Whereas neostigmine
produces more effect on intestinal motility, salivation
and other visceral cholinergic properties, edrophonium
is relativelv devoid of such autonomic effects. Artusio.
Riker
Pharmacol.,side1950.
100,of 227)
claim and'
that Wescoe
the only{J.prominent
effect
this
agent is the production of a transient cardiac slowing
following its venoclysis. Although this agent is a
very potent antagonist of tubocurarine, its duration
of action is very evanescent. This has been used to
advantage,
for apparently it can be administered
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time after time intravenously without producing
notable cumulative effects.
A number of reports have indicated the clinical
utility of this agent. Macfarlane et al. (J. Pharmacol.,
1950, 100, 382) and Westerberg and her associates
(Neurology, 1953, 3, 302) studied the ability of this
agent to increase the muscle strength of myasthenic
patients. This effect has been suggested as a diagnostic
procedure for differentiation of myasthenia gravis,
since such patients are exquisitely sensitive to the
action of tubocurarine as a paralyzant or to edrophonium as a potentiator of conduction across the
neuromuscular junction. The principal utility of edrophonium isas an anticurare agent in order to minimize the duration of action of such compounds,
wherein they are used as adjuncts to electroshock
therapy, and following excessive dosages of curarizing
agents administered during surgery (Faulconer et al.,
Neurology, 1952, 2, 226; Morris et al., Anesthesiology, 1953, 14, 117; Gottlieb and Morris, Am. J.
Psychiat., 1953, 109, 735; Hunter, Brit. J. Anaesth.,
1952, 24, 175; Doughty and Wylie, ibid., p. 66).
Although there appears to be no question about
the utility of this agent where it is indicated, it has
been pointed out repeatedly in the literature that the
evanescent duration of action of this compound makes
it imperative that the patient for whom it has been
indicated be observed carefully for a substantial
period of time following apparent reversal of the
curarizing action, to be sure that he does not relapse
into profound respiratory depression. In other words,
as pointed out by Morris et al. (Anesthesiology, 1953,
14, 117), the duration of action of tubocurarine persists to one degree or another considerably beyond
the antagonistic duration of action of edrophonium.
Thus, it is quite possible to have a heavily curarized
patient revert to profound respiratory depression
after edrophoinum apparently has completely reversed the effects of the curarizing agent.
Dose. — The initial dose of edrophonium may be 5
to 10 mg. (0.5 to 1 ml.) administered intravenously.
This dosage may be repeated on a symptomatic basis.
Overdosage of the agent may produce a fasciculation
of musculature and other manifestations of skeletal
muscle stimulation and parasympathetic stimulation.
Parasympathetic effects can be antagonized by the
action of atropine. Tensilon chloride is available in
vials containing 10 mg. per ml. of solution.
Curcuma, U.S.P. 1870. Turmeric. Safran des Indes.
Kurkuma. Curcuma longa L. (Fam. Zingiberacece.) —
The primary rhizome of this plant is ovate or pearshaped, and internally of a deep yellow or orange
color. The plant is a native of southern Asia and the
East Indies, and is cultivated particularly in China,
Bengal and Java. The best is said to come from
China.
Long turmeric, representing the secondary rhizomes, occurs in cylindrical or oblong pieces, from 0.5
to 1.5 cm. in thickness, distinctly annulate, tuberculated, somewhat contorted, externally yellowishbrown or greenish-yellow, internally deep orangeyellow, hard, compact, breaking with a fracture like
that of wax, and yielding a yellow or orange-yellow
powder. Round turmeric, representing the main rhizomes, is ovate or pear-shaped, about the size of a
pigeon's
egg, and Sometimes
marked externally
annular wrinkles.
it comes with
cut numerous
into two
transverse segments. The two varieties are derived
from the same plant. The odor of turmeric is characteristic; the taste warm, bitterish, and feebly aromatic. It tinges the saliva yellow. Pelletier and Vogel
found in it the yellow coloring matter curcumin, and
an odorous, acrid, volatile oil.
Curcumin, or turmeric yellow, was obtained from
turmeric by Daube (Am. J, Pharm., 1871, 308) as
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deep yellow crystals; it is bis-(4-hydroxy-3-methoxycinnamoyl) methane (known also as diferuloyl
methane), C21H20O6. It is insoluble in water or
ether, soluble in alcohol. Curcumin yields reddish
brown solutions with aqueous alkalies which turn
yellow with acids.
The volatile oil from curcuma contains, according
to Guttenberg (Ztschr. ges. exp. Med., 1927, 54, 642),
a terpene, curcumen, which is a solvent of cholesterol
and is useful in the treatment of gallstones. The
volatile oil present in extracts of curcuma has also
been reported to cause increased secretion of bile
(Robbers, Arch. exp. Path. Pharm., 1936, 181, 328) ;
the choleretic principle of curcuma is stated to be
p-tolylmethyl carbinol (Kohlstaedt, Die Pharmazie,
1947, 2, 534). Certain water-soluble derivatives of
/>-tolylmethyl carbinol have been prepared, including
the diethanolamine salt of its mono-J-camphoric acid
ester; this derivative possesses therapeutically useful
choleretic action (Siebert, Deutsche med. Wchnschr.,
1941, 67, 679; Kalow, Arch. exp. Path. Pharm., 1949,
207, 696) and is available in Europe under the name
Synthobilin and in the United States as Gallogen
(Massengill), the latter supplied in 75-mg. tablets
administered up to 3 times daily in the treatment of
functional disorders of the liver and biliary tract.
Turmeric is largely used as a dyestuff, also as a
condiment and as an ingredient of curry powders and
prepared mustards. It has been imported from British
India, United Kingdom, China and Japan.
Turmeric paper is used as a test for boric acid and
borates.
Cusparia Bark. Cusparioz Cortex, B.P. 1898.
Angustura, U.S.P. 1870. Carony Bark.— This bark was
originally attributed to the Cusparia febrifuga Humb.
(Galipea cusparia St. Hilaire) but is now believed to
be derived from an allied tree, Galipea officinalis
Hancock. The tree grows abundantly on the mountains of Venezuela.
Cusparia bark "occurs in flattened or curved pieces,
or in quills, generally about 10 to 12 cm. long, 2.5
cm. wide, and 2 mm. thick. The outer layer usually
consists of a gray or yellowish cork which is often
soft and easily removed, disclosing a hard, dark
brown inner layer; the inner surface is light brown
and frequently laminated. The fracture is short and
resinous; on the fractured surface many white points
are visible." B.P. 1898. Calcium oxalate raphides are
abundant in the bark, but the most characteristic
peculiarity is the presence of numerous cells a little
larger than the other parenchymatous cells and completely filled with oil or a yellowish resin. Angustura
bark has an unpleasant musty odor when fresh, becoming fainter with age; the taste is bitter and
slightly aromatic, leaving a sense of pungency at the
tip of the tongue.
The bitterness of the bark is due chiefly to a neutral principle angosturin. The most important alkaloids are cusparine, galipine, galipoidine , and galipoline, all of them quinoline derivatives. Spaeth and
Brunner (Ber., 1924, 57, 1243) succeeded in synthesizing cusparine and galipine. A fluorescent glycoside
was found by Beckurts and Nehring. There is also
present a volatile oil. For a description of false
angustura barks, see U.S.D., 19th ed., 417.
Angustura bark was formerly credited with febrifuge and antiperiodic powers but probably has no
virtues other than that of an aromatic bitter. Dose,
of the bark, which was usually given as an infusion,
0.6 to 2 Gm. (approximately 10 to 30 grains). In
larger quantities it is likely to produce nausea.
The Brazilian angostura, Cusparia trijoliata, is
described by Leahy (Am. Prof. Pharm., 1945, 11,
426) as a tall tree with ash-yellow bark, resinous and
brittle, which is a source of cusparine, formerly used
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in treating yellow fever and believed by some to be
useful in combating malarial fevers.
Cyclamate Sodium, A'.N.R. Sucaryl Sodium (Abbott).— In the course of a study of organic sulfamates the sweetening property of sodium cyclohexylsulfamate was observed. This compound
CH2.CH2.CH2.CH2.CH2.CH.NHS03Na
is a white, crystalline powder, readily soluble in
water, forming practically neutral solutions which
resist decomposition on boiling under the acid or
alkaline conditions usually encountered in the preparation of foodstuffs. It is 30 times sweeter than
sugar on a basis which makes saccharin 400 times
sweeter than sugar.
The experiments of Richards et al. (J. A. Ph. A.,
1951, 40, 1) and of Fitzhugh and Nelson (Fed. Proc,
1950, 9, 272) indicate lack of toxicity, both acute
and chronic. It is slowly excreted, unchanged, about
40 per cent in the urine and 60 per cent in the feces.
The content of sodium should be taken into consideration in connection with use in patients with
severe kidney damage or other conditions in which
sodium intake is restricted. When ingested in larger
quantities cyclamate sodium has a laxative effect.
There is no evidence of the substance interfering
with normal enzymatic digestive processes.
Cyclamate sodium is used as a substitute for sugar
by diabetics and others who must restrict carbohydrate intake. Sucaryl Sodium is supplied in tablets
containing 125 mg. (equivalent in sweetening effect
to 1 teaspoonful of sugar), with small amounts of
sodium bicarbonate and tartaric acid which impart
effervescence when the tablets are added to beverages.
A solution containing 150 mg. per ml. is also available. The calcium salt, cyclamate calcium, N.X.R.,
available as Sucaryl Calcium (Abbott), may be used
when sodium intake must be restricted; it is supplied
in the form of a solution containing 150 mg. per ml.,
also in powder form applied from a shaker-top bottle.
Cyclizine Hydrochloride. Marezine Hydrochloride (Burroughs Wellcome) . N-Benzhydryl-N'-methylpiperazine Hydrochloride. — This substance differs
from chlorcyclizine hydrochloride (in Part I) in the
absence of the chlorine atom on one of the phenyl
groups of the latter. Cyclizine hydrochloride occurs
as a bitter, white, crystalline solid, soluble in water.
The general pharmacological properties of cyclizine
hydrochloride were described by Norton et al. (J.
Pharmacol., 1954, 112, 297). Its antihistaminic action
was reported by Castillo et al. (ibid., 1949, 96, 388)
and by Roth (ibid., 1954, 110, 157). It is also an
effective antinauseant and antiemetic, its utility in
the prevention of seasickness having been described
by Chinn et al. (ibid., 1953, 108, 69; Am. J. Med.,
1952, 12, 433) and in airsickness also by Chinn and
associates (/. Appl. Physiol., 1953, 5, 599). The drug
also alleviates postoperative nausea and vomiting
(Dent et al., and Marcus, cited by Norton et al., loc.
cit.) . Cyclizine hydrochloride does not cause drowsiness, dryness of the mouth, or blurred vision.
The dose, orally, to prevent motion sickness on
long journeys is 50 mg. 3 times a day after meals;
for short journeys 50 mg. is taken half an hour before
departure. The corresponding dose for children under
10 is 25 mg. For nausea and vomiting of pregnancy,
and also for vertigo, it is 50 mg. 3 times a day after
meals. Marezine hydrochloride is available in tablets
containing 50 mg. A solution (Marezine Lactate) for
parenteral administration contains 50 mg. of cyclizine
lactate per ml.
Cydonium, US.P. 1880. Quince Seed. Semen
Cydonia. — Cydonia oblonga Miller (Pyrus Cydonia
L.; Cydonia vulgaris, Pers.) (Fam. Rosacea?), or
common quince tree, has been under cultivation since
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very remote times. It is a native of central Asia
but is extensively cultivated for its fruit throughout
the temperate regions of the world. The fruit is a
yellow pome which is covered with woolly hairs in
its unripe stage which, however, mostly fall off as
the fruit matures. There are several varieties, some
of which are apple-shaped, others pear-shaped. All,
however, have an agreeable odor and an astringent,
acidulous taste. Like the apple and pear, each fruit
possesses five ripened carpels which constitute its
core. Each of these contains from 6 to 15 seeds arranged in 2 rows. A syrup prepared from the fruit
has been used medicinally, especially in looseness of
the bowels, supposedly for astringent effect. The
seeds were officially described as follows: "About 6
mm. in length, oval, or oblong, triangularly compressed, brown, covered with a whitish, mucilaginous
epithelium, causing the seeds of each cell to adhere.
With water the seeds swell up, and form a mucilaginous mass. The unbroken seeds have an insipid
taste." U.S.P. 1880.
Quince seeds contain a mucilaginous substance
which Pereira considered characteristic and for which
he suggested the name cydonin. Tollens and Kirchner (Ann. Chim. Phys., 175, 205, 226) regarded it as
a compound of a gum with cellulose, less one molecule
of water. Renfrew and Cretcher (/. Biol. Chem.,
1933, 97, 503) found that the gummy portion hydrolyzed into cellulose, L-arabinose and derivatives
of aldobionic acid.
Quince mucilage (Mucilago Cydonii, U.S.P. 1880)
may be used for the same purposes as other mucilaginous liquids. The U.S.P., 1880, gave the following
formula for its preparation: "Cydonium, two parts;
Distilled Water, one hundred parts. Macerate the
Cydonium for half an hour, in a covered vessel, with
Distilled Water, frequently agitating. Then drain the
liquid through muslin, without pressure. This preparation should be freshly made, when required for
use." US.P. 1880. The mucilage is employed in some
cosmetic lotions.
Cysteine. 3-Thiol-a-aminopropionic
Acid.
HSCH2CH(NH2)COOH. — This sulfur-containing
amino acid is found in nearly all proteins and is
especially abundant in keratin. It is readily oxidized
to its disulfide, cystine, which is the first amino acid
to have been discovered. Cysteine is an integral unit
of glutathione, and may be the precursor of taurine,
which occurs in bile as taurocholic acid. Cysteine has
an important role in detoxication, forming with certain unoxidizable substances compounds eliminated in
the urine as mercapturic acids (see also under Choline
and Methionine).
On the basis of observations concerning the effects
of sulfhydryl on cellular growths Brunsting and
Simonsen, of the Mayo Clinic (JA.M.A., 1933, 101,
1937), used cysteine solutions as an application to
ulcers and slowly healing wounds with asserted extraordinary benefit. Although there are some reports
of its successful use in the treatment of certain types
of animal tumors (Am. J. Cancer, 1938, 34, 428),
Jones (Proc. S. Exp. Biol. Med., 1939, 42, 403)
found negative results in cysteine treatment of carcinoma in mice. It has been claimed to be useful in the
treatment of Addison's disease (Presse med., 1934,
42, 599). A review of the biological importance and
therapeutic possibilities of cysteine is given by Herbrand and Jaeger (Med. Klin., 1938, 34, 1432).
Cytisus. Cytisus Laburnum L. Golden Chain.
Golden Rain. (Fam. Leguminosce.) — Laburnum is
a small hardy tree with pendant racemes of yellow
flowers, native to the higher mountains of Europe.
Several varieties of this tree varying in foliage and
floral color are cultivated in various parts of the
world. The roots taste like licorice but have poisonous properties. All parts of the plants are probably
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poisonous. In cases of human poisoning the symptoms have been vomiting, convulsions, dilatation of
the pupil, disturbances of intellection, delirium,
drowsiness and coma. Mitchell (Lancet, 1951, 261,
57) reported on ten cases of laburnum poisoning in
children who had eaten pods and seeds of the tree;
with gastric lavage, supplemented by stimulants such
as nikethamide in the more severe cases, all the children completely recovered within 24 hours. For reference to other cases see U.S.D., 20th ed., p. 1357.
Cytisine, C11H14N2O, the alkaloid present in laburnum, has been isolated also from a number of other
leguminous plants as a result of which the following
synonyms are given for it: ulexine, baptitoxine, and
sophorine. Dale and Laidlaw (/. Pharmacol., 1912, 3,
205) showed that its effects are very similar to those
of nicotine. Like that alkaloid, it produces a primary
rise and secondary fall of the blood pressure through
its effects upon the sympathetic ganglia, and causes
vomiting, primary stimulation and secondary depression of respiration, and, with large doses, paralysis
of the motor nerves.
Many years ago Gray claimed that laburnum produced in man anodyne effects and commended it in
vomiting, bronchitis, whooping cough and asthma,
but we know of no evidence of its therapeutic value.
The hydrochloride, hydrobromide and nitrate of cytisine have been used in doses of 3 to 6 mg. (approximately y>o to Yio grain).
Cytochromes. — In 1886 MacMunn discovered in
muscle and other animal tissues an iron-porphyrin
pigment which he called myohematin or histokematin ;
this discovery was, however, generally discredited. In
1925, Keilin (Proc. Roy. Soc. London, 1925, B98,
312) rediscovered the pigment and named it cytochrome, from the fact that it occurs widely distributed in cells.
From the observation that an extract of cytochrome
exhibits changes in its absorption spectrum in the
presence or absence of oxygen, it was concluded that
there is more than one cytochrome. It is believed
now that there are at least three cytochromes, designated cytochrome-a, cytochrome-b, and cytochromec. Little is known of the first two cytochromes, but
cytochrome-c has been investigated extensively. It is
the most abundant and stable of this group of substances, and methods for its preparation in relatively
pure form, from beef heart muscle, have been developed (see Keilin and Hartree, ibid., 1937, B122,
298, also Theorell and Akesson, Science, 1939, 90, 67).
Cytochrome-c is a conjugated protein having a
structural resemblance to hemoglobin; like hemoglobin it contains the complex iron-containing compound heme, in slightly modified form, which is
joined to a protein substance. Unlike hemoglobin,
cytochrome-c contains one heme group per molecule
of protein (which is not globin) ; the conjugated
molecule has a molecular weight of about 13,000.
Cytochrome-c is an important intermediate carrier
in oxidation-reduction reactions in tissues; it facilitates utilization of oxygen in biological oxidations.
This is achieved through the ability of the iron
atom in cytochrome-c to exist in either the ferric or
ferrous state, giving rise to "oxidized cytochrome"
and "reduced cytochrome," respectively. Oxidized
cytochrome is able to remove hydrogen atoms from
reduced metabolites or flavoproteins, thus oxidizing
the latter and itself being converted to reduced cytochrome. The reduced cytochrome is subsequently reoxidized, by oxygen, to oxidized cytochrome. Associated with cytochrome in these reactions are two
enzymes, cytochrome reductase and cytochrome oxidase. The reductase enzyme catalyzes those reactions
in which cytochrome is reduced ; the oxidase catalyzes
the oxidation of cytochrome, as by oxygen. Since
several substances are directly involved in the func-
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tioning of cytochrome, it is common to refer to them
collectively as the "cytochrome system."
From the observation that cyanide inhibits most
of the oxidation reactions of higher animal tissues it
seems likely that the toxic reaction of cyanide is due,
in large part, to interference with the functioning of
cytochrome-c,
probably through an inhibition of cytochrome oxidase.
It was claimed that cytochrome-c injected intravenously relieved the pain of angina pectoris and
could prevent certain anoxic effects of exposure to
an environment of low oxygen tension (see Proger
et ah, Science, 1946, 104, 389). Clinical trial of preparations of extracts containing cytochrome-c in
peripheral vascular disease and certain other conditions has not been fruitful.
Datura. — The B.P. 1914 recognized both the leaves
and the seeds of the Datura Metel L. (Datura fastuosa L. var. alba). This is an annual herb attaining
a height of 4 to 5 feet which is indigenous to India
but naturalized in the tropics of both hemispheres.
It is characterized by possessing ovate-lanceolate,
acuminate, toothed or wavy-margined leaves, 4 or 5
inches long, trumpet-shaped flowers, up to 7 inches
in length and erect; spiny, subglobular, capsular
fruits. The var. alba Nees has white or nearly white
flowers. From it the Thugs prepared the poison Dhdt
(whence is derived the generic name) , which they
used to stupefy their victims. Ingestion of all parts of
the plant causes toxic effects.
The seeds (Daturas Semina, B.P. 1914) are "yellowish-brown, somewhat wedge-shaped, flattened,
with rounded, thickened, furrowed, wavy margins;
from four to five millimetres broad and about one
millimetre thick. Hilum large, extending from about
the middle to the acute end of the seed. Surface finely
pitted and reticulated. Endosperm narrow and translucent, enclosing a curved embryo. No odor; taste
slightly bitter." B.P. 1914.
The D. Metel differs chemically from the D. Stramonium, which is official in the N.F., in that its
dominant alkaloid is scopolamine (Andrews, Trans.
Chem. Soc, 1911, 99, 1876), but it also contains traces
of hyoscyamine and nor-hyoscy amine.
The D. meteloides Dunal of Mexico appears also
to contain chiefly scopolamine (Osada, Arch. Pharm.,
1924, 262, 277). But Pyman and Reynolds (Trans.
Chem. Soc, 1908, 93, 2077, and 1912, 101, 946)
have found small amounts of two other alkaloids —
meteloidine and nor -hyoscyamine.
According to Hester and Davy (/. A. Ph. A., 1933,
22, 514), the D. innoxia Miller, a woody herb native
to Mexico, the West Indies and South America and
cultivated in the United States, yields only scopolamine.
Datura has been used, particularly in India, for
the same purposes as belladonna, hyoscyamus and
stramonium. It has also been used in India to a
considerable extent as a criminal poison (see Gimlette,
Brit. M. J., 1903, 1, 1137).
The B.P., 1914, recognized a 25 per cent tincture
of the seeds (Tinctura Datura Seminum), the dose
of which was given as from 0.3 to 1 ml. (approximately 5to 15 minims).
Decoctions. Decocta. Ptisance. Fr. Tisanes. Ger.
Abkochungen. It. Decotti. Sp. Cocimientos; Decocciones. — Decoctions, no longer official, were formerly
directed to be prepared as follows: "A decoction
may be dispensed only if it has been recently prepared. If the drug concentration of a decoction is
not otherwise specified, it is to be prepared according
to the following general formula: The Drug, coarsely
comminuted, 50 Gm.; Distilled Water, a sufficient
quantity to make 1,000 cc. Place the drug in a suitable vessel provided with a cover, pour upon it 1,000
cc. of cold distilled water, cover it well, and boil
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the mixture for 15 minutes. Then allow it to cool to
about 40° C, express, strain the expressed liquid, and
pass enough cold distilled water through the strainer
to make the product measure 1,000 cc.
"Caution. — The drug concentration of a decoction representing a potent drug should be specified
by the physician." U.S.P. XII.
Some vegetable tissues yield their water-soluble
constituents more readily to water maintained at
ebullition, than to the same liquid at a lower temperature. Hence decoction is occasionally preferred to
infusion as a mode of extracting therapeutic constituents of plants. The process should be conducted in a
covered vessel. The boiling should not, as a rule, be
long continued. Decoctions are generally not a suitable form for administering drugs containing volatile
substances.
Decoctions are more frequently used in Europe
than they are in the United States or Great Britain.
Aloes, barley, chamomile, chondrus, cinchona, cotton
root bark, couch grass, logwood, quercus, sarsaparilla,
and scoparius are examples of drugs which have sometimes been prescribed in the form of decoctions. In
compound decoctions, several of which were very
popular at one time, the ingredients were added at
different periods of the process, according to the
period of boiling required to extract their principles;
if one of them owed its activity to a volatile principle,
the plan followed, at the close of the process, was to
pour upon it the boiling decoction of the other
ingredients, and allow the liquor to cool in a covered
vessel.
Decoctions, because of the presence of fermentable
constituents and the absence of any preservative solvent such as alcohol or glycerin, are likely to spoil
in a short time. Hence they should be prepared only
when required for use, and should as a rule not be
used after 48 hours.
Dendrobium. — The Chinese herb called chin-shihhu is derived from an orchid of the genus Dendrobium, perhaps D. moniliforme. It contains an alkaloid
dendrobine which has been shown by Chen (/.
Pharmacol., 1935, 55, 319) to possess an analgesic
and antipyretic power similar to that of acetophenetidin but somewhat weaker and also depressant to
blood pressure and respiration and in large toxic
doses causing convulsions.
Dentifrices. — The usual dentifrice contains mild
abrasives, a foaming agent, and flavoring and coloring material incorporated in a powder or paste (see
under N.F. Dentifrice, in Part I). The dentifrice is
used as an aid to the toothbrush in cleansing the
accessible surfaces of the teeth (Hill, /. A. Dent. A.,
1954, 48, 1). Published studies indicate that for
cleansing properties powder is more effective than
paste because the powder is not lubricated or moistened as is the paste. This is not entirely true,
however, since the powder, when it comes irto
contact with the saliva, also becomes a paste. Powders and pastes are, therefore, essentially the same
and which is better depends on the preference of
the user. It is presently agreed that dental caries
is the result of the rapid formation of acid by the
enzymic degradation of carbohydrates in the bacterial plaques which adhere to the surface of the
tooth in caries-prone areas. These plaques consist
of food residues, mucin, and bacteria. The process
is associated with the presence of lactobacilli in
the saliva, although it is not clear that these bacteria are responsible for the acid which dissolves
the enamel (decay). The relation of fluorine to
the nature of the enamel and to dental caries is
discussed under sodium fluoride in Part I (see also
Cox, in Dental Caries, National Academy of Sciences
— National Research Council, U. S. A., No. 225,
Washington, D. C, 1952, p. 325). The topical appli-
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cation of a 2 per cent unbuffered aqueous solution of
stannous fluoride was found to result in a greater
reduction in the incidence of caries in school children than did sodium fluoride (Howell el al., J. A.
Dent. A., 1955, 50, 14).
Antibiotics. — In the two major dental diseases,
caries and periodontal disease, it has been established
that microorganisms are either the exciting or contributing factor. Since antibiotics are widely used in
bacterial diseases, it is logical that their use be considered in dental disease other than in frank surgical
infections of the oral cavity. Laboratory studies of
various antibiotics (Zander, ibid., 1954, 48, 3) reveal
that penicillin has the greatest inhibitory effect on
the incidence of caries, followed by bacitracin, chlortetracycline, chloramphenicol and streptomycin, in
descending order of effectiveness. Penicillin destroys
lactobacilli and other acid-forming bacteria in the
mouth. Limited clinical studies on children have shown
favorable results with the use of penicillin (Hill et al.,
J. Dent. Research, 1953, 32, 448, 453), but it is impossible to draw definite conclusions regarding its
merits in the prevention of caries. To date there
have been no major clinical studies published on the
use of antibiotic dentifrices in the treatment of
periodontal disease. Following scaling or other
trauma to the gums many dentists prescribe antibiotic troches for a day or two. The continued use
of antibiotics topically in a dentifrice could lead to
hypersensitivity to the particular antibiotic and result
in severe reactions when the antibiotic is administered
systemically in the treatment of severe infection in
any part of the body. Stomatitis develops in manv
persons rather quickly after use of frequent doses of
antibiotics topically in the mouth. Use of antibiotic
preparations in the mouth on prescription rather
than indiscriminately seems preferable. The need for
topical as well as parenteral antibacterial therapy to
prevent the temporary bacteremia which follows
most dental extractions was demonstrated by Pressman and Bender (Antibiotic Annual, 1954-55, p. 92).
To prevent bacterial endocarditis in patients with
rheumatic or other endocardial damage they recommend: (1) extraction of only one tooth at a time to
minimize trauma and aspiration of infected oral
secretions; (2) intramuscular injection of 300,000
units of procaine penicillin, 100,000 units of potassium penicillin and 1 Gm. of streptomycin 1 hour
before the extraction; (3) dissolving an antibiotic
troche slowly in the mouth one-half hour before
extraction (the most effective troche contained penicillin, bacitracin, sulfadiazine and ethyl aminobenzoate
[Sulpondet, Wyeth], but for penicillin-sensitive persons a troche containing neomycin, bacitracin and
polymyxin [Wybiotic, Wyeth] was used). Following
the extraction of 2 or more teeth in untreated cases,
bacteremia was present in 82 per cent immediately
and in 32 per cent of cases after 10 minutes; following
their recommended parenteral and topical antibiotic
prophylactic therapy the percentages were 17.1 and
5.7 per cent, respectively.
Ammoxiated Dextifiuces. — The role of ammonia
in reducing caries has been of interest since it was
discovered during a study of several caries-resistant
individuals that ammonia was present in the saliva in
concentrations of 8 to 20 mg. per 100 ml. (Grove and
Grove, Dent. Cosmos, 1934, 76, 1029). Ammonia
arises from deamination of nitrogenous material by
bacteria. Further investigation revealed that Lactobacillus acidophilus was missing from the oral flora of
these individuals, whereas these bacteria were numerous and ammonia was absent in the saliva of persons
with rampant caries. Subsequent studies showed that
when ammonia is combined with urea the bacterial
destruction is enhanced and acid production from
sugar by salivary and bacterial enzymes is checked
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(Kesel, Oral Surg., 1949, 2, 459; Pearlman and Hill,
/. Dent. Research, 1951, 30, 542). These studies led
to the belief that inclusion of these substances in a
dentifrice might bring beneficial results in persons
susceptible to dental caries. However, rinsing such a
dentifrice immediately from the mouth after brushing
the teeth destroys this effect (Kesel et al., J. A. Dent.
A., 1954. 48, 8). To be effective, teeth must be
brushed thoroughly with the preparation without rinsing the mouth after each meal and at bedtime. Other
clinical reports have been discouraging (Howes and
Bibby, ibid., 1953, 46, 280). Brushing the teeth with
a neutral tooth paste after each meal and at bedtime
will decrease the occurrence of new caries (Fosdick,
ibid., 1950, 40, 133). A powder, mouth wash and
paste are marketed containing 5 per cent dibasic ammonium phosphate and 3 per cent urea. The higher
concentrations of 22.5 per cent urea and 5 per cent
dibasic ammonium phosphate are recommended by
Henschel and Lieber (J. Dent. Research, 1949, 28,
248) and promising results in the prevention of new
caries reported (Oral Surg., 1952, 5, 155). Another
approach (/. A. Dent. A., 1949, 39, 493) is to use 8
per cent of urea, 40 per cent of dicalcium and tricalcium phosphates, and 1 per cent of jack bean meal (to
contribute the enzyme urease to the powder).
Chlorophyll Derivatives. — The term "therapeutic
dentifrice" implies a broader action than prevention
of dental caries. Prevention of periodontal disease,
oral calculus, halitosis and discoloration of the teeth
is also important in the "ideal" tooth paste. Many
direct and implied claims have been made regarding
the benefits of chlorophyllin products in combating
these conditions. To date there has been no published
evidence of a clinical trial of chlorophyllin tooth pastes
in the prevention of dental caries (Hein, ibid., 1954,
48, 14).
Any clinical trial on gingival disease must necessarily include factors which have not been established or classified to the satisfaction of everyone.
Such a trial should be based not only on the presence
or absence of lesions but also on the partial improvement of lesions. Also, the soft tissues are constantly
changing under the influence of both local and systemic factors. Because of these variables, present reports of clinical trials are conflicting, and further
research is necessary before chlorophyllin dentifrices
can be accepted as beneficial in treatment or prevention of gingival disease. A number of experimental
reports have indicated that certain samples of the
chlorophyllins possess a limited deodorizing power.
The sulfur-containing odoriferous agents (garlic, etc.)
are generally those most affected by chlorophyllin
samples. Direct contact between the two substances is
necessary. Salivary flow, however, rapidly decreases
the concentration of agents in the oral cavity.
Antienzyme Agents. — The theory of the etiology
of dental caries which has the greatest experimental
support involves the rapid formation of acid by the
enzymic degradation of fermentable carbohydrate remaining on the tooth surface after the ingestion of
sweets (Fosdick et al., Illinois Dent. J., 1941, 10, 85).
If this is true, then, in order to prevent dental
caries, there should be a substance on the tooth surface or in the immediate vicinity of the tooth to block
the formation of acid. Such a substance may be
termed an enzyme inhibitor. In order to be effective,
an enzyme inhibitor must be present at the time the
sugar is present. It would be of little value to have
a compound that effectively prevents formation of
acid from carbohydrate if it is not present when the
carbohydrate is ingested. Some method of providing
a continuous supply of the inhibitor on the tooth
surface must therefore be made available. It has been
demonstrated that a protein plaque consisting of
denatured
protein from salivary mucin, dead or-
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ganisms and living microorganisms will adhere to the
tooth surface, particularly in areas which are inaccessible to a toothbrush, where carious lesions are most
likely to occur. The active ingredient may attach
itself in loose chemical or physical union to the
dental plaque, protecting it from the acids of attachment; only penicillin, sodium-N-lauroyl sarcosinate (sodium lauroyl sarcoside) and sodium dehydroacetate have been tested on humans.
Fosdick et al. (J. Dent. Research, 1953, 32, 486)
reported decrease in the acidity of plaques scraped
from teeth as long as 12 hours after using a paste
containing 2 per cent of sodium lauroyl sarcoside.
Forscher and Hess (/. A. Dent. A., 1954, 48, 134)
failed to confirm this report. Brudevold et al. (ibid.,
1955, 50, 18) studied the pH of plaque material
scraped from the interdental surfaces of the upper
posterior teeth before and after a sugar solution rinse
prior to and following the use of three different
commercial tooth pastes for one week. The antienzyme substances in these pastes were: 2 per cent
sodium dehydroacetate, 1.8 per cent sodium lauryl
sulfate or 2 per cent sodium lauroyl sarcoside. No
differences were observed in the acidity of the plaques.
When the subjects used 2-minute rinses of the mouth
twice daily with 0.1 or 0.4 per cent aqueous sodium
lauroyl sarcoside, no changes were observed in the
relatively thick and unexposed interdental plaques but
the 0.4 per cent solution caused a reduction in acidity
in the thin plaques on the labial surfaces of the
teeth for as long as 2y2 hours. A detergent action is
the probable mechanism. Rinses with a solution of
800 units of potassium penicillin G caused a more
marked decrease in acidity (pH 4.9 to 6.9) of saliva
specimens incubated with glucose for 4 hours than did
rinses with sodium lauroyl sarcoside or sodium lauryl
sulfate. There are still problems associated with these
agents, and clinical tests to determine the actual
incidence of carious lesions are needed to supply
definite conclusions. Clinical experiments of this type
are
now being conducted and preliminary results are
encouraging.
There is an endless quest for a therapeutic dentifrice
in research laboratories throughout the country. Present evidence regarding these dentifrices indicates that
we do not yet possess an ideal dentifrice. Some are
of value in one or more conditions while others have
desirable characteristics of another nature. None can
be said to eliminate completely dental caries or to
prevent their occurrence. So far, it appears that the
type of dentifrice may not be as important as one's
inheritance, nutrition and the manner and frequency
of brushing teeth.
Dextrin.— The dextrins are a group of degradation products obtained from various starches by
heating them in the dry state or in the form of
aqueous suspensions. Dextrin appears on the market
in several forms: as powders, varying in color from
white, through yellow, to brown; as granulated particles; as thick, viscous, colored liquids; or as a white
paste. The composition of the several forms of dextrin
varies according to the degree of degradation of
starch ; beginning with the conversion of starch to
soluble starch (sometimes called amylodextrin) successive stages of the dextrin manufacturing processes
involve formation of varying proportions of erythrodextrins and achrob dextrins (see Starch, Part I), and
also more or less maltose and dextrose. The empirical
formula of the several dextrins is the same as for
starch, namely (CeHioOs)^, but n becomes smaller
with progressive degradation of the starch.
Heating dry starch to about 180° results in the
production of a brown, odorous, water-soluble dextrin, commonly called British gum. By adding a little
nitric, hydrochloric, or other acid, the degradation
reactions take place at a lower temperature, with the
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production of a much lighter and less odorous dextrin. Aqueous suspensions of starch may also be converted to dextrins by acid or enzymatic hydrolysis.
Corn, potato, and tapioca starches are most frequently used for dextrin manufacture, but rice and
wheat starches can also be employed. In some processes dried and ground tubers of potato or cassava
plants are used as the raw material for dextrin manufacture.
White dextrin (Dextrinum Album, NF. V) is a
white glistening powder, odorless, with a slightly
sweetish taste. It is partially soluble in cold water,
but completely soluble when boiled. The aqueous
solution made with cold water gives a red reaction
with iodine; when made with boiling water a blue
color results. It reduces copper salts only after being
boiled. For further tests see U.S.D., 22nd ed., p. 1353.
White dextrin has found some use in pharmacy as
an emulsifying, protective, binding and thickening
agent. In industry, the several forms of dextrin find
extensive usage as adhesives, thickeners, textile printing aids, etc.
Diacetylmorphine Hydrochloride, U.SJ*. IX.
Diamorphine Hydrochloride, B.P. 1948. Heroin Hydrochloride. C21H23NO5.HCl.H2O.— This is the hydrochloride of an alkaloidal base obtained by the
action of acetic anhydride on morphine. Because of
the great danger of addiction following use of the
drug its manufacture or importation into the United
States is prohibited by Federal law. It is a colorless,
odorless, crystalline powder with a bitter taste; it
dissolves in about 2 parts of water and in 11 parts
of alcohol. Its melting point is between 229° and
233°. For tests for its identification see U.S.D., 24th
ed., p. 358.
Uses. — The general physiological action of diacetylmorphine ismuch like that of morphine. It is more
analgesic and depressant to respiration than morphine.
Following subcutaneous administration its effect develops more rapidly than with other opium alkaloids;
maximum analgesia appears in about 30 minutes and
persists for 3 to 4 hours with therapeutic doses.
Doses of 10 to 20 mg. have caused respiratory failure
and shock, although the patients survived (Walker,
Brit. M. J., 1949, 1, 619). Untoward effects from
diacetylmorphine are infrequent and mild, but the
euphoria it produces, contrasted with the depression
which is characteristic of morphine, greatly increases
the tendency to addiction. Oberst (/. Pharmacol.,
1943, 79, 266) reported that over half of a dose of
diacetylmorphine is excreted in the urine, chiefly as
morphine. Diacetylmorphine hydrochloride has been
used chiefly for the control of cough and as an analgesic. Its use as an analgesic during childbirth has
been favorably discussed by Lund and Harris (Am.
J. Obst. Gyn., 1943, 45, 980).
Some years ago the Technical Committee of the
League of Nations undertook an extensive investigation of the importance of diacetylmorphine as a
remedial agent (see J. A.M. A., 1931, 97, 273). It was
concluded that the analgesic dose of the latter is
about one-half that of morphine, that it is more
effective than either morphine or codeine for relief
of cough and that, because of its smaller dose, it is
less likely to give rise to constipation. On the other
hand, the euphoria which it produces is much more
pronounced and, therefore, the drug is much more
dangerous from the standpoint of causing addiction
than is morphine. The heroin addict proved to be
very difficult to treat, and serious personality disorders were common. Heroin addicts take the drug
to produce euphoria, while morphine addicts use
their drug to avoid withdrawal symptoms. Oberst
(loc. cit.) reported that diacetylmorphine is twice as
effective as morphine in controlling the physical dependence on morphine
in morphine
addicts. The
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Committee concluded that heroin did not have a
sufficient preponderance of advantages over dangers
to justify its retention as a therapeutic agent. Small
supplies of the drug are legitimately available in
some institutions. Since 1931 its sale has been prohibited in 26 countries, without any recognized hard108). shipEin the care of patients (Brit. M. J., 1949, 1,
Toxicology. — The symptoms and treatment of acute
poisoning are in general similar to those of morphine
poisoning. In some instances there is observed also
a semi-delirious state somewhat resembling that seen
in scopolamine poisoning. Hussey et al. (J. AM. A.,
1944, 126, 535) reported 5 cases of acute bacterial
endocarditis as a result of the unsanitary methods of
injection employed by addicts. Megacolon has been
319).
observed in addicts (Bull. soc. med., 1942, 58, 316,
The usual dose range of diacetylmorphine hydrochloride is 1.5 to 10 mg. (approximately Yio to %
grain) subcutaneously or by mouth every 3 to 6
hours. The maximum safe dose in 24 hours seldom
exceeds 15 mg.
Diamidines. — Following the discovery by Llourie
and Yorke, in 1937, that Synthalin (decamethylenediguanidine hydrochloride; see under Guanidine, Part
II) has a direct therapeutic action on mice infected
with pathogenic trypanosomes, it was found, from a
study of many other related compounds, that the
guanyl (or amidine) grouping, NH:C(NH2)-, possesses trypanocidal activity. Compounds in which such
a group is attached to each end of a hydrocarbon
chain, forming diamidinoalkanes, were in later studies
observed to have high activity, reaching a maximum
as the length of the chain is increased to that of
undecane diamidine. Ashley et al. (J. Chem. S., 1942,
103) extended the investigation to aromatic diamidines from
;
all data available they concluded that the
most active trypanocidal compounds are of the type:
HN
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where X is a simple alkane chain in which one or
more of the CH2 groups are replaced by O, or is an
ethylenic linkage as in the stilbenes. Four compounds,
especially, gave promise of outstanding therapeutic
merit. These compounds are: (1) Phenamidine, 4:4'diamidino diphenyl ether, R. 0. R.; (2) stilbamidine ,
4:4'-diamidino stilbene, R.CHCHR; (3) propamidine, 4:4'-diamidino l:3-diphenoxy propane, R.O.(CH2)3.0.R; (4) pentamidine, 4:4'-diamidino 1:5diphenoxv pentane or (4,4'-[pentamethylenedioxy]
dibenzamidine) R.O.(CH2)5O.R. (see in Part I) ; in
all of these compounds R stands for the grouping
NH:C(NH2).C6Ht-. In this series of four compounds
stilbamidine, presumably because of alteration of its
ethylenic linkage, becomes more toxic to mice after
exposure to light.
For a discussion of methods of preparing the diamidines which, in general, involve conversion of
nitriles into imino-ethers and thence to amidines, see
the paper by Ashley and co-workers. The diamidines
have been used in the form of the free bases, the
dihydrochlorides, the dimethylsulfonates, and the
isethionates.
Uses. — These compounds were developed through
a systematic study of aromatic diamidines for use in
the treatment of trypanosomiasis. It was observed
that stilbamidine was most effective for visceral leishmaniasis (Kirk and Sati, Ann. Trop. Med., 1943, 37,
34; Kirk and Henry, ibid., 1944, 38, 99; Sen Gupta,
Indian Med. Gaz., 1943, 78, 537). However,
the
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toxicity and the neuropathic sequelae of stilbamidine
therapy resulted in its being generally discarded.
Pentamidine (see in Part I) is recommended in those
cases of kala-azar which are hypersensitive to antimonial compounds.
The diamidines are not only antagonistic to trypanosomes but also strongly inhibit the growth of
bacteria in wounds, presumably by directly affecting
the oxidative metabolism of the bacteria (Bernheim,
Science, 1943, 98, 223; Kohn, ibid., 1943, 98, 224)
in much the same manner as the sulfonamides, although less effectively (Wien and Freeman, Brit. J.
Pharmacol. Chemother., 1948, 3, 211). Studies on
fungi, in vitro, showed inhibition of Sporotrichum
schenckii and Blastomyces dermatitidis in concentrations of a few micrograms per ml. of a diamidine
(Elson, /. Infect. Dis., 1945, 76, 193).
Wien studied the general pharmacological actions
of diamidines {Ann. Trop. Med., 1943, 37, 1). He
found that all of them lower blood pressure by
dilating arteries and increase both tonus and movements of intestinal muscles, these actions being partly,
but not completely, antagonized by atropine; in large
doses they increase blood urea, probably through injury to the kidney, and may cause fatty degeneration
of the liver. These toxic effects are manifested only
by doses exceeding those generally used therapeutically.
Specific Diamidines
SnxBAMiDrNE Isethionate. Stilbamidine Diisethionate. — This is a white crystalline powder which is
soluble to the extent of 40 Gm. per 100 ml. of water
at 25° C. and slightly less so in dextrose solutions. A
precipitate forms when concentrations in excess of
0.5 per cent are added to human blood sera. The solid
is stable in the dark; it slowly turns yellow when
exposed to light but this change does not seem to
alter its toxicity or therapeutic action, in contrast to
the rapid change which takes place in aqueous solutions in both therapeutic efficacy and toxicity (Fulton
and Yorke, Ann. Trop. Med., 1942, 36, 134). This
instability in solution is found only with the unsaturated member of this diamidine series, i.e., stilbamidine. Fulton {ibid., 1943, 37, 48) reported that ultraviolet irradiation caused saturation of the ethylenic
linkage with formation of 4,4'-diamidino phenyl
benzyl carbinol (see also Barber et al., Nature, 1943,
151, 107). Changes in cis- and trans-isomerization are
involved in the effect of light on stilbamidine solutions (Fulton, Brit. J. Pharmacol. Chemother., 1948,
3, 75; Henry, ibid., 163). In melting-point determinations stilbamidine turns yellow at 200° and decomposes at 290° C. When exposed to ultraviolet light,
even in very dilute solutions, stilbamidine has a blue
fluorescence which has been applied to the determination in tissues and biological fluids (Henry and
Grindley, Ann. Trop. Med., 1942, 36, 102).
Immediately after an intravenous injection of 200
mg. as much as 40 micrograms per ml. may be found
in the blood serum but in 2 hours the level is less
than 2 micrograms. About 15 per cent of the dose
appears in the urine in 24 hours after a single dose
but after repeated daily doses the body proteins become saturated and as much as 80 per cent appears
in the urine in 24 hours.
Stilbamidine has been used by Napier {Indian Med.
Gaz., 1942, 77, 321) and Kirk and Sati {Ann. Trop.
Med., 1943, 37, 34) in the treatment of kala-azar
with very favorable results but antimonial drugs are
preferred at present. The beginning dose was 25 mg.
of the hydrochloride salt, gradually increased, if no
unpleasant reaction occurred, to 100 mg. intravenously.
Fungal Injections. — In blastomycosis, stilbamidine
has provided an effective therapy for an hitherto re-
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fractory infection. Heilman {Proc. Mayo, 1952, 27,
455) reported efficacy against experimental pulmonary, but not cerebral, blastomycosis in mice. Aureomycin has some value in minimizing the progress of
the infection but it is not curative (McVay and
Carroll, Am. J. Med., 1952, 12, 289). Potassium
iodide has been the mainstay of treatment but results
have been poor and patients allergic to the fungus
were often made worse by iodide therapy (Martin
and Smith, Am. Rev. Tuberc, 1939, 39, 488). Stilbamidine was used successfully for systemic blastomycosis by Schoenbach et al. {Ann. Int. Med., 1952, 37,
31). Curtis and Harrell {Arch. Int. Med., 1952, 66,
676), Snapper et al. {Trans. N. Y. Acad. Sc, 1952,
14, 269), D. T. Smith {GP, 1953, 8, 69) and J. G.
Smith, Jr., et al. {J.A.M.A., 1955, 158, 641) have
confirmed its efficacy. D. T. Smith gave an initial dose
of 10 mg. of the diisethionate salt, followed by 50
mg. daily for 2 days, then 100 mg. daily for 2 days
and finally 150 mg. daily for 25 days; the maximum
total dose was 4.6 Gm. Schoenbach et al. used 50
mg. the first day, 100 mg. on the second and third
and 150 mg. daily thereafter for 12 days; after a
2-week rest period, the course of 14 days of injections
was repeated. The maximum total dose was 6 Gm.
The diisethionate salt was dissolved in a concentration
of 50 mg. per 100 ml. of sodium chloride injection or
5 per cent dextrose injection and given at a rate of
50 mg. per hour without immediate untoward effects.
Rapid intravenous injections cause nitritoid reactions
and phlebitis. Intramuscular injection is extremely
painful. Smith recommends stilbamidine only for systemic blastomycosis; for cutaneous blastomycosis, he
prefers blastomycosis vaccine to desensitize the patient
to the fungus, then potassium iodide orally, and
propamidine {v.i.) and roentgen irradiation topically.
In a case of actinomycosis, resistant to penicillin and
sulfonamide therapy, Miller et al. {J.A.M.A., 1952,
150, 35) reported prompt improvement.
Multiple Myeloma. — In this tumor of plasma cells,
Snapper et al. {J.A.M.A., 1947, 133, 157) suggested
use of stilbamidine on the analogy, of questionable
significance, of increased blood serum globulin both
in patients with this tumor and in those with kalaazar, which latter responds to stilbamidine. Palliation
of symptoms in patients with multiple myeloma has
been obtained in about two-thirds of the cases frequently for periods of 1 to 4 months and less often
for 6 months or more. Relief of skeletal pain has been
most striking. Body weight, anemia and roentgen
evidences of the tumor have shown less change. The
Bence-Jones proteinuria decreases in some cases. Griffiths and Brews {J. Clin. Path., 1953, 6, 187) studied
the electrophoretic pattern of the abnormal protein
in the blood serum of these patients. In rats, Kopac
{Trans. N. Y. Acad. Sc, 1945, 8, 5) found destruction
of mammary adenocarcinoma by concentrations of
stilbamidine which had no effect on normal tissue.
Snapper et al. {Blood, 1947, 2, 311) found stilbamidine in myeloma tissue at autopsy. Basophilic inclusion bodies appear in the cytoplasm of myeloma cells
and ribosenucleic acid increases after stilbamidine
therapy. It is suggested that this drug reacts with abnormal nucleoproteins present in myeloma cells. Since
sodium nucleate antagonizes the antibacterial action of
stilbamidine (Bichowsky, Proc. S. Exp. Biol. Med.,
1944, 57, 163), Snapper {loc. cit.) prescribed a lowprotein diet for his patients. Presently corticotropin
or urethan is more commonly employed for palliation
of myeloma cases.
Tic Douloureux. — Smith and Miller {Ann. Int.
Med., 1953, 38, 335) reported substitution of trigeminal hypesthesia for the attacks of sharp pain in this
syndrome by daily intravenous injection for 13 days
of 150 mg. of stilbamidine dissolved in 5 per cent
dextrose injection.
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Rheumatoid Arthritis. — A trial of stilbamidine or
propamidine did not benefit these patients (Rosenberg, Ann. Int. Med., 1946, 25, 832).
Toxicology. — Trigeminal neuropathy appears in a
high percentage of patients treated with stilbamidine,
thus in 10 of 14 cases reported by D. T. Smith (loc.
cit.). Smith believes that exposure of the patient to
sunlight causes conversion of the drug in the skin to
a toxic material which damages the sensory nucleus in
the brain stem. Hypesthesia appears 1 or more months
after stilbamidine therapy ; sensation of pressure, pain
and temperature usually are unaffected. Eventually
paresthesia, anesthesia, hypalgesia and numbness develop. Recovery is usual but may require many
months.
The delayed and often fatal hepatic or renal damage observed during stilbamidine therpy in kala-azar
is probably due to the toxic material formed in stilbamidine solutions exposed to light for even a few
minutes {vs.). However, stilbamidine therapy seems
inadvisable in patients with impaired liver or kidney
function. Fresh solutions of the drug must be prepared
just before injection, and kept covered even during
the period of intravenous infusion. A case of acute
yellow atrophy of the liver proved fatal in a child
treated with stilbamidine for coccidioidomycosis
(Cohen et al., Arch. Pediat., 1952, 69, 267).
When fresh solutions are injected slowly without
exposure to light, serious reactions, except for the
delayed trigeminal neuropathy, are infrequent. Epinephrine or atropine often control immediate uncomfortable sensations. Early untoward effects include
flushing of the face, hypotension, nausea, vomiting,
faintness, thrombosis of the injected vein (unless well
diluted), sweating, tachycardia, vertigo, paresthesias,
facial anesthesia and collapse.
Dose. — The usual dose is 150 mg. of the diisethionate salt administered slowly intravenously daily or
on alternate days; the salt is dissolved in at least 20
ml., and preferably 500 ml., of sodium chloride injection or 5 per cent dextrose injection. It is wise to use
a dose of 50 mg. followed by a dose of 100 mg. to test
the reaction of the patient before using the 150 mg.
dose. The maximum total dose over a period of 15
to 30 days is 2 to 6 Gm. The drug may be given
intramuscularly dissolved in 5 ml. of 2 per cent
procaine hydrochloride solution. A dose of 150 mg.
of the diisethionate salt is approximately equivalent
to 100 mg. of the hydrochloride salt which was
formerly in use.
Stilbamidine is available in sterile ampuls containing 150 mg. of the diisethionate salt (Merck).
2-Hydroxystilbamidente Diisethionate (Merrell).
— Because of the toxic effects produced by stilbamidine, the related 2-hydroxy derivative was studied in
myeloma patients (Snapper, /. Mt. Sinai Hosp., 1948,
15, 156; Trans. N. Y. Acad. Sc, 1952, 15, 269) and
found not to cause trigeminal neuropathy and to be
more stable in solution. It was about as active against
Blastomyces dermatitidis as stilbamidine (Alfred and
Harbin, J. Bone Joint Surg., 1950, 32-A, 887). Both
compounds inhibit cholinesterase (Elson, /. Infect.
Dis., 1945, 76, 193). The 2-hydroxy derivative is
found in the nuclei of cells combined with desoxyribonucleic acid, whereas stilbamidine is found in the
cytoplasm combined with ribonucleic acid (Snapper
et al., Cancer, 1951, 4, 1246) ; whether this occurs in
vivo or during the fixation of the tissues for histological study is debated. Arginine inhibits the action of
both compounds.
Coccidioidomycosis. — Some suppressive action was
reported in 5 of 7 patients with disseminated coccidioidomycosis without toxic manifestations despite the
large total doses of 8 to 23 Gm. (Snapper et al.,
Ann. Int. Med., 1955, 43, 271).
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Blastomycosis. — Three cases of systemic and one of
cutaneous blastomycosis were treated successfully with
2-hydroxystilbamidine by Snapper and McVay (Am.
J. Med., 1953, 15, 603). Sutliff et al. (Ann. Int. Med.,
1954, 41, 89) used 225 mg. dissolved in 500 ml. of 5
per cent dextrose injection intravenously daily for 30
days successfully in 7 of 12 cases. J. G. Smith, Jr.,
et al. (J.A.M.A., 1955, 158, 641) treated 4 cases successfully and pointed to the 92 per cent mortality in
their previous experience with the pulmonary form
of blastomycosis (Martin and Smith, Am. Rev.
Tuberc, 1939, 39, 275).
Leishmaniasis. — Sen Gupta (Indian Med. Gaz.,
1950, 85, 547) reported successful use of 2-hydroxystilbamidine for kala-azar; it was administered intravenously orintramuscularly without immediate or
delayed reactions in total doses of 2.7 Gm. per 100
pounds of body weight. Efficacy in South American
mucocutaneous leishmaniasis is reported (Snapper,
Am. J. Med., 1952, 13, 655).
Dose. — The usual dose is 225 mg. dissolved in 20
ml. or more of 5 per cent dextrose injection slowly
intravenously over a period of 20 minutes or more
daily or on alternate days. Several doses of 110 mg.
on alternate days are often employed to test the
tolerance of the patient. In a 4-year-old child, the
dose range was 28 to 75 mg. daily. The maximum
total dose has been 2 to 45 Gm. during a period of
10 days to 13 months. It may be given intramuscularly dissolved in 5 ml. of 2 per cent procaine hydrochloride injection without significant tissue destruction. The diisethionate salt represents 54 per cent of
2-hydroxystilbamidine.
Propamidine. — This was introduced as a surgical
antiseptic by Thrower and Valentine (Lancet, 1943,
1, 133). They found that it exerted a bacteriostatic
effect against streptococci in solutions as dilute as 1 in
2,000,000 and that with various strains of staphylococci its antiseptic limits ranged from 1 in 32,000 to
1 in 256,000. It has been employed by a number of
British surgeons as a surgical antiseptic in burns,
osteomyelitis and wounds (Lancet, 1943, 2, 73; Forrest, New Zealand M. J., 1944, 40, 140). Its action
is not bactericidal but bacteriostatic and seems to be
largely limited to streptococci and staphylococci although in vitro it shows some antagonism to Clostridium welchii. It is generally applied in the form
of a water-soluble jelly or in a hydrophilic ointment
base, either of which may contain about 0.15 per cent
of the drug; but for injection into fistulas a 1 per cent
solution in isotonic saline may be employed. Finding
that 7.5 micrograms per ml. of propamidine diisethionate inhibited the growth of Blastomyces dermatitidis, invitro, Colbert et al. (J. Invest. Dermal.,
1950, 14, 71) employed effectively 0.1 per cent of the
salt in a 9 per cent methyl cellulose gel topically on
cutaneous lesions of blastomycosis daily for 9 days in
courses at intervals of 6 weeks.
Diamthazole Dihydrochloride. Asterol Dihydrochloride (Hoffmann-La Roche). 6-((3-Diethylaminoethoxy) -2-dimethvlaminobenzothiazole Dihydrochloride.'dihydrochloride
(C2H5)2NCH2CH20.C7H3NS.N(CH3)
2HC1. — Diamthazole
occurs as 2--a
white, crystalline powder, freely soluble in water; a
5 per cent aqueous solution has a pH of approximately
2. Its synthesis is described by Steiger and Keller in
U. S. Patent 2,578,757 (December 18, 1951).
The substance is an antifungal agent of low toxicity
and good solubility and diffusibility suitable for topical treatment of superficial fungous infections. In mice
the LD50 was found to be 0.375 Gm. per Kg. subcutaneously and 0.5 Gm. per Kg. by mouth (Grunberg et al., Trans. New York Acad. Sc, 1950, 13, 22).
In vitro, a 50 per cent inhibition of growth of Trichophyton mentagrophytes was obtained was a concen-
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tration of 1:2,000,000 and of Microsporon lanosum
with 1:800,000; this inhibitory action was much
greater than that obtained with closely related chemical compounds. Bacteria and non-pathogenic fungi
were found to be resistant to this compound. Microsporon audouini was inhibited with a concentration
of 1:10,000 and at 1:100,000 growth was atypical in
that no aerial mycelia formed in the culture. Reiss
(ibid., 28) reported inhibition of sporulation of
M. audouini on hair from cases of tinea capitis.
In cases of tinea capitis, Stritzler et al. (Arch.
Dermat. Syph., 1951, 63, 606) reported cure of 32
of 44 cases due to M. audouini and 14 of 20 due to
M. lanosum in 16 weeks. A 2 per cent solution in 70
per cent ethyl alcohol was sprayed on the lesion and
rubbed in with a brush daily and a 2 per cent ointment in a polyethylene glycol vehicle was applied at
bedtime. It was also useful for tinea corporis, tinea
cruris, tinea pedis and tinea versicolor and erosio
interdigitalis blastomycetica due to Candida albicans.
In vitro inhibition of C. albicans was reported by
Seale (Can. Med. Assoc. J., 1951, 65, 582). In the
treatment of tinea capitis due to M. audouini, Edelson et al. (Arch, Dermat. Syph., 1951, 64, 444) reported cure of 26 of 72 children. Snyder (ibid., 1952,
65, 464) cured 15 of 60 cases in 1 to 1C months of
treatment. Appel et al. (New Eng. J. Med., 1951,
245, 1003) was unable to cure any of 10 patients with
M. canis or 21 with M. audouini in less than 3
months of treatment but with more than 3 months
of treatment 5 of 6 patients with the former infection and 5 of 24 with the latter were cured both
symptomatically and mycologically. Ravits (J.A.M.A.,
1952, 148, 1005) reported cure of 54 of 100 cases
with tinea pedis, tinea versicolor, tinea capitis, tinea
corporis and paronychia. Rothman and Taschdjian
(/. Invest. Dermat., 1951, 17, 9) used it in combination with lithium bromide to potentiate its action
and to soften hard keratin structures such as nails.
Ravits found it unsatisfactory for pruritus ani and
for onychomycosis. Dusting a 5 per cent powder into
shoes and socks inhibits but does not destroy fungi
(J. AM. A., 1952, 149, 408).
Toxicology. — Of 77 cases of tinea capitis treated by
Stritzler et al. 19 developed kerion (deep boggy inflammation) during treatment. Of the 60 cases
treated by Snyder, 15 developed local irritation of
the scalp. Edelson et al. described 2 cases of dermatitis venenata due to the drug. In infants and young
children, 4 cases of generalized tonic and clonic convulsive seizures, disorientation and hallucinations
with abnormalities in the electroencephalogram but
without other abnormalities of body function have
been reported (Wilson et al., J A.M. A., 1952, 150,
1002; Hitch, ibid., 1004; Featherston, ibid., 1006)
following treatment of tinea capitis. Discontinuation
of the antifungal agent was followed by prompt
recovery.
Application. — A 5 per cent tincture or ointment is
applied 1 to 2 times daily to the lesion. The 5 per
cent powder may be dusted into shoes and socks. It
is contraindicated for children under 2 years of age
and children under 10 years of age should not use
more than 60 Gm. of the tincture and/or ointment
per week. It should not be applied to mucous membranes and the tincture should not be used on acutely
inflamed areas of skin. Although treatment for 3
months or longer is usually required and only some
cases of M. audouini respond, there is currently no
more effective therapy for the distressing and frequently epidemic tinea capitis (ringworm of the
scalp).
Asterol dihydrochloride is supplied in a 5 per cent
concentration in an ointment, tincture and powder.
Dichloramine-T.
Dichloramine.
Para-toluene-
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sulfonedichloramide. CH3.C0H4.SO2.NCI2.— "Dichloramine-T contains the equivalent of not less than 28
per cent and not more than 30 per cent of active
CI." N.F. VIII.
Dichloramine-T, once considered an important
germicide, differs from chloramine-T (see in Part I)
in containing two chlorine atoms, one of these replacing the sodium atom present in chloramine-T.
This difference imparts to dichloramine-T insolubility
in water but makes it soluble particularly in chlorinated hydrocarbons, this being the opposite of the
behavior of chloramine-T in these liquids. Dichloramine-T may be prepared by dissolving ^-toluenesulfonamide in chlorinated lime solution, thereby replacing both hydrogen atoms of the amide group by
chlorine atoms.
"Dichloramine-T occurs as pale greenish yellow
crystals or as a crystalline powder, having the odor
of chlorine. It gradually decomposes on exposure to
air, losing chlorine, and is affected by light. One Gm.
of Dichloramine-T dissolves in about 1 cc. of petroleum benzin, in about 1 cc. of chloroform, and in
about 2.5 cc. of carbon tetrachloride. Dichloramine-T
dissolves in eucalyptol, in chlorinated paraffin, and
in glacial acetic acid. It is soluble in alcohol, the
solution decomposing rapidly on warming, but is
almost insoluble in water. Dichloramine-T melts at
about 80°." N.F. VIII.
Because dichloramine-T was very unstable in formulations containing liquid petrolatum or petrolatum
it was commonly employed in solution in chlorinated
paraffin (chlorcosane) ; even in this medium it decomposed to the extent of about 10 per cent in one
day and about 25 per cent in one week.
Uses. — Dichloramine-T, like chloramine-T, is a
powerful germicide. McMaster (J. Infect. Dis., 1919,
24, 378) found that a 1 in 2000 solution of dichloramine-T in oil destroyed Bacillus typhosus. The chemical was at one time used as a surgical antiseptic.
Sweet (J.A.M.A., 1917, 69, 1076) reported, on the
basis of a large hospital experience during World
War I, that in infected wounds it gave as good surgical results as any method of treatment then available. Dichloramine-T had some popularity also as an
antiseptic for the treatment of burns. Concentrations
of 2 to 10 per cent, in chlorinated paraffin, were
commonly employed; eucalyptol and chlorinated
eucalyptol were also used as solvents, usually mixed
with chlorinated paraffin. Another serious disadvantage of the substance, besides its instability, is that
it caused considerable irritation of wounds, apparently through release of hydrochloric acid when the
compound came in contact with water. DichloramineT was also used as an antiseptic application to the
mucous membranes of the nose and throat, in concentrations of0.5 to 2 per cent.
Dichlorobenzene. Para-dichlorobenzene . Benzene
Dichloride. Dichloricide (Merck). l,4-C6H4Cl2- —
This substance occurs in colorless crystals, insoluble
in water but readily soluble in hot alcohol. The
vapors are penetrating and kill insects, larvae and
eggs. Dichlorobenzene is used to protect clothing
from moths, to destroy insects — as mosquitoes, flies,
roaches, etc. — and, by fruit-growers, to combat boring insects such as the peach-borer. A 5 per cent
solution in carbon tetrachloride is an effective moth
repellent.
Dichlorophenoxyacetic Acid. 2,4-Dichlorophenoxyacetic Acid. 2,4-D. CI2C6H3O.CH2COOH.— This
substance is of importance as a selective herbicide
for killing weeds in lawns and other grassy areas
infested with plaintain, dandelion, and other noxious
weeds. It occurs as a white powder, practically insoluble in water; it may be applied in the form of a
water dispersion prepared with the aid of 0.5 per cent
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polyethylene glycol 1500 or other dispersing agents.
Dry application, in a mixture with various mineral
and dry organic fertilizers, is also effective.
The herbicidal action of this substance is different
from that of other weed killers. In a concentration
of 10 parts per million, dichlorophenoxyacetic acid
is a hormone, stimulating the growth of plants to
which it is applied; in concentrations of 100 to 1000
parts per million, however, the hormone stimulates
abnormal growth so that roots become enlarged and
split, leaves take on fall colors, plants twist, curl, become distorted and in a few weeks dry up completely
and disintegrate. Plots sprayed with dispersions containing 500 or 1000 parts per million of the chemical,
at the rate of 5 gallons per 1000 square feet, remained almost free of dandelions a year after the last
of 3 applications of the herbicide (see Marth and
Mitchell, Science, 1946, 104, 77). It attacks most
broadleaf plants, requiring about a month to produce
killing action; its eradicative action seems to proceed
more rapidly in sun than in shade. It should not be
applied within 4 hours of a rain. No adverse effect
on lawn grasses has been observed. Dichlorophenoxyacetic acid is noncorrosive and nonirritating to the
skin; in feeding trials with animals no adverse effects
have been noted and several investigators who have
consumed the chemical suffered no ill effects (Hildebrand, Science, 1945, 103, 468).
Dieldrin. 1,2,3,4, 10,10-Hexachloro-6, 7-epoxy-l,4,4a,5,6,7,8,8a-octahydro-l,4,5,8-dimethanonaphthalene.
C^HsOgO. — Pure dieldrin is a white, crystalline
solid, odorless, insoluble in water but soluble in
many organic liquids; the melting point of the pure
material is about 175°. The commercial grade of the
substance is required to contain not less than 85 per
cent of the pure compound. Like its close relative
aldrin, dieldrin is stable in the presence of alkalis,
a property notable among halogenated insecticides.
Dieldrjn is similar to aldrin in its insecticidal properties, apparently being more potent than the latter
against some insects; dieldrin, however, possesses considerably longer residual activity by virtue of its being
more persistent than aldrin (for comparative data see
Lidov et al. in Agricultural Control Chemicals, American Chemical Society, 1950, p. 175).
The acute toxicity of dieldrin, when administered in
edible oil to albino rats, expressed as LD50, is 50 to
55 mg. per Kg. of body weight. For a discussion of
the symptoms and treatment of possible cases of poisoning, see under Aldrin. [V]
Digitalis Preparations and Derivatives. — In
this category are included various non-official products from digitalis which are or recently have been
used therapeutically.
Acetyldigitoxin. C43HH0O14. — This substance, as
its name indicates, may be considered an acetyl derivative of digitoxin, but it is actually obtained from
lanatoside A, a natural glycoside of Digitalis lanata
(see discussion under Digoxin) . When lanatoside A
is subjected to enzymatic hydrolysis a molecule of
glucose is split off, leaving acetyldigitoxin. Complete
hydrolysis of acetyldigitoxin yields digitoxigenin as
the aglycone, along with one molecule of acetic acid
and three molecules of the sugar digitoxose.
Acetyldigitoxin has pharmacological properties intermediate between those of digitoxin and digoxin
(Loeffier, Semaine Hop., Paris, 1953, 29, 4174). It is
particularly recommended for congestive heart failure
associated with rapid rhythms, such as auricular
fibrillation, flutter or tachycardia, because of a more
rapid effect on the heart than is exerted by strophanthin (Loffler et al., Schweiz. tned. Wchnschr.,
1953, 83, 290). The average oral digitalizing dose, in
divided portions over 48 hours, was 2.8 mg.; over a
period of 3 days it was 3.5 mg., while over 4 days it
was 4 mg. Intravenously 1.5 mg., administered at once
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or divided in two portions, produced a full therapeutic
response in 4 to 24 hours; the alcoholic solution of
the glycoside should be diluted with saline solution
to prevent irritation of the vein. Enselberg {Am.
Heart J., 1953, 45, 909) did not find acetyldigitoxin
to be clinically superior to digoxin. It does not persist
in the body as long as digitoxin.
Under the trade-mark Acylanid (Sandoz) there
are available tablets containing 0.1 or 0.2 mg. of
acetyldigitoxin (more specifically designated acetyldigitoxin-a).
Digalen (Hoffmann-La Roche), N.N.R. 1952. —
This represents the cardioactive principles of digitalis
as isolated by Cloetta (see N.N.R. 1952 for a summary of the process). Its actions and uses are those
of digitalis. The solution for oral use represents, in
each ml., 1 U.S.P. Digitalis Unit; it is supplied in
30-ml. vials. Each 2 -ml. ampul of the injectable solution represents 1 U.S.P. Digitalis Unit. Tablets contain 0.5 or 1 U.S.P. Digitalis Unit. The average
maintenance dose of the injection solution is 0.5 to
1 Unit, with a maximum daily dosage of 3 Units. The
average oral dose is 0.5 to 1 Unit three times daily.
Digifolin (Ciba), N.N.R. 1952. — This preparation
is derived from an aqueous extract of digitalis leaves.
Each 2-ml. ampul, each ml. of Liquid Digifolin, and
each tablet contains the equivalent of 1 U.S.P. Digitalis Unit. It is stated that oral Digifolin preparations provide the active glycosides in a form more
readily absorbable than do whole leaf preparations
and that a 20 to 30 per cent greater clinical effect is
obtainable than with crude digitalis preparations of
equal unitage.
Digifortis (Parke, Davis). — This is a fat-free preparation of digitalis leaf. Each 1-ml. ampul and each
capsule represents 1 U.S.P. Digitalis Unit; each ml.
of tincture represents 1.25 U.S.P. Units; each tablet
represents 0.5 or 1 Unit.
Digiglusin (Lilly). — The cardioactive glycosides of
digitalis, free of saponins and other irritants, are
represented in this product available in 1-ml. ampuls
containing 1 U.S.P. Digitalis Unit, in a liquid each
ml. of which contains 1 Unit, and in tablets containing 0.5, 1 or 1.5 Units.
Diginutin (Burroughs Wellcome). — This is an alcoholic solution of the total cardioactive glycosides
of digitalis, intended for oral use. Each ml. representing 1U.S.P. Digitalis Unit.
Digitally "German," N.N.R. 1946.— This preparation isa mixture of glycosides obtained from digitalis seeds; it consists largely of digitonin, with socalled "true" digitalin and other glycosides. As the
proportions of the active principles may vary with
changes in the method of manufacture there exists
considerable uncertainty as to dosage. At one time
the dose was given as 1 to 2 mg., with a maximum
of 4 mg. but the activity of most specimens of German digitalin has been such that daily doses of 60
mg., or possibly more, must be given (Wayne, Brit.
M. J., 1951, 2, 850). This product must not be confused with Digitaline Nativelle (see Digitoxin, in Part
I), or with Digitalin "French," also called Homolle's
digitaline and digitaline chlorojormique, which is reported to be a mixture chiefly of digitalin, digitonin
and digitoxin.
Digitalis Infusion, N.F. IX. — This preparation of
digitalis, long and until recently officially recognized,
is made as follows: Pour 900 ml. of boiling distilled
water upon 15 Gm. of powdered digitalis contained
in a suitable vessel, cover lightly and infuse 1 hour in
a warm place. Add a mixture of 100 ml. of alcohol
and 5 ml. of cinnamon spirit, filter, and pass sufficient
distilled water through the residue on the filter to
obtain 1000 ml. of product. Only the official powdered
digitalis may be used in making the infusion, and it
must not be dispensed unless freshly prepared. NJ. IX.
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This is an unstable preparation, of variable potency.
Hatcher and Eggleston (J.A.M.A., 1915, 65) attributed its instability to bacterial action and observed
that if it is bottled hot and kept stoppered it retains
its potency for many weeks. Bliss (J. Lab. Clin. Med.,
1922, 7, 225) found that 10 samples of infusion prepared at various retail pharmacies showed, on the
average, a potency less than 40 per cent of that of
the leaf from which they were prepared. Focke (Arch.
Pharm., 1910, 259, 323), however, demonstrated that
it is possible to extract 85 per cent of the activity of
digitalis leaf with water. Cosgrove and Guth (/. A.
Ph. A., 1954, 43, 266) prepared lyophilized watersoluble extracts of digitalis which are instantly soluble in water and lend themselves to extemporaneous
preparations of infusions; the extracts appear to be
stable and to be of a potency comparable with that
of tinctures prepared from the same lot of drug, when
equivalent quantities of digitalis are compared.
Some clinicians believe that infusion of digitalis is
more actively diuretic than the tincture. The dose of
the infusion is from 4 to 12 ml. (approximately 1 to
3 fluidrachms) ; a 4-ml. portion of infusion provides
some portion of the activity of 60 mg. of powdered
digitalis.
Digitora (Upjohn) . — Under this name are supplied
two strengths of tablets of digitalis, each representing
0.55 and 1.28 U.S.P. Digitalis Units, respectively.
Gitalin (Amorphous), N.N.R. 1955. Gitaligin
(White Laboratories) .—This is a mixture of digitalis
glycosides prepared according to the method of Kraft
(Arch. Pharm., 1912, 250, 118) in which the dried
and ground leaves are extracted with cold water and
the extract is then purified by selective precipitation
and extraction technics. It must not be confused with
crystalline gitalin, described under Digitalis, in Part I.
Uses. — The historical review of Dimitroff (Ann. Int.
Med., 1953, 39, 1189) indicates that gitalin enjoyed
extensive use in Europe (see Straub and Krehl,
Deutsche med. Wchnschr., 1919, 45, 281; also Mansfield and Horn, Arch. exp. Path. Pharm., 1929, 144,
46). Early reports from American clinics were less
enthusiastic about it (Stroud et al., Ann. Int. Med.,
1934, 8, 710; Baker and Bloom, ibid., 1936, 10, 605;
Levy and Boas, Am. Heart J., 1938, 14, 643). Interest in it has been revived by the introduction of a
stable and uniform drug (Batterman et al., Fed. Proc,
1950, 9, 256). Gitalin has the action and uses of other
digitalis glycosides (see under Digitalis) ; however, it
provides a wider therapeutic range than other digitalis
preparations, which accounts for its renewed popularity (Marriott, Ann. Int. Med., 1954, 40, 820).
Therapeutic range is defined as the percentage of
the ratio of the dose of a digitalis preparation required for a therapeutic effect compared with the
total dose producing toxicity. In previous studies
Batterman, DeGraff et al. (Am. Heart J., 1951, 42,
292) had found the therapeutic ratio of digoxin,
digitoxin and lanatoside C to be 63.6, 65.4, and 62.9
per cent, respectively. A study of 91 patients indicated
the average therapeutic dose of gitalin by rapid oral
administration to be 5.7 mg., while the average toxic
dose was 14.1 mg., giving a therapeutic range of 41
per cent. The toxicity observed in these cases was
similar to that noted with pure glycosides, but was
less persistent than the toxicity from digitoxin.
Further observations by Batterman, DeGraff and
Rose (Circulation, 1952, 5, 201) revealed that when
compared with digitalis leaf (by determining the minimal therapeutic and toxic doses in the same patient),
gitalin manifests an average of a 41 per cent increase
in the therapeutic range. Since the therapeutic range
of gitalin is greater than that of any other available
digitalis preparation or glycoside, initial digitalization
and maintenance can be provided with greater safety.
The rate of dissipation lies between those of digoxin
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and digitoxin, making inadequate maintenance less
likely than with the former and permitting toxic
manifestations to subside more quickly than is the
case with the latter. In some patients satisfactory
cardiac efficiency cannot be attained with other digitalis preparations without concomitant toxicity; such
patients may be greatly benefited by administration
of gitalin because of its low therapeutic ratio. These
authors call attention to the high degree of uniformity
in potency and absorption of different lots of the
drug, assuring its effectiveness with predictable doses.
For this reason as well as the safety factor they conclude that it is the digitalis preparation of choice in
congestive heart failure.
While Hejtmancik and Hermann (Arch. Int. Med.,
1952, 90, 224) found the therapeutic ratio of gitalin
to be 59.5 per cent, they supported Batterman's
opinion that toxic effects appear later than with other
preparations, making it the treatment of choice in
instances of refractory heart failure. This appears to
be the fundamental advantage inherent in gitalin. In
treatment of 135 patients with cardiac decompensation there was variation in effective dosage from 4.5
mg. to 9.0 mg., averaging 6.5 mg. Their rapid method
of initial digitalization made use of 2.5 mg. as the
initial dose, followed by 1.5 mg. every 6 hours until
therapeutic effect was obtained. Slower digitalization
was obtained by giving 0.5 mg. four times daily for
3 or 4 days until there was therapeutic response. In
calculating total digitalizing dosage they subtracted
0.5 mg. as an excretion factor for each day beyond a
48-hour period. They found that a daily dose of 0.5
mg. maintained the majority of patients satisfactorily,
a minority requiring more, very few requiring less.
Toxic effects were uncommon in routine management ;
when they occur they resemble those of other digitalis preparations both clinically and in the electrocardiogram.
An alternate rapid method of initial digitalization
with gitalin was reported by Dimitroff (loc. cit.), who
administered 1 mg. every 4 or 6 hours until therapeutic effect was obtained. The average total dose
required was 6.5 mg. He cited the report of Haring
and Luisada (Am. Heart J., 1953, 45, 108), who
found the digitalizing dose by the intravenous route
to be 5 to 6 mg. Dimitroff confirmed that the usual
maintenance dose of gitalin is 0.5 mg. and in 85 per
cent of a group of patients in whom the drug was
substituted for a maintenance dose of 100 mg. of
digitalis or 0.1 mg. of digitoxin the daily maintenance
dose of 0.5 mg. of gitalin was a satisfactory substitute. He was able to substitute gitalin with satisfactory results in 8 patients who could not be controlled with other preparations without toxicity. No
instance of toxicity was encountered in administration
oi" gitalin to 69 patients over a period extending from
1 to 12 months. Comparable results have been reported by Weiss and Steigmann (Am. J. Med. Sc,
1954, 227, 188) in therapy of 49 cases of congestive
heart failure. They found that by doubling the minimal therapeutic maintenance dose toxicity occurred
in only 22 per cent, while some patients exhibited no
toxic manifestations when maintenance dosage was
increased to 3 to 6 times the minimal effective amount,
proving further the wide margin of safety of this
glycoside preparation.
Dose. — Gitalin is administered orally. For initial
digitalization when rapid effects are desired, an initial
dose of 2.5 mg. is followed by 0.75 mg. every 6 hours
until a therapeutic effect is obtained, the usual amount
required being approximately 6 mg. When slower
digitalization will suffice, a daily dose of 1.5 mg. may
be given for 4 to 6 days. The average maintenance
dose is 0.5 mg. daily.
Gitaligin tablets (White Laboratories) contain 0.5
mg. of amorphous gitalin.
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Dihydrotachysterol. Hytakerol (WinthropStearns). A.T. 10. C28H40O.— This is the dihydro
derivative of tachysterol, a steroid obtained during
irradiation of ergosterol in producing calciferol (see
also under Synthetic Oleovitamin D). The compound
is used in the treatment of hypocalcemia associated
with hypoparathyroidism (Brocato, New Orleans
Med. Surg. J., 1951, 103, 520) and other disorders.
In hypoparathyroidism the hormone of the parathyroid gland is indicated and is rapidly effective
but is not useful for continued therapy. Frequent
injection is required and, after repeated doses, antibodies form and the injection becomes ineffective.
Vitamin D2 or D3 in large doses exerts an hypercalcemic action, but the action of the D vitamins is
chiefly to increase intestinal absorption of calcium
and only slightly to inhibit the renal tubular reabsorption of phosphate and hence to increase urinary
phosphate excretion, which is the fundamental fault
in hypoparathyroidism (Albright, Am. Pract. Dig.
Treat., 1951, 2, 81). Dihydrotachysterol has relatively feeble antirachitic action and only a slight
augmenting effect on intestinal absorption of calcium
but its action on urinary excretion of phosphate is
almost as intense as that of parathyroid hormone.
The phosphate diuresis is followed by a reciprocal
rise in blood serum calcium.
Albright (J. A.M. A., 1939, 112, 2592) found dihydrotachysterol ofgreat value in the treatment of
hypoparathyroidism and the prevention of the
trophic changes of hypocalcemia. In the management
of acute parathyroid tetany, from 2 to 8 mg. of
dihydrotachysterol may be required daily by mouth;
this is equivalent to approximately 10 to 40 mg. or
0.4 to 1.6 million units of vitamin D2 (calciferol).
Maintenance doses range from 0.6 to 3 mg. in cases
of hypoparathyroidism. McLean (ibid., 1941, 117,
609) claimed that calciferol in sufficient dosage has
the same calcemic action. MacBryde (ibid., 1938,
111, 304) listed as advantages of dihydrotachysterol
its prolonged action, effectiveness by oral administration, freedom from development of tolerance, and
stability at room temperature. In the management of
hypocalcemic therapy, the following may be noted
for purposes of comparison: (1) parenteral injection
of soluble calcium salts results in an immediate rise
in blood serum calcium concentration which persists
for only a few hours; (2) the hypercalcemic action
of parathyroid hormone reaches a maximum within
12 to 24 hours and decreases rapidly thereafter; (3)
the effect of dihydrotachysterol is feeble during the
first 24 hours and requires 7 to 10 days for full effect.
For maintenance therapy the dose of dihydrotachysterol is less than that administered initially. Its advantage over calciferol lies in the lesser tendency of
effective doses to cause calcinosis. Nevertheless, therapy must be controlled by frequent determinations
of blood serum calcium concentration or use of the
Sulkowitch test for calcium in the urine to avoid
hypercalcemia. Often a dose of 1.25 to 5.5 mg. of
dihydrotachysterol only once or twice weekly will
suffice. To minimize loss of calcium stores in the
body, a soluble calcium salt should be administered
daily, as 6 to 15 Gm. of calcium gluconate, throughout treatment. Should hyperphosphatemia persist, a
low phosphorus diet and administration of aluminum
hydroxide gel (see under Basic Aluminum Carbonate,
in Part II) to decrease intestinal absorption of phosphate is indicated. In rickets, tetany is rare although
it may appear during the initial response to vitamin D
therapy ; this is transient and is corrected by continuation of vitamin D therapy. Calcium therapy is indicated for quick alleviation of the hypocalcemia.
In infants with severe diarrhea, Dodd (Postgrad.
Med., 1951, 9, 40) recommended 1.25 mg. of dihydrotachysterol and 3 Gm. of calcium lactate daily to
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prevent hypocalcemic tetany. In the steatorrhea of
sprue, this combination provides useful supportive
therapy. In hypocalcemia associated with chronic
nephritis, this therapy must be approached with caution. Lever and Talbot (New Eng. J. Med., 1944,
231, 44) reported some value in chronic pemphigus
vulgaris.
Dose. — The usual dose is 0.625 mg. daily by mouth,
with a range of 0.625 to 1.25 mg. The maximum safe
dose at the beginning of therapy is usually 6.25 mg.
in 24 hours and during maintenance therapy it is
1.25 mg. in 24 hours. Sometimes, as noted above,
larger doses are used for maintenance, at intervals of
3 to 7 days instead of daily. Hytakerol is supplied in
capsules containing 0.625 mg. in oil, also in 15-ml.
bottles of an oil solution containing 1.25 mg. per ml.
Dihyprylone. Sedulon (Hoffman-La Roche). 3,3Diethyl-2,4-dioxopiperidine. — This sedative drug has
been investigated pharmacologically by Koppanyi et
al. (Arch, internat. pharmacodyn. therap., 1940, 64,
123) and evaluated clinically by Parsonnet et al. (J.
Lab. Clin. Med., 1948, 33, 602). At a dosage level of
250 mg. 3 times daily good sedation was obtained in
nearly all of 62 cases included in this study, and no
untoward effects were observed. In doses of 60 mg.
every 4 hours, in the form of a syrup, the drug is a
useful cough sedative (Jacobs, Med. Times, 1948,
October).
Sedulon is available only as a syrup containing 60
mg. in 4 ml., along with thyme extract and angelica
tincture. The adult dose is 1 teaspoonful every 2
hours and 1 tablespoonful at night; the dose for infants and children ranges from 1 to 6 teaspoonfuls a
day, according to age.
Diiodotyrosine. Iodogorgoic Acid. C9H9O3NI2.
— This amino acid (q.v.), found in skeletons of corals,
sponges and other marine animals, has been lauded as
exerting a beneficial action in Graves' disease. Since it
is one of the constituents of thyroglobulin it was suggested that it is an intermediary in the synthesis of
thyroxin. Block (J. Biol. Chem., 1940, 135, 51) obtained thyroxin directly from diiodotyrosine. by incubation in mildly alkaline solution for several days.
Sloan (J.A.M.A., 1933, 101, 256) compared the effects
of diiodotyrosine to those of other iodine compounds
in Graves' disease and reached the conclusion that its
effects did not differ in any way from those of inorganic iodine. The dose of diiodotyrosine was about
100 mg. a day (approximately 1J^ grains) which
would contain approximately the same amount of
iodine as 0.5 ml. of Lugol's solution. It is supplied in
100-mg. tablets (Organon).
Dill. Anethum, B.P. 1948. Dill Fruit. Dill Seed.—
The B.P. 1948 defined Dill as the dried ripe fruits of
Anethum graveolens.
Anethum graveolens L. (Peucedanum graveolens
Benth. and Hook, f.), or garden dill, resembles the
fennel plant, but is smaller. It is an annual plant,
three or four feet high, with a long spindle-shaped
root; an erect, striated, jointed, branching stem; and
bipinnate or tripinnate, glaucous leaves, which stand
on sheathing footstalks and have linear and pointed
leaflets. The flowers are yellow, and in large, flat,
terminal umbels, destitute of involucre. The plant is
a native of Mediterranean countries and southern
Russia, and is found growing wild in various parts of
Africa and Asia. It is cultivated in Germany, Rumania
and England and has been introduced into our gardens. It is cultivated extensively as a drug and condiment plant in Michigan and California. The whole
plant is aromatic, the leafy and flowering stems are
used as a flavor for soups, sauces and pickles. The
seeds, as the fruit is commonly called, are the only
part used as drug. They are composed of two broadly
oval mericarps usually separate and freed from the
pedicel; each about 4 mm. tong, and 2-3 mm. broad;
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externally brown; very strongly compressed dorsally,
the dorsal ridges inconspicuous, but the lateral ridges
prolonged into paler brown wings. In transverse section, six vittae occur in each mericarp: two in the
commissural region and four in the dorsal. Odor and
taste agreeably aromatic. The latter property depends
on a volatile oil, which is present in the fruits to the
extent of 2.8 to 4 per cent (see Dill Oil).
Indian dill fruit (from Anethum Sowa) has appeared on the European market as a substitute for
the genuine article and also for caraway. It may be
distinguished from true dill fruit by being narrower
and more convex, by the mericarps being usually
coherent and by the pale color of the dorsal ridges of
the mericarps. Its volatile oil contains dill-apiol and
considerably less carvone than European dill.
Uses. — Dill seeds have carminative properties and
have been employed in the treatment of flatulent colic.
The seeds may be given in powder or infusion.
Dose, from 1 to 4 Gm. (approximately IS to 60
grains) .
Dimol (Anglo-French). Methyl Creosol. — This substance consists chiefly of dimethyl-methoxyphenol,
CeH3(CH3)2(OCH3)OH, and was introduced as a
powerful antiseptic of low toxicity, especially useful
in the gastrointestinal tract wherever an antiseptic is
desirable. It is marketed in the form of 1 -grain
tablets and also as a syrup containing 0.3 grain (0.02
Gm.) in each fluidrachm. The usual dose for adults
is from two to four tablets three times- a dav.
Dinitro-orfAo-cresol. C6H2(CH3) (OH) (N02>2— This substance occurs in yellow crystals, slightly
soluble in water and soluble in 10 parts of alcohol ; it
melts at 87°.
Dinitro-ort/io-cresol has, according to Dodds and
Pope (Lancet, 1933, 2, 335), a stimulating effect on
metabolism similar to that of dinitrophenol, but the
former is even more powerful. As with dinitrophenol,
it is no longer used medicinally, but its use as a
selective weed-killer in cereal crops has resulted in the
death of at least seven agricultural workers in Great
Britain from absorption by inhalation and ingestion
and through the skin; in hot weather, especially, the
increased metabolism may lead to death from heatstroke. For further information concerning poisoning
by dinitro-ori/jo-cresol see Harvey et al., Brit. M. J.,
1951, 2, 13, and Bidstrup and Payne, ibid., 1951, 1, 16.
Dinitrophenol. Alpha-dinitrophenol. C6H3(N02)20H(2:4:1). — Three isomers of dinitrophenol
are commercially available, but only the 2,4-dinitrophenol was used medicinally. An important intermediary inthe manufacture of explosives and of dyes,
2,4-dinitrophenol is a yellowish, crystalline solid,
sparingly soluble in water, easily soluble in alcohol;
with the alkalies it forms soluble salts.
The compound was introduced into medicine by
Tainter and Cutting (J. Pharmacol., 1933, 48, 410),
who found that it caused an extraordinary increase in
oxidative processes of the body in both mammals and
birds. As a result of this stimulation of metabolism
there was a marked rise in body temperature, with
increased respiration and oxygen consumption; if the
drug was continued, there was a marked diminution
in body weight. Dinitrophenol was used quite extensively in the treatment of obesity but proved so
toxic that its shipment in interstate commerce, as a
drug, was forbidden by the Food and Drug Administration of the United States.
The symptoms of acute toxic effects are fever, abnormal sweating, sometimes a fall of the blood pressure with rapid pulse rate. Among the poisonous
sequelae which have followed use of dinitrophenol are
various types of skin eruptions, acute hepatitis, frequently ending in death, and agranulocytosis. A very
considerable number of patients who had been treated
with the drug afterward developed
cataracts (see
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J. A.M. A., 1935, 105, 793). Tainter {J. A.M. A., 1935,
104, 1071) recommends in the treatment of dinitrophenol poisoning the following measures: wash out
the stomach with a 5 per cent solution of sodium
bicarbonate, immerse the patient in cold water, inject
intravenously dextrose and physiological salt solution,
general stimulation as indicated.
Dioscorea, N.F. VII. Wild Yam Root. Yam Root.
Rheumatism Root. Colic Root. China Root. — "Dioscorea is the dried rhizome of Dioscorea villosa Linne
(Fam. Dioscoreacece) ." N.F. VII.
The genus Dioscorea is represented by over 200
species which are native to tropical and temperate
countries. They are all herbs with tuberous roots and
twining herbaceous stems. While Dioscorea villosa L.
has long been considered the species yielding the drug,
Bartlett considered this name no longer tenable on
account of the confusion attending its use. He recognizes 5species passing as D. villosa, namely: D. quaternata Gmel., D. glauca Muhl., D. paniculata Michx.,
D. hirticaulis Bartlett and D. floridana Bartlett. For
a description of unground and powdered dioscorea
see U.S.D., 23rd ed., p. 375.
The D. villosa contains a saponin which is probably
identical with dioscin, one of the two saponins of
D. tokoro Mak., a Japanese species used as a fish
poison. Marker et al. (J.A.C.S., 1940, 621, 2525, 2542)
determined the structure of its aglycone diosgenin, a
steroid from which progesterone and cortisone have
been synthesized.
According to Honda (Arch. exp. Path. Phartn.,
1904, 51, 213) dioscin is extraordinary for the strength
of its hemolytic action, 1 part in 400,000 dissolving the
coloring matter from the red cells in a 1 per cent
blood solution. It possesses also a strong toxic effect
on fish and ameba.
In large doses dioscorea exercises a nauseating effect
and therefore may be expectorant and diuretic. By
the group of practitioners who called themselves
"eclectics" it was supposed to have antispasmodic
powers and was regarded as a specific in biliary colic,
whence its popular name of "colic root." It is improbable, however, that it possesses any therapeutic
virtue.
The dose of dioscorea was 2 to 4 Gm. (approximately 30 to 60 grains).
Dioxyline Phosphate. Paveril Phosphate (Lilly).
6,7- Dimethoxy - 1 - (4' - ethoxy - 3' - methoxy benzyl ) - 3 methyl-isoquinoline Phosphate. — Dioxyline, a synthetic papaverine analog (see J.A.C.S., 1952, 74,
4611), differs from papaverine in the addition of a
methyl group at position 3 on the isoquinoline ring
and in the substitution on the benzyl ring of an
ethoxy group for one of the methoxy groups. The
phosphate salt is soluble in water.
Henderson et al. (J. A. Ph. A., 1951, 40, 207)
found the pharmacological properties of dioxyline to
be similar to those of the naturally occurring alkaloid papaverine. The vasodilator effect is equal to
that of papaverine and, since dioxyline phosphate has
about one-third the toxicity of papaverine, its therapeutic ratio is more favorable than that of papaverine. Dioxyline is degraded in the body, mainly in
the liver.
Dioxyline phosphate is recommended for the treatment of vascular spasm associated with acute myocardial infarction (coronary occlusion), angina pectoris, peripheral and pulmonary embolism, and peripheral vascular disease in which there is a vasospastic element. Reports of its utility in controlling
and preventing anginal pain have been published
(Best and Coe, Am. J. Med. Sci., 1951, 222, 35;
Meyer et al., Am. Pract. Dig. Treat., 1952, 3, 379;
Deterling, Angiology, 1953, 4, 397). The side effects
are similar to but milder than those produced by
papaverine.
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The average oral dose of dioxyline phosphate is
200 mg. (3 grains) 3 or 4 times daily, before meals
and at bedtime; the maximum single dose reported
has been 530 mg. (8 grains) and as much as 2 Gm.
(30 grains) has been given in 24 hours. Paveril
Phosphate is supplied in tablets containing 200 mg.
(3 grains), also as a powder for compounding individual prescriptions.
Dipyrone. Methampyrone (Chemo Puro). Methylmelubrin. Novaldin (Winthrop-Stearns). Novalgin.
Sodium methylaminophenyldimethylpyrazolonemethanesulfonate. CisHieNsNaO-jS. — This compound,
related to both antipyrine and aminopyrine, occurs
as a white, crystalline powder, soluble in an equal
weight of water, slightly soluble in alcohol.
It is variously used for analgesic, antipyretic and
antirheumatic effects, a number of publications concerning such uses having appeared in the German
literature especially. Kempf (Deutsche Gesundheitswesen, 1950, 5, 1284), who administered the drug
intramuscularly and even intravenously to produce
therapeutic analgesia in rheumatism, gives data indicating the toxicity to be considerably less than that
of aminopyrine. He gave from 2.5 to as much as 15
Gm. daily parenterally, in 50 per cent aqueous solution. Oral dosage of 500 mg. to 1 Gm. 3 or 4 times
daily has been reported.
Disulfiram, N.N.R. Antabuse (Ayerst). Tetraethylthiuram Disulfide. Bis(diethvlthiocarbamvl) Disulfide. (C2H5)2N.CS.S.CS.N(C2H5)2. — This substance, long used as an antioxidant in rubber vulcanizing, occurs as a white or slightly gray, odorless and
almost tasteless powder, soluble in water to the extent of about 20 mg. in 100 ml. and in alcohol to the
extent of about 3.8 Gm. in 100 ml. For some time it
has been observed that persons working with the
chemical developed intolerance to alcohol, but it was
only recently that investigations of its utility in the
treatment, of alcoholism were undertaken.
The symptoms of intolerance to alcohol following
ingestion of disulfiram have been described by Jacobsen and Martensen-Larsen {J. AM. A., 1949, 139, 918).
When a human subject has taken about 1 Gm. of
disulfiram 12 hours prior to ingestion of alcohol there
follows a sequence of symptoms which start with a
feeling of heat in the face and develop into intensive
vasodilatation in the face and neck and perhaps on
the upper part of the chest and arms. This is followed
by an increase in pulse rate and cardiac output, and
increased ventilation. Nausea may develop in 30 to
60 minutes, at which time the intense flushing disappears and is replaced by facial pallor and a considerable fall in systolic and diastolic blood pressure.
Copious vomiting may occur. Higher doses of alcohol
may cause dizziness in some patients; several patients
were reported to have become unconscious for half
an hour. These symptoms are generally accompanied
with an intense feeling of discomfort to the patient,
who has a pulsating headache, palpitations and subjective dyspnea; most patients also have a constrictive feeling in the neck. This reaction occurs when
the blood alcohol concentration reaches 50 mg. per
100 ml., or even less than this. The discomfort is so
intense that the majority experiencing it abstain from
use of alcohol while they are under the influence of
disulfiram.
The action of disulfiram is to increase the oxidation
of alcohol to acetaldehyde, the high concentration of
which is probably responsible for the symptoms observed; the characteristic odor of the aldehyde is
readily noticed in the expired air of patients. Hine
et al. (J. Clin. Inv., 1952, 31, 317) reported an increase in the normal resting concentration of acetaldehyde in the blood of humans taking disulfiram and
a marked increase after ingestion of alcohol.
Jacobsen and Martensen-Larsen reported on the
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treatment of 99 patients with alcoholism, in a sanatorium, who have been observed for 6 months or
more, with the result that 52 could be regarded as
socially recovered and 19 as much better. Treatment
consisted in administering 1 or 2 Gm. of Antabuse
the first day, then 0.75 to 1 Gm. on each of the 2
following days, then 0.06 to 0.75 Gm. daily thereafter. The patient was permitted to consume alcohol
on the third day, as a "test drink." One patient, to
whom Antabuse was given in the middle of a heavy
drinking period, died and Jacobsen and MartensenLarsen emphasize that the medication should not be
given until all alcohol has disappeared from the body.
Gelbman and Epstein (Can. Med. Assoc. J., 1949,
60, 549) advise a minimum period of 48 hours of
sobriety before starting on therapy with Antabuse
and also that the first trial with alcohol, after taking
the drug, should be in either a doctor's office or in
a hospital, with oxygen being immediately available
in case of an emergency. Cummins and Friend (Am.
J. Med. Sci., 1954, 227, 561) used 100 mg. of chlorpromazine with 500 mg. of disulfiram on admission
of chronic alcoholic patients; 50 mg. of chlorpromazine was given 24 hours later and 25 mg. after 48
hours; the dose of disulfiram was continued daily in
a dose of 250 to 500 mg. as indicated. The chlorpromazine controlled the post-alcoholic symptoms and
the usual response to administration of disulfiram.
In this connection it is to be noted that Lecoq et al.
(Compt. rend. soc. biol., 1951, 145, 1606) found the
antihistaminic drug promethazine counteracted the
effects of disulfiram on the nervous system.
Jones (Can. Med. Assoc. J., 1949, 60, 609) reported death of a healthy 29-year-old man following a reaction resulting from ingestion of 1 ounce of
rum after having previously been desensitized with
Antabuse; the patient had been admitted to a hospital for treatment of alcoholism and had been carefully observed for more than two weeks. Jones concludes that treatment of alcoholism with tetraethylthiuram disulfide "must be considered a procedure
far from free from danger and if it is to be used
should be carried out only in hospital surroundings
with very small doses of both tetraethylthiuram disulfide and alcohol and with all the facilities at
hand for emergency resuscitation." Other deaths have
been reported after a "test drink" in persons receiving Antabuse (Becker and Sugarman, J. A.M. A., 1952,
149, 568; Thimann, New Eng. J. Med., 1951, 244,
939; and others). Cardiovascular responses were
studied by Macklin et al. (J.AM.A., 1951, 146, 1377),
who observed absence of blood pressure for 10 minutes, severe hypotension with convulsions, 2 cases
with cardiac arrhythmia, 2 with myocardial ischemia
and 1 with myocardial infarction in persons 38 to 45
years of age (see also Smith et al., Am. Pract. Dig.
Treat., 1952, 3, 525).
Ebaugh and Dale (J.A.M.A., 1951, 146, 314) studied the psychological responses of alcoholic patients
treated with Antabuse. What amounts to forceful
withdrawal of alcohol by use of disulfiram may result in hypochondriacal states, increased hostility
(either objectively directed or introjected) , anxiety,
other habituations, "crusadism," or no apparent personality change, depending on the pre-existing personality structure of the patient. Disulfiram was most
useful in essential alcoholism, which was defined as
the expression of a neurosis due to a character disorder consisting of frustrations in an overly dependent, sensitive, insecure person dominated by a parent.
Strecker and Lathbury (ibid., 1952, 148, 463) described 2 cases with complete disintegration of the
personality (acute psychosis) when through use of
disulfiram they were no longer able to control their
conflicts with alcohol. Busse et al. (Am. J. Med. Sc,
1952, 223, 126) studied electroencephalograms dur-
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ing Antabuse therapy and found that only 20 per
cent of persons with normal tracings developed abnormalities but 100 per cent of those with initially
dysrhythmic tracings showed aggravation of their
abnormality.
Disulfiram potentiates the action of paraldehyde
and barbiturates and probably also other centrally
depressing drugs. Fixed drug eruption following use
of the drug has been reported (Lewis and Bremers,
J.A.M.A., 1950, 142, 1141) ; antihistaminic drugs may
be helpful in this situation. During early weeks of
use drowsiness, fatigue, impotence, headache, and
peripheral neuritis may appear; reduction in dose
usually brings relief. The alcohol test procedure is
usually omitted in persons over 50 years of age and
in the presence of diabetes mellitus, goiter, epilepsy,
psychosis, cirrhosis of the liver, or nephritis. The
alcohol test is contraindicated in persons with cardiac
failure, coronary disease or pregnancy (J.A.M.A.,
1952, 149, 275).
Dose. — When all signs of alcoholic intoxication
are absent and at least 12 hours after the last ingestion of alcohol, treatment is commenced with a dose
of 500 mg. daily orally for 2 to 3 weeks, when a
maintenance dose of 250 mg. (with a range of 125
to 500 mg.) is instituted. The dose should be sufficient to induce flushing of the face when a dose of
15 ml. of 100-proof whisky is ingested. This "test
drink" is given after 2 to 3 weeks of taking disulfiram; the patient should be observed by the physician, with adequate facilities for resuscitation available for about 2 hours after this test dose. Appropriate psychotherapy cannot be neglected. When the
patient is readjusted socially the drug should be discontinued.
Antabuse is available in tablets containing 500 mg.
Drosera, NJ?. V. Sundew. Herba Rorelloz. Herba
Roris Solis. — "Drosera is the air-dried flowering plant
of Drosera rotundifolia Linne, frequently mixed with
the closely allied species Drosera anglica Hudson and
Drosera longifolia Linne, or at times wholly replaced
by these (Fam. Droseraceoe) ." NJ*. V.
The genus Drosera comprises about 90 species of
small carnivorous plants common to peat bogs of both
hemispheres but most abundant in Australia. They are
characterized by a much reduced fibrous root system
from which springs a rosette of modified leaves, the
upper surfaces of which possess numerous irritable,
glandular tentacles which secrete a viscid fluid that
ensnares and catches insects. The tentacles then bend
over the insect and hold it in place while an acid fluid
containing a protease is excreted by the glands that
digest the animal tissues, the soluble nitrogenous products then being absorbed for the plant's nutrition. One
or more scapes arise from the center of the leaf-rosette
and terminate in scorpioid cymes of white, pink, or
crimson flowers. The above-named species occur in
bogs and moist sandy soil of Europe and North America. For general and microscopic description of drosera
see USD., 22nd ed., p. 1362.
Drosera was thought by the eclectic physicians to
be useful in whooping cough and other pectoral complaints but probably is inert. A substance obtained
from D. rotundifolia known as droserone has been
shown (Scientia Pharm., 1938, 9, 121) to be 2-methyl5-hydroxy-l,4-naphthoquinone, identical with plumbagin (see under Plumbago, Part II).
Duboisia. D. myoporoides R. B.P. (Fam. Solanaceae) is a tall, glabrous shrub or small tree, which
is a native of Australia and New Caledonia. The leaves
contain about 1 per cent of hyoscyamine (duboisine) .
Scopolamine and several minor alkaloids have also
been found in this species by Barger (/. Chem. S.,
1937, p. 1820).
Duboisia Leichhardtii F. v. Muell. is said to be still
richer in alkaloid, and contains scopolamine, hyos-
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cyamine, butropine and valtropine (Rosenblum and
Taylor, /. Pharm. Pharmacol, 1954, 6, 410).
Duboisia Hopwoodii F. v. Muell., pitury plant, is
the source of pituri, a stimulant used by natives of
central Australia. The drug is composed of the powdered leaves and twigs of the plant. The natives smoke
and chew pituri, and it is alleged to have a powerfully
stimulating effect, assuaging hunger, and enabling
those who are its devotees to perform much labor
and go long journeys with but little food. Pituri contains from 1 to 2 per cent of a liquid, acrid alkaloid,
formerly called piturine, which has been identified to
be nornicotine (see Spaeth, Ber., 1935, 68, 1388).
Some specimens of the plant have yielded 5 per cent
of almost pure nicotine, while others contain mixtures
of nornicotine and nicotine (Manske and Holmes,
The Alkaloids, Volume 1, 1950).
Dulcamara, N.F. V. Bittersweet. Woody Nightshade. Solanum Dulcamara Linne (Fam. Solanaceoz) .
— Dulcamara is a climbing undershrub with a woody
branching stem and purplish, cymose flowers, with
lemon-yellow anthers. The bright scarlet berries remain after the falling of the leaves. The plant grows
in wet places and around dwellings. It is native to
Europe and naturalized in North America, and in the
United States grows from New England to Ohio. All
portions of the plant are poisonous. A fatality from
the eating of the berries by a child has been reported.
The N.F. V recognized the dried stem. For description of this and its microscopic structure see U.S.D.,
22nd ed., p. 1363.
According to Davis (Pharm. J., 1902, 15), dulcamara contains the glycosidal alkaloid solanine, also
solanidine (which is a non-glycosidal alkaloid and is
the hydrolytic product from solanine) and a bitter
principle dulcamarin. The solaneine of Davis is now
regarded as a mixture of the two first-named alkaloids. The picroglycion of Pfaff seems to be identical
with dulcamarin. For further information concerning
these see under Solanum. Kroeber (Pharm. Zentr.,
1929, 70, 151) reported the presence of two other
saponins, dulcamarinic and dulcamaretinic acids.
In large doses dulcamara causes burning in the
throat with nausea and vomiting and dizziness; the
pulse temporarily accelerated becomes slow, the pupils
dilated and there often occurs general weakness with
convulsive muscular movements.
Formerly this drug was used in the treatment of
chronic rheumatism, bronchitis and various skin diseases but has, properly, been completely discarded. It
was also attributed with anaphrodisiac properties.
Dulcin. Sucrol. Valzin. p-Phenetolcarbamide.
C2H5O.C6H4.NHCONH2.— This compound, soluble
in about 800 parts of cold water, has been suggested
as a sweetening agent in place of saccharin. It approaches that substance in sweetening power, and is
said to be free of the unpleasant bitterness. It has been
recognized by the German Pharmacopoeia as Dulzin.
Uglow (Arch. Hyg., 1925) pointed out that it produces aminophenol in the body and is capable, therefore, of exercising injurious effects on the blood when
used over long periods of time. Fitzhugh and Nelson
(see Fed. Proc, 1950, 9, 272) found dulcin to produce
marked toxic effects when included in the stock diet
of albino rats. Like saccharin its use as a sweetening agent in foods and beverages is illegal even when
declared.
Dyes, Medicinal. — The more or less specific tissue staining characteristics exhibited by certain dyes
through operation of selective adsorptive and solvent
distributive tendencies led to the investigation of the
possibilities of their utilization medicinally. As a result
of such study a wide variety of dyes has found use as
antiseptics, as wound-healing agents, as chemotherapeutic substances, or as diagnostic agents. Classification of the dyes might be made on a chemical basis,
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as follows: (1) Azo dyes, characterized by the presence of the — N=N— group, and represented by the
official Congo Red and Scarlet Red; (2) acridinc dyes,
derivatives of acridine, represented officially by Acriflavine, Acriflavine Hydrochloride, Aminacrine Hydrochloride, and Proflavine Hemisulfate; (3) fluorescein dyes, which are derivatives of the official Fluorescein Sodium and include Merbromin; (4) phenolphthalein dyes, of which lodophthalein Sodium,
Phenolsulfonphthalein and Sulfobromophthalein Sodium are recognized; (5) triphenylmethane or rosaniline dyes, represented by Brilliant Green and Sfethylrosaniline Chloride; (6) miscellaneous dyes, such as
Methylene Blue and Sodium Indigotindisulfonate. In
the following section, however, the presentation follows alphabetic order with the individual descriptions
indicating the nature of each dye. For a review of the
medicinal properties of dyes see Fischl and Schlossberger, Handbook of Chemotherapy, 1933, Part I.
Dimazon (Heilkraft). Pellidol. Diacetvlaminoazotoluene. CH3.C6H4.X:X.C6H3(CH3)X(CH3CO)2.—
This substance, which is chemically related to scarlet
red. is an orange-colored crystalline powder, insoluble
in water, easily soluble in alcohol. It is recommended
for the purpose of stimulating epithelization over old
ulcers, wounds, etc. It is claimed to have the advantage over similar preparations that it does not stain.
It is used as a 2 per cent ointment, either made with
petrolatum or a fatty oil or as a 5 per cent dusting
powder.
Direct Sky Blue (Wyeth). — This azo dye, the
sodium salt of cumethoxydiphenyl-disazo-bis-8-aminol-naphthol-5.7-disulfonic acid. C34H24X60it>S4Xa4, is
used in 4 per cent, phosphate-buffered solution for
vital staining of lymph nodes during surgery, thus
aiding in their identification for complete excision in
cancer surgery (Weinberg and Movius, West. J. Surg.
Obst. Gyn., 1953. 61, 528; Strug, Leon and Cohn,
Surgical Forum, Saunders, 1954). It is also used for
tracing lymphatic pathways experimentally (Eichner
et ai.,
Am. J. used
Obst. with
Gyn.', hyaluronidase
1955, 69, 1019).
dye
is
frequently
to The
enhance
spreading.
Flavicid. Flavizid. — This relative of acriflavine is
3,7-dimethyl-8-amino-2-dimethylamino-10-methylacridinium chloride. It is a reddish-brown powder
easily soluble in either water or alcohol. It has been
used as a surgical germicide either for disinfecting
the skin or as a wound dressing. For the latter purpose it was employed in strengths varying between
1 in 5000 and 1 in 1000. It has also been employed in
ointments of about the same strength, in the treatment of skin diseases. Good results have been obtained
from its use in the local treatment of gonorrhea
(Ztschr. Immun. exp. Ther., 1938. 94, 171).
Flavicres-e (Christina). — This is stated to be a
thiazonium derivative of diamino-alkylacridinium. occurring as a greenish-brown powder readily soluble in
water. It is chemically closely allied to acriflavine and
is recommended as a urinary antiseptic in infections
of the kidney, bladder or urethra (see Xeufeld and
Reinhardt. Ztschr. Hyg. Infektionskr., 1922, 95, 27).
It is marketed in the form of a 2 per cent solution
of which 5 ml. may be injected intravenously 2 or 3
times a week.
Malachite Green*. Benzaldehyde Green. Tetramethyl-tfi-^-aminotriphenylcarbinol. — Malachite green
is an active germicide but differs very greatly in its
effects on various microorganisms. Boer found that
one part in 40.000 destroys the anthrax bacillus in 2
hours and one in 8000 the diphtheria bacillus but that
it requires one in 300 to destroy the typhoid bacillus.
Fildes and Rajchman (Chem. Drug., 1915, p. 156)
found that one in 2000 is germicidal against the
Staphylococcus aureus.
Malachite green has been used successfully as a
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wound antiseptic. According to Webb (Brit. M. J.,
June, 1917. 870). it does not interfere with granulation or phagocytosis. Malachite green has also been
used in the treatment of mycotic skin infections, in
the form of 1 to 2 per cent solutions.
Mallophexe (Mallinckrodt). Pyridicm (Merck).
3-Phenylazo-2,6-diaminopyridine hydrochloride. — A
red powder sparingly soluble in cold water but easily
so in hot water. It is claimed to inhibit growth of
staphylococci, streptococci, B. coli and gonococci, and
is recommended as a urinary antiseptic. The advantages claimed for it is that it is active in both acid and
alkaline urine (see Wolbarst, Internat. J. Med. Surg.,
Sept., 1930). It colors the urine a reddish-orange. A
case of methemoglobinemia in a child following use
of the drug has been reported (Crawford et al.,
JA-M.A., 1951, 146, 24). The recommended dose is
200 mg. (3 grains) 3 times a day.
It has also been employed locally as a general surgical and dental antiseptic in strengths of from 0.5 to
1 per cent and, in more dilute solution, in infections
of the mouth, conjunctiva or urethra (see Schofield,
Pennsylvania M. J., 1932, p. 15).
RiYAXOL (Winthrop). Ethodm. 2-Ethoxy-6,9-diaminoacridine Lactate. — This is a yellow crystalline
powder, soluble in about 15 parts of water, less soluble in alcohol. It has a strong bactericidal action and
has been used for various surgical purposes (see
Takats. Surg. Gynec. Obst., 1925, 41, 79). As a surgical antiseptic it may be used in strengths of from
0.1 to 0.2 per cent. It has also been suggested as a
remedy for amebic dysentery but Biggam and Arafa
(Lancet, 1930, 1, 1335) found its effects unsatisfactory. Goetchius and Lawrence (/. Lab. Clin. Med.,
1944, 29, 134) found the antibacterial action of
Rivanol to compare favorably, in vitro, with that
of acriflavine and of proflavine.
Serentcm (Squibb). 2,4-Diamino-4'-ethoxyazobenzene Hydrochloride. — A red dye which has been
employed as a urinary antiseptic. Its activity is most
marked in acid urines. It is marketed in the form of
chocolate-coated tablets each containing 100 mg. (approximately \x/2grains).
Yasoflaylse. Erie Flavine. — This dye, a purified
thioflavine-S, is anhydro-2-(3'-sulfo-4'-dimethylaminophenyl) -3.6-dimethyl-7-sulfobenzothiazolium
hydroxide. It has been used intravenously in animals
in a 10 per cent aqueous, phosphate solution of pH 7,
in a dose of 100 mg. per Kg. of body weight, to cause
fluorescence in the intima of blood vessels (Moses
et al., Proc. S. Exp. Biol. Med., 1951. 77, 233). This
technic was used to study renal circulation in the
experimentally induced "crush syndrome" (Schlegel
and Moses,
832). 'Observations
the
tissues
were ibid.,
made 1950,
with 74,
ultraviolet
fight from aofmercury vapor lamp 2 minutes after the injection. The
dye has not been given to humans because of the
possibility of causing photosensitivity.
Echinacea, NJP. VIII. Cone Flower. — "Echinacea
consists of the dried rhizome and roots of Echinacea
pallida (Xuttall) Britton, or of Echinacea angustifolia
(De Candolle) Heller (Fam. Composite?.). Note. — Do
not dispense Echinacea which has lost its characteristic odor and taste." NJP. VIII.
These composite perennial herbs, natives of the
prairie region of America west of Ohio, were introduced by the so-called eclectic physicians as a remedy
in various dissimilar diseases. Echinacea pallida attains aheight of one meter and possesses lanceolate,
3- to 5-nerved leaves and a slender stem terminating
in a single, large, conical, purplish head of ligulate
and tubular florets, the latter inserted on the raised
portion of the torus, the liguate florets directed downward, each being from 4 to 7 cm. long and having a
2 -toothed limb. Echinacea angustifolia is a shorter
plant and differs from the preceding species also in
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its narrower leaves, which are 3-nerved, and in its
ligulate florets, which are from 2 to 2.5 cm. in length,
their limbs being 2- to 3 -toothed. Its fruits are 4-sided
achenes, each with a short-toothed pappus. The drug
is collected in autumn, the commercial supplies coming from Kansas. Kraemer and Sollenberger (Am. J.
Pharm., 1911, p. 315) described the physical characteristics ofthe drug.
Description. — "Unground Echinacea occurs as nearly
entire rhizome and roots, cylindrical, or very slightly
tapering and sometimes spirally twisted, from 10 to
20 cm. long and from 4 to 15 mm. in diameter. External y itis pale brown to moderate yellowish brown.
The rhizome is slightly annulate in the upper portion
with occasional stem-scars or sometimes with remnants of aerial stems; the lower portion is somewhat
longitudinally wrinkled or furrowed. The fracture is
short or somewhat fibrous. The bark is about 1 mm.
thick, the wood cylinder being composed of alternate
light- and dark-colored wedges. The rhizome shows a
small circular or angular pith." N.F. VIII. For histology, description of powdered drug, standards and
tests, see US.D., 24th ed., p. 395.
Constituents.— Heyl and Hart (J.A.C.S., 1915, 37,
1769) found, besides ordinary vegetable constituents,
a small amount of betaine; they could find no physiologically active substance. A volatile oil obtained
from the drug has been examined by Woods (Am. J.
Pharm., 1930, 102, 611). It consists mainly of a
hydrocarbon, C15H28, an aliphatic tetrahydrosesquiterpene with two double bonds.
Uses. — Echinacea has been credited with ability to
increase the resistance of the body to infection, for
which reason it was used in boils, septicemia, and
other infective conditions. Couch and Giltner (J. Agric.
Res., 1920, 20, 63), in a study on guinea-pigs, failed
to obtain any evidence of a beneficial effect in a
variety of experimental infections. Echinacea was also
credited with aphrodisiac and analgesic powers, which
appear to be nonexistent. The N.F. VIII assigned a
dose of 1 Gm. (approximately 15 grains).
Elaterium, B.P. 1898. — Ecballium Elaterium (L.)
A. Rich., commonly known as the wild or squirting
cucumber, is a perennial vine, indigenous to Mediterranean regions. It possesses a large fleshy root, from
which rise several round, thick, rough stems, branching and trailing like the common cucumber, but without tendrils. The leaves are petiolate, large, rough,
irregularly cordate, and of a grayish-green color. The
flowers are yellow and axillary. The fruit has the
shape of a small oval cucumber, about an inch and a
half long, an inch thick, of a greenish or grayish color,
and covered with stiff hairs or prickles. When fully
ripe, it separates from the peduncle, and throws out
its juice and seeds with considerable force through
an opening at the base, where it was attached to the
foot-stalk.
Elaterium is the substance spontaneously deposited
by the juice of the fruit, when separated and allowed
to stand. When the fruit is sliced and placed upon a
sieve, a limpid and colorless juice flows out, which
soon becomes turbid, and in the course of a few hours
begins to deposit a sediment. This, when collected and
dried, is very light and pulverulent, of a yellowishwhite color, slightly tinged with green.
For detailed description of elaterium and method of
assay see U.S.D., 19th ed., p. 432.
The purgative property of elaterium depends on a
crystallizable neutral principle, elaterin (momordicin) .
Elaterin (Elaterinum, VS.P. X), according to
Power and Moore (Trans. Chem. Soc, 97, 99), consists of two isomeric substances, one levorotatory and
physiologically inert, the active compound dextrorotatory; these they designate respectively as alpha- and
beta-elaterin.
Elaterin was officially described as "minute white
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scales or prismatic crystals. It is odorless, and is stable
in the air." Elaterin is insoluble in water and only
sparingly soluble in alcohol. For methods of detecting
elaterin, see U.S.D., 21st ed., p. 409. Its chemical structure is not completely understood (Ann. Chem., 1937,
531, 287).
Elaterin is a powerful hydragogue cathartic, formerly employed for the reduction of dropsy, especially
in nephritic patients. Administration of large doses or
frequent use is likely to prove debilitating, especially
to persons of feeble constitution. Dose, 3 to 6 mg.
(approximately Ho to Vio grain). A triturate (Trituratio Elaterini, U.S.P. X) was also official.
Elemi. Gum Elemi. Resina Elemi. — The name
elemi is applied commercially to a large number of
resins. The variety which is mostly used is known
as Manila or Philippine elemi and is derived from
Canarium commune L. (Fam. Burseracece) , and, according to Bacon (Philippine Journal oj Science, 1909,
4, 93), from the Canarium luzonicum Miq. When first
collected it is soft, but later becomes hard on exposure
to the air and light. It is collected by incising the tree
at the time when it is developing new leaves, the juice
exuding through the bark and collecting in lumps at
the point of the incision. This is the variety which was
recognized by the B.P. 1885.
Manila elemi (also known as soft elemi) occurs in
masses of various consistence, sometimes solid and
heavy like wax, sometimes light and porous; unctuous
to the touch ; diaphanous ; of diversified colors ; fragile
and friable when cold but softening with the heat of
the hand; of a terebinthinate, somewhat aromatic,
odor, diminishing with age ; of a warm, slightly bitter,
disagreeable taste; entirely soluble, with the exception
of impurities, in boiling alcohol; and yieldng a volatile oil on distillation.
Elemi contains elemi oil, elemic acids, brein, and
amyrin. The structure of the isomeric elemic acids
has been studied bv Balenovic (Monatsh. Chem., 1940,
73, 25).
Elemi has properties analogous to those of the
turpentines. It was used only externally, especially as
a component of some plasters.
Elixirs. — Elixirs are sweetened, aromatic solutions,
usually hydroalcoholic, often containing soluble medicinal substances, in which case they are used for
more or less of the therapeutic effect of these substances. Some elixirs, however, have been formulated
solely for use as a pleasant liquid vehicle. The emphasis, for both types of elixirs, is on their being as
palatable as possible.
The word elixir referred in alchemy to a substance thought to be capable of transmuting metals
into gold, or to one capable of prolonging life. Later
the term was applied to liquid preparations comparable to the present-day tinctures, and in 1883
John Uri Lloyd published a book containing 283
formulas of elixirs, some of which are still in use.
Because so many elixirs have been shown to be
therapeutically worthless or of slight activity the
number of these preparations in use is constantly
diminishing.
Besides water and alcohol, the concentration of
which varies from 5 to 40 per cent in most of the
official preparations, elixirs generally also contain
glycerin and sugar. For a discussion of the official
elixirs reference to the following should be made:
V.S.P. — Aromatic Elixir; Diphenhydramine Hydrochloride Elixir; Phenobarbital Elixir. NJ. — Aminoacetic Acid Elixir; Aminopyrine Elixir; Ammonium
Bromide Elixir; Amobarbital Elixir; Barbital Elixir;
Bitter Orange Elixir; Buchu, Juniper and Potassium
Acetate Elixir; Compound Benzaldehyde Elixir; Five
Bromides Elixir; Glycerinated Gentian Elixir; Glycerophosphates Elixir, Compound; Glycyrrhiza Elixir;
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Iron, Quinine and Strychnine Elixir; Iron, Quinine
and Strychnine Phosphates Elixir; Iso-Alcoholic
Elixir; Pentobarbital Elixir; Compound Pepsin Elixir;
Pepsin and Rennin Elixir; Red Aromatic Elixir; Sodium Bromide Elixir; Terpin Hydrate Elixir; Terpin
Hydrate and Codeine Elixir; Three Bromides Elixir.
Embelia. — "Embelia is the dried fruit of Embelia
Ribes
Burm. fil., and also of Embelia robusta, Roxb."
B.P. 1914.
The genus Embelia (Fam. Myrsinaceoe) includes
a large number of creeping, or almost climbing, tropical shrubs. They possess petiolate leaves, small white
flowers and are especially abundant in tropical Asia,
extending northwards as far as southern China.
Most of the drug is collected in India from
Embelia robusta. The fruits of this plant are longitudinally striate, whereas those of E. Ribes are
wrinkled or warty resembling black pepper.
It was officially described as "globular, about four
millimetres in diameter, varying in color from dull
red to nearly black; warty or striated longitudinally;
superior, minutely beaked and often attached to a
5-partite calyx and slender pedicel. Pericarp brittle,
enclosing a single seed surrounded by a delicate
membrane. Seed reddish, marked with lighter spots.
Endosperm horny and slightly ruminated. Taste
slightly astringent and aromatic." B.P.
Embelia contains 2.5 per cent of embelic acid or
embelin, 2,5-dihydroxy-3-lauryl-/>ara-benzoquinone,
which occurs in golden yellow crystals, which are
insoluble in water and soluble in alcohol, ether,
chloroform and benzene; in alkaline solutions it dissolves with red coloration. There is present also
small amounts of an alkaloid christembine.
Embelia, under the names of viranga, vayvirang
or birang-i-kabuli, has been employed in India as a
taeniafuge. It has but slight laxative properties.
Warden found that ammonium embelate is an effective taeniacide in a dose of 200 mg. (approximately
3 grains) for children and 400 mg. (approximately 6
grains) or more for adults. A pharmacological study
of embelin (Arch, internat. pharmacodyn. tkerap.,
1932, 42, 212) showed it to be effective only against
tapeworm, not roundworms or hookworms. It is excreted in the urine, giving it a red-brown color.
Dose, of embelia, 4 to IS Gm. (approximately 1 to
4 drachms) .
Emulsions. — Emulsions are systems containing
two immiscible liquids, in which one is dispersed, in
the form of very small globules, throughout the
other. The liquid existing as globules is variously
known as the "dispersed," "discontinuous," or "internal" phase; the second liquid, through which dispersion has occurred, is the "continuous" or "external"
phase, or the "dispersion medium." It is rather rare
that permanent dispersions of two liquids can be
obtained without the aid of a third substance, which
is known as the emulsifying agent. Many theories
have been offered to explain formation of emulsions;
it appears that the mechanism in any specific case
varies with the type of emulsifier employed. Certain
generalizations, however, may be made.
In the first place the liquid which is to form the
internal phase must be subdivided into globules small
enough to remain dispersed. In addition, these tiny
globules apparently must be surrounded by a kind
of film separating the two phases. This film must
possess such characteristics as will prevent coalescence of the particles, and the role of an emulsifying
agent is to provide a film having these properties.
Another function of the film appears to be that of
lowering the interfacial tension between the two
liquids by providing a gradual, rather than abrupt,
transition in properties between the highly dissimilar
phases.
Types of Emulsions. — The two liquids most fre-
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quently used in the preparation of emulsions are oils
and water. According to which liquid forms the dispersed phase, two types of such emulsions may be
recognized. A system containing globules of oil dispersed in water is an oil-in-water emulsion; if water
globules are suspended in an oily medium, it is a
water-in-oil emulsion. Which type of emulsion results in a given operation depends on the nature of
the emulsifying agent and, to a lesser degree, on the
method of preparation. Milk is an oil-in-water
emulsion and butter is a water-in-oil emulsion; both
are made from the same ingredients. Emulsions made
of oil and water, in which an alkali soap is the
emulsifying agent, are of the oil-in-water type. If
soaps of the alkali-earth or heavy-metals are used,
a water-in-oil emulsion is produced. "Carron oil" is
an example of the water-in-oil type of emulsion.
Bancroft (J. Phys. Chem., 1927, 31, 1681) explained
this difference in the behavior of the two kinds of
soaps by pointing out the fact that the liquid which
is the better solvent for the emulsifying agent becomes the external phase. Thus soaps of the alkali
metals are more soluble in water than in oil, while
for soaps of the alkali-earth and heavy metals the
reverse is true. The difference in the behavior of the
emulsifying agents may also be explained on the
basis of the relative interfacial tensions between the
emulsifying agent and the respective liquid phases.
In general, the liquid which has the lower interfacial
tension between it and the emulsifying agent will be
the external phase. Both the solubility and the interfacial tension of the emulsifier depend, to some extent
at least, on whether the emulsifier is primarily hydrophilic or lipophilic, and this is in turn determined
by the chemical nature of the emulsifier. All emulsifiers, however, since they serve as a connecting link
between oil and water, would appear to be endowed
to some degree with both hydrophilic and lipophilic
characteristics.
To test an emulsion as to its continuous phase
(water or oil) it may be diluted in turn with oil and
water. If it can be successfully diluted with water,
but not with oil, it is an oil-in-water emulsion. If
the converse is true it is a water-in-oil emulsion. The
test of the type of emulsion may also be made by
the use of water-soluble or oil-soluble dyes applied to
portions of the emulsion. Another simple test may
be made on the basis that an oil-in-water emulsion
will conduct an electric current, while a water-in-oil
emulsion will conduct it but poorly.
Emulsifying Agents. — Emulsifying agents differ
greatly in their chemical composition, and probably
also in the manner in which they function. The oldest
and best-known emulsifiers include such carbohydrates as acacia, agar, chondrus, dextrin, malt extract, pectin and tragacanth, and such proteins as
casein, condensed milk, egg albumen and egg yolk,
and gelatin. Each yields an oil-in-water emulsion, the
finest dispersion of oil being obtained, by ordinary
compounding technics, with acacia. Emulsions made
with the aid of acacia do not possess very high viscosity, hence tend to cream; this may be corrected by
incorporating a small proportion of an emulsifier
which functions mainly by increasing viscosity. Agar,
chondrus, malt extract, pectin and tragacanth are
such emulsifiers; the dispersions which they produce
consist of relatively large globules of oil which are
prevented from coalescing by the high viscosity of
the medium. Of this group, tragacanth is most often
used in conjunction with acacia to enhance the emulsifying quality of the latter by increasing viscosity.
That the nature of the oil to be emulsified is an
important variable to be taken into consideration in
selecting an emulsifier is apparent when comparisons
are made of the emulsifying efficiency of various
agents. For example, in a comparison of pectin with
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tragacanth, karaya, and acacia as an emulsifier for
olive, cottonseed and mineral oils, Lotzkar and Maclay
(Ind. Eng. Chem., 1943, 35, 1294) found little difference between pectin and tragacanth as an emulsifier
of olive oil, but observed that pectin is slightly better
than tragacanth for emulsifying cottonseed oil and
clearly superior to tragacanth and acacia, and at
least equal to karaya, for emulsifying mineral oil.
Gelatin has been shown to be an effective emulsifier if the pH of the aqueous phase is correctly adjusted, and if dispersion of the oil is effected by a
homogenizer. Gelatin is obtained either from an
acid-treated precursor or from an alkali-treated precursor (see Gelatin) ; as an emulsifier the former is
effective only when the pH has been reduced to
approximately 3.2, the latter functions only when
the pH has been raised to about 8. Gelatin from an
acid-treated precursor, suitable for preparing medicinal emulsions, is offered under the name Pharmagel A ;
that from an alkali-treated precursor is distinguished
by the designation Pharmagel B. At a pH of 3.2
Pharmagel A is positively charged, which state is
either a prerequisite or a concomitant of emulsification with this substance; at pH 8 Pharmagel B is
negatively charged, the corresponding state for the
successful use of this substance. The viscosity of
emulsions produced with gelatin alone is low, and to
prepare more viscous products other emulsifiers are
sometimes added. When this is done it is important
to realize that the emulsifiers mentioned above form
negatively charged particles in solution and that
these are incompatible with the positively charged
particles of Pharmagel A when this substance is used
under its optimum conditions; the combination is
rendered ineffective as an emulsifying system. If,
however, Pharmagel B is used along with another
emulsifier yielding negatively charged particles at
pH 8 increased viscosity may be attained without
reducing the efficiency of the gelatin. For detailed
directions concerning the preparation of emulsions
employing the two types of gelatin see Tice (J. A.
Ph. A., 1935, 24, 1062; Am. J. Pharm., 1939, 111, 4).
Various soaps of inorganic and organic bases are
used as emulsifiers. Soaps of the alkali metals produce
oil-in-water emulsions; those of polyvalent metals
produce water-in-oil emulsions. In recent years the
soaps produced with certain amines, notably triethanolamine, have found wide use as oil-in-water emulsifiers.
Saponin, in the form of quillaja tincture, is sometimes employed as an oil-in-water emulsifier in preparations for external use.
A number of alcohols have found considerable use
as emulsifying agents. The alcohols of wool fat are
well known for their ability to emulsify water in a
fatty vehicle. Several aliphatic alcohols, especially
cetyl alcohol, are used in the formulation of lotions
and ointments, particularly of the "washable" type.
High molecular weight acids (palmitic, stearic, and
others) possess some emulsifying properties which,
however, are generally materially enhanced by converting the acids to soaps. When rosin is dissolved in
alkali the resulting rosin soap may be used for emulsifying cresol and similar compounds to form disinfectant and antiseptic preparations.
Esters of glycols and polyhydroxy alcohols with
various fatty acids are important emulsifiers. Such
compounds contain hydrophilic as well as lipophilic
(hydrophobic) groups; thus, hydroxyl and carboxyl
groups are hydrophilic while the long-chain hydrocarbon groups are lipophilic. The presence of both
of these characteristics imparts to the compounds
potential usefulness as emulsifying agents. Whether
the compound as a whole is hydrophilic and thus
will generally produce oil-in-water emulsions, or
whether it is lipophilic and will yield water-in-oil
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emulsions, is determined by the balance of the two
types of groups within the molecule. The esters of
various polyethylene glycols with fatty acids make
up an especially interesting series of non-ionic emulsifiers. Here there is an almost unlimited number of
possibilities of varying the chain length of the polyoxyethylene component and of the number and
length of the fatty acid component. It is possible to
prepare compounds which are predominantly hydrophilic or lipophilic merely by varying these factors.
The classes of emulsifiers known as the Spans and the
T weens (for information see under Polysorbate 80),
which are primarily lipophilic and hydrophilic, respectively, byvirtue of a planned balance of their
structural components, illustrate the practical application of these principles in the formulation of
emulsifiers.
Various sulfated compounds, and quaternary ammonium derivatives, commonly referred to as surface
tension reducers, wetting agents, dispersing agents,
etc., find use as emulsifiers, either alone or in combination with other substances.
Lecithin, a phospholipid, has been reported to
produce both oil-in-water and water-in-oil emulsions.
Methyl cellulose and sodium alginate are two
substances which have been advocated for use as
emulsifiers. The predominant effect of both substances
is to increase viscosity, rather than to produce a fine
dispersion of oil globules.
Finely divided solids often promote emulsification
in both oil-in-water and water-in-oil systems. Bentonite, kaolin and other finely divided clays, freshly
precipitated hydroxides, carbon black, and magnesium carbonate are examples of such solids.
Size of Globules.- — The size of the globules in
emulsions made without special equipment is from 5
to 20 microns. By the use of a homogenizer or colloid mill the size of the particles may be reduced to
1 or 2 microns. In a homogenizer the emulsion ingredients are forced, under high pressure, through
valves or perforated plates, producing a very fine
dispersion. In the colloid mill the mixture is subjected to great shearing forces between a rotor and
stator, thus effecting a fairly uniform dispersion.
Effect of pH.— The influence of hydrogen ion
concentration upon emulsions and emulsification has
been studied to a certain extent, but no general conclusions have been reached except in certain cases of
individual emulsifying agents. Acacia and tragacanth
have been studied by Krantz and Gordon (J. A. Ph.
A., 1926, 15, 83). The range of greatest stability for
emulsions made with acacia lies within pH 2 to 10,
and with tragacanth within pH 1.9 to 2.3. Later,
Krantz and Gordon (J. A. Ph. A., 1929, 18, 797)
stated that emulsions made with magnesium oleate
exhibit greatest stability well on the alkaline side,
namely, at a pH between 11 and 12.5. Tice (loc. cit.)
has shown that gelatin derived from an acid-treated
precursor is of practical value only in acid solution,
while gelatin derived from an alkali-treated precursor
is useful only in alkaline solution.
Transparent Emulsions. — Emulsions are usually
opaque, due to the diffraction of light by the globules
of the internal phase, but if the two liquids of an
emulsion have the same refractive index, the emulsion may be transparent. Glycerin gives a transparent
emulsion when it is mixed with a solution of calcium
oleate in carbon tetrachloride. Orange oil will make
a transparent emulsion if 5 per cent of the oil is
emulsified with 80 per cent of sugars (sucrose and
invert), with acacia as the emulsifier.
Preparation of Emulsions. — On the small scale
emulsions may be prepared by either the English
method or the Continental method. In the former
the emulsifying agent is triturated, in a mortar, with
sufficient water to form a mucilage, after which a
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small portion of oil is added and the whole triturated
until emulsification has occurred. More water and
oil are then alternately added, each portion being
thoroughly emulsified by trituration before the next
is added. Some experience is necessary to judge the
relative amounts of water and oil to be incorporated
at each step of the process. In the Continental
method the amounts of ingredients to be mixed together are determined by the following proportion:
oil, 4 parts; water, 2 parts; gum, 1 part. The oil and
gum, as a rule finely powdered acacia, are mixed in a
mortar and the water added all at once with vigorous
trituration. After this nucleus of the emulsion is prepared additional water may be incorporated. In order
to prepare satisfactory emulsions of linseed oil and of
mineral oil, Husa and Becker (J. A. Ph. A., 1941, 30,
83) found that more than one part of acacia is required in the Continental technic. The same authors
also reported (J. A. Ph. A., 1941, 30, 114) that the
commonly accepted belief that a smaller proportion
of acacia may be used in the English method than in
the Continental method for preparing emulsions is
incorrect; moreover, twice the time is required by
the former than by the latter method.
Volatile oil emulsions may be prepared directly in
a dry bottle instead of using a mortar and pestle.
The proportion of ingredients is as follows: volatile
oil, 3 parts; water, 2 parts; acacia, 1 part. The gum
is mixed with the oil in a dry bottle, the water added,
and the mixture shaken until the emulsion forms.
This can be diluted with water or other suitable
ingredients. Briggs states that intermittent shaking in
preparing an emulsion is much more effective than
the usual uninterrupted shaking (J. Phys. Chem.,
1920, 24, 120). Scoville claimed that oil may be
separated from an emulsion by overmanipulation.
On the large scale emulsions are prepared with the
aid of colloid mills, homogenizers or mechanical agitators. The principle of the homogenizer, operating
at pressures up to 5000 pounds per square inch, and
of the colloid mill, employed at speeds up to 20,000
revolutions per minute, have already been explained.
Agitators take different forms, depending on the specific use to which they are put. The ordinary soda
fountain drink mixer serves adequately for preparing
some emulsions. An egg-beater or cream-whipper may
occasionally be employed. A small homogenizer, sold
primarily as a kitchen utensil, will produce emulsions
that are superior to any made by the usual technics
for preparing emulsions on a small scale (see Tice,
Am. J. Pharm., 1935, 107, 158). A study of the efficiency of the older methods of emulsification, as
compared with those employing mechanical equipment, has been made by Husa and Becker (J. A. Ph.
A., 1941, 30, 141).
An emulsion is said to break or crack when the
globules of oil become disengaged from their protective envelopes of emulsifier, coalesce and separate as
a layer of oil which cannot be redispersed by shaking.
Creaming, on the other hand, is the effect observed
when emulsified globules of oil rise to the surface, as
when cream separates from milk; a homogeneous
product may be obtained merely by shaking. Addition of electrolytes to emulsions is one way by
which the protective film of emulsifier is removed
and this salting-out action of the electrolyte produces cracking of an emulsion. A large proportion of
alcohol will also cause an emulsion to crack, though
by a different mechanism than that initiated by
electrolytes.
Preservation of Emulsions. — The use of many
emulsifiers, particularly those which are either proteins or carbohydrates, is likely to promote growth
of bacteria and molds in emulsions. To avoid such
deterioration of an emulsion a suitable preservative
must be added. Alcohol, benzoic acid or its sodium
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salt, or one or more of the esters of />ara-hydroxybenzoic acid is commonly used for this purpose. As
the preservative action needs to be localized in the
aqueous phase, the concentration of preservative to
be employed should be based on the relative amount
of aqueous phase present, rather than on the total
volume of emulsion. Thus, in an emulsion containing
50 per cent of an alcohol-insoluble oil, the inclusion
of sufficient alcohol to represent 7 per cent of the
total volume produces an effective concentration of
14 per cent in the aqueous phase, which is normally
sufficient to prevent bacterial or mold growth. If a
preservative distributes itself between the oily and
aqueous phases, sufficient should be employed to obtain an effective concentration in the aqueous phase.
Endocrine Substances. — The body contains certain glandular structures that are not provided with
ducts for the release of their secretions, for which
reason they are called ductless glands. The secretion
of these organs is presumably emptied into the blood
stream passing through them and they are therefore
known as the glands of internal secretion or endocrine glands. The secretion of these endocrine organs
— known as hormones — influences, sometimes profoundly, various bodily functions. Some of the ductless glands are necessary for life; in other cases their
removal, while influencing the development or growth
of the body, is not necessarily fatal.
Disturbances of the function of the endocrine
glands may be in the direction either of overactivity
or of deficiency in their secretion ; either of these may
have a profoundly deleterious influence on the wellbeing of the individual. In the case of hyperfunction
there are two courses of treatment which are frequently employed. The first of these is chiefly symptomatic and tries to relieve the disturbances of function by the use of drugs (see Propylthiouracil) and
other therapeutic measures. Sometimes the hyperfunction may be depressed by the administration of an
endocrine substance which, in the normal organism,
has an inhibiting action on this gland. A more vigorous line of treatment is to attempt to . reduce the
over-secretion by partial extirpation of the gland.
Where there is a deficiency in the hormones an
attempt is often made to compensate for the failinc
secretion by the administration of the corresponding
gland obtained from one of the food animals. The
rationale of this treatment is based on the presumptions (1) that the secretion of a gland is identical in
all species of mammals and (2) that there is ordinarily stored up in the gland a certain quantity of
unabsorbed secretion.
The functions of the ductless glands are more or
less interlocked; the activity of one may be vitally
influenced by the secretion of another endocrine
brought to it in the blood stream. Many clinicians
maintain that beneficial results in the treatment of
endocrine dysfunction require simultaneous use of the
hormonal secretion of more than one ductless gland.
Formerly it was common practice to administer
various glandular products orally, but it is nowrecognized that many of the hormones cannot be absorbed from the intestinal tract in sufficient quantitv
to influence materially the functions of the body.
When oral administration of such substances has
seemingly been beneficial, it is altogether likely that
the effects have been largely psychological (with exceptions, such as thyroid, etc.). On the other hand,
there is no doubt that in some cases proper use of
endocrine secretions may be a life-saving measure.
Several substances of endocrine origin have become
of such generally recognized therapeutic importance
that they have received official recognition and are,
accordingly, described in Part I. These include
Chorionic Gonadotropin, Corticotropin (Injection),
Cortisone (Acetate), Desoxycorticosterone (Acetate),
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Epinephrine, Estradiol, Insulin (Injection), Levarterenol (Bitartrate) , Oxytocin (Injection), Parathyroid (Injection), Posterior Pituitary, Progesterone,
Testosterone, Thyroid, and Vasopressin (Injection).
Certain other hormonal principles, whose value is less
certainly established, are briefly considered hereunder.
Gastrointestinal Hormones. — Edkins, in 1906,
postulated the existence of a hormone, called gastrin,
when it was found that extracts of the pyloric mucosa caused the gastric glands to secrete. Whether or
not the substance is a hormone has not yet been
conclusively established; evidence both for and
against the hormone mechanism has been presented.
A purified, histamine -free gastrin, prepared by Jorpes
et al. (Biochem. J., 1952, 52, 327) from hog stomachs,
produced a flow of highly acid gastric juice when injected intravenously, in amounts of 1 mg., in cats
with vagi cut. Shay and Sun (Am. J. Med. Sc, 1954,
228, 630) observed that the adrenal gland through
release of epinephrine which activates the pituitary
gland to secrete corticotropin (ACTH) affects gastric
secretion.
In 1902 Bayliss and Starling extracted from intestinal mucosa a substance which when introduced into
the small intestine was able to stimulate the flow of
pancreatic juice; this substance was given the name
secretin. Preparation of secretin in crystalline form
was achieved by Hammarsten et al. (Biochem. Ztschr.,
1933, 264, 272), by Greengard and Ivy (Am. J.
Physiol., 1938, 124, 427), and by Jorpes and Mutt
(Biochem. J., 1952, 52, 328). Besides stimulating the
flow of pancreatic juice, secretin is a cholagogue and
it also stimulates the flow of intestinal juices (Agren,
Skandinav. Arch. Physiol., 1934, 70, 10). Secretin
has little or no action unless intravenously administered. In recent years secretin has been employed as
a clinical test for pancreatic function. The chemical
structure of secretin has not yet been determined.
Purification of secretin has resulted in the separation
of a substance, pancreozymin, which increases the
concentration of enzymes and electrolytes in the
pancreatic juice and a residue, unfortunately also
called secretin, which stimulates the flow of watery
pancreatic juice without an increase in the enzyme
content (Harper and Raper, /. Physiol., 1943, 102,
115; Hart and Thomas, Gastroenterology, 1945, 4,
409).
The preparation of intestinal extracts which activate the gallbladder has led to the separation, from
secretin, of a component, called cholecystokinin,
which appears to provide the chief stimulus for the
evacuation of the gallbladder. The principle has not
yet been prepared in pure crystalline form.
Certain extracts, prepared from intestinal mucosa,
have been shown to inhibit gastric motility and to
inhibit the gastric secretion stimulated by a meal.
The active principle, called enter ogastr one, has been
prepared in concentrated form suitable for subcutaneous or intramuscular injection by Greengard et al.
(Fed. Proc, 1943, 2, 17). Although Greengard et al.
(Gastroenterology, 1946, 7, 625) reported encouraging
clinical results in the care of patients with proved
peptic ulcer by parenteral administration of an enterogastrone preparation, Sandweiss and co-workers
(J.A.M.A., 1948, 138, 552) found similar use of the
hormone disappointing, and Bone et al. (Gastroenterology, 1951, 17, 35) concluded that the preparation
of enterogastrone used in their study was ineffective
in treatment of patients with peptic ulcer. A material
with similar activity, urogastrone, has been isolated
from the urine (see Huff et al., Arch. Biochem., 1950,
25, 133). Interest in these preparations centers upon
the fact that they possess the power of preventing
genesis of ulcer in experimental animals (see Hands
and associates, Endocrinology, 1942, 30, 905; Fed.
Proc, 1943, 2, 18; Ivy, Fed. Proc, 1945, 4, 222).
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The more highly purified concentrates have little or
no power to inhibit gastric motility but the observation that enterogastrone markedly reduces the output
of acid while leaving the secretion of pepsin essentially unaltered suggests that the anti-ulcer effectiveness of the hormone may be attributed to the latter
phenomenon. The possibility of the presence of an
associated substance possessing antiulcer activity is
not excluded; indeed, Sandweiss (Gastroenterology,
1945, 5, 404) obtained from urine an antiulcer factor,
called anthelone, which possesses prophylactic, therapeutic and immunizing effect against Mann-Williamson ulcers without depressing gastric secretion. This
factor, referred to also as uroenterone and available
in the capsule dosage form Kutrol (Parke, Davis),
has been used in the treatment of chronic duodenal
ulcer in humans in doses of 150 mg. (2 capsules)
4 times daily. Clinical reports have been both favorable (Sandweiss and Sugarman, Rev. Gastroenterol.,
1952, 19, 271) and unfavorable (Dailey and Benefiel,
Gastroenterology, 1953, 24, 535).
Duocrinin is the hormone which is released by the
intestinal mucosa when certain foodstuffs are in contact with it and which stimulates the duodenal
glands of Brunner to secrete; the existence of such
a substance, which has not yet been isolated, was concluded by Grossman (Physiol. Rev., 1950, 30, 74)
when it was observed that certain preparations of
secretin failed to stimulate the glands of Brunner as
did other preparations of secretin.
Enterocrinin is the name which has been given to
the active principle of concentrates of intestinal mucosa, free of secretin and vasodepressor substances,
which have been found to stimulate the glands of
the small intestine to secrete.
Villikinin is a postulated hormone, also found in
extracts of intestinal mucosa, which is believed to
stimulate movements of intestinal villi. Duodenin,
also called incretin, is another postulated hormone
from intestinal mucosa which is supposed to lower
the fasting blood sugar level of animals and reduce
the dextrose tolerance curve. Evidence for the existence of these hormones is not conclusive.
For an excellent review of the status of the several
gastrointestinal hormones see Grossman (Physiol.
Rev., 1950, 30, 33-90).
Mammary Gland. — Although it has not been demonstrated that the mammary glands secrete a hormone
the fact that lactating women often do not menstruate has led some to the opinion that it elaborates
a substance antagonistic to ovarian function. Mammary gland preparations have been used, wishfully,
to excite milk secretion, to favor uterine involution
after labor and in the treatment of menorrhagia and
dysmenorrhea but there is no convincing evidence of
their therapeutic activity.
The commercial mammary products are prepared
by desiccating the glands of lactating cows; such
dried glands represent from 8 to 10 times their
weight of the fresh gland. Dried mammary substance
has been given in doses of 120 to 600 mg.
Spleen. Lien Siccus. — It is not established that the
spleen furnishes any internal secretion. According to
Danilewsky and Salensky (Arch. ges. Physiol., 1895,
p. 264), the subcutaneous injection of splenic extract
produces an increase in the percentage of hemoglobin,
and in the number of red blood cells. It is also
asserted that there is an increase in the number of
the white corpuscles. It is generally accepted that
certain diseased spleens, in situ, have a depressing
action on blood cell formation in the bone marrow
(Banti's syndrome), as well as a destructive action
on blood cells stagnating in the sinusoids of these
spleens (hemolytic anemia). Leake and Bacon (/.
Pharmacol., 1924, 23, 353) observed that feeding
splenic extract causes a marked increase in the num-
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ber of red blood cells, but the effect is especially
noteworthy if the extract is simultaneously administered with bone marrow. Aqueous extracts of spleen
have been employed successfully, by subcutaneous
administration, in the treatment of many dermatoses
(Wien and Perlstein, Arch. Dermal. Syph., 1933, 27,
963). Administration of an albumin-free spleen extract
was reported by Martorelli (Arch, internat. pkarmacodyn. therap., 1948, 77, 327) to effect marked improvement in 59 of 68 patients with arteriosclerosis
obliterans. Watson, Diller and Ludwick (Science,
1947, p. 348) reported improvement in general health
and inhibition of progress of tumors in 1 patient with
metastatic hypernephroma and 2 patients with metastatic bronchogenic carcinomas following daily injection for 12 weeks of a spleen extract. Fresh human
spleen is used in the preparation of an antiserum (see
ACS, Part II).
Thymus Gland. — This body, which is the ordinary
sweetbread (a name frequently applied to the pancreas
also), is found in the upper thoracic cavity, projecting sometimes an inch or so above the sternum into
the neck. It occurs only in young animals, gradually
disappearing as maturity approaches. Physiologists
have long been uncertain as to the functions of this
organ. It is composed largely of lymphoid tissue and
is generally believed to be concerned in the formation of the leukocytes. While some have believed it
possesses some endocrine function, the evidence in
favor of this view is indecisive. Rowntree and Hanson (J.A.M.A., 1934, 103, 1425) found that injection
of an extract of thymus from calves into rats seemed
to increase the rapidity of growth, but only to a
slight degree. The precocity reported in the third
generation when such injections were given continuously has not received general credence. Shay et al.
(J.A.M.A., 1939, 112, 290) reported that destruction
of the thymus, by x-ray, causes in young male rats a
retardation of sex development; they believe this
effect is due to an action on the anterior pituitary
gland.
Although extract of the thymus gland has been
employed in the treatment of exophthalmic goiter,
hemophilia and certain bone diseases, such as Paget's
disease, its usefulness is very doubtful.
Erythraea Spicata. — This annual herb, growing
in Egypt, has been used in that country, in the form
of an extract, as an antidote for scorpion sting and
more recently has come to be considered as being
efficacious in hypertension. While apparently of no
value for the former use, Farrag and Sherif (/.
Pharm. Pharmacol., 1949, 1, 219) demonstrated that
an extract of the drug produces in animals an increase in coronary flow, a reduction of blood pressure, and a pronounced relaxation of smooth musculature. The active principle is a glycoside, present to
the extent of about 1.6 per cent in the powdered
plant. The drug, which is relatively nontoxic, is recommended asbeing worthy of clinical trial.
Erythrina. — The genus Erythrina includes many
trees and shrubs, with showy flowers of various
shades of red, which are widely distributed over the
tropics and subtropics of the entire globe. In Central America species of Erythrina have long been
important in folk medicine; in Mexico decoctions of
the plants are said to be used for alleged purgative,
diuretic or sudorific effects and the poisonous, beanlike seeds for their hypnotic activity. In 1877
Dominguez and Altamirano, of Mexico, observed the
paralyzing action of extracts of seeds of Erythrina
in animals. More recent studies have confirmed the
curarizing action of the seeds, with the systematic
study by Folkers and Unna (J. A. Ph. A., 1939, 28,
1019) of 51 of the 105 known Erythrina species
demonstrating at least some paralyzing action in all
those investigated.
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The first alkaloid to be isolated from an Erythrina
plant was hypaphorine, originally obtained from E.
hypaphorus, but later found also in other species ; it is
a convulsive poison. Folkers et al. (J.A.C.S., 1937,
59, 1580; 1940, 62, 1673; 1941, 63, 1544; 1942, 64,
2146; 1944, 66 1083) have separated, from various
species of Erythrina, either directly or by acid hydrolysis, first erythroidine, then erythramine, erythraline,
erythratine, erysopine, erysovine, erysodine, erysonine,
erysothiopine, and erysothiovine. Erythroidine was
found to consist of at least two dextrorotatory
isomers, a- and P-, of which the latter has been
obtained in a pure state. P-Erythroidine is a tertiary
ammonium base having the empirical formula
C16H19NO3; it forms a water-soluble crystalline hydrochloride and, because it contains a lactone group,
a soluble sodium salt with sodium hydroxide. For
data concerning its structure see J.A.CJS., 1951, 72,
5579; 1952, 74, 1866; 1953, 75, 2550.
Unna and associates (/. Pharmacol., 1944, 80, 39,
53; see also Megirian et al., ibid., 1955, 113, 212)
studied the pharmacologic action of the alkaloids;
they found all of them to possess typical curare-like
action, with erysothiovine, erysothiopine, P-erythroidine, and erysovine being effective, in frogs, in the
smallest doses, while P-erythroidine showed the
shortest time of duration of paralysis. A hydrogenated derivative of P-erythroidine, dihydro-fi-erythroidine, has a substantially smaller effective dose
than its parent compound (or any of the other
Erythrina alkaloids) but a somewhat longer duration of paralysis. It has been employed to promote
relaxation during anesthesia (see Dripps and Sergent,
Anesth., 1947, 8, 241). In parkinsonism dihydro-Perythroidine by itself had little or no effect upon
the symptomatology but when used as an adjunct to
atropine derivatives striking improvement was noted
in most cases in which rigidity was a feature (Shapiro
and Baker, Am. J. Med., 1950, 8, 153). As with
curare, neostigmine is antagonistic to P-erythroidine
and its dihydro-derivative.
When P-erythroidine is heated with phosphoric
acid or sulfuric acid it loses its methoxyl group and
undergoes rearrangement to a substance called apo-$erythroidine, which is of interest because it possesses
a paralyzing action similar to that of mephenesin. It
has been suspected that P-erythroidine, apart from
its curare-like action, also possessed central depressant
properties. These two properties have been dissociated
in apo-P-erythroidine, which lacks the peripheral action but retains the central depressant properties of
627).
P-erythroidine (see Sauvage et al., Science, 1949, 109,
Erythrophleum. Sassy Bark. Nkasa. Doom Bark.
Casca Bark. Mancona Bark. Saucy Bark. Red Water
Bark. — The bark of the Erythrophlceum guineense
Don. was employed by natives of western Africa as
an ordeal poison in trials for witchcraft. It is obtained from a large tree with spreading branches,
doubly pinnate leaves, flowers in spike-like racemes,
and leguminous fruit. The bark, which is collected
from the trunk and branches, occurs in flat or transversely curved pieces, externally of a dull gray,
grayish-black or reddish-brown (very old bark) color
and marked by reddish-brown warts or circular whitish spots, the old bark being irregularly ridged; fracture hard and granular; inner surface dull black or
reddish -brown; odor indistinct; taste astringent and
slightly bitter.
Erythrophleum bark contains five alkaloids: erythrophleine, cassaine, cassaidine, nor-cassaidine and
homophleine. In addition to these the E. couminga
Baill., which grows in Madagascar, yields two others:
coumingine and coumingaine. The chemistry of these
alkaloids has been elaborated by Dalma, Ruzicka,
Blount and their associates (Helv. Chim. Acta, 1939,
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22, 1497, 1516; 1940, 23, 753; 1941, 24, 63, 179E,
1449) and reviewed by Craig (Ann. Rev. Biochem.,
1942, 11, 569). The erythrophleum alkaloids are
esters of monomethylaminoethanol or dimethylaminoethanol with tricyclic acids of probably diterpenoid
nature which on dehydrogenation yield 1,7,8-trimethylphenanthrene.
All the alkaloids exert at least some effects of the
digitalis group upon the circulation (see Chen and
co-workers, J. A. Ph. A., 1936, 25, 579, and 1938, 27,
307, and Santi, Arch. exp. Path. Pharm., 1939, 193,
152). The most active of them in their effect upon
the circulation are coumingine and erythrophleine.
Maling and Krayer (J. Pharmacol., 1946, 86, 66)
found, in a study of the heart-lung preparation of
the dog, that erythrophleum alkaloids have a positive inotropic action which leads to an increase of
the work of the heart, but that no evidence is available as yet to justify the assumption that clinically
in congestive heart failure the action of the alkaloids
is truly digitalis-like. Cassaine and cassaidine produced in dogs a greater heart contractile force than
did ouabain, in experiments by Cotten et al. (J.
Pharmacol., 1952, 106, 94). The clinical value of
erythrophleum as a cardiac remedy is greatly lessened
by its emetic properties, erythrophleine being the
least objectionable in this direction. The alkaloids
are also possessed of considerable local anesthetic
properties, the most powerful of them being homophleine and erythrophleine (Trabucchi, Arch, jarmacol. sper., 1937, 64, 97).
Erythrophleine sulfate has been given experimentally in doses of 1 to 1.5 mg. (approximately %o to
^o grain).
Under the proprietary name of Nervocidine an
alkaloid from an East Indian species of Erythrophlceum, known as gasu-basu, has been used for the
purpose of destroying the nerves of teeth. According
to Hesse and Greth (Med. Klin., 1928, 24, 68) it has
a physiological action very similar to that of erythrophleine; it is less useful than arsenic as a dental
nerve-killer.
Estrogens. — Many and varied natural and synthetic substances possess more or less estrogenic action when tested on laboratory animals. Several of
those which are therapeutically useful are described
in Part I by virtue of their official recognition; these
include Dienestrol, Diethylstilbestrol, Estradiol, Estradiol Benzoate, Estradiol Dipropionate, Estrone,
Ethinyl Estradiol, and Hexestrol, as well as their
dosage forms. Certain non-official estrogens are discussed in the following. [V)
Benzestrol, N.N.R. (Schieffelin). Octofollin. — This
synthetic estrogen is 3-ethyl-2,4-bis(/>-hydroxyphenyl)hexane, an odorless, white, crystalline powder,
practically insoluble in water, readily soluble in alcohol, and soluble in vegetable oils. It is used like other
estrogens but is claimed to have a lower incidence
of toxicity (MacBryde et al., J.A.M.A., 1943, 123,
261; Hufford, ibid., 259; Talisman, Am. J. Obst.
Gyn., 1943, 46, 146). It causes less bone marrow
depression in rats than does diethylstilbestrol in
comparable doses (Stebbins and Blanchard, Endocrinology, 1945, 36, 305). Contraindications are similar to those of other estrogens. By biologic assay 1
mg. of benzestrol is equivalent to approximately 2.5
mg. of estrone.
The usual dose for menopause or senile vaginitis is
2 or 3 mg., by mouth, daily, or 2 to 5 mg. parenterally,
which latter may be repeated every 4 to 7 days and
then decreased as indicated. In suppression of lactation in the post-partum patient, 5 mg. is given by
mouth 4 times daily for 5 or 6 days (Murphy, Am. J.
Obst. Gyn., 1943, 46, 146). In management of advanced prostatic carcinoma, 5 mg. is given by mouth
1 to 3 times daily or 5 to 15 mg. is injected 2 to 3
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times weekly (Deming and Houfkanian, /. Urol.,
1948, 59, 215; Gelbaum, Lancet, 1950, 1, 811). Dosage forms include tablets (0.5, 1, 2 and 5 mg.), a
vaginal tablet (0.5 mg.), an injectable solution (5
mg. per ml.), a suspension for injection (5 mg. per
ml.), and an elixir (0.5 mg. per ml.).
Chlorotrianisene, N.N.R. TACE (Merrell). —
This stilbene derivative is chlorotris(/>-methoxyphenyl) ethylene or tri-/>-anisylchloroethylene, (CH3O.C6H4)2C:C(C6H4.0CH3)C1; details of synthesis are
described in U. S. Patent 2,430,891. It is a white,
odorless, crystalline powder, very slightly soluble in
water, and slightly soluble in alcohol. Chlorotrianisene is a proestrogen, i.e., topically it is without
estrogenic action but it is metabolized to an unidentified estrogenic substance. Following oral administration more estrogenic activity is found in the feces
than corresponds to the amount of chlorotrianisene
given, a possible explanation of which may be surmised from the observation that chlorotrianisene is
converted by liver mash to a very active estrogen
(Thompson and Werner, Fed. Proc, 1945, 4, 137;
1946, 5, 208; Proc. S. Exp. Biol. Med., 1951, 77, 494).
In mice the substance did not cause enlargement of
the pituitary gland, whereas doses of hexestrol of
equivalent estrogenic action did; chlorotrianisene
caused only a slight increase in the weight of the
adrenal gland, in contrast to a marked increase following hexestrol. Chlorotrianisene also caused less
ovarian atrophy. In contrast to diethylstilbestrol it
did not decrease the survival-time of adrenalectomized
animals. Chlorotrianisene inhibits secretion of pituitary gonadotropin and causes atrophy of the testes
and prostate. It is stored in body fat, from which
slow release occurs; analyses of subcutaneous fat following its ingestion by women demonstrated estrogenic activity equivalent to from 0.37 to 0.485 mg.
of the substance per 100 Gm. of fat at times of 10 to
60 hours after the last dose, with no activity being
found similarly after therapeutic doses of estrone or
estradiol (Greenblatt and Brown, Am. J. Obst. Gyn.,
1952, 63, 1361 ; Thompson and Werner, Proc. S. Exp.
Biol. Med., 1953, 84, 491).
Chlorotrianisene is effective in relieving symptoms
of the menopause when taken in doses of 6 to 18
mg. daily (Benson and Garetz, /. Clin. Endocrinol.,
1953, 13, 258). The slow release of the compound
from its fat storage depot results in prolonged action
after discontinuance of therapy. By the technic of
vaginal smear cytology and determination of the
glycogen content of vaginal epithelium it was demonstrated that the estrogenic action of chlorotrianisene
persisted for 52 days after a course of treatment with
the compound had been discontinued; on the other
hand such action persisted for only 6 days after a
comparable therapeutic program with estrone. The
clinical utility of a slowly decreasing estrogen effect
with a resulting gradual adjustment to tne hypoestrinism is obvious. A second course of therapy with
chlorotrianisene was seldom needed. Fat storage may
delay onset of estrogenic action, but some vaginal
cornification is usually found after the 14th day of
treatment. Gastric distress and withdrawal bleeding
are infrequent. Comparable changes in vaginal epithelium have been observed with 12 mg. of chlorotrianisene daily for 4 days, or with 0.1 mg. of dienestrol or 0.05 mg. of ethinyl estradiol daily for 6
days (Rothchild and Keys, Proc. S. Exp. Biol. Med.,
1952, 81, 539). Benson and Garetz (loc. cit.) observed
that small doses controlled menopausal symptoms but
that 18 mg. or more daily was required to produce
a prolonged effect after therapy is discontinued.
For suppression of lactation in post-partum patients adose of 48 mg. daily for 7 days was successful in 97 of 100 cases; only 3 patients required a
second course of the drug, whereas about 25 per cent
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of cases required a second course of diethylstilbestrol
for this purpose. Moreover only 1 case showed vaginal bleeding on the 10th post-partum day when chlorotrianisene was used, as compared with an incidence
of about 6 per cent with diethylstilbestrol. The prolonged action of chlorotrianisene seems to suppress
the lactogenic hormone effectively.
In hypoovarianism chlorotrianisene has been effective in stimulating development of secondary sexual
characteristics and growth of the uterus. It is also
useful in cyclic therapy with progesterone in cases
of functional uterine bleeding.
Chlorotrianisene has been found useful in treating
inoperable cases of carcinoma of the prostate, its
value possibly being associated with the fact that it
does not cause enlargement of adrenals, as is observed in prostatic carcinoma (Smith et al., J. Urol.,
1951, 65, 886). O'Conor and Sokol {Quart. Bull.
Northwest. U. Med. School, 1952, 26, 161) received
the impression that chlorotrianisene more effectively
controlled prostatic carcinoma than did other estrogens; also, gynecomastia was conspicuous by its
absence, in contrast to its incidence with other estrogens. Mortensen (Med. J. Australia, 1953, 1, 728)
found chlorotrianisene superior to other estrogens in
the same affliction, and Politano and Alyea (/. Urol.,
1952, 68, 734) were able to use effective doses of
this estrogen in patients intolerant to diethylstilbestrol. In breast cancer in women at least 5 years past
the menopause the results obtained with chlorotrianisene are sometimes good but vaginal bleeding may be
troublesome with the doses required (Lewison and
Chambers, New Eng. J. Med., 1952, 246, 1).
In treating acne vulgaris 12 mg. of chlorotrianisene
administered daily during the last 2 weeks of each
menstrual interval produced no striking benefit but
the incidence of tenderness of breasts or dysmenorrhea was minimal compared with other estrogens
(Kile, J. Invest. Dermat., 1953, 21, 79).
A similar estrogenic substance, ct,a-di(/>-ethoxyphenyl) -p-phenylbromoethylene, referred to as
D.B.E., was studied by Robson and Schbnberg (Nature, 1942, 150, 22) and found to have prolonged
action in animals because it is stored in body fat and
only gradually released (Robson and Ansari, /. Pharmacol., 1943, 79, 340). This compound was found
to have little direct action on the vagina until it
had been metabolized in the body; thus it might be
termed a proestrogen (Emmens, J. Endocrinol., 1941,
2, 444). Menopausal symptoms were controlled with
this estrogenic substance (Greene, Brit. M. J., 1946, 1,
9 ; Way, ibid., 10) .
Dose. — The usual dose of chlorotrianisene for relief
of menopausal symptoms is 12 to 24 mg. daily, by
mouth; for relief of engorgement of the breasts it is
48 mg. daily, orally, for 7 days; for metastatic cancer of the prostate 24 mg. daily is administered by
the oral route. TACE is available in capsules containing 12 mg. in corn oil and as a solution in corn
oil containing 12 mg. per ml., for oral administration.
Diethylstilbestrol Dlpalmitate. — Under the
name Stilpalmitate (Abbott) there is marketed the
dipalimityl ester of diethylstilbestrol in ampuls containing 7and 14 mg., respectively, of the ester in
1 ml. of oil solution; these concentrations are equivalent to 2.5 and 5 mg., respectively, of diethylstilbestrol. This ester is probably even more slowly absorbed
than the dipropionate ester and is used similarly
(Freed, Am. J. Med. Sc, 1943, 205, 735).
Diethylstilbestrol Dipropionate, N.N.R. — This
ester is obtained by esterification of the two phenolic
groups of diethylstilbestrol with propionic acid chloride; the purified esters is an odorless, white, crystalline powder, very slightly soluble in water and soluble in vegetable oils. It is used for the various condi-
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tions in which estrogens are employed; it is claimed
that nausea and vomiting occur less frequently with
the dipropionate than with free diethylstilbestrol.
When injected intramuscularly in oil solution the
dipropionate is relatively slowly absorbed from the
oil depot and produces a lower concentration of
estrogen in the blood stream, though the action is
of longer duration, than does diethylstilbestrol.
The dose of diethylstilbestrol dipropionate, intramuscularly administered, is from 0.5 to 2 mg. 2 or 3
times weekly in the treatment of menopause or senile
vaginitis, 5 mg. once or twice daily for 2 to 4 days
for suppression of lactation, 3 mg. daily for about
10 days (then decreased according to individual requirements) inprostatic carcinoma. The ester is supplied in oil solutions containing 0.5, 1, and 5 mg.
perEstradiol
ml.
Cyclopentylpropionate, N.N.R. — This
is the 17 -cyclopentylpropionate ester of estradiol, occurring as a white, odorless, crystalline solid, practically insoluble in water but freely soluble in chloroform and in ether. Its synthesis is described in U. S.
Patent 2,611,773.
This ester has the actions and uses of estradiol and
its other esters such as estradiol benzoate and estradiol
dipropionate, all of which are described in Part I. A
more prolonged estrogenic effect may be observed
with oil solutions of the cyclopentylpropionate, as
compared with similar solutions of the benzoate and
dipropionate. In menopausal women the average duration of estrogenic action is 3 to 4 weeks after a single
injection of the cyclopentylpropionate in oil solution.
The initial dose, administered intramuscularly, is 1 to
5 mg., repeated at weekly intervals for 2 to 3 weeks,
with the interval increased to 3 to 4 weeks for maintenance dosage. Estradiol cyclopentylpropionate is
available, under the name Solution Depo-Estradiol
Cyclopentylpropionate in Oil (Upjohn), in 10-ml.
vials containing 1 mg. per ml. of cottonseed oil solution and in 5 -ml. vials containing 5 mg. per ml.
Estriol, N.N.R. Theelol. — The occurrence of this
hormone and its relationship to estrone and estradiol
are discussed under Estrone (Part I). Estrone and
estriol are metabolic degradation products of estradiol
(Westerfeld and Doisy, Ann. Int. Med., 1937, 11,
267). While some of a dose of estrone seems to be
converted into estradiol, administration of estriol
does not seem to increase the amount of the other
two compounds in tissues or excreta (Schiller, Endocrinology, 1945, 36, 7). Estriol remains in tissues
longer than estrone; Zondek (Lancet, 1934, 2, 356)
found 15 per cent of a dose to be present in animals
12 hours after injection whereas only 2 to 10 per
cent of a dose of estrone could be detected. In the
urine of pregnant women, 90 per cent of the estrogenic activity during the third trimester is due to
estriol (Smith and Smith, /. Clin. Endocrinol., 1941,
1, 470) ; during pregnancy the ratio of estrone to
estriol changes from 1:2 at 2 months to 1:15 at 9
months. As discussed under Estradiol and Estrone, the
estrogenic activity (as assayed by changes in vaginal
smears of castrated animals) of estradiol is greater
than that of estrone, which is in turn greater than
that of estriol. Yet exact assay of different estrogens
is not feasible for, although an oil solution of estrone
by injection is approximately 265 times as active as
one of estriol, an aqueous solution of the former may
be only 4 times as active as one of estriol.
Estriol is unique among estrogens in being derived only from human sources (human pregnancy
urine, human placenta) ; its limited availability restricts its use. It is employed, orally, in the treatment
of the menopausal syndrome. The usual dose is 0.24
mg. once or twice daily, with a range of 0.06 to 0.24
mg. If larger doses are required another, more active
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estrogen appears to be indicated. Estriol is supplied
as Kapseals Theelol (Parke, Davis), each containing
0.24 mg.
Mestllbol, N.N.R. 1954. Monomestrol (Wallace
& Tiernan). Diethylstilbestrol monomethyl ether. —
This substance, obtained by methylation of diethylstilbestrol, is a white crystalline powder, soluble in
oil and the common organic solvents but practically
insoluble in water. Monomestrol is used for the same
conditions for which estrogenic substances are employed, and the contraindications are essentially the
same. Side effects are rare and are usually mild. It is
administered orally or intramuscularly; by the latter
route the duration of its action appears to be materially longer than with either diethylstilbestrol or
estrone (Geschickter and Byrnes, J. Clin. Endocrinol.,
1942, 2, 19). The average oral dose for the treatment
of menopausal symptoms is 0.5 to 1 mg. (approximately 3420 to 1('io grain) daily by mouth, although
if necessary 10 to 25 mg. may be given parenterally
biweekly. Dosage for atrophic genital disorders such
as kraurosis vulvae is 1 to 5 mg. daily by mouth or
25 mg. weekly by parenteral injection; for the prevention of breast engorgement 5 to 10 mg. daily or
25 mg. the first and third days by injection; for suppression of lactation 10 mg. 2 or 3 times daily, or
25 mg. daily by injection; for prostatic cancer 2.5 mg.
3 times daily by mouth. The duration of treatment
varies and may last from several month; to 2 or 3
years in the treatment of menopause, a few months
for atrophic genital disorders, 3 to 5 days for prevention of breast engorgement and suppression of
lactation, or be continuous for prostatic cancer.
Mestilbol has been withdrawn from the market.
Methallenestrxx. Vallestril (Searle). — This compound is 3-(6-methoxy-2-naphthyl)-2,2-dimethylpentanoic acid, CH3CH2CH(CH30.CioH6)C(CH3)2COOH, one of the "allenolic acid" derivatives synthesized by Courrier et al. (Compt. rend. soc. biol.,
1948, 141, 159) and found to possess strong estrogenic activity following either parenteral or oral
administration. The order of activity observed was
similar to that of estradiol. Clinical evaluation by
Sturnick and Gargill (New Eng. J. Med., 1952, 247,
829) indicates that it provides symptomatic relief in
the menopausal syndrome, improvement in postmenopausal osteoporosis, and regression of prostatic
carcinoma. Gynecomastia and withdrawal bleeding
did not appear; with large doses some nausea developed. One case of pustular acne tolerated the drug
better than diethylstilbestrol.
The usual dose in the menopause was 4.5 mg. daily,
by mouth, with a range of 1.5 to 7.5 mg. Under the
name Vallestril the estrogen is available in 3-mg.
tablets.
Piperazine Estrone Sulfate, N.NJl. Sulestrex
Piperazine (Abbott) . — This salt of estrone sulfate is
discussed under Estrone (in Part I) .
Promethestrol Dipropionate, N.N.R. Meprane
Dipropionate (Reed & Carnrick). — This estrogen is
the dipropionic acid ester of dimethylhexestrol, the
latter representing hexestrol (q.v.) in which a methyl
group is substituted adjacent to each of the phenolic
groups of hexestrol. Promethestrol dipropionate is a
white, odorless, crystalline powder, practically insoluble in water, slightly soluble in alcohol. In its actions
and uses it is similar to diethylstlibestrol.
On the basis of degree of cornifkation of vaginal
smears and alleviation of menopause complaints administration of2 to 6 mg. of the compound daily
has been found to be effective in the menopause
syndrome (Sturgis, Am. J. Obst. Gyn., 1947, 53, 678;
Coulton and Sewall, ibid., 1948, 56, 541 ; Lin, ibid.,
1947, 54, 296). In suppression of lactation, Coulton
(ibid., 1947, 54, 289) found 1 mg. administered 4
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times daily for 3 days to be effective in 98 per cent
of cases. No particular toxic symptoms have been
noted on a daily dose of 6 mg. for 2 weeks; occasionally a patient has complained of headache or vertigo.
The usual maintenance dose is 1 mg. daily. Meprane
dipropionate is supplied in 1-mg. tablets.
Ethaverine Hydrochloride. Perparin. 6,7Diethoxy- 1 - (3 ,4-diethoxybenzyl) isoquinoline Hydrochloride. C24H29NO4.HCI. — This synthetic homolog
of papaverine hydrochloride (see its structure) differs
from it only in the replacement of the 4 methoxy
groups of papaverine by 4 ethoxy groups. The synthesis of ethaverine is described in U. S. Patent
1,962,224 (1934). The hydrochloride dissolves in
water to the extent of about 1 Gm. in 40 ml.
The pharmacologic actions of ethaverine are qualitatively similar to those of papaverine. The drugs
are not distinguishable from one another in their
average peak coronary vasodilating potencies; ethaverine has, however, a more persistently effective action
at suprathreshold dosage (Winder et al., J. Pharmacol., 1950, 100, 482). The spasmolytic effect of
ethaverine is claimed to be from 2 to 4 times as
potent as that of papaverine; also, ethaverine is reported to be less toxic than papaverine (for references to experimental data see the paper of Winder
et al., loc. cit.). In the usual mode of usage ethaverine
has no demonstrable addiction liability (Himmelsbach,
U. S. Public Health Reports, Supplement 122, 1937).
Ethaverine hydrochloride is given in about the
same doses as papaverine hydrochloride (q.v.), or
somewhat higher.
Ethereal Oil, N.F. IX. Oleum JEthereum.—
"Ethereal Oil is a volatile liquid consisting of equal
volumes of heavy oil of wine and ether." N.F. IX.
Slowly add 1 volume of sulfuric acid to 1 volume
of alcohol, mix thoroughly, and allow to stand, in a
closed flask, for 24 hours, or until the liquid is clear.
Pour the clear liquid into a tubulated retort of such
capacity that it is nearly filled. Through the tubulure
insert a thermometer so that the bulb is deeply immersed in the liquid and, having connected the retort
with a well-cooled condenser and the receiver with a
bent glass tube for conducting uncondensed gases into
water, distil, on a sand bath, between 150° and 160°,
until oily drops cease to come over or until a black
froth rises in the retort. Separate the yellow, ethereal
liquid from the remainder of the distillate and expose
it to the air for 24 hours, in a shallow dish. Then
transfer it to a moistened filter and, when the aqueous
portion has drained off, wash the oil on the filter
with cold distilled water. When all the water has
drained off, transfer the oil to a graduated measure
and add to it an equal volume of ether. NJ?. IX.
The so-called heavy oil of wine obtained in this
process consists largety of the ethyl esters of sulfuric
acid.
Description. — "Ethereal Oil is a transparent, nearly
colorless, volatile liquid. It has a peculiar, aromatic,
ether odor, and a pungent, refreshing, and bitter
taste. Ethereal Oil is neutral to dry litmus paper. The
specific gravity of Ethereal Oil is about 0.9." N.F. IX.
Uses. — The physiological action of ethereal oil was
studied by Hare many years ago. He found that in
sufficient amount it caused profound changes in the
circulation, but that in quantities anywhere near those
used medicinally it was practically without systemic
action. It is considered to have some carminative
effect, but it is not improbable that it has acquired
this reputation from the ether with which it is combined. It appears to have been used only as an ingredient ofCompound Ether Spirit (see under Spirit
of Ether in Part I).
Storage. — Preserve "in tight containers." NJ?. IX.
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Ethinamate

Ethinamate.
Valmid
(Lilly).
1-Ethinyl-cyclohexylcarbamate. — The structure of this nonbarbiturate
sedative may be represented as
O.CO.NH,,

C:CH

The substance occurs as a colorless, odorless, faintly
bitter, crystalline powder, relatively insoluble in water
but quite soluble in many alcohols, and in oils.
Ethinamate was introduced as a sedative having
rapid onset but short duration of action (Langecker
et al., Arch. exp. Path. Pharm., 1953, 219, 130). It is
absorbed promptly and almost completely from the
gastrointestinal tract; the greater part of the drug is
apparently rapidly destroyed in the body, only a small
portion being excreted in the urine. The therapeutic
index is approximately the same as that of the useful
barbiturates.
Administration of ethinamate to 200 hospitalized
patients with insomnia due to various causes resulted
in good response in 172, moderate in 16, and insufficient in 12; sleep was induced in 20 to 30 minutes
(Schultz and Schirren, Deutsche med. Wchnschr.,
1954, 79, 1186). The drug was well tolerated by all
patients, with no hangover, and no dependence or
symptoms due to any accumulation even when the
medication was continued for 6 to 8 weeks. No pathological findings were observed in studies of the blood,
blood pressure, urine, or liver function; no allergic
reactions developed. Other favorable reports of the
utility of ethinamate in more than 200 patients with
insomnia were presented by Franke {Med. Klin., 1954,
49, 891), and by Gramsch {ibid., 1954, 49, 1624).
The depression of the central nervous system produced by 500 mg. of ethinamate approximated that
produced by 100 mg. of secobarbital sodium, with the
former having the shorter duration of action (Gruber
et al., J. Pharmacol, 1954, 112, 480).
Ethinamate is recommended for patients with
simple insomnia, and is particularly useful in conditions in which a barbiturate sedative is undesirable
or contraindicated. The usual adult dose is 500 mg.
about 20 minutes before retiring; sometimes 1 Gm.
is necessary. Valmid is supplied in 500-mg. tablets.
Ethyl Salicylate. Sal-Ethyl (Parke, Davis).
CCH4OHCOOC2H5. — This is the salicylic acid ester
of ethyl alcohol. It is a transparent, colorless, volatile
liquid, possessing a pleasant characteristic odor and
taste. The specific gravity is 1.132 at 20° and it boils
between 233° and 234°; it is practically insoluble in
water but readily soluble in alcohol and ether.
Ethyl salicylate was suggested by Houghton {Am.
J. Physiol., 1905, p. 331) as a substitute for methyl
salicylate in the treatment of rheumatism. He reported that it is only one-half as toxic as the methyl
ester and that it is absorbed rapidly from the intestinal tract, although not through the skin. The dose
is 0.3 to 0.6 ml. (approximately 5 to 10 minims)
several times daily.
The carbonic acid ester of ethyl salicylate, OC(OC6H4.COOC2H5)o, available under the name of SalEthyl Carbonate (Parke, Davis), occurs as colorless,
odorless, tasteless crystals, practically insoluble in
water and only slightly soluble in alcohol. It is used
to provide the antipyretic and analgesic effects of
salicylates, without disturbing the stomach. The dose
is from 0.3 to 1 Gm. (approximately 5 to 15 grains).
Ethyl Vanillate. Ethyl-4-hydroxv-3-methoxybenzoate. C6H3(OH) (OCH3) (COOC2H5) . — This
compound should not be confused with ethyl vanillin, the flavoring substance official in X.F. and described in Part I. Ethyl vanillate has been used in
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the treatment of disseminated histoplasmosis (Christie
et al., Pediatrics, 1951, 7, 7) and coccidioidomycosis
(Cohen, Arch. Pediat., 1951, 68, 259). With oral doses
of 0.5 to 3.8 Gm. per Kg. of body weight per day, as
a 40 per cent solution in olive oil, blood concentrations of total vanillate of 17 to 35 mg. per 100 ml.
were obtained and maintained for 6 to 8 weeks.
Christie et al. reported inhibition of a strain of
H. capsulatum in a plasma-fortified medium, in vitro,
with a concentration of 20 mg. per 100 ml., and
Hansen and Beene {Proc. S. Exp. Biol. Med., 1951,
77, 365) reported a strain sensitive to 50 mg. per 100
ml. Five of 12 children were cured of histoplasmosis,
although an effective dose of ethyl vanillate approaches the toxic dose. Toxic effects did not appear
in all cases. Side effects included drowsiness, skin rash,
drug fever, and respiratory alkalosis. Lethal doses in
animals cause gastrointestinal hemorrhages, pulmonary
congestion, pneumonitis and renal and myocardial
degeneration. The sensitivity of the organism should
be determined before using such a toxic drug. The
usual dose for a child is about 1.5 Gm. per Kg. of
body weight daily, divided into at least 4 portions.
Ethylene Oxide. CH2CH20.— This is a colorless,
combustible gas at ordinary temperatures; at low temperatures, itis a mobile, colorless liquid, boiling at
about 14°. The specific gravity of the liquid is 0.882
at 10°. It is miscible with water in all proportions and
is soluble in the usual organic solvents.
Ethylene oxide has proved to be an excellent fumigant. Its vapors are highly toxic to insects but relatively non-toxic to man. It is non-corrosive, has a
pleasant and agreeable odor but leaves no residual
odor or taste in the most sensitive materials. It is an
especially desirable fumigant for foodstuffs, tobacco,
grain and other materials.
Carboxide is the trade name of a mixture of ethylene
oxide and carbon dioxide employed as a safe and
effective fumigant. This combination, as well as
ethylene oxide per se, has been used as a means of
destroying insect vermin. Brown {U. S. Naval Med.
Bull., 1933, 31, 241) found that 2 pounds of ethylene
oxide per 1000 cubic feet will destroy all insect life
provided the room is closed for 24 hours. The gas has
the advantages of being nonflammable, nonexplosive
and not injurious to fabrics. Kaye (/. Lab. Clin. Med.,
1950, 35, 823) reported that Carboxide was effective
in sterilizing soiled hospital linen placed in an autoclave from which part of the air had been removed
and then charged with Carboxide; Eisman {Mil.
Surg., 1951, 109, 29), however, found the sterilizing
action of both ethylene oxide and Carboxide against
bacteria to be incomplete.
Ethylenediamine Dihydriodide. C2H4(NH2)22HI. — This water-soluble compound has been introduced, under the name lod-ethamine (Pitman-Moore),
for use where iodine therapy is indicated; the compound contains 80.4 per cent of iodine and is reported
to be nonirritating. It is marketed in keratin-coated
tablets containing 2 or 5 grains and in an elixir containing 2grains in a fluidrachm. The dose is from
0.13 to 1 Gm. (2 to 15 grains), according to the requirements, to
2 4 times daily.
Ethylenediamine Dihydrochloride. C2H4(NH2)2-2HC1. — This occurs as a white, crystalline
salt, freely soluble in water. It is decomposed in the
system like ammonium chloride. Under the name
Chlor-ethamine (Pitman-Moore) it has been used as
a urinary acidifier. The compound respresents 54.9
per cent of HC1. Pharmacologic studies have been
reported by Boyd and associates {Exp. Med. & Surg.,
1946, 4, 221-230). The dose is from 0.3 to 1 Gm.
(approximately 5 to 15 grains), in the form of
keratin-coated tablets.

Part II
Ethylenediaminetetraacetic Acid. Ethylene bisIminoacetic Acid. (Ethylenedinitrilo)tetraacetic Acid.
EDTAA. EdathamU. (HOOC.CH2)2N.CH2CH2N(CH2COOH)9. — This substance is a synthetic amino
acid, occurring as a white, crystalline solid, slightly
soluble in water. Being an amino acid, it probably
exists in "zwitter-ion" form, in which the hydrogen
of each of two carboxyl groups has migrated to
the two basic nitrogen atoms. Aqueous solutions of
strong acids, such as hydrochloric and sulfuric, dissolve EDTAA. The compound forms mono-, di-,
tri-, and tetra-sodium salts, the water solubility of
which increases in the order named; the tetra-sodium
salt is also markedly alkaline. A similar series of
potassium salts is formed, but with ammonia only
mono-, di-, and tri-ammonium salts are produced.
The most interesting and important property of
ethylenediaminetetraacetic acid is its ability to form
stable, water-soluble complexes with alkaline earth
and heavy metal ions. These complexes involve formation of linkages between the inorganic ion and
carboxyl groups and nitrogen of EDTAA ; the complexes are called chelates (from a Greek word meaning claw, and referring to the manner in which the
linkages are established) and the process is referred
to as chelation or, sometimes, as sequestration. Above
a certain pH, which is characteristic for each alkaline
earth or heavy metal ion, the degree of chelation is
so complete that the ion loses its ionic characteristics. For example, ions normally precipitated in
alkaline solution, such as calcium and magnesium, are
no longer precipitated when the solution contains also
EDTAA. The many uses of salts of EDTAA depend
on this chelating action with ions.
Uses. — The complexing action of salts of EDTAA
with calcium and magnesium finds an important application in softening of water. Solutions of various
substances which are rendered turbid by the presence
of calcium, magnesium or other ions may be rendered
brilliantly clear merely by adding a salt of EDTAA.
While quaternary antiseptics are normally precipitated by calcium, magnesium or iron salts present in
natural water, with attendant reduction in germicidal
efficiency, addition of a salt of EDTAA prevents the
precipitation and, in some cases, even enhances germicidal activity, although the chelating agent has no
such activity of its own. Soap solutions, rendered
turbid by use of hard water, may be clarified by this
chelating agent.
Discoloration and decomposition of various medicinal compounds, caused by the presence of traces of
metal ions as impurities, may often be avoided by
incorporating a salt of EDTAA. Thus, solutions of
ascorbic acid and of epinephrine are said to be stabilized by adding the chelating agent; stabilization of
crystalline penicillin solutions by adding the sodium
salt of EDTAA in 1 in 500 concentration is attributed
to inactivation of traces of heavy metals (Swallow,
Pharm.J., 1952, 168, 467).
The disodium salt of ethylenediaminetetraacetic
acid, by virtue of its complexing action on calcium,
is effective in preventing coagulation of blood; from
0.005 ml. to 0.01 ml. of a 10 per cent solution of the
salt is sufficient for 5 ml. of human blood. For transfusions 400 ml. to 500 ml. of blood has been treated
with 1.5 Gm. of the disodium salt dissolved in 100
ml. of 5 per cent dextrose (Proescher, Proc. S. Exp.
Biol. Med., 1951, 76, 619).
Another medicinal use claimed for a salt of EDTAA
has been that of dissolution of kidney stones by retrograde irrigation with an aqueous solution ; the value
of this treatment, however, has not been supported
by later studies. A solution of the calcium disodium
salt of EDTAA has been used by intravenous injection in treating lead poisoning (see under Lead, in
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Part I) ; this particular salt reputedly overcomes the
serious disadvantage of the disodium salt in depressing available calcium levels in the body while retaining its affinity for metal ions such as lead.
Salts of EDTAA are used in some foods and beverages to prevent or minimize oxidation, discoloration
or development of turbidity resulting from the presence of alkaline earth and heavy metal ions. The
many industrial uses of these salts are based on principles utilized in the foregoing illustrations of pharmaceutical and medical applications. Of particular interest is the use of salts of EDTAA, in formulations
containing also a detergent, for removal of radioactive
contaminants from clothing, skin, and equipment.
Toxicity. — In the body ethylenediaminetetraacetic
acid forms a soluble, stable complex with calcium
which cannot be utilized for the body's needs and
which can result in serious depletion of calcium
deposits; massive dosages of the chelating agent lead
to fatal hypocalcemic tetany. The fatal dose, when
injected intravenously, depends on the rate of injection as well as the total amount of EDTAA injected.
Rapid administration results in precipitous depletion
of available calcium, which may have a fatal outcome
before calcium stores may be mobilized. Slow injection apparently allows sufficient time for mobilization
of calcium to overcome the deficiency created by the
chelating agent. When administered parenterally by
routes other than intravenous the toxicity appears to
be still less because the rate of absorption is slower
and the time available for calcium mobilization is
greater. Ingested orally, EDTAA and its salts appear
to be still less toxic and are, in fact, employed in low
concentrations in certain food products. The sodium
and potassium salts of the acid have, in aqueous solution, a solvent action on teeth, further evidence of
the calcium-complexing action of the compound.
Various trade-marked names are applied to ethylenediaminetetra cetic acid and its salts. Sequestrene A
(Alrose Chemical Company) is a trademark for the
acid itself. Versene (Bersworth Chemical Company)
is a trademark of the tetrasodium salt. Nullapons
(General Aniline and Film Corporation) is a trademark applied to a group of these substances {J. A.M. A.,
1955, 158, 43). The name edathamil is the generic
name assigned by the Council on Pharmacy and
Chemistry of the A.M.A. to the acid; edathamil disodium isthe assigned generic name for the disodium
salt of the acid, and edathamil calcium-disodium is
the generic name for the calcium disodium salt.
Ethylhydrocupreine Hydrochloride, N.F. VIII.
Optochin Hydrochloride (Rare Chemicals). Numoquin
Hydrochloride. — "Ethylhydrocupreine Hydrochloride
contains, when dried over sulfuric acid for 4 hours,
not less than 90 per cent of C21H28O2N2." NJF. VIII.
In the bark of the Rubiaceous trees of the genus
Remijia (see Cuprea Bark, Part II) occurs the alkaloid
cupreine. This differs in its chemical composition from
quinine only in that the methoxyl group in the quinoline nucleus of the quinine has been replaced by
hydroxyl. The therapeutic activity of cupreine, despite
its close relationship to quinine, is insignificant. In
1910, Morgenroth prepared a compound in which the
hydroxyl of cupreine was replaced by an ethoxy group
and the unsaturated side group of the reduced piperidine ring was completely saturated. This compound
is designated ethylhydrocupreine; it possesses active
germicidal properties, which differ, however, in some
respects from those of quinine. Ethylhydrocupreine
may be synthesized from either quinine or cupreine;
for a summary of methods of synthesis see U.S.D.,
24th ed., p. 453.
Description. — "Ethylhydrocupreine Hydrochloride
occurs as a white or light yellowish white, odorless,
crystalline powder, having a very bitter taste. It is
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affected by light. An aqueous solution of Ethylhydrocupreine Hydrochloride (1 in 20) is neutral or alkaline
to litmus paper. One Gm. of Ethylhydrocupreine Hydrochloride dissolves in about 2 cc. of water, in about
5 cc. of alcohol, and in about 2.5 cc. of chloroform
at 25°. It is nearly insoluble in ether and in petroleum
benzin." NJ?. VIII. For standards, tests, and assay, see
U.S.D., 24th ed., p. 453.
Uses. — Ethylhydrocupreine was introduced into
medicine by Morgenroth (Berl. klin. Wchnschr., 1910
and 1911) who showed that it possessed specific
germicidal powers against the pneumococcus. While
its general antibacterial effects are comparatively
feeble, Schiemann and Ischaivara (Ztschr. Hyg. Injektionskr., 1914, 77, 49) stated that in dilutions as
low as 1 part in 400,000 it kills the pneumococcus
even in the presence of blood serum. (See also Butler,
J.A.CS., 1937, 59, 227; Bedell, J.A.M.A., 1920, 75,
928; Baldwin and Rhoades, Hyg. Lab. Bull., April,
1025.) Smith and Fantus (/. Pharmacol., 1916, 8, 53)
found it to be more toxic to infusoria and to mammals
than corresponding solutions of quinine. As an antipyretic itis less efficient than quinine. In mammals it
causes motor weakness, with exaggeration of reflexes
and death from respiratory failure. In large quantities itdepresses the heart but has less effect on the
circulation than quinine. Concentrations greater than
one per cent are irritant to the conjunctiva, and later
anesthetic.
The clinical evidence of its value in pneumonia is
somewhat contradictory. If given early in the infection, and in suitable dosage, it has a beneficial effect
(see Moore and Chesney, Arch. Int. Med., 1918, 21,
659; Med. Klin., 1929, pp. 1772 and 1811). The toxic
action on the optic nerve has discouraged its general
use ; an incidence of amblyopia as high as 10 per cent
has been reported. Although most of the cases of
ethylhydrocupreine blindness have followed the injection of a soluble salt, Alvis (Arch. Ophth., 1929, 2,
328) reported amaurosis caused by 250 mg. orally
every 5 hours, taken for 3 days.
The most important use of ethylhydrocupreine was
in the form of an ointment or solution for the treatment of local infections with the pneumococcus, especially of the eye; the soluble hydrochloride, in
strengths of 1 or 2 per cent, was instilled into the
conjunctival sac. It is claimed that solutions of the
chemical become less effective on standing 3 or 4 days.
Kolmer (/. Exp. Med., 1921, 33, 693) recommended
intraspinal injection of ethylhydrocupreine hydrochloride in pneumococcic meningitis.
For discussion of other hydrocupreine derivatives
see Hydroxyethylapocupreine and Eucupin in Part II.
Dosage. — The soluble hydrochloride should never
be used for internal administration because of the
imminent danger of toxic effects. The insoluble base
may be cautiously employed in doses of 200 to 250
mg. (approximately 3 to 4 grains) by mouth; not
more than 1.5 Gm. (approximately 22 grains) should
be taken in 24 hours. As a local pneumococcicide
ethylhydrocupreine hydrochloride has been employed
in concentrations of 1 to 2 per cent.
Storage. — Preserve "in tight, light-resistant containers." N.F. VIII.
Eucalyptus Gum. Eucalypti Gummi, NJ7. V. Red
Gum. Kino Eucalypti, BJP. 1914. Eucalyptus Kino.
Australian Kino. — "Eucalyptus Gum is a dried gummy
exudation from Eucalyptus rostrata Schlecht. and
other
NJ.V. species of Eucalyptus (Fam. Myrtaceoe)."
McGookin and Heilbron (J. Pharmacol., 1926, 26,
421) listed over 50 species of Eucalyptus which yield
kino, but most of the commercial article is prepared
from E. rostrata Schlecht., a common tree in western
Australia. Masses of kino are sometimes found in
cavities between the wood and the bark — this being
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due to the evaporation of the sap in these places —
but is usually obtained by incising the trees and collecting the exuding liquid; this, on boiling, yields a
solid dark mass which, being friable, breaks up into
small dark fragments. E. calophylla R. Brown yields
the so-called Botany Bay kino. A review of the kino
from this source is given in /. Roy. Soc. W. Australia,
1933, 18, vii-xix.
Eucalyptus gum occurs in dark reddish-brown
grains or angular masses which in thin layers are of
a transparent ruby-red color. It forms a plastic mass
adhering to the teeth when chewed, and colors the
saliva red; taste very astringent; odor slight. For
further description see U .SJ)., 22nd ed., p. 1371.
Eucalyptus kino contains about 47 per cent of kinotannic acid, besides small amounts of catechin, pyrocatechin and kinoin, and, in some specimens, a volatile
oil, giving a slightly aromatic odor to the drug.
Maiden {Am. J. Pharm., 1895, 575) stated that Australian kino contains eudesmin and aromadendrin;
more recently Hillis (Australian J. Sci. Research,
1952, A5, 379) separated approximately 5 per cent of
aromadendrin (which appears to be dihydrokaempferol), 1 per cent of kaempferol (found also in senna
and other plants) , and 0.2 per cent ellagic acid.
Red gum does not equal the kino from Pterocarpus
Marsupium (commonly called kino and described
under this title in Part II of this volume) in astringency. It has been occasionally used for diarrheas and
also in lozenges for the relief of relaxed conditions of
the pharynx.
Dose, from 0.3 to 1.3 Gm. (approximately 5 to 20
grains).
Eucupin (Rare-Galen Div). Eukupin. Isoamylhydrocupreine. C19H23N2O.OC5H11. — This substance
differs from ethylhydrocupreine (see Ethylhydrocupreine Hydrochloride, Part II) in having the isoamyl group replace the ethyl group in the quinoline
nucleus of the latter compound. Eucupin occurs as a
white powder, practically insoluble in water, but soluble in alcohol, in ether, and in vegetable and animal oils.
Bruhn (Therap. Monatsh., 1919, December) found
that gram-positive bacteria — which include streptococci, staphylococci, pneumococci, diphtheria bacilli,
etc. — are killed by Eucupin in as dilute a solution as
1 part in 10,000 but that even a 1 in 1000 solution
was incapable of restraining multiplication of other
bacteria (see also Baumann, Klin. -therap., Wchnschr.,
1938, 17, 382).
Eucupin was used, with some success, in influenza
and septic conditions and it was at one time hoped
that it might be the long sought for "internal antiseptic"; disturbances of vision, and in some cases
permanent blindness have been reported following internal use of the substance.
Externally Eucupin has been successfully employed
as a surgical and dental antiseptic, and also as a local
anesthetic. An oil solution is employed in anorectal
surgery for prolonged injection anesthesia. Eucupin
dihydro chloride (Rare-Galen Div.), a water-soluble
salt, is used similarly, in concentrations of 0.2 to 1
per cent. A 1 per cent solution is reported to be effective when applied locally in itching and painful lesions
of the skin and mucous membranes ; an ointment and
a suppository, each containing 1 per cent of Eucupin
dihydrochloride, are also available. Patzer et al. {Arch.
Surg., 1945, 50, 296) successfully treated several cases
of migraine by periarterial infiltration of the superficial temporal artery of the involved side with approximately 2ml. of 0.1 per cent Eucupin in 1 per
cent procaine hydrochloride solution. Eucupin Ointment, with Zolamine (White Laboratories) contains
0.25 per cent of Eucupin dihydrochloride and 1 per
cent of Zolamine (X,N-dimethyl-N'-2-thiazolyl-N'/»-methoxybenzylethylenediamine hydrochloride) , the
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latter an antihistamine with local anesthetic action,
in a water-miscible, emollient emulsion vehicle; the
ointment is recommended for symptomatic relief of
pruritus vulvae and ani, anal fissures, proctitis, and
itching skin lesions. A rectal suppository containing
5 and 10 mg., respectively, of the two drugs, is also
available.
Euonymus, N.F. VII. Wahoo Bark, Burning Bush.
— "Euonymus is the dried bark of the root of Euonymus atropurpureus Jacquin (Fam. Celastracece)."
N.F. VII.
Euonymus (more properly Evonymus) atropurpureus, named variously wahoo, spindle-tree, and
burning-bush, is a tall, erect shrub or a slender tree
with quadrangular branchlets, and opposite, petiolate,
oval-oblong, pointed, serrulate, membranous leaves.
The flowers, which stand in loose cymes on axillary
peduncles, are small and dark purple, with sepals and
petals commonly in fours. The fruit is a deeply 3- to
4-lobed, crimson-purple capsule, each lobe dehiscing
to expose a seed which is covered by a succulent crimson aril. The plant is native to eastern North America,
west to Montana, Arkansas and Oklahoma.
The plants belonging to the Euonymus genus are
shrubs or small trees, presenting in the autumn a
striking appearance from the rich red color of their
fruit, which has obtained for them the name of burning-bush. E. americanus L. and E. europceus L. have
been cultivated in gardens as ornamental plants. Several species have been used in medicine. Their properties are probably similar, if not identical. An oil expressed from the seeds of E. europceus was formerly
used in Europe for the destruction of vermin in the
hair, and sometimes also as an application to old
sores. The seeds of a number of this and other species
are purgative, emetic and insecticidal, and of some the
leaves are poisonous to sheep and other animals feeding on them. For a description of unground and powdered euonmyus see US.D., 23rd ed., p. 426.
Rogerson (Pharm. J., 1912, p. 687) isolated the following constituents from the bark: dulcitol; furanft-carboxylic acid, C5H4O3; euonymol, C21H30O4 (a
crystalline alcohol, having a melting point of 248°) ;
a sugar which yielded d-phenylglucosazone ; euonysterol, C31H51O.OH; homoeuony sterol, C40H69O.OH;
atropurol, C27H44(OH)2j citrullol, C22H3602(OH)2;
and a mixture of palmitic, cerotic, oleic and linoleic
acids. Meyer and Romin (1885) reported the presence
of a glycoside, euonymotoxin, but Rogerson could not
find any such principle. Reichstein and his co-workers
(Helv. Chim. Acta, 1948, 31, 1655; 1949, 32, 592)
isolated from E. europceus cardioactive glycosides,
called evonoside (or euonoside) A and B.
Uses.— Hatcher (Arch. Int. Med., 1912, 10, 268)
reported that euonymus has a powerful digitalis -like
action on the heart, but although it was at one time
used as a diuretic in dropsy more recently it has been
employed only as a cathartic. By the eclectics it was
supposed to exert an effect on the liver and was used
in cases of chronic constipation, dyspepsia, etc. It is
no longer prescribed.
Euonymus was given in doses of 0.3 to 1 Gm. (approximately to
5 15 grains).
Eupatorium, N.F. VIII. Thoroughwort. Boneset.
Vegetable Antimony. Feverwort. Sweating Plant.
Indian Sage. — "Eupatorium consists of the dried leaves
and flowering tops of Eupatorium perfoliatum Linne
(Fam. Compositce)." N.F. VIII.
This is an indigenous perennial herb, with numerous, herbaceous stems, which are erect, round, hairy,
from 2 to 5 feet high, simple below, and trichotomously branched near the summit. The leaves are connate-perfoliate and decussate at regular distances
upon the stem. This species of Eupatorium inhabits
meadows, the banks of streams, and other moist
places, growing generally in colonies, and abounding
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in almost all parts of the United States. It flowers
from the middle of summer to the end of October.
The leaves and flowering tops are collected from wild
plants during late summer and dried in the shade.
The commercial supplies are obtained chiefly from the
central and southern United States. Eupatorium has
ataste.
faint odor, and a strongly bitter, somewhat peculiar
Description. — "Unground Eupatorium usually occurs as more or less broken leaves and flowering tops.
The leaves are opposite, the pair being united at the
base, from 8 to 20 cm. long and from 1.5 to 5 cm. in
width, tapering regularly from near the base to an
acute apex, crenate-serrate, rugosely veined, rough
and light olive to dark yellowish green above, and
tomentose, resin-dotted and paler beneath. The flower
heads are small, numerous, and corymbed, with a
campanulate involucre of lance-linear, imbricated
scales, and with from 10 to 15 light-colored tubular
florets, having a bristly pappus in a single row."
NJ?. VIII. For description of powdered Eupatorium,
see U.S.D., 24th ed., p. 461.
Constituents. — The chemistry of E. perfoliatum appears not to have been studied thoroughly, nor has
any work been reported recently. Latin (Am. J.
Pharm., 1880, 52, 392) found in it the glycoside
eupatorin, a crystallizable body, a volatile oil, gum,
tannic acid and sugar. Shamel (Am. J. Pharm., 1892,
64, 511) analyzed the nitrate of a crystalline variety
of eupatorin and concluded that its formula is C20H25O36HNO3.
Kamthong and Robertson (J. Chem. S., 1939, p.
925) found in E. purpureum L. a phenolic body,
euparin. E. incarnatum Walt, and E. aromaticum L.
are said to contain an aromatic principle similar to,
if not identical with, coumarin.
E. rugosum Houtt., often erroneously called E. ageratoides L. f. and commonly known as white snakeroot, has long been believed by cattlemen to be the
cause of the disease variously known as the trembles
or milk sickness. Although Crawford in 1908 came to
the conclusion that the plant was not poisonous,
Couch in 1927 separated a toxic, unsaturated alcohol
(C12H22O3), which he called tremetol and which he
stated was responsible for its effects. Bulger and Smith
found that the drug had the property of causing a
marked reduction in blood sugar. The hypoglycemic
effect is scarcely of sufficient magnitude to explain its
toxicity. For review of the literature on white snakeroot see Cartland and Heyl (/. A. Ph. A., 1931, 20,
448).
Pak and Read (Chinese J. Physiol., 1937, 12, 263)
found E. chinense to cause, when fed to animals over
periods of time, a necrosis of the liver, tubular nephritis, and glycosuria, but they could not detect any
tremetol in it.
Uses. — In large doses eupatorium is emetic and
aperient. It has long been a popular household remedy
in a variety of disorders, especially for its diaphoretic
effect. It probably, however, possesses no therapeutic
virtues which are not attributable to its nauseating
properties. It is never prescribed by the medical
profession.
Dose, 2 to 4 Gm. (approximately 30 to 60 grains),
especially in the form of an infusion.
Eupaverin. C19H15NO4. — This substance, related
to papaverine, is 3-methyl-6,7-methylenedioxy-lpiperonylisoquinoline ; it occurs in crystals melting
Eupaverine, according to Samaan (Brit. J. Urol.,
at
141°.7, 116), relaxes the non-striated muscle like
1935,
papaverine but is decidedly stronger. It had been used
in the treatment of gall-stone colic and in arterial
spasms and embolisms (Valdoni, Brit. M. J., 1937).
The dose is from 30 to 60 mg. (approximately Yi to
1 grain).
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Euphorbia Pilulifera, N.F. VII. Euphorbia. Pillbearing Spurge. Snake Weed. Cat's Hair. Ger., Pillenwolfsmilchkraut. Schlangenkraut. — "Euphorbia Pilulifera is the dried plant of Euphorbia pilulifera Linne
(Fam. Euphorbiacece) ." N.F. VII.
This plant is a prostrate or ascending branched annual indigenous to India, but naturalized in other
tropical countries. It is characterized by its slender,
cylindrical, hairy stems; the leaves are opposite, oblong-lanceolate, shortly petiolate, denticulate or serrulate, hairy and unequal at the base; they vary from
2 to 4 cm. in length and are often blotched with red.
Minute linear stipules are present. The flower-heads
are small, numerous, crowded in head-like cymes,
globular, and are borne on a short stalk in one axil,
only, of each pair of opposite leaves. The involucre is
small, entire, and without petal-like appendages. The
fruits are small, yellow, 3-celled capsules, each component carpel of which is keeled. The seeds are minute,
triangular-ovoid and of a pale brown color. For a
further description see U.S.D., 23rd ed., p. 428.
Levison found in it (Am. J. Pharm., 1885, p. 147)
several glycoside resins, wax, and volatile matter.
Power (Chem. Drug., , 1913, p. 544) examined E. pilulifera from the Fiji Islands and found a monohydric
alcohol, euphosterol, among other constituents, none
of which seem to possess therapeutic value. Quercitrin
has been reported to be present in the plant (/. A.
Ph. A., 1951, 40, 56).
A physiological study of Euphorbia pilulifera led
A. Marsset (Therap. Gaz., 1885) to the conclusion
that the active principle acts directly upon the heart
and respiration; that it is not an irritant to the skin,
but in large dose it is to the gastric mucous membrane. The drug has been used in the treatment of
asthma and bronchitis but its value is not apparent.
Hellerman and Hazleton (/. A. Ph. A., 1950, 39, 142)
found a fluidextract of Euphorbia pilulifera to have
an antispasmodic action which is characterized as
myotropic rather than neurotropic; although they
were unable to isolate the active principle Hallett and
Parks (ibid., 1953, 42, 607), confirmed the presence
of antispasmodic activity and made some observations as to its stability.
The formerly official dose was 2 Gm. (approximately 30 grains).
For further information concerning species of
euphorbia which have been used in medicine see
U.S.D., 23rd ed., p. 1449, also 19th ed., p. 1484.
Euphrasia. E. officinalis L. Eyebright. Eyewort.
(Fam. Scrophulariacece.) — A small annual plant, native of Europe, without odor, and of a bitter, astringent taste. It contains an acrid principle and has been
used in diseases of the eye. Leclerc (Presse mid.,
1936, 44, 216) reported an infusion of the drug to
have an astringent and soothing effect in conjunctivitis. It has also been used, internally, in jaundice.
Extracts. — "Extracts are concentrated preparations
of vegetable or animal drugs obtained by removing
the active constituents of the respective drugs with
suitable menstrua, evaporating all or nearly all of the
solvents and adjusting the residual masses or powders
to the prescribed standards. Extracts are made in three
forms: Semi-liquids or liquids of syrupy consistence;
plastic masses, known as pilular or solid extracts; and
dry powders, known as powdered extracts. Pilular extracts and powdered extracts of any one drug are
interchangeable medicinally, but each has its own
pharmaceutical advantages." US.P.
The extracts are intended to preserve the useful constituents of the drug in a uniform and permanent
condition with as little inert matter as possible and in
a form suitable for medication. The extracta are a
very ancient class of drug preparations.
"In the manufacture of most extracts, the drugs are
extracted by percolation. The entire percolates are
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concentrated by distillation under reduced pressure in
order to subject the drug principles to as little heat as
possible. Liver Extract is prepared in a unique way
especially adapted to the most effective retention of
the vitamin B12 activity of the liver tissue from which
it is derived.
"Diluents. — Extracts which must be adjusted to prescribed standards may need diluents for that purpose
and the following are suitable: liquid glucose, malt
extract and/or glycerin for pilular extracts, and for
powdered extracts, starch dried at 100°, sucrose,
lactose, powdered glycyrrhiza, magnesium carbonate,
magnesium oxide, calcium phosphate, the finely powdered marc remaining after the extraction of the drug,
and other inert, non-toxic diluents. The diluent for
a powdered extract may be colored with chlorophyll
or caramel to produce a color corresponding to the
normal color of the extract. Powdered extracts which
are made from drugs that contain a considerable proportion of inactive oily or fatty matter should be
freed from this by a suitable method." U.S.P. For
further information concerning extracts see U.S.D.,
24th ed., p. 462.
Fagarine. — From the Argentine tree Fagara coco
have been isolated 5 alkaloids, a-, p"-, y-, 8-, and %fagarine. The alpha- fagarine, C19H23NO4 (for structure see J. Org. Chem., 1945, 10, 181) has been proposed as a possible substitute for quinidine. According
to Deulofeu et al. (see J.A.M.A., 1946, 130, 812; also
Science, 1945, 102, 69) intramuscular administration
of from 60 to 100 mg. of the alkaloid in one dose
restored sinus rhythm within 30 minutes in 4 patients
with coronary heart disease and in 2 patients with
mitral stenosis. Ordinary doses of quinidine had been
of no benefit in 5 of the patients. Animal experiments
indicate that the alkaloid depresses the heart, prolongs
chronaxia of the myocardial fibers, and increases the
threshold of tachysystole and of auricular and ventricular fibrillation. Unlike quinidine, the alkaloid
rapidly controlled, in dogs, auricular fibrillation and
decreased the danger of primary ventricular fibrillation after coronary occlusion. No toxic effects were
observed to follow intravenous administration of 5
mg. of alpha-fagarine per Kg. 3 times daily for 45
consecutive days.
Scherf et al. (Ann. Int. Med., 1949, 30, 100) administered 14 intramuscular injections of a-fagarine
hydrochloride to 13 patients, the doses varying from
50 to 120 mg. In 6 patients the existing arrhythmia
disappeared promptly after the injection; in 2 patients, however, fatal ventricular fibrillation appeared.
In 5 other patients dangerous multifocal ventricular
extrasystoles were observed. The investigators concluded that the drug has not proved to be adequately
safe or efficient.
Fatsia. Devil's Club. — The Fatsia horrida Benth.
(Oplopanax horridum) (Araliacece) is a small shrub
that grows in Canada and was used as a medicine by
the American Indians. Large and Brocklesly (Can.
Med. Assoc. J., 1938, 39, 32) by an accidental observation on a patient were led to study the effects of an
extract made from the bark of the root of this plant
upon carbohydrate metabolism. They found that in
normal rabbits the extract caused a marked reduction
in blood sugar and greatly reduced the rise in blood
sugar which occurs after glucose feeding and they
have suggested a possible value in the treatment of
diabetes. The hypoglycemic principle is precipitated
from water by the addition of acetone and they believed it to be basic in character. No further report
of its clinical use appears to have been made.
Ferric Albuminate. Albuminized Iron. Iron Albuminate.— Various preparations of egg albumen and
iron have been used medicinally. The exact form in
which the iron exists in these compounds is not
known; indeed, it probably differs according to the
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divergent methods of manufacture. Heymann and
Oppenheimer (Biochem. Ztschr., 1928, 199, 468) discussed the structure and composition of compounds
of iron and albumin. The N.F. V recognized a compound of iron oxide and albumin, rendered soluble by
the presence of sodium citrate containing 18 per cent
of metallic iron.
The N.F. compound was described as: "Reddish
brown, lustrous granules, or a brown powder. It is
odorless, or has not more than a slight odor. Albuminized Iron is freely soluble in water yielding dark
solutions. It is almost insoluble in alcohol." N J*. V.
For tests of identity and purity see U.S.D., 22nd ed.,
p. 1376.
Ferric albuminate has been employed for various
iron-deficiency states in doses of 300 to 600 mg. (approximately to
5 10 grains) .
Ferric Ammonium Sulfate. Ferri et Ammonii
Sulfas. Iron and Ammonium Sulfate. Iron Alum.
FeNH4(S04)2.12H20.— This salt may be obtained as
pale violet, octahedral crystals from a solution of
ferric sulfate and ammonium sulfate. The crystals are
odorless, have an acid, styptic taste, and effloresce in
air; 100 ml. of water dissolves about 124 grams of the
hydrated salt at 25°; it is insoluble in alcohol. When
strongly heated the crystals lose their water of crystallization, and leave a pale brown residue. An aqueous
solution of the salt is acid in reaction.
Iron alum is an active astringent and was used
chiefly as a local application in passive leukorrheas,
and as a styptic.
Ferric Ammonium Tartrate. Iron and Ammonium Tartrate. Ferri et Ammonii Tartras, US.P.
VIII. — This substance contains iron and ammonium
tartrate corresponding in amount to not less than 13
per cent of metallic iron.
For method for making the salt see US.D., 21st ed.,
p. 1301. This compound is probably not a chemical
entity but like the other "scale salts" is a mixture. It
occurs in "thin, transparent scales, varying in color
from garnet-red to reddish-brown, without odor, and
having a sweetish, slightly ferruginous taste; slightly
deliquescent in the air. Very soluble in water; insoluble in alcohol." U.S.P. VIII. For tests for this salt see
U.S.D., 20th ed., p. 1445. Dose, as a mild chalybeate,
from 300 to 600 mg. (approximately 5 to 10 grains).
Ferric Arsenite. Arsenite of Iron. Iron Arsenite.
— This is a brownish-yellow powder of variable composition. Itis soluble in acids and insoluble in water ;
a combination with ammonium citrate is soluble and
has been marketed under the names ammoniated citroarsenite of iron, soluble iron arsenite, iron citroarsenite
ammoniated, ferric ammonium citrate with arsenic.
Soluble iron arsenite represents about IS per cent
of iron and 1.4 per cent of arsenous acid. Its therapeutic effect is practically that of arsenic and it may
be given either by the mouth or hypodermically. The
dose by the latter route is from 30 to 60 mg. (approximately Y-2to 1 grain) every second or third day.
Ferric Chloride. Iron Perchloride. Iron Chloride.
Iron Sesquichloride .— This salt was formerly official
in the U.S.P. A process for preparing it may be found
in the U.S.D., 21st ed., p. 471.
Ferric chloride contains a variable proportion of
water, ranging from about 40 per cent, or six molecules, in the form of fine acicular crystals, to 22 per
cent, or two and a half molecules, when in the form
of larger tablets. The U.S.P. X required that it yield
not less than 20 per cent of metallic iron.
It was described as "Orange-yellow, or brownyellow, crystalline pieces. It is odorless, or has a faint
odor of hydrochloric acid, and a strongly styptic taste.
It is very deliquescent. One Gm. of Ferric Chloride is
soluble in 0.2 cc. of water at 25° C. It is freely soluble
in alcohol, and is soluble in glycerin and in ether. At
about 35.5° C. the salt fuses to a reddish-brown
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liquid. When strongly heated, it is decomposed, leaving a residue of ferric oxide.
"Preserve in well-closed glass containers protected
from light." U.S.P. X.
For therapeutic uses of this salt see under Ferric
Chloride Solution (Part I). The dose is about 60 mg.
(approximately 1 grain) .
Ferric Citrate. Ferri Citras, UJS.P. VIII. Iron
Citrate. — This is a combination of ferric citrate and
ammonium citrate of somewhat indefinite composition. Siboni {Boll. chim. farm., 1930, 69, 277, 281) reviewed the work on the structure of ferric citrate and
the nature of such preparations was studied by Morton
(Quart. J. P., 1931, 4, 161), who stated that commercial iron citrate contains colloidally dispersed basic
salts of iron. Evidence of complex formation was presented by Bobtelsky and Simchen (Compt. rend,
acad. sc, 1939, 208, 1646). The U.S.P. VIII required
not less than 16 per cent of metallic iron.
Ferric citrate occurs in "thin, transparent, garnetred scales, without odor, and having a slightly ferruginous taste. Slowly but completely soluble in water
at 5° C, and readily soluble in hot water, but diminishing in solubility with age; insoluble in alcohol."
U.S.P. VIII. For further tests of this salt see U.S.D.,
20th ed., p. 1387.
The therapeutic action and dose of this salt are the
same as that of the official Ferric Ammonium Citrate
(Part I).
Ferric Oxide. Fe203. — The N.F. IX recognized
two forms of ferric oxide — red ferric oxide and yellow
ferric oxide — which were employed as pigments for
dermatologic preparations.
"Red Ferric Oxide contains not less than 90 per cent
of Fe203 calculated on the basis of the ignited product, the loss on ignition being determined on a separate sample." N.F. IX.
"Yellow Ferric Oxide contains not less than 97.5
per cent of Fe^Os, calculated on the basis of the
ignited product, the loss on ignition being determined
on Ferric
a separate
N.F.nature
IX. in various states of
oxidessample."
occur in
hydration, their color varying with the degree of hydration, ranging from yellow in minerals containing
larger amounts of water of hydration to red in those
having little or no such water. Most abundant of the
hydrated oxides is limonite, to which the formula
2Fe203.3HoO is generally assigned and which may be
obtained in a color approximately that of the N.F.
Reference Yellow Ferric Oxide. Yellow ochre, used as
a pigment, is a hydrated iron oxide. On ignition of
the yellow oxide it loses water and leaves a residue of
reddish-brown oxide ; this, however, was too brown to
meet the N.F. specification for red ferric oxide.
Red ferric oxide occurs naturally in the form of
hematite, having the composition Fe203 and containing little or no water of hydration, as compared
with the yellow oxide, which is hydrated. Not all
hematites are red in color, some of them being steelgray to black (Clarke, Data of Geochemistry, 1924).
Ferric oxides, varying in color from red to brown,
have been prepared artificially by a number of reactions. These include (1) decomposition of ferric chloride by steam at high temperature permitting relatively slow crystallization of ferric oxide and (2)
the ignition of precipitated ferric hydroxide. Although the color is in part at least determined by the
extent of hydration of the oxide it appears also that
crystallographic differences are of importance in this
connection.
Description. — "Red Ferric Oxide occurs as a moderate reddish brown powder which closely approximates the color of a mixture of 1 part scarlet-red, and
18 parts red mercuric oxide. Red Ferric Oxide dissolves in hydrochloric acid upon warming, a small
amount of insoluble residue usually remaining. It is

1690

Ferric

Oxide

insoluble in water or in the organic solvents." NJF. IX.
"Yellow Ferric Oxide occurs as a moderate yellowish orange powder, which closely approximates the
color of Reference Yellow Ferric Oxide. Yellow Ferric
Oxide dissolves in hydrochloric acid upon warming, a
small amount of insoluble residue usually remaining.
It is IX.
insoluble in water or in the organic solvents."
N.F.
Uses. — A mixture of red ferric oxide with yellow
ferric oxide was used to confer "flesh color" to prepared neocalamine (see under Calamine).
Ferric Oxide, Saccharated. Saccharated Iron
Oxide. Ferri Oxidum Saccharatum, N.F. VII. Soluble
Ferric Oxide. Eisenzucker. — "Saccharated Ferric Oxide
contains, in each 100 Gm., the equivalent of not less
than 2.8 Gm. and not more than 3.2 Gm. of Fe."
N.F. VII.
The process for making this preparation was as
follows: "Solution of Ferric Chloride, 30 Gm.; Monohydrated Sodium Carbonate, 11 Gm.; Distilled Water,
Sodium Hydroxide, Sucrose, in powder, each, a sufficient quantity to make 100 Gm. Dissolve the monohydrated sodium carbonate in 150 cc. of distilled
water. Dilute the solution of ferric chloride with ISO
cc. of distilled water, and gradually add it, with
constant stirring, to the carbonate solution. Decant
the supernatant liquid, and wash the precipitate with
distilled water until a portion of the washings, when
diluted with 5 volumes of distilled water, gives only
a slight opalescence with silver nitrate T.S. Collect
the precipitate on a cloth strainer, transfer the magma
to a porcelain dish on a water bath, add SO Gm. of
sucrose and a sufficient quantity (not more than 5 cc.)
of a 15 per cent solution of sodium hydroxide to produce a clear solution. Evaporate the mixture to dryness on a water bath and, if necessary, add sufficient
powdered sucrose to make the product weigh 100
Gm." N.F. VII. For assay of the preparation see
USD., 23rd edition, p. 450.
Saccharated ferric oxide is a mild chalybeate which
was quite popular with German physicians, especially
for children. The official dose (for adults) was 2 Gm.
(approximately 30 grains), which represents about
60 mg. of elemental iron (approximately 1 grain) .
A preparation of saccharated iron oxide suitable for
intravenous administration was used by Nissim
(Lancet, 1947, 253, 59) in the treatment of hypochromic anemia; subsequently many other clinicians
employed it. According to Lucas and Hagedorn (Blood,
1952, 7, 358) iron given intravenously is almost
quantitatively utilized in the formation of new hemoglobin in anemia caused by deficiency of iron. Toxic
reactions, generally mild and insignificant, often follow injection of saccharated iron oxide and there is
a potential long-term danger, according to Hagedorn,
of damage to tissues caused by excessive storage of
iron since the element is retained almost quantitatively
when given in this manner. Indications for use of the
intravenous dosage form include uncomplicated anemia
caused by deficiency in iron that has been unresponsive to prolonged periods of adequate oral administration of iron, intolerance to iron given orally, irondeficiency anemia discovered late in pregnancy, and
severe hemorrhage in patients in whom transfusions
are prohibited for religious reasons.
Feojectin (Smith, Kline & French), and Projerrin
(Sharp & Dohme) are intravenous dosage forms of
saccharated iron oxide marketed in the United States;
each contains the equivalent of 20 mg. of elemental
iron in each ml. of solution. Lucas and Hagedorn
(loc. cit.) approximate the total amount of elemental
iron required by assuming that 25 mg. is needed to
raise the hemoglobin level by 1 per cent. Excessive
doses must be avoided because of the danger of producing hemosiderosis (Brown et al., J. A.M. A., 1950,
144, 1084). The injection cannot be given subcu-
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taneously or intramuscularly because of severe irritation; slow intravenous injection (1 minute per ml.) is
recommended to decrease incidence of phlebitis and
colloidoclastic shock. As with other colloidal injections,
transient leukopenia follows each injection (Brown
et al.) . Difficulties with shelf stability of this preparation have resulted in unpredicable reactions; Birch
and Till (Brit. M. J., 1951, 1, 62) reported a case
involving encephalopathy and persistent neurological
symptoms. The severe reactions sometimes encountered, and the difficulties with maintaining the stability of the preparation on prolonged storage have
decreased the popularity of this dosage form. The
usual dosage is 50 mg. of elemental iron initially, followed by 100 mg. from once a week to once daily
until the total calculated dose is given.
Ferric Potassium Tartrate. Ferri et Potassii
Tartras, BJP. 1914. Iron and Potassium Tartrate.
Tartarated Iron. — The process of the B.P. 1914 for
preparing this chemical may be found in the U.S.D.,
22nd ed., p. 1378.
Morton (Quart. J. P., 1931, 4, 451) stated that the
active principle of this substance is a soluble basic
tartrate, Fe2(OH)4CiH40e (see also Delsal, J. chim.
phys., 1938, 35, 314, 350).
Iron and potassium tartrate occurs in thin, transparent scales of a deep garnet color; taste somewhat
sweetish and astringent. Soluble in water, sparingly
soluble in alcohol. It contains about 18 per cent of
iron.
This salt has been employed as a chalybeate, being
almost free from astringency and with very little
taste. The dose is from 300 to 600 mg. (approximately Sto 10 grains), preferably given in solution.
Ferric Pyrophosphate, Soluble. Ferri Pyrophosphas Solubilis, NJ?. VII. Ferric Pyrophosphate.
Iron Pyrophosphate. — "Soluble Ferric Pyrophosphate
is ferric pyrophosphate rendered soluble by the presence of sodium citrate, and yields not less than 10.5
per
cent
NJ?. VII. and not more than 12.5 per cent of Fe."
The method of preparing this salt formerly official
was: "Ferric Citrate, fifty grammes; Sodium Pyrophosphate, uneffloresced, fifty grammes; Distilled
Water, one hundred cc. Dissolve the Ferric Citrate in
the Distilled Water, by heating on a water-bath. To
this solution add the Sodium Pyrophosphate, and stir
constantly, until it is dissolved. Evaporate the solution, on a water-bath, at a temperature not exceeding
60° C, to the consistence of thick syrup, and spread
it on plates of glass, so that, when dry, the salt may
be obtained in scales. Keep the product in dark ambercolored, well-stoppered bottles." US.P. 1890.
"Soluble Ferric Pyrophosphate occurs as thin, applegreen, transparent scales, or as pearls or granules, and
is permanent in dry air when protected from light, but
when unprotected, it soon becomes discolored. It is
odorless, and has an acidulous, slightly saline taste.
One Gm. of Soluble Ferric Pyrophosphate is slowly
but completely soluble in 10 cc. of water. It is insoluble in alcohol." N.F. VII. For tests and assay see
U.S.D., 23rd edition, p. 451.
Iron pyrophosphate is a chalybeate, without disagreeable taste or astringency. The dose is from 0.6 to
2 Gm. (approximately 10 to 30 grains).
Ferropyrine
(Bi'lhuber-Knoll).
(CuH^N^Oh.2FeCl3.
— This compound
is in the form
of a fine,
orange-red powder, containing about 64 parts of antipyrine and 12 parts of iron; it is soluble in 5 parts of
water. It is actively astringent and is used as a styptic
in hemorrhages from the nose, stomach or other local
regions in strengths of about 20 per cent.
Ferrous Arsenate. Ferri Arsenas. Iron Arsenate.
Arsenate of Iron. — "Ferrous arsenate, Fe3(As04)26H2O,1898.
with ferric arsenate and some iron oxide."
B.P.
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Ferrous arsenate is a greenish or yellowish-brown
powder, usually containing variable amounts of ferric
iron. It is amorphous, without odor or taste, insoluble
in water, but readily dissolved by hydrochloric acid.
Its reactions are those characteristic of ferric salts and
of arsenates. More detailed tests for this salt may be
found in the U.S.D., 20th ed., p. 1392.
Ferrous arsenate is supposed to combine the effects
of the two elements which enter into its composition,
but the quantity of iron in any permissible dose is so
small as to be nearly or quite insignificant, and the activity of the medicine is in fact due to the arsenic
alone. This remedy has been used in chronic affections
of the skin, especially those of a scaly character.
Dose, 6 to 8 mg. (approximately ^o to % grain) .
Ferrous Ascorbate. Iron Cevitamate. Iron Ascorbate. — This can be prepared extemporaneously by
acting on reduced iron with ascorbic acid (for details
of method of preparation see Friend, New England J.
Med., 1938, 219, 910). It forms a purple powder,
readily soluble in water, the solutions being neutral in
reaction and having a slight salty and sweetish taste.
It represents about 22 per cent of iron.
Although Pijoan {Science, 1937, 86, 80) found that
this compound has distinct antiscorbutic properties,
its therapeutic value depends chiefly upon its efficiency
in the treatment of anemia. It is said to be less toxic
than other salts of iron and to be readily absorbed.
Heilmeyer (Deutsches Arch. klin. Med.. 1937, 179,
216) claimed for it the advantage that it may be given
intravenously in cases which do not respond to oral
medication. In experimental work with massive doses
of iron salts (0.5 to 1 Gm.) intravenously, Moore
found it to be the only available salt without serious
toxic effects although it had to be given very slowly
and cautiously. Friend (loc. cit.) used it successfully
in various types of anemia; the dose by mouth is
about 200 mg. (approximately 3 grains) 3 times a day.
For intravenous injection Heilmeyer used doses of 10
mg. (approximately % grain) daily.
Ferrous Lactate. Ferri Lactas. Iron Lactate.
Fe(C3H503)2.3H20.
The U.S.P. V gave a process for preparing ferrous
lactate through direct action of lactic acid on iron
wire. Besides this method of preparation it may be
obtained by reaction between ferrous sulfate and calcium lactate, the latter obtained in the preparation of
lactic acid.
Ferrous lactate occurs as a greenish-white crystalline
powder, or in crystalline masses, having a slight, characteristic odor, and a mild, sweet and ferruginous
taste. It dissolves slowly but almost completely in 40
parts of water; it is almost insoluble in alcohol.
For tests for purity and method of assay see U.S.D.,
22nd ed., p. 1380.
Ferrous lactate has the general medicinal properties
of the chalybeates, having the advantage of a mild
taste. The.dose is from 200 to 400 mg. (approximately
3 to 6 grains).
Fig. Ficus. Caricce. Ficus Passa. Fructus Caricce. —
"Ficus is the clean, sound, partially dried fruit of Ficus
Carica Linne (Fam. Moracece)." N.F. V.
The genus Ficus yields a number of economic products. Many species yield a milky juice containing
caoutchouc; some possess anthelmintic properties, as
F. anthelmintica Mart. ; some yield shellac ; and some
are valued for their fruits, as F. Carica L., F. religiosa
L., etc.
The fig tree is a small tree with large, palmate
leaves, usually divided into five obtuse lobes. The
flowers are situated within a common receptacle,
placed upon a short peduncle in the axils of the upper
leaves. This receptacle, the walls of which become
thick and fleshy, constitutes what is commonly called
the fruit; though this term is, strictly speaking, applicable to the small seed-like bodies found in great
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numbers on the internal surface of the receptacle, to
which they are attached by fleshy pedicles. The fruit
is usually turbinate, or top-shaped, umbilicate at the
large extremity, of the size of a small pear, of a
whitish, yellowish, or reddish color, and of a mild,
mucilaginous, saccharine taste. The fig tree is native
to western Asia but is cultivated in southern Europe
and in California and Texas. Figs are gathered when
fully ripe and dried in the sun or in ovens. Their chief
constituents are dextrose and gum. For description
of the microscopic structure of figs see USD., 22nd
ed., p. 1381.
Figs are nutritious, mildly laxative, and demulcent.
The latex of the fig tree has been used as an anthelmintic against intestinal parasites. Ullman et al. (Exp.
Med. & Surg., 1945, 3, 11) found the latex to be
highly toxic when administered parenterally in animals, death resulting from extensive capillary lesions;
orally, no toxic effects were observed. The latex was
separated into four active fractions, two of which
inhibited growth of transplanted sarcomas in rats
when the fractions were injected subcutaneously or
intravenously. The chief medicinal use of figs is as a
laxative article of diet in constipation.
Under the name of Leche de higueron the latex of
the Ficus laurijolia — and also of F. glabrata — is used
by the natives of South America and Panama as a
vermifuge. The studies of Hall and Augustine demonstrated (Am. J. Hyg., 1929, 9, 602) that it is of real
value, especially against the Trichurus and also against
the Ascaris. The active principle is a proteolytic
enzyme, ficin, which has the remarkable power of
digesting living helminths (see Andrews and Cornatzer,
/. Pharmacol., 1942, 74, 129). Faust and his colleagues found it to be the drug of choice, if available,
for trichuriasis (whipworm infestation) in doses of
60 ml. (approximately 2 ounces) of the sap. It was
well tolerated and could be repeated if needed; no
cathartic need be employed. The dose is the same for
children and adults.
Fish Liver Oils. — Since the discovery that cod
liver oil owes its therapeutic value chiefly to the vitamins it contains, the oils from the livers of a large
variety of fish have been studied and many of these
have been found to be greatly superior to cod liver oil.
Besides that from halibut fiver, which is official (see
Halibut Liver Oil, Part I), many fish liver oils have
become commercially available or are used as the
sources of vitamin A. Some data concerning the more
important of these oils are given in the following.
Percomorph: Liver Oil, N.NJl. Oleum Percomorphum. — The Acanthopteri, or percomorph fishes,
includes the genera Thunnus, Xiphias, and the Scombridce. Of the first genus — commonly known as tunny,
tuna or albacore — the oils from the Thunnus secundo
dorsalis of the New England coasts, from the Japanese
species T. orientalis and from some other species have
been found to yield from 20,000 to 148,000 units of
vitamin A and from 27,000 to 70,000 of vitamin D
per Gm. The sword-fish, Xiphias gladius, oil yields
from 20,000 to 300,000 units of A and from 1500 to
25,000 of D per Gm. The N.N.R. product (American
Pharmaceutical Co.; Flint, Eaton; Mead Johnson) is
a mixture of oils from various fishes of this group
which is standardized to contain in each Gm. 60,000
units of A and 8500 units of D.
Burbot Liver On,, N.N.R. — The liver of the Lota
maculosa or fresh water codfish furnishes an oil which
exceeds the official cod liver oil in content of both
vitamins A and D, the N.N.R. requiring a potency in
each Gm. of not less than 4880 units of vitamin A
and not less than 640 units of vitamin D. For literature on its composition and properties see Lakey and
co-workers (J. A. Ph. A., 1941, 30, 18).
For further information on these oils as well as
those of the salmon and several other fishes, see
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Holmes and Satterfield, Ind. and Eng. Chem., 1941,
33, 944.
Shark Liver Oil, N.N.R. 1948. — Because of the
disturbances in the cod liver oil industry by World
War II, livers of certain fish which are not used for
food, especially shark liver, became important. The
vitamin A content of shark livers varies with the species and even within the species. The liver of the
soupfin shark, Galeorhinus zyopterus, usually contains
from 80,000 to 100,000 units per gram and is one of
the most sought-after species; Hypoprion brevirostris
also has great commercial value. These oils have provided the largest single source of vitamin A in recent
years. For direct medicinal use of the oil the N.N.R.
required not less than 16,500 units of vitamin A and
not less than 40 units of vitamin D, per Gm.; several
varieties of shark were recognized as sources of the oil.
Fluidextracts. Liquid Extracts (BJ>.). — Fluidextracts, first introduced into the U.S.P. of 1850, are
officially defined as follows: "Fluidextracts are liquid
preparations of vegetable drugs, containing alcohol as
a solvent or as a preservative, or both, and so made
that each ml. contains the therapeutic constituents of
1 Gm. of the standard drug which it represents.
"The three pharmacopeial fluidextracts (aromatic
cascara sagrada fluidextract, glycyrrhiza fluidextract,
ipecac fluidextract) are made by percolation, the required menstruum being specified in the particular
monograph. Manufacture by the usual process calls
for concentration of the more diluted portion of
percolate by evaporation or distillation.
"The time of maceration and the rate of flow during percolation may be varied to compensate for
peculiarities in extraction and in some cases to accomplish partial rejection of non-active constituents.
In all cases, the maceration and rate of flow are
designed to extract insofar as practicable the medicinally active or important constituents from the specified quantities of drugs, but the time and rate specified
may be varied to accomplish this purpose when larger
or smaller quantities of drugs are being treated.
"A cylindrical percolator is usually the best type for
making fluidextracts, but for use with drugs which
swell considerably in the menstruum a conical percolator may be preferred.
"The rate of flow of the percolate is directed in
such terms as: 'percolate slowly,' 'percolate rapidly,'
and 'percolate at a moderate rate.' With reference to
the extraction of 1000 Gm. of drug, 'percolate slowly'
means a rate not exceeding 1 ml. of percolate per
minute; 'percolate rapidly' means a rate of 3 to 5
ml. per minute; 'percolate at a moderate rate' means
a rate of 1 to 3 ml. per minute.
"A fluidextract which may deposit sediment may be
aged and filtered or the clear portion decanted, provided the resulting clear liquid conforms to the official
standards." U.SJ>.
The N.F. provides directions for 5 general processes
for preparing fluidextracts from 1000 Gm. of drug.
Process A is used for making fluidextracts prepared
with menstrua of alcohol or mixtures of alcohol and
water, by ordinary percolation. In this process the
first 850 ml. of percolate is reserved, the alcohol is
recovered from the subsequent percolate, and the
residue obtained from the latter is dissolved in the
reserved percolate; this h'quid is either diluted to
1000 ml. with the proper proportion of alcohol and
water or, if the fluidextract is to be adjusted to a
standard, is assayed and then diluted to the volume
indicated by the result of the assay. Process B utilizes
menstrua which contain, in addition to alcohol, or a
mixture of alcohol and water, definite quantities of
other components such as an acid or glycerin; two
menstrua are successively employed, the provision of
reserving 850 ml. of percolate specified in Process A
being utilized in this process also. Process C, also re-
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ferred to as fractional or divided percolation, is used
for preparing fluidextracts the constituents of which
are injured by heat, or as an alternative for Process A,
or in case suitable facilities for distillation and concentration are lacking. The 1000-Gm. portion of drug
is divided into portions of 500 Gm., 300 Gm. and 200
Gm. and a process of fractional percolation is applied.
Process D is used for preparing fluidextracts with
boiling water as the menstruum, alcohol being added
as a preservative to the concentrated percolate.
Process E is a modification of Process C in which
percolation is conducted on a column of drug much
greater in length than in diameter.
Folic Acid Antagonists and Conjugates. —
Certain compounds which are chemically closely related to folic acid (pteroylglutamic acid) possess
interesting biological actions, often opposed to those
of folic acid. For example, some compounds antagonize folic acid in its effect on growth of bacteria
which require the acid as an essential metabolite (see
also Folic Acid Antimetabolites, under Antimetabolites,
in Part I). Folic acid "antagonists," as they are commonly called, have attracted considerable interest
because of the temporary remissions occasionally observed when these compounds are administered to
patients with various types of leukemia, Hodgkin's
disease, lymphosarcoma, or other neoplastic diseases;
by contrast, Farber (New Eng. J. Med., 1948, 238,
787) observed, in the course of clinical trial of folic
acid in patients with leukemia, an acceleration of
the leukemic process.
Aminopterin (Lederle). — Of the several antagonists
which have been studied, the compound 4-aminofolic
acid was the first to receive extensive clinical trial;
it occurs as yellow needles, soluble in aqueous sodium
hydroxide solutions. Clinical trial of the compound,
supplied under the trade-mark Aminopterin, in acute
(lymphatic?) leukemia in children, using 1 to 4 mg.
daily, was followed by a decrease in the immature
"blast" cells in blood and bone marrow, a decrease
in the size of the enlarged lymph nodes, liver and
spleen, an increase in the red blood cell and platelet
count, and a clinical remission of symptoms in 10 of
16 children (Farber et al., Blood, 1952, 7, Suppl., 107).
Most remissions are of only 1 to 4 months' duration
(Stickney et al., Proc. Mayo, 1949, 24, 525) and
therapeutic effectiveness requires toxic dosage (Dameshek, Blood, 1952, 7, Suppl., 117). Neither the therapeutic nor the toxic effects can be prevented by
simultaneous administration of folic acid or liver injection but they are antagonized by folinic acid
(citrovorum factor, Leucovorin) . In tissues, folic acid
exists in equilibrium with folinic acid (formyl tetrahydrofolic acid). Aminopterin is an antagonist of
folinic acid; it inhibits conversion of folic acid to
folinic acid, and also inhibits utilization of folinic
acid (see Biochemical Signftcance, under Folic Acid,
in Part I) . The antagonism between Aminopterin and
folic acid is complete and irreversible, whereas the
antagonism to folinic acid is competitive and reversible (Nichol and Welch, Proc. S. Exp. Biol. Med.,
1950, 74, 403).
Dougherty and Dougherty (J. Lab. Clin. Med.,
1950, 35, 271) reported that the lymphopenia and
acute lymphoid atrophy produced by Aminopterin
in normal mice were not observed in adrenalectomized
mice (see also Higgins and Woods, Proc. Mayo, 1949,
24, 533). The typical "alarm reaction" response of
the tissues (see under Cortisone, in Part I) was invoked as a mechanism of action. Examination of
normal animals treated with Aminopterin showed
hypertrophy and depletion of lipid in the adrenal
cortices, in confirmation of this theory. The lymphocytosis and thymic hyperplasia which follow adrenalectomy in animals is, however, prevented by Aminopterin. Aminopterin interferes with the synthesis of
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nudeoprotein, the activities of several enzymes, the
transformation of certain amino acids, and probably
many other essential metabolic processes (Petering,
Physiol. Rev., 1952, 32, 197). No effect on the formation of granulocytes in the marrow has been observed in animals, and clinical trial in cases of
myelogenous leukemia or leukemia in adults has been
almost uniformly unsuccessful (Dameshek, Blood,
1948, 3, 1057; Stickney et al., loc. cit.). It has failed
in monocytic leukemia also (see, however, Hart,
Brit. M. J., 1949, 2, 363) ; best responses have been
obtained in the subacute, rather than the fulminating,
acute, lymphatic leukemia in children. Thiersch (Cancer, 1949, 2, 877), in an extensive study of bone
marrow during treatment, found that it never becomes fully normal. Mature neutrophils and metamyelocytes are depressed and many bizarre, large
cells appear. The marrow returns to its previous
condition in about 18 days following discontinuance
of therapy, slightly sooner if folic acid or liver injection is given. Good temporary results in children
were reported by several investigators (see Blood,
1952, 7, Suppl., 113 to 149; Weber et al., J. Pediatr.,
1950, 36, 39). Meyer et al. (Am. J. Clin. Path., 1949,
19, 119) were not favorably impressed with the
therapeutic value of Aminopterin, but Mangin et al.
(Wisconsin M. J., 1953, 52, 120) reported worthwhile
alleviation when Aminopterin and cortisone were
used simultaneously. On combining or alternating
courses of a folic acid antagonist and corticotropin
Craver (Bull. N. Y. Acad. Med., 1952, 28, 385) reported significant remissions in as many as 70 per
cent of cases of acute leukemia. Gendel et al. (Am.
Pract. Dig. Treat., 1952, 3, 97) reported only 2 remissions among 25 adult cases.
Swendseid et al. (Cancer Res., 1951, 11, 864) found
a greater folic (chiefly folinic) acid content in leukemia cells than in normal leukocytes, which was
correlated with the degree of immaturity of the cells.
The urinary excretion of folic acid after Aminopterin
treatment increased, suggesting a displacement of
folic acid by the antagonist (Swenseid et al., Blood,
1952, 7, 302). Following a test dose of folic acid,
patients with leukemia, particularly chronic cases,
excrete less folic acid in the urine than do healthy
persons, suggesting a tissue deficiency of folic acid
which might be secondary to the high folic acid demands of neoplastic cells. In these chronic cases toxic
manifestations of Aminopterin often appear before
a remission of the leukemia occurs; this could be due
to a pre-existing deficiency of folic acid in all tissues
of the body (Bethel, Blood, 1952, 7, Suppl., 119). In
leukemic patients, 40 to 80 per cent of the daily dose
of Aminopterin is excreted daily, but some urinary
excretion continues for at least a week after discontinuing the drug. Based on the high concentration of
folic acid in immature cells, Thiersch (Am. J. Obst.
Gyn., 1952, 63, 1298) .gave 2 mg. of Aminopterin,
followed by 1 or 2 mg. every 12 hours for 3 to 10
doses, to induce successfully therapeutic abortion in
10 of 12 patients, prior to the third month of gestation. Fetal death occurred in 2 to 17 days, with expulsion of uterine contents in 5 to 30 days.
Dose. — In infants the dose of Aminopterin is 0.25
mg., and in children 0.5 mg., orally, 3 to 6 times
weekly for 3 or more weeks until remission appears
as demonstrated by normal bone marrow findings.
Treatment may then be discontinued, or a small
maintenance dose may be used if toxic manifestations are not troublesome. During remission careful
hematological studies should be made every few
weeks to detect relapse before it becomes severe.
Aminopterin is available in 0.5-mg. tablets.
Methotrexate (Lederle). Formerly A-methopterin. — This compound, 4-amino-10-methylfolic acid,
is useful, like Aminopterin, and is said to be less
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toxic (Franklin et al, J. Biol. Chem., 1949, 177, 621;
Holland, Pub. Health Rep., 1954, 69, 1151). In the
acute leukemia of childhood doses of 2.5 to 5 mg.
orally daily induce clinical and hematological improvement in 2 to 8 weeks in about 50 per cent of
cases. In perhaps 30 per cent of cases the remission
seems to be rather complete and persists for 2 months
to 2 years. In adults with leukemia only 13.5 per
cent improve (Blood, 1952, 7, 97). Responses to
Methotrexate may occur a second or even a third
time but eventually the disease becomes refractory.
Presumably resistant mutant forms of the leukemic
cell come to predominate in the patient (Law and
Boyle, Proc. S. Exp. Biol. Med., 1950, 74, 599; Kieler
and Kieler, Cancer Res., 1954, 14, 428). Some neuroblastomas inchildren respond temporarily to Methotrexate. In addition to granulopenia, anemia and
thrombopenia, folic acid antagonists often cause
nausea, vomiting, diarrhea, ulcerative stomatitis, necrosis of the interdental papillae, melena, dermatitis,
and alopecia. Leucovorin alleviates these toxic effects
in doses of 10 to 30 mg. daily intramuscularly.
Barnard and Freeman (Am. J. Digest. Dis., 1954, 21,
163) reported that water-soluble cupri-chlorophyllins
(Chloresium) in the diet of rats counteracted the
toxic effects of folic acid antagonists by an unknown
mechanism. The animal protein factor (APF — see
under Cyanocobalamin, in Part I) in Streptomyces
griseus residues counteracts Aminopterin toxicity to
a greater extent than can be accounted for by the
amount of folic and folinic acids present; a change
in intestinal flora may be involved.
mg.Methotrexate is available in tablets containing 2.5
Other Antagonists. — Certain other folic acid antagonists have been tried clinically. These include
A-ninopterin (Lederle), which is 4-amino-9-methylfolic acid, and is used in a dose of 5 to 15 mg. daily,
and Amino-an-fol (Lederle), which is 4-aminopteroylaspartic acid, used in a dose of 25 to 75 mg. daily.
Leucovorin (Lederle). Folinic Acid. Citrovorum
Factor. — This compound, formyl tetrahydrofolic
acid, is essential in tissue metabolism (see under
Folic Acid, in Part I) and is used therapeutically to
reverse the action of folic acid antagonists in the
body. Like folic acid, Leucovorin can be used in the
treatment of megaloblastic anemia and sprue. As an
antidote for folic acid antagonists the usual dose is
3 to 6 mg., intramuscularly or intravenously, in from
5 minutes to 2 hours following administration of the
antifolic agent, according to the degree of inhibition
desired. Leucovorin is available in 1-ml. ampuls containing 3mg.
Folic Acid Conjugates. — Two folic acid conjugates, rather than antagonists, have received clinical
trial for another purpose. Teropterin (Lederle),
which is pteroyltriglutamic acid, has been tried in
the treatment of inoperable cancer, a dose of 10 mg.
being administered intramuscularly or intravenously
daily for 1 week, followed by injections twice weekly
for 3 or 4 weeks. The Therapeutic Trials Committee
of the American Medical Association (J.A.M.A., 1948,
137, 699) was not impressed by the clinical evidence
for the therapeutic value of this material or of the
related Diopterin (Lederle), chemically pteroyldiglutamic acid, used in similar doses; an analgesic effect
of the compounds, with decreased demand for morphine, appears to be present and Slaughter (Science,
1949, 109, 286) observed a slightly decreased sensitivity to pain by the Wolff-Hardy-Goodell technic
(see under Acetylsalicylic Acid).
Formic Acid, N.F. IX. Acidum Formicum.
HCOOH. — "Formic Acid is an aqueous solution containing not less than 24 per cent and not more than
26 per cent of CH202." N.F. IX.
This acid, deriving its name from having first been
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obtained from the ant (Formica rufa), is found also
in some species of caterpillars, in the urine of human
beings, in the products of decomposition of a number
of vegetable substances, in various fruits, and in the
juice of the stinging nettle. It may be prepared in the
laboratory in many ways: by oxidation of methyl
alcohol, saponification of chloroform, hydrolysis of
hydrocyanic acid, and from oxalic acid by heating
with glycerin. Formic acid is made commercially by
reaction of sodium hydroxide and carbon monoxide
at a temperature of 120° to 150° and under a pressure of 6 to 10 atmospheres. The resulting sodium
salt is subsequently treated with sulfuric acid to liberate formic acid.
Pure formic acid occurs as a colorless liquid with a
pungent odor. It boils at about 100.8°, is soluble in all
proportions in water, alcohol, ether or glycerin, and
has a specific gravity of about 1.22.
The 25 per cent solution of formic acid which was
official in the National Formulary was described as
follows :
Description. — "Formic Acid is a clear, colorless
liquid with a characteristic, pungent odor, and an acid
taste. It is acid to litmus paper. Its specific gravity is
about 1.06. Formic Acid is miscible with water, and
with alcohol." N.F. IX. For standards, tests, and
assay see USD., 24th ed., p. 486.
Uses. — Pure formic acid is an active caustic. Diluted
it is locally irritant and astringent. It has been used
as a counterirritant in strengths of from 5 to 10 per
cent. Formic acid has also been recommended for its
astringent effect, especially for the purpose of lessening excessive sweating of the feet. Its vapor has been
used in the treatment of fainting spells, the effect
resulting from irritation of the nasal mucosa.
Some years ago the erroneous theory that the
therapeutic value of bee stings might be due to formic
acid led to the use of solutions of this acid in rheumatism. There is, however, no formic acid in bee sting
(see Bee Venom, Part II) but Tolderlund reported
that in a series of 60 rheumatic patients treated with
intramuscular injections of formic acid definite improvement was as a rule observed, though some failures resulted (Brit. M. J. Epitome, 1933, 1, 100). The
product Ray-FormosU (Raymer), containing 5 mg.
of formic acid and 2.25 mg. of hydrated silicic acid
per ml., is supplied for intramuscular injection in the
treatment of rheumatism and arthritis. Lumpkin and
Firor (American Surgeon, 1954, 20, 756) found subcutaneous injection of a solution of formic and silicic
acids to have favorable symptomatic effects in 8 of 10
arthritic patients; addition of cobra venom to the
solution (Nyloxin, Hynson, Westcott & Dunning)
enhanced the effects in some patients (see also Bryson,
ibid., 751). The formates are apparently almost totally
devoid of toxicity; Fleig (Arch, inter nat. pharmacodyn.
therap., 1907, 17, 147) found that doses of 6 or 8 Gm.
daily by mouth produced no obvious symptoms
beyond diuresis, which is caused by large doses of
neutral salts. Eppinger, however, reported albuminuria
and hematuria occurring in a patient who was taking
4 Gm. daily. Some clinicians have reported benefit
from the formates in muscular tremors, tuberculosis,
and even cancer, but the evidence in favor of their
value is not convincing.
The dose of the 25 per cent acid is from 0.12 to
0.3 ml. (approximately 2 to 5 minims).
Storage. — Preserve "in tight containers." NE.
Frangula, N.F. VII. Buckthorn Bark. Alder Buckthorn. Cortex Rhamni Frangula. Fr. Ecorce de bourdaine. Ger. Faulbaumrinde. Gelbholzrinde. — "Frangula
is the dried bark of Rhamnus Frangula Linn6 (Fam.
Rhamnacece) ." N.F. VII.
R. Frangula or alder buckthorn is an erect glabrous
shrub up to 15 feet high, without thorns, with broadly
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ovate, obtuse leaves, the margins being entire or
slightly sinuate, the underside sometimes slightly
downy, and the rather numerous lateral veins diverging equally almost from the whole length of the midrib. Flowers all hermaphrodite, two or three together
in each axil, with the calyx teeth, petals, and stamens
in fives. Fruit a dark purple drupe the size of a pea.
This plant grows in hedges and bushy places throughout Europe and Russian Asia, except in the far north.
It has become established on Long Island, in northern New Jersey and in Ontario.
Frangula is collected in the spring and either heated
at about 38° for 48 hours or kept one year before
being used, so as to render inert the ferment present
in the green bark which is claimed to act as a gastrointestinal irritant.
"Unground Frangula. — In quills varying in length,
frequently flattened or crushed; from 0.5 to 1.0 mm.
in thickness; outer surface dusky red to light olivebrown, with numerous, prominent, lighter-colored,
transverse lenticels and occasional patches of foliaceous lichens bearing small, nearly black when mature, apothecia; inner surface smooth, dusky red to
dusky yellowish orange with occasional purplish
blotches, longitudinally striate ; fracture short, slightly
fibrous in the inner layer." NE. VII. For histology,
description of powdered drug, and identification tests,
see U.S.D., 23rd edition, p. 479.
Constituents. — When frangula is extracted with cold
water certain glycosides go into solution, together with
an enzyme which hydrolyzes the glycosides within a
few hours and precipitates insoluble aglycones. The
latter are hydroxymethylanthraquinones. Bridel and
Charaux (Bull. soc. chim. biol., 1933, 15, 642) found
that the bark contains three water-soluble glycosides,
all derived from emodin. The first is hydrolyzable by
enzymes present in the bark, yielding glucose and
emodin; the second and most abundant is broken
down, by enzymatic hydrolysis, into glucose and an
insoluble rhamnoside of emodin, known as franguloside or frangulin; the third is not acted upon by the
plant enzyme, but upon acid hydrolysis yields emodin
and a sugar. Frangulin occurs as orange needles, melting at 249°. It is levo rotatory ; enzymes are without
action on it. The same workers (ibid., 1935, 17, 780)
isolated also a water-insoluble glycoside, C21H24O0,
which they named frangularoside. It forms yellow
prisms melting at 234° and is levorotatory. On hydrolysis ityields rhamnose and frangularol ; the latter
is an anthranol derivative and readily oxidizes to a
dark brown substance. Both frangulin and frangularoside are considered to be hydrolytic products
of a more complex glycoside which is soluble in w7ater
but not in ether or chloroform. In a chromatographic
investigation of frangula fluidextract, J0rgensen
(Dansk. Tids. Farm., 1950, 24, 111) found still other
glycosides of several hydroxymethylanthraquinones
and also other substances.
Gunton and Beal (/. A. Ph. A., 1922, 11, 669) attribute the cathartic properties to one or more of the
complex primary glycosides, since neither the secondary glycosides nor the free anthraquinone compounds equal the drug in laxative power. The emetic
action of the green bark has been attributed to a
hydrolytic enzyme, destroyed by heat.
Uses. — In its fresh state this drug is very irritant to
the gastrointestinal mucous membrane, producing,
when taken in sufficient quantity, violent catharsis,
accompanied by vomiting and much pain. During
drying it is said to lose much of its irritant power.
In Europe this drug is a popular laxative, but in this
country cascara sagrada is more frequently employed.
The N.F. VII recognized a fluidextract of the drug.
Dose, of frangula, 1 to 2 Gm. (approximately 15 to
30 grains).
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Fritillaria. — The Chinese drug Pei-Mu, which has
been used as an antipyretic, expectorant and lactagogue in that country, is made of the corms of a
liliaceous plant of the genus Fritillaria; the exact
jpecies has been variously identified as the F. roylei
or as F. verticillata Willd.; it is probable that different species are collected in the different parts of
China. Various alkaloids have been reported such
as fritilline, verticine, verticilline, peimine, peiminine,
jritimine and others (see Chov, J. A. Ph. A., 1947, 36,
215). Yun-Hsi Wu (J.A.CJS., 1944, 66, 1778) studied
the alkaloids peimine and peiminine and suggested
that they may be steroid in character ; he also isolated
the new neutral principle propeimin. Chen and Chou
(/. A. Ph. A., 1933, 22, 638) found that peimine and
peiminine in the frog cause a complete heart block
with slowing of the heart rate and fall of blood pressure; they also produce a hyperglycemia. Chen and
Rose (Chinese J. Physiol., 1935, 9, 21) showed that
fritimine, which also caused hyperglycemia, is a respiratory and circulatory depressant.
Fucus. Bladderwrack . Seawrack. Kelp-ware. Blacktang. Cutweed. Quercus Marina. — "Fucus is the dried
thallus of Fucus vesiculosus Linne, Fucus serratus
Linne, Fucus nodosus Linne or Fucus siliquosus Linne
(Fam. Fucaceas)." N.F. V.
The Fucus nodosus L. and the F. siliquosus L. have
been assigned to different genera and are now more
properly known as Ascophyllum nodosum (L.) LeJolis and Halidrys siliquosa Lyngb.
These are common brown algse of the Rockweed
group found growing on rocks in the North Atlantic
Ocean or on the banks of inlets and bays thereof,
between low and high tide marks. They attach themselves to rocks or mussels by expanded feet. On the
coasts of Scotland and France they are used in the
preparation of kelp. They are also employed as a
manure, and are mixed with the fodder of cattle.
Under the name Corsican moss or helminthochorton
there was formerly used, as a vermifuge, a mixture
of various marine plants.
Bladderwrack, in common with other brown algae,
contains fucoidin, a polysaccharide sulfate ester, the
polysaccharides alginic acid (algin) and laminarin,
and mannitol (O'Neill, J.A.C.S., 1954, 76, 5074).
Hydrolysis of fucoidin yields the monosaccharide
fucose. Up to about 0.2 per cent of iodine, in organic
combination, is said to be present, also about 0.1 per
cent of a volatile oil.
The N.F. described it as follows: "Sometimes a
meter in length, but usually in shorter pieces, dichotomously branched, brownish black or slightly reddish, usually with a slight, whitish incrustation; flat,
smooth, from 0.5 to 4 cm. in width, margin entire or
serrate, with or without a stout midrib throughout,
along which are irregularly disposed oval or oblong
air-vesicles of varying length or which may be absent ;
apex of thallus occasionally swollen, ovate or elliptical,
about 5 mm. in diameter and bearing numerous conceptacles. Odor strongly seaweed-like ; taste saline and
nauseous." N.F. V. For microscopic characteristics see
U.S.D., 22nd ed., p. 1386.
The charcoal derived from kelp was at one time
used, under the name of JEthiops vegetabilis or vegetable ethiops, in the treatment of goiter and scrofulous swellings. Bladderwrack was an ingredient in certain nostrums used in treatment of morbid obesity.
Carson affirmed, however, that Fucus vesiculosus was
used in Ireland for fattening pigs. A possible explanation of the action of bladderwrack in obesity, if it
possesses any, is found in the experiments of Hunt
and Seidell (/. Pharmacol., 1910, 2, 15), who found
that an extract of this plant is a powerful stimulant
to the thyroid gland.
The fluidextract (Fluidextractum Fuci) was for-
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merly official. The dose was from 1 to 2 ml. (approximately 15to 30 minims).
Galactose. o-Galactose. CeHioOe. — This aldohexose is a product of the hydrolysis of lactose, as
well as of many oligosaccharides and polysaccharides
occurring in pectins, gums and mucilages. It is also
a constituent of galactolipids occurring in nerve tissues. Galactose is dextrorotatory in aqueous solution,
exhibiting mutarotation as a result of its occurrence
in alpha- and beta-forms. It is very soluble in water,
but only very slightly soluble in alcohol.
Galactose was introduced as a test for liver function by Bower (Wien. klin. Wchnschr., 1906, 56, 20).
He found that following administration of 40 Gm, of
galactose to a healthy person none of it appeared in
the urine, being promptly assimilated and converted
to glycogen by a normal liver. In cases of cirrhosis of
the liver, however, administration of the same quantity of galactose results in an excretion of a considerable amount of it in the urine due to failure of diseased liver to metabolize the sugar. For additional
information concerning the test see Shay et al. (Arch.
Int. Med., 1931, 47, 391, 650), also Banks et al.
(J.A.M.A., 1933, 100, 1987).
Galanga. Galangal. Chinese Ginger. China Root.
India Root. East India Catarrh Root. — "Galangal is
the dried rhizome of Alpinia officinarum Hance (Fam.
Zingiber acece) ." N.F. V.
The Galangas are related both botanically and
therapeutically to ginger. Two varieties are described,
Galanga major and Galanga minor, or large and small
galangal. The large galangal is derived from Alpinia
Galanga Willd. (Maranta Galanga L., Galanga officinalis Salisb.). The smaller galangal is the product
of a distinct but closely allied plant, Alpinia officinarum Hance. This is a reed-like plant growing to
a height of about 3 feet, a native of the Island of
Hainan off the southern coast of China, where it is
also widely cultivated. For a description of unground
and powdered galanga see U.SJ)., 22nd ed., p. 1387.
Galanga contains a pungent oil-like principle, galangal, a tasteless concrete resin, kaempjerid, galangin
(3,5,7-trihydroxyflavone) and a small quantity of
cineol. The substance which has been called alpinin
appears to be a mixture of kaempferid and galangin.
Galangal is a stimulant aromatic similar in its effects
to ginger. It was known to the ancient Greeks and
Arabians, and formerly entered into numerous compounds. The Tinctura Aromatica, N.F. V, was made
from cinnamon, ginger, galangal, clove and cardamom.
Galega. European Goat's Rue. Herba Ruta?
Caprarice. — "Galega is the dried flowering herb of
Galega officinalis Linne (Fam. Leguminosce) ." NJ?.V.
This is a hardy, bushy, perennial, leguminous herb
indigenous to southern Europe and western Asia. It
grows to the height of 2 to 3 feet and possesses oddpinnate leaves with lanceolate leaflets and axillary
racemes of small, pea-shaped flowers which vary from
purplish-blue in the pure species to white, rose-colored and lilac in the several varieties. It is native to
the south of Europe, and sometimes cultivated in
gardens. It is without odor unless bruised, when it
emits a disagreeable odor. For further description of
galega and microscopic features of its powder, see
U.S.D., 22nd ed., p. 1388.
Galega contains a bitter principle and tannin. Tanret
(1914) separated from goat's rue an alkaloid galegine.
Barger and White (Biochem. J., 1923, 17, 827)
showed that galegine is a guanidine derivative, H2NC(:NH)NHCH2CH:C(CH3)2; it is therefore related
to synthalin and, like that substance, has the power
of reducing the level of blood-sugar. Reinwein (Munch,
med. Wchnschr., 1927, p. 1794) and others have used
it in diabetes with more or less benefit.
The statement, in 1873, of Gillet-Damitte that goat's
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rue increased the secretion of milk led to its use as a
galactogogue but Lewis and Carlson (J.A.M.A., 1917,
68, 1570), as the result of experimentation on dogs
and goats, reached the conclusion that it had no effect
on the secretion of milk.
The fluidextract (Fluidextt -actum Galegce, N.F. V)
was given in doses of 2 to 4 ml. (approximately 30
to 60 minims).
Gallic Acid. Acidum Gallicum, N.F. VII. Trihydroxybenzoic Acid. Trioxybenzoic Acid. — This acid,
the 3,4,5-trihydroxybenzoic acid, C6H2(OH)3COOH,
is produced by the hydrolytic decomposition of tannic
acid, either by the action of strong acids or by ferments. When galls are moistened and allowed to stand
the tannic acid in them is converted to gallic acid by
the tannin-splitting enzyme, tannase, produced by the
molds which infect the galls. For a review of the commercial production of the acid see May and Herrick
(hid. Eng. Chem., 1930, 22, 1172).
The N.F. described gallic acid as occurring in "white
to yellowish white, silky, interlaced needles, or in
triclinic prisms. It is odorless, and has an astringent,
slightly acidulous taste. It is permanent in the air.
One Gm. of Gallic Acid dissolves in about 87 cc. of
water, in about 5 cc. of alcohol, in about 10 cc. of
glycerin, and in about 100 cc. of ether, at 25° C. One
Gm. is soluble in about 3 cc. of boiling water, but
almost insoluble in chloroform." NJ. VII. For tests of
gallic acid see V.S.D., 23rd edition, p. 27.
Gallic acid is readily absorbed from the intestinal
tract, small amounts being excreted in the urine. The
older writers attributed astringent properties to gallic
acid, but it does not precipitate protein and, therefore, can hardly be classified as an astringent drug. It
has been used as an internal styptic, as in hematuria
or hemoptysis, and has been claimed to lessen the
quantity of albumin in urine in cases of nephritis.
Considerable interest has been shown recently in the
possible use of gallic acid as an antioxidant for various
oils and fats, Lea (/. Soc. Chem. Ind., 1944, 63, 107)
and Mattil et al. (Soap, 1944, 21, 160) reporting it to
be the most effective of the antioxidants they investigated. Gallic acid is used industrially in dyeing, in the
manufacture of inks, and to produce pyrogallol. [v]
Dose, from 0.3 to 1.3 Gm. (approximately 5 to 20
grains).
Gallium. Ga. (69.72). — This element, which bears
the ancient name of France, was discovered in 1875
by the French chemist de Boisbaudran. Its existence
had been predicted in 1869 by Mendeleeff, who had
named it eka-aluminum. The name anstrum was at
one time proposed for this element. It occurs in
bluish- or grayish-white crystals, having a density
of 5.91 and melting at 30° to form a liquid resembling
mercury. The valences of gallium are 2 and 3, forming gallous and gallic compounds. The principal source
of gallium is as a by-product of the copper mines in
Thuringia, Germany. While gallium has a low melting point, its boiling point is about 2000°, for which
reason it is used in quartz thermometers for measuring
temperatures between 500° and 1000°. It has been
used in Germany to replace mercury in filling teeth.
Gallium has also found some use for optical mirrors
and in the construction of gallium lamps for spectrum
analysis.
Gallium has several isotopes, of which that of
atomic weight 72 (Ga-72) is radioactive and possesses
characteristics which suggested that it may be ideal
for human application. The radioisotope has a halflife of 14.3 hours, and emits beta and gamma radiation. Studies showed that this radiogallium, administered in the form of a citrate or lactate, concentrates
in bone tumors to an extent nearly 20 times greater
than that in normal bone; early metastases to bone
were identified with the aid of the isotope of gallium
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before changes could be identified by x-ray methods
(see Mulry and Dudley, J. Lab. Clin. Med., 1951, 37,
239). Radiogallium showed indications of being a
palliative form of therapy for treatment of malignancies of bone (Lang, Ann. Int. Med., 1951, 35,
1237), but the toxicity of the stable gallium accompanying the radioisotope limited its use as a therapeutic agent (King et al., Arch. Int. Med., 1952, 90,
785). After extensive study the staff of the Medical
Division of the Oak Ridge Institute of Nuclear Studies
concluded that for this and other reasons gallium-72
is not a therapeutic agent in cancer of bone (Brucer
et al, Radiology, 1953, 61, 534-631).
Gambir, N.F. VIII. Pale Catechu.— "Gambir is the
dried aqueous extract prepared from the leaves and
twigs of Uncaria Gambir (Hunter) Roxburgh (Fam.
Rubiaceoz). Gambir yields not less than 60 per cent
of alcohol-soluble extractive, and not less than 70 per
cent of water-soluble extractive." N.F. VIII.
Uncaria Gambir Roxburgh [Ourouparia Gambir
(Hunter) Baillon] is a climbing shrub with slender
stems somewhat thickened at the nodes ; leaves opposite, stipulate, glabrous, ovate or oblong, entire,
rounded at the base, but abruptly attenuated at the
summit. The flowers are small and crowded into a
dense globular head on a hairy receptacle; the flower
heads are borne on long axillary peduncles which bear
in the middle a whorl of bracts. At the point where
these bracts occur the peduncle breaks after the falling of the inflorescence and the remainder of the
peduncle becomes elongated and curved into hooks
by means of which the plant climbs. Corolla gamopetalous, trumpet-shaped, tube slender; fruit capsular,
one inch long, pericarp dry, dehiscing vertically into
two valves ; seeds very numerous. It is a native of the
Malay Archipelago, where it had been under cultivation for more than a century (see Roebuck,
Pharm. J., 1936, 136, 143). It is now cultivated in
Indonesia.
The gambir is prepared by lopping off the leaves,
shoots, and twigs of the plant, chopping them into
pieces, and throwing them into a pan nearly filled
with boiling water and boiled for several hours. Upon
exhaustion of the material, the decoction is poured
into pans, evaporated to a clay-like consistency and
cooled. After it has begun to set it is cut into cubes
and dried. This extract, which is known by the native
Malays as pinang or siren, was first brought to the
attention of the profession by Campbell. Most of the
drug is imported from Indonesia and Malaya.
Description. — "Unground Gambir occurs as approximately cubical or rectangular masses, from 20
to 30 mm. in diameter; and is dark reddish gray to
light brown externally and more or less dull and
porous. It is friable, and weak brown to weak yellowish orange internally.
"Powdered Gambir is light brown to moderate yellowish brown; indorous; and has a bitterish, very
astringent taste. It consists mostly of masses of interlacing acicular crystals, somewhat refractive in
polarized light; starch grains are few, single or compound, of various shapes, from 5 to 30 microns in
diameter. It shows very few epidermal fragments and
thick-walled, wavy, non-glandular hairs up to 350
microns in length." N.F. VIII. For standards and tests
see U.S.D., 24th ed., p. 488.
Constituents. — The astringent properties of gambir
are due to the presence of catechutannic acid (mimotannic acid) which may form as much as 50 per cent
of the mass. Other constituents include catechin (as
much as 30 per cent), quercetin, and catechu-red.
Catechin, also known as catechuic or catechinic acid,
is a catechol derivative, and occurs in white acicular
crystals which can be seen in the gambir. There is
also present in gambir a greenish fluorescent sub-
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stance, gambir-fluorescein, which serves to distinguish
the drug from black catechu and similar products.
Methods for determining the proportion of catechol
and tannin in gambir, using gelatin for the separation,
are described by van Hulssen and Koolhaas (Rec.
trav. chim., 1939, 58, 831).
Enormous quantities of gambir are used in Europe
and America in tanning, calico printing, dyeing, as an
ingredient in boiler compounds for preventing the
hard scaly incrustation caused by certain kinds of
water, and other processes requiring tannic acid.
Uses. — Gambir may be a serviceable remedy in
those cases where astringents are indicated. It has
been mostly employed for the treatment of diarrhea.
A popular dosage form was the Compound Gambir
Tincture, N.F. VIII, which represented 20 per cent
w/v of gambir and 10 per cent w/v of cinnamon and
was prepared by percolation using a menstruum of 9
volumes of alcohol and 1 volume of glycerin, [v]
Dose, from 0.5 to 1 Gm. (approximately 8 to IS
grains).
Ganglionic Blocking Agents. — Definition of
Function. — Ganglionic blocking agents are usually
mono- or diquaternary ammonium compounds, the
predominant pharmacodynamic action of which is to
block chemical mediation of impulses from the preganglionic to the postganglionic fibers of the autonomic nervous system.
Physiology. — Both the thoracolumbar (sympathetic) and the craniosacral (parasympathetic)
divisions of the autonomic nervous system have a
characteristic anatomy peculiar to the motor innervation of visceral organs. This peculiarity is that they
are two-neuron systems wherein the upper motor
neuron has its cell body in the brain stem and, in
turn, synapses with a second nerve or neuron. The
lower motor neuron, which has its cell body in the
lateral horn of the spinal cord (in the instance of the
thoracolumbar division), is referred to commonly as
the preganglionic neuron. The nerve with which it
synapses and which terminates in the organ that is
being innervated is referred to as the postganglionic
neuron.
A collection of the cell bodies where the pre- and
postganglionic neurons synapse is referred to as a
ganglion. These ganglia lie distal to the organ innervated, inthe instance of the sympathetic division,
and usually lie in close proximity or directly within
the organ innervated, in the instance of the parasympathetic division (Kuntz, The Autonomic Nervous
System, 1934, Lea & Febiger). Thus, a ganglionic
blocking agent is one that inhibits the passage of the
nerve impulse from the preganglionic to the postganglionic neuron. In contrast to the action of nicotine, which first stimulates the ganglion and then
paralyzes ganglionic transmission (Langley, /.
Physiol., 1905, 33, 274), the true ganglionic blocking
agent only abolishes transmission of impulses without
first stimulating the ganglion. Since this anatomic
characteristic of the autonomic nervous system obtains for all of the organs it innervates, it is apparent that the action of ganglionic blocking agents
would influence to some extent all visceral organs as
opposed to skeletal musculature.
Chemistry. — Since the earlier work of Burn and
Dale (/. Pharmacol., 1915, 6, 417) and Hunt and
Renshaw (ibid., 1926, 28, 367; 1925, 25, 315; 1933,
48, 105), monoquaternary ammonium compounds
have been described as having ganglionic blocking
action. Among the monoquaternary ammonium compounds may be found a multiplicity of ganglionic,
peripheral anticholinergic, curarimimetic, histaminic
and direct antispasmodic propensities. Thus, the problem has been to develop ganglionic blocking agents
that would have a minimum of objectionable col-

Ganglionic

Blocking Agents

1697

lateral pharmacodynamic effects. A number of amines
have been demonstrated to have some ganglionic
action but to date this effect is overshadowed in each
instance by another predominant action of each
compound. The relation of chemical structure of the
quaternary compounds to ganglionic blocking action
has been reviewed adequately by Paton and Zaimis
(Pharmacol. Rev., 1952, 4, 219) and by Taylor (ibid.,
1951, 3, 412). Agents that have a noteworthy ganglionic blocking action may be listed as follows:
Tetraethylammonium (TEA) chloride, (C2Hs)4N+C1", was described by Acheson and his associates
(/. Pharmacol., 1946, 87, 220, 273) as the first of the
useful ganglionic blocking agents. Its pharmacology
and clinical indications up to 1950 were summarized
in the review by Moe and Freyburger (Pharmacol.
Rev., 1950, 2, 61).
Shortly after the introduction of tetraethylammonium salts the methonium compounds were described
by Paton and Zaimis (Nature, 1948, 161, 718; Brit.
J. Pharmacol Chemother., 1949, 4, 381; 1951, 6, 155),
Barlow and Ing (Nature, 1948, 161, 718; Brit. J.
Pharmacol. Chemother., 1948, 3, 298), and Balaban
et al. (J. Pharm. Pharmacol., 1949, 1, 603), who were
among the first to describe the pharmacology of these
compounds. This work has been reviewed in detail
by Paton and Zaimis (Pharmacol. Rev., 1952, 4, 219).
Although the tetramethonium, pentamethonium and
hexamethonium compounds have been studied carefully as ganglionic blocking agents, the hexamethonium compound has been the most widely
CH, used in
medicine. The structure of the hexamethonium compound is shown in the following:
CH,
CH3-N+- CH2-CH2-CH2-CH2-CH2-CH2-N+-

cr

CH3

CH3

CHg

cr

Hexamethonium Chloride

A piperidinium compound, 2,6-dimethyl diethyl
piperidinium bromide, has been studied to some extent in this country. Its preclinical and clinical pharmacology have been described by Longino et al.
(Surgery, 1949, 26, 421; Am. J. Med., 1949, 7, 256).
The structure of the compound is as follows:

C2H5

Smirk and others compared the actions of several
modified bisonium compounds that have been introduced principally to British medicine (Smirk, Lancet,
1952, 2, 1002; 1953, 1, 457; Wien and Mason, ibid.,
1953, 1, 454; Maxwell and Campbell, ibid., 1953, 1,
455). These include Ciba 9295 (Pendiomide) , M & B
1863 (Gaplegin) and M & B 2050A (Pentolinium) .
The chemical structures of these compounds are as
follows:

92H5
CHj- N+-CH2CH2-N-CH2CH2-N+-CH3
CHj

Ciba 9295

CH»

(Pendiomide)

CHj

?2H5

Br"

:
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sense of adrenergic blocking agents or anticholinergic
agents, whose actions impede the transmission of
impulses from postganglionic neurons to visceral or-CH,
CHj-N^-CHj-CHj-CHj-CHj-CHj-CHj-^-CH^
gans. Consequently the effect of a ganglionic blocking
CH,
agent on a given organ is determined by the functional
CH3
CH3
dominance of the sympathetic or parasympathetic inII & B 1863 (Gaplegin)
8r"
nervation thereto.
Since sympathetic vasoconstrictor innervation of
HC4H40i
CH2 — CHj
/
blood vessels dominates parasympathetic vasodilator
HC4H40g
influences, the predominant action of these drugs
XN— (CH2)5 — N"
on the vascular system is one of vasodilatation or fall
CHj— CH2
CHj
in blood pressure. Since parasympathetic excitation of
CH, CH2
CH2
the gastrointestinal tract dominates sympathetic inM & B 20S0A (Pentolinium Bitartrate)
hibition of activity, the effect of ganglionic blocking
agents clinically is to inhibit motor and secretory
Certain thiophanium derivatives have been introduced as ganglionic blocking agents. One of these,
actvity of such organs, resulting in constipation, dryness of the mouth and gastric anacidity.
Arfonad, has received some attention clinically (Sarnoff et al., Circulation, 1952, 6, 63; Assali and DougMode of Action. — These compounds are reported
to be strictly competitive inhibitors of acetylcholine
lass. Am. J. Med., 1953, 14, 492). Its basic pharmacology was described by Randall et al. (J. Pharmacol.,
transmission of nerve impulses from the preganglionic
1949. 97, 48). The chemical structure of Arfonad is:
to the postganglionic neurons (Moe and Freyburger,
loc. cit.; Paton and Zaimis, loc. cit.). The paralyzing
CHj
effect is reversible physiologically and can be over■CH
come experimentally by large doses of parasympathomimetic agents (Xeligh et al., Gastroenterology,
-' CH, '
'
'
m
ru
CH
CH,
CH
■CH: 1949, 12, 275) or inhibitors of cholinesterase such as
-ICH
CH.
CK.
neostigmine (Reardon et al., Fed. Proc, 1947, 6, 364).
>SV
In general the paralyzing action of these compounds is
CH,
■C—
CHj- C — CH
not preceded by stimulation of the ganglion (Acheson
and Moe, /. Pharmacol., 1946, 87, 220; Paton and
Perry, /. Physiol., 1951, 112, 49P; 1951, 114, 47P),
CH,
SO,as is characteristic of compounds having a nicotinic
effect thereon. This distinction from the nicotinic
RO 2-2222 (Arfonad)
paralyzing action on the ganglion and the lack of a
Among the curarimimetic agents rf-tubocurarine
muscarinic or atropine-like action have been rehas a strong ganglionic blocking action. This accounts
viewed by Bovet and Bovet-Xitti (Medicaments du
Systeme Nerveux Vegetatif, 1948, S. Karger, Basel).
for the fall in blood pressure that frequently accompanies the administration of supermaximal curarizing
Pharmacodynamic Action. — It is the character of
codosages of this agent (c/. monograph on CurarimiTEA and methonium compounds that their gastrometic Agents).
intestinal absorption is very poor (Rennick et al.,
Methantheline bromide (see in Part I), available as
J. Pharmacol., 1947. 91, 210; Milne and Oleesky,
Banthine Bromide, is a monoquaternary ammonium
Brit. M. J., 1951, 2, 177). Even in the instance of
compound, and was first introduced as a ganglionic
hexamethonium, which has been recommended for
blocking agent (Longino et al., Proc. S. Exp. Biol.
oral use, approximately 10 per cent of the compound
Med., 1949, 70, 467). While both it and Darstine
is absorbed ordinarily following oral administration.
(McManus et al., J. Pharmacol., 1953, 108, 364),
Tetraethylammonium is not active when adminisamong the monoquaternary anticholinergic agents,
tered orally nor are the other compounds to which
have a ganglionic blocking action of the order of
reference is made under Chemistry.
The vasodilator action of these agents determines
tetraethylammonium salts, they are primarily anticholinergic in that they block predominantly the
their clinical utility. Tetraethylammonium was the
transmission of nerve impulses from the postganglifirst ganglionic blocking agent introduced for the
onic neuron to the organ innervated (cf. monograph
treatment of certain peripheral vascular conditions
on Parasympathetic Blocking Agents).
(Berry et al., Surgery, 1946, 20, 525; Steinberg,
Procaine (Harvey, Bull. Johns Hopkins Hosp.,
Anesthesiology, 1949, 10, 429) and for the evaluation
1939, 65, 223) and diethylammoethanol (Mercier and
of the functional status of the vascular tree prior to
Mercier, Compt. rend. soc. biol., 1946, 140, 144;
sympathectomy (Yeager et al., South M. J., 1948,
Clark and Helpern, Fed. Proc, 1949, 8, 282) are the
41, 129; Mclntvre et al., Surgery, 1948, 25, 348;
principal tertiary amines that have been studied as
Smirk and Alstad, Brit. M. J., 1951, 1, 1217; Campganglionic blocking agents. This activity of these two
bell et al., ibid., 1952, 1, 251). The methonium comcompounds is so weak as not to be of use clinically.
pounds have dominated the management of hypertenThus, it is intended that the following discussion
sion and the reduction of bleeding during surgery
(Enderbv and Pelmore, Lancet, 1951, 1, 663; Hughes,
shall not include d-tubocurarine, procaine, diethylaminoethanol or the anticholingeric agents mentioned
ibid., 1951, 1, 666; Lewis, ibid., 1951, 2, 150).
above.
All of these compounds, when administered parenPharmacology. — Site of Action. — In general the
terally, produce a profound fall in systemic blood
principal site of action of ganglionic blocking agents
pressure. In general this is due to their ability to block
ganglionic transmission of nerve impulses, although
described above is at the synapse between the preand postganglionic neurons of both the sympathetic
certain of them are capable of liberting histamine or
and the parasympathetic divisions of the autonomic
of producing a direct vasodilator action. The thiophanervous system (Moe and Freyburger, Pharmacol.
nium compounds particularly illustrate these additive
indirect vasodilator components (Mitchell et al., Fed.
Rev., 1950, 2, 61 ; Paton and Zaimis, Brit. J. Pharmacol. Chemother., 1951, 6, 155). It is important to
Proc, 1951, 10, 325; McCubbin and Page, J. Pharappreciate that this ganglionic blocking action is not
macol., 1952, 105, 437). Of the several compounds,
limited to one or the other components of the
tetraethylammonium is more or less unique in that it
autonomic nervous system, but that it is shared by
is a vasoconstrictor agent when administered in large
both. Thus, the compounds are not specific in the
amounts under experimental conditions. This dosage
<?2H5

\_ / "*** H\ V^2 \_ _/
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must be sufficient to produce a net effect on the vascular system such that the vasoconstrictor action
predominates over the ganglionic vasodilator effect.
Apparently this is due to a direct action of TEA,
although its pressor effect has been interpreted as
being due to adrenal medullary stimulation or the
release of norepinephrine from the liver (Acheson
and Moe, /. Pharmacol., 1946, 87, 220; Stone et al.,
ibid., 1951, 101, 34; Page and McCubbin, Am. J.
Physiol., 1952, 168, 208; Dontas and Hoobler, Fed.
Proc, 1953, 12, 34). It is interesting that the decamethonium analog of hexamethonium is more apt
to produce a rise than a fall in blood pressure accompanying its curarimimetic action.
The effects of these compounds on the heart are
complicated by their direct action thereon and by
the dynamic changes in the vascular system that occur
concomitantly. In general, the compounds are inotropic. They may increase cardiac output but this
effect may be influenced indirectly through the decrease in systemic blood pressure as a result of a
net decrease in peripheral resistance (Relman and
Epstein, Proc. S. Exp. Biol. Med., 1949, 70, 11).
Whereas the stroke volume may actually not change
or may decrease, there is an increase in heart rate
due to the blocking of the vagal inhibition of heart
rate that normally obtains. Apparently these compounds do not inhibit cardiac arrhythmias as produced by the injection of epinephrine. The agents tend
to decrease pulmonary vascular pressure by draining
off blood into the dilated systemic vascular bed. In
this case they have been shown to be useful in the
management of acute pulmonary edema (Sarnoff, Fed.,
Proc, 1951, 10, 118; Sarnoff et al., Circulation, 1952,
6, 63; Kelley et al., Am. J. Med., 1952, 13, 103).
Their vasodilator action has placed them among the
useful agents in the treatment of Raynaud's disease,
Buerger's disease, causalgia, symptomatic relief of
malignant hypertension and for the general management of hypertension (Paton and Zaimis, Pharmacol.
Rev., 1952, 4, 219; Hoobler and Dontas, ibid., 1953,
5, 135).
What may be considered as undesirable side effects
are really overt manifestations of ganglionic blocking
action on other systems. Thus, the compounds may
produce orthostatic hypotension when injected rapidly, if the patient is in the erect position, due to
gravitational pooling of blood in the lower extremities
and to the decreased cerebral blood flow resulting from
this redistribution. Consequently, postural hypotension is an invariable accompaniment of parenteral
therapy employing ganglionic blocking agents, currently available. Usually this can be managed by bed
rest for a few hours following each injection. Some
patients adjust satisfactorily to postural hypotension
so that bed rest is not necessary (Smirk and Alstad,
Brit. M. J., 1951, 1, 1217; Freis et al., Circulation,
1952, 5, 20).
The common complaints against the agents by patients include dryness of the mouth (Lyons et al.,
Am. J. Med. Sci., 1947, 213, 315), for the agents
block the predominant parasympathetic stimulatory
innervation of salivary secretion. They produce embarrassment ofaccommodation due to the blocking
of autonomic innervation of the ciliary muscles of the
eye. They tend to produce difficulty in urination,
again by blocking parasympathetic reflex mediation of
micturition (Nesbit et al., J. Urol., 1947, 57, 242).
The more serious complications of ganglionic blocking therapy relate to the propensity of these compounds to produce constipation due to an inhibition
of generalized gastrointestinal motor activity, even
to the point of paralytic ileus. Thus, it has been
recommended recently that patients receiving hexamethonium therapy who have not had a bowel
movement for over 24 hours should receive cathartics.
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At least one death has been reported from paralytic
ileus in the course of hexamethonium therapy (Bourne
and Hosford, Lancet, 1951, 1, 527; Locket, Brit. M.
J., 1951, 1, 1331; Lyons and Lord, ibid., 1951, 2,
176;
1109).Klayman et al., New Eng. J. Med., 1953, 248,
Because of their ability to block parasympathetic
innervation to the parietal cells of the stomach these
compounds produce gastric anacidity (Neligh et al.,
Gastroenterology, 1949, 12, 275). Although they have
been proposed for the management of peptic ulcer,
they are not practical for this purpose, as compared
with other forms of therapy.
Along with the poor oral absorption, these compounds on the whole are excreted rapidly by the
kidney (Rennick et al., J. Pharmacol., 1947, 91, 210;
Zaimis, Brit. J. Pharmacol. Chemother., 1950, 5, 424;
Milne and Oleesky, Lancet, 1951, 1, 889). This renal
elimination is both glomerular filtration and tubular
secretion. Thus, the duration of stay of tetraethylammonium in the body is only a matter of some 2
hours. Its duration of action beyond this point, as in
the relief of pain due to vasodilatation, rests on the
physiology of the pain mechanism rather than the
duration of action of the compound. Hexamethonium
has a useful duration of action of several hours. The
thiophanium compound and some of the other methonium analogs described by Smirk have a greater
duration of action.
Therapy. — The methonium compounds have enjoyed recent popularity for oral management of
hypertension. The dose must be of the order of
several hundred milligrams per day. Since only 10
per cent of the dose of hexamethonium is absorbed,
the other 90 per cent is eliminated in the feces. The
normally unabsorbed portion constitutes a source of
potential danger to the patient. Thus, an increase in
absorption of the compound to 20 per cent of the
dose would be sufficient to cause serious manifestations of toxicity and, indeed, deaths following oral
use of the compound have been reported (Schroeder,
J. Lab. Clin. Med., 1951, 38, 949; Grimson et al,
J.A.M.A., 1952, 149, 215; Klayman et al., New Eng.
J. Med., 1953, 248, 1109). Smirk recommended that
patients be taught to administer the compounds subcutaneously much as the diabetic patient treats himself
{New Zealand Med. J., 1950, 49, 637; Kilpatrick and
Smirk, Lancet, 1952, 1, 8).
The clinical indications for the compounds are
those involving the relief of neurogenic vasospasm.
As mentioned above, these include the pain of causalgia,
Raynaud's disease, Buerger's disease, headache accompanying malignant phases of hypertension and in
the general management of hypertension. It has been
reported that the fall in blood pressure produced by
these compounds in hypertensive patients is greater
than that in normotensive individuals, as would be
anticipated if the hypertension were on a neurogenic
basis. Thus, headache, dyspnea, dizziness, papillary
edema, cerebral edema and vomiting of hypertensive
origin
can be relieved acutely by the use of hexamethonium.
There are some drawbacks to the use of these agents
that are serious and that restrict their general utility.
None of these compounds is ideal for oral therapy.
The dosage, even when administered parenterally, is
quite variable from patient to patient, and so must
be adjusted carefully to the individual, since the
compounds are potentially dangerous as well as useful. A profound fall in blood pressure in the hypertensive patient is to be avoided, particularly where
there is renal impairment, for the compounds are
capable of producing a decrease in renal blood flow
acutely and therewith a reduction in glomerular filtration and in sodium elimination. Also an acute fall
in blood pressure is capable of releasing thrombi into
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the general circulation (Paton and Zaimis, Pharmacol. Rev., 1952, 4, 219).
Constipation, difficulty in micturition, interference
with ciliary ocular reactions, dryness of the mouth
and postural hypotension are frequent "secondary"
reactions of the compounds. Tolerance to these agents
has been a factor which has necessitated constant
increase in the size of the dose to the patient in order
to produce a sustained therapeutic effect. This tolerance is usually lost by discontinuation of therapy,
permitting its restitution at a later date. Recently
Schroeder and others have recommended the alternation of hexamethonium with Apresoline (phentolamine) for the management of hypertension (Schroeder, J. Lab. Clin. Med., 1951, 38, 949; Arch. Int.
Med., 1952, 89, 523; Johnson et al., Circulation, 1952,
5, 838; Kirkendall and Culbertson, J. Lab. Clin. Med.,
1952, 40, 818). The mode of action of these two
compounds is fundamentally different so that by their
judicious employment one frequently can avoid the
tolerance to either agent.
Toxicity. — The most frequent manifestations of
"toxicity" are blurring of vision, impairment of micturition, antisialogogic action and postural hypotension.
Of more serious consequence is the matter of
constipation. It should not be ignored because of the
potential of paralytic ileus and intestinal obstruction.
Profound falls in blood pressure following the too
rapid or too massive administration of the compounds
parenterally, or due to unanticipated increase in absorption of hexamethonium, are potentially serious
manifestations of toxicity, to the point of cardiovascular collapse.
Fortunately the effects of the ganglionic blocking
agents on the vascular system, particularly, can be
counteracted by the symptomatic administration of
potent sympathomimetic agents (Acheson and Moe,
J. Pharmacol., 1946, 87, 220; Page and Taylor,
J.A.M.A., 1947, 135, 348; Moe, ibid., 1948, 137,
1115; Barcroft et al., Lancet, 1951, 1, 854). These
pressor compounds act distal to the site of action of
the ganglionic blocking agents and so may be used
to produce vasoconstriction. This use of the constrictor agents must be symptomatic and may require
substantially larger doses than are ordinarily employed in therapy. In the management of profound
vascular collapse the sympathomimetic agents epinephrine, Aramine, arterenol and phenylephrine
would be drugs of choice. These agents probably
should be administered intravenously either intermittently, in the instance of Aramine and phenylephrine,
or by continuous venoclysis, as in the instance of
epinephrine or, preferably, levarterenol.
Non-official Ganglionic Blocking Agents
Arfonad (Hoffmann-La Roche). Trimethaphan.
rf-3,4- (l',3'-dibenzyl-2'-ketoimidazolido) -1,2-trimethylene thiophanium d-camphor sulfonate. — Randall, et al. (J. Pharmacol., 1949, 97, 48) described
this compound as being about 30 times as potent as
tetraethylammonium salts as a ganglionic blocking
agent in dogs, cats and monkeys, and found it to have
about twice the duration of action of that classic
agent. The hypotensive effect of the compound could
be blocked by ephedrine and by large doses of neostigmine. Arfonad has little or no curare-like action and
has but little effect on intestinal tonus or gastric
motility. It is about 2 to 4 times as toxic as tetraethylammonium ion when administered intravenously
to mice, rats and rabbits, but is some 75 times more
toxic when administered to dogs. Thus, its clinical
utility is limited to those circumstances wherein a
short duration of action is desired and where minuteto-minute control of its effect as administered by
venoclysis is of advantage.
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The use of Arfonad has been limited for the most
part to the anesthetist, who must be able to control
blood pressure at a hypotensive level, as in certain
types of cranial surgery, etc. Assali and Suyemoto
(Am. J. Obst. Gyn., 1952, 64, 1021) found the compound to be effective when administered by venoclysis
in controlling the hypertension of acute toxemia of
pregnancy. Since the duration of action of the compound is short, they found it to be desirable to
administer it by constant intravenous infusion. Kilduff
(Lancet, 1954, 266, 337) and Scurr and Wyman (ibid.,
p. 338) detailed the methodology for the maintenance of controlled hypotension by the administration
of Arfonad. The latter authors indicate that there is
a substantial variation in individual dosage requirements from patient to patient. Whereas a total dosage
of 50 mg. of the compound may suffice to maintain
an adequate hypotensive state for an operation lasting
two hours, as much as 1200 mg. administered over
1.5 hours was required in one instance to maintain a
satisfactory state of hypotension. Clive-Lowe and
North (Lancet, 1954, 266, 680) indicated that their
results were similar to those previously mentioned for
Scurr and Wyman (loc. cit.). They pointed out, as
did the previous authors, that in the depressor response to the administration of increasing dosage
there was a point beyond which the blood pressure
did not fall. Under these circumstances, the administration of an excessive amount of the compound
produced a cumulative effect, resulting in the prolongation ofaction. The depressor effect of the compound could be reversed by the administration of
small amounts of methylamphetamine. Moyer and
Morris (/. Clin. Inv., 1954, 33, 1081) found Arfonad
to be more potent than either Pendiomide or hexamethonium and to have the shortest duration of
action. They found that there was a reduction of
cerebral blood flow related to the degree of reduction
of blood pressure which was compensated to a point
by an increase in the oxygen extraction from the
blood flowing through the brain. Elsewhere, Moyer
et al. (J. Pharmacol., 1955, 113, 383; Am. Heart J.,
1955, 49, 360) indicated that the continuous intravenous infusion of Arfonad resulted in a reduction in
glomerular filtration rate concomitant with the decrease in systemic blood pressure, at which time water
and sodium excretion were depressed and remained
so during the entire period of blood pressure reduction. Danzig and Gomez (Am. J. Med. Sci., 1954, 228,
626) reported on the long-term intravenous use of
Arfonad in the effective treatment of pulmonary
edema. In this case one employs the compound together with saline to withdraw into the systemic
circulation the pulmonary hypervolemia, following
which the signs and symptoms of pulmonary edema
abate.
Caution should be exercised in the rate of administration ofthe Arfonad venoclysis, since rapid induction may result in a loss of control of the hypotension.
Adequate preparation should be made in advance for
the termination of the hypotension, should that not
occur spontaneously. Usually a sympathomimetic
amine, such as methylamphetamine or ephedrine, administered intravenously or intramuscularly, is adequate for this purpose. It is desirable to maintain an
adequate airway in patients during such a regulation
of hypotension during surgery to assure adequate
oxygenation of the pulmonary blood flow. It has
been found desirable to raise the blood pressure to
approach normal prior to the closure of the incision,
to be sure that hemorrhage at the site of trauma has
been controlled adequately.
Dose. — When employed for controlled hypotension
during surgery, Kilduff (loc. cit.) recommended that
the dosage be adjusted to maintain a systolic blood
pressure of between 60 and 80 mm. of mercury. For
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young people in a 20° to 30° tilt posture, SO mg. of
Arfonad may be adequate as an initial dose. Older
patients require smaller doses of 10 to 30 mg. of the
drug as an initial dose. Subsequent doses depend on
the responsiveness of the individual and may be at the
rate of 1 to 2 mg. per minute administered by constant venoclysis or intermittently over intervals of
10 to 50 minutes.
The compound is available in 10-ml. sterile ampuls
containing 50 mg. of Arfonad Camphor sulfonate per
ml.
Ecolid (Ciba). Chlorisondamine. Su 3088. 4,5,6,7Tetrachloro-2-(2-dimethylaminoethyl)isoindoline dimethochloride. — This compound has ganglionic blocking action, when given orally, which is more potent
and persistent than that of hexamethonium (Plummer
et al., J. Pharmacol., 1955, in press). Preliminary
evaluation in patients with essential hypertension is
promising (Grimson et al., Circulation, 1955, 11, 733;
J.A.M.A., 1955, 158, 359). A dose of 25 to 250 mg.
was ingested 0.5 to 1 hour before breakfast and 1.5
hours after supper or at bedtime. Doses were adjusted until some reduction in supine blood pressure,
postural hypotension or side effects appeared. Blurring
of vision and delayed gastric emptying were observed
rather regularly. The average effective morning dose
in 20 patients was 75 mg. and the evening dose was
about 81 mg. A reduction in supine blood pressure
was observed for 12 to 29 hours after a single dose
of 50 to 100 mg. The duration of action in humans
was similar to that of pentolinium and on two doses
daily fluctuations in blood pressure were considerable.
Ten patients preferred Ecolid to hexamethonium.
Smirk and Hamilton (Proc. Univ. Otago Med. School,
New Zealand, 1955, 33, 11) produced hypotension for
about 7 hours with subcutaneous administration of
beginning doses of 1 mg., increasing as indicated.
Presently the drug is available only for clinical investigation in tablets containing 50 mg.
Hexamethonium Salts. — Several salts containing
hexamethonium ion (see p. 1697 for structural formula)
are used medicinally, including the bromide, chloride,
iodide and bitartrate. Hexamethonium bromide and
hexamethonium chloride are both recognized in
N.N.R.; the accepted bromide salt is Bistrium Bromide (Squibb), while the chloride is represented in
N.N.R. by Bistrium Chloride (Squibb), Esomid Chloride (Ciba), Hexameton Chloride (Burroughs Wellcome), Hiohex Chloride (Hermelin), and Methium
Chloride (Warner-Chilcott) . Hexamethonium bromide, chemically hexamethylenebis(trimethylammonium bromide), is a white, tasteless, crystalline material with a faintly aromatic odor, freely soluble in
water, soluble in alcohol; the 1 per cent solution has
a pH of 6.2 to 7.0. Hexamethonium chloride, chemically hexamethylenebis(trimethylammonium chloride),
is a white, crystalline, hygroscopic powder with a
faint odor, very soluble in water, soluble in alcohol;
the 10 per cent solution has a pH between 5.5 and 6.5.
This salt is available in unhydrated form and as a
dihydrate. Hexamethonium bitartrate (acid tartrate)
and hexamethonium iodide are described in the British Pharmaceutical Codex (1954) ; the former is
marketed in England under the name Vegolysen T
(May and Baker), the latter as Hexathide (Allen and
Hanburys). The content of hexamethonium ion in
the bromide is about 55 per cent, in the chloride
about 74 per cent, in the iodide about 44 per cent,
and in the bitartrate about 40 per cent. It is common
practice to indicate the potency of dosage forms in
terms of hexamethonium ion so that the content of
the therapeutically active cation may be known and
intercomparisons made with different dosage forms.
The Council on Pharmacy and Chemistry of the
A.M.A. has urged upon pharmaceutical manufacturers
the need for uniformity in potency of injectable prep-
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arations of hexamethonium salts {J. A.M. A., 1953,
151, 1289). It is to be noted that while all hexamethonium salts may be administered parenterally
neither the bromide nor the iodide is suitable for oral
administration in the management of hypertension
because the relatively high dosage required to produce
the therapeutic effects of hexamethonium by the oral
route causes brominism or iodism.
The properties and chemical reactions of hexamethonium have been summarized by Balaban et al.
(J. Pharm. Pharmacol., 1949, 1, 603). The pharmacology of the drug has been more fully investigated by
Barlow and Ing (Brit. J. Phrmacol. Chemother.,
1948, 3, 298) and by Paton and Zaimis (Nature, 1948,
161, 718; 1948, 162, 810; Brit. J. Pharmacol. Chemother., 1949, 4, 381). As a ganglionic blocking agent,
the compound interrupts the effect of the central nervous system on the vascular system to produce vasodilatation, and on the gastrointestinal tract to inhibit
gastric secretion and motility of the stomach and intestines. The latter effect may result in constipation.
In overdosage the drug may impair the ability to
urinate and may produce nasal stuffiness, dryness of
the mouth, diplopia, and syncope associated with
orthostatic hypotension.
The compound has met with wide acceptance in the
clinical management of hypertension. The earlier clinical reports, especially by Kay and Smith (Brit. M. J.,
1950, 1, 460), Hunter (Lancet, 1950, 1, 251), Campbell and Robertson (Brit. M. J., 1950, 2, 804) and
by Smirk and Alstad (ibid., 1951, 1, 1217), all indicated that parenteral administration of hexamethonium
is effective in reducing systolic and diastolic pressure
of hypertensive patients. This effect is substantially
greater than can be produced by tetraethylammonium
bromide, which has been a classic example of the
ganglionic blocking agent. Moreover, the effect of
hexamethonium as a ganglionic blocking agent is
several-fold that of tetraethylammonium and has a
more prolonged duration of action. A third attribute
of hexamethonium is that it can be used by oral administration, as well as parenterally. The duration of
action is greater when the compound is administered
orally. Yet, it is important that the drug be administered on the same daily regime, since the dosage must
be adjusted to the individual patient. For example,
Moyer et al. (Am. J. Med. Sci., 1953, 225, 379)
pointed out that whether or not the drug was taken
along with the food it was found highly essential
that it be taken with the same relationship to meals
from day to day if the blood pressure were to be
well regulated. Thus, syncope due to excessive hypotension was frequently observed if the drug was taken
on an empty stomach when the patient previously had
been taking it with his meals.
Apparently the ratio of oral to intramuscular or
subcutaneous dose is about 5 to 1. Thus, it would
seem that the absorption of the compound is by no
means complete and that there is room for considerable variability in response thereto. It has been emphasized that the patient not be permitted to develop
constipation during the course of therapy, for under
these circumstances the absorption of the drug is more
complete. Consequently, it seems to be less well absorbed during bouts of diarrhea. As an extreme case,
Klayman et al. (New Eng. J. Med., 1953, 248, 1109)
reported a fatal case of shock and paralytic ileus in
a patient treated with hexamethonium chloride (500
mg. 4 times daily for approximately 3 months) and
1-hydrazinophthalazine (40 mg. daily for 1 week and
100 mg. daily for 3 weeks). They indicate that cathartics or enemas should be instituted when a
patient under hexamethonium therapy has had no
bowel movement for 24 hours.
The effect of hexamethonium on renal hemodynamics varies somewhat
from patient to patient.
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However, there is a tendency for the compound to
produce a reduction in glomerular nitration rate and
in renal blood flow at the time of the fall in blood
pressure. These effects in most instances are of no
serious consequence, but Mills and Moyer (Am. J.
Med. Sci., 1953, 26, 1) have taken the commendable
position that the possibility of further impairment of.
renal function in patients who already have severe
organic renal disease makes it imperative that frequent estimations of renal function be obtained during hexamethonium therapy and that it would seem
inadvisable to reduce blood pressure to normotensive
levels in these patients.
Hexamethonium has been combined with veratrum
(see Part I) or with 1-hydrazinophthalazine in the
therapy of hypertension with success. Thus, Smirk
and Chapman (Am. Heart J., 1952, 43, 586) found
that the oral administration of mixed veratrum alkaloids and the subcutaneous injection of hexamethonium permitted a more satisfactory reduction in
blood pressure, so far as maintenance of effect and
control of side effects are concerned, than when
either was given alone. The combined use of hexamethonium and hydralazine (1-hydrazinophthalazine) has been described favorably by Moyer et al.
(J. Pharmacol., 1953, 109, 175), Hilker et al.
(J. AM A., 1953, 153, 5), Grob and Langford (Circulation, 1953, 8, 205) and by Morrow et al. (ibid.,
1953, 8, 829). In general, it is the impression that
the ganglionic blocking action of hexamethonium
diminishes the cardioacceleratory effect of 1-hydrazinophthalazine without depressing commensurately
its vasodepressor action or its ability to increase
renal blood flow. Concurrent administration of hydralazine and hexamethonium was indicated to have
an additive effect on the blood pressure of most
patients, with slower development of tolerance and
less marked postural hypotension.
Although this combined therapy permitted improvement in signs and symptoms attributable to
hypertension in a majority of patients, a real note of
caution attends their use. Hilker et al. (loc. cit.) indicated that use of the drugs results in only slight
advantage in the instance of severely hypertensive
patients and that the major result in combined therapy of such cases may be from the hexamethonium.
They indicate that elderly and severely arteriosclerotic
patients do not tolerate a lowered blood pressure well.
The use of this combination by Morrow et al. (loc.
cit.) in the treatment of over 250 patients for periods
up to 25 months has yielded as a secondary effect
some 14 instances of collagen disease of varying degrees of severity. They attribute this unexpected finding to the 1-hydrazinophthalazine. The combination
also is reported by them to have caused fatal interstitial pneumonia in 5 of 89 patients in malignant
stages of hypertension. They indicate that because
of these complications the use of combined hydralazine and hexamethonium might be restricted, if it
were not for the almost fatal nature of malignant
hypertension, to which group the interstitial pneumonia was confined, and if the arthritis were not
relatively benign. They are of the opinion that hexamethonium incontrovertibly prolongs life in malignant
hypertension and that for the present the risk of
untoward reactions appears warranted in those patients who would otherwise deteriorate rapidly because of the severity of the hypertension.
Dose. — The adjustment of dosage of hexamethonium
when administered either parenterally or orally is a
highly individual matter. The recommended initial
intravenous or subcutaneous dose to produce ganglionic blockade in hypertensive crises or peripheral
vascular disease is 37 mg. of hexamethonium ion (50
mg. of the chloride or 66.6 mg. of the bromide salt).
When
given intravenously,
the rate of injection

Part II

should not exceed 0.5 mg. per minute. The more
preferred route of administration is subcutaneous. In
severely ill or debilitated patients, the initial parenteral
dose is 1 to 5 mg. of the hexamethonium ion. Subsequent dosage by this route may be increased by 5 to
15 mg., depending upon the response of the patient.
The range of parenteral dosage is 1 to 100 mg. of the
hexamethonium ion. It is usually necessary to give
four subcutaneous injections daily (every 6 hours)
to maintain the desired blood pressure. Over the
course of a week or more it may be necessary to
increase the dosage to 50 or 100 mg. of hexamethonium per injection in order to obtain a satisfactory response. If an excessive fall in blood pressure
follows the injection of hexamethonium it can be
counteracted by maintaining the patient in a supine
position and by the symptomatic administration of
one of the longer-acting sympathomimetic amines.
Epinephrine should not be administered because of
its transient duration of action.
The initial oral dose of hexamethonium chloride
should be 125 mg. 4 times daily before meals. Subsequent doses may be increased on a symptomatic
basis, such that on the second day 250 mg. may be
administered 4 times if the patient tolerates it well.
Thus, the dosage may be increased on a symptomatic
basis to a total of approximately 3 Gm. daily, for
most patients, by increments of 125 mg. or so per
day. The maximum daily dose should not exceed
5 Gm. It is to be expected that a high incidence of
side effects attends the use of dosages of 3 Gm. per
day or more, so that it is highly desirable to administer no more than is necessary to produce such a
depression in blood pressure as can be obtained without hazard to the patient.
The bromide salt is available only as a sterile 10ml. ampul containing 44.75 mg. (approximately 25
mg. of hexamethonium ion) per ml., preserved with
0.9 per cent benzyl alcohol.
The chloride salt is available in sterile 10-ml. ampuls containing 33.8 or 135 mg. (approximately 25
or 100 mg. of hexamethonium ion, respectively) per
ml., preserved with 0.1 per cent methylparaben or
0.9 per cent benzyl alcohol. Tablets containing 125,
250 and 500 mg. of hexamethonium chloride and a
syrup containing 62.5 mg. of the chloride per ml. are
marketed.
Pentolinium Tartrate. Ansolysen (Wyeth) . Pentamethylene-1 : 5-bis-(l'-methylpyrrolidinium bitartrate). — This compound (for structural formula see
p. 1698) initially was identified as M & B 2050A in the
British literature. Wien and Mason (Lancet, 1953,
264, 454) reported it to be 5 times as active as hexamethonium bromide, when measured by blocking of
the cat's superior cervical ganglion. In other tests its
order of activity is similar to that of the reference
compound. It was reported to be some 1.5 times
longer-acting than hexamethonium bromide. The
effect on blood pressure was very similar to that of
the reference agent, except that the onset of action
was somewhat slower and the recovery somewhat
prolonged. Pentolinium is devoid of anticholinesterase, curarimimetic or histamine-liberating properties in effective ganglion blocking dosage. The flow of
gastric secretion and its acidity were decreased by
the agent to a greater extent than was the diminution
in peptic activity. Maxwell and Campbell (Lancet,
1953, 264, 455) also studied this agent as one of a
series of bisonium ganglionic blocking agents synthesized under the M & B numbers. They likewise indicated that the compound was somewhat more active
and has a longer duration of action than hexamethonium. They reported that the agent is more consistent in action than hexamethonium when employed
orally. Habituation developed at least equally rapidly
with pentolinium, but the daily dosage of the agent
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was substantially smaller than that for hexamethonium.
Much of the clinical investigation of pentolinium
was conducted under the careful observation of
Smirk (Lancet, 1953, 264, 457; New Zealand Med. J.,
1953, 52, 1; Am. J. Med., 1954, 17, 839). In his experience, this compound was eminently satisfactory
as a bisquaternary ammonium ganglionic blocking
agent in the management of hypertension. He found
the agent to be superior to hexamethonium for oral
management of the hypertensive patient.
Pentolinium, like hexamethonium, gives rise to
orthostatic hypotension. It is necessary that the oral
or parenteral dose be adjusted carefully. In his studies,
Smirk (loc. cit.) found that the oral dose sufficient
for lowered blood pressure may be from 5 to 25 times
as great as a correspondingly active subcutaneous
dose. However, since the overall activity of the compound is greater than that for hexamethonium, the
incidence of constipation is substantially lower. Indeed, in some patients a looseness of the bowels may
occur from time to time during pentolinium therapy.
In their assessment of the agent, Freis and his associates (Circulation, 1954, 9, 540) indicated that the
so-called side effects of pentolinium were similar to
those experienced with hexamethonium and all could
be accounted for on the basis of ganglionic blockade.
The most prominent undesirable effects were those
of postural faintness, dry mouth and loss of visual
accommodation. These effects were most pronounced
when the blood pressure was the lowest. In contrast
to the lack of constipation when pentolinium was
administered parenterally, its oral ingestion was followed by some degree of constipation in many patients. It was not as severe as that which attended
the use of hexamethonium, however. Paralytic ileus
and severe obstipation are rare. Impotence was a
frequent and troublesome side effect in the male. On
the other hand, the hypotensive response to pentolinium was more predictable than that which followed
the administration of hexamethonium, and once the
maintenance dosage level was established the necessity for continually modifying it was not as great.
Agrest and Hoobler (J.A.M.A., 1955, 157, 999) used
Ansolysen effectively in the management of essential
hvpertension (see also Perry and Schroeder, New
Eng. J. Med., 1955, 252, 1057).
All in all then, a greater activity, a longer duration
of action, a greater degree of tolerance and a lower
incidence of undesirable side effects attend the administration of pentolinium, as compared with hexamethonium. However, both compounds leave a great
deal to be desired with respect to oral efficacy and
the variability of absorption following oral administration. Many physicians prescribe pentolinum and
reserpine simultaneously.
Dose. — Oral dosage should be given at 8-hour intervals. It is preferable that the morning dose be
given after breakfast to minimize faintness while at
work. The average starting dose is 20 mg. and this
dosage may be increased by increments of 20 mg.
until the desired response is obtained or until undesirable side effects preclude further increase in dosage.
The maximum daily oral dose is about 1 Gm. This
drug may be given parenterally in an initial dose of
5 mg. and increased as indicated but the particular
advantage of pentolinium is better oral absorption.
It is available in tablets containing 20, 40, 100 and
200 mg., and in 10-ml. sterile ampuls containing 10
mg. per ml.
Tetraethylammonium Chloride. Etamon Chloride (Parke, Davis). (C2H5)4N+Cr.— This compound, as prepared by interaction of triethylamine
and ethyl chloride, commonly occurs as a 50 per cent
solution in water; if this is evaporated in vacuum, a
very hygroscopic, odorless, white solid, very soluble
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in water and in alcohol, is obtained. The pH of the 50
per cent solution is between 5.8 and 6.5.
Intravenously administered, tetraethylammonium
chloride has limited therapeutic and diagnostic usefulness as a ganglionic blocking agent having short
duration of action. Administration of tetraethylammonium ion produces the following effects: an increase in skin temperature, a transient decrease in both
systolic and diastolic blood pressure, postural hypotension, adecrease in peripheral venous pressure, an
increase in heart rate and cardiac output, a cessation
of sweating, partial dilatation of the pupil with loss
of accommodation, decrease in the tone of the urinary
bladder and loss of the desire to void (Lyons et al.,
loc. cit.). It has been used to relieve vasoconstrictive
states, as Raynaud's phenomenon and peripheral embolism, to relieve pain associated with hypermotility
of the gastrointestinal tract, to relieve pain in causalgia, to aid in the selection of patients suitable for
sympathectomy, and to relieve the acute episodes or
complications of essential hypertension. It has been
given to patients with acute or chronic disease of the
coronary arteries, but it is not advised for such
patients.
Toxicology. — In 400 patients receiving 1000 injections there were no major toxic manifestations.
Rarely, the following untoward effects were observed:
peripheral vascular collapse, hyperventilation as in
hysteria, dysphagia associated with dry mouth, weakness, fatigue and light-headedness, dulling of the
sensorium, transient muscular tremors resembling chill
without the sensation of coldness (see also Birchall
et al., Am. J. Med. Sc, 1947, 213, 572). Repeated
intramuscular injections for more than 36 hours
caused considerable discomfort with inability to void,
defecate, read, stand, and eat; the dry mouth was
annoying. Peripheral circulatory collapse may be
treated by artificial respiration, intravenous injection
of epinephrine or, perhaps most effectively, by intravenous administration of 0.5 to 1 mg. of neostigmine
methylsulfate.
Dose. — The usual dose, intravenously, is 2 to 10
ml. of 10 per cent solution, this being repeated according to the response. The maximum single dose
seldom exceeds 7 mg. of tetraethylammonium chloride per Kg. of body weight. For full ganglionic
blocking action at least 3 doses are required. Postural
hypotension appears in a few minutes; the patient
should remain supine for 1 hour after each injection.
Intramuscularly, 5 to 6 ml. of the solution is injected
into each buttock, representing 1 to 1.2 Gm. of the
salt, 1 to 4 times daily. The maximum single dose
should not exceed 20 mg. per Kg. by this route. To
minimize discomfort, 1 ml. of 2 per cent procaine
hydrochloride may be added to the injection. Ganglionic depression persists for 6 to 36 hours. Subcutaneous injection is very painful. Oral administration is ineffective. Etamon chloride is available in
20-ml. sterile vials containing 100 mg. of tetraethylammonium chloride per ml., preserved with 0.005
per cent benzethonium chloride.
Gaultheria. Wintergreen. Boxberry. Teaberry.
Check erb err y . — Gaultheria procumbens L. (Fam.
Ericacece) is a small, indigenous, woody, evergreen
plant. The leaves, which were formerly official in
the U.S.P., are short-petiolate, obovate or oval, about
4 cm. in length and 2 cm. in breadth, acute, revolute,
obscurely serrate at the edges, coriaceous, shining,
bright green above, paler beneath, of unequal size,
and supported irregularly on short red petioles.
The plant is found from Newfoundland and Manitoba southward, growing in large beds in mountainous
tracts, or in dry barrens and sandy plains, in the
shade of shrubs and trees. The white, nodding flowers
appear from July to August, singly in the leaf axilla
and the red, baccate fruit ripens at corresponding
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periods. To the aromatic odor and taste which belong
to the whole plant the leaves add a marked astringency. According to Bridel and Grillon (/. pharm.
chim., 1929, 9, 193) the leaves, stems and rhizomes
of dried gaultheria contain a methyl salicylate glycoside hydrolyzable by an enzyme existing in the
plant. The glycoside has been identified as monotropitoside (also referred to as gaultherin), C19H23O9.
Rabate and Rabate (Bull. soc. chim. biol., 1931, 13,
604) isolated another glycoside, gaultherioside, C13H24O10; this, however, has been found to be produced by the action of alcohol on an intermediate
product of enzymatic action on monotropitoside. The
medicinal properties of wintergreen reside exclusively in its volatile oil (see Methyl Salicylate).
Gelsemium, NJ?. IX. Yellow Jasmine Root.
Trumpet Flower. — "Gelsemium consists of the dried
rhizome and roots of Gelsemium sempervirens (Linne)
Persoon (Fam. Loganiacece) ." NF. IX.
The yellow or Carolina Jessamine (Gelsemium
sempervirens) is one of the most beautiful climbing
plants of our southern States, ascending lofty trees,
and forming festoons from one tree to another. The
stem is twining, smooth, and shining; the leaves
opposite, short, petiolate, lanceolate, entire, dark green
above, and paler beneath; the flowers in axillary
clusters, large, of a deep-yellow color and fragrant,
with a very small, 5-leaved caylx, and a funnel-shaped
corolla, having a spreading, 5-lobed, nearly equal
border. The fruit is a flat, 2-loculed, compressed capsule containing flattened seeds. The plant grows in
rich, moist soils along the seacoast from Virginia to
the south of Florida and Texas. The flowers are said
to be poisonous. The drug is collected in autumn,
washed and dried. The commercial supplies come
chiefly from Virginia, North and South Carolina and
Tennessee. The plant must not be confused with the
true yellow jasmine of Madeira, often planted in the
southern States, which is the Jasminum odoratissimum, L., which also has very fragrant yellow flowers.
Two varieties of Chinese gelsemium have been examined by Chou and co-workers (Chinese J. Physiol.,
1931, 5, 345; 1936, 10, 79). These are known as
kou-wen and ta-cha-yeh ; both are said to be derived
from Gelsemium elegans Benth., an extremely poisonous creeper found in China and upper Burma. Chou
found in kou-wen the alkaloids koumine, kouminine,
kouminicine, and kouminidine, and in ta-cha-yeh the
alkaloids gelsemine, koumine, kouminine, and koumidine. Chi et al. (JA.CS., 1938, 60, 1723) succeeded
in separating kouminine into gelsemine and other
bases. Chou (loc. cit., 1931) found that koumine resembles gelsemine in action but that kouminicine is
more toxic.
Description. — "Unground Gelsemium shows a
cylindrical rhizome, usually in pieces from 3 to 20 cm.
in length and from 3 to 30 mm. in diameter. It is
moderate brown to dark yellowish orange externally,
with occasional darker longitudinal lines, longitudinally wrinkled and transversely fissured. The upper
surface shows a few stem-scars. The fracture is tough
and splintery. Internally it is pale yellowish orange
to weak yellow, having a thin bark, and distinctly
radiate and eccentric wood with a disintegrated pith.
The root fracture is one-half transverse, the other half
oblique and splintery." For histology see US.D., 24th
ed., p. 497.
"Powdered Gelsemium is light yellowish brown to
weak yellow; has a slight odor, and a bitter taste.
The tracheae show numerous and conspicuous bordered
pores. Spiral tracheae and bast fibers are few. Thickwalled tracheids are long and narrow and strongly
lignified. The starch grains are spherical, from 4 to
12 microns in diameter. Calcium oxalate occurs in
monoclinic prisms from 15 to 32 microns in length.
Also present are occasional groups or stone cells or
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fibers, the walls being very thick, porous, and stronglv
lignified." Nf. IX.
Standards and Tests. — Foreign organic matter. —
Not over 2 per cent. Acid-insoluble ash. — Not over
2 per cent. NJ. IX.
Although no assay was officially recognized, Christensen and Grambling (/. A. Ph. A., 1938, 27, 1208)
suggested a biological standard for gelsemium based
on the emetic dose for pigeons.
CoNSTmjENTS. — At least three alkaloids are known
to exist in gelsemium, though their exact structures
are still somewhat uncertain. These are gelsemine
(C20H22N0O2), sempervirine (C19H16N2), and gelsemicine (C20H24N2O4). Another alkaloid, gelsedine
(C19H24N2O3), has been recently isolated (Schwarz
and Marion, JA.CS., 1953, 75, 4372). The alkaloid
gelseminine, also reported to be present, may be identical with sempervirine; the exact status of gelsemidine and gelsemoidine, amorphous fractions which
have been isolated from the drug, is uncertain. The
recent researches on these alkaloids have been reviewed by Henry, in Plant Alkaloids, 4th Edition,
1949. Gelsemium also contains gelsemic acid (also
known as gelseminic acid, chrysatropic acid and
scopoletin), which is 7-hydroxy-6-methoxycoumarin.
It is especially noteworthy that gelsemine, which
has a strychnine-like pharmacological action, exhibits
a striking similarity to strychnine in its ultraviolet
absorption spectrum (Janot and Berton, Compt. rend,
acad. sc, 1943, 216, 564). Sempervirine is of particular interest because it appears that on degradation
it yields a series of products which have previously
been associated with yohimbine (see Yohimbe, Part
II), according to Goutarel, Janot and Prelog (Ex588).
perientia,
1948, 4, 24; Helv. Chim. Acta, 1948, 31,
Uses. — The chief action of gelsemium is upon the
central nervous system, especially the spinal cord. It
is a primary stimulant to the motor centers of the
cord, secondarily depressant, and in toxic doses produces almost complete paralysis. Although in higher
animals there is some evidence of a depressant action
on cerebral function this is less marked than the spinal
effects. According to Cahen (Compt. rend. acad. sc,
1938, 206, 280) small doses increase the pulse rate
by depression of the vagal tone, with but slight
changes in the blood pressure; large doses depress the
heart muscle, diminishing both amplitude and rate of
its contractions and leading to a marked fall in blood
pressure and, in fatal quantities, fibrillation of the
heart. The fall of blood pressure seems chiefly due to
its cardiac action but there is probably also a lowered
irritability of the vasomotor center. When instilled
into the eye it causes mydriasis.
The various alkaloids differ somewhat not only in
their activity but in their type of action. Gelsemicine
would appear to be the most important active principle, although its action is more or less modified by
the other alkaloids (Chou, Chinese J. Physiol., 1931,
5, 131). Gelsemicine is a substance of considerable
power, the lethal dose for rats being about 0.06 mg.
per Kg. When administered in large doses intravenously to the lower animals there is— after an unexplained prodromal period of some minutes — a
condition of quietude followed by tremors and convulsions, nausea and vomiting, with profuse salivation early in the poisoning. Death is due primarily to
cessation of respiration which Chen and Chou believe isdue rather to paralysis of the motor centers of
the cord than to an action upon the respiratory center
in the medulla. For discussion of its physiological
action see Hou (Chinese J. Physiol., 1931, 5, 181;
1932, 6, 281), Chen et al. (Quart., J. P., 1938, 11,
84) and Chen and Chou (Chinese J. Physiol., 1939,
14, 399).
Gelsemine is a much less powerful substance. Its
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effects upon the central nervous system seem to be
essentially similar but it is also depressant to the heart
(see Chou, loc. cit.). Raymond-Hamet (Compt. rend,
soc. biol., 1937, 126, 690) found that it paralyzes the
peripheral end of the vagus and sensitizes the animal
to the pressor effects of epinephrine in a manner similar to that of sparteine. Henderson and Chen (/. A.
Ph. A., 1943, 32, 178) reported that gelsemine caused
relaxation of peristaltic movement of isolated rabbit's
intestines and contraction of isolated rabbit's uterus;
the median lethal dose (LD50) of gelsemine hydrochloride in mice by intravenous injection was found
to be approximately 4 mg. per Kg. of body weight.
The same investigators found that dihydrogelsemine,
which had been prepared by catalytic reduction of
gelsemine, possessed the same pharmacologic action,
both qualitatively and quantitatively, as gelsemine.
The action of gelsemoidine has not been studied except that Christensen and Gramling (/. A. Ph. A.,
1938, 27, 1208) observed that it is actively emetic.
The same authors reported that gelsemidine is not
emetic.
Setnpervirine resembles sparteine, which is also an
oxygen-free alkaloid, in annulling the cardiac effects
of electrical stimulation of the vagus and, in common
with gelsemine and gelsemicine, produces on intravenous injection a prolonged fall in blood pressure,
while it augments the hypertensive action of epinephrine (Raymond-Hamet, Compt. rend. soc. biol.,
1937, 126, 690, 1151; ibid., 1941, 135, 478).
What is known of the physiological action of gelsemium or its alkaloids offers no explanation of its
mode of action in any of the conditions for which it
has been clinically employed. It was at one time used
as a circulatory sedative and febrifuge in sthenic
fevers but it is probably useless for this purpose. It
is today occasionally prescribed in the treatment of
neuralgias, especially those involving the facial nerves.
Holman (/. Iowa State M. Soc, 1946, 36, 477) used
gelsemium tincture for its antispasmodic action in the
treatment of 60 patients with acute anterior poliomyelitis. The tincture was administered every two
hours, day and night, in sufficient dose to hold a high
level of therapeutic effect continuously until all danger
of paralysis had passed; duration of the treatment
was a matter for clinical judgment but was rarely less
than 12 to 14 days. Dosage was regulated chiefly by
watching respiration; when optimum level is reached
the rate falls to normal or slightly above. The patient
should be seen at least every 12 hours, preferably
every 8 hours, in order to detect any signs of toxic
effect, such as dilated pupils, a failing respiration, and
excessive general depression, in which case one or two
doses may be omitted and later resumed in a slightly
smaller amount. The margin between therapeutic and
toxic concentration of gelsemium is narrow. Since less
than 7 per cent of the patients treated had clinical
paralysis Holman concluded that the drug is effective
if diagnosis can be made early and treatment begun
before there is permanent damage to the nervous
system.
Toxicology. — The symptoms of gelsemium poisoning are: dizziness, dimness of vision, dilated pupil,
muscular debility, and general prostration, reducing
the frequency and force of the pulse, and the frequency of respiration. After substantial poisonous
doses these symptoms are intensified: double or impaired vision, ptosis, dilated insensible pupils, falling
of the lower jaw, loss of power of enunciation, and
excessive muscular relaxation are associated with slow,
labored breathing, which in some cases is interrupted
by violent spells of dyspnea; consciousness is long not
impaired, but may be lost before death; in rare cases
unconsciousness has been observed even although recovery followed. Of the various symptoms of gelsemium poisoning the most characteristic are the
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dropping of the jaw and the ocular manifestations,
combined with general muscular relaxation. The effects
usually begin in half an hour, but sometimes almost
immediately. According to Wormley, death has occurred at periods which vary from 1 to 7.5 hours.
Twelve minims of the fluidextract is said to have
proved fatal to a boy 3 years old, and 35 drops of a
tincture of the bark has caused death in 1.5 hours.
The treatment of poisoning by gelsemium should
consist in evacuating the stomach, maintaining absolute rest in the horizontal position, maintaining the
body temperature, if required, by external warmth,
and administering spinal and arterial stimulants. Ammonia, strychnine, and digitalis given hypodermically
should be of service in the treatment of the poisoning.
Artificial respiration with 7 per cent carbon dioxide
and 93 per cent oxygen inhalation is of service.
Average dose, of gelsemium, 30 mg. (approximately
y2 grain) . The N.F. IX recognized a fluidextract and
a tincture (10 per cent w/v) of gelsemium, both being
prepared with a menstruum of 4 volumes of alcohol
and 1 volume of water.
Geranium. Cranesbill. Wild Geranium. Spotted or
Wild Cranesbill. Storksbill. Alum Root. — "Geranium
is the dried rhizome of Geranium maculatum Linne
(Fam. Geraniaceae) ." N.F. V.
This indigenous herb differs from the other native
species of Geranium in having a perennial root stock
and also in that its flowers are much larger, being
from 1 to 1.5 inches in diameter. The petals, 5 in number, are of a rose-purplish color and bearded at their
base; the leaves are deeply 5 -parted, the wedge-shaped
lobes being irregularly notched. The fruit is a 5-celled
regma, the persistent 5-cleft style forming a beak-like
appendage, whence the popular name of cranesbill.
The plant is found throughout the United States in
moist woods, thickets, and hedges, and generally in
low grounds. It flowers from May to July. The
rhizome should be collected in autumn. For a description of the whole and powdered rhizome see UJSJ).,
22nd ed., p. 1391.
The medicinal properties of geranium are due solely
to a phlobaphene tannin, the content of which ranges
from 10 to 28 per cent (see Peacock, Am. J. Pharm.,
1928, 100, 548). The "Japanese beetle" is attracted
to this plant and dies while feeding on its leaves; it
is used in traps for these insects.
Geranium has been employed for all the purposes
to which astringents are applicable. It has been used
in diarrhea, also as a local astringent in indolent ulcers,
sore throat, etc. It was a popular domestic remedy in
various parts of the United States. Arai (Tohoku J.
Exp. Med., 1938, 33, 219) reported that oral administration of aqueous extracts of geranium leads to an
increase in the clotting of rabbit blood.
The fluidextract (Fluidextr actum Geranii) was
given
minims)in . doses of 1 to 2 ml. (approximately 15 to 30
Germanium. .Ge (72.60). — Existence of this element was predicted in 1871 by Mendeleeff, who provisionally called it ekasilicon. It was discovered in
1886 by Winkler in the mineral argyrodite, which is a
sulfide of silver and germanium, GeS2-3Ag2S. Germanium isa very brittle, grayish white metal belonging to the carbon group of elements. It has a specific
gravity of 5.36 and melts at 959° ; its boiling point is
about 2700°. It is insoluble in water, acids and alkalies.
It is stable in the air. The unique electrical semiconducting characteristics of the element find an important application in electronics. It forms two classes of
salts, corresponding to germanous oxide, GeO, and
germanic oxide, GeC"2. Germanium dioxide, GeOo, prepared by hydrolysis of the tetrachloride, is appreciably
soluble in water, hydrochloric acid, and in alkalies.
Hammett and Nowrey (7. Exp. Med., 1922, 35, 507,
and /. Pharmacol., 1922, 19, 337) reported that ger-
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manium dioxide has the power of stimulating the
formation of red blood cells. The histological examination of animals which had received the drug led to
the inference that the increase in the number of corpuscles was due to a stimulating influence upon the
bone marrow; there was no evidence of any destruction of red blood cells nor any action upon the spleen.
They found also that the agent is of very low toxicity,
rats surviving doses up to 180 milligrams per Kg. of
body weight. Lenker (Pennsylvania M. J., 1922, 26,
86) concluded that in secondary anemia its beneficial
effects are very positive; in pernicious anemia it
caused more or less temporary improvement. Bailev
U.A.M.A., 1925, 84, 1722) not only failed to find any
hematopoietic action but stated that the drug has a
toxic action on several internal organs. Germanium is
not used medicinally at present.
Globularia. Globularia Alypum L. Wild Senna.
(Fam. Globulariacece.) — This is a small shrub indigenous to the European shores of the Mediterranean.
Since the Middle Ages its leaves have been occasionally used as a cathartic. Heckel and Schlagdenhauffen
obtained from the leaves globularin, C15H20OS, an
amorphous glycoside which is hydrolyzed by mineral
acids into glucose and globularetin, C9H6O. Globularia
vulgaris L. was found to contain the same substances
(/. pharm. chim., 1883, p. 361). It is claimed that
globularin is a vasomotor constrictor which acts
especially upon the renal arteries. Jaksch (Rev.
therap. med.-chirurg., 1910, 596) observed diminution of the quantity of urine in diabetes insipidus,
also of diabetes mellitus, after the administration of
the glycoside. The dose of globularin was from 30 to
60 mg. (approximately ^ to 1 grain).
Gloriosa. Gloriosa superba L. — This plant, commonly known as climbing lily (Fam. Liliacece) is
found in the forests of tropical Africa and Asia. It
possesses ovate-lanceolate leaves, and its flowers, while
opening yellow, later become yellowish-red and deep
scarlet. The roots, stalk, and leaves are said to be an
acrid narcotic poison, and not infrequently used for
suicidal purposes in India (Subbaratnam, /. Sc. Ind.
Res., India, 1952, 2, No. 10). Clewer et al. (Trans.
Chem. Soc, 1915, 107, 835) reported the presence of
colchicine with another base — possibly methylcolchicine — and choline.
Gluconic Acid. Dextro gluconic Acid. Dextronic
Acid. Glycogenic Acid. — As its name indicates, gluconic acid is the acid obtained by the oxidation of
the aldehyde group of glucose to the characteristic
acid group, thus:
CHoOH(CH0H)4CHO+O-^
Glucose
CH2OH(CHOH)4COOH
Gluconic Acid
If the oxidation of glucose is carried out in the presence of calcium carbonate, as it generally is, the
official calcium gluconate is produced (see Part I).
Oxidation of glucose may be effected by biological,
chemical or electrolytic methods. Most important of
these, from the commercial standpoint, are the biological procedures. Molliard (Compt. rend. acad. sc,
1922, 174, 881) first discovered that gluconic acid is
a product of the metabolism of certain molds, including Penicillium luteum purpurogenum, Penicillium
chrysogenum and Aspergillus niger. For details of biological methods of oxidation reference should be made
to the papers of Mav et al. (Ind. Eng. Chem., 1929,
21, 1198), Porges et al. (ibid., 1940, 32, 107), Mover
et al. (ibid., 1940, 32, 1379), and Williams (Mfg.
Chemist, 1945, 16, 239). A number of bacteria as, for
example, Bacterium suboxydans and Bacterium putidum, also yield gluconic acid as the main product of
the oxidation of glucose.
Chemical oxidation of glucose may be effected by
use of halogens as oxidants. U. S. Patent 1,648,368 dis-
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closes a method for the preparation of gluconic and
similar acids by oxidation with chlorine in the presence of a bromide or an iodide. On passing a direct
current through a solution of glucose containing a
small amount of sodium bromide and suspended calcium carbonate the bromine which is liberated at the
anode oxidizes the glucose to form gluconic acid which
is then converted to calcium gluconate. Simultaneously
the bromine is reduced to bromide and the cycle is
repeated. This process was developed by Isbell and
Frush (Bur. Standards J. Research, 1931, 6, 1145).
Gluconic acid occurs on the market in the form of
a 50 per cent solution in water. This solidifies in cold
weather, but may be reliquefied by heating. The acid
may be obtained as a white crystalline solid. In solution, gluconic acid is converted to inner anhydrides,
or lactones, forming an equilibrium mixture of more
or less syrupy consistence according to the degree of
concentration. The crystalline anhydrides of gluconic
acid are known as delta and gamma lactones. These
have a mild, sweet taste, in contrast to the mildly sour
taste of gluconic acid. On heating with water the lactones revert to the acid.
A number of gluconic acid salts have been introduced into medicine. Most important of these is calcium gluconate, ferrous gluconate and quinidine gluconate (see Part I) ; other salts of lesser use include
cupric gluconate and ephedrine gluconate. Among the
industrial uses of gluconic acid are those of a metal
polish, a laundry "sour," and as a component of vegetable tanning mixtures. The lactones, because of the
delayed acidification resulting from their use in water,
are used as constituents of leavening agents and in
the manufacture of pectin jellies. For a review of uses
of various gluconates see Stone, Drug and Cosmetic
Industry, 1950, 67, August, p. 192.
Glucuronic Acid. CHO(CHOH)4COOH.— This
acid is the product obtained when the CH2OH group
of D-glucose (dextrose) is oxidized to COOH. The acid
is a component of the polysaccharides of various plant
gums, such as gum arabic, and also comprises part of
the composition of connective tissue and coilagen, particularly the cartilage, periosteum, nerve sheath, joint
capsule, tendon, and joint fluid. It occurs also in
intercellular cement substance and in blood vessel
walls. The acid has an important role in detoxication
mechanisms, many toxic substances being eliminated
as conjugates of glucuronic acid. Glucuronic acid may
be obtained by hydrolysis of any one of these naturally occurring substances, but the process of isolation
is tedious and the yield poor. Commercial production
of the acid utilizes corn starch as the starting material; under the name Glucurone (Commercial Solvents
Corp.) the crystalline gamma-lactone (anhydride) of
the acid is available.
Peterman (J. -Lancet, 1947, 67, 451) suggested that
destruction of cartilage and bone may be the result
of a deficiency of glucuronic acid required for body
metabolism, and that such deficiency may also involve the cement substance which is affected in the
collagen diseases such as arthritis. Typical of the results said to have been obtained in clinical trials of
glucuronic acid in various rheumatic diseases is the
report of Hodas et al. (J. -Lancet, 1949, 69, 385) that
of 50 patients treated with the drug, complete remission occurred in 9 cases, major improvement in 19,
and minor improvement in 14; in the group of patients with arthritis those in the rheumatoid category
responded least favorably, those with osteoarthritis
best. The dose range was 0.65 to 1 Gm. (10 to 15
grains) 3 or 4 times daily, given as a syrup, or in
tablets or capsules. Several patients exhibited either
flushing of face, diarrhea or gastric upset which
promptly abated on reduction of dosage or discontinuance ofthe drug.
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Glutethimide. Doriden (Ciba). ct-Ethyl-a-phenylglutarimide. — This cyclic compound may be depicted
as
C6H5(C2H5) C.CO.NH.CO.CH2.CH2
It differs from phenobarbital in that the ring component -CH2-CH2- replaces one of the -CO-NHring components of phenobarbital. Glutethimide is a
hypnotic-sedative drug having a rapid onset of action
(IS to 20 minutes) and a short to moderate duration
of action which provides 4 to 8 hours of sleep. It is
recommended for insomnia, presurgery sedation, and
daytime sedation in anxiety-tension states. Occasional
cases of nausea have been noted following use of the
drug. Skin rash may occur infrequently, in which
case the drug should be discontinued. The recommended dosage for insomnia is 500 mg. (250 mg.
may be adequate for some patients) half an hour
before bedtime. For presurgery sedation 500 mg. is
given the night before surgery, and 500 mg. to 1 Gm.
before anesthesia. For daytime sedation 250 mg. is
given 3 or 4 times daily after meals. Doriden is supplied in tablets containing 250 or 500 mg.
Glycerogelatins, N.F. VIII. Glycerogelatina. —
"Glycerogelatins are soft masses, melting at body temperature, composed of gelatin, glycerin, water, and a
medicament suitable for application in dermatological
practice. Such medicaments are salicylic acid, iodoform, resorcinol, chrysarobin, etc., either by themselves or with the addition of zinc oxide. They are
prepared
N.F. VIII. with glycerinated gelatin as the vehicle."
A typical formula is as follows: Mix 100 Gm. of the
medicinal substance thoroughly with 250 Gm. of
glycerin (or dissolve it, if soluble), add 350 ml. of distilled water, and incorporate this mixture with 300
Gm. of glycerinated gelatin, previously melted on a
water bath. Continue heating the mixture and stir
until a homogeneous product is obtained; pour this
into chilled molds, and allow to congeal. The amount
of glycerinated gelatin may be decreased and the
amount of glycerin and water increased to produce
a mass of softer consistence and lower melting point.
NJF. VIII.
Glycerogelatins are liquefied by warming and applied with a brush to the affected part where they
congeal, forming a non-sticky pliable film on the surface. Preserve "in well-closed containers." iVJ\ VIII.
Glycerophosphoric Acid. Glycerinophosphoric
Acid. — There are several theoretically possible glycerides of phosphoric acid, of which the monoglyceride,
CH2OH.CHOH.CH2O.PO(OH)2, is medicinally employed in the form of certain salts. This compound
was discovered by Pelouze in 1846, while studying
glycerol-sulfuric acid, an analogous compound. Other
investigators soon discovered the presence of salts of
this acid in yolk of egg, brain tissue and other biological sources. Called to the attention of the medical
profession, a demand soon arose for the glycerophosphates of the various elements.
Glycerophosphoric acid is a dibasic acid and therefore is capable of combining with bases to form
either normal or acid salts, which occur in varying
states of hydration. The acid is commercially available as a solution of 25 to 50 per cent concentration.
Several of the salts are official (see Calcium Glycerophosphate, Ferric Glycerophosphate, Manganese Glycerophosphate, and Sodium Glycerophosphate, Part I) .
The phosphorus of the cephalin components of the
central nervous system exists in the form of compounds of glycerophosphoric acid with fatty acids and
either cholamine, serine or inositol. On the theory that
glycerophosphoric acid could be directly absorbed
and utilized as a nutriment for the central nervous
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system, various salts of glycerophosphoric acid have
been introduced into medicine. There is, however, no
convincing evidence that the central nervous system
can metabolize the glycerophosphates any better than
ordinary phosphates; moreover, in conditions of
nerve weakness in which this group of remedies is
supposed to be indicated, the fault is due not to the
absence of phosphorus in the food but to defects in
the metabolic processes of the nervous system. While
theory does not support the use of glycerophosphates
as nerve tonics, they are still occasionally used clinically in conditions of debility, as neurasthenia.
Glycosides.— The glycosides comprise a diverse
group of plant principles which contain one or more
sugars in chemical combination with another substance, generally an alcohol or phenol. Even di- and
tri-saccharides by themselves might be included in the
group, for they are considered to be glycosidic condensation products of monosaccharides in which a
molecule of sugar functions as an alcohol. In this
monograph, however, we are primarily concerned with
those glycosides which possess what is commonly referred to as a non-sugar component. By hydrolytic
cleavage such glycosides may be converted into the
sugar fraction and the non-sugar component, the
latter being designated an aglycone or, sometimes, a
In many cases the sugar which splits off on hygenin.
drolysis is glucose, in which case the older name
glucosides may be properly applied to the original
substances; many writers employ this term regardless of the sugar obtained. The term glycoside is to be
preferred for generic usage, however, and is applied
in this work irrespective of the sugar present except
in some few cases where it is to be emphasized that
glucose is the hydrolysis product. Similarly, the use
of such terms as galactoside, pentoside and mannoside,
for example, is intended to emphasize that the particular compounds are glycosides which split off
galactose, a pentose or mannose, respectively, on
hydrolysis.
Included in the class of glycoside: are substances
which occur in plants as reserve material, excretory
products, transport compounds, coloring matters, and
poisonous principles. Saponins and gums, for example,
are glycosides in which certain characteristic properties are developed to an extent which suggests segregation of these substances into special classes (see
Saponins, Part II). While many glycosides possess
great therapeutic activity and are poisonous, there
are many others which are practically devoid of such
activity.
The Constitution or Glycosides. — The nature
of glycosidic combination is perhaps best understood
from a consideration of the simplest glycoside which
has been synthesized, e.g., methyl glucoside, produced
by the reaction of methyl alcohol and glucose. The
equation for the reaction is:
CH2OH.CH.(CHOH)3.CHOH + CH3OH =
Glucose
Methyl
Alcohol
CH2OH.CH.(CHOH)3.CH.OCH3 + H20
Methyl Glucoside
Water
Because of the asymmetry of the terminal carbon
atom of glucose it occurs in two stcreoisomcric forms,
alpha- and 6e£o-glucose ; this results in the production of alpha- and beta~mtth.y\ glucoside. The alpha
form is hydrolyzed by the enzyme maltase, but not
by emulsin, whereas the beta form is unaffected by
maltase but is hydrolyzed by emulsin. Fischer has
classified many of the glycosides as being of the alpha
or beta variety depending on their behavior toward
the two enzymes; however, this test is not always
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conclusive. It appears that the beta form of glycosides predominates in nature.
As has been mentioned, glucose frequently constitutes the sugar portion of glycosides but other sugars
occur also; these include monosaccharides such as
rhamnose, galactose, benzylglucose and the characteristic digitalis sugar digitoxose, and disaccharides as,
for example, scillabiose and gentiobiose. The aglycone
fraction of glycosides varies greatly in chemical composition. It appears that substances which contain
the hydroxyl group, or can react to produce this
group, may enter into glycosidic combination with
sugars. As a result, aglycones range in molecular composition from the simplest to the most complex of
aliphatic, aromatic and heterocyclic compounds.
The ability to undergo hydrolytic cleavage in the
presence of acids or enzymes is common to all glycosides. Alkalies also catalyze hydrolysis but often cause
other reactions as well. The rate of hydrolysis varies
greatly depending upon the ease of cleavage of the
glycoside molecule. Enzymes capable of hydrolyzing,
and in many cases also of synthesizing, specific glycosides are generally found in plants along with the
glycosides. In the presence of the enzyme emulsin,
Bourquelot was able to synthesize glucosides, galactosides and mannosides of propyl and isopropyl alcohols, glycol, glycerol and cinnamyl alcohol; all of
these were beta-glycosides. By using the enzyme
maltase the corresponding alpha-glycosides were obtained in many cases. A number of naturally occurring glycosides have been synthesized by purely chemical reactions. For example, salicin, an alcohol glycoside, has been prepared by reducing the aldehyde
glycoside helicin obtained by reaction between glucose
and salicylic aldehyde.
Glycosides are generally soluble in water and in
dilute alcohol solutions They are not precipitated by
lead acetate, hence their solutions may often be treated
with this salt to precipitate foreign compounds.
Fehling's solution is not reduced by glycoisdes until
after hydrolysis of the latter; this fact underlies an
important method for determining glycosides quantitatively as well as qualitatively.
Some Important Classes of Glycosides
Cardiac Glycosides. — Perhaps the most important
glycosides from the therapeutic standpoint are the
cardiac glycosides, the aglycones or genins of which
each contain the cyclopentanoperhydrophenanthrene
nucleus. Generalizations of the structure of these
aglycones are discussed under Sterids, Part II. The
important cardiac glycosides obtained from Digitalis
purpurea are digit oxin, gitoxin and gitalin; on hydrolysis with acid these yield, as the aglycone fraction,
digitoxigenin, gitoxigenin and gitoxigenin-hydrate, respectively, and, common to all, the characteristic
digitalis sugar digitoxose, C6H12O4. For a discussion
of these glycosides see under Digitalis (Part I) and
Sterids (Part II) .
The sugars found in the cardiac glycosides include,
besides glucose and digitoxose (the latter found in all
the digitalis species), cymarose (C17H14O4), rhamnose
(C6H12O5), and sarmentose (C7H14O4).
Other drugs containing one or another of this group
of cardiac glycosides include: Antiaris, Calotropis,
Nerium, Scilla, Strophanthus, Thevetia and Uzara,
which are described elsewhere in this volume.
Glycosidal Anthraquinone Derivatives. — The purgative properties of a number of vegetable drugs — such
as aloe, cascara sagrada, frangula, rhubarb and senna
— depend at least in part upon the presence of glycosidal compounds of various hydroxy-methyl anthraquinones. For a discussion of these see under
Rhubarb.
Saponins (see also under this title in Part II). This
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is a group of glycosides possessing the properties of
frothing with water and hemolyzing blood corpuscles.
On hydrolysis, saponins yield various sugars including
glucose, galactose, arabinose and rhamnose. Many of
the sapogenins are steroid in character.
Cyanogenetic Glycosides. — These principles on hydrolysis yield in addition to sugar, an aglycone, and
hydrocyanic acid. They are widely distributed in
nature and of much importance from the fact that
many of the plants which contain them are poisonous
because the hydrocyanic acid may be liberated by the
digestive enzymes in the alimentary canal of either
men or animals. Such glycosides are widely distributed
in nature. Perhaps the best known of this group is
amygdalin (see under Bitter Almond Oil, Part I).
Other members of the group are dhurrin, a glycoside
occurring in the seedlings of varieties of Sorghum and
yielding, on hydrolysis, glucose, hydrocyanic acid and
/>ara-hydroxybenzaldehyde ; Phaseolunatin — which is
found in the seeds of wild plants of Phaseolus lunatus,
in Linum and in many rubber-yielding plants — yields
on enzymatic hydrolysis, acetone, glucose and hydrocyanic acid; and lotusin, from Lotus arabicus.
Terpene and Sterol Glycosides. — Many of the terpenes occur in nature in the form of glycosides.
Among these are geranyl-glucoside from Pelargonium
odoratissimum which yields on hydrolysis geraniol
and glucose; and picrocrocin, from saffron, which
splits into saffranal and glucose. Sterols, also, occur in
plants in glycosidic combination, when they are called
sterolines or phytosterolines. Thus sitosterol-glucoside
has been isolated from several plants.
Glycosidal Dyes and Pigments. — The compounds
quercitrin, ruberythric acid and indican are glycosides
which on hydrolysis yield sugars and, as aglycones,
the dyes quercetin, alizarin and indigo, respectively.
Carminic acid, the coloring principle of cochineal, is
also a glycoside, as is the therapeutically useful rutin
(also known as eldrin, melin, myrticolorin, osyritin,
phytomelin, or violaquercitrin) . The flavones, fiavonols, and anthocyanins, which are the yellow and
red plant pigments, likewise involve glycosidal
combination.
To this list can be added the entire group of gums,
which may be properly considered to be glycosides,
certain tannins, and many other principles. The listing of glycosides could be greatly extended but it is
our purpose here only to point out the diversity of
these substances and to mention a few of the more
important ones. Individual monographs should be consulted for information about specific glycoside-containing drugs. Considerable information is provided
also in Mcllroy's The Plant Glycosides, 1951.
Gold Bromide. Auric Bromide. Gold Tribromide .
AuBr3. — This is a brownish-black powder, slowly
soluble in water, yielding a brownish-red liquid.
In 1889 Goubert reported to the French Academy that gold bromide had a more efficacious and
more durable action in epilepsy than the other
bromides and that it was better tolerated. Later
Shtcherbak claimed that it exerted a marked depressing effect on the motor centers of the cerebral
cortex. Epstein {Arch. Pediat., 1932, 49, 1) claimed
it useful in the management of whooping cough. The
amount of bromine in the bromide, 55 per cent by
weight, would seem too small to make it probable
that the bromine is the active ingredient of the salt.
The dose of the bromide for the adult is from 8 to
12 mg. (approximately % to % grain) ; for children,
3 to 6 mg. (approximately a/20 to ^0 grain).
Guaiacol Carbonate. Guaiacolis Carbonas, N.F.
VII. Duotal (Winthrop). CH3O.C6H4.O.CO.OC6H4.OCH3. — This substance is not a true carbonate in
the sense that acids decompose it with the evolution
of CO2. It is a carbonyl derivative and is prepared
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by the action of phosgene (carbonyl chloride) upon
guaiacol in the presence of alkalies, or by combining
guaiacol with methyl chloroformate.
"Guaiacol Carbonate occurs as small, colorless crystals, or as white, crystalline powder. It is odorless and
tasteless, or is but slightly aromatic in odor and taste.
Guaiacol Carbonate is insoluble in water. One Gm. is
soluble in about 60 cc. of alcohol, in about 1 cc. of
chloroform, and in about 18 cc. of ether, at 25° C. It
is freely soluble in boiling alcohol or benzene, and is
slightly soluble in glycerin or fixed oils. Guaiacol
Carbonate melts between 86° and 88° C." N.F. VII.
For tests see U.S.D., 23rd edition, p. 506.
Guaiacol carbonate has been used like guaiacol as
an expectorant; its relative tastelessness and its
lack of irritant properties are claimed as advantages
but it is, however, much less effective. The experiments of Hesse (Deutsche med. Wchnschr., 1898)
indicated that when taken internally much of it passes
through the alimentary canal unabsorbed. [v]
Dose, from 0.6 to 1.3 Gm. (approximately 10 to
20 grains).
Guanidine. Iminonrea. Carbamidine. NH:C(NH2)2— This base occurs in various vegetables and
certain derivatives of it, called "guanidine bases,"
occur normally in urine. When injected into the circulation, in doses of more than 50 mg. per Kg., it
causes a marked rise in blood pressure lasting about
an hour, followed by muscular twitchings and sometimes convulsions simulating those of tetany (see
Major and Stephenson, Bull. Johns Hopkins Hosp.,
1924, 35, 140, 186). Guanidine and its derivatives also
cause a lowering of the blood sugar followed by hypoglycemic convulsions like those of insulin. Because
of this action certain derivatives — especially decamethylenediguanidine dihydrochloride (synthalin) —
have been tried in the treatment of diabetes mellitus.
From the experiments of Ralli and Tiber (/. Pharmacol., 1929, 37, 451) it would appear that this hypoglycemic effect is due to a stimulation of the pancreas
to secrete more insulin, rather than assisting the
hormone in carbohydrate metabolism. This effect
would tend to hasten the exhaustion of a diseased
pancreas and be more harmful than beneficial in diabetes. The drug also appears to have injurious effects
upon the liver (Blatherwick, /. Biol. Chetn., 1927,
75, 671). Guanidine, in the form of the hydrochloride,
has been employed in the treatment of myasthenia
gravis, in some cases producing improvement in muscular function, perhaps by a mechanism involving an
increase in the sensitivity of skeletal muscle to acetylcholine (see Minot, J. Pharmacol., 1939, 66, 453;
J.A.M.A., 1939, 113, 553). The initial test dose of
10 mg. per Kg. per day, increased to 35 mg., was given
orally, in capsules, in divided doses; with patients
unable to swallow it was administered intravenously
as a 2 per cent solution in isotonic sodium chloride
solution. Because of its irritant action the drug should
not be given intramuscularly or subcutaneously.
Guar Gum. Guar Flour. Jaguar (Stein Hall).—
This substance consists of the endosperm of the
seeds of the Indian plant Cyanopsis tetragonaloba or
C. proraloides; it is principally a galactomannan
polysaccharide. Guar flour is a white to grayish-white
palpable powder which hydrates in water at room
temperature to form a viscous colloidal dispersion.
Osborne and Lee (Bull. N. F. Com., 1951, 19, 4, 12)
found that a mucilage containing 1 per cent of guar
flour has about the same consistency as the official
acacia mucilage, while 3 per cent guar mucilage has
approximately the consistency of tragacanth mucilage.
Guar mucilage must be preserved against deterioration, 0.2 per cent benzoic acid serving satisfactorily
as a preservative. The mucilage is compatible with
acids, but in the presence of strong alkali it turns
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dark and forms curds; the mucilage is also incompatible with alcohol. It is a good suspending agent
but has little or no emulsifying power. Because of its
good swelling property with cold water guar gum is
useful as a tablet disintegrant ; it serves also as a
binding agent (Eatherton et al., Drug Standards,
1955, 23, 42). The gum finds many uses as a hydrophilic colloid also in the food and cosmetic industries.
Guarana, N.F. VII. Guarana Paste. Brazilian
Cocoa. Guarana Bread. — "Guarana is a dried paste
consisting chiefly of the crushed seed of Paullinia
Cupana Kunth (Fam. Sapindacece) . Guarana yields
not less than 4 per cent of anhydrous caffeine and
not more than 0.5 per cent of acid-insoluble ash."
N.F. VII.
The genus Paullinia comprises about 126 species,
most of which are confined in their geographical range
to tropical and subtropical America. The Paullinia
Cupana Kunth is a climbing shrub native to the northwestern provinces of Brazil. It bears fruit, about the
size of a grape, containing 1 to 3 seeds.
Guarana was originally prepared by the Guaranis,
a tribe of South American Indians, but in recent years
has been manufactured from wild or cultivated plants
growing in the Amazon Valley. The shelled and
roasted seeds, coarsely powdered, are mixed with
water, kneaded into a paste, shaped into cylindrical
or globular masses, and then dried.
"Unground Guarana. — Usually in cylindrical sticks
about 3 to 5 cm. in diameter; externally very dusky
red to moderate brown; hard and heavy; fracture
uneven, often fissured in the center; internally weak
reddish brown, showing more or less coarse fragments
of seed and occasionally of seed coats." N.F. VII. For
further information concerning guarana, see U.S.D.,
23rd edition, p. 509.
Martius found in guarana a crystallizable principle,
which he named guaranine, but which is caffeine.
Bertrand and Carneiro (Compt. rend. acad. sc, 1932,
194, 26) found the only alkaloid present in the seeds
to be caffeine, but other parts of the plant contain
appreciable quantities of theobromine.
The effects of guarana upon the system are chiefly
those of its alkaloid, although it contains enough tannin to have an appreciable influence. It is habitually
employed by the South American Indians, either
mixed with articles of diet, as with cassava or chocolate, or in the form of drink, prepared by scraping it,
and suspending the powder in sweetened water. It is
also considered by the Indians to be useful in the
prevention and cure of bowel complaints. As a medicine it is not to be commended. It is too stimulating
to be useful as an astringent and too astringent to be
a good form of administering caffeine. It has been
occasionally prescribed in conjunction with analgesics
for the relief of headache. The N.F. VII recognized
a fiuidextract and an Elixir of Guarana and Celery
(for formulas see U.SD., 23rd edition, pp. 385, 468).
Gutta-Percha, N.F. IV. — Gutta-percha is the coagulated latex of a number of tropical trees of the
family Sapotacece. The gutta-percha of commerce is
yielded by Palaquium Gutta Burck — which furnishes
the article known as Gutta Taban or Getah Taban —
P. borneense Burck, and Payena Leerii Benth. and
Hook. These are natives of Malaya. Palaquium Gutta
is cultivated in Sumatra and is said to yield the best
of all the gutta-perchas. Palaquium Oxleyanum Pierre
is cultivated in Ceylon and Payena Leerii in Sumatra.
Before World War II most of the gutta-percha was
obtained from Sumatra; it was also obtained in considerable quantities in the Philippine Islands.
The latex from which gutta-percha is made is usually obtained by incising the bark of living trees and
collecting the exuding sap in much the same manner
as for the collection of rubber. The leaves of these

1710

Gutta-Percha

trees may contain as much as 9 per cent of guttapercha, and a high-grade article is obtained by extracting them, along with the twigs, with toluene or
other solvents. The crude gutta-percha, which often
contains sand and pieces of bark, may be purified by
shredding it and kneading it under hot water. Thus
obtained it is of a yellowish to brownish color, but it
can be obtained practically white by decolorizing a
chloroform solution of it with charcoal, filtering, and
precipitating the gutta-percha by means of alcohol.
Like rubber, gutta-percha consists essentially of a
polymerized hydrocarbon, sometimes called gutta, of
the general formula, (CaHg),,, associated with various
resinous substances. At ordinary temperatures guttapercha is hard, tenacious, and cannot be stretched.
Immersion in hot water softens it; while in this condition it can be molded and upon cooling it retains
its shape, becoming hard but not brittle. Heated in
air it melts, decomposes, and burns, giving off an odor
similar to that of burning rubber. Destructive distillation yields isoprene, among other products; this
points to its relationship to rubber.
Gutta-percha is resistant to most acids and alkalies ;
nitric or sulfuric adds, however, attack it readily. It
is partially soluble in alcohol, ether, acetone, and
petroleum ether; it may be completely dissolved by
carbon disulfide, carbon tetrachloride, and chloroform.
Uses. — In medicine it has been used for various
mechanical purposes, as in the formation of splints
and the manufacture of surgical instruments. A solution of gutta-percha has been used as a substitute for
collodion, sometimes in combination with medicaments such as chrysarobin and resorcinol. In thin
sheets it has been used as a covering for moist dressings. In dentistry it is sometimes used as a temporary'
filling for cavities, as a filling for root canals, and in
certain compositions used for preparing dental impressions.
Haematoxylon. Hcematoxyli Lignum. Hematoxylon. Logwood. — "Haematoxylon is the heartwood
of Hcematoxylon campechianum, Linne (Fam. Leguminosce)." N.F. V.
Haematoxylon campechianum is a tree of medium
height with crooked trunk covered with dark rough
bark. The branches are beset with sharp spines and
show many white lenticels. The sap-wood is yellowish, but the interior layers are of a deep-red color.
The leaves are alternate, abruptly pinnate, and composed of 3 or 4 pairs of sessile, nearly obcordate, obliquely nerved leaflets. The flowers, which
are in axillary spikes or racemes near the ends of the
branches, have a brownish-purple calyx and lemonyellow petals. They give off an agreeable odor, said
to resemble that of the jonquil.
The tree is a native of Campeche, the shores of
Honduras Bay, and other parts of tropical America,
and has become naturalized in Jamaica. It is cultivated in tropical America and Asia. The heartwood,
which has been used in medicine, is employed in dyeing. It comes in logs deprived of the sap-wood and
having a purplish-red to blackish-brown color externally. The chipped logwood of commerce which
has been prepared for use as a dyestuff by being
exposed in large moist heaps until its hematoxylin
has been converted by oxidation into hematein is
unfit for medicinal use because of other fermentative
changes.
Logwood is hard, compact, heavy, of a deep-red
color, becoming purplish-black by exposure, internally brown-red, and marked with irregular, concentric circles, and splitting irregularly. For description
of microscopic structure see U.S.D., 22nd ed., p. 1403.
Logwood contains hematoxylin, C16H14O6. a white
to yellowish crystalline substance which oxidizes on
exposure in air (especially in the presence of ammonia) to the red substance hematein, C16H12O6
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(not to be confused with hematin). Hematein forms
reddish-brown plates showing a metallic luster. It is
very slightly soluble in water and still less so in alcohol and ether, but dissolves easily in alkaline solutions. It is used, in alcoholic solution, as an indicator
for alkaloid titrations, and as a stain for animal cells,
particularly cell nuclei. It is the stain most commonly
employed for histologic sections of tissues by pathologists. The medicinal virtue of logwood depends,
however, on the presence of a tannin.
Logwood is a mild astringent, devoid of irritating
properties, and has been used in the treatment of
diarrhea.
Dose, from 0.6 to 2 Gm. (approximately 10 to 30
grains). The N.F. V recognized an extract (Extractum
Hcematoxyli), the dose of which was 1.3 Gm. (approximately 20grains).
Hawthorn. — The genus Crataegus is a group of
beautiful trees belonging to the Rosacea;, the fruits of
certain species of which are used as foodstuffs. The
pomes of the English Hawthorn, C. Oxyacantha L.,
have been asserted to possess therapeutic properties,
especially in the treatment of high blood pressure. The
constituents of the plant have been reported as a
triterpenoid substance called crategolic acid (Tschesche
and Fugmann, Chem. Abs., 1952, 46, 5555), and a
mixture of sapogenins, sometimes called Crataegus
lactone (Schindler, ibid., 1952, 46, 1569).
Graham {Quart. J. P., 1940, 13, 49) found that
tincture of Crataegus when given by mouth had very
little effect on experimental animals but when given
intravenously depressed respiration and also affected
the heart. There was a slight lowering of blood pressure with at first an increased force of the heart but
later cardiac irregularities developed. The drug also
relaxed the uterus and intestines but constricted the
bronchi and the coronary artery. Ullsperger (Pharmazie, 1951, 6, 141) found a yellow substance, isolated with great difficulty from English hawthorn, to
produce dilatation of coronary vessels. Fasshauer
(Deutsche med. Wchnschr., 1951, 76, 211) reported
that administration of a liquid extract of- the drug to
100 patients with heart disease, in whom continuous
therapy was required, was generally beneficial : marked
subjective improvement occurred in patients with
heart disease of old age and in patients with mitral
stenosis; in other patients digitalis dosage could be
considerably reduced or temporarily discontinued
when the hawthorn extract was administered. Large
doses of the latter produced diarrhea, abdominal pain
and unrest, but no cumulative effects were observed.
Hedeoma. Pennyroyal. American or Mock Pennyroyal. Squawmint. Mosquito Plant. — "The dried leaves
and flowering tops of Hedeoma pidegioides (Linne)
Persoon (Fam. Labiatce) ." USJ>. 17//.
Hedeoma pulegioides (L.) Pers. (Cunila pulegioides
L.; Melissa pulegioides L.), which is distinct from
Mentha Pulegium or European pennyroyal, is an indigenous annual plant, from 9 to 15 inches high, with
a small, branching, fibrous, yellowish root, and a
pubescent, quadrangular stem, which sends off numerous slender erect branches. The plant is common in
the eastern and middle western United States, preferring dry ground. Hedeoma was officially described
as "branchlets quadrangular, with numerous spreading hairs; leaves opposite, short-petioled, oblong, 15
to 35 mm. long, thin, obtuse, obscurely serrate, glandular-hairy beneath ; flowers in axillary fascicles, with
a tubular-ovoid, bilabiate and 5-toothed calyx, and a
pale blue, spotted, bilabiate corolla containing two
sterile and two fertile, exserted stamens; odor strong,
somewhat mint-like; taste aromatic and pungent."
USJ>. VIII. The activity of hedeoma depends upon a
volatile oil. The oil of hedeoma (Oleum Hedeomce,
UST. VIII, OH of Pennyroyal) is a pale yellow
liquid, composed chiefly of the ketone pulegone but
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contains smaller amounts of other ketones, and also
formic, acetic and isoheptoic acids.
Uses. — American pennyroyal is a gently stimulant
aromatic, and has been given in flatulent colic and
sick stomach. Like most aromatic herbs, it possesses the property, when administered in warm infusion, of promoting perspiration. It was formerly
thought to have emmenagogue powers but is of little
or no value. The drug was given in doses of 8 Gm.
(approximately 2 drachms). The oil was given in doses
of 0.12 to 0.6 ml. (approximately 2 to 10 minims).
Helenium. Helenium autumnale L. (H. grandiflorum Nutt.) (Fam. Composites). Sneezeweed. Wild
Sunflower. False Sunflower. — A tall, perennial herb
indigenous to North America and usually found growing in moist situations. It has a rough, branching stem
bearing alternate, lanceolate, mostly toothed leaves
and terminal heads of yellow florets. The leaves and
flowers snuffed up in the state of powder produce
violent sneezing, and have been used as an errhine.
Several species of Helenium are troublesome weeds
to the farmer because of their toxicity for livestock.
The H. autumnale contains a poisonous principle
helenalin (formerly called helenic acid or helenin, but
which should not be confused with the "helenin" of
inula). Helenalin has been physiologically studied by
Lamson (/. Pharmacol., 1913, 4, 471) who found that
it is an intense irritant to the mucous membranes,
capable of causing a fatal gastroenteritis, and that it
acts as a paralyzant to the heart and voluntary
muscles. It is also said to be poisonous to fish and
to insects, and has been suggested as an anthelmintic.
For information concerning the isolation and chemical
properties of helenalin see Adams et al. (J.A.CJS.,
1949, 71, 2546).
From H. tenuifolium, a common roadside weed
of Mississippi and Louisiana, Clark (J.A.C.S., 1936,
58, 1982) separated a bitter principle tenulin. It was
mildly sternutative and strongly poisonous to fish.
(See also Buehler, J.A.CS., 1937, 59, 2299.)
The western sneezeweed H. hoopesii (popularly
known as owl's claws or yellow weed), which extends
from the Pacific coast to Utah, contains a poisonous
glycoside dugaldin (Bull. 947, U. S. Dept. Agriculture,
1921).
Helianthus. Helianthus annuus L. (Fam. Composite). Common Sunflower. Fr. Tourensol. — The
sunflower, a native of tropical America, has long been
under cultivation in this and other countries as both
an ornamental and an economic plant. Its stems yield
a fine textile fiber; its flowers furnish a yellow dye;
its leaves are used for fodder, and its "seeds" (akenes)
yield a fixed oil and are used for food.
The inhabitants of the Caucasus have long employed the sunflower leaves in the treatment of malarial fevers, the value of which practice was confirmed by Danzel (Revue de Med. Trop., 1929, 21,
158). A tincture of the flowers and the leaves of the
sunflower were recommended by Beldau, in combination with balsamic drugs, in the treatment of bronchiectasis. Le Clerc (Presse med., 1930, 38, 948) recommended as a febrifuge a 10 per cent tincture of
the flowers made with 70 per cent alcohol.
Helleborus. Helleborus niger L. Black Hellebore.
Ger. Winterrose. (Fam. Ranunculacece.)— Black hellebore is a native of the mountainous regions of southern and temperature Europe, and is sometimes cultivated because of the early opening and beauty of its
flowers, whose expansion in midwinter has given to the
plant the name of Christmas rose. Black hellebore is
sometimes called melampodium, in honor of Melampus, an ancient shepherd or physician, who is said
to have cured the daughters of King Praetus by giving
them the milk of goats fed on hellebore. For a history
of the use of hellebore by the ancients, see 15th edition, U.S.D.
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The plant is a perennial, acaulescent evergreen herb
possessing a short, black rhizome which gives rise
each year to a single, palmately divided leaf and a
flower stalk bearing one or two large white flowers
that occasionally are flushed with purple.
The formerly official rhizome is irregular, tortuous,
often branched and knotty in appearance, about 3 to 5
cm. long and 6 mm. thick; externally black; upper
and lateral surfaces marked by short, erect branches
possessing annulations from leaf scars and terminal
buds or stem scars; lower surface exhibiting numerous
root scars and short stumps of roots; fracture short;
inner surface yellowish-white to yellowish, showing
thick bark, radially elongated narrow-wood wedges
and large pith; odor slight; taste bitter and acrid.
The rhizomes of various other plants, some not belonging to the same genus, are substituted for true
hellebore. For distinguishing features of the more
common of these sophistications see U.S.D., 22nd ed.,
p. Each
1406. of the three species — H. niger, H. viridis and
H. /ceJzVfws— contains at least two glycosides. The
most important of these is helleborein, discovered by
Marme in 1864; it is intensely irritant to mucous
membranes and exercises a typical digitaloid effect on
the heart. The other glycoside, helleborin, was discovered by Bastick in 1853. It is found in small
amounts in the H. viridis and only in mere traces in
the other species. It is not irritant to mucous membranes and is not a digitaloid, its chief effects being
narcotic. Karrer in 1936 isolated from H. niger another glycoside, which he called hellebrin, and which
has a digitalis action and is some 20 times as powerful
as helleborein (see Karrer, Helv. Chim. Acta, 1943,
26, 1353). Hellebrin appears to be a gluco-rhamnoside
whose aglycone differs from strophanthidin only in
having a five-carbon atom lactone ring at carbon
atom 17, in this respect resembling the aglycone of
scillaren-A. In addition to these glycosides Keller and
Schobl (Arch. Pharm., 1928, 266, 545) found in
H. viridis three alkaloids — sprintilline, celiamine and
sprintillamine ; these were studied pharmacologically
by Franzen (Arch. exp. Path. Pharm., 1931, 159, 183),
who found that they resemble aconitine in their effects
on the system.
Helleborein is strongly irritant to the mucous membranes, causing, when applied to the conjunctiva,
redness, swelling, and increased secretion, with indirect enlargement of the pupil, and when applied to the
nasal membrane, sneezing, though less than veratrine.
Small doses produce little effect on the stomach; but,
repeated and accumulated, they cause anorexia, nausea
even to vomiting, pain, increased secretion, and inflammation both of the stomach and bowels. While it
is well established that when injected into the bloodstream helleborein affects the heart in the manner
characteristic of the digitalis group of drugs, Cushny
found that it is not absorbed from the intestinal tract
and is therefore' of little practical value. Helleborin,
however, has relatively little effect on the circulation
and is less irritant to the mucous membrane. It acts
on the tongue like aconite. Its influence appears to be
directed especially to the nervous system. In the lower
animals it causes quickened breathing, restlessness,
tension and trembling of the muscles, uncertainty of
movement; then retardation of the breathing and
pulse, irritability of the peripheral nerves, dilatation
of the pupil, loss of hearing, and finally almost complete anesthesia, with cerebral and spinal congestion,
even to apoplexy.
Hellebore was formerly used as a drastic purge in
mania, dropsy, etc., but is more dangerous than beneficial. The glycoside helleborein has been used internally as a cardiac tonic in doses of from 10 to 20
mg. (approximately % to Ys grain) several times a
day. Grossman and Benzon have reported favorably
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(Schweiz. med. Wchnschr., 1940, 70, 251) on the
therapeutic action of hellebrin ; they found that its
effects are very similar to those of strophanthin, over
which it has the advantage of being stable in solution.
The dose they employed ranged from 0.25 to 0.5 mg.
(approximately 1/250 to VI20 grain) daily. Loftier et al.
(ibid., 1948, 78, 1021) administered hellebrin subcutaneously or intramuscularly and found the drug eminently satisfactory as a cardiac tonic; they employed
approximately the same doses as did Grossman and
Benzon.
In overdoses hellebore produces inflammation of
the gastric and intestinal mucous membrane, with
violent vomiting, hypercatharsis, vertigo, cramp, and
convulsions, which sometimes end in death. The fresh
root applied to the skin produces inflammation and
even vesication. The dose of the powdered root is
120 to 200 mg. (2 to 3 grains).
Helonias, N.F. VII. False Unicorn. Blazing Star.
Starwort. Devil's Bit. Fairy Wand. — "Helonias consists of the dried rhizome and roots of Chamcelirium
luteum (Linne) A. Gray (Fam. Liliacece) ." N.F. VII.
The Chamcelirium luteum (L.) A. Gray (C. carolinianum Willd., Helonias dioica Pursh) is a native
dioecious herb with a smooth stem 1 to 4 feet in height
terminating in a spiked raceme of white flowers.
The stem leaves are lanceolate and the basal leaves
spatulate.
The rhizome and roots have been used in medicine.
They somewhat resemble those of aletris but all of
the rootlets of helonias are whitish or pale yellowish, none exhibiting a reddish-brown external color
through abrasion, nearly straight, and of a bitter,
slightly astringent taste. For a description of unground
and powdered helonias see V.S.D., 23rd ed., p. 510.
Helonias root contains approximately 9.5 per cent
of a saponin first separated by Kruskal (Arbeiten d.
pharmakol. Inst, zu Dorpat., 1891, 6) and by him
named chamcelirin. This is one of the least toxic of
the saponin bodies; according to Kruskal 427 mg.
per Kg. of body weight of pure chamaelirin injected
intravenously is not sufficient to kill a cat.
Large doses of helonias are nauseant, probably from
the local irritant action of its characteristic saponin.
It was by some supposed to have a tonic action upon
the uterus and was used in amenorrhea, dysmenorrhea
and leukorrhea. It has also been used as an anthelmintic. Its value, however, is very doubtful and it
is now rarely if ever prescribed.
Helonias was given in doses of 1 to 2 Gm. (approximately 15to 30 grains).
Hematoporphyrin. — This red pigment, which is
said to be produced in the body in certain diseased
conditions, can be prepared by the action of sulfuric
acid on hematin (see under Hemoglobin). Hematoporphyrin contains no iron. It is insoluble in water,
but dissolves in either dilute acids or alkalies; its
solutions show a red fluorescence.
In 1930 Huhnerfeld showed that it exerted a photosensitizing effect on animals and that they became —
perhaps as a result of this — overactive and aggressive, and suggested that it might prove useful in the
depressive psychoses. Several authors have reported
favorably on the effects of this substance, formerly
available under the trade name photodyn, in manicdepressive states, involutional melancholia and the
like. Angus {Am. J. Psychiat., 1936, 92, 877) found
that these classes of patients uniformly gained in
weight and that most of them improved materially in
their mental conditions. On the other hand, Sternberg (ibid., p. 900) employed hematoporphyrin in 14
cases of which only 2 responded well. The drug is
not indicated in severe depressive psychoses. Thorner
(J. AM. A., 1937, March 20, p. 969) reported a case
of peripheral multiple neuritis presumably
due to
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administration of hematoporphyrin hydrochloride for
the treatment of a psychotic depression. The physiological actions of hematoporphyrin remain to be
elucidated.
Hemidesmus Root. Hemidesmi Radix. Indian
Sarsaparilla. Nunnari. — "The dried root of Hemidescus indicus R. Br." B.P. 1898. Hemidesmus indicus
(Fam. Asclepiadacece) is a climbing shrub native to
India and Ceylon. The official portion was the root,
which has long been used in India as a substitute for
sarsaparilla. It is 30 cm. or more long and from 3 to
6 mm. thick, rigid, tortuous, cylindrical, and little
branched. The odor is aromatic, recalling that of tonka
bean ; the taste is aromatic and sweetish.
Dutta et al. (Arch. Pharm., 1938, 276, 333) found
in the root an essential oil, of which about 80 per
cent consisted of a crystalline material, 2 -hydroxy -4methoxybenzaldehyde. The odor of the drug is due
to coumarin. In addition two sterols, hemidosterol
and hemidesmol, were isolated. The roots also contain
resins, tannins, and very slight amounts of a glycoside.
Hemidesmus root was introduced into Great Britain
from India, and was employed for some time, under
the name of Smilax aspera, for the same purposes as
sarsaparilla. The native practitioners in India are said
to employ it in nephritic complaints, and in the sore
mouth of children. It is used in the form of infusion
or decoction, made in the proportion of 2 ounces of
the root to a pint of water. A pint may be given in
wineglassful doses in the course of the day. A syrup
was official in the B.P., 1898.
Hemoglobin. Haemoglobin. — Hemoglobin is a
conjugated protein composed of a complex, ironcontaining compound called heme, and a protein substance known as globin. The framework of heme is
a heterocyclic structure, referred to as a protoporphyrin, consisting of four substituted pyrrole rings
linked by four methine (-CH=) bridges. A total of
eight substituent groups — four methyl radicals, two
vinyl radicals, and two propionic acid groups — replaces an equal number of hydrogen atoms in the
eight positions of the pyrrole rings available for substitution. Since 15 isomers may have this composition, the particular spatial arrangement occurring in
human hemoglobin is called protoporphyrin No. 9.
In the center of this ring structure, joined to the
nitrogen atoms of the pyrrole groups, is an atom of
iron, in the ferrous state; the resulting coordination
compound, which is heme, is sometimes called ferroprotoporphyrin No. 9.
Since human hemoglobin contains about 0.34 per
cent of iron, and has a molecular weight of about
65,000, it appears that four heme groups and one
globin molecule are present in each molecule of
hemoglobin. For a brief review of the biosynthesis of
hemoglobin see J. A.M. A., 1952, 150, 1223. Fetal hemoglobin, designated hemoglobin F, possesses certain
differences from that of the normal human adult,
which is designated hemoglobin A. Sickle cell hemoglobin isdifferent from these (Pauling et al., Science,
1949, 110, 543), and is called hemoglobin S. At least
two other abnormal hemoglobins have been described,
hemoglobin C and hemoglobin D (see Smith and
Conley, Bull. Johns Hopkins Hosp., 1953, 93, 94).
The composition of the hemoglobins of different animal species apparently varies only in the globin
component.
By the action of dilute acid, for example dilute
hydrochloric acid, hemoglobin splits into globin and
heme, also called ferroheme to emphasize the fact that
the iron is present in the ferrous state. In this condition the iron oxidizes quickly, forming jerriheme, and
because of the higher valence of the iron a chloride
ion is simultaneously bound to the iron, producing
ferriheme chloride, more commonly known as hemin.
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Bases likewise split hemoglobin into globin and
ferroheme; oxidation in the alkaline solution converts
the ferroheme to ferriheme hydroxide, usually called
hematin. Ferriheme hydroxide may be obtained also
by addition of a solution of alkali to hemin.
The hemoglobins are the respiration proteins of
vertebrate erythrocytes. The primary function of
hemoglobin is to transport oxygen from the lungs to
the tissues. This is accomplished through conversion
of hemoglobin to oxyhemoglobin, which subsequently
releases its oxygen at tissues where the partial pressure of the gas is low. Hemoglobin also provides the
means for transport of most of the carbon dioxide
through its giving up base, with which hemoglobin is
partially bound, to form bicarbonate ion; hemoglobin also reacts directly with carbon dioxide to
form carbaminohemoglobin.
It is well known that carbon monoxide is poisonous
partly because of its interaction with hemoglobin to
form carboxyhemoglobin ; since the affinity of hemoglobin for carbon monoxide is about 200 times greater
than for oxygen, the ability to carry oxygen is seriously reduced. Only a high concentration of oxygen
will displace the carbon monoxide.
Oxidation of the ferrous iron of hemoglobin, to
the ferric state, results in the formation of jerrihemoglobin, commonly called methemoglobin. This
substance has a dark brown color, while hemoglobin
is purple, oxyhemoglobin is dark red, and carboxyhemoglobin ischerry red. Formation of methemoglobin destroys the ability of hemoglobin to combine
with oxygen, or with carbon monoxide. Many chemical agents can convert hemoglobin to methemoglobin,
including oxidizing as well as reducing agents, though
the mechanism of the reaction is probably different in
the two cases.
Powdered hemoglobin, which is actually largely
oxyhemoglobin, is a commercial article; it occurs as
brownish-red scales, soluble in water. Hemoglobin
and certain of its derivatives have been used in the
treatment of anemias in doses of 200 to 500 mg. (approximately 3to 7^2 grains), but their superiority
over other forms of iron has not been demonstrated.
Administered intravenously, most solutions of hemoglobin cause marked febrile reactions.
Heuchera. Heuchera americana L. Alum Root.
American Sanicle. (Fam. Saxifragacece.) — This is a
perennial, herbaceous plant which grows in shady,
rocky locations from New England to Carolina and
westward to eastern Kansas. The rhizome, which was
recognized by the U.S.P. 1850, is horizontal, somewhat
compressed, knotty, irregular, yellowish, and of a
strongly styptic taste. Alum root is powerfully astringent, and may be employed for that purpose. Peacock
(Am. J. Pharm., 1927, 99, 471) found tannin ranging
from 9.33 to 19.66 per cent calculated on the dry
drug. Several other species of this genus have also
been popularly used as astringents, particularly in
diarrhea caused by the drinking of the "alkali water"
of the Rocky Mountain plateau.
Hordenine. p-( 2 -Dimethylaminoethyl) phenol.
OH.CfiH4.CH2CH2N(CH3)2-— This substance was isolated by Leger from malted barley. Riestchel (Arch,
exp. Path. Pharm., 1937, 186, 387) found that hordenine, which is intermediate in structure between
epinephrine and ephedrine, has all the actions of epinephrine; itstimulates the heart powerfully, constricts
the vessels and relaxes constricted bronchioles. On the
intestine and uterus small doses cause relaxation but
larger doses increase of tone. It antagonizes the depressant action of morphine on the respiratory center.
Jackson (J. Pharmacol., 1914, 4, 491) found that
hordenine has a powerful effect in overcoming bronchial spasm and suggested its use in asthma. No
clinical trials of it in this condition appear to have
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been reported. It has been used chiefly in intestinal
disorders and as a cardiac tonic.
Hordeum. Barley. — The grains of cultivated varieties of Hordeum vulgare L. and H. distichon L. (Fam.
Graminece). — The original country of the cultivated
barley is unknown. The plants have been found growing wild in Sicily and in various parts of the interior
of Asia. Hordeum vulgare yields the six- and fourrowed barleys and H. distichon, the two-rowed
barleys. There are several forms of each of these under
cultivation. A form of 4-rowed barley, Hordeum
vulgare pallidum, is the common barley in northern
America, Europe and Asia.
The chemical composition of barley grain is not
unlike that of other cereals. When harvested it contains 10 to 20 per cent of moisture. In the dry state
it contains 60 to 68 per cent of starch, 8 to 12 per
cent of pentosans, 7 to 14 per cent of nitrogenous substances, 4 to 5 per cent of cellulose, approximately
4 per cent of lignin, 1.5 to 2.5 per cent of sucrose, 0.1
to 0.5 per cent of invert sugar, 0.5 to 1 per cent of
pectin, 2 to 3 per cent of ether extract, and 2 to 3 per
cent of ash.
Barley contains hordein, a protein substance somewhat related to gliadin, which is derived from the
kernels of wheat and rye. Hordein is soluble in alcohol. The name was formerly given to a pulverulent
mixture obtained from barley which was believed
to be a definite substance (see also the preceding
monograph) .
Hulled barley is merely the grain deprived of its
husk, which amounts to about 19 per cent of the
whole grain. Barley meal is formed by grinding the
seeds, previously deprived of their husk. It has a
grayish-white color; the constituents are the same as
described above for barley. It may be made into a
coarse, heavy, hard bread, which in some countries is
used for food. Pearl barley (Hordeum decorticatum,
B.P. 1885) is the seed deprived of all its investments
and afterwards rounded and polished in a mill. It
occurs in small round or oval grains, having the remains of the longitudinal furrow of the seeds, and of
a pearly whiteness. It contains no hordein, but does
contain starch, with some gluten, sugar, and gum.
This is the form of barley which has been employed
medicinally. In addition to its use as a food, barley
is employed in the brewing and whisky-distilling industries. In the form of malt extract (see under this
title in Part I) it finds medicinal and pharmaceutical
use.
Barley in the form of the decoction, popularly
known as barley water, is a mucilaginous drink which
has been employed from the time of Hippocrates.
Pearl barley is the form usually preferred for preparation of the decoction, made by pouring 4 pints of
boiling water on 2 ounces of pearl barley and evaporating to 2 pints, then straining. It has been used in
infant feeding, as it seems to prevent formation of
large milk curds.
Horseradish. Armoracice Radix, B.P. 1914. Horseradish Root. — "The fresh root of Cochlearia Armoracia
1914. Linn., collected from cultivated plants." B.P.
Cochlearia Armoracia L., now Armoracia lopathijolia Gilib. [Roripa Armoracia Hitch.; Radicula
Armoracia (L.) Robinson], a member of the Cruciferce, is a native of the marshy districts of eastern
Europe. It is cultivated very largely for its roots,
which are used as condiment, being considered stimulating to the digestive organs. The pungency of the
odor and taste of the scraped or bruised root is due
to a volatile oil which contains allyl isothiocyanate
formed by the action of water on the glycoside
sinigrin under the catalytic effect of the enzyme
myrosin (see also Black Mustard). The volatile oil,
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when applied to the skin, induces inflammation and
even vesication. Foter (J. Bact., 1939, 38, 353) found
the vapors of crushed horseradish to have inhibitory
effects on microorganisms, which he attributes to its
content of allyl isothiocyanate.
Horseradish root was formerly employed for the
same purposes as mustard but it is much weaker and
is now rarely used except as a condiment.
Humulus, NJF. VII. Hops. Lupidus. — "Humulus
is the dried strobile of Humulus Lupulus Linne (Fam.
Moracece), bearing its glandular trichomes." N.F. VII.
The hop plant is a twining, rough perennial having
angular, rough, flexible stems, which twine around
neighboring objects in a spiral direction from left to
right, and climb to a great height. The leaves are
opposite, and long petioled. At the base of the petioles
are 2 to 4 smooth, ovate, reflexed stipules. The
flowers are numerous, axillary, and bracteate. The
staminate flowers are a yellowish-white, and arranged
in panicles; the pistillate, which grow on a separate
plant, are pale green, and disposed in solitary, peduncled strobiles, composed of membranous scales,
ovate, acute, and tubular at the base. Each scale
bears, near its base, on its inner surface, 2 flowers,
consisting of a roundish compressed ovary, and 2
styles, with long filiform stigmas. The aments are
converted into ovate membranous cones or strobiles,
the scales of which contain, each, at its base, 2 small
achenes, surrounded by a yellow, granular powder —
so-called "lupulin" (see under this title in Part II).
The plants flower in August and the fruits are harvested when the scales have changed from a green to
golden color, which is during September or October.
The hop plant is native to both North America and
Europe. It is cultivated in many parts of the United
States as well as in a number of European and South
American countries. For a description of unground
and powdered humulus see US J)., 24th ed., p. 1481.
Constituents. — The characteristic odor of hops is
due to a volatile oil which appears to consist largely
of a terpene and a sesquiterpene called humulene. In
addition there are present several crystallizable bitter
substances of an acid character, and also resins, two
of which are soft in consistency and bitter in taste and
are present to the extent of over 10 per cent, and one
of which is hard and tasteless and present to the
extent of less than 5 per cent. The acidic substances
are not carboxylic acids but owe their acidic properties to enol formation. They are commonly called
hop-bitters. One of these, known as humulon (humulone) or alpha-lupulinic acid, has the formula C21H30O5; another, lupulon (lupulone) or betalupulinic
acid, has the formula C26H38O4. Both these substances
have been shown to possess antibiotic activity. An
isomer of humulon(e), called adhumulone, was recently discovered (Rigby and Bethune, J.A.C.S., 1955,
77, 2828), and also the related compound cohumulone
(Howard and Tatchell, Chemistry & Industry, 1953,
436) . For an account of the resin acids see Wieland
(Ber., 1925, 58B, 2012). Lupulite, a name formerly
applied to the bitter substance of hops, is not a chemical individual. There is present also a tannin known
as humulotannic acid, which is hydrolyzable into
glucose and a substance called hop-red. (See also
Lupulin.)
Uses. — Hops is an aromatic bitter and hence may
be useful in atonic dyspepsia. By some it is believed
to have a sedative effect on the nervous system and
is used in hysteria, restlessness, insomnia, and the like.
Whether this latter action is more than of psychological origin has been generally questioned, but
Staven-Gronberg (Arch. exp. Path. Pharm., 1927,
123, 272) reported that hops had a depressant action
on the central nervous system of frogs. Sikorski and
Rusiecki (Berichte ges. Physiol., 1936, 100, 159)
found that the bitter acids of hops, and extracts con-
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taining these acids, exert a narcotic effect on birds
and mice; the volatile oil is inert. (See also Leclerc,
Presse mid., 1934, 42, 1652.) A fiuidextract was official
in N.F. VII.
Dose, 2 to 6 Gm. (approximately 30 to 90 grains).
Hura. Hura crepitans L. Sandbox tree. Assacou. —
This tree, belonging to the Euphorbiaceae, is indigenous to tropical America and is extensively cultivated
in the tropics. It is characterized by the tendency of
its capsular fruit when ripe to break with violence
into several pieces, and thus scatter the seeds. It is an
acrid emetocathartic, in large doses acting as a violent
poison. The fresh juice, the seeds, and a decoction of
the bark all have these properties; an oil expressed
from the seeds is actively purgative. According to
Richet, the toxicity is due to the presence of a
toxalbumin, resembling that in snake venom, to which
he gave the name of crepitin (Pharm. J ., 1910, 84,
571). The juice of Hura crepitans, according to Surie
(Nederland. Tijdschr. Pharm., 1900, 107), contains a
volatile, colorless liquid, hurin, closely allied to cardol,
and is stated by Martius to be used to intoxicate fish.
It has been employed to a considerable extent in the
treatment of elephantiasis and leprosy in Brazil. The
juice is extremely acrid, producing on the skin an
erysipelatous redness and a pustular eruption (Allen,
Am. J. Trop. Med., 1943, 23, Suppl. 1,3); the natives
are said to employ it in the preparation of a poison.
Hydralazine Hydrochloride, N.N.R. Apresoline
Hydrochloride (Ciba). C-5968. 1-Hydrazinophthalazine Hydrochloride. — This compound, the synthesis of
which is described in U. S. Patent 2,484,029, has the
structure:
HN-NH,

HCI

It occurs as a white, odorless, crystalline powder, dissolving in water to the extent of 4.4 Gm. per 100 ml.
of solution. The pH of a 2 per cent solution is between 3.5 and 4.5.
Hydralazine is used in the treatment of hypertension. Not only is it of interest because of its moderate hypotensive action but also because of the
observation that it increases renal blood flow (Gross
et al., Experientia, 1950, 6, 19; Reubi, Proc. S. Exp.
Biol. Med., 1950, 73, 102).
Action. — Hydralazine is adequately absorbed following oral or parenteral administration. Since the
action is not immediate even after intravenous injection, conversion to an unknown active metabolite
may be involved. After oral or parenteral administration about 3 per cent of the dose appears in the
urine unchanged and another 3 per cent appears as
an unidentified conjugate. Effects on the cardiovascular system include a decrease in the blood pressure, particularly of diastolic pressure, an increase in
the heart rate, stroke volume and cardiac output, and
a decrease in peripheral vascular resistance (Craver
et al., J. A. Ph. A., 1951, 40, 559; Bein et al., Schweiz.
med. Wchnschr., 1953, 83, 336). This action appears
to be upon the central nervous system, since no effect
occurs in the spinal animal or the heart-lung preparation and intraarterial injection does not cause any
change in peripheral blood flow. The tachycardia produced by the drug is inhibited by sympathectomy or
ganglionic blocking drugs. Large doses exert some
adrenergic blocking action, but this does not occur
with the doses employed in clinical practice.
Freis et al. (Circulation, 1953, 8, 199) reported on
the hemodynamic effects in man. Despite the decrease
in blood pressure, an increase in splanchnic and renal
blood flow is observed with little, if any, change in
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glomerular filtration rate, tubular function or urine
volume (Moyer, Arch. Int. Med., 1953, 91, 419).
Cerebrovascular resistance is decreased but little
change is found in cerebral blood flow or oxygen
utilization (Hafkenschiel and Friedland, /. Clin. Inv.,
1953, 32, 655). In the presence of pre-existing lesions
of the heart, brain or kidney, however, these changes
in blood flow may result in aggravation of the manifestations ofthe damage.
Therapeutic Uses. — Following the favorable report
on hydralazine in essential hypertension, by Schroeder
(Arch. Int. Med., 1952, 89, 523), the drug has been
used widely and with considerable success in the reduction of high blood pressure. Hydralazine must not
be used carelessly because of the high incidence of
untoward effects ; also, a significant reduction in blood
pressure, particularly the diastolic pressure, occurs in
less than 50 per cent of unselected cases (Taylor et al.,
Arch. Int. Med., 1954, 93, 705). Moser and Mattingly
(Postgrad. Med., 1955, 17, 351) concluded that it is
not justified in cases of early, labile, grade I essential
hypertension. In moderately severe, grade II and III,
cases it is useful, but by itself will seldom reduce
hypertensive levels to normal. In severe, grade III or
IV, cases it is valuable in combination with other
hypotensive drugs (such as rauwolfia and the ganglionic blocking agents) in rapidly reducing dangerously high blood pressures. Hoobler and Dontas
(Pharmacol. Rev., 1953, 5, 135) evaluated the status
of the several hypotensive drugs. In a carefully controlled study of hospitalized patients with essential
hypertension for an average period of 3 months,
Stunkard et al. (Am. J. Med., 1954, 17, 712) reported
significant reduction in blood pressure in 68 per cent
and improvement in congestive heart failure and
hypertensive retinopathy in less than 25 per cent of
the 25 patients treated; 2 patients were unable to
tolerate the drug. The results in treating these patients
with a low-sodium diet (95 mg. of sodium daily) were
better than with hydralazine but such a diet is rather
impractical outside of a hospital. The drug is probably contraindicated in the presence of definite coronary or cerebral artery disease. However, Kleh and
Fazekaseffectively
(Am. J. and
Med.'without
Sc, 1954,
227, 57)effects
used in
large
doses
untoward
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elderly, hypertensive, arteriosclerotic patients. In the
long-term management of essential hypertension,
Agrest and Hoobler (J.A.M.A., 1955, 157, 999) used
reserpine (see under Rauwolfia in Part II) and
pentolinium (see under Ganglionic Blocking Agents
in Part II) effectively and discontinued use of hydralazine inmost of the 31 cases in the study. Combination therapy with rauwolfia, ganglionic blocking
agents, hydralazine and sometimes veratrum (see in
Part I) is recommended in severe cases of hypertension
because smaller doses of each drug are often effective
in combination and the incidence of side effects is
thereby decreased. With such combination therapy,
Markovitz et al. (Am. J. Med. Sc, 1955, 229, 486)
reported an average reduction in the standing systolic
blood pressure of 45 mm. of mercury and in the
diastolic pressure of 25 mm. over a period of 14
months in 19 patients. Six of 13 patients with malignant hypertension treated with this regimen survived;
the blood nonprotein nitrogen concentration was relatively normal before treatment in those who survived.
Schroeder et al. (Circulation, 1953, 8, 672) combined
hexamethonium and hydralazine in the treatment of
258 cases of severe hypertension; all patients were
studied in the hospital to establish an adequate and a
safe dose of the drugs. Initially a dose of 125 mg. of
hexamethonium chloride was given every 4 hours and
increased each day as required. About the fifth day,
hydralazine was commenced in a dose of 25 mg. every
4 hours and increased each day as indicated. Most of
the patients were controlled satisfactorily with a dose
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of 750 mg. of hexamethonium chloride and 150 mg.
of hydralazine hydrochloride every 4 hours for 5 doses
daily. Except for the patients with renal insufficiency,
the therapeutic results over a period of a year or
more were good. The untoward side effects of autonomic ganglion blockade with hexamethonium were
controllable (Morrow et al., ibid., 829) ; 6 cases of
drug fever, and 16 cases of an arthritic syndrome (the
hydralazine syndrome, v.i.) developed among 250 patients, while 5 patients died as a result of interstitial
pneumonia. Were it not for the poor prognosis of
severe (malignant) hypertension, such a high incidence of untoward effects would make this therapy
undesirable.
In hypertensive toxemia of pregnancy, Assali et al.
(J. Clin. Inv., 1953, 32, 922) found that 20 to 40 mg.
of hydralazine hydrochloride intravenously caused a
decrease of about 30 per cent of the initial systolic
pressure and about 45 per cent of the initial diastolic
pressure; this commenced in about 15 minutes, reached
its maximum decrease in about 25 minutes, and persisted for 5 to 25 hours. The increase in heart rate
and cardiac output and the decrease in peripheral
vascular resistance observed in the nonpregnant hypertensive patient occurred. Sherman and Riva (Am. J.
Obst. Gyn., 1954, 67, 1074) produced a vasodepressor
action in 28 of 29 hypertensive toxemic pregnant patients with intravenous administration but found oral
administration rather unpredictable. Since hydralazine
does not cause a decrease in renal blood flow, it is
also recommended in the control of hypertension in
patients with acute glomerulonephritis.
Toxicology. — In the early stages of treatment of
hypertension with hydralazine certain symptoms arising from the reduction in blood pressure which is the
object of the therapy are common. These include
tachycardia, headache, dizziness, faintness, palpitation,
angina, numbness and tingling of the extremities,
malaise, depression and anxiety. Other early symptoms include nausea, vomiting, localized edema, flushing, nasal congestion, lacrimation, conjunctival injection, dermatitis, drug fever and some reduction in
blood hemoglobin level (Morrow et al., loc. cit.).
Giant urticaria has occurred rarely. Most of these
symptoms disappear after the second week of therapy.
The drug should be taken after meals ; abdominal distress is benefited by antacid therapy. Headache and
some of the other symptoms can be relieved by an
antihistaminic drug. With large doses (600 to 800 mg.
daily) over prolonged periods of time (6 to 18 months)
migratory arthralgia appears, sometimes with chills
and drug fever, in less than 10 per cent of patients.
The joints of the fingers are involved first. If the
drug is discontinued, these manifestations usually disappear in a few days. If the drug is continued many
of these cases develop a syndrome resembling rheumatoid arthritis and eventually the hydralazine syndrome (Lansbury and Rogers, Bull. Rheumatic Dis.,
1955, 5, 85). This syndrome resembles that of acute
disseminated lupus erythematosus — fever, prostration,
pleural, pericardial and joint effusions, photosensitivity, erythematous rashes, lymphadenopathy and
splenomegaly. Blood studies show increased erythrocyte sedimentation rate, decreased serum albumin,
increased alpha and gamma globulins, anemia, leukopenia, false positive serologic tests for syphilis, and
occasionally lupus erythematosus cells in the bone
marrow. Dustan et al. (J.A.M.A., 1954, 154, 23) described 13 cases with arthritic manifestations among
139 patients with hypertension receiving hydralazine
for about 12 months; 5 of these showed the lupus-like
syndrome. The albuminuria, hematuria and casts usually found in lupus erythematosus are rare in these
patients. A typical rheumatic nodule was reported in
one case (Reinhardt, ibid., 155, 1491) as well as abnormal collagen in the muscle; lymphorrhagia in the
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muscles is also reported (Perry, ibid., 1954, 154,
670). Allergy has not been invoked as the explanation
since the syndrome occurs only after large doses for
long periods and since readministration of hydralazine
after recovery may not cause the changes again.
Chemically hydralazine has an affinity for carbonyl
and sulfhydryl radicals and metal ions. Perry et al.
(Am. J. Med. Sc, 1954, 228, 396) observed increasing binding of the drug in the urine with mercaptans
as the dose and the duration of treatment increased.
In the early stages of the syndrome discontinuation
of the drug is followed by recovery. Later cortisone
or corticotropin is required to control the symptoms,
which may be quite persistent.
Dose. — Dosage must be adjusted carefully to the
response of the patient. The initial oral dose is 10 mg.
4 times daily, after each meal and at bedtime, for a
total daily dose of 40 mg. After 3 or 4 days this
should be increased to 25 mg. 4 times daily. Beginning
with the second week of treatment the dose is increased to 50 mg. 4 times daily. If side effects are
minimal and the hypertension persists, the dose is
increased by increments of 10 to 25 mg. per dose at
intervals of 1 week. A total daily dose of 400 mg. is
usually sufficient and 600 mg. daily should rarely be
exceeded. In hospitalized patients, the doses are given
every 6 hours for 4 doses daily and may be increased
at the rate of 25 mg. per dose daily if indicated. Intramuscularly or intravenously, 20 to 40 mg. is used
every 4 to 6 hours, with close observation of the blood
pressure and other symptoms to determine the size
and the frequency of the dose. Oral administration
should be substituted as rapidly as possible.
Apresoline hydrochloride is available in tablets containing 10, 25, 50 and 100 mg. and in 1-ml. ampuls
containing 20 mg., the solution being preserved with
0.5 per cent of chlorobutanol.
Hydrangea, N.F. VII. Seven-Barks. Wild Hydrangea Root. Smooth Hydrangea.— "Hydrangea
consists of the dried rhizome and roots of Hydrangea
arborescens Linne (Fam. Saxijragaceoe) ." N.F. VII.
This showy native shrub is closely related to the
familiar cultivated hydrangea. It is found from New
Jersey to Iowa south to Florida and Missouri on
rocky banks, along streams and rivers. It reaches a
height of from 5 to 10 feet and bears large clusters
of white flowers in compound cymes, the marginal
sterile flowers being usually few or none, but sometimes numerous and conspicuous, the central ones
small and fertile. A characteristic is that the bark peels
off in separate layers of different colors which has
given rise to the popular name of "seven-barks." For
a description of unground and powdered hydrangea
see U.SD., 23rd ed., p. 517.
Bondurant (Am. J. Pharm., 1887, p. 122) isolated
a characteristic glycoside, hydrangin, which fluoresces
strongly in alkaline solution. Bondurant also obtained
a fixed oil and a volatile oil, the latter containing
sulfur. Two resins appeared also to be present, together with saponin and sugar. He found no tannin,
however.
Hydrangea was at one time used in medicine in
the treatment of calculus in the bladder and cystitis
but has been abandoned. In overdose it is said to cause
vertigo and a feeling of oppression of the chest. A
fluidextract and an Elixir of Hydrangea and Lithium
were official in N.F. YII.
Hydrastine Hydrochloride, NF. VIII.— "Hydrastine Hydrochloride is the hydrochloride of an
alkaloid obtained from hydrastis." NF. VIII.
Hydrastine, an alkaloid of the isoquinoline group,
is closely related to narcotine (see under Opium),
which latter is a methoxyhydrastine. Hydrastine base
was at one time official in the U.S.P. When treated
with dilute nitric acid hydrastine undergoes hydrolytic oxidation, yielding opianic acid and hydrastinine.
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"Hydrastine Hydrochloride occurs as a white to
yellowish white powder, odorless, bitter, and hygroscopic. Its solutions are acid to litmus paper. It is
affected by light. Hydrastine Hydrochloride is very
soluble in water and in alcohol, slightly soluble in
chloroform,
and verv slightly soluble in ether."
N.F.
VIII.
Hydrastine is believed to be chiefly responsible for
the physiological activity of hydrastis. In sufficient
dose hydrastine causes exaggerated reflexes and convulsions; infatal doses these are followed by paralysis and death from respiratory failure. The paralysis
is due in part to a depressant effect on the cord but
also to an action on peripheral nerves. When injected
intravenously, hydrastine causes a marked fall in
blood pressure which is probably due to a depressant
action on the heart muscle (Welch and Henderson,
/. Pharmacol, 1934, 51, 482). According to RaymondHamet and Mercier (Compt. rend. soc. biol., 1927,
97, 1465) the depressant effect is not produced by
subcutaneous injection. An interpretation of the
effects on circulation cannot be made because the
descriptions of different investigators are at variance.
Welch and Henderson reported that the alkaloid increased the rhythmic contractions of intestinal muscles
but Mercier (ibid., 1936, 122, 965) found that it
lowered both the tonus and the amplitude of rhythmic
waves of the rabbit's intestine. Several investigators
have presented evidence of a stimulating action on
the uterine muscle (see Lieb, Am. J. Obst., 1914,
69, 24). For a review of the pharmacology and
therapeutics of hydrastine see Shideman (Bull. N. F.
Com., 1950, 18, 3).
Hydrastine has been occasionally used in treating
gastric inflammation and as a uterine stimulant, especially in hemorrhages of that organ (see also under
Hydrastis) .
Dose, of hydrastine hydrochloride, 10 mg. (approximately %grain) .
Hydrastinine Hydrochloride. Hydrastinince Hydrochloridum, UJS.P. IX. — This is the salt of a base
produced by oxidation of hydrastine, the alkaloid
from hydrastis. Hydrastinine may also be prepared
from narcotine by first converting it to cotarnine,
which is reduced to hydrohydrastinine and the latter
subsequently oxidized to hydrastinine. It can also
be made from berberine, from piperonal or from
homopiperonylamine.
Hydrastinine occurs as white or slightly yellowish
crystals, practically insoluble in cold water although
moderately soluble in hot; it is soluble in alcohol,
chloroform and ether. The hydrochloride is very soluble in either water or alcohol. Its aqueous solution,
which is neutral, shows a blue fluorescence, especially
when diluted. It melts at about 210°. It may be differentiated from hydrastine by the fact that "in an
aqueous solution of the salt (1 in 20) bromine T.S.
produces a yellow precipitate, which is completely
soluble in ammonia water, producing an almost colorless solution (hydrastine)." V.SJ3. IX. For further
tests of identity and purity see U.S.D., 21st ed.,
p. Hydrastinine
1334.
is, when given in large enough dose,
a powerful depressant to the entire motor tract,
affecting the psychomotor centers of the cerebral cortex, the motor nerve, and the muscle itself. It is
uncertain whether the depression is or is not preceded
by a brief period of excitation, but it is almost certain
that there is a primary stimulation of the muscles.
Hydrastinine seems to be a stimulant to all types of
involuntary muscles. By its action on the heart and
arteries it causes a rise in blood pressure. Laidlaw
(Biochem. J., 1910, 5, 243) and others showed that it
increases the contractions of the uterus both isolated
and in situ. After fatal doses, death occurs from respiratory failure.
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Although Keller (Monatsschr. Geburtsh. Gynak.,
1907, 16, 709) reported that in its effects on the uterus
it rivals ergot, other clinicians have been less enthusiastic. Ithas been employed in the treatment of
various forms of uterine hemorrhage. There is also
evidence that it has some value as a cardiac tonic,
though not equal in power or certainty of action to
digitalis.
The dose usually employed has been from SO to
100 mg. (approximately Y\ to V/2 grains), every 3 to
6 hours. The salt has been given hypodermically.
Hydrocyanic Acid, Diluted, N.F. VII. Acidum
Hydrocyanicum Dilutum. Prussic Acid. Fr. Acide
cyanhydrique dilue. Ger. Verdiinnte Blausdure. Verdiinnte Cyanwasserstoffsdure. — "Diluted Hydrocyanic
Acid is an aqueous solution containing not less than
1.9 per cent and not more than 2.1 per cent of HCN
and not more than 0.1 per cent of HC1. Caution:
Diluted Hydrocyanic Acid is very poisonous and
should not be inhaled." N.F. VII.
Hydrogen cyanide may be prepared by distilling
a mixture of potassium ferrocyanide and diluted sulfuric acid; it is also obtained in the electrolysis of
boiling solutions of alkali thiocyanates, by the interaction of trimethylamine and ammonia at elevated
temperatures, when a mixture of acetylene and nitrogen are subjected to silent electric discharge; and
when chloroform is treated with ammonia and caustic
alkali. In the form of cyanogenetic glycosides (see
under Glycosides, Part II), it is a constituent of a
number of plants. Hydrogen cyanide is a liquid boiling at 26° ; a 2 per cent aqueous solution was employed medicinally.
"Diluted Hydrocyanic Acid is a colorless liquid
with the characteristic odor of bitter almond." N.F.
VII. On standing, diluted hydrocyanic acid slowly
decomposes to form ammonium formate, the decomposition reaction being accelerated in light. Acids,
such as hydrochloric, stabilize the solution, for which
reason the N.F. permitted up to 0.1 per cent of HC1
to be present. As a test for identification, N.F. VII
specified the following: "Render 1 cc. of the Acid
alkaline with sodium hydroxide T.S. and add a few
drops of ferrous sulfate T.S.; boil the mixture, and
then acidulate with hydrochloric acid: a blue precipitate isformed." For other tests, and an assay, see
U.S.D., 24th ed., p. 550.
Uses. — Moderate doses of hydrocyanic acid, or its
soluble salts, cause a notable increase in both the rate
and depth of respiration with a sharp rise in the blood
pressure accompanied by a slowing of the pulse;
these effects, however, last for very short periods of
time. They have been variously attributed to direct
stimulation of the medullary centers or to the effect
of acute anoxia of the medulla. The experiments of
Comroe and Schmidt (Am. J. Physiol, 1938, 121, 75)
demonstrated that with small doses they are reflex
from irritation of the carotid body. This has been
utilized to measure circulation time in man or animals; following injection of sodium cyanide in the
antecubital vein the onset of hyperpnea is an objective
evidence of the arrival of cyanide at the sinus at the
bifurcation of the common carotid artery.
As far back as 1889 Gepper showed that the cyanides in large doses lessen the oxidative processes in
the body. It was generally believed that this was the
result of the chemical action on hemoglobin which
destroyed its oxygen carrying power, but the experiments of Brooks (Proc. S. Exp. Biol. Med., 1939, 40,
108) showed that cyanides diminish oxidation due to
a paralysis of the oxidase enzymes (see Voegtlin,
J. Pharmacol., 1926, 27, 467). The venous blood is
bright red until circulatory failure causes reduced
hemoglobin to accumulate. Although the cyanides
have been used therapeutically for the purpose of
relieving cough there is nothing in their physiological
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action which would seem to justify this or any other
internal use as a remedial agent. Although they are
powerful respiratory and vasomotor stimulants (see
Loevenhart, J. Pharmacol., 1922, 19, 13) and should
theoretically be of service in the treatment of respiratory failure in morphine and similar poisonings, the
effect is so fleeting (10 to 15 seconds) that their use
seems futile. Externally, it may be of occasional
service in pruritus, but should be used circumspectly,
as its vapors are poisonous. As a lotion it may be
diluted with from 8 to 15 parts of water.
Gaseous hydrocyanic acid is used in public hygiene
for the destruction of vermin in buildings and, by
orchardists, to rid trees of insect pests. It is also used
by trappers by placing a small triangular ampul containing afew drops of the acid in a bait in such a
manner that the ampule is crushed by the teeth of the
animal when the bait is taken, [v]
Toxicology. — Hydrocyanic acid is an exceedingly
powerful poison acting with great rapidity. After large
doses death may take place in from 2 to 10 minutes,
but from minimal fatal quantities may be delayed as
long as 2 or 3 hours. The smallest fatal quantity upon
record seems to be that reported by Garstang (Lancet,
1888, 2, 15), in which 2 ml. of the 2 per cent solution proved fatal. The ordinarily fatal dose is about
50 to 100 mg. of the pure acid. The ordinarily fatal
dose of potassium cyanide is about 300 mg.
After large doses the progress of poisoning is so
rapid that one can scarcely speak of symptoms; the
patient gives a cry and falls down insensible and
respirations which are at first hurried become in a few
seconds slow and gasping and death may occur in a
few minutes either with or without preceding convulsions. In the majority of cases, however, the
progress is much slower and the symptoms will occur
about as follows: Immediately after swallowing the
poison there is a sense of constriction in the throat
followed by salivation and nausea with vertigo and
headache. The respirations are at first rapid and then
become slow and irregular, with death frequently
being long delayed. The clinical impression may
be obtained from the odor of oil of bitter almonds
on the breath. The pulse is slow and at first bounding,
the pupils dilated, and insensible to light, the eyes
wide open and staring, the skin cold and cyanotic (but
not until circulatory failure approaches), and violent
convulsions with foaming at the mouth are not uncommon. This stage is followed by one of weakness,
the patient becoming unconscious, the temperature
falling, the pulse growing feeble, the respirations very
slow and gasping in character.
Death in hydrocyanic acid poisoning is generally
due to anoxia. It should be remembered that even if
the patient survives the acute danger, death may follow several weeks later from degenerations in the
central nervous system. When the patient has died of
the paralytic action on the nerve centers, the blood
may be dark colored in both the arteries and veins, as
in other cases of asphyxia, but in the moderately acute
cases the blood is of a bright scarlet hue all over the
body. Since hydrocyanic acid is volatile, it may escape
from the body if the search for it is too long delayed.
In the treatment of cyanide poisoning there are two
distinct, separate problems: one (when the poison has
been swallowed) to prevent the absorption; and the
other to attempt to neutralize the action of the poison
after it has entered the blood stream. Probably the
most useful chemical antidotes are oxidizing agents
such as hydrogen peroxide or potassium permanganate, which convert the cyanide into an oxamide;
the latter, while much less poisonous, is by no means
innocuous and it is essential to give much water to
wash it out of the system. Sodium thiosulfate will
detoxicate cyanides by forming thiocyanate but the
reaction is too slow to be of much value in the stom-
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ach. Various heavy metals (iron, cobalt, copper) unite
with hydrocyanic acid and have theoretical antidotal
value. The most useful of these is probably ferric
hydroxide but its action is slower than that of oxidizing agents.
For neutralizing the effects of the cyanide after absorption there are two groups of drugs. Those of the
first group, especially sodium thiosulfate given intravenously, form thiocyanate in the body. Draize (Science, 1933, 78, 145) prefers sodium tetrathionate (see
also Binet et al., Presse med., 1951, 59, 641). Turner
and Hulpieu (/. Pharmacol., 1933, 48, 445) found
that the action of sodium thiosulfate is too slow to
have a lifesaving effect. They found, however, that
the intravenous injection of dihydroxyacetone produced amelioration of symptoms which, although only
temporary, lasted a sufficient length of time to permit
the antidotal effect of the thiosulfate. The second
group reacting with cyanide in blood, the methemoglobin-forming drugs, include especially methylene
blue and the nitrites; of the latter either sodium
nitrite intravenously or amyl nitrite bv inhalation
(see Chen, JAMA., 1933, iOO, 1920) may be employed. While normal hemoglobin or oxyhemoglobin
will not combine with cyanide, methemoglobin
(which is an oxidation compound involving a change
in valency), formed by the nitrites, will form cyanmethemoglobin and thus remove the poisonous cyanide from the tissues. Chen, Rose and Clowes
(Indiana State M. A. J., 1944, 37, 344) reported that
15 cases of poisoning resulted in only one death when
treated by the following method: (1) Inhalation of
amyl nitrite for 15 to 30 seconds out of each minute
while loading syringe. (2) Intravenous injection of
10 ml. of a 3 per cent aqueous solution of sodium
nitrite at the rate of 2.5 to 5 ml. per minute. (3) Injection, through the same needle, of 50 ml. of a 25 per
cent aqueous solution of sodium thiosulfate. (4) Repetition, ifsigns of poisoning reappear within 48 hours,
of the nitrite and thiosulfate injections in half the
preceding doses. (5) Application of artificial respiration, if necessary, and washing of the stomach if the
cyanide was swallowed. Methylthionine chloride has
been found both experimentally and clinically useful
in poisoning by the cyanides. Many pharmacologists
have attributed its value to the formation of methemoglobin but it seems improbable that methylene blue
actually forms methemoglobin in human beings (see
Brooks, loc. cit.) but more likely that its antidotal
effects are due to its catalytic effect in hastening
tissue oxidation. Geiger (J A. MA., 1932, 99, 1944)
reported recovery of a patient who had swallowed
1 Gm. of potassium cyanide, and who was treated by
the intravenous injection of 50 ml. of a 0.1 per cent
solution of methylene blue.
Dose, of diluted hydrocyanic acid, 0.06 to 0.25 ml.
(approximately 1 to 4 minims).
Hydrogen. H (1.0080). — This gaseous element
was discovered in 1776 by Cavendish. It was first
called "inflammable air," the name hydrogen being
given to it in recognition of the fact that it produces
water as an end product when burned in oxygen. It
was first liquefied and solidified by Dewar in 1898.
Hydrogen may be prepared commercially by the following methods: (1) passing steam over heated carbon; (2) the reaction of steam and methanol; (3) the
reaction of steam and hydrocarbons; (4) the reaction
of steam and iron; (5) the electrolysis of water;
(6) as a by-product in the manufacture of such substances as chlorine and butanol. It is a colorless,
flammable gas having a melting point of —256.5° C,
and a boiling point of —252.5° C. It is slightly soluble
in water, alcohol or ether. Large quantities of hydrogen are used in: (1) The synthesis of ammonia;
(2) the hardening of vegetable and animal oils by
hydrogenation ; (3) the hydrogenation of coal to pro-
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duce gasoline, lubricating oils and related products;
(4) the manufacture of methyl alcohol; (5) the production of a reducing atmosphere in certain metallurgical operations; (6) the cooling of large electric
generators and transformers; (7) miscellaneous laboratory operations. One liter of hydrogen, at 760
millimeters pressure and 0° C, weighs 0.08987 Gm.
Being the lightest known element it is used for buoyancy in balloons and dirigibles. Its principal disadvantage isits flammability and the fact that a mixture
of hydrogen and atmospheric air or oxygen, in certain
proportions, explodes with great violence. Hydrogen
has three isotopes having masses of approximately
1, 2 and 3, respectively, and named, in order, protium,
deuterium and tritium. Ordinary hydrogen is almost
entirely protium, containing only 1 part in 6000 of
deuterium, and but 1 part in several millions of
tritium, which is radioactive. The compound of deuterium and oxygen, having the formula D2O or H220
and known as heavy -water, or deuterium oxide, has
been prepared and studied extensively. Heavy water
has the appearance of ordinary water, but it boils at
101.4° C. and freezes at 3.8° C. Tritium is utilized
in producing the hydrogen bomb.
Hydrogen Sulfide. Hydro sulfuric Acid. Sulfuretted Hydrogen. H2S. — This is a colorless gas of
unpleasant odor, soluble in water, to which it imparts
an acid reaction; 3.23 volumes of gas are absorbed by
one volume of water at 15° C. It is also soluble in
alcohol. The gas may be condensed to a liquid which
boils at —59.6° C. and solidifies at —82.9° C. Hydrogen sulfide gas mixed with the proper proportions of
oxygen is somewhat explosive.
In contact with the tissues hydrogen sulfide is decomposed, yielding irritant acid products. This acidityproduces local irritation of the respiratory tract, eyes,
or other mucous membrane with which it comes in
contact. Haggard (J. Pharmacol., 1922, 19, 262)
found that small amounts of this gas in the air have
a stimulating effect upon the respiratory' center. Hydrogen sulfide is an extremely virulent poison, rivaling
in its rapidity and deadliness hydrogen cyanide. According to Haggard (/. Ind. Hyg. Toxicol., 1925, 7,
113), breathing for one hour air containing 0.02 per
cent of hydrogen sulfide will cause general symptoms,
with death likely to occur from 0.05 per cent; after
0.18 per cent death is almost instantaneous. Aves
(Texas State J. Med., 1929, 24, 761), in a report of
sulfide poisoning in the Texas oil fields, stated that
there have been probably more than 20 deaths in 2
years in this one industry, from the gas.
The symptoms produced by hydrogen sulfide poisoning will vary according to the concentration of
the gas in the air. With lower concentrations there
will be nausea, headache, giddiness, often cardiac
irregularities, drowsiness and eventually coma. With
high concentrations of the gas the patient may suddenly fall unconscious, without any prodromal symptoms. It has been commonly taught that the toxic
effects of hydrogen sulfide are due to the formation
of sulfhemoglobin in the blood and consequent destruction ofits oxygen-carrying power, but Haggard
(loc. cit.), however, found that there is no sulfhemoglobin in the blood of animals dying from this poison
and that there is apparently no tendency towards the
degenerative sequellse which are found after other
blood poisons like carbon monoxide. The general
appearance at the autopsy is not to be distinguished
from that produced by asphyxiation, but the diagnosis is readily made by the odor which pervades the
whole corpse. The only treatment of any value is
inhalation of oxygen with artificial respiration.
Aqueous solutions of hydrogen sulfide have been
suggested as being of some value as an expectorant in
chronic bronchitis and have even been recommended
in the treatment of phthisis. Sulfuretted waters have
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been extensively employed as remedies for chronic
rheumatism and gout and as lotions for skin disorders.
Hydroquinone. Paradihydroxy benzene. 1.4-C6H4(OH>2. — This is one of the three isomeric dihydric
phenols, of which resorcin is the meta variety. It
occurs in shining white leaflets, soluble in 14 parts of
water, also in alcohol, and in ether. Hydroquinone is
used in photography as a developing agent. Martin
(Therap. Gaz., 1887) found that toxic doses of hydroquinone produced in the lower animals lowering
of the blood pressure, convulsions and marked fall of
the body temperature. Labes {Arch. exp. Path. Phartn.,
1929, 139, 120) believes that the toxic effects are due
to the ease with which it is oxidized to quinone.
Hydroquinone has been suggested as an antipyretic
and antiseptic but it appears to have no advantage
over resorcinol and is much more toxic. In an attempt
to explain the therapeutic efficiency of uva ursi (see
Part II), in which hydroquinone occurs, Madaus and
Koch (Ztschr. ges. exp. Med., 1939, 105, 679) found
that as little as 1 to 5000 of the latter inhibited bacterial growth in alkaline urine but that it was ineffective in acid medium.
Hydroxydione. Viadril (Pfizer). 21-Hydroxypregnane-3,20-dione Sodium Succinate. — This anesthetic steroid, prepared from desoxycorticosterone by
catalytic hydrogenation followed by succinoylation,
differs from the official desoxycorticosterone acetate
(see formula in Part I) in saturation of the double
bond of the latter and in having as the terminal group
attached at carbon 20 the succinic acid ester-containing radical -CH2OCOCH2CH2COONa rather than the
acetate-containing radical -CH2OCOCH3. This sodium salt, prepared as a white free-flowing lyophilate,
is readily soluble in water.
Hydroxydione, characterized by marked anesthetic
action and lack of endocrine activity, is recommended
as a basal anesthetic for use by intravenous administration (Murphy et al., A.M.A. Meeting June 6,
1955). In the mouse and rat its anesthetic potency
exceeds that of thiopental sodium but in the cat, dog
and monkey it is not as active; it is much less toxic
than the barbiturate (Laubach et al., Science, 1955,
122, 78). It may be noted that the sedative effect of
progesterone when administered intravenously has
been recognized (Merryman et al., J. Clin. Endocrinol.,
1954, 14, 1567) ; doses of 100 mg. have been employed
in the management of inoperable carcinoma of the
cervix of the uterus. Hydroxydione, in the form of a
2.5 per cent aqueous solution, may be injected slowly
into the tubing of an intravenous infusion of sodium
chloride injection or 5 per cent dextrose injection in
a dose of 1 to 1.5 Gm. over a period of 5 minutes.
Even with this technic, burning during injection is
felt, and incidence of phlebitis is high. Within 10 minutes after the start of the injection basal anesthesia
sufficient to permit laryngeal intubation develops and
persists for about 2 hours. Unlike the barbiturates
which require doses producing depression, particularly of respiration, hydroxydione is said to induce
basal anesthesia without depression. Nitrous oxide,
oxygen and ether may be used as indicated. Sometimes
hypotension occurs, this being controlled with vasopressor drugs. After 2 hours most patients leave the
operating room awake. The slow induction of anesthesia and phlebitis following its use seem to be drawbacks of hydroxydione.
Hydroxyethylapocupreine. — The synthetic alkaloid apocupreine (also called apoquinine), which
occurs in 2 isomeric forms, is closely related to hydrocupreine, differing in lacking 2 hydrogen atoms in the
side group and possibly also in its geometric configuration (see Ethylhydrocupreine Hydrochloride) . Like
ethylhydrocupreine, ethylapocupreine possesses marked
pneumococcidal properties but also exerts the same
harmful effect on the retina and therefore is dangerous
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as a therapeutic remedy in pneumonia. Dawson and
associates (Am. J. Med. Sc, 1937, 193, 543) found
that the hydroxyethylapocupreine is free from this
injurious effect even in massive doses. Johnston and
associates (J. Pharmacol., 1937, 61, 364) observed
that even in human serum hydroxyethylapocupreine
will kill pneumococci in dilutions weaker than one in
40,000 in vitro. Their experiments upon mice showed
that it had less general toxicity than quinine or ethylhydrocupreine and that its power of protecting mice
from pneumococcus infections was almost equal to
that of the latter. Bracken and associates (/. Pharmacol., 1940, 68, 259) found that in mice infected
with pneumococcus (type 2) the drug gave a higher
percentage of cures than did sulfapyridine and that
simultaneous treatment with both of these drugs produces results better than from either alone. Maclachlan
(Am. J. Med. Sc, 1939, 197, 31) used it clinically in
the treatment of pneumonia with favorable results;
the only undesirable symptoms that he observed were
nausea and vomiting; there was no disturbance of
vision. The dose he employed was 1 Gm. (approximately 15 grains) of the dihydroxide every 3 hours
for 3 or 4 days.
Hydroxystearin Sulfate, N.F. IX. Hydroxystearini Sulfas. Sulfated Hydrogenated Castor Oil. —
"Hydroxystearin Sulfate is a substance prepared by
sulfating hydrogenated castor oil. When calculated on
a moisture-free basis, it contains not less than 8.5 per
cent and not more than 9.5 per cent of organically
combined sulfur trioxide (SO3)." N.F. IX.
In the preparation of this substance, castor oil is
hydrogenated until it has an iodine value of less than
5, signifying that the unsaturated linkages of ricinolein
have been practically completely saturated and the oil
converted to hydroxystearin; the product is then reacted with sulfuric acid until a large proportion of
the hydroxyl groups has undergone sulfation. After
sulfation has proceeded to the desired degree, the uncombined sulfuric acid is neutralized with alkali and
the hydroxystearin sulfate is separated and purified.
In the course of the esterification reaction partial
hydrolysis of the hydroxystearin occurs, forming glycerin and hydroxystearic acid; the latter product is
sulfated and, when the mixture is neutralized with
alkali, a sulfated soap is produced.
Description. — "Hydroxystearin Sulfate is a pale
yellow-brown, semi-soft, unctuous mass having a
faint idor. Hydroxystearin Sulfate is dispersible in
water and in alcohol. It mixes with glycerin, propylene
glycol, petrolatum, liquid petrolatum, and fixed oils
in all proportions." N.F. IX. For standards, tests and
assay, see US.D., 24th ed., p. 554.
Uses. — Hydroxystearin sulfate has been used as an
ointment base, either alone or in combination with
other substances. It is strongly hydrophilic and is
compatible with nearly all dermatological medicaments
and with other ointment bases. When used by itself as
a base, hydroxystearin sulfate exhibits a characteristic
stickiness which would appear to be advantageous in
some cases. Where the stickiness is a disadvantage
25 per cent of petrolatum may be incorporated to produce a smooth, non-sticky ointment base. A base composed of 33 per cent hydroxystearin sulfate, 50 per
cent petrolatum, and 17 per cent glyceryl monostearate
has especially desirable hydrophilic properties. Fiero
(/. A. Ph. A., 1941, 30, 145; Bull. N. F. Com., 1945,
13, 81) found all these bases to be compatible with
the medicaments of all the official ointments. As
would be expected, hydroxystearin sulfate produces
oil-in-water type emulsions.
Persons in whom irritation had been observed from
the use of other sulfated oils or from wetting agents
were able to use hydroxystearin sulfate without any
unfavorable effect, according to Fiero. On the other
hand, Dodd, Hartmann and Ward (J. A. Ph. A., 1946,
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35, 33) consider hydroxystearin sulfate to act as a
primary irritant to human skin. Hydroxystearin sulfate has not come into wide use.
Hypericum. Hypericum perforatum L. St. John's
Wort. (Fam. Hypericacece.) — A perennial herb, with
a very acrid juice, 1 to 2 ft. in height, with 2-edged
stems; opposite, sessile, oblong to linear, obtuse,
black-dotted leaves; bright yellow flowers arranged
in terminal cymes and ovoid, capsular fruits. It is
indigenous to Europe but naturalized in fields in the
United States. It has a peculiar balsamic odor; its
taste is bitter, resinous, and somewhat astringent. It
imparts a yellow color to cold water, and reddens
alcohol and the fixed oils. The chief constituents of
hypericum are volatile oil, a resinous substance, tannin,
and coloring matter known as hypericum red.
The injurious effects of hypericum on cattle has become a problem of some economic importance in various parts of the world but especially in Australia. In
1930 Joannides showed that the toxicity of the plant
is due to the fact that it makes the animals abnormally
sensitive to light. Cerny in. 1911 had separated from
the flowers a pigment with a red fluorescence which
he called hypericin; the substance appears to be a
hexahydroxy - 2 ,2' -dimethyl- m eso- naphthodianthrone
(see Brockmann et al., Chem. Abst., 1952, 46, 5567).
Horsley (/. Pharmacol., 1934, 50, 310) found this
same pigment in all parts of the plant and demonstrated that it is the photosensitizing substance which
renders the plant harmful. It is claimed, however, that
hypericin therapy is effective in treating patients with
endogenous or exogenous depressions, its action apparently being similar to that of hematoporphyrin;
Daniel (Klin. Wchnschr., 1951, 29, 260) reported on
12 years of therapeutic experiences with hypericin.
As a medicine hypericum was in high repute among
the ancients in an extraordinary variety of complaints,
both internally and externally. It formerly enjoyed a
great reputation for the cure of demoniacs, and the
superstition still lingers among the uninformed in
some countries. At present the plant is scarcely used
except occasionally as a domestic remedy.
Hypertensin. Angiotonin. — In 1934 Goldblatt
showed that hypertension could be produced by constriction of the renal arteries. His work directed
attention to renin (not to be confused with rennin),
a pressor material first extracted from kidney by
Tigerstedt and Bergman in 1898. Two groups of workers (Page et al., Braun-Menendez et al.) showed that
renin was not directly vasoconstrictive, but that it
functioned as an enzyme acting on a plasma protein
(hypertensingogen or renin-substrate) to produce the
pressor substance hypertensin or angiotonin. Plentl,
Page and Davis found that hypertensinogen was an
a-2 globulin.
Hypertensin constricts arterioles; when injected intravenously, the elevation of blood pressure lasts only
a few minutes. Since renin acts by producing hypertensin, the effect of renin may persist for 30 minutes
or more. The pressor effect of hypertensin is not
blocked by sympatholytic agents. Unlike renin, tachyphylaxis to hypertensin is not readily produced. Direct
effects on the heart are minor. Hypertensin decreases
renal blood flow and elevates filtration fraction. It
contracts practically all smooth muscles, but generally
higher concentrations are needed than for blood vessels. Hypertensin is destroyed by an enzyme called
hypertensinase (angiotonase) contained in extracts of
various tissues and in blood. The monograph by
Braun-Menendez and associates (Renal Hypertension,
Translated by Lewis Dexter, Charles C Thomas,
Springfield, 1946) contains an excellent discussion of
the renin system.
Renin is a protein. It has been prepared in a highly
purified form by Haas et al. (Arch. Biochem. Biophys.,
1953, 42, 368). A blood pressure elevation may be
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produced by 0.001 mg. of this preparation in a dog.
Hypertensin is a polypeptide. A highly purified preparation, having a pressor potency comparable to epinephrine, has been made by Edman (Arkiv Kemi,
Mineral. Geol., 1945, 22 A, 1). Clarke et al. (J. Biol.
Chem., 1954, 206, 717) published a more practical
method for preparing hypertensin of high potency,
but Kuether and Haney (Science, 1955, 121, 65) prepared a still more potent preparation (see also Peart,
Biochem. J., 1955, 59, 300).
The renin system is a homeostatic mechanism in
the regulation of blood pressure. With a fall in blood
pressure renin is liberated and minimizes the hypotension. The role of the renin system in hypertension
is of great interest. The infusion of renin or hypertensin produces hemodynamic effects closely similar
to those of experimental renal and human essential
hypertension. However, it has not been proved that
the renin system is involved in chronic hypertension.
While the constituents of the renin system are not
used clinically, they present interesting therapeutic
possibilities. Hypertensin has potential value as a
vasoconstrictor and pressor agent. The studies by
Wakerlin and associates on antirenin (Factors Regulating Blood Pressure, Trans. Fourth Conf. New York,
Josiah Macy, Jr. Foundation, 1950, p. 188) are of
interest in relation to hypertension. Heterologous
renin (e.g., hog) injected intramuscularly into a dog
produces an antirenin which inactivates not only the
heterologous renin but also dog renin. Injections of
hog renin reduce blood pressure in the hypertensive
dog. The use of heterologous renin and antirenin in
hypertension in man is complicated by species specificities. For example, the injection of hog renin in
man results in an antirenin effective against hog and
other animal renins but not against human renin
(Goldblatt: Factors Regulating Blood Pressure, Trans.
Fifth Conf. New York, Josiah Macy, Jr. Foundation,
1951, p. 100). The work of Gollan et al. (J. Exp.
Med., 1948, 87, 29) suggests a use for hypertensinase
in the observation that hypertensinase from wheat
bran lowers blood pressure in experimental renal
hypertension. The subject needs further investigation.
Ichthyol Albuminate. Ichthalbin (BilhuberKnoll). — This is a greenish-brown powder, insoluble
in water and acid solutions, soluble in alkaline solutions, odorless, almost tasteless. It is said to be prepared by precipitating egg albumin with ichthyol, the
resulting precipitate being washed until the ichthyol
odor and taste are removed; the product contains
about 75 per cent of ichthyol. It is not toxic and,
when given internally, even in large doses, produces
little or no irritation of the gastrointestinal tract. It is
intended for use as an intestinal antiseptic in enteritis,
particularly in children, and also as an alterative in
skin diseases. The dose for children is 300 to 600 mg.
(approximately 5 to 10 grains) ; for adults, 0.6 to 2
Gm. (approximately 10 to 30 grains).
Ignatia. Saint Ignatius' Bean. Semen Ignatice. Faba
Ignatii. Faba Sancti Ignatii. — "Ignatia is the dried
ripe seed of Strychnos Ignatii Bergius (Fam. Loganiacece). Ignatia yields not less than 2 per cent of the
alkaloids of Ignatia and not more than 1 per cent of
foreign organic matter." N.F. V.
Strychnos Ignatia Berg. (Ignatia amara L. f.) is a
large climbing shrub, a native of the Philippine
Islands, and introduced into Cochin-China where the
seeds were highly regarded as a medicine and, having
attracted the attention of the Jesuits, were honored
with the name of their founder. The fruit is a large
ovoid berry, from 5 to 6 inches long and containing
from 12 to 24 seeds imbedded in its pulp.
Ignatia seeds are somewhat angularly ovate, a little
more than an inch in length and about half as broad,
externally varying in color from reddish brown to a
dark gray and having a few hairs. For description of
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its microscopical characteristics and method of assay
see U.S.D., 22nd ed., p. 1420.
Pelletier and Caventou found in ignatia beans the
same constituents as in nux vomica, including 1.2 per
cent of strychnine and 0.5 per cent of brucine.
The medicinal uses are the same as those of nux
vomica.
Dose, 60 to 120 mg. (approximately 1 to 2 grains).
Illicium. Star-Anise. Chinese Star Anise. Fructus
Anisi Stellati. Cardamomum Siberinese. — "The fruit
of Illicium verum Hooker filius (Fam. Magnoliacece) ." U.SJP. 1890.
The plant yielding Chinese star-anise is indigenous
to southeastern Asia and extensively cultivated in subtropical countries. It is an evergreen tree with entire,
elliptic to oblanceolate, glandular-punctate leaves and
greenish-yellow axillary flowers each with about 10
petals. The fruit, which is chiefly used in the manufacture of oil of anise, consists usually of 8 boatshaped follicles or carpels arranged around a central
axis. The carpels have an acute summit and taper to
a nearly straight beak; externally, they are reddishbrown and somewhat wrinkled; the inner surface is
smooth and shiny and encloses a single, smooth, compressed ovoid, brown seed. The odor and taste are
aromatic, resembling anise, and this serves to distinguish them from the fruits of the Japanese staranise. The fruits of star-anise are gathered from wild
and cultivated plants. Most of the drug is used for
the production of volatile oil.
Star-anise was investigated by Schlegel {Am. J.
Pharm., 1885, p. 426), who found a saponin in the
aqueous extract; in the alcoholic extract, a crystalline
principle of a strong musk-like odor, which did not
show alkaloid or glycosidal reactions, and oil of staranise (see Anise Oil, Part I).
An extract of the plant is used in Japan as a hemostatic; according to Takahashi (see Chem. Abs., 1930,
24, 429) it greatly hastens coagulation of the blood.
/. religiosum Sieb. et Zucc, now /. anisatum L. of
Japan (sometimes called bastard anise), produces the
fruits known as skikimmi, or skimmi, fruits. These are
very poisonous, causing vomiting and epileptiform
convulsions, with dilated pupil and cyanosed countenance (see Guerrero, Philippine J. Sci., 1916, 11,
203) ; in them has been found an unidentified crystalline principle, for which the name shikimine has been
proposed, also sikimitoxin and shikimic acid. Lane
et al. (JA.CJS., 1952, 74, 3211) isolated a pure, welldefined, crystalline convulsant principle of high toxicity which they named anisatin; the substance is an
anhydride of a pentahydroxydicarboxylic acid. Associated with anisatine are two physiologically inactive substances, co-anisatin and ty-anisatin. For further information on the chemistry of these fruits see
Chen (Am. J. Pharm., 1929, 101, 550, 687). Its seeds
have sometimes been sold for those of Chinese staranise with baneful results. Sikimitoxin, according to
Read and Kiang (Pharm. J., 1927, 118, 693), is a
convulsant poison of the picrotoxin type.
The essential oil of the fruit of Illicium religiosum
contains isosafrol, accompanied by eugenol. On the
other hand, the chief constituent of the oil of
/. verum is anethol.
Imperatoria. Imperatoria Ostruthium L., now
Peucedanum Ostruthium (L.) Koch. Masterwort.
Hogfennel. Rhizoma Imperatoria. — An umbelliferous
plant, indigenous to southern Europe. The root has a
strong odor, similar to that of angelica, and a pungent,
aromatic taste, attended by a flow of saliva, and followed by a growing warmth which remains long in
the mouth.
It contains 5 crystallizable nonnitrogenous bitter
principles: imperatorin, iso-imperatorin, ostruthol,
ostruthin and osthol, several of which are related
chemically to peucedanin.
Imperatorin
is identical
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with ammidin from Ammi majus. For structural
formulas of these principles see Spath (Ber., 1933,
66, 1150; 1935, 68, 1123, and 1936, 69, 75), also
Butenandt and Marten (Ann. Chem., 1932, 495, 172).
Herzog found in the rhizomes a substance identical
with oxypeucedanin (Arch. Pharm., 1908, 414). The
root of masterwort was formerly used in a wide
variety of complaints with so much supposed success
as to have gained for it the title of divinum remedium.
It is, however, merely a stimulant aromatic, which in
this country is unknown as a remedy. Its leaves are
used as a potherb and to flavor cheese.
Infusions. Ptisance. Fr. Tisanes. Ger. Aufgiisse. It.
Infusi. Sp. Infusiones. — These are aqueous solutions
obtained by treating vegetable drugs with water, but
without boiling the mixture as is the case with decoctions. The water employed may be hot or cold
according to the stability of the principles to be extracted. Infusions are generally prepared by pouring
boiling water upon the drug, macerating the mixture
in a tightly closed vessel until the liquid cools, then
straining.
The N.F. IX gave the following general formula
for infusions:
"Caution. — The drug concentration of an infusion
representing a potent drug should be specified by the
physician. An infusion may be dispensed only if it
has been recently prepared.
"If the drug concentration of an infusion is not
otherwise specified, it is to be prepared according to
the following general formula: The Drug, coarsely
comminuted, 50 Gm. ; Water, a sufficient quantity to
make 1000 cc. Moisten the drug in a suitable vessel,
preferably of earthenware and provided with a cover,
with 50 cc. of cold water, and allow it to stand during 15 minutes. Then add 900 cc. of boiling water,
cover the vessel tightly, and allow it to macerate
during 30 minutes. Then strain the mixture, and pass
enough water through the strainer to make the Infusion measure 1000 cc. If the activity of the Infusion
is affected by the temperature of boiling water, cold
water should be used." N.F. IX.
The B.P. recognizes certain "concentrated infusions."
These contain about 25 per cent of alcohol, which is
added during or subsequent to the infusion process.
They are 8 times the strength of the fresh infusions
and are prepared for dispensing by dilution with distilled water. When diluted they are claimed to be
equivalent to the corresponding fresh infusion, differing, however, in that they contain a small amount of
alcohol.
As fresh infusions do not keep well they should be
made extemporaneously and in small quantities. It is
important to note that infusions made with tap water
instead of distilled water will often be colored differently because of the alkalinity of the tap water.
Injections. — Under this title the U.S.P. XV recognizes four distinct classes, defined as follows: "(1) Injections, which are solutions of medicaments suitable
for injection; (2) dry solids which upon the addition
of suitable solvents yield solutions conforming in all
respects to the requirements for Injections upon the
addition of suitable solvents, and which are distinguished by titles in the form . . . for Injection;
(3) Sterile Suspensions, which are solids suspended in
a suitable fluid medium and which are not to be
injected intravenously or into the spinal canal; and
(4) dry solids which, upon the addition of suitable
vehicles, yield preparations conforming in all respects
to the requirements for Sterile Suspensions, and
which are distinguished by the title Sterile . . . for
Suspension." U.S.P.
Vehicles. — Aqueous. — The U.S.P. permits use of
Water for Injection, Sodium Chloride Injection,
Ringer's Injection, or other suitable solutions in water
for injection. All aqueous vehicles are required to con-
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form to the specifications of the official Pyrogen Test.
Other. — Fixed oils when used as vehicles for nonaqueous injections are of vegetable origin, are odorless or nearly so, and show no evidence of rancidity ;
certain physical and chemical specifications for such
oils are provided by the U.S.P. Synthetic mono- or
di-glycerides may be used as vehicles, provided they
are liquid and remain clear when cooled to 10° and
have an iodine value of not more than 140. If a fatty
acid is desired as a component of an injection oleic
acid is to be used. These and other nonaqueous
vehicles may be used if they are safe in the volume
of injection administered, and also provided they do
not interfere with the therapeutic efficacy of the preparation or with its response to prescribed assays and
tests.
Added Substances. — The addition of substances
which will increase stability or usefulness is permitted,
unless otherwise specified in the individual monograph, provided they are harmless in the amounts
administered and do not interfere with therapeutic
efficacy or with responses to specified assays and
tests. The following maximum limits are established
for the substances mentioned: for agents containing
mercury and the cationic, surface-active compounds,
0.01 per cent; for those of the type of chlorobutanol,
cresol, and phenol, 0.5 per cent; for sulfur dioxide
or an equivalent amount of sodium bisulfite or sodium
sulfite, 0.2 per cent. A suitable substance or mixture
of substances to prevent growth of microorganisms
is added to preparations for injection packaged in
multiple-dose containers, regardless of the method of
sterilization employed, unless otherwise directed in
the individual monograph. Such substances, if added,
are used in concentrations which will prevent the
growth of or kill microorganisms in the preparations
for injection. Sterilization processes are employed even
though such substances are used. The air in the container may be evacuated or be displaced by an
inert gas.
Containers; Volume in Container. — For the
official specifications see U.S.P. XV.
Pyrogens. — It has long been recognized that febrile
reactions may follow injection of sterile solutions prepared with water, Billroth having called attention to
the phenomenon as far back as 1865 (Arch. klin. chir.,
1865, 6, 372). That such reactions may be caused by
the presence in distilled water of a filterable, heatstable product of bacterial origin was established by
the investigations of Seibert (Am. J. Physiol., 1923,
67, 90, 105; ibid., 1925, 71, 652). It appears likely
that the fever-producing substances, called pyrogens,
are bacterial polysaccharides of high molecular weight
(see also Piromen, in Part II). Such substances may
be present not only in distilled water, but also in
many of the solutes used in the preparation of injections, and on the surface of glassware used in making
injections, including the ampuls and vials used as
containers.
It is obvious that pyrogens should desirably be
excluded from injections, especially from those which
are injected intravenously in relatively large volumes.
The official compendia now provide a test for limit
of pyrogens, this being based on observation of the
effect on rectal temperature of rabbits which the solution under test has when injected into the ear vein; the
individual rise in temperature, if any, should be less
than 0.6° C, and the sum of rises in the 3 rabbits
used in the test should not exceed 1.4° C. As is to be
expected with a test of this nature, there are differences of opinion concerning the best way of performing the test (see, for example, Wylie and Todd, Quart.
J. P., 1948, 21, 240; Dare, J. Pharm. Pharmacol.,
1953, 5, 898; Smith, ibid., 1954, 6, 309; Perry, ibid.,
332).
In preparing water for injection, which must be
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pyrogen-free, it is imperative that none of the raw
water passes into the distillate, whether by leakage
or spraying; the vessel used for collecting the distillate should be pyrogen-free and it must be protected during distillation from contamination of the
distillate with sources of pyrogen. Welch et al.
(J. A. Ph. A., 1945, 34, 114) showed that the treatment ordinarily employed for sterilizing empty ampuls
and vials, either by autoclaving at 120° or dry heating at 160° to 170°, is not sufficient to destroy the
film of pyrogenic substances which may be present on
the inner surface of the containers. Their studies
indicate that the readily adsorbed pyrogen requires
heating at a temperature of at least 250° for 30
minutes before it is destroyed; a heating period of
40 minutes is suggested to provide a safety factor.
The same investigators studied the conditions necessary for rendering penicillin solutions free from pyrogen. While the pyrogens may be removed by filtration through asbestos pads, such as the Seitz or Ertel
filters, which adsorb the pyrogen, they call attention
to the fact that the retentive properties of the pad
are dependent on the concentration of pyrogen in the
solution and on the size of the pad; a filter can be
exhausted by overloading it with solutions containing
pyrogenic material. They found that while it was not
possible to filter 50 ml. of a 1:1000 dilution of standard pyrogen, which represents approximately 8 times
the amount of thermogenic substance necessary to
produce a positive reaction in the pharmacopeial
test method, through a single Seitz pad and obtain
a filtrate free from thermogenic substances, 2 pads
did remove all such substances. A 1 : 100 dilution of
standard pyrogen requires 5 pads for removal of the
pyrogenic material. Francke and Rees (J. A. Ph. A.,
Practical Edition, 1943, 4, 158) found preliminary
filtration through powdered charcoal to be essential
for complete removal of pyrogens by a Seitz filter
in preparing inulin solutions; Todd et al. (Pharm. J.,
1946, 156, 156) mixed saline and other solutions for
intravenous use with 0.02 per cent of purified charcoal before filtering through a Seitz filter and sterilizing in an autoclave. A special charcoal was used by
Brindle and Rigby (Pharm. J., 1946, 157, 85) to rid
distilled water of pyrogens; when the method is used
for solutions there may be appreciable adsorption of
active ingredients. An observation of practical importance isthat of Campbell and Cherkin (Science,
1945, 102, 535) of the effect of hydrogen peroxide in
destroying pyrogens; addition of sufficient peroxide
to produce a 0.01 molar solution caused a decrease
in the temperature response on injection of a solution
known to contain pyrogen. Taub and Hart (/. A.
Ph. A., 1948, 37, 246) described several methods of
employing hydrogen peroxide for detoxification of
pyrogens in certain injections, the excess peroxide
being decomposed with manganese dioxide, which is
subsequently removed by filtration. Menczel (ibid.,
1951, 40, 175) confirmed the utility of depyrogenization with hydrogen peroxide. For further information
concerning removal of pyrogen, see Co Tui and
Wright (Ann. Surg., 1942, 116, 412).
A system for aseptic processing of ampuls, applicable to commercial production and in use in
several manufacturing laboratories, was described in
detail by Brewer and Dunning (/. A. Ph. A., 1945,
34, 19).
Labeling. — The term "labeling" designates all
labels and other written, printed, or graphic matter
upon an immediate container of a preparation or
upon any package or wrapper in which it is enclosed,
except any outer shipping containers. The term "label"
designates that part of the labeling upon the immediate container.
"The label upon each immediate container of a
preparation for injection indicates the name of the
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preparation; in the case of a liquid preparation the
percentage content of drug or amount of drug in a
specified volume; and in the case of a dry preparation the amount of active ingredient. The volume of
liquid to be added to prepare an injection or suspension from a dry preparation may be given in the
labeling. Also, the label indicates the name of the
manufacturer and the manufacturer's identifying lot
number. The lot number is capable of yielding the
complete manufacturing history of the specific package, including any single manufacturing, filling, and
sterilizing operation. The container is so labeled that
a sufficient area of the container remains uncovered
for its full length or circumference to permit inspection of the contents. Where applicable, the labeling
of each package containing an immediate container
or containers indicates, if the vehicle is not water for
injection, the name of the aqueous vehicle used, if
official, or its composition, if not official; the name
and percentage composition of a nonaqueous vehicle;
and the names and proportions of all substances
added to increase stability or usefulness. Injections
intended for veterinary use are so labeled." V.S.P.
Packaging and Storage. — "The volume of injection
in single-dose containers provides the amount specified for administration at one time and in no case is
more than sufficient to permit the withdrawal of one
liter. Preparations intended for intraspinal, intracisternal, or peridural administration are packaged
only in single-dose containers. Unless otherwise specified in the individual monograph, no multiple-dose
container contains a volume of Injection more than
sufficient to permit the withdrawal of 30 ml. Preparations for veterinary use are exempt from packaging
and storage requirements with respect to size of containers." U.S.P.
For additional information concerning injections
see U.S.D., 24th ed., p. 561.
Inula. Elecampane. — "Inula consists of the dried
rhizome and roots of Inula Helenium Linne (Fam.
Composites). " N.F. V.
Inula Helenium is a stout, perennial herb naturalized from Europe and growing along roadsides and
damp pastures from Nova Scotia to North Carolina
and westward as far as Missouri. For a detailed description ofthe herb and of the unground and powdered rhizome and roots see U.S.D., 22nd ed., p. 1424.
The root contains a characteristic carbohydrate
generally known as inulin (formerly known as alantin
or dahlin), which has since been found in many other
plants. It differs from starch in that it is not decomposed by boiling water, and gives a yellowish instead
of a blue color with iodine. It dissolves fairly easily
in water, giving a colloidal solution. Hydrolysis in
the presence of acids or enzymes, such as inulase,
converts it completely into fructose. Tanret also found
two related principles that he called pseudo-inulin
and inulenin. The amount of inulin in the root gathered in the spring is about 19 per cent but in the
fall approaches 45 per cent. Interest toward the end
of the last century centered in the possible use of
inulin-containing vegetables for dietary control of
diabetes mellitus. When it was shown that the human
body does not possess any efficient mechanism for
utilizing inulin, this interest declined. In 1935 it was
discovered that inulin parenterally administered is
excreted exclusively through the glomeruli (Richards
et al., Proc. S. Exp. Biol. Med., 1934, 32, 73 ; Shannon
and Smith, /. Clin. Investigation, 1935, 14, 393).
This observation led to the development of inulin
clearance tests which are employed in clinical and
experimental work to ascertain the function of glomerular filtration of normal and diseased kidneys and
to study the mechanism of action of diuretic drugs
(see JAM. A., 1945, 129, 519). The untoward effects
of repeated intravenous injections of large doses in
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dogs were studied by Hueper
(Arch. Path., 1945,
40, 11).
When distilled with water elecampane yields from
1 to 2 per cent of a crystalline substance mixed with
volatile oil. The crystalline portion, known as alantcamphor (sometimes referred to as helenin but not
to be confused with the principle found in helenium),
is a mixture of alantolactone (this also is sometimes
called helenin), C15H20O2, isoalantolactone and dihydroisoalantolactone (Hansen, Ber., 1931, 64B, 67;
Ruzicka and Pieth, Helv. Chim. Acta, 1931, 14, 1090).
These compounds are santonin-like substances and are
reported to have anthelmintic action (Kariyone and
Ohkura, /. Pharm. Soc. Japan, 1933, 53, 248). Ozeki,
Kotake and Hayash (Chem. Abs., 1937, 31, 1878)
administered alantolactone, in doses ranging from
9 to 200 mg., as an anthelmintic to children from 7 to
14 years of age. Favorable results are reported. Alantolactone is stated by these workers to be less toxic
than santonin and ascaridole. The oily portion, which
has a peppermint-like odor, is composed chiefly of
alantol (or pinguin), C10H16O.
Korab (Lancet, 1885, 1, 672) stated that helenin is
a powerful antiseptic and bactericide, 1 part in 10,000
being sufficient to kill bacteria. He lauded it as an
antiseptic in surgery. It was also claimed by Obiol
(Lancet, April, 1886) to be an efficient local remedy
in the treatment of diphtheria. Bockenham (Brit.
M. J., 1891, 2, 838) reported that helenin inhibits the
growth of tubercle bacilli in a dilution of 1 in 10,000;
it has been employed by various writers in the treatment of pulmonary and intestinal tuberculosis in
doses of from 10 to 100 mg. (approximately % to \y2
grains) . The helenins of Korab and of Obiol probably
were mixtures; Bockenham recognized the variable
nature of the substance and prepared several crystalline compounds, one of which he termed helenin but
did not characterize.
Elecampane is tonic and gently stimulant, and was
employed by the ancients in amenorrhea and diseases
of women, also in phthisis, in various bronchial
catarrhs, and in skin affections, in all of which diseases it was probably of no service. The doses given
were from 1.3 to 4 Gm. (approximately 20 to 60
grains) .
Iocamfen, N.N.R. 1949 (Schering & Glatz).— This
reddish-brown liquid of camphoraceous odor is obtained by the interaction of 10 parts of iodine, 20
parts of phenol and 70 parts of camphor; it contains
about 7.25 per cent of free iodine. It is insoluble in
water but is soluble in alcohol, ether and liquid petrolatum. Combining the germicidal action of iodine
with the analgesic properties of camphor and phenol,
it finds use especially in the treatment of wounds in
dentistry.
Iodic Acid. HIO3. — Iodic acid occurs as a white,
crystalline powder, soluble in its own weight of water,
insoluble in absolute alcohol and ether. It melts at
110° and at highter temperatures decomposes into
I2O5 and H2O. It may be prepared by the oxidation
of iodine with nitric acid. Iodic acid is astringent
and disinfectant and, like the other mineral acids, in
concentrated solution caustic. In 1 to 3 per cent solution it has been employed as a local application in
trachoma and indolent corneal ulcers. Pencils made
by adding iodic acid to powdered acacia have been
used by Rudas in the treatment of trachoma.
The salts of iodic acid are physiologically more
nearly related to the chlorates than to the iodides.
They are more toxic than the chlorates, giving rise to
a slow intoxication accompanied with inflammatory
changes in the bowels and fatty degeneration of the
liver. The salts of iodic acid are actively disinfectant.
According to Griffiths a 0.5 per cent solution of potassium iodate is capable of destroying many forms of
bacteria. Both potassium and sodium iodate are white,
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odorless, crystalline substances very soluble in water;
they have been used locally in inflammatory conditions of the mucous membranes for much the same
purposes as sodium chlorate. They have also been
used in tubercular and other inflammations of the
nose and larynx. Mackie {Lancet, 1905) recommended zinc iodate and calcium iodate as local applications invarious suppurating wounds, eczema, cystitis,
and similar conditions.
Iodine Trichloride. ICI3— This compound occurs in yellow or brownish-red crystals; soluble in
5 parts of water, also in alcohol, benzene and ether.
At 25° it decomposes into iodine monochloride and
chlorine. It is rapidly decomposed, with liberation of
iodine and chlorine, when brought in contact with
organic matter. The preparation of solid iodine trichloride by the reaction of iodine and chlorine was
reported by Truesdale and Beyer (J.A.C.S., 1931,
53, 164).
Iodine trichloride is a powerful germicide, at least
4 or 5 times as active as phenol. According to Rideal
5 parts in 100,000 will kill Bacillus typhosus after half
an hour's exposure. The 5 per cent solution is fairly
permanent if protected from the light, but dilute
solutions rapidly deteriorate. It has been used locally
in infectious conditions of the various mucous membranes in strengths of from 1 in 1000 to 1 in 2000.
For disinfecting the hands a 1 per cent solution has
been recommended. It has also been used internally
as a gastrointestinal disinfectant in doses of 30 mg.
(approximately 14 grain). Fourneau and Donard suggested use of iodine monochloride, which they claim
forms more stable solutions than the trichloride. A
solution containing 1.5 parts per thousand is reported
not only to be an excellent antiseptic but completely
devoid of caustic action.
Iodipamide Sodium. Cholograjin Sodium
(Squibb) . Biligrafin (Schering, A. G.) . Be-426. Sh.-216.
Disodium X,X'-adipyl-bis(3 -amino -2,4,6 -triiodobenzoate) C2oHi2l6^a2N206. — This water-soluble, crystalline organic compound is administered intravenously as a radiopaque medium for roentgenologic
examination of the gall bladder and biliary ducts.
The high iodine content (64.32 per cent) and the fact
that the iodine remains firmly bound to the compound
throughout the excretory process account for its unusual efficacy. In the normal subject 90 per cent of
the substance is excreted by the liver and only 10 per
cent via the kidneys. In patients with impaired liver
function the medium is excreted by the kidneys. Following intravenous injection Cholografin is promptly
and rapidly excreted by the liver, initial traces appearing in the bile within a few minutes. Enough of
the material is present in the bile within 15 to 20
minutes to produce a shadow of the hepatic and common bile ducts on the x-ray film. Its concentration in
the bile may reach 30 to 100 times that of the blood
level. The usual peak concentration in the gall bladder
is present from 2 to 2.5 hours after injection, although
there is individual variation. The quantity which is
excreted via the biliary passages is eliminated in the
feces without resorption into the entero-hepatic
circulation.
This compound was synthesized by Langecker and
associates (Arch. exp. Path. Pharm., 1953, 220, 195).
Designated as Be-426 (Biligrafin), it is the subject
of numerous reports in the European literature
(Hornykiewytsch and Stender, Fortschr. Geb. Rontgenstrahlen, 1953, 79, 292; Puschel, Deutsche med.
Wchnschr., 1953, 78, 1327; Xemours-Auguste and
Barag, Presse med., 1953, 78, 1244). American publications report its superiority in radiographic visualization of bile ducts in postcholecystectomy patients
and in patients whose extrahepatic biliary ducts fail
to visualize when an oral contrast medium is used. In
a series of 135 patients studied by Evans et al. (N. Y .
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State J. Med., 1954, 54, 2983), 57 were examined
because of symptoms persisting after cholecystectomy.
The common bile duct was demonstrated in 47 (82.5
per cent) ; there was nonvisualization in 10 patients
(17.5 per cent). Calculi in the common duct and in
the remnants of the dilated cystic duct were satisfactorily demonstrated in postcholecystectomy patients
by Orloff et al. (Radiology, 1954, 62, 868). Bell and
associates (Am. J. Surg., 1954, 88, 248) had good
results in similar cases. According to Berk and associates (Am. J. Med. 5c, 1954, 227, 361) Cholografin
provides x-ray visualization in some patients in whom
there has been nonvisualization after oral contrast
media.
In a series of 80 patients examined by Glenn et al.
(Ann. Surg., 1954, 140, 600), the common bile duct
was adequately demonstrated in 23 of 25 postcholecystectomy patients (92 per cent) who were free of
jaundice or other evidence of liver failure. In the
opinion of these authors Cholografin has no advantages over conventional oral preparations for routine
cholecystography, but it should be reserved for the
following conditions: (1) the postcholecystectomy
syndrome; (2) in preoperative cholangiography to reveal calculi in the common duct; (3) when oral
methods fail or are not feasible; (4) in children;
(5) in emergencies requiring rapid diagnosis; and
(6) when tumor involving the stomach, pancreas or
regional lymph nodes is suspected. Body-section
radiography (tomography) provided additional information in examination of the common duct when
its shadow was obscured on conventional x-ray films.
As with other radiopaque iodides every patient
should first be tested for sensitivity to Cholografin by
the intradermal injection of 0.1 ml. of the material.
Instillation of 2 drops into the eye yields further information. Appearance of an intradermal wheal or a
conjunctival reaction after 10 to 15 minutes is evidence of sensitivity. If there is concern despite negative tests a small quantity of the Cholografin may be
injected intravenously and the patient observed for
untoward reactions for at least 5 minutes. No serious
systemic or local reactions were observed by Berk
et al. (loc. cit.) . Glenn and associates noted mild
reactions in 31 of their 81 cases, consisting of nausea,
vomiting, flushing, pruritus, pain at the site of injection, salivation, and mild epigastric pain.
Patients should be prepared by giving a light, fatfree meal the night before examination, castor oil if
there is constipation, and by withholding breakfast.
Cholografin must be administered slowly, allowing
ten minutes for injection into the antecubital vein.
During injection the patient is watched for untoward
symptoms as mentioned above. To visualize the biliary
ducts, serial x-ray exposures are made every 10 minutes, beginning 20 minutes after the injection and
continuing until maximal visualization is obtained.
Examination of the gall bladder should begin about
1.5 to 2 hours after administration. Additional exposures are made after a fatty meal.
Dose. — The usual dose of Cholografin sodium is
40 ml. of the 20 per cent solution intravenously; in
thin, asthenic patients 20 ml. may suffice. Cholografin
sodium is supplied as a 20 per cent aqueous solution
in 20-ml. ampuls, also in 1-ml. ampuls for sensitivity
tests.
Iodized Fats and Oils. — Besides the official Calcium Iodobehenate and Iodized Oil, several other
iodized fats, oils or salts of acids derived from these
are employed as contrast media in roentgen diagnosis,
or to produce the systemic effects of iodine. In some
products, for use in roentgenography, the oil may contain both iodine and chlorine. The non-official products in this category are described below; other iodinated compounds employed as contrast media are
described in Parts I and II.
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Iodochlorol, N.N.R. (Searle). Chloriodized Oil. —
Under this name a chloriodized peanut oil, representing about 27 per cent of iodine and 7.5 per cent
of chlorine, has been introduced as a radiopaque medium especially for gynecologic and bronchial roentgenography. Where necessary it may be diluted with
a refined vegetable oil.
Ltpoiodine, N.N.R. 1953 (Ciba). Iodobrassid. Ethyl
diiodobrassidate. C21H39I0COOC2H5. — This comas white
needles, melting
at 37°,
readily
soluble pound
in occurs
alcohol
but insoluble
in water.
Its solution
undergoes slow decomposition with liberation of
iodine. It contains 41 per cent of iodine. Loeb and
Velden (Therap. Monatsh., 1911) stated that this
preparation is absorbed unchanged from the intestinal
tract, but that after absorption it undergoes slow
decomposition, and thereby exercises a continuous
iodine effect. It is used as a substitute for inorganic
iodides and is marketed in the form of tablets, each
containing Ay2 grains, of which one or two is the
usual dose although more may be given in active cases.
Oridine, N.N.R. 1948 (Lilly) .—This consists of the
calcium salts of the iodized fatty acids of cottonseed
oil and is analogous to calcium iodobehenate. It occurs
as a light brown powder, almost odorless and tasteless, practically insoluble in water and only sparingly
soluble in the ordinary organic solvents. It represents
from 23 to 25 per cent of iodine. Oridine is used
as a substitute for inorganic iodides. Tablets of the
substance, each equivalent to 10 mg. of iodine, are
available.
Riodine, N.N.R. 1953 (Astier). Iodinated Castor
Oil. — This is an oily solution of iodized castor oil,
representing about 17 per cent of iodine; it occurs as
a pale amber oily liquid, with a faint alkaline reaction. It is intended to provide the systemic action of
iodides and is marketed in capsules containing 200 mg.
each.
Stearodine (Parke, Davis). Calcium iodostearate.
Ca[CH3(CH2)7CHI(CH2)8C02]2.— This is a creamcolored, odorless solid, insoluble in water, but soluble
in fat solvents, representing approximately 27 per cent
of iodine. It is recommended especially as a prophylactic against goiter, for which purpose one tablet,
representing 10 mg. of iodine, is administered once
or twice a week; for the treatment of goiter larger
doses are given.
Iodosyl (Nelson Baker). C6H3I.OI.COOH.— This
is a bulky, amorphous powder of a deep red color,
nearly odorless, and having only a faint taste suggestive of that of iodine; it is insoluble in water and in
oils and only sparingly soluble in chloroform and
ether. It is used as a substitute for iodoform, over
which is has the advantage that it is odorless, as a
dressing for wounds and ulcers; also as a local application in nasal catarrh and ozena, in ringworm oi the
scalp, in various cutaneous affections, being especially
recommended in the treatment of corneal ulcers.
Iodosyl is employed either as a dusting powder, in the
form of an ointment, 2 to 10 per cent, or as a medicated gauze. It has also been recommended as an
iodine carrier internally, in doses of 130 to 300 mg.
(approximately 2 to 5 grains). This is not to be confused with iodosol, a synonym for thymol iodide.
Iodoxybenzoic Acid. Ortho-iodoxybenzoic Acid.
C6H4(I02)COOH. — This occurs as white crystals,
almost insoluble in cold water or alcohol, soluble in
these fluids when hot; also soluble in alkaline solutions, with which it forms salts. This acid should
not be confused with Iodosobenzoic Acid, CeH^IO)COOH, which has been used as an antiseptic.
Iodoxybenzoic acid was first prepared by Victor
Meyer in 1892. It was introduced into medicine by
Loevenhart in 1911, who considered it an effective
oxidant in the body. It is actively germicidal and according to Hektoen also stimulates antibody formation.
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These actions led Young and Youmans (J. A.M. A.,
1926, 87, 746) to employ it in the treatment of various forms of infectious arthritis. The results, on the
whole, were rather favorable, but subsequent experience has not confirmed early hopes of a specific curative effect. It is doubtful whether it is more efficient
than salicylic acid. As an internal remedy, it is employed solely in the form of one of its salts.
Ammonium Iodoxybenzoate. Ammonium Orthoiodoxybenzoate. Amiodoxyl. Oxo-Ate. Arthrytin.
Amiodoxyl Benzoate. C6H4(I02)COONH4. — This occurs as a white, odorless powder, with a bitterish
taste, yellow, soluble in water, only slightly so in
alcohol; it contains 42.7 per cent of iodine. It is used
in the treatment of various types of arthritis, including both rheumatic and infectious forms, and may be
administered either by mouth or by intravenous injection. For the latter purpose 10 or 15 grains (0.6 to
1 Gm.), in the form of a one per cent solution in
sterile physiological salt solution, has been given intravenously. This injection had to be given slowly,
otherwise it was likely to give rise to very severe
reactions, such as nausea, fever and chills. Serious and
even fatal poisoning has been reported from its use
(J.AM.A., 1928, 90, 1891).
Calcium Iodoxybenzoate. Calcium Ortho-iodoxybenzoate. Oxo-Ate "B" (Smith, Kline & French).
[CejH4(I02)COO]2Ca.8H20.— This is intended for
oral administration in the treatment of arthritis. It is
marketed in the form of tablets, each containing 500
mg. (approximately 7^2 grains), to be given up to 4
times a day, preferably after meals. The drug is not
without danger.
Ion Exchange Resins. — The ability of certain
soils and other silicates to exchange cations, when
treated with solutions of various electrolytes, has
been known for a long time, a systematic study of
the phenomenon having been made by Way in 1850.
The first industrial application of an ion exchange
process was the treatment of hard waters with natural or synthetic sodium alumino-silicate to replace
the troublesome calcium and magnesium ions with
sodium, thereby rendering the water soft; this application is discussed in greater detail under Water,
in Part I.
Present day ion exchangers are of two principal
types: (1) those which exchange cations, called cation
exchangers and (2) those which exchange (or add)
anions, called anion exchangers. While the first ion
exchangers were inorganic compounds, today there are
in use also organic compounds. The latter may be of
varied origin and composition, but in order to function as cation exchangers they must contain as an
integral portion of the structure phenolic, sulfonic,
carboxylic, or phosphonic acid groups, either in free
acid form or in salt form. Sulfonic acid type exchangers, for example, may be prepared by sulfonating
such materials as coal, lignite, peat and waste carbonaceous materials though today they are more
commonly made by sulfonating synthetic organic
base materials; especially useful among such base
materials are the resin-like substances prepared by
the interaction of an aldehyde and a phenol, or the
copolymer prepared from a mixture of styrene and
divinyl benzene. These base materials will be recognized as being closely related to the base materials
of plastics. Carboxylic acid type cation exchangers
owe their activity to a carboxyl group; they too may
be prepared by various processes, including oxidation
of coal with nitric acid, interaction of phenol, acrolein
and the semi-amide of oxamic acid, and interaction
of resorcylic acid and formaldehyde in the presence
of alkali (see symposium in Ann. N. Y. Acad. Sc,
1953, 57, 61-324).
It is apparent, when one considers the uses to
which ion exchangers are put, that they must have
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negligible solubility in the medium with which they
come in contact. In the case of resinous base materials this objective is achieved through extensive
cross-linking of the polymeric portion of the resin.
The manner in which acid forms of cation exchangers function may be represented as follows:
RCOOH + M*
RCOOM + H+
RSO3M + H+
M3HRSO
where R represents all of the unit structure of a cation
exchanger except the COOH or SO3H group and M*
represents an ion dissolved in the solution with which
the resin is in contact. The sodium form of the same
exchanger may be represented as functioning in the
following manner:

RCOOXa + M* -» RCOOM + Na*
RS03Xa + M+ -> RSO3M + Na*
When the resins are spent, i.e., when they have exchanged cations to the limit of their capacity, they
may be rather easily regenerated by treatment with a
mineral acid if it is desired to regenerate the free
carboxyl or sulfonic acid group, or with sodium
chloride if it is desired to regenerate the sodium salt,
or with potassium chloride if the potassium salt is
to be regenerated.
Preparation of anion exchangers involves formation
of a resin by polymerization of an aromatic amine
and formaldehyde, or of a polyamine, a phenol and
formaldehyde, or by nitration and subsequent reduction to an amine derivative of a styrene-divinylbenzene copolymer. Such resins are characterized by
the presence of amine groups, which react with acids
probably as follows:
RXH2 + HX ^ RXH3X
Some investigators question whether these resins may
be considered as exchangers of anions inasmuch as
the acid HX appears to be added; this objection may
be countered by assuming that the resin first forms
with water the base RXH3OH, analogous to ammonium hydroxide, and that this reacts as follows:
RXH3OH + HX-* RXH2X + HOH
When an anion exchanger is spent, it may be regenerated by treatment with sodium carbonate solution.
Carbacrylamin-e Resins. — Under this title the
X.X.R. recognizes a mixture of 87.5 per cent of the
cation exchangers, carbacrylic resin and potassium
carbacrylic resin, and 12.5 per cent of the anion exchanger, poly amine-methylene resin. The proportion
of the cation exchange components must be two parts
of carbacrylic resin (which is a polyacrylic carboxylic
acid resin) to one part of the potassium form of the
resin. The mixture occurs as a light buff, free-flowing
powder without appreciable odor. It is practically insoluble in water, alcohol, ether, and dilute acids and
alkalis. All of the powder passes a 100-mesh screen
and 75 per cent passes a 200-mesh screen. The accepted product is Carbo-Resin (Lilly).
This resin mixture is intended to be used as an
adjunct to increase fecal excretion of sodium in treating edema caused by abnormal sodium retention by
the kidney and is useful in managing the sodium retention accompanying chronic congestive heart failure,
cirrhosis of the liver and the nephrotic syndrome.
The action of the cation exchange components of
this resin mixture, as well as of similar compositions
which do not meet X.X.R. specifications, is not selective for sodium. Actually, the order of preference for
ions to be exchanged, when equivalent concentrations
of the ions are present, is such that both calcium and
potassium are bound by the resin before sodium is
taken up. This preference for calcium and potassium
is largely offset by the fact that the concentration of
sodium in the intestinal tract is higher than that of
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other ions with the result that sodium is usually
absorbed to a higher degree than are the other cations.
Xevertheless, significant absorption of potassium can
occur, and this may lead to serious depletion of the
ion in serum. To overcome this undesirable action
one-third of the cation exchange component is required to be present in the form of the potassium
salt, the remaining two-thirds being in free carboxylic
acid (or hydrogen) form. When the latter functions
it releases a hydrogen ion for every sodium ion taken
up by the resin. In some cases, notably in patients
with severe renal impairment caused by inability of
the kidney to produce an adequate supply of ammonia, acidosis may result from accumulation of
hydrogen ions. It is for this reason that an anion
exchange resin, which neutralizes acidity, is incorporated in the resin mixture. The use of an ammonium salt of the cation exchange component, in place
of the free acid form, to overcome any tendency to
acidosis, is not practical since the ammonia which
would be produced in the exchange process is subsequently converted to urea by the fiver, according to
the X.X.R.
Cation exchange resins must be used with due caution to prevent depletion of essential cations, including potassium, sodium and calcium. Potassium depletion may occur even when resin containing potassium
is used (Lippman. JAMA., 1951, 146, 395). On the
other hand, hyperpotassemia can occur when urinary
excretion is severely limited. Salt substitutes containing potassium should be used sparingly, if at all, because of possible reduction of the efficiency of the
sodium exchange process. Precautions to guard against
development of acidosis are essential, and cation exchange resins should not be used in the absence of
facilities for determining the electrolyte composition
of serum. Large doses of the resin may produce gastrointestinal discomfort, anorexia, nausea and vomiting.
The possibility of fecal impaction in elderly patients
should be considered. Granular casts in the urine of
all patients receiving effective doses of a sulfonated
polystyrene-type exchanger have been noted, though
no ill effects were observed (Friedman, Arch. Int.
Med., 1952, 89, 99).
The total daily dose of cation exchange resins must
be adjusted to the requirements of each patient; this
dose may van- with different pateints from 40 to 100
Gm. or more daily. The usual initial dose is 16 Gm.
(approximately 4 drachms), suspended in 6 fluidounces of water or fruit juice, three times daily, taken
between meals. It is inadvisable to take more than
24 Gm. at a time. When it is necessary to give more
than 72 Gm. daily, the frequency of administration
should be increased. The maintenance dosage is adjusted on the basis of constant "dry" body weight
when either the dietary intake of sodium can be increased or the total dose of the resin mixture reduced
until body weight rises. Moderate restriction of dietary
sodium, or administration of a mercurial diuretic,
should accompany therapy with cation exchangers in
order to reduce the amount of the latter required to
maintain a balance between intake and output of
sodium.
Resodec (Smith, Kline and French Labs.) is a polyacrylic carboxylic acid type of cation exchange resin
consisting of a mixture of 22 per cent of the potassium
form and 78 per cent of the ammonium form of the
resin. Katonium (Winthrop-Stearns) is a sulfonated
polystyrene-type exchanger consisting of a mixture of
75 per cent of the ammonium form of the resin and
25 per cent of the potassium form. Satrinil (Xational
Drug) is a carboxylic acid type cation exchanger of
which 80 per cent is in hydrogen form and 20 per
cent is in potassium form.
Polyamis-e-Methylexe Resin. — This is the X.X.R.
generic name for a "polyethylene polyamine methylene
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substituted resin of diphenylol dimethylmethane and
formaldehyde in basic form." It is the type of resin
described above as an "anion-exchanger." The resin
occurs as a light amber, granular, free-flowing powder
which has little odor. It is insoluble in water, alcohol,
ether, and in dilute acids and alkalis; a small amount
of colored material is extracted by aqueous solvents.
The accepted products are Exorbin (Ayerst, McKenna
& Harrison) and Resinat (National Drug).
Polyamine-methylene resin combines with acids,
probably by molecular absorption, possibly by a
process involving anion exchange (see also above) .
By virtue of this action the resin finds clinical use as
a gastric antacid to control symptoms in simple
hyperacidity and in peptic ulcer. The gastric hydrochloric acid and pepsin bound by the resin in the
stomach are subsequently released in the intestine,
the resin ultimately being eliminated unchanged,
without any permanent disturbance of the ionic
equilibria of body fluids. The resin may not be of
value in all circumstances in which hyperchlorhydria
exists, unless the symptoms are directly related to this
abnormal state; the resin is not recommended for
routinely treating gastritis, dyspepsia or "heartburn."
In peptic ulcer, the resin is to be considered as an
adjunct in the treatment. While the resin is practically nontoxic, large doses may induce nausea or
vomiting unless the taste of the resin is suitably
masked.
The usual range of dose of polyamine-methylene
resin is 0.5 to 1 Gm. (approximately iy2 to IS
grains) ; larger doses may be used when necessary. In
acute or chronic peptic ulcer, the resin is administered
every 2 hours. The resin may be given in the form of
powder, quickly stirred in water, milk or other liquid,
or in the form of capsules or tablets. Customary
dietary restrictions should be maintained during administration ofthe drug.
Quinine Carbacrylic Resin. — A carbacrylic cation
exchange resin containing quininium as cation, available under the trade-mark Diagnex (Squibb), provides a simple procedure for detecting the presence of
free hydrochloric acid in gastric secretion without
necessitating the expenditure of the time and effort
and subjecting the patient to the discomfort of passing a stomach tube for aspiration of gastric juice on
which to make the test. The functioning of the resin
depends on the fact that free hydrochloric acid in
the stomach effects displacement of quininium ion
from the resin with subsequent excretion of quinine
in urine; in the absence of free hydrochloric acid
quinine is not excreted within the time limit of the
test.
To stimulate gastric secretion alcohol or caffeine and
sodium benzoate is given orally, or histamine subcutaneously, after which the resin is administered;
after 2 hours the concentration of quinine in the
urine is determined by measurement of the fluorescence of a prepared sample. If IS micrograms or less
of quinine is excreted in the urine sample gastric
aspiration after histamine injection (see under Histamine Phosphate Injection, in Part I) is indicated.
Roentgen examination for carcinoma of the stomach
should be performed in achlorhydric persons of middle to older age if the neoplasm is to be detected
early enough for successful surgical removal. The
presence of quinine in the urine more than 2 hours
after ingestion of resin does not indicate presence of
acid in gastric juice. A package containing a dose of
resin, a capsule of caffeine and sodium benzoate,
labels for urine specimens, and instructions for the
patient is supplied.
Iothiouracil Sodium, N.N.R. Itrumil Sodium
(Ciba). Sodium S-Iodo-2-thiouracil. C4H2IN2NaOS.
— This compound, which contains about 46 per cent

Jug Ian s

1727

of iodine, is the sodium salt of the S-iodo derivative
of thiouracil (see in Part II). It occurs as an odorless, white to yellow, crystalline powder, soluble in
water to the extent of about 3.5 Gm. in 100 ml. It is
generally obtained as the dihydrate, which is reasonably stable in the presence of moisture and sunlight
at room temperature.
Iothiouracil sodium is recommended for the treatment of hyperthyroidism. In preoperative preparation
no separate iodine therapy is needed. Using doses of
100 mg. 3 times daily orally, Galbraith et al. (Brit.
M. J., 1954, 1, 420) found that patients were ready
for thyroidectomy in about 17 days. By the third to
eighth day of therapy the pulse rate decreased about
10 beats per minute. The average rate of decrease of
the basal metabolic rate was 1.5 per cent per day over
the first 3 weeks of treatment. The therapeutic results
were comparable to those induced by combination
therapy with methylthiouracil and potassium iodide.
Perhaps the operative field was less vascular and the
gland showed more complete involution. No untoward
effects were observed in 23 patients treated for as long
as 7 months. There was no increase in the size of the
gland. From studies on rats, Vanderlaan and Caplan
(/. Clin. Endocrinol., 1954, 14, 232) concluded that
the action of iodothiouracil is not unique. The rat
thyroid became red, vascular and showed increased
height of the cells with discharge of colloid. This indicates that iodothiouracil interferes with synthesis of
thyroxin and causes increased elaboration of thyrotropic hormone with induction of goiter. In the hyperthyroid patient it is inferred that the action is that of
iodine rather than of thiouracil. However, clinical
experience seems to indicate that iodothiouracil controls hyperthyroidism without causing enlargement of
the thyroid; the latter may be of special value with
large goiters which are already causing pressure symptoms. Although not reported the usual toxic effects of
thiouracil should be kept in mind.
The usual dose is 50 to 100 mg. 3 times daily orally
for about 4 weeks. Rarely a daily dosage level of 600
to 800 mg. may be required to control refractory
patients. Itrumil Sodium is available in 50-mg.
tablets.
Isinglass. Ichthyocolla. Fish-glue. Colla Piscium.
— The word "isinglass" is a corruption of the ancient
Dutch word huysenblas, which meant sturgeon bladder. It was originally prepared from the swimmingbladders of several species of sturgeon; however, a
similar material may be prepared from a number of
other fishes. These bladders consist largely of the protein collagen, which is also the source of gelatin. In
its purest state isinglass occurs in the form of thin
sheets, almost white, with a pearly iridescence, odorless and tasteless; it is soluble in boiling water. In
cold water it softens and becomes adhesive.
Experiments in dogs in which solutions of isinglass
were tested for possible use as a substitute for blood
when required for transfusion were promising (Taylor
and Moorhouse, Can. Med. Assoc. J., 1943, 49, 251).
A solution made with alcohol, glycerin, and hot water
spread on silk and allowed to dry constitutes court
plaster (Emplastrum Ichthyocolla;, U.SJ3. 1890) which
is popularly used to hide blemishes or close small
wounds (for formula for making court plaster see
U.S.D., 22nd ed., p. 1338). Isinglass is largely employed as a detannating and clarifying agent, as in
the brewing industry.
Juglans. Butternut Bark. Lemon Walnut. Oil Nut.
White Walnut. — "Juglans is the dried inner bark of the
root of Juglans cinerea Linne (Fam. Juglandacece)."
N.F. V. A description of butternut tree and of the
formerly official inner bark is provided in U.S.D.,
22nd ed., p. 1432.
In 1872 Thiebaud found in the bark of the walnut
tree an acid, which he called juglandic acid, but which
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is apparently identical with juglone. Juglone, CioH6O3, also known as nucin or regianin, is the characteristic principle of the walnut barks. It is 5-hydroxy1,4-naphthoquinone and has been synthesized. It
occurs as brownish-red, crystalline needles having a
faint odor of walnut hulls, and is sternutatory (see
also Fischer and Stauder, Phartn. Zentr., 1931, 72, 97).
Juglans is a mild cathartic, resembling rhubarb in
its action, but less certain. It was much used during
our Revolutionary War as an habitual laxative. The
dose of the ftuidextract {Fluidextractum Juglandis,
NJ. V) was from 2 to 4 ml. (approximately 30 to
60 minims).
Several products of Juglans regia L., or European
walnut, have been used medicinally in Europe. The
hull of the fruit has been employed as a vermifuge
from the times of Hippocrates, and has been recommended in syphilis and for old ulcers. The expressed
oil of the fruit has been considered efficacious against
the tapeworm, and is also used as a laxative injection.
The leaves, long occasionally employed for various
purposes in both regular and domestic practice, are
astringent and bitter. For study of the chemistry of
the European walnut-tree see Zellner (Monatsh.
Chem., 1926, 46, 309).
Juniperus Virginiana L. Red Cedar. Eastern
Red Cedar. — This is a slow-growing, evergreen tree
with shreddy bark and a crown which is usuallynarrow, dense and pyramidal but which occasionally,
in old plants, becomes spreading and round-topped.
It grows on dry hills or in swamps from Nova Scotia
to Florida and west to the Rocky Mountains. In
northern latitudes it usually attains a height of 25 to
40 feet but, in the south, specimens attaining 100 to
120 feet in height are recorded. Its leaves vary from
acicular to scale-shaped.
The tops of this plant were formerly included in
the Secondary List of the U. S. Pharmacopoeia. The
wood, which is characterized by its red duramen and
nearly white alburnum, yields a volatile oil which is
used as a clearing agent in microscopic technics. When
evaporated to a thick consistency, it furnishes the
immersion-oil for use for oil-immersion objectives.
The wood itself is extensively used for moth-proof
chests, lead-pencils, fence posts and furniture. Small
excrescences, which are sometimes found on the
branches of the tree, are popularly known as cedar
apples and have been used as an anthelmintic in a dose
of from 0.6 to 1.3 Gm. (approximately 10 to 20
grains), 3 times a day. The tops have a pleasant odor,
and a strong, bitterish, somewhat pungent taste.
These properties reside chiefly in a volatile oil. Brandel
obtained from the leaves of /. Virginiana 0.47 per
cent of volatile oil (Proc. A. Ph. A., 1906, 459).
Cedrene camphor, known also as cedrol, CisHooO,
may be obtained by cooling the oil and separating
the crystalline portion by expression; the expressed
liquid is cedrene, C15H24. Cedrene may also be prepared from cedrene camphor by the dehydrating
action of phosphoric anhydride. Oil of cedar wood
and oil of cedar leaves are both articles of commerce ;
the last named is not to be confused with Cedar Leaf
Oil, formerly official in the U.S.P. (see under Thuja).
From the needles of /. Virginiana Hartwell et al.
(J.A.C.S., 1953, 75, 235) separated the equivalent of
0.1 per cent of crystalline podophyllotoxin, a tumordamaging component of podophyllum resin, which
imparts to aqueous suspensions of the needles of red
cedar the power to induce hemorrhage and necrosis
in tumors of mouse sarcoma. Podophyllotoxin has
also been found in other Juniperus species (see under
Sabina) .
The volatile oil of /. Virginiana, which resembles
oil of savin in its medicinal properties, has been used
to produce abortion, and in some cases has caused
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death.
A counterirritant
ointment was formerly made
from the
leaves.
Under the name of cedar are known in commerce
various trees, some of which do not belong to the
genus Juniperus. The cedar of Lebanon, Cedrus
Libani Loud, and two allied species — the African
cedar (satin-wood), C. atlantica Manetti, and the
Indian cedar or deodar, C. Deodara Loud. — are .sometimes distilled for oil. Under the name of libanol, an
oil obtained from C. atlantica has been used for the
same purposes as santal oil. Other trees known as
cedars are the white cedar (Chamcecy Paris thyoides
Brit.) ; the American white cedar, Thuja occidentalis
(see Cedar Leaf Oil, Part II) ; the Calif ornian white
cedar, Libocedrus decurrens Torr. ; the New Zealand
cedar, Libocedrus Bidwillii Hook. The Australian
red cedar, Cedrela Toona Roxb., and the West India
cedar, Cedrela odorata L., belong to an entirely different family, the Meliacece (Cedrelacece) . The wood
of the latter species yields 3 per cent of a volatile oil,
said to be a powerful insecticide {Pharm. J., Aug.
29, 1896, 179).
Kaladana. Semen Pharbitidis. Pharbitis Seeds. —
Under the name of kaladana the B.P. formerly recognized the dried seeds of Ipomcea hederacea Jacq. and,
under the title of Kaladana Resina (pharbitisin) , a
mixture of resins obtained from them.
Ipomcea hederacea Jacq. (/. ccerulea Kon.; Pharbitis Nil Choisy) or ivyleaf morningglory, is a twining annual plant belonging to the Convolvulacem. It
has large blue flowers whence the specific name "nil"
which significes, in Hindustani, blue. The leaves are
3-lobed and the plant, while common throughout
India, is found throughout the tropical regions of both
hemispheres.
The seeds were described by the B.P. 1914, as follows: "Seeds in the form of a segment of a sphere;
usually about five millimetres long, but sometimes
much smaller; nearly black. In transverse section,
minute dark resin-cells in the plaited cotyledons.
Slight odor; taste acrid."
According to Kassner (Inaugural Dissertation, London, 1924) the term "Kaladana" signifies black seed
in Hindustani and is applied in India to many unrelated seeds including, besides that formerly official,
the Peganum Harmala L. (Rutacece) , Ocimum Basilicum L. (see U.S.D., 24th ed.) and other species of
Ipomasa. He found the seeds of /. hederacea to contain about 15.7 per cent of crude resin and about 12.4
per cent of fixed oil, also saponin and glycosidal matter. The true resin of kaladana he believes is nonglycosidal. In doses of 250 mg. (approximately 4
grains) this resin produced copious purgation, but
the glycosidal material even in double this dose had
no effect. The resin prepared by the usual process is
a mixture of the active and inert resinous material.
What Kassner called the true resin was obtained by
extracting with alcohol seeds which had been previously exhausted with acetone. For literature on
kaladana
and 357). see Kassner (Pharm. J., 1924, 112, 182
Kaladana seeds were used by the Arabian physicians, under the name of Habbunnil, and have been
recommended as a safe and active cathartic by various English physicians resident in India. The action
of the seeds is probably similar to that of jalap, and
they may be given in about the same dose. The dose
of the resin is from 120 to 500 mg. (approximately
2 to 7^4 grains).
Kalmia. K. latifolia L. (Fam. Ericacece.) Laurel.
Mountain or American Laurel. Broad-leafed Laurel.
Calico-bush. Spoonwood. Rose Laurel. — This is an
evergreen shrub with a round-topped head from 4 to
10 feet in height, rarely tree-like. It is indigenous to
rocky hills and mountains as well as pine barrens from
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New Brunswick and Ontario south to Florida and
Tennessee. Its leaves are mostly alternate, entire,
elliptic-lanceolate, dark green on upper and yellowish
to bright-green on lower surface. Its flowers are pink,
rose-colored or white with purple markings, have a
cup-shaped corolla with 10 stamens, and are arranged
in terminal compound corymbs. Its fruit is a small
capsule. The leaves and tops are poisonous. In the
leaves Kennedy detected the glycoside arbutin.
Kalmia angustijolia L. (Fam. Ericaceae.) Sheep
Laurel. Lambkill. Narrow-leafed Laurel. Wicky. —
This is a low undershrub usually attaining a height
of \]/2 to 2 feet with opposite or whorled, entire,
oblong leaves that are dark-green on upper surface
and pale-green beneath. Its flowers are smaller than
that of K. latifolia; crimson to light purple in color
and are borne in lateral, many-flowered corymbs. Its
fruit is a small capsule. This species is indigenous
to pastures, hillsides and peat bogs from Newfoundland and Hudson Bay to Georgia.
Both the Kalmia latifolia and the K. angustifolia
are not infrequently the source of serious and even
fatal poisoning to sheep although it is said that they
are eaten with impunity by deer and goats. According to Crawford (Bulletin 121, Bureau of Plant Industry, U. S. Dept. of Agriculture), laurel, whether
given by mouth or injected, causes in the lower animals profuse salivation, lacrimation and emesis, convulsions, and later paralysis of the extremities, with
greatly labored respiration. For study of its physiological action see Waud (/. Pharmacol., 1940, 69,
103). The toxicity of these plants is due to andromedotoxin (Muenscher, Poisonous Plants of the
United States, Macmillan, New York, 1951) . For
report on the chemistry of laurel see Jacobs and Lloyd
(J. A. Ph. A., 1939, 28, 408). Treatment consists of
oral administration of oil or lard to animals or gastric
lavage with potassium permanganate for humans and
the use of respiratory stimulants as indicated. The
leaves have been used internally in diarrhea and in
syphilis, and externally in skin diseases. (See 16th
edition, US.D.)
Kamala, N.F. VIII. Rottlera. Glanduloz Rottlerce.
— "Kamala consists of the hairs obtained from the
capsules of Mallotus philippinensis Muller Argoviensis
(Fam. Euphorbiacece) . Kamala yields, when dried to
constant weight at 100°, not less than 66 per cent of
non-volatile ether-soluble extractive." N.F. VIII.
Mallotus philippinensis grows in Abyssinia, southern
Arabia, Hindostan, the East India Islands, China, and
Australia, reaching a height of from fifteen to twenty
feet, and yielding a roundish, 3-valved, 3-locular capsule about the size of a small cherry, thickly covered
with a red powder, which is collected in Hindostan by
rolling the capsules about in large baskets until the
free powder sifts through the open wicker-work. This
powder has been used for many centuries in Asia as a
dyestuff under the name of wars, although this term
is more properly applied to the product of the
Flemingia. (See Wurrus, Part II.)
Description. — "Kamala occurs as a finely granular,
moderate reddish brown powder, almost without odor
or taste; containing numerous reddish brown to yellow glandular hairs with a very short 1 -celled stalk
(usually missing) and a nearly spheroidal, multicellular head, from 40 to 100 microns in diameter,
composed of from 20 to SO ellipsoidal or somewhat
spatulate cells, which are radiately arranged upon a
small basal cell and immersed in the resinous secretion. Non-glandular hairs are few, peltate, consisting
of 5 to 20 unicellular or uniseriate, thick-walled cells,
pointed and frequently hooked at the ends. There are
occasional cellular fragments of pericarp and irregular,
angular fragments of sand or other inorganic impurities." N.F. VIII.
Constituents. — Kamala yields upwards of 75 per
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cent of resinous coloring matter, from which Perkin
(/. Chem. S., 1893, 63, 975) obtained rottlerin, isorottlerin, wax, two resins and a coloring substance.
Rottlerin is a derivative of phloroglucinol ; its structure is not completely known (see Brockmann, Ann.
Chem., 1939, 541, 53; and McGookin, J. Chem. S.,
1939, p. 1579). Rottlerin melts at about 200°. Isorottlerin is a yellow substance melting at 181°.
Uses. — Kamala is actively or even violently purgative in full doses, occasionally causing nausea, but
seldom vomiting. Kamala has long been used in India
against the tapeworm and has been used by veterinarians in this country for the same purpose. Semper
(Arch. exp. Path. Pharm., 1910, 63, 10) found that
kamala has a paralyzing effect on motor nerves and
muscles, to which action he believes it owes its
taenifuge powers.
It is given, without previous preparation of the
patient, in the dose of from 4 to 12 Gm. (approximately 1to 3 drachms), suspended in water, mucilage,
or syrup. In the latter dose it sometimes acts violently.
The worm is usually expelled at the third or fourth
stool. If the first dose fails to operate on the bowels,
it may be repeated in four hours, or followed by a
dose of castor oil. As an external remedy, kamala is
used by the people of India in parasitic affections of
the skin, particularly scabies and ringworm. [V]
Keratins. — The keratins are a group of proteins
which are found in the epiderm and dermal appendages such as hair, finger nails, horns and feathers.
The chemical composition of the various keratins
differs considerably. They are characterized chemically
by their high content of sulfur, and physiologically by
their relative stiffness; they are insoluble in water or
diluted acids but dissolve in glacial acetic acid or
strong alkaline solutions. They are very resistant to
the digestive enzymes. Keratins contain, among other
substances, relatively constant proportions of the
amino acids histidine, lysine and arginine, and varying
amounts of cystine, tyrosine, tryptophan, phenylalanine and glycine. The acids of the first group appear to impart to a tissue protein its group or general
characteristics while members of the second group
probably are responsible for specific individual differences between the various keratins (Block et al.,
J. Biol. Chem., 1939, 128, 181). The constitution of
the keratin molecule has been the subject of considerable research and discussion (see Speakman and Stott,
Nature, 1938, 141, 414). Two mains groups of keratins
are commonly distinguished: (1) the eukeratins,
which are not digested by common proteolytic enzymes, and (2) the pseudo keratins, which are partly
digested.
The keratin of commerce may be prepared by several methods, some of these involving only solution of
the keratin portion of quill feathers or horn shavings,
for example, in glacial acetic acid, followed by evaporation of the filtered solution to dryness. A pure form
of keratin may be obtained by successive digestion of
the raw material with artificial gastric juice, artificial
pancreatic juice, hot alcohol, and hot ether, sometimes followed by solution of the residue remaining
from this treatment in acetic acid.
Keratin is sometimes used for coating pills or tablets to render them insoluble in the stomach juices,
but soluble in the alkaline intestinal fluid. The results
are generally unsatisfactory, partly because of the
variability of commercial samples of keratin and partly
due to the fact that thicker coatings may not dissolve
in the bowels while lighter coatings may disintegrate
in the gastric fluid. Dale (Pharm. J., 1932, 129, 494)
found only one of three samples of keratin to behave
ideally as an enteric coating for pills. He applied a
10 per cent solution of keratin in a mixture of equal
volumes of alcohol and strong ammonia to pills
previously coated with a thin layer of cacao butter,
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then allowed the pills to dry for 20 minutes on a slab
smeared with olive oil. Altogether four coats of keratin
were applied, using each time one drop of coating
solution per pill. A 7 per cent solution of keratin in
glacial acetic acid has also been used as a coating
solution.
Kino, N.F. VIII. Gum Kino. — "Kino is the dried
juice obtained from the trunk of Pterocarpus Marsupium Roxburgh (Fam. Leguminosce) . Kino yields
not less than 60 per cent of alcohol-soluble extractive
and not less than 75 per cent of water-soluble extractive." N.F. VIII.
The term kino or "kano" was originally applied to
a vegetable extract or inspissated juice obtained from
the Gambia River region in Western Africa and introduced to the medical profession in London by
Fothergill in 1757. Vegetable products obtained from
various other parts of the world, resembling kino in
appearance and properties, afterwards received the
same name, and some confusion and uncertainty still
exist in relation to the botanical and commercial history of the drug.
The formerly official variety is the product of Pterocarpus Marsupium, a lofty tree growing upon the
mountains of the Malabar coast of Hindostan and in
Ceylon and having alternate, imparipinnate leaves,
pale yellow flowers and orbicular legumes, each of
the latter containing one seed. The red juice of the
tree occurs in rows of short cells, axially arranged in
the inner bark. Vertical incisions with oblique ones
running into them are made in the bark and the juice,
upon flowing out, is collected in cups or other receptacles. It is evaporated in the sun to the consistency
of a hard dark mass and broken into small fragments,
in which condition it is packed in wooden boxes for
exportation.
For a description of various unofficial kinos see
US.D., 24th ed., p. 609.
Description. — "Vnground Kino occurs as small,
brittle, angular fragments, usually less than 10 mm. in
diameter, varying in color from reddish black to
dusky brown. When masticated it colors the saliva
pink.
"Powdered Kino is dusky reddish brown to dark
brown; it is inodorous, and has a very astringent
taste. It occurs in angular fragments with glass-like
conchoidal surfaces, the thinner pieces being translucent, and red to yellowish orange. When mounted
in water the fragments become rounded and gradually disintegrate, leaving lighter-colored particles
among which are rod-shaped bacteria and a few
cellular fragments. When mounted in alcohol the color
of the fragments deepens, the translucency increases,
and the sharp angular outlines are preserved while
solution is taking place." N.F. VIII.
Constituents. — The therapeutic value of kino is due
to the presence of kinotannic acid, a non-glycosidal
tannin which gives a green coloration with ferric sails.
The proportion of this principle in a good quality of
drug is between 70 and 85 per cent, although much
lower figures have been reported.
In addition to kinotannic acid, kino contains kinoin,
a colorless, crystalline, non-astringent material. Kino
red is apparently an anhydride of kinoin; it is a
phlobaphene, one of a class of red (or brown) amorphous substances, formed by treatment of certain
tannins with steam under pressure, or by heating
with acids. Kino red may be so formed from kinotannic acid. There is much uncertainty regarding the
formulas of these substances. In addition to these
constituents, small amounts of pyrocatechin and of
protocatechuic acid have been found in kino. For a
review of the constituents of kino, see Gathercoal
(/. A. Ph. A., 1924, 13, 103).
Apparently there is an enzyme present in kino
which converts kinotannic acid into kino-red, so that
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kino loses its astringent properties on standing, both
its aqueous and alcoholic solutions becoming gelatinous
and non-astringent. White (Pharm. J., May, 1903)
found that this change is caused by an oxidase which
is inactivated by boiling; solutions so treated will
retain their astringent powers.
Uses. — Kino is powerfully astringent. In this country it was formerly widely used in the treatment of
diarrhea. Combinations with opium, the adsorbent
medicines, and chalk mixture were popular. Occasionally it was employed as a local application in
leukorrhea and in passive hemorrhages. An infusion,
made by pouring eight fluidounces of boiling water
on two drachms of kino, straining when cool and
adding aromatics, was also sometimes employed. A
20 per cent w/v tincture was official in N.F. VIII. |v]
Dose, 0.5 to 2 Gm. (approximately 8 to 30 grains).
Kola, NJ?. VIII. Cola. Kolanuts. Gooroo Nuts.
Bichy Nuts. — "Kola is the dried cotyledon of Cola
nitida (Ventenat) Schott and Endlicher, or of other
species of Cola (Fam. Sterculiacece) . Kola yields not
less than 1 per cent of anhydrous caffeine, CsHioN402." N.F. VIII.
The Cola nitida (Vent.) Schott and Endlicher (Cola
acuminata Schott and Endlicher; Sterculia acuminata
Beauv.) is a large tree, somewhat resembling an apple
tree, indigenous to Guinea in western tropical Africa.
It is largely cultivated in the West Indies and South
America, especially in Brazil, for the sake of its seeds,
the present commercial supply of these coming chiefly
from the Western Hemisphere. Its leaves are alternate,
petiolate, coriaceous, with obovate blades 4 to 6 in.
in length, the older entire, the younger frequently
incised once or twice near the base. The yellow flowers
occur in axillary and terminal panicles. The fruit consists of 5 woody follicles, each of which contains 1 to
3 large white or crimson seeds, about the size and
shape of horse-chestnuts, the kernels of which deprived of their seed-coats have long been used by the
natives of Africa as a caffeinic stimulant under the
name of guru nuts. It is stated that the negroes of
Brazil use the seeds of the Sterculia chica A. St. Hil.
and of the S. striata A. St. Hil. for similar purposes.
Three varieties of kola nuts are said to be the product of Cola nitida. The most valuable, the kola of
Sakhala, is the largest, and is of a white color. The
kola of Kassi, of Siarra, and of Toute, is of medium
size, red or white. The kola of Maninian is small and
red. Of the white kola there are two varieties, one
whitish, resembling the kola of Sakhala but smaller;
the other more or less rose-colored and larger. For
further information on the botanical sources of kola
see Farwell (Am. J. Pharm., 1922, 94, 428).
Description. — "Vnground Kola occurs as irregularly plano-convex or somewhat globular cotyledons
from 2.5 to 5 cm. in length; heavy, hard, and tough.
The cotyledons are reddish black to light brown,
smooth or somewhat wrinkled ; the edges being slightly
incurved and sharp.
"Powdered Kola is light brown to moderate yellowish brown. It is odorless, and has a mildly astringent taste. It shows numerous starch grains, some of
which show alteration, the normal grains being up to
45 microns in diameter; the smaller ellipsoidal or
spherical, the larger ellipsoidal or irregularly oblong
and occasionally with a protuberance on one side;
many of the larger grains show lamellae and a circular
hilum or a fissure through the center, and numerous
parenchvma
cells about 65 microns in diameter."
N.F.
VIII.
Constituents. — The chief constituent of kola which
is of medicinal importance is caffeine, but there is
present also a trace of theobromine. Rosenthaler
(Pharm. Acta Helv., 1935, 10, 90), expressing his results in terms of "purine bases," found an average of
1.73 per cent in Jamaica kola, and 1.33 per cent in
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Madagascar kola. The caffeine in the fresh kola nut
is not present as the free base. Casparis {Pharm. Acta
Helv., 1929, 4, 181) obtained from fresh kola nuts a
crystalline compound of caffeine and kola-catechin
in molecular proportions. In the commercial dried
seeds, most of the kola-catechin has been converted
into red oxidation products {kola-red) . Casparis found
no evidence of the presence of a caffeine tannoglucoside, such as had been reported under the name of
kolanin by Knebel (1892).
The substances referred to in the literature as
kolatin, kolatein, and kola-catechol, Freudenberg
{Ann. Chem., 1930, 483, 140) has identified as
d-catechol and Z-epicatechol.
Uses. — The effect of kola nuts is indistinguishable
from that of the other caffeinic drugs. Gehlen {Arch,
exp. Path. Pharm., 1934, 174, 695) made a physiological study of the three chief constituents of kola
nuts. He found that kola-red has marked astringent
properties; kola-catechin is not astringent but in
large doses it exerts a veratrine-like effect on the
muscles; the general action of the whole nut is
scarcely distinguishable from that of caffeine. Kola is
about equivalent to guarana, tea, coffee, etc., and may
be substituted for them.
Dose, 4 Gm. (approximately 60 grains).
Krameria, B.P. 1948. Krameria Root. Rhatany
Root. — The B.P. 1948 recognized Krameria as the
dried root of Krameria triandra Ruiz and Pav., known
in commerce as Peruvian Rhatany.
Krameria was long recognized either in the U.S.P.
or the N.F., and also in the B.P. The N.F. defined it
as follows: "Krameria is the dried root of Krameria
triandra Ruiz et Pavon, known in commerce as Peruvian Rhatany; or of Krameria argentea Martius,
known in commerce as Para or Brazilian Rhatany
(Fam. Leguminosae) . Krameria contains not more
than 1 per cent of foreign organic matter, and yields
not more than 2 per cent of acid-insoluble ash.
Krameria more than 1 cm. in thickness shall be rejected." N.F. VII.
Krameria triandra is a shrub having a long, muchbranched, dusky red root, and a procumbent stem
divided into numerous branches, of which the younger
are leafy and thickly covered with soft hairs, giving
them a white, silky appearance. The leaves are few,
sessile, oblong-ovate, pointed, entire, presenting on
both surfaces the same silky whiteness of the young
branches. The flowers are bright scarlet, solitary in
the axils of the upper leaves. The indehiscent, globular
fruit, about the size of a pea, is surrounded by stiff
reddish-brown prickles, and bears one or two seeds.
It is a native of the Peruvian Andes, growing in dry
argillaceous and sandy places.
Para or Brazilian rhatany was described by Berg in
1865, and is believed to be the root of the K. argentea
Martius. According to the studies of Dunwoody {Am.
J. Pharm., 1890), this rhatany contains the same
active principles as the root of K. triandra, but in
slightly less quantity.
Peruvian krameria is shipped to the U. S. A. from
Peru; Brazilian or Para krameria from Para and Rio
de Janeiro, Brazil.
Description. — "Unground Peruvian Rhatany. —
Crown knotty, several to many-headed, with numerous branching roots; roots up to 50 cm. in length and
not more than 1 cm. in thickness, cylindrical or somewhat tapering, flexuous or wavy, externally dusky red
to moderate brown, more or less marked with scaly
cork especially in the upper portion, somewhat longitudinally wrinkled but devoid of transverse fissures;
fracture of bark slightly fibrous, of wood tough and
splintery; the bark less than one-third of the radius,
the wood weak orange to weak yellowish orange and
finely radiate.
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"Unground Para Rhatany. — Root usually separate
from the crown, less flexuous, tapering, tough, usually
not exceeding 1 cm. in thickness; externally and internally darker in color than those of Peruvian
Rhatany, and marked with numerous fissures; the
bark about two-fifths or more of the radius.
"Powdered Krameria. — Color moderate brown; inodorous; taste astringent; starch grains simple or 2to 4-compound, the individual grains spherical, ellipsoidal or plano-convex, sometimes with a central,
radial, or star-like cleft, and up to 35 microns in
diameter; bast fibers more or less wavy in outline
with very much attenuated ends and with non-lignified
walls; tracheae with simple or bordered pores associated with numerous wood fibers which are narrow,
spindle shaped, and with thick, porous, slightly lignified walls; numerous cellular fragments; calcium
oxalate in monoclinic prisms up to 100 microns in
length, and occasionally in microcrystals." N.F. VII.
Constituents. — Krameria contains tannic acid, lignin,
and minute quantities of gum, starch, saccharine matter, and an acid named krameric (or rhatanic) acid.
The tannin of rhatany krameria-tannic or rhataniatannic acid) , of which the root contains about 8 or 9
per cent, gives a dark-green precipitate with ferric
chloride, a flesh-colored one with gelatin, and none
with tartar emetic. In the presence of potassium hydroxide, it is transformed into protocatechuic acid
and phloroglucin, and with diluted acids gives glucose and a red phlobaphene called rhatany-red.
In examining a specimen of extract of rhatany
from America, Wittstein discovered a base rhatanine
which he thought to be identical with tyrosine. Goldschmidt showed {Drug. Circ, 1914, 17) that it is
N-methyltyrosine.
Uses. — Krameria is an active astringent, and was
formerly extensively employed in the treatment of
chronic diarrhea, hemorrhoids, and sore throat. It has
long been used in Peru as a remedy in bowel complaints, and as a local application to spongy gums.
Several German surgeons claimed that an ointment
of krameria promotes epithelization of wounds (see
Goldhammer, Derm. Wchnschr., 1927, p. 529). [v]
Dose, of the powder, 1 to 2 Gm. (approximately
15 to 30 grains).
Krebiozen. — This name was applied to a material
of unknown nature and method of preparation made
available by S. Durovic. In 1951 in a private publication A. C. Ivy described beneficial effects in 22 cases
of cancer treated with this material by Dr. Durovic.
A private publication of the Krebiozen Research
Foundation in Chicago in 1954 described subsequent
events. It was stated that Krebiozen is an amorphous
white powder which is soluble in water, benzene and
vegetable or mineral oils. It is said to be produced
by injecting an extract of Actinomyces bovis into
horses and extracting with the blood lipids a substance
from blood. This material is alleged to stimulate the
reticuloendothelial system of the patient to produce
an anti-carcinoma-growth substance. Thousands of
ampuls containing 0.01 mg. dissolved in 1 ml. of
mineral oil were distributed to physicians for clinical
trial. Because of the problems presented by lay publicity the American Medical Association conducted a
cooperative clinical trial of the material supplied by
Durovic {J.A.M.A., 1951, 147, 864). From 7 different
sources, reports on 100 patients were evaluated.
Cancers arising from and involving all parts of the
body were treated. Only 2 of 100 patients showed any
improvement and that only in symptoms for a short
time. Other unsuccessful efforts to treat cancer have
been recorded (Schmitz and Smith, ibid., 1952, 148,
843; Szujewski, ibid., 929). Rhoads {Science, 1951,
114, 285) called attention to the premature and inept
lay publicity on this "cancer cure" and Ivy {ibid.,
286) agreed that the available information was in-
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sufficient to reach any conclusions other than the
desirability of clinical trial.
Lac. Lacca. Resina (Gummi) Lacca. — This resinous
substance is obtained from several trees growing in
the East Indies, India, Indo-China, Burma and Siam,
when infested by the sucking insect Laccijer lacca
(Tachardia lacca Kerr.) (Fam. Coccidoe). It is an
exudation from pores all over the bodies of the insect
and represents a transformation product of the plant
sap; eventually the insects become completely incrusted in the exudate.
Lac appears on the market in many grades. Sticklac is the resin as taken from the tree, still encrusting
the small twigs around which it originally concreted.
It is deep reddish-brown in color, of a shining fracture, translucent at the edges, inodorous, and of an
astringent, slightly bitterish taste. Its external surface
is perforated with numerous minute pores, and when
broken it exhibits many oblong cells, containing the
dead insects which bear coloring matter. Seed-lac is
crushed stick-lac which has been thoroughly washed
with water to remove nearly all of the foreign matter,
and then dried. It occurs in very small, clean grains,
varying from a light yellow to reddish color.
Shellac is the product of lac prepared from sticklac or seed-lac by melting it with a small amount of
orpiment and sometimes also with more or less rosin,
straining it, and pouring the mixture upon a flat
smooth surface to harden, or pulling it out into large,
thin sheets, which are broken up after cooling. There
are many varieties and as many trade designations of
shellacs made by this simple process. Depending upon
the quality of the lac employed, upon whether orpiment or rosin, or both, are added, shellacs of different color, solubility and other properties may be
obtained. Sometimes the term lac, as for example leaf
lac, is applied instead of the term shellac. Button lac
consists of round discs of shellac made from a superior
stick-lac of not too intense color. Bleached shellac is
made by treating an alkaline solution of shellac,
seed-lac, or stick-lac with sodium hypochlorite, by
which treatment the natural coloring matter is destroyed. Such shellac generally does not contain added
orpiment, which is used only for coloring. Arsenic-free
products of this type, generally called white shellac,
are used where color is undesirable.
Shellac is soluble in alcohols, and may be dissolved
in water with the aid of alkalies such as ammonia,
borax, sodium carbonate, ethanolamines, etc. On
exposure to air and moisture the solubility of shellac
decreases.
The natural coloring matter of lac appears to consist of two principles designated laccaic acid and
erythrolaccin. The composition of the resin, which
makes up about three-fourths of lac, is much more
complex; indeed, there appears to be no general
agreement concerning its exact composition. Several
polyhydroxy-acids are present, the two most important of which are aleuritic and shellolic. Harris and
Nagel (Ber., 1922, 55B, 3833) suggested that shellac
resin is a mixture of these hydroxy-acids condensed as
lactides. Weinberger and Gardner (Ind. Eng. Chem.,
1938, 30, 454) questioned this view, believing that a
solid solution of chain inter-esters of dissimilar polyhydroxy-acids might account for its resinous character. Chemical data on the yields of the acid isolated
from shellac by fractionation with organic liquids are
reported in the same article (see also the article by
Schaeffer, Weinberger and Gardner, Ind. Eng. Chem.,
1938, 30, 451). The composition of lac wax is also
uncertain; it appears to contain myricyl and ceryl
alcohols, both free and combined with oxy-acids and
fatty acids, including melissic, palmitic, cerotic, etc.
Shellac finds use in the manufacture of certain
varnishes; as a binder in products such as buttons,
emery wheels, phonograph records, sealing wax, elec-
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trical insulating materials, etc.; in the making of
linoleum, oil-cloth and paper; for stiffening hats; and
for coating tablets (see Enteric Coating, under Tablets, in Part II).
Lacquer. — Although the term "lacquer" is today
generally applied to solutions of a film-forming cellulose ester in a volatile solvent mixture, it was originally exclusively applied to a varnish usually obtained
from the juice of Rhus verniciflua Stokes, a tree indigenous to China but which was early introduced
into Japan. The milky exudate which is obtained by
incising the bark is strained, allowed to stand until it
separates into several layers, the lighter of which produce the better varnishes, and then exposed to moderate heat whereupon the products increase in viscosity and darken in color. The lacquers thus obtained
are thinned with various solvents. Depending on the
source, they are referred to as Chinese, Japanese,
Yunan, and Formosan lacquers. Burmese lacquer, also
known as thitsi, is obtained from the stems of
Melanorrhoea usitata; Yunan lacquer originates from
Rhus succedanea, and the Formosan variety comes
from Semecarpus vernicijera. The main constituent of
Chinese and Japanese lacquers is urushiol, known also
as urushinic acid. It is an unsaturated phenol of the
formula C20H30O2. Thitsiol, which is a homologue
of isohydrourushiol, is the important constituent of
Burmese lacquer, while the Yunan and Formosan
varieties contain laccol, which is a homologue of
urushiol. The oriental lacquers, known in Japan as
urushi and ki-urushi, are used for ornamental as well
as protective application; their drying appears to involve enzymatic oxidation. Colored lacquers are made
by incorporating various pigments in the natural
product. It is of importance to physicians to note
that the Oriental lacquers of thus origin frequently
exhibit toxic reactions, dermatitis, etc., toward some
who show idiosyncrasy toward them.
Lactucarium, US.P. IX. Wild Lettuce. Strongscented Lettuce. Green Endive.- — The plants of the
genus Lactuca of the Compositce yield, when bruised,
a milky juice to which they owe their generic name.
Narcotic properties have been attributed to the juice
from several species including even the Lactuca sativa
L., or garden lettuce, but only the L. virosa L.
(strong-scented lettuce) and L. scariola L. (prickly
lettuce) are employed in medicine. L. virosa, whose
dried
Europe.latex was official as lactucarium, is a native of
The dried juice occurs in irregular pieces; externally
dull reddish- or grayish-brown ; internally light brown
or yellowish, somewhat porous. It has a bitter taste
and an odor similar to that of opium.
About one-half of lactucarium is made up of a
colorless, odorless and tasteless, crystallizable substance
— lactucerin (lactucon) . According to Hesse it is a
mixture of acetyl esters of alpha- and beta-lactucerol
(see also Bauer and Schub (Arch. Pharm., 1929, 267,
413). Various bitter principles have also been described, namely, lactucin, lactucic acid and lactucopicrin; there is, however, considerable uncertainty as
to whether these substances are really proximate principles, and there is no evidence that any of them
possesses therapeutic activities.
The claim sometimes made that Lactuca virosa
contains a mydriatic alkaloid has been denied by
Braithwaite and Stevenson (Pharm. J., 1903, 148).
Farr and Wright (Pharm. J., 1904, p. 16) claimed,
however, to have definitely established the presence
of an alkaloid producing a powerful mydriatic effect.
The ancients believed that lettuce had soporific
properties, a superstition which has survived, probably because of the similarity of lactucarium to
opium, both in appearance and odor. It has been employed in this country to some extent to allay cough
and quiet nervous irritation, but whatever benefit
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may have been derived was probably purely psychical.
Lappa, N.F. VII. Burdock Root. Beggars' Buttons.
Hareburr. — "Lappa is the dried, first-year root of
Arctium Lappa Linne or of Arctium minus Bernhardi
(Fam. Composites)" N.F. VII. For a description of
the herbs and of the unground and powdered root,
see U.S.D., 23rd ed., p. 593.
Burdock root contains a fixed oil, a trace of a
volatile oil, considerable amounts of inulin and a
bitter glycoside. Omaki (J. Pharm. Soc. Japan, 1937,
57, 22) found in the seeds of A. Lappa a narcotic
glycoside arctiin (which may be the same as that described byTrimble in 1885 under the name of lappin) .
On hydrolysis arctiin yielded arctigenin, which is related to the resin-lactone picropodophyllin.
In the days when the medical profession believed in
the "alterative" effects of drugs burdock root was
used in the treatment of gouty and syphilitic disorders; also in various chronic skin diseases, especially
in psoriasis, prurigo and acne. The fresh leaves have
been employed both externally and internally in cutaneous eruptions and ulcerations. There is no sufficient
reason, however, to believe it has any medicinal value.
A fluidextract was official in N.F. VII.
Larkspur, N.F. IX. Delphinium. Larkspur Seed.
Lark's Claw. Knight's Spur. — "Larkspur is the dried
ripe seed of Delphinium Ajacis Linne (Fam. Ranunculacece) ." N.F. IX.
Practically all the species of Delphinium are poisonous; it has been said that the larkspurs have caused
more loss to cattle raisers than any like group of
plants except the locoweeds. The American species are
mostly perennials, the European, annuals. Among the
latter two have some medicinal importance but only
one is now official.
Delphinium Ajacis L. is a native of Europe but has
become sparingly naturalized from Nova Scotia to
South Carolina and west to Montana and Kansas. It
is an erect, annual herb whose stem leaves are palmately dissected into narrow linear segments. Its flowers
vary from blue to violet and white and are arranged
in a raceme, the calyx being petaloid with a curved
spur about equaling the rest of the flower, the corolla
of 2 united petals, the pistil of one carpel. Its fruit is
a pubescent, beaked follicle.
Description. — "Unground Larkspur occurs as an
irregularly tetrahedral seed, acute at one end, obtuse
or rounded at the other, about 2 mm. in length, and
nearly as wide. The surface is brownish black to dark
yellowish brown, occasionally light brownish gray or
yellowish gray, and has from 8 to 12 ridges transversely encircling the seed and forming wavy, continuous, vertical walls or ruffles, occasionally intersecting, and with narrow channels between. The seed
coat is crustaceous. The endosperm is light gray,
fleshy, and oily, and the small embryo is embedded
within it." N.F. IX. For histology see US.D., 24th
ed., p. 620.
"Powdered Larkspur is brown to olive-gray, has a
very faint odor, and a bitter, afterward biting and
acrid taste. It shows numerous fragments of endosperm; aleurone grains up to 12 microns in length;
fragments composed of elongated epidermal cells, the
latter up to about 45 microns in diameter and 300
microns in length ; and groups of elongated cells from
the inner layer of the seed coat up to 10 microns in
width, with characteristic beaded walls." N.F. IX.
Constituents. — Keller and Volker (Arch. Pharm.,
1913, 251, 207) found in D. Ajacis two alkaloids —
ajacine, and ajaconine. Goodson (J. Chem. S., 1944,
108) has apparently established that the former is
acetylanthranoyllycoctonine, of the formula C34H46N2O9.2H2O. Hunter (Quart. J. P., 1944, 17, 302)
offered evidence in favor of the formula C21H31NO3
for ajaconine; during the course of his researches he
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also isolated three new alkaloids — ajacinine, C22H35NG"6, ajacinoidine , C38H56N2O12, and a base closely
resembling, if not identical with, lycoctonine, C25H39NO7. Hunter also found approximately 39 per
cent of fixed oil, having an acid value of 132, in the
seeds. Subsequently Goodson reported (/. Chem. S.,
1945, 245) three new crystalline bases in D. Ajacis;
though the analytical data do not yield exactly the
same formulas as proposed by Hunter, the bases isolated by the two investigators may be identical.
These alkaloids, as far as we know, have not been
physiologically studied.
Uses. — The only therapeutic purpose for which the
use of larkspur seems at all justifiable by present
knowledge is for the destruction of lice in the hair.
Even for this purpose its use is inadvisable because of
high toxicity and it is today rarely employed. N.F. IX
recognized Larkspur Tincture and Acetic Larkspur
Tincture, both of which were used as pediculicides.
Lathyrus. Lathyrus sativus L. (Fam. Leguminosce) . Vetchling. Jarosse, Kasari (Ind.). — The white
or chickling vetch, the seed of which is used in Europe
as a food both by man and animals, under the name
of "mutters," produces, when taken too freely, a condition known as lathyrismus. Horses which have been
fed on the plant for a considerable period collapse
while performing the lightest work, in consequence of
paralysis of the hind extremities, and in many cases
death has followed from bilateral paralysis of the
recurrent laryngeal nerves and consequent asphyxia.
This laryngeal affection does not occur in the human
subject, and death very rarely takes place. In man
the muscles of the lower extremities below the knee
are likely to be especially affected, the abductors more
than the adductors. The muscles of the face, neck, and
upper extremities are very rarely, if ever, attacked.
Astier obtained from the seeds a poisonous, alkaline,
volatile liquid. According to him, this liquid is not
present in preparations such as pressed cakes made at
a high temperature, which are consequently not poisonous. If, however, the cake has been prepared at
low temperature, it has toxic properties, because of
retention of the toxic principle. This is in conformity
with the experience of peasants in some parts of
Europe, who mix ground white vetch seeds with
wheat flour, and boil the mixture for food. Holmes
stated that the seeds should not be used in food in
any proportion, as they are poisonous (Pharm. J.,
1913, 795). Stockman (Edinburgh M. J., 1917, 19,
285) found in the seeds an alkaloid which paralyzed
both the central nervous system and the peripheral
motor nerves. Dilling (/. Pharmacol., 1919, 14, 359)
separated two alkaloids, both of which appear to
paralyze the central nervous system, including brain
and spinal cord, and lower the excitability of muscle
substance, one being also depressant to the peripheral
motor nerves. Betaine and choline have both been
reported present.
The theory has been brought forward that lathyrism
is due to contamination with the common vetch, or
tare (Vicia sativa L.), closely related to the above,
but Stockman (/. Pharmacol., 1929, 37, 43) established that lathyrus seeds are poisonous, although the
vetch is also toxic. The V. ervilia, or black vetch, has
long been known to be toxic; Wilcez and Tschumi
(Schweiz. Apoth.-Ztg., 1919) reported on its pharmacognosy.
Laurocerasus. English Laurel. Bay Laurel. Cherry
Bay. — Under the title of Laurocerasi Folia (Cherrylaurel leaves) the B.P. 1914 recognized the fresh leaves
of Prunus Laurocerasus (Fam. Rosacea;), a small
evergreen bush, or tree, indigenous to southeastern
Europe and southwestern Asia but cultivated in temperate regions.
Intact cherry-laurel leaves are devoid of odor; but,
when bruised, they emit the characteristic odors of
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hydrocyanic acid and benzaldehyde. Their taste is
somewhat astringent and strongly bitter.
Cherry-laurel leaves contain a glycoside, formerly
called laurocerasin but now known as prulaarasin,
which is isomeric with mandelonitrile glycoside, found
in wild cherry bark, and related to amygdalin. They
contain also an enzyme known as prunase, similar to,
if not identical with, emulsin, which effects hydrolysis
of the glycoside with formation of hydrocyanic acid
and benzaldehyde. As the emulsin is stored in the
veins and the prulaurasin found in the parenchyma of
the leaf, the production of hydrocyanic acid takes
place only after the leaves are broken. The fresh leaves
yield a volatile oil which resembles that from bitter
almonds.
Cherry-laurel leaves are still used, especially in the
form of a water prepared by distillation and standardized to contain 0.1 per cent of hydrocyanic acid,
as a sedative in symptomatic treatment of nausea and
vomiting, as an ingredient of eye lotions, and as a
flavor.
Lecithins. — The term lecithins is applied to a
group of phospholipids or phosphatides which are
composed of glycerophosphoric acid esters of oleic,
stearic or other fatty acids combined with the quaternary base choline. Structurally, the two hydroxyl
groups of the glycerin component of glycerophosphoric
acid are esterified with the fatty acids, while a hydroxyl group of the phosphoric acid component is
esterified with choline. The lecithins are found widely
distributed in both the animal and vegetable kingdoms, being especially abundant in nerve tissues and
in egg cells of both plants and animals. While all the
lecithins are closely related they vary considerably in
the details of their chemical structure; thus Levine
and Rolf (/. Biol. Chem., 1927, 72, 587) found significant differences in the nitrogen content and iodine
values of lecithins derived from egg-yolk, liver or
brain.
The two chief commercial varieties of lecithin are
derived respectively from eggs and from leguminous
seeds. The former, known as ovolecithin, or vitellin, is
the choline distearylglycerophosphate. It occurs as a
yellow to brown, waxy solid, of characteristic odor,
soluble in an equal volume of cold absolute alcohol
and readily soluble in chloroform, ether, and benzin
and fixed oils. It is insoluble in water, but hydrates to
form a colloidal solution, and eventually undergoes
hydrolytic decomposition. It is hygroscopic on exposure to air and decomposes according to the extent
of moisture absorbed; it should be protected from
light.
Vegetable lecithin, or vegilecithin, likewise consists
of glycerophosphoric acid esters of fatty acids combined with choline and possesses essentially the same
properties as ovilecithin. Vegilecithin, made from soybean, is now available in quantities at a comparatively low price. Commercial lecithin is also derived
from corn; Scholfield et al. (J. Am. Oil Chem. Soc,
1950, Sept., p. 352) reported on the chemical composition of corn compared with soy bean phosphatids,
these in general being similar. It is recommended as
an emulsifying agent and as a stabilizer in the manufacture of certain food products.
When taken by mouth lecithin is partially hydrolyzed by fat-splitting ferments of the pancreas
into its constituent parts, but appears also to be in
part absorbed unchanged; the extent of absorption of
unchanged lecithin seems to be dependent upon the
presence of bile in the intestines. The literature upon
the effects of lecithin upon the body is extensive and
somewhat contradictory. In a review by the Ohio
Agricultural Experiment Station (Bull. No. 5, March,
1914), Forbes and Keith concluded that lecithin
possessed no unusual nutritive value in normal ani-
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mals, but in cases of impaired nutrition lecithin encouraged phosphorus retention. Lecithin has been
shown by H. C. Wood, Jr. (Univ. Penn. M. Bull.,
May, 1902) to be nontoxic.
A new point of view was introduced when Best
et al. (Am. J. Physiol., 1932, 101, 7) reported that
choline and lecithin, as a dietary source of choline,
had lipotropic action, i.e., they prevented fatty degeneration of the liver after pancreatectomy and in
other conditions of malnutrition. Other substances are
concerned in the regulation of fat metabolism, such as
components of the vitamin B complex, unsaturated
fatty acids, etc. (Engel, /. Nutrition, 1942, 24, 175;
see also under Choline Dihydrogen Citrate, Part I).
Based on this and other experimental findings, lecithin,
particularly a preparation extracted from soybeans
and containing as much as 30 per cent of soybean oil,
has been employed with benefit in several clinical
conditions.
Therapeutic Uses. — In the sprue syndrome, Adlersberg and Weingarten (N. Y. State J. Med., 1941, 41,
14; 1944, 44, 606) reported a diminution in the
amount of fatty acids and soaps in the stools and a
decrease in the frequency of defecations as well as an
improved gastrointestinal absorption of fat and of
vitamin A. In cirrhosis of the liver, Hoagland (N. Y.
State J. Med., 1943, 43, 1041) found the feeding of
lecithin very beneficial. In patients with hypercholesterolemia, diets low in cholesterol have proved
disappointing in reducing the blood cholesterol level;
the feeding of soybean lecithin has been much more
effective (Adlersberg and Sobotka, J. Mt. Sinai Hosp.,
1943, 9, 955). On a dose of 25 Gm. of soybean lecithin
daily for 6 to 10 weeks while on a diet composed
90 Gm. of protein, 100 Gm. of fat, and 340 Gm. of
carbohydrate, Steiner and Domanski (Proc. S. Exp.
Biol. Med., 1944, 55, 236) reported a decrease in
blood serum cholesterol in 8 patients followed by a
rise of cholesterol concentration on discontinuing the
lecithin. Normal phospholipid concentrations in blood
serum range from 6.4 to 12 mg. per 100 ml. In addition to their important role in the transport of neutral fat in the body (see discussion under Choline
Dihydrogen Citrate, in Part I), Wagner and Poindexter (J. Lab. Clin. Med., 1952, 40, 321-336) emphasized the importance of phospholipids in the esterification of blood serum cholesterol (see also discussion
of lipoprotein macromolecules under Cholesterol, in
Part I). Whether the lecithin or some other component of the soybean product is responsible for this
action may be questioned (see under Unsaturated
Fatty Acids, Part II). In psoriasis, particularly active cases with early lesions, Gross and Kesten (Arch.
Dermat. Syph., 1943, 47, 159) and others reported
clearing of the skin lesions following ingestion of soybean lecithin ; in combination with the usual methods
of topical therapy it was beneficial in cases with extensive, chronic skin lesions. Some cases of infantile
eczema, seborrhea, acne and scleroderma were benefited. Chopra et al. (Indian J. Med. Res., 1941, 29,
197) reported benefit in the management of the withdrawal syndrome in opium addicts.
The usual dose of the soybean lecithin product is
10 Gm. (approximately iy2 drachms) 1 to 3 times
daily, by mouth, with meals. The waxy material is
well tolerated with food. Acletin, Granulestin, and
Lexo Wafers (Associated Concentrates, Inc.) are commercially obtainable preparations containing soybean
lecithin.
Leech. Hirudo, B.P. 1914.— "Leeches are (1)
Hirudo medicinalis Linn., the Speckled Leech, and
(2) Hirudo quin que striata Schmarda, the Five-striped
or Australian Leech." B.P. 1914.
The Hirudinece are aquatic annelid worms with a
flattened body, tapering towards each end, and ter-
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minating in circular flattened disks, the posterior one
being the larger of the two. They swim with a vertical
undulating motion, and move, when out of the water,
by means of these disks or suckers, fastening themselves first by one and then by the other, and alternately stretching out and contracting their bodies.
The mouth is placed in the center of the anterior disk,
and is furnished with 3 cartilaginous jaws at the entrance of the alimentary canal. These jaws are lined
at their edges with fine, sharp, chitinous teeth, and
meet so as to make a triangular incision in the flesh.
The head is furnished with small raised points, supposed by some to be eyes.
Savigny divided the genus Hirudo of Linnaeus into
several genera. The true leech is the Sanguisuga of this
author, and is characterized by its 3 lenticular jaws,
each armed with 2 rows of teeth, and by having 10
ocular points. Several species are used for medicinal
purposes, of which the most common are the Hirudo
medicinalis of Europe, and the Hirudo decora of this
country.
Hirudo medicinalis Linn. (Sanguisuga officinalis
Savigny), the green or gray leech, is marked with 6
longitudinal dorsal ferruginous stripes, the 4 lateral
ones being interrupted or tessellated with black spots.
The color of the back varies from a blackish to a
grayish-green. The belly in the one variety is of a
yellowish-green color, free from spots, and bordered
with longitudinal black stripes. In the second variety
it is of a green color, bordered and maculated with
black. This leech varies from 2 to 4 inches in length.
It inhabits marshes and running streams, and is
abundant throughout Europe.
Macrobdella (Hirudo) decora Say, the medicinal
leech of America, has a back of a deep pistachiogreen color, with three longitudinal rows of square
spots. The lateral rows of spots are black, and the
middle range of a light brownish-orange color. The
belly is of the latter color, variously and irregularly
spotted with black. The American leech sometimes
attains a length of 4 or 5 inches, although its usual
length is from 2 to 3. It does not make so large and
deep an incision as the European leech, and draws
less blood. Hirudo quinquestriata Schmarda (Hirudo
australis Bosisto ; Limnobdella quinquestriata R.
Blanch), the jive-striped or Australian leech, has a
dorsal surface greenish-yellow-brown, with 5 longitudinal stripes, the ventral surface being greenishyellow and not spotted. The jaws are large, with 48
to SO teeth, the inner being the larger.
Leeches may be kept in jars of soft water, which
should be changed 2 or 3 times a week. It is advantageous to have some moss and pebbles in the bottom
of the jar, as one of the habits of the leech is to draw
its body through the moss and pebbles to clear it from
some of the slimy coat which forms on the skin. (For
other methods of preserving leeches see U.S.D., 21st
ed., p. 549.)
Uses. — Leeches have provided the least painful and,
in many conditions, the most effectual means for the
local abstraction of blood. In former times local bloodletting was highly regarded as a therapeutic measure
in the treatment of inflammatory processes and
"leeching" was a very common practice in the management of various acute affections of the eye and ear,
and occasionally of the pleura or peritoneum. Leeches
are now very rarely employed but in some instances
may be useful. In applying leeches, the skin hair, if
any, is first removed by shaving and the part well
cleansed with soap and water, and afterwards with
pure water. If the leech does not bite readily, the
skin is moistened with a little blood, or milk and
water. If it is desirable that the leech shall bite in a
particular spot, this end may be attained by cutting
a small hole in a piece of blotting paper, and then
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applying this moistened to the skin, so that the hole
is over the spot from which the blood is to be taken.
Leeches continue to draw blood until they are gorged,
when they drop off. Six domestic leeches will withdraw about a fluidounce of blood; a single European
leech will draw from half an ounce to an ounce.
They may be separated from the skin at any time
by sprinkling a little salt upon them.
In 1884 Haycraft showed that the saliva of the
leech prevented the coagulation of the blood. This
is due to the action of a principle known as hirudin.
Although Rimann and Wolff found that it required
20 mg. to render 100 Gm. of human blood noncoagulable, Satterlee and Hooker found that as small
an amount as 3.5 mg. per 100 Gm. caused perceptible
retardation of clotting. Before heparin was available,
leech extract, or its active principle, was used as an
anticoagulant in the physiological laboratory. (For
formula for preparing leech extract see U.S.D., 21st
ed., p. 549.) Hirudin has been used not only in the
physiological laboratory, but in clinical medicine for
the purpose of preventing clotting during transfusion
of blood. Marshall (J. Pharmacol., 1915, 7, 157)
found that commercial samples of hirudin may be
highly toxic, perhaps from contamination with some
product of putrefaction. Severe reactions, including
bloody diarrhea and collapse, have followed use of
hirudin as a therapeutic agent. For literature on the
subject see Satterlee and Hooker (J.A.M.A., 1914,
62, 1781).
On the theory that eclampsia is due to an excessive
fibrin content of the blood, hirudin has been used
clinically for its relief. Dimitriu and Somnea (Presse
med., 1931, 39, 1359) believe that hirudin hastens
the protective action of the leukocytes against bacteria
and recommended it for the prevention of phlebitis
and post-operative pulmonary inflammations.
Lenigallol, N.N.R. 1951 (Bilhuber-Knoll). Pyrogallol Triacetate. Triacetyl Pyrogallol. CeH3(CH3COo)3- — This is a white powder, insoluble in water,
melting at 165°, and decomposed by alkalies. A
derivative of pyrogallic acid, it has been highly commended as a local remedy in acute and moist eczema,
and in pityriasis rosea. It is said not to act well in
dry desquamating eczemas. It is generally applied in
the form of a paste containing from 3 to 10 per cent
of Lenigallol. In strengths of 30 to 50 per cent it is
also useful as a keratolytic. The advantages claimed
for it over pyrogallol are that it is less irritating and
less poisonous. Its action is apparently due to a gradual decomposition on the skin and liberation of
pyrogallol.
Eugallol (Bilhuber-Knoll), pyrogallol monoacetate, is a very thick, syrupy, transparent, reddishbrown mass, readily soluble in water. It is marketed
only in a 67 per cent solution in acetone.
Eugallol is more stimulating than Lenigallol, and
the commercial product is used as a keratolytic in
psoriasis, lupus, chronic scaly eczema, and certain
other dermatoses; it may be applied undiluted or
diluted with acetone.
Leptandra, N.F. IX. Culversroot. Culver's Physic.
— "Leptandra consists of the dried rhizome and
roots of Veronicastrum virginicum (Linne) Farwell
(Veronica
N.F.
IX. virginica Linne) (Fam. Scrophulariacece) ."
Veronicastrum virginicum (L.) Farwell (Veronica
virginica; Leptandra Virginica (L.) Nutt.) is an
herbaceous perennial, with an erect stem, 3 to 7 ft.
in height bearing whorls of leaves and dense terminal
panicles of spikes of nearly white flowers which are
succeeded by capsular fruits. The leaves, of which
there are from 4 to 7 in each whorl, are shortpetiolate, lanceolate, pointed, and serrulate. A variety
was seen by Pursh with purple flowers, which was
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described and figured as a distinct species by Rafinesque, under the name of L. purpurea. The plant
flowers in July and August. It grows in meadows,
thickets and moist woods from Manitoba to Nova
Scotia and in Virginia, Alabama and Texas.
The rhizomes and roots are collected from plants
of the second year's growth. The commercial supplies are largely obtained from North Carolina and
southern Virginia.
Description. — "Unground Leptandra rhizome is
usually of horizontal growth, from 4 to 10 cm. in
length and from 4 to 13 mm. in diameter, nearly
cylindrical, somewhat branched, the branches readily
separable from the main rhizome; it is externally
weak brown to moderate yellowish brown, annulate
from circular scars of bud-scales. The upper surface
shows numerous circular stem-scars, and occasional
short stem remnants and buds. Numerous coarse
roots arise from the under and lateral portions. The
fracture is very tough and woody, and shows a
rather thin, pale brown to dusky brown and resinous
bark internally; a yellowish white to light brown and
porous wood about the same thickness as the bark ;
a more or less hollow and large pith, having a color
the same as that of the bark. The roots are up to
10 cm. in length and from 0.5 to 2 mm. in diameter;
the same color as the rhizome, and smooth or faintly
longitudinally wrinkled. The fracture is short, showing a thick, dark-colored cortex and a small, lightcolored central cylinder internally.
"Powdered Leptandra is pale brown to light yellowish brown, having a characteristic odor, and a
very bitter and acrid taste. The starch grains are
numerous, located mostly in the parenchyma cells, the
individual grains nearly spherical or more or less
polygonal, and up to 9 microns in diameter. The
tracheae have spiral thickenings or simple or bordered
pores. The wood fibers have thick lignified walls, with
simple pores or with bordered pores resembling
tracheids. Fragments of parenchyma are present containing a reddish black to yellowish orange resin,
frequently closely coherent with the starch grains
in the cells, thus preventing the separation of individual starch grains. When mounted in chloral hydrate T.S., many fragments show orange-pink to reddish orange cell contents and occasionally elongated
cells with a yellow oily content." N.F. IX.
Constituents. — The active principle of leptandra is
unknown. In 1856 E. S. Wayne reported the presence of a crystalline bitter substance which F. F.
Mayer (Am. J. Pharm., 1863) classed as a glycoside.
Steinmann (Am. J. Pharm., 1887) obtained a bitter
principle which was neither glycosidal nor alkaloidal.
On the other hand Power and Rogerson (Trans.
Chem. Soc, 1910, 97, 1944) were unable to obtain
any substance corresponding to the earlier reports.
They found in the plant about 6 per cent of a brown
resin from which they obtained a phytosterol for
which they proposed the name verosterol, also dimethoxycinnamic and />-methoxycinnamic acids, and
a brown amorphous substance, with an intensely
bitter taste, amounting to about 1.6 per cent of the
drug. They believed that the crystals reported by
Steinmann were probably dimethoxycinnamic acid
contaminated with some of the bitter amorphous
substance.
The substance sold under the name of "leptandrin"
is an indefinite mixture made by adding water to a
strong alcoholic extract.
Uses. — Leptandra is a cathartic, the fresh drug
acting rather violently, but when dried more mildly.
Some believed it to have a special effect upon the
liver and it has been used either as a substitute for,
or in conjunction with, the mercurials. It is now
infrequently employed.
Dose, 1 to 4 Gm. (approximately 15 to 60 grains).
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Levisticum. Levisticum officinale Koch. (Fam.
Umbellijerce). Lovage. Radix Levistici. — This is a
tall, perennial, aromatic herb native to southern
Europe and cultivated for its rhizome system and
fruits. For a description of the plant see US.D., 24th
ed., p. 1505.
Lovage root is a stimulant aromatic and has been
used as a carminative and as a diuretic. Vollmer and
Weidlich (Arch. exp. Path. Pharmacol., 1937, 186,
574) found that it has a diuretic effect on mice
comparable to that of juniper. The usual dose was
from 0.5 to 2 Gm. (approximately 7^2 to 30 grains),
in the form of a decoction.
Levorphanol Tartrate, N.N.R. Levo-Dromoran
Tartrate (Hoffmann-La Roche).— In 1953 the N.N.R.
recognized under the generic title Racemorphan Hydrobromide (Dromoran Hydrobromide, HoffmannLa Roche) the hydrobromide of racemic 3-hydroxyN-methylmorphinan, a potent synthetic analgesic
differing from morphine in the absence of a double
bond in the phenanthrene nucleus, of the alcoholic
hydroxyl group, and of the oxygen bridge (for synthesis see U. S. Patent 2,524,855). Following the
observation that the levorotatory component of the
mixture possesses analgesic activity, while the dextroisomer is practically devoid of such activity, and that
the former, while having twice the analgesic potency
of racemorphan is not twice as toxic, the manufacturer withdrew the racemic mixture and replaced it
with the levo-isomer; the N.N.R. recognized the
tartrate of this compound under the name levorphan
tartrate, changing the generic name to levorphanol
tartrate in the 1955 edition.
Levorphanol tartrate is a white, odorless, bitter,
crystalline powder, dissolving in water and alcohol to
the extent of about 2 Gm. and 0.9 Gm., respectively,
in 100 ml. of solvent. The compound is related pharmacological y, as well as chemically, to morphine,
producing similar analgesia in much smaller doses and
apparently acting somewhat longer (Randall and
Lehmann, J. Pharmacol., 1950, 99, 163; Fromherz,
Arch, internat. pharmacodyn. therap., 1951, 85, 387;
Benson et al., J. Pharmacol, 1953, 109, 189). Subcutaneous administration of 2 to 3 mg. of levorphanol
tartrate produces a degree of analgesia similar to that
effected by 10 to 15 mg. of morphine. With equivalent
analgesic doses the margin of safety of the synthetic
compound is approximately the same as that of morphine; side effects are also similar, except that
levorphanol tartrate is less likely to cause constipation. Nausea, emesis and dizziness occur more commonly in ambulatory patients than in those in bed,
as is the case also with other narcotic analgesics;
pruritus or sweating is an infrequent occurrence. The
addiction liability of levorphanol tartrate is similar
to that of morphine. Contraindications are the same
as for morphine.
Levorphanol tartrate is used to relieve severe pain
in cancer, severe trauma, biliary and renal colic,
gangrene, and myocardial infarction; it is also used
preoperatively and for relief of postoperative pain.
Dose. — Levorphanol tartrate is given orally or subcutaneously, the usual adult dose being 2 to 3 mg.,
being adjusted to the age and weight of the patient,
the severity of pain, and the development of tolerance. Initial dosage in controlling intractable pain
should be as low as possible to delay development of
tolerance. Levo-Dromoran Tartrate is supplied in
tablets containing 2 mg., and in 1-ml. ampuls and
10-ml. vials containing 2 mg. per ml., the solution in
ampuls being preserved with 0.18 per cent methylparaben and 0.02 per cent propylparaben and the
solution in vials with 0.5 per cent phenol.
Dextrorphan and Dextromethorphan. — While the
dextrorotatory component (dextrorphan) of racemorphan has little if any analgesic activity it does
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possess antitussive activity (which the levorotatory
component also possesses) without inducing lethargy,
ataxia or sleep (Benson et al., loc. cit.) . The methyl
ether of dextrorphan, called dextromethorphan, is
still more potent as an antitussive agent; its activity
in this respect is nearly equal to that of codeine
(dextromethorphan has the same relationship to
dextrorphan as codeine has to morphine). Cass et al.
(Am. J. Med. Sci., 1954, 227, 291) consider that
dextromethorphan hydrobromide and codeine are for
all practical purposes of equal antitussive effectiveness, milligram for milligram, and Ralph (ibid., 1954,
227, 297) concludes that it is an effective and safe
cough-suppressing agent having the antitussive activity of codeine without sharing its addictive properties and without producing its typical side effects.
The usual adult dose is 10 to 20 mg., up to 4 times
daily. The compound is supplied under the trademarked name Romilar Hydrobromide (Hoffmann-La
Roche) in tablets containing 10 mg. and in a syrup
containing 10 mg. in each 4 ml., for use in cough
therapy.
Levulose. Fructose. D-Fructose. Fruit Sugar. —
Under the title Lcevidose (Lcevulosum) , the B.P.
1932 recognized a sugar obtained from honey or from
invert sugar, consisting chiefly of levulose with a
small proportion of dextrose and water. The sugar
is found free in a large number of fruits; it occurs,
in the form of various disaccharides and polysaccharides, inmany varieties of plants, such as dahlia,
dandelion, goldenrod, Jerusalem artichoke and wild
onion. From the inulin and levulins found in Jerusalem artichoke tubers levulose may be obtained by
hydrolysis of these polysaccharides. Levulose is difficult to crystallize.
Levulose is a white or cream-colored crystalline
powder, freely soluble in water. It is a ketohexosetype of monosaccharide, of the formula CeHi206.
While it is often designated as D-fructose, it is levorotatory, the "d" deferring to the fact that the position of the OH group on the asymmetric carbon atom
next to the terminal CH2OH group is the same as
in the reference compound D-glyceric aldehyde. Levulose exhibits mutarotation in aqueous solutions; in
these solutions it appears to exist as an equilibrium
mixture of a five-membered ring known as (3-dfructofuranose and a six-membered ring called 3-dfructopyranose, with more or less of the open-chain
keto form of the sugar.
Uses. — Levulose, being a monosaccharide, is absorbed from the gastrointestinal tract without having
to be digested, as do the more complex saccharides.
It is at least as sweet as sucrose, some finding it to
be substantially sweeter; on a sweetness scale in
which sucrose is rated as 100, levulose has been
rated as 173, dextrose as 74, maltose as 32, galactose
as 32, and lactose as 16. In the form of sterile, nonpyrogenic solutions, it finds its principal use in
parenteral alimentation with some advantages over
dextrose in certain conditions.
Levulose may have special utility in the treatment
of diabetic patients when parenteral carbohydrate is
required as a result of surgical or medical complication. The utilization of dextrose is dependent on its
being phosphorylated under the influence of hexokinase, which is released from its normally inhibited
state (the inhibition resulting from the activity of
pituitary and adrenal hormones) by the action of
insulin. Utilization of fructose likewise requires its
phosphorylation to fructose-6-phosphate, this reaction being expedited by the enzyme fructokinase,
which does not require insulin for its activation.
Because of the ability of the body to metabolize
fructose without insulin this sugar has been the
subject of considerable study in relation to the management of diabetes mellitus. Diabetic patients with-
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out ketosis utilize fructose as effectively as do nondiabetics; in the presence of ketosis, however, metabolism of fructose is impaired (Miller et al., J.
Clin. Inv., 1952, 31 115).
Normal metabolism of fructose involves several
pathways. It can be converted to glucose or to
glycogen; it can be directly oxidized to carbon dioxide and water to provide energy; it conserves protein
and inhibits the breakdown of fatty acids. Its rate
of utilization is said to be more rapid than that of
glucose. Cori (/. Biol. Chem., 1926, 70, 577) showed
that the hepatic glycogen content of fructose-fed
rats was greater than in those receiving glucose.
Weinstein (Ann. West. Med. Surg., 1950, 4, 373)
found that a 10 per cent solution of invert sugar
(which is a mixture of equal parts of levulose and
dextrose) produced less hyperglycemia and glycosuria than similar quantities of glucose (dextrose)
given at equal infusion rates, indicating that fructose
is removed from the blood more rapidly than is
glucose. Similar findings with fructose solutions have
been reported by Weichselbaum (Proc. Exp. Biol.
Med., 1950, 75, 816) and by Miller et al. (loc. cit.).
Thus fructose has the advantages when given intravenously of allowing a higher concentration of sugar
to be administered, thereby providing more calories
more rapidly without producing hyperglycemia, glycosuria and diuresis. Untoward effects attributable
directly to intravenous administration of fructose
have not been reported. Under the name Levugen
(Mead Johnson) a 10 per cent solution of levulose
in water is available.
Invert sugar, prepared by hydrolysis of sucrose, is
composed of equal parts of dextrose and levulose.
Clinical use of invert sugar dates back to the days of
World War I, when it was successfully substituted
for dextrose. Cousin and Fagon, unable to obtain
pure dextrose in the French colonies, used invert sugar
instead (Bull. trav. soc. pharm. Bordeaux, 1937, 3,
161). The advantages of invert sugar over dextrose
for parenteral therapy are attributable to its levulose
component (note the finding of Weinstein, reported
above) . In the treatment of surgical patients requiring parenteral nutrition, Rice (/. Indiana M.A., 1952,
45, 122) employed invert sugar, with amino acids and
alcohol to supply an adequate amount of calories in
a form which would be readily utilized. Invert sugar
is supplied under this name in 5 and 10 per cent concentration inaqueous solution or normal saline solution it
; is available also under the trade-marked name
Travert (Baxter Laboratories) in solutions of the
same composition.
The dose of levulose as a sweetening agent is according to the taste. As a 5 or 10 per cent parenteral
solution, the dose of fructose or invert sugar is 500
ml., with a range of 100 to 1000 ml. The maximum
safe dose is generally 1000 ml. and more than 2000
ml. is seldom injected in a 24-hour period. A 60 to 75
per cent w/v solution of invert sugar has been used
as a sclerosing solution for injection into varicose
veins, in a dose of 5 to 20 ml.
Lipocaic. — In 1936, Dragstedt and associates obtained from a pancreatic gland a substance, to which
they gave the name lipocaic, that prevented the fatty
degeneration of the liver which occurred in depancreatized dogs kept alive with insulin. In rats fatty
livers produced by diets rich in fat and low in protein
were avoided by the addition of lipocaic (Am. J.
Physiol., 1945, 144, 620) ; the lipotropic effect does
not appear to be attributable to choline or methionine,
or to nonspecific action of protein. This compound
has been sometimes classed among the hormones. It
has been used therapeutically in the treatment of
various diseases of the liver and suggested also for the
arteriosclerosis of diabetes. In the treatment of nontropical sprue, in which some preparations of pancreas
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have a beneficial effect, lipocaic is of no value and
may be contraindicated (Posey et al., New Orleans
Med. Surg. J., 1946, 98, 359). It is not commercially
available.
Local Anesthetic Agents. — Definition. — A local
anesthetic agent is one which, when applied to the
termination of a sensory nerve or to the nerve trunk,
blocks the transmission of the nerve action potential
and results in loss of sensation (sensory nerves) or
muscular paralysis (motor nerves) . This differentiates
its action from general anesthetic agents or analgesic
agents, the actions of which are predominantly on
consciousness and representations of sensory (pain)
or motor activity within the central nervous system.
Physiology. — As implied in the definition of a
local anesthetic agent, the direct application of such
a compound to a nerve blocks the conduction of an
impulse beyond its point of contact (von Anrep, Arch,
f. d. ges. Physiol., 1880, 21, 38). When such a drug
is applied directly to a mixed nerve, as are all of the
larger nerves of the body, the first fibers to be affected
are the very thin ones having to do with vasomotor
control. With increase of concentration or time for
penetration, the agent inhibits the larger unmyelinated or myelinated fibers (myelin being the sheath
of the nerve) so that, progressively, vasomotor control, temperature depression, pain, general and special
sensibilities, motor nerves and, lastly, those dealing
with proprioception, are affected (Gasser and Erlanger,
Am. J. Physiol., 1929, 88, 58! ; Heinbecker et al.,
Proc. S. Exp. Biol. Med., 1933, 30, 304). On the basis
of this difference in their action has depended the
development of the very special fields of utility of
local anesthetic agents. These fields of application
have become sufficiently numerous as to warrant their
definition and explanation (Lundy, Clinical Anesthesia: A Manual of Clinical Anesthesiology, 1942,
W. B. Saunders; Adriani, The Pharmacology of
Anesthetic Drugs: A Syllabus for Students and Clinicians, 3rd ed., 1952, C. C Thomas).
Topical anesthesia is the term applied to the block
of appreciation of sensation following the direct application of local anesthetic agents to an involved
area. In the instance of the cornea of the eye and the
mucosa of the mouth, the anus or the vagina, these
nerve endings are sufficiently close to the surface to
be affected normally by direct application of penetrating local anesthetic agents. The penetration of
these compounds through skin is sufficiently poor that
they act only on the abraded skin or where the skin
has been injured, as by sunburn or other types of
irritation.
Infiltration anesthesia is that induced by the injection of a compound at critical points into the general
area through which an incision is to be made. This is
of use in minor surgery, as for the removal of foreign
bodies, the surgical drainage of abscesses, suturing of
skin wounds, etc. This approach can be extended to
the performance of laparotomies in the course of
major surgery.
Block anesthesia applies to the injection of a compound in the immediate vicinity of the nerve trunks
which supply the area of operation. Thus, a compound injected into the area of the brachial plexus
can be used to anesthetize the arm, or the portion
thereof innervated distally to the nerves that have
been blocked. This is used particularly in surgery of
the extremities.
Spinal anesthesia is a type of block or infiltration
anesthesia where the drug is injected into the subarachnoid space, so that it comes in contact with
spinal nerve routes and sympathetic fibers. There are
several types of spinal anesthesia which have been
developed for special purposes and are designated as
follows: Epidural anesthesia pertains to the injection
of the agent above or outside of the dura, which is

the covering of the spinal cord. This has been developed particularly for the blocking of sympathetic
innervation to an area to produce vasodilatation.
Caudal anesthesia is a type of epidural anesthesia
wherein the agent is injected into the sacral canal outside of the dural space. Sympathetic block results
from the paravertebral injection of a local anesthetic
agent around the sympathetic ganglia. Saddle block
is a type of low spinal anesthesia used in obstetrics.
The compound is administered with the patient in a
sitting position so that the hyperbaric fluid will sink
to the bottom of the spinal canal to produce anesthesia of the vaginal and perineal areas.
Special preparations of anesthetic agents are classified as hypobaric, wherein their specific gravity is less
than that of spinal fluid, in which instance they rise
above the site of injection; normobaric, wherein their
specific gravity is essentially the same as spinal fluid
and in which case the injection does not migrate to
produce anesthesia beyond the point of injection;
hyperbaric, wherein the specific gravity or density of
the fluid is such as to cause the anesthetic agent to
gravitate and so produce anesthesia below the site
of injection.
Chemistry. — The property of producing local anesthesia isdistributed among many types of compounds
(Hirschfelder and Bieter, Physiol. Rev., 1932, 12,
190). These drugs may be classified as follows:
1. Phenols and Alcohols. — These are used topically
in ointments or solutions for local anesthetic action.
In many instances they are too toxic or too irritating
to be administered by other routes. They include
benzyl alcohol, hexylresorcinol, chlorobutanol, mcresol, phenol and the salicylates, to mention those in
common use. Their utility is confined to direct application to the skin, except in the instance of hexylresorcinol, which can be applied safely in very dilute
concentrations to mucous membranes. These agents,
in several instances, are weak to strong antiseptics as
well as local anesthetics.
2. A second type of topical anesthetic, agents are
the benzoic acid esters of short-chain alcohols. These
include butyl aminobenzoate (Butesin), ethyl aminobenzoate (Anesthesin) , isobutyl aminobenzoate
(Cycloform), orthoform (Orthocaine), and propyl
aminobenzoate (Propaesin). The general structure of
these compounds is as follows:

They are not employed for infiltration, nerve block
or spinal types of anesthesia. Thus their utility is
limited to topical application forms.
3. By far the greatest number of local anesthetics
belong to the class of substituted tertiary amino alcohol esters of substituted benzoic acids. Included in
this group are the following: amydricaine (Alypin),
amylocaine (Stovaine), Apothesine (a cinnamic acid
ester of diethylaminopropanol), butacaine (Butyn),
butamin (Tutocaine), butethamine (Monocaine),
cocaine, cyclomethycaine (Surfacaine), diethoxin
(Intracaine), Eucaine, hexylcaine (Cyclaine), Larocaine, Lucaine, naepine (Amylsine), Naphthocaine
(wherein the 4-aminonaphthoic acid is substituted for
/»-aminobenzoic acid in procaine), Octacaine, Panthesine, piperocaine (Metycaine), procaine, tetracaine (Pontocaine), and Tropacocaine. The chemical
structures of these compounds are indicated in the
monographs on the individual agents. The structure
of procaine may be presented as a prototype of these
agents:
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4. In some instances the ester linkage in compounds
of the general type above has been altered so that an
amino or thio group is substituted for the hydroxyl
group, as in dibucaine (Nupercaine), lidocaine (Xylocaine), and Thiocaine.
5. Certain other agents which do not fall into the
above classes include diperodon (Diothane), Eucupin,
phenacaine (Holocaine), and Psicaine.
Although many other local anesthetic agents have
been described in the literature, these have appeared
on the market in this country in recent years.
Pharmacology and Site of Action. — The simplest
use of local anesthetic agents is the direct application
for the relief of pain or itching (pruritus). Thus, the
compounds are administered topically to the eye, as
for the relief or removal of foreign bodies, or for
superficial or major ocular surgery, in which instances
Butyn is perhaps the most frequently employed compound today. Cyclaine (Beyer et al., J. Pharmacol.,
1948, 93, 388) and Xylocaine (Wiedling, Acta Pharmacol. Toxicol., 1952, 8, 117) recently were introduced into this field and appear to be satisfactory
agents. Procaine does not penetrate sufficiently well
to be of use for ophthalmic local anesthetic purposes.
Several of the other local anesthetic agents are too
irritating for this purpose.
Perhaps Nupercaine is the most generally used
agent for topical application to the skin, where such
action is required. Other agents of general use in this
field include Surfacaine, Cyclaine, Metycaine and
Pontocaine.
The use of local anesthetics in the mouth and upper
respiratory tree has been employed quite generally for
tonsillectomies, in orthodontia, and in tracheal intubations for general anesthesia. Where the compound
may be infiltrated into the area, procaine has been
generally the drug of choice because of its safety.
However, where past history of hypersensitivity to
the agent obtains, it is safer to employ such an agent
as Cyclaine that does not contain the para-ammo
group to which the activity of procaine is attributable.
The more potent local anesthetic agents such as
Pontocaine, Nupercaine, Cyclaine and Metycaine have
been sprayed into the throat and trachea for intubation purposes. This is attended by some risk, but in
the hands of the anesthetist who is familiar with the
drugs the use of the agents is considered safe. Recently the experimental use of procaine with hyaluronidase has been introduced into orthodontia in
order to diffuse the local anesthetic action of procaine
(Looby and Kirby, J. A. Dent. A., 1949, 38, 1;
Nordqvist, Acta Pharmacol. Toxicol., 1952, 8, 195).
This is in contrast to infiltration anesthesia where in
many instances procaine is combined with epinephrine
in order to minimize the diffusion of the agent.
Many of the above local anesthetic agents of the
third and fourth categories have been used in hemorrhoidal preparations. The injection of any local anesthetic agent into the urethra or the bladder is attended
by some risk of sufficient absorption to produce acute
hypotension or shock.
Ethanol is employed for the blocking of fifth nerve
innervation for the relief of tic douloureux and occasionally for the injection of the paravertebral ganglia
for the blocking of the sympathetic outflow to the
coronary vessels of the heart, as in the instance of
intractable angina pectoris.
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In the past cocaine crystals or strong solutions also
have been instilled into the nose, principally for their
vasoconstrictor action as well as local anesthetic effect.
This use of cocaine (mud) is dangerous and is employed infrequently today.
The agents most generally used for infiltration and
nerve block anesthesia include procaine, Metycaine
and perhaps Pontocaine. More recently, Cyclaine and
Xylocaine have been accepted in this field of therapy.
Whereas Pontocaine is the most potent of these agents
and has the longest duration of action, it is more toxic
potentially than are the several other compounds
which appear to have a higher order of safety,
clinically. A comparison of toxicity and efficacy of
several local anesthetic agents was published by
Hamilton et al. (/. Pharmacol., 1948, 94, 299).
In spinal anesthesia, procaine continues to be the
safest local anesthetic agent. Its drawback for spinal,
as for certain types of parenteral anesthesia, is its
relatively short duration of action. Lying between the
safety of procaine and the greater efficacy of Pontocaine and Nupercaine are Metycaine, Cyclaine, Xylocaine and perhaps Monocaine (Beyer et al., J. Pharmacol., 1948, 93, 388). Pontocaine, Nupercaine and
Monocaine have the most prolonged duration of
action, but they are attended by a greater risk than
is the case for the other compounds to which reference
was just made.
Over the years a considerable prejudice developed
to the intravenous use of local anesthetics as being
unsafe (Hatcher and Eggleton, /. Pharmacol., 1916,
8, 385; Mayer, J. A.M. A., 1924, 82, 876). Undoubtedly this was due to the instances of profound vascular
collapse which occasionally attended the injection of
such an agent into an inflamed area, to the tendency
of these agents to produce cerebral excitation, and to
the occasional profound hypersensitivity thereto. More
recently the cautious use of procaine intravenously
has been accepted by some as a useful procedure.
Thus, procaine and, to a lesser extent, certain of the
other compounds have been described as useful when
administered intravenously for the relief of pruritus
(State and Wangensteen, J.A.M.A., 1946, 130, 990;
Graubard and Peterson, ibid., 1949, 141, 756) especially of allergic origin, for the blocking of cardiac
arrhythmias (Lampson et al., J.A.M.A., 1948, 137,
1575; Burstein, Anesthesiology, 1949, 10, 133) particularly during thoracic surgery, and for analgesic
action accompanying the treatment of dislocations and
sprains (McLachlin, Can. Med. Assoc. J., 1945, 52,
383) or in obstetrics (Johnson and Gilbert, Anesth.
& Analg., 1946, 25, 133). Since the compound is given
by venoclysis over a period of time, it seems to be
quite safe. The disadvantage of procaine under such
circumstances is that its duration of action is limited
to little more than the duration of diffusion, except
in the instance of pruritus. In the latter case, it appears that interrupting the cycle responsible for the
perpetuation of the sensation of itching is sufficient
in some instances to give relief for a prolonged period
of time.
Metabolic Fate. — On the whole it is the tertiary
aminoalcohol group of esters of substituted benzoic
acids and their analogs (groups 3 and 4 of the classification) that are administered systemically. Little is
known about the metabolic fate of particular compounds other than procaine. In this instance procaine
is hydrolyzed by plasma and tissue esterases to yield
/>-aminobenzoic acid and diethylaminoethanol (Brodie
et al., J. Pharmacol., 1948, 94, 359; Kalow, ibid.,
1952, 104, 122). The />-aminobenzoic acid in turn is
excreted partially as such and partially as the glycine
or glucuronide
conjugate. The diethylaminoethanol
hydrolysate is excreted in large part as such.
It is very likely that the acute intravenous toxicity
of these compounds is related inversely in some meas-
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ure to their degradation in the body. Thus, agents
that are more suitable in general are considered to be
more toxic as judged experimentally by their intravenous toxicity in laboratory animals. On this basis
procaine is considered to be a particularly sale local
anesthetic agent. Undoubtedly its rapid rate of metabolism contributes to this impression of safety.
The duration of action of local anesthetic agents is
determined by their inherent activity, their rate of
diffusion and their inactivation. The rate of diffusion
from the site of infiltration has been diminished usually by the combination of 1:50,000 epinephrine with
such a compound as procaine (Braun, Arch. f. klin.
Cliir., 1903, 69, 541; Sollmann. .1 Manual of Pharmacology, 4th ed., 1932, W. B. Saunders). By virtue
of its vasoconstrictor property, epinephrine prevents
or overcomes the vasodilator propensity of many local
anesthetic agents and so prevents their diffusion from
the site of injection. As mentioned previously, the
diffusion of local anesthetic agents can be enhanced
by the coadministration of hyaluronidase. which decreases the resistance of the tissues to the spread of
the local anesthetic, agent and thereby increases the
rate of absorption and shortens the duration of local
action.
Toxicity. — The principal toxicity of local anesthetic agents generally is the production of excitement to the point of convulsion. This is a general
property of these compounds. Certain of these drugs
produce profound respiratory depression to the point
of death. Still others produce most serious toxicity
on the basis of vasomotor collapse or by a direct effect
on the heart. Less frequent, but serious when they
occur, are the occasional idiosyncrasies of a patient
to a drug, which may result in profound vasomotor
collapse with sudden death.
Hypersensitivity to the p-amino group on the aromatic nucleus of local anesthetic agents is a contraindication to the administration of such compounds.
To some extent this is a crossed hypersensitivity to
sulfonamides, which, like procaine, bear the /'-amino
group on a benzene ring in their molecule.
The excitatory toxicity of local anesthetics may be
counteracted in some measure by the prophylactic
administration of barbiturates (Tatum et al., J. Pharmacol., 1925, 26, 325). The symptomatic use of
sympathomimetic agents may aid to counteract the
hypotension (Seevers and Waters, Anesth. & Analg.,
1932, 11, 85) that may occur especially in cases of
drug idiosyncrasy. Epinephrine is the compound of
choice for the relief of signs and symptoms of hypersensitivity of the allergic type. In the instance of
respiratory depression (Johnson and Henderson,
Anesth. & Analg., 1932, 11, 78), it may be necessary
to induce artificial respiration if the effect of the agent
is sufficiently profound to produce respiratory paralysis. Discussions of the toxicity of local anesthetics are
to be found in publications by Mayer (J.AJMA.,
1924, 82, 876) and Bieter (Am. J. Surg., 1936, 34,
500).
A considerable number of local anesthetic agents
have come into clinical use. The following official
ones are discussed individually in Part I: butacaine
sulfate, butethamine hydrochloride, butyl aminobenzoate, cocaine hydrochloride, dibucaine hydrochloride, ethyl aminobenzoate. lidocaine hydrochloride,
naepaine hydrochloride, orthocaine, phenacaine hydrochloride, piperocaine hydrochloride, procaine hydrochloride, and tetracaine hydrochloride. The nonofficial agents are discussed below.
Xox-official Local Anesthetic Agents
Amydricaixe Hydrochloride, N.N.R. Alypin Hydrochloride (Winthrop). 2-Benzoxy-2-dimethylaminomethyl-1-dimethylaminobutane hydrochloride. This is
the dimethylamino derivative of Amylocaine Hydro-
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chloride, also known as Stovaine. It occurs as a white,
crystalline, odorless, hygroscopic, bitter powder, freely
soluble in water, alcohol, and chloroform, and insoluble in ether. Its solution will stand boiling for a
period of five minutes. The nitrate of this same base
has been used in combination with silver salts.
Alypin hydrochloride has been employed as a substitute for cocaine in the production of surgical anesthesia either by local application or injecting into the
subarachnoid space. It differs from cocaine in that it
produces relaxation of the blood vessels, when applied
locally, instead of constriction. It appears to be more
toxic than cocaine. Several cases of Alypin poisoning
have been reported, of which at least two have ended
fatally. The symptoms have been cyanosis, convulsions, stupor and arrest of respiration (Lichtenstein,
Ther. Geg., 1914, 16). Braun (Deutsche med. Wchnschr., 1905) reported that it produces pronounced
irritation at the point of injection. It does not cause
mydriasis nor cycloplegia. As a local anesthetic it
would appear to have no advantages over other
preparations of its class. It has also been employed in
doses of 10 to 20 mg. (approximately \% to % grain)
for relief of vomiting. It is used as a local anesthetic
in concentrations varying from 0.5 to 10 per cent.
Freshly prepared solutions should be used.
Amylocaine Hydrochloride, BJ*. 1932. Stovaine
(Wallau, May & Baker). l-Ethyl-l-methyl-2-dimethylamino-ethyl benzoate hydrochloride. — This substance was synthesized by the French chemist Fourneau
in 1903; the trade name stovaine is derived from the
English translation of the inventor. Amylocaine hydrochloride occurs as a colorless, crystalline powder,
freely soluble in water and in dehydrated alcohol.
For information concerning its synthesis, as well as
methods of testing it, see U.S.D., 24th ed., p. 81.
Amylocaine hydrochloride is a local anesthetic. Like
procaine hydrochloride it is relatively inefficient for
surface anesthesia but it is an active paralyzant of
sensory nerve trunks; although less toxic than cocaine
hydrochloride, it is distinctly more dangerous than
procaine hydrochloride. It has been employed especially for spinal anesthesia in which the drug is injected into the subarachnoid space, but less irritating
anesthetic agents are available and are presently
preferred. Le Brocq (Brit. M. J., March 27, 1909)
reported that it is locally irritant, its injection being
followed by intense hyperemia and even local sloughing. Pauterier and Simon (Bull. soc. med., 1907) cited
a case of meningitis following spinal anesthesia with
the agent, and Spiller and Leopold (JAJI.A., 1910,
54, 1840) observed intense degeneration of the posterior columns of the cord by repeated injections in
the lower animals.
For local anesthesia it is injected in strengths of
about 1 per cent. The subcutaneous injection of 10
ml. of the 1 per cent solution at the site of severe
pain of angina pectoris, which has not responded to
the nitrites, has given relief (Brit. M. J., 1931, 2, 7).
In spinal anesthesia the total amount injected should
not exceed 100 mg. Several solutions of different
specific gravities have been employed; that containing 100 mg. of amylocaine hydrochloride and 100 mg.
of dextrose in 2 ml. has a specific gravity of 1.025; a
solution of 100 mg. of amylocaine hydrochloride and
100 mg. of sodium chloride in each ml. has a specific
gravity of 1.080; also used is a solution of 100 mg.
of amylocaine hydrochloride and 17 mg. of sodium
chloride in 2 ml'. (Bailey, Pract., 1927, 1, 372). An
intrathecal dose of 60 mg. is often adequate, anesthesia developing in 5 to 10 minutes. The patient
should be maintained in a semi-upright position so
that the anesthetic does not rise higher than the
clavicles. Alcoholic solutions and mixtures containing
5 per cent of caffeine have also been emploved.
Bullock and Cannell (Quart. J. P., 1941, 14, 313),
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citing the enhanced anesthetic activity of amylocaine
hydrochloride solutions containing some free base
(which is lipoid soluble), suggested formulas for
effecting liberation of part of the base by adding
sufficient of a phosphate buffer mixture to produce a
pH of 6.7 in the solutions. Because of hydrolysis on
standing, and precipitation on sterilization by heat,
the pH adjustment should be made just before use or
a dry salt mixture of the solid components prepared.
The B.P. gave the dose, by mouth, as from 20 to 50
mg. (approximately Y$ to 24 grain), but it is rarely
so employed. The intrathecal dose ranges from 20 to
100 mg. (approximately Vi to 1^4 grains), as a 3 to
10 per cent aqueous solution.
Apothesine Hydrochloride (Parke, Davis). Y-Diethylaminopropylcinnamate hydrochloride. — This substance occurs as small, white, odorless crystals, of a
faint, bitter, numbing taste, soluble in water or
alcohol.
Apothesine hydrochloride is effective for injection
anesthesia but relatively inefficient when applied to
mucous membranes; it is slower in action than procaine hydrochloride and somewhat stronger solutions
are required. Its toxicity is about the same as that of
cocaine. Apothesine hydrochloride was employed for
infiltration injection, nerve blocking, intraspinal injection, and pressure anesthesia; as a local anesthetic
concentrations of 0.5 to 2 per cent, preferably with
epinephrine hydrochloride, were employed. In spinal
anesthesia 2 ml. of 4 per cent solution was injected.
Benoxinate Hydrochloride, N.N.R. Dorsacaine
Hydrochloride (Smith-Dorsey). |3-Diethylaminoethyl
4-amino-3-n-butoxybenzoate hydrochloride. — This is
a white, odorless, crystalline powder, freely soluble in
alcohol, chloroform and water, insoluble in ether. It
is stable on exposure to air, heat and light. The pH of
an aqueous solution is 4.5 to 5.2. Dorsacaine hydrochloride is an effective surface anesthetic agent in
ophthalmology, having also bacteriostatic properties.
On intravenous administration in animals, its toxicity
is similar to that of tetracaine hydrochloride (see in
Part I). It is recommended only for topical instillation in the conjunctival sac, as of a 0.4 per cent
aqueous solution: one drop is adequate for tonometry,
a second drop repeated in 90 seconds permits measurement of ocular tension or insertion of contact lenses,
a third drop after 90 seconds provides adequate anesthesia in 4 to 5 minutes for removal of a foreign
body embedded in the cornea or the incision of a
chalazion through the conjunctival surface. Anesthesia diminishes in 20 to 30 minutes and corneal
sensitivity returns to normal in an hour. No conjunctival irritation nor effect on the pupil is observed.
It is available as a 0.4 per cent solution preserved with
0.02 per cent butyl />-hydroxybenzoate.
Butamin Hydrochloride, N.N.R. 1947. Tutocaine
Hydrochloride (Winthrop) . ^-Aminobenzoyldimethylaminomethyl-butanol hydrochloride. — This is an
ivory-colored crystalline powder, easily soluble in
water and slightly soluble in alcohol. Kochmann
(Deutsche med. Wchnschr., 1926) reported it to have
one-fourth the toxicity and 4 times the anesthetic
activity of cocaine. Copeland (Brit. M. J., 1942, 2,
41), however, observed toxicity on intravenous injection similar to that of cocaine and much inferior
activity as a surface anesthetic. For infiltration anesthesia, a 0.2 per cent solution is used; for topical
use in the eye, nose or throat 2 to 5 per cent solutions are indicated.
Cycloform (Bayer). Isobutyl ^-aminobenzoate.
C6H4(NH2)COOCH2CH(CH3)CH3.— This compound, isomeric with Butyl Aminobenzoate (Part I),
occurs as white, crystalline scales, almost insoluble in
water, soluble in alcohol, ether, and olive oil. Impens
(Ther. Geg., 1910, 51, 348) reported that the saturated aqueous solution, which contains but 0.02 per
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cent of the compound, produces complete anesthesia
of the cornea of the eye and that even a solution onethird this strength has a distinct anesthetic influence.
According to this author, the salts of cycloform are
more soluble, but dissociate in solution and are therefore locally irritant. Large doses produce in lower
animals drowsiness, general weakness and collapse
with formation of methemoglobin. It may be used for
the same purposes, and in the same proportions as
Ethyl Aminobenzoate (Part I). A 10 per cent ointment and rectal suppositories containing 150 mg. are
employed.
Cyclomethycaine Hydrochloride. Surfacaine
(Lilly). 3-(2-Methylpiperidine)propyl />-cyclohexyloxybenzoate hydrochloride. — This compound occurs
in white crystals which dissolve in water to the extent
of slightly more than 1 per cent. The utility of cyclomethycaine as a local anesthetic agent is limited to
topical application, since apparently it is too irritating
to be administered with safety parenterally. The early
pharmacologic data were published by McElvain and
Carney (J.A.CS., 1946, 68, 2592) and indicated that
a 0.1 per cent solution of the compound produced
a 20-minute duration of corneal anesthesia in the
rabbit eye. Schmidt et al. (Anesth. & Analg., 1953, 32,
418) found the compound to be somewhat more
irritating than pramoxine hydrochloride when applied
to the rabbit cornea.
Cyclomethycaine is used widely for topical application to relieve stinging and itching in the common
dermatitides. Gorfain (J. Urol., 1949, 61, 468) reported its satisfactory use as a lubricant for urological
examinations in the male and female. Apparently, the
compound does not produce any substantial reaction
of the tissues when employed in 0.75 per cent concentration in a clear, water-soluble jelly base.
This agent is supplied as a 0.25 per cent solution
or in the ointment form for topical local application.
Diethoxln Hydrochloride. Intracaine Hydrochloride (Squibb). |3-Diethylaminoethyl />-ethoxybenzoate
hydrochloride.— This compound differs from procaine
in the substitution of a ^-ethoxy for the />-amino
component of procaine.
The local anesthetic effect of diethoxin is said to be
rapid in onset and to be about as great with a somewhat longer duration of action than that of procaine.
It has been used particularly in oleaginous preparations for caudal anesthesia in anorectal surgerv
(Eidinoff,
Am. Greene
J. Surg.,et 1952,
84, 592;& Ehrlich,
1952,
83, 185;
al., Anesth.
Analg., ibid'.,
1952,
31, 87). In addition, diethoxin is employed as a
0.3 to 2.5 per cent solution for infiltration, spinal or
peridural local anesthesia. For cystoscopy or for insufflation inbronchoscopy or endoscopy, 2 to 5 per
cent solutions in amounts of no more than 5 ml. are
suggested. In general, the total amount of the material administered for local anesthetic purposes at
one time may be of the order of 25 to 50 mg.
DiMETHisoQuiN Hydrochloride, N.N.R. Quotane
Hydrochloride (Smith, Kline & French). 3-Butyl-l(2 -dimethylaminoethoxy ) isoquinoline hydrochloride.
— This is a white powder with a bitter, numbing
taste, and a slight aromatic odor. It is easily soluble
in alcohol
but will
very dissolve
slightly soluble
at 25°The
C.
about
5 Gm.
in 100 in
ml.ether;
of water.
pH of a 1 per cent solution is between 3.5 and 5.0.
This local anesthetic differs chemically from members
of the benzoate ester group, such as procaine hydrochloride. Its toxicity is less than that of dibucaine
but greater than that of cocaine or procaine. Presently
it is not recommended for the mucous membranes or
the eye. On the skin it is used topically for the relief
of itching, irritation, burning or pain in a wide variety
of dermatoses including nonspecific pruritus and mild
sunburn. It has a low index of sensitization on the
skin. A 0.5 per cent lotion is used for moist lesions
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and a 0.5 per cent ointment for dry skin. Relief
usually persists for 2 to 4 hours after application. The
available lotion is preserved with 0.1 per cent of
propylparaben and 0.15 per cent of ethylparaben.
The ointment is preserved with 0.2 per cent of
thimerosal.
Diperodox Hydrochloride, N.N.R. 1954. Diothane
Hydrochloride (Merrell). 3-(l-Piperidyl)-l,2-propanediol dicarbanilate hydrochloride. — This substance
occurs as white crystals, soluble in about 100 parts of
water at room temperature, the solution having a
slightly acid reaction.
Diperodon has been employed primarily as a surface anesthetic agent, both in solution and in the
form of an ointment. It is claimed to be relatively low
in toxicity and to produce a duration of local anesthetic action greater than that for procaine. It may
be employed as a 1 per cent solution or ointment in
the eye, ear, nose or throat, and in preparation for
instrumentation of the genitourinary tract. For preand post-hemorrhoidectomy control, 8 to 10 ml. of
a 0.5 per cent solution is infiltrated into the site for
surgery. It is applied topically to the skin as a 1 per
cent ointment or cream to control pain and itching.
Caution should be exercised that solutions stronger
than 0.5 per cent not be used for injection and that
extensive infiltration of the material not be employed.
It is recommended that diperodon not be used in the
traumatized urethra. Maykut et al. {Can. Med.
Assoc. J., 1953, 69, 419) cautioned that prolonged
use of such compounds when infiltrated may be associated with some tissue damage.
Diperodon with Hydroxyquinoline Benzoate, X.X.R.
1954, Diothane with Oxyquinoline Benzoate (Merrell), is available as an ointment containing 1 per
cent diperodon and 0.1 per cent 8-hydroxyquinoline
benzoate in a vehicle containing lanolin, petrolatum
and liquid petrolatum. The combination is a yellowish-white crystalline powder which is insoluble in
water but very soluble in alcohol, benzene and ether.
It is applied to skin and mucous membranes.
Eucaine Hydrochloride, N.F. VIII. Betaeucaine
Hydrochloride, Benzamine Hydrochloride, BJ>.C. —
"Eucaine Hydrochloride, when dried at 105° for 3
hours, contains not less than 99 per cent of CisH^i02X.HC1." X.F. VIII.
One of the earlier synthetic local anesthetics patterned after the structure of the cocaine molecule is
betaeucaine hydrochloride, chemically benzoyl-vinyldiacetone-alkamine or 2,2,6-trimethyl-4-benzoyloxypiperidine. For synthesis and standards for the substance see U.S.D., 24th ed., p. 457.
"Eucaine Hydrochloride occurs as a white, odorless,
crystalline powder. It is stable in air, but is affected
by light. An aqueous solution of Eucaine Hydrochloride (1 in 50) is neutral to litmus paper. One Gm. of
Eucaine Hydrochloride dissolves in 30 cc. of water, in
35 cc. of alcohol, and in about 6 cc. of chlorofoim, at
25°. It is more soluble in boiling water and in boiling
alcohol." X.F. VIII.
Uses. — Eucaine was one of the earlier substitutes
for cocaine as a local anesthetic. It has the advantages
of not dilating the pupil, not contracting arteries, nor
being habit forming. Although Eggleston and Hatcher
(J. Pharmacol., 1919, 13, 433) showed that intravenously it was about as poisonous as cocaine, when
given hypodermically it was much less toxic. However, as a surface anesthetic it is inferior to cocaine
and by injection is more irritating and poisonous than
procaine and is today very rarely employed. It may
be applied in strengths of from 1 to 5 per cent for
surface anesthesia; for infiltration anesthesia a 0.1
to 2 per cent concentration in sodium chloride injection has been used.
Storage. — Preserve "in tight, light-resistant containers." NJ. VIII.
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Eucupin Dihydrochloride (Rare-Galen Div.).
Isoamylhydrocupreine dihydrochloride. — This compound occurs as fine needles, bitter-tasting, soluble in
water and alcohol. It has a duration of local anesthetic action greater than that of procaine; it is
about Ye as toxic as cocaine. It has been found to be
effective against gram-positive organisms and to have
both bacteriostatic and bactericidal properties.
Eucupin is employed in the preparation of anestheticanalgesic solutions, ointments and rectal suppositories
for prevention of surface infection and for relief of
pain in denuded lesions of the skin (see also under
Eucupin, in Part II).
Hexylcaine Hydrochloride, NJf.R., Cyclaine
Hydrochloride (Sharp & Dohme). 1-Cyclohexvlamino-2-propylbenzoate hydrochloride. — Hexylcaine
hydrochloride is a white, bitter powder with a slight
aromatic odor. The solubility in water is 6 Gm. per
100 ml. of solution at 25° C.; the pH of a 5 per cent
solution is between 4.1 and 4.7. It is soluble in alcohol and chloroform but insoluble in ether. Structurally
the compound differs considerably from procaine hydrochloride, having substantially greater activity and
duration of action than that reference agent. The
pharmacology of this compound in comparison with
other local anesthetic agents was described by Beyer
et al. (J. Pharmacol., 1948, 93, 388; ibid., 1952, 106,
37). They found it to have an order of acute toxicity
in experimental animals similar to that for procaine
and piperocaine. Hexylcaine was substantially more
active than these compounds when used topically, for
infiltration, for nerve block and for spinal anesthesia,
ranking with the most potent of the prominent important local anesthetic agents. When administered
intravenously to dogs in dosages of 5 mg., Kg., hexylcaine produced little or no effect on blood pressure,
respiration or the electrocardiogram.
This agent has been employed as a general purpose
local anesthetic agent, being available in suitable
dosage forms for the several purposes mentioned.
Lubowe (Arch. Dermat. Syph., 1954, 69, 482) studied
the effect of hexylcaine in the management of pruritic
dermatoses and found it to be effective, with no
evidence of sensitization. The compound has been
evaluated more broadly for topical and parenteral use
by Orkin and Rovenstine (Anesthesiology, 1952, 13,
465), by Gordon (Can. Anaes. Soc. J., 1954, 1, 19),
and by Hudon and Jacques (Proc. Can. Anaes. Soc,
1952, 1, 34). Torkelson and Cooley (West. J. Surg.,
1951, 59, 533) compared hexylcaine with certain other
local anesthetic agents in a series of 4000 single-dose
low-spinal anesthesia obstetric patients; 1028 of their
cases received 20 to 25 mg. of hexylcaine. They were
impressed by the safety with which the compound
could be administered and the lack of depressor effect
of the agent. Anderson and Ruben (Anesthesiology,
1952, 13, 429) reported use of this agent for spinal
anesthesia and for nerve block when administered to
a series of 2000 patients. They found it to be superior
especially for spinal anesthesia, but pointed out that
when employed for nerve block the agent produced
some sensation of burning at the site of injection in
some patients. Whereas Wylde et al. (Am. J. Med.,
1948, 4, 477) experienced some difficulty in controlling the level of spinal anesthesia produced by hexylcaine, this difficulty was corrected by Ruben and
Anderson
Surg.,hyperbaric
1949, 78, solution
843)' by ofuseglucose.
of the
agent in a (Am.
10 perJ. cent
In their hands, the results were good. Clark et al.
(Anesthesiology, 1954, 15, 161) and Stark (Laryngoscope, 1954. 64, 45) found it to be useful as a topical
local anesthetic for bronchoscopy or endoscopy.
Ansbro and his associates (Anesth. & Analg., 1954,
33, 406) compared hexylcaine with lidocaine for
lumbar epidural anesthesia in 1000 cases each. Both
agents were similarly satisfactory with respect to
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potency, short latent period, prolonged duration of
action and rapid diffusibility. The incidence of untoward reaction to lidocaine was reported to be 1.1
per cent and for hexylcaine 0.1 per cent. Lee et al.
(J. Urol., 1954, 72, 261) reported the study of hexylcaine administered to 1000 patients subjected to
urological surgery, in which the compound was employed for continuous caudal analgesia, for hyperbaric
spinal anesthesia, for hypobaric spinal anesthesia, for
instillation into the female bladder and for instillation
into the male urethra. The agent was infiltrated locally
in the instance of 140 patients. They recommended
hexylcaine as being quite suitable for infiltration,
regional and topical anesthesia, and described its
action as being rapid in onset, prolonged in its duration, and profound in the depth of anesthesia. In
their estimation, the agent was less toxic than procaine and was a more satisfactory topical anesthetic
agent in the bladder or urethra than 2 per cent
procaine.
Dose. — Hexylcaine hydrochloride is supplied as a
1 per cent solution for infiltration and block anesthesia, as a 5 per cent solution for topical anesthesia,
and as a 2.5 per cent solution with 10 per cent dextrose for spinal anesthesia. It is recommended that
the agent not be employed with epinephrine, since
this local anesthetic agent does not produce local vasodilatation, and hence does not require the vasoconstrictor effect of epinephrine to produce a prolonged
duration of action.
Larocaine Hydrochloride (Hoffmann-La Roche).
/>-Aminobenzoyl-2,2-dimethyl-3-diethyl-aminopropanol hydrochloride. — This is a white crystalline powder
freely soluble in either water or alcohol, its aqueous
solution being slightly acid. Its solutions will stand
boiling for 10 or 20 minutes without decomposition.
According to Rich (Med. Rec, 1936, 144, 419)
Larocaine is about one-half as poisonous as cocaine
for lower animals and about equally powerful for
surface anesthesia; when injected into the vicinity of
a nerve it is approximately twice as powerful and the
duration of its anesthesia is considerably longer.
Mayer (Arch. Opkth., Sept., 1935) used it as an ocular
anesthetic and found it to have no effect upon the
pupil nor accommodative power of the eye. It is employed chiefly for surface anesthesia in the eye, nose,
throat and urethra in strengths varying from 0.25 to
10 per cent, according to the type of mucous membrane over which it is applied.
Naphthocaine Hydrochloride. — The hydrochloride
of beta-diethylaminoethyl ester of 4-amino-l-naphthoic acid. Haury and Gruber (J. Pharmacol., 1940,
70, 315) found the lethal dose of this compound for
mice to be slightly smaller than that of cocaine but
it is 10 times as powerful as an anesthetic on the
rabbit's cornea. When injected intravenously in dogs
it caused a marked fall of blood pressure lasting about
one minute. Fatal doses caused convulsions similar to
those of cocaine poisoning and death from respiratory
failure. Stewart (Am. J. Ophth., 1944, 27, 178) used
0.3 per cent solutions of naphthocaine by injection in
intraocular surgery along with instillations of 4 per
cent cocaine or 0.5 per cent Pontocaine; the Naphthocaine was superior to 2 per cent of procaine. Naphthocaine also has an anesthetic effect upon instillation.
Solutions of Naphthocaine turn a pinkish color
when kept even in hermetically sealed containers, but
this discoloration does not seem to affect its anesthetic power.
Octacaine Hydrochloride. |3-Octyl-2-amino-p\pdimethylethyl £-aminobenzoate hydrochloride. — This
local anesthetic was investigated by Co Tui et al.
(Anesth. & Analg., 1943, 22, 301). They reported
that its toxicity approaches that of cocaine, but that
it is more than 15 times as powerfully anesthetic to
the rabbit cornea. For injection anesthesia they con-
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sider it slightly inferior to procaine in safety, but
valuable as a surface anesthetic. We have not seen
any clinical reports concerning it. For synthesis of the
compound see Ringk and Epstein (J.A.C.S., 1943,
65, 1222).
Pantheslne (Sandoz) . Methanesulfonate of N-diethylleucinolester of ^-aminobenzoic acid. — This compound, soluble in water and capable of being sterilized
by heat, is said to be about one-third as toxic as
cocaine. Bieter and his colleagues (/. Pharmacol.,
1935, 54, 137) found that for spinal anesthesia in
rabbits Panthesine has an anesthetic index about 20
per cent higher than procaine. Its usefulness has been
extended to the relief of pain in thrombosis (Rappert,
Zentralbl. Chir., 1952, 77, 1729), angina pectoris,
cardiac arrhythmias and polyarthritis (Sigg, Schweiz.
med. Wchnschr., 1951, 81, 10). It is used for infiltration anesthesia in concentrations of about 0.2 per
cent and for surface anesthesia in a 5 per cent
ointment.
Pramoxine Hydrochloride. Tronothane Hydrochloride (Abbott). 4-n-Butoxyphenyl-y-morpholinylpropyl ether. — Pramoxine is a new surface local anesthetic agent, which is structurally unrelated to the
general type of local anesthetic agents. It is a white,
odorless, crystalline powder. The basic pharmacology
of the compound was described by Schmidt et al.
(Anesth. & Anag., 1953, 32, 418). The compound
appears to be relatively nontoxic as local anesthetics
go when studied acutely in experimental laboratory
animals. Even the intravenous administration of 5
mg./Kg. to anesthetized cats, dogs and monkeys produced only a transient mild depression in blood
pressure. While the inherent toxicity of this agent is
not great, it is sufficiently irritating when administered
parenterally to preclude its general use for other than
surface anesthesia.
The surface local anesthetic action of this compound
has been studied adequately under a variety of conditions (Peal and Karp, Anesthesiology, 1954, 15,
637; Illinois M. J., 1953, 104, 299). Schwartz (Postgrad. Med., 1954, 16, 19) found it to be satisfactory
when applied topically in the management of common
pruritic dermatitides, and these findings were similarly documented by White (J. -Lancet, 1954, 74, 98).
Birnberg and Horner (Am. J. Obst. Gyn., 1954, 67,
661) found pramoxine to be effective in the relief of
post-partum perineal pain.
Pramoxine is supplied in 1 per cent sterile aqueous
solution (not for injection), and as a 1 per cent jelly,
lotion or cream.
Propaesin. Propyl p-aminobenzoate. — This has
been used for the same purposes as ethyl aminobenzoate (see Part I). The internal dose is approximately 60 to 250 mg. (approximately 1 to 4 grains).
Cluger asserted (Therap. Monatsh., 1909, p. 77) that
1 Gm. may be given without harmful symptoms.
Psicaine. — This compound is the bitartrate of
pseudococaine, a stereoisomer of cocaine.
According to Copeland (Brit. M. J., Jan. 3, 1925)
psicaine is approximately equal in toxicity to cocaine
when given intravenously, but is distinctly less poisonous by hypodermic injection. According to Beringer
and Wilmann (Munch, med. Wchnschr., 1924, p. 852.)
it does not produce the characteristic psychic effects
of cocaine, and is therefore much less likely to lead to
addiction. Its anesthetic power seems to be slightly
less than that of cocaine, although taking into consideration its lower toxicity, it is relatively more
efficient. It has been very little used in this country.
Thiocaine. 2-Diethylaminoethyl ^-aminothiolbenzoate hydrochloride. — This was suggested as a local
anesthetic by Fosdick and Hansen (/. Pharmacol.,
1934, 50, 323) ; it differs from most older drugs of
this type in containing sulfur in its molecule. According to the experiments of these investigators it is
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about one-half as poisonous as cocaine, but about
twice as efficient an anesthetic. We are not aware of
any clinical reports.
Tropacocaine. Betizoylpseudotropeine. — This compound, belonging chemically to the class of tropeines
(see Atropine), was isolated by Geisel from a narrowleaved coca plant from Java. It is made synthetically
as an oil, which solidifies in radiating crystals melting
at 49°; it has a strongly alkaline reaction. The base
is readily soluble in alcohol, ether, chloroform, benzene and petroleum benzin; the hydrochloride is
freely soluble in water and is preferred.
Tropacocaine resembles cocaine in its stimulant
action upon the central nervous system and in its
local anesthetic action. Unlike cocaine, it does not
cause vasoconstriction and it has little effect on the
pupil. Sollmann (JAJdA., v 1918, 70, 216) reported
anesthetic potency approximately equal to cocaine
and Eggleston and Hatcher found it less toxic than
cocaine. It has been used for spinal anesthesia in a
dose of 60 mg. or more and as a local anesthetic in
ophthalmology and in the nose and throat.
Loco Plants. Crazy Weeds. — It has long been
known by cattle-raisers of the western states that certain plants are likely to cause a type of poisoning to
live stock. The symptoms of this disease, which is
commonly called "loco," include loss of flesh, disordered vision, delirium, convulsive movements, or
stupor and death. The most important of the plants
causing loco are species of the leguminous genus
Astragalus (milk-vetch) especially .4. molissimus
Torr.. A. bisulcatus and A. Earlei Greene. Certain
of the closely related genus Oxyotropis, especially
0. Lambertii Pursh., are also accused. The cause of
loco has been a great mystery. In 1908 Crawford advanced the theory' that it was a form of barium poisoning but this was disproved bv Alsberg and Black
(Bull. 246, U. S. Bur. Plant Industry). The explanation at present most logical is that of Beath (/. A.
Ph. A., 1934, 23, 94) that it is due to the presence
of selenium in the soil; some plants will take up the
selenium and become poisonous, while others will not
and are therefore harmless (see also under Selenium).
A very different type of poisoning, sometimes confused with loco, is that caused by the Stipa robusta
Scrib., or sleepy-grass, of New Mexico, and the
S. Spartea Trin. (porcupine grass) of the northern
prairies, which is apparently due to the gimlet-like
awns of the glume boring their way through the skin
into the internal organs of the body. Lescohier (Med.
Rec, 1911, 20, 273) found that the sleepy grass is an
active respiratory poison, and also has some depressant action upon the heart muscle. He suggested that
the apparent narcosis produced by the injection of it
into the lower animals is due to partial asphyxiation.
This explanation, however, seems improbable in light
of the symptoms which are reported in animals which
have eaten the grass. Gillespie (Brit. M. J., 1908, 2,
1059) reported that the drug is not only narcotic, but
also diuretic and sudorific.
Lolium. Lolium temulentum L. Darnel. Tare.
Bearded Darnel. — This grass, thought to be the "tares"
of Scriptures, has spread over the world wherever
wheat is cultivated, but is rarely found in the United
States. It is of importance because it grows in the
midst of wheat, so that its ground seeds are eaten in
the flour. From ancient times its seeds have been believed to produce an intoxication similar to that of
alcohol; hence its specific Latin name and the French
name, hraie. These seeds contain a liquid alkaloid,
temuline, which appears to be toxic (see Hofmeister,
Arch. exp. Path. Pharm., 1892, 30, 203). LolHne has
also been isolated (Steyn, 5. African Agr. Series, Vol.
13, Central News Agency, Johannesburg, 1934) and
it has been claimed that poisoning is due to infection

Part II
with the fungus Endoconidium temulentum Prill.
& Del.
It is claimed that lolium seeds produce vertigo,
dizziness, headache, somnolence, and general intoxication in man, as well as in dogs, sheep and horses,
while they are innocuous to hogs, cows, and poultry.
Treatment includes use of emetics, cathartics and
stimulants.
Lupinus. Lupine. — The plants of the genus Lupinus
(Fam. Leguminosce) contain a number of related,
poisonous alkaloids. Several of the lupines have been
used as fodder plants, but because the seeds are often
poisonous a large number of deaths in animals has
been reported from their use. The manifestations include fever, jaundice, hemorrhagic diarrhea, edema of
acral parts of body, anemia, cachexia, paralysis and
coma. Cathartics and diuretics have been used in
treatment.
The following alkaloids have been found in various
species of the genus: lupanine in L. albus, L. angustifolius, L. perennis, and L. polyphyllus; lupinine and
lupinidine (identical with sparteine) in L. luteus and
L. niger; hydroxylupanine in L. polyphyllus; spathulatine in L. spathulatus. Besides these a series of alkaloids, denominated mono-, di-, tri-, tetra-, penta-, and
hexalupine, have been isolated from various Lupinus
species; little work has been done on most of them.
For chemistry of these alkaloids see Henry (Plant
Alkaloids, 1949, 116). Couch showed that the toxic
effects of all of these alkaloids, except sparteine, are
similar in kind, although differing greatly in degree
(/. Agric. Res., 1926, 32, 51). Steiger (/. Soc. Chem.
Ind., 1886, 385) studied a carbohydrate, analogous to
dextrin, which Baeyer and Eichborn discovered in
Lupinus luteus.
Formerly the seeds of white lupine were used for
making cataplasms in the same manner as flaxseed.
Valenti (Arch, internat. pharmacodyn. therap., 1928,
34, 63) stated that lupanine has strong antimalarial
properties. Ligon (/. Pharmacol., 1941, 73, 151)
found that sparteine, lupanine, lupinine and trilupine
have stimulant action on isolated strips of rabbit
uterine muscle, in stronger solutions followed by a
secondary depression. Pirolli (Folio Medica, 1937, 23,
729) found that a decoction from the seeds of Lupinus
albus markedly increases the sugar tolerance in diabetic patients.
Lupulin. Lupulinum, NJ. VII. Lupuli Glandules.
Fr., Lupuline. Ger.. Hopfendrusen, Hopfenmehl. It.,
Luppolino. — "Lupulin consists of the glandular trichomes separated from the strobiles of Humulus Lupulus
Linne (Fam. Moracece). Lupulin yields not more than
10 per cent of acid-insoluble ash and not less than
60
cent of non-volatile ether-soluble extractive."
XP.perVII.
TheHumulus)
multiple fruit
of the
known as leafy
a "strobile"
(see
consists
of hop
membranous
bracts
at the base of which are the minute fruits. Scattered
over the fruit and the neighboring portions of the
bract are numerous orange to yellowish orange glands.
These may be separated by agitation of the strobiles.
These separated granules are the glandular trichomes
recognized under the name of lupulin. To a considerable extent they are shaken free in the ordinary
handling of hops and some of the commercial lupulin
is obtained by sifting the sweepings from the floor of
hop kilns, and therefore contains much extraneous
matter like sand and dirt of various kinds.
The X.F. VII described lupulin as "An orange to
yellowish orange granular powder ; odor characteristic
of hops; taste aromatic, bitter; glandular trichomes
somewhat globular or ellipsoidal, from 100 to 300
microns in diameter, consisting of a single layer of
secreting cells assuming the form of a shallow cup.
from the inner surface of which the cuticle has been
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separated by the secreted yellow to greenish yellow
oleoresin." N.F. VII.
Lupulin consists of an ether-soluble portion of considerably more than half the weight of the lupulin,
the predominating constituents in this portion being
the beta-resin and the beta-acid, which are described
under Humulus. An alpha-resin and an alpha-acid are
also present, as well as a gamma-resin and a fatty oil.
The ether-insoluble portion contains albuminoids,
pentosans, crude fiber, tannin, etc. Lecithin has been
reported in some samples of lupulin and also minute
traces of an alkaloid. The odor of lupulinic grains resides in the essential oil. For a further account of the
chemistry of lupulin see under Humulus.
Lupulin is supposed to possess the therapeutic properties of hops (see Humulus).
Dose, 300 to 600 mg. (approximately 5 to 10
grains).
Storage. — "Preserve Lupulin in well-closed containers, protected from light. Lupulin of a reddish orange
or reddish brown color and with a disagreeable,
valerian-like odor must not be used." N.F. VII.
Magnesium Benzoate. (C6H5COO)2Mg.3H20 —
A white, crystalline powder, permanent in the air,
soluble in 20 parts of water, freely soluble in hot
water and soluble in alcohol. It has been used in
gout and rheumatism, in doses of from 0.2 to 1 Gm.
(approximately 3 to 15 grains).
Magnesium Bromide. MgBr2.6H20. — This occurs as colorless crystals, soluble in less than their
weight of water and extremely deliquescent. It has
been used for the same therapeutic purposes as sodium bromide. Dose, from 0.3 to 2 Gm. (approximately 5to 30 grains).
Magnesium Chloride. — "Magnesium Chloride
contains, when dried for twenty-four hours over sulphuric acid, not less than 95 per cent of MgCl26H20 (203.34).
"Magnesium Chloride occurs as colorless, transparent crystals, or as white, translucent pieces; deliquescent in moist air. One Gm. dissolves in about
0.6 cc. of water; it is readily soluble in alcohol. The
aqueous solution of the salt (1 in 20) is neutral to
litmus paper." N.F. V. For tests of purity and method
of assay see U.S.D., 22nd ed., p. 1457.
This salt has been used as a laxative but, as the
experiments in Winter and Rich indicate (/. Pharmacol., 1931, 41, 245), it is more readily absorbed
from the bowel than is the sulfate, and its advantage
seems very questionable. Being deliquescent, it is necessary to give it in solution.
Dose, from 4 to 15 Gm. (approximately 1 to 4
drachms) .
Magnesium Hypophosphite. Mg(H2P02)2.6H2O. — White crystals, efflorescent, soluble in about
5 parts of water. It has been used like the other
hypophosphites. Dose, 300 to 600 mg. (approximately
5 to 10 grains) .
Magnesium Lactate. Mg(C3Hr,03)2.3H20. — In
white, granular crystals, soluble in about 25 parts of
cold water and 3.5 parts of boiling water, insoluble in
alcohol. It has been used as a mild laxative in doses of
from 1 to 3 Gm. (approximately 15 to 45 grains).
Magnesium Mandelate. Magdelate. — This is essentially similar in its action, as a urinary antiseptic,
to calcium mandelate but because magnesium is less
readily absorbed than calcium it has more marked
acidulating properties. It has been given in doses of
0.5 to 1 Gm. (approximately V/2 to 15 grains), after
each meal.
Magnesium Perborate. — The exact composition
of this salt is somewhat doubtful, although it is generally given as being approximately Mg(BO"3)2.7H20.
It yields from 8 to 9 per cent of oxygen. Magnesium
perborate is sparingly soluble in water with partial
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decomposition; the resulting solutions are faintly
alkaline and contain hydrogen peroxide. It is used
chiefly in the preparation of dentifrices.
Magnesium Salicylate. Mg[C6H4(OH)C02]2.4H20. — A colorless or slightly reddish, efflorescent,
crystalline powder, soluble in water and alcohol; it
has been used as an intestinal antiseptic by Boas
(Berl. klin. Wchnschr., 1910, p. 89) in intestinal fermentation, and by Huchard in typhoid fever. The
dose is from 1 to 2 Gm. (approximately 15 to 30
grains).
Magnesium Sulfite. Magnesii Sulfis, U.S.P. 1880.
MgS03.6H20. — This is a white, crystalline powder,
gradually becoming oxidized on exposure to air, odorless, having a slightly bitter, somewhat sulfurous taste,
and a neutral or slightly alkaline reaction. Soluble in
about 150 parts of water at 25°, insoluble in alcohol.
When heated to 200°, the salt loses its water of crystallization (50.9 per cent), and at higher temperatures
is converted into magnesium oxide and anhydrous
magnesium sulfate. Magnesium sulfite has been used
internally in the treatment of fermentative dyspepsia.
The dose given varied from 0.6 to 2 Gm. (approximately 10 to 30 grains).
Manaca. Manacan. Vegetable Mercury. Geratacdca.
Camgdniba. Mercurio vegetal. — "Manaca is the dried
root of Brunfelsia Hopeana Benth. (Franciscea unifiora Pohl.) (Fam. Solanacece)." N.F. V.
Brunfelsia Hopeana Benth. is a slender shrub indigenous to Brazil and the West Indies. It possesses
laceolate-oblong, dark green leaves and small, pale
violet-blue flowers, turning white with age and occurring solitary or in pairs along the leafy branches,
and berry fruits.
Manaca was officially described as follows: "Unground Manaca. — Nearly cylindrical or more or less
tortuous, of variable length and up to about 3 cm.
in diameter; externally dark brown, wrinkled and
with scaly yellowish cork patches, the latter being
easily removed from the thin cortex which adheres
closely to the wood; inner surface, bark thin, wood
light yellowish, hard and finely radiate; fracture short
and very tough; taste bitter; odor slight." N.F. V.
For description of microscopic characteristics see
U.S.D., 22nd ed., p. 1460.
Probably because of confusion among the various
substances which are natively known as manaca, there
has been some uncertainty as to its composition.
Lenardson in 1884 found in it a weakly basic substance, manacine (francisceine) ; he found a second
principle which he believed was probably identical
with gelsemic acid. In solution manacine is easily decomposed into manaceine and a fluorescent substance
probably identical with esculetin (dioxycoumarin).
Costa (Bol. assoc. brasil. farm., 1933, 14, 295) reported the isolation of two alkaloids, manacine and
brunfelsine; a resin, manacein, and a fluorescent substance, esculentine.
E. P. Bruer (Therap. Gaz., 1882), from experiments
on animals, arrived at the conclusion that manaca acts
upon the spinal cord, first stimulating, and then
abolishing, the activity of the motor centers, the
action being shared by the respiratory centers. All
Klands, especially the kidneys, were stimulated by it.
In large doses he found it to produce in man lassitude,
perspiration, and loose, greenish alvine discharges.
Manaca has been used chiefly in the treatment of
chronic or subacute rheumatism and syphilis, but
there is no convincing evidence of its usefulness. The
usual dose of the fluidextract was from 0.6 to 2 ml.
(approximately 10 to 30 minims).
Under the name of Mir 6 an allied species is used
by the natives of Bolivia as an intoxicant, muscular
paralysant and parasiticide. This has been identified
by Youngken (/. A. Ph. A., 1925, p. 195) as Brun-
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felsia hydrangceformis (Pohl.) Benth. Githens found
that it has a similar physiological action to manaca
and believes that it contains the same alkaloids (J. A.
Ph. A., 1926, 15, 1067).
Mandelic Acid, X.F. IX. Acidum Mandelicum.
Racemic Mandelic Acid. Amygdalic Acid. Phcnylglycotic Acid. Benzoylghcolic Acid. Phenxlhxdroxyacetic Acid. CiiH5.CHOH.COOH. — "Mandelic Acid,
dried over sulfuric acid for 4 hours, contains not less
than 99 per cent of CsH803." N.F. IX.
Mandelic acid may be prepared by allowing sodium
cyanide to react with the sodium bisulfite addition
compound of benzaldehyde. The resulting mandelonitrile is hydrolyzed in the presence of hydrochloric
acid, yielding mandelic acid which is purified by
recrystallization. Mandelic acid may also be prepared
by boiling amygdalin with hydrochloric acid. A third
process for preparing the acid involves reaction of
acetophenone and chlorine to form dichloroacetophenone; this is heated with sodium hydroxide solution to produce sodium mandelate from which may
be obtained, by acidification and extraction with
ether, mandelic acid.
Description. — "Mandelic Acid occurs as white crystals or as a crystalline powder. It is odorless or has a
slight, aromatic odor, and gradually darkens and decomposes on exposure to light. Its solutions are acid
to litmus paper. One Gm. of Mandelic Acid dissolves
in about 6.5 cc. of water. It is freely soluble in alcohol
and in ether. Mandelic Acid melts between 118° and
120°." N.F. IX. For tests, standards and assay see
U.S.D., 24th ed., p. 660.
Uses. — Mandelic acid is a urinary antiseptic effective against a number of organisms; it is most commonly employed in the form of the official calcium
mandelate (see in Part I) . The dose is approximately
the same as for calcium mandelate. [v)
Mandragora. Mandrake. Mandragora autumnalis
Bertol. M. officinarum Bertol. (not L.). Atropa
mandragora L. (Fam. Solanacece.) — A perennial European plant with spindle-shaped root, which is often
forked beneath and is therefore compared, in shape,
to the human figure. In former times this root was
supposed to possess magical virtues, especially when
collected at certain times, and was used as an amulet
to promote fecundity, etc. The plant is a poisonous
narcotic, somewhat similar in its properties to belladonna, to which it is botanically allied. Crouzel isolated an alkaloid, mandragorine, which he found similar in properties to atropine (Pharm. J., 1885, 1067).
Thorns and Wentzel (Ber., 1901, 34, 1023) stated that
this mandragorine is a mixture of hyoscyamine and
scopolamine. Hesse (/. prakt. Chem., 1901, 64, 274)
found in the plant, however, besides these two alkaloids a third substance to which the name mandragorine has also been applied, C15H19NO0. a substance
which hydrolyzes to tropic acid and a base resembling
tropine.
Mandragora was much used by the ancients as a
narcotic, and as an anesthetic agent before surgical
operations. Morion or death-nine, said to have been
administered previous to the torture of ancient times,
was made from it. Le Clerc (Presse mid., 1924)
stated that tincture of mandragora is superior to
either belladonna or hyoscyamus as an antispasmodic.
Manganese. Manganum. Mn (54.94). — This element is a brittle grayish-white metal, very hard, being
capable of cutting glass and scratching tempered steel.
It has a density of 7.2 and melts at 1,260°. With
oxygen it forms five, or possibly seven, compounds
as follows: monoxide MnO, of a light green color;
sesquioxide, Mno03 (braunite), of a dark brown
color; magnetic oxide, Mn30.i, which occurs in hausmanite as brownish-black crystals; the dioxide MnOo
described below; the highest oxide is acid-forming
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and yields permanganic acid, HMn0.j (see Potassium
Permanganate, Part I). Manganese occurs in the mineral kingdom in the form of a silicate (rhodonite) , as
a carbonate (rhodochrosite) and as a dioxide (Pyrolusite). The most abundant mines are in Russia, but
it is also mined in various other countries.
Manganese is a normal constituent of all higher
plant and animal life and probably plays an essential
role in their metabolism. In plants it is apparently
concerned in the production of oxidases. For a discussion of investigations on the role of manganese in the
body see under Soluble Manganese Citrate (Part I).
In 1932 Bohnstedt stated that manganese influenced
the oxidation process of epidermal cells and for a time
various forms of the metal were extensively used in
the treatment of skin diseases, especially furunculosis
and psoriasis. Although in view of a number of favorable clinical reports one cannot categorically deny the
possibility of some beneficial effect, yet the reports of
Sullivan
(J.A.M.A.,
doubt on ' its
utility. 1940, 114, 246) throw grave
No natural syndrome due to a deficiency of manganese has been recognized. The average human diet
contains about 4 mg. per day. Blueberries, cereals,
bran and nuts contain appreciable amounts of manganese. In the blood about 2 micrograms of manganese is found per 100 ml.; the plasma contains twice
as much as erythrocytes. The concentration in the
liver, pancreas and adrenal glands is higher than in
the blood; Maynard and Cotzias (Fed. Proc, 1954,
13, 438) found two-thirds of the manganese in liver
in the mitochondrial fraction. It is excreted in the
bile and by the colon. Experiments on rats and mice
indicate that a deficiency of the element may cause
incoordination and loss of sense of equilibrium (Shils
and McCollum, J. Nutrition, 1943, 26, 1; JAM.A.,
1942, 143, 417). Boyer et al. (J. Biol. Chem., 1942,
143, 417) found that manganese deficiency produced
stunted growth and sterility in rats (see also Wachtel
et al., Am. J. Physiol., 1943, 140, 72). In chickens,
deficiency of manganese along with choline and biotin
results in perosis, a chondrodystrophy. The activity
of bone phosphatase in chicks seems to be dependent
on catalysis by manganese; arginase activity in the
liver of rats is stimulated in the presence of manganese. Other enzvmes are activated by manganese
(Milstone.
Proc'onS. the
Exp.physiological
Biol. Med., importance
1951, 76, 33).
For
literature
of
manganese see Von Oettingen (Physiol. Rev., 1935,
15, 175).
While manganese is quite toxic when introduced
parenterally, it is absorbed very slowly from the alimentary canal and eliminated fairly rapidly so that
it is hardly possible to raise the blood concentration
of the metal to dangerous heights from a single dose.
On the other hand, when small amounts are ingested
for long periods of time it may give rise to serious
poisoning.
Workmen who are exposed over long periods of
time to dust containing the metal, either in handling
the ore in the manufacture of manganese steel or in
certain processes in the ceramic industry, are frequently afflicted with a typical syndrome. The most
striking symptoms of chronic manganese poisoning
are manifested in the nervous system by a peculiar
mask-like expression of the face, involuntary- laughing,
slurred speech, spastic gait and tremors of the hands
(see Von Oettingen, loc. cit.). There is reason to suspect also that manganese miners are abnormally susceptible to pneumonia (see J.A.M.A., 1939, 113,
1426). Manganese poisoning is essentially progressive
and curative treatment has as yet not been found,
although liver therapy sometimes brings about improvement.
The citrate, glycerophosphate

and

hypophosphite
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are recognized by the N.F. Several of its salts have
been proposed as medicines, for use as tonic and
anti-anemic remedies.
Manganese Butyrate. Manganous Butyrate.
(CH3CH2CH2COO)2Mn.— Occurring as a red powder, soluble in water, manganous butyrate was a popular dosage form of the metal in the treatment of
furunculosis and other skin diseases. While some
favorable clinical reports have been published, the
value of the treatment is questionable (see under
Manganese). Manganese butyrate was usually given
by intramuscular injection, in the form of a 1 per cent
aqueous solution, about 1 ml. at a dose. Sometimes a
second injection was given 4 or 5 days later.
Manganese, Colloidal. — Various proprietary
preparations asserted to contain manganese or its
compounds in colloidal form have been brought forward as remedies for the treatment of skin diseases,
diabetes, gonorrhea, and other infections. It would
seem from the report of the Council on Pharmacy
{JAM. A., 1940, 114, 248) that in some of these
preparations the manganese is not even in a colloidal
state. Their therapeutic value is open to question.
Manganese Dioxide. Manganese Peroxide. — The
U.S.P. 1890 recognized under the name of Mangani
Dioxidum the "native crude manganese dioxide" which
composes the mineral called pyrolusite. In the 8th
revision this was replaced by a dioxide prepared by
precipitation of manganese sulfate by a mixture of
equal volumes of ammonia water and a solution of
hydrogen peroxide. In the 10th revision the oxide was
deleted. The precipitated manganese dioxide {Mangani Dioxidum Prcecipitatum, U.S.P. IX) consisted
"chiefly of manganese dioxide [Mn02 = 86.93] with
small amounts of other oxides of manganese, corresponding to not less than 80 per cent of MnOo."
U.S.P. IX. Precipitated manganese dioxide is a black
powder, insoluble in water.
Manganese dioxide has been claimed to possess
some stimulant action upon the uterine mucosa and
for a time was used in the treatment of amenorrhea.
Its ancient employment in syphilis, and various skin
diseases, does not appear to be founded on any
rational basis.
Dose, 200 to 600 mg. (approximately 3 to 10
grains) .
Mangosteen. — The pericarp of the fruit of Garcinia Mangostana L. (Fam. Guttiferce), a handsome
fruit tree widely cultivated in tropical countries. It is
sometimes substituted for bael fruit. It is an active
astringent, and has been used for this effect in various
inflammations of mucous membranes, as in diarrhea
and in leukorrhea. Ambrose used the toasted and
pulverized rind of mangosteen in the treatment of
tropical dysentery with asserted benefit. He gave
doses of 4 Gm. (approximately 60 grains) every 2
hours. The activity of the drug appears to reside in
the neutral principle mangostin.
Manna, N.F. VII. Manna Ash. — "Manna is the
dried exudation of Fraxinus Ornus Linne (Fam.
Oleaceae). Manna yields not less than 75 per cent of
anhydrous extractive, soluble in boiling alcohol, and
not
N.F. more
VII. than 2 per cent of acid-insoluble ash."
The formerly official manna occurs on the manna
ash, Fraxinus Ornus, but the term "manna" has also
been applied to substances which have no relation to
true manna, notably to the lichen, Lecanora esculenta,
which at times has suddenly fallen like rain over
immense tracts of country, from Persia to the African
Sahara. This latter occurs in the form of small roundish lumps, from the size of a pin's head to that of a
pea, yellowish or grayish externally and whitish
within, hard, inodorous, and insipid. It has been
affirmed that this lichen does not contain starch, but
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it is really used as an article of food, and good bread
is said to have been made out of it. This is probably
not the same article referred to in the Bible under the
title of "manna." Holmes believed that the Biblical
manna was a fungus cultivated by ants, similar to
that found in the neighborhood of Tanganyika, but
Bodenheimer {Chem. Drug., 1927, 107, 429), who
was the leader of an expedition from the University
of Jerusalem, concluded that it was a secretion from
the abdomen of coccid insects, which falls to the
ground as syrupy drops and then crystallizes.
Fraxinus Ornus, or the European flowering ash, is
a tree of moderate height, usually from 20 to 25 feet,
with opposite, petiolate, imparipinnate leaves, composed of generally seven leaflets. The leaflets are oval,
acuminate, obtusely serrate, about an inch and a half
in length, smooth, and of a bright green color. The
flowers are white, fragrant, in dense terminal panicles
at the extremities of the young branches. The fruit is
a winged alkene. The winter-buds are gray or brown
and finely hairy.
The manna ash is a native of southern Europe and
is largely cultivated in Italy and Sicily. It yields
manna after the eighth year, and continues to yield
it for 10 or 12 years, when it is usually cut down and
young sprouts are allowed to grow up from the root.
During the hot months the juice exudes spontaneously
from the bark, and concretes upon its surface, but, as
the exudation is slow, it is customary to facilitate the
process by making deep transverse incisions on one
side of the trunk with a curved knife. The initial incision is made near the base of the trunk and additional incisions are made above this daily at intervals
of about 5 cm. In the following year these are repeated on the other side, and thus alternately for the
whole period during which the tree yields manna. The
saccharine exudate is allowed to dry on the trunk and
later picked, or leaves or tiles are frequently placed
so as to receive the juice, which concretes upon them.
The manna varies in its character according to the
mode of collection, the nature of the season, and the
period of the year at which the exudation takes place.
The N.F. VII described Manna as follows: "In
irregular, more or less elongated, flattened, 3 -sided
pieces; externally weak yellowish orange to pale yellow ;friable ; internally porous and crystalline in appearance. Also in irregular dark orange to dusky
yellow masses, containing not less than 40 per cent of
brittle or soft, fighter-colored fragments or tears."
Constituents. — Manna is variable in composition.
The principal constituent, mannitol (mannite), ranges
from 30 per cent in the lower grades to 90 per cent in
the better varieties. Sucrose and invert sugar range in
amounts from 2 per cent in the high quality to 30
per cent in the lower grades. Gum, dextrin and traces
of citric acid are also present. Tanret, after an exhaustive investigation of manna, reported the following carbohydrates as having been identified by him:
Mannitol, dextrose, levulose, mannotetrose, and
mannotriose. The manna which occurs in tears and
distinct fragments is much higher in content of mannitol than other grades.
The greenish color of certain pieces of manna is
produced by fraxin, CieHigOio, a glucoside having
the composition of 7,8-dihydroxy-6-methoxycoumarin8-3-D-glucoside and closely related to esculin. Fraxin
is freely soluble in hot water and in alcohol, and has
a faintly astringent and bitter taste. Dilute acids hydrolyze it to fraxetin, CioHsOs, and glucose, CgHjoOg.
Uses. — Manna is a laxative, usually functioning
mildly, but in some cases producing flatulence and
pain. It was formerly commonly prescribed with other
purgatives, particularly senna, rhubarb, magnesia, and
salts. Manna was usually given dissolved in water or
some aromatic infusion; the best flake manna was
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often administered in substance. For uses of mannitol
see under this title in Part I.
Dose, 15 to 30 Gm. (approximately y2 to 1 ounce).
Mannitol Hexanitrate, NJfJi. Manexin (Massengill), Maxitate (Strasenburgh), Nitranitol (Merrell). C6H8(NO,3)6- — This compound is obtained by
the nitration of mannitol; it is a white, crystalline
powder which in the pure state is highly explosive
but when mixed with an inert substance such as a
carbohydrate (commonly 1 part of mannitol hexanitrate and 9 or more parts of lactose) it is nonexplosive. Mannitol hexanitrate produces the characteristic vasodilating action of nitrites. Matthew
(Quart. J. Med., 1909, 2, 261) found its action to be
essentially similar to that of nitroglycerin and the
nitrites but very much slower. The maximum fall of
blood pressure is not attained until 1.5 hours after
ingestion; the effect may persist for 6 hours. Mannitol hexanitrate may be used in the same kind of cases
as erythrityl tetranitrate (see in Part I).
Toxicology. — Methemoglobinemia, rise in intraocular tension, headache, increase in intracranial pressure, and cardiovascular collapse are toxic effects
which may be produced by mannitol hexanitrate;
withdrawal of tie drug, administration of oxygen,
transfusions for shock, lowering of the head and
elevation of the limbs, and removal of the drug from
the stomach may be indicated.
The usual dose is 15 mg. (approximately % grain),
by mouth, every 4 to 6 hours, with a range of 15 to
60 mg. The maximum safe dose is usually 60 mg. and
the total dose in 24 hours rarely exceeds 200 mg.
Mannitol hexanitrate is commonly available in 16-mg.
and 32-mg. tablets.
Maranta. Arrowroot. Arrowroot Starch. (Fam.
Marantacece.) — Under this name the U. S. Pharmacopoeia, 1870, recognized the fecula or starch obtained
from the rhizome of Maranta arundinacea L. (Fam.
Marantacece). The name is stated to be a corruption
of a native Indian word Ara-ruta, meaning a "mealy
root" and in this sense is applied to the starch obtained from various species of maranta, but the commercial supply is almost entirely from the one species.
It is also known as Bermuda, West Indian and St.
Vincent arrowroot. The production of this starch is
centered in the island of St. Vincent in the British
West Indies where the soil, because of its friable character, isespecially suited to the growth of the arrowroot plant. In Bermuda, cultivation on a commercial
scale has ceased. The starch is obtained from the plant
rhizome, which reaches a length of 9 to 18 inches in
the 10 to 12 months required for the plant to attain
a full yield of starch. The rhizomes are soaked in
water to detach the fibrous covering which, containing resinous matter, would give the product an unpleasant flavor. They are next pulped and sieved to
remove the fibrous matter and the separated starch
is subjected to several washings and finally dried in
the sun.
Several other so-called arrowroots are available,
the country of their origin being usually attached to
their names. Thus we find Queensland arrowroot —
made from the rhizome of Canna edulis L. (Fam.
Cannacece) both in Australia and the West Indies —
Brazilian arrowroot (see Tapioca) , and others. Among
the principal adulterating starches which have appeared in the commercial article are potato, sago,
tapioca and curcuma. Microscopic examination provides the only satisfactory means of detecting substitutions. The starch granules of true arrowroot are
simple and similar in shape to potato starch, but
smaller, averaging 27 to 54 microns. The hilum is usually eccentric and frequently fissured. An important
distinction from other so-called arrowroots lies in the
absence of truncated granules.
A comparison
of several analyses of arrowroot
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starch provides the following data, in percentages:
carbohydrate, 84 to 85; moisture, 14.13 to 15.87;
protein, 0.01 to 0.46; fat, 0.02 to 0.07; fiber, trace
to 0.04; ash, 0.08 to 0.21. From this it is apparent
that the product consists essentially of about 85 per
cent carbohydrate and 15 per cent moisture, with
minute amounts of other constituents.
Arrowroot starch occurs as a light, white powder
or small pulverulent masses, odorless and tasteless. It
provides a very mild, easily digested dietary article,
well adapted for the sick and convalescent, and particularly suited, because of its demulcent properties,
to bowel complaints. For use the material should first
be formed into a smooth paste with a little cold water
or milk, then hot water or milk added gradually with
brisk agitation. The preparation may then be suitably
flavored and sweetened.
A spurious form, called Florida arrowroot, formerly thought to be derived from the stem of the
Zamia integrifolia Willd. (Fam. Cycadacece) , has been
shown by Wallis to be the product of Z. fioridana
A. DC. (Pharm. J., 1928, 120, 50). Langworthy and
Denel (/. Biol. Chetn., 1922, 52, 251) found this to
be less easily digested.
Maretine. l-(m-Tolyl)semicarbazide. CH3.C6H4.XHXHCOXHo. — This may be regarded as a methyl
acetanihd in which the acetyl group is replaced by
NHCOXHo- It occurs as white, tasteless crystals,
slightly soluble in cold water. It was introduced in
the early part of the 20th century as an analgesic in
place of acetanilid but it proved so destructive of
blood cells (see Heubner, Therap. Monatsh., 1913, 27,
507) that it was practically abandoned. In more recent
years it came into extensive use, especially in Italy,
as a remedy for undulant fever. Fusetti (// Policlinico,
1939, 46, 278) used it in 200 cases of this disease with
good results. He employed it in doses of from 200 to
300 mg. (approximately 3 to 5 grains) 2 or 3 times a
day. Rietti (ibid., p. 132), however, warned that much
caution is required; he has seen fatal aplastic anemia
and severe agranulocytosis from its use.
Marrubium. Hoarhound, Horehound. White
Hoarhound. Marvel. — "The dried leaves and flowering tops of Marrubium vulgare Linne (Fam.
Labiatce)." U.S.P. VIII.
Horehound has a perennial, fibrous root, and numerous erect, woolly annual stems, from twelve to
eighteen inches high. The leaves are about 2.5 cm.
long, roundish-ovate, crenate, wrinkled, downy above,
hoary on the under surface, and supported in pairs
on strong foot-stalks. The flowers are white, and in
crowded axillary woolly whorls. Each consists of a
sparsely hairy, tubular calyx with 10 hooked, bristlelike teeth, a bilabiate corolla, 4 parallel stamens and
a bi-carpellary pistil with a 4-celled ovary.
Horehound contains a volatile oil, resin, tannin, and
a bitter principle called marrubiin which is slightly
soluble in cold water, and has a very bitter and somewhat acrid taste. Hollis et al. (Nature, 1939, 143,
604) concluded that marrubiin is a hydroxyditerpene
lactone.
Horehound was formerly used as an aromatic
stomachic, also as an expectorant in various types of
bronchitis. In large doses it is laxative. It has, however, been abandoned by physicians. Pages (Bull. Soc.
Sci. Med., Montpelier, 1927, 8, 389) reported having
obtained beneficial results in the treatment of cardiac
extrasystoles from an extract of fresh horehound. He
stated that the dried plant is of little use.
Matico. — "Matico is the dried leaf of Piper angustifolium
Ruiz et Pavon (Fam. Piperacece) ."
Nf. V.
Piper angustijolium is a shrub with a jointed stem
and 4-angled branches about twelve feet in height.
The leaves are short-petioled, alternate and lanceolate
with finely scalloped margins, acute apex, subcordate
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base and tessellated upper surface. The flowers are
small, yellow in color and borne in slender axillary
spikes. The fruit is a small, reddish-brown drupe containing a single seed. The plant is a native of Peru,
where the fruit, under the name of thoho-thoho, is
employed in the same manner as cubeb. This species
is also found in other parts of South America. For a
description of the formerly official leaf see U.S.D.,
22nd ed., p. 1464.
The medicinal properties of matico probably reside
in the volatile oil, of which it yields from 1 to 3.5
per cent.
A South American tradition attributes the name of
this herb to a Spanish soldier named Matico, of the
18th century, who applied the leaves to a wound with
an arrest of hemorrhage. The term "soldier's tree" as
well as "matico" has been applied to other plants,
notably the Eupatorium glutinosum, about which
similar tales are current. Matico has been used as a
local stimulating astringent application in ulcers and
leukorrhea, and to arrest hemorrhages. Internally it
has been given in the treatment of diarrheas, and also
in inflammations of the genito-urinary organs, but is
no longer prescribed by physicians.
The dose varied from 3 to 5 Gm. (approximately
45 to 75 grains).
Matricaria, N.F. VIII. Hungarian Chamomile.
German Chamomile. Ger. Kamillen. — "Matricaria is
the dried flower-head of Matricaria Chamomilla Linne
(Fam. Compositce)." N.F. VIII.
This drug should not be confused with Roman
chamomile (see Anthemis, Part II).
Matricaria Chamomilla is an annual plant, with a
branching stem a foot or two in height, bearing alternate leaves, the lower being tripinnate, the upper
bipinnate or simply pinnate, and all of them very
green, and nearly or quite smooth. The leaflets are
linear and very small. The flower-heads appear singly
at the ends of the stem and branches. The bracts of
the involucre are obtuse, green in the middle, and
whitish, membranous, and translucent at the margin.
The ray-florets are pistillate, white, at first spreading, and ultimately reflected. The disk is of a deep
yellow color, at first flat, but in the end convex, and
in some cases somewhat conical. The receptacle is
hollow and devoid of paleae or scales. The plant is a
native of Europe and western Asia. It grows wild and
in abundance in Germany, Hungary and other central European countries and is cultivated in many of
the herb gardens of the United States. All parts of it
are active, but the flower heads only were official.
These are gathered from May to August. Hungary
supplies the greater bulk of the world's supply of
Matricaria. There the flowers are gathered either by
hand or by means of shovels with a comb-like attachment in front, care being taken to exclude stem
and other impurities.
Description. — "Unground Matricaria. — The flower
heads of Matricaria are composed of a few yellowish
orange to pale yellow ray florets and numerous somewhat darker disk florets on conical, hollow, receptacles, the latter from 3 to 10 mm. in width. The disk
florets are tubular, perfect, and without a pappus.
The ray florets are from 10 to 20 and have a 3-toothed
and 4-veined, usually reflexed pistillate corolla. The
involucre is hemispherical, composed of from 20 to
30 imbricated, oblanceolate, and pubescent scales. The
peduncles are weak brown to dusky greenish yellow,
longitudinally furrowed, more or less twisted, and
attain a length of 2.5 cm. The achenes are somewhat
obovoid and faintly 3- to 5-ribbed, with no pappus
or only a slight membranous crown.
"Powdered Matricaria is moderate yellowish brown
to light olive-brown. It has a pleasant, aromatic
odor and an aromatic and bitter taste. It shows
numerous
spinose, spherical or triangulate pollen
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grains with 3 pores and up to 25 a, in diameter; fragments of corolla from ray florets with papillate epidermal cells; a few short glandular hairs; fragments
of achene tissue with epidermal cells having scalariform markings or wavy longitudinal walls, and
parenchyma containing rosette aggregates of calcium
oxalate, the latter up to 10 u, in diameter; fragments
of characteristic tissue of anthers composed of elongated cells with scalariform walls; fragments of
stigmas, the upper end bearing characteristic papillae;
vascular bundles with vessels having spiral, annular,
or reticulate markings; and fragments of the involucral scales bearing porous fibers, tracheae, and
elliptical
N.F.
VIII.stomata, the latter up to 30 u. in length."
Constituents. — Matricaria contains from 0.3 to 0.5
per cent of a volatile oil. Guenther (Am. Perfumer,
1938, 36, 54) gives as the essential constituents of the
oil the following: azulene, sesquiterpenes, sesquiterpene
alcohols, paraffin hydrocarbons, umbelliferone methyl
ether (methoxycoumarin), furfural, and a fatty acid.
The blue color of the oil is due to the presence
of azulene, and, according to Huebner and Albath
(Arch. exp. Path. Pharm., 1939, 192, 383), this is also
the anti-inflammatory principle.
Junkmann and Wiechowski (Arch. exp. Path.
Pharm., 1929, 144) reported in matricaria up to 3 per
cent of a glycoside which possesses spasmolytic action ;
in large doses it paralyzes smooth muscle. The spasmolytic component of chamomile blossoms is reported
to be 7-methoxycoumarin, which is accompanied by
7-hydroxycoumarin, the fraction containing these
principles having previously been described as chamillin (Neuwald, Ztschr. Naturforsch., 1952, 7b, 60;
Meyer, ibid., 61).
Uses. — Matricaria is a mild tonic, very similar to
chamomile (see Anthemis, Part II) in medicinal properties, and, like it, in very large doses an emetic. It
has been employed by some European physicians for
reputed antispasmodic and anthelmintic effects. It
was much employed in Germany, but in this country
scarcely at all, except by German practitioners. The
oil of matricaria has been used as a carminative but,
according to Janetzky and Neuwald (Arch. Pharm.,
1939, 277, 50), is not satisfactory. Externally, an infusion of the drug, and also the oil, have been used
for their counterirritant effect in contusions and other
inflammation.
Dose, 15 Gm. (approximately 4 drachms), usually
in the form of an infusion.
Meclizine Hydrochloride. Bonamine (Pfizer).
U.C.B. 5062. />-Chlorobenzylhydryl-4-m-methylbenzylpiperazine Dihydrochloride. — This tasteless, white,
microcrystalline powder is slightly soluble in hot,
acidulated water. It possesses mild but prolonged
antihistaminic acticn (Morren et al., Bull. soc. chim.
Belg., 1951, 60, 282), protecting guinea pigs against
histamine aerosol several days after its administration. Bonamine is recommended, however, chiefly for
prevention of motion sickness. A single dose daily of
25 to 50 mg. orally together with a low incidence of
side effects are its advantages. Reduction in both
nausea and nystagmus following instillation of cold
water into the external auditory canal has been observed in adults who received meclizine hydrochloride. Meclizine, cyclizine and chlorcyclizine belong to
the piperazine series of antihistaminic, antimotionsickness drugs. Meclizine is effective against seasickness (Hanford et al., J. Pharmacol., 1954, 111, 447)
and airsickness (Evrard, Bruxelles med., 1953, 33,
173; Chinn et al., J. Appl. Physiol., 1953, 6, 257).
When given to regular soldiers 24 hours before an
airlift of 5 to 7 hours' duration, in a dose of 50 mg.,
it proved beneficial, as compared with troops receiving a placebo. A dose of 50 mg. prior to sailing reduced seasickness as effectively as other preparations
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taken 3 times daily during the first 2 to 3 days of the
trip. Drowsiness is experienced by some persons, particularly with the 50-mg. dose. A dose of 25 mg.
seldom causes drowsiness, but it may not prevent
motion sickness.
The utility of Bonamine in the treatment of nausea
and vomiting of pregnancy was reported by McKenna
(Am. Pract. Dig. Treat., 1955, 6, 417), who found
that 91 per cent of 44 patients obtained satisfactory
or complete symptomatic relief following doses of 25
mg. 2 or 3 times daily; some patients required only
short-term therapy, while others had to be treated
into the fourth month of pregnancy.
The usual dose is 25 mg. once daily, by mouth, with
a range of 12.5 to 50 mg. In nausea and vomiting of
pregnancy the 25-mg. dose may be given up to 3 times
daily. Bonamine is available in 25-mg. scored tablets.
Melaleuca. — Under the name Niaouli oil (Gomenol, Laboratoire du Gomenol) there has been
made available a volatile oil obtained from the leaves
of Melaleuca viridijiora Brong. and Gris., a tree growing in upper India, the islands of the Indian Ocean
and Australia (see also Oil of Cajuput). Its odor and
taste are said to resemble those of camphor and peppermint. The chief constituent of the oil (about 66
per cent) is cineole, and in addition there is a crystallizable terpineol, and the valeric ester of the same,
which together make up 30 per cent additional. It
has been recommended in chronic inflammations of
the pulmonary mucous memur?ne. and especially in
whooping cough. Its effects probably do not differ
essentially from those of oil of cajuput. It has been
given orally or in the form of intramuscular injections, being diluted with from 4 to 10 parts of a
sterilized fixed oil to one part of volatile oil. Gomenol
has been used by Brimont (Presse mid., 1910, p. 800)
as a vermifuge in ankylostomiasis. Dose, from 0.25 to
0.5 ml. (approximately 4 to 8 minims).
Melilotus. Yellow Melilot. Yellow Sweet Clover.
King's Clover. — "Melilot consists of the dried leaf
and flowering top of Melilotus officinalis (Linne)
Lamarck (Fam. Leguminosce) ." N.F. V.
An annual or biennial plant indigenous to Europe
but naturalized in the United States, where it frequently abounds on waste ground and in fields. For
a description of the plant and of the formerly official
drug see US.D., 22nd ed.. p. 1465.
The pleasant odor of melilotus is due to the presence of coumarin. Also present are melilotic (hydrocoumaric) acid, C9H10O3. and coumaric acid, C9HSO3,
of which latter acid coumarin is the anhydride. From
spoiled sweet clover, which is toxic to cattle, has been
isolated the anticoagulant substance bishydroxycoumarin (see in Part I).
Melilotus was formerly employed as a supposed
analgesic in neuralgias; there is no evidence, however,
of its value.
Mentha Pulegium L. European Pennyroyal. Hilwort. Pudding Grass. Pulegium vulgare Mill. (Fam.
Labiatce.) — This European labiate yields an oil which
is known in England as oil of pennyroyal, not to be
confused with the American oil of the same name,
which is obtained from Hedeoma pidegioides Pers.
The oil. which is also known as the oil of poley, contains about 85 per cent of pulegone, C10H16O, an
unsaturated ketone. It also contains small quantities
of /-limonene, dipentene, menthol and methone. It
was reported (Brit. M. J., March. 1890) that the oil
has been used for producing abortion.
6-Mercaptopurine. Purinethol (Burroughs- Wellcome). C5H4N4S.H2O. — The apparent physiological
roles of nucleic acids (q.v.) in growth and metabolism
have suggested an investigation of means of possible
interference with their synthesis or metabolism to the
end that alteration of characteristics of growth, especially of neoplastic tissues, may be observed and
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utilized practically in the treatment of neoplastic
diseases. As part of the program more than 1000
pyrimidines and purines, related to the natural pyrimidine and purine bases of nucleic acids and thus
potential antimetabolites of the natural compounds,
have been synthesized and variously investigated for
their metabolic effects. About 6 per cent of the compounds have been found to have some degree of
effectiveness in inhibiting tumor growth (Brown,
Ann. N. Y. Acad. Sc, 1954, 60, 185). One of the most
promising of these antimetabolites is 6-mercaptopurine,
a structural analog of adenine (6-aminopurine) in
which the mercapto (-SH) group replaces the amino
substituent of adenine. The mercaptopurine inhibits
growth of Crocker mouse sarcoma 180 (Clarke et al.,
Cancer Research, 1953, 13, 593), acts as a purine
antagonist for certain strains of Lactobacillus casei
(Elion and Hitchings, Proc. Am. Assoc. Cane. Res.,
1953, 1, 13), and has antileukemic activity in man.
The possibility that it functions through an ability to
block a metabolic step in the synthesis of guanine has
been suggested.
The interest in 6-mercaptopurine. and the volume
of biochemical, pharmacological and clinical investigation undertaken with it. were then already so extensive that on April 30 and May 1, 1954, a conference was devoted to a presentation of 41 papers
dealing with the subject; these have been published
in Ann. N. Y. Acad. Sc, 1954, 60, 183-508. It is still
too soon, however., to assess the clinical value of the
drug. The following summarized findings of Burchenal
et al. (ibid., p. 359) may be taken to represent the
present status of the drug: (1) It is without practical
beneficial effect in metastatic carcinomas, sarcomas,
Hodgkin's disease, lymphosarcomas, and chronic
lymphocytic leukemia; (2) it produces a high proportion of remissions in the early stage of chronic
myelocytic leukemia (though more time is needed to
determine whether it will be as practical as the x-ray.
phosphorus-32, or urethan) and may be of temporary
value in the terminal acute stage of the disease; (3) it
frequently causes remissions in patients resistant to
such agents as A-Methopterin and cortisone; (4)
when used in sequence with other effective drugs it
appears to cause a definite increase in the survival
time of children afflicted with acute leukemia.
Dose. — The usual dose, by the oral route, is 2.5 mg.
per Kg. of body weight per day, given as a single
dose or in divided portions. According to Burchenal
et al. (loc. cit.) there is almost no evidence of toxicity
when the drug is administered at this level to children.
At higher doses, in children, or occasionally at this
dose in adults, evidence of marrow depression and
gastrointestinal disturbances have been noted. Many
patients tolerate doses of 5 mg. per Kg., and more,
at least 1 patient having received a dose of 12.5 mg.
per Kg. daily for a period of a week with no apparent
ill effects. There is a latent period of 3 to 8 weeks
before the beneficial action of the drug becomes apparent. Hall et al. (ibid., p. 374) observed that in
adult patients partial remission of acute leukemia is
seldom obtained with total doses of less than 2250
mg. and complete remission with total doses of less
than 3900 mg. Farber (ibid., p. 412) gave a total dose
of 9880 mg. to a patient; his longest period of therapy was 162 days. Philips et al. (ibid., p. 283) indicate as potential hazards in the therapeutic application
of 6-mercaptopurine damage to bone marrow and intestinal epithelium, disturbances in hepatic function,
and the possibility of liver necrosis.
Mercurial Antiseptics. — Because of the irritant
and toxic effects of mercury- bichloride a number of
organic compounds of mercury have been introduced
as substitutes for inorganic salts of this metal. Many
of these possess obvious advantages in being less
irritant, less readily precipitated by protein and with-
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out injurious effects upon metallic instruments, and
some of them even exceed mercuric chloride in
germicidal power. The conclusion of the Council on
Pharmacy and Chemistry of the American Medical
Association (J. AM. A., 1940, 115, 2083) that "they
cannot be expected to destroy pathogenic spores and
even their action on non-sporulating bacteria is
limited" seems in accord with recent experiments.
Although most of these compounds do not produce
visible precipitates with proteins Nye {J. A.M. A.,
1937, 108, 280) found that in the presence of SO per
cent of serum their killing effect against even the nonsporulating staphylococcus is practically nil. Most
earlier experimenters used a technic which failed to
make proper allowance for the inhibiting effect on
bacterial growth of even small traces of mercurial
compounds.
Hereunder are described the unofficial mercurial
antiseptics; for a discussion of the official compounds
see Merbromin, Nitromersol, Phenylmer curie Nitrate,
and Thimerosal, in Part I.
Acetomeroctol, N.N.R. Merbak (Schieffelin). —
This compound, 2-acetoxymercuri-4- (1,1,3, 3-tetramethylbutyl) phenol, is employed as a topical antiseptic for prevention and control of superficial infections and for preoperative preparation of skin. The
antibacterial properties of the substance were described by Heinemann and Blanchard (/. A. Ph. A.,
1946, 35, 54). It is applied locally in 1:1000 solution,
colored or stainless; the 50 per cent alcohol and 10
per cent acetone vehicle accounts for a significant
part of the antibacterial action of the preparation
but these components may produce irritation when
used on mucous membranes or extensive superficial
wounds.
Mercocresols, N.N.R. Mercresin (Upjohn). — This
is a mixture of equal parts by weight of sec.-a.myltricresol and o-hydroxyphenylmercuric nitrate, commonly used in the form of a tincture containing 0.1
per cent of each component in a solvent composed
of 10 per cent of acetone, 50 per cent of alcohol, and
water. Mercocresols have the germicidal, fungicidal,
and bacteriostatic actions inherent in the component
compounds; the actions supplement each other so
that the mixture is approximately twice as germicidal
for Staphylococcus aureus as the component cresol
derivatives alone, and 7 to 10 times as germicidal as
the mercury compound alone. The estimated total
effect is not of that order for all pathogenic bacteria
and represents a summation of activity rather than a
synergistic effect.
Mercresin tincture is applied topically in undiluted
forms to all superficial wounds and for surgical preparation of intact skin. Generally dilutions of 1:20 to
1:2 are used for topical application, irrigation, or
tamponage of inflamed mucous membranes. For irrigation of deep infected wounds or lavage of the bladder and urethra dilutions of 1:20 to 1:10 should be
used; such dilutions are also employed for instillation
in the eye.
Mercurophen (Sharp & Dohme) . — This mercurial
is sodium hydroxymercuri-o-nitrophenolate, NaO.C6H3(NG"2)HgOH, a brick-red powder, sparingly soluble in water, yielding deep amber-colored solutions;
it contains about 53 per cent of mercury.
Mercurophen was introduced by Schamberg et al.
(J. Infect. Dzs., 1919, 24, 547) as a disinfectant, these
investigators reporting that in concentrations of 1 in
2,000,000 to 1 in 400,000 it inhibited growth of various bacteria; its germicidal power is greater than that
of mercuric chloride, especially in the presence of
albumin. They stated that its toxicity is less than
half that of mercuric chloride, also that it does not
precipitate protein or tarnish steel in germicidal
concentrations.
Mercurophen is used to disinfect surgical instru-

Mercuric

Cyanide

1751

ments, catheters, etc., in concentrations of about 1 in
5000, as a local application to mucous membranes
(in 1:15,000 to 1:5000 concentration), and also occatime ) . sionally in fungous skin diseases (1:2000 for a short
Merodicein (Hynson, Westcott & Dunning). — This
compound is the sodium salt of monohydroxymercuridiiodoresorcin-sulfonphthalein, occurrring in green
scales which become dark red on being pulverized;
it is freely soluble in water, and contains about 23
per cent of mercury. Merodicein was introduced as a
germicide, especially for use in the mouth and throat;
it is not precipitated by protein. According to Macht
and Cook (J. Pharmacol., 1931, 43, 571) it has high
antibacterial potency and relatively low toxicity. It is
supplied commercially as a 1 in 5000 solution.
Mercuric Benzoate, N.N.R. 1947. Hg(C6H5COO)2-H20. — This compound may be obtained by
reaction of an alkaline benzoate and a mercuric salt;
it is a white, crystalline, odorless and tasteless powder,
which is sparingly soluble in water, but easily in alcohol and in solutions of ammonium benzoate, the latter
effect being due to its property of forming easily
soluble double salts. It is stated that solutions of
mercuric benzoate with sodium chloride form mercuric
chloride and sodium benzoate. The salt is incompatible with acids, iron compounds and acid salts. It has
been used for intramuscular injections in syphilis and
as a local remedy in gonorrhea. For urethral irrigation the concentration may be 1 to 1000 or 2000, with
an equal quantity of sodium chloride. The dose for
intramuscular injection was from 8 to 15 mg. (approximately %to % grain) every second day.
Mercuric Cyanide, NJF. VIII. Hydrargyri
Cyanidum. — "Mercuric Cyanide, when dried to constant weight over sulfuric acid, contains not less than
99 per cent of Hg(CN)2." NJ. VIII.
The normal mercuric cyanide, not to be confused
with mercuric oxycyanide- (see in Part I), may be
prepared by dissolving mercuric oxide in a slight
excess of hydrocyanic acid, the resulting solution being
concentrated by evaporation to the point of crystallization of the salt. The excess of acid is expelled
during the concentration.
"Mercuric Cyanide occurs as colorless or white,
odorless, prismatic crystals, or as a white, odorless
powder. Its aqueous solutions are neutral to litmus
paper, and it is affected by light. One Gm. of Mercuric
Cyanide dissolves in about 13 cc. of water and in
about 13 cc. of alcohol at 25°. One Gm. of Mercuric
Cyanide dissolves in about 3 cc. of boiling water and
in about 6 cc. of boiling alcohol. It is sparingly soluble in ether." N.F. VIII. For standards, tests, and
assay, see U.S.D., 24th ed., p. 673.
Uses. — Mercuric cyanide, which was first official in
the U.S.P. of 1890, was introduced as a substitute for
mercury bichloride. Because it is not ionized it is not
so irritating to tissue, nor does it precipitate protein.
Whether or not it is as actively antiseptic as mercury
bichloride, as some believe, is questionable. According
to Hiine (Desinfektion, 1912, 5) a 1 in 1000 solution
of mercuric cyanide is required to kill staphylococci
in 30 minutes; mercury bichloride is similarly effective in 1 in 10,000 concentration. Harrington (Boston
M. and S. J., January 14, 1904) found that a 1 in
500 solution of mercuric cyanide was not certainly
fatal to pus-forming organisms in 30 minutes.
In diphtheria and croup, mercuric cyanide has been
employed in 1 in 10,000 solution as a gargle. Solutions of from 1 in 4000 to 1 in 2000 may be used for
application to the eye or mucous membrane, and in
fibrous rhinitis a 1 in 2500 solution has been used on
a tampon.
Mercuric cyanide has also been used as a diuretic
and antisyphilitic. Blum and Schwab (Presse med.,
1922, 30, 1081) recommended the drug as a diuretic
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in cardiac — but not in renal — disease; they administered it intravenously or intramuscularly in doses of
40 to 50 mg. According to them, mercury should be
used only as a last resort when other drugs have
failed. As an antisyphilitic in the late stage of syphilis
of the central nervous system, the heart, or liver,
where arsenicals were initially contraindicated, mercuric cyanide has been administered intravenously or
intramuscularly in doses of 10 mg. daily for not over
20 days (see also Uses under Mercuric Succinimide) .
Hill (J.A.M.A., 1923, 80, 1365) was unable to find
any curative effect resulting from its use in experimental syphilis in rabbits. It is stated that from l.S
to 2 ml. of a 1 per cent solution of mercuric cyanide
may be used hypodermically without causing local
irritation.
Chaleix (J. med. Paris, March, 1900) reported
death following the use of a vaginal injection containing 900 mg. (approximately 14 grains) of mercuric
cyanide.
As it does not corrode steel, it has been recommended as a disinfectant for instruments; the usual
concentration is 1 in 200.
Dose, from 4 to 10 mg. (approximately Vie to %
grain) .
Mercuric Oxide, Red, N.F. IX. Hydrargyri
Oxidum Rubrum. Red Precipitate. — "Red Mercuric
Oxide, dried at 120° for 3 hours, contains not less
than 99.5 per cent of HgO." N.F. IX.
Red mercuric oxide may be prepared by carefully
heating a mixture of mercuric nitrate and mercury
until vapors of nitrogen tetroxide cease to be given
off. It is not prepared by precipitation, as its older
name — red precipitate — suggests.
Description. — "Red Mercuric Oxide occurs as heavy,
orange-red, crystalline scales, or as a crystalline powder, acquiring a yellow color when finely divided. It
is odorless, and has a slightly metallic taste. It is
affected by light. Red Mercuric Oxide is readily dissolved by diluted nitric or hydrochloric acid. It is
almost insoluble in water and completely insoluble in
alcohol." NJ?. IX. For standards, tests, and assay see
US.D., 24th ed., p. 676.
Uses. — Red mercuric oxide has been employed
topically, generally in ointments, as a stimulating
antiseptic to chancres, flabby ulcers and fungoid infections of the skin. For such use it is generally less
effective than the yellow oxide. Red Mercuric Oxide
Ointment, official in N.F. IX, was prepared as follows:
Triturate 100 Gm. of red mercuric oxide, in very fine
powder, with 50 Gm. of liquid petrolatum until the
mixture is smooth ; then incorporate 300 Gm. of wool
fat in divided portions, and finally incorporate this
mixture with a mixture of 50 Gm. of yellow wax and
500 Gm. of petrolatum, previously melted and cooled.
Contact with metallic utensils and containers must
be avoided.
Storage. — Preserve "in tight, light-resistant containers." N.F.
Mercuric Salicylate, NJ?. IX. Hydrargyri Salicylas. Mercury Salicylate. — "Mercuric Salicylate contains not less than 54 per cent and not more than 59.5
per cent of Hg." N.F. IX.
Mercuric salicylate is a compound of more or less
varying chemical composition, in which the chief constituent apparently is neither a normal salicylate nor
a true subsalicylate inasmuch as the mercury is believed to replace both the carboxylic and one of the
nuclear hydrogen atoms.
It is usually prepared by heating a mixture of
freshly precipitated yellow mercuric oxide and salicylic acid in the presence of water until the mixture
is perfectly white.
Description. — "Mercuric Salicylate occurs as a
white, or slightly yellow or slightly pink, odorless
powder. It is affected by light. Mercuric Salicylate is
dissolved by solutions of the fixed alkali hydroxides,

by solutions of the alkali carbonates, and by solutions
of alkali halides. It is practically insoluble in water
and in alcohol." AT.F. IX. For standards, tests, and
assay see U.S.D., 24th ed., p. 679.
Uses. — Mercuric salicylate has been used chiefly in
the treatment of syphilis, especially by intramuscular
injection. The advantages claimed for it were that it
is locally relatively non-irritant and that it does not
cause salivation. The first of these is due to its insolubility and the second is an evidence of its slow
absorption. Many years ago Nelson and Anderson
(J.AM.A., 1915, 65, 1905) reached the conclusion
that, although there may be a subsidence of the objective manifestations of syphilis following use of
mercuric salicylate, the mercurial drugs did not exercise a real curative effect. Hill {J AM. A., 1923, 80,
1365), from experimental studies on rabbits, reached
the same conclusion.
Mercuric salicylate has been used locally for its
antiseptic effect either as a dusting powder in a concentration of10 per cent, or as an injection in gonorrhea, 1 part of the drug being suspended in 300 of
a mucilaginous vehicle. It has also been used as a local
application in alopecia of syphilitic origin.
For intramuscular injection a suspension in a fixed
oil was employed. Of this 1 ml. containing 65 mg.
of mercuric salicylate was injected deep into the
CO
muscles of the back or -buttocks,
under strict asepsis,
1 to 3 times a week.
Storage. — Preserve "in tight, light-resistant containers." N.F.
Mercuric Succinimide, N.F. IX. Hydrargyri
Succinimidum. — "Mercuric Succinimide, dried at 105°
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for 1 hour, contains not less than 49.5 per cent and
not more than 51 per cent of Hg, corresponding to
not less than 98 per cent of C8H8N204Hg." NJF. IX.
This salt may be prepared by heating, in water,
freshly precipitated and washed mercuric oxide and
succinimide, (CH2CO)2-NH, until only traces of the
oxide remain. The solution is then filtered and evaporated to the point of crystallization. The succinimide
used in the process may be prepared by heating succinic anhydride in a stream of dry ammonia.
Description. — "Mercuric Succinimide occurs as
small, white crystals, or as a white powder. It is
odorless and is stable in air, but darkens on exposure
to light. An aqueous solution of Mercuric Succinimide
(1 in 25) is neutral to litmus paper. One Gm. of
Mercuric Succinimide dissolves in 20 cc. of water,
and in about 5 cc. of boiling water. It is slightly soluble in alcohol and is insoluble in ether." NJ. IX. For
standards, tests, and assay, see UJS.D., 24th ed.,
p. Uses.
680. — Mercuric succinimide was introduced as a
means of administering mercury intramuscularly or
intravenously, especially in the treatment of syphilis.
With the advent of better therapeutic programs,
notably those utilizing antibiotics, mercurials have
been all but discarded in the treatment of syphilis.
Healing of acute lesions of syphilis does occur
under treatment with mercury but hearing is slow and
the spirochetes remain in the lesions for a long time.
The amount of mercury required to produce therapeutic effect is sufficient to produce mild stomatitis;
a daily urinary excretion of about 1 mg. is necessary.
Intramuscular injections of water-soluble mercury
preparations are so painful that patients did not
tolerate them and the irregular absorption of the insoluble preparations sometimes resulted in accumula-
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tion of mercury and poisoning. Mercuric succinimide
was preferred over other water-soluble salts of mercury because it was much less irritating. Intravenous
injections were seldom practical because daily injections were usually necessary to be effective.
The intramuscular dose was from 10 to 20 mg. (approximately %to Yi grain), usually in a 1 or 2 per
cent solution, daily. Mercuric succinimide was occasionally given by mouth in about the same dose.
Storage. — Preserve "in tight, light-resistant containers." N.F. IX.
Mercuric Sulfide. Hydrargyri Sulfidum Rubrum,
U.S.P. 1880. Red Sulfide of Mercury. Cinnabar. Artificial Cinnabar. Vermilion. Chinese Red. Red Mercury
Sulfuret. HgS. — Native cinnabar is the chief commercial ore of mercury. The chemical itself may be
prepared either by the direct combination of mercury
and elemental sulfur, or by the action of an alkaline
sulfide on mercury. Ethiops mineral (black mercuric
sulfide) is an impure form of mercuric sulfide, containing much free mercury and sulfur, used as a pigment in the plastic trade.
Mercuric sulfide occurs in "brilliant, dark red, crystalline masses, or a fine, bright scarlet powder, permanent in the air, odorless and tasteless, insoluble in
water, alcohol, nitric or hydrochloric acid, or in dilute
solutions of alkalies. It is dissolved by nitrohydrochloric acid with separation of sulfur. When heated,
the salt becomes brown and then black, but, on cooling, it reassumes its red color. At a higher temperature
it takes fire, burns with a bluish flame, emitting the
odor of burning sulfur, and is finally volatilized without residue." U.S.P. 1880. When levigated, it forms a
brilliant red powder, which is the paint called vermilion or Chinese red.
Cinnabar was formerly employed in medicine by
fumigation, in syphilitic affections, when it was desired to obtain an immediate mercurial effect. This
method of treatment was long ago abandoned and
the salt is no longer used in medicine, except very
occasionally locally, generally in the form of the
ointment recommended by Lassar for herpes tonsurans
(Med. Klin., 1905, No. 3, 54). This contained red
mercuric sulfide 1 Gm., sublimed sulfur 24 Gm., petrolatum 100 Gm., and bergamot oil 30 drops.
A solution of colloidal mercury sulfide (Hille) was
introduced as an antisyphilitic of low toxicity (see
Wakerlin, Arch. Dermat. Syph., 1929, 19, 878). This
solution represents 2 per cent of mercuric sulfide,
stabilized with a hydrolyzed protein, and is recommended to be given in doses of 2 to 3 ml., intramuscularly, twice a week.
Mercury with Chalk, N.F. VIII. Hydrargyrum
cum Creta. Gray Powder. JEthiops Cretaceus. — "Mercury with Chalk contains not less than 36 per cent
and not more than 40 per cent of Hg." N.F. VIII.
This once popular mercurial preparation was directed to be prepared as follows: Weigh 380 Gm. of
mercury and 100 Gm. of honey into a strong bottle
of 1000-cc. capacity, and add 20 cc. of distilled water.
Stopper the bottle and shake it for about 30 minutes
at a time until the aggregate time of shaking reaches
10 hours, or until the globules of mercury are no
longer visible under a lens magnifying 4 diameters.
The shaking may be performed mechanically. Triturate
570 Gm. of prepared chalk with distilled water to a
thick, creamy paste, add the mercury dispersion,
washing out every portion of it with a little distilled
water, and again triturate the mixture until uniform.
Finally dry the mixture, first between layers of
bibulous paper, then in a dish at ordinary temperature until the product weighs 1000 Gm. Reduce it to a
uniform powder without trituration. N.F. VIII.
Many
modifications of this process, and others,
have been utilized; for a description of these see
U£.D., 19th ed., p. 639.
Description. — "Mercury
with Chalk occurs as a
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light gray, rather damp powder, free from grittiness.
It is odorless, has a slightly sweet taste, and is affected
by light." N.F. VIII. For standards, tests and assay,
see U.S.D., 24th ed., p. 696.
Uses. — Mercury with chalk was used both as a
laxative and as an antisyphilitic. Its laxative actions
are very similar to those of blue mass or calomel but
in some cases it was believed that the antacid effect
of the chalk was advantageous. As an antisyphilitic
it was ranked as one of the most efficient ways to
administer mercury by mouth, [v]
Dose, as a cathartic, 250 to 650 mg. (approximately
4 to 10 grains) ; as an antisyphilitic, from 60 to 240
mg. (approximately 1 to 4 grains), in capsules or as
the powder, may be given 2 or 3 times a day.
Storage. — Preserve "in tight, fight-resistant containers." N.F. VIII.
Mesulphen. Mitigal (Bayer Products). Sudermo
(Burroughs Wellcome). Dimethylthianthrene . Dimethyldiphenylene Disulfide. — The British Pharmaceutical Codex (1954) describes Mesulphen as consisting of about 85 to 90 per cent of 2,6-dimethylthianthrene, being prepared by heating together
toulene, sulfur and anhydrous aluminum chloride and
distilling the reaction product under reduced pressure; the product contains about 25 per cent of
organically combined sulfur. It is a yellow, somewhat
viscid, oily liquid; insoluble in water, moderately
soluble in dehydrated alcohol, soluble in ether, chloroform and acetone.
Mesulphen is a parasiticide and antipruritic employed in the treatment of scabies, impetigo, and
pediculosis pubis, also in acne and seborrhea ; it is
especially useful for application to hairy regions. The
substance is applied, undiluted, to the carefully
cleansed parts, and rubbed in vigorously; the treatment is repeated twice on successive days, [v]
Meta-Cresylacetate, N.N.R. 1951. CresatinSulzberger (Sharp & Dohme). — This is the acetic acid
ester of meta-cresol, having the formula CH3.C6H4.OCH3CO; it is a colorless, oily liquid, insoluble in
water but soluble in many organic liquids. Metacresylacetate possesses antiseptic and analgesic properties and is free from toxic effects. It is useful in the
treatment of various affections of the nose, throat
and ear, such as follicular tonsillitis, nasal suppuration
due to ethmoid disease, atrophic nasopharyngeal
catarrhs, furunculosis of the external auditory canal
and purulent otitis media. When applied to mucous
membranes it causes no irritation, sloughing or discomfort. Itis applied undiluted or diluted with 1 to
3 parts of liquid petrolatum or cottonseed oil.
Methanol. Methyl Alcohol. Carbinol. Pyroligneous
Spirit. Wood Spirit. Wood Alcohol. Wood Naphtha.
CH3OH. — Methyl alcohol may be obtained by destructive distillation of wood, also from marsh gas,
formic acid and formaldehyde. Most methanol is
made by interaction of carbon monoxide and water
vapor, using a catalyst.
Pure anhydrous methanol is a mobile, colorless
liquid, possessing a hot, pungent taste, and a characteristic odor. It mixes in all proportions with water,
alcohol, and ether. It burns like alcohol, but with a
less luminous flame. Its specific gravity is 0.790; it
boils at 64.1°. Its solvent properties are similar to
those of ethyl alcohol.
Methyl alcohol is very largely used as a solvent,
as well as in the synthesis of many compounds.
Toxicology. — Methanol is capable of producing an
intoxication similar to that caused by ethyl alcohol,
but distinct in the slowness of the onset and the
extraordinary duration of the symptoms, which may
last from three to four days after a comparatively
moderate dose of the drug. Windhausen reported
death (Chem. Ztg., 1926, 50, 588) from drinking
what was estimated to be less than 30 ml. of methanol.
The symptoms which have been observed in methyl
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alcohol poisoning are: marked fall of the body temperature, convulsions, sometimes of a tetanic character, at others of a choreic type, vomiting, dilatation of
the pupil, frequently nystagmus. The reflexes at first
are increased, but after a period of a day or two loss
of sensation and also of reflex power may occur. Quite
characteristic of the poisoning is the loss of vision
which begins generally within 24 hours and may progress to complete blindness. Krol (Arch. exp. Path.
Phartn., 1913, 72) called attention to the similarity
of the symptoms of wood alcohol poisoning with
those of acidosis. Harron and Benedict (J AM. A.,
1920, 72, 25) reported a case of methanol poisoning
in which the blood showed a great diminution in the
alkali reserve together with the presence of considerable amount of both lactic and formic acid in the
urine, as well as acetone bodies; the administration
of large quantities of alkali caused, in this case, immediate relief from the acute symptoms, although
the patient was left with permanent impairment of
vision. Both Reid Hunt and Schmiedeberg demonstrated that methanol is oxidized in the body to
formic acid. /
The amblyopia is due to an inflammation of the
optic nerve with eventually, in severe cases, complete
optic atrophy. In 90 per cent of cases there is permanent impairment of vision. A number of cases of
permanent blindness have followed the inhalation of
its fumes by workmen using varnish containing it, or
from various dyes in which it is a solvent. Several
cases have also been reported in which the external
application of methyl alcohol, either as a liniment or
accidentally, has led to serious poisoning, and McCord
(Ind. Eng. Chem., 1931, 23, 931) has established that
enough of it may be absorbed through the skin to
exercise its injurious effects.
Treatment. — In the treatment of wood alcohol
poisoning the first step is to thoroughly wash out the
stomach, which is best accomplished by means of the
stomach tube. The probability that the toxic symptoms may at least in part be due to acidosis suggests
the use of alkalies to combat subsequent symptoms
and Isaacs (J.A.M.A., 1920, 75, 718) reported favorable results from the use of 3 Gm. (45 grains) of
sodium bicarbonate every 2 hours, or in sufficient
quantity to keep the urine alkaline. If the patient is
comatose, or the cyanosis very marked, he recommended administration of the alkali intravenously.
Venesection has been performed. For cerebral edema,
if present, hypertonic glucose is given intravenously
and from 50 to 75 ml. of spinal fluid may be withdrawn by lumbar puncture. Supportive and symptomatic treatment is indicated.
Chew et al. (J.A.M.A., 1946, 130, 61), believing
that prompt elimination of acidosis is essential, found
the following treatment of methyl alcohol poisoning
effective: (1) Determine blood plasma carbon dioxidecombining power (this may be as low as 10 volumes
per cent). (2) Administer intravenously the contents
of four 40-ml. ampuls of molar sodium lactate solution in 1 liter of Ringer's solution (or 250 ml. of
freshly and properly prepared 5 per cent sodium
bicarbonate solution) ; also give 4 Gm. of sodium bicarbonate by mouth every 15 minutes for four doses
(if the patient is comatose this is given by stomach
tube). (3) Redetermine the plasma carbon dioxidecombining power and repeat the treatment with sodium lactate and sodium bicarbonate until the carbon
dioxide-combining power is elevated to 40 to 50
volumes per cent; when this point is reached it may
be checked twice daily until recovery is complete. If
facilities are not available for estimation of plasma
bicarbonate, the reaction of the urine may be used as
a guide to the administration of alkali. In the cases
treated by Chew and his associates the urine reaction
was used to regulate the continued administration of
sodium bicarbonate after the plasma bicarbonate had

returned to nearly normal values. Each voiding of the
urine was tested, and 2 Gm. of sodium bicarbonate
given each hour while the pH was- below 7 ; when the
pH reached 7, the same dose of sodium bicarbonate
was given every 2 hours, and when the urine became
alkaline to phenolsulfonphthalein (pH 7.8) the administration ofsodium bicarbonte was stopped. (4)
Keep the eyes covered until all visual and retinal
changes have disappeared. When the patient is in
shock and respiratory failure is imminent, nikethamide
intravenously and oxygen should be employed in addition to the other measures.
Methyl alcohol is so dangerous that its use for any
medical or pharmaceutical purpose is unjustifiable if it
is not finally removed; under no circumstance should
it be employed by pharmacists as a menstruum or as
a solvent for medicinal preparations of any kind.
Methenamine Compounds. H examethylenetetramine Compounds. — A number of salts of methenamine have been introduced as substitutes for that base.
Most of these are intended for use as urinary antiseptics although some have been recommended for
other purposes. It is questionable whether any of these
have material advantage over the official drug (see
Methenamine, Part I) .
HEXAMETHYLEN AMINE

ACETYLAMINOSALICYLIC

Aero. Salihexin (Abbott). (CH2)6N4.C6H3(COOH)(OH)(NHCOCH3).— This is a colorless, crystalline
powder, readily soluble in water. Salihexin was introduced as a urinary antiseptic, an antipyretic and an
analgesic, combining the effects of methenamine and
salicylates. It is claimed to be much less toxic than
sodium salicylate. Although it appears to be readily
absorbable from the alimentary tract it has been
more commonly administered by intravenous injection. It may be injected in doses of 10 ml. daily of a
10 per cent solution; the oral dose is 300 to 600 mg.
(approximately 5 to 10 grains).
Methenamine Anhydromethylene Citrate.
Vropurgol. Helmitol (Winthrop). Formanol. Citramine. CtHgOtXCI^g^. — This substance is a white,
acidulous, odorless powder, soluble in 10 parts of
water, but almost insoluble in alcohol. It is said to be
a combination of anhydromethylene-citric acid and
methenamine, representing about 40 per cent of the
latter constituent. Its value as a urinary antiseptic
was extolled by Goldschmidt (Therap. Monatsh.,
Jan., 1903) and others. It may be given in doses of
0.6 to 1 Gm. (approximately 10 to 15 grains), 3 or 4
times daily.
Methenamine Sulfosalicyxate. Hexalet (Riedel).
Hexal. Sulphexet. (CH2)6N4S03HC6H3(OH)COOH.
— This occurs as white crystals, soluble in water, with
a pleasant acid taste. It is claimed that the sulfosalicylic acid released in the system has an astringent
action upon the mucous membrane of the bladder and
enhances the antiseptic action of the methenamine
portion of the molecule. The dose is from 0.6 to 1.3
day.
Gm. (approximately 10 to 20 grains) three times a
Methenamine Tetraiodide. Siomine (PitmanMoore). (CH2)gN4I4. — This is a red powder, with a
slight but characteristic odor and taste, insoluble in
water, soluble slightly in acetone, alcohol, chloroform,
and ether with partial decomposition. It contains
about 78.5 per cent of iodine and is said to be decomposed in the intestines with liberation of its two
constituents. It is used in medicine chiefly for its
iodide action, not for the methenamine effect. The
dose is from 0.3 to 1 Gm. (approximately 5 to 15
grains), preferably given in capsules.
Methoxychlor. l.l,l-Trichloro-2,2-bis(/»-methoxyphenyl) ethane. C16H15CI3O2. — This substance is the
methoxy analog of DDT, which latter it resembles
in its physical properties. The technical form of
methoxychlor is obtained by condensation of chloral
and anisole. The substance is effective against nu-
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merous agricultural insect pests, and has been reported to give a more rapid knockdown of flies than
does DDT {Science, 1945, 10, 464) ; it is considerably less effective than DDT against mosquitoes.
Methoxychlor may be formulated in the same manner
as DDT.
Methoxychlor is only slightly irritating when applied to the skin. Solutions of the compound are
absorbed from the skin, and repeated contact may be
dangerous. It is unlikely that the material could be
swallowed in quantities sufficient to cause poisoning,
for the fatal dose for man is estimated to be about
450 Gm. Subacute feeding of the poison at high
levels produces in animals pathologic changes predominantly centered in the kidney, the damage consisting
of glomerular and tubular atrophy, [v]
Methyl Chloride. Methylis Chloridum. Monochloromethane. Chloromethane. CH3CI. — This is a
colorless gas, condensing to a liquid at —24° ; it is
soluble in alcohol, but only slightly soluble in water.
Because of its great volatility, methyl chloride, when
applied in the form of a spray, produces extreme
cold and freezing of the part. It has been used in this
way as a local anesthetic. At very low temperatures
it forms with water a hydrate.
Methyl chloride is capable of producing a narcosis
similar to that of chloroform but is too toxic to have
any medicinal use. It is used in certain systems of
artificial refrigeration. A considerable number of
fatal poisonings have been reported from leaky refrigerating systems or in factories where this type of
apparatus is made. For literature on methyl chloride
poisoning see Kegel and Pope {J. A.M. A., 1929, 93,
353), also van Raalte (Ind. Med., 1945, 14, 707) and
McNally (J. Ind. Hyg. Toxicol., 1946, 28, 94).
Methylandrostenediol. Diolostene. Mestenediol.
Methandriol. Androdiol (Carnrick). Diolandrone
(Carnrick). Methostan (Schering). Neostene (Miller).
Stenediol (Organon). 17a-Methyl-5:6-androstene-3|V
173-diol. — This synthetic steroid was introduced for
therapeutic use as having the protein anabolic action
of androgens, with less of their virilizing effect; that
it meets these requirements in some degree at least is
suggested by observations of Wilkins and Fleischmann
(The Protein Anabolic Activity of Steroid Compounds, Josiah Macy, Jr. Foundation, N. Y., 1942,
p. 13), Thorn (ibid., p. 49), Gordan et al. (J. Clin.
Endocrinol., 1951, 11, 209), and Homburger et al.
(Proc. S. Exp. Biol. Med., 1950, 74, 162). Such therapy should supplement a balanced nutritional regime.
Hewes (J. Michigan M. Soc, 1953, 52, 1181) used
this anabolic effect in 7 cases of nutritional dwarfism
and an additional case of dwarfism from other causes;
stimulation of growth occurred in children who had
been of less than average height and weight before
treatment. The initial daily dosage usually was 12.5
mg., increasing to as much as 25 mg. daily if necessary; the drug was administered 2 to 4 months and
then stopped to determine if growth would continue
unaided, after which, if necessary, administration was
continued. Banghart (Am. Pract. Dig. Treat., 1954, 5,
964) utilized the protein anabolic effect in the treatment of 33 patients (31 female, 2 male) suffering from
osteoporosis; on a daily buccal dose of 25 mg. (for
6 months to 3 years) 27 patients showed a satisfactory degree of improvement (increased mobility and
strength) while 6 were not benefited. One patient developed marked oiliness of the skin which was corrected by reducing the dose to 12.5 mg. daily; there
were no instances of any other manifestation of
virilization.
Kasdon et al. (J.A.M.A., 1952, 148, 1212) treated
44 patients with inoperable advanced cancer of the
breast with methylandrostenediol for varying periods
and by different routes of administration ; 30 patients
showed improvement, measurable in 9 by objective
criteria. The palliative effect lasted as long as 6
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months. Their dosage schedule was 25 mg. 6 times a
week for patients receiving oil suspensions, 100 mg.
3 times a week for ambulatory patients receiving
aqueous suspensions, and 100 mg. 7 times a week for
hospitalized patients receiving aqueous suspensions.
Pellets (ISO to 300 mg.) were given at intervals of
1, 2, and 4 weeks. Oral medication was given in doses
of 100, 150, 200, and 300 mg. daily. Only minor side
effects were observed, except for hypercalcemia in patients with extensive osteolytic lesions; the amounts
of testosterone which would have been necessary to
produce similar beneficial effects would certainly produce severe hirsutism, acne, voice changes, and
virilization in many. Some consider it less effective
than testosterone propionate in providing symptomatic relief to patients with metastatic breast cancer
(Gellhorn et al., J.A.M.A., 1954, 154, 1274, citing
Segaloff et al., Cancer, 1952, 5, 271).
The dose of methylandrostenediol varies with the
purpose for which it is used and is indicated above.
Under the trade-marked names noted above it is
available in tablets containing 10 to 25 mg., and as an
aqueous suspension containing 50 mg. per ml.
Methylene Chloride. Dichloromethane. Bichloride of Methylene. Methylene Dichloride. Solesthin.
CH2CI2. — There has been considerable confusion in
the past in the term "methylene bichloride." Many
years ago Richardson introduced under this name a
mixture of methyl alcohol and chloroform. The term
"methylene dichloride Eastham" has been applied
commercially to a mixture of methyl and ethyl
chlorides.
Methylene chloride is a colorless liquid, of an odor
resembling that of chloroform, and boiling at 40° to
41°; the vapor is flammable. The liquid should be
protected from sunlight to lessen the formation of
hydrochloric acid; the addition of a small quantity
of absolute alcohol is recommended.
Methylene chloride has been used as an anesthetic
for minor operations, especially in dentistry. Its action is very quick but, according to Fromlet (Munch,
med. Wchnschr., 1925, 1782), it is decidedly more
dangerous than ethyl chloride.
Methylparafynol. Dormison (Schering). 3Methyl-pentyne-ol-3. CH=C.C(OH) (CH3).CH2CH3.
— This liquid unsaturated tertiary alcohol is related
to the saturated alcohol amylene hydrate and, like
the latter, is hypnotic.
Methylparafynol has been found to produce hypnosis in several species, including man (Margolin,
Science, 1951, 114, 384); in large doses, however, a
stimulant effect has been observed by some investigators. It does not produce analgesia, or cause respiratory depression, or have antispasmodic action.
The drug disappears rapidly from the blood and is
inactivated by tissues; only small amounts may be
recovered in the urine. This rapid metabolism coincides with the short duration of action and low incidence of "hangover" (Perlman and Johnson, /. A.
Ph. A., 1952, 41, 13). In man it has been found to
have about 40 per cent of the hypnotic potency of
phenobarbital
and pentobarbital (Margolin et al.,
loc.
cit.).
Methylparafynol alters the pattern of convulsions
induced in rats (Schaffarzick and Brown, Stanford
M. Bull., 1952, 10, 106) ; its duration of anticonvulsant activity was observed to be in excess of 8 hours.
It potentiates the action of phenobarbital and it can
control seizures of epilepsy in man.
The compound has been used chiefly to induce
sleep in simple insomnia; as a daytime sedative it
appears not to be useful, in one study of this property causing 30 per cent of patients to be too sleepy
(Gangemi, Internat. Rec. Med., 1952, 165, 199).
Toxicology. — In several species of animals the
acute oral LD50 ranged from 600 to 900 mg. per Kg.
of body weight, which corresponds to about 70 times
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the adult human dose (Margolin et al., loc. cit.).
While one patient was reported to have recovered
following ingestion of 8.75 Gm. of methylparafynol
(Lemere, Northwest Med., 1952, 51, 9) another died
after taking approximately 5 Gm. (Cares et al., Am.
J. Clin. Path., 1953, 23, 129). Acute exfoliative dermatitis has been observed after ingestion of 1.75
Gm. (de Lamater, Calif. Med., 1952, 77, 339). Development of strongly positive cephalin flocculation
tests during use of methylparafynol has been suggested as evidence of altered liver function (Schaffarzick and Brown, Science, 1952, 116, 3024), although some other studies have not disclosed such
changes (Chevally et al., N. Y. State J. Med., 1952,
52, 572; Hirsch and Orsinger, Am. Pract. Dig. Treat.,
1952, 3, 23). Pain, cough and anxiety reduce the
sedative effect of the drug, and the disagreeable aftertaste and belching, which are said to persist for
hours, are disturbing factors.
Dose. — In man sleep usually occurs in about 30
minutes after an average bedtime dose of 500 mg.;
occasionally an hour is required. Doses up to 1.25
Gm. have been necessary in alcoholism, drug addiction, or when fever is present. In a controlled study
on 30 children doses of 150 to 200 mg. were considered optimal, doses of 500 mg. seemingly causing
increased activity (Malone et al., J. Pediatr., 1952,
41, 153). Dormison is available in 250-mg. capsules.
Methyprylon. Noludar (Hoffmann-La Roche).
Ro 1-6463. — This compound is 3,3-diethyl-2,4-dioxo5-methylpiperidine,
NH.CH2.CH(CH3)

.CO.C(C2H5)2.CO

which differs from Sedulon (3,3-diethyl-2,4-dioxopiperidine or dihyprylone) in having a methyl group
in 5-position. Methyprylon occurs as colorless crystals which are soluble in water forming slightly acid
solutions.
Methyprylon is a central nervous system depressant introduced for use as a sedative and hypnotic. It
has low toxicity in animals; in mice the therapeutic
ratio of hypnotic activity (HD50) to toxicity (LD50)
was found to be 5.4, as compared with 2.7 for phenobarbital, both drugs being given orally.
Brandman et al. (J. M. Soc. New Jersey, 1955, 52,
246) found in 1000 patients that a dose of 250 mg.
produced an average duration of sleep of 7 hours,
with an average induction period of 29 minutes. Side
effects, such as drowsiness, vertigo and nausea, occurred in 1.3 per cent of the patients. In 500 patients
who were given excessive doses nightly for 4 weeks
no evidence of toxic effect on red or white blood cells
was found. In 510 patients a dose of 50 mg. 3 times
daily provided a degree of sedation comparable to
that obtained from 0.25 grain of phenobarbital 3
times daily ; there was no drowsiness or over-sedation.
Loughlin et al. {International Record of Medicine
and General Practice Clinics, 1955, 168, 52) found
methyprylon to produce satisfactory sleep in 94 per
cent of 88 patients on a dose usually of 250 mg. but
sometimes as high as 500 mg., on retiring. The average duration of sleep was 5.9 hours. For daytime
sedation 50 mg. 3 times daily functioned satisfactorily in 93 per cent of 100 patients. No untoward
effects were seen, no abnormalities of urine, and. in
a group of patients on whom liver and kidney function tests were performed, no hepatic or nephric
toxicoses were discovered.
Dose. — The recommended hypnotic dose, for adults,
is 200 mg. at bedtime, the dose being increased to
400 mg. if necessary. For daytime sedative use in
adults the dosage is 50 mg. 3 or 4 times daily. Psychiatric patients required considerably larger doses.
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In children, doses of 50 mg. produce soporific action.
Noludar is available in tablets containing 50 mg. or
200 mg., also in an elixir containing 50 mg. per 4 ml.
Mezereum, N.F. VIII. Mezereon. Spurge Laurel.
Spurge Olive. Wild Pepper. — "Mezereum is the dried
bark of Daphne Mezereum Linne, of Daphne Gnidium
Linne, or of Daphne Laureola Linne (Fam. Thymeleacecce)." N.F. VIII.
Daphne Mezereum or spurge olive is a very hardy,
low shrub, with a branching stem, and a smooth,
dark gray bark, very easily separable from the wood.
The leaves spring from the ends of the branches,
are deciduous, sessile, obovate-lanceolate, entire,
smooth, and of a pale green color, somewhat glaucous
beneath. They are preceded by the flowers, which
appear very early in the spring, and sometimes bloom
even amidst the snow (because of this, the plant is
also known as February daphne). These are of a
purple-rose color, rarely white, highly fragrant, and
disposed in clusters, each consisting of two or three
flowers, forming together a kind of spike at the
upper part of the stem and branches. At the base of
each cluster are deciduous floral leaves. The fruit is
an oval, fleshy, bright red berry, containing a single
round seed; a variety of this species produces white
flowers and yellow fruit. The plant occurs throughout the forests of Europe, and extends in western
Asia from the Caucasus to the Altai. It is cultivated
in Europe, and is occasionally found in our own gardens; it is locally naturalized from New York and
Massachusetts to western Quebec and Ontario.
The berries and leaves of the plant are also active,
and the former have sometimes proved fatal to children who have eaten them.
Daphne Gnidium. — In this species, called garou or
sain-bois by the French, and known in America as
spurgeftax daphne, the leaves are linear-lanceolate,
acute, entire, smooth, and irregularly but closely set
upon the branches. The flowers are white, downy,
odoriferous, and disposed in terminal panicled racemes. The fruit is globular, dry, and black at maturity. D. Gnidium grows in dry uncultivated places in
the south of Europe, and flowers in June. Its bark,
which in France is used indiscriminately with that of
the former species, is of a deep purplish-brown color,
and hairy in the younger portions. It appears to be
as active, medicinally, as the other official species.
Daphne Laureola, or spurge laurel daphne, is an
evergreen shrub native to southern Europe and western Asia attaining a height of about 4 feet. It bears
cuneate, obovate-lanceolate leaves, axillary racemes of
yellowish-green flowers and blue-back berry fruits.
The commercial supplies of mezereum come chiefly
from southern France.
Description. — "Unground Mezereum occurs as flexable, tough, quilled pieces, or somewhat flattened
strips, attaining a length of 90 cm., and from 0.3 to
1.0 mm. in thickness. The outer surface is dusky
purple to olive-brown, smooth, with numerous lenticels giving a transversely striate appearance, and
occasionally with numerous, circular, dark-colored
apothecia. The corky layer is easily abraded, exposing
a light yellowish brown to weak greenish yellow surface with more or less detached bast fibers. The
inner surface is weak yellowish orange to pale yellow,
satiny lustrous and finely striate. The fracture is
tough VIII.
and fibrous,
showingsee a U.S.D.,
lamellated
bark."
N.F.
For histology
24th inner
ed., p.
713.
"Powdered Mezereum. — Powdered Mezereum is
yellowish gray to light yellowish brown. It has a
very slight odor and a taste at first slight, becoming
gradually and increasingly pungent and acrid. Bast
fibers are numerous, from 0.4 to 3.0 mm. in length
and about 15 microns in width, frequently uneven
or irregularly bent and considerably attenuated at
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the ends, the walls being from 1 to 5 microns in
thickness, colorless, non-lignified, and free from
pores. Fragments of cork and starch-bearing medullary rays are present; starch grains are relatively
few, mostly spherical or elliptical and occasionally 2to 4-compound, the individual grains from 3 to 15
microns in diameter." N.F. VIII.
Constituents. — Vauquelin discovered a bitter glycosidal principle which has received the name of
daphnin. Gmelin and Bar found it in the bark of
D. Mezereum, associated with wax, an acrid resin
(mezerein), a yellow coloring matter, a reddishbrown extractive, and uncrystallizable and fermentable sugar, a gummy matter containing nitrogen,
ligneous fiber, malic acid, and several malates. Mezerein, which is readily changed into mezereic acid, is
probably the substance to which the medicinal properties of the drug may be attributed. Daphnin occurs
in prismatic crystals, grouped together, colorless,
transparent, brilliant, slightly soluble in cold water,
very soluble in boiling water and alcohol, without
odor, and of a bitter, somewhat harsh, but not acrid
taste. It is isomeric with esculin; its formula is
C15H16O9.H2O and it yields daphnetin (7,8-dihydroxycoumarin) on hydrolysis (see Wessely and
Sturm, Ber., 1930, 63, 1299). Coccognin, isolated in
1870 by Casselmann from the fruits of D. Mezereum,
appears to be closely allied to, if not identical with,
daphnin. By the dry distillation of an alcoholic
extract of mezereum bark, Zwenger obtained umbelliferone.
Uses. — Undried mezereum bark applied to the skin
produces inflammation followed by vesication, and it
has been popularly used as an epispastic, from time
immemorial, in some of the southern countries of
Europe. The dried bark, though less active, is possessed of a similar property and was occasionally
employed in France by regular practitioners for the
purpose of forming issues. It is slow in action, generally requiring from 24 to 48 hours to vesicate. An
ointment was formerly used for maintaining the discharge from blistered surfaces, and was applied advantageously to obstinate, indolent ulcers; it was
recognized by the U.S.P. 1880.
Internally administered, mezereum is irritant, and
in large doses likely to excite purging, nausea, and
vomiting. In overdoses it produces the fatal effects of
the acrid poisons, and a case of apparently severe
narcotic effects has been recorded. (Am. J. Med. Sc,
21.) It has been prescribed for vitiligo. It had at one
time a reputation as an alterative in syphilis, chronic
rheumatism, etc., but is of no value as an internal
remedy.
The official dose was given as 600 mg. (approximately 10 grains).
Miracil D. Lucantkone Hydrochloride, B.P.C.
Nilodin (Burroughs Wellcome). C20H24N2SO.HCI.—
This tricyclic compound, chemically l-(2-diethylaminoethylamino) -4-methylthiaxanthone hydrochloride, is of German origin, having been synthesized in
the course of a search for compounds possessing
schistosomicidal activity. It is a bright yellow, crystalline powder, almost odorless, dissolving in 110 parts
of water at 20°.
Kikuth et al. (Naturwissenschaften, 1946, 8, 253)
found it to have considerable therapeutic activity in
mice and monkeys infected with Schistosoma mansoni.
The effect on human schistosomiasis has been investigated by Blair et al. (Lancet, 1947, 253, 911; ibid.,
1949, 256, 344; Brit. J. Pharmacol. Chemother., 1949,
4, 69), Newsome and Halwani (Trans. Roy. Soc.
Trop. Med. Hyg., 1950, 44, 67), Newsome (ibid.,
1951, 44, 611) , Seitz (J. Trop. Med. Hyg., 1953, 56, 2) .
The drug, which is readily absorbed from the gastrointestinal tract, is effective in treating human schisto-
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somiasis caused by S. haematobium and S. mansoni
but is of little value in those caused by 5. japonicum.
Most of the drug is degraded in the body, only about
10 per cent of it appearing in the urine. It is more
toxic when given intravenously or intramuscularly
than when administered orally.
The therapeutic effect at a dose of 4 mg. per Kg.
of body weight daily is slight and dubious; at 10 to
20 mg. per Kg. daily for 5 days or more the effect is
marked and a high proportion of patients are freed
of miracidia and eggs. A dosage schedule of 10 mg.
per Kg. daily, in 2 divided doses, for 10 to 12 days
has been suggested. Nausea, vomiting, abdominal
pain, and yellow staining of skin may follow its ingestion; some investigators reported also insomnia,
headache, giddiness, vertigo, excessive sweating, tremor
and twitching.
Mitragyna. — Various species of this genus of
Rubiacece have been used as medicines or intoxicants.
The following alkaloids have been reported from
species of mitragyna: from M. speciosa Korth, and
M. diversifolia Hook., mitragynine, mitraspecine, and
mitr aver sine; from M. inermis Kuntze and M. stipulosa Kuntze, mitrinermine. The last species also contains mitraphylline .
Mitragynine and mitraphylline have been studied
physiologically. Their chief effect is to relax involuntary muscle causing thereby a fall in blood pressure
by dilating the arteries and, in large dose, weakening
voluntary muscle. Mitragynine also appears to have
some stimulant action on the medullary centers and
some local anesthetic effect. Neither one of them is
very toxic but mitraphylline is the weaker of the
two (see Grewal, J. Pharmacol., 1932, 46, 251, and
Massion, Arch, internat. pharmacodyn. therap., 1934,
48, 217). The other alkaloids do not appear to have
been physiologically studied.
Molybdenum. Mo (95.95). — A heavy metal belonging to the chromium group; color gray; density
from 9.01 to 10.32, depending on previous mechanical
treatment; melting point, 2620°; insoluble in water
and alkalies; dissolved by oxidizing acids. Its valency
may be 2, 3, 4, 5, or 6. It occurs in nature in molybdenite, molybdite, and wulfenite. The chief commercial sources are Australia, Norway, Canada, Japan,
and the United States. The element was discovered
in 1790 by Hjelm, a Scandinavian chemist. It is extensively used in the manufacture of incandescent
lamps, radio tubes, resistance windings, electrical
contact points, x-ray tube anticathodes and certain
alloys.
Under the trade-mark Mol-Iron (White) a coprecipitation complex of ferrous sulfate and molybdenum sesquioxide, M00O3, is offered for treatment
of iron-deficiency anemia; each tablet or 4 ml. of
liquid dosage form contains 195 mg. of ferrous sulfate
and 3 mg. of molybdenum sesquioxide. Better tolerance to Mol-Iron than to ferrous sulfate alone is
reported (Kelly, Pennsylvania M. J., 1948, 51, 999;
Healy, J. -Lancet, 1946, 66, 218; Lund, Am. J. Obst.
Gyn., 1951, 62, 947) ; also, superior improvement in
blood hemoglobin and erythrocyte levels (Dieckmann
and Priddle, ibid., 1949, 57, 541 ; Briscoe, ibid., 1952,
63, 99). Tuttle and Etteldorf (J. Pediatr., 1952, 41,
170) found 1 ml. of the liquid, administered twice
daily, to be effective in premature infants. Much of
the reported experience with this combination has
been with pregnant patients (Cox, Postgrad. Med.,
1952, 11, 219). Gullberg and Vahlquist (Blood, 1950,
5, 871) were unable to detect any difference in the
concentration of iron in the blood 2 and 4 hours after
a dose of 1 mg. of iron per Kg. of body weight in
the form of this complex or as ferrous sulfate. It
seems clear that this is an effective and well-tolerated
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dosage form of iron for iron-deficiency anemia but
the mechanism of any superiority remains to be
elucidated. The usual dose of Mol-Iron is 1 or 2 tablets or teaspoonfuls 3 times daily after meals.
Franke and Moxon (J. Pharmacol., 1937, 61, 89)
found that orally ingested molybdenum is almost as
poisonous as arsenic and that fodder plants growing
in a soil containing it may cause toxic symptoms in
livestock. Fairhall et al. (Toxicity of Molybdenum,
Public Health Bulletin No. 293, U. S. Public Health
Service, 1945) found that the lethal dose which killed
50 per cent of their experimental animals when various molybdenum compounds were ingested orally
for periods up to 44 days was as follows: for molybdenum trioxide, 125 mg. per Kg. per day; for calcium
molybdate, 101 mg. per Kg. per day; for ammonium
molybdate, 333 mg. per Kg. per day. Surviving animals lost appetite, become quiet and listless, often
lost weight, and their fur became harsh and rough;
deposition of molybdenum occurred in many tissues,
including bone. These investigators concluded that
while molybdenum is less toxic in general than several other metals of industrial importance, it is advisable to take precautions against inhalation of any
considerable amount of the more soluble molybdenum
compounds.
Momordica. Momordica Balsamina L. Balsam
Apple. Balsam Vine. (Fam. Cucurbitacece.) — An annual tropical vine, cultivated in our gardens for the
sake of the ornamental fruit. The latter is ovate,
attenuated towards each extremity, angular, warty,
not unlike a cucumber in appearance, of a lively red
or orange-yellow color, easily falling when touched,
and spontaneously separating into several pieces. It
contains a cathartic principle — momordicin — which
seems to be identical with elaterin. A liniment formed
by infusing the fruit, deprived of its seeds, in olive
or almond oil, has been used as a local application
for chapped hands, burns, piles, prolapsus ani, etc.;
and the mashed fruit is sometimes used as a poultice.
According to Descourtilz, 2 or 3 drachms (8 or 12
Gm.) taken internally will kill a dog. An extract
prepared from it has been used as a drastic cathartic,
said to be useful in dropsy. Dose, 6 to 15 grains (0.41 Gm.).
Momordica charantia L. is used in Puerto Rico,
under the popular name of Cundeamor, as a folk
remedy for the treatment of diabetes mellitus (Rivera,
Am. j. Pharm., 1941, 113, 281; 1942, 114, 72); the
oral administration of an alcoholic extract of the
plant to 7 diabetic patients did not reveal to Pons
and Stevenson (Puerto Rico J. Pub. Health, 1943, 19,
196) that this particular preparation of the drug
possessed any blood sugar-reducing powers in the
dosage used.
Monarda. Monarda punctata L. Horsemint. Origanum.— This is an indigenous perennial or biennial
labiate, growing in light gravelly or sandy soils from
New York to Texas and west to Wisconsin. The
whole herb is employed. It has an aromatic odor,
and a warm, pungent, bitterish taste, and abounds
in a volatile oil, which may be separated by distillation with water. The oil yields from 56 to 61 per
cent of thymol and is the main commercial source of
natural thymol. Christensen and Justice (J. A. Ph.
A., 1937, 26, 11) found also carvacrol in the oil
from M. punctata var. leucantha, as well as hydrothymoquinone and terpenes.
Horsemint is stimulant and carminative, but is not
used in modern practice. In the form of an infusion
it has been occasionally employed as a domestic
remedy for flatulent colic and sick stomach, and for
other purposes to which the aromatic herbs are
applied.
Monarda fistulosa L., uHld bergamot, contains, according to Brandel and Kremers, hydrothymoquinone
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and thymoquinone, besides cymene, carvacrol and
limonene. The oil of Monarda citriodora Cerv., or
prairie bergamot, according to Brandel (Pharm. J.,
1894, 53, 547), contains 65 per cent of a phenol and
1.2 per979).
cent citral (see also Wakeman, Proc. A. Ph. A.,
1910,
Mucin. — The generic term "mucins" is applied by
physiologists to the group of glycoproteins (glucoproteins) that form the basis of the slimy fluids
which cover the mucous membranes. They are not
coagulable by heat; they are precipitated from their
solution by acids, and may be redissolved by alkalies.
On prolonged boiling with acids they hydrolyze into
various protein bodies and glucosamine, which is
similar to glucose in its structural formula except that
the NHo group has replaced one of the hydroxyls. For
chemical study of mucins see Blix et al. (Ztschr.
physiol. Chem., 1935, 234). Fogelson (J. AM. A., 1931,
673) says that 1 Gm. of mucin will combine with
16 ml. of 0.5 per cent HC1.
Gastric Mucin, X.X.R. 1952, is the substance precipitated byapproximately 60 per cent alcohol from
the supernatant liquid after pepsin and hydrochloric
acid digestion of hog stomach linings. The product
occurs either as a white to yellow powder or as
brownish yellow granules; it has a slightly salty taste
and a characteristic odor indicative of peptones. Both
forms yield a viscous, gray, opalescent solution when
triturated with water. Gastric mucin was manufactured under license by the Gastric Mucin Committee
of Northwestern University Medical School (U. S.
Patent 1,829,270, October 27, 1931, expired). It is
employed for its demulcent and adsorbent properties
in the treatment of hyperchlorhydria and peptic
ulcers. The average dose is 2.5 Gm., given at intervals
of 2 hours.
Mucuna. Mucuna pruriens DC. (M. pruritum
Wight) . Covi'hage. Coivage. — This is a leguminous
climbing plant which grows in the West Indies and
tropical countries of both hemispheres. The fruit is a
coriaceous pod, shaped like the italic letter /, about
four inches long, and covered with brown bristly
hairs, which easily separate, and when handled stick
in the fingers, producing an intense itching sensation.
The spicula are said to be very destructive to the
roundworm, acting mechanically by penetrating their
bodies. Neither the tincture nor the decocotion is
effective. Cowhage is efficient, but so disagreeable that
it has passed out of vogue. The usual mode of preparing itwas to dip the pods into syrup or molasses,
scrape off the hairs with the liquid, which was in a
proper state for administration when it had attained
the consistence of thick honey. The dose of this preparation was a tablespoonful for an adult, a teaspoonful for a child 3 or 4 years old, to be given every
morning for 3 days, then followed by a cathartic.
Musculus. Mussel. Musculus venenosus. — That
certain mussels, or that mussels in a certain condition,
are actively poisonous has been amply demonstrated.
Prinzmetal and Leake (/. Pharmacol., 1932, 46, 63)
reported an epidemic of poisoning caused by the
Mytilus californianus and extracted a poison from
the flesh of this mollusk which was markedly depressant to the respiratory and vasomotor centers. According to Muller (/. Pharmacol., 1935, 53, 67) this
mussel-poison has a higher toxicity for mice than
any known chemical. Its chemical nature was not
determined but it is not the same as mytilotoxine,
C6H15NO2, previously reported by Breiger (Deutsche
med. Wchnschr., 1885), which was shown to possess
physiological properties closely resembling those of
curare.
Mushrooms. Toadstools. (Edible and Poisonous
Fungi.) — The term mushroom is applied to a group
of Eumycetes or true fungi belonging chiefly to the
sub-class of Basidiomycetes. Many of these are poi-
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sonous, others are useful as foodstuffs. As there are
some 14,000 known species of basidiomycetes it is impossible to even mention their names in a work of this
character (Smith, A. H., Mushrooms in Their Natural
Habitats, 1949, Sawyers, Inc., Portland, Oregon).
Some of the mushrooms are of importance as toxic
agents.
1. — Agaricacece (the mushrooms and toadstools
proper) comprise about 4600 species, some of which
are poisonous, as the Amanitas (fly and deadly
agarics), Lactarius (with a milky juice), etc., whereas
others are edible, as Agaricus campestris L. (Psalliota
campestris (L.) Fr.), the common mushroom; Cantharellus cibarius Fr., the chanterelle, etc.
2. — Polyporaceae (pore-fungi) include about 2000
species, many of which are parasites on trees and destructive to timber; some are edible, as Boletus edtdis
Bull., whereas others are poisonous, as B. satanus
Lenz.
3. — Hydnacece. (spine-bearing fungi) : Most of the
species are too small and woody to be eaten. Hydnum
repandum forms "fairy rings" in woods.
4. — Thelephoracece: Most of the species are small,
and the larger species are tough and leathery.
5. — Clavariaceae (coral-shaped fungi) include some
large fungi; none is poisonous and some, as Clavaria
flava Schaeff, are palatable.
Of these, the most important group are the Agaricacece, both from the point of view of the toxicologist
and the epicure.
Many students of fungi have formulated rules for
distinguishing edible from poisonous fungi. "The different popular tests for distinguishing edible from poisonous fungi, such as, for instance, the blackening of a
silver coin or spoon when placed in a mass of poisonous fungi while they are being cooked, are all absolutely worthless." The only safe rule is to use no
mushroom which the collector is not absolutely sure
from previous experience is edible.
While there are numerous edible species, the field
mushroom, or common mushroom (Agaricus campestris L.), is practically the only species cultivated in
this country, and is the only fresh species sold in the
northern markets during the winter months. It is
found wild in open grassy fields and pastures in great
abundance in August and September. It is not common on the mountains, never found in woods, and
never grows on trees or fallen trunks. The color of the
stalk and pileus varies from a whitish shade to drab,
but the color of the gills, a point which should never
be overlooked, is at first pinkish and then a brownishpurple. The stalk is cylindrical and solid, and has,
rather more than half way up, a membranous collar
called the ring; but there is no membrane or scales
found at the base of the stalk, which appears to come
directly out of the ground. "In specimens which are
not fully expanded there is a thin membrane or veil
which extends from the stalk to the margin of the
pileus. When the veil is ruptured, exposing the gills
behind, a part remains attached to the stalk forming
the ring already referred to. In older specimens the
ring shrinks, but generally a mark remains showing
where it has been attached." Two of the most poisonous forms resembling the common mushroom, and
which have been eaten in mistake for it, are the deadly
agaric and fly agaric, described later in the text.
Poisonous Mushrooms. — These may be conveniently considered in four groups: In the first group is
the genus Lactarius members which owe their toxic
properties to the presence of an irritant resin. Some
of this genus, as L. deliciosus, are stated to be edible,
but most of them produce severe or even fatal
gastroenteritis.
The second group contains species belonging to the
genus Helvetia, whose juice contains helvallaic acid. It
is asserted that these fungi, when thoroughly dried,
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are not poisonous, and that hot water also extracts
from them the poisonous acid, so that boiling makes
them edible. The chief physiological action of the acid
seems to be to destroy red blood corpuscles, and, probably by such action, to produce vomiting, hemoglobinuria, jaundice, irritation of the kidneys, etc.
The third and most important group are the
Amanitas. They are the most common source of mushroom poisoning, not only because of their resemblance
to many of the edible species, but also because of the
violence of their effects. The most important of this
species is the A. phalloides. According to Ford
(J. Pharmacol., 1914, 6, 195), they contain two poisonous substances, one being hemolytic, and the other
causing degenerative changes in the various internal
organs, especially the liver, kidneys, spleen and
muscles. The amanita-hemolysin, which is probably
identical with the phallin of Kobert, appears to be
glycosidal, and, because it is destroyed by heat, probably plays little part in human poisoning. The
amanita-toxin is a peptide complex (Wieland and
Hallermayer, Ann. Chem., 1941, 548, 1); poisons of
a similar nature appear to be widespread throughout
the whole of the genus. All these toxins seem to be
polypeptides. A method of chemical identification of
amanita-toxin was described by Block et al., Science,
1955, 121, 505.
Amanita phalloides (Pers.) Fr. Skunk mushroom.
This is also called the deadly agaric and death angel,
because it probably has been more frequently the
cause of death than any other fungus. It prefers a
damper and less sandy soil than the fly agaric and is
not pre-eminently an inhabitant of grassy pastures. It
is common in woods and the borders of groves, and
grows singly. "The pileus is often a shining white, but
may be of any shade from a dull yellow to olive, and
when wet is more slimy than the common mushroom
or the fly agaric. It has no distinct scales and only
occasionally a few membranous patches on the pileus.
The gills and stalks are white, and the latter has a
large ring like the fly agaric and is hollow, or when
young, is loosely filled with cottony threads, which
soon disappear. The base of the stalk differs from that
of the fly agaric in having a more bulbous vulva, the
upper part bordered by a sac-like membrane."
In the fourth group are included those which contain the alkaloid muscarine. This alkaloid was first
obtained from the Amanita muscaria, but is also found
in the A. pantherina, the Russula emetica, in Boletus
luridus, B. Satanus, and, according to Ford (/. Pharmacol., 1911, 2, 549), occasionally also in the
Clytocybe dealbate, which has by some been classed
as an edible fungus.
Amanita muscaria (L.) Pers. This is commonly
known as fly agaric, because decoctions have been
used for killing flies. It is in some localities much more
abundant than the common mushroom. It is seldom
found in the grassy pastures preferred by the common
mushroom, but more generally in poor soil, especially
in groves of coniferous trees and along roadsides. It
grows singly and in groups and differs from the common mushroom in having gills which are always
white, never pink or purple, and in having a hollow
stipe, which is bulbous at the base and clothed with
irregular fringy scales on all the lower part. The pileus
varies in color from a brilliant yellow to orange and
a deep red, the yellow and orange being more frequent than the red. The surface is polished, and has
scattered over it a larger or smaller number of prominent, angular warty scales which can be easily scraped
off. The gills and stalks are white, and there is a large
membranous collar which hangs down from the upper
part of the stipe. It is said that the inhabitants of the
Caucasus use this fungus in preparing an intoxicating
beverage. The Japanese use the A. pantherina for the
same purpose.
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Muscarine. — This substance was first obtained as
a deliquescent syrupy base by Schmiedeberg and
Koppe (1869). From this Harnack and Schmiedeberg
isolated a substance having the formula (CH3>3NC1.CH2.CH(OH)2, corresponding to that of a hydrate
of the aldehyde related to choline. Support for this
assumption of the composition of muscarine was given
by the observation that choline, when treated with
nitric acid, yielded a product having pharmacological
action similar to that of muscarine as it was known
up to that time. Bohm showed, however, that there
was a difference in activity between natural and artificial muscarine. Culminating considerable research,
King (/. Chem. S., 1922, 121, 1743) isolated, finally,
from A. muscaria a base having the pharmacological
action, but to a much greater degree, of Schmiedeberg's substance. This potent substance has a more
complex chemical structure than that announced for
Schmiedeberg's product, or the substance synthesized
from choline; critical studies (Kogl et al., Ann. Chem.,
1931, 489, 156) indicate the most likely structure of
natural muscarine to be represented by:
CH3Crt2CH (OH) CHCHO

I

OHN(CH3)3
Muscarine is soluble in water and in alcohol. It is
unstable in acid solutions.
Muscarine stimulates smooth muscle and glands
innervated by postganglionic parasympathetic nerves
(see under Parasympathomimetic Agents, Parasympathetic Blocking Agents, and Ganglionic Blocking
Agents, in Part II) . Its pharmacologic action resembles
that of acetylcholine and pilocarpine (see in Part I).
It causes bradycardia, vasodilatation, hypotension,
gastrointestinal hyperperistalsis, diarrhea, vomiting,
miosis, bronchial constriction, salivation, and sweating. Atropine counteracts these effects. Hence, these
responses to stimulation of parasympathetic nerves
have been termed "muscarinic," in contrast to the
"nicotinic" actions of parasympathetic stimulation
(acetylcholine) on the autonomic ganglia and the
skeletal muscles (see also under Curarimimetic Agents,
in Part II). Muscarine is not used therapeutically at
present.
Symptoms of Mushroom Poisoning. — The symptomatology ofmushroom poisoning was delineated by
Ford (Trans. A. Am. Phys., 1923, 38, 22S). Symptoms
vary greatly, according to the particular fungus which
has been ingested. In the case of the deadly agaric
(Amanita phalloides), which is the most common
source of toadstool poisoning, the symptoms usually
do not appear for 6 to 15 hours after the fungus has
been eaten. There is a sudden onset of abdominal
pain, nausea and vomiting, and diarrhea of bloodstreaked material. Thirst is severe and dehydration
develops rapidly. After a few days jaundice due to
severe degeneration of the liver appears. Oliguaria or
anuria is frequent. After 5 to 8 days cyanosis, bradycardia, hypotension, prostration and coma develop.
Prior to the recognition of fluid and electrolyte disturbances and the knowledge as to how these biochemical changes may be corrected with parenteral
fluids the prognosis of the poisoning was most grave;
nearly 50 per cent of severe cases were fatal. Treatment is symptomatic and supportive.
When the poisoning is produced by fly agaric the
symptoms are those of muscarine poisoning. The
onset of symptoms is rapid, within minutes or a few
hours after ingestion. Lacrimation, salivation, sweating, miosis, dyspnea, abdominal pain, watery diarrhea,
vertigo, weakness, coma, and cardiovascular collapse
are observed. In extreme cases convulsions occur.
Prognosis is good with active therapy utilizing atropine sulfate in sufficient dosage to relieve the symp-
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toms and parenteral fluids as indicated. The clinical
characteristics of mushroom poisoning were described
by Vander Veer and Farley, Arch. Int. Med., 1935, 55,
773.
In poisoning by the lactarii the symptoms are those
of violent inflammation of the alimentary tract,
vomiting, purging, and collapse. In poisoning by the
Helvellce the symptoms resemble those produced by
the Amanitas. Grossman and Malbin (Ann. Int. Med.,
1954, 40, 249) described 2 cases of poisoning resembling the syndrome caused by A. phalloides but
due to Galerina venenata Smith. Spinal fluid examinations during the period of coma, convulsions and
psychosis showed increased pressure, xanthochromic
fluid with an increase in erythrocytes and protein.
Pulmonary edema developed. Paralytic ileus was an
unusual feature. Both patients survived. This fungus
was mistaken for Amanitopsis fulva, which is edible
(Ramsbottom, Edible Fungi, 1948, Penguin Ltd.,
London).
After the poison has been absorbed little can be
done; utmost efforts should be directed to preventing
absorption. A prompt-acting emetic, such as apomorphine, should be given to produce vomiting. Secheyon
(Pharm. J., 1910, 84, 492) recommended charcoal to
adsorb the poison; 1 or 2 tablespoonfuls, stirred with
water, should be administered and repeated ad libitum.
Kaolin may serve as a substitute adsorbent in the
absence of charcoal. It is advisable to administer
atropine hypodermically in a dose of 1 mg. (approximately ^Go grain). A cathartic which acts rapidly
should also be administered, if purgation has not
already occurred, to cleanse the intestinal tract. Aside
from these measures, treatment is symptomatic.
Myleran (Burroughs Wellcome). 1,4-Dimethanesulfonoxybutane. CH3S020(CH2)40S02CH3. — This
aliphatic disulfonic acid ester is a member of a series
of such compounds which were synthesized in a
search for agents having biological properties similar
to those of the nitrogen mustards; the esters proved
to have such properties, with Myleran the most active
of the series (Haddow and Timmis, Lancet, 1953, 1,
207). Myleran is a white, crystalline powder, sparingly
soluble in water, more soluble in alcohol.
Myleran is an unusual cytotoxic agent in that its
action is concentrated on bone marrow. It has been
found useful in the treatment of chronic myelocytic
leukemia (Galton, ibid., p. 208; Petrakis et al., Cancer,
1954, 7, 383). The leukocyte count, especially of
immature granulocytes, falls; there is a decrease in
the size of the spleen; a rise in hemoglobin occurs.
Lymphocytes are relatively resistant, but a decrease in
platelets occurs in virtually all patients, continuing
for weeks after treatment is started; bleeding may
occur when the thrombocytopenia is severe.
Some patients show resistance to therapy after responding initially. A number of patients refractive to
radiation therapy have responded to Myleran but
especially when there is a high proportion of myeloblasts (as is often observed in radiation-refractive
cases) the remissions have been brief and unsatisfactory. Myleran has been found ineffective in a variety
of metastatic human carcinomas, and acute leukemia
has not been benefited.
The dose of Myleran has varied. Holland (Pub.
Health Rep., 1954, 69, 1151) states that the most
satisfactory would appear to be maintenance therapy
at about 4 mg. daily, with or without an initial loading dose; the blood count of the patient should be
checked frequently. Under this treatment regimen
approximately half of patients with chronic myelocytic leukemia have been observed to have clinical
remission and hematological control for 6 months or
longer. Myleran is effective when given orally, being
absorbed from the gastrointestinal tract. It is supplied
in 2-mg. tablets.

Part II
Myrica. Wax Myrtle. Bayberry. Candle Berry.
Wax Berry. Candlewood. Candle Tree. Tallow Shrub.
Sweet Oak. Tallow Bayberry. — The N.F. V recognized
"the dried bark of the root of Myrica cerifera Linne
or Myrica carolinensis Miller (Fam. Myricacece) ."
The wax myrtle, M. cerifera, varies from a low,
evergreen, dioecious shrub usually about 3 to 8 feet
high, to a small tree occasionally 30 feet tall. It is
found growing in brackish marshes, in sandy soil on
the border of brackish ponds and (usually) near the
sea, from southern New Jersey south to Florida, and
westward to Arkansas and Texas. Myrica carolinensis
Mill., now known as M. pennsylvanica Lois.-Deslongch., is a deciduous shrub occurring from Nova
Scotia to Florida and Louisiana, on the borders of
the Great Lakes and in Indiana. For a detailed description of the shrubs and of the formerly official
bark see US.D., 22nd ed., p. 1483.
Bayberry tallow, also called bayberry wax or myrtle
wax, is a material covering the outside of the berries
of both the M. cerifera and M. carolinensis. According to Smith and Wade (J.A.CS., 1903, 25, 629) it
consists chiefly of palmitin. It is popularly used for
making bayberry candles and in Europe for the
manufacture of soap.
Hambright (Am. J. Pharm., 1863) found in bayberry bark an acrid principle, myricinic acid, which
seems to be allied to the saponins.
Wax myrtle bark appears to be moderately stimulating and astringent, and in large doses emetic. It
was used by the eclectics in diarrhea, jaundice,
scrofula, etc. Externally the powdered bark was used
as a stimulant to indolent ulcers, and the decoction
as a gargle and injection in chronic inflammation of
the throat, leukorrhea, etc.
Naphthalene. Naphthalenum, V.SF. VIII. Tar
Camphor. CioHs- — This substance, which is the principal constituent of the "heavy oil" obtained in fractional distillation of coal-tar, is also produced during
dry distillation of organic bodies.
It was officially described as "colorless, shining,
transparent laminae, having a strong, characteristic
odor resembling that of coal-tar, and a burning, aromatic taste; slowly volatilized on exposure to air; by
exposure to light acquiring a brownish color. Insoluble
in water, but when boiled with it, the water acquires a
faint odor and taste; soluble in 13 parts of alcohol at
25° C. and very soluble in boiling alcohol; also very
soluble in ether, chloroform, carbon disulphide, and
fixed or volatile oils. Naphthalene volatilizes slowly
at ordinary temperatures, but rapidly when heated.
It also volatilizes with the vapors of water or alcohol.
At 80° C. it melts, and at 218° C. it boils. Its vapor
is inflammable, burning with a luminous but smoky
flame. When ignited, it is consumed, leaving no residue. Naphthalene is neutral to litmus paper moistened
with alcohol." USJ>. VIII.
Naphthalene possesses antiseptic properties, and is
poisonous to most fungi and probably to most insects.
Under the name of "tar camphor," it supplanted true
camphor as a means of preventing deposition by
moths of eggs in woolen clothing. When used for this
purpose, it is especially effective when applied in
"flake" form. It was at one time used as a body insecticidit
e ; has also been used for its antiseptic action
in various skin diseases and to a lesser extent as a
surgical dressing. In internal medicine naphthalene has
been employed both as vermifuge and as an intestinal
antiseptic in enteritis. Dose, 60 to 300 mg. (approximately 1to 5 grains) . Up to 80 grains is said to have
been given in a day without deleterious effects, but
Konar et al. (Indian Med. Gaz., 1939, 74, 723) reported afatal case of poisoning by naphthalene. The
outstanding symptoms were coma, fever, anemia and
jaundice; at post-mortem there was found necrosis
of the liver. More recently several cases of hemolytic
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anemia
reported
as following
ingestion
of "moth"
balls bywere
children
(Zuelzer
and Apt,
J.A.M.A.,
1949,
141, 185; Mackell et al., Pediatrics, 1951, 7, 722;
Abelson and Henderson, U. S. Armed Forces M. J.,
1951, 2, 491). A case of fatal poisoning, in an infant
6 days old, was attributed to skin absorption of
naphthalene from diapers stored in moth balls
(Schafer, Pediatrics, 1951, 7, 172). [v]
Nephrotropic Agents. — Under this category are
included the following: (I) Agents employed for
renal function tests; (II) penicillin secretion antagonists; (III) uricosuric agents; (IV) diuretic agents;
(V) natriuretic agents; (VI) antidiuretic agents.
Definition. — A nephrotropic drug is one that derives its utility predominantly from its effect on a
function of the kidney.
Definitions of Categories of Nephrotropic
Agents. — I. Agents employed for renal function tests
measure the capacity of the kidney to perform individual components of the process of urine formation.
Thus, no single agent is useful for the precise evaluation of the overall functional state of the kidney.
II. Penicillin secretion antagonists are that category
of compounds that include the inhibitors of the renal
tubular secretion of penicillin.
III. Uricosuric agents block the renal tubular reabsorption of uric acid.
IV. Diuretic agents inhibit the reabsorption especially of water by the renal tubules (nephron).
V. Natriuretic agents inhibit predominantly the reabsorption of sodium as the principal cation.
VI. Antidiuretic agents increase the reabsorption of
water by the renal tubules.
Categories of Nephrotropic Agents: Their
Use in Therapy
I. Renal Function Tests. — There are three processes for the elaboration of urine by the kidney.
These include (1) glomerular filtration, (2) tubular
secretion and (3) tubular reabsorption.
Glomerular filtration normally is the ultrafiltration
of plasma water and substances dissolved therein as
blood courses through the capillary tuft of the
glomerulus. The semipermeable membrane of the
glomerulus normally holds back all but the smaller
molecular weight proteins, the blood cells and certain
colloidally dispersed materials in blood. When the
membrane is injured by the inflammatory process of
glomerulonephritis larger molecular weight substances
such as albumin are filtered, hence the usefulness of
tests for albuminuria in renal disease.
Ultrafiltration at the glomeruli is the resultant of
the greater hydrostatic blood pressure as opposed by
the oncotic pressure especially of blood proteins and
the interstitial resistance of the kidney substance. If
blood pressure or renal blood flow is increased or if
resistance to the flow of blood beyond the glomerular
tuft is increased (efferent arteriolar constriction),
glomerular filtration rate increases. If, as in traumatic
or hemorrhagic shock, systemic and renal blood pressure falls, glomerular filtration diminishes (oliguria)
or ceases (anuria).
Measurement of glomerular filtration rate is accomplished with the aid of a compound that may be
administered safely to a patient and which is filtered
from the blood stream at the glomeruli without being
either secreted or reabsorbed by the tubules. These
qualifying conditions are necessary, for while one
wishes actually to measure the amount of plasma
water that is filtered it is in large measure reabsorbed
as it passes down the tubules.
Iniilin, mannitol, endogenous creatinine (unreliably), and (in the dog) creatinine are employed for
the measurement of glomerular filtration rate. One
need determine: (1) the concentration (of inulin)
in plasma in mg./ml. (P), (2) the amount of urine
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excreted in ml./min. (V), and (3) the concentration
(of inulin) in the urine in mg./ml. (U). To determine the amount of inulin (hence water) filtered per
minute one calculates the total amount of drug excreted (UY) and divides by the plasma concentration
(P). This is the customary expression of clearance as
UV/P. Conventionally the patient's surface area is
calculated and the results of the clearance are expressed at a standard surface area of 1.73 sq. meters.
Normal values for Glomerular Filtration .Rate (inulin
clearance) are: men = 131 ± 21.5; women = 117 ±
15.6 ml./min.
Tubular secretion is the process whereby compounds are transported from the blood stream
through the cells lining the tubule into the lumen of
the nephron (the functional unit of the kidney).
Such compounds also are filtered at the glomeruli at
least to the extent that they are soluble in plasma
water. Agents are available that permit the employment of the secretory process to measure (1) i?enal
Plasma (or .Blood) Flow and (2) the functional capacity (Tm) of a specific active secretory process of
the nephron.
Para-aminohippurate (PAH) and Diodrast are so
avidly extracted at low plasma concentrations by the
cells lining the portion of the tubules proximal to the
glomeruli that the venous blood coming from the
kidney contains only the trace of compound that was
carried by capillaries that did not come into intimate
contact with the tubules. Thus, the compounds may
be used to determine effective RPF or that portion
(essentially all) of the renal vascular system that
perfuses the tubules. Obviously the RPF exceeds
glomerular filtration rate (GF) which need not be
determined simultaneously unless one wished to determine the fraction of the RPF that was filtered at
the glomeruli. Thus, GF/RPF is the expression of
the Filtration Fraction.
To determine RPF, either PAH or Diodrast is administered inamounts sufficient to maintain a plasma
concentration of about 0.01 or 0.02 mg./ml. The
plasma concentration (P) and amount excreted per
minute (UY) are determined as was explained for
inulin in the paragraphs on glomerular filtration.
Thus, UVpah/Ppah = RPF. The RBF may be calculated as RPF/ hematocrit. Normal values for RPF calculated to a surface area of 1.73 sq. meters are: Men
= 697 ± 135.9; women = 594 ± 102.4 ml./min.
The functional capacity (Tm) for the tubular secretion of PAH or Diodrast may be determined by
raising the plasma concentration of either agent to
the point where the amount they can secrete remains
constant and independent of the amount in the blood.
Since these compounds are filtered at the glomeruli,
and since the amount passively filtered is determined
by the plasma concentration (P) and GF, it follows
that glomerular filtration rate (GF, inulin clearance)
must be determined simultaneously.
To calculate Tm one must determine (1) the
amount (of PAH) excreted/minute (UVpah) and (2)
the amount of PAH filtered at the glomeruli/minute,
or [UV/P] ,„„,,» X Ppah= (GF-P) pah. The maximal amount secreted (Tm) is the difference between
the amount excreted (UVpah) and the amount filtered (GF-P)pah. Thus, TmPAH = UVpah — (GFP)pah, and is expressed in terms of mg./min. at 1.73
sq. meters of surface area. Normal values for Diodrast
Tm are: men = 51.8 ± 8.7 mg./min.; women = 42.6
± 9.4 mg./min. TmpAH for men and women averages
76.1 mg./min.
Tubular reabsorption accounts for the physiological
economy of water, essential metabolites and electrolytes. Most of these substances are reabsorbed actively
or passively preponderantly by the tubular epithelium
proximal to the glomeruli. Thus, there occurs an
obligatory reabsorption of some 80 per cent or so of

II

filtered water as metabolites and electrolytes are reabsorbed actively or passively, partially or completely,
by this portion of the nephron. As the urine passes
down the lumen of the tubule it becomes concentrated, the final 5 per cent being a facultative reabsorption as influenced by the antidiuretic hormone.
Normally only 1 per cent of the water filtered at the
glomeruli is excreted over the period of a day (approximately 1500 ml.).
Glucose is essentially completely reabsorbed in the
maintenance of homeostatis. This active reabsorption
of glucose permits a second test of the functional
capacity of the renal tubules. If the plasma concentration (hence the amount filtered and presented to the
cells for reabsorption) is elevated sufficiently, a load
is reached which exceeds the capacity of the tubular
epithelium to reabsorb all of it and glucose appears
in the urine. The glucose Tm or functional capacity
can be calculated under these conditions in a manner
similar to that described for the tubular secretion of
PAH. This requires the simultaneous determination
of (1) glomerular filtration rate (GF), (2) the plasma
concentration of glucose (P) and (3) the amount excreted per minute (UV). The amount of glucose reabsorbed, or Tm, = GF • Pgmcose — UV, expressed in
mg./min. at a surface area of 1.73 sq. meters. Normal
values for glucose Tm are: men = 375 ± 79.7 mg./
min.; women = 303 ± 55.3 mg./min. All the normal
values for GF, RPF, PAH and Diodrast Tm, and
glucose Tm referred to are those published by Goldring and Chasis (Hypertension and Hypertensive Disease, 1944, The Commonwealth Fund, N. Y.).
The clinical significance of these tests resides in
their usefulness for evaluating the functional capacity
of the kidney, as indicated specifically for these functions and more generally for the organ as a whole.
They are particularly useful in following the pathogenesis of renal disease and they may be employed in
the probable differentiation of the vascular and the
parenchymal sources as the principal etiologic factors, as in the differentiation between the arteriolar
glomerulonephritis of hypertension from chronic
glomerulonephritis of an infectious origin. These tests
have been of inestimable value in the furtherance of
knowledge of basic renal physiology.
Fortunately the literature on this general subject is
available in monograph form to which the reader is
referred. The monograph by H. W. Smith (The Kidney— Structure and Function in Health and Disease,
1951, Oxford Univ. Press, N. Y.) is comprehensive
and authoritative. The monograph by Goldring and
Chasis (Hypertension and Hypertensive Disease, 1944,
Commonwealth Fund, N. Y.) contains much information on the details of procedure for renal function
tests as well as the discussion of their usefulness. A
third survey of the basis and clinical aspects of renal
function in disease is to be found in the J. A.M. A.
(1953, 153, 1233-1249) in brief excellent articles by
Corcoran (p. 1233), Luetscher et al. (p. 1236), Keith
and Odel (p. 1240) and Goldring (p. 1245). A similar general article on the comparative physiology of
the kidney of a survey nature is that of Smith
(J.AM.A., 1953, 153, 1512).
II. Penicillin- Secretion
Antagonists. —
CH2S02
CO0H
Carinamide
(4'-carboxyphenylmethanesulfonanilide)

{CH3CH2CH2)2NS02-^

VCOOH

Benemid
[/>-(di->i-propylsulfamyl) -benzoic acid]

Part II
When two compounds are secreted by the same
tubular transport mechanism one can be made to
depress the secretion of the other on a mass action
basis, by increasing its relative amount available in
the blood stream for secretion (Smith, Goldring and
Chasis, /. Clin. Inv., 1938, 17, 263). This principle
was employed when Beyer et al. (J. Pharmacol., 1944,
82, 310) demonstrated that the rapid renal tubular
secretion of penicillin could be inhibited by coadministration ofPAH. This combined therapy resulted
in an elevation of penicillin blood levels following
the administration of the antibiotic agent to patients
(Beyer et al., J. A.M. A., 1944, 126, 1007).
Later it was demonstrated that a compound could
inhibit the tubular secretion of penicillin and at the
same time be excreted much more slowly (Beyer,
Science, 1947, 105, 94). The first agent developed
under this concept was carinamide. Its utility and
pharmacologic actions have been reviewed by Beyer
{Pharmacological Basis of Penicillin Therapy, 1950,
Charles C Thomas, Springfield). Whereas it effectively inhibits the rapid excretion of penicillin, the
oral dosage (18 Gm. per day) and frequency of
administration (every 3 to 4 hours) were an inconvenience to the patient. Importantly, carinamide was
not toxic, and it was active following oral administration regardless of the dosage or mode of administration of penicillin.
Benemid (v.i., under Probenecid) has become the
drug of choice as a penicillin-secretion antagonist.
It effectively increases and prolongs the plasma concentration ofpenicillin regardless of the mode of administration ofthe two agents or the dosage of the
antibiotic agent (Beyer et al., J. Pharmacol., 1951,
166, 625; Boger et al., Ann. Int. Med., 1950, 33, 18).
It is especially useful as an adjunct to oral administration of penicillin in the treatment of penicillinsensitive infections (Walker and Hunter, Lancet,
1951, 2, 104). When especially high concentrations
are required to treat infections where the resistance
of the organism to penicillin is considerable or where
the antibiotic agent must be made to diffuse into
relatively avascular areas the ability of Benemid to
enhance penicillin blood levels markedly may be of
utmost importance to the welfare of the patient.
Benemid acts by inhibiting a definitive enzymatic
reaction involved in the secretion of penicillin and
PAH (Beyer et al., Am. J. Physol., 1950, 161, 259).
Since it is very slowly metabolized and excreted, the
clinical dosage is 2 Gm. per day, divided into 2 or 3
increments (Burnell and Kirby, /. Clin. Inv., 1951,
30, 697). The incidence of all reactions was approximately 5per cent in a survey of 701 patients and
these were not of serious consequence (Boger and
Strickland, 10th Streptomycin Conf., Atlanta, Ga.,
Jan. 27, 1951).
III. Uricosuric Agents. — Colchicine, salicylate,
cinchophen, 3-hydroxy-2 -phenylcinchoninic acid
(HPC) and probenecid belong in this category.
Man and the Dalmatian coach hound are unique
among mammals in that they excrete substantial
amounts of uric acid. Other mammals convert the
acid to allantoin, which is excreted. Man and the Dalmatian differ in the way their kidneys handle the
agent. Whereas the Dalmatian largely eliminates the
acid by tubular secretion in addition to glomerular
filtration, man reabsorbs through his tubules a portion of the compound that is filtered by the glomeruli.
An excessive net production and reabsorption of uric
acid results in the clinical syndrome of gout. The
basic aspects of this disease have been reviewed by
Bishop and Talbott (Pharmacol. Rev., 1953, 5, 231).
A number of compounds have been employed for
the management of gout. Whereas colchicine (see in
Part I) has little or no effect on the excretion of uric
acid or its distribution in the body (Talbott, Gout,
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1943, Oxford Univ. Press, N. Y.; Bishop et al., J.
Clin. Inv., 1951, 30, 879), it is a most useful agent
for the relief of pain attending acute attacks of gout,
when pushed to the limits of the patient's tolerance
for the drug (Gutman, Am. J. Med., 1950, 9, 799).
The other compounds that have been employed
frequently or recently in the management of gout
have been uricosuric agents. That is, these compounds
decrease the body storage of uric acid by decreasing
its reabsorption by the tubules.
Salicylate (see under Acetylsalicylic Acid in Part I)
has been employed over the greatest period of time
for its uricosuric effect (Fauvel, Compt. rend. acad.
set., 1907, 144, 932), but it is not well tolerated when
administered in large, effective dosages.
Cinchophen (see in Part I) effectively inhibits uric
acid reabsorption (Folin and Lyman, J. Pharmacol.,
1913, 4, 539) but its action persists for only a few
days. Hydroxy phenylcinchoninic acid (HPC) , more
exactly 3-hydroxy-2-phenylcinchoninic acid, is an
analog of cinchophen that has been demonstrated to
have an uricosuric effect (Marshall and Blanchard,
/. Pharmacol., 1949, 95, 185; Simson and Bunim,
Am. J. Med. Sci., 1951, 222, 523), but the incidence
of cutaneous reactions (photosensitivity) to it
among ambulant patients is excessive.
Ingbar et al. (J. Lab. Clin. Med., 1951, 38, 533)
reported that the treatment of gout with corticotropin
(ACTH) or cortisone (see in Part I) results in an
increased clearance of uric acid, although their other
effects undoubtedly contribute to their utility.
The uricosuric effect of carinamide (v.s.) was noted
by Wolfson et al. (Am. J. Med., 1948, 4, 774). Its
prompt and effective utility in the management of
gout was confirmed by Talbott et al. (Trans. A. Am.
Phys., 1951, 64, 372). The large dosage of the compound was its chief limitation.
Benemid (v.i., under Probenecid) appears to be
the uricosuric agent of choice (Gutman and Yu, Am.
J. Med., 1952, 13, 744). Its effect is prompt, it persists as long as the agent is administered, the dose is
low (1 Gm. per day) and it is unusually free from
undesirable effects. Bishop and Talbott (unpublished
data, quoted by Bishop and Talbott, Pharmacol. Rev.,
1953, 5, 231) noted a significant uricosuric action to
persist following daily administration of the drug
over a period of 2.5 years. It is capable of reducing
the total amount of uric acid in the body, thus contributing to the reduction in size of tophi and permit ing a greater mobility of affected joints. It does
not relieve pain in acute attacks of gout and may
precipitate an acute attack in the chronic gouty
patient.
The ability of Benemid to inhibit uric acid reabsorption isdue tc the fact that urate reabsorption
by the renal tubules of man, like its tubular secretion
by the Dalmatian, is closely related to or identical
with the process for the secretion of PAH, enzymatically. Thus, PAH, carinamide and Benemid are all
uricosuric agents. Benemid also inhibits the renal
tubular secretion of uric acid by the Dalmatian and
inhibits the reabsorption of that acid by the kidneys
of dogs of other breeds (Beyer et al., Am. J. Physiol.,
1951, 166, 625). In some gouty patients with urate
renal lithiasis, Benemid therapy aggravates the renal
colic.
IV. Diuretic Agents. — The renal elimination of
water, electrolytes, and to a lesser extent organic
metabolites is altered by functional changes in (1)
the cardiovascular and (2) the endocrine systems as
they influence (3) the function of the kidney per se.
An appreciation of the interplay of these three factors as they function in homeostatis is important to
the understanding of the action of Diuretic Agents,
Natriuretic Agents, and Antidiuretic Agents. Since it
is appropriate to discuss this interrelationship as a
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whole it will be presented here briefly and referred to
at the introduction of the other two headings.
Apparently the only role of the autonomic innervation of the kidney is to influence renal blood flow
by its ability to cause vasoconstriction or dilatation
of the blood vessels. Thus in shock, with loss of circulating blood volume, renal vasoconstriction through
the mediation of the sympathetic innervation reduces
renal blood flow to the point that urine formation
is diminished, or ceases when the blood pressure falls
below that necessary to maintain glomerular filtration.
Renal vascular pathology or cardiac decompensation
likewise may diminish renal blood flow and glomerular filtration to the point that an imbalance between
reduced filtration and the relatively lesser impaired
reabsorption results in retention of electrolyte, nitrogenous materials and water.
Thus in cardiac decompensation (or partial heart
failure) digitalis and its derivatives cause an increase
in urine volume (diuresis) directly by increasing
cardiac output and indirectly by increasing the renal
blood flow and glomerular filtration pressure.
There appears to be a nice balance between (1)
the hypothalamic (midbrain) influence on the posterior portion of the pituitary gland (neurohypophysis) as it affects water balance (as mediated by
the supraopticohypothalamic nerves), and (2) the
thyrotropic and adrenocorticotropic effects of the
anterior pituitary (adenohypophysis) on electrolyte
elimination. Thus, the relationship between the anterior and posterior pituitary gland forms a point of
association between the hormonal regulation of water
and of electrolyte. Briefly this interrelationship may
be summarized as follows:
The supraoptic nucleus of the hypothalamus initiates, by way of the supraoptico-hypophyseal nerve
fibers, a stimulation of the secretion of an antidiuretic
hormone (see under Vasopressin Injection in Part I)
by the cells of the posterior pituitary. If the supraoptic nucleus is destroyed, or if the nerve connections
between it and the posterior pituitary are sectioned,
or if the neurohypophysis otherwise is depressed, a
profound diuresis, recognized as diabetes insipidus,
ensues. This diabetes insipidus can be controlled by
the administration of posterior pituitary antidiuretic
principle.
If, in addition to the posterior pituitary, the anterior pituitary (adenohypophysis) is removed at the
same time or subsequently, the urine volume remains
or becomes essentially normal. Thus, there is an antagonistic or balancing effect between the anterior
pituitary diuretic and posterior pituitary antidiuretic
effects.
There are perhaps three ways in which the anterior
pituitary influences water balance. These are (1) by
way of a direct nephrotropic action, (2) through the
intermediation of the thyroid gland (thyrotropic
effect) and (3) by virtue of its effect on the adrenal
cortex (adrenocorticotropic action). (1) It can be
demonstrated that with the aid of anterior pituitary
extracts, or through the stimulation of the adenohypophysis byandrogens, there can be produced an
increase in size and in certain functions of the kidney.
This is taken as an indication of the nephrotropic
action of the adenohypophysis. (2) The effect mediated through the thyroid is apparently nonspecific
except as that endocrine influences the overall functions of visceral structures. (3) The adrenocorticotropic hormone of the anterior pituitary influences
water and electrolyte elimination through the intermediation of the cortical hormones such as cortisone
or hydrocortisone and other steroids having the pharmacodynamic action of desoxycorticosterone (Gaunt
et Classically,
al., Physiol. desoxycorticosterone
Rev., 1949, 29,' 281). (see in Part I)
and, to a lesser extent, the aforementioned steroids
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cause a retention of sodium and, secondarily, an increase in excretion of potassium. Clinically, and in
water-balance experiments, there may be an increase
in water reabsorption concomitant with the increase
in sodium content of extracellular fluid resulting from
the increased reabsorption of sodium. It is possible
experimentally to produce a diuresis by the administration of desoxycorticosterone (Mulinos et al., Am.
J. Physiol, 1941, 135, 102), which would indicate
that under certain experimental conditions its effect
on water and sodium excretion are actually or apparently reciprocal. Clinically, it is noted frequently
that the withdrawal or discontinuation of high dosage
cortisone therapy is attended by diuresis, which is
considered to be secondary to increased elimination
therapy.
of
sodium that has been retained excessively during
Within the kidney the rate of excretion of water
depends on glomerular filtration and upon factors
that influence its reabsorption. As mentioned previously, the rate of filtration of plasma water is determined by the pressure gradient across the glomerular membrane. At the glomerular intracapsular
level of the nephron the composition of urine is
equivalent to that of plasma water. As the urine
passes down the lumen of the tubule a large proportion both of organic and inorganic materials is reabsorbed actively by the proximal convoluted tubule.
There is an obligatory reabsorption of 80 per cent or
more of water from the urine at this point. Principally, this is determined in large measure by the
osmotic pressure gradient accompanying the reabsorption of dissolved substances. As the urine courses
down the renal tubule it is submitted to the facultative effect of the antidiuretic hormone on reabsorption as that is excreted throughout the remainder of
the nephron. Thus, only approximately 1 per cent of
plasma water filtered at the glomeruli actually is
excreted over the period of a day.
Much of the general discussion in this section to
this point has been reviewed by several authorities in
the brief monograph edited by Bradley (Renal Function, 1951, Josiah Macy, Jr. Foundation, N. Y.) as
well as in portions of other surveys to which reference
is made.
There are several types of diuretic agents. These
fall broadly into the categories of (1) water and alcohol, (2) acidifying agents such as the ammonium
salts, principally ammonium chloride (see in Part I)
which is most effective when used in conjunction
with other diuretic agents, (3) inorganic and organic
osmotic diuretic agents such as sodium sulfate (Part
I), sodium phosphate (Part I), glucose (Part I),
mannitol, xylose, sorbitol, sucrose, sodium fumarate,
sodium succinate, urea (Part I), and the salts of certain rapidly excreted organic compounds such as
sodium p-aminohippurate (Part I). (4) The xanthine
derivatives and (5) the mercurial diuretic agents
complete the list in the order of their clinical utility
as individual classes of compounds.
The names of the commercially available members
of these last two classes of compounds, together with
literature references, are as follows. In the category
of xanthine diuretic agents are included caffeine (described in Part I; see also Richards and Plant,
J. Pharmacol., 1915, 7, 485, and Myers, ibid., 1924,
23, 465), theobromine (described in Part I; see also
Bartram, /. Clin. Inv., 1932, 11, 1197), theophylline
(described in Part I; see also Marvin, J.A.M.A., 1926,
87, 2043, and Fowell et al., Arch. Int. Med., 1949, 83,
150), aminophylline (described in Part I; see also
Leroy and Speer, /. Pharmacol., 1940, 69, 45, and
Boyer, J. A.M. A., 1943, 122, 306), theophyllinemethylglucamine (described in Part II; see also
Maloney et al., J. Lab. Clin. Med., 1937, 22, 600), diethylaminoethyltheophylline hydrochloride (known as
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Parephyllin; see Livesay and Moyer, J. Pharmacol.,
1953, 109, 123), theophylline sodium glycinate (described in Part I; see also Krantz et al., J. A. Ph. A.,
1947, 36, 248). In the category of mercurial diuretic
agents are included mercumatilin sodium (described
below; see also Blumberg et al., J. Pharmacol., 1952,
105, 336, and Pollack and Pruitt, Am. J. Med. Sc,
1953, 226, 172), merethoxylline procaine (described
below; see also Best et al., Am. J. Med. Sc, 1953,
225, 132), tneralluride sodium (described in Part I;
see also Lehman, Proc. S. Exp. Biol. Med., 1947, 64,
428, and Barrett, /. Pharmacol., 1950, 100, 502),
tnercurophylline (described in Part I; see also Modell
et al., J. Pharmacol., 1945, 84, 284, and Batterman
et al., Am. Heart J., 1946, 31, 431), mersalyl and
theophylline (described in Part I; see also Long and
Farah, Science, 1946, 104, 220, and Farah et al.,
J. Pharmacol., 1952, 104, 31), chlormerodrin (described below; see also Handley et al., J. Pharmacol.,
1953, 108, 424), mercaptomerin sodium (described
in Part I; see also Lehman et al., J. Pharmacol., 1950,
99, 149).
Where one is interested solely in the elimination of
water, then water itself could be considered the most
physiological of diuretic agents. Actually, water has
been employed clinically to relieve the edema associated with cardiac decompensation. The basis for this
use lies in the fact that following the administration
of large amounts of water the increased urine flow
necessarily carries with it some increase in electrolyte
excretion. Thus, if the dietary intake of sodium be
drastically reduced and if the intake of water pushed
to excess, sufficient salt can be washed out as to reduce
the sodium chloride content of edema fluid. As the
sodium content of the body is depleted there follows
the excretion of an osmolar equivalent amount of
water (Schemm, Ann. Int. Med., 1942, 17, 952; 1944,
21, 937). A disadvantage of this type of therapy is
the likelihood of producing a hypokalemia and the
secondary increase in the work of the heart placed
on it by this increased blood volume which must be
secreted. The diuretic effect of alcohol has been related to an inhibition of the secretion of the posterior
pituitary antidiuretic hormone (Eggleton and Smith,
/. Physiol, 1946, 104, 435).
The administration of compounds such as mannitol
(Wesson and Anslow, Am. J. Physiol., 1948, 153,
465) or urea (Mudge, Foulks and Gilman, ibid., 1949,
158, 218) is followed by diuresis. The basis for this
diuretic effect lies in the fact that a sufficient amount
of the compound is excreted as to carry out with it a
significant osmolar equivalent amount of water. Thus,
they have no pharmacodynamic action per se in this
connection except as they influence by their osmotic
effect the redistribution of water across the renal
tubules.
Xanthine diuretic agents were thought to function
by increasing glomerular filtration rate due to their
effect on the cardiovascular system. Although they
can be shown to have this action when administered
in excessive amounts, they produce diuresis by inhibition of reabsorption of water under circumstances
where an increase in glomerular filtration rate does
not obtain (Cushny and Lambie, /. Physiol., 1921, 55,
276). Present acceptance is that the xanthines inhibit
the reabsorption of water, sodium and chloride
(Kirstein, Acta med. Scandinav., 1947, 128, 122;
Davis and Shock, J. Clin. Inv., 1949, 28, 1459). Although these agents are to be recommended in the
earlier stages of edema formation, they are not as
reliable as the mercurial diuretics in the severely
edematous patient because of their relatively weaker
action.
Mercurial diuretics are at once the most active and
potentially the most dangerous of agents employed for
this purpose. Although
those on the market
are
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organic mercurial compounds (usually a theophylline
complex of organomercuri acids), it has been well
documented that the diuretic action of such mercurial
agents is a function of the dissociation of Hg+
(Sollman et al., Arch. Int. Med., 1936, 58, 1067). The
effect of the mercury ion apparently is through the
inhibition of sulfhydryl-catalyzed systems (Earle and
Berliner, Am. J. Physiol., 1947, 151, 215; Farah and
Maresh, /. Pharmacol., 1948, 92, 73) responsible for
the renal transport of water and, indeed, for several
of the other secretory and reabsorptive systems. Since
this enzymatic action of mercury is so nonspecific it
seems likely that the safety of the compounds is dependent on the relatively higher concentration in urine
following the obligatory reabsorption of 80 to 85
per cent of filtered water as compared to the concentration in body fluids. Pursuing this concept further,
it would be anticipated that in severe renal damage
when the ability of the kidney to filter and to concentrate urine was markedly reduced the mercurial
(as well as other) diuretic agents would be less effective and potentially more dangerous. This is borne
out in clinical practice.
The advantage of organic mercurials lies in their
greater utility when administered orally or parenterally. The mode of administration par excellence
for mercurials is intravenously. They may be administered intramuscularly, and Thiomerin (mercaptomerin) may be injected subcutaneously, without local tissue reaction. Although diuretic action
can be demonstrated when several of these agents are
administered orally, they are frequently less effective
and less reliable when administered in this manner.
It is a common observation that when two types
of diuretic agents are administered together the resultant diuresis appears to be greater than could have
been anticipated on the basis of the sum of activities
of the two agents. The basis for this additive or
almost synergistic effect is not clear. It is a practice,
however, to administer ammonium chloride (Ethridge
et al., Arch. Int. Med., 1936, 57, 714) or other osmotic
diuretic compounds along with xanthine or mercurial
diuretic agents.
The experimental and clinical basis for this brief
discussion may be reviewed advantageously in the
surveys by Pitts and Sartorius (Pharmacol. Rev.,
1950, 2, 161), Vogl (Diuretic Therapy, 1953, Williams
and Wilkins, Baltimore),
Beyer (Pharmacol. Rev.,
1950, 2, 227), and Dicker (/. Pharm. Pharmacol.,
1951, 3, 449).
V. Natriuretic Agents. — These compounds increase the excretion of cations primarily, and secondarily augment the elimination of anions and water.
Thus, they differ qualitatively from the previously
discussed diuretic agents, the effects of which primarily are on water reabsorption. The natriuretic
agents contain a free sulfonamide group, as illustrated
by the structural formulae for sulfanilamide (see in
Part I) and Diamox (see p. 1766).
The mode of action of these compounds is to inhibit
particularly carbonic anhydrase (Mann and Keilin,
Nature, 1940, 146, 164) in the cells lining the renal
tubules, which is responsible for the dissociation of
H+ that exchanges for sodium across their luminal
border (Pitts, Science, 1945, 102, 81) for the acidification of urine (Hober, Proc. S. Exp. Biol., 1942, 49,
87). The inhibition of ion exchange of H+ for the
predominant Na cation in urine diminishes the reabsorption ofsodium and causes the urine to remain
basic. The effect on potassium excretion is complicated
by the fact that this cation is both secreted and reabsorbed by the tubules (Berliner et al., Am. J. Med.,
, 1951, 11, 274).
Since carbonic anhydrase is widely distributed and
since it plays important physiologic roles at sites
other than the kidney, the collateral characteristics of
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these agents and their actions not directly related to
this inhibition become of considerable importance. It
can be seen readily that a compound distributed in
the same amount to all sites of carbonic anhydrase
activity would produce such immediate manifestations
of toxicity as to be useless. Fortunately, the reabsorption of water in the course of the concentration
of urine as it passes down the renal tubules permits
the presentation to the lower part of the nephron of
a concentration of such drugs in excess of that presented to carbonic anhydrase elsewhere in the body
(i.e., erythrocytes). Also the distribution between
plasma and erythrocytes is of consequence. An extension of this discussion of the pharmacodynamic requirements ofthese compounds has been presented by
Bever (Arch, internat. pharmacodyn. therap., 1954,
98, 97).
Whereas sulfanilamide was the first of these compounds tried specifically for this effect (Schwartz,
New Eng. J. Med., 1949, 240, 173), its systemic
toxicity precludes its practical employment for this
purpose (Marshall et al., JAMA., 1938, 110, 252).
Diamox recently has been studied as a natriuretic
agent by Maren {Trans. N. Y. Acad. Sci., 1952, 15,
53) in the laboratory. It has been found useful for
the regulation of salt and water retention in the
cardiac decompensated patient in whom there has not
been extensive renal damage (Belskv, New Eng. J.
Med., 883).
1953, These
249, 140;
Friedberg
et' al.,
ibid., 1953,
248,
authors
also noted
occasional
instances of drowsiness and paresthesia and, rarely, disorientation among their patients. Because of the potential effects of the compound on acid-base balance
(metabolic acidosis) some reservation regarding its
use in cardiac decompensated patients is defensible
for the present.
VI. Antidiuretic Agents. — As mentioned in the
section on diuretics, the hormonal control of the
facultative reabsorption of water (Shannon, /. Exp.
Med., 1942, 76, 371) is under the control of the posterior pituitary. When the stalk connecting the pituitary gland with the midbrain is severed, or when there
is any other injury to the supraopticohypothalamic
system, a profound increase in excretion of urine
ensues, which is referred to as diabetes insipidus. This
is due to a loss of the hypothalamic stimulation and
control of secretion of the antidiuretic hormone of
the neurohypophysis.
The reflex control of the amount of antidiuretic
principle is initiated at osmoreceptors located in the
wall of the carotid arteries (Yerney, Proc. Roy.
Soc, B, 1947, 135, 25). Although a portion of the
antidiuretic hormone is inactivated in the body, it is
excreted as such in some measure (Gilman and Goodman, J. Physiol., 1937, 90, 113).
Pickford has reviewed the antidiuretic substances,
to which paper more detailed reference may be made
(Pharmacol. Rev., 1952, 4, 254). Apparently those
compounds that can be demonstrated to be antidiuretic require the integrity of the supraopticoneurohypophyseal axis for their action. In other
words, acetylcholine, morphine and certain barbiturates act through the stimulation of antidiuretic hormone production.
Recently hydroxy phenylcinchoninic acid has been
studied as an antidiuretic agent. However, it also appears to require an intact hypothalamic-neurohypophyseal mechanism for its activity (Dearborn et al.t
J. Pharmacol., 1952, 106, 103), although the compound directly inhibits certain other renal functions
(Dearborn, Bull. Johns Hopkins Hosp., 1950, 87, 328;
Beyer et al., J. Pharmacol, 1951, 103, 79).
Thus, the parenteral injection of the posterior
pituitary hormone remains the sustained effective
agent in the management of the diuresis of diabetes
insipidus.
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Specific discussions of most of the drugs mentioned
in this general consideration of substances acting on
the function of the kidney may be found elsewhere
in the Dispensatory. Further information concerning
certain other compounds follows.
Non-official Nephrotropic Agents
Acetazoleamide. Diamox (Lederle). 2-Acetylamino1,3 ,4-thiadiazole-5 -sulfonamide. — Acetazoleamide,
referred to in the literature as compound 6063, has the
following structure:
S0
2NH2

«JLJL
CH3C0N

It is the first of the carbonic anhydrase inhibitors to
demonstrate clinical utility. The compound was shown
by Berliner and his associates (Am. J. Med., 1951, 11,
274) to be a powerful inhibitor of renal carbonic
anhydrase and to produce a marked increase in the
renal elimination of potassium. Maren and his colleagues (Trans. N. Y. Acad. Sci., 1952, 15, 53; Bull.
Johns Hopkins Hosp., 1954, 95, 199, 244, 277) described the basic pharmacology of this agent. Acetazoleamide increases the excretion of cations, principally sodium and potassium, by inhibiting the ion
exchange reaction catalyzed by carbonic anhydrase,
which is responsible for the acidification of urine
(Pitts and Alexander, Am. J. Physiol., 1945, 144,
239). This enzyme in the kidney hastens the formation of carbonic acid from carbon dioxide and water,
thus controlling acidification of the urine. By retarding in the renal tubule the reversible reaction of
CO2 + HoO ±? H2CO3, the administration of Diamox
results in loss of bicarbonate ion which carries out
sodium, potassium and water, rendering the urine
alkaline and producing diuresis.
Diamox is remarkably non-toxic to dogs, monkeys,
guinea pigs, rats and mice. Doses less than 50 mg. per
Kg. of body weight are completely absorbed from the
human gastrointestinal tract. Blood plasma levels are
maintained for 6 to 12 hours after administration and
65 to 100 per cent of a given dose may be recovered
from the urine within 24 hours. Its renal elimination
is at a rate of roughly l/2 that of glomerular filtration and it appears to be distributed substantially into
erythrocytes and certain other tissues, particularly the
kidney. Such diuretic action as it has appears to be
secondary to the osmotic effect of increased cation
elimination. Thus, its diuretic action is indirect and
not entirely reliable. Indeed, experimentally, as the
dosage of acetazoleamide is increased, glomerular filtration rate tends to be decreased and urine flow to
diminish.
Clinically, acetazoleamide has been employed with
some success in the management of edema associated
with congestive heart failure. Friedberg and Halpern
(Fed. Proc, 1952, 11, 49) demonstrated that patients
with edema of cardiac origin responded to the administration of 5 to 10 mg. of acetazoleamide by natriuresis, which reached its peak in 90 minutes and persisted for about 5 hours. They found it to be effective
as a diuretic whether given every 8 hours or once a
day. Dosages of the order of 750 mg. orally do not
appear to be any more effective than smaller dosages
of the order of 250 mg. In a study of 33 cases of congestive heart failure, Belskv (New Eng. J. Med., 1953,
249, 140) found that dosages of the order of 250 to
500 mg. daily were as effective as larger doses and
are less likely to be accompanied by paresthesia. In
mild to moderate cases of congestive heart disease, it
is claimed that this compound alone may be sufficient
to control satisfactorily the clinical state of the patient. However, where this is inadequate, mercurial
diuretic agents may be coadministered with acet-
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azoleamide, since an additive effect of the two types
of therapy has been demonstrated. However, it appears that ammonium chloride blocks the diuretic
effect of Diamox, whereas it enhances that of the mercurial diuretic preparations.
Other uses for acetazoleamide have included its use
in emphysema and chronic pulmonary fibrosis with
carbon dioxide retention and dyspnea (Nadell, /. Clin.
Inv., 1953, 32, 622; Heiskell et al., J.A.M.A., 1954,
156, 1059), and in the management of some epileptic
patients (Bergstrom et al., Am. J. Dis. Child., 1952,
84, 771) . Presumably, in the former instance the compound acts by inhibiting the action of carbonic anhydrase of erythrocytes and in the latter instance by
the production of a metabolic acidosis which commonly accompanies the use of acetazoleamide. In
both emphysema patients and normal subjects there
occurred a transient increase in urinary pH, carbon
dioxide, sodium, potassium and phosphate, with diminished urinary ammonia. There was an associated
reduction in the pH and carbon dioxide content of
arterial blood and a transient decrease in concentration of plasma potassium. Electrolyte content of the
urine returned to the original levels within a few days,
but plasma carbon dioxide content remained depressed
during the entire period of drug administration. One
patient who had been comatose because of respiratory
acidosis and who had required daily use of a respirator was maintained in an alert state outside the respirator for three months. Xadell noted definite rebound phenomena in this group of patients after the
drug was discontinued.
Investigation of other uses of Diamox is proceding, as in studying its effects in cirrhosis of the liver,
migraine, toxemias of pregnancy and premenstrual
tension, and on alkali-soluble urinary calculi. Diamox
is proving useful in the management of primary simple
glaucoma; it appears to facilitate drainage of the
aqueous humor in patients whose outflow tract has
not been destroyed by previous inflammation.
Toxicology. — On the whole, undesirable effects of
this agent are not serious. Commonly its use is accompanied by a metabolic acidosis which is not a
desirable feature of an agent employed in the course
of cardiac decompensation. There is some indication
that cirrhotic patients to whom acetazoleamide is administered should be supervised carefully, since there
have been a few instances of disorientation and irrational behavior in this type of patient receiving the
compound. Doses exceeding 500 mg. per day have
sometimes caused drowsiness (Friedberg et al., New
Eng. J. Med., 1953, 248, 883). Similar dosage may
cause disorientation in patients with cirrhosis of the
liver. Pearson et al. (J.A.M.A., 1955, 157, 339) reported a nonfatal case of agranulocytosis in a patient
with congestive heart failure treated with Diamox.
Its use may be contraindicated in the presence of
idiopathic renal hyperchloremic acidosis, in patients
in whom there has been serious loss of sodium or
potassium, and in those with Addison's disease. The
clinician must remember that although Diamox is a
sulfonamide derivative differing from the bacteriostatic preparations, sensitivity reactions to the drug
may occur and are indications for its withdrawal.
In patients with congestive heart failure Diamox is
an adjunct to treatment with adequate rest, digitalis
and sodium restriction. Dosage higher than that recommended does not increase the diuretic response and
may produce drowsiness or mild paresthesias.
Dose. — The dose of Diamox as a diuretic is 5 mg.
per Kg. of body weight (250 mg. to 375 mg.), orally
or intravenously, either once daily or on alternate
days, preferably in the morning.
It is available in scored tablets containing 250 mg.,
and in vials containing 500 mg. of the sterile sodium
salt for solution in 5 ml. of water for injection. This
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solution, representing 100 mg. per ml., is stable at
room temperature for 4 days.
Chlormerodrin, N.N.R. Neohydrin (Lakeside).
[3-(Chloromercuri) -2-methoxypropyl] urea. — This
compound, represented structurally as ClHg.CH2CH(OCH3)CH2NHCONH2, is a white, odorless powder
with a bitter, metallic taste; it is sparingly soluble in
water, but very soluble in 1 N sodium hydroxide. For
its synthesis see U. S. Patent 2,635,982.
Uses. — In recent years great efforts have been made
to produce a mercurial diuretic for oral administration
which would be both safe and effective. Chlormerodrin, chemically related to meralluride (see in
Part I), is more effective orally than previously introduced mercurial diuretics that can be so administered.
It is, therefore, useful as a potent diuretic agent in
therapy of recurring edema of cardiac failure and
nephrosis, ascites of hepatic disease, and in carefully
selected cases of subacute and chronic nephritis.
Chlormerodrin may supplant the need for parenteral
therapy in some patients, while in others it permits
of longer intervals between injections. For discussion
of the mode of action of the mercurial diuretics, see
under Mersalyl (Part I).
Investigation by Greiner, Gold et al. (Proc. S. Exp.
Biol. Med., 1952, 80, 117), using a single dose bioassay
method, revealed that its diuretic potency is equal to
70.7 per cent that of meralluride injected intramuscularly. Other oral preparations have not demonstrated therapeutic efficacy exceeding one-fourth that
of the latter substance used as a standard. Diuretic
potency of this compound by the oral route is more
than one-fourth that obtained by intramuscular injection, an unusually favorable ratio. Finch's observations (/. Iowa M. Soc, 1952, 42, 490) indicated that
the daily administration of one or more tablets is so
effective in many patients with early congestive heart
failure that parenteral injections are not necessary
and sodium restriction is not required. In such instances chlormerodrin may eliminate the risk of the
low salt syndrome.
Chronic toxicity studies by Handley et al. (Proc. S.
Exp. Biol. Med., 1951, 78, 433) demonstrated no
essential difference between meralluride and chlormerodrin, ifthe dosage is regulated in accord with
the difference in diuretic activity. They also found
that chlormerodrin appeared to exhibit even less
cardiac toxicity than meralluride, which is probably
the least toxic of the nonmercaptide diuretics. Observations regarding its excretion indicated that the rate
of excretion is somewhat greater than that of mercaptomerin and approaches that of meralluride.
Greiner, Gold et al. (loc. cit.) found that it produced
no changes in the blood count, blood urea nitrogen
or urine. These two investigators published (J. A.M. A.,
1953, 152, 1130) a method for therapeutic evaluation
of diuretic agents administered orally. Results indicated that any of the known diuretics so used will
produce symptoms of gastrointestinal irritation in a
substantial proportion of individuals, but that chlormerodrin isfar superior to all others tested on the
basis
of
the
diuretic effectiveness to toxicity incidence
ratio.
Chlormerodrin is available as Tablets Neohydrin,
each containing 18.3 mg. of chlormerodrin (equivalent
to 10 mg. of mercury). The average daily dose for
adults varies from 1 to 4 tablets, depending upon the
degree of edema or circulatory failure. Occasionally
2 tablets 3 times daily is required. Dosage for children is adjusted according to body weight. As with
any diuretic therapy the patient should be instructed
to drink a glass of orange juice daily or ingest another
supplementary source of potassium. It is contraindicated in acute nephritis and nephrosclerosis.
Mercumatiun, N.N.R. CumerHlin (Endo). — This
compound consists of mercumallylic acid and the-
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ophylline in approximately molecular proportions; the
sodium salt of the former has the structure
CHjCHfOCHjl-CHj-Hg-OH

This mercurial diuretic is used orally but because of
its insolubility cannot be administered parenterally ;
for this purpose mercumatilin is reacted with just
enough sodium hydroxide solution to dissolve it, producing mercumatilin sodium, X.X.R., in the solution
(the salt is not isolated). An excess over 1 mole of
theophylline may be added. The solution is marketed
under the trade-marked name Cumertilin Sodium
(Endo).
Mercumatilin differs from other available mercurial
diuretics in that the allyl group is attached to a ring
carbon atom of a heterocycle instead of being in the
form of an allylamide; it is claimed that this linkage
increases efficacv and stability. Shapiro and Weiner
(/. Lab.
Sled.,
1950, 36',
224) found administrait to be a
safe
and Clin.
effective
diuretic
on parenteral
tion. Blumber et al. (J. Pharmacol, 1952, 105, 336)
found it to be relatively free from toxic effects. In
general, the dosage and the indications for this compound are essentially the same as for other potent
clinically useful mercurial diuretic agents. Its clinical
utility in the management of congestive heart failure
by the oral route of administration as well as parenteral injection has been reported by Rose et al. (Am.
Heart J., 1950, 40, 779), by Sigler and Tulgan (ibid.,
1951, 41, 125), by Pollock and Pruitt (Am. J. Med.
Sci., 1953, 226, 172), by Batterman (Am. Heart J.,
1954, 48, 780) and by Dimitroff and his associates
(ibid., 1955, 49, 407).
Dose.— The usual dose orally is 67 to 134 mg. of
mercumatilin daily, as a supplement to decrease the
frequency of parenteral injections of a mercurial
diuretic. The range of dose is 67 to 270 mg. daily.
Individualization of dose to the patient is essential.
Intramuscularly the usual dose of mercumatilin
sodium is 2 ml. containing a total of 264 mg. of the
sodium derivative; an initial dose of 0.5 ml. to test
for sensitivity is recommended. Such doses are administered about twice a week, as needed by the
patient. For intravenous injection 1 or 2 ml. is used.
This mercurial diuretic is available in tablets containing 67 mg. of mercumatilin (equivalent to 20 mg.
of mercury) ; also in 1- and 2-ml. ampuls and in
10-ml. vials, each ml. containing 132 mg. of mercumatilin sodium (equivalent to 39 mg. of mercury)
and 11 mg. in excess of theophylline. The ampuls contain no preservative; the vials contain either 0.18 per
cent of methylparaben and 0.02 per cent of propylparaben, or 2 per cent of benzyl alcohol.
Merethoxyllixe Procaine. X.X.R. Dicurin Procaine (Lilly). — This is a compound of 1 mole of the
procaine salt of merethoxylline and 1.4/ moles of anhydrous theophylline; it is prepared /by dissolving
1 mole each of merethoxylline and procaine in water,
and then adding the theophylline (the compound is
not isolated from solution). Merethoxylline is dehydro-2-[X- (3'-hydroxymercuri-2'-metnoxyethoxy)propykarbamyljphenoxyacetic acid, and is represented structurallv as follows:
0-

Hg
0
CH
.C
2'CH- 3'l
C-NH-CH,
CH9
II .'
|

0

0CH2CH20CH3
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This mercurial diuretic agent appears to be suitable for intramuscular, as well as intravenous, administration. Itis to be noted that the older organic
mercurial diuretics were usually too irritating to be
employed by other than the intravenous route. The
safety with which this compound may be administered is substantially good. Best et al. (Am. J. Med.
Sci., 1953, 225, 132) reported that the diuretic efficacy of this compound resembled that of mercaptomerin, and that local reactions were not of sufficient
severity to limit its use. Among 69 patients who received 540 subcutaneous injections of merethoxylline
procaine, there were no systemic or hypersensitivity
reactions. In general, the clinical reports by Citrin
and Lyons (A". 7. State J. Med., 1954, 54, 1359) and
by Baxter et al. (Texas J. Med., 1954, 50, 214) are
in agreement with the results of Best and his associates.
Apparently the observation by Robbins and Chen
(J. A. Ph. A., 1951, 40, 249) that intramuscular injections of large doses of this agent caused the formation
of calcified masses in renal tubules of rats has not
been observed clinically. Although Best et al. (loc.
cit.) observed no systemic or hypersensitivity reactions attending use of this agent, the same precautions obtain in using merethoxylline procaine as when
other mercurial diuretic agents are employed. Forney
(/. Pharmacol., 1952, 106, 386) found that 73 per
cent of the mercury was excreted within 21 hours
following injection of this compound.
Dose. — To preclude serious reaction to mercury,
0.5 ml. of merethoxylline procaine solution is suggested as an initial dose. Deep subcutaneous or intramuscular injection of 2 ml. in the morning or of 1
ml. twice daily is recommended. Intravenous injection is not advised since the diuretic effectiveness is
rarely greater and the risk of deleterious side effects
is considerably increased. The diuretic effect of merethoxyl ine ispotentiated by ammonium chloride and
other types of diuretic agents.
Dicurin Procaine is available in 2-ml. ampuls and
10-ml. vials; each ml. of solution contains 100 mg.
of merethoxylline as the procaine salt (equivalent to
39.3 mg. of mercury) and 50 mg. of theophylline, the
solution being preserved with 0.5 per cent of chlorobutanol.
Probenecid, NJfJL Benemid (Sharp & Dohme).
/>-(Di-n-propylsulfamyl) benzoic Acid. — The structural formula of this compound is shown under penicillin secretion antagonists, in this monograph. It
occurs as a white, odorless, crystalline powder, insoluble in water and in dilute acids, soluble in dilute
alkalis and in alcohol.
Probenecid was first described by Beyer et al.
(Fed. Proc, 1950, 9, 259; Pharmacological Basis of
Penicillin Therapy, 1950. Chas. C Thomas, Springfield, 111.) as an inhibitor of the renal tubular secretion of penicillin, />-aminohippurate and compounds
which are secreted by the same renal tubular transport
mechanism responsible for the secretion of these
agents. The background information for its clinical
utility has been presented above.
Probenecid has been employed for the enhancement of penicillin blood levels, regardless of the type
of penicillin employed or its mode of administration
(Dowling and Lepper. Med. Clin. North Am., 1952,
36, 247; Flippin and Matteucci, Antibiot. Chemother.,
1952, 2, 208; Boger et al., ibid., 1952. 2, 555). When
administered with parenteral penicillin, probenecid
makes it possible to attain antibiotic plasma concentrations sufficient for the management of the most
resistant of penicillin-sensitive infections, such as
certain of the streptococcal endocarditides (Brunsdon and Goulding, Lancet, 1952, 2, 197). Likewise,
the combination of probenecid with parenteral penicillin has been employed
for the management of

Part II
typhoid fever (Schimmel et al., J. Med. Soc. N. J.,
1951, 48, 323). In general, the coadministration with
penicillin of 500 mg. of probenecid orally every 6
hours is sufficient to enhance penicillin plasma concentrations 3- to 5-fold (Burnell and Kirby, J. Clin.
Inv., 1951, 30, 697).
Chronologically, the second clinical application for
probenecid was the enhancement of plasma concentrations of^-aminosalicylate employed in the therapy
of tuberculosis (Boger et al., J. Lab. Clin. Med., 1950,
36, 276). This inhibition of ^-aminosalicylate metabolism has been substantiated by Janszen {ibid., 1951,
38, 227).
One of the most important uses of probenecid is in
the management of chronic gout (Boger and Smith,
Svenska Lak., 1954, 51, 2021). Gutman (Bull. N. Y.
Acad. Med., 1951, 27, 144; J. Clin. Inv., 1952, 31,
692; Advances Int. Med., 1952, 5, 227), Talbott {Bull.
Rheumatic Dis., 1951, 2, 1; Proc. S. Exp. Biol. Med.,
1954, 86, 760; Gout and Gouty Arthritis, Modern
Medical Monographs, Grune & Stratton, N. Y., 1953),
and others have amply documented the usefulness of
probenecid in the management of chronic gouty arthritis. Indeed, Gutman and his associates (Trans. A.
Am. Phys., 1951, 64, 279; Am. J. Med., 1952, 13,
744) demonstrated the reduction of tophi during the
chronic administration of probenecid.
Another interesting application of the compound
is in the management of the rate of excretion of
phosphate in patients having hypoparathyroidism of
functional or surgical origin (Pascale et al., Metabolism, 1954, 3, 462; Spurr and Ford, Am. J. Med. Sci.,
1954, 228, 256).
Toxicology. — Boger and Strickland (Arch. Int.
Med., 1955, 95, 83) reported on a survey of toxicity
following the administration of probenecid to some
2500 patients who received daily dosages of this agent
in amounts of approximately 2 Gm. The most common manifestation of side effects was the incidence
of gastrointestinal symptoms to the extent of 3.1 per
cent of patients studied. The overall incidence of side
effects regardless of cause was 7.94 per cent. There
do not appear to be any contraindications to the use
of probenecid where it could be considered of potential use in therapy.
Dose. — The usual dose is 500 mg. up to 4 times
daily orally. For children up to 50 Kg. in weight, the
initial dose is 25 mg. per Kg., followed by a maintenance dose of 10 mg. per Kg. every 6 hours. In patients with impaired renal function the drug may
not be tolerated. In chronic gouty patients a dose of
500 mg. daily for 1 week is recommended before increasing the dose to twice or even 4 times daily; the
reaction of the urine should be kept alkaline during
the use of probenecid to prevent precipitation of uric
acid. Colchicine should be continued if indicated but
salicylates are contraindicated at the same time in
gouty patients.
Benemid is available in tablets containing 500 mg.
Nerium. Nerium Oleander L. Oleander. Rose Bay.
(Fam. Apocynaceee.) — This widely cultivated, ornamental, evergreen shrub is a native of the Mediterranean region and Asia. It flowers in summer, the
blooms being salver-shaped, variously colored and
arranged in terminal cymes. Its leaves are lanceolate
and are arranged in whorls of 2 or 3. It has been used
in southern Europe for destroying rats, and a number
of cases of poisoning by it have been reported. The
symptoms have been vomiting, abdominal pain with
frequent cries, dilatation of the pupil, vertigo, convulsive movements, insensibility, small, very slow
pulse, and in fatal cases epileptiform convulsions with
coma ending in death. The action on the heart has, in
some cases in which death has not ensued, been very
pronounced, the pulse for 5 days remaining as low as
40 per minute. The infusion made from 4 ounces of
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the root has been fatal. Meat roasted on skewers of
oleander becomes toxic (Allen, Am. J. Trop. Med.,
1943, 23, Suppl. 1, 3) and the wood should not be
used to stir food during cooking. Honey derived from
the nectar may be toxic.
The active principle of oleander is a glycoside,
oleandrin, whose aglycone, oleandrigenin, is an acetylgitoxigenin and which, upon further hydrolysis, yields
gitoxigenin (see Digitalis, Part I). A number of other
principles have been reported. According to Chen and
associates (/. A. Ph. A., 1938, 27, 113) folinerin is
identical with oleandrin. Schmiedeberg isolated another glycoside which he called neriin (see Tanret,
Compt. rend. acad. sc, 1932, 194, 914). Reports of
the isolation of still other principles have appeared.
Pouloux (Bull. gen. therap., May 15, 1888) and
Freiherr (Aerztlicke Rundschau, 1899) used oleander
clinically in the treatment of heart disease as a substitute for digitalis with asserted success. Its diuretic
action is said to be very marked, and not rarely it
acts as a cathartic. Freiherr stated that it is safer than
digitalis in atheromatous diseases; he used oleander
in the form of an infusion or tincture, representing
as the daily dose from 50 to 100 mg. (approximately
34 to \y2 grains) of the dried oleander bark. Cortesi
(Pharm. Acta Helv., 1943, 18, 215) suggested that the
drug may serve as a substitute for strophanthus.
Orfele used the dried flowers — dose, 200 mg. (approximately 3grains) — with success. An extract of oleander
containing all of its active glycosides was administered by Pendl and Rossner (Deutsche med. Wchnschr., 1951, 76, 183) to 75 patients with chronic heart
insufficiency; symptoms of congestion subsided and
long-lasting diuresis occurred. The drug, given in
tablet form, was well tolerated.
Nickel. Niccolum. Ni (58.69). — This element, discovered by Cronstedt in 1754, is a steel-gray metal,
hardness about like iron, very ductile and malleable;
density, 8.7 to 8.9; melting point, 1452°; slowly soluble in dilute inorganic acids, especially nitric. It is not
affected by moist air.
It would appear that the oral toxic dose for soluble
nickel salts for mammals varies between 20 and 40 mg.
of nickel per Kg. of body weight. When given intravenously these salts are much more poisonous, the
lethal dose for dogs being in the neighborhood of
7 mg. per Kg. (see Caujolle and Canal, J. pharm.
chim., 1939, 29, 391). While acid foods may dissolve
appreciable amounts of nickel from cooking utensils
it would seem that such use of the metal is harmless.
The outstanding symptoms of poisoning by nickel,
whether taken orally or parenterally, are nausea,
vomiting and purging. With large doses there are evidences of depression of the central nervous system and
weakening of the heart muscle. For literature on
physiologic and toxic action of nickel salts see Drinker
et al. (J. Ind. Hyg., 1924, 6, 307). Some persons, however, are sensitive to nickel and develop dermatitis
from prolonged contact with the metal (Goldman,
Arch. Dermat. Syph., 1933, 28, 688).
Although from time to time certain nickel salts
have been recommended as medicinal agents there is
no convincing evidence of their value.
Nickel Carbonyl. Carbonic Oxide Nickel. Ni(CO)4. — This is a volatile liquid, boiling at 43°. It
is of interest because of the toxicity of its vapors.
McKendrick and Snodgrass (Brit. M. J., June, 1891)
observed that nickel carbonyl is decomposed in the
body yielding carbon monoxide which they believe
unites with the hemoglobin of the blood and gives
rise to acute poisoning. Armit, however, maintained
that the amount of carbon monoxide liberated is too
small to explain the toxic symptoms, which he attributes to the metallic nickel. Brandes (J. A.M. A., 1934,
102, 1204) reported a case of fatal poisoning in which
there was found post-mortem degenerative changes in
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the blood vessels and various internal organs, especially the lungs, and in which the presence of deposits
of nickel was demonstrated. Sunderman and Kincaid
(ibid., 1954, 155, 889) reported clinical observations
on 36 persons accidentally exposed to vapor of nickel
carbonyl; 2 patients died and many of the others
were made critically ill. Their studies indicated that
the concentration of nickel in urine and blood is increased many fold above normal after exposure. Dimercaprol was administered to 32 exposed persons,
31 of whom survived; this treatment was attended
by increased excretion of nickel in urine and a
marked decrease in the concentration "of the metal
in blood. Many interesting data concerning nickel
poisoning are provided in this report.
Nitrobenzene. Nitrobenzol. Oil of Mirbane.
C6H5NO2. — Nitrobenzene is an oily, yellowish, intensely sweet liquid, with an odor like that of bitter
almond oil. Its specific gravity is 1.205 at 15°, and
boiling point 210°. It is an important intermediate
in chemicals manufacture, and has some use for scenting soaps. Nitrobenzene is not used medicinally but is
of toxicologic interest.
Toxicology. — Nitrobenzene is readily absorbed
through the skin and a considerable number of cases
of poisoning — some fatal — have been reported from
wearing shoes which had been colored with dye in
which it was used as a solvent. For references see
Levin (J.A.M.A., 1927, 89, 2176).
In laboratories where nitrobenzene is made, headache, with sleepiness, is not infrequently produced
by inhalation of the fumes ; much more serious poisoning is liable to occur, and there have been a number
of deaths produced by nitrobenzene. The symptoms
may come on almost immediately, or they may be
delayed for some hours. The first symptoms of poisoning are headache, with muscular weakness, and a
peculiar bluish color of the face, and disturbance of
consciousness. In the fully developed poisoning the
whole surface of the body is a deep bluish color, and
the mucous membranes a bluish-gray; the pupils are
dilated; the muscular relaxation is complete, except
that sometimes the jaw is rigidly set ; consciousness is
lost; respiration rapid, but shallow and irregular;
pulse rapid and thready, or entirely absent. The urine
contains urobilin, indican, and acetone. Recovery may
occur after many hours of unconsciousness, the bluishness of the skin and the headache remaining for several hours longer.
The symptoms of nitrobenzene poisoning are due in
part to the action of the poisoning on the nerve centers and in part to its destructive effect upon the
blood. After death the blood is found of a deep,
chocolate-brown color similar to that of methemoglobin but there is some doubt as to whether the
compound formed is methemoglobin or some other
chemical compound as some authorities report a different spectrum from that of methemoglobin. Loeb
and Fitz (Am. J. Med. Sc, 1921, 161, 539) in two
cases of human poisoning found a very striking reduction in the oxygen-carrying power of the blood. Not
only is there change in the chemical composition of
the hemoglobin but also actual destruction of the red
blood cells. The minimum fatal dose is not known;
15 drops, taken by the mouth, have proved fatal.
Treatment. — In the treatment of nitrobenzene poisoning the first thing is to prevent further absorption
by washing out the stomach, or removing the patient
into fresh air, or removing the poison from the skin,
according to the source of its entrance. Oxygen inhalations are of value. Loeb and Fitz reported remarkable results from venesection followed with transfusion of blood. Circulatory and respiratory stimulants such as strychnine and atropine should be used
as required.
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Nitrofurantoin, N.N.R. Furadantin (Eaton).
N-(5-Nitro-2-furfurylidene)-l-aminohydantoin. — Trie
bacteriostatic action of 5-nitro derivatives of furan
has been referred to under the official representative,
nitrofurazone (see in Part I), which is used locally.
Another such derivative is nitrofurantoin, the latter
being employed orally in the treatment of certain infections of the urinary tract. Its synthesis is described
in U. S. Patent 2,610,181. It is a yellow, bitter powder
with a slight odor, practically insoluble in water and
very slightly soluble in alcohol. Being a nitrofuran it
darkens on exposure to light and contact with alkali.
Nitrofurantoin is active against a variety of grampositive and gram-negative organisms; it is bacteriostatic and bactericidal to most strains of Escherichia
coli, Micrococcus (Staphylococcus) pyogenes albus
and aureus, Streptococcus pyogenes, Mrobacter cerogenes and Paracolobactrum species; it is less effective
against Proteus vulgaris, Pseudomonas aeruginosa,
Alcaligenes fcecalis and Corynebacterium species. Nitrofurantoin does not inhibit fungi or viruses.
Nitrofurantoin is used for the treatment, orally, of
bacterial infections of the urinary tract, being indicated in pyelonephritis, pyelitis and cystitis caused
by bacteria sensitive to the drug. Several favorable
reports of its use in such conditions have appeared
(Hasen and Moore, J.A.M.A., 1954, 155, 1470; Carroll and Brennan, J. Urol., 1954, 71, 650; Norfleet
et al., ibid., 1953, 70, 113; Mintzer et al., Antibiot.
Chemother., 1953, 3, 151). About 40 per cent of
ingested nitrofurantoin is excreted unchanged in the
urine; the remainder is apparently catabolized to
inactive brownish compounds that may color the
urine. Negligible amounts of the drug are present in
the feces. Rapid urinary excretion requires that the
drug be administered at intervals of 4 to 6 hours to
maintain effective levels.
The drug has no marked toxic effects. Following
oral administration nausea and emesis sometimes
occur but these untoward effects may generally be
avoided by reducing the dose. Sensitization has occurred on occasion, being evidenced as' a diffuse,
erythematous, maculopapular eruption of the skin
which is controlled by discontinuing the drug. It is
recommended that blood cell studies be made during
therapy until the long-term effects are known: frequent or prolonged therapy with the drug is not advised until more is known about it. The drug is contraindicated when anuria, oliguria or severe renal damage
is present.
Dose. — The usual range of dose of nitrofurantoin
is 5 to 8 mg. per Kg. of body weight daily, one-fourth
this amount being administered, orally, with each
meal and with food at bedtime (to prevent or minimize nausea). For refractory infections, as those due
to Proteus and Pseudomonas species, the daily dosage
may be increased to a maximum of 10 mg. per Kg.
The drug should be administered for at least 3 days
after the urine becomes sterile.
Furadantin is supplied in tablets containing 50 or
100 mg., also as a flavored suspension containing 5
mg. of nitrofurantoin per ml., the latter being preserved with 0.1 per cent of methylparaben.
Nitrohydrochloric Acid, N.F. IX. Acidum Nitrohydrochloricum. Nitromuriatic Acid. Aqua Regia.
— "Nitrohydrochloric Acid is a concentrated aqueous
solution containing hydrochloric acid, nitric acid,
nitrosyl chloride, and chlorine." N.F. IX.
Mix 200 ml. of nitric acid with 800 ml. of hydrochloric acid in a suitable dish or loosely stoppered
container. A slight evolution of gas will continue for
15 hours or more at room temperature; gentle warming will hasten gas evolution. When the reaction is
complete, the liquid is to be mixed to insure uniformity. Note. — Nitrohydrochloric
acid should not
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be dispensed if it does not at once liberate iodine
when 1 drop of it is added to 1 ml. of a 1 in S aqueous solution of potassium iodide. N.F. IX.
The reaction occurring in the preparation of nitrohydrochloric acid is:
HN03 + 3HC1 -» NOC1 + Cl2 + 2H20
The acid is a complex mixture containing, besides
some undecomposed hydrochloric and nitric acids,
varying amounts of nitrosyl chloride, free chlorine
and nitrous acid, according to the age of the mixture
and the conditions under which it has been preserved.
When freshly prepared the acid is deep golden-yellow
to almost orange in color; on standing it becomes a
lemon-yellow and, eventually, almost colorless. As
the therapeutic virtues of the mixture probably reside
large in the nitrosyl chloride and free chlorine only
solutions of a golden-yellow color should be dispensed ;
the acid is preferably prepared at the time of
dispensing.
Nitrohydrochloric acid was known to the ancients
as aqua regia, from its power of dissolving gold; this
action depends on the oxidizing action of chlorine.
Aqua regia cannot be prepared from acids which are
too dilute, since no reaction occurs between them; if,
however, the acids are too concentrated, loss of
chlorine and nitrosyl chloride will occur.
Description. — "Nitrohydrochloric Acid is a yellow,
fuming, and very corrosive liquid; it has a strong
odor of chlorine and is acid to litmus paper, afterward
bleaching it." N.F. IX.
Nitrohydrochloric acid should be kept in a cool,
dark place so as to minimize volatilization of chlorine
or its decomposition by hydrolytic action. Because it
is relatively unstable it should not be prepared in
large quantities. Also, caution should be observed with
regard to stoppering the container; since evolution of
gas may continue for as long as IS hours, according
to the N.F., the container should not be stoppered
tightly until the reaction is complete. The incompatibilities ofthe acid are essentially the same as those
of nitric acid and hydrochloric acid.
Uses. — Nitrohydrochloric acid, like other mineral
acids, is capable of activating pepsin and may be used
in cases of subchlorhydria. In addition, there is considerable evidence that it increases the flow of bile
and is useful in cases of mild cholangitis and other
conditions in which there is deficiency of this secretion in the intestinal tract. There is reason to believe
that its power of increasing the flow of bile is due to
a relaxing of the sphincters of the bile duct and permitting the easier emptying of the gallbladder. It has
therefore been employed in cases of cholecystitis and
has even been asserted to be effective in promoting
the passage of biliary calculi. Beckman (Am. J. Med.
Sc, 1927, 174, 525) reported symptomatic relief in
hay fever from the use of a solution prepared by
diluting 18 ml. of nitrohydrochloric acid to 120 ml.
with water; he administered a teaspoonful of this
dilution in a glass of water four times daily. Similar
doses may be beneficial in the management of calcium phosphate or carbonate stones in the urinary
tract. Formerly it was applied externally either by
sponging or in the form of a local or general bath
but is at present rarely so used.
The best results are obtained from freshly prepared
acid. It should be given well diluted, after meals,
care being exercised to prevent its injuring the teeth.
Diluted Nitrohydrochloric Acid was directed by N.F.
IX to be prepared by mixing 220 ml. of nitrohydrochloric acid with enough distilled water to make 1000
ml. The acid should never be prescribed in combination with strong alcoholic liquids undiluted, as gases
may be generated in sufficient volume to cause explosion.
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The dose of the concentrated acid is 0.2 to 0.3 ml.
(approximately 3 to 5 minims), well diluted. The
formerly official diluted acid has been given in doses
of 0.6 to 1.3 ml. (approximately 10 to 20 minims),
also well diluted.
Storage. — Preserve "in tight containers and avoid
excessive heat." N.F.
Nizin (Burroughs Wellcome). Zinc Sulfanilate.
Zn[C6H4(NH2)S03]2.4H20.— This is intended as an
astringent application or injection in the treatment of
conjunctivitis, trachoma, sluggish ulcers, moist eczemas,
urethritis, vaginitis or cystitis. It is recommended to
be employed in from 0.25 to 0.5 per cent solution, or
as an 0.25 per cent ointment.
Nucleic Acids. — When nucleo proteins, which
make up a large part of the nuclear material of cells
and occur also in cytoplasm, are subjected to progressive hydrolysis the first step involves cleavage into
a protein and a nonprotein component, the latter
called a nucleic (or nucleinic) acid. Nucleic acids, also
called polynucleotides, on further hydrolysis yield
mononucleotides of four different types, each mononucleotide containing a molecule of phosphoric acid,
a molecule of a sugar, and a molecule of a characteristic purine or pyrimidine base in its structure.
When the mononucleotide (usually simply called
nucleotide) is hydrolyzed in the presence of the
enzyme nucleotidase (which is a phosphatase), phosphoric acid is split off, leaving a glycosidic combination of the sugar and purine or pyrimidine base,
which glycoside is specifically designated as a nucleoside. Hydrolysis of the nucleoside, in the presence of
the enzyme nucleosidase, splits the substance finally
into the sugar and the purine or pyrimidine base.
Nucleic acids from all sources, while differing widely
in their complexity, fall into one of two groups, according to the characteristics of the four different
types of mononucleotides each group of nucleic acid
yields. One group is of a type originally derived from
yeast and therefore commonly called yeast nucleic
acid; the other is represented by the nucleic acid first
obtained from the thymus gland and hence known as
thymus nucleic acid. The four mononucleotides obtained by hydrolysis of yeast nucleic acid contain in
common one molecule of the sugar D-ribose and one
molecule of phosphoric acid but differ in the molecule
of purine or pyrimidine base each contains, which is
adenine, guanine, cytosine or uracil, respectively. The
four mononucleotides obtained from thymus nucleic
acid contain in common one molecule of the sugar
D-2-desoxyribose and one molecule of phosphoric acid
but differ in the molecule of the component purine
or pyrimidine base, which in this instance is adenine,
guanine, cytosine or thymine, respectively. Yeast
nucleic acid, sometimes also called plant nucleic acid
from the early belief that it occurred only in plants,
is also present in some animal tissues; the preferred
designation of this acid is ribonucleic or ribose nucleic
acid. Thymus nucleic acid, sometimes called animal
nucleic acid on the assumption it occurred only in
animal tissues, has been found in certain plants; its
preferred name is desoxy ribonucleic or desoxyribose
nucleic acid. The term nuclein has been applied, particularly in the older literature, to the nucleic acids
themselves but more commonly refers to an ill-defined
complex of a nucleic acid with protein.
Commercially nucleic acid is obtained from yeast,
wheat embryo, fish-sperm, thymus gland, etc., by the
action of alkalies or by tryptic digestion; yeast is the
main source. It occurs as an amorphous, white powder, acid in reaction, sparingly soluble in water, but
readily soluble in alkalies, and insoluble in alcohol
or ether.
The introduction of nucleic acid into the system,
whether from the ingestion of food rich in the cellular
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component or from the parenteral absorption, causes
a marked temporary increase in the number of white
blood corpuscles, usually preceded by a leukopenia
of six or eight hours' duration.
This naturally suggested a possible therapeutic value
for increasing body resistance against bacteria. For a
time nucleins were widely used in the treatment of
all sorts of infections as furunculosis, septicemia,
diphtheria, tuberculosis, etc., but they failed to establish themselves as remedial agents of major importance. Larsell and Nokes (J. A. MA., 1928, 90, 75),
prompted by the fact that such well-known hematinics
as bone-marrow and liver are rich in nucleins, studied
the value of sodium nucleate in both experimental
and clinical anemias. Their results indicate that the
nucleic acid compound from liver, at least, has decided power of stimulating blood regeneration whether
given intravenously or by mouth. Certain of the
nucleinates have been used in rheumatism and gout
on the theory that the uric acid exists in the blood in
an easily soluble combination with sodium nucleate.
Pentnucleotide, N.N.R. 1947 (Smith, Kline &
French), is a solution of the hydrolysis products,
specifically the sodium salts of the pentose nucleotides, prepared from the ribonucleic acid of yeast.
Pentnucleotide was formerly employed, intramuscularly, in infectious conditions accompanied by
leukopenia or neutropenia, such as agranulocytosis
(agranulocytic angina, malignant neutropenia, pernicious leukopenia) resulting from the use of aminopyrine, acetanilid, cinchophen, sulfonamides, etc. For
reports of the clinical use of Pentnucleotide see Jackson et al. {Am. J. Med. Sc, 1932, 184, 297; New
Eng. J. Med., 1935, 212, 137; 1939, 220, 729; 1941,
225, 978).
Nucleic acid has been given in doses of 60 to 300
mg. (approximately 1 to 5 grains) ; the sodium salt
has been administered in a dose as high as 2 Gm.
(approximately 30 grains).
Nutgall, NJ. IX. Galla. Galls. Aleppo Galls.
Smyrna Galls. Oak Apples. — "Nutgall is the excrescence obtained from the young twigs of Quercus
infectoria Olivier and other allied species of Quercus
(Fam. Fagacece)." NJ. IX.
Most of the plant outgrowths or excrescences which
are known as "galls" are produced through the agency
of insects. Many of the smaller galls are caused by
mites and a few are due to invasion by nematodes and
fungi. It is now known that in the case of insectproduced galls two factors are essential to gall formation, i.e., the deposition of an egg in or on a plant
tissue capable of growth, and the response of the
plant protoplasm to the stimulating action of a secretion exuded by the insect larva. Among insects,
the gall-flies belonging to the genus Cynips (Fam.
Cynipidce, Order Hymenoptera) take leading rank as
gall-makers. Many of the oaks are attacked by them
and the resulting galls, possessing in high degree the
astringent constituents of these plants, have been employed for various practical purposes. Galls may occur
anywhere on a plant and their form is usually characteristic for each pair of biological agents involved.
The former official article is produced mainly on
Quercus infectoria, or dyer's oak. This is a small tree
or shrub, with a crooked stem, seldom exceeding six
feet in height which grows throughout Asia Minor
from the Archipelago to the confines of Persia.
The gall originates from the deposited egg of the
Cynips tinctoria Olivier, a hymenopterous insect or
gall-fly. The insect pierces the shoots and young
boughs, and deposits its egg in the wound.
It appears that the larva or young insect, after
hatching from the egg, secretes a fluid (probably from
its salivary glands) which contains an enzyme that
changes the starch in the cells immediately
sur-
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rounding it into sugar. By increasing the rate of
change from starch to sugar, it makes more food
available than usual to the growing cells and therefore stimulates the activity of the protoplasm toward
greater cell-division. Accordingly, the gall as well as
the larva withdraws food from the nutritive zone. As
a result there is shrinkage of the central cells, resulting in a central cavity. The insect therein passes
through the larval and pupal stages and finally, upon
becoming an imago or adult fly, escapes by eating its
way out, leaving a tubular canal communicating with
the central cavity. If collected before the imago has
escaped, they are called, from their dark color, blue,
green or black galls. If gathered afterwards, the galls
are lighter in weight and color, more spongy in texture, and are practically worthless. Such galls are
called white galls.
Most of the galls are collected by the peasants of
Asia Minor and Syria, who pursue no systematic
method in gathering them. For discussion of other
kinds of galls see U.S.D., 22nd ed., p. 500.
Description. — "Unground Nutgall is nearly globular,
from 0.8 to 2.5 cm. in diameter, and is tuberculated
on the upper portion, the lower portion being smooth
and contracted on a short stalk. The external color is
moderate brown to weak olive. The fracture of Nutgall is short and horny, the internal color being light
yellowish brown to weak orange. When broken, it
exhibits a slightly radiate structure and a central
cavity occasionally connected by a narrow, radial
canal to the external surface, the cavity sometimes
containing the remains of the insect. Most nutgalls
are dense and sink in water." N.F. IX. For histology
see U.S.D., 24th ed., p. 751.
"Powdered Nutgall is weak yellow in color and has
a slight odor and a strong and persistently astringent
taste. It shows numerous simple and compound starch
grains, the simple grains up to 30 microns in size and
ellipsoidal, spheroidal or polygonal in shape; a few
stone cells with branched pore canals and many with
narrow cavities; occasional fragments of spiral and
reticulate tracheae; tannin masses that dissolve slowly
in water mounts and monoclinic prisms and rosettes
of calcium oxalate up to 40 microns in size." N.F. IX.
Constituents. — Nutgall contains from 50 to 75 per
cent of tannic acid, from 2 to 4 per cent of gallic acid,
with resin, calcium oxalate and starch.
Uses. — Nutgall is used externally for its astringent
effect; it is never employed internally. The ointment
is quite commonly applied in the treatment of hemorrhoids. Nutgall Ointment, N.F. IX, was prepared by
incorporating 200 Gm. of nutgall, in very fine powder, in a mixture of 50 Gm. of wool fat, 50 Gm. of
yellow wax, and 700 Gm. of petrolatum.
Octamethyl Pyrophosphoramide. OMPA.
[(CH3)2N]2(0)P.O.P(0) [N(CH3)2]2.— This substance, chemically identified as bis[bisdimethylaminophosphonous] anhydride, is a colorless, viscous liquid,
with a faint taste resembling that of black pepper; it
is completely soluble in water, also in benzene, acetone
and in many other common organic solvents, notable
exceptions being the paraffinic hydrocarbons. Its
density is 1.137 at 25°, and it boils between 120° and
125° at 0.5 mm. pressure. In dilute aqueous solution,
at room temperature, it hydrolyzes to the extent of
about 10 per cent in six months; the rate of hydrolysis is accelerated slightly by alkalis, markedly
by acids.
Octamethyl pyrophosphoramide is described as a
systemic insecticide, functioning through its absorption by both the roots and leaves of living plants. In
England it is reported to be used to control aphids
in hops; its use on food or fodder crops is not recommended since it is pharmacologically active to a high
degree. The compound may prove useful in con-
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trolling insects attacking ornamental plants, and possibly the cotton aphid ; further experimentation, however, is required to determine its field of usefulness.
Octamethyl pyrophosphoramide is a potent anticholinesterase agent, with selective action on peripheral cholinesterase, this being in contrast to the alkyl
phosphates which possess both central and peripheral
anticholinesterase activity. This selective peripheral
action of OMPA imparts to the substance a potential
advantage over the alkyl phosphates when used for
the treatment of myasthenia gravis, for any toxic
symptoms from OMPA may be more completely controlled with atropine than when this antidote is used
against the alkyl phosphates. This is because atropine
antagonizes only the peripheral effects, and not the
central effects, of anticholinesterase agents. The pharmacology and toxicology of octamethyl pyrophosphoramide have been reported by DuBois et al.
(J. Pharmacol., 1950, 99, 376).
Rider et al. {J.A.M.A., 1951, 145, 967) employed
octamethyl pyrophosphoramide in treating patients
with myasthenia gravis, and found that in some of
them an evenly maintained strength, generally greater
than that obtained with neostigmine, followed administration ofprogressively increased oral doses up
to 9.5 to 18 mg. twice a day. Gregory et al. {Am. J.
Med., 1952, 13, 423) consider the drug to be the most
satisfactory therapeutic preparation they have used in
the management of patients with myasthenia gravis;
they also gave progressively increased doses, up to 14
to 36 mg. per day, the limit being determined by the
appearance of abdominal cramps or diarrhea, which
they consider to be an indication of full therapeutic
effect. Side effects were controlled with belladonna.
The danger of intoxication by overdosage with octamethyl pyrophosphoramide, resulting in a cholinergic
crisis which may closely resemble a myasthenic crisis,
has been cited by Wilson et al. {Ann. Int. Med., 1952,
37, 574). They call attention to the fact that the drug
has a cumulative effect which may produce a degree
of toxicity that in one case in their experience may
have ended fatally if atropine had not been administered immediately. To distinguish between a cholinergic crisis and a myasthenic crisis, they recommend
the therapeutic test of administering 1.2 mg. (approximately Vrso grain) of atropine sulfate intravenously, which should cause rapid and marked improvement in the cholinergic state.
Octyl Nitrite. Ethyl-hexyl Nitrite. — This is a
liquid, boiling at about 120°, which has been suggested as a substitute for amyl nitrite. Krantz and
associates (/. Pharmacol., 1938, 64, 302) found that
the inhalation of 0.2 ml. (approximately 3 minims)
produces in human beings a fall of blood pressure
which reached its maximum in 2 or 3 minutes and
lasted for 5 or 6, and that it causes less methemoglobin
than does amyl nitrite. Freedberg et al. {Am. Heart J.,
1941, 22, 519) found its effect in angina pectoris to
be similar to that of nitroglycerin; Field {Lancet,
1944, 247, 848) reported it to relax the cardia and
produce clinical improvement in children suffering
from achalasia of the cardiac. In both cases the drug
was used by inhalation. Octyl nitrite is available in
the form of Octrite Inhaler (Hynson, Westcott and
Dunning).
Oils. — Broadly classified, three types of substances
are called oils; these are (1) fixed vegetable or animal oils, (2) volatile oils, (3) mineral oils. The lastnamed are hydrocarbons derived from petroleum,
they may be highly volatile or non-volatile, and
always easily distinguishable from fixed vegetable and
animal oils by being unsaponifiable with alkalies. For
a discussion of mineral oils reference should be made
to Liquid Petrolatum, Part I, and to Petroleum,
Part II.
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FIXED orxs
Composition. — Fixed oils of animal or vegetable
origin, often called fatty oils as they are chemically
the same as fats, both consist chiefly of esters of the
trihydric alcohol glycerin with various fatty acids.
If a large proportion of glycerides of the solid, saturated acids is present, the product has a higher melting point and is called a fat; if glycerides of liquid,
unsaturated acids predominate, the substance is liquid
and is referred to as an oil. In the laboratory it is
possible to prepare glycerides in which one, two or
three of the hydroxyl groups of glycerin are esterified,
forming mono-, di-, and triglycerides. In nature only
triglycerides appear to exist; these may be simple
triglycerides, in which the three acid groups in a
molecule of the ester are all alike, or, more frequently,
mixed triglycerides, in which two or three different
acids replace the hydroxyl groups in a molecule of
It may be pointed out here that plant and animal
glycerin.
waxes, frequently discussed in the same category with
oils and fats — and sometimes defined as esters of high
molecular weight monohydric alcohols with fatty
acids — are complex mixtures which may contain free
alcohols, free acids, and hydrocarbons, as well as
esters. For a discussion of these see under the title
Waxes, Part II. Certain solid petroleum hydrocarbons
also are sometimes called waxes.
Most of the fatty acids comprising glycerides may
be classified into several groups according to their degree of saturation. Those of the Saturated or Acetic
Series have the general formula C«H9«02, and include
such important acids as butyric (C4H8O2), caproic
(C6H12O2), caprylic (C8H16O2), capric (C10H20O2),
lauric (C12H24O2), myristic (C14H28O2), palmitic
(C16H32O2), stearic (C18H36O2), arachidic (C20H40O2). The first three members of this series are
liquid at room temperatures, the others are solid; the
former, especially butyric acid, are volatile and more
or less soluble in water.
The unsaturated fatty acids of the Oleic Series have
the general formula CWH272-2O2, each member of
which contains one double bond; it includes such
representative acids as crotonic (C4H6O2), tiglic (C5Hg02), hypogoeic (C16H30O2), oleic (C18H34O2),
erucic (C22H42O2). Of these, only erucic is solid at
room temperature, and it melts at 33.5°. The C;?H2«-4O2 acids include linoleic (C18H32O2) which contains
two double bonds, and tariric (C18H32O2) which
contains one triple bond. The C«H9«-t>02 acids include linolenic and eleostearic (both C18H30O2) each
containing three double bonds, but in different positions in the chain. Acids of a still higher degree of
unsaturation are known.
Other important fatty acids may be considered to
be derived from one or more of the above groups in
the following ways: (1) by the replacement of one or
more atoms of hydrogen in the hydrocarbon chain
with a like number of hydroxyl groups, producing
hydroxy acids, of which ricinoleic (C18H34O3) is the
most important example; (2) by the replacement of
two atoms of hydrogen in the hydrocarbon chain with
oxygen, producing keto acids; (3) by introducing
cyclic structures into the hydrocarbon chain, producing cyclic fatty acids, of which hydnocarpic and
chaulmoogric are particularly important examples.
Naturally occurring fatty acids, with only one or
two exceptions, contain an even number of carbon
atoms; 18 carbon atom acids predominate in the oils
and fats. Particularly common are the simple or
mixed triglycerides of palmitic, stearic, oleic, linoleic,
and linolenic acids; the simple triglycerides are commonly referred to as tripalmitin, tristearin, triolein,
trilinolein and trilinolenin. Triolein, also called simply
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olein, is obtained by expressing the liquid portion of
fats, or chilled non-drying oils, or by extraction of
these with hot alcohol from which solution tristearin
and tripalmitin are first separated by cooling. Triolein
is a colorless to yellowish oily liquid, tasteless and
odorless, solidifying at —4° to —5°; it is insoluble
in water, soluble in chloroform, ether and carbon
tetrachloride, and slightly soluble in cold alcohol. It
is almost always associated with more or less tristearin and tripalmitin. With nitric acid, or with
nitrous acid vapor, it is converted to a deep yellow,
butyraceous mass containing elaidin; after saponification of the product elaidic acid, a stereoisomer of
oleic acid, may be obtained. Tristearin, or stearin,
may be obtained by treating lard, from which the
triolein has been expressed, with cold ether so long as
anything is dissolved. The tripalmitin is thereby dissolved, and tristearin remains as the residue. It is a
white solid, pulverizable, melting first at about 55°,
solidifying on further heating, and melting again at
about 72°. It is insoluble in water; soluble in benzene,
chloroform and hot alcohol; almost insoluble in ether,
petroleum ether and cold alcohol.
Saponification. — Like other esters, oils and fats
may be saponified by alkalies with the production of
glycerin and alkali salts of fatty acids ; the saponification products are water-soluble and ether-insoluble.
However, on shaking an aqueous solution of a
saponified oil or fat with ether it is found that the
latter removes a small amount, usually not over 1 to
2 per cent if the oil is pure, of matter which consists
almost entirely of sterols and high molecular weight
hydrocarbons. Cholesterol is the sterol found in animal oils and fats; its presence serves to identify an
oil or fat as being of animal origin. It was formerly
believed that phytosterol was a single sterol characteristic of plant oils and fats but now it is known
that several closely related sterols are found in the
latter group. Several oils have been found to contain
a small amount of the hydrocarbon squalene, C30H50;
olive oil apparently contains the largest amount — up
to 0.54 per cent (see Analyst, 1939, 64, 354).
Extraction. — Vegetable oils, though existing in
greater or less proportion in various parts of plants,
are mainly derived commercially from the fruit, and,
as a rule, are most abundant in the dicotyledonous
seeds. The general view is that the oil forms an emulsion inside the cytoplasm. The oil may be obtained
either by subjecting the bruised seeds to pressure, by
boiling them in water and skimming off the oil as it
rises to the surface or by extracting with a fat solvent.
When pressure is employed the seeds are sometimes
exposed to moderate heat to render the oil more fluid
so that it will flow out more readily. Among solvents
used for extraction are ether, carbon disulfide, carbon
tetrachloride, and petroleum ether. Fixed oils may be
clarified and decolorized by subsidence; by filtration
through animal charcoal, fuller's earth, kaolin, diatomaceous earth, Japanese acid clay, or bentonite;
cellulose and asbestos pressure filters are often used
and, on the large scale, centrifugal machines are used
for separating mechanical impurities. Some oils are
given a preliminary treatment with phosphoric or sulfuric acid, others are treated with dilute alkali. Steam
treatment, hot-air treatment, and bleaching are other
means employed in refining oils.
Commercially the fixed vegetable oils are often sold
under the designations "summer pressed" and "winter
pressed." Originally these were seasonal designations
indicating the time of extraction of an oil. Oils
pressed during the warmer months contain more dissolved stearin and consequently congeal or deposit
insoluble matter when chilled ; oils pressed during cold
weather, on the other hand, remain transparent at low
temperatures, for which reason the latter are preferred
and also command a higher price. Today "winterized"
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oils are conveniently prepared by subjecting oils to
any desired low temperature treatment.
The extraction of animal oils and fats varies with
the origin of the substances, and generally calls for
greater care, as compared with extraction of vegetable
oils and fats, in maintaining the medicinal virtues of
the oil. For a discussion of the methods employed
reference should be made to individual monographs
(Lard, Cod Liver Oil, Part I).
Physical Properties. — Fixed oils and fats are insoluble in water, but may be emulsified (see Emulsions). They are in general very sparingly soluble in
alcohol, but dissolve readily in ether, chloroform,
carbon tetrachloride, carbon disulfide and other
liquids immiscible with water. Castor oil is notable in
that it is miscible with alcohol in all proportions; this
is attributable to the presence of hydroxyl groups in
glyceryl triricinoleate. Many alkaloids, particularly
if a small amount of oleic acid is added, are soluble
in the oils. Volatile oils, resin and some other proximate principles of plants are dissolved by fixed oils.
With the aid of heat, sulfur and phosphorus are also
soluble in oils.
When oils are strongly heated they decompose,
emitting vapors of acrolein, chemically allyl aldehyde
(CH2:CH.CHO), a highly volatile liquid resulting
from the decomposition of glycerin and easily recognized by its irritant effect on the eyes and nostrils.
Exposed to a red heat, in closed vessels, oils yield,
among other products of destructive distillation, a
large quantity of combustible gases, including ethylene
and acetylene. Heated in the open, oils burn with a
bright flame, producing water and carbon dioxide.
Spontaneous Changes. — The chemical changes
which take place in oils and fats after removal from
their natural sources — changes which ultimately result
in the development of an objectionable odor and
taste — are commonly referred to as rancidification.
Development of rancidity may be the result of several different kinds of chemical reactions, including
hydrolysis of glycerides to fatty acids and glycerin
(or a di- or mono-glyceride), oxidation of saturated
fatty acids with production of ketones (so-called
beta-oxidation) and oxidation at the double bonds of
unsaturated glycerides or fatty acids. The first type
of reaction, sometimes referred to as hydrolytic
rancidification, is caused by exposure of oils and fats
to moisture in the presence of fat-splitting (lipolytic)
enzymes. The two other types of reaction are called
oxidative rancidification. Of these, the process of
ketone formation in saturated acids is not as common
as that of oxidation at the double bonds; the former
is, apparently, the result of the operation of a peroxidase-type of enzyme present in molds possibly
introduced in the casks in which oils are stored. Oxidation of unsaturated glycerides or fatty acids is the
most common form of rancidification. In this type of
oxidation the first products are peroxides or hydroperoxides, which change eventually to a variety of
substances of several different chemical types. The
final products found in rancid oils or fats may include
various aldehydes, ketones, lactones, hydroxy acids,
hydroxy-keto acids, other acids of smaller molecular
weight than those present originally, alcohols, carbon
dioxide, and water. Light, heat, moisture, enzymes,
and metals are variables which determine whether or
not rancidification will occur, and to what extent.
The available evidence suggests that there is an
"induction period" of varying length of time before
combination with atmospheric oxygen proceeds to a
measurable extent. During this period the peroxides
and hydroperoxides gradually accumulate; the appearance of a rancid odor marks the end of the induction period and the beginning of relatively rapid
deterioration. Highly refined fats and oils have a
very short induction period, as compared with un-
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refined samples. The enhanced stability of the latter
is attributed to the presence of small amounts of nonfatty substances, such as the tocopherols, which delay
oxidation; these antioxidants, as they are known, are
largely removed in the process of purification.
The taste and odor of oils are usually sufficient
tests of the development of rancidity. Formerly a
number of chemical tests were employed to determine
the extent to which deterioration had occurred; these
tests usually involved reactions for estimating aldehydes present in rancid oils and fats. One of the most
popular of these tests was that of Kreis, in which an
ether solution of phloroglucinol reacted with the
aldehydes, in the presence of hydrochloric acid, to
produce a pink color, the intensity of which was proportional to the concentration of aldehyde and a
measure of the degree of rancidity of the sample. It
is, however, more important to know how soon an
oil or fat is likely to develop rancidity. Of the tests
which have been proposed to determine the stability
of an oil or fat the most commonly employed is one
measuring the concentration of peroxides by determining the amount of iodine which these substances
liberate from an acidified solution of an iodide. A
number of variants of this test are in use. The Swift
stability test, for example, measures the time required
to aerate a sample of oil or fat, maintained at 97.7°,
to a predetermined peroxide level, the time being
proportional to the keeping quality cf the sample.
Such a test, or other similar ones, may be used in
studying the efficacy of antioxidants which are sometimes added to highlv refined oils to enhance their
stability. Golden (/. A. Ph. A., 1951, 40, 119) proposed a method for determining oil and fat stability
in which ferrous thiocyanate is used to test for peroxides, a pink to dark orange or red color, depending
upon the concentration of peroxides present, being
produced. This test is claimed to be more rapid, and
capable of greater reproducibility, than others used
for determining peroxides.
Preservatives. — Protection of oils and fats against
development of rancidity is important. Complete exclusion of air, light and moisture, and heat destruction of the enzyme are ideal methods of preventing
rancidity. In many instances, however, these precautions are impossible. A variety of substances has been
used to inhibit or prevent occurrence of rancidity.
Siam benzoin dispersed in fats is well known to preserve them for a long time against rancidity, and lard
benzoinated by extracting one per cent of Siam
benzoin with the melted lard is officially recognized.
The buds of the poplar (Populus nigra) are also used;
according to Deschamps, lard impregnated with it
will keep indefinitely. In the French Codex poplar
buds are employed in the Potnmade aux Bourgeons de
Peuplier, in which 8 parts of the dried buds are used
with 40 parts of the ointment.
Most preservatives act as antioxidants. Many
phenolic substances inhibit, even when present in relatively low concentrations, the autoxidation of fats.
In general the most effective phenols are those which
have some type of oxygen linkage in the ortho or para
position or both to the hydroxyl groups (Daubert,
/. A. Ph. A., 1944, 33, 323). Compounds of this
nature, particularly the quinones and the tocopherols,
have been extensively studied for their antioxidant
properties. The role of the antioxidant seems to be
related to its ability to combine with the active peroxide molecules formed during oxidative rancidification. N ordihydroguaiaretic acid, (HO^CeHsCHoCH(CH3)CH(CH3)CH2C6H3(OH)2, often referred to
as NDGA, which occurs in the resinous exudates of
many plants and has also been synthesized, is a useful
antioxidant, especially in the presence of ascorbic acid ;
its use in lard (q.v.) is permitted. Gum guaiac also
possesses antioxidant properties, presumably due to
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its content of guaiaretic acid. Other substances found
to possess antioxidant activity include maleic acid,
fumaric acid and their esters, L-ascorbic and D-isoascorbic acid fatty acid monoesters, S-pentadecylresorcinol, gallic acid and n-propyl gallate, the last
having been especially recommended by Boehm and
Williams (Phartn. J., 1943, 151, 53) as an antioxidant for animal and vegetable oils and fats to be
used in pharmaceutical preparations. Many natural
products, including oils and fats themselves, contain
antioxidants; for example, the tocopherols mentioned
above, and maize and oat flours are in this category.
Daubert (loc. cit.) lists a number of antioxidants
which have been recently patented.
"Drying" of Oils. — Another type of spontaneous
change is evidenced by some fixed oils. On exposure
to air they absorb oxygen, producing an elastic film;
this property is made use of in the manufacture of
paints. Such oils, which are composed chiefly of the
glycerides of linoleic and linolenic acids, are designated drying oils. Examples of drying oils are linseed,
hempseed, poppyseed and sunflower. In contrast with
these oils are the so-called non-drying oils which may
thicken on exposure to air but do not dry; examples
of this class include olive, almond, arachis and tea
seed oils. The principal constituent of non-drying oils
is triolein. Intermediate between the two classes are
the semi-drying oils; these contain linoleic acid
glyceride but no linolenic acid glyceride, and their
drying properties are midway between non-drying
and drying oils. Examples of this last class include
oils from cottonseed, sesame, croton, and rapeseed.
Derivatives of Fixed Oils. Hardened Oils. — By
passing hydrogen through fixed oils heated to a temperature of 160° to 200°, in the presence of a suitable
catalyst such as finely divided nickel or palladium,
the unsaturated glycerides are more or less completely
converted to saturated glycerides which are solid at
room temperatures. The resulting products are very
stable, are often almost indistinguishable from genuine
fats, and are much employed for culinary purposes.
Even so odorous a substance as fish oil may be converted to an odorless fat. The detection of such
hydrogenated oils when used as adulterants of butter
and lard has been the subject of considerable chemical
study.
Sulfated Oils. — A comparatively new development
in oil technology has been the preparation of sulfated,
sometimes incorrectly called sulfonated, oils. These
are obtained by reacting sulfuric acid with oil, keeping the temperature from rising excessively by chilling
the reaction mixture. After the reaction is completed
the oil is washed and neutralized with alkali.
Any animal or vegetable oil which contains an
ethylene linkage or is hydroxylated is capable of such
reaction with sulfuric acid. In the former case the
sulfuric acid molecule adds on to the double bond, in
the latter case the hydroxyl group reacts with sulfuric
acid with formation of water. In both cases the linkage of acid to the glyceride molecule is through
oxygen and not through sulfur, for which reason the
products are to be considered as sulfates rather than
sulfonates (where the carbon and sulfur are joined
directly).
The degree of sulfation of oils may vary. A completely sulfated oil is one which has reacted with the
maximum amount of sulfuric acid. Such oils are entirely soluble in water and generally have high solvent
action on both fixed and volatile oils. Oils which are
incompletely sulfated are incompletely soluble in, or
miscible with, water.
Sulfated oils are used in the manufacture of soapless
shampoos, shaving creams, bath oils, permanent wave
oils, soluble perfume compositions, solvents for fixed
and volatile oils, etc. (see also Surface Active Agents,
Part II). Gershenfeld and Witlin {Am. J. Phartn.,
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1939, 111, 314) have shown that coal tar and phenolic
disinfectants may be made water-miscible by mixing
with 50 per cent sulfated castor oil. A sulfated hydrogenated castor oil was formerly official in the
National Formulary (see Hydroxy stearin Sulfate, in
Part II) ; it was used in ointment formulations.
Ozonized Oils. — By action of ozone on oils an addition product of the ozonide type is produced. Such
oils have had some popularity because when applied
to infected areas they release nascent oxygen which
possesses bactericidal action.
Medicinal Uses. — Fixed oik are therapeutically
useful chiefly because of their power of softening the
keratin layer of the skin. By rendering the skin pliable
they tend to prevent cracking of the epiderm and to
lessen desquamation. They are also of value in skin
diseases by forming a protective covering and to hold
other medicaments to the skin. It was formerly believed that fats were capable of carrying drugs through
the skin for subcutaneous absorption but the most
recent studies on this point indicate such powers are
limited (see under Ointments) .
The unsaturated /atty acids are more or less irritant
to the mucous membrane of the alimentary canal and,
as the oils are hydrolyzed in the intestines, they may
exert a laxative effect. This cathartic action may be
very mild, as with linseed oil, or well marked as with
castor oil.
VOLATILE

OILS

Volatile oils are sometimes called distilled oils, from
the process by which they are usually prepared ; sometimes essential oils, from the fact that they possess, in
a concentrated state, the organoleptic properties of
the plants from which they are derived. The word
essence is used in some countries to designate volatile
oils, but in America this term is commonly applied
to alcoholic solutions of volatile oils, properly called
spirits. The term cetherolea {ethereal oils) has been
used in some countries to distinguish naturally occurring volatile oils from those which are produced by
chemical decomposition, at elevated temperatures
(pyrolysis), which are given the collective name
pyrolea (empyreumatic oils).
Volatile oils have been found in about 87 families
of seed plants. They exist in most odoriferous vegetable tissues, sometimes pervading the plant, sometimes confined to a single part; in some instances
contained in distinct secretory cells, internal glands or
in secretion reservoirs, and partially retained after
desiccation, in others formed in external glands, upon
the surface, as in many flowers, and exhaled as soon
as formed. Occasionally quite distinct oils are found
in different parts of the same plant. Thus, the orange
tree produces one oil in its leaves, another in its flowers, and a third in the rind of its fruit. In a few instances, when existing in distinct cells, they may be
obtained by pressure, as from the rind of the lemon
and orange ; but they are generally obtained by steam
distillation. Some volatile oils, as those of bitter
almond and mustard, do not preexist in the plant tissues but are produced by enzymatic hydrolysis of
certain constituents in the presence of moisture. (See
these oils for further details.)
Constitution. — Volatile oils generally contain hydrocarbons, although with these are frequently associated alcohols, esters, aldehydes, ketones, phenols,
ethers, and nitrogen or sulfur compounds. Certain of
the solid oxygenated principles of volatile oils are
sometimes called camphors. The hydrocarbons are
usually of the variety designated terpenes, from turpentine oil, which is representative of the type.
Terpenes have a composition which may be represented as (C5H8)/?, which n is generally 2 or more.
Under the name terpeneless volatile oils products from
which the non-fragrant hydrocarbons have been re-

moved are offered on the market especially for use in
perfumery and in the manufacture of flavoring extracts; they are undoubtedly superior to ordinary
volatile oils in odor and concentration of characteristic constituents, but are not necessarily medicinally
equivalent. Such oils may be prepared by fractional
distillation or by the process of counter-current extraction with two immiscible solvents, one polar in
character (such as methanol or ethanol) which dissolves the desired constituent, the other nonpolar
(such as liquid petrolatum or lower aliphatic hydrocarbons) which dissolves the hydrocarbon constituents. The solvents may then be separated from the
dissolved constituents by any suitable means, as distillation, rectification, freezing-out, salting-out, chemical action, or by a combination of these methods
(for details see Perf. Ess. Oil Rec, 1937, 28, 444).
Such terpeneless oils are generally more stable, have
a finer odor, and also are more soluble in water and
in alcohol than the volatile oils from which they are
obtained.
Terpenes may be classified according to the number
of C5H8 (so-called isoprene) units represented, as
follows: Hemiterpenes, CsHs; terpenes (here the
term is used specifically), CioHio; sesquiterpenes,
C15H24; diterpenes, C20H32; triterpenes, C30H48;
polyter penes, (CsHs)/?. Isoprene, C5H8, the only
hemiterpene,
is not a constituent, as such, of volatile
oils.
Terpenes, of the formula C10H16, representing the
condensation of two isoprene (CsHs) units, are the
most common: they may in turn be divided into
three groups (a) the acyclic terpenes, including
myrcene and ocimene; (b) the monocyclic terpenes,
represented by isolimonene, limonene, a-phellandrene,
ft-phellandrene, a-terpinene, y-terpinene, and terpinolene; (c) the dicyclic terpenes, including camphene,
the carenes, a-pinene, ft-pinene, sabinene and
a-thujene.
Sesquiterpenes, of the formula C15H24, representing
the condensation of three isoprene units, are also
widely distributed but, in general, are not so well
known. Many different structures, ranging from that
of an acyclic hydrocarbon with four double bonds
through cyclic compounds having as many as four
rings, are possible, though not all have been found
naturally. Representatives of this group include
bisabolene, cadinene, caryophyllene, cedrene, santalene,
and zingiberene.
Terpenes representing the condensation of more
than three isoprene units are known to exist in volatile
oils but their exact structures are not generally known.
In addition to the hydrocarbons mentioned above,
volatile oils have been found to contain other aliphatic and aromatic hydrocarbons. Some oils deposit
solids, called stearoptens, which are paraffin hydrocarbons. The oil of Pinus sabiniana is almost entirely
n-heptane. The saturated hydrocarbon triacontane,
C30H62, has been found in a few cases. Of the olefin
series, octylene has been found in oils of bergamot
and lemon. Aromatic hydrocarbons occurring in oils
include cymene, C10H14, obtained from many volatile
oils; styrene, CsHs, from storax oil; benzene, toluene,
the xylenes, and naphthalene, all occasionally found
in oils.
The terpenes in general are practically insoluble in
water, but soluble in alcohol, ether, chloroform,
benzene, petroleum benzin, and the fixed and volatile
oils. For a comprehensive discussion of terpenes and
their derivatives reference should be made to the
excellent work of Simonsen, The Terpenes, 2 vols.,
2nd ed., 1947.
Many volatile oils, however, owe their essential
character and their value to the presence of derivatives of hydrocarbons, such as alcohols, esters, aldehydes, ketones, phenols, and phenol ethers. Since
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terpene hydrocarbons are the predominant hydrocarbons, itis not surprising that many terpene derivatives are important constituents of volatile oils.
To add to the confusion arising from the use of the
term terpene as a generic name for all hydrocarbons
having the composition represented by (CsHs)/? and
as a specific name for those hydrocarbons in which
n is 2, it is common to refer to derivatives of all of
these compounds simply as terpenes.
Among the alcohols found in volatile oils are amyl
alcohol, benzyl alcohol, borneol, butyl alcohol, cinnamic alcohol, citronellol, geraniol, linalool, menthol,
octyl alcohol, phenylethyl alcohol, santalol, and terpineol. Typical esters in volatile oils are amyl salicylate, benzyl benzoate, bornyl acetate, cinnamyl cinnamate, citronellyl acetate, ethyl benzoate, geranyl
formate, menthyl isovalerate, methyl salicylate, and
terpinyl acetate. The corresponding free acids, and
many others, have been found in volatile oils. Important aldehydes include anisaldehyde, benzaldehyde,
cinnamaldehyde, citral, citronellal, and salicylaldehyde.
In the class of ketones found in volatile oils are
camphor, carvone, fenchone, methyl-nonyl-ketone,
pulegone, and thujone. Representative phenols are
carvacrol, chavicol, and thymol, while phenol ethers
are exemplified by anethole, eugenol, and safrol. In
addition to these important classes of compounds
there are also such substances as eucalyptol, which
is an inner ether or anhydride; ascaridole, which is
a peroxide ; di-allyl disulfide, a sulfur-containing compound; allyl isothiocyanate, a substance containing
both sulfur and nitrogen.
Properties. — Volatile oils are usually colorless when
freshly distilled, or at most yellowish, but some are
brown, red, green, or blue. There is reason, however,
to believe that in most instances the color depends
on foreign matter dissolved in the oils. The blue color
of oils appears to be attributable to the presence of
azulene, a dicyclic hydrocarbon identified as cyclopentacycloheptene, CioHsVolatile oils have a strong odor, resembling that
of the plants from which they are obtained, though
generally less agreeable. Their taste is generally hot
and pungent, though when diluted it is often aromatic. Most oils are lighter than water, though some
are heavier; their specific gravity varies from about
0.84 to 1.18. They vaporize at ordinary temperatures,
and are completely volatilized by gentle heating. When
distilled alone, they nearly always undergo partial
decomposition. Many oils are optically active, and
use may sometimes be made of this property to detect
adulterations of oils. The refractive index is another
physical constant that is useful in analytical control
of oils. Exposed to air at ordinary temperatures, some
oils absorb oxygen, become deeper in color, increase
in viscosity and change their odor, the terpenes acquiring a turpentine-like odor; certain of the oils ultimately become resin-like. This change takes place
most rapidly under the influence of light.
Volatile oils are slightly soluble in water. Trituration of volatile oils with insoluble powders, as talc,
kieselguhr, etc., facilitates saturation of water by an
oil (see Aromatic Waters). The use of sugar increases
their solubility in water and affords a convenient
method of preparing them for internal use. The hydrocarbon oils are but very slightly soluble in diluted
alcohol; according to De Saussure, the solubility of
volatile oils in this medium is generally in proportion
to the oxygen they contain. Volatile oils dissolve
sulfur and phosphorus on heating, but deposit them
on cooling. On prolonged boiling with sulfur they form
brown, unctuous, fetid substances, formerly called
balsams of sulfur. Volatile oils dissolve many of the
proximate principles of plant and animal tissues, such
as fixed oils and fats, resins, camphor, and many
alkaloidal bases.
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Manufacture. — The plant tissues from which volatile oils are obtained may be employed in either the
recent or the dried state. Certain flowers, however,
such as orange flowers and roses, must be used fresh,
or preserved with salt or by means of glycerin, as
they yield little or no oil after desiccation. Most
aromatic herbs, as peppermint, spearmint, pennyroyal, and marjoram, likewise should be fresh when
subjected to distillation. Dried tissues, properly comminuted, should first be macerated with water.
Most volatile oils may be separated by steam distillation, with precautions being observed to prevent
injury to the drug by excessive localized heating; the
oil forms a separate phase in the distillate. Where the
yield of oil is small the aqueous phase of the distillate
may be returned to the still for further distillation;
this process, known as cohobation, results in the recovery of part of the oil dissolved in the original
aqueous distillate.
Certain volatile oils may be distilled directly from
the plants without the use of water. This is done in
certain oleoresins, such as copaiba oil, water not being
required in the process and always being difficult to
separate from the volatile oil.
The process of expression of volatile oils is limited
in its application. Volatile oils of the citrus family
(bergamot, lemon, lime and orange) are frequently
made by expressing the rind of the fresh fruit. Three
methods are practiced: (a), the sponge process;
(b), the ecuelle method; and (c), the machine process.
In the sponge process the rind is removed from the
fruit, dipped in water and pressed by the hand containing a sponge. In the ecuelle method the whole
fruit is rolled around in hollow bowls, the walls of
which are covered with spikes which puncture the
oil cells. In the machine process either the sponge or
the ecuelle method is adapted to machines which
perform the operations on a larger scale.
Some volatile oils are extracted from plants by
percolation with an immiscible solvent, which is subsequently removed.
Enfleurage. — This term is applied by the French to
the impregnation of fixed oils and fatty matters with
the odors of certain sweet-scented plants, such as
jasmine, tuberose, and mignonette, the oils of which
are so delicate and fugitive that they cannot well be
separated by distillation. The process consists in exposing the fatty matter, placed in layers, in suitable
frames, to the exhalations from the flowers, which are
absorbed, and give their characteristic odor to the fat.
The oil may then be removed from the fat by extraction with a solvent such as alcohol. Another plan is
to expose alternate layers of the flowers, and of cotton
impregnated with bland fixed oil, to the sun, and
afterwards to express the oil from the cotton.
Preservation. — Volatile oils may be preserved without change in small, well-stoppered, light-resistant
bottles, entirely filled with the oil, from which air is
preferably excluded.
It is said that volatile oils which resinify and assume
a turpentine odor, can be kept indefinitely by adding
sodium bisulfite in the proportion of 50 grains to
1 pound of oil (Pract. Drug., 1920, 39, 36).
Uses. — While substances differing so widely in their
source and in their chemical composition must manifestly exercise dissimilar effects upon the body, there
are certain properties common to many of the volatile
oils. Practically all of the official volatile oils are more
or less irritant; some of them only feebly so and
some very actively so. By virtue of this action when
taken into the intestinal tract they excite peristalsis
and are therefore used for the expulsion of flatus in
colic as well as to enhance the effect of cathartic
drugs. Although the direct action of the volatile oils
upon muscle tissue, as observed by Gunn (J. Pharmacol., 1920, 16, 39), is to relax rather than stimulate,
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Plant (ibid., 1920, 16, 311) demonstrated that when
applied to the mucous membrane of the intestines,
they increase both tone and peristaltic contraction.
That these effects are due to action upon the sensory
nerve endings is strongly indicated by the fact that
they are abolished by local application of cocaine.
Plant found considerable variation in the carminative
power of the volatile oils, the most powerful investigated by him including mustard, cinnamon, peppermint and clove. In a later paper (ibid., 1926, 27,
149) he stated that when the oils are given by mouth
there is an increase of intestinal movement before
the oil has reached the intestines, which would indicate there is also a reflex factor involved. Van Liere
and Northrup (ibid., 1942, 76, 38), however, in experiments with peppermint oil on men were unable
to find any evidence of change in the emptying time
of the stomach. It is probably due also to a local
irritant effect that their uses as expectorants, diaphoretics, and diuretics are to be attributed.
Many volatile oils are powerful germicides and
nearlv all of them are more or less antiseptic. Rideal
(Per'f. Ess.1931,
Oil Rec,
1930, 21,
Miller approxi(Am. J.
Pharm.,
103, 324),
give341)
the and
following
mate phenol coefficients (against the typhoid bacillus)
of some of the important constituents of the volatile
oils: Anethole 1, cinnamaldehyde 5, citral 5, eucalyptol 2, eugenol 9, geraniol 7, menthol (natural) 5,
methyl salicylate 2, safrol 1, santalol 0-1, thymol 25.
For studies of the effect of volatile oils on the tubercle
bacillus see Alleweis (Ztschr. Infektionskr., 1940, 122,
383).
Myers (JAMA., 1927, 89, 1834) reported on the
fungicidal action of the volatile oik, which is not
always parallel to their bactericidal power. He found
the following to be potent (in order of their efficiency)Thymol,
:
carvacrol, mustard oil, cinnamon oil,
clove oil. Turpentine oils, eucalyptol, camphor, menthol, methyl salicylate and anise oil have some, but
much weaker, fungicidal action.
While the cost of the volatile oils precludes their
use for routine disinfectant purposes, for some purposes they may be valuable agents; thus, they are
employed for their antibacterial properties in the
mouth and nose. Morel and Rochaix (Compt. rend,
soc. biol., 1921, 85, 861) found that the vapors given
off at a temperature of 37° by some of the volatile
oils had a feeble germicidal effect, but that none but
the most sensitive bacteria were killed and these only
after several hours.
Toxicology.— Macht (JAMA., 1938, 110, 409)
observed that not only are the volatile oils capable
of being rapidly absorbed through the skin, and in
sufficient dose to cause serious poisoning, but also that
alcoholic solutions of some of them will earn- various
drugs — including alkaloids, thallium acetate and insulin— through the skin in sufficient quantities to
exert physiological actions.
The studies of Craig (Archives of Disease in Childhood, 1953, 28, 475) indicate that volatile oils as a
group head the morbidity and mortality lists for accidental poisoning in childhood. Of 454 deaths from
accidental poisoning in childhood in Great Britain
during a 20-year period, 54 were caused by ingestion
of volatile oils; of these 36 were caused by methyl
salicylate, 12 by camphor, 2 by turpentine oil. 1 by
eucalyptus oil. 3 by other oils. Camphorated oil and
turpentine oil, however, are the ones most commonly
ingested. Treatment consists of gastric lavage with
warm water as soon as possible followed by starch
solution or other demulcent. Body temperature should
be maintained and any abnormalities in fluid or electrolyte balance corrected.
Ointments. — Fr. Pommades. Ger. SaJben. It. Unguenti; Pomate. Sp. Pomadas. — Ointments are semi-
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solid preparations, of proper consistence, intended for
application to the skin by inunction ; they usually
contain one or more medicinal agents. The bases employed as vehicles for ointments are commonly prepared from one or more of the following substances:
solid or liquid hydrocarbons, fats, animal or vegetable
oils, waxes, certain alcohols and organic acids of high
molecular weight, various synthetic esters, alcoholethers, and soaps; more or less water may be incorporated in some of these bases, forming a water-in-oil
or an oil-in-water emulsion base. Moreover, certain
hydrophilic colloids, as sodium alginate, bentonite,
and silica gel, may be hydrated to provide a semisolid vehicle which is sometimes suitable as an ointment base.
Formerly it was believed that ointments should be
composed of a petrolatum or fatty base in order to
effect greater penetration. In recent years, however,
it has become apparent that such ointments are
objectionable in the treatment of wounds because the
aqueous serous discharge provides a barrier which
prevents medication from reaching the diseased tissue
while the greasy base prevents the aqueous fluid from
finding an exit. A further objection of grease-base
ointments is that they prevent escape of heat from
inflamed areas. To overcome these disadvantages
there have been developed various bases, besides the
naturally occurring wool fat, which will absorb water ;
these are commonly referred to as absorption bases and
are represented in the U.S.P. by Hydrophilic Petrolatum, which forms with water a water-in-oil emulsion, and by Rose Water Ointment and Petrolatum
Rose Water Ointment, both of which are water-in-oil
emulsions but which permit incorporation of a limited
additional amount of water. Another type of ointment
base is the water-removable or water-washable base
which will absorb water and, since they are oil-inwater emulsions, may be removed by washing with
water; Hydrophilic Ointment is the U.S.P. example
of this class. Still another type of base is commonly
designated as a water-soluble base, this containing no
greasy component, and being prepared only from substances which are soluble in water; Polyethylene
Glycol Ointment is the official representative of this
type of ointment. The hundreds of formulas for ointment bases, of various types, which have been recommended in the literature serve but to illustrate the
complexity of the problem of selecting a base suitable
for the particular affliction being treated and the
medicament being employed. In the following section
some of the fundamentls of therapy with ointments
are considered; for further information the standard
books on dermatology should be consulted.
Uses. — The choice of an ointment base will in general vary according to the purpose for which the ointment is to be used. Ointments may be used for three
purposes: (1) for dermatologic therapy; (2) to carry
drugs into the true skin or subcutaneous tissues for
antiseptic or anesthetic effect; (3) to introduce medicinal agents into the circulation.
Dermatologic Therapy. — In this category ointments
may be used for (1) lubrication and softening of the
skin; (2) as vehicles in which to incorporate drugs
required for treatment of skin diseases; (3) as protective barriers to prevent contact of the surface of
the skin with irritating agents and to reduce heat loss.
Oleaginous vehicles when spread well are occlusive,
do not afford great penetration of medicaments incorporated in them, and are difficultly removed by
washing. In local therapy they are desirable (1) to
retain heat in diffuse chronic dermatoses such as exfoliative dermatitis, (2) to treat psoriasis, and (3) as
a medium for incorporation of antibiotics. Sulzberger
and Baer ( Year Book of Dermatology and Syphilology, 1951) indicate some of the pitfalls in indis-
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criminate use of ointment bases of the greasy type.
Thus, a greasy base may be poorly tolerated even
though the skin may appear to be dry and need oil,
as in some types of eczematous processes. It often
occurs that when a patient does not do well with a
greasy or oily base use of a less greasy or less occlusive
ointment vehicle proves satisfactory. Occlusive oily
preparations may significantly obstruct the normal
passage of sebum and sweat to and from the skin,
thereby retarding heat and fluid loss; pilomotor and
vasomotor responses may be disturbed, thus producing or increasing itching and other undesirable cutaneous sensations.
Following application of an emulsion type base the
volatile portion evaporates and leaves the oily phase
on the skin; the vehicle action is essentially no different than if the oil and emulsifying agent had been
applied. However, emulsion type bases are advantageous for local application in being cosmetically
acceptable, in providing a cooling effect when the
water phase evaporates, in leaving only a thin film of
oil on the skin, in flowing more freely than the oils
from which they are made, and in permitting uniform
distribution of a solid unctuous material. The oily
phase of an emulsion is not occlusive when applied
to the skin but after evaporation of the water phase
it may be. Regardless of whether the emulsion applied
is of the water-in-oil or oil-in-water type the water
eventually evaporates and leaves the oily phase containing any incorporated medicament. When watersoluble medication has been incorporated in the emulsion the final result is a crystalline dispersion of the
drug in the oil phase, even though originally a molecular dispersion of the drug in the water phase was
present and again regardless of whether the emulsion
base is of the water-in-oil or oil-in-water type. In
the case of an oil-soluble medicament the end result
is a molecular dispersion of the drug in the oil phase,
irrespective of the emulsion type.
In the water-in-oil type of base the droplets of
water constitute the discontinuous, internal or dispersed phase, these being dispersed in the external
phase or continuous medium of oil. It would appear,
on the basis of recent studies, that this type of base
is indicated (1) for lubrication, especially of dry skin,
(2) for penetration, (3) to prevent heat loss, as in
widespread eczema, (4) to incorporate antibiotics,
providing greater stability than in an oil-in-water
emulsion, (5) in the treatment of psoriasis, and
(6) for softening and maceration in hyperkeratotic
dermatoses and in scalp disorders. Water-in-oil emulsions may have occlusive action on the skin surface,
suppress evaporation, and cause swelling of the horn}'
cells; this may allow penetration of incorporated
drugs. Water-in-oil bases include Aquaphor (Duke),
Eucerine (Duke), Nivea (Duke), Lubriderm (Texas
Pharmacal) , Hydrosorb (Abbott), Plastibase (Squibb),
Poly sorb (Fougera), Domolene (Dome Chemical),
Velvachol (Texas Pharmacal) and Qualatum (Almay).
In the oil-in-water type of base the oil droplets
constitute the internal, dispersed or discontinuous
phase, being dispersed in water, which is the continuous or external phase. This type of base is indicated when penetration is desired, and when lack of
greasiness to the touch and water-washability are
important ; it is the preferred type cosmetically. Penetration isfacilitated by effecting a close contact with
epidermal cells. Oil-in-water emulsions are desirable
for scalp application, being easily washed out of the
hair. On the other hand Sulzberger finds them disadvantagous in not softening scale and crust as do
lubricating agents, and in their tendency to irritate
dry skin. Oil-in-water emulsion bases include Neobase
(Burroughs-Wellcome), Vnibase (Parke, Davis),
Emulsion
Base
(Almay),
Dermabase
(Marcelle),
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Cetaphil (Texas Pharmacal), Multibase (Ar-Ex),
Vanibase (Warren-Teed), and Solucream
(Lascoff).
Other Uses. — It becomes increasingly apparent that
a number of factors are involved in determining the
efficacy of an ointment base. Where the utility of an
ointment depends on its carrying drugs into the true
skin or subcutaneous tissues for antiseptic or anesthetic action, or to introduce drugs into the circulation, it is obvious that penetration is of prime importance. Ithas been pointed out that emulsion bases
generally increase the degree of penetration; watersoluble bases are likewise prone to enhance penetration. On the other hand the type of medicinal agent
employed also determines the degree of penetration.
Furthermore, the site of application, the state of the
skin (whether normal or injured), and the method
of application are still other variables which influence
the extent of penetration and absorption. It is, therefore, impossible to make generalizations, other than
those mentioned above, as to the most satisfactory
bases to use for specific medicinal agents. The various
official ointments indicate the current choice of base,
which may or may not be the most effective one to
use; it is in the investigation of the suitability of
various bases for a given medicament under usual
conditions of usage that one of the most fertile areas
of dermatologic research may be found.
Oleoresins. — The oleoresins, as a class of preparations, were introduced into the U.S.P. at the revision of 1860, having been previously classed with
the fluidextracts. The U.S.P. XV has admitted only
Aspidium Oleoresin, while the N.F. X recognizes
officially Capsicum Oleoresin, and Ginger Oleoresin.
A characteristic of oleoresins is that they consist of
principles which, when extracted by ether, alcohol, or
acetone, retain a liquid or semi-liquid state upon
evaporation of the menstruum. They consist chiefly,
as their name implies, of oil, either fixed or volatile,
holding resin and sometimes other active matter in
solution. Their preparation is simple, consisting in the
exhaustion of the drug with a volatile solvent — such
as ether, acetone or alcohol — by percolation, and subsequent evaporation of the menstruum.
Oleyl Alcohol, N.F. IX. Alcohol Oleylicum.
Ocenol KD (Du Pont de Nemours). CH3(CH2)7CH=CH(CH2)7CH2OH.— "Oleyl Alcohol is a mixture of aliphatic alcohols consisting chiefly of CisH360." AT.F. IX.
Oleyl alcohol is the alcohol obtained by reducing
oleic acid, as by hydrogenation of the acid in the presence of a suitable catalyst.
Description. — "Oleyl Alcohol is a pale yellow liquid.
It has a faint, characteristic odor and a bland, mild
taste. When strongly heated in air, Oleyl Alcohol is
decomposed with the product of acrid vapors. The
specific gravity of Oleyl Alcohol is about 0.850. Oleyl
Alcohol dissolves in alcohol and in ether, the solubility increasing with an increase in temperature. It is
insoluble in water. Oleyl Alcohol melts between 13°
and 19°." N.F. IX.
Uses. — Oleyl alcohol is a useful emulsifying aid, its
hydroxyl group being oriented toward the aqueous
phase and its aliphatic chain dissolving in the oil or
fat phase of emulsions to enhance the action of other
emulsifiers in oil and water systems. It is itself not an
emulsifier. The bland, emollient effect of oleyl alcohol
is useful in the formulation of creams. A typical cold
cream base may be prepared by heating 9 Gm. of
white wax, 8 Gm. each of oleyl alcohol and cetyl
alcohol, and 17 Gm. of liquid petrolatum on a water
bath until homogeneous, then adding this mixture to
a solution of 0.2 Gm. of sodium borate and 0.6 Gm.
of sodium lauryl sulfate in 57.2 Gm. of water, warmed
to 65° to 70°, and stirring until the product has congealed. This base was found by Duemling
(Arch.
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Dermat. Syph., 1941, 43, 264) and by Beeler (Bull.
NJ?. Com., 1943, 11, 27) to have good consistency
enhanced by the softening quality of oleyl alcohol and
to be useful as a base for many medicaments.
Storage. — Preserve "in tight containers." N.F. IX.
Oliver's Bark. Oliveri Cortex, B.P. 1914. Black
Sassafras. — The B.P. formerly recognized the "dried
bark of Cinnamomum Oliveri Bailey." This tree is
indigenous to New South Wales and Queensland,
where it is sometimes called black sassafras. It is much
of the same habit as the trees yielding cinnamon and
the bark is used as a substitute for this spice in the
Australian Commonwealth. The bark was described
as follows:
"In flat pieces usually about twenty centimetres
long, four centimetres wide and one centimetre thick.
Cork, greyish-brown, very warty. Inner surface umberbrown, satiny. Fracture short, slightly fibrous. In
transverse section, umber-brown, a pale line separating
the cork from the inner tissues. Aromatic odor; taste
aromatic, bitter, camphoraceous." B.P. 1914.
Oliver bark yields a yellow volatile oil which contains safrol, eugenol, cineol and cinnamic aldehyde.
It also contains tannin.
A tincture (Tinctura Oliveri Corticis) was recognized, the dose being 2 to 4 ml. (approximately 30
to 60 minims).
Ononis. Radix Ononidis. Rest Harrow. Ononis
spinosa L. (Fam. Leguminosce.) — The root of this
common European plant has been recognized by the
German Pharmacopoeia under the title Radix Ononidis. It is more or less flattened, twisted and slightly
branched; from 10 to 60 cm. in length and 1 to 2 cm.
in thickness; externally it is grayish-brown, deeply
wrinkled; the odor resembles that of licorice, the taste
being sweetish, mucilaginous, afterward bitter. It contains three saponins, which are related to glycyrrhizin,
known as ononin, pseudoononin and ononid (see
Sessely, Monatsh. Chem., 1931, 57, 395); also a substance called onocerol about which there is some controversy as to whether it is a polycyclic terpene derivative or a sterol (see Schultze, Ztsckr. physiol.
Chem., 1936, 238, 35; Zimmermann, Helv. Chim.
Acta, 1938, 21, 853). Neuwald (Arch. Pharm., 1939,
277, 130) reported having isolated a new substance,
spinosin, from ononis.
This root has been found experimentally to exert a
diuretic action similar to that of juniper (see Vollmann and Weidlich, Arch. exp. Path. Pharm., 1937,
186, 574) and is used clinically in Europe for that
purpose.
Oroxylon. Oroxylon indicum Vent. (Fam. Bignoniacece.) — This bark, yielded by a tree indigenous to
southern Asia, is said to be not only a tonic and
astringent, useful in diarrhea, but also a powerful
sudorific. A yellow crystalline substance, oroxylin, has
been separated from the bark and the seeds, and also
baicalein from the bark (see Shah and Wheeler,
/. Chem. S., 1936, p. 591; 1938, p. 1555). The seeds
have been used in veterinary medicine.
Orthosiphon. Orthosiphon grandiflorus Boldingh.
(Orthosiphon stamineus Benth.). Java Tea. (Fam.
Labiatce.) — The leaves and twigs of this Javan shrub
were at one time recognized in the Dutch pharmacopoeia. The drug occurs in commerce in the form of
small, oval, finely toothed, green leaves, rolled up like
tea. Van Itallie in 1886 reported a crystalline glycoside,
orthosiphonin, but Casparis and Fevrier (Pharm. Acta
Helv., 1933, 8, 72) were unable to confirm this. They
did find a saponin. Other constituents which have
been isolated from the plant are the following: a
phytosterol (melting point, 139°), an unidentified substance (melting point, 192°), and urea (see Dietzel
and Schmidt, Arch. Pharm., 1936, 274, 10).
Guerber (Deutsche med. Wchnschr., 1927, p. 1299)
has experimentally confirmed its reputed diuretic prop-
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erties. The dose is from 1 to 2 Gm. (approximately
15 to 30 grains) daily.
Osmium Tetroxide. Osmic Acid. Perosmic Anhydride. OSO4. — This compound occurs as colorless
or slightly yellow, hygroscopic crystals or crystalline
granules; it is decomposed by light. It has a very
pungent odor, its vapor being very irritating to the
eyes and mucous membranes. The compound softens
at about 35°, melts at 40° to 41°, and boils at about
100° ; it is slowly soluble in about 20 parts of water,
and is soluble in alcohol and ether with decomposition.
Potassium osmale, K0OSO4.2H0O, is made by adding
potassium hydroxide to an alcoholic solution of
osmium tetroxide, separating the crystals by evaporation. Itoccurs as garnet-red crystals, readily soluble
in water, decomposing in solution or moist air.
Osmic acid is used largely as a fixative in histological staining. No definite knowledge as to its influence upon the animal system when given in small
doses appears to be available. It has been used internally, especially in the form of potassium osmate,
in rheumatic affections, such as sciatica, and in epilepsy. The dose was 1 mg. (approximately %o grain)
at short intervals up to a daily dose of 15 mg. (approximately J4grain). It has been suggested for injection along the course of the nerve trunks for the
relief of sciatica and tic douloureux. From 0.3 to 1 ml.
of a 1 to 2 per cent solution was injected directly
into the nerve trunk. In view of its protein-precipitating action, osmic acid was selected by von Reis
and Swensson (Acta med. Scandinav., 1951, Supplement 259, 27) for investigation of possible painrelieving action when injected intraarticular^' in painful joint affections. Working first with rabbits, injection of a 1 per cent solution of osmic acid into
the knee-joint produced pain the first time it was
injected but subsequently caused no pain reaction;
apparently the nerve endings in the synovial membrane had been so altered as to render them insensitive.
X-ray examination of the intact joints, followed after
some months, during which other injections of osmic
acid were given, by dissection revealed no. changes of
the tissues, including the cartilage. The power of pain
perception returned in 3 or 4 months. On the basis of
these findings, a total of 35 patients suffering from
osteoarthritis and rheumatoid arthritis were treated
by injecting 1 per cent solution of osmic acid into
their knee joints, following preliminary injection of a
surface anesthetic into the joints. Two-thirds of the
patients were greatly improved after treatment, remaining so for 6 months or longer. No deterioration
was observed in any case, though the injection of
osmic acid may in some cases produce burning pain
for 1 to 3 days, and temporary swelling of the joint.
Ovary, N.F. VIII. Ovarium. Desiccated Ovarian
Substance. Ger. Eierstock. — "Ovary is the dried, undefatted and powdered ovary of cattle, sheep or swine.
Ovary is derived from sound, clean and entire glands
that are freed from external connective tissues and
external fat. It is free from diluents or preservatives.
One part of Ovary is obtained from approximately
6 parts by weight of fresh glands. Dry it in a vacuum
at a temperature not exceeding 60°." N.F. VIII.
The ovaries of the mammals occur in pairs. In the
human they are about the size and shape of a large
almond, located on either side of the abdominal
cavity. An ovary consists of a cortical and a medullary portion; the latter is made up mostly of blood
vessels, lymphatics and connective tissue. The physiologically important part is the cortex, which is in the
human 2 to 3 mm. thick. It consists of a peculiar type
of connective tissue, covered on the outside with epithelium, in which are embedded thousands of microscopic structures called the primary follicles which are
the egg sacs. When the animai reaches the age of
puberty these follicles begin to grow seriatim and as
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each reaches a stage of maturity it becomes a Graafian
follicle. The Graafian follicle when matured may reach
a size of 1 or 2 centimeters in diameter. It is made up
of a capsule, called the theca, inside of which is the
follicular epithelium filled with a fluid (liquor folliculi) and containing the ovum, which is embedded
in epithelium attached to the epithelial walls of the
follicle. The follicular fluid contains the hormone
estradiol. Eventually, the follicle ruptures and discharges its contents. The subsequent events are described under Corpus Luteum. For information concerning the follicular hormone, estradiol, and about
the corpus luteum hormone, progesterone, see under
the titles of the respective hormones, in Part I.
The ovary of the cow is oval in form, pointed at
the uterine end, 3 to 4 cm. in length and about 2 cm.
in thickness in its largest part. The ovaries are situated slightly above the middle of the lateral margin
of the pelvic inlet in the non-pregnant animal. The
greater portion of their surface is covered with
germinal epithelium. Graafian follicles of various sizes
are noted projecting from the surface. The ovaries of
the sow are concealed in the bursa ovarii. They are
situated similarly to those of the cow but may vary
in position in animals which have borne young. The
whole glands show a mulberry-like appearance due to
paucity of stroma and large Graafian follicles projecting from the surface.
"Ovary occurs as a yellow to brown powder having
a characteristic odor. Ovary is only partially soluble
in water." N.F. VIII. For a histological description of
ovary see U.S.D., 24th ed., p. 804.
Ovarian Residue, N.F. VIII. Residuum Ovarii.
Desiccated Ovarian Residue. — "Ovarian Residue is the
dried, undefatted and powdered ovary without the
corpus luteum from cattle, sheep, or swine. Ovarian
Residue is derived from sound, clean glands, freed
from external connective tissue and external fat and,
as far as practicable, from corpus luteum material. It
is free from diluents or preservatives. One part is obtained from approximately 6 parts by weight of fresh
ovary without the corpus luteum. Dry in vacuum at
a temperature not exceeding 60°." N.F. VIII.
Any therapeutic virtue that ovary may possess
would seemingly reside in estradiol, the hormone of
the follicular fluid, and/or progesterone, the corpus
luteum hormone. The amounts of these hormones
which might be present in ovary or in extracts of
ovary are so minute that it is highly improbable that
any physiological action attributable to them is obtained. Moreover, progesterone is ineffective by the
usual oral route. Ovarian residue, being deprived of
corpus luteum material, would contain only estradiol;
its therapeutic utility is in the same category as that
of ovary. Nevertheless, quite a few preparations of
ovary are still in use, though their function is not
apparent.
The N.F. VIII stated that the dose of ovary and
of ovarian residue is to be determined by the
prescriber.
Storage. — Both ovary and ovarian substance were
directed to be preserved "in tight containers, and
avoid excessive heat." N.F. VIII.
Oxalic Acid. COOH.COOH.2H20.— This dibasic
acid is found in many plants and vegetables and is a
product of metabolism of many molds. Many substances yield oxalic acid by the action of nitric acid;
these include molasses, rice, potato starch, gum, wool,
hair, silk, and many vegetable acids. The oxalic acid
of commerce was formely obtained by heating sawdust or wood shavings with a mixture of sodium hydroxide and potassium hydroxide. It is now made by
the interaction of carbon monoxide and sodium
hydroxide.
Oxalic acid occurs in colorless crystals, efflorescent
in dry air, possessing considerable volatility, and a
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strong, sour taste. One Gm. dissolves in about 7 ml.
of water at 25°, in 2 ml. of boiling water or in 2.5
parts of alcohol; it is almost insoluble in ether,
chloroform, benzene, and petroleum benzin. It fuses in
its water of crystallization at 98°, although continued
exposure at 60° to 70° will render it anhydrous. Solutions of oxalic acid at 100° lose acid by sublimation,
and at 157° the anhydrous acid itself sublimes rapidly.
The physiological action of sodium oxalate has been
studied by Salant and Parkins (/. Pharmacol., 1933,
49, 117). While oxalate ion precipitates calcium and
produces symptoms of hypocalcemia, they found that
the toxic effects of oxalates are not due entirely to
removal of calcium. Again, while oxalates are used in
the laboratory to prevent in vitro coagulation of blood
through precipitation of calcium, small amounts in
vivo appear to shorten coagulation time by an unknown mechanism, an effect which has been utilized
clinically in reducing clotting time in hemophiliacs and
in controlling bleeding in surgical procedures (see
Page et al., Ann. Int. Med., 1940, 14, 78; Blain and
Campbell, Arch. Surg., 1942, 44, 1117).
Oxalic acid is a powerful and rapidly acting poison.
It acts physiologically in two principal ways, depending on whether the solution is concentrated or
dilute. When concentrated it causes great pain, followed by violent retching with bloody emesis, then
sudden dullness, languor, and great debility, and
finally death without a struggle. When dissolved in
20 times its weight of water oxalic acid possesses no
corrosive and scarcely any irritating properties but is
still capable of causing death by its depressant action
upon the central nervous system and the heart. In such
cases the symptoms have been great muscular weakness with twitchings of the muscles and more rarely
convulsions; the respirations become slow, the pulse
weak, and there may be either pallor or cyanosis of
the face. In fatal cases coma precedes the termination.
After death from oxalic acid the mucous membranes
of the alimentary canal are either soft and pultaceous
or entirely destroyed. The stomach usually contains a
dark fluid, resembling coffee grounds, consisting chiefly
of altered blood. In a few cases no morbid appearances have been discovered.
In the treatment of poisoning by oxalic acid or
oxalates the remedial measures must be employed
promptly. Vomiting may be encouraged and the stomach tube used, but unless the antidote is given death
will rarely be averted. The proper antidote is a calcium compound, mixed with water, administered in
large and repeated doses; calcium forms with oxalic
acid or oxalates the insoluble calcium oxalate.
Oxalic acid has been recommended in amenorrhea,
but is no longer used internally. It is an active germicide, and its solution was formerly used in conjunction
with potassium permanganate for disinfection of
hands of surgeons. The dose was 30 mg. (approximately l/2_grain) from 3 to 5 times a day. H
Oxyquinoline. S-Hydroxyquinoline. Quinophenol.
Oxine. C9H7NO — This is a white crystalline powder
almost insoluble in water but easily soluble in alcohol.
It forms addition compounds wtih various acids, several of which have been used as antiseptics.
Oxyquinoline or hydroxyquinoline citrate is a yellow crystalline powder with a saffron-like odor, freely
soluble in water, the solutions being acid in reaction.
Oxyquinoline sulfate (Chinosol, Quinosol, hydroxyquinoline sulfate) is the most widely used of this
group of compounds; it is a yellow crystalline powder, freely soluble in water, with an acid reaction and
a pungent taste. Oxyquinoline tartrate (Termine) was
recommended by Diasio (Mil. Surg., 1932, 70, 594),
especially in the form of bougies, in the treatment of
gonorrhea.
The oxyquinoline salts appear to be actively bactericidal against the Staphylococcus
aureus. Lacy
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(Pennsylvania M. J., 1933, p. 418) gave it a phenol
coefficient of 10 against this organism. However,
against other bacteria, notably the typhoid and colon
bacilli, it is weaker than phenol. Its medicinal value
is as an antiseptic rather than as a bactericide. The
toxicity of its salts is very low; in the report of the
Council on Pharmacy and Chemistry (J. A. MA.,
1910, 54, 1801) it was found that guinea pigs and
rabbits frequently survived the administration of as
much as 3 Gm. by mouth. It is also claimed for these
compounds that although having little odor of themselves they are powerful deodorizers. They have been
used as antiseptics for wounds and various mucous
membranes in strengths of from 1 in 3000 to 1 in 1000.
Oxyquinoline benzoate has been claimed to be more
actively bactericidal than the sulfate and advocated
as a germicide and fungicide for the treatment of infectious skin diseases.
Ozone. O3. — This active form of oxygen was first
discovered by Van Marum in 1785, but was not identified and named until 1840 by Schonheim. Ozone is
a gas which decomposes slowly at ordinary temperatures, rapidly when heated. It is slowly soluble in
water, but dissolves and combines readily with
ethereal oils, especially with oil of turpentine. It is an
energetic oxidizing agent, acting upon almost all organic compounds except the saturated hydrocarbons.
It is readily detected in the air by the blue coloration
it imparts to moistened starch-iodide paper which,
however, is a reaction given by several other substances. Ozone is formed during operation of the
quartz mercury vapor lamp, and under some other
conditions invoking the production of an electric
discharge. Ozoning machines are used in some industrial establishments and cold storage plants for the
purpose of deodorizing and purifying the air. One of
its industrial applications is in the sterilization of
water to render it potable. It has been employed as
an agent for the quick aging of alcoholic wines and
liquors. Its presence in the atmosphere as a commonly
occurring constituent has been established. It is present in larger amounts in sea air, and the smallest
amounts are found in thickly populated sites.
In the dry state ozone has practically no disinfectant properties but in the presence of moisture is
actively bactericidal. It is employed for disinfecting
and
swimming
pools andremedy.
brewer's
casks,
but isdeodorizing
of little value
as a therapeutic
Ozonized
oils, produced by the action of ozone on oils, have
found use as bactericidal agents.
Pamabrom. 2 -Amino- 2 -methyl- l-propanol-8bromotheophyllinate. — This white, crystalline compound has, particularly when coadministered with the
antihistamine pyrilamine maleate. diuretic activity apparently only in premenstrual edema. It appears to
counteract an antidiuretic hormone which functions
during the premenstrual week and the relative overactivity of which is responsible for the tissue edema
that occurs premenstrually. The efficacy of a mixture
of 2 molecular weight equivalents of pamabrom and
1 molecular weight equivalent of pyrilamine maleate
in preventing abnormal water storage or inducing
diuresis of such water already stored during the premenstrual week, and thus relieving premenstrual tension, was established by Bickers (South. M. J., 1953,
46, 873) in clinical experiments. The mixture, known
by the generic name bromcleate, is supplied in 80-mg.
tablets under the trade-mark neo Bromth (Brayten).
The recommended dose is 2 tablets twice a day (morning and night) beginning when symptoms of premenstrual tension are expected, usually 5 to 7 days
before menstruation.
Pao-Pereira Bark. Pereiro Bark. — (Xot to be
confused with Pareira.) This bark, presumably a
product of Geissospermum Lceve (Veil.) Baill. (Fam.
Apocynacece), is employed in Brazil as a febrifuge. It
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contains three alkaloids, geissospermine, pereirine and
vellosine. The last-named has been shown to be
physiologically active. For detailed description of its
botany and chemistry see Raymond-Hammet (Bull,
sc. Pharmacol., 1937, 44, 449).
Papain, X.F. VIII. Papayotin. Papoid. Caroid
(American Ferment). — 'Papain is the dried and purified latex of the fruit of Carica Papaya Linne (Fam.
Caricaceae). Papain possesses a digestive activity not
less than that of the Reference Papain." X.F. VIII.
The Carica Papaya L., known as papaya, pawpaw,
and the melon tree, is an unbranched tree growing to
a height of 20 feet, with palmately 7-lobed leaves
whose lobes are in turn divided into secondary lateral
lobes. The inflorescences consist of racemose cymes of
yellow, staminate and pistillate flowers. The fruit is
a large, melon-like, edible berry weighing up to 15
pounds and with a salmon-pink or yellow flesh and
a central cavity in which are found numerous blackish
spheroidal seeds. The tree is widely cultivated in
tropical America, in Hawaii and other tropical countries for its fruits and leaves which with other parts
of the plant contain the enzyme papain.
Papain is obtained commercially by slashing the
fruits of C. Papaya, collecting the latex in porcelainlined receptacles and allowing it to evaporate until a
granular residue is obtained; this is the crude papain
of commerce. Purification of papain is effected by
dissolving the crude substance in water, precipitating
with alcohol, and drying the precipitate at a low
temperature.
During 1952 importations of papain amounted to
282,412 pounds, supplies coming from British East
Africa, Ceylon, Thailand, and Belgian Congo.
Description. — "Papain occurs as light brownish
gray to weak reddish brown granules or as a yellowish gray to weak yellow powder having a characteristic odor and taste. Papain is partially soluble in
water, the solution being more or less opalescent or
hazy. It is nearly insoluble in alcohol, in chloroform,
and in ether.-' X.F. VIII.
Papain has been crystallized (for method see
Kimmel and Smith, /. Biol. Chem., 1954, 207, 515);
its molecular weight is about 20,300, the substance
being a protein noteworthy for absence of methionine
(ibid., 551).
The protein-liquefying property of papain has been
known for many years, it being stated that from time
immemorial the fresh leaves of the papaya plant have
been used by the Indians to wrap meat to make it
tender. Papain varies considerably in its proteindigesting power. Cyanides and sulfhydryl-containing
compounds have the power of activating papain, and
Gottschall (Food Res., 1944, 9, 6) observed that
nearly inactive papain can become activated spontaneously during the digestion of such varied materials as beef muscle, liver, and new beer. Lineweaver
and Schwimmer (Enzymologia, 1941, 10, 81) determined that crystalline papain is most stable in the
pH range 5 to 7, and is rapidly destroyed at 30°
below pH 2.5 and above pH 12. The optimum reaction
for proteolysis is at about pH 7 for denatured casein,
egg albumin, and hemoglobin.
Other Papaya Constituents. — The seeds of the
papaya tree contain a glycoside caricin, which resembles sinigrin; the seeds also contain the ferment
myrosin. and by the reaction of the two substances
a volatile pungent body is produced, suggestive of
mustard oil in odor. An alkaloid, carpaine, C14H25NO2. has been obtained from the leaves; it has
been studied by Barger (J. Chem. S., 1937, 711).
This alkaloid is said to slow the heart and depress the
nervous svstem (Kakowski, Arch, internat. pharm.,
1905, 15, 84) ; To and Kyu (Jap. J. Med. Sc, 1934,
8, 52) asserted it to be an active amebicide.
Uses. — The most frequent use of papain in medicine
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is as a protein digestant, the broad pH range over
which it functions being of advantage in this respect.
The great variability in the protein-digesting power
of different lots of papain is, however, a disadvantage.
Intraperitoneal instillation of up to a liter of a
sterile solution of papain for prevention of post-operative adhesions was employed in a large number of
patients (Ochsner and Storck, Ann. Surg., 1936, 104,
736; Donaldson, Arch. Surg., 1938, 36, 20; Elliott and
Meleny, Surgery, 1937, 1, 785). It has been applied
topically in the treatment of sloughing wounds
(Glasser, Am. J. Surg., 1940, 50, 320), of carbuncles
(Garcin, Gaz. mid. de France, 1936, 43, 1021), for
dissolving the eschar of burns (Cooper el al., Am. J.
Dis. Child., 1943, 65, 909), for clearing up the discharge of chronic purulent otitis media (Tremble,
Can. Med. Assoc. J., 1939, 40, 149) and for dissolving
the membrane of diphtheria (deGoldfiem, Presse
mid., 1934, 42, 387). It has also been used through
the bronchoscope for loosening the exudate in membranous tracheobronchitis. Petermann (/. Biol. Chem.,
1942, 144, 607) demonstrated that beef serum pseudoglobulin and diphtheria antitoxin are split by papain
into fragments of one-half and one-quarter the original molecular weight. It is of interest, in connection
with the protein-hydrolyzing property of papain, that
it also possesses some protein-synthesizing power,
Bergmann and his associates having demonstrated, in
vitro, that compounds having a peptide linkage, such
as benzoyl-L-leucyl-L-leucylanilide, may be built up
from simpler substances by the action of papain or
certain other enzymes.
Roche e Silva and co-workers (Proc. S. Exp. Biol.
Med., 1943, 149, 9; J. Biol. Chem., 1943, 149, 9;
J. Pharmacol., 1943, 77, 198) demonstrated that
papain, as well as trypsin, liberates histamine from
living tissues, and Dragstedt (Science, 1943, 98, 131)
suggested that the ability of certain proteinases to
digest mammalian tissues is due to the liberation of
histamine which embarrasses the vitality of tissues
dependent upon a vascular supply. Osgood (/. Allergy,
1945, 16, 245) reviewed six cases of allergy, chiefly
among pharmacists, resulting from exposure to a commercial brand of papain, probably by inhalation of
the powder; one patient under his observation had
developed severe paroxysmal cough, vasomotor rhinitis, and dyspnea, immediately after a member of
the patient's family had started using a tooth powder
containing papain. Because of the widespread use of
papain medicinally, industrially, and in food preparations, Osgood states that allergists should keep in
mind the extent of exposure of the populace to this
substance when testing allergic patients. Papain is a
powerful poison when injected intravenously.
Much of the papain imported into this country is
used in preparations for rapidly tenderizing meat
(Balls, U. S. Department of Agriculture Circular No.
631, December, 1941) ; the enzyme, being relatively
resistant to heat, may be smeared on or mixed with
the meat just before cooking. In the brewing industry
papain is used for making "chillproof" beer, the proteins which would otherwise precipitate on cooling
being digested by the enzyme ; it is estimated that 80
per cent of American beer is thus treated. Papain is
used in the tanning industry for bating skins and
hides, and the latex is used in chewing gum manufacture. The fruit of papaya has considerable popularity as an article of food in regions where it is
available; its juice is canned and sold in many stores
in the United States.
The dose is from 100 to 600 mg. (approximately
lH to 10 grains).
Storage. — Preserve "in tight containers and avoid
excessive heat." N.F. VIII.
Paraffin, Pliable, N.N.R. 1952. Parresine (Abbott).— This is described as a mixture composed of

Parasympathetic

Blocking

Agents

1783

94 to 96 per cent of paraffin (melting between 48°
and 49°), 0.20 to 0.25 per cent of gum elemi, 0.40 to
0.50 per cent of Japan wax, 0.20 to 0.25 per cent of
asphalt, and 2 per cent of eucalyptol, which may be
colored with alkannin and gentian violet. The composition isused only to prepare Parresined Lace-Mesh
Surgical Dressing (Abbott), which contains 45 to 50
per cent of pliable paraffin, the dressing being used
as a non-absorbent protective for burns and other
wounds. Under the title Curatio Paraffini (Paraffin
Dressing) the N.F. VI recognized a preparation of the
type of pliable paraffin made by melting together
1 Gm. of resorcinol, 2 Gm. of eucalyptus oil, 3 Gm.
of olive oil, 12 Gm. of white petrolatum, and 82 Gm.
of paraffin.
Parasympathetic Blocking Agents. — Synonyms.— Anticholinergic agents, cholinergic blocking
agents, parasympatholytic agents.
Definition. — An anticholinergic agent is one that
blocks the neurovisceral transmission of a nerve impulse. In the chemical sense, cholinergic blocking
agents inhibit the ability of acetylcholine, liberated
at a parasympathetic nerve ending, to activate the
tissue that it innervates.
Physiology. — General considerations pertaining to
the classification of the autonomic nervous system
have been considered in some detail in the monographs on Sympathomimetic Agents and Parasympathomimetic Agents. As reviewed in the latter monograph, the parasympathetic system anatomically is
composed of a cranial and a sacral division. The distribution of parasympathetic nerves (essentially to
organs that are more or less involuntary or autonomous in their function) parallels that of the thoracolumbar or sympathetic division. The actions of the
parasympathetic and the sympathetic systems are
generally reciprocal or antagonistic.
The principal structures or organs where the role
of parasympathetic innervation and the blocking
thereof is important include the salivary glands, the
ocular muscles of accommodation, the pupil, the
heart (rate), sweating, bladder (the ability to urinate), the production of gastric secretion, the principal control of intestinal motility, and to a lesser
extent the vasomotor control of the peripheral vascular system.
The mediator of parasympathetic impulses from
the nerve endings to the "receptor mechanism" of the
organ innervated is acetylcholine (Loewi, Pfluegers
Arch., 1921, 189, 239). The anticholinergic agents do
not act by inhibiting the production of acetylcholine.
Their action is to inhibit the effect of acetylcholine
on the receptor mechanisms of visceral structures.
One can demonstrate easily that the mode of action
of these agents is not predominantly to inhibit acetylcholine production for they effectively block the direct
action of acetylcholine or other parasympathomimetic
agents introduced intravenously. Just how they inhibit the action of acetylcholine on visceral structures is not well understood. The term "parasympatholytic" isnot well chosen since these agents do
not affect primarily the rate of destruction of acetylcholine nor do they combine with it chemically.
The affinity of anticholinergic compounds is for the
acetylcholine receptor mechanism of visceral structures. They have little or no effect on the cholinergic
mediation of impulses to skeletal muscles.
The antispasmodic effect of atropine on smooth
(visceral) muscle is analogous superficially to the
corresponding inhibitory effect of tubocurarine on the
innervation of skeletal muscle (see monograph on
Curarimimetic Agents). Both agents inhibit cholinergic mediation of impulses at the neuromuscular junction. Each agent is selective with respect to its site of
action. Moreover, the more selective of these compounds have comparatively less effect on the choliner-
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pic mediation of impulses at autonomic ganglia. Thus,
they are of limited utility in the sense of the term
"ganglionic blocking agents," as reviewed in that
monograph. Consequently, their actions are less diffuse than ganglionic blocking agents and their fields
of usefulness are better defined.
Chemistry. — For the most part parasympathetic
blocking agents are aromatic acid esters of tertiary
amino alcohols or the corresponding trialkylammonium halides. These compounds may be classified
most conveniently as (a) tertiary amino compounds,
and (b) quaternary ammonium compounds. In accordance with this classification, the several agents
commonly employed in therapy include:
(a) Tertiary Amino Compounds
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This distribution between tertiary and quaternary
ammonium structures influences to a considerable
extent the pharmacology and utility of these agents
as it will be discussed particularly in the following
section on pharmacology.
Pharmacology. — An anticholinergic agent that
blocked uniformly and to the same degree all the
effects of the parasympathetic nervous system might
be expected to have little or no clinical utility. For
example, if it were administered as an intestinal
antispasmodic agent its effect would be attended by a
more or less equivalent degree of blurring of vision,
tachycardia, dryness of the mouth, a hot dry skin,
atony of the urinary bladder, and (in the instance
of tertiary amino analogs) probably some manifestation of central nervous system stimulation or sedation.
Atropine (see in Part I) has been the classic example of an anticholinergic agent for many years
(Cushny, J. Physiol, 1910, 41, 233). Actually its
pharmacodynamic effects were thoroughly worked out
many years before the cholinergic mediation of parasympathetic nerve impulses was presented as a concept. This may be appreciated by descriptions of its
effects and the literature cited in such a text as
Cushny's Textbook of Pharmacology and Therapeutics (Edmunds and Gunn, 9th Ed., Lea & Febiger,
Phila., 1928). Atropine remains perhaps the most
faithful and uniform inhibitor of parasympathetic
stimulations. Thus it manifests most of the above
actions when used in adequate therapeutic doses.
Over a period of many years other anticholinergic
agents have been developed and have found acceptance. These have had either special attributes to
which their use was restricted, as for example homatropine (see in Part I) in ophthalmic practice and
scopolamine (see in Part I) in medication prior to
obstetrical delivery. In more recent years Syntropan
(v.i.) (Fromberg, /. Pharmacol., 1937, 60, 1; Clark
et al., ibid., 1939, 66, 464), Trasentine (v.i.) (Meier,
Klin. Wschr., 1936, 15, 1403; Necheles et al., Am. J.
Dig. Dis., 1939, 6, 39; Gold and Jordan, J.A.M.A.,
1941, 117, 1336), Pavatrine (v.i.) (Hohf and Ivy,
Quart. Bull. Northwest. U. Med. Sch., 1946, 20, 311),
Bentyl (v.i.) (Brown et al., J. A. Ph. A., 1950, 34,
305; Chamberlin, Gastroenterology, 1951, 17, 224),
Centrine (v.i.) (Hoekstra and Dickison, J. Pharmacol., 1950, 98, 14; Cazort, ibid., 1950, 100, 325),
Amethone (v.i.) (Richards et al., ibid., 1945, 84, 387),
Neotropine (Chessin et al., Fed. Proc, 1953, 12, 311)
and MC 3199 (Ursillo et al., ibid., 1953, 12, 375)
have become available. Although none of these tertiary amines is as broadly active as is atropine, they
have received some measure of acceptance on the
basis of the relative diminution of side effects as compared to their visceral antispasmodic action. Although
these drugs vary considerably in their selectivity of
intestinal anticholinergic action, they generally have
little ganglionic (nicotinic) blocking propensity.
Other compounds in this general class have been
studied more broadly for their effects on the extrapyramidal system (Doshay and Zier, Am. Pract. Dig.
Treat., 1953, 4, 10). These include particularly Artane
(see Trihexyphenidyl in Part I), Diparcol (see Diethazine Hydrochloride under Skeletal Antispasmodic
Agents in Part II), Parsidol (see Projenamine Hydrochloride in Part I) and Panparnit (see Caramiphen
Hydrochloride under Skeletal Antispasmodic Agents
in Part II). Artane has found widest acceptance
for this purpose. Even so, the belladonna alkaloids
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remain superior in some respects, particularly the
control of excessive salivation, for the parkinsonian
patient.
Quaternization of potentially useful antispasmodic
agents generally has yielded more potent and more
selectively acting drugs. Eumydrin (v.i.), the quaternary methyl halide of atropine, has been available for
many years and has found some acceptance for use
in pylorospasm (Eggleston and Gold, Am. J. Med.
Sci., 1948, 215, 577). It is more potent than atropine
by' several criteria (Ing et al., J. Pharmacol., 1945,
85, 85). Pamine (see under Scopolamine Hydrobromide in Part I) is the clinically rediscovered methylammonium analog of scopolamine (Nyman, Acta
med. Scandinav., 1946, 130, 506). It is in several
respects a potent member of the recently introduced
anticholinergic agents (Kirsner and Palmer, J. A.M. A.,
1953, 151, 798). Likewise, the n-bromobutylate of
scopolamine (v.i.) (SKF-1637) has received attention as an anticholinergic agent (Texter et al., Am. J.
Med. Sci., 1952, 224, 612), and the pharmacology of
homatropine methylbromide (see in Part I) recently
has been described j(Cahen and Tvede, /. Pharmacol.,
1952, 105, 166).
Greater selectivity as gastrointestinal antispasmodic
agents has been gained by a considerable departure
chemically from the quaternary form of atropine or
scopolamine. This has been accomplished at a varying
expense of inherent potency although these remain
very potent agents.
The first of the more recent quaternary anticholinergic agents was Banthine (see M ethantheline Bromide in Part I) (Hambourger et al., J. Pharmacol.,
1950, 99, 245), which has been followed in rapid
succession by the other agents referred to in the section on Chemistry. These compounds are generally
5 to 10 times more potent than their tertiary analogs.
While Banthine and most of the others of the group
do have some ganglionic blocking action (Fink and
Cervoni, ibid., 1953, 109, 372), their peripheral anticholinergic effect at the neuromuscular junction predominates. These quaternary ammonium anticholinergic agents do not have the predilection for the central
nervous system possessed by their tertiary analogs, as
discussed in the foregoing paragraph on their use in
Parkinson's disease.
It may be too soon to evaluate the claims made for
superiority of the individual compounds, for such
clinical studies of comparisons among agents as are
generally available are not sufficiently documented to
be considered more than first approximations (Kramer
and Ingelfinger, Med. Clin. North America, 1948, p.
1227; Kirsner et al., Ann. Int. Med., 1951, 35, 785;
Kirsner and Palmer, J. A.M. A., 1953, 151, 798; Sun
et al., J.A.M.A., 1955, 158, 713). It is important to
note, however, the considerable difference in the
structural formulae of the several compounds. Observe
that the structures of these agents differ in several
respects from the conventional ester linkage that occurs in many of the older tertiary amino antispasmodic
agents. This ester linkage is retained in Banthine,
Probanthine (see under M ethantheline Bromide in
Part I) (Kirsner and Palmer, J. AM. A., 1953, 151,
798), Dibuline (v.i.) (Featherstone and White, J.
Pharmacol., 1945, 84, 105; Peterson and Peterson,
ibid., 1945, 84, 236), and Antrenyl (v.i.) (Plummer
et al., J. Pharmacol., 1953, 108, 292; Barrett et al.,
ibid., 1953, 108, 305). It is vestigial, perhaps, in the
carbinol group of Darstine (v.i.) (McManus, Bochey
and Beyer, /. Pharmacol., 1953, 108, 364; McCarthy
et al., ibid., 1953, 108, 246) and Elorine (v.i.) (Kirsner and Palmer, J.AM. A., 1953, 151, 798), and is
absent in Prantal (v.i.) (Margolin et al., Proc. S.
Exp. Biol. Med., 1951, 78, 153; Rowe, Grimson and
Flowe, Gastroenterology, 1952, 21, 90). Likewise the
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functional quaternary ammonium group is variously
represented in the several drugs.
The fate of these compounds in the body is not as
well understood as is the case for their anticholinergic
potencies, due largely to the lack of suitable analytical
methods. Both the tertiary and quaternary analogs
are absorbed to a useful extent or entirely following
oral administration. In this respect the quaternized
forms differ almost qualitatively from the cholinergic
(parasympathomimetic) agents whose effects they
antagonize (cf. monograph on Parasympathomimetic
Agents). The~e drugs are rapidly distributed in the
body and apparently are concentrated or adsorbed at
various sites of activity.
Those compounds that contain an ester linkage are
less readily hydrolyzed by tissue esterases than are
the corresponding esters of local anesthetic agents
which they resemble superficially. Thus, hydrolysis
of these drugs at the ester group may not be an
important factor in their metabolic fate.
Insofar as is known, the tertiary anticholinergic
agents are filtered at the glomeruli and are reabsorbed at least in part by the tubules of the kidney.
Conversely, the quaternary analogs have a greater
propensity for secretion by the renal tubules in addition to glomerular filtration. However, the rate of
diffusion of the quaternary ammonium anticholinergic agents, such as Darstine, from the tissues and not
their secretion by the nephron is responsible for their
useful duration of action (Beyer et al., Am. J. Physiol.,
1953, 175, 39).
Clinical Utility. — The more important clinical
indications for the use of the compounds are as follows. References to literature pertaining to pharmacology and clinical utility of the various agents have
been referred to in the previous section.
(1) Perhaps the principal use to which these agents
are put is as gastrointestinal antispasmodic drugs.
This is explicable on the basis that the effect of the
parasympathetic system on gastrointestinal motility
dominates the effect of sympathetic innervation.
Thus, an anticholinergic agent would inhibit intestinal
motility and decrease the tonus of the viscus. These
compounds appear to be somewhat more effective as
antispasmodic agents for gastric and upper intestinal
spasm than for hypertonicity of the colon and lower
bowel. However, they are useful in this latter instance ifthe dosage is pushed to the point of noticeable side effects.
(2) Within recent years the quaternary ammonium
anticholinergic agents have enjoyed a notable measure
of success as inhibitors of gastric hydrochloric acid
secretion and have been employed in the treatment
of peptic ulcer. In these cases adequate therapy results in immediate relief of the patient's discomfort
and results in the active control of symptomatology.
Their use in therapy should be in conjunction with
other measures for managing and evaluating the clinical condition of the patient. Thus, relief of symptoms
may mask the progression of pathology. Also, the
dosage of the compound must be individualized to
assure adequate response to therapy.
(3) The tertiary amino compounds: Artane
(Doshay and Constable, J. AM. A., 1949, 140, 1317;
Corbin, ibid., 1949, 141, 377), atropine and scopolamine have met with the greatest acceptance in the
management of the parkinsonian patient. In this instance one is more interested in the effect of the
compounds on the thalamic or subthalamic anatomic
representation of extrapyramidal function than in
their peripheral antispasmodic effect. Diparcol, Panparnit, Lysivane (Parsidol), Pagitane and Benztropine possess marked anticholinergic properties, but
since they have found greatest usefulness in the
treatment of Parkinson's disease they will be dis-
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cussed in the monograph on Skeletal Antispasmodic
Agents. Actually the extract of belladonna alkaloids
has enjoyed usage over a period of many years, the
principal product being Rabellon.
(4) There has been some interest in the use particularly ofthe quaternary ammonium compounds as
anhidrotic agents. They do inhibit, demonstrably,
the secretions of the sweat glands.
(5) Mydriatic effects of topically applied atropine
and the shorter-acting homatropine are sufficiently
well established in ophthalmology to necessitate no
expansive comment. Atropine and scopolamine appear
not to have been replaced by the newer compounds
in premedication for general surgery or for obstetrical
delivery, respectively.
(6) Finally, there is a sufficient diversification of
chemical structure among the anticholinergic agents
to be useful for the management of the individual
patient. Thus, if one compound produces no effect
or undesirable side effects in a patient it may be
replaced in the therapeutic regimen by successive
compounds until the most suitable drug and dosage
is attained. In this respect the adjustment of the
drug to the patient is analogous to the selection of
antihistaminic therapy. In both instances the use of
the drug may be subacute or chronic, which makes
practicable this more elegant application of therapeusis.
Toxicity. — The toxic manifestations that accompany the use of excessive dosage of anticholinergic
agents are overt manifestations of the pharmacodynamic effects of these agents (Welbourn, Lancet,
1948, 255, 211; Asher and Cohen, Gastroenterology,
1951, 17, 178). Thus, one of the objectionable effects
noted by patients treated systemically with these
compounds is that of inhibition of salivation. Perhaps the next sign which is sufficiently serious to
warrant withdrawal of the drug or reduction of
dosage is the development of blurring of vision. The
third most frequent complaint probably is the difficulty which the patient may have in initiating urination because of the inhibition of nervous control of
bladder contraction caused by the compound. To a
lesser extent the drugs may cause constipation by
their intestinal inhibitory action, and palpitation by
inhibiting the effect of the vagus on heart rate. More
serious toxicities including hyperactivity, excitement
(or drowsiness), euphoria and psychotic episodes are
uncommon. Those which have been encountered apparently can be handled satisfactorily by reduction
of dosage or by withdrawal of the compound.
Further information on certain of the parasympathetic blocking agents appears elsewhere in the Dispensatory. Of the tertiary amino compounds, the
following may be found in Part I: atropine sulfate,
homatropine hydrobromide, scopolamine hydrobromide and trihexyphenidyl hydrochloride (Artane). In
this section further information is given on the following: adiphenine hydrochloride (Trasentine),
aminopentamide (Centrine), amolanone hydrochloride
(Amethone), amprotropine (Syntropan), cyclopentolate hydrochloride (Cyclogyl Hydrochloride), Dactil,
dicyclomine hydrochloride (Bentyl Hydrochloride)
and Pavatrine. Cycrimine hydrochloride (Pagitane
Hydrochloride) is presented under Anticonvulsants in
Part II.
Of the quaternary ammonium compounds, the following may be found in Part I: homatropine methyl
bromide (Malcotran, Mesopin, Methatropin, Novatrin), methantheline bromide (Banthine Bromide),
propantheline bromide (Pro-Banthine) under methantheline bromide, and scopolamine aminoxide
(Genoscopolamine), scopolamine aminoxide hydrobromide (Scopodex) and scopolamine methyl bromide
(Pamine Bromide) under scopolamine hydrobromide.
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In this section further information is given on the
following: atropine methyl nitrate (Eumydrin), dibutoline sulfate (Dibuline Sulfate), diphemanil (diphenmethanil) methylsulfate (Prantal Methylsulfate), mepiperphenidol bromide (Darstine), oxophenonium bromide (Antrenyl Bromide), penthienate
bromide (Monodral Bromide), Piptal, and tricyclamol sulfate (Elorine Sulfate). Without having complete information at this time two other compounds
may be mentioned. Scopolamine-n-bromobutylate,
SKF-1637, was used in doses of 50 mg. orally every
6 hours or 20 mg. parenterally every 8 hours with
benefit in patients with peptic ulcer by Texter et al.
(Am. J. Med. Sc, 1952, 224, 612). A new anticholinergic compound has been announced — Pathilon
(Lederle), which is l-cyclohexyl-l-phenyl-3-diethylamino-1-propanol ethiodide — for treatment of hypersecretion and hypermotility syndromes of the gastrointestinal tract.
Tertiary Amino Compounds
Adiphenine Hydrochloride. Trasentine (Ciba).
Diphenylacetyldiethylaminoethanol hydrochloride (see
formula p. 1784). — This occurs as crystalline needles,
readily soluble in water. Its aqueous solution is stable
enough to be sterilized by boiling but gradually
loses its activity on storage. Samaan and Saad
{Quart. J. P., 1938, 11, 679) found that intravenous
injection causes, in dogs, a marked fall of the blood
pressure which is, however, of relatively short duration. When locally applied, it arrests the movements
of and relaxes the intestines and uterus. According to
Graham and Lazarus (J. Pharmacol., 1940, 69, 331),
this antispasmodic effect is partly neural and partly
directly on the muscle. Johnson and Reynolds (ibid.,
1937, 59, 365) found that when given intravenously
to rabbits adiphenine antagonizes the stimulant effect
on the uterus of pituitary extract, pilocarpine and
calcium, but not that of epinephrine. The fall of
blood
heart. pressure is said to be due to an effect upon the
Although adiphenine is a potent anticholinergic
agent in vitro, it is relatively weak as compared with
more recently introduced antispasmodic agents in the
dog and when administered to man. In general, its
indications for relief of gastrointestinal, biliary and
uterine spasm are the same as other orally active
atropine-like compounds (Gershenfeld and Savel,
Am. J. Obst. Gyn., 1950, 60, 658; Rowlands et al.,
Surg. Gynec. Obst., 1950, 91, 513; Wittman and
Wortgen, Ther. Geg., 1953, 92, 305; Swoboda, Wien.
klin. Wchnschr., 1954, 104, 636).
Dose. — The oral adult dose is recommended as 75
to 150 mg. 2 or 3 times daily. Tablets should not be
chewed because of a local anesthetic action. Intramuscularly the dose is 50 mg. Trasentine is available in
coated tablets of 75 mg. and 1.5-ml. ampuls containing 50 mg. along with 75 mg. of ammonium chloride
and 90 mg. of dextrose.
Aminopentamide. Centrine (Bristol). a,a-diphenylY-dimethylaminovaleramide (see formula p. 1784). —
This compound was identified by Hoekstra et al. (J.
Pharmacol., 1954, 110, 55) as a visceral anticholinergic
agent. Although it differs somewhat in chemical structure from many of the other visceral antispasmodic
agents, it appears to be a potent compound. It is
active when administered orally and so has been
recommended for the reduction of gastric acidity and
inhibition of motility of the gastrointestinal tract.
Apparently, it is essentially the same as atropine with
respect to its effect on intestinal motility, gastric secretion and antisialogogic action (Wollum and Pollard,
/. Lab. Clin. Med., 1951, 38, 238; Bolt et al., Gastroenterology, 1953, 24, 204). Thus, the .indications and
contraindications for aminopentamide are essentially
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those for atropine. Drucker and Cazort (Am. J.
Ophth., 1951, 34, 847^ used a 0.5 to 1 per cent aqueous solution and a 2 per cent ointment effectively in
ophthalmology.
Dose. — The usual oral dose is 0.5 to 1 mg. administered 3 times a day and at bedtime. This dosage
should be adjusted to the individual requirements of
the patient. Centrine is available in 0.5-mg. tablets
and an elixir containing 0.5 mg. in 0.7 ml. (approximately 10 drops).
Amolanone Hydrochloride. Amethone (Abbott).
3-(P-Diethylaminoethyl)-3-phenyl-2-benzofuranone
hydrochloride (see formula p. 1784). "AP -43. "—This
compound, a white powder, slightly soluble in water,
has antispasmodic action on smooth muscle in many
organs, especially those of the kidney, ureter and urinary bladder. Richards et al. (J. Pharmacol., 1945,
84, 387) reported the agent to be much less toxic
than atropine and to have only a small fraction of
its mydriatic activity and salivary flow inhibitory
power; on the other hand, it has only a fraction of
the activity of atropine, when compared on an equal
weight basis.
Prince and Richardson (J. Urol., 1945, 54, 75)
used the drug in a series of 61 cases in which spasm
of the smooth muscle of the urinary tract was
thought to be the major cause of pain. Their generally favorable results led them to conclude that Amethone is useful in promoting the passage of a substantial number of ureteral calculi when their size is
not such as to preclude theii spontaneous passage and
to relieve the pain in the great majority of these
cases, to give relief in severe bladder spasms, to relieve pain resulting from ureter catheterization and
retrograde pyelography.
Dose. — The usual dose is 50 to 100 mg. orally every
3 hours for the relief of bladder spasm; 100 to 150
mg. (2 to 3 ml. of solution) given as a single intramuscular dose prior to catheterization ; 100 mg. injected intramuscularly every 3 hours for passage of
calculi. Amethone hydrochloride is supplied in 50-mg.
capsules and in 2-ml. ampuls containing 100 mg.
Amprotropine. Syntropan (Hoffmann-La Roche).
This is the phosphate of the d/-tropic acid ester of
3-diethylamino-2,2-dirnethyl-l-propanol (see formula
p. 1784) ; it occurs as a white crystalline powder with
a faint odor and a bitter taste. It is freely soluble in
water, the solution being acid to litmus. Alkalies precipitate the free base as a colorless oily liquid.
Fromherz (/. Pharmacol., 1937, 60, 1) found that
amprotropine exerts an anticholinergic action on the
eye which is about }ioo that of atropine. Its action on
the intestines, however, is only about 20 times less
than that of atropine. He believes that this difference
is due to a second action, namely, a depression of the
involuntary muscles directly. Bergmann (Arch. exp.
Path. Pharm., 1934, 177, 519) reported that it paralyzes only the tonus of the intestines but does not
affect the peristaltic reflexes. It has been used for the
relief of spastic colon, duodenal ulcer, dysmenorrhea
and similar spasmodic states with favorable results
(Rowlands et al., Surg. Gynec. Obst., 1950, 91, 513;
Lorber and Machella, Gastroenterology, 1949, 12, 57).
Dose. — The usual oral dose is 100 to 200 mg. administered 3or 4 times daily. In practice, the dose
must be adjusted to the symptomatic requirements of
the patient. Syntropan is available in tablets of 50 and
100 mg. and as powder in 5- and 25-Gm. vials.
Cyclopentolate Hydrochloride, N.N.R. Cyclogyl
Hydrochloride (Schieffelin). P-Dimethylaminoethyl
( 1 -hydroxycyclopentyl) phenylacetate hydrochloride.
HO.C5H8.CH(C6H5).COOCH2CH2N(CH3)2.HCl.—
This compound is a white, odorless, crystalline solid,
very soluble in water, freely soluble in alcohol, and
practically insoluble in ether. The pH of a 1 per cent
solution is between 5 and 5.4.
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For the present the clinical utility of this anticholinergic agent has been limited to its use as a
cycloplegic in ophthalmic preparations. It is claimed
to be particularly suitable for use in the eye at the
time of refraction and fitting of glasses. The onset of
action when applied topically to the eye is reasonably
rapid, being maximal with respect to pupillary dilatation within 30 to 60 minutes. Since the cycloplegic
effect is shorter in duration than that of atropine or
homatropine, it is less incapacitating than the reference agents (Gettes, Arch. Ophth., 1954, 51, 467).
Cyclogyl hydrochloride is available in 0.5 and 1
per cent solutions; 1 drop is applied to each eye and
may be repeated within 5 minutes (the weaker solution is generally employed for refraction in Caucasians, the stronger is used in Negro patients in whom
the deeply pigmented eyes may not respond satisfactorily with the weaker solution). In the management
of iritis, 1 or 2 drops are instilled every 6 to 8 hours.
A 2 per cent solution of pilocarpine nitrate is used to
antagonize the action of cyclopentolate hydrochloride.
Dactil (Lakeside). N-Ethyl-3-piperidyldiphenylacetate hydrochloride. — The synthesis and chemical
properties of this compound were described by Biel
et al. (J.A.C.S., 1952, 74, 1485). This parasympathetic blocking agent is recommended particularly for
the gastroduodenal and biliary areas. Chen and Beckman (J. Pharmacol., 1952, 104, 269) reported action
on the sphincter of Oddi and the duodenum superior
to that of papaverine and equal to that of adiphenine
hydrochloride. The rapidity of action following oral
administration is a useful attribute in the clinical
management of cardiospasm, pylorospasm, biliary
dyskinesia and other hypermotility syndromes (Weinberg et al., Am. J. Digest. Dis., 1953, 20, 230). Symptoms and roentgen evidence of spasm often disappeared in 10 to 20 minutes. Effective doses rarely
cause the usual side effects of parasympathetic inhibition such as dry mouth and impaired visual accommodation. Itdoes not cause intestinal atony nor inhibit gastric secretion.
Dose. — The usual dose is 50 mg. 4 times daily orally
before meals and at bedtime. Dactil is available in
50-mg. capsules.
Dicyclomine Hydrochloride. Bentyl Hydrochloride (Merrell). Diethylaminocarbethoxybicyclohexyl
hydrochloride (see formula p. 1784). — The pharmacology of dicyclomine was described by Brown et al.
(J. A. Ph. A., 1950, 39, 305). It is a moderately active useful anticholinergic agent, being somewhat less
active than atropine. Since it is active on oral administration, ithas been employed for the relief of
gastrointestinal spasm, pylorospasm, etc. Its antispasmodic action has been documented adequately by
Hock (/. M. A. Georgia, 1951, 40, 22) and by others
(Chamberlin, Gastroenterology, 1951, 17, 224; Hufford, Rev. Gastroenterol., 1951, 18, 588; Steves,
Ohio State M. J., 1952, 48, 615). Apparently, dicyclomine has a very low order of toxicity, so that
actually it has been suggested as an antispasmodic
agent for patients having glaucoma, which ordinarily
is a contraindication to the use of these agents (Hufford, Am. J. Digest. Dis., 1952, 19, 257).
Dose. — The usual dose is 20 mg. orally or intramuscularly 3times during the day and at bedtime.
Subsequent dosage must be adjusted to the individual
patient. Bentyl Hydrochloride is available in 10-mg.
capsules, a syrup containing 10 mg. per teaspoonful,
and 2-ml. ampuls containing 10 mg. per ml. of sodium chloride injection.
Pavatrine (Searle). (3-Diethylaminoethyl fluorene9-carboxylate hydrochloride (see formula p. 1784). —
This compound is an antispasmodic, producing relaxation of smooth muscle both by a papaverine-like
direct action and an atropine-like effect on the autonomic nervous system. It is recommended as a visceral
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antispasmodic agent in the treatment of gastrointestinal irritability (Chapman et al., Gastroenterology,
1950, 16, 241), in dysmenorrhea due to uterine hypertonicity, and in irritable states of the urinary bladder.
Dose. — The recommended adult dose is 125 to
250 mg., administered 3 or 4 times daily if tolerated
and effective. The drug is supplied as 125-mg. tablets.
Quaternary Ammonium Compounds
Atropine Methylnitrate. Eumydrin (Winthrop).
Metropine (Strasenburgh). Ci6H2o03N(CH3)oN03.
— This compound is a white crystalline, odorless
powder, soluble in water and in alcohol. Its solutions
are permanent but have the usual incompatibilities of
alkaloids. Its action is similar to that of atropine, but
it is said to have %o the toxicity and Vio the mydriatic action of atropine. Graham and Lazarus (/.
Pharmacol., 1940, 70, 165) reported greater activity
on the cardiovascular system than that of atropine
and a toxicity 3 times greater for mice.
The usual oral dose is 2 mg., and 1 or 2 mg. has
been given parenterally. It is available in 1-mg. tablets, an elixir containing 1 mg. per teaspoonful and
sterile vials containing 2 mg. per ml.
Atropine methylbromide has also been used in the
same dose for the same indications. It is a white,
crystalline solid which is freely soluble in water and
slightly soluble in alcohol.
Dibutoline Sulfate. Dibuline Sulfate (Sharp &
Dohme). Di-n-butyl-carbamylcholine (see formula
p. 1785). — This compound was introduced as a quaternary anticholinergic agent into ophthalmic practice
for its mydriatic and cycloplegic effects by Swan and
White (Am. J. Ophth., 1944, 27, 933). It has been
studied extensively from a pharmacologic standpoint.
Featherstone and White (/. Pharmacol., 1945, 84,
105) demonstrated that the compound was essentially
inactive when administered orally but that it was a
potent visceral anticholinergic agent, particularly as
an antispasmodic compound, when administered parenterally. Peterson and Peterson (ibid., 1945, 84,
236) reported dibutoline to possess pharmacologic
actions qualitatively similar to the autonomic blocking action of atropine. In their critical analysis of
the site of action of dibutoline, Gruhzit and Moe
(Fed. Proc, 1949, 8, 298; /. Pharmacol., 1949, 96,
38) indicated that this compound, unlike atropine,
had some ganglionic blocking action. However, they
pointed out that this propensity was sufficiently less
than its atropine-like properties as probably not to
play a role in its overall pharmacodynamic action.
Swan and White (J. Pharmacol., 1944, 80, 285;
Arch. Ophth., 1944, 31, 289) studied the ophthalmic
use of dibutoline most intensively. Although the
compound is said by them to be less potent than
homatropine, it is shorter in duration of action and
lacks systemic effect following ocular administration.
It is particularly useful as a cycloplegic and mydriatic
agent. Feldman (Arch. Ophth., 1949, 41, 42) indicated that full mydriasis was obtained in 99 of 104
patients within less time than when either homatropine or atropine was administered. Dibutoline apparently gave the greatest amount of ciliary paralysis.
Gettes (Arch. Ophth., 1950, 43, 446) reported a synergistic effect of dibutoline with homatropine hydrobromide when instilled into the eye. He has indicated
that at the time of publication the combination of
2.5 per cent dibutoline and 2 per cent homatropine
hydrobromide has been used routinely in almost
1000 eyes, with an incidence of only 6 per cent wherein the cycloplegia was inadequate. This inadequacy
was noted particularly in darkly pigmented Negroes.
It was a common observation that such patients reacted poorly to these agents and to ephedrine.
The utility of dibutoline has been extended to its
use as a gastrointestinal antispasmodic agent. Since it
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was first reported to be useful for this purpose by
Peterson and Peterson (Gastroenterology, 1945, 5,
169), a number of publications have attested to its
dependability and efficacy. The compound must be
administered parenterally and is promptly effective
following injection. Cummins et al. (Gastroenterology,
1947, 8, 205) reported it to be effective in the relief
of smooth muscle spasm, of chronic non-specific ulcerative colitis, premenstrual cramping, duodenitis,
etc. The dosage employed was 5 to 10 mg. administered symptomatically intramuscularly. Likewise,
Kent (Ariz. Med., 1950, 7, 31) found the agent to be
useful when injected subcutaneously in a dosage of
10 to 30 mg. for the relief of severe visceral pain of
various origins.
Dose. — For ophthalmic use, a 5 per cent solution
should be employed by instilling 1 drop in each eye
and repeating the instillation 5 minutes later. The
parenteral dose of the agent is 10 to 30 mg., a 10mg. dose being repeated symptomatically until the
pain of spasm is relieved or until side effects, such as
dryness of the mouth or blurring of vision, contraindicate further increase in dosage.
Diphemanil Methylsulfate, N.N.R. Prantal
Methylsulfate (Schering). 4-Diphenylmethylene-l,ldimethylpiperidinium methylsulfate. — Diphemanil
methsulfate is a white or nearly white, bitter, crystalline solid with a faint, characteristic odor; it is soluble in water and in alcohol, in each to the extent of
about 3 Gm. per 100 ml. The pH of a 1 per cent
solution is between 4.0 and 6.0. Diphemanil is one
of the quaternary ammonium visceral anticholinergic
agents that has an order of activity somewhat less
than that of atropine. The agent is not well absorbed
following oral administration. Apparently, gastrointestinal and renal elimination accounts for at least
50 per cent of the compound, regardless of its mode
of administration. Following intramuscular injection,
up to 100 per cent of the agent can be recovered in
either the urine or feces (Perlman et al., J. A. Ph. A.,
1953, 42, 483). The pharmacodynamic actions of the
compound were described by Margolin et al. (Proc.
Exp. Biol. Med., 1951, 78, 576). According to their
data, this compound inhibits particularly parasympathetic innervation of gastrointestinal motility and secretion, with relatively less effect on visual accommodation, salivary secretion, etc.
This pharmacologic demonstration of activity has
been substantiated clinically. The utility of diphemanil, as it relates to the management of gastric secretion in the peptic ulcer patient, as a gastrointestinal
antispasmodic agent, and in the treatment of hyperhydrosis, has been documented by Hawkins et al.
(Gastroenterology, 1953, 24, 193), by McHardy and
Bechtold (J. Louisiana M. Soc, 1953, 105, 139), by
Hoffmann (Am. J. Digest. Dis., 1953, 20, 45), by
Heineken (Am. Pract. Dig. Treat., 1952, 3, 701), and
by Nelson (J. Invest. Dermat., 1951, 17, 207). The
compound also has been recommended for topical
application in the symptomatic relief of pruritus of
373).
various origins (Nelson, J. Invest. Dermat., 1952, 18,
Dose. — The usual oral dose is 100 mg. administered
3 or 4 times daily. Intramuscularly, 15 to 25 mg.,
maximum 50 mg., is given every 6 hours. This dosage
must be adjusted to the individual needs of the patient. Topically as an antipruritic preparation, the
agent is administered as a 2 per cent cream. It is
available in 100-mg. tablets, 100-mg. coated tablets
for prolonged absorption, 10-ml. vials containing 25
mg. per ml. preserved with 0.18 per cent methylparaben and 0.02 per cent propylparaben, and a 2 per
cent cream.
Mepiperphenidol Bromide. Darstine (Sharp &
Dohme). l-(3-Hydroxy-5-methyl-4-phenylhexyl)-lmethylpiperidinium bromide (see formula p. 1785). —
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This quaternary peripheral anticholinergic agent was
analyzed for its pharmacodynamic action by McManus, Bochey and Beyer (J. Pharmacol., 1953, 108,
364). The compound is active on oral administration
or by parenteral injection. Its activity is not as great
as that of atropine, being more of the order of
methantheline. Mepiperphenidol is distinctive in its
differentially more potent activity with respect to
the gastrointestinal tract. Thus, it produces relatively
much less effect on salivary secretion at fully effective
intestinal anticholinergic doses. The physiological
economy of the compound and its duration of action
appear to be a function of its rate of diffusion from
tissues, since the compound is excreted almost totally
as such over a period of 48 to 72 hours following a
single dose (Beyer et al., Am. J. Physiol., 1953, 175,
39). Mepiperphenidol differs somewhat from other
anticholinergic agents in that McCarthy et al. (J.
Pharmacol., 1953, 108, 246) found it to inhibit secretion in the Heidenhain (denervated) gastric pouch.
Clinical papers attesting to the utility of mepiperphenidol in the control of hyperhidrosis, as an
antisialogogic agent, as an inhibitor of insulin-induced
gastric secretion in duodenal ulcer patients, and as an
antispasmodic agent include those by Zupko and
Prokop (/. A. Ph. A., 1954, 43, 35; ibid., p. 219), by
Weisiger et al. (Gastroenterology, 1954, 27, 469), by
McKenna et al. (ibid., 1954, 26, 276) and by Toigo
et al. (ibid., 1954, 26, 758).
Dose. — The suggested dosage of mepiperphenidol
bromide is 50 to 100 mg. administered 3 times daily
orally or parenterally. As in the instance of other
anticholinergic agents, the dosage of this compound
must be adjusted to the individual patient. Sun et al.
(J.A.M.A., 1955, 158, 713) demonstrated control of
acid secretion in patients with peptic ulcer with doses
ranging from 50 to 400 mg. in different patients.
Oxyphenonixjm Bromide, Antrenyl Bromide
(Ciba ) . Diethyl- (2-hydroxyethyl) -methylammonium
bromide a-phenylcyclohexane glycolate (see formula
p. 1784). — The pharmacology of this new quaternary
ammonium anticholinergic agent has been described
by Plummer et al. (J. Pharmacol., 1953, 108, 292).
Primarily, the agent is atropine-like in its ability to
block cholinergic stimulation of visceral activity.
Thus, its clinical utility extends to the management of
peptic ulcer and gastrointestinal spasms. The compound is active when administered orally and in
general is comparable in its action to atropine. It is
claimed to have less antisialogogic and mydriatic
effects than that reference agent when administered
systemically. On the basis of comparison with other
anticholinergic agents, this proves to be one of the
more generally potent of the newer compounds
(Zupko and Prokop, J. A. Ph. A., 1954, 43, 35; Riese,
Am. J. Digest. Dis., 1954, 21, 81; Stiegman and
Dolehide, ibid., 1955, 22, 37; Abrahamson and Hurwitz, Arch. Ophth., 1954, 52, 519; Fields, Arch.
Pediat., 1954, 71, 269). The side effects of the compound are essentially the same as those of any parasympathetic blocking drug.
The usual dose is 5 mg. orally 4 times daily.
Antrenyl Bromide is available in 5-mg. scored tablets
and a syrup containing 5 mg. per teaspoonful.
Penthienate Bromide. Monodral Bromide (Winthrop-Stearns) . 2-Diethylaminoethyl-2-cyclopentyl-2(2-thienyl)hydroxyacetate methylbromide. WIN4369. — -This is one of a series of compounds evaluated
by Luduena and Lands (/. Pharmacol., 1954, 110,
282) for their antispasmodic (visceral anticholinergic)
action. They found this agent to be the most potent
of their series from the standpoint of its ability to
antagonize the depressor effect of carbachol, as well
as the effect of that agent on salivation and intestinal
motility. The compound is said to be some 7 times
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more active than homatropine and about l/z as active
as atropine.
Ingegno and Kertzner (N. Y. State J. Med., 1954,
54, 1185) substantiated clinically the potent action of
penthienate as a gastrointestinal antispasmodic agent.
Their evidence suggested that the compound has an
inhibitory effect on nocturnal gastric secretion and on
gastric secretion stimulated by the action of insulin.
It had no appreciable effect on histamine-induced
gastric secretion, however. The dosages they employed
were between 5 and 20 mg. of the agent administered
orally. Kirsner and Palmer (J.A.M.A., 1953, 151,
798) found that gastric anacidity developed in 1 of 5
patients to whom 2.5 mg. of this agent was administered and in 4 of 6 patients who were given 10 mg.
of penthienate orally. The duration of action of the
compound was from 3% to 5 hours. Moderate side
effects occurred in 8 of the 16 patients to whom they
administered the compound. Contraindications to the
use of penthienate bromide are essentially the same
as those for other very potent parasympathetic blocking agents. For example, it is said to be contraindicated in the presence of glaucoma and that caution
should be exercised in the administration of the agent
to patients having severe cardiac disease wherein its
chronotropic effect might be contraindicated.
Dose. — Orally, a dose of 5 to 10 mg. administered
3 times a day and at bedtime is usually effective.
However, as in the instance of other compounds in
this series, the dosage of penthienate must be individualized to the needs of the patient. A daily dose of
40 mg. is said to be maximal. Monodral bromide is
available in caplets of 5 mg.
Piptal (Lakeside). N-Ethyl-3-piperidyl-benzilate
methobromide. — This quaternary ammonium compound was described by Biel et al. (J.A.C.S., 1952,
74, 1485). It has atropine-like action (Ewing et al.,
J. Pharmacol., 1954, 110, 17). Chen (Fed. Proc, 1954,
13, 343) reported parasympathetic blocking action in
animals, similar to that of atropine and superior to
that of methantheline bromide. In humans, Stiegmann
and Dolehide (ibid., 408) observed decrease in the
acidity of gastric secretion. Riese (Am. J. Gastroenterol., 1955, 23, 223) found a decrease in gastric
acidity in some but not in all patients following a
single dose of 15 mg. Roentgen studies showed a
relief of spasm and a prolongation of emptying time
of the stomach in patients with peptic ulcer. Among
37 patients with hypertrophic gastritis, gastric ulcer,
or duodenal ulcer, Riese reported relief of discomfort
and healing of the lesion in 35 with a dose of 5 to
10 mg. orally every 4 to 6 hours. No untoward side
effects were reported on the mouth, bowel or bladder.
Dose. — The usual dose is 5 to 10 mg. orally four
times daily before meals and at bedtime. Piptal is
available in 5-mg. tablets.
Tricyclamol. Elorine Sidfate (Lilly). Tricoloid
(Burroughs Wellcome). l-Cyclohexyl-l-phenyl-3pyrrolidino-1-propanol methylsulfate (see formula
p. 1785). — This water-soluble, crystalline compound
is one of the orally active visceral anticholinergic
agents. It is less active than atropine, but in general
its pharmacology is similar to that of the other systemic agents considered in the monograph on Parasympathetic Blocking Agents. As a ganglionic blocking agent, Lee et al. (J. A. Ph. A., 1954, 43, 408)
indicated that it was about J4 as active as tetraethylammonium. Zupko and Prokof (ibid., 1955, 44,
160) reported that its anhidrotic and antisialogogic
actions were similar to those of other recent anticholinergic agents.
Kirsner and Palmer (J.AM.A., 1953, 151, 798)
compared tricyclamol with a number of other visceral
anticholinergic compounds. In dosages of 50 to 250
mg. by mouth, the compound effectively decreased
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colonic motility in man. Apparently, it did not produce serious disturbing reactions, but mild to moderate side effects developed in 10 to 13 patients. This
agent is substantially less active than atropine and
is considered by the same authors to be less free of
side effects than some of the related agents to which
it was compared. Shutkin (Am. J. Gastroenterology,
1954, 21, 386) reported the agent to be satisfactory
as a visceral anticholinergic agent in the management
of the peptic ulcer patient.
Dose. — The oral administration of 25 to 150 mg.
every 4 to 8 hours symptomatically is recommended.
Contraindications and side effects are similar to those
of other parasympathetic blocking agents. Sun et al.
(J.A.M.A., 1955, 158, 713) demonstrated control of
acid secretion in patients with peptic ulcer with doses
ranging from 150 to 250 mg. Elorine Sulfate is available in 25 and 50 mg. Pulvules.
Parasympathomimetic Agents and Cholinesterase Inhibitors. — Synonym. — Cholinergic agents.
Definition. — A parasympathomimetic agent is one
that effects a response of visceral organs qualitatively
similar to that produced by stimulating the parasympathetic innervation of such tissues. A cholinesterase inhibitor produces a parasympathetic effect
by inhibiting the rapid destruction of the cholinergic
mediator (acetylcholine) of nerve impulses at the
neuromuscular junction.
Physiology.— Anatomically, the parasympathetic
nerves are a division of the autonomic system. The
parasympathetic nervous system is divided into a
cranial and a sacral part. Like the sympathetic division of the autonomic system, the parasympathetic
innervation to an organ consists of a preganglionic
lower motor neuron and a postganglionic nerve. The
cell body of the preganglionic nerve or neuron lies
within the brain stem. In general, the cell body of the
postganglionic neuron lies within the organ it innervates. This characteristic is in contrast to the sympathetic system where the synapses between the preand postganglionic neurons concentrate in ganglia that
lie distal to the organ innervated.
The cranial portion of the parasympathetic system
supplies the cholinergic mediation of impulses to the
head, neck, upper extremities, the chest and the upper
abdomen. In general, it is the vagus nerve that mediates the parasympathetic impulses to the neck, upper
extremities, and the organs of the chest and upper
abdomen. The sacral division of the parasympathetic
system innervates the gastrointestinal tract beyond
the middle of the transverse portion of the large
intestine. It also supplies the innervation to the lower
abdominal viscera, as for example the urinary bladder,
and in addition the blood vessels of the lower abdomen and the lower extremities (Kuntz, The Autonomic Nervous System, 3rd Ed., 1945, Lea & Febiger).
The function (Best and Taylor, Physiological Basis
of Medical Practice, 5th Ed., 1950, Williams & Wilkins) of the parasympathetic nervous system is antagonistic to that of the sympathetic innervation of
an organ, in general. Thus, whereas stimulation of
the sympathetic nerves to the pupil of the eye produces dilation, parasympathetic stimulation produces
constriction, or miosis. Whereas stimulation of the
sympathetic nerves to the blood vessels of the face
and neck produces blanching or vasoconstriction,
stimulation of parasympathetic nerves produces flushing or vasodilatation. Stimulation of the sympathetic
nerves to the lungs produces bronchodilatation. Conversely, stimulation of the parasympathetic nerves
produces bronchoconstriction. Stimulation of the vagi
produces slowing of heart rate even to the point of
arrest or altered conduction. The parasympathetic
innervation to the gastrointestinal tract usually produces an increase in secretion and in motor activity,
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whereas stimulation of the sympathetic nerves produces little effect on secretion but inhibits motor activity of the stomach and intestine. Stimulation of
the parasympathetic nerves to the urinary bladder increases its tone and aids in micturition. Blocking the
parasympathetic system causes difficulty in urination.
The chemical mediation of the parasympathetic
nerves to visceral (cardiac) muscle was demonstrated
many years ago by Otto Loewi (Pfluegers Arch., 1921,
189, 239) as being due to acetylcholine. This very
unstable biological compound is responsible for the
neuromuscular transmission of impulses to visceral
organs of the parasympathetic system, characteristically. Actually, acetylcholine appears to be responsible for transmission of impulses between the
pre- and the post-ganglionic nerves of both the sympathetic and the parasympathetic divisions of the autonomic nervous system (Feldberg and Gaddum,
J. Physiol., 1934, 81, 305; Emmelin and Macintosh,
Acta physiol. Scandinav., 1948, 16 (Suppl. 53), 17).
As will be discussed in the course of the monograph,
acetylcholine appears to play a role in the neuromuscular transmission of impulses to skeletal musculature (Dale et al., J. Physiol, 1936, 86, 353).
Indeed, it has been claimed that acetylcholine is responsible for the transmission of impulses from nerve
to nerve within the central nervous system (Feldberg,
Physiol. Rev., 1945, 25, 596).
The duration of action of acetylcholine is evanescent. This necessarily would be the case if it were to
fill the role of a chemical transmitter of nerve impulses. This fleeting duration of action of acetylcholine isdue to the fact that it is hydrolyzed very
rapidly (Loewi and Navratil, Arch. ges. Physiol.,
1926, 214, 678) by cholinesterase (Stedman et al.,
Biochem. J., 1932, 26, 2056). Cholinesterase splits
acetylcholine into the biologically much less active
choline and acetate. Thus, a compound that blocks
the inactivation of acetylcholine has much the same
inherent activity as one which would act directly on
the muscle in the manner of acetylcholine. This statement presupposes that the cholinesterase inhibitor had
no inherent pharmacodynamic actions other than that
of the enzyme inhibitor.
Chemistry. — Parasympathomimetic agents may be
divided arbitrarily into two types: (1) Acetylcholine
(see in Part I) and its analogs. These compounds in
general are esters and contain a quaternary ammonium group. Their structure-to-action relationships
have been reviewed by Ing (Science, 1949, 109, 264).
These compounds include Mecholyl, Doryl and Urecholine (see Methacholine Chloride, Carbachol and
Bethanechol Chloride, respectively, in Part I) :

CH3
CH3-C-0-CH2CH2-N(CH3)3

-CI"

Acetylcholine Chloride

/

CH3-C-0-CH-CH2-N

(CHj^ -Cr

CH3
Mecholyl (Methacholine)
Chloride

NH2-C— 0-CHj,CH2-N(CH3)3 • Cl~
Doryl (Carbachol)

/
NH2— C— O—

CH-CH2-N

(CH3)3 • CI"

Urecholine (Bethanechol) Chloride

1792

Parasympathomimetic

Part

Agents

(2) Quaternary compounds that do not resemble
acetylcholine structurally, yet possess many of its
activities, include:

II

and (2) irreversible inhibitors of cholinesterase, which
include diisopropyl ftuorophosphate (see Isofluro^CH,
phate in Part I) and tetraethylpyro
phosphate (vd.).
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iodide

(CH3)2N-C-0— I^^N— CH,-^
Stigmonene (Benzpyrinium) bromide

Cholinest erase inhibitors may be classified (Koelle
and Gilman, /. Pharmacol., 1949, 95, 166) as (1)
reversible inhibitors, including physostigmine, neostigmine, and tetramethoquin :
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Pharmacology. — As was mentioned in the section
on Physiology, acetylcholine has at least three welldefined roles in the humoral transmission of nerve
impulses.
(1) The transmission of impulses from the pre- to
the postganglionic neurons by acetylcholine may be
likened unto ganglionic stimulation by the action of
nicotine, as was described by Langley {The Autonomic Nervous System, 1921, Heffer and Sons, Cambridge). Nicotine stimulates the postganglionic neuron,
predominantly. It has a much lower affinity for
peripheral structures. Thus, the action of acetylcholine
at ganglia is referred to as nicotinic.
(2) The peripheral action of acetylcholine for the
humoral transmission of impulses across the neuromuscular junction of smooth muscle is similar to that
for muscarine (Dixon, The Med. Mag., 1907, 16,
454). Thus, this peripheral action is referred to as
muscarinic.
(3) Acetylcholine mediates the neuromuscular transmission of impulses to skeletal or striated muscle.
Parasympathomimetic agents having a structure similar to that of acetylcholine may act in much the same
manner as does the compound itself. However, the
various agents
Br" differ among themselves with respect
to their dominant type of cholinergic action. For example, Doryl has greater nicotinic than muscarinic
action. Conversely, Mecholyl is more muscarinic than
nicotinic in its effect (Hunt and Renshaw, /. Pharmacol., 1934, 51, 237).
Since acetylcholine is so rapidly hydrolyzed by
cholinesterase, its analogs in general use are modifications of that basic structure designed to decrease
the rate of hydrolysis of the ester linkage in order to
give a useful duration of action (Simonart, Rev. Belg.
sc. med., 1931, 3, 757; Molitor, J. Pharmacol., 1936,
58, 337). Thus, Mecholyl and Doryl apparently are
essentially refractory to enzymatic hydrolysis. This
attribute confers on these compounds both a longer
duration of action and some measure of oral efficacy.
However, it is an interesting characteristic of parasympathomimetic agents that there is a very large
differential between their oral and their parenteral
dosage (Starr, Am. J. Med. Sci., 1933. 186, 330).
The other types of parasympathomimetic agents
behave similarly to acetylcholine and its analogs on
ther" whole, and yet their utility from a clinical viewB
point in many instances is negligible or is restricted.
Thus, muscarine, which classically has the peripheral
neuromuscular characteristic of acetylcholine, is not
employed in therapy because of its very broad pharmacodynamic spectrum. It will be recalled that muscarine isthe poison of Amanita muscaria, or the poi-
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sonous mushroom. Arecoline likewise is limited largely
to use as a vermifuge in veterinary medicine. This
compound has a profound bronchoconstrictor action
when administered parenterally. The other compounds
such as Furmethide and Stigmonene likewise have a
limited clinical utility as will be discussed below.
Perhaps the best known of the parasympathomimetic
agents that are not analogs of acetylcholine is pilocarpine, which is derived from Pilocarpus microphyllus and has been in use for many years.
The cholinesterase inhibitors that are characterized
as reversible were recognized as early as was the
cholinergic mediation of parasympathetic impulses.
Thus, Loewi and Navratil {Arch. ges. Physiol., 1926,
214, 678) discovered that there was an enzyme in
the frog heart that was capable of inactivating the
"vagus substance" which they identified as acetylcholine. Physostigmine (eserine) was the first of these
enzyme inhibitors to be recognized as such (Fiihner,
Arch. Exp. Path. Pharm., 1918, 82, 51; Engelhart
and Loewi, ibid., 1930, 150, 1). It is of natural origin
and is isolated from Physostigma venenosum, or the
Calabar bean. More recently other synthetic compounds have found a place in therapy as reversible
cholinesterase inhibitors. The best known of these is
Prostigtnin (neostigmine) (Aeschlimann and Reinert,
/. Pharmacol., 1931, 43, 413). Of most recent origin
is the compound Tetramethoquin (Brown et al., Arch,
internat. pharmacodyn. therap., 1950, 81, 276).
These reversible cholinesterase inhibitors, Prostigmin and physostigmine, are particularly noteworthy
for their cholinergic actions on skeletal neuromuscular transmission. Thus, they appear to be the most
useful of this broad category in the treatment of
myasthenia gravis. The cause of this functional disease appears not to be established, but it seems from
a therapeutic standpoint as though there were an
insufficient production of acetylcholine or an excess
of cholinesterase present at the site of humoral transmission of the impulse from the nerve to the skeletal
muscle. Consequently, the disease is characterized by
profound weakness especially of the postural muscles,
the facial muscles, muscles of deglutition, supraorbital
muscles, etc. Actually, the action of Prostigmin and
eserine on skeletal musculature appears to be more
complex than simply the inhibition of cholinesterase.
Recent evidence indicates that the compounds themselves may stimulate skeletal muscle tone (Riker and
Wescoe, /. Pharmacol., 1946, 88, 58).
The irreversible inhibitors of cholinesterase (Adrian
et al., Brit. J. Pharmacol. Chemother., 1947, 2, 56)
were studied most intensively during the past war as
chemical warfare agents. Their duration of action is
characteristically long and appears to be a function of
the rate of regeneration of the ester, at least in large
measure. Whereas initially the inhibition of cholinesterase by these compounds appears to be reversible
(Nachmansohn et al., Arch. Biochem., 1947, 14, 197),
the effect is progressive to the point of irreversibility
(Mackworth and Webb, Biochem. J., 1948, 42, 91).
Unfortunately the action of these agents is so widespread that their utility from a medical standpoint is
quite limited by their profound toxicity (Rohwer and
Haller, J. A.M. A., 1950, 144, 104). However, they
have been most useful from the standpoint of contributions to the knowledge of the role of cholinesterase
in the humoral transmission of nerve impulses (Koelle
and Gilman, /. Pharmacol., 1949, 95, 166). It was not
until these agents were available that the dual mode
of action of Prostigmin (Riker and Wescoe, ibid.,
1946, 88, 58) and physostigmine (Miquel, ibid., 1946,
88, 67) on skeletal neuromuscular junctions referred
to in the previous paragraph could be established
acceptably. The irreversible inhibitors of cholinesterase
apparently have no activity of their own accord as
they are devoid of effect on denervated organs. The
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effect of DFP at skeletal neuromuscular junctions in
the treatment of myasthenia gravis is not as satisfactory as that of Prostigmin (Comroe et al., Am. J,
Med. Sci., 1946, 212, 641), although TEPP appears
to be more promising (Grob and Harvey, Bull. Johns
Hopkins Hosp., 1949, 84, 532).
Clinical Utility. — The chemical analogs of acetylcholine (especially Mecholyl and Doryl) are used in
the therapy of peripheral vascular diseases for the production of vasodilatation. Commonly, Mecholyl is
administered by iontophoresis for the production of
localized vasodilatation. Urecholine is employed for
the relief of postoperative urinary retention (Stafford
et al., Surg. Gynec. Obst., 1949, 89, 590; Boone,
South. M. J., 1950, 43, 1073). Their utility in these
latter conditions is shared by the cholinesterase
inhibitors.
Pilocarpine is perhaps the most powerful diaphoretic
or hidrotic agent of the group. This compound is also
used as a miotic agent in glaucoma or for the reversal
of atropine dilatation and cycloplegia following ophthalmoscopic examination. Furmethide (Goldberger
et al., Am. J. Obst. Gyn., 1949, 58, 376) and Stigmonene (Weinstein and Roberts, J.A.M.A., 1953, 153,
268) have been promoted particularly for the relief
of postoperative urinary bladder distention and to aid
in micturition. It was mentioned above that muscarine
and arecoline have no use in human medicine. Arecoline
is used as a vermifuge in veterinary therapy.
Physostigmine and Prostigmin are most frequently
used in the treatment of myasthenia gravis and for
the relief of postoperative abdominal distention. These
compounds also are used as miotic agents in glaucoma.
They have an advantage over pilocarpine in that they
do not produce initial stimulation and increase in
ocular tension before the onset of miosis and decreased
ocular tension that is characteristic of pilocarpine.
The utility of the irreversible inhibitors of cholinesterase appears to be limited for the present to use
as miotic agents, where they appear to be drugs of
choice for the prolonged therapy of glaucoma. The
action of DFP persists for days (McDonald, Am. J.
Ophth., 1946, 29, 1071), whereas that for TEPP remains for a matter of hours.
Toxicity. — The toxicity of these very potent compounds is attributable to their overt manifestations
of parasympathomimetic activity and to the pharmacodynamic action of individual compounds over
and above their cholinergic effects. Thus, all of the
compounds when administered in large amounts will
produce a fall in blood pressure, bradycardia, abdominal cramping, catharsis, miosis and fixed accommodation. In addition, excessive amounts of certain of the
compounds will produce excitement, insomnia, excessive dreaming and convulsions.
These manifestations of toxicity can be combated
by the withdrawal of the drug and by the symptomatic use of atropine for the blocking of the parasympathomimetic effects. Atropine (as discussed in
the section on Anticholinergic Agents) inhibits the
action of parasympathomimetic agents on the receptor mechanism of visceral organs. In addition to
atropine, sedation may be required to overcome the
central nervous system manifestations of toxicity.
Since most reliable results follow parenteral (usually
subcutaneous, rarely intravenous) administration of
these
tiously.potent agents, they should be employed cauNon-official Compounds
Benzpyrinium Bromide, N.N.R. Stigmonene Bromide (Warner-Chilcott). l-Benzyl-3-(dimethylcarbamyloxy)-pyridinium bromide (see formula p. 1792). —
Benzpyrinium bromide is a white to slightly yellow
crystalline powder, almost odorless; it is very soluble
in water and in alcohol. A 1 per cent solution has a
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pH between 4.5 and 5.5. This new cholinergic drug
is stated to be less toxic than neostigmine methylsulfate in animals but requires a larger dose to produce an effect on the gastrointestinal tract which is
comparable to that of the neostigmine salt.
Whitaker and Wright (.V. Y. State J. Med., 1950,
50, 437) used it, followed by a low enema in 20 minutes, in 100 patients for the prevention and treatment
of abdominal distention. They concluded that the
drug is highly satisfactory, with no deleterious effect,
and with a very selective action upon gastrointestinal
and bladder musculature. Nausea and mild sweating
were observed in some patients. Benzpyrinium has
been recommended by Weinstein and Roberts
{JAMA., 1953, 153, 268) for the management of
postoperative urinary retention. They found that in
their series of 160 patients the symptomatic parenteral administration of 2 mg. of the agent, followed
by heat to the lower abdomen, shortened considerably
the duration of vesical atonia, thus reducing the
necessity for catheterization of the patient. The compound, in doses of 2 mg. daily for 3 days, has been
found to be of value in the diagnosis of early pregnancy and in the treatment of simple delayed menstruation (Lavell et al., N. Y. State J. Med., 1954,
54, 1642; Decker, Am. J. Obst. Gyn., 1952, 64, 1137).
Mechanical obstruction of the gastrointestinal tract,
and asthma, are contraindications to the use of this
agent.
Dose. — Benzpyrinium bromide is administered intramuscularly ina dose of 2 mg., repeated at intervals
of 2 to 6 hours for a course of 6 injections. It is
available in 1-ml. ampuls containing 0.5 or 2 mg. of
the drug.
Furtrethonitjm Iodide, N.N.R. 1953. Furmethide
Iodide (Smith, Kline & French). Furfuryltrimethylammonium iodide (see formula above). — This compound occurs as a white, crystalline solid, very soluble
in water ; its aqueous solutions have been found to be
stable even when exposed to light during a period of
a year. Solutions have a pH of 5.3 to 6.
Fellows and Livingston (J. Pharmacol., 1940, 68,
231) observed that furfuryl derivatives containing
also the trimethylammonium group, which is the basic
radical of acetylcholine and of mecholyl salts, are
like those compounds powerful stimulants to the parasympathetic nerves. As a result of this action these
drugs cause contraction of the pupil of the eye, fall
of blood pressure, increased secretion of sweat and
saliva and active contraction of the intestinal muscles.
The chief reason that acetylcholine has not proved a
drug of great clinical importance is that it is so rapidly
destroyed by the cholinesterase of the blood; furtrethonium is not so rapidly detoxified in the body.
Myerson and colleagues (J. Pharmacol., 1940, 68,
476) , who made a number of studies on men, found
that after oral ingestion of 10 to 20 mg. the diaphoretic
effect was usually noticeable for three-quarters of
an hour. One of the prominent actions of furtrethonium is an increase in the contractility of the
urinary bladder. Beaser et al. (Am. J. Med. Sci., 1943,
206, 476) and Goldberger et al. (Am. J. Obst. Gyn.,
1949, 58, 376) used it with good results in the treatment of urinary retention due to atony of the bladder,
which is so frequent a sequela of certain surgical
operations. However, this agent should never be employed in the presence of vesicle neck obstruction.
Owens and Woods (.4m. /. Ophth., 1946, 29, 447), as
well as Goodwin (ibid., 1951, 34, 1139), found
furtrethonium to be a valuable drug in the treatment
of primary glaucoma. Treatment consisted in instilting one drop of a 10 per cent solution into the conjunctival sac every 15 minutes for 2 hours, then every
3 hours until the ocular tension was reduced to normal or an operation was performed. Ney and Horowitz
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(JAMA., 1950, 142, 12) reported that in two
patients with large amounts of residual urine and
vesicoureteral reflux Furmethide produced acute pyelonephritis; they believe that any effective parasympathetic-stimulating drug would produce the same complication and advise against the use of such drugs in
patients thus afflicted.
Dose. — In the treatment of urinary retention, if an
initial subcutaneous injection of 3 mg. is not effective
in 5 to 15 minutes, an additional 5 mg. may be administered iny2 to 1 hour. Oral doses of 10 to 30 mg.
2 to 3 times a day ordinarily should maintain restored
bladder function. Furmethide Iodide is not presently
available but it was marketed in 1-ml. ampuls containing 5mg. and as tablets containing 10 mg.
TEPP. Telraelhylpyro phosphate (see formula, p.
1792). — This is a colorless, hygroscopic liquid, both
water-soluble and lipid-soluble; it has a specific gravity of about 1.2. It is the principal component of commercial hexaethyltetraphosphate, which was used in
Germany during the war as an insecticide because of
its nicotine-like action (see Hall and Jacobson, Ind.
Eng. Chem., 1948, 40, 694) ; the insecticides Xifos and
Vapotone-XX contain the substance.
This drug is an irreversible cholinesterase inhibitor,
in contrast to the reversible anticholinesterase drugs
mentioned above. The action of TEPP has been related to the rate of regeneration of cholinesterase,
but the early reversible actions of the agent may not
result solely from cholinesterase inhibition (McXamara et al., J. Pharmacol., 1954, 110, 232). Burgen
et al. (J. Pharmacol., 1949, 96, Part 1, 396) found
that atropine reduced or abolished the visceral responses to TEPP but did not prevent the central
nervous system or muscular effects. Salerno and Coon
(ibid., 1949. 95, 240) reported the results of a detailed pharmacological comparison of TEPP and
hexaethyltetraphosphate (HETP) with physostigmine
salicylate, neostigmine bromide and DFP (see also
166). and Gilman, /. Pharmacol., 1949, 95, Part 2,
Koelle
Grob and Harvey (Bull. Johns Hopkins Hosp.,
1949, 84, 532) reported extensive clinical studies following the demonstration, in vitro, that TEPP is a
more potent inhibitor of human plasma, red blood
cell, brain and muscle cholinesterase activity than is
DFP or neostigmine. In normal subjects plasma
cholinesterase fell nearly to zero in 1 hour following
intramuscular or intravascular administration of 1 mg.
of TEPP, or of 4 times this amount by mouth;
restoration of enzyme occurred at the rate of 19 per
cent of the original activity during the first day, and
at a rate of 4 per cent after the fifth day. Daily intramuscular administration of TEPP, in doses of 0.5 to
1 mg., reduced red blood cell cholinesterase to 8 per
cent of its original activity; restoration was more
gradual than that observed in the case of plasma.
Twelve patients with severe myasthenia gravis required 16 mg. orally or 4.8 mg. intramuscularly daily,
given in 2 or 3 doses, to maintain muscular strength.
These patients, 19 to 60 years of age, had required
from 75 to 540 mg. of neostigmine bromide daily by
mouth. The maximum therapeutic effect with TEPP,
obtained with 41 mg. orally or 7.2 mg. intramuscularly, issimilar to that produced by optimal doses of
neostigmine but lasts for 6 to 12 hours, gradually
declining over a period of 48 to 72 hours. A decrease
of 3 to 4 mg. in the optimal oral daily dose reduced
the therapeutic effect more than one-half, while an
incpease of 2 to 3 mg. produced undesirable side effects,
including muscular fasciculation and weakness, anorexia, nauesa, vomiting, profuse sweating, giddiness
and uneasiness which could not be controlled by
atropine. The reversible inhibition of cholinesterase by
neostigmine seems to prevent the irreversible inhibi-
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tion produced by TEPP. Administration of neostigmine within 48 hours following the use of TEPP
enhanced the action of a suboptimal dose of the
latter. The therapeutic dose of TEPP is so close to the
toxic dose that it is difficult to produce an optimal
effect without side effects. For further information see
Burgen et al. {Lancet, 1948, 254, 519), Stone and
Rider (J.A.M.A., 1949, 141, 107), and also Westerberg and Luros (Univ. Hosp. Bull. Ann Arbor, 1948,
14,15).
Miotic activity of TEPP in the normal human eye
is comparable to that of physostigmine (Grant, Arch.
Ophth., 1949, 39, 579) ; instillation of an 0.05 to 0.1
per cent solution in peanut oil twice daily lowered
the pressure in glaucomatous eyes more effectively
than did 4 per cent pilocarpine nitrate solution administered several times daily. The use of 0.1 per cent
solution of TEPP more than twice daily resulted in
spasm of accommodation for near vision, dimness of
vision, and aching of the eye. In some patients there
was an initial increase in intraocular pressure.
Cases of poisoning from careless use of an insecticide
containing TEPP were reported by Faust (J. A.M. A.,
1949, 141, 192) and by Johnson (Ann. Oculist., 1951,
184, 374). Because of the small dose required and the
probability of cutaneous absorption from the insecticide solutions, other cases of poisoning are to be
expected. Symptoms commenced with weakness, dim
vision, tightness in the chest, abdominal cramps,
diarrhea, vomiting, and salivation. Examination disclosed bradycardia, retching, miosis, marked lethargy,
muscular twitching and fasciculation, 6 to 8 muscle
jerks following each tap on the tendon, and leukocytosis. The antidote is atropine sulfate, 0.6 mg.
hypodermically, given repeatedly until the pupils
dilate. If muscular paralysis with respiratory embarrassment develops, intravenous administration of 10
ml. of a 25 per cent solution of magnesium sulfate
per 100 pounds of body weight is indicated; calcium
chloride solution should be available as an antidote to
excessive magnesium action.
Dose. — The dose of TEPP is about 5 mg. orally or
about 1.5 mg. intramuscularly, up to 3 times daily. An
0.5 per cent solution in propylene glycol is the intramuscular dosage form, while a 2 to 5 per cent solution
in propylene glycol, diluted with water or milk prior
to administration, is the form used orally; a 0.5 per
cent solution in peanut oil is employed for instillation
into the conjunctival sac. TEPP and HETP are fairly
rapidly hydrolyzed in aqueous solution and hence cannot be used in this vehicle.
Parathion. p-Nitrophenyl Diethyl Thionophosphate. 0,0-Diethyl-O-p-Nitrophenyl Thiophosphate.
(C2H50)2P(S)(OC6H4N02).— The insecticide commercially available under the trivial name of parathion
contains at least 95 per cent of this thiophosphoric
acid ester; it is a yellow to deep brown liquid, the
odor varying from practically none at all to one resembling garlic. It is very slightly soluble in water,
completely miscible with many organic solvents, but
practically insoluble in petroleum ether, kerosene and
refined spray oils. The specific gravity is between 1.26
and 1.28 at 25725°; the boiling point is 375° C. or
higher. Parathion is very slowly hydrolyzed below
pH 10, but at higher pH values it is progressively
more rapidly hydrolyzed to diethyl thiophosphate and
nitrophenolate ion.
Parathion, diluted with various inert substances, is
used as an insecticide; it is particularly effective for
the control of aphids and mites, but is also active
against many other fruit and vegetable crop insects.
Its toxicity precludes its use for the control of insects
attacking man or animals, or against insects found in
households or public places. Exposure to parathion
has resulted in death to at least 6 men, and occurrence
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of toxic symptoms in a considerable number of persons (Grob et al., Bull. Johns Hopkins Hosp., 1950,
87, 106, also J. AM. A., 1950, 144, 104). As with other
organic phosphate esters, including di-isopropyl fluorophosphate, hexaethyl tetraphosphate and tetraethyl
pyrophosphate, parathion is a potent inhibitor of
cholinesterase, most of its pharmacological effects
being attributable to this action. Parathion may be
absorbed through the skin, respiratory tract, conjunctivae, and gastrointestinal tract.
The toxic manifestations of parathion, as well as
of other phosphorus ester insecticides, include muscarine-like effects referable to the postganglionic
cholinergic nerves, nicotine-like effects referable to
the preganglionic and somatic motor nerves, and
effects on the central nervous system. Of the muscarine-like effects the first symptoms to develop following exposure to parathion are usually anorexia
and nausea, followed by vomiting, abdominal cramps,
excessive sweating and salivation. Most patients also
have some degree of pupillary constriction. Following
marked exposure, diarrhea, tenesmus, involuntary
defecation and urination, elevation of blood pressure,
pallor, pin-point non-reactive pupils, blurred vision,
excessive bronchial secretion, and sometimes respiratory difficulty and pulmonary edema with cyanosis
develop. Nicotine-like effects include muscular fasciculations in the eyelids and tongue and later in the
face and neck, followed by generalized fasciculations
and weakness. Early central nervous system effects
are giddiness, uneasiness, restlessness, anxiety and
tremulousness, these being followed by headache, a
sensation of "floating," insomnia, ataxia, tremor,
drowsiness, difficulty in concentrating, mental confusion, and changes in speech as the exposure becomes more marked. In severe cases coma gradually
develops. The duration of symptoms may be 48 to
72 hours and perhaps as long as three weeks after the
last exposure to parathion.
Symptoms due to organic phosphorus insecticides
are recommended to be treated with atropine sulfate,
2 mg. being administered intramuscularly at hourly
intervals, or more often if necessary, until signs of
atropinization appear; atropine should not be administered prophylactically unless the patient can be
observed for 24 hours, as it may delay the symptoms
of poisoning. Adjuvants to atropine therapy include
washing the skin, ocular irrigation and gastric lavage
to remove unabsorbed insecticide, parenteral replacement of fluids, administration of oxygen and tracheal
intubation and artificial respiration if necessary. Careful administration of ether or of a short-acting barbiturate may be of value if convulsions are severe;
morphine should not be administered because it depresses respiration. The patient must be closely
watched during the acute emergency period of 24 to
48 hours. For further information see J. A.M. A., 1950,
144, 104.
Parathion is used as an insecticide in agriculture
after dilution with clay powder to a concentration of
1 to 2 per cent, or with water to a concentration of
0.06 per cent. So far as is known no symptoms of
poisoning have followed ingestion of fruit or vegetables that have been sprayed with the compound but
Grob et al. (loc. cit.) believe this remains a possibility, since fruit harvested from trees that had been
sprayed with the 0.06 per cent dispersion contained
up to 0.09 mg. parathion per pound of fruit. Furthermore, mild to moderate symptoms attributable to
parathion occurred in 20 subjects who harvested fruit
from trees that had been sprayed with the 0.06 per
cent dispersion as long as nine days before harvesting.
If spray schedules recommended by qualified entomologists are followed, it is quite unlikely that a
parathion spray residue problem will become serious,
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according to Lehman et al. (J.A.M.A., 1950, 144,
108). For further technical information concerning
parathion, see Agricultural Control Chemicals, a collection of papers published by the American Chemical
Society, 1950.
Pareira. Pareira Brava. Pareira Radix. — "Pareira
is the dried root of Chondodendron tomentosum Ruiz
et Pavon (Fam. M enispermaceoe) ." NJ?. V .
Chondodendron tomentosum is a climbing, woody
vine, which often attains a considerable height, and
is remarkable for the size of its leaves. These are
about a foot long, broadly ovate or rounded, slightly
cordate, with a smooth upper surface, and on the
under surface, between the veins, covered with a fine
close wool of an ashy hue. The racemose fruits are of
the size of large grapes, oval and black. This plant
inhabits both Brazil and Peru, where it thrives in a
wild state. The roots are dug up at various seasons of
the year, cleaned, cut into transverse segments and
dried. The commercial supplies come chiefly from Rio
de Janeiro and Bahia, Brazil.
It was officially described as follows: "Unground
Pareira. — Nearly cylindrical, more or less tortuous,
of variable length and from 1 to 6 cm. in diameter;
externally brownish black with transversed ridges on
knot-like projections, occasionally fissured and longitudinally wrinkled or even furrowed ; hard, heavy and
tough; when freshly cut having a waxy luster; the
transverse surfaces exhibiting several successive concentric zones of fibro-vascular bundles, each from 2 to
4 mm. in width with crenated borders and separated by
distinct zones of parenchyma and stone cells, the zones
radially marked by prominent medullary rays. Stems
deeply furrowed, grayish in color, usually covered with
foliaceous patches of lichens; internally grayish yellow, with a prominent development of wood with a
tendency to separate fibrovascular bundles and withNJF. outV.a waxy luster. Odor slight; taste very bitter."
For microscopic characters of powdered pareira see
U.S.D., 21st ed., p. 818.
The identity of the constituents of pareira is beclouded by the uncertainty of the origin of several of
the specimens of root employed in phytochemical
studies. The d-bebeerine (which derives its name from
its presence in bebeeru bark), reported by Scholtz
(Arch. Pharm., 1911, 249, 408) to have been isolated
from C. tomentosum, is now believed to have come
from either C. platyphyllum or C. micro phyllum; the
alkaloid has no physiological activity. Other alkaloids
found in various parts of Chondodendron tomentosum
are discussed under Curare (which see), for the former
is the acknowledged source of tube curare.
Pareira is supposed to have a diuretic effect and to
act as an antiseptic in the bladder. It was chiefly employed for the relief of chronic inflammations of the
urinary passages. In Brazil it was used in the cure of
the bites of poisonous serpents, a vinous infusion of
the root being taken internally, while the bruised
leaves of the plant are applied to the wound. While
pareira contains alkaloids which are potent when administered parenterally, these are not effective when
given orally, hence oral administration of the crude
drug is devoid of curariform effect.
Dose, of the fluidextract (Fluidextractum Pareirce,
NJ?. V), 2 to 4 ml. (approximately 30 to 60 minims).
Paris Green. Schweinjurt Green. Imperial Green.
Vienna Green. Parrot Green. Acetoarsenite of Copper.
Cu(C2H302)2-3Cu(As02)2- — This substance, an emerald green powder, insoluble in water, which was originally made for a pigment, is used to a considerable
extent for the control of the so-called potato bug, or
Colorado beetle, Doryphora decemlineata, also in
poison bait for grasshopper and caterpillar control,
and as a larvicide for the control of mosquitoes. It is
employed both in dusting and spraying formulations.
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Numerous cases of poisoning have occurred through
carelessness in its use as an insecticide. The treatment
is the same as that for poisoning by arsenic.
Parsley. Petroselinum crispum (Mill ) Nym.
(Petroselinum sativum Hoffman; Apium petrolselinum
L.) — The common parsley, which is used extensively
as a culinary herb, is a hardy biennial bearing pinnately-compound leaves which in the cultivated varieties are greatly divided. During its early stages the
leaves are arranged in rosettes and the plant is 6 inches
or less above the ground; the flowering and fruiting
plant, however, is from 2 to 3 feet in height. It is a
native of Sardinia, was introduced into England in
1548, and naturalized in salt marshes on the coast of
California.
Both the root and the fruit of parsley have been
used in medicine. The fruit, often incorrectly called
parsley seeds, consists of 2 dried mericarps which in
the fresh state are joined along the central commissure
but, as they occur commercially, are usually separated.
The separated mericarps are ovoid-crescent shaped,
from 2 to 3 mm. in length and about 1 mm. in diameter; externally grayish-brown, becoming grayish or
brownish on aging, having 5 yellowish, filiform, prominent ribs, alternating with the coarsely roughened
furrows. For a description of parsley fruit and root
see U.S.D., 24th ed., p. 1543.
All parts of the plant contain a volatile oil, to
which it owes its odor and mainly its taste, as well as
its use in seasoning. This oil consists of a hydrocarbon,
CioHie, probably pinene, and apiol. The herb also
yields the flavone glycoside called apiin. Apiol, or
parsley camphor, occurs as a white crystalline solid
with a faint odor of parsley, insoluble in water but
soluble in alcohol, ether and fixed oils. It is l-allyl-2,
5 -dimethoxy-3,4-methylenedioxy benzene.
The term "apiol" or "liquid apiol" is often applied
to the oleoresin (Oleoresina petroselini, U.S.P. IX)
also often known as oil of parsley seed. This may be
obtained by percoating the fruit with ether. For details see U.S.D., 21st ed., p. 1419.
According to the experiments of Lutz (Bull. sc.
Pharmacol., 1910, 17, 1) apiol produces marked slowing of the pulse with fall of the blood pressure,
tremors, and weakness of the extremities, followed by
paralysis with epileptiform convulsions and gasping
respirations. After death there is marked congestion
in the lungs and in the pelvic organs. Rimini and
Dilitala (Archiv. di farmacologia e terap., 1908, 14)
have shown that apiol produces in the cat fatty degeneration ofthe liver of the same type as is caused
by myristicin (see under Myristica Oil). They also
noted that it had a direct weakening action on the
voluntary muscles.
Apiol has been attributed with antiperiodic properties, but it has been largely employed in dysmenorrhea and other uterine disorders. There is no satisfactory evidence that it possesses therapeutic value.
Glatard (Journ. de med. et chir. prat., 1910, p. 674)
reported a case of apiol poisoning in a pregnant
woman who took 6 Gm. in a period of 48 hours.
There were vertigo, nausea and vomiting, urticaria,
liver swollen and painful, mild icterus, urine scanty
and high colored, but free from albumen; pregnancy
was not interrupted. Use of apiol as an abortifacient
produced toxic polyneuritis, apparently attributable
to the presence of tri-oriAo-cresyl phosphate in the
preparation, in 37 women (see J.AM.A., 1932, 99,
698).
Parsley root has been used as a diuretic in dropsies
and various inflammatory conditions of the urinary
organs. Cow (Arch. exp. Path. Pharm., 1912, 70, 393)
has shown, however, that it has very feeble physiological action.
The dose of parsley root has been stated to be
2 Gm. (approximately 30 grains) ; a fluidextract was
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formerly official. The oleoresin was given in doses of
0.3 to 1 ml. (approximately 5 to 15 minims).
Passion Flower. Passiflora. Wild Passion Flower.
May-pop. — "Passion Flower is the dried flowering
and fruiting top of Passiflora incarnata Linne (Fam.
Passifloraceoe) ." N.F. V.
The passion flower is a climbing perennial herb,
indigenous to the southern United States, with broadly
cordate-ovate, palmately three-lobed leaves and solitary large flowers, the calyx bearing in its throat five
white petals and a fringe, called the corona, which is
of a purplish or pinkish color. The fruit is a yellowish
berry about the size of a hen's egg. The whole of the
overground portion is employed. For a detailed description of unground and powdered passiflora see
U.S.D., 22nd ed., p. 1510.
Definite knowledge of the nature of the active principle of this drug appears to be lacking; Fellows and
Smith (J. A. Ph. A., 1938, 27, 565) demonstrated the
presence of a water-soluble depressor substance.
Passion flower was formerly used as a nerve sedative to allay general restlessness, to relieve insomnia,
and in the relief of certain types of convulsions and
spasmodic disorders. It was also attributed with
anodyne properties and used in the treatment of various neuralgias. I. Ott (Medical Bulletin, Dec, 1898)
found that it is a depressant to the motor side of the
spinal cord, but increases the rate of the respiration,
and that it has very little effect upon the circulation,
only temporarily reducing the arterial pressure.
Passion flower has been given in doses of 200 to
600 mg.
Pastes. — The designation paste has been rather
loosely applied to a variety of preparations for external application. The U.S.P. recognizes two classes
of ointment-like preparations which are included in
the category of pastes. One of these is prepared from
a hydrogel such as hydrated pectin (see under Pectin,
in Part I) ; the other class, represented by Zinc Oxide
Paste, consists of thick, stiff ointments which do not
ordinarily melt at body temperature, are less greasy
and more absorptive than ointments by reason of a
high proportion of powdered solids having an affinity
for water.
Uses. — Pastes of the fatty variety are not employed
as frequently as ointments because of difficulty in
application and removal and lesser cosmetic acceptance ;they are, however, good local therapeutic agents
and have definite indications. Pastes adhere to the
skin, do not macerate tissues, and are relatively nonocclusive, for which last reason they may be applied
to moist lesions without causing heating. If the base
(for example, hydrophilic petrolatum) and the powder (starch, bentonite) are both hydrophilic, good
contact is made on application and water is permitted to escape by holes that occur in the surface
of the paste, while both constituents of the paste take
up water; removal of perspiration is also permitted.
Medicaments incorporated in pastes exert a milder
action than when in an ointment base; consequently
pastes are poor vehicles from the standpoint of penetration. The sticky, heavy consistency of pastes provides a good protective layer through which excoriation of the skin by the patient is made difficult.
Bandaging may not be necessary, but may be employed. Water is not effective for removal of pastes;
mineral or vegetable oil is employed for this purpose,
avoiding trauma to underlying skin. It is not necessary to remove the entire layer of paste before making another application. Besides their utility in the
treatment of exuding lesions, pastes are useful also
when the acute phase of a dermatosis has subsided,
prior to use of ointment or other vehicles in more
chronic stages.
Peganum. Peganum Harmala L. Wild Rue. (Fam.
Rutacece.) — A tall herbaceous plant growing in the
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Mediterranean region of Europe and Africa and extending into Tibet.
The seeds and roots of the wild rue contain four
alkaloids: harmaline, harmine, harmalol, and an alkaloid (peganine) which appears to be identical with
vasicine (see under Adhatoda) . The first three of these
alkaloids are closely related chemically, harmaline
being a methoxy-harmalol and a dihydroharmine (for
chemistry of the alkaloids see Henry, Plant Alkaloids,
1949). Spath and Lederer (Ber., 1930, 63, 122) have
synthesized harmaline.
The seeds of this plant have been used medicinally
since the time of Dioscorides. In India they are employed as an anthelmintic and narcotic. The pharmacologic effects of the seeds have been studied by
several investigators, with concordant results (see
Gunn, Arch, internat. pharmacodyn. therap., 1935,
50, 279). Their outstanding effect is a primary stimulation of the motor tracts of the cerebrum, and probably also of the spinal cord, giving rise to coarse
tremors and colonic convulsions. There is perhaps at
this stage also some excitation of the intellectual functions. Later, poisonous doses lead to a depression of
the central nervous system, with motor weakness, failing respiration, low blood pressure — due largely to
weakness of the heart muscle — and fall of temperature. They appear also to have a depressant action on
the contractility of the nonstriated muscles. The convulsive effects are due apparently to harmine and
harmaline, the harmalol causing a progressive paralysis without primary stimulation. The alkaloids are
toxic to several of the lower forms of animal life,
notably the helminths and the protozoa (see Coulthard, Biochem. J., 1934, 28, 264). The drug has also
been of medical interest because of its effect in encephalitis lethargica as a stimulant to the central
nervous system (see Marinesco, Arch. exp. Path.
Pharm.,
No.
17). 1930, 154, 301, and Muller, Med. Klin., 1931,
Pelargonium. Pelargonium odoratissimum (Soland.) Ait. (Rose Geranium, Nutmeg Geranium) and
other species of Pelargonium. (Fam. Geraniacece.) —
The Pelargoniums, commonly referred to as geraniums,
are indigenous to South Africa and largely cultivated
as decorative plants. Some of the species have been
cultivated for the distillation of the volatile oil. According to Guibourt, several species of Pelargonium
yield on distillation a volatile oil having an odor resembling that of the rose: such are the species above
named, P. capitatum Ait., and P. roseum Willd., which
is probably a variety of P. radula (Cav.) L'Her. The
oil is used in perfumes, soaps and cosmetics. Jallard
stated that the true oil of rose geranium, from
P. roseum, is freely soluble in 70 per cent alcohol ; the
oils likely to be used to adulterate it are insoluble in
this liquid. The principal ingredient in various geranium oils is an alcohol, geraniol. The oil also contains citronellol, phenylethyl alcohol, linalool, methyl
heptenone, etc. (see Per]. Ess. Oil Rec, 1938, 29, 178).
The roots of pelargoniums are astringent and some
species, notably P. antidysentericum Kostel, of South
Africa, have been used in diarrhea.
Pelletierine Tannate, N.F. VIII.— "Pelletierine
Tannate is a mixture in varying proportions of the
tannates of the several alkaloids obtained from pomegranate, Punica Granatum Linne (Fam. Punicacece).
It contains an amount of the alkaloids equivalent
to
less than 20 per cent as the hydrochloride."
N.F.notVIII.
The pomegranate is a small tree native to Eurasia
and naturalized in sub-tropical countries including
the southern United States and the West Indies. It
attains a height of twenty feet, with a very unequal
trunk, and numerous branches which sometimes bear
thorns. The leaves are opposite, petiolate, entire,
oblong or lance-shaped, pointed at each end, smooth,
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shining, and of a bright-green color. The flowers are
!ars;e, of a rich scarlet color, and stand at the end of
the young branches. The petals are wrinkled and
inserted into the upper part of the tube of the calyx,
which is red, thick, and fleshy. The fruit is a globular,
pome-like berry, about the size of an orange, crowned
with the persistent calyx, covered with a reddishyellow, thick, coriaceous rind, and divided internally
into many loculi, which contain an acidulous pulp,
and numerous oblong, angular seeds.
The bark, both of the stem and root, was formerly
recognized by the U.S.P. under the title Granatum
(Pomegranate Bark). For a description of it see
U.S.D., 23rd edition, page 825.
Pomegranate bark yields, besides considerable
amounts of gallotannin (Trimble, Am. J. Pharm.,
1897) and of mannite, several related alkaloids, discovered by Tanret (Compt. rend. acad. sc, 1878, 86,
1270; 1880, 88, 716). These were: pelletierine, C8H15NO; iso- pelletierine (differing from pelletierine
only in being optically inert) ; methylpelletierine,
C9H17NO; pseudo-pelletierine, C9H15NO, which is
known also as N -methylgranatonine . A fifth alkaloid
was later found by Piccinini (1899) and named by
him iso-methylpelletierine. Hess and Eichel (Ber.,
1917, 50, 1386; 1919, 52, 1005) claimed that the
methylpelletierine of Tanret and the iso-methylpelletierine of Piccinini are identical and re-named it
methyliso pelletierine ; they used the name pelletierine
to designate the inactive alkaloid called iso-pelletierine
by Tanret, leaving only pseudo-pelletierine with its
original meaning; the term isopelletierine they applied
to another alkaloid, isomeric with pelletierine, but
containing a ketone rather than an aldehyde group.
The pelletierine of Hess and Eichel (or the iso-pelletierine of Tanret) is known to be (3-2-piperidylpropionaldehyde; the iso-pelletierine of Hess and
Eichel is a-piperidyl-2-propan-f3-one. Tanret {Compt.
rend. acad. sc, 1920, 170, 1118) expressed disagreement with the findings of Hess and Eichel.
Using the terminology of Hess and Eichel, these
alkaloids may be briefly described. Pelletierine is a
colorless, alkaline oil, soluble in water, ether, or
chloroform, and forming crystalline salts. There is
still some doubt as to whether it exists in the bark
in an optically active form. Iso-pelletierine is an
optically inactive oil, as is methyl-isopelletierine.
Pseudo-pelletierine forms prismatic tablets melting at
54° and boiling at 246°. It is optically inactive and
dissolves readily in ether, alcohol, or chloroform. The
anthelmintic properties are said to be due mainly to
the pelletierine.
The alkaloids are obtained by extracting with
chloroform a finely ground mixture of pomegranate,
slaked lime and water ; the alkaloids are then extracted
from the chloroform with a dilute solution of hydrochloric acid. The separation of the mixed chlorides is
accomplished by fractional distillation.
The bark of the stem usually contains slightly less
alkaloid than the bark of the root. The amount in the
stem bark has been determined by various investigators to range from 0.35 to 0.6 per cent and in the root,
from 0.6 to 3.0 per cent. (See Chaze, Compt. rend. soc.
biol., 1935, 118, 1065.)
Description. — "Pelletierine Tannate occurs as a light
yellow, odorless, amorphous powder, having an astringent taste. It is affected by light. A saturated, aqueous
solution of Pelletierine Tannate is acid to litmus
paper. One Gm. of Pelletierine Tannate dissolves in
about 250 cc. of water at 25° and is dissolved by
warm dilute acids. It is soluble in alcohol, slightly
soluble in ether, and insoluble in chloroform." A^i7.
VIII. For standards, tests, and assay, see U.S.D.,
24th ed., p. 829.
Uses. — Although the value of pomegranate in the
treatment of tapeworm was known to the ancients
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and commented on by Dioscorides, the drug fell into
disuse in Europe for several centuries until revived
by Buchanan in 1805. The efficacy of its alkaloids as
taeniacides has been abundantly confirmed, and it
appears to be established that the tannate of the
alkaloids is the most effective and the least dangerous
form of the remedy — probably because its insolubility
prevents its rapid absorption and enables it to come
in prolonged contact with the worm.
The results of pharmacologic studies by different
investigators have been so divergent that one is inclined to believe that they were employing different
substances. In sufficient dose it produces complete
paralysis which Coronedi believed to be due to an
effect upon the muscles but which the experiments of
Loup (Rev. med. Suisse Rom., 1916, 36, 304) seem
to have demonstrated is due to a curare-like effect on
the endings of the motor nerve. Although Loup says
that it has little influence on the circulation, Tiffenau
and Boyer (Compt. rend. soc. biol., 1922, 86, 763)
reported that its chief action is a nicotine-like effect
on the autonomic ganglia; that in doses of 1 mg. per
kilo it causes slowing of the pulse with marked rise
in blood pressure which is followed, after larger doses,
by extreme rapidity of the pulse, [v]
Toxicology. — The chief symptoms from overdoses
of pelletierine are muscular weakness and sometimes
sensations of dizziness. Large doses cause in addition
mydriasis, amblyopia, vomiting, and diarrhea. The
blindness seems to be due to inflammation of the optic
nerve, which in occasionally reported cases has been
permanent.
Dose of pelletierine tannate, from 200 to 300 mg.
(approximately 3 to 5 grains), followed by an active
cathartic.
Storage.
Preserve "in tight, light-resistant containers." N.F. —VIII.
Pellitory. Radix Pyrethri. Spanish Chamomile. —
Under the title Pyrethrum the U.S.P. IX recognized
the root of Anacyclus Pyrethrum DC. (Fam. Compositesit
) ; should not be confused with the insecticide
now known as pyrethrum (see Part I).
The Anacyclus Pyrethrum is a small composite
which grows around the Mediterranen coast. The root
has a pungent taste and, when chewed, excites a flow
of saliva. Its pungent properties are due to the presence of pellitorine (also called pyrethrin-amaroid but
not to be confused with the pyrethrins of the official
pyrethrum flowers), chemically the N-isobutylamide
of 2,6-decadienoic acid, which also possesses insecticidal properties (see Jacobson, J.A.C.S., 1949, 71,
366; also Gulland and Hupton, J. Chem. Soc, 1930,
p. 6). It was formerly used as a masticatory for the
relief of toothache and facial neuralgia. It is sufficiently irritant to cause serious gastroenteritis if
swallowed.
Pengawar Djambi. Paku Kidang. Golden Moss.
— This is composed of silky, long, yellow or brownish
hairs, very soft, which are obtained in Java, Sumatra,
from the base of the fronds of various ferns, especially
Cibotium Barometz Link, C. glaucum Hook, et
Arnold, Alsophila lurida Bl., etc. (Fam. Cyatheacece).
It has the power of causing rapid coagulation of
blood, and of mechanically arresting hemorrhages
from capillaries. It was formerly much used in physiological laboratories of Europe and this country and,
under the name of Agnus Scythicus, was employed in
human medicine during the Middle Ages.
Pentaerythrityl Tetranitrate. Pentaerythritol
Tetranitrate, N.NJI. Peritrate Tetranitrate (WarnerChilcott). (CH2ON02)4C— This substance is a nitric
acid ester of the alcohol pentaerythritol, (CHoOH^C,
which is made by condensing one molecule of acetaldehyde and four molecules of formaldehyde in the
presence of alkali. It is sparingly soluble in water,
alcohol and ether, but is soluble in acetone. Penta-
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erythrityl tetranitrate is not to be confused with the
related substance erythrityl tetranitrate, described in
Part I; both substances have similar therapeutic uses.
Pentaerythrityl tetranitrate is said to have been
first used therapeutically in Sweden during World
War II, when erythrityl tetranitrate became unobtainable; the former substance was available in plentiful
quantities as it has considerable use in explosive
formulations. It is a vasodilator of prolonged action ;
hypotensive action has been affirmed and denied.
Marche (Fich. mid., 1950, 144, 1) reported that it
acts more strongly on coronary vessels than on the
peripheral circulation, its effect starting 10 minutes
after ingestion and the protective action, against
angina pectoris, lasting from 4 to 5 hours. Bjerlov
(quoted by Weitzman, Brit. M. J., 1953, 1409) found
the effects of pentaerythrityl tetranitrate to be as
good or better than those of erythrityl tetranitrate;
he used doses of 45 to 180 mg. daily.
Winsor and Humphreys (Angiology, 1952, 3, 1)
treated 125 patients afflicted with angina pectoris
with an average dose of 10 mg. 3 times daily (before
meals) and observed satisfactory improvement in the
precordial pain in 75 per cent of the subjects. Perlman
(ibid., 1952, 3, 16) found intermittent claudication
to be the most effectively relieved condition in his
series of patients; he used dosages of 30 to 160 mg.
daily. Samuels and Padernacht (ibid., 1952, 3, 20),
while finding pentaerythrityl tetranitrate to effect
improvement in intermittent claudication, suggested
that final determination of the value of this and other
vasodilators must await extensive objective studies of
a large series of cases over a long period of time.
Weitzman (loc. cit.) treated 49 patients with angina
pectoris with a dose of 60 mg. three times daily (some
received 60 mg. four times daily) and observed that
it was of value in preventing angina in some cases,
although it seldom replaced the need for glyceryl
trinitrate. Russek and associates (Am. J. Med. Sc,
1955, 229, 46) evaluated 16 different agents for their
effectiveness in modifying the electrocardiograms of
patients with coronary disease in response to standard
exercise (Master 2 -step test). They found pentaerythrityl tetranitrate to be the most effective drug
currently available for prolonged prophylactic therapy
in angina pectoris.
Tolerance does not appear to develop to pentaerythrityl tetranitrate and significant toxic manifestations have not been observed thus far; side effects
include lethargy, digestive upset, headache and visual
disturbance, rarely being of such a magnitude as to
require discontinuance of the drug.
The usual dose range is 10 to 20 mg. 3 or 4 times
daily (but see above for exceptions). Peritrate Tetranitrate is available as a powder containing 4.55 per
cent of pentaerythrityl tetranitrate (the remainder
being an inert diluent, such as lactose, added to make
it nonexplosive), and in tablets containing 10 mg. of
the active ingredient.
Pepper. Piper. Black Pepper. Piper Nigrum, B.P.
1898. Fructus Piperis Nigri. — "Pepper is the dried,
unripe
N.F. V.fruit of Piper nigrum Linne (Fam. Piperacece) ."
The pepper vine is a perennial plant, with a round,
smooth, woody, articulated stem, swelling near the
joints, branched, and from 8 to 12 feet or more in
length. The leaves are entire, broad-ovate, acuminate,
5- to 9-nerved, coriaceous, very smooth, of a dark
green color, and attached by strong sheath-like petioles
to the joints of the branches. The flowers are small,
whitish, sessile, covering thickly a cylindrical pendulous spike, and succeeded by globular sessile drupes
which are red when ripe.
The plant is a native of southern India and grows
wild in Cochin-China and various parts of India. It
is cultivated in many subtropical parts of the world.
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The chief commercial supplies have come from Singapore. The fruits are gathered while green and dried in
the sun or above fires, when they become black and
wrinkled. The fire-dried fruits possess a smoky odor
and taste and are the most esteemed. Because of widespread cultivation of pepper a large number of varieties exist; these receive their names from the place of
their production or their ports of shipment. For a description of the more important varieties with the
percentage of active constituents contained in each,
see Winton and Winton, Structure and Composition
of Foods, Vol. IV, 1939.
White pepper is the nearly ripe drupe, deprived of
the outer part of its pericarp by maceration in water
and subsequent friction, and afterwards dried in the
sun. The removed hull is sold separately under the
name of "pepper hulls"; it forms a light to dark
brown powder, with a very pungent odor and taste
and contains large amounts of the oleoresin of pepper, but according to Gladhill, no piperine. White
pepper is much less pungent but more aromatic than
black pepper.
Long pepper is obtained from Piper retrojractum
Vahl (Piper officinarum Casimir DC), and P. longum
L., the former species yielding the principal commercial supplies and being grown in Java, India, and the
Philippines. The fruit of the P. officinarum is cylindrical, 2to 6 cm. long and 4 to 7 mm. in diameter,
indented on its surface, of a dark-gray color, a weak
aromatic odor, and a pungent fiery taste. The fruits
of P. longum are shorter and thicker. Dulong found
its chemical composition to be closely analogous to
that of black pepper. West African or Ashantee pepper
is the fruit of P. Clussii, C. DC, which grows abundantly in tropical Africa. It does not come into Western commerce, although much used in Africa. The
berry is described as resembling cubeb, but less rugose,
and with a more slender pedicel and having the odor
and taste of black pepper. Stenhouse found piperine
in this variety of pepper.
From the leaves of Piper ovatum Vahl, a plant
found growing in Trinidad, Dunstan and Carr (Chem.
News, 1895, 278) extracted a crystalline principle,
piper ovatine, C16H21NO0. It is insoluble in water, but
soluble in alcohol. It is said to act as a depressant of
both motor and sensory nerves, and as a stimulant
to the spinal cord.
Black pepper was officially described as follows:
"Unground Pepper— Nearly globular, from 3.5 to
6 mm. in diameter, epicarp very thin, easily separable
from the sarcocarp; externally blackish brown or
grayish black, coarsely reticulate; unilocular, 1 -seeded;
seed nearly white, hollow, adhering to the pericarp.
Odor aromatic, slightly empyreumatic; taste aromatic
and very pungent." N.F. V. For a description of powdered pepper see US.D., 24th ed., p. 1545.
Constituents. — The important constituents of pepper are chavicine, piperine, piperidine, volatile oil and
resin. A small quantity of a volatile alkaloid which
is an optically active modification of |3-methylpyrroline has also been found (Pictet and Pictet, Helv.
Chim. Acta, 1927, 10, 593).
Chavicine, stated to be the most pungent constituent
of black pepper, is described by Ott and Liidemann
(Ber., 1924, 57B, 214) as an isomer of the feebly basic
piperine, C17H19NO3. The latter, generally classified
as an alkaloid though having no pronounced physiological action, was formerly official (U.S.P. VIII). It
is present in the berries in amounts ranging from 4 to
10 per cent. Occurring as white or slightly yellowish
crystals, melting between 129° and 130°, piperine is
but slightly soluble in water but dissolves in 15 parts
of alcohol or 36 parts of ether. It is at first tasteless,
but on prolonged contact develops a sharp, biting
taste.
On hydrolysis in the presence of alkalies piperine is
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split into the strong base piperidine and piperic acid.
Piperidine, a volatile liquid, soluble in alcohol or
water, is hexahydropyridine, C5H11N; it may be
obtained by reducing pyridine.
The volatile oil is composed of terpenes, chiefly
levo-phellandrene. It is not pungent but represents
the characteristic aromatic flavor of the pepper. A
mixture of the volatile oil and resin, which was made
by extracting pepper with ether, was official in the
U.S.P. IX under the name of Oleoresina Piperis.
Uses. — From the time of Hippocrates pepper has
been used as a condiment and in medicine. Being a
stimulant to the taste buds, pepper causes by reflex
action increased gastric secretion, for which effect it
has been used medicinally; it has also been employed
as a carminative, diaphoretic and diuretic. In the early
part of the 19th century piperine enjoyed a considerable popularity as a remedy for malarial fever. Although the evidence seems strong that it possesses
some feeble antiperiodic powers, it is no longer used
medicinally.
The dose of oleoresin of pepper was from 0.01 5 to
0.06 ml. (approximately % to 1 minim) and of pepper,
0.3 to 1.3 Gm. (approximately 5 to 20 grains).
Peptonized Iron, N.F. IX. Ferrum Peptonatum.
Iron Peptonate. — "Peptonized Iron is a compound of
iron oxide and peptone, rendered soluble by the presence of sodium citrate, and yields not less than 16
per cent
N.F.
IX. and not more than 18 per cent of Fe."
This rather indefinite compound may be prepared
in a number of ways. One is to add to a solution of
peptone a solution of ferric oxychloride, the mixture
being neutralized with sodium hydroxide; the resulting precipitate is dissolved by adding sodium citrate,
and the solution is evaporated to dryness to yield the
peptonized iron.
Description. — "Peptonized Iron occurs as dark
brown, lustrous granules, or as brown powder. It has
a characteristic odor and taste, and is affected by light.
An aqueous solution of Peptonized Iron (1 in 20) is
neutral or alkaline to litmus paper. Peptonized Iron
is freely soluble in water, yielding dark-colored solutions. It is almost insoluble in alcohol." N.F. IX. For
standards, tests, and assay see U.S.D., 24th ed., p. 597.
Uses. — This preparation of iron is nearly free from
astringency or tendency to disturb digestion but it is
doubtful whether it possesses any therapeutic advantage over other iron preparations.
The average dose has been given as 300 mg. (approximatelygrains),
5
but this is probably inadequate.
Storage. — Preserve "in tight, light-resistant containers." NJ. IX.
Periploca. Periploca groeca L. Silk-Vine. (Fam.
Asclepiadacece.) — The bark of this deciduous shrub
which grows in the neighborhood of the Black Sea
contains the glycosides periplocin and periplocyir.arin
(see Stoll and Renz, Helv. Chim. Acta, 1939, 22,
1193) ; the latter is derived from the former by splitting off a molecule of glucose through the action of
an enzyme in the bark (see Solacolu, Compt. rend,
soc. biol., 1934, 117, 1138). MacKeith (J. Pharmacol.,
1926, 27, 449) observed that periplocin, like digitalis,
causes increased cardiac tonus and systolic spasm but
that it differs from digitalis in not affecting the vagus.
Periplocymarin appears to have a similar action but
according to Chen and associates (J. Pharmacol.,
1940, 69, 278) is somewhat less powerful.
Both this species and the P. vomitoria Lesch. have
been used in the Congo as arrow poisons.
Periplocin has been used occasionally in the treatment of heart disease, especially as a substitute for
strophanthin for intravenous injections (Cholewa,
Therap. Monatsh., 1904, p. 292). The dose is from
O.S to 1 mg. (approximately \'\2i) to \i\o grain).
Peroxides. — There has been introduced
into
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medicine a series of superoxygenated compounds with
various inorganic bases. The theoretical basis for their
medicinal use is that in the presence of water they
form hydrogen peroxide, which exerts its characteristic
antibacterial effect (see Hydrogen Peroxide Solution).
The following peroxides are of medical interest;
for a description of the official medicinal zinc peroxide
see Part I.
Magnesium Peroxide. Magnesium Superoxol
(Merck). Magnesium Dioxide. — This is an odorless,
white powder, practically insoluble in all the ordinary
solvents. The substances sold under this title contain
usually from IS to 25 per cent of magnesium peroxide (representing from 4 to 6 per cent of available
oxygen), the resting being magnesium hydroxide.
It has been employed internally in gastric conditions as an antacid and antiseptic. Locally it has been
used as a dusting powder in infectious conditions of
the throat, such as acute tonsillitis, but chiefly as an
ingredient of dentifrices. The dose for internal administration isfrom 0.3 to 1.2 Gm. (approximately
5 to 20 grains).
Sodium Peroxide, N.N.R. 1950. Sodium Superoxide.— This occurs as a white or yellowish powder
which dissolves in water with the development of heat
and the evolution of oxygen. It should contain at least
90 per cent of Na202, equivalent to 18.4 per cent of
available oxygen. With water it produces an extremely
alkaline and caustic liquid. It is largely used as a
bleaching agent in industry and also by dentists for
bleaching teeth. Unna recommended a sodium peroxide soap made of 3 parts of liquid petrolatum, 7 of
dried soap, and from 2y2 to 7 per cent of sodium
peroxide for acne and rosacea pustulosa.
Strontium Peroxide. — This is a white, odorless
and tasteless powder containing about 85 per cent of
SrG"2, equivalent to 11.5 per cent of available oxygen.
It is almost insoluble in water. It has been employed
in medicine as an external antiseptic in the form of a
dusting powder and as an ointment.
Petroleum. Rock Oil. Crude Oil. — Petroleum is a
native complex mixture of hydrocarbons concerning
the exact composition of which there is incomplete
information. Members of the methane series, the
polymethylene (naphthene) series (of general formula CnH2n), and the benzene series of hydrocarbons
are known to be present in all petroleums. Some authorities report that members of the olefin series have
not been conclusively demonstrated to be present in
natural petroleums, as is stated to be the case by
others.
The composition and proportions of the several hydrocarbons inpetroleum vary with the source of the
product. Pennsylvania petroleum consists in large part
of methane hydrocarbons. Crude oils from Oklahoma
and Texas contain larger proportions of cyclic polymethylene and aromatic hydrocarbons, as well as
greater amounts of sulfur compounds, than Pennsylvania oil. Russian oil contains about 80 per cent of
cyclic polymethylenes, also known as naphthenes. In
addition to hydrocarbons, various oxygen-containing
compounds are found in petroleum, including naphthenic and other organic acids, phenols, aldehydes
and asphalt-like substances. Nitrogen compounds are
also present.
Prolonged atmospheric exposure may cause a petroleum to thicken, at least superficially. In this way the
semi-solid deposits of California are explained, as well
as Rangoon tar and Trinidad pitch or bitumen. When
the bitumen is in the solid state it is called asphaltum.
This is black and sometimes dry, friable, and is insoluble in water or alcohol. Not infrequently asphaltum exists in nature mixed with more or less of the
liquid substance, and this semi-solid mixture is distinguished bythe name of maltha or mineral tar.
Historical. — Petroleum has been known from the
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earliest historical period. Within the limits of the
United States it has long been known to exist in many
localities. On the borders of Seneca Lake in the State
of New York small quantities of it were collected, and
to some extent used in medicine under the name of
Seneca oil, in colonial days. In western Pennsylvania,
on Duck Creek in Ohio, near Scottsville in Kentucky,
and on the Kanawha in Virginia, it attracted local
attention, and a certain locality in western Canada
had acquired some notoriety by its burning spring.
But little attention was paid to it until the year 1859,
when, the preparation of oil for burning, distilled
from bituminous shales, having proved very profitable, and a strong resemblance having been shown to
exist between this and petroleum, enterprise was directed towards some of the known resources of the
latter liquid, and, being greatly stimulated by success,
soon led to further and astonishing discoveries. At
first the most productive locality of petroleum was in
western Pennsylvania ; but it is now obtained in many
states. Petroleum is found in commercial quantities in
many parts of the earth.
In the early days of the petroleum discovery the
oil was gathered as it floated on the surface of the
water in springs or small streams. In 1859 the first oil
well, the Drake well, was sunk near Titusville, Pa.,
and the oil-bearing strata were reached at a depth of
71 feet, with the result of some 8 barrels per day. In
1861 and 1862 the first large flowing wells were struck
in drilling for oil. The explanation of these flowing
wells is simply that in new territory the gaseous
hydrocarbons have accumulated with the liquid oil in
such amount that they exert an enormous pressure,
causing a flow of oil of several thousand barrels per
day. Often, however, the pent-up gas escapes with
enormous force without any accompanying oil. These
gas wells, as they are termed, are well known throughout the oil regions, and they have been utilized on a
large scale as sources of gaseous fuel for manufacturing and domestic purposes; also as a source of raw
materials for synthesis of many organic chemicals.
This natural gas consists chiefly of methane and its
homologues, with traces of the olefins and of carbon
monoxide. In some localities it contains considerable
proportions of helium. After a well has flowed oil for
a time, it will continue to yield on pumping. Indeed
many wells never have flowed, and have to be pumped
from the start.
There are two principal theories as to the origin of
petroleum. According to one, it is simply a product of
distillation from the bituminous shales which underlie
almost the whole of this oil-producing country. The
gas and the liquid oil are equally products of this distillation. According to the other, it represents the decomposition ofmarine plants and animal life which
accumulated in these sand rock formations (for role
of bacteria in formation of petroleum, see Science,
1945, 102, 364). These decomposition products may
have also been in part subjected to distillation.
Crude petroleum is occasionally nearly colorless
when taken from the earth, but is generally of a
greenish color, appearing claret-red by transmitted
light. The green color may, however, become so dark
as to be almost black. Its specific gravity varies from
0.809 to 0.984.
Refining. — The refining of petroleum is a complex
chemical engineering industry. In order to separate
petroleum into useful products many processes are
employed, including distillation into fractions representing gasoline, kerosene, gas oil, and occasionally
lighter lubricating oils. The residue from distillation
yields lubricating oils, petrolatum and either paraffin
wax or petroleum pitch, depending on the composition of the petroleum.
Many relatively pure hydrocarbons are now being
separated or manufactured from petroleum or natural
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gas. These in turn are employed in the synthesis of
hundreds of chemicals, which are commonly referred
to as petrochemicals, from their source. For example,
from methane there may be made methanol, formaldehyde and acetylene; ethane may be converted to
ethylene and then to ethyl alcohol, ethylene glycol
and ethanolamines ; propane may be ultimately
changed to isopropyl alcohol, acetone, propylene
glycol and glycerin ; from the butanes it is possible
to synthesize synthetic rubbers; by processes involving dehydrogenation and cyclization there may be
obtained benzene, toluene, and the xylenes. Many of
these compounds are used in still other syntheses, as
of trinitrotoluene from toluene and phthalic anhydride
from o-xylene. For reviews of these see Chetn. Eng.
News, 1952, 30, 1842, and Chem. Eng., September,
1952, 149.
Toxicology. — Petroleum in large quantities may
prove poisonous, but poisoning by crude petroleum
is rather uncommon, although many of the products
derived from petroleum are highly toxic. The toxicity
of the petroleum derivatives is apparently directly
proportional to their volatility; the heavier fractions
are practically incapable of absorption from the alimentary canal, and therefore do not have injurious
effects when swallowed. On the other hand, the more
volatile fractions, such as those known as benzin and
gasoline, are markedly toxic. The middle fractions,
such as kerosene, possess toxic properties midway between these extremes. Gasoline poisoning is due to the
lipolytic action of that liquid. The symptoms vary not
only with the total dose but also with the concentration. In severe cases the patient may suddenly fall
unconscious and die in a very short time; in less
severe cases there develop incoordination and mental
disturbances similar to alcoholic intoxication, which
may last from a few hours to several days. Depression
of circulation, respiration and body temperature is
frequent. Evidences of bronchitis and pneumonia are
common if the poison has been inhaled. After death
there are found evidences of degeneration of endothelium such as extravasations and hemorrhages into
serous cavities.
There is no special treatment; the most important
measures are: Immediate and repeated gastric lavage
if the gasoline has been swallowed; artificial respiration and inhalation of oxygen-carbon dioxide mixtures are important because the lungs appear the chief
channel of elimination; circulatory stimulants may be
required but epinephrine should be avoided because of
the danger of pulmonary edema. If the patient survives, sequelae involving especially the nervous system
may persist for several months.
Chronic gasoline poisoning is not common but does
occur in those whose work brings them in contact
with gasoline vapors. The most frequent symptoms are
headache, vertigo, muscular weakness, loss of weight
and various disturbances of the central nervous system.
For detailed description of gasoline poisoning with
extensive bibliography see Machle, J.A.M.A., 1941,
117, 1965; also Lawrence, Brit. M. J., 1945, 1, 871.
Medicinal Uses. — Petroleum has been used as a
folk remedy in the treatment of acute bronchitis, but
probably with no beneficial action in this condition
save by virtue of its nauseating effect. The inhalation
of asphalt vapors was recommended by Floer (Ther.
Geg., 1909, p. 405) in the treatment of pulmonary
tuberculosis. It was stated that the influence of these
fumes is not merely upon the bronchial mucous membranes, but that there is a marked improvement in
the appetite and in the digestive power. In Germany
it has been used successfully as a remedy against the
tapeworm. Schwartz's formula is such cases was a
mixture of one volume of petroleum with one and a
half volumes of tincture of asafetida, of which forty
drops were given three times a day. Externally,
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petroleum has been employed in chilblains, chronic
rheumatism, affections of the joints, and diseases of
the skin. For uses of petrolatum and liquid petrolatum see Part I.
Phenetsal. N.NJR. 1948 (Winthrop). Salophen.
Acetyl-p-aminophenyl Salicylate. Acetylparamidosalol,
C6H4OH.CO.OC6H4(N,HCH3CO), is formed by the
combination of salicylic acid with acetyl-£-aminophenol, and contains 51 per cent of salicylic acid. It
forms small white crystalline scales melting at 187°,
and is almost insoluble in cold water, moderately soluble in alcohol or ether. In warm alkaline solution it
undergoes decomposition into salicylic acid and paraaminophenol. This reaction may also take place in the
intestines. It has been used in the treatment of all
forms of rheumatic diseases and is undoubtedly effective, though less certain in its action than are the
simple salicylates. It is also used to some extent as an
analgesic in the pains of nervous diseases and as an
intestinal antiseptic. Locally it is sometimes applied
to relieve itching in various skin diseases.
Dose, 0.6 to 1 Gm. (approximately 10 to 15 grains) ;
not more than 5 Gm. (approximately 75 grains)
should be given daily.
Phenoltetrachlorophthalein, N.N.R. 1949.— This
dye is made by condensation of phenol with tetrachlorophthalic acid. It occurs as a whitish powder,
odorless and having a sweetish taste. It is practically
insoluble in water but soluble in alcohol or acetone. It
dissolves in alkaline aqueous solutions forming, if concentrated, deep purple solutions, when dilute, bluish.
Phenoltetrachlorophthalein was suggested some years
ago as a hypodermic purgative (see Abel and Rowntree, /. Pharmacol., 1909, 1, 231) but it did not
achieve popularity for this purpose. As it is excreted
from the blood almost exclusively by the liver, it has
been used to a very considerable extent as a test of
functional activity of the liver; for this purpose the
disodium salt is used intravenously. For literature and
details of technic see Maurer and Gatewood {J. AM. A.,
1925, 84, 935).
Phenylbutazone, N.N.R. Butazolidin (Geigy).
CiaH^oXiO?. — This compound is l,2-diphenyl-4butyl-3.5-pyrazolidinedione, having the structure represented by:

CH3(CH2)2CH2-I

1=0

Its preparation is described in U. S. Patent 2,562,830.
It is a white or very light yellow powder having a
slightly bitter taste and a very slight aromatic odor;
very slightly soluble in water, soluble in alcohol, and
freely soluble in ether and certain other organic
liquids.
Uses. — Phenylbutazone is a potent analgesic, antipyretic, and anti-inflammatory agent that possesses a
varying degree of therapeutic value in rheumatic diseases but the utility of which is tempered by an unpredictable toxicity. It should never be given without
the close supervision of a physician who is acquainted
with the value and the danger of the drug.
History. — Phenylbutazone was developed in Europe
to increase the solubility of the relatively insoluble
antipyretic and analgesic agent, amino-aminopyrine.
Its chemical designation is sodium-4-butyl-l,2-diphenyl-3,5-pyrazolidinedione. Its first clinical application was in a combination with equal parts of
aminopyrine
forming
the preparation
known
as
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Irgapyrin in Europe and Butapyrine in this country.
European workers noted masked analgesic, antipyretic and anti-inflammatory effects (Hannibal,
Deutsche tned. Wchnschr., 1952, 77, 52). British and
American clinicians found that this new preparation
exerted greater antirheumatic effects than were expected of aminopyrine alone. This led to clinical trials
of phenylbutazone alone which revealed its superiority
to aminopyrine and to Irgapyrin.
Action. — Most of the basic investigations of pharmacologic action of phenylbutazone have been done
in Europe; Kuzell and Schaffarzick (Bull. Rheum.
Dis., 1952, 3, 23) summarized this information. The
drug has an antipyretic effect in rabbits infected with
Escherichia coli; its use delays the development of
erythema on the skin of rabbits exposed to ultraviolet irradiation (anti-inflammatory action) ; and the
pain threshold to electrical stimulation of the pulp of
incisor teeth in rabbits is raised by its use. It is also
more effective than aminopyrine in the inhibition of
localized edema and increased capillary permeability
following the application of castor oil.
Studies in hypophysectomized rats showed no direct
action on the adrenal cortex by phenylbutazone. Furthermore, it would not maintain the adrenals of
hypophysectomized rats. Urinary excretion of 17ketosteroids was not altered by long-term administration in rats. The drug was not effective in the
experimental polyarthritis of rats which can be produced by infection with L4 strains of pleuropneumonia-like organisms. Rats receiving large doses of
the drug for 4 months did not show any changes in
hematologic studies but weighed less than untreated
controls. This is surprising in view of the common
toxic effects in humans to be discussed later.
Pharmacologic Studies on Humans. — (See Brodie
et al., Am. J. Med., 1954, 16, 181.) The drug may
be given by the oral or intramuscular route. When
given orally, it is rapidly and completely absorbed
from the gastrointestinal tract, the peak plasma level
being reached within 2 hours after ingestion. Following intramuscular injection the peak plasma level is
not usually reached for 6 to 10 hours. This is believed to be due to precipitation or localization of the
drug in the tissues and slow release into the blood.
The drug is found in highest concentration in the
plasma, where about 90 to 98 per cent is bound to
plasma proteins. Smaller but appreciable concentrations occur in the adrenals, heart, kidney, lung and
muscle. After a single oral dose of the drug about
one-third is localized in the plasma and the remainder
is scattered through other parts of the body. It has
been found in the synovial fluid of arthritics at lower
levels than in the plasma. Negligible amounts of the
unchanged drug appear in the urine; the drug is
metabolized by the body and the metabolites are
found in the urine. The rate of this transformation
is about 15 to 25 per cent per day. The (3-hydroxybutyl and the />-hydroxyphenyl derivatives are found
in the urine and possess the uricosuric action of the
parent phenylbutazone, particularly the latter compound (Yu et al., Am. Rheumatism Assoc. Meeting,
June 4, 1955). The phenylthioethyl analogue is not
found in the urine but it has marked uricosuric, moderate anti-inflammatory and minimal sodium-retaining
action. The effect of repeated oral doses on the
plasma levels is of interest. The drug tends at first
to accumulate in the body, with a progressive increase in plasma concentrations which reaches a
plateau on the third or fourth day and then remains fairly constant. The range of this plasma
plateau level varies with the individual and is between 60 and 150 mg. per liter. This level is apparently unaffected by giving the total daily dose as a
single dose or in divided portions. However, less
nausea and vomiting appear on the divided dosage
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schedule. Increasing the total daily dose of the drug
has little effect on the plasma level. Thus increasing
the total daily dose from 800 to 1600 mg. resulted in
only a 10 per cent increase in the plasma concentration. It appears that increasing the dose above 800
mg. per day merely speeds up the velocity of the
metabolic transformation of the drug. The fact that
less of the plasma concentration is bound to protein
on higher dosages may mean that more of the drug is
free in the plasma and more readily available for biotransformation. After discontinuing the drug, a period
of 7 to 10 days is required before the drug disappears
from the plasma. These facts would suggest that the
plasma proteins act as a sort of drug depot and help
to control the rate of metabolism of the drug.
There are other physiologic derangements that follow administration of phenylbutazone which in general are considered to be detrimental in therapy in
certain patients. Use of the drug results in a decrease
in urine volume with a retention of sodium chloride
and water. Apparently no change in potassium excretion occurs. This action is believed to be due to the
action of the drug on tubular reabsorption mechanisms since endogenous creatine clearance studies
indicate normal glomerular nitration but PAH clearance is depressed. This undesirable side effect is the
most commonly observed toxic manifestation of the
drug. While it can be minimized and controlled by a
diet low in sodium or by use of mercurial diuretics,
it has precipitated congestive heart failure in persons
with compensated heart disease. This water retention
also explains the drop in hematocrit and hemoglobin
that is commonly seen in patients taking the drug.
Since gout has been the disease in which phenylbutazone has shown to best advantage, the effect of
the drug on uric acid metabolism is of interest (Kuzell
et al., Am. J. Med., 1954, 16, 212). After ingestion of
the drug there is a fall in serum uric acid levels in
both normal and gouty individuals. There is disagreement as to whether or not the drug produces an increased urinary excretion of urates. Reports indicate
a uricosuric effect (see under Nephrotropic Agents in
Part II) with large doses but these have been denied
by other workers, notably Kuzell. Metabolic studies
suggest that in the rat phenylbutazone increases the
synthesis of ribonucleic acid and causes a delay in the
degradation of nucleic acids. An excessive production
of uric acid may be decreased in some patients.
In patients with rheumatic diseases characterized
by pain, fever and local signs of inflammation it is
generally agreed that relief of all these features is
usually prompt and effective. In this respect phenylbutazone has been considered to equal cortisone by
some observers. The analgesic effect of phenylbutazone
however is inferior to that exerted by salicylates in
nonrheumatic conditions.
The dosage recommendations for therapy with this
drug have changed strikingly since the previously outlined pharmacology of the drug has been delineated.
Initial daily doses of from 600 to 800 mg. are suggested now in place of doses in the range of 1.2 to
1.6 Gm. used during the early studies with the drug.
The fact that no higher plasma levels result and that
no additional therapeutic improvement is forthcoming
with doses over 800 mg. daily renders use of larger
amounts of the drug useless and dangerous. The drug
is usually given in divided doses rather than as one
large dose. While the oral route is usually preferred,
in some instances the intramuscular route is needed if
excessive nausea or vomiting occurs and because some
workers feel it is more beneficial by this route in
acute gout.
Therapeutic Uses. Rheumatism. — Phenylbutazone
has been reported to be effective in almost all rheumatic states as well as in certain unrelated diseases.
Kuzell et al. (Arch. Int. Med., 1953, 92, 646) re-
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viewed the extensive clinical reports. The effectiveness
of the drug is conditioned by several variables. First,
the degree of relief of symptoms varies with the type
of disease. Second, the degree of toxicity also varies
from one disease to another. Kuzell attempted to
evaluate the clinical usefulness in each disease state
by determining a ratio derived by dividing the percentage of cases with good therapeutic response by
the incidence of serious toxicity. For example, in gout
he found 83 per cent of his cases had a good therapeutic response and only 7 per cent had serious
toxicity. The clinical usefulness ratio for gout is thus
11.9. For psoriatic arthritis the ratio is 6.1, rheumatoid spondylitis 4.7, rheumatoid arthritis 3.8, painful
shoulder 3.4, degenerative arthritis of the hip 3.0,
degenerative arthritis 2.9, osteoporosis 2.0, mixed
arthritis 1.3. It is apparent from these findings that
the usefulness of phenylbutazone is limited to short
duration diseases such as acute gout or bursitis. While
at least half of the patients suffering from the abovementioned diseases derived some clinical benefit, the
long-term therapy that they require usually leads to
toxicity of some degree in 30 to 40 per cent of cases.
Thus the drug may bring about a clinical remission
in rheumatoid arthritis, a relapse occurring rapidly if
the drug is discontinued. At the present time, it seems
that the drug should be used only in selected cases
of rheumatoid arthritis of either the peripheral type
or spinal type, since there is no evidence to suggest a
curative effect (see Pemberton, Brit. M. J., 1954, 1,
490). Suppressive action characterizes the results in
the chronic illnesses. It probably has no place in the
treatment of degenerative arthritis.
Acute self-limited rheumatic disease as bursitis and
fibrositis often responds favorably (Steinbrocker et al.,
J.A.M.A., 1952, 150, 1087) and here the short duration of treatment usually is not followed by marked
toxicity. In other words, the patient is cured or relieved of his complaints and therapy discontinued
before toxicity is seen. Here a reasonable plan of therapy is to administer 600 to 800 mg. daily for 7 to 10
days and then discontinue the drug if relief has not
been obtained.
Gout. — Acute gout and chronic gouty arthritis
probably are the only chronic types of arthritis in
which phenylbutazone will find a permanent therapeutic role; many investigators have reported responses excelling those of earlier antigout programs
(Kuzell et al., loc. cit., 1953 ; Gutman and Yii, Am. J.
Med., 1952, 13, 744). Phenylbutazone has enjoyed its
best therapeutic success and its smallest incidence of
toxicity in gout. The mechanism of action in the disease has previously been outlined. The dosage schedule varies. When 1 Gm. is given intramuscularly in
acute gout, relief of symptoms occurs in from 1 to 5
hours. Most patients have felt that the degree of
relief and rapidity of relief has exceeded the effects
of colchicine, cortisone or corticotropin. This single
parenteral dose is followed by 400 to 800 mg. per day
orally, which dose is rapidly tapered until discontinued. In gouty arthritis it appears to reduce the
frequency of acute attacks when given daily in doses
of 200 to 600 mg. If an acute attack is imminent,
increasing the dosage has abated the acute symptoms.
As little as 1 Gm. per day has been effective in controlling acute exacerbations in chronic tophaceous
Thrombophlebitis. — Phenylbutazone has also been
gout.
used successfully in the treatment of thrombophlebitis.
Thus Stein and Rose (Arch. Int. Med., 1954, 93, 899)
reported 29 cases with complete resolution of the inflammatory process and 4 cases with partial resolution in a series of 33 patients. They gave 600 mg. of
the drug daily for 3 days; if no response occurred
the drug was stopped. If there was improvement, the
drug was continued for 3 days at this dose and then

1804

Phenylbutazone

slowly tapered. Small amounts of the drug were used
when total dosage is considered (average total dose
was about 4 Gm.). No toxicity was noted.
Other.— Rottino et al. (Arch. Int. Med., 1954, 93,
561)
reported
of the they
drug noted
in Hodgkin's
In a series
of 35usepatients,
effective disease.
control
of pain and fever, improvement in appetite and an
increase in well-being with lessening of fatigue. It
also provided temporary relief for pruritus in some
patients. In a few patients there appeared to be a
temporary regression of enlarged lymph nodes.
Toxicology. — The toxic manifestations of phenylbutazone have seriously hampered its usefulness. These
are numerous and varied and some expression of
toxicity or undesirable side effect occurs in about 40
per cent of cases. The commonest of these manifestations of toxicity are edema, nausea and epigastric
pain, skin rash, vertigo, hypertension, stomatitis,
leukopenia and purpura. The results of salt and water
retention in potential cardiac patients have been discussed. The nausea and vomiting which are seen frequently may be alleviated by taking the tablets with
milk or food. However, there have been scattered
reports of gastric ulcer resulting from use of the drug.
Indeed, there has been one reported fatality from
hemorrhage from a drug-induced ulcer. These have
been known to occur on even limited amounts of the
drug and are not necessarily related to prolonged
usage. The same can be said for the bone marrow
depression which has been reported. The development
of agranulocytosis or thrombocytopenic purpura can
develop with alarming rapidity even with a patient
under careful supervision; a fatality due to agranulocytosis has been reported {JAMA., 1953, 151, 639).
A total of 24 deaths following use of the drug has been
recorded (Mauer. New Eng. J. Med., 1955, 253, 404).
In about 10 to 15 per cent of cases the toxicity is of
such a nature as to force discontinuance of the drug.
Whenever a patient is to be placed on this drug, it
is wise to have a white blood count prior to treatment and at weekly intervals during the early part of
treatment and then not less than at intervals of two
weeks. All of the protean toxic manifestations must
be explained to the patient since it is the patient
rather than the physician who first recognizes the
appearance of these symptoms. It is especially important to warn the patient of the potential seriousness of any sore throats, unexplained fever or mucous
membrane or skin eruption so that he will stop the
drug and consult his physician.
Dose. — The usual dose is 200 mg. (approximately
3 grains) 3 times daily by mouth, with a range of
100 mg. to 1 Gm., which should seldom be continued
for more than 1 week. The maximum safe dose is
about 1 Gm. intramuscularly and a total daily dose
of 0.8 to 1 Gm. by all routes of administration is
seldom exceeded. For prolonged therapy a maintenance dose of 100 to 200 mg. daily orally is usually as
effective as larger doses and probably safer.
Butazolidin is available in 100-mg. tablets. No
parenteral dosage form is available; experimentally a
20 per cent aqueous solution of the sodium salt has
been given intramuscularly in combination with a
local anesthetic because of the severe pain caused.
Phenylhydrazine. CeHsNH.NHo. — This colorless
or slightly yellowish liquid is prepared from diazobenzene hydrochloride (resulting from the action of
sodium nitrite upon aniline hydrochloride) by reduction with stannous chloride or sodium sulfite. Phenylhydrazine hydrochloride, occurring as colorless crystals which are soluble in water or alcohol and darken
en exposure to light, is the form usually employed in
medicine. This substance has also been employed as a
test for sugar in the urine.
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Phenylhydrazine is an active irritant, producing in
warm-blooded animals violent disturbances of breathing, with gastroenteritis. Whether introduced into the
blood stream or mixed with blood outside of the
body it is one of the most potent producers of
methemoglobin known.
Its only therapeutic use of importance is in the
treatment of polycythemia; the mechanism probably
involves a destruction of hemoglobin within the
erythrocytes followed by a disintegration of the latter,
though some believe that hemolysis occurs. The drug
is of value in many cases of this untractable disorder;
Giffin and Allen (.4m. J. Med. Sc, 1933, 185, 1) reported a series of cases in which the disease was held
in check for periods of from 4 to 6 years by weekly
injections. On the other hand, in a considerable proportion of cases it has failed to produce good results
and it is capable of producing serious disturbances
unless the patient is under close observation. Among
the toxic manifestations which have been reported
have been various forms of dermatitis, anorexia,
nausea, jaundice, and irritation of the urinary organs.
In some instances thrombosis has occurred. Acetylphenylhydrazine (see under this title) is considered
to be as effective as phenylhydrazine, but less toxic.
The dose is from 100 to 200 mg. (approximately
ll/i to 3 grains) 2 or 3 times weekly, depending on
the hematological response.
Phenylmercuric Chloride, X.F. IX. Phenylhydrargyri Chloridum. — "Phenylmercuric Chloride
contains not less than 63.5 per cent and not more than
64.5 per cent of Hg corresponding to not less than
99 per cent of CnH.-.ClHg." NJP. IX.
Phenylmercuric chloride may be prepared in a number of ways. It may be obtained by the reaction of
mercury- diphenyl with mercuric chloride in an acetone
or alcohol medium, or by moderate treatment of
mercury diphenyl with concentrated hydrochloric
acid. Alternatively phenylmercuric acetate may first
be prepared by interaction between mercuric acetate
and thiophene-free benzene in glacial acetic acid, and
then converted to the less soluble chloride by precipitation with alcoholic calcium chloride.
Description. — "Phenylmercuric Chloride occurs as
white, leafy crystals, it is affected by light. Phenylmercuric Chloride is practically insoluble in distilled
water. It is slightly soluble in hot alcohol and in
ether. Phenylmercuric Chloride melts between 250°
and 2S2°." X.F. IX. For standards, tests, and assav,
see U.S.D., 24th ed.. p. 876.
Uses. — Phenylmercuric chloride possesses the same
effects and is used in the same manner as phenylmercuric nitrate 'see in Part I) ; the low solubility of
the former in water (approximately 1 in 20,000) has
resulted in a preference by the medical profession for
the more soluble phenylmercuric nitrate, [vj
Storage. — Preserve '*in tight, light-resistant containers." NJP. IX.
Phlorhizin. Phlorizin. Phloridzin. Phlorrhizin. C21H24O102H2O. — This is a bitter glycoside, occurring
in the bark of the apple, pear, cherry, and plum trees.
It is most abundant in the bark of the root, from
which fact it derives its name from the Greek. It may
be obtained in white silky needles, of a sweet, afterward bitter, taste, slightly soluble in cold and freely
soluble in boiling water, very soluble in alcohol,
scarcely soluble in ether. An ammoniacal solution becomes red on exposure to the air because of the formation of phlorizein. When heated with diluted hydrochloric or sulfuric acid, it is converted into a sugar,
phlorose (identical with glucose), and phloretin.
When injected into the lower animals in doses of
about 100 mg. per Kg., phlorhizin causes the appearance of a considerable amount of glucose in the urine.
The exact explanation of this glycosuria is not known.
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Among other theories it has been variously ascribed
to increased permeability of the glomeruli, to liberation of glucose in the blood, and to prevention of
resorption of glucose in the tubules, the weight of
accumulated evidence favoring the last-named theory.
A comprehensive review of the investigations and
reports on phlorhizin glucosuria has been prepared by
McKee and Hawkins (Physiol. Rev., 1945, 25, 255).
The drug has been suggested as a test for kidney
function and has also been used as an antiperiodic,
but it is more dangerous than valuable.
Phosphorus, iV.F. VIII. — "Phosphorus is the yellow allotropic form of phosphorus (P). Caution
should be observed in handling Phosphorus as it may
cause burns when applied to the skin." N.F. VII.
This non-metallic element was discovered in 1669
by Brandt, an alchemist of Hamburg, who obtained
it from evaporated urine. In 1769 the Swedish chemist Gahn discovered it in bones, and shortly afterward published a process by which it might be
extracted.
Elemental phosphorus is made commercially by reducing calcium phosphate by heating it with coke and
silica in an electric furnace; the phosphorus distils out
of the mixture and is condensed under water.
Phosphorus exists in at least three allotropic forms.
When freshly prepared it exists in the form of yellow
phosphorus, also called white phosphorus; this was
described by the N.F. as follows: "Phosphorus is a
translucent, nearly colorless solid, having a waxy
luster and a consistence at ordinary temperatures
about like that of beeswax. After long keeping, its
surface becomes white or red, or occasionally black.
It has a distinctive, disagreeable odor. When exposed
to the air, Phosphorus emits white fumes which are
luminous in the dark, and have an odor somewhat
resembling that of garlic. On longer exposure to the
air, it may ignite spontaneously. One Gm. of Phosphorus issoluble in about 400 cc. of dehydrated alcohol, in about 40 cc. of chloroform, in about 102 cc. of
dehydrated ether, in about 31.5 cc. of benzene, or in
about 0.9 cc. of carbon disulfide, at 25° C. It is
sparingly soluble in fixed oils, and is practically insoluble in water." N.F. VII.
Phosphorus boils at 280°, when heated out of contact with air. During its combustion it combines with
the oxygen of the air, and forms clouds of phosphorus
pentoxide. Because of its flammability, it must be
kept under water. When exposed to the air it undergoes a slow combustion, emitting white vapors, which
are luminous in the dark.
Schroetter, of Vienna, in 1845 discovered an allotropic form of phosphorus, which he called red or
amorphous phosphorus. It is formed when ordinary
phosphorus is kept long at a temperature between
215° and 250°, out of access of air. Red phosphorus
is a reddish-brown powder having a specific gravity
of 2.34. It is insoluble in carbon disulfide and in all of
the solvents in which ordinary phosphorus is soluble.
In marked contrast to the affinity of yellow phosphorus for oxygen, it is practically permanent in the
air although it does undergo slight oxidation after
sufficiently long exposure. Solidified from the fused
state, it is brittle, and breaks with a conchoidal fracture. Commercial red phosphorus usually contains
more or less of the yellow form, from which it may
be freed by carbon disulfide — which dissolves the
ordinary variety and leaves the allotropic as a deep
red amorphous powder — or by boiling in a solution of
hydroxide — which dissolves the yellow phosphorus.
Red phosphorus, when pure, is not poisonous and
has, therefore, entirely replaced the poisonous yellow
variety in the manufacture of friction matches. The
use of the yellow for this purpose is forbidden in
most countries.
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An allotropic modification known as black phosphorus isproduced when yellow phosphorus is heated
under pressure.
Phosphorus forms with oxygen two oxides, phosphoric, P2O5, and phosphorus, P2O3. Corresponding
to the first oxide are three acids, known as orthophosphoric (tribasic phosphoric), H3PO4, pyrophosphoric, H4P9O7, and metaphosphoric, HPO3. The first
of these is formed by dissolving P2O5 in boiling water,
or by the action of nitric acid upon phosphorus itself ;
the second by the heating of the tribasic phosphoric
acid to 213°, and the third by the ignition of the
tribasic variety, or by dissolving P2O5 in cold water.
To the second oxide corresponds phosphorous acid,
H3PO3, although it cannot be formed directly from
the oxide. This is a dibasic acid, containing one hydrogen atom not replaceable by metal. To the hypothetical hypo phosphorous oxide, P2O, corresponds
hypophosphorous acid, H3PO0. It is monobasic, containing two hydrogen atoms which are not replaceable by metal.
Uses. — Little is known of the effects of elemental
phosphorus when administered in therapeutic dose.
It was prescribed a hundred and more years ago as a
roborant but its popularity as a medicine may be
dated back to the reports of Wegner in 1872, who
found that when administered to growing animals it
caused an increased density of the bones ; as a result
of this report it was at one time largely employed in
the treatment of rickets and other bone diseases. The
effect on the density of bones, however, is largely
limited to the epiphyseal junction and is probably due
to a failure in the resorption of calcium, which is a
normal process in the growth of bone. This effect of
phosphorus tends to prevent the normal increase in
size of growing animals and there is no physiological
reason to expect that it would prove valuable in rickets. The studies of Adams indicate that it does not
hasten the repair of experimental fractures (Arch.
Path., 1940, 30, 1192). Because compounds of phosphorus are found abundantly in nerve tissue it has
been reasoned that the element would be of value in
aiding the reconstruction of nerve cells and it was at
one time frequently prescribed in various degenerative
states of the central nervous system. Any use of phosphorus as a medicine must, in our present state of
knowledge, be purely empirical and it is significant
that the use of this drug by the medical profession
has ceased.
Toxicology. — Phosphorus is a very virulent poison,
as little as one-eighth of a grain having proved fatal,
and an infant being killed by eating the heads of two
old-fashioned friction-matches. Since the prohibition
of the manufacture of yellow phosphorus matches
phosphorus poisoning has become very rare, but an
occasional case from roach-poison or other vermin
exterminator may occur. The symptoms usually do
not manifest themselves until some hours after the
ingestion of the phosphorus. General malaise then becomes very pronounced, and is soon accompanied by
nausea, abdominal pain, and vomiting of food, mucus,
and bile. On the second and third days the vomiting
is likely to cease, but the abdominal tenderness remains, and there is some fever. Later the patient becomes jaundiced and severe vomiting of a coffeeground liquid, free from bile and similar to the black
vomit of yellow fever, may set in; the urine is scanty
and albuminous, often with tyrosine and leucine in it,
or it may finally be suppressed. Frequently there is
wild delirium. The temperature falls markedly, and
the patient sinks into a coma which ends in death.
After death a characteristic fatty degeneration is
found affecting almost all the soft tissues. The parts
affected first are the liver, the gastrointestinal mucous membrane, and the kidneys. Both in its symp-
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toms and in its lesions phosphorus poisoning so closely
resembles acute atrophy of the liver that only by detecting the phosphorus in the matters vomited, in the
excretions, or in the tissues of the body, can a positive
diagnosis be made.
For methods of detecting phosphorus in cases of
suspected poisoning, see US.D., 19th ed., p. 935.
Treatment. — It is evident from the widespread
lesions caused by phosphorus that after its absorption
no treatment can be of service. It is therefore of the
utmost importance that chemical antidotes and emetics be used promptly. A widely recommended chemical
antidote is potassium permanganate, which acts by
oxidizing the poison, but copper sulfate is of great
value as it not only deposits metallic copper on the
surface of phosphorus particles but also acts as an
emetic. If a stomach tube is at hand the stomach
may be washed out with 0.5 per cent solution of
potassium permanganate repeatedly, leaving about
half a pint of the solution in the stomach. A 0.2 per
cent solution of copper sulfate may be used similarly.
In the absence of the stomach pump, 200 mg. (3
grains) of copper sulfate may be given, in water,
every 5 minutes until free emesis, and after the
stomach has been emptied a dose of 250 mg. of potassium permanganate may be given.
To a patient who had ingested 825 mg. of yellow
phosphorus 4 days previously and whose prognosis
seemed ominous, Bayne et al. (Can. Med. Assoc. J.,
1952, 67, 465) administered 50 mg. of cortisone acetate intramuscularly every 6 hours for 5 days, then
the same dose orally for 3 days, and finally 25 mg.
4 times daily for a total of 65 days after the episode ;
the improvement was dramatic and recovery apparently complete. Cortisone acetate was selected for the
treatment in the expectation that it would favor
glycogen deposition in undamaged liver cells, thus
preventing necrosis, and also that the hormone would
stimulate the bone marrow.
Formerly workers in match factories were frequently attacked with a peculiar form of chronic
phosphorus poisoning of which the most characteristic symptom was a necrosis of the jaw, whence the
popular name of "phossy jaw." Since the introduction
of red phosphorus this condition has become much
less common.
The dose of phosphorus has been from 0.5 to 2 mg.
(approximately Yi20 to ^30 grain), usually administered in the form of an elixir or oil (for formulas
see U.S.D., 23rd edition).
Storage. — "Preserve Phosphorus under water in
strong, well-closed containers, in a secure and moderately cool place, protected from light." Nf. VII.
Phytolacca, N.F. VII. Poke Root. American Nightshade Root. Scoke. Pocan. Fr. Racine de phytolaque.
Ger. Kermeswurzel. — "Phytolacca is the dried root of
Phytolacca
NJF. VII. americana Linne (Fam. Phytolaccacece)."
Linnaeus, in the first edition of his Species Plantarum, named the poke plant Phytolacca americana,
but in a later edition reclassified this species and
named it Phytolacca decandra. It is an herb with a
large, branching, perennial root, often up to 20 to 25
cm. in diameter, which is fleshy, fibrous, whitish
within, and covered with a thin brownish cork. The
stems, which are annual, frequently grow to the height
of 60 to 150 cm., and divide into numerous spreading
branches, which are green when young, but become
purple, especially in the upper portions, after the
berries have ripened. The leaves are alternate, short
petiolate, ovate-oblong, entire, acute and glabrous.
The flowers are small, greenish-white and in long
racemes. The raceme of flowers becomes a cluster of
dark purple, almost black, shining compound berries
flattened above and below, and divided into ten loculi,
each containing one seed.
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Poke is abundant in all parts of the United States,
flourishing in soil containing lime salts, along fences,
by the borders of woods, in newly cleared fields, and
especially in the muck thrown up from the ditches or
swamps. It also grows spontaneously in northern
Africa and southern Europe, where, however, it is
supposed to have been introduced from America. Its
flowers begin to appear in July, and the fruit ripens
in autumn. The magnitude of the poke weed, its large
rich leaves, and its beautiful clusters of purple berries,
often mingled upon the same branch with the green
unripe fruit and the flowers still in bloom, render it
one of the most striking of our native plants.
"Unground Phytolacca. — Cylindrical, or somewhat
tapering, sparingly branched, from 3 to 7 cm. in thickness, mostly in transverse or longitudinal slices; externally weak brown to weak yellowish orange, finely
longitudinally or spirally wrinkled, and thickly annulate with low ridges; cut surfaces characterized by
alternating layers of fibro-vascular tissue and parenchyma, the layers of the latter being much retracted;
fracture fibrous." N.F. VII. For histology and description of powdered drug see U.S.D., 23rd ed.,
Goldstein et al. (/. A. Ph. A., 1937, 26, 306) were
p. 853.
unable to find any alkaloid in Phytolacca. They obtained a water-soluble material, containing a saponin,
which was a local irritant and produced emesis. In the
alcoholic extract they found a resin-like material
which was a powerful depressant to the central nervous system and proved fatal to a cat in doses of 50
mg. per kilo. Macht (/. A. Ph. A., 1937, 26, 594)
found that 5 to 10 ml. of Phytolacca fluidextract
caused violent vomiting in cats followed by prostration. Doses of 1 ml. of the fluidextract, deprived of
its alcohol, depressed the respiration and circulation
of cats; 4 ml. stopped both heart and respiration. In
a study of the chemistry and toxicology of poke root
Ahmed and co-workers (J. A. Ph. A., 1949, 38, 443)
also were unable to find alkaloid to be present; they
did isolate an acidic steroid saponin whose physiological activity was correlated, in all respects, to the
reported physiological activity of the root and its
crude extracts.
The emetic action of poke root is slow, frequently
not being evident for 1 to 2 hours, but then continuing
for a long time. The vomiting produced is said not to
be attended with much pain or spasm, but narcotic
effects have been observed by some physicians, such
as drowsiness, vertigo, and dimness of vision. In
overdoses poke root produces excessive vomiting and
purging, attended with great prostration of strength,
and sometimes with convulsions, and has, in several
instances, proven fatal.
Phytolacca has been employed internally in chronic
rheumatism and locally has been used in the form of
ointment in the treatment of parasitic skin diseases.
There is, however, no satisfactory evidence that it is
therapeutically useful and it is no longer prescribed
by Dose,
physicians.
emetic, 0.6 to 1.2 Gm. (approximately 10 to
20 grains) ; "alterative," 60 to 300 mg. (approximately 1to 5 grains) .
Pills. — Pills are globular or ovoid masses of a size
convenient for swallowing. They are well adapted for
the administration of medicines which are unpleasant
to the taste or smell, or insoluble in water, and which
do not require to be given in large doses. Formerly
popular as a means of extemporaneous preparation
of individual dosage forms of a variety of medicaments, they have been largely replaced by tablet and
capsule dosage forms.
"The General Directions given below are to be followed in preparing the pills official in this Formulary,
unless otherwise directed. Triturate potent or liquid
medicaments thoroughly with about an equal bulk of
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a mixture of the less potent, powdered ingredients.
To this first triturate, add the remainder of the mixed
powders, in divided portions, triturating or mixing
thoroughly after each addition to produce a uniform
mixture. Then form a mass with the specified excipient, and prepare the required number of pills of uniform size. When a pilular extract is used, soften it
with a little diluted alcohol or water, and use it as a
potent medicament. Use a non-potent extract as the
excipient or with the excipient. When pill formulas
official in this Formulary are to be made with mechanical equipment into either pills or tablets, excipients other than those specified in the formula and
harmless to the patient may be used, and the amounts
of diluent may be varied to produce a mass best
adapted for such equipment, provided the amounts
of medicinal ingredients per pill are not changed. A
suitable coating for any specific purpose may be
applied to any of the pills official in this Formulary,
provided the coating will disintegrate in the alimentary tract and is composed only of ingredients
harmless to the patient." N.F.
A pill generally weighs from 1 to 5 grains, exclusive
of the coating. A bolus (or globulum) , is a large pill,
usually more than 5 grains. The bolus is sometimes
prescribed in veterinary medicine and is usually made
in oval form. Dragees are sugar-coated boluses. Granules (granules) are small pills made from sucrose.
They are often called pellets and are usually employed
in homeopathic practice; sometimes the blank or unmedicated pellets are impregnated with medicinal
matter, which is applied in liquid form, and absorbed
by the pellets, which are then dried. Parvules
(parvulce) are diminutive sugar-coated pills frequently containing potent medicaments, and often
colored red to distinguish them from granules.
Pimpinella. Pimpernel Root. Burnet Saxifrage.
Small Saxijraga. — "The dried rhizome and foots of
Pimpinella Saxijraga Linne, or Pimpinella magna
Linne (Fam. Umbelliferoe) ." N.F. IV.
Pimpinella Saxifraga L. is a smooth-stemmed perennial herb attaining a height of 1 to 2 ft. It bears
pinnate leaves, the leaflets of which are ovate to suborbicular, serrate below and narrow-lobed above. Its
flowers are white and arranged in compound umbels.
P. magna L. resembles the former species but has all
of its leaflets ovate-serrate, somewhat cut, the terminal one being 3-lobed. Both of these herbs are indigenous toEurope and are naturalized, growing along
roadsides and in waste places, in the northern United
States and Canada. The root has a strong, aromatic,
yet unpleasant odor, and a sweetish pungent, biting,
aromatic, bitter taste. For further description of
this root and microscopic characters, see U.S.D., 20th
ed., p. 1430.
Its active constituents are volatile oil and an acrid
resin. The yellow volatile oil has an odor recalling
parsley, and a biting taste. Buchheim obtained from
the alcoholic extract a crystalline principle, which he
called pimpinellin, C13H10O5. It is insoluble in water
and petroleum ether, but soluble in alcohol.
The chemistry of this bitter principle and the isomeric iso pimpinellin has been investigated by Wessely
and Kallab (Monatsh. Chem., 1932, 59, 161) ; the
drug contains also isobergaptene.
Pimpinella has been used, in domestic medicine,
for a wide variety of complaints but probably has no
medicinal effect beyond that of an aromatic. Le Clerc
(Presse med., 1928, 1180) used it as a carminative and
in certain types of diarrhea. The root has been used
as a local stimulant in toothache, etc. Kreitmar
{Merck's Jahresber, 1936, 50, 102) found pimpinella
effective in causing contraction of the gravid and
virginal uterus. The herb has been given in doses of
2 Gm. (approximately 30 grains), generally as an
infusion.
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Pineapple. Ananas comosus (L.) Merr. {Ananas
sativa Schult. f.) (Fam. Bromeliacece) . — This is an
herb indigenous to tropical America and cultivated in
Florida and other subtropical districts for its fruit.
The fruit consists of a dense spike of connate fleshy
berries and bracts, forming together an ovoid or subglobular compound fruit, which is seedless through
cultivation, and crowned by a tuft of rigid leaves. It
is an excellent source of ascorbic acid. Chittenden
{Trans. Connecticut Academy, vol. viii, 1891) found
that fresh pineapple juice is a powerful digestant of
albuminous matter, due to its content of the enzyme
bromelin.
Bromelin may be precipitated from pineapple juice
either by ammonium sulfate or by alcohol. According
to Balls and Kies (Ind. Eng. Chem., 1941, 33, 950) its
enzymic activity is greatest at a pH between 3 and 4.
Asenjo {J. A. Ph. A., 1940, 29, 8) found that it has
the remarkable power of digesting living helminths, in
vitro, and suggested a possible use as a vermifuge.
Pinguicula. Butterwort. Marsh Violet. — The Pinguicula vulgaris L., which occurs in Canada as well as
northern Europe and Asia, and the P. alpina L. of
Labrador (Fam. Lentibulariacece) are small stemless
perennials which are found growing on wet rocks.
They have been used for the purpose of curdling milk
as well as a household remedy for wounds. Massino
{Boll. chim. farm., 1938, 77, 217) reported that the
juice contains a proteolytic enzyme.
Piperazine. Diethylene diamine. Dispermine.
Ethyleneimine. Hexahydropyrazine. Piperazidine.
CH2.NH.CH2.CH0.NH.CH2.—
The anhydrous
base
I
I
occurs as colorless, volatile crystals, freely soluble in
water or glycerin, less soluble in alcohol. From water it
crystallizes as the hexahydrate, which melts at 44°.
Piperazine was introduced into medicine because its
power, in vitro, of dissolving uric acid led to the hope
that it would exercise a similar solvent action in the
system, and thus have utility net only in the treatment of uric acid gravel and calculi, but also in gout.
While piperazine enjoyed for a time wide popularity
in the treatment of gout, evidence indicates that it is
of little if any value. Hanzlik {J. Lab. Clin. Med.,
Feb., 1917, 308) found that in quantities corresponding to the therapeutic dose it does not increase the
solvent action of urine upon uric acid. Umpfenbach's
statement that it is a powerful diuretic was denied by
Hanzlik. The dose was from 300 to 600 mg. (approximately 5to 10 grains).
A new use, originating in France, of piperazine and
its salts is in the treatment of pinworm infestation
(enterobiasis) and roundworm infestation (ascariasis).
A cure rate of about 85 per cent of pateints having
pinworms treated with piperazine hexahydrate (as
citrate) was reported by Bumbalo et al. {J. Pediatr.,
1954, 44, 386), by Pryor {ibid., 1955, 46, 262), and
by Howie {Am. J. Dis. Child., 1955, 89, 202). Even
better results were reported in treatment of patients
infested with roundworms (Brown, /. Pediatr., 1954,
45, 419; Brown and Sternan, Am. J. Trop. Med. Hyg.,
1954, 3, 750).
In the dosage indicated there are usually no side
effects; an occasional patient may experience urticaria. With very large doses vomiting, blurred vision,
or general muscle weakness may develop, these symptoms disappearing on discontinuing the drug.
Dose. — In treating pinworm infestation the currently preferred dosage schedule calls for administration of piperazine hexahydrate daily for 14 consecutive days (rather than over 3 weeks with no drug
given during the second week) in the following
amounts: infants, 250 mg. once daily; children, 15 to
30 lbs., 250 mg. twice daily ; children, 30 to 60 lbs.,
500 mg. twice daily ; children over 60 lbs. and adults,
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1 Gm. twice daily. In treating roundworm infestation
the same dosage is given for 5 to 7 days.
Under the trade-marked name Ante par Citrate
(Burroughs Wellcome) there are available tablets
containing piperazine citrate (N.N.R.) equivalent to
250 or 500 mg. of piperazine hexahydrate, also a syrup
containing the equivalent of 100 mg. of piperazine
hexahydrate per ml. Multifuge Citrate Syrup (Blue
Line) contains the same proportion of piperazine
hexahydrate. Piperate (Lincoln) is a solution of
piperazine tartrate (N.N.R.) containing the equivalent of 100 mg. of piperazine hexahydrate per ml. For
information concerning piperazine adipate, used as a
veterinary anthelmintic agent, see under that title in
Part III.
Piperonal. Heliotropin. Piperonyl Aldehyde.
Methylene ether of protocatechuic aldehyde. CgHeOs.
— This substance, which is extensively used in perfumery, occurs as white crystals slightly soluble in
water, easily soluble in alcohol, and melts at 37°. It
may be obtained by oxidation of piperic acid.
Although apparently not highly toxic, in sufficient
dose it has a depressant effect on the cerebrospinal
axis and also stops intestinal peristalsis (Busquet,
Compt. rend. soc. biol., 1933, 112, 51).
Heliotropin was highly recommended by Moore
(J.A.MA., 1918, 71) for destruction of lice. A formulation for this purpose which has been used successfully {Med. Journ. Australia, March 2, 1935) contains 5per cent of heliotropin, 30 per cent of castor oil
and 65 per cent of alcohol.
Pipradrol Hydrochloride. Meratran (Merrell).
— Certain piperidyl compounds have recently attracted
interest as possible therapeutic agents in neurology
and psychiatry. The first of these to have been studied
clinically is alpha-(2-piperidyl)benzhydrol hydrochloride, available as Meratran. This compound is a central nervous system stimulant without concomitant
effects on the autonomic system; its action appears
to be, at least in part, in the upper brain stem
tegmentum and the septal area (Brown and Werner,
/. Pharmacol., 1954, 110, 180; Fabing, Dis. Nerv.
Syst., 1955, 16, 3; Trans. Am. Neur. A., 1954, 79,
159; Fabing et al., Am. J. Psychiat., 1955, 111, 832;
Pomeranze, Gerontology, 1954, 9, 486; Schut and
Himwich, Am. J. Psychiat., 1955, 111, 837). Meratran
is advocated for treatment of emotional fatigue and
mild depression, in doses of 1 to 2 mg., orally, 3 times
daily. It is available in tablets containing 1 mg.
The isomeric compound alpha- (4-piperidyl)benzhydrol hydrochloride, known as Frenquel (Merrell),
received preliminary study by Fabing and Hawkins
(paper read before The Society of Biological Psychiatry, Chicago, June 12, 1955). Its spectrum, according
to these investigators, is more circumscribed than that
of chlorpromazine or reserpine, therapeutic utility
being confined to certain cases of schizophrenia and
schizophrenia-like disorders. Fabing and Hawkins
gave as high as 100 mg. intravenously initially followed by 400 mg. orally, per day, in divided doses;
the investigators observed no toxic reactions or any
subjective side reactions in any of the 115 patients
studied in the course of a year's experience with the
drug. Frenquel prevents or corrects certain cerebral
changes produced by lysergic acid diethylamide and
by mescaline (see discussion of mescaline under
Anhalonium, in Part II). Frenquel is not commercially
available at present.
Piromen (Travenol). Pyromen. — This preparation
is a sterile, nonprotein, nonanaphylactogenic extract
of Pseudomonas aeruginosa and Proteus vulgaris prepared as a colloidal dispersion in normal saline solution for parenteral use. The active component appears to be a complex bacterial polysaccharide of low
toxicity. On subcutaneous or intravenous administration it produces a general systemic reaction charac-
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terized byactivation of the reticuloendothelial system,
stimulation of the adrenal cortex and, in sufficient
dose, elevation of body temperature. It has been reported to produce a feeling of well-being when administered indoses sufficient to produce fever and is
recommended for treatment of various allergic manifestations, dermatologic disorders, and even certain
types of ophthalmic disease. For further information
concerning Piromen and similar pyrogenic substances
see the report on the symposium on bacterial pyrogens
(Trans. N. Y. Acad. Sci., 1952, 14, 157), also Wells
and Rail (Proc. S. Exp. Biol. Med., 1948, 68, 421),
Fitch and Washburne (New Eng. J. Med., 1951, 245,
961), Kierland and Kulwin (Arch. Dermat. Syph.,
1950, 62, 571), Bailey et al. (Proc. Mayo, 1952, 27,
340), Olson and Necheles (Am. J. Digest. Dis., 1953,
20, 372). Piromen is supplied in 10-ml. vials containing 4 or 10 micrograms of the bacterial polysaccharide per ml.; the usual dose, except when fever
is desired, is 2 to 3 meg., rarely exceeding 5 meg.,
2 or 3 times weekly.
Piscidia. Piscidia piscipula (L.) Sarg. (Piscidia
erythrina L.). Jamaica Dogwood. Fish-Poison Tree.
Mulungu. Murungu. — This is a leguminous tree growing throughout the West Indies and the neighboring
countries, being found in Florida, Texas, Mexico, and
the northern portion of South America, and yielding
a valuable wood. It is characterized by having imparipinnate leaves with 7 to 11 oblong or elliptical
leaflets, purplish-white flowers and legumes with 6 to
8 black seeds. From time immemorial the bark has
been used for catching fish. The leaves, twigs, and
root bark are collected, macerated with the residue
from the distillation of rum or with lime water, then
transferred into baskets, and the latter dragged up
and down the water until the fish are stupefied. The
bark has a strong odor resembling opium. It is
acrimonious, and produces a burning sensation in the
mouth and pharvnx.
Freer and Clover (Am. Chem. J., 1905, 25, 390)
found that the substance known as piscidin, is a mixture of two glycosides. Hauschild (Arch. Pharm.,
1936, 274, 388) obtained from it a material, highly
poisonous to fish, which is apparently related to
rotenone.
Pittenger and Ewe (Am. J. Pharm., 1919, 91, 575)
reported that piscidin has an action on dogs similar to
that of cannabis. It seems to possess some anodyne
property and has been used for relief of neuralgia
(Le Clerc, Presse mid., 1937, 45, 1430) and in whooping cough. Costello and Butler (/. A. Ph. A., 1948,
37, 89) found preparations of piscidia to have potent
uterine depressant action on laboratory animals; the
greatest activity was observed in an extract prepared
with petroleum ether. According to these investigators
acute toxicity studies indicate piscidia to have low
relative toxicity when fed orally to rats. A review of
the chemical, pharmacological, and clinical history of
the drug is included in Costello and Butler's paper.
The fluidextract has been given in doses of 2 to 3 ml.
(approximately 30 to 45 minims).
Pituitary. — The Hypophysis cerebri, or pituitary
body, is a small bean-shaped body found within the
skull in the depression known as the sella turcica or
pituitary fossa. Its longest diameter is in the transverse direction and it consists of two distinct portions
enclosed together in a connective-tissue capsule. The
smaller portion, or posterior lobe, is composed of
nerve cells similar to the gray matter of the brain and
continuous with the injundibulum which forms a portion of the floor of the third ventricle of the brain.
The anterior lobe, which is much larger, is made up
of glandular epithelium and contains here and there
collections of colloid material homologous to that
found in the thyroid. In the human being the pituitary body measures about 12 mm. transversely, 7 mm.
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longitudinally and 5 mm. vertically, and weighs from
0.3 to 1.3 Gm. In cattle the organ has a weight of
8 to 12 Gm. Upon drying it loses approximately threefourths of its weight.
Histologists have been able to distinguish only two
types of secreting cells, the basophils and acidophils;
a third type, the chromophobes, do not seem to be a
secreting variety.
Under the title Whole Pituitary (Pituitarium
Totum), the N.F. VIII recognized "the dried, partially
defatted, and powdered pituitary gland of cattle,
sheep or swine. Whole Pituitary is derived from
sound, clean, and entire glands that are freed from
external tissues. It is free from diluents or preservatives. One part of Whole Pituitary is obtained from
approximately 5 parts by weight of fresh pituitary
gland, and when the fresh material is dried by heat,
it is to be dried in vacuum at a temperature not exceeding 60°." The substance occurs as a gray or yellowish gray amorphous powder of characteristic odor
and salty taste; there should be no disagreeable odor
suggestive of partial putrefaction. For a histologic
description of the gland see U.S.D., 24th ed., p. 898.
While this substance was once rather extensively employed medicinally the absorption of its active principles following oral administration is at best variable
and insufficient, and the use of the whole gland has
practically ceased.
Under the title Anterior Pituitary (Pituitarium
Anterius), the N.F. VIII recognized "the dried, partially defatted, and powdered anterior lobe of the
pituitary gland of cattle, sheep, or swine. Anterior
Pituitary is derived from sound, clean, and entire
glands that are freed from external tissues. It is free
from diluents and preservatives. One part of Anterior
Pituitary is obtained from approximately 5 parts by
weight of fresh anterior lobe of the pituitary gland,
and when the fresh material is dried by heat, it is to
be dried in a vacuum at a temperature not exceeding
60°." It occurs as a gray or yellowish gray amorphous
powder of characteristic odor and salty taste; no
disagreeable odor suggestive of partial putrefaction
is present. Anterior pituitary is only partially soluble
in water. For its histology see U.S.D., 24th ed., p. 892.
Under the title Posterior Pituitary (Pituitarium
Posterius) the U.S.P. continues to recognize the
cleaned, dried and powdered posterior lobe; for information concerning this substance and its constituents see under Oxytocin Injection, Posterior Pituitary,
and Vasopressin Injection, in Part I.
The pituitary gland is commonly regarded as a
regulating organ controlling primarily other endocrine
glands and having perhaps some metabolic functions
of its own. For this reason it is a vital organ, with
the essential endocrine activity being found in the
anterior lobe, which contains at least 6 different
hormones and possibly up to about 20 more. Because
of the widespread effects of the hormones of the anterior lobe the powdered anterior pituitary has been
used as a remedial agent in various endocrine deficiencies. Several objections to such use of the gland
are now recognized. As it has not been demonstrated
that any of the pituitary hormones are absorbed from
the alimentary canal the value of oral administration
is very dubious. Preparations for parenteral use generally have limited stability, and all too often have
little demonstrable activity. Perhaps the most important objection is that of using a mixture of hormones, assuming all of them to be present and active;
it would be obviously undesirable to stimulate, for
example, the activity of the gonads if increased
rapidity of growth is the desired effect. The isolation
of the individual hormones of anterior pituitary, in
pure or nearly pure form, has made it possible to
obtain specific physiological effects, using preparations
which are stable and of known potency.
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Anterior Pituitary Hormones. — Of the 6 individual hormones of anterior pituitary which have
been isolated, only corticotropin is officially recognized
(see under this title, in Part I). Two hormones,
chorionic gonadotropin and serum gonadotropin,
which are not obtained from anterior pituitary but
are in some respects similar to the pituitary gonadotropins, are officially recognized by the B.P. and hence
are further described in Part I. The following provides
information concerning the hormones of anterior
pituitary as well as the physiologically related chorionic and serum gonadotropins. An exhaustive review
of the literature on the Adenohypophysis, by Sayers
and Brown, and the Posterior Lobe, by Lloyd and
Lobotsky, may be found in Glandular Physiology
and Therapy, American Medical Association, 5th edition, 1954, Lippincott, Philadelphia.
Growth or Somatotropic Hormone. STH. — One of
the first endocrine functions located in the pituitary
was that regulating rapidity of growth in immature
animals. A deficiency of the hormone leads to dwarfism, and an excess to gigantism. In adults, after the
long bones have become ossified, further increase in
stature is impossible, but an excess of the growth hormone leads to the condition known as acromegaly, in
which there is an overgrowth of the face, hands, and
feet. The cause of the acceleration of growth in the
young is not definitely established, but abnormal appetite and a decreased output of urinary nitrogen are
observed. In humans active preparations show little
effect on growth. Bennett et al. (J. Clin. Endocrinol.,
1950, 10, 492) and Lewis et al. (J. Clin. Inv., 1950,
29, 460) were unable to demonstrate nitrogen retention in patients with hypophyseal dwarfism.
New studies with the crystalline growth factor,
reviewed by Weil (Arch. Int. Med., 1955, 95, 739),
indicate that the fat-mobilizing principle — adipokinin
— is also the growth principle and that it acts by
inhibiting formation of urea from amino acids, by
repressing oxidative breakdown of carbohydrate and
by mobilization of fat from depots for utilization in
energy metabolism. In terms of protein, and hence
of tissue, this is anabolism in contrast to protein
catabolism caused by corticotropin and cortisone.
Such observations have been made in man (Carballeira et al., Proc. S. Exp. Biol. Med., 1952, 81, 15;
Bondy, Yale J. Biol. Med., 1954, 26, 263).
In the extensive experiments of Selye which delineated the alarm reaction (see under Cortisone in Part
I) and developed the concept of diseases of adaptation, an anabolic, fibroblast-stimulating substance —
somatotropin (growth hormone) — was postulated as
an antagonistic influence to the catabolic, inflammation-inhibiting substance corticotropin acting by virtue of cortisone released from the adrenal glands. In
rats infected with tubercle bacilli, Lemonde et al.
(Ann. endocrinol., 1952, 13, 897) demonstrated the
aggravating action of cortisone and the protective
effect of growth hormone. The significance of these
observations in humans is uncertain. In relation to
connective tissues, desoxycorticosterone (see in Part
I) antagonizes certain of the inhibitory effects of
cortisone.
Li and his associates (J. Biol. Chem., 1945, 159,
353; Science, 1948, 108, 624) described the isolation
and properties of the anterior pituitary growth hormone prepared from ox glands; the hormone is a
sulfur-containing protein having a molecular weight
of about 44,300. For a discussion of this hormone,
including its assay, see White and Evans in the
A.A.A.S. volume on The Chemistry and Physiology
of Hormones, 1944. Use of extracts containing the
growth hormone has been advocated in the management of pituitary dwarfism before epiphyseal closure,
Simmonds' disease, Frohlich's syndrome, and adrenal
deficiency secondary to pituitary deficiency and fail-
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ure of growth in diabetic children. Preparations in
which this hormone predominates or is present in
significant proportion include Antuilrin-Growth
(Parke, Davis) and Phyone (Wilson).
Gonadotropic Hormones. — A second function of
the pituitary hormone is to affect the sexual functions
in both males and females. In females two effects are
distinguished, one of which is to stimulate the development of the ovarian follicles and the other to
hasten luteinization. Two distinct hormones, corresponding to the two effects, have been segregated.
Li et al. {Science, 1949, 109, 445) isolated an apparently homogeneous follicle-stimulating hormone
(FSH) from sheep pituitaries. This hormone is also
called thylakentrin, and prolan- A. The luteinizing
hormone (LH), known also as metakentrin, and
prolan-B, has been isolated in three laboratories (see
Endocrinology, 1942, 30, 635; Science, 1940, 92, 178;
JA.C.S., 1942, 64, 367) from swine and sheep pituitaries; they differ in several respects, though appearing
to have the same activity per unit weight. In the
hypophysectomized male rat, the follicle-stimulating
hormone produces a reaction analogous to that in the
female; the epithelium of the seminiferous tubules is
maintained or repaired, and sperm formation proceeds
at least to the stage at which secondary spermatocytes
appear. The luteinizing hormone has a more distinct
effect in the male rat, producing growth and functional activity of the interstitial cells, for which reason
the hormone is often called the interstitial cellstimulating hormone (ICSH) . A combination of the
hormones results in synergism of their activities. However, certain evidence indicates that in the human
there is only one gonadotropic hormone (Segaloff, in
Year Book of Endocrinology, 1954-5, Year Book
Publishers, Chicago, p. 266^. Clinically, extract of the
gonadotropins has been advised when failure of
ovarian follicle development and ovulation results in
amenorrhea, oligomenorrhea, functional uterine bleeding, anovulatory bleeding or sterility in the female,
and for sterility with oligospermia due to pituitary
deficiency in the male. Commercially available preparations in which the anterior pituitary gonadotropic
hormones predominate include Gonadophysin (Searle),
Gonatrin (Spanner), Gonadotropic Hormone (Armour; Delta; International Medical Products; Kirk),
Pituitary Gonadotropin (Squibb), and Synapoidin
(Parke, Davis).
A gonadotropic hormone bearing some similarity
to the pituitary hormones in its effects on the body
is formed in the chorion and excreted through the
kidneys. The presence of this chorionic gonadotropin
in the urine is the basis of the commonly employed
test for pregnancy of Aschheim-Zondek and of the
modifications by Friedman and others; the injection
of pregnancy urine into immature animals results in
the formation of hemorrhagic follicles in the ovaries.
An evaluation of the pregnancy test using the frog,
toad, rabbit and mouse was made by Benitez et al.
(U. 5. Armed Forces M. J., 1954, 5, 815). The hormone has been isolated in a very nearly homogeneous
form; it is a glycoprotein containing 10 per cent of
galactose, 5 per cent of hexosamine, and approximately 3 per cent of acetyl groups. Its molecular
weight is approximately 100,000. The hormone is
soluble, but not very stable, in water. The B.P. and
I.P. recognize it under the title Chorionic Gonadotropin; the N.N.R. as Chorionic Gonadotropin. For
information concerning the method of separating the
hormone, and its assay, see the summary of the B.P.
and I.P. monographs in Part I. Chorionic gonadotropin has little if any follicle-stimulating effect and
it will not induce corpus luteum formation though
in hypophysectomized animals the latter effect may
be observed if ripe follicles are present and the chori-
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onic gonadotropin is given immediately following the
hypophysectomy. This gonadotropin does act on the
interstitial cells of the testes, however, causing them
to elaborate the androgenic hormone, which subsequently induces growth of the accessory sex organs.
In some animals there may be an increase in the size
of the seminiferous tubules, but little if any effect on
germinal epithelium. Spermatogenesis is maintained
by chorionic gonadotropin in recently hypophysectomized rats, though it is not restored after atrophy
or induced in normal, immature rats. The chief use
of this gonadotropin is in the treatment of cryptorchism, provided testicular descent is not obstructed by
anatomic lesions. Use of chorionic gonadotropin in
other disorders, including hypogonadism in the adult,
is still in the experimental stage. Its use in uterine
bleeding is likewise not scientifically established, although it has been fairly extensively employed for
this purpose; its use in dysmenorrhea, oligomenorrhea, functional sterility and threatened abortion are
in the same category of empiricism. The usual dose
in cryptorchism is 500 to 1000 international units 2 or
3 times a week; treatment should be discontinued in
8 weeks in the absence of progressive descent or as
soon as signs of precocious maturity are observed.
Besides being marketed under the name Chorionic
Gonadotropin, by many manufacturers, preparations
of the hormone are supplied also under the following
trade-marked names: Antuitrin-S (Parke, Davis),
Apestrin (Harrower), A.P.L. (Ayerst), Choranid
(C. D. Smith), Chorgon (Massengill), Choriogonin
(Lakeside), Entromone (Endo), Follutein (Squibb),
Gestasol (National), Korotrin (Winthrop-Stearns),
Pranturon (Schering), Pregnyl (Organon), Riogon
(Breon) and Synapoidin (Parke, Davis).
Another source of gonadotropic hormone, more
nearly resembling in its action pituitary folliclestimulating gonadotropin than does the hormone from
human preganancy urine, is the blood serum, but not
the urine, of pregnant mares. This serum gonadotropin, recognized in the B.P. and I.P. as Serum
Gonadotrophin (see under this title in Part I), with
a single injection induces ovulation in the anestrous
ewe; a second injection will induce estrus and the
majority of animals thus treated may become pregnant. Injected into immature rats it causes superovulation; in the subadult monkey the hormone induces follicular growth with conditioning of the sex
skin and endometrium. The hormone has been prepared as a highly active, homogeneous substance ; it is
a glycoprotein with a molecular weight of about
30,000 and contains about 18 per cent of galactose
and 8.5 per cent of hexosamine. It is soluble, but
not very stable, in water. Mare serum gonadotropin
has been advocated in the treatment of hypogonadism
in both men and women, sterility, oligospermia, cryptorchism, functional uterine bleeding, pituitary
dwarfism and other conditions. Such therapy is not
indicated in the female if endometrial biopsy shows
no evidence of estrogen action, i.e., resembles that of
a castrated female. Treatment should be controlled
and the dose regulated by frequent examination of
vaginal smears and repeated biopsies of the endometrium. Antihormones develop in response to such
treatment although their significance has not been
fully evaluated (Maddock, /. Clin. Endocrinol., 1949,
9, 213). Combinations of urinary and mare serum
gonadotropins have been used. For clinical application of the gonadotropins see Hamblen et al. (J.
Clin. Endocrinol., 1941, 1, 742) ; Davis and Hellbaum
(ibid., 1943, 3, 517) ; Vest and Barelare {Clinics, 1943,
1, 1216) ; Greenblatt (West. J. Surg. Obst. Gyn.,
1945, 53, 222). Preparations of mare serum gonadotropin are available under the trade-marked names
Anteron
(Schering), Equinex
(Ayerst), Gonadin

Part II
(Cutter), and Gonadogen (Upjohn). For further information concerning this hormone see Serum Gonadotrophin, in Part I.
Lactogenic Hormone, Prolactin, Luteotropin. — It is
recognized that the anterior pituitary contains a
principle which causes secretion of milk by fully developed mammary glands but it is doubtful whether
it has any effect on the development of these glands
(Stewart and Pratt, Endocrinology, 1939, 25, 347).
Prolactin also has a gonadotropic action in maintaining corpus luteum function, which action appears to
be distinct from that of the luteinizing or interstitial
cell-stimulating hormone (Evans et al., Endocrinology,
1941, 28, 933). Both hormones are responsible for
luteal development. Because of this action of prolactin, it is also known as luteotrophin, or luteotropin.
The hormone has been separated in crystalline form
by White et al. (Science, 1937, 86, 82); it has a
molecular weight of about 32,000 and is a sulfurcontaining protein. It would appear that the lactogenic hormones isolated from different animal species
differ somewhat in their properties; there may be a
species specificity of the hormone. The preparation,
assay, unitage and use of this hormone have been
reviewed by Sayers and Brown in Glandular Physiology and Therapy, A.M.A., Lippincott, Philadelphia,
1954, pp. 42 to 46 (see also White, Ann. N. Y. Acad.
Sc, 1943, 43, 341). Prolactin has been used clinically
to stimulate lactation in humans; the results are
inconclusive (see Perese and Diddle, West. J. Surg.
Obst. Gyn., 1949, 57, 576). Goldzieher (/. Clin.
Endocrinol., 1945, 5, 132) advocated prolactin for
menstrual disorders; he stated that the preparation
stimulates the mammary gland, has an inhibiting
effect on the pituitary follicle-stimulating hormone,
and stimulates the luteal cells of the ovary. The hormone has also been used in the management of Simmonds' disease (hypophyseal cachexia). It is available commercially under the name Luteotrophin
(Squibb).
Thyrotropic Hormone, Thyrotropin, TSH. — The observation of the effect of anterior pituitary extracts
on the thyroid, notably the hyperplasia of the thyroid
gland and the increased metabolic rate following injection of certain of the pituitary preparations, has
led to the isolation of a quite pure protein having
such activity on the thyroid. The molecular weight
is of the order of 10,000; the substance, which is
readily soluble in water, contains sulfur. The exophthalmos in hyperthyroidism (Graves' disease), particularly the malignant form which follows thyroidectomy in some patients, is thought to be due to the
thyrotropic factor (Dobyns, Surg. Gynec. Obst.,
1946, 82, 290). Although the exophthalmos-producing
factor is so far inseparable from the thyrotropic substance; Smelser and Ozanics (Am. J. Ophth., 1954,
38, 107, Part II) showed that it is different from the
thyrotropic principle. The hormone has been advocated for treatment of myxedema due to pituitary
deficiency; in combination with the gonadotropic
factor it has been employed in cases of Simmonds'
disease and hypogonadism. Thyrotropic hormone is
used as a diagnostic test to distinguish between primary and secondary hypothyroidism. Bishopric et al.
(Am. J. Med., 1955, 18, 15) measured the radioactive
iodine (I131) uptake by the thyroid following a dose
of 10 to 20 microcuries over a period of 24 hours.
Then 4 units of TSH is injected intramuscularly and
on the third day the radioactive iodine uptake test
is repeated. For further information concerning this
factor see Collip, in Glandular Physiology and Therapy, A.M.A., 1954, and White, in The Chemistry and
Physiology of Hormones, A.A.A.S., 1944.
Corticotropic Hormone, Adrenocorticotropic Hormone, Adrenotropic Factor, Corticotropin, ACTH. —
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Existence of this hormone was first evidenced by
the atrophy of the adrenal gland following hypophysectomy, and the improvement of which condition
was brought about by injection of suitable preparations from the anterior pituitary. Isolation of the
hormone has been accomplished; for further information about it see under Corticotropin (Part I).
Postulated Hormones. — The varied other effects
which have been observed in different laboratories
following extirpation of the anterior pituitary lobe or
injection of pituitary extracts have in a number of
instances been attributed to specific hormones. Indeed, more than 20 hormones have been suggested to
be present in the anterior pituitary lobe, including
a diabetogenic hormone, an insulinotropic substance,
and a ketogenic hormone, among others. A melanophore-dilating hormone acting on the frog has been
known for a long time in pituitary extracts. It has
been identified with the intermediate lobe of the
pituitary and referred to as intermedin. This principle
is closely related to corticotropin and may contaminate commercial preparations. Sprague et al. (Arch.
Int. Med., 1950, 85, 199) described pigmentation resembling that of Addison's disease after prolonged
use of corticotropin. Salassa et al. (Proc. Mayo, 1954,
29, 619) reported pigmentation with intermedin,
while Lerner et al. (J. Invest. Dermat., 1953, 21,
337; /. Clin. Endocrinol., 1954, 14, 789) studied its
significance in melanogenesis in man. None of these
principles has been isolated and their existence remains to be proven.
Hypophysectomy. — Unlike the adrenal glands,
which are essential for life and the removal of which
requires substitution therapy thereafter, the pituitary
gland can be destroyed by disease or be removed surgically with but little disturbance. Sheehan's syndrome
is a rather complete hypopituitarism associated with
severe post-partum hemorrhage (Brit. M. J., 1954, 1,
723). These patients may have insufficient symptoms
to seek medical care; amenorrhea, diminished sex
hair, reduced urinary gonadotropin and 17-ketosteroid
excretion, and increased sensitivity to insulin may be
the only findings. These patients are, however, extremely sensitive to hormone therapy; if indicated,
only small doses should be tried. A quarter of the
usual dose of testosterone or other anabolic steroid
may be helpful; small doses of thyroid are indicated
only if manifestations of myxedema appear; cortisone
is useful in emergency situations. An adequate level
of adrenocortical function without much reserve seems
to be present. Anemia will usually respond to small
doses of methyltestosterone; in rats, Crafts (Endocrinology, 1954, 54, 84) found that thyroxin and cortisone would usually prevent the microcytic anemia
following hypophysectomy. In patients with inoperable carcinoma of Lhe breast or prostate whose malignancy again progressed after castration and adrenalectomy, hypophysectomy has been carried out with
regression of the cancer (West, J. Clin. Endocrinol.,
1954, 14, 786). Presently hypophysectomy is being
evaluated in patients with advanced carcinoma of
the breast or prostate and in rapidly progressive cases
of juvenile diabetes mellitus, particularly those with
severe retinopathy or nephrosis (Luft and Olivecrona,
/. Neurosurg., 1953, 10, 301; Detrie, Presse med.,
1953, 61, 1205). Spontaneous improvement in diabetes mellitus with the onset of hypopituitarism —
the Houssay phenomenon in animals — has been observed many times (Poulsen, Diabetes, 1953, 2, 7;
Mathisen, Acta med. Scandinav., 1953, 145, 326).
Perhaps the pituitary gland secretes a factor which is
essential for growth of neoplastic cells.
Plasma Extenders. — Plasma extenders (plasma
expanders, plasma substitutes) are colloidal solutions
having the osmotic characteristics of plasma (J. A.M. A.,
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1951, 147, 658). When injected intravenously they
will cause and maintain an increase in the circulating
blood volume and thus may be used to treat the shock
state due to trauma, hemorrhage, burns, vasodilation,
etc. Although not a real substitute for blood in that
they have no oxygen-carrying power, they are nevertheless adequate replacement for small blood losses and
expedient treatment in larger blood losses until blood
can be procured or when blood is unavailable. According to Ravdin (J.A.M.A., 1952, 150, 10), a satisfactory
plasma extender should have an oncotic effect equal
to plasma, remain in the circulation for more than a
few hours, be readily metabolized or excreted, have
no adverse effect on visceral functions and not interfere with the crossing and typing of blood. In addition, it should be capable of cheap, reproducible
preparation in large quantities and should be stable
and fluid at wide variations of temperature. Many
substances (Richards, Trans. Stud. Coll. Phys. Phila.,
1954, 22, 10) have been tested: blood derivatives
(albumin, plasma, hemoglobin, modified globin),
modified proteins (the gelatins), polymerized carbohydrates (dextran, acacia, pectin, polyglucomer) and
plastics (polyvinylpyrrolidone — PVP, methyl cellulose). The most satisfactory at present are dextran,
gelatin (see in Part I) and polyvinylpyrrolidone.
Gum acacia (see Acacia, in Part I) and pectin have
been discarded because of allergic reactions and prolonged tissue storage. Blood derivatives, except globin,
are expensive and difficult to sterilize, stockpile and
store.
All plasma extenders are mixtures of macromolecular colloids of varying sizes. The volume expander
potential is related initially to the number of particles
remaining in the circulation. Particles with molecular
weights of 10,000 or below are uniformly lost within
a few minutes through glomerular filtration. The rate
at which those between 10,000 and 70,000 are lost is
a function of shape as well as size. The larger molecules must be phagocytized or metabolized. The ideal
size is that of albumin (68,000 to 70,000). Unfortunately, the present manufacturing processes are not
sufficiently refined to control the molecular size within
so narrow a range.
When a plasma extender is infused, hemodilution
occurs accompanied by a decrease in the hematocrit
and in the plasma protein concentration. The mechanism of the continued expansion of the circulating
blood volume over a period of hours is not entirely
clear. In the case of gelatin, the greatest expansion
occurs 3 to 4 hours after the infusion; with dextran,
the blood level falls, but the increased volume may
be well maintained for 3 to 6 hours. As the colloidal
extender moves out of the vascular system, protein
moves in, keeping the sum of the two the same. It
has been suggested by Gropper (Surg. Gynec. Obst.,
1952, 95, 521) and others (Holt, /. Clin. Inv., 1944,
23, 657; Kozoll, /. Lab. Clin. Med., 1946, 31, 30)
that a true change in the total amount of circulating
protein takes place and that the available protein
stores may be an important factor in determining
this response.
It is difficult to compare the efficacy of the plasma
extenders. Parkins (Fed. Proc, 1952, 12, 116) developed a"bleeding volume index." The index for
whole blood was 95, albumin 88, dextran 87, osseous
P-20 gelatin 84, oxypolygelatin 81, polyvinylpyrrolidone 67, P-180 gelatin 65, and saline 54. Changing
the experimental conditions could change the order
of the index. Bollman (Arch. Surg., 1951, 63, 718)
showed that by changing the concentrations and the
dose that dextran, polyvinylpyrrolidone, and gelatin
could be made equal in their effects. These and other
investigators (Gropper, Am. J. Physiol., 1952, 169,
749; Morrison, Circulation, 1952, 2, 208) all agree
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that plasma extenders are definitely superior to saline
and dextrose solutions for increasing and particularly
for maintaining an increase in circulating blood volume. All the macromolecular substances, except modified globin, cause an increased sedimentation rate and
pseudoagglutination. The rouleau formation does not
cause any real difficulty with crossing and typing; if
it is too prominent, the cells may be washed. The
extenders all cause varying degrees of diuresis.
The plasma extenders were originally developed for
use in shock in military emergencies when sufficient
blood was not available. They can be stockpiled for
indefinite periods of time and are ready for immediate use without the necessity of crossing and typing.
The danger of infectious hepatitis, which is present
with plasma, is eliminated. Though not ideal blood
substitutes, as they have no oxygen-carrying power,
they proved effective in Sweden and Germany in
World War II (Gropper, loc. cit.) for the treatment
of shock due to wounds, trauma, hemorrhage and
burns. When blood loss has not been excessive, it is
permissible and cheaper to use a plasma extender for
replacement (Pulaski, Quart. Rev. Med., 1952, 9, 44).
The extenders are useful in maintaining circulation
until blood can be procured. In civilian life this is
particularly true in obstetrics on the labor floor. They
are useful in maintaining blood pressure during the
vasodilation caused by anesthesia and sympathectomy.
They have not been very effective in treating the
shock of severe infections.
It has been suggested that plasma extenders be used
to supplement the osmotic pressure of plasma in hypoproteinemic states in which edema is present, such as
nephrosis and cirrhosis of the liver. A diuresis often
occurs after their administration, but their ultimate
usefulness in these states has not yet been delineated.
Plasma extenders have few toxic reactions. The
great disadvantage common to them all is the danger
of producing a fatal anemia when too large a blood
loss is replaced entirely with an extender. Ravdin
(Am. J. Surg., 1950, 80, 744) points out that if the
oxygen-carrying power of the blood becomes too low,
due to reduction of the red cell mass, that an irreversible state of shock may occur despite an adequate
circulating blood volume. Another danger is that of
producing too great a hypervolemia with resultant
pulmonary edema in patients with a low cardiac
reserve.
Specific Extenders
Dextran, N.N.R. Expandex (Commercial Solvents).
Gentran (Baxter). Plavolex (Wyeth). — This starchlike polysaccharide, found as a contaminant of beet
sugar, has been known for almost a century. The
substance has the composition of (CeHioOs)/? and
consists of a long main chain of glucose units connected principally by 1:6 glucosidic linkages to which
shorter side chains, also consisting of glucose units,
are attached; the molecular weight may run into the
millions. In 1942 Swedish investigators studying the
colloids of the sugar beet observed that infection of
some of the beet juices by a bacterium, later identified as Leuconostoc mesenteroides, resulted in the
formation of dextran. This organism possesses the
unusual ability of joining glucose units obtained from
a disaccharide, such as sucrose, to form compounds
of very high molecular weight. The individual molecules of dextran are not all of the same molecular
weight, but all do conform to the formula (CeHioOs)«, where n may vary; the mixture of assorted
molecular sizes is referred to as being polymolecular.
For methods of producing therapeutically useful dextrans see Jeanes et al. (J. Biol. Chem., 1948, 176,
603),
2605). and Wolff et al. (Ind. Eng. Chem., 1954, 46,
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Dextran is only partially soluble in water, forming
very viscid solutions. By controlled hydrolysis with
acid, dextran can be converted to smaller chains of
glucose units; when these smaller molecules have an
average molecular weight of about 100,000 the colloidal properties of the product have some similarity
to those of plasma proteins, which have approximately the same molecular weight. Because of this
similarity, and since the partially hydrolyzed product
appears to be completely metabolized by the body to
glucose, the material was investigated for its possible
utility as a plasma substitute.
Highly purified, partially hydrolyzed dextran, dissolved in 6 per cent concentration in a vehicle of
isotonic sodium chloride solution, possesses no antigenic properties and was found to be well tolerated
by animals and to be effective in the treatment of
experimental shock (for a summary of these experiments see Gronwall and Ingelman, Acta physiol.
Scandinav., 1945, 9, 1).
A 6 per cent solution of dextran is an effective and
safe plasma extender which may be used in the
treatment of various shock states in humans. That
used clinically is a partially hydrolyzed mixture of
macromolecules, ranging in molecular weight from
50,000 to 120,000 (average 75,000), with an osmotic
pressure similar to plasma. Dextran exhibits peak
blood levels 10 to 15 minutes after intravenous injection, which fall rapidly for the first 3 hours, then
more slowly (Turner et al., Surg. Gynec. Obst., 1949,
88, 661). Small amounts may be found in the blood
for 5 to 7 days. As the dextran passes out of the
circulation, it may be found in the urine and lymph,
the liver, spleen, kidneys and muscle (Bull et al.,
Lancet, 1949, 256, 134). The principal mode of excretion is through the kidneys by glomerular filtration.
Dextrans of a molecular weight of 10,000 appear
quantitatively in the urine within a few minutes; of
those having a molecular weight of 25,000 half are
excreted in one hour; of those of 38,000, half are
excreted in 5 hours (Brewer, Proc. Roy. Med., 1951,
44, 561). With the usual clinical mixture, Ravdin
(J.A.M.A., 1952, 150, 10) reports that it has been
shown by labeling with radioactive carbon (C14)
that 60 per cent was found unchanged in the urine
in 12 hours; 72 per cent in 10 days. Of the remaining
dextran 21 per cent is recovered in 10 days from the
lungs as carbon dioxide, after it has been metabolized
to glucose (Terry et al., J. Lab. Clin. Med., 1953, 42,
6). Two per cent is recovered from the feces. There
is a suggestion that in abnormal gastrointestinal
states (obstruction, uremia) the concentration of
dextran in the gastrointestinal secretions may be increased (Pulaski, Quart. Rev. Med., 1952, 9, 44).
Traces are still present in the liver, spleen and lymph
nodes up to 56 days (Bull et al., ibid).
The infusion of 6 per cent dextran immediately
increases the blood volume of normal and hypovolemic
individuals by more than the injected amount (Meyer
et al., Surg. Gynec. Obst., 1952, 94, 712) ; after an
hour the increase about equals the amount injected;
after 12 hours 50 per cent of the amount injected;
after 24 hours the blood volume has usually returned
to its original level. These changes in volume do not
parallel the dextran levels in the blood, which fall
rapidly while the volume changes persist. A hemodilution occurs, with a reduction in the hematocrit
and the plasma proteins. The globulin is differentially
reduced while the albumin tends to remain constant
(Hetzel, Med. J. Australia, 1952, 1, 657). As the
blood dextran level falls, the globulin again increases.
The presence of the macromolecular colloid causes an
increase in the erythrocyte sedimentation rate. No
change occurs in the fragility of the red cell, but
rouleau formation
and pseudoagglutination
occur.
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Blood should be taken for crossing and typing prior
to the infusion of dextran, or if rouleau formation
causes difficulty, the cells may be washed with normal saline (Turner, ibid.).
Dextran causes no functional changes in the liver
(Reinhold et al., Arch. Surg., 1952, 65, 706). An osmotic diuresis may occur; the specific gravity of the
urine in the first few hours after dextran infusion
may be as high as 1.067 (Hetzel, ibid.). No changes
in renal function have been observed (Fleming et al.,
Proc. S. Exp. Biol. Med., 1952, 79, 604).
The use of dextran as a plasma extender was first
suggested by Gronwall and Ingelman (Acta physiol.
Scandinav., 1944, 7, 87) and by 1949 Thorsen (Lancet,
1949, 56, 132) reported that 5000 patients in Sweden
had been treated. In a few cases up to 4 liters had
been given in a single infusion; the largest total
amount given had been 10 liters. Shock had been
successfully treated or prevented (Bowman, J. A.M. A.,
1953, 153, 25). In this country its successful use has
been reported in shock due to blood loss (Wilson,
Am. J. Med. Sc, 1952, 223, 364; Bloom, Arch. Surg.,
1951, 63, 739; Ohlke, Can. Med. Assoc. J., 1953, 68,
260). Posner (Surg. Gynec. Obst., 1953, 96, 581)
called attention to its usefulness in obstetric emergencies while blood is being obtained, particularly in
Rh negative cases (see general discussion for precaution in extensive blood loss). It is satisfactory in
treating shock due to burns (Rosenquist, Arch. Surg.,
1951, 62, 524). Craig and Lundy (ibid., 1951, 63, 742,
718) used it in 2000 cases to support blood pressure
during operation. They found it a particularly successful adjunct in patients undergoing sympathectomy
for the relief of hypertension; blood pressure was
sustained between stages and recovery was more
rapid.
Dextran has been suggested as a means of restoring
the colloidal osmotic pressure in hypoproteinemic
states with edema but a sodium-free preparation is
preferred. Wallenius (Scand. J. Clin. Inv., 1950, 2,
228) and Currin and McGinn (N. Y. State J. Med.,
1954, 54, 1804) obtained diuresis in nephrosis, but
Bedford and Broughton (Lancet, 1951, 2, 1161)
found no improvement in the clinical state. Greenman
et al. (Am. J. Dis. Child., 1955, 89, 169) used infusions of dextran or Povidone along with a lowsodium diet to cause diuresis and relieve edema successfully in12 of 16 cases of nephrosis. These patients
were then treated with corticotropin with apparent cure in 22 of 30 cases. Vara (Acta Obst. Gyn.
Scandinav., 1950, 30, suppl. 6) used a 10 per cent
solution in amounts up to 3500 ml. in toxemias of
pregnancy, [v]
Toxicology. — A 6 per cent solution of dextran in
amounts up to 1500 ml. has proved to be largely
nontoxic. In anime.ls, transient staining changes have
been observed in the renal tubules (Goldberg, Am. J.
Clin. Path., 1947, 17, 939; Johnston et al., Am. J.
Surg., 1953, 85, 720). Daily administration of 1000
ml. for 6 days has caused transient changes in renal
tubular function (Mitchie, quoted by Ravdin,
J.A.M.A., 1952, 150, 10) and the formation of foam
cells in the liver. Hetzel reported 2 patients in shock
who died with renal changes of lower nephron nephrosis; both cases had received dextran.
Allergic reactions have been reported in from 1 to
50 per cent of patients, depending upon the lot of
dextran which was used: Turner (Surg. Gynec. Obst.,
1949, 88, 661) reported flushing, pruritus, hives and
even asthma in 10 out of 30 cases; at the Brook
General Hospital 50 per cent of the unanesthetized
volunteers and 9 per cent of those under anesthesia
had allergic reactions. These were dextrans of Swedish
manufacture. With dextran of American manufacture
there have been no reactions (Tarrow and Pulaski,
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Anesthesiology, 19S3, 14, 359). Kabat (J. Immunol.,
1953, 70, 514) found that individuals who had not
received dextran showed precipitins and skin sensitivity to it. He felt that antibodies might be caused by
the ingestion of dextran in commercial sugar, or by
dextran-producing organisms in the gastrointestinal
tract. Certain native dextrans share antibodies with
Pneumococci types 2, 12 and 20 (Sugg, ibid., 1952,
43, 119), Salmonella, E. typhosa, and Streptococci
(Sugg, /. Bad., 1942, 43, 24; Neill, Proc. S. Exp. Biol.
Med., 1951, 78, 537). Other reactions to the Swedish
dextran reported by Turner were cyanosis and fall in
blood pressure. After infusion of large doses (1000 to
6500 ml.), Carbone et al. (Proc. S. Exp. Biol. Med.,
1954, 85, 101) described prolongation of bleeding time
without significant alteration in coagulation time;
purpura, however, has not been reported following
clinical use of dextran unless hypervolemia is induced
by excessive doses.
On oral administration, dextran is absorbed and
utilized like sucrose (Bloom and Wilkelmi, Proc. S.
Exp. Biol. Med., 1952, 81, 501). Hamann (Perf. Ess.
Oil Rec, 1953, 44, 251 ) and Owen (Sugar, 1950, 45,
42) described use of dextran as a suspending agent
in various topical and pharmaceutical preparations.
Dose. — The usual dose is 500 to 1500 ml. In burns
the dose may range from 2000 to 3000 ml. The rate
of infusion depends upon the need, 30 ml. per minute
being perhaps an average rate. It has been given as
fast as 100 ml. per minute. Dextran is given intravenously as a 6 per cent solution in normal saline.
It is available in 250 and 500 ml. bottles of sterile
6 per cent solution. Besides the trade-marked preparations listed above, several producers supply the
preparation under the name Dextran (Abbott, Cutter,
Hyland).
Gelatin (see under Gelatin in Part I).
Globin. — Modified human globin has been clinically
tested as a source of parenteral protein and as a
plasma extender. For the preparation of modified
globin, Strumia and Sample (/. Lab. Clin. Med.,
1951, 37, 959) used a hemoglobin solution from
erythrocytes and precipitated globin hydrochloride
with acid-acetone. The latter was hydrolyzed and
dialyzed to produce the modified globin and this
solution was sterilized for use. In 1945 Strumia (Am.
J. Med. 5c, 1945, 209, 436) first suggested that the
red cells from outdated bank blood or remaining
after manufacture of plasma or its fractions might
be utilized profitably. The average molecular weight
of modified globin is 34.000. It disappears from the
blood stream more rapidly than albumin (Berson
et al., J. Clin. Inv., 1953, 32, 22). The rapid disappearance isin part due to the rapid metabolism. By
tagging globin with radioactive iodine-131 it has
been demonstrated that the material localizes in the
liver and that a rapid breakdown into amino acids
occurs. A rise in plasma and urinary alpha amino
acids occurs (Gabodza et al., J. Clin. Inv., 1953, 32,
899). Fifteen to 20 per cent is recovered in the
urine in 24 hours.
There are varying reports as to the amount of
plasma expansion which occurs. Strumia (/. Lab.
Clin. Med., 1952, 40, 211) found an immediate increase amounting to 50 to 80 per cent of the volume
injected with a fall to 50 per cent or less in 2 hours.
Berson (loc. cit.) found little change in volume. No
increase in sedimentation rate and no rouleau formation occur; this is in contradistinction to the reactions to artificial macromolecular substances which
are used as plasma extenders. To date no changes in
renal function have been noted except for a variable
diuresis and a slight increase in sodium excretion
(Brandt et al., Proc. S. Exp. Biol. Med., 1951, 77,
108). Davidson (Quart. Rev. Med., 1952, 9, 37) re-
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ported a marked increase in sodium excretion in patients with cirrhosis of the liver.
The chief potential use of modified globin appears
to be as a source of parenteral protein. It contains
all the essential amino acids, but has less than 1 per
cent isoleucine. This apparently does not limit its
usefulness for if sufficient calories are provided it has
been possible to keep patients in positive nitrogen
balance for 8 to 11 days with globin as the sole
source of protein (Gabuzda et al., loc. cit.; Waterhouse et al., J. Clin. Inv., 1953, 32, 964). Davidson
(loc. cit.) reported an increase in plasma proteins
following repeated globin infusions, particularly in
patients with hypoalbuminemia.
The reported studies on globin as a plasma extender
have been limited. The advantage of using a naturally
occurring protein which is rapidly metabolized and
not stored is obvious. However, the plasma expansion value of globin has yet to be proved. Davidson
feels that it is less effective than dextran, polyvinylpyr olidone or gelatin and Berson found that it is
less effective than albumin. Strumia (Am. J. Med.
Sc, 1945, 209, 436) stated only that 15 patients with
trauma and burns have been treated.
In patients with edema and low plasma proteins
it has caused a "satisfactory diuresis," similar to that
caused by albumin, but slower (Strumia, J. AM. A.,
1946, 13i, 1033).
Toxicology. — Two types of reaction have been
noted. The most frequent consists of flushing, pruritus, erythema and sometimes urticaria, all of which
can often be abolished if the rate of administration of
the solution is slowed. The second type of reaction
is nausea, and sometimes vomiting, which occurs when
more than 40 Gm. (1000 ml. of 4 per cent solution)
is administered or when 40 Gm. has been administered daily for several days (Waterhouse et al., loc.
cit.) . Chills and even fever may occur. Davidson (loc.
cit.) gave the reaction rate observed by more than
20 investigators with 2500 infusions as 2.7 per cent.
Serum hepatitis is probably not a danger due to
sterilization during preparation.
Dose. — The usual dose of globin is 20 Gm. It is
administered intravenously as a 4 per cent solution.
Each 500 ml. contains 20 Gm. of protein. No commercial product seems to be available.
Povidone. Polyvinylpyrrolidone. PVP. Kollidon.
Periston. Plasmosan. Polyvidone. PVP-Macrose
-CH,
(Schenley). Subtosan. Vinisil. — This
synthetic polymer, developed in Germany during World War II,
may be synthesized by an inexpensive 6-step process
involving interactions of formaldehyde, acetylene,
hydrogen and ammonia to form a-pyrrolidone, which
by further reaction with acetylene is converted to
X-vinyl-a-pyrrolidone, which is polymerized in the
presence of hydrogen peroxide to polyvinylpyrrolidone. Its structure may be represented as:
H2CN

■CH-CH^

c=o

I

,C-

H
It is a chemically inert,
hydrophilic, water-soluble
mixture of macromolecular particles, ranging in
molecular weight from 30,000 to 50.000 (May et al.,
Surgery, 1954, 35, 191). While its chief medicinal use
is as a plasma extender, it is also employed in vehicles
for certain drugs (penicillin, procaine, insulin) to
prolong their action. It binds a variety of organic
and inorganic compounds, often stabilizing them; it
functions as a protective colloid in many systems.
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PVP is available in a variety of molecular weight
ranges of varying solubility and viscosity characteristics for the various uses which a colloid substance
of its nature may have in the pharmaceutical, cosmetic, food, and textile industries.
Polyvinylpyrrolidone will support and maintain
circulating blood volume in shock due to trauma,
hemorrhage, burns, and vasodilation. The blood level
of infused PVP rapidly falls to 50 per cent of the
administered dose in 3 hours, then more slowly for
the next 12 (Ravdin et al., New Eng. J. Med., 1952,
247, 921). Apparently no metabolic degradation of
PVP occurs. It diffuses across the capillary membranes
and appears in the lymph, bile, urine and breast milk.
Up to 13 per cent of the dose may be found in the
feces. The main route of excretion is the kidney by
glomerular nitration. Particles of a molecular weight
of 25,000 or below are rapidly lost in the urine. With
the usual mixture, 33 to 54 per cent may appear in
the urine in 2 hours; 60 to 70 per cent is excreted in
48 to 72 hours. The unexcreted particles are distributed throughout the extracellular space. Phagocytosis
by the reticuloendothelial system (liver, spleen,
lymph nodes) is complete in about 2 weeks. Thereafter the turnover is slow and PVP appears in the
urine for as long as a year after its infusion.
An infusion of 3.5 per cent PVP causes an initial
increase in blood volume of 80 to 90 per cent of the
infused volume; after 12 hours the expansion is about
30 per cent. A decreased hematocrit and a fall in the
plasma proteins accompany the hemodilution ; both
rise as the volume falls. As with all the macromolecular substances there is an increased sedimentation rate
and rouleau formation. This does not interfere with
crossing and typing. There is no interference with
the bleeding or clotting mechanisms and no change
in liver or kidney function.
In addition to its colloidal properties PVP has a
"vehicle" function; it chemically binds other molecules
to it (penicillin, insulin, bilirubin, organic dyes,
toxins) . This property can be utilized to slow absorption of a drug, if the combination is injected
subcutaneously or intramuscularly; or it can be utilized to hasten the excretion of a substance from the
body. Infused PVP will combine with the material,
such as an organic dye, and the combination will be
filtered at the glomerulus (Schubert, Rev. Gastroenterol, 1950, 17, 165).
Uses. — PVP was developed in Germany as a plasma
extender (Necht and Weese, Munch, med. Wchnschr.,
1943, 90, 11) and used during World War II in over
500,000 cases, but documentation is not available.
Arden (Lancet, 1951, 260, 1099) used it in 37 cases as
a plasma substitute, usually in addition to blood, to
treat shock due to acute injuries, burns and in major
operations. Cordice (Surg. Gynec. Obst., 1953, 97,
316) found it effective in 35 patients with trauma and
hemorrhage shock and in 8 patients with extensive
burns (ibid., 39) where it was used in amounts up
to 3000 ml. He states that in burn cases a fall in
the serum albumin takes place between the 5th and
12th days and feels that this may have been due to
the PVP plus poor nutrition.
The "vehicle"
as a fashions.
10 per cent
solution
has beenfunction
utilizedof inPVPseveral
In
combination with penicillin, insulin, cortisone, local
anesthetics (procaine) and iodides it will retard absorption and prolong their action. It will "elute"
organic dyes from the reticuloendothelial system and
excrete them through the kidneys (Stern, Proc. S.
Exp. Biol. Med., 1952, 79, 613). It has been suggested that it will decrease the toxicity of iodides
and mercuric cyanide (Client. Ind. Week, 1951, 681,
17) as well as the toxins of diphtheria, tetanus and
Clostridia. Using a Coombs technic, 10 per cent PVP
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may detect an agglutinating antibody on homologous
erythrocytes in certain collagen diseases (McNeill et
al., Proc. S. Exp. Biol. Med., 1951, 78, 674). Laquer
(/. Phila. Gen. Hosp., 1952, 3, 78) found that PVP
decreased the toxicity of poliomyelitis virus in mice.
Toxicology. — PVP is an inert, nontoxic substance.
English and American investigators report no immediate toxic reactions (Thrower, Lancet, 1951, 260,
1096; Arden, ibid., 1099; Cordice, Surg. Gynec. Obst.,
1953, 97, 39, 361). Earlier a shocklike picture had
been reported in infants and in dogs. Histologic examination demonstrates "foam" cells in the liver and
spleen (Barfuss, Arch. exp. Path. Pharm., 1949, 206,
346) ; but no functional disturbance of the liver has
been noted (Pellerat, Rev. Therapeut., 1948, 4).
Renal tubular lesions have been seen (Pellerat, loc.
cit.) but no change in renal function has been noted
except when 25 per cent PVP has been given. This
change was a mild depression of urea and creatinine
clearances.
Dose. — The usual dose for plasma expansion is 500
to 1000 ml. given intravenously as fast as is necessary. The maximum safe dose is usually 1000 ml. but
in severe burns the dose has been 3000 to 4000 ml.
PVP is used in 3.5 per cent concentration in normal
saline solution. Blood should be taken for crossing
and typing prior to the infusion. Large blood losses
should not be replaced entirely with PVP because of
the severe anemia which may develop.
It is available in 500-ml. bottles of 3.5 per cent
solution with 0.065 per cent sodium chloride, 0.042
per cent potassium chloride, 0.025 per cent calcium
chloride, 0.0005 per cent magnesium chloride, and
0.024 per cent sodium bicarbonate.
Platinum. Pt. (195.23). Fr. Platine, Orblanc. Ger.
Platin. — A silvery white metal of the group also including palladium and iridium; density 21.45 at 20°,
melting point 1755°. It is unaffected by alkalies and
also by acids excepting nitrohydrochloric. Halogens
readily combine with it. Russia formerly supplied over
90 per cent of the world's platinum. More recently,
Canada, South Africa, and the United States have become increasingly important producers of the metal.
Platinum is widely used for making chemical apparatus, in various scientific instruments, in electrical
appliances, dentistry, jewelry, and as a catalyst in
many industries. Platinum salts find use in analytical
chemistry, in photography, and the double barium
platinum cyanide is used as a coating for the projecting screen in x-ray photography.
Hard platinum is platinum hardened by alloying
with certain metals, especially iridium or palladium.
An alloy containing 5 to 10 per cent of iridium is
commonly used in jewelry.
Several different forms of platinum are used for
their catalytic properties. Finely divided platinum
may be conveniently prepared on asbestos fiber by
dipping in a solution of chloroplatinic acid (HoPtCle)
and igniting. Platinum black is produced by chemical
or electrolytic reduction of platinum salts. It is a
powerful catalyst, affecting both oxidation and reduction reactions. Platinum sponge is a soft, porous, slate
gray mass prepared by heating ammonium chloroplatinate. It readily absorbs hydrogen.
Under the name of platinum bichloride, the double
chloride of platinum and sodium was formerly used in
medicine to a small extent in the treatment of syphilis,
but has been abandoned. When injected into the circulation in large doses, the soluble salts of platinum
cause in the lower animals a primary stage of motor
excitement, followed by paralysis of the central nervous system and later of the muscles themselves. The
dose of platinum and sodium chloride was from 30
to 120 mg. (approximately ^ to 2 grains) 2 or 3
times a day.
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Plumbago Europea L. Leadwort. Dentellaria.
(Fam. Plumbaginacece.) — A perennial, herbaceous
plant, growing in the south of Europe. It has an acrid
taste, and, when chewed, excites a flow of saliva. This
is particularly the case with the root, which has been
long used to relieve toothache; hence its French name
dentelaire. A decoction of the root in olive oil has
been recommended for itch. The acrid principle, called
plumbagin, extracted from the root by Dulong in
1828, was shown by Fieser and Dunn (JA.CS., 1936,
58, 572) to be the 5-hydroxy derivative of 2-methyl1,4-naphthoquinone (menadione) ; the latter investigators synthesized plumbagin. Ko (Jap. J. Med. Sc,
1932, 6, 259) studied the physiologic effects of plumbagin. He found that it causes a fall of blood-pressure
by depressing both heart and arteries and, in frogs,
causes also paralysis of the nerves; the lethal dose for
rabbits is about 10 mg. per Kg. Plumbago zeylanica
L. is said to be a powerful diaphoretic.
Potassium Cyanide. — Potassii Cyanidum, USJ3.
VIII. KCN. — This salt is no longer official. It occurs
in white, opaque, amorphous pieces, or a white,
granular powder, odorless when perfectly dry; deliquescent in the air and exhaling the odor of hydrocyanic acid. Soluble in about 2 parts of water at 25°,
sparingly soluble in alcohol. It is a virulent poison.
For processes of manufacture and tests of purity,
see U.S.D., 19th ed., p. 996.
Besides the very extensive use of potassium cyanide
and sodium cyanide in preparing various electroplating
solutions and in photography, large quantities are
employed in the extraction of gold and silver from
the fine residues or "tailings" where amalgamation
fails to take up the precious metals. Potassium cyanide
has the power of dissolving silver oxide and may be
used for the removal of silver nitrate stains from
clothing. A solution of it, 0.2 Gm. in 30 ml., dropped
in the eye every other day, has been used to remove
olive-colored stains from the conjunctiva caused by
silver nitrate. Because of extensive use of potassium
cyanide for the recovery of gold, numerous accidental
cases of poisoning have occurred in the reduction
works. Residues left upon silver eating utensils through
careless use of cyanide polishes have caused a number
of fatal poisonings. Potassium cyanide acts like hydrocyanic acid as a poison and the antidotes used are
accordingly identical (see Hydrocyanic Acid). Five
grains of it have repeatedly taken life. It is of no value
as a medicine although it was formerly employed
occasionally as a substitute for hydrocyanic acid in
doses of from 8 to 15 mg. (approximately Ms to %
grain).
Potassium Glycerophosphate. K2C3H5(OH)oPO4. — The salt is very hygroscopic and has an alkaline reaction. It occurs as a colorless to yellowish
viscous liquid, miscible with water in all proportions,
and containing from 50 to 75 per cent of the salt. It
has been used for the same purposes as sodium glycerophosphate in doses of from 0.2 to 0.4 ml. (approximately 3to 6 minims).
Potassium Nitrite. KNO2. — This salt occurs in
white or nearly white, deliquescent sticks or granules,
soluble in water and insoluble in alcohol. It has the
characteristic actions of nitrites, and is sometimes
used in place of sodium nitrite when sodium restriction is desired. Mild poisoning has been produced by
300 mg. (5 grains) of potassium nitrite. The dose
range is 60 to 200 mg. (1 to 3 grains).
Potassium Sulfate. Potassii Sulfas, N.F. VII. —
"Potassium Sulfate contains not less than 99 per cent
of K2SO4." N.F. VII.
Potassium sulfate occurs in sea water and in some
mineral waters. It is a by-product of a number of
chemical manufacturing processes. Large amounts of
potassium sulfate may be prepared from the mineral
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polyhalite (2CaSO4.MgSO4.K2SO4.2H2O), which occurs abundantly in Texas. From sylvite, which is
native potassium chloride, the sulfate may be made
by interaction with sulfuric acid. By concentrating
solutions of kainite (K2SO4.MgSO4.MgCl2.6H2O), a
mineral found in Stassfurt, schonite (K2S04.MgS046H2O) is crystallized, and from concentrated solutions of the latter, to which potassium chloride has
been added, potassium sulfate may be separated.
Description. — "Potassium Sulfate occurs as hard,
colorless, translucent, 6-sided, rhombic prisms terminated by pyramids; as white granules; or as white
powder; it is permanent in the air. It is odorless, and
has a saline, somewhat bitter taste. One Gm. of
Potassium Sulfate is soluble in about 10 cc. of water
at 25° and in about 4 cc. of boiling water. It is
insoluble in alcohol." N.F. VII. For standards and
tests see US.D., 23rd ed., p. 899.
Uses. — Potassium sulfate is sometimes used as a
mild purgative, in doses of 1 to 3 Gm. (approximately
15 to 45 grains). The activity increases with the dose
but because of its irritant action upon the stomach
and intestines it is not advisable to employ the larger
doses. In any case it should be taken in dilute solution to minimize irritant action. Potassium sulfate
appears to be capable of producing fatal poisoning;
an ounce and a half of it is said to have caused death.
Potassium Sulfite. K2SO3.2H2O. — Potassium sulfite occurs in white, opaque crystals, or a crystalline
powder, somewhat deliquescent, odorless, having a
bitter, saline, and sulfurous taste and a neutral or
feebly alkaline reaction; it is very soluble in water,
sparingly soluble in alcohol. It decrepitates when
heated. In the air it gradually absorbs oxygen, and is
converted into the sulfate. It acts as a slight laxative
and diuretic and has been used for the same purposes
as sodium sulfite.
Potassium Tartrate. Soluble Tartar. K2C4H4Oe.y2H.2O. — Potassium tartrate occurs in colorless
crystals soluble in its own weight of water and having
a cooling saline taste.
Potassium tartrate is a mild, cooling purgative, producing watery stools. It has been employed in febrile
diseases, occasionally combined with senna, the griping effects of which it has a tendency to obviate.
Dose, from 4 to 15 Gm. (approximately 1 to 4
drachms).
Potentilla. — Several species of the genus Potentilla, of the rose family, contain large amounts of
tannin in their roots and have been used medicinally.
P. canadensis L. is a low perennial very common in
open fields over the whole eastern United States,
where it attracts attention because of its bright yellow
flowers and deep 5-lobed leaves, which give it its
popular name of cinquefoil or five-finger. The rhizome
contains about 10 per cent of tannin (Pharm. J., 1911,
350). It was at one time quite extensively used as an
astringent in diarrhea and chronic inflammations. The
P. reptans L., or creeping cinquefoil, of Europe, is
sparingly naturalized along the Atlantic seaboard and
is sometimes mistaken for the native species.
Tormentil, recognized in the German Pharmacopoeia
as Rhizoma Tormentillce, is the underground portion
of the P. tormentilla Neck. (Tormentilla erecta L.,
T. officinalis Curt.) sometimes known as septfoil. It
is a small perennial plant growing in Europe and Asia.
The rhizome of tormentil is cylindrical, somewhat
fusiform, branching and more or less curved, from
2.5 to 8 cm. long, and from 0.5 to 1.5 cm. thick, brown
or blackish externally, and reddish within. It has a
slight aromatic odor and a very astringent taste. It
contains a red coloring principle, which appears to
be identical with rhatany-red, and considerable quantities of a tannin (tormentil-tannic acid). Kinovic
acid, and small quantities of ellagic acid, are also
present. Tormentil is a powerful astringent, and has
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been used in all cases of disease in which this class of
medicines is indicated. It was given in substance,
decoction, or extract. The dose of the powder is from
2 to 4 Gm. (approximately 30 to 60 grains).
P. Anserina L., called silverweed or goose-tansy,
differs from the above species in having 7 to 21
leaflets to a leaf. Several investigators have shown
that it has a stimulant action on the uterine muscle
(see Youngken and Fischer, Am. J. Phartn., 1942,
114, 417; also ibid., 1949, 38, 448) and it has been
used in dysmenorrhea. For phytochemical study see
Am. J. Pharm., 1944, 116, 184.

Prednisone. Metacortandracin. Delt-Cortef
(Upjohn). Deltra (Merck). Meticorten (Schering). —
This steroid is A^-pregnadiene-nct^l-diol^, 11,20trione, differing from cortisone (see Cortisone Acetate,
in Part I) only in having an additional double bond
between the carbon atoms of positions 1 and 2 of
ring A, i.e., prednisone is a dehydrogenation product
of cortisone. The related compound prednisolone, also
known as metacortandralone and available under the
trade-marked names Deltasone (Upjohn), Hydeltra
(Merck), M eticortelone (Schering), and Sterane
(Pfizer), is the corresponding dehydrogenation product of hydrocortisone (see in Part I) ; it is A1-4-pregnadiene-llp\17a,21-triol-3,20-dione and is related to
prednisone in the same way that hydrocortisone is
related to cortisone. Certain physical properties of
both prednisone and prednisolone were described by
Herzog et al. (Science, 1955, 121, 176).
Both prednisone and prednisolone are steroids with
actions similar to, but quantitatively different from,
cortisone and hydrocortisone. Using eosinopenic response in mice as a criterion, Spiers and Meyer (Endocrinology, 1951, 48, 316) and Rosenberg (ibid., 1954,
54, 363) found these compounds to be 3 to 4 times
as active as cortisone and hydrocortisone. The glucocorticoid activity, as measured by glycogen deposition
in adrenalectomized rats and thymus involution in
intact mice, was likewise greater than that of cortisone and hydrocortisone. Prednisone and prednisolone
show greater anti-inflammatory, glucocorticoid, and
lymphocytolic actions and less effect on electrolytes
than do cortisone and hydrocortisone. The indications and contraindications are similar to those of
cortisone and hydrocortisone (see in Part I). Prednisone and prednisolone are useful in rheumatoid arthritis (Bunim et al., J.A.M.A., 1955, 157, 311; Dordick and Gluck, ibid., 158, 166; Margolis et al., ibid.,
454) and in intractable bronchial asthma. Reports at
meetings in 1955 indicate that these steroids have
clinical utility in most conditions for which cortisone and hydrocortisone are effective, with two main
differences: the doses are smaller and there is less
sodium retention or potassium excretion. Hence, there
is less tendency to edema as an untoward side effect
of therapy; also, these steroids are less effective in
the management of Addison's disease. Thorn (Am.
College Physicians, April 1955) called attention to a
greater urinary loss of nitrogen with these compounds,
particularly with the 9a-fluoro derivative (see Chem.
Eng. News, 1955, 33, 3572) of prednisolone, which
requires further clinical and metabolic evaluation in
relation to prolonged therapy. Prednisolone, like
hydrocortisone, is effective topically on injection into
inflamed joints but is perhaps less satisfactory in general clinical use.
The untoward side effects are similar to those induced by cortisone or hydrocortisone, except for the
lesser sodium and water retention and resulting edema
(Bollet et al., J. A.M. A., 1955, 158, 459). Asymptomatic perforation of peptic ulcer has been reported.
Perhaps dyspepsia is more common than with cortisone (Margolis et al., loc. cit.) ; Bollet et al. recommended routine coadministration of aluminum hydroxide gel with prednisone.
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Dose. — The usual initial dose of prednisone is 30
mg. orally, daily, with a range of 20 to 60 mg. according to the severity of the condition being treated.
Subsequently, the daily dose is decreased, after improvement isobtained, by 2.5 to 5 mg. daily until a
maintenance dose of 5 to 20 mg. daily is reached
after about 14 days of treatment. The dose should be
divided into 4 portions administered after meals and
at bedtime. Patients may be transferred from hydrocortisone or cortisone to prednisolone or prednisone
by using one-third to one-quarter of the dose of the
former but should be observed carefully after transfer
in case symptoms of Addison's disease arise. The daily
dose range of prednisolone is 5 to 30 mg.
Both steroids are available in 5-mg. tablets.
Pregnenolone. Natolone (National). Prenolon
(Schering). Regnosone (Winthrop-Stearns). ^-Pregnenolone. 5-Pregnene-3-beta-ol-20-one. — This synthetic oxidation product of cholesterol (or stigmasterol) has the structure represented by

It was found by Pincus and Hoagland (/. Aviation
Med., 1944, 15, 98) to be effective in reducing fatigue
caused by the stress of actual or simulated flying;
daily doses of 50 mg. of pregnenolone prevented the
diuresis and increased urinary output of 17-ketosteroids caused by flying stress. In factory workers
given up to 100 mg. of pregnenolone daily for as long
as 4 months it was found to improve material output
only if there were real stress and an incentive to increased output (Pincus et al., Psychosom. Med., 1945,
7, 342). The compound appears to have no toxic
effects in animals or man.
Arthritis. — Prior to the general availability of cortisone the utility of this agent in the treatment of
rheumatoid arthritis stimulated interest in the investigation ofother steroids for possible similar effect ;
one of these was pregnenolone. Davison et al. (Arch.
Int. Med., 1950, 85, 365) treated 30 patients with
ankylosing spondylarthritis and rheumatoid arthritis
by daily intramuscular injection of up to 300 mg. of
pregnenolone or its acetate, a beneficial effect being
noted. No toxic effects were observed from daily injections extending over a period of 4 months. Freeman
et al. (J.A.M.A., 1950, 142, 1124) gave the drug
orally to 30 patients with rheumatoid arthritis of
varying degrees; 15 patients experienced striking relief
with 300 to 700 mg. daily for 2 to 11 weeks. No toxic
effects were noted. It was observed that pregnenolone
acetate, in which the hydroxyl group of pregnenolone
(at position 3) is esterified, was as effective as the
free alcohol. Guest et al. (ibid., 1950, 143, 338)
found, however, that intramuscular injections of
either pregnenolone or its acetate, in doses of 100 to
300 mg. daily or 2 or 3 times a week (the total dosage
ranging from 1.6 to 10.6 Gm.) resulted in no improvement in 17 cases of rheumatoid arthritis; one
patient with rheumatoid spondylitis showed improvement. Liefmann (Ann. Rheumatic Dis., 1951, 10, 233)
found that pregnenolone, acetoxypregnenolone or
testosterone each had less than 10 per cent of the
antirheumatic activity of cortisone. Lamb et al.
(Arch. Dermat. Syph., 1953, 67, 141) administered
300 mg. daily of pregnenolone with benefit in an infection due to Nocardia asteroides. The use of preg-
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nenolone and its acetate has been largely discontinued.
Benefit from the oral administration of pregnenolone
has been reported in the rare and refractory condition known as epidermolysis bullosa infantum.
Propylene. Propene. CH3.CH=CH2 — This unsaturated hydrocarbon, occurring as a by-product in
the cracking of propane, may also be prepared by
heating glycerin with zinc dust. It is a gas which
liquefies at —48°.
Propylene was suggested as a surgical anesthetic for
the same cases in which ethylene is used. Brown and
Henderson (/. Pharmacol., 1926, 27, 1) found that it
has a higher anesthetic potency than either ethylene
or nitrous oxide, requiring only about 40 to 50 per
cent of the gas in the inhaled atmosphere to produce
satisfactory anesthesia. Riggs and Goulden (/. A.
Ph. A., 1927, 16, 635) reported not only animal experiments with it but also some use in human beings.
From their evidence it seems justifiable to conclude
that while in most cases, if pushed to the fatal dose,
death occurs from respiratory failure, it may also have
a deleterious effect on the heart. Henderson and
Smith (J. Pharmacol,, 1936, 58, 319) reported that in
a tank of propylene intended for surgical anesthesia
was found hexene and an unidentified aromatic hydrocarbon. Hexenes, while anesthetic, have a lethal
dose close to the anesthetic dose.
Pulsatilla, N.F. VII. Pasqueflower. Wind Flower.
Prairie Anemone. Meadow Anemone. — "Pulsatilla is
the dried herb of Anemone Pulsatilla Linne, Anemone
pratensis Linne, or Anemone patens Linne (Fam.
Ranunculacece) ." NJ?. VII.
Anemone Pulsatilla L. and A. pratensis L. are native
to Europe and Asia. The American pasque flower,
A. patens L. {A. Nuttaliana DC.) is indigenous to
the United States and Canada, west of the Mississippi.
For a description of unground and powdered Pulsatilla
see U.S.D., 23rd ed., p. 904.
The formerly official species of Anemone and a number of related plants yield a volatile oil from which
may be crystallized an intensely acrid substance
known as anemone camphor or anemonin. As the acrid
principle is volatile, much of it is lost in the process
of drying. Some authorities state that the dried herb
is inert.
Pulsatilla is a powerful local irritant and when
taken in sufficient amount produces gastroenteritis
with vomiting and purging and often accompanied
with evidence of irritation of the kidneys, such as
albuminuria and even hematuria. The physiological
action of anemonin has been investigated by Noel
and Lambert {Am. J. Pharm., 1897) and by Raymond-Hamet {Bull. sc. Pharmacol., 1928, 21, 1848).
In sufficient dose (about 20 mg. per Kg.) it is a
powerful depressant to the central nervous system,
and to the heart.
Pulsatilla was extensively used by the eclectics in a
large variety of conditions. There is no satisfactory
evidence, however, that it possesses any therapeutic
virtues not ascribable to its local irritating effect. It
was supposed to act especially on the generative
organs in both men and women, and to be useful in
dysmenorrhea and ovarian irritation, also epididymitis
and orchitis.
The dose of the powdered drug was 120 to 600 mg.
(2 to 10 grains).
Pumpkin Seed. Pepo, U.SJ'. X. Semen Peponis.
Semina Cucurbitce. — This familiar plant is an annual,
long running, monoecious herb with prickly stems and
petioles, indigenous to tropical America, having been
cultivated in fields of maize by the aborigines when
the first settlers arrived on the American continent.
Much confusion exists in the usage of the terms
"pumpkin" and "squash," these names having been
applied almost indiscriminately to varieties of several
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species of Cucurbita. The various field or pie pumpkins
and the summer squashes represent cultivated varieties
of C. Pepo. The Hubbard, Turban, Marblehead and
Sibley squashes are cultivated varieties of C. maxima
Duchesne. The crooknecks and China squashes are
cultivated varieties of C. moschata.
Pumpkin seeds are broadly elliptical or ovate,
from 15 to 2i mm. in length and from 2 to 3 mm.
in thickness; externally yellowish-white, very smooth,
occasionally with thin, transparent fragments of adhering pulp and with a shallow groove parallel to
and within 1 mm. of the margin. For further description and microscopic characters see U.S.D., 22nd ed.,
p. The
1537. British Pharmacopoeia of 1914 recognized the
seeds of the squash or melon pumpkin under the title
of Cucurbitce Semina Prceparata. These are derived
from
Duch. the closely related species Cucurbita maxima
Power and Solway were unable to detect any active
substance in pumpkin seeds (J.A.C.S., 1910, 32, 346).
The experiments of Sollmann (/. Pharmacol., 1918,
12, 129) on earthworms, however, afford some scientific basis for accepting the traditional belief of
the value of pumpkin seeds, if fresh, in management
of tapeworm infestation (see also Neely and Davy,
J. A. Ph. A., 1931, 20, 535). The clinical reports of
Weiss (Munch, med. Wchnschr., 1928, p. 520) and
others suggest the use of the drug as a taeniacide.
The active constituents are said to be located in the
embryo and green membrane; they are resinous in
character. Their chemical nature appears not to have
been determined (Pharm. Arch., 1937, 8, 49). An important advantage over most remedies of this class is
its freedom from toxicity.
From 30 to 60 Gm. (approximately 1 to 2 ounces)
of the seeds, which should be shelled and bruised,
have been given at a dose, mixed with water and
flavored with oil of cinnamon or of wintergreen. Like
other vermifuges it is best given on an empty stomach
and should be followed by a cathartic.
Pyrazinamide. Aldinamide (Lederle). Pyrazinecarboxamide. — The efficacy of nicotinic acid derivatives in pulmonary tuberculosis led to the synthesis
and investigation of a number of related compounds,
including pyrazinamide, which has the structure:

r>

C0NH,
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For its method of synthesis see Kushner et al.
(J.A.C.S., 1952, 74, 3617; also Hall and Spoerri, ibid.,
1940, 62, 664).
Pyrazinamide was demonstrated to be effective
against tuberculosis in mice (Dessau et al., Am. Rev.
Tuberc, 1952, 65, 519) and in guinea pigs (Malone
et al., ibid., 511). It appeared to be more effective
than /(-aminosalicylic acid but less so than streptomycin. In 43 cases of advanced pulmonary tuberculosis resistant to streptomycin, in humans, Yeager
et al. (ibid., 523) observed rapid reduction of fever,
cough and expectoration. However, relapse was frequent after discontinuing therapy and pyrazinamideresistant tubercle bacilli developed rapidly. In 19 patients with tuberculous lymphadenopathy or draining
tuberculous sinuses, Cordice et al. (J. Nat. M. A.,
1953, 45, 87) used pyrazinamide in a dose of 1 Gm.
3 times daily for a total dose of 168 Gm. in 12 cases
and of 63 Gm. in 7 cases who were also subjected to
excisional surgical procedures. Increased appetite and
well-being, and subsidence of fever, were observed,
together with healing of the lesion and only 1 recur-
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rence in a period of 3 months. A laboratory method
to determine the susceptibility of tubercle bacilli to
the drug was described by Dessau et al. (Am. Rev.
Tuberc, 1952, 65, 635).
Since pyrazinamide alone did not seem to be adequate therapy in human tuberculosis, McDermott
et al. (ibid., 1954, 69, 319) demonstrated superiority,
in animals, of combined pyrazinamide and isoniazid
therapy and treated 55 patients with a dose of 50
mg. per Kg. of pyrazinamide and 5 mg. per Kg. of
isoniazid daily, each divided into 2 portions, for 3
months, followed by use of isoniazid alone. A sustained reversal of infection in 90 per cent, a substantial roentgen improvement in 75 per cent, and closure
of cavities in 65 per cent of the patients were observed. One patient died of tuberculosis after 11 days
of therapy, 1 developed fatal hepatitis after 55 days
and 5 others developed mild hepatitis. Campagna
et al. (ibid., 334) used this combination therapy in
21 far-advanced cases of pulmonary tuberculosis who
had failed to respond to streptomycin and />-aminosalicylic acid. The sputum became negative in 19
cases and 11 showed roentgen improvement. Transient joint pains in 10 cases, transient jaundice in 3
cases, and dysuria in 3 male patients were reported.
Phillips et al. (ibid., 443) used pyrazinamide alone or
in combination with other drugs in 29 patients and
concluded that it was useful in streptomycin-susceptible but not in streptomycin-resistant cases; 1 patient developed hepatitis and 5 showed minor changes
in liver function tests. King (J.A.M.A., 1955, 158,
829) concludes that the hepatotoxicity of the drug
interferes with its clinical utility; among 300 patients
abnormal liver function tests were reported in 14 per
cent and jaundice in 1 to 3 per cent.
Dose. — The usual dose is 1 Gm. 3 times daily
orally, usually in combination with isoniazid and/or
streptomycin. Pyrazinamide is not available commercially at this time.
Pyridine. C5H5N. — Pyridine is the first of a series
of homologous bases found in coal tar naphtha, shale
oil, peat tar, tobacco smoke, and in the product known
as Dippel's oil, obtained by distillation of bones and
other animal matter. Pyridine is a colorless liquid,
with a powerful and persistent odor, having a specific
gravity of 0.982 at 20°, and boiling at 115° to 116°.
It is miscible with water in all proportions, but is
precipitated from solution by excess of sodium hydroxide. Itis also miscible with alcohol, ether, chloroform, benzene, and fatty oils.
Pyridine is used as a solvent in the rubber and paint
industries; its importance as a solvent lies in its ability to dissolve many inorganic salts as well as organic
substances. It finds some use in analytical chemistry.
It has been used as an antiseptic and germicide, and
is employed as one of the constituents for "denaturing" alcohol for manufacturing uses.
Although in sufficient dose capable of taking life,
pyridine is not very highly toxic; Brunton and Tunnicliffe (/. Physiol, 1894, 17, 272) found the lethal
dose for rabbits, by intraperitoneal injection, to be
870 mg. per Kg. and more than 4 times this quantity
if taken by mouth. Its chief actions are depression of
the sensory nervous system and of the heart. It was
at one time used as an inhalant for the relief of
asthma. Tested on cats, it caused intense emphysema
with chronic bronchitis (Arch. exp. Path. Pharm.,
1936, 182, 178).
Pyruvic Acid. Pyroracemic Acid. Acetylformic
Acid. CH3COCOOH— Pyruvic acid, normally present
in blood in a concentration of less than 3 mg. per cent,
is an important intermediate in the metabolism of
carbohydrates, fats, and proteins, in many fermentation reactions, and possibly in photosynthesis. It
may be prepared by distilling a mixture of tartaric
acid and potassium bisulfate. Pyruvic acid is a yel-
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lowish liquid, having an odor somewhat resembling
that of acetic acid; its specific gravity is about 1.27
at 15°. It is soluble in water, alcohol, and ether.
Connor and Harvey (Ann. Surg., 1946, 124, 799)
used successfully a paste containing 0.7 per cent of
pyruvic acid and 8 to 10 per cent of starch in the
treatment of deep burns; the paste was applied on a
cloth placed on the wound with the paste next to the
burn. This dressing was covered with strips of gauze
impregnated with petrolatum or by some impermeable
dressing to prevent drying of the paste. Preliminary
cleansing or debridement of the wound is said to be
unnecessary. Fresh dressings were applied at intervals
of 2 to 3 days, the paste from the previous dressing
being removed and debridement done if necessary.
The layer of dead tissue separates rapidly with this
treatment; living islands of skin survive in those areas
in which the skin has not been destroyed in burning.
The deep wounds are then acceptable for immediate
grafting, and in the more superficial wounds the
viable epidermis is regenerated.
Quebracho Bark. Aspidosperma, US.P. IX. —
Quebracho bianco is the popular name for the Aspidosperma Quebracho-bianco Schlecht. (Fam. Apocynacece), which was formerly official. This is a large
evergreen tree which sometimes reaches a height of
100 feet, and is remarkable for its erect stem and its
wide-spreading crown reaching out over the cacti and
lower bushes among which it grows. The tree is
indigenous to the western provinces of Argentina and
is also found growing in Chile, Bolivia and southern
Brazil. The name quebracho is derived from the two
Spanish words, quebrar and hacha, signifying "the
axe breaks." There are several trees whose wood is
hard and which are popularly called "quebracho."
Aspidosperma bark is remarkable for the extreme
thickness of the corky layer, which often constitutes
more than half of its entire substance. The corky layer
is usually externally dirty gray, or where it has been
rubbed appears yellowish-red; inner surface occasionally with adhering wood. The inner surface of the
bark is light yellowish-brown to light reddish-brown,
longitudinally finely striate and finely porous. The
bark is nearly odorless but has a bitter, slightly aromatic taste. For microscopic characteristics see U.S.D.,
22nd ed., p. 1541.
Constituents. — Hesse, in 1880, reported six alkaloids
in quebracho bark: as pido spermine, aspidospermatine ,
aspidosamine, quebrachine, hypo quebrachine, and
quebrachamine . Ewins (Trans. Chem. Soc, 1914,
p. 2738) could confirm the presence of only two of
these alkaloids, aspidospermine and quebrachine, and
believed that the others are decomposition products
of one of these two. Quebrachine is now accepted as
being identical with the alkaloid yohimbine. In addition to the alkaloids, aspidosperma contains a considerable quantity of tannic acid and the sugars,
quebrachite, and inosite.
H. C. Wood, Jr. (Univ. Penn. M. Bull., 1910, 23,
1), showed that all of the alkaloids of quebracho are
very similar in their physiological action but that
quebrachine is by far the most potent. In anesthetized
animals moderate doses of quebrachine produce a
slight fall of the blood pressure with an extraordinary
stimulation of respiration. According to Weinberg
(/. Pharmacol., 1933, 47, 79) the effects in unanesthetized animals are quite different; with moderate
doses the breathing is depressed and the blood pressure elevated and the phenomena seen in anesthetized
animals occur only after very large doses. The
mechanism by which these changes are brought
about is at present obscure. For further consideration
of the physiological actions of quebrachine see under
Yohimbe. It is obvious that although aspidosperma
possesses considerable activity, our knowledge of its
physiology is too scanty to afford a sound base for
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therapeutic use. There is some clinical evidence of
value in chronic dyspneas, especially of the asthmatic
type. In the latter condition it is not generally useful
to interrupt the paroxysm, but in many cases if used
continuously it will greatly reduce the frequency and
severity of attacks.
Under the name of amorphous aspidospermine
there was introduced a mixture of the various alkaloids of this drug. The dose of this preparation was
from 15 to 100 mg. (approximately J4 to \l/z grains) ;
that of the crystalline aspidospermine from 3 to IS
mg. (approximately \-M to :4 grain).
The fluidextract was formerly official, its dose being
1 to 2 ml. (approximately 15 to 30 minims).
Quercus. White Oak Bark. Oak Bark. Stone Oak.
Cortex Quercus. — "Quercus is the dried inner bark of
the trunk and branches of Quercus alba, Linne (Fam.
Fagacece) ." A"_F. V.

There are more than 50 species of oak found in the
United States. The formerly official species, the white
oak, is a large handsome tree with leaves deeply
pinnatifid-lobed. It is readily distinguished from
other species by its light gray, almost white, bark
which scales off in thin plates. The white oak abounds
from Maine to Ontario and southward to Florida
and Texas.
White oak bark occurs in nearly flat pieces, from
2 to 10 mm. in thickness; externally light brown, becoming darker with age. It has a characteristic odor
and a bitter astringent taste. For description of its
microscopic characters see US.D., 22nd ed., p. 1542.
Constituents. — The medicinal value of oak bark
depends on the presence of a characteristic tannin,
known as quercitannic acid, of which it contains from
6 to 11 per cent. It belongs to the phlobaphene group
of tannins, which give brownish-green precipitates
with ferric salts. The tinctorial power of oak bark is
due to the presence of the glycoside quercitrin, which
is found also in a number of other plants. Quercitrin,
C2iH::oOii (also called quercimelin), is a yellow,
crystalline substance. It is almost insoluble in cold
water, sparingly soluble in hot water, easily soluble
in alcohol and in acid or alkaline solutions. The products of its hydrolysis are quercetin and rhamnose in
equivalent amounts. Quercetin (also known as meletin,
quercitinic acid and sophoretin) is 3,3',4',5,7-pentahydroxyflavone ; it is the aglycone not only of quercitrin but also of rutin (see in Part I). Quercetin
occurs as a yellow to brown, crystalline powder, melting at 313°; it is soluble in alkaline solutions. There
is present in oak bark also a small amount of a bitter
principle, quercin, Ci.-.HiiOg.
Uses. — Czimmer and co-workers (Arch. exp. Path.
Pharm., 1936, 183, 571; 1938, 190, 622) reported that
the physiological actions of quercitrin and quercetin
are very similar. According to these investigators both
substances have a distinct stimulating action on the
heart — especially when it is depressed by poisons like
chloroform — and cause a fall in blood pressure by
dilating the abdominal blood vessels (see also Armentano, Ztschr. ges. exp. Med., 1938, 102, 219). On
the assumption that the physiological activity of
rutin may reside in its aglycone component quercetin,
Griffith (J. A. Ph. .4., 1953, 42, 68) administered
quercetin, in doses of 30 to 50 mg. daily, to hypertensive patients with capillary fault and found it to
be effective in correcting the capillary fault in 63 of
65 subjects (see also under Rutin). The quercetin
was obtained by hydrolysis of rutin.
Oak bark was used in medicine solely as an astringent, especially as a wash or injection in leukorrhea or
hemorrhoids. The NJF. V recognized a fluidextract
(Fluidextractum Quercus) and gave the dose as 1 ml.
(approximately 15 minims).
Quinine
Ethylcarbonate,
XF. VIII. Quininoe

Part

II

AZthylcarbonas. Euquinine. C23H28^204- — "The ethylcarbonate of an alkaloid usually obtained from cinchona." N.F. VIII.
Euquinine is manufactured by passing carbonyl
chloride (phosgene) into dehydrated alcohol, rectifying the resulting chlorocarbonic ester and then interacting it with a solution of anhydrous quinine in
ether. The resulting quinine ethylcarbonate is subsequently purified by recrystallization.
"Quinine Ethylcarbonate occurs as white, fine, soft
needles, usually matted together in fleecy masses. It
is odorless and practically tasteless, but when masticated it slowly develops a slightly bitter taste. It
darkens on exposure to light. A saturated, aqueous
solution of Quinine Ethylcarbonate is alkaline to
litmus paper. One Gm. of Quinine Ethylcarbonate
dissolves in 3 cc. of alcohol, in about 1 cc. of chloroform, and in 10 cc. of ether, at 25°. It is readily soluble in dilute acids but is only slightly soluble in water.
Quinine Ethylcarbonate melts between 89° and 91°."
\.F. VIII. For standards and tests see US.D., 24th
ed., p. 963.
Quinine ethylcarbonate, notwithstanding its slight
solubility in water, is absorbed from the alimentary
canal and exerts the characteristic effects of quinine.
It has been used successfully in malaria. Euquinine is
an almost tasteless form of quinine, which makes it
especially suitable for administration to children. It
may be given in suspension in any one of the syrups
mentioned under Quinine Bisulfate, or be dispersed
in milk. Decomposition of euquinine is accelerated in
acid media. Quinine ethylcarbonate has been used to
diminish the coughing paroxysms of pertussis.
The dose is 0.3 to 1 Gm. (approximately 5 to 15
grains).
Quinine Hydrobromide, NJP. IX. Quininoe Hydrobromidum. Quinine Bromide. C20H24N2O2 HBr.HoO. — This salt may be prepared by neutralizing
quinine alkaloid with hydrobromic acid, evaporating
and crystallizing.
"Quinine Hydrobromide occurs as small, white
needles or scale-like crystals. It is odorless, has a very
bitter taste, effloresces on exposure to the air, and is
affected by light. An aqueous solution of Quinine
Hydrobromide (1 in 50) is neutral or alkaline to
litmus paper. One Gm. of Quinine Hydrobromide dissolves in about 40 cc. of water, in about 1 cc. of
alcohol, in about 7 cc. of glycerin, in about 1 cc. of
chloroform, and in about 25 cc. of ether. One Gm. is
soluble in about 3.2 cc. of water at 80°." N.F. IX.
Uses. — It was once thought that quinine hydrobromide acted differently from other salts of quinine.
The proportion of hydrobromic acid is. however, too
small to exert any influence upon the system ; 0.6 Gm.
of quinine hydrobromide represents less than 0.12
Gm. of hydrobromic acid. The salt was used in the
treatment of Graves' disease and pneumococcal
pneumonia.
The average dose is 300 mg. (approximately 5
grains) by mouth.
Storage. — Preserve "in tight, light-resistant containers." X.F. IX.
Quinine Salicylate, X.F. VIII. Quininoe Salicylas.
C20H24N2O2C6H4OH.COOH.H2O.— Quinine salicylate may be made by adding an aqueous solution of
sodium salicylate to a solution of quinine sulfate in
boiling water. The precipitate is collected, washed
and dried, and recrystallized from alcohol.
"Quinine Salicylate occurs as white needles or powder. It is odorless, and has a bitter taste. It often
assumes a pink color upon aging and is affected by
light. A saturated aqueous solution of Quinine Salicylate isalkaline to litmus paper. One Gm. of Quinine
Salicylate dissolves in about 15 cc. of alcohol, in
about 13 cc. of glycerin, in about 25 cc. of chloroform,
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and in about 160 cc. of ether, at 25°. It is slightly
soluble in water." N.F. VIII. For standards and tests
see U.S.D., 24th ed., p. 965.
Uses. — Quinine salicylate was introduced into medicine with the idea of combining the analgesic effects
of salicylic acid with the tonic action of quinine for
the treatment of myalgias, neuralgias, other rheumatic
conditions, the common cold and grippe. As the proportion of salicylic acid, however, is less than 30 per
cent it is highly improbable that the action of the salt
is materially different from that of other quinine salts.
The dose usually administered is about 300 mg.
(approximately 5 grains) by mouth up to 4 times
daily.
Quinine Tannate. Quinince Tannas, B.P. 1932. —
Formerly official in the B.P., quinine tannate was defined as a compound of tannic acid and quinine and
required to contain between 30 per cent and 35 per
cent of anhydrous quinine. The substance may be
prepared by precipitating quinine sulfate, dissolved
in water acidulated with sulfuric acid, with a solution
of tannic acid in cold water, then washing and drying
the precipitate. Because of its slight solubility in water
it has the advantage of possessing little taste, but
doubts have been repeatedly expressed about its
efficiency.
Quinine tannate is a pale yellow or yellowish-white,
amorphous powder of astringent and not more than
slightly bitter taste. It is soluble in 90 per cent alcohol but only slightly so in water. Upon heating, a
purplish viscous mass is produced. Solution of ferric
chloride colors a saturated aqueous or alcoholic solution of the salt a blue-black.
This is one of the least efficient of quinine preparations; not only does it contain less than one-half
the amount of alkaloid in the other salts but because
of its slow hydrolysis and consequently delayed absorption has a still lower index of therapeutic activity. It finds some use, because it is almost tasteless,
as a means of administering quinine in milk to young
children.
The dose by mouth is from 0.1 to 1 Gm. (approximately \l/2 to 15 grains).
Radium, Radioactivity and Radioisotopes. —
Historical. — The discovery of x-rays by Roentgen
in 1895 led to the discovery, a few months later, of
the radioactivity of uranium by Becquerel. Following the work of the latter, Mme. Curie decided to
investigate the extent to which radioactivity was a
general property of matter. This eventuated in the
finding that a pitchblende from Bohemia was about
four times as active as pure uranium metal when
tested with an electroscope and, after a systematic
analysis of the mineral, the discovery of the radioactive elements polonium and radium was announced
in 1898.
Source. — Radium normally separates with barium
in extracting the former from its minerals; the former
can be completely separated from barium by fractional crystallization of the bromide or chloride. This
was the method employed by Mme. Curie to obtain
pure radium salts, and by electrolysis of a fused salt
she isolated radium metal. This is white in color,
tarnishes rapidly on exposure to air, and melts at
about 700°. It is several million times more active
than uranium metal. Practically all of our supply of
radium comes from pitchblende, U3O8, about one
gram of the element occurring in approximately four
tons of the purest form of this mineral. For some
years the United States was the largest producer of
radium. In 1922 rich deposits of pitchblende were
found in the Belgian Congo and in recent years large
deposits of the ore have been found in Canada.
Radioactivity Phenomena. — As the result of numerous investigations of radioactivity phenomena it
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has been established that the heavy radioactive elements are related to each other as transformation
products and that the 40 or so naturally occurring
radioactive elements may be grouped into three series,
named after the parent substance in each series, thus,
the uranium series, the thorium series, and the actinium
series. A fourth series, known as the neptunium series,
consists entirely of radioactive elements which have
been synthesized by various nuclear reactions performed in the laboratory (for details see Seaborg,
Chem. Eng. News, 1948, 26, 1902). Each series ends
with a stable isotope of lead. Radium is a member
of the large group of transformation products originating from uranium. Transformation occurs through
the emission of radiations from active elements; these
have been found to be of three types, viz., alpha (a)
particles, beta (|3) particles, and gamma (y) rays.
Alpha particles have been shown to consist of doublycharged helium nuclei, beta particles are electrons
ejected from the nucleus of an atom, and gamma rays
are apparently of the same nature as x-rays, differing
only in being of shorter wave length and hence of
greater penetrating power. In accordance with our
understanding of the structure of the atom the loss
of an alpha particle from the nucleus of a radioactive
element results in the formation of another element
whose atomic weight is four units less and atomic
number two less than that of the parent element.
Loss of a beta particle or electron from the nucleus
produces an element of substantially the same atomic
weight as the parent element but with an atomic
number greater by one. Emission of a gamma ray is
not accompanied by any demonstrable change in
atomic weight or number; it appears to be a means
of dissipating energy from the nucleus and accompanies nearly every transformation. The relative penetrating power of the radiations is roughly in the
order of 1, 100 and 10,000 for alpha and beta particles, and gamma rays, respectively. The U. S. Public
Health Service Publication No. 336, Concepts of
Radiological Health, by Ingraham, Terrill and
Moeller, 1954, presents a good elementary discussion
of radioactivity.
Detection. — Qualitative and quantitative measurements of radioactivity depend on the observation of
a number of phenomena associated with it, such as:
the action of the radiation on a photographic plate;
the luminescence produced by particles or rays striking a zinc sulfide screen (a principle used in luminous
paints) or other phosphor which produces scintillations; and the ionization of air produced by radioactive radiation and detected by means of instruments
such as the gold-leaf electroscope, the Wilson cloud
chamber, and the Geiger-Miiller counter.
As mentioned above, the particular series to which
radium belongs starts with ordinary uranium, this
undergoing a series of successive transformations with
loss of alpha and beta particles until a non-radioactive end product known as radium-G or uranium
lead is produced. The several elements of the series
vary widely in their rate of disintegration or decay,
which proceeds exponentially. It is therefore convenient to measure the stability of the radioactive
elements in terms of the half-life period, which is the
time required for the radioactivity to decay to half
its value at any instant.
Units. — The first decomposition product of radium
is radon (known also as radium emanation and
niton) . This is a gas of relatively short half-life, but
it produces a deposit of other radioactive elements.
Instead of using radium for many therapeutic applications or for research investigations, the gas radon
is collected and sealed into small, thin-walled glass
tubes which suffice for the purpose and are easily
handled. This gas provided the original unit for ex-
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pressing the activity of radioactive compounds, a
curie being defined as the volume of emanation in
equilibrium with one gram of radium. At present the
curie is commonly used as a measure of the disintegration of all radioactive substances, and is defined as
the amount of radioactive material which decays at
the rate of 3.7 X 1010 disintegrations per second.
Another unit, the rutherford, representing 10* disintegrations per second, has been proposed but is
little used. For practical purposes the millicurie and
microcurie (one-thousandth and one-millionth of a
curie, respectively) are employed.
Therapeutic Uses of Radium. — It is probable that
radiant energy affects all forms of living protoplasm
to a greater or less degree, but there is considerable
difference in the susceptibility of various types of
cells. There is evidence that, in certain cells at least,
very small quantities may cause an acceleration of cell
division and more rapid growth of tissue but the general effect is injurious. The first evidence of this injury
may be the production of abnormalities in the genes
and consequent irregularity of mitosis, but if the dose
is sufficient there is ^cessation of growth and eventually
death of the cell. The alpha rays are the most potent
of those given off by radium but their penetrating
power is relatively low; the gamma rays are the least
intense but the most penetrating.
It appears alpha rays have a distinctly inhibiting
effect on bacteria; beta rays have a much weaker
action and gamma ravs scarcely any effect (see
Spencer, Pub. Health Rep., 1934, 49, 183).
Radium, in the form of one of its salts, may be
employed therapeutically in several ways. Placed in
suitable containers, it may be brought into close
proximity with the tissue to be treated. Radium may
also be placed at some distance from the patient, and
the radiation which it gives off may be conducted
unidirectionally to the area to be treated; the radiation thus produced corresponds to highly filtered
x-rays generated at about 1.5 million volts, which is
beyond the commonly used maximum in x-ray treatment. It is necessary to have a relatively large amount
of radium for this means of application, this being
stored in a special container known as a radium
bomb or teleradium apparatus, which is in turn housed
in a separate room equipped to provide a unidirectional beam. The development of the "atomic bomb,"
which necessitated the building of powerful nuclear
reactors, provided the means for producing certain
radioisotopes which may be used in a manner similar
to that of the teleradium apparatus, while obviating
the high cost of the radium. Most promising of these
teletherapy units utilizes radioactive cobalt-60, in the
form of a cobalt bomb or telecobalt apparatus. Such
a unit is capable of emitting essentially monochromatic
gamma rays of about 1.2 million electron volts of
energy and is believed to compare favorably with
supervoltage x-ray generators in the same range. The
cobalt-60 decays at a rate of approximately 1.09 per
cent per month, but is replaceable at a fraction of the
cost of radium. For information concerning cobalt
teletherapy units see Grimmett et al. (Radiology,
1952, 59, 19).
The therapeutic value of radium depends chiefly
on the differences in susceptibility of various kinds of
tissue. In a general way the normal tissues which are
most easily injured by radium include the lymphatic,
endothelial, nervous, reproductive and hair-producing
cells. Certain abnormal types of cells, as carcinomatous and sarcomatous, are also highly susceptible
and one of the most important uses of this element is
the destruction of malignant growths. The destructive
effect on these tumors appears to be partly the result
of direct action upon the abnormal cells and partly
due to the diminution of blood supply as a result of
endarteritis from the action of the rays on the endo-
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thelium. In a general way the effects of x-ray and
radium rays in cancer are essentially similar and the
choice between them will depend upon conditions in
the individual cases. Radium is also of value in
Hodgkin's disease and in leukemia. It is also frequently employed for the control of nonmalignant
uterine hemorrhages; whether its action in these cases
is due to a direct influence on the mucous membrane
of the uterus or to its effect in lessening ovarian function is a subject of some disagreement at present.
As the beneficial effects of radium in these conditions depend upon a difference of susceptibility of
various cells, the matter of regulation of dosage is
of great importance and requires the highly specialized
knowledge of experienced operators. It should be
noted that the degree of effect depends as much upon
the duration of the exposure as upon the amount of
radium employed.
Radium may be applied by implanting tubes containing either small amounts of a radium salt or, more
frequently, of radon. Radon possesses essentially the
same physical and biological characteristics as radium
but, in contrast to radium, its activity is short-lived,
being effective no longer than about 30 days. Originally radon was sealed into small glass capillary tubes
which were attached to or inserted into the tissue
to be treated. While the glass wall of the tube absorbed
the alpha particles emitted by the radon, the beta
particles and gamma rays were not absorbed, and
passed into the tissue. Since the beta particles are
considered to be therapeutically undesirable in most
cases, the tubes were originally encased in metal,
which absorbed the beta radiation. At present, radon
is commonly enclosed directly in small tubules of
gold, the metal absorbing all of the alpha particles,
nearly all of the beta particles, while transmitting
practically all of the gamma radiation to the tissue
with which the tube is in contact. The radon seeds,
as these tubules are called, are leakproof, and may be
sterilized. The seeds may be used in any part of the
body. A review of their uses in the treatment of
benign and malignant conditions has been presented
by Kaplan (Med. Rec, 1948, 161, 507).
Radon when absorbed into the system appears to
have an influence upon the circulation, but especially
upon metabolism. Theis and Bagg (J. Biol. Chem.,
1920, 41, 525) found that radon caused a marked
increase in the elimination of nitrogen. There is a
notable increase in the excretion of uric acid but
whether this is due to acceleration of elimination or
increased formation is doubtful (see Fine and Chace,
/. Pharmacol., 1914, 6, 219). According to Loewi
(Berl. klin. Wchnschr., 1912, 49, 198), inhalation of
the emanation produces contraction of the vessels of
the lungs, and dilatation of the vessels of the brain,
with some tendency to lower the general blood pressure. Petrolatum or lanolin charged with radon has
been successfully employed as an application in the
treatment of late irradiation ulcers (Kirsh et al., Am.
J. Med. Sc, 1946, 212, 395), various forms of arthritis
(Kestler, Geriatrics, 1946, 1, 159), and industrial injuries including contusion, sprain, hematoma, tenosynovitis and others (Jordan, Ind. Med., 1945, 14,
964). Alphatron (Canadian Radium & Uranium Corp.,
New York), an ointment containing 200 electrostatic
units of radon in each ml. of lanolin, is the form in
which the radium emanation was employed in this
manner; the ointment loses 16.5 per cent of its
strength every 24 hours.
Altschul (Strahlentherapie, 1937, 60, 381) injected
small doses of radium chloride for the relief of various
forms of arthritis. Desjardins and Williams (J. AM. A.,
1946, 130, 207) described the available radium preparations and discussed the technic of use, dosage,
route of administration, and the results of use in various pathologic conditions.
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Radium Poisoning. — Some years ago the attention
of the medical world was attracted to the seriousness
of radium poisoning by several deaths among workers
who were painting luminous figures on watch dials.
Cases of fatality have been reported also among other
workers whose occupation brings them in contact with
radioactive substances, and at least two deaths have
been reported from the medicinal use of radioactive
water (J. A.M. A., 1932, 98, 2304). The characteristic
symptoms in all these cases have been a destruction
of both red and white corpuscles of the blood. Many
of the workers in the watch factories also suffer from
necrosis of the jaw bone, and evidence of osteitis in
other bones of the body. For literature on radium
poisoning, see Martland {J. AM. A., 1929, 92, 466). It
is obvious that any treatment of radium poisoning
cannot be successful as long as the element or its disintegration products remain in the body. Elimination
is extremely slow, and patients may remain radioactive
for many years. Treatment for radium retained within
the body should involve, according to Saenger et al.
(J.A.M.A., 1952, 149, 813), the following steps:
(1) Gastric lavage with 10 per cent magnesium
sulfate solution; (2) daily purging with a saline
cathartic, especially magnesium sulfate which will
tend to precipitate radium ion as insoluble radium
sulfate; (3) surgical excision of cuts and other skin
lesions which have become contaminated and cannot
be effectively decontaminated by washing and scrubbing, with detergents.
Artificial Radioisotopes
Early Experiments. — In 1919 Rutherford and
Chadwick successfully disintegrated a few nitrogen
atoms by bombarding them with alpha particles from
radium-C, the reaction resulting in the production of
protons and an isotope of oxygen of atomic weight 17.
It is believed that the reaction takes place by the
entrance of the high-velocity alpha particle into the
nucleus of the nitrogen atom, forming an unstable
system which immediately ejects a proton and produces the oxygen nucleus. This is the first example of
artificial transmutation of an element. Many similar
transmutations have been effected in the case of other
elements. In 1934, Mme. Curie-Joliot, daughter of
Mme. Curie, and her husband made the important
observation that the positrons (positive electrons)
which were emitted when aluminum was bombarded
with alpha particles, continued to be emitted after the
source of alpha particles was removed. The intensity
of positron emission decayed exponentially, as does
a naturally radioactive substance, hence the former
is the first observed instance of artificial radioactivity.
Following this discovery many elements and compounds have been made radioactive by bombardment
with various particles, generally of high velocity and
obtained from artificial sources. Protons, deuterons
(the nuclei of heavy hydrogen atoms) , neutrons (neutral particles composed of a proton and electron),
alpha particles, and even gamma rays have been used
as atomic projectiles against nearly every element
and many of its compounds, with the result that about
700 radioactive species (nuclides) are now known.
Cyclotron. — The many discoveries in this field
have been largely the result of the development and
perfection of various electrical apparatus for accelerating atomic projectiles to velocities corresponding
to millions of volts of energy. One of the most important developments in this field was that of the
magnetic resonance accelerator or cyclotron by E. O.
Lawrence. In this apparatus charged particles are rotated, in an ever-widening spiral path, between the
halves of a circular box placed between two magnets,
each half of the box being alternately positively and
negatively charged by an electrical current. At a
given point the charged particles emerge with energies
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of the order of several million volts, enough to penetrate the nuclei of targets at which they are shot and
there produce many and varied atomic rearrangements. Electrically neutral particles, like the neutrons, cannot be directly accelerated in this apparatus
because the particles have no charge. For the same
reason, however, it is much easier for a neutron to
penetrate nuclei and produce disintegrations. Many
more disintegrations have been produced with neutrons than with any other nuclear projectile.
Nuclear Fission. — In 1939 Hahn and Strassmann
announced the very important discovery that bombardment of uranium with neutrons resulted in its
cleavage into pairs of radioactive products of medium
atomic weight; simultaneously, a tremendous amount
of energy is released. It was subsequently demonstrated that it was the scarce isotope of uranium of
atomic weight 235 which underwent this reaction, not
the abundant isotope of weight 238. This type of
nuclear reaction, called nuclear fission, was utilized
during World War II in the construction of the atomic
bomb. Because of the impracticality of obtaining
sufficient uranium of atomic weight 235 for use in the
manufacture of such bombs, research was directed
toward the finding of other fissionable elements. Such
an element was found in the artificially produced
plutonium, prepared by bombarding ordinary uranium, of atomic weight 238, with low-velocity neutrons. The conversion of uranium 238 to plutonium
is not direct; the former absorbs a neutron to produce
uranium 239, which spontaneously loses a beta particle
to form the new artificial element neptunium (symbol,
Np; atomic weight, 239; atomic number, 93). Neptunium in turn emits another beta particle to form
plutonium (symbol, Pu ; atomic weight, 239; atomic
number, 94). Plutonium, by loss of an alpha particle,
is eventually changed to uranium 235, but the reaction
is so slow that plutonium is considered a stable element— except when it is subjected to the nuclear fission process utilized in the atomic bomb. The plutonium is produced, in weighable amounts, in the
uranium chain-reacting "piles" which were developed
as a part of the program of the celebrated Manhattan
Project. Such piles provide a copious source of neutrons which may be employed in making important
amounts of practically any radioactive isotope that
can be produced by neutron bombardment; this means
that most of the important isotopes may be obtained
by this means. The Atomic Energy Commission has
made available a considerable number of radioisotopes, produced by this means, for the many purposes
which they may serve.
Uses of Radioisotopes. — In the biological and
medical sciences radioisotopes find extensive use in
three principal categories, as follows: (1) as tracer
substances in the study of complex biochemical processes, including those of metabolism of drugs; (2) in
the diagnosis of disease; (3) in the treatment of
disease.
Uses of radioisotopes in the first category depend
on the fact that such isotopes behave chemically in
exactly the same manner as their inactive relatives.
Thus phosphorus-32, commonly given the symbol P32,
behaves like ordinary phosphorus (P31) in all reactions except that the P32 is in addition radioactive
and thus provides a ready means of detection. If, for
example, a solution of sodium biphosphate containing
some P32 is injected into a laboratory animal and it
is then observed that in a few minutes a substantial
degree of radioactivity is present in bones, teeth,
muscles and other tissues of the animal's body the
evidence is clear-cut that phosphorus is quickly
utilized in metabolic processes involving such tissues
and that there must be a rapid turnover of phosphorus atoms in the tissues. Such experiments provide the basis for the claim that in a period of a
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year or more every atom in the human body — of
which it is estimated there are about 1028 — is replaced by a different atom of the same kind, even in
the so-called permanent structures of the body.
By the use of an acetate which has been "tagged"
or "labeled" with some radioactive carbon-14 or hydrogen-3 (tritium), to mention but two such "labeling" possibilities, it has been demonstrated that molecules as complex as those of cholesterol and of a fatty
acid are synthesized in the human body by reactions
involving acetate. The many different ways in which
glycine (aminoacetic acid) is utilized in body metabolic processes have been revealed largely through
studies employing suitably labeled forms of glycine.
Though we are here discussing uses of radioactive
isotopes, it should be mentioned that stable isotopes
which may be detected by other means are also satisfactory for use in tagging or labeling the compounds
to be studied. Thus, hydrogen-2 (H2), commonly
called deuterium, and nitrogen-15 (N15), neither of
which is radioactive, are nevertheless extensively employed in tracer studies by virtue of the relative ease
with which these , heavy-weight atoms may be detected, asby the use of the mass spectrometer. Glycine,
for instance, may be synthesized so as to contain N15,
C14 (which may be introduced in two positions of
the molecule), or H3, as a result of which it is possible to determine what happens to specific portions
of the molecule in the course of its many biochemical
reactions.
In the field of drug metabolism many tagged compounds have been synthesized and their fate studied.
Among these compounds are epinephrine, insulin, procaine, thiopental, and various vitamins, estrogens,
antihistamines, sulfonamides, and even antibiotics.
Perhaps unfortunately, the evidence has usually indicated that metabolism of the respective compounds
involves a greater number of breakdown products
than anticipated and with a wider tissue distribution
than expected, with the result, in many cases at least,
that more problems have been raised than solved.
For a review of researches in this field of specialization see Tabern, Taylor and Gleason, in Nucleonics,
1951, 8, pages 60-77 (January).
Another important biochemical tracer use of radioisotopes has been that of the addition of C14G"2 to
ordinary carbon dioxide employed in studies of photosynthesis; the results indicate that certain of the
reactions of photosynthesis of carbohydrates are the
reverse of reactions by which carbohydrates undergo
breakdown in the body in the process of ultimate
conversion to carbon dioxide.
Even before radioisotopes were made readily available as a by-product of the operation of uranium
piles, a cyclotron-synthesized radioactive sodium chloride had been used in testing the efficiency of various
enteric coatings (see under Tablets, in this volume,
for details). Tests of penetration of various ointment
bases, and of the rate of absorption of medicaments
from various suppository bases, are typical of experiments performed on laboratory animals with
radioisotopes in which the objective has been to find
more effective dosage forms of medicinal substances.
Diagnosis of Disease. — In this category the most
important radioisotope is iodine-131, which is official
in the U.S.P. as Sodium Radio-iodide (/131) Injection, and is described in Part I of this volume.
Phosphorus-32, which emits only a beta ray of 1.69
million electron volts energy and has a half-life of
14 days, also finds many diagnostic uses and is supplied in the form of sodium radio-phosphate in a
sterile, buffered (pH about 6.5) solution. Its utility
in tumor localization is based on the high rate of P-32
pickup by rapidly proliferating tissues. Brain lesions
may be detected and characterized following intravenous injection of 0.5 to 1 millicurie of P-32 the
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subsequent distribution of which in the brain is determined by probing of the tissue with a radioactivity
detector 2 to 4 mm. in diameter (see Selverstone et al.,
J. AM. A., 1949, 140, 277). Eye tumors may also be
detected by use of sodium radio-phosphate, the probe
in this case having a shape conforming to that of the
eyeball (Eisenberg et al., Arch. Ophth., 1954, 51,
633; Kennedy et al., Cleveland Clin. Quart., 1954, 21,
133). Studies of pleural effusion liquid following administration ofsodium radio-phosphate may be helpful in diagnosis of malignant disease associated with
the effusion (Bauer et al., Cancer, 1954, 7, 852). The
same radioisotope has been used for tagging erythrocytes in red blood cell volume studies (Berlin et al.,
J. Lab. Clin. Med., 1950, 36, 435), and as an indicator for studies on peripheral circulation time (Friedell
et al., Arch. Int. Med., 1949, 83, 608), nerve permeability (von Euler et al., Acta physiol. Scandinav.,
1946, 12, 261), and phospholipid metabolism (Cayer
and Cornatzer, Gastroenterology, 1950, 14, 1).
Because tagging of erythrocytes with chromium-lSl,
in the form of sodium radio -chr ornate, provides a
more durable label than when they are tagged with
phosphorus-32 (Cr151 has a half-life of 26 days and
is practically nondiffusible from cells), this radioisotope has found use in the determination of red
cell volume (Sterling and Gray, J. Clin. Inv., 1950,
29, 1614) and, more importantly, in the study of red
cell survival time (Read, Am. J. Med. Sc, 1954, 228,
40) . This latter information is of particular value in
the study of various anemias, in which it has been
observed that the survival time of red cells is materially reduced (Weinstein and LeRoy, /. Lab. Clin.
Med., 1953, 42, 368). The amount of sodium radiochromate (available as Rachromate solution, Abbott)
injected in these procedures is of the order of 75 to
150 microcuries, and is not harmful. Loss of blood
into stools, due to gastrointestinal bleeding, may be
readily detected by injection into the patient of red
cells tagged with sodium radio-chromate, followed by
examination of stools for presence of radioactivity.
Among other radioisotopes to be used diagnostically,
one of the first to be employed was radioactive iron
(Fe59), administration of which to anemic dogs
showed appreciable absorption to occur in such animals, while nonanemic dogs absorbed very little of
the element (J. AM. A., 1938, 111, 2285). Sodium
chloride, containing Na24 as a radioactive tag, has
been used to determine circulation time of blood
(Smith and Quimby, Surg. Gynec. Obst., 1944, 79,
142). The test is based on the fact that the normal
time required for an injected tracer dose of the sodium
chloride to circulate from arm to foot is between
45 and 55 seconds; abnormalities of circulation may
by this means be easily and quickly detected. Prinzmetal (J.A.M.A., 1949, 139, 617) developed a modification ofthis test in which a Geiger-Miiller detecting
tube is placed directly over the heart of the patient
and used to determine the time required for passage
of tagged blood from one side of the heart to the
other; by this test he was able to differentiate between heart disease and conditions simulating cardiac
insufficiency.
Treatment of Disease. — In the treatment of disease
several radioisotopes have been employed with varying degrees of success. Here again sodium radio-iodide
(I131) is the most important agent, its uses being
discussed in Part I.
Sodium radio-phosphate finds its most important
use in the treatment of polycythemia vera, where it
produces remissions for prolonged periods in a high
proportion of patients (Stroebel et al., J. AM. A.,
1951, 146, 1301; Proc. Mayo, 1954, 29, 1). This
radioisotope has also been employed in the treatment
of chronic leukemias; its use is, however, attended
with the danger of depressing normal cell production,
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with development of leukopenia and anemia, if the
radio-phosphate is administered to the point of depressing the white blood cell count to normal (for
discussion see Lawrence et al., J.A.M.A., 1949, 140,
585; Diamond et al, Cancer, 1950, 3, 779; 1951, 4,
999). For therapeutic purposes sodium radio-phosphate is commonly administered in doses up to 7
millicuries, either intravenously or orally; the oral
dose should be about 25 per cent greater than the
intravenous for equivalent effect. Because the radiophosphate is concentrated in bone marrow to a greater
extent than in other tissues frequent hematologic
examinations must be made to observe signs of excessive marrow inhibition.
Gold-198 (Au198) has found use in the treatment
of certain cancerous tissues. This radioisotope has a
half-life of 2.7 days; it gives off a beta particle
having an energy of 0.96 million electron volts (mev)
and a gamma ray of 0.411 mev. The short half-life
of gold-198 means that for practical purposes its
activity ceases after 2 to 3 weeks. It is used by direct
injection into tumorous tissues as a colloidal dispersion of the element; in this form the radioactive
material remains at the site of injection for a long
time, there effecting local irradiation of tissue during
the limited period of radioactivity. The amount of
gold injected is insufficient to produce any of the
toxic reactions of that element in its usual inactive
form. For further information concerning use of radioactive gold in the therapy and palliation of neoplastic
disease see Harsha (West. J. Surg. Obst. Gyn., 1951,
59, 358), and in the treatment of neoplastic effusions
see Clarke (Quart. Bull. Northwest. U. Med. Sch.,
1952, 28, 98), Rose et al. (New Eng. J. Med., 1952,
247, 663), and Seaman et al. (JA.M.A., 1953, 153,
630).
The very important use of cobalt-60 (Co60) as a
replacement for costly radium in radiotherapy units
has been discussed earlier in this article, under Therapeutic Uses of Radium. Solutions of salts of cobalt-60
have been employed for irradiation of bladder tumors
by enclosing the solution in suitable flexible "balloons" inserted into the bladder. Gallium-72, with a
half-life cf 14.3 hours, has been used both for diagnosis and palliative therapy of bone tumors (/. Lab.
Clin. Med., 1951, 37, 239; Arch. Int. Med., 1951,
35, 1237; see also under Gallium in this volume).
Other radioactive isotopes which have been applied
in human therapy for irradiation effects include sodium-24, zinc-63, and arsenic-76. For a summary of
the uses of these elements, as well as of other uses of
the radioisotopes discussed above, see the series of
papers entitled "Radioisotopes in Pharmaceutical and
Medical Studies," by Tabern, Taylor and Gleason in
Nucleonics, 1950, 7, pages 3-27 (November) and
pages 40-55 (December), also 1951, 8, pages 60-77
(January), and Kelsey (J.A.M.A., 1951, 146, 1131).
Rauwolfia. — The genus Rauwolfia (Fam. Apocynacece) contains a number of species which have
been used in South America, Asia, and Africa as arrow
poisons (Lewin, Die Pfeilgifte, 1923).
The dried root of Rauwolfia serpentina Benth.
(Ophioxylon serpentinum L.) has been used in India
for centuries as a purgative, anthelmintic and antidote for snake and insect bites and more recently as
a hypotensive agent and a sedative. It has been recently introduced into clinical medicine in the United
States for the treatment of hypertension, with large
amounts of the drug being imported from various
districts of India and Malaya.
R. serpentina Benth. is a subshrub of the Apocynacece native to India, Burma, Ceylon and Malaya ;
it grows also in the Philippines and in some other
Asiatic countries. It is included in the Indian Pharmacopeia List (Calcutta, 1946), which specifies that
its bark is to be intact, that it be collected from 3- to
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4-year plants in autumn, and that it contain not more
than 2 per cent of other organic matter, and not less
than 0.8 per cent of the total alkaloids of Rauwolfia.
Youngken Sr. (Am. J. Pharm., 1953, 125, 186)
described the root as being conical, tortuous and
curved, of varying length and up to about 20 mm. in
width at the summit; externally grayish-yellow to
brown, sometimes with purplish blotches, as in the
Bengal variety, slightly wrinkled to rough and irregularly longitudinally wrinkled in thicker and older
parts. The commercial drug usually occurs as cylindrical to cylindrical tapering segments from 2 to 20
cm. in length and from 5 mm. to 20 mm. in diameter.
Its fracture is short, irregular, breaking in sufficiently
long segments with a snap and exhibiting some projecting strands of cork along the periphery. Its fractured surface exhibits a grayish-yellow bark and a
yellowish white to pale yellow wood, the latter of
hard texture and occupying most of the diameter of
the root. Its odor is indistinct; its taste, bitter.
Youngken has described also the microscopical characteristics of the drug, as well as diagnostic differences between R. serpentina and other species of
Rauwolfia which have been found as substitutes and
adulterants of the drug.
Constituents. — Siddiqui and Siddiqui (/. Indian
Chem. Soc, 1931, 8, 667) found in R. serpentina five
alkaloids: ajmaline, ajmalinine, ajmalicine, serpentine,
and serpentinine. In a plant grown under different
climatic conditions the same investigators (ibid., 1939,
16, 421) found the alkaloids isoajmaline, neoajmaline
and two other bases. Van Ittalie and Steenhauer
(Pharm. Weekblad, 1932, 69, 334) found what appear
to be some of the same alkaloids, although they applied different names; ajmaline they called rauwolfine,
serpentinine they designated isorauwolfine, and
ajmalinine they referred to as "alkaloid C." Gupta
et al. (J. A. Ph. A., 1947, 36, 416) prepared from
R. serpentina a resin, free of alkaloids and certain
other constituents, which produced pronounced sedative and hypnotic effects in experimental animals;
the sedative action commenced about 3 to 4 hours
after administration of the resin and persisted for
more than 24 hours, the effective dose being 1 mg. per
Kg. of body weight. More recently Miiller et al.
(Experientia, 1952, 8, 338) reported isolation of the
alkaloid reserpine, in pure crystalline form, which
Bein (ibid., 1953, 9, 107) demonstrated to have a
marked hypnotic effect and to lower blood pressure.
Reserpine, C33H40N2O9, has a yohimbine-like nucleus ;
on hydrolysis with dilute alkali it yields 3,4,5-trimethoxybenzoic acid and the pentacyclic amino acid
reserpic acid (Dorfmann et al., Experientia, 1953, 9,
368; Neuss et al., J.A.C.S., 1954, 76, 2463). Still another hypotensive and sedative principle of Rauwolfia
serpentina was isolated by Klohs et al. (J.A.C.S.,
1954, 76, 2843) ; this alkaloid, designated rescinnamine,
C35H42N2O9, is the 3,4,5-trimethoxycinnamic acid
ester of methyl reserpate. The presence in R. serpentina of yohimbine, which occurs also in yohimbe
(see in Part II), was announced by Bader et al.
(J.A.C.S., 1954, 76, 1695). All together more than
20 alkaloids have been isolated from R. serpentina
(J. A. Ph. A., 1955, 44, 553). For other chemical
information see Ann. N. Y. Acad. 5c, 1954, 59, 1-60.
From Rauwolfia heterophylla Roem. and Schult.,
a South American species known locally as chalchupa
and used both in snake-bite and malaria, Deger
(Arch. Pharm., 1937, 275, 496) separated the alkaloids
chalchupine A and chalchupine B. From the same
species Djerassi et al. (J.A.C.S., 1953, 75, 5446; ibid.,
1954, 76, 4463) separated reserpine, serpentine,
ajmaline and l-narcotine, the last-named identical
with an authentic specimen of this alkaloid obtained
from opium. Rauwolscine and heterophyllin (which
latter does not possess hypotensive
and sedative
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properties) have also been isolated from R. heterophylla (Chem. Eng. News, 1955, 33, 1074).
From Rauwolfia canescens the alkaloid recanescine
has been isolated and identified as 11-desmethoxyreserpine (Slater et al., Proc. S. Exp. Biol. Med., 1955,
68, 293) ; the alkaloid has pharmacological properties
indistinguishable from those of reserpine (Cronheim
et al., ibid., 1955, 89, 21). McQueen and Blackman
(Proc. Univ. Otago Med. School, New Zealand, 1955,
33, 5) compared the action of reserpine, rescinnamine,
and recanescine on blood vessels and on the rat diaphragm and concluded that differences in action resulted from differences in solubility.
Reserpine, which has come into therapeutic prominence, occurs also in R. canescens, R. micracanlha,
R. vomitoria, and probably in other Rauwolfia species
(Chem. Eng. News, 1955, 33, 1074).
Uses. — In the form of the whole dried root
(Raudixin, Squibb, etc.), of extracts (Rauwiloid
Riker, which is called the alseroxylon fraction, etc.,
and of the alkaloid reserpine (Serpasil, Ciba, etc.)
rauwolfia has come into wide usage in the management of essential, hypertension and certain neuropsychiatry disorders. In India, rauwolfia has been
used for some time in the control of disturbed mental
patients. It was observed that a decrease in blood
pressure and pulse rate was a side effect of the tranquilizing action in such patients; Vakil (Brit. Heart J.,
1949, 11, 350) recommended its use in hypertension
in occidental medicine. In the United States, Wilkins
(Am. J. Med., 1954, 17, 703) and others applied
rauwolfia to the management of essential hypertension. It gradually exerts a mild hypotensive action
and is effective in combination with other more potent
vasodilating agents, such as the ganglionic blocking
agents (see in Part II), the adrenergic blocking
agents (see in Part II), veratrum (see in Part I) and
hydralazine (see in Part II). Its action appears to be
on the hypothalamus or at least on the central nervous system. Studies with rauwolfia, chlorpromazine
and other compounds have introduced a new era in
therapeutics, namely, the concept that chemical agents
may influence the mental and emotional functioning
of the human short of hypnosis, anesthesia or intoxication. The present great interest in this subject is
illustrated by the two symposia of two days each
held in successive years (Reserpine and other Alkaloids of Rauwolfia Serpentina: Chemistry, Pharmacology, and Clinical Applications, Ann. N. Y. Acad.
Sc, 1954, 59, 1-140; Reserpine in the Treatment of
Neuropsychiatry, Neurological, and Related Clinical
Problems, ibid., 1955, 61, 1-280). It may be noted
that the alteration of mentation with drugs is not
completely accepted and mechanisms of action remain obscure.
Action. — The word tranquilizer has been used to
describe the action of reserpine. It is not an hypnotic
or narcotic. Patients do not go to sleep unless the
environment is conducive to sleep. It lessens irritability, anxiety and aggressiveness of man and of animals. With large doses, however, the inactivity of the
animal resembles the catatonic state induced by large
doses of bulbocapnine (see under Corydalis, in Part
II). Such action must be upon the central nervous
system but the lack of effect on the ability to think
and reason clearly or on the electroencephalogram
suggests that the action is not upon the cerebral
cortex. Bein (Ann. N. Y. Acad. Sc, 1955, 61, 4) reported inhibition of the pressor response to stimulation of the central end of the cut vagus or sciatic
nerves in animals, of certain carotid sinus (decreased
pressure) reflexes and of chemoreflector respiratory
(hypoxia) reflexes. Section of the brain stem caudal
to the quadrigeminal bodies partly nullified the action
of reserpine. It does not inhibit the cold pressor test
in man and it has no ganglionic blocking action
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(Green, Am. J. Med., 1954, 17, 70). Rather the action
appears to be an adrenergic blocking action on the
mid-brain (see also under Skeletal Antispasmodic
Compounds, in Part II). Certain side effects in classical pharmacology are compatible with such a concept.
These include nasal congestion, a tendency to miosis
and to ptosis of the eyelids, bradycardia and hypotension. Facilitation of synaptic transmission in the
central nervous system was described by Schneider
et al. (Ann. N. Y. Acad. Sc, 1955, 61, 17). The
effects of reserpine on the autonomic nervous system
are in general the opposite of those of the "sham
rage" syndrome which follows removal of the cerebral
cortex. Since the cerebral cortex is required for the
full action of reserpine, it is suggested that this drug
increases cortical inhibition of diencephalic structures. Neither antagonism nor synergism of the action
of central nervous system stimulants or depressants
was found. Rinaldi and Himwich (ibid., 27) found
that reserpine, unlike the barbiturates, depressed
neither the cortex nor the brain stem.
In hypertensive patients, the drug relieves the common symptoms of irritability, anxiety, compulsiveness, nervousness, dizziness, palpitation, insomnia,
headache. This is the tranquilizing action which
Wilkins believes to be useful therapeutically even if
the hypertension is not entirely corrected by the drug.
There is often a gain in weight which may be related
to the decreased expenditure of useless energy- by such
persons. An increase in bowel motility is observed
with more frequent defecations of soft but fairly
normal feces. Gastric secretion is increased by large
doses. A decrease in libido but not in potency or
fertility occurs in the human male. No change in
menstruation has been noted.
Hypertension. — Rauwolfia is most effective in mild,
labile, psychoneurotic, hypertensive patients in whom
it will usually relieve the symptoms, as noted above,
and decrease the blood pressure and heart rate. It is
common practice to commence therapy of all hypertensive patients with rauwolfia and add more potent
antihypertensive drugs only if or when necessary to
control the disease (Wilkins, loc cit.). The action is
cumulative. From 3 to 6 weeks of therapy are required to demonstrate the full effect of the drug. If
needed, other drugs may be added at any time and
the rauwolfia continued, since it increases the effect
and minimizes the untoward effects such as the nausea
and vomiting caused by veratrum preparations, the
constipation with hexamethonium and the palpitation experienced with hydralazine. After control of
the hypertension, these more potent drugs may sometimes be withdrawn and the patient be maintained
on rauwolfia alone or at least the dose of the other
agent required may be less than that causing untoward effects. Wilkins (loc. cit.) reported an average
blood pressure of 192/112 mm. of mercury and a
pulse of 82 in 39 patients before treatment and 165/95
mm. and 70, respectively, after 6 weeks of crude
rauwolfia treatment. In a similar group of 58 patients
receiving reserpine, the averages changed from 191/109
and 85 to 167/94 and 75. Similar results with an
extract — the alseroxylon fraction — are reported. Some
clinicians believe that the crude rauwolfia or a concentrated extract thereof is more effective than
reserpine, but objective evidence for such an opinion
is not available. Grimson (JAM A., 1955, 158, 359)
found little benefit in his hypertensive patients with
rauwolfia therapy and a complaint of malaise frequently caused him to discontinue this drug. In patients not responding to rauwolfia or showing an
insufficient lowering of blood pressure, Wilkins (loc.
cit.) recommended adding hydralazine, if the heart
rate is less than 80 per minute, or veratrum, if the
pulse rate is faster than 80; gradually increasing doses
are used as needed and tolerated. In patients with
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moderate or severe hypertensive disease, particularly
rapidly progressive cases and those with advanced
retinopathy or nephrosclerosis short of uremia, the
more potent ganglionic blocking agents — hexamethonium or pentolinium — are preferred (see also
Livesay et al., J.A.M.A., 1954, 155, 1027; Agrest and
Hoobler, ibid., 1955, 157, 999; Doyle et al., Circulation, 1955, 11, 170). Moyer et al. (Am. J. Med Sc,
1954, 227, 640) found no change in renal blood flow,
glomerular filtration rate and renal excretion of water
or electrolytes as a result of rauwolfia therapy.
Hafkenschiel et al. (Ann. N. Y. Acad. Sc, 1955, 61,
78) found no changes in cerebral blood flow, glucose
uptake, oxygen uptake and venous oxygen tension
after reserpine. A decrease in blood pressure is only
an easily measured and expressed effect of therapy of
hypertension with any drug. Much more important
is the improvement in the sense of well-being, in
symptoms, in papilledema, in retinal hemorrhages
and (slowly) retinal exudates, in congestive heart
failure and in evidences of ventricular strain in the
electrocardiogram.
Psychoneuroses. — Reserpine is used in treating anxiety and certain psychotic and neurotic states of as
yet incompletely defined nature. In 700 chronically
disturbed psychotic patients, Kline and Stanley (ibid.,
85) reported improvement in 84 per cent. All of these
improvements occurred in patients who had failed to
respond to electroshock or insulin-shock therapy and
21 per cent were able to leave the mental hospital.
Most of the good responses were in patients who
had been diagnosed dementia praecox, and younger
patients whose illness was of shorter duration responded more frequently. In the other patients, improvement was sufficient to quiet the wards and
decrease the amount of custodial and nursing care
required. Reserpine seems to be a most effective sedative in such institutions, resulting in decreased costs
of operation. Cure is rare and most cases relapse when
the reserpine is discontinued.
In the psychotic, three stages of reserpine action
are observed (Barsa and Kline, Am. J. Psychiat., 1955,
in press) : the sedative, the turbulent, and the integrative. The sedative is observed during the first
days of treatment. After about 1 week patients become more disturbed or depressed than they were
initially. Reserpine therapy should be continued during this period of exacerbation. After 2 to 3 weeks
the integrative stage appears, with some improvement,
and at this time many recalcitrant cases become
amenable to appropriate psychotherapy. When improvement justifying release of such asocial persons
from the hospital is obtained, the drug should be discontinued for a month to be certain that improvement
will persist should the drug be discontinued after the
patient's discharge.
Among 89 psychotic geriatric patients, Sainz (Ann.
N. Y. Acad. Sc, 1955, 61, 72) observed decrease in
agitation and adjustment to environment of sufficient
degree to enable 19 to remain at home and to decrease
the man-hours required to care for the others by 50
per cent. Among 82 "shock-reversible" female schizophrenics, 59 were able to leave the institution (Tasher
and Chermak, ibid., 108). Among 139 "shock-resistant"
schizophrenic cases hospitalized for from 15 to 20
years, 19 were able to be discharged after 2 months
of therapy with reserpine and 52 showed marked improvement. Hollister et al. (ibid., 92) reported similar
results. Reserpine was as effective as electroshock
therapy and was recommended before resorting to
lobotomy in these patients. Kirkpatrick and Sanders
(ibid., 123) used reserpine effectively in a state psychiatric hospital. In 74 cases, Noce et al. (J. A.M. A.,
1954, 156, 821) found that hyperactive and assaultive
cases became tranquil, while depressed patients became alert and sociable and amenable to psycho-
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therapy. The need for restraint, seclusion and electroshock therapy was eliminated. Twenty patients
became nonpsychotic. When reserpine therapy was
withdrawn in 4 cases, 2 relapsed rapidly.
In office practice with noninstitutionalized psychotic
persons, Drake and Ebaugh (Ann. N. Y. Acad. Sc,
1955, 61, 198) observed relief from anxiety with
reserpine therapy. Smith (ibid., 206) used it to relieve
anxiety and make the patient more amenable to psychotherapy. Kline (Am. Assoc. Advanc Sci., Berkeley,
Calif., Dec. 30, 1954) concluded that reserpine permits
free expression of the feelings of depression, hostility
and guilt which were threatening the integrity of the
personality. Initially this release aggravates the condition of the patient (the turbulent stage), but the
release of such feelings makes possible the reorganization of the personality either spontaneously or with
the aid of psychotherapy. Release of such feelings may
result in severe depression or panic with suicidal
tendencies. It has been suggested that chlorpromazine
therapy acts differently by blocking the repression
forces and thereby leaving the "ego" free for reintegration by psychotherapy (Conference on Psychopharmacology, McGill Univ., Montreal, Canada,
March 26, 1955).
Miscellaneous. — Reserpine has been used successfully for anxiety in general and is perhaps indicated
in those diseases in which anxiety plays an important
aggravating role, as in chronic ulcerative colitis,
angina pectoris, bronchial asthma, etc. (Roe, Am.
Pract. Dig. Treat., 1955, 6, 394). Prevention but
not cessation of recurrent attacks of paroxysmal
auricular tachvcardia was reported by Bixby
(J. AM. A., 1955, 157, 946). Barrett and Hansel (Ann.
N. Y. Acad Sc, 1955, 61, 250) used reserpine in patients with headache after failure to respond to all
usual remedies. Friedman (ibid., 276) described benefit in hypertensive headaches but less favorable response in "tension" headaches, and no response in
migraine. In pruritic dermatoses, such as lichen
planus, allergic dermatitis, etc., Rein and Goodman
(ibid., 230) produced relaxation and improved sleep;
in 10 of 70 patients, side effects necessitated discontinuance of the drug. Lambros (ibid., 211) found
reserpine useful for irritability and convulsions following head trauma. He also described correction of
enuresis in 16 of 17 children within 3 days although
the bed-wetting recurred when the drug was discontinued. In premenstrual tension, Greenblatt (ibid.,
1954, 59, 133) reported relief in 13 cases; dysmenorrhea was relieved in 4 of 11 cases. In menopausal
patients unable to use estrogenic therapy, reserpine
exerted a calming influence in 6 of 16 cases. Hyperactive and irritable infants were improved while using
0.015 mg. per Kg. of body weight daily of reserpine
(Talbot, ibid., 1955, 61, 188). Noce et al. (loc cit.)
described easier adjustment of mentally defective
persons while using reserpine. Stephen et al. (Ann.
N. Y. Acad. Sc, 1955, 61, 236) found no benefit from
reserpine as a preoperative sedative. It may have
some value in allaying anxiety in drug addicts during
the withdrawal syndrome (Carey, ibid., 222).
Toxicology. — Side effects of reserpine therapy have
been mentioned (v.s.), these including nasal stuffiness
and rarely epistaxis, laxation, apathy, depression,
reduced libido, fibrositis and bizarre dreams (nightmares). Often these effects disappear on continued
use. Except in hypertensive patients, the blood pressure decrease is seldom significant. Mental depression,
jittery anxiety, confusion, panic and even suicide have
occurred with prolonged use of large doses, as has also
a Parkinson-like syndrome. Large doses are contraindicated in patients with peptic ulcer (Pelner,
J.A.M.A., 1954, 156, 736). Neither habituation nor
tolerance has been recognized with prolonged use.
Definite but not dangerous symptoms were reported
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by Hubbard (J. A.M. A., 1955, 157, 468) in a child
20 months old who accidentally ingested 260 mg. of
reserpine. The child awakened 4 hours later crying
and quite lethargic; the temperature was 101.4° F.
Respiration was slow and the pulse was rapid. A dose
of 10 ml. of magnesia magma was given and 4 loose
stools were passed during the next 8 hours. For 48
hours the child slept most of the time and ate little
but he could be aroused easily. About 20 hours after
ingestion, examination showed a slow moving and
sleepy boy with a flushed face, lagging eyelids, normal
temperature, pulse 100, respiration 18, tendon reflexes
slowed, and nasal mucosa congested. Urinalysis and
blood counts showed no abnormalities.
Dose. — The usual starting doses in hypertension
are: 100 mg. of the crude root, 2 mg. of the alseroxylon fraction, or 0.1 mg. of reserpine 1 to 4 times daily
orally. If nightmares are troublesome the whole daily
dose may be given in the morning. If sedation is
undesirable during the working hours, the daily dose
may be given at bed time. Some physicians prefer a
large dose during the first week of therapy, such as
0.25 mg. of reserpine 4 times daily, but continued use
of such a dose will cause side effects. Doses of reserpine in excess of 0.5 mg. daily are seldom used, except in neuropsychiatric practice.
In neuropsychiatric office practice, 0.25 mg. of
reserpine 3 times daily orally is usually adequate to
control anxiety. A total dose of 5 mg. daily is seldom
exceeded. In hospitalized, psychotic patients, a dose
of 3 mg. by mouth and 5 mg. intramuscularly of
reserpine is given the first day. If there is no untoward
effect, the 3 mg. oral and the 10 mg. intramuscular
dosage is continued daily for 3 weeks, when the injection may be discontinued. If there is no improvement, two further weeks of injections may be given.
After a rest period of 3 weeks, the course may be
repeated. For elderly or debilitated patients, an oral
dose oi 2 mg. with an intramuscular dose of 5 mg.
daily is wiser. For children, doses are proportionally
lower; for infants, 0.015 mg. per Kg. of body weight
daily is used.
Supply. — The drug is available in many dosage
forms — tablets, elixir, injection — of the crude root,
concentrated extracts and the alkaloid reserpine and
under many trade names. The crude drug, standardized by animal assay, is supplied under the name
Raudixin (Squibb) in coated tablets containing 50
mg. Rauwiloid (Riker) is described as a selective
alkaloidal extract of R. serpentina; the extract is supplied in 2-mg. tablets. Reserpine is supplied in tablets
containing 0.1, 0.25, 0.5, 1 and 4 mg. of the alkaloid
under the trade-marked names Crystoserpine
(Dorsey), Rau-Sed (Squibb), Reserpoid (Upjohn),
Sandril (Lilly), Serfin (Parke, Davis), Serolfia
(Ascher), Serpanray (Panray), Serpasil (Ciba), Serpiloid (Riker), and Serpine (Pitman-Moore). Sterile
ampuls containing 5 and 10 mg. are available for
injection.
Resins. — The term resin has been variously used.
In pharmaceutical practice the term is applied to a
group of preparations made by extracting a drug with
either strong alcohol or acetone, concentrating the
percolate and adding it to water, the consequent precipitate being the resin. It is evident that this precipitate will contain all the alcohol-soluble and waterinsoluble principles which may be present in the drug,
including not only the resins proper but such substances as certain basic principles, substances of a
fatty, waxy or caoutchouc-like nature, etc. It is
obvious that the resins thus prepared differ from alcoholic extracts, which contain all the constituents of
the drug which alcohol is able to extract from it.
Not to be confused with the above-described products of pharmaceutical manipulation are a number of
naturally occurring resins. These are mostly solid and
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brittle at ordinary temperatures, amorphous, fusing
easily, and volatile only with decomposition. In some
instances they result from the oxidation of the terpene
constituents of volatile oils. Their chemistry is not
well understood; certain constituents have, however,
been more or less characterized. They are largely
composed of esters or ethers of organic acids with
complex alcohols known as resinols; certain of the
latter have reactions similar to the tannins and are
designated resino-tannols. Some resins are largely
acids or acid anhydrides. Resenes are substances of
uncertain composition resulting from the oxidation of
terpenes.
Rhamnus Cathartica, N.F. VII. Buckthornberries. — "Rhamnus Cathartica is the dried, ripe fruit
of Rhamnus
cathartica Linne (Fam. Rhamnacece) ."
N.F.
VII.
Rhamnus cathartica Linn, is a thorny shrub or
small tree indigenous to Europe and western Asia and
naturalized in the eastern United States. It possesses
ovate or elliptic leaves with acute or obtuse apex,
rounded or cordate base, and crenulate-serrate margins. Its flowers are imperfectly dioecious, tetramerous
and thickly clustered in the axils of the opposite
leaves. Its fruit is a black, globular drupe about the
size of a pea and composed of 3, or (rarely) 4,
indehiscent coccie or nutlets, each enclosing a single
albuminous seed.
"Unground Rhamnus Cathartica. — Flattened, globoid or ovoid, from 4 to 8 mm. in diameter; externally purplish black to very dusky red, wrinkled
from shrinking of the mesocarp in drying; 3- to 4celled, each cell containing a triangular-convex, seedlike nutlet ; in the fully dried, ripe fruit, the pedicel is
usually lacking. It colors the saliva purplish red when
chewed. The unripe fruit, which is to be rejected, is
dusky brown to weak olive, firm, furrowed, pedicel
usually attached; very bitter. It colors the saliva
greenish
yellow
chewed."
VII.1909, p. 159)
Tschirch
and when
Polacco
(Pharm.NJ?.
Ztg.,
found the fruits to contain about 2 per cent of
emodin-substances and as cleavage products of these
glycosides the following: emodin, rhamnoxanthin,
rhamnonigrin, and a resin-like body containing emodin. Other constituents found in buckthorn berries are
fixed oil, succinic acid, glucose, galactose, rhamnose,
and a pentose, but of the four sugars only glucose was
present in the free state, the others being derived from
the glycosides. Tschirch and Bromberger (1912) reported the following constituents: rhamno-sterin,
C18H28O2; rhamno-fluorin, C14H12OG; emodin, isoemodin, chrysophanic acid.
Bridel and Charaux (Compt. rend. acad. sc, 1925,
80, 857, 1219) separated from the bark a glycoside
which substance is extensively used as a green dye by
the Chinese and is known commercially as locain or
Chinese green (not to be confused with the coal-tar
dye "China green") . Subsequently the same authors
{Bull. soc. chim. biol., 1933, 15, 642) reported that the
bark contained three water-soluble glycosides from
which emodin could be obtained. The most abundant
of these is enzymatically hydrolyzed into glucose and
an insoluble rhamnoside of emodin which has been
variously known as frangulin, jranguloside or rhamnoxanthin. The second, which is present in small amount,
is hydrolyzed by an enzyme of the bark into glucose
and emodin. The third is not acted upon by enzymes
but may be hydrolyzed by acid into emodin and a
reducing sugar.
Buckthorn berries exert an active cathartic effect,
but are prone to cause nausea and severe griping.
Afor syrup
dogs. made from them was a popular laxative
The dose of the dried berries is from 0.6 to 1.2 Gm.
(approximately 10 to 20 grains), [v]
Rhododendron. — Several of the rhododendrons,
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as, for example, the R. ponticum L. of Syria, the R.
maximum L., which is found in the eastern United
States from New York to Georgia and is known
popularly as the great laurel or rose bay, contain the
poisonous principle andromedotoxin (see under Andromeda) and sometimes cause poisoning in sheep.
Wood et at. (J.A.C.S., 1954, 76, 5689) found andromedotoxin, which contains no nitrogen, to have
potent hypotensive action and to resemble protoveratrine in its general pharmacological actions. Not
all species of this genus are poisonous. The R. chrysanthemum Pall (yellow-flowered rhododendron;
snow-rose), of Siberia, was formerly used as a remedy
for rheumatism and syphilis. Archangelski (Arch. exp.
Path. Pharm., 1901, 46, 313) found in it rhododendrol,
a physiologically inert glycoside rhododendrin, and a
poisonous glycoside whose action resembled that of
digitalis. Makino (Ber. ges. Physiol, 1928, 44, 720,
and 46, 287) obtained from R. hymenanthes Makino
a highly toxic nitrogen-free principle, rhodotoxin. It
was depressant to the central nervous system and
death was due to respiratory failure.
Rhus. — The genus Rhus (Fam. Anacardiaceae) contains various species which have the property of so
violently irritating susceptible skins as to produce
severe dermatitis. Of these poisonous species there
are six which are indigenous to the United States.
Some of these have recently been placed in the genus
Toxicodendron.
R. vernix L., now known as Toxicodendron vernix
(L.) Kuntze (R. venenata DC.) — Swamp sumac
(poison sumach, poison elder), is our most poisonous
species. It is a handsome shrub or small tree, usually
10 or 15 feet high. The bark of the trunk is dark
gray, of the branches lighter. A prominent characteristic is the color of the extreme twigs and petioles,
which is pale to deep red. The leaves are pinnate,
with 3 to 6 pairs of opposite leaflets, and an odd
terminal one. These are oblong or oval, entire or
slightly sinuate, acuminate, smooth, and, except the
one at the end, nearly sessile. The flowers are polygamous, very small, greenish, and in loose or slender
axillary panicles. The berries are small, roundish, and
greenish white. The tree grows in swamps and low
grounds from Canada to Carolina, and flowers in
June and July.
R. Michauxii Sargent (R. pumila Michx.) is a rare
Southern species, not more than a foot in height. It is
characterized by its pubescent branches and petioles,
by its pinnate leaves, with many pairs of oval, nearly
acuminate, incised-denate leaflets, downy beneath,
and by its silky fruit. According to Pursh, it is the
most poisonous of the genus.
R. diversiloba Torrey and Gray (Toxicodendron
diversilobum Greene), the western poison oak, is
found on our Pacific border. It is there generally
known as Pacific poison oak, and resembles R. Toxicodendron.
R. radicans L., now known as Toxicodendron
radicans (L.) Kuntze (R. Toxicodendron of American authors, not L.), or poison ivy, is a woody vine
climbing by numerous aerial rootlets to considerable
heights and showing considerable variation. The
leaves are 3-foliate, the leaflets being ovate or rhombic, 2.5 to IS cm. long, entire or sparingly dentate or
sinuate, acute or short-acuminate, the lateral sessile or
short-stalked, are inequilateral and sometimes lobed,
the terminal ones stalked. The flowers are green, 3
mm. broad, in loose axillary panicles, 2 to 8 cm. long;
the fruit globose-oblong, whitish or cream colored,
resembling that of R. Vernix.
R. Toxicodendron L. (Toxicodendron quercifolium
Michx. ex Dippel), or poison oak, is an erect branching shrub up to 3 feet in height, occurring in dry
woods from New Jersey southward and southwestward. The leaves are long petioled, pinnately 3-foliate;
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the leaflets are rhombic-ovate, of firm texture and
densely velvet-hairy beneath when young, and irregularly lobed, toothed or sinuate along the margin.
The closely related tree Metopium toxiferum (L.)
Krug and Urb. (Rhus Metopium L.) grows in the
West Indies and Florida where it is popularly known
as poisonwdod, coral sumac or mountain mauchineel.
The bark when wounded exudes a gum-resin called
locally doctor-gum or hog-gum; it should not be confused with the Asiatic hog gum (Bassora Gum). This
gum-resin is an active purgative. It is one of the few
red-berried sumacs which are poisonous on contact.
Smoke from its burning wood is irritating.
Irritant Principles. — Among the many substances
to which have been ascribed the irritant properties
of Rhus species are toxicodendrol (Pfaff, 1897), toxicodendrin (Acree, 1907), lobinol (McNair, 1921), and
urushiol (Majima, 1922). While pointing out that
there is a difference between the "urushiol" from
Japanese lac, for the components of which Majima
proposed chemical structures, and the "urushiol" from
our poison ivy, Dawson and his colleagues (Chem.
Eng. News, 1953, 31, 1850; J.A.C.S., 1954, 76, 2959,
5070) confirmed that the latter is the toxic fraction
of poison ivy. They found that this urushiol is a
mixture of 4 catechol compounds with unsaturated
15 -carbon side chains; these compounds were separated and identified (see also Hill, J.A.C.S., 1934,
56, 2736; and Mason and Schwartz, ibid., 1942, 64,
3058). Wasserman and Dawson (J. Chem. Educ,
1943, 20, 448) tabulated the toxic principles not only
of poison ivy but of related plants as well.
Youngken and Slothower (Am. J. Pharm., 1920,
92, 695) stated that the hairs on the leaves of the
poison ivy may carry the toxic principle and that the
hairs may be carried by air currents. According to
Muenscher (Chem. Abs., 1930, 24, 5108), neither the
hairs nor the pollen grains contain any poison; however, the resinous substance containing the poison,
exuding from injured leaves, may adhere to the hairs
and be thus carried by air currents to the skin and
clothing of persons.
Besides the poisonous principle of rhus there is
present an iron-greening tannin, chlorophyll, wax,
fixed oil, resin, sugar, albumin, pectin, gum, starch
and oxalic acid.
Eradication of plants may be accomplished through
use of such herbicides as ammonium sulfamate, 2,4dichlorophenoxyacetic acid (commonly known as
2,4-D), or 2,4,5-trichlorophenoxyacetic acid (commonly known as 2,4,5-T). Burning the plants results
in volatilization of the irritant components, and may
spread the nuisance.
Treatment of Poisoning. — Over 700 remedies for
ivy poison have been formulated through the years.
While many of these work in some cases, none is infallible. The best treatment of rhus dermatitis is
to remove the irritant resin before it has set up the
inflammation. Strong alcohol is an efficient solvent of
the resin but unless very carefully employed it is
likely to spread it over a larger area. Probably the
best method of removing the resin is with a thick
lather of laundry soap; toilet soap is decidedly less
efficient for this purpose. Various chemicals have
been asserted to destroy the irritant properties of
poison ivy. These are mostly in three groups: The
salts of the heavy metals, the oxidizing agents and
certain sulfur compounds. Among the heavy metals
lead, iron and copper all produce precipitates with
the juice but, according to Gisvold (/. A. Ph. A.,
1941, 30, 17), these precipitates are almost as active
as the original poison. However, there is considerable
clinical evidence of the protecting action of ferric
chloride or sulfate if applied soon after exposure.
Among the oxidants perhaps the most generally satisfactory isa 5 per cent solution of potassium perman-
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ganate; but hydrogen peroxide, benzoyl peroxide,
chlorinated lime and sodium perborate all have their
protagonists. Sodium perborate has received much
commendation, but Shelmire (J.A.M.A., 1941, 116,
681) observed that poison ivy leaves soaked in a
saturated solution of perborate for 2 weeks were
not detoxified and that an ointment of sodium perborate is no better than an ointment of zinc oxide. Of
the sulfur compounds the most frequently employed
is sodium thiosulfate in 10 per cent solution. To relieve the itching and burning probably the best remedy is phenolated calamine lotion. Dermatis due to
"over-treatment" with various remedies is a possibility (see J.A.M.A., 1948, 138, 570). Ointments containing antihistaminic drugs are in general use to
relieve pruritus (Hoagland et al., J.A.M.A., 1951,
146, 612). Hydrocortisone ointment with a lanolin
vehicle relieves the inflammation (Goldman and Preston, J.A.M. A., 1954, 154, 1348).
Attempts have been made to establish an immunity
to poison ivy by the internal use — either by mouth or
by injection — of various extracts of offending species
of rhus. There is -an old superstition that eating the
leaves of poison ivy induces an immunity but Silvers
(JAMA., 1941, 116, 2257) reported a case in which
violent inflammation of the mouth, pharynx and
anus was caused by a trial of this method. Although
Spain and Cooke (/. Immunology, 1927, 13, 93) claim
to have produced a satisfactory immunity and several
clinicians have reported favorable results with extracts, both in preventing and relieving attacks (see
Strickler. J. A.M. A., 1923, 80, 1588). the value of this
form of treatment is disputed (see Stevens. J .A .MA.,
1945, 127, 912). The daily administration of increasingly large doses of potent extracts may be accompanied by rashes and gastrointestinal disturbances;
the protection that may be obtained is only temporary. The treatment of acute rash with ivy extracts
should be discouraged because many patients are
made worse and there is inconclusive evidence that
they may be helpful. Howell et al. (Arch. Dermat.
Syph., 1954, 70, 426) found no evidence of direct
renal toxicity in animals from use of an extract and
no signs of renal damage in ivy-sensitive patients
receiving extract; it is suggested that the rare instances of severe renal damage reported to occur
result from secondary infection of the toxic dermatitis.
There are on the market preparations of Poison
Ivy Extract, Poison Oak Extract, Poison Ivy-Poison
Oak Extract Combined, and Poison Ivy-Sumac Extract, which are for use in the prevention of dermatitis caused by the respective plants.
The poisonous rhus when taken internally appears
to have narcotic as well as irritant properties; vomiting, drowsiness, stupor, dilated pupils, convulsive
movements, delirium, and fever have been observed
in poisoning bv the plants (see J. A. MA., 1947, 135,
91).
Tincture of rhus has been used by homeopathic
physicians in the treatment of subacute and chronic
rheumatism.
Roniacol Tartrate (Hoffmann-La Roche). Betapyridylcarbinol Tartrate. — Beta-pyridylcarbinol is
the primary alcohol obtained by reduction of nicotinic acid; the substance is an effective peripheral
vasodilator having an action resembling that of nicotinic acid. In the body it is converted to nicotinic
acid (Fromherz, Schwdz. med. Wchnschr., 1949, 79,
521).
Roniacol tartrate is recommended for oral administration in conditions requiring a vasodilator, such
as vascular spasm, Raynaud's disease, Buerger's disease, endoarteritis, intermittent claudication, ulcerated varicose veins, decubital ulcers, acrocyanosis,
chilblains, migraine associated with vascular spasm,
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Meniere's syndrome and ophthalmic conditions associated wtih deficient blood supply (Thurnherr and
Heller, Sckwen. med. Wchnschr., 1949, 79, 522;
Samuels, Angiology, 1950, 1, 46; Richter et al., N. Y.
State J. Med., 1951, 51, 1303; Redisch, /. M. Soc.
New Jersey, 1949. 46, 368). Abdominal discomfort
and extreme discomfort from flushing and paresthesia
have in some cases necessitated withdrawal of the
drug (White, Minn. Med., 1950, 33, 133).
The dose is 50 to 200 mg. 3 or 4 times daily, after
meals. Roniacol tartrate is available in 50-mg. tablets
and in an elixir containing 50 mg. in 4 ml.
Rose, N.F. VIII. Rosa. Red Rose Petals. French
Rose. Rosa Gallica. — "Rose consists of the dried petals
of Rosa gallica Linne (Fam. Rosacea;), collected just
before the expansion of the flowers." NE. VIII.
Rosa gallica is a low uprisht shrub. The stem is
beset with short bristles and prickles and bears imparipinnate leaves with 3-5, ovate, serrate leaflets,
the midrib of the leaf being glandular pubescent and
often prickly. The flowers are very large, with obcordate widely spreading petals, which are of a rich
crimson color, and less numerous than in the if. centifolia. The stamens on thread-like filaments, and the
villose styles bearing papillary stigmas, are numerous.
The fruit is a subglobular or turbinate, shining,
orange-red hip. The red rose is a native of the south
of Europe, and its several varieties are cultivated in
gardens throughout the United States. The commercial supplies are obtained from France and Austria.
At one time pale rose or Rosa centifolia was official
in addition to red rose or Rosa gallica.
Description. — "Unground Rose occurs as petals
either separate or imbricated in small cones, broadly
ovate, with a rounded and deeply notched summit, an
entire and a somewhat recurved margin, and an obtuse
base. Externally it is dark purplish red to weak red
except for the yellowish brown to yellowish orange
claw. The texture is velvety, and when dry, is brittle.
The
odor is agreeable and the taste astringent."
NE. VIII.
The petals should be gathered before the flower has
blown, separated from their claws, dried in the sun or
by heating, and kept in a dry place. Their odor, which
is less fragrant than that of R. centifolia, is improved
by drying. They have a velvety appearance, a purplish-red color, and a pleasantly astringent and bitterish taste.
Constituents.— Various astringent principles have
been suggested as occurring in rose petals. According
to Peacock (Proc. Penn. Ph. A., 1920, 45, 162), they
contain no gallic or gallotannic acids, their astringency being due chiefly to a tannin for which the
name rosatannic acid was suggested. They also contain small amounts of quercitrin. The coloring matter
of rose petals is one of a group of glycoside pigments
known as anthocyanins. The aglycones of these, known
as anthocyanidins, are derivatives of 2-phenylbenzopyran. The oxonium salts (compounds in which salt
formation takes place at the oxygen atom) of this
compound are known as flavylium compounds, and it
is the hydroxyl substituted flavylium salts which occur
as aglycones in the anthocyanins. The anthocyanidin
of rose petals is cyanidin, which is a pentahydroxyflavylium chloride. The glycoside derived from it is
known as cyanin and as much as 10 per cent may be
present in some rose petals. Cyanin is red in acid
solution and becomes violet to blue in alkali. It is also
the coloring principle of cornflowers. The hydrolysis
of cyanin may be accomplished by heating with acids
and also by the action of certain enzymes. An infusion
of rose petals is a pale reddish color, becoming bright
red on addition of sulfuric acid. As their color is impaired by exposure to light and air, rose petals should
be kept in opaque well-closed bottles or canisters.
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Uses. — In recent years rose, if used at all, was employed for its agreeable odor.
Storage. — Preserve "in tight, light-resistant containers." N.F. VIII.
Rosemary. Folia Anthos. — "The leaves of Rosmarinus officinalis (Fam. Labiatce)." U.S.P. 1880.
Rosemary is a small evergreen shrub, native to southern Europe, with an erect stem, divided into many
long, slender, ash-colored branches. The leaves are
numerous, sessile, opposite, about 2.5 cm. long, rigid,
linear, entire, obtuse at the summit, folded backward
at the edges, of a firm consistence, smooth and green
on the upper surface, whitish, woolly, and glandular
beneath. They have a balsamic odor due to the
presence of a volatile oil (see Rosemary Oil, Part I).
In some countries they are employed as a condiment;
they were formerly considered emmenagogue, but are
not used in this country. Rosemary flowers are much
sought after by the bees, and impart their characteristic flavor to the honey of the districts in which the
plant abounds.
Rotenone. — This principle is found in a number
of plants belonging to the family Leguminosoe, especially species of the genera Derris, Lonchocarpus and
Tephrosia.
The root of Derris elliptica Benth., under various
native names as tuba, toefa, akar, toeba, has been
employed as an arrow poison by the natives of the
Malay Peninsula and the East Indies, as well as for
killing fish under water. From the root of this plant
the natives prepared an active resin which they called
derrid. In South America, the Indians along the
Amazon River prepared from the D. negrensis Benth.
a fish poison which they called timbo; in southern
Asia the D. uliginosa Benth. (D. trifoliata Lour.) is
used for the same purpose.
Various species of Lonchocarpus also are used as
fish poisons by the natives of several South American
countries; these are variously designated as cube,
barbasco, hairari and nekoe, although the same names
are sometimes given to fish-poisoning plants of other
genera and families. The most important species are
the L. nicou DC. (stinkwood) L. urucu Killip and
Smith and the L. violaceus H. B. K. (Robinia violacea
Jacq.).
The Tephrosia virginiana (L.) Pers. (Cracca virginiana L.) is known by a variety of colloquial names
such as: turkey pea, wild sweet pea, catgut, goat's rue,
hoaryof pea,
It is native
dry orsandy
soil
the devil's
eastern shoestring.
United States.
It is a tofoot
two
high, with pubescent stems and leaves, and a handsome terminal raceme or panicle of yellowish-white,
purple-tinged flowers. The roots, which are slender,
long, and matted, are said to have been used by the
Indians as a vermifuge, given in the form of decoction.
T. vogelii Hook of Africa is used by the natives as a
fish poison.
Clark (J.A.C.S., 1943, 65, 27) found both rotenone
and tephrosin as well as other related principles in the
seeds of the Milletia jerruginea Hochst., an Abyssinian
tree known popularly as the berebera tree.
All of the above and many related species of plants
have been used, in one form or another, as insecticides. The powdered roots have been prepared as
dusts; aqueous and organic-solvent extracts and even
suspensions of powdered roots prepared ; all of these
have been found to be more or less effective against
many classes of insects. A comprehensive report on
the use of the Lonchocarpus species as insecticides
was prepared by Roark {Bull. Bur. Entomology,
U. S. Dept. Agriculture, March, 1936). Investigations
revealed that four active principles, rotenone (nicouline or tubotoxin), deguelin, toxicarol and tephrosin
may be present in the various roots, although sometimes one or more of these constituents may be
absent. Of these, rotenone is the most important and
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best-known. It occurs as white, odorless crystals,
melting at 163°; it is insoluble in water but dissolves
in alcohol, acetone, chloroform, and many other organic liquids. The empirical formula of rotenone is
C23H22O6; its structure has been shown to be that
of an optically active dihydrobenzofuran system having an isopropenyl side chain connected to the dihydropyrone radical (J.A.C.S., 1932, 54, 810). Rotenone
has been synthesized. Deguelin is isomeric with it;
tephrosin and toxicarol are hydroxy derivatives of
deguelin. The chemistry of the several principles is
discussed by Clark (J.A.C.S., 1932, 54, 3000, and in
earlier papers) ; the extraction and separation of
rotenone, deguelin and tephrosin are described also
by Clark (J.A.C.S., 1943, 65, 27).
Rotenone is extremely poisonous to insects and to
fish, but only slightly toxic to mammals. Haag
(J. Pharmacol., 1931, 43, 193) found the intravenous
lethal dose for dogs was about 0.5 mg. per Kg., but
that by mouth 600 times this dose was required to
kill. Small doses, when injected intravenously, had a
stimulating effect on the respiration, but fatal quantities kill by paralyzing the respiratory mechanism.
Rotenone, when applied to the skin, produces only
an occasional mild irritation; it is not absorbed by
the skin. Inhalation of finely powdered rotenone or
derris can be dangerous, for it has been shown that
finely divided rotenone is about six times as poisonous
as coarse crystals. The fatal dose of rotenone is probably very large, having been estimated to be about
200 Gm. Since rotenone acts as a gastric irritant and
also stimulates the emetic center after absorption,
swallowed material is likely to be removed before
poisoning occurs. Chronic ingestion may produce
necrosis of cells in the central and midlobular areas
of the liver (Lehman, Bull. N. Y. Acad. Med., 1949,
25, 382).
According to Ginsburg (New Jersey Agricul. Bull.,
Circ. 273, 1933) rotenone is decomposed by sunlight,
losing its toxicity after a few days' exposure.
Rotenone itself, as well as preparations of the roots
from which it may be obtained, is widely used as an
insecticide. Williams et al. (South. Med. Surg., 1941,
103, 199) used a 2 per cent lotion in the treatment
of the dermatitis caused by "chiggers" (Trombidii)
with excellent results; a 10 per cent emulsion has been
employed in treating scabies.
According to the researches of van Hasselt (Arch,
internat. pharmacodyn. therap., 1911, 21, 242), closely
allied, physiologically, to derrid is pachyrhizid, from
the Pachyrhizus angulatus Rich. This drug is a powerful poison to the central nervous system, especially
the respiratory center, and in larger doses causes
slowing
of the pulse by a direct action of the heart
muscle. [V]
Rue. Ruta. Herb 0/ Grace. Countryman's Treacle.
— The U.S.P. 1870 recognized the leaves of the Ruta
graveolens L. (Fam. Rutacece). It is a low, shrubby
plant, with several shrubby branching stems, which,
near the base, are woody and covered with a rough
bark, but in their ultimate ramifications are smooth,
green, and herbaceous. The leaves are fleshy, 2- to
3-pinnatifid, the flowers yellow, and disposed in a
terminal branched cyme. The plant is a native of the
south of Europe, locally established in pastures in the
United States and cultivated in our gardens. The
leaves have a strong, disagreeable odor, especially
when rubbed. Their taste is bitter, hot, and acrid.
The fresh leaves may inflame and even blister the
skin. This irritant property depends chiefly on a
volatile oil, which is contained in glandular hairs,
apparent over the whole aerial surface of the plant.
They contain also the coloring principle rutin.
Rue yields a very small proportion of a yellow or
greenish volatile oil (Oleum Ruta, US.P. 1880),
which becomes brown on aging. The oil has the
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strong unpleasant odor of the plant, and an acrid
taste. It consists largely of methyl-nonyl-ketone,
CH3.CO.C9H19, with small amounts of other ketones,
esters, and phenols.
Uses. — Rue is said to have been used by the ancients as a condiment. In modern times it has been
employed in treating hysteria, worms, colic, and
atonic amenorrhea and menorrhagia. Its medicinal
activity depends upon its volatile oil, which is a
powerful local irritant, causing, when applied to the
skin persistently, burning, redness, and vesication,
and when taken internally in large doses, violent
gastric pains and vomiting, prostration, confusion of
mind, convulsive twitching and, in pregnant women,
abortion. It has been used in Europe for the production of criminal abortion, in a number of cases with
fatal results. Prochnow (Arch, internat. pharmacodyn. therap., 1911, 21, 314) demonstrated, however,
that it has only a feeble stimulating influence on the
uterus. Patoir (Compt. rend. soc. biol., 1938, 127,
1324) found post-mortem, in the lower animals, degeneration ofthe liver and parenchymatous nephritis. The abortive ^action seems to be due more to its
general toxicity than to any specific effect on the
uterus.
Ryanodine. — From extracts of the stem and root
of various Ryania species (Fam. Flacourtiacece) fractions possessing insecticidal activity have been prepared by several investigators. Extracts of Ryania
speciosa Vahl. (Ryania pyrifera [L. C. Rich.] Vitt.)
were found to be very active and promising. From
these Rogers et al. (J.A.C.S., 1948, 70, 3086) isolated
an alkaloid, called ryanodine, having approximately
700 times the insecticidal activity of the stem wood
from which it is obtained. Ryanodine is soluble in
water, alcohol, acetone, ether and chloroform.
Pharmacological studies of ryanodine by Pick and
Tullius (Arch, internat. pharmacodyn. therap., 1951,
86, 121) showed that the alkaloid, when tested on
isolated frog abdominal muscle, produces a gradually
increasing contraction of the muscle which progresses
to an irreversible rigidity ; while the effect is enhanced by the addition of acetylcholine, ryanodine
does not inhibit true cholinesterase. It was concluded
that the site of action of ryanodine is on the muscle
proteins or on the myogenic juncture of the motor
end plates.
From the studies of Procita et al. (J. Pharmacol.,
1952, 106, 411) it is apparent that ryanodine is extremely toxic to mammals. The intraperitoneal LD50
dose for white rats is in the range of 300 to 350
micrograms per kilogram of body weight ; the animals
exhibit signs of depression and air hunger within 10
minutes after an injection and die following anoxic
convulsions. The dog appears to be extremely sensitive to ryanodine, an intravenous dose of 100 micrograms per kilogram of body weight usually being
fatal.
Sabadilla. Cevadilla. — The dried ripe seeds of
Schcenocaulon officinale (Schlecht.) A. Gray [Asagrcea officinalis (Cham, and Schlecht.) Lindl.], were
recognized by the B.P. of 1885. At one time cevadilla
was erroneously believed to be derived from Veratrutn Sabadilla Schiede. The sabadilla grows in the
Andes of Mexico and Guatemala and Venezuela. It is
also cultivated. The fruit is a capsule having three
locules in each of which there are from three to four
seeds. The seeds are elongated, pointed at each end,
flat on one side and convex on the other, somewhat
curved, 5 to 8 mm. long, wrinkled, slightly winged,
black or dark brown on the outside, whitish within,
hard, inodorous, and of an exceedingly acrid, burning,
and bitter taste. The powdered drug is sternutatory.
Sabadilla seed usually yields, according to Poetsch
and Parks (/. A. Ph. A., 1949, 38, 522), from 3 to 6
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per cent of total alkaloids and from 15 to 20 per cent
of fixed oil. The alkaloids include cevadine (crystallized veratrine), cevine (sabadinine) , veratridine
(amorphous veratrine), cevadilline (sabadilline),
sabadine, and sabatine. Cevine is an alkanolamine
having the formula C27H43NO8, and is obtainable also
from veratrum viride; cevadine is the tiglic acid ester
of cevine and veratridine is the veratric acid ester of
the same base (but see discussion under Constituents
of Veratrum Viride) . For further information concerning these alkaloids see Poetsch, Hennig et al.
(ibid., 1949, 38, 522, 525; 1951, 40, 168).
Of these alkaloids the most important, from the
medical standpoint at least, appear to be cevadine
and veratridine, the other alkaloids being much less
active physiologically. Cevadine and veratridine occur
also in veratrum viride (q.v.).
Two acids have also been found in sabadilla — the
sabadillic or cevadic acid of Pelletier and Caventou,
and the veratric acid of Merck, which Koerner showed
to be dimethylprotocatechuic acid.
Under the title Veratrina (veratrine, veratria) the
N.F. V recognized a mixture of alkaloids, said to be
mainly cevadine, veratridine and cevine (Mendez and
Montes, loc. cit.). This mixture was described as
follows: "Veratrine is a white, or grayish white,
amorphous powder, odorless, but causing intense irritation and sneezing when even a minute quantity
reaches the nasal mucous membrane. Great caution
must be used in handling it. It is slightly hygroscopic.
One Gm. of Veratrine dissolves in 1760 cc. of water,
2.8 ml. of alcohol, 0.7 cc. of chloroform, and in 4.2
cc. of ether at 25° C; also in 1345 ml. of water at
80° C.J insoluble in petroleum benzin." N.F. V.
Cevadilla is an acrid, drastic emetocathartic, sometimes acting with great violence, and in overdoses
capable of producing fatal effects.
Probably because of its unfortunate name it has
been assumed by some that the mixture of alkaloids
called "veratrine" represents the therapeutic virtues
of veratrum. Its physiological action, however, differs
from that of veratrum, and if it possesses any therapeutic usefulness it is certainly not for the conditions
for which veratrum is employed.
Veratrine (the mixture of alkaloids) is an intense
local irritant and locally somewhat anesthetic. Rubbed
upon the skin it produces a sensation of warmth and
a peculiar tingling. When taken orally it produces a
sense of acrimony, and in large doses causes violent
vomiting, serous purging with intense burning in the
mouth and throat and general muscular weakness.
It is a powerful muscle poison and if given in sufficient dose in the lower animals it causes an extraordinary prolongation of the contraction of the striated
muscles; the time required for relaxation of voluntary
muscles may be 20 or 30 times as long as normal. A
similar influence is exerted upon the ventricular
muscles, at least in the frog, but the slowing of the
heart rate seen in warm-blooded animals seems to be
due chiefly to stimulation of the cardio-inhibitory
center. Death in mammals is generally due to depression of the respiration. (See also under Veratrum
Viride, Part I.)
The only justifiable therapeutic use of veratrine is
as an anodyne counterirritant in neuralgias and various forms of arthritis. Even for this purpose it has
no advantages sufficient to offset the dangers of systemic poisoning which might follow from its absorption. The N.F. V recognized an oleate (Oleatum
Veratrina) containing 2 per cent of the alkaloids and
an ointment (Unguentum Veratrina) containing 4
perSabadilla
cent.
dusts and sprays have recently been found
very effective insecticides against the squash bug,
cabbage worms, and loopers.
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Dose, of the mixture of alkaloids 2 mg. (approximately Yzo grain).
Sabina. Savin. Sabinoe Cacumina. Savine Tops. —
"The tops of Juniperus Sabina Linne (Fam. Coniferce)." U.S.P. VIII. An evergreen, spreading or prostrate, rarely erect, shrub, with several varieties,
from three to ten feet high, with numerous pliant
branches. Although savin is a native of the mountains
of Europe and West Asia, it is found quite commonly
in damp places in the northeastern parts of the
United States.
The ends of the branches, and the leaves by which
they are invested, are collected for medicinal use in
the spring. They were officially described as "short,
thin, subquadrangular branchlets bearing leaves which
are rather dark green, in four rows, opposite, scalelike, ovate-lanceolate, more or less acute, appressed,
imbricated, having on the back a shallow groove containing an oblong or roundish gland ; odor peculiar,
terebinthinate; taste disagreeable, resinous and bitter." UJS.P. VIII. The disagreeable odor and taste,
which are less striking in the dried than in the fresh
leaves, are attributed to a volatile oil.
The proportion of volatile oil obtained from savin
varies from 1 to 2.5 per cent. The oil of savin
(Oleum Sabince, U.S.P. VIII) is "a colorless or yellowish liquid, having a peculiar terebinthinate odor,
and a pungent, bitter, and camphoraceous taste. Specific gravity: 0.903 to 0.923 at 25° C. The oil is
dextrogyrate, the angle of rotation varying between
+40° and +60° in a 100 mm. tube, at a temperature
of 25° C. Soluble in about one-half volume or more
of 90 per cent alcohol." US.P . VIII. The oil contains
pinene, cadinene, and an alcohol, C10H16O, sabinol,
which is present both in the free state and as acetic
ester.
In the course of a survey of conifers for possible
damaging effect against mouse sarcoma Hartwell et
al. (J.A.C.S., 1953, 75, 235) found that aqueous suspensions of certain junipers, including savin, caused
hemorrhage and necrosis in this tumor. Further investigation led to the isolation from the needles of
various juniper species crystalline podophyllotoxin,
which is a tumor-damaging component of podophyllum resin; these investigators also separated from
savin a new substance, called savinin, inactive toward
tumors (see ibid., 1954, 76, 4896). Savin needles contain about 0.2 per cent of podophyllotoxin.
Uses. — Savin is highly irritant, and was formerly
used as an emmenagogue, vermifuge and antirheumatic, but its utility is not sufficient to offset its
toxicity. Oil of savin is a powerful local irritant,
producing, when persistently applied to the skin or
the mucous membrane, violent inflammation. In
overdoses it may produce dangerous gastrointestinal
inflammation. It has been used to produce criminal
abortion, and in a number of such cases has caused
death, the symptoms being violent abdominal pain,
bloody vomiting and purging, diminution or suppression of urine, disordered respiration, unconsciousness,
convulsions, and fatal collapse. Patoir (Compt. rend,
soc. biol., 1938, 127, 1325) tested oil of savin on
guinea pigs and rabbits and found it caused abortion
as a result of severe general poisoning and not by a
specific action.
The dose of the fluidextract was given by the U.S.P.
VIII as 0.3 ml. (approximately 5 minims). The oil
of savin has been given in doses of 0.06 to 0.2 ml.
(approximately 1 to 3 minims).
Safrol. Safrolum, U.S.P. VIII. Synthetic Oil of
Sassafras. — C10H10O2. — Safrol is the methylene ether
of allyl pyrocatechol, and is found in oil of sassafras
often to the extent of 80 per cent. It appears to be
widely distributed in the vegetable kingdom, probably existing in the bark of the Ocotea Sassafras
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(Meissn.) Mez (Mespilodaphne Sassafras Meissn.),
in sassafras nuts, both of Brazil, in the bark of
Atherosperma mosckatum Labill. and in many other
plants.
It was officially described as "a colorless or faintly
yellow liquid with a sassafras-like odor. Specific
gravity: 1.098 to 1.100 at 25° C. Boiling point: about
233° C. It is optically inactive. On cooling to —20° C.
or below, it solidifies to a mass of crystals, which do
not melt below 11° C. Soluble in about an equal
volume of strong alcohol, and in about 30 parts of
70 per cent alcohol. Miscible in all proportions with
ether and chloroform." U.S.P. VIII. Physiologically
and therapeutically, safrol is equivalent to sassafras
oil.
Dose, 0.2 to 0.5 ml. (approximately 3 to 8
minims).
Salicin, N.F. IX. Salicinum. CeH^OCeHi^).CH2OH. — Salicin is a glucoside of ortho-hydroxybenzyl alcohol, and is found in the bark of Salix Helix,
S. pentandra, S. prcecox and some other species of
willow and of a number of species of poplar, including Populus balsamifera, P. candicans and P. nigra
(see Poplar Bud). From 3 to 7 per cent of salicin
may be obtained from various species of Salix. Salicin
may also be prepared by synthesis.
Description. — "Salicin occurs as colorless, silky,
shining needles or prisms, or as a white crystalline
powder. It is odorless, and has a very bitter taste.
An aqueous solution of Salicin (1 in 30) is neutral
to litmus paper. One Gm. of Salicin dissolves in about
25 ml. of water and in about 90 ml. of alcohol, at
25°. One Gm. dissolves in about 3.3 ml. of water at
80°, or in about 30 ml. of alcohol at 60°. It is insoluble in chloroform and in ether. Salicin melts
between 199° and 202°." N.F. IX.
Salicin is hydrolyzed, on boiling with dilute hydrochloric or sulfuric acid, to glucose and saligenin,
also known as salicyl alcohol, which is ortho -hydroxy benzyl alcohol, C6H4(OH)CH2OH.
Saligenin, which has had some use in medicine as
a local anesthetic and is commercially available, occurs as a white crystalline powder, permanent in the
air; soluble in water, alcohol, ether or the oils; melting at 86° to 87°. Its taste is at first pungent and is
followed by a sense of numbness. Hirschfelder
(J.A.M.A., 1920, 75, 1770) demonstrated that saligenin possesses marked local anesthetic powers and
used it with good results as a clinical anesthetic in
concentrations of from 4 to 10 per cent. It is practically nontoxic.
Uses. — Salicin acts upon the stomach probably as
a simple bitter and, after absorption, as a variable
source of salicylic acid, into which it is rapidly, although not completely, hydrolyzed in the system.
Elimination products of salicin appear in the urine
fifteen to thirty minutes after the ingestion of a single
dose and consist of salicin, salicylic acid, a salicyluric
acid, and saligenin. Salicin was recommended as a
substitute for salicylic acid in rheumatism by Maclagan and others, but since its activity depends on its
conversion in the blood into salicylic acid and since
this conversion is uncertain, salicin is inferior to
salicylates. Salicin has also been used as an antiperiodic, but is probably of no value.
Dose, of salicin, from 0.6 to 2 Gm. (approximately
10 to 30 grains).
Storage. — Preserve "in tight containers." N.F. IX.
Salicylamide. o-Hydroxybenzamide. HO.C6H4.CONH2. — This substance, the amide of salicylic acid,
has been known for more than a century but only
comparatively recently has come into usage as a
medicinal. Salicylamide may be prepared by a number of different methods. It occurs as a white or
slightly pink, crystalline powder, slightly soluble in
cold water but soluble in alcohol, chloroform and
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ether. Salicylamide melts between 138° and 140°.
The compound is notable for its resistance to hydrolysis, both in acid (pH 1.1) and slightly alkaline
(pH 8.2) solutions (Brodie and Szekely, J. A. Ph. A.,
1951, 40, 414).
Uses. — Salicylamide has been favorably reported
for its analgesic, antipyretic and antirheumatic activities. While it might be expected that as an amide
of salicylic acid such actions would depend on its
being hydrolyzed to salicylic acid, such is not the
case, for salicylamide undergoes only slight hydrolysis
at most; it appears to be excreted in the urine as
salicylamide glucuronide and sulfate, and as gentisamide glucuronide (Becher et al., Klin. Wchnschr.,
1952, 30, 913). Other than that it is known to produce depression of the central nervous system, comparatively little is known of the mechanism of action
of salicylamide; it may be that this differs significantly from that of salicylates. For data on absorption, excretion and blood levels of salicylamide in
rabbits see Crampton and Voss (/. A. Ph. A., 1954,
43, 470).
The analgesic effect of salicylamide appears to be
equal to or greater than that of acetylsalicylic acid
and other analgetic and antipyretic drugs (Hart, /.
Pharmacol., 1947, 89, 205). Salicylamide is better
tolerated by human patients than are salicylates
(Litter et al., ibid., 1951, 101, 119; Wegmann,
Schweiz. med. Wchnschr., 1950, 80, 62). The single
oral lethal dose of salicylamide, in rats, is about the
same as that of acetylsalicylic acid (approximately
2 Gm. per Kg.), but the chronic toxicity of the
former is less than that of acetylsalicylic acid (Ichniowski and Hueper, J. A. Ph. A., 1946, 35, 225;
Hart, loc. cit.). The data on the effect of salicylamide
on prothrombin time appear to be contradictory.
Salicylamide has been reported to be as effective
as or more so than salicylates in the treatment of
rheumatic diseases (Wieland, Med. Klin., 1949, 44,
1530; Wegmann, loc. cit.; Litter et al., loc. cit.).
Dizziness, drowsiness, nausea and heartburn are the
principal toxic symptoms which have been observed
following administration of larger doses of the drug.
Salicylamide is administered, in the treatment of
rheumatic diseases, in divided doses totaling 6 to 12
Gm. (approximately 90 to 180 grains) daily; in neuritis a total of 3 Gm. (approximately 45 grains)
daily has given good analgesic effect.
Salipyrin (Riedel). Antipyrine Salicylate. Phenazone Salicylate. Salipyrazolone . Salazolon. C11H12X2O.C6H4OHCOOH. — This substance occurs as a white,
coarsely crystalline powder, odorless, with a somewhat sweetish taste; it is readily soluble in alcohol,
and dissolves in 200 parts of cold water. Salipyrin
has been used to a considerable extent as an anodyne
in rheumatism, migraine, dysmenorrhea, and in other
diseases in which its component constituents have
been found to be useful; also locally in coryza. The
usual dose is from 0.5 to 1 Gm. (approximately iy2
to 15 grains), repeated every 3 or 4 hours, until not
over 3 Gm. (approximately 45 grains) have been
taken.
Salix. Willow Bark. — Most of the species of the
large genus Salix are possessed of similar medicinal
properties. S. fragilis L., or crack willow, which has
been introduced into this country from Europe, is
said by Sir James Smith to be the most valuable
species. Both this species and the white willow are
prone to hybridize with our native species.
Salix alba L., the species formerly recognized by
the U. S. Pharmacopoeia (1880), is the common European or white willow. It has sparingly escaped
from cultivation, growing from Ontario southward to
Pennsylvania. It is a large tree with a rough grayish
bark, the twigs being brittle at the base, and in this
respect somewhat resembling 5. fragilis. The leaves
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are pubescent on both surfaces and finely serrulate.
The bark is easily separable throughout the summer.
That obtained from the branches rolls up when dried
into the form of a quill, from 0.5 to 1 mm. thick, has
a brown, more or less finely warty periderm, is flexible, fibrous, and powdered with difficulty. The inner
surface is brownish-white, and smooth, separating in
thin layers. Willow bark has a feebly aromatic odor
and a peculiar, bitter, astringent taste.
The active constituent of all species of willow is
salicin, which ranges in amount from 0.3 per cent to
slightly over 1 per cent (see Salicin). Considerable
tannin is also found in the bark.
Salinigrin has been found in various willow barks,
especially S. discolor Muhlb. and S. nigra Marsh. It
is known variously as piceoside, picein, ameliaroside,
and salicinerein. It is a glycoside of para-hydroxyacetophenone, CH3CO.C6H4O.C6H11O5 (Compt. rend,
acad. sc, 1933, 196, 1493).
Willow bark has been employed as a simple bitter
and astringent. The fluidextract has been given in
doses of 1 to 2 ml. (approximately 15 to 30 minims).
Salvia, X.F. VIII. Garden-sage. True Sage.
Meadow Sage. Ger. Selbeibldtter; Salwei. "Salvia is
the dried leaf of Salvia officinalis Linne (Fam. Labiates). Salvia yields not less than 1.25 ml. of volatile
oil from each 100 Gm. of drug." NJP. VIII.
Sage is a perennial low shrub or sub-shrub, up to
2 feet high, with a quadrangular, pubescent, branching, shrubby stem, furnished with opposite, petiolate,
ovate-lanceolate, crenulate, wrinkled leaves, of a
grayish-green color, sometimes tinged with red or
purple. The flowers are blue, variegated with white
and purple, and are disposed on long terminal spikes,
in distant whorls, each composed of a few flowers,
and provided with ovate, acute, deciduous bracts.
The calyx is tubular and striated, with 2 lips, of
which the upper has 3 acute teeth, the under 2. The
corolla is tubular, bilabiate, ringent, with the upper
lip concave, and the lower divided into 3 rounded
lobes, of which the middle is the largest. The filaments are supported upon short pedicels, to which
they are affixed transversely at the middle. The fruits
are black nutlets borne in open cups.
Sage grows spontaneously in southern Europe, and
is cultivated abundantly in our gardens. There are
several varieties, differing in the size and color of
their flowers, but all possessing the same medicinal
properties. The flowering period is in June, at which
time the plant should be cut, and dried in a shady
place.
Description. — "Unground Salvia occurs as oblonglanceolate or ovate leaves, 2 to 10 cm. long and
1 to 3 cm. broad, having an acute or obtuse apex,
and a rounded to cuneate base, frequently lobed. The
margin is crenulate; the upper surface with depressed
midrib is light olive-gray to weak yellow-green and
densely pubescent especially in younger leaves. The
lower surface is paler, densely pubescent, having midrib and larger veins raised. The venation is pinnatereticulate; and the texture velvety. The petiole is
from 1.0 to 4.5 cm. in length, pubescent, and grooved
on the upper surface." NjP. VIII. For histology see
USJ)., 24th ed., p. 1000.
"Powdered Salvia is dusky greenish yellow to light
olive, has a strongly aromatic odor and an aromatic,
bitter taste. It shows numerous nonglandular hairs,
uniseriate, 1- to 5-celled, usually curved or bent, the
end cell attenuate and the lumen of the basal cell
usually narrower than that of the other cells; glandular hairs of three types, those having a 2- to 4-celled
stalk and a 1- to 2 -celled head, those having a 1 -celled
stalk and a 1- to 2-celled head, and a third having an
8-celled glandular head; numerous fragments of chlorenchyma, and of epidermis, occasionally bearing
stomata.
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"Other Salvia Species. — Unground Salvia contains
no leaves that are broader or darker green than specified in this monograph, or with a cordate base. Powdered Salvia does not contain stellate hairs {Phlomis
species) or an abundance of reticulate tracheae and
crystal-bearing cells (Sage stems) ." N . F. VIII.
For further details on the histology of sage see
Youngken and Vander Wyk (Bull. N.F. Com., 193839, 7, 79, 396) and Voss and Fortunato (/. A. Ph. A.,
1940, 29, 282).
Spanish sage consists of the leaves of Salvia lavandulcefolia Vahl., a perennial herb indigenous to Mexico. Its leaves differ from those of true sage in being
usually smaller, whorled on the stems and having a
less distinctly crenulate margin and a much smoother
surface. Greek sage consists of the leaves of Salvia
triloba L., a perennial herb indigenous to countries
bordering the Mediterranean. It may readily be distinguished from sage by having usually broader,
thicker, shorter and more woolly leaves with a less
pronounced crenulate margin and by its odor, which
is distinct from that of true sage. For description of
other species see US.D., 23rd ed.
Constituents. — Both the leaves and the flowering
tops of sage contain volatile oil, which may be obtained by distillation with water. Muir (J. Chem. S.,
37, 678) found in the oil a terpene boiling at 156°,
another boiling at 171°, thujone, CioHieO, a liquid
boiling at from 197° to 203°, ordinary camphor,
CioHieO, and an unidentified hydrocarbon salvene.
In the fresh oil, the first terpene predominates. On
standing, the amount of thujone increases, and then
the camphor. The oil from English leaves contains
also a sesquiterpene, C15H24, boiling at 260°. Wallach
(Ann. Chem. Pharm., 1889) stated that the first portions contain pinene and cineol, but the greater portion consists of thujone, CioHmO (formerly called
salviol). Brieskorn and Schlumprecht (Arch. Pharm.,
1951, 284, 239) found in salvia leaves 2.1 per cent of
ursolic acid.
Uses. — Sage, seldom used in this country and then
only by the laity, appears to be highly regarded as
a medicinal in Europe, especially in Germany. CzetschLindenwald, in Pflanzliche Arzneizubereitungen
(1945), cited the secretion inhibitory action as being
the most predominant and best known effect of sage,
presumably a central action produced by the volatile
oil. Kocher (see Czetsch-Lindenwald) described experiments in which he succeeded in counteracting
almost completely the hyperhidrosis produced by pilocarpine by administration of sage extracts. Delphaut
et al. (Compt. rend. soc. biol., 1941, 135, 1458) reported extracts of sage to reduce the temperature of
normal guinea pigs, as well as of guinea pigs with
hyperthermia provoked by injection of P-tetrahydronaphthylamine. The volatile oil from sage is stated to
have spasmolytic properties, the contractions of the
intestines of rats, induced by acetylcholine, being
immediately relieved by an emulsion of the oil or by
a tincture of the drug; aqueous extracts had only a
slight effect (Czetsch-Lindenwald). The oil possesses
bactericidal properties (Brieskorn, Arch. Pharm.
1950, 283, 33).
In Europe extracts and infusions of sage are used
in the night sweats of phthisis and in neurasthenia.
Extracts, the volatile oil, and the tincture are employed in bronchitis and inflammations of the throat,
also to inihibit lactation in weaning. Various preparations of sage are employed, abroad, as mouth washes
and gargles, also in the treatment of bleeding gums
and to check excessive salivation.
Sage is largely used as a condiment in flavoring
meat, fish and poultry dishes, and is an ingredient of
many ground spice formulas.
The dose of the powdered leaves, usually in the form
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of an infusion, is from 1.3 to 4 Gm. (approximately
20 to 60 grains).
Salysal, N.N.R. 1948 (Rare Chemicals). Diplosal.
Salicylo salicylic Acid. Salicyl Salicylate. Salicylic Ester
of Salicylic Acid. OH.C6H4.COO.C6H4.COOH.— This
substance is a white, crystalline powder, insoluble in
water, soluble in alkaline solutions and in alcohol.
Salysal owes its therapeutic virtues to its hydrolysis
in the intestines to form salicylic acid, two molecules
resulting from each molecule of Salysal. Its range of
usefulness is similar to that of the other salicylates
over which, however, it has the advantage that because of its insolubility in dilute acids it is much less
prone to disturb the stomach. Hanzlik (/. Pharmacol.,
1926, 26, 61) found that about 60 per cent of the
dose given appeared in the urine as salicylic acid. It
appears, however, to be hydrolyzed in the intestines
with comparative slowness, so that its action is less
prompt than that of other salicylates and correspondingly more persistent.
The dose is 300 to 600 mg. (approximately 5 to 10
grains), 2 or 3 times a day.
Sambucus, N.F. VII. Elder Flowers. American
Elder. Sweet Elder. — "Sambucus is the air-dried
flower of Sambucus canadensis Linne, or of Sambucus
nigra Linne (Fam. Caprifoliacece) ." N.F. VII.
The indigenous American elder, Sambucus canadensis, is a shrub from 6 to 12 feet high, with a branching stem, covered with a yellowish-gray bark, and
containing a large spongy white pith which is used in
microscopy for holding objects which are to be sectioned. The leaves are opposite, and pinnately-compound with 5 to 11, usually 7, ovate, serrate leaflets.
The flowers are small, white, and disposed in loose
cymes. The fruits are small, globular, dark purple to
black, berry-like drupes which are edible when mature.
The shrubs grow in low, moist grounds, along fences,
and on the borders of small streams, from Nova
Scotia to Florida, westward to Manitoba, and Texas.
The "berries" are nearly inodorous, but have a sweetish, acidulous taste. Their expressed juice may be fermented, and forms a popular domestic vinous liquor.
The Sambucus nigra, of Europe, differs from the
American most obviously in its size, approaching in
height that of a small tree. The stem is much branched
toward the top, and has a rough whitish bark. The
leaves may show 3 to 7 leaflets but usually possess 5.
The flowers are small, whitish and in five-parted
corymbose cymes. The ovary consists of but three
carpels, there being usually four cells in S. canadensis
L. The berries are large in the European elder, globular, and blackish-purple when ripe. The bark and
leaves of this species contain the cyanogenetic glycoside, sambunigrin.
The flowers yield, when distilled, a small proportion of volatile oil, which on cooling assumes a
butyraceous consistence and contains an appreciable
portion of ammonia. Lloyd found in the flowers the
glycoside eldrin, which is identical with rutin (Am. J .
Pharm., 1921, 93, 40). No other substance having
physiological activity has been found in the flowers.
Elder flowers have been considered to be diaphoretic and diuretic and have been used in febrile complaints and also as an alterative in syphilis and rheumatism. There is, however, no reason to suspect that
they possess any real curative properties. Elder-flower
water, which is mildly aromatic, is sometimes used
as a vehicle for eye lotions and skin lotions. An
ointment, prepared by heating the flowers in melted
lard, has been used in pomades and cosmetic preparations. The berries, bark and root, however, appear
to possess some laxative principles.
Sambucus flowers have been empliyed in doses
from 2 to 4 Gm. (approximately 30 to 60 grains).
Sandarac. Sandaraca. Gum Juniper. — A resinous
substance obtained from the Tetraclinis artiadata
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(Vahl.) Mast. (Callitris quadrivalvis Vent.; Thuja
articulata Vahl.), an evergreen tree (Fam. Pinaceoe)
growing in the mountains of northwestern Africa.
Sandarac is a resinous exudation which occurs as
a natural secretion in schizo-lysigenous reservoirs in
the bark. It exudes naturally, but an increase in yield
is obtained by cutting through the bark. The exuding resin hardens and is collected. Sandarac occurs
in small, irregular, roundish oblong grains or tears,
of a pale yellow color, and with a dusty surface, more
or less transparent, dry and brittle, breaking into
powder under the teeth, of a faint, agreeable odor
increased by warmth, and of a resinous, slightly acrid
taste. It melts on heating, diffusing a strong balsamic
odor, and easily inflames. It is almost entirely soluble
in ordinary alcohol, and completely so in absolute
alcohol, and in ether. Heated turpentine oil also dissolves the greater part of it, but very slowly.
Sandarac resin consists mainly of pimaric acid,
with variable amounts of sandaracolic, callitrolic
sandaricinic and sandaricinolic acids (Monatsh.
Chem., 1928, 50, 1). It contains also certain neutral
terpene principles, including pinene and limonene.
In Australia and Tasmania the related trees Callitris calcarata R. Br., C. robusta Cunn. (C. verrucosa
R. Br.) and C. glauca R. Br., which are known as
cypress pines, grow in abundance. They produce a
sandarac which is almost colorless, having highly refractive power, and a pleasant aromatic odor, becoming dark by age, and sometimes assuming a superficial mealiness. This Australian sandarac softens
easily, but does not melt in boiling water, is gritty
to the touch, and can scarcely be distinguished from
the African drug (Pharm. J., Jan., 1890). It is
claimed to contain more volatile oil and more inactive pimaric acid than the African article. For a
description of Austialian sandarac, see also Am. J.
Pharm., 1896, 215.
Sandarac was formerly used internally, and as an
ingredient of various ointments and plasters. It is
sometimes employed, in alcohol solution, as a temporary filling for teeth, in the coating of tablets and
as a varnish.
Santal Oil, N.F. IX. Oleum Santali. Sandalwood
Oil. "Santal Oil is the volatile oil distilled with steam
from the dried heartwood of Santalum album Linne
(Fam. Santalacece) . Santal Oil yields not less than
90 per cent of alcohols calculated as santalol
(Ci5H23OH)."7V.F. IX.
Under the title Oil of Australian Sandal Wood
{Oleum Santali Australiensis) the B.P. formerly recognized the volatile oil distilled from the wood of
Eucarya spicata Sprague and Summerhayes (Santalum spicatum A. DC.) (Fam. Santalacece) and rectified, a content of not less than 90 per cent of free
alcohols calculated as santalol being required. For
information concerning this oil see U.S.D., 24th ed.,
p. 1003.
Sandalwood has been used medicinally since the
middle of the 15th century.
Santalum album, or yellow sandalwood, is a small,
evergreen, parasitic tree with opposite, elliptic-ovate
or ovate-lanceolate leaves, and panicles of strawcolored to blood red flowers, and black, globular,
drupaceous fruits about the size of a cherry. It is
indigenous to the mountainous districts of India and
the Malay archipelago and has been cultivated in
southern India for its wood and oil. For an account
of the cultivation of the plant see Guenther in Drug
Cosmet. Ind., May, 1941.
Nearly all the sandalwood of commerce is obtained in Mysore, India, a small amount being obtained in Timor in the Dutch East Indies. The
essential oil develops in the heartwood of the trunk
and roots. The trees are uprooted usually when fully
mature
and showing signs of natural death. The
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trunks and roots are then sawed into segments of
about a meter and the bark and sapwood removed.
The remaining heartwood is partly distilled, partly
carved for objects of art and partly used as incense
material.
A quantity of the oil is distilled in Mysore but
most of the wood is exported to Great Britain and
other countries directly from Mysore or Bombay,
where it is used alike for the production of the volatile oil of santal and the manufacture of various
articles.
Other varieties of sandalwood are collected in the
Hawaiian Islands from Santalum Freycinetianum
Gaud., and 5. pyrularium A. Gray ; in the Fiji Islands
from S. Freycinetianum Gaud. (S. Yasi Seem.) ; in
New Caledonia from S. austrocaledonicum Vieillb.;
in Queensland from Eremophila Mitchelli Benth.
(Fam. Myoporacece) ; and in East Africa from Osyris
tenuifolia Engl.
Venezuelan, or West Indian, Sandalwood, according to Holmes (Pharm. J., 62), is from the Amyris
Balsamijera L. (Schimmelia oleifera Holmes).
Santal oil is distilled in the United States, Germany, England, and India, the ordinary method of
steam distillation being applied after the wood has
been reduced to small particles by chipping or grinding; the yield of oil is about 2.5 per cent.
Description. — "Santal Oil is a pale yellow, somewhat viscid, oily liquid having the characteristic odor
and taste of sandalwood. It is affected by light. Santal
Oil is soluble in 5 volumes of 70 per cent alcohol
by volume." N.F. IX.
Standards and Tests. — Specific gravity. — Not less
than 0.965 and not more than 0.980, at 25°. Optical
rotation. — Between —15° and —20°, when determined in a 100-mm. tube, at 25°. Refractive index. —
Not less than 1.5000 and not more than 1.5100, at
20°. Reaction. — A 1 in 5 solution of recently distilled
oil in 70 per cent alcohol is acid to moistened blue
litmus paper. N.F. IX.
Constituents. — In the oil from Santalum album
there exist two isomeric sesquiterpene alcohols having
the formula C15H26O. One is bicyclic and is called
alpha-santalol, the other is tricyclic and is called
beta-santalol. The two santalols may be separated by
careful fractional distillation and conversion of the
fractions into the phthalates and subsequently into
the strychnine salts of the compounds, which are
finally separated by repeated recrystallization until
the melting point and rotatory power of each are constant. By the oxidation of the santalols, isomeric aldehydes called santalols, C15H24O, are obtained. Other
less important constituents are: isovaleric aldehyde,
santene, santenone, teresantol, santalone and
santalene.
Adulterants. — Santal oil has been habitually adulterated with castor oil and other fixed oils and, on
the continent of Europe, with the volatile oil of cedar.
Holmes stated that the presence of more than 10 per
cent of cedar oil can be recognized through the different solubilities of the oils in alcohol. Clevenger (J. A.
Ph. A., 1938, 27, 580) considers the rotatory power a
particularly important means of detecting sandalwood
oil from non-official sources. For other tests, see
U.S.D., 22nd ed., p. 775.
Uses. — Santal oil is used largely as a perfume. It
was first recommended in medicine by Thomas B.
Henderson who, however, is said to have used the oil
of 5. myrtifolium. In medicine its chief use in recent
times has been in the symptomatic treatment of
dysuria. Formerly, it was prescribed for gonorrheal
urethritis and cystitis. Its general antibacterial power
is comparatively weak; according to Rideal and
Richardson (J. A. Ph. A., 1931, 20, 328) its phenol
coefficient against typhoid bacillus is less than 0.1.
It has also been used to allay a non-productive cough.
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Overdosage may
irritation.

Scoparius
cause gastric, renal or dermal

Dose, 0.3 to 1.0 ml. (approximately 5 to IS minims), by mouth in emulsion or in capsule, 3 or 4
times a day
Storage.— Preserve "in tight, light-resistant containers." N.F. IX.
Saponins. — The term saponin is applied to a
group of glycosidal principles which have in common
the property of foaming when shaken with water and
of aiding emulsification and suspension of finely divided precipitates. (For discussion of their chemistry
see under Glycosides, Part II, and Sterids, Part II.)
Most of them are neutral in reaction but some are
acid and a few basic.
Saponins are generally obtained by extraction from
the crude drug with hot alcohol. From this solution
many of them, being slightly soluble in cold alcohol,
may be obtained simply by cooling; those which remain dissolved may be precipitated with one or
another of the following agents: ether, neutral lead
acetate, basic lead acetate, ammonium sulfate or
barium hydroxide solution.
The saponins are widely distributed through the
vegetable kingdom, having been reported in at least
500 genera of plants.
Saponins lower surface tension and possess foaming and emulsifying properties. They tend to alter the
permeability of cell walls and therefore exert a general toxicity on all organized tissues. They produce
hemolysis even in very dilute solution. Presumably
by affecting the permeability of the nerve or muscle
cells they also exert powerful action on those tissues
when brought in direct contact with them; they are
also locally irritant to epithelial tissues.
There is a very great difference in the hemolytic
power of the different saponins; when mixed with
blood, dioscin (from Dioscorea) in as dilute a solution as 1 in 400,000 will cause laking, while chamaslirin (from Helonias) requires a concentration of
1 in 700. The term sapotoxin is sometimes applied to
those saponins which are highly active. Most saponins are poorly absorbed from the alimentary tract
and the chief symptoms produced by swallowing
them are those of irritation: vomiting and purging.
There are some exceptions to this rule. Fish are
readily poisoned even by high dilutions of saponins,
presumably because of absorption through the gills.
It has long been known that cholesterol will prevent
the hemolytic effect of the saponins, but this protective action apparently does not apply to the effect
upon nerve tissue.
Certain of the saponins, notably the digitalis glycosides, possess powerful physiological properties
which are quite distinct from those due to the general surface-active effects of the group.
Because of their emulsifying power many saponincontaining plants have been used as cleansing agents.
Among American plants which have been used as
detergents may be mentioned the bouncing bet
(Saponaria), Yucca filamentosa L. (Fam. Liliacece),
popularly known as Spanish bayonet, Adam's needle
or soap weed, and the Indian soap root of California,
Chlorogallum pomeridianum (Ker.) Kunth. (Fam.
Liliacece). Some saponins have been employed in
beverages to give a frothy or foaming effect.
The significance of saponins for therapeutics is uncertain. It is apparently established that the simultaneous administration of at least certain saponins
will increase absorption from the intestines (see
Kofler and Fischer, Arch. exp. Path. Pharm., 1928,
130, 319) and the age-old use of saponin drugs in
chronic infections suggests at least a possibility of
some therapeutic effect.
When introduced into the circulation in moderately toxic doses the most obvious symptoms pro-
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duced by the sapotoxins are usually those involving
the nervous system; these include convulsions, followed by motor weakness, and even complete paralysis. Weakness of the heart and evidence of irritation
of the serous membranes and eliminating organs may
also be observed. Following larger quantities additional symptoms include marked failure of the
circulation, and vomiting and purging — the ejecta
often being bloody. Death is usually due to respiratory failure, but may occur after some days of general exhaustion. When locally applied sapotoxins
destroy the contractility of the muscles and the
conductivity of the nerves.
Sarcocolla. — This gum was formerly thought to
be an exudate of the Pencea fucata L. (Penacece),
a small shrub growing in Cape of Good Hope, but,
according to Tschirch (Schweiz. Apoth.-Ztg., 1920,
58, 113), is a secretion of the stem of the Astragalus
Sarcocolla Dymock (Leguminosce) , a native of Persia.
Sarcocolla occurs in the form of small, roundish,
irregular grains, somewhat spongy, sometimes agglutinated in masses, at times admixed with fine hairs,
friable, opaque or semi-transparent, of a yellowish
or brownish-red color, inodorous unless heated, when
they have an agreeable odor, and of a characteristic,
bitter sweetish, and acrid taste. Sarcocolla, according to Pelletier, contains about 65 per cent of a
substance, considered by Thomson as intermediate
between gum and sugar, and called sarcocollin,
C13H03O6, about 5 per cent of gum, 3 per cent of a
gelatinous matter resembling bassorin, and 27 per
cent of lignin, etc. It is said to be purgative, but
at the same time to be objectionable because of its
acrid properties. Arabian physicians used it internally,
and the ancients employed it as an external application to wounds and ulcers, with the idea that it possessed the property of agglutinating the flesh —
whence its name.
Schinus. Schinus Molle L. Peruvian Mastic Tree.
California Pepper Tree. (Fam. Anacardiacece .)— The
pepper tree of Peru bears a shining red drupe the size
of a pea, having a flavor similar to a mixture of pepper and fennel. The leaves contain a volatile oil
which contains fteto-phellandrene, pinene, trausterpine
and carvacrol and has been used as a substitute for
cubeb in the treatment of gonorrhea. Gonzalez
(Chem. Abs., 1937, 31, 5105) stated that the gum
resin which exudes from the tree, known as Jesuit's
balsam, contains a peroxidase and that the leaves and
fruits contain an unidentified glycoside which has an
emmenagogue action.
Scoparius. Broom-tops. Spartium. Planta Genista.
Irish, or Scotch, Broom. Besom. — The dried tops of
Cytisus scoparius Link (Fam. Leguminosce) were
formerly recognized by both the U.S.P. and B.P. This
plant is a common European shrub, cultivated as a
sandbinder and locally naturalized on the Atlantic
Coast. It is a low, densely branched, glabrous shrub,
from three to eight feet high, with numerous straight,
pentangular, bright green, very flexible branches, and
small, oblong leaves, usually trifoliate, but on the
upper part of the plant sometimes simple. The flowers
are numerous, papilionaceous, large, showy, of a
golden-yellow color, and solitary or in pairs upon
short axillary peduncles. The seeds are contained in a
compressed legume, which is hairy at the sutures. It
is important that true broom be distinguished from
Spanish broom (Spartium Junceum), since a number
of cases of poisoning have occurred from the substitution of the dried flowers of spartium for those of
broom.
The whole plant has a bitter, nauseous taste, and,
when bruised, a strong, peculiar odor. The tops of
the branches have been used in medicine. They are
thin, flexible, with branched twigs, fiom 1 to 3 mm.
in thickness, more or less angled and winged; ex-
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ternally dark green, nearly glabrous, with numerous
reddish brown cork, patches; the fracture is fibrous.
For further description and microscopic characters
see UJS.D., 22nd ed., p. 1565.
Broom-tops yield from one-fourth to one per cent
of the alkaloid sparteine (see under Sparteine Sulfate, Part I). In addition to this, Valeur (Compt.
rend. acad. sc, 1918, 167, 163) reported two other
alkaloids, one volatile, called genisteine, and the other
nonvolatile, called sarothamnine ; there are present also
a difficultly hydrolyzable glycoside, scoparin (Compt.
rend. acad. sc, 1937. 204, 1581), and hydroxytyramine. According to Kreitmair and Sieckmann
(Merck's Jahresber., 1936, 50, 113) the pharmacologic action of genisteine is similar to but weaker
than that of sparteine, but the action of the whole
plant is quite different from these principles. Certain
extracts will produce a sharp rise in blood pressure
which they believe is to be explained by the presence
of the hydroxytyramine. These authors state that
scoparin is physiologically inert, although some earlier
experimenters maintain that it is actively diuretic (see
also Clerc and Paris, Compt. rend. soc. biol., 1940,
133, 46).
Scoparius is diuretic and cathartic, and in large
doses emetic, and has been employed in dropsy. It
has, however, passed almost entirely out of use. The
X.F. V recognized a fluidextract (Fluidextractum
Scoparii), the dose of which was 1 ml. (approximately
15 minims).
Scopola. Scopolia. Belladonna Scopola. Scopola
Belladonna. Japanese Belladonna (incorrectly). —
"The dried rhizome of Scopola carniolica Jacquin
(Fam. Solanacece) , yielding, when assayed as directed
below,
not less than 0.5 per cent of its alkaloids."
US.P. VIII.
The genus Scopola is a connecting link between
Atropa and Hyoscyamus, resembling Atropa in leaf
and flower and in the microscopical character of its
rhizome, but differing in that its fruit is not a berry
but is a pyxis, so resembling that of Hyoscyamus.
For description of drug and its histological study, see
Kraemer, Am. J. Pharm., 1908, p. 459. The Japanese
plant, S. japonica Maxim., is so closely allied to S.
carniolica that its specific distinction is very doubtful ;
it has been separated upon the characters of the style
being curved, the calyx-teeth unequal and the leaves
less obovate and having mucb longer petioles than
S. carniolica; but Holmes has shown that the curved
style occurs in 5. carniolica. S. carniolica is a common
plant in the Balkan States, and southwestern Russia,
usually in the hilly districts, where it grows in damp,
stony places. Its general appearance is that of the
belladonna, but it is much shorter, rarely growing
above a foot in height, has thinner leaves, and is especially distinguished by its fruit being a transversely
dehiscent capsule (pyxis), and by the presence of a
distinct rhizome. This rhizome is more or less curved
and about 1 to 1.5 cm. in diameter. For further description see U .S.D., 22nd ed., p. 1566.
Histologically, scopola can readily be distinguished
from belladonna root by its characteristic reticulate
tracheae and absence of tracheae with elliptical-shaped
bordered pores.
Scopola vields approximately 0.6 per cent of total
alkaloids (see Williams, Proc. A. Ph. A., 1899, 285),
of which about 80 per cent is hyoscyamine and the
rest scopolamine and wor-hyoscyamine.
The physiological action and therapeutic effects of
scopola very closelv resemble those of belladonna.
H. C. Wood,
Jr. that
'(Therap.
Gaz., April
15, 1901)
showed,
however,
the scopola
is slightly
more
depressant to the spinal cord than belladonna (evidence of scopolamine action) and that the extracted
total alkaloids of scopola were more toxic than the
extracted total alkaloids of belladonna. Scopola has
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been very little used in this country as an internal
medicine but was at one time extensively employed
for the manufacture of belladonna plaster. It is also
a commercial source of scopolamine and hyoscyamine.
The U.S.P. VIII recognized a fluidextract, the dose
of which was 0.03 to 0.2 ml. (approximately y2 to
3 minims).
Scutellaria, AT.F. VIII. Skullcap. Scullcap. Quaker
Bonnet. Madneed. Hoodwort. Helmet Flo'u;er. —
"Scutellaria is the dried overground portion of
Scutellaria
lateriflora Linne (Fam. Labiatce)." S.F.
VII.
Scutellaria lateriflora is an indigenous, perennial
herb growing in wet shaded places in the United
States and Canada. For a description both of the
entire plant and of the unground and powdered drug,
see UJS.D., 23rd ed., p. 966.
Scutellaria has been one of the most substituted
and adulterated drugs in the materia medica. While
the S. lateriflora Linne is alone officially recognized
as the source of the drug, various other native species
of Scutellaria have more frequently represented the
article of commerce than the officially specified herb.
Chief among these have been 5. canescens Xutt. or
u-estern scullcap, S. cordifolia Muehl. or southern
scullcap and 5. galericidata L. or marsh scullcap.
Molisch and Goldschmidt (Pharm. Ztg., 1901, p.
965) obtained from Scutellaria and other labiates a
yellow crystalline substance which they named
scutellarin. The formula C21H18O12 has been assigned to it; it is a glucuronic acid derivative of
4',5,6,7-tetrahydroxy flavone (scutellarein) . Baicalin
and uogonin are similar flavone derivatives found in
Scutellaria baicalensis (see Shibata et al., Chem. Abs.,
1923, 17, 3506). These principles are said to be
diuretic (Chem. Abs., 1940, 34, 7422).
Scullcap is as destitute of medicinal properties as
a plant may well be, not even being aromatic. When
taken internally, it produces no very obvious effects,
and probably is of no remedial value, although at
one time it was esteemed as a remedy in hydrophobia.
It was formerly also used in neuralgia, epilepsy,
chorea and other nervous diseases from fatigue or
over-excitement (see Bramwell, Brit. M. J., 1916).
Dose, 2 to 6 Gm. (approximately 30 to 90 grains).
Sedormid (Hoffmann-La Roche). Allyl-isopropylacetylcarbamide. — This compound has been introduced as a nerve sedative and hypnotic, said to be
more potent and more rapid in action than bromides
but not as effective as barbiturates. It has been
claimed for it, that not being a barbiturate, it is free
from some of the disadvantages of that group of
sedatives. Fatal poisonings, very similar in symptomatology and post-mortem lesions to those of the
barbiturates, have been reported, also a number of
cases of purpura hemorrhagica (see Hoffmann and
Fitzgibbon, J AM. A., 1938, 110, 725). Kracke
(JAMA., 1938, 111, 1258) stated that it has injurious effects on the bone marrow.
The dose is from 250 to 500 mg. (approximately
4 to 8 grains).
Sedum. Sedum acre L. Biting Stonecrop. Wall
Paper. Small Houseleek. Mossy Stonecrop. (Fam.
Crassidacece.) — This European plant, which is found
also in New England, is spreading, moss-like, and
possesses small, very thick leaves and yellow flowers.
It causes vomiting and purging; applied to the skin
it produces inflammation and vesication. The fresh
herb and the expressed juice have been used for
reputed antiscorbutic, emetic, cathartic, and diuretic
effects, and have been applied locally to old ulcers,
warts, and other excrescences. Other species, less
acrid, are eaten as a salad in some parts of Europe.
Such are Sedum rupestre L. and S. album L. 5.
Telephium L. was formerly employed externally to
cicatrize wounds, and internally as an astringent in
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dysentery and hemoptysis. Mylius found in Sedum
acre 2.2 per cent of a soft, not acid resin, 12.8 per
cent of uncrystallizable sugar, and 12.4 per cent of a
soft acid resin, besides an alkaloid and inert substance (/. pharm. chim., 4e ser., 17, 81). The presence
of an alkaloid, sedamine, has been reported (J. Gen.
Chem. (U.S.S.R.), 1939, 9, 2156); Marion {Can. J.
Research, 1945, 23B, 165) assigned to it the formula
C14H21NO, and also reported the presence of nicotine
in the plant.
Selenium. Se (78.96). — This element, a non-metal
of the sulfur group, was discovered by Berzelius in
1817. It is found in small amounts in various soils
in many parts of the world. Selenium, like sulfur,
exists in several allotropic forms. These are not so
well defined and some confusion exists in their classification. The important forms are: (a) an amorphous
form, soluble in CSo, softening at 50° to 60°, becoming elastic at 70°, but not becoming entirely fluid
until nearly 220°. It may occur as a red powder or
as a black, vitreous mass; (b) a crystalline variety,
monoclinic, deep-red, sparingly soluble in CS2, melting between 170° and 180°; and (c) a second crystalline form, hexagonal, metallic gray to black. This is
the most stable modification, melting at 220°. At 688°
all forms boil, forming the gaseous element, which
consists of polyatomic molecules, decreasing in complexity as the temperature rises. Colloidal selenium is
made by reduction of dilute aqueous solutions of SeC»2
with such reducing agents as sulfur dioxide, hydrazine hydrate, or dextrose. The colors obtained vary
from blood-red to yellow, brown, rose or blue. When
heated in air, selenium burns with a blue flame, forming solid SeC>2, and emitting a disagreeable odor. The
behavior of selenium when exposed to light is most
interesting. An exposure of less than 1/1,000 of a
second is sufficient to produce an increase in electrical
conductivity, which returns to normal slowly, when
the light is shut off. Use is made of this property in
the selenium photoelectric cell. Large amounts of
selenium have been used in the rubber industry; the
addition of this element increases the tensile strength,
hardness, and abrasion resistance of rubber. It is also
used in the manufacture of the red glass for danger
signals.
Toxicology. — Selenium is so intensely toxic that
plants growing in seleniferous soils acquire poisonous
properties and have been the cause of death of migratory water-fowl and of cattle. Human beings are less
liable to be poisoned, probably because of the difference in diet. Franke and Moxon (J. Pharmacol., 1937,
61, 89) found that when rats are fed with a diet
containing as little as 25 parts per million, less than
1 per cent of them lived 100 days. Fitzhugh et al.
(ibid., 1944, 80, 289) reported that as little as 3 parts
per million in a diet of grain produced toxic effects
in rats, 10 parts per million killing most animals
within eight weeks. The characteristic poisoning is a
chronic degeneration involving the stomach, liver and
blood-making organs. A number of investigators have
observed that a diet high in protein has a pronounced
protective action. Not all proteins are equally efficient; Smith and Stohlman (/. Pharmacol., 1940, 70,
270) found that lactalbumin, ovalbumin, gelatin,
desiccated liver and wheat proteins all exert a protective effect.
Dudley (Pub. Health Rep., 1938, 53, 281) is of the
opinion that selenium-bearing materials may be an
important industrial hazard. Hydrogen selenide, a gas
which may be encountered in operations involving
selenium, has an extremely disagreeable odor and
causes irritation of the eyes, nose and throat. Inhalation of the gas produces hemolysis of red blood
cells. Ingestion of selenium imparts a garlic-like odor
to the breath and the surface of the body. The salts
of selenium are powerful insecticides and have been
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suggested for agricultural use but are almost as dangerous as the arsenicals. [v]
Selenium Cystine. — Cystine with its sulfur replaced by selenium has been found to be effective in
the treatment of acute and chronic myelogenous
leukemia (Weisberger and Suhrland, Am. Soc. Clin.
Invest., 1955). The leukocytosis decreased toward
normal, particularly the immature forms of leukocytes; the spleen decreased in size, and symptoms
improved. Studies with cystine labeled with the radioactive isotope S35 showed that leukemic cells
manifested a rapid turnover of cystine, this being
inhibited in the presence of selenium cystine, both
in vitro and in vivo. Diphenylselenide was ineffective.
Prior to human trial selenium cystine was shown to
be effective in lymphosarcoma in rats. In humans
toxic effects included nausea, vomiting, anorexia and
alopecia; no hepatic or renal damage was observed.
Selenium Sulfide, N.N.R. Selsun Sulfide (Abbott).— This substance is described as a mixture of
crystalline selenium monosulfide, SeS, and solid solutions of selenium and sulfur in an amorphous form.
It occurs as a dull reddish-orange to dull brown,
amorphous powder; it is practically insoluble in
water and in organic solvents.
Selenium sulfide is used externally as a shampoo,
in the form of a suspension containing also a detergent, in the treatment of seborrheic dermatitis (Slinger
and Hubbard, Arch. Dermat. Syph., 1951, 64, 41;
Slepyan, ibid., 1952, 65, 228) and the control of
seborrhea sicca (dandruff). It may also be useful, to
a lesser extent, in psoriasiform seborrhea, seborrhea
oleosa, acne vulgaris and juvenilis and atopic eczema.
It is not effective against ringworm of the scalp
caused by Microsporon audouini.
Only traces of selenium sulfide are absorbed from
the skin. If taken orally it is highly toxic; patients
should wash their hands and clean beneath the finger
nails to remove the drug after each use. The preparation should be kept out of the reach of children.
Selenium sulfide is applied as a 2.5 per cent suspension, 5to 10 ml. of which is used in each of two
shampooing applications following a regular shampooing with soap and water. The agent should remain in
contact with the scalp for a total of at least 5 minutes.
The hair should be well rinsed after the treatment. It
is usually recommended that such applications be
made twice weekly for 2 weeks, then once weekly or
less often as indicated.
Semecarpus. — Several species of this genus (Fam.
Anacardiacece) contain virulent irritant poisons similar to those of the cashew nut (see Anacardium).
The S. Anacardium L. (Anacardium orientale Auct.
ex Steud.), which is common in southern Asia, yields
a fruit known as the Oriental cashew nut or bhela.
The acrid black juice has been used in marking linens
but it is irritating and may cause dermatitis. The
sap and leaves are also irritating. The fruit contains
principles very similar to those of the cashew nut
and perhaps also an alkaloid chuchunine. It has been
used internally in the treatment of hemorrhoids but
is liable to produce hepatitis and albuminuria (see
Calcutta Med. J., 1936, 31, 311). The S. venosa or
tschongott tree grows in the Caroline Islands; its
poisonous bark apparently contains cardol. The fruit
of the 5. heterophylla Bl., or rengha, contains an irritant principle renghol which appears to be a dihydrourushiol (see Rhus).
Senecio. Groundsel. — The genus Senecio, the most
extensive of the Compositce family, includes more
than a thousand species, of which about seventy are
found in North America. While the Compositce family
is in general lacking in alkaloids, the genus Senecio
is a notable exception. So far, nearly 40 alkaloids
have been isolated from various species of the genus.
Many species are poisonous weeds, containing alka-

1840

Senecio

loids which produce hepatic necrosis (.4m. /. Clin.
Path., 1945, 15, 407) in animals feeding upon the
weeds in pasture lands. Alkaloids of similar structure
and activity have also been found in the Heliotr opium
and Trichodesma genera of the Boraginacece family,
as well as in several species of the Crotolaria genus
of the Leguminosm family.
The Senecio alkaloids are alkamine esters in which
a pyrrolizidine base carrying two hydroxyls is esterfied with aliphatic acids either on one or both hydroxyls. A large number of the alkaloids yield, on
hydrolysis, the same amino-alcohol base, called
retronecine, but the acid fragments on the whole
differ widely. Several of the supposedly distinct alkaloids have been shown to be identical (see, for example, Adams and Looker, JA.CS., 1951, 73, 134).
The following Senecio alkaloids have been demonstrated to produce hepatic necrosis in animals (see
Research Today, Lilly, 1950, 5, 55): cathamoidine ,
integerrimine, isatidine, jacobine, platyphylline, pterophine, retrorsine (identical with $-longilobine) , riddelliine, sceleratine, seneciphylline (identical with
a-longilobine) , senecionine and spartioidine. For
earlier data on the poisonous effect of some of the
plants see Bukev and Cunningham (/. A. Ph. A., 1933,
22, 399).
Under the name Senecio, the overground portion
of the S. aureus L. (goldon ragwort, golden life-root)
was recognized by N.F. V. Its stem is from 1 to 3 feet
high, arising from a basal rosette of leaves and bearing several smaller leaves, which vary in shape from
lanceolate to pinnatifid, and crowned with a loose
corymb of yellow radiate floral heads. For further
description and microscopical characteristics of this
drug, see USD., 22nd ed., p. 1568. It was used,
especially in domestic medicine, as an emmenagogue
and locally by the Indians as a vulnerary but it is
probably without therapeutic value. According to
Kelly and Lynn (/. A. Ph. A., 1934, 23, 113), it does
not possess the toxic properties of the other species
of this genus, and they were unable to find alkaloid
or glycoside in the sample they examined. Manske
(Can. J. Research, 1936, 14B, 6). however, reported
finding in it the alkaloid aureine, subsequently shown
to be identical with senecionine.
Serenoa, X.F. VIII. Saw Palmetto Berries. Sabal.
— 'Serenoa is the partially dried, ripe fruit of
Serenoa repens (Bartram) Small (Fam. Palmce)."
NJF. VIII.
The former official name of "Sabal," properly applied to a genus of tall, tree-like palms, is not applicable to serenoa, which is derived from a species of
low. shrubby palms.
The saw palmetto is a fan palm flourishing on
the Atlantic coast from South Carolina to Jupiter
Inlet, Florida, where it forms the so-called "palmetto
scrub." According to Schneider, it is also found in
the southern portions of California. The creeping stem
of the saw palmetto is from 6 to 10 feet in length. It
has a crown of large leaves, long petioled, with a
circular, fan-shaped leaf-blade split at the edge into
from 15 to 30 divisions, which are slightly cleft at
their apices. The petiole has a spiny edge which readily distinguishes it from the closely allied blue palmetto. The fruit is a one-seeded, dark brown, superior
drupe, from half an inch to one inch long; ovoidoblong in shape, with a somewhat wrinkled exterior,
and a sweetish, not agreeable taste. It occurs in a
large panicle which in some cases may weigh as much
as nine pounds.
The fruits are gathered when fully mature and
shipped either in the fresh state, in a semi-moist
condition or thoroughly dried. The commercial supplies are obtained largely from the Cape Canaveral
district of Florida.
Ireland reported on the time of collection, histology
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of the drug, and the distinctions between Serenoa
repens and the S. serrulata (Bull. N. F. Com., 1938,
7, 26). Christensen and Stokes also reported on the
commercial collection of the fruits and upon the
histology of the fruit, seed and powder (/. A. Ph. A.,
1940, 29, 199).
Description. — "L'nground Serenoa is ellipsoidal,
ovoid or somewhat globular, occasionally compressed,
from 1.5 to 3.5 cm. in length and from 1 to 2 cm.
in diameter; very dusky red to brownish black externally, smooth and somewhat oily, with a few large,
more or less angular depressions due to the contraction of the sarcocarp, marked by the scar of the style
at the apex, and with either a short stalk or a stemscar at the base. The epicarp and the outer portion of
the sarcocarp together form a thin coriaceous shell
enclosing the inner part of the sarcocarp and the
hard thin endocarp, which is reddish brown to yellowish brown and somewhat fibrous, as is also the
inner layer of the sarcocarp. The inner surface of the
endocarp is smooth, enclosing a hard, ellipsoidal or
ovoid, somewhat flattened, reddish brown to pale
brown seed having a raphal scar extending the length
of the seed and a micropyle located toward or near
one end of the back of the seed.
"Powdered Serenoa is weak brown to moderate
brown. It has a pronounced, aromatic odor and a
sweetish, aromatic, slightly acrid taste. It shows fragments of inner epicarp and mesocarp containing a
reddish brown to yellowish orange amorphous substance; numerous yellowish white fragments of endosperm, the cell walls considerably, and occasionally
irregularly, thickened, usually with large pores; oval,
polygonal or elongated stone cells, up to 180 microns in length, with walls up to 35 microns thick,
showing numerous simple and branching pores, and
polarizing light with a distinct cross; numerous yellowish oil globules; occasional fragments of sclerenchyma fibers with thickened walls and narrow
lumina; and a few spiral tracheae." NJP. VIII.
Constituents. — By expression saw palmetto berries
yield about 1.5 per cent of a brownish-yellow to
dark-red oil. Shermann and Briggs (Pharm. Arch.,
1899, 101, and Pharm. Rev., 1900, 217) found this to
be composed of about 63 per cent of free fatty acids
and 37 per cent of ethyl esters of these acids; there
was no alkaloid present. Mann (Am. J. Pharm., 1916,
138, 517) concluded that the so-called volatile oil
was a mixture of the ethyl esters of the various fatty
acids present resulting from esterification with the
ethyl alcohol which is used as a preservative in shipping them. The fatty acids are caproic, caprylic,
capric, lauric, palmitic and oleic.
Uses. — Saw palmetto has been claimed to exert a
simulant action upon the mucous membrane of the
genito-urinary tract, similar to, but milder and less
irritant than, cubeb or copaiba. It has been used in
chronic and subacute cystitis, and in cases of enlarged prostate in old men. Clinical testimony of its
value may be attributable to a reduction of "catarrhal" irritation and a relaxed condition of the mucous
membrane of the bladder and urethra, which are
often present in prostatic hypertrophy.
Dose, 0.65 to 1.3 Gm. (approximately 10 to 20
grains). A fluidextract was official in NJP. VIII.
Serpentaria, NJF. IX. Virginia or Texas Snakeroot. — "Serpentaria consists of the dried rhizome and
roots of Aristolochia Serpentaria Linne, known in
commerce as Virginia Snakeroot, or of Aristolochia
reticulata Xuttall, known in commerce as Texas
Snakeroot (Fam. Aristolochiacece) ." NJF. IX.
Many species of Aristolochia have been employed
in medicine. Their supposed possession of emmenagogue properties has given origin to the name of the
genus. Several of the non-official species are described
in Part II.
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Aristolochia Serpentaria is a perennial herb, with
a short, slender, curved and oblique rhizome and
numerous slender roots. Several slender stems, from
8 in. to 2 ft. or more in height, often rise from the
same rhizome. They are round, flexuose, jointed at
irregular distances, and frequently reddish or purple
at the base. The leaves are ovate, ovate-lanceolate or
oblong-lanceolate, cordate to hastate at the base,
acuminate, entire, of a pale yellowish-green color,
and supported on short petioles. The flowers are solitary on long, slender, basal, scaly peduncles and
bend downward so as nearly to bury the flower in
the earth. The tube of the calyx is curved like the
letter S, enlarged at the base (ovary) and at its
throat, the short limb being obtusely three-lobed. The
anthers — 6 or 12 in number — are sessile, attached to
the under part of the stigma, which is fleshy and from
3- to 6-lobed. The fruit is an hexangular, 6-celled capsule, containing several small flat seeds. The plant
grows in rich shady woods from Connecticut west
to Michigan and Missouri and south to Florida and
Louisiana. A. hastata (Nuttall) Duchartre is now
considered to be a variety of A. Serpentaria, from
which it differs in having hastate, acute, somewhat
cordate leaves, and the lip of the corolla ovate. It
flourishes on the banks of the Mississippi and in the
Carolinas. Its root scarcely differs from that of the
formerly official plant, and is frequently mixed
with it.
A. reticulata Nuttall, known as Texas Serpentary
has a root, similar to that of A. Serpentaria, from
which numerous short, slender, round, flexuose,
jointed stems arise, usually simple, but sometimes
branched near the root. The older stems are slightly
villous, the young densely pubescent. The leaves,
which stand on very short villous petioles, are round
or oblong-cordate, obtuse, reticulate, very prominently veined, and villous on both sides, especially
upon the veins. From the lower joints of the stem
four or five hairy, jointed peduncles proceed, which
bear small, leafy, villous bracts at the joints, and
several flowers on short pedicles. The flowers are
small, purplish, and densely pubescent, especially at
the base and on the ovary. The hexangular capsule
is deeply sulcate. This species grows in rich woods in
Louisiana, Texas, Arkansas, and Oklahoma.
Description. — "Unground Serpentaria shows an
oblique, subcylindrical, more or less curved rhizome,
from 10 to 40 mm. in length and from 1 to 4 mm. in
diameter; externally weak reddish brown, the upper
portion slightly annulated with short stem-bases and
the lower and lateral portions with numerous long,
thin, nearly straight, moderate brown to light yellowish brown roots. The fracture is short, and shows a
weak yellowish orange to weak yellow color internally." N.F. IX. For histology see US.D., 24th ed.,
p. 1027.
"Powdered Serpentaria is pale brown to dusky
yellow. It has a camphoraceous or terebinthinate
odor, and a bitter, aromatic taste. It contains numerous starch grains, simple and 2- to 4-compound, the
individual grains more or less spherical or plano-convex, frequently with a central cleft and from 3 to
18 microns in diameter; numerous lignified elements
consisting of tracheae, fibers, medullary ray cells,
and pith cells; and occasionally a few non-glandular
hairs from the stem." N.F. IX.
Texas serpentary contains a larger percentage of
volatile oil than does the other variety of the drug.
The color of serpentaria, which in the recent root
is yellowish, becomes brown on keeping.
The roots of Spigelia marilandica are sometimes
found associated with serpentaria. They may be distinguished bythe absence of the terebinthinate odor,
and, when the stem and foliage are attached, by the
peculiar character of these parts.
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Constituents. — Serpentaria contains a volatile oil
and a bitter principle. The volatile oil, which has a
camphor-like odor, was investigated by Peacock (Am.
J. Pharm., 1891, p. 257), who found it to consist of
about 60 per cent of an ester of borneol boiling at
211°, the remainder being a terpene (probably
pinene) boiling at 157°, a fraction boiling at from
239° to 240°, and a small quantity of a bluish-green
fluorescent oil which decomposed when distilled even
under reduced pressure.
No satisfactory information is available concerning the bitter principle, which was first described by
Chevallier, although the view has been expressed that
it may be alkaloidal in nature.
Aristolochine is a poisonous alkaloid, first isolated
by Pohl (Arch. exp. Path. Pharm., 1891, 29, 282),
from the seeds of A. Clematitis and A. rotunda. He
obtained it as a yellow crystalline mass; soluble in
chloroform, ether, acetone, acetic anhydride, and alcohol; insoluble in petroleum benzin, benzene, and
carbon disulfide; almost insoluble in cold water,
slightly soluble in hot water. O. Hesse (Pharm. J.
1891, 51, 551) found the same alkaloid in A. argentina but called it aristolochic acid. In the same plant
he found four other alkaloids: aristinic acid, aristidinic acid, aristolic acid and a substance he called
aristolochine (but different from Pohl's aristolochine).
Still another base, isolated by Krishnaswamy (/.
Indian Chem. Soc, 1935, 12, 476; 1937, 14, 39) from
A. indica, has been designated aristolochine. It is
probable, though apparently not proved, that the
official species of Aristolochia contain one or more
of the alkaloids just mentioned.
Uses.- — Serpentaria is classed among the aromatic
bitters; in moderate dose it acts as a gastric stimulant and may therefore be of service in atonic types
of dyspepsia. In overdose it acts as a local irritant,
provoking nausea and griping pains in the bowels,
sometimes vomiting and tenesmus. According to Pohl,
aristolochine in sufficient dose produces in the higher
animals violent irritation of the gastrointestinal tract
and of the kidneys, with death, in coma, from respiratory paralysis.
Dose, 1 to 2 Gm. (approximately 15 to 30 grains).
Serums and Serum Derivatives. Immune Serums.— Antibodies are specific protective substances
produced by the tissue cells of the host in reaction
against an antigen. The term antigen designates any
substance — such as infecting animal parasites, bacteria, or other foreign protein — capable of causing
the development of specific antibodies in the circulation of animals to which it is administered parenterally. The number of substances which may act as
antigens is very large; practically any foreign protein
may serve as an antigen. The kinds of specific antibodies produced vary Some — as the antitoxins — have
the power of neutralizing the soluble toxins of bacteria; others are directed against the specific cellular
protein of the antigen, such as antibacterial serums
employed against the bacteria themselves. The antibacterial serums may (1) either agglutinate or precipitate the specific antigens (agglutinins or precipitins) ;or (2) cause complete dissolution of the specific
antigen (bacteriolysins or bactericides) ; or (3) they
may so alter the antigen as to lower its resistance and
render it more easily destroyed by the body cells
(opsonins or bacteriotropins).
Antibodies are produced by injecting various animals, usually horses (cattle, goats and rabbits are also
used commercially), with the antigen which causes
the animal to produce specific antibodies. Inasmuch
as the blood serum of the treated animal serves as
the usual vehicle by which the antibodies are transferred, the method is commonly spoken of as serum
therapy. Serum containing specific antibodies of value
for immunization (even only passively) is known as
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Antitoxins. — The methods of preparing the antitoxins do not differ materially in any essential points
and are sufficiently described in Part I (see Diphtheria Antitoxin, Gas Gangrene Antitoxins, and
Tetanus Antitoxin) . In using the following the same
precautions must be observed as with the official antitoxins.
Botulism Antitoxin, NJLR. 1948, (Lederle). Botulinum Antitoxin, Anti-botulinus Serum; Botulinus
Antitoxic Serum. — Clostridium botulinum occurs in
certain contaminated foods and numerous fatalities
have followed the ingestion of improperly prepared
canned meats or, less commonly, vegetables. There are
several "types" of this bacterium. In North America,
type A is the most frequent cause of botulism in man,
whereas in Europe type B is found most frequently.
Antitoxins have been prepared for each of the specific
types; each is effective only against the one specific
type but bivalent (type A and type B) antitoxins
may be produced and are usually preferred. These
may be procured either by mixing the serums (types
A and B) obtained from different animals (each of
which has been immunized against one type) or a
single horse may be immunized against both types.
The former technique is usually more satisfactory.
Botulinus antitoxic serums are standardized by determining their neutralizing value when mixed with the
corresponding toxins, previously standardized against
the botulinus antitoxic serums supplied by the National Institutes of Health (Am. J. Pub. Health, 1921,
11, 352). For treatment, doses of not less than 10.000
units of the bivalent antitoxin are given intravenously
and are repeated as considered necessary. Dixon (/.
Exp. Med., 1923, 38, 327) recommended that the
injection be intravenously at the rate of not more
than 1 ml. per minute. The results of the Use of
botulinus antitoxin in man have been disappointing,
but as no other effective treatment for botulism is
known, the antitoxin, administered as soon as suspicious symptoms appear, should be given a trial.

depend for their efficiency upon one or more of the
following antibodies: Agglutinins, precipitins, bacteriolysins or bactericidins, and opsonins or bacteriotropins. It may be that in some instances liberated
endotoxin causes the production of some antiendotoxin which may in turn be found in some of the
commercial serums. In addition to these immune serums of the lower animals (horses, goats, oxen, or
rabbits), immune human serum obtained from individuals convalescent from certain diseases is used at
times in the prophylaxis and treatment of various
affections.
The preparation of these serums is in many ways
very similar to that of the antitoxins, the most important distinction being that instead of immunizing
the horse with soluble exotoxins, the animal is injected with attenuated living bacteria. The attenuation, or lessening of virulence, of the bacterial cultures
may be accomplished by various methods. These
serums may be monovalent or polyvalent. Nearly all
those commercially available are polyvalent.
As the composition of the valuable antibodies present in antibacterial serums is not known — with a few
exceptions — it has been almost impossible to separate
them from the undesirable proteins of the blood
serum, as is done in the manufacture of the antitoxins.
For the same reason no satisfactory method has as
yet been found by which the effectiveness or potency
of these serums can be accurately determined. Due
to the lack of definite standards and the uncertainty
of any beneficial effects, the antibacterial serums are
not employed so extensively as therapeutic agents
as are the antitoxins, though many therapeutic serums
have been marketed.
The antibacterial serums are usually administered
subcutaneously or intramuscularly; in very severe
conditions, after being warmed to 37°, they are injected, slowly by gravity, intravenously, or, in meningeal affections, into the spinal canal. The initial
curative dose is ordinarily 30 ml., unless the serum is
of a high potency. This dose may be given once
daily or, in severe cases, twice daily. The injections
are continued until symptoms of the disease disappear.
Because of the large amount of foreign protein it is
necessary to exert great care to avoid dangerous allergic reactions. Even in persons not unusually sensitive
to horse-serum it is wise to give a preliminary subcutaneous or intradermal dose of about 0.5 ml. of
the serum about one-half hour before administering
the therapeutic dose, as a step towards desensitization
to avoid inducing serum sickness. In persons known
to be sensitive to horse-serum protein, or who give
a positive skin test, the use of such large doses of
serum is extremely precarious (see also under Diphtheria Antitoxin). With the development of sulfonamides and antibiotics the use of antisera has decreased greatly. Successful fractionation of gamma
globulin from blood has made available the antibodycontaining fraction of blood in a high degree of concentration, and relatively free of proteins and other
constituents of whole serum which are not needed and
are undesirable.

Watson
Med.,
1939. doses
38, 382)
reported
favorably'(.Xorthvest.
on the effects
of large
of botulinus
antitoxin, containing epinephrine, given intravenously.
Persons who have consumed food suspected of being
infected may be given prophylactic doses of not less
than 2500 units of the bivalent antitoxin subcutaneously. It is available in vials containing 10,000 units
each of type A and type B antitoxin.
Antibacterial serums are the serums obtained
from the blood of animals which have been immunized against particular bacteria and contain antibodies antagonistic for the latter. These serums are
more complex in composition and generally less certain
in their therapeutic action than the antitoxins. They

Antianthrax Serum. — This is prepared by immunizing horses against virulent anthrax bacilli. For effective results, this serum must be administered at the
earliest possible moment in large doses. Gold (J. Lab.
Clin. Med., 1935, 21, 134) recommended slow intravenous injection of from 200 to 1000 ml. during
2 or 3 hours. The serum has been employed effectivelv in conjunction with neoarsphenamine (Luchessi
and Gildersleeve, J.AM .A., 1941, 116, 1506). Kindler
(Ind. Med. Surg., 1952, 21, 487) reported recovery
in a case of anthrax meningitis following use of the
antiserum along with penicillin intramuscularly and
intrathecally and sulfadiazine orally.
Antibrucella Serum (Polyvalent). — This is derived

immune serum to differentiate it from "normal serum"
which does not contain antibodies. There are two
chief types of immune serums: antitoxic, which neutralize extracellular toxins, and antibacterial, which
antagonize the bacteria themselves. The former are
by far the more frequently employed. In the preparation of antiviral serums the attenuated virus is used
as the antigen.
In both Great Britain and the United States these
substances can be manufactured for sale only under
special license. The regulations of the respective governments provide rules for standardizing, labeling,
and marketing. In the United States the "Minimum
Requirements," with which all sera must comply, are
established by the National Institutes of Health of
the Department of Health, Education and Welfare;
products must be certified by this agency.
As the immune serums deteriorate with great rapidity at ordinary room temperatures it is imperative
that they should be kept at as low a temperature as
possible, preferably
4°, never above 15°; freezing,
however,
should be atavoided.
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from the blood of cattle immunized with Brucella
melitensis, Br. abortus, and Br. suis. It has been employed in treating undulant fever (brucellosis), being
administered intravenously or intramuscularly to
adults, in a total dose of as much as ISO ml. in a
period of 72 hours. The serum was offered in dried
form, which was reconstituted with 50 ml. of water
for injection. Antibiotics are far more effective.
Antidysentery Serum (Shiga). Dysentery Antitoxin (Shiga). — Antidysentery serum is a concentrated
and refined horse serum containing specific antibodies curative for the disease caused by Bacillus
dysenterice (Shiga).
From an etiologic standpoint the dysenteries are
divided into two main groups: those caused by
amebae and those caused by bacteria. The symptoms
in the two groups are often so similar that a positive diagnosis can be made only by laboratory examination. At present there are recognized 3 main groups
of bacilli that may cause dysentery. Bacilli of the first
group, which includes the Shiga bacillus and also the
Schmitz bacillus (B. ambiguum), do not ferment
either mannite or lactose; the second group members,
which ferment mannite but not lactose, and are sometimes called the paradysentery organisms, include the
Flexner, Hiss-Russell and the Strong bacilli; the
third group organisms include the Sonne bacillus
(Shigella sonnei) and the Dispar bacillus (Shigella
madampensis) , which ferment both mannite and lactose. All types of dysentery bacilli produce an endotoxin, but the Shiga bacillus is the only one of the
group which elaborates a soluble exotoxin. Infections
with Shiga organism are usually severe and have a
higher mortality than those due to other microorganisms.
Antidysentery serum (Shiga) is prepared from the
blood of animals, usually horses, which have been
immunized by injection of either cultures or sterile
filtrates from cultures of the Bacillus dysenteries
(Shiga). This serum is both antibacterial and antitoxic. It is possible to separate from the serum the
pseudoglobulins to which are attached the specific
antitoxic bodies; they are obtained in the manner
described under Diphtheria Antitoxin (see in Part I)
and are available commercially either in the dried
state or in solution.
Antidysentery serum is of some value as a therapeutic agent in infections by the Shiga bacillus
(Lancet, 1924, 2, 232) but is not of value in other
types of bacterial dysentery: the sulfonamides and
antibiotics are more effective. Infections with the
Shiga bacillus are comparatively uncommon in the
United States. The polyvalent serum is generally not
as successful as the Shiga antitoxin but Reed (Am. J.
Med. 5c, 1934, 187, 819) reported good results from
rapid intravenous injections of large doses (up to
200 ml.) of the polyvalent serum. The serum has
been used in doses of 10 ml., subcutaneously, as a
prophylactic (Felsen, Mil. Surg., 1940, 87, 417).
Hurst (Proc. Roy. Soc. Med., 1931, 24, 785) believes
that ulcerative colitis is often caused by dysentery
bacilli and recommended use in such cases of the
polyvalent serum in doses of 40 to 80 ml. intravenously; its merit is equivocal.
Antierysipeloid Serum, Refined (Pitman-Moore). —
This serum contains antibodies and antibacterial activity against Erysipelothrix rhusio pathice (Suis) ; it
is prepared from serum of horses subjected to increasingly potent injections of live cultures of the
organism. The potency of the serum is such that 0.1
ml. protects pigeons against an infection which kills
control birds in 3 to 4 days. The serum is intended
for use in the treatment of the clinical condition
known as erysipeloid (not to be confused with
erysipelas) ; from 10 to 20 ml. is given subcutaneously
or intramuscularly, and portions of 0.25 to 0.5 ml.
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are injected at numerous places about the border of
the lesion. Penicillin is beneficial.
Antihemophilus Influenza; Type B Serum (Rabbit),
N.N.R. (Squibb). — This is a refined and concentrated
antiserum obtained by immunizing rabbits with
Hemophilus influenzae type B organisms. It is an
essential adjunct to chemotherapeutic (sulfadiazine)
and antibiotic (streptomycin or chlortetracycline)
treatment of influenzal meningitis due to H. influenza;
type B (Alexander and Leidy, /. Pediatr., 1943, 23,
640). The contents of 1 to 4 vials (25,000 to 100,000
units) , according to the severity of the infection, are
given in Ringer's solution or isotonic sodium chloride
solution by continuous intravenus drip over a period
of 2 hours; further treatment is given in 24 hours,
if required. Anaphylactoid reactions must be watched
for and treated vigorously.
Antimeningococcic Serum, N.F. IX. — "Antimeningococcic Serum is obtained from the blood of an
animal immunized with cultures of the several types
of meningococci (Neisseria intracellular is) which prevail in the United States." N.F. IX.
The disease known as epidemic cerobrospinal meningitis, spinal meningitis, or meningococcal meningitis
is caused by a microorganism known as Neisseria
intracellularis (Diplococcus intracellularis) and commonly called meningococcus. This species of bacteria
occurs in a large variety of strains which are serologically different. Gordon and Murray (/. Roy.
Army Med. Corps, 1915, 25, 411) classified meningococci into 4 types, but studies made more recently
have indicated the close relationship existing between
their Types I and III. However, the evidence available
does not suggest a similar combining of Types II and
IV. Strains of Type IV have not been isolated in the
United States since 1928, so these at present have
little clinical significance. Types I and III have now
been collected as Group I, Type II is now designated
as Group II and Type IV has become Group IV.
These groups have been established on the basis of
agglutination reactions with specific serum. One other
group having a serological relationship to Group II
has recently been recognized. These meningococci
agglutinate with many Group II antisera, but such
sera do not protect against infection with these
strains. Bacterial strains having these characteristics
have been placed in Group II alpha (Branham and
Carlin, Proc. S. Exp. Biol. Med., 1942, 49, 141).
In preparing antimeningococcic serum it is common
practice to use several strains of Group I, Group II,
Group II alpha and Group IV so that the serum
produced will contain specific antibodies against all
the recognized groups of meningococci. Meningococcic
antisera are prepared in either horses or rabbits.
Serum obtained from rabbits usually contains a
higher concentration of antibody than can be produced with regularity in horses, but is more difficult
to produce in quantity because of the relatively small
amount of serum obtained from each rabbit. The
standardization of antimeningococcic serum and other
antibacterial sera is quite inaccurate, and the best that
can be done is to obtain a reasonable estimate of
potency. Of the many methods which have been advocated for measurement of antibacterial antibody in
serum, agglutination tests and mouse-protection tests
are two methods usually used in the estimation of
the potency of antimeningococcal serum. Because of
the lack of accurate assay procedures, a minimum
standard has been established, and all antimeningococcal serum is required to equal or exceed this
minimum standard.
Before the advent of specific therapy, meningococcal meningitis caused a mortality of 60 to 80 per cent.
In serum-treated cases it averaged about 25 per cent;
however, this figure may be considerably lower if
serum therapy is begun before the fourth day of the
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disease. Since sulfadiazine, sulfamerazine and penicillin have become available, the use of antimeningococcal serum has almost ceased. Both sulfonamides
and penicillin give better therapeutic results than
antimeningococcic serum and mortality rates of less
than 8 per cent are reported. The use of these chemotherapeutic and antibiotic agents is so simple and
effective that now serum is largely reserved for the
critically ill patient who is in need of all possible
therapeutic assistance. In these cases, antimeningococcic serum is administered as an adjunct to
sulfonamide or penicillin therapy. Beeson and Westerman {Brit. M. J ., 1943, 1, 497) reported that in some
critically ill patients the foreign protein of the
serum may have an adverse effect. The usual dose
is from 20 to 40 ml. intramuscularly or intravenously.
Antipertussis Serum (Wyeth). — This preparation
represents the refined and concentrated globulin
fraction from the serum of rabbits rendered immune
by repeated inoculations with killed cultures of
Hemophilus pertussis (Phase I) organisms, and with
pertussis endotoxoid obtained from these organisms.
The serum is employed in the treatment of the active
stages of pertussis and for the production of passive
immunity. The prophylactic dose is 20,000 units
intramuscularly as soon after exposure as possible;
the therapeutic dose to minimize the severity of symptoms is 20,000 units, repeated in 24 to 36 hours if
indicated. Rabbit antiserum, because of the higher
titer of agglutinins and antiendotoxins, was preferred
by Hodes and Bradford (Am. J. Dis. Child., 1950,
79, 362) to Pertussis Immune Human Serum (see in
Part I). The serum is available in 4-ml. vials containing 20,000 units.
Antipneumococcic Serum — Type Specific, NJ?. IX.
— "Antipneumococcic Serum is obtained from the
blood of an animal which has been immunized with
cultures of a pneumococcus (Diplococcus pneumonice)
of one of the types for which a serum has been prepared and which has been standardized or has been
released by the National Institutes of Health of the
United States Public Health Service." X.F. IX.
Most cases of lobar pneumonia are caused by a
bacterial species designated as Diplococcus pneumonice, this organism being commonly referred to
as the pneumococcus. Within this species are at least
39 serologically different types, and serum prepared
against one type usually has little therapeutic effect
in cases where the infection is caused by pneumococcus of a different type. It is, therefore, absolutely
essential that the serological type of the infecting
pneumococcus be determined if serum therapy is to
be used. This may be done by bacteriological examination of the sputum, the Xeufeld procedure usually
being used; this test makes use of the fact that the
capsular coating of the pneumococcus swells and becomes visible when it is placed in contact with
hyperimmune rabbit serum of the same type. The
capsular swelling does not occur when the pneumococcus is exposed to hyperimmune rabbit serum of
a heterologous type.
Formerly antipneumococcic serums were obtained
from horses. These animals, however, did not produce
effective quantities of antibodies against all types.
The introduction of rabbit serums in 1936 had the
effect not only of permitting the use of this form of
therapy in persons allergic to horse serum but also
of extending the available types as rabbits respond
to all types of pneumococci. The potency of the
serum is usually gauged by its protective value on
white mice as compared to standard serums supplied
by the National Institutes of Health (in the United
States) or by the National Institute for Medical Research (in Great Britain). The Felton mouse method
(JAMA., 1930, 94, 1893), although not entirely
satisfactory, is generally accepted as the most reliable
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test available. It is performed by mixing varying
amounts of the serum with a fixed quantity of virulent culture of pneumococci and injecting the mixtures
into the peritoneal cavities of mice and comparing
the mortality with similar experiments made with
a standard serum.
Type-specific antipneumococcic sera provided the
first successful treatment of certain types of pneumococcal pneumonia. Their action is mainly antibacterial but there may also be some antitoxic effect.
The introduction of sulfonamide drugs in the therapy
of pneumococcal pneumonia led to the practical
abandonment of the use of these sera. There is no
particular advantage accruing from the combined use
of serum and sulfonamide in this disease (Shackman
and Bullowa, Arch. Int. Med., 1943, 72, 329). Penicillin alone or in combination with the sulfonamides
provides more effective and less toxic therapy. Antipneumococcic serum may be advantageous in such
pneumococcal infections as meningitis and ocular
ulcerations and as an adjuvant to penicillin and sulfonamide therapy ; however, the sera are not generally
available.
The dosage of antipneumococcic serum is usually
expressed in terms of the Felton unit, which is 10
times the smallest amount of serum which will protect
the majority of mice against 100,000 fatal doses of
a virulent culture of pneumococci; in other words,
one unit of serum will protect a mouse against
1,000,000 minimum lethal doses. The usual dose is
from 20,000 to 100,000 units, which is always given
by intravenous or intramuscular injection.
Antirabies Serum. — This is a refined and concentrated serum derived from horses which have been
hyperimmunized with rabies antigen; it contains a
high concentration of antibodies specific for rabies
virus. It is prepared by injection into horses of ascending doses of rabies vaccine and virus over long
periods of time, as in the hyperimmunization of horses
for production of diphtheria antitoxin. When the
blood serum of the horses reaches a suitable titer they
are bled and the recovered plasma is concentrated and
refined by a process similar to that used in preparing
antitoxins. The concentrated serum is assayed by
intracerebral titration of serum-virus mixtures in mice.
A standard reference virus and serum are used as controls; the potency of the serum is expressed in units.
Antirabies serum is recommended as an adjunct to
vaccine treatment of all persons who have been exposed to rabies infection (J.A.M.A., 1954, 154, 836).
It is particularly indicated in cases where the bites
are around the head or neck or close to large nerves.
While the use of antirabies serum in this country has
been limited, in other parts of the world it has been
for some time the practice to use it, either alone or
in conjunction with rabies vaccine (Shortt et al.,
Indian J. Med. Res., 1935, 22, 537; Proca and Bobes,
Bidl. Health Leag. Nations, 1940, 9, 79). Experimental work in animals has been extensive (Hoyt and
Curley, Proc. S. Exp. Biol. Med., 1938, 38, 40; Habel,
Pub. Health Rep., 1945, 60, 545; Koprowski, Can.
Pub. Health J., 1949, 40, 60; Koprowski et al., Am. J.
Med., 1950, 8, 412). The incidence of failure of vaccine therapy in individuals bitten about the head or
neck is high and in these cases the use of serum therapy additionally is recommended. Clinical use of antirabies serum has been limited and until further evidence is obtained it should be considered as an aid to
but not a substitute for rabies vaccine prophylaxis.
Dose. — The clinical experience being limited, recommendations of dosage are based largely on animal
experimental work. For a patient of 40 pounds, 1000
units (the contents of 1 vial) is recommended, increasing 1000 units for each additional 40 pounds of
weight up to a maximum of 6000 units for patients
over 200 pounds. The serum is a(iministered intra-
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muscularly, in divided doses if necessary for patient
comfort. The total volume indicated should be given
as soon after the bite as possible; best results are obtained if the serum is administered within 24 hours
after exposure. After 24 hours the efficacy of the
serum diminishes very rapidly, which deficiency must
be compensated for by administration of 2 or 3 times
the recommended dose. Wherever possible the area
surrounding the bite should be infiltrated with serum
in addition to the recommended dose. Vaccine treatment should be started 24 hours after administration
of the serum (see Rabies Vaccine, in Part I).
The same precautions must be observed in the use
of antirabies serum as are practiced in the use of other
sera or antitoxins. The patient's history should be
checked for allergy, especially to horse serum, and
tests for sensitivity applied before administration of
serum is started.
Antirabies serum should be stored at 2° to 10°.
It carries an expiration date of 1 year in the liquid
state and 5 years in the dried form. It is available in
vials containing 1000 units.
Horse Serum, Normal. — This serum is prepared
in the same manner as antibacterial serums except
that it is obtained from normal (nonimmunized)
animals. It is used chiefly in 1:10 dilution to test
recipients for sensitivity prior to injection of antitoxins or antisera prepared from horses ; the dilution
is injected intracutaneously or dropped into the conjunctival sac. It has also been employed for nonspecific foreign protein therapy, and to stimulate
formation of fibrin in certain hemorrhagic disorders.
The usual precautions with regard to anaphylactic
shock must be taken whether the serum is injected
or applied locally to open wounds or on burns.
Human Immune Sera. — These are obtained from
convalescent patients who have recovered from specific diseases or from persons who have been actively
immunized against a specific disease. The sera are
subject to the regulations of the National Institutes
of Health; in addition to the requirements described
under Normal Human Plasma (Part I) they must
comply with the following Minimum Requirements:
"Only those persons may serve as a source of
immune serum whose clinical records show that they
convalesced from the specific disease concerned within
the intervals which follow. The donors shall be in
sufficiently good health so that the withdrawal of
the blood will not adversely affect them.
"A donor shall not serve as a source of serum until
after an afebrile period of at least 7 days and during
this interval there shall have been no active clinical
manifestations of the disease. As a guiding policy
the blood should preferably not be drawn until the
antibody level of the blood has reached the average
level to be expected for the disease involved.
"The interval during which donors may be bled for
convalescent serum, excepting donors for poliomyelitis immune serum, shall not be more than 6 months
after the 7-day afebrile period specified above, unless
continued antibody level can be demonstrated.
"Because of the recent illness, care must be exercised in selecting donors who are physically capable
of giving blood. The volume withdrawn must also be
judged on this basis and the size of the donor. The
method employed for the removal of the blood from
the donor shall conform to standards of aseptic surgery."
Human immune sera, after collection, are pooled,
filtered and sterilized by ultraviolet light to destroy
chance viral contamination. Recent clinical followups and human volunteer studies on ultraviolet
sterilization procedures have shown that the methods
currently employed are not as efficient as indicated
by previous studies. Consequently all packages of
human immune sera must carry a warning statement
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to the effect that despite careful donor selection and
ultraviolet irradiation, the serum may contain the
virus of homologous serum hepatitis. Human immune
sera are also tested for potency (where a suitable
test is available), identity, sterility, safety and pyrogens. The dose varies from 50 to 500 ml., according
to the therapeutic purpose and the antibody titer of
the serum.
Human Measles Immune Serum, N.F. IX. —
"Human Measles Immune Serum is sterile serum
obtained from the blood of a healthy human (Homo
sapiens)
N.F. IX. who has survived an attack of measles."
Human measles immune serum is an unconcentrated serum and should not be confused with Immune Serum Globulin (see in Part I), which is
concentrated and refined, and is preferred for use in
the same infection.
Although the mortality of measles does not exceed
1 per cent there are grave dangers from the occasional
occurrence of severe or even fatal sequelae such as
bronchopneumonia, mastoiditis, encephalitis, endocarditis, etc. There is apparently no natural human
immunity to measles, but infants under 4 months of
age rarely contract measles because of a passive
placental transfer of antibody from the mother, if
she has had measles. Acquired immunity is characteristic of the disease. One attack usually protects
against subsequent attacks. This immune serum is
not a curative agent in the sense that it will immediately cut short the disease, but there is some
evidence that if used early in the infection it will
make the symptoms less severe and diminish the
likelihood of sequelae (Karelitz, /. Pediatr., 1938,
13, 195). It is also valuable as a prophylactic and,
if used promptly after exposure, will prevent, or
ameliorate, the disease in many cases (Thalhimer,
Bull. N. Y. Acad. Med., 1941, 17, 434; McKhann,
J. AM. A., 1937, 109, 2034). The effectiveness of the
serum is greater in institutions where isolation is
practiced than it is in private homes where the
immunized child is exposed repeatedly to an infected
patient.
The prophylactic dose of measles immune serum
for an adult is about 10 ml.; for an infant of 2 years,
4 to 8 ml. To modify the course of the disease, after
infection, from 15 to 30 ml. should be given as soon
as the probable diagnosis has been made. In both
cases the serum should be administered by intramuscular injection. Small children who develop measles during the course of another disease present
serious risks. In such instances, large doses of serum
have been used, intravenously, to modify the severity
of the disease; 50 ml. may be given intravenously.
The serum should be stored at a temperature between
2° and 10°, preferably at the lower limit.
Human Mumps Immune Serum. — This is a sterile
serum obtained from adults convalescing from an
attack of mumps or who have been immunized by
repeated doses of mumps vaccine. Mumps immune
serum may be of value in the prevention of mumps
in exposed susceptibles and also in the prevention
and treatment of the complications of mumps (orchitis) when used early after the onset of the disease
(Gellis et al., Am. J. Med. Sc, 1945, 210, 661).
Mumps immune serum is available either as a liquid
or dried product. The dose for prophylaxis is 10 to
40 ml.; for treatment up to 200 ml. It should be
stored between 2° and 10° C.
Human Scarlet Fever Immune Serum, N.F. IX. —
"Human Scarlet Fever Immune Serum is a sterile
serum obtained from the blood of a healthy human
(Homo sapiens) who has survived an attack of
scarlet fever." N.F . IX.
Convalescent scarlet fever serum is limited in
usefulness because of the difficulties in its procure-
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ment; also it had been generally replaced by scarlet
fever streptococcus antitoxin when antibiotics eliminated the need tor such biological material. The
serum has the advantages over the antitoxin of
producing a much lower incidence of reactions, of
being homologous and not producing sensitization;
it is particularly useful for those who are sensitive to
horse serum. The value of the serum depends on
its content of antitoxic antibodies, and since the latter
is low in comparison with the artificially prepared
antitoxin, large doses are required. Furthermore no
attempt was made to standardize or even determine
the antitoxin content in human scarlet fever immune
serum. Top and Young (J AM. A., 1941, 117, 2056)
reported that the statistical difference in the therapeutic results between treatment with antitoxin and
convalescent serum is insignificant.
As a prophylactic the scarlet fever immune serum
is preferable, if it can be obtained, to the antitoxin
because of the unpleasant reactions caused by the
latter and its efficacy is high. Hardgrove {Wisconsin
M. J., 1938, 37, 821) reported that in 1000 exposed
persons immunized with the serum only 2 per cent
developed the disease and then in a mild form. Convalescent scarlet fever serum has also been recommended in other infections by hemolytic streptococci
(Levinson, J. Pediatr., 1939, 14, 256).
The prophylactic dose for adults is from 10 to 40
ml., best given by intramuscular injection; as a
curative the dose is from 20 to 100 ml. The serum
should be stored between 2° and 10°, preferably at
the lower temperature.
Poliomyelitis Immune Globulin (Human). —
This preparation is a sterile, concentrated and refined
solution of poliomyelitis antibodies present in human
blood. It contains 16.5 ± 1.5 Gm. per 100 ml. of
globulin having an electrophoretic mobility not faster
than —2.8 X 10— 5 in sodium diethylbarbiturate at
pH 8.6 and an ionic strength of 0.1. The protein is
composed of not less than 90 per cent of such
globulin. The color varies from colorless to reddish
brown depending upon the amount of hemoglobin
present. Fresh solutions are free of turbidity, but, on
aging may develop a small amount of turbidity or
particulate matter.
Poliomyelitis immune globulin (human) is prepared
by collecting human blood in an anticoagulant solution consisting of 4 per cent tri-sodium citrate in
water for injection. If the blood is originally collected
for use as whole blood or for the preparation of resuspended red cells and plasma then one of the acidcitrate-dextrose (ACD) anticoagulants must be used.
The plasma is removed by centrifugation in the original collection bottles, by a continuous centrifugal
process, or by sedimentation on standing. Plasma so
recovered is stored at 2° to 5° C. until further processed. Plasma pools of convenient size are made for
fractionating purposes; however, the finished loi. of
globulin shall represent a pooling of material from
not less than 1000 donors and preferably more. Plasma
is processed for separation of the gamma globulin
fraction by a method demonstrated to be capable of
recovering globulin of not less than 90 per cent purity.
The methods used are based on fractional precipitation from alcohol-water systems at low temperatures,
carefully controlled and at definite pH and ionic
strength values (see Normal Human Plasma) . Only
those methods of processing which have been demonstrated to be capable of producing a final product
free of the agent of viral hepatitis are considered
satisfactory. The composition of the proteins present
and the portion which is globulin must be determined
by electrophoretic analysis. The processing method
shall yield a product which is safe and suitable for
either subcutaneous or intramuscular injection. The
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various processing steps must be conducted in a manner to prevent unnecessary contamination, either with
bacteria or other deleterious matter, particularly
pyrogenic material. Reliance should be placed on
proper technique and low temperatures rather than
the use of preservatives to prevent bacterial growth.
Phenolic compounds must not be used.
The bulk product, if a liquid or a solid containing
more than 1 per cent moisture, must be stored at a
temperature below 0° C. If stored as a solid containing less than 1 per cent moisture it may be stored at
a temperature not to exceed 5° C. Containers must be
closed and sealed to prevent entrance of moisture and
contamination from outside sources. This type of bulk
storage may be for a period not to exceed 5 years.
The finished globulin solution shall be of such
fluidity as to permit administration through a hypodermic needle of small gauge. A 2.25 per cent (0.3 M)
solution of glycine may be used as a diluent. The pH
is adjusted to 6.8 ± 0.4. The finished solution is
rendered bacteriologically sterile by filtration through
a bacteria-excluding filter.
The efficacy of the processing method must be
checked for recovery of specific antibodies by titrations for several antibodies for which there are recognized methods of titration on both a pre-processing
and finished sample. Several lots of globulin prepared
by the processing method in use shall be shown by
clinical trials to be effective in the prophylaxis of
measles. To be acceptable for release, each lot of
finished product must be shown to be at least equivalent in potency to the reference standard (as supplied
by N. I. H.). The potency test is a globulin-virus
neutralization assay in white Swiss mice. The reference standard Poliomyelitis Immune Globulin distributed by the National Institutes of Health is from
a lot used in the studies carried out by Dr. W. McD.
Homman
and his coworkers {JAMA., 1952, 150,
739).
Poliomyelitis immune globulin (human) is used as
a prophylactic agent against poliomyelitis. The existence of many strains of poliomyelitis virus complicate
attempts to control the disease immunologically. Antigenic studies have resulted in the identification of at
least three broad types of virus, Brunhilde, Lansing
and Leon (National Foundation for Infantile Paralysis, Committee on Typing: Am. J. Hyg., 1951, 54,
191) also identified as Types 1, 2 and 3 respectively.
It appears that the Brunhilde and Leon are the most
common epidemic strains and, that the Lansing strain
is more often associated with sporadic infections. All
types can cause paralytic disease. The three types of
virus are antigenically distinct and infection with one
will not give rise to resistance to another; however,
Sabin (/. Exp. Med., 1952, 96, 99) has indicated that
Type 1 and Type 2 viruses share a common antigen,
and that the heterotypic antibody response is transitory while the homotypic neutralizing antibody persists for a longer time. Gamma globulin separated
from human blood has been found to contain neutralizing antibodies against all of the three immunologic types of poliomyelitis virus (see Bodian, Proc.
S. Exp. Biol. Med., 1949, 72, 259). In this study Red
Cross gamma globulin was used and neutralizing
properties were found in approximately equal titer
against each of the three types of virus. Bodian {Am.
J. Hyg., 1951, 54, 132) also showed in his studies
that doses of 0.1 ml. /Kg of body weight protected
Rhesus monkeys against an oral challenge dose of all
three types of virus. At least partial protection was
demonstrated when the gamma globulin was administered from 2 weeks before to 3 days after the injection of virus. While no antibody reaction wras obtained in response to a neutralized mixture of active
virus and gamma globulin injected intramuscularly,
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gamma globulin, when administered at a different site
from the peripheral inoculating of virus, did not interfere with the development of antibodies.
Three large clinical trials have been made with
poliomyelitis immune globulin (human) as a prophylactic agent against poliomyelitis (Homman et al.,
J. A.M. A., 1952, 150, 739). In these trials, during
July, 1952, 54,772 children between the ages of 1 and
11 years residing in Texas, Iowa and Nebraska, where
epidemic poliomyelitis was occurring, were used for
the tests. These children were divided into two equal
groups of subjects and controls. The one group received globulin and the other group a gelatin solution.
At the time of injection all of the children were in
apparent good health, although some were actually
in the incubation period of the disease. The dose of
globulin used was 0.14 ml./lb. of body weight. The
injections were made without the patient, physician
or investigators knowing whether globulin or gelatin
control was being administered until completion of a
follow-up period considered adequate for determining
a final diagnosis. The results of this study were encouraging, demonstrating that at least partial control
of the disease was possible with immune globulin.
During the first week after injection there was no significant reduction in the number of cases in the group
receiving immune globulin. However, the severity of
the paralysis appeared to be favorably modified. From
the second week after injection there was a decided
decrease in incidence of poliomyelitis in the immune
globulin group. The protection continued to some
extent through the fifth week. After the fifth week
the difference was less evident. The severity and extent
of paralysis, similarly, were more favorable in the
globulin group. No protection was detectable after the
eighth week (ibid., 1953, 151, 1272). To substantiate
the validity of the controls, data were examined to
determine whether there was any evidence to suggest
that injections of gelatin had localized or provoked
paralysis. No such evidence was found. Protection
was so marked and the study of such proportions that
controls were not essential to demonstrate simple protection. Laboratory studies to determine the effect of
immune globulin on inapparent infection and the
subsequent development of active immunity are not
yet complete.
All stocks of poliomyelitis immune globulin (human)
were in a national pool being administered through
cooperation of the Federal Government, American
Red Cross, National Foundation for Infantile Paralysis and the various State Health Departments, until
1955. Use of the globulin was restricted to epidemic
areas and household contacts. This method of allocation and distribution was made necessary because of
the limited supply and probable development of a
black market if regular commercial channels were
used. All commercial producers of poliomyelitis immune globulin (human) agreed to assign all their
stocks to the National Foundation for Infantile
Paralysis.
The existence of poliomyelitis immune substances
in normal human serum is due to the fact that most
adults have been exposed to the disease, even though
it was not diagnosed as such. Collins (Pub. Health
Rep., 1946, 61, 327) believes the immunity of most
adults must be ascribed to a frequency of about 100
nonparalytic, or abortive attacks, compared to one
resulting in paralysis. It is generally agreed that man
is the sole source of the virus. It has been demonstrated that ambulatory carriers of poliomyelitis virus
are extremely numerous, especially during epidemic
periods. Virus has been demonstrated in the pharynx
of a patient for only 4 to 8 days following the onset
of symptoms (Wenner and Tanner, Proc. S. Exp.
Biol. Med., 1947, 66, 92) whereas it is found in the
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patient's stools for several weeks (Horstmann et al.,
J. Clin. Inv., 1946, 25, 278). The virus has been recovered from house flies trapped during epidemics.
The virus has also been repeatedly isolated from
urban sewage, although only at epidemic times (Melnick, Am. J. Hyg., 1947, 45, 240). Analysis of explosive epidemics warrants the conclusion that these
epidemics are due to a single common exposure to
some vehicle, rather than person-to-person transmission (Salk, J.A.M.A., 1953, 151, 1081). Sabin (Chicago M. Soc. Bull., 1951, 54, 163) similarly concluded
that if the virus were respiratory in its transmission,
the greatest danger of infection would occur where
large numbers of people congregate. It is now widely
agreed, even by adherents of the respiratory transmission hypothesis, that no special danger is occasioned by large gatherings of people during an epidemic. Present knowledge justifies the conclusion that
feces derived from patients and healthy carriers is the
most significant source of virus. There is no evidence
that droplet nuclei have any role in the transmission
of poliomyelitis.
It has been shown in monkeys that the incubation
period for poliomyelitis, after a 3 -day period of feeding suspensions of spinal cords infected with virus, is
11.4 to 14 days (Bodian, Am. J. Hyg., 1952, 56, 78).
The incubation period in man has been reported by
Sartwell (Am. J. Pub. Health, 1952, 2, 1403). A study
of bulbar poliomyelitis occurring after tonsillectomy
showed a median incubation period of 12.5 days in
54 cases. This was based on the presumption that infection took place at the time of operation or shortly
thereafter.
The advisability of using poliomyelitis immune
globulin (human) for mass prophylaxis has been questioned. The effect on development of natural immunity has yet to be determined. The protection
offered is of short duration and costly. The amount
of human blood required for the production of immune globulin seriously endangers the other uses for
which the blood is required. Under the present administration methods, with existing supplies of globulin, Ipsen (Am. J. Pub. Health, 1953, 43, 1101) predicts prevention of 500 to 1000 cases of poliomyelitis
but well over 95 per cent of the cases in the nation
will remain unchecked.
The practical range of usefulness of poliomyelitis
immune globulin (human) cannot be defined at present. When a more effective means of prophylaxis becomes available it will still have a place for immediate
passive protection (see also under Poliomyelitis Vaccine, in Part II). It may also prove to be useful in
conjunction with a viral vaccine.
The dose of the globulin is 0.14 ml./lb. of body
weight, intramuscularly, administered at the time of,
or preferably before, exposure. Immunity is passive
and if continued protection is needed the dose must
be repeated at about the fifth week. The globulin has
a market dating of 3 years and should be stored
preferably
2° to 10°
C.
Sesame. atSesamum
indicum
L. (Fam. Pedaliacece.)
— There are about 20 species referred to the genus
Sesamum, the majority of which are natives of Africa.
In India one or two species occur wild; one of these,
Sesamum indicum L. (S. orientale L.) , also known as
the benne plant, has been cultivated from time immemorial invarious parts of Asia and Africa. From
the latter continent it is supposed that seeds were
brought to the United States, where, as well as in the
West Indies, it is now cultivated to a considerable
extent. The seeds are employed as food. On expression
they yield a fixed oil, which is recognized by the
U.S.P. (see Sesame Oil, Part I) . A case of angioedema
and asthma due to ingestion of sesame seed was reported by Uvitsky (J. Allergy, 1951, 22, 377).
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Benne Leaves. — These contain gummy matter, imparted to water, forming a bland mucilage, which has
been used in the southern United States as a drink
in various complaints to which demulcents are applicable, as in diarrhea, dysentery, etc. One or two
fresh leaves of full size, stirred in half a pint of cool
water, renders it viscid. With dried leaves hot water
is used. The leaves have also been employed for the
preparation of emollient cataplasms.
Sestron. Antispasmin (Raymer). Projenil (C. D.
Smith). N-Ethyl-3,3'-diphenyldipropylamine. (CcHsCH2CH2CH2)2N.C2H5.— This substance, commonly
employed in the form of the water-soluble citrate
salt, was synthesized by Kiilz et al. (Ber., 1939, 72,
2165). It has spasmolytic action similar to that of
papaverine. It abolishes barium excitation of isolated
intestine, acting directly on smooth musculature; in
cats and rabbits it was reported to be 1.5 times as
effective as papaverine, while in humans (on the
appendix and stomach) it is 2.5 to 3 times as effective
(Kiilz and Rosenmond, Klin. Wchnschr., 1938, 17,
344). Weiss (Rev. Gastroenterol., 1945, 12, 436)
found it to have twice the spasmolytic activity of
papaverine and used it successfully in treating patients with pylorospasm and cardiospasm (achalasia),
ulcers of the stomach and duodenum, in spastic conditions of the biliary and renoureteral tract, and in
some forms of primary dysmenorrhea. McCabe (Am.
Pract. Dig. Treat., 1954, 5, 943), reporting his experience with Antispasmin citrate in treating 34 patients with angina, found it to give varying but substantial relief in all instances and he believes that the
drug may be useful in all conditions where relaxation
of smooth muscle is important.
The usual dose of the citrate is 120 mg. up to 3
times daily. It is available in tablets containing
120 mg.
Silicon. Si (28.09).— This element, said to be the
most abundant element on the earth except oxygen,
has been obtained in two allotropic states, called
amorphous and crystalline silicon. The latter is a black
solid, density 2.4 at 20°, melting at 1420°. It is prepared on a large scale by reduction of silicon dioxide
with coke in an electric furnace, and is used as a
deoxidizing agent in the casting of some metals. Pure
silica, silicon dioxide (Si02), is readily obtained by
acidulating the commercial solution of sodium silicate
with hydrochloric acid, dehydrating the precipitated
silica by heating, and then washing it. (See also
Purified Siliceous Earth, Part I.)
Colloidal silica results from the decomposition of
sodium silicate solutions by acid. Under certain conditions ahighly surface-active silica gel may be obtained. On drying and heating it in a vacuum, hard,
transparent, porous granules result having a high adsorptive power for water and certain gases. Silica gel
is used in gas masks as an absorbent and adsorbent;
for the removal of gasoline vapors from natural gas;
in refrigeration and air conditioning.
A dried silica gel was introduced for medical use. It
is an odorless, tasteless, inert powder which absorbs
much more water than ordinary toilet powders. It was
claimed to be capable of adsorbing toxins and was
used as a local application in the treatment of severe
burns; internally it was employed in the treatment of
certain types of gastroenteritis.
It has long been known that workers whose occupations expose them to the dust of quartz-bearing
rocks are prone to develop an inflammatory condition
of the lungs simulating chronic tuberculosis and known
as silicosis (see Gardner, J. A.M. A., 1934, 103, 743).
It was formerly supposed that this effect was due to
mechanical injury by the sharp particles in the dust
but this view is no longer tenable as Kasper and associates have shown that ethyl silicate when introduced
either by subcutaneous or oral route, produces pulmo-

nary lesions in the lower animals (J. AM. A., 1938,
110, 291). Several reports have appeared describing
beneficial effects of inhalations of finely divided aluminum or aluminum oxide in the prophylaxis and
treatment of silicosis; the evidence is, however, not
convincing (see Am. Rev. Tuberc, 1948, 57, 557,
also J.A.M.A., 1949, 140, 1024).
Silicones. — These substances, also known as polyorganosiloxanes, are synthetic polymers consisting of
a chain of alternate links of silicon atoms and oxygen
atoms, with the two remaining bonds of each silicon
atom (which is quadrivalent) generally being attached
to an organic substituent group. Diagrammatically, a
silicone may be represented as follows:
R
R
R
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I
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I
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— Si— O— Si— O— Si—
R
R
R
where R may be any organic radical, but most frequently ismethyl. This type of silicone is described
as being a linear polymer to distinguish it from a
cross-linked polymer, which may be represented as:
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Depending on the nature of the substituent group R,
as well as on the degree of cross-linking, a large
variety of silicones with widely different properties
may be synthesized. Silicones may take the form of
limpid or viscous fluids, or of paste-like to semi-solid
and even solid substances. All of them are notably
characterized by having water-repellent properties,
by stability at high and low temperatures, and by
relative chemical inertness. They may be prepared by
several different methods of synthesis; one of these
involves interaction of silicon tetrachloride with appropriate Grignard reagents to yield disubstituted
organosilicon chlorides which are hydrolyzed to the
corresponding hydroxy compounds and subsequently
condensed with elimination of water (see Rochow,
Chemistry of the Silicones, Second Edition, John
Wiley & Sons, 1951).
Perhaps of greatest interest in pharmacy and medicine are the silicone fluids, also called silicone oils.
These are of the linear polymer type in which the
substituent radicals (R) are generally methyl groups.
They may be produced in practically any desired
viscosity from 0.65 to 1,000,000 centistokes, the length
of the polymer chain determining the viscosity. These
fluids are transparent, of low volatility and high boiling points; they are completely soluble in many
organic liquids. Although they are as a rule insoluble
in water, a water-soluble silicone, j:hemically sodium
-Si— O
OH
Na+, has been
methyl siliconate,
OHI
^
recently introduced.
CH3In general, it appears that silicone fluids are physiologically practically inert and essentially devoid of
toxicity (see Rowe et al., J. Ind. Hyg. Toxicol., 1948,
30, 332; Kern et al., J. A. Ph. A., 1949, 38, 575).
Certain of them may cause transitory conjunctival
irritation (see Plein and Plein, ibid., 1953, 42, 79).
Medicinal Uses. — Preparations of various silicones
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have been introduced for dermatological use. Talbot
et al. (J. Invest. Dermat., 1951, 17, 125) successfully
applied Silicote (Arner-Stone Laboratories), a product containing 30 per cent of certain silicone oils in
a petrolatum base, as a moisture-repelling protective
agent in promoting healing of skin lesions resulting
from a variety of conditions, including colostomy or
ileostomy drainage, decubitus ulcer, pruritus ani,
hemorrhoidectomy, small bowel fistula, dermatitis
venenata, and diaper rash. A plasticized compound of
a diethylpolysiloxane type of silicone, nitrocellulose
and castor oil, dispersed in a greaseless, vanishing
cream base, supplied under the name Covicone (Abbot ) ,may be used similarly, and also as a water and
oil repellent protective cream for use in prevention of
contact dermatoses in industry. Finnerty (Ind. Med.
Surg., 1954, 23, 4, 156) observed that a 52.5 per cent
silicone in bentonite cream (Pro-derna, Westwood
Pharmaceuticals) protected 63 per cent of cases where
dermatitis would most certainly occur, and was effective against many water- and oil-soluble irritants.
Suskind (Arch. Ind. Hyg. Occup. Med., 1954, 9, 101)
further demonstrated the effectiveness of Pro-derna
in allergic dermatoses in industrial occupations. Winer
(N. Y. State J. Med., 1954, 54, 2591) found this
preparation a valuable adjunct in the prevention of
contact dermatitis. Because of its excellent occlusive
properties the cream should not be used on inflamed
or infected skin, or where dyshidrosis is a factor.
Plein and Plein (J. A. Ph. A., 1953, 42, 79), in the
course of a study of the possible utility of silicone
oils as dermatologic vehicles, developed a silicone
hydrophilic ointment base, a silicone cold cream, a
silicone anhydrous base, and other ointment base
formulations which compare favorably with or are
superior to older ointment bases; they found also
that silicone oils may be used as liniment bases.
The antifoaming property characteristic of silicones has been employed therapeutically in the use of
inhalations of silicone spray for the treatment of
frothing into the upper respiratory system from accumulation offluid in the lungs in pulmonary edema
(Chem. Eng. News, 1953, 31, 975). In veterinary
medicine a silicone preparation has been used to relieve bloat in cattle, the accumulation of foam characteristic of this ailment being reduced by injection
of a suspension of the silicone product directly into
the rumen (see McGregor, Phartn. Internat., 1953,
7, 24).
Silicone Bouncing Putty, a putty-like silicone which
deforms and flows like a viscous liquid under its own
weight but when struck or thrown rebounds like a
high-grade rubber and which can be shaped by the
fingers into any desired form, has been accepted by
the Council on Physical Medicine and Rehabilitation
of the American Medical Association as a device that
is useful in some ailments requiring therapeutic exercise of the fingers.
Other Uses. — The water-repellent property of silicones has been widely utilized in medical and pharmaceutical practice. When applied to glass surfaces,
certain silicone fluids form a durable water-repellent
film of molecular thinness which renders drainage of
water from such surfaces complete, thereby often
eliminating the need for washing, rinsing and drying
of apparatus thus treated. Pipettes, burettes, and
other glass measuring ware, treated with silicone,
deliver more nearly constant volumes of aqueous solutions because of the uniformity of drainage; the flat
meniscus observed in such silicone-treated devices
facilitates more accurate and reproducible reading of
volumes. Treatment of vials which are to be used as
containers for parenteral solutions makes it possible
to reduce the excess amount of solution which is required in order to insure delivery of the specified content of solution. Silicone treatment of hypodermic
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needles, syringes, glass tubing and other accessories
employed in manipulations with blood delays or prevents clotting of blood on the surfaces of or within
the treated articles (Science, 1951, 114, 637; Am. J.
Clin. Path., 1949, 19, 296; Blood, 1948, 3, 656).
Application of pure silicone oils to surgical instruments prior to boiling or autoclaving insures free
motion of the instrument after sterilization (J.A.M.A.,
1952, 149, 1464) ; also, certain silicone oils may be
used as the medium in which heat sterilization is accomplished, the advantage of this medium being that
it does not char or smoke during heating (Mil. Surg.,
1950, 106, 379; Science, 1948, 108, 542).
Industrially, silicones are widely used as anti-foaming agents, as water-repellents, and to prevent sticking
of one object to another. Silicone release agents, for
example, are used to release plastics and rubber from
molds, food from metal, metal from metal, ice from
wings of aircraft, and even capsules and tablets from
molds or dies in which these last are formed. Application of silicone resin coatings to pills, capsules and
tablets provides a moisture and dust repellent coating
which is said to improve the appearance and stability
of these medicinal dosage forms (Yen and Stirn,
U. S. Patent 2,512,192).
Silver Bromide. — A colloidal silver bromide containing acacia and sorbitol as stabilizing agents is sold
under the name of Argental (Abbott) . It is a pale
yellow powder containing about 16 per cent of silver
bromide which when mixed with water forms a colloidal dispersion. It is asserted to be antiseptic and
astringent but free from irritating or staining properties; it may be used locally in the treatment of
infections of mucous membranes in strengths of from
5 to 25 per cent.
Silver Hexamethylenetetramine. Argentijorm
(Nelson Baker). — A white crystalline powder, soluble in about 500 parts of water. Used in the form
of an ointment, containing from 0.2 to 1 per cent, in
the treatment of urethritis or conjunctivitis.
Silver Oxide. Argenti Oxidum, U.S.P. IX. Argentum Oxydatum. Argentic Oxide. — A heavy, brownish-black powder, decomposing into its elements on
heating to about 200° as well as on exposure to sunlight. It is soluble in 40,000 parts of water; dilute
nitric acid, and also ammonia, dissolve it. It oxidizes
many organic substances, often causing them, as well
as sulfur and phosphorus, to take fire when triturated
with it.
In the days when the medical profession believed
that silver had an effect on the nervous system, the
oxide was used in the treatment of epilepsy, chorea,
leukorrhea, etc. It was also occasionally employed as
asores,
5 per[v]cent ointment for local application to venereal
The dose was 60 mg. (approximately 1 grain).
Silver Picrate, N.N.R. Picragol (Wyeth). C6H2(N02)30Ag.H20. — Silver picrate occurs as yellowish
crystals containing about 30 per cent of silver ; soluble
in about 50 parts of water; discolored by exposure
to sunlight. It has been employed locally in gonococcal
acute anterior urethritis and is especially recommended for vaginitis caused by either Trichomonas
vaginalis or Monilia albicans. It is usually applied in
a concentration of 1 per cent, either as a powder
(mixed with kaolin) by insufflation, in a jelly, or in
a boroglyceride gelatin base suppository. Protracted
use may give rise to argyria and nephritis.
Silver Potassium Cyanide. Potassium Argenticyanide. KAg(CN)2. — This salt forms white crystals, soluble in water, sensitive to light. Although
chiefly used for technical purposes it has been employed as an antiseptic wash in a concentration of
about 1 in 2000.
Silver Sodium Thiosulfate. Sodium and Silver
Thiosulfate. — This double salt, prepared by dissolving
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freshly precipitated silver oxide in a solution of sodium thiosulfate, has the formula 2Na;>S203.Ag:>S:>03 ;
it is very soluble in water, but insoluble in alcohol. It
has been stated that this salt acts locally like silver
nitrate, but more mildly: for gonorrhea, a solution
containing 0.5 to 1 per cent of the compound has
been applied.
Simaruba. Orinoco Simaruba. Surinam Simaruba.
— The U.S.P. 1870 recognized the root-bark of the
Simaruba amara Aubl. (S. officinalis DC.) (Fam.
Simarubacecc) . This is a tree of considerable height,
having alternate branches, with a bark which in the
old tree is black and somewhat furrowed, in the young
is smooth, gray, and marked here and there with broad
yellow spots. It is a native of French Guiana and the
West Indies.
Simaruba bark is in long pieces, from 4 to 12 cm.
wide and 2 to 6 mm. thick, folded lengthwise, light,
flexible, tenacious, very fibrous, externally of a light
brownish-yellow color, rough, warty, and marked
with transverse ridges longitudinally rent, inner surface yellowish and longitudinally wrinkled with projecting fibers, internally of a pale yellow. It is without
odor and of a bitter taste. Its constituents include a
bitter substance simaroubin, C22H30O9, melting at
230° ; a tasteless compound simaroubidin, containing
two more hydrogen atoms than simaroubin; and an
unidentified yellow, bitter, insoluble substance {Ber.,
1937, 70B, 1513).
A closely related species, having dioecious instead
of monoecious flowers, flourishes in the West Indies
Islands, Panama and extending even to Florida; it is
called in Jamaica mountain damson and probably has
identical medicinal properties. The bark of the root is
the part employed, the wood being nearly tasteless and
inert. The middle bark contains much resin. A decoction of the bark and leaves of S. versicolor St.-Hil.
(Cortex Pariabce), is employed in Brazil as an antidote for snake bites and in the treatment of syphilis
and tapeworm; the powder is used against vermin. A
review of the various genera and species of the
Simarubaceve, together with a description of constituent products, is given by Freise (Apoth.-Ztg., 1934,
49, 1114).
Simaruba possesses the same medicinal properties as
other simple bitters. In large doses it is said to purge
and cause emesis. Kionka (Munch, med. Wchnschr.,
1926, p. 431) recommended it for treatment of diarrhea. It has been administered chiefly as an infusion.
The dose is from 1.3 to 4 Gm. (approximately 20 to
60 grains).
Skeletal Antispasmodic Compounds. — In this
category are discussed agents, other than curarimimetic compounds (which are described in a separate article), which may be further classified as:
I. Antiepileptic Agents; II. Antiparkinson Agents;
III. Spinal Cord Depressants.
Definitions. — I. An antiepileptic agent is one cmployed for the inhibition (particularly) of the attacks
of intermittent clonic and tonic spasms of one or
more muscle groups that are the overt manifestations of seizure. II. An antiparkinson drug is one employed to depress the sustained clonic tremor which
together with increased muscular rigidity and salivation predominantly characterize Parkinson's disease
and closely allied syndromes. III. Spinal cord depressants are those that depress predominantly the
effects of association or internuncial neurones generally on the lower motor nerve leading from the spinal
cord to the skeletal muscle that it innervates.
I. Antiepileptic Agents
Neurophysiology. — There are three broad groups
of acute "seizures" into which the general term
"epilepsy" is divided: (1) grand mal, wherein the
convulsive attack involves a loss of voluntary control
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over many muscle groups and which may be preceded
by an aura of premonitory signs and accompanied or
followed by loss of consciousness of short duration,
(2) petit mal, which consists of a momentary loss of
consciousness and is characterized by such motor phenomena as yawning, stamping and chewing, and by
sensory disturbances, (3) psychomotor (equivalents)
substitution phenomena, that may replace convulsive
attacks and so are frequently considered with petit
mal. They include twitching of muscle groups or fits
of rage of which the patient is oblivious following
cessation of the attack.
The trigger or focal point for the seizure is an
anatomic or functional lesion of traumatic, postinfectious, neoplastic, congenital or unrecognized
(idiopathic) origin in or associated with the motor
cortex. Jackson's concept of this disease that bears his
name emphasized the aberrant function of this discharging lesion as follows: "Epilepsy is the name for
occasional, sudden, excessive, rapid and local discharges of grey matter" (Selected Writings of John
Hughlings Jackson, Vol. 1: Epilepsy and Epileptiform
Convulsions, 1931. Hodder and Stoughton, London).
In the following 75 years a reasonably firm accumulation of knowledge has given substance to this definition. This focal escape from the aggregate inhibitions
that balance activation in the self-regulation of cortical excitability is easily demonstrated with the aid of
the electroencephalograph. Normally, the self-regulatory mechanism is envisaged by McCulloch (Fed.
Proc, 1947, 6, 448) as reentrant circuits and by Dusser
de Barenne and McCulloch (Am. J. Physiol, 1939,
126, 482) as the modulation by inhibitory areas of
the cerebrum of cortical and extracortical systems.
The localization of the discharging area has been
identified with the motor area in grand mal epilepsy,
temporal or frontal lobes in psychomotor or psychical
equivalents and to subcortical midline foci in the petit
mal triad.
Toman and Goodman (Physiol. Rev., 1948, 28,
412) summarized the neurophysiological basis for
epilepsy as follows: "... both clinical and experimental evidence suggests that even small groups of
neurones, variously damaged, may give rise to excessively rapid and uncontrolled bursts of discharges.
Under certain favorable circumstances these may cause
neighboring cells or related centers to discharge excessively. The critical step in the process of secondary
involvement may be the appearance of both high frequency discharges, the transformation of passive inhibitor cells into excitors, or both. By such a process
of self-propagation the entire brain may be set afire
in a tonic-clonic seizure, or the conflagration may be
retained within bounds to produce manifestations dependent upon its anatomical base. Other centers may
then be driven indirectly without their participating
in the production of seizure discharges. In such a case
the centers being driven will not be expected to show
postseizure depression. Perhaps this is the meaning of
the characteristic cortical electrical signs and unconsciousness ofpetit mal, which disappear as abruptly
as they begin, leaving behind no sign of cortical
involvement.
There are many precipitating factors in the seizure
that are of the nature of physiological stresses that
normally would not elicit a convulsion. These include
changes in pH, CO2 content, the partial pressure of
O2, osmotic pressure and the electrolyte composition
of the brain cells and their milieu, and even endocrine,
nutritional and exogenous chemicals.
Pharmacology. — Actually the laboratory evaluation of antiepileptic agents rests on the ability of
exogenous stimuli to produce convulsions in animals
more or less similar to those set up by activation of
the lesion in the epileptic patients. These have included: (1) electrical (maximal electric shock), (2)
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chemical (most frequently Metrazol is employed),
and (3) chronic epileptogenic lesions (infrequently
employed).
Toman and Goodman (Physiol. Rev., 1948, 28,
409) classified antiepileptic drugs in two categories:
(1) those that raise the threshold for an exciting
agent (excitability) and (2) those that decrease the
responsiveness (conductivity or spread) within or
from the excited system. Whereas almost all laboratory tests are designed to evaluate the effects of compounds on the excitatory threshold, several of the
compounds commonly employed undoubtedly affect
the spread of impulses from the focus as well. A third
type of antiepileptic agent includes compounds such
as amphetamine (or perhaps glutamic acid) that apparently act by their ability to excite sensory associations. Perhaps the converse circumstance that seizure
discharges are much more common during sleep than

c=o
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N-R,

nucleus
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0=0-
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C=0

Acetylurea NH
nucleus
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Comparison of Chemical Structure, Laboratory Assay and Clinical Usefulness1
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Experimental
Protective Index
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Substituents2

Nucleus and Drug
Hydantoins:
Mesantoin
5,5-Phenyl thienyl hydantoin
Nirvanol
Diphenylhydantoin
3-Methyl-diphenylhydantoin
Barbiturates:
Mebaral
Phenobarbital
Diphenylbarbituric acid
Trimethylbarbituric acid
Barbital
Oxazolidine-2 ,4-diones :
Epidon
Trimethadione
Propazone
Paradione
Hexahydropyrimidine-4,6-dione:4
Mysoline
N-Benzyl-$-chloropropionamide :5
Hibicon

Clinically3
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2.4
3.4
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0.9

2.5
1.8
3.6
1.0

GM
1.8
0.7
1.0
1.2
0.7
129.

—

—

2.3

Metrazol
0.9
0
0.6
0
0.6
2.5
0.9
0.4
1.5
1.1
0
1.5
0
1.2
0.9
0.3

1 Data of Toman and Goodman
(Physiol. Rev., 1948, 28, 426).
2 Substituents refer to the radicals (Ri, R2, R3) on the generic structures represented for barbiturates, hydantoins, etc.
3GM: Grand mal. PsM: Psychomotor seizures. PM: Petit mal. Clinical indication for Mysoline and Hibicon may not be
complete.
4 Data of Goodman et at. (/. Pharmacol., 1953, 108, 428).
5 Data of Harned et al. (/. Pharmacol., 1953, 107, 403). The Metrazol index refers to their statement that it is J/& as
active as Tridione, the protective index of which is listed as 1.5.

when the patient is awake may be cited to support
this latter interpretation of the mode of action of
amphetamine (Gibbs and Gibbs, Assoc. Res. Nerv.
Mental Dis., 1947, 26, 366).
The accompanying table is a classification scheme
for antiepileptic agents wherein their structure, their
laboratory evaluation and their clinical indications
have been summarized.
Most of the compounds employed for this purpose
R.
may be classified according
to basic structure as
follows:

R2
0=C

6

C5

I4
o=c

NH
I

I

2C=0
-N-R,

,1

Barbiturate
nucleus

c=o
N-R,
o=c
Oxazolidine2,4-diones

The real similarities and those implied by the broken
lines in the above structures are of interest from a
structure-activity relationship point of view.
The first of the more modern antiepileptic agents
was phenobarbital (Hauptmann, Munch, med. Wchnschr., 1912, 59, 1907; Dercum, /. Nerv. Mental Dis.,
1919, 50, 168; Grinker, J. A.M. A., 1920, 75, 588). It
is particularly effective experimentally in inhibiting
maximal electroshock convulsions and is employed in
the sustained suppression of grand mal seizures. In
this respect it surpasses the activity of other bar-
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biturates. The chief drawbacks of this compound are
its production of sedation and the unmasking of
seizures upon its withdrawal from chronic medication.
Since there is a detailed monograph on Barbiturates
only the most salient pharmacology will be discussed here.
It is primarily the long-acting barbiturates that are
useful as anticonvulsant agents as listed in the table.
Except for the N-demethylation of Mebaral (see
Mephobarbital, in Part I) to phenobarbital (Butler
and Bush, J. Pharmacol., 1939, 65, 205; Butler et al.,
ibid., 19S2, 106, 364) and presumably the N-demethylation of trimethylbarbituric acid in the liver,
the compounds are quite stable in the body.
Actually the N-demethylation of Mebaral goes
essentially to completion, yielding the more active
phenobarbital. This may account for its apparently
greater margin of safety (Weese, Deutsche med. Wchnschr., 1932, 58, 696). This compound was first reported as an effective antiepileptic agent by Heyde
(Klin. Wchnschr., 1932, 11, 1874) and by Blum
(Deutsche med. Wchnschr., 1932, 58, 696). In general, these barbiturates owe their long duration of
action to their refractoriness to inactivation and to
their very low clearance by the kidnev (Giotti and
Maynert, J. Pharmacol, 1951, 101, 296). Probably
the utility of the barbiturates may be attributed to
blocking of transmission by increasing the threshold
for local depolarization required to initiate the propagation of impulses and prolongation of recovery time
(Eules, J. Neurophysiol., 1946. 9, 87).
Of the effective agents for the treatment especially
of grand mal and to a lesser extent the other epilepsies, diphenylhydantoin (Dilantin) was the first
that did not produce sedation (Putnam and Merritt,
Science, 1937, 85, 525; Arch. Neurol. Psychiat., 1941,
45, 505). This compound is effective in modifying
maximal electroshock seizures but has little effect on
metrazol convulsions. Goodman et al. (J. Pharmacol.,
1953, 108, 168) pointed out that the hydantoins excel
in inhibiting seizure spread but are relatively less
active in elevating seizure threshold.
Mesantoin (Methoin) is the N-methylhydantoin
homolog of the barbiturate Mebaral. It is capable of
controlling many grand mal and psychomotor seizures
that are resistant to diphenylhydantoin (Loscalzo,
/. Nerv. Mental Dis., 1945, 101, 537; Marburg and
Helfand, ibid., 1946, 104, 465; Lennox, /. Pediatr.,
1946, 29, 356). Whereas diphenylhydantoin is likely
to produce gingival hyperplasia, mesantoin has not
been reported to do so, but it does produce sedation
and skin rashes. The two have been employed together
in therapy to minimize the overall incidence of
toxicity (Kozol, Am. J. Psychiat., 1946, 103, 154).
Butler (/. Pharmacol., 1953, 109, 340) reported that
mesantoin is demethylated to the less active 5,5-ethylphenylhydantoin, Nirvanol, in the body. In the instance of the demethylation of Mebaral the more
active phenobarbital is formed. Phenylthienylhydantoin (Thiantoin or Phethenylate) is essentially similar to Dilantin in utility except that it is claimed to
be slightly more potent. It may be employed to
replace Dilantin where the latter compound produces
gingival hyperplasia (Peterman, South. M. J., 1948,
41, 62; Swinyard et al., J. Pharmacol., 1952, 106,
319; Brown et al., ibid., 1953, 107, 273). Apparently
Thiantoin is both degraded in the liver and excreted
as such, since liver injury and bilateral nephrectomy
both increase its anticonvulsant potency in laboratory
animals (Swinyard et al., J. Pharmacol., 1952, 104,
309). It is not entirely without serious toxicity, for
fatal hepatic necrosis has been reported during its
administration (Butscher and Gallaeer, J. A.M. A.,
1952, 148, 535; Pryles et al., ibid., 1952, 148, 536).
More recently the oxazolidine-2,4-diones have been
studied carefully as antiepileptic agents. The first of
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these to be employed extensively was Tridione (Trimethadione). Although Everett and Richards reported that it (trimethadione) raised the threshold
for both metrazol and electroshock seizures, it is comparatively less effective than many of the compounds
presented in the table in inhibiting supramaximal
electroshock (Everett and Richards, J. Pharmacol.,
1944, 81, 402; Toman et al., Arch. Neurol. Psychiat.,
1947, 58, 312). This would seem to correlate with its
indication for use in petit mal and relative lack of
utility for grand mal. Blood dyscrasias, cutaneous
sensitivities and unusual photosensitivity are the
principal manifestations of toxicity (Merritt and
Carter, Med. Clin. North America, 1950, 34, 341).
Apparently Tridione is completely destroyed in the
body following oral or parenteral administration
(Taylor and Bertcher, J. Pharmacol., 1952, 106, 277).
Butler (ibid., 1953, 108, 11) reported that this is
brought about by demethylation of the 3,5,5-trimethyl-2,4-oxazolidinedione to 5,5-dimethyl-2,4oxazolidinedione which in turn persists in the body for
many hours. An homologous compound is Paradione
(paramethadione) , which is relatively more potent in
inhibiting metrazol convulsions (Everett, Fed. Proc,
1946, 5, 26). Although its clinical utility is about the
same as for Tridione it is claimed to produce a lower
incidence of hemeralopia (i.e., inability to see in bright
light) (Lennox and Davis, Assoc. Res. Nerv. Mental
Dis., 1947, 26, 423).
Several compounds that do not have any of the
three heterocyclic structures discussed to this point
have received favorable comment. Phenylacetylurea
(Phenurone) is essentially 5-phenylhydantoin with
an opening in that ring between the 1 and 5 positions. Conceivably it could be a degradation product
of that hydantoin. It has been reported to be effective in the management of certain cases of grand mal,
petit mal and psychomotor seizures that are not well
controlled by other agents (Everett, Fed. Proc, 1939,
8, 289; Gibbs et al, Dis. Nerv. System, 1949, 10, 47).
Although this is a useful agent the incidence of serious
toxicity, including blood cell changes, exfoliative dermatitis, gastrointestinal, hepatic and psychic changes,
is higher than would warrant its use when the patient
can be controlled by other agents (Tyler and King,
J. A.M. A., 1951, 147, 17). Hibicon (N-benzyl-f3chloropropionamide) (Harned et al., J. Pharmacol,
1953, 107, 403), the a-phenylsuccinimides (Chen et al,
J. Pharmacol, 1951, 103, 54), Milontin (Millchap,
Lancet, 1952, 2, 907), and Mysoline (5-phenyl-5ethylhexahydropyrimidine-4,6-dione) (Goodman et
al,']. Pharmacol.,
probably their
havecomnot
received
sufficiently 1953,
wide 108,
study428)
to evaluate
parative utility and safety.
It should be borne in mind that the antiepileptic
agents commonly prescribed can produce serious toxicity. They should be employed cautiously. Abbott
and Schwab (New Eng. J. Med., 1950, 242, 943) have
presented an excellent discussion of the limitations of
these invaluable drugs and Drake (Am. J. Med. 5c,
1955, 230, 98) has reviewed the relative merits of
the available drugs.
Non-official Antiepileptic Agents
Atrolactamtde. Themisone (Mallinckrodt) . 2-Hydroxy-2-phenyl-propionamide. — This anticonvulsant
compound continues under investigation as an agent
of potential therapeutic utility in controlling a variety
of types of epilepsy. Stamps et al. (J. Pharmacol,
1952, 106, 418) found that it prevented a high percentage of grand mal, psychomotor, Jacksonian, and
petit mal-variant seizures; it was not effective against
petit mal. Oral doses of 4 to 12 Gm. daily were usually administered. Some patients developed leukopenia; hypersomnolence, ataxia and diplopia were
other reactions observed in some patients taking
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atrolactamide. Pharmacological data have been reported by Sherrod and associates (ibid., 1953, 109,
148; 1955, 113, 439). The drug is not available
commercially.
Benzchlorprop amide. Hibicon (Lederle) . — This
compound. N-benzyl-|3-chlorpropionamide, is a new
antiepileptic agent the structure of which differs
chemically from most other known anticonvulsants:

CI-CH2-CH2-C-NH-CH2
Kushner et al. (J. Org. Chem., 1951, 16, 1283), in a
study of a number of compounds in the N-benzylamide series, reported that several of these compounds
proved to have anticonvulsant activity when tested
in laboratory animals.
In their pharmacological studies, Harned et al. (J.
Pharmacol., 1953, 107, 403) noted a remarkable
parallelism between diphenylhydantoin and benzchlorpropamide, insofar as their anticonvulsant potentials
are concerned. Benzchlorpropamide will protect
against a lethal dose of pentylenetetrazol in mice;
however, it affords less protection than trimethadione.
The drug is rapidly absorbed after oral administration, anticonvulsant activity being detected in rats
after 30 minutes and reaching its maximum effect in
2 hours. The agent has been found to have no analgetic or sedative action. The oral LD50 in rats is 3200
mg./Kg., and the intraperitoneal toxicity is about
770 mg./Kg. The experimental results of Harned et al.
(loc. cit.) were confirmed in France by Quevauviller
and Garcet (Therapie, 1953, 8, 749; Presse med.,
1953, 61, 1541).
Clinically, benzchlorpropamide has been demonstrated to be effective in the treatment of grand mal
epilepsy and psychomotor attacks; however, although
it is not contraindicated in the therapy of petit mal,
the results have been erratic in treating this type of
epilepsy (Gotten et al., Trans. Am. Neurol. A., 1951,
76, 239; Hawkes, Arch. Neurol. Psychiat., 1952, 67,
815; Kaplan and Maslanka, ibid., 1952, 67, 551;
Ganidel et al., Ann. med.-psychol., 1953, 111, 531).
In a clinical trial of benzchlorpropamide in 59 patients, Hawkes (loc. cit.) reported adequate control
in 39 patients, with control rated excellent in 23 of
these. Its efficacy was found to be comparable to
other anticonvulsants presently in use. In a mixed
type of disorder, successful results were obtained by
combining benzchlorpropamide with a barbiturate,
such as mephobarbital. Kaplan and Maslanka (loc.
cit.) conducted a preliminary clinical trial of benzchlorpropamide in 31 patients having grand mal,
grand mal and petit mal, or psychomotor attacks.
Of their patients, 51 per cent showed great improvement; 19 per cent showed slight improvement and
29 per cent showed no improvement. They feel,
therefore, that benzchlorpropamide is a useful drug
to be given a place among those presently available
for the treatment of convulsive disorders. On the
other hand, Livingston (J. Pediatr., 1953, 43, 673)
could demonstrate little, if any, value in the use of
benzchlorpropamide for the therapy of major motor
seizures.
Benzchlorpropamide is said to have a wide margin
of safety, both experimentally and clinically (Harned
et al., loc. cit; Hawkes, loc. cit.; Kaplan and Maslanka, loc. cit.), having no sedative effect, and side
reactions being uncommon and minor. No real toxic
reactions have been recorded, except perhaps the occasional appearance of a skin rash.
Dose. — The optimal dose of benzchlorpropamide
must be determined for each patient. The recommended oral dose is 0.5 to 1 Gm., 3 or 4 times daily
with meals and before retiring.
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Milontin (Parke-Davis). — This compound, Nmethyl-a-phenylsuccinimide, was synthesized by
Miller and Long (J.A.C.S., 1951, 73, 4895), and has
the following chemical structure:

C=0

2

O

H C

CH

N-CH.

C=0

It was reported by Chen et al. (J. Pharmacol., 1951,
103, 54) to be more effective in the laboratory against
pentylenetetrazol-induced than against electricallyinduced convulsions. In their studies on the combined
anticonvulsant effect of diphenylhydantoin and Milontin, Chen and Ensor (/. Lab. Clin. Med., 1953, 41,
78) found that whereas diphenylhydantoin, either
alone or in combination with Milontin, is ineffective
against pentylenetetrazol-induced convulsions, the two
agents additively suppressed electrically-induced seizures. However, administered in nontoxic doses, diphenylhydantoin does not interfere with the protective effect of Milontin against pentylenetetrazol.
They concluded, therefore, that these two drugs act
separately on the central nervous system and suggest
a possible efficacy for the combination in the therapy
of seizure states with behavior disturbances or for
the treatment of mixed grand mal and petit mal
epilepsy.
Clinically, Milontin has been found to be effective
in the treatment particularly of petit mal epilepsy
(Zimmerman, Arch. Neurol. Psychiat., 1951, 66, 156).
In a trial in 29 patients, this agent completely controlled or markedly reduced the number of petit mal
attacks in 68 per cent. Millichap (Lancet, 1952, 2,
910) administered Milontin to 21 patients with petit
mal epilepsy, effecting complete control of seizures
in 26 per cent of the group and an 80 per cent reduction of attacks in 37 per cent of the patients. Significant improvement occurred in 27 out of 50 patients
treated with an average daily dose of 2 Gm. of
Milontin by Smith and Forster (Neurology, 1954, 4,
137). Forrer (J. Michigan M. Soc, 1954, 53, 275)
recorded successful treatment of a series of mental
patients with petit mal, the use of Milontin appearing to effect a marked improvement in behavior and
personality. On the other hand, Doyle et al. (J.
Pediatr., 1953, 43, 164) experienced no success in
their use of this compound for the therapy of petit
mal epilepsy in 21 patients, mostly children.
Milontin has been demonstrated to have the advantage of being a relatively nontoxic anticonvulsant
(Zimmerman, loc. cit.; Forrer, loc. cit.). Occasional
skin eruptions and somnolence have been noted after
the administration of this drug (Smith and Forster,
loc. cit.), but these may be controlled by the reduction of dosage or the withdrawal of the drug temporarily. Millichap (loc. cit.) , however, encountered
toxic effects in 13 of 21 patients, 10 of whom showed
signs of glomerulotubular damage. Thus, he advises
frequent blood and urine studies when using this
drug, particularly with children.
Dose. — The dosage must be adjusted to the individual case. Initially, the oral administration of 0.5
to 1 Gm. of Milontin 2 to 3 times daily is recommended.
Nirvanol. 5 ,5-Phenylethylhydantoin. (CeH5) (C2H5):C(CONH)NHCO.— (Not to be confused with
Nirvanin.) In its chemical composition Nirvanol is
analogous to the barbiturates, being a derivative of
glycolurea instead of malonylurea. It occurs as colorless crystals sparingly soluble in water, more readily
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so in alcohol. Like the barbiturates it combines with
sodium to form soluble compounds.
Nirvanol was originally introduced as a somnifacient, and although there were some favorable results, itdid not attract much attention for this purpose. More recently it attracted considerable acclaim
as a remedy for chorea. The treatment as outlined by
Dennett (Pennsylvnia M. J., 1933, 748) consisted in
the administration of daily doses ranging from 0.3 to
1 Gm. (approximately 5 to IS grains), according to
the age of the children, for a period of from 7 to 10
days. This produced a semistuporous state, which
lasted 2 or 3 days, and was followed by a characteristic reaction, known as "Nirvanol sickness." This
condition is characterized by fever — sometimes reaching a temperature of 105° or more — with eruptions on
the skin and an increase in the eosinophil corpuscles
of the blood. Most writers believe that the beneficial
effects are due to this violent reaction, but Schick and
Sobotka (Am. J. Dis. Child., 1933, 45, 1161) found
that the dextro isomer of Nirvanol produces therapeutic effects without the violent reaction. Sobotka
and Stynler (J. Mt. Sinai Hosp., 1952, 19, 212)
assume that in the body Nirvanol, presumably the
levo isomer, undergoes cleavage of the hydantoin ring
with formation of phenylethylglycine; this is incorporated into a protein which then acts as an antigen,
producing allergic symptoms characteristic of the
"disease." Use of Nirvanol appears to have been practically abandoned.
Paramethadione. Paradione (Abbott). 3,5-Dimethyl-5-ethyloxazolidine-2,4-dione. — This compound
is a homolog of trimethadione (see in Part I), differing from the latter only in the substitution of an ethyl
radical for a methyl on carbon 5. Paramethadione is
an oily liquid, slightly soluble in water, quite soluble
in alcohol.
Paramethadione is employed as an anticonvulsant
in petit mal epilepsy ; the drug is not quite as effective
as trimethadione in preventing attacks but it appears
to produce fewer toxic reactions. Forster and Borkowski (Am. Pract. Dig. Treatment., 1950, 1, 406)
treated 14 patients afflicted with petit mal epilepsy
with Paradione; the drug was ineffective in 6 patients
but 2 patients with severe complications from Tridione
were successfully treated with Paradione. One patient
developed a severe anemia on Paradione but did not
on Tridione. All patients, whether on Paradione or
Tridione therapy, must be observed for possible
hematologic complications.
Development of blood dyscrasias in laboratory animals may not be evident from peripheral blood count.
However, Everett and Richards (Fed. Proc, 1950, 9,
270) noted that the bone marrow of dogs to whom
this agent was administered showed a hyperplasia
which was reversible when the agent was withdrawn.
Although paramethadione is effective both in the
laboratory (Swinyard et al., J. Pharmacol., 1952, 106,
319; Teare and Huston, Arch, internal, pharmacodyn.
therap., 1953, 95, 437) and clinically, the agent produces a sufficiently high incidence of toxicity as to
limit its broad usage. Wren and Nutt (J. A.M. A.,
1953, 153, 918) reported a nephrotic syndrome observed during paramethadione therapy, and Reichelderfer et al. (J. Pediatr., 1953, 43, 43) reported
appearance of thrombocytopenic purpura associated
with paramethadione and diphenylhydantoin therapy.
Paradione is contraindicated in patients with severe
renal or hepatic disorders. Thus, in perspective, the
agent probably should be reserved for use in those
patients that are not amenable to safer therapeutic
control of their seizures.
The dose of Paradione is similar to that of Tridione,
the effective range being from 0.6 to 2.1 Gm. daily,
administered orally. The drug is available in capsules
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containing 300 mg. and in a solution containing 300
mg.Phenacemide,
per ml.
N.N.R. Phenurone (Abbott). Phenylacetylurea. Phenacetylurea. C0H5CH2CO.NH.CO.NH2. — The overall pharmacology of this agent was
reviewed recently by Everett and Richards (J. Pharmacol., 1952, 106, 303). it was found to have a low
oral toxicity in mice, rats and cats, the fatal dose
ranging from 3 to 5 Gm./Kg. The compound was
demonstrated to be effective against electroshock
seizures in mice, as well as against pentamethylenetetrazol-induced convulsions, its duration of anticonvulsant action being 4 to 5 hours.
Phenylacetylurea was administered by Gibbs et al.
(Dis. Nerv. System, 1949, 10, 47) to 90 epileptic patients of different types, all of whom had been found
resistant to phenobarbital, diphenylhydantoin, methyl
hydantoin, and trimethadione. Half of the group were
not significantly improved on phenylacetylurea, but
the other half were greatly improved or rendered
seizure-free for periods ranging from 1 to 6 months.
A complication of phenylacetylurea therapy was the
exaggeration of pre-existing personality disturbances
present in patients with psychomotor seizures; in
some cases maintenance of the patient in seizure-free
condition was undesirable because of development of
severe psychiatric symptomatology whenever the
seizures were controlled. Also, many patients being
started on phenylacetylurea complained of insomnia,
but this can be counteracted by the use of phenobarbital or methyl hydantoin. Side effects, as noted
below, were frequent.
In another study by Carter and Merritt (/. Lancet,
1950, 70, 103) on 89 patients whose seizures were
uncontrolled by established anticonvulsants phenylacetylurea did not change the frequency of the attacks
in 42 patients; reduction in frequency was obtained
in 20 patients, while 2 were made worse. The drug
had to be discontinued in 20 patients because of
severity of toxic reactions, these including gastrointestinal disturbances, jaundice, morbiliform rash,
excessive drowsiness, lethargy, insomnia,- depression,
headaches, depression of white blood cell count and
appearance of abnormal values on testing liver
function.
Subsequent clinical studies, such as that by Tyler
and King (J. A.M. A., 1951, 147, 17), have essentially
confirmed the order of activity and the incidence of
side effects attributable to phenacetylurea. The agent
appears to produce a considerable improvement in
psychomotor disorders, to produce some improvement
in grand mal seizures, and to have little or no effect
in petit mal and myoclonic type seizures (Little and
McBryde, Am. J. Med. Sci., 1950, 219, 494). They
noted toxic symptoms that required withdrawing the
drug in 16 per cent of their cases. One of the best
general studies comparing the side effects of the newer
antiepileptic drugs is that of Abbott and Schwab
(New Eng. J. Med., 1950, 242, 943). They point out
that in addition to the usual urine tests, differential
peripheral blood counts, platelet and hemoglobin determinations, the patients on phenylacetylurea therapy
should receive periodic tests of liver function. Whereas
Livingston and Kajdi (J. Pediatr., 1950, 36, 159) reported one instance of jaundice out of a group of 104
patients receiving phenylacetylurea and Gibbs et al.
(loc. cit.) also found one case in their group of 90
epileptic patients, Abbott and Schwab (loc. cit.)
noted two cases of jaundice among their own series
of 25 patients. Two other recent reports on the hepatotoxicity of phencetylurea tend to emphasize the unusual incidence of this reaction peculiar to this antiepileptic agent (Field and Justi, New Eng. J. Med.,
1954, 251, 147; Liversedge and Yates, Lancet, 1952,
1, 242).
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The average dose of phenylacetylurea is 500 mg.,
the total daily dose varying from l.S to 5 Gm.
Phethenylate Sodium. Thiantoin Sodium (Lilly).
Sodium S-Phenyl-5-thienylhydantoinate. — This anticonvulsant differs from diphenylhydantoin sodium
only in the replacement of one of the phenyl groups
of the latter by a thienyl (-C4H3S) radical. It occurs
as a white, odorless, hygroscopic, microcrystalline
powder, soluble in water and in alcohol. Aqueous
solutions are alkaline and undergo hydrolytic decomposition.
Phethenylate sodium is used as an anticonvulsant
for treatment of grand mal, petit mal, and psychomotor epilepsy. Improvement in mentality has been
noted even in severe cases where other drugs have
failed. Mental depression or drowsiness has been observed only in patients receiving large doses.
The more recent clinical literature has substantiated
the efficacy of phethenylate sodium as an antiepileptic,
but has tended to point up the seriousness of the
hepatotoxicity of the agent. Thus, Van Middlesworth
and Kyle (South. M. J., 19S2, 45, 1180) reported a
case of acute hepatic insufficiency; fatal hepatic
necrosis has been reported among the patients of
Butscher and Gallagher (J.A.M.A., 1952, 148, 535)
and of Pryles et al. (ibid., p. 536). When this agent is
used every precaution should be taken to anticipate
as early as possible any changes in the hematopoietic
system and in liver function.
The average dose is 130 mg. (approximately 2
grains) 2 to 4 times daily; resistant cases have been
given doses 2 to 3 times as large. Thiantoin sodium
is supplied in capsules containing 2 or 4 grains.
Primidone. Mysoline (Ayerst). 5-Phenyl-5-ethylhexahydropyrimidine-4 : 6-dione. — Structurally this
antiepileptic agent closely resembles phenobarbital,
from which it differs in the replacement of the oxygen
on the carbon atom of the urea moiety by two hydrogen atoms. The pharmacology of this agent has been
described by Bogue and Carrington (Brit. J. Pharmacol. Chemother., 1953, 8, 230) and by Goodman
et al. (J. Pharmacol., 1953, 108, 428). Primidone is
somewhat less potent than phenobarbital by laboratory assay methods, except for the maximal electroshock test of Goodman et al. (loc. cit.) wherein
primidone is superior to phenobarbital. It is claimed
in the laboratory to have a somewhat greater ratio
between activity and neurotoxicity than for phenobarbital. Interestingly, the onset of its action is somewhat slower when administered orally than is the case
for phenobarbital, but its duration of action is at
least as long in experimental animals. It is well absorbed following oral administration and apparently
undergoes metabolic degradation and elimination in
both the liver and the kidney (Swinyard et al., J. A.
Ph. A., 1954, 43, 114; Brown et al., Fed. Proc, 1953,
12, 305). In laboratory animals, crystalluria is commonly observed. This potential complication apparently is not seen clinically, for it was not noted by
Handley and Stewart (Lancet, 1952, 1, 742) in their
initial evaluation of the agent in several hundred patients. The clinical evaluation of the compound has
shown it to be a satisfactory agent in the control of
grand mal, psychomotor and focal types of seizures.
Sciarra et al. (J.A.M.A., 1954, 154, 827) were not
impressed by its action in patients having petit mal.
On the whole, the agent is unusually free from the
production of serious toxicity, as reported in the series
of clinical investigations since that of Handley and
Stewart (loc. cit.). Such clinical studies have been
reported broadly in the medical literature, from which
the following references adequately represent its clinical status: Burton-Bradley, Med. J. Australia, 1953,
40, 705 ; Selby, ibid., p. 709 ; Greenstein and Sapirstein, Arch. Neurol. Psychiat., 1953, 70, 469; Nathan,
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Lancet, 1954, 1, 22; Smith and Forster, Neurology,
1954, 4, 137; Goodman et al., loc. cit.
Although this agent has been shown to be effective
in the management of some patients that were refractory to other anticonvulsant agents, it has varied
considerably from the standpoint of efficacy in the
hands of investigators. Indeed, the drug has been reported to be effective in as many as 80 per cent of a
small series of patients with grand mal seizures
(Handley and Stewart, loc. cit.) to as low as being
completely effective in 10 per cent and partially effective in 43 per cent of another series (Sciarra et al.,
loc. cit.).
Likewise, the incidence of side effects has been
variously reported. In the initial clinical trials by
Handley and Stewart (loc. cit.), 10 per cent of the
40 patients showed transient nausea, dizziness and
mild ataxia. On the other hand, in the experience of
Sciarra et al. (loc. cit.) some 82 per cent of the patients were observed to have side effects, but no serious toxicity. Although the preclinical trials showed
a substantial difference between the effective dose and
that which produced ataxia in laboratory animals,
this has not been true from clinical experience. In
the latter instance, the predominant side effects have
related to dizziness, drowsiness, ataxia, nausea, vomiting, painful gums and excessive fatigue. In the experience ofSciarra et al. (loc. cit.) the drug had to be
withdrawn from 25 of 121 patients because of the
severity of the side effects. Interestingly, Goodman
et al. (loc. cit.) noted pitting edema of the lower portion of the legs in 2 of 9 patients to whom the drug
was administered. Fortunately, the compound is not
disposed to the production of blood dyscrasias.
Dose. — It is recommended that for adults and children over 8 years of age one tablet (250 mg.) be
administered daily at bedtime for the first week. The
dosage is doubled the second week and divided, being
given on arising and at bedtime. The third week the
dosage is increased to 750 mg. daily in 3 divided
doses. Thereafter, it is administered in a dosage of
1 Gm. per day or one tablet 4 times a day. It is not
recommended that dosages over 2 Gm. per day be
administered.
II. Antiparkinson Agents
Neurophysiology. — Whereas in epilepsy the cortical (pyramidal) representation of motor function is
largely involved in the seizure, Parkinson's disease
involves the extrapyramidal motor system that arises
in the thalamus and subthalamic areas that are an
older portion of the brain stem. Normally the pyramidal and extrapyramidal motor nerves combine in
function to give a nice control of muscle tone and
purposefulness of movements without excessive stiffness or tremor.
Disturbances of function of the extrapyramidal
tract are usually manifested by rigidity or spasticity
of voluntary muscle, making movement difficult, and
by a coarse tremor which is most pronounced when
the patient is at rest. Although it does not totally
incapacitate the patient for getting about, fine movements such as writing, threading a needle, etc., are
rendered difficult by the tremor.
Parkinson's disease (Parkinson, An Essay on the
Shaking Palsy, 1817, Sherwood, Neely and Jones,
London) may be postencephalitic in origin or a progression of cerebral arteriosclerosis. A large number
of these cases that make up paralysis agitans mostly
in elderly people are of unknown (idiopathic) origin.
According to Goodman (J.A.M.A., 1953, 152, 1336),
parkinsonism includes about 8 per cent of the major
disabling conditions among chronic diseases. A brief
but authoritative presentation of the background
neuroanatomy, physiology and clinical description is
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presented in a review of the subject edited by Doshay
{Am. Pract. Dig. Treat., 1953, 4, 10).
Although the solanaceous drugs, hyoscine (scopolamine), and stramonium, and atropine have been
employed in therapy of this disease for many years,
it has been difficult to devise laboratory tests for the
screening of new drugs that might be useful for this
purpose. Bovet et al. {Compt. rend. soc. biol., 1950,
144, 514; J. Pharmacol., 1951, 102, 22) compared
the clinical utility of drugs of this class with their
ability to inhibit tremor induced in rabbits by nicotine
with some measure of acceptance. Most of the newer
drugs are rather potent muscarinic anticholinergic
agents (see monograph on Anticholinergic Agents)
and some have antihistaminic activity {e.g. Benadryl)
(Ryan and Wood, Lancet, 1949, 1, 258) as well. Following the leads of Ward et al. (J. Neurophysiol.,
1948, 11, 317), Peterson et al. {ibid., 1949, 12, 371),
Carpenter et al. {J. Comp. Neurol., 1950, 92, 293)
and Whittier and Mettler {ibid., 1949, 90, 319),
Vernier and Unna (to be published) found an apparently reliable relationship between the clinical utility
of these drugs and their ability to inhibit tremors
induced in monkeys by lesions placed in the midbrain.
Actually it is difficult to evalute any new agent in the
parkinsonian patient, as well, for almost any new
therapy is apt to help some of these patients temporarily (Vollmer, N. Y. State J. Med., 1951, 51,
1933).
Pharmacology. The mixture of belladonna alkaloids presented in Rabellon (see under Hyoscyamine
Hydrobrotnide, in Part I), a commercial counterpart
of the relatively older "Bulgarian" treatment of
paralysis agitans, remains as broadly useful as any
of the newer synthetic compounds (Vollmer, Arch.
Neurol. Psychiat., 1940, 43, 1057; Neal and Dillenberg, N. Y. State J. Med., 1940, 40, 1300). Some of
the newer agents are more potent in one respect or
another, but several attributes are required of these
compounds in order to manage the several signs and
symptoms that vary from patient to patient. Several
antiparkinson drugs have been compared roughly by
Doshay and Zier for their usefulness on combating
the outstanding signs and symptoms of the disease
as follows {Am. Pract. Dig. Treat., 1953, 4, 10):
1. Drugs that combat rigidity.
a. Cogentin ++++
e. Thephorin +
b. Atropine +-+-+
f- Rabellon
+
c. Artane
-j— \g. Vinobel
+
d. Pagitane -j—Jh. Panparnit -j2. Drugs for use against tremor.
a. Hyoscine
-|— \--\— [- d. Artane
+
b. Benadryl
-\— \— je. Cogentin -fc. Stramonium -j— jf. Pagitane +
3. Drugs against akinesia and lethargy.
a. Dexedrine
+H — fc. Artane
+ +
b. Benzedrine ++
d. Pagitane +-)4. Drugs for use against oculogyria.
a. Artane + + +
d. Hyoscine
-+b. Atropine
-j— je. Rabellon
-jc. Bellabulgara +
f. Benzedrine +
It should be kept in mind that it is difficult to make
such comparisons as presented above and that no
two groups of investigators would agree in every
detail on the relative merits of compounds in such a
list.
As mentioned previously most of the newer antiparkinson agents were first studied as anticholinergic
(visceral antispasmodic) agents or as antihistaminic
compounds. This broad characterization of the drugs
forms a convenient basis for classification of the
agents. Hence, the chemical structures of the more
commonly employed and the newer agents may be
presented as follows:
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Structures of Antiparkinson Agents
A. Anticholinergic Agents:
CH, —

CH

CH,

N-CH3 CH-0-C0-CH
-^
I
I

CH2 — CH
CH

CH20H

CH2
Atropine

CH

J

CH,
CH,

/
N-CH3

CH-0-C0-CH

CH20H
CH.
CHHyoscine (Scopolamine)

CH

CH:h2 — N-CH3

CH-O-CO- CH

CH2 — CH

>=/

CH2

Cogentin

(MK-02; Benztropine)

CH2-CH2— N
Artane

(Pipanol)

C2H5

I Z CH ^C-C00-CH2-CH2-N
CH,—
CH,
CH^

Panparnit

(Caramiphen)
/C2HS

Pagitane
B. Antihistaminic Agents:

(Cycrimine)

CH,

/

\

N-CH2-CH2-0-CH
N-CH3

Benadryl

Thephorin

(Diphenhydramine)

(Phenindamine)

"o

Part II

Skeletal Antispasmodic

C2H5
N

l-CH2-CH2-

/C2H5

Parsidol (Profenamine, Lysivane)

Artane (see Trihexyphenidyl, in Part I) was the
first of the more recent compounds to find wide recognition and usage in this country. Its pharmacology
was described by Cunningham et al. (J. Pharmacol.,
1949, 96, 151) and its utility was established enthusiastically byDoshay and Constable (J. AM. A.,
1949, 140, 1317) and conservatively by Corbin
(J.A.M.A., 1949, 141, 377) and by Schwab and Tillman (New Eng. J. Med., 1949, 241, 483). While it is
effective against all manifestations of the disease, including the counteracting of sluggishness, fatigue and
weakness, it does produce dryness of the mouth,
nausea, blurring of vision, nervousness and soreness
of the mouth. Its induction of mental confusion,
vertigo and agitation are occasionally sufficient to
indicate discontinuance of the drug. Recently a compound (Pagitane) that has a cyclopentyl substitution
for the cyclohexyl ring in Artane has been introduced.
It appears to be about as effective as Artane, or more
so, and to produce much the same pattern of secondary effects, depending on the enthusiasm of the
investigator (Mulder, Proc. Mayo, 1953, 28, 210;
Magee and Dejong, J. A.M. A., 1953, 153, 715).
Benztropine (MK-02, Cogentin) is a potent anticholinergic agent. It reduces rigidity and tremor when
administered once per day but since it produces no
central stimulation the depression and asthenia present in these patients requires collateral therapy. The
compound has been introduced for study too recently
to have been evaluated broadly (Doshay et al.,
Neurology, 1952, 2, 233 ; Med. Clin. North America,
1953, 37, 1511). Atropine and scopolamine have been
referred to previously in this monograph and in the
one on Anticholinergic Agents. While both agents are
potent inhibitors of tremor, rigidity and excessive
salivation, their side effects are more frequent and
severe than in the instance of less potent agents. The
intestinal anticholinergic agent, Trasentine (see under
Parasympathetic Blocking Agents, in Part II), has
been employed in this condition. It is not one of the
more potent antiparkinson agents.
Panparnit (Caramiphen) was introduced by Domenjoz (Schweiz. med. Wchnschr., 1946, 76, 1282)
as an anticholinergic agent that was useful in diseases
of the extrapyramidal system. Its pharmacology has
been reported by Gruber and his associates (7. Pharmacol., 1949, 96, 11, 42) following the lead of Heymans and de Vleeschhauwer (Arch, internat. pharmacodyn. therap., 1948, 75, 307). The earlier Swiss
literature pertaining to the use of Panparnit in diseases of the basal ganglia and the extrapyramidal
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system was most encouraging (Griinthal, Schweiz.
med. Wchnschr., 1946, 76, 1286; Hartman, ibid.,
1946, 76, 1289). Unfortunately, enthusiasm for the
compound was necessarily tempered by the discouraging results following extension of its clinical trial
(Sciarra, J. A.M. A., 1949, 141, 1225), although Schwab
and Leigh (J.A.M.A., 1949, 139, 629) did report the
moderately successful use of the agent where considerable attention could be paid to the patient and
where dosage and frequency of administration were
carefully adjusted to assure maximal benefit of the
drug to the patient.
The antihistaminic agents have been studied carefully for their effects on the patient having Parkinson's disease. While Benadryl (Ryan and Wood,
Lancet, 1949, 1, 258) and Thephorin appear to be the
better of the strictly antihistaminic compounds employed in this field of therapy, they are sufficiently
less useful as antiparkinson agents as to invoke little
sustained interest (Dunham and Edwards, Lancet,
1948, 2, 724; Gair and Ducey, Arch. Int Med., 1950,
85, 284; Doshay, Neurology, 1951, 1, 68).
The phenothiazine derivatives have excited considerable interest both as antihistaminic agents and
for the treatment of paralysis agitans. Diparcol and
Parsidol (see Profenamine Hydrochloride, in Part I)
are the principal examples of these agents that have
been recommended for the treatment of Parkinson's
disease. Interestingly, the N-dimethyl analogs of these
drugs are more potent antihistaminic agents and have
little effect on the extrapyramidal system. Thus,
Phenergan (see Promethazine Hydrochloride, in Part
I) is the N-dimethyl homolog of Parsidol, and
Lisergan is the corresponding counterpart of Diparcol.
These relationships have been studied carefully by
Bovet and Longo (Compt. rend. soc. biol., 1950, 144,
514) and by Hutcheon (/. Pharmacol., 1953, 108,
340). Bovet et al. (Therapie, 1947, 2, 115) and
Sigwald et al. (ibid., 1947, 2, 108) introduced Diparcol
into the field of antiparkinson therapy and its use was
substantiated by Duff (Brit. M. J., 1949, 1, 613) and
by Schlesinger (Trans. Amer. Neurol. Assoc, 1949,
p. 233). Palmer and Gallagher (Brit. M. J., 1950, 2,
558) likewise have reported on the use of Lysivane
(Parsidol) in this condition. Unfortunately, both
drugs produce sedation and paresthesias which, combined with limited potency, has caused little clinical
interest in them in this country.
Non-official Antiparkinson Agents
Benztropine Methanesulfonate. Cogentin
(Merck). MK-02. — Since compounds of the atropine
series, as well as some antihistaminic agents, have
been known to be effective in the treatment of Parkinson's disease, the active radicals of these two chemical groups have been combined in benztropine,
the structural formula CH.
of which is:

r\

•CH,

CH2 — CHN-CH3

CH-0-CO-CH

\=/

CH2 — CH

The antihistaminic effect of benztropine methanesulfonate in guinea pigs is about equal to that of
mepyramine. In the isolated guinea pig intestine
against acetylcholine, its action is about equal to
atropine on a weight for weight basis. On the basis
of the anticholinergic action, this compound was
employed initially for relieving pain in cases of pep351).tic ulcer (Steinberg, Rev. Gastroenterol., 1952, 19,
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Benztropine methanesulfonate has shown promise
of being a valuable adjunct in the treatment of
parkinsonism (Doshay et al., Neurology, 1952, 2,
2S3). This agent is particularly effective in relieving
the muscle cramps typical of advanced parkinsonism.
Favorable results were also noted in the control of
rigidity, fixed facies, muscle spasm, sialorrhea and
severe tremor Moreover, because of the diphenhydramine component in its formula, benztropine
methanesulfonate allays excitement, tension and restlessness and brings sleep to insomniac patients in 37
per cent of cases (Doshay, J.A.M.A., 1954 156, 680).
Unlike diphenhydramine, however, it does not cause
drowsiness, mental fogginess or dopiness during the
day (Doshay and Zier, Am. Pract. Dig. Treat., 1953,
4, 10). According to Doshay et al. (loc. cit.), benztropine methanesulfonate has been employed successfully in all etiologic groups of Parkinson's disease —
arteriosclerotic, encephalitic or idiopathic.
In a study of 24 arteriosclerotic or postencephalitic
parkinsonian patients, each of whom received 1.5 to
6 mg. of benztropine methanesulfonate per day for a
period of from 3/ to 12 months, O'Doherty and
Forster {Med. Ann. District Columbia, 1953, 22,
221) found that only 7 patients failed to improve
while under therapy and that in no patient was the
parkinsonism made worse. Berris (J.-Lancet, 1954,
74, 245) found that the dose of benztropine methanesulfonate necessary to produce subjective improvement was above 3 mg. daily. Benztropine
methanesulfonate has no cerebral-stimulating action;
hence, it may be used safely in combination with
other drugs such as trihexyphenidyl, which has considerable cerebral-stimulating action (Doshay et al.,
loc. cit.).
Benztropine methanesulfonate has been found to
be satisfactorily nontoxic and to be tolerated equally
well by the arteriosclerotic, idiopathic and postencephalitic Parkinson patient. The chief side reactions to the drug are dryness of the mouth and
blurring of vision, but these may be controlled by
reduction of dosage. At a daily dose of 5 mg., Steinberg (Gastroenterology, 1952, 19, 351) noted cerebral stimulation and disorientation as a side effect in
one patient. However, this disappeared upon administration of a barbiturate. Occasionally, benztropine
methanesulfonate may cause a skin rash in allergic
patients (Doshay and Zier, Am. Pract. Dig. Treat.,
1953, 4, 10). Benztropine methanesulfonate has a
cumulative action which usually takes from 2 to 3
days to manifest itself. However, this cumulative action may be of advantage in an illness such as parkinsonism, where several drugs are often required to
control different symptoms (Doshay and Zier, loc.
cit.).

Dose. — The effective daily dose of benztropine
methanesulfonate is 0.5 to 2 mg. orally. It is recommended that 0.5 mg. be given initially and if satisfactory relief is not obtained after several days the
dose may be increased in increments of 0.5 mg. up to
a total daily dose of 2 mg., allowing several days
between each increment to allow for any cumulative
effect.
Caeamiphen Hydrochloride. Panparnit or Parpanit (Geigy). — This substance is the hydrochloride
of 3-diethylaminoethyl-l-phenylcyclopentane-l-carboxylate, the base of which has the composition:
H2C

-CH2

/CgHj

>\
HgC

CH2

C00CH2CH2N(C2H5)2

This atropine-like substance has received extensive
pharmacological study (Heymans and de Vleesch-
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houwer, Arch, internal, pharmacodyn. therap., 1948,
75, 307; Daeninck and Libbrecht, ibid., 1949, 79,
263; de Vleeschhouwer and Verbeke, ibid., 1949, 80,
35; de Schaepdryver, ibid., 1949, 79, 231; Kraatz
et al., J. Pharmacol., 1949, 96 42; Gruber et al.,
ibid., 1949 96, 11). It paralyzes the intracardiac
vagus and prevents the bradycardia produced by
stimulation of the vagus nei or by administration
of acetylcholine; its peripheral vasodilator action is
weak and is independent of the central nervous system. The direct bronchodilator action is weak but
the bronchospasm produced by acetylcholine, methacholine, pilocarpine and certain other drugs in
guinea pigs is prevented by caramiphen. Its antispasmodic action on the intestine is about one-eighth
that of atropine but about ten times that of Trasentine. It has antispasmodic action on the urinary tract.
It causes mydriasis and it is a respiratory analeptic.
It antagonizes the toxic action of nicotine (Bovet
and Longo, J. Pharmacol., 1951, 102, 22). Essig et
al. (Science, 1950, 111, 38) reported that it abolished
the grand mal-like patterns in the electroencephalogram produced by injections of isoflurophate but
that it did not elevate the depressed concentration
of cholinesterase produced in brain tissue by the
latter drug. According to Gruber et al. (loc. cit.)
intravenous injections abolished or materially reduced the decerebrate rigidity of cats; Trasentine
and Syntropan had similar action but atropine and
scopolamine hydrobromide were ineffective. Intraarterial injection of the drug increased the height of
contraction of the anterior tibial muscle of the animals whereas atropine caused a temporary decrease
in response without a subsequent increase and, if the
innervation was intact, d-tubocurarine caused a decrease in the contraction. Dilatation of the blood
vessels in the muscles was observed.
In humans intravenous injection was poorly tolerated in studies by Heuscher and Schoelly (Schweiz.
med. Wchnschr., 1948, 78, 509) in which 8 to 33
mg. were injected in a period of 1^ to 8 minutes.
Dyspnea, blurred vision, hoarseness, sensation of
weakness but no change in the excitability of nerve
or muscle resulted. It was concluded that the drug
had diffuse action on the central, peripheral and
vegetative nervous systems. Under similar circumstances curare paralyzed or decreased muscle power.
There was no synergism between curare and Panparnit and the effect was not altered by neostigmine;
it was thought that the site of action was different.
Mahaux and Kowalewski (Schweiz. med. Wchnschr.,
1948, 78, 1013) reported that clinical improvement
in patients with parkinsonism (senile or postencephalitic) or hypertonic choreoathetosis paralled a decrease in the basal metabolic rate. If the tremor or
other motor activity while at rest decreased, the decrease in metabolic rate would be expected but these
authors (Arch, internat. pharmacodyn. therap., 1948,
77, 289) also reported a decrease in basal metabolic
rate in patients with hyperthyroidism and also a
lesser response of the metabolic rate to exercise in
these patients.
It was found useful in the symptomatic treatment
of extrapyramidal motor disturbances but ineffective
for pyramidal or cerebellar disorders (Griinthal,
Schweiz. med. Wchnschr., 1946, 76, 1286; 1948, 78,
211; see also Szatmari and Meszaaros, Monatsschr.
f. Psychiat. u. Neurol., 1948 116, 284). In parkinsonism, Dunham and Edwards (Lancet, 1948, 2,
724) reported definite subjective improvement in 5
patients, slight improvement in 4, no benefit in 7
and aggravation of symptoms in 3 cases. Although
observation indicated no change in the tremor, about
one-third of their patients believed it was relieved,
while another third reported that it was worse.
Ten cases claimed improvement in facility of move-
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ment; gait was improved in 4 cases, and 4 of the
16 with muscle rigidity were improved. The degree
of benefit was never great and was usually associated
with some side effects; in 5 cases the untoward effects were disturbing. Side reactions included giddiness, weakness, drowsiness and paresthesia and were
most marked when the drug was administered before
meals. The drug caused less dryness of the mouth
and blurring of vision than did atropine.
Schwab and Leigh (J.A.M.A., 1949, 139, 629)
reported similar results with the drug in parkinsonism. Improvement was chiefly subjective. Rigidity
and freedom of motion were improved but tremor
was little affected. Untoward effects appeared in
two-thirds of their cases but were severe enough to
stop the drug in only one-fifth. Sciarra et al.
(J.A.M.A., 1949, 141, 1226) were less favorably
impressed with the drug in postencephalitic and in
arteriosclerotic parkinsonism. Their results in dystonia musculorum deformans, hereditary chorea, bilateral athetosis, and hepatolenticular degeneration
were poor. Likewise, Effron (J. Nerv. Ment. Dis.,
1953, 118, 72) found Panparnit therapeutically ineffective inthe treatment of Parkinson's disease, nor
could they demonstrate any synergistic effect from
its simultaneous administration with either Artane or
Benadryl.
The dose is 12.5 mg. (approximately % grain) 5
times daily by mouth, increasing gradually by 12.5
mg. in 2, then 3, then 4, and finally 5 of the daily
doses until therapeutic response or untoward effects
appear. The average effective dose is 200 to 400 mg.
daily, but as much as 600 mg. daily has been used.
Panparnit is available in 12.5 and 50 mg. tablets.
Caratniphen ethanedisulfonate, marketed as Toryn
(Smith, Kline & French Labs.) in 10-mg. tablets and
as a syrup containing 10 mg. in 5 ml., has antitussive
action equivalent to that of codeine, without the undesirable features of the latter, and is recommended
for severe, hacking, intractable cough in a dose of 10
to 20 mg. every 4 to 6 hours.
Cycrimine Hydrochloride, N.N.R. Pagitane Hydrochloride (Lilly). Compound 0-8958. 1-Phenyl-lcyclopentyl-3-piperidino-l-propanol Hydrochloride. —
Pagitane differs from trihexyphenidyl only in having
a cyclopentyl ring substituted for the cyclohexyl
ring of the reference compound. Consequently, the
agent is rather similar to trihexyphenidyl in many
of its attributes. Whereas it was studied initially
as a potential intestinal antispasmodic agent, like
trihexyphenidyl its clinical utility has been most
definite in the treatment of Parkinson's disease. The
hydrochloride is a white solid, of bitter taste, slightly
soluble in water.
Magee and Dejong (J. A.M. A., 1953, 153, 715)
summarized the pharmacology of the agent as follows. As a visceral anticholinergic agent it is about
half as active as atropine. Apparently, it has no antihistamine: action and is about Yio as effective as
atropine as an antisialogogic agent. It is not remarkably toxic when administered to laboratory
animals. When injected intravenously, the agent produces afairly sustained fall in blood pressure.
As is the case with other agents, the dose of
Pagitane has to be adjusted to the individual patient
in order to minimize side effects. Magee and Dejong
(loc. cit.) reported that in their series of patients having paralysis agitans 46 per cent received beneficial results superior to those obtained by standard medication. Thirty-six per cent of the patients had dryness
of the mouth. The other principal side effects were
dizziness, blurring of vision and nervousness. Mulder
(Proc. Mayo, 1953, 28, 210) reported that approximately 75 per cent of a group of 102 patients felt
that the medication was more adequate than any
they had used previously. Zier and Doshay {Neurol-
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ogy, 1954, 4, 682) found the agent to be highly
effective in 142 cases of Parkinson's disease in which
it was evaluated. In those patients in whom trihexyphenidyl was decreasing in efficacy Pagitane
was effective. They indicated that Pagitane exerts
an action against oculogyria, rigidity, sialorrhea and
mild forms of tremor. They noted its effect as a
cerebral stimulant, but indicated that additional
therapy is required to counteract either major
tremor or advanced rigidity. In their experience, 22
per cent of the patients complained of dryness of
the mouth and 13 per cent reported a blurring of
vision. Likewise, Dow and Smith (Neurology, 1954,
4, 33) attested to the clinical efficacy of Pagitane
in parkinsonism. Since this condition is notoriously
subject to the beneficial effects of psychotherapy
attending the employment of new compounds, the
foregoing claims can only be taken to indicate that
the agent can be demonstrated to have clinical
efficacy in the management of an adequate incidence
of patients with Parkinson's
disease.
Dose. — Magee and Dejong (loc. cit.) recommended that because of the marked difference in
dosage tolerance between idiopathic and arteriosclerotic Parkinson's disease the patient should be
started on 2.5 mg. of the drug once a day. The
dose should be increased by one tablet ever 2 or 3
days to the point of efficacy or tolerance. Pagitane
hydrochloride is supplied in tablets containing 1.25
or 2.5 mg.
Diethazine Hydrochloride. Diparcol (May and
Baker). — This substance is 10-(|3-diethylaminoethyl)phenothiazine hydrochloride, the base of which has
the structure of
CH2CH2N(C2H5)2

Pharmacological studies of the compound, which
is chemically similar to the antihistaminic agent
phenergan (q.v.), have demonstrated it to possess
atropine-like actions. Heymans et al. (Arch, internat.
pharmacodyn. therap., 1949, 79, 123, 185) reported
that it suppressed bradycardia, bronchospasm, salivation, hyperperistalsis, convulsions and muscular fasciculations induced by acetylcholine, isoflurophate,
pilocarpine or nicotine. Smaller doses abolished vagal
inhibitory influence on the heart without preventing
the acetylcholine inhibition. It stimulates frequency
and amplitude of respiration, and has some peripheral vasodilating action. Instillation of a 1 to 5 per
cent solution in the conjunctival sac causes mydriasis.
Mahaux and Kowalewski (ibid., 1949, 80, 464)
observed significant decreases in the basal metabolic
rate following a dose of 250 mg. in patients with
senile or postencephalitic parkinsonism afflicted also
with severe hyperthyroidism. In the treatment of
parkinsonism, Sigwald et al. (Presse med., 1949, 57,
819) and Bovet et al. (Therapie, 1947, 2, 115) reported favorably; the former observed 10 patients
with complete functional recovery, 35 with good,
37 with moderate, 16 with symptomatic and 8 with
no improvement in a group of 40 senile or presenile
and 66 postencephalitic parkinsonism patients. Untoward responses included drowsiness, tingling and
cramps of the legs, dry mouth, diplopia, cutaneous
vasomotor reactions, epigastric burning sensations,
and vertigo. In 6 individuals treatment had to be
discontinued because of cramps and paresthesia.
Studying 9 patients, Gray (Brit. M. J., 1950, 1, 416)
reported improvement in only 3, but Duff (Brit.
M. J., 1949, 1, 613) observed 2 with marked, and 5
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with slight, improvement, in a group of 8 patients.
Oculogyric crises and hypersalivation were not benefited. Mental depression could be minimized with
amphetamine.
Dose, 100 mg. to 1 Gm. (approximately V/z to 15
grains), rarely 1.5 Gm., daily, divided into 3 to 5
doses, by mouth.
III. Spinal Cord Depressants
Neurophysiology. — In the previous two sections
of this monograph attention has been directed toward the pyramidal and the extrapyramidal motor
systems and diseases manifested by their malfunction. The nerve fiber tracts that make up these two
systems that originate in the motor area of the cerebral
cortex and of the thalamic and subthalamic areas,
respectively, course down the brain stem to synapse
or connect with the appendages (dendrites) of the
motor neuron that finally transmits impulses to the
muscle. This last member of the chain of nerve
fibers is called the lower motor neuron. Their cell
bodies lie in the anterior horn of the spinal cord
from which their axons pass out to the muscles that
they innervate.
'
In addition to the pyramidal and extrapyramidal
fibers, a fewer number of sensory nerves themselves
and a larger number through the intermediation of
other association neurons impinge on (synapse with)
this lower motor neuron. Thus, the lower motor
neuron is influenced by motor impulses from above
and by sensory impulses at much the same level
in the cord, in general.
Consequently, the nerve impulses initiating the
epileptic seizures must pass to the muscles over this
lower motor neuron, as do the incoordinate impulses from the extrapyramidal system that result
in rigidity and tremor in paralysis agitans. Moreover, the sensory impulses from an injured muscle
find their way through association neurons to stimulate the lower motor neuron to perpetuate the
spasm (protective splinting) that in turn maintains
the increase in sensory impulses that are appreciated as pain. Thus, the synapses between the
pyramidal, extrapyramidal, sensory and association
neurons with the processes of the lower motor
neuron is a critical point, physiologically, and potentially in therapy. Compounds that block upper to
lower motor transmission of impulses might be
anticipated to reduce tremor and spasticity even to
the point of curare-like flaccidity. An agent that
inhibits transmission of impulses from sensory
through association neurons to the lower motor
nerve should be a useful "analgesic" agent for the
relief of myalgias perpetuated by spasm secondary
to pain.
Pharmacology. — Compounds presently available
for blocking polysynaptic (multiple neuron) transmission at the level of the lower motor neuron leave
much room for improvement. To be sure, general
anesthesia, the barbiturates and morphine analogs
produce a diffuse depression of transmission of impulses through such systems as a part of their
general anesthetic, hypnotic or analgetic action. This
is not the selective type action implied in the foregoing discussion.
Mephenesin (Myanesin, Tolserol) was first described as a skeletal muscle relaxant by Berger and
Bradley {Brit. J. Pharmacol. Chemother., 1946, 1,
265). Whereas the curarimimetric agents block the
transmission at the neuromuscular junction between
the lower motor neuron and the skeletal muscle,
Unna and his associates (J. Pharmacol., 1949, 97,
331) showed that mephenesin blocked transmission
of impulses between the association neurons in the
spinal cord. It did not block monosynaptic trans-

mission. Henneman and Scherrer (ibid., 1949, 97,
342) placed the action as a depression of activity
of the association cell rather than an effect on
synaptic transmission. It was their conclusion that
discrepancies in the results of clinical trials with
mephenesin were not due to the variety of lesions
causing spasticity, for they could demonstrate an
effect of the compound on spasticity in the cat regardless of the type of lesion that caused it.
Mephenesin is not very active when administered
orally, although it is employed in this manner
more or less wishfully. It is most effective when
injected intravenously. Even in this instance its
duration of action persists for only a very few
hours. The lack of reliable oral efficacy and its
short duration of action are attributable to the fact
that it is metabolized to p"-(o-toloxy) -lactic acid and
to a lesser extent to |3-(2-methyl-4-nydroxyphenoxy)Jactic acid. Thus, little or no mephenesin is excreted
as such by man or the rat, nor is any stored in adipose tissue (Riley and Berger, Arch. Biochem., 1949,
20, 159; Riley, /. Pharmacol., 1950, 99, 329).
Berger and Schwartz (J.A.M.A., 1948, 137, 772)
summarized the use of mephenesin in the treatment
of spastic and hyperkinetic disorders. In their report they stressed the excellent results obtained
following oral as well as parenteral administration.
More recently Bickers and his associates (New Eng.
J. Med., 1950, 242, 502) reviewed the use of
mephenesin as indicated by the literature and their
own experience. They agreed with the earlier reports
that effective concentrations of the drug could abolish some forms of hyperkinesia and rigidity without
narcosis or loss of motor power. Improvement was
seen in some cases of myoclonus, epilepsy, Huntington's chorea, decorticate rigidity, rigidity of multiple
sclerosis and post-traumatic transverse myelitis and
syringomyelia. No improvement was seen in dystonia
musculorum deformans, parkinsonism or Wilson's
disease. Indifferent results in the treatment of Parkinson's disease, hemiplegia, paraplegia or cerebral
palsy also has been reported by Effron (JAM .A.,
1950, 144, 5). Interestingly, mephenesin has been
reported to be beneficial in the treatment of anxiety
and the postalcoholic states, attesting to its action
at higher centers as well as at the level of the
spinal cord (Schlan and Unna, J. AM. A., 1949, 140,
672; Herman and Effron, Quart. J. Studies on
Alcohol, 1951, 12, 261).
Considerable effort has been expended toward
the development of more potent congeners of mephenesin. Berger (/. Pharmacol., 1952, 105, 450) has
continued his efforts in this direction, as can be
followed from his recent publication. Of the several
compounds from different series that have been
studied only two appear to have been sufficiently
interesting to be given names. These are Glyketal
(Berger, J. Pharmacol, 1949, 96, 213), Prenderol
(Berger and Ludwig, ibid., 1950, 100, 27), and
one of a group of benzazoles (6-methyl-2-aminobenzthiazole) (Domino et al., ibid., 1952, 105, 486).
Only one of these, Prenderol, has been studied very
broadly and it does not appear to have any real
advantage over mephenesin (Funderburk and Unna,
ibid., 1953, 107, 344).
The chemical structures of these several compounds may be represented as follows:

0-CH2-CH0H-CH20H
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Manifestations of toxicity resulting from mephenesin administration include flushing of the face,
nausea, vomiting, dizziness, urinary urgency, weakness, pruritus, anorexia, occasional phlebitis following intravenous administration, and (rarely) leukopenia.
An excellent authoritative review of the spinal
cord depressant drugs has been published by Berger
{Pharmacol. Rev., 1949, 1, 243).
Non-official Spinal Cord Depressants
Dimethylane (National Drug) . — This compound
is 2,2-diisopropyl-4-methanol-l,3-dioxolane (Berger,
Science, 1948, 108, 561). In doses of 500 mg. 4 times
daily it is promoted for relief of dysmenorrhea,
the premenstrual tension state, and the menopause
(Boines and Horoschak, Ind. Med. Surg., 1953, 22,
228; Vivino and Ritter, Med. Ann. District Columbia, 1953, 22, 117).
Meprobamate. Equanil (Wyeth). Miltown (Wallace).— This is 2-methyl-2-n-propyl-l,3-propanediol
dicarbamate (Berger, /. Pharmacol., 1954, 112, 413),
a white, crystalline powder, slightly soluble in water.
It has the muscle-relaxant properties of mephenesin,
with the advantage of prolonged action following
oral administration (Berger, Fed. Proc, 1955, 14, 318).
Berger (/. Pharmacol., 1952, 104, 229) studied a series
of 2,2-disubstituted-l,3-propanediols and their monoand di-carbamate esters; the diols and the monocarbamate esters had very fleeting anticonvulsant
action in contrast to the- stronger and prolonged
action of the dicarbamates. It was concluded that the
dicarbamates acted as such rather than as metabolites.
Clinical studies indicate this drug to have a useful
action higher up in the central nervous system for
relief of anxiety and other tension states in nonpsychotic disorders (Selling, J.A.M.A., 1955, 157,
1594; Borrus, ibid., 1596). Experimental studies of
this tranquilizing action (Hendley et al., Fed. Proc,
1955, 14, 351) showed a selective increase in the
voltage of the spontaneous electrical activity in the
thalamus of curarized cats without much change
in the frequency of the discharges. In the monkey,
this compound converted the usual aggressive behavior to one of quiet friendly interest in the
environment within a half-hour after oral administration which persisted for several hours. The compound was excreted in the urine conjugated with
glucuronic acid. In humans, a dose of 400 to 800
mg. has been used 4 times daily orally. The widespread use of chlorpromazine and of reserpine in
the treatment of mental illness will doubtless result
in the synthesis and clinical trial of many new
drugs to influence both the effect and the content of
mental processes.
Prenderol (Squibb). 2,2-Diethyl-l,3-propanediol.
— This compound is related structurally to the first
of this series of compounds, mephenesin. In the
laboratory, it can be demonstrated to inhibit multisynaptic transmission in the spinal cord and midbrain, blocking the facilitatory impulses coming to
the skeletal muscles (Slater et al., Fed. Proc, 1950,
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9, 229). Like mephenesin, the compound has an
evanescent duration of action and is not well absorbed when administered orally (Berger, Proc J.
Exp. Biol. Med., 1949, 71, 270). In addition to its
effect in the relief of muscle spasm, the compound
is reported to be active against electroshock and
pentamethylenetetrazol-induced convulsions in laboratory animals (Slater et al., J. Pharmacol, 1950.
100, 316).
Clinically, Prenderol is most effective in idopathic
petit mal (Perlstein, Neurology, 1953, 3, 744). The
compound may aggravate grand mal seizures, however. It is said to act synergistically with trimethadione and to be effective occasionally in relieving
patients with tension athetosis.
This compound is relatively free from toxic side
effects. Occasionally, gastrointestinal upsets or dizziness have been noted when high dosages of Prenderol
were employed. On the other hand, it should be
emphasized that the compound has a short duration
of action and must be administered at frequent
intervals if it is to be effective. This has occasioned
the recommendation that the agent be administered
with or after meals in order to prolong absorption
or that it be given in an oily menstruum for oral
administration.
Dose. — Prenderol is supplied in 0.25-Gm. and 0.5Gm. scored tablets. The dosage is 0.5 to 2.5 Gm.
administered 4 times a day. The average dose for
children is 1 Gm. orally 4 times a day. Dosages
exceeding 2.5 Gm. 4 times a day occasionally cause
nausea or dizziness.
Sodium Arsenate. Na2HAs04.— The N.F. VIII
recognized Exsiccated Sodium Arsenate, while the
U.S.P. X included the crystallized salt Na2HAs04.7H2O, the latter being of somewhat variable composition due to efflorescence. Sodium arsenate may be
prepared by heating together arsenic trioxide, sodium
carbonate and sodium nitrate; on crystallizing from
water the heptahydrate is obtained, and this may be
dried to give the exsiccated salt.
"Exsiccated Sodium Arsenate occurs as an odorless,
amorphous, white powder. Its aqueous solutions are
alkaline to litmus paper and it is slightly hygroscopic.
One Gm. of Exsiccated Sodium Arsenate dissolves in
about 3.5 cc. of water at 25°, and in about 1.5 cc. of
boiling water. It is slightly soluble in alcohol at 25°,
and is nearly insoluble in boiling alcohol." N.F. VIII.
For standards, tests and assay see U.S.D., 24th ed.,
p. Although
1056.
the arsenic in this compound is in the
pentavalent state it appears to be reduced in the body
and to exert an effect similar to that of trivalent
arsenic (see under Arsenic Trioxide). It is believed
to be less irritating to the stomach than potassium
arsenite.
grain
The)._ average dose is 3 mg. (approximately V20
Sodium Azide. NaN.^. — This compound occurs as
colorless, hexagonal crystals which decompose at
300° ; it is soluble in water, slightly soluble in ethanol
and insoluble in ether. It has been used in the manufacture of lead azide explosives. In studies of its
action as an antimetabolite in the treatment of
carcinoma, Black et al. (Cancer Res., 1947, 7, 818)
observed a decrease in blood pressure in hypertensive
patients. Doses of 0.65 to 1.3 mg. by mouth exerted
an hypotensive action for 10 to 15 minutes and ingestion of this dose 4 times daily induced a progressive
lowering of elevated blood pressure levels (Black
et al., Proc. S. Exp. Biol. Med., 1954, 85, 11). No decrease in pressure was observed in patients with normal blood pressure levels, suggesting that the action
is nonspecific on all vascular beds. Intravenous injection in animals subjected to hemorrhage caused no
dilatation in the constricted vascular system. In hyper-
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tensive patients, sublingual administration of 0.1 mg.
showed an action similar to 0.65 mg. orally. In 5 per
cent dextrose injection, a concentration of 3 micrograms per ml. was given intravenously at a rate of
about 1 meg. per minute to cause a decrease in elevated blood pressure toward normal levels. Perry and
Schroeder (New Eng. J. Med., 1955, 252, 1057) and
others have not found oral administration of the drug
to be of practical clinical value in the treatment of
severe essential hypertension.
Maher and Bollman (Fed. Proc, 1955, 14, 412)
studied the action of intravenous injection at a rate
of 5 meg. per Kg. per minute in normal unanesthetized
dogs and found that a systolic blood pressure of 60
mm. of Hg could be maintained by continuous administration without untoward effects and that the
blood pressure returned to normal within 15 minutes
after discontinuing the intravenous infusion. Infusion
at more rapid rates caused retching and emesis. The
hypotensive action was counteracted by levarterenol
bitartrate injection. Hafkenschiel and his associates
(Am. Heart Assoc. Meeting 1955) advocated the intravenous injection of sodium azide for the rapid,
temporary and readily controllable depression of
dangerously elevated blood pressures in patients with
essential hypertension, hypertensive encephalopathy,
etc., in a dose of 0.2 to 4 meg. per Kg. per minute.
No dosage form of sodium azide is currently commercially available.
Sodium Caprylate, N.N.R. CH3(CH2)6COONa.
— This fatty acid salt occurs as cream-colored granules, freely soluble in water. It is used by topical
application in the treatment of various superficial
fungous infections of the skin. The British Pharmaceutical Codex recognizes it as Sodium Octoate.
Keeney et al. (Bull. Johns Hopkins Hosp., 1945,
77, 422) found a 10 per cent sodium caprylate ointment effective in treating dermatophytosis of the feet ;
besides activity against a trichophyton the ointment
possessed antibacterial power against Staphylococcus
aureus and the beta-hemolytic streptococcus. He also
cured thrush due to Candida albicans by local swabbing of lesions and the entire mouth 3 times daily
with 20 per cent aqueous solution of sodium caprylate.
Cohen and Persky (Arch. Pediat., 1951, 68, 33) used
the 10 per cent aqueous solution on the buccal and
lingual tissues of 12 infants with thrush, causing the
fungus to disappear in an average time of 4 days;
no complications or recurrences were noted. Sodium
caprylate is applied topically in the form of solution,
powder, or ointment, in concentrations of 10 to 20
per cent, in treating superficial fungous infections of
the skin due to trichophytons, microsporons, and
Candida albicans. Repeated or daily use has not produced irritation or sensitization of the skin. Solution
Sodium Caprylate (Strasenburgh) is an N.N.R.-accepted aqueous solution containing 0.2 Gm. in each ml.
Caprylic Compound, N.N.R. (Naprylate, Strasenburgh) is a mixture of 10 per cent sodium caprylate
and 5 per cent zinc caprylate, supplied in powder or
ointment form, used in the treatment and prevention
of dermatophytosis pedis and other superficial fungous
infections of the skin and mucous membranes. The
ointment may also be used in the treatment of monilial
stomatitis or thrush. Both forms are used in controlling monilial vulvovaginitis, the powder by insufflation and the ointment by means of a vaginal
applicator. A 5 per cent aqueous solution of sodium
caprylate may be used in stubborn cases for cleansing
of the vagina prior to application of caprylic compound, and an approximately 0.6 per cent aqueous
solution of sodium caprylate used as a cleansing
douche during therapy with caprylic compound. During pregnancy such treatment should not be used
after the seventh month.
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Propionate-caprylate mixtures, N.N.R. , representing
various formulations of caprylic acid, propionic acid,
sodium propionate, calcium propionate, zinc propionate, and zinc caprylate (not all components necessarily being used, however), have been found to
provide very good results in treating infections of the
skin, especially dermatophytosis of the feet, hands
and groin. Peck and Russ (Arch. Dermat. Syph., 1947,
56, 601) reported the first clinical application of a
propionate-caprylate mixture, treating 124 patients
afflicted with a variety of cutaneous mycotic infections. In a series of cases of tinea pedis, improvement
was more rapid than with propionates or caprylates
alone. Nettleship (ibid., 1950, 61, 669) and Brewer
(ibid., 681) studied caprylate-propionate mixtures
(Sopronol) and found them superior to other agents
employed; no cases of irritation or sensitization were
reported. Under the name Sopronol (Wyeth) several
formulations of propionate-caprylate mixtures are
available (see Sodium Propionate, in Part I).
It is of interest that in intestinal moniliasis, which
has become more frequent since effective antibiotic
substances have come into general therapeutic use,
Neuhauser (Arch. Int. Med., 1954, 93, 53) prescribed
capsules containing 115 mg. of caprylic acid and 135
mg. of an acid-adsorbing polyamine resin (XE-58,
Resinous Products & Chemical Co., Philadelphia) in
effecting disappearance of Candida albicans from the
feces within a week, during which 2 to 4 capsules
were administered 4 times daily, by mouth.
Sodium Chlorate. Sodii Chloras, U.S.P. VIII.
Natrium Chloricum. NaC10"3.- — This salt occurs in
colorless or white crystals, or granules. It is soluble
in about one part of cold water, and in about 130
parts of alcohol. Caution should be observed in
handling it, for dangerous explosions may occur when
it is heated or triturated with organic substances,
sulfur or other readily oxidizable materials. Sodium
chlorate is employed in the manufacture of dyes, explosives and matches, as well as for dyeing and printing fabrics, and in the tanning and finishing of leather.
It also finds some use as a weed-killer.
Sodium chlorate has medicinal properties similar
to those of potassium chlorate, while its greater solubility permits the use of stronger solutions. In overdose it would probably cause symptoms not distinguishable from those of potassium chlorate poisoning.
For experimental study of sodium chlorate poisoning,
see Fabre and Okac (/. pharm. chim., 1938, 27, 523).
Sodium Cyanide. Sodii Cyanidum, U.SJ}. IX.
NaCN. — Sodium cyanide occurs in white granules or
fused pieces, somewhat deliquescent and emitting an
odor of hydrocyanic acid unless perfectly dry. It is
freely soluble in water, slightly so in alcohol. Aqueous
solutions are strongly alkaline and rapidly decompose,
giving off hydrocyanic acid. Care must be used in
handling this poisonous salt. For tests of identity and
purity, see U.S.D., 20th ed., p. 1613.
Sodium cyanide acts upon the system as does hydrocyanic acid (see Diluted Hydrocyanic Acid). It is
rarely used as a medicine. Instillation every other day
of a solution containing 0.2 Gm. (3 grains) in 30 ml.
(1 fluidounce) has been employed to remove from
the conjunctiva the olive-colored stains caused by
silver nitrate. Five grains of sodium cyanide may be
regarded as a usual fatal dose, although smaller doses
may take life.
Because of the large use of the cyanides for the
recovery of gold and other technical purposes, such as
electroplating and case-hardening of steel, numerous
accidental cases of poisoning have occurred. The symptoms and treatment are the same as described under
Diluted Hydrocyanic Acid.
Sodium cyanide has been given orally in doses of
8 mg. (approximately % grain). In drowning and in
anesthetic poisoning it has been employed intrave-
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nously as a respiratory stimulant in doses of 1 to S
mg. (approximately Ygo to Yn grain).
Sodium Dichromate. Sodium Bichromate. Na2Cr207.2HoO. — This occurs as red, somewhat deliquescent crystals, freely soluble in water. It is an important chemical in many technical and industrial
applications. Sodium dichromate has occasionally been
used in medicine as an antiseptic, astringent or caustic
(see under Chromium Trioxide, in Part I). It was
formerly given internally in doses of from S to 15 mg.
(approximately Y\2 to % grain).
Sodium Fluoroacetate. "1080." CH2FCOONa.—
This substance occurs as a white powder; odorless
and practically tasteless; very soluble in water.
Kalmbach (Science, 1945, 102, 232) found it to be
a very effective rodenticide and it has come into extensive use for this purpose, particularly by governmental agencies. General instructions and information on the value and hazards of its use have been
presented in a brochure of the National Research
Council, and this should be consulted before the
substance is used.
Sodium fluoroacetate is not selectively toxic to
rodents; it is poisonous also to other animals and to
humans, although there is considerable difference in
the mode of action in various animal species. It has
been found that fluoroacetate inhibits oxidation in
tissues by interfering with oxidation of acetate, but
this is probably not its only effect. The LD50 dose
for wild Norway rats is approximately 5 mg. per Kg.;
for domestic dogs it is 0.35 mg. per Kg.; for Leghorn
hens it is 10 mg. per Kg. The toxic dose for human
beings is surmised to be about 5 mg. per Kg. of
body weight.
Several cases of human poisoning have been reported, only one of which terminated fatally (Harrisson et al., J. A.M. A., 1952, 149, 1520). Pathological
examination showed effects similar to those produced
by toxic amounts of sodium fluoride; death seemed
to be due to failure of the heart, exhaustion because
of cramps of central origin, and probably toxic depression ofthe respiratory and vasomotor centers (for
a review, with many references, on the pharmacology
and toxicology of sodium fluoroacetate, see Harrisson et al., Ind. Med. Surg., 1952, 21, 440). There
is no known effective antidote for fluoroacetate poisoning; its treatment is mainly symptomatic, including use of anticonvulsants, sedatives, respiratory and
vasomotor stimulants, oxygen, transfusions, and drugs
to combat ventricular fibrillation. [V]
Sodium Formaldehyde Sulfoxylate. Formaldehyde-hydro sulfite. Rongolite. Formopone. CH2OHSO2Na.2H20. — This is a white crystalline compound,
easily soluble in water, sparingly so in alcohol. When
freshly prepared it is odorless ; on standing it develops
a characteristic garlic-odor. It is a strong reducing
agent and is largely used in the textile industries and
in organic syntheses.
This compound was introduced in 1934 by Rosenthal as an antidote for poisoning by mercury bichloride with the claim that it was capable not only of
reducing any of the salt which might be in the stomach but also of detoxifying the mercury which had
been absorbed. Later studies indicated that the antidote is not as efficient as was believed by Rosenthal.
Modell and Gold (J. Pharmacol., 1937, 61, 66), after
review of both the experimental and clinical evidence
which had been published and their own observations
on more than 50 cats, concluded that: intravenous
injection of sodium formaldehyde sulfoxylate immediately before the injection of mercury would save
about half of the animals which had received twice
the lethal dose, but that if the dose of mercury was
much larger it did not save any; that if it was administered within 2 minutes after the oral ingestion
of mercury bichloride it would save half of those
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which had received 5 times the ordinary lethal dose;
but if an interval of 15 minutes intervened between
the administration of the mercury and the antidote
there was no appreciable protection. They also found
that the addition of sodium bicarbonate increased
the efficiency of the sulfoxylate. Monte and Hull
(J. A.M. A., 1940, 114, 1433) had no success with the
compound in treating 40 cases of mercury poisoning;
they believe it may be detrimental if administered
after the symptoms of poisoning have developed.
Sodium Gentisate. C6H3(OH)2COONa.— Gentisic acid, a constituent of gentian, is 2,5-dihydroxybenzoic acid. It may be prepared from hydroquinone
by introduction of a molecule of carbon dioxide
under pressure, in the presence of alkali. The acid
occurs as a microcrystalline powder, soluble in water,
alcohol or ether, insoluble in chloroform or benzene.
The sodium salt is quite soluble in water.
Sodium gentisate has come into prominence as a
result of the finding by Meyer and Ragan {Science,
1949, 108, 281) that it possesses antirheumatic activity equal to or greater than that of sodium salicylate.
Their study had been undertaken on the basis of the
following: (1) Administration of salicylate inhibits
the spreading effect of hyaluronidase (Guerra, /.
Pharmacol., 1943, 87, 1946) ; (2) gentisic acid, which
is a biological oxidation product of salicylic acid,
inhibits hyaluronidase, in vitro, in concentrations of
a few micrograms per ml. while salicylic acid does
so only in very high concentrations (Meyer et al.,
Fed. Proc, 1948, 7, 173) ; (3) increased hyaluronidase
activity has been suspected as a possible cause of
the breakdown of interfibrillar cement in rheumatic
diseases (Meyer and Ragan, Mod. Concepts Card.
Dis., 1948, 17, 2). It may be noted that Roseman
and Dorfman (/. Biol. Chem., 1952, 199, 345) found
that purified gentisic acid, in contrast to crude material, does not inhibit hyaluronidase in vitro ; however, the pure acid could be activated by treatment
with sodium hydroxide solution in the presence of air.
In 5 patients with acute rheumatic fever administration of sodium gentisate in doses comparable to
those customarily employed for sodium salicylate
was followed by a disappearance of pain, swelling,
and heat in the joints, by a fall of temperature to
normal, and by a fall in sedimentation rate. The
joint pain of 7 patients with rheumatoid arthritis
responded similarly to gentisate as to equivalent
amounts of salicylate.
Camelin et al. (Presse med., 1950, 58, 889) found
sodium gentisate to have antirheumatic activity equal
to or greater than that of sodium salicylate; the
former does not induce acid ketosis or interfere with
the acid-base balance in the blood, nor does it cause
tinnitus or any other sensory disturbance associated
with sodium salicylate treatment. Gorsuch (Med.
Woman's J., 1950, 57, 9) considers the therapeutic
efficacy of sodium gentisate as an antirheumatic
agent to exceed that of salicylates. Batterman et al.
(N. Y. State J. Med., 1951, 51, 1152) found doses of
300 to 600 mg. of sodium gentisate to effect satisfactory control of pain for 3 or more hours in patients
suffering from arthritic ailments, headache, toothache,
or dysmenorrhea. Rosenberg et al. (Ann. Int. Med.,
1952, 36, 1513) reported temporary and transient
relief of pain and stiffness in patients with certain
rheumatic diseases but did not consider it "an adequately effective therapeutic agent."
No untoward effects have been observed in patients given as much as 10 Gm. per day except in
one patient who developed some epigastric distress.
No significant increase in prothrombin time, no tinnitus or aural symptoms, and no sign of methemoglobinemia or of liver damage have been observed.
It is suggested by Meyer and Ragan that the antirheumatic action of salicylate may be due to its
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oxidation product, gentisic acid (Meyer and Ragan,
loc. cit.). Camelin et al. (loc. cit.) gave up to 20 Gm.
a day, by mouth, without observing any toxic effect.
Schaefer et al. {Circulation, 1950, 2, 265) observed
a polymorph leukocytosis in 2 patients on a dose of
18 Gm. daily, and Benians (Brit. M. J., 1953, 2,
1142) reported in 2 girls administered 10 Gm. of
sodium gentisate daily during treatment of attacks of
acute rheumatism development of neutrophil leukopenia and an absolute lymphocytosis; the blood picture returned to normal after the gentisate was discontinued.
Sodium gentisate has been administered in single
doses of 300 mg. to 2 Gm. In acute rheumatic fever
the total dose during 24 hours is about 10 Gm. ; in
some cases (see above) 20 Gm. has been given.
Sodium Iodohippurate, XS.R. 1953. Sodium
Ortho-iodohippurate. Hippuran (Mallinckrodt).
C6H4(I)CONHCH2COOXa.2H20.— Iodohippuric acid
is obtained by condensation of iodobenzoic acid and
aminoacetic acid; the water-soluble sodium salt contains about 35 per cent of iodine.
Uses. — Sodium iodohippurate is used for roentgenography ofthe urinary tract ; it may be administered orally, intravenously, or by the retrograde
method.
Swick (J.A.M.A.,'l933,
1853) present
suggestedin
its
use because
hippuric acid is 101,
normally
urine following ingestion of benzoic acid, resulting
from conjugation of the latter with glycine. Following administration of sodium iodohippurate, from 60
to 66 per cent of the injected iodine is excreted by
the kidney in the first hour (Council on Pharmacy
and Chemistry, JAM. A., 1953, 101, 1879). Irritation
at the site of injection is said not to occur when the
compound is injected intravenously; systemic reactions are an exception. Toxic effects following oral
ingestion have not been reported. While oral administration produces less satisfactory results in excretory
urography, a successful study may nevertheless be
obtained when intravenous or retrograde urography
cannot be accomplished. Roentgenograms are taken
at 60, 90, 120 and 150 minutes after oral ingestion of
the compound. It is not irritating when injected into
the ureter for retrograde filling.
The dose of sodium iodohippurate is 25 ml. of a
solution containing 12 Gm. of the compound, injected into a cubital vein; the solution should be
warmed to body temperature before injection. For
oral administration 12 Gm. is given dissolved in 75
ml. of simple syrup. For retrograde use a 15 to 20
per cent solution is employed for pyelography, or a
3 to 5 per cent solution for cystography. Proportionately smaller doses are given to children.
Sodium Oleate. — This salt, which contains small
quantities of other fatty acids, is essentially soap. The
so-called acid sodium oleate is a mixture of this soap
with free oleic acid. Sodium oleate was at one time
believed to be useful in cases of gallstone in doses f^om
1 to 2.6 Gm. (approximately 15 to 40 grains).
Sodium Phenolsulf onate. Sodii Phenolsulphonas,
U.SJ>. IX. Sodii Sulphocarbolas, B.P. 1S98. Sodium
Sulfocarbolate. XaC6H50S03.2H20. — Sodium phenolsulfonate occurs as colorless, transparent, rhombic
prisms or crystalline granules; odorless, and having
a cooling, saline, bitter taste. It is somewhat efflorescent in dry air. It is soluble in 4.2 parts of water or
140 of alcohol. An aqueous solution is neutral to
litmus. For tests for identity and purity see USD.,
21st ed., p. 1480.
The phenolsulfonates, or sulfocarbolates as they are
commonly called, were introduced into medicine with
the idea of obtaining the antiseptic action of phenol
in a nontoxic form, for it is well known that the
combination of sulfuric acid with phenol practically
renders it devoid of activity. It was shown by Withers
that phenolsulfonates are not possessed of any anti-
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septic power. The claim which has been made that
they are decomposed in the intestinal tract with the
liberation of phenol is not supported by any scientific
evidence and seems a priori improbable. Sodium
phenolsulfonate is, however, occasionally still employed as an intestinal antiseptic.
Dose, 300 to 600 mg. (approximately 5 to 10
grains) .
Sodium Ricinate. Sodium Ricinoleate. Sodium
Oleoricinate. Soricin (Merrell) . — This mixture of the
sodium salts of the fatty acids from castor oil, chiefly
ricinoleic, occurs as a white or yellowish, practically
odorless powder. It is soluble in water and in alcohol,
the former producing an alkaline reaction.
In 1919 Larson showed that lowering the surface
tension of culture medium inhibited the growth of
many species of bacteria, and that one of the best
agents for this purpose was the soap from castor oil.
Subsequently he found that this sodium ricinoleate
had also the property of detoxifying bacterial toxins
{J. AM A., 1926, 86, 998). He believes that this action
is probably an adsorptive phenomenon. Carmichael
(J. Pharmacol., 1927, 31, 445) reported a similar
detoxification of snake venom. The soap has been used
successfully in various types of intestinal intoxication
(see Morris and Dorst, Am. J. Med. Sc, 1929, 178,
631). The recommended dose is 4 to 5.3 Gm. (approximately 60 to 80 grains) daily for 10 days, then 1 to
1.3 Gm. (approximately 15 to 20 grains) daily. A
2 per cent solution of Soricin is also employed as a
sclerosing agent for varicose veins. Daily vaginal instil ation of5 ml. of a 3 per cent buffered ricinoleic acid
jelly was found effective in treating vaginal mycosis
(Hesseltine et al., Am. J. Obst. Gyn., 1949, 58, 553).
Sodium Silicate. Soluble Glass. Water Glass. —
Sodium silicate is made by fusing silica, fine sand, or
powdered flint, powdered coal and dried sodium
carbonate. The fused mass is pulverized, then treated
with boiling water to dissolve the soluble portion.
The solution is filtered and concentrated. There are
several solid forms known, differing in the degree of
hydration and the proportion of silica present. They
include Xa20.Si02, 3Xa20.2Si02, and Xa20.3SiC»2,
with variable amounts of water. The commercial solutions of sodium silicate likewise vary in their composition as well as in viscosity and density. The
greater the ratio of Xa20 to Si02 the more tacky and
alkaline is the solution. Acids precipitate silicic acid
from the solutions. Sodium silicate solutions have
many industrial uses as, for example, a cement in the
manufacture of artificial stone, in fireproofing fabrics,
in waterproofing paper containers, etc. It is popular
as an egg-preserving liquid. The eggs are placed in a
crock and covered with sodium silicate solution. In
various combinations it is widely used as a water
softener in boiler compounds, in bleaching processes,
as a cleansing agent for metal and glass objects, or as
an ingredient of the so-called silicate soaps.
Sodium silicate has been employed as an antiseptic,
as in the treatment of chronic vaginitis, but Lowenhaupt claimed that when pure it is not antiseptic,
any powers which it may seem to have being dependent upon the presence of free alkali in it. Sodium
silicate has been suggested as a remedy in pulmonary
tuberculosis, and Kuehn (Munch, med. Wchnschr.,
1921, 68, 1612), believing that the lack of silicic
acid is the cause of loss in elasticity of connective tissue, which is characteristic of advancing years, used
intramuscular injections of sodium silicate with asserted benefit in treatment of arteriosclerosis. He also
reported good results in bronchial asthma and tuberculosis in the aged. He administered 2 ml. (30 minims)
of a 1 per cent solution intravenously at intervals of
3 to 4 days.
Sodium Silicofluoride. Sodium Fluosilicate.
Xa2SiF6. — When the gas S1F4 is passed into water,
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hydrogen silicofluoride, HoSiFe, is formed. This acid,
when neutralized by sodium hydroxide or carbonate,
yields the sodium salt. It is a white, odorless, tasteless powder, soluble in about 155 parts of water. A
solution of sodium silicofluoride, known as salufer,
has been claimed to be a powerful nonirritant antiseptic. The powder is a strong irritant or a mild
caustic. The solution affects steel instruments. Bokenham, in experiments upon bacteria, found that in
order to kill them it was necessary for the solution
to be at least as strong as 1 to 750; he observed also
that ingestion of 50 mg. caused prolonged nausea,
slowing of pulse, and reduction of arterial pressure.
According to Marcovitch (/. Pharm., 1928, 24,
179) sodium silicofluoride is more poisonous than
arsenic to insects and is useful as an agricultural spray
against the boll-weevil and various leaf-eating insects.
On the other hand, he found that the lethal dose for
rabbits is 1.5 Gm. per Kg. as compared to 0.014 Gm.
for potassium arsenite. It would seem, however, that
the drug is more poisonous for man than for rabbits,
as Luhrig (Chem.-Ztg., 1925, 49, 805) reported a case
of death from half a teaspoonful. Sodium silicofluoride isused also as a rodenticide. For discussion
of its use in fluoridation of municipal water supplies
see under Sodium Fluoride, in Part I. [v]
Sodium Sulfanilate. Sodium Anilinesulfonate.
C6H.i(NH2)S020Na. — This salt occurs in colorless
crystals, freely soluble in water. It has been attributed
with the power of alleviating coryza, especially when
caused by overdoses of the iodides (see J.A.M.A.,
1931, 96, 213). The recommended dose is from 0.6
to 1.3 Gm. (approximately 10 to 20 grains).
Sodium Tartrate. NaoC.iH4O6.2H2O.— Sodium
tartrate was suggested some years ago as an agreeable
purgative, having the advantage over other saline
laxatives of being almost without taste. It occurs in
the form of white crystals soluble in about 3 parts of
water, insoluble in alcohol. The dose employed was
from 15 to 30 Gm. (approximately 4 to 8 drachms).
Sodium Tetradecyl Sulfate, N.N.R. Sodium
Sotradecol (Wallace & Tiernan). Sodium 7-ethyl-2methyl-4-hendecanol Sulfate. CH3CH(CH3)CH2CH(OS03Na)CH2CH2CH(C2H5)CH2(CH2)2CH3.—
This substance occurs as a white, waxy, odorless
solid; soluble in water, alcohol and ether.
Sodium tetradecyl sulfate is a surface-active agent
of the anionic type (see Surface-Active Agents) and
has been incorporated in certain solutions of antiseptics, for external application, in order to increase
their degree of penetration and efficacy. It is also
employed as a sclerosing agent in the treatment of
varicose veins (Dingwall et al., Surgery, 1948, 23,
599; Hirschman, N. Y. State J. Med., 1947, 47, 1367).
Although when injected into the vein it may be painful and when placed outside the vein it may produce
sloughing, sensitization is remote and idiosyncrasies
and reactions are mild and of brief duration. No toxic
effects have been reported.
For sclerosis of varicose veins, a 1, 3, or 5 per cent
buffered aqueous solution, containing 2 per cent of
benzyl alcohol, is used. A test dose of not more than
1 ml. of the 1 per cent solution should be used to
detect idiosyncrasy. The 3 per cent solution is used
in most cases, the total dose not exceeding 10 ml. The
maximum total dose of the 5 per cent solution is
6 ml. For small superficial varicosities, the 1 per cent
solution is used in amounts of 0.5 to 1 ml. at a site,
with 2 to 3 ml. at a sitting.
Sodium Tetrathionate. Tetrathione (Searle).
Na2S406-H20. — Following earlier use of sodium thiosulfate in the treatment of thromboangiitis obliterans
(Rabinowitz, /. Chemother., 1936, 13, 1 ; Am. J.
Surg., 1936, 31, 329) and postoperative thrombophlebitis (Bancroft et al., Ann. Surg., 1937, 106, 868),
Freeland and Theis (Arch. Surg., 1940, 40, 190)

1865

introduced sodium tetrathionate as a substitute for
sodium thiosulfate for such use. The drug brings
about a prolongation of the coagulation time of
blood, an increase in sedimentation rate, a decrease
in viscosity, and an increase in the content of oxygen.
The pulse is slowed and there is usually a reduction
in systolic and diastolic blood pressure. Sodium tetrathionate is administered intravenously in doses of
400 to 600 mg. Although clinical use of the drug
has been advised against (J.A.M.A., 1947, 133, 693)
because of the potential danger of nephrotoxic actions
as demonstrated in animals by Gilman et al. (Am. J.
Physiol., 1946, 147, 115), both Theis and de Takats,
who have had considerable experience with the drug,
claim that such effects followed administration to
the experimental animals of doses approximately 35
times greater than the human clinical dose (see
J.A.M.A., 1947, 134, 1092); they observed no
nephrotoxic effects in patients, although occasionally
an initial or too rapid injection produces transient
reactions including faintness, nausea, abdominal discomfort or weakness. The same reactions may occur
when sodium thiosulfate is employed. The studies of
Saunders and Wills (J. Pharmacol, 1954, 112, 197)
on rabbits suggest that although at the average
clinical dose of 7 mg. of sodium tetrathionate per
Kg. of body weight little nephrotoxic action is normally to be expected, great caution should be exercised in the use of the salt when there is suspicion
of pre-existing renal disease.
Sodium tetrathionate is useful in the treatment of
hydrocyanic acid poisoning (see under Hydrocyanic
Acid, in Part II, also Binet et al., Presse med., 1951,
59, 641).
Tetrathione is supplied in ampuls containing 600
mg. of dry powder which is to be dissolved in 10 ml.
of water for injection just before use.
Soja. Glycine Soja Sieb. and Zucc. Soybean. Soja
Bean. Sahuca Bean. Miso. Coffee Bean. — Since ancient
times the soybean has been the principal legume grown
in China and Japan. It was introduced in the United
States in 1804 but it was not until about 30 years
ago that it became an important crop in this country ;
since then its culture and use have increased greatly.
A summer annual, the soybean plant bears small
and inconspicuous white or purple flowers clustered
in the axils of the leaves, and has stems that are
branched and rather woody and which grow 2 to
3.5 feet or more in height. The pods are from 1 to 2.5
inches long and contain from 2 to 4 seeds. Stems,
leaves and seed pods are all covered with short
reddish-brown or gray hairs. There are many varieties
of soybean plants as well as a large number of types
and strains.
The average composition of soybean is: Moisture,
9.9 per cent; protein, 36.5 per cent; fat, 17.5 per cent;
nitrogen-free extract (mostly carbohydrates), 26.5 per
cent; crude fiber, 4.3 per cent; ash, 5 per cent. The
proteins are remarkable for the large proportion soluble in water; these include the globulin glycinin,
another globulin probably identical with the phaseolin
of other legumes, and the albumin legumelin. From
1.6 to 3.0 per cent of phosphatides, chiefly lecithin
and cephalin, are present. The yellow to dark amber
oil is of the class of drying oils; it contains from
49 to 57 per cent of linoleic acid, 25 to 33 per cent
of oleic acid, and small amounts of linolenic, palmitic,
stearic and arachidic acids. Stigmasterol and sitosterol are present in the oil. The carbohydrate constitutents include sucrose, araban, and galactan,
among others; very little starch is present. Soybean
seeds contain the enzymes ^-amylase, urease (which
decomposes urea with formation of ammonium carbonate), and uricase (which decomposes uric acid
with formation of allantoin). Genistin, an isoflavone
glucoside, has been isolated from soybean oil meal
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and found to have some estrogenic activity (Science,
1953, 118, 164).
Soybean is an important article of diet in China
and Japan; soybean milk, soybean cheese, and soybean sauce are prepared from it. In the United States
soybean has found extensive use as an animal feed,
as a constituent of some articles of food, and in the
manufacture of some industrial products. Soybean
oil and meal are the two products of the bean which
are most utilized. Soybean flour is used in the baking
and food industries. It forms the basis of certain
feeding formulas for infants who are unable to
tolerate cow's milk and for adults allergic to cow's
milk (Cahill et al., J. Nutrition, 1944, 28, 209; Glaser
and Johnstone, J.A.M.A., 1953, 153, 620; Clein,
Ann. Allergy, 1951, 9, 195). Soybean has been suggested as a diabetic food, although some varieties of
it contain upward of 25 per cent of carbohydrates.
Ingestion of the sitosterol obtainable from soybean
has been reported to decrease the elevated blood
serum levels of cholesterol in cases of atherosclerotic
vascular disease (see under Cholesterol, in Part I).
For uses of soybean lecithin see under Lecithins, in
Part II).
The protein of soybean has been transformed into
synthetic fibers and plastic substances.
Solanum. — The genus Solanum (Fam. Solanacece)
contains a number of species which are possessed of
active physiological properties and some of which
have been used to a considerable extent in medicine.
Alkaloidal Constituents. — From most of these
species one or another of several steroidal alkaloids,
generally also glycosidal in character, have been isolated. The chemistry of these alkaloids has been only
recently clarified, and is briefly reported here. Solanine, sometimes called solanine-T from the occurrence
of the substance in Solanum tuberosum, is a glycosidal
alkaloid found in several species of the Solanum
genus. Unaffected by alkalies, it is hydrolyzed in the
presence of acids into the steroidal alkaloid solanidine, C27H43NO, and a molecule of each of the
sugars dextrose, galactose and rhamnose. Solasonine,
also called solanine-S because it was first isolated
from Solanum sodomeum, yields on hydrolysis solasodine (also called solanidine-S) , C27H43XO2, and
a molecule of each of the same sugars yielded by solanine. Solasodine appears to be the quaternary hydroxide of solanidine. Solaneine, originally reported as a
constituent of some Solanum species, has been shown
to be a mixture of solanine and solanidine. Solanocapsine and solanocapsidine are steroidal alkaloids,
apparently sugar-free, found in Solanum Pseudocapsicum L. Solangustine, from S. pulverulentum Pers. (S.
angustifolium R. & P.) yields the aglycone solangustidine and a molecule of dextrose. Solauricine, from 5.
auriculatum, hydrolyzes to solauricidine and a molecule of each of the sugars yielded by solanine. Still
other alkaloids have been found in various Solanum
species.
The alkaloids referred to above, sometimes collectively called the solanines, possess the toxic properties
which are characteristic of the saponins. When introduced into the blood stream they produce destruction
of the red corpuscles, vomiting, diarrhea, eventual
paralysis and coma, sometimes preceded by violent
convulsions.
Hano (Bull. ges. Physiol, exp. Pharm., 1937, 99,
674) compared the physiological effects of solanine
and solasonine. Their hemolytic properties are about
equal. Both are stimulating to nonstriated muscle
and in large doses cause tonic spasm of the muscles.
Solanine appears to have a stimulating effect upon the
heart, while solasodine is depressant.
Schmiedeberg reported, in 1899, a series of cases of
poisoning, two of which ended fatally, from eating
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sprouted potatoes, which he attributed to solanine
in the potatoes. Hansen (Science, 1925, 61, 340)
reported a similar group of poisonings. The symptoms in these cases were headache, colic, vomiting,
diarrhea, dilated pupils, mental confusion, sometimes
unconsciousness; the pulse was first accelerated, later
became slow.
Solanine has been used in the treatment of asthma
and bronchitis, also in epilepsy.
Solanum Species. — In the following are described
certain Solanum species of importance. S. Dulcamara,
commonly known as Dulcamara, is described under
its common title.
Under the title Solanum (horse-nettle berries) the
N.F. V recognized the air-dried, ripe fruit of 5. Carolinense L. This weed — also popularly known as apple
of Sodom, sand brier or poisonous potato — is a common perennial in waste places and sandy soil throughout the whole of the eastern United States. Its erect,
branched stem, about 2 or 3 feet in height, is armed
with stout yellowish prickles which are also on the
veins of the leaves. The corolla is violet and with
the exserted yellow stamens makes an attractive
contrast of color; the leaves are oblong, ovate, obtusely toothed or lobed; the fruit an orange yellow
berry about Yz to Y± of an inch in diameter. For a
description of the berries see U.S.D., 22nd ed., p. 1587.
Solanum berries are actively poisonous, the toxic
principle being apparently solanine. There is present
also an organic acid called solanic acid (see Pharm.,
Arch., 1940, 11, 23).
Thornton (Therap. Gaz., 1896, 12) found that this
species of solanum caused stupor and spinal convulsions. Ithad long been used, especially in the southern
United States, in the treatment of epilepsy. The dose
of the fluidextract (Fluidexlr actum Solani, NJ. V)
was from 2 to 4 ml. (approximately 30 to 60 minims) .
S. aculeatissimum Jacq., also known as apple of
Sodom, is indigenous to Brazil. It is a spiny undershrub with pinnately 5 to 7 lobed leaves, white flowers
and orange-colored berry-fruits, the latter containing
solanine.
Freire obtained from the fruit of S. grandiflorum
Hort.,
105.) or wolf fruit, a twining shrub of Brazil, a
toxic alkaloid, grandiflorine. (Compt. rend. acad. sc,
Lycopersicum esculentum Mill. (5. Lycopersicum
L.). Tomato Plant (formerly termed the Love Apple).
— The tomato is believed by many practitioners to
be an injurious article of diet to gouty persons. The
acidity of the juice is due, according to Borntraeger
(Zeitschr. Untersuch. Lebensm., 1925, 50, 275) to
citric and malic acids. Solanine has been reported
in the herbage and seeds but apparently does not
occur in the juice of the fruit. Tomatoes are rich
in vitamins A and C.
S. nigrum L. Black Nightshade. Duscle. Poison
Berry. Hound's Berry. Morelle. — This is an annual
herb in temperate climes although an undershrub in
tropical regions. Its leaves are simple, ovate, entire
or sinuate-dentate. Its flowers are small and white
and its fruits, which are sparingly employed for pies
and jams, are globular berries about Y\ inch in diameter. It occurs widely in shaded and rich open ground
throughout the United States. The leaves and tops of
this plant have been admixed with and substituted
for belladonna leaf. They may be readily detected by
the absence of glandular hairs, by the rotate corolla
and by the smaller size of the leaves which are frequently wavy-toothed. The leaves have been used in
medicine in the treatment of scrofulous dyscrasias,
and are said to produce diaphoresis when in overdose ;
also nausea, purging, and nervous disturbance. Symptoms include vomiting, diarrhea, fever, tachycardia,
vertigo, dilated pupils, dysphonia, amblyopia, halluci-
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nations, cardiac and respiratory depression (Steyn,
S. African Agr. Series, Vol. 13. Central News Agency,
Johannesburg, 1934). Dermatitis is seen in cattle. The
question of the toxicity of the black nightshade requires further elucidation. On the one hand, the glycoside solanine has been separated from both leaves
and the berries, and Turk (Allg. med. Centr.-Ztg.,
1901, 70, 1030) reported a fatal case of poisoning in
a child from eating the unripe fruit. On the other
hand, in various tropical parts — such as the islands
of Hawaii and Bourbon — the inhabitants use the
boiled leaves as foodstuffs; in the Dakotas the ripe
berries — locally known as stubble-berries because they
are abundant in the wheat stubble — are used for
making preserves and pies, and a variety, S. Nigrum
guineense, is occasionally cultivated, under the name
of garden huckleberry, and used for the same purposes. It is probable that the proportion of solanine
is less in the ripe berries than in the unripe and it
may be that some of the toxicity is destroyed in the
process of cooking.
5. Pseudocapsicum L. {Jerusalem cherry, winter
cherry, Natal cherry) is a small branching shrub of
the tropics and sub-tropics and widely cultivated for
greenhouse or house decoration when covered with its
bright colored berries. It yields a fruit whose resemblance to the common cherry is said to have led
to its being eaten by children with fatal results. The
leaf contains solanocapsine, which arrests the heart.
(See Watt and Meltzer, Quart. J. P., 1932, 5, 649.)
S. tuberosum L. Potato. — The white potato is a
perennial, weak-stemmed herb indigenous to low
valleys of Chile, Peru and Bolivia and widely cultivated throughout the world on account of the
popularity of its tubers as a food. The herbage
appears, at certain stages of growth, to be toxic
and several cases of poisoning have been reported
from potato sprouts.
A study of S. villosum Willd. has been made by
Guth (/. A. Ph. A., 1938, 27, 217). An oil, tannins,
and a toxic principle closely related to solanine and
sapotoxins have been found.
From the seeds of 5. xanthocarpum Schrad. and
Wendl. has been obtained a glycosidal alkaloid,
solanocarpine, which Briggs (J.A.C.S., 1937, 59, 1404)
believes to be identical with solasonine.
Sorbus. Sorbus Aucuparia L. (Now Pyrus Aucuparia (L.) Erhr.) Mountain Ash. Rowan Tree. Fr.
Sorbes. Ger. Eberesche, Vogelbeere. (Fam. Rosacece.)
— A European tree with odd pinnate leaves having
numerous leaflets, compound corymbs of white flowers and small, bright red, pome-fruits. It is extensively
cultivated in the United States. The fruit contains
the sugar sorbose (sorbitose), C6H12O6, reducing but
not fermentable; sorbitol, C6H14O6, which is described inPart I, and sorbic acid C6H802, an unsaturated aliphatic acid. The seeds of the fruit contain 22
per cent of fixed oil. The fruit has been used in
scurvy and, in the form of an infusion, as a remedy
in hemorrhoids and strangury. An extract of the berries, available as Sorparin (McNeil), is employed in
the treatment of gallbladder irritations and digestive
disturbances due to faulty liver function. 5. americana Marsh, (now Pyrus americana (Marsh.) DC),
or American mountain ash, probably has actions similar to the European species. Malic acid, 5 to 6.5 per
cent, has been reported as a constituent of the fruit.
Sparteine Sulfate, N.F. VIII. C15H26N2.H2SO4.SH2O. — Sparteine sulfate is the salt of an alkaloid
obtained from Cytisus Scoparius (see Scoparius, Part
II). The alkaloid is extracted from the ground drug
by maceration with diluted sulfuric acid. This extract
is neutralized, concentrated by evaporation and then
alkalinized. From this mixture the sparteine is obtained by steam distillation. Subsequent neutraliza-
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tion of the distillate with sulfuric acid produces a
solution of sparteine sulfate from which the solid is
obtained by crystallization. Sparteine has been totally
synthesized.
The alkaloid sparteine is a colorless, oily liquid
which is difficultly soluble in water but readily soluble in alcohol and in ether. It is levorotatory, and
boils
at 326°. The sulfate was officially described as
follows:
Description. — "Sparteine Sulfate occurs as colorless,
rhombohedral crystals, or as white, crystalline powder.
It is odorless, and has a slightly salty, somewhat
bitter taste. It is hygroscopic and is affected by light.
An aqueous solution of Sparteine Sulfate (1 in 20)
is acid to litmus paper. One Gm. of Sparteine Sulfate
dissolves in about 1.1 cc. of water and in about 3 cc.
of alcohol, at 25°. It is insoluble in chloroform or
ether." N.F. VIII. For standards and tests see U.S.D.,
24th ed., p. 1100.
Uses. — Sparteine was introduced many years ago
as a substitute for digitalis in the treatment of cardiac
arrhythmias. Whether it has any therapeutic value or
not — a subject about which there is considerable difference of opinion — it is certain that its effect is very
different from that of digitalis. Its chief action upon
the heart is to lessen both the irritability and conductivity ofthe cardiac muscle, diminishing both the
frequency and amplitude of its contractions. Because
of this depressant action it may ameliorate certain
disturbances of rhythm, such as extrasystoles ; it has
been found capable even of stopping experimental
fibrillation of the heart (see Kreitmair and Sieckmann, Merck's Jahresber, 1936, 50, 113, and Crawford, J. Pharmacol., 1925, 26, 171). Although it possesses some diuretic properties, Kreitmair (loc. cit.)
found that only after enormous doses is there any
increase in urinary output. It apparently also has a
depressant action on the autonomic ganglia (Koppany, /. Pharmacol., 1941, 72, 23). Ligon (/. Pharmacol., 1941, 73, 151) found that solutions stronger
than 1 in 100,000 when locally applied to the isolated
uterus of the rabbit increase greatly the amplitude of
the contractions with comparatively little effect on
the muscular tonus; sparteine has been used clinically
in the early stages of labor. In large doses it has a
paralyzant effect, similar to that of curare, upon the
motor end-plates of the nerve to the voluntary
muscles. Lu (Stanford M. Bull., 1950, 8, 110) states
that sparteine is the only drug which possesses a
quinidine-like effect on cardiac muscle and a tetraethylammonium-like effect on ganglia.
Sparteine has been used in medicine chiefly in the
treatment of irregularities of the heart, such as
tachycardia and functional palpitation. As the slowing of the pulse, which undoubtedly is produced by
full doses, is due to the depressing action on the
muscle fiber rather than stimulation of the vagus, it
is a drug of very limited usefulness.
The doses recommended by different writers have
varied widely, from 10 mg. to as high as 120 mg.
(approximately % to 2 grains), by mouth, daily.
Storage. — Preserve "in tight, light-resistant containers." N.F. VIII.
Spartium. Spartium junceum L. Spanish Broom.
(Fam. Leguminosce.) — A small shrub, indigenous in
the south of Europe, and cultivated in our gardens
as an ornamental plant. The flowers are large, yellow,
and of an agreeable odor. Sparteine has been obtained
from the flowers (Ann. chim. app., 1927, 17, 283),
but Seoane and Ribas (see Chem. Abs., 1952, 46,
5790) reported that cytisine is the principal alkaloid,
with methylcytisine and anagyrine also present, and
sparteine occurring only in small amount.
Spanish broom, in its medicinal properties, closely
resembles Scoparius, but appears to be considerably
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more active, 6 Gm. of the dried plant, given in infusion, having produced very violent poisoning; serious
results have been produced by the substitution of the
Spanish for the true broom. The dried flowers are
readily differentiated, those of the true broom having
a small, bell-shaped calyx with two unequal lobes,
the upper of which is bidentate, the lower minutely
tridentate, and the style always rolled, while in
Spartium junceum the calyx is deeply cleft to the
base on one side only, and the style is deeply rolled.
The symptoms produced by overdoses are vomiting
and purging, with renal irritation. The seeds have
been used to a considerable extent in dropsy in doses
of from 0.6 to 1 Gm. (approximately 10 to IS
grains) 3 times a day in the form of tincture.
Sphagnum. Peat Moss. Bog Moss. — The sphagnums (Fam. Sphagnacece) comprise a group of pale
mosses found in swamps and bogs throughout the
entire North Temperate Zone. Great masses of these
plants accumulate in the areas they inhabit on account
of their prolific manner of growth and slow decay.
The lower growth is constantly dying away and
forming peat, whence the name of peat moss assigned
to them. They differ from the true mosses (Bryales)
in being paler green in color, in forming taller
growths, in possessing no absorptive hairs in their
sporophyte generation, as well as in the structure of
their reproductive parts. Their stems and leaves possess colorless cells, connected by small perforations,
that have the capacity of sucking up and retaining
large quantities of liquid.
During the First World War dried peat moss was
largely employed for its absorptive powers as a surgical dressing. The species chiefly employed were the
Sphagnum imbricatum, S. palustre, S. M agellanicum ,
and 5. papillosum. The moss, after drying, was treated
with a disinfectant, such as mercury bichloride.
Spigelia. Pinkroot. Maryland, Carolina or Indian
Pink. Worm-grass. Worm-weed. American Wormroot.
Star-bloom. — "The dried rhizome and roots of Spigelia
marUandica Linne (Fam. Loganiacece), without the
presence or admixture of more than 10 per cent of
stems or other foreign matter." U.S.P. IX.
Two species of Spigelia have attracted attention as
anthelmintics — S. Anthelmia L., of South America
and the West Indies, and S. marilandica L., of this
country.
S. Anthelmia is an annual plant, from one to two
feet in height, with thin, short-petioled leaves, those
of the lower stem being lanceolate, those above varying from very broadly lanceolate to ovate, with a
distinct tendency to a rhomboidal outline and attaining a length of over four inches. It is much used as
an anthelmintic in its native country, and its rhizome
is said to have appeared in the European markets. It
is claimed that in overdoses this rhizome is a powerful poison, which has caused death not only in the
domestic animal but also in man.
The 5. marilandica is an herbaceous perennial plant.
The stems, several of which rise from the same rhizome, are simple, erect, four-sided, nearly smooth,
and from twelve to twenty inches high. The leaves
are opposite, sessile, ovate-lanceolate, acuminate, entire, and smooth, with the veins and margins slightly
pubescent. Each stem terminates in a one-sided spike,
and supports from four to twelve bright red flowers.
For description of the root, see U.S.D., 22nd ed., p.
1597.
Pinkroot contains a volatile alkaloid, spigeline, discovered by Dudley in 1881. Boorsma (Pharm. J.,
1898, 89) found 0.5 mg. of spigeline to be lethal to
guinea pigs. It is questionable, however, whether the
vermifuge properties of pinkroot are to be attributed
to spigeline. Mclntyre (Thesis, Temple University,
June 1944) could not find a volatile alkaloid in
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authentic spigelia but he did find a bitter principle.
The
activity of spigelia appears to be reduced on
standing.
Uses. — Spigelia was considered especially effective
against the roundworm. Its efficiency is open to question as Sollmann (J. Pharmacol., 1918, 12, 129)
found that it was only slightly toxic to earthworms.
Mclntyre (loc. cit.), in pharmacological tests on
Tubifex rivulorum, found spigelia to be only about
one-fourth as effective as chenopodium oil, though in
clinical tests on worm-infested persons the drug was
effective in 77 per cent of the cases. In ordinary dose
it usually produces little sensible effect on the system ;
in larger doses it acts as a cathartic, though uncertain
in its operation; in overdoses it is said to cause vertigo, dimness of vision, dilated pupils, spasms of the
facial muscles and of the eyelids, and even general
convulsions. H. A. Hare {Med. News, March, 1887)
found that in the lower animals it produces symptoms
similar to those just described. The danger from its
use cannot be great, as it was formerly largely employed in the United States, and serious consequences
were almost unheard of. It was usually combined
with senna or some other cathartic, to insure its
action on the bowels.
Dose, of the powdered root, for an adult, 4 to 8
Gm. (approximately 1 to 2 drachms), repeated morning and evening for several days successively, then
followed by a cathartic.
Spilanthes. Spilanthes Oleracea L. (S. Acmella
Murr.) Para Cress. (Fam. Composites.) — A plant
of the tropics used as a masticatory for toothache;
when chewed it produces copious salivation. It is
cultivated both as an ornament and for its pungent
leaves which are used as a salad. From the flowers
there has been obtained a substance, spilanthole,
C14H05NO, which possesses a strong local anesthetic
action (/. Pharm. Soc. Japan, 1927, 521).
Spiraea. — A genus of deciduous shrubs belonging
to the Rosacea; which are cultivated for their handsome flowers. Many if not all of the species of this
genus contain a colorless volatile oil, composed mainly
of salicylic aldehyde, with small amounts of methyl
salicylate. The species which have been analyzed are
the Filipendida Ulmaria (L.) Maxim. {Spiraea Ulmaria L.) — commonly known as queen of the
meadow, or meadow-sweet — a European plant which
has been introduced into this country ; also the European species F. rubra (Hill) Robinson (S. lobata
Jcq.) and F. hexapetala Gilib. (S. FUipendula L.; F.
vulgaris Moench.). Spirceaic acid, which is salicylic
acid, was separated from the flowers of 5. Ulmaria
by Lowig and Weidmann, and by Rochebrune from
the flowers of 5. FUipendula.
The roots of probably most of the species contain
tannic acid, gallic acid and, when fresh, some of the
volatile oils. The root of Spiraea tomentosa L. (hardhack, steeplebush, or whitecap) was formerly recognized in the U.S.P. It is an indigenous shrub growing
in low grounds from New Brunswick and Nova Scotia
to the mountains of Georgia and westward. The
stems and lower surfaces of the ovate-lanceolate,
serrate leaves are whitish and tomentose. The rosecolored flowers are disposed in terminal, compound,
crowded racemes.
The decoction of the flowers was at one time used
as a diuretic in domestic practice. The roots are astringent, and have been used in the treatment of
diarrhea in doses of from 0.3 to 1.3 Gm. (approximately 5to 20 grains) of an aqueous extract.
Spiroform. Vesipyrin. Acetylsalol. Phenyl Acetylsalicylate. Acetylsalicylic Phenyl Ester. CeH4(OCH3CO)COOC6H5. — A tasteless, odorless powder, insoluble in water, soluble in alcohol, readily decomposed
by alkalies. This substance acts in the body much
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like phenyl salicylate; it passes through the stomach
unchanged, but is hydrolyzed in the intestines, liberating salicylic acid. It was originally introduced as a
urinary antiseptic, but has also been employed as an
antirheumatic and analgesic. The dose is from 0.5 to
1 Gm. (approximately 7J-4 to IS grains).
Stanolone, N.N.R. Androstanolone. Dihydrotestosterone. Androlone (National). Neodrol (Pfizer).
Androstane-17|3-ol-3-one. — This compound differs
from testosterone only in that the double bond present
in the latter is saturated, i.e., stanolone is dihydrotestosterone. Stanolone occurs as a white, odorless,
crystalline powder, practically insoluble in water but
dissolving in alcohol to the extent of about 6 Gm.
per 100 ml.
Use of this androgenic steroid is based on the expectation that its anabolic and tumor-suppressing
actions in inoperable carcinoma or postoperative
metastatic carcinoma of the breast would be accompanied by fewer virilizing side effects than with testosterone. Gellhorn et al. {JAMA., 1954, 154, 1274),
although recognizing that preliminary reports indicated stanolone to be equal or superior to testosterone
propionate in producing objective and subjective improvement and causing apparently fewer virilizing
side reactions, reached the conclusion, on the basis
of their study of 26 patients, that stanolone is not
superior to testosterone propionate in the treatment
of disseminated mammary cancer. They observed
that the proportion of patients improved (11 out of
26) was less than that (76 per cent) reported by the
Subcommittee on Steroids and Hormones of the
A.M.A. Council on Pharmacy and Chemistry as
having been improved by testosterone propionate.
They found that the side effects of stanolone, predominantly those of virilization, occurred in the majority of patients in their study.
The N.N.R. indicates that use of stanolone must
be weighed against its inherent virilizing and metabolic effects and should be subject to the same precautions and contraindications as is the use of other
androgenic agents.
Stanolone is administered by intramuscular injection. The N.N.R. gives the average effective dosage
in carcinoma of the breast as 100 mg. daily, this dosage being continued as long as the patient shows improvement or until unable to tolerate androgenic
therapy because of severe virilization or untoward
metabolic effects. While lower dosage may be tolerated
better it is considered ineffective against breast carcinoma. The dosage for treatment of testicular hormone
deficiency, functional uterine bleeding or post-partum
suppression of breast engorgement remains to be
established.
Stanolone is available in 10-ml. vials containing a
suspension of SO mg. per ml. of saline solution, preserved with 0.18 per cent of methylparaben and 0.02
per cent of propylparaben.
Staphisagria. Stavesacre Seeds. — The U.S.P. IX
and the B.P. 1914 recognized the dried ripe seeds of
Delphinium Staphisagria L. (Fam. Ranuncidacece) ,
an annual or biennial plant, native to Southern
Europe (for a description of it see US.D., 24th ed.,
p. 620). The seeds are pointed at one end, from 6 to
8 mm. in length and breadth, and have an irregular
pyramidal shape, one side being distinctly arched and
broader than the others, which are flattened. The
seeds are dark brown when fresh, but become dull
greyish -brown on keeping from being covered with
dust. They have no marked odor; their taste is
nauseous, bitter and acrid.
Several alkaloids have been isolated, including
delphinine, delphisine, delphinoidine , staphisagrine,
and staphisine. Delphinine resembles aconitine in
physiologic activity
(Jacobs and Craig, /. Biol.
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Chem., 1939, 127, 361; 128, 431). It should not be
confused with delphinin, a glycosidal dyestuff from
the flowers of Delphinium consolida (Kondon, Helv.
China. Acta, 1928, 11, 919).
Various preparations of stavesacre seeds have been
used to destroy pediculi, by local application. The
potency of the constituent alkaloids is a deterrent to
such use, since toxic symptoms may follow absorption
of the alkaloids from scratched areas of the scalp.
Stemona. — Under the name of pai pu or bachbo,
the Chinese have long used as a medicine a plant
belonging to the genus Stemona (Fam. Roxburghiacece). It has been ascribed to S. tuberosa and S.
sessifolia, but Lee and Chen doubt the accuracy of
this (J. A. Ph. A., 1940, 29, 391).
From various species of Stemona have been separated the following alkaloids: stemonine, stemonidine,
iso-stemonidine, hodorine and tuber ostemonine. The
authors obtained from pai pu two new alkaloids,
paipunine and sino stemonine. Isolation of protostemonine was reported by Kondo and Satomi (/. Pharm.
Soc. Japan, 1947, 67, 182). Physiologically paipunine
is a convulsant apparently of the picrotoxin type. The
drug is used in China as an insecticide, in the treatment of scabies, as a vermifuge and also as a cough
remedy. Recent reports are that it is valuable in
pediculosis.
Sterids. — A striking characteristic of bile acids,
antirachitic vitamins, sex hormones, certain adrenal
substances, cardiac aglycones, sapogenins of digitalis
and certain other drugs, genins of toad poisons, and
other naturally occurring substances is the similarity
of their chemical structure to that of sterols. For this
reason they are referred to as steroids, i.e., sterol-like
substances. To include both sterols and steroids,
Sobotka (Chemistry of the Sterids, 1938) used the
term sterids to denominate the class. All of these
compounds may be classified as derivatives of the
saturated hydrocarbon cyclopentanoperhydrophenanthrene, C17H28, or, as preferred by some writers, as
derivatives of the unsaturated hydrocarbon cyclopentenophenanthrene, C17H14. The structural formulas of the two hydrocarbons, with that of cyclopentanoperhydrophenanthrene showing the conventional
numbering and lettering of the ring system, are as
follows:

The Sterols. — These are saturated and unsaturated
alcohols derived from cyclopentanoperhydrophenanthrene; they occur both free and combined as esters
or glycosides, and are usually obtained as principal
constituents of the non-saponifiable fraction of fixed
oils and fats. Sterols of animal origin are classified
as zoosterols, those from the higher plants are called
phytosterols, and the sterols of fungi are termed
mycosterols. The glycosides of sterols, which occur
only in plants, are as a class called sterolines or
phytosterolines.
The principal animal sterol, and most extensively
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investigated member of the group, is cholesterol (see
under this title in Part I), known chemically as
3(cw)-hydroxy-5-cholestene or cholestene-(5:6)-ol-3.
A dehydrogcnatcd derivative of cholesterol, 7-dehydrocholestrol, on irradiation with ultraviolet light
produces vitamin D3, official as Activated 7-Dehydrocholesterol.
Of the many phytosterols which have been isolated,
stigmasterol has been studied most thoroughly and
appears to be the only one to which a definite structure may be assigned. Chemically it is 3(cw)-hydroxy24-ethyl-5,22-cholestadiene. It differs from cholesterol
only in the attachment of an ethyl group at the
number 24 carbon atom and the presence of a sidechain double bond between carbon atoms 22 and 23.
Derived chiefly from soya and calabar beans, it has
been transformed in the laboratory into the hormones
progesterone and desoxycorticosterone. Stigmasterol
occurs in colorless crystals when pure, melting at
1 70° ; it is insoluble in water but is soluble in most
organic solvents. Ergosterol is the best-known and
most thoroughly investigated of the mycosterols and
is described in detail under Synthetic Oleovitamin D,
in Part I, for upon irradiation with ultraviolet light
it forms vitamin D2 or calciferol, which is official.
The Steroid Hormones. — The steroid character of
the progestational, estrogenic and androgenic hormones may readily be seen from the structural formulas for these substances given elsewhere in this book
(see Estradiol, Estrone, Methyltestosterone, Progesterone, and Testosterone, in Part I). The close resemblance ofthe adrenal cortical hormones, including
cortisone, desoxycorticosterone and corticosterone
(see Cortisone Acetate, Desoxycorticosterone Acetate,
and Hydrocortisone, in Part I) to those of the reproductive system has also been pointed out. The synthesis of certain of these substances from sterols as,
for example, testosterone from cholesterol, and desoxycorticosterone and progesterone from stigmasterol, as
well as the more recent use of sarsasapogenin as a
starting compound for hormone synthesis is a further
confirmation of the relationship existing between
these compounds.
The Steroid Alkaloids. — In the class of alkaloids
there is now evidence that several contain the cyclopentanoperhydrophenanthrene nucleus or are derived
from this nucleus. Henry {Plant Alkaloids, 4th ed.,
1949) includes in the steroidal alkaloid group alkaloids of the Solanum, Aconitum, and Delphinium,
species. Alkaloids from the veratrums are also steroidal in nature.
The Cardiac Aglycones or Gentns. — The cardiac
glycosides are composed of a therapeutically active
aglycone (also called genin) component and a therapeutically inactive sugar fraction which, however, appears generally to enhance the effectiveness of the
former, possibly by increasing its solubility. A characteristic ofthe aglycones derived from glycosides of
plants of the Scrophulariacece, Ranunculacece, Liliacece, Apocynacece and other families is the presence
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nucleus and the attachment of a hydroxyl group at
carbon atoms 3 and 14, and of an unsaturated 4carbon atom lactone ring at carbon atom 17. These
characteristics common to the structure of cardiac
aglycones are shown in the preceding generalized
formula, where R is generally a CH3 group but may
sometimes be a CHO group. Included in the group
possessing these common structural characteristics are
such genins as strophanthidin, digitoxigenin, gitoxigenin, digoxigenin, thevetigenin, and ouabagenin. The
only known exception appears to be scillardin A, the
genin of scillaren A from squill, which contains five
rather than four carbon atoms in the lactone side
chain.
The Steroid Sapogenins. — Associated with the
cardiac glycosides of the digitalis group are saponins
including gitonin, digitonin and tigonin; on acid
hydrolysis these split off sugars, leaving characteristic
sapogenins (aglycones) which contain the cyclopentanoperhydrophenanthrene nucleus. The chief point
of difference from other steroids is that the principal
side chain at carbon atom number 17 contains two
hydrofuran rings, one of which appears to be joined
to ring D. The sapogenins differ from one another
chiefly in the number and position of hydroxyl groups
attached to the ring nucleus. In addition to the aforementioned "digitalis saponins" those of sarsaparilla
yield steroidal sapogenins, these latter being discussed
under Sarsaparilla, in Part I. Sarsasapogenin, obtained
from Mexican sarsaparilla root, is used as a starting
compound in the synthesis of the hormones progesterone and desoxycorticosterone.
The Bile Acids. — These steroidal compounds are
discussed under Ox Bile Extract, and Dehydrocholic
Acid, in Part I.
Stillingia, N.F. VII. Queensroot. Queen's Delight.
Yaw Root. Silver Leaf. — "Stillingia is the dried root
of Stillingia
sylvatica Linne (Fam. Euphorbiacece) ."
N.F.
VII.
Stillingia sylvatica is an indigenous monoecious
perennial herb with stems two or three feet high,
and alternate, sessile, oblong or lanceolate-oblong,
obtuse, serrulate leaves, tapering at the base, and
accompanied with stipules. The flowers are yellow,
and arranged in a spike, of which the upper part is
occupied by the male, the lower by the female,
flowers. The staminate florets are scarcely longer than
the bracteal scales. The plant grows in pine barrens
from Maryland to Florida and west to Kansas and
Texas. When bruised it emits a milky juice. For a
description of unground and of powdered stillingia
see U.S.D., 23rd ed., p. 1026.
Youngken and Vander Wyk (J. A. Ph. A., 1939,
28, 24) studied its pharmacognosy and changes induced in its composition on storage. They found that
the older the drug the darker was the color of its
alcoholic extract and the lower was its resin content,
and that there was justification for not using stillingia
stored longer than 2 years.
Stillingia contains a volatile oil, an acrid resin
termed sylvacrol, an acrid fixed oil, tannin, starch
and calcium oxalate. Bichy {Am. J. Pharm., 1885,
p. 529) reported an alkaloid which he named stillingine, but his finding lacks corroboration.
In large doses stillingia is emetic and cathartic, but
was rarely used for these purposes. Smaller quantities
have been supposed to exercise an "alterative" effect
upon the system and were formerly used in syphilitic
and scrofulous conditions. The drug is probably,
however, without any real value and is no longer
prescribed.
Stillingia was given in doses of 2 to 4 Gm. (approximately 30 to 60 grains).
Streptokinase-Streptodornase, N.NJi. SK-SD.
Varidase (Lederle). — In 1933 Tillett and Garner
{J. Exp. Med., 1933, 58, 485) observed in cultures of a
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hemolytic streptococcus a flbrin-lysing substance now
known as streptokinase (originally called jibrinolysin).
The action of this enzyme is not directly on fibrin or
fibrinolysin but, rather, depends on activation of a
fibrinolytic factor in human plasma called plasminogen; it is believed that this plasminogen (which
occurs in serous, sanguineous and purulent exudates)
is by the activation process converted to plasmin,
which then catalyzes fibrinolysis, whereby the fibrin
undergoes mild proteolysis to smaller and soluble
proteins or large polypeptides.
A second enzymatic substance, streptodornase, was
later found to be elaborated by hemolytic streptococci
(Tillet et al., Proc. S. Exp. Biol. Med., 1948, 68, 184;
McCarty, /. Exp. Med., 1948, 88, 181). This enzyme
is a desoxyribonuclease which catalyzes hydrolysis of
desoxyribonucleoprotein and desoxyribonucleic acid,
which constitute 30 to 70 per cent of the sediment
of thick purulent exudates. The nucleoprotein is hydrolyzed to free purine bases and pyrimidine nucleosides, thereby effecting a reduction of the viscosity
of the purulent material. It does not act on nuclei
or nucleoprotein of living cells, attacking only degenerating cells. Streptodornase effects lysis of thick
purulent material to a thin fluid within minutes
(Sherry, Trans. N. Y. Acad. Sci., 1952, 14, 138).
A mixture of streptokinase and streptodornase has
been found to be clinically efficacious in a variety
of infectious conditions, being used to remove clotted
blood or fibrinous or purulent accumulations occurring after trauma or inflammation, thereby facilitating operation of anti-infective processes and normal
repair of tissues. Besides the proteolytic activity of
the enzyme mixture, stimulation of local outpouring
of fluid and phagocytes at the site of application
occurs; also, especially when injected into a closed
space, a foreign protein type of pyrogenic reaction
attributed to absorption of hydrolysis products takes
place. The commercially available streptokinasestreptodornase enzyme mixture contains also some
hyaluronidase which is elaborated during biosynthesis
of the former enzymes; it is probable that this
hyaluronidase facilitates spreading of the other enzymes. Streptokinase-streptodornase mixture is employed as an adjunct in the treatment of hemothorax,
hematoma, empyema and chronic suppuration involving draining sinuses, osteomyelitis, infected wounds
or ulcers, and other suppurative lesions; the mixture
may aid in making secondary closure more effective
in surgical intervention in chronic suppurations, but
the enzyme preparation should not be substituted for
surgical debridement and drainage. Prevention of
postoperative adhesions may be facilitated by use of
streptokinase-streptodornase. For typical reports on
the use of the enzyme mixture in a variety of conditions, as indicated in the preceding, see Collins and
Tucker (New Orleans Med. Surg. J., 1952, 104, 385),
Creech et al. (Am. Surg., 1953, 19, 128), McVay and
Sprunt (Arch. Int. Med., 1951, 87, 551), Miller et al.
(U. S. Armed Forces M. J., 1951, 2, 1423; J. A.M. A.,
1952, 148, 1485), Tillett et al. (J. Thoracic Surg.,
1951, 21, 275), Wright et al. (J. Internat. Col. Surg.,
1951, 15, 286).
Streptokinase-streptodornase should not be employed in the presence of active hemorrhage because
the enzyme preparation may interfere with clotting,
or in acute cellulitis without suppuration because
of the possibility of spreading nonlocalized infections.
Bronchopleural fistulas, especially with active tuberculosis, may reopen when the two enzymes are used.
Toxicity. — Toxic responses to the enzyme mixture
have been reported by several investigators. In a
group of 28 patients who had received 90 local instil ations, 20had one or more reactions lasting from
12 to 48 hours, these consisting of fever associated
with leukocytosis and appearance of formed elements

Strontium

1871

in the urine, sometimes with glycosuria and proteinuria; afebrile reactions consisted of an increase in
white or red blood cells in the urine or of leukocytosis (Hubbard, /. Clin. Inv., 1951, 30, 1171). A
fatality following intrathecal use of the enzyme preparation has been reported (Craddock and HaddockSuarez, Ann. Int. Med., 1952, 36, 168), also a case of
circulatory collapse associated with hyperpyrexia
following intrapleural administration (Baum and
Oransky, J. A.M. A., 1952, 149, 1012).
Dosage. — Streptokinase-streptodornase mixture is
applied in close contact with the substrate, either
being injected into cavities or applied topically with
wet dressings or other means. Intravenous injection
must not be employed. A solution containing 100,000
Christensen units of streptokinase and at least 25,000
units of streptodornase in not less than 10 ml. of
isotonic sodium chloride solution is used. For a hemothorax or thoracic empyema an initial dose of 200,000
units of streptokinase and 50,000 units of streptodornase isrecommended for injection into one or more
sites; the most effective final concentration is from
100 to 500 units per ml. of fluid in situ. A suitable
initial dose in maxillary sinus empyema is 10,000 to
15,000 units of streptokinase and 2500 to 3750 units
of streptodornase in 2 to 3 ml. of solution. For
enzymatic debridement similar concentrations may be
applied on suitable dressings. Complete drainage of
liquefied exudate is essential. In a fixed rigid space
the dosage interval between repeated injections is 30
minutes to 6 hours, depending on the size of the
space; in chest empyemas 12 to 24 hours is generally
suitable. The amount and character of fluid aspirated
determine the number of applications required. Maximum liquefaction commonly occurs within 12 to 24
hours. The action of the enzymes is self-limiting
within 24 to 48 hours. Both enzymes are antigenic and
stimulate production of antienzymes which may reduce activity after 2 to 3 weeks unless larger doses
are used to offset the inhibition. The possibility of
allergic reactions in sensitive patients should be kept
in mind.
Recently streptokinase-streptodornase has been administered intramuscularly for its ameliorating effect
upon the healing of inflammatory lesions such as
abscess, cellulitis, edema, epididymitis, sinusitis and
thrombophlebitis; average doses of 0.5 ml. of a saline
solution containing 10,000 units of streptokinase and
2000 units of streptodornase per ml. were injected in
the gluteal area at intervals of 12 hours for a total
of 6 doses.
Varidase is supplied, in a 24-ml. vial, as a sterile
powder containing 100,000 units of streptokinase and
25,000 units of streptodornase; this is buffered with
sodium phosphates to produce a pH of 7.5, and is
preserved with 1:10,0C0 of thimerosal. Solutions deteriorate at room temperature but may be stored at
2° to 10° for 7 days. It is essential that contamination be avoided by employing aseptic technics.
Strontium. Sr (87.63). — This is a silvery-white
metal of the alkaline earth group, having a density
of 2.6, melting at 800°, and boiling at 1366°; it is
slightly soluble in water, forming strontium hydroxide. Only one series of compounds is formed, in which
the valence of strontium is 2. It is obtained from
strontianite, a native strontium carbonate, and celestite, a native strontium sulfate.
At one time strontium salts were believed to be
highly toxic, but this belief was due to the fact that
salts used in earlier experiments were contaminated
with barium salts. In its physiological effects, as in
its chemical reactions, strontium has many resemblances to calcium. Although the human skeleton
contains only trace amounts of strontium, the capacity of the mammalian skeleton to store appreciable
amounts
of strontium
has been demonstrated
in
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several species by Papillon (Ztschr. Biol., 1874, 10,
69), Kinney and McCollum (J. Pharmacol., 1923, 21,
165), and Pecher (Proc. S. Exp. Biol. Med., 1941, 46,
86). Such storage occurs without distortion of the
skeletal architecture when strontium is given in relatively small amounts to an animal receiving a normal
complement of calcium. Soluble strontinum salts
given intravenously to humans are excreted mainly
by the kidney. MacDonald et al. (J. Pharmacol.,
1952, 104, 348) showed that when soluble salts were
given orally, strontium quickly finds its way to bone
tissue and is removed by normal processes at a very
slow rate. Excretion after oral administration occurs
in both urine and feces. Studies with radioactive
strontium indicate that strontium is deposited almost
exclusively in the skeleton (Copp et al., Metabolic
Interrelations, Transactions of the Third Conference,
Josiah Macy Jr. Foundation, 1951, 226-258). Andersch and Fay (/. Biol. Chem., 1933, 128, 111) and
Greenberg (ibid., 1945, 157, 99) observed in tracer
studies with radioactive strontium that its movement in and out of the skeleton under the influence
of such agents as vitamin D and parathyroid hormone parallels that of calcium. The storage in rachitic
cartilage in vitro is indistinguishable from deposition
of calcium and appears to be regulated by the same
metabolic processes, according to Marks, Hiatt and
Shorr (/. Biol. Chem., 1953, 204, 175). The observations of Marks et al. also indicate that strontium is
stored chiefly as a phosphate, and is retained to the
same or greater extent than calcium where equal
amounts of each are given to the same patients.
Intravenous toxicity studies in animals by Cole
et al. (J. Phrmacol., 1941, 71, 1) indicate strontium
to be no more, and possibly less, toxic than calcium.
Humans have been given 6.4 Gm. of strontium
lactate (equivalent to 1.75 Gm. of strontium), by
Marks et al., for periods as long as 4 years with no
evidence of toxicity, as judged by symptomatic, objective clinical and physiological studies. The lactate
is used as an adjuvant in remineralization of the
human skeleton (see under Strontium Lactate).
Salts of strontium, especially strontium lactate,
were at one time extensively employed in the treatment of chronic Bright's disease. The remarkable
claim was made for them that not only did they have
a valuable diuretic effect, but that they exercised a
beneficial effect upon the kidney, causing marked
diminution in excretion of albumin. Later experience,
however, has not justified the earlier enthusiasm. By
some it is believed that strontium salts are less likely
to disturb digestion; this was especially believed
of the salicylate, but in the experiments of Blankenhorn (J.AM.A., 1916, 56, 331) there was no difference in the effects of strontium salicylate and sodium
salicylate.
Strontium Lactate. Strontii Lactas, U.SJP. 1890.
Sr(C3H503)2.3H20.— This salt is a white, granular
powder, or crystalline nodules, odorless, and having
a slightly bitter, saline taste; permanent in the air.
Soluble in about 4 parts of water at 15°. Soluble in
alcohol. For tests of purity and identity see V S.D.,
19th ed., p. 1662.
Strontium lactate was originally introduced by
J. V. Laborde, who found it to have a distinct
diuretic action. It enjoyed for a period a considerable
popularity in the treatment of nephritis and chronic
albuminuria but is no longer used in this manner.
Strontium lactate has also been tried with alleged
good results in the treatment of rheumatism and
gout, it being claimed that it increased nitrogenous
elimination and caused disappearance of the urates.
The most important use of strontium lactate would
appear to be as an adjuvant in the remineralization
of the human skeleton. Lehnerdt (Beitr. Path. Anat.,
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1909, 46, 468) first suggested that strontium stimulated an abundant production of osteoid tissue, which
idea was later discredited by Shipley et al. (Bull.
Johns Hopkins Hosp., 1922, 33, 216). Alwens
(Munch, med. Wchnschr., 1919, 2, 1071) gained the
clinical impression that strontium plus calcium was
superior to calcium alone in recalcification of the
skeleton in nutritional osteoporosis. Shorr and Carter
(Bull. Hosp. Joint Dis., April 1952, 13, 61) showed
by means of balance studies that when calcium and
strontium are given in optimal amounts, the combined retention of calcium and strontium is far
greater than the retention of calcium alone, no
matter how high the calcium intake. Hence, in osteoporosis, especially that type seen with immobilization,
or in postmenopausal or senile osteoporosis, one may
anticipate a doubling or even tripling of the rate at
which the skeleton is remineralized. However, others
insist that osteoporosis is due to a deficiency of bone
matrix (osteoid tissue, chiefly organic substances)
rather than of mineral (see under Estradiol, Calcium
Metabolism, in Part I). In the treatment of osteoporosis, simultaneous use of vitamin D, androgens and
estrogens with combined calcium and strontium therapy showed equally good and occasionally superior
enhancement of stronium retention.
Dose. — Up to 7 Gm. of strontium lactate may be
given orally daily, in divided doses, preferably before
meals. In osteoporosis a high protein diet including
also 1.5 Gm. of calcium per day is indicated. Estrogens, androgens and vitamin D or other measures
may be indicated, depending on the type of osteoporosis being treated.
Strontium Salicylate, N.F. IX. Strontii Salicylas.
(C6H4.OH.COO) 2Sr.2H20. — "Strontium Salicylate,
when dried for 2 hours over sulfuric acid, contains
not less than 99 per cent of (C6H4.OH.COO)2Sr.2H20." NJ. IX.
Strontium salicylate may be prepared by the interaction of strontium carbonate and salicylic acid in
an aqueous medium; when the reaction is complete,
the filtered solution is concentrated to the point of
crystallization.
Description. — "Strontium Salicylate occurs as a
white, odorless, crystalline powder, having a somewhat sweet, salty taste. It is affected by fight. An
aqueous solution of Strontium Salicylate (1 in 20)
is neutral or acid to litmus paper. One Gm. of
Strontium Salicylate dissolves in about 19 ml. of
water and in about 61 ml. of alcohol. It is soluble in
about 3.7 ml. of boiling water or in about 14 ml. of
boiling alcohol." N.F. IX. For standards, tests, and
assay, see US.D., 24th ed., p. 1121.
Uses. — Strontium salicylate when taken internally
liberates salicylic acid; the acid, or its educts, can be
detected in the urine shortly after administration. By
some it is believed to have less tendency to disturb
the digestion but Blankenhorn (J.A.M.A., 1916, 56,
331), from comparative clinical studies, concluded
that the toxic dose of strontium salicylate is the
same as that of sodium salicylate, and that the strontium salt has no advantage in any respect.
Dose, 0.3 to 2 Gm. (approximately 5 to 30 grains).
Storage. — Preserve "in well-closed, light-resistant
containers, and avoid excessive heat." NJ?. IX.
Strophanthus, NJ?. IX. Strophanthus Seed. —
"Strophanthus is the dried, ripe seed of Strophanthus
Kombe Oliver, or of Strophanthus hispidus De Candolle (Fam. Apocynacece), deprived of the awns.
Strophanthus, when assayed by the prescribed method,
possesses a potency, per gram, equivalent to not less
than 55.0 mg. of U.S.P. Reference Ouabain." NJ. IX.
Strophanthus, long officially recognized in the
U.S.P., N.F. and B.P., was deleted from the tenth
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edition of the National Formulary and the 1953 edition of the British Pharmacopoeia.
For centuries seeds of various species of Strophanthus have been used by African natives as arrow
poisons. In 1861 the famous explorer and missionary,
David Livingstone, described the method of use of
poisoned arrows by the tribes on the Shire River in
East Africa near Mozambique. He said, "The poison
used here, called Kombi, is obtained from a species
of Strophantus." Sir John Kurt obtained some of
the seeds in the neighborhood of Lake Shirwa, from
which this poison was prepared. These were identified
by Oliver as being derived from a new species which
he named S. Kombe, and remarked that the plant
was closely allied to a species used for the same purpose at Sierra Leone on the west coast of Africa.
Seeds of this plant, brought to Europe by a returning
missionary named Waller, were studied by Fagge
and Stevenson, who found them to act as a cardiac
poison similar to digitalis. In 1865 a French naval
surgeon, Du Bellay, obtained some seeds that were
used as arrow poisons in the neighborhood of the
Gabun River on the western coast of Africa in the
French Congo, where it was known as Inee or Onaye.
It was at first believed that these two poisons were
derived from the same plant, but at present it seems
that the S. Kombe grows slowly in East Africa and
that those which come from West Africa must be
yielded by other species. For information concerning
the history of strophanthus and description of the
plant, see monograph by Fraser (Transactions of the
Royal Society of Edinburgh, 1890, 35, Part 4, p.
955).
Strophanthus Kombe is a woody vine indigenous
to eastern tropical Africa, especially near the Shire
River in Mozambique, Lake Nyanza, and Lake Tanganyika. The flowers are borne in cymes at the end of
side branches and have cream-colored, gamopetalous
corollas prolonged into narrow, tail-like ends 22 cm.
or more in length. The opposite leaves are somewhat
hirsute, but less so than those of the S. hispidus. The
fruit or pod is a pair of follicles from 25 to 30 cm.
in length and 2.5 cm. in breadth. The outside husk
(epicarp and mesocarp) is removed by the natives,
and as the pods enter commerce they consist of a
smooth tawny endocarp of a leathery texture surrounding numerous seeds. Each of the seeds possesses
a long comose awn, which, being deciduous, is apt to
be lost before the escape of the seed from the pod. In
preparing the arrow poison, the natives are said to
pound the seeds deprived of their awns to a pulp,
add the adhesive sap of another plant, and simply
smear the mixture for six inches along the point of
the arrow. Game wounded by such an arrow is said to
be rarely able to move a hundred yards, and the
flesh is eaten without bad effect.
S. hispidus usually occurs as a woody climber inhabiting the forests between the coasts and the center
of the African continent. It reaches to the tops of
the highest trees, coiling on the ground, and hanging
in festoons from tree to tree. The stem is several
inches in diameter. The cymes are more dense than
those of the preceding species and the leaves more
hirsute. Otherwise it closely resembles the S. Kombe.
The strophanthus fruits are gathered when ripe,
deprived of their epicarp and mesocarp and occasionally sent into commerce in this condition. More frequently, however, the seeds are separated from the
pods, deprived of their awns and snipped both from
West African and from East African ports.
Description. — "Unground Strophanthus (Kombi)
occurs as oblong-lanceolate, flattened, and obtusely
edged seeds; from 8 to 25 mm. in length, from 2.5 to
5 mm. in width, and from 0.5 to 2.0 mm. in thickness, the raphe ridge extending from near the center
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of one side to the apex. They are pale yellow, with
a greenish tinge, a few seeds being light brown to
light olive, having a silky luster owing to a dense
coat of closely appressed hairs. The fractured surface
is yellowish gray to weak yellow, and oily.
"Unground Strophanthus (hispidus) is light brown
to dark brown; and otherwise resembles 5. Kombe
seed, excepting that it is smaller and has fewer and
smaller hairs.
"Powdered Strophanthus is dusky yellow to light
olive. It is odorless and has a very bitter taste. It
shows epidermal cells with thickened, lignified radial
walls; hairs slightly lignified and from 200 to 800
microns in length; fragments of endosperm and
cotyledons with fixed oil, aleurone grains, and starch
grains,
N.F. IX.the latter from 4 to 8 microns in diameter."
Standards and Tests. — Identification. — The endosperm tissue, either in the cut seed or in the powdered
mount, usually becomes olive-green to yellowishgreen when brought into contact with sulfuric acid.
Purity. — Prismatic crystals of calcium oxalate are
absent in the seed-coat (distinction from Strophanthus Courmonti seed). N.F. IX.
Assay. — The former official assay of strophanthus
called for preparation of a tincture of the drug. Dilutions of the tincture were injected into the ventral
lymph sac of frogs until a dosage was found which
gave the same percentage of positive results as a
standard solution of ouabain containing about 0.03
mg. of U.S.P. Reference Ouabain per ml. The required positive results consisted in finding, 60 minutes from the time of injection, that the exposed
heart of the pithed frog showed the ventricle in
systolic standstill, with the auricles widely dilated,
and the injected fluid completely absorbed. Because of
the many variable factors of the assay evidence of
potency within 20 per cent above or 20 per cent
below the standard was accepted. N.F. IX.
Several methods for the chemical assay of strophanthus have been suggested. Most of these are based
on the principles of the extraction of the total glycosides and conversion into strophanthidin. All such
methods are useless because of the great difference
in the potencies of the several glycosides which yield
the same aglycone.
Constituents.— Hardy and Gallois in 1855 described in strophanthus a glycoside, strophanthin,
and an alkaloid, inceine. The existence of the alkaloid
has not been confirmed by subsequent investigators.
The activity of the drug is undoubtedly due to several
glycosides (see Strophanthin) . The glycoside from
S. hispidus yields the same steroidal aglycone, strophanthidin, asdoes that from S. Krombe, but Jacobs
and Hoffman (J. Biol. Chem., 1928, 79, 531) showed
that the two glycosides are not identical. Sieburg
(Ber. deutsch. pharm. Ges., 1911, 23, 278) found in
S. hispidus an acid saponin which he called strophanthic acid. Strophanthus contains about 25 per cent of
fixed oil, also choline and trigonelline.
Allied Plants. — According to Engler and Gilg,
there are 43 recognized species of the genus found in
Africa and Asia, most of which occur in tropical
Africa. The commercial drug is sometimes composed
of the seeds of other than the recognized official
species, and may contain the seeds from related
genera, especially those of Kickxia africana Benth.
The seeds of Kickxia africana are without hairs,
spindle-shaped, not flattened, twisted into an S-like
shape, and with the base and the summit of the seed
alike in their forms. On cross-section the cotyledons
are seen much folded, while those of the strophanthus
lie parallel one upon the other. The transverse section of the kickxia seed, when treated with concentrated sulfuric acid, first turns brown, then red,
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while the seeds of both kinds of strophanthus take
on a green color. According to Stapf, the plant represents a new genus and should be known as the
Funtumia ajrkana; the only other species of the
genus, F. elastica, yields Lagos silk rubber.
The seeds of all the species of strophanthus apparently possess hairs that have a characteristic thickened base somewhat resembling those of nux vomica
seeds. The tracing of the origin of the seeds is made
more difficult by the fact that in Africa seeds from
different regions are mixed before shipment. Smelt
(Quart. J. P., 1933, 6, 467) gives a number of chemical tests by which the seeds of different species of
strophanthus can be distinguished from each other.
Mattheisen (Pharm. Acta Helv., 1927, 2, 228) gives
descriptions of the seeds from various species.
The seeds of S. gratus (Wall et Hook.) Baillon are
stated by Gilg (Ber. deutsch. pharm. Ges., 1904, p.
90) to yield strophanthin more readily in crystalline
form. They are characterized by reliable activity and
it has been suggested that they may replace advantageously those of 5. Kombe. They are obtained
from plants growing in Senegal and the Congo, the
same region in which S. hispidus is found. According to Gilg the seeds are spindle-shaped, being at the
bases more or less rounded, although sometimes
truncate. In the upper portion, they are sharply
angular, sometimes being winged and gradually tapering at the summit. Externally the seeds are of a
characteristic yellow or yellowish-brown. They vary
in length from 11 to 19 mm., in breadth from 3 to 5
mm., and in thickness from 1 to 1.3 mm. In taste
they are strongly and persistently bitter. On the
addition of sulfuric acid to microscopic sections the
latter are colored reddish or of a rose tint, changing
to a deep red or violet. Calcium oxalate crystals
have not been detected in the seed coat of this
species.
The seeds of 5. Courmontii Sacleux are on the
average 9 mm. in length, 2.5 to 3.5 mm. in breadth,
and 1 to 2 mm. in thickness; of a distinctly lanceolate form and mostly of a brown (but sometimes
brownish gray or greenish gray) color, often with
the light yellow hairs rubbed off, but having a
golden sheen when these remain, while the tint is
dull and reddish when they are absent. The raphe
is less marked than in S. Kombe seed. The subepidermal region of the seed coat contains numerous
single and twin crystals and some aggregate crystals
of calcium oxalate.
Youngken and Simonian (/. A. Ph. A., 1950, 39,
615) reported on the gross structure, histology and
certain color reactions of botanically verified seeds
of Strophanthus sarmentosus, S. Courmontii Sacleux,
5. gratus Baillon, and S. Nicholsoni Holmes. From
an alleged lot of S. sarmentosus has been isolated
the glycoside sarmentocymarin, from which the
aglycone sarmentogenin was prepared, this latter
being of interest as a starting compound for synthesis
of cortisone.
Sharp (Pharm. J., 1912, 88, p. 159) found that
the seeds of the S. Courmontii are about one-fourth
as poisonous to frogs as those of the S. Kombe, but
their physiological effects are of a similar type. The
seeds of the S. Emini Asch, he found to be almost
without action upon the frog's heart. The seeds of
the 5. Thalloni and of the S. Tarmentosus A. DC,
are also active.
The different species of strophanthus contain related but not identical glycosides. Thorns has suggested distinguishing these by the initials of the
specific name, as K- strophanthin from the 5. Kombe,
G -strophanthin from the 5. gratus, E-strophanthin
from the 5. Emini, H -strophanthin from the S.
hispidus. The G -strophanthin is apparently identical
with ouabain. For detailed studies of the various
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strophanthins see Jacobs and Bigelow (J. Biol.
Chem., 1933, 99, 521) and Smelt (Quart. J. P.,
1933, 6, 467).
Uses. — Strophanthus belongs to the group of
cardioactive drugs of which digitalis is the type. In
its effects upon the circulation strophanthus so resembles digitalis that it is necessary only to note
points of difference (see under Strophanthin) . Strophanthus issomewhat more rapid in its action and
decidedly less permanent in its effects than digitalis;
it causes relatively less reduction of the pulse rate
and is generally believed to have less influence on the
vasomotor mechanism. It appears to be absorbed
from the intestinal tract with much less regularity
than digitalis and therefore is less certain in its
effects. Besides its action upon the circulation, strophanthus has a marked influence on intestinal
peristalsis, according to Magnus (Arch. ges. Physiol.,
1905, 108, 1), causing increased peristalsis and tone
and under certain conditions tetanic spasm of the
intestines. Probably because of this action it frequently produces diarrhea when used clinically. According to the early researches of Fraser it has a
similar influence on all forms of muscle tissue including voluntary muscles. Some believe that strophanthus has a direct stimulating effect upon the kidney
and is superior to digitalis as a diuretic, but the evidence in favor of this view is far from convincing.
While it possesses some local anesthetic powers it is
so highly irritant that it cannot be utilized for this
effect.
Strophanthus is now seldom used orally. In urgent
cases the effects of strophanthus upon the circulation
can be obtained almost immediately by intravenous
thin). [V] of its active principles (see Strophaninjection
Dose, of strophanthus, 60 mg. (approximately 1
grain). The N.F. IX recognized Strophanthus Tincture, having a potency equivalent to 5.5 mg. of
U.S.P. Reference Ouabain per ml. The dose of this
was given as 0.5 ml. (approximately 8 minims).
Subenon (Seydel). — This is a white odorless salt,
soluble in water, and is claimed to be the calcium
double salt of benzoic and benzylsuccinic acids. It has
been introduced as a remedy for arthritis, of both
rheumatic and inflammatory types. The recommended
dose is from 300 to 600 mg. (approximately 5 to 10
grains) several times daily.
Succinchlorimide, N.F. IX. Succinchlorimidum.
CH2.CO.NCl.CO.CH2. — "Succinchlorimide contains
not less than 25 per cent and not more than 27 per
cent of active CI." N.F. IX.
By the action of hypochlorous acid on succinimide,
obtained by heating the acid ammonium salt of
succinic acid or by treating succinic anhydride with
ammonia, the hydrogen atom of the imide group may
be replaced by chlorine, yielding the official succinchlorimide. The stability of this compound led
Wood (Mil. Surg., 1928, 63, 493) to investigate its
suitability as a water decontaminant, with satisfactory results.
Description. — "Succinchlorimide occurs as a white,
crystalline powder with the odor and taste of chlorine. It is affected by light. An aqueous solution of
Succinchlorimide (1 in 50) is acid to litmus paper.
One Gm. of Succinchlorimide dissolves in about 70
cc. of distilled water. It is sparingly soluble in chloroform and in carbon tetrachloride. Succinchlorimide
melts between 148° and 149°." N.F. IX. For standards, tests, and assay, see U.S.D., 24th ed., p. 1130.
Uses.— Succinchlorimide is employed for the purpose of decontaminating water to render it suitable
for drinking. Reddish and Pauley (Bull. N.F. Com.,
1945, 13, 11) conducted tests to determine its germicidal efficiency, with the following typical results:

Part II
(1) In tap water containing 304 million Eberthella
typhi organisms per quart, one tablet containing 12
mg. succinchlorimide killed all the organisms within
10 minutes at 73° F. (2) In tap water containing 117
million Shigella dy sentence per quart one 12 mg.
minutes, at 73°
tablet killed the organisms within 5 ng
100 million
F. (3) In tap water containi
Escherichia coli one 12 mg. tablet killed all organisms within 10 minutes, at 73° F. Tests made by the
same workers on dysentery ameba cysts indicated
that six 12 mg. tablets of succinchlorimide killed
28,500 cysts (Endamceba histolytica) in one quart of
water within 10 minutes at 77° F.; five tablets killed
in 20 minutes.
Succinchlorimide is relatively non-toxic. Stohlman
and Smith {Pub. Health Rep., 1944, 59, 541) showed
that the minimum lethal dose, by intravenous injection in rats, is 0.4 Gm. per Kg. of body weight. In
acute toxicity tests, on rats, 92 per cent of the
animals died when 2.7 Gm. per Kg. of body weight
was administered. Administration of 0.2 Gm. per
Kg. daily for a period showed no toxic symptoms,
with negative results on post-mortem examination.
Administration of 0.2 Gm. per Kg. to rabbits daily
for 20 to 29 doses, by stomach tube, caused one
animal to refuse food, after which it died in an
emaciated state; two other animals showed loss of
weight. Marked reduction in hemoglobin was noted
in three animals, and inflammation of gastric mucosa
was observed in all of them; these tests were much
more stringent than under the conditions of use of
succinchlorimide as a water decontaminant.
For a discussion of the probable chemical action
of succinchlorimide see under the uses of Halazone.
For disinfection of water 12 mg. of the pure succinchlorimide per quart is sufficient to kill intestinal
pathogenic bacteria; for cysticidal action the concentration ofsuccinchlorimide should be increased to
60 mg. per quart. A minimum period of 20 minutes
is required for decontamination.
Storage. — Preserve "in tight, light-resistant containers." N.F. IX.
Succinic Acid. Ethylenedicarboxylic Acid. Butanedioic Acid. COOH(CH2)2COOH.— This acid was originally obtained by distillation of amber, may be
synthesized by several methods. It occurs as white,
transparent crystals; 1 Gm. dissolves in 13 ml. of
water and in about 19 ml. of alcohol.
Succinic acid was formerly official. It was most
recently advocated for treatment of diabetic ketosis
(Koranyi and Szent-Gyorgi, Deutsche med. Wchnschr.,
1937, 1029) but in the experience of others has not
been useful (Lawrence, Brit. M. J., 1937, 2, 214). The
acid, or succinate ion, is an intermediate in the tricarboxylic acid cycle (citric acid cycle, Krebs cycle)
of anaerobic oxidation of carbohydrates, fats and certain amino acids and thus has a very important biochemical role. Several salts of succinic acid have been
variously used in medicine, especially the disodium
salt.
Disodium Succinate. Sodium Succinate. COONa(CH2)2COONa.6H20.— This salt occurs as a crystalline powder or as granules, freely soluble in water.
Hammett (J. A.M. A., 1917, 59, 31) reported that
on hypodermic injection of sodium succinate there is
an increase, in both normal and diseased persons, of
30 to 70 per cent in the number of leukocytes in
blood, the effect lasting for several days. Sodium
succinate has been extensively employed as an hepatic
stimulant in catarrhal jaundice and in the presence
of gallstones; its value is questionable. It has also
been employed for alkalinizing the urine.
Following the report of Quastel and Wheatley
(Biochem. J., 1932, 26, 725) that barbiturates inhibited utilization by the brain of dextrose, lactate
and pyruvate but not of succinate, Soskin and Tau-
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benhaus (/. Pharmacol., 1943, 78, 49) found that
sodium succinate was an effective antidote for pentobarbital poisoning. Barrett (Anesth. & Analg., 1947,
26, 74, 105) reviewed the experimental literature and
reported studies on 70 patients under sodium pentobarbital anesthesia to whom he gave doses of disodium
succinate hexahydrate (Soduxin, Brewer) up to 30
Gm. as a 10 or 30 per cent aqueous solution, intravenously. In most cases waking time was shorter
than in similar control patients. He also reported
(Ann. Int. Med., 1949, 31, 739) on the treatment of
14 cases of barbiturate poisoning with 3 to 5 ml. of
the 30 per cent solution intravenously at a rate of 1
ml. per second. If cough did not occur within 10 to
20 seconds, the dose was repeated and further doses
were given as indicated. Total doses ranged from 3 to
42 Gm. Patients awoke in 5 seconds to 24 hours.
Aside from the efficacy, Barrett emphasized the lack
of toxicity compared with analeptics such as picrotoxin, amphetamine, etc. He also found sodium succinate useful in correcting respiratory depression due
to a variety of causes in the operating room (Anesth.
& Analg., 1948, 27, 326).
Castex et al. (Prensa med. argent., 1947, 35, 195)
confirmed in humans, and Mezzich (Chem. Abs., 1952,
46, 8272h) in rabbits, the respiratory stimulant action
of disodium succinate. However, Schack and Goldbaum (J. Pharmacol., 1949, 96, 315) and Tucci et al.
(Anesth., 1949, 10, 25) concluded that the evidence
for value in treating barbiturate poisoning was inconclusive. Zukerbrod and Graef (Ann. Int. Med., 1950,
32, 905) reported failure in 2 cases in deep barbiturate
narcosis, although they found evidence of antibarbiturate action on the blood pressure. They warned
against the use of this salt in patients with heart disease and found that monosodium succinate was 3
times as toxic as the disodium salt in mice. Trautner
and Trethewie (Med. J. Australia, 1953, 2, 848) found
considerable difference in the responses of several
species of animals to disodium succinate and confirmed the effect described by Barrett on patients
anesthetized with pentobarbital. Using 20 to 150 ml.
of a 5 per cent solution intravenously, the following
response was described in humans: first a cough, then
movements of the eyes, and of the facial and neck
muscles, and finally a deep hot flush of the blush areas
persisting about 20 minutes with recovery of consciousness. The cough induced has been used as a sign
of circulation time following rapid injection of 1.5 ml.
of the 30 per cent solution into the antecubital vein
(Greenfield, Ann. Int. Med., 1950, 32, 524). In hypoglycemic (insulin) coma, patients awoke but relapsed
into coma within 5 minutes unless dextrose was also
injected. In the confusion following insulin or electroshock therapy in psychiatric patients and in catatonic
stupor cases, patients became pleasantly awake and
aware of their environment for 4 to 8 hours. Gershon
and Trautner (Med. J. Australia, 1954, 2, 291) used
disodium succinate injections daily successfully in
affective mental depressions of the older age groups
whose cardiovascular status made electroshock therapy undesirable. Insulin stimulation of gastric secretion is blocked by the injection intravenously of
magnesium sulfate in dogs but disodium succinate
injections counteract the action of the magnesium
sulfate (La Barre and Hans, Compt. rend. soc. biol.,
1951, 233, 1071). Aird (Neurology, 1951, 1, 219) reported improvement in patients with multiple sclerosis
following 20 ml. of the 30 per cent solution intravenously daily or 5 Gm. three times daily orally.
Arthritic Disorders. — Based on the biochemical information ofthe importance of succinate in biological
oxidation and the impaired enzyme systems in arthritic patients, Gubner and Szucs (New Eng. J. Med.,
1945, 233, 652) reported better response of acute
rheumatic fever to treatment with the calcium double

1876

Succinic Acid

salt of benzoic acid and succinic acid benzyl ester
(Subenon) than to salicylates. Peters (Acta med.
Scandinav., 1947, 128, 51) recommended combined
therapy with salicylates in solution, succinates and
vitamins A and C. Wegria et al. (New Eng. J . Med.,
1948, 239, 117) and Glazebrook and Wrigley (Brit.
M. J., 1949, 2, 789) were unable to confirm this report
of superiority to salicylate therapy. In a variety of
arthritic syndromes, Szucs (Ohio State M. J., 1947,
43, 1035) reported better symptomatic and objective
improvement with a combination of 175 mg. of
calcium succinate and 250 mg. of acetylsalicylic acid
and less of the usual untoward effects with large doses
of acetylsalicylic acid. Brusch et al. (Delaware S. M. J.,
1954, 26, 22) confirmed this report. A decrease in
salicylate toxicity when used with disodium succinate
seems established, but superiority to aspirin is denied
(J. AM. A., 1949, 141, 549). In doses of 10 Gm,
succinic acid, sodium succinate and magnesium succinate orally exerted laxative action in about 7 hours
(Warshaw and Gold, /. A. Ph. A., 1947, 36, 56).
The usual dose of the 30 per cent aqueous solution
of disodium succinate is 1.5 ml. to measure circulation
time and 3 to 5 ml. to terminate barbiturate anesthesia. In deep barbiturate poisoning as much as 40
to 60 ml. is used. Following the cough, more of the
solution may be injected as indicated. Orally 1 Gm.
of the calcium salt or 250 mg. of succinic acid is used
4 times daily in combination with acetylsalicylic acid.
The injection is available in ampuls containing 2,
10, 20 or 50 ml. of 30 per cent disodium succinate
hexahydrate. Various tablets are available.
Succinyl Peroxide. Alphozone. (HOOCCH2CH2COO2O2. — This powerful oxidizing agent occurs as a
white, crystalline powder, decomposing slightly on
exposure to air. It is fairly soluble in water and alcohol, sparingly so in ether, and insoluble in chloroform and benzene. It is employed for the germicidal and antiseptic properties of its nascent oxygen,
being - used both externally and internally. Unlike
hydrogen peroxide it does not effervesce on contact
with pus. It is employed in strengths of 1 to 1000
to 1 in 500.
Suet, Prepared, N.F. IX. Sevum Preparatum.
Mutton Suet. — "Prepared Suet is the internal fat of
the abdomen of the sheep, Ovis aries Linne (Fam.
Bovidoe), purified by melting and straining." N.F. IX.
Suet is the fat of the sheep, taken chiefly from
about the kidneys. It is prepared by cutting the fat
into pieces, melting it with a moderate heat, and
straining it. In order to avoid too great heat, the
crude suet is sometimes purified by boiling it in a
little water. Mutton suet is of a finer consistence,
and requires a higher temperature for its fusion
than any other animal fat. It consists, according to
Chevreul, of stearin, palmitin, and olein, containing
approximately 70 per cent of stearin and palmitin
and 30 per cent of olein.
Description. — "Prepared Suet is a white, solid fat,
having, when fresh, a slight, characteristic odor and
a bland taste. It becomes rancid on prolonged exposure to the air and must not then be used. One
part of Prepared Suet dissolves in about 45 parts of
boiling alcohol and in about 60 parts of ether. It
slowly separates in crystalline form from its solution
in petroleum benzin when allowed to stand in a
stoppered flask. Prepared Suet is insoluble in water
and in cold alcohol." N.F. IX.
Standards and Tests. — Melting point. — Between 45°
and 50°. Congealing point. — Between 37° and 40°.
Saponification value. — Not less than 193 and not
more than 200. Iodine value. — Not less than 33 and
not more than 48. Acid value. — Not more than 6 cc.
of 0.1 N sodium hydroxide is required for neutralization of the free fatty acids in 10 Gm. of prepared
suet. NJ?. IX.
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Uses. — It has been used, like lard, as an ointment
base ; it has the advantage over lard of melting at
a higher temperature.
Storage. — Preserve "in a cold place, in tight containers." N.F. IX.
Sulfarlem (Gaudin). — This compound, which is
trithio-/>-methoxyphenylpropene or 5-(/>-anisyl)-l,2dithiol-3-thione, occurs as silky, orange-red needles,
of bitter taste, insoluble in water. Choleretic action
in animals and humans, in excess of that induced by
bile salts, is reported (Kourelsky et al., Presse med.,
1948, 38, 457) ; the action is upon liver cells. Besides
increasing the volume of bile formed, the amount of
cholesterol, bile salts, bile pigments and ash is reported
to be increased. Its effective clinical use in 500 patients
with hepatic and biliary disorders has been described
(Kourelsky et al., Bruxelles-med., May 15, 1949) ; a
decrease in the hypercholesterolemia of certain of
these patients was observed. The dose of this drug
is 1 or 2 tablets containing 37.5 mg. per tablet 1 to 3
times daily, orally. Sulfarlem is marketed in France.
Sulfonamides. — The discovery by Domagk, in
1935, that the red dye Prontosil exhibited pronounced
antibacterial activity in vivo was shortly thereafter
followed by the observation that the considerably
simpler compound sulfanilamide possessed essentially
the same activity. Further research disclosed that the
element of structure which appears to be indispensable for antibacterial activity in sulfonamides
is:

The resemblance of this structure to that of paraaminobenzoic acid, interference of the utilization of
which by bacteria is generally accepted as perhaps
the principal basis of the therapeutic utility of sulfonamides, isclearly apparent. The total of four
substituents at N1 and N4, in the structure shown,
may be quite varied in nature. In sulfanilamide all
four substituents are hydrogen atoms; in other important sulfonamides there is generally one hydrogen
atom to be found at each of the nitrogen atoms, the
other substituent at N1 commonly being a cyclic
group and at N4 an aryl or an acyl group. The N1
cyclic substituents, especially, may vary considerably
from one sulfonamide to another, and so may the
other constituents within certain limits, but the element of structure shown above appears to be essential for characteristic activity of sulfonamides (but
note
the structure
of 4-aminomethylbenzenesulfonamide below)
.
Several thousand sulfonamides have been prepared and more or less completely studied pharmacologically; only a very small proportion of these
are in use. The official sulfonamides — Para-Nitrosulfathiazole, Phthalylsulfacetamide, Phthalylsulfathiazole, Succinylsulfathiazole, Sulfacetamide, Sulfadiazine, Sulfaguanidine, Sulfamerazine, Sulfamethazine, Sulfanilamide, Sulfapyridine, Sulfathiazole, and
Sulfisoxazole, together with the mixtures of Sulfadiazine and Sulfamerazine, of Sulfadiazine, Sulfamerazine and Sulfacetamide, and of Sulfadiazine,
Sulfamerazine and Sulfamethazine — are described in
Part I. In this article the sulfonamide drugs are discussed as a group, and certain of the older nonofficial sulfonamides and those of the newer compounds which have attained to some importance or
give promise of achieving therapeutic utility, are described; these individal sulfonamides include Benzyl
Sulfanilamide, Irgafen, Irgamid, Mafenide, Neoprontosil, Nisulfadine, Prontosil, Salicylazosulfapyridine,
Soluseptazine, Sulfadimetine, Sulfamethylthiadiazole,
Sulfapyrazine, and Uliron. Several of the sulfonamides
described in preceding editions of the U.S.D. have
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already passed into obscurity and while Sulfapyridine
is official it is only to recognize its use in the treatment of dermatitis herpetiformis and not as an antibacterial sulfonamide.
The sulfonamide drugs were for several years
the chief means of treating bacterial infections due
to gram-positive cocci (streptococci, pneumococci),
gram-negative cocci (meningococci, gonococci), some
gram-negative bacilli (E. coli and the Shigella) and
a host of other infections where the bacteriostatic
powers of the drugs were not so clearly defined.
With the availability of a wide range of more effective and less toxic antibiotics, sulfonamides have
lost their first-place position in the treatment of infections, except for meningococcic and Shigella infections, afew urinary tract infections and perhaps
in the prophylaxis of rheumatic fever. Sulfonamides
are used in combination with antibiotic substances in
the treatment of some infections with susceptible
organisms.
Action. — The bacteriostatic action of sulfonamides
is antimetabolite in nature. Growth and multiplication of bacteria are inhibited 3 to 4 hours after exposure to a sulfonamide, due to interference with
metabolic processes within the bacterial cell. Woods
(Brit. J. Exp. Path., 1940, 21, 74) showed that a
primary reaction was to inhibit the metabolism of
/>-aminobenzoic acid (PABA). Some sulfonamideresistant organisms produce sufficient of this substance for their needs (Peterson and Peterson, Bad.
Rev., 1945, 9, 49). The mammalian host is not dependent on PABA in the sense of an essential amino
acid or vitamin. The synthesis of pteroylglutamic
acid (folic acid) from PABA is also competitively
inhibited by sulfonamides (Nimmo-Smith et al., Brit.
J. Exp. Path., 1948, 29, 264) as may also be the
synthesis of some amino acids, methionine in particular (Gale, Bull. Johns Hopkins Hosp., 1948, 83,
134). Sulfonamides containing a pyridine and thiazole
ring interfere with the utilization of nicotinamide and
the functioning of coenzymes I and II (The Sulfapyrimidines, by Sophian, Piper, and Schneller, 1952).
Supplying the bacterial cell with certain metabolic
products whose production is inhibited by sulfonamides will counteract the bacteriostatic action of the
latter. Such antagonists are ^-aminobenzoic acid and
procaine and other drugs which undergo cleavage in
the tissues to />-aminobenzoic acid; various amino
acids and purines such as methionine, lysine,
glutamic acid, glutamine, glycine, serine, guanine and
xanthine; also gelatin, albumin and peptone. Necrotic
tissue, pus and dead bacteria neutralize the effect of
the sulfonamides. On the other hand, their action is
enhanced by the addition of urea which increases the
solubility of the sulfonamide and inhibits its combination with protein (Goodale et al., U. S. Nav. M.
Bull., 1942, 40, 720). Miller (North Am. Vet., 1952,
33, 101) suggested that acetylsalicylic acid potentiated the bacteriostatic properties of sulfonamides.
Because the effect of sulfonamides is a bacteriostatic
rather than a bactericidal one, the ultimate effectiveness of these drugs depends upon the ability of the
body to form antibodies and to phagocytize the
offending bacteria.
The relative activity of the several sulfonamide
drugs is correlated with their degree of dissociation,
i.e., the acidic nature of the substituent (Bell and
Roblin, J.A.C.S., 1942, 64, 2905) ; hence, the pH of
the tissue or medium profoundly effect the antibacterial action. This may be due to the failure of
the unionized sulfonamide to penetrate the bacterial
or tissue cell. The comparative antibacterial potency
of a large number of sulfonamides was reviewed by
Northey (Sulfonamides and Allied Compounds,
1948). The wide variation in susceptibility between
strains as well as species of bacteria makes com-
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parison of in vitro data of different investigators impossible (compare Weinstein and Murphy, Proc. S.
Exp. Biol. Med., 1952, 80, 519 with the following
reference) , and many other factors influence in vivo
studies. White et al., Antibiot. Chemother., 1952, 2,
659, using mice infected with the same strain of
pneumococcus, streptococcus and Klebsiella, compared the effectiveness of the newer sulfonamides
(sulfacetamide, sulfadimetine and sulfisoxazole) with
that of sulfadiazine, sulfamerazine and sulfamethazine. In general, sulfadiazine was the most active,
and sulfacetamide the least active, of the 6 compounds.
Sulfonamides are finding increasing use in combination with the antibiotics. Sulfadiazine and penicillin, particularly in vitro, may show antagonistic
action during the first few hours. This may be due
to the fact that penicillin acts best on rapidly growing cultures, while sulfadiazine retards the growth of
organisms. It is to be noted, however, that this
antagonism is transient with suspectible organisms
and that a combination of these chemotherapeutic
agents is more likely to result in a sterile culture
than is either substance alone (Grenneson et al.,
Antibiot. Chemother., 1951, 1, 259). Clinical observations in pneumococcus pneumonia with sulfadiazine and intramuscular penicillin (Dowling et al.,
Ann. Int. Med., 1946, 25, 950) and with a mixture
of sulfadiazine and sulfamerazine with penicillin
orally (Vollmer et al, N. Y. State J. Med., 1950,
50, 2293) confirm the in vitro observations. Erasmus
(South African M. J., 1953, 27, 733), however,
found no synergism in pneumonia.
In addition to their bacteriostatic action, sulfonamides have an inhibitory effect on thyroid function,
due to the fact that iodine combines with the sulfonamide instead of with tyrosine (DeRobertis,
Endocrinology, 1946, 38, 137). Kratzing (Biochem.
J., 1950, 47, 24) suggested that the inhibition of
the synthesis of thyroid hormone results in a decreased requirement for thiamine. The pyrimidine
sulfonamide derivatives stimulate the gonadotropic
hormone in cockerels; increased comb growth, increased testicular weight and stimulation of spermatogenesis occur (Turner et al., Poultry Sc, 1949,
28, 855). Sulfonamides are lethal to chick embryos
during the first and second days of incubation (Bass
et al., J. Pharmacol., 1948, 98, 2).
Metabolism (see also under individual drugs). —
The therapeutic effectiveness of sulfonamides depends upon their solubility in water, which accounts
for their wide distribution throughout the body in
proportion to the water content of tissues (Marshall,
J. Pharmacol., 1937, 61, 196). They are absorbed
from the gastrointestinal tract or from sites of subcutaneous orintramuscular injection at rates approximately proportional to their solubilities; for example,
the solubility in mg. per 100 ml. of water at 37° is
as follows: sulfanilamide 1460, sulfapyridine 48.6,
sulfathiazole 96, sulfadiazine 12.7, sulfamerazine 31.8,
sulfamethazine 75 (Clark et al., J. Lab. Clin. Med.,
1942, 28, 188; Roblin et al., J.A.C.S., 1942, 64,
567), sulfacetamide 1587 (at 25°), sulfisoxazole 530
(at 25°) (Svec et al., Arch. Int. Med., 1950, 85, 83),
sulfadimetine 200, sulfamethylthiadiazole 6540 (at
25°), succinylsulfathiazole 21 (at 20°). The solubility
in human blood is somewhat greater than in water as
a result of combination with protein, e.g., sulfadiazine dissolves to the extent of 161 mg. per 100 ml.
Therapeutic effects of sulfonamides are obtained at
blood concentrations of 8 to 15 mg. per 100 ml. The
concentration in cerebrospinal fluid parallels that in
the blood but is lower to a variable degree with different sulfonamides. Not only do the sulfonamides diffuse
into all the tissues of the body but they are present
also in all body secretions — urine, bile, gastric juice,
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breast milk, peritoneal and pleural effusions and
exudates — and they pass across the placenta.
Acetylation. — In the body sulfonamides undergo
acetylation in varying degree. The acetylated compound is therapeutically less active and it differs in
solubility from the parent compound. Both compounds are excreted through the kidneys. They are
filtered at the glomerulus and partially reabsorbed
by the renal tubules to a different degree for each
sulfonamide: sulfathiazole is 87 per cent cleared
(i.e., only 13 per cent is reabsorbed by the renal
tubule), sulfadiazine 31 per cent cleared, and sulfa merazine is 29 per cent cleared (The Sulphonamides,
Hawking, 1951). The simultaneous use of the renotropic agent Probenecid (see in Part II), caused an
increase in the concentration of total and free
sulfonamides in the blood following ingestion of the
U.S.P. triple sulfonamide mixture (Crosley et al.,
J. Lab. Clin. Med., 1952, 40, 730). The solubility
of several of the sulfonamides and of their acetyl derivatives in mg. per 100 ml. at pH 5.5, follows:
sulfapyridine 61, acetylsulfapyridine 33; sulfathiazole 98, acetylsulfathiazole 7; sulfadiazine 13,
acetylsulfadiazine 20; sulfamerazine 35, acetylsulfamerazine 38; sulfamethazine 69, acetylsulfamethazine
90 (Gilligan et al., JAMA., 1943, 122, 1160);
sulfisoxazole 60, acetylsulfisoxazole 28 (Svec et al.,
Arch. Int. Med., 1949, 85, 83); sulfadimetine 360,
acetylsulfadimetine 7; sulfamethylthiadiazole 168,
acetylsulfamethylthiadiazole 69.
It is the relative insolubility of some of these
compounds and their acetyl derivatives in the urine
which causes crystal formation. The advantage of
sulfamethazine and some of the others over sulfathiazole and sulfapyridine in minimizing precipitation
in the urine is obvious. Increasing the alkalinity of
the urine to pH 7.5 increases the solubility of all
these compounds to a variable degree, e.g., sulfadiazine 200, acetylsulfadiazine 512; sulfamerazine
170, acetylsulfamerazine 272; sulfamethazine 140,
acetylsulfamethazine 240. When mixtures of sulfonamides are dissolved, each component behaves as if
it were present alone in the solution and seems to
exert no influence on the solubility of the others
(Lehr, Brit. Med. J., 1947, 2, 943; Sjogren and
Ortenblad, Acta Chem. Scandinav., 1947, 1, 605).
Therapeutic Uses. — The past 15 years have seen
sulfonamides supplanted by antibiotics as drugs of
choice in the treatment of streptococcal, pneumococcal and gonococcal infections. Sulfonamides retain first place in the treatment of meningococcal
meningitis, acute bacillary dysentery due to most
strains of the Shigellas and in some infections of the
urinary tract. They become the drug of choice in
any infection where the organisms have become resistant to other chemotherapeutic agents and have
retained sensitivity to sulfonamides; bacteriological
tests of sensitivity are required for this purpose.
Sulfonamides are recommended in the prophylaxis of
rheumatic fever (Roberts, Am. J. Dis. Child., 1953,
85, 643) and meningococcal infections although with
the reduction in the cost of penicillin the latter is
being used increasingly for prophylactic purposes.
The "insoluble" sulfonamides, such as succinylsulfathiazole and phthalylsulfathiazole, are used to
sterilize the gastrointestinal tract prior to surgical
procedures on the bowel. Sometimes, although not
of first choice in an infection, the sulfonamides are
given because of ease of administration, low cost,
allergic sensitivity of the patient to the antibiotic of
choice or because of some of the mild but troublesome untoward effects of certain antibiotic drugs.
In the field of sulfonamides, sulfadiazine became
through the years the single sulfonamide of choice
because of its efficacy and low clinical toxicity. The
more recent trend is toward the use of a mixture of
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three sulfonamides, each in low dosage, to further
decrease the incidence of toxic manifestations — renal
damage and allergic responses. Sulfadiazine has
routinely been used as one component of these mixtures; sulfamerazine is the second; the third is usually
sulfamethazine or sulfacetamide (see official mixtures
in Part I); sulfathiazole and sulfapyridine have also
been used. The latter two have been largely discontinued because of their greater toxicity as compared
with other sulfonamides. The bacteriostatic effectiveness of the mixture compares favorably with that of
the sum of its components. The attempt to develop
sulfonamide compounds with properties which adapt
them to the needs of a specific therapeutic purpose,
such as the "insoluble" and poorly absorbed compounds (succinylsulfathiazole and phthalylsulfathiazole) for action within the lumen of the gastrointestinal tract continues; for example, compounds
such as sulfisoxazole and sulfadimetine, which are
soluble and rapidly excreted in the urine, have been
introduced for use in urinary tract infections.
The local use of sulfonamides, either in wounds,
skin infections or intraperitoneally, is no longer
recommended. Sulfonamides can cause an inflammatory, foreign-body reaction in tissue which may
delay healing, and there is a high incidence of
allergic reactions accompanying topical usage
(Meleney, Surg. Gynec. Obst., 1945, 80, 263).
Toxicolocy. — Although sulfonamides are relatively
harmless to tissues, toxic reactions occur sufficiently
frequently to make their administration not an
innocuous procedure. Among mild reactions which do
not necessitate discontinuance of the drug are
anorexia, nausea, vomiting and diarrhea. With sulfanilamide, cyanosis may develop due to the formation of methemoglobin. Lack of coordination or loss
of judgment may occur, making driving an automobile or performing highly skilled or dangerous
jobs unwise for patients taking sulfonamides in full
therapeutic doses. Rarely, a toxic psychosis develops.
The more serious toxic reactions involve the urinary
tract, the skin, the hematopoietic system and the
liver; death may result if the drug is not discontinued promptly and appropriate therapy instituted.
Crystalluria. — One of the most common toxic reactions is the formation of crystals in the urine.
The crystals of the sulfonamide and/or its acetyl
derivative damage and even block the renal tubules,
with resultant hematuria, oliguria, anuria and uremia.
Crystalluria can be reduced by keeping the urinary
output up to at least 1000 ml. per day and alkalinizing the urine by means of sodium bicarbonate, 2 Gm.
being given orally every 4 hours or 7.5 Gm. in 100
ml. of water for injection intravenously twice daily
(Penna et al., JAMA., 1946, 130, 1067). In cases
with congestive heart failure or edema, potassium ion
may be substituted for sodium ion in the alkalinization process (Klein, J. Pediatr. 1946, 28, 37) but
caution is required in the administration of potassium salts parenterally. The greatest advance in the
prevention of renal damage has come with the introduction ofmixtures of sulfonamides, each in low
dosage. The mixture takes advantage of the fact
that each sulfonamide component behaves as if present alone, exerting no influence on the solubility of
the others (Lehr, Brit. M. J., 1947, 2, 943) while
the bacteriostatic effect remains roughly proportional
to the total sulfonamide content. Microscopic
crystalluria, found in 26 to 70 per cent of cases on
a single sulfonamide, was reduced to 7 per cent
when mixtures were used. Nevertheless, the urine
should be carefully examined for presence of red
blood cells and crystals and the drug should be
stopped if they appear. If oliguria or anuria occurs,
the patient should be treated expectantly until
diuresis begins, as in any case of lower nephron
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nephrosis of any cause: such treatment includes
limitation of fluids to 1000 ml. per day, institution
of high caloric intake with elimination of all potassium and sodium ions unless loss of the latter occur
as shown by vomiting, diarrhea or determination of
their concentration in the blood.
Allergic hypersensitivity reactions occur in 2.9
to 11 per cent of patients receiving sulfonamides in
therapeutic dosage- — sulfanilamide 7 per cent, sulfathiazole 11 per cent, sulfadiazine 2.9 per cent. These
reactions take the form of skin lesions which range
from erythema and nodules, resembling erythema
nodosum, to pemphigus, purpura and exfoliative
dermatitis. Drug fever, developing after 5 to 7 days
of treatment, may go as high as 104° F. Painful
swollen joints, asthma and even lesions resembling
those of periarteritis nodosa (Rich, Bull. Johns
Hopkins Hosp., 1942, 71, 123) have been described.
Although at one time it had been felt that such
reactions were independent of the dosage of the
sulfonamide, Lehr (Brit. M. J., 1948, 2, 543) produced striking evidence that the incidence of allergic
reactions is proportional to the dosage of the individual sulfonamides; in the majority of patients the
sensitization is limited to the specific sulfonamide
used. Coburn (Mil. Surg., 1945, 96, 17) reported
that the incidence of allergic responses in 600,000
men to a prophylactic dose of 1 Gm. of sulfadiazine
daily was 0.5 per cent.
The incidence of sensitization from topical application of sulfonamides to the skin apparently depends
upon the amount of sulfonamide absorbed and the
tissue concentration attained. Burns, wounds, and
eczematous areas allow extensive sulfonamide penetration and absorption. The more soluble the sulfonamide, the greater is the absorption. Sulzberger
et al. (J. Allergy, 1947, 18, 92) observed an incidence
of allergic reaction of 27 per cent with the soluble
sodium sulfadiazine and only a 5 per cent incidence
with the less soluble sulfadiazine. Internal use of
mixtures of three sulfonamides, at a low dosage of
2 Gm. each daily, reduced the incidence of sensitization to 2 per cent or less (Lehr, loc. cit.) by reducing the tissue concentration attained by each of the
three components below the critical level (about 5
mg. per 100 ml.) for the production of sensitization.
When sensitivity reactions occur, the particular sulfonamide should be discontinued immediately. It
should not be readministered since after sensitization
has occurred a small dose may produce a vigorous
and serious reaction. An intradermal test has been
described for detecting patients sensitive to a sulfonamide (Leftwich, Bull. Johns Hopkins Hosp.,
1944, 74, 26) ; a mixture of blood serum and sulfonamide isinjected in the test.
Blood Disturbances. — During the first few days of
treatment with a sulfonamide hemolytic anemia, manifested by jaundice, may appear. In the third week
of treatment, or immediately upon the second administration ofa sulfonamide after an interruption
in its use, agranulocytosis may develop. During use
of sulfonamides, determination of the blood hemoglobin concentration and a count of the white blood
cells should be performed every 2 or 3 days during
the first two weeks and the leukocyte count twice
weekly thereafter if treatment is continued. The
drug should be discontinued at the first sign of
anemia or neutropenia. The anemia will improve
with cessation of the drug. The agranulocytosis must
be treated vigorously if the patient is to survive.
Rarely, a leukemoid reaction develops with a rise
in the leukocyte count as high as 90,000 per cu. mm.
Sulfonamides may cause liver damage ranging
from hepatitis to acute yellow atrophy of the liver.
By sterilizing the bowel, they may interfere with
the bacterial biosynthesis of vitamins and the symp-
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toms of pellagra or hypoprothrombinemia may develop, especially in patients who are undernourished
or who have severe diarrhea.
In summary, if a patient receiving sulfonamides
is closely observed clinically for the development of
a rash, jaundice, pallor or hematuria, all the dangerous toxic reactions except agranulocytosis will be
detected (Long, Can. Med. Assoc. J., 1941, 44, 217).
For the latter, it is necessary to observe the patient's
white blood cell count every 2 to 3 days. Ideally, a
urinalysis should also be performed every few days.
Then, if the drug is not used indiscriminately, if the
fluid intake is kept high and the reaction of the
urine is alkaline, and if the drug is discontinued at
the first sign of toxicity, the sulfonamides are valuable and safe therapeutic agents. The introduction of
sulfonamide mixtures and compounds with greater
solubility in urine has decreased the incidence of
untoward reactions but unfortunately the sulfonamides often have been used rather carelessly. In
therapeutics, sensitization reactions have been most
frequently attributable to sulfonamides, although
penicillin
is rapidly becoming a frequent cause of
drug allergy.
Non-Official Sulfonamides
Benzylsulfanilamide. N4-Benzylsulfanilamide.
Chemodyn. Proseptazine (May & Baker). Septazine.
Setazine. C6H5CH2.NH.C6H4.SO2NH2.— This sulfonamide, synthesized by Goissedet et al. (Comp.
rend. soc. biol., 1936, 121, 1082), occurs as a white,
crystalline powder, slightly soluble in water. Moliter
and Robinson (J. Pharmacol., 1939, 65, 405) observed that it is very poorly absorbed and that as a
consequence the concentration in blood is so low
that one would not expect much therapeutic action
from it. Parr (Stanford M. Bull., 1949, 7, 152) used
it in the treatment of rheumatoid arthritis. It has
been used in the treatment and prophylaxis of mild
infections with the hemolytic streptococcus, the dose
being 1 to 2 Gm. (approximately 15 to 30 grains)
initially, followed by 500 mg. (approximately 1l/2
grains) every 4 hours, administered orally.
Irgafen (Geigy). Nl-Sul)anilyl-3,4-xylamide. N(3, 4-Dimethylbenzoyl) sulfanilamide. NH2.C6H4.S02NH.CO.CgH4(CH3)2. — A white, crystalline powder,
slightly soluble in water; for synthesis see Martin
et al., U. S. Patent 2,383,874 (1945).
This sulfonamide is as effective as sulfapyrazine
against hemolytic streptococci, pneumococci, and
staphylococci, but it is inactive against B. coli (Bliss
and Deitz, Bull. Johns Hopkins Hosp., 1944, 75, 1).
It is excreted more slowly than sulfadiazine and consequently yields high blood concentrations. Irgafen
appears to be less readily acetylated than does sulfanilamide or sulfapyridine (Callender and Powell,
/. Pharmacol., 1944, 82, 324). Clausen (Nord. Med.,
1946, 42, 2389) found a concentration of 10 mg. of
the free sulfonamide per 100 ml. of blood 2 hours
after oral administration of 2 Gm.; a blood level of
8 to 20 mg. was maintained by a dose of 1 Gm.
every 8 hours. Intravenous injection of 0.5 to 1 Gm.
of the sodium salt (in 5 per cent solution) every 12
hours maintained a level of 8 to 10 mg. per 100 ml.
of blood. Nausea, vomiting and cyanosis were reported. Dommelen (Nederland. Tijdschr. Geneesk.,
1950, 94, 1918) reported a case of acute hemolytic
anemia following its use. A 15 per cent ophthalmic
ointment is used.
The dose is 2 Gm. (approximately 30 grains)
initially, followed by 1 Gm. (approximately 15
grains) every 8 hours, administered orally.
Iroamid (Geigy). Nl-Dimethylacroylsulfanilamide.
N^-Senecioylsu'lfanilamide. NHo.CcH4.SO2NH.CO.CH:C(CHa)2. — Irgamid occurs as a white, crystalline
powder, slightly soluble in water; its synthesis is
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described in U. S. Patent 2,417,005 (1947). Its action
and uses are similar to those of sulfanilamide.
Boehringer and Markwalder (Schweiz. med.
Wchnschr., 1947, 77, 335), who determined blood
concentrations of this sulfonamide following intraperitoneal application, found coliform organisms to
disappear from peritoneal exudates but enterococci to
persist. The dose is 1.5 to 2 Gm. (approximately
23 to 30 grains) initially, followed by 1 Gm. (approximately 15 grains) every 6 hours, administered
orally.
Mafenide. A-Aminomethylbenzenesuljonamide Hydrochloride. a-Amino-p-toluenesulfonamide Hydrochloride. 4-Homosulfanilamide Hydrochloride, pSulfonamidobenzylamine Hydrochloride. Maphenide.
Marfanil (Winthrop). Marprontil (Bayer). Mesudin.
Sulfamylon Hydrochloride (Winthrop-Stearns). H2N.SO2.C6H4.CH2.NH2.HCL— This sulfonamide is
unique because a methylene group separates the 4amino group from the benzene ring, thus making
the basic structure significantly different from that
of other sulfonamides and of ^-aminobenzoic acid.
It is significant also that the action of this sulfonamide is not inhibited by /»-aminobenzoic acid, which
suggests that the mechanism of action probably is
different from that of other sulfonamides. For
methods of synthesis of the substance see J.A.C.S.,
1944, 66, 1459, also U. S. Patent 2,288,531 (1942).
4-Aminomethylbenzenesulfonamide hydrochloride occurs as a colorless, crystalline powder, very soluble
in water. Because of the pronounced basic characteristic of the parent sulfonamide the hydrochloride
salt is generally preferable for therapeutic use.
This sulfonamide is useful in local treatment of infections of the eye, ear, nose and throat and of infected wounds. It is not recommended for systemic
use as effective blood levels are difficult to maintain.
For, although it is extremely soluble in water (50
Gm. per 100 ml.) and is rapidly absorbed from the
gastrointestinal tract, it is also rapidly removed from
the blood either by excretion into the urine or
deamination
(Rutledge and Heideman, J. Pediatr.,
1948, 33, 274; McChesney
et al., J. Pharmacol.,
1949, 96, 356). In contrast with other sulfonamides,
its antibacterial action is not antagonized by paminobenzoic acid or />-aminomethylbenzoic acid and
it is effective in the presence of pus. It is bacteriostatic to anaerobic bacteria, particularly the Clostridia; (Klarer, Klin. Wchnschr., 1941, 20, 1250),
as well as to the bacteria usually inhibited by the
sulfonamides and even to some strains which have
developed resistance to the other sulfonamides
(Goldacre, Nature, 1944, 154, 796). Howe (Surgery,
1951, 29, 748) found 7 strains of Ps. aeruginosa
which were sensitive to this compound. It is effective locally in the treatment of rhinosinusitis (Fox,
Ann. Otol. Rhin. Laryng., 1947, 56, 946), external
otitis (Diehl, Arch. Otolaryng., 1952, 55, 68) and
chronic otitis media due to gram-negative bacteria
(McLaurin, Laryn., 1950, 60, 480; Waltner and
White, N. Y. State J. Med., 1950, 50, 2421). The
solution is instilled into the external auditory canal
after the debris has been cleaned away as well as
possible, allowed to remain 5 minutes and then
blotted dry. As a 3 per cent ointment, Pichotka and
Lewis (Proc. S. Exp. Biol. Med., 1949, 72, 127)
found it useful in preventing secondary infection
with Ps. aeruginosa in experimental frost-bite and
Howe (Boston Med. Quart., 1950, 1, 6) found it
effective in contaminated wounds. In combination
with streptomycin, Howe used it on wounds with
excellent results, and Moloy (N. Y. State J. Med.,
1950, 50, 992) used it topically in the treatment of
non-specific vaginitis.
All patients receiving Sulfamylon orally have experienced headache and nausea; some had dizziness
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and mental confusion (Rutledge and Heideman, loc.
cit.; Jacoby, Lancet, 1946, 2, 494). No toxic reactions have been reported from its topical use.
Topically, a 1 to 5 per cent aqueous solution may
be instilled (up to 0.5 ml. daily) into the ear. A 1
per cent solution may be applied in the upper
respiratory tract (by the Proetz displacement
technic, by irrigation or by atomizer spray) or in
the conjunctival sac. A 5 per cent solution may be
applied to wounds by irrigation or wet dressing,
with or without 20 mg. of streptomycin sulfate per
100 ml. of solution. A 5 per cent solution made
viscous with 1 per cent methyl cellulose for better
adherence to tissue is also available.
Neoprontosil (Winthrop-Stearns). Prontosil Soluble (Bayer). Azosul] amide. Disodium 2-(4'-sulfamylphenylazo)-7-acetamido-l-hydroxynaphthalene3,6-disulfonate. (NaS03)2.NHCOCH3.0H.CioH3.N:N.C6Ht.S02NH2. — This is one of the compounds
employed by Domagk in his epochal studies. It occurs
as a reddish-brown powder, freely soluble in water;
its synthesis is described in U. S. Patents 2,123,634
(1938) and 2,148,910 (1939).
Neoprontosil has the action of sulfanilamide and
is used similarly. Among the more unusual uses of it
may be mentioned those by Lemere and Arnason
(J.A.M.A., 1941, 116, 2014) in the treatment of
tetanus, and by Kleiss (Arch. exp. Path. Pharm.,
1949, 207, 14) as a vital stain.
The initial oral dose is 3 to 5 Gm. (approximately
50 to 80 grains), followed by 1 Gm. (approximately
15 grains) every 4 hours. When administered intramuscularly (not intravenously) from 10 to 25 ml.
of a 5 per cent solution is commonly given in
divided doses during a 24-hour period.
Nisulfadine. — This compound, 2-(/>-nitrobenzenesulfonamido) pyridine, differs from sulfapyridine in
the substitution of a nitro group for the amino.
Experiments with dogs showed that 4 hours after
ingestion of nisulfadine 25 per cent of it appears in
the blood as sulfapyridine. The poor absorption of
the drug suggested its use in intestinal infections,
and Major (Am. J. Med., 1946, 1, 485) employed it
successfully in the treatment of ulcerative colitis.
The initial dose was 4 to 6 Gm. in 24 hours, this
being reduced to 2 Gm. in 24 hours as the patient's
condition improved. Nisulfadine is not available commercially.
Prontosil (Bayer). Prontosil Flavum. Prontosil
Rubrum. 4'-Suljamyl-2,4-diaminoazobenzene Hydrochloride. 2,4-Diaminoazobenzene-4'-sulfonamide Hydrochloride. NH2S02.C6H4.N:N.C6H3.(NH2)2.HC1.
— Prontosil (hydrochloride) occurs in orange-red
crystals, slightly soluble in water. First prepared in
1932, by Mietzsch and Klarer, its synthesis is described in U. S. Patent 2,085,037 (1937). This was
the compound used by Domagk in his studies which
culminated in the development of the sulfonamides;
Prontosil is no longer used therapeutically.
Salicylazosulfapyridine, N.N.R. Azulfidine
(Pharmacia Laboratories). Azopyrin. Salazopyrin. 5[/>-( 2 -Pyridylsulfamylphenylazo] salicylic Acid. C5H4N.NHS02.C6H4.N:N.C6H3.OH.COOH. — Salicylazosulfapyridine is a brownish-yellow, odorless powder,
practically insoluble in water, chloroform and ether,
but slightly soluble in alcohol.
Salicylazosulfapyridine is advocated in the treatment of ulcerative colitis. It is absorbed from the
gastrointestinal tract and partially metabolized to
aminosalicylic acid and sulfapyridine and partially
excreted unchanged in the urine. It colors an alkaline urine orange-yellow. With usual doses a concentration of only 1 or 2 mg. per 100 ml. of sulfapyridine is found in the blood. Helander (Nord. med.,
1946, 30, 1107) reported that this compound has an
affinity for connective tissues. Svartz (Acta med.
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Scandinav., 1942, 110, 577, and 1951, 141, 172) and
others reported it to have therapeutic value in cases
of colitis. Bargen {Post-Grad. Med. J., 1951, 10,
317) recommended courses of treatment consisting
of 2 weeks on the drug with rest intervals of 2
weeks; treatment should not be discontinued on the
basis of symptoms alone but on the return to normal
of the rectal mucosa as seen through the rectoscope.
The review of the therapeutic literature on chronic
ulcerative colitis by Machella {Am. J. Med. Sc,
1951, 222, 579) emphasizes the many etiological
factors in this disease and indicates that antibacterial chemotherapy is of value in the control of the
infectious element only. Morrison {J. A.M. A., 1953,
151, 366) treated 60 cases with azosulfidine: 21 per
cent did not tolerate the drug; 18 per cent were
symptom-free after 3 years of treatment and observation; 52 per cent were improved. A comparable
group of 60 cases on other forms of treatment did
not fare as well. Intolerance to the drug was controlled in some cases by antihistaminic and antacid
drugs and frequent bland feedings. Nausea is the
most common untoward effect. Arthralgia and muscular pains occur. Occasionally dermatitis, with or
without drug fever, crystalluria and leukopenia develop. The usual precautions concerning use of sulfonamide drugs should be observed.
The usual dose is 1 Gm., by mouth, 4 to 6 times
daily; the interval between doses should not be
greater than 8 hours. When the appearance of the
rectal mucosa has returned to normal, the dose is
decreased to 500 mg. 3 times daily. For children 5 to
7 years of age, the dose is 250 to 500 mg. 3 to 6
times daily.
Azulfidine is available in 500-mg. tablets.
Sulfadimetine. Elkosin (Ciba). N1-(2,6-Dimethyl4-pyrimidyl) sulfanilamide. 2,6-Dimethyl-4-sulfanilamidopyrimidine. (CH3) 2.C4HN2.NHSO2.C6H4.NH2.
— Sulfadimetine is a dimethylsulfapyrimidine isomeric
with sulfamethazine and differing from the latter in
the manner of linkage of the pyrimidine ring and
also in the positions in which the two methyl groups
are attached to this ring. Sulfadimetine occurs as a
white, crystalline powder, slightly soluble in water.
It is recognized in the British Pharmaceutical Codex
under the name Sulphasomidine.
Sulfadimetine has the same range of antibacterial
effectiveness as the other sulfonamide drugs and is
recommended particularly for urinary tract infections.
It is rapidly absorbed from the gastrointestinal tract;
a concentration of 7 to 10 mg. per 100 ml. of blood
is attained 2 to 4 hours after an oral dose of 3 Gm.
and this is readily maintained (Preuss, Munch, med.
Wchnschr., 1950, 92, 1301). It is excreted more
rapidly in the urine (80 per cent in 48 hours) than
is sulfamerazine. Diffusion into the spinal fluid
amounts to 20 to 50 per cent of the concentration
in the blood ; it diffuses also into abdominal and
pleural exudates (Prior and Saslaw, /. Lab. Clin.
Med., 1951, 38, 420). It is the least acetylated of
the sulfapyrimidine derivatives, 80 to 95 per cent
being in the free form in the blood or urine (Gross
et al., Schweiz. med. Wchnschr., 1950, 80, 31; Rutenburg et al., Surg., 1952, 32, 980). In the free form
it is relatively highly soluble in urine at 37° C. over
a pH range of 5.5 to 7.5 (360 to 1100 mg. per 100
ml.) and therefore has less tendency to form crystals
and cause renal damage. The acetyl derivative is less
soluble (7 mg. per 100 ml. at pH 5.5) but there is
very little present. As an antibacterial agent it has
the same potency as the other sulfonamide drugs.
Aschan (Svenska Ldkartidn., 1950, 47, 2233) used
it for ear infections. Banerji {Indian Med. Gaz., 1950,
85, 298) found it useful in various infections.
Stettler {Schweiz. med. Wchnschr., 1950, 80, 1189)
used it for erythroderma due to arsenical poisoning.
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Toxic reactions (Iacobaeus, Nord. Med., 1949, 42,
1600) are the same as for the other sulfonamide
drugs, but the incidence of renal complications is extremely low.
The dose for adults is initially 2 to 4 Gm., by
mouth, followed by 1 to 2 Gm. every 4 hours. For
most urinary tract infections susceptible to sulfonamides, 1Gm. four times daily, after meals and at
bedtime, continued for 3 to 7 days after cultures
of the urine become sterile, is adequate. For children,
the daily dose is 100 mg. per Kg. of body weight,
in divided doses.
It is available in 500 mg. tablets and as a microcrystalline suspension in syrup containing 250 mg.
per 4 ml.
Sulfamethylthiadiazole. Thiosulfil (Ayerst).
Lucosil. Tetracid. 2 -Sulfanilamido-5 -methyl- 1,3,4thiadiazole. — Extensively employed in Europe, this
drug has been recently introduced in the United States
for the treatment of infections of the urinary tract.
Frisk {Acta med. Scandinav., 1943, Suppl. p. 142)
showed that this compound has an antibacterial
spectrum comparable to that of other sulfonamides
and commented on the remarkably high solubility of
both the free sulfonamide and its acetyl derivative,
its low degree of acetylation and the rapid and complete urinary excretion. At pH 6.5 sulfamethylthiadiazole is 130 times as soluble as sulfadiazine; the solubility at 25° of the free compound ranges from 168 mg.
per 100 ml. at pH 5.5 to 6540 mg. at pH 7, while
the solubility of the acetylated form ranges from
69 mg. at pH 5.5 to 845 mg. at pH 7. By virtue of
this, alkalinization of urine during the therapy seems
unnecessary. The sulfonamide is acetylated in urine
to the extent of only 5 to 7 per cent and the renal
clearance (rate of excretion) is at the rate of 63 per
cent in 5 hours, 90 per cent in 10 hours and 98 per
cent in 15 hours.
Meads and Finland (/. Lab. Clin. Med., 1946,
31, 900) confirmed the findings of Frisk with respect to solubility, acetylation and renal clearance
and suggested trial in urinary tract infections.
Bourque and Joyal {Can. Med. Assoc. J., 1953, 68,
337) reported that it was well tolerated and effective
in cases of the common urinary tract infections, such
as those involving E. coli, S. fccalis and Alcaligenes,
in the absence of obstructive lesions of the urinary
tract. The average time required to obtain negative
urine cultures was 7 days. Favorable clinical reports
in the treatment of urinary tract infections were
given also by Hughes et al. {South. M. J., 1954, 47,
1082), and by Barnes (/. Urol, 1954, 71, 655).
Untoward effects have not been observed (Andersen
et al., Ugeskr. j. laeger, 1942, 104, 215).
The dose is 250 to 500 mg. by mouth 5 or 6 times
daily. For maximum action fluid intake should be
limited. Alkali therapy is not necessary. If nocturia is
present, one dose should be given during the night.
For children, the dose is 125 to 250 mg. by mouth
every 4 hours.
It is available in tablets containing 250 mg. and
in a suspension containing 250 mg. per 5 ml.
Sulfapyrazine, N.N.R. 1949. N1-2-Pyrazinylsulfanilamide. 2 -Sulfanilamide pyrazine . C4H3N2NHSO2C6H4.NH0. — This sulfonamide is isomeric with sulfadiazine, differing only in the position of the nitrogen
atoms in the substituent diazine ring ; in sulfapyrazine
this ring is 1,4-diazine (pyrazine), while in sulfadiazine it is 1,3-diazine (pyrimidine). Sulfapyrazine
occurs as a white, crystalline powder, practically insoluble in water; its synthesis is described in U. S.
Patent 2,420,703 (1947).
Sulfapyrazine is absorbed and excreted rather
slowly; blood levels on a dose of 1 Gm. every 4 or
6 hours are comparable to those produced by sulfadiazine, but with larger doses a considerable portion
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is excreted in the feces and the blood level of the
drug is only about one-quarter of that resulting
from the same doses of sulfadiazine (Tammes,
Nederl. Tijdschr. Geneesk., 1949, 4, 3450). In blood
plasma, about 20 per cent of the sulfapyrazine is
bound to protein. Johnson (South M. J., 1949, 42,
761) used a mixture of sulfadiazine, sulfamerazine
and sulfapyrazine effectively.
Sulfapyrazine appears to have a low order of
toxicity in animals. Transient renal damage has been
observed in 9 per cent of adults on a dose of 1 Gm.
every 4 hours. Sulfapyrazine has a low degree of
conjugation to its acetyl derivative.
It is believed to be about as effective as sulfadiazine in the treatment of pneumococcal, meningococcal (Colbourne, J. Trop. Med. Hyg., 1951, 54,
3), hemolytic streptococcal (Schmidt and Sesler,
J. Pharmacol, 1943, 77, 277), and B. coli infections,
and is effective against Shigella par ady sentence.
Findlay (Ann. Trop. Med., 1949, 43, 1) reported
suppressive value for P. falciparum malaria in
Africa, Jv]
The initial dose for adults is 2 to 4 Gm., followed
by 1 Gm. every 4 to 6 hours; treatment is continued
until the temperature, pulse and respiration have
been normal for 3 days. Infants and children should
receive about 130 mg. per Kg. of body weight. Sulfapyrazine isno longer commercially available in the
United States.
Sulphasoluctn, B.P.C. Soluseptasine (May &
Baker). N4-(Disodium l,3-disulfo-3-phenylpropyl)sulfanilamide. Disodium-/>-(v-phenylpropyl-amino)benzenesulfonamido-a,Y-disulfonate. C6Hs.CH(S03Na).CH2.CH(S03Na) .NH.C6H4.SO2XH2.— This sulfonamide occurs as a white or yellowish-white,
granular powder, readily soluble in water; its
synthesis is described in U. S. Patent 2,262,544
(1941).
Sulphasolucin has therapeutic properties similar
to those of sulfanilamide but it is both less toxic and
less potent. It has been used in the treatment of
infections due to hemolytic streptococci or meningococci; more effective sulfonamides are now more
commonly used. It is usually given intravenously,
as a 10 or 20 per cent solution, in a dose of 1 Gm.
every 2 hours for 3 or 4 doses. A 10 per cent solution,
and a 6 per cent ointment, have been used topically.
Uliron. Uleron. Diseptal. N^N^-Dimethyl-N4sulfanilylsulfanilamide. 4'- (Dimethylsulf amyl ) sulfanilamide. (CH3)2N.S02.C6H4.NHS02.C6H4.NH2.—
Uliron occurs as a white, crystalline powder,
slightly soluble in water. It may be employed for the
same purposes as sulfanilamide. Bannick (J. A.M. A.,
1938, 111, 770) found that although it was less
prone to give rise to the common toxic symptoms
of sulfonamides it caused peripheral neuritis (see
also Lloyd, Pract., 1940, 1, 48). In Europe it has
been employed locally in the form of a 5 per cent
ointment for the treatment of infected wounds and
carbuncles. The internal dose is from 0.5 to 1 Gm.
3 times a day.
Sulfones. — Certain members of the class of sulfones, which have some structural resemblance to
sulfonamides, show powerful activity against a variety
of bacteria used to produce experimental disease in
laboratory animals. In experimental tuberculosis, in
particular, these sulfones proved highly effective and
thus gave promise of utility in the treatment of human
tuberculosis. Though they did not prove to be as
useful in this disease as had been hoped, they have
been found to be the most effective agents presently
available for the treatment of leprosy, a disease that
is a major public -health problem in several countries.
The most active sulfone found in the early work on
these compounds was 4,4'-diaminodiphenylsuljone,
also known as dapsone, bis (4-aminophenyl) sulfone and
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/>,/>'-sulfonyldianiline, H2N.C0H4.SO2C6H4.NH2, occurring in crystals soluble in alcohol but practically insoluble in water. This compound, while having a high degree of activity against tubercle infections in animals, is sufficiently toxic to limit its clinical
application (see Smith et al., Am. Rev. Tuberc, 1943,
48, 52; Feldman et al., Am. J. Med. Sc, 1944, 207,
290). Lowe (Lancet, 1950, 1, 145), however, considers the sulfone to be as effective as any of the
others, with no greater risk of toxic effects, and prefers it for mass treatment of leprosy in Nigeria
because it is the least costly of the sulfone compounds.
Allday and Barnes (ibid., 1951, 2, 205) believe, on
the other hand, that severe side effects, such as exfoliative dermatitis, preclude its use in leprosy.
Several derivatives of this sulfone, sometimes referred to as the "parent sulfone," have been synthesized; these appear to be safer than the parent
compound, while having appreciable activity. One of
these, the disodium formaldehyde sulfoxylate salt of
4,4-diaminodiphenylsulfone, is officially recognized
under the title Sitlfoxone Sodium, and is described in
Part I. The sulfones discussed hereunder are Promacetin, Promin, Promizole, and Solapsone.
Promacetin (Parke, Davis). Sodium 4,4'-Diaminodiphenylsulfone-2-X-acetylsulf onamide. C14 H14 Na NaOgSo. — This crystalline substance, soluble in about
35 parts of water, was used in the treatment of
leprosy by Johansen et al. (Pub. Health Rep., 1950,
65, 195) at the Carville Leprosarium. The drug was
given orally, starting with doses in the range of 0.3
to 1.5 Gm. daily and increasing to a range of 1.5 to
4 Gm. daily. Early objective clinical improvement of
skin and mucous membrane lesions of lepromatous
leprosy was observed; reduction in the number of
leprosy bacilli in the skin and mucous membrane
followed clinical improvement. No severe acute toxic
symptoms were observed; minor side effects included
headache, lethargy, drowsiness, dizziness, anorexia,
gastric distress, temporary tinnitus, mild erythema
nodosum, iridocyclitis and lepra reactions.
Promin (Parke, Davis). Promanide (Parke, Davis).
Sodium />,/>'-diaminodiphenylsulfone-N,N'-didextrose
Sulfonate. Disodium />,/>'sulfonyldianiline-N,N'-diglucoside Disulfonate. C22H34N2Xa20i8S2- — This is a
derivative of diaminodiphenylsulfone having reduced
toxicity ; it occurs as a white amorphous powder, and
may be dissolved in water to form a 40 per cent solution which is stable even on heat sterilization. The
effectiveness of Promin in retarding or resolving experimental tuberculosis was demonstrated by Feldman
et al. (Proc. Mayo, 1940, 15, 695; Am. Rev. Tuberc,
1942, 46, 187). Early in 1941 the first volunteer patients were treated for pulmonary tuberculosis, but
it was soon discovered that human beings did not
tolerate the drug as readily as did guinea pigs and
that only a third to a half of patients could comfortably and safely tolerate doses by mouth which
were sufficient to yield significant concentrations of
the drug in the blood. Preliminary results (see Hinshaw, et al., Am. Rev. Tuberc, 1943, 47, 26) were
encouraging but by no means convincing; a second
progress report (Am. Rev. Tuberc, 1944, 50, 26) was
likewise only cautiously optimistic, as have been
other reports. Concerning the three sulfones — Diasone, Promin, and Promizole — Hinshaw et al. (Ann.
Int. Med., 1945, 22, 696) concluded that mildly encouraging, but not conclusive, results had been
obtained.
Promin has been given intravenously with less toxic
manifestations, and also reduced effectiveness, than
when given orally (Am. Rev. Tuberc, 1942, 46, 277).
Inhalations of "mist" dispersions of a 40 per cent
solution have been beneficial in some cases, especially
of endobronchial ulceration (Edlin et al., Am. Rev.
Tuberc,
1944, 50, 543). In cases of tuberculous
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laryngitis, a SO per cent solution Promin in glycerin
has been applied directly to the larynx, with favorable
results. Solutions of the drug have been instilled
intrapleurally after aspiration of effusion in tuberculous empyema. Tytler and Lapp (Brit. M. J., 1942, 2,
748) suggested that, since Promin is rapidly absorbed
and therefore requires frequent application to maintain an adequate concentration when used locally, a
jelly base be employed to retard diffusion and eliminate the necessity for frequent application. After
observing the effect of Promin jelly on various types
of lesions, these authors concluded that clinical improvement was more rapid than when solutions were
applied. Hinshaw found that Promin jelly used in
treatment of 9 superficial tuberculous lesions promoted complete healing of 3 chest wall lesions, and
complete healing of 3 others when aided by other
measures.
The promising results obtained with Promin in
tuberculosis suggested its use in the treatment of
leprosy. Faget and Erickson (J.A.M.A., 1948, 136,
451) reported on the treatment of 178 patients at
the National Leprosarium; the drug produced improvement in the majority of the patients. It was
given intravenously, the dosage usually starting at
1 Gm. daily, and gradually increasing in an attempt
to reach the optimal dosage of 5 Gm. daily. Manifestations of toxicity prevented extending the dose beyond 2 Gm. in some patients. The drug was given
6 days a week for 2 weeks, followed by a rest period
of 1 week, after which another 2 weeks' course was
given; this routine was continued for from 6 months
to 3 to 4 years. The week of rest usually allowed
sufficient time for the hematopoietic system to restore
the blood cells lost through the hemolytic action of
Promin. Biopsy findings on 32 patients at the Leprosarium who had received the drug for from 1.5 to 4
years (Fite and Gemar, South. M. J., 1946, 39, 277),
indicated that the improvement was not accompanied
by characteristic cellular changes. Those which did
occur were predominantly atrophic in character, with
extremely slow and gradual lessening of numbers of
organisms in the lesions to the point of final disappearance in 10 of the 32 cases examined. The important finding, according to Fite and Gemar, is that
Promin appears to eliminate bacillary infection of the
blood vessels and blood stream, thereby preventing
the formation of new lesions; the evidence indicates
strongly that the best results may be expected in
those cases in which treatment is begun in a
comparatively early stage of the disease. Herrera
(J.A.M.A., 1950, 144, 276) used vitamin D in large
doses as an adjuvant to Promin in tuberculoid leprosy. Cross (Proc. S. Exp. Biol. Med., 1951, 76, 548)
found Promin and Diasone (sulfoxone sodium) effective in the treatment of experimental toxoplasmosis.
Promin (Parke, Davis) is marketed in the form of
a 5 per cent jelly, and in ampuls containing 2 Gm. in
5 ml. or 5 Gm. in 12.5 ml.
Promizole (Parke, Davis). 4-Aminophenyl-2'aminothiazolyl-5' Sulfone. 2-Amino-5-sulfanilylthiazole. C9H9N3O0S2. — This compound is an isoster of
4,4'-diaminodiphenylsulf one ; it crystalliezs in fine
needles and is soluble in about 3000 parts of water.
At first it was of great interest because of its low
toxicity for man (Proc. Mayo, 1944, 29, 33). Clinical
studies have shown it to fall distinctly short of the
ideal as a therapeutic agent for tuberculosis (Burns
et al., Dis. Chest, 1949, 16, 867). In leprosy it may
be more effective. Initial experiments by Faget and
Erickson (J.A.M.A., 1948, 136, 451) indicated objective clinical improvement in some of the patients
after only 6 months of treatment. The initial dose
was 0.5 Gm. three times daily, increasing to a daily
dosage of 6 Gm. The drug is supplied in tablets containing 0.5 Gm.
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Solapsone. Sulphetrone (Burroughs, Wellcome).
Tetrasodium 4,4'-bis(Y-Phenyl-propylamino)diphenylsulfone a,Y,a'Y'-tetrasulfonate. CsoH^s^OuSsNa.*.
— This crystalline compound is very soluble in water,
the solution being neutral and stable even when autoclaved. Lowe and Davey (Trans. Roy. Soc. Trop.
Med. Hyg., 1951, 44, 635) gave Sulphetrone to 260
leprosy patients in Nigeria, in oral doses increasing
from 0.5 to 3 Gm. daily. Clinical efficacy was the
same as, but toxicity less than that of, sulfoxone
sodium or the parent drug diaminodiphenylsulfone.
Favorable results in leprosy have been reported also
by Chatterjee (Indian Med. J., 1949, 43, 156), Dharmendra et al. (Internat. J. Leprosy, 1950, 18, 309)
and by Austin (ibid., 345). The promising results in
experimental tuberculosis reported by Brownlee et al.
(Brit. J. Pharmacol., 1948, 3, 29; Lancet, 1948, 2,
131) have not been confirmed in human cases (Morlock and Livingstone, Lancet, 1949, 2, 1170; Weiss
and Bogen, Am. Rev. Tuberc, 1950, 62, 160) ; the
toxic effects of Sulphetrone in the treatment of human tuberculosis appear to outweigh any beneficial
effects that result from use of the drug.
Sulfonethylmethane, N.F. VIII. Suljonethylmethanum. Methylsulphonal. Trional. (C2Hs).CH3.C.(S02C2Hs)2. — This substance, chemically diethylsulfonmethylethylmethane or 2,2-bis(ethylsulfonyl)butane, and its close relative sulfonmethane (q.v.)
were introduced into medicine by Baumann and Kast
in 1888. They may be considered to be derived from
methane by the replacement of two of its hydrogen
atoms by ethylsulfone radicals (SO2C2H5), the other
two hydrogens being substituted by either ethyl or
methyl groups — in this case by one ethyl and one
methyl group.
Sulfonethylmethane may be made by passing dry
hydrochloric acid gas to saturation through a mixture
of ethyl mercaptan and methyl-ethyl ketone, then
oxidizing the condensation product (methyl-ethylketone mercaptol) by treatment with a solution of
potassium permanganate; the resulting compound is
purified by repeated crystallization from boiling
water.
Description. — "Sulfonethylmethane occurs as colorless, lustrous, odorless, crystalline scales, having a
bitter taste. A saturated aqueous solution of Sulfonethylmethane isneutral to litmus paper. One Gm. of
Sulfonethylmethane is soluble in about 200 ml. of
water at 25°. It is more soluble in boiling water and
is soluble in alcohol and in ether. Sulfonethylmethane
melts between 74° and 76°." N.F. VIII. For standards
and tests see U.S.D., 24th ed., p. 1162.
Incompatibilities. — Chloral hydrate, salol, thymol,
urethan and other chemicals produce a liquid, or
semi-liquid, mass when triturated with sulfonethylmethane.
Uses. — The sulfone hypnotics — which include besides this also sulfonal — have very little action on
the system except to depress the higher cerebral centers. Although in very large dose they produce in the
lower animals paresis and tremors, in quantities anywhere approaching the therapeutic dose they have
almost no effect on man except to produce sleep.
They are both characterized by the slowness of absorption and persistence of their action, although
sulfonethylmethane is not quite so slow in its effects
as sulfonmethane. Although usually not followed by
disagreeable aftereffects, there sometimes remain some
mental confusion and lassitude the following day.
They are particularly dangerous to use in cases of
heart disease ; there have been reported sudden deaths
following use of sulfonal in patients suffering from
cardiac weakness.
While in single dose they are relatively safe somnifacients (we know of no fatal case of acute trional
poisoning on record), when used continuously over
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long periods of time they give rise to serious forms
of intoxication. This generally starts with constipation and vague neurasthenic pains. In the fully
developed stage chronic sulfone poisoning is characterized by obstinate constipation with scaphoid
abdomen, cramp-like pains in the extremities, ataxia,
insomnia, and a peculiar discoloration of the urine
which ranges from a faint pinkish hue to a deep port
wine red. This discoloration is due to the presence of
a pigment known as hematoporphyrin, which is probably derived from decomposition of the blood. The
urine is also usually highly acid and may contain
albumin and tube casts. The prognosis in chronic
sulfone poisoning is always grave. In the treatment
it is essential to open the bowels as promptly as
possible; for this the most powerful purgatives are
usually required, and their action may be assisted by
high enemata. In order to hasten the elimination of
the poison large quantities of water should be administered, both by mouth and by hypodermoclysis.
The free use of alkalies has been recommended with
the idea of correcting the acidity of the system;
sodium bicarbonate may be added to physiological
salt solution for hypodermic injection. Symptom
treatment is rarely of any efficacy.
Because of the seriousness of the chronic poisoning
by these drugs they should never be continued uninter uptedly for more than a week.
Sulfonethylmethane may be administered as a
powder, mixed with water, or enclosed in a gelatin
capsule, [vj
The average dose is 0.75 Gm. (approximately 12
grains), once daily.
Storage. — Preserve "in well-closed containers." N.F.
VIII.
Sulfonmethane, N.F. VIII. Sulj onmelhanum .
Sulfonal. Sulphonal. (CHsh.CCSC^CoHsh- — This
substance, chemically diethylsulfondimethylmethane
or 2,2-bis(ethylsulfonyl) propane, is closely related
to, and used like, sulfonethylmethane (q.v.). Sulfonal
may be synthesized by first preparing mercaptol
(dithioethyldimethylmethane) by the interaction of
ethyl mercaptan (C2H5SH) and acetone in the presence of dry hydrogen chloride, then oxidizing the
mercaptol with potassium permanganate.
Description. — "Sulfonmethane occurs as white crystals, or as white powder. It is odorless and nearly
tasteless. A saturated aqueous solution of Sulfonmethane isneutral to litmus paper. One Gm. of Sulfonmethane dissolves in about 365 ml. of water, in
about 60 ml. of alcohol, in about 11 ml. of chloroform,
and in about 64 ml. of ether, at 25°. One Gm. dissolves in about 16 ml. of boiling water and in about
3 ml. of boiling alcohol. It is soluble in benzene.
Sulfonmethane
melts between 124° and 126°." X.F.
VIII.
Uses. — The physiological action of sulfonal is essentially similar to that of sulfonethylmethane but,
probably because of its low solubility, it is more
slowly absorbed and less readily eliminated. It is distinctly a more dangerous remedy than trional, especially when used repeatedly, [v]
The average dose is 0.75 Gm. (approximately 12
grains), once daily.
Storage. — Preserve "in well-closed containers." N.F.
VIII.
Sulfur Iodide. Sidjuris Iodidum, US.P. VIII.
BJ3. 1898. Sulfur Monoiodide. — This compound, made
by heating together 4 parts of iodine and 1 of sulfur,
corresponds approximately to the formula SI. For
method of preparation see U.S.D., 20th ed., p. 1628.
It occurs in brittle masses of a crystalline fracture
and a grayish-black, metallic luster, having the odor
of iodine and a somewhat acrid taste; it is almost
insoluble in water, very soluble in carbon disulfide.
Alcohol, ether, and solution of potassium iodide dis-
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solve the iodine, leaving the sulfur. Continued boiling
with water vaporizes all of the iodine, leaving about
20 per cent of sulfur as residue. On exposure to the
air, it gradually loses iodine.
Sulfur iodide has been employed as an external
remedy in various skin diseases, such as tinea capitis,
lupus, lepra, etc., applied in the form of ointment.
Ointment of sulfur iodide, formerly official in the
British Pharmacopoeia, was made by mixing together
1 part of sulfur iodide, 1 part of glycerin and 23
parts of benzoinated lard. Internally, it has been
used with alleged advantage in human glanders. (V)
Sumbul, N.F. VII. Musk Root. Radix Sumbul.—
"Sumbul consists of the dried rhizome and roots of
Ferula Sumbul (Kaufmann) Hooker filius, or of
other closely related species of Ferula possessing a
characteristic
musk-like odor (Fam. UmbeUiferce)."
X.F. VII.
Ferula Sumbul, a native of Central Asia and the
East Indies, is a large umbellifer, reaching a height
of 8 feet, and having a solid, cylindrical, slender
stem, which in the upper part gives origin to about
12 slender divaricate branches. The root-leaves are
2.5 feet long, with short, channeled, broadly dilated,
completely clasping petioles. They are triangular in
outline, tripinnate, with the alternate divisions fine.
The stem -leaves rapidly decrease in size until they
become mere sheathing bracts. The flowers are polygamous, the fruit about 0.5 inch long by 0.25 inch
wide; the mericarps oblong-oval, dorsally much compressed, thin, with three faint, thread-like, dorsal
ridges; no dorsal vittae, and commissural ones collapsed.
"Unground Sumbul. — In transverse segments, attaining alength of 10 cm. and a diameter of 7 cm.;
extremely light, floating in water; externally brown,
longtitudinally wrinkled and showing in the upper
portions a smooth, lighter-colored epidermal layer,
occasionally with the short stem-bases attached; fracture fibrous, spongy; internally pale brown to weak
yellow with darker to almost black resinous patches
frequently extending over the entire ends of the segments." NJ7. VII. For histology and description of
powdered sumbul see L.S.D., 23rd edition, p. 1063.
An analysis of sumbul by Heyl and Hart (Am. J.
Pharm., 1916, p. 546) showed, in addition to the
ordinary constituents of vegetable drugs, about 17
per cent of resinous matter (extracted with alcohol)
and 1 per cent of volatile oil. The resinous matter
consisted of a considerable proportion of a white,
acid resin which yielded upon hydrolysis vanillic acid
and an unidentified substance. From this resinous
matter was also separated a phytosterol, an unsaponifiable substance, C8H13O, and on saponification several fatty acids including angelic (sumbulic) , valerianic, butyric, etc. They also found traces of umbelliferone, both free and as a glycoside, and betaine.
Uses. — Sumbul was formerly supposed to have a
quieting influence on the nervous system and has
been used in the treatment of hysterical conditions.
By some it was believed to have an affinity for the
pelvic organs and it was widely employed in dysmenorrhea and allied disorders. There is, however,
no convincing evidence that it has any therapeutic
effect beyond that of a mild gastrointestinal stimulant; the drug has almost passed out of use.
Dose, from 1 to 2 Gm. (approximately 15 to 30
grains) .
Suppositories. — Suppositories are solids, of suitable size and shape, intended for insertion into one of
the orifices of the body, other than the oral cavity.
Most frequently they are to be introduced into the
rectum, vagina, or urethra but on occasion they have
been employed in the nose or ear. The term bougies
is sometimes applied to suppositories that are used in
the urethra, nose, or ear. Suppositories are employed
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when it is desired either to apply medication for a
local effect over the area with which the suppository
comes in contact, or to produce systemic effects when
for one reason or another the medication cannot be
given orally or fails to be absorbed normally following oral administration. Release of medication is
an obvious requirement for suppositories; this may
be achieved through melting of the suppository at
body temperature or through its ability to abstract
sufficient water from adjacent tissue either to dissolve or form a water-miscible dispersion.
Bases.— Though it is doubtful that in every specific
instance it is the best base, cacao butter continues
in the century-old tradition of being the most widely
used suppository base, particularly for rectal suppositories; its position is now seriously challenged by the
development of new bases. Its melting point, when
it has attained equilibrium, is slightly below normal
body temperature. If absorption of the medication
carried by the cacao butter base is desired, it would
appear that such absorption may be hindered by the
water-immiscible base acting as a barrier at the
absorbing surface. A complication with respect to
the use of cacao butter is that when it has been
melted and then solidified, the melting point is several
degrees lower than the equilibrium melting point, the
latter being attained only on standing for one or
more days; it is likely that a metastable form of
cacao butter of low melting point is at firs: produced,
this gradually changing to the stable form. The fallacy of basing conclusions concerning melting points
made on suppositories of cacao butter which have
not attained equilibrium is obvious. White wax or
spermaceti is often incorporated to raise the melting
point of suppositories made with cacao butter; it
often happens, however, that such suppositories may
melt below body temperature when first prepared
and fail to melt at that temperature several days later.
While other fatty bases have been investigated with
the objective of finding one superior to cacao butter,
the recent trend is toward the development of watermiscible bases. Glycerinated gelatin has long been
popular as a suppository base; specific suggestions
concerning its use are given below. Perhaps the most
notable advance in this field was the development by
Bird (/. A. Ph. A., 1937, 26, 475) of propylene glycol
a-monostearate, containing a small proportion of
sodium stearate or ethanolamine stearate, as a suppository base. Release of medication from this base
is not dependent on its melting, but rather on its
hydrophilic property, which results in diffusion and
absorption of water-soluble drugs, while insoluble
medicaments are emulsified and kept in intimate
contact with the tissue. Various polyethylene glycol
polymer formulations have been recommended for
use as water-soluble suppository bases. A base consisting of 1 part of Carbowax 1500 (polyethylene
glycol 1500) with 2 parts of Carbowax 6000 (polyethylene glycol 6000) was recommended by Gillham
and Tomlinson (Pharm. J., 1949, 162, 472). Hassler
and Sperandio (/. A. Ph. A., Prac. Ed., 1953, 14, 26)
found three formulas, yielding products of varying
water content and hardness, to be satisfactory: (1)
Carbowax 4000, 33 per cent; Carbowax 6000, 47 per
cent; water, 20 per cent; (2) Carbowax 1540, 33 per
cent; Carbowax 6000, 47 per cent; water, 20 per
cent; (3) Carbowax 1540, 33 per cent; Carbowax
6000, 47 per cent; polyethylene glycol 400, 20 per
cent. Pure grades of all these glycols should be used
to minimize irritation. Various combinations of
Tweens, which are interaction products of polyhydric
alcohols with sorbitol or mannitol stearate or other
fatty-acid esters containing at least 12 carbon atoms,
with one or more of such other substances as glyceryl laurate, the Carbowaxes, mineral oil, and cacao
butter, have been proposed. Such bases act by ab-
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stracting water from adjacent tissue to form oil-inwater emulsions which yield their medication to the
tissue. Still another type of water-miscible or watersoluble base, suggested by Davies (Pharm. J., 1950,
163, 347) utilizes methylcelluloses and sodium carboxymethylcellulose. For a comprehensive review of
the literature on all types of suppository bases, including an experimental evaluation of 67 bases, see
Gross and Becker (/. A. Ph. A., 1953, 42, 90, 96). In
a later publication these investigators reported development of a new water-soluble, high meltingpoint suppository base which allows complete release of medication in a short time; this base consists of polyoxyethylene 30 stearate (Myrj 51, Atlas
Powder Co.) in which 3 per cent of white wax, 5
per cent of water, and 0.5 per cent of Aerosol OT
(dioctyl sodium sulfosuccinate) are incorporated. The
base is compatible with most medicinals used in suppositories, although extremely hygroscopic salts, such
as sodium bromide, may cause liquefaction. Suppositories utilizing this base are prepared by fusion (for
further details see /. A. Ph. A., 1953, 42, 498).
Preparation. — Suppositories may be prepared by
melting a mixture of the base ingredients and pouring the melted mixture, in which is dispersed or dissolved the medication, into chilled molds. The temperature ofthe melted mixture should be only slightly
above its congealing point when it is poured into the
molds. Suppositories prepared with cacao butter or
other fatty base may also be made by mixing the
medicament with grated cacao butter and then compressing the mixture into molds, or kneading the
mixture into a mass which is rolled into a cylinder
and then cut into smaller pieces which are shaped by
hand. Preparation of suppositories by the cold process
has the advantage that the product is more likely to
be in stable equilibrium and to have its normal melting point.
Pharmacopeial Specifications
"The approximate weights of suppositories prepared with theobroma oils are given below. Suppositories prepared from other bases vary in weight and
generally are heavier than the weights indicated here.
Rectal Suppositories for adults are tapered and usually weigh about 2 Gm. each. Vaginal Suppositories
are usually globular or oviform in shape and weigh
about 5 Gm. each.
Theobroma Oil Suppositories. — "Suppositories
may be made with theobroma oil in the relatively
solid state by incorporating the medicinal substance
and working the homogeneous, plastic mass into the
desired shape by hand on a tile or by compression
using a suitable press. The fusion method of preparing theobroma oil suppositories involves incorporating
the medicinal substance in the oil which has been
melted by cautious heating. The desired shapes are
formed by pouring the melt into appropriately prepared, suitable molds and allowing it to cool.
"For suppositories containing chloral hydrate,
phenol, or other substances which soften the vehicle,
the melting point of the mixture may be raised by
the addition of a suitable proportion of spermaceti
or other suitable hardening agent. It is important
that the finished suppositories melt at body temperature.
"Preserve suppositories with theobroma oil base in
well-closed containers, preferably at a temperature
below
30°.
Glycerinated
Gelatin Suppositories. — "Suppositories may be made with glycerinated gelatin, by the
following process: The Medicinal Substance, the prescribed quantity; Purified Water, a sufficient quantity, to make 10 Gm.; Gelatin, granular, 20 Gm.;
Glycerin, 70 Gm. Weigh the medicinal substance into
a tared container, add purified water to make a total
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of 10 Gm., and dissolve or mix, depending upon the
solubility of the medicinal substance. Add the glycerin, and mix well. To the mixture add the gelatin,
mix carefully to avoid incorporating air, and heat
on a steam bath until the gelatin is dissolved. Pour
the melted mixture into chilled molds, and allow to
congeal.
"Two types of gelatin are recognized in this Pharmacopeia, and the proper type must be selected for
making suppositories containing certain drugs. Either
Type A or Type B gelatin is satisfactory for many
drugs, but in some instances one or the other type
gives better results. Type A gelatin is usually acid in
reaction and cationic in character. Type B gelatin is
less acid and, since its pH is usually somewhat above
its isoelectric point, it is anionic in character. A
recognition of these properties and resultant incompatibilities isessential both pharmaceutical^ and
therapeutically for best results with suppositories
using this base.
"Preserve glycerinated gelatin suppositories in tight
containers, preferably at a temperature below 35°."
For further information concerning glycerinated gelatin as a suppository base see Tice and Abrams, J. A.
Ph. A., Prac. Ed., 1953, 14, 24.
Polyethylene Glycol Bases. — "Suitable mixtures
of polyethylene glycols of various molecular weights
yield suppositories which are entirely soluble in water
and in the secretions of mucous membranes." US.P.
For further information concerning such bases see
above, in this article.
Surface-Active Agents. Surfactants. — Any substance which, when added to a liquid, lowers the
interfacial tension at any boundary of the liquid is a
surface-active agent or surfactant. The boundary or
interface may be between the liquid and a solid, between the liquid and another liquid, or between the
liquid and a gas, notably air. The class of surfaceactive agents includes substances commonly referred
to as wetting agents, surface tension depressants, detergents, dispersing agents, emulsifiers, penetrants,
solubilizers, leveling agents, cleaning agents, quaternary ammonium antiseptics, etc. These terms are by
no means synonymous, and a given surface-active
agent which is effective in one category is not to be
considered as necessarily having equal effectiveness
in the others. Reduction of interfacial tension is a
concomitant of emulsification, penetration and detergent action, for example, but it is not the sole factor
determining the effectiveness of these processes ; each
phenomenon is dependent upon other and different
variables.
Structural Characteristics. — A "wetting agent"
has been broadly denned as a substance which greatly
decreases the surface tension of water (Caryl, Ind.
Eng. Chem., 1941, 33, 731). Bartell {ibid., 1941, 33,
737) defined it as a substance which, if added to
water, will cause that liquid to give a higher degree
of wetting (to possess a lower interfacial tension)
against a contiguous phase than would be obtained
with pure water. The essential characteristics of a
wetting agent are that in its molecular or ionic structure there be a polar or hydrophilic group, and a
nonpolar or hydrophobic (or organophilic) group.
The hydrophilic group may be OH, COOH, SO3H,
SO4H, etc., exhibiting a strong affinity for or high
solubility tendency in water or the hydrophilic phase;
the hydrophobic group is generally a straight or
branched chain hydrocarbon exhibiting a strong affinity for or high solubility tendency in organic liquid
or the organophilic phase (see Snell, Ind. Eng. Chem.,
1943, 35, 107). These requisite structural characteristics may be incorporated into a nonionizing molecule
or into the cation or anion of an electrolyte, giving
rise to nonionic, cationic, or anionic agents, respectively. In good wetting agents the hydrophilic and
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hydrophobic characteristics are well balanced, resulting in the orientation of the agent at an interface
with reduction of the tension at that interface.
It is this reduction in interfacial tension which is
responsible, at least in part, for such phenomena as
emulsification, detergent action, penetration, etc. But,
as has been mentioned before, these processes are
generally dependent also on other variables. Emulsification, for example, is much more complex than an
instance of interfacial tension reduction (see Emulsions, Part II). Again, Williams, Brown and Oakley
{Wetting and Detergency, 1940) observed that there
was no regular connection between washing efficiency
and the extent of the reduction of the surface and
interfacial tension; they conclude that the only adequate measure of detergent efficiency is some form of
detergent test with a soiled surface such as a dirty
cloth. Still another illustration is the finding of several investigators that reduction of surface tension
and of interfacial tension is not necessarily a criterion
of good wetting power as observed by determining
the time required for a standard skein of gray cotton
yarn to sink in a solution of the wetting agent
{Drave's test). Also of importance is the statement
by Sluhan {Paper Trade Journal, August 22, 1940)
that a wetting agent is not necessarily a dispersing
agent, although some wetting agents do have some
dispersing power as a secondary nature. According to
him, there are relatively few true dispersing agents,
i.e., substances which promote separation or deflocculation of particles by overcoming the adhesive
forces between individual particles; furthermore, the
action of dispersing agents is specific, their effectiveness depending upon the particular system.
Development of Surfactants. — The best-known
and, next to the clays, the oldest wetting agent and
detergent is soap, which is of anionic type, the latter
having long been used in the textile industry for
these purposes in scouring and dyeing operations.
The disadvantages of soap, notably its alkalinity and
precipitation in hard waters, led to the early use of
sulfonated oils in the dyeing industry. Turkey red
oil, a partially neutralized product of the sulfonation
(actually a sulfation) of castor oil, is a wetting agent
that is still popular. The Twitchell process of catalyzing fat hydrolysis by the addition of a surface-active
substance made from naphthalene, oleic acid and
sulfuric acid was probably the basis for the development of many of the newer wetting agents. In 1916,
Reychler prepared and studied cetyl sulfonic acid
and its salts; in later years the esters and amides of
many sulfonated fatty acids appeared. Still more recently, the sulfuric esters of both fatty alcohols and
acids, especially as the sodium or amine salts, were
introduced. In addition to the many sulfonates and
sulfate derivatives, naphthenic acid soaps and carboxyl
derivatives of waste proteins have been utilized as
wetting agents. Hundreds of wetting agents have
been synthesized (see Ind. Eng. Chem., 1943, 35, 126;
1954, 46, 1913). Each of these possesses the essential
characteristics of a wetting agent as mentioned
above. Wetting agents, except those which are nonionic, vary in their effectiveness with the pH of the
medium, some being more effective in alkaline than
in acid solution, and vice versa. Temperature and
electrolyte concentration are also important variables
in determining the effectiveness of a given wetting
agent.
Uses. — The most powerful wetting agents yet described appear to be the esters of sodium sulfosuccinic
acid (see Caryl and Ericks, Ind. Eng. Chem., 1939,
31, 44; and Caryl, ibid., 1941, 33, 731). One of these,
the dioctyl ester of sodium sulfosuccinate, commercially available in pure form under the name of
Aerosol OT Dry, is officially recognized under the
title Dioctyl Sodium Sulfosuccinate (see in Part I).
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Jordon et al. {J.A.M.A., 1940, 115, 1001), finding
that soap and allied cleansers are important causes
of eczema of the hands, employed successfully another wetting agent, lauryl sulfoacetate, both in cakes
and in solution, as a detergent for patients allergic
to soap. They found 10 per cent of the ester in a
suitable vehicle to be as detergent as most toilet
soaps; in full strength this and similar compounds
are too detergent for the human skin, high concentrations producing excessive dryness through removal
of cutaneous fats. A certain number of patients undoubtedly will develop sensitization dermatitis from
prolonged use of these compounds; nevertheless, according to Jordon, they come closest to an ideal substitute for soap of anything that has yet been
developed (see also Schwarz, Pub. Health Rep., 1941,
56, 1788). From experiments with irium (sodium
lauryl sulfate, which is official under this title) and
lusterfoam (sodium lauryl sulfoacetate) Epstein and
Tainter (/. A. Dent. A., 1939, 26, 1461) concluded
that the alkyl sulfates were practically without systemic toxicity but were somewhat more irritating
locally than soap. On the other hand, Emery and
Edwards (J. A. Ph. A., 1940, 29, 254) concluded that
they are less irritating than soap.
Gershenfeld and Milanick (Am. J. Pharm., 1941,
113, 306) tested the antiseptic properties of several
surface tension depressants; they found that these
vary greatly with the pH of the solution, those in
which the detergent radical is anionic being bactericidal only in acid solutions while those in which the
cation is surface-active are highly bactericidal in
alkaline solutions. A large group of quaternary ammonium compounds, possessing surface-active cations,
also have pronounced antibacterial powers, sufficient
to make them useful as antiseptics. For discussions of
specific compounds in this class see Benzalkonium
Chloride, Benzethonium Chloride, and Cetrimide, in
Part I, and Cetyl Pyridinium Chloride, in Part II.
Possible internal use of certain of the alkyl sulfate
type of surface-active agents in the treatment of
peptic ulcer was suggested by the observations that
such substances inactivate pepsin and also stimulate,
in dogs, secretion of protective mucus by the stomach
wall. Sodium lauryl sulfate (see in Part I) was used
experimentally for this purpose though such use did
not materialize clinically. A nonionic surfactant,
polysorbate 80 (see in Part I), has found internal
medicinal use in promoting absorption of fats and
fat-soluble vitamins.
Nearly all of the commercially available wetting
agents are sold under coined names; in addition to
those mentioned above, the following are worthy of
note: Acidolate (a sulfated fatty acid), Aresket
(monobutyl-diphenyl sodium monosulfonate), Dreft
(a fatty alcohol sulfate), Drene (also a fatty alcohol
sulfate), the Duponols (fatty alcohol sulfates), the
Gardinols (fatty alcohol sulfates) , the Nacconols (sodium alkyl aryl sulfonates), Nusope (an alkali soap
of naphthenic acids), Santomerse (an alkylated aryl
sulfonate), Sulfatate (a sulfonated hydrocarbon),
Teel (a fatty alcohol sulfate), the Tergilols (sodium
or amine salts of higher primary or secondary alkyl
sulfates) , Ultrawet (an aromatic monosodium sulfonate), and Wetanol (a modified sulfated fatty acid
ester). A wide range of nonionic surfactants is available in the Spans and Tweens, which are discussed
under Polysorbate 80, in Part I. For a comprehensive
list of surface-active agents, their chemical composition, properties, uses and commercial sources, see
Ind. Eng. Chem., 1943, 35, 126; 1954, 46, 1913. For
similar data concerning nonionic surface active agents
see Chem. Eng. News, 1953, 31, 4521.
A number of substances which are officially recognized possess surface-active properties; those having
more or less pronounced surfactant action, and ob-
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tained by synthesis, are as follows: Cationic type —
Benzalkonium Chloride, Benzethonium Chloride,
Cetrimide; anionic type — Dioctyl Sodium Suljosuccinate, Sodium Lauryl Sulfate; nonionic type — Glyceryl Monostearate, Octylphenoxy Polyethoxyethanol,
Polyoxyl 40 Stearate, Polysorbate 80. Further information concerning these agents may be found under
the respective titles in Part I.
Certain wetting agents are used in commercial
paste, powder and liquid dentifrice formulations, and
some are employed in certain preparations for external application to improve the quality of the product or to enhance absorption when it is used; occasionally such an agent is used internally. Prior to any
medicinal use, whether external or internal, it is
imperative that a surfactant be submitted to thorough
pharmacological study, and in particular that its degree of toxicity be established.
Sympathomimetic Amines. — Definition. — The
term "sympathomimetic amines" implies a group of
basic compounds the general characteristic of which
is to mimic or act like the effects of stimulating the
sympathetic or thoracolumbar nerves to the organs of
the body. Barger and Dale recognized this similarity
and coined the term for these amines in 1910 (J.
Physiol., 1910, 41, 19). It was not until much later
that the concept of chemical mediation of nerve
impulses to the various organs was crystallized in
the work of Otto Loewi (Pfluegers Arch., 1921, 189,
239). He demonstrated that acetylcholine most closely
approximated the chemical mediator of the parasympathetic or craniosacral nerves to the various organs.
Cannon and Rosenblueth {Autonomic Neuroeffector
Systems, 1937, Macmillan) and Bacq (Ann. de
Physiol., 1934, 10, 467; L' acetylcholine et I'adrenaline, 1937, Masson, Paris) were in large measure responsible for the development of the concept of
sympathins E and / (E, excitatory; I, inhibitory) as
the chemical mediators of the sympathetic nerves to
the various organs. Noradrenaline (norepinephrine,
arterenol — see Levarterenol in Part I) and adrenaline
(epinephrine — see in Part I) were identified with the
sympathins, particularly sympathin E. More recent
progress in this field has indicated that the adrenal
medulla and the terminations of the thoracolumbar
division of the autonomic nervous system liberate
both adrenaline and noradrenaline (von Euler, Acta
physiol. Scandinav., 1946, 12, 73; Ergebn. d. Physiol.
Biol. Chem., 1950, 46, 261; Pharmacol. Rev., 1951, 3,
247; Biilbring and Burn, Brit. J. Pharmacol. Chemother., 1949, 4, 202; Gaddum and Goodwin, /. Physiol.,
1947, 105, 357; West, /. Physiol., 1947, 106, 418;
Brit. J. Pharmacol. Chemother., 1948, 3, 189). Thus,
the uncertainty as to which of these constituted the
sympathin E has been resolved to the satisfaction of
the proponents of both compounds.
Chemistry. — Compounds which may be classified
loosely as sympathomimetic amines include certain
alkylamines having a carbon chain of from 4 to 8
atoms, cycloalkylamines and arylalkylamines. Two
additional compounds fall more or less into this
NH2 et al., J.
category — these include Privine (Craver
Pharmacol., 1944, 82, 275), which is an imidazoline
derivative (see Naphazoline in Part I), and 5-hydroxytryptamine (Page, /. Pharmacol., 1952, 105, 58; Freyburger et al., ibid., 1952, 105, 80), which has been
isolated as the creatinine sulfate and identified as
the pressor substance in clotted blood.
The general structure of three categories of sympathomimetic amines may be represented by the following:
CH3-{CH2)4-CH-CH3
an alky
lam

ine
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an arylalkylamine

Examples of alkylamines having pressor activity include the naturally occurring isoamylamine, which
was identified at one time as the urohypertensine of
Abelous and Bardier (J. physiol. et path, gen., 1908,
10, 627). The sympathomimetic alkylamines include
Tuamine (see Tuaminoheptane in Part I) (Proetz,
Ann. Otol., Rhin. & Laryng., 1942, 51, 112; Boyd
et al, Arch. Otolaryng., 1946, 44, 166), Forthane (v.i.)
(Chen, Ann. Otol. Rhin. Laryng., 1948, 57, 287),
Oenethyl (v.i.) and Octin (v.i.). Except for the last
two of these several synthetic compounds, these
agents are used as volatile vasoconstrictors for the
relief of nasal congestion. Oenethyl is used in the
therapy of hypotension produced by spinal anesthesia
(Roman-Vega and Adriani, Anesthesiology, 1946, 7,
62), while Octin is marketed as an antispasmodic
agent (Pennington, /. Urol., 1945, 54, 486). Thus,
these compounds demonstrate both vasoconstrictor
(decongestant) and intestinal inhibitory (antispasmodic) action, which are the effects of sympathetic
stimulation to blood vessels and the intestinal tract.
In general, these alkylamines have the lowest order
of potency of the clinically useful sympathomimetic
agents (Beyer, Physiol. Rev., 1946, 26, 169).
Cycloalkylamines may be characterized by two
compounds on the market — N,a-dimethylcyclopentaneethylamine, identified as cydopentamine (v.i.) or
Clopane (Swanson and Chen, /. Pharmacol., 1948,
93, 423), and l-cyclohexyl-2-methylaminopropane or
Benzedrex (see Propylhexedrine in Part I) (Lands
et al., J. Pharmacol, 1947, 89, 382). As the base,
these compounds are volatile and are used principally as nasal decongestants. The order of biological
activity of compounds of this class is intermediate
between that of the alkylamines and the arylalkylamines.
The arylalkylamines were identified most closely
with sympathetic activity by Barger and Dale (/.
Physiol., 1910, 41, 19), who pointed out the 0phenylethylamine nucleus as being optimal for activity
in this series of compounds. The naturally occurring
sympathomimetic amines of this group include 6phenylethylamine, which may be formed in the intestinal tract by the decarboxylation of phenylalanine
(Barger and Walpole, J. Physiol, 1909, 38, 343);
tyramine, formed by the bacterial d3carboxylation of
tyrosine (Holtz, Ztschr. physiol. Chem., 1938, 251,
226) ; norepinephrine (Tullar, Science, 1949, 109, 536;
Holton, Nature, 1949, 163, 217); epinephrine; and
the botanically occurring ephedrine (see in Part I)
(Chen and Schmidt, Ephedrine and Related Substances, 1930, Williams and Wilkins, Baltimore) and
hordenine (v.i.) Rietschel, Arch. exp. Path. Phartn.,
1937, 186, 387).
The arylalkylamines may be classified (Beyer,
Physiol. Rev., 1946. 26, 169) in terms of the aromatic
nucleus as (1) phenyl, (2) monohydroxy phenyl or
methoxyphenyl and (3) dihydroxyphenylalkyl-amines.
The compounds may further be identified in terms
of the side chain as ethylamines and a-methyl-6ethylamines or isopropylamines. In general, these
compounds are either primary or secondary amines.
(1) The (3-phenyl-a-methylethylamines, or (3-phenyl-
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isopropylamines, include Benzedrine (see Amphetamine
in Part I) (Alles, J. Pharmacol, 1933, 47, 339; Ivy
and Krasno, War Med., 1941, 1, 15), Dexedrine (the
dextrorotatory form of amphetamine — see in Part I)
(Alles, U. Calif. Public, in Pharmacol, 1939, 1, 129;
Hawirko and Sprague, Can. Med. Assoc. J., 1946, 54,
26), ephedrine (Chen et al, J. Pharmacol, 1929, 36,
363; Ruben et al, Anesth. & Analg., 1949, 28, 45)
or racephedrine (see in Part I), Desoxyn (see Methamphetamine in Part I) (Haley, J. A. Ph. A., 1947,
36, 161; Yeakel and Seldon, Anesthesiology, 1948, 9,
605), Propadrine (v.i.) (Marvin, Anesth. & Analg.,
1944, 23, 45), Vonedrine (v.i.) (Warren et al., J.
Pharmacol, 1943, 79, 187), and Wyamine (see
Mephentermine in Part I) (Brofman et al, Am. Heart
J., 1952, 44, 396 ; Hingson et al., Am. Pract. Dig. Treat.,
1955, 6, 1). In general, these compounds are only
Vioo or less as potent vasoconstrictor agents as is
epinephrine when administered systemically. However, their duration of action on the whole is the
longest of the phenylethylamine derivatives and they
are absorbed when administered orally. (2) Hydroxyphenylethylamines include the wtfta-hydroxyphenylalkylamines, Neosynephrine (see Phenylephrine in
Part I) (Kreul and Orth, Anesthesiology, 1951, 12,
455) and Aramine (v.i.) (Beyer et al, Fed. Proc,
1951, 10, 281), and the />ara-hydroxyphenylalkylamines Synephrine (Lands et al, J. Pharmacol, 1947,
89, 297) (Sympatol), Paredrine (see Hydroxyamphetamine in Part I) (Iglauer and Molle, Am. Heart
J., 1943, 26, 247), and Paredrinol (Veritol) (v.i.)
(Kwiatkowski, J. Pharmacol, 1940, 69, 198). Of these
compounds, Aramine is the only one that resists
biological inactivation sufficiently to be useful when
administered orally. The meta-hydroxyphenylalkylamines are the most potent of the sympathomimetic
compounds that do not have a catechol nucleus (i.e.,
epinephrine, norepinephrine, etc.). These compounds,
in general, are Ho to ^20 as active systemically as is
epinephrine. The /><zra-hydroxyphenylalkylamines are
about Vio to Hoo as active as pressor agents as is
epinephrine. Orthoxine (v.i.) (Friedlaender and
Friedlaender, Ann. Allergy, 1949, 7, 683) and Vasoxyl
(see Methoxamine in Part I) (Nathanson and Miller,
Am. J. Med. Sci., 1952, 223, 270) are the only
methoxyphenylalkylamines that are generally available. The dihydroxyphenylalkylamines include norepinephrine, epinephrine, Corbasil (Cobejrine) (v.i.)
(Tainter et al., J. A. Dent. A., 1938, 25, 1321),
Epinine (v.i.) (Schumann, Arch. exp. Path. Pkarm.,
1949, 206, 164), Kephrine (v.i.) (J.A.M.A., 1942, 119,
987), Isuprel (see Isoproterenol in Part I) (Marsh
et al., J. Pharmacol, 1948, 92, 108), and Butanefrine
(v.i.) (Hartman, /. Allergy, 1946, 17, 106; Lands et
al, J. Pharmacol, 1950, 99, 45). These compounds
are the most potent and the least stable of the group.
Their potency and instability are attributable principally to the catechol (3,4-dihydroxy) nucleus.
These compounds range from approximately Ho to
twice as active as epinephrine (Lands, Pharmacol.
Rev., 1949, 1, 279). Norepinephrine is the most potent
pressor agent among the sympathomimetic amines.
Isuprel (Aludrine) is the most potent depressor or
vasodilator agent among the sympathomimetic amines
(Jacobsen and Gad, Arch. exp. Path. Pharm., 1940,
196, 34; Lands et al, J. Pharmacol, 1947, 90, 110).
Biosynthesis. — Perhaps the most important of
the recent work in the field of sympathomimetic
amines has been the identification of the chemical
mediator of the terminal sympathetic nerves with
epinephrine and norepinephrine. Von Euler (Acta
physiol. Scandinav., 1946, 12, 73; Ergebn. d. Physiol.
Biol. Chem., 1950, 46, 261; Pharmacol. Rev., 1951,
3, 247), Gaddum and Goodwin (/. Physiol, 1947,
105, 357), Biilbring and Burn (Nature, 1949, 163,
363; Irish J. Med. Sci., 1951, 308, 345) and others
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have shown that both epinephrine and norepinephrine
are secreted at the termination of these nerves and
that both compounds are present in the adrenal
medulla. Predominance of present evidence indicates
that in the synthesis of epinephrine one of the earlier
steps is the oxidation of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) (Beyer, Biosynthesis and
Metabolism of Phenylethyl (Pressor) Amines. Chemical Factors in Hypertension, Advances in Chem.
Series No. 2, 1950, p. 37-57). DOPA is decarboxylated in the body and the side chain is hydroxylated
to form norepinephrine (Holtz et al., Arch. exp.
Path. Pharm., 1938, 191, 87). In turn, norepinephrine
is transmethylated to yield epinephrine (Blaschko,
J. Physiol., 1942, 101, 337; Guirin and Delluva, J.
Biol. Chem., 1947, 170, 545; Bulbring and Burn,
Brit. J. Pharmacol. Chemother., 1949, 4, 245). Normally the adrenal medulla contains less than 10 per
cent of the pressor substance as norepinephrine
(Goldenberg et al., Science, 1949, 109, 534), the remainder being epinephrine. However, in the pheochromocytoma, which is a tumor of the adrenal
medulla, there appears to be a fault in the transmethylation ofnorepinephrine, for in these states it
appears in up to 90 per cent or greater of the pressor
content of the gland (Goldenberg et al., Am. J. Med.,
1948, 5, 792; Beyer et al., Ann. Int. Med., 1951, 35,
117).
Sites of Action. — The principal utility of sympathomimetic amines depends on their vasoconstrictor
activity. Most of these compounds, with the exception of Isuprel, Orthoxine, Butanephrine and norepinephrine, have been used at one time or other as
nasal decongestants. The most potent group of compounds employed for this purpose include Privine,
Neosynephrine and Aramine. These agents are employed in solution whereas the alkylamines and cycloalkylamines are sufficiently volatile to be used in
cartridge inhalers. Except for Neosynephrine and
Aramine, most sympathomimetic compounds produce
an increase in heart rate when administered in sufficient dosages to produce a cardiac effect. Thus, in
some patients these compounds may produce tachycardia or palpitation when administered as decongestants or systemically for the relief of asthma. The
potent sympathomimetic amines bearing a catechol
nucleus — epinephrine, norepinephrine, Cobefrine and
Epinine — are reported to produce the greatest incidence of cardiac arrhythmias when administered during cyclopropane or chloroform anesthesia (Orth et
al., J. Pharmacol, 1939, 67, 1 ; Meek, Harvey Led.,
1940, 36, 188). Neosynephrine and Aramine are the
potent vasoconstrictors of choice for combating acute
hypotension during surgery.
These compounds fall broadly into two classes for
the relief of asthma. In general, ephedrine, Propadrine
(Tainter, J.A.M.A., 1941, 116, 2769) and Orthoxine
(Schiller et al., New Eng. J. Med., 1949, 241, 231)
may be administered orally for the relief of asthma
and in the therapy of vasomotor rhinitis. However,
they are too weak to be used other than in the prevention, or mild relief, of congestion or bronchoconstriction. The sympathomimetic agents of choice for
the relief of severe attacks of asthma are epinephrine
and Isuprel (Segal and Beakey, Ann. Allergy, 1947,
5, 317; Bresnick et al., J. Clin. Inv., 1949, 28, 1182),
which must be administered either hypodermically or
by direct nebulization.
All of these compounds can be demonstrated in
the laboratory to inhibit intestinal motor activity and
thus to behave as antispasmodic agents. Their practical utility in this field is limited by their greater
effect on the cardiovascular system. Of the compounds, Octin is the only one claimed to be useful
as an agent for the relief of spasm of the gastrointestinal tract (Pennington, J. Urol., 1945, 54, 486).

Sympathomimetic

Amines

1889

A definite field of usefulness for some of the sympathomimetic agents is their ability to produce stimulation of the higher sensory areas of the brain. The
compounds most useful for the treatment of mild
depressive states or excessive drowsiness are the arylalkylamines such as methamphetamine (Proc. Mayo,
1943, 18, 262), amphetamine (Ivy and Krasno, War
Med., 1941, 1, 15) and ephedrine (Collins, Ann. Int.
Med., 1932, 5, 1289). The compounds which have
one or two hydroxyl groups on the aromatic nucleus
do not produce this type of central nervous system
stimulation (Novelli and Tainter, /. Pharmacol., 1943,
77, 325), although if administered in excessive
amounts
they may produce headache and nervousness.
Several of the compounds have been used successfully in the treatment of obesity. Agents of the
nature of amphetamine, ephedrine and Propadrine
tend to depress the appetite (Tainter, J. Nutrition,
1944, 27, 89) which, together with their ability to
decrease gastric motility or stomach emptying (Beyer
and Meek, Arch. Int. Med., 1939, 63, 752), tends to
diminish the patient's desire for food. Although these
compounds have some ability to increase basal
metabolic rate (Beyer, J. Pharmacol., 1939, 66, 318),
their utility in the field of obesity stems predominantly from their ability to decrease the desire of
the patient to eat excessively.
Because of their ability to mimic the action of
sympathetic innervation to the eye, the direct application of many of these compounds produces dilatation of the pupils and in some instances relaxation of
the ciliary musculature. Consequently, ephedrine has
been used for many years as a mydriatic agent (Chen
and Schmidt, Ephedrine and Related Substances, 1930,
Williams and Wilkins, Baltimore) , and amphetamine
is claimed to have a cycloplegic effect (Lierle and
Moore, Arch. Otolaryng., 1934, 19, 55).
Mode of Action. — It should be apparent that these
compounds must act directly on the organ involved,
since within the series the principal activity of the
individual compounds ranges from marked central
nervous system stimulation with euphoria to strong
vasoconstriction or bronchodilatation or antispasmodic effects. However, there are some investigators
of the opinion that these compounds act through inhibition of the biological inactivation of epinephrine
(Blaschko et al., Biochem. J., 1937, 31, 2187; Gaddum and Kwiatkowski, /. Physiol., 1938, 94, 87).
This potentiation of the local effect of epinephrine,
secreted by the termination of the sympathetic nervous system, as a principal mode of action of these
agents would seem to be inconsistent with the following facts. Some of the compounds that are inhibitors of epinephrine deamination are potent pressor
agents and others are equipotent vasodilator compounds. Still other related compounds that have
little or no demonstrable biological activity are among
the most active inhibitors of the enzymes responsible
for the destruction of epinephrine.
Oral Efficacy. — Oral efficacy of these amines is
determined by their refractoriness to inactivation in
the body (Beyer, Physiol. Rev., 1946, 26, 169). In
general, the compounds that are useful for oral administration are limited to the group of arylalkylamines wherein the amino-bearing side chain is isopropyl or secondary butyl and where the aromatic
nucleus has its hydroxy or methoxy substitution in
the meta or ortho position. These compounds include
ephedrine, Propadrine, amphetamine, Wyamine, Aramine and Orthoxine. Those agents that have the
amino group on the terminal carbon atom of the side
chain are deaminated in the body (Blaschko et al.,
Biochem. J., 1937, 31, 2187; Richter, Biochem. J.,
1938, 32, 1763), hence are not systemically active
when administered orally (Beyer, Physiol. Rev., 1946,
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26, 169). The drugs that have a para-hydroxy or a
catechol nucleus are inactivated by conjugation of
the aromatic nucleus (Richter, J. Physiol., 1940, 98,
361; Beyer and Shapiro, Am. J. Physiol., 1945, 144,
321), and by deamination in those instances where
the amino group is on the terminal carbon atom of
the side chain (Alles and Heegaard, J. Biol. Chem.,
1943, 147, 487; Beyer, J. Pharmacol, 1943, 79, 85;
Blaschko, Pharmacol. Rev., 1952, 4, 415). Duration
of action of the compounds and efficacy are influenced by the lability of these agents to biological
inactivation. Thus, the arylalkylamines and the metahydroxy or orJ/ro-methoxy phenylalkylamines mentioned above have a prolonged duration of action in
the body. Those compounds that have one hydroxyl
group in the para position are intermediate in their
duration of action, and the compounds that bear a
catechol nucleus in general have the shortest duration of action (Bacq, J. Pharmacol., 1949, 95, 1).
Toxicity. — In general, the alkylamines and the
arylalkylamines that do not have a substituent in
the nucleus are the least toxic compounds from the
standpoint of their lethal dosage to laboratory animals. The more pharmacodynamically active the
compound the lower the dosage necessary to kill laboratory animals. However, the therapeutic ratios for
these compounds are so great that their only noteworthy "toxicity" is referable to the primary and
secondary pharmacodynamic effects of the agents.
Thus, those compounds that are used to relieve
drowsiness are most apt to produce insomnia or excitement. The drugs that are most potent vasoconstrictors are more likely to cause headache or palpitation. Overdosage may be treated by discontinuation
of the drug and symptomatic (usually sedative)
therapy.
Further information on the compounds discussed
in this section appears elsewhere in the Dispensatory.
In Part I may be found the following: amphetamine
sulfate and phosphate (Benzedrine), dextroamphetamine sulfate (Dexedrine), ephedrine and its hydrochloride and sulfate, epinephrine and its hydrochloride and bitartrate (Adrenalin), hydroxyamphetamine hydrobromide (Paredrine), isoproterenol hydrochloride (Isuprel), levarterenol bitartrate (Levophed),
mephentermine sulfate (Wyamine), methamphetamine
hydrochloride (Desoxyn), methoxamine hydrochloride (Vasoxyl), naphazoline hydrochloride (Privine),
phenylephrine hydrochloride (Xeosynephrine), propylhexedrine (Benzedrex), racephedrine hydrochloride and tuaminoheptane sulfate (Tuamine). Further
information on certain non-official compounds follows.
Non-official Sympathomimetic

Amtxes

Cobefrine. Corbasil. I so -adrenaline. — This substance, 3,4-dihydroxyphenylaminopropanol, was formerly on the market ; it is isomeric with epinephrine,
differing only in that a methyl group is attached to
the carbon instead of the amino radical. It has potent
vasopressor and cardiac stimulant action. It is a weak
bronchodilator. The hydrochloride has been widely
used as a vasoconstrictor with infiltration anesthesia.
Tainter et al. (J. A. Dent. A., 1938, 25, 1321) concluded, however, that it had no advantages over
epinephrine for this purpose.
Cyclopextamlve Hydrochloride, N.N.R. Clopane
Hydrochloride (Lillv). l-Cyclopentvl-2-methvlaminopropane hydrochloride. C5H9.CH2.CH(CH3).NHCH3.HC1. — This substance occurs as a white, crystalline
powder, odorless, bitter; readily soluble in water,
alcohol and chloroform. Structurally it differs from
methamphetamine in having the saturated cyclopentyl group replacing the benzene ring of methamphetamine.
The agent was first investigated for its pharmaco-
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dynamic effects by Swanson and Chen (/. Pharmacol.,
1948, 93, 423). By virtue of the difference in the
nucleus, this compound has a lower order of pressor
or vasoconstrictor action than either the phenyl or
phenolic alkylamines (v.s.). Cyclopentamine is
claimed to have less central stimulating action than
ephedrine, the action of which in turn is less than
that of either amphetamine or methamphetamine
(Swanson and Chen, loc. ch.).
The compound has been employed both topically as
a 0.5 per cent solution for the relief of nasal congestion and parenterally for its mild pressor action. In
their clinical experience with this agent in 56 cases of
spinal anesthesia, Johnson and Couble (Anesth. &
Analg., 1953, 32, 66) reported a good pressor response
in approximately 84 per cent of the patients.
Dose. — The 0.5 or 1 per cent solution may be administered intranasally by spray, tampon or dropper,
according to the individual needs and responses of
the patient. Intramuscularly, a 25-mg. injection of
cyclopentamine may be employed prior to spinal
anesthesia or surgery. Intravenously, slow injection
of 5 to 10 mg. may combat a rapid fall in blood
pressure.
Clopane hydrochloride is available in 0.5 and 1 per
cent solution, preserved with 1:50,000 of phenylmercuric nitrate, and in 1-ml. ampuls containing 25 mg.
Ephetonal. Aminophenyl - meth vlaminopropanol.
XH2.C6H4.CH(OH).CH(NHCH3).CH3. — This is
closely related to ephedrine, differing from it only in
the presence of an amino radical attached to the
phenyl ring. Schilling and Kopp (Deutsche med.
Wchnschr., 1932, 58, 1399) found that doses of 100
mg. in human beings caused a rise in blood pressure
which was somewhat smaller but more lasting than
seen after epinephrine. Although Schnetz (Med. Klin.,
1934, 30, 644) believed that the introduction of the
amino group increased the bronchodilating effect of
ephedrine, in the experiments of Cameron and Tainter
it was quite unreliable for this purpose. It has been
used in the form of the hydrochloride. It is not available at present.
Epentnx (Burroughs Wellcome), 3,4-Dihydroxyphenylethylmethylamine. (OH)2-C6H3.CH2.CHo.XHCH3. — This differs from epinephrine in lacking a
hydroxyl in the side chain. Although much weaker
than epinephrine, it has a strong vasomotor effect. It
is a good bronchodilator, but requires, in proportion
to its vasomotor action, relatively large quantities.
Like cobefrine and epinephrine, its effects on the circulation are greater in depressed conditions. Both the
base and the hydrochloride are more stable in solution than epinephrine. Epinine was applied in about
10 times as concentrated solutions as epinephrine. It
is not available at present.
Ethylnoreplnephrlxe Hydrochloride. Ethylnorsuprarenin Hydrochloride. Butanejrine Hydrochloride (Winthrop-Stearns). C10H15XO3HCI. — This
sympathomimetic amine, originally synthesized in the
laboratories of the I. G. Farbenindustrie-Hoechst
in Germany, is 2-amino-l-(3,4-dihydroxyphenyl)-lbutanol hydrochloride (for preparation see Suter
and Ruddy, J.A.CS., 1944, 66, 747) ; the base differs
from norepinephrine (see structure under Levarterenol
Bitartrate) in the replacement of a hydrogen at the
terminal carbon atom by an ethyl group. The hydrochloride occurs in water-soluble crystals.
The pharmacology of the substance was reported
by Tainter et al. (Arch, internat. pharmacodyn.
t'herap.,
1933,81,46,
192;TheJ. Pharmacol.,
1934,the51,power
371;
ibid.,
1944,
269).
compound lacks
to raise systolic blood pressure like epinephrine, but
rather lowers the diastolic pressure and increases the
pulse rate; therefore, it causes an increase in pulse
pressure and presumably in the volume flow of blood,
without a proportionate rise in cardiac work. In ani-
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mals, ethylnorepinephrine is approximately ^20 as
toxic as epinephrine when measured by fatal effect
following intravenous injection, and does not cause
excitation of the central nervous system.
Hartman (Ann. Allergy, 1945, 3, 366) found that
1 mg. of ethylnorepinephrine, subcutaneously administered, gave relief comparable to that obtained
with O.S mg. of epinephrine in patients with asthma
of extrinsic origin. Angina and nausea did not develop
after treatment with ethylnorepinephrine and the
incidence and severity of tremor and nervousness were
reduced. Bubert and Doenges (Bull. Sch. Med. Univ.
Maryland, 1946, 31, 12) administered intramuscularly from 1 to 4 mg. of ethylnorepinephrine to 40
patients with bronchial asthma; they reported it to
be a valuable antiasthmatic agent, particularly for
children and for patients suffering with hypertension.
They also gave it intravenously, in doses up to 10
mg., with complete safety. Hartman (J. Allergy, 1946,
17, 106) found inhalation of a nebulized 2 per cent
solution of ethylnorepinephrine to be not as frequently effective as nebulized 1 per cent solution of
epinephrine in treating patients with uncomplicated
extrinsic asthma; the former drug, however, did not
cause undesirable upper respiratory tract reactions,
whereas epinephrine caused ulceration of the tonsils
and vocal cords, chronic ulcerative pharyngitis, etc.
Dose. — The average adult subcutaneous or intramuscular dose is 1 ml. (2 mg.) ; for children, depending on age, the dose may range from O.S to 0.8 ml.
(1 to 1.6 mg.). It may be administered intravenously
only in emergencies, taking from 7 to 10 minutes for
the injection of from 0.5 to 2.5 ml. (1 to 5 mg.).
Butanefrine hydrochloride is available as a 0.2 per
cent sterile solution.
Hordenine. />-Hydroxyphenylethyl-dimethylamine.
OH.C6H4.CH2.CH2N(CH3)2.— This substance was
isolated by Leger from malted barley. Riestchel (Arch,
exp. Path. Pharm., 1937, 186, 387) found that hordenine, which is intermediate in structure between
epinephrine and ephedrine, exhibits all the actions of
epinephrine. Jackson (/. Pharmacol., 1914, 4, 491)
recommended it for bronchial asthma. It is not commercially available at present.
Isometheptene. Odin (Bilhuber-Knoll) . 6-Methylamino-2-methylheptene. Methylisooctenylamine. CgH15NH.CH3. — This is a colorless oily liquid with a
characteristic odor, insoluble in water but freely so
in alcohol. Octin hydrochloride and mucate are employed in the available dosage forms.
Isometheptene exerts certain physiological actions
which are suggestive of the adrenergic group. It
causes, according to Gruber (J. Pharmacol., 1936, 56,
284), a moderate but prolonged rise in blood pressure
which is apparently due both to increased heart
action and to some constriction of the arteries and
relaxation of the intestinal muscles. Ahlquist (/. A.
Ph. A., 1943, 31, 151; /. Pharmacol., 1945, 85, 283)
reported that repeated dosage produces decreasing
pressor response and increasing preliminary pressure
drops. Gruber also reported that it contracts the excised uterus of the rabbit and of the cat. Mitchell
(J. Pharmacol., 1937, 59, 86), however, found that
the action on the uterus is somewhat irregular.
Isometheptene has been recommended for use as a
smooth-muscle spasmolytic in the treatment of vesical
and ureteral spasms, in hyperirritable ureters, in
spastic dysmenorrhea, in ureteral colic due to calculi,
and in spasm following cystoscopic examinations and
pyelography (Jackson, J. A.M. A., 1936, 106, 357;
Pennington, /. Urol., 1945, 54, 486). This agent has
also been reported to be of value in the relief of
migraine headache and of headache following spinal
tap (Peters and Zeller, Proc. Mayo, 1949, 24, 565;
Pantalone and Thomas, Anesth. & Analg., 1952 31,
69).
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Dose. — The recommended oral dose for adults is
130 mg. of the mucate or 15 to 20 drops of a 10 per
cent solution of the hydrochloride with half a glass
of water every 3 to 5 hours. Also, 1 ml. (97 mg.)
may be administered subcutaneously or intramuscularly (not intravenously).
Octin is available as a 10 per cent oral solution
and in 1-ml. ampuls of the hydrochloride, also in
130-mg. tablets and 250-mg. rectal suppositories as
the mucate.
Kephrine Hydrochloride, N.N.R. 1946 (Winthrop). Methylaminoacetocatechol hydrochloride; 1(ra-/>-dihydroxyphenyl ) - 1 -keto - 2 - methy laminoethane
hydrochloride. (OH) 2C6H3.COCH2.NH.CH3HCI.—
Kephrine differs in its chemical structure from epinephrine in that it possesses a ketone group in the
place of the secondary alcohol. Its vasoconstricting
action is somewhat less powerful than epinephrine
but more durable. Kephrine was used as a local remedy to control bleeding, either as a dusting powder
containing 5 per cent of Kephrine in a calcium phosphate base, as bandages or gauze impregnated with
it, or in suppositories containing Kephrine and extract of belladonna. It is not available at present.
Metaraminol Bitartrate. Aramine (Sharp &
Dohme). Levo - 1 -(m-hydroxyphenyl) -2 -amino- 1propanol. — The general pharmacologic effects of this
compound have been described by Peck et al. (J.
Pharmacol., 1951, 103, 356). Metaraminol is one of
the more potent pressor amines among the sympathomimetic agents, being somewhat less active as
a vasoconstrictor than is phenylephrine, to which it
is comparable in many respects. However, the compound has a greater order of metabolic stability, because of the refractoriness of the isopropylamine side
chain to deamination in the body (Wiebelhaus and
Wilhoyte, Fed. Proc, 1951, 10, 345).
Clinically, the indications for the use of this compound are primarily those of a nasal decongestant,
in which case it is employed as a 0.25 and 0.5 per
cent solution (Taylor, Arch. Otolaryn., 1952, 56, 213).
As a systemic vasopressor agent in normal subjects,
Madonia and his associates (N. Y. State J. Med.,
1954, 54, 1491) found it to compare favorably with
epinephrine and phenylephrine and, in addition, to
have a more sustained duration of action. Importantly, this compound may be administered subcutaneously or intramuscularly without producing local
tissue ischemia sufficient to cause sloughing, such as
has been reported to follow the extravasation of norepinephrine around its site of intravenous administration. Sarnoff and his associates (Circidation, 1954,
10, 84) reported that metaraminol produces an increase in cardiac function out of proportion to its
peripheral vasoconstrictor action and have suggested
its use clinically in cardiogenic shock. This observation and this clinical application have been confirmed
and reported by Moyer and Morris (Postgrad. Med.,
1954, 16, 287). The satisfactory symptomatic use of
metaraminol as a pressor agent to maintain adequate
blood pressure during spinal anesthesia has been reported by Poe (Anesthesiology, 1954, 15, 547). Moyer
et al. (Circidation, 1954, 10, 265) found that when
this agent was administered to patients who were
acutely hypotensive, it caused an increase in cerebral
blood flow. This same group also reported that during the prolonged continuance of its vasopressor action
there was little or no evidence of renal vasoconstriction (Livesay et al., Am. Heart J., 1954, 47, 745).
There are no unusual contraindications to the use of
metaraminol other than those that would attend the
severe elevation of blood pressure following frank
overdosage of the agent.
Dose. — The compound is employed topically as a
nasal decongestant in concentrations of 0.25 and 0.5
per cent. It may be administered by venoclysis or
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parenterally in amounts of 5 to 10 mg. symptomatically. It is available as a 0.25 per cent solution.
Methadren. 3,4-Dihydroxyphenyl-dimethylaminoethanol hydrochloride; N-methyl epinephrine hydrochloride.— This compound differs in its chemical formula from epinephrine in the presence of one more
methyl group in the side chain. According to Stutzman and Orth (/. Pharmacol., 1940, 69, 1) the
effects of methadren are essentially similar to those of
epinephrine except that it requires from 25 to 50
times as large a dose for the same degree of action,
that it has little effect on glycogen mobilization and
that it does not produce the vasomotor reversal of
ergotamine. It was used as a vasoconstrictor in conjunction with local anesthetics. It is not available at
present.
Methoxyphenamine Hydrochloride, N.N.R. Orthoxine Hydrochloride (Upjohn). 2-(o-Methoxyphenyl)isopropvlmethvlamine hvdrochloride. CH3O.C6H4.CH2CH(CH3)\HCH3.HC1.— This substance is
a white, crystalline powder, odorless and bitter; it
is freely soluble in water, alcohol and chloroform. A
5 per cent solution has a pH between 5.3 and 5.7.
On oral administration the action of this drug on
the bronchi resembles that of ephedrine, but it does
not produce central nervous system stimulation, increased blood pressure or pulse rate, or digestive disturbances (Friedlaender and Friedlaender, Ann.
Allergy, 1949, 7, 683; Schiller et al., New Eng. J.
Med., 1949. 241, 231; Curry et al, J. Allergy, 1949,
20, 104; Wittich, Ann. Allergy, 1948, 6, 664). It is
better tolerated than ephedrine, but in large doses it
may cause nausea. It is used in bronchial asthma
particularly (Ogden and Cullick, Ann. Allergy, 1952,
10, 335), but also in other allergic disorders in a
dose of 100 to 200 mg. every 4 hours, by mouth.
Relief appears in about 30 minutes and persists for 3
to 4 hours. Severe asthmatic attacks are not benefited.
Dose. — Orally, 50 to 100 mg. repeated at 4-hour
intervals results in symptomatic improvement within
5 to 30 minutes in the majority of cases. If needed,
200 mg. is ingested. For children, y2 to 1 teaspoonful
of a syrup containing 10 mg. per ml. is recommended.
Orthoxine hydrochloride is available in 100-mg. tablets and a 1 per cent syrup preserved with 0.1 per
cent methylparaben.
Methylaminoheptane Hydrochloride. Oenethyl
Hydrochloride (Bilhuber-Knoll). 2-Methylaminoheptane hydrochloride. — This amine is a clear, colorless,
volatile liquid, sparingly soluble in water, and forming salts with organic or inorganic acids. The studies
of Jackson (/. Lab. & Clin. Med., 1944. 29, 150) and
of Roman-Vega and Adriani (Anesth. & Analg., 1944,
23, 248) have demonstrated the drug to have a vasopressor action similar to. but more prolonged than
that of, epinephrine; they used the hydrochloride in
their studies. They employed the drug to combat hypotension in 700 patients (South. M. J., 1945, 38,
635) undergoing surgery under spinal anesthesia;
successful results were obtained in 95 per cent of the
cases. Intramuscularly, the average effective dose was
75 to 100 mg.; the intravenous route was safer when
circulatory depression was severe or appeared suddenly and in such cases the dose was reduced to 10
to 50 mg., given in divided doses of 10 mg. with at
least Yi minute between each injection. Rapid intravenous administration or administration of the entire dose was frequently followed by an excessive
rise in blood pressure; temporary disturbance of
cardiac rhythm also occurred. Onset of the pressor
effect was observed in 2 to 5 minutes after intramuscular injection and 2 to 3 minutes after intravenous
administration. Ahlquist (J. Pharmacol., 1945, 85,
283) reported that repeated dosage produces in dogs
a depressor response. Side reactions such as nervousness, palpitation, headache, dizziness, sweating, etc.,
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were not common. In therapeutic amounts, the drug
does not appear to have any direct stimulating or
depressing action upon the central nervous system.
Dose. — For prophylaxis, 1.5 to 2 ml. (75 to 100
mg.) of the agent may be administered intramuscularly. In the presence of depressed blood pressure, the
compound may be given intravenously in doses not
to exceed 1 ml. (50 mg.) slowly with continuous
check on blood pressure changes.
It is available as a 5 per cent solution in 1 and 2
ml. ampuls and 10 ml. vials.
Methylhexaneamine, N.N.R. Forthane (Lilly).
1,3-Dimethvlamylamine. 2-Amino-4-methylhexane.
CH3CH2CH(CH3)CH2CH(CH3)XH2.— This amine
is a colorless to pale yellow liquid with an ammonialike odor; it is very slightly soluble in water, but
readily soluble in alcohol, chloroform and ether.
This volatile sympathomimetic amine is used as an
inhalant lor its local vasoconstrictor action on the
nasal mucosa, the treatment producing temporary
relief of nasal congestion. The systemic toxicity of
methylhexaneamine in animals is greater than that of
ephedrine and less than that of amphetamine.
The drug is supplied in individual inhaler dispensers containing methylhexaneamine carbonate
equivalent to 250 mg. of base, also 32 mg. of menthol. Inhalation of the amine has little or no effect
upon the pulse rate or blood pressure of adult humans; the drug should be discontinued if headache,
nervousness, mental stimulation, or tremors develop.
Dose. — One or two inhalations through each nostril
are usually sufficient, and may be repeated at intervals of y2 hour or more.
ci-Methylisoheptylamine. 2- Amino-6 -methvlheptane. CH3CHXHoCHoCH2CH2CH(CH3)2— This is
a clear, colorless, volatile liquid, slightly soluble in
water. On inhalation, the product produces within a
few seconds a shrinkage, anesthesia and analgesia of
the mucous membrane of the upper respiratory tract;
the effect persists for 1 to 3 hours. It is claimed that
it is not centrally stimulating or pressor in therapeutic
doses. It was the active ingredient in Eskay's Oralator
(Smith, Kline & French), a tube designed for oral
inhalation in the control of cough. It is not available
at present.
Nethamjne Hydrochloride (Merrell). N-Ethylephedrine hydrochloride. Z-l-Phenyl-2-methyl-ethylaminopropan-1-ol hydrochloride. — This N-ethyl derivative of ephedrine hydrochloride is soluble in
water and alcohol; solutions are not decomposed by
fight and air. Becker et al. (J. Pharmacol., 1941, 72,
3. 44) reported action similar to ephedrine but quantitatively weaker on the circulation than on the
bronchi and less stimulating to the central nervous
system. Friedman and Cohen {Northwest. Med., 1943,
42, 138) reported efficacy in asthma equal to that
of ephedrine without the nervous and circulatory
side effects. Oral doses of 80 to 200 mg. were employed daily. It is available in combination with
acetophenetidin and acetylsalkylic acid (Nethacetin,
Merrell) for use in dysmenorrhea, urticaria and hay
fever.
Phenylpropanolamine Hydrochloride, NAJi.
Propadrine Hydrochloride (Sharp & Dohme). Mydriatin. Norephedrine Hydrochloride. l-Phenyl-2-aminopropanol hydrochloride. C6H5CH(OH).CH(NH2).CH3.HCI. — This white, crystalline powder, with an
odor resembling that of benzoic acid, is freely soluble
in water and in alcohol, and insoluble in chloroform
and ether. Aqueous solutions are neutral to litmus.
The base differs from amphetamine in having a
hydroxyl group in the side chain; it occurs naturally
in species of ephedra, also in Catha edulis.
Phenylpropanolamine is slightly less active than
amphetamine in its effects on the circulation and
apparently has little if any psychic stimulative action.
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Despite the findings of Tainter that it possesses no
bronchodilating powers, it has been employed by
Boyer (/. Allergy, 1938, 9, 509) and others in the
treatment of asthma and other allergic conditions
with considerable benefit. The advantages claimed for
it are that it can be taken by mouth without producing the nervous symptoms characteristic of amphetamine, and with no other unpleasant symptoms.
Hirsh (/. Med., 1939, 20, 84) reported that it is useful to kill the appetite in the treatment of obesity, as
it does not produce nervous disturbances. Phenylpropanolamine also has been recommended for use in
combating fall in blood pressure during surgery in
which spinal anesthesia is employed (Lorhan and
Mosser, Ann. Surg., 1947, 125, 171; Harder, Deut.
Med., 1951, 2, 433). Locally, in strengths of about
1 per cent, the agent is used to shrink the mucosa in
rhinitis.
Dose. — The recommended oral dose is 25 to 50 mg.
administered at 3- to 4-hour intervals as indicated.
Topically, as a 1 to 3 per cent jelly or solution, the
agent may be instilled or used in an atomizer every
2 to 3 hours. In overcoming hypotension in surgery,
1 ml. (50 mg.) may be administered intramuscularly
or intravenously slowly. Propadrine hydrochloride is
available in a 1 and a 3 per cent solution preserved
with 0.5 per cent chlorobutanol, an elixir containing
4 mg. per ml., and 25- and 50-mg. capsules.
Phenylpropylmethylamine, N.N.R. Vonedrine
(Merrell). Racemic l-Methylamino-2-phenylpropane.
— This base is a colorless to pale yellow liquid, slightly
soluble in water; aqueous solutions are alkaline.
Warren et al. (J. Pharmacol., 1943, 79, 187) reported
that Vonedrine affects the circulatory system and
bronchi in about the same manner as amphetamine,
but that it is less actively mydriatic and has almost
no exciting effect on cerebration. It is employed as
a volatile vasoconstrictor for use in nasal congestion;
the drug is available in inhalers containing 250 mg.
of base, with aromatics.
Phenylpropylmethylamine Hydrochloride, N.N.R.,
available as Vonedrine Hydrochloride (Merrell) is
prepared by dissolving the base in an aqueous solution of hydrochloric acid; the salt is not isolated from
solution. The solution has a pH of 5.5 to 6.5. A 2.8
per cent solution is applied topically to the nasal
passages in doses of 5 to 10 drops; the solution also
contains 0.02 per cent of cetylpyridinium chloride,
and is preserved with 0.05 per cent of methylparaben
and 0.01 per cent of propylparaben.
Tetrahydrozoline Hydrochloride. Tyzine Hydrochloride (Pfizer). — Tetrahydrozoline, which is 2(1,2,3,4-tetrahydro-l-naphthyl) imidazoline, is structurally most closely related to naphazoline (q.v.)
which has the structure of 2-(l-naphthylmethyl)imidazoline. Hutcheon et al. (J. Pharmacol., 1955,
113, 341), in experiments on animals, found the
former to be an active vasoconstrictor with pressor
activity of relatively prolonged duration. In contrast
to amphetamine it prolonged sleeping time of mice
under pentobarbital anesthesia. In rats and mice it
was found to be less toxic than naphazoline. The
prolonged vasoconstriction upon local application of
solutions of tetrahydrozoline, the lack of evidence of
absorption when thus used, and the low degree of
local irritation and systemic toxicity indicated to
these investigators the possible utility of the substance
as a nasal decongestant or adjunct for local anesthesia. Wider clinical use indicated that these nose
drops exerted a sedative effect on some infants (under
2 years of age). Sleep was usually of short duration
and did not persist following discontinuation of the
drug.
Tyzine hydrochloride is available as a 0.1 per cent
solution for instillation of about 2 drops in each
nostril every 4 hours as required.
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Tyramine. Phenolethylamine. Tyrosamine. CeHjOH.CH2.CH2.NH2.— This base, which first attracted
attention many years ago as one of the active constituents of ergot, is now manufactured synthetically.
It is much weaker and slower in its vasomotor effects
than epinephrine (Meyer and Eckers, Arch. exp.
Path. Pharm., 1938, 189, 200), but its effects on the
heart are relatively well marked. It was used, chiefly
as a hydrochloride (tocosine, uteramine), in the
treatment of various forms of circulatory collapse
(Hewlett and Kay, J.A.M.A., 1918, 70, 1810) and
occasionally to stimulate the uterus during labor.
Tainter (/. Pharmacol., 1926, 30, 163) claimed its
action on the circulation was myogenic rather than
neurogenic. Barbour (/. Pharmacol., 1920, 15, 305)
has shown that tyramine also exerts a stimulating
action on the respiratory center. The dose was from
20 to 60 mg. (approximately Yz to 1 grain). It is
not available at present.
Veritol. Paredrinol. Pholedrine. />-Hvdroxyphenylisopropylmethylamine. HO.C6H4.CH2.CH(CH3) .NHCH3. — This compound is isomeric with ephedrine,
the difference being that the hydroxyl group is attached to the benzene ring rather than being part of
the side chain. Kwiatkowski (/. Pharmacol., 1940,
69, 198) found that the action of Veritol is more
nearly like that of ephedrine than of epinephrine.
Meyer and Spiegelhoff {Klin. Wchnschr., 1937, 16,
1342) reported that 0.6 ml. of a 2 per cent solution
of the hydrochloride caused in humans a rise of blood
pressure reaching a maximum of about 50 mm., gradually returning to normal in about 15 minutes; after
twice this dose the pressure remained above normal
for 50 minutes. Veritol has been quite largely used,
in Europe, as a stimulant in circulatory failure, in
doses of 20 to 30 mg. intramuscularly, also for hypotension during anesthesia (Landau et al., Lancet, 1942,
2, 210). Stead and Ebert (Am. J. Med. Sc, 1941,
201, 396), however, reported it to be clinically inefficient. The drug is not currently available in the
U.S.A.
Symphytum. Symphytum officinale L. Comfrey.
Blackwort. Radix Symphiti. Radix Consolidce Majoris. — A perennial, European herb often cultivated.
Its root is spindle-shaped, branched, often more than
2.5 cm. thick, and 3 dm. long, externally smooth and
brownish-black, internally white, fleshy, and juicy.
On drying it becomes wrinkled, of a firm, horny texture, and of a dark color within. It is almost inodorous, and has a sweetish, mucilaginous, feebly astringent taste. Titherley and Coppin (1912) found 0.8
per cent of allantoin in the rhizome, Greimer (Arch.
Pharm., 1900, 238, 505) the poisonous alkaloids,
consolidine and symphytocynoglossine, both of which
are depressants to the central nervous system.
Comfrey contains large quantities of mucilage (according to Lewis, more than althea root), and some
tannin. It was formerly employed as an application
to wounds to stimulate healing (see Allantoin) .
Symplocos. Symplocos racemosa. Roxb. (Fam.
Styraceae) . — The bark of this East Indian tree is
said to be a mild astringent, and especially useful in
menorrhagia. It contains the alkaloids loturine and
colloturine, which are chemically related to harmine
found in peganum (Spath, Monatsh. Chem., 1920, 41,
401).
Syrups. Fr. Sirops. Ger. Sirupe. It. Sciroppi. Sp.
Jarabes. — Syrups are concentrated aqueous solutions
containing sugar, either with or without the addition
of medicating or flavoring ingredients. When the
syrup contains only sugar and water, it is called
syrup or simple syrup; when it also contains one or
more medicinal agents, it is called a medicated syrup,
and receives its specific name from the substance or
substances added.
Medicated syrups are prepared by dissolving sugar
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in aqueous or hydroalcoholic extracts, vinegars, expressed juices, fermented liquors, or simple aqueous
solutions, or by adding a medicating substance, such
as a tincture or a fluidextract, to simple syrup.
Instead of dissolving sugar directly in a liquid
placed in a suitable container, the liquid may be
percolated through the sugar. This method is offered
as an alternative process in a few official preparations.
The process offers several advantages over the older
methods. The amount of labor involved is reduced, no
heat is employed so that volatile constituents are
not dissipated, and the finished syrup is generally
more brilliant and clear, and is protected from the
usual contaminations attending straining, etc.
Syrups may also be made rapidly, without heat, by
putting the ingredients in a mechanical shaker or
stirrer and agitating briskly.
Medicated syrups may undergo various changes,
according to their nature and method of preparation.
Acid syrups, such as hydriodic acid syrup, always
contain considerable invert sugar because of the
catalyzing effect of the acid on the hydrolysis of
sucrose. Even at ordinary temperatures, and in low
concentrations, acids slowly hydrolyze sucrose to
invert sugar. Excessive acidity soon causes darkening
of the syrup, due to caramelization of the sugar.
Syrups containing too little sugar are subject to fermentation. Mold growth is sometimes observed in
certain syrups. Syrups which have undergone fermentation or show mold growth should never be
used for pharmaceutical purposes, as no amount of
filtering or heating can render them fit for use.
Tablets. LP. Compressi. Fr. Tablettes. Ger. Tabletten. Sp. Tabletas; Pastillas; Comprimidos. — "Tablets
are solid dosage forms containing medicinal substances
with or without suitable diluents. They vary in shape
and differ greatly in size and weight, depending on
the amount of the medicinal substance and the intended mode of administration. Tablets may be
classed, according to the methid of manufacture, as
molded tablets and compressed tablets.
"Tablet triturates are small, usually cylindrical,
molded disks weighing approximately 60 mg. each.
They are prepared from the medicinal substance and
a diluent usually consisting of a mixture of lactose
and powdered sucrose in varying proportions. A
moistening agent or excipient, such as a diluted alcohol, is used also. The greater the solubility of the
medicinal agent in water, the greater must be the
percentage of alcohol in the excipient, but with drugs
of low solubility in water, equal amounts of water
and alcohol may be used. The tablets are formed by
forcing the dampened tablet material into a mold,
followed by ejection and drying.
"Hypodermic tablets are compressed tablets or
molded tablets which dissolve completely in water to
form injectable solutions. In use, such tablets are
dissolved in Water for Injection, with aseptic precautions, before being administered to the patient.
"Buccal or sublingual tablets are small, flat, oval
dosage forms intended to be inserted in the buccal
pouch (buccal) or beneath the tongue (sublingual),
where the active ingredient is absorbed directly without being required to pass into the gastrointestinal
tract. Few drugs are readily absorbed in this way,
but for those which are (such as glyceryl trinitrate
and certain steroid hormones), a number of advantages may result.
"Dispensing tablets are prepared either by molding
or by compression. They contain relatively large
amounts of drug and are not intended for use as a
dosage form, but are supplied as a convenience to
the dispensing pharmacist for obtaining quantities of
certain potent substances in a convenient form for
accurate compounding." U.SJ3.
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Enteric Coating. — Tablets are enteric coated when
the action of the ingredients is to be restricted to the
intestinal tract, as in the case of anthelmintics, or
when the medicament is highly irritant or nauseating
on being released in the stomach, or when it is inactivated or precipitated by the gastric juice. Such
coatings are used on the principle of their being
resistant to solution in acid media but capable of
solution or disintegration in alkaline media. However, many variables complicate this simple premise
of controlling the point of disintegration of entericcoated medicaments; important among the many factors to be considered in predicting where an entericcoated medicament will be made available for therapeutic effect are the variable emptying time of the
stomach in different individuals and the varying pH
of the stomach and the intestinal tract, not only in
different individuals but also at different times in the
same person.
Keratin was one of the earliest substances used for
enteric coatings. Though most workers consider it to
be unsatisfactory, Bukey and Rhodes (/. A. Ph. A.,
1935, 24, 567) found that properly applied keratin
coatings are highly efficient. Formaldehyde-treated
gelatin, the so-called glutoid, coatings were prepared
by coating tablets or pills with gelatin, then rendering the latter acid-insoluble by dipping into dilute
solution of formaldehyde. The results of such treatment proved to be erratic, the coating sometimes
disintegrating in the stomach, at other times not
disintegrating at all and, always, becoming more
insoluble on standing. Melted salol, either by itself
or in combination with stearic acid, tallow, tolu,
mastic, rosin or shellac, is frequently applied as an
enteric coating. Its crystalline structure, resulting in
splitting of the coating, is a disadvantage of the use
of salol by itself. The use of shellac is advocated by
some (Wruble, Am. J. Pharm., 1930, 102, 318) and
criticized by others (Bukey and Rhodes) ; it is generally employed in solution in alcohol and ammonia
water. Goorley and Lee (/. A. Ph. A., 1938, 27, 379)
reported that a mixture of castor oil and shellac dissolved in alcohol is a satisfactory enteric coating compound. Stearic acid was first proposed by Toplis {Am.
J. Pharm., 1915, 87, 518) for enteric coating; Husa
and Magid (/. A. Ph. A., 1932, 21, 1030) recommended a mixture of this substance with salol and
shellac, to be applied when melted. A 25 per cent
solution of mastic in methyl propyl ketone, used in
conjunction with magnesium stearate as a dusting
powder, was reported to give satisfactory results by
Bukey and Klemme (J. A. Ph. A., 1939, 28, 87).
Cetyl alcohol by itself, and particularly a mixture of
cetyl alcohol and mastic, dissolved in acetone, were
found to be highly effective by Mills (J. A. Ph. A.,
1937, 102, 318). Cellulose acetate phthalate, in which
one carboxyl group of phthalic acid is combined with
cellulose while the other is free, is used by a number
of manufacturers as an enteric coating material. The
ester is practically insoluble in water but, because of
its free carboxyl group, forms water-soluble salts with
alkali; tablets coated with the ester disintegrate in
the intestinal tract. Cellulose acetate phthalate may
be dissolved in acetone for application to tablets;
directions for its use as an enteric coating are given
by Malm et al. (J. A. Ph. A., 1951, 40, 520). Maney
and Kuever {ibid., 1941, 30, 276) proposed an enteric
coating formulation consisting of 68 per cent of
myristic acid, 25 per cent of opal wax (hydrogenated
castor oil), 2 per cent of castor oil, 1 per cent of
cholesterol, and 4 per cent of sodium taurocholate;
it is applied in the form of a solution in a mixture of
ethylene dichloride, benzin, and absolute ethyl alcohol. A mixture of »-butyl stearate, carnauba wax,
and stearic acid was found, in preliminary studies by
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Stoklosa and Ohmart (/. A. Ph. A., 1953, 14, 507) to
have promise as an extemporaneous enteric coating
for capsules; the proper proportion required to effect
optimum disintegration of capsules in the intestinal
tract remains to be worked out.
Working on the assumption that "timed disintegration" of coatings is of greater significance and reliability than existence of acidity or alkalinity in the
gastrointestinal tract, Worton et al. (J. A. Ph. A.,
1938, 27, 21) applied to shellac-coated tablets a powder mixture containing stearic acid, carnauba wax,
petrolatum, powdered agar and powdered elm bark.
Coatings of this composition can be made to disintegrate at fairly definite intervals of time (6 hours
having been taken as the optimum time in the experiments reported), without being too much affected by
the hydrogen ion concentration of the contiguous
fluid.
Several methods of testing the effectiveness of enteric coatings have been devised. Husa and Magid used
capsules containing methylene blue and calcium sulfide
and applied to these the coating to be tested. If the
capsule dissolved in the stomach, regurgitation of
hydrogen sulfide followed; if it dissolved in the intestinal tract no regurgitation occurred and the urine
was colored blue; if neither effect was observed the
capsule had passed through the entire gastrointestinal
tract unaffected. Wruble employed a mechanical device
in which the products to be tested were subjected to
the action of artificial gastric and intestinal fluids.
Bukey and Rhodes, and Worton et al., employed test
tablets of barium sulfate to which enteric coatings had
been applied, and followed the course and behavior
of the tablets by roentgenograms taken at periodic
intervals. Maney and Kuever used both roentgenograms and a mechanical device to test the efficacy of
coatings used in their studies. A radically different
method of testing enteric coatings was employed by
Lark-Horovitz and Leng (J. A. Ph. A., 1942, 31, 99).
These investigators used capsules filled with radioactive sodium chloride (obtained by bombarding salt
with deuterons) and determined the position of the
capsule in the gastrointestinal tract by means of a
movable Geiger-Muller counter; simultaneously the
hand was tested for radioactive emanations as an indication of solution or disintegration of the coating
with resultant absorption of the salt by the blood.
A review of the history and literature of enteric coating has been presented by Thompson and Lee (/. A.
Ph. A., 1945, 34, 135).
Taka-Diastate (Parke, Davis). — This enzyme,
discovered by Takamine, is formed by the action of
a fungus (Moyashi; Aspergillus Oryzce Cohn., Eurotium Oryzce Ahlburg; for description, see Am. J.
Pharm., 1898, 137) upon steamed rice, and is used in
Japan, where it is known by the name of koji, in the
preparation of the national intoxicating beverage
sake; it has also been employed to act upon maize
in making whisky. The commercial product TakaDiastase is produced by growing the fungus on wheat
bran. Taka-Diastase is a yellowish-white, highly
hygroscopic powder, almost tasteless, freely soluble
in water. It is capable, under proper conditions, of
liquefying 300 times its weight of starch in 10 minutes, forming soluble starches, dextrins, maltose, and
traces of dextrose. Its action and therapeutic uses
are the same as those of diastase from malt (see
Malt Extract, Part I). It should be given during or
immediately following a meal, in doses of from 0.3 to
1 Gm. (approximately 5 to 15 grains). Lampe and
Schmidt {Munch, med. Wchnschr., 1931, 78) described another enzyme from the same fungus which
they call luizym. They attribute to it the remarkable
property of splitting cellulose and hence of digesting
raw starch.
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Tamarind. — The B.P. formerly recognized tamarind as the fruits of the Tamarindus indica Linn.,
freed from the brittle outer part of the pericarp, and
preserved with sugar.
The Tamarindus indica L. is the only known member of its genus. It is a large, spreading tree, attaining a height of 80 feet and with a trunk circumference up to 25 feet. It is indigenous to the upper Nile
district of Africa and possibly southern Asia, and has
been cultivated for centuries in tropical lands both
for ornamental purposes and for its edible, acid
fruits. The use of the latter as a laxative food was
known to the ancient Hindus. At present, the tamarind is cultivated for the drug in India, the West
Indies and to a smaller extent in Florida. The tree
possesses a brownish-gray, shaggy bark, alternate,
parapinnate leaves with 20 to 40 oblong, opposite
leaflets and pale yellow flowers arranged in lateral
racemes. The fruit is a broad, compressed, reddish
ash-colored pod, much curved, from 2 to 6 inches
long, with numerous brown, flat, quadrangular seeds,
contained in 4 to 12 loculi enveloped by a tough,
leathery endocarp. Exterior to the endocarp is a lightcolored acid pulpy mesocarp through which course 5
to 9 branched, somewhat tough ligneous strands, running from the stem to the extremity of the pod, the
attachment of which they serve to strengthen. The
epicarp or shell is fragile and easily separated.
West Indian tamarinds are obtained from T. indica,
var. occidentalis Gartn. They are of a light brown
color, less cohesive and possess less acidity than the
tamarinds from the Eastern Hemisphere. Tamarinds
are brought to the United States chiefly from the
West Indies, where they are prepared by removing
the epicarp, packing the decorticated fruits in layers
in a cask, and pouring boiling syrup over them. A
preferable procedure is to place them in stone jars,
with alternate layers of powdered sugar.
Description. — Fresh tamarinds have an agreeable,
sour taste, without any mixture of sweetness. In the
United States they are more usually seen in the
preserved state; this is a dark-colored adhesive mass,
consisting of syrup mixed with the pulp, membrane,
and seeds of the pod, and having a sweet acidulous
taste. The brown, flattish, quadrangular seeds, each
enclosed in a tough membrane, should be hard, clean,
and not swollen, the string-like fibers tough and
entire, and the odor without mustiness.
The B.P. described it as a reddish-brown, moist,
sugary mass containing fibers and seeds. The taste is
sweet and acid; the odor fragrant and fruity.
K. Muller, after analyzing nine commercial varieties,
gave the following composition of tamarind: Citric
acid, 4 to 6 per cent; tartaric acid, 5.3 to 8.8 per cent;
potassium bitartrate, 4.7 to 6 per cent; malic acid,
traces only; insoluble matter, 12 to 20 per cent;
seeds, 1.5 to 38 per cent (average 13.9). Copper may
often be detected in preserved tamarinds, derived
from boilers in which they may have been prepared;
this element should be absent.
Uses. — Tamarinds are laxative and refrigerant, and
infusions of them have been employed as a drink in
febrile diseases. Convalescents may find the pulp a
pleasant addition to their diet, useful when a laxative
action is desirable. It is sometimes prescribed in connection with other mild cathartics; the B.P. formerly
recognized, under the title Confection of Senna, a
mixture of senna, coriander, figs, tamarind, cassia,
prunes, licorice extract, sucrose and water.
Dose, from 4 to 30 Gm. (approximately 1 to 8
drachms).
Tannoform (Meyer Drug). Helgotan. Methylene
Ditannin. Tannin-formaldehyde . — This condensation
product of gallotannic acid and formaldehyde occurs
as a light, pinkish powder which decomposes at about

1896

Tannoform

230°. It is dissolved by alcohol and is insoluble in
all the other usual organic solvents; but is soluble in
alkalies, giving a brownish-red solution, from which
it is again precipitated upon the addition of an acid.
According to Sollmann (/. Pharmacol., 1921, 17, 94)
there has been considerable variation in the composition of specimens of Tannoform.
Tannoform has been used in enteritis and other
forms of diarrhea with the idea that it will be decomposed by the intestines, the tannic acid radical
acting as an astringent, and the formaldehyde as an
antiseptic. It has, however, been more frequently
employed as a local remedy in the treatment of
eczema, bed sores, etc. In hyperhidrosis of the feet,
applied between the toes overnight, it will often give
relief of considerable duration, but has the disadvantage of staining the skin brown. It has also been used
externally to control night sweats. Dose, from 0.3 to
1 Gm. ^approximately 5 to 15 grains) several times
daily. [V
Tansy. Tanacetum, USJ3. 1890.— Under this name
the U.S.P. formerly recognized the tops and leaves
of the Tanacetum vulgare L. (Fam. Composite?), a
perennial herbaceous plant 2 or 3 feet in height,
which is cultivated in our gardens. It was originally
introduced from Europe.
Tansy was officially described as follows: "Leaves
about 15 Cm. long; bipinnatifid, the segments oblong,
obtuse, serrate or incised, smooth, dark green, and
glandular; flower-heads corymbose, with imbricated
involucre, a convex, naked receptacle, and numerous
yellow, tubular florets." USJP. 1890. The odor is
strong, and characteristic, but considerably reduced
on drying; the taste is warm, bitter, somewhat acrid,
and aromatic. The flowers and leaves contain a bitter
principle tanacetin, which occurs as a hygroscopic,
brownish, amorphous mass, easily soluble in alcohol
and in water, insoluble in ether. The essential oil
consists mainly of tanacetone (identical with thujone).
with smaller amounts of borneol and camphor.
Tansy has been employed in hysteria, and amenorrhea, but is no longer used by physicians. The seeds
are said to be effectual as a vermifuge. Crouy (Bull.
sc. Pharmacol., 1928. 35, 481) found an ether extract
of tansy inactive toward taenia but an effective
ascaricide. The oil is claimed to be 5 times as potent,
against roundworm, as chenopodium oil, according to
Ueki (see
47, the
2879),
who also"
reported thatChem.
in the Abs.,
mouse 1953.
and cat
oil caused
stimulation of saliva secretion, then severe convulsion and.
finally, death by respiratory paralysis. He gives the
LDn dose in the mouse as 0.002 ml. per Gm. of body
weight; the oil had no effect on blood pressure. Tansy
has been used to a considerable extent as a domestic
abortifacient. but Macht (J. Pharmacol., 1913. 4, 547)
has shown that it has no stimulating effect on the
uterus.
There have been reported several fatal cases of
poisoning by tansy oil. The symptoms were abdominal pain, vomiting, violent epileptiform convulsions
often followed by profound coma, dilated pupils,
great disturbances of respiration, frequent and feeble
pulse, and death, which has been said to be from heart
failure, but is probably the outcome of a paralytic
asphyxia. As little as 4 ml. (1 fluidrachm) of the oil is
said to have caused death, although recovery in one
case occurred after taking half a fluidounce. Tansy
tea has also caused death (for cases, see US.D., 20th
ed.. p. 1632).
The powdered drug has been given in doses from
2 to 4 Gm. (approximately 30 to 60 grains) several
times daily, usually in the form of an infusion.
Tantalum. Ta (180.95).— This is a metal of the
vanadium family. It is gray in color, with a flamelike luster, density 16.6, melting point 2996°. It is in-
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soluble in alkalies, is unaffected by acids, except a
mixture of nitric and hydrofluoric acids. It occurs in
tantalite and columbite, and was discovered in 1802
by Ekeberg. Its principal valence is 5, although compounds are known in which it exhibits a valence of 3.
One of the peculiar properties of tantalum is that it
acts as an electrolytic valve, since two tantalum electrodes in a single cell will permit the current to flow
only in one direction, thus changing an alternating
current into a pulsating direct current. Its resistance
to corrosion by acids, iodine, etc., and the fact that it
may be sterilized in flame without affecting its hardness, have brought it into use in the making of dental
drills and in the manufacture of chemical laboratory
equipment. Tantalum is used in surgery, one successful application being that of the use of tantalum implants to cover skull defects resulting from war injuries (see Surgery, 1945, 17, 304) and another that
of employing tantalum mesh in the repair of hernias
(see /. Internal. Col. Surg., 1951. 15, 748). The observation that the use of tantalum foil as a wound
covering stimulated epithelization, interpreted to mean
that an oxide coating produced the favorable effect,
led to the trial of a soft form of tantalum oxide
powder as a dusting powder for wounds. Olson (Ind.
Med., 1945. 14, 949) has successfully used the oxide,
of a special quality designated 400, in hundreds of
cases of wounds resulting from caustic bums, metal
burns, and mechanical injuries. Following application
of powder to the clean wound until there are no signs
of moisture, the patient is immediately relieved of pain
and, in the absence of a slough, a crust forms which
adheres until healing is complete. The effect of tantalum oxide on experimental wounds in guinea pigs
was less favorable, according to Cowley and Brush
(Proc. S. Exp. Biol. Med., 1947. 65, 60).
Tapioca. — Under this name the U.S.P. V recognized the starch grains "obtained from Janipha manihot Curtis" — known popularly as cassava or manioc.
The two varieties of this plant are now considered
separate species and the bitter cassava assigned to the
Manihot esculenta Crantz (Manihot utilissima Pohl)
and the sweet cassava to M. Aipi Pohl (Fam. Euphorbiacece) . The starch is extracted from the thickened rhizome and is known in commerce by the names
of cassava, tapioca or manioca starch, and as Bahia,
Rio or Para arrowroot. These plants are native to
Brazil and are cultivated in other tropical or subIndies. tropical countries, including both the East and West
The root of the sweet cassava may be eaten with
impunity: that of the bitter, which is the most extensively cultivated, contains an acrid, milky juice in
which a glycoside is found which yields a toxic
amount of hydrocyanic acid. In the production of the
starch from the bitter cassava the hydrocyanic acid
present in fresh roots is entirely eliminated by the
process of washing and drying. Cassaripe is the thickened gum obtained from the root of the bitter cassava,
which is said to be innocuous and so actively antiseptic as to be habitually used in Brazil for the preservation of meat. A 10 per cent ointment of cassaripe
has been used locally in suppurating conjunctivitis
and ulcers of the cornea.
For description of the preparation of tapioca see
US.D., 20th ed.. p. 1632; also Pharm. Era, 1921, 54,
385.
Tapioca occurs in irregular, hard, white, rough
grains, possessing little taste, partially soluble in cold
water, and producing blue color when iodine is added
to its filtered solution. The partial solubility in cold
water is the result of the rupture of the starch granules by heat. Microscopically, the starch grains of
cassava are rounded or truncated on one side, single
or from 2 to 8 compound, 6 to 35 microns in diameter,
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the hilum central, circular or triangular and frequently with radiating clefts, the lamellae indistinct,
and polarization crosses very prominent.
Tapioca meal, called sometimes Brazilian arrowroot, and by the French moussache, is the fecula dried
without heat. Its granules are identical with those
already described. A factitious tapioca, called pearl
tapioca, consists of very small, smooth, spherical
grains, and is supposed to be prepared from potato
starch.
Being nutritious, and at the same time easily digested and free of irritating properties, tapioca has
been used as a diet for the sick and convalescent. It is
prepared for use by boiling it in water. Lemon juice
and sugar are usually added, and sometimes other
aromatics.
Taxus. Taxus baccata L. Yew Tree. (Fam.
Taxacece.) — This is a handsome evergreen tree attaining the height of 60 feet, with a short trunk and
broad, low crown, reddish, flaky bark, linear to falcate, dark green leaves and scarlet fruits, each of
which consists of a globose disk, in which is borne an
ellipsoidal brown seed. The plant is very poisonous.
In addition to gastroenteritis, there may o^cur dyspnea, mydriasis, purpura and vascular collapse. For
reports of fatal cases see U.S.D., 16th ed., p. 1933.
The toxic principle is apparently the alkaloid taxine
which is contained in the leaves, shoots and seeds.
Both the alkaloid and its salts are amorphous (see
Kuhn and Shafer, Deutsche Apoth.-Ztg., 1937, 52,
1265). Gulland and Virden (/. Chem. S., 1931, p.
2138) reported also the presence of ephedrine. LeFebvre {Arch. Pharm., 1907, 245, 486) found in the
twigs of the yew a crystalline glycoside taxicatin.
Bryan-Brown (Quart. J. P., 1932, 5, 205) found
that in rabbits the lethal intravenous dose of taxine
was between 2 and 3 mg. per Kg. and that it was
depressant both to heart and to respiration.
Our native Oregon yew, T. brevifolia, according to
Jones and Lynn (/. A. Ph. A., 1933, 22, 528), does not
contain any alkaloid but Masson (/. A. Ph. A., 1939,
28, 493) has found a glycoside, probably taxicatin.
Tellurium. Te (127.61).— The element tellurium
was discovered by Klaproth in 1798. It is a silverywhite, lustrous solid, resembling antimony, with a
density of 6.25 and melting point of 450°. Its chief
commercial source is as a by-product in the refining
of copper and lead. Its industrial uses include that of
coloring glass and ceramics, and of imparting a black
finish when applied to silverware. A lead alloy containing small amounts of tellurium is corrosion-resistant. The chemistry of tellurium is similar to that of
selenium; both are members of the sulfur group of
elements.
The absorbable salts of tellurium are actively poisonous. In doses of about 20 mg. per Kg. it causes in
the lower animals vomiting, diarrhea, coma, paralysis,
convulsions and death; postmortem there are found
inflammatory changes in the bowels and kidneys similar to those seen in arsenic poisoning. In small quantities, taken over long periods of time, it causes a
characteristic group of symptoms marked by a garlicky
odor of the breath, loss of hair, delayed growth in
young animals and often evidence of gastrointestinal
irritation (see Franke and Moxon, J. Pharmacol.,
1937, 61, 89). In man there is also a marked anhidrotic action, appearing 15 minutes to an hour after the
ingestion of the dose. Potassium tellurate has been
used in doses of 10 to 30 mg. to arrest colliquative
sweating.
The observations of Levaditi (Ann. Inst. Pasteur,
1927, 41, 443) and of Frazer (Lancet, 1930, 2, 133)
indicate that tellurium has marked antisyphilitic properties. But the unpleasant odor it imparts to the
breath and the discoloration of the skin greatly lessen
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its practical utility. Munn and Hopkins studied
(/. Bad., 1925, 10, 79) the disinfectant power of
several tellurium compounds and found potassium
iodotellurite active.
Sodium tellurite, Na2Te03, is a white powder sparingly soluble in water. The aqueous 2 per cent solution
of sodium tellurite stains bacteria black by the precipitation ofmetallic tellurium, and has been recommended for microscopic staining. Cavazutti (Ann.
d'igiene, 1921, 31, 551) found that sodium tellurite
has marked bactericidal properties.
Terebene. Terebenum, B.P. 1932. — Terebene is
a mixture of dipentene and other hydrocarbons, obtained by steam-distilling the product of the limited
action of sulfuric acid on oil of turpentine.
Terebene is a colorless or pale yellow liquid with a
rather agreeable odor and a terebinthinate taste;
almost insoluble in water, miscible with dehydrated
alcohol, ether or chloroform. It dissolves in 5 volumes
of from
90 per0.862
cent toalcohol.
is
0.870. Its specific gravity, at 15.5°,
Uses. — Terebene was introduced as a stimulant expectorant for chronic bronchitis (Murrell, Brit. M. J.,
December 1885) ; it has also been used, with the
claim of good results, in dyspepsia and in chronic
or subacute inflammation of the genitourinary tract.
Its action probably resembles that of turpentine oil.
Terebene has been given in emulsion, or by dropping
it on sugar; it has also been administered by atomization or vaporization. Murrell reported it to be an
active antiseptic and germicide, (v]
Dose, from 0.12 to 0.5 ml. (approximately 2 to 8
minims).
Thallium. Tl (204.39).— Thallium is a rare metal
of the Gallium-Indium family, which was discovered
in 1861 by Sir William Crookes. It is a bluish-white
metal, with a density of 11.85, melting at 303°, and
boiling at 1650° ; insoluble in water, soluble in nitric
acid. It is widely distributed in nature in small proportions. It is obtained commercially from lead
chamber sludge. In its chemical properties it resembles
both lead and aluminum. It forms thallous compounds, in which the metal is univalent, and thallic
compounds, in which its valence is three. The metal
forms useful, corrosion-resistant alloys, particularly
with lead and tin. Thallium is used also in making
special glass and artificial gems.
Thallium is an active poison, according to Swain
and Bateman (/. Biol. Chem., Jan., 1910), only slightly
less toxic than arsenic. Moreover, it is distinctly accumulative inits effects, so that small doses repeated
over periods of time may produce serious intoxication.
In 1910 Buschke (Deutsche med. Wchnschr., 1910,
37, 161) found that feeding thallium to rats caused
the hair to fall out, probably through an action on
the autonomic nervous system. Shortly afterward
Sabouraud (Revue Internata. de Med., 1913) introduced an ointment of thallium acetate for the purpose of epilation in the treatment of ringworm of
the scalp. Following the publication of a paper by
Dowling of England, in 1927 (for literature see
J. A.M. A., 1927, 89, 2217), the drug was widely used
for this purpose for a year or two and a proprietary
depilatory containing a thallium salt made its appearance. But very shortly cases of fatal poisoning from it
began to appear with increasing frequency in the literature; the numerous accidents have led to its almost
complete abandonment as a therapeutic agent.
The metal was employed in Germany as a rat
poison in 1920, and five years later the U. S. Government began to use it (chiefly as a sulfate) on an extensive scale for the destruction of rodents in California. This resulted not only in the death of the pests
against which it was aimed but also of many valuable
species of birds and even human
beings. Munch
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(J.A.M.A., 1934, 102, 1929) collected the records of
over 700 cases of human poisonings with 46 deaths;
most of these were following its use as a depilatory
(either externally or internally), but several were from
the accidental ingestion of poisoned grain intended
for squirrels and prairie dogs.
Barclay et al. (J. Pharmacol., 1953, 107, 178) found
that in a human 15.4 per cent of an administered dose
of thallous sulfate was excreted in the urine in 5^
days and that the rate of excretion was about 3.2 per
cent per day of the amount remaining in the body.
The symptoms of thallium poisoning are: nausea
and vomiting followed, if the pateint survives for a
few days, by alopecia and various nervous disturbances including delirium, convulsion, and polyneuritis,
the latter often leading to motor palsies or blindness.
After death there are postmortem evidences of irritatation of the alimentary tract and of the kidneys, but
the most striking lesions are found in the nervous system. Buschke and Peiser (Bed. klin. Wchnschr., Dec.
17, 1925) found the fatal dose of thallium acetate for
mice ististics itabout
Kg. From
Munch's more
stawould 0.5
seem mg.
thatper
humans
are somewhat
resistant, but several deaths are recorded following
from 6 to 8 mg. per Kg., so that the fatal dose for
adults may be placed at about 300 mg. (5 grains).
Death may occur in 2 days or be delayed several
months.
After evacuating the alimentary tract the treatment
advocated by Munch (J. A. Ph. A., 1934, 23, 91)
may be employed. This consists of the intravenous use
of sodium iodide — which temporarily removes the
metal from the circulation — followed by sodium thiosulfate to cause its elimination, and the use of calcium
and pilocarpine as physiologic antagonists. Mazzei
and Schaposnik (Brit. M. J., 1949, 2, 791) treated a
patient with subacute thallotoxicosis by administering a total of 3.1 Gm. of dimercaprol (BAL) over a
period of 13 days; the patient recovered, [v]
Theobromine -Calcium Gluconate. Calpurate
(Maltbie). — This is a double compound representing
equimolecular proportions of the calcium salt of theobromine and of calcium gluconate. It is employed like
theobromine and its compounds, the dose being 0.5
to 1 Gm. (approximately iy2 to 15 grains) four times
daily.
Theophylline Cholinate. Choline Theophyllinate.
Choledyl (Nepera). Cholinophyllin (Chemo Puro). —
This salt represents a combination of molecular
equivalents of theophylline and choline, containing
about 64 per cent of theophylline; it is said to be
more soluble and less toxic than aminophylline (Duesel
and Fand, Internal. Rec. Med., 1954, 167, 245). According to Gagliani et al. (ibid., 1954, 167, 251)
theophylline blood levels obtained with the choline
compound were 60 to 75 per cent higher for the first
2 hours and 40 to 50 per cent higher for the third
and fourth hours than with aminophylline. Batterman
et al. (J.A.MA., 1955, 157, 234) observed excellent
gastrointestinal tolerance to theophylline cholinate,
the incidence of nausea and increased bowel movements being approximately 7 per cent; they consider
this salt to be an effective and safe xanthine for use
in the treatment of heart failure and the anginal syndrome, with none of the disadvantages that may be
encountered with other theophylline salts. The usual
dose (Batterman et al.) is 200 mg., orally, 3 or 4
times daily ; the range of dose is 50 to 400 mg.
Theophylline, Dihydroxypropyl. Hyphylline,
N.NJt.. Neothylline (Maney). 7 -(2,3 -Dihydroxypropyl) theophylline. — This stable, water-soluble and
neutral derivative of theophylline was developed by
Maney et al. (J. A. Ph. A., 1946, 35, 366). In contrast to most other theophylline salts, which are precipitated bygastric juice, no such change occurs with
dihydroxypropyl theophylline ; it is also claimed to be
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less toxic than aminophylline. Clinically it has been
reported to be superior to aminophylline (Review of
Swiss Medicine, 1949, 38, 714), being used in the
same types of cases as the latter. The usual dose of
dihydroxypropyl theophylline is 200 mg. (approximately 3grains) up to 4 times daily.
Theophylline Isopropanolamine. Tkeopropanol
(National Drug). — This water-soluble compound is
stated to represent 70 per cent of theophylline and
is used for the same purposes as other soluble compounds of theophylline (see Aminophylline). Vivino
(J. A. Ph. A., 1954, 43, 234) reported that theophylline isopropanolamine produced, after oral ingestion
by human subjects, a more rapid rise in concentration
of theophylline in blood, and also higher and more
prolonged blood levels, than did aminophylline.
Theophylline Methylglucamine, N.A.R. Glucophylline (Abbott) . — This preparation is an equimolecular mixture of theophylline and N-methylglucosamine; it contains about 50 per cent of
theophylline, as compared with the approximately
78 per cent present in aminophylline. Theophylline
methylglucamine has the actions and uses of aminophylline, over which it has no advantage. The dosage
should be about 1.5 times that of aminophylline;
the oral dosage is 150 to 750 mg. 3 or 4 times daily
after meals; the intramuscular dosage is 750 mg. in
2 ml.; the intravenous dosage is 360 to 750 mg. in
10 to 20 ml. Glucophylline is marketed in injection,
tablet, and suppository dosage forms.
Theophylline Monoethanolamine. Monotheamin (Lilly). — A white crystalline powder representing
about 75 per cent of theophylline in a water-soluble
form. It is used either by mouth or by injection for
the various purposes for which aminophylline is employed. The recommended oral dose is from 60 to
200 mg. (approximately 1 to 3 grains), 3 times a
day. The intravenous dose is 250 to 500 mg.
Thevetia. Yccotli. — Inhabiting the damp, hot valleys of the Mexican Cordilleras is a large tree belonging to the Apocynacece, whose fruits are known by the
natives as huesos 6 codos de fraile, or Friar's elbow
bones, and are used as a topical application in hemorrhoids. The tree is the Thevetia Yccotli A. DC. The
T. neriifolia Juss. is a native of South America and
the West Indies but is now cultivated in the Hawaiian
and East Indian Islands, where it is known by various colloquial names as be-still nut, lucky-seed,
kokilphul, ahouai, etc. Chen (/. Biol. Chem., 1934,
105, 231) found the glycoside thevetin, and two other
crystalline principles, ahouain and kokilphin, in the
kernels of T. neriifolia. A second, highly toxic glycoside, thevetoxin, has been reported (Chem. Abs., 1933,
27, 5470) . Tschesche (Ber., 1936, 69B, 2368) observed
that thevetin yields the aglycone thevitigenin, which
is isomeric with digitoxigenin. He stated also that
kokilphin is identical with saccharose. Thevetoidin,
reported as the cardioactive principle of the seeds of
the Mexican species Thevetia gaumeri (see Mendez
et al., Circulation, 1951, 4, 854; ibid., 1952, 5, 12),
is not a single substance, containing acetylthevetin
and a small amount of a quaternary ammonium base,
if not also other substances.
The physiological action of these substances has
been investigated by several pharmacologists with
concordant results. Chen found that thevetin (from
T. neriifolia) is practically identical in effect with
ouabain and about one-eighth as potent, the lethal
dose for the cat being 0.85 mg. per Kg. Thevetin has
been used effectively clinically by Middleton (Am.
Heart J., 1936, 11, 75) and Mendez et al. (loc. cit.)
in cases of cardiac decompensation and by Noble
(Am. J. Med. Sc, 1936, 192, 639) in the tachycardia
of thyroidism. Unfortunately, the effective dose is
rather close to the toxic dose.
A number of cases of poisoning by seeds of East
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Indian thevetia have occurred; the symptoms have
been repeated vomiting, a slow, very feeble pulse,
delirium, convulsive movements and coma.
The T. Yccotli A. DC. of Mexico contains a glycoside which has been known as cerberid (distinct
from the "cerberin"). This seems to differ in its physiological action from thevetin in that it adds to a mild
digitalis-like action a paralyzing effect on the sympathetic nerves and stimulation of unstriped muscle.
(See Boriani, Arch, farmacol. sper., 1938, 65, 201 ;
66, 1.)
Thiocresol. Para-thiocresol. C6H4SH.CH3. — Hammett and Reimann (/. Exp. Med., 1929, 50, 445) presented evidence indicating that the sulfhydryl group
is the natural stimulant for cell multiplication and
that compounds containing this group have a remarkable effect in accelerating the healing of wounds.
Reimann (J. A.M. A., 1930, 94, 1369) suggested for the
purpose of hastening epithelization of various chronic
ulcers use of thiocresol, which combines a restraining
action on bacterial growth with the stimulating effect
on tissue cells. It is a crystalline substance, with a
rather unpleasant odor, almost insoluble in water but
easily soluble in alcohol. He recommended that it be
used in the strength of about 1 in 10,000; made by
dissolving the crystals in 500 parts of alcohol and
adding distilled water to the desired strength. Gauze
soaked in this solution is to be applied to the area
for not more than 48 hours; prolonged application
leads to too exuberant granulation which may delay
the healing.
Thioglycerol. Thioglycerin. CH2OH.CHOH.CH2SH.— This is a viscous liquid with a specific gravity of 1.3 at 14°; it is miscible with alcohol but only
slightly soluble in water. On standing it slowly decomposes, liberating its sulfhydryl group, the deterioration being at the rate of about 10 per cent a month at
room temperature, but quite rapid when warmed.
Because of this chemical change it emits the characteristic hydrogen sulfide odor.
Sutton (J.A.M.A., 1935, 104, 2168) used it in place
of thiocresol for the purpose of stimulating healing of
wounds, with good results. He employed it in dilutions of 1 in 5000, either suspended in mucilage of
tragacanth or dissolved with the aid of glycerin. In a
strength of 1:1000, as a tragacanth jelly, it has been
successfully used in atrophic rhinitis and in atrophic
ear drums ; it increased the rate of epithelial proliferation after mastoidectomy (Laryngoscope, 1938, 48,
884).
Thiosinamine. Allylthiourea. (NH2)CS.NHCH2.CH:CH2. — This occurs in colorless, monoclinic or
rhombic crystals, of a bitter taste and feeble garliclike odor. It is soluble in 30 parts of water, very
soluble in alcohol and ether. It possesses no bactericidal properties.
Thiosinamine was introduced into medicine by Von
Hebra (1905) for the treatment of various conditions
accompanied with formation of fibrous tissue. He
states that after its injection there is a temporary
reduction in the number of leukocytes, followed by
pronounced hyperleukocytosis which persists for a
considerable period of time. The occurrence of leukocytosis has been quite generally confirmed by a number of authorities, some of whom have attributed the
beneficial effects of the drug to this action. Starkenstein, however (Therap. Monatsh., 1910), believed
that it is due to a power of hastening the hydrolysis
of collagen into gelatin, thereby leading to the softening of the connective tissue. There is considerable
evidence that the drug has often been of service in
aiding in the absorption of connective tissue. Among
the conditions in which it has been reported to have
been successfully used are burns, keloids, urethral and
esophageal strictures, and various other forms of
cicatricial formations. Besides these, benefit has been
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reported in sclerotic conditions of the ear attended
with deafness, and in sclerosis of the central nervous
system as locomotor ataxia, and in arterial fibrosis.
It has also been suggested by Greenbaum {J. A.M. A.,
1911, 56, 835) as a protective against dermatitis after
arsphenamine injections.
Whatever may be said of its efficacy, thiosinamine
is not entirely innocuous. A number of instances of
excessive reaction, attended with chills and sweating
followed by fever, have been reported, and Pritchard
reported a case of purpura hemorrhagica, which ended
fatally, following 18 injections. Tyrode (Arch, internat.
pharmacodyn. therap., 1910, 19, 195) found that relatively small doses may produce in the lower animals
severe disturbances of metabolism with degeneration
of the internal organs.
Thiosinamine has been administered by the mouth
in doses of 30 to 60 mg. (approximately y2 to 1 grain)
several times a day. An aqueous solution of thiosinamine and sodium salicylate has been used by injection
in the region of the tissue to be absorbed, [v]
Thiouracil. 2-Thiouracil. — The preparation of this
antithyroid substance was first described by Wheeler
and Liddle (Am. Ckem. J., 1908, 40, 550), their
process involving condensation of formyl acetic ester
with thiourea; the formyl acetic ester was obtained
by condensation of ethyl acetate and ethyl formate
in the presence of sodium methylate. Thiouracil is a
white crystalline powder, odorless but bitter; it is
soluble in about 2000 parts of water but is readily soluble in alkaline solutions; it is insoluble in ether and
in ethyl alcohol. The structural formula of thiouracil
is that of 2-mercapto-4-pyrimidone:
HN— CO
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I

I
CH
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HN— CH
Following the observation by Kennedy and Purves
(Brit. J. Exp. Path., 1941, 22, 241) that brassica
seeds, because of their content of thiourea, were
capable of producing thyroid enlargement in animals,
Astwood (/. Pharmacol., 1943, 78, 79) found that of
more than 100 compounds he had investigated at that
time thiouracil was more active in inducing hyperplasia of the thyroid and in lowering basal metabolism
than thiourea or any other substance. The mechanism
of action of thiouracil is discussed under Propylthiouracil in Part I. His experimental findings with
animals led Astwood to try thiouracil in the treatment of 3 hyperthyroid patients (J.A.M.A., 1943,
122, 78). All of the patients reacted favorably, showing marked fall in metabolic rate, remission of symptoms, and gain in body weight; when the drug was
discontinued there was an obvious tendency to a
return of the symptoms which could, however, be controlled by renewal of the treatment. The results of
the many studies subsequently undertaken of the use
of thiouracil as an antithyroid compound have been
surveyed in a report by Van Winkle et al. (J.A.M.A.,
1946, 130, 343; also J. A. Ph. A., Prac. Ed., 1946, 7,
62) to the Council on Pharmacy and Chemistry of
the American Medical Association. Of a total of 5733
cases in which thiouracil therapy was employed, failure occurred in only 4.3 per cent of the cases. The
survey established that thiouracil is effective against
all types of hyperthyroidism, whether these be represented by diffuse or by nodular goiters, and regardless
of the number of nodules. Thiouracil is also of value
in the treatment of acute thyroiditis. The drug has
been tried without any success in simple goiter, and
it has no useful effect in conditions with related
symptomatology but in which no hyperthyroidism
exists.
Thiouracil is rapidly absorbed
from the gastro-
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intestinal tract; in man the drug is present in the
blood within 15 minutes after doses of 100 to 200 mg.
are given by mouth to a normal fasting individual,
with peak concentration being attained within 30 minutes. The level in the blood then gradually declines,
with complete disappearance in from 48 to 72 hours.
Thiouracil has been found in all body fluids and tissues. It is excreted mainly in the urine, a small amount
being found 30 minutes after ingestion of an average
dose; maximal urinary excretion occurs during the
second hour. None of the drug has been found in
stools of man or animals.
Thiouracil has been used in preparation of the
hyperthyroid patient for thyroidectomy. For the
average patient the administration of iodine requires
less time (1 to 2 weeks) than does thiouracil in the
preoperative preparation. The enlarged, highly vascular thyroid gland induced by thiouracil increases the
technical difficulties of the thyroidectomy operation.
Lahey administered thiouracil as usual until the basal
metabolism is reduced to about +20 per cent. Iodine
is then started and after a week thiouracil is discontinued but the iodine is continued for about another
week, after which the thyroidectomy is performed.
This procedure eliminates the difficulties with bleeding
at operation experienced when thiouracil is used alone.
Clinical response to thiouracil may not be seen for
several weeks after treatment is started. If the patient
has received iodine medication prior to treatment with
thiouracil, administration of the latter drug should
be continued for 60 to 100 days before concluding
that response to thiouracil will not occur. Remissions as long as a year or more have been reported,
but the average relapse occurred in about 20 weeks
after discontinuance of thiouracil therapy.
Several investigators reported promising results following thiouracil therapy in certain cardiac conditions.
Himsworth et al. (Brit. M. J., 1944, 1, 852) found
that the drug may be useful in very severe chronic
congestive heart failure; Nussey (Brit. M. J., 1944,
2, 745) observed that in a group of 27 thyrotoxic
cases which he was treating with thiouracil 4 exhibited
auricular fibrillation which in 2 instances reverted to
normal rhythm during treatment; Raab (J.A.M.A.,
1945, 128, 249) found thiouracil to be therapeutically
effective in 8 of the 10 patients with typical angina
on effort which he treated with the drug. Ben-Asher
(Am. Heart J., 1947, 33, 490) found thiouracil beneficial in 25 of 37 patients with anginal syndrome.
Toxicology. — Approximately 13 per cent of all patients show some adverse reaction to thiouracil therapy (Moore, J. A.M. A., 1946, 130, 315). The principal
toxic reactions are granulocytopenia, leukopenia, drug
fever, and dermatitis; at least 27 other reactions have
been recorded of which only 8 were observed more
than twice in the survey reported by Van Winkle.
Nausea, sometimes accompanied by dizziness, headache, or abdominal cramps, parotitis, joint pains,
purpura, jaundice, diarrhea, thyroiditis, secondary
anemia, and edema have been encountered. Of the
patients showing adverse reaction, therapy had to be
discontinued in about 60 per cent of the cases. Granulocytopenia, inabout 2.5 per cent of patients, tends
to occur in early weeks of treatment; no relationship
to the dose of thiouracil appears to exist. Treatment
of this complication should consist of massive doses
of penicillin. Leukopenia had an incidence of 4.4 per
cent, occurring usually within the first 8 weeks of
treatment. Since hyperthyroidism itself predisposes
toward a leukopenic state it may be questioned
whether all the cases reported were caused by thiouracil. Drug fever had an incidence of 2.7 per cent,
generally occurring within the first 4 weeks of therapy. Skin reactions had an incidence of 3.3 per cent,
vith urticaria being the most common. It is to be
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emphasized that patients receiving thiouracil therapy
should be carefully watched, especially during the first
12 weeks of therapy, and they should be instructed
to report immediately to their physician if any adverse
symptoms such as sore throat, fever, coryza or malaise
are experienced. Moore (loc. cit.) reported 5 deaths
attributable to the drug in 1091 cases treated. [V)
Dose. — Thiouracil has been given in doses of up to
1 Gm. (approximately 15 grains) and more daily; the
initial dose should preferably be 400 mg. (approximately 6grains) daily, given in divided portions. A
maintenance dose of 200 mg. daily is usually adequate.
Thiourea, N.N.R. 1947. Thiocarbamide. SC(NH2)2- — This substance is a white, crystalline solid;
it is soluble in about 11 parts of water, slightly soluble in alcohol, and very slightly soluble in chloroform and ether. Though possessing antithyroid activity it was recognized by the N.N.R. as a
pharmaceutic aid; it may be added to solutions of
certain substances (for example, Metycaine with
epinephrine) to prevent oxidation.
Thorium. Th (232.05).— This radioactive metal,
which resembles platinum in appearance, was discovered by Berzelius in 1828, in the mineral thorite;
the principal source of the element, however, is
monazite sand. Thorium has a density of 11.3 to 11.7,
and melts at about 1845°. It is the parent element of
a radioactive disintegration series; in the first step of
disintegration thorium emits an alpha particle, though
this is at a very slow rate, for the half-life period of
the element is of the order of 1010 years. The last
member of the series is Thorium D, which is a stable
isotope of lead having an atomic weight of 208.
Because of their radioactivity, thorium salts have
been suggested for use as local applications in the
treatment of various cancers, but they have not
proved to be of practical utility. Various thorium
compounds, because of their opacity to x-rays, have
been employed as radiopaque media.
By some investigators thorium has been considered
to be of low toxicity (see Reeves and Apple, J .AM. A.,
1933, 100, 1682), but there is now considerable evidence that thorium compounds are eliminated from
the body slowly, in which cases the tissues in which
concentration of the element occurs are subject to
constant irradiation with alpha particles, which could
hardly be other than dangerous. Scott et al. (J. Pharmacol., 1952, 106, 286) found that even when the
water-soluble thorium sulfate was administered intravenously, to animals, it was removed from the
blood slowly, with most of the thorium being found
in the liver, spleen and bone marrow. Following intramuscular injection the thorium remained in the injected muscle, and following intratracheal injection
it remained in the lung. When the compound was
given by gavage it was recovered in the feces and no
absorption could be demonstrated.
Thorium dioxide, Th02, a heavy, white powder,
insoluble in water, has been used to a considerable
extent as a radiopaque medium. Several proprietary
forms of it have been offered for such use. Umbrathor
(Heyden) is a 25 per cent non-stabilized colloidal
solution of thorium dioxide intended to be used for
roentgenography of the alimentary canal. Thorotrast
(Heyden) is a 25 per cent colloidal thorium dioxide
suspension intended for intravenous injection in
hepato-lienography, arteriography, and cystography
(see J. A.M. A., 1932, 99, 2183). At least 13 cases of
tissue damage following use of Thorotrast, in several
instances apparently resulting from extravascular injection of the substance, have been reported (see
Arch. Surg., 1949, 58, 60). The threat of sarcoma
from its use, along with the apparent impairment of
hemopoiesis and the possibility that thorium dioxide
may cause fragility or necrosis of bones, have been
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mentioned as reasons for discontinuing use of this
contrast medium (Bauer, Chirurg, Heidelberg, 1948,
19, 387).
Thorium X, a member of the thorium disintegration series and also an isotope of radium, is used in
dermatology in the treatment of very superficial conditions where irradiation is indicated. This element is
naturally radioactive, emitting alpha particles which
are active for a depth of about 80 microns; the halflife of the element is 3.65 days. Thorium X may be
applied in isopropyl alcohol solution containing 150
microcuries per ml., or in an ointment containing 75
microcuries per Gm. (van de Erve, South. M. J.,
1953, 46, 155).
Thromboplastin. — In the process of normal
coagulation of blood, thromboplastin is an important
accessory factor (see under Human Fibrinogen) . In
recognition of this function of thromboplastin, preparations of the substance have been introduced for
use in the treatment of internal hemorrhages with the
idea that by hastening the coagulability of the blood
they would tend to lessen the amount of blood lost.
However, introduction into the blood stream of any
larce quantity of a thromboplastin would be liable to
cause intravascular clotting with disastrous results.
Gold (International Clinics, 1932, 2), after a review
of the literature on this subject, reached the conclusion
that, despite some of the earlier favorable reports, the
practical value of any of these agents in internal
hemorrhage is extremely doubtful; several such preparations are, however, offered for such use. In bleeding
from the nose, throat or other part where the hemostatic can be directly applied, it is possible that
thromboplastin may have a field of usefulness if it is
not washed away immediately by the bleeding. The
commercial thromboplastin preparations are extracts
of cattle brain in isotonic sodium chloride solution.
Solution Brain Extract is the name by which the
N.N.R. 1952 recognized such an extract prepared by
the method of Hess (J. A.M. A., 1916, 66, 558). Under
the name thromboplastin are also available preparations, in powder form, for use in the laboratory in
establishing the diagnosis of hypoprothrombinemia
and as a guide for vitamin K therapy, [v]
Thuja. Thuya. — Thuja occidentalis L. is a coniferous tree known popularly as arbor vitae. It is characterized by the appressed-imbricated leaves, the
pointless cone-scales, and the broad wings extending
all around the seeds. It attains a height of 20 m., and
grows in swampy grounds from New Brunswick to
Manitoba, south to North Carolina and Illinois, often
forming extensive "cedar swamps." In Canada and
the extreme northern parts of the United States it has
been erroneously called white cedar, a name often
applied to ChanuEcyparis thyoides (L.) B.S.P., which
latter is more properly called Southern white cedar.
The wood is reddish, soft, fine-grained, and very
durable and is much used for telegraph poles. The
twigs, which were official in the N.F. V, are fanshaped, flattened, bearing scale-like, imbricated leaves
appressed in four rows; leaves of the edges boatshaped, the intermediate flat, those at the tips of the
twigs broader, all bearing conspicuous glands on the
back. The odor is strongly balsamic, aromatic and
pungent; taste camphoraceous, terebinthinate and
bitter. For description of microscopic characters see
US.D., 22nd ed., p. 1618. The fluidextract was also
recognized by the N.F. V.
Under the title Cedar Leaf Oil, the volatile oil distilled with steam from the fresh leaves of Thuja
occidentalis was recognized in U.S.P. XIII; the oil
was required to contain not less than 60 per cent of
ketones, calculated as thujone (CioHieO). For method
of producing it see U.S.D., 24th ed., p. 242. The oil
was given official recognition as a replacement for
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lavender oil in soft soap liniment during the emergency period of World War II when the latter oil was
not available.
Action and Uses. — The action of fenchone and
thujone, the important constituents of the oil, according to Hildebrandt (Arch. exp. Path. Pharm., 1902,
48) is very similar to that of camphor, stimulating
the heart and, in overdose, causing convulsions.
Thujone in larger doses causes slowing of the heart
and fall of blood pressure, increased respiration and
violent convulsions of the epileptic type (for study
on its convulsive action see Keith and Stavraky,
Arch. Neurol. Psychiat., 1935, 34, 1022). Opper (Arch.
Neurol. Psychiat., 1939, 41, 460) found that, after
thujone convulsions, the brains of test animals showed
lesions resembling those found in the brain of epileptics. Gierlich (Arch. exp. Path. Pharm., 1937, 187,
129) tested the antagonism of thujone to various
narcotics ; he found that it had some awakening action
against phenobarbital but its practical value was rather
limited. Prochnow (Arch, internat. pharmacodyn.
therap., 1911, 21, 314) found that thuja oil has a
stimulating effect on the isolated uterus similar to that
of hydrastis. There have been reported several cases of
poisoning by this oil and death has followed its use
as an abortifacient (see Jungmichel, Deutsche Ztschr.
ges. gerichtl. Med., 1932, 17).
Thuja was occasionally used internally by the socalled eclectic physicians in enuresis, irritable bladder
and menstrual disorders, but its value is highly questionable. The oil has occasionally been used externally
as a mild counterirritant application.
Thyrobrom (Amfre). — -This product, resulting
from the treatment of thyroid with bromine, is claimed
to produce considerably less thyrotoxic effect than
thyroid. Thyrobrom contains the same concentration
of iodine as does thyroid and, in addition, a total
bromine content of 0.2 per cent; it is described as an
amorphous powder slightly browner in color than
thyroid, and having a sweet, ester-like odor. Feinblatt
(Med. Rec, 1945, 158, 420) reported the drug to
cause fewer cases of palpitation and nervousness than
thyroid, while being as effective as the latter in clinical
use. Guinea pigs fed Thyrobrom had a higher survival
rate than those fed thyroid; in rabbits and rats the
toxicity of the two drugs was substantially the same.
Thyrobrom, employed in about the same dose as thyroid, is supplied in tablets containing J^, 1> and 2
grains.
Thyroxin, U.S.P. XIII. Thyroxine. HO.C6H2I2.O.C6H2I2CH2.CHNH2.COOH.— "Thyroxin is an active physiological principle obtained from the thyroid
gland or prepared synthetically, and contains, when
dried over sulfuric acid for 18 hours, not less than 64
per cent of iodine as an integral part of the Thyroxin
molecule." V.S.P. XIII.
Thyroxin was isolated from the thyroid by Kendall,
in 1914, and synthesized by Harington and Barger
(Biochem. J., 1927, 21, 69), who established its structure as that of 3-(3,5,3',5'-tetraiodo-4'-hydroxydiphenyl ether) -a-aminopropionic acid; the L-isomer is
the naturally occurring form. Natural thyroxin may
be extracted from thyroid glands; the process is described in U.S.D., 24th ed., p. 1225, as is also a
method of synthesis. The synthetic product was, until
recently, the DL-form; the L-form is now available.
Description. — "Thyroxin occurs as white, needlelike, odorless and tasteless crystals. It is affected by
light. Thyroxin is insoluble in water, in alcohol, and
in the other usual organic solvents, but in the presence
of mineral acids or alkalies it dissolves in alcohol. It
is soluble in solutions of the alkali hydroxides and in
hot solutions of the alkali carbonates. When alkali
hydroxide solutions of Thyroxin are saturated with
sodium chloride, the sodium salt of Thyroxin sepa-
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rates." US J*. XIII. For standards, tests and assay see
U.S.D., 24th ed., p. 1225.
Sodium Levothyroxine, N.N.R., also known as
L-thyroxine sodium, is the monosodium salt of
L-thyroxin(e) ; the pentahydrate recognized by N.N.R.
is. a light yellow to buff, odorless, tasteless powder,
soluble in water to the extent of about 0.2 Gm. in
10 ml. The L-form of thyroxin is approximately twice
as active as the DL-form (Hart and Maclagan, Brit.
M. J., 1950, 1, 512), and the sodium salt is believed
to be more efficiently absorbed than L-thyroxin.
Synthroid Sodium (Travenol) is a commercially available brand, being supplied in tablets containing 0.05,
0.1, and 0.2 mg.
Uses. — Although thyroxin produces the calorigenic
effects of thyroid it is not certain that it occurs as
such naturally (see under Thyroid) ; some authorities
consider it to be a cleavage product from thyroglobulin. Huntmacol., {Am.
Physiol.,
63, 257;'
21, 199) J.reached
the 1923,
conclusion
that/. itPhardoes
not fully represent the physiological activity of the
thyroid gland. The total iodine concentration of the
blood is not correlated with the metabolic rate or the
clinical features of patients with thyroid disorders
(Curtis and Fertman, Arch. Surg., 1945, 50, 207).
Salter (Physiol. Rev., 1940, 20, 345) divided the blood
iodine into fractions: (I) nonprecipitable and presumably inorganic; (P) precipitated with the protein
and by extraction separable into a (T) thyroxin-like
and (D) diiodotyrosine-like portion. The ratio of
T to D is similar to that found in the thyroid gland.
Although the blood contains an iodine compound
with physiological action similar to that of the thyroid hormone, the T fraction seems to be neither
thyroxin nor thyroglobulin. In myxedema the protein-bound iodine fraction in the blood is low and in
hyperthyroidism it is increased. In the latter it decreases after thyroidectomy or the administration of
thiouracil. In myxedema, thyroid therapy increases
this fraction in the blood. Evidence that the metabolically active substance is triiodothyroacetic acid,
i.e., deaminated triiodothyronine, was presented by
Pitt-Rivers (Am. Assoc. Physicians, May 4, 1955) ;
with this compound an immediate increase in oxygen
consumption, rather than the delayed action of
thyroxin or triiodothyronine and other compounds,
was observed both in vitro in tissue cultures and
in vivo.
The formerly official thyroxin (racemic) has been
considered relatively inefficient when given by mouth,
it being assumed that it is relatively insoluble and
incompletely and irregularly absorbed from the alimentary canal. The partially purified disodium salt of
thyroxin, official in N.N.R. 1947 as Thyroxin Fraction
and intended for oral but not for intravenous use,
was deleted because of the dangers of its use
(J.A.M.A., 1948, 136, 691). Since the report of Hart
and Maclagan (Brit. M. J., 1950, 1, 512) that sodium
L-thyroxin would correct myxedema in a dosage as
small as 0.3 mg. daily there has been renewed interest in the treatment of thyroid deficiency with the
new dosage form of thyroxin (see Papper et al., New
Eng. J. Med., 1952, 247, 897; Salter and Rosenblum,
Am. J. Med. Sc, 1952, 224, 628). Following use of
sodium L-thyroxin in treating a group of patients
with hypothyroidism, Starr and Liebhold-Schueck
(JAMA., 1954, 155, 732) concluded that the compound is acceptable as thyroid medication and that
its establishment as a standard thyroid drug in general practice, at an economical price, would obviate
the variable potency of the powdered thyroid, [v]
Dose. — The N.N.R. 1947 gave the dose of thyroxin
as 0.2 to 2 mg., the minimum dose being given at first
and the optimum dose determined through observation of the basal metabolic rate. A person afflicted
with high-grade myxedema required from 1.5 to 2
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mg. per day; a small cretin 0.2 to 0.4 mg. every day
or every other day. It was stated that thyroxin was
intended for intravenous administration since it was
relatively ineffective by mouth (a solution in water
was prepared with the aid of a sodium hydroxide
solution and warming). After symptoms of hypothyroidism disappeared very small doses sufficed to
keep the patient in an almost normal state; it was
emphasized that the patient should be careful of
exertion and should take sufficient protein to comdrug.
pensate for increased nitrogen loss from action of the
The sodium L-thyroxin now available is given in
smaller doses; thus, Starr anad Liebhold-Schueck
(loc. cit.) gave 0.05 mg. daily by mouth as the initial
dose, this being progressively increased to the level
that gives best results, which varied from 0.2 to 1 mg.
daily. They emphasized that the dose required for the
production of the ideal clinical result must be found
in the individual case by determining systemic conditions, the serum protein bound iodine, the basal
metabolic rate, and the efficiency of the patient. Their
impression was that 0.1 mg. of sodium L-thyroxin
has the clinical effect of 0.5 grain of desiccated thyroid in some patients and of 1 grain in others.
Tin. Sn (118.70). Stannum, USf. 1850.— Tin is
one of the metals which have been known from the
earliest ages. It exists generally as an oxide (in
cassiterite or tin-stone and wood-tin), rarely as a
sulfide (tin pyrites). The world's tin is largely produced in the Far East, particularly in the peninsula
of Malacca and the island of Banca, although about
20 per cent of the world's supply is produced in
Bolivia. The metal is obtained by reduction of the
native oxide.
Tin is a malleable, rather soft metal, of a silverwhite color. It may be beaten into thin leaves, called
tin foil. It undergoes a superficial tarnish in the air.
Its density atis a7.31white
at 20°,
231.9°,in and
volatilizes
heat.melting
Tin ispoint
insoluble
waterit
and acted upon by dilute acids and concentrated
alkalies. There are three crystalline forms which differ
markedly in density and malleability. Tin forms
two classes of compounds, stannous and stannic, in
which it has valences of 2 and of 4.
Powder of Tin. Stanni Pulvis. — For directions for
preparing it, see USD., 16th edition. Powder of tin
was used as a mechanical anthelmintic, but has very
properly passed out of use. The dose was half an
ounce, mixed with molasses, given for several successive mornings, and then followed by a cathartic
There is strong evidence that the salts of tin are
purge.
poisonous if they enter the circulation. Several cases
in which the symptoms have been referred to absorption of tin from canned foods have been reported.
While it may be possible that some of these cases were
properly diagnosed, the enormous use of tin-plated
metal and the extreme rarity of any ill effects would
seem to demonstrate that the danger is remote. For
literature on this subject and report of a case of poisoning see Salzer (JAJfA., 1918, 70, 980).
Frouin in 1917 claimed that tin had a specific
antagonism against staphylococci and used a mixture
of the metal and its oxide for the treatment of
furunculosis. But Harkins (J. Pharmacol., 1931, 43,
515) tried 14 compounds of tin in experimental
staphylococcus infections and could see no beneficial
effects from any of them.
Tinctures. Fr. Teintures alcooliques; Alcooles.
Ger. Tinkturen. It. Tinture. Sp. Tinturas alcohoUcas;
Tinturas. — "Tinctures are alcoholic or hydro-alcoholic
solutions prepared from animal or vegetable drugs
or from chemical substances." U.S.P., .\\F.
Tinctures are characterized by the use of alcohol or
a mixture of alcohol and water in their preparation.
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The advantages of alcohol as a menstruum are that
it dissolves active principles which are sparingly, or
not at all, soluble in water, and contributes to their
preservation when in solution, while it leaves behind
some inert substances which are dissolved by water.
Because of the small amount of water in it, official
alcohol dissolves more or less of substances which are
insoluble in dehydrated alcohol, while its solvent
power for bodies soluble in the latter fluid is sufficient
for all practical purposes. It is impractical, and unneces ary, to use dehydrated alcohol to prepare tinctures. A hydroalcoholic menstruum is often preferable to official alcohol, as it is capable of extracting a
larger proportion of those active principles of plants
which require an aqueous menstruum, while at the
same time it contains sufficient alcohol to prevent
hydrolytic decomposition, and has the advantages of
being cheaper and less stimulating. In such cases the
proper proportion of alcohol in the menstruum has
been determined experimentally. Official diluted alcohol, which is of approximately the same strength as
proof spirit, is frequently directed as a menstruum for
tinctures. The diluted alcohol of the different pharmacopeias isnot of the same strength; that of the
U.S.P. consists of equal volumes of official alcohol
and water. Undiluted alcohol is preferred as a solvent
when the substance to be extracted or dissolved is
nearly or quite insoluble in water, as in the instances
of resins, camphor, and the essential oils; the presence of water diminishes the solvent power of alcohol.
A hydroalcoholic liquid is employed when the substance to be extracted is soluble both in alcohol and
in water ; or when one or more of the ingredients are
soluble in the one fluid and one or more in the other,
as in the case of vegetable bodies which contain extractive or tannin, or the natural salts of the alkaloids,
or gum united with resin or volatile oil. In the preparation of tinctures from dry drug the latter should
be properly comminuted. It is generally better to have
the drug in a moderately fine than in a very fine
powder; the proper degree of pulverization varies according to the ease with which the menstruum extracts the soluble principles.
The U.S.P. gives the following general procedure
for the preparation of tinctures:
"The proportion of drug represented in the different tinctures is not uniform but varies according to
the established standards for each. Tinctures of potent
drugs essentially represent the activity of 10 Gm. of
the drug in each 100 ml. of tincture, the potency being
adjusted following assay. Most other tinctures represent 20 Gm. of the respective drug in each 100 ml. of
tincture. Compound tinctures are made according to
long-established formulas, and the two official tinctures of fresh drugs, Lemon Tincture and Sweet
Orange Peel Tincture, are made to represent SO Gm.
of the respective drugs in each 100 ml. of tincture.
The general processes to be employed for the manufacture of tinctures, unless otherwise directed in the
individual monographs, are as follows:
"Process P. — Carefully mix the ground drug or
mixture of drugs with a sufficient quantity of the prescribed menstruum to render it evenly and distinctly
damp, allow it to stand for 15 minutes, transfer it to
a suitable percolator, and pack the drug firmly. Pour
on enough of the prescribed menstruum to saturate
the drug, cover the top of the percolator, and when the
liquid is about to drip from the percolator, close
the lower orifice, and allow the drug to macerate for
24 hours or for the time specified in the monograph.
If no assay is directed, allow the percolation to proceed slowly, or at the specified rate, gradually adding
sufficient menstruum to produce 1000 ml. of tincture,
and mix thoroughly. If an assay is directed, collect
only 950 ml. of percolate; mix this thoroughly, and
assay a portion of it as directed. Dilute the remainder
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with such a quantity of the prescribed menstruum as
calculation from the assay indicates is necessary to
produce a tincture that conforms to the prescribed
standard. Mix well. The rate of flow of percolates is
defined under Fhridextracts.
"Process M. — Macerate the drug or mixture of
drugs in a container which can be closed, in a moderately warm place, with 750 ml. of the prescribed
menstruum, agitating it frequently for 3 days or until
the soluble matter is dissolved. Transfer the mixture
to a filter, and when most of the liquid has drained
away, wash the residue on the filter with a sufficient
quantity of the prescribed menstruum, combining the
filtrates, to produce 1000 ml. of tincture. Mix the
product well." UJS.P.
Storage. — Preserve "in tight, light-resistant containers and avoid exposure to direct sunlight and to
excessive heat." U.S.P.
Titanium. Ti (47.90) . — A hard, gray-colored metal
in powdery fragments. It is widely distributed in
nature, being the ninth most abundant element of the
earth's surface. The principal commercial ores are
rutile, a dark native titanium oxide, and ilmenite, a
native black iron titanite.
The metal has a density of 4.5 at 20°, and melts at
1800°. Alloys of the metal have considerable toughness. In compounds, its valence is usually 2 or 4,
occasionally 3. The dioxide, Ti02, is the most important compound and is official in the N.F. (see in
Part I). Titanium trichloride, T1CI3, is a powerful
reducing agent and is used for that purpose in analytical chemistry. An aqueous solution containing titanium tetrachloride and antimony chloride is used as a
flame retardant for application to textiles.
Titanium is commonly considered to be without
known toxicity, although certain of its salts may be
injurious because of the toxicity of associated elements
or radicals or products of hydrolysis. Human tissues
contain from 2 to 11 micrograms of titanium per 100
Gm. of tissue. Pick (Med. Klin., 1911) used various
salts of titanium, especially the sulfate and salicylate,
with asserted benefit as local remedies in the treatment of eczema, lupus, rhinitis and conjunctivitis. On
the skin he used solutions of from 0.25 to 0.5 per cent
of titanium sulfate. For mucous membranes the solution varied from 0.05 to 0.1 per cent in concentration.
Various other salts of titanium have been used in skin
diseases. Titanium metal appears to be ideal for
fixation of fractures (Leventhal, /. Bone Joint Surg.,
1951, 33-A, 473).
Toads. — The skin of many species of the genus
Bufo contains physiologically active poisons and at
least one of them (Bufo agua) has been used as an
arrow poison by the South American Indians. The
Chinese medicine known as ch'an su is also prepared
from a species of toad. Faust in 1902 found in the
skin of the common European toad (B. vulgaris)
two substances which had a digitalis-like effect, the
stronger of which he called bufotalin and the weaker
bufonin. Abel in 1911 isolated two crystalline bodies
from the B. agua (also known as B. marinus) one
of which was apparently identical with epinephrine
and the other possessed a digitalis-like action.
Chen and his co-workers (Proc. S. Exp. Biol. Med.,
1931, 29, 905; /. Pharmacol., 1933, 49, 503, 514, 543)
studied a number of species and classified the physiologically active constituents into four groups: (1) epinephrine; (2) bufagins, which are a group of compounds with digitalis-like effects, differing in their
exact composition from one species to another (this
group would include the bufotalin of Faust; (3)
bufotoxins, which appear to be a combination of a
bufagin with suberyl-arginine (their effects are similar
but weaker than those of the bufagins; presumably
bufonin of Faust belongs in this group) ; (4) bufotenines, which are nitrogenous bodies, probably alka-
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loidal. The last-named produce a very marked rise in
blood pressure resembling that of epinephrine but
they also stimulate contractions of the intestinal and
uterine muscles. The toad poisons have the cyclopentanoperhydrophenanthrene group structure (see
Sterids, Part II) ; their chemistry is discussed in
Oilman's Organic Chemistry, Second Edition, Volume
2, 1943.
Tobacco. Tabacum, V.S.P. 1890 Nicotiana Tabacum L. (Fam. Solanacece.) — This widely cultivated
plant is an annual in the U. S., but in the tropics
becomes bi- or triennial. It has a large, fibrous root,
and an erect, round, hairy, viscid stem which branches
near the top, and rises from three to six feet in height.
The leaves are numerous, alternate, sessile, and somewhat decurrent, very large, ovate-lanceolate, pointed,
entire, slightly viscid, of a pale green color, and have
a narcotic odor. The flowers appear in panicles or
racemes and vary from pink to red in color.
There is good reason to believe that this plant is a
native of tropical America. Columbus, upon landing
at St. Domingo in 1492, found the natives smoking
cylinders of tobacco leaves. It was known as petum in
the earlier literature. Tobacco is at present cultivated
in most parts of the world, and nowhere more abundantly than within the limits of the United States.
Other related species have been cultivated.
Tobacco, as it occurs in commerce, is of a yellowish-brown color, a strong narcotic penetrating odor,
which is wanting in the fresh leaves, and a bitter,
nauseous, and acrid taste.
The principal alkaloid of tobacco is the liquid
nicotine, isolated in 1828 by Posselt and Reimann.
Other alkaloids present in the common tobacco of
commerce in considerably lesser amounts are nicoteine,
nicotimine, nicoteliine, anabasine, N-methylanabasine,
anatabine, 1-N-metkylantabine, nicotyrine and nornicotine; the "Turkish" type of tobacco contains also
isonicoteine and nicotoine. Other bases found in
tobacco are ammonia, trimethylamine, piperidine, 2:3'dipyridyl, iso-amylamine, pyrrolidine and N-methylpyrroline. The alkaloids and other bases occur as salts
of citric, malic, oxalic and other organic acids. Rutin
(see in Part I) is also a constituent of tobacco.
Nicotine is obtained commercially by treating tobacco with an aqueous alkali solution and steam distilling. According to Henry {Plant Alkaloids, 1949)
the average content of alkaloids in tobacco leaf is
about 4 per cent and does not as a rule exceed 6 per
cent.
Nicotine is |3-pyridyl-a-N-methylpyrrolidine, CioH14N2. It is a colorless liquid, gradually turning to
yellow on exposure to air and light, and having a
sharp, burning taste but almost without odor in the
cold. It evaporates appreciably at room temperature,
the vapor being very irritant to the nostrils. Nicotine
is miscible with water in all proportions at temperatures below 60° and above 210°; between these temperatures the miscibility is limited. It is very soluble
in alcohol, chloroform, ether, petroleum ether and oils.
The salts of nicotine are water-soluble, do not crystallize readily, and are dextrorotatory, whereas the
base itself is levorotatory.
Nicotine has been synthesized by several methods,
using such starting compounds as pyridine, nicotinic
acid, and a mixture of ammonia and butadiene, respectively, along with necessary accessory reagents.
For an excellent review of these methods, as well as
of the chemistry of tobacco alkaloids, see Jackson,
Chem. Reviews, 1941, 29, 123, also a symposium on
tobacco chemistry, Ind. Eng. Chem., 1952, 44, 266309. It is of interest to note that by treatment of
nicotine with oxidizing agents, nicotinic acid is produced.
Various extracts of tobacco and solutions of com-
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mercial nicotine are available on the market for use
as agricultural insecticides.
When distilled at a temperature above that of
boiling water, tobacco yields an empyreumatic oil,
which was official in the U.S.P. 1870, under the
name of Oleum Tabaci: Oil of Tobacco. It is highly
poisonous, probably due to its containing nicotine.
It is quite certain that tobacco leaves undergo considerable chemical changes during the processes of
curing and preparation for use. Thus, the characteristic odor of ordinary tobacco is entirely different
from that of the fresh leaves, and must be the result
of the generation of a new volatile principle.
Physiological Effects. — Tobacco is locally irritant. Snuffed up the nostrils, it excites violent sneezing, and a copious secretion of mucus; chewed, it
irritates the mucous membrane of the mouth and
increases the flow of saliva; when injected into the
rectum, it sometimes operates as a cathartic; and the
alkaloid nicotine injected into the tissue of animals
produces pain. In large doses, or in persons unaccustomed to it, tobacco produces severe nausea, sometimes vomiting, accompanied with profuse perspiration, and great muscular weakness.
The physiological effects of tobacco are due almost
entirely to its nicotine. There has been in the past
some doubt as to the presence of nicotine in the
smoke of burning tobacco, but it should be remembered that nicotine is a volatile alkaloid and a priori
one would expect that in burning tobacco it would
be volatilized before it was destroyed. The numerous
studies, both chemical and physiologic, of smoke
leave no room for doubt that at least a portion of the
nicotine is found in the smoke. The amount of nicotine entering the mouth has been estimated as between
0.2 to 8.5 mg. per cigarette and that absorbed up to
3.3 mg. Ling and Parry (Brit. J. Pharmacol. Chemother., 1949, 4, 313) reported that two independent
investigations indicated that the amount of nicotine
entering the mouth is between 0.6 and 1 mg. per
cigarette, of which approximately one-half may be
absorbed. In other analyses of the mainstream smoke
reaching the mouth from a variety of commercially
available cigarettes, both "regular" and "king" size,
the amount of nicotine varied from nearly 1 to over
3 mg. and the amount of tars from 10 to more than
20 mg. (J A .MA., 1955, 157, 1309) ; use of various
holders containing filters decreased these amounts but
approximately 2 and 15 mg., respectively, were still
present; with filter-tip cigarettes approximately 60
per cent or more of the nicotine and tars still reached
the mouth. When the filter-tip is very compact and
effective, smoking satisfaction is lost. Until more
definitive information is available moderation or abstinence, according to individual preference, must be
recommended.
Nicotine is a very powerful and rapidly-acting
poison. According to the experiments of Thomas and
Franke (/. Pharmacol., 1928, 34, 111) 5 mg. per Kg.
intravenously is a fatal dose for dogs and many of
them die from much smaller quantities. Human nicotine poisoning, mostly from its use as an agricultural
insecticide, has become of toxicological importance.
The most common symptoms are giddiness, nausea,
vomiting, weak rapid pulse, clammy skin, muscular
tremors, and dyspnea; the pupils are at first contracted and later dilated. In fatal cases death usually
occurs in from 5 to 30 minutes. In some cases there
is found postmortem a severe hemorrhagic gastritis
but this is not constant. For further account of nicotine poisoning see Beeman and Hunter, Arch. Path.,
1937, 24, 481.
Nicotine randomly labeled with the radioactive
isotope carbon-14 was produced by growing tobacco
in an atmosphere of C1402, by Ganz et al. (Bot. Gaz.,
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1951, 113, 195); studies in the mouse showed that
50 per cent of the isotope was recovered in the urine
within 6 hours after injection, with about half of this
being present as unchanged nicotine (Ganz et al.,
J. Pharmacol., 1951, 103, 209), and none being found
in expired air. In tissues the highest concentrations
were found in the liver and spleen, with lesser amounts
in the heart, kidney, and lung, and very scant amounts
in the brain and skeletal muscle.
The dominant physiological action of nicotine is
exerted upon the autonomic ganglia. These are primarily stimulated and by large doses secondarily
depressed. There is, however, at the same time
probably an influence upon some of the medullary
centers; for example the nausea and vomiting are
probably of central origin. As the autonomic nerves
regulate the action of all the vital organs, the influence of nicotine must affect practically every bodily
function. The most striking changes are those in
the circulatory and digestive organs, and also certain
secretions. The primary stimulation of the ganglia
leads to contraction of the arteries and a consequent
increase in the blood pressure. That tobacco smoking
will cause a temporary increase in blood pressure
there is no room to doubt, but there is some difference of opinion as to the duration of this effect and
to its significance for the general health. Lampson
(J -A.M. A., 1935, 104, 1963) studied the rapidity of
blood-flow in the hand, both of healthy persons and
of patients with arterial disease, and found that
inhaling one cigarette caused vasoconstriction lasting
for about 60 minutes, and that smoking one cigarette
without inhaling caused a milder reaction which
lasted about 15 minutes. Moschcowitz
(J. A. MA.,
1928, 90, 733) reported several cases of heavy tobacco
users in which symptoms closely simulating angina
pectoris disappeared immediately on cessation of
their habit. On the other hand, Johnson (J.A.M.A.,
1929, 93, 665), through a comparison of 150 smokers
and 150 nonsmokers, reached the conclusion that
smoking does not have any permanent effect on the
blood pressure, the average for the two groups being
almost exactly the same. Thompson and Sheldon
(N. Y. State J. Med., Feb., 1917), from a study of
the effects of smoking upon patients with high blood
pressure, found that the effects were variable: in
some cases smoking produced a marked increase in
the blood pressure, but in an equal number of cases
a marked fall. In a study of both normal subjects
and patients with coronary disease, Russek et al.
(J.A.M.A., 1955, 157, 563) observed in both groups
a significant increase in heart rate and blood pressure
following the smoking of a regular cigarette. According to them, while smoking does not present a direct
danger to the patient with coronary disease through
coronary vasoconstriction, other cardiovascular, local
and systemic effects clearly establish the inadvisability
of continuance of smoking in patients with heart
disease.
Silbert (Am. Heart J., 1948, 36, 757) presented the
case records of 25 women with thromboangiitis obliterans, all of whom were habitual smokers; the patients restored to health who refrained from smoking
remained in excellent condition. The increased incidence of this vascular disease in women appears to
be associated, according to Silbert, with the increase
in the number of women who smoke.
Outside of the central nauseating action, the most
striking effect of smoking upon the digestive organs
are the inhibition of the hunger contractions (Carlson
and Lewis, Am. J. Physiol., 1914, 34, 149), with
consequent loss of appetite, and stimulation of salivary secretion and perhaps also of the acid glands
of the stomach. Many of the effects produced by
nicotine are similar to those produced by epinephrine

Tobacco

1905

and some have supposed that there is an increased
output of epinephrine from the stimulation of the
nerves to the adrenal glands. It is interesting to note
that there is an increase of the blood sugar produced
by smoking, presumably from a discharge of glycogen from the liver (Haggard and Greenberg, Science,
1934, 79, 165). At the other extreme, Bohan and
Berry (GP, 1953, 8, 63) reported that functional
(spontaneous) hypoglycemia might be caused by excessive use of tobacco and recommended abstinence
from smoking for at least a month before resorting to
surgical exploration of the pancreas.
When the dose of nicotine is large enough to produce secondary depression of the ganglia there will
occur a fall in the blood pressure, rapidity of the
pulse, irregularity of the respiration, and paralysis
of secretion. There is with very large doses a depressant effect upon the conductivity of the voluntary motor nerves, and with fatal doses death is
usually due to cessation of respiration through paralysis of the phrenic nerve.
Eisenberg et al. (West. J. Surg. Obst. Gyn., 1951,
59, 27), in experiments dealing with the effect of
nicotine and cigarette smoke on rats and mice, observed recurrent interference with the reproductive
cycle of treated animals; in early stages the interference manifests itself in the form of irregularities of
the estrus cycle, pregnancy and birth of young; in
later stages, after protracted treatment, estrus and
pregnancy may cease completely.
On the basis of a study of 684 cases of proved
bronchogenic carcinoma, Wynder and Graham
(J.A.M.A., 1950, 143, 329) concluded that excessive
and prolonged use of tobacco, especially cigarettes,
seems to be an important factor in the induction of
the carcinoma; there may be a lag period of 10 years
or more between cessation of smoking and the occurrence of clinical symptoms of cancer. Levin et al.
(ibid., 1950, 143, 336) presented data which showed
there were more than twice as many cases of lung
cancer among cigarette smokers as among nonsmokers,
or among pipe or cigar smokers; cases of lip cancer,
however, were significantly increased among pipe or
cigar smokers, as compared with cigarette smokers. In
a study of 187,766 men between the ages of 50 and 69
Hammond and Horn (J.A.M.A., 1954, 155, 1316)
found that there is a definite association between
smoking habits and death rates, with a 52 per cent
higher death rate among men with a history of regular cigarette smoking; lung cancer and diseases of
coronary arteries were chiefly associated with the
higher death rate among regular cigarette smokers.
On the other hand, certain statistical parallelisms between tobacco smoking and disease, while being suggestive, do not provide evidence of causative relationship (Berkson, Proc. Mayo, 1955, 30, 319). Among
other factors the exact role and significance of irritants derived from smoking of tobacco and from industrial atmospheric pollution, both of which are undesirable, remain in controversy (J. A.M. A., 1955,
157, 169, 268, 1043, 1579; Watson and Conte, Am. J.
Surg., 1955, 89, 447; and others).
The explanation for the solace that habitual smokers get from nicotine is not obvious. Some have
attempted to attribute it to factors — such as visual
satisfaction, irritation of the mucous membranes,
rhythmic movements of the facial muscles — which do
not consider at all the physiological action of nicotine; but the fact that most smokers use poisonous
tobacco in preference to any other vegetable product, negatives all these explanations. Mendenhall
(Am. J. Physiol., 1925, 72, 549) found that smoking
raises the threshold of cerebral irritability, but it is
not shown that this is a nicotine effect. The advertisement that the soothing effect is attributable to an
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increase in blood sugar does not appear to be a rational answer to the problem.
As a crutch to assist in discontinuing excessive use
of cigarettes, Rapp et al. (Am. J. Med Sc, 1955,
230, 9) re-evaluated the use of lobeline (see under
Lobelia, in Part I). In previous studies 8 mg. of
lobeline was effective but produced gastrointestinal
side effects. Rapp used only 2 mg. of lobeline, together
with a rapid- and a slow-acting antacid, such as aluminum hydroxide and magnesium carbonate (Bantron,
Campana). This preparation caused no cardiovascular
or gastrointestinal disturbance and 80 per cent of subjects stopped smoking after 5 or 6 days, with a marked
decrease in smoking occurring in most cases by the
fourth day. Lobeline possesses many of the pharmacological actions of nicotine.
Formerly much used as a relaxant, tobacco has
been superseded by safer and more efficacious remedies, so that it is at present almost never employed
in medicine. It should always be borne in mind that
its active principle is absorbed readily by the skin,
and that serious or even fatal poisoning may result
from its too free application to the surface of the
body. A case of death is on record, occurring in a
child 8 years old, in consequence of the application of
the expressed juice of the leaves to the head, for the
cure of tinea capitis. Death has also been produced by
inhalation of the smoke. (Vj
Toddalia, B.P. Add. 1900.— The dried root bark
of Toddalia asiatica Lam. (Toddalia aculeata Lam.)
(Fam. Rutacece.) This is a climbing shrub, known
also as Lopez root, growing in East Africa, Madagascar, the subtropical Himalayas, Ceylon, and the
Philippines. Lobstein and Hesse (Bull. sc. Pharmacol., 1931, 38, 157) found in the root of toddalia a
poisonous resin which, in small doses, produced abortion in guinea pigs and, in larger doses, paralysis and
death. In the leaves they found a glycosidal alkaloid,
toddaline. This is a neuromuscular poison and also
a heart depressant. They believe that their experiments substantiate the value of the root in amenorrhea. The alkaloid berberine was found in the outer
root bark by Perkin and Hummel (/. Chem. S., 1895,
67, 413) and Dey (Arch. Pharm., 1933, 271, 477)
found, also in the root bark, the alkaloids toddaline
and toddalinine, toddalolactone, resins and glycosides
(see also Indian J. Med. Research, 1935, 22, 765, and
Henry's Plant Alkaloids). The B.P. Add. 1900 recognized an infusion (Infusum Toddalia, 2 ounces to a
pint), dose, 30 to 60 ml. (approximately 1 to 2 fluidounces) ; also a concentrated solution (Liquor Toddalice Concentrates, B.P. Add. 1900), dose, from 2 to
4 ml. (approximately 30 to 60 minims).
Tolonium Chloride, N.N.R. Toluid'me Blue O.
Blutene Chloride (Abbott). 3-Amino-7-dimethylamino-2-methylphenazathionium Chloride. C15H16CIX3S. — This dye is a green, crystalline powder with
a bronze luster; it dissolves in water, at room temperature, to the extent of about 5.5 Gm. in 100 ml.
of solution, but it is only slightly soluble in alcohol.
Toluidine blue O is of therapeutic interest because
of its ability to inhibit the anticoagulant effect of
heparin (Myslivecek, Nature, 1949, 163, 605) or of
some other substance in blood, perhaps heparinlike,
which has anticoagulant properties. Allen and associates (Surg. Gynec. Obst., 1949, 89, 692; J AM. A.,
1949. 139, 1251) studied the effect of intravenous administration oftoluidine blue in a variety of hemorrhagic disorders. They found a rapid response in
3 post-partum patients with hemorrhage, as well as
in patients with bleeding due to chronic leukemia,
irradiation therapy, or nephritis; abnormal platelet
counts were not affected. Bleeding due to Werlhofs
disease, thrombocytopenic purpura or hemophilia was
not influenced. Transient nausea and vomiting occurred in 15 per cent of patients treated; some also
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developed a bluish tint of the skin. Holoubek et al.
(J.A.MA., 1949, 139, 214) advised administration of
toluidine blue in preparation for splenectomy in
thrombocytopenic purpura, in certain cases of acute
bone marrow suppression, to decrease petchiae and
oral bleeding in leukemia, and to stop bleeding from
excessive administration of heparin.
More recently the compound has been found to be
useful in treatment of idiopathic functional uterine
bleeding, being effective when administered orally
(Rumbolz et al., Am. J. Obst. Gyn., 1952, 63, 1029;
Lathrop and Carlisle, ibid., 1952, 64, 1376; Bickers,
ibid., 1953, 66, 131; Chesley et al., Bull. Margaret
Hague Maternity Hospital, 1953, 6, 100). About 80
per cent of patients with idiopathic uterine bleeding
have excessive amounts of heparinoid substances in
the blood, as demonstrated by titration with protamine
sulfate; from 75 to 80 per cent of such patients respond to therapy with toluidine blue O. The mechanism of action of the dye in uterine bleeding not
associated with elevated protamine titration values
is not apparent. The dye should not be used for treatment of abnormal uterine bleeding until malignancy
has been ruled out.
Tolonium chloride (the generic name adopted by
X.X.R. for toluidine blue O of medicinal grade) has
a low order of toxicity in experimental animals; no
changes in coagulation time or capillary fragility have
been observed. Staining of internal organs may be
apparent following systemic administration of the
dye, but no tissue damage appears to occur; the urine
of patients ingesting the dye is colored a pale bluegreen. In some patients (especially when the fluid
intake is less than 8 glasses daily) there may be
nausea, burning on urination, and tenesmus. It is
essential that a medicinal grade of the dye be used;
technical grades may contain zinc and other toxic
impurities. A specially purified grade for preparing
parenteral solutions is avaflable (National Aniline
Division, Allied Chemical & Dye Corp.). Allen et al.
(loc. cit.) prepared a 1 per cent aqueous solution of
the dye, sterilized it by filtration through a sterile
Seitz filter, and administered the requisite amount in
a vehicle of isotonic sodium chloride solution.
Dose. — The dose of tolonium chloride when administered intravenously varies from 1 to 8 mg. per
Kg. of body weight per day, being injected in 500 ml.
of sodium chloride injection at a rate requiring 2 to
3 hours for the injection. When given orally the dose
is 200 to 300 mg. daily in menorrhagia, administered
with meals during the menstrual period; for prevention of menorrhagia the same daily dose is administered for 5 or 6 days prior to the estimated time of
the menses. In menometrorrhagia the medication may
be extended over 2 or 3 menstrual periods.
Blutene chloride is supplied in sugar-coated tablets
containing 100 mg.
Tonka Bean. Tonco Bean. Tonquin Bean. — The
seeds of Dipteryx odorata (Aubl.) Willd. (Coumarouna odorata Aubl.), a large tree native to Guiana
which yields the Dutch tonka bean; and of D. opposiiifolia (Aubl.) Willd. (Coumarouna oppositifolia
Aubl.) (Fam. Leguminosce), a tree indigenous to
Brazil, which is the source of the English tonka bean.
The fruit is an oblong-ovate pod, enclosing a single
seed, from 3 to 4 cm. long and about 1 cm. wide,
usually somewhat compressed, with a dark brown,
wrinkled, shining, thin, and brittle skin, and a light
brown, oily kernel. The seed has a strong, agreeable,
aromatic odor, and a bitterish, aromatic taste. Its
active constituent is coumarin (see in Part I), nearly
2 per cent being said to be present. Tonka bean has
been used to adulterate tincture and extract of vanilla.
Tonquin butter is an article of commerce in Holland.
It is a non-drving soft fat (for chemical properties
see /. Soc. Chem. Ind., 1931, 50, 318 T).
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The fluidextract of the bean has been used in
whooping cough.
Toxaphene. Chlorinated Camphene. — Toxaphene
is the commonly employed name for the chlorinated
bicyclic terpene obtained by chlorination of camphene until the product has the average composition
represented by CioHioCbj ; the exact molecular structure of the product is not known. The technical
grade of toxaphene is an amber-colored, waxy solid,
with a mild pine-like odor; it is insoluble in water,
but readily soluble in many organic liquids, particularly those of aromatic hydrocarbon type. The substance melts in the range of 70° to 95°. Strong alkalis
decompose it.
Toxaphene has been found to be toxic to a considerable number of agricultural insect pests, being
insecticidally active through a combination of contact and stomach poison effects. It may be formulated for use as a dust, emulsion, spray, or wettable
powder. Since its action is slow, it is often combined
with paralytic agents, such as iso-bornyl thiocyanoacetate, to obtain a rapid knockdown of insects when
used as a contact spray. Toxaphene sprays are not
considered to be safe for household use. Formerly
toxaphene was considered to be superior to DDT for
use as a louse powder, but uncertainty as to its
cutaneous toxicity has prevented its employment for
this purpose.
Toxaphene is moderately irritating to the skin, and
may be absorbed in sufficient amounts to be dangerous. It is a general convulsant which acts on the
central nervous system, causing diffuse stimulation of
the brain and spinal cord which results in the generalized convulsions of tetanoid or clonic character.
From observations on laboratory animals it is suspected that toxaphene possesses the medullary excitant effects of camphor, since the former is a
chlorinated camphene. Toxaphene has a deleterious
effect on the liver. It has approximately four times
the acute toxicity of DDT, the fatal dose for humans
being estimated as 2 to 7 Gm. Three deaths in children, presumably resulting from accidental ingestion
of toxaphene, have been reported (McGee et al.,
J.A.M.A., 1952, 149, 1124).
Treatment of poisoning with toxaphene requires
evacuation of the stomach and bowels, followed by
administration of a barbiturate to control the central
nervous system stimulation. For a more extensive
discussion of the pharmacology and toxicology of
toxaphene, see J. AM. A., 19S2, 149, 1135. |V|
Trichinella Extract, N.N.R. 1947 (Lilly) .—This
is an extract obtained by treatment with isotonic
sodium chloride solution of clean Trichinella larvae
prepared by artificial digestion of the muscles of
heavily infested experimental animals; the extract
is adjusted to neutrality and sterilized by filtration.
It has been employed for making the intradermal
diagnostic test in the diagnosis of trichinosis. Depending on the duration of the illness, an immediate or
delayed positive reaction may result from the intradermal injection of 0.1 ml. of the diluted antigen.
Triethanolamine Trinitrate. N(CH2CH20.N02)3- — This compound, first prepared and investigated by Junkmann (Schweiz. Pat., 1941, 122, 154),
has been suggested as a substitute for other nitrites
and nitrates in the treatment of angina pectoris
(Fischer, Deutsche Gesundheitswesen, 1946, 1, 455;
Pfeiffer, Klin. Wchnschr., 1950, 28, 304). It is unique
among organic nitrates in being a tri-substituted
nitrogen compound, thus showing some similarity to
choline and acetylcholine. Melville and Lu {Can.
Med. Assoc. J., 1951, 65, 11) could not find any evidence of cholinergic action but did find it to be, in
animal experiments, an effective coronary vasodilator
agent. Palmer and Ramsey (ibid., p. 17) found it to
effect a reduction in the daily number of attacks in
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5 patients with angina pectoris (see also Spuhler,
Schweiz. med. Wchnschr., 1949, 79, 518). It is claimed
to provide protection of long duration in angina
pectoris with the lowest effective dose of any of the
long-acting organic nitrates. It is free from side effects
and causes little or no change in blood pressure.
Tolerance and methemoglobinemia have not been
reported. Like all vasodilators its use is contraindicated in glaucoma. Russek et al. (Am. J. Med. Sc,
1955, 229, 46) observed little or no significant effect
on the electrocardiographic response to standard exercise in their series of patients.
Triethanolamine trinitrate is employed in the form
of its biphosphate salt, which is available in Europe
under the name Ortin and in the U.S.A. and Canada
asMetamine (Leeming,
"i Metadier Ltd.) and Nitretamin
(Squibb). The usual ndose is 2 mg. 4 times daily.
Metamine is supplied in 2-mg. tablets.
Triethylene Melamine. TEM. 2,4,6-Triethyleneimino-5-triazine. — This compound
has the struc-CH„
ture represented by

0
It occurs as a white, crystalline powder, readily
soluble in water; usually a small amount of a polymeric form is present, which imparts to an aqueous
solution a slightly milky appearance. It is relatively
stable in alkaline, aqueous media but undergoes decomposition inacid solutions.
Triethylene melamine was originally investigated
in Germany for its utility in improving rayon fabric
H2Cfinish; in the course of a screening
program for anticancer agents its antitumor activity was observed
(Burchenal et al., Proc. S. Exp. Biol. Med., 1950, 74,
708; Lewis and Crossley, Arch. Biochem., 1950, 26,
319). It possesses 3 ethyleneimine groups, and is thus
capable of forming ethyleneimmonium ion, just as
nitrogen mustard does, which reaction is believed to
be involved in the mechanism of the cytotoxic action
of such compounds (see Action, under Sterile Mechlorethamine Hydrochloride in Part I).
While triethylene melamine possesses the cytotoxic
actions of the nitrogen mustards, it does not have the
cholinergic or convulsive effects of the latter. Also,
TEM may be administered orally with rather infrequent occurrence of nausea, vomiting and anorexia.
The drug is absorbed from the gastrointestinal tract.
Since it is unstable in acid solutions, it appears that
its action is more certain if the acidity of the stomach
is neutralized by simultaneous administration of sodium bicarbonate (2 Gm. with each dose of TEM).
The therapeutic indications and utility of TEM are
the same as for the nitrogen mustards (see Sterile
Mechlorethamine Hydrochloride). Karnofsky et al.
(Arch. Int. Med., 1951, 87, 477) found TEM, whether
administered intravenously or orally, effective in treating Hodgkin's disease, lymphosarcoma, and chronic
lymphatic and myelogenous leukemia. Other investigators likewise obtained substantial improvement in
these diseases (Wright et al., ibid., 1952, 89, 387;
Silverberg and Dameshek, J. A.M. A., 1952, 148, 1015).
Moderate improvement occurred in patients with
fibrosarcoma, reticulum-cell sarcoma, and mycosis
fungoides; no improvement was observed in patients
with carcinoma (Wright et al.) . Of 30 patients having
polycythemia vera treated with TEM, 20 showed
satisfactory symptomatic and hematological response,
with an average remission of 8 to 9 months, following
an average course of treatment with a total of 30 mg.
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of TEM (Rosenthal and Rosenthal, Arch. Int. Med.,
1952, 90, 379). Saline and Baum {JAMA., 1954,
156, 1493) found TEM useful in the palliative therapy
of bronchogenic carcinoma with superior vena caval
obstruction.
Silverberg and Dameshek (loc. cit.) called attention
to the hypoplasia of bone marrow observed with longcontinued administration of TEM; they emphasize
that frequent blood cell counts, including estimations
of platelets, are essential when using the agent.
Karnofsky et al. (loc. cit.) observed among 58 patients treated orally with TEM severe and prolonged
bone marrow depression in 7 (of whom 2 died, presumably of toxicity of the drug), severe but transient
bone marrow depression in 12, leukopenia in 24. and
no interference with normal hematopoietic activity
in 15.
Dose. — Karnofsky et al. (loc. cit.) administered
triethylene melamine intravenously in a daily dose of
2 to 3 mg., with the total course of treatment of an
adult consisting of 5 to 20 mg. By the oral route a
total of from 20 to 40 mg. is administered in a
period of 3 to 5 weeks; the usual dose the first week
is a total of 10'mg. and thereafter 5 to 10 mg. a week.
Individual doses of the drug were 2.5 or 5 mg.
Wright et al. (loc. cit.) gave 5 or 10 mg. daily, by
mouth, for courses of 1 to 4 days, or 1 mg. daily for
courses of 5 to 15 days. The total dosage per course
varied from 5 to 30 mg. ; the maximum total dose
given to a single patient was 120 mg. in 168 days.
When an initial course of 15 to 20 mg. produced no
therapeutic effect after 15 days a repeat course was
given if the patient was free of toxic effects. Wright
et al. routinely administer 50 mg. of pyridoxine
simultaneously with TEM to decrease incidence of
nausea and vomiting. Rosenthal and Rosenthal (loc.
cit.) gave 2.5 or 5 mg. of TEM 1 hour before breakfast every' 1 to 3 days, for total doses of 15 to 40 mg.
The simultaneous administration of 2 Gm. of sodium
bicarbonate with each dose of TEM has been referred
to above.
Triethylene melamine is available in tablets containing 1mg. or 5 mg. (Lederle).
Triethylenephosphoramide. TEPA. — This compound contains 3 ethyleneimine groups
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CH2

'

in this respect resembling triethylene melamine; such
substances are of interest by virtue of the fact that
ethyleneimmonium ion formation is considered to be
involved in the mechanism of the cytotoxic action of
the nitrogen mustards (see Action, under Sterile
Mechlorethamine Hydrochloride, in Part I). The
sulfur analog, triethylenethiophosphoramide, referred
to as ThioTEPA, in which S replaces O in the structure depicted above is of interest for the same reason.
In rats both compounds have been observed to
have similar anticancer effects, resembling those of
triethylene melamine (Crossley et al., Proc. S. Exp.
Biol. Med., 1953, 83, 438). In patients with malignant
neoplasms results with TEPA have approximated
those with triethylene melamine (Farber et al., Cancer,
1953, 6, 135; Sykes et al., ibid., p. 142). The usual
course of treatment consists of 4 to 6 intramuscular
injections of a 1 per cent solution of TEPA in peanut
oil at a dosage rate of 0.3 mg. per Kg. per injection.
The injection is well tolerated; nausea and vomiting
occur rarely. Satisfactory initial responses have followed use of ThioTEPA in chronic mvelocvtic leu-
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kemia (Shay et al., Arch. Int. Med., 1953, 92, 628)
and reports of regression of metastatic carcinomas of
the breast and ovary following parenteral injection
have appeared (see Holland. Pub. Health Rep., 1954,
69, 1151). Therapeutic doses of either agent may produce bone-marrow depression.
Trifolium, X.F. VII. Red Clover Blossoms. —
■'Triiolium is the dried inflorescence of Trifolium
pratense
Linne
(Fam. aLeguminosae)
." NJP. but
VII.widely
Triiolium
pratense,
native of Europe
cultivated in the U. S., is characterized by its small
sessile papilionaceous flowers in dense ovoid heads,
sweet-scented, and with a purplish corolla which
withers after flowering; the stems are ascending and
somewhat hairy. The three ovate leaflets are notched
at the end and marked on the upper side with a pale
spot. For a description of unground and of powdered
trifolium see UJSJ)., 23rd ed., p. 1177.
Power and Salway (J. Chem. S., 1910, 97, 231)
found in clover blossoms a number of undescribed
phenolic substances, including pratol and pratensol,
and the glycosides trifolun and isotrifoliin. According to Xakaoki (Chem. Abs., 1955, 29, 2982) the
glycosides yield quercetin on hydrolysis. Salway
(/. Chem. S., 1913, 103, 399, 1022) reported another
glycoside, trijolianol. There is no evidence that any
of these principles is physiologically active.
The eclectics attributed to clover antispasmodic and
expectorant properties and employed it in the treatment of whooping cough and bronchitis. It has also
been used in ointment form as a local application to
ulcers. It was employed in some antiasthmatic cigarettes. There is, however, no evidence to support the
belief that it has any medicinal utility.
The X.F. gave the average dose as 4 Gm. (approximately 60 grains).
Trigonella. Greek Hay Seed. Fenugreek. Semen
Fcenugrceci. Ger. Bockshornsamen. T. Faenumgraecum
L. (Fam. Leguminosae.) — A low European annual
herb with pinnately 3-foliate leaves, obscurely dentate, obovate leaflets and white flowers, cultivated
in southern Europe, northern Africa and India for its
seeds. These are oblong-quadrangular, somewhat
compressed, obliquely truncated at each extremity,
3 to 5 mm. in length and 2 mm. broad, brownishyellow externally, internally yellow, and marked with
an oblique furrow running half their length. They
have, when ground, a strong odor resembling that of
elm bark, and an oily, bitter, farinceous taste, and
contain fixed and volatile oils, mucilage, bitter extractive and a yellow coloring substance. They contain the alkaloid trigonelline, which is found also in
hempseed. peas, oats and several other seeds; it has
also been found in certain animals. Trigonelline is the
methylbetaine of nicotinic acid and after administration of nicotinic acid to dogs, trigonelline can be recovered from the urine. It is, apparently, physiologicallv inert. For further information of this alkaloid
see "Henry (Plant Alkaloids, 1949).
Fenugreek is largely used in the preparation of
culinary spices and for making imitation maple flavor.
It is also used in the manufacture of "condition
powders" for cattle and has been suggested for the
treatment of various forms of malnutrition in humans
(see Huerre, Schweiz. Apoth.-Ztg., 1928, 66, 182).
In Europe the seeds have been employed in the preparation of emollient cataplasms, enemata, ointments
and plasters.
Triiodoethionic Acid. Teridax (Schering).
a - Ethyl - fj - (2 .4.6 - triiodo -3 - hy droxyphenyl ) propionic
acid. — This substance, which differs from iopanoic
acid (see in Part I) only in having a hydroxyl radical
replacing the amino group of iopanoic acid (Telepaque), has been recently introduced as a cholecystographic agent.
Following a single oral dose of 3 Gm. to fasting
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adult human males, 17 to 23 per cent of the compound, estimated as iodine, is excreted in the urine
during the first 48 hours; total excretion in the urine
and feces amounted to 25 per cent in 23 days. Blood
levels of iodine reached a maximum at 6 to 8 hours
and decreased until at 24 to 48 hours no iodine could
be found unless a more sensitive analytical procedure
was employed, when elevated plasma bound iodine
levels could be detected for at least 98 days. The
same dose of iopanoic acid, on the other hand, resulted in 22 to 29 per cent excretion in the stools,
with only very small amounts appearing in the urine;
biood iodine levels reached a maximum (about half
that with Teridax) at about 10 hours and declined
at a slower rate than with Teridax (Perlman et al.,
J. A. Ph. A., 1955, 44, 69). For toxicity data see
Margolin et al. (ibid., 1953, 42, 476).
In a clinical trial on 96 patients Hoffmann (Am. J.
Digest. Dis., 1954, 21, 150) found that no significant
differences in density of gallbladder shadow were obtained with doses of 3, 3.75, or 4 Gm. The densities of
cholecystograms obtained with Teridax were between
those obtained with iodoalphionic acid (Priodax)
and iopanoic acid (Telepaque). In his experience a
lower incidence of side actions was observed with
Teridax than with any other cholecystographic medium. Teridax was administered 8 to 16 hours prior
to roentgenographic study; the noon meal before
ingestion of the agent was high in fat content for the
purpose of emptying the gallbladder, the evening meal
was devoid of fats, and following administration of
Teridax nothing but water was permitted.
Trillium, N.F. VII. Bethroot. Birth Root. Wake
Robin. — "Trillium consists of the dried rhizome and
roots of Trillium erectum Linne, or of other species
of Trillium (Fam. Liliaceoe) ." N.F. VII.
The trilliums are attractive lilies easily recognized
by their stout simple stem which bears at the summit
a whorl of three broadly ovate leaves subtending a
large terminal flower. The flower, which appears in
late spring in the Trillium erectum, is composed of
three herbaceous sepals and three larger ovate petals
usually of a brownish-purple color, but frequently
white, pinkish or greenish, 6 stamens with their
anthers longer than the filaments, and a tricarpellary
pistil. The fruit is a three-celled, six-angled red berry.
The rhizomes are characterized by their short tuberous form. There are 15 species distributed in North
America and Asia. For a description of unground and
of powdered trillium see U.S.D., 23rd ed., p. 1177.
Trillium contains a saponin, trillarin, which according to Marker and Krueger (J.A.C.S., 1940, 62, 2548)
is a di-glycoside of diosgenin (see Dioscorea) .
The term "birth root" appears to have been applied
to this substance by the early settlers because of the
fact that the American Indians used it as an aid to
parturition. From this aboriginal use the early settlers
came to employ the drug in the treatment of various
uterine disorders, as metrorrhagia and menorrhagia.
It was also employed in the treatment of various
hemorrhages both locally and internally, and as an
astringent in diarrhea. It is today, however, probably
never employed. Grove et al. (J. A. Ph. A., 1938, 27,
457) found both the glycoside trillarin and samples
of the commercial crude drug to be physiologically
inert.
Trillium was given in doses of 2 to 4 Gm. (approximately 30 to 60 grains).
Trinitrophenol, N.F. IX. Picric Acid. Picronitric
Acid. Carbazotic Acid. Nitroxanthic Acid. CcHo(NOo)30H. — Trinitrophenol cannot be prepared by
the direct action of nitric acid on phenol because of
oxidative destruction of phenol by the acid. If the
phenol is first sulfonated, however, by reaction with
sulfuric acid, subsequent treatment with nitric acid
produces satisfactory nitration to form trinitrophenol.
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Instead of phenol, it is more economical to use
chlorobenzene, which is first nitrated to the 2,4-dinitrochlorobenzene, then hydrolyzed by aqueous sodium carbonate to dinitrophenol, and finally nitrated
to 2,4,6-trinitrophenol.
Trinitrophenol is obtained when nitric acid acts on
a variety of substances containing the benzene ring;
the reactions involved may be quite complex. It was
first observed in 1771 as the yellow substance obtained by the action of nitric acid on indigo; later it
was found as a product of the action of nitric acid on
silk, probably by reaction with the tyrosine component of the protein. Trinitrophenol is strongly
acidic and readily forms picrates.
As it stains proteins yellow, trinitrophenol was introduced, in 1849, as a dye for silk; this appears to
be the first instance of the use of an artificial dyestuff. In 1871 its use as an explosive was patented and
it later found use in warfare under the names lyddite
and melinite. A saturated aqueous solution of picric
acid is employed as a very delicate test for albumin;
the substance is also employed in the laboratory for
the characterization of aromatic hydrocarbons and
amines through the formation of crystallizable
picrates.
Description. — "Trinitrophenol occurs as pale yellow
prisms or scales. It is odorless and has an intensely
bitter taste. An aqueous solution of Trinitrophenol is
acid to litmus paper. Caution. — Trinitrophenol explodes when heated rapidly or when subjected to percussion. For safety in transportation, Trinitrophenol
is usually mixed with from 10 to 20 per cent of water.
Before applying the following tests, dry the Trinitrophenol to constant weight over sulfuric acid. One
Gm. of Trinitrophenol dissolves in 80 cc. of water, in
12 cc. of alcohol, in 35 cc. of chloroform, and in about
65 cc. of ether. One Gm. dissolves in about 15 cc. of
boiling water. Trinitrophenol melts between 121°
and 123°." N.F. IX. For standards, tests, and assay,
see U.S.D., 24th ed., p. 1240.
Incompatibilities. — Trinitrophenol precipitates albumin, gelatin, alkaloids, and many other complex
organic bases from aqueous solutions of their salts.
Compounds of trinitrophenol often explode when
submitted to strong heating or percussion.
Uses. — Trinitrophenol is germicidal, astringent,
and apparently stimulates epithelial growth. Tidy
(Lancet, 1915, 189, 604) gave its phenol coefficient
as 6. Lacey (Pennsylvania M. J., 1933, 418) ranked
it even higher, reporting that 1 in 3500 killed both
E. coli and staphylococcus in five minutes. As a surgical bactericide it has been employed to a limited
extent for disinfecting the skin at the site of operation (see Farr, Ann. Surg., 1921, 73, 13, and Tinker,
J.A.M.A., 1926, 87, 1347) and as a wound dressing.
In ulcerative conditions, especially after burns, it is
useful because of its bactericidal and astringent properties and it was formerly extensively employed as a
dressing for burns, but it may be absorbed in sufficient quantity to cause constitutional effects. Wilcox
(Arch. Pediat., 1913, 30) highly recommended it as a
local application in skin diseases, especially acute
eczema, intertrigo, and herpes labialis. It has been
employed in local sweating, especially of the feet.
Ophthalmologists have employed solutions of picric
acid in simple conjunctivitis, in trachoma, and in
injuries of the cornea caused by caustic agents. The
obstacles to a wider use of picric acid as a local
remedy are the intense staining of the skin and its
sensitizing tendency. It is said that the stains can be
removed by use of an ammonia solution.
For surgical purposes from 0.5 to 1 per cent is generally used. In skin diseases the aqueous solution may
be either painted over the lesion or sometimes gauze
moistened with the solution applied. On sweating feet
a dusting powder containing 2 per cent of picric acid
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with talc is sometimes used. In skin diseases when
the epiderm is unbroken it may be desirable to use
stronger solutions in which case a hydroalcoholic
solvent is employed.
As an internal remedy picric acid has been employed as a vermifuge, especially against the roundworm and to a lesser extent against the tapeworm and
for trichiniasis, but Bachem (Ztschr. ges. exp. Med.,
1925, 44, 663) concluded that its anthelmintic powers,
while definite, are not strong, and it has been largely
abandoned in favor of less dangerous drugs.
Toxicology. — When taken internally in sufficient
dose, or after absorption from its local application,
picric acid may give rise to serious constitutional
poisoning. The swallowing of 1 to 2 Gm. will cause
serious symptoms, but recovery has been reported
from 6 Gm. (approximately 90 grains) (see Karplus,
Ztschr. klin. Med., 1893, 22, 210). The symptoms are
vomiting, abdominal pain, diarrhea — the ejecta being
stained yellow — frequently associated with strangury
and sometimes anuria. The skin becomes yellow and
there is often intense itching and sometimes an eczematous eruption. Stupor and occasional convulsions
have been reported in severe types of poisoning.
Picric acid poisoning is quite common among workers engaged in the manufacturing of high explosives
(see Hamilton, J.A.M.A., 1917, 68, 1447). In some
cases this is manifested by dermatitis, often quite
severe and resistant to treatment. The inflammation
of the skin in these cases bears a strong resemblance
to that seen in ivy poisoning and at times is accompanied by marked constitutional disturbances, such as
headache, loss of appetite, nose bleed, and fever. There
is in many of these cases more or less leukocytosis.
In other patients the symptoms are chiefly gastrointestinal, abdominal cramps, diarrhea, vomiting and
headache being the most common manifestations. The
inhalation of the dust by these workers produces a
bronchitis accompanied by a dry hacking cough, often
with expectoration of blood, and signs of irritation of
the throat.
Sensitization reactions following local application
are sufficiently frequent to be troublesome. This may
be a simple erythema or a more severe dermatitis and
occasionally a severe serum sickness-like reaction with
fever, urticaria, angio-neurotic edema, arthritis, intense pruritus, etc. Its topical use, therefore, has
diminished greatly (Dennison, Lancet, 1939, 2, 1107).
Other antiseptics are equally effective and less toxic.
In the treatment of trinitrophenol poisoning the
use of protein, such as the white of egg or milk, is
suggested because of the ease with which trinitrophenol forms insoluble compounds with the proteins.
The stomach should be washed out, if not already
emptied by the emesis. The use of purgatives is probably more harmful than beneficial. The intravenous
injection of dextrose has been recommended on the
ground that it hastens the reduction to the less poisonous picraminic acid.
It is seldom, if ever, used by mouth. The B.P. 1932
gave its internal dose as 60 to 300 mg. (approximately 1to 5 grains) . Topically, 0.5 to 3 per cent
aqueous or alcoholic solutions are used.
Storage. — Preserve "in well-closed containers and
avoid exposure to excessive heat." N.F. IX.
Tripterygium. Thunder God Vine. — This plant,
Triplerygium wilfordii Hook (Fam. Celastracece), is
a perennial twining vine growing in China, where it
is known as lei kung teng. The plant is of interest
because of the use, in China, of its root bark to kill
garden insects.
From the roots Acree and Haller (J.A.CS., 1950,
72, 1608) isolated an insecticidally active alkaloid,
which they called wilfordine. Later studies bv Beroza
(ibid., 1953, 75, 44) demonstrated that "wilfordine"
is a mixture of four ester-type alkaloids, designated
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ivilforine, wilfordine, wilforgine and wiliortrine, each
containing the common polyhydroxy nucleus C15HoeOip, and differing only in the particular combination of acids with which each is esterified. Still later,
Beroza (ibid., 1953, 75, 2136) isolated the related
alkaloid wilforzine.
Triticum, N.F. VIII. Couchgrass. Dog-grass.
Quack Grass. Twitch Grass. Witch Grass. Agropyrum.
Ger. Queckenwurzel. — "Triticum consists of the dried
rhizome and roots of Agropyron repens (Linne)
Beauvois (Fam. Graminece) ." N.F. VIII.
This grass, originally a native of Europe, now grows
in meadows and cultivated grounds in the northern
United States, where it is often a very troublesome
weed. It is specifically characterized by its slender,
jointed, creeping rootstock; the leaves are flat, thin
and finely veined; the terminal compound spikes
have spikelets usually 5 -flowered, each with acuminate
or awn-pointed empty glumes up to 10 mm. in length ;
the strongly-nerved flowering glumes are glabrous
or scabrous, prominently nerved, and often ending
in an awn.
Much spurious triticum has appeared upon the
market from time to time. Most of it can be readily
distinguished from the official drug by the presence
of abundant starch in the spurious article. The
rhizomes and roots are removed from the soil in
spring and autumn by plowing and harrowing. They
are then washed, dried and frequently cut into short
The commercial supplies of triticum, before World
pieces.
War II, came largely from England and Germany.
Description. — "L'nground Triticum occurs as a
rhizome in long uncut pieces, or usually cut into
pieces up to 12 mm. in length, from 1 to 2.5 mm. in
diameter; externally fight yellowish brown to moderate yellow, sometimes with darker nodes, longitudinally furrowed, smooth, and lustrous; the nodes
having circular leaf-scars above, and a few root-scars
and occasional slender roots below. The fracture is
short and sometimes tough. Internally it has a large,
hollow center. The roots are filifo.rm, irregularly
branching, usually broken, up to 5 cm. long when
entire, not more than 0.5 mm. in thickness, and frequently covered with long root hairs." NJF. VIII.
For histology see US.D., 24th ed., p. 1242.
"Powdered Triticum is weak yellow to weak yellowish orange; has a slight aromatic odor and a
sweetish taste. It shows numerous fragments consisting of trachea? with annular or spiral thickenings, or
with simple pores and associated with long, narrow,
rather thin-walled, strongly lignified sclerenchymatous
fibers; fragments of epidermis with rectangular cells,
the outer wall silicified, the longer radial walls thickened, strongly lignified, and with numerous pores,
the end walls usually separated by a very short cell
with thinner walls and a few pores; and numerous
fragments
N.F.
VIII. of parenchyma with thin porous cell-walls."
Constituents. — Triticum contains dextrose and
levulose to the extent of some 2 or 3 per cent, also
a dextrorotatory sugar of undetermined identity,
gum and inosite. According to Alsberg. Viehoever and
Yewey (/. A. Ph. A., 1919, 8, 469) triticum contains
two glycosides, one of which yields vanillin on hydrolysis, also a carbohydrate, triticin, which is built
up of fructose units (see Schlubach and Pietzner,
Ann. Chem., 1937, 530, 120). The ash contains much
silica.
Uses. — Triticum has been used only for a reputed
favorable influence on the genitourinary organs, especiallv in irritable bladder, and cystitis. In Europe its
decoction is said to have been used to a considerable
extent as a slightly nutritious drink.
Dose, from 8 to 15 Gm. (approximately 2 to 4
drachms). A fluidextract was official.
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Triturations. — "Unless otherwise directed, triturations are to be prepared according to the following
formula: Take of: The Medicinal Substance, 10 Gm.;
Lactose, in fine powder, 90 Gm. to make 100 Gm.
Place the medicinal substance, previously reduced, if
necessary, to a moderately fine powder, in a mortar.
Add about an equal measure of lactose, and triturate
the powders thoroughly together. Then add successive
portions of the lactose, from time to time, until the
whole is added, and continue the trituration after
each addition until the medicinal substance is intimately mixed with the lactose and reduced to a fine
powder." US J3. XIV.
Triturations are intended to provide powder-form
dilutions of potent drugs by the use of which it is
possible to increase the accuracy of the weighing of
what otherwise would be too small a quantity of the
active constituent to weigh with any degree of exactness. Also, the larger volume of a trituration facilitates the preparation of a uniform dispersion of the
active constituent when it is to be incorporated with
other ingredients, thus reducing the chance of variable
composition of the mixture. It is particularly convenient to have, in the dispensing laboratory, triturations of such drugs as arsenic trioxide, atropine
sulfate, strychnine sulfate, etc. While the formerly
"official" trituration calls for 10 per cent of the active
ingredient, it may be advantageous in the case of
quite potent drugs, such as atropine sulfate, to prepare a 1 per cent trituration. Vitamin B12 is commonly supplied as a 0.1 per cent trituration, since it
is employed in microgram quantities.
Turpentine, N.F. IX. Terebinthina. Gum Thus.
Gum Turpentine. Lump Turpentine. White Turpentine.— "Turpentine is the concrete oleoresin obtained
from Pinus palustris Miller and from other species of
Pinus (Fam. Pinacece)." N.F. IX.
The word "turpentine" properly refers to the mixture of resin and volatile oil — whether liquid or concrete— which is obtained from coniferous trees. The
word is sometimes, however, given a larger meaning
and applied to similar oleoresins from other botanical
families; in France it has been applied to any oleoresin which does not contain benzoic or cinnamic acid.
The oleoresins from various species of pine trees
have been used in the arts and in medicine from time
immemorial in various parts of the world. They were
collected from those species which were most abundant in each section. As a result there have been
recognized a large number of turpentines which differ
considerably among themselves both in their chemical
and physical properties. At present the bulk of the
world's supply of turpentine comes from America.
Turpentine is derived chiefly from the Pinus palustris, P. cubensis and the P. Toeda. It occurs in oleoresin reservoirs of the sap wood.
Pinus palustris Mill. ( P. australis Michx. f.) is
known in the southern United States by the names
long-leaf pine, yellow pine, southern pine, hard pine,
Virginia pine, and pitch pine; but the first is the most
appropriate. The leaves occur 3 in a group, being
from 10 to IS inches long, subtended at the base by a
conspicuous scaly sheath from 1 to 1.5 inches long and
crowded at the ends of the branches. The cones are
terminal, conical, and armed with a short recurved
spine. This pine is a very large indigenous tree, growing in dry, sandy soils, from the southern part of
Virginia to the Gulf of Mexico. It grows to a height
of 60 or 70 feet, and the diameter of its trunk is
about 15 or 18 inches for two-thirds of its height.
This tree furnishes by far the greater proportion of
the turpentine, pine oil, tar, etc., consumed in, or
exported from, the United States. (See Pine Oil,
Pine Tar).
Pinus caribea Morelet (P. heterophylla Sudw.), the
slash pine of Georgia, Florida and Cuba, attains a
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height of 120 feet. It possesses a round-topped, broad
head, orange-brown branches, leaves in threes and
twos, short peduncled conical-oblong cones up to 6l/2
inches long, each scale having a small umbo with minute recurved prickles. It is claimed to rank second
in turpentine production.
Pinus Tozda L. — This is the loblolly or old field
pine of the southern states. Its leaves are in threes,
elongated, with long sheaths; cones oblong-conical,
deflexed, shorter than the leaf; spines inflexed. It is
abundant in Virginia, where it occupies lands exhausted by cultivation. It exceeds 80 feet in height,
has a trunk 2 or 3 feet in diameter, and expands into
a wide spreading top. The leaves are about 6 inches
long, and of a light green color. It yields turpentine
in abundance, but the quantity is less than that which
flows from the preceding species.
Pinus Sabiniana Dougl., known as nut-pine or
digger-pine (because the nut is largely consumed by
the Digger Indians), yields, on being notched, a turpentine whose volatile oil is extensively used in California under the name of abietene. The Pinus rigida
Mill, or pitch pine of this country, and probably
others besides those mentioned, are sometimes employed in the preparation of tar. Pinus Teocote Cham.
et Schlecht, the Aztec pine, yields a turpentine known
as
Mexican or Brea turpentine, which is used in
Mexico.
A substance resembling manna, of a sweet, slightly
bitter and terebinthinate taste, and actively purgative, exudes from incisions in Pinus lambertiana
Douglas, the sugar pine of Oregon, and was used by
the natives. Berthelot extracted from this product a
principle, pinite, which is the methyl ether of
d-inositol. It is very sweet, but does not undergo the
vinous fermentation. It is sometimes called American manna.
Collection. — In former times, large quantities of
turpentine were collected in New England, but the
turpentine trees of that section have long been entirely exhausted, and our commerce has been until
about 25 years ago almost exclusively supplied from
North Carolina and the southeastern parts of Virginia.
Latterly attention was turned to the collection of this
valuable product of Georgia and Florida, and now an
abundant supply is derived from the vast pine forests
which occupy the southern portion of our country
bordering on the Gulf of Mexico. Within this region
is localized the naval stores industry.
The earlier or "boxing" system of collecting turpentine was carried out as follows: During the winter,
deep notches or excavations of the capacity of about
3 pints were made in the trunk of the tree 3 or 4
inches from the ground, and for about 3 feet above
these so-called "boxes" the tree was deprived of its
bark and some of the wood scraped off. Into these
the turpentine or "crude" began to flow about the
middle of March, and continued to flow throughout
the warm season, slowly at first, rapidly in the middle
of summer, and more slowly again in the autumn,
the tree being scraped every eight or ten days to prevent clogging. The liquid was removed from the
"boxes" as they were filled, and transferred into casks,
where it gradually thickened and ultimately acquired
a soft solid consistence. Most of the liquid, however,
was separated at once by distillation into rosin and
turpentine oil.
When a tree is boxed, it is weakened and falls
easily. Moreover, there is always the hazard of ground
fires which ignite the pitch in the box and often cause
fatal injury to the tree. To obviate the former destructive method, Herty devised "the cup and gutter
system." (See Bulletin No. 40, Bureau of Foresty;
also Am. J. Pharm., 1916, 88, 191.) In this method
the trees are chipped with a hack beginning about a
foot from the ground, the operator gradually cutting
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out a series of sloping V-shaped streaks through the
bark into the sap wood. The flow of turpentine starts
as soon as the first streak is cut and a strip, or gutter,
of galvanized iron or aluminum is inserted into the
bark below the cut. The turpentine flows along this
strip and is caught in suitable aluminum or earthenware "cups" having a capacity of 0.5 to 1 gallon.
Turpentine is likely to contain small pieces of bark,
wood, or other impurity; these may be removed by
straining the liquid.
The various turpentines resemble one another in
odor and taste, though distinguished by shades of difference. Liquid at first, they become thick and gradually solidify on exposure, as a result partly of the
volatilization, partly of the oxidation, of the essential
oil. They are rendered more liquid or softened by
heat, and at higher temperatures take fire, burning
with a white flame and much smoke. Water extracts
only a minute proportion of the volatile oil. They are
almost wholly soluble in alcohol and ether, but are
miscible with fixed oils. On distillation, the turpentines yield up to 32 per cent of volatile oil (see Turpentine Oil). The residue from the distillation of
turpentine is rosin, a complex mixture of high molecular weight acids. For a discussion of its chemistry see
under Rosin.
Description. — "Turpentine occurs as yellowish
orange to yellow, opaque masses lighter internally,
more or less glossy, sticky when warm, brittle in the
cold. The odor and taste are characteristic. An alcohol
solution of Turpentine is acid to litmus paper. Turpentine isfreely soluble in alcohol, ether, chloroform,
and
glacial
acetic acid. It is insoluble in water."
N.F. IX.
Standards and Tests. — Alcohol-insoluble substances.
— Not over 2 per cent, the residue being dried at 100°.
Foreign organic matter.— Not over 2 per cent. N.F. IX.
Schiff stated that the odor of turpentine is due to
the presence of a product of oxidation, probably a
camphoric aldehyde, C10H16O3, which, with the odor,
may be removed by shaking turpentine with sodium
bisulfite. An odorless turpentine may also be obtained
by washing with solution of sodium hydroxide and
distilling in an atmosphere of carbon dioxide.
Other Turpentines. — European turpentine — the
Terebinthina vulgaris of the old London Pharmacopoeia— is furnished chiefly by P. sylvestris L. (Scotch
pine, Norway pine) and P. pinaster Soland. From
the latter tree it is obtained largely in the maritime
districts of the southwest of France, especially in the
department of the Landes, and is exported from
Bordeaux. Hence it is called in commerce Bordeaux
turpentine. The composition of the oil from various
European turpentines varies with the species, the
habitats of a given species, and indeed even with individual trees of a species ; Simonsen (J. Oil & Colour
Chem. Assoc, 1937, 20, 78) believes, however, that
the resins are very similar. Oil from the turpentine of
P. pinaster, growing in France, is reported to be
chemically identical with American oil with the exception that the former is levorotatory, while the
latter is dextrorotatory. Oil from P. sylvestris, of
Swedish, Finnish and Russian origin, has as its main
constituent d-A3-carene. These carene type oils oxidize very rapidly while the pinene type oils (of
American origin, for example) oxidize slowly. For
data on the composition of these oils see Simonsen's
paper.
Pinus longifolia, and other species of pine growing
in the forests of India and Burma, constitute a source
which could provide all the world's demands for turpentine were it not for difficulties which limit their
utilization. The oil from these turpentines, like oil
from P. sylvestris, contains rf-A3-carene in large
amounts.
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Venice turpentine (Larch turpentine). — The genus
Larix differs from all other coniferous trees in that
its leaves are deciduous. The European Larch (Larix
decidua Mill., L. europcea DC), from which this oleoresin is obtained, is a large tree found especially in
the mountainous regions of Europe and Siberia. The
leaves are narrowly linear, about one inch in length,
in fascicles on short scaly branches and the cones
ovoid and a little longer than the leaves. The oleoresin is collected in France and southern Tyrol during
the spring by boring holes into the wood of the trees
and plugging. The plugs are later removed and the
oleoresin collected in suitable containers. The comand Italy.mercial supplies are chiefly imported from France
Venice turpentine was described by the N.F. IV as
"a nearly transparent yellowish or yellowish green,
thick liquid heavier than water, and having a distinctive odor and a bitter characteristic taste. Completely soluble in alcohol, glacial acetic acid, acetone
or chloroform. Almost entirely soluble in petroleum
benzin with the separation of a light flocculent deposit. One part of Venice turpentine dissolves completely and forms a clear solution in 3 parts of 80
per cent alcohol. It may possess a slight, greenish
fluorescence when viewed by reflected light but exhibits no violet or purple fluorescence (rosin oil)."
N.F. IV.
Venice turpentine yields on the average IS per cent
of essential oil, consisting mainly of pinene. Tschirch
and Weigel (Arch. Pharm., 1900, 238, 387) isolated
from the resin portion two isomeric amorphous substances which they called a- and $-larinolic acids,
along with a crystalline body, called lariciresinolic
acid. The structure of the last-named has been studied
by Trost (Ann. chitn. app., 1935, 25, 496). Simonsen
(/. Oil & Colour Chem. Assoc, 1937, 20, 78) stated
that the pleasant balsamic odor of Venice turpentine
results from its high content of borneol.
Canada turpentine. — Under the title Terebinthina
Canadensis the B.P. 1914 recognized the liquid oleoresin from Abies balsamea Mill., commonly known as
Canada balsam. The term balsam, as at present
understood, is improperly applied to it, as it contains
no benzoic or cinnamic acid, and is in fact a true
turpentine, consisting chiefly of resin and volatile oil.
It is collected in Canada and the state of Maine from
the fir tree, by breaking the vesicles which naturally
form upon the trunk and branches, and receiving
their liquid contents in a bottle.
Abies balsamea (L.) Mill., (A. balsamijera
Michaux), (American silver fir, balm of Gilead
tree, balsam tree or fir balsam) inhabits Canada,
Nova Scotia, Maine, and the mountainous regions
farther south. It is an elegant tree, seldom rising more
than 40 feet, with a tapering trunk, and numerous
branches, which diminish in length in proportion to
their height and form an almost perfect cone. The
leaves are 6 or 8 lines long, inserted in rows on the
sides and tops of the branches, narrow, flat, rigid,
bright green on their upper surface, and of a silvery
whiteness beneath. The cones are large, erect, nearly
cylindrical, of a purplish color, and covered with a
resinous exudation, which gives them a glossy, rich,
and beautiful appearance.
Canada turpentine is "pale yellow or greenishyellow, transparent, viscous. Agreeable terebinthinate
odor; taste feebly bitter and acrid. Dries very slowly
to a transparent varnish when exposed to the air.
Solidifies when mixed with about one-sixth of its
weight of heavy magnesia moistened with a little
water." BJ>. 1914.
Canada turpentine yields 15 to 20 per cent of
volatile oil, of which the principle constituent is
/-pinene, but which also contains bornyl acetate. The
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resin is reported to contain a resene, two amorphous
acids designated a- and $-canadolinic acid, respectively, and the crystalline substance, canadolic acid,
which Trost {Ann. chim. app., 1936, 26, 38) believes
to be the principal acid present and which he has
shown to be an isomer of abietic acid (see also Robinson, Microscope, 1938, 2, 141).
Canada turpentine is a popular folk remedy in the
regions where it originates, being used as a vulnerary
and internally for coughs. It is largely employed as a
cement for glassware and as a permanent mounting
medium for histological specimens.
Uses.— The physiological activities of the turpentines depend on their volatile oils (see Turpentine
Oil). The turpentines are no longer administered internally. They are occasionally used externally for
their local irritant effects, but even for this purpose
are inferior to dilutions of the volatile oil. Solid turpentines are sometimes used like rosin to stiffen ointments where a stimulating effect is not undesirable.
Tylophora. Tylophorce Folia. B.P. Add. 1900.
(Fam. Asclepiadacece.) — The dried leaves of Tylophora
indica (Burm. f.) Merr. {Tylophora asthmatica (L.)
Wight) are used in certain parts of India for destruction of vermin, and have been used with fatal results
as a poison. For description of the leaves see U.S.D.,
21st ed., p. 1514.
Tylophora contains the alkaloids tylophorine and
tylophorinine. The first of these was studied physiologically byChopra and Ghosh {Arch. Pharm., 1937,
47, 236). They found that while it killed paramecia
its toxicity for the higher animals was very low and
that it was nonirritating. It excites in mammals both
striated and smooth muscles but is depressant to the
heart. They offered no explanation of its emetic properties. Tylophora resembles in its activity ipecac, and
is used as a substitute for that drug in bronchitis
and in dysentery (see Brill and Wells, Philippine
Journ. of Science, 1917, 12A, 167.) In doses of from
1.3 to 2 Gm. (approximately 20 to 30 grains) it is
used as an emetic. The expectorant dose is from 30 to
120 mg. (approximately H to 2 grains).
Tyrosinase. — This is a phenol oxidative enzyme
originally obtained by Nelson from mushrooms but
now known to occur in a variety of fruits and
vegetables including apples, bananas and potatoes.
Schroeder {Science, 1941, 93, 116), on the theory that
the enzyme would oxidize tyramine and epinephrine,
was led to employ it in the treatment of high blood
pressure; he found that when given daily by hypodermic injection it was possible to control the blood
pressure for several weeks, but that when treatment
was stopped, the pressure returned to its original
level in a few days. If given intravenously it may
produce severe reaction.
Umbellularia. Umbellularia californica (Arn.)
Nutt. California Laurel. California Sassafras. Spice
Tree. (Fam. Laaracece.) — This is a handsome, evergreen shade tree of California, up to 90 feet in height
with alternate, lanceolate, aromatic leaves, axillary
umbels of small greenish flowers and purple drupes.
Stillman and O'Neill (1883) obtained from the seeds
umbellulic acid. The leaves yield on distillation a
brownish volatile oil with a strong pungent odor and
a camphoraceous taste. From this oil Powers and Lee
(1904) separated pinene, cineol, eugenol, methyl
eugenol, and a ketone, umbellulone. Drake and Stuhr
{J. A. Ph. A., 193S, 24, 196) found that umbellulone
is a powerful antiseptic and that it has marked
hemolytic properties; when injected intravenously it
is depressant to both respiration and circulation, the
lethal dose for dogs being about 0.18 ml. per Kg. It is
probable that the volatile oil is a local anesthetic, as
it has been found to act rapidly when brought in
contact with exposed pulp or sensitive dentine. The
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leaves were at one time employed in neuralgic headaches, also in various atonic conditions of the bowels.
The fluidextract has been used in doses of from 0.6 to
2 ml. (approximately 10 to 30 minims).
Unsaturated Fatty Acids. — Substances containing unsaturated fatty acids (formerly referred to as
vitamin F) have been advocated by Hansen {South.
M. J., 1946, 39, 32) and others in the treatment of
eczema in infants and adults. It has been observed
that rats develop a deficiency syndrome after having
been for some time on a diet deficient in linoleic and
arachidonic acids; this syndrome involves poor
growth, an erythematous and scaly dermatitis, necrosis of the tail, etc. (Burr, Fed. Proc, 1942, 1, 224).
It is also of interest that linoleic acid prevents the
acrodynia of pyridoxine deficiency in rats. A review
of the status of essential fatty acids in nutrition
(Hansen and Burr, J. AM. A., 1946, 132, 855) suggests the apparent importance of linoleic acid, Cnll;MCOOH (containing two double bonds), and arachidonic acid, C19H31COOH (containing four double
bonds). Other unsaturated acids, such as linolenic
acid, C17H29COOH (with three double bonds), are
not fully effective in the rat acrodynia-like syndrome.
Hence the iodine number of a fatty acid, which measures its unsaturation, does not necessarily evaluate
the "essential" nature of fatty acids.
In some infants on a very low fat intake, a skin
lesion has developed after several months (Hansen
and Wiese, Essays on Pediatrics (McQuarrie), Lancet
Publishers, Minneapolis, 1955, p. 136). In about 80
per cent of cases of infantile eczema and about 50 per
cent of adult cases of eczema, the iodine number of
blood serum lipids has been found to be lower than
normal and about half of the patients have shown
improvement in the condition of their skin following
prolonged oral administration of sources of unsaturated fatty acids (Hansen, loc. cit.). In the normal
human the iodine number of the serum is generally
between 95 and 130, while in eczematous patients it
is less than 95. In the normal human linoleic acid
represents about 5 per cent and arachidonic acid about
3 per cent of the total blood serum fatty acids. Anderson and Mendel (/. Biol. Chem., 1928, 76, 729) reported that the iodine number of the body fat of rats
approximated that of the fats which had been fed.
The Burrs found that from 23 to 100 mg. of linoleic
acid was required daily in the diet of the rat; this
represents about 1 per cent of the diet.
Dietary Sources. — Many oils and fats have been
tried as the dietary source of the essential fatty acids.
Linseed oil has been reported ineffective both in rat
acrodynia (Anthony et al., J. Nutrition, 1943, 26, 303)
and human eczema (Taub and Zakon, J.A.M.A.,
1935, 105, 1675; Ginsberg et al., Arch. Dermat. Syph.,
1937, 36, 1033; Epstein and Glick, ibid., 1937, 35,
427). Although linseed oil has an iodine number of
175 to 202, linoleic acid comprises only about 20 per
cent of the total fatty acids, while linolenic acid
makes up 40 per cent (Mitchell et al., Ind. Eng.
Chem., Anal. Ed., 1943, 15, 1). Linolenic acid is not
fully effective in rat acrodynia (Burr, loc. cit.) and
perhaps interferes with the action of linoleic acid
(Anthony et al., loc. cit.). Fish liver oils, as those of
cod, shark, herring, seal and whale, have proved
ineffective. Until recently, studies in this field have
been hampered by the lack of satisfactory analytical
methods for linoleic and linolenic acids. Soy bean oil,
corn embryo oil, and lard have been employed effectively experimentally and clinically. Soy bean oil,
with an iodine number between 122 and 134, contains
about 50 per cent of linoleic acid and only about 5 to
10 per cent of linolenic acid. Corn embryo oil, with
an iodine number between 111 and 128, contains
about 50 per cent linoleic acid and only about 2 per
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cent as linolenic acid ; Bodman and Felix (Med. Press,
1943, 209, 331) reported beneficial results in the
treatment of eczema in war workers using corn oil.
Lard, with an iodine number of 57 to 72, contains
about 10 per cent of linoleic acid. Hansen (loc. cit.)
used fresh, steam-rendered lard, which was protected
from oxidation, in doses of 30 to 60 Gm. (approximately 1 to 2 ounces) by mouth daily for 2 to 3
months in the treatment of eczema. About half of the
patients were benefited and the low iodine number
of their serum lipids increased during treatment with
lard (see also Finnerud et al., Arch. Dermat. Syph.,
1941, 44, 849). Hansen emphasized that search for an
allergic etiology in these cases is important.
The incidence of infantile eczema in breast-fed infants isless than in bottle-fed babies, a circumstance
which may find an answer in the fact that the fat of
human milk is reported to contain about 7 per cent
of linoleic acid (Hilditch and Meara, Biochem. J.,
1944, 38, 29) while that from cow's milk contains
about 3 per cent of this acid (Hilditch and Jasperson,
/. Soc. Chem. Ind., 1945, 64, 109).
A number of soy bean preparations containing varying amounts of the oil and the lecithin are marketed.
The inclusion of lecithin adds the effect of the lipotropic factors (see under Choline and Methionine) .
Certain soy bean products have been used in substitutes for cow's milk in infant feeding and others have
been advocated in the treatment of psoriasis, hypercholesterolemia, cirrhosis of the liver, steatorrhea, and
atheromatosis. Tocopherol seems to protect the essential fatty acids from oxidation (Hove and Harris,
/. Nutrition, 1946, 31, 699) and rice bran concentrates have also been used for this purpose (Gyorgy
and Tomarelli, J. Biol. Chem., 1943, 147, 515).
Protection Against x- Irradiation. — In rats, normal reproduction is impossible on fat-deficient diets.
Males become sterile, and gestation and lactation are
seriously impaired (Evans et al., J. Biol. Chem., 1934,
106, 432, 445). Of various acids added to the diet,
arachidonic and linoleic proved equally effective in
correcting the abnormal state; linolenic acid appeared
to be inferior in this respect (see /. Nutrition, 1938,
15, 361; ibid., 1942, 24, 213; Biochem. J., 1940,
34, 879).
It is of interest also that rats receiving a diet containing a small proportion of cottonseed oil were
found to be much more resistant to injury from
x-irradiation than were animals on a fat-free regimen
(Cheng et al., J. Nutrition, 1952, 48, 161) ; also, administration of10 mg. daily of methyl linoleate to
fat-depleted rats significantly increased survival time
after x-irradiation (Deuel et al., Science, 1953, 117,
254).
The dose of linoleic acid, and hence of substances
containing this acid, has not been determined. The
dose of lard (see above) was 30 to 60 Gm. (approximately 1to 2 ounces) daily.
Uranium. U (238.07).— A heavy metal of the
radium group, density 18.68, melting at about 1850°.
The salts of uranium are obtained from the mineral
uraninite or pitchblende, which is noteworthy from
the fact that it is the mineral in which Becquerel discovered radioactive properties in 1896, which led to
further investigation and the subsequent discovery of
radium by the Curies about four years later (see
Radium). Pitchblende consists of mixed oxides of
uranium and has the formula UO2.2UO3. The most
important salts of uranium are uranyl salts, characterized by the divalent cation U02++.
In large doses the soluble salts of uranium are violent poisons, causing first increased and later depressed
respiration, the latter being associated with the usual
asphyxial symptoms. The blood, for some unknown
reason, becomes noncoagulable but contrary to some
of the older statements does not appear to lose its
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oxygen -carrying power. Death is caused by respiratory failure (see Jackson, Am. J. Physiol., 1910, 26,
381). The chief pharmacological interest, however, is
the effect of sublethal doses, especially on the kidneys.
Small quantities cause an increase in both the quantity of the urine as well as the solids excreted. With
somewhat larger doses there is an increased permeability of the kidneys for sugar and evidence of irritation of these organs is shown by the occurrence of
albumin in the tube-casts and eventually complete
destruction of the secretory structures. Profound
pathological changes in both the glomeruli and tubules are found post-mortem. For description of these
effects see MacNider (/. Pharmacol., 1912, 3, 423;
1917, 9, 345) and Wallace and Myers (J. Pharmacol.,
1914, 5, 511). Accompanying this action on the kidney there is a marked tendency to acidosis and it is
frequently associated with degeneration of the liver,
apparently brought about by the acidosis. MacNider
(Proc. S. Exp. Biol. Med., 1919, 16, 84) found sodium carbonate to be effective in protecting the kidneys against the uranium irritation as well as counteracting the general toxic symptoms. In view of the
serious pathologic lesions which this metal may produce, its use as an internal remedy is not justified.
Donnelly et al. (Proc. S. Exp. Biol. Med., 1944, 57,
75) reported that intravenous administration of sodium citrate, in doses of 0.23 Gm. per Kg. daily for
5 to 10 days, enabled 19 of 20 adult dogs to survive
lethal amounts of uranyl nitrate. The sodium citrate
was effective even when started 67 hours after the
uranium injection. Neither oral nor intravenous administration ofsodium citrate to dogs was effective
in the experience of Gustafson et al. (Arch. Int. Med.,
1944, 74, 416).
For discussion of the role of uranium as a source
of nuclear energy see under Radium, Radioactivity,
and Radioisotopes, Part II.
Ursolic Acid. C30H48O3. — A monohydroxy triterpene acid occurring in the wax-like coating of the skin
or cuticle of fruits and in the leaves of certain plants.
It has been found in uva ursi leaves, salvia, mistletoe,
and in the skins of apples, grapes, pears, and cherries
(see Markley et al., J. Biol. Chem., 1938, 123, 641).
Ursolic acid is isomeric with oleanolic acid, with
which it is frequently associated in nature.
Both of these substances are sapogenins and capable
of acting as emulsifying agents. Ursolic acid has been
recommended for this purpose for use in the manufacture ofpharmaceuticals and food products. Although
Winterstein and Stein (Ztschr. physiol. Chem., 1931,
202, 217) reported its saturated solution to be toxic
to fish, a preliminary study of its effects on animals
and man ((Lubitz and Fellers, J. A. Ph. A., 1941, 30,
207) showed it to be nontoxic.
Urtica. Nettle. — Various species of the Urticaceae
are furnished with poisonous stinging hairs. Laportea
gigas Wedd (Urtica gigas A. Cunn) of eastern Australia has been attributed, rather incredibly, with the
ability to kill horses, and to produce in man a sting
whose impression lasts for months. Stinging hairs are
known to occur in the following genera of Urticaceae:
Urtica, Laportea, Hesperocnide, Fleurya, Urera,
Girardinia, and Scepocarpus. Under the microscope
those of Urtica and Laportea are long, conical and
unicellular, the apex bearing a small spherical or ovoid
head which is attached obliquely and readily breaks
off upon contact, when the irritating fluid contents
are discharged.
It was at one time believed that the irritant effect
of nettle was due to the presence of free formic acid;
although formic acid may play a part in causing the
burning sensation, the experiments of Starkenstein
and Wassenstrom (Arch. exp. Path. Pharm., 1933,
172, 137) demonstrated that it is a minor factor in
the toxic effect. They found that the fluidextract of
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U. dioica administered by mouth to rabbits caused
no other symptoms than diarrhea but when injected
intravenously was a rapidly acting poison causing
depression of the heart with marked fall in blood
pressure and stimulating contractions of the uterus
and intestines.
By the ancients nettle was applied externally to
excite activity in paralyzed limbs and internally it
was used in hemoptysis and other hemorrhages.
LeClerc (Presse med., 1938, 46, 480) offered some
confirmation of the value of the drug as a hemostatic and used an infusion in metrorrhagia, epistaxis
and hematemesis with apparent success (see also
Chem. Abs., 1946, 40, 7353).
U. dioica L., or common nettle, and U. urens L.,
or dwarf nettle, European plants naturalized in waste
places to some extent in the United States, were at
one time used medicinally as local irritants and to
arrest uterine hemorrhage. The fluidextract was given
in doses of 2 ml. (approximately 30 minims) .
Uva Ursi, N.F. VIII. Bearberry. Rockberry.
Mountain Box. — "Uva Ursi is the dried leaf of
Arctostaphylos Uva-ursi (Linne) Sprengel or its varieties coactylis and adenotricha Fernald and MacBride (Fam. Ericaceae), ■ N.F. VIII.
The uva ursi, or bearberry, is a low evergreen
shrub, with trailing stems, the young branches of
which rise obliquely upward for a few inches. The
leaves are scattered, upon short petioles, obovate, or
oblong-spatulate, cuneate at the base, obtuse or
rounded at the apex, with an entire, slightly revolute
margin, thick coriaceous, smooth, shining, deep
green on their upper surface, paler and covered with
a network of veins beneath ; furnished especially near
the margin or near the midrib with minute hairs,
which are usually abundant in young leaves, but
may be few or absent in old leaves, especially those
which have been much handled. The flowers are in
small clusters at the ends of the branches. The calyx
is small, S-parted, reddish, and persistent. The corolla
is urceolate, reddish-white, or white with a red Up,
transparent at the base, contracted at the mouth, and
divided at the margin into 5 short reflexed segments.
The stamens are 10, with short filaments and bifid
anthers bearing a pair of reflexed awns on their back
near the apex; the ovary round, with a style longer
than the stamens, and a simple stigma. The fruit is a
small, round, depressed, smooth, glossy red berry,
with an insipid mealy pulp and 5 cohering seeds.
This hardy shrub inhabits the northern latitudes
and high mountains, is a native of Europe and Asia
but is extensively naturalized in this country. It prefers a barren soil, flourishing on gravelly hills and
elevated sandy plains. The typical form of Arctostaphylos Uva-ursi is less common in North America
than in Europe but does occur in Greenland, Canada
and the northwestern United States. The commonest
variety found in North America is A. Uva-ursi (L.)
Spreng. var. coactylis Fernald and MacBride. This
does not extend as far north as the typical form of
the species, but is very general in the eastern U. S.
and is especially abundant in Cape Cod and other
parts of eastern Massachusetts. The other official
variety, A. Uva-ursi (L.) Spreng. var. adenotricha
Fernald and MacBride, is a shrub of western Canada,
Montana and the north shore of the Gulf of St.
Lawrence. The leaves are the only part used in medicine. They should be gathered in autumn, and only
the green leaves selected. The present commercial
supplies of this drug are partly imported from Spain
and partly obtained from plants growing wild in
South Dakota, Massachusetts, California and the
northwestern states. For comparative study of the
official varieties see Youngken and Van Wyk (Bull.
N. F. Com., 1939, 7, 284).
In Europe uva ursi has been adulterated with the

Uva

Ursi

1915

inert leaves of the Vaccinium Vitis-Idcea L. (cowberry, mountain cranberry) ; these may be distinguished by being obovate, having revolute margins
which are sometimes slightly toothed, and the presence of fine blackish dots or bristly points upon their
lower surface. Leaves of the Chimaphila umbellata
(L.) Nutt., sometimes found among the uva ursi,
may be readily detected by their greater length, their
cuneiform-lanceolate shape, and their serrate edges.
Description. — "Unground Uva Ursi is usually unbroken, obovate, oblong or spatulate, from 12 to 30
mm. in length, from 5 to 13 mm. in breadth. The
apex is obtuse or rounded; the margin entire, and
slightly revolute; the base cuneate, tapering into a
short stout petiole. The upper surface is olive-brown
to olive, waxy, glabrous, finely reticulate; the under
surface paler, glabrous (^4. Uva-ursi) or pubescent,
especially on the midrib and petiole (var. coactylis
and var. adenotricha) . The texture is coriaceous and
the fracture short." N.F. VIII. For histology see
US.D., 24th ed., p. 1260.
"Powdered Uva Ursi is dusky yellow to light olive.
It has a slightly aromatic, tea-like odor, and an
astringent, somewhat bitter taste. It shows polygonal
epidermal cells; broadly elliptical stomata up to 40
microns in length surrounded by S to 8 radiate
neighbor cells; mesophyll cells with chloroplastids
and frequently with irregular masses of a carbohydrate; fragments of fibro-vascular bundles with
spiral tracheae associated with narrow, strongly lignified sclerenchymatous fibers and frequently with
crystal fibers showing monoclinic prisms of calcium
oxalate from 6 to 30 microns in diameter; lignified
pericyclic fibers, irregular in shape, with thick, porous,
tuberculated walls and curved ends; unicellular, nonglandular, short hairs, serpentine or straight, or with
a 1- to 4-celled stalk and a small 1 -celled glandular
head (var. adenotricha) ; and numerous fragments
made up of cells having a content which becomes
bluish
black upon the addition of ferric chloride T.S."
N.F. VIII.
Standards and Tests. — Identification. — (1) On
heating 100 mg. of powdered uva ursi between two
watch glasses, the upper one inverted, a crystalline
sublimate of hydroquinone forms on the upper glass;
the crystals consist of long rods and feather-like aggregates which show a brilliant play of colors in
polarized light. (2) A 1-Gm. portion of powdered
uva ursi is macerated with 10 ml. of boiling water
until cold and then filtered: the filtrate yields with
ferrous sulfate T.S. a precipitate. Stems. — Not over
3.5 per cent. Foreign organic matter. — Not over 2 per
cent. Acid-insoluble ash. — Not over 1.5 per cent. N.F.
VIII.
Constituents. — Uva Ursi leaves contain the glycosides arbutin (known also as ursin), CioHigOt.^E^O,
and methylarbutin as well as tannic and gallic acids,
quercetin, bitter extractive resin, gum, fatty matter,
and salts of potassium and calcium. Also reported to
be present is a resinous, glycosidal, substance, called
ericolin which, however, Dieterle and Dorner (Arch.
Pharm., 1937, 275, 380) stated is impure arbutin.
Ursolic acid (see Part II), known also as urson, has
been isolated, and Nakamura (Chem. Abs., 1939, 33,
601) reported finding in the leaves the glycoside,
isoquercitrin, C21H20O12, which, he states, is strongly
diuretic in 1:100,000 dilution. Hydroquinone, a hydrolytic decomposition product of arbutin, was found
present to the extent of 0.2 per cent by Meyers
(Pharm. Weekblad, 1939, 76, 1099). Orr et al. (J. A.
Ph. A., 1945, 34, 39) identified the high molecular
weight alcohol earlier isolated by Parks (Univ. Wisconsin Thesis, 1938) from uva ursi to be a triterpene
diol, C30H50O2,
related to ursolic acid.
Arbutin, which is widely diffused in the species of
Ericaceae, occurs in tufts of long, acicular, colorless
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crystals, having a bitter taste. It is soluble in water,
alcohol, and ether. Hydrolysis of it by acids or by
the enzyme emulsin yields hydroquinone and glucose.
Uses. — Uva ursi has been used in the treament of
acute catarrhal cystitis. Although by some it was believed to exercise an astringent and alterative influence, it is probable that its action is simply a mild
antiseptic effect due to its yielding hydroquinone in
the urine. Although some writers have argued that
the quantity of hydroquinone formed would be too
small to be effective, the experiments of Madaus and
Koch (Ztschr. ges. exp. Med., 1939, 105, 679) seem to
demonstrate that this substance is, under the proper
conditions, a powerful antiseptic. These authors reported that in alkaline urine of low specific gravity
hydroquinone is very active although it is comparatively inert in acid urines. Formerly it was also employed in gravel, nephritis, urethritis and menorrhagia. Because of the formation of hydroquinone in
the body the urine often acquires a greenish color
from the use of uva ursi. jv]
Arbutin has been employed in medicine not only
for its antiseptic effect but also as a diuretic in
doses of from tfO to 200 mg. (approximately 1 to 3
grains).
Dose, powdered uva ursi, from 1.3 to 4 Gm. (approximately 20 to 60 grains), usually in the form of
an infusion or decoction. A fluidextract was formerly
official.
Uzara. Uzaron. — Under this name was introduced
into Europe about 1910 the root of an undetermined
African plant as a remedy for dysentery. It is
generally believed that this plant belonged to the
Asclepiadacece, but Holmes (Pharm. J., 1920, 105,
507) is doubtful of this.
Uzara contains two glycosides, uzarin and uzaren
(Hennig, Arch. Pharm., 1917, 255, 383). Chen (/. A.
Ph. A., 1936, 25, 579) reported that the aglycone
uzarigenin is isomeric with digitoxigenin but that
although uzarin exerts a typical digitalis effect on the
heart the dose required is some 15 times as much as
that of digitoxin. Guerber (Arch. exp. Path. Pharm.,
1913, 75, 75) offered a possible explanation for its
effects in diarrhea in the finding that uzara stimulates
the sympathetic nervous system and thus inhibits intestinal movement (see also Gessner, Arch. exp. Path.
Pharm., 1930, 152, 250).
Vaccines, Bacterial. — The injection of certain
substances into an animal causes the latter to produce what are known as antibodies (see under
Serums). The substances causing this defense reaction, which are known as antigens, may be living or
dead microorganisms or certain proteins. The word
vaccine (from the Latin vacca, a cow) was coined by
Dr. Jenner in 1796 to indicate the material from
cowpox which was protective against human smallpox, but is also applied to attenuated viruses (virus
vaccines) and, in a general way, to microorganisms,
or their products, which have been so modified as to
destroy their power of causing systemic disease but
not their antigenic properties. The term is frequently
more specifically limited to suspensions of attenuated,
or killed, bacteria (bacterial vaccines).
The defensive response of the animal organism to
an antigen leads to an increased resistance to infection against that specific organism (active immunity)
which may endure for a considerable length of time —
in some cases for years — in contrast to that caused
by antitoxins and therapeutic sera, the duration of
which usually is only a few weeks. Several of this
group are official and described in Part I; others
which are used as remedial or prophylactic agents
are described below.
Bacterial vaccines are used for the production of
active immunity and are employed mainly: (1) For
prophylactic purposes by causing specific antibody
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production; that is, to lessen the danger of infection
in persons who are likely to be exposed to such diseases as typhoid fever, cholera, plague, etc. (2) In
the treatment of so-called focal (localized) and
chronic infections. (3) To rid human "carriers" of
bacteria which are dangerous to the community. (4)
They are used by some in the early stages of acute
systemic infections. While some good results have been
reported in these cases further clinical evidence of
the value of such treatment is desirable before its
general use is to be advocated.
Autogenous vaccines are those prepared from the
infectious microorganisms obtained from the infectious material of the patient. Stock vaccines are prepared from cultures, presumably of the same species
of bacteria, but originally obtained from other sources.
Autogenous are usually preferable to stock vaccines,
but at times it is impossible or impracticable to prepare them. In many diseases favorable results can be
obtained from the use of stock vaccines. The methods
of preparing stock vaccines are essentially similar to
that described under Typhoid Vaccine (see Part I).
Stock vaccines may be simple or mixed, either made
from a single species of bacteria or from two or
more different species; among the latter type is the
official Typhoid and Paratyphoid Vaccine (see Part I).
Vaccines are usually given by subcutaneous, but
sometimes by intravenous, intramuscular or intradermal, injection. The first dose in most cases is usually
about 50,000,000 bacteria (for adults). This dose is
gradually increased, inoculations being made at threeto eight-day intervals, depending upon the reactions
produced and clinical results obtained. Dosage and
frequency of injection should be regulated to suit
each individual case. Besredka (Local Immunization,
London, 1927) claimed that intradermal injections,
while producing the greater reaction, also cause
greater antibody response and hence smaller doses are
effective. Because of the wide variance in concentration of bacterial cells and soluble protein in vaccines
produced by different laboratories, the recommendations of the manufacturer should be followed closely.
It should be noted that the immunity produced by
vaccine therapy is not absolute; the patient is still
susceptible to an unusually strong exposure to infection. For this reason when used as a prophylactic
measure customary sanitary precautions should not
be neglected, and when used as a curative procedure
bacterial therapy should not exclude other therapeutic
measures.
The duration of the immunity varies with different
bacterial vaccines. It may be as low as one month
with some vaccines to one and even two years with
others, rarely more. When susceptible individuals are
constantly exposed to infections it may be well to
immunize at regular intervals of several months.
In an effort to improve the effectiveness and reduce the severity of reactions from the administration
of bacterial vaccines, modifications in their manufacture have been made. Some of these modifications are
as follows: Immunogen (Parke, Davis)— The specific
antigenic substance is obtained from the surface or
ectoplasm of the bacterial cells, sometimes identified
as ectoantigen, and it is produced from live organisms. Serobacterin (Sharp & Dohme) — The bacterial
cells are sensitized by treatment with specific immune
rabbit serum. In the process of sensitization, the bacterial cells combine with the specific antibody in the
serum and any excess of antibody is later removed
by washing the bacteria. Undenatured Bacterial Antigen (Lilly) — The antigens are obtained by grinding
the bacterial cells in a cold ball-mill. These antigens
are completely soluble and contain no whole cells.
Vatox (National) — This is a combination of bacterial
cells with the toxoids produced from the exo- or
endo-toxins
of the same
organisms. Ambotoxoid
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(Squibb) — This preparation combines the modified
bacterial exo- and endo -toxoids with the culture filtrates of the same strains of the organism.
Among the commercially available stock vaccines
may be mentioned the following:
Acne Bacillus Vaccine (Acne Vaccine Simple), prepared from the acne bacillus, Corynebacterium acnes,
is used in acute and chronic acne. Acne Vaccine
Mixed or Combined (containing Staphylococcus
aureus, Staphylococcus albus, and the acne bacillus)
is used especially in pustular types of acne.
Arthritis Vaccines. Rheumatism Vaccines. — Various vaccines — some of one or more strains of hemolytic streptococci, some representing a mixture of
several species of bacteria — are commercially available. They have been used with questionable success
in rheumatic fever and in rheumatoid arthritis (see
Wetherby, Ann. Int. Med., 1941, 14, 1849).
Brucella Vaccine (Undulant Fever Vaccine, N.N.R.)
(consisting of Brucella abortus, Br. suis or Br. melitensis, or a mixture of the first two) is employed in
the treatment of undulant fever (Malta, Mediterranean or rock fever). It is less frequently used since
the advent of the sulfonamides and antibiotics. Its
value is disputed but intramuscular or intravenous
therapy has been strongly advocated (for literature
see Deutsche med. Wchnschr., 1934, 60, 788; Angle,
J. A.M. A., 193S, 105, 939).
Catarrhal Vaccines. "Cold" Vaccines. — These consist of attenuated cultures of a large variety of bacteria commonly found in the upper respiratory tract.
They are intended for use in the prophylaxis and
treatment of chronic infections of the respiratory
mucous membranes, such as "colds" or influenza. As
the common cold is probably a virus, not a bacterial,
infection, it is not to be expected that these vaccines
would prove to be of great benefit in preventing this
infection. But they may be useful in lessening the
frequency or severity of the secondary bacterial infections which are such common sequelae or in decreasing the sensitivity of unrecognized cases of perennial hay fever. There is considerable difference of
opinion as to the practical value of such vaccines.
Presently study of the large variety of viruses isolated
by tissue culture methods from patients with nonbacterial, acute respiratory disease (ARD) is in progress. Perhaps an effective ARD vaccine may be
developed.
Entoral (Lilly), Immunovac (Parke, Davis), Oravax (Merrell), and Vacagen (Sharp & Dohme) represent mixtures, the first supplied in capsules and the
others in tablets, of organisms intended to be taken
by mouth (oral vaccines) as cold prophylactics.
Neovacagen (Sharp & Dohme) contains in addition to
the bacterial antigen an antihistamine. Whether or
not they are of value has not been established.
Pertussis Vaccine Mixed (see also Pertussis Vaccine
in Part I) is a combination of H. pertussis with
other organisms usually found as secondary invaders
in cases of whooping cough. This vaccine may be indicated in the early stages of the disease to reduce the
incidence of secondary infections, or in the event of
an epidemic to serve as a booster dose to increase the
immunity in children previously immunized against
the disease. The advent of effective antibiotic therapy
has largely eliminated the need for such a vaccine.
Staphylococcus Vaccine, N.N.R. 1951. — This vaccine is prepared from S. aureus, S. albus, or from
S. citreus, or from all three. The commercially available products contain either 1 or 2 billion of each
organism stated to be present, in each ml. The vaccine is used in carbunculosis, furunculosis, sycosis,
and certain cases of acne. An autogenous vaccine is
preferable, but if this cannot be prepared, a stock
vaccine may be beneficial. The forms of acne most
likely to respond are characterized by deep-seated
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pustules, with considerable induration, occurring on
the face, chest, and back. When the lesions are
superficial and indolent, the acne bacillus vaccine may
give good results. The dosage varies from 100 million
to 1 billion killed bacteria.
Typhoid "H" Antigen and Typhoid -Paratyphoid
Vaccine, Diluted, are intended for use in the nonspecific therapy of thromboangiitis obliterans and
various chronic inflammatory diseases of the eye.
Vaccines formerly employed for therapeutic purposes are: Gonococcus Vaccine (see symposium in
the J.A.M.A., 1934, 103, 1819) ; Streptococcus Vaccine (see J. AM. A., 1934, 103, 1357, and Brit. M. J.,
1933, 1, 1044).
Coley's Mixture (Coley's Fluid; Erysipelas and
Prodigiosus Toxins; Toxicum Erysipelatis et Toxicum
Bacilli Prodigiosi) . — This fluid, which is not available
commercially, was prepared by growing virulent
streptococci (preferably obtained from cases of erysipelas or septicemia) in bouillon for ten days at 37°,
sterilizing the culture with heat and mixing with a
ten-day growth of Bacillus prodigiosus. After an additional ten days' incubation the mixture was sterilized in a water-bath at 60°. This product, containing
the killed bacilli, is usually preferred although it may
be filtered and the toxins alone employed.
Coley's fluid was used in the treatment of malignant
tumors, especially sarcomas. While the reports of its
value are contradictory, there is sufficient evidence in
favor of it to justify a trial in cases of inoperable
malignant growths, especially sarcomas (Boston Med.
Surg. J., 172, 321). The initial dose is 0.03 ml.,
diluted with saline solution, increasing to 0.1 ml. and
more. The injections are administered directly into
the tumor if the latter is in an accessible region or
into the buttocks if inaccessible. Reactions are often
severe. The very extensive studies of the action of
filtrates and carbohydrate fractions of bacteria on
various neoplastic tumors are reviewed by Gellhorn
and Jones (Am. J. Med., 1949, 6, 188) ; in general,
reactions have been severe and no practical therapeutic benefit has been obtained.
All bacterial vaccines are subject to the regulations
of the National Institutes of Health, U. S. Department of Health, Welfare and Education. The market
dating for these vaccines is 18 months. Storage should
be at 2° to 10° C. (35.6° to 50° F.).
Vaccines, Viral and Rickettsial. — Viral and
rickettsial vaccines are prepared from filterable, submicroscopic viruses or rickettsia, a class of microorganisms which occupy a position between viruses
and bacteria. Both are characterized by the requirement of living tissue for propagation. Viruses are
transmitted to man in the same manner as bacterial
infections, whereas rickettsia are usually transmitted
by the bite or attachment of lice, fleas, ticks or
mites. Viral and rickettsial vaccines contain, in addition to the specific microorganisms, the components
of artificially infected tissues (e.g., animal organic
or egg tissue) which are required for propagation.
Inoculation of man with such heterologous tissues
may produce dangerous side reactions and use of these
products must be accompanied with caution, especially in individuals with a history of allergy or those
previously immunized with a similar product. To determine the allergic hazard prior to use, an intracutaneous injection of 0.02 ml. of the vaccine is of
prime value (Ratner et al., Am. J. Dis. Child., 1952,
83, 608). If a systemic or local reaction ensues, the
vaccine must be given diluted, in fractional doses or
withheld, depending on the degree of reaction and the
need for protection.
Encephalitis Vaccine Herpes "F" Strain. — The
William J. Matheson Commission on Encephalitis
Research has made the observation that a neurotropic
herpetic-like virus may be isolated from encephalitis
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cases (Epidemic Encephalitis, Third Report by the
Matheson Commission, Columbia University Press
1939). No claim is made that such a virus is the
causative agent. The commission has used with beneficial results vaccine prepared from a 10 per cent
brain tissue suspension of virulent neurotropic herpes
virus, designated as vaccine "F," in the active and
chronic stages of the disease. The treatment of encephalitis must be considered on a broad basis and it
is not to be assumed that the use of the vaccine
constitutes total and adequate therapy.
Influenza Virus Vaccine, Polyvalent. — This vaccine contains influenza virus, types A (PR-8 strain),
A-prime (FM-1 and Cuppett strains) and B (Lee
strain), propagated on developing chick embryos,
concentrated and refined, inactivated and preserved.
The Commission on Influenza, Army Epidemiological Board, found influenza vaccine effective in reducing the incidence of respiratory diseases due to
influenza activity (J.A.M.A., 1944, 124, 982; Am. J.
Hyg., 1945, 42, 1, 57, 94). The experience gained in
mass immunization of U. S. Armed Services personnel proved the vaccine to be a useful immunizing
agent in controlling epidemics of virus influenza, and
resulted in the vaccine being licensed for civilian
distribution in 1945. Use of the vaccine has been
generally satisfactory on the individual patient level,
but is more so in group immunizations (industrial,
educational, military, hospital and charitable establishments). While the vaccine has not been tested
under severe epidemic conditions, it is believed that
when general vaccination is performed, shortly before
or at the beginning of an outbreak, its efficacy would
be demonstrated by a low attack rate and milder
illness in the immunized population.
The present vaccine is believed to offer adequate
protection for a relatively short time, probably 3 or
4 months (Martin, J. AM. A., 1953, 151, 597). Protective levels of immunity are achieved, in the immunized person, about 10 to 14 days after administration of the vaccine. There is little, if any, crossing of
immunity between the known major types of influenza virus; therefore, it is necessary to know that
the virus causing a given epidemic is either the same
as, or is antigenically closely related to, at least one
of the viruses contained in the vaccine to be used. If
this is not the case, the vaccine will be wasted and
no protection will result. Influenza vaccine is effective against influenza only; it is of no value against
the common cold.
Influenza virus vaccine, polyvalent, is produced by
inoculating the virus into the chorioallantoic sac of
10- to 11 -day-old embryonated chicken eggs. After
48 hours' incubation, the allantoic fluid, containing
high concentrations of the virus, is harvested. The
virus is concentrated and extraneous tissue eliminated
by either adsorption and elution from chick red
blood cells, precipitation by calcium phosphate, precipitation by protamine or sedimentation by high
speed centrifugation (Stanley, Chem. Eng. News,
1946, 24, 755). The virus is killed either by the
addition of formaldehyde or by ultraviolet irradiation.
A mercurial preservative is used. The vaccine must
meet the requirements of the National Institutes of
Health, U. S. Department of Health, Education and
Welfare, and must be equal to the standard supplied
by the National Institutes of Health. The vaccine is
tested for antigenicity by serum-virus titration of
the pooled sera of mice immunized with the vaccine,
in mice susceptible to the virus.
The vaccine is indicated for the immunization of
children and adults during the period preceding the
months (winter) of highest incidence of influenza
infection. Revaccination is suggested if an epidemic
occurs three months or more following the initial
vaccination. It is administered subcutaneously or in-
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tramuscularly indoses of 1 ml. for adults, proportionately less for children. The product carries an 18month dating if stored at 2° to 10° C.
Mumps Vaccine. — Mumps vaccine is a suspension
of killed mumps virus in physiological saline solution.
The virus is grown in embryonated chicken eggs.
After 7 days of incubation, the allantoic fluid is removed and the virus concentrated by differential centrifugation and inactivated with formaldehyde. The
vaccine is standardized with respect to its immunizing potency and preserved with sodium ethylmercurithiosalicylate (thimerosal ) .
Mumps vaccine is a recent development in immunology and indications for its general use are not
clearcut. Routine immunization before adolescence
is not recommended. It is not known whether induced
immunity in infants and children may be maintained
indefinitely by administration of booster doses. Use
in infants and children should be limited to special
circumstances in which the need for protection outweighs any possible disadvantages, such as when
large groups are housed in institutions, orphanages,
etc. (see Habel, Am. J. Hyg., 1951, 54, 295).
Recovery from mumps produces a long-lasting
immunity. This immunity causes specific skin hypersensitivity to the virus, which may be detected by
intracutaneous injection of Mumps Skin-Test Antigen,
a specially prepared suspension of killed mumps virus.
The test may be employed at any age for determining
susceptibility to mumps. Because of the long incubation period of mumps, there is time to apply the
test after exposure and to vaccinate individuals requiring protection. The dose is 0.1 ml. of the antigen,
administered intracutaneously. If after 24 to 36 hours
an area of erythema 1.5 cm. or more in diameter
develops the person is immune. If the test is negative, itindicates susceptibility to infection (see Enders
et al., J. Exp. Med., 1946, 84, 341).
Mumps vaccine is administered subcutaneously or
intramuscularly, two injections of 1 ml. each being
given 1 to 4 weeks apart.
Poliomyelitis Vaccine. — /ZwioncaZ.— Poliomyelitis
is an affliction which has existed since the days of
ancient Egypt. An unearthed skeleton, dating from
about 3700 B.C., excavated south of Cairo in 1932,
showed the left leg to be much shorter than the right,
probably as a result of the disease. In another Egyptian excavation, dating from 1580-1350 B.C., paleoof a "withered"
the presence
indicateswith
graphic
leg,
in aevidence
priest Ruma,
the foot in the typical
equinus position. As a disease entity, poliomyelitis
does not seem to have attracted the attention of
physicians before late in the 18th century. The earliest
clinical descriptions of the disease came from England
in 1795, Italy in 1813, and India in 1823 (Poliomyelitis, WHO Monograph Series No. 26, 1955). North
made occasional
the 1830's
American
mention ofphysicians
cases of of
clubfoot
due to paralysis and
acquired in infancy as a result of teething or fever.
No mention was made of contagion or that the disease was regarded as a problem of any magnitude.
The occurrence of a group of cases of paralysis, in the
relatively isolated community on the Island of St.
Helena, in 1836, reported by Sir Charles Bell, was
the first indication of an epidemic of the disease. In
the same year Badham reported on 4 cases in the
isolated community of Worksop, England. A few
years later Colmer reported on a small series of cases
in Louisiana; this group involved 8 or 10 cases of
paralysis in infants under 2 years of age (Am. J. Med.
Sci., 1843, 5, 248). The epidemic character of poliomyelitis began to be taken seriously between 1868
and the 1880's with reports of outbreaks in Norway,
France and Sweden. In 1911, before the virus of
poliomyelitis was discovered, Wickman published his
classic work (Die akute Poliomyelitis bzw. Heine-

Part II
Medinsche Krankheit, Berlin) which laid the basis
for the modern epidemiological concept of the disease,
emphasizing its infectious nature, its spread through
human contact, and the importance of carriers and of
mild cases. Since 1900 epidemics of the disease have
appeared with ever-increasing rapidity. The infectious
nature of poliomyelitis was proved by Landsteiner
and Popper during 1907-08 when they succeeded in
infecting a monkey with material of human origin.
Through the efforts of Flexner and his colleagues the
etiological factor was demonstrated to be a filterable
virus.
Ever since the cause of poliomyelitis has been
known, artificial immunization has been the aim of
physicians and other investigators. A large-scale attempt at immunization was made by Kolmer and
Brodie in 1935, using suspensions of monkey spinal
cord containing poliomyelitis virus attenuated by 2
different methods (Kolmer, Ar,i. J. Pub. Health, 1936,
26, 126; Brodie and Park, ibid., 119). Over 10,000
children were vaccinated with the Kolmer vaccine and
approximately 7000 with the Brodie vaccine. These
field trials were quickly discontinued when 5 deaths
and several cases of severe paralysis followed the injections. There has never been an adequate explanation for the unfortunate complications, though it
would appear that the vaccines were responsible. The
incubation period in patients that died or were paralyzed was the same as that of the natural disease, and
the levels of areas of paralysis corresponded to the
injection sites. The existence of 3 distinct immunologic types of virus was not known at this time so
that, irrespective of the accidental cases, the vaccines
were doomed to failure. Further attempts at vaccination were discontinued. With the establishment of
the National Foundation for Infantile Paralysis
(NFIP) in the United States new interest in poliomyelitis developed, and the availability of extensive
financial resources to further research made possible
a concentrated effort to conquer the disease.
In 1948 Morgan {Am. J. Hyg., 1948, 48, 394) observed that monkeys repeatedly injected with formaldehyde-inactivated poliomyelitis virus developed
neutralizing antibody and showed some resistance to
challenge with virulent virus. In 1949 Enders and his
colleagues {Science, 1949, 109, 85) demonstrated that
poliomyelitis virus could be grown in non-nerve tissue. The development of their technic (for which they
received the Nobel Award) made possible the elimination of the live monkey as a medium for growing the
virus. It made readily available a source of virus for
research purposes, and also cast doubt on the belief
that the virus was strictly neurotropic.
In 1951, following an intensive 3 -year, cooperative
study, it was reported that 100 poliomyelitis viruses,
isolated from all parts of the world, were of only
3 immunologically different types (Committee on
Typing, NFIP, Am. J. Hyg., 1951, 54, 191). To
date all viruses recovered can be classified into one
of these 3 types. The types were designated Type 1
(Brunhilde), Type 2 (Lansing), and Type 3 (Leon).
Each type can produce infection and paralysis, but
infection by one will not produce protective antibodies
against either of the other types. This classification
settled a complicated problem, and made it clear that
any vaccine would have to protect against all 3 types
of virus.
In 1952 Bodian at Johns Hopkins {ibid., 1952, 55,
414) and Horstmann at Yale {Proc. S. Exp. Biol.
Med., 1952, 79, 417) reported recovery of virus from
blood in preparalytic stages of poliomyelitis in both
animals and man. This was the first definite evidence
that the virus may not always reach the spinal cord
via nerve pathways, but could possibly gain access by
way of the blood stream. Immediately thereafter
Bodian {Am. J. Hyg., 1952, 56, 78) showed that
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small amounts of antibody, as occur in gamma globulin, would prevent development of clinical symptoms
in monkeys and chimpanzees when fed an oral dose
of live virus known to cause paralytic poliomyelitis
in a significant proportion of animals. It was decided,
on the basis of this and other experimental evidence,
that gamma globulin was worthy of clinical trial in
humans. If a viremia existed, as in measles, prior to
central nervous system involvement, small closes of
protective antibody, as present in gamma globulin,
might be able to block the virus and prevent paralytic
poliomyelitis (see also Bodian, Science, 1955, 122,
105). In the summer of 1952, an extensive field trial
was carried out by Hammon, Stokes, Coriell, et al.
(see Poliomyelitis Immune Globulin, in Part II) .
Another and concurrent attempt to produce immunity to poliomyelitis is that of the search for
attenuated strains of virus for oral or parenteral administration. Koprowski et al. {Pediatrics, 1954, 13,
203) reported use of a rodent-adapted Type 2 virus
in man with appearance of antibody in the blood.
Sabin {Am. J. Med. Sc, 1955, 230, 1) made observations in human volunteers with attenuated virus of
each of the 3 types. The strains used were separated
by tissue culture methods and were avirulent for
monkeys when administered orally, intramuscularly,
or intracerebrally (Sabin et al., J. Exp. Med., 1954,
99, 551). Intraspinal injection caused paralysis in
monkeys but not in chimpanzees. Oral administration
to chimpanzees, however, resulted in intestinal infection and significant antibody titers in the blood without apparent illness and without viremia. These attenuated viruses were fed to men 21 to 30 years of
age lacking demonstrable antibody in their blood to
one or more types of poliomyelitis virus. Eight received 104-2 to 107-5 TCD50 (50 per cent of tissue
cytopathogenic dose) of adapted Type 1 virus; 9
received similar doses of Type 2, and another 9 of
Type 3, virus. All doses produced an asymptomatic
alimentary tract infection, with excretion of as much
as 106 TCD50 per Gm. of feces as soon as 24 hours
after ingestion and persisting for 7 to 84 days. Antibody appeared in the blood about 2 weeks after ingestion. Following the larger doses virus multiplied
in the throat, and these subjects showed the highest
antibody titers in their blood. No virus was detected
in the blood of any of these subjects. Antibody to
Type 3 virus persisted for only a few weeks. Intramuscular injection of the adapted Type 3 virus failed
to induce an immunogenic alimentary infection in 3
or 4 subjects. Re-evaluation of virus excreted in the
feces showed no change in Type 3, but with Types 1
and 2 some virus particles were isolated which had
increased virulence for the brain stem of monkeys
although these were not paralytogenic on intraspinal
injection in chimpanzees. These promising leads require considerably more study, especially since simultaneous ingestion of adapted Types 1 and 2 or 3
virus failed to induce antibody formation.
Early in 1953 Salk reported {J.A.M.A., 1953, 151,
1081) on active immunization of humans against
poliomyelitis with a formaldehyde-killed, adjuvantcontaining (petrolatum) vaccine. The vaccine contained all 3 types of virus, grown on monkey kidney
tissue culture bathed in a synthetic medium. It was
later shown by Salk {Pediatrics, 1953, 12, 471; Am.
J. Pub. Health, 1954, 44, 994) that a killed vaccine,
with or without an adjuvant, produced antibodies
against all 3 types of poliomyelitis virus and that a
booster injection at a later date will produce a
marked rise in neutralizing antibody titer of the
blood.
On the basis of the Salk investigations an announcement was made by the NFIP, in the autumn of 1953,
of its decision to conduct a large field trial in the
prevention of poliomyelitis. The vaccine was to con-
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tain the 3 known types of virus obtained from cultures containing monkey kidney cells, and to be inactivated by formaldehyde. The wisdom, safety and
practicability of a study of such magnitude at that
time with the proposed material became a subject
of extensive public and scientific discussion. Nevertheless, the decision was reaffirmed, and arrangements were made for manufacture of the vaccine by
soliciting bids from 10 manufacturers. Five manufacturers responded (Cutter Laboratories, Inc.; Eli
Lilly & Co.; Parke, Davis & Co.; Pitman-Moore Co.;
Wyeth Laboratories, Inc.) ; the Connaught Medical
Research Laboratories in Canada participated actively. The vaccine was to be produced under specifications supplied by the XFIP, and was to be used
for investigative purposes only. Technical difficulties
encountered early in the manufacture of the vaccine
were eventually ironed out, so that the 1954 Poliomyelitis Vaccine Field Trials got under way in May
1954, with injections being completed by July 1954.
The field trial involved most available poliomyelitis
experts, federal and state health officials, epidemiologists, virologists, , local health authorities, hospitals,
and school physicians and nurses. The plan of study
was developed so that maximum information could
be obtained from the efforts expended (Dublin,
J A.M. A., 1955, 158, 1258). The evaluation of the
effectiveness of the vaccine was assigned to the Poliomyelitis Vaccine Evaluation Center, University of
Michigan, under the direction of Dr. Thomas Francis,
Jr. All data pertinent to the study, and covering all
phases of the program from the time of injection to
complete observation of the control and vaccinated
groups, through the polio season, were turned over
to the Evaluation Center for analysis. The results
of the Trial were kept secret until April 12, 1955,
when the "Report of the Evaluation of the Efficacy
of the Poliomyelitis Vaccine Used in a Field Study
Sponsored by the National Foundation for Infantile
Paralysis in the Spring of 1954" was released; the
report was given at a special meeting at the University
of Michigan. This report (Francis et al., Am. J. Pub.
Health, 1955, 45, No. 5, Part 2, 1; J. AM A., 1955,
158, 1266) revealed a total of 1,829,996 children participating in the total study population. Of these,
approximately 450,000 of 6 to 9 years in age, in 44
states, received vaccine. An additional 200,000 children
were injected with placebo material, while the others
served as uninjected, observed controls. Thus the
plan of study was divided into 2 phases: one in
which the controls were injected with placebo material; the second in which uninjected children served
as controls. The results in study areas where the
controls were not injected indicated the vaccine to
have been 60 to 80 per cent effective against paralytic
poliomyelitis, being 60 per cent effective against Type
1 and 70 to 80 per cent effective against Types 2
and 3 disease. Because of opportunities for bias at
the local level in this group, greater confidence may
be placed in results in the strictly controlled (controls receiving a placebo injection) and almost identical population areas. Here the vaccine was 60 to 70
per cent effective against paralytic poliomyelitis caused
by Type 1 virus, and 90 per cent or more effective
against that of Types 2 and 3. In August of 1954
the NFIP had placed orders with the 5 vaccine producers for a total of 27 million ml. of vaccine to
encourage the manufacture of vaccine and to have
available a supply for immediate use if the Evaluation Report proved to be favorable. Following the
announcement of April 12, 1955, the Secretary of
Health, Education, and Welfare issued licenses to 6
laboratories for manufacture of poliomyelitis vaccine. The following day the National Institutes of
Health released vaccine for use in the NFIP program
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to immunize 9 million children in the most susceptible
age groups and also pregnant mothers.
On April 26, 1955 there were reported 5 cases of
paralytic poliomyelitis in California among children
who had received the vaccine of one of the manufacturers; inaddition, one case in Chicago had been
reported 24 hours earlier. On April 27 this one
manufacturer was requested to withdraw all of his
vaccine from the market (Public Health Service
Technical Report on Salk Poliomyelitis Vaccine, June
1955). On April 28 the Public Health Service set up
a special Poliomyelitis Surveillance Unit for rapid
investigation of all reported cases of poliomyelitis.
The following day 11 of the nation's outstanding
virologists and immunologists convened at the National Institutes of Health to review the situation
and make recommendations. At this time, 17 cases
of paralytic poliomyelitis had been reported among
children injected with vaccine of the one manufacturer; subsequently more cases were reported in children receiving vaccine of other manufacturers. The
Committee stated the desirability of increasing the
margin of safety in the vaccine by revising the Minimum Requirements and expressed the opinion that
further vaccination should be withheld pending further investigation of manufacturing methods. On
May 7, 1955 the Surgeon General recommended to
the medical and public health professions that further vaccination should be suspended pending completion of investigations to be carried out in the
manufacturing laboratories. While the vaccine of
one manufacturer was released on May 13, the Surgeon General on May 20 again decided against the
release of any more vaccine pending a further general
re-evaluation of manufacturing and testing procedures. On May 26 the Surgeon General set up a
new and permanent advisory group of experts, called
the Technical Committee on Poliomyelitis Vaccine,
this group being asked to advise on the release of all
lots of vaccine and to give continuing guidance in
vaccine production and testing. On May 27 revised
requirements on safetv testing were placed into effect
(Scheele and Shannon, JAMA., 1955, 158, 1249)
and vaccine was again released. The delay caused by
the additional testing postponed release of substantial
quantities of vaccine.
With the delay in the release of additional vaccine,
concern was expressed concerning the advisability of
continuing the vaccination program into the summer
months when poliomyelitis is prevalent (Scheele,
ibid., 1955, 158, 1271). Approximately 6 million
children had been injected with 1 dose of vaccine
prior to the poliomyelitis season and the question
arose as to whether these children should receive the
second dose of vaccine during the summer. The
opinion of a panel of experts, representing the Public
Health Service, the American Medical Association,
the Academy of General Practice, the American Public Health Association, the Association of State and
Territorial Health Officers, and the National Foundation's Vaccine Advisory Committee, meeting on
June 18, 1955, was that more was to be gained by
continuing vaccination through the summer months
than by discontinuing it. On this basis the NFIP
moved to continue its free distribution of vaccine.
However, the difficulties of assembling clinics during
vacation time and the still scarce supply of vaccine
caused the Foundation, in August, to postpone its
program until the reopening of schools. In the meantime the available vaccine was allocated, by a special
federal committee, to the states on a basis of 20
per cent for indigent use and 80 per cent for general
distribution to physicians, with the request that the
vaccine be used on the most susceptible age groups
(5 to 9 years) first.
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After thorough investigation, and clarification of
further information and experience, the U. S. Public
Health Service issued a report on August 25, 1955
regarding the cases of poliomyelitis which had appeared in children receiving a few of the lots of the
Salk vaccine. It was concluded that these lots contained an infective concentration of live Type 1
poliomyelitis virus due to (a) an unexpected inadequacy of the virus inactivation procedure in the
production of large lots of vaccine, and (b) inadequate
safety tests on the vaccine released prior to revision
of the minimum requirements on May 27, 1955.
Preparation. — Poliomyelitis vaccine is prepared by
the method developed by Salk et al. (Am. J. Pub.
Health, 1954, 44, 563), with minor variations introduced by individual laboratories. The 3 types of virus
are grown on monkey kidney tissue cultures. The
kidneys of healthy Macaca irus (cynomolgus) or
M. mulatta (rhesus) monkeys are removed aseptically following complete anesthesia. The kidneys are
stripped of their capsules and extraneous connective
tissue, minced first by means of scissors and then by
careful agitation in a Waring blender to reduce the
tissue to very small cellular groups. The tissue may
be used as whole unwashed tissue, washed tissue
(grown on glass wool), or as a trypsinized digest.
The prepared kidney cells are dispensed into culture
flasks, approximately 5 ml. of a 20 per cent suspension per liter of medium, and bathed in 199 medium,
which is a synthetic culture medium composed of
amino acids, vitamins, salts and water (Morgan et al.,
Proc. S. Exp. Biol. Med., 1950, 73, 1). The medium
has added to it a combination of antibiotics such as
penicillin and streptomycin or other suitable combinations to control bacterial contamination. The tissue
cultures are incubated at 37° for 7 days, with several
washings of the cells and refeeding with 199 medium
during the growth period. When a suitable culture
of cells has been established, virus seed is introduced
into the tissue culture, which is refed with new
medium, and incubation is continued for 48 to 72
hours. The growth of virus completely destroys the
cells; the whole culture is harvested by siphoning
from the culture bottles. Cellular debris is removed
from the culture by passage through a bacteriaexcluding filter. The resulting virus suspension is
tested for sterility and titered in tissue culture roller
tubes to determine the tissue culture infective dose
(TCID50). Concurrently a standard virus is titered
and the virus under test must qualify by containing
not less than 106 TCID50 per 0.5 ml. The virus is inactivated byaddition of 1:4000 of formaldehyde, with
appropriate mixing and control of pH at 7.0; the
period of incubation at 37° is not less than 3 times
that required to kill all virus. The required time is
computed for each lot by constructing a logarithmic
curve based on actual virus titers determined periodically during inactivation. When the vaccine has been
incubated for the required period a 500-ml. sample is
taken and tested for safety (no live virus) in kidney
tissue cultures. Incubation of vaccine is continued
for 3 additional days, after which a second sample is
taken for testing of safety, and the vaccine is placed
under refrigeration. If both test samples pass the
safety test the vaccine qualifies for pooling into
polyvalent or trivalent vaccine. Approximately equal
quantities of each of the 3 types are combined in a
single container. The residual formaldehyde is neutralized by addition of sodium bisulfite, a suitable
preservative is added, and the vaccine is filtered
through bacteria-excluding filters.
Description. — Poliomyelitis vaccine (Salk) is an
aqueous preparation of poliomyelitis viruses, Types
1, 2, and 3, grown in monkey kidney tissue cultures,
inactivated by addition of formaldehyde and appli-
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cation of heat, and combined in approximately equal
proportions. The vaccine is a perfectly clear orangered to red solution, the red color being due to presence of 0.002 per cent of phenol red, the indicator
used for the culture system. It contains approximately
equal proportions of the Mahoney strain representing
Type 1 (Brunhilde), the MEF-1 strain representing
Type 2 (Lansing) , and the Saukett strain representing
Type 3 (Leon) of poliomyelitis virus. In addition the
vaccine contains the residual nutrient medium used to
grow the kidney tissue, penicillin and dihydrostreptomycin or other suitable combinations of antibiotics,
the sodium bisulfite neutralization products of formaldehyde, and a suitable preservative.
Testing. — Prior to inactivation each virus pool is
tested for presence of B virus by injection of rabbits
with 10 ml., both intracutaneously and subcutaneously. The virus pool is also tested for presence of
Mycobacterium tuberculosis by intraperitoneal injection into guinea pigs. During inactivation the monovalent strain pools are tested for safety (see above)
in 2 tests separated by an interval of at least 3 days.
Each sample must be at least 500 ml. (irrespective of
the volume of the strain pool), and each test must
be performed on a different tissue culture preparation. Each sample is inoculated into 5 or more tissue
culture bottles of suitable capacity ; the bottles are
observed for 14 days, with a subculture of at least
2 per cent of the volume contained in each bottle
being made into tissue culture tubes at 7 and 14
days. The bottles are refed at the time of the 7-day
subculture. The first and second subcultures are observed for 7 days. No cytopathogenic effect is permissible in any of the cultures. The final trivalent
pool of vaccine is similarly tested for safety, except
that the size of the sample is at least 1500 ml. The
final vaccine is tested for presence of lymphocytic
choriomeningitis virus by injecting it intracerebrally
into mice. A safety test with the final vaccine requires it to be injected into at least 12 rhesus or
cynomolgus monkeys intracerebrally in 1-ml. portions and into 6 cynomolgus monkeys intramuscularly in 10-ml. portions. The monkeys are observed
for 28 days, after which their brains and spinal cords
are removed for histopathological examinations. No
lesions suggestive of poliomyelitis are permissible.
The final vaccine is tested for antigenic potency
by immunization of monkeys with 3 doses of 1 ml.
each at weekly intervals. Seven days following the
last dose of vaccine the monkeys are bled and the
serum collected. The serum is titered by a serumvirus neutralization test in which the end points are
determined by culturing the serum-virus mixtures on
kidney tissue cultures. Standard sera are similarly
titered at the same time; suitability of the vaccine
is determined by comparison with the standard. After
filling into market containers the vaccine is again
tested for safety using a random sample cultured on
kidney tissue cultures.
Poliomyelitis vaccine is subject to the Minimum
Requirements of the National Institutes of Health
of the U. S. Public Health Service. Prior to release
of the vaccine samples and detailed protocols must
be submitted to the National Institutes of Health
for approval.
Uses. — Poliomyelitis vaccine is indicated for use in
stimulating immunity against paralytic poliomyelitis
in man. Infection with one type of poliomyelitis virus
produces no cross immunity for the other types;
therefore, it would appear that vaccination with a
trivalent vaccine is indicated even for those having
a history of previous infection with poliomyelitis
virus. Since the vaccine contains trace amounts of
penicillin or other antibiotics, severe sensitivity to
these is a contraindication to use of the vaccine.
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Since the vaccine is prepared on monkey tissue culture, the occurrence of possible anaphylactic reactions
and Rh sensitization from use of the vaccine has been
suggested, but no evidence of either kidney damage
or Rh sensitization has been reported. On the contrary, all reports indicate that the vaccine produces
fewer reactions than most other vaccines. The vaccine should not be used during the course of any
acute or active infection. Administration of the vaccine during the incubation period of natural poliomyelitis infection will not prevent the development
of paralytic poliomyelitis. Opinion has been expressed that injection of any product, including poliomyelitis vaccine, may result in an increased risk and
preferential localization of paralytic poliomyelitis in
persons exposed to poliomyelitis before or subsequent
to such injections. This theory has not been conclusively confirmed or established by clinical experience
in the field trials. Because of the high incidence of
poliomyelitis during certain months, it is recommended that injections of the vaccine be administered
only during months of low incidence of poliomyelitis.
Dose. — Two schedules have been used. In the 1954
Field Trial the dosage schedule (recognized by the
U. S. Public Health Service) consisted of 3 doses of
1 ml. each, injected intramuscularly or subcutaneously
in the deltoid or gluteal muscle. The first two doses
should be given at 1-week intervals; the third dose
4 weeks after the second. During the 1955 vaccination program of the NFIP, Salk {J A.M. A., 1955,
158, 1239) proposed a revised dosage schedule in
which the first and second doses are separated by
an interval of 3 to 4 weeks, with the third dose to
be administered after an interval of 7 months. The
persistence of immunity following either of these
schedules is not fully established. Until further evidence is available, booster doses annually are suggested. The vaccine is available in single-dose and
multiple-dose containers.
Storage. — Poliomyelitis vaccine carries an expiration dating of 6 months if stored at 5° to 10° C. It
is to be dispensed in the unopened vial as supplied
by the manufacturer.
Rocky Mountain Spotted Fever Vaccine. — This
vaccine contains a formaldehyde-killed, chick embryopropagated strain of Dermacentroxenus rickettsii, the
causative organism of Rocky Mountain spotted fever.
The disease has a mortality rate of 80 to 100 per
cent. Use of the vaccine results in a reduction of the
rate to less than 10 per cent (Parker, Am. J. Trop.
Med., 1941, 21, 369). The severity of the disease
indicates use of the vaccine in persons exposed to the
bite of infected ticks. Originally considered a disease
characteristic of the Rocky Mountain region and
California, it is now recognized as being nationwide in its distribution. Immunization consists of ■
three injections of 1 ml. each, subcutaneously, of
the vaccine at intervals of 7 to 10 days. For children
under 12 years of age, the dose should be reduced
to 0.5 ml. Annual booster doses, given in the spring,
are recommended for persons exposed to infection
from ticks.
Vaccinium. — The genus Vaccinium (Fam. Ericaceae) includes a number of shrubs which produce
the edible berries known popularly as bilberry, blueberry, cranberry, huckleberry and whortleberry. The
leaves of several species have been used in medicine.
The leaves of V. crassifolium Andr., or creeping
blueberry, are said to be astringent and diuretic, and
therapeutically equivalent to uva ursi. The plant is
a slender, trailing shrub, found growing in moist,
sandy soil adjacent to pine woods from North
Carolina to Georgia.
The leaves of V. myrtillus L. (huckleberry) and
related species found in Europe, central and northern
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Asia, have long been used as a folk remedy for diabetes. Allen U-A.M.A., 1927, 89, 1577), in a clinical
trial, reported a blood sugar lowering effect after
administration of an extract of blueberry leaves of
uncertain chemical composition which unfortunately
he called myrtillin; this term properly belongs to the
anthocyanin coloring principle of the blueberry fruit
(Wilstatter and Zollinger, Ann. Chem., 1915, 408,
83). Ramstad (J. A. Ph. A., 1954, 43, 236) isolated
from huckleberry shrub oleanolic and ursolic acids,
3-amyrin, myrtillol, nonacosane, several fatty acids,
plant acids, tannins, sugars, and hydroquinone. Edgars (/. A. Ph. A., 1936, 25, 288) obtained from the
air-dried leaves of the "high-bush" blueberry, V.
corymbosum L., a glycoside, neo myrtillin, C24H3GO18,
and found that it lowered the blood sugar in rabbits.
Xeomyrtillin is difficultly soluble in cold, readily in
warm, water or alcohol, yielding red-brown solutions
which are levorotatory. Aqueous solutions of neomyrtillin are precipitated by salts of lead, mercury,
and most alkaloids, and give color reactions with
ferric chloride.
The clinical evidence of Allen and the work of
Edgars seem to establish that the leaves of certain
species of vaccinium alter blood sugar levels, but
their therapeutic value has not been established.
Valerian, NJ?. VIII. Valeriana. Setwatt. St.
George's Herb. Vandal Root. Garden Heliotrope.
Ger. Baldrian. — "Valerian consists of the dried rhizome and roots of Valeriana officinalis Linne (Fam.
Valerianacece) ." N.F. VIII.
Valeriana officinalis is a large, perennial herb with
a vertical rhizome and an erect, round, channeled
stem, from 2 to 4 feet high, furnished with opposite
pinnate leaves, and terminating in flowering branches.
The cauline leaves are attachel by short, broad
sheaths; the radical leaves are larger and long petiolate. In the former the leaflets are lanceolate and
partially dentate, in the latter elliptical and deeply
serrate. The flowers are small, white or rose-colored,
quite fragrant, and disposed in terminal corymbs
interspersed with pear-shaped bracts. The fruit is a
capsule containing one oblong-ovate, compressed
seed. The plant is a native of Europe, where it grows
either in damp woods and meadows or on dry elevated grounds.
Several distinct varieties of the species are recognized. The V. officinalis L. var. sambucifolia Mikan
is cultivated in both England and continental Europe,
the variety Mikanii Syme is cultivated in England
and the variety latifolia Vahl (V. excelsa Poir) is
one of the chief commercial sources.
Prior to the entry of the United States into
World War II, there were imported into this country
large amounts of Asiatic or Japanese valerian (Kesso)
which was being used as a substitute for the European article, supplies of which were no longer being
imported. The habit of growth of the underground
portion of this valerian simulates the European drug
except for the denser rootlets. However, the dried
drug possesses a stronger and distinctly camphoraceous odor and shows evidence of having been dried
in a hot, moist atmosphere for it contains considerable altered starch and both rhizome and rootlets
frequently exhibit a dark brown to black fractured
surface. According to Franchet and Savatier [Plantce
Japonicce, 1, (1875), 218], there exist in Japan two
varieties of Valeriana officinalis L., namely, the var.
angustifolia Miq. indigenous to central Japan, and
the var. latifolia Miq., indigenous to the mountainous
regions. It seems probable that both of these varieties
have been gathered as Japanese valerian.
The histology of Japanese valerian now on the
market is similar in most respects to that of European
valerian, the most important differences being in the
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larger number of altered starch grains found in the
former variety and the darker content of its parenchyma.
Valerian was normally commercially produced in
Germany — especially in Thuringia and Saxony — Belgium, England, Holland, and France. Small amounts
have been grown in North America. The most esteemed forms are known as "Hartz valerian" and
"Thuringian valerian," but as pointed out by Friedrich {Pharm. Ztg., 1927, 72, 25) there was many
times as much Thuringian valerian sold as could be
produced if the whole province were given to its
culture. Fordor and Kichler {Pharm. Monatsh., 1932,
13, 9) stated that there are two distinct forms of
Thuringian valerian on the market — one known simply as Thuringian valerian, which is light in color
and has a camphoraceous odor, and the other called
Valeriana officinalis minor, somewhat darker in color
and having a spicy odor.
Guenther {Drug Cosmet. Ind., 1943, 53, 160) described methods of cultivating and collecting valerian.
Strazewicz {Pharm. Zentr., 1933, 74, 134), after
study of ten consecutive collections, concluded that
the proper time for harvesting the root was in the
early spring.
Description. — "Unground Valerian occurs as an
upright rhizome, from 2 to 4 cm. in length, and from
1 to 2 cm. in diameter, usually cut longitudinally
into 2 to 4 pieces. Externally it is weak brown to
moderate yellowish brown, the upper portion showing stem bases and frequently a short horizontal
branch or stolon with numerous slender, brittle roots
arising from the outer surface. The fracture of the
rhizome is short and horny and shows internally a
brown to moderate yellowish brown color and a
thick bark and a narrow central cylinder. N.F. VIII.
For histology see U.S.D., 24th ed., p. 1262.
"Powdered Valerian is weak brown to moderate
yellowish brown. It has an odor of valeric acid, becoming stronger upon aging, and a sweetish camphoraceous and somewhat bitter taste. It shows numerous starch grains, from 3 to 20 microns in diameter, spherical, plano-convex, polygonal, 2- to 4compound and each usually with a central cleft;
tracheal fragments, the walls having simple and bordered pores or scalariform and reticulate thickenings,
accompanied by narrow fibers, the walls of the latter
being thin, porous, and strongly lignified; occasional
fragments of epidermis with root hairs, and fragments
of cork." N.F. VIII.
Constituents. — Fresh valerian root has a pleasant,
aromatic odor, due to the presence of a characteristic
volatile oil. When exposed to the air the odor becomes stronger and disagreeable.
The quantity of volatile oil from European valerian
ranges from 0.5 to 1 per cent. It consists chiefly of
formic, acetic, butyric, and valeric acid esters of
borneol, with small amounts of pinene and camphene. When fresh it is yellowish in color and rather
pleasant in odor; on exposure to the air it becomes
dark in color, thick in consistency, malodorous, and
deposits crystals of borneol. It would seem apparent
that the bornyl esters are decomposed and the unpleasant odor of the dried root is due to the liberation of free fatty acids. Fichter {Pharm. Acta Helv.,
1939, 14, 163) reported the presence of chlorogenic
acid, which is found also in coffee.
Japanese valerian yields a considerably larger proportion of volatile oil (about 4 to 8 per cent) which
has an odor similar to, but distinct from, that of
the European varieties. Its chemical composition is
in general quite similar to the European oil, but
there is present a compound known as kessyl acetate,
which gives the oil a higher specific gravity. Kessyl
alcohol, C15H24O9, is a saturated secondary alcohol
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containing two benzene rings and an oxygen atom
in ether form (Guenther, Drug. Cosmet. Ind., 1943,
53, 160). For further information see Guenther {Am.
Perfumer, 1937, 34, 75).
A number of investigators have obtained alkaloids
from the fresh valerian root which, however, have
not been sufficiently studied to say whether they are
all distinct. Maliczewski in 1893 reported valerine
and chatinine (confirmed by Goris and Vischniac,
Compt. rend. acad. sc, 1921, 172, 1059) ; Pouchet and
Chevalier {J. pharm. chim., 1907, 25, 636) found an
alkaloid and a glycoside, both of which were depressant to the nervous system and were destroyed
by drying the plant. Cionga {Compt. rend. acad. sc,
1935, 200, 780) isolated a-methylpyrryl ketone
which Supniewski and Taschner {Ber. gesam. Physiol.,
1936, 95, 380) showed to have narcotic power.
Whether any of these can be classed as an active
principle of the drug is not yet apparent.
Indian Valerian. — Indian valerian, consisting of
the dried rhizomes and roots of Valeriana Wallichii
DC, a perennial herb native to India, whose constituents are similar to European valerian, was permitted to be used as a substitute for the latter by
N.F. VII Sup. I and by B.P. 1932 Add. 4 when supplies of European valerian were unavailable during
World War II.
Uses. — Although valerian root has only feeble
physiological properties, there is considerable evidence
that it has a depressant effect upon the central nervous system, similar in its general action to the aliphatic narcotics. Chevalier {Nouv. Rem., 1912, 29,
169) found that the oil of valerian was depressant
to the whole central nervous system, including the
motor and psychical centers of the brain as well as
the motor tract of the spinal cord. Macht and Giu
(/. Pharmacol., 1921, 18, 361) concluded that the
cerebral sedative effect of valerian upon rats was a
reflex from the olfactory organs, Nollem {Arch. exp.
Path. Pharm., 1929, 145, 248) found the depressant
action upon frogs so pronounced that he suggested
its use as a means of biological assay (see also Arch,
exp. Path. Pharm., 1936, 181, 421).
There is reason to believe that much of the virtue
of the plant is lost during the drying process. Probably for this reason preparations of this drug are
very uncertain in their activity and valerian has
largely fallen into disrepute. It is still prescribed by
some physicians as a remedy for hysteria, hypochondriasis, nervous unrest and similar emotional states,
but with the expectation of a psychological, rather
than physiological, action from its unpleasant odor.
Chevalier recommended the juice of the fresh root
not only for the conditions mentioned above, but
even as a narcotic in insomnia and an anticonvulsant
in epilepsy.
Dose, 0.75 Gm. (approximately 12 grains), by
mouth. The dose of valerian oil, which is occasionally
employed, is 0.3 ml. (approximately 5 minims).
Valerian fluidextract, valerian tincture (20 per cent
w/v), and ammoniated valerian tincture (20 per
cent
w/v in aromatic ammonia spirit) were formerly
official.
Vanadium. V (50.95). — This element was discovered by Sefstron in 1830. It is a light gray metal, with
a density of 5.96 and a melting point of 1710°. It
occurs as a sulfide, called patronite, in Peru, and in
the mineral carnotite in Colorado; also in vanadinite,
which is a lead vanadate. It has four valences — 2, 3,
4, and 5— and forms four corresponding oxides, the
two highest of which have acidic properties. Medicinally it has been employed chiefly in the form of
the salts of either orthovanadic acid, H^VO-t (known
only in the form of its salts), or metavanadic acid,
HVO3.
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In the industries vanadium is used for making
alloys with steel, for preparing pigments for china
and indelible inks, and also as a catalyst.
According to Dutton (J.A.M.A., 1911, 56, 1648),
workers in industries in which vanadium is used suffer
from a form of chronic poisoning, the most important
results of which are congestion of the lungs and of
the kidneys, and sometimes hemorrhagic nephritis and
also irritation of the gastrointestinal tract. Anemia
is an early symptom, and there is usually a dry
cough, loss of appetite, emaciation and albuminuria.
In a detailed report of a study of 36 workers in a
factory producing vanadium pentoxide, Sjoberg (Acta
med. Scandinav., 1950, 138 [Supplement 238], 1-188)
observed that after two years of exposure to dust of
the chemical, all workers had symptoms of varying
degree. The respiratory symptoms were chiefly evident; other symptoms were the acute changes in
lungs of pneumonic type, and the eczematous skin
lesions which in some cases were shown to be associated with allergy of the skin to vanadium. In view
of the demonstrated absorption of vanadium, the
possibility of general poisoning exists, which may
account for the ' weakness, neurasthenia, and slight
anemia observed; if such poisoning occurs, it is of
mild nature, according to Sjoberg. He did not observe
any symptoms of the urinary tract which could
reasonably be associated with the vanadium. Franke
and Moxon (/. Pharmacol., 1937, 61, 89) found that
when mixed with the food in as low a proportion as
50 parts per million vanadium gave rise to pronounced
toxic manifestations in experimental animals.
Acute vanadium poisoning gives rise to salivation,
vomiting, diarrhea and, occasionally, convulsions followed by paralysis; in fatal cases death is due to
respiratory failure (Pub. Health Rep., 1938, 53, 165).
For physiologic study of sodium vanadate see Jackson (/. Pharmacol., 1937, 61, 89).
The vanadates have been used in anemia, tuberculosis and a host of other chronic diseases, but with
doubtful benefit. Krosl (Zentralbl. f. Haut- u. Geschlechtskrank., 1924, 14, 401) and Pereira (Ztschr.
Immun. exp. Ther., 1939, 97, 1) presented evidence
that vanadium possesses antisyphilitic properties. Sodium and lithium metavanadate have been given in
doses of 1 to 2 mg. (approximately ^60 to ^ grain)
two or three days a week.
Veegum (Vanderbilt Laboratories). — This substance is a colloidal aluminum magnesium silicate
which forms thixotropic gels on hydration with either
cold or hot water. Hutchins and Singiser (J. A. Ph. A.,
Prac. Ed., 1955, 16, 226) recommended wetting the
dry substance with isopropyl alcohol, propylene glycol.
or glycerin to facilitate hydration. For a jelly base,
prepared without heat, they propose a formation of
9.25 per cent of Veegum HV (micropulverized), 9.0
per cent of isopropyl alcohol, 0.3 per cent of Tween
80, 0.15 per cent of methylparaben, and 0.02 per cent
of propylparaben, the remainer being water. Pienta,
Jr. et al. (ibid., 1954, 15, 414) found about 3 per cent
of Veegum HV to be a good suspending agent for
calamine, zinc oxide, chalk, kaolin, and barium sulfate ;the Veegum was used in the form of a 5 per cent
w/v magma prepared by adding small portions to
boiling water while stirring with a high-speed electric
mixer. Leeshafft and DeKay (ibid., 1954, 15, 410)
reported 3.5 per cent of Veegum HV to be very
efficient for suspending bismuth subcarbonate. For
other studies see Huyck (ibid., 1950, 11, 170).
Venoms. — Under this title are discussed the venoms of snakes, spiders, scorpions and insects, and
certain preparations derived from them.
Snake Venoms
Excluding the sea snakes, there are more than 200
known species of poisonous serpents, of which about
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one-third are unimportant because of their rarity or
small size. The poisonous species belong to: (1) the
family Yipera (true vipers of the Old World) ; (2)
the family Crotaiidae (pit vipers, of both New and
Old World), including members of the genera Crotalus (rattlesnakes), Agkistrodon (cotton or water
moccasin, copperhead or highland moccasin, cantil or
tropical moccasin, mamushi, and moccasins of the
Asiatic mainland; ; Sistrurus (ground rattlers) ; Bothrops (fer-de-lance and allied species; ; Lachesis
(bushmaster), and Trimeresurus (habu) ; (3) the
Elapidae, including members of the genera Aaja
(cobras); Bungarus, or kraits; Micrurus (coral
snakes of the New World), and others.
Although it has long been known that there are
two general types of animal venoms — the predominantly hemolytic and those in which neurotoxins are
the major components — the chemical structure and
pharmacological properties of such substances are
still not well understood. Venoms vary widely in
toxicity from species to species, and from individual
to individual within species (Venoms: Collected
Papers of the First International Conference on Venoms, Am. Assoc. Advanc. Sc, Berkeley, California,
December 1954, Minton, the papers being referred
to as loc. cit. hereunder) ; Criley (loc. cit.) observed
variation of up to 80 per cent in the venoms of certain crotalids, especially C. atrox (Texas rattler).
The toxic actions of snake venoms are varied.
Some possess coagulant properties which operate by
one of two different mechanisms. In one case the
venom coagulates pure fibrinogen in vitro without
calcium ions, tissue extracts, or prothrombin; in the
other the venom, while unable to coagulate fibrinogen, functions by converting prothrombin to thrombin. Proteolytic enzymes appear to be concerned in
both types of coagulant action. Enzymes, known as
phosphatidases, which hydrolyze phosphatides such
as lecithin are responsible for hemolysis and most
of the effects on the heart and circulation caused by
snake venoms. Thus, partial hydrolysis of lecithin
produces a lysolecithin (which is lecithin in which a
fatty acid radical has been replaced by a hydroxyl
radical) that is actively hemolytic and also causes
contracture, fibrillation, and excitability of muscle
tissue. It also attacks the capillary endothelium and
causes hemorrhage of the lungs. The abrupt fall of
systemic blood pressure observed when noncoagulant
venoms are injected intravenously is attributable, at
least in part, to liberation of histamine by lysolecithin. Various other enzyme actions have been observed, including one that converts hemoglobin to
methemoglobin, another that inactivates acetylcholine, and a third, originating from the presence of
powerful proteases, which leads to actual dissolution
of blood cells. In fact, the enzymes of snake venom
are by some considered to be the real toxic principles
of venoms, either through their own activity or
their influence on normal biochemical processes. A
group of principles, which have been called the
neurotoxins, exert various actions on nervous tissue
and produce a curare-like effect, including paralysis.
For further information concerning the biochemistry
and mode of action of snake venoms, see Porges
(Science, 1953, 117, 47).
Crotoxin, the neurotoxin of the rattlesnake, which,
under certain conditions can be cleaved into fractions with toxic and enzymatic activity, shows all
the principal effects of the crude Crotalus venom
except proteolytic and coagulating action, which are
combined in another protein molecule (Slotta,
Fraenkel-Conrat, loc. cit.). The venom of C. durissus
terrificus of southern Brazil and Argentina is believed also to contain crotamine, a highly neurotropic fraction (Goncalves, loc. cit.). Crotaiidae from
central and northern Brazil, and from Central and
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North America apparently lack this protein. Certain
researches suggest that C. adamanteus, C. horridus
and C. atrox possess basic proteins lacking the pharmacological effects of crotamine. Crotamine is more
toxic for mice and produces an apparently deeper
state of shock in dogs than does crotoxin. Convulsions induced in the frog are inhibited by crotoxin.
Both crotoxin and crotamine contain a spreading
factor, crotoxin to a greater degree than crotamine.
Sensitivity may develop in man and animals from
contact with dried snake venoms (Stanic, loc. cit.).
Uses of Snake Venoms. — The poisons elaborated
by various species have been employed in an empirical manner for treatment of all sorts of diseases, and
in most cases probably have been worthless. Evidence
presented in recent years, however, suggests that
some of these substances may be of experimental or
therapeutic value.
The venom of Naja (cobra) has been employed
chiefly for relief of pain in inoperable cancer and
chronic arthritis. Macht (Ann. Int. Med., April, 1938,
p. 1824) believed that its action is chiefly upon the
cerebral pain-perceiving centers although it is not
unlikely that its peripheral effects may play a part in
its action. Steinbrocker and associates (J.A.M.A.,
1940, 114, 318), from extensive review of the literature as well as their own experiences, concluded that
the drug is definitely of value in a certain proportion
of cases but that it often fails to provide the desired relief. The evidences of its value in hypertension, for which it has also been suggested, are
much less convincing. Gottdenker and Wachstein
(/. Pharmacol, 1940, 69, 117) found that the effect
of small doses is to raise the blood pressure; the
depressant results obtained by previous investigators
they believed to be due to the use of large doses.
Cobra venom also has some value in increasing the
coagulability of the blood but, in this country at
least, the venom of the cottonmouth or water moccasin has more frequently been employed for this
purpose. Cobra venom has been incorporated in an
injectable solution of formic and silicic acid for use
in treatment of arthritic patients (see under Formic
Acid, in Part II).
Cobra venom, detoxified by a special method, has
been suggested for treatment of poliomyelitis (Sanders et al., loc. cit.).
Cobroxin (Hynson, Westcott & Dunning) is a purified preparation of the neurotoxic principle of cobra
venom advocated as being particularly effective in
controlling pain in the terminal stages of cancer; it
is administered by subcutaneous or intramuscular
injection, and is available in 1-ml. ampuls.
Use of A. piscivorus venom for treatment of hemorrhage was introduced by Peck (J. A.M. A., 1940,
114, 2218). It is probable that its effect in hastening
the coagulation of the blood is due to an activating
effect upon prothrombin. There is some clinical evidence of the value of this venom in the treatment
of certain types of hemorrhage, notably idiopathic
epistaxis, purpura hemorrhagica and similar conditions, but the Council on Pharmacy and Chemistry
of the American Medical Association believes the
scope of its usefulness and its limitations have not
been established satisfactorily (J. A.M. A., 1940, 114,
2218). It may be pointed out that there are several
blood dyscrasias which prevent the clotting of the
blood (see under Menadione) and that moccasin
venom can be of value only in those cases where
there is normal prothrombin and fibrinogen. In persons with normal blood it would tend to activate the
prothrombin more quickly and hence lead to an
abnormally rapid coagulation.
Moccasin venom is usually employed in a dilution
of 1 in 3000, of which from 0.3 to 1 ml. is injected
hypodermically. Under the name Venomin is offered
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an aqueous solution of the active principle of moccasin venom in three different concentrations; these
are recommended as having analgesic effect in nonspecific acute and chronic arthritis, lumbago, myalgia,
sciatica, neuralgia and similar disorders. The preparation is administered intradermally.
Page and Thomas (Med. Clin. North America,
May, 1940) studied the action of a number of venoms upon the coagulation of the blood of hemophilic patients. They confirmed the previous conclusions of Peck that moccasin venom was of no value
in this condition but found that some of the European vipers, especially the Vipera Russelli greatly
accelerated the clotting of hemophilic blood. A preparation of this venom is sold under the name of
Stypven (Burroughs Wellcome) ; it is intended for
local use as a hemostatic.
Topical application of A. piscivorus venom to the
cheek pouch of the hamster has been proposed as a
test for susceptibility of blood vessels to petechial
formation under various conditions, as irradiation,
during treatment with cortisone, and following administration ofthe hemostatic agent, adrenochrome
semicarbazone sodium salicylate complex (Fulton et
al., loc. cit.) .
The venom of Crotalus (rattlesnakes), in contrast
to the venom of some of the other crotaline species,
delays clotting of the blood. According to Billing
(J. Pharmacol., 1930, 38, 173) it prevents clotting of
the blood because it contains a specific enzyme which
destroys fibrinogen. At one time this venom was
suggested as a remedy for epilepsy but the studies of
Thom (Boston Med. Surg. J., 1915, 171) indicated
that it is more injurious than beneficial.
C. adamanteus (Florida or eastern diamond-back)
and other crotaline venoms have been used for preparation ofalpha-keto acids or their salts. By enzymatic
oxidation of the corresponding L-amino acids, more
than 30 alpha-keto acids, including most of the keto
analogues of the natural amino acids and many keto
acids not yet available by organic synthesis, have been
prepared (Meister, loc. cit.).
Snake Envenom atton. — The slow development of
knowledge concerning animal venoms and the prescriptions employed from earliest antiquity for treatment of envenomation have been reviewed by Leake
(loc. cit.).
Because of the many variables involved (Klauber,
loc. cit.), the bite of a venomous snake may present
an extreme emergency with grave threat to life (snake
poisoning or envenomation) or may produce but little
discomfort and no danger, so that the victim may
recover without treatment. This accounts for supposed
efficacy of many traditional remedies and folk practices of the past which, in reality, were completely
useless or even harmful. Factors influencing the severity of the bite have been summarized by Klauber
(loc. cit.).
Envenomation may activate latent malaria (Corkill,
loc. cit.). Examination of the urine for erythrocytes
may serve to differentiate a bite by a highly venomous
snake from one by a nondeadly species, and may
serve as a guide to prognosis. In communities where
there is seasonal drought, dietary shortage of animal
protein and deficiency of vitamin A, riboflavin and
especially vitamin C, victims of viper bite, particularly, may be severely handicapped, since scurvy and
the endotheliolytic effect of the venom are said to be
synergistic (Corkill, loc. cit.).
A tourniquet should be applied immediately after
bites by all species, and the victim hospitalized as
soon as possible. Some think the constricting band
should be only tight enough to obstruct the lymphatic
flow, others recommend tightening the tourniquet
enough to retard the venous return but immobilization
of the part is even more important. Alcoholic drinks
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are always forbidden. Ascorbic acid may be desirable
for victims of viper bites in drought areas (Corkill).
There is considerable difference of opinion among
clinicians as to the value of incision and suction;
with availability of specific antivenins, these measures
are no longer recommended by some authorities. Since
the venom of a deadly species, once having penetrated
the tissues, is irreversibly combined with the body
fluids and is readily absorbed, very little may be removed by purely mechanical means. Incision, it is
thought, only aggravates the tissue injury and increases the risk of infection. For bites by the venomous
species of the Sudan, incision and suction have been
found valueless if applied more than ten minutes after
the accident (Corkill) ; and for Bothrops bites, are of
no advantage unless used in the first hour (Ambrose,
loc. tit.). In Bangkok such measures have been discontinued (Puranananda, loc. cit.).
Bites on a digit never should be incised (Shannon,
loc. cit.). The local necrosis produced by crotaline
venoms, especially on an extremity where tissue is
scant, will be aggravated by the additional trauma of
a knife blade, and gangrene may be the outcome.
Since the venom spreads rapidly beneath the skin,
linear cuts or punctures (only deep enough to reach
the subcutaneous spaces — usually about Yg inch) and
suction on the advancing edges of swelling may remove part of the venom, if used early.
Wide excision and suction (Parrish, loc. cit.) may
at times be helpful if: (1) No antivenin is available;
(2) the patient is seen within 60 minutes after the
bite; (3) the site of the bite is suitable for excision;
(4) the bite occurred on the trunk, where tourniquets
cannot be applied; (5) the guilty reptile was a large
one, which probably ejected a large amount of venom.
However, even after excision in a wide circle, apparently normal tissue beyond the area may still contain
enough venom to cause gangrene and death (Allen,
loc. cit.).
Blood typing should be carried out at the earliest
possible moment after the bite, since hemolysins may
soon alter the protein structure of the blood to such
an extent that accurate typing for transfusion will be
impossible (Shannon, loc. cit.).
Because the reptile's mouth is often heavily contaminated with bacteria, tetanus antitoxin and antibiotics are usually advised.
Certain pharmacological antagonists have been
studied experimentally in an effort to prolong life
after snakebite and thus provide more time in which
to administer specific serum (Trethewie, loc. cit.).
Immediate subcutaneous injection of an aqueous soap
solution (Ahuja, loc. cit.), although irritating, may
temporarily retard absorption of cobra or krait
venom.
Heparin has counteracted, in experimental animals,
the effects of certain strongly coagulant venoms
(V. Russelli, Echis carinatus and Bothrops), and the
apparent benefits seemed to extend beyond the anticoagulating activity. Administered alone to combat
the coagulant action of Pseudechis (Australian black
snake) venom, heparin failed to prolong life significantly inmice; but when large doses were combined with an antihistamine, the mortality was reduced (Trethewie).
Refrigerants. — Cooling of a bitten extremity with
protected ice packs for a limited time was reported
to have an analgesic effect and temporarily to arrest
enzymatic action of the venom (Pollard, loc. cit.).
However, the danger of excessive and prolonged chilling has been emphasized (Shannon, loc. cit.). As seen
in the Korean War (1950-54), immersion of the
extremities in cold water, even at a temperature of
55° F., for periods of hours, may cause devitalization
of tissue, with, in consequence, permanent damage
after the temperature is permitted to return to normal.
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Snake Venom Antitoxins. — Antivenins, antivenenes, anti-venom serums, serum antivenenosum. —
It has been found that horses when injected with
gradually increasing doses of a snake venom become
immune to* that venom, and that their blood contains
a substance which neutralizes the venom just as bacterial antitoxins neutralize their homologous toxins.
Snake venom antitoxins may be either monovalent
(of value against one species) or polyvalent (useful
against several species of the same family). Snake
venom antitoxin is much more stable than bacterial
antitoxins.
Antivenin is acknowledged the only specific therapy
for envenomation by any poisonous snake and is regarded, by all authorities, as indispensable in serious
cases. Serum is administered as soon as possible, subcutaneously or intramuscularly in milder cases, and
intravenously when the condition is grave. There is
no limit to the dose; administration is continued
until all symptoms disappear (Puranananda, loc.
cit.). In bites by viperids and crotalids it is especially
important to administer a large initial dose; the total
amount of serum required to bring about recovery
is usually greater after envenomation by these species
than after poisoning by elapids, since destruction of
the blood vessels by such venoms impedes dissemination of the serum (Puranananda). Hyaluronidase
mixed with cobra antiserum and administered subcutaneously to animals envenomated with cobra
venom increased the survival rate over the survival
obtained
with serum treatment alone (Boquet, loc.
cit.).
A sensitivity test should be performed before serotherapy (Puranananda). Ephedrine may be mixed
with the serum, and injectable antihistamines and
cortisone may be used to combat possible sensitivity
reactions. Corticotropin and cortisone, although of
some supportive value, do not influence the toxic
action of venom or lessen the probability of death.
(Allam et al. and Wallace and Sticka, loc. cit.;
Schottler, Am. J. Trap. Med. Hyg., 1954, 3, 1083;
Wood, et al., Virginia M. Monthly, 1955, 82, 130.)
For lyophilized (freeze-dried) antivenin produced
in the United States, the expiration date is fixed at
5 years after date of issue, if at least 10 per cent
excess is added. The date of manufacture is the date
of the potency test; date of issue is not more than
one year after the date of manufacture, provided the
product has been stored continuously at a temperature
below 5° C. (Keegan, loc. cit.).
Official "Minimum Requirements for Antivenin"
were issued by the National Institutes of Health
under date of October 1, 1953. The potency test required for the product employs a constant amount
of venom with varying amounts of antivenin, injected
intravenously.
Antivenin (Crotalidce) Polyvalent (North and
South American Antisnakebite Serum Wyeth) is a
concentrated horse serum, refined by a modification
of the ammonium sulfate fractionation method. This
serum neutralizes the venoms of the family Crotalidae
(pit vipers) , including all the North American species,
the tropical rattler and moccasin, bushmaster, fer-delance, and other related species of Central and South
America; also the habu, mamushi and other crotalids
of the Pacific islands and Asiatic mainland.
Laboratory studies (Criley and Gingrich and Hohenadel, loc. cit.) have established that the venoms
of the four predominant crotaline species — C. atrox,
C. adamanteus, C. durissus terrificus, and B. atrox —
contain the basic antigens of all venoms of the family
Crotalidae. Neutralization of the dominant venoms
indicates adequate potency against the minor venoms
of the family. In manufacture the serum is standardized against North and South American species of
Crotclus, and against Bothrops. The plasma recovered
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from the hyperimmunized horses is concentrated and
otherwise processed, and the finished product freezedried in the final container — a sterile, flame-sealed
vial which, on reconstitution with sterile distilled
water, provides 10 ml. of restored serum. The serum
is supplied as a complete emergency package for easy
transportation into snake-infested areas; each vial
carries a S-year expiration date. Antivenin should be
stored at 2° to 10° C. Reconstituted vials of serum
should be used immediately and not returned to
storage.
Dose. — Initially, a dose sufficient to saturate the
system and overwhelm the toxin should be injected.
One to 5 syringes are usually recommended, depending
on severity of symptoms, lapse of time after bite,
size of snake and size of patient (the smaller the body
of the victim, the larger the dose required). Additional doses should be given every 0.5 to 2 hours, as
required, if symptoms (as swelling, pain) persist or
recur. If serum treatment is administered in first
2 hours after bite, a small quantity should be injected around the wound (except on digit), otherwise
the entire dose is injected higher on the bitten limb.
No specific antivenin has been produced in the
United States for envenomation by Micrurus (coral
snake). This genus is rarely responsible for envenomation in the United States, and in most areas of Central and South America is relatively unimportant
because of its secretive habits and seeming reluctance
to attack (Keegan, loc. cit.).
Sea snakes are common in Far Eastern waters and
have been seen along the coast of lower California.
One species, Pelamydrus platurus, occurs along the
Panama coast. These creatures are extremely timid
and are believed never to attack human beings without considerable provocation. No accidents have been
reported from Pelamydrus, and it is supposed that
in this animal the mouth is too small to inflict an
effective bite (Ambrose, loc. cit.). The venom of
Enhydrina (Malaya) is highly neurotoxic and produces clinical effects resembling those seen in tetanus.
No treatment has proved effective, including antivenins specific for N. tripudians and V. Russelli (Reid,
loc. cit.).

and intramuscular morphine sulfate (15 mg.) (Allen,
Pennsylvania M. J., 1954, 57, 446) . Magnesium sulfate, or physostigmine, or neostigmine, or d-tubocurarine (9 mg.) may be used instead, being administered slowly intravenously (Allen). Specific serotherapy (v.i.) and gentle local measures, including relief
of muscle spasm with hydrotherapy, are indicated
(Bogen, loc. cit.).
Antivenin (Latrodectus mactans antivenin),
(Lyovac, Sharp & Dohme) known also as Black
Widow Spider Antivenin, is an antitoxic serum prepared by immunizing horses against the venom of
the black widow spider, Latrodectus mactans. After
having determined, by skin and eye tests, that the
patient is not sensitive to serum, or that in certain
cases he may be desensitized, an injection of 2.5 ml.
of the antivenin is administered intramuscularly
(Voss, Clin. Med., 1941, 48, 123). The serum is supplied in dried form, which may be restored to 2.5 ml.
of double concentrated antivenin with distilled water.

Spider Venoms
Poisonous spiders of the genus Latrodectus are
widespread throughout the world. Three subspecies of
L. mactans (black widow spider) occur in the United
States and one subspecies has been identified in Canada
(O'Rourke, loc. cit.). The bite of L. bishopi (redlegged widow spider) , also found in the United States,
produces symptoms similar, but somewhat milder,
than those from L. mactans (Tinkham, loc. cit.).
There is a long-standing tradition that the bite of a
tarantula is often fatal but Baerg (/. Parasitol., 1921,
8, 86) submitted himself to the bite of the American
species, Eurypelma steindachneri, several times with
no more serious effect than local inflammation.
Robert found that neither the Italian nor the Russian tarantula bite was dangerous to human beings
(see also JAM. A., 1922, 78, 1967). From the L. indistinctus of Africa, Shapiro (South African J. Med.
Sc, 1939, 4, 10) obtained a poison which had a digitalis-like effect upon the heart and also depressed
respiration. Reports of 380 cases of poisoning by
L. mactans, of which 17 were fatal, were collected by
Bogen (Arch. Int. Med., 1932, 6, 375). The most
striking constitutional symptoms were violent crampy
pains, especially in the abdomen and legs, with profuse sweating, nausea, vomiting, fever and leukocytosis. In several cases unnecessary operations were
performed in the belief that the patient was suffering
from an acute abdominal infection.
Lactrodectus envomenation may be treated systemically with intravenous calcium gluconate (1 Gm.)

Insect Stings

Scorpion Venoms
Scorpions of the United States may be considered
relatively harmless, with the exception of two species,
Centruroides sculpturatus and C. gertschi, found in
Arizona. Highly venomous species occur in Mexico,
South America and various other parts of the world.
It is now believed that the fundamental properties
of all scorpion venoms are the same (Del Pozo, loc.
cit.). The venoms have an affinity for the vegetative
nervous system, and the clinical severity of the sting
depends on the quantity of venom fixed in the nervous
centers (Balozet, loc. cit.). No scorpion antiserum is
commercially available in the United States.
Suero Anti-alacran "Myn," S.A., of Laboratorios
"Myn," Mexico 12, D.F., is a horse serum produced
with the venoms of C. sculpturatus and other Mexican
species. Supplied in fluid form, in 5-ml. ampuls, the
recommended dose is the contents of 1 or 2 ampuls
intramuscularly. It is claimed that 1 ampul will neutralize 75 MLD scorpion venom. (One MLD is the
smallest amount of scorpion venom which, on subcutaneous injection, will kill a 250-Gm. guinea pig in
24 hours.) (Keegan, loc. cit.)
Stings by insects, as wasps and bees, can produce
severe reactions and may sometimes be fatal, especially in children (Miller, loc. cit.). Eosinophilia and
elevation of the leukocyte count are characteristic;
often there may be arthralgia. Emergency treatment
includes administration of oxygen, and artificial respiration ifindicated. Calcium lactate, 10 per cent,
should be administered intravenously. Cortisone may
be helpful as a supportive measure.
In Panama, during March and April, contact with
the caterpillar, Megalopyges lanata, will produce sudden, severely painful urticaria and occasionally a generalized reaction (Randel and Doan, loc. cit.). The
condition must be differentiated from insect stings
and even snakebite. There is an immediate lymphangitis and a rapidly developing eosinophilia. Treatment is by local application of palliatives and sedatives by mouth. Oral antihistamines appear to have
little value in these cases.
Verbascum. Mullein. Great Mullein. Mullein
Dock. Thapsus Barbatus. — Under the title of Verbasci Folia the N.F. formerly recognized "the dried
leaves of Verbascum Thapsus Linne (Fam. Scrophulariacece) ." N.F. V. Verbasci fiores were "the dried
corollas, with adhering stamens, of Verbascum phlomoides Linne, or of Verbascum thapsiforme Schraeder
(Fam. Scrophulariacece) ." N.F. V.
The V. Thapsus, or common mullein, is a common
weed native to Europe but abundantly naturalized
in the United States, growing in open fields on stony
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hillsides. It is a tall, biennial herb reaching a height
of 3 or 4 feet, terminating in a dense cylindrical spike
of yellow flowers. The leaves are alternate and decurrent on the stem which is stout and simple. The whole
plant is covered with a thick woolly pubescence. The
corolla is rotate, almost regular, and deeply five-lobed.
For description of the flowers and leaves, see U S.D.,
22nd ed., p. 1634.
Mullein leaves have a mucilaginous and slightly
bitter taste. They contain, according to Kobert
(Pharm. Weekblad, 1918, 55, 49), several saponins
but probably in too small quantities to be physiologically important. They were formerly used quite extensively in various pectoral complaints, and as local
applications in piles, sunburn and inflammations of
the mucous membranes. The dried leaves have been
smoked to relieve irritation of the upper respiratory
tract. It is improbable that they possess any therapeutic virtues other than that of a demulcent. The
dose of the fluidextract (Fhiidextractum Verbasci
Foliorum, N.F. V) was from 4 to 8 ml. (approximately 1to 2 fluidrachms).
Verbena, N.F. IV. Vervain. Blue Vervain. Wild
Hyssop. Simpler's Joy.— Verbena hastala L. is a perennial herb growing to a height of 4 or 5 feet, with
opposite, serrate leaves, the upper being lanceolate
and the lower often lobed; it bears panicles of linear
spikes which are thickly crowded with blue flowers.
It is widely distributed over the United States along
roadsides and in damp meadows. The whole overground herbage was official (for description, see
U.S.D., 22nd ed., p. 1634). Verbena possesses some
nauseating power but the root is much stronger and
will even produce vomiting. From this and other
species of the verbena have been separated a glycoside,
verbenalin, which is probably identical with cornin
(see Cornus, Part II) . Cheymol (/. pharm. chim.,
1938, 27, 325) reported that this principle is of low
toxicit\' and nonhemolytic, but has a weak stimulating
effect upon the parasympathetic nerves. Verbena was
formerly used by the laity as a sudorific in mild fevers,
colds, dysmenorrhea and similar complaints.
Vinca. — A genus of the family Apocynacece, represented in North America by the ornamental plants
V. minor L. (lesser periwinkle') and V . major L.
(greater periwinkle). The former plant has been used
in European folk medicine for arresting hemorrhages
and for a variety of other conditions. The leaves of
V. lancea are used medicinally in Africa, and those of
V. rosea have been used in Australia in the treatment
of diabetes.
Several species of Vinca yield alkaloids which are
related structurally to yohimbine and the Rauwolfia
alkaloids. From V. lancea Janot and LeMeu isolated
b-yohimbine (ajmalicine), C21H94N2O3 (Compt.
rend. acad. sc, 1954, 239, 1311). From V. major the
same workers obtained reserpinine, C22H26N2O4, and
a second alkaloid, possibly serpinine (ibid., 1954, 238,
2550). V. pubescens yielded vinine (C19H06N2O4),
pubescine (C20H26N2O4), and a small amount of a
third alkaloid (Arch. Pharm., 1934, 272, 70). Paris
and Moyse-Mignon isolated vinceine (C2iH26^20s)
from V. rosea (Compt. rend. acad. sc, 1953, 236,
1993). Sterols, carotenoids, ursolic acid, and a flavone
derivative were also reported in V. rosea.
From the leaves of V. minor Schlittler and Furlenmeier (Helv. Chim. Acta, 1953, 36, 2017) isolated
vincamine (CoiR^^iO-.i) . A different crystalline alkaloid, perivincine (C23H2t;N204), was isolated from the
leaves and stems of V . minor by Scheindlin and Rubin
(/. A. Ph. A., 1955, 44, 330). V. minor contains further alkaloidal material which has not yet been
crystallized. Other constituents of the plant are
ursolic acid, sterols, phenolic material, acids, reducing and nonreducing sugars, and starch.
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Vinine and vinceine have been reported to possess
hypotensive activity.
Viscum. Viscum album L. Mistletoe. European
Mistletoe. (Fam. Loranthaceae.) — A yellowish-green,
glabrous, evergreen, parasitic shrub with much
branched and jointed stems, opposite or 3-whorled
obovate-lanceolate leaves and 1 -seeded, viscid, white
berries; it grows on various trees, particularly the
apple and other rosaceous fruit trees, forming a
pendent bush from two to five feet in diameter. The
plant is famous in the history of Druidical superstition. In the religious rites of the Druids, the mistletoe
of the oak was employed, and hence was afterward
preferred when the plant came to be used as a remedy ;
but it is in fact identical in all respects with those
which grow upon other trees (Pharm. J., 1897, 289).
The fresh bark and leaves have a characteristic, disagreeable odor, and a nauseous, sweetish, slightly
acrid and bitterish taste. From them is prepared a
glutinous substance called viscin. The berries, which
are white, and about the size of a pea, contain the
same viscid principle.
Mistletoe is said to produce vomiting and purging
when taken in large doses. The berries caused in a
child three years old vomiting and prostration, coma,
a fixed and somewhat contracted pupil, and convulsive movements. A fatal case is recorded (1867).
Winterfeld (Scientia Pharm., 1938, 9, 105) obtained
two physiologically active constituents from northern
mistletoe. One is a nitrogenous glycoside which lowered blood pressure; the second, a complex, acidic,
nitrogenous body, had a lethal dose of 4 mg. per Kg.
for dogs. Zipf (Arch. exp. Path. Pharm., 1950, 209,
165) attributes to viscotoxin, which is a saponin-like
substance, the cardiac activity of mistletoe.
The observations of a number of pharmacologists
(see Dressier, Arch. exp. Path. Pharm., 1933, 170,
428; also Mulinos and Boyd, /. Pharmacol., 1950,
98, 24) have demonstrated that the intravenous injection of extracts of the mistletoe cause a slowing of
pulse rate accompanied by a marked fall of blood
pressure. After small doses these changes last only a
few minutes but often large doses may be followed by
a second fall lasting for an hour. The effects on the
pulse rate are abolished by atropine, and it is possible, although not yet chemically proved, that the
drug contains a choline derivative which excites the
parasympathetic nervous system. There is reason to
suspect, however, the presence of a second, more toxic,
principle. Jarisch and Henze (Arch. exp. Path. Pharm.,
1937, 187, 706) found that while atropinization abolishes the slowing of the pulse it does not overcome the
fall of blood pressure, although section of the vagus
does. They believe that the chief factor in the fall of
the pressure is a reflex inhibition of the vasoconstrictor
mechanism the afferent impulses for which are carried
in by the vagus. There have been considerable discrepancies inthe findings of various pharmacologists
as to the precise actions of viscum. This is not surprising in consideration of the variety of plants on
which it is parasitic and the possibility that different
extracts contain varying proportions of its different
principles. Because of our ignorance concerning the
nature of these principles the use of viscum as a
remedial agent should be regarded as being in the
experimental stage. (For further literature see Jarisch,
Berl. klin. Wcknschr., 1939, 28, 145.)
The American mistletoe is the phoradendron flavescens (Pursh.) Nutt. (Viscum ftavescens Pursh.). It
is a yellowish-green, woody parasite with jointed,
branched stems, thick, obovate, persistent leaves and
one-seeded berries. It grows upon the branches of
deciduous trees from New Jersey to Florida and westward. Dye (Memphis Med. Recorder, 4, 344) reported cases of poisoning from what were probably

Part II
the berries of this plant. In the western part of the
United States Arceuthobium Americanum Nutt. and
Phoradendron juniperinum Englm. are also known
under the name of mistletoe. Crawford {J. AM. A.,
1911, 57) found that the extract of P. flavescens or
the P. juniperinum, when injected into the blood
stream, produces a sharp rise in the blood pressure,
similar to that produced by epinephrine. He also succeeded in isolating an active base, the composition of
which, however, he did not satisfactorily determine,
but suggests that it may be phenylethylamine. The
P. flavescens has been studied by Hanzlik and French,
who find that it is a powerful stimulant to involuntary
muscle, causing a rise in blood pressure and an increase
in the contractions of intestine and uterus, and believe that the drug may be found clinically useful as
a circulatory and uterine stimulant. It was recommended many years ago by Dr. VV. H. Long as an
oxytocic of value in post-partum hemorrhage and
menorrhagia. His statements received some confirmation by other clinicians. It was also clinically recommended as a cardiac stimulant.
Vitamin P. — In 1936 Szent-Gyorgyi reported that
there was present in lemon juice some other substance
besides ascorbic acid which affected favorably the
hemorrhage of scurvy and which he called vitamin P
from its apparently effect on capillary permeability.
Later he isolated a glycoside, called citrin, having
such activity. Analyses revealed this to be a mixture
of flavones, including hesperidin (see under Bitter
Orange Peel), eriodictyol glycoside (see under Eriodictvon), and quercitrin (see under Quercus). Wawra
and Webb (Science, 1942, 96, 302), and Higby (/. A.
Ph. A., 1943, 31, 74) believe that hesperidin chalcone
is the active component of \itamin P.
Notwithstanding the uncertainty concerning the
identity and action of vitamin P several communications have reported utility of the substance (s) in
purpura (see Kugelmass, J. AM. A., 1940, 115, 519;
Scarborough, Lancet, 1940. 239, 644). Certain observations suggest that ascorbic acid activates one or
more of the components of vitamin P to function
effectively in reducing capillary fragility (Bentsath
et al., Nature, 1937, 139, 326). Thus Warter et al.
(J. M. Soc. New Jersey, 1946, 43, 229) reported that
simultaneous administration of hesperidin and ascorbic acid (SO mg. of each) is more effective in
diminishing capillary fragility than is hesperidin alone
(see also discussion under Rutin). Drezner, Warter
et al. (Am. Pract. Dig. Treat., 1955, 6, 912), reporting
a 5-year study of the use of combined hesperidinascorbic acid therapy in 37 patients with abnormal
capillary fragility in comparison with the response of
a control group of 37 patients with similar disease
states who did not receive such therapy, concluded
that adequate doses of hesperidin combined with
ascorbic acid can correct capillary fragility and permeability to a normal state even in the presence of
established disease entities. In the treated group there
were no vascular deaths, while in the control group
4 patients died of vascular complications. Dosage
varied from 400 to 1000 mg. of the mixture of equal
parts of hesperidin and ascorbic acid (Hesper-C,
National Drug) daily at the start, to 150 to 200 mg.
daily for maintenance when capillary fragility was
corrected. These investigators also provided a brief
review of the literature; for the biochemistry of vitamin P, including theories of mechanism of action and
certain clinical data, the report of Levitan (New Eng.
J. Med., 1949, 241, 780) should be consulted. A preparation of vitamin P from citrus wastes was found
to prevent, in animals, the increased capillary fragility
following radiation injury (Sokoloff et al., Proc. S.
Exp. Biol. Med., 1950, 75, 6).
Hesperidin, a grayish-yellow powder, is relatively
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insoluble in water. On treatment with alkali the
pyrone ring is opened to form a water-soluble chalcone; on methylating the latter to prevent closure of
the ring the stable hesperidin methyl chalcone is produced, this occurring as a yellow powder, soluble in
water. It is effective in reducing capillary fragility
(Bohr et al., J. Pharmacol., 1949, 92, 243; Kirtley
and Peck, Am. J. Med. Sc, 1948, 216, 64). It is available in Pulvules (Lilly) containing 50 mg., also in
a combination of 50 mg. of the chalcone with 100 mg.
of ascorbic acid.
That the utility, as well as the identity, of vitamin P remains in controversy is pointed up by the
recommendation of the Joint Committee on Biochemical Nomenclature of the American Society of
Biological Chemists and the American Institute of
Nutrition that the term "vitamin P" be no longer
employed, for not only the claims of the therapeutic
effectiveness of the substance have not been substantiated (according to their findings) but the vitamin
nature of the one or more polyphenols compounds
comprising the substance has not been established
(Science, 1950, 112, 628).
A phosphorylated hesperidin was reported to produce an antifertility effect in rats (Beiler and Martin,
Science, 1952, 115, 402) and in humans (Sieve, ibid.,
1952, 116, 373) following oral administration; in the
latter report fertility control following 10 consecutive days of medication by both the male and female
was claimed to have been achieved, restoration of
fertility following cessation of medication for 48
hours. Chang and Pincus (ibid., 1953, 117, 274) were
unable to effect inhibition of fertilization, ovulation,
implantation or normal development of embryo in
animals following administration of phosphorylated
hesperidin by various routes. Later Martin
(ibid.,
1953, 117, 363), a coauthor of the original announcement concerning the antifertility effect, reported inability to check the original findings, attributing this
to some variation in the composition of phosphorylated hesperidin, which substance was shown to be a
mixture.
Vitamin U. Anti-gizzard Erosion Factor. — In the
course of studies of vitamin K deficiency in chickens,
erosion of the gizzard as well as hemorrhagic manifestations of hypoprothrombinemia have been observed (Dam, Biochem. J., 1936, 30, 897; Almquist,
Nature, 1935, 136, 31). A factor other than vitamin
K has been found to be responsible for the erosions
(Almquist, /. Nutrition, 1937, 14, 241). The factor is
present in the sterol fraction of alfalfa, cereals, liver,
fresh green vegetables, fresh milk and other foods;
it is heat-labile. Almquist (/. Biol. Chem., 1938, 126,
407) found that addition of cholic acid to the diet
prevented the erosion. In studies with cinchopheninduced ulcers, Cheney (Arch. Int. Med., 1942, 70,
532) found that the factor would prevent formation
of the ulcers. The factor has been found beneficial in
the prevention of the peptic ulcers induced in guinea
pigs by injections of histamine in oil and beeswax
(Cheney, Stanford M. Bull., 1950, 8, 144; 1948, 6,
334) ; addition of fresh cabbage or lettuce juice to
the cooked diet protected the guinea pigs. In 100
patients with peptic ulcer Cheney (California Med.,
1952, 77, 248) reported that more rapid relief of
symptoms and healing of the ulcer was obtained by
feeding 1 quart of fresh cabbage juice daily, without
other therapy for peptic ulcer, than by use of a
special diet and antacids. A quart of cabbage juice is
yielded by about 5 pounds of cabbage. Subsequently
Cheney (Am. J. Gastroenterol., 1954, 21, 230) reported similar results from use of comparable doses
of a cabbage juice concentrate which was kept refrigerated throughout processing and use. On the
other hand Doll and Pygott (Lancet, 1954, 2, 1200)
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were unable to confirm the more rapid response of
peptic ulcer patients to cabbage juice therapy.
The identity of vitamin U has not been established.
McRorie et al. (J.A.C.S., 1954, 76, 115) isolated from
cabbage juice a substance identified as the methylsulfonium analog of methionine; this factor antagonizes the action of sulfonamides on E. coli but clinical studies have not been reported with it. The
presence of unsaturated fatty acids in fresh cabbage
juice (Chibnall and Cannon, Biochem. J., 1929, 23,
176) may also be significant. The relation between
human peptic ulcer and vitamin U remains to be
established.
Watermelon. — This popular fruit, Citrullus vulgaris Schrad., is a native of Asia but is largely cultivated all over the world.
Roby and associates (Am. J. Pharm., 1939, 111,
68) from experiments upon dogs concluded that the
juice from fresh watermelon is distinctly diuretic,
which action they attribute to some volatile component that has an irritant action upon the kidneys.
Neither the extracts of the juice nor seeds had any
such effect. Barksdale (Am. J. Med. Sc, 1926, 171,
111) found in the seed a saponin to which he gave
the name of citrin or cucurbocitrin. This principle
he concluded causes dilatation of the blood capillaries
and a consequent fall in blood pressure. It has been
used to a small extent in the treatment of hypertension (see Gargill and Rudy, Am. J. Med. Sc, 1931,
181, 639). The dose of this principle is about 60 to
120 mg. (approximately 1 to 2 grains).
Waters, Aromatic. — "Aromatic waters are saturated solutions (unless otherwise specified) of volatile
oils or other aromatic or volatile substances in purified
water. Their odors and tastes are similar, respectively,
to those of the drugs or volatile substances from
which they are prepared, and they are free from
empyreumatic and other foreign odors." US J*.
"Aromatic waters may be prepared by one of the
following processes: (a) Distillation Method. — Place
the odoriferous portion of the plant or drug from
which the aromatic water is to be prepared in a suitable still with sufficient purified water, and distil most
of the water, carefully avoiding the development of
empyreumatic odors through the charring or scorching of the substances. Separate the excess of oil, and
preserve or use the clear water portion, filtering if
necessary.
"(b) Solution Method.— -The Volatile Oil, or other
specified volatile substance, 2 ml. or 2 Gm.; purified
water, a sufficient quantity to make 1000 ml. Shake
the volatile substance (suitably comminuted if a
solid) with 1000 ml. of purified water in a capacious
bottle, and repeat the shaking several times during
a period of about 15 minutes. Set the mixture aside
for 12 hours or longer, filter through wetted fiter
paper, and add enough purified water through the
filter to make the product measure 1000 ml.
"Alternate Solution Method. — Thoroughly incorporate the volatile oil (or the suitably comminuted
volatile solid) with 15 Gm. of talc or with a sufficient quantity of purified siliceous earth or pulped
filter paper. Add 1000 ml. of purified water, and thoroughly agitate the mixture several times during 10
minutes. Then filter the mixture, returning the first
portions, if necessary, to obtain a clear filtrate, and
add enough purified water through the filter to make
the product measure 1000 ml." US J3.
Aromatic waters have been known and used since
ancient times, and several centuries ago were highly
regarded as therapeutic agents. Their use today is
mainy to provide aqueous vehicles of pleasant aroma.
Storage. — "Protect aromatic waters from intense
light and excessive heat." U.S.P.
Waxes.— Chemically speaking, the term wax is
applied to esters of high molecular weight fatty acids
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with monohydric or dihydric alcohols of the aliphatic
or cyclic series. In popular usage, however, the word
is also applied to various substances having physical
properties similar to those of the true waxes; thus,
there may be included the more solid fats, products
allied to the paraffins, and some of the higher fatty
acids and alcohols. We consider here only the true
waxes.
Waxes may be either of animal or vegetable origin,
or synthetic, such as cetyl palmitate. Speaking generally the waxes are usually of relatively high melting
point as compared to the fats; they are of much
harder consistency and often tacky to the touch,
rather than greasy.
Animal Waxes. — Besides the official beeswax and
spermaceti several waxes of commercial importance
are derived from the scale insects (Coccidae) ; among
these may be mentioned the following:
China wax or Chinese insect wax, called pe-la by
the Chinese, resembles spermaceti in whiteness and
crystalline appearance, but is distinguished by greater
hardness and friability and a somewhat fibrous fracture. It melts at about 83°, is very slightly soluble
in alcohol or ether, is insoluble in cold oil of turpentine and rectified petroleum, but is dissolved with
the aid of heat, and is very soluble in benzene. These
solubilities distinguish it from spermaceti. It is the
product of a coccid insect, Ericerus pela, which feeds
on the ash, sumac and other trees. It is extensively
used in China in the manufacture of candles and also
as a medicine and its collection is a very important
industry. For details of collection see U.S.D., 19th
ed., p. 307.
Cochineal wax forms the coating of the body of
the cochineal insect (see Cochineal) ; it is sometimes
called coccerin. It is soluble in benzol but almost
insoluble in ether. For its chemical composition see
Blount et al. (Biochem. J., 1937, 31, 1375).
From the white pine chermes, Adelges (Pineus)
strobi Bonier, is obtained a wax very similar to but
not identical with the cochineal wax (see Blount,
loc. cit.).
Vegetable Waxes. — A large number of waxes are
obtained from the vegetable kingdom. Wax exists in
the pollen of numerous plants and forms the bloom
which covers certain fruits and the coating of varnish
with which leaves and their buds are protected.
Candelilla wax, suggested as a substitute for beeswax, is a product of Pedilanthus pavonis Boiss (Fam.
Euphorbiacece) , a small shrub which grows abundantly in Mexico and Texas. The wax is obtained
by extracting the stems with boiling water with subsequent acidification with sulfuric acid. Its melting
point is between 68° and 70°. A somewhat similar
wax is obtained from Euphorbia antisyphilitica, found
in the same regions. Candelilla wax is used in the
manufacture of lubricants, shoe polishes, phonograph
records, sealing wax, candles, electric insulations, and
for waterproofing boxes and fabrics, hardening other
waxes, and sizing paper.
Carnauba wax or caranda wax is collected by
cutting out the leaf buds and leaves of Copernicia
cerifera (Arruda) Mart., commonly called the Brazilian wax palm. The leaves are dried and beaten to
shreds and the wax removed by hot water. It is a
hard, brittle substance, ranging in color from deep
brown to pale yellow. It has a semi-resinous fracture
and the highest melting point (84° to 86°) of all
vegetable waxes. It is composed chiefly of myricyl
cerotate, with smaller quantities of myricyl alcohol,
ceryl alcohol and cerotic acid (Sweet, Chem. Ind.,
1940, 47, 254). More than 50 per cent of it is unsaponifiable.
Carnauba wax takes a fine polish when rubbed
with any soft material, does not receive impressions
from the finger at body temperature and is adapted
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for polishing furniture and even medicinal tablets,
either alone or mixed with other waxes. It is possible
to prepare an aqueous emulsion of it by mixing an
ethanolamine compound and oleic acid; this emulsion
dries with a good luster without rubbing.
Gondang wax, obtained from the latex of the
Javanese fig tree Ficus subracemosa, occurs in brown
pieces which are yellowish internally and have a
specific gravity of 1.015. In distinction from pisang
wax, gondang wax is soluble in all the usual solvents
at a boiling temperature, and it may be almost completely dissolved by prolonged boiling with ethyl
alcohol, being, however, again deposited on cooling.
In its general character gondang wax is intermediate
between wax and caoutchouc.
Ouricury wax or licuri wax is a hard, brittle yellow
wax melting at about 84°, obtained from the leaves of
the palm tree, Cocos coronata Martius, of northern
and eastern Brazil. The dry leaves contain about
0.48 per cent of the wax (Machado, Bol. ministerio
agr., 1940, 29, 17). It resembles carnauba wax and
has similar uses but is more soluble in organic solvents. Physical constants are given by Silva (Rev.
chim. ind., 1940, 9, 82). According to Motta (Rev.
chim. ind., 1941, 10, 16) it may be distinguished
from carnauba wax by the fact that it produces a
yellowish orange color when shaken with 10 to 20 per
cent sodium hydroxide solution; carnauba wax, similarly treated, remains colorless.
Palm wax is the product of the Ceroxylon andicolum Humb., a lofty palm growing in the South
American Andes. Upon the trunk of this tree, in the
rings left by the fall of the leaves, is a coating of
wax-like matter, about one-sixth of an inch thick,
which is removed by the natives and employed in
the manufacture of tapers. It consists, according to
Vauquelin, of a resinous substance mixed with pure
wax.
Pisang wax from Ficus cerifera, according to
Greshoff and Sack, occurs in white crystalline cakes,
having a specific gravity of 0.963 to 0.970 at 15°,
and melting at 79° to 81°. It is very sparingly soluble
in ethyl alcohol, even when boiling, but readily
soluble in boiling oil of turpentine, amyl alcohol, and
carbon disulfide.
Xanthoxylum, N.F. VII. Prickly Ash Bark.—
"Xanthoxylum is the dried bark of Zanthoxylum
americanum Miller, known in commerce as Northern
Prickly Ash Bark, or of Zanthoxylum Clava-Herculis
Linne, known in commerce as Southern Prickly Ash
Bark (Fam. Rutacece) ." N.F. VII.
The Xanthoxylum (or more properly Zanthoxylum)
americanum Miller (X. jraxineum Willd.) or northern prickly ash is a shrub from 5 to 25 feet in
height, growing in woods and in moist shady places
from Quebec to Georgia, Mississippi and Nebraska.
Z. Clava-Herculis L. [Fagara Clava-Herculis (L.)
Small, Z. carolinianum Lam.], or southern prickly
ash, is a small tree growing on dry soil, westward as
far as western Texas, and perhaps into Mexico, eastward to the Atlantic coast, and northward to southern Virginia. For a detailed description of the shrub
and tree, respectively, and of the unground and the
powdered bark, see U.S.D., 23rd ed., p. 1223.
Constituents. — Several species of Zanthoxylum are
known to contain berberine or allied bases, but it is
uncertain if this is true concerning the formerly official
species. LaForge and Barthel (J. Org. Chem., 1944, 9,
250) isolated asarinin from Z. Clava-Herculis and
also the acid amide N-(2-/>-anisylethyl)-N-methylcinnamamide. Jacobson (J.A.C.S., 1948, 70, 4234)
isolated from southern prickly ash bark N-isobutyl2,8-dodecadienamide, which he called herculin; this
substance is insecticidal, having approximately the
same order of paralyzing action and toxicity to house
flies as the pyrethrins, and also being toxic to other
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insects. The studies of Moffet (Am. J. Pharm., 1886,
p. 417) suggested the probability of the existence of
berberine in the northern prickly ash (Z. americanum)The
.
crystalline substance separated by Lloyd
in 1876 from Z. americanum, which he called xanthoxylin, is probably a lactone. Gordin in 1906 reported a crystalline substance which he called xanthoxylin-S in the bark of the southern prickly ash.
Its formula is C20H18O6; it is neutral and contains
no functional groups. For a discussion of its structure
see Dieterle (Arch. Pharm., 1939, 277, 33).
Robertson et al. (J. Chem. Soc, 1937, p. 1542)
found in Z. americanum the substance xanthoxyletin
(identical with xanthoxylin-N) , C15H14O4, which
yields on hydrolysis with strong alkali the monomethyl ether of phloroglucinol. Also present is xanthyletin, C14H12O3.
While it is probable that the prickly ash barks
contain small quantities of alkaloids, it is obvious
that these bases are not medicinally important. Goodson (Biochem. J., 1921, 15, 123) reported that the
Z. macrophyUum Oliver when chewed causes a "tingling sensation in the mouth" and is used by the
African natives in toothache. He found that this pungency resides in the resin, from which it was inseparable. As the formerly official species develop a
similar pungency it seems probable that what action
this drug possesses can be attributed to its resin.
Uses. — Xanthoxylum is irritant, producing, when
swallowed, a sense of heat in the stomach, and a
tendency to diaphoresis. It has been used as an internal remedy in rheumatism, as a gastrointestinal
stimulant in flatulence and diarrhea and as a masticatory in toothache but it is no longer prescribed. The
dose was given as 1 to 2 Gm. (approximately 30 to
60 grains).
Xanthoxylum Fruit (Xanthoxyli Fructus, N.F.
VII) was officially recognized as the dried, full-grown
fruit of either of the xanthoxylums described above
(see U.S.D., 23rd ed., p. 1223 for description). The
fruit, also called xanthoxylum berries, does not appear
to contain any active substance other than a volatile
oil and hesperidin. The only therapeutic effect to be
expected is that of a mild aromatic. The dose, as
given in the N.F., was 1 Gm. (approximately 15
grains) .
Xenon. Xe (131.3). — Xenon is a rare gas discovered in the atmosphere by Ramsay and Travers
in 1898. It was named from a Greek word meaning
"strange" because its discovery was unexpected. It is
a colorless gas with a density of 4.525 compared with
air; at —109.1° it liquefies, while its melting point
is —140°. Of the rare gases, xenon is the least abundant, making up about 1 part in 11,000,000 (by
volume) of the air. It is more soluble in water than
any other member of the group except niton. It has
been employed in vacuum tubes, as have the other
rare gases of the atmosphere. It does not combine
with other elements.
Lawrence et al. (J. Physiol., 1946, 105, 197), from
observations on mice and a consideration of the
Meyer-Overton hypothesis which relates anesthetic
action to high fat solubility and a high oil-water
solubility ratio, indicated that xenon should possess
narcotic properties. That xenon may produce complete surgical anesthesia in man was established by
Cullen and Gross (Science, 1951, 113, 580), such use
being without any apparent clinical pathologic
changes (Pittinger et al., 1952, Fed. Proc, 1952, 11,
382). Featherstone and co-workers (/. Pharmacol.,
1952, 106, 468), using radioactive xenon as an anesthetic in dogs, reported that on an equal, wet-weight
basis the adrenal gland contained more than twice as
much xenon as any of five brain tissues, that liver
and spleen (and possibly blood) contained approximately two-thirds of the content in brain tissues, and
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that perirenal fat contained the same concentration as
in the brain tissues. While for economic reasons xenon
is unlikely to be used as an anesthetic agent, the observations reported above indicate that an apparently
chemically inert substance can produce general anesthesia, thus emphasizing the importance of physical
properties as determinants of anesthetic action
(JAMA., 1951, 146, 1425).
Yage. — Under this name a South American plant
which, according to Michiels (J. pharm. chitn., 1927,
5, 335), is the Hcemadictyon Amazonicum Martius
(Fam. Prestonece), is used as an intoxicant by the
natives, especially in connection with certain religious
ceremonies, and also as a remedy for beriberi. According to Fife (Pharm. J., 1927, 118, 39) this drug
has the remarkable power of inhibiting conscious intellection without stopping subconscious mental activity. While one may hesitate to accept this explanation of its action, there is little doubt that yage has
a marked action on the higher nerve centers.
It contains, apparently, two alkaloids: yageine and
yagenine; for a physiological study of these see
Reuther (Schweiz. Apoth.-Ztg., 1927, 65, 289).
Yohimbe. — This is the bark of Corynanthe Yohimbi Schum. (Pausinystalia Yohimbe (Schum.)
Pierre), a rubiaceous tree growing in the southern
Cameroons district in Africa. The bark comes into
commerce in flattened or slightly quilled pieces 75
cm. long and 4 to 8 mm. thick, with an external corky
layer of a gray-brown color covered with isolated
lichens. It shows numerous longitudinal and transverse fissures like some old specimens of cinchona
bark. The transverse fracture is of a uniform yellowish-brown color, and presents short, soft fibers like
rough velvet. The taste is bitter.
Yohimbe bark contains several isomeric alkaloids,
the most important of which is yohimbine (see
Henry, Plant Alkaloids, 1949), now considered to be
identical with quebrachine (see Quebracho Bark) .
Yohimbine has also been found in Rauii'olfia serpentina (see under Rauwoljia) , and the reserpine of the
latter drug is structurally related to yohimbine.
In 1900 Oberwarth and Loewy reported that yohimbe had a strong aphrodisiac effect. Miiller {Arch,
internat. pharmacodyn. therap., 1907, p. 65) believed
that its aphrodisiac action is due to an increase in
the excitability of the lower centers in the spinal cord.
Some authors were of the opinion that its effect is
due to the hyperemia produced. Barry and Chauchard
(Compt. rend. soc. biol., 1937, 125, 217 and 1951,
145, 810) found that yohimbine antagonizes the
effect of epinephrine on the arteries.
It has been used by clinicians in neurasthenic
impotence, with reports which are generally favorable. It is said to be of no value when the impotence
depends upon organic nerve trouble, and to be harmful when it is caused by chronic inflammatory disease
of the sexual organs or of the prostate gland. Yohimbine has also been employed in angina pectoris and
arteriosclerosis (Staehelin, Therap. Monatsh., Sept.,
1910).
Yohimbine hydrochloride (Corynine hydrochloride,
aphrodine hydrochloride), yohimbine lactate, and
yohimbine methylar senate are salts which have been
introduced on the market. They have been given in
doses of 5 mg. (approximately %2 grain) 3 or 4
times a day.
Zea, N.F. VIII. Corn-silk.— "Zea consists of the
fresh styles and stigmas of Zea Mays Linne (Fam.
Graminece). Zea should be collected when the corn
is in milk and used in the green condition for the
manufacture of pharmaceutical preparations." N.F.
VIII.
This drug is the so-called "silk" of the ear of
ordinary Indian corn or maize, cultivated in the
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warmer
temperate and subtropical countries of the
world.
Description. — "Zea occurs as slender filaments from
10 to 20 cm. in length, and about 400 microns in
diameter, purplish red through pink, reddish orange,
brown, yellowish brown to greenish yellow. The
stigmas are bifid, the segments being very slender,
frequently
N.F.
VIII. unequal, and up to 3 mm. in length."
Constituents. — Rademaker and Fischer (Am. J.
Pharm., 1886, 58, 369) determined the presence of
2.25 per cent of maizenic acid in dried corn silk. The
acid is freely soluble in water, alcohol and ether, but
insoluble in benzine. Rademaker and Fischer found,
in addition to the acid, fixed oil, resin, chlorophyll,
sugar, gum, extractive, albuminoids, phlobaphene,
salt, cellulose and water.
Uses. — Zea has been employed in acute and chronic
cystitis and urethritis. Landreux claimed it to be a
useful diuretic, and even a cardiac stimulant, in the
dropsy of heart disease. It probably is, however, of
little value.
Dose, 4 to 12 Gm (approximately 1 to 3 drachms).
A fluidextract was official.
Zinc Acetate, N.F. VIII. Zinci Acetas. Zn(C2H30o)2-2H20. — "Zinc Acetate contains not less than
82.74 per cent and not more than 87.32 per cent of
(CH3.COO)oZn, corresponding to not less than 99 per
cent
of the hydrated salt, (CH3.COO)2Zn.2H20."
N.F. VIII.
Zinc acetate may be prepared by the reaction of
zinc oxide with acetic acid, heating the resulting solution, filtering it while hot, and crystallizing the salt.
Purification of the salt is effected through recrystallization from water.
"Zinc Acetate occurs as crystals having a pearly
luster, a faintly acid odor, and, in dilute solutions,
an astringent, metallic taste. When exposed to air, the
crystals gradually effloresce. An aqueous solution of
Zinc Acetate (1 in 20) is neutral or acid to litmus
paper. One Gm. of Zinc Acetate is soluble in 2.5 cc.
of water and in 30 cc. of alcohol, at 25°. It is more
soluble in hot solvents." ATJ\ VIII. For standards,
tests, and assay see US.D., 24th ed., p. 1293.
Zinc acetate has been employed principally to prepare an astringent collyrium in ophthalmia, and an
irrigation in gonorrhea, after the acute stage in these
affections has passed. The strength of the solution
usually prescribed varied between 0.1 and 1 per cent.
A saturated solution was formerly sometimes used for
local application in chilblains. Zinc acetate is an ingredient of Zinc Compounds and Eugenol Cement
(see in Part I).
Zinc Carbonate. Zinci Carbonas, B.P. 1914. Basic
Zinc Carbonate. Zinci Carbonas Prcecipitatus, U.SJ*.
IX. Precipitated Zinc Carbonate. — Zinc carbonate
may be prepared by a double decomposition involving zinc sulfate and sodium carbonate, resulting in
the precipitation of a basic zinc carbonate. The
composition varies according to the temperature and
concentration of reacting substances, the higher the
temperature and the larger the quantity of water
used, the more basic the carbonate produced. Basic
zinc carbonate is a white amorphous powder, without taste or odor, and practically insoluble in water
or alcohol.
Zinc carbonate was introduced as a substitute for
prepared calamine, but, as one of the desirable properties of the latter is its pinkish color, the substitution was not popular. It was used locally for much
the same purpose as zinc oxide.
Zinc Iodide, N.F. VIII. Zinci Iodidum. Znl2.—
"Zinc Iodide, when dried over sulfuric acid for
24 hours, contains not less than 98 per cent of
Znl2." N.F. VIII.
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Zinc iodide may be prepared by direct combination
of the elements on heating or by reaction between
them under water, when the zinc iodide dissolves in
the water and is obtained by crystallization.
"Zinc Iodide occurs as a white, or nearly white,
granular powder. It is odorless, or nearly so, with a
sharp, sweetish, metallic taste, and is very deliquescent.
On exposure to the air and light, it becomes brown
due to liberation of iodine. An aqueous solution of
Zinc Iodide (1 in 10) is acid to litmus paper. Zinc
Iodide is very soluble in water, freely soluble in alcohol, and soluble in ether." N.F. VIII. For standards,
tests, and assay see US.D., 24th ed., p. 1295.
Uses. — Although this salt possesses astringent and
caustic powers like those of the chloride, it is rarely
employed. Talbot's Solution, applied as a germicide
and astringent in the local treatment of gingivitis,
and officially recognized in X.F. VIII as Iodine and
Zinc Iodide Glycerite, was prepared by dissolving
80 Gm. of zinc iodide in 130 ml. of water, dissolving
in this 100 Gm. of iodine, then adding 550 ml. of
glycerin and enough water to make 1000 ml.
Zinc Permanganate. Zn(Mn04)2.6H20. — This
may be prepared by mixing barium permanganate
with zinc sulfate, using exact molecular proportions.
It forms dark brown, almost black, deliquescent crystals, giving off oxygen even more readily than does
potassium permanganate. It dissolves in about 3
parts of water, usually with a slight residue. The
solution decomposes if exposed to the air. It is incompatible with peroxides, acids, ammonia and hypophosphites, and must not be triturated with organic
substances. Zinc permanganate possesses the disinfectant powers of the other permanganates but is more
astringent. It has been used chiefly as an injection in
urethritis in strengths of about 1 to 4000 as an
astringent and antiseptic application.
Zinc Salicylate. Zn(C6H4.0H.COO)2.3H20.—
Made by boiling together molecular proportions of
sodium salicylate and zinc sulfate, cooling, washing
the crystals and recrystallizing from hot water. In the
form of long, satiny, needle-like crystals, having a
sweet but astringent and bitter taste. It is soluble
in about 20 parts of cold water. Zinc salicylate is an
astringent and antiseptic; a solution (0.2 per cent)
is used in ophthalmia and gonorrhea. It is incompatible wtih iron compounds and with mineral acids.
Zirconium. Zr (91.22). — A rare earth element,
which occurs as a silver-white crystalline, or gray,
amorphous metal, having a density of 6.52 and a
melting point of 1857°. It is unaffected by water,
alkalies or acids, with the exception of aqua regia.
It is employed in certain special steels and in a number of alloys. Commercially it is obtained as a byproduct in the preparation of titanium oxide and
ferro-titanium. The properties of zirconium metal are
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such, according to Bates et al. (Surg. Gynec. Obst.,
1948, 87, 213), that it may be useful for surgical
procedures requiring fixation of metal within the body.
Zirconium Dioxide. — This salt, which is sometimes called zirconium oxide, is a heavy, white powder, insoluble in water. It has been used by Kaestle
(Munch, med. Wchnschr., 1909) for making x-ray
examinations of the alimentary canal; according to
him it is the most opaque substance available, except
for thorium oxide.
An ointment containing 4.37 per cent of zirconium
dioxide was used by Cronk and Naumann (/. Lab.
Clin. Med., 1951, 37, 909) in treating poison ivy
dermatitis; in 39 out of 47 cases the application appeared to function favorably. No evidence of topical
or systemic toxicity was observed. Hydrated zirconium
carbonate, consisting approximately of 3Zr02.CC>2HoO, has been used similarly; Harrisson et al. (J.
Pharmacol., 1951, 102, 179) demonstrated that in
the doses they administered orally to animals there
were no symptoms of acute or chronic toxicity, and
no evidence of systemic effects or sensitization following local application.
A solution of sodium zirconium lactate is used in
deodorant formulations (Kalish, Drug Cosmet. Ind.,
1955, 76, 762).
Zygadenus. Death Camas.— At least nine species
of this liliaceous genus, found in western United
States, are highly toxic to grazing animals, notably
sheep (Beath et al., Univ. Wyoming Agr. Sta., Bull.
31, 1939). Zygadenus venenosus Watson, probably
the most extensively studied of the species, is a
perennial herb having a tunicated bulb from which
arises a rosette of very narrow dark green basal
leaves and a scape 1 to 2 feet high which bears a
spike of yellowish-white flowers. During May and
June, the period of foliage, it is considered to be the
most dangerous to livestock. The lethal effects, according to McLaughlin (Science, 1931, 73, 135), are
due to a paralysis of the respiratory center. Violent
convulsions have been produced by the juice of
Z. venenosus, for treatment of which Beath et al.
(loc. cit.) administered atropine sulfate and picrotoxin
parenterally. Recent studies of the alkaloidal constituents of Z. venenosus have revealed the occurrence of the esters veratroylzygadenine and vanilloylzygadenine, the alkamines zygadenine and germine,
the germine esters neogermitrine, germidine, and
protoveratridine , and the diester neogermidine, which
is isomeric with germidine (Heyl, J.A.C.S., 1913, 35,
258; Kupchan and Deliwala, ibid., 1954, 76, 5545).
Still another alkaloid, called zygacine, which is a
monoacetate ester of zygadenine, has been isolated
(Kupchan et al., ibid., 1955, 77, 689). These alkaloids
possess pharmacological activity resembling that of
certain of the veratrum alkaloids and are very likely
responsible for the lethal effects of the plant.
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THREE:

Veterinary Uses and Doses of Drugs

This section on the use of drugs and biological products in veterinary practice has been included
in order to make the United States Dispensatory more useful for the veterinarian and for the pharmacist who is called upon to fill veterinary prescriptions. Another object has been to make more complete
the account of the purposes for which drugs are used.
Since the last edition of the United States Dispensatory the British Veterinary Codex, 1953
(B.V.C., 1953) has appeared, published under the direction of the Pharmaceutical Society of Great
Britain. This important contribution to the literature of veterinary medicine provides standards for
drugs, preparations and biological products used in veterinary practice together with information on
actions, uses, and doses. Wherever titles of monographs in Part III differ significantly from the titles
employed in the B.V.C., the latter have been included as synonyms. Certain preparations included
in the B.V.C. are not mentioned in Part III either because they are adequately discussed elsewhere in
Part I or II or because their veterinary use was not considered important enough to merit inclusion
in this section.
The drug monographs in this section are designed to be read in conjunction with the material
presented in Part I or II on each drug. In order to make the section readable, for emphasis, and in the
interest of continuity a certain amount of repetition has been unavoidable.
No attempt has been made to list all medicinal agents employed in veterinary medicine. Those
drugs most commonly used have been included. Wherever the information in Part I or II is adequate
no further discussion is given in this section, other than the doses. Several drugs and preparations used
in veterinary1 practice have not been mentioned since their application in the veterinary field is not
sufficiently specialized to make separate discussion necessary. The recent pertinent literature has been
reviewed and references have been included to provide access to the literature for those especially
interested. Most of the new developments in veterinary therapeutics have been included.
Because of a lack of accurate information authoritative dosage recommendations cannot be made
for many of the drugs used in veterinary medicine, nor can legal responsibility be assumed for them.
The doses appearing in this section can be considered only provisional, based on current trends in
veterinary practice. Doses must be regulated according to the body weight and condition of the
subject, at the discretion of the veterinarian. Since there is great variation in the size and weight of
animal patients the dose range given, in many instances, is only intended as a guide to aid the
veterinarian in establishing a correct dose for the animal treated. Wherever possible the doses have
been given in terms of body weight. These may be considered more reliable. Usually doses have only
been given for the species in which the drug is commonly used. In general it may be said that for drugs
which are safe and effective despite a fairly wide variation in the relative quantity administered the
doses for horses, mules, and cattle are about the same, the lowest dose for swine may also be used for
sheep and goats, and the doses for cats correspond roughly to the smallest dose listed for the dog.
The following abbreviations for different animals are employed in the paragraphs dealing with
dosage: C, for cattle; D., for dogs; G., for goats; H., for horses; Sh., for sheep; Sw., for swine.
Acacia
Gum acacia is occasionally used for its demulcent
action in mild diarrhea in small animals, foals, and
calves. The demulcent is prepared with one part of
acacia to six parts of water and may be administered
almost ad libitum. It is usually given in combination
with other agents.
(6^ to 13
H. & C, 25 to 50 Gm.
Doses.
Sh. & Sw., 5 to 25 Gm. {l]/4 to 6%
drachms).
drachms). D., 1 to 5 Gm. (15 to 75 grains). Cats,
0.5 to 2 Gm. (7^4 to 30 grains).

danger of sensitization. Lourie and Yorke
{Ann.
Tr°P- Med., 1939, 33, 305) found that the drug
faded to produce complete sterilization in 4 out of 5
puppies treated, although, under conditions of practice in areas where the disease is enzootic complete
removal of the parasite renders the animal susceptible
to subsequent infection while removal of the parasites
from the peripheral circulation for 2 weeks may result
in clinical recovery (Findlay, loc. cit.).
Although it has been accepted that a single injec^on 0I acaprin will cure Babesia bigemina infection
(piroplasmosis) , Steyn (J. South African V. M. A.,
Acaprin (Quinuronium Sulphate, B.P.C.)
1942j 13, 113) has reported 3 cases in bovines that
This
compound,
chemically
N-N'(bis-methyl- improved clinically following a single injection of
chinolylium-methyl-sulfate-6)urea, has been reported acaprin, but which were not cured. Hutyra et al.
to be remarkably effective in the treatment of piro- (loc. cit.) have pointed out that a curative response
plasmosis of the domestic
species including dogs to treatment does not imply that the parasites have
(Clarvoe, North Am. Vet., 1939, 20, 50), although been completely destroyed, since recovered animals
the not infrequent occurrence of toxic or fatal reac- may still harbor Babesia in their bodies,
tions is a serious disadvantage. Five to 10 minutes For further information, see Hutyra et al., Path. &
after injection it may cause restlessness, muscular Therap. of Dis. of Domestic Animals, 4th English ed.,
tremors, salivation, and involuntary micturition and Alex. Eger, 1938, Vol. I, p. 839, et seq.; Frohner and
defecation. These symptoms usually disappear in 6 Reinhardt, Arzneimittellehre fiir Tierarzte, 18th ed.,
to 10 hours. The injection may be repeated within Enke, 1950, p. 304; Kirk, Index of Treatment in Small
24 to 48 hours, but the treatment should not be re- Animal Practice, 1948, p. 41 ; Findlay, Recent Adpeated for from 2 weeks to 3 months because of the vances in Chemotherapy,
Blakiston, 1950, p. 236
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et seq. Pulling (J.A.V.M.A., 1949, 115, 46) reported
the treatment of anaplasmosis in 25 cattle with a
single subcutaneous injection of 6 ml. of a 5 per
cent solution. Twenty-one made a prompt recovery
and 4 died, leading the author to conclude that the
drug exerted a favorable action on the course of the
disease.
Doses. A 5 per cent aqueous solution is commonly
used in the following doses. It is administered intramuscularly or subcutaneously. H., 1.2 ml. per 100
Kg. body weight (18 minims per 220 pounds). C,
2 ml. per 100 Kg. body weight (30 minims per 220
pounds). Sh., 2.5 to 5 ml. per 100 Kg. body weight
(38 to 75 minims per 220 pounds). Sw., 5 ml. per
100 Kg. body weight (75 minims per 220 pounds).
D., a 0.5 per cent aqueous solution is usually employed, 0.5 ml. of 0.5 per cent solution per 10 Kg.
body weight (8 minims per 22 pounds).
Acetanilid
Formerly, when antipyretic therapy was common,
acetanilid was frequently employed in febrile states.
With the appearance of more effective agents for use
in the infectious febrile diseases, the value of such
therapy has been questioned and has been reserved
for those conditions where the fever itself seems harmful. It is also used as an analgesic in neuralgia and
other painful states. The administration of acetanilid
has been recommended in laminitis (founder) in the
horse, but it appears to have little value in this
condition. According to Frohner (Monatsh. f. prakt.
Tierheilk., 1894) acetanilid is less toxic for domestic
animals than for man. Volker (Frohner's Lehrbuch d.
Toxikologie f. Tierarzte, 1950) states that horses
tolerate doses of 300 Gm., cattle 250 Gm., and large
dogs and sheep 10 Gm.
Acetanilid is capable of producing methemoglobinemia and different species vary in their susceptibility
to this action. Lester (/. Pharmacol., 1943, 77, 154)
found that the cat is more susceptible than the dog,
while the rabbit and monkey form virtually no
methemoglobin, even with lethal doses. Kruse et al.
(J. Pharmacol., 1927, 31, 208) found that oral doses
of 0.1 to 0.3 Gm. per Kg. produce methemoglobinemia in dogs. Smaller oral doses (36 mg. per Kg.)
given over a period as long as 76 days caused no
accumulation of methemoglobin (Van Loon and
Clark, /. Lab. Clin. Med., 1944, 29, 942). Apparently
methemoglobin formation in itself is not a primary
factor in the toxicity of the drug (Lolli et al., J.
Pharmacol., 1944, 80, 74). Sulfhemoglobinemia may
also be produced by acetanilid and in dogs may persist for days after a single dose (Harrop and Waterfield, J. A.M. A., 1930, 95, 647).
Doses. H. & C, 20 to 30 Gm. (5 to 8 drachms).
Sh. & G., 1 to 2 Gm. (15 to 30 grains). Sw., 1 to 5
Gm. (15 to 75 grains). D., 0.1 to 1 Gm. (1>2 to 15
grains). Cats, 0.1 to 0.2 Gm. {V/2 to 3 grains).
These doses have been based on those given by
Frohner. Other authorities have suggested smaller
doses.
Acetarsone (Acetarsol, B.V.C.)
Acetarsone has been used in spirochetosis (Morcos
et al., J.A.V.M.A., 1946, 109, 112) and histomoniasis
or blackhead of turkeys (Sautter et al., Am. J. Vet.
Res., 1950, 11, 120) and, empirically, in debilitated
dogs and cats to improve their condition preliminary
to anthelmintic therapy.
Doses. D., 120 to 500 mg. (2 to iy2 grains) ; Cats,
60 to 120 mg. (1 to 2 grains) ; Turkeys, 1 Gm. (15
grains) per Kg. daily on two successive days (Morcos,
et al., loc. cit.) or 0.75 per cent in the feed (Sautter
et al., loc. cit.).
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This drug causes a marked increase in renal excretion of sodium, potassium, bicarbonate, and water,
a decrease in titratable acidity and an increase in
urine pH in the dog, rat, and man, presumably because it inhibits renal carbonic anhydrase (Maren,
Trans. N. Y. Acad. Sci., 1952, 15, 53; Lederle Bulletin, Winter, 1953). In dogs a single oral dose of 5
mg. per Kg. produces pronounced diuresis and 400
times this amount can be given intravenously without causing death. Doses of 1 Gm. per Kg. daily for
3 days cause fatal hypopotassemia in dogs but they
tolerate 100 mg. per Kg. for 16 months without
clinical or post-mortem signs of damage. Loss of base
in the urine occurs in the 6- to 12-hour period after
administration and carbonic anhydrase activity begins to return 6 hours after dosage. An interval of
24 or 48 hours between doses is important to prevent
occurrence of acidosis and to maintain the diuretic
effect.
The diuretic effect of acetazoleamide is of value in
edema of cardiac origin in dogs (Detweiler, Univ.
Penna. Vet. Exten. Quart., 1955, No. 137, 39) including ascites associated with heartworm infestation.
Although acetazoleamide does not produce toxic effects
in normal dogs with doses many times the therapeutic
level, untoward effects are seen in certain dogs with
congestive heart failure. In these individuals dyspnea
and restlessness develop within about J/2 hour following administration and these signs continue for
several hours. The reason for this effect is not understood at present although it might be related to the
renal impairment frequently present in dogs in the
age group commonly affected by heart disease. This
reaction is severe enough to prevent further use of
the drug when it occurs.
Ammonium chloride blocks the diuretic effect of
acetazoleamide in dogs and therefore the two drugs
should not be given together.
Doses. D., 5 to 10 mg. (Vis to % grain) per Kg.
(2.2 lb.) of body weight, given once, daily or once
every 2 days.
Acetic Acid, Diluted
Solutions of 1 volume of diluted acetic acid to 3
volumes of water are recommended in afflictions due
to Actinomyces necrophorus. Although it is not very
effective against bacteria in general, it is an effective
agent in A. necrophorus infections. A. necrophorus
is the etiological factor (primary or secondary) in
such diseases as calf diphtheria, necrotic stomatitis
of swine, "foot-rot" and "lip-and-leg ulceration" of
sheep, gangrenous dermatitis of horses, and necrosis
of the anus and vulva of cattle. Commercial cider
vinegar is used as a substitute in dilutions of 1:3
or 1:4 because it is less expensive. Some authorities
recommend that stronger solutions be used, e.g., 4 to
5 per cent.
Acetic Acid, Glacial
Warts (papillomatosis), which are relatively common in young cattle, may be cut off at the base and
the area touched daily with glacial acetic acid. When
warts first appear daily application of the drug may
prevent further increase in size. However, trichloroacetic acid is now preferred to glacial acetic acid for
the treatment of warts.
Clark (J.A.VJf.A., 1950, 117, 418) recommended
trial of acetic acid in rumen stasis and digestive disorders. The dose tentatively suggested for cattle is
50 ml. of glacial acetic acid in 2 liters of water, to
which 500 Gm. of cane sugar may be added.
Acetophenetidin (Phenacetin, B.V.C.)
Phenacetin is an antipyretic and analgesic.
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seldom used for large animals. The dog is more resistant to formation of methemoglobin with acetophenetidin than with acetanilid (Harrop and Waterfield, J. AM. A., 1930, 95, 647). Van Loon and Clark
(J. Lab. Clin. Med., 1944, 29, 942) administered doses
of 200 mg. per Kg. of body weight daily to dogs for
75 days and observed only a transient fall in the
number of erythrocytes, hemoglobin concentration,
and hematocrit.
Doses. H. & C, IS to 25 Gm. (4 to 6^
drachms). Sh. & G., 2 Gm. (30 grains). Sw., 2 Gm.
(30 grains). D., 0.1 to 1 Gm. (\y2 to 15 grains).
Acetylcholine Chloride
Acetylcholine has not assumed a place of importance in veterinary therapeutics. Kirk (Index of
Treatment in Small Animal Practice, 1948, 512)
recommends its use in paralytic ileus in dogs, given
intramuscularly every 2 or 3 hours until flatus or
feces are passed, which usually occurs following the
second or third dose. Whittlestone and Turner (Proc.
S. Exp. Biol. Med., 1952, 80, 194) found that intravenous injection of 200 mg. of acetylcholine into the
intact lactating sow caused "let-down" of milk.
Doses. D., 8 to 30 mg. (Y% to y2 grain) intramuscularly (Kirk, loc. cit.).
Acetylsalicylic Acid
The use of aspirin is largely limited to the dog and
cat, in which species it is employed as an analgesic
and antipyretic. It is commonly prescribed in articular and muscular rheumatism in the dog. Its
use as an antipyretic in acute infectious diseases is
widespread, although the value of such therapy is
difficult to determine.
Recently, Christian and Segard (J.A.V.M.A., 1953,
122, 479) suggested use of large doses of acetylsalicylic acid together with ACTH in the treatment of
bovine ketosis. This was based on the observation that
aspirin caused a drop in liver glycogen in rats and
the finding in man that the human dose of ACTH
could be reduced if followed by aspirin. Following
ACTH injection (50 mg.) cows with ketosis were
given 4-Gm. doses of acetylsalicylic acid 3 times daily
for 3 days. It was found necessary to include 4 mg.
of vitamin K with the aspirin to avoid hematuria
and 400 units of vitamin C were included to compensate for reduction of this vitamin in the adrenal
cortex following ACTH and aspirin therapy. The
value of this therapy has not been determined.
Davis (Fed. Proc, 1945, 4, 116) found that oral
doses of 2 to 4 Gm. per Kg. in dogs caused death
in 8 to 38 hours.
Doses. H. & C, 25 to 50 Gm. (6]/2 to 13
drachms). Sh. & Sw., 1 to 3 Gm. (15 to 45 grains).
D., 0.25 to 1 Gm. (4 to 15 grains). Cats, 100 to 200
mg. (V/2 to 3 grains).
Acetyltannic Acid
This drug has an astringent action on the intestines
and is used in diarrhea. See Tannic Acid.
Doses. H., 4 to 15 Gm. (1 to 4 drachms). C, 10
to 25 Gm. (iy2 to 6y2 drachms). Sh., Sw., Foals, &
Calves, 1 to 2 Gm. (15 to 30 grains). D., 100 to 500
mg. (\y2 to iy2 grains).
Aconite

Because of its toxicity and variability in potency
this drug has been largely discarded. It was formerly
employed in febrile states to lower blood pressure
and slow the circulation by its depressant action on
the heart. It is occasionally used in laminitis in the
horse. Both of these uses are dangerous and generally
ineffective since effective doses are toxic and safe
doses ineffective, and should be abandoned. Its local
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anesthetic effects have led to use of the tincture in
liniments for treatment of neuralgia and other painful
conditions. Owing to the danger of absorption and
resultant toxic action it should not be employed
externally. Its external use in small animals is particularly dangerous.
The fatal dose of aconitine for a 30-pound dog is
about 30 mg. orally (Nicholson, Lander's Veterinary Toxicology, Eger, Chicago, 3rd ed., 1945). From
5 to 10 Gm. of the dried root (orally) is fatal to the
dog and 300 to 400 Gm. of the fresh root is fatal for
the horse (Nicholson, loc. cit.; Volker, Frohner's
Lehrbuch d. Toxikologie f. Tierarzte, Enke, Stuttgart,
6th ed., 1950).
Doses. The tincture has been employed in the
following doses: H., 0.6 to 2 ml. (10 to 30 minims).
C, 4 ml. (60 minims). Sh. & Sw., 0.3 to 0.6 ml.
(5 to 10 minims). D., 0.06 to 0.3 ml. (1 to 5 minims).
Acriflavine (Euflavine, B.V.C., Trypaflavine)
Antiseptic solutions of acriflavine are used in the
treatment of infected wounds and mastitis. It has
proved of value in the treatment of chronic bovine
mastitis (see Little and Plastridge, Bovine Mastitis,
1946, p. 376) by infusing the infected udder with
dilute solutions (1:2000 to 1:4000) containing 10 to
20 per cent of sucrose. The concentrations used in
wound treatment are given in Part I. Acriflavine is
an active urinary antiseptic when the urine is alkaline, but it has been replaced by more effective
agents. It is administered per os. It has also been used
intravenously in 0.1 to 2 per cent solutions in the
treatment of acute generalized infections, but there
is little evidence that it is effective. Acriflavine is
reported to be of value in piroplasmosis (Babesia sp.
infections) of domestic animals (Findlay, Recent Advances in Chemotherapy, 3rd ed., Vol. 1, 1950). It is
administered intravenously in 2 to 5 per cent solution for both therapeutic and prophylactic purposes.
Fatalities have been reported in animals with very
heavy infestations.
Acriflavine preparations are employed in treating
Trichomonas foetus infections in bulls (Dikmans,
North Am. Vet., 1951, 32, 679; Hammond et al.,
Cornell Vet., 1953, 43, 121). A proprietary salve is
used containing 0.5 per cent acriflavine and 0.05 per
cent surfen A (di-2-methyl-4-amino-quinolyl-6-malicacid-amide) in a fat-free, washable, ointment base.
Following epidural anesthesia the surface of the penis
and preputial membranes are thoroughly massaged
for 15 or 20 minutes with about 120 Gm. of the
ointment. Then 15 to 20 ml. of a 0.1 per cent aqueous
solution of acriflavine is injected into the urethra,
and the urethral orifice held closed for about five
minutes. This treatment is repeated in 10 to 14 days.
Although acriflavine ;s not considered an especially
toxic drug intravenous injections may lead to serious
reactions. The intravenous m.l.d. for dogs and rabbits is about 30 mg. per Kg. (Heathcote and Urquhart, /. Pharmacol., 1930, 38, 145). Animals treated
systemically may develop photosensitization and
should therefore be protected from strong sunlight
for several days after therapy.
Doses. The intravenous and per os doses have not
been carefully established and can be regarded as
only tentative. When given by mouth it is administered in dilute solution or capsules. The following
doses have been used: H. & C, 0.5 to 5 Gm. (iy2 to
75 grains) per os and 0.5 to 1 Gm. (iy2 to 15 grains)
intravenously. Sh. & Sw., 1 Gm. (15 grains) per os
and 50 to 250 mg. (34 to 4 grains) intravenously.
D., 100 to 200 mg. (\y2 to 3 grains) intravenously.
Acriflavine Hydrochloride
The hydrochloride is more irritant than the neu-
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tral base and therefore acriflavine is usually preferred
for wound treatment, udder infusion, and intravenous
injection. Otherwise, its doses and uses are the same
as for acriflavine.
Adrenal Cortical Extract
This has not been frequently employed in veterinary medicine. Shaw (/. Dairy Sci., 1947, 30, 307)
treated 4 cases of uncomplicated bovine ketosis and
reported rapid clinical recoveries. Doses ranging from
20 to 50 ml. were injected subcutaneously once or
twice daily until a total dose of 240 to 275 ml. had
been given. More recent reports indicate that cortisone
(q.v.) and other adrenal cortical hormones are
effective in ketosis and these are now used in preference to adrenal cortical extract, which is considerably
more expensive.
Agar
Agar is occasionally used as a cathartic in the dog
and cat in chronic constipation. It may be mixed
with the food.
Doses. D. & Cats, 2 to 8 Gm. (y2 to 2 drachms).
Albumin Tannate
Albumin tannate is used as an intestinal astringent
(see Tannic Acid).
Doses. There is little agreement in the literature regarding the doses. The following doses are
given by Uebele and Klett, 1938. H. & C, 6 to 30
Gm. (90 grains to 1 ounce). Sh., Sw., G., Foals, &
Calves, 2 to 5 Gm. (30 to 75 grains). D., 0.5 to 5
Gm. 0y2 to 75 grains). Cats, 0.1 to 2 Gm. (\y2 to
30 grains).
Alcohol
Ethyl alcohol, in addition to its wide use as a
solvent and vehicle for drugs, is employed externally
as an antiseptic and as a wash in phenol skin burns.
The widespread idea that 95 per cent ethyl alcohol
is practically worthless as an antiseptic and that
diluting to 70 per cent greatly increases germicidal
activity has been discredited bv recent investigations
(Morton, Ann. N. Y. Acad. Sci., 1950, 53, 191).
Moist vegetative forms of bacteria (e.g., E. coli, S.
typhosa, Ps. aeruginosa, Micrococcus pyogenes, Strep,
pyogenes) are rapidly killed by concentrations of
from 60 to 95 per cent. It appears that absolute and
95 per cent alcohol are ineffective against dried vegetative bacteria and 50 to 60 per cent is more effective.
With moist vegetative bacteria the need for dilution
has been overemphasized since concentrations from
as low as 30 per cent up to 95 per cent are effective
against a variety of organisms. With some organisms
(e.g., M. tuberculosis in sputum) the 95 per cent
concentration is more effective than lower concentrations. Cunningham (Am. J. Vet. Res., 1948, 9, 195)
found that the virus of Newcastle disease of chickens
was destroyed within 3 minutes by 95 and 70 per cent
ethyl alcohol but not by 40 and 25 per cent solutions.
Internally it is used as a hypnotic, stimulant stomachic, and carminative. Alcoholic beverages are
popularly used by the laity with the idea of "stimulating" sick animals. This of course is erroneous, although the doses usually employed do little harm
and may be beneficial as a food and stimulant to the
appetite. Judiciously used, its sedative action and
nutrient value should be of some use in febrile diseases
where such action is desired.
Doses. Tonic stomachic: H. & C, 25 to 50 ml.
(6% to 12^ fluidrachms). Sh., G., and Sw., 5 to 15
ml. (\]/A to 4 fluidrachms). D., 2 to 5 ml. (Y2 to 1T4
fluidrachms). Cats, 1 to 2 ml. (15 to 30 minims).
In febrile conditions: H. & C, 100 to 200 ml. (3l/2
to 7 fluidounces). D., 5 to 15 ml. (1J4 to 4 fluidrachms).
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Aldrin
This chlorinated hydrocarbon insecticide has not
been frequently used for the control of insects affecting animals. It is similar to chlordane in many of
its properties, but it has the disadvantage of being
much more volatile. Brander (Vet. Rec, 1954, 66,
538) states that it is effective against the sheep maggot
fly (L. sericata) but because of its volatility it is
doubtful whether aldrin will ever be used extensively
for this purpose.
Kistelman el al. (Am. J. Vet. Res., 1950, 11, 378)
did not observe any signs of toxicity in sheep and
cattle consuming hay sprayed with aldrin during
feeding periods of 169 and 213 days, respectively.
Cattle given daily oral doses of 2 to 7.5 mg. per Kg.
of body weight exhibited toxic signs (hyperirritability and convulsions) within 7 to 30 days and died.
On autopsy there were degenerative changes of the
kidney and liver. In toxicity trials on dogs Kistelman
and Borgmann (J.A.VM.A., 1952, 121, 383) found
that daily oral doses of 0.2 to 0.6 mg. per Kg. of
body weight were well tolerated for at least 228 days.
Daily doses of 2 mg. per Kg. resulted in death within
30 to 60 days and on autopsy the animals showed
parenchymatous degeneration of liver cells (Kistelman, J.A.VM.A., 1953, 123, 28).
Allyl Isothiocyanate
This is employed as a cutaneous irritant. Alcoholic
solutions are used in the following concentrations:
Horses, 4 to 6 per cent; Cattle, 10 to 20 per cent;
and Dogs, 2 per cent.
Aloe (Aloes, B.V.C.)
Aloe is an old favorite still widely used as a
cathartic for the horse. It is employed in constipation,
certain forms of colic, to expel worms following a
vermicide, and other conditions where such action is
desired. Its action is slow and catharsis is produced
after 18 to 36 hours. Despite its popularity its use is
not without certain dangers. It is advisable that horses
be given bran mash for 24 hours before administration
of the drug. This will increase the efficiency and
speed of action. They should not be worked while the
catharsis lasts, but should be walked slowly if purgation has not taken place in 18 hours. Failure to take
such precautions may result in superpurgation, which
is occasionally fatal, or laminitis may develop. Owing
to an individual idiosyncrasy, superpurgation is sometimes seen with moderate doses, even though administered with proper care.
Aloe is contraindicated in gastroenteritis, peritonitis, nephritis, laminitis, advanced pregnancy, all
conditions of debility, and in young animals. Doses
should not be repeated; it is safer to use another
cathartic.
This cathartic is not commonly given to cattle
because it is unreliable in this species and may give
the milk a bitter taste. It is seldom used in canine
practice. Occasionally it is combined with other
cathartics for these animals.
Aloe is also used as a bitter stomachic, given
immediately before feeding or mixed with the feed.
Doses. Cathartic: H., 25 to 50 Gm. (dl/2 to 13
drachms). C, 50 to 75 Gm. (13 to 19 drachms).
Sh. & G., 10 to 15 Gm. (iy2 to 4 drachms). Sw.,
5 to 10 Gm. (75 to 150 grains). D., 2 to 4 Gm. (30 to
60 grains). It is stated by some authorities that 3
Gm. is the maximum dose that should be administered
to the dog. Bitter stomachic: The stomachic dose is
approximately one-tenth the cathartic dose.
Aloin
Aloin is used as a cathartic in the same conditions
and subject to the same restrictions as aloe. It is
preferred to aloe by many practitioners because the
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dose is small and administration therefore easier and
its action is quicker than with aloe, producing
catharsis in the horse in 12 to 14 hours. Its milder
action produces less nausea and griping than aloe.
Doses. H., 8 to 10 Gm. (2 to 2l/2 drachms).
D., 120 to 600 mg. (2 to 10 grains).

acids essential for rat growth are: arginine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophan, and valine. In addition to
these, chickens and turkeys require glycine (Nutrient
Requirements
for Poultry,
Nat'l1954).
Res. Council,
mittee on Animal
Nutrition,
The sameComten

Alum
Locally, alum is used in 1 to 5 per cent solutions
as an astringent wash in superficial inflammatory and
edematous conditions of the skin of large animals and
in astringent dusting powders. Two to 5 per cent
solutions are employed as uterine astringents in large
animals. Groves (North Am. Vet., 1948, 29, 438) recommends a solution containing this concentration of
alum and 1 per cent chloramine-T as a vaginal
douche. Alum is an effective styptic, but too irritant
for use on fresh wounds. It has been employed as an
intestinal astringent administered as an electuary;
however, because of its irritant properties when
present in the intestine in too great concentration its
usefulness is questionable and today it is seldom
used. Its empirical use in laminitis of the horse has
been abandoned. It is also given internally as an
antidote in lead poisoning.
Doses. H. & C, 10 to 25 Gm. (2l/2 to 6J4
drachms). Sh., G., & Sw., 2 to 5 Gm. (30 to 75
grains). D., 0.5 to 2 Gm. (ll/2 to 30 grains).

amino acids are required by dogs (Nutrient Requirements for Dogs, Nat'l. Res. Council, Committee on
Animal Nutrition, 1953). Becker et al. (J. Animal
Sci., 1954, 13, 346) presented data on optimal amino
acid requirements of pigs. Most cereal grains are deficient in methionine, lysine, and tryptophan ; soybean
oil meal and fish meal supply these latter amino acids.
For actual requirements of each essential amino
acid see the publications cited. See also under Protein
Hydrolysates, in this section.

Alum, Exsiccated
This drug is occasionally employed externally for
its escharotic properties. Since it is quite irritant it
should be used with care.
Aluminum

Acetate Solution

Burow's solution is used as an astringent and antiseptic in various forms of dermatitis and burns. It is
usually diluted with 5 to 10 parts of water.
Aluminum Hydroxide Gel
This is occasionally used as a gastric antacid and
protective in gastroenteritis in dogs. There have been
a number of reports of experimental use of aluminum
hydroxide in dogs. Fauley et al., (Am. J. Digest. Dis.,
1939, 5, 792) found that although it controlled free
acidity in the intestinal tract of Mann-Williamson
dogs it did not prevent intestinal ulcer formation and
owing to interference with phosphorus absorption
phosphorus deficiency occurred (Fauley et al., Arch.
Int. Med., 1941, 67, 563). Ivy et al. (Am. J. Digest.
Dis., 1936, 3, 879) administered large doses to dogs
over a 4-month period and found no impairment of
health nor interference with secretory activity of the
stomach. The buffering action on gastric hydrochloric
acid is practically over within an hour, necessitating
frequent doses. Quigley et al. (J. Lab. Clin. Med.,
1939, 24, 485) gave dogs 60 ml. of colloidal aluminum hydroxide twice daily for 79 days with no more
serious effects than slight anorexia and weight loss.
Doses. D., 4 ml. (1 fluidrachm) every 1 or 2
hours.
Aluminum Sulfate
A 4 to 5 per cent solution of aluminum sulfate is
used as an antiseptic and detergent wash in certain
types of dermatitis and superficial ulcers having a
tenacious and purulent exudate.
Amino

Acids

Amino acid requirements vary with different species. Ruminants can synthesize needed amino acids
in the rumen from simple nitrogenous compounds,
including urea (q.v.) . Horses likewise synthesize
amino acids in the colon and cecum. Rats, dogs,
chickens, swine, man and certain other species require
certain essential amino acids in food. The 10 amino

Aminonitrothiazole, B.V.C. (Enheptin-T)
Since this drug (2-amino-5-nitrothiazole) was introduced by Waletsky et al. (J. Parasitol., 1949, 35,
16) for the treatment of histomoniasis (blackhead,
enterohepatitis) of turkeys there is general agreement
that it is an effective prophylactic and chemotherapeutic agent (Horton-Smith
and Long, Vet. Rec,
1951, 63, 507; Carmichael and Maclay, Vet. Rec,
1952, 64, 54; McGregor, J.A.V.M.A., 1951, 118,
394). For prevention it is fed in a concentration of
0.05 per cent in the mash or 0.03 per cent in drinking
water. For therapy 0.1 per cent concentration in the
mash is required, but this dose level causes reduced
egg production, fertility and hatchability (Grumbles
et al., Am. J. Vet. Res., 1952, 13, 386). Concentrations of 0.03 to 0.05 per cent in the mash prevent the
disease and are not toxic (ibid., p. 383).
Aminophylline
Although controlled clinical studies are lacking this
drug is apparently beneficial in chronic alveolar emphysema ("heaves") and related clinical conditions
in horses and as an adjunct to other therapy in congestive heart failure and asthma in dogs.
Detweiler (Univ. Penna. Vet. Exten. Quart., 1952,
No. 125, 21) prescribes aminophylline in dogs with
heart disease which have developed chronic cough
and wheezing respiration (so-called "cardiac asthma"),
because of its supposed bronchodilating action. He
also recommends its administration to animals receiving large doses of digitalis because it has been shown
to protect the dog's heart against degenerative
changes which may be produced by digitalis glycosides (Kyser et al., Am. Heart J., 1946, 31, 451).
Doses. H., 2 to 5 Gm. (30 to 75 grains) given in
the feed or in a capsule 3 times daily for a period of
2 or 3 weeks. D., 50 to 100 mg. (^ to \]/2 grains)
3 or 4 times daily.
Ammonia Solution, Diluted
This solution, diluted with 20 volumes of water,
is sometimes used as a circulatory and respiratory
stimulant in anesthetic collapse in small animals. The
vapor is inhaled and acts reflexly by irritating the
respiratory mucous membrane. The action is evanescent and unreliable when the depression is severe.
Ammonia water is an ingredient of various stimulating liniments. It is rarely used internally.
Frick (North Am. Vet., 1947, 28, 828) pointed out
that ammonia solution diluted 1:4 or 1:9 effectively
neutralizes the odor from skunk musk and is useful
in the event of an accident during a "descenting"
operation.
Ammonia Solution, Strong
Stronger ammonia water is used externally as an
ingredient of various stimulating liniments and in
weak solution to relieve the irritation of insect bites.
It has been used as a circulatory and respiratory
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Solution,

Strong

stimulant in large animals (horses and cattle) in
syncope, narcotic poisoning, and similar conditions.
For this purpose, 4 ml. (1 fluidrachm) of the strong
solution is diluted with an equal volume of water and
injected intravenously at 15-minute intervals as
needed. Because this reaction is evanescent and is
followed by depression, it has been replaced by more
reliable agents, such as amphetamine sulfate.
Ammonia Spirit, Aromatic
This is administered by inhalation or per os to
reflexly stimulate respiration and circulation by its
irritant effect on the respiratory and gastric mucosa.
This action is effective only in mild states of depression. It is also occasionally used as a carminative
and as an antacid, although it is too irritant to be of
much value for this purpose. In the past it has been
used as a ruminatoric, but its value has not been
adequately determined. Certainly tartar emetic is to
be preferred.
Doses. H. & C, 30 to 60 ml. (1 to 2 fluidounces). D., 2 to 4 ml. (l/2 to 1 fluidrachm).
Ammonium Acetate Solution
This mild diuretic is feeble in action and generally employed only as a vehicle for more powerful
diuretics.
Doses. H. & C, 60 to 120 ml. (2 to 4 fluidounces). D., 8 to IS ml. (2 to 4 fluidrachms).
Ammonium Carbonate
Formerly ammonium carbonate was given per os
to stimulate the respiratory and vasomotor centers.
It is now known that sufficient of the ammonium
ion is not absorbed to have this systemic effect, and
that there is little value in any stimulation effected
through irritation of the mucosa. However, it is the
opinion of some observers that such reflex stimulation
is useful in mild depressed states. It is an old remedy
for atony of the rumen in cattle and spasmodic or
flatulent colic of the horse. It is claimed that it
improves tone and peristalsis of the bowel and at the
same time acts as an antispasmodic. It is doubtful if
any of these actions is accomplished beyond a carminative effect. Ammonium carbonate is used as an
expectorant to increase bronchial secretions when the
mucous membrane is dry or the exudate thick. Perry
and Boyd (/. Pharmacol., 1941, 73, 65) showed experimental y inrabbits that large doses (0.5 Gm. per
Kg.) given by stomach tube increased the output of
respiratory tract fluids by 110 per cent in 1 hour.
Doses. H., 4 to 15 Gm. (1 to 4 drachms). C, 15
to 30 Gm. (]/2 to 1 ounce). Sh. & Sw., 1 to 2 Gm.
(15 to 30 grains). D., 200 to 500 mg. (3 to ll/2
grains) .
Ammonium Chloride
Ammonium chloride is employed as an expectorant,
a diuretic, and to acidify the urine. It has been recommended in alkalosis and lead poisoning to lower the
alkali reserve which, in the latter case, results in
mobilization and excretion of lead.
The experimental work of Perry and Boyd (/.
Pharmacol., 1941, 73, 65) on anesthetized rabbits
demonstrated that large doses (0.4 Gm. per Kg.)
given via stomach tube increased respiratory tract
fluids. Although the dose employed is much greater
than that used clinically the results lend support to
the use of this drug as an expectorant to increase
bronchial secretions when the mucous membrane is
thought to be dry or the exudate thick.
It has been shown experimentally in dogs (Ethridge
et al., Arch. Int. Med., 1936, 57, 714) that acid-forming salts increase the action of mercurial diuretics. For
this purpose, in dogs, ammonium chloride administration is started 24 hours before the mercurial is given.
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Because of its irritant action it is best given in entericcoated tablets.
Its urine-acidifying action is employed in dogs when
urinary antiseptics are used which require an acid
urine for effective action.
Doses. H., 4 to 15 Gm. (1 to 4 drachms). C, 15
to 30 Gm. (]/2 to 1 ounce). Sh. & Sw., 1 to 2 Gm.
(15 to 30 grains). D., 200 to 500 mg. (3 to 7V2
grains) .
Ammonium Lactate
This is a colorless or yellowish clear liquid which
decomposes on heating. It is usually available commercially as a 75 to 80 per cent solution and is
miscible with water or alcohol.
Seekles (Vet. Rec, 1951, 63, 494) reports that this
drug has been used since 1942 in the Netherlands in
the therapy of ketosis with beneficial results. It is
given with the idea of providing lactate of gastrointestinal origin for conversion into glycogen by the
liver. Seekles recommends a dose of 120 Gm. of commercial ammonium lactate (80 to 85 per cent) given
twice daily for 5 days or more. It is diluted with
about a pint of water prior to administration or mixed
with suitable materials and pressed into cakes. In
persistent cases showing very low blood glucose (e.g.,
as low as 20 mg. per 100 ml.) the treatment should
be combined with a single subcutaneous injection of
500 to 1000 ml. of 20 per cent dextrose solution on
the first day. This combined treatment is not necessary in the majority of cases, according to the author.
The treatment is most satisfactory in the chronic
(alimentary) form of ketosis rather than the acute
form. Johnson (Am. J. Vet. Res., 1953, 14, 366)
pointed out that use of ammonium salts in an animal
deaminating protein maximally may be undesirable
(see also Sodium Propionate, Sodium Acetate, Glycerin, and Propylene Glycol).
Doses. C, 120 Gm. (4 ounces) of 80 to 85 per
cent solution (if the strength of available solution is
lower than this the dose should be increased correspondingly).
Amphetamine Sulfate
This drug, in addition to its sympathomimetic
action, possesses marked ability to stimulate the central nervous system. Administered in adequate dosage
it stimulates the cerebrospinal axis and the medullary
respiratory center, lessens the central depression
caused by narcotic and anesthetic drugs, and stimulates the myocardium and causes peripheral vasoconstriction. These actions are obtained in the domestic
species and have made the drug a useful analeptic
(see Craige, JA.V.M.A., 1943, 103, 28).
It has been used in combating the depression associated with equine encephalomyelitis (Hawthorne,
J.A.V.M.A., 1939, 94, 651), narcotic poisoning, anesthetic collapse, and other conditions requiring stimulation of the vital functions. It is important to emphasize that in all these conditions analeptics should
not be relied upon solely, but should be supplemented
by the usual restorative and supportive treatment.
Ehrich et al. (Am. J. Med. Sci., 1939, 198, 785)
reported the following minimum lethal doses (mg. per
Kg.) : rabbits, 20; monkeys, 20 to 25; dogs, 20; sheep,
15. It was given orally to the dogs and subcutaneously
to the other animals.
The dextro isomer of amphetamine, in doses of 0.5
to 2 mg. subcutaneously, depresses food intake in
fasted dogs for periods of at least 1 hour (Am. J.
Physiol, 1948, 153, 259).
Doses. The doses administered will vary, depending upon the size of the animal and the depth of
depression. In some instances larger doses (Caution!)
than these may be needed. Large animals, 100 to
300 mg. (V/2 to 5 grains) subcutaneously. D., 0.5 to
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2 mg. Ofeo to Yso grain) per pound of body weight,
parenterally.
Amyl Nitrite
Amyl nitrite is seldom used in veterinary medicine.
Various authors have recommended it in tetanus,
strychnine poisoning, and spasmodic asthma of the
dog. Because of its fleeting action, it probably has
little value in these conditions. It would undoubtedly
have value in angina pectoris, but this condition is
rarely, if ever, diagnosed in veterinary practice. Its
use in cyanide poisoning has been suggested, but sodium nitrite is usually employed.
Doses. The following have been suggested: H. &
C, 2 to 4 ml. (30 to 60 minims). D., 0.1 to 0.3 ml.
(1^4 to 5 minims). It is administered by inhalation.
Androgens
The androgens have received little attention in
veterinary therapeutics. Beckman (Vet. Med., 1945,
40, 20) reported unbelievably favorable results in
treating mammary tumors in aged bitches, including
complete resorption of the tumor in some cases, and
reduction in size and drying up of discharging sinuses
in others. He employed a commercial extract, each
ml. representing extractive material from 10 Gm. of
testicle tissue. The doses varied from 5 to 10 ml. of
this preparation, repeated in 10 to 14 days and as
indicated. See Testosterone Propionate.
Anthelin
Anthelin (N-methyltetrahydro-methylnicotinate-/>carboxyphenylstibonic acid), the arecoline salt of
/i-carboxyphenylstibonic acid, has been reported to
be of value as an anthelmintic for removing roundworms (Toxocara canis, Toxascaris leonina) and tapeworms (Dipylidium caninum, Taenia species) from
dogs (Kartsonis and Austin, J.A.V.M.A., 1950, 116,
301). In these limited trials a dose of 4.69 mg. per
lb. of body weight removed 97 per cent of the tapeworms present and 91 per cent of the roundworms.
The drug was given 18 hours following a light meal
and food was withheld until four hours after dosing.
In other trials with dogs Enzie (personal communication) found that anthelin removed 62 to 82 per
cent of tapeworms but only 29 per cent of roundworms. Some of the dogs vomited and refused food
for several hours following treatment.
See also Arecoline Hydrobromide and Drocarbil.
Doses. See text above.
Antibiotics
During the past decade the antibiotics have come
to play a major role in the treatment of bacterial
diseases of domestic animals (see Detweiler and
Scheidy, Adv. in Vet. Science, Academic Press, 1953,
137; Scheidy et al., Proc. 91st Ann. Mtg. A.V.M.A.,
1954, 220, and Uvarov, Vet. Rec, 1955, 67, 67). With
the exception of psittacosis (Kissling, Adv. in Vet.
Science, Academic Press, 1953, 349) and feline pneumonitis (McKercher, Am. J. Vet. Res., 1953, 14, 105)
most of the viruses producing disease in animals of
veterinary importance are not susceptible to antibiotics now used. The rickettsia-like agent incriminated in "salmon-poisoning" of dogs is sensitive to
certain antibiotics (Cordy and Gorham, J.A.V.M.A.,
1951, 118, 305).
The allergic reactions to antibiotics (e.g., penicillin)
which are so troublesome in human medicine have not
become a problem in animal medicine, although an
occasional hypersensitive individual is encountered.
One of the most important uses of antibiotics in
the veterinary field is in the treatment of bovine mastitis. Ordinarily this is accomplished by infusion into
the affected quarters of the mammary gland, thus
producing a high concentration in the milk. Milk

Antibiotics

1941

from cows (or does) so treated is not considered
suitable for human consumption or for the manufacture of fermented dairy products, such as cheese,
until 72 hours after the udder infusion. This precaution must be included on the labels of products used
for this purpose (Federal Register, Aug. 21, 1951, 16
F.R. 8270— Title 21).
Antibiotics influence rumen microorganisms and
those with broad antibacterial spectra cannot be given
orally to adult ruminants because they disturb digestion -and nutrition. In vitro studies have shown (Nutr.
Rev., 1953, 11, 9) that penicillin and streptomycin in
relatively high concentrations, chloramphenicol, and
Aureomycin decrease cellulose digestion while neomycin stimulates it at all levels tested.
Since it was shown that Aureomycin promotes
growth in young animals (Jukes et al., Arch. Biochem.,
1950, 26, 324) much nutritional research has been
devoted to study of the effects of adding antibiotics
to feeds and the use of medicated feeds has become
widespread. Small amounts of Aureomycin, penicillin,
Terramycin, bacitracin and streptomycin are capable
of stimulating growth rate in young, growing animals. The first three antibiotics named have been
more consistent in their effects. The optimum proportion of drug to feed has not been established but it
is probably in the range of 5 to 15 Gm. per ton of
feed for all except streptomycin, which most likely
must be used in concentrations of 20 to 50 Gm. per
ton (Porter, Vet. Rec, 1953, 65, 288). The Association of American Feed Control Officials (Official Publication, 1952, 45-46) directs that, "The labels shall
bear the legend 'For Feeding Use Only.' Directions for
use shall provide for incorporating not more than
50 grams of antibiotic per ton of finished feed."
Among domestic animals growth stimulant effects
can be produced in pigs, chicks, turkey poults and
goslings, and calves but the results with lambs have
been confusing and inconclusive (Braude et al., Nutr.
Abstr. and Rev., 1953, 23, 473). Other species which
have given growth responses to antibiotics include
rats, mice, rabbits (evidence conflicting), mink, and
dogs (Stokstad, Antibiot. Chemother., 1953, 3, 434;
Physiol. Rev., 1954, 34, 25), but guinea pigs lose
weight and may die. It is not clear whether or not
egg production in hens can be increased, although
apparently large amounts of Aureomycin can increase production when it has been depressed as a
result of certain respiratory diseases.
The mode of action of this growth-stimulating effect
is not understood; however, the consensus is that it
is mediated through an action on the intestinal microorganisms (Jukes and Williams, Pharmacol.
Rev.,'
1953, 5, 381).
In swine (Braude et al., Antibiot. Chemother., 1953,
3, 271) penicillin, streptomycin, and bacitracin increase the growth rate of growing-fattening pigs
about 10 per cent and Aureomycin and Terramycin
about 15 per cent. The efficiency of food utilization
is increased from 2 to 5 per cent. Under unfavorable
conditions (e.g., inadequate rations, digestive disorders) the effect is greatest, with runts being most
improved (up to 200 per cent; average in 12 comparisons 82 per cent). Although pigs on a poor ration
respond best, top results cannot be attained and antibiotics will not act as substitutes for a well-balanced
ration.
In poultry (Braude et al., Nutr. Abstr. and Rev.,
loc. cit.) growth increases up to 10 per cent are reported in many experiments. For chicks Aureomycin,
bacitracin, penicillin, and Terramycin are about
equally effective but streptomycin is less active. In
turkey poults penicillin is more effective than Aureomycin, bacitracin and Terramycin, which in turn are
superior to streptomycin. Tyrothricin, subtilin, streptothricin, and Magnamycin
produce good growth
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responses in chicks while chloramphenicol, polymyxin
and nisin have little or no effect. In turkey poults
neomycin and tyrocidin produce fair results, gramicidin is poor, and chloramphenicol ineffective.
Aureomycin and Terramycin improve growth in
calves (Knodt, Antibiot. Chemother., 1953, 3, 442)
and the optimal daily intake is in the range of 50 to
100 mg. The effect of penicillin has been variable and
may actually depress growth. In lambs the results
have been mixed and inconclusive.
When antibiotics are fed in these low concentrations they do not accumulate in the carcass to a
significant degree (Braude et al., Nutr. Abstr. and
Rev., loc. cit.). The growth response is limited to
growth rate and does not influence the final size of
the animal nor influence litter size or birth rate
(Stockstad, loc. cit.).
At the present time it is not possible to predict the
ultimate importance of antibiotic feeding in animal
nutrition. The primary value appears to he in the
production of pork, bacon and poultry- and in calfraising. There exists the possibility that widespread
use of antibiotics in low concentrations will result in
the development of antibiotic-resistant strains of bacteria which may be pathogenic for animals, thus
complicating therapy. For example, Starr and Revnolds {Am. J. Publ. Health, 1951, 41, 1375) reported
streptomycin-resistant coliform bacteria in turkeys
fed streptomycin. Also, if the gut organisms no longer
are acted upon by the drugs the growth-enhancing
action may be lessened. At first glance the observation
that the relative growth response in trials with poultry has progressively decreased in successive years on
the same premises would suggest some such mechanism.
However, examination of some of the data (Libby
and Schaible. Science, 1955, 121, 733) reveals that
weight gains in the control birds have been increasing.
Thus the apparent decreased growth response is
caused by a greater increase in rate of growth of the
birds fed the control ration. Libby and Schaible interpret these findings as indicating that the continuous use of these agents over a long period reduces
the germ load in the environment, thus benefiting all
birds grown on the premises irrespective of whether or
not antibiotics are fed.
Several antibiotics possess anthelmintic activity
(Brown et al., Antibiot. Chemothr., 1953, 3, 243). In
cats large doses given orally eliminated ascarids in
the following percentages: Aureomycin, 85.7; Terramycin, 76.8; penicillin, 55.5; bacitracin, 43.3; and
streptomycin. 40.0. Ancylostoma eaninum, Dipylidium
sp., and Tcenia tamicejormis were not removed.
Antihistaminic Drugs
The status of antihistaminic therapy in veterinary
medicine remains controversial despite its continued
use for several years. The chief reason for this is that
the conditions for which this group of drugs have
been employed (e.g., laminitis, dermatosis) vary in
their clinical course and controlled studies have not
been conducted. Another contributing factor is that
allergies and allergic manifestations of disease in
animals have not been studied adequately.
Since the reviews of Wittich (Proc. 19th Ann. Conf.
for Vet., Ohio State U., 1950) and Reddin (in Hoskins
et al., Canine Medicine, Am. Vet. Publ., 1953; Ann.
N. Y. Acad. Sci., 1949, 50, 692) on animal allergy,
and Ammann (Schweiz. Arch. f. Tierheilk., 1949, 91,
691) on antihistamines in veterinary medicine little
has been added to our fund of knowledge. Certain
disorders of a clearly allergic nature, such as urticaria, allergic rhinitis, contact dermatitis and bronchial asthma, may respond to antihistaminic therapy.
Many authors have reported improvement in laminitis of horses and other species following administration of an antihistamine
(Ammann,
loc. cit.;
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Moore, Vet. Med., 1950, 45, 328; Rawson, J.A.VM.A.,
1949, 114, 239). Volker and Krause (Lehrbuch der
Allgemeinen Therapie f. Ticrarzte, Enke, Stuttgart,
1952) stress their value in serum sickness in animals.
A respiratory disease of cattle known variously as
acute pulmonary emphysema, summer snuffles, and
bovine asthma, which occurs in animals on moist
pasture in the fall of the year and appears to be an
allergic disease, is reportedly improved by antihistamines (Mackey, Southwest. Vet., 1952, Summer;
Sweet et al., Cornell Vet., 1949, 39, 355). Various
other conditions associated with infections, gastrointestinal disturbances, acute mastitis, buckwheat
poisoning, purpura hemorrhagica, periodic ophthalmia
and myoglobinurea have been treated empirically
with antihistaminics. Their worth in these conditions
is impossible to evaluate with confidence, but in view
of the meager and unconvincing evidence offered
further proof is required to establish their value.
After reviewing this literature it seems important to
emphasize that antihistaminics are not curative agents,
that for emergency use in acute anaphylactic reactions epinephrine is preferred initially, and the growing evidence that cortisone and corticotropin surpass
them in most allergic states. These drugs should not
be employed when using the tuberculin test because
they lessen the intensity of the reaction.
With oral administration in therapeutic doses toxic
effects are rare. However, with intravenous administration, which is frequently employed in large animals,
untoward reactions are not uncommon. If injected intravenously too rapidly or in excessive doses alarming signs may appear including: dyspnea, muscular
tremors, extreme tachycardia, excitement, incoordination, collapse and prostration. In most cases these
signs pass off in from 0.5 to 4 hours. These reactions
are minimized with intramuscular or subcutaneous
administration (Carmichael, Vet. Rec, 1951, 63, 220).
Antazollne Hydrochloride (Antistine Hydrochloride).— This is less irritating than some antihistaminics and has therefore been used on the conjunctiva. A 0.5 per cent buffered ophthalmic solution is
recommended by W. A. Magrane (personal communication) in chemosis and certain cases of chronic
conjunctivitis in dogs, applied every 4 hours.
Diphenhydramine Hydrochloride (Benadryl Hydrochloride).— This has been used in dogs for the
treatment of erythema and pruritus (Swan, Canad.
J. Comp. Med. and Vet. Sci., 1948, 12, 260), various
dermatoses (Taylor, North Am. Vet., 1947, 28, 362),
and other allergic conditions (Schirmer, M. S. C. Vet.,
Summer 1948; Booth, ibid.). In dogs Chen and Ensor
(J. Pharmacol., 1950, 98, 245) found that oral doses
of 10 to 20 mg. per Kg. antagonized the emetic action
of apomorphine (see Dimenhydrinate).
Doses. D., 10 to 20 lb., 25 mg. (J4 grain) daily;
20 to 35 lb., 25 mg. (^ grain) every 12 hours; 35 to
50 lb., 50 mg. (54 grain) every 12 hours; larger dogs,
1 mg. (Yes grain) per pound of body weight every
12 hours. Parenterally, 10 to 25 lb., 10 to 15 mg. (%
to % grain) ; 20 to 35 lb., 15 to 25 mg. (% to Y%
grain) ; 35 to 50 lb., 25 to 35 mg. (f6 to %2 grain).
lene)
.
Chlorcyclizine
Hydrochloride (Perazil, DiparaDoses. D., 0.5 to 1 mg. GI20 to Yeo grain) per
lb. body weight, given orally as a single daily dose.
Chlorpheniramine Maleate (Chlor-Trimeton
Maleate).
Doses. Small animals, 1 mg. (Yeo grain) per
6 lb. body weight divided in 3 or 4 equal doses, orally
or parenterally. Large animals, 15 mg. (% grain)
per 100 lb. body weight in 2 or 3 divided doses 2 or
3 times daily, intramuscularly.
Dimenhydrinate (Dramamine) . — This is the 8chlorotheophylline salt of diphenhydramine. Chen
and Ensor (/. Pharmacol., 1950, 98, 245) found that
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in dogs oral doses of 40 mg. per Kg. antagonized
the emetic action of apomorphine although Mason
(Am. J. Vet. Res., 1952, 13, 549) could not confirm
this effect with smaller doses (e.g., 11 and 22 mg. per
Kg.). Mason reported that oral doses up to 33 mg.
per Kg. are tolerated by dogs but doses of 44 mg. per
Kg. cause emesis in about half the animals. As the
oral dose is increased from 44 to 88 mg. per Kg. the
incidence of vomiting increases from 50 to almost
100 per cent. At 220 mg. per Kg. prostration, emesis,
and death occur. Intravenous doses of 8.8 to 11 mg.
per Kg. are tolerated, but higher doses are toxic. Oral
doses of 5 or 10 mg. per Kg. failed to decrease the
incidence of emesis in dogs given 0.5 mg. per Kg. of
morphine sulfate subcutaneously 45 minutes later
(Freese et al., Fed. Proc, 1950, 9, 274).
This compound has been widely employed in
motion sickness in humans and has been recommended
for car sickness in dogs (Kraft, Vet. Rec, 1951, 63,
680) in doses of 2 mg. per pound of body weight.
Doses. D., 1 to 2 mg. (V6o to %o grain) per
pound of body weight.
Doxylamine Succinate (Decapryn Succinate). —
Moore (Vet. Med., 1950, 45, 328) reported on the use
of this compound in large-animal practice. Among the
conditions which appeared to be improved by the
drug were stomatitis in cattle which was thought to
be caused by plant allergy, laminitis in a horse, cow
and 2 sheep, and depression and inappetence associated with retained placenta in cows. The author
also used it as an adjunct to other therapy in persistent bloat and respiratory infections in cattle.
Doses. Parenteral administration, a solution containing 11.36 mg. per ml. is usually used and may be
given intravenously (slowly), intramuscularly, or
subcutaneously in large animals or intramuscularly
and subcutaneously in small animals in the following
doses: H. & C, 2 ml. (30 minims) per 100 lb. body
weight; D., 1 to 5 ml. (15 minims to V/a, drachms).
Orally, H. & C, 200 to 300 mg. (3 to 5 grains) at
6- to 8-hour intervals; Sh. & Sw., 100 mg. (\y2
grains) at 6- to 8-hour intervals; D., 1 mg. (}{;o
grain) per lb. of body weight 3 times daily.
Histamlnase (Torantil) . — An extract of hog kidneys
containing a histamine-inactivating enzyme. One unit
inactivates 1 mg. of histamine hydrochloride in 24
hours at pH 7.4 and 37.5° C.
Doses. D., 20 to 50 units 3 to 6 times daily.
Methapyrilene Hydrochloride (Pyrahistine,
Thenylene Hydrochloride) . — W. G. Magrane (personal communication) has found that a 0.5 per cent
ophthalmic ointment is generally useful in chemosis
and certain cases of chronic conjunctivitis in dogs.
Doses. H. & C, 0.5 to 1 Gm. (l]/2 to 15 grains) ;
intravenously, 25 to 50 mg. (Yi to ^4 grain) per 250
lb. body weight; intramuscularly of subcutaneou.lv,
50 to 87.5 mg. (24 to l%e grains) per 250 lb. body
weight, given in 2.5 per cent solution. D., 25 to 150
mg. (¥& to lYz grains) ; intramuscularly or subcutaneously, 5to 10 mg. i}/\2 to Yq grain) per 12 lb.
body weight, given in 2.5 per cent solution. These
doses may be repeated in two hours if necessary.
Promethazine Hydrochloride (Phenergan Hydrochloride).— In addition to its use as an antihistaminic,
Phenergan has been employed to prevent motion
sickness in dogs (British Vet. Codex, 1953). Lambie
and Rose (Vet. Rec, 1951, 63, 390) reported favorable results in cattle with "toxemia" associated with
acute mastitis. Carmichael (Vet. Rec, 1951, 63, 220)
mentions its use in canine eczema and gut edema of
pigs. An editorial in the J.A.V.M.A. (1949, 115, 175)
emphasizes the empirical basis of antihistamine therapy in veterinary medicine and questions the validity
of various recommendations made for Phenergan.
Doses. H. & C, 0.25 to 1 Gm. (4 to 15 grains)
intramuscularly in 5 per cent solution. Sh. & Sw.,
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125 to 500 mg. (2 to l1/* grains) intramuscularly in
5 per cent solution. D., 25 to 125 mg. (Y% to 2 grains)
intramuscularly in a 2.5 per cent solution.
Pyrhamine Maleate (Mepyramine Maleate,
B.V.C., Neoantergan, Pyranisamine Maleate) . — For
information on the use of this antihistaminic in veterinary practice see the papers by Ammann (loc cit.),
and Carmichael (loc. cit.). The latter recommends
intramuscular administration rather than intravenous
in order to minimize the excitant effects. Among the
conditions reported to have improved during treatment with pyrilamine are laminitis (Kochan, Vet.
Rec, 1948, 60, 257) in ruminants and horses, dermatosis in dogs, urticaria in horses and various other
states thought to have an allergic basis. Thompson
(Aust. Vet. J., 1951, 27, 293) used pyrilamine orally
(100 mg. per bird) in chickens with pullet disease
(avian monocytosis) and concluded that the course
of the disease was favorably influenced, although, admittedly, the evidence was inconclusive.
Doses. H. & C, intravenously, 0.5 to 1 Gm. (7J/£
to 15 grains) in 2.5 to 5 per cent solution, injected
slowly. Sh. & Sw., intramuscularly, 250 to 500 mg.
(4 to I1/?, grains) in a 5 per cent solution. Small
animals, orally, 50 to 200 mg. (24 to 3 grains) daily
in divided doses. D., intramuscularly, 25 to 125 mg.
(¥% to 2 grains) of a 2.5 per cent solution.
Pyrrolazote Hydrochloride (Pyrathiazine Hydrochloride).— On the basis of clinical use in 44 dogs
Konde (North Am. Vet., 1949, 30, 241) concluded
that this antihistaminic drug is useful in various
types of nonparasitic dermatosis.
Doses. D., 75 to 200 mg. (1J4 to 3 grains) daily
in 3 or 4 divided doses.
Trjpelennamine Hydrochloride (Pyribenzamine
Hydrochloride). — Taylor (loc cit.), Sweet (Cornell
Vet., 1949, 39, 353), and Rawson (J.A.V.M.A., 1949,
114, 239) reported on the use of this antihistaminic
in veterinary practice. Among the conditions reported
to be favorably influenced are eczema, asthma, and
conjunctivitis in dogs; laminitis, food allergy, bee
stings and pulmonary edema in horses; urticaria,
asthma (summer snuffles), anaphylactic shock, and
"toxemias" associated with bacterial infections (acute
mastitis, metritis, etc.) or digestive diseases in cattle.
Doses. D., 25 to 50 mg. (Y% to 24 grain) repeated
every 2 to 8 hours. H. & C, 0.5 to 1 Gm. (7l/2 to
15 grains) per 1000 lb. body weight, repeated every
2 to 8 hours; intravenously, 20 mg. (^3 grain) per
44 lb. (i.e., 1.0 mg./Kg.) in 2 per cent solution, injected slowly. If given intramuscularly or subcutaneously the dose should be divided and injected
into several different sites.
Antimonous
B.V.C.)

Chloride

(Antimony

Trichloride,

Antimony trichloride has been employed as an
escharotic for various purposes in large-animal practice and still is used occasionally in treating infectious pododermatitis of cattle.
Guthrie (Vet. Med., 1947, 42, 284) investigated
various escharotic formulas for destroying the horn
buds on calves and found the following solution
effective: Antimonous chloride 28 per cent, salicylic
acid 7 per cent and flexible collodion 65 per cent.
This is applied to the horn buds when they first
appear (7 to 10 days of age).
Antimony Potassium Tartrate
Tartar emetic is used as an expectorant, ruminatoric, and anthelmintic in veterinary practice. Formerly it was recommended as an emetic, but it has
been discarded in favor of less toxic drugs. It is generally regarded as one of the most reliable ruminatorics, stimulating rumino-reticular activity reflexly
through irritation of the mucous membrane of the
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abomasum (Amadon, J.A.VJf.A., 1930, 76, 65).
Lienert's in vitro studies (Wiert. Tierarztl. Monatsschr.,
1950, 37, 873) indicate that tartar emetic possesses a
peripheral stimulant action on rumen musculature,
although the concentration necessary would require
larger doses (estimated at 25 Gm.) than are ordinarily given. However, apparently up to 50 Gm. can
be given to adult cattle without toxic effect (Volker,
Frbhner's Lehrbuch der Toxikologie f. Tierdrzte, Enke,
Stuttgart, 1950). Lienert also showed, in vitro, that
it would inhibit gas formation and phosphatase activity in rumen juice, but the concentrations required could not be attained in vivo with nontoxic
doses. When used as a ruminatoric the dose may be
repeated 2 to 3 times daily, but often 2 doses suffice
(Amadon, loc. cit.).
As an anthelmintic tartar emetic is sometimes used
to remove roundworms (Parascaris equorum) from
the intestines of horses. It is reported to be effective
when given in doses of 4 to 8 Gm. (1 to 2 drachms)
in the drinking water, daily, for 2 to 4 days. Antimony
potassium tartrate has been employed in leishmaniasis,
schistosomiasis, , and trypanosomiasis (T. congolense).
Doses of 1 to 5 mg. per Kg. are injected intravenously
on alternate days for 2 to 3 weeks in dogs with
leishmaniasis and cattle with schistosomiasis (nasal
granuloma). In cattle and horses with trypanosomiasis
intravenous doses of 1 to 1.5 Gm. in 20 to 30 ml. of
water are given dailv for 4 consecutive davs (B.V.C.,
1953).
Since it is a toxic drug these doses must not be
exceeded. There is some indication that aloe or aloin
may increase the toxic effects of tartar emetic; therefore, the use of both drugs together is contraindicated. It is also contraindicated in gastroenteritis and
in weak and anemic animals. Horses are especially
susceptible to the toxic effects of antimony potassium
tartrate, doses of 15 to 30 Gm. being fatal (Volker.
loc. cit.). Cattle will withstand amounts up to 50
Gm. Animals which vomit can survive relatively
larger doses (e.g., up to 4 Gm. in the dog) although
if emesis does not occur smaller doses are fatal (e.g.,
0.25 to 0.5 Gm. in the dog). Sixty mg. per Kg.
intravenouslv is fatal in the cat (Weiss and Hatcher,
/. Exp. Med., 1923, 37, 97).
Doses. Expectorant: C, 1 to 5 Gm. (15 to 75
grains). H., 0.3 to 2 Gm. (5 to 30 grains). Sh., G., &
Sw., 100 to 500 mg. (\y2 to 1% grains). D., 3 to
15 mg. (^>o to J4 grain). Emetic: Sw., 1 to 2 Gm.
(15 to 30 grains). D., 100 to 300 mg. (ll/2 to 5
grains). Ruminatoric: C, 8 to 10 Gm. (2 to 2Y2
drachms). Sh. & G., 0.3 to 1 Gm. (5 to 15 grains).
Anthelmintic : H., 4 to 8 Gm. (1 to 2 drachms).
Antimony Sodium Tartrate, B.V.C.
This is used intravenously for the same purposes
as tartar emetic, but is preferred because it is less
irritant and more soluble.
Doses. H. & C, 3 to 5 mg. (V20 to #2 grain) per
Kg. of body weight, intravenously. D., 1 to 3 mg.
(Von to x2o grain) per Kg., intravenously.
Antipyrine (Phenazone, B.V.C.)
This, like the other antipyretic drugs, is prescribed
in cases of increased temperature where it is felt
essential that the fever be reduced. It has been recommended in laminitis (founder) in the horse, although
there is little evidence that it has any value for this
purpose. It is also used as an analgesic.
Doses. H. & C, 15 to 25 Gm. (4 to 6l/2 drachms).
Sh. & Sw., 2 Gm. (30 grains). D., 0.2 to 2 Gm.
(3 to 30 grains).
Antrycide (Quinapyramine, B.V.C.)
Although its ultimate place in therapy and prophylaxis cannot be decided as yet, this compound,
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chemically a 4-amino-6-(2'-amino-6'-methylpyrimidyl-4'-amino)quinaldine-l,r-dimetho salt, possesses
trypanocidal properties, especially against the trypanosomes affecting cattle, and has been used in
the prevention and treatment of trypanosomiasis in
other animals (Findlay, Recent Advances in Chemotherapy, Blakiston, 1950; Henning, Animal Diseases
in South Africa, Central News Agency Ltd., 1949).
It is effective against Trypanosoma congolense, T.
vivax, and T. evansi in cattle, horses, camels, and
dogs. T. brucei is less susceptible and in T. simice
infection in swine it may fail (Unsworth, Vet. Rec,
1952, 64, 353). When used prophylactically, resistant
trypanosome strains may be produced and at least
some treated cattle may be infected with the organisms although the blood smears are negative (Fiennes,
Vet. Rec, 1952, 64, 423). Strains resistant to antrycide also may not respond to dimidium bromide
(Wilson, Vet. Rec, 1949, 61, 397).
Antrycide may be toxic even in therapeutic doses
and fatal when the dose is increased.
Antrycide Dimethylsulfate. — This salt is watersoluble and a 10 to 15 per cent solution is used to
treat trypanosome infections.
Doses. Therapeutic, 2.5 mg. (%« grain) per pound
subcutaneously for animals weighing up to 300
pounds; 1 Gm. (15 grains) for animals weighing 300
to 400 pounds; 1.5 Gm. (22 grains) for animals
weighing 400 to 700 pounds; 2 Gm. (30 grains) for
animals weighing over 700 pounds.
Antrycide Dichloride. — This salt is almost insoluble. It is employed together with the sulfate in a
mixture called "pro-salt" to protect animals exposed
to trypanosomes (Umsworth and Birkett. Vet. Rec,
1952, 64, 351). A solution containing about 13 per
cent of the dichloride and 10 per cent of the dimethylsulfate is usually used, injected subcutaneously.
Doses. Solution containing 100 mg. antrycide
methylsulfate and 133 mg. antrycide dichloride:
Prophylactic, 0.025 ml. (75 minim) per pound subcutaneously for animals weighing up to 300 pounds;
10 ml. (2x/2 fluidrachms) for animals weighing 300 to
400 pounds; 15 ml. (l/2 fluidounce) for animals
weighing 400 to 700 pounds; 20 ml. (2/z fluidounce)
for animals weighing over 700 pounds.
ANTU (Alpha-naphthylthiourea)
The use of this rodenticide, which has been largely
replaced by Warfarin, has resulted in deaths of other
animals, especially pet dogs (Jones et al., Am. J, Vet.
Res., 1949, 10, 160; Dyrendahl et al., Skand. Vet.tidskr., 1948, 38, 193). It causes fatal pulmonary
edema and once signs of poisoning develop few animals recover. The fatal dose is variable, younger dogs
are less susceptible, and animals including horses
(Frick and Fortenberry, Vet. Med., 1948, 43, 107)
and dogs (Jones et al., loc. cit.) can develop a degree
of tolerance to its toxic effects. For dogs the oral
minimal lethal dose may be as low as 8 to 15 mg. per
pound of body weight in adult animals and approximately 45 mg. per Kg. in puppies (Jones, Veterinary
Pharmacology and Therapeutics, 1954, Iowa State
College Press, Ames). McGirr and Papworth (Vet.
Rec, 1955, 67, 124) studied the toxicity of ANTU in
dogs, piss, and calves. They concluded that in pigs
doses of 40 mg. per Kg. or more may be fatal, while
repeated doses of up to 28 mg. per Kg. did not cause
toxic signs or lesions. Two calves tolerated single oral
doses of 15 and 30 Gm. respectively. A dose of 26 mg.
per Kg. (Frick and Fortenberry, loc. cit.) was fatal
to a horse.
Effective antidotes are not available although in the
dog prompt removal from the stomach (apomorphine)
may be life-saving and measures to combat pulmonary
edema including the inhalation of antifoaming agents
may be of value (Jones, loc cit.).
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Apomorphine Hydrochloride
The only important use of apomorphine is as an
emetic in the dog. It is usually administered subcutaneously for this purpose. Mason (J.A.V.M.A., 1950,
117, 217) recently called attention to the fact that
the dose customarily recommended for the dog (2 to
10 mg. subcutaneously) is excessive. He found a linear
relationship between body weight and the effective
subcutaneous dose and states that the latter is 0.016
mg. per pound of body weight (0.0358 mg. per Kg.) .
Chen and Ensor (/. Pharmacol., 1950, 98, 245) found
the minimal EDioo to be 0.09 mg. per Kg. and the
ED50 to be 0.027 mg. per Kg. subcutaneously. With
intravenous administration these values were 0.05 and
0.015, respectively. Eggleston and Hatcher (/. Pharmacol., 1912, 3, 551) stated that with subcutaneous
administration 0.1 mg. per Kg. failed to cause emesis
while 0.2 mg. per Kg. was effective in all cases.
In contrast to its reliable emetic action in the dog,
it is not dependable in swine and cats and will not
produce emesis in animals such as ruminants and
horses which ordinarily do not vomit. In cats the
large doses recommended in the literature (20 to 50
mg.) may cause convulsions before emesis, but small
doses (1.5 mg.) are sometimes effective. In swine doses
of 5 to 100 mg. have been recommended (UebeleKlett, Handlexikon der Tierarztl. Praxis, Vol. 1, Ebner,
1938).
Apomorphine is also an expectorant, although it is
rarely used for this purpose.
Doses. Emetic: D., 1 to 2 mg. (%o to Yso grain)
subcutaneously; smaller doses are effective and, in
the past, doses up to 10 mg. have been used. Expectorant: H. & C, 20 to 50 mg. (Y3 to 34 grain).
Sh. & G., 5 to 10 mg. (Vio to % grain). Sw., 10 to
20 mg. (Ye to Ys grain). D., 1 to 2 mg. (Yw to -Yso
grain) .
Areca
Areca is an anthelmintic recommended for tapeworms in the horse and dog. Its action in round
worm infestations appears to be less effective. The
action is rapid; if no bowel movement ocurs in the
dog within three hours of its administration, an
enema should be given followed by a cathartic. The
drug is frequently vomited by the dog, and therefore
is best administered in capsules with castor oil or in
keratin-covered pills. Freshly ground areca must be
used, for the powder rapidly loses its potency. For
this reason its use has declined. Arecoline hydrobromide (q.v.), which has similar actions, is more
frequently employed. Areca is not considered safe for
puppies, animals in weak condition, or cats.
Doses. The doses recommended in the literature
vary considerably. Frohner and Reinhardt (Lehr-
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taeniafuge for the dog (Lentz, Univ. Pennsylvania
Bull., Vet. Ext. Quart., No. 5, 1921). It should be
given in the morning, before feeding, and followed by
an enema in 30 minutes if the bowels do not move.
Batham (Parasitology, 1946, 37, 185) made a critical study on the taeniacidal properties of arecoline in
the dog and found that doses below 1 mg. per 4.5 Kg.
(%4 grain per 10 pounds) of body weight were ineffective, while doses over 4 mg. per 4.5 Kg. (Yie
grain per 10 pounds) did not increase the efficiency
of the drug. Arecoline is said to be a satisfactory
taeniafuge for cats, but is not often used (Lentz,
personal communication). Since cats appear to be
more susceptible to its action than dogs, the dose is
small and must be carefully regulated. It is occasionally used as a miotic. Its use is contraindicated in
spasmodic colic and pregnancy, and it should always
be administered with caution.
In toxic doses arecoline causes a fall in blood pressure, a slow weak pulse, marked salivation, abdominal
pain, slow, shallow breathing and collapse. With doses
of 30 mg. (l/2 grain) in the dog Batham (loc. cit.)
noted signs of extreme discomfort, difficult breathing,
marked salivation, attempts to vomit and convulsive
movements of the limbs. Subcutaneous injections of
atropine and symptomatic treatment are indicated in
arecoline poisoning.
Certain other salts containg arecoline, such as
drocarbil (arecoline-acetarsol) and anthelin, are also
employed as anthelmintics.
Doses. Cathartic: H., 50 to 60 mg., subcutaneously (54 to 1 grain). Ruminatoric : C, 4 to 8 mg.
(Yio to % grain), subcutaneously. Taeniafuge: D., 1 to
15 mg. (Ygo to % grain) per os; 4 to 8 mg. (Y15 to
Ys grain) is the dose range for dogs weighing from
15 to 35 pounds. Cats, 1 to 2 mg. (Yeo to Yzo grain)
Per os.
Arsanilic Acid
See Arsonic acids.

buch der Arzneimittellehre fur Tier'drzte, 1937, Enke,
Stuttgart) give the following doses: H. & C., 100
to 250 Gm. (3Y3 to 8 ounces). Sh., Sw., Calves,
& D., 5 to 15 Gm. (1^ to 4 drachms). Chickens,
1 to 2 Gm. (15 to 30 grains) . American authors suggest
smaller doses: D., 1 to 3 Gm. (15 to 45 grains).

Arsenamide Sodium (Caparsolate Sodium, Caparside Sodium)
In in vitro screening trials of the filaricidal activity
of various drugs Otto and Maren (Vet. Med., 1947,
42, 128, and Ann. N. Y. Acad. Sci., 1948, 50, 39)
found oxophenarsine more active than any of the
antimony and nonmetallic organic compounds tested,
but it was ineffective in vivo. This led to an investigation of other phenyl arsenoxides and finally the
synthesis of arsenamide sodium, a trivalent arsenical
having the composition of sodium (^-carbamylphenylarsylenedithio)diacetate. The pentavalent arsenicals
studied were either too inactive or too toxic. Subsequent investigation showed that arsenamide sodium
would kill adult Dirofilaria immitis in dogs and in
similar doses the microfilaria of Wucheria bancrofti
in man. Unfortunately, it does not kill the microfilaria of D. immitis in dogs. Apparently microfilaria
die slowly after death of the adults but are still present in reduced numbers 200 days or longer after
therapy.

Arecoline Hydrobromide
This potent drug is employed as a cathartic for
horses, injected hypodermically, when rapid action is
essential. Such action is beneficial in some cases of
intestinal tympany and stasis when distension is not
excessive, and in certain selected cases of impaction
after sufficient mineral oil has been given to soften
the mass. It is a dangerous drug and must be used
judiciously. There is little to indicate that it is effective
in laminitis or azoturea of the horse, although its daily
use in these diseases has been suggested. It stimulates
the rumen of cattle if the dose is carefully regulated
(see Amadon, J.A.V.M.A., 1930, 29, 65).
Arecoline hydrobromide has replaced areca as a

In toxicity studies in dogs with filariasis (Otto and
Maren, Ann. N. Y. Acad. Sci., 1948, 50, 39) daily
doses of 4 mg. per pound of body weight were fatal
but no harmful effects appeared in animals receiving
up to 2 mg. daily for 30 days.
The drug is administered intravenously in a 1 per
cent solution. Since it is very irritant to the tissues
perivascular infiltration will result in severe inflammation and sometimes necrosis with sloughing. During
treatment live worms are likely to migrate into the
pulmonary and hepatic vessels and dead worms may
pass into the lung vessels. Resultant embolism and
infarction may be fatal. During the course of treatment the passage of live and dead worms into the
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pulmonary circulation must be anticipated and the
dogs managed accordingly. It is recommended that
animals undergoing treatment be confined to cages
and given little exercise. If a cough develops therapy
should be discontinued until this disappears. Even
though the treatment is interrupted more than once,
when resumed it should be given for IS consecutive
days.
Jackson (J.A.VM.A., 1949, 115, 17) treated SO
dogs with arsenamide. Seven were in critical condition
before treatment and of these 6 died and 1 improved.
Nineteen showing clinical signs of heart worm infection improved following treatment. Twenty-one were
asymptomatic at the end of treatment and 3 were
not followed. Microfilaria were not killed by the drug
but an average of 4 injections of stibophen given later
was enough to kill them. Other reports indicate a
similar fatality rate. If these data are representative
one can anticipate about 12 per cent mortality with
this treatment, unless heavily infested sick animals are
excluded. In robust animals with light infestations risk
of death is not as great.
To rid dogs qf microfilaria a full course of diethylcarbamazine or a 3- or 4-day course of stibophen may
be given 2 weeks or more after the course of
arsenamide.
Doses. D., 1 mg. (%o grain) per pound of body
weight, intravenously, in a 1 per cent solution, given
daily for IS consecutive days. If untoward signs develop (e.g., cough, dyspnea) the treatment should be
stopped until the respiratory signs disappear. When
the injections are resumed they should be continued
for IS consecutive days.
Arsenic Trioxide
Inorganic arsenic and its various preparations have
been widely used, and abused, in veterinary practice.
Formerly it was employed with little discrimination
as a so-called "alterative" in chorea, rheumatism,
asthma, "heaves," skin diseases, blood dyscrasias, nutritional disturbances, and as an anthelmintic. As the
post hoc fallacy became more generally appreciated,
and as more specific medicinal agents appeared, its use
became more carefully restricted. However, it is still
used in some conditions where its therapeutic value
is virtually nil.
At present its use is largely limited to certain blood
diseases (leukemia and anemias), chronic skin diseases,
intestinal parasitism, and externally as a component
of dips to control external parasites.
Arsenical dips have been quite effective in the
eradication of the North American fever tick
(Boophilus annulatus), the vector of the causative
organism of cattle tick fever (bovine piroplasmosis) ,
also capable of spreading anaplasmosis. For details
regarding the preparation and assay of such dips for
use on cattle see Chapin, U.S.D.A. Farmers' Bull. 603
(1914), also US.D.A. Bull. 76 (1914). Arsenical dips
were used for scab in sheep, but have been largely
abandoned in favor of less poisonous antiparasitics.
Escharotic pastes containing arsenic as the active
agent, once used in treating shoe boils, actinomycotic
tumors, etc., are dangerous and the action is painful.
Therefore, they are seldom used.
Arsenic should not be employed in acute inflammatory conditions of the skin, and its effect on chronic
skin affections (eczema and acne) is often disappointing. The results in leukemia and certain anemias are,
as might be expected, not brilliant. Although chorea
of the dog is occasionally treated with arsenic preparations the result is seldom encouraging. Kline el al.
(J. Ant. Sc, 1949, 8, 411) found that in fattening
cattle 18 Gm. of arsenic trioxide per 1000 pounds of
feed resulted in higher efficiency of feed utilization
and lowered feeding cost.
Arsenic is still used as an anthelmintic in horses,
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but it should be discarded since there are more certain and less dangerous drugs available.
Arsenic poisoning is relatively common among livestock and pets because of its use in insecticides, dips,
and vermin poisons. Fowl are especially susceptible.
See Nicholson, Lander's Veterinary Toxicology, 1945.
Doses. H. & C, 200 to 500 mg. (3 to 7V2 grains).
Sh. & Sw., 8 to 50 mg. (]/% to 2/4 grains). D., 1 to 5
mg. (Veo to H2 grain).
Arsonic Acids
The arsonic acids — 3-nitro-4-hydroxyphenylarsonio
acid, arsanilic acid, 4-hydroxyphenylarsonic acid, and
phenylarsonic acid — are effective growth-promoting
agents when fed to growing poultry and swine. This
effect resembles that produced by certain antibiotics
(q.v.) although the arsenicals do not spare vitamin
B12 or pantothenate as do the antibiotics. Presumably
the effect is related to an action on harmful intestinal
microflora.
Arsanilic acid and 3-nitro-4-hydroxyphenylarsonic
acid have been most widely studied and a review of
the current knowledge concerning arsonic acids in
nutrition has been published by Frost et al. (J. Agric.
and Food Chetn., 1955, 3, 235). The optimum feeding
level of 3-nitro-4-hydroxyphenylarsonic acid for
chicks appears to be 45 Gm. per ton (0.005 per cent)
and for arsanilic acid 90 Gm. per ton, or more. In
swine arsanilic acid in the feed at concentrations of
from 0.0033 to 0.02 per cent has produced growth
stimulation and arsonic acids apparently control swine
dysentery. This has led to the supposition that the
growth stimulant effect seen in swine occurs because
chronic enteritis is prevented.
The potential danger to consumers of meat from
animals fed arsenicals is an important consideration.
Present practice limits the amounts fed so that no
more than 3.5 parts per million of arsenic trioxide is
found in the tissue. This conforms with the allowable
arsenic residue on sprayed fruit. It is recommended
that the arsenical ration should not be fed for 5 to 7
days before slaughter.
Ascorbic Acid
The therapeutic status of ascorbic acid in veterinary medicine is not clear. Experimental work indicates that only man, monkey, and guinea pig require
it in their diet ; however, lowered blood and/or tissue
levels have been reported in horses (Errington et al.,
Am. J. Vet. Res., 1942,3, 242), cattle, and dogs. Perhaps
such deficiency is the result of a fault in synthesis. In
cattle it appears that reduced ascorbic acid levels
lower breeding efficiency in both cows and bulls
(Phillips et al., J.A.V.M.A., 1940, 97, 165; J. Dairy
Sc, 1940, 23, 873; Wisconsin Exp. Sta. Ann. Rep.,
Bull. 450, 1940, 37). Ingested ascorbic acid is rapidly
destroyed in the rumen (Knight et al., J. Dairy Sc,
1941, 24, 567). Lowered blood levels have been reported in a limited number of dogs, associated with
nonparasitic dermatitis (Lacroix and associates, North
Am. Vet., 1942, 23, 329), and occasional reports have
appeared of conditions resembling scurvy (see Garlick,
J.A.V.M.A., 1946, 109, 70), despite the fact that experiments indicate that dogs synthesize vitamin C and
are not harmed by vitamin-C-deficient diets. Vitamin
C is diminished in febrile infections. All of these observations need further clinical confirmation.
Doses. The following doses have been used clinically
and are said to be effective where ascorbic acid is
needed. It must be given parenterally to horses and
cattle. H., 2 to 4 Gm. (J/2 to 1 drachm) subcutaneously, repeated as needed. Bulls, 1 to 2 Gm. per 450
Kg. (15 to 30 grains per 1000 pounds) body weight,
subcutaneously at 3- to 4-day intervals for S or 6
weeks. C, 1 to 2 Gm. (IS to 30 grains) intravenously,
accompanied by 2 Gm. (30 grains) subcutaneously
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just before breeding, or 2 Gm. (30 grains) subcutaneously once or twice a week for three to six doses.
D., 25 to 75 mg. (j4 to V/\ grains) daily, per os or
subcutaneously.
Aspidium
This drug is an effective taeniafuge for the dog,
especially for the unarmed tapeworms. It is administered on an empty stomach (in the case of the crude
drug after a fast of several hours) and should be followed in 1 to 2 hours with a cathartic. A saline aperient or calomel should be used. There is evidence that
oleaginous purgatives such as castor oil increase the
toxicity of the drug by dissolving the active principle,
filicic acid, and hastening its absorption; therefore
they should be avoided. Aspidium has also been used
in taeniasis in cattle and horses, and in distomiasis in
sheep, cattle, and horses. The drug must be used with
care. Toxicity has resulted from therapeutic doses
where proper catharsis was not accomplished, where
an oily cathartic was used, or where it was given to
weakened animals.
The powder is usually administered to large animals
and the oleoresin to dogs and sheep. It is said to be
unsafe for the cat.
Doses. H. & C, 100 to 250 Gm. (3 to S ounces).
Sh., 25 to 50 Gm. (6J4 to 12^ drachms). D., 4 to
15 Gm. (1 to 4 drachms).
Aspidium Oleoresin (Extract of Male Fern, B.V.C.)
This preparation is employed for the treatment of
taeniasis. It is poisonous to all varieties of tapeworms.
Aspidium oleoresin has also been used for the treatment of liver fluke infestation in ruminants (Montgomerie, /. Comp. Path. Therap., 1925, 38, 2, and
1926, 39, 293). It has been largely replaced for these
purposes by more efficient and safer drugs. It should
be administered after a preliminary period of fasting
(some do not recommend fasting for the dog) and
followed in one to two hours by a saline cathartic or
calomel. The presence of fat in the intestine increases
absorption of aspidium and therefore fatty meals or
fatty oils should be avoided during its use.
Aspidium oleoresin should not be used for cats.
Mild toxic reactions are frequently produced in other
animals. The important toxic signs include depression,
convulsions, respiratory depression and evidence of a
gastroenteritis. In cases of poisoning a saline cathartic
should be administered and sedatives or respiratory
stimulants employed as needed.
Doses. H. & C, 12 to 24 ml. (3 to 6 fluidrachms) .
Sh., 4 to 6 ml. (1 to 1H fluidrachms). D., small,
0.2 to 1 ml. (3 to 15 minims) ; large, 1 to 4 ml. (15
to 60 minims) .
Atropine Sulfate
Atropine sulfate is usually administered subcutaneously. It is used as an antidote for parasympathomimetic drugs, to relax spasmodic contraction of the
gastrointestinal smooth muscle, to check excessive
respiratory tract and salivary secretions in inhalation
anesthesia and other conditions where this action is
desired, and in 0.5 to 1 per cent solution as a mydriatic. It is a respiratory stimulant, although in severe
depression more effective drugs are preferred. In doses
of 10 to 30 mg. (Yb to Yi grain) in the horse and 5 to
8 mg. (Via to l/& grain) in the dog, atropine sulfate is
employed to determine the origin of bradycardia and
certain types of arrhythmia, since in this way those
resulting from excessive vagal action will disappear.
Animals differ in their susceptibility to the action
of atropine. For example rabbits, rats and goats show
a high tolerance to the drug, the dog is intermediate,
and man, cats, and horses are more susceptible. In
horses doses of 0.01 mg. per Kg. of body weight show
little effect; 0.02 mg per Kg. produces slight effects
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on the heart rate (elevation), salivation (inhibition)
and intestinal motility (inhibition) ; 0.04 to 0.08 mg.
per Kg. produces more profound effects on visceral
functions and central nervous system stimulation appears (excitement). With doses of 0.08 mg. per Kg.
in horses excitement and incoordination are mild, but
with doses of 0.16 mg. per Kg. and above these effects
are more pronounced and fatigability is increased although horses can perform reasonable amounts of
work, at least for short periods, with doses as high
as 0.24 mg. per Kg. (Detweiler and Martin, Am. J.
Vet. Res., 1955, in press).
In cows Hansel and Trimberger (J. Animal Sci.,
1951, 10, 719) found that large doses of atropine delayed ovulation. The total amount of atropine sulfate
given varied from 38.9 to 80.2 mg. per Kg. of body
weight, given in 2 to 10 divided doses several hours
apart. These doses caused toxic signs such as clouding
of the cornea with partial blindness, photophobia,
excitement, ataxia, hard dry feces, and frequent attempts at urination.
Doses. H. & C, 15 to 100 mg. (% to V/2 grains).
Sw., 8 to 20 mg. (Yz to Yz grain). D., 0.6 to 4 mg.
Oloo to Vis grain). Cats, 0.3 mg. (^oo grain).
Bacitracin
Clinical and experimental trials indicate that bacitracin is useful in certain enteric infections of dogs
and swine, shipping fever in sheep and cattle, otitis
externa in dogs, erysipelas in turkeys, respiratory disease in chickens, and in wound infections. Its effectiveness in bovine mastitis is excelled by other antibiotics.
The studies of Benson (J.A.V.M.A., 1947, 11, 289;
ibid., 1948, 113, 160) indicate that bacitracin is not
superior and may be inferior to penicillin in mastitis
in cattle with gram-positive infections. Similarly,
Hershman (Am. J. Vet. Res., 1950, 11, 206) did not
find bacitracin better than penicillin or sulfanilamide
in bovine mastitis.
Konde (North Am. Vet., 1949, 30, 776; ibid., 1952,
33, 30) used bacitracin orally for the treatment of
diarrhea in dogs. In his earlier trials the dose employed was one 10,000-unit tablet 3 times daily for
3 to 4 days, but later he found that 1000 to 5000
units daily was just as effective. Klussendorf (C.S.C.
Publication, Terre Haute, 1953 and 1955) states that
a neomycin-bacitracin tablet is effective in certain
cases of diarrhea in dogs and cats. The total daily
doses vary from 250 units of bacitracin and 2.5 mg.
of neomycin to a maximum of 750 units of bacitracin
and 7.5 mg. of neomycin.
Boley et al. (Cornell Vet., 1951, 41, 231) found
bacitracin beneficial in swine dysentery when given
orally in doses of 50,000 to 100,000 units per animal
for 6 days. Klussendorf (loc. cit.) reported limited
trials which indicate that 50,000 units daily for 4 days
will control bloody scours but will not clear Vibrio
sp. from the gut. It has been combined effectively
with sodium arsanilate, neomycin, or penicillin in the
treatment of swine enteritis (Klussendorf, loc. cit.).
The drug has been administered to cattle (Thomas
and Prier, North Am. Vet., 1951, 32, 30; Martin,
Vet. Med., 1951, 46, 371; J.A.V.M.A., 1952, 121, 38)
and sheep (Prier et al., Cornell Vet., 1953, 43, 38) in
cases of shipping fever and is thought to have some
value in this condition.
In turkeys with erysipelas doses of 5000 units repeated in 24 hours appeared to be effective (Klussendorf, loc. cit.) .
Bacitracin solutions and ointment show promise
for the local treatment of various infections. Rose
(J.A.V.M.A., 1950, 117, 306) used an ointment (500
units per Gm.) with gratifying results in otitis externa
of dogs. The ointment and a solution (500 units per
ml.) were useful in wound infections and conjunctivitis. Rose also successfully treated various systemic
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infections of dogs with parenteral injections of an
aqueous solution. Freeland (North Am. Vet., 1951,
32, 395) found bacitracin ointment (500 units per
Gm.) useful in infectious keratitis of cattle. Klussendorf (Proc. 89th Ann. Mtg. A.V.M.A., 1952, 356) emphasized the effectiveness of this antibiotic in surgical
infections including furuncles, fistulous tracts, abscesses, and infected surgical incisions.
Bacitracin has been used in the feed of growing
poultry and swine to produce a growth response and
increase the efficiency of feed utilization (Klussendorf,
loc. cit.). When fed in amounts from 30 to 200 Gm.
per ton it is of value in controlling the damage done
by secondary bacterial invaders in such diseases of
poultry as chronic respiratory disease and blue comb
(Klussendorf, loc. cit., 1955). The subcutaneous implantation of100-unit pellets in pigs less than 5 days
old apparently promotes growth and reduces the incidence of diarrhea (O'Rourke, Vet. Med., 1952, 47,
482; Noland et al., Univ. Arkansas Agric. Exp. Sta.
Rept. 34, 1952). When added to the feed in concentrations of 1 to 10 Gm. per ton of diet bacitracin
stimulates growth in chicks and turkey poults (Braude
et al., Nutr. Abstr. and Rev., 1953, 23, 473).
Early lots of bacitracin were nephrotoxic when
given parenterally in experimental animals (Scudi and
Antopol, Proc. S. Exp. Biol. Med., 1947, 64, 503) but
with therapeutic doses no evidence of toxic action has
been observed in farm animals (Prier, cited by Klussendorf, loc. cit.) or in dogs (Rose, loc. cit.). Payne
et al. (Antibiot. Chemother., 1951, 1, 387) studied
the oral toxicity of bacitracin in mice, rabbits, and
dogs. The oral lethal dose for rabbits was 50,000 units
per Kg. and for dogs greater than 400,000 units per
Kg.
Doses. Optimal doses have not been finally established. The following doses have been recommended: Large animals, 10,000 units daily, given
intramuscularly, for animals weighing more than 200
pounds. This dose may be doubled if necessary; Sh.,
100 units intramuscularly per pound of body weight
as starting dose; D., 50 units intramuscularly per
pound of body weight; orally, 1000 to 5000 units;
Sw., 1000-unit pellets implanted subcutaneously behind the ear in pigs 2 to 5 days old.
The following doses have been used by investigators without reported toxic effects: H., 50,000 units
intramuscularly twice daily for 1 week (White,
J.A.V.M.A., 1950, 117, 399); C, 16,000 units subcutaneously, repeated at 12-hour intervals for 3
doses (Martin, J.A.V.M.A., 1952, 121, 38) ; Sh.,
10,000 to 60,000 units intramuscularly (Prier et al.,
Cornell Vet., 1953, 43, 38) ; Sw., 50,000 to 100,000
units per day orally (Boley et al., loc. cit.) ; D., 1000
units per Kg. (2.2 pounds) intramuscularly given daily
for 3 to 5 days (Rose, loc. cit.) ; up to 30,000 units
given orally (Konde, North Am. Vet., 1949, 30, 776) ;
Turkeys, 5000 units intramuscularly, repeated in 24
hours (Klussendorf, loc. cit.) . The possibility of undetected toxic effects with the larger doses has not
been ruled out by the work reported in the cited
references.
For local application an ointment or solution containing 500 units per Gm. or ml. is available. Aqueous solutions containing 2000 to 20,000 units have
been infused into the bovine udder in mastitis therapy.
Barbital and Barbital Sodium (Barbitone and
Barbitone Sodium, B.V.C.)
These are used for their hypnotic and sedative
action in the dog and cat to allay nervous excitement
and reduce the irritability of the nervous system in
convulsive states. It should be emphasized that they
exert no analgesic action and other agents must be
used to control pain. They are contraindicated in
renal impairment since they depend on these organs

Part

III

for excretion. It is recommended that administration
be continued for not more than a week without interruption, since there is danger of the drug accumulating in toxic amounts owing to its slow excretion.
Sharaf (Vet. J., 1947, 103, 358) studied the effect
of various doses of barbital sodium in experimental
dogs following subcutaneous injection of a 20 per cent
solution. The minimum and maximum safe hypnotic
doses were 37.5 to 100 mg. per Kg. (% to J4 grain
per pound) which produced sleep lasting 6 to 8 hours.
The anesthetic dose (180 to 200 mg. per Kg.) approached the minimum lethal dose (250 mg. per Kg.).
Doses. D., 0.2 to 1 Gm. (3 to 15 grains). Cats,
100 to 200 mg. (\l/2 to 3 grains).
Barium Antimonyl Tartrate (Antimony Barium
Tartrate, B.V.C.)
This drug has been advanced as a remedy for the
removal of gapeworms in chicks, turkey poults, and
adult turkeys. The birds are confined in a box and
the powder introduced with a dust gun. (See Wehr
et al., Poidtry Sc, 1939, 18, 63, or Wehr, in Biester
and Devries, Diseases of Poultry, 1943, p. 674.) The
dose of powder is determined by the cubic capacity
of the chamber. Approximately 30 Gm. (1 ounce) of
the powder is sufficient for a chamber with a capacity
of 8 cubic feet and into which up to 50 birds can be
placed.
Barium Carbonate
After the U.S.D.A. had first recommended this as
a poison for rats many cases of poisoning in dogs were
confused with rabies (Dixon and Fox, Penna. Health
Bull., 1909, No. 2). Apparently the anxious, frightened attitude of acutely poisoned dogs and the presence of a green froth at the mouth were responsible
for this confusion. Actually the clinical syndromes of
rabies and barium poisoning are different and only
superficially similar, but the possibility of confusion
emphasizes the need to avoid killing a dog suspected
of having rabies until a positive diagnosis can be
made.
Occasional deaths in dogs and cats occur as a result
of accidental ingestion of poisoned bait. Treatment of
early cases should include gastric lavage with charcoal
suspension if possible, magnesium or sodium sulfate
orally to precipitate insoluble barium sulfate, morphine sulfate in dogs to control the pain, and supportive and analeptic measures.
Barium Chloride
This chemical is used for its stimulant action on
the smooth muscle of the gastrointestinal tract. Formerly it was administered intravenously in the horse
in large doses, and was virtually abandoned because
of the frequency of fatal results probably owing to
ventricular fibrillation. It is occasionally used as a
prompt-acting drastic cathartic for the horse since it
has been found that smaller doses are effective and
not particularly dangerous when given intravenously
(Amadon, Univ. Pennsylvania Bull., Vet. Ext. Quart.,
266).
1937, 38, 3, and Auchterlonie, Vet. Rec, 1945, 57,
The drug is also used, administered by mouth, in
impaction and atony of the rumen. This action
must be reexamined since Amadon (J.A.V.M.A., 1930,
29, 65) and more recently Dougherty (Cornell Vet.,
1942, 32, 269) have found that it has little action
on the normal rumen and actually depresses rumen
motility when given intravenously.
Doses. H., intravenously, average size, 500 mg.
(ll/2 grains), small or young horses, 300 mg. (5
grains) dissolved in 30 ml. (1 ounce) of water and
injected slowly; per os, 8 to 12 Gm. (2 to 3 drachms).
C, 15 to 20 Gm. (4 to 5 drachms) per os.
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Barium Sulfate
Aqueous suspensions of barium sulfate are used in
small-animal practice as a radiopaque medium to outline the alimentary canal (Seward, J.A.V.M.A., 1951,
119, 125). The barium sulfate may be mixed with
1 to 3 parts of water, depending on the consistency
desired. Alexander and Benzie (Quart. J. Exper.
Physiol., 1951, 36, 213) used the following formula
to study radiographically the topography of the alimentary canal of foals weighing about 260 pounds:
barium sulfate, 35 Gm.; cows milk, 200 Gm. ; and
sucrose, 16 Gm. Similarly a barium sulfate meal, fed
with a spatula, consisted of 100 Gm. of barium
sulfate, 35 ml. of milk, 10 Gm. of sucrose, and 30
Gm. of crushed oats. Two hundred Gm. of barium
sulfate in 400 ml. of water was sufficient for x-ray
studies of the alimentary canal of a 180-pound pony
foal (Detweiler and Fielder, unpublished).
Barium Sulfide
Barium sulfide is employed in depilatory mixtures.
For removing hair from dogs, cats, and other small
animals in preoperative preparation the following
method is suggested: A mixture of 2 parts of purified
yellow barium sulfide, and 1 part of household detergent (Tide, Swerl, Dreft, etc.) is employed. Three
teaspoonfuls (25-35 Gm.) of this mixture are mixed
with 50 ml. of a 10 per cent solution of glycerin in
water until a smooth suspension is made. This is applied with a tongue depressor or spatula and worked
into the hair thoroughly. The hair softens rapidly
and may be scraped away, after which the area is
flushed thoroughly to remove any sulfide residue. This
method has been used preoperatively without occurrence of secondary infection or delayed wound healing (Pitesky and Last, Science, 1948, 108, 657).
Alternatively, the barium sulfide may be mixed with
1 or 2 parts of starch or a mixture of starch and zinc
oxide, with or without powdered detergent. Just
before use this powder is mixed with water into a thin
paste and applied as just described.
Belladonna
Various preparations of belladonna are employed
in veterinary medicine for their depressant effect on
parasympathetic nerve action. Thus, belladonna is
used in spasmodic colic of the horse, spastic enteritis
of the dog, and similar conditions in other species to
depress gastrointestinal motility and tone. This action
is also utilized in diarrhea, enteritis, and peritonitis. It
is combined with certain purgatives to prevent griping.
It gives temporary symptomatic relief in "heaves" of
the horse and is used to lessen bronchial and nasal
secretions and relax the bronchi where such action is
indicated.
Doses. Powdered Belladonna Leaf. H. & C, 1 to
4 Gm. (15 to 60 grains). D., 60 to 300 mg. (1 to 5
grains). Belladonna Extract. H. & C, 0.6 to 1.3 Gm.
(10 to 20 grains). D., 8 to 30 mg. (% to Y2 grain).
Belladonna Fluidextracts. H. & C, 1 to 4 ml. (15
to 60 minims). D., 0.06 to 0.2 ml. (1 to 3 minims).
Belladonna Tincture. H. & C, 15 to 30 ml. (]/2 to 1
fluidounce). D., 0.3 to 1 ml. (5 to 15 minims).
Belladonna Ointment
This has been applied to the os uteri in cows in
order to relax it during parturition when it does not
open normally. This is an old procedure, the efficacy
of which is questionable.
Benzene (Benzol)
Benzene may be used to kill screwworm (Callitroga
americana) larvae in wounds of livestock. The wound
is sprayed with benzene and covered with cotton for
3 minutes to allow the fumes to penetrate and kill the
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maggots. These are then removed with blunt forceps
and the wound covered with pine tar or similar
dressing to prevent reinfestation. Benzene is an ingredient of smears containing diphenylamine used
for the control of screwworm infestations (see
Diphenylamine) .
Although it is not used therapeutically, Hall and
Foster (/. Agric. Res., 1918, 7, 433) found that
benzene would remove up to 88 per cent of stomach
worms in ruminants. Doses of 8 ml. for lambs, 15 ml.
for adult sheep and 30 ml. for yearling cattle were
administered in milk, linseed oil, or linseed tea for
3 successive days in the morning before feeding.
Benzene is considered too toxic for general use.
Benzoic Acid
Benzoic acid is used in prescriptions together with
salicylic acid, e.g., Benzoic and Salicylic Acid Ointment, for the treatment of ringworm in the dog and
other species.
Benzoin
Benzoin Tincture and Compound Benzoin Tincture
are used externally as stimulating antiseptic applications in indolent sores and foul ulcers. The compound
tincture is used as an inhalant in bronchitis (15 to 30
ml. in 1000 ml. of boiling water) . They are also given
per os as stimulating expectorants in bronchitis.
Doses. H. & C, 15 to 30 ml. (l/2 to 1 fluidounce).
D., 2 to 4 ml. (l/2 to 1 fluidrachm).
Benzyl Benzoate
This compound is used in the treatment of sarcoptic
and demodectic mange in dogs although there is some
question of its value in the latter form of mange
(Joss, Vet. Rec, 1942, 54, 533). For treating mange
it has been employed in a number of forms but most
frequently as a 33 per cent emulsion containing a
penetrating vehicle (Davidson, Vet. Med., 1944, 39,
174). In treating dogs for sarcoptic mange Davidson
(loc. cit.) recommends the following procedure: The
affected areas are clipped and washed. Benzyl benzoate
emulsion is then applied with a cloth or brush, and
after drying a second application is made. On the following day the animal is bathed. If necessary, treatment is repeated in one week. Davidson (Vet. Med.,
1945, 40, 377) also reports that the above treatment
is beneficial in demodectic mange when carried out
at 3 -day intervals.
Fleck et al. (J.A.V.M.A., 1949, 114, 83) reported
good results in using a preparation containing benzyl
benzoate, tyrothricin, and benzocaine for treating
sarcoptic mange in dogs, otodectic mange in dogs, cats
and rabbits, scaly leg or foot mange in canaries,
pigeons and chickens, and in various non-specific
dermatoses in dogs.
Benzyl benzoate may be toxic to cats (Davidson,
loc. cit.) and should be used with caution, if at all, in
this species. Cornish-Bowden (Vet. Rec, 1945, 57,
305) reported 2 fatal cases of poisoning in dogs whose
entire body surface had been covered with a benzyl
benzoate preparation. The poisoned animals exhibited
trembling, muscular spasms, hyperesthesia, and coma.
Betanaphthol
This drug has been employed internally as an intestinal antiseptic and in the treatment of hookworm
infestations. It has also been used externally, in ointments, as a parasiticide. However, since the introduction of carbon tetrachloride and other remedies for
hookworm, and because of the danger of toxic action
when used either externally or internally, it has been
virtually abandoned.
Doses. H., 6 to 8 Gm. (1J^ to 2 drachms). D., 200
to 600 mg. (3 to 10 grains).
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Beta-Naphthoxyethanol (Anavenol)
During the course of examination of this compound
for anthelmintic action it was discovered to possess
pharmacological properties which led to its being introduced as a rapid-acting intravenous anesthetic for
the horse (Francis and Parry, Vet. Rec, 1949, 61, 509;
Parry, Proc. XIV, Int. Vet. Cong., 1949, 3, 282).
It is a white crystalline powder, sparingly soluble
in water, employed as a 10 per cent aqueous suspension, the particles of which are 10 to 30 microns in
diameter (Parry, Vet. Rec, 1950, 62, 500). This suspension is a viscous white fluid and many of the
particles are obviously too large to pass through capillaries, although no evidence of embolism has been
reported.
In horses intravenous administration of doses of 30
to 50 mg. per Kg. of body weight given over a period
of 80 to 120 seconds produces apparent depression of
the spinal cord with loss of postural control and recumbency, although head and neck righting reflexes
and visual and auditory reflexes remain intact. If
administration is continued until 90 to 100 mg. per
Kg. has been gi^en the last-mentioned reflexes are
abolished. Parry {Vet. Rec, 1950, 62, 500) states that
there is no curariform action on myoneural junctions
and that the drug probably acts first on multineuronal
pathways in the spinal cord and later on higher brain
centers and simple 2- or 3-neuron reflex arcs in the
spinal cord. Dangerous side effects on the heart and
respiration will develop if the dose of 30 to 50 mg. per
Kg. is given in 25 seconds or less instead of 120 seconds. With this rate of administration sudden fatal
respirator}' arrest will occur accompanied by tachycardia, S-T segment shift in the electrocardiogram
and possibly ventricular fibrillation. Following recovery from anesthesia hyperpnea and dyspnea may
be seen and in susceptible subjects congestive heart
failure may supervene. The respiratory distress usually
passes off within a few hours and heart failure is of
rare occurrence.
In ruminants apnea occurs readily and even light
surgical anesthesia is difficult to produce (Parry, Vet.
Rec, 1950, 62, 500) except in animals under 3 months
of age. Excitement during induction in dogs and cats
is marked and anesthesia not easy to attain. The
danger of apnea in pigs is greater than in the horse
but satisfactory anesthesia can be induced in this
species as well as in the fowl.
Despite its obvious dangers beta-naphthoxyethanol
has been employed clinically for anesthesia of brief
duration in horses (Parry, Vet. Rec, 1950, 62, 500;
Berger, Vet. Rec, 1949, 61, 814; Dykstra and Rickards, J.A.V.M.A., 1953, 122, 91). Its advantages are
excitement-free induction and rapid, calm recovery.
With the induction dose of 30 to 50 mg. per Kg.
anesthesia lasts 10 to 15 minutes and the animal will
regain its feet within about 20 minutes. The anesthesia
can be prolonged with repeated doses or continuous
infusion. Since the early effect is on spinal centers the
corneal and pupillary signs relied upon to gauge depth
of anesthesia cannot be used. Degree of depression is
estimated by observing extent of muscular relaxation,
respiratory depression, and development of horizontal
nystagmus. The drug is recommended (Parry) only
for equidae and for anesthesia of short duration (less
than 30 minutes). It is contraindicated in the presence
of respiratory or cardiovascular disease. Whether or
not this drug will prove useful and sufficiently safe
for clinical practice is controversial (Pickup, Vet.
Rec, 1950, 62, 526; Gold and Longlev, Vet. Rec,
1951, 63, 303; Parry, Vet. Rec, 1950. 62, 550 and
1951, 63, 368). Wright {Veterinary Anesthesia, Eger,
1952, 187) correctly emphasizes that there is insufficient pharmacological information and clinical experience to accurately assess its value.
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In order to increase the range of usefulness of betanaphthoxyethanol it has been combined with sodium
thialbarbital (Kemithal). The combination, introduced by Parry {Vet. Rec, 1950, 62, 505), consists of
a suspension containing 10 per cent w/v beta-naphthoxyethanol and 2.5 per cent sodium thialbarbital.
When this combination is injected intravenously in
the horse the dose of beta-naphthoxyethanol required
to reach a given degree of depression is reduced by
about one-third and the head and neck righting reflexes are depressed much more than when used alone.
However, the recovery period is prolonged over that
with beta-naphthoxyethanol alone and if the dose of
sodium thialbarbital exceeds 15 mg. per Kg. a period
of floundering occurs during recovery and persists
about 5 minutes. The induction dose of the mixture
is approximately 10 to 18 ml. per 100 pounds of body
weight (20 to 36 mg. per Kg. of beta-naphthoxyethanol and 5 to 9 mg. per Kg. of sodium thialbarbital) given intravenously over a period of 80 to
120 seconds. If the dose of sodium thialbarbital exceeds 20 mg. per Kg. recovery is prolonged and the
advantage of a quiet and rapid recovery characteristic of beta-naphthoxyethanol is lost. The danger of
apnea is increased with the combination compared
with beta-naphthoxyethanol alone and hyperpnea is
reduced considerably.
This mixture has been employed under clinical conditions in cattle (Harrow, Vet. Rec, 1950, 62, 507)
and sheep (Harmer and Mount, Vet. Rec, 1951, 63,
457; Watson, North Am. Vet., 1953, 34, 334). The
dose range employed has been of the order of 10 ml.
per 100 pounds body weight. In cattle it is injected
at a rate of 1 ml. per second for animals weighing
500 to 1000 pounds, 0.1 ml. per second for those
weighing 100 pounds and 0.2 ml. per second for
those weighing 200 pounds (Harrow, loc cit.). In
sheep Watson {loc cit.) recommends an injection rate
of 1 ml. per second. Anesthesia lasts about 10 minutes
with this dose and may be maintained for up to an
hour by giving 1 or 2 maintenance doses of one-half
the induction dose as required. If the intravenous
injection is given slowly in sheep {e.g., over a period
of 4 or 5 minutes) a dose of 40 to 60 ml. is required
(Harmer and Mount, loc. cit.).
As in the case of beta-naphthoxyethanol alone the
combination with thialbarbital can be considered to
occupy only a controversial place in veterinary anesthesia at present (see Bolton, Vet. Rec, 1951, 63, 523;
Wright, loc. cit.).
Doses. Dosage depends on rate of injection and
has been given in the body of the monograph.
Bismuth
Various preparations of bismuth are employed externally in dusting powders in moist eczema, ulcers,
and certain wounds. Internally they are used as gastrointestinal protectives in small animals and, where the
expense is not too great, in foals and calves. The cost
usually prohibits their use in large herbivores. Although the use of bismuth compounds in the symptomatic treatment of diarrhea follows a strong clinical
tradition, evidence that they can effectively protect
the extensive intestinal mucosa in the doses employed
is lacking. Their failure in persistent cases supports
skepticism regarding their value. Bismuth compounds
are also used in x-ray work to render the intestinal
and gastric walls radiopaque.
Bismuth Magma
This is used as a gastrointestinal protective.
Dose. D., 2 to 15 ml. {]/> to 4 fluidrachms) .
Bismuth Subcarbonate
This is used as a gastrointestinal protective and in
x-ray work.
Doses. H. & C, 15 to 30 Gm. {Y2 to 1 ounce).
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Foals, Calves, Sh. & Sw., 2 to 4 Gm. [}/2 to 1
drachm). D., 0.3 to 2 Gm. (5 to 30 grains).
Bismuth
Chiefly
its action
Doses.

Subgallate
used externally, although it is also used for
on the gastrointestinal tract.
Same as for the subcarbonate.

Bismuth Subnitrate
This salt is used internally but is considered inferior
to the subcarbonate. It is more commonly employed
externally in the treatment of old suppurating fistulas
and sinuses, injected as a mixture with two parts of
melted petrolatum. Bismuth subnitrate is used in
making Bipp (see Iodoform).
Doses. — Same as for the subcarbonate.
Bismuth Subsalicylate
This salt is used for the same purposes as the other
insoluble bismuth salts. It has been recommended for
the treatment of buccal warts (papillomatosis) in the
dog (Brumley, A Textbook of the Diseases of Small
Domestic Animals, Lea & Febiger, 1943, p. 71, and
Watson, and associates, Vet. Rec, 1943, 55, 472).
The latter workers report the successful treatment of
200 cases. It must be pointed out that buccal warts in
the dog frequently disappear in a short while with no
treatment, so that clinical evaluation of an agent for
their treatment is difficult. For this purpose, 120 mg.
(2 grains) of bismuth subsalicylate in 1 ml. (IS
minims) of olive oil is injected intramuscularly at
weekly intervals for four to six weeks.
Doses. Same as for the subcarbonate.
Bismuth Tribromophenate
Employed externally in moist eczema of the dog
and on wounds, this is also used internally as a substitute for the salts of bismuth.
Dose. D., 0.6 to 1 Gm. (10 to IS grains).
Boric Acid
Formerly boric acid was used internally as a gastric
and intestinal disinfectant, and in acute and chronic
mastitis of cattle as a mammary disinfectant. In the
latter condition it was employed together with formaldehyde solution. It has little, if any, value for these
purposes and has now been discarded in favor of more
effective agents.
Solutions containing 2 to 3 per cent of boric acid
are used as a cleansing wash in inflammations of the
mucous membranes of the eye and bladder. Since its
antiseptic action is feeble the chief value of boric acid
collyria is in mechanical flushing of the conjunctival
sac. This can be accomplished effectively with 0.45
to 0.6 per cent sodium chloride solutions. It is also
employed as a uterine disinfectant in retained placenta
of the cow, either as a 2 to 4 per cent solution or in
gelatin capsules containing 4 to 8 Gm. of boric acid
with an equal quantity of iodoform or charcoal. The
capsules are introduced, or the uterus is douched, at
intervals of 3 or 4 days, or as needed.
In saturated solution or as a dusting powder it has
been used as a disinfectant for wounds and in nonparasitic eczema of the dog. Care must be taken that
excessive quantities are not absorbed (see Part I).
Doses. H. & C, 8 to 24 Gm. (2 to 6 drachms).
Sh. & Sw., 5 Gm. (75 grains). D., 0.4 to 1 Gm.
(6 to IS grains).
Boric Acid Ointment
The ointment is employed in small-animal practice,
either alone or combined with other agents, in treating eczematous conditions of the skin.
Brilliant Green, B.V.C.
This dye is included in the B.V.C. , 1953 because of
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its use in enteric infections and infected wounds. In
calf scours and canine dysentery it is given orally,
often combined with kaolin or bismuth subsalicylate.
In infected wounds solutions of 0.S to 1 per cent are
employed.
Doses. Calves, 15 to 60 mg. (% to 1 grain) ; D.,
5 to 15 mg. (i<i2 to yi grain).
Buchu
This drug, formerly prescribed in cystitis and urethritis for its supposed diuretic and antiseptic effects,
has been practically abandoned except as it appears
in various proprietary "diuretic powders." There is no
justification for its use.
Doses. H. & C, 30 to 60 Gm. (1 to 2 ounces).
D., 1 to 2 Gm. (IS to 30 grains).
Butacaine Sulfate
This local anesthetic is employed, usually as a 2 per
cent solution, for topical anesthesia of the eye.
Butyl Chloride
Normal butyl chloride is used as an anthelmintic
in the dog for the removal of roundworms, hookworms, and whipworms (see Harwood et al., North
Am. Vet., 1940, 21, 35; Wright and Shaffer, Am. J.
Hyg., 1932, 16, 325). Limited trials in the horse indicate that it will remove strongyles (Strongylus and
Trichonema species) ; see Harwood et al., North Am.
Vet., 1938, 19, 44. In limited tests normal butyl chloride has been found to possess some value for removing the common stomach worm (Hcemonchus contortus) , nodular worm (Oesophagostomum columbianum), and hookworms (Gaigeria pachyscelis) in
lambs (Eder, Vet. Med., 1941, 36, 272; Ortlepp and
Monnig, Onderstepoort J. Vet. Sci., 1936, 7, 399).
However, the use of this drug as an anthelmintic for
lambs has never become popular.
theDoses.
dog: The following dosage schedule is used for
Hookworms
and
Body Weight
5 lb. or less
5 to 10 lb
10 to 20 lb
20 to 40 lb
Over 40 lb

Roundworms
Whipworms
1 ml.
3 ml.
2 ml.
6 ml.
3 ml.
10 ml.
4 ml.
IS ml.
5 ml.
25 ml.

It is administered in capsules preceded by an 18- to
24-hour fast, and followed in 30 minutes by a cathartic dose of castor oil. H., 7.5 to 10 ml. (2 to 2]/2
fluidrachms) per 100 pounds body weight in 8 to 10
times
volume of linseed oil following an 18- to
24-houritsfast.
Butynorate (di-n-Bvtyl Tin Dilaurate)
This tetravalent tin compound in doses of 75 mg.
per Kg. of body weight is effective against tapeworms
(Raillietina cesticillus) in chickens. It may also be
administered in the feed and when so given is not
incompatible with nicotine and phenothiazine (Kerr,
Poultry Sci., 1952, 31, 328).
Cadmium Anthranilate
Although extensive trials have not been conducted
cadmium anthranilate appears to be about as efficient
as cadmium oxide (q.v.) for removing roundworms
(Ascaris lumbricoides) from swine. In preliminary
trials Guthrie {Vet. Med., 1954, 49, 413) reported
that a concentration of 0.066 per cent of cadmium
anthranilate supplied in wet or dry feed for a 72-hour
period removed 98 per cent of the roundworms present. In a later trial a concentration of 0.044 per cent
fed for 3 days was found to be just as efficient and
presumably this smaller dosage is the one which will
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be recommended for clinical use. No toxicity was observed in swine receiving 0.66 per cent in the feed for
4 days or 0.066 per cent continuously for 14 weeks.
Small amounts of cadmium were found present in
the kidnev, liver, lung and spleen of pigs after therapeutic doses but within 30 days the level in these
tissues had fallen to normal.
Doses. See above.
Cadmium Oxide
Bunde et al. (Proc. S. Exp. Biol. Med., 1954, 87,
549) discovered that cadmium was lethal to swine
ascarids when organic compounds containing it were
tested during an anthelmintic screening program. In
this and subsequent studies (Burch and Blair,
JA.VMA., 1955, 126, 304) the efficacy of cadmium
oxide (CdO) as an ascaricide for swine was studied.
Their observations indicate that a concentration of
0.015 per cent cadmium oxide fed in dry feed or
"slop" for a period of 72 hours is palatable, safe, and
effective as a swine ascaricide. There was no clinical
evidence of toxicity with this concentration, even in
pigs suffering from various infections. Concentrations
of 0.03 to 0.05 per cent in the feed caused some decrease in food intake, diarrhea, and vomiting. Two
pigs given a mixture of 5 per cent in the feed vomited
shortly after ingestion and refused the mixture for
the next 3 days. Six pigs given 0.3 per cent in the feed
vomited and refused further medicated feed during
the day of treatment. With the 0.015 per cent concentration in the feed for 3 days assays of liver, kidney,
and spleen tissue for cadmium revealed maximum
levels of 1 mg. per 100 Gm. of tissue in animals killed
the day after treatment. In swine killed 30 days after
treatment the cadmium levels approached normal
tissue limits.
The final anthelmintic preparation developed is a
powder containing 1.5 per cent cadmium oxide, one
pound of which may be mixed with 100 pounds of
feed and fed exclusively for 72 hours.
Cadmium is strongly emetic (Schwartzl and Alsberg, /. Pharmacol., 1923, 21, 1) so that vomiting
with the higher concentrations is to be expected. In
experiments on cats it was found that the relative
toxicity of cadmium was not as great as the relative
emetic potency (see also Johns et al., J. Pharmacol.,
1923,21, 59).
Caffeine
This drug is a central nervous system stimulant
useful in overcoming the action of central nervous
depressants, other depressed states, and fatigue. It is
also employed in acute circulatory failure to stimulate
the heart, although there are more effective agents for
this purpose. Caffeine has value as a respiratory
stimulant when the depression is not profound, but it
will not overcome serious respiratory failure in acute
barbiturate poisoning as efficiently as certain other
medullary stimulants. It is also used for its diuretic
action.
Doses. H. & C, 5 to 10 Gm. (1J4 to iy2
drachms). Sh. & Sw., 0.5 to 3 Gm. (iy2 to 45
grains). D., 100 to 300 mg. (ll/2 to 5 grains).
Caffeine, Citrated
Dose. H. & C, 10 to 20 Gm. {2l/2 to 5 drachms).
Sh. & Sw., 1 to 6 Gm. (15 to 90 grains). D., 120
to 500 mg. (2 to l]/2 grains).
Caffeine and Sodium Benzoate
Doses. H. & C, hypodermically, 1 to 8 Gm. (14
to 2 drachms). D., hypodermically, 30 to 200 mg.
(y2 to 3 grains) .
Calamine
Preparations

of calamine are used

locally in the
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treatment of various skin diseases in small animal
practice for their antiseptic and mildly astringent
action.
Calciferol (Vitamin D->)
The actions and uses of vitamin D described in the
monograph on that vitamin apply, for the most part,
to calciferol. In the treatment of poultry vitamin D3
is preferred since chickens are relatively more sensitive to vitamin D3.
Calcium
Several calcium salts are widely used in veterinary
therapeutics because of their importance in nutrition
and the relatively common occurrence of conditions
characterized by acute hypocalcemia such as milk
fever of cows and diseases similarly associated with
parturition and lactation in other domestic species.
Absorption. — The absorption of calcium from the
gastrointestinal tract is influenced by vitamin D, pH
of the intestinal contents, and the presence or absence
of certain substances in the feed. Increasing the pH
decreases calcium absorption. Foods rich in oxalates
or phytic acid impair calcium absorption, although
this effect may be overcome by increasing the quantity of calcium in the diet. Adequate phosphorus intake favors calcium absorption but excessive amounts
decrease it and this may be significant if the calcium
supply is insufficient (Ershoff, Physiol. Rev., 1948,
28, 107). Excessive amounts of magnesium or potassium exert a similar inhibiting effect as do large
amounts of fat or conditions resulting in decreased
fat absorption. Prolonged diarrhea may also result in
poor calcium absorption.
Distribution and Fate. — In mammals calcium is
stored by skeletal bone, especially in the spongy bone
near the epiphyses of the long bones. From there it
is liberated by resorption of small amounts of bone,
under the influence of the parathyroid hormone. When
calcium intake is greater than needed the trabeculae
of spongy bone are not resorbed and such bone is
increased in amount. Thus it appears that calcium is
stored in this manner and that the amount so stored
is under the influence of intake, parathyroid hormone, estrogens, and vitamin D (McLean, Ann. Rev.
Physiol, 1943, 5, 79).
Recent studies in cattle (Hansard et al., J. Animal
Sci., 1952, 11, 524; Visek et al, J. Diary Sci., 1953,
36, 373) and goats (Visek et al, J. Diary Sci., 1952,
35, 783) with radioactive calcium (Ca45) have added
much to our information on its fate and distribution
in ruminants. When Ca45 is administered orally in
cattle it is absorbed in about 30 hours and distributed
to the bones and soft tissues, most of it being stored
in the bones, especially the sternal ends of the ribs,
the vertebrae and mandible. About two-thirds of
orally administered calcium is excreted in the feces.
Calcium circulating in the blood is secreted into the
gastrointestinal tract, especially the small intestine.
The level of urinary excretion depends on absorption
from the gastrointestinal tract. The urinary concentration of Ca45 follows closely that of the blood, but
the amount is small compared with fecal excretion.
The bones and other tissues are the prime regulators
of plasma calcium (Wolf and Ball, Am. J. Physiol,
1949, 158, 205) and parathyroid hormone can mobilize it from these stores. Vitamin D (q.v.) influences
deposition as well as gastrointestinal absorption.
When large amounts of calcium salts are administered intravenously in cattle (and, of course, other
species) it disappears over a period of several hours
from the blood stream (Allcroft, Vet. J., 1947, 103,
157; Craige, Am. J. Vet. Res., 1947, 8, 260; Detweiler
and Martin, ibid., 1949, 10, 201). When calcium gluconate isthe salt injected urinary excretion is greatly
increased but with calcium chloride the increase in
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urinary calcium is much less (Craige, Am. J. Vet.
Res., 1949, 10, 217).
Physiological Role. — Calcium is essential for the
formation of bones and teeth, for the clotting of blood
and milk, for normal selective permeability of many
cells, and for normal excitability of nerve and muscle.
It serves as a constituent of intercellular cement and
in general lowers cell membrane permeability. Absence
of calcium or large excess depresses smooth muscle
while return to physiological concentration is stimulant. It is essential for uterine contraction and the
administration of calcium preparations has been
successful in uterine inertia in women (Hart and
Noble, Am. J. Obst. Gyn., 1943, 45, 692), cows
(Smith, J.A.V.M.A., 1942, 100, 232), and bitches
(Barrett, Vet. Rec, 1949, 61, 783). When calcium
concentration is low nerves and striated muscle become abnormally excitable while high concentration
has the reverse effect. Excess calcium stimulates cardiac muscle while its absence depresses it. In the
intact mammal the action of calcium on the heart is
much more complex than this. With intravenous injection the heart is the most vulnerable organ and
the present practice among veterinarians of using
large doses not infrequently produces toxic effects on
the heart. In dogs (Hoff et al., J. Pharmacol., 1937,
60, 425; Am. J. Physiol, 1939, 125, 162) and calves
(Bergman and Sellers, Am. J. Vet. Res., 1954, 15, 25),
and probably all mammals, as the serum calcium level
rises an initial vagal bradycardia occurs and partial
heart block may develop. This is followed by a phase
of increased irritability with tachycardia and ectopic
beats which may terminate in fatal ventricular fibrillation. If the animal survives this phase and the
serum calcium level is further increased the heart is
slowed and ultimately stops. It has been shown that
the blood pressure is reduced in bovine hypocalcemia
(Hallgren, abstr., Schweiz. Arch. /. Tierheilk., 1940,
82, 475) and the duration of systole lengthened
(Sporri and Raggenbass, Schweiz. Arch. f. Tierheilk.,
1940, 82, 325). The intravenous injection of calcium
corrects these changes.
While calcium is essential for blood coagulation its
use in hemorrhagic states is irrational since the normal concentration of blood calcium is close to optimal for clotting and animals would die from the
other effects of hypocalcemia long before the calcium
level would be low enough to interfere with coagulation.
An adequate intake of calcium is essential for the
formation and maintenance of the skeleton and teeth.
Under physiological and pathological conditions calcium may be mobilized from the bone as from a storehouse and thus deplete the skeleton. Bone diseases
such as rickets in immature animals and osteomalacia,
osteoporosis, and osteofibrosis in adults may occur.
The factors which may be involved in these conditions include calcium deficiency, phosphorus deficiency,
abnormal calcium: phosphorus ratio in the diet, vitamin D deficiency, and disturbance of parathyroid
function. A deficiency of protein and vitamin A may
also be present (Madsen, U.S.D.A. Yearbook of Agric,
1942, p. 327). Under most conditions of animal feeding calcium deficiency alone is not common and the
diseases associated with abnormal calcium metabolism are usually caused by a combination of the factors mentioned. However, occasionally a primary
calcium deficiency may occur. Calcium-deficient areas
have been reported in various parts of the United
States (Fla., La., Neb., Va., and W. Va.). Heavy
grain-feeding may lead to calcium lack unless calcium-rich materials are included in the ration (Madson, loc. cit., p. 329).
Requirements. — Apparently horses require about
12 Gm. of calcium and phosphorus each per 1000
pounds of live weight daily (Schmidt. J.A.V.M.A.,
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1940, 96, 441). Thirty to 60 Gm. of ground limestone
(calcium carbonate) daily is sufficient to correct a
deficiency. When the amount of either phosphorus
or calcium in the ration is low it is important that
they be fed in approximately equal amounts or an
imbalance in these two elements will result and produce changes in the bone. Calcium deficiency is rare
in cattle. They require about 10 Gm. of phosphorus
and 15 Gm. of calcium per 1000 pounds of body
weight daily when full-grown and about twice these
amounts when immature. In addition to this during
lactation about 1 Gm. of calcium and 0.75 Gm. of
phosphorus should be fed for each pound of milk
produced daily. About 60 Gm. of ground limestone
daily will prevent a calcium deficiency. Lactating
cows show a negative calcium balance until milk
production drops below 10 pounds daily. This may
be minimized by feeding a high calcium ration
(Schmidt, loc. cit.), but they cannot assimilate
enough calcium and phosphorus to meet their needs
during early lactation. During the last 6 to 12 weeks
of pregnancy the daily allowance should be 22 Gm.
of calcium and 17 Gm. of phosphorus. Dairy cattle
receiving insufficient calcium may develop fragile
bones and fail to lactate normally while otherwise
remaining in good condition. On the basis of longtime feeding experiments with dairy cattle Converse
(V.S.D.A. Tech. Bull. 1092, 1954) concluded that
there is no justification for feeding a calcium supplement with rations of grain and timothy hay; grain,
timothy hay and silage; or grain, timothy hay and
pasture. Sheep are more likely to develop a calcium
deficiency than a phosphorus deficiency although
even the former is not common. Nine to 15 Gm. of
ground limestone per head in the ration will prevent
deficiency if the feed is low in calcium. It is recommended that lambs and yearlings receive 3.5 to 5.0
Gm. of calcium and 2.5 to 3.2 Gm. of phosphorus
daily. Ewes should receive 4 to 5 Gm. of calcium and
3 to 3.5 Gm. of phosphorus daily when pregnant.
During lactation these quantities should be 6 to 6.8
Gm. of calcium and 4.5 to 5 Gm. of phosphorus. Next
to sodium chloride, calcium is the mineral most
likely to be deficient in the ration of swine. Pregnant
and lactating sows are especially likely to develop
the deficiency. Although estrus and conception occur
normally in calcium-deficient sows there is a tendency to produce an increased number of atrophied
fetuses and stillbirths. The calcium deficiency is
probably only contributory to this condition (Reid,
J.A.V.M.A., 1949, 114, 242). The recommended daily
allowances for swine are as follows: for growing pigs
7.4 Gm. of calcium and 4.9 Gm. of phosphorus at 50
pounds of body weight and 18 Gm. and 12 Gm.
respectively at 200 pounds of body weight; for pregnant gilts, sows, and young boars 16.4 Gm. of calcium and 11 Gm. of phosphorus; for lactating sows
and breeding boars 27 to 41 Gm. of calcium and 18
to 27 Gm. of phosphorus. Poultry, like swine, are
often fed heavily on grain and may develop a calcium deficiency unless oyster shell or some other
calcium-rich supplement is added to the diet. The
recommended allowances for chickens and turkeys in
the feed for starting chicks are 1 per cent of calcium
and 0.6 per cent of phosphorus; for laying and
breeding hens the percentages are 2.25 and 0.75, respectively. The calcium may be fed free-choice rather
than as part of the ration. For more detailed information on nutrient allowances see Recommended
Nutrient Allowances for Domestic Animals, June
1944, National Research Council, Washington 25,
D. C. Rickets is not rare in the dog and is usually
the result of a calcium or phosphorus imbalance or
deficiency rather than low vitamin D (Wilson, Vet.
Rec, 1949, 61, 739). Larger breeds, especially the
Great Dane, are more liable to rickets (Worden,
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Vet. Rec, 1949, 61, 739). Recently Helgebostad and
Bohler (Vet. Rec, 1949, 61, 735) studied the rachitogenic effect of diets poor in calcium and rich in phosphorus and diets rich in calcium and poor in phosphorus in foxes and dogs. In low-phosphorus rickets
it was found that an alteration in diet, especially an
increase in phosphorus intake, resulted in nervous
signs (depression with or without increase in muscle
tone and/or convulsive attacks) which could be corrected by injection of calcium. Spasmophilia developed in low-calcium rickets although convulsions
were relatively rare and sudden changes in the Ca/P
ratio in the feed did not aggravate the nervous signs.
Kirk (Index of Treatment, Williams & Wilkins, Baltimore, 1948, 445) points out that dogs kept in kennels for some weeks or months and fed mainly biscuit
may develop stiffness of gait and bone changes which
respond to calcium and phosphorus therapy.
In milk fever (parturient paresis) of dairy cattle
an acute hypocalcemia occurs. In general, attempts to
prevent this by feeding diets high in calcium have
not been successful. Boda and Cole (J. Dairy Set.,
1954, 37, 360), in experiments on 69 aged cows, obtained data which suggest that a low-calcium highphosphorus diet (calcium-phosphorus ratio of 1:3.3)
fed during the last month before parturition prevents
milk fever. These investigators based their experiments on the assumption that such a diet causes compensatory hypertrophy of the parathyroid glands so
that at parturition sufficient parathyroid hormone
will be secreted to prevent hypocalcemia (see also
Vitamin D).
Calcium Carbonate, Precipitated
This is used as a gastric antacid and an intestinal
protective in diarrhea.
Doses. H., 30 to 120 Gm. (1 to 4 ounces). C, 120
to 360 Gm. (4 to 12 ounces). Sh. & Sw., 7.5 to 15
Gm. (2 to 4 drachms). D., 0.3 to 4 Gm. (5 to 60
grains).
Calcium Chloride
The chemical is used in the same conditions as
calcium gluconate (q.v.), but has the disadvantage
that it is quite irritant to the tissues. For this reason
it cannot be injected subcutaneously or intramuscularly, and is likely to cause sloughing if injected perivascularly by mistake. It is also irritant when given
per os and must be well diluted with water. For
intravenous use 10 or 20 per cent solutions are employed. The injections must be made slowly and with
great care because of the danger of toxic action on
the heart (see calcium). Because of its toxicity it is
rarely employed for parenteral therapy.
It is seldom employed as a diuretic in veterinary
practice.
Doses. H. & C, 15 to 50 Gm. (4 to 12^
drachms), intravenously. Sh. & Sw., 2 to 3 Gm.
(30 to 45 grains) intravenously; larger doses may be
given to large swine. D., 0.5 to 1 Gm. (V/2. to 15
grains), intravenously. The same doses are used
per os.
Calcium Disodium Ethylenediaminetetraacetate (Calcuim Ver senate)
Holm and associates (J.A.VM.A., 1953, 123, 383,
528) have studied the effect of this chelating agent in
lead poisoning in horses and calves. In their initial
trials 4 horses with chronic lead poisoning were
treated with favorable results. Subsequently, experimental lead acetate poisoning in calves was produced
and treated. The results of these trials were encouraging enough to suggest clinical trial of the drug.
In the horses 2 per cent calcium disodium ethylenediaminetetraacetate in physiological saline was administered intravenously at a drop rate of 60 to 80 per
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minute in doses of 1 Gm. of drug per 30 pounds of
body weight. This was repeated daily for 2 three-day
treatment periods 3 to 5 days apart. In the calves
the initial dose was approximately 1 Gm. per 30
pounds of body weight per 24 hours. It was given
subcutaneously in concentrations of from 0.25 to 25
per cent. The latter concentration produced only
transient signs of local pain. Treatment was started
when the poisoned animals showed marked central
nervous system disturbances (fourth to sixth day
after poisoning) and was given every day for 3 to 6
days during the first course and daily for 5 days
during a second course. Four of the 7 poisoned calves
recovered. No data are available on the oral administration of calcium versenate to ruminants (Holm,
Proc. 91st Ann. Mtg. A.VMA., 1954, 33). Holm
(1954) did not find it of value in experimental and
field mercurialism in swine.
Calcium Gluconate
Widely used in veterinary medicine as a source of
calcium in the treatment of various acute and chronic
hypocalcemic conditions, calcium gluconate is preferred to the lactate and chloride because it is less
irritant to the tissues and may be administered intramuscularly and subcutaneously. The acute hypocalcemic diseases of animals include milk fever (parturient paresis) of cattle and similar conditions in
sows, ewes, does, and mares, parturient eclampsia
of the bitch, and transport tetany of cows and ewes.
In the treatment of these diseases calcium gluconate
is given parenterally in large doses. It must be emphasized that such large doses when administered
intravenously may have toxic action on the heart
(calcium rigor) if the blood level of calcium is raised
excessively. For this reason, the doses are to be carefully regulated according to the severity of the hypocalcemia and injected very slowly so that the administration may be stopped in time if toxic action becomes evident. It is also used as a source of calcium,
given by mouth, where this is indicated.
Since it is necessary to give large doses' parenterally,
various methods are employed to secure stable supersaturated solutions. This may be accomplished by
the use of boric acid, soluble calcium salts of saccharic acids, and soluble calcium salts of sulfonic
acids. Boric acid is commonly used, the resulting
compound being known as calcium b or 0 gluconate.
Such supersaturated solutions are available containing
an equivalent of 20 to 30 per cent calcium gluconate.
The doses given in the following are somewhat
lower than those recommended elsewhere. The reason
for this is to foster the use of small doses initially,
in order to avoid toxicity. More drug can be given
if necessary, but under field conditions fatalities are
not rare with intravenous calcium gluconate therapy.
One factor which is important is the rate of injection. With slow injection much larger doses can be
tolerated. For example, Bergman and Sellers (Am. J .
Vet. Res., 1953, 14, 520) calculate that a cow weighing 700 pounds would tolerate 224 Gm. and a 1000pound cow would tolerate 320 Gm. if the total dose
were injected over a period of 45 minutes.
Doses. For parenteral use the stabilized supersaturated solutions are almost exclusively used, although the official calcium gluconate injection (10
per cent) may also be employed. The dose may be
calculated on the basis of 6 Gm. per 100 lb. of body
weight (Caution!). H. & C, 25 to 100 Gm. (6% to
25 drachms), intravenously and or subcutaneously or
intramuscularly. Sh., G. & Sw., 4 to 5 Gm. (60 to
75 grains), intramuscularly usually, also intravenously
with care. Larger doses may be given to large swine.
D., 1 to 2 Gm. (15 to 30 grains), usually injected
intramuscularly. Approximately the same or slightly
larger doses are used for oral administration.
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Calcium Glycerophosphate
This compound was formerly used as a so-called
"nervine tonic" based on the false assumption that it
acts as a specific nutrient for nervous tissue. It is
occasionally employed as a source of calcium and
phosphate where there seems to be a deficiency of
these elements.
Dose. D., 300 mg. (5 grains).
Calcium Hydrogen Phosphate, B.V.C.
This is used in animal feeds as a source of calcium
and phosphorus and together with vitamin D may be
administered in the treatment and prevention of
rickets.
Doses. H., 4 to 8 Gm. (1 to 2 drachms). C, 4 to
12 Gm. (1 to 3 drachms). Sh., 0.3 to 2 Gm. (5 to
30 grains). Sw., 0.5 to 1.5 Gm. (1]/2 to 25 grains).
D., 300 to 600 mg. (5 to 10 grains). Cats, 60 to 300
mg. (1 to 5 grains).
Calcium Hydroxide Solution
This is occasionally employed as a gastric antacid
although it is too weak for this purpose and therefore impractical. There is clinical evidence that it
has value as a gastric sedative in gastritis in the
dog. It is sometimes sprinkled on hay fed to horses
with chronic pulmonary emphysema (heaves). Its
only value when so used is that it will reduce the
inhalation of dust, for which purpose water is fully
as effective. Lime water is frequently mixed with
milk fed to orphaned young animals and to dogs
and cats with gastritis.
Doses. H., 500 to 1000 ml. (J/2 to 1 quart).
D., 4 to 30 ml. (1 to 8 fluidrachms) .
Calcium Hypochlorite
This is used as a dairy disinfectant (see Chlorinated
Lime).
Calcium Lactate
This salt is prescribed in veterinary practice to
supply calcium when this element is deficient. Although it is not too irritant for intramuscular injection and may also be injected intravenously in dilute
solution, it is seldom employed for this purpose,
calcium gluconate being considered the drug of choice.
Given per os it is less likely to irritate the gastric
mucosa than calcium chloride.
Doses. H. & C, 50 to 100 Gm. (uy2 to 25
drachms). Sh. & Sw., 4 to 5 Gm. (60 to 75 grains) ;
larger doses given to adult swine. D., 1 to 2 Gm.
(15 to 30 grains).
Calcium Lactophosphate
The formerly official syrup is frequently employed
in canine practice as a source of calcium where such
therapy is indicated. It is occasionally administered
to young herbivores.
Doses. Foals & Calves, 15 to 30 ml. (l/2 to 1
fluidounce). D., 2 to 4 ml. (y2 to 1 fluidrachm).
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Calcium Phenolsulfonate
The phenolsulfonates have been used as intestinal
antiseptics, in dusting powders for ulcers and slowly
granulating wounds, and in 1 per cent solution in
the eye. It has been demonstrated that they have
no disinfectant action and therefore are of no value in
gastrointestinal infections.
Doses. H. & C, 4 to 8 Gm. (1 to 2 drachms).
D., 120 to 300 mg. (2 to 5 grains).
Calcium Phosphate, Dibasic and Tribasic
These salts are sometimes used in canine practice
as gastric antacids and in rickets as sources of calcium
and phosphorus.
Phosphate
medication
is seldom
needed in rickets.
Doses. H., 30 to 60 Gm. (1 to 2 ounces). D.,
2 to 10 Gm. (i/2 to iy2 drachms) (Milks).
Calcium Sodium Lactate
This salt is used for the same purposes as calcium
lactate (g.v.).
Doses. D., 0.5 to 2 Gm. (7l/2 to 30 grains). Cats,
0.25 to 1 Gm. (4 to 15 grains).
Calcium Sulfate, Dried
This is employed in making plaster of Paris which
is applied to bandages requiring support as in the
immobilization of fractures.
Calumba
Doses. H. & C, 30 to 60 Gm. (1 to 2 ounces).
Sh. & Sw., 2 to 4 Gm. (30 to 60 grains). D., 0.3
to 1.3 Gm. (5 to 20 grains).
Camphor
Camphor is used externally as a counterirritant
and antipruritic, and is found in many antiseptic
dusting powders. For many years it has occupied an
important place in veterinary therapeutics as a respiratory and circulatory stimulant. Despite its wide
use its value for this purpose is doubtful. Since more
reliable circulator}' and respiratory stimulants are
available its use should be discouraged.
Doses. H. & C, 4 to 15 Gm. (1 to 4 drachms).
D., 200 to 600 mg. (3 to 10 grains).
Camphor Injection
Sterile solutions of 10 to 25 per cent camphor in
olive oil or similar vegetable oils are available for
intramuscular injection. These preparations frequently
contain 10 per cent ether. They are used as circulatory and respiratory stimulants and in pneumonia
and bronchitis. Although camphor is thought to be
somewhat expectorant and antipyretic, it probably has
little value for this purpose and it cannot be relied
upon as a circulatory and respiratory stimulant in
profound depression.
Doses. H. & C, 4 to 7 Gm. (60 to 105 grains).
Sh. & Sw., 1 to 2.5 Gm. (15 to 37^ grains). D.,
0.4 to 1.2 Gm. (6 to 20 grains). It is always administered by deep intramuscular injection.

Calcium Mandelate
This is employed in small-animal practice as a
urinary antiseptic. Following oral administration
mandelic acid is excreted in the urine. The antibacterial action of mandelic acid is inhibited in neutral
or alkaline urine and therefore urinary reaction should
be maintained below pH 5 and the pH tested during
therapy.
It is contraindicated in impaired renal function,
urinary obstruction and pyelitis.
Doses. D., 0.5 to 3 Gm. (7H to 45 grains). Cats,
0.3 to 1.5 Gm. (5 to 25 grains). It is given 4 times
daily.

Camphor Liniment
Camphorated oil is commonly used as a counterirritant in pneumonia in dogs as well as in other
species. It is applied liberally to the chest wall and
covered by a cotton bandage held in place by a
many-tailed muslin bandage. Camphorated oil must
not be confused with camphor injection which is
used for intramuscular injection.
Camphor Spirit
Doses. Carminative : H., 30 to 60 ml. (1 to 2
fluidounces) . D., 0.6 to 2 ml. (10 to 30 minims).
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Cannabis
Cannabis has been employed for many years as a
sedative and narcotic for the horse, given by mouth.
For surgical narcosis the fluidextract or tincture was
occasionally administered intravenously. Despite the
fact that the drug precipitates when these preparations arc mixed with blood in vitro, intravenous injection apparently seldom causes harm, although
thrombus and lameness have been attributed to it
(Winslow, Veterinary Materia Medica and Therapeutics, A.V.P.C, 1919). The use of this drug in the
horse has declined in recent years because its preparations vary in potency and the dosage is difficult to
determine (see Wright, Veterinary Anesthesia, 3rd
ed., Alex. Eger, 1952). Its prolonged action is of
value in colic and it is preferred for this reason by
some veterinarians. It is rarely employed in other
species.
Doses. Cannabis Extract. H., 2 to 8 Gm. (]/2 to
2 drachms). D., IS to 120 mg. (% to 2 grains).
Cannabis Fluidextract. H., per os, IS to 30 ml. (l/2
to 1 fluidounce), repeated at one-half hour intervals
to effect; intravenously, from 4 to 5 ml. (1 to 1%
fluidrachms) up to 10 to IS ml. (iy2 to 4 fluidrachms)
may be administered to produce deep narcosis. D.,
0.06 to 0.6 ml. (1 to 10 minims). Cannabis Tincture.
Consult Wright (loc. cit.) for use and dose of this
preparation in the horse.
Cantharides
Cantharides is a commonly employed blistering
agent and is often a component of the blistering
ointments used in equine practice. Its external use
is dangerous in debilitated animals and in small
animals.
Cantharides Tincture
At one time the tincture was used internally as an
aphrodisiac and diuretic. This is obsolete and the
drug is considered too toxic for internal use.
Doses. H., 2 to 4 ml. (]/2 to 1 fluidrachm). D.,
0.13 to 0.3 ml. (2 to S minims).
Cantharidin
In Great Britain cantharidin is preferred to cantharides as an ingredient in vesicants (blisters) because the strength of the preparations can be better
controlled {British Veterinary Codex, 1953). The following Blistering Liquid is listed in the B.V.C., 1953:
cantharidin, 0.4 Gm.; castor oil, 2.5 ml.; rosin, 1.2
Gm.; acetone, to make 100 ml.
Capsicum
This drug has been used in 5 per cent ointment as
a counterirritant, but is generally considered unsafe
owing to its severe action. It has been employed
internally as a carminative and stomachic.
Doses. H. & C, 1 to 4 Gm. (IS to 60 grains).
D., 60 to 500 mg. (1 to 1l/2 grains).
Capsicum Tincture
The tincture is occasionally used as a stimulant
stomachic.
Doses. H. & C, 4 to 8 ml. (1 to 2 fluidrachms).
D., 0.2 to 1 ml. (3 to 15 minims).
Carbachol
Carbamylcholine chloride is usually referred to as
Lentin in veterinary literature. For a comprehensive
review of its use and actions see Mayer, North Am.
Vet., 1946,27, 81.
At present Lentin is most commonly used in largeanimal practice, and is probably used more frequently
than the other parasympathomimetic agents when
such action is desired. It is also employed in smallanimal practice. Two commercial preparations are
available: Lentin for large animals (a 1:1000 solu-
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tion) and Lentin for small animals (a 1:10,000 solution). These preparations are mentioned because the
doses appearing in the literature often are expressed
in ml. without reference to the concentration.
Lentin is used to increase the motility and secretions of the gastrointestinal tract. For this purpose
it is administered in intestinal atony and certain
impactions in the horse, and in the other species. Like
arecoline, it is dangerous when the gut is markedly
distended or the impaction immovable. There is
experimental and clinical evidence that it stimulates
uterine motility, and it is sometimes given in uterine
atony at parturition and in metritis to evacuate the
fluids. In dystocia in sows doses of 2 mg. subcutaneously (repeated in 6 to 8 hours) induces uterine contractions within 20 to 30 minutes and is helpful in
bringing fetuses into the pelvic inlet within reach
and in aiding unassisted delivery, when the cervix is
open (Dean, North Am. Vet., 1944, 25, 222). Benesch
and Steinmetzer (Wien. tierarztl. Wochenschr., 1936,
23, 225) reported that 1 to 3 mg. subcutaneously 30
to 60 hours post-partum strongly stimulates uterine
motility. Doses of 2 to 3 mg. subcutaneously repeated every 3 or 4 days for 4 doses have been employed to expel the uterine contents in pyometra in
cattle following manual expression of the corpus
luteum (Jones, Veterinary Pharmacology and Therapeutics, Iowa State Col. Press, 1954, p. 803). In the
proper dose it will stimulate rumen activity (Dougherty, Cornell Vet., 1942, 32, 269), and it is used
clinically as a ruminatoric although the effective dose
for this action cannot be stated as yet. Doses of 0.5
to 3 mg. will stimulate rumen motility in normal
cattle, while large amounts (4 to 8 mg.) depress
motility. Probably the best way to employ the drug
as a ruminatoric is to give small repeated doses (0.5
to 1 mg.) every 20 minutes until a response can be
detected by palpating the rumen through the flank.
In this way depressant action can be avoided.
Clark and Quin (J. So. African Vet. Med. Assn.,
1949, 20, 36) have surveyed the clinical use of carbachol by practitioners in South Africa. In prussic
acid poisoning it enhances rumen paralysis and is
likely to cause respiratory and circulatory failure.
Moderate doses may be employed in cows up to 8
months pregnant without causing abortion, although
Jones (loc. cit.) points out that doses of 4 to 8 mg.
have caused rupture of the gravid uterus.
Muller (Wissenschaftliche Zeitschrijt Univ. Leipzig, 1952/53, 5, 259) in x-ray studies on pony foals
(4 to 8 months old) found that carbachol depresses
emptying of the cecum and concludes that it is contraindicated in cecal impaction.
Lentin should be used with caution and is contraindicated in advanced pregnancy, heart weakness,
pulmonary diseases, and where there is danger of
rupturing the stomach or intestines, as in excessive
dilatation of these organs, immovable obstruction,
and in aged, debilitated animals.
Doses. Lentin is administered subcutaneously
(never intramuscularly or intravenously) in 1:1000 or
1:10,000 solutions. H., 2 to 4 mg. (Yso to Yio grain).
Colts, 0.5 to 1 mg. OI20 to Ym grain). Foals, 0.2S
to 0.S mg. (Y250 to VI20 grain). C, 2 to 4 mg. (Yzo
to Vis grain) . Calves, 0.5 to 2 mg. (Y120 to Y30 grain).
Sw., 2 to 4 mg. (Y30 to Vis grain) . Pigs, 2 mg. (Y30
grain). Sh. & G., caution, 0.1 to 0.2 mg. (V600 to
Yzoo grain). D., 0.05 to 0.4 mg. CA200 to Viso grain).
Cats, 0.05 to 0.1 mg. (Y1200 to %oo grain).
Carbomycin (Magnamycin)
This antibiotic has not been used extensively in
veterinary practice. Antelyes (J.A.V.M.A., 1954, 125,
228) treated a few dogs and cats with various infections (enteritis, coryza, tonsillitis, metritis, pneumonia, septicemia) with daily doses of 15 to 30 mg.
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per pound of body weight, given orally in divided
doses. It appeared to be effective in some of these
cases and no untoward effects were observed.

Castor

Oil
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and sheep (see Blakemore and McDougall, Vet. Rec,
1946, 58, 400, and Nicholson, Lander's Veterinary
Toxicology, 3rd ed., 1945, p. 151). It is contraindicated in young or weak animals, in animals suffering
from starvation or mineral deficiency, or those that
have been on diets rich in fat and/or protein and
poor in carbohydrate. It is safest to determine the
individual or flock susceptibility by first giving a
small dose or treating a few members of the flock
before the full therapeutic dose is given or the entire
group of animals is treated.
It is administered to the fasting animal in a capsule.
No purgative is given. Care must be taken that the
capsule is not broken in the mouth, because if inhaled
it is irritant (inhalation pneumonia) and also may
produce toxic narcosis. For this reason some workers
prefer to give it in a 20 per cent solution in mineral
oil.
It has been largely supplanted by other anthelmintics for use in the dog and is not considered suitable for cattle and swine, although it is occasionally
used in cattle to control liver fluke infestations (see
Rao, Indian Vet. J., 1944, 20, 234).
Doses. H., 25 to 50 ml. (6*4 to Ul/2 fluidrachms)
for a 1000-pound animal. Sh., 1 ml. (15 minims)
for adults. D. & Foxes, 0.3 ml. per Kg. (2l/2 minims
per pound). Chickens, 4 ml. (1 fluidrachm) per Kg.
(2.2 pounds) of body weight. This is safe for growing chicks, but somewhat toxic for pullets, causing
diarrhea and affecting egg production (Ackert and
Graham, Poultry 5c, 1935, 14, 228).

Carbon Disulfide
This compound is used to remove roundworms and
bot fly larvae from the horse (see Hall et al.,
JA.VMA., 1919, 8, 543; Hall and Avery, J.A.V.M.A.,
1919, 9, 264; Whitney and King, Vet. Bull., U. S.
Army, 1929, 23, 4). The horse is fasted for 18 hours
before administration, and food and water are withheld for 5 hours following. No purgative is given.
For the removal of bot larvae carbon disulfide is
best given immediately after the first freezing weather
and then again in early spring. Since it is irritating
it is administered in a capsule or through a stomach
tube. Care must be taken that the capsules do not
break in the mouth. Tests by Bozicevich and Underwood (Vet. Med., 1932, 27, 360) indicate that solid
capsules containing carbon disulfide adsorbed on magnesium carbonate are not as effective as the liquid
carbon disulfide for the treatment of bot larva infestation. Carbon disulfide has also been employed
in combination with phenothiazine for treating horses
infested with bots, roundworms, and strongyles. The
carbon disulfide may be added to the phenothiazine
in a capsule just prior to administration (Boley, et al.,
J.A.V.M.A., 1950, 99, 408).
Todd and Doherty (J.A.V.M.A., 1951, 119, 363)
recommended use of carbon disulfide for controlling
roundworm infestations in foals. In areas where there
is a heavy population of this parasite it is recommended that foals be treated at 8 to 10 weeks of age
with a dose of 12 ml. orally by stomach tube or
capsule. The recommended dose for yearlings is 16 to
20 ml. Limited trials indicate that carbon disulfide
is effective in removing stomach worms from swine
(see Bozicevich and Wright, Vet. Med., 1935, 30, 390).
The breakage of a capsule of carbon disulfide in the
mouth of a horse may lead to inflammation of the
mucous membranes in the area. This may be minimized by immediately irrigating the mouth with oil.
The inhalation of carbon disulfide vapors causes
acute respiratory distress and the horse may go
down. Fortunately this lasts for only a short time
and fatalities are rare. Contact of the drug with the
skin results in inflammation and blistering or deep
burns may result.
Doses. H., 6 ml. (\y2 fluidrachms) per 250 lb.
body weight. Sw., 0.1 ml. per Kg. body weight (\y2
minims per 2.2 lb.).

Cascara Sagrada
This mild cathartic is used in canine practice. It
is of particular value in chronic constipation, especially that which occurs in old dogs, since it remains
effective even after prolonged use. It is effective 6 to
10 hours after oral administration.
A solution of water-soluble glycosides of cascara
sagrada (Peristaltin) , containing 0.2 Gm. per ml., is
available for parenteral administration. In small animals this is given in doses of 0.75 ml. per 15 pounds
of body weight and in large animals the dose is 10
to 20 ml., depending on size. It may be repeated in
10 to 12 hours.
Doses. D., 0.3 to 2 Gm. (5 to 30 grains). Cascara
Sagrada Elixir. D., 1 to 4 ml. (15 to 60 minims).
Cascara Sagrada Extract. D., 120 to 500 mg. (2 to
Ty2 grains). Cascara Sagrada Fluidextract. D., 0.3 to
2 ml. (5 to 30 minims). Aromatic Cascara Sagrada
Fluidextract. D., 0.3 to 4 ml. (5 to 60 minims).

Carbon Tetrachloride
This is a useful anthelmintic which will aid in the
removal of hookworms and roundworms from the
dog (Hall, /. Agric. Res., 1921, 21, 157; Hall and
Shillinger, ibid., 1923, 23, 163; Meyer and Pessoa,
Am. J. Trop. Med., 1923, 3, 177) and fox (Allen,
J.A.V.M.A., 1922, 61, 31; Hanson and VonVolkenberg, J.A.VM.A., 1923, 64, 318; ibid., J. Agric. Res.,
1924, 28, 331) ; strongyles, roundworms, and bot
larvae from the horse (Hall, North Am. Vet., 1921, 2,
512; Whitney and King, Vet. Bull., U. S. Army, 1929,
23, 4; Salisbury et al., Cornell Vet., 1940, 30, 367) ;
common stomach worms (Hall and Shillinger, North
Am. Vet., 1925, 6, 31; Gordon, Australian Vet. J.,
1939, 15, 118), and liver flukes (Montgomerie, J.
Comp. Path. Therap., 1926, 39, 113; ibid., 1928, 41,
191; Rao, Indian Vet. J., 1944, 20, 234) from sheep;
and large intestinal roundworms from chickens
(Ackert and Graham, Poult. Sci., 1935, 14, 228).
Carbon tetrachloride kills mature flukes in sheep, but
the immature forms are relatively resistant so that it
may be necessary to repeat the dose at monthly intervals. It is a toxic drug that occasionally causes
poisoning in therapeutic doses, particularly in cattle

Castor Oil
Castor oil is used externally as an emollient. It is
a popular and effective cathartic. Its action in the
horse is considered unreliable although it is satisfactory for foals. Doses of 60 ml. are employed in treating intestinal obstruction caused by retention of
meconium in foals. Many practitioners regard it as the
laxative of choice for cattle and calves. It is also
used for the dog, cat, and pig, and is a good cathartic
for these species.
Castor bean poisoning is occasionally encountered
in livestock (Clarke, Brit. Vet. J., 1947, 103, 273).
Geary {Vet. Rec, 1950, 62, 472) reported fatal poisoning of several swine, cattle, and chickens fed a
mash containing castor bean husk (1.2 Gm. of husk
per 100 Gm. of meal). Wooldridge (/. Comp. Path.
Therap., 1918, 31, 94) and White (ibid., 98) reported
poisoning in horses given feed containing castor
beans. Signs of poisoning develop 12 to 48 hours
after ingestion and include abdominal colic, diarrhea,
elevated temperature, weakness, vomiting (swine),
incoordination, shallow respiration, weak pulse, erection of the penis (horses) and clitoris (mares),
muscle spasms, and dysphagia. The average oral
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lethal doses of castor bean for different species are
given by Volker, in Gm. per Kg. of body weight, as
follows: horse, 0.1; ox, 2; sheep, 1.25; swine, 1.4
(Frohner's Lehrbuch der Toxikologie j. Tierarzte, 6th
ed., Enke, 1950).
Doses. H., 250 to 750 ml. (l/2 to iy2 pints).
C, 500 to 1000 ml. (1 to 2 pints). Foals & Calves,
60 to 90 ml. (2 to 3 fluidounces). Sh. & Sw., 60 to
120 ml. (2 to 4 fluidounces). D., 4 to 60 ml. ( 1 to 16
fluidrachms) .

nation and convulsions (Salant and Nelson, Am. J.
Physiol., 1915, 36, 440). Chenopodium oil is contraindicated in pregnant mares or in animals with severe
systemic disease. It should be used with caution in
very young, old or debilitated animals.
Doses. H., 15 to 18 ml. (4 to Al/2 fluidrachms).
F. Lentz (personal communication) states that this
dose is sometimes toxic or even fatal and recommends smaller doses (1 to 4 ml.) as being safe and
effective. Sw., 4 ml. (1 fluidrachm) per 100 lb. body

Catechu
Catechu is employed as an astringent in diarrhea,
especially in horses and cattle. Like the other vegetable astringents it is often ineffective in herbivora
when administered alone. It is frequently combined
with prepared chalk and a carminative (e.g., ginger).
Doses. H. & C, 25 to 50 Gm. (6J4 to 12^
drachms). D., 1 to 2 Gm. (15 to 30 grains).

weight. D., 0.03 ml. (Y2 minim) per pound of bodyweight. This dose is sometimes toxic so that smaller
amounts (0.015 ml. or J4 minim per pound of body
weight) are generally recommended. The total dose
should never exceed 1.3 ml. (20 minims). Cats, 0.015
ml. (J4 minim) per pound of body weight. Since the
cat is especially susceptible most practitioners prefer
to use other anthelmintics.

Cerium Oxalate
Doses. D., 200 to 300 mg. (3 to 5 grains). C,
60 to 200 mg. (1 to 3 grains).
Cetavlon (Cetrimide, B.V.C.)
This cationic detergent is employed as an antiseptic
and cleansing agent. A 1 per cent aqueous solution is
used for skin disinfection and wound therapy. In 0.1
per cent concentration it is useful for washing the
udders of cows and milking equipment since this
concentration is effective against Streptococcus agalactia. Since it is incompatible with soaps, surfaces
previously treated with these and other anionic substances must be carefully rinsed before application.
Chalk, Prepared
This is used for the same purposes and in the
same doses as precipitated calcium carbonate.
Chalk Mixture
Dose. D., 15 to 30 ml. (]/2 to 1 fiuidounce).
Chalk Powder, Compound
This is used in the same conditions as precipitated
calcium carbonate.
Doses. H. & C, 90 to 180 Gm. (3 to 6 ounces).
D., 1 to 6 Gm. (15 to 90 grains).
Charcoal, Activated
Doses. H. & C, 30 to 60 Gm. (1 to 2 ounces).
D., 2 to 8 Gm. (Y2 to 2 drachms).
Chenopodium Oil
This anthelmintic is effective against roundworms
and hookworms in the dog (Hall and Foster, J.
Agric. Res., 1918, 12, 397; Stephenson, Vet. Med.,
1930, 25, 338), and adult strongyles in the horse
(Whitney and King, Yet. Bull., U. S. Army, 192°, 23,
4). It will also remove ascarids in swine, but Enzie
et al. (JA.VMA., 1945, 107, 57) found sodium fluoride (q.v.) to be superior for this purpose. It has
little value in tapeworm infestations and against
ascarids in the horse. It is usually administered to the
fasting animal and followed immediately or preceded
by a cathartic (linseed oil or aloes in the horse, and
castor oil or magnesium sulfate in the other species) .
Diets rich in carbohydrate and poor in fat should
precede the administration of chenopodium oil. It
must be used with great care since poisoning has
been reported frequently with full therapeutic doses,
particularly in swine, dogs, and cats. Nicholson
{Lander's Veterinary Toxicology, 1945, p. 144) attributes this to the variation of ascaridol concentration that may occur in different samples. In dogs
and cats the principal signs of poisoning are depression, salivation and vomiting followed by incoordi-

Chloral Hydrate
Chloral hydrate, either alone or in combination
with other agents, is the most widely employed narcotic and general anesthetic in large-animal practice.
Although its mode of action on all domestic species
is essentially similar, its effects in deep narcotic and
general anesthetic doses differ sufficiently to warrant
separate discussion for each species.
Horses.— In horses chloral hydrate is used for the
following purposes: (1) as a sedative to control nervous excitement associated with abdominal colic and
other painful conditions, and in the treatment of
various diseases where depressant action is required
such as paralytic myoglobinuria, tetanus, rectal prolapse, etc.; (2) as an adjunct to local anesthesia;
(3) as a preanesthetic medicament to minimize resistance to restraint for animals being prepared for
surgery under general anesthesia (e.g., before chloroform anesthesia or further doses of chloral hydrate) ;
and (4) as a general anesthetic. Wright (Veterinary
Anesthesia, 3rd ed., Eger, 1952) considers chloral
hydrate the best narcotic for horses and gives a detailed discussion of its action, methods of administration, and dosage. When given orally it is best
diluted in 6 to 8 liters of water and given via the
stomach tube, or if water is withheld for 24 hours
horses will frequently drink the solution. For intravenous injection a 6 to 10 per cent solution is usually
employed. Since this is irritant escape into the perivascular tissues should be avoided. Wright (Vet. J.,
1944, 100, 135) recommends sodium chloride and
sodium citrate in the solution to lessen its hemolytic
properties and minimize blood coagulation in the
needle. The final solution contains 10 per cent chloral
hydrate and 1 per cent each of sodium chloride and
sodium citrate. This solution may be boiled for 5
minutes, but prolonged boiling causes decomposition.
Although there is general agreement that chloral hydrate isthe narcotic of choice for horses (Tischhauser,
Xorth Am. Vet., 1945, 26, 330; Otto, Tierarztl.
Rundsch., 1942, 419), Fowler (Vet. Rec, 1947, 57, 3)
on the basis of experience in anesthetizing 2000 mules
concluded it was less safe than chloroform (q.v.)
Twelve of the 2000 mules died suddenly during the
recovery' stage. Occurrence of sudden death in horses
following anesthetic doses has been reported (Volker
and Krause, Deutsche Tierarztl. Wchnschr., 1950, 57,
25). Volker and Krause (loc. cit.) concluded that such
fatalities result from cardiac standstill caused by reflex
vagal stimulation engendered by sharp elevation of
blood pressure (pressoreceptor reflex). Such blood
pressure elevation, presumably, could be caused by
increase in sympathetic vasomotor tone and the release of epinephrine in animals struggling during the
recovery period. These investigators point out that
epinephrine and its derivatives should be avoided
when chloral is used as a narcotic or, if its use is
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necessary reflex vagal effects should be blocked by
atropine. Detweiler {Proc. 89th Ann. Mtg. A.V.M.A.,
1952, 119) showed in limited experiments that the
intravenous injection of 0.025 mg. per Kg. of epinephrine inhorses anesthetized with chloral hydrate
(0.15 Gm. per Kg.) caused various cardiac arrhythmias including auricular fibrillation and flutter, ventricular extrasystoles, and auricular tachycardia with
partial heart block. In similar experiments in dogs
(Detweiler, unpublished) auricular fibrillation, ventricular extrasystoles, and fatal ventricular fibrillation
occurred. It appears likely that ventricular fibrillation
may account for these unexplained fatalities in horses.
To overcome some of the undesirable features of
chloral hydrate as a general anesthetic (i.e., excitement
during induction and prolonged stormy recovery
period) magnesium sulfate is sometimes included in
the anesthetic solution. Various concentrations and
doses are recommended. Danks (Cornell Vet., 1943,
33, 344) employed a solution containing 12 per cent
of chloral hydrate and 6 per cent of magnesium sulfate. This is injected slowly (not over 30 ml. per
minute) to effect (200 to 400 ml. total dose). Coffee
(J.A.VMA., 1949, 114, 290) used 45 Gm. of chloral
hydrate and 15 Gm. magnesium sulfate in 500 ml. of
solution, intravenously, for a 1000-pound horse.
Wright (Veterinary Anesthesia, loc. cit.) states that
Vladutiu used a mixture of equal parts chloral hydrate
and magnesium sulfate in doses of 5 Gm. cf each per
50 Kg. There are solutions commercially available containing chloral hydrate and magnesium sulfate in a
ratio of 7.4 to 6.0. For a 1000-pound horse doses of
chloral hydrate and magnesium sulfate ranging from
45 Gm. of chloral hydrate and 15 Gm. of magnesium
sulfate up to 45 Gm. of each have been employed.
One of the variables which permits such a wide range
in total dosage is the rate of injection. The maximum
dose range is too high for safety at the usual rates of
injection (i.e., 5 to 10 minutes). Since the degree of
depression continues to deepen for several minutes (5
to 15) after intravenous injection of chloral hydrate,
doses of 45 Gm. of chloral hydrate and 25 Gm. of
magnesium sulfate should not be exceeded initially
and should be injected over a period of at least 10
minutes. Failure to observe these precautions by
veterinarians using chloral hydrate and magnesium
sulfate mixtures has resulted in fatalities when the
anesthetic was injected to effect within 5 minutes.
Millenbruck and Wallinga (J.A.V.M.A., 1946, 108,
148) introduced an anesthetic mixture ("Army anesthesia") containing chloral hydrate, 30 Gm.; magnesium sulfate, 15 Gm.; pentobarbital sodium, 6.4
Gm.; sufficient water to make 1000 ml. Although
stable preparations are available commercially, the
foregoing mixture must be prepared shortly before administration because precipitation will occur after a
few hours. The solution is given intravenously at a
rate of about 10 ml. per 100 pounds per minute until
the animal begins to stagger. Then the rate of injection is increased until the horse goes down. Administration is continued later if anesthesia is not deep
enough. In a 1000-pound horse 325 ml. given in 3
minutes causes incoordination and the total dose required isabout 670 ml. The dose in cattle is about the
same as that in the horse if the weight of the rumen
contents is subtracted from the total body weight
(Millenbruck, J.A.VMA., 1948, 112, 345). In cast
animals the dose is computed and the solution administered slowly (8 to 15 minutes) to effect. Groves
(J.A.V.M.A., 1951, 119, 50) modified this anesthetic
mixture for use in horses and cattle so that each 500
ml. of final solution contains either 30 Gm. of chloral
hydrate and 15 Gm. of magnesium sulfate or 60 Gm.
and 30 Gm. of each, respectively, together with 100
ml. of ethyl alcohol and 50 ml. of pentobarbital sodium solution containing one grain per ml.
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Cattle. — Chloral hydrate is employed as a sedative
in cattle and empirically in the treatment of ketosis.
In ketosis Bajez (Wiener Tierarztl. Wchnschr., 1954,
41, 203) recommends an initial dose of 30 Gm. (given
by stomach tube) followed by 15 Gm. twice daily for
2 days and 15 Gm. once daily for 3 more days. For
general anesthesia in cattle Frank (North Am. Vet.,
1947, 28, 240) recommends a solution containing 12
per cent of chloral hydrate and 6 per cent of magnesium sulfate, intravenously in doses of 30 ml. for
small heifers to 90 ml. for large bulls. It is not satisfactory for caesarian section because it usually kills
the calf. Wright (Veterinary Anesthesia, loc. cit.)
states that chloral hydrate alone in doses of 4 to 6
Gm. per hundred pounds of body weight, intravenously, may be used to produce light surgical
anesthesia.
Sheep. — Amadon (Univ. Penna. Vet. Ext. Quart.,
1933, No. 33, 7) found that doses of 5 to 8 Gm. dissolved in 20 to 30 ml. of water and given to effect by
slow intravenous injection produced surgical anesthesia in mature sheep. Anesthesia lasts for 0.75 to 1
hour. There is considerable individual variation in
response among sheep (Wright, loc. cit.). In practice
it is generally a safe procedure to inject initially a
dose of 5 Gm. per 100 pounds slowly (5 to 10 minutes), intravenously and then after several minutes
give additional small doses as required.
Swine.— Slatter (North Am. Vet., 1948, 29, 157)
recommends intraperitoneal injection of a 5 per cent
solution for little pigs in doses of 0.15 Gm. per pound
of body weight. For mature hogs a 33 per cent solution is injected intravenously to effect via the ear vein
in doses of 0.06 Gm. (1 grain) per pound of body
weight, with a maximum of 25 Gm. Prugelhof
(Wiener Tierarztl. Monatschr., 1949, 36, 267; 1954,
41, 627) uses similar doses intravenously (12.5 Gm.
per 100 Kg.) in 50 per cent concentration. He emphasizes that with this concentration the rate of injection
must not exceed 10 ml. per minute. The duration of
anesthesia is 30 to 60 minutes. It is contraindicated in
caesarian section because of the danger of fetal death.
Dogs and Cats. — The margin of safety is too narrow to permit the use of chloral hydrate as a general
anesthetic in small animals. In dogs 0.3 Gm. per Kg.
in 10 per cent solution given by slow (5 minutes) intravenous injection produces deep narcosis or light
surgical anesthesia. Laurino (abstr. J.A.V.M.A., 1950,
117, 336) found in cats that doses of 0.6 to 1 Gm.
per Kg. intraperitoneally produced anesthesia lasting
0.25 to 3 hours, but the margin of safety was too
narrow for clinical use.
Poultry.— Hole (/. Comp. Path. Therap., 1933, 46,
47) considers chloral hydrate safer than chloroform
for anesthesia in chickens. A 10 per cent solution may
be administered intravenously. A dose of 0.4 Gm. (6
grains) in birds weighing 1600 Gm. (3 pounds) produced anesthesia lasting 0.25 to 1 hour. Doses of 0.6
Gm. (10 grains) caused death in birds of the same
weight.
Doses. Sedative: H., 25 to 50 Gm. (6% to uy2
drachms). C, 40 to 50 Gm. (10 to 12^ drachms).
Sh. & Sw., 1 to 4 Gm. (15 to 60 grains). D., 0.3 to
1.3 Gm. (5 to 20 grains). Deep narcosis or surgical
anesthesia: H., 5 to 7 Gm. (75 to 105 grains) per 100
pounds of body weight, given intravenously in 6 to
10 per cent solution. C, 4 to 6. Gm. (60 to 90 grains)
per 100 pounds of body weight, intravenously in
dilute solution. Sh., 5 to 8 Gm. (75 to 120 grains)
per 100 pounds of body weight, given by slow intravenous injection to effect. Sw., adults, 6 Gm. (90
grains) per 100 pounds of body weight (maximum
dose not to exceed 25 Gm.) given by slow intravenous injection in 30 to 50 per cent solution; young
pigs, 0.15 Gm. (2^2 grains) per pound of body weight,
injected intraperitoneally in 5 per cent solution.
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Chloralose
Chloralose is used chiefly as an anesthetic for small
laboratory mammals in physiological experimentation.
In dogs and cats the blood pressure is well maintained and it does not interfere with spinal reflexes.
Krzywanek and Bruggemann (Berlin Tierarztl. Wchnschr., 1934, 25, 417) recommend a dose of 50 mg. per
Kg. for sheep, given intravenously in 1 per cent solution. Phillipson and Barnett (Vet. Rec, 1939, 51,
869) used this dose in 4 sheep. It produced deep
narcosis and sufficient relaxation since cutting did not
invoke reflex movement, although head nodding and
paddling movements of the limbs continued. Twice
the recommended dose was given to one sheep without ill effects.
In laboratory animals doses of SO to 80 mg. per
Kg. are employed for surgical anesthesia.
Chloramine-T
This germicide is used for general clinical purposes,
particularly in small animal practice.
Chloramphenicol
Clinical and experimental studies indicate the range
of usefulness of chloramphenicol includes hemorrhagic
septicemia and enteric diseases in cattle; infectious
keratitis and foot rot in sheep and infectious diarrhea
in lambs; infectious diarrhea in colts; enteritis, urinary tract infections, pneumonia, "salmon poisoning,"
"kennel cough," and secondary bacterial invaders in
the distemper complex in dogs; bacterial invaders in
infectious panleukopenia in cats; and infectious sinusitis in turkeys.
Eastman et al. (JA.V.M.A., 1952, 120, 28) found
chloramphenicol of value in hemorrhagic septicemia
of cattle; white scours of calves, and infectious diarrhea of lambs. Riley and Barner (J.A.Y.M.A., 1953,
123, 434) successfully treated bovine keratitis which
failed to respond to the usual medicaments employed
in infectious bovine keratitis, with chloramphenicol
ointment (200 mg. per 3.8 Gm. of ointment).
Gasow and coworkers (North Am. Vet., 1951, 32,
841) and Eastman et al. (loc. cit.) found chloramphenicol useful in the treatment of secondary bacterial infections accompanying distemper and acute
gastroenteritis in dogs. Good clinical results are reported in canine paradistemper (hard-pad disease),
although some individuals develop pneumonia despite
therapy (Toosey, Vet. Rec, 1951, 63, 738; Lambert,
Irish Vet. J., 1952, 6, 530). Cook (North Am. Vet.,
1953, 34, 351) found chloramphenicol palmitate effective in infectious bronchitis ("kennel cough") in dogs.
In addition to its value in distemper Schirmer and
associates (Vet. Med., 1951, 46, 485) reported favorable results in pneumonia and urinary tract infections in dogs and Konde (Auburn Vet., 1951, 7, 87)
concluded that it was useful in gram-negative enteric
infections. Cordy and Gorham (J.A.V.M.A., 1951,
118, 305) found it effective in experimental "salmon
poisoning" in dogs. Magrane and associates (North
Am. Vet., 1953, 34, 39) studied the action of chloramphenicol ointments and solution against external
ocular infections in dogs and concluded that they
were well tolerated and effective.
Apparently the clinical course of feline panleukopenia is favorably influenced by chloramphenicol
therapy (Schirmer et al., loc. cit.). It was of relatively little value in experimental feline pneumonitis
in mice (Kneeland. /. Immunol., 1950, 65, 653) and
kittens (McKercher, Am. J. Vet. Res., 1953, 14, 105).
In experimental infectious sinusitis of turkeys chloramphenicol (0.25 and 0.5 per cent in the feed for
8 to 12 days) was more effective than Terramvcin
(Grumbles and Boney, J.A.V.M.A., 1951, 119, 384).
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Ganthier (Ann. Inst. Pasteur, 1950, 79, 470) in experimental invitro and in vivo studies found several
virulent Pasteurella strains isolated from animals sensitive to chloramphenicol. Faustini (abstr. in Vet.
Rec, 1950, 62, 607) carried out in vitro tests on gramnegative and gram-positive bacteria associated with
bovine mastitis. Against gram-positive bacteria it had
about the same effect as penicillin, while it was superior to penicillin, streptomycin, or 4-4'-diaminodiphenylsulfone against the gram-negative organisms
studied.
Smith (Science, 1950, 112, 274) halted an epidemic
of "red-leg" (Pseudomonas hydrophila) in toads
(Bufo marinus) by treating individual animals with
intragastric doses of chloramphenicol, 5 mg. per 100
Gm. of body weight initially followed by 3 mg. per
100 Gm. twice daily for 5 days.
In sheep local application of a 10 per cent alcoholic
solution of chloramphenicol, repeated 3 times at intervals of 5 or 6 days, is reported to be effective in
foot-rot (Sambrook, Vet. Rec, 1955, 67, 74).
Eads et al. (Am. J. Vet. Res., 1952, 13, 204) showed
in dogs that 150 mg. per Kg. of body weight daily
given orally in 3 or 4 divided doses maintained therapeutic blood levels for most of the period between
doses. Amounts up to 400 mg. per Kg. given over a
24-hour period did not produce any untoward signs
in the experimental animals.
Various blood dyscrasias have been reported in certain susceptible humans apparently owing to the suppressive action of chloramphenicol on the bone marrow (Lewis et al., Antibiot. Chemother., 1952, 2,
601; J.A.V.M.A., 1952, 121, 484). Reutner and Eads
(J. Small Animal Med., 1952, 1, 113) administered
the drug in large daily doses (50 to 200 mg. per Kg.)
to 16 dogs for 1 month or more and observed no evidence of suppression of blood cell formation.
Doses. Calves, 500 mg. (iy2 grains) 3 or 4 times
daily. Colts, 1000 mg. (15 grains) daily. Lambs, 250
mg. (4 grains) twice daily. D. and Cats, 25 to 75
mg. (3/$ to 1% grains) per pound of body weight
daily in divided doses at 8-hour intervals.
Chloramphenicol Palmitate
This ester of chloramphenicol is hydrolyzed in the
intestine and chloramphenicol is absorbed. Cook
(North Am. Vet., 1953, 34, 351) found it palatable
and effective in closes of 10 mg. (approximately %
grain) per pound of body weight 3 times daily in
dogs with infectious bronchitis ("kennel cough").
In calf scours and lamb dysentery doses of 500 mg.
(approximately iy2 grains) 2 or 3 times daily are
recommended.
Chlordane
This is an efficient contact insecticide for certain
common ectoparasites affecting animals. The killing
effect of chlordane is somewhat faster than that of
DDT but slower than hexachlorocyclohexane. On the
other hand its residual action is less than that of DDT
but greater than that of hexachlorocyclohexane
(Graham, Aust. Vet. J., 1948, 24, 257). The acute
oral toxicity of chlordane for laboratory animals is
less than that of DDT, but the chronic toxicity is
greater. When applied repeatedly to the skin chlordane
is more toxic than DDT (Knipling, U.S.D.A. Pamphlet No. E-762, June, 1951). There appears to be
some variation in different lots of chlordane, since in
experimental tests on sheep and goats repeated spraying with a 1.5 per cent suspension led to death in
some animals treated with one particular batch of the
insecticide, while subsequent tests with another batch
did not result in toxicity (Knipling, loc cit.). There
is some indication that repeated spraying of cattle
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leads to accumulation of chlordane in the fat and milk
(Knipling, loc. cit.). For this reason chlordane is not
recommended for use in dairy barns or on milking
animals. In experiments on goats oral administration
of 3 daily doses of 750 mg. per Kg. (Sy2 grains per
pound) of body weight resulted in death. The most
noticeable signs of poisoning in these animals were
dullness, partial anorexia, hyperesthesia, groaning and
bleating, dilated pupils, staggering gait, frequent attempts to urinate, convulsions and finally marked
dyspnea. On autopsy there was gastroenteritis, severe
pulmonary congestion, and congestion and degeneration of the meninges of the brain and spinal cord
(Choudhury and Robinson, Am. J. Vet. Res., 1950,
11, 50). Under experimental conditions poisoning has
also occurred following repeated dipping of sheep and
goats in 1.5 per cent suspension of chlordane or repeated spraying of cattle with a 2 per cent suspension
(Radeleff, Vet. Med., 1948, 43, 342). Some of these
animals showed blindness, cyanosis, and circling movements in addition to the signs described previously.
Chlordane is reported to be effective against the following ectoparasites: (1) Fleas. — Dogs may be dipped
in a solution containing 0.42 per cent technical
chlordane (Turk and Batte, North Am. Vet., 1948, 29,
359). The same concentration has been employed for
cats but there are some reports of toxicity in this
species. (2) Lice. — For beef cattle, sheep, and goats
0.5 per cent sprays or an 0.25 per cent dip of chlordane
in water is reported to be effective (U.S.D.A. Leaflet
No. 308, June, 1951; U.S.D.A. Leaflet No. E-762,
June, 1951; U.S.D.A. Leaflet No. 319, Dec, 1951).
For dogs, dips containing 0.42 per cent chlordane are
employed (Turk and Batte, loc. cit.). (3) Ticks.— The
sheep "tick" (Ked) may be controlled by dips containing 0.25 per cent chlordane (U.S.D.A. Farmers
Bui., No. 2057, Feb., 1953) or 0.5 per cent sprays
(Seghetti and Firehammer, J.A.V.M.A., 1950, 117,
447). Chlordane in a 5 per cent concentration in pine
oil may be applied to the ears of cattle with an oil can
for eradication of the spinose ear tick (US.D.A.
Farmers Bui., No. 980, Feb., 1953). Dog ticks are
controlled by dipping animals in a solution containing
0.42 per cent chlordane (Turk and Batte, loc. cit.).
For spraying premises a 4 per cent emulsion employed
every 2 weeks is effective (Hansens, J.A.V.M.A., 1951,
118, 32). (4) Stable flies and house flies. — Sprays containing 2per cent chlordane may be employed for
spraying premises. Chlordane should not be used in
dairy barns (U.S.D.A. Leaflet No. E-762, June,
1951; U.S.D.A. Leaflet No. 338, May, 1953. (5)
Mange mites.- — A single treatment using a 0.25 per
cent aqueous suspension of chlordane applied with a
power sprayer is reported by some to be highly
effective for sarcoptic mange in swine (Spencer,
J.A.V.M.A., 1948, 113, 153). However, more recent
tests indicate that in certain instances this treatment
may fail to eradicate mites (Roberts and Rogoff,
J.A.V.M.A., 1953, 123, 227). Limited tests on dogs
indicate that dips containing 0.25 per cent chlordane
are of value for sarcoptic mange. Animals should be
dipped for 30 to 60 seconds (Muma and Spencer,
J.A.V.M.A., 1948, 113, 167).
Chiorguanide Hydrochloride (Paludrine)
This antimalarial has been used experimentally in
the treatment of bovine anaplasmosis and canine
babesiasis. Farley and coworkers (Am. J. Vet. Res.,
1949, 10, 214) concluded that chiorguanide was effective in acute anaplasmosis but Splitter (J.A.V.M.A.,
1949, 114, 224) was unable to confirm this and it is
now thought that the compound does not inhibit the
causative organism Anaplasma marginale.
Dickson (Brit. Vet. J., 1949, 105, 305) used oral
and intramuscular doses of chiorguanide hydrochloride
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in dogs with babesiasis. The results were inconclusive
although it was clearly ineffective in two cases.
Chlorinated Lime
Chlorinated lime is used as a sanitary disinfectant
and deodorant. The dry powder may be sprinkled
over stable manure or other organic matter, although
its potency is reduced by contact with organic matter.
Six ounces in 1 gallon of water is recommended for
general household and farm purposes (Dykstra, Animal Sanitation and Disease Control, The Interstate,
1946, pp. 196 to 199). Its use is somewhat limited
owing to its cost, bleaching properties, injurious
action on metals, irritant action, and the fact that
strong solutions will taint food products, the odor
being easily acquired by milk.
Chlorobutanol (Chlorbutol, B.V.C.)
Chlorobutanol is employed as a sedative and
hypnotic and considered useful in gastritis because of
its local anesthetic action on mucous membranes. Its
action on the central nervous system is similar to that
of chloral hydrate. It is added to collyria and hypodermic solutions for its fungistatic action.
Because of its antiemetic action, which results from
both its central nervous depressant effects and local
anesthetic action on the gastric mucosa, it is employed to control vomiting in gastritis and motion
sickness of dogs. Some dogs appear especially sensitive to its action and prolonged incoordination (leg
weakness) may occur following large doses.
Chlorobutanol is sometimes used as a general anesthetic for small laboratory mammals (dogs, cats, rabbits) when prolonged action is required and recovery
unnecessary. It produces deep, prolonged narcosis and
anesthesia lasting several hours and usually terminating fatally. For use the drug is dissolved in alcohol
(4 to 5 parts) and the solution diluted with an equal
volume of water. This is administered orally or intraperitoneally in doses of 0.2 to 0.4 Gm. per Kg. of
body weight. In dogs the smaller dose may be given
following morphine sulfate. During anesthesia there
is a progressive fall in blood pressure and the respiratory center is depressed.
Doses. H., 8 to 16 Gm. (2 to 4 drachms). D., 300
to 600 mg. (5 to 10 grains). Cats are said to be very
susceptible to its action although small doses have
been employed, 30 to 200 mg. (]/2 to 3 grains). It is
best administered in capsules.
Chloroform
Chloroform is employed as an inhalation anesthetic and locally as a counterirritant. Formerly, it
was used as an anthelmintic and as a carminative.
Chloroform is generally considered unsuitable as a
general anesthetic for the dog and cat because of its
narrow margin of safety, the progressive fall in blood
pressure which occurs, and the danger of liver damage
with subsequent jaundice and possible death. It is
occasionally employed to induce anesthesia which is
then continued with ether. At one time mixtures of
chloroform and ether, or alcohol, chloroform, and
ether were used for dogs and cats. Since the ether
volatilizes more rapidly than chloroform the chloroform concentration may increase during the period of
anesthesia, which is the reverse of the result desired.
These mixtures offer no real advantage and their use
has declined.
Chloroform is likewise dangerous for small pigs,
although it is reasonably safe for short periods when
the subjects are large (over 200 pounds).
Sheep should never be anesthetized with the drug
because respiratory failure may occur even before
satisfactory surgical anesthesia, and if the animal survives the attempted anesthesia delayed chloroform

1962

Chloroform

poisoning (liver damage) will very likely follow
(Amadon, Univ. Penna. Vet. Ext. Quart., 1933, No.
49, 7).
In the horse it is the best inhalant anesthetic and
has proved quite safe. An occasional animal dies immediately following anesthesia from convulsions
("chloroform mania"). Foster {Vet. Rec, 1947, 59,
3) on the basis of over 4000 anesthetizations of mules
concluded that chloroform was much safer than
chloral hydrate. The depth of anesthesia was light and
the period of anesthesia short in these cases.
Chloroform is a satisfactory anesthetic for cattle
when general anesthesia is indicated. However, in this
species it is safer and usually more satisfactory to use
narcosis and local anesthesia. Knotts {North Am. Vet.,
1948, 29, 352) considers it the best agent for obstetrical and gynecological work in cattle although
many practitioners prefer epidural anesthesia for these
purposes. Some practitioners {e.g., Hirleman, Vet.
Med., 1948, 43, 96) select chloroform as the anesthetic
of choice for large animals.
A frequent cause of death during induction of anesthesia with chloroform is ventricular fibrillation. In
light chloroform narcosis the heart is hyperexcitable
and excitement and/or epinephrine is likely to induce
fibrillation. In deep anesthesia the danger, which is
most marked in cats and dogs, is reduced (see Meek,
Physiol. Rev., 1941, 21, 324). Acute fatty degeneration of the kidneys, heart, liver, and other parenchymatous organs may follow anesthesia. This damage,
especially that in the liver, may result in death of the
animal (delayed chloroform poisoning). Among domestic animals the sheep is most susceptible; however, fatalities may occur in other species if the period
of anesthesia is prolonged. A high-protein-and-carbohydrate and low-fat diet protects the liver from
chloroform damage (Goldschmidt et al., J. Clin. Inv.,
1939, 18, 277). The normal well-fed dog will tolerate
an hour of surgical anesthesia with little evidence of
severe liver damage. However, if the dog is fasted for
3 days and then anesthetized with chloroform marked
liver damage will be produced and occasionally death
will follow in 2 to 4 days. A single large feeding of
protein 36 hours before anesthesia will protect the
liver against damage. In the protein-depleted dog (lowprotein diet, plasmapheresis) 12 minutes of chloroform
anesthesia will cause liver necrosis and 15 to 20 minutes is frequently fatal, while normal dogs may tolerate 90 minutes of anesthesia with little damage (Miller
and Whipple, Am. J. Med. Sci., 1940, 199, 204). Sheep
appear to be even more susceptible to liver damage
than the protein-depleted dog. Another evidence of
marked species variation in susceptibility to chloroform is the finding of Morris et al. {J. Pharmacol.,
1951, 101, 56) that in equivalent depths of anesthesia, values for chloroform in the blood of humans
are only one-third to one -half as great as those
reached in dogs.
Formerly, chloroform was used as an anthelmintic
for hookworms in dogs and in various anthelmintic
mixtures (Chopra and Chandler, Anthelmintics and
Their Uses, Williams and Wilkins, 1928, 127), but it
has been replaced by tetrachloroethylene, which is less
toxic. The inhalation or intratracheal injection of
chloroform for lungworms of cattle and goats has been
recommended by various authors but its practical
value has not been assessed. Owing to toxicity it is
contraindicated in sheep although small doses have
been used by some workers.
The oral administration of chloroform to cattle and
horses in flatulent colic and intestinal flatulence is
rarely practiced today. The use of this drug, by inhalation, in strychnine poisoning is widely recommended. While it can be so employed the prolonged
action of strychnine is best combated by longer-acting nonvolatile anesthetics such as pentobarbital so-
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dium for small animals and chloral hydrate for large
animals.
Externally it is occasionally used as a rubefacient.
Owing to its volatility the action is of short duration,
which limits its value.
Doses. H. & C, 20 to 50 ml. (5 to Ul/2 fluidrachms). D., 3 to 4 ml. (45 to 60 minims).
Chlorophenothane {DDT; Dicophane, B.V.C.)
This has proved to be a very effective insecticide
for the control of certain ectoparasites of veterinary
importance. The following are some important uses:
(1) Fleas. — Powders containing 5 per cent DDT
are effective for dog fleas (Madden and Knipling,
/. Econom. Entomol., 1944, 37, 138). (2) Stable flies
and house flies. — These are best controlled by spraying the premises and breeding areas. A 2 per cent
residual spray of DDT may be employed (Blakeslee,
/. Econom. Entomol., 1944, 37, 134). (3) Horn flies.
— Water suspensions containing 0.2 to 1.5 per cent
DDT are useful when applied to animals as a pressure spray (Luttermoser, Univ. Penna. Bull., Vet. Ext.
Quart., 1947, No. 28, p. 61). It may be necessary to
repeat treatment every 2 to 4 weeks. DDT should
not be sprayed on milking animals. (4) Lice. — For
beef cattle, sheep, swine, horses, and nonmilking goats
aqueous suspensions containing 0.5 to 1.5 per cent
DDT are of value when applied by a hand spray.
When a power spray is employed, these concentrations
may be reduced by approximately one-half. If preferred, a5 to 10 per cent dust, or a 0.2 to 0.5 per cent
DDT dip may be used instead of a spray. In addition, washes containing 0.25 to 0.5 per cent DDT have
been employed on horses and cattle. For poultry lice
a 5 per cent DDT dust may be applied to birds from
a shaker can (Luttermoser, loc. cit.). (5) Ticks. —
DDT applied as a 10 per cent dust is effective against
the brown dog tick and the American dog tick. If
necessary treatment may be repeated at 3 -day intervals (Luttermoser, loc. cit.). DDT is also of value for
the cattle tick, Gulf Coast tick, Lone Star tick, and
winter tick when used as a 2.5 per cent spray followed
by 0.75 per cent spray every 2 weeks. For further
references on actions and uses of DDT see Kanegis
and Roepke, J.A.V.M.A., 1946, 108, 316; Jones, North
Am. Vet., 1946, 27, 492; Kemper et al., Am. J. Vet.
Res., 1948, 9, 373).
DDT should not be employed in the dairy barn or
on milking animals since it is secreted in the milk and
may appear in toxic amounts (Telford and Guthrie,
Science, 1945, 102, 647; Spicer et al., Vet. Med., 1947,
42, 289). The compound has also been found in appreciable amounts in the milk of bitches after oral
administration (Woodard et al., Science, 1945, 102,
177). Poisoning may result from ingestion of DDT
or absorption from the skin. In both instances solutions of DDT in oil are considerably more toxic than
the dry form or aqueous suspensions. For this reason,
solutions in oil should not be applied to animals and
special care must be taken to prevent contamination
of feed. Cats and dogs are likely to lick off DDT when
it is applied to the skin, and therefore it must be
used on these species with caution. Cats are especially
susceptible to DDT and cases of poisoning have been
reported following its application as a wash (Neve,
Vet. Rec, 1946, 58, 469) or as a dust (Kirk, Vet.
Rec, 1946, 58, 465). Signs of DDT poisoning are in
general related to its effects on the central nervous
system. Animals show hyperexcitability, generalized
fine and coarse tremors of skeletal muscles, occasionally aflaccid type of paralysis and convulsions. Diarrhea and vomiting may also be present. The signs of
central nervous system disturbance may persist for a
number of days followed by recovery or death. DDT
shows a marked tendency to accumulate in the body
and doses much smaller than those necessary to pro-
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duce toxic signs when given at one time may be fatal
when repeated over a period of days. In the cat oral
doses of 100 to 300 mg. per Kg. of body weight produce toxic signs but animals often recover, whereas
doses of 50 mg. per Kg. daily for 12 days result in
death (Smith and Strohlman, Pub. Health. Rep., 1944,
59, 984). Daily doses of 100 mg. per Kg. of body
weight lead to signs of poisoning in dogs (Vaz et al.,
Science, 1945, 101, 434). Cattle, sheep and horses
tolerate DDT powder given orally in daily doses of
100 to 200 mg. per Kg. of body weight for a 3-week
period, although some cattle show anorexia and muscular tremors (Nelson et al., Pub. Health Rep., 1944,
59, 1009). Chickens show hyperexcitability and
tremors when fed a diet containing 0.05 to 0.1 per
cent DDT. Liver changes form the most characteristic post-mortem lesion in animals dying of DDT poisoning. The changes are not unlike those occurring
with carbon tetrachloride and chloroform poisoning
and consist of hyaline degeneration, varying degrees
of fatty metamorphosis and vacuolization of liver
cells (Lillie and Smith, Pub. Health Rep., 1944, 59,
979; Lang et al., J.P.E.T., 1950, 98, 268). Vaz et al.
(loc. cit.) showed that calcium gluconate when given
intravenously in a dose of 2 to 3 Gm. (30 to 45
grains) to dogs is effective in controlling signs of DDT
poisoning. Suitable narcotics may also be employed
to control tremors and convulsions in various species.
Chlorophyll
Although general agreement regarding its clinical
usefulness is lacking, chlorophyll derivatives have been
recommended orally in the treatment of various body
and breath odors of dogs (Serling, Vet. Med., 1950,
45, 291) and to control estrual odors in bitches
(Burkhardt and Phillips, /. Small Animal Med., 1952,
1, 47). Worden and Waterhouse {Vet. Rec, 1952, 64,
573) found that oral doses of from 33 to 150 mg. of
a chlorophyll preparation decreased halitosis in dogs
weighing from 21 to 75 pounds, beginning 30 to 60
minutes after dosing and continuing for 4 to 6 hours.
There was no effect on odors associated with the coat.
Repeated oral administration of chlorophyll to bitches
in proestrus and estrus did not reduce attraction for
male dogs. Chlorophyll ointments have been used to
control odors and promote healing in surface wounds
(Schaffer, North Am. Vet., 1950, 31, 817).
Chloroquine (Aralen)
This antimalarial was reported to be effective in
the treatment of bovine anaplasmosis (Anaplasma
marginale) (Farley et al., J.A.V.M.A., 1950, 116, 124;
Pearson, North Am. Vet., 1950, 31, 797) but in experimental animals (Miller et al., Am. J. Vet. Res.,
1953, 14, 517) it failed to show any activity against
the organism. In summarizing attempts at chemotherapy itwas concluded that only oxytetracycline
and chlortetracycline show an inhibitory effect (Christensen et al., Proc. 57th Ann. Mtg. U.S.L.S. Assn.,
1953, 99). The doses used for mature animals were
0.4 to 0.9 Gm. of chloroquine dihydrochloride given
intravenously in 2 equal doses 48 hours apart.
Chlortetracycline Hydrochloride
Hydrochloride, B.V.C.)

(Aureomycin

This broad-spectrum antibiotic is effective against
a large number of bacterial diseases of animals and
at least one viral and one rickettsial disease. Among
the conditions for which there is published evidence
of its value are: calf pneumonia, calf scours, shipping
fever, infectious pododermatitis, acute and chronic
mastitis, and metritis in cattle; strangles, shipping
fever, bacterial invaders in upper respiratory infections and foal septicemia in horses ; enteritis, coccidiosis, salmonellosis and baby pig diarrhea in swine;
pneumonia, gastrointestinal infections, bacterial infec-
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tions associated with distemper, leptospirosis, "salmonpoisoning," coccidiosis, and urogenital tract infections
in dogs; bacterial invaders in infectious enteritis and
coryza and the virus of infectious pneumonitis in cats.
Equine strangles (Sheetz, Vet. Med., 1951, 46,
39), foal septicemia (Doll et al., Vet. Med., 1951, 46,
84, 123, 491), and various local infections such as
sinusitis and alveolar periostitis, "grease-heel," and
quittor in horses respond to Aureomycin.
Chronic bovine mastitis caused by streptococci
(Slanetz and Allen, J.A.V.M.A., 1950, 117, 392) and
certain strains of staphylococci (Slanetz and Allen,
loc. cit.; McCulloch, et al, Vet. Med., 1949, 44, 253;
Packer, Vet. Med., 1950, 45, 199; Edwards, J. Comp.
Path. Therap., 1954, 64, 275) may be cured by Aureomycin instilled into the infected quarters. Chronic
udder infections caused by coliform organisms and
corynebacteria show variable response to the drug
and pseudomonas infections are resistant. In acute
septic mastitis Aureomycin administered intravenously and by udder infusion is frequently successful
(Lower, North Am. Vet., 1950, 31, 800; Easterbrook,
J.A.V.M.A., 1950, 116, 48; Bell and Jordan, Vet.
Med., 1951, 46, 134).
Bortree and associates (Penn. State Coll. Ag. Exp.
Sta. Prog. Rpt. No. 63, 1952) and others (Lower,
loc. cit.) have found Aureomycin effective against calf
scours, and calf diphtheria (Chivers, J.A.V.M.A., 1952,
31, 120) also responds. It is useful in infectious
pododermatitis and metritis (Lower, loc. cit.) of
cattle. Aureomycin appeared to be of some value in
listeriosis of cattle but not in sheep (Gray and Moore,
North Am. Vet., 1953, 34, 99). It has been shown
experimentally (Brock et al., Am. J. Vet. Res., 1953,
14, 510; North Am. Vet., 1953, 34, 408) that large
doses (30 to 50 Gm. given intravenously in 3 to 5
divided doses 12 hours apart) in cattle with anaplasmosis produced a negative phase during which the
disease was not transmitted by subinoculation. While
it will destroy carrier infection (Foote and Wulf,
North Am. Vet., 1952, 33, 406), it is evidently of no
therapeutic value in acute anaplasmosis of cattle but
used prophylactically will prevent the development of
the disease in susceptible individuals (Foote et al.,
North Am. Vet., 1951, 32, 547). The drug fails to
eliminate Brucella abortus from cattle (Larson and
Gilman, Cornell Vet., 1950, 40, 259; Brvan and Boley,
Vet. Med., 1951, 46, 158).
Various enteric infections of swine can be controlled
by chlortetracycline therapy. Investigators cooperating
with Lederle Laboratories (Aureomycin, Lederle Lab.
Publication, 1952) effectively treated enteritis in over
4000 swine with fermentation products incorporated
in the feed at levels providing 50 mg. of Aureomycin
per pound. Coccidiosis, salmonellosis, necrotic enteritis, baby pig diarrhea and vibrio dysentery responded to treatment. Salisbury et al. (J.A.V.M.A.,
1951, 118, 176) found it effective in reducing the
severity of swine dysentery, either given in the feed
or administered in gelatin capsules. An experimental
study (Bunnell et al., Am. J. Vet. Res., 1953, 15, 160)
indicated that Aureomycin may have some beneficial
effect in Brucella 5«w-infected swine.
"Stiff -disease" in sheep, the cause of which is unknown, isreported to respond to doses of 100 to 300
mg. every 6 hours (Boughton, North Am. Vet., 1951,
32, 229). Experimental trials in sheep (Percival et al.,
Cornell Vet., 1953, 43, 92) showed Aureomycin to be
effective in reducing mortality from blackleg (CI.
chauvaei) .
Brunner and Meyer (Am. J. Vet. Res., 1950, 11,
89) showed experimentally that chlortetracycline was
effective against leptospirosis in dogs, and Heuer
(Tierdrztl. Umschau, 1953, 50) reported favorable
results in several cases diagnosed clinically. Cordy and
Gorham (J.A.V.M.A., 1951, 118, 305) found it effec-
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tivc in experimental "salmon-poisoning" in dogs,
which is presumed to be caused by a rickettsia-like
organism. Konde (Auburn Vet., 1951, 7, 87) found it
was useful against gram -negative enteric infections of
dogs which had not responded to sulfonamide therapy
and Burkhart and Tennison (Vet. Bui. Lederle, 1954,
13, 10) reported favorable response in nonspecific
diarrhea and hemorrhagic enteritis in dogs. Clinical
improvement in canine coccidiosis (Isospora bigemina)
with rapid control of diarrhea occurs following
Aureomycin therapy although complete disappearance
of oocysts from the feces requires a variable length of
time (Altman, J.A.V.M.A., 1951, 119, 207). Several
reports attest to the clinical value of Aureomycin
against secondary bacterial invaders in canine distemper (Heuer, loc. cit.; Jones et al., Vet. Rec, 1951,
63, 874). It also is effective in pneumonia of dogs,
sometimes producing dramatic recoveries (Archibald
and Chappel, Can. J. Comp. Med., 1950, 14, 190), and
has value in various upper respiratory infections.
Aureomycin ointment is useful in otitis externa, conjunctivitis and keratitis, skin infections and infected
wounds in dogs and cats (Harms et al., JA.VM.A„
1950, 117,462).
While the virus of feline enteritis (distemper or
panleukopenia) is not directly acted upon by chlortetracycline itsuse in clinical cases markedly reduces
the mortality rate (Slappey and Stapleton. North Am.
Vet., 1950, 31, 534; Hage, Calif. Vet., 1950, 3, 26;
Frank, Vet. Med., 1952, 47, 327). It is effective against
the feline pneumonitis virus (McKercher, Am. J. Vet.
Res., 1953, 14, 105) and has been used to control
various bacterial infections in this species.
Chlortetracycline controls certain common bacterial
diseases of fur-bearing animals such as urinary infections, diarrhea, and pneumonia in mink, enteric infections in chinchillas, and shigella infections in foxes
(Aureomycin, Lederle Publication, 1952).
Experimental work indicates that this antibiotic
may find application in various diseases of poultry.
Infectious sinusitis of turkeys, in some instances, will
respond to intrasinus injection of chlortetracycline
(Prier, J.A.VM.A., 1950, 117, 139) although it is
unlikely to prove valuable as a therapeutic agent.
Preliminary studies suggest that it may be beneficial
in therapy and prophylaxis of fowl cholera and fowl
tvphoid and in intestinal coccidiosis (Prier, Proc. 87th
Ann. Mtg. A.VM.A., 1950, 159). Urban (J.A.V.M.A.,
1954, 125, 151), in a controlled study on 140 birds,
found that oral doses of 50 mg. daily for either
1 or 3 days failed to significantly affect bumblefoot
(Staphylococcus albus and Pseudomonas sp. infection)
in chickens. Certain other diseases also respond under
experimental conditions, but recommendations for
clinical use cannot be made at this time.
Aureomycin was the first antibiotic shown to have
a growth-promoting effect on young growing animals
(see monograph on Antibiotics in this part). When
it is incorporated in the feed in concentrations of
9 to 20 Gm. per ton for pigs and from 1 to 10 Gm.
per ton for poultry a growth response is produced,
while a similar effect is obtained in calves with daily
amounts of 50 to 100 mg. (Braude et al., Nutr. Abst.
and Rev., 1953, 23, 473).
When given to cats infested with ascarids in daily
doses of 1 Gm. Brown (Antibiot. Chemother., 1953,
3, 243) found that about 86 per cent of the helminths
were removed.
Aureomycin is also of value, used locally, in ointment form, and systemically in the management of
wound infections, furunculosis, abscesses, osteomyelitis,
anal pouch infection, and other localized infections.
Oral administration in large animals may cause
inappetence and dehydration and in adult ruminants
it upsets the rumen flora, causing digestive disturbances (Kanegis et al., Vet. Med., 1950. 45, 313). It is
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concentrated in the milk and urine in cattle. The concentration inthe milk is equal to or higher than that
in the blood while the greater concentration and
elimination occurs in the urine (Schipper and Petersen, Vet. Med., 1952, 47, 367). Following intramammary infusion of therapeutic doses milk levels sufficiently high to inhibit common mastitis pathogens
persist for over 60 hours (Kanegis, Lederle Publication, loc. cit.).
Doses. H. & C, except in young non-ruminating
calves it is administered intravenously, 2 to 5 mg.
O/io to Y12 grain) per pound of body weight per day,
in 1 dose or in 2 divided doses. Sw., administered in
the ration in concentrations of 1.25 to 2.5 Gm. (19 to
ni/2 grains) per 100 pounds of feed. D. & Cats,
orally, 10 to 25 mg. (% to ^ grain) per pound of
body weight daily given in 2 equal doses at 12-hour
intervals; intravenously, 2 to 5 mg. (l^o to Vi2 grain)
per pound of body weight daily. C, intramammary
infusion, 7.1 to 14.2 Gm. (^ to }/i ounce) of ointment
containing 60 mg. Aureomycin per Gm. per quarter,
repeated at 48-hour intervals if necessary ; intrauterine, one 500-mg. (ll/2 grains) oblet or more.
Choline
Choline is an essential dietary1 factor in chickens,
dogs, rabbits, and rats. In experimental deficiency,
fatty liver, hemorrhagic kidney degeneration in rats
and perosis ("slipped tendon") in chicks and poults
occur. It aids in preventing and curing fatty livers following carbon tetrachloride poisoning and has been
found effective in dietary therapy of disorders associated with fatty liver in man (Blumberg and Tainter,
/. Royal Egyptian Med. Assn., 1947, 22, 47). Greene
and Hoerlein (Xorth Am. Vet., 1951, 32, 166), on the
basis of experience with 17 cases of hepatosis in dogs,
concluded that choline therapy was apparently of
daily. They recommended doses of 40 mg. per Kg.
value.
Doses. D., 20 mg. (l/z grain) per pound of body
weight daily.
Chrysarobin
This is used for the same general purposes as in
human medicine.
Chymotrypsin
This proteolytic enzyme obtained from pancreatic
tissue (see Pancreatin) may be employed in purified
form to digest necrotic tissue and debris in wounds.
Johnson and Ferguson (Vet. Med., 1954, 49, 265), in
reporting on its use in veterinary practice, state that
it is indicated in chronic lesions where there is excessive necrotic tissue and exudate without adequate
drainage. It is also useful in place of surgical debridement. It may be used topically or injected into cavities
in solution, dry crystals, or gelatin capsules. In some
cases following application a fever may develop, presumably owing to the absorption of protein splitproducts.
Cobalt
Since cobalt is a constituent of vitamin B12. it can
be considered essential to all animals, but only ruminants have been known to develop cobalt-deficiency
disease under experimental or field conditions
(J.A.VMA., 1948, 112, 479; 113, 275; Marston,
Physiol. Rev., 1952, 32, 66). It has been shown that
vitamin B12 production in the rumen of cobaltdeficient sheep is subnormal (Hale et al., J. Animal
Sci., 1950, 9, 414), that cobalt is apparently needed
onlv in the forestomachs (Phillipson and Mitchell,
Brit. J. Nutr., 1952, 6, 176), and that large doses of
B12 will prevent cobalt deficiency effects in
vitamin
1062). (Smith
lambs
and Koch, /. Animal Sci., 1951, 10,
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Thus cobalt deficiency in sheep, and probably other
ruminants too, causes disease because of a severe vitamin B12 deficiency. Whether or not other food factors
are involved in the deficiency has not been finally
determined (Marston, loc. cit.).
Cobalt-deficient areas have been located in Florida,
Wisconsin, New York, Michigan, New Hampshire,
North Carolina, Australia, New Zealand, Scotland,
Ireland, Canada, the British Isles, Norway, Denmark
and elsewhere (J.A.VM.A., 1948, 113, 275; Marston,
loc. cit.). Ruminants grazing on such soil develop
anemia, inappetence and finally die, but horses grazing the same pastures are unaffected. Two pounds of
cobalt sulfate or chloride per acre of soil, added for
distribution to sand or superphosphate, will remedy
the deficiency or 2 Gm. of cobalt sulfate may be
mixed in each ton of ground grain for grain-fed animals. A total daily ingestion of 0.07 to 0.08 milligram
of cobalt per sheep is an approximate minimum daily
requirement (Marston, loc. cit.). Deficiency may be
prevented in sheep by giving free access to salt containing 15 Gm. of cobalt sulfate per 100 pounds. Since
one of the results of cobalt deficiency is inappetence,
cobalt may have to be forced in sick animals. It must
be administered orally and frequently (i.e., about
3 times weekly).
It has been found that cobalt sulfate is beneficial
in certain cases of bovine ketosis (Henderson, Cornell
Vet., 1947, 37, 292; J.A.VM.A., 1948, 112, 393) and
the daily administration of 30 ml. of a solution containing 30 Gm. of cobalt sulfate per gallon of water
for 4 or 5 days and half this amount for several days
thereafter is suggested (Link, J.A.V.M.A., 1949, 114,
237).
Over 40 mg. of cobalt per hundred pounds of body
weight per day is toxic in calves (Ely et al., J. Animal
Sci., 1948, 7, 239) and from 200 to 500 mg. per 100
pounds of body weight causes weight loss in sheep
(Becker and Smith, J. Animal Sci., 1951, 10, 266).
Sheep tolerated doses up to 160 mg. per hundred
pounds of body weight for at least 8 weeks.
It has been shown that nonbacteriostatic concentrations of cobalt potentiate the antibacterial action
of certain antibiotics (Pratt and Dufrenoy, Antibiotics,
2nd ed., Lippincott, 1953). This effect has been demonstrated, in vitro, for penicillin, bacitracin and
streptomycin, but no enhancement of activity was
noted when cobalt was combined with oxy tetracycline,
chlortetracycline, chloramphenicol, or polymyxin
(Trace and Edds, Am. J. Vet. Res., 1954, 15, 639).
On the basis of this action it has been included in
some antibiotic preparations employed in the treatment of mastitis.
Cobalt Chloride and Cobalt Sulfate
Doses. Prophylactic, Calves, 10 mg. {%
C, 25 mg. m, grain) ; Lambs, 2.5 mg. (^5
Sh., 5 mg. (1^2 grain) . Therapeutic, Calves,
(3 grains) ; C, 500 mg. (iy2 grains) ; Lambs,
(M grain) ; Sh., 100 mg. (ll/2 grains).

grain) ;
grain) ;
200 mg.
50 mg.

Cocaine Hydrochloride
Cocaine hydrochloride is employed as a local anesthetic for such purposes as blocking nerves and
anesthetizing mucous membranes. However, procaine,
being less toxic, is preferred for hypodermic use. One
per cent solutions are used for skin infiltration and
mucous membrane anesthesia, 2 to 2.5 per cent for
regional anesthesia by perineural injection, and 2 to
4 per cent for anesthetizing the cornea. Owing to its
stimulant action on the central nervous system, care
must be taken that the subcutaneous dose is not sufficient to produce undesirable symptoms. Hobday gives
the following maximum doses for subcutaneous injection: Horses, 750 mg. (12 grains); large dogs, 120
mg. (2 grains) ; small dogs, 50 mg. (34 grain) ; cats,
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15 mg. (% grain). However, horses may show excitement, restlessness and trembling with subcutaneous
doses of 500 mg. (7l/2 grains) and dogs show evidence
of central nervous system excitation following subcutaneous doses of 10 to 15 mg. per Kg. of body weight
(Volker, Frohner's Lehrbuch der Toxikologie f. Tierdrzte, 6th ed., Enke, 1950).
Cocaine is a useful gastric sedative for the dog.
It is occasionally employed for its systemic effects as
a central nervous system stimulant, and at one time
was used as a medullary stimulant in collapse, but it
has been replaced by safer and more reliable drugs
for the latter purpose.
Doses. H., 300 to 600 mg. (5 to 10 grains). D.,
gastric sedative, 4 to 8 mg. (^4.6 to % grain) in dilute
solution.
Cocillana
This is employed in
expectorant for small
emesis and diarrhea.
Doses. D., 0.3 to 1
300 to 600 mg. (5 to 10

certain cough remedies as an
animals. Larger doses cause
Gm. (5 to 15 grains). Cats,
grains).

Cod Liver Oil
Cod liver oil is used to supply vitamins A and D
as a food supplement, and in conditions where one
or the other of these vitamins is thought to be deficient. Recommended vitamin A and D allowances
for livestock have been published by the Committee
on Animal Nutrition, National Research Council,
1944-50
Vitamin A
Vitamin D
U.U. daily per
(I.U. daily per
100 lb. body wt.)
Animal
100 lb. body wt.)
3000
Horses
300
Sheep
3000
Cattle
300
250
4200
2600
Swine
In the dog a daily intake of 70 I.U. of vitamin A
and 10 to 20 I.U. of vitamin D per Kg. of body
121).
weight is suggested by Krehl (J.A.V.M.A., 1947, 110,
The recommended requirements for chickens when
fed per pound of feed are as follows: vitamin A,
1200 I.U. for starting chicks and 3300 I.U. for laying
and breeding hens; vitamin D, 180 A.O.A.C. units
for starting chicks and 450 A.O.A.C. units for breeding and laying hens. For turkeys the recommended
allowances per pound of feed are: vitamin A, 2500
I.U. for poults and 4000 I.U. for breeders; vitamin D,
360 A.O.A.C. units for poults and 450 A.O.A.C. units
for breeders.
Allcroft in a review of the literature (Vet. J., 1945,
101, 215) gives the daily requirement of vitamin A
for horses, dogs, cattle, sheep, and pigs as 20 I.U. per
Kg. of body weight, and that for birds as 1800 I.U.
per pound of feed. She states that about three times
the minimum amount of vitamin A is considered
necessary for significant storage and reproduction.
When cod liver oil is fed to herbivora for prolonged
periods, toxic effects are observed including skeletal muscular degeneration, myocardial degeneration,
paralysis, and death. The injury is not due to either
vitamin A or D. It may be the result of some antagonism between vitamin E and an antivitamin in the
cod liver oil (see Brody, Bioetiergetics and Growth,
Reinhold, 1945, p. 773). Because of this action it is
not wise to feed cod liver oil for prolonged periods
to herbivora. It is safer to use a vitamin concentrate.
Cod liver oil may lose its vitamin content owing
to oxidation when stored. Loss of potency in feedstuffs depends on particle size and storage conditions.
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When added to mineral mixtures the loss of vitamins
is very rapid (B.V.C., 1953).
Cod liver oil is used locally in the treatment oi
wounds, burns, abscesses, and similar conditions to
promote healine.
Doses. H. & C, 15 to 60 ml. (Y2 to 2 fluidounces).
Sh. & Sw., 4 to 15 ml. (1 to 4 fiuidrachms) . D. &
Cats, 0.5 to 8 ml. (8 to 120 minims). Poultry, % to
1 per cent in the feed.
Codeine
Codeine is employed to overcome useless and unproductive cough in the dog. Although it is recommended for similar use in large animals, it is seldom
employed.
Dose., H. & C, 0.2 to 2 Gm. (3 to 30 grains).
D., 4 to 60 mg. (Ho to 1 grain).
Codeine Phosphate
Dose. H. & C, 0.2 to 2 Gm. (3 to 30 grains).
D., 4 to 60 mg. (Hs to 1 grain).
Codeine Sulfate
Dose. H. & C, 0.2 to 2 Gm. (3 to 30 grains)
D., 4 to 60 mg. (Ho to 1 grain) .
Colchicine
Chesney {Vet. J., 1947, 103, 387; J AY MA., 194S,
112, 354) reported use of colchicine in treating
mammary tumors in 3S bitches. Six doses were given
at 3-day intervals as follows: 2 doses of 0.025 mg.,
2 doses of 0.05 mg., and 2 of 1 mg., each dose being
dissolved in a volume of 1 ml. The earliest noticeable reaction occurred in 2 to 4 weeks after the last
injection. Tumors about the size of a walnut were
usually reduced to about two-thirds their initial size
and remained small. Tiny growths disappeared altogether. When large or refractory mammary tumors
were removed surgically the author thought the drug
prevented recurrence. The result of colchicine cancer
therapy is variable (see Anthony, Vet. J., 1949, 105,
67) and not recommended in lieu of surgery. For information on the pharmacology of the drug see
Ferguson, /. Pharmacol., 1952, 106, 261.
Copper
Although disease resulting from copper deficiency is
rare in North America, it is known to occur in
Florida and has been reported in Holland, England,
Australia. Norway, Sweden. New Zealand and elsewhere (Marston. Physiol. Rev., 1952, 32, 66). Two
types of copper deficiency are recognized: simple
copper deficiency, due to lack of copper in the diet,
and conditioned copper deficiency, in which the disease is induced owing to the presence of some unknown factor in the pasture, despite the presence of
adequate copper (Allcroft, Vet. Rec, 1952, 64, 17).
Although copper is an essential nutrient for all animals, deficiency has been most often recognized in
ruminants. Lambs born of ewes deficient in copper
show demyelination of the central nervous system
(neonatal ataxia, swayback, enzootic ataxia). The
condition may be prevented by supplying copper to
the ewes, or arrested by administering it to the lambs.
The ewes may be otherwise healthy. In cattle the
disease is characterized by severe diarrhea, debilitation, depigmentation of hair, and ataxia. Microcytic,
hypochromic anemia develops in copper deficiency.
Swayback in lambs can be prevented by providing
the ewes with a salt lick containing at least 0.3 per
cent copper sulfate or by dosing each ewe orally with
1 Gm. of copper sulfate in 30 ml. of water 8 and 4
weeks before lambing or by injecting 20 mg. of copper sulfate intravenously 6 weeks before term. Cattle
can be treated with oral doses of 10 to 20 Gm. of
copper sulfate or 0.5 Gm. intravenously (Jones, Vet-
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erinary Pharmacology 6r Therapeutics, Iowa College
Press, 1954).
Sheep are especially susceptible to copper and
chronic poisoning may occur in animals pastured on
forage contaminated with copper-containing orchard
sprays (Muth, J. A.VMA., 1952. 120, 148). Experimentally 0.6 to 1 Gm. of copper sulfate daily to
sheep results in toxic effects within 3 to 10 weeks.
Cattle will tolerate repeated doses of 20 to 40 Gm.
of copper sulfate and single doses up to 100 Gm., but
doses
of from 200 to 400 Gm. are fatal (Jones,
loc. cit.).
Corticotropin (ACTH)
This hormone of the anterior pituitary gland has
been employed most extensively for the treatment of
acetonemia (ketosis) in the cow (Shaw et al., Science,
1951, 114, 574; ibid., Xorth Am. Vet., 1953, 34, 251;
Jordan, Vet. Rec, 1954, 66, 174; Rogers, J A.VMA.,
1954, 125, 294). In a recent report Shaw et al. {Proc.
91st Ann. Mtg., A.VMA., 1954, p. 78) recommended
600 International Units intramuscularly as the optimal dose in most cases, and stated that 2 injections
given on successive days give better results than a
single treatment. Rogers (ice. cat.) found that a single
injection of 120 to 180 units is sufficient in many
cases but where response is delayed repeated treatments are indicated. Shaw's group (loc. cit.) reported
that treatment with 500 ml. of a 50 per cent glucose
solution containing 100 units of ACTH gave good results in treating acetonemia, but Rogers (loc. cit.)
found that the combined treatment was not superior
to the use of ACTH alone. The clinical response to
ACTH in this condition is associated with a rapid
rise in blood glucose and a more gradual fall in blood
ketones. In cases of uncomplicated acetonemia the
clinical response to ACTH or cortisone (q.v.) appears
to be more rapid than that obtained with older
methods of treatment. In normal cows the injection
of 100 to 300 units of ACTH leads to a marked
rise in blood glucose and a significant fall in milk
production (Shaw et al., loc. cit.).
Bunce (Vet. Med., 1954, 49, 537) recently reported
on the use of ACTH combined with large doses oi
vitamin B12 in the treatment of various neurological
disturbances of dogs. These included early cases of
distemper and such conditions as posterior paralysis,
chorea, encephalitis, and severe convulsive states following distemper. A high percentage of animals
showed complete recovery or improvement following
treatment for 2 to 12 days. Dogs of less than 10
pounds of body weight were given 15 units of ACTH
and 500 meg. of vitamin B12 daily; animals weighing
from 10 to 50 pounds received 30 units of ACTH
and 1000 meg. of vitamin B12, and those over 50
pounds were injected with 60 units of ACTH and
2000 meg. of vitamin B12. In all cases subcutaneous
or intramuscular injections were employed.
ACTH in doses of 300 units intramuscularly is reported to be a valuable adjunct in the treatment of
acute coliform mastitis in cattle (Durrell, J A.VMA.,
1954, 125, 373). A relatively low dose of 20 units
daily has been used to alleviate lameness associated
with tarsal sheath enlargements in a bull (Lawson.
Vet. Rec, 1954. 66, 216). In dogs doses of 40 units
of ACTH daily have been employed for treating
paralysis following rabies vaccination (Bowers.
J A.VMA., 1954. 125, 65) and for heat exhaustion
(Rhoades, J A.VMA., 1954, 124, 193).
Doses. See recommendations in text.
Cortisone Acetate
This adrenal cortical steroid has been employed in
a variety of diseases in domestic animals. Several reviews on its uses have appeared in the veterinary
literature (Martin, Univ. Penna. Bui., Vet. Ext. Quart.,
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1953, No. 129, p. 1 ; Siegmund and Michaud, North
Am. Vet., 1953, 34, 491; Moon, North Am. Vet., 1954,
35, 924; Martin et al., Proc. 91st Ann. Mtg.
A.V.MA., 1954, p. 115).
In cattle cortisone acetate is of value in the treatment of acetonemia (ketosis) when injected in doses
of 0.5 to 1.5 Gm. (iy2 to 22 grains) intramuscularly
(Shaw et al., Science, 1951, 114, 574; ibid., North Am.
Vet., 1953, 34, 251; Dye et al., Cornell Vet., 1953, 43,
128; Bowlby and Comfort, Canad. J. Comp. Med.,
1953, 17, 79). In many cases of uncomplicated acetonemia a single dose is reported to be sufficient, but in
a more recent report Shaw et al. {Proc. 91st Ann.
Mtg. A.V.M.A., 1954, p. 78) state that better results
may be obtained by repeating the dose on the second
day. Associated with the clinical response there is a
rapid return of blood sugar to normal levels and a
slower decrease of blood ketone bodies. A particular
advantage claimed for cortisone and corticotropin
(q.v.) over older methods of treatment is the more
rapid return of cattle to full milk production.
In dogs treatment with cortisone acetate has given
good results in arthritis (Misener and Stanton,
J.A.V.M.A., 1951, 118, 255; Baumgarten and Siegmund, North Am. Vet., 1952, 33, 105; Moon, loc.
cit.; Martin et al., loc. cit.). In some cases intramuscular injections of 25 to 200 mg. of cortisone acetate
daily have been employed, while in others the hormone was administered daily in oral doses of 25 to
75 mg. Moon (loc. cit.) suggests an average dose of
1 mg. per pound of body weight daily, but emphasizes
that it is necessary to establish the optimal dose for
each case. In general, higher doses are given during
the initial phases of therapy and these are gradually
reduced until a satisfactory maintenance dose is
reached. Cortisone alleviates the clinical signs of arthritis in a high percentage of cases, but when treatment is discontinued the clinical manifestations of
the disease again appear after variable periods of
time. Moon (loc. cit.) found that the pain and paralysis associated with many cases of herniation of the
intervertebral discs in dogs may be rapidly relieved
by cortisone. An initial intramuscular dose of 1 mg.
per pound of body weight followed by a suitable
maintenance dose given orally is employed. Candlin
(North Am. Vet., 1954, 35, 764) reported that the
mortality due to chronic distemper ("hard pad disease") in dogs can
be markedly with
reduced
through and
the
use of cortisone
in combination
antibacterial
supportive therapy. Candlin suggests an oral dose of
25 mg. twice daily for smaller breeds and 50 mg.
twice daily in larger dogs. Treatment with cortisone
is continued for one week and is followed by 4 to 5
days' therapy with corticotropin in daily doses of
12.5 to 50 units intramuscularly. Bloom (Proc. S.
Exp. Biol. Med., 1952, 76, 651) and Brodey et al.
(J.A.VM.A., 1953, 123, 191) found that relatively
large intramuscular doses of cortisone acetate (100
to 200 mg. daily) will temporarily reduce the size of
mast cell sarcomas in dogs. However, upon cessation
of therapy the growths return. Moon (loc. cit.) successfully employed the hormone also in treating
bronchial asthma and eosinophilic mvositis in dogs,
and
(J.A.V.MA.,
that Rhoades
intramuscular
doses of1954,
100 124,'
mg. 193)
dailyreported
are of
value in the management of heat exhaustion in this
species.
Cortisone has been employed in treating a variety
of skin conditions in dogs including nonspecific dermatitis, chronic pruritus in which there is little or
no visible involvement of the skin, pustular dermatitis, burns, allergies, and interdigital eczemas (Krai,
personal communication; Moon, loc. cit.; Martin
et al., loc. cit.). When skin lesions are present local
treatment with or without systemic administration is
indicated. If infection is present suitable antibacterial
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therapy should also be employed. In chronic otitis
externa local application of cortisone acetate ointment or suspension appears to be a valuable adjunct
to specific antibacterial therapy (Martin et al., loc.
cit.; Hopkins and Lerch, Vet. Med., 1955, 50, 85).
In a very limited number of horses cortisone acetate in intramuscular doses of 500 mg. twice daily
has given good results in arthritis (Martin, et al.,
loc. cit.). Lawson and Rowson (Vet. Rec, 1953, 65,
506) reported that 2 Gm. of cortisone intramuscularly followed by daily doses of 1 Gm. for 10 days
produced a marked but temporary improvement in
arthritis affecting the hock and hip joints of a bull.
Doyle et al. (Proc. S. Exp. Biol. Med., 1950, 74, 373)
employed daily doses of 100 mg. intramuscularly in
the treatment of rheumatoid arthritis in swine. Intramuscular injections of cortisone acetate in doses of
500 mg. twice daily combined with local spraying
with a suspension containing 25 mg. of hydrocortisone per ml. has resulted in rapid improvement in
cases of acute pharyngitis in horses. Local application of a 5 per cent ointment of cortisone acetate is
of value in reducing excessive granulation tissue
associated with wounds on the legs of horses (Martin
et al., loc. cit.) .
Doses. The following is suggested as a tentative
dose guide: C, Ketosis, 1 to 1.5 Gm. (15 to 22
grains) intramuscularly. D., Arthritis, 25 to 75 mg.
(J/2 to V/i grains) orally, in 2 or 3 divided doses
daily. For doses used in other conditions and in other
species see text.
Cottonseed Oil
This may be employed as a delousing agent, either
alone or in combination with other drugs. Combined
with two parts of pine tar it is applied to the ears of
horses infested with ear ticks (this preparation may
cause shedding of hair if allowed to run down the
face) . It is prescribed as a mild laxative and emollient
in small animal practice.
Doses. D., 15 to 60 ml. (l/2 to 2 fluidounces).
Cats, 4 to 30 ml. (1 to 8 fluidrachms) .
Creolin
This is a mixture of cresol or homologs of cresol
in soap solution. It is used as a surgical and skin disinfectant in2 per cent concentration. Creolin has some
value as an acaricide in light infestations, and for this
purpose is employed as a local application in alcoholic
solutions of 5 to 50 per cent strength. Since there is
some danger that a toxic amount might be absorbed,
the body is never covered with these solutions. When
a 10 per cent solution is applied only one-third of the
skin surface should be treated each day; when more
concentrated solutions are used, e.g., 50 per cent, an
area no larger than 3 square inches (i.e., in the dog)
is treated. In 2 per cent aqueous mixtures creolin may
be used as a bath or dip (see also Saponated Cresol
Solution) for sheep and other animals; it is effective
against lice and ticks but is not recommended for scab.
Cats are especially susceptible to its toxic effects and
it is not generally used either on their skin or around
their quarters. Stronger solutions are employed as
sanitary disinfectants and in such conditions as thrush
in horses.
Creolin is administered internally as a gastrointestinal antiseptic in herbivores and occasionally as an
anthelmintic to remove roundworms. For the latter
purpose, it is sometimes prescribed for horses and dogs,
although more effective agents are generally used.
Doses. H. & C, intestinal antiseptic, 15 to 30 ml.
(Y2 to 1 fluidounce), well diluted with water. Anthelmintic, H., the same dose, well diluted. Sh. & Sw.,
anthelmintic and intestinal antiseptic, 4 to 8 ml. (1 to
2 fluidrachms), well diluted. D., anthelmintic, 0.3 to
1.3 ml. (5 to 20 minims) well diluted, three times a
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day for one day only. It is seldom used internally in
the dog.
Creosote
This drug is used as a stimulant expectorant in
chronic and subacute bronchitis. It is also administered as a gastrointestinal antiseptic to check fermentation and, because of its local anesthetic action, as a
gastric sedative. However, other agents are preferable
for these gastrointestinal actions. It is not administered to cats.
Creosote in the form of a 10 per cent ointment or
8 per cent alcoholic solution is occasionally employed
as a parasiticide in demodectic mange of the dog, but
it does not appear to be particularly effective.
Doses. H. & C, 4 to 8 ml. (1 to 2 fluidrachms) .
Sh. & Sw., 0.3 to 1 ml. (5 to 15 minims). D., 0.03
to 0.2 ml. (l/2 to 3 minims). It must be well diluted
or combined with bland substances.
Cresol
The disinfectant power of cresol is greater than
phenol ; it is effective against hog cholera virus, tuberculosis bacillus organisms, and other microorganisms.
It is not very soluble (1:50 in water), but when
emulsified mixes readily with water and therefore is
generally used in this form. The saturated solution
(1:50) is occasionally used as a sanitary disinfectant
around stables, yards, and other buildings. Because of
its odor it is not suitable for use around dairies or
slaughter houses. Cresol and its preparations are
powerful poisons when taken in toxic amounts or
when a toxic quantity is absorbed through the skin.
Dogs and cats are especially susceptible. The emulsified
preparations, saponated cresol solution, Creolin, Lysol,
and others are more commonly employed than cresol
owing to its relative insolubility.
Cresol Solution, Saponated
This preparation is employed as a sanitary disinfectant in 4 per cent concentration. It is also used as a
surgical disinfectant in 2 per cent concentration for
instruments, skin, and wounds, and for mucous membranes in concentrations of 0.5 to 1 per cent (no
greater than 0.5 per cent should be used in the uterus
or straining may result).
Commercial cresol dips are used in the eradication
of sheep ticks. The dip, when diluted ready for use,
should contain 0.5 per cent cresylic acid (cresylic acid
used here includes those cresols and other phenols
derived from coal tar, with boiling points between
185° C. and 250° C). The sheep should be dipped
twice at an interval of 24 to 28 days (Imes, US. DA.
Farmers' Bull. No. 798, 1939).
Although now considered valueless, it was formerly
administered to farm animals as a so-called intestinal
antiseptic.
Doses. H. & C, 4 to 6 ml. (1 to 1H fluidrachms)
given twice a day in capsules. Foals and Calves,
2 to 3 ml. (30 to 45 minims) given in dilute solution
two or three times a day.
Croton Oil
Croton oil is occasionally employed in blistering
ointments for use on cattle in proportion of 1:8. Its
internal use as a cathartic is dangerous and at present it is seldom used in cattle practice.
Doses. H. & C, 0.6 to 1.3 ml. (10 to 20 minims).
D., 0.015 to 0.06 ml. (K to 1 minim),
Cupric Sulfate
This drug has many uses in veterinary medicine.
Although it is only moderately active, it is occasionally used as a general disinfectant. It is a valuable
agent for the control of algae and snails. The latter
are the intermediate hosts for liver flukes that com-
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monly infest cattle, goats, and sheep (see Dikmans
and Shorb, US.D.A. Yearbook of Agric., 1942, p. 893).
Externally it is employed as a caustic and astringent
in dilute solution in the treatment of ulcerative stomatitis, vaginitis, and conjunctivitis. It is also used
in the treatment of ringworm as an ointment with
seven parts of petrolatum.
Cupric sulfate is an effective anthelmintic for the
mature stomach worm, Hcemonchus contortus, in
sheep and cattle. It has little effect on immature forms
of this worm (Gordon, Australian Vet. J., 1939, 15,
57) and has a relatively low activity against many of
the other nematodes found in ruminants. Since phenothiazine is effective against a wider variety of worms
it has tended to supplant copper sulfate as an anthelmintic for these animals. For further information on
the anthelmintic activity of copper sulfate see Ross
(Australian Vet. J., 1934, 10, 11; ibid., 1936, 12, 4).
Whitlock (J. Parasitol., 1940, 26, 45) pointed out that
simple copper salts are only lethal against parasites in
an acid environment, e.g., the abomasum.
Jaquette (Am. J. Vet. Res., 1948, 9, 206) employed
copper sulfate in drinking water for treating subclinical infections of trichomoniasis (Trichomonas
gallince) in pigeons and found that the most effective
nontoxic concentration for nonbreeding pigeons was
100 mg. (\y2 grains) of the drug per 100 ml. (3
ounces) of water. This was supplied to the birds for
20 consecutive days. For breeding birds 35 mg. (l/2
grain) per 100 ml. of drinking water was the most
effective nontoxic dose.
In the dog, cat, and swine cupric sulfate is used as
an emetic. Wang and Borison (Am. J. Physiol., 1951,
164, 520), in studies on 11 dogs weighing from 6 to
12 Kg., found that when copper sulfate crystals were
given orally dissolved in 50 ml. of water the effective
emetic dose varied from 20 to 80 mg. (average 40
mg.) and the period from administration until emesis
occurred varied from 9 to 15 minutes (average 12
minutes). When doses of 80 mg. were repeatedly
administered and retained in experimental sympathectomized or vagotomized dogs anemia and bloody
diarrhea were prone to occur. Applied to the posterior
part of the mouth and pharynx, it will cause reflex
closure of the esophageal groove in sheep and thus
direct liquids to the abomasum (see Watson and
Jarrett, Australia, Council for Sc. and Indust. Res.,
Bull. 180, 1944, Part 2). In combination with iron it
is prescribed in iron deficiency anemia of dogs, pigs,
and other species.
Swayback (enzootic ataxia) of lambs, a copper
deficiency disease, is prevented if 0.3 to 1 per cent
copper sulfate is added to the ewes' salt licks during
pregnancy.
Copper sulfate has been employed to render hexachlorocyclohexane dips bactericidal and prevent the
so-called "dipping lameness" in sheep. For this purpose
500 ml. (1 pint) of a 13.5 per cent copper sulfate
solution (made by adding 6 pounds to 5 gallons of
water) is added to each 100 gallons of dipping fluid
(Jones, Veterinary Pharmacology and Therapeutics,
1954, Iowa State College Press, Ames, Iowa, p. 589).
It is occasionally administered to the horse as an
intestinal astringent, but other agents are preferable.
Doses. H., anthelmintic and intestinal antiseptic,
4 to 12 Gm. (1 to 3 drachms). C, anthelmintic, a
1 per cent solution is used; Calves, 100 to 120 ml.
(2>l/i to 4 fiuidounces) ; yearlings, 180 ml. (6 fluidounces) ; adults, 360 to 480 ml. (12 to 16 fluidounces).
Sh., anthelmintic, a 1 per cent solution is used, according to age: 4 months, 23 ml. (Y\ fluidounce) ;
6 months, 45 ml. (ll/2 fluidounces) ; 12 months, 75 ml.
(iy2 fluidounces) ; 18 months, 90 ml. (3 fluidounces) ;
1 year and over, 105 ml. (il/2 fluidounces). Whitlock
(Am. J. Vet. Res., 1942, 3, 386) suggests the use of
a 10 per cent copper sulfate solution at a dosage rate
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of 1 ml. (IS minims) per 10 pounds of body weight.
Closure of the esophageal groove, 10 ml. (2Vz fluidrachms) of a 10 per cent solution (4 per cent solution in lambs). Sw., emetic, 0.5 to 1 Gm. (iy2 to 15
grains) dissolved in water. Pigs, anemia, 5 mg. (Vvi
grain) in combination with iron. D., emetic, 20 to 80
mg. (l/3 to V/3 grains), dissolved in 60 ml. (2 ounces)
of water; anemia, 1.2 to 6 mg. (Yjo to Mo grain) with
iron. Cats, emetic, 20 to 60 mg. (l/s to 1 grain),
dissolved in water; anemia, 1.2 to 6 mg. (Ho to Mo
grain) with iron.
Cupric Sulfate and Nicotine Sulfate Mixture
This mixture is used as an anthelmintic for ruminants. It combines the action of the two constituents
and thus is effective against Hcemonchus contortus,
small trichostrongyles, and to some extent against
tapeworms (Moniezia sp) .
The solution commonly used consists of 1 per cent
cupric sulfate containing 30 ml. (1 fluidounce) of 40
per cent nicotine sulfate solution in each 3.8 liters
(1 gallon of mixture). This is usually administered to
the fasted animal and followed by a dose of castor
oil when tapeworms are present. Whitlock (Cornell
Vet., 1946, 36, 47) found that a solution containing
10 per cent each of copper sulfate and the 40 per cent
nicotine sulfate solution is easier to administer and no
more toxic than the 1 per cent solution in sheep. For
further information on the use of copper sulfate and
nicotine sulfate mixture as an anthelmintic see the
reports of Gordon and Whitten (Australian Vet. J.,
1941, 17, 172) and Eveleth and Goldsby (Vet. Med.,
1950, 45, 115).
Doses. The doses of the 1 per cent copper sulfate
solution containing 30 ml. of 40 per cent nicotine sulfate solution per gallon are as follows: C, over two
years old, 360 to 480 ml. (12 to 16 fluidounces) .
Calves, 100 to 120 ml. (2,]/2 to 4 fluidounces). Sh.,
adults, 90 to 120 ml. (3 to 4 fluidounces) ; lambs, 30
to 60 ml. (1 to 2 fluidounces).
The dose of the 10 per cent solution used by Whitlock (loc. cit.) for sheep is 1 ml. (15 minims) per
10 pounds of body weight.
Curare
Curare paralyzes skeletal muscle at the neuromuscular junction. Since the availability of a biologically
standardized preparation of curare alkaloids, Intocostrin, it has been used to a limited extent as an
adjunct to general anesthesia in dogs. In addition to
the effect on skeletal muscle, curare alkaloids produce
such histamine-like actions as increased bronchial and
salivary secretion, transient fall in blood pressure, and
sometimes bronchospasm and urticaria. These actions
can be antagonized by antihistaminic drugs and neostigmine, physostigmine and ephedrine antagonize its
effects at the neuromuscular junction.
Jones (North Am. Vet., 1950, 31, 735) found that
1 unit of standardized curare alkaloids (Intocostrin)
per Kg. of body weight is tolerated by the dog (see
also Kingma, Proc. 88th Ann. Mtg. A.VM.A., 1951,
175), y2 unit per Kg. by the calf and lamb, and
less than this by pigs. In the dog intravenous doses
of from Y% to Y$ unit of Intocostrin per pound of
body weight may be used with pentobarbital sodium
or pentothal sodium to increase muscular relaxation
and thus reduce the amount of anesthetic required
(Kingma, loc. cit., Apple and Ackerman, Vet. Med.,
1948, 43, 161; Pickett, J.A.V.M.A., 1951, 119, 346).
At least 2 minutes should be required for the injection. The smallest dose (Y% unit per pound) should
be employed initially, more being injected to effect if
needed. Pickett (loc. cit.) found that doses of Y% to
J4 unit per pound of body weight were unsafe in animals anesthetized with ether. It should not be employed unless provision is made for adequate artificial

Cyanocobalamin

1969

respiration for those animals in which respiration is
arrested during the peak action of the drug. Intocostrin (Ys unit per pound) may be combined with
pentothal sodium (13 milligrams per pound) solution
for intravenous anesthesia. When the two solutions
are first mixed a precipitate forms which redissolves
in about 30 seconds (Kingma, loc. cit.). In addition
to artificial respiration Prostigmin may be employed
as an antidote in curare toxicity.
Booth and Rankin (Am. J. Vet. Res., 1953, 14, 51)
found that the maximum safe intravenous dose in unanesthetized horses is Y% unit of Intocostrin per pound
of body weight, although this amount paralyzed only
5 out of 10 horses. When used in conjunction with
chloral hydrate anesthesia in horses doses in the toxic
range failed to abolish motor activity (Booth and
Rankin, Am. J. Vet. Res., 1953, 14, 56). Consequently
it was considered of no value as an adjunct to chloral
hydrate anesthesia in the horse.
The greatest danger in the use of curare is anoxia
due to paralysis of the diaphragm and intercostal
muscles. Many times the apneic dose can be tolerated
if adequate blood oxygenation is maintained with
artificial respiration. Neostigmine methylsulfate is an
effective antidote which can be used to shorten the
period of apnea. In the dog Jones (Veterinary Pharmacology and Therapeutics, Iowa College Press, 1954)
recommends intravenous injections of 0.5 to 1 ml. of
a 1:2000 solution of neostigmine methylsulfate. Larger
doses are employed in large dogs and for intramuscular
administration the dose recommended is 2 ml. Neostigmine should not be relied upon alone in cases of
apnea, but should merely be used as an adjunct to
artificial respiration. Although it may be used in conjunction with pentobarbital sodium or pentothal sodium, it is not recommended with ether or atropine.
See also Tubocurarine Chloride.
Cyanocobalamin, B.V.C. (Vitamin B12)
The history of the research culminating in the identification ofvitamin B12, a cobalt-containing essential
dietary factor, is recounted by Woods (Borden's Rev.
Nutr. Res., 1949, 10, No. 1). It is essential for protein
metabolism, growth, and reproduction and functions
in blood regeneration, transmethylation, and appetite
stimulation. It counteracts thyrotoxic agents and protects against liver injury such as that caused by toxic
doses of carbon tetrachloride.
Cyanocobalamin has been isolated as an erythropoietic factor which accounts for much of the activity
of liver extracts. It is at least one of the factors
found in animal protein food supplements (fish meal,
meat scraps, etc.) which promote growth and which
were previously identified as the animal protein
factor (APF). Adult ruminants synthesize vitamin
B12 and do not require it in the diet. In cobaltdeficient areas a serious disease of ruminants occurs.
The syndrome of cobalt deficiency in sheep is the
result of cyanocobalamin deficiency and may be cured
by weekly intramuscular injections of large doses (300
micrograms) of vitamin B12 (Marston, Physiol. Rev.,
1952, 32, 66). It is apparent that ruminants require
larger amounts of vitamin B12 tfian other animals
and ordinarily get it from the relatively large amounts
synthesized in the rumen (Marston, loc. cit.) . Intestinal synthesis of cyanocobalamin occurs in other
herbivora. In horses and sheep the alimentary canal
level of vitamin B]2 is highest below the ileocecal
valve (Dykes and Hind, Lancet, 1950, 1, 486). In
rabbits the fecal output of B12 is 221 times the dietary
intake and through coprophagy nutritional needs are
met (Nat'l Res. Council, Comm. on Animal Nutr.,
Nutrient Requirements for Rabbits, No. 9, 1954).
Numerous workers have shown that vitamin B12 is
required for normal growth of chicks (Ott, Poultry
Sci., 1951, 30, 86), rats (Emerson, Fed. Proc, 1949,
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8, 381), pigs (Luecke et al., Science, 1949, 110, 139),
and other animals. In dogs increased fat deposition
can be demonstrated in animals receiving cyanocobalamin supplement (Arnich et al., Proc. S. Exp. Biol.
Med., 1952, 80, 401). Vitamin B12 increases the
hatchability of fertile hen's eggs under certain conditions although other factors may prevent or diminish
this effectreproductive
(Peeler et disturbances
al., Poultry 5c:'.,
30, fed
11).a
Various
occur 1951,
in rats
vitamin Bio-deficient diet (Lepkovsky et al., Am. J.
Physiol., 1951, 165, 79). The need of vitamin B12
for normal erythropoiesis is shown by the development of anemia in animals on deficient diets (Swenson,
Am. J. Vet. Res., 1951, 12, 147; Cartwright et al.,
Blood, 1952, 7, 992). A lipotropic action can be demonstrated in various animals including dogs (Burns
and McKibbin, J. Nutrition, 1951, 44, 487). Cyanocobalamin affords protection against liver damage caused
by single doses of carbon tetrachloride in rats (KochWeser et al., J. Lab. Clin. Med., 1950, 36, 694) but
not in dogs and rats (Mushett, Fed. Proc, 1950, 9,
339) given repeated doses. It protects dogs on a
choline-deficient diet against liver cirrhosis (Engel,
Texas Rep. Biol. Med., 1952, 10, 974).
Tentative daily requirements of vitamin B12 have
been published (National Research Council, Comm.
Animal Nutr., No. I, VII, VIII, 1953-1954) for certain
species as follows: Chicks, 0.004 mg./lb.; hens,
0.002 mg./lb.; Foxes and Mink, 0.013 mg./lb. dry
diet; Dogs, 0.01 mg./lb. dry diet.
Dose. 0.001 to 0.002 mg. (1/60,000 to 1/30,000
grain) per pound of body weight intramuscularly. In
cobalt deficiency in sheep larger doses (0.3 mg. per
animal) are required.
Cyclopropane
Despite its long use as an anesthetic for humans
cyclopropane has seldom been employed for animals
except in experimental laboratories. Among the reasons for this are its relatively high cost, explosiveness
when mixed with air or oxygen, and the need for a
closed-circuit rebreathing system. It is a desirable
anesthetic because of its low toxicity, rapid induction
and recovery, and lack of irritation. It is administered as a mixture diluted with four parts of oxygen.
Gregory has described its used in dogs, cats (Wright,
Veterinary Anesthesia, Eger, 2nd ed., 1946) and sheep
and goats (Vet. Rec, 1947, 59, 377). When an endotracheal tube is to be used light anesthesia may be
induced with intravenous pentobarbital sodium or
thiopental sodium. Jones et al. (Vet. Rec, 1952, 64,
112) prefer thiopental for induction in goats.
Dyce and coworkers (Brit. Vet. J., 1952, 108, 187)
used cyclopropane in 14 ponies and donkeys ranging
in weight from 150 to 700 pounds. Light anesthesia
was induced by the rapid intravenous injection of a
minimal dose of pentobarbital sodium and the animal
connected to the anesthesia machine through an endotracheal tube. A pony weighing 240 pounds required
1.5 to 1.75 liters of cyclopropane within the first few
minutes after connection with the closed-circuit system, and a similar amount hourly to maintain anesthesia. This initiaf dose was increased by about 50
per cent, to produce anesthesia deep enough for the
castration operation. Recovery was rapid, requiring
between 20 and 30 minutes.
Danthron (Istizin, Dihydroxyanthraquinone, B.V.C.)
This is a cathartic having a pronounced action on
the large intestine. It is not a ruminatoric. The drug
is eliminated as a harmless dye which may color the
urine pink or red. The action is slow, usually beginning
in from 12 to 36 hours, and seldom accompanied by
griping. Being tasteless and odorless it is easily administered inthe food.
Doses. Maximum doses (used in constipation and
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obstruction of the large bowel) : H., 15 to 40 Gm.
(lA to V/3 ounces). C, 25 to 45 Gm. (6J4 to 12
drachms). Foals and Calves, 3 to 5 Gm. (45 to 75
grains). Sh. & Goats, 4 to 6 Gm. (60 to 90 grains).
Suckling Pigs, 3 to 5 Gm. (45 to 75 grains). Sw.,
10 to 20 Gm. (150 to 300 grains). D., 1 to 4 Gm. (15
to 60 grains). Cats, 0.5 to 1.3 Gm. (7]/2 to 20 grains).
Smaller doses, }/$ to Yz the above, employed when a
mild laxative action is desired.
Dextran
Dextran may be used as a blood substitute in animals requiring increased blood volume (vascular
shock). It is injected intravenously in a 6 per cent
solution in physiological saline solution. The dose required may be as low as 2 to 3 ml. per pound of body
weight, although in certain cases much larger amounts
(up to 10 to 20 ml. per pound of body weight in
dogs) may be required (Klussendorf, North Am. Vet.,
1953, 34, 783).
Since some animals develop reactions to dextran,
epinephrine should be kept available to meet an emergency. Antihistaminics may also be used to combat
these reactions.
Dextrose
Dextrose is employed in veterinary medicine for
the same general purposes as in human medicine. See
Dextrose, Part I.
Dextrose Injection
The parenteral administration of dextrose is an
important method of introducing fluids and nutrient
sugar in various diseased conditions. The approximately isotonic 5 per cent solution or hypotonic solutions are indicated where fluids are needed, while more
concentrated solutions are desirable when the main
consideration is the dextrose administered or when
diuresis or hypertonic fluid therapy is indicated.
In the group of diseases of domestic animals falling
under the classification of ketosis, glucose is specifically indicated. These diseases include acetonemia of
cattle, pregnancy disease of sheep, and similar metabolic disturbances which occur in other species. Hypertonic solutions are frequently employed in these
conditions unless dehydration is present. If possible
glycosuria should be avoided because this causes dehydration. The use of 5 per cent glucose solutions
would be preferred for intravenous injection but since
in a cow at least 200 Gm. of glucose is required
daily in ketosis (Link, North Am. Vet., 1951, 32, 550)
the total volume becomes difficult to manage. Many
practitioners prefer 25 per cent solutions to the 50 per
cent solutions commonly available to reduce the dehydrating effect. Roberts and Dye (Cornell Vet., 1951,
41, 3) recommended continuous infusion of 40 per
cent glucose in severe and relapsing cases of ketosis.
In cows, after an initial rapid infusion of 500 ml. of
40 per cent glucose solution to elevate the blood glucose, the infusion is started at a rate of 150 to 200
ml. of 40 per cent glucose per hour.
Hypertonic glucose solutions administered intravenously are of value in various types of poisoning
because they exert a diuretic action, protect the liver
against various agents such as carbon tetrachloride,
etc., provide fluid and readily available carbohydrate,
and assist in maintaining the blood volume if shock is
impending.
Doses. The dose depends on the concentration of
the solution employed and the purpose for which it is
administered. The 50 per cent glucose solution is given
in the following doses intravenously: H. & C, 100 to
500 ml. (2>y2 to 18 fluidounces). Sh. & Sw., 50 to
100 ml. (\2/i to IV2 fluidounces). D., 10 to 50 ml.
(iy2 to 125^ fluidrachms). The 50 per cent sterile
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solution is commonly used in practice, either in this
concentration or diluted as the occasion demands.
Dextrose and Sodium Chloride Injection
This solution is employed in conditions where the
introduction of both dextrose and sodium chloride is
indicated. It is important to introduce sodium chloride
when giving large amounts of fluid so as not to distort
the electrolyte distribution in the body fluid compartments. For a thorough discussion of the factors involved in electrolyte balance in the extracellular fluid
see Gamble, Chemical Anatomy, Physiology, and
Pathology of Extracellular Fluid, Harvard Medical
School, Sth ed., 1952. The practical value of an understanding ofthe principles set forth in this little lecture
syllabus cannot be overemphasized.
Diaminodiphenylsulfone (Dapsone, B.V.C., DDS,
4,4' -Diaminodiphenylsulfone)
Diaminodiphenylsulfone has been employed in the
treatment of bovine coccidiosis and streptococcal
mastitis. Most of the work with this compound has
been carried out in England and its use has not become widespread in the United States. Lawrence and
Frances (The Sulphonamides and Antibiotics in Man
and Animals, Lewis, London, 1953), and Detweiler
and Scheidy (Sulfonamides, in Brandly and Jungherr,
Advances in Veterinary Science, Academic Press, New
York, 1953) have reviewed its actions and uses.
Francis (Vet. Jour., 1947, 103, 193; J. Comp. Path.
Therap., 1949, 59, 245) determined blood levels following the administration of DDS to various domestic
animals and contrasted them with other sulfonamides.
DDS produced the most prolonged levels and better
blood concentration curve areas in the species studied
(horse, ox, sheep, pig) except the pig, in which species
sulfamethazine was superior. In cows it was found
that although DDS produced higher blood levels than
sulfanilamide following oral administration, it produced lower milk levels. In calves DDS is quite highly
conjugated (37 per cent in the blood). An initial
dose of 100 mg. per Kg. (approximately 7Ao grain
per pound) orally followed by half this dose on 4
subsequent mornings produced average morning blood
levels of 4.61 mg. per 100 ml. and evening levels of
5.23 mg. per 100 ml. in 5 young calves. In two sheep
an initial dose of 100 mg. per Kg. (approximately
0.7 grain per pound) followed by 30 mg. per Kg.
(approximately % grain per pound) daily for 7 days
produced morning blood levels of 2.5 and 3.01 mg. per
100 ml. and evening levels of 3.2 and 3.36, respectively. Groups of 3 pigs were fed 100 mg. per Kg.
(approximately %0 grain per pound) of DDS in ihe
mash once daily. The average blood level seven hours
after each dose was 7.32 mg. per 100 ml. and 24
hours after each dose the average was 4.2 mg. per
100 ml. In horses a single dose of 100 mg. per Kg.
(approximately %o grain per pound) produced average blood levels of approximately 4.0 mg. per 100 ml.
at the tenth hour, after which the level gradually fell
to about 2.8 mg.
McEwen et al. (Vet. Rec, 1941, 53, 429) introduced
the drug DDS into veterinary medicine. Francis (Vet.
Rec, 1947, 59, 131) and Francis, Peters, and Davies
(/. Comp. Path. Therap., 1947, 57, 153) found from
studies in the chick embryo, mouse, and in milk that
DDS was more potent against Streptococcus agalactia; than any of the sulfonamides tested, but that it
was less active than the heterocyclic sulfonamides
against gram-negative organisms. When injected into
the bovine udder it was about 10 times more persistent than sulfanilamide and probably more persistent than any sulfonamide (Francis, loc. cit.) . Ten
Gm. (approximately 2>2 drachms) suspended in liquid
paraffin and injected into each quarter of non-
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lactating cows produced blood levels above 2.0 mg.
per 100 ml. for 5 days or more and milk levels above
10.0 mg. per 100 ml. for 3 days. When stripped out
the milk contained clots, but became normal in quality
and quantity after 2 to 4 milkings. This same dose
was effective against Streptococcus agalactia; mastitis
in cattle and when combined with 50,000 or 100,000
units of penicillin a single injection resulted in a
recovery rate (88.5 per cent) superior to that reported with multiple doses of penicillin alone (Francis, J. Comp. Path. Therap., 1949, 59, 225). Simon
et al. (J.A.V.M.A., 1950, 117, 400) compared DDS
and penicillin in bovine mastitis caused by Streptococcus agalactia. In their experiments 2 doses of penicillin in an oil-water vehicle were more effective than
a single dose of DDS and DDS and penicillin combined did not demonstrate a greater therapeutic activity than penicillin alone. When DDS was used in
the form of a 33.3 per cent oil-paste mixture it proved
moderately irritating to the mammary gland, causing
swelling of the udder and "thickened" milk. Several
cats which inadvertently drank the milk from treated
quarters died or developed convulsions.
The oral LD30 of DDS for rats lies between 0.8
and 1.0 Gm. per Kg. (Smith et al., Ann. N. Y. Acad.
Set., 1949, 52, 704) although they will tolerate 0.2
per cent in the feed. Francis and Spinks (Brit. J. Pharmacol. Chemother., 1950, 5, 565) reported that sheep
will tolerate DDS doses of 100 mg. per Kg., but 2 of
4 sheep given 200 mg. per Kg. (approximately V/2
grains per pound) died. The poisoned sheep developed
excitement, paraplegia, opisthotonus, clonic convulsions, trismus, twitching of the lips, hyperpnea and
pyrexia. Similar signs of poisoning were observed in a
goat. No nervous signs developed in cattle even after
doses of 400 mg. per Kg.
DDS produced methemoglobinemia readily in the
horse and pig, to a lesser extent in the dog, still less
in sheep and failed to do so in cattle (Francis and
Spinks, loc. cit.; Francis, loc. cit.). In horses, 2 to 3
hours after administration, 70 per cent of the hemoglobin was in the form of methemoglobin but the
level fell to 40 per cent 8 hours after dosing, when the
maximum blood level had been reached. The mucous
membranes were of a chocolate color, but no cyanosis
or respiratory distress was observed. In the dog 60 per
cent methemoglobinemia is reported to cause ataxia
and salivation and it is concluded from experimental
evidence that when the methemoglobin level exceeds
this amount inadequate oxygen is supplied to the
tissues (Bodansky, Pharmacological Reviews, 1951,
3, 144) . Quite severe methemoglobinemia was also
observed in the pig and dog; but none was produced
in sheep and cattle.
In cattle Francis (loc. cit.) found DDS to be less
toxic than sulfanilamide and he considered it entirely
satisfactory for systemic use in this species. McEwen
et al. (loc. cit.) described signs of incoordination and
inappetence in a heifer which received an oral dose of
180 Gm. (approximately 6 ounces) followed in 12
hours by 90 Gm. The severe signs developed 24 hours
after the first dose, subsided in a few hours, and recovery was complete after 6 days.
In coccidiosis of cattle caused by Eimeria zurnii an
initial dose of 80 mg. per Kg. (J/2 grain per pound)
of body weight is given followed by 40 mg. per Kg.
(% grain per pound) every 24 hours for a total of
6 doses, or these amounts may be doubled and given
at 48-hour intervals for a total of 3 doses (Lawrence
and Francis, loc. cit.) .
Diamorphine Hydrochloride
The chief use of this drug is in the treatment of
irritable cough.
Dose. D., 3 to 5 mg. (V>0 to M2 grain).
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Dibromopropamidine

Isethionate

Dibromopropamidine Isethionate, B.V.C.
This halogen derivative of propamidine (q.v.) is
effective against bacteria commonly contaminating
open wounds. It has been used in combination with
sulfathiazole in ointments for mastitis therapy in
cows (B.V.C, 1953).
Dichloramine-T
This germicide is used as a surgical and general
clinical disinfectant.
Dichlorophenoxyacetic Acid (2,4-Dichlorophenoxyacetic acid, 2,4-D)
The chlorinated phenoxyacetic acids and congeners
of which 2,4-D (2,4-dichlorophenoxyacetic acid) and
2,4,5-T (2,4^-trichlorophenoxyacetic acid) are prototypes have been used as herbicides to control undesirable vegetation for several years. Although it is
claimed that there have not been any substantiated
cases of poisoning of livestock grazing sprayed areas,
the question of possible toxicity caused by these compounds frequently arises. Rowe and Hymas (Am. J.
Vet. Res., 1954, '15, 622) reviewed the literature and
reported studies on the toxicity of these compounds.
The oral LD50 for these compounds for small laboratory animals is of the order of 300 to 450 mg. per
Kg. Dogs are slightly more susceptible (LD50 about
100 mg. per Kg.) and chicks less susceptible (LD50
range from 350 to 800 mg. per Kg.). Repeated doses
only slightly lower than those which cause toxic effects
when given once are tolerated without harm. Therefore these chemicals have low chronicity. In cattle a
daily dose of 30 mg. per Kg. can be tolerated for a
prolonged period; 100 mg. per Kg. daily if continued
beyond a week or more would be toxic; 500 mg. per
Kg. daily for several days would cause serious effects ;
while a single dose of 1000 mg. per Kg. would likely
cause death if repeated daily. Since dangerous doses
could only be obtained from sprayed vegetation as a
result of consuming all foliage on a 744-square-foot
area it is clear that there is little danger to livestock.
Sugar beet leaves sprayed with 2,4-D have been reported to be toxic to livestock, while the nitrate content of certain weeds (pigweed, lambsquarter, smartweed) is said to increase following application of the
herbicide. There is evidence that wild cherry leaves
wilted by 2,4-D and 2,4,5-T have a lower hydrocyanic
acid content than unsprayed leaves.
Not infrequently dogs are brought to veterinary
clinics suspected of having been poisoned as a result
of eating grass sprayed with 2,4-D. Since it is unlikely
that sufficient 2,4-D could be ingested to be toxic, it
is probable that most of these animals are sick from
other causes (see Baker, et al., North Am. Vet., 1953,
34, 194).
Dieldrin
This is a chlorinated hydrocarbon insecticide which
has been employed for the control of the sheep maggot
fly (L. sericata). In experimental and field trials
Stone et al. (Vet. Rec, 1954, 66, 183) found that
dipping sheep in a watery suspension containing 0.05
per cent dieldrin protected them against this insect
for up to 12 to 16 weeks. In preliminary experimental
trials a light surface spray containing 0.15 per cent
dieldrin was found to offer the same degree of protection. Although no toxicity was observed in this
work, Jones (Veterinary Pharmacology and Therapeutics, Iowa State College Press, Ames, 1954, p. 570)
states that dieldrin is considerably more toxic for man
and animals than chlorophenothane (DDT) and that
it must be handled and used with extreme care. In
toxicity trials with dogs Kistelman and Borgmann
(J.A.V.M.A., 1952, 121, 383) found that daily oral
doses of 0.2 and 0.6 mg. per Kg. of body weight for
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up to 228 days did not produce untoward effects.
When dogs were fed 2 mg. per Kg. daily they died
within 30 days and on autopsy showed parenchymatous degeneration of liver cells (Kistelman,
J.A.V.M.A., 1953, 123, 28).
Dienestrol (Dinovex, Dienestrogen)
This synthetic estrogen has been recommended in
the treatment of anovulatory cycles in cows and
mares presumably due to insufficient estrogen. Its use
is not intended to induce estrus but rather to induce
ovulation in animals already in estrus. It produces a
rapid rise in estrogen level which falls off rapidly. In
cows it is administered subcutaneously at the onset
of estrus and the animals are bred 12 hours later. In
mares a similar schedule is followed and the mare
may be bred 12 hours and again 24 hours after
administration.
In field trials with 271 cows with low fertility
records a conception rate of 77.5 per cent was obtained
with 1.2 treatments and 1.8 services per cow. In 33
cows treated 2.3 times the conception rate was 90.0
per cent (literature, Ortho Pharmaceutical Corp.).
Doses. C, 5 to 10 mg. (V12 to Ve grain) subcutaneously. H., 5 mg. i}f\2 grain) subcutaneously.
Diethylcarbamazine Citrate (Diethylcarbamazine
Acid Citrate, B.V.C.)
This drug is an effective anthelmintic for removing
roundworms in dogs and cats, and is also employed
for treating canine filariasis.
Trials in dogs (Hewitt et al., J. Parasitol., 1948, 34,
237) and cats (Kanegis et al., J.A.V.M.A., 1948, 113,
579; Colglazier and Enzie, Proc. Helminthol. Soc.
Wash., 1951, 18, 50) indicate that diethylcarbamazine
will remove over 90 per cent of roundworms present
in these species. Fasting is not necessary prior to
administration of the anthelmintic and animals may
be fed soon after treatment. Vomiting may occur following treatment but this often does not interfere
with the action of the drug and may be minimized
by giving a little milk or food before administration.
In filariasis of dogs diethylcarbamazine appears to
be effective in reducing or eliminating the microfilaria
of Dirofilaria immitis but is relatively ineffective
against the adult heartworms (Hewitt et al., J. Lab.
Clin. Med., 1947, 32, 1314; Ziegler, J.A.V.M.A., 1950,
116, 209; Foley, Vet. Med., 1950, 45, 485). A decrease in the number of microfilaria is often noted
within 24 hours after starting therapy but it may
require 3 weeks or longer of continuous treatment
before these are absent from the blood stream (Mark,
personal communication). Since this drug shows little
activity against adult heartworms, some clinicians
employ another filaricide, such as arsenamide sodium,
for this purpose and then follow with a course of
diethylcarbamazine. While the administration of this
drug may be associated with vomiting in many dogs,
it appears to be safer than the antimony or arsenical
compounds frequently used to treat canine filariasis.
Binkley (J.A.V.M.A., 1954, 125, 408) reported successful use of this drug for removing roundworms in
zoo animals. Lions, polar bears, and a cougar were
treated with doses of 25 to 33 mg. per pound of body
weight. The drug was administered in feed without
previous fasting.
McGaughey (Vet. Rec, 1950, 62, 51) reported that
diethylcarbamazine in doses of approximately 10 mg.
per pound of body weight resulted in clinical improvement in 4 dogs infested with the nematode
Spirocerca lupi. This dose was administered daily for
a period of 1 to 4 weeks. Werner (Vet. Med., 1949, 44,
496) treated a dog showing numerous Strongyloides
larvae in the feces and reported that after a week's
therapy the feces were negative for this parasite.
Diethylcarbamazine appears to be relatively non-
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toxic for dogs and cats. Dogs treated for as long as
2 months with doses of 25 mg. per Kg. (M> grain per
pound) of body weight showed no significant signs
of toxicity other than occasional vomiting (Hewitt
et al., J. Lab. Clin. Med., 1947, 32, 1314). Mason
(North Am. Vet., 1951, 32, 767) reported a case of
apparent drug sensitization in a dog treated with
diethylcarbamazine. The animal showed depression,
rapid, shallow breathing, paleness of visible mucous
membranes and diarrhea. Treatment with Pyribenzamine resulted in prompt disappearance of these signs.
Under the name Caracide this drug is available in
tablets of 400 mg. each.
Doses. D., Anthelmintic, 25 mg. (2/~, grain) per
pound of body weight; filaricide, 30 mg. (l/2 grain)
per pound of body weight daily, administered in three
divided doses. Cats, Anthelmintic, 25 mg. (^ grain)
per pound of body weight.
Diethylstilbestrol and Diethylstilbestrol Dipropionate (Stilboestrol, B.V.C.)
Diethylstilbestrol and its more slowly absorbed dipropionate have been more widely used in veterinary
practice than any of the other "sex hormone" products.
Sporri (Zeitschr. j. Vit.-, Horm.-, und Fermentforsch.,
1948-49, 2, 292) reviewed and evaluated the older
literature on its veterinary uses. In anestrus in cows
(Montgomerie and Brownlee, Vet. Rec, 1941, 53,
567), sows (Barker, Can. J. Comp. Med., 1944, 8,
11), ewes (Hammond, Jr., et al., J. Agric. Sci., 1942,
32, 308), mares (Berliner and Scales, /. Ani. Sci.,
1944, 3, 431), and in rabbits not receptive to the male
(Hutson, J.A.V.M.A., 1945, 107, 143) it is possible to
induce estrus (in some cases accompanied by ovulation) and this is frequently followed by the establishment of normal estrous cycles. Since ovulation frequently fails, conception during diethylstilbestrolinduced estrus is irregular and unreliable. If animals
are bred during estrous periods following the induced
heat, conception rate is higher. In cows, the following
conditions, in addition to simple anestrus, have been
treated with diethylstilbestrol: (1) estrus without
ovulation, (2) ovulation without estrus, (3) ovarian
cysts, and (4) persistent corpus luteum. In general
other agents have proved of greater value in these
conditions, e.g.: (1) dienestrol, (2) estradiol, (3)
chorionic gonadotropin, and (4) manual enucleation,
respectively. Pyometra in cows (Moore, J.A.V.M.A.,
1946, 108, 153, and Chesney, Vet. J., 1947, 103, 233).
bitches (Storey, Vet. Rec, 1943, 55, 7) and other
species is favorably influenced by diethylstilbestrol
therapy. It has been used with encouraging results in
hypertrophy of the prostate in dogs (Joshua, Vet.
Rec, 1945, 57, 135; Smythe, Vet. Rec, 1945, 57,
115; Hogg, ibid., 1947, 59, 47), perianal adenomata
in aged dogs (James, Vet. Rec, 1953, 65, 190),
pseudopregnancy in the bitch (Schnelle, North Am.
Vet., 1942, 23, 378, 447), and in urinary incontinence
(Schnelle, loc. cit.) and vaginitis in the spayed bitch.
It apparently has little value in inducing expulsion of
retained placentae in bovines (Moore, J.A.V.M.A.,
1946, 108, 79).
It has been well established that lactation can be
induced in cows and nulliparous heifers and in other
species with diethylstilbestrol (see series of articles in
/. Endocrinol, 1944, 4, entire issue; and Spriggs, Vet.
Rec, 1945, 57, 519) with the production of an economic quantity of milk in some individuals. For this
purpose in cows 2.5 Gm. in pellet form may be implanted. When milk production ceases to increase
(usually within 2 months) the remaining pellets should
be removed. Estrus occurs in about 2 weeks after
implantation and up to 20 per cent of the cows may
develop pelvic fractures owing to excessive "bulling."
Lactation may also be induced by weekly injection
of 15 to 30 mg. until maximum milk flow occurs.
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Chemical caponization of cockerels (Lorenz, Poidtry
Sci., 1945, 24, 91, 128) and old cocks (Sturkie, Poultry Sci., 1946, 25, 365) with diethylstilbestrol products has been accomplished by several workers. This
practice has now become widespread in the poultry
industry. Various types of pellets for implantation or
preparations containing diethylstilbestrol in a vehicle
which delays absorption are available commercially.
Diethylstilbestrol apparently has some value in preventing pregnancy in mesalliance in bitches (large
doses, 1 mg. per pound of body weight, required)
and as an aid in the expulsion of mummified fetus in
cattle (Brownlee et al., Vet. Rec, 1942, 54, 104). Its
use in cattle to cause abortion and to induce calving
in cases of prolonged gestation has been studied (Van
de Velde et al., Vlaams Diergeneesk. Tijdschr., 1952,
27, 93, abstr. J.A.V.M.A., 1953, 122, 135; Bratt and
Burch, North Am. Vet., 1952, 33, 541, and 1953, 34,
130). Doses of 100 to 150 mg. when administered as
an implant ("repositol") caused abortion in 5 cows.
Daily injections of doses from 500 to 1000 mg. will
produce abortion and induce parturition in prolonged
gestation. Up to 20 injections may be required to
cause abortion, but only 2 to 5 injections may be
needed in the cases of prolonged gestation.
A new use for diethylstilbestrol which has been investigated inrecent years is its effect on feed efficiency
and growth in lambs, steers, heifers, and swine (Payne,
Proc 91st Ann. Mtg. A.V.M.A., 1954, 180; Clegg and
Cole, /. Ani. Sci., 1954, 13, 108). The effect may be
obtained by subcutaneous implantation or feeding;
60-mg. implants have been used in steers and 12-mg.
implants in sheep. In feeding trials in steers 10 or 11
mg. daily proved effective. In November, 1954, the
Federal Food and Drug Administration granted permission for the preparation and sale of a feed supplement premix containing 1 Gm. of diethylstilbestrol
per pound of premix. Authorized feed manufacturers
may incorporate this in a mixed feed at the rate of
10 pounds of premix per ton of mixed feed (i.e., 5 mg.
per pound or 0.0011 per cent of diethylstilbestrol).
Most states now permit registration and sale of these
feeding supplements for beef cattle (Nutrition News
Bull., 1955, 11, No. 2). A residual amount of estrogenic activity is present in meat from treated animals
and this must be evaluated from the standpoint of
danger to the consumer.
Diethylstilbestrol and diethylstilbestrol dipropionate are available in oily solution for intramuscular
injection, various vehicles which result in precipitation of crystalline diethylstilbestrol following injection, and in plain and enteric-coated tablets for oral
administration. It should be pointed out that large
doses of these substances can have certain harmful
results including straining in the postparturient cow,
reduction of milk production, abortion, and in some
cases udder changes simulating mastitis.
Doses. Mares, induce estrus, 20 to 25 mg. intramuscularly. Cows, induce estrus, 10 to 20 mg. in
heifers and small breeds and 20 to 25 mg. in large
breeds, administered intramuscularly. Pyometra, 30
to 50 mg. i.m. Ewes, induce estrus, 2 to 3 mg. i.m.
Sows, induce estrus, 3 to 10 mg. i.m. Dogs, 0.5 to 1
mg. per os, one-half of these doses intramuscularly.
The same doses are used for both diethylstilbestrol
and diethylstilbestrol dipropionate. Poultry, "caponization," 15to 30 mg. by subcutaneous implantation.
Digitalis
Since heart disease and congestive heart failure in
animals have not been thoroughly investigated, digitalis therapy for veterinary patients has not been
placed on a sound basis. It is rarely desirable to use
digitalis or digitalis glycosides under ordinary circumstances in large-animal practice. The only generally
accepted valid use for digitalis is for the treat-
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ment of congestive heart failure. Since this is uncommon in large animals, and seldom treated when it
occurs, the occasions when it is needed are infrequent.
In ruminants the digitalis glycosides are largely destroyed in the rumen, so that they must be administered parenterally.
Digitalis has been recommended for the treatment
of pneumonia and other febrile diseases in which
tachycardia, cardiac arrhythmias, and terminal cardiovascular collapse may occur. There are no controlled
studies to support the routine use of such therapy and
it is possible that it can be more harmful than beneficial. Ifcongestive heart failure should develop during
the course of a febrile disease then, and only then,
would digitalis therapy be indicated.
Digitalis glycosides are used more commonly in the
treatment of congestive heart failure in dogs than in
other domestic species. Clinical experience has shown
that rest, reduction in sodium intake (diet) and increase in sodium elimination (diuretics) are of at
least equal importance with digitalis therapy in treating congestive heart failure in dogs (Detweiler, Univ.
Penna. Vet. Extension Quart., 1952, No. 125, 21).
However, in certain cases these measures fail and
response is obtained only following digitalization.
The response of dogs with auricular fibrillation to
digitalis therapy is poor and in most cases the ventricular rate cannot be slowed consistently. The best
clinical results observed thus far with digitalis therapy
have been in dogs with congestive heart failure due to
valvular lesions and in which auricular fibrillation
has not developed.
Digitalization has been accomplished only when
sufficient drug has been given to produce full therapeutic action. Administration should continue until
therapeutic results are obtained or toxic signs have
developed. The exact amount required varies from
case to case and cannot be calculated precisely. The
total amount of digitalis required to digitalize a subject should be estimated on the basis of the animal's
body weight (discounting weight- due to edema). The
following schedule, based on clinical trial, has proved
helpful for estimating required digitalization doses
in the dog:
Preparation
Digitalis (powder,
tablets), U.S. P.
Digitalis tincture,
U.S.P.
Digitoxin, U.S.P.

Total digitalization dose
for the dog
0.14weight
to 0.2 Gm.'lO
lb. body
1.4 to 2 ml./lO lb. body weight
0.14 to 0.28 me. 10 lb. body
weight

The rate at which this estimated digitalization dose is
administered depends on the urgency of the case.
Intensive method: one-half the calculated amount is
given at once, 6 hours later one-quarter of the total
dose is given, then one-eighth of the total dose is
continued at intervals of 4 to 6 hours until a definite
effect is observed; e.g., vomiting, diarrhea, slowing of
the heart rate, diuresis. Many dogs develop diarrhea
while on digitalis therapy and this, in itself, is not
sufficient reason to discontinue therapy. Before each
dose the dog should be examined for evidence of
toxicity; e.g., vomiting, great depression, cardiac
irregularities (ventricular premature beats, partial
heart block, auricular fibrillation), tachycardia or
excessive bradycardia, and pulsus alternans. Rapid
method: the calculated digitalization dose is divided
into seven equal amounts which are given at 6-hour
intervals. Slow method: one-tenth the calculated
digitalization dose is given at 8-hour intervals until
the desired response is attained.
After digitalization, as judged by the clinical re-
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sponse, has been achieved a maintenance dose is determined. The daily maintenance dose may vary from
one-tenth to one-fourth the total digitalization dose
required.
Digitalis, Powdered
Doses. Total digitalization dose: H., 1.5 to 3 Gm.
(22 to 45 grains) per 100 pounds of body weight.
D., 0.14 to 0.2 Gm. (2l/2 to 3 grains) per 10 pounds
of body weight. Daily maintenance dose: one-tenth
to one-fourth the total digitalization dose.
Digitalis Tincture
Doses. Total digitalization dose: H., 15 to 30 ml.
(4 to 8 fluidrachms) per 100 pounds of body weight.
D., 1.4 to 2.0 ml. (22 to 30 minims) per 10 pounds
of body weight. Daily maintenance dose: one-tenth
to one-fourth the total digitalization dose.
Digitoxin
Doses. D., Total digitalization dose, 0.14 to 0.28
nig- (Moo to V250 grain) per 10 pounds of body
weight. Daily maintenance dose: one-tenth to onefourth the total digitalization dose.
Dimercaprol (BAL)
British antilewisite is an effective antidote against
certain heavy metals including arsenic, mercury, bismuth, gold, antimony, nickel, chromium and cobalt.
It is ineffective in lead (Germuth and Eagle, J. Pharmacol., 1948, 92, 397), selenium and thallium poisoning. Slaughter et al. {ibid., 1950, 98, 30) reported that
it antagonized strychnine toxicity in rabbits and rats
especially when given simultaneously, although the
explanation of this action is obscure.
There are few reports on its clinical use in domestic
animals. In arsenic poisoning in cattle 64 animals
were treated with dimercaprol with apparent benefit
(J.A.V.M.A., 1953, 123, 454, abstr.). The dose employed was 900 mg. intramuscularly every 4 hours.
Using the same dose Edds (Proc. Book A.VM.A.,
87th Ann. Mtg., 1950, 21) treated arsenic poisoning
in horses and cattle and lead arsenate poisoning in a
horse with generally satisfactory results.
Since the drug is itself toxic in doses about twice
those used therapeutically, it must be employed with
caution. Intramuscularly the fatal dose in sheep is
50 mg. per Kg. of body weight and in goats 70 to 80
mg. per Kg. (Edds, loc. cit.) .
Doses. These doses have been used experimentally
in laboratory animals and clinically in man: 2.5 to 3
mg. 0/25 to ^20 grain) per Kg., intramuscularly. This
dose is repeated every 4 hours for the first 48 hours,
every 6 hours on the third day and every 12 hours
thereafter.
Dimidium Bromide (Phenanthridinium 1553)
This trypanocidal drug was shown to be especially
effective against Trypanosoma congolense infection
in cattle in the Sudan where over 350,000 animals
were treated in a large scale field trial (Evans, Vet.
Rec, 1948, 60, 418) . It is less effective against T. vivax
and has little action against T. brucei and T. evansi.
It
will protect animals against infection for up to
28 days.
Toxic reactions have limited its use to some extent
(Carmichael, Vet. Rec, 1950, 62, 257). The reactions
resemble photosensitization (photophobia, skin necrosis, etc.) and can be minimized if adequate water
and grazing are available (Evans, loc. cit.). Since
similar lesions occur in animals not exposed to sunlight, adietary factor has been suspected. A marked
swelling frequently occurs at the site of injection and
necrosis is not uncommon (see Phenidium Chloride).
Doses. H. & C, 1 to 1.5 mg. (%o to %o grain)
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Drocarbil

per Kg. of body weight, subcutaneously, intramuscularly, or intravenously. D., 1 mg. (Yeo grain) per Kg.
parenterally.
Di-Phenthane-70

(Dichlorophen, B.V.C.)

This drug, chemically 2,2'-dihydroxy-5,5'-dichlorodiphenylmethane, and known also as compound G-4,
is employed as a taeniacide for dogs, cats, and sheep.
Early experimental work (Craig and Kleckner, North
Am. Vet., 1946, 27, 26) and clinical trials indicated
that it was highly effective against the common tapeworms of the dog, Taenia sp. and Diplydium sp., and
is of low toxicity. However, subsequent clinical experience has shown that di-phenthane-70 shows only
limited effectiveness against these worms and that certain side reactions such as vomiting, colic and diarrhea
occur frequently (Jones, Veterinary Pharmacology
and Therapeutics, Iowa State College Press, 1954,
p. 522). The drug acts by killing the tapeworms which
are then destroyed by digestion as they pass down the
intestinal tract, so that they do not appear in the
feces. Fasting the subject and the use of cathartics
are not ordinarily required with di-phenthane-70.
However, Kleckner (personal communication) recommends that in heavy infestations and animals refractory to treatment the dose be preceded by a 12-hour
fast and followed in 1 to 3 hours with a mild cathartic
(milk of magnesia). For other reports on the use of
di-phenthane-70 in dogs see the reports of Craige
(North Am. Vet., 1947, 28, 94) and Biddis (Vet. Rec,
1950, 62, 841).
In sheep, di-phenthane-70 has been employed as
an anthelmintic for the removal of the broad tapeworm, Moniezia expansa and the fringed tapeworm,
Thysanosoma actinioides. The drug may be administered in the form of a 15 per cent suspension or as
tablets. Reports indicate that doses of 250 mg. (4
grains) per pound of body weight for sheep on
feed will remove fringed tapeworms (Ryff et al.,
J.A.V.M.A., 1949, 115, 179; Ryff et al., J.A.VM.A.,
1950, 117, 471). For sheep fasted for 24 hours prior
to treatment a dose of 50 mg. (54 grain) per pound
of body weight is suitable. Small lambs on feed require 400 mg. (6J/2 grains) per pound of body weight.
While these doses appear to remove a high proportion
of fringed tapeworms from most sheep, they are ineffective for some animals and may cause diarrhea,
inappetence and inflammation of the gallbladder
(Price and Hardy, J.A.V.M.A., 1953, 122, 216).
Harries (Vet. Rec, 1953, 65, 894) reported that
smaller doses, approximately 80 mg. (\]/2 grain) per
pound of body weight, were effective for removing
fringed tapeworms from sheep or lambs on feed. Although Ryff et al. (loc. cit.) reported di-phenthane-70
to be effective against Monieza expansa, Enzie et al.
(J.A.V.M.A., 1953, 122, 29) on the basis of later work
concluded that this drug is not as reliable as other
available taeniacides for removing this type of tapeworm. They also found that the cost of livers salvaged
after treatment was less than the cost of treatment.
Perry (Vet. Med., 1952, 47, 221), on the basis of
clinical trial in 56 cases, found di-phenthane-70 effective against coccidiosis in dogs. He recommends daily
doses of 120 mg. (2 grains) per pound of body weight,
divided into 3 equal doses. Therapy is continued until
oocysts no longer appear in the feces. In Perry's cases
treatment was usually continued for from 6 to 12
days, although longer periods (up to 44 days) were
required in some cases.
Under the name Teniathane, tablets are available
containing 250 mg. (4 grains) or 600 mg. (1l/2 grains)
of di-phenthane-70. A 15 per cent suspension of this
drug may be obtained under the name Teniatol.
Di-phenthane-70 combined with methylbenzene has
been employed
for removing
roundworms,
hook-
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worms, and tapeworms from dogs and cats. This combined anthelmintic is discussed under methylbenzene
Doses. Sh., 80 to 120 mg. (1^3 to 2 grains) per
(q.v.).
pound of body weight (see text). D., 200 mg. per Kg.
(4 grains per 3 pounds) of body weight administered
as
a single dose. Do not repeat treatment within
10 days.
Diphenylamine
Diphenylamine is one of the active ingredients in
Smear 62 and Smear 82 which were developed by the
Federal Bureau of Entomology and Plant Quarantine
to control screwworm larva (Callitroga americana)
and wool maggot infestations of wounds of livestock.
It is more effective than phenothiazine for this purpose but has been replaced largely by a mixture containing lindane which is known as EQ335. Smear 62
contains 35 per cent each of diphenylamine and benzol,
10 per cent Turkey red oil, and 20 per cent lampblack.
Smear 82 contains 2 per cent Triton-X 300 and 10
per cen n-butyl alcohol in place of Turkey red oil but
is otherwise similar to Smear 62. These smears are
applied about twice weekly to wounds until healing
is complete.
Diphenylhydantoin Sodium (Phenytoin Sodium,
B.V.C., Dilantin Sodium)
This anticonvulsant, which is effective in doses
causing little or no hypnotic action, has been recommended in epileptiform convulsions in dogs (Booth,
abstr. J.A.V.M.A., 1948, 113, 563; McGrath, Univ.
Penna. Vet. Ext. Quart., 1953, No. 132, 5; Schnelle,
Vet. Excerpts, 1947, 7, 33). It is administered orally
3 or 4 times daily. To bring about prompt action in
severe cases the initial dose may be equal to the total
daily dose which will be employed later for maintenance.
Doses. D., 30 to 200 mg. (l/2 to 3 grains) every
6 to 8 hours.
Drocarbil (Arecoline-Acetarsol, B.V.C, Nemural)
This drug, the arecoline salt of 3-acetylamino-4hydroxyphenylarsonic acid, is employed for the treatment of tapeworm infestations in the dog and cat.
Kirk (Index of Treatment in Small Animal Practice,
Bailliere, Tindall & Cox, London, 2nd Ed., 1951,
p. 666) indicates that it is effective against taenia and
bothriocephalata in small animals. In therapeutic
doses it has an anthelmintic action and a purgative
action which assists in expelling parasites. Fasting is
not necessary prior to administration of drocarbil.
A light meal immediately before treatment may prevent the occurrence of nausea and vomiting. The
action ordinarily develops rapidly but if no effect is
obtained within 2 hours a purgative dose of castor
oil should be given. This may be supplemented by an
enema if necessary.
In a pharmacological study on dogs Urbina (Thesis,
Michigan State College, 1946) found that drocarbil
was more likely to produce nausea and vomiting than
arecoline hydrobromide. Cardiac slowing and some
general depression were noted with both compounds
but were more pronounced with drocarbil. The purgative action observed with this compound was slower
in developing but more complete than with arecoline.
This drug must be used carefully in dogs and cats
since it exerts a powerful cathartic effect. Scheidy
(personal communication) observed death in 3 dogs
treated with it and on autopsy all animals showed
intussusception. It is contraindicated in intestinal
catarrh, febrile diseases, cardiac and circulatory disturbances, in puppies under 3 months old or cats
under 1 year old.
Moitra (Indian Vet. J., 1945, 22, 137) reported on
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the use of drocarbil for removing tapeworms in poultry and Frbhner and Reinhardt {Lehrbuch der Arzneimittellehre fur Tierdrzte, Enke, Stuttgart, 1946, p.
173) mention its use for treating haemonchosis in
sheep and goats. However, the drug has never been
extensively employed for these purposes.
Drocarbil is available under the name Nemural in
18-mg. tablets (each tablet containing 3.13 mg.
arsenic).
Doses. D. and foxes, over 3 months, 18 mg. per
8 pounds of body weight. Cats, over 1 year, 14 to 27
mg. in milk. Sh., 216 mg. G., 108 mg. Chickens,
over 8 weeks, 4.5 mg.; adult birds, 9 mg.
Emetine Hydrochloride
At the present time there is no satisfactory treatment for lungworm infection. This is chiefly a problem in sheep and goats although other animals also
are occasionally infested with various species. Durbin
(Univ. Penna.Vet. Ext. Quart., 1954, No. 133, 49)
found emetine hydrochloride promising in the experimental treatment of sheep infested with Protostrongylus rufescens and Muellerius capUlaris and
goats infested with M. capillaris. The dose used was
0.3 ml. of a 1 per cent aqueous solution (3 mg.) per
Kg. of body weight, given intramuscularly. The dose
was repeated 2 days later. One and one-half times
this amount did not produce obvious signs of toxicity.
The toxic range of emetine by intramuscular injection in the larger mammals is about 10 to 25 mg.
per Kg. whether it is given in one injection or in
divided doses, and smaller doses are toxic when given
intravenously (Findlay, Recent Advances in Chemotherapy, Blakiston, 1950). Among other toxic actions
the drug damages the myocardium.
Ephedrine
Ephedrine has not been used very extensively in
veterinary medicine. It has been employed in canine
practice to a limited extent in the same conditions for
which it is used in human medicine.
Burch and Harrison (Surg. Gynec. Obst., 1931. 52,
953) found that 2 to 5 mg. per Kg. doses of ephedrine
salt given intravenously or intraspinally to experimental dogs under spinal anesthesia caused a rise in
blood pressure and cardiac output and markedly decreased their susceptibility to hemorrhage. Intraspinal
administration before the spinal anesthetic was given
prevented the hypotensive effect of the anesthetic.
Ephedrine Hydrochloride
This is used in combination with pentylenetetrazol
as an analeptic in large and small animal practice. For
doses see the Pentylenetetrazol monograph.
Doses. D., 8 to 25 mg. (% to Y% grain).
Ephedrine Sulfate
Doses. D., 8 to 25 mg. ("% to Y% grain).
Epinephrine Injection
Intravenous or intracardial injections of epinephrine
hydrochloride solutions are used in acute cardiac failure during surgical anesthesia. This accompanied by
cardiac massage may prove a life-saving measure. Intramuscular and subcutaneous injections are of value
in treating anaphylactic shock, paroxysms of bronchial
asthma, and related conditions. Anaphylactoid reactions are not uncommon following injection of biologicals. Such reactions sometimes occur in pigs following antihog cholera vaccination, in calves following
the administration of bacterins (Howe, JA.V.M.A.,
1949, 114, 144), and in cattle after chorionic gonadotropin injection.
Ivy (Quart. Bull. Northwest. U. Med. Sch., 1944,
18, 298) showed that intracarotid and intravenous
injections of epinephrine (0.1 mg. per Kg.) in dogs
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produced analgesia lasting up to 1.5 hours in most
animals tested and Leimdorfer (J. Pharmacol., 1950,
98, 62) found that intracisternal injections of epinephrine in dogs produced analgesic and hypnotic
effects. Lamson and associates (ibid., 1952, 106, 219)
observed that epinephrine hydrochloride (0.1 mg. per
Kg. intravenously in dogs) potentiates the anesthetic
action in chloral and barbiturate anesthesia. Clinical
application of these pharmacological phenomena has
not been made.
In cardiac arrest epinephrine given intracardially
may prove a life-saving measure. However, it must
be emphasized that cardiac massage and adequate
pulmonary ventilation are more important measures
than the administration of drugs. Moreover, in the
dog, especially, there is grave danger that fatal ventricular fibrillation may be induced. When it is employed intracardially in dogs for this purpose a dose
of 0.2 to 0.4 ml. of a 1:10,000 solution is recommended, repeated cautiously. Detweiler (Proc. 89th
Ann. Mtg. A.V.M.A., 1952, 119) has shown in horses
that intravenous doses of 0.025 mg. per Kg. of epinephrine hydrochloride given following chloral hydrate
(150 mg. per Kg.) may cause persistent auricular
fibrillation as well as other arrhythmias. See Part I
for further discussion.
Doses. For a 1:1000 solution. Subcutaneously or
intramuscularly : H. & C, 4 to 8 ml. (1 to 2 fluidrachms). D., 0.2 to 0.6 ml. (3 to 10 minims). Intravenously: H. & C, 0.5 to 4 ml. (8 to 60 minims).
D., 0.03 to 0.5 ml. (l/2 to 8 minims).
Ergonovine Maleate (Ergometrine Maleate , B .V .C .)
The use of this drug in veterinary medicine has
been very limited to date.
Doses. H. & C, 10 to 20 mg. (% to Y3 grain).
Sw„ 0.5 to 1 mg. (Ho0 to Ym grain). D., 0.2 to 0.5
mg. (%oo to M20 grain).
Ergot
Ergot is occasionally employed as an oxytocic in
veterinary medicine. However, posterior pituitary injection isusually administered for this purpose because
its action is more reliable and prompt.
Ergot poisoning of livestock, especially cattle, occurs
occasionally and may cause serious losses (Simms,
Auburn Vet., 1945, 1, 64; Shaw, J.A.VMA., 1949,
114, 32; Jones, Vet. Rec, 1953, 65, 156; Edwards,
ibid., 158). In acute or neurotropic ergotism of cattle
caused by eating ergotized forage crops (e.g., Dallis
grass poisoning) hyperesthesia, incoordination, tremors,
blindness and convulsions occur (Simms, loc. cit.).
Chronic ergotism (Shaw, loc. cit.; Jones, loc. cit.;
Edwards, loc. cit.) is manifested first by slow maturing of affected animals followed by swelling and then
necrosis of the extremities with lameness, chronic
wasting, and emaciation. Although removal to uncontaminated pastures results in rapid disappearance of
signs of the disease, the animals may remain in poor
condition. Treatment is symptomatic including sedatives in the acute form, and avoidance of exposure to
cold in chronic ergotism.
Doses. H., 15 to 25 Gm. (4 to 6*4 drachms).
C, 25 to 30 Gm. (6lA to 1]/2 drachms). Sh. & Sw.,
4 to 8 Gm. (1 to 2 drachms). D., 0.5 to 2 Gm. (7]/2
to 30 grains). Cats, 0.1 to 1 Gm. (\y2 to 15 grains).
Ergot Fluidextract
Doses. H., 15 to 25 ml. (4 to 6l/2 fluidrachms) .
C, 25 to 30 ml. (6J4 to 8 fluidrachms). Sh. & Sw.,
4 to 8 ml. (1 to 2 fluidrachms). D., 0.5 to 2 ml. (8 to
30 minims). Cats, 0.1 to 1 ml. (\l/2 to 15 minims).
Ergotamine Tartrate
This drug has been little used to date in veterinary
practice.
Dose. D., 0.2 to 0.5 mg. (:5^oo to Vfeo grain).
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Erythromycin
This antibiotic has not received extensive clinical
trial in veterinary' practice as yet. A few reports are
available on its use in various infectious diseases of
dogs and cats such as canine distemper, pyometritis,
pharyngitis, pneumonia, enteritis, and localized infections (Jordan et al., Allied Vet., 1953, May-June, 8;
Neserke, J.A.VM.A., 1953, 123, 42; Campbell, Vet.
Med., 1954, 49, 333). These uncontrolled clinical
trials indicate that it is useful in such cases and
essentially free of untoward effects. The doses employed varied from 300 to 1800 mg. daily in dogs and
200 mg. daily in cats, given orally in 2 to 4 divided
doses. Florestano and Bahler (Am. J. Vet. Res., 1955,
16, 160) found in dogs that oral doses of 10 mg. per
Kg. produced therapeutic blood levels for 6 hours or
more. One-half this dose intramuscularly also resulted
in therapeutic blood levels. Campbell (loc. cit.) initiated treatment in severe cases with 1 or 2 doses of
50 to 150 mg. of erythromycin lactobionate intravenously. Experimentally, dogs tolerated daily oral
doses of 50 to 100 mg. per Kg. of body weight for
more than 3 months and cats receiving daily intramuscular doses of 50 mg. per Kg. did not develop
eighth-nerve damage after 69 days (Anderson et al.,
J. A. Ph. A., 1952, 41, 555).
Erythromycin lactobionate has been employed in
livestock in the following doses intravenously: H. &
C, 0.5 to 1 Gm. every 12 hours; Sw., 100 to 300 mg.
every 12 hours; Sh., 100 to 300 mg. every 12 hours.
Double these doses are used intramuscularly.
Estradiol Benzoate
This estrogen has had relatively little use in veterinary medicine and effective doses are not well established. It may be used for the same general purposes
as diethylstilbestrol.
Doses. The following doses are based on those
which have been used to produce estrus in anestrus
females. Cows, 5 mg. QA2 grain). Ewes, 0.3 to 2.5
mg. (%oo to %5 grain). Bitches, 0.1 to 1 mg. (%oo to
Veo grain). It is administered hypodermically.
Estradiol Cyclopentylpropionate (E.CJ3.)
This estrogen has been recommended in cows for
the treatment of anestrus, retained corpus luteum,
pyometra, mummified fetus, and silent heat (Gibbons,
Vet. Med., 1951, 46, 397; Easterbrooks and Plastridge,
JA.V.M.A., 1953, 122, 287; Lindley, Vet. Med., 1953,
48, 263). In these published reports it was superior
to diethylstilbestrol and expression of the corpus
luteum in producing estrus and ultimate conception
in anestrus in cattle. In 77 ewes during the anestrus
period it produced estrus in 91 per cent but they
failed to conceive as a result of the treatment (Venzke,
Am. J. Vet. Res., 1953, 14, 411). Although widespread claims have been made in the popular press
regarding the efficacy of this hormone in livestock
sterility, further work is necessary before it can be
evaluated finally.
Price and Hardy (J.A.V.M.A., 1953, 123, 195)
treated Rambouillet ewes with estradiol cyclopentylpropionate in an attempt to produce a controlled
breeding period. Within 10 days after a 1-mg. intramuscular injection of the hormone 75 per cent of the
treated ewes had accepted service as compared to 9.4
per cent of untreated ewes; however, there was no
indication that a controlled uniform lambing season
could be produced by such treatment.
Doses. Mare and Cow, 5 to 10 mg. (Y12 to %
grain). Ewe, 1 to 2 mg. (Ym to %o grain). Sow,
1 mg. (%0 grain). D., 1 to 2 mg. (Yao to Yza grain).
Cat, 0.25 to 0.5 mg. (Y250 to Y120 grain).
Estrogens
Estrogens are employed in the treatment of various
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functional disorders and diseases of the reproductive
tract of domestic animals; to produce functional castration of cockerels ("caponization") and anestrus in
sows to promote fattening; to induce lactation in
cows; and to improve feed efficiency and growth in
ruminants.
Estrogen therapy is used in treating abnormal
anestrus in mares, cows, sows, ewes, and bitches;
pyometra in cows, bitches and other species; trichomonas infections in cows; pseudopregnancy in
bitches; urinary incontinence and vaginitis in spayed
bitches, and temporary relief of prostatic hypertrophy
in dogs (Andrews, J.A.V.M.A., 1947, 110, 308; Sporri,
Zeitschr.f. Vit.-,Horm.-, und Ferment jorsch., 1948-49,
2, 292). The use of estrogens, particularly diethylstilbestrol, tofatten broilers, tenderize old male chickens, and produce "capons" is widely practiced (Andrews, loc. cit.) . Recently Sporri and Candinas
(Schweiz. Arch. Tierheilk., 1951, 93, 129; Experentia,
1951, 7, 267) introduced a new method of "hormonal
castration" of sexually mature sows by administration of estrogens. They found that in about 80 per
cent of the cases sexual desire in sows could be diminished if estrogens were administered between the
seventh and thirteenth day of the cycle in appropriate
doses (30 to 60 mg. of diethylstilbestrol were used
but optimum dosage has not been determined). Results with this method have not been universally
encouraging (Kerschagl, Wien. Tierarztl. Monatsschr.,
1951, 38, 315). During recent years the effect of
diethylstilbestrol implantation and feeding on growth
and efficiency of feed utilization in ruminants and
swine has been studied (Payne, Proc. 91st Ann. Mtg.
A.V.M.A., 1954, 180). This causes improved weight
gains, more efficient utilization of feed, and a marked
increase in nitrogen retention.
Diethylstilbestrol and its dipropionate have been
used more than any other estrogen product in veterinary medicine. In addition various naturally occurring and synthetic estrogens have also been employed
including estrone, estradiol, hexestrol, and dienestrol.
Estrone
Aqueous suspensions of this ovarian hormone are
available for parenteral use. It is administered intramuscularly or subcutaneously to induce estrus or in
animals which do come into heat but fail to ovulate
it is given at the onset of estrus to induce ovulation.
Doses. Par enter ally: Mares and Cows, 5 to 10
mg. Olo to Y(, grain). Ewes and Sows, 2 to 4 mg.
(%o to Vis grain). D., 1 to 2 mg. (Ym to Y30 grain).
Ether
As a general anesthetic ether is considered the safest
agent, requiring no special equipment for dogs and
cats provided the anesthetist is experienced. It has the
widest margin of safety of the anesthetics commonly
employed in these species. However, inhalation anesthesia has been largely replaced by non-volatile anesthetics because veterinary surgeons so often work
without skilled assistance. Nevertheless, the safety of
ether for dogs and cats is well recognized (Gadd,
J.A.V.M.A., 1948, 112, 218; Henderson, North Am.
Vet., 1950, 31, 41). When inhalation anesthesia is
employed in the dog it is common practice first to
administer morphine sulfate or a similar narcotic to
control struggling and simplify induction. Ether is
not suitable for sheep. Under field conditions the
panting type of respiration, so common in sheep when
struggling or being restrained, combats efforts to
build up a suitable concentration of anesthetic in the
alveoli and makes anesthesia difficult to attain. If
surgical anesthesia is reached respiratory failure may
occur (Amadon, Univ. of Penna. Vet. Exten. Quart.,
1933, No. 49, 7). It is a fair anesthetic for small
pigs. With larger swine, which also pant excessively
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with exertion, it is frequently difficult to maintain
adequate anesthesia. In the ox surgical anesthesia is
difficult or impossible to reach and the drug is not
suitable. Horses usually cannot be anesthetized with
ether when ordinary methods of administration are
employed. Special apparatus has been designed which
involves raising the temperature of the ether and thus
facilitates volatilization (see Wright, Veterinary Anesthesia, Eger, 3rd ed., 1952).
Experiments with intravenous ether anesthesia in
horses (Longley, Vet. Rec, 1950, 62, 30) and cattle
(Conner, J.A.V.M.A., 1951, 119, 46) have been reported but the method has not been adopted to any
extent in practice. In animals previously lightly anesthetized with a barbiturate a 5 to 6 per cent solution
of ether in physiological salt solution is given intravenously. In horses weighing about 1100 pounds
emerging from thiopental anesthesia two liters of
this solution (about 100 to 120 ml. of ether) given
intravenously over a period of six to eight minutes
will induce surgical anesthesia. Conner (loc. cit.)
found with cattle that difficulty is encountered in
maintaining an even level of anesthesia in some subjects and that unexpected fatalities may occur in
calves. Further investigation of this method is required before it can be recommended for clinical use.
Lichtenstein and Sewall (JAM.A., 1948, 136, 827)
have pointed out the danger of producing fatal fat
embolism with intravenous ether administration.
Ether is sometimes given orally for its carminative
action in flatulent colic in horses. An old remedy
consists of 60 ml. each of ether and turpentine oil
with sufficient Unseed oil to make 500 ml. This mixture is made extemporaneously and 500 ml. given
initially followed by 60 ml. every hour as needed.
Swerdlow (Brit. Vet. J., 1952, 108, 131) compared
the anesthetic action of ether, chloroform, trichloroethylene, pentobarbital and pentothal on rats and
concluded that ether was the safest of these agents
for this species and that with it the depth of anesthesia could be most easily judged.
Sulkin et al. {Science, 1946, 104, 53) made the
interesting observation that deep anesthetization of
mice with ether at the time of inoculation with
western equine encephalomyelitis virus reduces the
number of animals which develop the disease. It also
delays the development of signs of central nervous
system disturbances when administered after the disease has progressed enough to show objective signs
of encephalitis.
Doses. H., 25 to 50 ml. (6J4 to 12^4 fluidrachms).
D., 2 to 4 ml. (V2 to 1 fluidrachm).
Ether Spirit
This is used as a carminative in flatulent colic.
Doses. H., 30 to 60 ml. (1 to 2 fluidounces).
C, 60 to 90 ml. (2 to 3 fluidounces). D., 1 to 8 ml.
( % to 2 fluidrachms).
Ether Spirit, Compound
This preparation is used as a carminative in flatulent colic.
Doses. H. & C, 25 to 50 ml. (6l4 to uy2
fluidrachms). D., 2 to 4 ml. (l/2 to 1 fluidrachm).
Ethidium
Bromide
(R.D. 1572, 2,7-Diamino-10ethyl-9-phenylphenanthridinium Bromide)
Experimental trials indicate that ethidium bromide
is effective against Trypanosoma congolense (Wilde
and Robson, Vet. Rec, 1953, 65, 49; Wilson and Fairclough, Vet. Rec, 1953, 65, 201) and T. vivax (Ford,
et al., Vet. Rec, 1953, 65, 589) infections in cattle.
It is given subcutaneously in 1 per cent solution in
doses of 0.25 to 1.5 mg. per Kg. of body weight.
Burdin (Vet. Rec, 1953. 65, 241) found no delayed
toxicity with doses of 4 mg. per Kg. of body weight.
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Ethyl Chloride
This is employed as a local anesthetic useful in
various minor surgical procedures. Recently Longley
(Vet. Rec, 1950, 62, 152) recommended its use for
transient or induction anesthesia in cats, birds and
other small animals (see also Wright, Veterinary
Anesthesia, Eger, 3rd ed., 1952, and Menon, Vet. Rec,
1951, 63, 261). The animals are placed in a suitable
container with glass sides so that they may be observed. The capacity of the chamber in cubic inches
divided by 200 gives the number of ml. of ethyl
chloride necessary to produce a concentration of 10
per cent vapor. This amount is poured in and the
container closed. Unconsciousness occurs within 30
to 60 seconds and the optimal depth of anesthesia develops within 0.5 to 1 minute later. Respiratory
failure is likely to occur, but artificial respiration
quickly restores breathing. Anesthesia lasts from 2
to 5 minutes. Muscular relaxation is not good and it
is not suitable for maintenance anesthesia because of
the danger of respiratory failure.
B.V.C.)
Ethyl
Nitrite Spirit (Spirit of Nitrous Ether,
Ethyl nitrite spirit is employed for its antipyretic
action in fevers. It is rarely used in modern therapy.
Doses. H. & C, 30 to 60 ml. (1 to 2 fluidounces).
D., 0.6 to 4 ml. (10 to 60 minims).
mine)
Ethylenediamine Dihydrochloride (Chlor-ethaCraige and Stoll (Am. J. Vet. Res., 1947, 8, 168)
introduced the use of this drug to combat alkalosis
in cows with milk fever. According to Craige (Allied
Veterinarian, Jan., Feb. 1953) it will aid in preventing relapses in cows treated with calcium and may
be used a prophylactic measure. Doses of 40 to 60
Gm. are given as a drench in 1000 ml. of water every
6 to 8 hours for 24 to 48 hours.
It has also been recommended in urolithiasis in
cats.
Doses. C, 40 to 60 Gm. (1^3 to 2 ounces). Cats,
100 mg. (\y2 grains) 3 times daily.
Ethylmorphine Hydrochloride
This drug is used in canine practice for the same
local effects as in human medicine. It is rarely given
internally.
Eucalyptus Oil
This is used in bronchitis as an inhalant and by
mouth as a stimulant expectorant.
Doses. H. & C, 8 to 15 ml. (2 to 4 fluidrachms).
D., 0.2 to 0.5 ml. (3 to 8 minims).
Ferric Ammonium

Citrate

This preparation is prescribed as a hematinic. especially in canine practice. It has little tendency to cause
gastric irritation and constipation.
Doses. H. & C, 4 to 8 Gm. (1 to 2 drachms).
D., 300 to 600 mg. (5 to 10 grains).
Ferric Ammonium

Citrate, Green

This iron preparation is suitable for intramuscular
injection. However, in most cases parenteral administration is unnecessary, and since the injections are
painful this type of therapy should be used only when
the oral route is undesirable.
Doses. H. & C, 120 to 250 mg. (2 to 4 grains)
intramuscularly. D., 10 to 20 mg. (% to Vz grain)
intramuscularly.
Ferric Chloride
A 5 per cent solution of ferric chloride is used as an
astringent application in moist eczema in the dog. It
possesses the disadvantage of staining the skin of ani-
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mals with light hair coats. Owing to its irritant action
it is seldom prescribed for internal use.
Ferric Chloride Solution
Doses. H., 5 to IS ml. (1 54 to 4 fluidrachms) .
Sh. & Sw., 0.6 to 1.3 ml. (10 to 20 minims). D., 0.12
to 0.6 ml. (2 to 10 minims) .
Ferric Chloride Tincture
Doses. H., 30 to 60 ml. (1 to 2 fluidounces) . Sh.
& Sw., 1 to 2 ml. (IS to 30 minims). D., 0.3 to 1 ml.
(5 to 15 minims).
Ferrous Carbonate
This preparation of iron is prescribed as a hematinic. Its chief advantage lies in the fact that it does
not tend to cause gastric irritation.
Ferrous Carbonate Mass
Doses. H. & C., 6 Gm. (V/2 drachms). D., 200
to 500 mg. (3 to iy2 grains).
Ferrous Carbonate, Saccharated
This preparation of ferrous carbonate is used because the sugar tends to prevent the oxidation of the
ferrous carbonate to the ferric form.
Doses. H. & C, 8 to 15 Gm. (2 to 4 drachms).
Sh. & Sw., 2 to 4 Gm. (54 to 1 drachm). D., 0.3 to
1 Gm. (5 to 15 grains).
Ferrous Sulfate (Veterinary Ferrous Sulfate,
B.V.C.)
Ferrous sulfate is commonly employed in anemias
of livestock which arise from chronic blood loss (e.g.,
infections with blood sucking parasites, chronic hemorrhage) nutritional
,
iron deficiency (starvation, anemia
of suckling pigs), and hemolysis (chemical poisons,
certain infections). Since the ration of most anemic
animals supplies sufficient amounts of the other factors
required for blood regeneration, treatment is usually
directed at providing iron. For most purposes ferrous
sulfate is satisfactory, although less astringent compounds are often preferred for small animals.
Newborn pigs have insufficient iron in their bodies
and sow's milk does not provide adequate amounts
for normal hemoglobin formation. Consequently,
unless suckling pigs have access to a source of iron,
such as fresh soil, they become anemic. Where pigs
are raised on concrete, sod should be placed in the
pens. To prevent or treat this anemia the sow's teats
may be painted daily or every other day with a syrup
consisting of ferrous sulfate, 450 Gm.; copper sulfate,
75 Gm.; sucrose, 450 Gm.; and water to make 3 liters.
Alternatively, the teats may be sprayed daily with an
aqueous solution of 13 per cent ferrous sulfate.
Doses. H., 2 to 8 Gm. (30 to 120 grains). C, 8 to
15 Gm. (2 to 4 drachms). Sh., 0.6 to 2 Gm. (10 to 30
grains). Sw., 0.6 to 1.5 Gm. (10 to 25 grains). D., 60
to 300 mg. (1 to S grains).
Fluorescein Sodium
This drug is employed as a diagnostic agent in
various eye diseases (see Part I).
Recently a fluorescein test for periodic ophthalmia
of horses has been employed in the diagnosis of this
disease (see Jones et al., Am. J. Vet. Res., 1945, 6, 67).
Twenty to 30 ml. of a 10 per cent solution of sodium
fluorescein is injected intravenously. The dye appears
in the aqueous humor within 5 to 10 minutes in eyes
with active or imminent iridocyclitis, and may be
detected if the eye is observed in sunlight or under
ultraviolet light. It may also be used to detect intraocular inflammation in dogs. A dose of 0.5 to 4 Gm.
is given orally in aqueous solution. The aqueous humor
becomes colored within about 20 minutes when inflam ation ispresent. Fluorescein produces photo-
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sensitization and severe symptoms may result if the
animal is exposed to much direct sunlight within 24
hours of the injection.
Folic Acid
Folic acid was first identified as a chick antianemia
factor present in the liver and subsequent studies
demonstrated that deficiency states could be experimentally induced in a variety of animals including
birds, pigs, rats, mice, guinea pigs, foxes, dogs, and
mink. Since the vitamin is widely distributed in animal feedstuffs and synthesized in the gastrointestinal
tract, clinical deficiency is unlikely. Experimentally,
deficiency can be produced by feeding slowly absorbed
sulfonamides such as succinylsulfathiazole. Folic acid
deficiency produces a wide variety of signs in various
species including reduction of all cellular elements in
the blood, growth failure, diarrhea, poor feathering,
and perosis.
Doses and clinical indications for folic acid in veterinary medicine have not been established. Although
most poultry feeds provide sufficient folic acid a
dietary supplement containing three per cent crude
folic acid is available. Ten to 20 Gm. added to each
ton of feed will supply adequate amounts of folic acid
for chickens, turkeys, and fur bearers.
Folic acid was not effective in 2 cases of refractory
anemia reported in dogs (Detweiler et al., Cornell
Vet., 1952, 42, 85, and Knowles et al., Vet. Med.,
1948, 43,371).
Formaldehyde Solution
Formaldehyde solutions are used as disinfectants for
surgical instruments, syringes, and needles. Formaldehyde has the disadvantage of being irritating to the
hands and mucous membranes. As a sanitary disinfectant itis used to fumigate rooms and stables by
vaporization, as described in Part I, or as a spray.
The gas is not effective at temperatures much below
65°183),
F. (Tilley,
Yearbook
Agric, 1942,is
p.
and it isU.S.D.A.
more efficient
if theof atmosphere
moist.
Formaldehyde has been used in demodectic mange
of the dog combined with 2 to 4 parts of dilute alcohol
and applied to small areas of the body each day. It
does not appear to be particularly effective. It has
also been recommended in various other skin diseases
of large animals such as eczema and acne. There are
more satisfactory preparations for these purposes.
Undiluted formalin has some value in temporarily
affording relief in canker of the frog of the horse.
Applied undiluted, an eschar forms, and there is lameness for a few days owing to inflammation; but frequently the animal can be returned to work for a few
weeks, at which time the treatment may be repeated.
Formaldehyde solution is seldom used internally by
the present-day veterinarian. Formerly intravenous
injections of dilute solutions were used in pneumonia,
and it was administered as a gastrointestinal antiseptic
in white scours, bloat of cattle, and in mastitis. There
is nothing to recommend its internal use.
Doses. H. & C, 8 to 30 ml. (2 to 8 fluidrachms) ,
administered well diluted with a stomach tube.
Furaspor
This brand of 5-nitro-2-furfuryl methyl ether is
available in an emulsion base vehicle containing
Furaspor 0.4 per cent; Hyamine 10X, 0.5 per cent;
benzyl benzoate, 15 per cent; Tween 20, 60 per cent;
and water to make 100 per cent. Furaspor is fungicidal
and the foregoing preparation has been employed in
fungous infections of dogs, otitis externa of dogs,
eczema of the udder of cattle (intertrigo), demodectic
and sarcoptic mange in dogs, sarcoptic and chorioptic
mange in horses, and sarcoptic mange in cattle (Roberts, Vet. Med., 1953, 48, 224).
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Furazolidone (Furoxone)
This nitrofuran is effective against salmonellosis in
poultry. Grumbles et al. (J.A.V.M.A., 1954, 124, 217)
found that it prevented mortality in experimental fowl
typhoid (S. gallinarum) in turkeys when fed at levels
of 0.011 and 0.0055 per cent. No evidence of toxicity
nor unpalatability was observed. Exposed and treated
birds were susceptible to reinfection and were carriers
of S. gallinarum. In chickens experimentally infected
with S. gallinarum the drug greatly reduced the mortality rate (Williams Smith, Vet. Rec, 1954, 66, 215).
When furazolidone was fed in concentrations of 0.02
and 0.04 per cent to chronic carriers of S. pullorum
11 out of 13 birds were subsequently found to be free
of infection (Gordon and Tucker, Vet. Rec, 1955, 67,
116). It has also been used successfully against
5. pullorum infection in chicks (Gordon and Tucker,
loc. cit.) .
Doses. Poultry, prophylactic level, 0.0055 per
cent (2.5 Gm. per 100 lb.) in the feed; therapeutic
level, 0.011 per cent (5 Gm. per 100 lb.) in the feed.
Gallic Acid
Gallic acid is sometimes administered in diarrhea for
its astringent action on the bowel (see Tannic Acid).
Doses. H., 4 to 15 Gm. (1 to 4 drachms). C, 10
to 25 Gm. {iy2 to 6*4 drachms). Sh., Sw., Foals,
and Calves, 1 to 2 Gm. (15 to 30 grains). D., 100 to
500 mg. (iy2 to iy2 grains).
Gambir {Catechu, B.V.C.)
Gambir is employed as an astringent in diarrhea.
Doses. H. & C, 15 to 30 Gm. (l/2 to 1 ounce).
Foals, Calves, Sh. & Sw., 4 to 8 Gm. (1 to 2
drachms). D., 0.3 to 2 Gm. (5 to 30 grains).
Gambir Tincture, Compound
Doses. D., 1 to 2 ml. (15 to 30 minims).
Gamboge
This drastic cathartic is too irritant for horses and
dogs. It is occasionally prescribed for cattle in combination with saline cathartics. For example in the
cow 30 Gm. of gamboge may be mixed with 225 Gm.
of magnesium sulfate and given, suspended in water,
orally.
Doses. C, 15 to 30 Gm. (}/2 to 1 ounce).
Gelatin
Especially prepared gelatin in 5 to 8 per cent solution is used as a plasma substitute in the treatment of
circulatory shock and related conditions in animals
(Konde, J.A.V.M.A., 1948, 112, 456; Hopping, Vet.
Med., 1947, 42, 384; Allam, J.A.V.M.A., 1947, 111,
487). Gelatin solutions cause transient, reversible
nephrosis, similar to that produced by sucrose solutions, and this effect may be harmful in animals with
diseased kidneys, although specific instances of permanent damage have not been reported. The solutions
are administered intravenously in doses of from 3 to
12 ml. per pound of body weight, according to need.
Robscheit-Robbins and associates (/. Exper. Med.,
1944, 80, 145) studied the effects of intravenous
gelatin in anemic and hypoproteinemic dogs. No immediate toxic effects occurred. When given daily for
1 to 2 weeks (total 3 to 17 Gm. per Kg.) serious
effects were caused; e.g., inhibition of blood protein
production, signs of intoxication, weight loss, and
death. Some animals were seriously intoxicated by
total doses of 2 to 3 Gm. per Kg. given over 2 to 3
days while others tolerated 7 Gm. per Kg. in a like
period.
Gentian
Gentian is prescribed as a bitter stomachic.
Doses. H. & C, 10 to 30 Gm. (2J/2 to 8 drachms).
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Sh. & Sw., 4 to 8 Gm. (1 to 2 drachms). D., 0.3 to 2
Gm. (5 to 30 grains) .
Ginger
Ginger is used as a stimulant stomachic and
carminative.
Doses. H. & C, 8 to 15 Gm. (2 to 4 drachms).
Sh. & Sw., 4 to 8 Gm. (1 to 2 drachms). D., 0.3 to
1 Gm. (5 to 15 grains).
Ginger Fluidextract
Doses. H. & C, 8 to 15 ml. (2 to 4 fluidrachms) .
Sh. & Sw., 4 to 8 ml. (1 to 2 fluidrachms). D., 0.3
to 1 ml. (5 to 15 minims).
Glycerin
Johnson (North Am. Vet., 1951, 32, 327; Am. J.
Vet. Res., 1953, 14, 366), in a search for substances
which would be glucogenic when fed to ruminants,
found that glycerin was useful and effective in treating ketosis in cattle. In limited trials doses of 500 Gm.
were given in the feed (grain) or as a drench twice
daily. Oral doses of 120 ml., given with equal parts of
water, have been found of value in ketosis of pregnant ewes (Griffiths, Vet. Rec, 1952, 64, 734).
Holt (Vet. Rec, 1953, 65, 624 and 679) found that
the addition of glycerin to buffered, diluted bull semen
to a concentration of 10 per cent resulted in an increase in conception rate. Another use of glycerin of
interest is in preserving semen at low temperatures
(Polge and Rowson, Vet. Rec, 1952, 64, 851; Mann,
The Biochemistry of Semen, Methuen, London, 1954,
64-66). When bull semen is frozen at —79° C. and
then thawed the spermatozoa are nonmotile; but
when it is first diluted with glycerin (10 per cent)
and a buffer many spermatozoa are motile after thawing. With this method no loss of fertility occurred in
bull semen stored up to 32 weeks at — 79° C.
Glyceryl Trinitrate
The vascular dilatation caused by nitrites has led to
their use in acute pulmonary edema and pulmonary
congestion. It is questionable whether this is sound
therapy, although it would seem rational when the
congestion is the result of left ventricular failure.
However, their use in the presence of cardiac failure
is dangerous and they are not recommended for this
purpose. Nitroglycerin is occasionally prescribed in
spasmodic bronchial asthma of the dog. It should be
remembered that glyceryl trinitrate causes vasodilatation with consequent lowering of blood pressure and
should not be used as a circulatory stimulant.
Doses. H. & C, 10 to 20 mg. (% to l/3 grain).
D., 0.4 to 0.6 mg. (Viso to Vioo grain) .
Gold Sodium Thiomalate (Myochrysine)
Gold salts have not been used to any significant
extent in treating arthritic and allied conditions in
domestic animals. McCarmick (Vet. Rec, 1943, 55,
179) and Wilkinson (Vet. Rec, 1951, 63, 127) reported use of gold sodium thiomalate in arthritis and
intervertebral disc syndrome in a few dogs. Although
favorable results were attained in some instances the
efficacy of the treatment cannot be evaluated because
of the variable clinical course of these conditions. The
doses employed by McCarmick were 10 mg. initially
as a test dose followed by 6 weekly injections of 20
mg. and then 6 weekly injections of 50 mg., given
intramuscularly.
Gonadotropins
Gonadotropins are those substances obtained
the anterior pituitary gland, and elsewhere, that
a stimulant effect upon the gonads. The products
ployed in veterinary medicine are derived either
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the anterior pituitary gland itself (pituitary gonadotropin), from human pregnancy urine (chorionic
gonadotropin) , or from pregnant mare serum (eqidne
gonadotropin). The clinical and experimental applications of these products in domestic animals have
been reviewed in the following publications: Spbrri,
Zeitschr. f. Vet.- Hormon.-, u. Fermentforschung,
1948/49, 2, 292; Hammond, The Practical Use of
Hormones in Animal Production, Erasmus, Ghent,
1950; Asdell, /. Dairy Sci., 1949, 32, 45; Robinson,
Biol. Rev., 1951, 26, 121.
Chorionic Gonadotropin. — There are several gonadotropic preparations obtained from human pregnancy urine available commercially (see Part I). A
general characteristic of all such preparations is their
relatively high content of luteinizing hormone and
relatively low content of follicle-stimulating hormone.
Chorionic gonadotropin has been employed for treating cystic ovaries accompanied by nymphomania in
cows (Deubler, Univ. of Pennsylvania Bull. Vet. Ext.
Quart., 1943, No. 89; Deubler et al., ibid., 1944, No.
95; Moore, Vet. Med., 1946, 41, 163; Wilson, Brit.
Vet. J., 1949, 105, 139). These reports indicate that
a normal sexual cycle may be re-established in a high
percentage of cases following a single injection. More
recently Frank (cited by Asdell, Fertility and Sterility,
1952, 3, 93) reported extensive work in which he
treated cows with nymphomania by massage of the
ovaries, by massage and chorionic gonadotropin, by
chorionic gonadotropin alone, or left them untreated.
The percentages of recoveries in all groups were substantially the same. Day (Vet. Rec, 1939, 51, 1113;
/. Agric. Sci., 1940, 30, 244) found chorionic gonadotropin useful in treating cystic ovaries in mares. In
cows which come into estrus regularly but fail to
conceive on repeated breedings Bottomley et al.
(J. Agric. Sci., 1940, 30, 235) employed this hormone
successfully. Hammond (loc. cit.) indicates that the
intravenous injection of chorionic gonadotropin in
mares at the time of service causes ovulation in approximately 30 hours. Brancker (Vet. Rec, 1952, 64,
61) used the preparation to induce ovulation in the
mare, cow, sow, goat and bitch. In all cases the hormone was given at the time of service. It has also
been used to treat impotency in bulls (Bottomley
et al., loc. cit.) and cryptorchidism in the horse (Gunn,
Australian Vet. J., 1942, 18, 13).
Doses. H. & C, cystic ovaries, 10,000 international units (I.U.) intramuscularly have been employed, but some reports (Venzke, J.A.V.M.A., 1949,
115, 347) indicate that a dose of 5000 international
units intravenously, repeated in 48 hours, is suitable
for the cow. Day (loc. cit.) found that a dose of 1000
to 3000 rat units intravenously is effective in the mare.
One international unit equals slightly less than one
rat unit. Other conditions, 500 to 1000 I.U. intramuscularly. Sh. & G., 400 to 800 I.U. Sw., 500 to
1000 I.U. D., 100 to 500 I.U. Cat, 100 to 200 I.U.
These doses have been employed by intramuscular or
intravenous injection.
Equine Gonadotropin. — This preparation, obtained
from the blood serum of pregnant mares, has a relatively high content of follicle-stimulating fraction
(F.S.H.) and a relatively low content of luteinizing
fraction (L.H.). It has been employed in the treatment of anestrus in various species. In cattle doses
of 1000 to 3000 international units (I.U.) given subcutaneously, intramuscularly or intravenously are reported to induce follicular growth and estrus (Fincher,
North Am. Vet., 1948, 29, 166; Venzke, J.A.V.M.A.,
1949, 115, 347; Wilson, Brit. Vet. J., 1949, 105, 139).
If a corpus luteum is present this dose may produce
multiple ovulation (Venzke, loc. cit.). Hammond (The
Practical Use of Hormones in Animal Production,
Erasmus, Ghent, 1950) states that equine gonadotropin
will induce estrus in cattle only when follicles with
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an antrum are present at the time the hormone is
administered. Hart (J.A.VM.A., 1949, 114, 197), in
reviewing uses of equine gonadotropin, concluded that
even though estrus may be induced the percentage of
fertile matings resulting from this is ordinarily low.
However, Hill (J.A.V.M.A., 1954, 125, 208) reported
that of 50 cows with a history of regular estrus but
failure to conceive following several breedings, 31 became pregnant following use of equine gonadotropin.
In these animals a dose of 1000 I.U. was given on
the 16th or 17th day following a natural heat period.
In ewes, 2 injections of equine gonadotropin at intervals of 16 days are more effective in producing
estrus than a single injection (Cole et al., Endocrinology, 1945, 36, 370). Marshall and Hammond (Ministry of Agriculture and Fisheries, London, Bull. No.
39, 1950) report that a single injection of 800 I.U.
will cause estrus and ovulation in some ewes during
the non-breeding season but that in most cases two
injections are necessary. Equine gonadotropin has been
employed in an attempt to control the breeding season
in ewes, but Robinson (Biological Reviews, 1951, 26,
121) states that results have been disappointing. In
goats single doses of 1200 I.U. of the hormone regularly produce estrus, while lower doses may produce
ovulation without estrus (Folley et al., J. Endocrinology, 1949, 6, 121). In mares, equine gonadotropin
has been employed in doses of 1000 to 3000 I.U. to
treat anestrus (Cameron, J.A.VM.A., 1942, 100, 60;
Hart, loc. cit.). In sows, injection of the hormone in
doses of 750 to 1500 I.U. between 39 and 65 days after
the start of lactation results in heat within 3 to 7
days. Animals bred at this time show a high rate of
conception. This procedure has the advantage of
shortening the time between successive farrowings by
2 to 4 weeks (Cole and Hughes, /. Ani. Sci., 1946,
5,25).
In male animals, equine gonadotropin is used to
treat impotence. A dose of 3000 I.U. administered 34
to 48 hours before breeding has been employed for
bulls (Marshall and Hammond, loc. cit.).
Doses. H. & C., females, 1000 to 3000 I.U.; males,
1500 to 3000 I.U. Sh., females, 400 to 800 I.U.;
males, 500 to 1000 I.U. G., females, 600 to 1200
I.U.; males, 500 to 1000 I.U. D. & Foxes, females,
100 to 500 I.U.; males, 200 to 750 I.U. Mink,
females, 20 to 100 I.U.; males, 100 to 250 I.U. It is
administered intramuscularly or subcutaneously.
Pituitary Gonadotropin. — Limited studies (Casida
et al., J. Ani. Sci., 1944, 3, 273) indicate that an
unfractionated extract of sheep pituitary is of value
in treating cows with nymphomania due to cystic
ovaries. At least one such product is available under
the trade name of Vetrophin. For this product a provisional rat unit has been established and the dose
recommended for the cow is 10 provisional rat units
administered intravenously.
A pituitary gonadotropin preparation consisting of
purified luteinizing hormone is available under the
name P.L.H. This is biologically standardized and
the manufacturer recommends the following doses:
horses and cattle, 25 mg.; swine, 5 mg.; sheep, 2.5
mg.; and dogs, 1 mg. These doses are administered
intravenously.
Another commercial product sometimes employed
is an extract of anterior pituitary containing approximately 1.2 Gm. of fresh gland substance in aqueous
solution. It has been used in treating anestrus in cows
and mares as well as other conditions where gonad
stimulation is desirable. The gonadotropic potency of
these products is frequently undetermined and in general of a low order. They tend to deteriorate on standing. These facts explain their clinical ineffectiveness.
However, there is insufficient information available
to make it possible to assess the value of these
preparations.
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Doses. H. & C, 10 ml. Sh. & Sw., 3 to 5 ml.
D. & Cats, 0.5 to 1 ml. administered intravenously.
Gramicidin
The gramicidin fraction of tyrothricin has been
employed in the treatment of chronic mastitis by injections ofsuitable solutions into the affected quarters
of cattle (Little and Plastridge, Bovine Mastitis, McGraw-Hill, 1946, pp. 376-382) but its use has never
become widespread.
Guaiacol
Guaiacol is used as an expectorant.
Doses. H., 8 to 30 ml. (2 to 8 fluidrachms). D.,
0.06 to 0.4 ml. (1 to 6 minims).
Guaiacol Carbonate
Doses. H., 15 to 30 Gm. i}/2 to 1 ounce). D., 120
to 750 mg. (2 to 12 grains).
Halibut Liver Oil {Halibut-Liver Oil, B.V.C.)
Halibut-Liver Oil, B.V.C. contains not less than
30,000 units of vitamin A activity per gram while
U.S. P. Halibut Liver Oil must contain not less than
60,000 U.S.P. units (see Part I).
Doses. The following doses are recommended for
Halibut-Liver Oil, B.V.C, 1953: H., C, Sh., & Sw.,
0.4 to 0.6 ml. (6 to 10 minims) per 100 Kg. (220
pounds) of body weight daily; D. & Cats, 0.005 to
0.01 ml. {}/\2 to Yt minim) per Kg. (2.2 pounds) of
body weight daily.
Hematoxylon Extract
This is employed as an intestinal astringent in
diarrhea of young animals.
Doses. H„ 2 to 15 Gm. (Y2 to 4 drachms). D., 0.3
to 1 Gm. (5 to 15 grains).
Hexachlorocyclohexane (Benzene Hexachloride,
B.V.C.
By.C.) ; Gamma Benzene Hexachloride, USJ'.,
This is an efficient and widely used insecticide for
a number of common ectoparasites. Hexachlorocyclohexane consists of several isomers, but it is the gamma
isomer which accounts almost exclusively for the
insecticidal action. The percentage strength of sprays,
dips, powders, etc., to be employed for insecticidal
purposes must be based on the gamma isomer content.
The crude form has a musty, objectionable odor and
tends to be somewhat irritating to the skin. Lindane
and Gammexane (Gamma Benzene Hexachloride
U.S. P., B.V.C.) are preparations containing 99 per
cent pure gamma isomer, and do not possess the objectionable properties of crude hexachlorocyclohexane.
For this reason, and also because the gamma isomer
is less toxic, these agents are more often employed
than the mixed isomers.
Poisoning has been reported in various species of
animals following ingestion of hexachlorocyclohexane
or its absorption from the skin. The toxicity of the
compound varies with its content of the various
isomers. The gamma isomer is least toxic, but poisoning has been reported in animals following the use of
lindane or Gammexane. In general, the toxicity of
hexachlorocyclohexane is considered to be less than
that of DDT. The gamma isomer is more quickly
eliminated from the body than DDT and does not
tend to accumulate excessively in tissues (Knipling,
USD A. Pamphlet No. E-762, June 1951). The beta
isomer is more slowly eliminated than the others and
therefore is more toxic. Cats are susceptible to toxic
effects of hexachlorocyclohexane (Jolly, Vet. Rec,
1952, 64, 76) and poisoning has been reported following bathing in a Gammexane solution (Blood et al.,
Australian Vet. J., 1948, 24, 131). The important toxic
signs are excitement, convulsions, opisthotonus, pro-
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nounced mydriasis, and salivation. Dogs are more
resistant to toxic effects of hexachlorocyclohexane
than cats although, experimentally, signs of poisoning
have been induced by oral administration of the
compound in doses of 300 mg. per Kg. (2 grains per
pound) of body weisht (Jolly, loc. cit.). Enzie and
Foster (Vet. Med., 1951, 46, 439) reported poisoning
in 2 dogs washed with 200 to 500 ml. of a 0.5 per
cent emulsion of lindane. Signs of toxicity in dogs
include salivation, champing of the jaws, emesis.
mydriasis, hyperpnea, tachycardia, polyuria, tremors,
hyperesthesia, and clonic convulsions, followed by
periods of depression or unconsciousness. Ely et al.
(JA.V3IA., 1953, 123, 448) reported a case of accidental poisoning in a herd of cattle sprayed with a
solution containing 03 per cent lindane. Calves less
than 3 months old are more susceptible to poisoning
than older cattle. Toxic reactions and deaths have
been reported in some calves sprayed with emulsion
containing 0.05 per cent lindane (Knipling, loc. cit.)
or accidentally ingesting this compound (McEnerney,
Cornell Vet., 1951, 4, 292). The toxic signs in cattle
are anorexia, dullness, hyperesthesia, salivation, frequent attempts at urination, incoordination and convulsions. In sheep hexachlorocyclohexane in oral
doses of 500 mg. per Kg. (4 grains per pound) of
body weight may be lethal and 250 mg. per Kg. (2
grains per pound) may induce toxic signs (Jolly,
loc. cit.). Harman and Kintner (Vet. Med., 1950, 45,
254) reported deaths among lambs dipped in a suspension of hexachlorocyclohexane containing 0.06 per
cent gamma isomer. This is a concentration normally
employed for dipping. Emaciated sheep are considerably more susceptible to poisoning than animals in
good
condition.
{Vet.in M~cd.,
1953, lactatinn
48, 53)
reported
cases ofRadeleff
poisoning
emaciated,
ewes dipped in suspensions containing concentrations
of hexachlorocyclohexane which are routinely used
and considered nontoxic. Many early reports indicated that dipping of sheep in suspensions of hexachlorocyclohexane was followed by lameness. It has
now been established that this was not due to any
toxic effect of the insecticide, but rather to contamination of dips with the microorganism Erysipelothrix
rhusiopathiae (Gill, Australian Vet. J., 1948, 24, 297;
Harbour and Kershaw, Vet. Rec, 1949. 61, 3 7). The
signs of hexachlorocyclohexane poisoning in sheep are
similar to those described above for cattle. There is
little information on the tolerance of goats, horses
and pigs to hexachlorocyclohexane. Goats appear to
exhibit about the same tolerance as sheep. Treatment
of hexachlorocyclohexane poisoning is symptomatic.
In small animals employment of narcotics to control
hyperexcitability is indicated and the use of glucose
to protect against possible liver damage has been
suggested (Jolly, loc. cit.). Enzie and Foster (loc.
cit.) reported that intraperitoneal injection of 20 to
50 ml. of a 15 per cent calcium gluconate solution is
effective in overcoming toxic signs in dogs. Repeated
injections may be necessary.
Hexachlorocyclohexane is ordinarily employed in
the form of its gamma isomer, lindane or Gammexane.
These compounds should not be used as dusts, sprays,
washes or dips on dairy cattle or on beef cattle for
at least 30 days prior to slaughter for human consumption (US. DA. Farmers Bui., No. 909, May
1953). The following are the important uses of these
agents: 1. Flies. Sprays containing 0J to 0.5 per cent
lindane may be used for control of stable flies in
barns. Spraying even.- 2 to 4 weeks may be necessary.
Lindane may be employed in dairy barns but is not
at present recommended for flv control on dairy cows
(US.DA. Leaflet No. 283, April 1950). 2. Lice. For
beef cattle sprays containing 0.03 to 0.06 per cent
lindane are recommended for control of life. For
calves less than 1 year of age the concentration
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should not exceed 0.03 per cent. One treatment may
suffice but in some cases repeated treatment at 14- to
18-day intervals may be necessary. Dusts containing
1 per cent lindane may be employed in cold weather.
Approximately 180 Gm. (6 ounces) of dust should
be applied to each mature animal (UJS.D.A. Leaflet
No. 319, Dec. 1951). A dip containing 0.05 to 0.06
per cent lindane is recommended for control of lice
on sheep, while for Angora goats sprays containing
a similar concentration may be employed in quantities of 1000 to 2000 ml. (1 to 2 quarts) per animal
(US.D.A. Leaflet No. 308, June 1951). Poultry lice
may be controlled by painting roosts with a 1 to 1.5
per cent concentration of lindane. In heavy infestations spraying of droppings boards, nests and adjacent
areas with a 1.5 per cent lindane spray is recommended (Hansens, J.A.V.M.A., 1951, 118, 38). 3.
Ticks. A spray containing 0.025 per cent lindane and
0.5 per cent DDT is recommended for control of the
cattle tick, Gulf Coast tick, Lone Star tick, and winter
tick on cattle (Knipling, loc. cit.). Lindane mixed
with pure pine oil in a concentration of 1 per cent
is effective for destruction of the spinose ear tick in
cattle, horses, dogs, and sheep. This may be applied
by means of an oil can or with a garden sprayer
(UJS.D.A. Farmers Bui., No. 980, Feb. 1953). For
eradication of the sheep tick or Ked {Melophagus
ovinus), dips containing 0.025 per cent or sprays containing 0.06 per cent lindane are recommended
(UJS.D.A. Farmers Bid., No. 2057, Feb. 1953 ; Seghetti
and Firehammer, J.A.V.M.A., 1950, 117, 447). 4.
Mange mites. Cattle scab (sarcoptic or chorioptic
mange) may be treated by spraying animals twice
at 10- to 12-day intervals with 0.075 per cent lindane
or dipping twice at the same intervals in 0.06 per
cent concentration of lindane. For spraying, 4 to 5
gallons of solution should be employed for each animal (U.S.D.A. Farmers Bui., No. 1017, March 1953).
A single spraying with 0.1 per cent lindane in aqueous
suspension is reported to be highly effective for
sarcoptic mange in swine (Roberts and Rogoff,
J.A.V.M.A., 1953, 123, 227). Alexander (Vet. Rec,
1949, 61, 707) reported dipping and scrubbing young
pigs twice at 14-day intervals in a preparation containing 0.018 per cent of the gamma isomer of hexachlorocyclohexane to be effective for sarcoptic mange.
Dips containing 0.03 to 0.06 per cent lindane have
been employed for treating psoroptic mange (scabies)
in sheep. In many cases a single treatment may suffice (Kemper, Vet. Med., 1948, 43, 76; Kemper and
Roberts, Vet. Med., 1949, 44, 163 ; Roberts, Vet. Med.,
1949, 44, 471). Sarcoptic and demodectic mange in
dogs are reported to respond to dipping in 0.25 per
cent gamma isomer of hexachlorocvclohexane (Muma
and Spencer, J.A.VMA., 1948, 113, 167). Dogs should
be completely submerged for 30 to 60 seconds. Commercial preparations containing pure gamma isomer
of hexachlorocyclohexane in an emulsion are available for local application in mange of dogs. Cats are
quite susceptible to the toxic effects of hexachlorocyclohexane and the compound is not recommended for
this species.
Hexachloroethane
Hexachloroethane has been used to some extent
for many years in the treatment of liver fluke disease of ruminants. Hutyra et al. (Path. & Therap.
of Dis. of Domestic Animals, 4th English ed., 1938,
Vol. II, p. 420) recommended the following doses:
sheep and goat, 200 to 300 mg. (3 to 5 grains) per
Kg. (2.2 lb.) of body weight, dissolved in ether,
chloroform, or benzene and enclosed in capsules;
cattle, 400 mg. (6 grains) per Kg. (2.2 lb.) subdivided during 4 days.
Since it is soluble onlv in solvents more or less
harmful to cattle, Olsen (J.A.V.M.A., 1943, 102, 433)
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introduced a hexachloroethane-bentonite aqueous suspension to be administered as a drench. This suspension is prepared by mixing hexachloroethane,
technical grade (ground finer than 60 mesh size),
500 Gm.; powdered bentonite, 50 Gm.; and tapwater, 750 ml.; giving a total volume of 1000 ml.
containing 1 part hexachloroethane by weight to 2
parts of the mixture by volume. The addition of l/\
to Yi teaspoonful of white flour facilitates mixing and
tends to stabilize the suspension.
In sheep the above suspension has been employed
with good results in reducing infestation of liver
flukes. It is reported to be effective against both
Fasciola hepatica (Olsen, Am. J. Vet. Res., 1946, 7,
358; Le Page et al., Vet. Rec, 1947, 59, 176; Olsen,
Vet. Med., 1948, 43, 367; Southcott, Australian Vet.
J., 1951, 27, 18), and Dicrocoelium lanceolatum
(Kaplan and Sakellariou, Vet. Med., 1947, 62, 23).
Its efficiency appears to be approximately equal to
that of carbon tetrachloride (Olsen, Am. J. Vet. Res.,
1946, 7, 358), but Southcott (loc. cit.) states that
the hexachloroethane suspension has the disadvantage
of more difficult administration due to the bulky dose.
Stauffer et al. (North Am. Vet., 1947, 28, 437) reported favorable results in employing a compressed
bolus of hexachloroethane rather than a suspension.
In addition to its action against liver flukes, hexachloroethane also appears to be effective in removing
the common stomach worm, Hcemonchus contortus,
when employed in doses of 30 Gm. (1 ounce) in
suspension (Olsen and Wade, North Am. Vet., 1950,
31, 740; Southcott, loc. cit.).
In cattle, hexachloroethane suspension is effective
against Fasciola hepatica (Olsen, J.A.V.M.A., 1943,
102, 433; ibid., Am. J. Vet. Res., 1947, 8, 353) and
also flukes of the genus Paramphistomum (Olsen,
Vet. Med., 1949, 44, 103).
Some cases of fatal intoxication have been reported
in cattle (Olsen, Am. J. Vet. Res., 1947, 8, 353) and
sheep (Southcott, Australian Vet. J., 1951, 27, 18)
receiving therapeutic doses of hexachloroethane. Toxicity is most likely to occur in severely debilitated
animals. In cattle the toxic signs which have been
observed are dizziness, inability to rise, anorexia, and
diarrhea. Sheep exhibit muscle tremors, incoordination, anorexia, and in some cases inability to stand.
Southcott (loc. cit.) reports that the subcutaneous
injection of 50 ml. (l2A ounces) of a 30 per cent
calcium borogluconate solution is effective in overcoming the toxic signs in sheep. Since sheep or cattle
may show a herd or flock susceptibility to hexachloroethane itis recommended that a few test animals be treated before dosing the entire group.
Doses. C, 10 Gm. (Yz ounce) per 100 pound body
weight. Sh. & G., 15 to 30 Gm. (]/2 to 1 ounce). It
is recommended that treatment for liver flukes be
repeated semiannually since immature flukes are relatively resistant to hexachloroethane and few will be
removed by one treatment (Le Page et al., loc. cit.).
Hexachlorophene
This antiseptic is combined with various detergents
and
as a surgical hand scrub and to preII). employed
pare the skin where antisepsis is important (see Part
Kerr (Poult. Sci., 1948, 27, 781) found that it was
effective against the chicken tapeworm, Raillietina
cesticillus in oral doses of 25 to 50 mg. per Kg. of
body weight, administered after a fast of 15 hours.
This dose causes a decline in egg production in laying
hens
cation.from the third to the seventh day after mediHexestrol (Hexaestrol, B.V.C.)
Hexestrol is used for the same purposes as diethylstilbestrol and other estrogenic substances.
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Doses. C, 15 to 25 mg. (J4 to Y% grain) orally;
1 to 2 Gm. (15 to 30 grains) by implantation. D.,
0.2 to 5 mg. (V6oo to \v2 grain) orally. Poultry, 15
to 30 mg. (% to l/2 grain) by implantation.
Hexobarbital
This barbiturate has had limited use as a sedative
and hypnotic in small animal practice.
Dose. D., 200 to 300 mg. (3 to 5 grains).
Hexobarbital Sodium (Evipal Sodium)
This short-acting barbiturate has not had as extensive use in veterinary practice as pentothal sodium,
another short-acting barbiturate. It has been employed
to produce surgical anesthesia in dogs. The dose used
is 21 mg. per Kg. (V: grain per pound) of body
weight given by slow intravenous injection in 10
per cent solution. The dose is given slowly and its
effect judged by the reactivity of the animal. Anesthesia lasts about 25 minutes with recovery in 1
hour. Wright (Veterinary Anesthesia, Alex. Eger,
1942) states that in his experience the recovery period
is frequently marked by uncontrollable excitement.
For this reason it has been largely replaced by thiopental sodium.
Hexylcaine
Hydrochloride
ride)

(Cyclaine Hydrochlo-

This recently introduced local anesthestic may be
used for epidural anesthesia, infiltration anesthesia,
nerve block, and topical anesthesia of mucous membranes. Compared with procaine its action develops
more rapidly and is more prolonged, it is effective in
lower dosage and lower concentration, and sensory
anesthesia with less motor paralysis may be attained.
As an epidural anesthetic for cattle, horses, and
dogs hexylcaine possesses the advantages of rapid onset
of action, prolonged anesthesia (surgical anesthesia
for 1.5 to 2 hours and partial anesthesia up to 6 to
12 hours), and with appropriate dosage anesthesia
with minimal motor paralysis (Wheat, J.A.V.MA.,
1952, 120, 71; Bullard. ibid., 121, 99; McAuliff et al.,
Vet. Med., 1953, 48, 269; Roberts, JA.V.M.A., 1950.
116, 282). Thus cattle can move about and remain
standing in the presence of effective epidural anesthesia. In paravertebral nerve block in cattle anesthesia persists about 2 hours (Wheat, loc. cit.). With
1 or 2 per cent solutions corneal anesthesia lasts 20
to 30 minutes.
Doses. Epidural anesthesia in cattle: 5 ml. of a
5 per cent solution usually is sufficient for pelvic
operations and manipulations. If 2 per cent solution
is used, from 5 to 15 ml. may be injected, and with
1 per cent 10 to 15 ml. Infiltration anesthesia and
nerve block: 1 per cent solution. Topical anesthesia
of the cornea: 1 or 2 per cent solution.
Hexylresorcinol
This compound is used as a general clinical antiseptic in 1 : 1000 solutions and is useful in treating
abrasions, wounds, irrigating mucous membranes, and
for similar purposes. It is occasionally prescribed as
a urinary antiseptic, but its action is uncertain.
As an anthelmintic hexylresorcinol has been shown
to be an effective and safe agent for the removal of
roundworms and has some action on hookworms in
dogs (Lamson et al., North Am. Vet., 1931. 12, 17;
Cooperrider and Hayes, JA.VMA., 1954, 124, 191).
The anthelmintic dose should be preceded and followed by a 12 -hour fast and the administration of a
saline purgative 24 hours after dosing is recommended. Hexylresorcinol is best administered in
heavily coated pills to avoid buccal and gastric irritation. If a pill is crushed in the mouth irritation
occurs, but this soon subsides. It may also be administered in mixtures with olive oil or paraffin oil
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(see Lamson et al., loc. cit.). Hexylresorcinol has also
been used as an ascaricide for swine (Kernkamp,
JA.VMA., 1945, 106, 1). It is not recommended for
cats and is contraindicated in gastroenteritis.
Doses. D., anthelmintic, puppies, smaller breeds,
200 mg. (3 grains) ; puppies, larger breeds. 400 mg.
(6 grains) ; adults, 10 to 20 lb., 600 mg. (10 grains) ;
20 lb. or over, 1 Gm. (15 grains); urinary antiseptic, 150 to 600 mg. (2Y2 to 10 grains). Sw., 3 to
4loc.Gm.
cit.).(45 to 60 grains) for 50-lb. pigs (Kernkamp,
Hyaluronidase
Hyaluronidase is used in hypodermoclysis to aid
in diffusion and absorption of liquids. Experimental
trials in sheep (Eveleth, et al., Vet. Med., 1950, 45,
225; Holm, North Dakota Acad. Sci., 1950, 4) and
small animals (Snyder and Skelley. Univ. Penna. Vet.
Ext. Quart.,
No. Arnandez
123, 110) (JA.VJIA.,
indicate its usefulness for this 1951.'
purpose.
1952,
120, 90) experimented with the use of hyaluronidase
in penicillin solution for the treatment of bovine
mastitis. Although the results were not conclusive the
author thought there was evidence of improved response in certain quarters treated.
Hyaluronidase may be added to local anesthetic
solutions to increase diffusion in infiltration anesthesia.
Hydrochloric Acid, Diluted
In small animal practice diluted hydrochloric acid
is prescribed in cases where there is evidence of decreased secretion of acid in the stomach as in gastric
catarrh. It has also been used in herbivorous animals
in acute and chronic gastric catarrh, although in these
species there are considerable amounts of organic
acids produced by bacterial action on food carbohydrates, and it has never been determined that additional acid is required.
Formerly a 1:1000 solution of hydrochloric acid was
injected intravenously with the idea of altering the
acid base balance and stimulating leukocytosis (see
Part I). The theoretical value of such therapy is an
abstraction that cannot be countenanced by the rational therapeutist.
Doses. C., 15 to 30 ml. (^ to 1 fluidounce). H.,
8 to 20 ml. (2 to 5 fiuidrachms) . D., 0.3 to 0.6 ml.
(5 to 10 minims).
Hydrocortisone
This adrenal cortical hormone has been employed
with success in treating a limited number of cases of
arthritis in dogs and horses. Daily oral doses of 20 to
80 mg. or larger bring about improvement of the condition in dogs, but signs of the disease return in a
variable time after stopping therapy (Martin et al.,
Proc. A.V.M.A., 1954, p. 115). In general, larger doses
are given during the initial phases of treatment and
these are gradually reduced until a satisfactory maintenance dose is establishd. Individual dogs vary in
their response to hydrocortisone and it is therefore
advisable to adjust carefully the dose in each case
treated. In horses intraarticular injections of 125 mg.
of hydrocortisone acetate have given encouraging results. These mav be repeated even" 4 to 7 days.
Shaw et al. (Proc. A.V.M.A., 1954, p. 78) studied
the use of hydrocortisone in bovine ketosis and found
that hydrocortisone alcohol in doses of 1 Gm. intramuscularly was more effective than hydrocortisone
acetate. However, a dose of 1.5 Gm. of equal parts of
the alcohol and acetate forms was more effective than
either form when used alone. In normal, lactating
cows doses of 5 Gm. of hydrocortisone alcohol produce a marked rise in blood glucose and a decrease
in milk production lasting for approximately 24 hours.
In dogs, local application of a 1.5 per cent hydro-
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cortisone acetate ointment is of value in reducing the
inflammatory reaction in otitis externa and acute
dermatitis. Oral therapy has been employed with good
results in the treatment of persistent pruritus of unknown origin and in skin conditions believed to be
associated with allergies (Martin et al., loc. cit.).
Doses. On the basis of limited clinical trials the
following tentative dose guide is recommended: D.,
Arthritis, under 50 lb. body weight, 20 to 40 mg. daily ;
over 50 lb. body weight, 40 to 80 mg. daily. In some
cases larger doses may be necessary. The daily dose
should be administered in 2 or 3 divided fractions.
Hydrocyanic Acid, Diluted
Because of its toxicity and general ineffectiveness
diluted hydrocyanic acid has been abandoned as a
therapeutic agent. Previously it was employed in small
doses to relieve nausea in gastritis in the dog and to
allay dry, irritable cough, but other drugs are preferable. It has been used in treating parasitic bronchitis
in calves added to solution for intratracheal injection,
but is seldom used for this purpose at present. Full
doses placed on the back of the tongue in respiratory
failure during chloroform anesthesia in the dog were
found to stimulate the respiration. This action, which
is apparently effected reflexly through the chemoreceptors, is so brief that it has little value. Hydrocyanic
acid is occasionally used for the destruction of dogs
and cats. For this purpose about 75 mg. is injected
intrathoracically in the dog in the form of diluted
hydrocyanic acid.
Hydrocyanic acid poisoning of livestock is relatively common because many species of plants are
capable of producing it under certain conditions. The
important cyanogenic plants include wild chokecherry, sorghum, Sudan grass, arrowgrass, and others
(see Couch, U.S.D.A. Leaflet No. 88, 1940). The production of hydrocyanic acid in plants is increased
when normal growth is prevented by wilting, frost, or
bruising. Solutions of methylene blue, sodium tetrathionate, sodium nitrite, and sodium thiosulfate have
been found effective in the treatment of cyanide poisoning. The combination of sodium nitrite and sodium
thiosulfate in experimental cyanide poisoning of sheep
and cattle was found to be more effective than other
agents (Bunyea, J.A.V.M.A., 1935, 39, 656). See also
Shearer and Sellers, Vet. J., 1944, 100, 92. The doses
of sodium nitrite recommended are 1 Gm. for sheep,
intraperitoneally, and 2 to 3 Gm. for cattle, intravenously, dissolved in ten parts of water. These doses
should not be repeated. This is followed by sodium
thiosulfate, 2 to 4 Gm. in sheep, intraperitoneally,
and 10 to 20 Gm. for cattle, intravenously, dissolved
in ten parts of water. This may be repeated. The solutions may be sterilized by boiling. Chen and Rose
(J.A.M.A., 1952, 149, 113) reviewed the subject of
nitrite and thiosulfate therapy in cyanide poisoning
and reported on results of this therapy in experimental
cyanide poisoning in dogs. Doses as high as 22.5 mg.
per Kg. of sodium nitrite and 1 Gm. per Kg. of sodium
thiosulfate intravenously were employed in these dogs.
The drugs were given a second or third time in onehalf quantities if convulsions reappeared. These antidotes increased the median lethal dose of sodium
cyanide 18-fold.
A solution of 3 Gm. sodium nitrite and 15 Gm.
sodium thiosulfate in 20 ml. of water injected subcutaneously has been used with success in the treatment of cattle poisoned with Sudan grass. When any
member of the herd shows symptoms of poisoning, the
entire herd is injected prophylactically (Shearer and
Sellers, loc. cit.) .
Doses. H. & C, 1 to 4 ml. (15 to 60 minims).
Sh., 0.6 to 1 ml. (10 to IS minims). Sw., 0.25 to 0.4
ml. (4 to 6 minims). D., 0.06 to 0.2 ml. (1 to 3
minims).
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Hydrogen Peroxide Solution
This antiseptic is used for cleansing wounds, abscess
cavities, and similar purposes, and to irrigate mucous
membranes. Its germicidal activity is not great.
Whitney (Vet. Med., 1939, 34, 560) recommended
hydrogen peroxide as a general anthelmintic for the
dog. A 1.5 per cent solution is given per rectum and
the administration continued until emesis occurs.
Tapeworms, whipworms, and roundworms were removed in Whitney's limited trials. This rather rigorous
treatment has not received wide acceptance in practice. Enzie (Vet. Med., 1943, 38, 302) concluded that
hydrogen peroxide appears to lack a satisfactory degree of safety and is not more effective than other
anthelmintics commonly employed for dogs.
Hess (Schweiz. Arch. f. Tierheilk., 1949, 91, 481;
J.A.V.M.A., 1950, 116, 291) reported on the use of
hydrogen peroxide for treating trichomoniasis in bulls.
For this purpose a freshly prepared 3 per cent solution containing 1 to 1.5 parts per thousand of a
nonionic wetting agent is employed. The solution is
warmed to 104 to 107° F. and approximately 10 liters
sprayed into the prepuce under a pressure of 150
pounds per square inch.
Hydrogen peroxide was formerly prescribed for its
antiseptic action in flatulent gastritis, but has been
discarded as valueless.
Doses. H. & C, 30 to 60 ml. (1 to 2 fluidounces) .
D., 4 to 8 ml. (1 to 2 fluidrachms) .
Hyoscyamus
There is considerable variation in the literature regarding the doses of hyoscyamus and its products. The
following can be considered as only tentative.
Doses. H. & C, 4 to 8 Gm. (1 to 2 drachms).
D., 200 to 300 mg. (3 to 5 grains) . Hyoscyamus Extract. H. & C, 1.3 to 4 Gm. (20 to 60 grains). D., 30
to 60 mg. (l/2 to 1 grain). Hyoscyamus Fluidextract.
H. & C, 4 to 8 ml. (1 to 2 fluidrachms). D., 0.06 to
0.3 ml. (1 to 5 minims). Hyoscyamus Tincture. H. &
C, 30 to 60 ml. (1 to 2 fluidounces). D., 1 to 2 ml.
(15 to 30 minims) .
Insulin Injection
Diabetes mellitus is not often found in domestic
animals. It has been reported most frequently in dogs
(Bloom and Handekman, North Am. Vet., 1937, 18,
39; Milks and Stephenson, Cornell Vet., 1937, 27, 169;
Parkin and Graf, J. South Afr. Vet. Med. Assn., 1938,
9, 191; Schlotthauer and Millar, J.A.V.M.A., 1951,
118, 31; Pollock and Bauman, J.A.V.M.A., 1949, 115,
34; Roberts, J.A.V.M.A., 1954, 124, 443) and cats
(McEvoy, North Am. Vet., 1949, 30, 449; Schlotthauer and Millar, loc. cit.; Dlugach, J.A.V.M.A., 1953,
123, 118), although it has occasionally been seen in
other species. Insulin therapy has been employed in
some of the cases in dogs, but in general owners of
animals with diabetes mellitus are reluctant to undertake the prolonged period of treatment and dietary
management. Both regular insulin and protamine zinc
insulin have been employed for dogs. The optimal
dose for either form is quite variable for individual
animals. Bloom (North Am. Vet., 1942, 23, 727) suggested an initial dose of 4 units for protamine zinc
insulin. This is given once daily and increased by
2 units each day until blood and urine determinations
and the clinical response of the dog indicate that a
satisfactory dose has been reached. For most cases
Bloom (loc. cit.) found a daily dose of 10 to 25 units
to be effective. Mark (personal communication) used
8 units of protamine zinc insulin twice daily over a
3-month period for treating diabetes in a Manchester
terrier. During this period there was considerable
variation in the blood sugar level and several convulsions occurred. Roberts (loc. cit.) found that 10
units of regular insulin in the morning and 20 units
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in the evening was satisfactory for dogs weighing approximately 20 pounds. Allen and Lisa (Endocrinol.,
1950, 46, 282) maintained a 20-pound dog with experimentally induced diabetes ior a 12 -year period on
a daily dose of 30 to 40 units of regular insulin given
in 3 divided injections. Many cases of diabetes mellitus
in dogs are associated with atrophy of the pancreas
or pancreatitis (Schlotthauer and Millar, loc. cit.;
Archibald and Whiteford, JAY MA., 1953, 122, 119)
and therefore diet and the use of pancreatic digestive
enzymes must be given careful consideration in their
management (see Roberts, loc. cit., for a discussion of
dietary measures). Overdosage with insulin leads to
hypoglycemic reactions. Mild reactions (e.g., depression, anorexia) may be treated by feeding a small
amount of carbohydrate but severe reactions (e.g.,
convulsions)
require parenteral injection of glucose.
Insulin therapy in conjunction with glucose has
been advocated in acetonemia in cattle but there seems
to be little to warrant its use in this metabolic disorder (Sampson, 21st Ann. Short Course for Vet.,
Univ. Minnesota, 1944. p. 27). It has also been used
empirically in the treatment of azoturia in horses.
There is no good evidence that it is of value. Jasper
recently studied the effect of various doses of insulin
on the blood sugar level of normal cattle (Am. J. Vet.
Res., 1953, 14, 184) and sheep (ibid., 1953, 14, 209).
In cattle, doses of 2 units of regular insulin per kilogram of body weight gave a maximum hypoglycemic
effect (blood sugar values below 20 mg. per 100 ml.
of blood). When hypoglycemia was maintained by
repeated insulin injections cows eventually developed
signs approaching coma or convulsions. In sheep severe
hypoglycemia (blood sugar values of 6 to 12 mg. per
100 ml. of blood) was produced by doses of 1 unit
of regular insulin per Kg. of body weight given
intravenously.
Doses. See text.
Iodinated Proteins (Thyroproteins)
The development of iodinated proteins has made
available an inexpensive thyroactive preparation for
which many uses have been suggested (see Reineke and
Turner. JA.VJIA., 1943. 102^ 105). For further information on the preparation and biological effects of
iodinated proteins, see /. Endocrinol., 1945, 4, entire
issue; Blaxter. Vitamins and Hormones, Academic
Press. X. V.. 1952, 10, 218.
Experimental feeding of iodinated proteins to lactating cattle has shown that a pronounced increase in
both milk production and milk fat production results.
The response depends upon the potency of the preparation, amount administered, and the stage of lactation. The effect in early lactation is small. When
lactation is near maximum there is only a slight increase, but during mid-lactation the percentage response increases as lactation declines. At the end of
lactation it is not possible to elicit a response in milk
production (see Blaxter. J. Endocrinol., 1945. 4, 266
and Reineke et al., J. Ani. Sc, 1944, 3, 439). While
increased production occurs there is a concomitant
increase in food intake or, in the absence of this, the
animals begin to lose weight. Since increasing the
ration will also increase milk production without
iodinated protein in many animals, the need for such
a substance, except for hypothyroid animals, is questioned. Blaxter (Vit. and Hormones, Academic Press,
X. Y.. 1952, 10, 218) summarizes the possible economic value of thyroprotein feeding on milk production as follows: "... any profit will be small, as
indeed will be the overall increase in production." The
net gain produced over the whoie lactation period
amounts to less than 3 per cent so that the possibility
of making a profit is obviously slim. Thomas (Hoard's
Dairyman, May 25, 1954, p. 497) has reviewed the
results of thyroprotein feeding in dairy cows. He con-
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cluded that feeding iodinated protein for most of the
lactation period does not increase total milk production. However, feeding it for 60 days apparently can
increase total milk production although the fall in
milk yield when the thyroprotein in the feed is removed is a disadvantage. Definite recommendations
regarding short-term feeding cannot be made at present. If it is fed it should not be started until after the
100th day of lactation and should not be continued
for a period longer than four months. Thyroprotein
should not be fed during hot weather.
Apparently the milk produced by cows fed thyroprotein does not contain biologically detectable
amounts of the hormone (Reineke and Turner,
/. Dairy Sc, 1944, 27, 793) nor is it harmful when
consumed bv humans (Robertson, /. Endocrinol.,
1945, 4, 300).
Feeding iodinated protein to laying chickens will
significantly increase egg production. There is no
evidence that the hormone passes over into the egg
(Turner et al., Poultry Sc, 1946, 25, 562).
Reineke (Engle. The Problem of Fertility, Princeton
Univ. Press, 1946, p. 233) presented evidence that
sterility and deficient libido in bulls can be overcome
in some cases by iodinated protein therapy and Bogart
and Mayer (Missouri Agric Exp. Sta. Res. Bull. 402,
1946) reported similar results in overcoming "summer
sterility" associated with impaired spermatogenic activity in rams.
Doses. Iodinated protein (casein) containing thyroxin activity equivalent to 3 per cent is fed to dairy
cattle at a rate of 1 to 1.5 Gm. per 100 pounds of
body weight while the feed should be increased to
125 per cent of the daily ration.

Iodine
Before iodine-deficient areas were discovered there
were heavy losses of newborn foals, calves, kids,
lambs, and pigs in these regions. In the United States
the chief iodine-deficient areas are around the Great
Lakes and westward toward the Pacific Coast. Goiter
is avoided in these areas by adding iodine to the
ration. When this is not done the young are born
weak or dead and the thyroid glands are enlarged
(big-neck or thick-neck). Iodine-deficient pigs are
practically hairless when born and this has led to the
term "hairless pigs" (Morrison. Feeds and Feeding,
Morrison Publ. Co.. Ithaca. 21st ed.. 1948; Eward
and Culbertson, Ioua Agric Exp. Sta. Res. Bui. 86,
1925). The use of iodized salt in the ration containing
at least 0.0076 per cent iodine, so stabilized that it
will not be lost through volatilization, prevents goiter
in newborn animals when incorporated in the feed at
a one per cent level (Xational Research Council Committee on Animal Xutrition, Nutrient Requirements
for Domestic Animals, No. VIII, publ. No. 300, 1953).
The daily requirement of iodine to prevent goiter in
animals is 0.1 mg. per 100 pounds of body weight.
During pregnancy the recommended daily intake is
0.2 mg. per 100 pounds of body weight.
Iodine Solution
This is used as a skin antiseptic, to disinfect the
umbilical stump in newborn calves and foals, as a
paint
wounds.in ringworm, and as an antiseptic for minor
A weak aqueous solution of iodine (0.1 to 0.2 per
cent) is employed as a vaginal douche in the treatment of vaginitis in cows and as a uterine and vaginal
irrigation in certain types of temporary infertility.
Iodine Solution, Strong
Lugol's solution is a popular preparation with the
laity as a general skin disinfectant for large animals.
It is commonly employed to disinfect the umbilical
stump in foals and calves and used to treat various
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swellings and chronic inflammatory conditions such as
sprains and bruises. It is sometimes used as a "subcutaneous blister" diluted with equal parts of water
and injected subcutaneously in obstinate shoulder
lameness and other conditions where such drastic
treatment is required. It is also injected into actinomycotic lesions. It is seldom given internally.
McKay (Vet. Jour., 1948, 104, 70) employed Lugol's
solution with marked success in the treatment of outbreaks of fowl coryza among 25,000 birds. One teaspoonful of Lugol's solution was added to each gallon
of drinking water (giving a concentration of 1:20,000
iodine in water) and iodine vapor was used to disinfect the air of batteries.
Poultry drinking water may be iodized for nutritional purposes by adding 1 pint of Lugol's solution
to 120 gallons of water (or approximately 1 teaspoonful per gallon) .
Doses. The doses used are the same as for the
tincture, well diluted with water.
Iodine Tincture, Strong
This is used as a skin and wound disinfectant, a
counterirritant in chronic inflammatory conditions
(tendonitis, periostitis, etc.), and as a parasiticide in
ringworm and mild cases of demodectic mange. It is
seldom employed internally because it is too irritant.
Doses. H. & C, 8 to IS ml. (2 to 4 fluidrachms)
well diluted. D., 0.13 to 0.6 ml. (2 to 10 minims) well
diluted.
Iodoform
Iodoform is not used internally in present-day veterinary practice. It is employed in cattle practice in
pyometra and retained placenta as a uterine disinfectant with equal parts of boric acid, being introduced into the uterus in 4 to 8 Gm. (1 to 2 drachm)
capsules. As an antiseptic for wounds, it is employed
in dusting powders and in the form of the once-popular BIPP (bismuth subnitrate, 1 ; iodoform. 2 ; in
liquid paraffin to form a thick paste) .
Doses. H. & C, 2 to 4 Gm. (l/2 to 1 drachm).
D., 120 to 500 mg. (2 to iy2 grains) .
Iodopyracet Injection (Diodrast, Injection of
Diodone, B.V.C.)
This is used as a contrast medium for intravenous
urography and angiocardiography as well as visualization of accessible body cavities and sinus tracts, etc.
For intravenous urography in dogs a 35 per cent solution is employed, injected in doses of up to 0.5 ml.
per pound of body weight. Serial roentgenograms are
taken at intervals of between 5 and 30 minutes after
injection. When renal function is impaired it may be
necessary to take roentgenograms up to three hours
after injection. If necessary, the solution may be injected subcutaneously, following which roentgenograms are not taken for 30 to 60 minutes. For angiocardiography indogs a 70 per cent solution is used,
injected rapidly through a catheter in the right heart
in doses of 0.5 ml. per pound of body weight.
Iodopyracet may be toxic in animals with severe
renal impairment and systemic reactions may occur
following its use. To test for sensitivity inject 1 or 2
ml. intravenously a few minutes or so before the full
dose is given. Epinephrine injection should be on
hand to treat severe reactions.
Iodoxyl, B.V.C. (Neo-Iopax)
This is used as a contrast medium in intravenous
urography and cystography in dogs. It is administered
by slow (at least 5 minutes) intravenous injection of
a warmed 75 per cent solution in doses of from 3 to
20 ml., depending on the size of the dog. Perivenous
injections are to be avoided owing to the irritant
action of the solution. Roentgenograms
are taken
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between 10 and 20 minutes after injection. In severe
renal impairment excretion may be delayed several
hours.

Ipecac
Ipecac is employed as an emetic for the dog, cat,
and pig, a ruminatoric in cattle, and as an expectorant.
It does not produce the diaphoresis in animals that is
observed in man. Its ruminatoric action is weak and
unreliable. The amebicidal action of ipecac has led to
its use in infectious enterohepatitis in turkeys which
is caused by the protozoon parasite Histomonas meleagridis. One teaspoonful is mixed with the feed for
each 20 birds and fed twice a week. Critical experiments indicate that it has little value (Barger and
Card, Diseases and Parasites of Poultry, Lea and
Febiger, 1938, p. 209).
Doses. Emetic: Sw., 2 to 3 Gm. (30 to 45 grains).
D., 1 to 2 Gm. (15 to 30 grains). Cats, 250 to 750
mg. (4 to 12 grains). Expectorant: H., 4 to 6 Gm.
(1 to \y2 drachms). Sw., 100 to 300 mg. (\y2 to 5
grains). D., 10 to 50 mg. (% to Y\ grain).
Ipecac Fluidextract
This preparation has been employed in the treatment of infectious enterohepatitis in turkeys in doses
of 0.6 ml. (10 minims) 3 times daily for 3 days, then
twice daily for 3 days, and then once daily for 3 days.
It has also been injected into the cloaca (1 ml. in 30
ml. of water) daily for 3 days in treating this
condition.
Doses. Emetic: Sw., 2 to 3 ml. (30 to 45 minims).
D., 1 to 2 ml. (15 to 30 minims). Cats, 0.25 to 0.75
ml. (4 to 12 minims). Expectorant: H., 4 to 6 ml.
(1 to \y2 fluidrachms). Sw., 0.1 to 0.3 ml. (V/2 to 5
minims). D., 0.01 to 0.05 ml. (% to M minim).
Ipecac Syrup
Doses. D., emetic, 4 to 15 ml. (1 to 4 fluidrachms) expectorant,
;
1 to 2 ml. (15 to 30 minims).
Ipecac Tincture
Doses. D., emetic, 4 to 8 ml. (1 to 2 fluidrachms) ;
expectorant, 0.3 to 0.6 ml. (5 to 10 minims).
Ipecac and Opium Powder
Doses. Expectorant: H., 15 to 30 Gm. (4 to 8
drachms). D., 120 to 600 mg (2 to 10 grains).
Ipecac and Opium Syrup
Doses. D„ 2 to 4 ml. (l/2 to 1 fluidrachm).
Ipecac and Opium Tincture
Doses. Expectorant: H., 15 to 30 ml. (4 to 8
fluidrachms). D., 0.12 to 0.6 ml. (2 to 10 minims).
Iron
Baby pig anemia can be prevented by giving each
pig 300 to 500 mg. of powdered iron when they are
6 to 8 days old. In most cases this single dose is
sufficient (Foot and Thompson, Agriculture, 1947,
54, 308).
Doses. H. & C, 4 to 8 Gm. (1 to 2 drachms).
D., 60 to 200 mg. (1 to 3 grains).
Iron B.V.C.)
Pyrophosphate

(Soluble Iron Pyrophosphate,

This iron preparation is effective in anemia of little
pigs given in daily doses of 300 mg. during the second
week of life (Foot and Thompson, Agriculture, 1947,
54, 308).
Isometheptene (Octin)
Isometheptene relieves smooth muscle spasm of the
gastrointestinal and genitourinary tracts. In unanesthetized experimental dogs Gruber
(/. Pharmacol.,
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1936, 56, 284) found that it decreased tonus and
peristalsis in the small intestine. Small animal practitioners (Brown, J.A.V.M.A., 1950, 116, 374; Schrank,
J.A.V.M.A., 19S2, 120, 205) have found this action
useful in spastic conditions of the bowel of dogs. In
urethral obstruction of male cats caused by urinary
calculi and/or inflammatory changes isometheptine is
used to advantage in certain cases (Irwin, Southwest
Vet., 1950, 3, 13; Taylor, /. Small Animal Med., 1952,
1,59).
If an excessive dose is given a rather alarming erection of hair accompanied by muscle tremors and incoordination will occur transiently.
Doses. Octin Hydrochloride Solution, 100 mg. per
ml.; D. and Cats, % to l/2 ml. intramuscularly. Octin
Mucate Tablets, 130 mg. (2 grains) ; D. and Cats,
y2 to 1 tablet 3 or 4 times daily.
Isoniazid (Isonicotinic Acid Hydrazide)
This drug has been shown to inhibit growth of
Mycobacterium paratuberculosis (the etiological agent
of Johne's disease) when 25 micrograms per ml. is
added to the culture medium (Larsen and Vardaman,
J.A.V.M.A.,
122,cow309).
a clinical
trial in one 1953,'
infected
thereHowever,
was no inevidence
of
curative effects. Rankin {Vet. Rec, 1953, 65, 649)
treated 3 infected cattle with oral doses of 12 mg.
per Kg. every 12 hours, producing blood levels of
2 to 5 micrograms per ml. All 3 animals died of
Johne's disease after 21 to 60 davs of treatment.
Pulling (J.A.VM.A., 1952, 12i, 389) reported relief
of signs of the disease and otherwise favorable effects
in an outbreak of tuberculosis (bovine type) in a
herd of 960 mink. Isoniazid was added to the ration
at the rate of 4 mg. per mink per day.
Jones (Vet. Rec, 1953, 65, 453) treated a case of
tuberculosis in a cheetah with daily oral doses of
6 Gm. of ^-aminosalicylic acid and 150 mg. of
isoniazid. After about 3 months of therapy acid-fast
bacilli disappeared from the feces and the animal apparently had recovered.
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Kaolin
Doses. D., 5 to 30 Gm. ( 1 J4 to 8 drachms).
Kerosene
Kerosene is extensively used as a solvent for
pyrethrum and rotenone powders in the preparation
of insect sprays. Such insecticides are useful in the
control of stable and horn flies, pigeon flies, chicken
mites, chicken bugs, ticks, and many other insects
harmful to animals.
Kerosene emulsion has been used as a debusing
agent for many years. It is prepared by dissolving
lA pound (113 Gm.) of hard soap in a gallon (3840
ml.) of soft water by boiling. Two gallons (7680 ml.)
of kerosene are poured into this and mixed thoroughly.
One part of the emulsion is added to 10 to 15 parts of
warm soft water and applied with a stiff brush or as a
spray (Van Es, Animal Hygiene, 1932, p. 300).
Kino
Doses. H., 15 to 30 Gm. (y2 to 1 ounce). D., 0.3
to 1 Gm. (5 to 15 grains).
Kino Tincture
Doses. D., 1 to 3 ml. (15 to 45 minims).
Krameria
Doses. H., 15 to 30 Gm. (]/2 to 1 ounce). D., 0.3
to 1 Gm. (5 to 15 grains).
Krameria Fluidextract
Doses. H., 15 to 30 ml. (}/2 to 1 fluidounce). D.,
0.3 to 1 ml. (5 to 15 minims).
Lactic Acid

Kamala

This is rarely employed in veterinary medicine in
this country. In Germany, and by a few practitioners
here, it is used as a caustic for the destruction of small
neoplasms and ulcers, and in 2 per cent solution to
irrigate infected mucous membranes. It has also been
used as an intestinal antiseptic in calf dysentery, diarrhea of suckling animals, and as an antiferment in
equine colic. It is doubtful that the drug has much
therapeutic value (Frohner and Reinhardt, 1937,
p. 232).
Doses. The following doses are recommended by
Frohner and Reinhardt, 1937, and Uebele and Klett,
1938: H. & C, 12 ml. (3 fluidrachms) in 500 ml. (1
pint) of water. Calf, 10 ml. (2l/2 fluidrachms) in 200
ml. (7 fluidounces) of syrup and 1000 ml. (1 quart)
of matricaria infusion (Matricaria, see Part II) given
4 times in 2 days in calf dysentery.
Lead

This drug has been employed as a taeniafuge in
dogs, cats, poultry, and occasionally in sheep. Reports
on its efficiency in poultry are conflicting; it has
proven toxic, especially in debilitated birds and
turkeys, and is no longer recommended (see Barger
and Card, Diseases and Parasites of Poultry, 2nd ed.,
1938, p. 309). Owing to its purgative action no cathartic is needed. Because of its toxicity and ineffectiveness
and since superior agents are available, it is not recommended as a taeniacide.
Kamala has also been recommended in liver fluke
infestations in sheep, but subsequently found to be
unreliable (Hutyra et al., Path. & Therap. of Dis. of
Domestic Animals, 4th English ed., Vol. II, p. 422,
1938).
Doses. Sh., 4 to 7 Gm. (1 to 134 drachms). D.,
small dogs, 2 to 4 Gm. (^ to 1 drachm) ; large dogs,
4 to 8 Gm. (1 to 2 drachms). Cats, 0.6 to 1 Gm. (10
to 15 grains). Chickens, 0.5 to 1 Gm. (7l/2 to 15
grains). Turkeys, 2 Gm. (30 grains). It is administered in syrup, milk, pill, or capsule.

Lead is the most frequent cause of mineral poisoning among domestic animals. Cattle are most often
stricken, probably because of their attraction to fresh
paint, which they are inclined to lick with apparent
relish (Fenstermacher et al., J.A.V.M.A., 1946, 108,
1). Old flaking paint likewise may be the source of
a poisoning (White and Cotchin. Vet. J., 1948, 104,
75; Bailey, JA.V.MA., 1948, 112, 370). Blaxter and
Allcroft (/. Comp. Path. Therap., 1950, 60, 133, 140,
177, 190, 209) in a series of papers reported illuminating studies on the absorption and retention of lead
and on its toxicity in cattle and sheep. Clinically,
acute lead Doisoning due to eating paint is most commonly encountered. Chronic lead poisoning does not
occur to any extent in ruminants (Allcroft, Vet. Rec,
1951, 63, 585) although it was not uncommon in
horses in the days when they were used around lead
smelters and mines (Jones, Veterinary Pharmacology
and Therapeutics, Iowa State Coll. Press, Ames, 1954).
Lead poisoning in dogs (Lieberman, North Am. Vet.,
1948, 29, 574; Bond and Kubin, Vet. Med., 1949, 44,

Jalap
This hydragogue cathartic is said to have little
action on horses and cattle, but it is quite effective for
pigs and dogs. However, drastic catharsis is seldom
indicated and the drug is not often used.
Doses. D., 0.3 to 2 Gm. (5 to 30 grains). Sw.,
4 to 15 Gm. (1 to 4 drachms).
Jalap Resin
Doses. Sw., 0.5 to 2 Gm. (ll/2 to 30 grains). D.,
60 to 300 mg. (1 to 5 grains).
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118) and other species is occasionally encountered.
The signs of acute lead poisoning include excitement,
incoordination, blindness, convulsions, gastroenteritis,
colic, collapse, coma, and death. In chronic lead poisoning there is loss of weight, swelling of the joints,
constipation and diarrhea, debility, prostration, paralysis and death. In horses laryngeal paralysis resulting
in inspiratory dyspnea ("roaring") may occur. In
acute poisoning magnesium or sodium sulfate, milk,
egg albumin, and tannic acid may be administered to
delay absorption. Where feasible emetics and gastric
lavage should be employed to empty the stomach. In
chronic poisoning calcium salts may be given to promote deposition of lead in the bones. Then excretion
can be encouraged by feeding a low-calcium and highphosphate diet and giving acidifying salts such as
ammonium chloride. Calcium disodium ethylenediaminetetraacetate (q.v.) and sodium citrate (Kety
and Letonoff, Proc. S. Exp. Biol. Med., 1941, 46, 476;
Bailey, loc. cit.) are useful in chronic poisoning.
Lead Acetate
The internal use of lead acetate in diarrhea has
been largely abandoned in favor of less toxic agents
and its use is especially discouraged in cattle. It is still
employed externally in various preparations for its
astringent and sedative action in bruises and superficial inflammatory conditions. The so-called "White
Lotion," frequently used in veterinary practice, is a
preparation composed of 1 part lead acetate, Y\ part
zinc sulfate, and 20 to 30 parts water.
Doses. H., 2 to 4 Gm. (l/2 to 1 drachm). C, 1 to
4 Gm. (IS to 60 grains). D., 50 to 200 mg. (14 to 3
grains).
Lead Arsenate
Several years ago this widely used insecticide was
introduced as a tapeworm remedy for ruminants.
McCulloch and McCoy {J.A.V.M.A., 1941, 99, 496)
found that 500 mg. (1l/2 grains) administered to
yearling lambs was effective against Moniezia sp.
Radeleff {Vet. Med., 1944, 39, 453) then employed
spray grade lead arsenate (98 per cent lead arsenate)
in over 3000 animals (lambs, kids, calves, and a few
adult cattle) and found that it had excellent anthelmintic action against Moniezia sp. He recorded no
fatalities and no ill effects other than colic. Kids and
lambs received 500 mg. (ll/2 grains) in hard gelatin
capsules per animal without previous or subsequent
fasting. Calves up to 3 months of age received 500
mg. (7 J/2 grains), calves 3 to 6 months of age received
1 Gm. (15 grains), and adult cattle 2 Gm. (30 grains).
In cattle this was followed by a dose of castor oil.
More recently Morgan et al. (Vet. Med., 1950, 45,
370) reported that a dose of 1 Gm. (15 grains) of
spray grade lead arsenate is more effective in lambs
than a dose of 500 mg. (iy2 grains). Foster and
Haberman (J.A.V.M.A., 1948, 113, 51) reviewed the
literature on the use of lead arsenate as a taeniacide
in ruminants and concluded that it is a safe and effective agent for this purpose. They indicate that it is
superior to other taeniacides for sheep. See also Ward
and Scales, J.A.V.M.A., 1946, 108, 425, and Haberman and Carlson, Vet. Med., 1946, 41, 306, for further
observations on its use in sheep.
Limited tests by Radeleff (Vet. Med., 1947, 42,
425) indicate that lead arsenate in doses of 200 mg.
(3 grains) per 100 pounds body weight is a safe and
effective agent for removal of bots from horses. In
these studies the drug was administered mixed with
an individual feeding.
There do not appear to be any reports of toxicity
occurring when lead arsenate is employed in the above
doses as an anthelmintic. However, poisoning has
occurred in animals which accidentally ingested forage
or other feed sprayed with this compound. McCulloch
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and St. John (J.A.V.M.A., 1940, 96, 321) reported a
large number of fatalities among sheep which consumed grass from an orchard sprayed with lead arsenate. All of these animals showed profuse diarrhea and
on autopsy exhibited severe gastroenteritis and pneumonia. In experimental studies on a small number of
animals these same workers showed that sheep receiving adaily dose of 1 Gm. (15 grains) lead arsenate died in approximately 7 days. Voigt and Edwards
(/. Am. Pharm. Assoc, 1948, 37, 122) found the LDr>o
of lead arsenate for chickens to be approximately 450
mg. per Kg. (il/2 grains per pound) of body weight.
Doses. See above. In the experiments and field
trials reported thus far the doses used have been
effective and relatively nontoxic.
Lead Subacetate Solution
This is used as an astringent wash in acute eczema
and other irritable conditions of the skin. It should be
employed with caution in the dog since these animals
may lick the parts and ingest a toxic amount. It is
usually used in dilutions of 1:20. More dilute solutions
(1:60) are occasionally employed as collyria.
Levarterenol (Norepinephrine)
Harthoorn (Vet. Rec, 1953, 65, 482) has reviewed
the experimental basis for the use of levarterenol in
veterinary practice. In acute vascular hypotension
occurring during induction of anesthesia he recommends small intravenous doses of 0.001 to 0.002 mg.
per Kg. of body weight until a response is attained.
In acute nerve shock as from pain or trauma intramuscular doses of noradrenaline of 0.01 mg. per Kg.
may be given. In cases of surgical shock which fail to
respond to infusion therapy, norepinephrine in total
doses of 0.05 mg. per Kg. may be included in the
intravenous drip infusion. In acute cardiac arrest
Harthoorn recommends intracardiac injection of epinephrine (q.v.) .
Lime
Lime is used in solution as a cleansing and disinfectant wash (whitewash) for the walls of buildings
in which animals are kept. The solutions used are not
effective disinfectants against the spores of anthrax
and tetanus organisms nor against tuberculosis organisms (Tilley, U.S.D.A. Yearbook of Agric, 1942, pp.
183, 184). It is also a component of the widely used
lime-sulfur dip (see Sulfur). It aids in reducing mite
infestations in poultry houses.
Lime Liniment
This is occasionally employed as a laxative for
young calves. It has been used empirically in the treatment of chronic pulmonary emphysema (heaves) of
the horse, although there is nothing to indicate it has
any value. The use of lime liniment on burns and
scalds is an obsolete practice that is messy and predisposes toinfection.
Doses. Calves, laxative, 60 to 120 ml. (2 to 4
fluidounces). H., heaves, 60 to 120 ml. (2 to 4
fluidounces) .
Linseed
Externally linseed is employed as a poultice; four
parts of linseed meal are mixed slowly by stirring
with ten parts of boiling water. Linseed tea, prepared
by boiling linseed in 10 to 15 parts of water, is used
internally as a demulcent for horses and cattle and
occasionally for small animals.
Linseed contains a cyanogenetic glucoside. Under
exceptional conditions linseed cake has caused hydrocyanic acid poisoning. This has been reported in
France and England (see Clough, Vet. Rec, 1936, 16,
53). Although linseed meal is fed in this country such
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Linseed Oil
Linseed oil is used as a laxative, particularly in
equine practice, in cases where severe purgation is
not desired. It is less likely to cause griping than
castor oil and is employed in such conditions as spasmodic and flatulent colic and impaction of the colon.
Large continued doses may induce superpurgation
and laminitis and are to be avoided. Owing to its
nauseant effects it is not suitable for small animals.
Linseed oil is also used as a vehicle for more irritating substances such as oil of turpentine. It is important to remember that boiled linseed oil is not
suitable for medicinal purposes (see Part I). It is a
component of lime liniment.
Doses. H., 500 to 750 ml. (1 to \l/2 pints). C,
500 to 1000 ml. (1 to 2 pints). Sh. & Sw., 120 to
180 ml. (4 to 6 fluidounces). D., 8 to 15 ml. (2 to
4 fluidrachms) .
Lobelia
Lobelia is used is an expectorant.
Lobelia Tincture
Doses. H. & C, 30 to 60 ml. (1 to 2 fluidounces).
D., 0.2 to 1 ml. (3 to 15 minims).
Lobeline Sulfate
This drug is occasionally used as an emergency respiratory stimulant during surgical anesthesia in the
dog, but its action is variable and uncertain. It is also
used as a ruminatoric, but its action on the rumen is
feeble and unreliable (Amadon, J.A.V.M.A., 1930,
76, 65).
Doses. H. & C, 6 to 15 mg. (Vio to Y\ grain).
D., 0.6 to 6 mg. Oloo to %o grain). It is administered hypodermically.
Magnesia Magma
B.V.C.)

(Magnesium Hydroxide Mixture,

This is used as an antacid and mild laxative and
as an antidote in poisoning with mineral acids and
arsenic.
Doses, Foals & Calves, 30 to 60 ml. (1 to 2 fluidounces). Sw., 15 to 30 ml. (l/2 to 1 fluidounce). D.,
4 to 8 ml. (1 to 2 fluidrachms). Cats, 2 to 6 ml. (y2
to V/i fluidrachms).
Magnesium Carbonate
Magnesium carbonate is prescribed as a laxative for
young foals, calves, pigs, and dogs.
Doses. Foals, Calves, and Pigs, 8 to 15 Gm. (2
to 4 drachms). D., 0.6 to 4 Gm. (10 to 60 grains).
Magnesium Oxide
This is used as a laxative for young foals, calves,
pigs, and dogs.
Doses. Foals, Calves, and Pigs, 8 to 15 Gm. (2
to 4 drachms) . D., 0.6 to 4 Gm. (10 to 60 grains) .
Magnesium Oxide, Heavy
This is employed in the same doses and for the
same purposes as magnesium oxide.
Magnesium Sulfate
Magnesium sulfate is the saline cathartic most often
used for cattle. It is also commonly employed in the
other domestic species. As indicated in Part I, it is
useful externally in various inflammatory conditions
and according to a recent report saturated solutions
may have some value in the treatment of sarcoptic
mange in swine (Daykin and Lewis, Vet. Rec, 1952,
64, 582).
The intravenous administration of a saturated solu-
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tion of magnesium sulfate is frequently used to
destroy dogs humanely. Ten to 20 ml. of the saturated
solution is injected intravenously or into the heart.
Magnesium sulfate combined with chloral hydrate
is employed as a narcotic and general anesthetic for
the horse (see Chloral Hydrate monograph). A commercial preparation is available containing 30 Gm. of
chloral hydrate and 25 Gm. of magnesium sulfate per
100 ml. of solution. This is used in doses of 50 to
100 ml. for a 1000-pound horse. This combination
may also be used as a narcotic for cattle but must
be injected slowly and with caution to avoid excessive
depression.
Magnesium is also employed in hypomagnesemia
(grass tetany) in cattle given in doses of from 30 to
50 Gm. subcutaneously in dilute solution.
Magnesium sulfate given in laxative or purgative
doses has been used in the treatment of uremia in the
dog with the idea of promoting elimination of wa^te
products through the bowel. This is a dangerous procedure because in animals with injured kidneys ingestion of magnesium sulfate causes a marked rise of
plasma magnesium and may induce coma (Hirschfelder, /. Biol. Chem., 1934, 104, 647).
Doses. Cathartic: H., 250 to 1000 Gm. (Y2 to 2
pounds). C, 500 to 1000 Gm. (1 to 2 pounds). Sh.,
G., and Sw., 60 to 90 Gm. (2 to 3 ounces). D., 10
to 25 Gm. (2}/2 to 6J4 drachms). Cats, 2 to 4 Gm.
(lA to 1 drachm). Chickens, 500 Gm. (1 pound)
per 100 birds given in drinking water or moist mash ;
or added to the drinking water to give a 5 per cent
solution.
Magnesium Trisilicate
Magnesium trisilicate is a gastric antacid used to
treat gastric ulcer in man. It is occasionally employed
in veterinary practice for its adsorbent and antacid
properties.
Doses. Foals and Calves, 1 to 6 Gm. (*4 to ll/2
drachms). Sw., 0.3 to 1.5 Gm. (5 to 25 grains). D.,
0.15 to 1 Gm. (2Y2 to 15 grains). Cats, 100 to 300
mS- (^A to 5 grains).
Manganese Sulfate
Manganese is an essential trace element. In poultry
its deficiency causes perosis ("slipped" tendon) and
manganese sulfate may be added to poultry feeds to
prevent
this in the amount of 60 mg. per pound of
feed.
Marfanil
The prevailing use of this sulfonamide in Europe
has been as a local application in infected wounds,
especially when gas-forming bacteria are likely to be
present. For this purpose a powder composed of 9
parts sulfanilamide and 1 part marfanil is %videly
employed (Steinmetzer, Pharmakologie fur Tierdrzte,
Urban u. Schwarzenberg, Vienna, 1949; Gratzl in
Wirth, Lexikon der prakt. Therapie u. Prophylaxe f.
Tierdrzte, Urban u. Schwarzenberg, Vienna, 1948).
Since it is not inhibited by pus and necrotic tissue to
the extent that other sulfonamides are, it may possess
an advantage for this purpose, although it inhibits
tissue growth more than other sulfonamides (Hawking and Lawrence, The Sulphonamides, Grune and
Stratton, N. Y., 1951). Kargel (Steinmetzer, loc. cit.)
recommends the introduction of 150 Gm. (approximately 5 ounces) of marfanil-sulfanilamide powder
(1:9) in
cow's infection.
uterus when retainedsuspension
afterbirth has into
led tothe
uterine
Doses. Clinically it is only used topically. Oral
doses of 600 mg. per Kg. (4l/s grains per pound) in
dogs produce peak blood levels (9 to 10 mg. per 100
ml.), which are reached in 2 to 3 hours. Repeated
oral doses of 160 mg. per Kg. (1.12 grains per pound)
given every 4 hours for 12 doses produce blood levels
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of 4 to 5 mg. per 100 ml. Subcutaneous injection of
600 mg. per Kg. (\Yi grains per pound) produces
about the same blood level as an equivalent oral dose,
but the return to zero is slower (McChesney et al.,
J. Pharmacol., 1949, 96, 356). Dogs tolerate up to
2 Gm. per Kg. (14 grains per pound) orally (Volker,
Frohners Lehrbuch der Toxikologie f. Tierdrzte,
Enke, Stuttgart, 1950), although 500 mg. per Kg.
(3.5 grains per pound) daily for 10 days results in
malaise (Hawking and Lawrence, loc. cit.).
Mechlorethamine Hydrochloride {Nitrogen
Mustard)
This drug has been found effective as a palliative
measure in Hodgkin's disease, lymphosarcoma, certain types of leukemia, polycythemia and mycosis
fungoides (Bauer and Erf, Am. J. Med. Set., 1950,
219, 16). It has had little use in veterinary practice
to date. Bader (JA.VMA., 1951, 118, 167) treated
a case of lymphosarcoma in a dog with favorable
results without relapse during the 70 days the animal
was observed. The intravenous dosage schedule used
was 0.1 mg. per Kg. daily for 2 successive days, 0.2
mg. per Kg. a week later, and 0.2 mg. per Kg. the
following week. Moss and Jourdan (North Am. Vet.,
1953, 34, 563) used daily doses of 0.1 mg. per Kg.,
intravenously, for 4 successive days in lymphosarcoma, mast cell sarcoma, and oral papillomatosis in
dogs. There was no response in the case of oral
papillomatosis. The lymph glands were reduced in
size in the case of lymphosarcoma and the mast cell
sarcoma was also reduced in size, but both dogs died
several days after treatment, owing to complications
(e.g., pneumonia, cellulitis, peritonitis). These results
suggest an increased susceptibility to infection following treatment.
Johnson (Science, 1948, 107, 40) reported that
doses of 2 mg. per Kg. intravenously in chickens with
fowl leukosis produced clinical recovery in 9 out
of 33 birds. Blood from treated birds fails to transmit
the disease, which suggests a possible action on the
virus.
Menadione (Menaphthone, B.V.C.)
Menadione is known as synthetic vitamin K because
it is the most active of naphthoquinone derivatives
having vitamin K activity. Vitamin K is essential for
the formation of prothrombin and when it is inactivated or deficient coagulation time is increased and
spontaneous hemorrhages may occur. Since bile is
needed for its absorption, deficiency may occur in
obstructive jaundice as well as in other conditions,
such as chronic enteritis, interfering with absorption.
In extensive liver disease prothrombin formation may
be inhibited with resultant prolongation of prothrombin time. Bishydroxycoumarin suppresses prothrombin formation and this action is counteracted by
vitamin K. Thus in bishydroxycoumarin poisoning in
cattle (e.g., sweet clover poisoning) and in dogs and
swine (e.g., poisoning with the rodenticide Warfarin,
which is related to bishydroxycoumarin) vitamin K
may be used as an antidote (see Vitamin K).
Menadione, at the rate of 4 Gm. per ton, will restore clotting time to normal in chicks fed a cornsoybean oil meal ration (Merck and Co., Report,
Sept., 1953).
Doses. D., 3 to 10 mg. (Yzo to Yt grain) Menadione Injection, U.S.P., D., 0.5 to 5 mg. Ofeo to
Yi2 grain) intramuscularly. Larger amounts may be
required in bishydroxycoumarin poisoning.
Menthol
Doses. D., gastric sedative, 30 to 120 mg. (l/2 to
2 grains) administered in dilute solution in alcohol
and syrup.

Mephenesin
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Meperidine

Hydrochloride (Pethidine Hydrochloride, B.V.C, Demerol Hydrochloride)
Meperidine has analgesic, spasmolytic, and slight
sedative actions and is employed as a preanesthetic
medicament for the relief of pain, and to depress the
cough reflex.
When given before anesthesia in dogs it minimizes
excitement and reduces the amount of anesthetic required. When used in conjunction with pentobarbital
to prolong the anesthetic action (Schnelle, Vet. Excerpts, 1949, 9, 138) it has been found safer
than ether-pentobarbital combination (Albrecht and
Blakely, J.A.VM.A., 1951, 119, 429) . For this purpose
it is given intramuscularly, 10 mg. per pound of
body weight, when the animals begin to emerge from
surgical anesthesia. In dogs Barlow and Lewis (/.
Pharmacol., 1951, 103, 147) found that intravenous
doses up to 5 mg. per Kg. had no significant effect;
larger doses caused excitement and clonic convulsions,
persisting 5 to 45 minutes, followed by depression
and drowsiness. With intramuscular doses of 20 mg.
per Kg., salivation, analgesia, ataxia and depression
occurred; 30 to 50 mg. per Kg. caused ataxia,
marked spasticity, convulsions in most cases, and
analgesia. Daily oral doses of 75 mg. per Kg. for 10
months produced personality changes (transient visciousness when medicated) but no withdrawal symptoms. Intramuscular doses of 45 mg. per Kg. per
day for 28 days was accompanied by progressive
increase in intensity of drug action (salivation, apathy,
ataxia, depression) but no withdrawal symptoms.
It has also been recommended for cats as a preanesthetic agent and sedative (Mayer, North Am.
Vet., 1945, 26, 477). The observations of Booth and
Rankin (Vet. Med., 1954, 49, 249) indicate that
although cats become more tractable with intramuscular doses of 5 to 10 mg. per Kg. of body weight,
little actual depression is produced. With larger doses
excitement and convulsions occur. Barlow and Lewis
(loc. cit.) found that in cats oral doses up to 75 mg.
per Kg. produced analgesia but no depression; 100
mg. or more per Kg. caused excitement and clonic
convulsions which were fatal in some cases; 150 mg.
per Kg. or more caused death in all animals. Subcutaneously, 25 mg. per Kg. caused apathy but no depression and generalized spasticity developed; 50 to
100 mg. per Kg. produced analgesia, spasticity, and
ataxia, and often convulsions which were fatal to
some subjects; 100 mg. per Kg. killed all animals.
Intravenously, doses of 2.5 to 5 mg. per Kg. produced
analgesia without depression; more than 5 mg. per
Kg. caused excitation.
In large-animal practice meperidine is used to control the pain of colic in horses and cattle and as a
sedative for nervous subjects (Archer, Vet. Rec, 1947,
59, 401). Raker (personal communication) has observed transient excitement in some horses after
therapeutic doses.
Doses. H. & C, intramusctdarly, 300 to 800 mg.
(5 to 12 grains). D., orally and intramuscularly, 10
mg- (lA grain) per pound of body weight. Cats, intramuscularly, 2.5 to 5 mg. (Yn to Yio grain) per
pound of body weight.
Mephenesin
Mephenesin is a selective depressant of the central
nervous system which produces relaxation and flaccidity of skeletal muscles through its action on the
internuncial neurons in the spinal cord and brain
stem. Following intravenous injection its action is
short-lived (20 to 30 minutes) , but with oral doses
its effects last for 1 to 2 hours or more, depending on
the dose and species.
It has been employed in combination with pentobarbital sodium as a muscle relaxant in fracture work
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in dogs (Kingma, Proc. 88th Ann. Mtg. A.V.MA.,
1951, 175) and for other surgical procedures. A preparation containing 60 mg. each of pentobarbital sodium and mephenesin per ml. is available. The dose
is calculated on the basis of 1 ml. for each 6 to 7
pounds of body weight and then injected slowly to
effect. Frequently 34 oi the calculated dose is sufficient to produce adequate anesthesia.
In horses intravenous doses of 4 Gm. injected over
a period of 6 to 10 minutes produce marked incoordination (sometimes with recumbency) and usually
sedation lasting about 30 minutes. Oral doses of 100
to 150 Gm. produce marked incoordination (often
with recumbency) and sedation lasting 3 to 5 hours.
Somewhat smaller doses (50 to 70 Gm. in a 1000pound horse) can relieve the muscular rigidity of
tetanus in horses although this therapy has not been
evaluated clinically (Detweiler, et al., Vet. Med.,
1955, in press).
Doses. D., orally, 0.5 to 1 Gm. (jl/2 to 15 grains)
3 times daily.
Mephobarbital
tone)

(Methylpkenobarbitone, Phemi-

Mephobarbital has actions similar to those of
phenobarbital but its hypnotic effect is relatively less
marked. It is recommended for cases requiring prolonged administration as in epileptiform convulsions
in dogs (Schnelle, Vet. Excerpts, 1947, 7, 33).
Doses. D., 30 to 200 mg. (}/2 to 3 grains) at intervals of 6 to 8 hours.
Merbromin
Merbromin is occasionally employed as a surgical
disinfectant in veterinary practice. It is not considered
as satisfactory as tincture of iodine to prepare the
skin for operation because it does not destroy tetanus
spores which are likely to be present on the skin of
farm animals (Kelser and Mohri, J.A.V.MA., 1932,
80, 87). These authors concluded from a comparative
study of 2 per cent Mercurochrome, 220-soluble, and
iodine tincture that the former is not a satisfactory
skin disinfectant for use in veterinary practice while
the latter is distinctly superior. A 1 per cent aqueous
solution of merbromin may be used to stain semen for
morphological study in artificial insemination work.
The solution is applied for 15 to 30 seconds to airdried semen smears, washed off with running water,
and the slides air-dried (Rao, abstr. Vet. Rec, 1952,
64, 739; Ind. Vet. J., 1952, 28, 423).
Mercosterol
This is a synthetic mercuriated sterol which possesses bactericidal and fungicidal properties and dilute
solutions rapidly kill trichomonads. It is available in
a mineral oil base containing a concentration of
0.0075 per cent mercury. Clinical trials (Rothenberg,
North Am. Vet., 1953, 34, 775) indicate that it is
effective against many of the common pathogens
causing bovine mastitis including: Streptococcus agalactiae, Strep, dysgalactiae, hemolytic staphylococci,
E. coli, and C or yne bacterium sp. In most cases it is
given once daily in 10-ml. amounts in each infected
quarter. The average time required for treatment was
3 days. The preparation is also recommended for the
treatment of infectious keratitis of cattle, uterine
infections, bovine trichomoniasis, external ear infections, foot rot in cattle and sheep, as a wound dressing, and in ringworm and other skin infections.
Mercurial Ointments
Both the mild and strong ointments are sometimes
employed in horse practice in parasitic skin diseases
and as a resolvent in glandular enlargements.
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Mercuric Iodide, Red
Red iodide of mercury is frequently used in veterinary medicine, particularly in horse practice, for its
local counterirritant and vesicant action. It is employed with 4 to 8 parts of lard or petrolatum, alone
or in combination with cantharides or other vesicants,
in the treatment of various forms of exostoses in
large animals. It is also used for chronic swelling
about tendons, joints, or bursae, and for enlarged
glands. This drug is seldom prescribed for internal use.
Doses. H., 300 mg. (5 grains). C, 600 mg. (10
grains).
Mercuric Nitrate Ointment
This ointment is used more or less diluted as a
stimulant to indolent ulcers, in parasitic skin diseases such as ringworm and follicular mange, and in
chronic eczema.
Mercurophylline Injection
This mercurial diuretic is useful in treating edema
of cardiac origin in dogs (Detweiler, Univ. Penna.
Vet. Exten. Quart., 1955, No. 137, 39). It may be
given as often as every 24 hours for 3 to 6 doses, or
1 to 3 times weekly. The urine should be examined
before each injection for evidence of renal damage
(red blood cells, albuminuria). For a discussion of the
untoward effects of mercurial diuretics see Mersalyl,
Part I.
Doses. D., for a 35-lb. dog give 0.25 ml. initially,
as a test dose, followed by 0.5 to 1 ml. (8 to 16
minims) intravenously or intramuscularly as needed.
Mercurous Chloride, Mild
Calomel is a favorite cathartic for the dog, cat,
and pig. Doses large enough to cause catharsis in
large animals are likely to be toxic. However, it is
sometimes combined with aloes or aloin for the horse.
Calomel is often combined with santonin {q.v.) when
the latter is used as a vermifuge.
Externally it is used in the form of ointment (1:8)
in eczema of the dog. Its antiseptic and desiccant
properties have made it a popular remedy for thrush
and canker of the hoof of horses. It is dusted on the
affected areas.
Doses. Cathartic: H., adjuvant cathartic, 2 to 4
Gm. (y2 to 1 drachm). Sw., 300 to 600 mg. (5 to 10
grains). D., 30 to 120 mg. [}/2 to 2 grains). Cats,
10 to 50 mg. (K to Ya grain).
Mercury Bichloride
This is employed as a surgical and sanitary germicide in suitable dilution. It has been used as a parasiticide in ringworm and mange, but safer and more
effective agents are available. It is seldom prescribed
for internal use in veterinary practice.
Mercury with Chalk
Gray powder is used as a laxative and antacid in
foals, calves, and dogs. Kirk {Index to Diagnosis,
Canine and Feline, Williams and Wilkins, 1939, p.
107) highly recommends 1-grain (60-mg.) doses for
the treatment of constipation in cats.
Doses. Foals and calves, 0.3 to 1 Gm. (5 to
15 grains). D., 30 to 250 mg. {]/2 to 4 grains).
Mercury Mass
This is prescribed as a laxative in canine practice.
Doses. D., 30 to 600 mg. (}/2 to 10 grains) .
Mercury Ointment, Ammoniated
This ointment is occasionally used in large-animal
practice as a parasiticide in ringworm and other
parasitic skin diseases, and is useful for the treatment
of
seborrhea, fissured heels, and similar conditions in
horses.
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Mersalyl and Theophylline Injection (Injection
of Mersalyl, B.V.C.)
This mercurial diuretic is used in small-animal practice for the treatment of edema resulting from congestive heart failure. It is contraindicated in severe
renal disease and the urine should be examined for
albuminuria and hematuria before each injection. For
a discussion of the untoward effects of mercurial diuretics see Mersalyl, Part I.
Doses. D. and Cats, 0.5 to 2 ml. (8 to 30 minims) ,
given by deep intramuscular or slow intravenous
injection.
Mesulphen, B.V.C.
Mesulphen (chemically dimethylthianthrene or dimethyldiphenylene disulfide, C14H12S2) is used in
treating sarcoptic and related types of mange and in
certain non-parasitic skin diseases. It has antipruritic
properties and aids in softening and removing crusts.
It is applied as an emulsion at intervals of 1 to 3
days. Not more than one-half the body surface should
be treated at a time and the animal should be prevented from licking the treated area.
Methadone Hydrochloride
This analgesic is similar to morphine in its effect
on dogs and has been recommended for preanesthetic
medication and to depress the cough reflex in this
species. Reutner and Gruhzit (J.A.V.M.A., 1948, 113,
448) found that doses of 1 mg. per Kg. subcutaneously
in dogs one-half hour before Surital sodium anesthesia
reduced the required dose of the thiobarbiturate by
about half. Henderson et al. (Arch. int. pharmacodyn.
therap., 1949, 79, 282) studied the effects of methadone hydrochloride in horses, calves, sheep, fowls
and other species. In horses intravenous doses of 0.4
to 0.9 mg. per Kg. caused miosis, tail erection, staggering and marked excitement. In calves intravenous
doses of 0.55 to 0.65 mg. per Kg. caused incoordination, marked excitement, salivation, and mydriasis.
In sheep with intravenous doses of 0.4 to 1 mg. per
Kg. there occurred incoordination, recumbency and
miosis, but no excitement.
Methenamine (Hexamine, B.V.C.)
Methenamine is employed as a urinary antiseptic
in canine practice. It is also recommended for use
in herbivores, but these animals generally have an
alkaline urine and careful studies have never been
undertaken to determine the amount of acid-forming
substances which should be administered in order to
consistently render the urine acid. In the dog, acid
sodium phosphate should be administered to insure
an acid reaction of the urine.
It has been administered intravenously and subcutaneously inthe nervous form of canine distemper
in doses of 1 to 2 Gm. (IS to 30 grains), but there
is no sound evidence that it is of value. Recently the
use of methenamine intravenously has been revived
for the treatment of hard-pad disease of dogs. Wilkinson (Vet. Rec, 1950, 62, 453) reported use of
methenamine camphorate in 35 cases with results
considered encouraging. However, on the basis of
this and other reports it is impossible to conclude
whether or not it is of value.
Doses. H., 4 to 8 Gm. (1 to 2 drachms). D., 200
to 500 mg. (3 to iy2 grains).
Methoxychlor
Methoxychlor is a useful insecticide for a number
of common ectoparasites. It has the advantage over
DDT of being acceptable for use in dairy barns and
on milking animals since it is not secreted in the milk
in quantities which are considered dangerous. In tests
on laboratory animals, Lehman (Bull. Assoc. Food
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and Drug Officials, 1948, 12, 82) found methoxychlor
considerably less toxic than DDT and somewhat less
toxic than other commonly used chlorinated hydrocarbon insecticides.
The following are important uses of methoxychlor:
1. Stable flies and house flies. Spraying of barns and
premises with a 2.5 per cent emulsion of methoxychlor
gives good control against these flies for 2 weeks or
longer (US.D.A. Leaflet No. 283, April 1950). 2.
Horn flies. Methoxychlor may be sprayed on animals as a 0.5 per cent aqueous suspension. Power
sprayers operating at a pressure of 100 to 200 pounds
per square inch are preferable. Approximately 2
quarts of spray should be applied to each animal.
During fly season treatment should be repeated every
3 to 4 weeks (Hansens, J.A.V.M.A., 1951, 118, 38;
U.S.D.A. Leaflet No. 291, August 1950). 3. Lice.
Methoxychlor is effective for lice on cattle or horses
when applied as a 0.5 to 1 per cent spray or a 10
per cent dust. The latter preparation is preferred in
cold weather. One treatment may suffice but in heavily
infested animals repeated treatments at 14- to 18day intervals may be necessary. Aqueous sprays containing 0.25 per cent methoxychlor or 0.5 per cent
dips are effective for body lice of sheep and goats. For
the foot louse in sheep a 1 per cent dip is recommended. 4. Sheep ked ("tick"). A 0.25 per cent
methoxychlor suspension used as a spray or a 0.5
per cent dip is reported to give good results for this
parasite but is somewhat less effective than DDT
(UJS.D.A. Farmers Bui., No. 2057, 1953).
Methyl Silicone
Quin et al. (J.A.V.M.A., 1949, 114, 313; Brit. Vet.
J., 1949, 105, 328) introduced the use of a suspension
of highly polymerized methyl silicone as an antifoaming agent for the treatment of frothy bloat in
ruminants. Dougherty and Meredith (J.A.V.M.A.,
1954, 124, 474) studied this preparation in vitro and
found that it was effective in defoaming and preventing the formation of foam in fresh rumen ingesta. The
latter felt that further evidence is necessary to determine the effectiveness of the compound on bloat.
A 1 per cent suspension of polymerized methyl silicone is available and is given in doses of 100 ml. for
adult cattle and 25 ml. for sheep and goats.
Methylbenzene (Toluene)
Methylbenzene, also known as toluene, is employed
as an anthelmintic for dogs, cats and horses. Enzie
(Proc. Helminthol. Soc. Wash., 1947, 14, 35) on the
basis of limited trials reported that this drug was
effective against roundworms, hookworms, and whipworms in dogs when used in a dose of 0.1 ml. (1.5
minims) per pound of body weight. Further work is
needed to establish the anthelmintic value of methylbenzene in horses but it appears that it will remove
large roundworms, Parascaris equorum, and bots,
Gastrophilus sp., when employed in doses of 10 ml.
to 20 ml. (2y2 to 5 fluidrachms) per 100 pounds of
body weight (Todd et al, J.A.V.M.A., 1950, 116,
369; Sinclair and Enzie, Am. J. Vet. Res., 1953, 14,
49).
Methylbenzene combined with di-phenthane-70
(q.v.) is used to remove roundworms, hookworms and
tapeworms from dogs. A dose of 0.1 ml. (1.5 minims)
of methylbenzene and 100 mg. (ll/2 grains) of diphenthane-70 per pound of body weight has been
employed (Blair, North Am. Vet., 1949, 30, 306).
The anthelmintic dose should be preceded by a fast
of 18 to 20 hours. No purgative is needed following
the treatment. Blair (loc. cit.) administered the above
dose to 9 dogs for 30 consecutive days without apparent signs of toxicity.
Burch and Blair (North Am. Vet., 1950, 31, 329)
employed a dose of 0.1 ml. (1.5 minims) methylben-
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zene and 100 mg. (V/2 grains) di-phenthane-70 in
cats and reported a high efficiency against roundworms, hookworms, whipworms and tapeworms. The
administration of 2 to 3 times this dose caused
vomiting, depression and ataxia lasting from 1 to 48
hours. Hitchcock (.Worth Am. Vet., 1952, 33, 485)
found that a total dose of approximately 300 mg.
methylbenzene and 260 mg. di-phenthane-70 was
efficient for removing ascarids and safe for kittens
weighing 2l/> to 3 pounds, but caused toxic reactions and some deaths in those weighing less than
pounds. Cats should be fasted for 18 to 24 hours
previous to administering the anthelmintic.
Methylbenzene is available in 0.5 and 1 Gm. (iy2
and 15 grains) capsules under the name Methacide.
The combination of methylbenzene and di-phenthane70 is available under the name Vermiplex.
Doses. H., 0.1 to 0.2 ml. (1.5 to 3 minims) per
pound of body weight. D. and Cats., 0.1 ml. (1.5
minims) per pound of body weight.
Methylcellulose
Methylcellulose is a bulk cathartic which has been
used for the treatment of constipation in the dog and
cat. It is recommended in kittens and cats in the
treatment of constipation due to hairballs. Dogs will
tolerate large doses (up to 3 Gm. per. Kg. daily) for
as long as 1 year without toxic effects (Hodge et al.,
J. Pharmacol., 1950, 99, 112).
Doses. D., 0.5 to 2 Gm. (iy2 to 30 grains) 3
times daily. Cats, 0.25 to 1 Gm. (fg to 15 grains)
3 times daily.
Methylene Blue
This substance is a weak antiseptic and is sometimes used in concentrations of 1 : 100 as a disinfectant
on infected wounds, abrasions, saddle and collar
sores, and eczema. It has been administered internally
in various infectious diseases and as a urinary and
mammary disinfectant, but has been replaced by more
efficient agents. Bradley et al. (JA.VJf.A., 1940, 96,
41) found it an effective antidote for experimental
nitrate poisoning in cattle. When potassium nitrate
is present in plants in excess some of it is reduced
to nitrite, which causes methemoglobin formation.
Methylene blue in low concentrations, in vivo, will
convert the methemoglobin back to hemoglobin (it
has the reverse action in high concentrations) . Losses
from nitrate poisoning resulting from the ingestion of
oat hay and straw, sorghums, and pigweed have been
reported. Bradley (loc. cit.) states that 2 Gm. of
methylene blue injected intravenously as a 4 per cent
solution should protect an animal weighing up to 250
Kg. against the ingestion of 6.3 Kg. of plant material
containing 5 per cent potassium nitrate.
Doses. The following doses have been used: H. &
C, 2 Gm. (30 grains). Sw., 100 to 500 mg. (V/2 to
iy2 grains) .
Methylparafynol Phthalate (Whipcide)
This drug, which is the phthalic acid derivative of
the hypnotic Dormison, has been advanced as an
anthelmintic for whipworm (Trichuris vidpis) in
dogs. Experimental and clinical trials in 160 doss
(Burch, Vet. Med., 1954, 49, 291) indicate that it is
safe and effective in the recommended doses. Emesis
may occur after administration and when this occurs
the efficacy is, of course, reduced. Out of 89 infected
dogs which did not vomit after receiving the drug
84 (95 per cent) did not harbor any worms when
they were necropsied. In these trials the animals
were not fasted and were given 2 doses of the
drug at the rate of 200 mg. per Kg. (iy2 grains per
lb.) of body weight 8 hours apart. In clinical tests on
29 dogs Magrane (Xorth Am. Vet., 1954, 35, 761)
found that a single dose of 250 mg. per Kg. (IA4
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grains per lb.) of body weight given after a 12-hour
period of fasting resulted in disappearance of ova
from the feces in 26 (89 per cent) of the animals.
Green and Gruesser (Michigan State Vet., 1954, 15,
42) used a similar method of treatment and reported
negative fecal findings in 19 (79 per cent) of 24
dogs. In both of these trials the floatation fecal test
was employed and while whipworm eggs disappeared
from the feces following use of the drug, this may
not necessarily reflect actual removal of worms.
Doses. See text.
B.V.C.)
Methylrosaniline
Chloride (Crystal Violet,
This dye is used as an antiseptic for infected
wounds, burns, and mucous membranes applied in
0.1 to 2.5 per cent solution. It is a favorite remedy
with the laity, especially horsemen, and is used in
aqueous or alcoholic solutions. It is seldom used
internally in veterinary medicine.
Crystal violet is used to attenuate viruses for making vaccines (Hoffman and Rahan, J. Bad., 1944,
47, 177) and crystal violet vaccines have been developed for several diseases including hog cholera,
fowl paralvsis, fowl plague and vesicular stomatitis
(Ogilvie, Ind. Vet. J., 1950, 37, 78).
Methyltestosterone
The actions of this methyl derivative are similar
to those of testosterone propionate (q.v.) except that
methyltestosterone is active when given orally. It has
not been used frequently in veterinary medicine.
Troy (JA.VJIA., 1949, 115, 357) reported that a
daily oral dose of 10 mg. (% grain) was effective in
treating alopecia and dermatitis in a cryptorchid
dog. Swan (Canad. J. Comp. Med., 1949, 13, 65)
employed a dose of 10 mg. orally every other day
for 4 months in treating mammary tumors in a
bitch. At the end of this time the growths had completely regressed. Troy (JA.VJIA., 1951, 119, 192)
treated vaginitis following an oophorohysterectomy
in a Boxer bitch with 3 daily doses of 20 mg. and
reported that the vaginal discharge ceased and the
animal no longer attracted male dogs. Methyltestosterone has been used to induce singing in male canaries
which have "lost voice." In these cases the hormone
is employed as follows: 10 mg. of methyltestosterone
is thoroughly mixed with 9 Gm. of dextrose and the
mixture is divided into 12 powders (each containing
approximately 0.83 mg. of methyltestosterone). One
powder is mixed with yi teaspoonful of egg yolk and
given to the bird once daily.
Methylthiouracil
This antithyroid substance is used for the same
purposes as thiouracil (q.v.). It is more active and
considered less toxic than the latter. In swine a concentration of 0.1 per cent in the feed increases the
efficiency of food utilization and increases the daily
rate of weight gains in pigs weighing over 146
pounds (YanderXoot et al., J. Animal Sci., 1950. 9,
54; and Worden and Bunyan, Vet. Rec, 1952, 64,
46). Similar effects have been demonstrated in sheep
fed 0.05 per cent methylthiouracil in the feed (VanderXoot et al., J. Animal Sci., 1950. 9, 3). See Thiouracil.
Doses. C, 0.5 to 4 Gm. (7l/2 to 60 grains) daily.
Sh., 100 to 500 mg. (ll/2 to iy> grains) daily. Sw.,
100 to 600 mg. (V/2 to 10 grains) daily. D., 20 to
100 mg. 0/3 to V/2 grains) daily.

'
Morphine
Morphine is a valuable drug in canine practice. Its
action on the central nervous system is similar to that
in man, whereas in all other domestic species except
the rabbit its excitant actions predominate, large doses
producing restlessness, excitement, and even convul-
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sions. It is administered to the dog as a sedative,
analgesic, respiratory depressant, and gastrointestinal
sedative. Its emetic action in the dog is pronounced,
so that it may be administered for this purpose when
the more effective apomorphine is not at hand. One
of its most important uses is as a preanesthetic
narcotic in both inhalation and intravenous anesthesia
in the dog. Jones (Veterinary Pharmacology and
Therapeutics, Iowa State College Press, Ames, 1954)
recommends a dose of 4.5 mg. per pound of body
weight as the preanesthetic dose of morphine sulfate
for dogs. When this is given subcutaneously 1.5 hours
before administering pentobarbital sodium intravenously the dose of the latter is reduced to about 4.5
mg. per pound, which is only Yz of the usual anesthetic dose (Seevers, /. Lab. Clin. Med., 1947, 103,
358). More commonly a much smaller dose of morphine sulfate (1 to 2 mg. per pound) is employed
together with atropine sulfate (0.6 mg.) to inhibit
salivation. The action of morphine on the gastrointestinal tract of animals is essentially the same as
that described under morphine in Part I. Following
hypodermic injection in the dog it characteristically
causes emesis and defecation which is followed by
constipation. Small doses are thought to be analgesic
when given to horses and cattle. However, this action
is not pronounced and may well be entirely lacking.
Amadon and Craige (Univ. Penna. Vet. Ext. Quart.,
1935, No. 60, 3; J.A.VM.A., 1937, 91, 674) found
that morphine and certain derivatives possessed slight
analgesic effects (as measured by pinching the skin)
but were unsatisfactory sedatives for horses.
Doses (Hydrochloride or Sulfate). Subcutaneously: D., 8 to 100 mg. (% to \y2 grains). Wright
(Veterinary Anesthesia, Alex. Eger, 1942, p. 109)
states that the optimal narcotic dose in the dog is
5 mg. per Kg. (%o grain per pound) of body weight
in animals weighing up to 27 Kg. (60 pounds), while
slightly reduced doses are given to animals over this
weight. H., analgesic, 60 to 200 mg. (1 to 3 grains).
Rabbits, 2.5 to 10 mg. (^5 to % grain) per Kg. of
body weight.
Mustard, Black
Black mustard is used externally as a counterirritant in respiratory affections, e.g., pneumonia and
pleuritis, especially in large-animal practice. Camphorated oil is more commonly employed for this
purpose in small-animal practice. Internally it is
prescribed as a carminative and stomachic. Mustard
may be used as an emergency emetic for the dog and
cat.
Doses. H. & C, carminative and stomachic, 8 to
15 Gm. (2 to 4 drachms). D., emetic, 4 to 15 Gm.
(1 to 4 drachms) in warm water.
Nalorphine Hydrochloride (N-Allylnormorphine
Hydrochloride, Nalline Hydrochloride)
In doses of 10 to 20 mg. per Kg. given subcutaneously in dogs nalorphine hydrochloride blocks
the typical effects of morphine (5 to 10 mg. per Kg.),
such as respiratory depression, hypnosis, incoordination and emesis (Unna, J. Pharmacol., 1943, 79, 27;
Hart and McCawley, J. Pharmacol., 1944, 82, 339).
Its most marked effect in morphine depression is stimulation of respiration. Doses of 20 mg. per Kg. intravenously indogs protected them against fatal respiratory depression when given 20 minutes before the
lethal dose or 30 seconds after respiratory failure
caused by large doses of methadone, metopon, dilaudid or codeine (Huggins et al., Proc. S. Exp. Biol.
Med., 1950, 75, 540).
Naphthalene
Flaked naphthalene may be used to rid rooms of
fleas. It is scattered thickly over floors and furniture,
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after which the rooms are vacated for forty-eight
hours. It is also employed as an insecticidal powder
for lice and fleas and as an antiseptic dusting powder,
combined with starch, in various skin diseases. Internally naphthalene has been prescribed as an intestinal antiseptic and vermifuge, administered in
the form of an emulsion or in keratin capsules. Betanaphthol subsequently superseded naphthalene for
these purposes, but both drugs have been largely
replaced by other agents.
Doses. H. & C, 4 to 12 Gm. (1 to 3 drachms).
Sh. & Sw., 0.6 to 1.2 Gm. (10 to 20 grains). D.,
120 to 600 mg. (2 to 10 grains).
Naphthalene, Chlorinated
Highly chlorinated naphthalenes have been identified as the principal cause of hyperkeratosis (xdisease) in cattle (U.S.D.A. Leaflet No. 355, 1954;
Hansel et al., Cornell Vet., 1953, 43, 311). This disease was first reported in 1941 and by 1949 was
causing an estimated annual loss of from 2 to 4
million dollars. The chlorinated naphthalenes are
added to certain lubricants, especially those subjected
to heavy pressure and high temperature. The U. S.
Department of Agriculture has issued warnings to the
petroleum industry emphasizing the danger of lubricants containing chlorinated naphthalenes and manufacturers have voluntarily refrained from using them
in lubricants likely to reach farms or to be used in
pelleting machines employed in manufacturing pelleted feeds.
Neoarsphenamine
This drug has never become an important chemotherapeutic agent in veterinary medicine. From time
to time encouraging results have been reported in
various infectious diseases, particularly in horses, but
the results have not been confirmed. In Frohner and
Reinhardt (Lehrbuch der Arzneimittellehre fiir Tierarzte, 1937, Enke, p. 195) it is highly recommended
in contagious pleuropneumonia (Brustseuche) of
horses. Other equine diseases in which it has been
used include equine piroplasmosis (Weisman, U. S.
Army Vet. Bull., 1933, 27, 167), equine influenza
(Minor, U. S. Army Vet. Bull., 1934, 28, 3), purpura
hemorrhagica, and periodic ophthalmia. There is no
general agreement that it is of outstanding value in
any of these diseases, and it is probably of no value
whatsoever in the last two. It has no curative effect
in piroplasmosis, anaplasmosis, and coccidiosis so far
as has been determined. It is effective in Trypanosoma
equiperdum infections in horses, histomoniasis (blackhead) in turkeys, and spirochetosis in chickens
(B.V.C., 1953).
Splitter (J.A.V.M.A., 1950, 117, 371) found that
single intravenous doses of neoarsphenamine varying from 15 to 45 mg. per Kg. were effective in experimental Eperythrozoon suis infections in swine.
Doses. Given by slow intravenous injection: H. &
C, 3 to 6 Gm. (45 to 90 grains). Sh., 250 to 700
mg. (4 to 12 grains). Goats, 300 to 900 mg. (5 to
14 grains). D., 200 to 500 mg. (3 to 7j4 grains).
Turkeys, 20 to 30 mg. (l/$ to l/2 grain) in birds
weighing 4 to 10 pounds and 30 to 50 mg. (Y2 to M
grain) for birds weighing 10 to 25 pounds.
Neomycin
On the basis of the clinical studies reported this
antibiotic shows promise in the treatment of bovine
mastitis and local infections of the skin, ear, and eye.
Experimental work indicates it may be useful as an
intestinal antiseptic.
In chronic bovine mastitis the initial investigations
of Drury (Vet. Med., 1952, 47, 407) indicated that
neomycin was effective against infections caused by
streptococci, staphylococci, coliform organisms
and
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over half of the Pseudomonas infections. These findings have been confirmed by other workers (Hinze,
Southwestern Vet., 1952, 5, 387; Braeutigam, Yet.
Med., 1953, 48, 83; Tucker and Johnson, JA.VM.A.,
1953, 123, 352). In the opinion of Tucker and Johnson penicillin is still the antibiotic of choice for the
common streptococcic and staphylococcic infections
of the udder. Drury (loc. at.) found that a few
cases of streptococcic mastitis which persisted following neomycin therapy responded to penicillin. Since
it is often effective against organisms (coliform bacteria, Pseudomonas) which fail to respond to penicillin and other antibiotics it should prove useful in
certain cases refractory to penicillin and in mixtures
designed to act against a wide variety of mastitis
organisms. Vigue (JA.VJMA., 1954, 124, 377) found
a neomycin-penicillin combination ointment effective
in bovine mastitis and superior to a neomycin-bacitracin combination. The ointment contained 200 mg.
of neomycin sulfate and 200,000 units of penicillin
G potassium in each 3.5 Gm.
Poth (Texas Kept. Biol, and Med., 1951, 9, 631)
found that a 1 per cent aqueous neomycin sulfate
solution filling the entire bowel of experimental dogs
would render the contents sterile in about 1 hour.
Oral administration of 400 mg. per Kg. of body
weight daily in 4 divided doses to dogs usually eliminated coliform bacteria from stool cultures in 24 to
48 hours although resistant strains of E. coli appeared
when the drug was continued for 5 or 6 days
(Schweinberg et al., Proc. S. Exp. Biol. Med., 1952.
79, 335). In most cases enterococci, Pseudomonas
aeruginosa, and Proteus vulgaris were reduced in
numbers in the stool but Clostridia were not affected.
Poth (J.A.M.A., 1953, 153, 1516) states that a seasonal variation is noted in the effect of intestinal
antiseptics on dogs. During hot humid weather no
substance or combination of substances will appreciably lower the microbial population of the dog's
intestinal tract. Poth (loc. cit., 1953) recommends a
combination of neomycin and phthalylsulfathiazole
as the best available material for intestinal antisepsis.
Bicek (J.A.V.M.A., 1954. 124, 105) found neomycin
effective in calf scours and babv pig enteritis. McCarty {J.A.V.M.A., 1953, 122, 386) treated an outbreak of fowl paratyphoid {Salmonella derby) in
goslings with 2 oral doses of 50 mg. of neomycin 11
days apart and concluded that the recovery rate was
increased sufficiently to warrant further study.
Topical application of neomycin solutions, powder,
or ointment is effective in a variety of skin, ear, and
eye infections caused by gram-negative and grampositive bacteria including Pseudomonas sp. Such conditions as infectious dermatitis, furunculosis. folliculitis, otitis externa, keratoconjunctivitis, keratitis, and
corneal ulcer have responded to therapv (Davidson.
Vet.Doses.
Med., C,
1952,4 to
47, 7.5
239;Gm.Bicek,
loc.2 cit'.).
(1 to
drachms) daily
in divided doses, intramammary infusion, 500 mg.
(7J/2 grains) in 10 to 20 ml. of sterile water or
physiological saline solution or in 3.5 Gm. of ointment per quarter, repeated as needed at 12- or 24hour intervals. Colts and Calves, 2 to 3 Gm. (30 to
45 grains) daily in divided doses. Lambs, 0.75 to 1
Gm. (12 to 15 grains) daily in divided doses. D..
200 to 500 mg. (3 to iy2 grains) daily in divided
doses.
Neonal (Butethal, Butobarbital, B.V.C.)
This barbiturate is used as a sedative in small animal practice.
Doses. D., 50 to 300 mg. (£+ to 5 grains). Cats,
30 to 60 mg. (l/2 to 1 grain).
Neoprontosil
This drug was formerly used for the same general
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purposes as sulfanilamide, but it now has been replaced by the latter and more potent sulfonamides.
Doses. Parenteral administration, daily dose: H.
& C, 60 to 125 ml. of a 5 per cent solution intramuscularly individed doses at intervals of 4 to 6
hours. The 5 per cent solution is also suitable for
intravenous injection. D. & Cats, 2 ml. of a 5 per
cent solution per 5 pounds of body weight, intramuscularly, in divided doses at 4- to 6-hour intervals.
It may also be injected subcutaneously. Per os, daily
dose: D. & Cats, 60 mg. (1 grain) per pound of
body weight in divided doses.
Neostigmine
sulfate)

Methylsulfate (Prostigmin Methyl-

Neostigmine has been rarely used in veterinary
practice. Recently Garverick and Burch (J A VJ£ A.,
1954, 124, 472) reported its use in over 200 horses
with colic. They found that 1 mg. per 100 pounds of
body weight, given subcutaneously, was safe and
effective in evacuating gas and ascites in these cases.
It has been recommended in repeated doses for
the treatment of paraplegia in dogs (Nashed, Vet.
Rec, 1948, 60, 94) but the recoveries reported do
not seem remarkable in view of the variable clinical
course of these cases.
Owing to its effect on the neuromuscular junction it
combats the action of tubocurarine chloride and
may be used as an antidote for this drug.
Nicotine
Nicotine is employed as a parasiticide and anthelmintic in veterinary- medicine. It is usually used in
the form of nicotine sulfate which is available commercially in solutions containing 40 per cent nicotine
(Black Leaf 40). It has been almost entirely superseded for these purposes by other less toxic preparations.
For parasiticidal purposes dips containing not less
than 0.05 per cent nicotine are utilized. More concentrated solutions must be avoided because of the
marked toxicity of nicotine. The dips are heated to
between 95° and 105' F. (not above 110° F.) and in
practice the concentration of nicotine is tested constantly by a special field test. The dips are used to
control mange mites of cattle, horses, and sheep and
cattle lice. Application of nicotine sulfate solutions
to poultry roosts is fairly effective in eradicating lice
and feather mites. This may be accomplished by
painting the roosts with a 40 per cent solution about
one-half hour before birds go to roost (Cameron,
The Parasites of Domestic Animals, 2nd ed., Lippincott, Phila., 1951, p. 307). Dilute solutions are used
to spray tick-infested areas.
As an anthelmintic nicotine sulfate is most commonly employed in the cupric sulfate-nicotine sulfate
mixture (see under Cupric Sulfate), which is effective
against Hcemonchus contortus, trichostrongyles and
tapeworms (Moniezia sp.) in sheep and cattle.
Nicotine is a powerful poison. Fatal poisoning has
resulted from its use as a dip and as an anthelmintic.
For this reason considerable care must be exercised
in the preparation and use of these medicaments.
\ biker (Frdhners Lehrbuch der Toxikologie fur Tierdrzte, 6th ed., Enke, Stuttgart. 1950, p. 349) states
that horses show signs of poisoning after the subcutaneous injection of approximately 50 mg. of nicotine, while in the dog and cat doses of 20 to 100 mg.
are fatal. Hornby and French (J. South African
V.M.A., 1942, 13, 21) found that a 1.2 per cent solution of nicotine sulfate was fatal when sprayed on
cattle at the rate of 2 liters per animal. Andra
(Deutche tierdrzt. Wochenschr., 1941, 49, 409) described a case of poisoning in 10 horses following
the accidental use of a 12 per cent nicotine sulfate
solution as a bath for the purpose of delousing. The
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important toxic signs were sweating, muscle tremors,
tachycardia, dyspnea, tympanitis, and in some animals vertigo. Two horses died and in the others toxic
signs persisted for as long as 36 hours.
Doses. For doses of the cupric sulfate-nicotine
sulfate solution, see under that title.
Nicotinic Acid
Niacin is used clinically to treat deficiency of this
vitamin in the dog, cat, and pig. In these species this
deficiency is most likely to occur. The deficiency disease isknown as blacktongue in the dog (see Elvehjem
et al., J.A.C.S., 1937, 59, 1767) and pig pellagra in
swine. Formerly it was thought that niacin deficiency might be the primary cause of necrotic enteritis in swine (see Davis and associates, Michigan
Agric. Sta. Tech. Bull. 170, 1940). Apparently this is
not so (Edgington et al., J.A.V.M.A., 1942, 101,
103), although nutritional deficiency may exist in
swine under farm conditions and predispose to intestinal disease (Quin, Vet. J., 1944, 100, 125).
Doses. The minimum curative dose of niacin in
clinical deficiency has not been established. The following doses are being used at present: Sw., 100 to
300 mg. {V/z to 5 grains) daily, given intramuscularly
or subcutaneously. D., 5 to 10 mg. per Kg. of body
weight (Yza to Y15 grain per pound), intramuscularly
or subcutaneouslv. Cats, same dose per Kg. as for the
dog. Earle (U.S.D.A. Yearbook, 1942, p. 1213) has
pointed out that there may be some danger in administering nicotinic acid in the presence of deficiency
of other factors of the B complex. For oral administration these doses are doubled or tripled.
Nikethamide
Nikethamide is used to a limited extent in smallanimal practice as a respiratory stimulant, particularly when the respiratory center has been depressed
by an overdose of an anesthetic, and in other emergencies. Itmay be given orally to maintain the effect
of injections and as a stimulant in various depressed
states.
Doses. For therapeutic purposes a 25 per cent
solution is usually administered. Small animals,
parenterally, 1 ml. (15 minims) per 15 pounds of
body weight (i.e., 250 mg. of nikethamide per 15
pounds). Orally, 1 ml. (15 minims) of the 25 per
cent solution several times daily. H. & C, parenterally, 10 to 25 ml. (2]/2 to 6 fluidrachms) . Orally,
30 ml. (1 fluidounce) repeated as needed. In profound depression considerably larger doses may be
given, depending on the response of the subject.
Nitrofurazone
Because of its action against certain bacteria (including both gram-positive and gram-negative organisms) and protozoa this compound has been introduced as a therapeutic agent for use in surface
bacterial infections of the skin and mucous membranes
(including bovine mastitis) and as an oral medicament
in swine enteritis caused by susceptible organisms
(e.g., Salmonella cholercesuis) , avian coccidiosis (E.
tenella), and pullorum disease.
In the concentrations recommended (0.2 per cent
dissolved in a liquid vehicle of polyethylene glycols
and water) it is suitable for use on open wounds
showing relatively little tissue toxicity and interference with healing, but it is contraindicated in deep
wounds or within the abdominal cavity. As a surgical
dressing it may be employed to prevent and treat
bacterial infections in skin wounds and ulcers; second
and third degree burns; infected wounds involving
exposed bone in compound fractures; external otitis
in dogs and other species; infected wounds in cats;
and surface infections of the mucous membranes such
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as vaginitis and mastitis (see DeCamp, J.A.V.M.A.,
1949, 114, 6; Roberts, Vet. Med., 1953, 48, 224).
Experimental studies indicate that nitrofurazone is
an effective prophylactic against cecal coccidiosis (E.
tenella) in chickens when administered in the feed in
concentrations of 0.0066 per cent (Harwood and
Stunz, /. Parasitol., 1949, 35, 175; Proc. Helminthol.
Soc, 1950, 17, 103) or 0.011 per cent (HortonSmith and Long, Brit. Vet. J., 1952, 108, 47). At these
dose levels (Gordon, et al., Vet. Rec, 1953, 65, 575)
the drug does not interfere with weight gains nor
the development of immunity. In higher concentrations, 0.011 per cent (Harwood and Stunz, loc. cit.,
1949) or 0.022 per cent (Horton-Smith and Long,
loc. cit.), it has curative value if given not later than
56 hours after infection and continued for 7 days.
Harwood and Stunz (loc. cit., 1950) found that nitrofurazone increased the frequency and severity of
curled-toe paralysis in chicks when the diet was
deficient in riboflavin. The experiments of Moore and
Brown (J. Parasitol., 1950, 36, 43) demonstrated
that the drug is effective against Eimeria sp. infection in poults when given in 0.01 per cent in the
feed.
A concentration of 0.016 per cent in the feed given
for 10 days prevented deaths in experimental
Salmonella pidlorum infection (Harwood, Am. Druggist, 1949, 120, 106) although 0.011 per cent apparently did not prevent some deaths (Harwood and
Stunz, loc. cit., 1949).
Preliminary studies on the use of nitrofurazone
against enterohepatitis in turkeys (McGregor,
J.A.VM.A., 1953, 122, 312) failed to show that it
was superior to other available agents in this disease.
Guthrie (Vet. Med., 1952, 47, 307) found that a
total daily dose of 500 to 600 mg. of nitrofurazone
for 2 to 4 days was an effective treatment in young
pigs (24-48 pounds) infected experimentally with
Salmonella cholercesuis.
Nitrofurazone is also effective in bovine mastitis.
Nures (J.A.V.M.A., 1950, 117, 49) used a 0.2 per cent
concentration in a suitable vehicle (65 per cent carbowax 1500 in water) . The combination of nitrofurazone
(0.2 per cent) with penicillin (2000 units per milliliter) showed an additive therapeutic effect in bovine
mastitis (Kakavas et al., J.A.V.A.M.A., 1951, 119,
203). In general a dose of 25 ml. of either solution is
injected into each quarter and allowed to remain 24
hours, when it is milked out. The treatment is repeated 3 or 4 times at 24-hour intervals. The drug
appears to be well tolerated by mammary tissue and
stable preparations are available (Roberts, loc. cit.).
Although nitrofurazone has been shown to inhibit a
tumor (fibroma) in experimental mice, Darcel (Vet.
Rec, 1952, 64, 400) could not demonstrate any effect
on avian lymphomatosis when the drug was fed in
the mash in concentrations of 0.011 and 0.022 per cent.
In chickens concentrations in the feed of 0.02 per
cent and above interfere with weight gains and the
LD50 in cockerels 3 to 4 months old is between 150
and 200 mg. per Kg. (Harwood and Stunz, loc. cit.,
1949; Peterson and Hymas, Am. J. Vet. Res., 1950, 11,
278). In swine doses of 150 or 200 mg. per Kg. appeared to be nontoxic while 300 and 400 mg. per Kg.
were fatal (Guthrie, loc. cit.).
Doses. Doses for direct oral medication of mammals are only tentative at this time. Chickens, medicated feeds are available containing the drug in suitable concentrations to prevent and treat cecal coccidiosis and pullorum disease.
Nitrogen Trichloride (Agene)
Dogs show a marked species specificity for poisoning with wheat and other proteins treated with nitrogen trichloride ("agenized") . It is believed that the
syndrome known as canine hysteria oi fright disease
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is caused by ingestion of dog biscuits and bread made
from "agenized" flour (Mellanby, Brit. Med. J., 1946,
2, 885; North Am. Vet., 1952, 33, 786; Pollock, /. Applied Physiol., 1949, 1, 802; Hoskins et al., Canine
Medicine, Am. Vet. Publ., Evanston, 1953, 389).
Curiously, rats, guinea pips, hamsters, mice, chickens
and man are not susceptible; cats and monkeys vary
in susceptibility ; and, next to dogs, rabbits and ferrets
are most susceptible to agene toxicity (Pollock, loc.
cit.). In dogs typical abnormalities appear when more
than 100 mg. of nitrogen chloride plus reacted gluten
per Kg. of body weight are fed daily.
Desoxycorticosterone acetate (0.5 to 2 mg. per Kg.)
and progesterone (0.5 mg. per Kg.) protect dogs
against agene-induced seizures (Costa and Bonnycastle, Arch, internat. pharmacodyn. therap., 1952,
91, 330).
Nitromersol
This mercurial antiseptic is used as a surgical disinfectant and formerly had been recommended for
internal use in various systemic infections. With the
introduction of sulfonamides and antibiotics its systemic use has been discontinued.
Doses. The following doses of a 1:1000 solution
have been suggested: H. & C, 100 to 125 ml. (iy2 to
4 fluidounces). D., 10 to 20 ml. (iy2 to 5 fluiddrachms). It is administered intravenously and may
be repeated at 10-hour intervals according to the
response of the subject.
Nitrophenide
(Megasul, m,m' -Dinitrodiphenyl Disulfide)
Waletzky et al. {Ann. N. Y. Acad. Sci., 1949, 52,
543) introduced this anticoccidial agent, discovered
as a result of screening some 2000 compounds for
activity against E. tenella infections in chickens. A
concentration of 0.05 per cent in the diet protects
against experimental infections in chicks (Peterson
and Hymas, Am. J. Vet. Res., 1950, 11, 278). It prevents the development of immunity and is somewhat
toxic at this concentration (Dickinson et al., Poultry
Sci., 1951, 30, 76). For continuous low-level medication to prevent coccidiosis in chickens 0.0125 per cent
is added to the feed (}/\ pound per ton of feed) and
to check outbreaks 0.05 per cent (1 pound per ton)
in the feed is given for 3 or 4 days, alternating with
low-level medication (Foster, Vet. Med., 1951, 46,
324).
An interesting occurrence of nitrophenide poisoning
in 20 dogs has been reported (Elsasser et al., North
Am. Vet., 1951, 32, 839) in which the dogs were fed
a cereal-type food which had been mixed with equipment used to mix nitrophenide with chicken feed.
Symptoms included incoordination, opisthotonus, vertical nystagmus, and mydriasis and persisted for about
a week. There were no fatalities.
A commercial preparation (Megasul) contains 25
per cent of nitrophenide.
Novalgin (Novaldin, Dipyrone)
This compound has been rather widely employed
in Europe as an antispasmodic and analgesic in equine
colic and similar conditions in other species (Gratzl,
Wiener Tierarztl. Monatsschr., 1938, 25, 402 ; Tierarztl. Umschau, 1952, 303). It is given intravenously
or intramuscularly in 50 per cent solution in the following doses: H. & C, 20 ml. (2/z fluidounce) ; Sh.,
10 ml. (2Y2 fluidrachms) ; D., 0.5 to 2 ml. (8 to 30
minims).
Nux Vomica
Nux vomica is prescribed as a bitter stomachic in
depressed and weakened states to improve the appetite in animals which are not eating well. Kline et al.
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(J. Ani. Sci., 1949, 8, 411), in a controlled study of
the effect of drugs added to the rations of fattening
cattle, found that 300 Gm. of nux vomica per 1000
pounds of feed fed for 120 and 201 days resulted in a
higher efficiency of feed utilization and lowered feeding cost. It is also given alone or in combination with
Fowler's solution in the so-called chorea that is so
frequently a sequel to canine distemper. Apparently
it has no value in this latter condition.
Doses. H. & C, 2 to 4 Gm. (Y2 to 1 drachm).
Sh. & Sw., 0.6 to 1.3 Gm. (10 to 20 grains). D., 60
to 200 mg. (1 to 3 grains). Nux Vomica Extract. H.,
0.3 to 0.6 Gm. (5 to 10 grains). D., 8 to 15 mg. (% to
J4 grain). Nux Vomica Fluidextract . H. & C, 2 to
4 ml. (]/2 to 1 fluidrachm). D., 0.06 to 0.2 ml. (1 to 3
minims). Nux Vomica Tincture. H. & C, 12 to 24
ml. (3 to 6 fluidrachms). Sh. & Sw., 1 to 2.6 ml. (15
to 40 minims). D., 0.3 to 0.6 ml. (5 to 10 minims).
Oleovitamin D, Synthetic
Doses. D., 0.06 to 0.6 ml. (1 to 10 minims).
Olive Oil
Olive oil is prescribed as a laxative, especially for
cats and puppies. It is sometimes combined with
castor oil. It is also used internally as an emollient.
Doses. D., 15 to 30 ml. (l/2 to 1 fluidounce) ;
puppies, 4 to 8 ml. (1 to 2 fluidrachms). C, 4 to 15
ml. (1 to 4 fluidrachms).
Opium
Opium and its preparations are prescribed in diarrhea and dysentery and as sedative expectorants.
Doses. Powdered Opium. H., 4 to 20 Gm. (1 to 5
drachms). C, 10 to 25 Gm. (iy2 to 6*4 drachms).
Foals, Calves, and Sheep, 1 to 2 Gm. (15 to 30
grains). D., 30 to 120 mg. (l/2 to 2 grains). Granulated Opium. The same doses are used as for powdered
opium. Opium Tincture. H. & C, 30 to 60 ml. (1 to
2 fluidounces). D., 0.2 to 2 ml. (3 to 30 minims).
Camphorated Opium Tincture. Foals and Calves,
15 to 30 ml. (V2 to 1 fluidounce). D., 4 to 15 ml. (1 to
4 fluidrachms).
Opium and Glycyrrhiza Mixture, Compound
This is prescribed as an anodyne expectorant.
Doses. H. & C, 40 ml. (10 fluidrachms). D., 3 to
6 ml. ()4 to \x/2 fluidrachms).
Ouabain and Ouabain Injection
The absorption of ouabain from the gastrointestinal
tract of the dog and cat is so variable that the oral
fatal dose may be from 5 to 10 times the intravenous
fatal dose (Hatcher and Eggleston, /. Pharmacol.,
1919, 12, 405). When given intravenously in the dog
doses of 0.05 to 0.07 mg. per Kg. produce electrocardiographic evidence of toxicity within 1 hour after
administration (Mosey et al., Proc. S. Exp. Biol.
Med., 1951, 76, 486). Larger amounts (0.07 to 0.09
mg. per Kg.) produce ventricular arrhythmias lasting
more than 6 hours (Mosey et al., Fed. Proc, 1952, 11,
377). The m.l.d. in anesthetized cats varies from 0.099
to 0.119 mg. per Kg. intravenously (Krueger and
Unna, J. Pharmacol., 1942, 76, 282).
Clinical trials (Detweiler, Univ. of Penna. Vet.
Exten. Quart., 1955, No. 137, 39) in dogs with congestive heart failure and auricular fibrillation indicate
that doses of 0.02 to 0.03 mg. per Kg. intravenously
or intramuscularly are tolerated and may produce
cardiac slowing, diuresis, and consequent compensation. The effects on heart rate are seen in 1 to 3 hours
but diuresis may not start until the second day of
therapy. These doses must be repeated every 24 to 36
hours. If the total dose is given at one time intravenously vomiting may occur within 15 to 60 minutes
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and may be repeated several times during the next
3 hours.
Oxalic Acid
Small doses of oxalic acid decrease the coagulation
time of blood. Gonzaga (Indian Vet. J., 1947, 24,
151) gave doses of l.S to 2 Gm. in 30 to 40 ml. of
water intravenously to horses and found that it reduced the coagulation time from an average of about
10 minutes to less than 1 minute.
An aqueous solution containing 5 per cent each of
oxalic and malonic acids is extensively used in veterinary practice as a hemostatic agent. It is given
intravenously or intramuscularly in doses of O.S to 3
ml. for small animals and 5 to 20 ml. for large animals.
Blarney (J.A.VM.A., 1951, 119, 291) and Klausman
(Vet. Med., 1951, 46, 282) reported on its usefulness
in small-animal practice. Scott (Vet. Med., 1953, 48,
95) reported that a 10-ml. dose given intramuscularly
on the day before racing and a second 10-ml. dose
given intravenously about 2 hours before racing was
effective in controlling epistaxis in race horses.
Oxygen
Oxygen therapy and the use of oxygen for the administration of volatile anesthetics is employed in
small-animal practice and under special circumstances
occasionally for large animals. For further information
see Knowles et al., Vet. Med., 1951, 46, 331; North
Am. Vet., 1950, 31, 591; Hoskins et al., Canine Medicine, Am. Vet. Publ., Evanston, 1953; Phillips and
Burkhardt, Vet. Med., 1951, 46, 41.
Oxytetracycline (Terramycin)
Several infectious diseases of animals respond to
oxytetracycline therapy, including pneumonia, shipping fever, metritis, infectious pododermatitis, mastitis, white scours, and anthrax in cattle; strangles,
bacterial invaders in upper respiratory infections and
fistulous withers in horses; necrotic enteritis of swine
and infectious diarrhea (scours) of pigs; bacterial
infections accompanying distemper, pneumonia, tonsillitis, upper respiratory infections, and various infections ofthe ear, eye, and skin of dogs ; and bacterial
infections associated with panleukopenia, virus pneumonitis, and eye infections in cats; and scours in
lambs and mink. In poultry oxytetracycline has been
used with favorable results in blue comb disease of
turkeys and chickens. It is effective against paratyphoid in poults and aids in the control of chronic
respiratory disease.
Morse et al. (Vet. Med., 1950, 45, 405) tested the
in vitro sensitivity of pathogenic organisms isolated
from diseased animals, and found that it has a broad
spectrum of bacteriostatic activity against agents
commonly producing infections in livestock.
Farquharson and coworkers (J.A.V.M.A., 1953, 122,
176) found Terramycin effective in pneumoenteritis
complex, shipping fever complex (see also Cromley
and Hagely, Vet. Med., 1951, 46, 219) and metritis
of cattle and suggested that it may have value in
infectious pododermatitis, balanoposthitis and actinobacillosis. Bovine mastitis (Tableman, Vet. Med.,
1951, 46, 373) caused by streptococci (Simon and
Schmidt, Vet. Med., 1953, 48, 61) can be treated successfully with Terramycin. Cromley and Hagely (Vet.
Med., loc. tit.) used the drug intravenously in 2 cases
of acute staphylococcic mastitis which responded.
Kafka (North Am. Vet., 1951, 32, 826) reported that
it was of prophylactic and therapeutic value in calf
scours and Bailey (J.A.V.M.A., 1953, 122, 305)
found it effective in anthrax in cattle. Ringen et al.,
(J.A.V.M.A., 1955, 126, 272) studied the effects of
oxytetracycline in bovine leptospirosis. Daily doses
of 1 to 2 mg. per pound of body weight, intramuscu-
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larly, for 5 days reduced, but did not eliminate,
leptospiruria.
Anthrax in horses (Bailey, loc. cit.) also responds
to Terramycin therapy and there is clinical evidence
that strangles and certain upper respiratory tract infections (Farquharson, et al., loc. cit.) and fistulous
withers (Landon, J.A.V.M.A., 1952, 121, 291) can be
successfully treated.
In dogs and cats mixed bacterial infections associated with viral diseases such as canine distemper
and feline infectious panleukopenia can be controlled
with oxytetracycline (Candlin, North Am. Vet.,
1951, 32, 408; Pessin and Joran, ibid., 338; Antelyes,
J.A.VM.A., 1951, 119, 299). Feline pneumonitis virus
infection in mice (Kneeland and Price, /. Immunol.,
1950, 65, 653) and cats (McKercher, Am. J. Vet. Res.,
1953, 14, 105) is susceptible to its virustatic action,
although it was not virucidal in vitro. The lesions
of so-called cat-scratch fever in man, which is probably a virus disease carried mechanically by cats,
appear to be favorably influenced by oxytetracycline
(Lange, /. Pediat., 1951, 39, 431). Bond et al. (Cornell
Vet., 1952, 42, 207) determined the Terramycin sensitivity of organisms isolated from the nose and
throat of dogs with spontaneous upper respiratory infections and found most of them sensitive.
Farquharson et al. (loc. cit.) reported successful
treatment of necrotic enteritis in swine.
Peterson (Vet. Med., 1953, 48, 311) reported that
oxytetracycline in doses of 50 to 100 mg. given subcutaneously in a 2.5 per cent mineral oil suspension
was of therapeutic and prophylactic value in chronic
respiratory disease in pullets.
Like several other antibiotics (see monograph on
antibiotics, this section) Terramycin, when incorporated in the feed in concentrations of 10 to 20 Gm.
per ton for pigs and from 1 to 10 Gm. per ton for
poultry, will produce a growth response in young
growing animals (Braude et al., Nutr. Abstr. and Rev.,
1953, 23, 473). Similarly, levels in the diet supplying
50 to 100 mg. daily will improve growth in young
calves (Braude et al.). The use of feed containing 100
Gm. of oxytetracycline per ton ("high-level") is recommended for the treatment of blue comb, chronic
respiratory disease, and hexamitiasis in poultry; and
infectious diarrhea (scours) in swine, calves, lambs,
and mink. In these diseases the "high-level" oxytetracycline feed is given for 7 to 10 days in most outbreaks. It is suggested that animals may be carried
through periods of stress, such as vaccination, by
feeding "high-level" feed diluted with 2 parts of nonmedicated ration.
When given to cats infested with ascarids in daily
doses of 1 Gm. for 5 days about 77 per cent of the
worms were removed (Brown, Antibiot. Chemother.,
1953, 3, 243).
Owing to its effect on rumen microflora Terramycin
should not be given orally to ruminating animals.
The intrauterine administration of Terramycin may
be useful in certain nonbreeding cattle (Pratt and
Dufrenoy, Antibiotics, Lippincott, 2nd ed., 1953).
Schipper and Petersen (Vet. Med., 1953, 48, 315)
studied distribution of oxytetracycline in the milk,
blood, and urine following various routes of administration in cattle. Intravenous administration of therapeutic doses resulted in therapeutic milk and urine
levels which persisted 12 to 24 hours. With intramuscular administration of 3 Gm. per cow no Terramycin was found in the milk although high urine
levels were reached. Intramammary infusion of 400
mg. per quarter produced therapeutic milk levels lasting from 48 to 72 hours.
Gratzl and Jaksch (Wiener. Tier'drztl. Monatsschr.,
1953, 40, 41) determined blood serum levels of oxytetracycline following intramuscular administration
in horses and cattle and following oral, subcutaneous,
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and intravenous administration in dogs. With oral
administration in dogs doses of 25 mg. per Kg. given
every 8 hours would maintain therapeutic blood levels.
Smaller doses (10 to 12.5 mg. per Kg.) appear to be
effective clinically in distemper and leptospirosis.
Doses of 10 mg. per Kg. subcutaneously produced
therapeutic blood levels for an average of 24 hours
in dogs while double this amount resulted in blood
levels lasting an average of 42 hours. With 5 mg. per
Kg. intravenously in dogs the duration of effective
blood levels averaged 20 hours. In horses 5 mg. per
Kg. intramuscularly resulted in blood levels of 1 to 2
units per ml. lasting 30 to 45 hours. Twice this dose
produced therapeutic blood levels for an average of
5 7.5 hours. In cattle 5 mg. per Kg. intramuscularly
resulted in therapeutic blood levels lasting for an
average of 20 hours. The therapeutic blood level duration was 48 hours with doses of 10 mg. per Kg. intramuscularly incattle. On the basis of their data the
authors make the following dosage recommendations:
Horses, 5 mg. per Kg., intramuscularly at 24-hour intervals; cattle, 10 mg. per Kg., intramuscularly at
48-hour intervals; dogs, orally, 25 to 50 mg. per Kg.
2 or 3 times daily, subcutaneously, 10 to 20 mg. per
Kg. every 24 hours, intravenously, 5, 10 or 20 mg.
per Kg. every 24 hours.
Large doses (25 to 220 mg. per Kg.) given intravenously every day to 7 experimental dogs produced
toxic signs and death (Sedwitz et al., Antibiot.
Chemother., 1953, 3, 1015). One animal receiving a
single dose of 2 Gm. (220 mg. per Kg.) died from
respirator}' failure 30 minutes following injection. Six
dogs given smaller doses showed progressive azotemia,
anorexia, lethargy, weight loss and died in from 2 to
7 days.
Doses. H. & C, intravenously and intramuscularly, 1to 2 mg. (%o to ^30 grain) per pound of body
weight per day. Sh. & Sw., intravenously and intramuscularly, 1to 2 mg. (%o to Y3o grain) per pound
of body weight per day. Lambs, Kids, Pigs, intravenously and intramuscularly, 5 mg. (^ grain) per
pound of body weight per day. D. & Cats, orally, 25
to 50 mg. (}i to Y\ grain) per pound of body weight
daily in 2 or 3 divided doses; intravenously and intramuscularly, 5mg. (Y\2 grain) per pound of body
weight per day. C, intramammary infusion, 7.1 to
14.2 Gm. (l/i to */> ounce) of ointment containing
60 mg. Terramycin per Gm. per quarter; intrauterine,
one 1-Gm. (15 grains) tablet or more. Mink, 20 to
30 mg. (}/i to Yz grain) daily per animal. Poultry,
100 Gm. per ton of feed for 1 week.
Pancreatic Dornase (Pancreatic desoxyribonuclease)
This enzyme prepared from bovine pancreatic tissue
has been found useful as an aid to the removal of
exudates in such conditions as sinusitis of horses
(Krai, J.A.YM.A., 1954, 124, 373); mastitis, traumatic pericarditis, and abscesses in cattle; and purulent otitis in dogs (Raker, Vet. Med., 1954, 49, 235;
Scheidy et al., Proc. 91st Ann. Mtg. A.VMA.,
1954, 394).
In purulent otitis of dogs 5 ml. of an aqueous solution containing 25,000 units of pancreatic dornase is
warmed, placed in the ear and allowed to remain for
5 or 10 minutes. In sinusitis of horses 20 ml. of solution containing 100,000 units is introduced into the
sinus through a needle hole drilled for the purpose,
and allowed to remain 24 hours. Then the sinus is
flushed through the same hole. Treatment is repeated
daily for as long as necessary. Usually 3 or 4 treatments suffice. In bovine mastitis 20 ml. of solution
containing 100,000 units are introduced into the quarter at daily intervals, and the liquefied material milked
out before administration of antibiotic agents.
If liquefied material is not removed a transient fever
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may develop. Otherwise no untoward reactions have
been reported in animals.
See also Chymotrypsin and Streptokinase and
Streptodornase.
Pancreatin
Pancreatin is used for replacement therapy in
atrophic pancreatitis, which occurs not uncommonly
in dogs (Archibald and Whiteford, J A.VMA., 1953,
122, 119). It is best given in enteric-coated tablets to
prevent the destructive action of gastric juice. Archibald and Whiteford (loc. cit.) fed powdered pancreatin in the food in amounts from 0.25 Gm. daily
in an 11 -pound dog to 6 Gm. daily in a ShepherdCollie cross.
Doses. D., the dose must be adjusted to the needs
of the subject.
Parathyroid Injection
Doses. D., 2 to 15 units.
Penicillin
Since becoming available for veterinary use penicillin has taken a place of prime importance in the
therapy of many bacterial diseases of livestock (see
Jahn, Penicillin und andere Antibiotita in der Tiermedizin, Terra, Konstanz, 1952). All things considered,
it is the most useful drug available for the treatment
of bovine mastitis due to Streptococcus agalactia.
Among the other diseases against which it has value
are anthrax, blackleg, pyelonephritis, leptospirosis,
erysipelas, and certain bacterial invaders in various
mixed infections such as respiratory diseases of cattle,
horses, dogs and cats, metritis, conjunctivitis, and
infected wounds.
A large literature has developed regarding its use
in chronic bovine mastitis (see Scheidy and Detweiler,
Adv. in Vet. Science, Academic Press, 1953, 137, for
references). The efficiency of penicillin therapy in
chronic catarrhal mastitis varies with the infecting
organism. The results with Streptococcus agalactia;
are usually excellent (e.g., 75 to 95 per cent cures) ;
Str. dysgalactice, good; Str. uberis, fair; Staph, sp.,
fair to poor; Corynebacterium sp., poor; and E. coli
and Pseudomonas aeruginosa infections do not respond. In mastitis caused by Str. agalactia; penicillin
has been compared with other antibiotics and found
to be superior (e.g., bacitracin; Benson, J. A.VMA.,
1948, 113, 160; Hershman, Am. J. Vet. Res., 1950,
11, 206) or equal (e.g., Aureomycin, Spencer,
J A.VMA., 1950, 117, 414) in effectiveness. Another
desirable feature is that it is not especially irritating
to mammary tissue. For best results an effective level
of penicillin should be maintained for at least 5 days
(Plastridge, Adv. in Vet. Science, Academic Press.
1953, 221). An infusion of 50,000 to 100,000 units in
50 to 100 ml. of water or physiological saline solution
per quarter on each of 4 successive days will accomplish this. Despite the widespread use of penicillin
preparations in bovine mastitis the anticipated development ofresistant strains of bacteria not respondine to therapy has not materialized (Aynsley, Vet.
Rec, 1953, 65, 663).
In experimental studies on rabbits and guinea pigs
(McCullough and Auersprung, Am. J. Clin. Path.,
1947, 17, 151), cutaneous anthrax in humans (Welch
and Lewis, Antibiotics, Arundel Press, 1951), and in
cattle (Riggs and Tew, JA.VMA., 1947. Ill, 44;
Sugg, JA.VMA., 1948, 113, 467), penicillin has
proved effective against anthrax. However, few clinical
studies in animals have been reported and resistant
strains have been isolated from human cases (Welch
and Lewis, loc. cit.).
Although blackleg in cattle is favorably influenced
by penicillin therapy (Aitken, North Am. Vet., 1949,
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30, 441; Conlon, Vet. Rec, 1952, 64, 236; Fraser,
ibid., 254), it apparently must be given early in the
disease to be effective (Parker, Vet. Med., 1946, 41,
178).
Pyelonephritis and cystitis in cattle respond to adequate doses (Beck et al, Univ. Pa. Vet. Ext. Quart.,
1945, No. 100, 10; Morse, Cornell Vet., 1948, 38,
273; Arthur, Vet. Rec, 1949, 61, 257) if therapy is
started early and continued for at least a week. Recurrences are common and therapy may fail (Fox,
Cornell Vet., 1947, 37, 59; Petry, Vet. Med., 1948,
43, 266).
Erysipelas in swine (Aitken, North Am. Vet., 1949,
30, 25) and turkeys (Gifford and Jungherr, Mich.
State Col. Vet., 1946, 7, 18; Grey, Vet. Med., 1947,
42, 177) will respond to this antibiotic.
It is useful against spirochetosis (vent disease) in
rabbits (Chapman, North Am. Vet., 1947, 28, 740),
turkeys (McNeil et al., J. Bad., 1949, 57, 191), and
dogs (Smith, Vet. Med., 1947, 42, 138).
Penicillin has been used successfully in canine
leptospirosis (Witter, North Am. Vet., 1947, 28, 153;
Strande, abstr. ibid., 1947, 28, 225; Mills, Vet. Rec,
1948, 60, 267) but it does not eliminate the organism
from the kidneys and therefore is not as valuable as
streptomycin, which destroys the organism in the liver
and kidneys (Brunner, North Am. Vet., 1949, 30, 517;
Brunner and Meyer, Proc S. Exp. Biol. Med., 1949,
70, 450).
Although Clostridium tetani is sensitive to penicillin it is difficult to assess its value in treating
tetanus. Cases which have been treated with the antibiotic and antitoxin and recovered have been reported
in cattle (Herlatz, Cornell Vet., 1947, 37, 67; Carter,
North Am. Vet., 1948, 29, 417), horses (Damude,
Vet. Med., 1945, 40, 417; Wilde et al, Vet. Rec, 1950,
62, 345) and the dog (Cottle, Vet. Med., 1947, 42,
160) ; failures have been reported in horses (Lichty,
Bull. U. S. Army Med. Dept., 1946, No. 5, 486, and
Vigue, Vet. Med., 1947, 42, 37). It should be a useful
adjunct to tetanus treatment by curtailing multiplication of tetanus organisms and preventing intercurrent
infections (Welch and Lewis, Antibiotic Therapy,
Arundel Press, 1951).
Various mixed bacterial infections in animals are
caused by organisms (streptococci, staphylococci,
pasteurellae, etc.) which may be sensitive to penicillin.
Several reports have appeared attesting to its value in
controlling secondary bacterial infections associated
with distemper in dogs (Volker, Exper. Vet. Med.,
1950, II, 67; Ruggles, North Am. Vet., 1946, 27,
293). Certain cases of calf pneumonia (Schwarte and
Biester, J.A.V.M.A., 1946, 109, 283), strangles in
horses (Semtner, Vet. Med., 1945, 40, 226), infectious
pododermatitis in cattle (Chambers, North Am. Vet.,
1951, 32, 479) and boils in mink (Foreman, abstr.
J.A.V.M.A., 1948, 113, 356) respond to parenteral
penicillin.
Penicillin ointments and solutions are useful topically in various localized infections of animals such
as contaminated wounds (Armistead, North Am. Vet.,
1947, 28, 289; Semor, Vet. Rec, 1948, 60, 151). It is
of value in metritis of cows, injected into the uterus
in doses of 200,000 to 400,000 units (Wilson, Vet. Rec,
1950, 62, 626) and similar doses are useful in treating
nonbreeding cows prior to insemination (Chambers,
North Am. Vet., 1948, 29, 640). Infectious conjunctivitis in dogs responds to penicillin ointment
(Gueh-Djen et al., Cornell Vet., 1950, 40, 4) and a
Russian report (abstr. J.A.V.M.A., 1948, 112, 385)
suggests that keratoconjunctivitis of cattle will respond when a solution containing 150 units per ml. is
instilled into the eye twice daily. In severe local infections systemic administration should also be employed.
Penicillin and streptomycin are added for their anti-
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bacterial action to diluted bovine semen (1000 units
of each per ml.) used in artificial insemination (Almquist et al., J. Dairy Sci., 1949, 32, 183).
When penicillin is incorporated in the diet in concentrations offrom 1 to 20 Gm. per ton of feed it
will produce a growth response in young swine,
chickens, turkey poults, and rats (Braude et al., Nutr.
Abstr. and Rev., 1953, 23, 473; Wilson, Vet. Rec,
1953, 65, 633).
Penicillin blood levels following parenteral administration of various dosage forms have been studied in
cattle, sheep, horses, and dogs. This work is reviewed
in the following references: Penicillin in Vet. Med.,
Merck and Co., Inc., 1950; Gratzl and Jaksch, Wiener
Tierarztl. Monatschr., 1952, 39, 144 and 225; Jorgensen, cited by Pratt and Dufrenoy, Antibiotics, 2nd ed.,
Lippincott, 1953. Various salts of penicillin produce
appreciable blood levels when given orally to dogs
(Russo et al., North Am. Vet., 1950, 31, 28; Davidson
et al, North Am. Vet., 1951, 32, 482; Huebner and
Green, Univ. of Penna. Vet. Ext. Quart., 1952, No.
128, 138). Several workers found that penicillin given
intramuscularly did not appear in the milk of cows
and for this reason systemic administration was not
useful in treating chronic mastitis. However, following
large doses diffusion into the milk does occur (Welsh
et al, Science, 1948, 108, 185).
Toxic effects of penicillin in animals are rare and
no fatalities have been reported in the veterinary
literature, although an occasional allergic reaction has
been encountered. It is toxic to guinea pigs, producing
necrosis of the adrenal glands (Cormia et al, J. Invest.
Dermal., 1947, 9, 261).
Doses: Parenteral: The following minimal dosage
has been suggested by Collins (J.A.V.M.A., 1948, 113,
330) : sodium or potassium salt in aqueous medium,
2000 units per pound of body weight every 3 or 4
hours, in oil and beeswax, 2000 units per pound every
12 hours; procaine penicillin in water or oil (with or
without aluminum monostearate), 2000 units per
pound at intervals of 24 hours or longer (except in
the dog). Dosage varies with the severity of the infection and sensitivity of the pathogen. These minimal
doses often must be exceeded in clinical practice.
Oral: D., 100,000 to 300,000 units every 4 to 6 hours.
Intramammary infusion, 25,000 to 100,000 units or
more per quarter given in aqueous solution, suspended
in oil (with or without aluminum monostearate), or
mixed with a petrolatum ointment base, or included
in Carbowax or compressed bougies.
Penicillin G, Benzathine
This sparingly soluble salt of penicillin produces
very prolonged blood levels. Cattle weighing between
100 and 1000 pounds given a single intramuscular injection of benzathine penicillin G in aqueous suspension had assayable penicillin blood levels for from
6 to 9 days following administration (Huebner,
Cornell Vet., 1952, 42, 457). Dogs weighing from 35
to 60 pounds had demonstrable penicillin blood levels
for 8 to 15 days following a single intramuscular dose
of 300,000 units (Glenney, Am. J. Vet. Res., 1952, 13,
555). Oral doses of 300,000 units in aqueous suspension given to dogs weighing from 35 to 50 pounds
every 4 hours for the first 4 doses and then 3 times
daily at 6-hour intervals for the next 4 days produced
sustained penicillin blood levels during the period of
medication (Huebner and Green, Univ. of Penna.
Vet. Ext. Quart., 1952, No. 128, 138). A single intramuscular injection of 200,000 units to swine weighing
between 60 and 80 pounds produced assayable blood
levels for 2 to 4 days and 300,000 units resulted in
detectable blood levels lasting 4 to 7 days (Krai et al,
Am. J. Vet. Res., 1954, 15, 67). In sheep weighing
from 110 to 125 pounds 300,000 units intramuscularly
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produced assayable blood levels persisting 4 to 7 days
(Krai et al., loc. tit.).
When prolonged penicillin blood levels are desirable
this penicillin salt is indicated. It has been used in
treating pyelonephritis, pneumonia, metritis, and acute
mastitis of cattle; surgical cases complicated by infection (e.g., pyometra, compound fractures) in small
animals; and as a prophylactic measure to prevent
respiratory infections associated with shipment in
young cattle, and infections in newborn lambs (Huebner and Blumner, personal communication, 1953).
It must be injected intramuscularly only. In severe
infections a rapidly absorbed penicillin preparation
should be given initially.
Doses. 2000 to 3000 units per pound of body
weight intramuscularly. This dose or double this dose
may be repeated in 24 hours if necessary.
Penicillin, Procaine
This salt produces prolonged blood levels owing
to slow absorption. In horses (Doll et al., Vet. Med.,
1948, 43, 512; Gratzl and Jaksch, Wiener Tierdrztl.
Monatschr., 195^, 39, 144 and 225) intramuscular
doses of 2000 units per pound of body weight of procaine penicillin in oil produce detectable blood levels
for 20 or more hours. In cattle (Doll et al., Vet. Med.,
1949, 44, 300) measurable blood levels are maintained
for 12 to 24 hours after an intramuscular dose of 2000
units per pound of body weight of procaine penicillin
in oil. In dogs intramuscular doses of 10,000 units per
pound of procaine penicillin in oil produce detectable
blood levels tor over 24 hours after administration
(Miller et al., J.A.VM.A., 1949, 115, 97; Gratzl and
Jaksch, loc. cit.) and the same dose in oil with aluminum monostearate establishes penicillin blood levels
which persist 48 hours and longer (Davidson et al.,
Vet. Med., 1949, 44, 312; Miller et al., loc. tit.).
In dogs oral doses of 300,000 units given every 4
hours produce effective blood levels (Huebner and
Green, Univ. of Penna. Vet. Ext. Quart., 1952, No. 128,
138).
In cattle weighing between 600 and 1000 pounds
and in calves weighing 120 to 160 pounds a single
intramuscular dose of 1,500,000 units of procaine penicillin in aqueous suspension resulted in detectable
blood levels at the 24th hour (Huebner, Cornell Vet.,
1952, 42, 457) ; in swine weighing between 60 and 80
pounds, 200,000- and 300,000-unit intramuscular doses
produced assayable blood levels at 24 hours postadministration (Krai et al., Am. J. Vet. Res., 1954,
15, 67) ; and in sheep weighing between 120 and 125
pounds 300,000 units intramuscularly produced assayable blood levels up to 48 hours after administration
(Krai et al., loc. cit.).
It must be administered intramuscularly, not subcutaneously nor intravenously.
Procaine penicillin fed at the rate of from 50 to 200
Gm. per ton of mash ("high-level") is helpful in certain poultry diseases (e.g., respiratory diseases) in
which penicillin-sensitive bacterial invaders and appetite failure are problems.
Uvarov and Muggleton (Vet. Rec, 1954, 66, 200)
determined the persistence of procaine penicillin in
milk following intramammary infusion of 300,000
units in a gel of mineral oil and aluminum stearate.
Levels of over 0.1 I.U. were found for 8 days and
detectable levels for at least 14 days after administration.
Doses. H. & C, 2000 to 4000 units intramuscularly per pound of body weight daily. D., 10,000
units intramuscularly per pound of body weight daily ;
orally, 300,000 units every 4 to 6 hours.
Pentobarbital Sodium
This short-acting barbiturate is employed as a
hypnotic, sedative, and general anesthetic in veterinary
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practice. It is the most commonly used nonvolatile
anesthetic for the dog and cat. In the presence of
renal impairment there is less danger of toxic effects
than with barbital and phenobarbital since it is almost
completely destroyed in the liver; for the same reason
it is dangerous to use in the presence of liver damage.
The sedative action is useful in nervous excitement.
However, when large doses are given some animals
may exhibit marked narcotic excitement, especially
when disturbed. Doses which cause ataxia are most
likely to produce this effect. This may also occur with
the oral or intraperitoneal administration of anesthetic doses or during recovery from anesthesia. Extremely violent motor activity is sometimes seen in
the cat. The anesthetic action is valuable in strychnine
and other convulsant poisoning, and in disease conditions accompanied by convulsions in small animals.
It is a useful sedative for horses given intravenously
in doses of 60 mg. (1 grain) per 100 pounds of body
weight (Arthur et al., Vet. Rec, 1953, 65, 409).
Well established as a general anesthetic for the dog
and cat, pentobarbital sodium is also used in other
species. For a general discussion of pentobarbital anesthesia see Wright, Veterinary Anesthesia, 3rd ed.,
Eger, 1952. It has been used for a wide variety of
species in the laboratory and Tatum (Physiological
Rev., 1939, 19, 472) has compiled anesthetic doses
for both domestic and experimental animals. Bazett
and Erb (/. Pharmacol., 1933, 49, 352) pointed out
that it is a good anesthetic for brain operations since
hemorrhage is very slight if deep anesthesia is used.
These workers found that the dose of pentobarbital
necessary to give very deep anesthesia cannot be
accurately expressed in mg. per Kg. The dose-weight
curve for dogs and cats is somewhat S-shaped; small
animals require relatively more drug than larger animals but the relationship is not a simple linear one.
In individuals of the same weight fat animals require
relatively larger doses than thin ones. In practice
these and other variables are compensated for by
giving the drug by slow intravenous injection to effect.
When used as a general anesthetic in dogs or cats
it is best administered intravenously because the
depth of anesthesia is more easily controlled. The
estimated dose is placed in a syringe and about 34 °f
this amount is injected slowly over a period of 1 minute. If this is sufficient the pupil will generally constrict to about one-fourth of its initial size, relaxation
occurs, and light surgical anesthesia is produced. If
more is needed after a period of 1 minute has elapsed
following the initial injection, small additional injections are made at 20-second intervals until the desired
degree of anesthesia is attained. If after injecting the
calculated amount of drug the animal is not completely anesthetized a period of at least 5 minutes
should be allowed to pass in order to permit more
complete development of the action before further injections are made. Intraperitoneal injection of calculated doses is also used. Owing to the individual
variation in susceptibility frequently seen this method
is much inferior to injecting intravenously to effect.
The anesthetist must be cautioned against the intravenous injection of the drug in animals which are
markedly excited. Struggling and excitement render
the animal more resistant temporarily to the action
of the drug and an excessive or fatal dose may be
given inadvertently. Frequently excitement may be
allayed by the preanesthetic administration of morphine sulfate (q.v.) 45 minutes prior to anesthetization. However, if the animal under morphine becomes
excited an excessive dose may likewise be given
(Wright, loc. tit.). The dose following morphine is
from Yz to Yi (usually Yd of that ordinarily needed.
Pentobarbital sodium is suitable for most operations
in small animals except caesarian section (Wright).
Dreisbach and Snyder (J. Pharmacol., 1943, 79, 250)
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studied the effect of pentobarbital on full-term rabbit
fetuses following intravenous injections into the maternal animal. Doses corresponding to those used in
anesthetizing dogs and cats deeply depressed or abolished fetal respiration. While it is possible to deliver
viable fetuses, by using small doses and rapid surgery,
frequently they are deeply depressed and sometimes
the mortality rate reaches 100 per cent. Artificial
respiration may resuscitate a depressed fetus, and
small doses of Metrazol are of service given at frequent intervals as needed. Swank and Foley (J. Pharmacol., 1948, 92, 381) made a detailed study of the
action of sodium amytal and sodium pentobarbital on
the dog. In the cat recovery following anesthesia is
sometimes delayed, the animals remaining deeply
narcotized for periods up to 24 or 36 hours. Usually
they recover if restorative measures are taken, although fatalities have occurred in some of these cases.
Pentobarbital anesthesia has not been used as much
in other domestic animals as it has in the dog and
cat. Wright (loc. cit.) does not consider it a suitable
anesthetic for the horse owing to the excessive
struggling during recovery, and Danks (Cornell Vet.,
1943, 33, 344) pointed out that they frequently fall
over backward when it is administered intravenously
in the standing position. With chloral hydrate, on the
other hand, horses will usually fall with their legs
buckling under them, rather than rearing or plunging,
if they are kept quiet and carefully supported during
the injection. Recently pentobarbital has been used in
combination with magnesium sulfate and chloral
hydrate ("Army Anesthetic") for horses (see Chloral
Hydrate for further details). Wright considers it suitable for small bovines but warns that in young calves
(up to 1 month) it is unsatisfactory since narcosis is
prolonged up to 2 days and the animals may succumb from pulmonary edema or subsequent pneumonia. Lambs may be satisfactorily anesthetized
(Phillipson and Barnett, Vet. Rec, 1939, 51, 869;
Wright). In adult sheep (Awad, Vet. Rec, 1954, 66,
226) the duration of anesthesia is brief (about IS to 25
minutes) and the dose variable. Allam and Churchill
(J.A.V.M.A., 1946, 109, 355) reported that the drug
produces satisfactory anesthesia in goats ; these authors
and others (Danks, loc. cit.; Wright) found it satisfactory for swine.
Toxicology. — The most common cause of poisoning
in domestic animals is from overdosage during the
induction of anesthesia. In such acute poisoning there
is observed coma, reduced body temperature, depression and eventual failure of respiration and asphyxial
convulsions. Cardiac failure usually follows cessation
of respiration. Usually the respiratory depression is the
most serious initial effect and in many instances artificial respiration and/or oxygen insufflation (intratracheal) will make it possible to prolong life until
sufficient of the drug is destroyed so as to make recovery possible. Krop and Gold (/. Pharmacol., 1946,
88, 260) found the oral LD50 in cats to be approximately 100 mg./Kg., although there were wide individual variations. The MLD for the dog is about 50
mg./Kg. (Swanson and Shonle, J. Lab. Clin Med.,
1931, 16, 1058). The use of analeptics such as Metrazol or picrotoxin, while quite effective when the respiration is mildly depressed, is of no avail when
respiratory depression is profound. Caffeine is definitely inferior to the first-mentioned drugs. Amphetamine sulfate is of service, especially where the blood
pressure requires support. It is important to emphasize that in animals which are markedly depressed by
pentobarbital anesthesia epinephrine must be used
with caution since very large doses (0.25 to 1 mg. in
the dog) may produce ventricular fibrillation. The
first consideration should be that of establishing adequate oxygenation of the blood. Once this is accomplished itis safe to proceed with other methods of
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resuscitation. Treatment similar to that outlined
under phenobarbital should prove satisfactory in animals which have received toxic doses orally.
Doses. Sedative: D., 100 to 200 mg. (V/2 to 3
grains). Cats, 30 to 50 mg. (Yz to Y\ grain). In general 14.5 mg. per Kg. is used as a sedative dose in
small animals. H., intravenously, 60 mg. (1 grain)
per 100 lb. of body weight. Anesthetic: D. & Cats,
approximately 29 mg. per Kg. (Ys grain per lb.), intravenously or intraperitoneal^. Wright points out
that this dose must be increased for animals below
11 to 16 Kg. and reduced for those above this weight.
Allam (personal communication) makes it a practice
never to use a dose exceeding 600 mg. (10 grains) in
the dog. H., 24 to 29 mg./Kg. (% to J/s grain per
lb.) (Wright). Danks (loc. cit.) used smaller doses:
9 mg./Kg. (Vis grain per lb.). This latter dose compares with that given by Tatum (Physiol. Rev., 1939,
19, 472). C, 20 to 29 mg./Kg. 0/7 to % grain/lb.).
Sh., 29 mg./Kg. (x/s grain/lb.) for lambs up to 2
months of age; 28 to 33 mg./Kg. (Ys to Ya grain/lb.)
for adults. Sw., 29 mg./Kg. (Ys grain/lb.) for small
pigs; 20 to 24 mg./Kg. (% to % grain/lb.) for larger
pigs. Allam and Churchill (loc. cit.) used 4 Gm. (60
grains) for a 750-lb. boar, injected slowly over a
period of 15 to 20 minutes.
Pentylenetetrazol (Leptazol, B.V.C., Metrazol)
This drug has attained major importance in veterinary practice in narcotic poisoning and collapse during surgical anesthesia. Morris and Eastman (North
Am. Vet., 1936, 17, 34) found it useful in the treatment of respiratory failure in dogs anesthetized with
pentobarbital sodium. Bartlow (J.A.V.M.A., 1946,
108, 232) on the basis of clinical experience in smallanimal surgery concluded that pentylenetetrazol is
superior to picrotoxin, nikethamide, and amphetamine
sufate from the standpoint of safety, potency, site
of action and absence of tachyphylaxis. Pleuger
(J.A.V.M.A., 1942, 101, 39) found it of value in
dangerously deep barbiturate anesthesia in cats. For
further information see Bramer, North Am. Vet.,
1942, 23, 466; Alfredson, M.S.C. Vet., 1941, 1, 82;
Ashcraft, J.A.V.M.A., 1938, 93, 297). Although the
use of pentylenetetrazol in small-animal practice as
an analeptic is well established it should not be used
in place of artificial respiration, fluid therapy, and
blood transfusions in surgical emergencies. In acute
respiratory failure adequate ventilation of the lungs
is the first consideration and must be provided before
time is wasted in injecting drugs. Sollmann (A Manual
of Pharmacology, Saunders, Phila., 1948, p. 208) states
that pentylenetetrazol with ephedrine is probably the
safest effective treatment of severe but recent coma
from narcotics. Such a preparation is available containing 80 mg. of pentylenetetrazol and 10 mg. of
ephedrine hydrochloride per ml. This is given parenterally in the following doses: H., 10 ml.; C, 10 to
15 ml.; Sw., 2.5 to 6 ml.; and Dogs, 0.5 to 1.5 ml.,
repeated as needed.
It has been suggested that pentylenetetrazol be
given to poor anesthetic risks before anesthesia. This
is a questionable procedure because an animal so
stimulated may require more of the anesthetic agent
than usual and when the relatively brief action of
the analeptic is over deep depression may develop.
This is especially true when pentobarbital sodium is
the anesthetic. On the other hand, to be effective,
analeptics should be given as early as possible in
threatened respiratory failure. Therefore, it is reasonable to administer pentylenetetrazol before respiratory arrest occurs. It is also of service where it
seems advisable to shorten the recovery period following anesthesia by giving repeated doses.
Pentylenetetrazol has been used in chronic cardiac
and circulatory insufficiency, in infectious diseases,
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and in other states accompanied by debility (Rogers,
Vet. Med., 1947, 42, 363). There is no convincing evidence that it is of real value in these conditions.
Doses. The dose varies depending on the depth
of depression and size of the animal. Small animals,
parenterally, 20 pounds of body weight or less, SO to
100 mg.; over 20 pounds, 100 to 300 mg.; orally, 50
to 200 mg. Large animals, parenterally, 1 to 3 Gm.
Peppermint Spirit
Doses. H. & C, 8 to IS ml. (2 to 4 fluidrachms).
D., 0.6 to 2 ml. (10 to 30 minims).
Pepsin
Doses. H., 4 to 8 Gm. (60 to 120 grains). Calves,
Sheep, & Pigs, 2 to 4 Gm. (30 to 60 grains). D., 0.1
to 1 Gm. (ll/2 to IS grains).
Pepsin and Rennin Elixir
This is used as a vehicle in small-animal practice.
Dose. 2 to 8 ml. (]/2 to 2 fluidrachms).
Pepsin Elixir, Compound
This is a frequently used vehicle in small-animal
practice.
Doses. D., 2 to 8 ml. (l/2 to 2 fluidrachms).
Peruvian Balsam
The use of this preparation as an expectorant has
been abandoned. At present it is used only externally
as a stimulant application to indolent wounds and as
an acaricide in mange of the dog. For the latter purpose an alcoholic solution (1:4) or ointment (1:8) is
usually used. There are more effective agents for the
treatment of mange but the alcoholic solution has been
found effective in treating chronic eczema. Mixed with
equal parts of glycerin it is used against ear mites,
although this is not a very satisfactory preparation.
Petrolatum, Liquid
One of the dangers of petrolatum administration,
especially in cats, is aspiration pneumonia. This is
especially likely to be encountered in long-haired cats
when they are habitually receiving mineral oil to prevent accumulation of hair balls. Suggestive radiographic findings in these cases have been described
by Schnelle {Vet. Excerpts., 1949, 9, 95).
Doses. H. & C, 500 to 2000 ml. (1 to 4 pints).
D., 15 to 60 ml. (y2 to 2 fluidounces) .
Petroleum
Crude petroleum is applied to the walls and roosts
of poultry houses to control mites and ticks. It is also
used to treat scaly-leg mite infestations in chickens
(legs dipped in crude petroleum) and applied to swine
to keep them free of lice and mange mites.
If used motor oil is employed in devices with
which cattle oil themselves, do not use "break-in" oil
from new motors or oil from motors in which an
upper cylinder lubricant has been added to the gasoline (U.S.D.A. Leaflet No. 355, 1954). The reason for
this is that such lubricants are likely to contain chlorinated naphthalenes, the principal causative agent of
hyperkeratosis (x-disease) in cattle (see Naphthalene,
Chlorinated) .
Phenamidine and Phenamidine Isethionate
Phenamidine has been employed with favorable
results in Babesia infections in cattle, horses, and dogs
(Findlay, Recent Advances in Chemotherapy, Blakiston, Philadelphia, 1950, 239). Piercy (Vet. Rec, 1951,
63, 201) reported that it was of no benefit in bovine
theileriasis (East Coast fever).
Phenamidine has been used, especially in England,
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for the systemic treatment of demodectic mange in
dogs. Koutz (J.A.V.M.A., 1952, 121, 470) investigated
its use in 13 dogs. Only two dogs in this series responded to the treatment, several had severe reactions
to the drug and two died. Greer and Banks (Vet. Rec,
1950, 62, 60) and Nye (Vet. Rec, 1950, 62, 533) reported severe and fatal reactions to the drug in dogs
being treated for mange. In view of these toxic reactions this treatment for canine demodectic mange
cannot be recommended without reservation.
Doses. Subcutaneously : H. & C, 0.03 ml. of a
40 per cent solution per Kg. of body weight. D., 0.3
ml. of a 5 per cent solution per Kg. of body weight.
Phenidium Chloride (Phenanihridinium 897)
In doses of 2 mg. per Kg., given intravenously
or intramuscularly, this compound is effective against
Trypanosoma congolense in cattle (Findlay, Recent
Advances in Chemotherapy, 3rd ed., Blakiston, Philadelphia, 1950) although dimidium bromide (q.v.)
appears to be more effective. Burden et al. (Vet. Rec,
1952, 64, 217) studied the toxic effects of this compound on zebu cattle. They found that the maximum
dose which can be tolerated intravenously is about
5 mg. per Kg. Subcutaneous doses up to 8 mg. per
Kg. were tolerated. There was no evidence of delayed
liver damage such as may occur with dimidium
bromide. The authors conclude that from the safety
point of view it is unfortunate that phenidium has
been replaced by the more toxic dimidium and raise
the question as to whether the superior trypanocidal
activity of dimidium justifies its use.
Phenobarbital and Phenobarbital Sodium
Phenobarbital is used as a hypnotic and sedative to
allay nervous excitement in the dog and cat, and to
reduce the irritability of the nervous system in convulsive states. There is no evidence that it has any
analgesic action. It is not as likely to have cumulative
action as barbital and is more commonly employed
in practice than the latter. However, excretion is slow
and administration must cease if evidence of toxicity
appears. Since it depends on the liver and kidney for
elimination, there is danger of toxic accumulation
when these organs are seriously impaired.
In horses a dose of 4 to 6 Gm. of phenobarbital
sodium intravenously is suitable for sedative action
and up to 1 to 1.25 Gm. per 110 pounds of body
weight may be used for casting and longer operations
(Reinhardt, Frohner, Lehrbuch der Arzneimittelehre
/. Tierdrzte, Enke, Stuttgart, 18th ed., 1950, 30; Kippe,
Monatshefte f. Vet. Med., 1951, 6, 161), but it is not
satisfactory as a general anesthetic.
Dogs develop a tolerance in that the depth and
duration of depression are decreased on daily repetition of the drug (Tatum, Am. Rev. Physiol., 1940,
2,368).
Toxicology. — Fatalities following therapeutic use of
phenobarbital are rare. The toxic dose is several
times the therapeutic dose, and although postural
depression may result from slight overdosage there is
little interference with the vital medullary functions
until large amounts are given. Krop and Gold (/.
Pharmacol., 1946, 88, 260) found the oral LD50 in
the cat to be approximately 175 mg./Kg., although
there were extreme individual variations. Death occurs as the result of respiratory depression when the
poisoning is the result of excessive dosage or cumulation. Delayed death is usually due to pneumonia.
In man most of the reported cases of poisoning have
been the result of an idiosyncrasy. In these cases skin
eruptions, sometimes with fever, mental disturbances,
vertigo, nausea, or diarrhea, occur.
In severe experimental poisonings by phenobarbital
massive intravenous infusions of glucose or saline
solutions have been found effective in diluting the
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drugs in vivo as well as aiding in elimination (Tatum,
loc. cit., p. 364). In addition to the use of fluids and
dextrose, treatment should be directed toward maintaining adequate oxygenation of the blood and combating circulatory depression. Artificial respiration
and/or oxygen intratracheal insufflation may be necessary. Among the analeptics Metrazol and amphetamine sulfate may be used for their immediate effects
and picrotoxin reputedly is the antidote of choice in
barbiturate poisoning although its effects are not
immediate. The animal should be protected against
excessive fall in temperature. However, it is important
not to cause peripheral vasodilatation with heat since
this would contribute to the lowering of the blood
pressure.
Doses. Pigs, 0.25 to 1.5 Gm. (4 to 25 grains).
D., 15 to 100 mg. {% to \l/2 grains). Cats, 15 to 30
mg. (J4 to y2 grain).
Phenol
Phenol is little used as a surgical disinfectant since
more effective agents are available and its local anesthetic action numbs the surgeon's fingers. It has
also been largely abandoned as a sanitary disinfectant
in favor of the more effective cresol preparations. It
is useful, however, for small scale disinfection, a 5
per cent aqueous solution being usually employed. It
is not suitable for dairies nor refrigerators because it
will render the food distasteful. It is not effective
against hog cholera virus nor anthrax spores (Tilley,
U.S.D.A. Yearbook of Agrtc, 1942, p. 186).
Phenol acts as an antipruritic and is prescribed for
external use in various skin diseases either as the
official ointment or in 1 to 2 per cent aqueous solution. It is toxic to mange mites and is employed in
ear mange of dogs in concentrations of 1 per cent in
glycerin or 5 per cent in castor oil, and as a constituent of various mixtures used in treating demodectic mange of the dog. It is occasionally employed
as a wound dressing in 0.5 to 1 per cent solution, but
has been superseded to a large extent by other antiseptics. Itshould not be applied with wet dressings
owing to its irritant properties.
At the present time phenol is seldom prescribed
internally. Formerly it was administered in combination with other agents as an intestinal antiseptic
in the treatment of flatulent colic and similar conditions but it is of no value in these conditions. It has
been injected subcutaneously and intravenously in 2
to 3 per cent aqueous solution in tetanus of the horse
and abortion disease of cattle, but there is nothing to
recommend such therapy.
Phenol is contraindicated in cats especially, in meat
animals, and in the presence of heart weakness, and
must be used with great care around dog kennels
and catteries to avoid poisoning of these animals.
Doses. H. & C, 1 to 2 Gm. (15 to 30 grains).
Sh. & Sw., 300 to 600 mg. (5 to 10 grains). D., 30
to 60 mg. (l/2 to 1 grain). It is administered in very
dilute solution.
Phenol, Liquefied
This is used as a caustic and germicide in small,
badly infected wounds, fistulas, and abscesses. When
injected into such cavities it is allowed to remain two
to three minutes and then washed out with alcohol.
It is also used as a caustic on canker of the frog of
the horse and occasionally to remove small neoplasms.
Phenol was prescribed formerly as a gastric sedative in the dog, diluted several hundred times with
water.
Doses. H. & C, 1 to 2 ml. (15 to 30 minims).
Sh. & Sw., 0.3 to 0.6 ml. (5 to 10 minims). D., 0.03
to 0.06 ml. {Y2 to 1 minim). It is administered in very
dilute solution.
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Phenol Ointment
Used as an antipruritic in various skin diseases.
Phenolphthalein
The cathartic action of phenolphthalein, which is
pleasant and effective in humans, is but slight and
undependable in cats and dogs (Sollmann, Manual
of Pharmacology, Saunders, Phila., 7th ed., 1948, 177).
Jones (Veterinary Pharmacology and Therapeutics,
Iowa State Col. Press, Ames, 1954, 106) states that
even doses as large as 5 Gm. fail to produce marked
cathartic action in dogs.
Dose. D., 30 to 200 mg. (y2 to 3 grains) .
Phenolsulfonphthalein
The phenolsulfonphthalein renal test has had limited clinical use in the dog (see Craig, Univ. Pennsylvania Bull. Vet. Ext. Quart. No. 84, 1941, p. 7).
It is carried out in essentially the same manner as
that described in Part I.
Dose. D., 1 ml. of a standard solution (6 mg.)
given intravenously.
Phenothiazine
This substance has become the most important
anthelmintic for farm animals because of the large
number of parasites against which it is effective and
because it is suitable for most farm livestock. Phenothiazine possesses little anthelmintic action in carnivorous- animals and it is not recommended for use
in cats, dogs, and foxes.
Phenothiazine is not soluble in water but wettable
products are available. It may be administered in the
form of tablets, boluses, as a drench or via the stomach tube, or mixed with the feed or salt. Swales
(Can. J. Comp. Med., 1939, 3, 188) reported on the
use of the so-called "explosive" bolus for sheep. This
contains an effervescent salt that assures rapid dissolution of the bolus in the stomach. There have been
reports to indicate that the ordinary bolus may not
dissolve in the stomach. Fasting before or after the
administration of phenothiazine, or the use of purgatives is not necessary and not considered advisable
by some authorities. The drug may discolor the urine,
feces and milk. Since it is excreted in the milk, the
milk should not be used for human consumption for
1 week after administration, but it may be fed to
animals without harm.
In sheep phenothiazine is very effective against the
stomach worm (Hcemonchus contortus) and nodular
worm (Oesophagostomum columbianum) . It will also
remove large numbers of hookworms (Bunostomum
trigonocephalum) , and smaller stomach worms
(Trichostrongylus axei, Ostertagia sp.), and approximately 50 per cent of certain helminths in the small
intestine (Trichostrongylus sp., Cooperia sp.). In
heavily parasitized animals the drug may be administered in a single therapeutic dose. This will usually
control the immediate infestation but reinfestation is
likely to occur from the pasture. When sheep are
continually exposed to reinfestation the use of smaller
doses administered about once a month is more effective as both a therapeutic and prophylactic measure.
However, this method involves considerable labor. A
third method of treating sheep is through continuous
administration. This is usually accomplished by supplying the drug in salt in a concentration of one part
of phenothiazine to nine parts of salt. This method
is effective in controlling susceptible parasites when
sheep are not exposed to a heavily contaminated
pasture. It cannot be relied upon to control infections severe enough to cause clinical signs of parasitism. Some practitioners favor employing a combination of the continuous feeding schedule with one of
the single dose methods described above. For further
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information on various types of dose schedules see
the following reports: Haberman and Shorb, North
Am. Yet., 1942, 23, 318; Britton et al, Cornell Vet.,
1942, 32, 400; Thorp et al., J. Animal Sci., 1944, 3,
242; Seghetti and Marsh, Am. J. Vet. Res., 1945, 6,
159; Pollard et al., J. Comp. Path, and Therap., 1949,
59, 54; Leiper, Vet. Rec, 1951, 63, 885; Price et al.,
J.A.V.M.A., 1953, 123, 132.
In cattle phenothiazine is effective against stomach
worms (Hcemonchus contortus, Ostertagia ostertagi,
Trichostrongylus axei), the nodular worm (Oesophagostomum radiatum), and the hookworm (Bunostotnum phlebotomum) . Larger doses must be used for
the hookworm and nodular worm since these are less
susceptible to the action of the drug than stomach
worms. In areas of heavy parasitism treatment should
be repeated in 21 days. Cattle may be treated with
single therapeutic doses or with the feed or in salt as
described above for sheep. However, continuous feeding methods in cattle have given variable results
(Britton, Vet. Med., 1944, 39, 239; Harwood et al.,
J. Tennessee Acad. Sci., 1945, 20, 159).
There are relatively few reports on the use of
phenothiazine in 'goats. However, in general, the drug
is effective against the same parasites as in sheep.
Phenothiazine is very effective in removing small
strongyles (Trichonema, Oesophagodontus, Tridontophorus, and Gyalocephalus) from the horse. It is also
effective against large strongyles (Strongylus sp.)
but Gibson (Vet. Rec, 1950, 62, 341) states that
larger doses are needed for these species. Phenothiazine may be administered to horses in single or divided therapeutic doses or it may be supplied in small
daily doses, mixed with the feed. The latter method
is reported to be effective in reducing the number of
strongyle eggs in the feces and in inhibiting the development of those eggs present (Todd et al., Vet.
Med., 1949, 44, 411; Dimock, Vet. Med., 1949, 44,
99; Gibson, Vet. Rec, 1949, 61, 451). Some horses
have received 2 Gm. (30 grains) daily for 3 years
without apparent toxicity (Todd, Vet. Med., 1952, 47,
25). Recently Drudge et al. (Vet. Med., 1953, 48,
306) found a surprisingly high number of strongyles
in the large intestine of mares which had received the
drug continuously for 4 years and in which consistently 1owt or negative fecal egg counts were found
during the last year. These observations indicate that
this type of therapy in horses fails to remove strongyles from the intestinal tract and does not prevent
development of adult worms from ingested larvae.
For further information on the use of phenothiazine
for horses see the following reports: Grahame et al.,
Vet. Rec, 1940, 52, 648; Howell and Britton, Cornell
Vet., 1942, 32, 255; ibid., Vet. Med., 1943, 38, 8.
In chickens and turkeys phenothiazine will remove
practically all cecal worms (Heterakis gallinae) present; it is also somewhat effective against the roundworm, Ascaridia galli (Roberts, Australian Vet. J.,
1940, 16, 172; Olivier et al., Vet. Med., 1943, 38,
384). The drug is usually supplied mixed in the
mash, but small groups of birds may be dosed individually using tablets. A combination of phenothiazine with nicotine sulfate in bentonite is reported to
be more efficient when both cecal worms and Ascaridia are present (Harwood and Guthrie, /. Parasitology, 1944, 30, 143). For this purpose Jaquette and
Wehr (Poult. 5c, 1949, 28, 821) employed 15 Gm.
(l/2 ounce) of 40 per cent nicotine sulfate, 151 Gm.
(5 ounces) of phenothiazine, and 287 Gm. (9%
ounces) of bentonite mixed with each 44 pounds of
ground feed.
Phenothiazine is very effective against the adult
nodular worm (Oesophagostomum dentatum) in
swine (Harwood et al., J. Parasitology, 1938, 24, 16;
Swanson et al., JA.VM.A., 1940, 96, 333). It will
remove only about 50 per cent of roundworms (As-
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caris lumbricoides) present; Enzie et al. (JA.VMA.,
1945, 107, 57) reported that sodium fluoride (q.v.) is
more effective for this parasite. Phenothiazine may
be administered to pigs individually or mixed with the
feed. The unpalatability of the medicated feed limits
the effectiveness of this method of administration.
The toxicity of phenothiazine varies with the species and among individuals. Some animals have died
after being treated with recommended therapeutic
doses whereas others have survived many times this
amount. Sheep and birds appear to be the most resistant species, whereas horses are more susceptible
than other domestic animals. Goats are nearly as
resistant as sheep but cattle are less resistant to poisoning than other ruminants. Swine are less resistant
to poisoning than ruminants. Animals in a weakened
condition are much more susceptible to poisoning than
those in good condition. This is especially true when
anemia is present. Phenothiazine is contraindicated in
weak, anemic animals and also in the presence of
constipation or during the last month of pregnancy.
Photosensitization has been reported in sheep (Swales,
Can. J. Comp. Med., 1940, 4, 333), calves (Whitten
and Filmer, Australian Vet. J., 1947, 23, 336) and pigs
(Swales et al, Can. J. Comp. Med., 1942, 6, 169).
Therefore animals should not be exposed to direct
sunlight for 24 hours following treatment.
There are few reports of deaths occurring in sheep
or goats following treatment with phenothiazine.
Wright (Vet. Med., 1942, 37, 33) administered 25
Gm. (6 drachms) weekly to yearling lambs without
any apparent toxicity. Abortion may result when the
drug is used on ewes 2 to 3 weeks before gestation
(Warwick et al, J.A.V.M.A., 1946, 108, 41).
Although healthy calves 4 to 12 months old have
been given as much as 250 Gm. (8J^ ounces) of
phenothiazine as a single dose without apparent toxicity (Cauthen, JAY MA., 1945, 107, 71), clinical
experience has indicated that animals in poor physical
condition are susceptible to poisoning with the drug
(Cauthen, Am. J. Vet. Res., 1953, 14, 33).
Compared to other species, reports on toxicity in
horses following phenothiazine treatment have been
numerous (see Errington, Vet. Med., 1941, 36, 188;
Taylor, Vet. Rec, 1942, 54, 95; Boley, Vet. Med.,
1942, 37, 26; Woolf and Simms, North Am. Vet.,
1943, 24, 595). In most cases the toxicity can be
attributed to the use of large doses in weak, anemic
animals, although certain animals may show an individual sensitivity to the drug (Britton, Vet. J., 1944,
100, 106). Small divided doses rather than large
single doses of phenothiazine are indicated in animals
that are in poor condition. Constipation should be
avoided and for this reason bran is often included in
the diet of horses being treated with phenothiazine.
The important signs of toxicity in the horse are weakness, icterus, colic, oliguria, constipation, hemoglobinuria, increased temperature, rapid pulse and the development of anemia (Britton, loc cit.). Hansen et
al. (Vet. Med., 1949, 44, 461) reported that the administration of4 Gm. (1 drachm) of phenothiazine
daily for 1 year to horses did not lead to any serious
alteration in the blood picture but the development
of a hemolytic anemia is a well-recognized feature
of phenothiazine poisoning in horses. It has been
shown that the uptake of radioiodine (I131) by the
thyroid of rats and burros is inhibited by the administration ofPhenothiazine, N.F. (green) although the
purified form (yellow) apparently does not have this
effect (Talmage et al., JA.VMA., 1953, 123, 328;
Science, 1953, 118, 191). These observations have
raised questions, as yet unanswered, regarding the
possible influence of this antithyroid effect on reproduction and observed weight gains in animals continuously receiving the drug.
Phenothiazine in excessive doses appears to be very
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toxic for young pigs (Thorning et al., Vet. Med.,
1942, 37, 120; Lepage, Vet. Rec, 1943, 55, 184). In
experimental trials mature swine have been given
1 Gm. (15 grains) per pound of body weight without apparent toxicity (Swanson et al., J.A.V.M.A.,
1940, 96, 333). The important signs of phenothiazine
poisoning in pigs are depression, anorexia, apparent
blindness, ataxia and convulsions.
Doses. H., 30 Gm. (1 ounce) for a 1000-lb. animal. Some prefer to administer this in 3 to 6 divided
doses on successive days. C, 20 Gm. (5 drachms)
per 100 lb. body weight with a maximum total dose
of 60 Gm. (2 ounces). Sh. & G., 25 Gm. {6%
drachms). Lambs, up to 60 lb., 15 Gm. (4 drachms).
Sw., under 25 lb., 12 Gm. (3 drachms) ; 100 to 200
lb., 20 Gm. (5 drachms) ; over 200 lb., 30 Gm. (1
ounce). When mixed with the feed the dose is estimated at a ratio of 100 mg. (V/i grains) per lb. of
body weight. Poultry, 500 mg. {7J/2 grains) per
bird. Turkeys, 1 Gm. (15 grains) per bird.
Phenyl Salicylate
This drug is contraindicated in cats.
Doses. H., 2 to 15 Gm. {*/> to 4 drachms). D.,
0.25 to 1 Gm. (4 to 15 grains).
Phenylmercuric Acetate
This compound is a bactericide and fungicide of
relatively low toxicity. Schaffer {Vet. Med., 1950, 45,
191) found that a 1:10 jelly was nonirritating when
inserted in the vagina of the bitch and that its spermatocidal properties were apparently sufficient to
prevent conception when a vaginal suppository was
inserted every 10 hours.
Phenylmercuric Chloride
Kirk {Vet. Rec, 1946, 58, 299) has advocated the
use of 0.25 per cent phenylmercuric chloride ointment in ringworm of the dog.
Phenylmercuric Diphenylmethane Disulphonate
This is used locally as a bactericide and fungicide
in such conditions as metritis in cows, infectious
pododermatitis, otitis externa in dogs, and acute
"weeping" type of "eczema" in dogs (Rich, Vet. Rec,
1953, 65, 420; Waddington, Vet. Rec, 1953, 65, 599).
It is usually applied in a 0.1 per cent aqueous-alcoholic
solution or 0.1 per cent aqueous solution.
Phenylmercuric Nitrate
This is used for the same general purposes as the
other phenylmercuric salts for skin disinfection and
treatment of infected wounds.
Pholedrine Sulphate, B.V.C.
This compound, |3-methylamino-4-hydroxypropylbenzene sulfate, is used as an analeptic and is indicated in conditions in which the blood pressure has
fallen.
Doses. Intravenous and intramuscular administration: H. & C, 100 to 200 mg. {iy2 to 3 grains).
Foals, Calves & Pigs, 60 mg. (1 grain). D., 10
to 20 mg. {Yf, to lA grain). Cat, 10 mg. {% grain).
Phthalylsulfacetamide
The limited use of this drug in veterinary medicine
is based on the experimental observation that it penetrates all strata of the intestinal wall without entering the blood stream in significant amounts (Lehr,
Gastroenterology, 1949, 12, 648) and upon its apparent value in gastrointestinal diseases in man (Seneca and associates, Am. J. Digest. Dis., 1949, 16,
372; Am. J. Trop. Med., 1949, 29, 425; Rev. Gastroenterol., 1948, 15, 611; Am. Pract. Dig. Treat., 1950,
1,960).
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It has been used, with reported success, in enteric
infections in dogs (Rogoff, J.A.V.M.A., 1950, 117,
220) and infectious calf scours (Christian, ibid., 1952,
121, 185).
Future investigation may prove this sulfonamide to
be useful in bacterial infections of the gastrointestinal
tract of domestic animals. Owing to its alleged permeation of the intestinal wall, its use cannot be
objected to on the grounds that it acts only on
bacteria in the bowel lumen and, since it is poorly
absorbed, systemic toxicity is minimized.
Doses. (Tentative) Calves, 357 to 571 mg. per Kg.
{2l/2 to 4 grains per pound) daily in 2 divided doses.
D., 143 to 286 mg. per Kg. (1 to 2 grains per pound)
daily in divided doses.
Phthalylsulfathiazole
This compound is sparingly absorbed from the
gastrointestinal tract and has been found to be of
value in bacterial infections of the digestive tract in
domestic animals (Garlick, J.A.VM.A., 1946, 108,
327). It has proved effective in the following diseases:
calf scours (Thorp, J.A.V.M.A., 1945, 106, 75; Candlin, J.A.V.M.A., 1949, 115, 261; Udall, North Am.
Vet., 1949, 30, 581; Edmonds, ibid., 301), foal scours
(Clarke, Vet. Med., 1949, 44, 272), swine enteritis
(Graham, J.A.VM.A., 1945, 106, 7; Edmonds,
J.A.V.M.A., 1945, 107, 238; North Am. Vet., 1946,
29, 564), and gastroenteritis of dogs and cats (Garlick,
loc cit. and Hedeman, J.A.VM.A., 1946, 108, 89;
Metcalf, Vet. Med., 1948, 43, 83; Biddis, Vet. Rec,
1948, 60, 280; Craige, J.A.V.M.A., 1948, 113, 343).
It has also been used in the treatment of mucoid
enteritis of rabbits and coli bacillosis of turkey poults
(Scrivner, J.A.V.M.A., 1945, 107, 302).
In enteric infections phthalylsulfathiazole is more
effective (and less toxic) than sulfaguanidine. Francis
{Vet. Rec, 1947, 59, 131) raised the objection that
most poorly absorbed sulfonamides, since they do not
penetrate the intestinal wall, act only on organisms
located on the mucosal surface and in the bowel
lumen. For this reason and in order to forestall the
development of septicemia some workers recommend
the use of well-absorbed sulfonamides in enteric infections. On the other hand, because of the dehydration which frequently accompanies enteric diseases it
is safer to use a poorly absorbed sulfonamide to avoid
renal damage.
Doses. The daily dose range for animals is 143 to
320 mg. per Kg. (1 to 2.25 grains per pound) of body
weight given in divided doses.
Physostigmine Salicylate
This parasympathomimetic drug is used as a
miotic and to stimulate the motility of the gastrointestinal tract. It is employed as a cathartic where
rapid and drastic action is desired, as in intestinal
tympany and stasis in the horse when the distension
is not excessive and in impaction after the mass has
been softened with mineral oil. It is seldom used in
canine practice.
Amadon {J.A.V.M.A., 1930, 29, 65) found physostigmine salicylate to be an effective ruminatoric in
studies on normal animals. Two doses, one hour
apart, were most efficient. Its cathartic action in
cattle is often painful and without free purgation.
Recently a combination of physostigmine salicylate
and atropine sulfate has been recommended for treatment of neuromuscular dysfunction (Fittipaldi and
DeCamp, Vet. Med., 1950, 45, 438; Badame,
J.A.VM.A., 1953, 122, 307) in animals. Although it
is known that physostigmine will ameliorate the signs
of myasthenia gravis in man and that atropine will
block the actions of physostigmine except at the neuromuscular junction, the need for this combination in
veterinary practice is not clear. All of the conditions
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for which its use has been reported vary greatly in
their clinical course so that the recoveries reported
are neither surprising nor convincing evidence that
the drugs have any specific value.
Physostigmine should be used with caution and is
contraindicated in advanced pregnancy, heart weakness, pulmonary diseases, and where there is danger
of rupturing the stomach or intestines as in excessive dilatation of these organs, immovable intestinal obstruction, and in aged and debilitated animals.
Doses. H., 50 to 100 mg. (34 to ll/2 grains).
Ruminatoric: C, 30 to 50 mg. (Y2 to 34 grain).
Doses suggested in the literature for the other species
are as follows: C, 20 to 200 mg. (}/$ to 3 grains).
Sh. & Sw., 5 to 20 mg. (Vi2 to Y3 grain). D., 0.5
to 3 mg. (Vi2o to V20 grain). Cats, 0.25 to 0.5 mg.
(■H>50 to M.20 grain) . It is usually administered subcutaneously.
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grain). Cats, 1 to 3 mg. (%o to %o grain). It is
usually administered subcutaneously.

Picrotoxin
This analeptic is used principally as an antidote
for barbiturate overdosage. It effectively combats barbiturate depression but has several disadvantages.
The action is slow in developing so that after an intravenous dcse 5 to 8 minutes may pass before action
develops. If too much is given troublesome convulsions may develop. For this reason the dose should
not be repeated until sufficient time has passed for
full effects to appear. This requires about 30 minutes.
Although it acts against other narcotics, it is not
considered of value in morphine poisoning. In cats
fatal convulsions may follow excessive doses. In unanesthetized animals it has little effect before convulsions appear. In veterinary practice barbiturate
overdosage usually occurs as the result of pentobarbital or thiopental anesthesia. In these emergencies
other measures such as adequate lung ventilation and
faster-acting analeptics such as pentylenetetrazol are
of greater value than picrotoxin.
Doses. H. & C, parenterally, 60 mg. (1 grain).
D., parenterally, 1.5 to 6 mg. (%o to }4o grain); in
pentobarbital overdosage it is recommended that 2
to 3 mg. be given for each grain (60 mg.) of pentobarbital. In thiopental overdosage no more than 2 mg.
should be given to counteract each grain of thiopental.

Piperazine Adipate
This drug has recently been introduced as an
anthelmintic for various species of animals. Its properties are similar to those of another piperazine compound, diethylcarbamazine (q.v.) which has been
used for several years as an anthelmintic and filaricide. Piperazine adipate has the advantage of being
cheaper than diethylcarbamazine.
In horses piperazine adipate is reported to be highly
effective against roundworms (Ascaris equorum) and
small strongyles (Poynter, Vet. Rec, 1955, 67, 159).
It is partially effective against Strongylus vulgaris
but has little or no action in removing Strongylus
edentatus and Gastrophilus sp. In vitro studies have
shown that it has a depressant effect on A. equorum
(Poynter, loc. cit.). For administration to horses it
is dissolved in a minimum quantity of water and
given by way of a stomach tube in a dose of 10
grams per 100 pounds of body weight. Preliminary
fasting is not necessary, nor is the use of cathartics.
Lee {Vet. Rec, 1955, 67, 146) found piperazine
adipate to be 100 per cent effective in removing mature and immature forms of Neoascaris vitulorum
from calves when given in a dose of 100 mg. per
pound of body weight. In these trials it was administered as a drench in water. Doses of 400 mg. per
pound of body weight resulted in tympany and diarrhea; the latter persisted for 4 days.
In experimental trials Sloan et al. (J. Pharm. Pharmacol., 1954, 6, 718) found that doses of 25 to 200
mg. per Kg. {% to IJ/3 grains per pound) of body
weight were nearly 100 per cent efficient against
roundworms in dogs, but these and higher doses had
little or no effect on hookworms and tapeworms. In
cats, doses of 100 mg. per Kg. (Yi grain per pound)
of body weight were highly effective in removing
roundworms. In both dogs and cats the drug was
given in the food.
Sloan et al. (loc. cit.) reported that piperazine adipate was 97 per cent effective against roundworms
(Ascaridia galli) when fed in the mash at the rate of
150 mg. per Kg. of body weight. This dosage did not
result in any decline in egg production and even doses
5 to 10 times this amount did not produce significant
toxic signs.
Doses. See text.

Pilocarpine Hydrochloride and Nitrate
Pilocarpine salts are used in the same conditions as
physostigmine salicylate and are subject to the same
restrictions as this drug. Amadon (J.A.V.M.A., 1930,
29, 65) found that their ruminatoric action was mild
and ineffective. Pilocarpine does not have marked
sudorific effects in animals. Therefore it is not used as
a diaphoretic. In horses, sheep, cat, and dog both
epinephrine and pilocarpine will produce sweating,
indicating adrenergic and cholinergic innervation
(Rothman, Physiology and Biochemistry oj the Skin,
Univ. Chicago Press, 1954, 166). In horses the usual
doses of pilocarpine do not produce sweating although general secretion of sweat will follow adequate
intravenous doses and local secretion can be produced
by subcutaneous administration (Langley and Bennet, J. Physiol., 1923, 57, lxxi). It has greater stimulant action on the gastrointestinal secretions than
physostigmine. Aqueous solutions containing 0.5 to
2 per cent are used in the conjunctival sac to produce
miosis.
Doses. H., 100 to 200 mg. (V/2 to 3 grains). The
following are the doses stated in the literature for the
other species: C, 200 to 400 mg. (3 to 6 grains);
ruminatoric, 50 to 60 mg. (34 to 1 grain). Sw., 2 to
50 mg. (Ho to 34 grain) . D., 5 to 20 mg. (%2 to y3

Pituitary, Anterior
Anterior pituitary preparations have not proved
very useful in veterinary therapeutics. Experimental
studies with various unfractionated anterior pituitary
extracts made in the laboratory have shown that the
action of a given extract depends upon several factors:
(1) the source of the product, (2) the method of
extraction, (3) the route of administration, (4) the
concentration of the active principles, (5) the length
of time that a given extract remains potent. Until
these many variables have been studied and products
made available that are standardized as to their
physiological action and potency, there is little hope
of achieving consistent clinical results.
A commercial preparation, anterior pituitary extract,
has been used to some extent in veterinary practice.
It is an aqueous extract containing approximately 1.25
Gm. of fresh anterior lobe substance per ml. It has
been used for its gonadotropic activity (see Gonadotropin), in acetonemia in cattle (Fincher and Hayden, Cornell Vet., 1940, 30, 197), and in agalactia in
brood sows (Durrell, Canad. J. Comp. Med., 1943, 7,
162). The use of anterior pituitary extract in acetonemia is based on the relationship of the anterior
pituitary to carbohydrate metabolism. Although the
unfractionated extract appears to have helped some

Physostigmine Sulfate
The doses employed are the same as for the
salicylate.
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cases there is little evidence to support its use. It
has been shown that adrenocorticotropic hormone
(corticotropin) is effective in ketosis and presumably
the ACTH content of anterior pituitary extract is
responsible for its effect in ketosis. For treating
ketosis adrenocorticotropic hormone is now used in
preference to anterior pituitary extract (Shaw et al.,
North Am. Vet., 1953, 34, 251). The extract has also
been administered in a variety of other conditions
where anterior pituitary extract seemed indicated.
However no clear-cut clinical indications have
emerged thus far.
Doses. Anterior pituitary extract containing approximately 1.25 Gm. of fresh anterior pituitary substance per ml. H. & C, 10 ml. Sh. & Sw., 3 to 5
ml. D., 0.5 to 1 ml.
Pituitary, Posterior, Injection (Injection of Posterior Pituitary Lobe, B.V.C.)
The chief use of posterior pituitary preparations in
veterinary medicine is to overcome uterine inertia at
the time of parturition. It must not be employed in
the presence of a mechanical impediment to the
passage of the fetus because of the danger of damage
to the uterus from the resultant powerful contractions. It is used to aid in postpartum involution of
the uterus and the expulsion of retained placenta in
bovines. It appears to have little value for the latter
purpose. Rogers (Univ. of Pa. Bull. Vet. Ext. Quart.
No. 93, 1944) states that better results are obtained
in retained placenta if the injection is made immediately at the time of calving; a delay of 0.5 hour
reduces the action. It is also recommended for use in
postpartum hemorrhage, a condition which, although
rare among domestic animals, may be very severe
when it does occur. In pyometara following manual
removal of a retained placenta and in similar conditions it is used to aid in expulsion of the purulent
and decomposing fluids from the uterus.
Shaw (Proc. Indiana Vet. Med. A., 1943) states
that intramuscular injection of posterior pituitary
extract is of value in sows which refuse to nurse their
young. The observations of Petersen and his associates (see Petersen, Physiol. Rev., 1944, 24, 340)
demonstrated the fact that posterior pituitary extract
stimulates the smooth musculature of the mammae,
compressing the alveoli and thus emptying them of
milk. Petersen has postulated that this action is
important in the initiation and maintenance of normal lactation. This action of the posterior pituitary
oxytocic principle may explain the effect that Shaw
has described. There is some evidence that the incidence of stillbirths (which is high in swine) may be
reduced by injecting posterior pituitary when farrowing begins (Asdell and Willman, /. Agric. Res.,
1941, 63, 345).
Posterior pituitary injection is also used to stimulate the musculature of the gastrointestinal tract in
impaction colic in the horse. Its action, however, is
inconstant.
It apparently has little value as a circulatory stimulant for clinical purposes.
Many posterior pituitary preparations contain relatively unpurified mixtures of oxytocin, which exerts
its primary effect on the uterus and on lactation, and
vasopressin which produces vasoconstriction. More
purified preparations containing either of these fractions in relatively large amounts are also available.
These are standardized in U.S.P. units. For stimulating
uterine contractions or lactation the following doses
of oxytocin have been recommended by manufacturers: Horses and cows, 100 units; sows and ewes,
30 to 50 units; dogs, 5 to 30 units; cats, 5 to 10 units.
These are administered intravenously, intramuscularly
or subcutaneously.
Doses. H. & C, 5 to 10 ml. (V/A to 2^ flui-
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drachms). Sh. & Sw., 3 to 5 ml. (U to 1%
fluidrachms). D., 0.25 to 1.5 ml. (4 to 23 minims).
Cats, 0.25 to 0.5 ml. (4 to 8 minims) .
Podophyllum
Doses. H., 5 to 10 Gm. (1% to 2*/2 drachms).
C, 8 to 15 Gm. (2 to 4 drachms). D., 100 to 250 mg.
(1^2 to 4 grains).
Podophyllum Resin
The cathartic action of podophyllum resin on horses
and cattle is variable, and therapeutic doses often are
ineffective. It is occasionally prescribed for the dog,
frequently combined with other purgatives and belladonna. A 25 per cent suspension of podophyllum
resin in mineral oil is sometimes effective in removing warts (Ingram, J.A.V.M.A., 1947, 110, 25; Kirk,
Vet. Rec, 1951, 63, 8). Care must be taken that the
material does not get into the eyes and is not ingested.
Doses. H., 1 to 2.6 Gm. (15 to 40 grains). D.,
15 to 30 mg. (% to y2 grain).
Polymyxin
The various polymyxins are currently identified as
A, B, C, D, and E (see Part II). Pharmacological
and clinical investigations have shown the superiority
and lower toxicity of polymyxin B. The most dangerous toxic action observed is on the epithelium of the
convoluted tubules. This nephrotoxic effect of E is
less than that of B which in turn is much less than
that of A and D (Brownlee et al., Brit. J. Pharmacol.
Chemother., 1952, 7, 170). Experimental studies in
dogs (Mozer et al., Arch. Int. Med., 1953, 92, 238)
showed that single intravenous doses of 2.5 mg. per
Kg. of body weight produced acute renal damage and
respiratory stimulation followed by depression while
double this dose given intramuscularly daily for 4 to
6 weeks caused reduction in tubular and glomerular
function. Except in the newborn animal polymyxins
A, B, and E are not absorbed from the gastrointestinal tract.
Polymyxin B is active against a wide variety of
gram-negative organisms including Pseudomonas
aeruginosa, Escherichia coli, TErobacter cerogenes and
Bacillus proteus (Frank et al., J. Lab. Clin. Med.,
1950, 35, 188, 205) and McCollum and Doll (Vet.
Med., 1951, 46, 491) in in vitro tests on organisms
obtained from equine infections showed that the
gram-negative bacteria were uniformly susceptible
while the gram-positive organisms were very resistant. Florestano and Bahler (Proc. S. Exp. Biol. Med.,
1952, 79, 141) found that polymyxins B and E possess potentialities as antifungal agents.
McCollum and Doll (loc. cit.) studied the results
of intramuscular injection of polymyxin E in horses
and found that it produced severe inflammation at
the sites of injection.
Although clinical data are unavailable it is evident
that polymyxin is active against organisms frequently
causing infections in animals and it should prove
especially useful against organisms such as strains of
Pseudomonas and Proteus, found in bovine mastitis
and infected wounds, which do not respond to most
other chemotherapeutic agents. Oral therapy in certain gram-negative enteric infections may be another
indication (see Scheidy and Detweiler, Adv. in Vet.
Science, Academic Press, 1953, 137; Pratt and Dufrenoy, Antibiotics, Lippincott, 2nd ed., 1953, 264).
Potassium Acetate
Doses. H., 25 to 50 Gm. (6% to 12^ drachms).
C, 50 to 100 Gm. (l2/3 to 2>y3 ounces). D., 0.5 to
2 Gm. (iy2 to 30 grains).
Potassium Arsenite Solution
This arsenic preparation is frequently

employed
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when arsenic is given internally because it is easy to
regulate the dose. For a discussion of the therapeutic
uses of arsenic, see Arsenic Trioxide.
Doses. H. & C, IS to 30 ml. [}/2 to 1 fluidounce).
D., 0.1 to 0.6 ml. (V/2 to 10 minims).
Potassium Bicarbonate
Doses. H., 25 to 50 Gm. (6% to U]/2 drachms).
C, 50 to 100 Gm. (l2/3 to 2>l/z ounces). D., 0.5 to
2 Gm. (7H to 30 grains).
Potassium Bitartrate
Doses. Diuretic: H. & C, 15 to 45 Gm. i}/2 to
\y2 ounces). D., 0.6 to 2 Gm. (10 to 30 grains).
Laxative: D., 4 to 15 Gm. (1 to 4 drachms).
Potassium Bromide
Doses. H. & C, 25 to 50 Gm. (6J4 to 12y2
drachms). Sh. & Sw., 2 to 5 Gm. (]/2 to 1%
drachms). D., 0.3 to 2 Gm. (5 to 30 grains).
Potassium Chlorate
Two to 3 per cent solution of potassium chlorate
is a useful mouth wash for stomatitis. Similar solutions are also used in vaginitis.
Potassium Citrate
Doses. H., 25 to 50 Gm. (6% to 12^ drachms).
C, 50 to 100 Gm. (l2/3 to Zl/3 ounces). D., 0.5 to 2
Gm. {ll/2 to 30 grains).
Potassium Guaiacolsulfonate
Before the advent of sulfonamide and antibiotic
therapy Johnson and Farquharson {JA.VM.A., 1941,
99, 103) reported favorable results in the treatment
of shipping fever in cattle with the intravenous injection of the following preparation: potassium guaicolsulfonate, 5 Gm.; 95 per cent ethyl alcohol, 10
Gm.; sodium iodide, 5 Gm.; and sterile water, 90
Gm. The doses employed were as follows: Calves up
to 300 pounds, 75 ml.; 400 to 600 pound calves, 125
ml.; larger cattle, 150 ml. With the development of
modern chemotherapeutic agents this type of therapy
has fallen into disuse.
Dose. D., 0.3 to 1 Gm. (5 to 15 grains).
Potassium Hydroxide
This is occasionally used as an application to prevent horn growth in young cattle. A 5 per cent solution is used to dissolve epithelial tissue and hair in
skin scrapings before microscopic examination for
ectoparasites.
Potassium Iodide
This has been used for over one hundred years in
the treatment of actinomycosis and actinobacillosis of
cattle (Thomassen, 1885, L'Echo Veterinaire, Liege,
409; and Axe, Veterinarian, 1882, 55, 811; 1883, 56,
1). Doses of 2 to 4 Gm. for calves and 4 to 10 Gm.
for adult cattle are given twice daily by mouth. If
signs of iodism appear the treatment is interrupted
for about a week and then resumed, using a smaller
dose. It is not as effective in actinomycosis as in
actinobacillosis, particularly when there is bone involvement. Potassium iodide has also been employed
in the treatment of sporotrichosis and botryomycosis
with some success.
In regions where there is iodine deficiency potassium iodide is administered to prevent hypothyroid
states from developing. It is of particular importance to supply iodine to pregnant animals, to prevent the birth of weak and deformed offspring. The
exact minimum requirements have not been worked
out for animals, but iodine deficiency can be prevented in pregnant animals by making available
iodized salt containing 0.02 per cent potassium iodide
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during the first 7 months of pregnancy for the mare
and cow, and during the first 3 months for the sow
and ewe. The daily administration of 60 mg. (1 grain)
to mares and cows and 30 mg. (l/2 grain) to ewes and
sows for a similar period is effective. Limited data
indicate that navel-ill and weakness in foals may be
reduced by feeding pregnant mares 15 grains of potassium iodide per week with the grain (Morrison,
Feeds and Feeding, Morrison Publ. Co., Ithaca, 21st
ed., 1948).
Grey (Vet. J., 1940, 96, 28) reported favorable
results in the treatment of fowl leukosis with two
daily intraperitoneal injections of 5 ml. of 10 per
cent potassium iodide solution. Holman and Wells
(Vet. Rec, 1950, 62, 422) attempted to verify this
effect by treating 15 out of 30 pullets with the disease. No important beneficial effect was observed. At
the end of 33 weeks only 1 treated bird and 2 untreated birds remained alive.
Potassium iodide is also used as an expectorant.
Doses. H. & C, 4 to 10 Gm. (1 to 2y2 drachms).
Sh. & Sw., 1 to 3 Gm. (15 to 45 grains). D., 0.1 to
0.6 Gm. (\y2 to 10 grains). Potassium iodide should
not
be administered intravenously (see Sodium
Iodide).
Potassium Nitrate
Doses. H., 8 to 15 Gm. (2 to 4 drachms). C,
10 to 25 Gm. (iy2 to 6% drachms). D., 200 to 500
mg. (3 to iy2 grains).
Potassium Permanganate
Potassium permanganate is frequently employed in
veterinary medicine as an antiseptic and deodorant,
especially in the treatment of foul ulcers, abscesses,
fetid stomatitis, nasal catarrh, and similar conditions.
It is used as a chemical antidote for morphine, strychnine, and other alkaloids although its practical value
is questioned. It is also applied locally as an antidote
to snake venom although its value for this purpose is
questionable.
Doses. H., 1 to 1.5 Gm. (15 to 22J4 grains). C,
2 to 3 Gm. (30 to 45 grains). D., 60 to 200 mg. (1
to 3 grains).
Primidone

(Mysoline)

Lambert (Vet. Rec, 1953, 65, 123) and Archibald
(North Am. Vet., 1953, 34, 870) reported on the use
of this anticonvulsant drug in dogs. Archibald (loc.
cit.) found it effective in reducing the frequency and
severity of convulsions in true idiopathic canine epilepsy. Lambert (loc. cit.) used it in about 100 cases
with favorable results in epileptiform convulsions,
idiopathic or associated with distemper and paradistemper.
Doses. D., 12 to 50 mg. (y$ to Y\ grain) per
pound of body weight daily, in divided doses, has
been used.
Procaine Hydrochloride
Procaine hydrochloride is widely used as a local
anesthetic in veterinary medicine. For general infiltration of the skin 2 per cent solutions are commonly
employed; 1 to 2.5 per cent for epidural anesthesia;
4 to 5 per cent for perineural injection. Some clinicians use 4 to 5 per cent for subcutaneous infiltration in large animals, but this concentration is usually
not necessary. Procaine hydrochloride has little power
of penetration and is not used for surface anesthetization of mucous membranes.
Various formulations have been introduced to prolong the action of procaine. Its action may be prolonged somewhat by the addition of epinephrine in
a concentration of 1:100,000 to 1:50,000. Recently a
combination of procaine base, N-butylaminobenzoate
and benzyl alcohol in oil (Durathesin) has been of-
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fered for epidural anesthesia. Its action persists for
from 12 to 24 hours. Another preparation (Efocaine)
contains procaine base, butyl aminobenzoate and
procaine hydrochloride in propylene glycol, polyethylene glycol-300, and water. This will anesthetize
sensory nerve fibers for from 6 to 12 days.
Slow intravenous infusion of 1:1000 procaine hydrochloride (15ml. per Kg. of body weight) is useful
in controlling cardiac arrhythmias in thoracic and
cardiac surgery in dogs. The use of intravenous injections of procaine hydrochloride as an analgesic in
veterinary practice has not been promising (see
Jones, Veterinary Pharmacology and Therapeutics,
Iowa State College Press, Ames, 1954, 229-230). In
dogs the resulting analgesia is irregular and only
follows excessive doses. In large animals intravenous
procaine therapy has not been studied adequately and
only a few clinical reports are available (Jones, loc.
at.; Brion, abstr. in Vet. Med., 1946, 41, 389).
Proflavine Salts
Proflavine is employed externally as a therapeutic
antiseptic and occasionally administered intravenously
in acute mastitis and septicemic infections. Intravenous proflavine therapy in septicemia is apparently
of little value. Solutions of proflavine hemisulfate
(0.1 to 0.2 per cent) have been used for udder infusion in bovine mastitis, but owing to irritant effects
have been replaced by other agents.
Doses. The following doses have been used: H.
& C, 0.5 to 1 Gm. (7J^ to 15 grains) given intravenously in 1:1000 solution. Sh. & Sw., 100 to 150 mg.
(\y2 to 2Yz grains) given intravenously in 1:1000
solution.
Progesterone
This hormone has been employed to control habitual abortion in cattle (Woelffer, J.A.V.M.A., 1953,
123, 505). A repository form of progesterone was
used. In this preparation microcrystals precipitate in
the tissues after intramuscular injection and form a
slowly absorbed implant. A dose of 500 mg. at 7- to
10-day intervals was given to 8 cows, each with a
history of one or more abortions occurring between
6.5 and 7.5 months of pregnancy. Following the use
of progesterone full-term pregnancy resulted in 7 of
the animals. The treatment was started at about the
sixth month of pregnancy and continued until 3 weeks
before the expected parturition.
In experimental trials on cattle McDonald et al.
(Am. J. Vet. Res., 1952, 13, 446) found that surgical
removal of the corpus luteum between the 92nd and
163rd days of pregnancy resulted in prompt abortion,
unless progesterone therapy was employed. A daily
intramuscular injection of 100 mg. of progesterone in
oil was sufficient to maintain pregnancy in these animals. In one cow, treatment was stopped on the 162nd
day of pregnancy and the animal went to full term.
In another animal abortion resulted when treatment
was discontinued at the 137th day of pregnancy.
From this work it would appear that in order to
maintain pregnancy in cattle to approximately the
end of the fifth month an active corpus luteum must
be present or substitution therapy with progesterone
must be given. However, more work is needed to
establish definitely the time at which the presence of
a corpus luteum is no longer necessary to maintain
pregnancy, since Uren and Raeside (Proc. A.V.M.A.
88th Ann. Mtg., 1951, p. 251) found that removing
the corpus luteum as late as the 177th day of pregnancy resulted in abortion. Doses of progesterone in
oil of less than 100 mg. daily are not sufficient to
insure maintenance of pregnancy in the absence of a
corpus luteum (Uren and Raeside, loc. cit.; Raeside
and Turner, /. Ani. Sci., 1950, 9, 681; /. Dairy Sci.,
1950, 33, 382). McDonald et al. (Am. J. Vet. Res.,
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1953, 15, 385) found that abortion could be prevented in the absence of a corpus luteum through the
use of a repository form of progesterone given in a
dose of 500 mg. every 10 days. The treatment was
stopped between the 143rd and 174th days of pregnancy. There is some evidence that use of progesterone
in cattle may shorten the average gestation period by
approximately 10 days and may lead to a high percentage of retained placentas (McDonald et al., Am.
J. Vet. Res., 1952, 13, 446).
Ulberg et al. (J. Ani. Sci., 1951, 10, 752) were able
to delay the onset of estrus and ovulation in cattle
with a daily dose of 50 mg. of progesterone, if the
treatment was started on day 15 of the estrus cycle.
When treatment is started later than this the inhibitory effect may not be complete. The animals did not
show heat for as long as treatment was continued.
Hansel and Trimberger (/. Dairy Sci., 1952, 35, 65)
observed that smaller doses of progesterone (10 mg.)
given immediately after the onset of estrus reduce the
length of estrus and the time from the onset of estrus
to ovulation. These workers speculate that the presence of a small amount of progesterone is necessary
for ovulation to occur and that a deficiency of progesterone may lead to cystic ovaries. They indicate
that experimental treatment with progesterone in
cows with cystic ovaries has shown some promise.
In an experimental study on sheep O'Mary et al.
(J. Ani. Sci., 1950, 9, 499) were able to synchronize
the onset of heat in ewes by the use of daily doses
of 10 mg. of progesterone for a period of 14 days.
Treatment was started on the day after all animals
(19 control ewes and 20 treated ewes) had shown
at least one estrual period. Seventy per cent of the
treated ewes came into heat on the third day after
the end of treatment, and the range within which
they were bred was 8 days, while an 18-day period
was required to breed the control ewes. Thus treatment, by suppressing estrus in 70 per cent of the
ewes, reduced the length of the period during which
breeding occurred.
In sows daily doses of 50 to 100 mg. of progesterone
will inhibit heat and ovulation for as long as the
hormone is administered, if treatment is begun no
later than day 15 of the cycle. However, with a dose
of 50 mg. per day a high percentage of the ovaries
became
cystic (Ulberg et al., J. Ani. Sci., 1951, 10,
665).
Experimental studies on goats have shown that
complete removal of all corpora lutea present between
the 100th and 125th day of pregnancy results in
abortion within 48 hours (Meites et al., J. Ani. Sci.,
1951, 10, 411). If progesterone in oil was given in
daily doses of 10 to 25 mg. abortion was prevented.
Burch (California Vet., 1953, Jan.-Feb.) reported
that doses of 200 to 500 mg. of a repository form of
progesterone were of value in reducing straining associated with vaginal prolapse in cattle. In severe cases
epidural anesthesia and retention sutures should also
be employed.
Murray and Eden (Vet. Med., 1952, 47, 467) used
doses of 50 to 75 mg. of repository progesterone to
delay estrus in racing dogs or in dogs which were
to be shown. The dose was repeated every 2 to 3
weeks and signs of heat were delayed as long as the
animals were under treatment. Devita (North Am.
Vet., 1950, 31, 45) found that a daily dose of 5 to
10 mg. of progesterone in oil would suppress estrus
in bitches and Willis (personal communication) employed 1to 2.5 mg. of the same preparation every 3
to 4 days to delay estrus in Siamese cats.
Propamidine Isethionate
Propamidine has been used in the treatment of
Babesia canis infections in doses of either 5 mg. per
Kg. given at one time or 2.5 mg. per Kg. given on 2
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successive days. The intramuscular route is preferred
(Findlay, Recent Advances in Chemotherapy, 3rd ed.,
vol. 1, Blakiston, Philadelphia, 1950, 239). It has
been replaced largely by phenamidine isethionate for
the treatment of canine babesiasis.
In cattle subcutaneous doses of 5 to 20 mg. per
Kg. may be followed by a peculiar type of delayed
poisoning 2 or 3 weeks later. Complete collapse occurs
followed by death in from 3 to 5 days. Histological
evidence of liver and kidney damage is found at
necropsy (Findlay, loc. cit.).
For the treatment of burns and wounds it is used
in the form of a 0.15 per cent jelly or cream and has
been employed in summer mastitis (Margarsin, Vet.
Rec, 1946, 58, 450, 464) and metritis of cows.
Propylene Glycol
Johnson {Vet. Rec, 1953, 65, 20) suggested the use
of propylene glycol in the treatment of ketosis in
ruminants because he had found it to be an effective
oral glucogenic agent. In subsequent work {Cornell
Vet., 1954, 44, 6) he treated 7 cows with ketosis and
found it effective. Doses of 800 to 1800 Gm. produced incoordination and diuresis, but smaller doses
(200 to 400 Gm. twice daily) were not harmful.
Maplesden {Can. J. Comp. Med. and Vet. Set., 1954,
18, 287) reported the treatment of 10 cases of bovine
ketosis with this agent. Recovery occurred in all
cases and the author recommends a dose of 250 Gm.
twice daily for four days.
These reports of the action of propylene glycol in
bovine ketosis are hopeful and appear to be substantiated in the field (Deubler, personal communication,
1955). The possibility of toxicity has not been adequately studied and clinical trials have not been
extensive. Johnson {Cornell Vet., loc. cit.) found that.
a 41-Kg. goat tolerated 200 Gm. daily for 5 days
and that 400 Gm. daily for 2 days produced coma in
a 31-Kg. goat which ultimately recovered. A 585-Kg.
cow tolerated a single dose of 1800 Gm. and later
400 Gm. twice daily 6 days a week for 4 weeks. There
are no postmortem reports on ruminants which have
received the drug.
Propylthiouracil
This antithyroid substance is more potent and less
toxic than thiouracil, but has not been used as much
in animals as the latter. For information on the use
of antithyroid substances in fattening animals see
Thiouracil.
Doses. C, 0.25 to 1 Gm. (•>£ to IS grains) daily.
Sh., 50 to 125 mg. {$i to 2^ grains) daily. Sw., 50
to 150 mg. {YA to I1/* grains). D., 15 to 20 mg. (%
to Y$ grain).
Protein Hydrolysates
Protein hydrolysates for oral or parenteral administration are used chiefly in small-animal praclice to
insure positive nitrogen balance under conditions
of protein depletion (Siegmund and Morrison,
J.A.V.M.A., 1949, 114, 154; Hollis, J.A.V.M.A., 1951,
119, 309). For parenteral administration most products contain 5 per cent of the hydrolysate and 5 per
cent dextrose. The dose is 5 to 10 ml. per pound of
body weight. If given intravenously too rapidly in
dogs emesis may occur. To avoid this the rate of
intravenous injection should not exceed 60 drops per
minute. The solutions are absorbed following intraperitoneal administration and this route may be employed clinically. Various preparations for oral administration are available and utilization following
ingestion is considered most efficent, at least in carnivorous animals. In large animals protein hydrolysate therapy has been given parenterally, but the
possibility of effective oral use of protein hydrolysates
does not appear to have received attention.

B.V.C.)
Pyrethrum

III

and Pyrethrins {Pyrelhrum Extract,

Crude pyrethrum powder and extracts of its active
principles, the pyrethrins, are useful insecticides. The
pyrethrins are more effective than the crude powder.
Pyrethrins are exceptionally rapid in their effects
upon insects, but because of their lack of residual
action they must be applied frequently. For this
reason, and because they are relatively expensive,
pyrethrins are not practical for widespread use in
insect control programs. However, they may be employed for the control of flies which have developed a
resistance to the chlorinated hydrocarbons.
Pyrethrum or mixtures of pyrethrins may be employed as dusting powders in treating single animals,
especially in cold weather when wet agents are undesirable, and are effective against lice on cattle, sheep,
poultry and horses, and sheep keds. It is best to use
the powder undiluted but a mixture of 1 part pyrethrum to 2 parts white flour is cheaper; y2 pound of
this mixture rubbed thoroughly into the hair is sufficient to give a horse or cow 2 treatments (Dykstra,
Animal Sanitation and Disease Control, 1942, p. 228).
These powders are also useful in controlling fleas and
ticks on dogs and cats.
Many commercial insecticidal sprays contain mixtures of pyrethrins in kerosene oil. These are effective
in controlling hornflies, stable flies, poultry mites,
chicken bugs and many other insect pests. In recent
years sprays containing a mixture of piperonyl
butoxide and pyrethrins have been employed for these
purposes. The presence of piperonyl butoxide, an
antioxidant substance, increases the stability and insecticidal effectiveness of pyrethrins. For controlling
stable flies, house flies and hornflies a spray containing 0.1 per cent pyrethrins and 1 per cent piperonyl
butoxide may be used on the premises and on animals.
This should be repeated every 5 to 7 days. Sprays
containing 0.025 per cent pyrethrins and 0.25 per cent
piperonyl butoxide are useful for cattle lice. One
treatment may be sufficient but the animals should be
examined closely and re-treated in 14 to 18 days if
necessary {US.D.A. Leaflet, No. 319, Dec, 1951).
This drug is used as a simple bitter and parasiticide.
Quassia
Infusions of quassia have been recommended for years
in the treatment of pinworm {Oxyuris equi) infestation of the horse. A freshly prepared infusion containing 30 Gm. (1 ounce) of quassia in 600 ml. (20
ounces) of water may be used for this purpose. These
infusions are injected rectally after the rectum has
been cleared with a soap and water enema. Many
veterinarians feel that the soap and water enema alone
is quite as effective in removing the worms from the
rectum as are the two together. Concentrated infusion
of quassia, combined with glycerin, is sometimes used
as a fly repellent by application to the skin of animals at pasture.
Doses. Quassia Fluidextract. H. & C, 2 to 8 ml.
{j4 to 2 fluidrachms) . D., 0.25 ml. (4 minims).
Quassia Tincture. H. & C, 30 to 60 ml. (1 to 2 fluidounces). D., 2 to 4 ml. {y2 to 1 fluidrachm).
Quaternary Ammonium Germicides
The quaternary ammonium germicides are widely
used in veterinary practice and milk sanitation. McCulloch et al. {J.A.V.M.A., 1948, 112, 283) concluded
that they have a definite, although limited, place in
veterinary medicine. Owing to their relatively nonirritating character they are especially useful for application to mucous membranes. They are especially
active against gram-positive, nonsporulating organisms
such as streptococci and staphylococci, but, despite
their sporicidal activity, they are not efficient steriliz-
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ing agents against bacterial spores (Curran and Evans,
/. Dairy Sci., 1950, 33, 1). As skin disinfectants they
are inferior to isopropyl alcohol and markedly inferior
to iodine tincture. Under field conditions they should
not be relied upon to kill the spores of CI. tetani or
gas gangrene anaerobes. Manure, milk, blood, tissue
debris, soaps, anionic detergents, many common disinfectants, and certain types of water limit their
germicidal activity or inactivate them (McCulloch
et al., loc. cit.).
Because of their remarkable deodorizing power they
have found favor as general disinfectants and detergents in veterinary hospitals and around animal
quarters. However, it must be recognized that they
can only disinfect relatively clean, soap-free surfaces.
Quaternary ammonium detergents are used to sanitize milk-handling equipment (Lawrence, 19th Ann.
Rept. N. Y. Assn. Milk Sanitarians, 1946, 177). Foster
(/. Milk & Food Technol., 1949, 12, 13) points out
that they may be preferable to chlorine as a rinse
solution for udders and certain types of dairy equipment because of their nonirritating quality, prolonged
bacteriostatic action and lesser susceptibility to organic matter. On the other hand they are more expensive, act more slowly, and in the absence of organic
matter are less effective germicides than chlorine.
DuBois et al. (J. Milk & Food Technol, 1946, 9, 1)
found that the unscrupulous addition of these germicides to milk would not lower the bacterial counts of
milk and that they could easily be detected chemically.
In a study of the effect of organic matter on the
germicidal action of quaternary ammonium compounds van Eseltine and Hucker (N. Y. State Agric.
Exp. Sta., Bull. No. 282) found that the effect of
skim milk was greater than horse serum and that
soluble starch had a greater inhibiting effect than any
of the other materials studied.
Certain quaternary ammonium compounds have
been advanced as therapeutic and prophylactic agents
in protozoan diseases of poultry (Bolin et al., Vet.
Med., 1947, 42, 300; Riedel et al, Poultry Sci., 1949,
28, 703 and 830) but they have not been used to any
extent and appear to be ineffective.
Quinacrine

Hydrochloride (Mepacrine Hydrochloride, B.V.C., Atabrine)
This drug has been found useful in the treatment
of canine giardiasis; coccidiosis in rabbits, dogs and
cattle; avian malaria; and canine taeniasis.
Choquette (Can. J. Comp. Med., 19S0, 14, 230)
and Craige (JA.VM.A., 1949, 114, 425) reported
successful treatment of intestinal giardiasis in dogs
with quinacrine hydrochloride. It is given orally in
doses of from 50 to 100 mg. twice daily for 3 to 6
days. With these doses yellow discoloration of the
skin and conjunctiva may be observed. The drug is
contraindicated in dogs snowing signs of encephalitis
or post-distemper encephalopathy.
In rabbits intravenous injections of quinacrine
1 : 1000 on 3 or 4 successive days (0.5 ml. daily for
rabbits 12 to IS days old and 1 ml. daily for rabbits
1 to 2 months old) will reduce the mortality rate but
not necessarily eradicate the infection (Findlay, Recent Advances in Chemotherapy, 3rd ed., vol. 1,
Blakiston, Philadelphia, 1950, 266). In cattle oral
doses of from 0.8 Gm. per animal to 1 Gm. per 100
Kg. of body weight have been employed in coccidiosis
(Findlay, loc. cit.). It is also active against cecal
coccidiosis of fowls.
The action of quinacrine against tapeworms in dogs
was reported in 1947 (Findlay, loc. cit.) and recently
investigated by Link and Smith (J.A.V.M.A., 1954,
125, 461). Using oral doses of 10 and 20 mg. per
pound of body weight in dogs infected with either
Taenia pisiformis or Dipylidium caninum Link and
Smith reported that all animals defecated and elimi-
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nated tapeworms within 10 hours after treatment.
When necropsied 87 per cent of the dogs were free
of tapeworms. Oral doses of 25 mg. per Kg. cause
nausea and anorexia in dogs but no gross or histological evidence of tissue damage (Barlow et al,
J. Lab. Clin. Med., 1945, 30, 20).
Doses. C. & Sh., 1 Gm. (15 grains) per 100 Kg.
of body weight. D., 10 to 100 mg. (l/(, to \l/z grains).
Poultry, 0.5 to 1 per cent in the drinking water.
Quinidine Sulfate
This drug has had very little use in veterinary practice, and categorical recommendations regarding its
clinical use and dosage cannot be made. Detweiler
successfully abolished auricular fibrillation in 2 horses
(Proc. A.V.M.A. 89th Ann. Mtg., 1952, 119) and
1 dog (Univ. Penna. Vet. Exten. Quart., 1955, No.
137, 39) and auricular flutter in one dog (unpublished) with relatively large doses. The effective dose
in horses was 90 Gm. given in 9 hourly doses of
10 Gm. each. In dogs weighing less than 40 pounds
100 mg. was given initially as a test dose. After 4 or
more hours 60 mg. per 10 pounds of body weight was
given every hour until normal rhythm appeared,
toxic signs supervened, or a total dose of 600 mg. per
10 pounds of body weight was reached. This dosage
schedule has not been used in heavier dogs and might
be dangerous. One dog developed transient convulsions
when this dose was exceeded slightly.
Quinine
Quinine is used internally as a bitter stomachic,
analgesic, and antipyretic. However, other antipyretics
are preferred. The drug has been found to have no
value in such diseases as Texas fever, anaplasmosis,
and dourine.
Doses. Quinine Dihydro chloride, Hydrochloride,
Sulfate. H. & C, 8 to 15 Gm. (2 to 4 drachms).
D., 300 to 600 mg. (5 to 10 grains) .
Quinine and Urea Hydrochloride
This compound is occasionally employed as a local
anesthetic in concentrations of 0.5 to 1 per cent. Its
prolonged action (several hours up to a few days)
has value under certain conditions. However, the
edema and exudation which accompany its use greatly
limit its application.
Resorcinol
In 1 to 5 per cent solution resorcinol is employed
in skin diseases as an antipruritic and antiseptic. It
is also prescribed as an ointment (1 in 8) in chronic
eczema.
It has been used as an intestinal antiseptic in dogs,
foals, and calves, but the danger of toxicity and its
inefficiency have resulted in its being abandoned.
Rhamnus Cathartica
This is popular with the laity as a cathartic for the
dog. It is irritant and large doses may produce a fatal
hemorrhagic gastroenteritis. It is usually administered
in the form of the syrup, in doses of 4 to 15 ml. (1 to
4 fluidrachms) .
Rhubarb
The laxative action of rhubarb is utilized for calves,
foals, and dogs for the same purposes and in similar
conditions as outlined in Part I. The laxative action is
either absent or very slight in the horse and ox.
Doses. Laxative: Foals and Calves, 4 to 8 Gm.
(1 to 2 drachms). D., 300 to 600 mg. (5 to 10 grains).
Rhubarb Powder, Compound
Doses. Foals and Calves, 10 to 30 Gm. (Y2 to
1 ounce). D., 2 to 4 Gm. (l/2 to 1 drachm).
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Riboflavin
Ruminants synthesize this vitamin. The estimated
daily allowances in the other species are as follows:
horses, 2 to 4 mg. per 100 pounds body weight (Jones,
MS. Surg., 1945, 96, 310); swine, 3.8 mg. per 100
pounds body weight; poultry, about 1.6 mg. per
pound of feed; dogs, 40 to 80 micrograms per Kg.
(2.2 pounds) of body weight (Michaud and Elvehjem,
North Am. Vet., 1944, 25, 657). See also National
Research Council Bulletins Nos. 1 and 2, 1944.
There is some evidence that riboflavin deficiency
plays a role in periodic ophthalmia of horses (moon
blindness). Jones and coworkers (Am. J. Vet. Res.,
1946, 7, 403) have presented evidence that the inclusion of 40 mg. of riboflavin daily in the diet of
horses will reduce the incidence of the disease. However, riboflavin does not have any curative value and
optimal experimental conditions for the production
of periodic ophthalmia have not been established.
Rotenone
This complex ketonic compound is the most important active ingredient of derris and cube powders
made from the pulverized roots of plants belonging
to the genera Derris and Lonchocarpus (cube) respectively. Powders commercially classed as containing
5 per cent rotenone are generally used. They are
effective insecticides and larvicides and, being relatively nontoxic for mammals, are employed as parasiticides invarious dusting powders, ointments, sprays,
dips and oily preparations. Derris powder is extremely
poisonous for fish and residues from dips, sprays, or
washes should not be allowed to drain into ponds or
streams. Rotenone is the only insecticide known to be
effective for the cattle grub and for this purpose a
dust containing 1.5 per cent rotenone or a 0.05 per
cent spray may be employed (Hansens, J.A.V.M.A.,
1951, 118, 38). Single applications of a 0.5 to 5 per
cent rotenone dust are often effective in eradicating
cattle bee (Hansens, loc. cit.). Lice on sheep and goats
may be eradicated with dips containing 0.003 per cent
rotenone while sheep "ticks" (keds) are controlled
by dips containing 0.006 per cent (V.S.DA. Leaflet
No. 308, June, 1951). In the dog and cat, preparations
containing from 0.12 to 5 per cent rotenone are reported tobe effective for treating sarcoptic, demodectic
and otodectic mange (Morris, J.A.V.M.A., 1936, 88,
465; Krickel, Iowa Vet., 1948, 19, 10; English, Vet.
Med., 1941, 36, 582). Recently McClain and Conquest
(North Am. Vet., 1953, 34, 710) reported on the successful use of an ointment containing a combination
of rotenone, polymyxin and bacitracin in treating such
conditions as demodectic mange, ringworm, and
fungus infections in dogs and cats. Powders containing 5 per cent rotenone are frequently employed for
controlling fleas on cats and dogs and ticks on dogs
(Hansens, loc. cit.). For further information see
U.S.D.A. Yearbook of Agric, 1942, pp. 619, 635, 916,
920, 1074, 1179, 1185, and 1237; and Schwartz, Proc.
Forty-ninth Ann. Meeting U. S. Livestock Sanitary
Assoc, 1945, p. 73.
Salicylic Acid
Ointments or alcoholic solutions containing 10 to 30
per cent salicylic acid are used in favus and ringworm
infections in animals. It is also employed in thrush
(degeneration of the frog of the hoof in the horse,
due to infection) and in other conditions where horny
material must be softened and removed.
Santonin
Santonin
infestations
practice as
J.A.V.M.A.,

is used chiefly as a vermifuge in ascarid
in dogs and cats. It is also used in swine
an anthelmintic (Morris and Martin,
1931, 78, 531), although it has been
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shown that it is not sufficiently effective in this species
and may be useful only in small repeated doses
(Monnig, Veterinary Helminthology and Entomology,
1938, p. 131). Owing to its expense it is seldom used
for large animals. Formerly it was occasionally administered to the horse and apparently has some effect
against equine roundworms and strongyles, but it is
not particularly reliable for this species.
Santonin is usually administered to the fasting animal, and, since it does not kill the worms, must be followed by a cathartic. Calomel or saline laxatives are
usually given with or shortly after the anthelmintic
dose. Laxative oils are sometimes used, but some authorities fear they may dangerously increase the
absorption of santonin. Since it is not irritant to the
gastrointestinal tract it may be given to dogs with
gastroenteritis in small doses (J<£ to 1 grain) repeated
daily for seven or eight days.
Santonin is toxic in excessive doses and fatal poisoning may occur. The toxic signs include vomiting, diarrhea, twitching of the head muscles, grinding of the
teeth, and convulsions. Temporary blindness may
occur. Death is due to respiratory failure. Treatment
of poisoning consists of gastric lavage, administration
of saline cathartics and control of convulsions with
sedatives. Alkalies such as carbonates or hydroxides
increase the solubility of santoin and thus its absorption; for this reason they are to be avoided. It is
contraindicated in animals less than 8 weeks old.
Doses. H., 2 to 4 Gm. (l/2 to 1 drachm). Sh., 0.6
to 1 Gm. (10 to 15 grains). Sw., 0.15 to 1 Gm. (iy2
to 15 grains) ; it is common practice to administer
the smaller dose (0.15 Gm.) with calomel for swine
up to 70 lb. D., 15 to 200 mg. (^ to 3 grains). Cats,
6 to SO mg. (Ho to 24 grain) .
Scarlet Red
This dye has been employed in veterinary medicine
for the same purposes as indicated in Part I. A 4 per
cent ointment is usually used. If it is left on an ulcerated surface for more than 48 hours, marked irritation
may occur.
Scopolamine Hydrobromide (Hyoscine Hydrobromide, B.V.C.)
The narcotic effect of scopolamine on animals is too
variable for practical application (see Frohner and
Reinhardt, Lehrbuch der Arzneimittellehre fiir Tierarzte, Enke, 1937, pp. 104 to 105 and Solis-Cohen and
Githens, Pharmacotherapeutics, Appleton, 1928, p.
1836). Apparently both dogs and cats will show
sleepiness with small doses (0.5 mg.), but larger doses
(1 to 5 mg.) result in delirium. Clinical experience indicates that it cannot be relied upon as a cerebral
sedative in animals. It is occasionally administered in
combination with morphine as a preanesthetic narcotic for the dog. However, this combination has no
advantage over the morphine-atropine combination
which is more commonly employed.
Doses. H. & C, 10 to 50 mg. (XA to H grain).
D., 0.4 to 0.6 mg. (^50 to %oo grain).
Selenium
Although a suspension of selenium disulfide (q.v.)
has recently been used in the treatment of dermatoses
of dogs, the element is of interest primarily because
of the occurrence of selenium poisoning in livestock
in the "seleniferous" areas of Wyoming and South
Dakota (Moxon and Rhian, Physiol. Rev., 1943, 23,
305). The disease has also been reported from areas
in Montana, Nebraska, and Kansas and other states
in the Great Plains and Rocky Mountains have areas
of "seleniferous" soils. In acute poisoning death occurs
within a few hours or days after ingesting enough
selenium in weeds grown on soils rich in the element.
The signs of acute toxicity include tachycardia,
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dyspnea, bloating, cyanosis, prostration and death
from respiratory failure. Two forms of chronic poisoning are recognized; "blind staggers" and "alkali
disease." In the former type the animal begins to
wander in circles, becomes incoordinated and finally
dies after a period of paralysis. Although vision is impaired, blindness does not occur. "Alkali disease" (so
named because initially it was thought to be caused
by drinking water containing a high concentration of
alkali) occurs in livestock fed "seleniferous" grains
and grasses over a period of several weeks. It is characterized byloss of hair from the mane and tail, rough
hair-coat, weakness, anemia, emaciation, stiffness of
the joints, lameness and hoof lesions.
Selenium Disulfide
A 1 per cent suspension of selenium disulfide containing a detergent is used in treating nonspecific
dermatoses of dogs (and cats) such as "dry" and
"moist" eczema, fungus infections, scaling dermatoses
and skin lesions associated with louse and flea infestation (Majilton, North Am. Vet., 1952, 33, 483;
Phillips and Burkhardt, Vet. Med., 1952, 47, 286).
After instilling boric acid ophthalmic ointment into
the eyes and protecting the scrotum with a coating
of petrolatum, the hair coat is thoroughly wet with
water and 30 to 60 ml. of the emulsion worked into
the skin. The suspension is allowed to remain on the
skin for 5 minutes and then completely rinsed off with
water. One treatment kills fleas and lice. The treatment may be repeated at weekly intervals if necessary. Owing to its toxicity and irritant effects careful
rinsing from the skin of both the animal and operator
is essential. The operator should be cautioned to clean
under the fingernails to remove all of the suspension.
Senna
This cathartic is seldom used in veterinary practice.
Doses. Sw., 10 to 25 Gm. (2l/2 to 6l/A drachms).
D., 4 to 8 Gm. (1 to 2 drachms). Cats, 1 to 2 Gm.
(15 to 30 grains).
Silver Nitrate
This drug is rarely given internally in veterinarypractice.
Doses. H. & C, 0.5 to 2 Gm. (iy2 to 30 grains).
D., 10 to 50 mg. (% to 54 grain) .
Silver Oxide
Silver oxide is used in ointment or solution for general germicidal and parasiticidal purposes. In 5 per
cent dispersion in mineral oil it has proved effective in
destroying latent infections of the udder with mastitis
streptococci and in catarrhal mastitis due to these organisms (see Klein et al., Am. J. Vet. Res., 1941, 2,
145). For further information see Little and Plastridge,
Bovine Mastitis, McGraw-Hill, 1946, pp. 382 to 386).
Since the introduction of antibiotic therapy it has
been used rarely in bovine mastitis.
A colloidal dispersion of 5 per cent silver oxide in
petrolatum is used as an antiseptic ointment in superficial infected lesions of the skin and mucous membranes such as abscesses, ulcers, sores, conjunctivitis,
foul claw, and ringworm. In this form it will not stain
the skin or membranes owing to complete absorption
of the silver unless oxidizable organic compounds are
present such as phenolic compounds or essential oils
which promote deposition of metallic silver before
absorption is complete.
Colloidal silver oxide, 5 per cent, with cupric oxide,
2 per cent, in a petrolatum base has been employed
in the prophylaxis of calf scours. Three 1-Gm. doses
were given at 8-hour intervals, starting as soon as
possible after birth. In the treatment of calf scours
the dose is 2 Gm. 3 times a day for 2 to 5 days.
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Silver Picrate
Brown (North Am. Vet., 1942, 23, 247) reported
use of silver picrate in "granular" vaginitis of cows.
This treatment has been tried by other investigators
with favorable results (Folger, J.A.V.M.A., 1944, 104,
73; Jamieson, Vet. Rec, 1944, 56, 509). A 1 per cent
dispersion of silver picrate in kaolin is used. Five Gm.
of the preparation is insufflated into the vagina every
other day for a maximum of 3 treatments. Attempts
at breeding should be stopped during the period of
treatment.
Sodium Acetate
Recently sodium acetate has been suggested for the
treatment of bovine ketosis (Miller et al., J.A.V.M.A.,
1954, 124, 291; J. Dairy Sci., 1952, 35, 497; Tyznik
and Allen, North Am. Vet., 1952, 33, 242; Piper, Vet.
Med., 1952, 47, 303). From % to 1 pound is fed daily
to cows showing signs of the disease. Owing to the
variable clinical course of ketosis and the frequent
occurrence of spontaneous recoveries the value of this
therapy is difficult to assess. It is known that feeding
acetates in ruminants causes a slight increase in blood
glucose and that acetates apparently play a role in the
synthesis of milk fat (Miller et al., loc. cit., 1954).
However, other agents such as propionic acid raise
the blood sugar more effectively. Possibly the feeding
of this as well as salts of other fatty acids (e.g., see
ammonium lactate and sodium propionate) may prove
of unquestionable value in ketosis, but further work
is necessary to determine whether or not the effect
can compare favorably with other methods of treatment (see also propylene glycol and glycerin) .
Sodium Arsanilate
This arsenical has been used to treat strongyle infestation inhorses (see also Sodium Glycarsamate).
It is given intravenously to act on the encysted larvae
in the walls of the cecum and colon (Bergman, Am.
Vet. Rev., 1915, 47, 441; Frohner and Reinhardt,
Lehrbuch der Arzneimittellehre fiir Tierdrzte, Enke,
Stuttgart, 1946, p. 295). It has also been employed
in trypanosomiasis in horses (Frohner and Reinhardt,
loc. cit.). It is effective against Trypanosoma gambiense, but not against other forms of trypanosomes
(Jones, Veterinary Pharmacology and Therapeutics,
Iowa State College Press, Ames, Iowa, 1954, p. 549).
However, arsenicals are considered less effective than
antimony compounds in trypanosome diseases (Foster,
U.S.D.A. Yearbook Agric, 1942, p. 472). Blindness
has been reported following the use of this drug in
horses, and therefore it must be employed with caution. Its use in human medicine has been abandoned.
Sodium arsanilate has recently been reported of
value in swine enteritis (see Arsonic Acids). Boley
et al. (Cornell Vet., 1951, 41, 231) obtained good
clinical results in a small number of animals using a
dose which supplied approximately 120 mg. (2 grains)
of arsenic for each animal daily. This was given in
the drinking water for 6 days. Terry (Vet. Med., 1953,
48, 98) employed a combination of 12 mg. (*A grain)
of sodium arsanilate and 2 Gm. (30 grains) of
phthalylsulfathiazole per 20 to 30 pounds of body
weight as the initial treatment for enteritis. This
usually overcame the diarrhea, but 2 or 3 more daily
treatments of one-half this dose were given to prevent relapses.
Doses. H., 0.5 to 1 Gm. (7l/2 to 15 grains). D., 10
to 200 mg. (% to 3 grains). These doses are given by
Frohner and Reinhardt and are also suggested in the
American literature. The drug is administered subcutaneously or intravenously in a 5 to 10 per cent
solution. Sw., see text.
Sodium Bicarbonate
In young chickens a concentration of 0.6 per cent
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sodium bicarbonate in the drinking water may be
fatal and 2.4 per cent is toxic to adult birds (B.V.C.,
1953).
Doses. H., 25 to SO Gm. (6% to 12^ drachms).
C, SO to 100 Gm. (l2/3 to lYs ounces). Sh., G. &
Sw., 2 to 5 Gm. {l/2 to 1J4 drachms). D., 0.2 to
1 Gm. (3 to 15 grains).
Sodium
Bisphosphate
B.V.C.)

(Sodium Acid Phosphate,

This drug can be used to acidify the urine in
carnivora, but on the basis of present knowledge it
is not suitable for this purpose in herbivores (Milks,
Veterinary Pharmacology, Materia Medica, and Therapeutics, Alex. Eger, 1943, p. 410; Klein, Veterinary
Pharmacotherapeutics, Univ. Pennsylvania, 1946,
p. 136).
In cattle with hypophosphatemia an initial dose of
30 Gm. followed by IS Gm. twice daily is recommended, given intravenously or orally (B.V.C, 1953).
Doses. D., 0.3 to 1 Gm. (5 to 15 grains).
Sodium Bromid,e
Doses. H. & C, 25 to 50 Gm. (6% to uy2
drachms). Sh. & Sw., 2 to 5 Gm. (Y to 1%
drachms). D., 0.3 to 2 Gm. (5 to 30 grains).
Sodium Cacodylate
This is used internally in the same conditions as
arsenic trioxide (q.v.). Given hypodermically it is
less toxic than the inorganic arsenic (this is not true
if given by mouth because the acid gastric juice is
likely to rapidly free the arsenic) .
It is advocated by some workers in the treatment
of anaplasmosis of cattle, although its value has not
been proved by controlled experiments (Stiles, U.S.D.A.
Yearbook of Agric, 1942, p. 583; Boynton et al.,
North Am. Vet., 1937, 18, 29; Smith and Howell,
Vet. Med., 1944, 39, 377). Stauffer (North Am. Vet.,
1947, 28, 219) pointed out that although sodium
cacodylate was not effective in preventing death in
many animals when clinical signs of the disease had
already developed there was a decrease in mortality
rate when arsenicals were given before the Anaplasma
had attacked the erythrocytes. In any case the drug
cannot be considered an effective therapeutic agent in
bovine anaplasmosis.
Doses. It is administered parenterally (subcutaneously, intramuscularly, or intravenously) in sterile,
25 to 30 per cent solution. H. & C, 2 to 10 Gm. (30
to 150 grains). D., 60 to 300 mg. (1 to 5 grains).
Sodium Carbonate
Solutions of sodium carbonate are useful cleansing
and disinfecting agents for use around farm buildings
and animal quarters. It may be used in the form of
washing soda (6 per cent solution) or soda ash (2 per
cent solution) . It is seldom administered internally.
Sodium Chloride
Herbivora relish sodium chloride and for this reason
it provides a useful vehicle for the administration of
other drugs. It is needed in the diet of animals, and in
the case of the herbivora must be provided as a supplement to their diet since they require more than is
normally present in their usual feeds. It may be incorporated into their ration or a supply furnished to
which the stock can have free access. This will not
result in their eating too much unless they have previously received too little. Swine and poultry also need
salt, but not as much as the herbivores. Carnivora
usually receive sufficient salt from their food.
Sodium chloride is occasionally used as a laxative,
alone or in combination with magnesium sulfate, and
it is a useful saline stomachic.
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Increasing the salt content of the ration of chickens
will discourage feather picking and cannibalism. For
this purpose a concentration of 0.5 per cent is fed in
the mash for four or five days. This concentration
can be fatal to baby chicks (see Blaxland, Vet. J.,
1946, 102, 159) as can a concentration of 0.5 to 0.9
per cent in drinking water (Doll et al., Vet. Med.,
1946, 41, 361) so that it must be fed with care. In
concentrations higher than 2.5 per cent it is likely to
disturb digestion.
Salt poisoning has been reported in swine, cattle,
fowl, dogs (Wilkinson, Vet. Rec, 1952, 64, 565),
and other animals. Volker (Frohner's Lehrbuch der
Toxikologie f. Tierarzte, Enke, Stuttgart, 1950) gives
the following fatal doses of sodium chloride for domestic animals: cattle, 1.5 to 3 Kg.; horses, 1 to 1.5
Kg.; sheep and swine, 125 to 250 Gm.; dogs, 30 to
60 Gm. (3.7 Gm. per Kg. of body weight) ; chickens,
4.5 Gm. per Kg. of body weight. Usually animals
refuse to eat food with excessive salt content, but
nevertheless they occasionally ingest excessive amounts
under certain conditions (see Nichols, Lander's Veterinary Toxicology, Alex. Eger, 1945, p. 80 ff.).
Doses. Stomachic: H. & C., 25 to 50 Gm. (6*4
to 12^ drachms). C, 50 to 100 Gm. (l2/3 to 2>Yi
ounces). Sh. & Sw., 2 to 5 Gm. (Y2 to \% drachms).
D., 0.2 to 1 Gm. (3 to 15 grains). Laxative: It is
seldom used alone. The following doses may be given
with equal parts of magnesium sulfate: C, 200 to
300
Gm. (62/3 to 10 ounces). Sh., 30 to 60 Gm. (1 to
2 ounces).
Sodium Chloride Solution, Isotonic
This solution is used externally to cleanse wounds
and mucous surfaces, and administered per os and
parenterally to provide fluid without diluting the electrolyte concentration of the body fluids.
Sodium Citrate
Sodium citrate is employed as an anticoagulant
for the collection of blood and is the most commonly
used anticoagulant for the transfusion of blood.
When injected intravenously sodium citrate decreases clotting time. Doses of 2 to 7 ml. of a 10 per
cent solution have been used in dogs for this purpose.
Since the lethal dose of sodium citrate intravenously
in dogs is about 130 mg. per pound of body weight,
the dose must be adjusted so as not to approach this
amount.
Sodium Fluoride
Sodium fluoride is commonly used as an insecticide
in roach and ant powders. It is effective against
poultry lice as a dust containing 90 to 98 per cent
sodium fluoride. This is applied with a shaker or by
means of pinches distributed among the feathers. It
may also be used for poultry as a dip containing 22
to 30 Gm. (Y$ to 1 ounce) in each gallon of water.
For dipping pigeons it is desirable to add 30 Gm.
(1 ounce) of soap to insure complete wetting of the
feathers.
Sodium fluoride is sometimes added to sprays used
to eradicate ticks from infested areas. When used in
this manner it may harm vegetation.
Despite the poisonous character of this drug it is
employed as an anthelmintic for swine. Haberman
et al. (Am. J. Vet. Res., 1945, 6, 131) were the first
to report its use for this purpose, and others have
since confirmed its value (Allen, North Am. Vet.,
1945, 26, 661; Allen and Jones, ibid., 1946, 27, 358;
Turk and Hale, J.A.V.MA., 1948, 112, 363; Enzie,
Proc. Helminthol. Soc. Wash., 1949, 16, 11). Foster
et al. (Am. J. Vet. Res., 1948, 9, 379) presented an
excellent review on the status of sodium fluoride as
an anthelmintic for swine. It is particularly effective
against large roundworms
(Ascaris
lumbricoides,
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suis), removing up to 90 to ICO per cent of these
worms in experimental trials. Stomach worms (Ascarops strongylina) are also efficiently removed with
single doses of sodium fluoride. It is a more effective
ascaricide for swine than phenothiazine or chenopodium oil (Enzie et al., J.A.V.M.A., 1945, 107, 57).
Limited experience indicates that when sodium
fluoride is administered in doses of 2.5 Gm. (37^
grains) per 100 pounds of body weight to horses it
will remove a high percentage of ascarids (Todd et al.,
Am. J. Vet. Res., 1950, 11, 26). In these trials the
drug was given in tap water by way of a stomach
tube to horses which had not been previously fasted.
Moderate to severe diarrhea, hemoconcentration, leukocytosis, and hemolysis lasting for 72 hours were
observed in treated animals.
Trials with sodium fluoride as an anthelmintic for
chickens have shown it to be too toxic when employed
in effective doses (Enzie, Proc. Helminthol. Soc.
Wash., 1947, 14, 67; Edgar, Poult. Set., 1948, 27, 525).
Although experience with accidental poisoning from
roach and ant powders indicates its poisonous properties (see Nicholson, Lander's Veterinary Toxicology,
1945, p. 100), sodium fluoride is no more toxic for
swine than chenopodium oil or phenothiazine when
used as recommended. Foster et al. (loc. cit.) state
that instances of mild intoxication in pigs are fairly
numerous. Vomition, soft feces and diarrhea may be
seen in 6 to 10 per cent of animals receiving therapeutic doses of sodium fluoride. Bain {Vet. Med.,
1953, 48, 124) reported the occurrence of fatalities
due to hemorrhages in pigs which had been treated
with sodium fluoride and then castrated 1 week later.
This important clinical observation needs further
study since it is known that sodium fluoride in vitro
will prevent coagulation of blood. The treatment of
swine with sodium fluoride does not constitute a
public health hazard. Foster et al. (loc. cit.) indicate
that the trace amounts of fluorine found present in
the tissues could have no undesirable effect on the
consumer.
Doses. Sw., 1 part of sodium fluoride by weight
is mixed with 99 parts of dry, ground feed. This mixture is fed for one day only; the animals -should have
no other source of feed. The swine feeder should know
definitely how many pounds of ground feed is consumed by the herd on an average day immediately
preceding medication. Feed may be withheld from
swine on the evening preceding treatment but prolonged fasting is undesirable. From one-half to threefifths of the normal daily amount of feed is -selected
for mixture with sodium fluoride. This method avoids
some wastage of feed since the medicated mixture is
less palatable and the animals will consume less of it
than unmedicated feed. The feeder should be instructed not to attempt salvage of any uneaten medicated feed or to mix it with water to increase its
palatability.
The sodium fluoride must be thoroughly mixed in
feed and where a large herd of swine is to be treated
a mixing mill is recommended. Only dry feed should
be employed since liquid feeds increase the toxicity
of the drug (Turk and Hale, loc. cit.) . Dry medicated
feed is unpalatable and provides a safety factor
against the animal's ingesting too much sodium
fluoride. However, a disadvantage in using dry feed
is that many animals are accustomed only to moistened
feed and will eat the dry mixture only when starved.
This is undesirable for pigs being fed for market. For
this and other reasons, sodium fluoride has not found
universal acceptance as an anthelmintic for swine
(Jones, Veterinary Pharmacology and Therapeutics,
1954, Iowa State College Press, Ames, Iowa, p. 507).
The commercial grade of sodium
fluoride commonly available in the United States is 94 to 97 per
cent pure, but it is measured for anthelmintic pur-
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poses as if it were 100 per cent pure. In the British
Isles and Australia the commercial grade of sodium
fluoride contains approximately 73 per cent sodium
fluoride, and the weighed amount used in preparing
medicated feeds is slightly more than that used in the
United States (Jones, loc. cit.). Roberts (Australian
Vet. J., 1947, 23, 82) indicates that the individual
oral dose of sodium fluoride by capsule is 0.1 to 0.15
Gm. (\2/i to 2l/2 grains) per pound of body weight
of commercial sodium fluoride of 73 per cent purity.
Sodium Fluoroacetate (Compound 1080)
This compound is toxic to all classes of livestock
and its use as a rodenticide can lead to fatalities in
man and animals (Jensen et al., Am. J. Vet. Res.,
1948, 9, 370; Schnautz, J.A.VM.A., 1949, 114, 435;
Frick and Boebel, Vet. Med., 1946, 41, 196). In addition Marais (Onderstepoort J. Vet. Sci., 1944, 20,
67) found that monofluoroacetic acid is the toxic principle in the plant Dichapetalum cymosum ("Gifblaar")
which is a livestock hazard in South Africa. Chenoweth (Pharmacol. Rev., 1949, 1, 383) reviewed the
pharmacological action of monofluoroacetic acid and
related compounds and compiled information on the
toxicity of these substances in animals. Fluoroacetate
compounds are much more toxic to dogs than to man,
rats, domestic herbivores and poultry. In dogs the
oral LD50 is 0.06 mg. per Kg. while in other domestic
mammals it ranges from 0.2 to 2 mg. per Kg. and in
chickens from 5 to 7 mg. per Kg. Death results from
convulsions and respiratory failure or cardiac injury
with ventricular fibrillation. In dogs poisoned with
fatal doses of fluoroacetate death may be prevented
by controlling the convulsions with phenobarbital
(50 mg. per Kg. subcutaneously) and pentobarbital
(15 and 5 mg. per Kg. intravenously and intraperitoneally) given in repeated doses as needed (Tourtellotte and Coon, /. Pharmacol, 1951, 101, 82).
Barbiturate therapy must be started within 3 hours
after ingestion of the poison. Chenoweth et al.
(J. Pharmacol., 1951, 102, 31) point out that fluoroacetate prolongs the anesthetic action of barbiturates
in dogs and rabbits from 2 to 4 or more times the
usual duration. These workers also found that monoacetin (70 per cent glyceryl monoacetate) is an effective antidote in experimental fluoroacetate poisoning
in dogs if it is given over a sufficiently long period
(e.g., 0.5 ml. per Kg. intramuscularly every 30 minutes for 19 doses) and started 1 hour after administration of the toxic dose.
Sodium Fluosilicate
This compound is related to sodium fluoride and
is a satisfactory substitute for the latter in insecticidal
dips. It is too coarse to be used as a dust.
Sodium fluosilicate is apparently not a suitable
substitute for sodium fluoride as an anthelmintic for
swine (Habermann et al., Am. J. Vet. Res., 1945,
6, 131).
Sodium Glycarsamate, B.V.C. (Glycarsamide)
Sodium glycarsamate, an organic arsenical closely
related to sodium arsanilate (q.v.), is used as an.
anthelmintic in the treatment of equine strongyloidosis.
It may be- administered mixed with sugar and given
in the feed. Bran mash should be fed for 2 meals
before and after medication. The dose should be repeated in one week.
Doses. H., 8 to 24 Gm. (2 to 6 drachms). Foals,
4 to 8 Gm. (1 to 2 drachms).
Sodium Glycerophosphate
This was formerly used as a so-called "nervine
tonic" based on the false assumption that it acts as
a specific nutrient for nervous tissue.
Dose. D., 300 mg. (5 grains).
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Sodium Hydroxide
This is useful in the form of lye (94 per cent
NaOH) as a disinfectant for use around farm buildings and animal quarters. Two per cent solutions
are usually used; 5 per cent for disinfection against
anthrax. A 2 per cent solution may be made by adding
1 pound of lye to 5y2 gallons of water. It is effective
against viruses of foot and mouth disease, hog cholera,
and the organisms of fowl cholera, bacillary white
diarrhea of chicks, and anthrax spores (Tilley,
US.D.A. Yearbook of Agric, 1942, p. 184), and many
other organisms.
Sodium Iodide
This is used in the treatment of actinomycosis and
actinobacillosis in cattle. Potassium iodide has been
used for years given by mouth (see Potassium Iodide),
but recently single doses of sodium iodide administered intravenously have given good results and only
1 dose is required in many cases (Farquharson,
J.A.V.M.A., 1937, 91, SSI; Anderson, Vet. Rec, 1940,
52, 166; and Pullar, Australian Vet. J., 1939, 15, 104).
The dose used is '30 Gm. (1 ounce) of sodium iodide
dissolved in 480 ml. (1 pint) of water per 4S0 Kg.
(1000 lb.) body weight, injected slowly intravenously.
This treatment is more effective when only the soft
tissues are involved. The injection is stopped if dyspnea or rapid weak heart action develops. Intravenous
sodium iodide has also been recommended in the
treatment of widespread ringworm in cattle (B.V.C.
1953) and cats (Sudduth, J.A.VMA., 19S5, 126, 211).
Sudduth (loc. tit.) reported the treatment of three
cats with lungworm (Aelurostrongylus abstrusus) infection with the intravenous injection of 2.S ml. of a
20 per cent sodium iodide solution 3 times at 5-day
intervals. In each case the results were dramatic and
the author feels that this treatment warrants further
clinical trial.
Radeleff (JA.V.MA., 1946, 109, 129) reported
favorable results in a limited number of cases of
equine encephalomyelitis with sodium iodide therapy.
The dose used was S Gm. {ll/2 grains) per 100 lb. of
body weight administered intravenously, well diluted
with water, and repeated on the third day if necessary.
This work requires further confirmation.
It is also employed as an expectorant. See Potassium Iodide for further discussion of the iodides.
Doses. H. & C, 4 to 10 Gm. (1 to iy2 drachms).
Sh. & Sw., 1 to 3 Gm. (IS to 45 grains). D., 100 to
600 mg. (V/2 to 10 grains).
Sodium Nitrite
The most important use of sodium nitrite in veterinary practice is as an antidote for hydrocyanic acid
poisoning (see discussion under Hydrocyanic Acid,
Diluted). It is sometimes employed to relieve spasms
of the smooth muscle of the digestive and urinary
tracts and as a circulatory depressant.
Doses. H. & C, 1 to 2 Gm. (15 to 30 grains).
D., 60 to 120 mg. (1 to 2 grains).
Sodium OrfAo-phenylphenate
This chemical is extensively used as a sanitary
disinfectant. It occurs as a readily soluble, grayish,
brownish, or white powder which must be kept in a
closed container to prevent decomposition. It is not
highly poisonous. Being free from objectionable odor,
it is suitable for use around dairy barns and is permitted in official disinfection in tuberculosis eradication work.
For use it should be added to water in the proportion of 1 pound to 12 gallons of water. This solution
must be applied hot in order to be effective. (See
Pope, US.DA. Farmers' Bull. 954.)
OriAo-phenylphenol has a low acute oral toxicity
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for rats (LD50 2.7 Gm. per Kg.) and dogs will
tolerate up to 0.5 Gm. per Kg. daily for 1 year
(Hodge et al., J. Pharmacol., 1952, 104, 202).
Sodium Phenolsulfonate
The phenolsulfonates have been used as intestinal
antiseptics, in dusting powders for ulcers and slowly
granulating wounds, and in 1 per cent solution in the
eye for their supposed disinfectant action. Since it has
been demonstrated that they have no antiseptic action
their value is nil.
Doses. H. & C, 4 to 8 Gm. (1 to 2 drachms).
D., 120 to 300 mg. (2 to 5 grains).
Sodium Phosphate
This has been recommended as a laxative for foals
and calves.
Doses. H., 500 Gm. (1 pound). C, 500 to 750
Gm. (1 to \y2 pounds). Calves, 25 to 50 Gm. (6% to
12^ drachms). D., 4 to 8 Gm. (1 to 2 drachms).
Sodium Propionate
The bacteriostatic, fungistatic, and fungicidal activity of sodium propionate has been found useful in the
treatment of local bacterial and mycotic infections in
animals. Tucker {Vet. Rec, 1952, 64, 95) employed
ointments containing 5 and 15 per cent sodium propionate, a10 per cent aqueous solution, a 5 per cent
vaginal cream, a 5 per cent ophthalmic solution, and
a 5 per cent ophthalmic ointment in treating various
local infections in dogs and cats including purulent
conjunctivitis, mucopurulent vaginitis, balanitis, otitis
externa, local wound infections, and various dermatoses. He concluded that sodium propionate preparations were satisfactory for most of the conditions
treated and that they are valuable for initial routine
therapy. The 15 per cent ointment was irritating in
one case of otitis externa in a dog, but when the pH
was adjusted to that of the canine skin no further
irritation occurred. Tucker considers the ophthalmic
preparations superior to penicillin ophthalmic ointment in purulent conjunctivitis and definitely superior
to sulfonamides, oxyquinoline, silver nitrate, yellow
mercuric oxide and zinc sulfate (see also Theodore,
JAMA., 1950, 143, 226; North Am. Vet., 1950,
31, 519).
Oral administration of sodium propionate is of
some value in the treatment of ketosis in cows
(Schultz, Cornell Vet., 1952, 42, 148; Farm Res., 1952,
18, 9; Proc. 1952 Cornell Nutr. Conf. for Feed Mfg.,
p. 79). Oral doses of from 0.13 to 0.5 pound daily are
given. Recovery is reported within 10 days in most
cases. Since it is unpalatable if more than 2 ounces are
fed in the grain, the drug often must be given in
capsule or as a drench. This and the relatively slow
response are disadvantageous. Since ketotic cows often
recover spontaneously the usefulness of this as well
as other recently introduced methods of therapy cannot be assessed as yet (see also sodium acetate, ammonium lactate, propylene glycol, and glycerin).
Sodium Salicylate
Sodium salicylate is used as an antipyretic, particuin large animals, and in the treatment of articularlarlyrheumatism.
Doses. H. & C, 25 to 50 Gm. (6K to 12%
drachms). D., 0.25 to 1 Gm. (4 to 15 grains).
Sodium

Sulfate

Sodium sulfate is a popular saline cathartic, and it
is the one most frequently used for the horse.
Doses. H., 250 to 1000 Gm. (y2 to 2 pounds).
C, 500 to 1000 Gm. (1 to 2 pounds). D., 10 to 25
Gm. (2J4 to 6J4 drachms).
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Sodium Thiosulfate
The status of sodium thiosulfate as a therapeutic
agent is not clear. It is an old remedy for gastric and
intestinal flatulence in horses and cattle. It is recommended in arsenic, mercury, and iodine poisoning,
injected intravenously and used to make up solutions
for gastric lavage. Whether it will combine with these
poisons in the tissues is not known, although there is
some evidence that it will not (see Part I) . It is valuable in cyanide poisoning (see Hydrocyanic Acid,
Diluted for further discussion) and Piercy (/. Comp.
Path., 1946, 56, 237) indicates that it is of some worth
in arsenical poisoning in cattle. For arsenic and other
metallic poisoning the following doses have been suggested: 8to 12 Gm. (2 to 3 drachms) for horses and
cattle, 1 to 2 Gm. (15 to 30 grains) for sheep, and
0.5 to 1 Gm. (7^2 to IS grains) for dogs, given intravenously in 10 to 30 per cent solution. These doses
may be repeated twice at 6-hour intervals. However,
recent experimental studies {North Am. Vet., 1950,
31, 26) in rabbits poisoned with arsenicals and mercury failed to show any protective action of sodium
thiosulfate. Similarly, it apparently has no value in
arsenical dermatitis in man.
Sodium thiosulfate is used in the so-called Russian
mange treatment (Demianovitch, Bull. Inst. Vet.
Dermat., Moscow). The medicinal agents consist of
a 60 per cent solution of sodium thiosulfate and a 5
to 10 per cent solution of hydrochloric acid. The
affected areas are clipped, washed with soap and
water, and allowed to dry completely. The sodium
thiosulfate solution is applied and allowed to dry for
2 or 3 hours. Then the hydrochloric acid solution is
applied. Several hours later the treatment may be
repeated, three treatments being given in severe cases.
Frick (personal communication), using a saturated
sodium thiosulfate solution and a 1 to 5 per cent
hydrochloric acid solution, found this treatment
effective against fleas, lice, sarcoptic mange, and of
some value in demodectic mange of the dog. He states
that it is not a cure-all, but is of value as a supplement to other treatments. Scheidy (personal communication) found that certain cases of chronic dermatitis with alopecia in the dog will respond to repeated treatment with this method.
Doses. H. & C, 15 to 60 Gm. i}/2 to 2 ounces).
D., 0.2 to 1 Gm. (3 to 15 grains).

Doses. D., 0.2 to 0.3 Gm. (3 to 5 grains). Squill
Syrup. H., 15 ml. {]/2 fluid ounce). D., 2 to 4 ml.
(^2 to 1 fluidrachm). Compound Squill Syrup. DM 0.3
to 2 ml. (5 to 30 minims) .
Stibophen
Stibophen or fuadin is used to treat Dirofilaria
immitis (heartworm) infestations in the dog. An
effective course of treatment will result in the disappearance ofmicrofilaria from the peripheral circulation, sterilization of the adult female worms, and
perhaps ultimate destruction of some of the adults in
the heart. The drug is quite toxic; the dosage must
be carefully controlled, and administration must be
temporarily or permanently discontinued if toxic
symptoms appear. Its use is contraindicated in the
presence of heart, liver, or kidney disease. For further
details regarding the use of fuadin the following references may be consulted: Wright and Underwood,
Vet. Med., 1934, 29, 234; North Am. Vet., 1936, 17,
39; Schnelle and associates, North Am. Vet., 1945,
26, 155.
If proper precautions are observed, 90 per cent of
heartworm cases can be cured after 1 or 2 courses of
treatment, but a mortality rate of about 5 per cent
may be expected (Price and Harwood, U.S.D.A.
Yearbook of Agric, 1942, p. 1172).
Stibophen has been tried for the treatment of hair
lungworm (Ekeophora schneideri) in sheep dermatosis (Kemper, North Am. Vet., 1938, 19, 36) and
trypanasomiasis in horses.
Dosage and Administration. The doses originally suggested by Wright and Underwood (1934) are
still employed (see accompanying schedule) . A 6.3 per
cent solution is usually used, administered intravenously or intramuscularly. The intravenous route
possesses no advantage over the intramuscular route
(Schnelle, 1945), and the latter route is to be preferred where intravenous injection is difficult or the
condition of the animal demands careful control of
dosage. In dogs beyond the weight in the dosage scale
Schnelle (1945) did not exceed 2.5 ml. intramuscularly
or 3 ml. intravenously, initial dose; the maximum
dose used was 3.5 ml. intramuscularly and 6 ml.
intravenously. (See table below.)

Storax
This is used in canine practice as a parasiticide,
combined with 4 parts of petrolatum.

Squill
Squill is occasionally used in bronchitis of the dog
as a nauseant expectorant. However, safer expectorants are now preferred. It is rarely prescribed in heart
disease in animals.
DOSAGE

SCHEDULE

OF 6.3 PER

Stramonium
This drug is seldom used in veterinary practice.
Dosage. H., 2 to 8 Gm. (yi to 2 drachms). D., 60
CENT

SOLUTION

OF STIBOPHEN

(Suggested by Wright and Underwood)
INTRAMUSCULAR

Under
22 to
33 to
44 to
Over

22 lb
33 lb
44 lb
55 lb
55 lb

0.5
1.0
1.0
1.5
2.0
Day
1st

Weight of Dog

Under 22 lb
22 to 33 lb
33 to 44 lb
44 to 55 lb
Over 55 lb

INJECTION

Daily Dose
1st 6 Days
ml.

Weight of Dog

ml.

0.5
1.0
1.5
2.0
2.5

2019

Daily Dose
Daily Dose After
2nd 6 Days
2nd 6 Days
ml.
ml.

Day
Day

Day
Day
INTRAVENOUS INJECTION
3rd
ml.
5th
7th
ml.
1.0
ml.

1.0
0.5
1.5
2.0

0.5
1.0

1.5
2.0

1.5
2.0

2.5

2.5

2.5
3.5

1.0
1.5
1.5Day
2.0
Day
2.5

1.0
1.5
2.0
Day
2.0
2.5

8th

9th

10th

12th

1.0
1.5
ml.
2.0
2.5

1.5

1.5

2.5
2.0
3.5

2.5
2.0

1.5
ml.
2.0
2.5

3.5

5.0

ml.

ml.

3.5
5.0

5.0
3.5
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Stramonium

to 300 mg. (1 to 5 grains). Stramonium Tincture.
H., 8 to 15 ml. (2 to 4 fluidrachms). D., 0.12 to 1.3
ml. (2 to 20 minims).
Streptokinase and Streptodornase
A mixture of these enzymes is used to aid in the
resolution of exudates containing pus and fibrin
(Archibald and Hodgson, Can. J. Comp. Med. and
Vet. Sci., 1953, 17, 238). Krai (J.A.V.M.A., 1954, 124,
373) employed these enzymes and pancreatic dornase
in the treatment of equine sinusitis. The advantage
of the method is that only a small opening, large
enough to admit a hypodermic needle or polyethylene
tubing, is needed. The enzyme solutions (streptodornase, 200,000 units; streptokinase, 50,000 units) are
introduced into the affected sinus and allowed to
remain 24 hours. Then the sinus is flushed with saline
solution and local antibiotic therapy is started. In
this way the trephining operation may be avoided in
certain cases. Scheidy et al. {Proc. 91st Ann. Mtg.
A.V.M.A., 1954, 394) found enzyme solutions useful
in purulent otitis in dogs; sinusitis in horses; mastitis,
abscesses, and traumatic pericarditis in cattle. Wolf
{Lancet, 1953, 1./297) pointed out that in the treatment of infected wounds aqueous solutions of urea
(20 per cent or more) are cheaper and as effective as
the more costly enzyme preparations.
See also Chymotrypsin and Pancreatic Dornase.
Streptomycin and Dihydrostreptomycin
In clinical and experimental studies the streptomycins have been found useful in actinomycosis,
shipping fever, calf scours, calf pneumonia, coliform
mastitis (intramammary infusion), vibriosis (intrauterine administration), and for controlling bacterial
contamination in diluted bull semen in cattle; septicemic infections of foals; enteritis and mastitis in
swine; leptospirosis, secondary bacterial infections
associated with distemper, urinary tract infections,
certain types of dysentery and otitis externa in dogs;
secondary bacterial infections associated with infectious panleukopenia in cats; infectious sinusitis
and Erysipelothrix rhusiopathice infection in turkeys;
pullorum disease and tuberculosis in chicks ; and ulcerative enteritis in quail.
It is of value in bovine mastitis caused by coliform
{Escherichia and Aerobacter sp.) organisms (Schalm,
Cornell Vet., 1948, 38, 186; Schalm and Woods,
J.A.V.M.A., 1952, 120, 385; Lipman, JA.V.MA.,
1948, 112, 377) and streptococcic and staphylococcic
mastitis responds to penicillin and dihydrostreptomycin in combination (Schalm and Wood, Am. J.
Vet. Res., 1952, 13, 26; Bryan et al., North Am. Vet.,
1950, 31, 20; Cooper et al., North Am. Vet., 1950, 31,
656). Actinomycosis (Kingman and Palen, JA.VMA.,
1951. 118, 28; Redmond, North Am. Vet., 1952, 33,
417; Stauffer, J.A.V.M.A., 1952, 121, 180) and actinobacillosis (Stauffer, loc. cit.) in cattle can be controlled with streptomycin, the injections being made
around the periphery of the lesions. Easterbrooks and
Plastridge {J.A.VM.A., 1950, 117, 388) found that
intrauterine infusion of this antibiotic assists in overcoming sterility associated with vibriosis and that
bull semen treated with streptomycin (500 micrograms per ml.) would not produce vibrionic infection
in recipient cows {Am. J. Vet. Res., 1952, 13, 145).
The addition of the drug is capable of increasing the
fertility of the diluted semen (Easterbrooks et al.,
J. Dairy Sci., 1950, 33, 737; Stewart et al., Vet. Rec,
1951, 63, 609). The combination of penicillin with
streptomycin is superior to either alone in inhibiting
bacterial growth in bull semen (Almquist et al.,
J. Dairy Sci., 1949, 32, 83). Calf pneumonia (Vigue,
J.A.VM.A., 1947, 111, 389), and shipping fever in
cattle (Handler, North Am. Vet., 1951, 32, 699) respond to streptomycin therapy.
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Ringen et al. {J.A.V.M.A., 1955, 126, 272) in experiments with calves infected with Leptospira pomona
found that 5 mg. per pound of body weight of dihydrostreptomycin, given intramuscularly, every 12
hours for 3 days would eliminate leptospiruria for
at least 45 days (the maximum period of observation).
In field cases 7 mg. per pound of body weight given
by 1 injection daily for 3 days failed to eliminate
leptospiruria.
Doll and Hull {J.A.V.M.A., 1950, 116, 370) found
that streptomycin is effective in the treatment of
Shigella equuli infection in newborn foals and that it
alone or in combination with penicillin will prevent
infection in congenitally weak individuals.
In experimental and field trials (Salisbury et al.,
J.A.V 'MA., 1951, 118, 176) streptomycin given orally
as individual doses or in the feed reduced the severity
of swine dysentery, and unthrifty pigs with persistent
diarrhea were benefited by streptomycin-medicated
feed (Whitehair et al., Vet. Med., 1951, 46, 83). Doyle
{J.A.V. MA., 1954, 124, 195) found that streptomycin
given in the drinking water for 2 days in doses of
0.5 to 2 Gm. (average 0.7 Gm.) per pig reduced
weight losses and mortality from swine dysentery.
Results were poor when the drug was mixed with the
feed instead of the water. When given intramuscularly
3 times during the first month of fife it reduced the
incidence of infectious atrophic rhinitis in pigs but did
not completely control the disease (Jones, JA.V.MA.,
1952, 121, 192).
McManus {Univ. Penna. Vet. Ext. Quart., 1948,
No. 112, 12) successfully treated E. coli mastitis in
a goat with intramammary infusions of streptomycin.
Experimental studies have shown that in dogs
chronic renal infections with leptospira can be cured
with streptomycin (Brunner and Meyer, Proc. S. Exp.
Biol. Med., 1949, 70, 450; Brunner, North Am. Vet.,
1949, 30, 517) and it is suggested that the drug is also
useful in acute infections (Green, North Am. Vet.,
1950, 31, 535). Dysentery in dogs associated with
Proteus organisms responds to streptomycin therapy
(Craige, Calif. Vet., 1948, 1, 22; Gilbert, Australian
Vet. J., 1953, 29, 168) but it is not effective when
coccidia, giardia, or spirochetes are the causative organisms. Acombination of dihydrostreptomycin with
kaolin, pectin, and alumina is reported to be of value
in many types of canine gastroenteritis encountered
clinically (Batory and Huebner, Cornell Vet., 1952,
42, 3). Secondary bacterial infections following distemper in dogs and infectious panleukopenia in cats
are benefited by streptomycin alone or combined with
penicillin (Kellberg, Vet. Med., 1947, 42, 220; Eads,
North Am. Vet., 1951, 32, 32; Venzke and Smith, in
Waksman, Streptomycin, Williams and Wilkins, 1949;
Davidson and Stocking, Vet. Med., 1952, 37, 99).
Local streptomycin therapy has been used in chronic
cystitis (Sherman, North Am. Vet., 1950, 31, 533)
and chronic otitis externa (Dick and Chappell, Vet.
Rec, 1951, 63, 333) in dogs.
Experimental Erysipelothrix rhusiopathice infections in turkeys were controlled with streptomycin
(Grey, Vet. Med., 1947, 42, 216) and there are numerous reports of its value in infectious sinusitis in this
species (Olson, JA.VMA., 1951, 118, 174; Barron,
Vet. Rec, 1952, 64, 65). Experimental pullorum disease of baby chicks can be prevented (Gwatkin, Can.
J. Comp. Med. and Vet. Sci., 1950, 14, 157) and
treated (Benson, Vet. Med., 1947, 42, 72) with the
drug, and experimental ulcerative enteritis in quail responds to it (Kirkpatrick et al., Am. J. Vet. Res.,
1952, 13, 99 and 102). Hens with coryza infectiosa
gallinarum type II were successfully treated with dihydrostreptomycin (De Blieck, Vet. Rec, 1950, 62,
787). Basing their work on De Blieck's trials, Bornstein et al. {JA.VMA., 1955, 126, 215) found that
doses of 0.2 Gm. of streptomycin per bird were effec-
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tive against infectious coryza of chickens caused by
Hemophilus gallinarum. Although avian tuberculosis
is controlled by slaughter, Solotorovsky et al. (Ann.
N. Y. Acad. Set., 1949, 52, 696) demonstrated experimentally that the streptomycins can effect cures in
the chick.
Streptomycin was the first antibiotic shown to be
effective against experimental tularemia and Venzke
and Smith (loc. cit.) reported a possible case in a dog
which recovered rapidly with therapy. Kennedy (Can.
J. Comp. Med and Vet. Sci., 1950, 14, 49) reported
prompt recovery following streptomycin administration in Shigellia paradysenterice infection in fox pups.
When incorporated in the feed in concentrations of
20 to 50 Gm. per ton for pigs and 25 Gm. or more
per ton for chicks a growth response is produced
(Braude et al., Nutr. Abst. and Rev., 1953, 23, 473).
Starr and Reynolds (Am. J. Publ. Health, 1951, 41,
1375) reported occurrence of streptomycin-resistant
coliform bacteria in turkeys fed streptomycin in the
diet and Heilman (Ann. Rev. Microbiol., 1953, 7,
219) pointed out the danger of creating drug-fast
enteric pathogens in the poultry population.
The relationship between dosage and serum level
has been studied in the horse, ox, and dog by Gratzl
and Szumlakowski (Wien. Tierarztl. Monatsschr., 1953,
40, 547) ; in horses by Doll and Wallace (Vet. Med.,
1948, 43, 410) ; in cattle by Hammond (J.A.V.M.A.,
1953, 122, 303), Edwards and Haskins (/. Comp.
Path, and Therap., 1953, 63, 53), and Hughes and
Farmer (Vet. Rec, 1950, 62, 265) ; in sheep by Doll
and Wallace (Vet. Med., 1949, 44, 70) ; in goats by
Edwards and Haskins (loc. cit.) ; in dogs by Venzke
and Smith (loc. cit.) ; in chickens by Bornstein and
Samberg (Am. J. Vet. Res., 1954, 15, 607); and in
turkeys by Huebner et al. (J.A.V.M.A., 1952, 121,
187).
Streptomycin and dihydrostreptomycin are active
against many gram-negative and some gram-positive
organisms. In experimental tuberculosis in animals
they are effective (Feldman and Karlson, in Waksman,
loc. cit.) although they have not been employed clinically to any extent for this purpose. One of the disadvantages of streptomycin therapy is the relative
ease, compared with other antibiotics, with which resistant organisms are developed. For this reason it is
important to give adequate doses and switch to another antibiotic if the infection is not overcome
promptly.
The signs of streptomycin toxicity are restlessness,
impairment of respiration, loss of equilibrium, convulsions, and coma (Molitor and Graessle, /. Pharmacol., Pt. II, 98, 21). Repeated parenteral administration of doses from 50 to 400 mg. per Kg. of body
weight may produce neurotropic effects. Cats and dogs
are more sensitive than rabbits, guinea pigs, rats, and
mice. Venzke and Smith (loc. cit.) observed transient
damage to the eighth cranial nerve (vertigo) in a dog
which was given 10 mg. per pound of body weight at
6-hour intervals for 14 days. Doses of 100 to 150 mg.,
parenterally, are toxic for young chicks and poults.
Doses. The following doses have been reported in
the literature and should be considered tentative. H.,
intramuscular, 2 to 4 mg. (Ym to Yi5 grain) per
pound of body weight every 3 hours. Foals, 5 mg.
(V12 grain) per pound of body weight every 3 hours.
C, intramuscular, 2 to 5 Gm. (30 to 75 grains) daily;
intramammary infusion, 500 mg. (V/2 grains) in 50
ml. of diluent per quarter twice daily; intrauterine
infusion, 1 Gm. (15 grains) in 15 ml. of sterile water.
Calves, 1 to 7 weeks of age, intramusadarly , 1 Gm.
(15 grains) daily in four 250-mg. (4 grains) doses. Sh.,
intramuscular, 2 to 4 mg. (Yso to Y\z grain) per pound
of body weight every 3 hours. Sw., intramuscular,
1 to 2 Gm. (15 to 30 grains) per 100 pounds body
weight daily, in divided doses. D., intramuscidar,
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5 to 10 mg. (Yt2 to Yd grain) per pound of body
weight every 4 hours; oral, 300 mg. (5 grains) daily
in 5- to 8-pound puppies and 1 Gm. (15 grains) daily
in 20- to 35-pound dogs. Chicken, intramuscular,
100 to 200 mg. (1^2 to 3 grains) per bird. The dose
of 200 mg. will cause unconsciousness and some deaths,
especially in weak birds and in young (e.g., 8-weekold) chickens (Bornstein et al., J.A.V.M.A., 1955, 126,
215). Baby chicks, subcutaneous, 2.5 to 5 mg. (V24
to Y12 grain) at 12-hour intervals. Turkeys, 100 mg.
(V/2 grains) into infected sinuses, using a concentration of 150 to 500 mg. per ml.
On the basis of their experiments with subcutaneous
doses in animals Gratzl and Szumlakowski (loc. cit.)
recommend the following doses given subcutaneously
in a 33 to 50 per cent aqueous solution: H., 5 mg.
per Kg. (Y-28 grain per pound) of body weight every
24 hours. C, 5 mg. per Kg. (Y28 grain per pound)
every 48 hours. D., 50 mg. per Kg. (Yz grain per
pound) every 24 hours for sensitive organisms and
every 12 hours for resistant organisms. These subcutaneous injections produced slightly painful (painless in cattle) local swellings. The dose recommended
in dogs caused general depression, muscle tremor, and
moderate hyperthermia in normal animals and marked
hyperthermia in animals with distemper and leptospirosis.
Strontiurn-90
Wheat (Proc. 91st Ann. Mtg. A.V.M.A., 1954,
37) has used beta irradiation in the form of strontium-90 to treat corneal epithelioma in Hereford
cattle. Strontium-90 encased in a stainless steel probe
is applied directly against the lesion (after local anesthetic infiltration) for an exposure period of 5 minutes which produces a dosage of 25,000 roentgen
units. This is sufficient to produce regression of these
epitheliomas.
Strophanthin-K
Doses. The dose usually recommended for the horse
and ox is 10 mg. (Yb grain) intravenously, but this
quantity is dangerous (Klein, Veterinary Pharmacotherapeutics, Univ. Pennsylvania, 1946, p. 62) and it
is recommended that fractional doses be given of not
more than 1 to 1.5 mg. (%o to Yio grain) at a time,
the total quantity not to exceed 10 mg. (Y> grain).
D. The dose for the dog is stated to be 0.25 to 0.5
mg. (^250 to V120 grain), intravenously.
Strophanthus
Strophanthus is used for the same purpose as
digitalis (q.v.).
Doses. Strophanthus Tincture. H., 10 to 25 ml.
(2Y2 to 6% fluidrachms) . D., 0.2 to 0.3 ml. (3 to
5 minims) .
Strychnine
Through its action on the medullary centers strychnine may stimulate respiration and elevate the blood
pressure. The clinical value of this action is limited
because the doses required may cause convulsions. In
depressed states such as barbiturate poisoning respiratory stimulation may be produced and the spinal
stimulant action may be of some value. However,
there are more reliable analeptic drugs available.
Eckenhoff et al. (J. A.M. A., 1949, 139, 780) in discussing the analeptic value of strychnine point out
that since it has its principal effect on the spinal cord
it cannot successfully combat most central depressants
because their action is on the medulla and higher
centers. When tested as an analeptic experimentally
strychnine has proved inferior to picrotoxin or leptazol. Eckenhoff (loc. cit.) states that the only possible
rational use strychnine could have in analeptic therapy would be as an adjunct to other analeptics to
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improve muscle tone, and this seems insufficient reason
for continuing its use. Studies on unanesthetized and
narcotized dogs (Abreu and Woodbury, J. Pharmacol.,
1943, 78, 321) indicated that convulsant doses do not
change the blood pressure until the nervous or muscular component of the convulsion is present. The
effects on blood pressure in convulsions are complex
so that it may be little changed or marked changes
(increase and/or decrease) may occur. Asphyxia is the
chief cause of respiratory depression following strychnine convulsions.
Although there is experimental evidence that strychnine parenterally will increase the muscular activity
of the small intestine of dogs (Yonkman, /, Pharmacol., 1929, 37, 339) this effect is moderate and
there is no good evidence that it is of clinical value.
Orally strychnine is a bitter and like other bitters
improves the appetite. This action probably accounts
for its asserted value as a so-called tonic. Since less
dangerous bitters are just as effective there is no
justification for the use of this drug to increase the
appetite.
Strychnine preparations are widely used in veterinary practice. This is true despite the fact that there
is no crucial proof that strychnine possesses any important therapeutic effects which cannot be produced
more reliably with other safer remedies. Because the
therapeutic dose so closely approaches the toxic, harmful convulsions and fatal results inadvertently attend
its use.
Owing to its obvious effects on the central nervous
system strychnine has been advised for any condition
in which increased spinal and medullary reflex sensitivity would seem to be of value. Thus it has been
recommended in muscular paralysis of various types,
general depression, debility, as an analeptic, in the
chronic stages of post-distemper nervous sequellae, etc.
Its use has become so strongly entrenched that some
practitioners resort to no other means of stimulating
the central nervous system.
Because the drug is dangerous, because there is no
good evidence that it has therapeutic value in the
conditions for which it is employed, and because when
it is used other more effective and less dangerous
remedies are not likely to be employed strychnine
should be abandoned as a therapeutic agent.
Strychnine is absorbed from the small intestine.
Gastric absorption occurs in some species (e.g., dog)
but is absent in others (e.g., rabbit) . Absorption from
subcutaneous and intramuscular sites is rapid. At
least one-fourth of the dose is detoxified, mainly in
the liver. Some of the drug is stored in loose combination. Excretion in the urine begins promptly and
part of the dose is eliminated unchanged. Removal is
fairly rapid and minimal fatal doses do not produce
permanent damage if divided and given over a period
of 12 hours.
Strychnine poisoning is most common in small animals. According to Nicholson (Lander's Veterinary
Toxicology, 3rd ed., 1946, Eger, p. 118) strychnine is
the most common source of poisoning among domestic
animals. This is attributed to its general sale and use
as a rodenticide. Because of its ready availability it is
one of the most frequent agents used in cases of
malicious poisoning. Certain cathartic pills and socalled "tonics" contain strychnine. Cases of fatal poisoning have occurred when this has been overlooked
and these pills have been given to small puppies and
kittens (Vet. Rec, 1949, 61, 121). Since the value of
strychnine in "tonic" cathartic pills is probably nil
and the danger of poisoning great it is suggested that
the use of such pills be discontinued. The signs of
strychnine poisoning usually appear suddenly. Increased reflex response is first noticed, twitching of
the muscles of the extremities then occurs, followed
by generalized, symmetrical convulsions. The con-
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vulsions are clonic at first but soon become tonic when
fully developed. Although tetanus theoretically might
be confused with strychnine poisoning the two conditions are quite distinct clinically. The chief difference between strychnine poisoning and tetanus is that
in the former the tetanic convulsion is followed by
more or less complete relaxation while in the latter
the muscles are almost continually in a state of contraction. Increased body temperature is more frequently seen in tetanus than in strychnine poisoning.
Occasionally differential diagnosis is difficult; in such
cases treatment for strychnine poisoning should be
started.
The fatal subcutaneous dose of strychnine is 0.7S
mg. per Kg. for man, cat and dog. Rabbits are somewhat more susceptible and fowl less so (Nicholson,
loc. cit. and Sollmann, Manual of Pharmacology, 7th
ed., 1948, Saunders, p. 200).
The treatment of strychnine poisoning should be
aimed at controlling the convulsions, preventing
asphyxia, and stopping or slowing further absorption
of the drug. The convulsions may be controlled by
the use of general anesthetics, given to effect. For
small animals pentobarbital sodium is probably the
best agent since it is usually available and most practitioners are familiar with its use. It should be given
intravenously until the convulsive seizures are controlled. Intraperitoneal administration in divided doses
may be used where the intravenous route cannot be
employed. Sollmann (loc. cit.) has pointed out, and
veterinary practitioners have discovered independently,
that convulsions may be allayed by placing the hands
on the animal or by gentle rhythmic movement as in
artificial respiration. This manipulation apparently
acts by reducing fright reflexes. For this reason gentle
restraint facilitates the use of intravenous injections.
Immediate control of the convulsions may be effected
by the use of inhalant anesthesia. Chloroform is preferred because of its rapid action and easy induction.
In large animals chloral hydrate and/or magnesium
sulfate intravenously are useful. Treatment should be
continued with narcotics as indicated. During the
convulsive seizure gentle artificial respiration to prevent asphyxia is doubly valuable since the manipulation tends to reduce the number of seizures. Such
treatment alone has been successful where no other
treatment was possible.
Absorption from the gastrointestinal tract may be
slowed by activated charcoal (15- to 30-Gm. doses in
the dog), strong iodine tincture (dog, S to 10 drops
in 60 to 100 ml. of water) or tannic acid (dog, Yi teaspoonful in 60 ml. of water). The oxidizing agent
potassium permanganate is considered the most useful
chemical antidote (dog, 30- to 60-ml. doses of a
1:1000 solution). The value of such antidotes is
greatly limited since the drug usually has been absorbed before treatment is begun.
Animals may relapse into fatal convulsions after
apparently complete recovery (Sollmann, loc. cit.,
p. 194). Convulsions may occur on the second or third
day after poisoning. It is thought that this delayed
action is the result of the release of strychnine which
has been impounded in the liver and muscles (Thienes
and Haley, Clinical Toxicology, 2nd ed., 1948, Lea &
Febiger, p. 42).
Strychnine Hydrochloride and Sulfate
Doses. Always begin with the minimum dose; it
may be increased if desired. H. & C, 15 to 60 mg.
(lA to 1 grain) subcutaneously. D., 0.3 to 1 mg. (}4oo
to Yeo grain) subcutaneously. Slightly larger doses
are given orally.
Succinylcholine
This drug rapidly paralyzes skeletal muscles, acting,
like acetylcholine and decamethonium, by causing
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depolarization at the neuromuscular junction. Its
paralyzing effect is preceded by a brief stimulation
which causes transient muscular fasciculations. Owing
to its mechanism of action (depolarization), which is
opposite that of curare, it is not opposed by neostigmine and other agents which may be used as antidotes for curare. Since, qualitatively, it acts in the
same way as acetylcholine, the cholinesterase inhibiting antidotes for curare (e.g., neostigmine, eserine)
enhance and prolong its effects.
Recently, several workers investigated the use of
succinylcholine as a means of restraint in large animals. Hansson and Edlund (Nord. Vet.-Med., 1954,
6, 671) used succinylcholine iodide in over 200 horses.
The effective dose was 0.17 mg. per Kg. given intravenously. The horses usually went down quietly and
were unable to move their extremities for 4 or 5
minutes. Apnea of brief duration usually occurred.
Belling and Booth (J.A.V.M.A., 1955, 126, 27; Proc.
91st Ann. Mtg. A.V.M.A., 1954, 379) studied the
pharmacodynamic action of succinylcholine chloride
on 15 horses. The minimum intravenous dose capable
of causing recumbency was 0.03 mg. per pound of
body weight and the dose range which caused recumbency but did not paralyze respiration was from
0.03 to 0.09 mg. per pound. These authors do not
recommend clinical use of the drug unless means for
administering artificial respiration is available. Stowe
(Cornell Vet., 1955, 45, 193) studied the action of
succinylcholine in 30 horses. He found that the average dose given by rapid intravenous injection (3 to 10
seconds) needed to restrain a horse was 0.15 mg. per
Kg. and the toxic range 0.5 to 1 mg. per Kg. In his
trials the period of apnea lasted from 1.5 to 2.5 minutes and breathing always began spontaneously with
therapeutic doses.
Stowe (loc. cit.) found cattle much more susceptible to succinylcholine than horses, presumably because
of their relatively low plasma cholinesterase activity.
He stated that the approximate effective dose in cattle
is about Vio that in horses and that the margin of
safety between relaxant and fatal doses is narrow.
Hansson and Edlund (loc. cit.) in preliminary trials
on cattle determined that 0.03 mg. of succinylcholine
iodide per Kg. of body weight, given intravenously,
would immobilize the limbs without causing respiratory arrest. To prevent aspiration of rumen contents
these authors found it necessary to occlude the
esophagus by inflating a rubber balloon introduced
into the esophagus through the nose.
In dogs 0.06 mg. of succinylcholine iodide per Kg.
intravenously is sufficient to cause muscular relaxation and doses exceeding 0.07 mg. per Kg. usually
cause respiratory arrest (Hansson and Edlund, loc.
cit.).
Unfortunately there is no chemical antidote for
succinylcholine, although artificial respiration is usually sufficient to sustain life until enough drug is detoxified to permit resumption of respiration.
Succinylsulfathiazole
This sulfonamide is poorly absorbed from the gastrointestinal tract and therefore acts chiefly on the
contents of the bowel. It is reported to be useful in
bacillary dysenteries and paradysenteries in the dog
and cat (Bryan, J.A.V.M.A., 1943, 102, 22) particularly in puppies, calf scours (Thorp et al., J.A.V.M.A.,
1944, 104, 274), and necrotic enteritis in swine (Kernkamp, J.A.VM.A., 1945, 106, 1). Bryan (loc. cit.)
states that it is indicated in food poisoning cases.
Severe watery diarrhea or constipation should be
remedied in order to get desired results. Gerundo's
(Arch. Pathol., 1948, 46, 128) experiments demonstrated that 500 mg. (7.7 grains) daily in the feed
prevented liver coccidiosis in rabbits fed oocysts by
mouth.
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Doses. The daily dose range for animals is 214 to
500 mg. per Kg. (V/i to ZYi grains per pound) of
body weight daily given in 3 to 5 divided doses.
Sulfabenzamide
(Nl-Benzoylsidfanilamide)
Florestano and Bahler (J.A.V.M.A., 1952, 121, 474)
studied the in vitro activity of nine sulfonamides
against a variety of organisms frequently encountered
in diseases of domestic animals and found that
sulfanilamide, sulfacetamide, and sulfabenzamide had
the weakest antibacterial properties of the group. The
activity of sulfabenzamide was equal to sulfacetamide
but greater than sulfanilamide. Florestano et al.
(North Am. Vet., 1953, 34, 17) studied the sulfonamide blood levels attained in dogs, swine, and cattle
following administration of this sulfonamide. With
doses of 1.4 grain per pound of body weight intravenously therapeutically adequate blood levels were
no longer present after 8 hours in swine and cattle,
although the blood levels in the dog were adequate at
this time. It was not retained nearly as well as
sulfamerazine and sulfamethazine. From the standpoints of antibacterial activity and persistence in the
blood stream this sulfonamide is inferior to sulfamerazine and sulfamethazine.
Although it has been used clinically in a variety of
animal diseases there are few documented reports on
its value and effectiveness under conditions of practice. Further study is required before it can be evaluated, but at present there seems little to recommend
it over more widely used sulfonamides such as sulfamerazine and sulfamethazine.
Doses. Daily doses of 60 mg. (1 grain) per pound
of body weight have been recommended, although on
the basis of available information it is doubtful that
adequate blood levels will be maintained with these
doses in swine, cattle, and dogs.

Sulfacetamide
This acetyl derivative of sulfanilamide is rapidly
excreted in the urine, where it reaches relatively high
concentrations, and it penetrates tissues quickly. These
properties coupled with its high solubility and relatively low pH in solution recommend its use in urinary
infections, where the possibility of renal damage is
minimized, and locally in eye infections where it
penetrates well and irritates little. Francis et al.
(J. Comp. Path. & Therap., 1947, 57, 162) found that
sodium sulfacetamide solution is nonirritant when injected into the udder, and 2 experiments indicate it
is fairly persistent. In sheep more free sulfonamide
is excreted in the urine when sulfacetamide is given
than when sulfanilamide is administered (Alexander,
Vet. Rec, 1943, 55, 217).
The drug has been used more in Europe than in the
United States, especially in small-animal practice
(Gratzl, in Wirth, Lexikon der prakt. Therapie u.
Prophylaxie f. Tierarzte, Urban u. Schwarzenberg,
Vienna, 1948, p. 954; Niemand, Berliner u. Miinchener
Tierdrztl. Wchnschr., 1942, 65; Georgi, Deutsche
Tierdrztl. Wchnschr. u. Tierdrztl. Rund., 1944, 234).
The toxicity of this sulfonamide is relatively low.
Dogs showed no reaction when fed 500 mg. per Kg.
daily for up to 136 days (Volker, Frohners Lehrbuch
der Toxikologie f. Tierarzte, Enke, Stuttgart, 1950).
Niemand (loc. cit.) fed this amount to 2 dogs without any evidence of renal damage.
Doses. D., 250 to 500 mg. per Kg. (1^4 to 3^
grains per pound) of body weight daily in divided
doses. Eye infections are treated with 2.5 to 30 per
cent solutions instilled into the conjunctival sac every
2 hours or with 10 per cent ointment.
Sulfadiazine
Sulfadiazine has been used less than the other sulfapyrimidines in veterinary medicine. Studies of Thorp
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(J.A.V.M.A., 1945, 106, 75) and Jones (Am. J. Vet.
Res., 1947, 8, 14) indicate that it is effective in calf
pneumonia and has approximately the same therapeutic value as sulfathiazole (perhaps slightly less) in
this condition.
Anticoccidial activity in chickens has been reported
(Horton-Smith and Taylor, Vet. Rec, 1942, 54, 516;
Ripsum and Herrick, J. Parasitol., 1945, 31, 98)
against Eimeria tenella.
Doses. H., C, Sh., Cats, total daily dose, 143 mg.
per Kg. (1 grain per pound) ; initial dose, 214 mg.
per Kg. (1.5 grains per pound); maintenance dose,
71 mg. per Kg. (0.5 grain per pound) ; dose interval,
12 hours. Sw., D., total daily dose, 143 mg. per Kg.
(1 grain per pound); initial dose, 214 mg. per Kg.
(1.5 grains per pound) ; maintenance dose, 47 mg. per
Kg. (0.33 grain per pound) ; dose interval, 8 hours.
Sulfadiazine Sodium
The soluble sodium salt may be administered intravenously in dilute solution.
Doses. One-half the calculated daily dose may be
given intravenously followed by the remainder of the
dose of sulfadiazine orally.
Sulfaguanidine
This sulfonamide was introduced into veterinary
therapeutics for use in intestinal infections because
of its slow absorption from the gastrointestinal tract.
Subsequently, phthalyisulfathiazole and succinylsulfathiazole, also poorly absorbed, were found to be less
toxic and more effective. It has been largely replaced
by other sulfonamides for use against coccidial infections in poultry.
Earlier studies demonstrated its effectiveness in calf
scours, infectious enteritis in swine (sometimes combined with nicotinic acid), and coccidiosis in poultry,
swine, sheep and cattle (see U.S.D. 24 and Detweiler
and Scheidy, Advances in Vet. Science, Academic
Press, 1953, 1, 75 for references).
Bankowsky (.4m. /. Vet. Res., 1950, 11, 130) obtained experimental evidence that sulfaguanidine acts
upon the schizogonous stages of E. tenella. He found
the rate of absorption from the gastrointestinal tract
in chickens quite variable in individual birds and that
doses of 1 Gm. or more per Kg. were toxic (Am. J.
Vet. Res., 1948, 9, 85).
Doses. Calves, for prevention of calf scours newborn calve? may be given 2.5 Gm. (37.5 grains)
initially, then doses of 2.5 Gm. at 12-hour intervals
for 3 days and half this amount on the fourth day.
For treatment of calf scours in 50- to 100-pound
calves daily doses of 1 to 2 Gm. (15 to 30 grains) per
10 pounds of body weight in divided amounts every
12 hours, reduced on the fourth and successive days
to one-half this amount. Sw., daily doses, infectious
enteritis, 0.75 to 1.5 Gm. (12 to 22 grains) per 10
pounds of body weight, administered twice a day in
divided doses for at least 6 days; coccidiosis, daily
doses, 1 Gm. (15 grains) per 10 pounds of body
weight, may be given in the feed. Lambs, coccidiosis,
daily doses, 1 to 1.5 Gm. (15 to 22 grains) per 10
pounds of body weight given for 2 to 7 days in young
and for 7 to 10 days in older animals. It may be
administered in the feed. Poultry, coccidiosis, 1 per
cent in the mash fed intermittently for 3 periods of
1 day each with an interval of 4 days between each
feeding of the medicated mash; 0.5 to 1 per cent in
the mash fed continuously for 3 or 4 days. D. and
Cats, 143 to 214 mg. per Kg. (1 to 1.5 grains per
pound) of body weight daily in 2 or 4 divided doses.
Sulfamerazine
In horses sufamerazine is effective in certain bacterial respiratory infections (Scheidy, Cornell Vet.,
1948, 38, 40), strangles (Bryan, J.A.V.MA., 1946,
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109, 57), wound infections, fistulous withers and
pollIt evil.
has been used with reported success in cattle in
acute mastitis (both locally and systemically), hemorrhagic septicemia (McAuliff, J.A.V.MA., 1947, 110,
314; Walker and Edmonds, Vet. Med., 1949, 44,
415), calf pneumonia (Roberts and Kiesel, J.A.V.M.A.,
1948, 112, 34), calf diphtheria (Walker and Edmonds, loc. cit.), infectious pododermatitis (Candlin,
J.A.V.MA., 1947, 111, 278) and actinobacillosis
(Walker and Edmonds, loc. cit.).
Francis {Vet. Rec, 1947, 59, 131) suggests sulfamerazine against pasteurella infections associated with
sheep.
pneumonia and pasteurella mastitis ("blue bag") in
The infections of swine which have responded to
this sulfonamide include pneumonia (alone, Edmonds,
Vet. Med., 1948, 43, 460; and combined with sulfamethazine, Walker and Edmonds, J.A.V.MA., 1950,
117, 467), and postoperative inguinal abscesses
(Bryan, loc. cit.) .
Sulfamerazine is active against secondary bacterial
invaders in distemper (Bryan, loc. cit.) and in pneumonia (Detweiler and Scheidy, Adv. in Vet. Science,
Academic Press, 1953, 75) of dogs and against the
rickettsia-like agent believed responsible for "salmon
poisoning"
120, 293). (Cordy and Gorham, JA.VMA., 1952,
Various bacterial infections of cats associated with
feline influenza (Bryan, loc. cit.), coryza (Eads,
North. Am. Vet., 1949, 30, 244), and panleukopenia
respond to the drug.
Hepatic (Peterson, Vet. Med., 1950, 45, 170) and
intestinal (Bryan, loc. cit.) coccidiosis of rabbits can
be treated with sulfamerazine.
Among the diseases of poultry which respond to
sulfamerazine therapy are intestinal coccidiosis (Pomeroy, Vet. Med., 1950, 45, 277), fowl cholera, and
fowl typhoid (Alberts, Am. J. Vet. Res., 1950, 11,
414 and 421). In pullorum disease, fowl typhoid and
paratyphoid infections the mortality rate is reduced,
permitting the development of a salvage program
(Pomeroy, loc. cit.).
Doses. H., C, Sh., Sw., D., and Cats, total daily
dose, 143 mg. per Kg. (1 grain per pound); initial
dose, 214 mg. per Kg. (1.5 grains per pound) ; maintenance dose, 71 mg. per Kg. (0.5 grain per pound)
every 12 hours. Poultry, 0.4 to 0.5 per cent in the
feed; 0.1 to 0.2 per cent in the drinking water.
Rabbits, total daily dose, 286 mg. per Kg. (2 grains
per pound) ; initial dose, 143 mg. per Kg. (1 grain per
pound) ; maintenance dose, 71 mg. per Kg. (0.5 grain
per pound) even- 6 hours.
Sulfamerazine Sodium
The soluble salt is employed intravenously in the
treatment of infectious pododermatitis of cattle and
to establish immediately effective blood levels in
severe infections. It is also employed to make solutions for administration to poultry via the drinking
water and for udder infusion.
Doses. Poultry, 0.1 to 0.2 per cent in the drinking water.
Sulfamethazine
This sulfapyrimidine has been shown to be effective in pneumonia and strangles (Rogers, Vet. Med.,
1947, 42, 363), fistulous withers and poll evil (White,
Mich. State Coll. Vet., 1949, 10, 8) of horses and in
navel ill (Schofield, Can. J. Comp. Med., 1948, 12,
305) of foals.
In cattle it is used locally to treat mastitis, hemorrhagic septicemia (Roberts and Kiesel, JA.VMA.,
1948, 112, 34), pneumonia of calves and adults
(Christian, Vet. Med., 1948, 43, 518; Case, JA.VMA.,
1948, 113, 348), calf diphtheria (Hayes and Wright,
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J.A.V.M.A., 1949, 114, 80), infectious pododermatitis (Lindley, J.A.V.M.A., 1948, 113, 465; Case,
loc. cit.) and metritis (Case, loc. cit.).
Pasteurella mastitis in sheep may be helped with
sulfamethazine (Tunnicliff, Vet. Med., 1949, 44, 498).
Swine diseases such as infectious enteritis (Thorp
and Straley, Proc. 50th Ann. Mtg. U. S. Livestock
Sanit. Assn., 1946, 235), pasteurellosis (Fox and
Burkhart, Vet. Med., 1947, 42, 379) ; Larsen, Vet.
Med., 1948, 43, 231), pneumonia (Thorp and Straley,
loc. cit.) and navel ill in suckling pigs (Chapman,
Vet. Rec, 1947, 59, 626), respond to the drug.
In dogs sulfamethazine is effective against bacterial
infections complicating distemper and in pneumonia.
"Salmon poisoning" of dogs, which is thought to be
caused by a rickettsia-like agent, will respond to sulfamethazine therapy (Cordy and Gorham, J.A.V.M.A.,
1951, 118, 305).

Hepatic (Horton-Smith, Vet. J., 1947, 103, 207)
and intestinal (Muir, in Worden, The Care and Management ofLaboratory Animals, Williams & Wilkins,
Baltimore, 1947) coccidiosis in rabbits can be controlled with sulfamethazine.
This sulfonamide is useful in the control and treatment of coccidiosis in chickens and turkeys (Wilson,
Vet. Rec, 1951, 63, 373; Davies and Kendall, Vet.
Rec, 1954, 66, 19). It may be used as a salvage
measure in fowl cholera and infectious coryza (Pomeroy, Vet. Med., 1950, 45, 277) although Delaplane
(J.A.V.M.A., 1949, 115, 40) stated that it is of questionable value in established cholera infections.
In mink sulfamethazine is of value in generalized
infections including enteritis.
Doses. H., C, Sh., Sw., and Cats, total daily
dose, 107 mg. per Kg. (0.75 grain per pound) of
body weight; initial dose, 214 mg. per Kg. (1.5 grains
per pound) of body weight; maintenance dose, 107
mg. per Kg. (0.75 grain per pound) of body weight
given every 24 hours. D., total daily dose, 143 mg.
per Kg. (1 grain per pound) of body weight; initial
dose, 214 mg. per Kg. (1.5 grains per pound) of body
weight; maintenance dose, 70 mg. per Kg. (0.5 grain
per pound) of body weight given every 12 hours.
Poultry, 0.4 to 0.5 per cent in the feed.
Sulfamethazine Sodium
The soluble salt of sulfamethazine is employed for
making solutions for intravenous injection, intramammary infusion, and for administering the drug in
drinking water.
Doses. Poultry, 0.1 to 0.2 per cent in the drinking
water.
Sulfanilamide
Sulfanilamide, because of its relatively low antibacterial potency (Maclay and Slavin, J. Comp.
Path, and Therap., 1947, 57, 218; Florestano and
Bahler, J.A.V.M.A., 1952, 121, 474) is considered
inferior for systemic use to sulfonamides with a broad
antibiotic spectrum (e.g., sulfamerazine and sulfamethazine), some of which are also less toxic. Francis
(Vet. Rec, 1947, 59, 131) pointed out, however, that
in certain streptococcal infections, such as joint-ill
in lambs and certain respiratory diseases in horses, the
evidence indicates that sulfanilamide is about as effective as the heterocyclic compounds.
Sulfanilamide produces fairly persistent blood levels
in horses and is active against Group C hemolytic
streptococci. These bacteria are often involved in the
common respiratory diseases of horses, such as
strangles, pharyngitis, bronchitis, and occur as secondary invaders in virus-caused respiratory diseases
such as equine influenza. In enteric and septicemic
diseases of foals various gram-negative organisms are
likely to be involved which are not very susceptible
to sulfanilamide. Thus in horses it has been used with
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success in respiratory infections (Seymour and Stevenson, Army Vet. Bull., 1942, 36, 81), strangles (Steck,
Schweiz. Arch. Tierh., 1940, 82, 343; Krill, Vet. Med.,
1944, 39, 243), and various wound infections.
The streptococci usually causing chronic mastitis
are susceptible to sulfanilamide and oral administration in affected cows will restore abnormal milk to
normal appearance in over half the cases, but the
udders remain infected (Stableforth et al., Vet. Rec,
1942, 54, 639). Sulfanilamide in mineral oil (38 per
cent emulsion) infused into the udder (about 40 ml.
per quarter) daily for 4 days is effective against
catarrhal streptococcal mastitis and has been used
widely with success (Kakavas et al., Am. J. Vet.
Res., 1942, 3, 274; Edwards et al., Vet. Rec, 1948,
60, 45) although antibiotic preparations now are preferred. In acute mastitis heterocyclic sulfonamides are
superior for local and systemic use
Because of its relatively high solubility sulfanilamide is useful for local application when this is
warranted. A mixture of 1 part of marfanil with 9
parts of sulfanilamide has been widely employed in
Europe as a wound powder; 3 or 4 parts of sulfanilamide may be mixed with 1 part sulfathiazole for the
same purpose. The value of the local use of sulfonamide powders in wound therapy is questioned because they delay healing and often fail to prevent
infection. However, in contaminated wounds of farm
animals, infectious pododermatitis of cattle, infectious
keratoconjunctivitis of cattle, and otitis externa of
dogs their successful use has been frequently reported.
In clean surgical wounds and minor wounds they
are not recommended (see Detweiler and Scheidy,
Adv. in Vet. Science, Academic Press, 1953, 75).
Doses. H., C, and Sw., total daily dose, 143 mg.
per Kg. (1 grain per pound) of body weight; initial
dose, 143 mg. per Kg. (1 grain per pound) of body
weight; maintenance dose, 70 mg. per Kg. (0.5 grain
per pound) of body weight every 12 hours. D. and
Cat, total daily dose, 214 mg. per Kg. (1.5 grains per
pound) of body weight; initial dose, 143 mg. per
Kg. (1 grain per pound) of body weight; maintenance dose, 107 mg. per Kg. (0.75 grain per pound)
of body weight every 12 hours.
Sulfapyrazine
This drug has not become important in veterinary
practice although it is a potent coccidiostatic agent.
A concentration of 0.1 per cent in the drinking
water protects chickens from experimental Eimeria
tenella infection (Horton-Smith and Boyland, Poultry Sci., 1946, 25, 390; Horton-Smith, Proc. 8th
World's Poultry Cong., 1948; Asplin et al., Biochem.
J., 1946, 40, II-III) and 1 per cent in the feed is
effective against experimental salmonellosis in chicks
but not in poults (Pomeroy, J.A.V.M.A., 1948, 112,
296). See also Detweiler and Scheidy, Adv. in Vet.
Science, Academic Press, 1953, 1, 75). In rabbits fed
sporulated oocysts of Eimeria stiedce light infections
were checked with a concentration of 0.25 per cent
sulfapyrazine in the food (Horton-Smith, Vet. J.,
1947, 103, 207) and no evidence of toxicity was
noted.
Florestano et al. (North Am. Vet., 1953, 34, 17)
compared blood concentrations of various sulfonamides in dogs, swine, and cattle. They noted in the
dog and pig that sulfapyrazine produced high and
sustained blood levels not equaled by any other sulfonamide. They felt it was unfortunate that this
drug was not available for use.
Sulfapyridine
The antibacterial activity of this sulfonamide compares favorably with that of sulfamerazine and sulfamethazine (Maclay and Slavin, /. Comp. Path. &
Therap., 1947, 57, 218; Florestano
and Bahler,
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J.A.V.M.A., 1952, 121, 474) but the latter, being less
toxic, are generally considered superior for clinical
use.
In early studies it proved effective against a variety
of animal diseases including calf pneumonia (Jones,
Am. J. Vet. Res., 1947, 8, 14; Thorp, J.A.VM.A.,
1942, 100, 225), pneumonia and other respiratory
infections in dogs and cats (Kirk, Index of Treatment
in Small Animal Practice, Williams & Wilkins, 1948),
calf diphtheria (Farquharson, J.A.V.MA., 1942, 101,
88; Kingman and Stansbury, North Am. Vet., 1944,
25, 671), necrotic rhinitis in pigs (Adams, Vet. Med.,
1944, 39, 461), and infectious pododermatitis of
cattle (Forman et al., J.A.V.M.A., 1947, 111, 208).
Doses. H., C, Sh., D., and Cats, total daily dose,
143 mg. per Kg. (1 grain per pound) of body weight;
initial dose, 143 mg. per Kg. (1 grain per pound) of
body weight; maintenance dose, 70 mg. per Kg. (0.5
grain per pound) of body weight every 12 hours.
Sw., total daily dose, 143 mg. per Kg. (1 grain per
pound) of body weight; initial dose, 214 mg. per Kg.
(1.5 grains per pound) of body weight; maintenance
dose, 143 mg. per Kg. (1 grain per pound) of body
weight every 24 hours.
Sulfapyridine Sodium
This is employed for making solutions for intravenous injections.
Sulfaquinoxaline (2-Sulfanilamidoquinoxaline)
Relatively persistent blood levels are produced following oral administration of sulfaquinoxaline. In the
dog following a single oral dose it can be detected in
the blood for as long as 104 hours (Seeler et al.,
J. Pharmacol., 1944, 82, 357) and in the chicken up to
112 hours (Schlenker and Simmons, Am. J. Vet. Res.,
1950, 11, 291). The percentage bound to protein in
the plasma is high amounting to 90 per cent in rats
(Silbef and Clark, Arch. Biochem., 1946, 10, 9) and
up to 85 per cent in chickens (Bankowski and Johnson, Am. J. Vet. Res., 1949, 10, 282). The drug is
excreted into the intestine, appearing in the feces, and
via the kidneys.
Sulfaquinoxaline will control and prevent outbreaks
of cecal coccidiosis (Eimeria tenclla, Wilson, Vet.
Rec, 1951, 63, 373) and can be used to prevent
intestinal coccidiosis (E. necatrix) in chickens. It
may also be used to control coccidiosis in turkeys
(Moore, Cornell Vet., 1949. 39, 223; Wilson, loc. cit.)
and is of value in acute and chronic fowl cholera
(Pomeroy, Vet. Med., 1950, 45, 277).
When an outbreak of cecal coccidiosis (E. tenella)
occurs in chickens sulfaquinoxaline may be added to
the feed in a concentration of 0.1 per cent or put
in the water in a concentration of 0.025 per cent. The
medicated mash is then fed for 3 periods of 2 days
each with an interval of 3 days between each course
of the drug (Pomeroy, loc. cit.). This is a 2-3-2-3-2day schedule covering a period of 12 days during
which time, in mild outbreaks, the disease is usually
controlled and immunity developed by the birds. In
severe outbreaks the concentration in medicated water
may be increased to 0.04 per cent and in mild ones
where medicated feed is used the concentration may
be reduced to 0.05 pr cent for the second- and thirdday course. If bloody droppings appear in a few
days following the treatment lack of immunity is
indicated and the 2-3-2 schedule may be repeated as
necessary.
When it is desirable to use the drug as part of a
prophylactic regimen it may be fed continuously at
a concentration of 0.0125 per cent or medicated water
provided containing 0.0066 per cent. When so used
losses up to 1 per cent from the disease and the oc-
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currence ofa few bloody passages should not be taken
to mean that the drug is failing (Pomeroy, loc. cit.).
Another prophylactic schedule, intermittent in nature,
consists of feeding a concentration of 0.05 per cent in
the feed or 0.025 per cent in the water for 2 days
out of each 5, starting 1 week before an outbreak is
expected and continuing for 4 weeks. This plan is
based on the observation that many outbreaks occur
when the chickens are 4 to 6 weeks old.
In intestinal coccidiosis of chickens (E. necatrix,
etc.) it is recommended that the drug be used prophylactically using a continuous or intermittent schedule as outlined in the preceding paragraph. Medication is continued until the birds are put on clean
range or until 4 days prior to marketing.
The coccidia which infect turkeys (E. meleagridis
and E. meleagrimitis) are susceptible to sulfaquinoxaline. In outbreaks Pomeroy (loc. cit.) recommends
feeding it in mash at a concentration of 0.02 per
cent or in the water at a concentration of 0.01 per
cent until death loss stops and then continued at
one-half these concentrations for a period of 10 days
to 2 weeks. Moore (loc. cit.) found that a concentration of 0.31 per cent in the mash given 1 day out
of 4 for 3 treatments effectively controlled the disease.
In acute fowl cholera (Pasteurella multocida) a
concentration of 0.05 per cent in the mash is recommended (Pomeroy, loc. cit.) for 2 days, repeated at
4-day intervals as needed. A concentration of 0.033
per cent in the feed is of value in chronic fowl
cholera, although the birds do not develop immunity
and recurrence of the disease is likely.
Boney (Am. J. Vet. Res., 1951, 12, 134) found that
while sulfaquinoxaline would not prevent the further
spread of fowl typhoid (Salmonella gallinarum) in
breeder turkeys, it effectively reduced the mortality
rate when given in the water at a concentration of
0.04 per cent for 2 or 3 days and then continued at a
level of 0.025 per cent until the birds were marketed,
134 days later.
When sulfaquinoxaline is given to birds that are
to be marketed for human consumption the drug
should be discontinued 4 days before they are killed
to permit elimination.
This sulfonamide has been little used in domestic
animals other than poultry. In experimental trials in
rabbits hepatic coccidiosis (E. stiedae) was prevented
(Chapman, Vet. Med., 1948, 43, 375) and infected
animals benefited (Peterson, Vet. Med., 1950, 45,
170). The latter suggested that the drug be given in
the drinking water in a concentration of 0.025 to
0.03 per cent.
Eveleth et al. (Vet. Med., 1949, 44, 304) treated
field cases of pasteurellosis in 12 swine and 21 little
pigs with daily doses of 1 grain per pound (approximately 143 mg. per Kg.) of body weight. Apparently
the treatment was of value and a dose of J^ grain
per pound twice daily for 3 or 4 days d;d not produce signs of toxicity.
Dunlap (Southwest Vet., 1949, 2, No. 3 (March),
44) treated 8 calves with coccidiosis (E. zurnii) with
oral doses of 0.1 grain per pound (approximately 14
mg. per Kg.) of body weight daily for 3 days and all
recovered rapidly. Frank (North Am. Vet., 1949, 30,
238) recommends the use of sulfaquinoxaline enemas
(1 teaspoonful in a quart of water) in conjunction
with sulfamerazine in bovine coccidiosis.
Sulfaquinoxaline causes hypoprothrombinemia
which may be prevented by vitamin Ki. Presumably
this results from hepatic dysfunction, although anatomical lesions are not evident (Mushett and Seeler,
J. Pharmacol., 1947, 91, 84). Death from fatal hemorrhages has been reported in the dog (Seeler et al.,
J. Pharmacol., 1944, 82, 357). It has been shown to
produce kidney damage (nephrolithiasis) in rats and

Part III
monkeys when the plasma concentration exceeds 10
mg. per 100 ml. (Seeler, loc. cit.) and acute interstitial nephritis and tubular necrosis in lambs (Cameron and McOmie, Cornell Vet., 1945, 35, 47) in
which a maximum blood concentration of 21.2 mg.
per 100 ml. was reached. Signs of toxicity include
depression, anorexia, staggering gait, prolonged bleeding time, increased blood nonprotein nitrogen in
lambs; and in cattle, following intravenous injection
(Jones et al., Am. J. Vet. Res., 1949, 10, 318), temporary blindness, muscle tremors, weakness and falling, followed in one case by posterior paralysis and
death. Toxic signs in chickens include decline in egg
production, droopiness, weakness, anemia, and eventual death (Delaplane and Milliff, Am. J. Vet. Res.,
1948, 9, 92). Greyish white nodular lesions were
found in the spleen of most of these chickens and in
the liver, kidney, heart and lungs of some. Hemorrhages beneath the skin of the legs and in the combs
occurred in most birds that died. Singsen et al.
(Poultry Sci., 1948, 27, 627) found that a concentration of 0.03 per cent in the feed fed to 7-day-old
chicks until they were 8 weeks of age reduced the
growth rate in females but not in males. Peterson
(Am. J. Vet. Res., 1948, 9, 77) fed sulfaquinoxaline
to newly hatched cockerels and found that 0.1 per
cent in the mash for a period up to 30 days depressed
growth rate but was not associated with important
mortality. However, 0.3 per cent severely depressed
growth rate; 9 of the 42 birds medicated for 30 days
died and the survivors were markedly stunted. One
Gm. of the drug given over a period of 7 days to 14week-old chickens produced whitish spots on the
spleen in 80 per cent and necrotic lesions in the
intestines in 35 per cent of the birds, all of which
survived (Simms, Report of Chief of B.A.I., 1948, 69).
The following doses have produced toxic effects:
dog, 100 mg. per Kg. (approximately 0.7 grain per
pound) orally resulted in death in 48 hours in one
case (Eads and Sholl, Mich. State Coll. Vet., 1950,
10, 110) and after 7, 8, and 14 daily doses in 3
other animals (Seeler, loc. cit.) (daily injections of
vitamin Ki, 25 mg. per Kg., will prevent death in
dogs) ; lamb, 400 mg. per Kg. (approximately 2.8
grains per pound) per os (Cameron and McOmie,
loc. cit.) ; cow, 48 Gm. (approximately 739 grains)
per 800 pounds intravenously (Jones et al., loc. cit.) ;
chicken, 0.05 per cent in the feed for 8 to 10 days in
laying hens (Delaplane and Milliff, loc. cit.) ; chicks,
from birth to 30 days of age, 0.1 per cent in mash
did not produce stunting nor deaths while 0.3 per
cent in mash caused stunting and some deaths (Peterson, loc. cit.).
Doses. Sulfaquinoxaline is usually administered
in the feed or water to poultry and rabbits and in
the concentrations given in the foregoing. Doses for
other animals have not been sufficiently well established for recommendations at this time.
Sulfaquinoxaline Preparations. — At present sulfaquinoxaline issold only to feed manufacturers and
veterinary product manufacturers for the preparation
of medicated feeds, premixes, solutions, solubilized
powders, or tablets. In addition to medicated feeds,
available products include: Solution of Sulfaquinoxaline Sodium In Excess Sodium Hydroxide. — This is
suitable for preparing drinking water concentration
of 0.025 to 0.04 per cent. It is not recommended
where the water is to be given continuously, since
sulfaquinoxaline will be precipitated out in highly
acid water. Tablets of Sulfaquinoxaline Sodium. —
These are recommended for making solutions which
are to be administered continuously. Sulfaquinoxaline
Solubilized 25% Powder Veterinary. — This watersoluble powder has sufficient buffering capacity for
all accepted uses. Solution of Sulfaquinoxaline Buf-
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fered (With Antifreeze Agent). — This is satisfactory
for all dilution concentrations.
Sulfarsphenamine
Sulfarsphenamine has been used for the treatment
of histomoniasis in turkeys.
Doses. Turkeys, 10 to 75 mg. (]/(, to 1J4 grains)
intramuscularly, repeated in 24 hours if necessary.
Sulfathiazole
The antibacterial activity of sulfathiazole is superior
to that of the other commonly used sulfonamides
(Maclay and Slavin, /. Comp. Path, and Therap.,
1947, 57, 218, and Florestano and Bahler, J.A.V.M.A.,
1952, 121, 474). The drug is rapidly eliminated from
the blood so that it is difficult to maintain an adequate
blood level, especially under the limitations of therapy frequently encountered in veterinary practice.
Despite this difficulty there are numerous reports of
its value in the treatment of various infectious diseases of domestic animals.
Favorable results with sulfathiazole therapy have
been reported in cases of calf pneumonia (Jones,
Am. J. Vet. Res., 1947, 7, 14, and Thorp, J.A.V.M.A.,
1945, 106, 75), shipping fever in cattle and horses
(Herriot, Univ. Pennsylvania Vet. Ext. Quart. No.
91, 1944, p. 3, and Kingman et al., J.A.V.M.A., 1943,
103, 345), polyarthritis of foals (Tonneson, Abst.
Vet. Bull, 1946, 16, 26), acute infectious coryza of
chickens (Wernicoff and Goldhaft, Cornell Vet., 1944,
34, 199), pasteurella infections of swine (Phillips,
Can. J. Comp. Med., 1944, 8, 35), seborrhea oleosa
of swine (3 per cent ointment, Kernkamp, North Am.
Vet., 1948, 29, 438), acute inflammation of the coronet and fetlock of swine (Bishop, Austral. Vet. J.,
1948, 24, 256), and in pneumonia in dogs. A mixture
of sulfathiazole one part and sulfanilamide three parts
is effective in infectious keratoconjunctivitis of cattle
(Schneller et al., Calco Tech. Bull. 723, Am. Cyanamid
Co.). Sulfathiazole is also employed as a urinary
antiseptic (Kirk, Index of Treatment in Small Animal
Practice, Williams and Wilkins, 1948).
Doses. H. and Cats, total daily dose, 214 mg. per
Kg. (1.5 grains per pound) of body weight; initial
dose, 214 mg. per Kg. (1.5 grains per pound) of body
weight; maintenance dose, 70 mg. per Kg. (0.5 grain
per pound) every 8 hours. C, Sh., Sw., D., total
daily dose, 286 to 430 mg. per Kg. (2 to 3 grains per
pound) of body weight; initial dose, 214 mg. per Kg.
(1.5 grains per pound) of body weight; maintenance
dose, 70 mg. per Kg. (0.5 grain per pound) of body
weight every 4 or 6 hours.
Sulfathiazole Sodium
The soluble sodium salt is suitable for intravenous
injection and may be administered by that route
when the rapid establishment of an effective blood
level seems essential.
Sulfisoxazole
The bulk of experimental evidence indicates that
this sulfonamide does not produce as prolonged blood
levels as sulfamerazine and sulfamethazine in dogs
and as sulfamethazine in cattle (Detweiler and
Scheidy, Adv. in Vet. Science, Academic Press, 1953,
1, 75; Stowe, J.A.V.M.A., 1953, 122, 314; Cairy,
J.A.V.M.A., 1953, 122, 468). It is comparatively less
toxic than many sulfonamides, presumably because
of its relatively high solubility which minimizes crystalluria and renal damage.
This low toxicity and high solubility together with
its antibacterial activity recommend it as a useful
sulfonamide in urinary tract infections. According to
Edds et al. (J.A.V.M.A., 1952, 121, 446) experimental
work has shown
sulfisoxazole to be effective for
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treating coccidiosis, typhoid and cholera of poultry;
infectious pododermatitis, shipping fever, and pneumonia of cattle.
Doses. From limited available data on dogs and
cattle it is probable that a total daily oral dose of
from 140 to 220 mg. per Kg. (1 to 1.5 grains per
pound) of body weight given in divided doses about
every 6 hours will be required to provide adequate
blood levels.
Sulfobromophthalein Sodium (Bromsidphalein)
Sulfobromophthalein disappears rapidly from the
blood following intravenous administration. The chief
site of removal is the liver. In the intact dog 77 to
89 per cent of the dye leaving the blood stream is
removed by the liver at constant infusion rates below
0.16 mg. per Kg. per minute (Brauer and Pessotti,
Am. J. Physiol., 1950, 162, 565) while in hepatectomized dogs from 20 to 50 per cent disappears from the
blood during the first hour after injection (Horvath
et al., J. Physiol., 1953, 119, 129). The extrahepatic
sites of removal function slowly enough that the
compound may be used to test hepatic excretion (or
removal). Drugs which damage the liver, such as
tetrachloroethylene (Hoerlein and Greene, North Am.
Vet., 1950, 31, 662) and carbon tetrachloride (Brauer
and Pessotti, loc. cit.) delay sulfobromophthalein disappearance from the blood. Similarly in hepatic dysfunction caused by various diseases retention occurs.
The sulfobromophthalein liver function test has
been found useful in the diagnosis of liver dysfunction in dogs (Hoerlein and Greene, loc. cit.). These
authors recommend the following procedures: Inject
a dose of 5 mg., Kg. slowly intravenously. Exactly 30
minutes later remove 5 ml. of blood from a vein,
using a dry, clean needle and syringe to avoid hemolysis. Allow the blood to clot and divide the serum
between 2 test tubes. To one sample add 1 or 2 drops
of 10 per cent sodium hydroxide solution, which gives
a violet color with the dye. To the other tube add 1
drop of 5 per cent hydrochloric acid. Using the latter
as a blank the depth of color in the alkalinized serum
is compared with a standard set of colors. From 5 to
100 per cent dye retention may occur in dogs with
liver disease. In the presence of excessive bilirubinemia
the colorimetric estimation is difficult and inaccurate.
Vardiman {Am. J. Yet. Res., 1953. 14, 175) investigated the use of this test as an aid to the diagnosis
of liver damage in Senecio poisoning in cattle and
concluded that it was too sensitive and time consuming for practical use under range conditions.
Sulfonamides
Despite the widespread use of antibiotics, the sulfonamides still occupy an important place in the
chemotherapy of animal disease because they are
effective, of reasonable cost, and can be given by oral
administration. An extensive literature, recently reviewed by Detweiler and Scheidy (Adv. in Vet. Science, Academic Press, 1953, 1, 75), has developed
concerning their use in veterinary medicine.
Our knowledge of the pharmacology of these drugs
in domestic animals is based largely on the work of
Stableforth and Hignett (Vet. Rec, 1942, 54, 525),
Welsh et al. (Proc. 50th Ann. Mtg. U. S. Livestock
Sanit. Assn., 1946, 213), Kiser et al. (Poultry Sci.,
1948, 27, 219), and Francis (/. Comp. Path, and
Therap., 1949, 59, 245). These studies emphasize the
wide variations among different species and the fallacy in applying information obtained on one species
to another.
For best therapeutic results with sulfonamides it
is necessary to produce an effective blood concentration rapidly and maintain it at a constant level. This
is essential because they are bacteriostatic agents
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which act best when the number of organisms is low
and because bacteria may acquire resistance to the
drugs at low levels. The oral route of administration
is the method of choice; although in ruminants sulfonamides depress rumen microorganisms interfering
with cellulose digestion and vitamin synthesis (Detweiler and Scheidy, loc. cit.). The initial dose should
be large enough to rapidly attain adequate blood
levels. Medication is then continued at appropriate
intervals and in sufficient dosage to maintain an effective blood concentration. Treatment should be continued for a period of time long enough to avoid
relapses and short enough to minimize toxic effects
which are most common following prolonged administration. In general, a treatment period of from 3 to
6 days is sufficient. If a response does not occur
within 3 days it is likely that the drug will not be
effective. Medication should be continued for about
48 hours after the temperature has returned to normal. During this period the daily dose may be reduced by one-half. Continuation of the elevated temperature may be caused by drug fever rather than
disease organisms (Klein et al., Univ. Penna. Vet.
Exten. Quart., 1938, No. 70, 10; Stubbs et al., North
Am. Vet., 1943, 24, 161). Withdrawal of the medicanormal.tion will result in the temperature returning to
Parenteral administration may be employed when
oral therapy is impracticable. In severe infections the
initial "loading" dose may be given intravenously to
produce an effective blood level immediately. Maintenance doses are then given orally. Intravenous doses
should be given slowly to avoid toxic reactions (convulsions, temporary blindness, staggering, unconsciousness) and carefully to avoid perivascular infiltration.
Since the solutions are irritant, concentrations over
10 per cent may cause damage even when given intramuscularly. Despite this solutions of from 12.5 to
25 per cent of the sodium sulfapyrimidines are given
intramuscularly, intraperitoneally and even subcutaneously. Swelling and edema are not rare following
subcutaneous administration and necrosis may occur.
Intraperitoneal injections have been used in small
animals, goats, and swine.
The following toxic effects have been observed with
therapeutic use or prolonged administration of sulfonamides in domestic animals: Excitement, depression, hyperesthesia of the skin, salivation, peripheral
neuritis, inappetence, diarrhea, constipation, crystalluria, hematuria, oliguria, anemia, leukopenia, agranulocytopenia, cyanosis, urticaria, purulent conjunctivitis, skin photosensitization. skin rash, reduction in
milk flow and egg production, abnormal egg shell formation, growth inhibition, and fever (Detweiler and
Scheidy, loc. cit.). Under clinical conditions toxicity
is favored by prolonged administration and conditions whicb favor dehydration (e.g., severe diarrhea).
In the presence of renal damage or anemia the drugs
must be used with caution because of their potential
toxic effects on the blood forming organs and the
kidneys. Renal complications can be avoided by insuring adequate urine flow with ample fluid supply and
alkalinization of the urine when it is acid. In dehydrated animals the more soluble compounds (e.g.,
sulfanilamide, sulfacetamide, sulfamethazine, or sulfisoxazole) are less dangerous, and the use of mixtures
of sulfonamides (Scheidy et al., Vet. Med., 1949, 44,
157; Lehr, Brit. M. J., 1947, 2, 943) minimizes renal
damage. The milder toxic effects such as skin rash,
inappetence, gastrointestinal disorders, and transient
blood disorders do not require cessation of administration but hemolytic anemia, agranulocytosis, and
renal damage are serious developments in the presence of which the drug must be discontinued. The
blood changes usually disappear after medication is
stopped. In agranulocytosis the danger of infection
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can be reduced through antibiotic therapy and anemia
responds to the usual methods of treatment.
When applied topically sulfonamides interfere with
wound healing, and their local use is warranted only
when evident infection or contamination makes it
likely that the microorganisms delay healing more
than the drugs. Since, in addition, there is evidence
that sulfonamides often do not effectively prevent
wound infection their use in clean surgical wounds is
not recommended. However, in such conditions as
contaminated wounds of farm animals, infectious
pododermatitis of cattle, otitis externa of dogs, infectious keratoconjunctivitis of cattle, and bovine
mastitis their value appears to be genuine. Local
anesthetics related to para-aminobenzoic acid (procaine, butocaine, tutocaine, benzocaine, and others)
inhibit sulfonamide action and should not be applied
locally together with sulfonamides.
Sulfonethylmethane
Dose. D., 750 mg. (12 grains).
Sulfonmethane
Dose. D., 0.3 to 1.3 Gm. (5 to 20 grains).
Sulfur
When applied to the skin sulfur is antiparasitic,
fungicidal, and keratolytic. These properties make it
useful in various parasitic and nonparasitic skin diseases. The sublimed sulfur (flowers of sulfur) is the
form usually employed. Newer agents such as DDT
or hexachlorocyclohexane (q.v.) are now used more
frequently as parasiticides than sulfur.
Sulfur is an effective acaricide when used in the
form of the sulfides. Various lime-sulfur compounds
are commonly used for this purpose. A lime-sulfur
dip may be made as follows: 8 pounds of unslaked
lime (or 11 pounds of hydrated lime) and 24 pounds
of sublimed sulfur are boiled for 2 hours with about
30 gallons of water, the clear liquid is drawn off and
sufficient water added to make a total of 100 gallons.
This solution contains CaSo, CaSs, and CaS203. Various commercial dips are available either as concentrated liquids (liquid lime-sulfur) or as powders or
crystals (dry lime-sulfur) , and are considered equal
to or better than homemade preparations (Imes,
U.S.D.A. Yearbook of Agric, 1942, p. 481). Limesulfur dip is effective in the treatment of psoroptic
and chorioptic mange in horses, cattle, and sheep, and
against sarcoptic mange in horses, cattle, swine,
sheep, and dogs. Farm animals are treated by dipping
in lime-sulfur solution containing not less than 2 per
cent "sulfide-sulfur" at a temperature of 95° to 105° F.
For chorioptic and psoroptic mange two dippings
about one week apart are usually sufficient. Sarcoptic
mange is more difficult to bring under control, and
four or more dippings are usually required given at
6- to 10-day intervals. Lime-sulfur dip is also satisfactory in the treatment of sarcoptic mange in the
dog.
Various oleaginous sulfur preparations are employed in the treatment of sarcoptic, notoedric, and
otodectic mange in dogs and cats, e.g., alkaline ointment of sulfur, sulfur ointment, and other similar
preparations.
Sulfur in the form of a dust or as a dip, either
alone or combined with cube or derris powder containing 5per cent rotenone (5 parts finely ground
sulfur, 325-mesh, and 1 part cube or derris powder)
is effective for the control of cattle lice (sulfur alone
will not control the short-nosed ox louse) , goat lice,
and lice, depluming mite, chiggers, bedbugs, and
chickbugs of poultry. Wettable sulfur should be used
for making the dip.
A newer dip for sheep ticks is the fused-bentonitesulfur dip containing 70 per cent bentonite and 30
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per cent sulfur. The melted sulfur is adsorbed on
the bentonite clay and the mixture powdered. The
dip should contain about 1 per cent sulfur (30 pounds
of mixture to 100 gallons of water) ; a simple field
test is available to check concentration. One dipping
is usually sufficient to control sheep ticks (Imes,
U.S.D.A. Farmers' Bull. 798, revised, 1939).
Formerly, sulfur was used internally for various
conditions, but it has been largely abandoned. It is
laxative and is occasionally employed for this purpose. Limited tests indicate that ground commercial
sulfur added to the feed of lambs at the rate of 0.5
to 1.5 per cent of the total ration is a suitable prophylactic against acquired coccidiosis (Christensen, Am. J.
Vet. Res., 1944, 5, 341). Deem et al. (J.A.VM.A.,
1948, 112, 458) reported that the feeding of approximately 8Gm. (J4 ounce) of sulfur daily to lambs
reduced, but did not entirely prevent, losses due to
enterotoxemia. Although some early experimental
work indicated sulfur to be of value as a prophylactic
agent for coccidiosis in poultry (Levine, Cornell Vet.,
1941, 31, 120), its use for this purpose does not
appear to be warranted since more recent work has
shown that it may produce rickets, growth retardation, and cloacal irritation (Biester and Schwarte,
Diseases of Poultry, 1948, Iowa State Press, Ames,
Iowa, p. 863). Precipitated sulfur is preferred to
sublimed sulfur for internal administration.
Large doses of sulfur are poisonous and cases of
death due to sulfur poisoning have been reported in
the horse, ox, and dog (Nicholson, Lander's Veterinary Toxicology, 1945, pp. 89, 90).
Doses. H. & C, 30 to 120 Gm. (1 to 4 ounces).
Sh. & Sw., 15 to 30 Gm. (y2 to 1 ounce). D., 1 to
4 Gm. (lA to 1 drachm).
Sulfur Dioxide
This gas is liberated by burning sulfur. It is not a
good germicide, but it is useful as a deodorant and
for the destruction of insects and vermin. Burning of
3 pounds of sulfur per 1000 cubic feet and exposure
for 6 hours will kill mosquitoes, flies, rats, and mice;
4 pounds per 1000 cubic feet and 6 hours' exposure
are required to kill lice. It has been used to disinfest
horses with mange, the animal being exposed (except
the head) in a special chamber to 4 to 5 volumes per
cent concentration of sulfur dioxide gas for one hour
(Van Es, Animal Hygiene, 1932, p. 303). The equipment for this method is expensive and there are other
means just as efficient. As a fumigant sulfur dioxide
has the disadvantages that it is harmful to metals,
fabrics, and colors, and that farm buildings are frequently not sufficiently air tight to prevent its being
diluted over a period of several hours.
Sulfur Iodide
This is employed externally in chronic eczema,
ringworm, and mange. One preparation used contains
1 part sulfur iodide in 8 to 10 parts oil or mixed
with benzoinated lard.
Sulfur Ointment
This is used for the same purposes as alkaline sulfur
ointment.
Sulfur Ointment, Alkaline
This ointment is used as a parasiticide in mange
and ringworm, and as a stimulant application in
eczema. It is preferred to sulfur ointment for these
purposes.
Sulfurated Potash
Sulfurated potash is used as a parasiticide in mange
and pediculosis in dogs and horses. A bath may be
made containing 1 to 2 parts of sulfurated potash to
100 parts water for the dog, or containing 1 part of
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the drug to 30 parts water for horses. It has been
largely replaced by newer parasiticides such as hexachlorocyclohexane (q.v.).
Suramin Sodium (Suramin, B.V.C.)
This drug is employed for the prophylaxis and
treatment of trypanosomiasis in various species of
animals. It is widely used for the treatment of surra
(Trypanosoma evansi) in camels, horses and dogs
and of infections due to Trypanosoma brucei in dogs,
horses and sometimes cattle. It has also been employed to treat dourine in horses (T. equiperdum) . It
has no value against T. congolense, T. vivax, or
T. simke. Jones (Veterinary Pharmacology and
Therapeutics, 1954, Iowa State College Press, Ames,
Iowa, p. 549) states that suramin sodium may cause
toxic degeneration of the liver, kidney, spleen, and
especially the adrenal glands and that horses are more
susceptible to its toxic effects than other species. For
further information see Hornby (Vet. Rec, 1949, 61,
375).
Doses. H., therapeutic, 7 to 10 mg. per Kg. (^o
to Via grain per pound) of body weight; prophylactic,
2 Gm. (30 grains) repeated at 10-day intervals. C,
therapeutic, 12 mg. per Kg. (Vis grain per pound) of
body weight ; prophylactic, 1 to 2 Gm.
Surf en C (bis-2-Methyl-4-aminoquinolyl-6melamine)
Surfen C has been used in the treatment of trypanosome infections but owing to its toxic actions it has
now been discarded for use in cattle. Findlay (Recent
Advances in Chemotherapy, vol. 1, 3rd ed., Blakiston,
Philadelphia, 1950) reviews its use in trypanosomiasis
in domestic animals. The dose usually employed is
10 mg. per Kg. of body weight given intramuscularly.
Tannic Acid
Tannic acid is used internally for its astringent
action in persistent diarrhea. Since pure tannic acid
has undesirable action on the stomach, one of the
tannic acid-containing drugs is usually employed.
Tannic acid is used as an antidote for poisoning by
heavy metals and alkaloids since it will precipitate
them in the stomach and thus prevent absorption
temporarily. It should be pointed out that it will
not precipitate cocaine, nicotine, physostigmine, atropine, morphine, and is not effective with certain of
the metals, arsenic, antimony, and mercury. Solutions of tannic acid of 5 or 10 per cent concentration
are of value externally in the treatment of burns,
purulent and moist eczema of the dog, and decubital
sores. More dilute solutions (1 to 2 per cent) are
used to reduce swelling and secretions of catarrhal
mucous membranes.
Doses. H., 4 to 15 Gm. (1 to 4 drachms). C, 10
to 25 Gm. (iy2 to 6% drachms). Sh. & Calves, 1 to 2
Gm. (15 to 30 grains). D., 100 to 500 mg. (ll/2 to
iy2 grains) .
Tannoform
Tannoform is used as a dry dressing for wounds,
moist eczema, and otorrhea for its astringent, desiccant, and antiseptic action.
It is prescribed for internal administration in diarrhea and intestinal catarrh in foals, calves, and dogs.
Doses. H. & C, 10 to 25 Gm. (2l/2 to 6J4
drachms). Foals, Calves, Sh. & Sw., 2 to 10 Gm.
(V2 to iy2 drachms). D., 0.1 to 1 Gm. (\y2 to 15
grains) .
Tar, Coal
Several products from coal tar are of importance
in veterinary medicine. Phenol, cresol, and their
preparations are discussed under their respective
names as are several other products. The heavy or
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creosote oils are applied to poultry houses and roosts
to control mites, ticks, bedbugs, and chicken bugs,
and to dog kennels and other animal houses infested
with ticks or fleas. High grade anthracene oils are used
for the same purposes. Care must be taken when
using such products that animals, especially dogs and
cats, which are highly susceptible and prone to lick
their coats, are not exposed to toxic quantities.
Tar, Coal, Solution
This is occasionally used externally as a parasiticide and as a desiccant and antipruritic application in
moist eczema. The official solution should be diluted
with 9 parts or more of water.
Tar, Juniper
This tar has been used for many years as a stimulant and parasiticidal application for chronic eczema
and mange. It is occasionally applied full strength,
but usually diluted with 8 or more parts of a bland
oil or ointment. It is a component of compound
liniment of soft soap which is used for similar conditions.
Tar, Pine
Tar is used as an expectorant, antiseptic, and
parasiticide. It is of service as a stimulant application in chronic eczema and as a disinfectant in diseases of the hoof and claws of the horse and ox. It is
a frequent constituent of hoof ointments; e.g., tar,
4 parts ; beeswax, 4 parts ; glycerin. 4 parts ; and lanolin, 18 parts. Combined with soft soap, iodine, and
lanolin it is employed as an absorbent application for
bursal enlargements, thickened tendons, and similar
conditions. Tar is a stimulant expectorant of service
in chronic bronchitis.
Doses. H. & C, 15 to 30 Gm. (y2 to 1 ounce).
D., 200 to 600 mg. (3 to 10 grains).
Tar, Pine, Ointment
This is of service in chronic dry skin eruptions and
as a parasiticide in ringworm infections of the dog.
It can be applied as a dressing in foot rot and other
hoof diseases in farm animals. When necessary- the
ointment may be softened and diluted by the addition of olive oil or lard.
Tar, Pine, Syrup
Stimulant expectorant.
Doses. H. & C, 15 to 30 ml. (y2 to 1 fluidounce).
D., 1 to 4 ml. (15 to 60 minims).
Tar Oil, Rectified
This oil is administered internally as a stimulant
expectorant. Externally it serves as an antiseptic, antipruritic, and stimulant application in various skin diseases. Skin that has been treated with tar should not
be exposed to sunlight for a few days. Combined with
equal parts of linseed oil it is used as an absorbent
for bursal enlargements and similar conditions. Two
parts of oil of tar with 1 part cottonseed oil is a
useful application for the ears of horses infested with
ear ticks (contact with the skin of the face may cause
shedding of the hair) .
Doses. H. & C, 3 to 8 ml. (H to 2 fluidrachms).
D., 0.03 to 0.2 ml. (^ to 3 minims).
Terebene
Doses. H., 8 to 24 ml. (2 to 6 fluidrachms).
D., 0.12 to 0.5 ml. (2 to 8 minims).
Terpin Hydrate
Terpin hydrate is employed as an expectorant especially in chronic bronchitis.
Doses. H. & C, 2 to 4 Gm. (^ to 1 drachm).
D., 100 to 300 mg. (\y2 to 5 grains).
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Testosterone Propionate
Engle and Macbrayer (J.A.V.M.A., 1940, 97, 158)
obtained favorable results in impotence in dogs with
testosterone propionate injections using the following
doses: For dogs weighing over 30 to 35 pounds, 25 mg.
initially followed by 10 mg. doses on each of 2 succeeding days; for dogs under that weight, 10 mg. daily
may be adequate. If no improvement in breeding
potency occurs 48 hours following the fourth daily
dose, one should suspect that a male sex hormone deficiency isnot the cause of the condition.
Bratt and Burch (North Am. Vet., 1952, 33, 541)
reported on the use of a repository form of testosterone propionate for treatment of impotence in
male dogs. This preparation contains the hormone in
crystalline form so that it precipitates in the tissue
following intramuscular injection, thus slowing its
absorption and prolonging its action. The dose employed was 25 mg. repeated in 6 weeks. Edgett (North
Am. Vet., 1943, 24, 675) used injections of 5 mg. of
testosterone propionate every 2 or 3 days for treating
alopecia in a monorchid dog. A total of 12 injections
was given and approximately 2 months after the last
treatment hair began to grow.
Jones (Can. J. Comp. Med., 1940, 4, 278) successfully treated impotence in the male fox with 3 intramuscular injections of 5 mg. given over a 7-day
period.
Durrell (Can. J. Comp. Med., 1947, 11, 290) employed injections of 100 mg. of testosterone propionate given once weekly for 3 weeks in treating
impotence of dairy bulls. Fincher (Trans. Am. Soc.
for Study of Sterility, 1946, pp. 1-16) reported that
single injections of 75 to 250 mg. were of value in
treating this condition. A repository form of testosterone propionate (see previous discussion) has been
employed in a dose of 150 mg. intramuscularly (Bratt
and Burch, loc. cit.).
The implantation of 225 mg. pellets subcutaneously
in racing geldings apparently improved the speed and
endurance of some of the animals so treated. Limited
trials indicate that this dose every two months will
bring about the desired result (Kearns, J.A.V.M.A.,
1942, 100, 197). Intramuscular injections of 50 mg.
every other day for 5 doses have the same effect, the
animals showing stallion-like behavior after the third
dose (W. Lee, personal communication) . It is impossible to say how much the racing condition of horses
so treated is improved since controlled experiments
are lacking.
Andrews and Beeson (J. Animal Sci., 1950, 9, 677)
studied the effect of testosterone propionate on the
growth rate and feed efficiency of yearling steers and
found that neither of these were significantly affected
by the subcutaneous implantation of 180-mg. pellets.
Black et al. (J. Animal Sci., 1950, 9, 186) were
unable to note any effect of the hormone on sperm
production or sperm motility in rams during hot
weather when semen production has been reported to
decline. In this study a daily dose of 10 mg. was given
subcutaneously over a period of 40 days. When this
same dose was employed in conjunction with thyroprotein (1 Gm. daily) it appeared to prevent the loss
of libido which frequently occurred with the latter.
Doses. See text.
Tetrachloroethylene
This anthelmintic is effective against stomach
worms, hookworms, and small intestinal roundworms
(Ostertagia, Bunostomum, and Cooperia sp. respectively) in sheep and cattle (Baker, Cornell Vet., 1939,
29, 192; Ortlepp and Monnig, Onderstepoort J. Vet.
Sci., 1936, 7, 399; Baker and Willman, Cornell Vet.,
1940, 30, 401) ; roundworms and hookworms in dogs
and cats (Hall and Shillinger, North Am. Vet., 1925,
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6, 41; Schlingman, J.A.V.M.A., 1926, 21, 225 and
741). Most studies indicate that tetrachloroethylene
may be safely administered to puppies 2 to 3 weeks
old (Schlingman, loc. cit.; Whitney, Vet. Med., 1939,
34, 662).
It is administered to the fasted animal and followed
by a saline purge. The avoidance of fat in the diet
previous to administration will protect the liver from
toxic effects to a certain extent. It may be administered in capsules or in an emulsion with equal parts
of mineral oil. Tetrachloroethylene is most effective
in ruminants when administered immediately following a dose of copper sulfate (q.v.) in order to effect
closure of the esophageal groove (Ortlepp and
Monnig, loc. cit.). Dogs and cats may be fed 3 to 4
hours after treatment. This drug has largely supplanted carbon tetrachloride as a general anthelmintic.
Tetrachloroethylene should be stored in a cool, dark
place; otherwise chemical changes may take place that
will render it toxic in therapeutic doses (Price and
Harwood, U.S.D.A. Yearbook of Agric, 1942, p. 1170).
It is contraindicated in febrile and debilitating disease.
Doses. C, 5 ml. (1% fluidrachm) per 100 lb.
body weight; calves, 2 to 4 months of age, 10 to 15
ml. (2l/2 to 4 fluidrachms) ; 12 to 18 months of age,
up to 25 to 30 ml. (6lA to 8 fluidrachms). Sh., over
nine months of age, 5 to 1l/i ml. (75 to 120 minims) ;
lambs, 2^2 to 5 ml. (38 to 75 minims). Dogs, foxes,
and cats, 0.1 ml. (ll/2 minims) per pound of body
weight. Poultry, 1 ml. (15 minims) per bird.
Tetracycline (Achromycin, Polyotic)
This new antibiotic was made available to veterinarians inJuly, 1954, and consequently there has been
insufficient time for an evaluation of its relative usefulness in veterinary practice. In a chronic toxicity
trial on dogs 250 mg. per Kg. for 98 days did not
affect the peripheral blood and no postmortem changes
attributable to the drug were found (Nelson and
Radomski, Antibiot. Chemother., 1954, 4, 1174). Daily
intravenous doses of from 10 to 40 mg. per Kg. in
dogs 5 days a week for about 3 weeks produced no
alteration in liver and kidney function tests, blood
coagulation, blood sugar and nonprotein nitrogen
levels, or blood counts (Cunningham et al., Antibiotics
Annual, 1953-54, 63). It is well absorbed from the
gastrointestinal tract in dogs and crosses the bloodbrain barrier. Single intravenous doses of 10 mg. per
Kg. produced detectable blood levels for at least 24
hours. Its antibacterial action is almost identical with
that of chlortetracycline and oxytetracycline (Wright
et al., Antibiotics Annual, 1953-54, 92).
Tennison (Lederle Vet. Bull., 1954, 13, 17) reported
favorable results in various infections in 159 dogs
such as bacterial infections accompanying distemper,
infectious hepatitis, pneumonia, bacillary enteritis,
and tonsillitis. Kondt (J.A.V.M.A., 1955, 126, 470)
used tetracycline in 21 cats with panleukopenia or
pneumonitis and 18 recovered. He recommends a
dosage of 10 mg. orally or 5 mg. intramuscularly per
pound of body weight daily for 3 or 4 days, or for
24 hours after the temperature has returned to normal.
Certain other infections of cats also responded to
therapy. Learning (Lederle Vet. Bull., 1954, 13, 32)
found tetracycline of value in various diseases of
sheep such as pneumonia-enteritis complex, respiratory infections, and mastitis.
Johnson and Gouge (Lederle Vet. Bull., 1955, 14,
26) summarized field trials (for the most part uncontrolled) involving several hundred farm animals in
which the only therapeutic agent used was tetracycline. In these trials the response of cattle, sheep,
and swine with shipping fever or with pneumonia
compared well with other methods of treatment. Recoveries were also reported in cattle with foot rot.
Tetracycline
protected sheep against experimental
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anthrax infection and inhibited the multiplication of
Anaplasma marginale in splenectomized calves. Encouraging results were recorded in a number of other
diseases, although the numbers treated were too small
to indicate efficacy. These diseases included actinomycosis, diphtheria, laryngitis, mastitis, metritis, and
enteritis in cattle; strangles, influenza, streptococcal
and staphylococcal infections of the foal in horses;
influenza, scours, and enteritis in pigs; and listeriosis,
metritis, and enteritis in sheep.
Blood level studies on cows, calves, horses, sheep
and pigs showed that following intramuscular doses
of 1 or 2 mg. per pound of body weight peak levels
occurred within 1 hour and antibiotic activity persisted in the serum for about 24 hours. On the basis
of their experimental and clinical observations in large
animals Johnson and Gouge (loc. cit.) recommend
doses of 1 to 2 mg. per pound of body weight for
intramuscular or intravenous administration, and 10
mg. per pound for oral administration. Intramuscular
injections should be made deep in the outer thigh
muscles using solutions containing not more than 100
mg. per ml. and not more than 10 ml. of such solutions should be given in one site. Oral administration
is not recommended in adult ruminants.
Doses. Large animals, parenterally, 1 to 2 mg.
(Veo to Yso grain) per pound of body weight daily.
Small animals, orally, 10 to 50 mg. (% to 34 grain)
per pound of body weight daily; parenterally, 5 mg.
(¥i2 grain per pound of body weight) daily.
Tetraethylthiuram Monosulfide (Monosulfiram,
B.V.C.)
This parasiticide, which is effective against fleas,
lice, ticks, certain mites, and certain fungi, has been
used more extensively in England than in the United
States. It has been employed successfully for sarcoptic
and demodectic mange in dogs, cattle, and horses
(Jennings, Vet. Rec, 1942, 54, 330; Jones, Veterinary
Pharmacology and Therapeutics, Iowa State College
Press, Ames, 1954), chorioptic mange in horses and
mange in pigs (B.V.C. , 1953). Eads and Hawkins
(North Am. Vet., 1948, 29, 355) used it in demodectic
and sarcoptic mange of dogs. The sarcoptic mange
cases recovered rapidly, but only 2 of 4 treated dogs
with demodectic mange responded.
In treating mange the commercially available 25
per cent solution is diluted to from 2.5 to 6.25 per
cent and rubbed well into the lesions at intervals of
2 or 3 days. A 2.5 per cent solution can be instilled
into the ear canal in otodectic mange. The 2.5 per
cent solution has been used most commonly for dogs.
Tetramethylthiuram Disulfide
This chemical is employed as a seed and turf
fungicide and is of interest because it has recently
been discovered (Warbel et al., Science, 1955, 121,
401) that corn treated with it will interfere with egg
production and egg shell formation when used in the
ration of chickens. In experimental trials soft-shelled
eggs occurred when concentrations of from 35 to 200
parts per million were fed in the ration. Fully treated
seed corn contains about 630 parts per million of
tetramethylthiuram disulfide.
Thallium
Thallium salts are occasionally used in rodenticides
and in ant and roach poisons. Thallium is quite toxic
and produces chronic poisoning similar to lead.
Both acute and chronic poisoning are encountered
in dogs and cats (Mark, Univ. Penna. Vet. Extension
Quart., 1947, No. 107, 71; Larsen et al., J.A.V.M.A.,
1939, 95, 486). In acute cases there is vomiting, diarrhea, dyspnea, abdominal pain, weakness, coma, and
death within 3 to 5 days. In chronic poisoning there
is loss of hair, reddening of the skin, moist eczema-

Part

III

like lesions about the eyes, mouth, scrotum and between the toes, dehydration, depression, respiratory
distress and death in 7 to 10 days.
Poisoning has been reported in sheep (Newsom
et al., J.A.VM.A., 1930, 76, 826) and studied experimentally in cattle (McCrory and Ward, J.A.VM A.,
1936, 89, 301).
The toxic dose of thallium is from 15 to 25 mg. per
Kg. and in sheep the minimal dose causing hair loss
is 8.2 mg. per Kg.
Although dimercaprol, sodium iodide and sodium
thiosulfate have been used, an effective antidote is not
available.
Theobromine
Calcium
Salicylate
(Tkeocalcin)
This diuretic is useful in the treatment of edema in
dogs with congestive heart failure (Detweiler, Univ.
Penna. Vet. Extension Quart., 1955, No. 137, 39).
It may lose its effectiveness after 3 to 6 days, but if
discontinued for several days another course may
produce diuresis.
Doses. D., 0.25 to 1 Gm. (4 to 15 grains) 3 times
daily.
Theobromine Sodium Acetate
Doses. H. & C, 8 to 15 Gm. (2 to 4 drachms).
D., 0.3 to 1 Gm. (5 to 15 grains).
Theobromine Sodium Salicylate
Doses. H. & C, 8 to 15 Gm. (2 to 4 drachms).
D., 0.3 to 1 Gm. (5 to 15 grains).
Thialbarbitone Sodium (Kemitkal Sodium)
Thialbarbitone sodium is an ultrashort-acting thiobarbiturate similar in action to thiopental qualitatively, but requiring about double the dose of thiopental to produce a comparable level of anesthesia.
It is a satisfactory anesthetic for sheep, dogs, and cats,
but unsuitable for horses (Wright, Veterinary Anesthesia, 3rd ed., Eger, Chicago, 1952).
In dogs and cats it is preferably given by slow
intravenous injection to effect, although in cats anesthesia can be induced by giving calculated doses intraperitoneally (Beijers, Tijdschr. Diergeneesk., 1949,
74, 875). With doses of 20 to 30 mg. per pound anesthesia lasts 15 to 20 minutes or longer. The dose required for satisfactory anesthesia varies from 20 to 50
mg. per pound of body weight. The advantages cited
for this barbiturate over thiopental in dogs are that
it is less toxic, causes less depression of respiration,
and there is less excitement during recovery (Singh
and Rao, Brit. Vet. J., 1953, 109, 168; Seneviratne
and Pillai, Vet. Rec, 1953, 65, 537).
Seneviratne and Pillai (loc. cit.) also used thialbarbitone sodium as an anesthetic in 2 calves, 2 kids,
and a goat.
In sheep (Titchen et al., Austr. Vet. J., 1949, 25,
257), surgical anesthesia lasting about 13 minutes is
induced with intravenous doses of about 20 to 30 mg.
per pound of body weight. If injected rapidly apnea
(lasting about 15 seconds) will occur. Regurgitation of
rumen contents occurred during anesthesia in some of
the sheep.
Doses. Sh., intravenously, 20 to 30 mg. (]4 to
9io grain) per pound of body weight. D. & Cats,
intravenously, 25 to 50 mg. (^ to 54 grain) per pound
of body weight. A 10 per cent solution, freshly prepared, isused, injected slowly to effect.
Thiamine Hydrochloride
Ruminants synthesize this vitamin. There is no information available regarding the thiamine needs of
horses. Thiamine deficiency has been experimentally
produced in swine, but there is no evidence that they
develop it ordinarily (Allcroft, Vet. J., 1945, 101,
263). The recommended daily allowance for swine is

Part III
2.5 mg. per 100 pounds of body weight (Nat. Res.
Council Bull., Recommended Nutrient Allowances for
Domestic Animals, 1944, No. 2).
It is known that Chastek paralysis in foxes is the
result of a thiamine deficiency caused by destruction
of the vitamin by a heat-labile enzyme (thiaminase)
present in raw fish which splits thiamine into its
pyrimidine and thiazole components (see Hodson and
Sedgwick, Am. Fur Breeder, Oct., 1945, p. 56; Yudkin,
Physiol. Rev., 1949, 29, 389). This disease appears
if more than 10 per cent of the ration consists of uncooked fish (Allcroft, loc. cit.). Adding thiamine to
the ration or cooking the fish prevents the disease.
Doses of 0.5 mg. per os caused prompt recovery in
experimentally induced disease (Hodson and Sedgwick, loc. cit.). Signs of thiamine deficiency have been
produced in cats by feeding an exclusive diet of raw
carp or herring (Smith and Proutt, Proc. S. Exp. Biol.
Med., 1944, 56, 1).
It has been shown that two plants which cause poisoning in livestock, bracken fern (Pteris aquilina)
and horsetail (Equisetum arvense), contain a thiaminase similar in action to the enzyme found in certain raw fi-h which causes Chastek paralysis, and
poisoning of horses with these plants can be effectively treated with thiamine hydrochloride. A similar
enzyme has also been identified in male fern {Aspidium
filix-mas). In experimental bracken fern poisoning in
horses (Evans et al., Brit. Vet. J., 1951, 107, 364)
and ponies (Carpenter et al., Brit. Vet. J., 1950, 106,
292) the subcutaneous injection of thiamine hydrochloride produced prompt response, but similar treatment fails to alleviate bracken poisoning in cattle
(Carpenter et al., loc. cit.; Sippel, J.A.V.M.A., 1952,
121, 9). In Equisetum (horsetail) poisoning in horses
Henderson et al. (J.A.V.M.A., 1952, 120, 375) obtained clinical cures with subcutaneous injections of
thiamine hydrochloride (100 mg. daily for 4 days).
Thiamine hydrochloride has given good results in
canine practice in the treatment of idiopathic anorexia.
The recommended daily allowance for dogs is 25 to 50
micrograms per Kg. (2.2 lb.) of body weight (Krehl
and Elvehjem, New Findings in Nutritional Research,
Feedstuffs, July 16, 1946).
The recommended daily allowance for starting
chicks is 0.9 mg. per pound of feed (Nat. Res. Council, loc. cit. No. 1).
Doses. Subcutaneously or intramuscularly: H.,
100 mg. (iy2 grains) ; Calves, 10 mg. (% grain) ;
Sw., 2.5 to 15 mg. (V25 to Y grain) ; D., 1 to 10
mg. (%o to Y> grain) ; Cats, 0.5 to 5 mg. (%2o to
Vi2 grain).
Thiamylal Sodium (Surital Sodium)
This ultrashort-acting thiobarbiturate was introduced as a general anesthetic for dogs by Reutner and
Gruhzit (J.A.V.M.A., 1948, 113, 357). Brinker and
coworkers {Vet. Med., 1951, 46, 31) reported on its
use in 180 dogs and 5 cats and noted that it caused
excessive salivation, which could be controlled by
atropine, and failed to produce complete muscular
relaxation. Roberts et al. (J.A.V.M.A., 1951, 118,
151) noted salivation in some dogs during recovery
from thiamylal anesthesia. Brinker (North Am. Vet.,
1951, 32, 832) used d-tubocurarine in combination
with thiamylal sodium to increase muscular relaxation and found that the degree of salivation was also
diminished considerably. Lunt and Armistead (North
Am. Vet., 1952, 33, 175), Brock (Vet. Med., 1952, 47,
138), and Knirk and Eads (North Am. Vet., 1953,
34, 195) reported use of this anesthetic in a total of
579 cases and concluded that it was safe and satisfactory for clinical use in dogs and cats. Wheeler (North
Am. Vet., 1952, 33, 555) employed it routinely as a
means of restraint in roentgenogram therapy and
diagnosis in dogs and considered it completely satis-
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factory for this purpose. Borgman (JA.V.M.A., 1953,
122, 161) studied the effect of various intravenous
doses of thiamylal sodium in dogs. He concluded that
the average intravenous dose necessary to produce
anesthesia was 8.3 mg. per pound of body weight.
Most dogs survived 2.25 times this anesthetic dose if
given artificial respiration and pentylenetetrazol injection, but over half the dogs receiving 2.5 times the
anesthetic dose died despite stimulation.
The approximate intravenous dose for anesthesia
in dogs and cats is 8.3 mg. per pound (or 1 ml. of a
4 per cent solution per 5 pounds) of body weight. It
is injected slowly to effect as with thiopental sodium.
Surgical anesthesia lasts about 15 minutes with this
dose and may be prolonged up to about 45 minutes
by administering Y of the original dose when it is
needed. This, of course, must be given slowly and to
the desired effect. Recovery from anesthesia is rapid
and complete in one to two hours, depending on the
total dose of drug which has been given. It may be
used after morphine sulfate premedication (15 mg.)
provided the calculated dose is reduced by 50 per cent
according to Young and Eads (Vet. Med., 1952, 47,
97) who used this method in 150 dogs. Surgical anesthesia lasted an average of 25 minutes in these cases.
When used with <2-tubocurarine it is recommended
that 1 Gm. of thiamylal sodium be dissolved in 25 ml.
of water to which 7 mg. of d-tubocurarine has been
added.
Umble et al. (Univ. Penna. Vet. Extension Quart.,
1954, No. 133, 61) employed this barbiturate for
prolonged operations, giving a 0.2 per cent solution
by continuous intravenous drip. A disadvantage of
this method was that the dogs recovered slowly and
postural reflexes were not normal for from 8 to 30
hours after anesthetization. The same disadvantage
was also found with thiopental sodium given in this
manner.
Dunne and Benbrook (J.A.V.M.A., 1954, 124, 19)
investigated the value of thiamylal sodium as an anesthetic for swine. More than 200 pigs weighing 25 to
70 pounds were anesthetized. The dose used was the
same as that for the dog (8.3 mg. per pound or 1 ml.
of a 4 per cent solution for each five pounds of body
weight). The solution was injected slowly intravenously (cranial vena cava) to effect or given intraperitoneally. With the latter route of administration
anesthesia was difficult to regulate. If following intraperitoneal injection of the calculated dose no action
was seen for 5 minutes Yi of the original dose was
injected. If this failed to bring about satisfactory
anesthetization within ten minutes, the drug was given
intravenously until adequate anesthesia was achieved.
Three per cent of the pigs suffered respiratory failure,
probably due to overdosage (errors in estimating
weight). Only one of these, which ceased breathing
unnoticed, died. The others responded to artificial
respiration. Anesthesia lasted from 10 to 12 minutes
and the animals were able to stand in 30 to 40 minutes.
Thiopental Sodium (Pentothal Sodium)
First recommended for animal anesthesia bv Sweebe
in 1936 (Vet. Med., 1936, 31, 158; Sweebe and Khuen,
North Am. Vet., 1936, 17, 31, Jan.), this ultrashortacting barbiturate has been widely used in small animal practice for anesthesia of brief duration.
In dogs and cats it is given intravenously as a 2.5
per cent solution which must be freshly prepared. A
5 per cent solution can be kept for periods up to 7
days at 5° C. or for up to 3 days at room temperature,
although this is not recommended since a certain
amount of deterioration occurs in these aqueous solutions (Robinson, Anesthesiology, 1947, 8, 166). Subcutaneous and intramuscular injections are irritating
and may result in tissue necrosis. When the solution
is accidentally injected perivascularly the irritant
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effects can be minimized by infiltrating the area with
a 1 per cent procaine hydrochloride solution (Elder
and Harrison, JA.V.MA., 1944, 125, 116). The anesthetic dose for small animals varies between 6 and 13
mg. per pound of body weight, depending on the
susceptibility of the subject and the duration of anesthesia desired. Initially, about 6 mg. per pound of
body weight may be injected during a period of 40
seconds. After a pause of 40 to 60 seconds the injection may be continued slowly to effect or until the
calculated dose has been given, provided serious depression doesn't supervene. It is safest to give the
anesthetic slowly over a period of 3 to 5 minutes
(Wright, Veterinary Anesthesia, 3rd ed., Eger, Chicago, 1952). A too rapid rate of injection causes an
abrupt fall in blood pressure and apnea which, if profound enough, may be fatal. Thiopental has a marked
depressant effect on the respiratory center and transient apnea may occur as additional doses are given
if they are injected too rapidly. With small doses
(6 to 8 mg. per pound) anesthesia lasts only about
8 to 10 minutes, while doses of 10 to 12 mg. per pound
produce anesthesia lasting from 15 to 25 minutes. The
recovery period varies from 15 minutes to an hour or
more, depending on the duration of anesthesia and
dose. In aged animals incoordination and weakness of
the hind limbs may persist for 1 or 2 days (Jones,
Veterinary Pharmacology and Therapeutics, Iowa
State Col. Press, Ames, 1954). Prolonged anesthesia
may be produced by continuous or repeated injections,
but Umble et al. (Univ. Penna. Vet. Extension Quart.,
1953, No. 133, 61) found that recovery required from
5 to 24 hours after periods of anesthesia varying from
30 to 132 minutes. In small-animal practice thiopental
is used in minor surgery, restraint for physical examination, x-ray work, dentistry, and other short
procedures.
There is considerable controversy over the use and
limitations of thiopental anesthesia in horses. Wright
(loc. cit.) quotes Boswell as recommending it for
anesthesia in castrating thoroughbred yearlings and
2-year-olds. A dose of 3 Gm. in 20 ml. of water is
injected rapidly intravenously. The subject falls to
the ground in a state of narcosis and the operation
is performed under local or chloroform anesthesia.
The colts can rise again within 30 minutes, but should
be hobbled during this period to control struggling.
Belonje (/. So. African Vet. Med. Assn., 1949, 20,
142) also considers it useful as an anesthetic for short
operations on young horses (see also Kiddle. Vet. J.,
1947, 103, 316). Longley (Vet. Rec, 1950, 62, 17) in
limited trials on 7 horses and 12 asses developed a
method of very rapid administration which reduces
the total dose required. For horses weighing about
1100 pounds he recommends a dose of }ls to H3 grain
per pound (9 to 11 mg. per Kg.) for debilitated or
old subjects and Mo grain per pound (13 to 15 mg.
per Kg.) for robust animals, injected within 10 seconds into the jugular vein. The dose is dissolved in
100 ml. of water, giving a concentration of between
5 and 10 per cent. Although this method was satisfactory in Longley's hands and is endorsed by Waddington (Vet. Rec, 1950, 62, 100), who used the
drug in 6 horses and the rapid injection method in
one, other workers are not as enthusiastic. Henderson
and Brooksby (Vet. Rec, 1950, 62, 38) point out that
violent attempts to rise may occur during the recovery
period. Ford (Vet. Rec, 1951, 63, 636) employed
Longley's method and dosage on 6 horses and emphasized the development of periodic respiration during
anesthesia and the need for restraint during recovery.
The well-known depressant effect of rapid intravenous injections of thiobarbiturates on respiration
(apnea) and blood pressure and the possibility of
violent struggling during recovery make it undesirable
to recommend the general use of this method of ad-
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ministering thiopental sodium as an anesthetic in
horses until it has been evaluated by extensive trials.
It seems reasonable to expect fatalities under clinical
conditions.
Henderson and Brooksby (loc. cit.) used thiopental
sodium for deep narcosis in hundreds of cattle. Henderson (/. Comp. Path, and Therap., 1944, 54, 245)
employed doses of 3 Gm. for steers weighing 800
pounds. This dose, given by rapid intravenous injection, induces deep narcosis lasting 5 to 10 minutes.
The animals can roll over on their sternum within
about half an hour and regain their feet in 2 to 3
hours without struggling. In calves 10 to 14 days old
Wright (loc. cit.) attained satisfactory anesthesia
with doses of }■& to ¥1 grain per pound (15 to 20
mg. per Kg.) injected intravenously over a period
of 4 to 5 minutes. Anesthesia lasted 10 to 12 minutes.
Boukaert and Oyaert (Vlaam's Diergeneesk. Tijdschr.,
1950, 19, 53) also found it satisfactory for calves.
Ford (loc. cit.) experimented with the technic of rapid
injection in cattle and concluded that the ox requires
a higher dose rate than horses and that the development of anesthesia is less certain. Anesthesia of varying duration was usually attained with doses varying
from about 6 to 9 mg. per pound of body weight.
Titchen et al. (Aust. Vet. J., 1949, 25, 257) found
that thiopental was a satisfactory short-acting anesthetic for sheep. Using a 5 per cent solution they
determined the induction dose averaged 560 mg.
(range 500 to 900 mg.) in sheep weighing between
44 and 66 pounds. The drug was injected intravenously until apnea lasting about 15 seconds developed.
This produced deep anesthesia maintained for about
20 minutes. Defecation and regurgitation of rumen
contents often occurred. For clinical use the dose
should be adjusted so as to avoid apnea. This can be
done by continuing administration up to the point
the interdigital reflex is lost (Wright, loc cit.).
Wright (loc. cit.) cites Henderson's experience with
thiopental sodium anesthesia in swine. The latter gave
doses of 20 mg. per Kg. of body weight intraperitoneally in pigs weighing from 14 to 30 Kg. Anesthesia or deep narcosis lasting about 10 minutes
developed within approximately 5 minutes after injection. Incoordination persisted for from 1 to 2
hours. Muhrer (JA.V.M.A., 1950, 117, 293) employed
intravenous thiopental anesthesia in swine and found
it superior to other anesthetics tested including ether,
chloroform, and barbital sodium. The following schedule is recommended to calculate the dose.
Dose
Weight of pig
(lb.)
10- 50
50-100
100-200
200-300
300-400
400-600

mg./lb.
5.0
4.5
4.0
3.5
3.0
2.5

The drug is given intravenously in 5 per cent solution. To avoid excitement one-half of the calculated
dose is injected rapidly and then the injection is continued slowly (2 to 6 minutes) to the desired effect.
Anesthesia lasts from 4 to 20 minutes depending on
the size of the dose and rapidity of administration and
recovery requires 30 to 100 minutes. With larger doses
the periods of anesthesia and recovery are prolonged.
Doses. For the induction of anesthesia or deep
narcosis the following doses may be used to calculate
the amount of drug probably needed. Since there is
likely to be individual variation in susceptibility to
the drug and since the depressant action is greater the
more rapid the injection, the total dose given must be
judged by the response of the subject. H., C, Sh.,
SwM 5 to 7 mg. (Y& to % grain) per pound of body
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weight intravenously. Calves, 7 to 9 mg. (% to Vi
grain) per pound of body weight intravenously. D.
and Cats, 8 to 12 mg. (% to Ys grain) per pound of
body weight intravenously .
Thiosinamine
Fibrolysin (thiosinamine and sodium salicylate)
which has largely superseded thiosinamine is employed
in veterinary medicine to reduce hypertrophied scars
of the skin and fibrosis associated with shoe-boils,
fistulous withers and poll evil, and similar conditions.
It has also been used empirically in heaves (chronic
pulmonary emphysema) of horses. Although thiosinamine has been used for several decades in veterinary therapeutics, the reports regarding its efficacy in
the conditions mentioned in the foregoing remain contradictory, fact
a
which indicates its limitations.
Doses. H. & C, 1 Gm. (IS grains). Small animals, 100 to 200 mg. (ll/2 to 3 grains). It is injected
intramuscularly in 10 or IS per cent solution at 4- to
7-day intervals.
Thiouracil
Thiouracil and related compounds depress the thyroid gland and induce a state of hypothyroidism
which results in improved fattening and/or efficiency
of gains in swine, chickens, and turkeys (Blaxter
et al., J. Animal Sci., 1949, 8, 307; Reineke, North
Am. Vet., 1950, 31, 470). Results in ruminants have
been conflicting although it is possible to show a
favorable effect in both cattle (Kline et al., J. Animal
Sci., 1949, 8, 411) and sheep (VanderNoot et al.,
J. Animal Sci., 1950, 9, 3). Since hypothyroidism depresses growth, the feeding of antithyroid substances
must be limited to the latter part of the fattening
period.
In swine greater economy of weight gain amounting
to 15 to 25 per cent is possible when thiouracil is fed
in the ration at a concentration of 0.1 to 0.15 per cent,
starting when the pigs weigh 140 to 160 pounds and
continuing for 4 weeks (Reineke, loc. cit.; Terrill
et al., J. Animal Sci., 1950, 9, 58). In chickens and
turkey broilers 0.1 to 0.2 per cent in the feed during
the final 4 weeks of the finishing period improves
fattening (Reineke).
Thiouracil is rapidly eliminated in the urine so that
withdrawal of medicated feed 24 hours before slaughter
minimizes the amount of antithyroid substance in the
meat of treated animals. See also methylthiouracil
and propylthiouracil.
In hyperthyroidism in dogs Bloom (Lacroix and
Hoskins, Canine Medicine, Am. Vet. Publ., Evanston,
1953, p. 254) recommends doses of 100 mg. 3 to 6
times daily until signs of the disease are controlled
and daily maintenance doses of 100 to 200 mg.
Doses. C, 1 to 4 Gm. (15 to 60 grains) daily.
Sh., 200 to 500 mg. (3 to iy2 grains) daily. Sw., 200
to 600 mg. (3 to 10 grains) daily. D., 50 to 100 mg.
(24 to \y2 grains) daily.
Thromboplastin
Thromboplastin is useful as a blood coagulant applied topically on surfaces oozing blood. The subcutaneous injection of this substance as a means of controlling internal hemorrhage is futile. It should never
be injected intravenously because of the danger of
causing intravascular clotting.
Thymol
Formerly thymol was employed as an anthelmintic
against intestinal strongyles in young horses and
ascarids and hookworms in dogs (Chopra and
Chaandler, Anthelmintics and Their Uses, 1928, p.
182), but owing to its inefficiency and toxicity it has
been replaced by more suitable agents such as tetrachloroethylene. It is administered to the fasting ani-
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mal, properly diluted or in capsules, and followed in
8 hours by a saline purge. The treatment must be repeated several times at 2- to 3-day intervals, or it may
be given daily for several days, followed by a purge
on the last day. For further information on its anthelmintic action, pharmacology, and toxicity see Oelkers,
Pharmakologische Grundlagen der Behandlung von
Wurmkrankheiten, 3rd ed., Hirzel, Leipzig, 1950. At
one time thymol was used as an intestinal antiseptic
but this use has also been abandoned. It is a constituent of various antiseptic solutions, but is considered of little value. Thymol is contraindicated in
gastroenteritis, dysentery, nephritis, and heart disease.
Doses. Intestinal antiseptic: H., 2 to 8 Gm. (y2
to 2 drachms). D., 120 to 300 mg. (2 to 5 grains).
Anthelmintic: H., 15 to 30 Gm. (4 to 8 drachms).
D., 0.5 to 1.3 Gm. {iy2 to 20 grains).
Thyroid
To date the various thyroid preparations have
found little application in veterinary medicine. While
thyroid deficiency does occur in animals, it is usually
the result of a lack of iodine and is best treated with
iodides. Following the lead of human practice, thyroid
therapy has been used, without notable success, in
various conditions in small animal practice including
rickets, osteomalacia, chronic eczema, and delayed
union of fractures. It has value as an agent to increase
weight loss in animals that have become obese as a
result of overfeeding. It should never be used in these
cases without careful supervision and regulation of
the diet. (See also under Iodinated Proteins.) In thyroidectomized dogs daily doses of 6 to 12 mg. per Kg.
of body weight were required to raise the metabolic
rate to normal (Borgman and Reineke, Am. J. Vet.
Res., 1950, 11, 149).
Dose. D., 1 to 6 mg. (%o to Vio grain) per pound
of body weight daily.
Thyroxin
This is rarely employed in veterinary medicine.
Dose. D., 0.3 to 0.6 mg. (^oo to ^/ioo grain).
L-Thyroxin Sodium, B.V.C.
This preparation has been used to stimulate the
production of milk in cows during the declining phase
of lactation (Bailey et al., Vet. Rec, 1949, 61, 344).
Doses. C, 50 to 75 mg. (24 to 1% grain) orally;
daily.
5 to 8 mg. i}/\2 to Y% grain) subcutaneously, given
Tobacco
Tobacco dust, consisting of the finely powdered
leaves of the tobacco plant and containing at least 1.5
per cent nicotine, is an old and fairly effective remedy
for expelling cecal worms (Heterakis gallince) and
large intestinal roundworms (Ascaridia galli) from
poultry when fed in the dry mash at the rate of 2 per
cent by weight for a period of three to four weeks
(Carpenter, J.A.V.M.A., 1931, 78, 651; Barger and
Card, Diseases and Parasites of Poultry, 1938, p. 357).
Nicotine, an alkaloid obtained from tobacco, has also
been used for these purposes in the form of nicotine
sulfate (Bleeker and Smith, J.A.V.M.A., 1933, 83, 76).
Tobacco dust has been used to destroy lice and
fleas, and decoctions of tobacco have been employed
to rid animals of ticks, lice, and fleas, but there are
more satisfactory agents available.
a-Tocopherol Acetate (Tocopheryl Acetate, B.V.C.)
See also Vitamin E and Wheat Germ Oil.
The signs of vitamin E deficiency and the clinical
uses of tocopherols have been considered under Vitamin E. Alpha tocopherol is usually employed clinically
in treating vitamin E deficiencies.
Blaxter (Vet. Rec, 1953, 65, 496) recommends oral
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doses of 200 mg. daily in calves suffering from muscular dystrophy and SO mg. daily in normal calves as a
preventive. If the calves are receiving over 1 fluidounce of cod liver oil daily, a maintenance dose of
SO mg. will not be quite enough. Sharman (Vet. Rec,
1953, 65, 837; 1954, 66, 275), working with Blaxter,
reported the use of somewhat larger oral doses of
600 mg. initially, followed by 200 mg. once daily until
signs recede.
Blaxter and coworkers (Brit. J. Nutr., 1953, 7, 34;
Vet. Rec, 1953, 65, 835) observed that cod liver oil
in calf rations leads to an increase in vitamin E requirement. In the absence of cod liver oil the daily
requirement is less than 5 mg., but 40 to 80 mg. of
a-tocopherol daily is required to neutralize the toxicity
of 10 ml. of cod liver oil.
Doses. Calves, 0.05 to 2.0 Gm. (YA to 30 grains)
daily. Lambs, 30 to 500 mg. (l/2 to V/2 grains) subcutaneously or intramuscularly. Weaned pigs, 500
mg- (7^2 grains) daily. D., 30 to 100 mg. (]/2 to
\l/2 grains) daily.
Tolu Balsam Syrup
This is added to expectorant mixtures in canine
practice.
Dose. D., 2 to 8 ml. (l/2 to 2 fluidrachms) .
Toxaphene
This is employed as an insecticide for certain ectoparasites affecting animals. When administered to
laboratory animals toxaphene is about 4 times as toxic
as DDT, the mean lethal dose being approximately
60 mg. per Kg. (x/2 grain per pound) of body weight.
It is also more toxic than DDT when applied to the
skin, but only about one-quarter as toxic as DDT
from a chronic standpoint when consumed in the diet
(Knipling, US.D.A. Pamphlet No. E-762, June,
1951). Mature sheep, goats, cattle, horses and hogs
have been treated 8 times at 4-day intervals using
1.5 per cent spray without evidence of toxicity.
Younger animals are more susceptible to poisoning,
and some deaths have occurred in calves treated on
2 occasions at 4-day intervals with a 1.5 per cent
spray (Knipling, loc. cit.). Choudhury and Robinson
(Am. J. Vet. Res., 1950, 11, 50) studied the toxic
effects of toxaphene in goats when the compound was
administered orally and found that deaths occurred
when the total amount ingested reached 150 to 650
mg. per Kg. (1 to 4 J/2 grains per pound) of body
weight. The animals showed anorexia, dilatation of
pupils, groaning and grinding of teeth, frequent attempts to urinate, continuous muscular tremors, convulsions, dyspnea, and cyanosis. Necropsy revealed
pulmonary edema, hemorrhage and emphysema, congestion and edema of the brain and spinal cord,
hemorrhage and areas of focal necrosis in the kidney,
hemorrhage and edema of the gastrointestinal tract,
and congestion and fatty metamorphosis of the liver.
Radeleff (Vet. Med., 1949, 44, 436) has also described
poisoning in sheep and goats under experimental conditions and indicated that some animals may show
marked depression while others exhibit hyperexcitability. Toxaphene appears to exert its acute toxic
effects principally on the central nervous system
(Radeleff, loc. cit.).
Toxaphene has not been so widely employed as
some of the other newer insecticides for animals. It is
not recommended for use in dairy barns or on milking
animals. The following are some of the important
ectoparasites against which it is effective: 1. Flies.
Toxaphene, used as a 0.5 per cent spray on non-milking animals is useful for the control of horn flies, but
appears to be somewhat inferior to DDT (Knipling,
loc. cit.). 2. Lice. Aqueous sprays containing 0.5 per
cent toxaphene are effective against long and short
nosed cattle lice and tail lice. Treatment may be re-
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peated in 14 to 18 days if necessary (U.S.D.A. Leaflet
No. 319, Dec, 1951). Goat lice may be controlled
for periods up to four months by dipping animals in
a 0.25 per cent suspension of toxaphene or spraying
with a 0.5 per cent aqueous suspension (U.S.D.A.
Leaflet No. 319, Dec, 1951). Toxaphene has not
been extensively studied for its effect against lice on
sheep, but it is believed that the concentrations given
for goats should be effective except for the foot louse
which requires dipping in a 0.5 per cent suspension
of the insecticide (U.S.D.A. Leaflet No. 319, Dec,
1951). 3. Ticks. Toxaphene is considered more effective than DDT for control of the sheep "tick" (ked)
when used as a 0.25 per cent dip or as a 0.5 per cent
spray (U.S.D.A. Farmers Bid., No. 2057, Feb., 1953;
Seghetti and Firehammer, J.A.V.M.A., 1950, 117,
447). Sprays containing 0.5 per cent toxaphene are
effective against the winter tick, Gulf Coast tick, Lone
Star tick and ear tick (Knipling, loc. cit.).
Tribromoethanol (Tribromoethyl Alcohol, B.V.C.)
This narcotic was introduced into veterinary practice as a nonvolatile general anesthetic and narcotic
for use in small animals when inhalation anesthesia
was inconvenient. Since at that time there was a need
for a nonvolatile narcotic for the cat, its use in this
species became fairly widespread (Wright, Veterinary
Anesthesia, 3rd ed., Alex. Eger, Chicago, 1952). However, certain barbiturate derivatives have largely replaced it and some authorities now consider its use
too dangerous to be justified (Greig and Boddie,
Hoare's Veterinary Materia Medica and Therapeutics,
Alex. Eger, 1942, p. 245).
Doses. It is usually administered per rectum in 3
per cent solution. D., 400 to 600 mg. (6 to 10 grains)
per Kg. (2.2 lb.) of body weight. Cats, 300 mg. (5
grains) per Kg. (2.2 lb.) of body weight. These doses
should be reduced by one-third in very fat or sick
animals.
Trichloroethylene (Trilene)
Roemmele (Tierarztl. Umschau, 1952, 21/22, 419)
recently reviewed the use of trichloroethylene in
veterinary practice. In addition to its use as an inhalant anesthetic for pigs, dogs, and cats, it may be
employed as a disinfectant and detergent for the skin,
minor wounds, and surgical instruments. Since it dissolves grease and tar it is useful for removing these
from the hair coat and wounds of animals.
As an anesthetic for dogs and cats it is best administered by bubbling oxygen through the solution
into the anesthetic mask or box (Wright, Veterinary
Anesthesia, 3rd ed., Eger, Chicago, 1952). Its advantages over ether are that it is less irritant and nonflammable. However, it is less potent and in dogs
which have not been premedicated with morphine it
is sometimes difficult to reach deep surgical anesthesia.
Narcotic excitement during induction and recovery
may occur. Joshua (Vet. Rec, 1950, 62, 191) used
oxygen-trichloroethylene in 113 cats for routine surgical procedures. The one fatality was attributed, in
part, to violent narcotic excitement which is listed
as a disadvantage of the drug contrasted with ether.
It produced good muscular relaxation, although slight
movement of the extremities occurred.
Trichloroethylene should not be administered in a
closed-circuit apparatus because of the danger of
formation of toxic dichloroacetylene owing to heat
produced by the soda lime.
Trichloroethylene-extracted soybean oil meal when
fed to ruminants produces a disease characterized by
aplastic anemia, fever, anorexia, and spontaneous
hemorrhages, which may be fatal (Pritchard et al.,
J.A.V.M.A., 1952, 121, 1, 73; Hohn et al., J.A.V.M.A.,
1952, 122, 380; Cross, JA.VM.A., 1952, 122, 103).
For this reason soybean oil meal so extracted is not
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suitable for feeding. Trichloroethylene-extracted soybean oil meal which is toxic for cattle may at times
be toxic to chicks (Eveleth and Goldsby, J.A.VM.A.,
1953, 123, 38).
Trichlorophenoxyacetic Acid (2,4^-trichlorophenoxyacetic acid; 2,4,5-T)
See Dichlorophenoxy acetic acid.
Trigonella {Fenugreek, B.V.C.)
This is used as a flavoring agent in medicinal powders which are fed to livestock mixed with the feed.
It is often added to such powders in a concentration
of 1 per cent.
Trypan Blue
Favorable results in the treatment of bovine and
canine piroplasmosis have been obtained with trypan
blue. Campbell (Brit. Vet. J., 1949, 105, 305) states
that the drug, while still effective in certain areas,
appears to have lost its ability to kill Babesia canis
in vivo in other areas. Owing to its toxicity and the
frequency of relapses other agents have begun to
replace it for the treatment of canine babesiasis. It is
effective against infection with Babesia caballi in
horses but not against B. equi (see Hutyra, Marek,
and Manninger, Pathology and Therapeutics of the
Diseases of Domestic Animals, Vol. I, Alex. Eger,
1938), B. bovis and B. gibsoni. It is of value in
B. bigemina infection in cattle and B. motasi in sheep
(Findlay, Recent Advances in Chemotherapy, 34d ed.,
Vol. 1, Blakiston, Phila., 1950). The drug has been
tried in a number of other infectious diseases of animals including foot-and-mouth disease, canine distemper, and Bang's disease without favorable results.
The tissues and milk are discolored (bluish-green)
for several weeks following treatment.
Doses. It is best administered by intravenous injection in 1 to 2 per cent solution. H. & C, 500 mg.
(7y2 grains) per 100 Kg. (220 pounds) of body
weight. D., 20 mg. (l/i grain) per Kg. (2.2 lb.) of
body weight. Subcutaneous injection of this solution
is likely to result in abscess formation and sloughing
of the skin.
Tryparsamide
This organic arsenical is used in human trypanosomiasis. Its trypanocidal activity is low, but since it
penetrates the blood-brain barrier well it acts against
the trypanosomes located in the central nervous system. It has been found ineffective in Babesia gibsoni
and Dirofdaria immitis infections in dogs (Findlay,
Recent Advances in Chemotherapy , Vol. 1, 3rd ed.,
Blakiston, Phila., 1950). Smith and Howell (Vet.
Med., 1944, 39, 377) considered it of some value in
anaplasmosis in cows but this has not been confirmed.
Tubocurarine Chloride (see also Curare)
This alkaloid of curare may be used in the same
way as curare (q.v.). In the dog and cat the dose is
0.1 to 0.2 mg. per Kg. Ripps (J.A.V.M.A., 1950, 116,
131) employed doses of about 0.32 mg. per Kg. (3.75
mg. for a 26-pound animal) intramuscularly every
24 hours in a dog with tetanus. Davidson (North Am.
Vet., 1950, 31, 106) used doses of 0.17 mg. per Kg.
(3 mg. per 40 pounds) of body weight to produce
muscular relaxation in dogs with spastic paralysis.
Brinker (North Am. Vet., 1951, 32, 832) reported the
use of surital sodium and d-tubocurarine combined as
a general anesthetic for dogs and cats.
It has been shown in pregnant dogs that d-tubocurarine chloride will pass the placenta and curarize
the fetuses when large doses are employed (Pittinger
and Morris, /. Pharmacol., 1952, 106, 410), but with
recommended therapeutic amounts there is little effect
on the fetuses.
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Turpentine Liniment
This is used as a rubefacient in rheumatic (painful and inflamed) conditions of muscles and joints.
Turpentine Oil
Externally turpentine oil is employed as a rubefacient and is a constituent of various stimulant
liniments.
It is administered internally as a carminative,
stimulant expectorant, and anthelmintic. It is probably the most commonly used carminative for large
animals and is of value in acute gastric tympania,
flatulent colic, and tympanites of the rumen of cattle.
In bloated cattle undiluted turpentine given orally
often results in coughing and eructation (Cole et al.,
J. Animal Sci., 1945, 4, 183). Part of this effect is
due to its anti-frothing action (Dougherty and
Meredith, J.A.VM.A., 1954, 124, 474) which releases
gas from the foaming ingesta within the rumen. As
an anthelmintic, turpentine oil is inefficient and has
been replaced by more effective agents. Perhaps it is
sufficiently effective to be used against ascarids in
the horse, but there is no general agreement regarding
its value. It has been used as a ruminatoric but its
status has not been evaluated.
Added to boiling water, turpentine oil is used as
an expectorant inhalation. Intratracheal injections of
turpentine oil diluted with a bland oil and combined
with other agents such as phenol have been recommended in parasitic bronchitis of calves (Dictyocaulus
viviparus) , but these injections have little value.
It is contraindicated in gastritis, enteritis, and
nephritis. The drug is administered in capsules or
diluted with a bland oil.
Doses. Carminative: H. & C, 30 to 60 ml.
(1 to 2 fluidounces). Sh. & Sw., 4 to 15 ml. (1 to
4 fluidrachms). D., 0.6 to 2 ml. (10 to 30 minims).
Expectorant: H. & C, 10 to 25 ml. (iy2 to 6%. fluidrachms). Ruminatoric: C, 25 to 50 ml. (6%. to
12]/2 fluidrachms). Sh. & G., 2 to 4 ml. (j/2 to 1
fluidrachm). Anthelmintic: H., 60 to 120 ml. (2 to 4
fluidounces), administered in a pint of linseed oil.
Tyrothricin
This, the first antibiotic used clinically, is useful,
applied locally, in various infectious conditions in
animals including bovine mastitis, metritis, infected
wounds and burns, superficial skin infections, and
infections of the external ear. Tyrothricin is frequently combined with various adjuvants, such as
sulfonamides, other antibiotics, and local anesthetics,
in solutions or ointments for local use.
Bovine mastitis caused by gram-positive organisms,
especially Streptococcus agalactia, can frequently be
controlled with tyrothricin (Little and Plastridge,
Bovine Mastitis, McGraw-Hill, 1946, pp. 376 to 382).
Irritant action on inflammed mammary tissue and
resultant changes in the physical quality of the milk
limit frequency of administration and its usefulness
(Benson, J.A.V.M.A., 1947, 111, 289; Merchant and
Packer, Handbook for the Etiology, Diagnosis and
Control of Infectious Bovine Mastitis, Burgess, 1952).
Because of its stability and effectiveness in the presence of tissue debris and exudates it is considered
valuable for the treatment of latent infections in dry
cows, given following the last milking prior to the
dry period and allowed to remain in the udder until
the subsequent lactation.
Tyrothricin solution (2 mg. per ml.) is useful in
endometritis of cows (Clark, Mich. State Coll. Vet.,
1943, 3, 133, 153), and tyrothricin-bismuth-formiciodide tablets are of reported value (McAuliff et al.,
Vet. Med., 1950, 45, 241) for in utero therapy to
prevent post-parturient metritis and septicemia.
Woelffer (J.A.VM.A., 1950, 116, 425) found intra-
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uterine injections of an aqueous solution in "shy"
breeding cows prior to insemination improved conception rate.
Although tyrothricin can cause serious olfactory
disturbances when instilled intranasally in humans
(Ludins, JA.V.MA., 1949, 114, 237) clinical use as
an aid in preventing secondary infections following
distemper (Thomas and Creamer, Vet. Med., 1952,
47, 424) did not produce this effect.
Tyrothricin solution, applied as wet packs, and
ointment were useful in treating burns of dogs and
cats (Vigue, Vet. Med., 1948, 43, 386). Secondary skin
infections accompanying dermatitis and mange frequently may be controlled with tyrothricin and it
is employed in dermatologic and mange preparations
for this purpose. Bryan (North Am. Vet., 1946, 27,
628) found it useful in treating udder and teat injuries in cows.
Doses. C, intramammary infusion, 10 to 80 mg.
(% to V/3 grains), average dose 20 mg. (Yz grain)
per quarter administered in aqueous medium or oil
emulsion. Intrauterine infusion, 30 to 90 ml. (1 to 3
ounces) of 0.2 per cent mineral oil emulsion.

ingested "nitrogen" fertilizers containing almost pure
urea. It has been shown experimentally that although
250 Gm. of urea ingested rapidly is fatal, up to 400
Gm. daily can be tolerated by steers if it is well
mixed with the ration and eaten during the course of
the day (Review Nutr. Res. on Urea, du Pont & Co.,
Wilmington, Del., 1948).
Urea is applied to infected wounds in crystalline
form or in aqueous solutions or ointments in concentrations offrom 10 to 50 per cent. It acts as a
lymphogogue, analgesic, and produces chemical debridement, removing necrotic tissue. Concentrations
of urea exceeding 20 per cent delay wound healing. It
is believed that urea enhances the local antibacterial
action of sulfonamides by neutralizing sulfonamide
antagonists such as />-aminobenzoic acid and methionine. Various preparations containing both a sulfonamide and urea are available for local wound therapy.
Although urea will produce diuresis when fed in
large amounts to calves (Hart et al., Proc. Am. Soc.
Anim. Prod., 1938, 31, 333) and other animals this
action is seldom employed therapeutically in veterinary medicine.

Undecylenic Acid
Preparations containing undecylenic acid and zinc
undecyienate have been found useful in cutaneous
fungous infections of animals such as ringworm.
Krai (Veterinary Dermatology, Lippincott, 1953)
recommends the following ointment for treating ringworm in dcgs and cats: Zinc undecyienate, 20 Gm.;
undecylenic acid, 5 Gm.; hydrophilic ointment, to
make 100 Gm. He cautions (personal communication) against using it on kittens and over the entire
body surface.
Similar preparations have been used in treating
fungous infections of fur-bearing animals. Kennedy
(Chinchilla Diseases and Ailments, Trade Fur Jour,
of Canada, 1952) has pointed out that so-called
'•fur slip" or "fungous disease" of chinchillas is not
a fungous infection, but rather a deficiency of unsaturated fatty acids which can be prevented or corrected with linoleic or undecylenic acid. He suggests
that the success of ointments containing undecylenic
acid may result from absorption of the fatty acid.
Of course, fungous infections do occur in chinchillas
(Krai, JA.VMA., 1955, in press) and ointments
containing undecyienate may be employed for treating small localized areas, but are not suitable for
generalized application.

Urethan

Urea
Urea is used in ruminant feeds to partially replace
protein, and externally in therapy of contaminated
wounds to remove necrotic tissue and debris and to
enhance the action of sulfonamides.
In cattle and sheep rumen microorganisms can
make use of urea nitrogen to synthesize their own
body protein and when they are subsequently digested by their host provide amino acids for nutrition. Thus urea, through the medium of rumen microorganisms, can act as a supplementary source of
dietary protein. In commercial practice urea may
replace up to l/z of crude protein in prepared feeds
(Green, Feedstufjs, June 19, 1954; The Feed Bag,
June 1954). Excessive urea may produce acute or
chronic poisoning. Dinning et al. (JA.V.MA., 1949,
114, 90) found that doses of urea of 116 to 256 Gm.
in steers caused death within \y2 hours. When urea
is fed in concentrations of 2.29 to 2.8 per cent of the
dry matter of the ration for periods exceeding 70
days chronic poisoning may occur. Therefore urea
should probably never supply more than 2 per cent
of the dry matter in a ration (Dinning, loc. cit.).
Osebold (North Am. Vet., 1947, 28, 89) reported 2
cases of urea poisoning in cattle in which the animals

This hypnotic is occasionally employed in smallanimal practice and is widely used as a narcotic and
anesthetic for laboratory animals. It is seldom prescribed for large animals and according to Frohner
and Reinhardt (Lehrbuch der Arzneimittellelire ]ur
Tierdrzte, Enke, 1937) it is inefficient in the horse.
Its use in leukemia in animals has not been investigated thoroughly as yet. White (Proc. Roy. Soc.
Med., 1946, 39, 739) reported that three dogs with
leukemia treated with urethan showed only temporary clinical improvement. Innes et al. (Vet. J., 1946,
102, 383) treated a 25-Kg. leukemic dog with daily
doses of 2 Gm. of urethan. Initially, a dramatic
response occurred with reduction in leukocytosis, regression of lymph nodes and return of vigorous
appetite.
After about 6 weeks, however, the dog's
sary.
condition
deteriorated and euthanasia became necesDoses. H., 15 to 30 Gm. (l/2 to 1 ounce). Sw.,
2 to 4 Gm. ('/2 to 1 drachm). D. & Cats, 0.6 to 2
Gm. (10 to 30 grains) ; up to 500 mg. per Kg. (2.2
lb.) of body weight may be used as a hypnotic dose.
Veratrine
Veratrine has had little use in veterinary practice
in the United States. It is reputed to be a satisfactory
emetic for the pig. (Stahl, Inaug. Dissertation, 1925,
Abstr. Deutsche Tierarztl. Wochenschr., 1925, 33, 53)
in which species apomorphine is unreliable. It does
not produce emesis in dogs except in toxic doses. It
is also used as a ruminatoric for cattle.
Doses. C, ruminatoric, 100 to 200 mg. (V/2 to
3 grains) orally. Sw., emetic, 15 to 20 mg. (V\ to lA
grain) dissolved in alcohol, diluted with water and
administered subcutaneously.
Veratrum Viride
This drug has been used in the same conditions as
aconite but, like aconite, has largely been discarded.
The tincture is usually administered.
Veratrum Viride Tincture
Doses. H. & C, 2 to 4 ml. (Y2 to 1 fluidrachm).
D., 0.12 to 0.5 ml. (2 to 8 minims).
Vitamins
Since green forage crops are rich in most of the
vitamins required by livestock, farm animals on good
pasture seldom develop deficiencies except when there
is interference with utilization. Ruminants synthesize
many B vitamins in the rumen
(Sporri, Sch'jueiz.
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Arch. Tierheilk., 1951, 93, Sonderheft) and vitamin C
is not required in the food of domestic animals because it is manufactured in the body. The older
literature on vitamin requirements and vitamin deficiency diseases of domestic animals has been reviewed
by Seifried (Vitamine und Vitaminmangelkrankheiten
bet Haustieren, Enke, Stuttgart, 1943). For further information the following publications may be consulted: Morrison, Feeds and Feeding, Morrison Publ.
Co., 21st ed., Ithaca, 1948; Allcroft, Vet. Jour., 1945,
101, 215 and 263; National Research Council, Committee on Animal Nutrition, Recommended Nutrient
Allowances for Domestic Animals, No. 1-9, 19441954; McCay, Nutrition of the Dog, 2nd ed., Cornstock, Ithaca, 1949.
Vitamin A
Vitamin A deficiency is the most common vitamin
deficiency in cattle. Night blindness is one of the
first signs and permanent blindness may occur in
young animals owing to injury to the optic nerve resulting from constriction of the optic foramen. Calves
are born with a low vitamin A reserve and depend on
colostrum to prevent deficiency. Low vitamin A intake is considered a predisposing factor in calf diarrhea and epithelial infections in general.
Vitamin A deficiency also occurs in swine, sheep,
horses, and poultry. In addition to night blindness
other signs of deficiency are the result of changes in
the epithelial tissues. The normal epithelial layers
atrophy and are replaced by stratified keratinizing
epithelium. This change is usually first shown clinically in the respiratory and genitourinary tracts. The
frequency of respiratory and genitourinary tract infections is increased. Disturbances of reproduction
are associated with advanced cases and abortions are
not uncommon.
Vitamin A therapy has been used in the treatment
of acetonemia (Bart, Can. J. Comp. Med. Vet. Sc,
1944, 8, 187) but studies of other workers (Shaw
et al., JA.V.M.A., 1945, 106, 285) indicate that it
has no value (see also Hayden et al., Cornell Vet.,
1946, 36, 71).
The recommended daily allowance of vitamin A
for horses, cattle, sheep and swine is 3000 I.U. per
100 pounds of body weight. For chickens 2000 to
3000 I.U. per pound of feed and for turkeys 4000
I.U. per pound of feed daily are the recommended
allowances. Dogs require about 32 I.U. per pound of
body weight daily. The plasma level of vitamin A is
correlated with the degree of vitamin A deficiency
(Hentges et al., J.A.V.M.A., 1952, 120, 213). In hyperkeratosis ofcattle, a disease which can be produced by feeding chlorinated hydrocarbons, the plasma
vitamin A level is low. Vitamin A feeding (25,000
I.U. daily) in cattle receiving hyperkeratosis-producing material retarded but did not prevent the occurrence of deaths (J.A.V.M.A., 1953, 123, 454).
Vitamin B Complex
For discussion of thiamine, riboflavin, cyanocobalamin, and nicotinic acid see under these titles.
Several of the B-complex vitamins are found in
livestock feeds and rumen bacteria or other microorganisms synthesize various B-complex vitamins.
Therefore deficiencies are unlikely to occur in adult
ruminants or in other classes of livestock fed usual
rations. A deficiency may be produced in monogastric
animals by feeding experimental rations of purified
nutrients, in young ruminants before the rumen is
fully functional, and under conditions which inhibit
normal bacterial action in the rumen. Vitamin pills
containing vitamin A, vitamin D, and B-complex
vitamins have been recommended to prevent losses
from calf scours but large-scale studies failed to
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confirm these claims (Morrison, Feeds and Feeding,
21st ed., Morrison Publ. Co., Ithaca, 1948). Many
B-vitamins are synthesized in the cecum of horses.
It is doubted that they are absorbed to any extent
and there is evidence that deficiencies of thiamine
and riboflavin may occur if insufficient amounts are
present in the ration. Unfortunately the dietary requirements ofhorses are not well established (National
Res. Council, Comm. Animal Nutr., Recommended
Nutrient Allowances of Horses, 1949).
The daily requirement for various B-vitamins for
dogs per pound of body weight are as follows: B12,
0.25 microgram; Bj, 8 micrograms; riboflavin, 20
micrograms; pyridoxine, 10 micrograms; pantothenic
acid, 25 micrograms; niacin, 110 micrograms; and
choline, 15 milligrams. The requirements for foxes
and mink per pound of dry diet are: B12, 13 micrograms; Bi, 0.5 milligram; riboflavin, 0.9 milligram;
pyridoxine, 0.5 milligram; pantothenic acid, 3.6 milligrams, and niacin, 4.5 milligrams. The requirements
for chickens per pound of feed are: B12, 2 to 4 micrograms; Bi, 0.8 milligram; riboflavin, 0.8 to 1.7 milligrams; pyridoxine, 1.3 milligrams; pantothenic acid,
2.1 to 4.2 milligrams; niacin, 12 milligrams, and
choline, 600 milligrams. The requirements for swine
per 100 pounds of body weight are: Bi, 2.5 milligrams; riboflavin, 3.8 milligrams; niacin, 12.5 milligrams; pantothenic acid, 18.5 milligrams, and pyridoxine, 3.0 milligrams. (National Res. Council, Comm.
Animal Nutr., Recommended Nutrient Allowances
1954.)Domestic Animals, No. I, II, VII, VIII, 1944for
Clinically preparations containing several B vitamins are employed in treating such conditions as
swine enteritis, anorexia, and vague states associated
with muscle cramps in race horses (Steele, Vet. Med.,
1948, 43, 361, and 1950, 45, 48), and B vitamin
deficiency in dogs (Jones, Veterinary Pharmacology
and Therapeutics, Iowa State Col. Press, Ames, 1954).
The preparations usually contain thiamine, riboflavin,
nicotinamide, pantothenate, and pyridoxine. Because
it is rare that only a single member of the vitamin B
complex is deficient, the use of multiple vitamin
medication is usual.

Vitamin D
Since the importance of providing adequate vitamin
D has been recognized the occurrence of rickets in
young animals and osteomalacia in adults has decreased. Prior to this rickets was fairly common in
pigs, dairy calves, and poultry. Various species differ
in their vitamin D requirements. Turkeys and chickens
need relatively more vitamin D than other farm
animals while foxes, mink and certain breeds of pigs
need little if they are fed optimal amounts of calcium and phosphorus in the proper ratio (Morrison,
Feeds and Feeding, 21st ed., Morrison Publ. Co.,
Ithaca, 1948). The need for vitamin D is greatest
in growing animals, lactating females, and when the
calcium-phosphorus ratio deviates from the optimal
ratio of about 1.5:1. Carnivora, including dogs, are
especially sensitive to deviations from the optimal
dietary calcium-phosphorus ratio, and require large
amounts of vitamin D to correct an imbalance. Rapidly growing breeds, such as Great Danes, are especially sensitive.
Abrams {Vet. Rec, 1952, 64, 151, 174, and 181)
in a review of current knowledge regarding vitamin
D in animal nutrition has emphasized several important facts which should be mentioned. Vitamin D
increases calcium and phosphorus absorption. For
example in calves and lactating cows the retention
of these elements may be increased tenfold compared
with that on vitamin D-free diets. Rickets is favored
by diets low in calcium and phosphorus and when
the ratio of these two elements deviates much from
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about 1.5:1. This has been proven true for foxes,
pigs, horses, and cattle. It has been shown in the
dog, pip, and calf that vitamin D tends to offset the
harmful effects of calcium-phosphorus imbalance.
Man, the young dog, cow, and horse all need vitamin
D even though the mineral balance is optimal. In
Great Danes and some other large breeds of dogs
slight deviations from a calcium-phosphorus ratio
of 1.3:1 are harmful while in calves receiving vitamin D from sunlight and one gallon of milk daily
dietary calcium-phosphorus ratios of 1.2 and 3.3 were
tolerated. Work with young pigs and sheep has
shown that growth rate is a better \ndicator of
avitaminosis D than clinical rickets. Persistent anestrum occurs in cows on vitamin D-deficient diets,
although it is not clear whether this is a direct or
secondary effect (Wallis, /. Dairy Sci., 1938, 31, 315).
In pigs, calves, and other species the efficiency of
food utilization is decreased when vitamin D is
deficient.
Individuals with markedly pigmented skin are
more prone to develop rickets owing to reduction
in the amount of vitamin D which can be formed
in the skin as a result of ultraviolet irradiation. This
has been shown to be true in man, pigs, horses, and
kittens. The importance of increased vitamin D needs
when sunlight is reduced is emphasized by the increased incidence of rickets during the winter months
observed in cattle, horses, pigs, puppies, and kittens.
It is apparent that even when animals are exposed
to summer sunshine their reserves are insufficient to
carry them over the entire winter and the reserves
thus built up will be less in dark-skinned breeds.
Estimated daily requirements of vitamin D are
listed in the monograph on cod liver oil. In general,
mammals require not less than 300 I.U. per 100
pounds of body weight daily when the calciumphosphorus ratio and total mineral intake is about
optimal. Growing, pregnant, and lactating animals
and those fed diets with unbalanced or deficient
mineral content require larger amounts. It is generally
recommended that 2 or 3 times the minimal amount
of vitamins be fed. On this basis Wallis (So. Dakota
Exp. Sta. Bull. 372, 1946) recommends feeding dairy
cattle 12,000 to 15,000 I.U. daily. According to this
worker (J.A.VM.A., 1952, 120, 392) the occurrence
of borderline vitamin D deficiency in farm calves is
widespread and he suggests fortification with 1000 to
4000 U.S.P. units of vitamin D per pound of ration
for preventive feeding.
Hibbs (/. Dairy Sci., 1950, 33, 758) experimented
with vitamin D feeding as a preventive in bovine
parturient paresis. No reduction in the incidence of
milk fever occurred when cows were fed 1 to 5
million units daily for 2 to 4 weeks prepartum (Hibbs
et al., J. Dairy Sci., 1951, 34, 855). Massive doses
(10 to 30 million units) daily for 5 to 7 days prepartum (Hibbs et al., J. Dairy Sci., 1947, 30, 565;
1951, 34, 498) produced encouraging results, although
this approach to the prevention of milk fever remains
to be evaluated.
Vitamin D may be toxic if given in excessive
amounts and occasional cases of chronic toxicity
have occurred in dogs given large doses by overzealous owners. Experimentally, approximately 5000
I.U. per pound of body weight daily will produce
toxic effects in dogs after several months and calcium
deposits may be found in the kidney, lung, heart,
stomach, intestine, and other soft tissues (Hendricks
et al., Am. J. Physiol., 1947, 149, 319). Single doses
of from 150,000 to 250,000 I.U. may be fatal in dogs,
death occurring in from a few days to several weeks
(Jones, Veterinary Pharmacology and Therapeutics,
Iowa State College Press, Ames, 1954).
Doses. For therapy in deficient animals about 10
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to 25 times the minimal daily requirement, given
daily for 1 week, is recommended (Jones, loc. cit.),
although much larger doses have been used.

Vitamin E
(See also a-Tocopherol and Wheat Germ Oil.) Vitamin E is necessary for normal reproduction in rats,
poultry and certain other animals and has been
shown to be required for the prevention of cardiac
and skeletal muscular dystrophy in various domestic
mammals, encephalomalacia in poultry, and steatitis
or "yellow-fat" disease in mink and swine. Deficiency
of vitamin E in the ration of laying hens diminishes
the hatchability of eggs and viability of chicks.
The status of vitamin E in nutrition has been review by Mattill (Borden's Rev. Nutr. Res., 1952,
13, 109) and many facets of vitamin E research
were reported at a symposium in 1949 (Mason et al.,
Ann. N. Y. Acad. Sci., 1949, 52, 63).
Because it was found to be essential to normal
reproduction in male and female rats and female
mice, vitamin E came to be known as the antisterility
vitamin. This has led to its clinical use in sterility
problems in domestic animals, but, except for swine
and poultry, deficiency produces other disabilities
before reproduction is affected. Early reports indicated favorable results with vitamin E therapy in
sterility of cows and horses but this has not been
confirmed by subsequent work. Van der Kaay and
associates (Ann. N. Y. Acad. Sci., 1949, 52, 276)
found that serum tocopherol levels in sterile cows and
horses were not lower than normal and in cows the
administration of wheat germ oil did not significantly
raise these levels. The addition of vitamin E supplements to the ration of farm animals did not increase
reproductive efficiency (Loosli, Ann. N. Y. Acad. Sci.,
1949, 52, 243). No special reproductive difficulties
were produced in cattle and goats fed vitamin Edeficient rations for several generations (Parrish,
Ann. N. Y. Acad. Sci., 1949, 52, 251; Gullickson,
ibid., 256). Sows fed vitamin E-deficient rations
suffer a marked lowering of reproductive efficiency
owing to early embryonic death (Adamstone et al.,
Ann. N. Y. Acad. Sci., 1949, 52, 260). In chickens
cockerels develop degenerative lesions of the testes
and the hatchability of fertile eggs is reduced when
vitamin E is needed (Seifried, Vit amine u. Vitaminmangelkrankheiten
bei Haustieren, Enke, Stuttgart,
1943).
In all herbivorous animals (Loosli, loc. cit.) and
various species of birds (Seifried, loc. cit.) vitamin E
deficiency causes muscular dystrophy (white muscle
disease). In lambs skeletal muscle is primarily affected
while in cattle and calves heart muscle is more severely
affected. In cattle cardiac failure occurs (Gullickson,
loc. cit.) and electrocardiographic changes are apparent in cattle (Gullickson and Calverly, Science, 1946,
104, 312), rabbits, and monkeys (Filer et al., Ann.
N. Y. Acad. Sci., 1949, 52, 284). In lambs which die
suddenly extensive cardiac lesions are likewise found
(Jones, Veterinary Pharmacology and Therapeutics,
Iowa State Col. Press, Ames, 1954). Muscular dystrophy develops in pigs from sows reared on a vitamin E-deficient diet (Adamstone et al., loc. cit.).
Chicks raised on vitamin E-deficient diets develop
encephalomalacia (Seifried, loc. cit.) or if the ration
contains more than traces of fat and cod liver oil they
develop exudative diathesis (Mattill, loc. cit.) as a
result of increased capillary permeability.
In young mink a disease characterized by inflammatory changes in the adipose tissue ("steatitis") and
brownish discoloration ("yellow fat") has been shown
to be due to a relatively high intake of unsaturated
fats (such as are found in fish scraps often fed to
mink) and inadequate intake of tocopherols (Mason
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and Hartsough, J.A.VM.A., 1951, 119, 72). A similar
condition occurs in pigs fed fish scrap and can be
prevented by supplementing the diet with tocopherols
(Gorham et al., Cornell Vet., 1951, 41, 332). In this
connection an interesting report has been published
(McDonnough, J.A.V.M.A., 1953, 123, 348) of white
muscle disease in 2 calves fed coconut meal which had
become rancid. It was suggested that the rancid fat
might have destroyed the vitamin E in the food.
In calves with severe diarrhea serum tocopherol
levels decrease (Parrish, loc. cit.) and Houle (J.A.
V.M.A., 1952, 121, 485) reported that in beef calves
pneumonia and scours develop in vitamin E deficiency
in addition to the muscular lesions. In swine it has
been found (Carpenter and Lundberg, Ann. N. Y.
Acad. Sci., 1949, 52, 269) that supplementing the diet
of sows with tocopherols favorably influences liability and growth of nursing pigs under conditions in
which so-called "baby-pig disease" is enzootic.
The value of vitamin E in angina pectoris, rheumatic fever, and hypertensive heart disorders in man
is controversial and not supported by most authorities. It is known that vitamin E-defkient animals may
die of heart failure but, despite reports to the contrary
(Quin, Iowa Vet., 1948, 19, 9), there is no convincing
evidence as yet that vitamin E therapy is of value
in heart disease of animals not known to be caused
by deficiency of the vitamin.
Doses. Calves, 0.3 to 2 Gm. (5 to 30 grains)
daily. Lambs, 100 to 500 mg. (lJ/2 to 1]/2 grains)
subcutaneously or intramuscularly. Weaned pigs,
500 mg. (1*4 grains) daily. D., 30 to 100 mg. (l/2 to
iy2 grains) daily.
Vitamin K
Vitamin K is synthesized in the rumen of cattle and
sheep and the lower bowel of most other animals in
sufficient amounts to supply usual needs. In chicks fed
vitamin K-deficient diets the blood clotting time is
prolonged and spontaneous hemorrhages may occur.
This is because vitamin K is required for the formation of prothrombin in the liver. Dicoumarol (bishydroxycoumarin) suppresses prothrombin formation
in the liver and this action is counteracted by vitamin K. Thus in dicoumarol poisoning in cattle (e.g.,
sweet clover poisoning) and in Warfarin (q.v.) poisoning in dogs and swine vitamin K may be used as
an antidote.
Apparently adult chickens can synthesize vitamin K
to some extent, but if the diet is low in the vitamin,
laying hens produce eggs which are low in vitamin K
and the chicks from these eggs may bleed to death
from slight injuries (National Res. Council Committee on Animal Nutrition, Nutrient Requirements of
Poultry, 1954).
Vitamin K is used clinically in conditions which
prevent absorption of the vitamin (e.g., obstructive
jaundice; and formation of prothrombin (impaired
liver function). The rodenticide Warfarin has caused
fatalities in dogs and swine. Menadione injection
given orally or intramuscularly is usually absorbed
too slowly to be effective. An emulsion of 5 per cent
vitamin K, in 5 per cent dextrose solution, given intravenously in doses of 50 to 60 mg., will reverse hypoprothrombinemia in dogs within an hour (Jones,
Veterinary Pharmacology and Therapeutics, Iowa
State Col. Press, Ames, 1954).
Experiments indicate that feeding bovine serum
solids and vitamin K to calves reduces the incidence
of diarrhea. Vitamin K is added to prevent and control intestinal hemorrhage that follows intestinal inflammation (Anderson et al., Am. J. Vet. Res., 1952,
13, 5; Christian and Segard, J.A.V.M.A., 1953, 112,
130). Newborn calves are fed 1 quart of milk containing 35 Gm. of bovine serum solids, 16 grams of
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predigested whole milk solids, and 50 mg. of vitamin
K during the first 24 hours.
See Menadione.
Warfarin
This anticoagulant, introduced as a rodenticide in
1949, acts by inhibiting prothrombin formation with
consequent fatal hemorrhage. Single doses, unless very
large, are not lethal but repeated ingestion over a
period of several days is fatal. Single doses of 50 mg.
per Kg. are tolerated by rats, but 1 mg. per Kg. daily
for 5 successive days causes death. Baits are prepared
by mixing Warfarin concentrate, a dry powder, usually containing 0.5 per cent Warfarin, with 20 parts
oatmeal, ground corn, corn meal or some suitable
grain. Ready mixed baits containing 0.025 per cent
Warfarin are also available. This type bait kills the
common rat in 5 to 8 days.
Accidental poisoning of household pets and livestock occasionally occurs. McGirr and Papworth
(Vet. Rec, 1955, 67, 124) summarized the literature
on Warfarin toxicity to various animals. Poultry and
calves are very resistant and accidental poisoning is
unlikely. In a calf 50 mg. per Kg. of body weight
daily for 10 days produced no signs of poisoning other
than delayed clotting time. Two hundred mg. per Kg.
were tolerated for 13 days when spontaneous hemorrhages became evident. In pigs 0.4 mg. per Kg. daily
for 7 days produces toxic signs and death although a
single dose of 3.3 mg. per Kg. is not harmful. An adult
chicken would require over 50 per cent of its weight
of a feed containing 0.1 mg. per Kg. to cause toxic
signs. Single doses of 15 to 50 mg. per Kg. produce
no toxic signs in sheep. Cats may be killed with single
doses as low as 5 mg. per Kg. while some individuals
have survived doses of 50 mg. per Kg. A dose of 3
mg. per Kg. daily for 3 or 4 days is often fatal to
cats. Toxicity levels in dogs are likewise variable but
it appears that daily doses of 4 mg. per Kg. for 4 days
might be fatal. Single doses of 20 to 50 mg. per Kg.
in dogs may kill some individuals while others survive.
The source of accidental poisoning is usually rodent
bait. Since dogs and cats are not attracted by cereals,
poisoning in these species is not common, although it
is possible, especially if the animals eat poisoned rat
carcasses daily for several days. Warfarin has been
used in cases of malicious poisoning of dogs (Klausman and Brown, Vet. Med., 1952, 47, 235). A case is
recorded in which a pregnant bitch ate bait containing Warfarin at intervals during a period of 1 month
(Boddie and Burgess, Vet. Rec, 1953, 65, 398). Abortion accompanied and followed by severe uterine
hemorrhage occurred and the uterus had to be removed. Accidental poisoning in pigs fed feed mixed
in a feed mixer previously used to mix Warfarin rat
poison has been reported (Reihart and Reihart, Vet.
Med., 1953, 47, 372).
In poisoning cases blood transfusions and vitamin K
(q.v.) are indicated. Klausman and Brown (loc. cit.)
administered an oxalic and malonic acid preparation
(Koagamin) with apparent benefit in poisoned dogs
(see Oxalic acid) .
Wheat Germ Oil
This is a source of vitamin E (q.v.) and is employed in treating vitamin E deficiency. Van der Kaay
et al. (Ann. N. Y. Acad. Sci., 1949, 52, 276) found in
cattle that oral doses of 100 ml. of wheat germ oil
containing 226 mg. of tocopherol and intramuscular
doses of 25 ml. containing about 80 mg. of tocopherol
did not significantly elevate the serum tocopherol level.
Yeast, Dried
Dried yeast is used as a dietary supplement for
swine, poultry, dogs and cats. It is added to poultry
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and swine rations in concentrations of 3 to 5 per cent.
Doses. D. & Cats, 8 to 15 Gm. (2 to 4 drachms)
daily.

combination with boric acid or bismuth, or as an ointment. It is a useful application in otorrhea in dogs.

Zinc

Zinc Phenolsulfonate

Zinc is a necessary dietary trace element which is
widely distributed in plants and soils and consequently seldom deficient in animal rations. However,
recent evidence has led to the suggestion that parakeratosis of swine is related to mineral metabolism,
and can be prevented by feeding zinc. The amount in
the diet needed has not been established although it
probably should be to the order of 0.01 per cent
{Univ. Wise. Vet. Sci. News, April IS, 1955).
Zinc Chloride
Zinc chloride in 10 per cent solution or as a paste
(20 per cent zinc chloride with flour and water) is
used as a caustic in fistulas, sinuses, chronic ulcers,
and similar conditions. Formerly this sort of therapy
was not uncommon, but these conditions are now
more often treated by surgical methods.
Zinc Oxide
Zinc oxide is used as a dressing in moist eczema
and on wounds, either as a dusting powder, often in

The phenolsulfonates have been used as intestinal
antiseptics, in dusting powders for ulcers and slowly
granulating wounds, and in 1 per cent solution in the
eye for their supposed disinfectant action. Since it
has been demonstrated that they have no antiseptic
action their value is nil.
Doses. H. & C, 4 to 8 Gm. (1 to 2 drachms).
D., 120 to 300 mg. (2 to 5 grains) .
Zinc Sulfate
This is a prompt and efficient local emetic which
is used in canine practice. It produces little nausea
or prostration, but has the disadvantage of requiring considerable dilution which makes administration
inconvenient.
It is used externally for its astringent properties in
catarrhal conditions of mucous surfaces and in combination with lead acetate and water, forms the popular "White Lotion" (see Lead Acetate).
Dose. D., emetic, 0.3 to 1 Gm. (5 to 15 grains) dissolved in 60 ml. (2 fiuidounces) of tepid water.

Veterinary Biological Products
AGGRESSINS
Aggressions are regarded as substances produced by
bacteria which inhibit antibacterial mechanisms of the
body, especially phagocytosis, and thus contribute to
the virulence of the organism. There are two types:
natural aggressins and cultural aggressins. Natural
aggressins are Berkefeld-filtered exudates and tissue
fluids from tissues infected with specific causative
agents of disease, containing growth and disintegration products of the infecting organisms. They are no
longer generally available. Cultural aggressins are
Berkefeld filtrates of artificial cultures of virulent
organisms. These preparations are bacteriologically
sterile and are used for the active immunization of
animals. This immunization is considered to result
from the development of antiaggressins by the animal
which will neutralize the aggressins of the invading
organisms. These products have been used in veterinary medicine to immunize animals against blackleg
in cattle and hemorrhagic septicemia in horses, cattle,
sheep, swine, and fowl.
Aggressins are usually administered subcutaneously
in the doses indicated below.
Blackleg Natural Aggressin
This aggressin is a Berkefeld filtrate of fluids expressed from affected tissues of cattle that have died
of blackleg following inoculation with the Clostridium
chauvaei organism. It is tested culturally and by means
of guinea pig inoculation tests. The results with this
product have been excellent (Kelser and Schoening,
Manual of Veterinary Bacteriology, Williams & Wilkins, 1948, 5th ed., p. 339). However, blackleg bacterin has largely replaced blackleg aggressin.
Doses. C, 5 ml.
Blackleg Cultural Aggressin
This product consists of the Berkefeld filtrate of
Clostridium chauvaei cultures. It has been found to
have value in immunizing animals against blackleg,
although the natural aggressin is considered a more
effective
agent
(Kelser,
personal
communication,

1947). However, blackleg bacterin has largely replaced
both tvpes of agsressin.
Dose. C, 5 ml.
Hemorrhagic-Septicemia Aggressin
Edematous fluids from the affected tissues of horses
or cattle inoculated with cultures of Pasteurella multocida are collected following the death of the animal
and rendered sterile by passage through a Berkefeld
filter. A preservative is added, and the final product
is tested for sterility by cultural and animal inoculation tests. This aggression is used to immunize animals against the organisms that cause hemorrhagic
septicemia.
Doses. H. & C, 5 ml. Calves, Sh., & Sw.,
2 ml. Fowl, 1 ml.

ANTITOXINS
The nature of antitoxins and methods for their
preparation are discussed under Diphtheria Antitoxin
(see Part I). For information regarding the production
of veterinary biological products see Antibacterial and
Antiviral Serums, in this section. The following antitoxins are employed in veterinary medicine.
Antivenin. Antivenin Crotalus. North American Anti-Snake-Bite Serum
This polyvalent antitoxic serum contains neutralizing substances against the venoms of all poisonous
snakes of North America (Crotalidae) except the coral
snakes. It should be administered promptly, although
in large animals it is of value if administered within
twenty-four hours of the snake bite. In small animals
prompt administration is more essential, since snake
bites are sometimes rapidly fatal.
Doses. A larger dose is recommended for small
animals (dogs, sheep, and goats) than for large animals, since the amount of venom per pound of body
weight is likely to be greater and therefore exist in
greater concentration in the circulation and tissues.
Large animals, initial dose of 50 ml. subcutaneously

Part

III

or, preferably, intramuscularly. One or more additional doses may be given if the symptoms are not
relieved within an hour. Small animals, initial dose
of 100 ml. subcutaneously or intramuscularly. If
symptoms are not relieved within y2 hour additional
SO-ml. doses may be given.
Botulinus Antitoxin. Botulism Antitoxin
In veterinary medicine a polyvalent antitoxin is employed, prepared by hyperimmunizing healthy horses
against types A, B, and C Clostridium botulinum
toxins. It is tested for comparative potency with a
National Institutes of Health standard antitoxin. Each
ml. of the final product usually contains at least 50
type A, 50 type B, and 50 type C antitoxic units. This
antitoxin is used in the control and treatment of
botulism in all domestic animals. The disease may
occur in any of the domestic species and is frequently
rapidly fatal.
Homologous or polyvalent botulism antitoxin will
prevent the development of the disease if given before
or immediately following the absorption of the toxin.
Once the symptoms develop, its efficacy as a curative
agent is disappointing although it is probably the best
treatment available (Kelser and Schoening, Manual
of Veterinary Bacteriology, 1948, 5th ed., p. 356).
Doses. Prophylactic: H. & C, 40 to 50 ml., i.e.,
6000 to 7500 units. Sh. & Sw., 5 to 10 ml., i.e., 750
to 1500 units. D., 5 to 10 ml., i.e., 750 to 1500 units.
Fowls, 1 to 2 ml., i.e., 150 to 300 units. It is administered subcutaneously. Therapeutic: From 2 to 4
times the prophylactic dose, preferably administered
intravenously.
Clostridium Perfringens, Type D, Antitoxin
This is an antitoxin of equine origin which confers
immediate but passive protection against Clostridium
perfringens infection in feeder lambs or pulpy kidney
disease of suckling lambs (Baldwin et al., Am. J. Vet.
Res., 1948, 9, 296).
Doses. Feeder lambs, 5 to 10 ml. Suckling
lambs, 2 to 3 ml.
Tetanus Antitoxin
Tetanus antitoxin used for veterinary purposes is
prepared, standardized, and subjected to the same
potency test as the U.S.P. tetanus antitoxin. It is used
in the prevention and treatment of tetanus in the
domestic species. Since horses and mules are highly
susceptible to the tetanus organism, it is of particular
importance to administer a prophylactic dose of
tetanus antitoxin to these species following wounds
and surgical procedures. Cattle, sheep, swine, and goats
are less susceptible to the disease, while dogs, cats, and
poultry are seldom affected. The antitoxin is of great
value as a prophylactic agent even if administered
some hours after infection, but it is of little value in
treatment once the symptoms appear.
Doses. Prophylactic: H. & C., 1500 units. Where
the likelihood of infection is great, or where the date
of exposure is in doubt, 3000 to 5000 units are recommended. Sh. & Sw., 500 units. D., 500 to 1500 units.
It is administered intramuscularly or subcutaneously.
Therapeutic: From 20 to 60 times the prophylactic
dose is administered subcutaneously, intramuscularly,
intravenously, and/or intraspinally.

ANTIBACTERIAL AND ANTIVIRAL SERUMS
Antibacterial and antiviral serums are prepared by
hyperimmunizing animals against particular bacteria
and viruses. The specific antibodies produced are discussed elsewhere (see Serums, Part II). Only animals
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free from disease are used. Horses and cattle are most
frequently employed, although other species are used
in the preparation of certain products. Serums produced from blood of the same species as that to which
they are to be administered are referred to as homologous serums. It is preferable to use homologous
serums wherever possible, since there is less danger
of anaphylaxis.
All personnel, equipment, and animals used in the
preparation of veterinary biological products are kept
separate from those used in producing products for
human use. Veterinary immune serums, as well as
other biological products, are produced under license
issued by the United States Bureau of Animal Industry in accordance with rules and regulations promulgated under authority of the Virus-Serum Toxin Act.
These laws and regulations are administered by the
Serum-Virus Control Division of the Federal Bureau
of Animal Industry. The methods of producing and
testing each product are filed with the Bureau of Animal Industry by the licensee. Suitable tests are required to prevent the marketing of contaminated,
dangerous, or worthless products. These include sterility, purity, safety, and potency tests where such
have been devised. Tests that will accurately determine the potency of these products have, unfortunately, not been found. Certain biological tests are
used such as agglutination tests. The tests applied by
the manufacturer are outlined and filed with the
Bureau of Animal Industry. Certain products are
tested in accordance with tests outlined by the Bureau.
For example the Bureau of Animal Industry prescribes
a potency and purity test for anti-hog-cholera serum
and protective tests for anti-swine-erysipelas and antihemorrhagic-septicemia serums.
Serums are administered subcutaneously, intramuscularly, orintravenously. The doses given for the
various products mentioned here are those recommended for the commonly employed commercial
preparations. In all instances the dosage recommendations found on the label of the preparation should be
followed (unless the veterinarian has special information to the contrary) since these doses are approved
by the Federal Bureau of Animal Industry for that
particular product.
When serums are administered the possibility of
anaphylactic response must be kept in mind. Since all
antisera are heated (pasteurized) in accordance with
the United States Bureau of Animal Industry regulations, certain protein alteration occurs so that there is
always the possibility of varying degrees of reaction.
Anaphylactic reactions are more likely to occur when
the serum has been obtained from a different species
than that to which it is being administered. Reactions
are more common in animals sensitized by a previous
injection. Intravenous injections of serum should be
given very slowly, and a full therapeutic dose of
epinephrine kept in readiness for immediate administration ifsymptoms of a reaction develop.
Most of these serums have not been found especially
effective therapeutically. However, they will confer
passive immunity of a few weeks' duration, and therefore are useful prophylactic agents to be used where
exposure has occurred or is imminent.
Antianthrax Serum
This serum is obtained from horses, mules, or cattle
hyperimmunized against Bacillus anthracis. Because
of the danger of anaphylaxis, serums for bovine and
equine use are prepared. The serum is used to confer
passive immunity in animals in anthrax districts and
in the treatment of anthrax. Its use as a therapeutic
agent has given unsatisfactory results in most instances, although good results have been reported with
early treatment.
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Doses. Prophylactic: H. & C, SO to 100 ml.
Sh. & G., 10 to SO ml. Therapeutic: Double the
prophylactic doses.
Antibacterial Serum: Bovine, Canine, Equine,
Feline, or Porcine
Under this classification are grouped polyvalent
serums produced by hyperimmunizing horses or other
animals against various disease organisms. The organisms used are generally isolated from the animal species
for which the serum is intended. They are used as an
aid in controlling infections caused by the microorganisms employed in their production. The organisms against which the production animals have been
immunized are listed on the label together with dosage
recommendations.
These serums are frequently employed in veterinary
practice. In general they have little value as curative
agents. Some of them (such as those produced against
organisms found in white scours of calves, distemper
of dogs, and infectious enteritis of cats) are effective
prophylactic agents.
Typical examples of some antibacterial serums commercially available are given below. The doses mentioned are merely representative.
Antibacterial Serum {Bovine), {Bovine origin)
This is obtained from bovines hyperimmunized
against certain pyogenic streptococci, Staphylococcus
aureus, Corynebacterium pyogenes, and Escherichia
coli.
Doses. Prophylactic: 25 to SO ml. Therapeutic:
50 to 100 to S00 ml.
Antibacterial Serum {Bovine), {Bovine origin)
This is obtained from bovines hyperimmunized
against Escherichia coli, Salmonella enteriditis, JErobacterium cerogenes, Pasteur ella boviseptica {multocida).
Doses. Prophylactic: C, 25 to SO ml. Calves,
20 ml. Therapeutic: C, 50 to 100 ml. Calves, 30
to 60 ml.
Antibacterial Serum {Canine), {Canine origin)
Obtained from dogs hyperimmunized against certain pyogenic streptococci, Salmonella enteriditis, S.
schottmuelleri, and Escherichia coli.
Doses. Prophylactic: 20 to 50 ml.
Antibacterial Serum {Canine), {Equine origin)
Obtained from horses hyperimmunized against
Brucella bronchiseptica, Pasteurella caniseptica {multocida), Staphylococcus albus and aureus, and certain pyogenic streptococci.
Doses. Prophylactic: 10 to 30 ml.
Antibacterial Serum {Equine), {Equine origin)
Obtained from horses or mules hyperimmunized
against pyogenic streptococci, Staphylococcus albus
and aureus, Pasteurella equiseptica {multocida), and
Escherichia coli.
Doses. Prophylactic: 20 to 50 ml. Therapeutic:
50 to ISO ml.
Antibacterial
origin)

Serum

{Feline),

{Bovine

Pan

Products

or

Equine

Obtained from cattle or horses hyperimmunized
against Pasteurella feliseptica {multocida), pyogenic
streptococci, Staphylococcus aureus and albus,
Escherichia coli, and Salmonella schottmuelleri.
Doses. Prophylactic: 2 to 5 ml. Therapeutic: 5 to
10 ml.
Antibacterial Serum {Porcine), {Equine origin)
Obtained from horses hyperimmunized against
Escherichia coli, Salmonella choleraesuis and schott-
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muelleri, Pasteurella suiseptica {multocida) and pyogenic streptococci.
Doses. Prophylactic: 15 to 25 ml. Therapeutic:
25 to 70 ml.
Antiblackleg Serum
Antiblackleg serum is prepared from the blood of
cattle hyperimmunized against Clostridium chauvcei.
It is used as an aid in the prevention and control of
blackleg. The results of treatment with this serum
have been variable, and at the present time it is rarely
used in the United States. It may be of some value
when used to produce temporary immunity in exposed
animals in an infected herd.
Doses. Prophylactic: Calves, 50 to 150 ml. Sh.,
10 ml. Therapeutic: Calves, 100 to 300 ml. Sh., 20
to 30 ml.
Anti-Bronchisepticus-Bacillus Serum
Brucella bronchiseptica is a frequent secondary
invader in canine distemper and was once thought to
be the primary etiological factor. Although it has
been shown that canine distemper is a virus disease,
B. bronchiseptica is nevertheless an important pathogen that causes secondary infection in the animal
weakened by the depredations of the virus. For this
reason, it is used in the production of antibacterial
serums and combined antibacterial and antiviral
serums used in the prevention and treatment of this
disease. Anti-bronchisepticus-bacillus serum is prepared by hyperimmunizing dogs against Brucella
bronchiseptica.
Doses. D., 5 to 20 ml.
Anti-Canine-Distemper Serum
Anti-canine-distemper serum is obtained from mature dogs hyperimmunized against canine distemper
virus. Horses are sometimes used to produce this
serum, but the homologous product is considered
superior. It is used to confer temporary passive immunity on dogs likely to be exposed to the disease. It
is occasionally employed in the simultaneous method
of distemper immunization in which the subject is
given a simultaneous dose of distemper virus and antiserum. Another method of active immunization consists of the administration of a protective dose of
serum followed by pen exposure of the animal to the
naturally occurring disease. The value of this serum
in the treatment of canine distemper is limited to the
very early stages of the disease, and even then the
results are often unsatisfactory.
Doses. Prophylactic: D., 0.5 ml. per pound of
body weight. Therapeutic: D., 1 to 2 ml. per pound
of body weight.
Combined Anti-Canine-Distemper
Antibacterial Serum

and Canine

Serums available commercially to aid in the prevention and control of canine distemper are frequently
obtained from dogs hyperimmunized against various
organisms that are commonly found as secondary invaders in the disease as well as against the canine distemper virus. The bacterial antigens generally used
in the production of such serums include Brucella
bronchiseptica, Pasteurella caniseptica {multocida)
and pyogenic streptococci. The presence of antibodies
against these organisms is considered a valuable addition to the effectiveness of the serum. However, these
serums have little value in the treatment of the disease except, perhaps, when used in the very early
stages. This serum is also employed in active immunization procedures in the same manner as described for
anti-canine -distemper serum.
Doses. Prophylactic: D., 0.5 to 1 ml. per pound
of body weight. Therapeutic: D., 1 to 3 ml. per
pound of body weight.

Part III
Anti-Canine-Distemper and Anti-Infectious
Canine Hepatitis Serum (Canine Origin)
This is a homologous serum prepared from the
blood of dogs hyperimmunized simultaneously against
the viruses of canine distemper and infectious canine
hepatitis. It is used to confer temporary passive immunity in dogs which have been or may be exposed
to either distemper or infectious hepatitis. As in the
case of anti-distemper serum, when used for treatment
of infected dogs, this serum is limited to the early
stages of the disease.
This dual anti-serum and infectious canine hepatitis vaccine may be given simultaneously. The intradermal vaccine injection and subcutaneous serum
injection are administered in different areas of the
body. The serum affords immediate passive protection and active immunity against infectious hepatitis
develops later.
Doses: Prophylactic: D., 0.S to 1 ml. per pound
of body weight. Therapeutic: D., repeat the prophylactic dosage as indicated.
Anti-Coli-Enteritidis Pasteurella Serum
This is a polyvalent antiserum from adult, brucellanegative cattle hyperimmunized against Escherichia
coli, Salmonella enteritidis and Pasteurella boviseptica,
all of bovine origin.
It is used in prophylaxis and treatment of newborn
or very young calves exposed to infections with these
pathogens, in enteric shipping fever of young cattle,
and in coli-salmonella enteritis of lambs and baby pigs.
This antiserum confers immediate protection of 2 to
3 weeks' duration.
Dose. Prophylactic dose, Calves, 20 to 30 ml.
subcutaneously. Therapeutic dose, Calves, 50 to 100
ml. subcutaneously or intramuscularly; Yearling
Calves, 100 to 150 ml. intravenously. Baby Lambs
or Pigs, prophylaxis, 5 ml.; therapy, 10 to 15 ml.
subcutaneously or intramuscularly.
Antiencephalomyelitis Serum: Eastern, Western, Eastern and Western
These serums are prepared from the blood of horses
hyperimmunized against either eastern, western, or
both strains of chick-embryo-propagated equine encephalomyelitis virus. These two immunologically different types of equine encephalomyelitis virus previously were geographically separated in distribution
in most areas of the United States except in parts of
Texas and Alabama. However, both types have spread
to new localities and now the variety of virus present
in an outbreak cannot be predicted on the basis of
geographical location (Kelser and Schoening, Manual
of Veterinary Bacteriology, Williams & Wilkins, 1948,
5th ed., p. 568). The appropriate preparation should
be used where the type virus is known, and the
bivalent serum employed where the type virus is not
known.
There is evidence that these serums have some preventive value (Giltner and Shahan, US. DA. Yearbook oj Agric, 1942, p. 387), but under ordinary circumstances the vaccine is preferred for this purpose
=ince the passive immunity produced by the serum
lasts only about 14 days. They have little, if any,
therapeutic value.
Doses. Horses and Mules, prophylactic: 100 to
250 ml. Therapeutic: 250 to 1000 ml.
Anti-Feline Distemper Serum
Anti-feline distemper serum (feline origin) is a
homologous serum prepared from adult cats which
have been hyperimmunized by repeated injections of
feline panleukopenia virus.
It is used for short term protection, passive immunity lasting for approximately 10 days. Treatment
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is effective only when administered early in the course
of the disease.
Doses. Prophylactic, 1 ml. per pound of body
weight or larger doses are indicated when the animal
is exposed to the disease. Therapeutic, 2 ml. per pound
of body weight initially ; further dosage and intervals
dependent upon the progress of the case.
Anti-Hemorrhagic-Septicemia Serum
This serum is obtained from horses or cattle hyperimmunized against organisms of the hemorrhagic
septicemia group {Pasteurella multocida) . This serum
is tested for potency by means of a mouse test (protective) prescribed by the Federal Bureau of Animal
Industry. It is used in the prevention and treatment
of hemorrhagic septicemia in domestic animals including fowl.
Doses. Prophylactic: H. & C, 25 to 50 ml. or
8 to 10 ml. per 100 lb. of body weight. Sh. & Sw.,
20 to 25 ml. Fowl and Rabbits, 2 to 4 ml. Therapeutic: Double the prophylactic dose or from 20 to 25
ml. per 100 lb. of body weight in large animals.
Anti-Hog-Cholera Serum
Anti-hog-cholera serum is obtained from swine
hyperimmunized against the virus of hog cholera. The
virus is propagated by inoculation of susceptible pigs.
This serum is subjected to purity and potency tests
on swine as prescribed by the Federal Bureau of Animal Industry.
Anti-hog-cholera serum will confer passive immunity for several weeks. It is also used in the simultaneous method of hog cholera vaccination. This consists of the simultaneous administration of immune
serum and virus or virulent blood. The serum is an
effective prophylactic but has little, if any, curative
powers when clinical symptoms have appeared, and
is seldom used therapeutically.
Doses. The minimum dose of serum recommended
for the simultaneous method of immunization is as
follows: Suckling pigs, 16 ml. Pigs weighing 20 to
40 lb., 24 ml.; 40 to 90 lb., 28 ml.; 90 to 120 lb., 36
ml.; 120 to 150 lb., 44 ml.; 150 to 180 lb., 52 ml.; 180
to 200 lb., 60 ml. Swine over 200 lb. should receive an
additional ml. of serum for every 5 lb. over 200 lb.
When treating exposed or infected herds the dose of
serum should be increased by 50 per cent. Many practitioners use doses somewhat in excess of these recommended minimum doses. See hog cholera virus for
the dose of virus to be used in the simultaneous
method of vaccination.
Anti-Leptospira Serum
A serum is available commercially which is derived
from the blood of horses hyperimmunized against
antigen consisting of both Leptospira icterhemorrhagim and L. canicola. Infectious canine leptospirosis
is not common in the United States, but has been
reported in several sections. It is caused by either of
the organisms mentioned above. Clinical results indicate that this serum has some value when administered
early in the course of the disease.
Doses. Prophylactic: D., 0.5 ml. per pound of
body weight. Therapeutic: D., 1 ml. per pound of
body weight.
Anti-Swine-Erysipelas Serum
This product is obtained from the blood of horses
hyperimmunized against Erysipelothrix rhusiopathuz
by repeated injections of increasing amounts of E.
rhusiopathice cultures. The Federal Bureau of Animal
Industry requires a potency (protective) test of this
serum on mice or pigeons. Injection of the serum provides a passive immunity to swine erysipelas for 2 to 3
weeks. It is of value in protecting exposed animals,
and is effective therapeutically in the early phases of
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the acute stage of the disease, but it is of no value
in chronic cases.
The serum is used for the simultaneous inoculation
of swine with serum and living E. rhusiopathice culture (vaccine). (See swine-erysipelas vaccine.)
Doses. Prophylactic: Swine weighing up to 70 lb.,
5 ml.; 75 to ISO lb., 10 ml.; 150 to 250 ml., 15 ml.;
over 250 lb., 20 ml. Therapeutic: Double the prophylactic dose. May be repeated within 24 to 48 hours
if indicated.

DIAGNOSTIC BIOLOGICAL
PRODUCTS
There is a group of preparations obtained from
culture media on which specific disease organisms are
grown that are useful in diagnosing the presence of
certain subacute and chronic diseases. These preparations when injected parenterally cause an allergic response in animals previously sensitized by the existence
of the disease organisms in their tissues. Several of
these agents have, played an indispensable part in the
control and eradication of animal disease.
Avian Tuberculin
Avian tuberculin is prepared from cultures of Mycobacterium avium, the causative agent of avian tuberculosis. The product is standardized to contain 0.5
Gm. of Koch's Old Tuberculin per ml., and is subjected
to purity and safety tests. It is used in the diagnosis
of tuberculosis in poultry and swine and for the diagnosis of Johne's disease (paratuberculosis) of ruminants. The tuberculin test in chickens is performed by
injecting about 0.1 ml. of avian tuberculin intradermally into one wattle. A positive reaction consists
in a marked swelling of this wattle within 48 hours.
In testing for Johne's disease, avian tuberculin is
administered to animals which have previously been
shown to be free of tuberculosis by a tuberculin test.
The injection is made intradermally (0.1 ml.) or intravenously (5ml.) ; a positive test consists of a local
tissue swelling or a typical temperature rise, respectively. The intravenous test is considered more reliable
than the intradermal test.
In testing for avian tuberculosis in swine the
intradermal test (0.1 ml.) is usually applied (see
Tuberculin) .
Johnin. Paratuberculin
This is a diagnostic biological product similar to
tuberculin. It is produced from bouillon or plain
glycerin cultures of Mycobacterium paratuberculosis,
the causative agent of Johne's disease. This allergic
test can also be performed with avian tuberculin
(q.v.), which gives as accurate results when the intravenous method is used as does johnin.
Intradermic johnin may cause false reactions in
cattle sensitized by non-homologous acid-fast bacilli.
Another fault of the product is that the potency may
fluctuate with each lot produced (Larsen et al., Am.
J. Vet. Res., 1955, 16, 35) and attempts to obtain
an improved test material continue.
The test is usually performed by injecting johnin
intravenously (5 ml.) or intradermally (0.1 ml.), and
is regarded as positive when a characteristic temperature rise or a local tissue swelling, respectively,
occurs.
Mallein
This is a product similar to tuberculin. Crude
mallein is produced from cultures of Malleomyces
mallei grown in 3 per cent glycerin broth. The organisms are killed with live steam, allowed to settle,
and the supernatant fluid collected. This is concentrated to one-tenth
its original volume,
filtered
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through paper, sterilized, and phenol added to 0.5 per
cent concentration as a preservative. Mallein is used
in an allergic test for the diagnosis of glanders, a disease which primarily affects equines, although other
species including man may be infected. It has no
immunizing or curative value.
Three mallein preparations are available, one for
each of the three methods of applying the test, e.g.,
intradermic, ophthalmic, and subcutaneous. Mallein
(Intradermal) is made by diluting 1 part of the crude
mallein with 3 parts of sterile physiological saline solution containing 0.5 per cent phenol, and passing it
through a Berkefeld filter. Mallein (Ophthalmic) is
crude mallein clarified by letting it stand several weeks
or by passing it through a Berkefeld filter. Mallein
{Subcutaneous) consists of a dilution of crude mallein
which varies with the manufacturer. This test is seldom used in the United States.
A positive reaction is judged as follows: with the
subcutaneous test, a fever which appears and disappears within 24 hours; with the intradermic test, 0.1
to 0.2 ml. is injected into the skin of the lower eyelid
(intrapalpebral), and is followed by local swelling
and purulent discharge from the conjunctiva; with
the ophthalmic test, instillation of concentrated mallein
into the conjunctival sac is followed by a purulent
conjunctivitis. The intrapalpebral test is more accurate than the ophthalmic and simpler than the subcutaneous tests, and is therefore more commonly used.
Tuberculin
Tuberculin is a protein or protein derivative produced by tubercle bacilli. The organisms are grown on
glycerin broth or synthetic media. After boiling to
destroy and extract the bacilli, the culture is filtered
to remove the dead organisms and concentrated by
evaporation. Formerly tuberculin was made from a
glycerin broth filtrate concentrated to one-tenth its
original volume. This is known as Koch's Old Tuberculin (see Part I). Recently cultures grown on synthetic media have largely replaced the older preparation. The mammalian types of organisms must be
used, and since the human form grows best on synthetic media, it is most commonly employed.
Tuberculin is used in a diagnostic test for tuberculosis in the various mammalian species. In the United
States a remarkable victory has been won over the
incidence of this disease in cattle. This has been accomplished bytuberculin testing all the cattle in the
country and slaughtering those showing a positive
reaction. This program resulted in an 85 per cent
reduction in the incidence of bovine tuberculosis in
the period between 1922 and 1940. In November, 1940,
the Federal Bureau of Animal Industry reported that
in the last tuberculin test of all cattle in the United
States less than 0.5 per cent reacted. This achievement, while costly at first, has resulted in a marked
reduction of the disease in humans, especially children,
and untold savings to the livestock industry.
There are three types of tuberculin tests requiring
different concentrations, here expressed in terms of
Koch's Old Tuberculin. 1. Subcutaneous test: 2 ml.
or more of tuberculin (10 per cent Koch's O.T.) is injected subcutaneously after the normal temperature of
the subject has been determined over a period of
hours. Eight hours following the injection the temperature isagain taken at 2 -hour intervals for a period
of 10 hours. A positive reaction consists in an increase
in temperature of 2° Fahrenheit, which disappears
within 24 hours. 2. Intradermal test: About 0.1 ml.
of tuberculin (25 per cent Koch's O.T.) is injected
intradermally. A positive reaction consists of a local
swelling present on the third day (see also avian
tuberculin). 3. Ophthalmic test: Concentrated tuberculin (Koch's O.T.) is instilled in the conjunctival sac
with a camel's-hair brush or medicine dropper. A posi-
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tive reaction consists in the production of a purulent
conjunctivitis within 4 to 6 hours. A sensitizing instil ation oftuberculin is placed in the eye 2 or 3 days
before the test. Small discs prepared by precipitation
of crude tuberculin are occasionally used. Each disc
contains 0.1 Gm. of old tuberculin. One disc is introduced into the conjunctival sac as a sensitizing dose
followed in 2 or 3 days by the introduction of 2 or
more discs. The positive reaction is the same as with
the fluid tuberculin.
The subcutaneous test has been replaced largely by
the intradermal test. The intradermal test is the one
commonly used for swine and cattle. The ophthalmic
test is unreliable, but will occasionally give positive
results where the other tests fail. The most accurate
information is obtained by employing all three tests,
but this is generally not practical where large numbers
of animals are involved.
In swine, both avian and bovine tuberculosis is
likely to occur. In the diagnosis of tuberculosis in
these animals both tuberculin and avian tuberculin
may be used simultaneously. Recently Luke (Vet.
Rec, 1953, 65, 533) investigated the tuberculin test
in swine infected experimentally with avian and/or
bovine tuberculin. He suggested the use of mixed
tuberculin (equal parts avian and mammalian tuberculin) in swine where the type of infection need not
be determined.
Kerr et al. (Vet. Rec, 1946, 58, 443 and 451) devised a technic (Stormont Test) for cattle based on
the observation that a site injected with tuberculin
develops enhanced sensitivity to a second injection
6 to 9 days after the first. In this test the original
site is re-injected on the seventh day. An increase in
the size of the wheal between that on the seventh day
and that measured 24 hours later (on the eighth day)
of 5 mm. or more is taken as a positive reaction.
This reaction develops more quickly than the ordinary
tuberculin reaction and is at a maximum within 24
hours. This modified tuberculin test has been accepted
as the official test under the Attested Herds Scheme
in Northern Ireland (Luke, loc. cit.).
For further information see Hagan and Bruner,
Infectious Diseases of Domestic Animals, Comstock,
1951, 327-340.

TOXOIDS
The nature of toxoids is discussed elsewhere (see
Part I, Diphtheria Toxoid and Tetanus Toxoid; and
Part II, Bacterial Cultural Filtrates, under Vaccines).
It is important to emphasize that these products are
of no value in the treatment of acute systemic disease
because the immunity develops too slowly.
Staphylococcus Toxoid
This product (see Part II, Vaccines) is occasionally
employed in veterinary medicine for the same conditions as in human medicine. However, such infections
in animals are more often treated with surgery and
antiseptics rather than with specific products.
Alum Precipitated Tetanus Toxoid
The alum precipitated preparation is used on a large
scale in veterinary practice, the untreated tetanus
toxoid being seldom employed. It produces an active
immunity of relatively long duration against Clostridium tetani. Such immunity is desirable in all species
under conditions where exposure may occur. It is of
particular value in equine practice since these animals
possess little natural resistance to the disease and exposure isnot infrequent. All army horses and mules
are protected with tetanus toxoid. It is practical to
immunize all animals on large horse farms, and im-
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munization isof particular value in areas where the
disease is common.
A single injection of alum precipitated tetanus
toxoid produces active immunity that develops in
3 to 4 weeks. It is best to give a second dose in
about 30 days, and a third dose at the end of 1 year.
This produces a lasting immunity that may be reinforced annually with further doses. In the event of a
dangerous wound, the administration of another dose
to toxoid-protected animals will cause an immediate
increase in antibody titer. Tetanus antitoxin (q.v.)
should be used prophylactically in injured animals not
previously immunized with tetanus toxoid. The antitoxin should also be used in animals that have received
the toxoid but where sufficient time has not elapsed
when the wound occurs to allow full development of
the immunity.
The intramuscular and subcutaneous injection of
alum precipitated tetanus antitoxin is followed by a
local reaction that is characterized by swelling which
may reach considerable size. Such reactions should not
be viewed with alarm. They will usually recede in 2 to
3 weeks. It is hoped that in the future preparations
will be made available that do not produce this annoying reaction.
Doses. H., 10 ml. intramuscularly or subcutaneously. All species, 1 ml. per 100 lb. of body weight.

VACCINES

AND

VIRUSES

Under this heading are grouped biological products
used in veterinary medicine most of which contain
live disease organisms. In some cases the organism is
attenuated or modified so that it remains antigenic but
will not produce the disease. In other products virulent
organisms are present. The nature of the products
varies with the use for which they are intended. It is
necessary to handle many of these preparations with
due regard for their ability to produce disease. While
this classification is not in strict accordance with the
usual definitions of the terms, it reflects current usage
in veterinary medicine. The term bacterin (q.v.) is
used to designate products containing killed bacteria.
The doses indicated are those that apply to commonly available preparations. In every case the dose
stated on the label should be employed (unless the
veterinarian has special information to the contrary),
since this dose has been approved by the Federal
Bureau of Animal Industry for the particular product.
Anthrax Vaccine
There are a number of different anthrax vaccines
available commercially in the United States. These include anthrax-spore vaccine, single-injection anthraxspore vaccine (in liquid or pill form), double- or tripleinjection anthrax-spore vaccine (in liquid cr pill
form), anthrax-spore vaccine (intradermal), and
anthrax-spore vaccine in saponin solution or alum
solution. These are composed of living anthrax spores
so attenuated that they will not produce the disease
in livestock if used according to directions. Occasionally an especially susceptible animal may contract the
disease (vaccination anthrax) . For this reason anthrax
vaccine should not be used in areas where the disease
has not existed previously. The spore vaccines may be
used alone or in combination with serum. Immunity
developed with these products usually lasts long
enough to carry the animal through the anthrax season. Vaccination must be done prior to the advent of
the anthrax season, usually the warm weather, since
control is difficult once the disease is started. In some
anthrax areas the disease appears in a very virulent
form. Also, some years the anthrax organism may be
more virulent than others. Under these conditions the
ordinary vaccines do not produce sufficient immunity
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against the disease. To cope with this problem stronger
vaccines known as No. 3 and 4 have been developed.
Their use is dangerous and requires great care.
The intradermic method of vaccination employing
the anthrax-spore vaccine (intradermic) has been
growing in favor. It has the advantage of requiring
only one injection. As indicated above there are also
single-injection anthrax-spore vaccines available commercially which are injected subcutaneously.
More recently a nonencapsulated variant of virulent
anthrax bacillus which was isolated by incubating
cultures under high carbon dioxide tension has been
used as a vaccine with satisfactory results. The spore
of this nonencapsulated variant, isolated by Sterne
in South Africa, killed only mice in the laboratory. It
had no pathogenicity in farm animals but readily
immunized sheep and goats (Sterne, Onderstepoort J.
Vet. Sci., 1939, 13, 313).
Doses. The doses, method of administration, and
other directions regarding the use of these products
varies with the product used. Specific directions for
the use of each will be found on the label.
Bluetongue Vaccine
Bluetongue is an infectious, viral disease of sheep
which has manifested itself in a number of the western states of the United States in recent years. In
South Africa, the disease has seriously menaced the
livestock industry for many years. Cattle and goats
may harbor the virus, but they generally do not
show pronounced clinical signs. In sheep, the disease
is characterized by catarrhal inflammation of the
mucous membranes of the mouth, nose and intestine,
and frequently by inflammation of the coronary bands
and laminae of the hoofs.
More than 15 virus strains have been isolated. wThich
fall into 4 or possibly 5 immunologically distinct
groups.
It was demonstrated that the virus could readily be
grown in the developing chicken embryo (Mason
et al, Nature, 1940, 145, 1022). Serial passage of the
various strains of bluetongue virus in the chicken
embryo modified them to the extent that practically
no clinical reaction was produced in sheep. Once
attenuated by chicken embryo passage, the virulence
was not restored by 11 serial passages in sheep.
A living modified quadrivalent vaccine was prepared from attenuated strains and is successfully
used in South Africa (Alexander and Haig, Onderstepoort, J.Vet. Research, 1951, 25, 3).
Bluetongue was first recognized in this country as
a new disease in Texas in 1948 (Hardv and Price,
J.AVM.A., 1952, 120, 23).
Bluetongue appeared in California in 1952 and the
2 strains of the virus isolated have been used by
commercial laboratories, licensed by the United States
Department of Agriculture, for the manufacture and
distribution of bluetongue vaccine (McKercher et al.,
JA.VJfA., 1953, 122, 300; Cox, Bacteriological Reviews, 1954, 18, 239).
The present vaccine is prepared from a modified
strain of bluetongue virus and will not protect against
antigenically different strains of the virus. It is a
modified, live virus of chick-embryo origin and is
vacuum-dried.
Healthy sheep become immune within a period of
14 days after a single 2 -ml. subcutaneous injection of
vaccine. Sick or poorly nourished animals should be
segregated and vaccination delayed until they have
recovered. Sheep should be observed carefully following vaccination and those showing signs of illness
should be treated.
The dried vaccine should be kept under refrigeration until used. It must be reconstituted only at the
time of use and should be used within two hours
after the diluent is added.
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Dose. 2 ml. subcutaneously, in the neck or behind
the elbow.
Brucella Abortus Vaccine
This vaccine consists of a saline suspension of
living organisms of low virulence (Brucella abortus,
strain No. 19) (see Cotton et al., J.A.VM.A., 1934,
85, 232). It is also prepared by suspending the organisms in skimmed milk and preserving by lyophilization. The viability of the organisms is prolonged in
this lyophilized vaccine. This strain was originally
isolated in 1923 and has since been propagated exclusively by cultural methods. Suitable cultural and
animal inoculation tests are made to test for contamination and virulence of the product. It is used in
the vaccination of cattle against Brucella abortus, the
etiological agent of brucellosis (Bang's disease). There
is not sufficient space to discuss the various ways this
vaccine is being used in the control of bovine brucellosis (see Lash and O'Rear, US.D.A. Yearbook of
Agric, 1942, pp. 501 to 511; Simms, Report of Chief
of B.AI., 1945, pp. 25 and 26, and 1946, pp. 33 and 34).
It will increase the resistance of cattle to the disease
during the first and second years of breeding life when
vaccinated between 4 and 8 months of age. The resistance isnot always sufficient to prevent infection,
however, when the animals are exposed to aborting
animals after reaching breeding age. Vaccination of
adult cattle, while practiced, has certain disadvantages
which limit its use. When injected into pregnant animals they may become infected from the vaccine
organism and abort. Those vaccinated at 2 years of
age or older will retain a positive blood reaction for
2 or more years. This makes it impossible in many
individuals to distinguish serologically with certainty
between infected and vaccinated animals (Manthei,
Proc. 57th Ann. Mtg. U. S. Livestock Sanitary Assn.,
1953, 135). Therefore a complicated situation arises
when these animals are to be sold for breeding purposes or their milk used for human consumption
without pasteurization (Huddleson. Ann. N. Y. Acad.
Sc, 1947, 48, 415). Recent studies (Bryan et al.,
Proc. 57th Ann. Mtg. U. S. Livestock Sanitary Assn.,
1953, 124) indicate that strain 19 vaccine is a better
immunizing agent than Huddleson's mucoid vaccine.
There is some evidence that Brucella abortus vaccine, strain No. 19, is of value in treating horses affected with fistula of the withers (Gilyard and Gilayard,
severeJ.A.V.MA.,
local reaction
follows
1943,with
102,abscess
204). formation
In 'this condition
the injection. This vaccine has been found to be ineffective in producing serviceable immunity in swine
against Brucella suis infection (Miller, Report of the
Chief of B.AI., 1943, 23), and its use is contraindicated in these animals.
Doses. The dose is dependent upon the product
used, the route of administration, and the purpose for
which it is employed. Full instructions will be found
in the package circular accompanying this product.
Brucella coidAbortus
Vaccine M. (Huddleson's MuVaccine)
Huddleson, in 1947, reported the results of investigations in the immunization of guinea pigs with a
mucoid phase growth of Brucella. He observed that
live cell suspensions of certain mucoid phase growths
of Brucella suis and Brucella melitensis injected into
normal guinea pigs resulted in a high degree of immunity against experimental infection with all three
species of Brucella (Huddleson, Am. J. Vet. Res.,
1947, 8, 374).
Expanding his investigations to include cattle, Huddleson, in 1948, reported results obtained in 24 herds
having a total of 1127 animals that were given a
vaccine prepared from a mucoid phase growth of
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Brucella suis (Huddleson et al., Mich. Agric. Exptl.
Sta. Quar. Bull, 1948, 31, 139).
The overall results of these investigations appeared
to offer encouragement as to the protective value of
this vaccine. The M. vaccine does not produce the
high or persistent blood titers frequently observed
following the use of strain No. 19 vaccine. It may
therefore have an additional value, especially in adult
cattle. A comparative study of the protective value
of Huddleson's mucoid vaccine and strain 19 vaccine
in cattle indicated that the protection by strain 19
vaccine against experimental challenge was greater
than that afforded by the M. vaccine. The protective
value of the vaccines in this study was assessed on
the basis of recovery of Brucella abortus by cultural
methods from specimen material obtained from each
heifer or her aborted fetus at or near the time of
calving (Edgington et al., Am. J. Vet. Res., 1952, 13,
441). Other experimental vaccinations of calves and
sexually mature heifers have indicated that strain 19
vaccinated animals are significantly more resistant
to induced infection than M. vaccinated animals (Berman and Irwin, J.A.V.M.A., 1954, 125, 401).
At the present time the use of this M. vaccine is
restricted to the State of Michigan and certain experimental studies in other states under permission of the
United States Bureau of Animal Industry.
Dose. 1 ml. subcutaneously.
Canine Distemper Vaccine
Canine distemper vaccine consists of a formolized
20 per cent suspension of virus-bearing tissue (spleen
and other selected tissues) obtained from young dogs
at the height of the disease. It is subjected to safety
and sterility tests. The vaccine is used to immunize
dogs against the virus of canine distemper. The
vaccine-virus method of immunization usually consists of the administration of two doses of the vaccine two weeks apart, the last dose being followed in
two weeks by an injection of canine distemper virus.
Sometimes pen exposure to the disease for a few
days is substituted for the virus injection.
Dose. D., both intradermal and subcutaneous or
intramuscular vaccines are available. The former is
given in 2 -ml. doses and the latter in 5-ml. doses.
Three doses at 2- or 3-week intervals are given in
the case of the subcutaneous vaccine and 2 doses in
the case of the intradermal vaccine.
Canine Distemper Vaccine, Ferret Origin.
Distemperoid Virus
A modified distemper virus has been developed by
Green through researches aimed at providing a
method of distemper immunization suitable for controlling the disease among foxes maintained in captivity for fur production (for a review of this work
see Green and Carlson, J.A.V.M.A., 1945, 107, 131).
It was found that 50 serial passages of the virus
through ferrets produced a virus highly virulent to
ferrets (i.e., of fixed virulence) , but of greatly reduced virulence to foxes and dogs. Experimental and
clinical trials indicate that this modified virus produces lasting immunity in dogs and foxes, and gives
quick protection against immediate exposure to the
disease (Green, No. Am. Vet., 1946, 27, 165). It
also appears to be of value as a therapeutic agent
when used early in the course of the infection (Green,
loc. cit.). This latter observation awaits clinical corroboration. Dogs, unlike foxes, frequently show mild
reactions to the inoculation, consisting of temperature
rise (102.5° F. or over), malaise, anorexia, and vomition, which usually subside within 36 hours.
While the experimental findings with this vaccine
have been excellent, clinical reports of its use have
been somewhat conflicting. Some practitioners have
reported that certain vaccinated animals come down
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with the disease while other practitioners have found
this biological product wholly satisfactory and an
improvement over other methods of immunization.
The poor results may be explained in part by assuming that the animals involved were not in the proper
state of health, were suffering from parasitism or
other disease, or that the dose of vaccine administered
was inadequate. This emphasizes the need for care
when distemperoid virus is employed.
Catcott (North Am. Vet., 1948. 29, 160) and Ehmer
et al. (North Am. Vet., 1948, 29, 718) reported satisfactory clinical experience with this vaccine. Five per
cent or less of the injected dogs subsequently developed clinical evidence of the disease. In Catcott's
series 33 per cent developed reactions to the vaccine,
usually occurring between the first and fifth postvaccination day. Most of these dogs recovered within
a day or two. Three per cent (3 dogs) suffered severe
reactions with 1 death and persistent distemper tic in
the 2 others. Ten per cent of Ehmer's series (874
dogs) developed reactions to the vaccine while 4 per
cent developed distemper despite having been inoculated.
It is contraindicated in sick, emaciated, worminfested animals, or subjects that have reecived an
injection of anticanine distemper serum within sixteen days.
Doses. D., prophylactic, 1 mg. per pound of body
weight; therapeutic, 2 mg. per pound of body weight
(Green).
Canine Distemper Vaccine, Modified Live Virus (Chick Embryo Origin)
This vaccine will produce active immunity in dogs,
mink, and ferrets (Cabasso et al., Vet. Med., 1951,
46, 167; 1953, 48, 147) against the virus of canine
distemper. It is a live virus vaccine modified by
serial passage through chick embryos, so that it no
longer can cause the disease, yet is capable of inducing immunity to virus of natural distemper. The
product is dried from the frozen state under high
vacuum.
If the virus is killed before inoculation it has little
or no immunizing value. For this reason the vaccine
should be stored in the dry state under 45° F. After
reconstitution the vaccine is no longer stable and
should be injected within 1 hour. The diluent used
should contain no preservative and contact with
viricidal chemicals should be avoided during the injection procedure.
The recommended time for vaccination of dogs is a
single subcutaneous dose at 3 to 4 months of age.
When puppies are injected at an earlier age it is
recommended that a second injection be given at the
age of 4 to 6 months to insure a lasting immunity.
Clinical trials in dogs (Scanlon and Fisher, Vet. Med.,
1951, 46, 432; Brasmer et al., North Am. Vet., 1953,
34, 356) indicate it is safe and effective under the
conditions of practice.
Only healthy dogs should be inoculated and since
immunity to distemper infection requires 2 to 3 weeks
for full development, vaccinated animals should not
be exposed to infection within that period.
This vaccine has no curative value and is recommended only as a prophylactic agent.
Dose. D., 2 ml. subcutaneously (single dose).
Canine Distemper Vaccine and Infectious Canine Hepatitis Vaccine in BronchisepticusStreptococcus-Typhimurium
Bacterin
This product is prepared from the viruses of canine
distemper and infectious hepatitis and selected strains
of Brucella bronchiseptica, Streptococcus (pyogenic)
and Salmonella typkimurium, all of which are killed
with formaldehyde. It is designed to produce active
immunity against canine distemper, infectious hepa-
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titis and secondary- bacterial invaders common in the
distemper complex. It does not produce serious local
or systemic reaction.
Dose. Three 5-ml. doses are given subcutaneously
or intramuscularly 14 to 21 days apart. Under suitable
circumstances longer intervals between doses are
preferable. An intradermal vaccine is also available.
A 2-ml. dose is given intradermally in 2 or more
sites. The first dose produces adequate protection, but
a second and third dose can be given.
Distemper Virus
Virus of canine distemper is obtained either from
virus-bearing spleen tissue of ferrets killed in the late
stages of the disease, or from the blood or spleens of
dogs in which the disease has been produced by the
inoculation of susceptible puppies.
Such viruses are used in the vaccine-virus method
of distemper immunization (see Canine Distemper
Vaccine) and in other methods of immunization (see
Hagan and Bruner, Infectious Diseases of Domestic
Animals, Comstock, 1951, 2nd ed., pp. 768-769).
Doses. The dose depends on the product employed
and the method of immunization. Consult manufacturer's directions for details.
Equine Encephalomyelitis Vaccine: Eastern,
Western, Eastern and Western
The vaccine used at present to immunize equines
against the virus of equine encephalomyelitis is a
chick embryo vaccine made from artificially inoculated chick embryo tissue. The tissue is suspended
in a buffered saline solution which is treated with
formalin to inactivate the virus. It is subjected to
a guinea pig protective test prescribed by the Federal
Bureau of Animal Industry. The immunity developed
in response to a single injection is of short duration.
Therefore, 2 doses given 7 to 10 days apart are required to effect a lasting immunity. The immunity
develops in about 2 weeks following the second injection and lasts 6 months or longer. Annual immunization is practiced on horses in infected areas. Occasionally serious reactions follow vaccination, sometimes followed by death. The nature of these reactions, called X disease, is not understood. There is
some evidence that autolytic changes in the vaccine
may be the cause of these reactions since many of the
cases have been seen in animals vaccinated with
material held over from the previous year (Hagan,
Infectious Diseases of Domestic Animals, Comstock,
1943, p. 561). The studies of Schoening et al. (Vet.
Med., 1940. 35, 377) indicate that intradermal administration produces a better immunity than subcutaneous administration, and that local tissue reactions are reduced as compared to those following
subcutaneous or intramuscular injection.
Vaccination should be performed before the epizootic season, which is from July to December in
most sections. During an outbreak, vaccination is
considered a safe and effective procedure as a last
resort; but this method is far inferior to prophylaxis
before the outbreak occurs. Immunity is established
only against the type of virus in the vaccine (see
Equine Encephalomyelitis Serum for a discussion of
the virus types). Vaccines are available containing
inactivated virus of both eastern and western types,
made by mixing vaccines prepared separately from
the respective types. In view of the fact that the
eastern and western strains of equine encephalomyelitis virus are becoming intermingled in an increasingly larger number of areas, it is advisable to use
the bivalent vaccine no matter which strain has been
known to exist previously (Kelser, personal communication, 1947).
Doses. Monovalent vaccines: H. & Mules, two
10-ml. doses subcutaneously 7 to 10 days apart, or
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two 1-ml. doses intradermally at the same interval.
Bivalent vaccine: A sufficient amount should be injected so that the subject receives a dose of each
type equivalent to the dose employed when monovalent vaccines are administered. This is usually
double the dose of monovalent vaccine. Since 1941
the vaccines sold have been for intradermic use.
Feline Distemper (Panleukopenia) Vaccine
Feline distemper vaccine is prepared as a 20 per
cent tissue suspension, formaldehyde-inactivated virus
produced from the spleen and liver tissues of artificially infected kittens. It is vacuum dried and sealed.
Young kittens should be weaned before vaccination. Some protection develops in about one week
after the second injection. There is some indication
that this immunity is quite lasting and carries
through until maturity. If cats are vaccinated when
very young, it would be advisable to repeat the immunization some time after the fifth month (North
Am. Vet., 1947, 28, 240).
Dose. Two 2-ml. doses subcutaneously given at
a 7- to 10-day interval.
Fowl Laryngotracheitis Vaccine
Fowl laryngotracheitis is a respiratory disease of
chickens and pheasants caused by a filtrable virus.
The vaccine is prepared from the tracheal exudate or
discharge of infected birds or from virus propagated
on egg-embryo membranes. A safety test on chickens
is required by the Federal Bureau of Animal Industry
for this product. It is provided commercially as a
powder after vacuum drying. Immediately before
use the powder is mixed with a measured amount of
50 per cent glycerin. The vaccine is applied to the
mucous membrane of the cloaca with a stiff brush.
The application is made with sufficient pressure to
cause redness or slight hemorrhage. After 5 days the
birds are examined for a vaccination reaction evinced
by swelling and redness of the cloacal mucosa. If
this is not present the bird is re vaccinated. All birds
on the premises must be vaccinated. Vaccination is
recommended in areas where the disease is prevalent,
when birds are introduced into the flock from sources
where exposure was possible, and in outbreaks in
large flocks where the disease is confined to one pen
and it is desired to immunize the healthy birds. It
should never be used in areas where the disease does
not exist. If the disease was present the year before,
chicks should be vaccinated when the birds are 3 to
4 months of age.
Fowl Pox Vaccine
Fowl pox is a virus disease primarily affecting
chickens (occasionally outbreaks occur in other
species) which causes lesions of the skin (pox) or
mucous membranes (diphtheria). The vaccine is
made from the dried epithelial growth which appears
on the combs of cockerels following inoculation with
virulent material. It may also be obtained from virus
propagated on chick-embryo membranes. This material is desiccated, powdered, and standardized. The
Federal Bureau of Animal Industry requires that this
product be tested on chickens for safety. In the dry
form it retains its potency for a long time. For use
it is mixed with a sterile fluid usually consisting of
equal parts glycerin and physiological saline solution
in the proportion of 1 Gm. of powder to 100 ml. of
fluid. The vaccine is applied either by a series of
superficial stabs in the skin with a sharp instrument
dipped in the vaccine solution, or by rubbing the
solution with a small stiff brush into 4 to 6 feather
follicles from which the feathers have been plucked.
The immunity produced is lifelong. The birds
usually go off feed and production for a considerable
period. It is important to vaccinate all the birds in

Part

III

the flock together with other species on the premises,
especially turkeys, guineas, and pheasants. It should
be kept in mind that this is a fully virulent preparation capable of causing the disease. Therefore it
should not be administered to sick or weakened birds
and should never be introduced into areas free of the
disease.
Hog Cholera Vaccine (Killed Virus)
Two vaccines, both killed products, have been developed for the control and prevention of hog
cholera: (1) Boynton tissue vaccine is prepared from
virus-laden tissues (spleen, lymph glands, and bone
marrow) of pigs artificially inoculated with the disease, rendered avirulent by 1 per cent eucalyptol,
and held under refrigeration for 2 months. (2)
Crystal-violet vaccine is prepared from phenolized
virus blood, incubated with crystal violet and glycerin
at 37° for 14 days, and refrigerated until used.
These vaccines are subjected to purity, safety, and
potency tests. Both products produce active immunity following injection. The immunity develops in
from 2 to 3 weeks. Annual revaccination is recommended. These vaccines have the advantage over
virus as immunizing agents in that they are incapable
of producing the disease. The immunity is slow to
develop and they are not satisfactory for use on
suckling pigs until at least 2 weeks after weaning.
They are not to be used on swine when there is
any possibility of previous exposure to the disease.
These products produce an immunity that apparently lasts 6 to 8 months. However, the results with
these preparations have been somewhat variable and
their comparative value and utility in hog cholera
immunization must await further investigation.
Doses. Crystal-violet vaccine, 5 ml. Boynton
tissue vaccine, 5 ml.
Hog

Cholera Vaccine, Modified Live Virus
(Rabbit Origin)
This vaccine is a modified live virus, developed by
serial passage of hog cholera virus through rabbits
(Kroprowski et al., Proc. S. Exp. Biol. Med., 1946,
63, 178 and Baker, ibid., 1946, 63, 183). By adapting
the virus of hog cholera to the rabbit and continuing
the serial passage for many generations without recourse to the natural host, the virus has been modified to a point where it is nonpathogenic in swine,
although retaining its ability to immunize against hog
cholera.
There are 2 subtypes of these vaccines. In one the
vaccine is derived directly from rabbits and is usually
used without serum, but may be used with serum if
immediate protection is desired. The other subtype
is obtained from swine injected with rabbit virus
and is always used with serum. The modified five
virus vaccines have been subjected to extensive laboratory tests and field trials. As results are obtained and
evaluated, recommendations will be amended to keep
pace with new developments (Kroprowski et al.,
U. S. Livestock Sanitary Assn., 55th Annual Meeting,
1951 and Cole, U.S.D.A. Farmers Bull., No. 834,
1953).
Healthy swine are protected against cholera 7 days
following the vaccination. In herds which are exposed
to the disease, the simultaneous injection of both
this vaccine and hog cholera anti-serum is recommended, since this will afford immediate protection.
The recommended age for vaccination is either 2
weeks before or 2 weeks after weaning.
Swine vaccinated with this vaccine are protected
for 1 year. Animals held beyond this year should be
revaccinated.
Dose. 2 ml. intramuscularly, for all ages and
weights.
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Hog

Cholera Vaccine, Modified Live Virus,
Tissue Culture (in vitro)
A modified vacuum dried live hog cholera virus
vaccine produced in bacteriologically sterile tissue
cultures has been produced (Boynton, Vet. Med.,
1946, 41, 346; Boynton et al., Vet. Med., 1948, 43,
403 ; Casselberry and Walker, Ann. Rept. U. S. Livestock Sanitary Assn., 1951, p. 230). A special license
has been issued by the United States Bureau of Animal
Industry, Washington, D. C, for its production.
This vaccine will produce an active immunity when
injected simultaneously with anti-hog cholera serum.
In controlled experimental field tests no reactions
occurred following the simultaneous inoculation of
this vaccine and hog cholera anti-serum and there
was no shedding of virus from the vaccinated animals.
Vaccinated pigs were found to be solidly immune
to virulent hog cholera injection at 2 months, 4.5
months, 6 months and 1 year post-vaccination.
Sows and suckling pigs 2 to 4 weeks of age, which
were being nursed at the time of vaccinating the
sows, were both immune one year after the vaccination (Casselberry et al., Vet. Med., 1953, 48, 24; Vet.
Med., 1953, 48, 48).
Dose. A simultaneous inoculation of 2 ml. vaccine
and 10 to 15 ml. antihog cholera serum.
Hog Cholera Virus
Hog cholera virus is a virulent living culture in
defibrinated, phenolized blood. It is obtained from
pigs, free of other communicable disease, that have
been inoculated wtih the virus of hog cholera. It is
collected only after the animals have manifested well
marked and increasingly grave symptoms of the disease. The Federal Bureau of Animal Industry requires
live pig safety and potency tests for this product,
including tests to determine whether or not it is contaminated with swine erysipelas organisms (pigeons,
cultural) or the organism of foot-and-mouth disease
(swine or calves).
It is used with anti-hog-cholera serum in the simultaneous method of vaccination for the prevention of
hog cholera (see anti-hog-cholera serum).
Owing to the virulency of this product it must be
handled with extreme care, and the empty containers
must be destroyed by burning or other suitable means.
Doses. The minimum doses to be used in the
simultaneous method of vaccination are as follows:
Sw., 45 pounds of body weight or less, 1 ml.; over
45 pounds of body weight, 2 ml.
Infectious Bronchitis Vaccine, Live Virus,
Chick Embryo Origin
The U. S. Bureau of Animal Industry has recently
issued a special license for the manufacture of infectious bronchitis vaccine. This virus disease of chickens
causes losses in both meat and egg producing flocks,
but is of greatest importance because of its reduction
of egg production in laying flocks. The Bureau of
Animal Industry is attempting to limit the use of
the product to cases where the disease is prevalent
and where the value of the immunization procedure
can be assessed (Casselberry et al., Proc. 57th Ann.
Mtg. U. S. Livestock Sanitary Association, 1953, 82).
This vaccine may be used on birds of any age.
The older the chicks at the time of application, the
more durable the immunity produced. It produces
little reaction in the birds. Only a mild drop in egg
production will result when this vaccine is applied
to laying birds. Experiments indicate that birds possessing high parental immunity, particularly those
between 1 and 14 days of age, do not become immune in all cases. This indicates that parental immunity will be a factor in attempts to immunize
against infectious bronchitis, when
the vaccine is
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applied to very young birds. Maximum protection
is produced in 10 to 14 days following the vaccination.
The infectious bronchitis vaccine is vacuum-dried
and, after reconstitution with a diluent, is administered intranasally or intraocularly, or may be added
to the drinking water.
Infectious Canine Hepatitis Vaccine (Canine
Origin)
Infectious canine hepatitis vaccine is prepared from
virus-bearing tissues of young puppies at the height
of induced infection. This vaccine is a completely
inactivated tissue-virus vaccine and is alum treated.
Infectious hepatitis may occur in dogs of all ages.
However, since the disease is especially dangerous to
young dogs, it is recommended that whenever possible the vaccine be administered shortly after
weaning.
To vaccinate against both infectious hepatitis and
canine distemper, infectious hepatitis vaccine may be
administered at the same time as distemper vaccine.
The two vaccines, however, should be injected at
separate sites.
,
This vaccine may be used to immunize foxes against
fox encephalitis, the virus of w^hich has common
antigenic properties writh hepatitis virus (Siedentopf
and Carlson, J.A.V.MA., 1949, 115, 109).
Dose. D., 1 ml. intradermally.
Mink Distemper, Killed Tissue, Vaccine
This vaccine is prepared from sterile tissues of ferrets previously inoculated with distemper virus and
killed at the height of their infection. The virus is
killed by the addition of formaldehyde and suspended
in an oil emulsion to retard absorption of the vaccine
thereby producing a more lasting immunity.
Dose. 1 ml. injected subcutaneously. Avoid intramuscular injection.
Mink Distemper Vaccine, Live Modified, Chick
Embryo Origin
This is a strain of canine distemper virus that has
been modified by passage through embryonated eggs.
The vaccine is vacuum-dried in the frozen state. For
maximum protection, it is recommended that the
entire group be vaccinated as soon as the youngest
kits have been weaned.
The dried virus must be restored to the fluid state
by the addition of a sterile diluent. No diluent should
be used which contains a preservative and the vaccine
should be injected promptly after reconstitution.
Dose. 1 ml. injected subcutaneously.
Newcastle Disease Vaccine (Killed Virus)
The inactivated or killed Newcastle disease virus
vaccines are prepared by growing suitable strains of
virus in embryonating eggs, harvesting the dead embryos, and inactivating the virus, usually by treatment with formalin. To slow the rate of absorption
aluminum gel is sometimes added, thus increasing and
prolonging the immunizing effect.
Vaccination does not entirely prevent the disease,
but enables vaccinated birds to withstand a severe
infection with relatively small losses as compared to
unvaccinated controls (Brandley et al., Am. J. Vet.
Res.,
1946, 7, 307;
Coronel,
Vet. 1949,
Res., 10,
1947,
8,
120; Schoening
et al.,
Am. J. Am'.
Vet. J.Res.,
176).
Dose. 1 ml. intramuscularly.
Newcastle Disease Vaccine (Live Virus)
The live virus vaccine is usually prepared by growing in chick embryo, modified or weakened strains of
Newcastle virus (Beaudette et al., Cornell Vet., 1949,
39, 302; Hitchner et al., Proc. 54th Ann. Mtg.
US.LS. Assn., 1950, 154).
The infected embryo material is dried to powder
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from the frozen state. Further refrigeration before
its use is required to keep the vaccine virus alive
and capable of producing satisfactory results.
The live virus vaccines now available are administered by several different routes; chiefly by the
"stick" or intradermal method applied to the wing
and the "drop" or intranasal administration. Other
methods such as spraying or atomizing it for inhalation have been used and in 1954 a dust vaccine was
introduced.
Special modified strains of virus are used specifically
for each route of administration, since the intradermal vaccine might be too virulent for the intranasal
method of application.
The virus employed in the intranasal method vaccine is adapted chiefly to growth in the respiratory
tract and should stimulate a moderate degree of
immunity in a large majority of healthy birds. While
its use has been advised also for baby chicks and
laying flocks, the systemic reaction sometimes impairs
production appreciably and contributes heavily to
chick mortality.
The quantity of virus introduced as living vaccine
is so small that unless infection is established and
multiplication ensues to a reasonable extent, enough
virus is not present to stimulate a satisfactory degree
of immunity. The specific immunity engendered by
living vaccine infection should appear within 5 to
7 days after vaccination and should be of substantial
degree after the second week. The duration of immunity from living vaccine may vary greatly from
flock to flock and among individuals.
The use of living vaccines may present the problem of introducing Newcastle disease infection into
previously clean flocks and areas.
Failure to recognize the influence of the previous
Newcastle disease status of the breeding flock and
the degree of immunity which the chick or flock may
carry at any time may lead to apparent failure of
vaccination. Only when vaccination is practiced as
an adjunct to a long-range sanitation program of
community, state, and national scope can it be fully
effective (Biester and Schwarte, Diseases of Poultry,
3rd ed., Iowa State Col. Press, 1952).
Ovine-Ecthyma Vaccine
Contagious ecthyma of sheep (sore mouth) is a
virus disease widely prevalent among lambs. The
vaccine is made from scabs taken from typical cases
of the disease. The material is dried, ground, and
suspended in 50 per cent glycerin solution. One drop
is applied to scratches in the skin on the underside of
the tail, inside of the thigh, or elsewhere. The reaction indicating a successful vaccination resembles the
lesion of the disease. The immunity developed lasts for
from several months to 2 years. Since the vaccine or
the material from the vaccination lesion will produce
the disease, it should never be used in districts where
contagious ecthyma has not been diagnosed.
Pigeon-pox Vaccine
Pigeon pox is a virus disease of pigeons similar to
fowlpox. It affects pigeons primarily, other species
being resistant except to direct inoculation. The vaccine is prepared by rubbing the virus into the hair
follicles of pigeons, allowing the lesions to develop,
and then desiccating the crusts and affected skin.
Next, it is ground into a powder; and for use it is
suspended in an appropriate diluent. This vaccine
may be used to protect chickens against fowlpox and
immunize pigeons against pigeon pox. It imparts
only temporary immunity of low degree to chickens,
and is considered inferior to fowlpox vaccine for this
species. The technique of vaccination is the same as
that described under fowlpox vaccine.
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Rabies Vaccine, Killed Tissue Virus, Phenolized
This is a suspension of rabies brain tissue virus of
equine or ovine origin killed by the action of phenol.
The Federal Bureau of Animal Industry requires that
all rabies prophylactic vaccines used to immunize
animals against the disease must be incapable of
causing the disease upon intracerebral injection into
test animals. They must meet the requirements of
the Habel mouse potency test and are subjected to a
rabbit safety test. Several types of rabies vaccine are
now being used; the older tissue vaccines which are
usually inactivated with phenol or chloroform and
the more recent modified live virus avianized vaccine.
Rabies vaccines are most often used in veterinary
practice to immunize dogs living in areas where the
disease is prevalent. Various local authorities have
initiated programs of rabies control involving prophylactic vaccination of all dogs within a given area.
Although it is recognized that the degree of immunity
developed is variable, it is generally felt that dog
vaccination is a valuable adjunct to control methods
for preventing the spread of rabies. The inactivated
tissue vaccine is also employed as a prophylactic in
dogs and other species known to have been exposed
to the disease. Occasional paralytic reactions following vaccination have been observed in dogs. Paralysis
is usually transitory, but occasionally it may be fatal.
Since there may be a negative phase following vaccination, itis advisable to confine vaccinated dogs
for 2 to 3 weeks following injection so as to avoid
possible exposure to the disease.
Doses. Prophylactic: H. & C, SO ml. D., under
25 pounds body weight, 5 ml.; over 25 pounds body
weight, give an additional ml. for each 5 pounds in
excess of 25 pounds. Large dogs may receive as much
as 10 to 15 ml. Cats, 5 ml. After exposure: H. & C,
50 ml. every second day for 3 injections. D., daily
injections of prophylactic dose for 7 to 14 days. The
injections are administered subcutaneously or intramuscularly.
Rabies Vaccine, Modified Live Virus, Chick
Embryo Origin
A modified live virus vaccine of chick embryo origin (vacuum-dried) has proved effective. The vaccine
is prepared from the Flury strain of rabies virus.
This strain of rabies was isolated from a girl of that
name who died after an illness of four days (Leach
and Johnson, Am. J. Trop. Med., 1940, 20, 355).
The infected brain tissue of the girl was inoculated
into the brains of 1-day old chicks; after 136 passages
from chick brain to chick brain there resulted increased pathogenicity for the avian host and a
shortening of the incubation period to 6 days. The
chick-adapted virus also showed a lessened pathogenicity for mammalian hosts such as rabbits, mice
and dogs. This strain was then successfully grown
in developing chick embryo and proved to be relatively innocuous for guinea pigs and rabbits tested
by the parenteral route (Koprowski and Cox, /.
Immunol., 1948, 60, 533 and Proc. S. Exp. Biol.
Med., 1948, 68, 612).
Extensive laboratory tests were then carried out
on dogs. These tests indicated that a uniform resistance to challenge doses of street virus was obtained as a result of a single intramuscular injection
of chick embryo suspension in dogs (Koprowski and
Black, /. Immunol., 1950, 64, 185).
A special license was issued by the U. S. Department
of Agriculture in 1950 for the distribution and sale
of this vaccine and a general license was granted in
1952.
Work of the U. S. Public Health Service and mass
field-trial vaccinations in Israel and Malaya show the
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effectiveness of this vaccine. Present evidence indicates that this vaccine provides immunity for at least
3 years following vaccination (Cox, Proc. 57th An305). nual Mtg. U. S. Livestock Sanitary Association, 1953,
This modified live virus vaccine has not been recommended for treatment after exposure; however, experimental work with dogs and guinea pigs has indicated that homologous rabies anti-serum administered
24 hours after exposure to street virus, exercises a
definite preventive effect. Still better results were obtained when the administration of antiserum was followed by the injection of the modified live avianized
Flury virus (Koprowski and Black, J. Immunology,
1954, 72, 85).
Dose. D., a single 3 -ml. dose of the reconstituted
vaccine is injected intramuscularly as a prophylactic
dose.
Rabies Vaccine, Modified Live Virus, Chick
Embryo Origin, for Vaccination Against
Rabies in Cattle Only
Following the successful results obtained in the
immunization of dogs with the Flury strain of modified five rabies virus, its effectiveness in immunization
of cattle was studied.
In the laboratory, serial egg-passage of the Flury
virus was continued with a further decrease in pathogenicity. Above the 178th egg-passage, it was pathogenic only for suckling mice when injected intracerebrally. Adult mice and hamsters, inoculated
intracerebrally and dogs inoculated intramuscularly
with the high egg-passage (H.E.P.) Flury strain were
immune on challenge with virulent street virus. These
results appeared to indicate immunological properties
of the H.E.P. virus with perhaps an added margin
of safety for certain species (Koprowski and Black,
J. Immunol., 1954, 72, 503).
In a field trial in Georgia, 1107 cattle of various
ages, from nursing calves to adults, were inoculated
with 1 dose of 15 ml. of a 33 per cent suspension of
H.E.P. virus. No reactions were observed and there
were no deaths from rabies over an observation
period of 6 months. Good immunity was demonstrated, since 11 of 16 vaccinated cattle survived
challenge, while only 4 (25 per cent) unvaccinated
controls survived the same challenge (Starr et al.,
Vet. Med., 1954, 49, 366).
The high egg-passage Flury virus is available as a
modified live virus avianized rabies vaccine. The
vaccine is vacuum-dried. It should be used within 1
hour after the diluent is added. The vaccine has been
designed to provide a solid and durable immunity
against rabies in healthy cattle following a single
injection. Although the duration of immunity has not
yet been established, it is expected to be long-lasting.
The vaccine should be stored in the refrigerator
between 35° and 45° F.
Vaccination with this product is recommended as a
prophylactic measure only.
Dose. Prophylactic only, 5 ml. intramuscularly
into the thigh of cattle regardless of size or age. Do
not inject this vaccine subcutaneously.
Swine-Erysipelas Vaccine
This vaccine is a live culture of Erysipelothrix
rkusiopathice, the virulence of which is maintained by
passage through pigeons every 60 days. It is subjected to purity tests and animal inoculation (pigeon)
tests for virulence. The vaccine is used in the simultaneous method of immunization in which the live
culture is given simultaneously with anti-swineerysipelas serum (see Anti-Swine-Erysipelas Serum).
It is supplied in both liquid and desiccated form. The
vaccine is a living culture, of low virulence for swine,
but highly infectious to man. Therefore, all containers
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and unused contents should be destroyed by burning.
Experimental evaluation of culture (vaccine) and
serum vaccination for the control of swine erysipelas
indicates that this method affords more lasting protection than the use of the swine erysipelas bacterin.
The immunity established by the simultaneous method
was sufficient to protect nearly SO per cent of the pigs
for a period of 5 to 6 months (Shuman, J.A.V.M.A.,
1953, 123, 304; 1954, 125, 306).
Doses. Sw., the dose is graduated according to the
body weight of the animal; up to 50 lb., 0.25 ml.; 50
to 75 lb., 0.5 ml.; 75 to 100 lb., 0.75 ml.; 100 lb.
or over, 1 ml. The dose of serum used is 5 ml. for
each 0.25 ml. of culture administered. When the vaccine is used for second injection purposes, the dose is
double that of the first injection and is administered
without serum 14 days after the original simultaneous vaccination (see Kelser and Schoening, Manual
of Veterinary Bacteriology, Williams and Wilkins,
1948, p. 703).
Wart Vaccine
Warts (papillomatosis) occur in all species of animals; most frequently in man, cattle, dogs, and
rabbits. They appear in epizootic outbreaks in herds
of cattle and kennels of dogs. Papillomatosis is generally confined to the species in which it begins. The
causative agent is a filterable virus. While the disease
is self limiting, its course may be prolonged so that
there is need for curative treatment. Active immunization of animals, especially cattle, is practiced using
wart vaccine. The vaccine may be made by suspending freshly ground wart tissue from cattle in physiological saline solution and formolizing it to destroy
the virus. A vaccine is also prepared from virus
grown on chick-embryo membranes. The effectiveness
of these vaccines has not been conclusively established. It is claimed that vaccine treatment leads to
rapid recovery in many cases. It is suggested that 2
injections be given 10 days apart. Recovery following
treatment may take 1 to 2 months in cattle and 1
to 2 weeks in the dog. Because the disease is self
limiting the effectiveness of treatment is difficult to
evaluate.
Doses. H. & C, subcutaneously, 25 ml.; intradermal^, 2ml. D., subcutaneously, 5 ml.

BACTERINS
The term bacterin as employed in the current
nomenclature of veterinary biological products is
limited to those products containing killed bacteria.
These preparations are used to produce active immunity against the bacteria which are employed in their
production. The doses indicated are those that apply
to commonly available preparations. In practice the
dose recommended on the label should be employed,
since the nature and concentration of the product
will determine the optimum dose, and these factors
may vary with different methods of manufacture.
Bacterins are tested culturally for sterility and with
animal inoculation tests for safety.
Anthrax Bacterin
Anthrax bacterin is a suspension of killed anthrax
bacilli and spores. It is used as a prophylactic to
aid in the control of anthrax. Although it was previously supposed that killed anthrax bacilli had little,
if any, immunizing value, it has been learned more
recently that they do have some worth (Hagan and
Bruner, Infectious Diseases of Domestic Animals,
Comstock, 1948, 2nd ed., p. 181). However, their
immunizing value is less than that of vaccines containing living, attenuated organisms (see Anthrax
Vaccine). Their chief advantage is that they will not
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produce the disease. For this reason they are useful
in vaccinating sheep and goats, two species which are
highly susceptible.
Doses. The dose varies considerably with different
products. H. & C, subcutaneously, 5 ml. in 1 dose
or 2 ml. in 3 doses, repeated at weekly intervals;
intradermally , 1 ml. Sh. & G., 2.5 ml. subcutaneously.
Autogenous Bacterins
Autogenous bacterins are prepared with organisms
taken from the infected lesion of the patient to be
treated. These preparations should be of value if
the organism isolated is active. They should only be
used for local infections such as fistulous withers and
acne.
Dose. The dose, the number of doses, and the
interval between administration must be contingent
upon the local or general reaction obtained. It is
safest to start with a small, harmless dose which is
doubled for the second dose (to be given a few days
later) if no reaction is obtained. When a reaction
occurs it indicates that the dose is adequate. This
amount should not be exceeded and is not to be
repeated until several days after the reaction has
subsided.
Avisepticus-Gallinarum Bacterin
This bacterin is a mixture of equal parts of killed
whole cultures of Pasteurella avicida (aviseptica)
and Shigella gallinarum, the etiological agents of
fowl cholera and fowl typhoid, respectively. It is
used as an aid in the control of these diseases, which
may appear together in a flock. The use of bacterins
in controlling fowl typhoid has met with little success, but outbreaks of cholera in chickens may often
be stopped by a single injection of bacterin into all
the stock (Hagan, Infectious Diseases of Domestic
Animals, Comstock, 1943, pp. 163 and 191). The bacterin should be employed early whenever an outbreak
is suspected or detected.
Doses. Prophylactic: Fowl, 1 ml. Turkeys over
10 lb., 2 ml. Young fowl, 6 to 10 weeks old, 0.5 ml.
More lasting immunity can be obtained with 3 injections 3to 7 days apart. Therapeutic: Fowl, 1 ml. at
3cutaneously.
-day intervals as indicated. It is administered subBlackleg Bacterin
This is a sterile, formolized, whole culture of
Clostridium chauvcei. It contains both organisms and
cultural aggressin (see Blackleg Cultural Aggressin),
and is alum treated to prolong absorption. It is a
valuable and effective immunizing agent used to protect animals against blackleg. The disease is most
prevalent during a certain season (during spring and
fall months) which varies in different localities. Animals should be vaccinated before the arrival of this
season (usually in late winter or early spring) . Young
animals, especially cattle, are most susceptible to
blackleg. Sheep and goats may also become infected.
The other domestic animals and man are immune.
Doses. Calves, 5 ml. Sh. & G., 3 ml. It is
injected subcutaneously.
Blackleg, Hemorrhagic Septicemia Bacterin
This is a mixed bacterin containing formaldehydekilled cultures if both Clostridium chauvcei and Pasteurella multocida. It is used for the prevention of
both blackleg and hemorrhagic septicemia in young
cattle.
Dose. Calves of all ages, 5 ml. subcutaneously or
intramuscularly.
Bronchisepticus-Bacillus Bacterin
This bacterin is prepared from cultures of Brucella
bronchisepticus. The organism is frequently found
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in respiratory infections of dogs (and also in rodents
and cats), and is often associated with canine distemper as a serious secondary invader. The bacterin
is used to aid in the prevention of infection from
this organism.
Doses. D., 1 ml. A second and third injection of
2 ml. may be given at 7-day intervals.
Bronchisepticus-Streptococcus
Bacterin
This bacterin is a suspension of killed Brucella
bronchisepticus and pyogenic streptococci. It is used
as an aid in the control of infections in dogs in which
these organisms are involved.
Doses.
D., 2 ml. subcutaneously,
repeated as
indicated.
Clostridium Chauvcei-Novyi Bacterin
This bacteria contains equal parts of chemically
killed cultures of Clostridium chauvcei and CI. novyi
organisms. The former causes blackleg and the latter
black diseases (infectious necrotic hepatitis) of sheep.
CI. novyi occasionally causes malignant edema of
cattle and sheep. It is employed as an aid in the
prevention and control of these diseases in sheep, and
may be used in other species. It has no curative
properties.
Doses. Sh., 5 ml. Lambs, 3 ml. Administered
subcutaneously.
Clostridium Chauvcei-Septicus Bacterin
Clostridium chauvcei-septicus bacterin contains
equal parts of chemically killed, undliuted whole
cultures of Clostridium chauvcei and CI. septicum.
The preparations are usually alum treated. These
organisms cause blackleg and malignant edema, respectively. Since these diseases cannot be readily
distinguished clinically, and since they are both widely
distributed soil organisms, protection against both
organisms may be desirable.
The bacterin is used to immunize calves, sheep,
and goats in areas where losses have occurred from
blackleg and malignant edema. Vaccinated animals
should be removed from known infected pastures for
one week following treatment.
Doses. Calves, 5 ml. Lambs, kids, Sh. & G.,
3 ml. It is administered subcutaneously.
Clostridium
Bacterin

Chauvcei-Septicus,

Pasteurella

Clostridium Chauvoei-Septicus, Pasteurella Bacterin
is an alum precipitated, chemically killed, whole
broth culture of Clostridium chauvcei, Clostridium
septicus, Pasteurella bollingeri (buffalo strain) and
Pasteurella boviseptica.
This bacterin will immunize cattle and sheep against
black-leg, malignant edema, and hemorrhagic septicemia.
Doses. C. (including calves), 10 ml. subcutaneously. Sh. & G., 3 to S ml. subcutaneously.
Clostridium Hemolyticum Bacterin
Clostridium hemolyticum causes bacillary hemoglobinuria (red water disease) of cattle and sheep.
The bacterin is a chemically killed, whole culture
precipitated with alum. It is used to immunize cattle
and sheep against bacillary hemoglobinuria. In areas
where the disease exists, animals should be vaccinated
at least two weeks before the season (usually in the
spring) when an outbreak is likely to occur. The
time when outbreaks occur varies in different localities.
Doses. C, 10 ml. Sh., S ml. Administered subcutaneously. Two doses, 5 to 7 days apart, are sometimes used in sections where the infection is virulent.
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Clostridium Perfringens, Type D, Bacterin
This is used as a preventive against enterotoxemia
of feeder lambs and pulpy kidney disease of suckling
355). (Muth and Morrill, Am. J. Vet. Res., 1946, 7,
lambs
It is prepared from selected toxin producing strains
as a nonviable, formaldehyde-inactivated and alum
precipitated whole culture containing killed bacterial
cells and toxoid.
Dose. Lambs, 5 ml.
Coli-Enteritidis Pasteurella Bacterin
This bacterin contains Pasteurella boviseptica,
Escherichia coli and Salmonella enteritidis organisms,
all of bovine origin. It is used as an aid in the prevention of enteric, pneumonic and septicemic infections of calves associated with these three organisms.
When acute and fatal cases have already occurred,
the use of Coli-enteritidis Pasteurella Antiserum
(q.v.) is indicated.
On farms where losses from calf scour-pneumonia
complex are a constant problem, pre-calving vaccination with 3 doses of the bacterin, not later than 3
months before calving, is recommended.
On infected premises, very young calves may be
sensitized to the bacteria represented in this bacterin
and should be watched closely for any postvaccination evidence of shock.
Doses. Calves, 3 to 5 ml. intramuscularly; repeat at 3- to 4-day intervals until 3 doses have been
administered. Pre-calving vaccination of cows: 3
doses of 5, 7.5 and 10 ml., respectively, usually given
at 5- to 7-day intervals.
Felisepticus-Bacillus Bacterin
Felisepticus-bacillus bacterin is prepared from cultures of Pasteurella feliseptica (multocida) of feline
origin. It is used as an aid in the prevention and
control of infections of cats associated with this
organism.
Doses. Cats, 2 ml. Kittens, 1 ml. Administered
subcutaneously. Repeated at intervals of 3 to 5 days
as indicated.
Gallinarum-Typhimurium Bacterin
This bacterin is prepared from equal parts of cultures of Salmonella gallinarum and S. typhimurium
of avian origin. It is used to help immunize chickens,
turkeys, and other fowl against typhoid and paratyphoid infections. There is little evidence that this
has any marked value as a prophylactic agent against
the above diseases. Prophylactic vaccination 2 weeks
prior to the seasonal appearance of these infections
has been suggested.
Doses. Prophylactic: Chickens, 1 ml. Turkeys
and Ducks, 2 ml. Young birds, one-half these doses.
Administered subcutaneously. In infected flocks: 2 to
4 ml. subcutaneously. Repeated as indicated.
Hemorrhagic-Septicemia Bacterin
Hemorrhagic septicemia bacterins are heat or chemically killed, precipitated cultures of Pasteurella multocida, the causative agent of hemorrhagic septicemia
in animals. The diseases caused by this organism include fowl cholera, stockyards fever or shipping fever
of cattle and sheep, swine plague, rabbit septicemia
(snuffles), and similar diseases in other animals. The
bacterin is used to immunize animals that are to be
shipped, and where seasonal appearance of the disease has occurred animals are sometimes vaccinated
before they are turned out to pasture. Vaccination
should be performed 2 to 3 weeks before exposure is
expected. Whether the use of bacterins in cattle before
shipping is a useful procedure is a moot question, as
is the use of the bacterin in herds in which the
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disease is already raging (Hagan and Brunner, Infectious Diseases of Domestic Animals, Comstock, 1951,
2nd ed., p. 230). Bacterins have been useful in controlling outbreaks of cholera in chickens and ducks,
and are used as an aid in controlling the disease in
other species.
Doses. H., C. & Mules, 5 ml. Sh., Sw., Calves
and Colts, 2.5 ml. Pigs and Lambs, 2 ml.
Chickens Ducks and Rabbits, 1 ml. The dose may
be repeated in 2 to 5 days where indicated. It is
usually administered intramuscularly.
Leptospira Pomona Bacterin
This product is a killed egg fluid culture of a
highly antigenic strain of Leptospira pomona for
active immunization of healthy cattle against leptospirosis. The bacterin is freeze-dried under high vacuum to preserve its antigenicity.
Vaccines for leptospirosis in dogs against both
Leptospira canicola and L. icterohoemorrhagke have
been reviewed by Brunner and Meyer. It has been
indicated that inactivation by freezing and thawing
was perhaps less harmful to antigenic constituents
than by the use of chemical means such as formalin
(Brunner and Meyer, /. Immunology, 1950, 64, 365).
A vaccine consisting of a suspension of Leptospira
pomona that had been cultivated in eggs and inactivated either by formaldehyde or by freezing and
thawing has been tested in calves and in guinea pigs.
The test for immunity consisted of inoculating each
calf subcutaneously with 2 ml. of defibrinated blood
from infected guinea pigs or from an infected calf
at intervals that ranged from 2 to 6 weeks after inoculation with the vaccine. Following vaccination, all
calves developed antibodies for leptospira and all
were immune when given virulent leptospira. Guinea
pigs likewise were immune when challenged with
leptospira. Signs of infection shown by the 16 control
calves consisted of a febrile reaction in 13 and of
these 2 died; 3 calves showed no signs of illness,
although 2 of the 3 developed both complementfixing and lytic antibodies. All the control guinea
pigs developed a marked febrile reaction (York and
Baker, Am. J. Vet. Res., 1953, 14, 5).
Results from laboratory studies and field tests indicate that Leptospira pomona bacterin when injected
into cattle will produce immunity in about 2 weeks.
Dose. 5 ml. for both mature cattle and calves,
administered subcutaneously.
Listeria Monocytogenes Bacterin
Listeria (Listerella) monocytogenes produces a
febrile disease in swine, sheep, cattle, man, and other
species. The central nervous system is most frequently
involved in mammals, the animals showing symptoms
of meningitis, encephalitis, or vague behavior suggesting disturbances of consciousness. The appearance
of the disease has been so sporadic that it is doubtful
if immunization has much practical value. However,
the bacterin is occasionally employed to immunize
animals where exposure is suspected.
Doses. The doses used are similar to those of
other bacterins.
Mixed
Bacterins:
Avian,
Bovine,
Canine,
Equine, Feline, Lepine,
Ovine and Porcine
These bacterins are chemically killed, undiluted,
whole
cultures prepared
from various organisms
known
to be commonly
associated with various
infections of the species for which the bacterin is
intended. Several of the bacterins discussed in the
foregoing are "mixed bacterins." However, in addition to these there is a large variety of "mixed
bacterins" prepared commercially each of which contain an assortment of organisms considered appro-
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priate for use in various infections. They are used
as an aid in the prevention of bacterial infections
caused by the organisms from which they are prepared. Obviously their use is predicated on the existence, as the chief causative organism, of at least one
of the organisms represented in the bacterin. Since
the bacterial cause of the disease is frequently not
diagnosed clinically, it is difficult to predict or evaluate
the usefulness of these preparations. The view that
they are generally of little value is held by some
authorities in the field of immunology. However, they
are still widely used in practice.
Doses. The doses vary with dfferent products
and manufacturers. H. & C, 5 ml. Sh. & Sw., 5
ml. D., 2 ml. Fowl, 2 ml.
Pasteurella Avicida Bacterin
This bacterin consists of a saline suspension of
killed cultures of Pasteurella avicida (multocida) of
avian origin. It is used to aid in the prevention and
control of fowl cholera in chickens, turkeys, and
other
terin. fowl. See also Hemorrhagic Septicemia BacDoses. Chicken, 1 ml. Turkeys, 2 ml. Young
birds, one-half these doses. Infected flocks, 2 to 4 ml.
repeated as indicated.
Pasteurella-Pseudodiphthericum Bacterin
This bacterin is prepared from chemically killed
cultures of Pasteurella multocida and Corynebacterium pseudodiphthericum with or without alum
treatment. The organism Corynebacterium pseudodiphthericum isthought by some workers to be responsible for the pulmonary edema seen in the shipping fever form of hemorrhagic septicemia. For this
reason the organism has been included in bacterins
used for the prevention of this condition.
It is believed that 2 to 4 inoculations, at intervals
of 5 days to 1 week may be indicated in some herds
of cattle where pulmonary complications, not necessarily associated with hemorrhagic septicemia, are a
frequent occurrence.
Doses. C, 5 ml. Sh. and Swine, 3 to 5 ml.
Salmonella- Abortivoequina Bacterin
Salmonella abortivoequina is the most common
cause of infectious abortion in mares. This disease
may become a serious problem around horse breeding
establishments. According to Kelser and Schoening
(Manual of Veterinary Bacteriology, Williams and
Wilkins, 1948. 5th ed., p. 288) bacterins have been
highly successful in the prevention of equine infectious abortion. For prophylaxis 2 series of 3 injections
each at 7-day intervals are administered to mares in
the fourth and ninth months of pregnancy. Reactions
are frequent, but abortion practically never occurs
following the use of this bacterin. Another method is
to give a series of 3 or 4 injections at 7-day intervals
at the beginning of each breeding season.
Doses. H., 5 ml.
Staphylococcus-Streptococcus
vine Strains)

Bacterin

(Bo-

This bacterin contains chemically killed, whole cultures prepared from bovine strains of Staphylococcus
albus and aureus and streptococcus organisms. It is
used as an aid in the control of bacterial infections
caused by these organisms in cattle and sheep.
Doses. C., 5 ml. Sh. and Calves, 3 ml. The dose
may be repeated at 2- to 5-day intervals. Infected
animals may be given double these doses repeated at
1- to 2-day intervals as indicated.
Swine Erysipelas Bacterin
This product is a highly concentrated formalde-
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hyde-inactivated, aluminum hydroxide-adsorbed sus- protected 2 of 6 pigs tested at 1 month, 1 of 9 pigs
pension of Erysipelothrix rhusiopathioe organisms and at 2 months and 1 of 4 at 3 months. Although the
their soluble antigens.
experimental results do not appear effective on a perUsing two bacterins, a carefully controlled experi- centage basis, it was apparent that some degree of
ment with 78 weanling pigs, 55 vaccinated and 23 protection was induced. This was demonstrated by
unvaccinated controls, indicated that the best of the the varied reactions induced with the 4 exposure
2 bacterins, while inducing an immunity in the 6 strains and by the fact that only 6 of 41 vaccinated
pigs tested at 1 month, protected only 2 of 7 pigs at pigs, classified as susceptible, developed generalized
2 months, 1 of 6 at 3 months and again at 4 months, infection (Shuman, J.A.V.M.A., 1954, 124, 362).
but none at 5 and 5.5 months. The other bacterin Dose. 5 to 10 ml. administered subcutaneously .
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A-377, 305
Abasin, 255
Abbocillin, 800 M, 1005
-DC, 1004
Abfuhrendes Brausepulver, 496
Abfuhrlimonade, 774
Abies sibirica, 1064
Abietene, 1911
Abietic acid, 1200
Abkochugen, 1661
Abric acid, 1523
Abrin, 1523
L-Abrine, 1523
Abrodil, 849
Abrus, 1523
seeds, 1523
Absinthe, 1523
Absinthic acid, 1523
Absinthin, 1523
Absinthium, 1523
Absinthol, 1523
Absolute alcohol, 41
ethanol, 41
ether, 544
Absoluter Alkohol, 41
Absorbable cellulose, 264
cotton, 264
dusting powder, 496
gauze, 264
gelatin sponge, 601
surgical suture, 1376
surgical suture, boilable, 1376
surgical suture, chromic, 1376
surgical suture, non-boilable, 1376
surgical suture, Type A, plain,
1376
surgical
suture,
Type
A, untreated, 1376
surgical
suture,
Type
B, mild
treatment, 1376
surgical suture, Type C, medium
treatment, 1376
surgical suture, Type D, prolonged
treatment, 1376
Absorbent cotton, 396
gauze, 597
gauze, non-sterilized, 597
gauze, sterile, 597
Absorption bases, 1778
Abyssinian tea, 1619
Acacia, 1, [v]1935
abyssinica, 1
arabica, 1
decurrens, 1
Ehrenbergiana, 1
Glaucophylla, 1
gummifera, 1
horrida, 1
modesta, 1
mucilage, 4
pycantha, 1
Senegal, 1
Seyal, 1, 2
stenocarpa, 1, 2
syrup, 5
Acacia? Gummi, 1
Acalypha, 1523
Acalyphine, 1524
Acanthopteri fishes, 1691
Acaprin, [v]1935
A.C.D. solution, 1271
Acecoline, 14, 15
Acedicon, 460

Aceite
de
de
de
de
de
de

de almendras, 45
almendra por expresi6n, 45
cacahuete, 978
castor, 261
chaulmugra, 657
higado de bacalao, 344
higado de bacalao no desestearinizado, 347
de linaza, 759
de maiz, 366
de oliva, 921
de olivas, 921
de ricino, 261
de semilla de algodon, 397
de sesamo, 1232
de teobroma, 1406
persico, 1019
yodado, 698
Acer saccharinum, 1344
spicatum, 1493
Acetal, 1524
Acetaldehyde, 1524
3-Acetamido-4-hydroxybenzenearsonic
acid, 7
Acetanilid, 5, [v] 1936
tablets, 7
Acetanilida, 5
Acetanilide, 5
Acetanilidum, 5
Acetannin, 1524
Acetarsol, 7, [v]1936
Acetarsolum, 7
Acetarsone, 7, [v]1936
tablets, 8
Acetarsonum, 7
Acetate basique de plomb dissous,
d'ammonium dissous, 75
d'ammonium liquide, 75
d'ethyle, 551
de plomb cristallise, 747
de potasse sec, 1093
de potassium, 1093
de sodium, 1247
de sodium et de theophylline,
neutre de plomb, 747
Acetato amonico liquido, 75
de amonio liquido, 75
de desoxicorticosterona, 422
de plomb liquido, 749
de plomo, 747
de plomo, neutro, 747
de potasio, 1093
di alluminio liquido, 60
di piombo neutro, 747
di potassio, 1093
di sodio, 1247
di sodio e di teofillina, 1411
Acetazoleamide, 1766, [v]1936
Acet-dia-mer-sulfonamides,
1348,
Acethylphenetidina, 12
Acethylphenetidinum, 12
Acetic acid, 8
acid, diluted, 10, [v]1936
acid, glacial, 10, [v]1936
Acetic aldehyde, 1524
ether, 551
larkspur tincture, 1733
liniment of turpentine, 1467
turpentine liniment, 1467
Acetilfenetidina, 12
Acetilfenilamina, 5
Aceto scillito, 1307
3-Acetoamido-2,4,6-triiodobenzoic
14
Acetoarsenite of copper, 1796
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749

1411

1349

acid,

Acetobacter suboxydans, 115
Acetofenetidina, 12
Acetomenaphthone, 11
Acetomenaphthonum, 11
Acetomeroctol, 1751
Acetona, 12
Acetoncloroformio, 291
Acetone, 11, 12
-chloroform, 291
Acetonum, 11
-chloroformium, 291
Acetophenetidin, 12, [v]1936
and phenylsalicylate tablets, 14
tablets, 13
Acetophenetidinum, 12
Acetophenolisatin, 1524
Acetovanillone, 1586
Acetphenetidin, 12
Acetphenetidinum, 12
Acetphenylamid, 5
Acetracts, 10
Acetrizoic acid, 14
Acetum aromaticum, 9
concentratum, 8
plumbicum, 749
saturninum, 749
scillae, 1307
scilliticum, 1307
Acetylamidobenzene, 5
Acetyl-p-aminophenol, 1524
Acetyl-p-aminophenyl salicylate, 1802
Acetylarsan, 8, 1587
255
N-Acetyl-N-bromodiethylacetylurea,
Acetyl-5-bromosalicylic acid, 1607
Acetylcarbromal, 255
Acetylcholine, 244, 1791
chloride, 832, [v]1937
Acetylcholinii chloridum, 14
Acetyldigitoxin, 1668
Acetylene, 1524
Acetylformic acid, 1819
Acetyl-/?-methylcholine chloride, 832
m-Acetyloxyphenol, 1185
Acetylparamidosalol, 1802
Acetylphenylhydrazine, 1524
Acetylsalicylic acid, 15, [v]1937
acid, acetophenetidin and caffeine
capsules, 19
acid, acetophenetidin and caffeine
tablets, 20
acid capsules, 19
acid tablets, 19
Acetylsalicylic phenyl ester, 1868
Acetylsalizylsaiire, 15
Acetylsalol, 1868
N^-Acetylsulfanilamide, 1346
Acetyltannic acid, 1524, [v]1937
Achillea, 1525
Achilleic acid, 1525
Achilleine, 1525
Achromycin, 1402, 1568, [v]2031
hydrochloride, 1405
Achroodextrins, 1309, 1663
Acibar, 46
Acid acriflavine, 26
ammonium sulfate, 1547
fuchsin, 591
potassium tartrate, 1095
quinine sulfate, 1172
quininium chloride, 1173
quininium sulfate, 1172
sodium carbonate, 1253
sodium oleate, 1864
sodium phosphate, 1257
trypaflavine, 26
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Acide acetique, 10
acetique cristallisable, 10
acetique dilue, 11
acetique pur, 10
acetylsalicylique, 15
arsenieux, 110
azotique officinal, 898
azotique purine, 898
benzoique, 154
bismuthogallique, 175
borique cristallise, 190
borique officinal, 190
chlorhydrique dilue, 664
chlorhydrique officinal, 663
chlorhydrique pur, 663
chromique cristallise, 324
citrique, 333
cyanhydrique dilue, 1717
gallotannique, 1379
hypophosphoreux, 676
lactique officinal, 736
lactique racemique, 736
metaphosphorique, 1051
nitrique purine, 898
oleique, 910
orthoxybenzoique, 1207
phenique cristallise, 1037
a-phenylcinchonique, 327
phosphorique dilue, 1051
phosphorique officinal, 1050
propanololque, 736
pyrogallique, 1150
quinine hydrochloride, 1173
salicylique, 1207
— stearique, 1311
sulfurique dilue, 1374
sulfurique officinal, 1373
sulfurique pur, 1373
tannique, 1379
tartrique droit, 1387
tartrique officinal, 1387
trichloracetique, 1446
Acidi glutamici hydrochloridum, 609
Acido acetico, 10
acetico, 10
acetico diluido, 8
Acetico Glacial, 10
acetilsalicilico, 15
acetilsalicilico, 15
aminoacetico, 62
arsenioso, 110
ascorbico, 115
benzoico, 154
borico, 190
carbolico, 1037
citrico, 333
clorhidrico, 663
clorhidrico diluido, 664
cloridrico, 663
cloridrico diluito, 664
cromico, 324
cromico anhidro, 324
dietilbarbiturico, 135
elainico, 910
espireico, 1207
estearico, 1311
etanoico, 10
fenico, 1037
fenico liquido, 1040
fenilchinolincarbonico, 327
feniletilbarbiturico, 1034
fenilquinoleinocarbonico, 327
fosforico, 1051
fosforico diluido, 1051
galotanico, 1379
hidroclorico, 663
hipofosforoso, 676
lactico, 736
lattico, 736
nicotinico, 892
nitrico, 898
oleico, 910
orthofosforico, 1051
-brto-ossibenzoico, 1207
pirogallico, 1150
salicilacetico, 15
salicilico, 1207
solforico, 1373

Index
Acido solforico diluito, 1374
sulfurico, 1373
sulfurico diluido, 1374
tanico, 1379
tannico, 1379
tartarico, 1387
tartrico, 1387
timico, 1427
trichloroacetico, 1446
yodhidrico diluido, 661
Acidol, 1601
Acidolate, 1887
Acidoride, 609
Acidulin, 609
Acidum aceticum, 8, 10
acetylsalicylicum, 15
acetyltannicum, 1524
aminoaceticum, 62
arsenicosum, 110
arsenosum, 110
ascorbicum, 115
benzcicum, 154
boracicum, 190
boricum, 190
carbolicum, 1037
carbolicum crudum, 1037
chlorhydricum dilutum, 664
chlorhydricum solutum depuratum,
663
chromicum,
324
chrysophanicum crudum, 325
citricum, 333
concentratum, 10
dehydrocholicum, 420
diethylbarbituricum, 135
dilutum, 8, 10
elainicum, 910
folicum, 583
formicum, 1693
gallicum, 1696
gallotannicum, 1379
glaciale, 10
hydriodicum dilutum, 661
hydrochloratum, 663
hydrochloratum dilutum, 664
hydrochloricum, 663
hydrochloricum dilutum, 664
hydrocyanicum dilutum, 1717
hypophosphorosum, 676
iodoalphionicum, 700
lacticum, 736
mandelicum, 1746
muriaticum, 663
nicotinicum, 892
nitricum, 898
nitricum depuratum, 898
nitrohydrochloricum, 1770
oleicum, 910
oleinicum, 910
oxybenzoicum, 1207
para-aminobenzoicum, 970
para-aminosalicylicum, 70
phenicum, 1037
phenylsethylbarbituricum, 1034
phenylchinolincarbonicum, 327
phenylcinchonicum, 327
phosphoricum, 1050
phosphoricum concentratum, 1050
phosphoricum dilutum, 1051
phosphoricum solutum, 1050
salicylicum, 1207
spiricum, 15, 1207
stearicum, 1311
stearinicum, 1311
sulfuricum, 1373
sulfuricum aromaticum, 1374
sulfuricum dilutum, 1374
sulfuricum purum, 1373
tannicum, 1379
tartaricum, 1387
trichloroaceticum, 1446
undecylenicum, 1474
Acletin, 1734
Aclor, 609
Acne bacillus vaccine, 1917
vaccine combined, 1917
vaccine mixed, 1917
vaccine simple, 1917

Acocantherin, 940
Acokanthera abyssinica, 940
deflersii, 940
Ouabaio, 940
Schimperi, 940
venenata, 940
Aconine, 22
Aconines, 23
Aconit napel, 20
Aconite, 20, [v]1937
and chloroform liniment, 24
root, 20
tincture, 24
Aconiti folia, 21
tuber, 20
Aconitic acid, 333
Aconitine, 22, 25
Aconitines, 23
Aconitinum, 25
Aconitknollen, 20
Aconito, 20
Aconitum, 20
Balfourii, 23
chasmanthum, 23
deinorrhizum, 23
heterophyllum, 23
NapeUus, 20, 25, 501
palmatum, 23
paniculatum, 21
soongaricum, 21
spicatum, 23
uncinatum, 23
Acorin, 1611
Acorus Calamus, 1610
Acqua borica, 192
cloroformizzata, 296
di arancio, 934
di calce, 223
di cannella, 333
di finocchio, 568
di fiori d'arancio, 934
di menta piperita, 1017
di rosa, 1198
distillata, 1504
ossigenata, 670
ragia depurata, 1465
saturnina, 749
vegetominerale, 749
Acque,
Acridine,1500
25
Acridinum hydrochloricum, 25
Acriflavina, 25
Acriflavinas hydrochloridum, 26
Acriflavine, 25, 1674, [v]1937
base, 25
-brilliant green-methyl
rosaniline
mixture, 859
hydrochloride, 26, 1674, [v]1937
Acrolein, 1623, 1774
ACS, 1525
Actamer, 179
ACTH, 1763, 1811, [v]1966
-corticotropin, 368
injection, 367
-peptide, 368
Acthar, 367
ACTIDE, 368
-corticotropin, 368
Actidione, 1568
Actinium series, 1821
Actinomycin, 1557
C, 1557
Activated charcoal, 268
7-dehydrocholesterol, 420, 917, 1870
Active carbon, 268
ACTX-corticotropin, 368
Acubin, 1071
Acyclic terpenes, 1776
Acylanid, 1668
Adalin, 255
Adam's needle, 1837
Adamsite, 1624
Adanon hydrochloride, 836
Addadd, 1620
Adder's wort, 1605
Addisin, 1315
Aden senna, 1227
Adenine, 1525

Index
Adenium, 1525
Adenosine-5-monophosphate, 1526
Adeps, 742
benzoatus, 743
benzoinatus, 743
lanse, 1510
lanse anhydricus, 1510
lanae cum aqua, 1511
lanie hydrosus, 1511
praeparatus, 742
suillus, 742
suillus benzoinatus, 743
Adermine hydrochloride, 1145
Adhatoda, 1526
Adhatodic acid, 1526
Adhesive absorbent bandage, 135
absorbent compress, 135
absorbent gauze, 135
bandage, 135
plaster, 1076
plaster, elastic, 1076
plaster, sterile, 1077
plaster, waterproof, 1076
tape, 1076
tape, sterile, 1077
Adhumulone, 1714
Adiphenine hydrochloride, 1787
Adipokinin, 1809
Adjuvant elixir, 619
Adlumia, 1526
Adlumidine, 1526
Adlumine, 1526
Adonic acid, 1526
Adonidin, 1526
Adonidoside, 1526
Adonin, 1526
Adonis, 1526
vernalis, 1526
Adonitol, 1526
Adonivernoside, 1526
Adrenal cortex injection, 27
cortical extract, [v]1938
glands, 27
Adrenalin, 507
chloride solution 1:1000, 510
Adrenalina, 507
Adrenaline, 507
acid tartrate, 511
bitartrate, 511
Adrenalini bitartras, 511
Adrenalinum, 507
Adrenalone, 508
Adrenergic blocking agents, 1526
Adrenocorticotropic hormone, 1811
Adrenocorticotropin injection, 367
Adrenolytic agents, 1527
Adrenotropic factor, 1811
-lEgopodium podagraria, 243
Aerosol antiseptics, 1533
OT, 473
OT dry, 1886
therapy, 1533
Aerosporin sulfate, 1083
Aeschrion excelsa, 1152
Aeschynite, 1621
iEsculin, 1533
.lEsculus, 1533
iEthanolamina, 863
-lEther, 543
aceticus, 551
aethylicus, 543
aethylicus alcoholisatus, 548
alcoolisatus, 548
anaesthesicus, 543
anaestheticus, 543
chloratus, 555
cum spiritu, 548
depuratus, 557
nitricus alcoholicus, 556
pro narcosi, 543
purificatus, 543
solvens, 557
vinylicus, 1496
^Etherolea, 1776
jEtheroleum chenopodii, 270
jEthinyloestradiol, 548
^Ethinyloestradiolum, 548

iEthiops cretaceus, 1753
vegetabilis, 1695
.^Sthisteronum, 550
^Ethylenediamini hydras, 560
^Ethylenum, 558
TEthyli amynobenzoas, 552
chlorurum, 555
^Ethylis acetas, 551
aminobenzoas, 552
chaulmoogras, 659
chloridum, 555
hydnocarpas, 659
oleas, 557
oxidum, 557
^Ethylium aceticum, 551
chloratum, 555
.^Sthylmorphinae chlorhydras, 560
hydrochloridum, 560
^Ethylmorphinum chlorhydricum, 560
Affioni, 923
Aframomum angustifolium, 257
Melegueta, 257
African black pepper, 403
cayenne, 239
cedar, 1728
chillies, 239
cubebs, 403
ginger, 604
marigold, 1612
pepper, 239
tea, 1619
Agar, 30, [v]1938
Agar-agar, 30
Agaric, 1533
acid, 1534
Agaricic acid, 1534
Agaricin, 1534
Agaricus, 1533
albus, 1533
Agarophytes, 32
Agathosmas, 196
Agave, 1534
Agavose, 1534
Agedoite, 51
Agene, [v]1997
Agglutinins, 1841
Aggressins, [v]2042
Agnol, 1510
Agnosterol, 1510
Agnus scythicus, 1798
Agropyrum, 1910
Agrostemma, 1534
Agrostemmic acid, 1534
Agua, 1500
blanca, 749
cloroformica, 296
de alcanfor, 236
de azahar, 934
de canela, 333
de cloroformo, 296
de goulard, 749
de hinojo, 568
de menta, 1017
de menta piperita, 1017
de rosa, 1198
destilada, 1504
destilada de flor de naranjo, 934
destilada de menta, 1017
destilada de rosa, 1198
flsiologica, 1267
oxidenada, 670
para inyeccion, 1504
vejeto-mineral, 749
Aguamiel, 1534
Ahnfeltia plicata, 30
Ahouai, 1898
Ahouain, 1898
Ailanthus, 146
Airoform, 1603
Airogen, 1603
Airol, 1603
Ajacine, 1733
Ajacinine, 1733
Ajacinoidine, 1733
Ajaconine, 1733
Ajmalicine, 1825, 1928
Ajmaline, 1825
Ajmalinine, 1825
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Ajowan oil, 1427
Akakia, 2
Akar, 1831
Akazien Gummi, 1
Alag-ilag Sonson, 1590
Alanine, 1541
Alantcamphor, 1723
Alantin, 1723
Alantol, 1723
Alantolactone, 1723
Alaun, 52
Albacore, 1691
Albaspidin, 122
Albidin, 1568
Albopannin, 122
Albucid, 1346
soluble, 1347
Albumin tannate, 1534, [v]1938
Albumini tannas, 1534
Albuminized iron, 1688
Albuminum
seri humanum
normale,
32
Albumosesilber, 1238
Albutannin, 1534
Alcali volatil concret, 77
Alcaloidetum opii, 930
Alcanfor, 232
monobromado, 236
Alcaravea, 243
Alcohol, 34, [v]1938
absoluto, 41
absolutus, 41
alcanforado, 236
benzylicum, 158
cetostearylicum, 265
cetylicum, 266
de menta, 1016
dehydrated, 41
dehydratum, 41
deshidratado, 41
diluido, 42
diluted, 41
dilutum, 41
ethylicum, 41
fricamentum compositum, 42
isopropylicum, 727
isopropylicum
fricamentum
compositum, 729
mentolico, 794
oleylicum, 1779
rubbing compound, 42
stearylicum, 1312
timolico, 1427
tribromoethylicum, 1445
Alcoholatura citri, 751
de
citron, 937
751
d'orange,
Alcoholia lanae, 1510
Alcool a cent degres centesimaux, 41
absolu, 41
butylique tertiaire trichlore, 291
camphre, 236
ethylique, 41
ethylique a 95 degres centesimaux,
34
etilico assoluto, 41
mentholique, 794
officinal, 34
rettificato, 34
Alcoolato di menta, 1016
Alcooles, 1902
Aldarsone, 1590
Aldehyde, 1524
benzoique, 149
Alder buckthorn, 1694
Aldinamide, 1818
Aldol, 1524
Aldosterone, 28, 425
Aldrin, 1534, [v]1938
Aleppo galls, 1772
Alepsin, 480
Aletris, 1535
Aleuritic acid, 1732
Alexandria senna, 1226
Alexandrian senna pods, 1230
Alflorone acetate, 669
Algin, 1250, 1695
Alginic acid, 1251, 1695
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Alglyn, 464
Algod6n absorbente, 396
hidr6fiIo, 396
polvora, 1151
purificado, 396
Alidase, 654
Alkaline aromatic solution, 109
Alkaloid C, 1825
Alkaloids, 1535
Alkanet, 1536
root, 1536
Alkanna root, 1536
Alkannin, 1536
Alkavervir, 1491
Alkermeskorner, 342
Alkohol, 34
Alkyldimethyl-benzylammonium
chloride, 150
Allanite, 1621
Allantoin, 1536
Allenolic acid, 1683
Alleppi, 256
Allergenic extracts, 1536
Allergens, 1536
contactants, 1537
drugs, 1537
foods, 1537
infectious agen£s, 1537
inhalants, 1537
physical agents, 1537
Allethrin, 1144
Allicin, 1538
Alligator tree, 1316
Allimin, 1538
Allisatin, 1538
Allium, 1538
Allobarbitone, 433
Allocaine, 1115
Allocryptine, 1526
a-Allocryptopines, 1623
Allonal, 137
Alloxan, 1538
Allspice, 1063
oil, 1062
Allume, 52
calcinato, 53
di ammonio, 52
di potassa, 52
di rocca, 52
usto, 53
Alluminio, 54
Allyl aldehyde, 1774
disulfide, 1538
isopropyl-acetylcarbamide, 1838
isothiocyanate, 871, [v]1938
phenylcinchoninate, 1640
Allylbai-bituric acid, 42
acid tablets, 43
Allylis isothiocyanas, 1539
Allylisobutylbarbituric acid, 42
Allylisopropylbarbituric acid, 103
Allylisopropylmalonyurea, 103
Allylisothiocyanate, 1539
N-Allylnormorphine, 1583
hydrochloride, 877, [v]1995
Allylpropyl diuslfide, 1538
Allylthiom-ea, 1899
Almaciga, 785
Almidon, 1308
de maiz, 1308
Almond cake, 45
oil, 45
oil, bitter, 43
oil, expressed, 45
Aloe, 46, [v]1938
abyssinica, 48
africana, 46
barbadensis, 46, 48
candelabrum, 48
-emodin, 49, 260
ferox, 46
indica, 49
Perryi, 46
pills, 50
spicata, 46
tincture, 50
vera, 50

Index
Aloes, 46, [v]1938
Aloin, 50, [v]1938
belladonna,
cascara
and podophyllum pills, 51
Aloina, 50
Aloinum, 50
Alpha-anhydride-lactose, 738
-bromisovaleryl urea, 194
-colubrine, 906
-dextrose, 427
-dinitrophenol, 1671
-elaterin, 1675
-fagarine, 1688
-glucose, 1707
-hydrate-lactose, 738
-hygrine, 338
-hypophamine, 1066
-ionone, 939
-lactucerol, 1732
-lobeline, 768
-lobeline hydrochloride, 770
-methyl glucoside, 1707
-naphthylthiourea, 1586, [v]1944
particles, 1821
-progesterone, 1122
-santalol, 1836
storesin, 1317
tocopherol, 1437
tocopherol acetate, 1437
tocopheryl acetate, 1438
tocopheryl
acetate concentrate,
1437
-truxilline, 338
d,£-Alphamethylphenethylamine, 84
Alphaprodine hydrochloride, 1539
Alphatron, 1822
Alphozone, 1876
Alpinia Galanga, 604
Alpinin, 1695
Alseroxylon fraction, 1826
Alstonia, 1539
Alstonidine, 1539
Alstonine, 1539
Altea, 51
Althaea, 51
officinalis, 51, 146
Althaese Folia, 51
Althea, 51
syrup, 51
Altheewurzel, 51
Althein, 51
Alt-tuberkulin, 1461
Aludrine hydrochloride, 729
Alugel, 59
Alum, 51, [v]1939
curd, 53
exsiccated, 53, [v]1939
precipitated diphtheria and tetanus toxoids, 491
precipitated diphtheria and tetanus toxoids and pertussis vaccine combined, 493
precipitated diphtheria toxoid,
489, 490
precipitated
pertussis vaccine,
1022
precipitated tetanus toxoid,
[v]2047
precipitated
toxoid, 487, 489
root, 1713
shale, 52
slate, 52
stone, 52
Alumbre, 51, 52
calcinado, 53
desecado, 53
Alumen, 51
ammoniatum, 52
exsiccatum, 53
purificatum, 51
ustum, 53
Alumina, 54
Alumini chloridum, 56
hydroxidum, 56
sulfas, 60
et ammonii sulfas, 52
et potassii sulfas, 52
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Alumini sulphas, 60
Aluminio, 54
Aluminium, 54
chloratum, 56
sulfate, 60
sulfuricum, 60
Aluminum acetate, basic, 1540
acetate solution, 55, [v]1939
carbonate, basic, 1540
chloride, 56
dihydroxyaminoacetate, 464
hexaurea dinitrate triiodide, 694
hexaurea sulfate triiodide, 694
hydroxide adsorbed diphtheria and
tetanus toxoids, 492
hydroxide adsorbed diphtheria and
tetanus toxoids
and pertussis
vaccine combined, 494
hydroxide adsorbed diphtheria toxoid, 490
hydroxide adsorbed pertussis vaccine, 1022
hydroxide
adsorbed
tetanus toxoid, 1399
hydroxide gel, 56, [v]1939
hydroxide gel, dried, 58
paste, 59
phosphate gel, 59
subacetate, 1540
subacetate solution, 60
sulfate, 60, [v]1939
trioxide, 54
Aluminiumazetatlosung, 60
Aluminiumchlorid, 56
Aluminiumsulfat, 60
Aluminous schist, 52
Alun, 52
d'ammonium, 52
de potassium, 52
desseche, 53
Alunite, 52
Alurate, 103
Alypin hydrochloride, 1740
Alzinox, 464
Amadou, 1533
Amamelide, 631
Amanita-hemolysin,
1759
-toxin, 1759
Amanitine, 319
Amaranth, 61
color, 61
solution, 61
solution, compound, 61
Amaranthum, 61
Amaranto, 61
Amarelles, 272
Amber petrolatum, 1024
Amberlites, 1501
Amblygonite, 759
Ambodryl hydrochloride, 1578
Ambonestyl hydrochloride, 1540
Ambotoxoid, 1916
Amboyna cloves, 336
Ambrosia, 1540, 1625
Ameliaroside, 1834
American agar-agar, 31
aloe, 1534
arnica, 106
aspidium, 121
elder, 1835
hellebore, 1486
laurel, 1728
manna, 1911
mint, 1014
mistletoe, 1928
mountain ash, 1867
nightshade root, 1806
pennyroyal, 1710
sanicle, 1713
sarsaparilla, 104
senna, 1617
silver fir, 1912
spikenard, 104
storax, 1315
wormroot, 1868
wormseed, 1625
wormseed oil, 270

Index
Amerikanische Faulbaumrinde, 259
Kreuzdornrinde, 259
Nieswurzel, 1486
Schneelballbaumrinde, 1494
Amethocaine hydrochloride, 1399
Amethone, 1784, 1785, 1788
A-methopterin, 1682, 1693
Amidon de mais, 1308
Amidone hydrochloride, 836
Amidopirina, 68
Amidopyrine, 68
elixir, 69
tablets, 70
Amidopyrinum, 68
Amigen, 1140
Aminacrinae hydrochloridum, 61
Aminacrine hydrochloride, 61, 1674
Aminarsone, 256
Amine-oxidase, 503
Amino acids, 1540, [v]1939
Aminoacetic acid, 62
acid elixir, 64
acid hydrochloride, 63, 64
5-Aminoacridine hydrochloride,
61
9-Aminoacridine hydrochloride, 61
Amino-an-fol, 1582, 1693
Aminoantipirina, 68
2-Amino-4-arsenosophenoI
hydrochloride, 945
Aminobenzene, 1549
p-Aminobenzenesulfonylguanidine
monohydrate, 1354
Aminobenzoato de butilo, 202
de etilo, 552
p-Aminobenzoic acid, 1877
4-Aminobenzoylglycine, 972
p-Aminobenzoylglycine, 972
Aminoessigsaure, 62
)3-Aminoethanol, 863
2-Aminoethanol, 863
4-Aminofolic acid, 1692
4-Amino-2-hydroxybenzoic acid, 70
4-Aminomethylbenzenesulfonamide hydrochloride, 1880
a-Amino-7-methylmercaptobutyric
acid, 849
Aminometramide, 1544
Aminonitrothiazole, [v]1939
Aminopentamide, 1784, 1787
Aminophyllina, 65
Aminophylline, 65, 1764, [v]1939
injection, 68
suppositories, 68
tablets, 68
Aminopirina, 68
Aminopolypeptidase, 1499
p-(2-Aminopropyl) phenol
hydrobromide, 672
Aminopterin, 587, 1582, 1692
6-Aminopurine, 1525
p-Amino-N-2-pyrimidylbenzene sulfonamide, 1349
Aminopyrina, 68
Aminopyrine, 68
elixir, 69
tablets, 70
Aminoquin naphthoate, 963
p- Aminosalicylate, 1582
Aminosalicylic acid, 70, 1327
acid tablets, 71
Aminosol, 1140
Aminosuccinic acid, 51
o-Amino-p-toluenesulfonamide
hydrochloride, 1880
Aminoxibenzoato de metilo, 939
Amiodoxyl, 1725
benzoate, 1725
Amithiozone, 1545
Ammicardin, 1546
Ammidin, 1545, 1721
Ammi majus, 1546
visnaga, 1546
Ammines, 72
Ammivin, 1546
Ammoidin, 1545
Ammonia, 71
caustica diluta, 72

Ammonia crystal, 77
liniment, 73
-soda process, 1263
solution, diluted, 72, [v]1939
solution, strong, 73 [v]1939
spirit, aromatic, 74, [v]1940
water, 72
Ammoniac, 1546
Ammoniac (gaz), 71
Ammoniacal silver nitrate, Howe, 1236
silver nitrate solution, 1236
Ammoniacum, 1546
Ammonia carbonas, 77
Ammoniak, 71
Ammoniakalaun, 52
Ammoniakfliissigkeit, 72
Ammoniakgas, 71
Ammoniaque officinale diluee, 72
Ammoniated citroarsenite of iron, 1689
dentifrices, 1662
glycyrrhizin, 619
guaiac tincture, 629
liniment of camphor, 235
mercury, 821
mercury ointment, 823
mercury ophthalmic ointment, 823
Ammonii acetas liquidus, 75
benzoas, 1546
bicarbonas, 76
bromidum, 76
carbonas, 77
chloridum, 78
chlorurum, 78
hypophosphis, 1546
iodidum, 80
nitras, 1547
salicylas, 81
sulfas, 1547
sulfoichthyolas, 677
valeras acidus, 1547
Ammonio-citrate of iron, 568
-ferric citrate, 568
Ammonium acetate solution, 75,
[v]1940 solutum, 75
aceticum
alaun, 52
alum, 51
aluminum sulfate, 62
benzoate, 1546
bicarbonate, 76, 77
bisulfate, 1547
bromatum, 76
bromide, 76
bromuretum, 76
carbamate, 77
carbonate, 77, [v]1940
carbonicum, 77
chloratum, 78
chloride, 78, 1764, [v]1940
chloride capsules, 80
chloride tablets, 80
chloruretum, 78
citrate, 1546
embelate, 1676
hydrobromicum, 76
hydrochloricum, 78
hydrojodicum, 80
hypophosphite, 1546
ichthyolicum, 677
iodide, 80
iodoxybenzoate, 1725
jodatum, 80

lactate, [v]1940
mandelate, 1546
muriaticum, 78
nitrate, 1547
orthoiodoxybenzoate, 1725
salicylate, 81
salicylicum, 81
sesquicarbonicum, 77
sulfate, 1547
sulfoichthyolate, 677
sulfoichthyolicum, 677
tartrate, 1547
valerate, acid, 1547
valerianate, 1647
Ammoniumacetatlosung, 76
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Ammoniumbicarbonat, 76
Ammoniumbromid, 76
Ammoniumchlorid, 78
Ammoniumjodid, 80
Ammoniumkarbonat, 77
Ammoniumsalicylat, 81
Ammoresinol, 1546
Amnestrogen, 542
Amobarbital, 81, 137
elixir, 82
sodium, 82
sodium capsules, 83
sodium, sterile, 83
tablets, 82
Amobarbitalum, 81
sodicum, 82
Amodiaquine hydrochloride, 83
Amodiaquini hydrochloridum, 83
Amolanone hydrochloride, 1788
Amome en grappe, 257
Amomi uva, 257
Amomum angustifolium, 257
Cardamomum, 257
dealbatum, 257
globosum, 257
Kepulaga, 257
maximum, 257
racemosum, 257
xanthioides, 257
Amorphous aspidospermine, 1820
carbon, 248
filicic acid, 122
gitalin, 447
K-strophanthin, 1335
penicillin, 1006
phosphorus, 1805
veratrine, 1832
Ampelodesma tenax, 516
Amphedroxyn hydrochloride, 837
Amphetaminae sulfas, 87
Amphetamine, 84
phosphate, 86
phosphate, dibasic, 86
phosphate, dibasic, tablets, 87
phosphate injection, 86
phosphate tablets, 86
sulfate, 87, [v]1940
sulfate tablets, 88
Amphetamini sulfas, 87
cK-Amphetaminium phosphate, 86
Amphetaminium sulfate, 87
d-Amphetaminium sulfate, 88
Amphetaminum, 84
Amphibole, 1591
Amphojel, 57, 59
Ampliactil, 1629
Amplictil, 1629
Amprotropin, 1784
Amprotropine, 1788
Ampulla bismuthi subsalicylate, 178
dextrosi, 429
emetinae hydrochloridi, 500
iodi, 695
Ampuls of bismuth subsalicylate, 178
of emetine hydrochloride, 500
of quinine hydrochloride and ethyl
carbamate, 1178
of quinine hydrochloride and urethane, 1178
Amrad gum, 1
Amritsar gum, 1
Amydricaine hydrochloride, 1740
Amgdala dulcis, 45
Amygdalic acid, 1746
Amygdalin, 44, 1708
Amygdalus Persica, 1019
Amyl nitrite, 89, [v]1941
/3-Amylase, 1865
Amylbarbitone sodium, 82
Amylcaine hydrochloride, 877
Amylcresols, 1547
Amylene hydrate, 91
Amylenhydrat, 91
Amyleni hydras, 91
Amylenum hydratum, 91
Amylis nitris, 89
Amylium nitrosum, S9

Index
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Amylnitrit, 89
Amylobarbitone, 81
Amylocaine hydrochloride, 877, 1740
Amylodextrin, 1663
Amylopectin, 1310
Amylopectin Bj., 1310
Amylopectin B2, 1310
Amylopsin, 965
Amylose, 1309
Ai, 1310
A2, 1310
Amylsine hydrochloride, 877
Amylum, 1308
maydis, 1308
Amyrin, 1675
0-Amyrin, 1620
Amytal, 81
sodium, 82
Anabasine, 1547, 1904
sulfate, 1547
Anabasis, 1547
Anabsinthin, 1523
Anacardic acid, 1548
Anacardium, 1547
Anaesthesin, 552
Anaesthetic chloroform, 293
Anaesthetic ether, 543
Anagyrine, 1867
Analysis of water, 1501
Anamirta Cocculus, 1058, 1642
Anastase, 1434
Anasthesin, 552
Anatabine, 1904
Anatolian licorice, 618
tragacanth, 1443
Anatoxin, 487
-Ramon, 487
Anatoxine diphterique, 487
tetanique, 1397
Anavenol, [v]1950
Anayodin, 275
Anchusa, 1536
Anchusin, 1536
Andira Araroba, 325
Andirine, 1609
Androcymbium gramineum, 351
Androdiol, 1755
Androgens, 1390, [v]1941
Androlin, 1389
Androlone, 1869
Andromeda, 1548
Andromedotoxin, 1548, 1829
Andronaq, 1389
Andronate, 1394
Androstanolone, 1869
4-Androsten-17-ol-3-one, 1389
Androsterone, 1390
Andrusol, 1389
Anectine chloride, 1340
Anemone camphor, 1818
Anemonin, 1818
Anesthesin, 552
Anesthesina, 552
Anethol, SI, 568
Anethole, 91
Anethum, 1670
graveolens, 466
sowa, 466
Aneurin, 1413
Aneurinae hydrochloridum, 1413
Aneurine chloride hydrochloride, 1413
hydrochloride, 1413
Angelic acid, 1884
Angelica, 1548
root, 1548
seed, 1548
tree, 104
Angelica? fructus, 1548
radix, 1548
Angeline, 1609
Angiotonase, 1720
Angiotonin, 1720
Anglesite, 744
Angosturin, 1659
Angusakema, 113
Angustura, 1659
Anhalamine, 1549

Anhaline, 1549
Anhalonidine, 1549
Anhalonine, 1549
Anhalonium, 1548
Anhidrido arsenioso, 110
cromico, 324
Anhidrohidroxiprogesterona, 550
Anhydride, 324
arsenieux, 110
chromic acid, 324
chromique, 324
Anhydridum arseniosum, 110
chromicum, 324
Anhydrocerberigenin, 1621
Anhydrogitalin, 447
Anhydro-gluco-chloral, 1626
Anhydrohydroxyprogesterone, 550, 1123
Anhydrous ether, 544
glucose, 427
lanolin, 1510
sodium phosphate, 1289
sodium sulfite, 1299
wool fat, 1510
Anhydrovitamin A, 912
Anidride arseniosa, 110
Aniline, 1549
oil, 1550
violet, 858
Animal nucleic acid, 1771
waxes, 1930
A-ninopterin, 1582, 1693
Anion exchangers, 1725
Anionic agents, 1886
Anisatin, 1721
Anise, 1550
oil, 92

spirit, 92
water, 92
Aniseed, 1550
Anisol, 92
Anisomycin, 1563
Anisum, 1550
Annis de Siberie, 1550
Ansadol ointment, 1207
Ansolysen, 1702
Anstrum, 1696
Antabuse, 1672
Antazoline hydrochloride, 92, [v]1942
hydrochloride tablets, 94
Antazolini hydrochloridum, 92
Antazolinium chloride, 92
Antepar citrate, 1808
Antergan, 1578
Anterior pituitary, 1809
pituitary hormones, 1809
Anterone, 1810
Anthelin, [v]1941
Anthelone, 1679
Anthemene, 1550
Anthemide, 1550
Anthemidis flores, 1550
Anthemis, 1550
tinctoria, 107
Anthemisine, 1550
Anthemol, 1550
Anthiomaline, 1584
Anthisan maleate, 1148
Anthocyanidin, 1830
Anthocyanins, 1830
Anthracene oil, 1382, [v]2030
Anthracite, 248
Anthralin, 94
ointment, 95
1,8,9-Anthratriol, 94
Anthrax bacterin, [v]2054
vaccine, [v]2047
Anti-adrenergic agents, 1527
Antianthrax serum, 1842, [v]2043
Antibacterial immune serums, 1842
serum: bovine, [v]2044
serum: canine, [v]2044
serum: equine, [v]2044
serum: feline, [v]2044
serum: porcine, [v]2044
serums, 1842, [v]2043
Antibason, 861
Anti-beriberi vitamin, 1413

Antibiotics, 1551, [v]1941
Antiblackleg serum, [v]2044
Anti-botulinus serum, 1842
Anti-bronchisepticus-bacillus serum,
Antibrucella
[v]2044serum (polyvalent), 1842
Anti-canine-distemper and anti-infectious canine hepatitis
serum
(canine origin), [v]2045
-canine-distemper serum, [v]2044
Antichlor, 1300
Anticholinergic agents, 1783
Anticoagulant
acid citrate dextrose
solution, 1271
drugs, 1570
sodium citrate solution, 1270
Anti-coli-enteritidis pasteurella serum,
[v]2045 globulins, 481
Antidiphtheric
serum, purified, 481
Antidiuretic agents, 1766
Antidysentery serum, 1843
Antiencephalomyelitis serum:

eastern,

serum:
and
western,
[v]2045 eastern
serum:
[v]2045western, [v]2045
Antiepileptic agents, 1850
agents, non-official, 1852
Antierysipeloid serum, refined, 1843
Antifebrin, 5
Anti-feline distemper serum, [v]2045
Anti-gas-gangrene (oedematiens)
serum, 594
(perfringens) serum, 595
(septicum) serum, 594
Antigens, 1536
Anti-gizzard erosion factor, 1929
Antihemophilic globulin, 607
globulin (human), 607
Antihemophilus influenzae type B serum, 1843
Anti-hemorrhagic-septicemia serum,
Antihemorrhagic
vitamin, 789
[v]2045
Antihistaminic drugs, 1575, [v]1942
Anti-hog-cholera serum, [v]2045
Anti-leptospira serum, [v]2045
Antimalarial agents, 1579
Antimeningococcic serum, 1843
Antimetabolites, 1581
Antimoine, 95
Antimon, 95
Antimonials, organic, 1584
Antimonii et sodii tartras, 98
potassii tartras, 95
Antimonio, 95
Antimoniotartrate acide de potassium,
95
Antimonium tartaratum, 95
Antimonous chloride, [v]1943
Antimony, 95
barium tartrate, [v]1948
lithium thiomalate, 1584
pentoxide, 95
potassium tartrate, 95, [v]1943
sodium gluconate, 1584
sodium tartrate, 98, [v]1944
sodium thioglycollate, 99
tetroxide, 95
thioglycollamide, 1584
trichloride, [v]1943
trioxide, 95
Antimonyl, 95
potassium tartrate, 95
Antimosan, 1313
Antineuritic vitamin, 1413
Antiparkinson agents, 1850, 1855
Antipertussis serum, 1844
Antiphlogistine, 736
Antipneumococcic serum, 1844
Antipyrin, 99
Antipyrina, 99
Antipyrine, 99, [v]1944
salicylate, 1834
Antirabies serum, 1844
Antirenin, 1720

Index
Antireticular cytotoxic serum, 1525
Anti-scarlet fever globulins, 1217
Anti-scorbutic vitamin, 115
Antismallpox vaccine, 1240
Antispasmin, 1848
Antisterility vitamin, 1435
Antistiffness factor, 1586
Antistine hydrochloride, 92, [v]1942
Anti-swine-erysipelas serum, [v]2045
Antitetanic globulins, 1395
Antitetanus serum, 1395
Antitoxic immune serums, 1842
Antitoxina del tetano y la gangrena
gaseosa, 1397
difterica, 482
escarlatinosa, 1217
tetanica, 1395
tetanica et gas-gangraenosa, 1396
Antitoxins, 1841, 1842, [v]2042
Antitoxinum diphthericum, 481
gas-gangraenosum bivalens, 594
gas-gangraenosum pentavalens,
595
gas-gangrsenosum trivalens, 594
tetanicum, 1394
Antityphoid vaccine, 1467
Antivenenes, 1926
Antivenin, 1927, [v]2042
Crotalus, [v]2042
polyvalent, 1926
Antivenins, 1926
Anti-venom serums, 1926
Antiviral serums, 1842, [v]2043
Antrenyl, 1784, 1786
bromide, 1790
Antrycide, [v]1944
dichloride, [v]1944
dimethylsulfate, [v]1944
Antrypol, 1375
ANTU, 1586, [v]1944
Antuitrin growth, 1810
Antuitrin-S, 1810
AP-43, 1784
Apamide, 1524
APC Capsules, 19
Tablets, 20
Apestrin, 1810
Apfelsinenschale, 937
Apfelsinenschalenol, 937
Apfelsinenschalentinktur, 937
Aphrodine hydrochloride, 1932
Aphyllidine, 1547
Aphylline, 1547
Apicosan, 1599
Apii fructus, 1620
Apiin, 1796
Apiol, 1796
Apis adansonii, 653
caffra, 653
dorsata, 653
fasciata, 653
florea, 653
indica, 653, 1506
mellifera, 653, 1505
scutellata, 653
unicolor, 653
A.P.L., 1810
Apoatropine, 146
Apocodeine, 1586
Apocupreine, 1719
Apocynein, 1586
Apocynin, 1586
Apocynum, 1586
androsaemifolium, 1586
cannabinum, 1586
Apodicinchonine, 1638
Apodiquinidine, 1638
Apoerythein, 1499
Apo-/3-erythroidine, 1680
Apoferritin, 719
Apomorphinae hydrochloridum, 101
Apomorphine hydrochloride, 101,
[v]1945
hydrochloride tablets, 103
Apomorphinhydrochlorid, 101
Apomorphini hydrochloridum, 101
Apomorphinium chloride, 101

Apomorphinum chlorhydricum, 101
hydrochloricum, 101
Apoquinine, 1719
Apothesine hydrochloride, 1741
Apple of Peru, 1317
of Sodom, 1866
Application of benzyl benzoate, 160
Apresoline, 1700
hydrochloride, 1714
Apricot brandy, 1019
kernel oil, 1019
Aprobarbital, 103
sodium, 103
Aqua, 1500
anethi concentrata, 466
aurantii, 934
aurantii florum, 934
aurantii florum fortior, 934
borica, 192
calcariae, 223
camphorae, 236
camphorata, 236
chloroformi, 296
chloroformiata, 296
cinnamomi, 333
cinnamomi concentrata, 333
de cal, 223
de rosa concentrada, 1198
destillata, 1504
distillata menta?, 1017
distillata rosarum, 1198
fceniculi, 568
fortis, 898
hamamelidis, 633
menthae piperita?, 1016
menthae piperitae concentrata,
1017
menthae piperita? destillata, 1017
naphae, 934
neroli, 934
plumbi, 749
pro injectione, 1503
regia, 1770
rosae, 1198
rosae fortior, 1198
saturnica, 749
vejeto-mineralis, 749
Aquacillin A.S., 1004
Aquacillin D.A., 1005
Aquakay, 789
Aquaphor, 1779
Aquapropen, 1005
Aqueous estradiol injection, 537
injection of procaine benzylpeni
cillin, 1004
solution of iodine, 696
Aquinone, 789
Aquocobalamin, 404
Arabian gum, 2
senna, 1227
Arabic acid, 3
Arabin, 3
Arabinose, 1443
Arabisches Gummi, 1
Arachidic acid, 1773
Arachidonic acid, 1913
Arachis hypogaea, 978
oil, 978
Arachnoidiscus Ehrenbergii, 31
Aragonite, 218, 267
Aralen, [v]1963
diphosphate, 299
Aralia, 104
nudicaulis, 104
racemosa, 104
spinosa, 104
Araliin, 104
Aramine, 1888, 1891
Araroba, 325
purifie, 325
Ara-ruta, 1748
Arbor vitae, 1901
vita? oil, 1901
Arbutin, 1915
Archil, 1652, 1653
Arcilla blanca, 734
Arctigenin, 1733
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Arctiin, 1733
Arctostaphylos Uva-ursi, 1915
ARD vaccine, 1917
Arec, 104
Areca, 104, [v]1945
Catechu, 104, 105
nut, 104
red, 105
seed, 104
Arecaidine, 105
Arecaine, 105
Arecolidine, 105
Arecolinae bromhydras, 105
hydrobromidum, 105
Arecoline, 105
-acetarsol, [v]1975
hydrobromide, 105, [v]1945
hydrobromide tablets, 106
Arecolinium bromide, 105
Arecolinum hydrobromicum, 105
Arekanusz, 104
Arekasamen, 104
Arekolinhydrobromid, 105
Aresket, 1887
Arfonad, 1698, 1700
camphorsulfonate, 1701
Argel leaves, 1229
Argent, 1233
Argental, 1849
Argenti iodidum colloidale, 1234
nitras, 1235
nitras crystallisatus, 1235
nitras fusus, 1237
nitras induratus, 1237
oxidum, 1849
proteinas, 1238
Argentic oxide, 1849
Argentiform, 1849
Argento, 1233
proteinico, 1238
proteinum forte, 1238
proteinum mite, 1238
Argentoproteinum, 1238
Argentum, 1233
nitricum, 1235
nitricum fusam, 1237
oxydatum, 1849
proteinatum, 1238
proteinicum, 1238
proteinicum forte, 1238
proteinicum mite, 1237
vitelinum, 1238
vitellinatum, 1238
vivum, 817
Argilla, 734
alba, 734
ferruginea, 1606
Arginine, 1541
Argol, 1095, 1387
Argyn, 1238
Argyraescin, 1533
Argyrodite, 1705
Argyrol, 1238
Aricine, 1638
Aristidinic acid, 1841
Aristinic acid, 1841
Aristochin, 1587
Aristol, 1428
Aristolic acid, 1841
Aristolochic acid, 1841
Aristolochine, 1841
Aristoquin, 1587
Aristoquinine, 1587
Armenian bole, 1606
Armoraciae radix, 1713
Arnica, 106
cordifolia, 106
flowers, 106
flowers tincture, 108
fulgens, 106
montana, 106
sororia, 106
tincture, 108
Arnica? radix, 107
Arnicin, 108
Arnidendiol, 108
Arnidiol, 108

Index
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Arnikabluten. 106
Amikatinktur, 108
Amisterin, 108
Arocati jaborandi, 1061
Aromadendrin, 1686
Aromatic ammonia spirit, 74
cascara sagrada fluidextract, 261
castor oil, 264
chalk powder, 268
elixir, 108
elixir, red, 109
eriodictyon syrup, 525
powder of chalk, 268
powder of chalk and opium, 268
powder of chalk with opium, 268
rhubarb tincture, 1191
spirit of ammonia, 74
sulfuric acid, 1374
waters, 1930
yerba santa syrup, 525
Aromatics, 74
Aronia melanocarpa, 1494
Arrhenal, 1590
Arrowroot, 1748
starch, 1310, 1748
Arruda brava, 1060
do mato, 1060 /
Arsamin, 1589
Arsanilic acid, [v]1945
Arsen, 109
Arsenalite, 110
Arsenamide sodium, [v]1945
Arsenate of iron, 1690
Arseni triiodidum, 1587
trioxidum, 110
trioxydum, 110
Arsenic, 109, 110
and
mercuric
iodides
solution,
1587
blanc, 110
pentoxide, 109
sesquioxide, 110
triiodide, 1587
trioxide, 110, [v]1946
trioxide tablets, 113
Arsenical solution, 1093
Arsenicalism, 111
Arsenicals, organic, 1587
Arsenico, 109
bianco, 110
Arsenicum, 109
album, 110
Arsenige Saure, 110
Arsenigsaureanhydrid, 110
Arsenious acid, 110
oxide, 110
solution, 1093
Arsenite of iron, 1689
Arsenium, 109
Arsenobenzene, 1588
Arseno-bismulak, 1604
p-Arsenosophenylbutyric acid, 1587
Arsenous acid anhydride, 110
acid tablets, 113
iodide, 1587
Arsenoxide, 946, 1588
Arsentrioxyd, 110
Arsenum, 109
Arsine, 109
Arsonic acids, [v]1946
Arsphenamina, 1588
argentea, 1590
Arsphenamine, 1588
Arsphenamine-S, 881
Arsthinol, 1589
Arsynal, 1590
Artabotrine, 1590
Artabotrys, 1590
Artane. 17S4, 1785, 1856, 1857
hydrochloride, 1450
Artanthe elongata, 445
Artemisia absinthium, 1211
brevifolia, 1211
camphorata, 1211
Cina, 1211
gallica, 1211
maritima, 1211
mexicana, 1211

Artemisia neo-mexicana, 1211
pauciflora, 1211
pontica, 1211
Artemisin, 1211
Arterenol, 1527
Arthritis vaccines, 1917
Arthrytin, 1725
Artificial barytes, 139
calamine, 210
camphor, 233
cinnabar, 1753
essential oil of almond, 149
heavy spar, 139
Nauheim baths, 1503
radioisotopes, 1823
tourmalines, 1167
Asa dulcis, 156
foetida, 113
odorata, 156
Asafetida, 113
pills,
115 115
tincture,
Asafoetida, 113
Asant, 113
Asanttinktur, 115
Asarinin, 1931
Asarum, 1590
Asbestos, 1590
Ascaridol, 271
Ascaridole, 271
Asclepain, 1591
Asclepiadin, 1591
Asclepias, 1591
curassavica, 713
Vincetoxicum, 1226
Ascorbic acid, 115, [v]1946
acid injection, 120
acid tablets, 121
Ascorbin, 115
Ascosin, 1568
Asebotoxin, 1548
Asellic acid, 346
Aseptosol, 1602
Ashantee pepper, 1799
Asiatic hog gum, 1829
licorice, 618
storax, 1316
Asparagin, 51
Asparagine, 51
Asparamide, 51
Aspartic acid, 51, 1541
Asperula odorata, 398
Asphaltum, 1800
Aspidin, 122
Aspidinin, 122
Aspidinol, 122
Aspidio, 121
Aspidium, 121, [v]1947
athamanticum, 121
Filix-mas, 121
oleoresin, 122, [v]1947
Aspidosamine, 1819
Aspidosperma, 1819
Aspidospermatine, 1819
Aspidospermine, 1819
Aspirin, 15
capsules, 19
tablets,
19
19
phenacetin and caffeine capsules,
phenacetin

and

caffeine

Aspirina,
20 15
Aspirine, 15
Aspogen, 464
Assa fetida, 113
Assacou, 1714
Asteriastigma macrocarpa, 658
Asterol dihydrochloride, 1666
Asthma weed, 767
Astragalus adscendens, 1442
aureus, 1442
brachycalyx, 1442
cylleneus, 1443
erinaceus, 1442
gummifer, 1442
heratensis, 1442
karakalensis, 1442

tablets,

Astragalus kurdicus, 1442
leioclados, 1442
parnassi, 1442
piletocladus, 1442
pycnocladus, 1442
stromatodes, 1442
Astringent yellow, 501
Atabrine, 963, 1154, [v]2013
dihydrochloride, 1154
methanesulfonate, 796
Atebrin, 1154
Ather, 543
Atherisches Bittermandelol, 43
Muskatol, 874
Atherweingeist, 548
Athylalkohol, 34
Athylchlorid, 555
Athylen, 558
Athylmorphinhydrochlorid, 560
Athylurethan, 1477
Athyrium filix-femina, 121
Atisine, 23
Atisines, 23
Atlantic coast agar, 31
Atochinol, 1640
Atocin, 327
Atophan, 327
Atoquinol, 1640
Atoxyl, 1589
Atrolactamide, 1852
Atropa acuminata, 142, 144, 145
Belladonna, 124, 142, 144, 1221
lutescens, 145
Atropamine, 146
Atropina, 124
Atropinae sulfas, 127
Atropine, 124, 146, 1784, 1856
injection of morphine and, 869
methylbromide, 1789
methylnitrate, 1785, 1789
sulfate, 127, [v]1947
sulfate tablets, i28
Atropini sulfas, 127
Atropinium sulfate, 127
Atropinsulfat, 127
Atropinum, 124
sulfuricum, 127
Atropurol, 1687
Atroscine, 1221
Attar of rose, 1197
Atzender Quecksilbersublimat, 823
Atzkali, 1101
Atzkalk, 755
Atznatron, 1275
Atzublimat,
Aulas,
1825 823
Aufgiisse, 1721
Aurantiamarin, 935
Aurantii amari cortex, 934
cortex recens, 934
cortex siccatus, 934
dulcis cortex, 937
Aureine, 1840
Aureomycin, 305
borate, 306, 310
hydrochloride, 305, [v]1963
hydrochloride, ophthalmic, 313
Auri sodii thiomalas, 621
sodii thiosulfas, 623
sodii thiosulfas sterile, 624
Auric bromide, 1708
a-Auromercaptoacetanilid, 1591
Aurothioglueose, 128
injection, 129
Aurothioglycanide, 1591
Australian agar-agar, 81
fever bark, 1539
fever-tree, 563
kino,
gum, 1686
1
leech, 1735
quinine bark, 1539
sandarac, 1836
tea-tree oil, 1610
Austrian rhapontic rhubarb, 1189
Autogenous bacterins, [v]2054
vaccines, 1916
Autovaccination, 1242

Index
Available chlorine, 1277
Avamine, 1134
Avertin, 1445
with amylene hydrate, 1446
fluid, 1446
Avian tuberculin, [v]2046
Avicularin, 1605
Avidin, 1602
Avil, 1033
Avisepticus-gallinarum bacterin,
[v]2054
Axonge, 742
benzoinee, 743
Axungia suillse, 742
suillae benzoinata, 743
Ayahuasca, 1608
Ayercillin (oil), 1004
(suspension), 1004
Azafran, 1651
8-Azaguanine, 1583
Azapetine, 1527
phosphate, 1530
Azaserine, 1563
Azedarach, 1591
Azedaracha, 1591
Azetanilid, 5
Azeton, 12
Azo acid rubin 2 B, 61
a,a'-Azo-bis ( chloroformamidine) , 290
Azochloramid, 290
powder saline mixture, 291
Azolitmin, 1653
Azonitrate de strychnine, 1339
Azopyrin, 1880
Azosulf amide, 1880
Azotate basique de bismuth lourd, 175
d'argent, 1235
de pilocarpine, 1060
de potassium, 1105
Azotite, d'amyle, 89
de soude, 1285
Azotprotoxyd, 903
Azovan blue, 565
Aztec pine, 1911
Azucar, 1344
de leche, 738
de Saturno, 747
de uva, 427
Azufre depurado, 1371
lavado, 1371
precipitado, 1368
sublimado, 1369
Azul de metileno, 855
Azulene, 629, 1523, 1749, 1777
Azulfldine, 1880

Bachbo, 1869
Bacillomycin, 1568
Bacillus acetoethylicum, 12
brevis, 1470
Calmette-guerin vaccine, 129, 1462
licheniformis, 131
subtilis, 131
Bacitracin, 131, [v]1947
ointment, 135
Bacterial vaccines, 1916
Bactericidins, 1841
Bacterins, [v]2054
Bacteriolysins, 1841
Bacteriophage, 1591
Bacteriotropins, 1841
Badiane, 1550
Bael fruit, 1592
Bagasse, 1344
Bahia arrowroot, 1896
Baicalein, 1780
Baicalin, 1838
Baies de genievre, 733
Baker's Ammonia, 78
yeast, fresh, 1513
Baking chocolate, 204
soda, 1253
BAL, 468, [v]1974
Balarsen, 1589
Baldrian, 1922

Balm of Gilead, 1592
of Gilead buds, 1088
of Gilead tree, 1912
Balsam, 1912
apple,
1758 158
de Maltha,
of copaiba, 1646
of Gilead, 1592
of tolu, 1439
poplar, 1088
poplar buds, 1088
tree, 1912
vine, 1758
Balsamo bianco, 1023
de contrapique, 1023
de tolu, 1439
de trapo, 1023
del Peru, 1023
del tolu, 1439
opodeldoch, liquido, 235
Peruviano, 1023
Balsams of sulfur, 1777
Balsamum Americanum, 1439
Gileadense, 1592
indicum, 1023
Mecca?, 1592
peruvianum, 1023
styracis, 1316
tolutanum, 1439
traumaticum, 158
Bandage, adhesive, absorbent, 135
gauze, 597
Band-aids, 135
Banisterine, 1608
Banthine, 1784
bromide, 839, 1698
Bantron, 1906
Baptisia, 1592
Baptisin, 1592
Baptitoxine, 1592, 1661
Barbados aloe, 48
nuts, 1592
Barbaloin, 49
/3-Barbaloin, 48
Barbasco, 1831
Barberry, 1599
Barbital, 135, 137, [v]1948
elixir, 138
sodico, 139
sodium, 139, [v]1948
sodium, tablets, 189
tablets, 138
Barbitalum, 135
natricum, 139
sodicum, 139
Barbitone, 135, [v]1948
sodium, 139, [v]1948
Barbitonum, 135
sodium, 139
Barbiturates, 1593
Barii chloridum, 1598
sulfas, 139
Barite, 139, 1598
Barium antimonyl tartrate, [v] 19.48
carbonate, [v]1948
chloride, 1598, [v]1948
sulfate, 139, [v]1949
sulfide, 140, 1598, [v]1949
Bariumsulfat, 139
Barlappsamen, 770
Barlappsporen, 770
Barley, 1713
meal, 1713
starch, 1310
sugar, 1345
water, 1713
Barosma betulina, 196
camphor, 196
crenulata, 196
serratifolia, 196
Barosmin, 197
Barytes, 139
Basaljel, 1540
Basergin, 514
Basham's mixture, 722
Basic aluminum acetate, 1540
aluminum glycinate, 464
betanaphtholbismuth, 1603
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Basic bismuth benzoate, 1604
bismuth carbonate, 174
bismuth chloride, 171
bismuth nitrate, 175
bismuth salicylate, 177
ferric sulfate solution, 574
fuchsin, 591
magenta, 591
phenylmercuric nitrate, 1049
zinc carbonate, 1932
Basisch-kohlensaures Magnesium, 773
Basisches Magnesiumkarbonat, 773
Wismutchlorid, 171
Wismutgallat, 175
Wismutkarbonate, 174
Wismutnitrat, 175
Wismutsalizylat, 177
Basket fern, 121
Bassora gum, 1829
Bassoric acid, 1443
Bassorin, 1443
Bastard anise, 1721
cardamom, 257
Batavia cassia, 330
Baudouin test, 1232
Baume de Perou, 1023
de San-salvador, 1023
de tolu, 1439
du commandeur, 158
du commandeur de pernes, 158
du Perou en coques, 1440
Baumwollsamenol, 397
Bauxite, 52, 54
Bay laurel, 1733
oil, 872
rum, 872
salt, 1266
Bayberry, 1761
tallow, 1761
wax, 1761
Bayer, 205, 1375
Bayol, 872
B.C.G. vaccine, 129, 1462
Bearberry, 1915
Bear-berry bark, 259
Bearded darnel, 174
Bear's weed, 524
Bear-wood, 259
Beaver-poison, 1633
Bebeerine, 1598
d-Bebeerine, 1796
Z-Bebeerine, 1598, 1654
Bebeeru bark, 1598
tree, 1598
Bed-straw milkweed, 1591
Bee-glue, 1505
Bee venom, 1598
venom solution lyovac, 1699
Bee-weed, 1591
Beef extract, 141
iron and wine, 141
Beeswax, 1505
Beet sugar, 1344
Beggar's buttons, 1733
Behenic acid, 871
Bela, 1592
Belaa fructus, 1592
Belefio, 674
Belgioino, 156
Belladone, 142
Belladonna, [v]1949
extract, 143
fluidextract, 143
herb, 142
leaf, 142
leaf tincture, 144
leaves, 142
liniment, 147
ointment, 144, [v]1949
plaster, 147
prseparata, 142
root, 144
root fluidextract, 147
scopola, 1838
tincture, 144
Belladonnablatter, 142
Belladonna? folia, 142
folium, 142
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Belladonna? herba, 142
radix, 144
Belladonnawurzel, 144
Belladonnine, 146
Bellafoline, 1784
Benadryl, 1856
hydrochloride, 475, [v]1942
Benares opium, 925
Bencilal, 149
Bencina de petroleo, 1028
Bencoolen cloves, 336
Benemid, 987, 1762, 1768
Bengal opium, 925
Bengal quince, 1592
Benjamin tree, 156
Benjui, 156
Benne leaves, 1848
oil, 1232
plant, 1847
Benodaine, 1527, 1529
hydrochloride, 1532
Benoxinate hydrochloride, 1741
Bentonita, 147
Bentonite, 147, 735
magma, 149
Bentonitum, 147
Bentyl, 1784
hydrochloride, 1788
Benzaconine, 22
Benzaldehido, 149
Benzaldehyd, 149
Benzaldehyde, 149
elixir, compound, 150
green, 1674
Benzaldehydum, 149
Benzalkonii chloridum, 150
Benzalkonium chloride, 150, 1887
chloride solution, 152
Benzamine hydrochloride, 1742
Benzathine penicillin G, 988, 1000
penicillin
G suspension,
sterile,
1002
Benzazoline hydrochloride, 1438
Benzchlorpropamide, 1853
Benzedrex, 84, 1136, 1888
Benzedrine, 84, 1888
sulfate, 87
Benzene, 1599, 1776, [v]1949
dichloride, 1667
hexachloride, 152, [v]1982
hexachloride, gamma, 152
Benzestrol, 1681
Benzethacil, 1000
Benzethonium chloride, 153, 1887
chloride solution, 154
Benzhexol hydrochloride, 1450
Benzin, 1028
purified, 1028
Benzoas natricus cum coffeino, 208
sodicus, 1252
Benzoate de sodium, 1252
de soude, 1252
of soda, 1252
Benzoated lard, 743
tincture of opium, 932
Benzoato de bencilo, 159
de bencilo, saponificado, 160
de estradiol, 539
de sodio, 1252
di sodio, 1252
di sodio e caffeina, 208
Benzocaina, 552
Benzocaine, 552
ointment, 553
Benzodioxane, 1529
Benzodioxanes, 1529
Benzoe, 156
Benzoeharz, 156
Benzoesaure, 154
Benzoesaurebenzylester, 159
Benzoesaurehaltige Opiumtinktur, 932
Benzoesaures Natrium, 1252
Benzoesauresulfonimid, 1204
Benzoeschmalz, 743
Benzoetinktur, 158
Benzoic acid, 154, [v]1949
aldehyde, 149
and salicylic acid ointment, 155

Index
Benzoin, 156, [v]1949
du Laos, dit de Siam, 156
tincture, 158
tincture, compound, 158
Benzoinated lard, 743
solution of alumina, 60
Benzoino, 156
Benzoinum, 156
Benzol, 1599, [v]1949
N'-Benzoylsulfanilamide, [v]2023
1,2-Benzopyrone, 398
Benzoquinonium, 1656
Benzosulfimide, 1204
Benzosulfinidum, 1204
Benzoyl peroxide, 1599
superoxide, 1599
Benzoylaeonine, 22
Benzoylecognine, 338
Benzoylglycolic acid, 1746
Benzoylpseudotropeine, 1744
Benzoylpseudotropine, 338
Benzoyltropine, 338
3:4-Benzpyrene, 1383
Benzpyrinium bromide, 1793
Benztropine, 1856
methanesulfonate, 1857
Benzyl alcohol, 158
benzoate, 159, 1024, [v]1949
benzoate chlorophenothane lotion,
160
benzoate lotion, 160
benzoate, saponated, 160
bromide, 1623
cinnamate, 1024
iodide, 1623
nicotinate, 896
Parasept, 857
penicillin, 981
penicillin potassium, 1002
penicillin sodium, 1005
succinate, 1599
Tegosept, 857
2- ( N-Benzylanilinomethyl ) -2-imidazoline hydrochloride, 92
Benzyli benzoas, 159
2-Benzyl-2-imidazoline hydrochloride,
1438
Benzylis benzoas, 159
benzoas saponatus, 160
succinas, 1599
Benzylpenicillin, 1002
potassium, 1002
sodium, 1005
Benzylpenicillinum, 1002, 1005
kalicum, 1002
natricum, 1005
Benzylsulfanilamide, 1879
Berbamine, 1600
Berberine, 661, 1600, 1647
Berberis, 1599
Berberitzenwurzel, 1599
Berchnusztinktur, 907
Berebera tree, 1831
Bergamot, 934
camphor, 161
oil, 161
Bergamottol, 161
Bergapten, 1545
Bergaptene, 161
Bergaptenic acid, 161
Bergwurzelblumen, 106
Bermuda arrowroot, 1748
Berocca, 1413
Beryl, 1600
Beryllium, 1600
Besom, 1837
Bessemer process, 718
Be-still nut, 1898
Beta-anhydride-lactose, 738
-barbaloin, 49
-chloralose, 1626
-colubrine, 906
-dextrose, 427
-elaterin, 1675
-estradiol benzoate, 538
-glucose, 1707
-hygrine, 338
-hypophamine, 1066

Beta-ionone, 939
-lactose, 738
-lactucerol, 1732
-methyl glucoside, 1707
-naphthoxyethanol, [v]1950
particles, 1821
-progesterone, 1122
-santalol, 1836
storesin, 1317
-truxilline, 338
vulgaris, 1344
Betabion, 1413
Betaeucaine hydrochloride, 1742
Betahydroxynaphthalene, 161
Betaine, 1601
hydrochloride, 1601
Betalin-12, 404
Betalin S, 1413
Betamine, 1413
Betanaftol, 161
Betanaphthol, 161, [v]1949
Betapyridylcarbinol tartrate, 1830
Betaxin, 1413
Betel, 1601
nut, 104
pepper, 1601
Betelphenol,
1602
Bethanechol chloride, 162
chloride injection, 163
chloride tablets, 163
Bethroot, 1909
Betle, 1601
Bettendorf's test, 110
Betula, 1602
camphor, 1602
lenta, 853
oil, 853
Betulic acid, 1647
Betulin, 1602
Beurre de cacao, 1406
Bevidox, 404
Bevimin, 1413
Bhang, 1613
Bhel, 1592
Bhela, 1839
Bibiru tree, 1598
Biborate de soude, 1258
Bicarbonas sodicus, 1253
Bicarbonate de soude, 1263
de potasse, 1094
of potash, 1094
of soda, 1253
Bicarbonato amonico, 76
de potasio, 1094
de sodio, 1253
di potassio, 1094
di sodio, 1253
potasico, 1094
s6dico, 1253
Bichlorhydrate de quinine, 1173
Bichloride of mercury, 823
of methylene, 1755
tablets, 827
Bichlorure de mercure, 823
Bichy nuts, 1730
Bicillin, 988, 1000, 1002
all purpose, 1002
drops, 1002
oil suspension, 1002
Biclorhidrato de quinina, 1178
di chinina, 1173
Bicloruro de mercurio, 823
Bicolorin, 1533
Bicuculline, 1526, 1649
Biebrich scarlet red, 1220
Bienenwachs, 1505
Bifacton, 1499
Biformin, 1568
Bifosfato de sodio, 1257
Bigarade, 934
Bigitalin, 447
Biiodure de mercure, 809
Bikhaconitine, 23
Bilberry, 1922
Bile acids, 1870
depurata secca, 942
Biligrafin, 1724
Bilineurine, 319

Index
Biliposol, 1604
Bilirubin, 943
Biliverdin, 943
Bilsenkrautblatter, 674
Bilsenkrautextrakt, 675
Bilsenkrauttinktur, 676
Bilsted, 1316
Bimstein, 1142
Biniodide of mercury, 809
Biological products, veterinary,
[v]2042
Bios I, 678
Bios lib, 1602
Bio-sorb powder, 496
Biossido d'idrogeno, 670
Biotin, 1602
Bioxido de carbono, 249
Bipen, 1005
BIPP, 176, [v]1987
Birang-i-kabuli, 1676
Birch tar oil, rectified, 1602
Bird pepper, 239
Birth root, 1909
Bisabolene, 1776
Bisatin, 1524
Biselectan, 700
Bishydroxycoumarin, 163, 636, 1750
capsules, 168
tablets, 168
Bishydroxycoumarinum, 163
Bismalvawurzel, 51
Bismarsen, 1589
Bismoid, 170, 1605
Bismo-rhodanol, 1604
Bismuth, 168, [v]1950
albuminate, 1603
ammoniocitrate, 1603
and ammonium citrate, 1603
and emetine iodide, 498
arsphenamine sulfonate, 1589
ascorbate, 1604
betanaphthol, 1603
bitannate, 1603
bromide, 1603
carbonate, 174
cevitamate, 1604
citrate, 1603
compounds, 1603
cream, 170
ditannate, 1603
ethylcamphorate, 1604
gallate, 175
N-glycolylarsanilate, 616
gycolylarsanilate tablets, 617
iodosubgallate, 1603
magma, 170, [v]1950
monogallate, 175
naphtholate, 1603
oxide, 1603
oxycarbonate, 174
oxychloride, 168, 171
oxygallate, 175
oxyiodide, 1604
oxyiodogallate, 1603
oxynitrate, 175
oxyrhodanite, 1604
oxysalicylate, 177
peroxide, 168
potassium tartrate, 171
potassium tartrate injection, 172
quinine iodide, 1604
salicylate, 177
sodium iodide, 1604
sodium tartrate, 173
sodium thiogly collate, 1604
sodium triglycollamate, 1604
subbenzoate, 1604
subcarbonate, 174, [v]1950
subcarbonate tablets, 174
subgallate, 175, [v]1951
subiodide, 1604
subnitrate, 175
subnitrate, [v]1951
subnitrate tablets, 177
subsalicylate, 177, [v]1951
subsalicylate injection, 178
tannate, 1603
tetroxide, 168

Bismuth tribromide, 1603
tribromophenate, 1604, [v]1951
tribromphenol, 1604
trinitrate, 175
trioxide, 168, 1603
Bismuthi carbonas, 174
citras, 1603
et ammonii citras, 1603
et kalii tartras, 171
et sodii tartras, 173
gallas basicus, 175
nitras basicus, 175
oxidum, 1603
oxychloridum, 171
potassii tartras, 171
salicylas, 177
subcarbonas, 174
subgallas, 175
subnitras, 175
subsalicylas, 177
Bismuthic oxide, 168
Bismuthinite, 168
Bismuthoidol, 170, 1605
Bismuthous oxide, 168
Bismuthum album, 175
prsecipatum, 170
Bismuthyl carbonate, 174
chloride, 171
gallate, 175
iodide, 1604
nitrate, 175
salicylate, 177
Bismuto, 168
Bismutose, 1603
Bismutum carbonicum, 174
subcarbonicum, 174
subgallicum, 175
subnitricum, 175
subsalicylicum, 177
Bisolfato di chinina, 1172
Bisonium compounds, 1697
Bistort, 1605
Bistrimate, 1604
Bistrium bromide, 1701
chloride, 1701
Bisulfate de quinine, 1172
Bisulfato de quinina, 1172
Bisulfite de menadiona sodica, 793
Bitartrate de potasse, 1095
Bitartrato de potasio, 1095
Bithionol, 179
Biting stonecrop, 1838
Bitter almond oil, 43
almonds, 43
apple, 359
apple extract, 360
ash, 1152
bark, 259, 1539
bush, 1618
cassava, 1896
chocolate, 204
chocolate coating, 204
fennel, 567
gourd, 359
orange, 934
orange elixir, 936
orange oil, 936
orange peel, 934
orange peel, dried, 934
orange peel, fresh, 934
orange peel tincture, 936
quassia, 1152
root, 602
-weed, 1540
wintergreen, 1625
wood, 1152
Bitterholz, 1152
Bittersalz, 778
Bittersweet, 1673
Bitterwurzel, 602
Bitumen sulfonatum, 677
Bituminous coal, 248
Bivalent gas gangrene antitoxin, 594
Biyoduro de mercurio, 809
Black balsam, 1023
birch, 1602
bottle. 348
catechu, 1619
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Black cherry, 273
cherry leaf, 142
choke berry, 1494
cohosh, 1634
galls, 1772
ginger,
604
grain cochineal,
343
haw bark, 1493
hellebore, 1711
henbane, 674
indian hemp, 1586
lead, 248
leaf 40, [v]1996
lotion, 815
mercuric sulfide, 1753
mint, 1014
mustard, 869
nightshade, 1866
pepper, 1799 1805
phosphorus,
pitch, 1385
poppy, 923seed, 1070
psyllium
raspberry, 1181
root, 1609
sassafras, 1780
snakeroot, 1628
striated ipecac, 713
-tang, 1695
vetch, 1733
widow spider antivenin, 1927
Blackberry root, 1182
Blackleg bacterin, [v]2054
cultural aggressin, [v]2042
hemorrhagic
septicemia
bacterin,
natural aggressin,
[v]2054
Blackwort,
1893
Bladderwrack, 1695
Blanc de baleine, 1304
de fard, 171
de zinc, 1516
d'Espagne, 171
fixe, 139
fixe, 139

[v]2042

perle, almonds,
171
Blanched
45
Blasenkafer, 236
Blaud's pills, 575
Blaudsche Pillen, 575
Blazing star, 1535, 1712
Bleached beeswax, 1505
ginger,
shellac, 605
1732
wax, 1505
Bleaching powder, 756
Blei, 744
Bleiazetat, 747
Bleiessig, 749
Bleiextrakt, 749
Bleiglatte, 748
Bleioxyd, 748
Bleisubacetatlosung, 749
Bleiwasser, 749
Bleizucker, 747
Blende, 1520
Blended whisky, 1507
Bleu de methylene officinal, 855
Bleu de phenylene, 855
Blister cooper, 362
Blistering beetle, 236
flies, 236
Blitzpulver, 770
Block anesthesia, 1738
Siam benzoin, 156
Blond psyllium, 1291
seed, 1070
Blood banks, 184
grouping sera, 180
orange, 935
root, 1209
Bloodroot, 1209
Bloom rating, 598
Blow ball, 1386
Blue cohosh, 1619
copperas, 364
flag, 1606
galls, 1772
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Blue gentian, 602
gum-tree, 563
ointment, 821
rocket, 20
stone, 364
vervain, 1928
vitriol, 364
Blueberry, 1922
Bluetongue vaccine, [v]2048
Blutblumen, 106
Blutene chloride, 1906
Blutkrautwurzel, 660
B-M, 1413
Bockshornsamen, 1908
BOEA, 553
Bog moss, 1868
Bohea, 1619
Bois de santal rouge, 1182
d'inde, 872
d'inde citronelle, 872
doux, 617
Bol blanc, 734
Boldine, 1606
Boldo leaves, 1606
Boldoglucin, 1606
Boldus, 1606
Bole, 1606
,
Armenian, 1606
Boletus chirurgorum, 1534
igniarius, 1534
Bolus, 1606, 1807
alba, 734
Armenia, 1606
rubra, 1606
Bombay mastic, 785
pepper, 240
peppers, 240
senna, 1227
Bonamine, 1749
Bonduc seeds, 1606
Bonducine, 1606
Bone black, 269
calcium phosphate, 231
Boneset, 1687
Bonjean's ergotin, 520
Bookoo, 196
Borace, 1258
Boracic acid, 190
Boras sodicus, 1258
Borate de sodium officinal, 1258
Borato de sodio, 1258
Borax, 1258
glass, 1258
prismatique, 1258
purificatus, 1258
Bordeaux S., 61
turpentine, 1912
Boric acid, 190, [v]1951
ointment, 192, [v]1951
solution, 192
Borism, 1259
Borneol, 1199
Bornyl acetate, 1199
chloride, 233
Borocalcite, 190
Borogliceride, 193
Boroglicerina, 193
Boroglycerin glycerite, 193
Boroglycerinum, 193
Boron trioxide, 190
Borsalbe, 192
Borsaure, 190
Bos taurus, 965, 1183
Bothriospora
corymbosa,
713
Bottle-nosed whale, 1304
Botulinum antitoxin, 1842
Botulinus antitoxic serum, 1842
antitoxin, [v]2043
Botulism antitoxin, 1842, [v]2043
Bougies, 1884
Boulton's solution, 697
Bourbon vanilla, 1478
whisky, 1507
Bourgeons de peuplier, 1088
Boxberry, 1703
Bragantia, 1606
Brandy, 193
mint, 1014

Index
Branntwein, 34
Brasilianischer pfeffer, 239
Brass, 363
Brassica campestris
chinoleifera, 871
juncea, 869
Kaber. 871
nigra, 869
Braunes Ferri-ammonium-citrat, 568
Braunite, 1746
Brayera, 1607
Brazilian angostura, 1659
arrowroot, 1748, 1897
balsam, 1023
chaulmoogra oil, 658
cocoa, 1709
ipecac, 711
jalap, 732
Brea de enebro, 1384
de hulla, 1381
de oxicedro, 1384
de pino, 1385
mineral, 1381
turpentine, 1911
vegetal, 1385
Breakfast cocoa, 204
Brechnusz, 904
Brechnuszextrakt, 907
Brechnuszfluidextrakt, 907
Brechweinstein, 95
Brechwurzel, 711
Brechwurzelfiuidextrakt, 714
Brechwurzelsirup, 715
Brechwurzeltinktur, 715
Brein, 1675
Brewer's dried yeast, 1513
type yeast, 1512
Brilliant green. 193, 1674, [v]1951
Bristamin, 1579
British anti-lewisite, 468
gum, 1663
Broadleaf
kelp, 1250
Broad-leafed laurel, 1728
Bromadal, 255
Bromaleate, 1782
Bromammonium, 76
Bromazine hydrochloride, 1578
Bromcalcium, 217
Bromcampher, 236
Bromdiethylacetylurea, 255
Bromelin, 1807
Bromethol, i446
Bromhidrato de arecolina, 105
de escopolamina, 1221
de homatropina, 651
Bromhydrate
d'ammoniaque,
76
d'arecoline,
105
de scopolamine, 1221
d'homatropine, 651
d'hyoscine, 1221
Bromides syrup, 194
Bromidrato di ammoniaca, 76
di omatropina, 651
di scopolamina, 1221
Brominated camphor, 236
Bromine, 1607
Brominium, 1607
Bromisovalum, 194
tablets, 195
Bromkalium, 1096
Bromkampfer, 236
Bromlithium, 760
Bromnatrium, 1260
Bromoacetone, 1623
/3-Bromoallyl-aec.-butylbarbituric
acid,
198
Bromoaspirin, 1607
Bromobenzylcyanide, 1623
Bromocamphor, 236
Bromodietilacetilurea, 255
Bromodiphenhydramine
hydrochloride,
1578
Bromoform, 195
Bromoformium, 195
Bromoformum, 195
Bromomethylethylketone, 1623
5-Bromosaligenin, 1607
Bromosalizol, 1607
Bromothen, 301

Bromstrontium, 1334
Bromsulphalein, 1366,
Bromtetragnost, 1366
Bromum, 1607
Bromural, 194

[v]2028

Bromure d'ammonium, 76
de calcium officinal, 217
de lithium, 760
de potasio, 1096
de potassium, 1096
de sodium, 1259
de strontium, 1334
Bromuro de amonio, 76
de escopolamina, 1221
de estroncio, 1334
de litio, 760
de neostigmina, 886
de sodio, 1260
di ammonio, 76
di litio, 760
di potassio, 1096
di sodio, 1260
di stronzio, 1334
sodico, 1260
Bromvaletone, 194
Bromwasserstoffsaures homatropin,
651
Bromyl, 194
Bronchisepticus-bacillus
bacterin,
Bronchisepticus-streptococcus
bacterin,
[v]2054
Bronze, 363
[v]2055
Brookite,
1434
Broom-tops, 1837
Brotkummel, 243
Brovalurea, 194
Brown mixture, 933
mustard, 869
sarsaparilla, 1213
Brown-fruited juniper, 1384
Brucella abortus vaccine, [v]2048
abortus vaccine M, [v]2048
vaccine, 1917
Brucellergen, 1537
Brucinae sulfas, 1607
Brucine, 905
sulfate, 1607
Brunfelsine, 1745
Brustpulver, 1230
Bryonia, 1608
Bryonidin, 1608
Bryonin, 1608
Bryony, 1608
Bryoresin, 1608
Buccal tablets, 1894
Bucco, 196
Buccoblatter, 196
Buchenholzteerkreosot, 399
Buchu, 196, [v]1951
fluidextract, 197
folia, 196
juniper
and
potassium
acetate
elixir, 197
Buchublatter, 196
Buckeye, 1533
Buckthorn bark, 1694
berries, 1828
Buckwheat, 1606
Bufagins, 1903
Buffered crystalline penicillin G, 1006
Buffonamide, 1348
Bufonin, 1903
Bufotalin, 1903
Bufotenines, 1903
Bufotoxins, 1903
Bugbane, 1634
Bulbe de scille, 1305
(racine) de colchique, 355
Bulbo de colchico, 355
de escila, 1305
Bulbocapnine, 1649
Bulgarian belladonna, 126
root, 145
Buna S, 1317
Bupenna, 1006
Buphane, 1608
Buphanine, 1608

Index
Burbot liver oil, 1691
Burdock root, 1733
Burnet saxifrage, 1807
Burning bush, 1687
Burnt alum, 53
lime, 755
sugar coloring, 242
Burow's solution, 55
Bursine, 319, 1615
Butabarbital sodium, 1596
Butacainae sulfas, 197
Butacainae sulphas, 197
Butacaine sulfate, 197 [v]1951
Butacaine sulphate, 197
Butacaini sulfas, 197
Butacainium sulfate, 197
Butallylonal, 137, 198
tablets, 199
Butamben picrate, 202
Butamin hydrochloride, 1741
Butanedioic acid, 1875
Butanefrine, 1888
hydrochloride, 1890
Butapyrine, 1802
Butazolidin, 1802
Butesin, 202
picrate, 202
Butethal, 199, [v]1996
Butethal tablets, 199
Butethamine formate, 200
and epinephrine injection, 201
hydrochloride, 200
Butethaminium chloride, 200
Butisol sodium, 1596
Butobarbital, [v]1996
Butobarbitone, 199
Butoben, 857
Butolan, 474
Butopyronoxyl, 201
Butter of orris, 939
of zinc, 1515
Butterfly weed, 1591
Butternut bark, 1727
Butterwort, 1807
Button bush, 1620
lac, 1732
wood, 1620
Butyl aminobenzoate, 202
chemosept, 857
chloride, 202, [v]1951
mesityl oxide, 201
Parasept, 857
Tegosept, 857
Butylchloral hydras, 1608
hydrate, 1608
Butylis aminobenzoas, 202
Butyn sulfate, 197
Butynorate, [v]1951
Butyric acid, 1773
Butyrum cacao, 1406
theobromas cacao, 1406
Buxine, 1608
Buxus, 1608

C-10, 1656
C-5968, 1714
Ca15, [v]1952
Caapi, 1608
Caballine aloe, 48
Cabbage rose, 1197
-tree bark, 1608
Cabinet cherry, 273
Cabureiba balsam, 1440
Cacao, 203
butter, 1406
nibs, 203
prseparatum, 203
syrup, 205
Cachalot, 1304
Cachou, 1619
Cacodilato de sodio, 1262
Cacodyl, 1262
oxide, 1262
Cacodylate de sodium, 1262
de soude, 1262
Cacodylic acid, 1262

Cactaceae, 343
Cactus grandiflorus, 1609
Cade, 1384
oil, 1384
Cadinene, 1384, 1523, 1646, 1776
Cadmium, 1609
anthranilate, [v]1951
oxide, [v]1952
sulfate, 1609
Cafeina, 205
citratada, 207
y benzoato de sodio, 208
Cafeine, 205
citrate, 207
citrica, 207
et benzoate sodique, 208
et salicylate sodique, 209
Cafergot tablets, 523
Caffeina, 205
citrata, 207
cum sodii salicylate, 209
et sodii benzoas, 208
et sodii salicylas, 209
Caffeinae citras, 207
sodio-benzoas, 208
sodio-salicylas, 209
Caffeine, 205, 1764, [v]1952
and sodium benzoate, 208, [v]1952
and 209 sodium
benzoate
injection,
and sodium benzoate tablets, 209
and sodium salicylate, 209
citrate, 207
citrated, 207, [v]1952
sodio-benzoate, 208
sodio-salicylate, 209
with sodium benzoate, 208
with sodium salicylate, 209
Caffeinumnatrium benzoicum, 208
Cahinca, 1609
Cainca, 1609
Caincin, 1609
Cajeputol, 562
Cajuput oil, 1610
tree, 1610
Cajuputol, 562, 1610
Cake cochineal, 343
gamboge, 593
Cal sodica, 1246
Calabar bean, 1054
Calabarine, 1055
Calabash curare, 1653
Calamina, 210
Calamine, 210, 1514, [v]1952
liniment, 211
lotion, 211
ointment, 211
Calamus, 1610
Calcaria carbonica praecipitata, 217
chlorata, 756
hypophosphorosa, 224
muriatica, 219
oxymuriatica, 756
usta, 755
Calcaroni, 1369
Cake viva, 755
Calcicus chloruratus, 756
Calciferol, 211, 917, [v]1952
Calciferolum, 212
Calcii bromidum, 217
carbonas, 217
carbonas praecipitatus, 217
chloridum, 218
chloridum hydratum, 220
chlorurum, 219
creosotas, 1611
gluconas, 220
glycerophosphas, 222
hydroxidum, 223
hypophosphis, 224
iodobehenas, 225
lactas, 226
lactophosphas, 1611
levulinas, 226
mandelas, 227
oxydum, 755
phosphas, 231
phosphas dibasicus, 230

2071
Calcii phosphas praecipitatus, 231
phosphas tribasicus, 231
sulfas exsiccatus, 1611
Calcined magnesia, 776
Calcis hydras, 223
Calcite, 218, 267
Calcium, 213, [v]1952
acetylsalicylate, 1611
aminosalicylate, 216
aminosalicylate tablets, 217
borogluconate, [v]1954
bromatum, 217
bromide, 217
bromuretum, 217
carbonate, 217
carbonate, precipitated, [v]1954
carbonate tablets, 218
carbonicum praecipitatum, 217
caseinate, 1617
chloratum crystallisatum, 219
chloride, 218, [v]1954
chloride ampuls, 220
chloride crystals, 220
chloride hexahydrate, 220
chloride injection, 220
chloruretum cristallisatum, 220
creosotate, 1611
disodium
ethylenediaminetetraacetate, 747, [v]1954
disodium versenate, 747
gluconate, 220, [v]1954
gluconate injection, 222
gluconate tablets, 222
glycerinophosphate, 222
glycerinophosphoricum, 222
glycerophosphate, 222 [v]1955
hydrate, 223
hydrochlorite, [v]1955
hydrogen phosphate, [v]1956
hydroxide, 223
hydroxide solution, 223, [v]1955
hypophosphite, 224
hypophosphorosum, 224
hyposulfite, 1611
iodate, 1724
iodobehenate, 225
iodostearate, 1725
iodoxybenzoate, 1725
lactate, 226, [v]1955
lactate tablets, 226
lacticum, 226
lactophosphate, 1611, [v]1955
levulinate, 226
levulinate ampuls, 227
levulinate injection, 227
mandelate, 227, [v]1955
mandelate tablets, 228
monoiodobehenate, 225
ortho-iodoxybenzoate, 1725
orthophosphate, 231
oxide, 755
oxydatum, 755
oxydatum hydricum, 223
pantothenate, 228
pantothenate, racemic, 230
para-aminosalicylate, 216
phenolsulfonate,
[v]1955
phosphate, 231
phosphate, dibasic, [v]1955
phosphate, tribasic, [v]1955
phosphoglycerate, 222
phosphoricum, 230
phosphoricum basicum, 231
phosphoricum bibasicum, 230
phosphoricum tribasicum, 231
sodium lactate, [v]1955
succinate, 1876
sulfate, 1611
sulfate, dried, [v]1955
thiosulfate, 1611
versenate, [v]1954
Calciumbromid, 217
Calciumoxyd, 755
Calciumphosphat, 230
Calcreose, 1611
Calendula, 1611
officinalis, 107
Calendulin, 1612
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Calglucon, 220
Calico-bush, 1728
Calicut (linger, 604
California barberry, 1600
coffee-berry, 259
laurel, 1913
mountain holly, 259
pepper tree, 1837
sassafras, 1913
slippery elm, 497
Californian buckthorn, 259
Calioben, 225
Calisaya bark, 1634
Callicocca ipecacuanha, 711
Callitrolic acid, 1836
Calmette's ophthalmic reaction, 1462
Calomel, 814
and soda tablets, 816
ointment, 815
tablets, 816
Caloncoba, 1612
Calotoxin, 1612
o-Calotropeol, 1612
Calotropin, 1612
Calotropis, 1612
Calphate, 230
Calpurate, 1898
,
Calthenamine cream, 844
Calumba, 1612, [v]1955
Calumbamine, 1612
Calx, 755
chlorata, 756
chlorinata, 756
sodica, 1246
usta, 755
Calycanthidine, 1613
Calycanthine, 1613
Calycanthus, 1612
floridus, 1612
Camaleon violeta, 1106
CAM-AQ1, 83
Cambodia, 593
Cambogia, 593
indica, 593
Cameleqn violet, 1106
Camellia sinensis, 205, 1410
Camganiba, 1745
Camoquin hydrochloride, 83
Camphanone-2, 232
Camphene, 233, 1465, 1776
Campher, 232
Campherwasser, 236
Camphor, 232, [v]1955
and soap liniment, 235
bromate, 236
injection, [v]1955
liniment, 235, [v]1955
of cubeb, 403
oil. 233
spirit, 236, [v]1955
water, 236
Camphora, 232
monobromata, 236
officinarum, 232
Camphorae monobromidum, 236
Camphorated menthol, 796
oil, 235
opium tincture, 932
parachlorophenol, 973
phenol, 973, 1039
tincture of opium, 932
tincture of soap, 235
Camphors, 1776
Camphre artificiel, 232
de menthe, 794
de thym, 1427
droit, 232
du japon, 232
monobrome, 236
synthetique, 232
Canada balsam, 1912
-hemp, 1586
snakeroot, 1590
turpentine, 1912
Canadine. 661
Canadolic acid. 1913
a-Canadolinic acid, 1913
Candelilla wax, 1930

Index
Candicidin, 1569
Candle berry, 1761
tree, 1761
Candlewood, 1761
Cane sugar, 1344
Canela, 328, 330
de ceylan, 330
de holanda, 330
Canella, 1613
Canfora, 232
di menta, 794
monobromata, 236
Canine distemper vaccine, [v]2049
distemper
vaccine and infectious
canine
hepatitis
vaccine
in
bronchisepticus-streptococcustyphimurium
bacterin, [v]2049
distemper
vaccine, ferret origin,
[v]2049 vaccine, modified live
distemper
virus
(chick
embryo
origin),
Cannabidiol,
[v]2049 1614
Cannabinol, 1614
Cannabis, 1613, [v]1956
indica?, 1613
sativa, 1613
Cannella, 330
di ceylan, 330
regina, 330
Cannelle de ceylon, 330
de saigon, 328
Canoe birch, 1602
Canquoin's paste, 1516
Cantarida, 236
Cantaride, 236
Cantaxin, 115
Cantharide, 236
Cantharides, 236, [v]1956
cerate, 238
tincture, 239, [v]1956
Cantharidin, 238, [v]1956
Cantharis, 236
quadrimaculatus, 237
vesicatoria, 236
vittata latreille, 237
Canton rhubarb, 1185
Canudo do pito, 1616
Caolino, 734
Capaloin, 49
Caparside sodium, [v]1945
Caparsolate sodium, [v]1945
Cape aloe, 47
gum, 1decorticans, 713
Caperona
Capric acid, 1773
Caproic acid, 1773
Caprokol, 644
Caprylic acid, 1773
compound, 1862
Capsaicin, 241
Capsanthin, 241
Capsella, 1615
Capsici fructus, 239
Capsicin, 241
Capsicum, 239, [v]1956
annuum, 239
baccatum. 240
fastigiatum, 240
fruit, 239
frutescens, 239
frutescens baccatum, 240
minimum, 240
ointment, 242
oleoresin, 242
tincture, 242, [v]1956
Capsique. 239
Capsorubin, 241
Capsular ammonii chloridi, 80
carbarsoni, 247
digitalis, 453
diphenylhydantoini sodici, 481
ephedrinae sulfatis, 506
ephedrinae
sulfatis et phenobarbitalis, 507
extracti fellis bovis. 944
ferri ammonii citratis, 569
hepatis cum stomacho, 767

Capsular hexavitaminarum, 641
menadioni, 792
methacholinae chloridi, 835
olei hippoglossi, 631
olei ricini, 264
stramonii, 1319
Capsulaescinic acid, 1533
Capsulas de aceite de hipogloso, 631
de citrato de amonio ferrico, 569
de cloruro de amonio, 80
de cloruro de metacolina, 835
de difenilhidantoina sodica, 481
de digital, 453
Capsules of extract of male fern, 124
of halibut-liver oil, 631
of tetrachloroethylene, 1402
Caramel, 242
Caramelen, 242
Caramelin, 242
Caramiphen, 1856
ethanedisulfonate, 1859
hydrochloride, 1858
Caranda wax, 1930
Caraway, 243
fruit, 242
oil, 243

seed, 243
Carbachol, 244, 832
Carbacholum, 244
Carbacol, 244, [v]1956
Carbacrylamine resins, 1726
Carbacrylic resin, 1726
Carbamate d'ethyle, 1477
Carbamate de etilo, 1477
Carbamid, 1475
Carbamidated
quinine dihydrochloride,
1177
Carbamide, 1475
peroxide, 670
Carbamidine, 1709
Carbamidum, 1475
p-Carbaminobenzenearsonic acid, 246
Carbaminohemoglobin, 1713
;j-Carbaminophenylarsonic acid, 246
Carbaminoylcholine chloride, 244
Carbamycholine chloride, 244
N-Carbamylarsanilic acid, 246
Carbamylmethylcholine chloride, 162
Carbarson, 246
Carbarsone, 246
capsules, 247
oxide, 1589
suppositories,
247
tablets,
247
Carbarsonum, 246
Carbasus absorbens, 597
absorbens adhaesiva, 135
absorbens sterilis, 597
Carbazotic acid, 1909
Carbimazole, 1615
Carbinol, 1753
Carbinoxamine maleate, 1578
Carbo activatus, 268
medicinalis, 268
-resin, 1726
tetrachloratus, 253
Carbol fuchsin paint, 247
-fuchsin solution, 247
Carbolic acid, 1037
acid ointment, 1040
oil, 1037
Carbolized iodine solution, 697
petrolatum, 1040
Carbomycin, 1563, [v]1956
Carbon, 248
Carbon-13, 249
Carbon-14, 249
Carbon bisulfide, 1615
black, 248
dichloride, 1400
dioxide, 249
dioxide-free water for injection,
1357
dioxide snow, 249
disulfide, 1615. [v]1957
disulfidum, 1615
isotopes, 249
monoxide, 1615

Index
Carbon tetrachloride, 253, [v]1957
vegetal activado, 268
Carbonas bismuthicus basicus, 174
sodicus, 1263
Carbonate acide d'ammonium, 76
acide de potassium, 1094
acide de sodium, 1253
d'ammonium officinal, 77
de bismuth, 174
de calcium, 217
de chaux precipite, 217
de chaux prepare, 217
de potasse purine, 1097
de soude cristallise, 1263
ferreux sucre, 575
neutre de potassium, 1097
neutre de sodium cristallise officinal, 1263
neutre de sodium pur, 1263
of soda, 1263
Carbonated baths, 1503
water, 1502
Carbonato basico di magnesio, 773
bisodico, 1263
de amonio, 77
de calcio, 217
de calcio precipitado, 217
de magnesio, 773
de potasio, 1097
de potasio, acido, 1094
de sodio, 1263
de sodio, acido, 1253
de sodio monohidratado, 1264
di ammonio, 77
di bismuto, 174
di calcio precipitato, 217
di ferro con zucchero, 575
di magnesio, 773
di potassio, 1097
di sodio, 1263
potasico, 1097
Carbone, 248
Carbonei chlorurum, 253
dioxidum, 249
dioxydum, 249
tetrachloridum, 253
Carboneum tetrachloratum, 253
Carbonic acid, 249
acid gas, 249
acid snow, 252
acid water, 1502
oxide, 1616
oxide nickel, 1769
Carbonis bisulfidum, 1615
Carbonyl iron powder, 721
Carbonyldiamide, 1475
Carbostibamide, 1585
Carbowax compound 1540, 1082
compound 4000, 1082
Carboxide, 1684
Carboxyhemoglobin, 1713
Carboxymethocel S, 1264
Carboxymethylcellulose, 1264
Carboxypeptidase, 965
Carbromal, 255
Carbromalum, 255
Carcholin, 244
Cardamom fruit, 255
oil, 258
seed, 255
spirit, compound, 258
tincture, compound, 258
Cardamomes, 255
Cardamomi fructus, 255
semen, 255
semina, 255
Cardamoms, 255
Cardamomum longum, 256
majus, 256, 257
Siberiense, 1721
Cardiac aglycones, 1870
genins, 1870
glycosides, 1708
Cardiazol, 1012
Cardigin, 455
Cardol, 1548, 1839
d-A8-Carene, 1912
Carene oils, 1912

Carenes, 1776
Carfusin, 247
Cargentos, 1238
Caricae, 1691
Caricin, 1782
Carinamide, 987, 1762
Carmethose, 776, 1264
tablets, 1265
Carmin d'indigo, 1279
Carmine, 344
solution, 344
Carminic acid, 343, 1708
Carnallite, 1098, 1298
Carnauba wax, 1930
Carnegine, 1549
Caro, ferrum et vinum, 141
Caroid, 1782
Carolina allspice, 1613
jessamine, 1704
pink, 1868
Carony bark, 1659
Carosella, 567
Carota, 1616
Carotene, 241
a-Carotene, 911
Carotenoids, 911
Carotin, 911
Carpaine, 1782
Carpobalsamum, 1592
Carpotroche, 1616
brasiliensis, 658
Carragaheen, 323
Carrageen, 322
Carrageenin, 323
Carrel-Dakin solutions, 1277
Carron oil, 759
Carrot, 1616
Carrotin, 911
Carta senapata, 871
Cartagena ipecac, 711
Carui fructus, 243
Carum, 243
Carvi, 243
copticum, 1427
Carvacrol, 1616
Carvene, 244
Carvi, 243
Carvone, 244
J-Carvone, 1304
Caryophyllene, 337, 1776
Caryophylli aromatici, 335
Caryophyllin, 336
Caryophyllum, 335
Caryophyllus, 335
Carzinophilin, 1563
Casca bark, 1680
Cascara amarga, 1616
sagrada, 259, [v]1957
sagrada extract, 260
sagrada extract tablets, 261
sagrada fiuidextract 261, [v]1957
sagrada fiuidextract, aromatic,
261, [v]1957
tablets, 261
Cascarilla, 1617
Cascarillin, 1617
Cascarin, 260
Casein, 1617
-calcium, 1617
sodium, 1617
Cashew-nut, 1547
Casimiroa, 1617
Casimiroidine, 1617
Casimiroine, 1617
Cassaidine, 1680
Cassaine, 1680
Cassaripe, 1896
Cassava, 1896
starch, 1310, 1896
Cassia, 328, 1617
acutifolia, 1226, 1230
alba, 1613
angustifolia, 1226, 1230
buds, 329
burmanni, 329
chamcecrista, 1228
culilawan, 329
fistula, 1618
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Cassia holosericea, 1227
iners, 329
lignea, 329
marilandica, 1228
medsgeri, 1228
montana, 1227
nictitans, 1228
obovata, 1227, 1229
oil, 332
pauciflorum, 329
pedatinervium, 329
sintoc, 329
tamala, 329
vera, 329
Cassiaol, 332
Cassiterite, 1902
Cast iron, 718
Castanea, 1618
Castela, 1618
Castelagenin, 1618
Castelamarin, 1618
Castelin, 1618
Castellani's paint, 247
Castile soap, 1243
Castor oil, 261, [v]1957
oil capsules, 264
pomace, 262
Castorol, 261
Catalpa, 1618
Catalpin, 1618
Catalposide, 1618
Cataplasma kaolini, 736
Cataria, 1618
Catarrhal vaccines, 1917
Catawba-tree, 1618
Catechin, 1619, 1696
d-Catechin, 1134
Catechinic acid, 1696
d-Catechol, 1731
Catechu, 1619, [v]1958, [v]1980
nigrum, 1619
Catechuic acid, 1696
Catechutannic acid, 1619, 1696
Catgut, 1376, 1831
suture, 1376
Catha, 1619
Cathamoidine, 1840
Cathartic acid, 1228
Cathidine, 1619
Cathine, 1619
Cathinine, 1619
Caticu, 1619
Cation exchangers, 1725
Cationic agents, 1886
Catmint, 1618
Catnep, 1618
Catnip, 1618
Catrame di carbone fossile, 1381
di norvegia, 1385
vegetale, 1385
Cat's hair, 1688
Caubren compound, 302
Caucasian pyrethrum, 1143
Caudal anesthesia, 1738
Caulophylline, 1619
Caulophyllosaponin, 1619
Caulophyllum, 1619
Caulosaponin, 1619
Caustic pencil, 1237
potash, 1101
soda, 1275
stick, 1237
Causticum commune acerrimum, 1102
Cayenne cinnamon, 331
pepper,
CB-1A,
262 239
C.C. pills, 816
Ceanothic acid, 1620
Ceanothine, 1620
Ceanothus, 1619
Ceanothyn, 1620
Cebione, 115
Cebolla marina, 1305
Cedar apples, 1728
leaf oil, 1728, 1901
of Lebanon, 1728
Cedilanid, 740
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Cedrene, 1776
camphor, 1728
Cedrol, 1728
Ceepryn chloride, 1622
Celandine, 1623
Celastrine, 1620
Celastrol, 1620
Celastrus, 1620
Celery fruit, 1620
Celeryseed, 1620
Celestite, 1871
Celiamine, 1711
Celluloid, 1152
Cellulose acetate phthalate, 1894
gum, 1264
nitrates, 1151
oxidized, 264
Cellulosenitrat, 1151
Cellulosic acid, 264
Cellulosum oxidatum, 264
Cenolate, 120
Centaurium, 1620
Centaury, 1620
Central American sarsaparilla, 1213
Centrine, 1784, 1787
Century plant, 1534
Cephaeline, 712
Cephaelis acuminata, 711
ipecacuanha, 711
Cephalanthin, 1620
Cephalanthus, 1620
Cephalein, 1621
Cephalin, 1621
Cephalosporin, 1565
Cera alba, 1505
amarilla, 1505
bianca, 1505
blanca, 1505
citrina, 1505
emulsificans, 1505
flava, 1505
vergine, 1505
Cerasus vulgaris, 272
Cerata, 1621
Cerates, 1621
Ceratin ponceau 3B, 1220
Cerberid, 1899
Cerberin, 1621
Cerberose, 1621
Ceresin, 1621
Ceresinum, 973
Cerezo silvestre, 273
Cerii oxalas, 1621
Cerin, 1506
Cerite, 1621
Cerium, 1621
Cerium oxalate, 1621, [v]1958
Cer-o-cillin potassium, 997
Cerosin, 1621
Cerotic acid, 1506
Cerous oxalate, 1621
Ceruleine, 1279
Ceruloplasmin, 363
Cerussite, 744
Cetaceum, 1304
Cetaphil, 1779
Cetavlon, 265, [v]1958
Cetazine, 1349
Cetin, 1305
Cetine, 1304
Cetostearyl alcohol, 265
Cetraria, 1622
Cetraric acid, 1622
Cetrarin, 1622
Cetrimide, 265, 1887, [v]1958
Cetrimidum, 265
Cetyl alcohol. 266, 1305
palmitate, 1305
pyridinium chloride, 1622
Cetyltrimethylammonium bromide,
265
Cevadic acid, 1832
Cevadilla, 1832
Cevadilline, 1832
Cevadine, 1488, 1832
Cevagenine, 1488
Cevalin, 115
Cevatine, 115

Index
Cevimin, 115
Cevine, 1488, 1832
Cevitamic acid, 115
Ceylon agar-agar, 31
cardamom, 256
cinnamon, 328, 330
cinnamon, oil of, 332
gamboge, 593
-malabor, 256
Ceylonzimt, 330
CF, 586
Chaat, 1619
Chairamine, 1653
Chaksine, 1618
Chalchupa, 1825
Chalchupine A, 1825
Chalcocite, 362
Chalcopyrite, 362
Chalk, 267
mixture, 268, [v]1958
powder, aromatic, 268
powder, compound, [v]1958
prepared, [v]1958
Chalybeate pills, 575
Chamaelirin, 1712
Chamsemelum, 1550
Chameleon mineral, 1106
Chamomile flowers, 1550
Ch'ang shan, 1622
Chaparra amargosa, 1618
Charas, 1613
Charbon active officinal, 268
Charcoal, 268
activated, [v]1958
Charlock, 871
Charta sinapis, 871
sinapisata, 871
Chashmizok, 1618
Chasmanthin, 1612
Chatinine, 1923
Chaulmestrol, 659
Chaulmoogra oil, 657
Chaulmoogri et hydnocarpi aethylicum,
659
Chaulmoogric acid, 658, 1773
Chaulmugraol, 657
Chaulmugrato de etilo, 659
Chaux, 755
caustique, 755
delitee, 223
eteinte, 223
hydratee, 223
vive, 755
Chavicine, 1799
Checkerberry, 1703
Cheiranthin, 1623
Cheiranthus, 1623
Cheirinine, 1623
Cheiroline, 1623
Cheirotoxin, 1623
Chelerythrine, 1210, 1623
Chelidonic acid, 1623
Chelidonine, 1623
Chelidonium, 1623
majus, 1210
Chellah, 1545
Chemical warfare agents, 1623
Chemodyn, 1879
Chenodesoxycholic acid, 943
Chenopodium, 1625
ambrosioides, 270
oil, 270, [v]1958
Chenopodiumol, 270
Cherry bay, 1733
juice,
laurel 272
leaves, 1733
pepper, 273
240
syrup,
Cheshmat, 1618
Chestnut leaves, 1618
Chian turpentine, 785
Chickling vetch, 1733
Chicory, 1386
Chillies, 239
Chimaphila, 1625
Chimaphilin, 1626
Chin-shih-hu, 1662

China bark, 1153
berry, 1591
clay, 734
green, 1828
root, 1214, 1671, 1696
tree, 1591
wax, 1930
Chinacrin, 1155
hydrochloride, 1154
Chinarinde, 1634
Chinese blistering fly, 237
cassia, 329
cinnamon, 329
gelatin, 30
gelsemium, 1704
ginger, 1695
green,
1828 1930
insect wax,
lacquer, 1732
licorice root, 618
mustard, 869
opium, 925
red, 1753
rhubarb, 1185
star anise, 1721
sugar cane, 1344
Chinidine, 1161
Chinidinsulfat, 1161
Chinidinum sulfuricum, 1161
Chinin, 1167
Chinina, 1167
Chininbisulfat, 1172
Chinindihydrochlorid, 1173
Chinin-harnstoffhydrochlorid, 1177
Chininhydrat, 1167
Chininhydrochlorid, 1174
Chininsulfat, 1176
Chiniofon, 275
powder,
275
sodium, 275
tablets, 277
Chiniofonum, 275
Chininum, 1167
bichlorhydricum, 1173
bisulfuricum, 1172
dihydrochloricum, 1173
dihydrochloricum carbamidatum,
1177
hydra turn, 1167
hydrochloricum, 1174
monochlorhydricum, 1174
subsulfuricum, 1176
sulfuricum, 1172, 1176
Chinoidine, 1638
Chinophen, 327
Chinosol, 1781
Chinovin, 1638
Chiodi di garofano, 335
Chionanthus, 1626
Chirata, 1626
Chiratin, 1626
Chirayta, 1626
Chiretta, 1626
Chittem bark, 259
Chloic acids, 942
Chloral, 277
hydrate, 277. fv]1958
menthol, 1626
Chloralhydrat, 277
Chloralose, 1626, [v]1960
Chloralum hydratum, 277
Chloramin, 279
Chloramina, 279
Chloramina-T, 279
Chloramine, 279
Chloramine-T, 279, [v]1960
Chloramphenicol, 280, [v]1960
capsules, 288
ophthalmic ointment, 288
palmitate, [v]1960
Chloramphenicolum, 280
Chloras kalii, 1097
Chlorate de potasse, 1097
de potassium, 1097
of potash, 1097
Chlorathyl, 555
Chlorazene, 279
Chlorbutol, 291, [v]1961

Index
Chlorcosane, 1627
Chlorcresol, 291
Chlorcyclizine hydrochloride, 289,
[v]1942
hydrochloride tablets, 290
Chlorcyclizinium chloride, 289
Chlordane, 1626, [v]1960
Chloresium, 1628
Chlor-ethamine, 1684, [v]1978
Chlorethyl, 555
Chloretone, 291
Chloretum amidohydrargyricum, 821
apomorphinicum, 101
cocainicum, 339
Chlorguanide hydrochloride, [v]1961
Chlorhydras ammonia, 78
Chlorhydrate basique de quinine, 1174
chlorhydric acid, 663
d'ammoniaque, 78
d'apomorphine, 101
de p-aminobenzoyl-diethylaminoethanol, 1115
de cocaine, 339
de cocaine gauche, 339
de diaminoacridine, 25
d'emetine, 498
d'ephedrine, 505
d'ethylmorphine, 560
de morphine, 867
de papaverine, 968
de pilocarpine, 1059
de quinine, 1174
de strychnine, 1339
neutre de quinine, 1173
Chloride of lime, 756
camphene, 1907
lime, 756, [v]1961
of platinum and sodium, 1815
paraffin, 1627
soda, solution of, 1276
Chlorin-e, 1628
Chlorine, 1627
Chloriodized oil, 1725
Chlorisondamine, 1701
Chlorkalium, 1098
Chlorkalk, 756
Chlormerodrin, 1765, 1767
Chlornatrium, 1266
Chloroacetone, 1623
Chloroacetophenone, 1623
Chloroamidure de mercure, 821
Chloroazodin, 290
solution, 291
Chloroazodinum, 290
1-Chlorobutane, 203
Chlorobutanol, 291, [v]1961
hydrate, 291
Chlorocarbon, 253
Chlorocresol, 292
Chloroform, 293, [v]1961
emulsion, 296
liniment, 296
ointment, 295
spirit, 296
water, 296
Chloroforme anesthesique, 293
officinal, 293
Chloroformium anaesthesicum, 293
pro narcosi, 293
Chloroformum, 293
Chloroformwasser, 296
Chlorogenine, 1539
Chloroguanide hydrochloride, 1128
5-Chloro-7-iodo-8-quinolinol, 701
Chlorokohlenstoff, 253
Chloromethane, 1755
Chloromethapyrilene citrate, 301
Chloromycetin, 280
capsules, 288
Kapseals, 288
ophthalmic, 289
ophthalmic ointment, 288
palmitate, 288
4-Chlorophenol, 972
Chlorophenothane, 296, [v]1962
technical, 297
Chlorophenothanum, 296
technicum, 297

Chlorophyll, 1627, [v]1963
Chlorophyllase, 1628
Chloropicrin, 1623, 1629
Chloroprocaine penicillin O, 997
Chloroquin diphosphate, 299
Chloroquine, [v]1963
phosphate, 299
phosphate tablets, 301
Chloroquini diphosphas, 299
Chloroquinium diphosphate, 299
Chlorosalicylanilides, 1207
Chlorothen citrate, 301
citrate tablets, 302
Chlorothenium citrate, 301
Chlorothymol, 302
Chlorotrianisene, 1681
Chlorovinyldichloroarsine, 1624
Chloroxylenol, 302
solution, 303
Chloroxymethyl benzene, 292
Chlorpheniramine maleate, 303,
[v]1942tablets, 305
maleate
Chlorpheniraminium maleate, 303
Chlorpromazine hydrochloride, 1629
Chlorprophenpyridamine maleate, 303
Chlorquinaldol, 1623
Chlorsaures kalium, 1097
Chlortetracycline hydrochloride, 305,
[v]1963
hydrochloride
capsules, 313
hydrochloride for injection, 313
hydrochloride, ophthalmic, 313
Chlorthymol, 302
Chlor-trimeton maleate, 303, [v]1942
Chlorure basique de bismuth, 171
d'aluminium, 56
d'ammonium, 78
de calcium cristallise, 219
de chaux, 756
de chaux sec de commerce, 756
de potassium, 1098
de sodium officinale, 1266
de sodium pur, 1266
d'ethyle, 555
de zinc, 1515
d'hydrargyre, 823
ferique dissous, 571
mercurique, 823
Chloruretum calcis, 756
Chlorwasserstoffsaure, 663
Chlorylen, 1447
Chlorzink, 1515
Chocolate, 203
coating, 204
fats, 1643
liquor, 204
nuts, 203
Choke cherry, 273
Cholalic acid, 942
Cholan-DH. 420
Cholanic acid, 942
Cholecystokinin, 1679
Choledyl, 1898
Choleic acid, 943
Cholenic acid, 943
Cholera vaccine, 314
Cholesten-(6:6)-ol-3, 315
Cholesterin, 315
Cholesterol, 315, 1510
Cholic acid, 942
Choline, 319, [v]1964
bitartrate, 319
bitartrate capsules, 322
bitartrate tablets, 322
chloride, 319, 322
chloride carbamate, 244
dihydrogen citrate, 319, 322
dihydrogen citrate capsules, 322
dihydrogen citrate tablets, 322
gluconate, 319
succinate dichloride, 1340
theophyllinate, 1898
Cholinergic agents, 1791
blocking agents, 1783
Cholinesterase inhibitors, 1791
Cholini chloridum, 322
Cholinophyllin, 1898
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Cholografin sodium, 1724
d-Chondocurine, 1654
Chondodendron tomentosum, 1463
tomentosum
extract, purified,
1654
Chondrin, 598
Chondrus, 322
crispus, 322
extract, 324
mucilage, 324
Chopnut, 1054
Choranid, 1810
Chorgon, 1810
Choriogonin, 1810
Chorionic gonadotrophin, 625, 1810
gonadotropin, 625, 1810, [v]1981
Choryl, 244
Christembine, 1676
Christmas fern, 122
rose, 1711
Chromic acid, 324
acid, anhydride, 324
Chromii trioxidum, 324
Chromium-151, 1824
Chromium trioxide, 324
Chromsaure, 324
Chromsaureanhydrid, 324
Chromtrioxyd, 324
Chrysanthemum cinerariaefolium, 1143
coccineum, 1143
leucanthemum, 1144
marschallii, 1143
roseum, 1143
Chrysarobin, 325, [v]1964
ointment, 327
Chrysarobinum, 325
Chrysatropic acid, 1704
Chrysazin, 417
Chryso-beryl, 1600
Chrysoeriol, 524
Chrysophanic acid, 260, 326, 1188
Chrysophanol, 260, 326, 1188
Chuchunine, 1839
Chuntschir, 618
Churchill's tincture of iodine, 697
Churrus, 1613
Chymosin, 1183
Chymotrypsin, 965, [v]1964
Ciamin, 115
Cianuro de mercurio, basico, 812
Ciba 9295, 1697
Cichorium Intybus, 1386
Cicuta, 1633
Cicutoxin, 1633
Cignolin, 94
Cillenta, 1006
liquid 50, 1006
Cillgran, 1006
Cillimycin, 1008, 1333
Cilloral, 1006
powder, 1634
1006
Cimicifuga,
Cimicifugin, 1634
Cinaphyl, 1412
Cine, 1514
Cinchamidine, 1638
Cinchocainfe hydrochloridum, 434
Cinchocaine hydrochloride, 434
Cinchofulvic acid, 1638
Cinchona, 1161, 1167, 1634
alkaloids elixir, 1639
bark, 1634
Calisaya, 1161, 1634
febrifuge, 1441
Ledgeriana, 1634
pitayensis, 1161
robusta, 1441
succirubra, 1441, 1634
tincture, compound, 1638
Cinchonamine, 1653
Cinchonic red, 1638
Cinehonidinse sulfas, 1639
Cinchonidine, 1161
sulfate, 1639
Cinchonidinium sulfate, 1639
Cinchonifine, 1638
Cinchonin, 1637
Cinchoninse sulfas, 1639
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Cinchonine. 1637
bisulfate, 1639
dihydrochloride, 1640
sulfate. 1639
Cinchoninium sulfate, 1639
Cinchophen, 327, 1763
compounds, 1640
hydriodide, 1640
tablets, 328
Cinchophenum, 327
Cinchotannic acid, 1638
Cinchotannin, 1638
Cinchotine, 1638
Cincindela, 237
Cineol, 258. 561, 563, 744
Cineole, 562
Cinerin I, 1144
Cinerin II, 1144
Cinerolone, 1144
Cinnabar, 817, 1753
Cinnamaldehyde, 332
Cinnamein, 1024
Cinnamene, 1317
Cinnamomi cortex, 330
Cinnamomum, 328, 330
Burmanni, 330
Camphora, 232
Cassia, 329, 332/
Culilawan, 329
Loureirii, 328
obtusifolium, 329
pedativum, 329
saigonicum, 328
zeylanicum, 328, 330, 332
Cinnamon, 328, 330
chips, 331
leaf oil, 332
oU, 332
-suet, 331
water, 333
Cinnamyl cinnamate, 1024, 1317
Cinnamylcocaine, 338
Cinquefoil, 1816
Cipolla marina, 1305
Cire blanche, 1505
jaune, 1505
Cisterpine, 1388
Cis-vitamin A, 912
Citral, 750
Citramine, 1754
Citraptene, 750
Citras sodicus, 1269
Citrate, 774
de fer ammoniacal, 568
de potassium, 1100
de sodium, 1269
ferrico-ammonique, 568
of magnesia, 774
of potash, 1100
of soda, 1269
Citrated caffeine. 207, [v]1952
caffeine tablets, 208
normal human plasma, 1071
whole blood (human), 179, 189
whole human blood, 179
Citrato cafeico, 207
de amonio ferrico, 568
de hierro amoniacal, 568
de potasio, 1100
de sodio, 1269
di ferro ammoniacale, 568
di potassio, 1100
di sodio. 1269
ferrico-amonico, 568
sodico, 1269
Citrates de hierro y de amonio, 568
de hierro y de amonio verdes, 569
Citrene, 750
Citric acid, 333
acid syrup, 335
Citrin, 936. 1201, 1929. 1930
Citrine ointment, 810
Citron, 751
Citronella oil, 1640
Citronellol, 1198
Citronenol. 750
Citronensaure, 333

Index
Citronensaures Kalium, 1100
Natrium, 1269
Citronenschalenessenz, 751
Citro-phosphate de fer et de soude, 573
Citrovorum factor, 586, 1693
Citrullin, 359
Citrullol, 359, 1687
Citrulus Colocynthis, 359
Citrus aurantifolia, 751
Aurantium, 751, 933, 934
Aurantium amara, 934
Aurantium Bergamia, 934
Aurantium sinensis, 934
Bergamia, 161
Bigaradia, 934
Limon, 750, 751
sinensis, 935, 937
Clandetite, 110
Clarified honey, 653
Clauberg unit, 1123
Clavacin, 1568
Clavatine, 771
Clavatoxine, 771
Clavi aromatici, 335
Claviceps purpurea, 516
Clavo, 335
da India, 335
de especia, 335
Clavns secalinus, 516
Cleaning agents, 1886
Climbing lily, 1706
staff tree, 1620
Clistin maleate, 1578
Clopane, 1888
hydrochloride, 1890
Cloramina, 279
Cloramina-T, 279
Clorarsen, 436
Clorato de potasio, 1097
di potassio, 1097
Clorbutol. 291
Cloretilo, 555
Cloretone, 291
Clorhidrato de apomorfina, 101
de cocaina, 339
de dichlorofenarsina, 436
de dihidromorfinona, 461
de efedrina, 505
de emetina, 498
de estricnina, 1339
de etilmorfina, 560
de etocaina, 1115
de eucatrorina, 564
de fenacaina, 1029
de holocaina, 1029
de morfina, 867
de oxofenarsina, 945
de papaverina, 968
de pilocarpina, 1059
de quinacrina. 1154
de quinina, 1174
de quinina, basico, 1174
de quinina, neutro, 1173
de quinina y de urea, 1177
de stricnina, 1339
de tetracaina, 1399
de tiamina, 1413
di p-amidobenzoil-dietilamino-. .
etanolo, 1115
di apomorfina, 101
di chinina, 1174
di cocaina, 339
di emetina, 498
di etilmorfina, 560
di morfina, 867
di papaverina, 968
di pilocarpina, 1059
Cloroazodina, 290
Clorobutanol, 291
Cloroformio per anestesia, 293
Cloroformo, 293
Cloro-hipoclorito de calcio, 756
Clorure mercureaux, 814
Cloruro basico di bismuto, 171
de aluminio, 56
de amonio, 78
de benzalkonio, 150
de bismuto, basico, 171

Cloruro de calcio, 219
de carbono, 253
de cine, 1515
de etilo, 555
de metacolina, 832
de metilrosanilina, 858
de metiltionina, 855
de potasio, 1098
de sodio, 1266
de zinc, 1515
di alluminio, 56
di ammonio, 78
di calce, 756
di calcio, 219
di calcio cristallizzato, 220
di etilo, 555
di potassio, 1098
di sodio, 1266
di zinco, 1515
ferrico liquido, 571
ferrico liquido, 571
mercurico, 823
mercurioso mitigado, 814
mercuroso, 814
morfico, 867
quinico, 1174
quinico basico, 1174
quinico neutro, 1173
Clostridium acetobutylieum, 12
chauvoei-septicus bacterin, [v]2055
chauvcei-septicus, pasteurella bacterin, [v]2055
chauvoei-novyi bacterin, [v]2055
hemolyticum bacterin, [v]2055
perfringens,
type
D, antitoxin,
perfringens,
type D, bacterin,
[v]2043
Clou de girofle, 335
Clove, [v]2055
335
oil, 337, 565
-pepper, 1063
Cloves, 335
Club moss, 770
Clupanodonic acid, 346
CMC, 1825
1264
Co90,
Coal, anthracite, 248
bituminous, 248
fish, 344
tar. 1381
-tar creosote, 1037
-tar naphtha, 1599
tar ointment, 1383
tar ointment, stainless
1383
tar solution, 1383
Coaltarum, 1381
Co-anisatin, 1721
Cobalamin, 404
concentrate, 337
Cobalt. 1640, [v]1964
bloom, 1640
blue, 1641
bomb, 1822
chloride, 1641, [v]1965
sulfate, [v]1965
Cobalt-60, 1825
Cobaltite, 1640
Cobaltous chloride, 1641
Cobefrine, 1888, 1890
Cobione, 404
Cobra venom, 1925
Cobre, 362
Cobroxin, 1925
Coca,leaves,
1641 1641

synthetic,

Coca? folia, 1641
Cocain, 338
Cocaina, 338
Cocaina? chlorhydras, 339
chlorhydricum, 339
hydrochloras, 339
hydrochloridnm, 389
Cocaine, 338
chloride, 339
gauche, 338
hydrochloride, 339, [v]1965

Index
Cocaine hydrochloride tablets, 342
nitrate, 342
Cocaini hydrochloridum, 339
nitras, 342
Cocainium chloride, 339
Cocainum, 338
hydrochloricum, 339
muriaticum, 339
Cocamine, 338
Cocanium, 338
Cocarboxylase, 1415, 1512
Coccerin, 344, 1930
Coccidioidin, 1538
Coccionella, 342
Coccoclase, 1359
Coccognin, 1757
Cocculin, 1058
Cocculus, 1642
Indicus, 1642
Coccus, 342
cacti, 342
Cochenille, 342
Cochil sapote, 1617
Cochin ginger, 604
Cochineal, 342
color, 344
insect, 342
solution, 344
wax, 1930
CochiniUa, 342
jaspeada, 343
renegrida, 343
Cochlospermum gossypium, 1312
Cocillana, 1643, [v]1965
Cocimientos, 1661
Cocoa, 203
butter, 1406
nibs, 203
powder, non-alkalized, 615
syrup, 205
Coconut butter, 1643
oil, 1643
Cod liver oil, 344, [v]1965
liver oil emulsion, 348
liver oil emulsion with malt, 348
liver oil, non-destearinated, 347
Codamine, 927
Codecarboxylase, 1145
Codehydrogenase I, 893
Codehydrogenase II, 893
Codein, 348
Codeina, 348
Codeinae phosphas, 350
sulfas, 351
Codeine, 348, 927, [v]1966
compound tablets of, 351
phosphate, 350, [v]1966
phosphate tablets, 351
sulfate, 351, [v]1966
sulfate tablets, 351
Codeini phosphas, 350
Codeinium phosphate, 350
Codeinsulfat, 351
Codeinum, 348
phosphoricum, 350
sulfate, 351
sulphuricum, 351
Codethyline, 560
Coenzyme I, 893
Coenzyme II, 893
Coenzyme R, 1602
Cceruleum methylenum, 855
Coerulignol, 1385
Coffee bean, 1865
-berry bark, 259
Coffein, 205
Coffeincitrat, 207
Coffeinum, 205
citricum, 207
et natrii benzoas, 208
et natrii salicylas, 209
natrium salicylicum, 209
Cogentin, 1856, 1857
Cognaco, 193
Cohn fraction D, 761, 765
Cohn fraction G, 761
Cohobation, 1777
Cohumulone, 1714

Coke, 248
Cola, 1730
Colchiceine, 352
Colchici cormus, 355
radix, 355
semen, 356
Colchicin, 351
Colchicina, 351
Colchicine, 351, 357, 1763,
Colchicine tablets, 354
Colchicinum, 351
Colchico, 356
Colchicum autumnale, 351,
corm, 355
corm tincture, strong,
root, 355
seed, 356
seed fluidextract, 357
seed tincture, 358
Colchicumzwiebel, 355
Colchique, 356
Cold-cream, 1198
vaccines, 1917
Colemanite, 190, 1258
Colesterol, 315
Coley's fluid, 1917
mixture, 1917
Coli-enteritidis pasteurella
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Commiphora roxburghii, 876
stocksiana, 876
«-Commiphoric acid, 876
Commiphorinic acid, 876
Common black mustard, 869
cod,
344
dandelion,
1386
mullein, 1927
mushroom, 1759
nettle, 1915
parsley, 1796
spearmint, 1303
sunflower, 1711
thyme, 1425
vetch, 1733
Corn-pen aqueous, 1004
Compenamine, 988, 997
aqueous,
in oil, 998998

[v]1966

355, 356
356

Compocillin, 998
oral suspension, 998
Compound 883F, 1527
Compound 933F, 1527, 1532
Compound 1080, [v]2017
Compound amaranth solution, 61
B, 352, 357
benzaldehyde elixir, 150
benzoin tincture, 158
C, 352, 357
calamine lotion, 211
calomel pills, 816
cardamom spirit, 258
cardamom tincture, 258
cathartic pills, 816
chalk powder, 268
cinchona tincture, 1638
colocynth extract, 360
cresol solution, 401
digestive elixir, 1018
dimethyl phthalate solution, 201,
472, 551
effervescent powder, 496
effervescent powders, 496
ephedrine inhalant, 505
ephedrine spray, 505
ether spirit, 548
G-ll,
G, 357 640

bacterin,

[v]2055
Colic root,
1535, 1671
Colica pictonum, 745
Colla piscium, 1727
Collagens, 598
Colle du Japon, 30
Collodio elastico, 358
Collodion, 358
elastique, 358
salicylic acid, 1209
Collodium, 358
elasticum, 358
flexile, 358
Colloidal aluminum hydroxide, 56
bismuth, 1606
calomel, 816
carbon, 248
kaolin, 734
mercury sulfide, 1753
silica, 1848
silver iodide, 1234
silver iodide compound, 1234
Colloturine, 1893
Colloxilina, 1151
Colocynth, 359
extract, 360
extract, compound, 360
pulp, 359
Colocynthidis pulpa, 359
Colocynthin, 359
Colocynthis, 359
Colodion, 358
Colodion flexible, 358
Colofonia, 1200
Colombo, 1612
Colophane, 1200
Colophonia, 1200
Colophonium, 1200
Colophony, 1200
Coloquinte, 359
Colorado potato beetle, 237
Coloxilina, 1151
Coloxylin, 1151
Columbamine, 1612
Columbin, 1612
Columbite, 1896
Combined
anti-canine-distemper
canine antibacterial serum,
[v]2044 and tetanus toxoids,
diphtheria
491
typhoid
vaccine, 1469
Combiotic, 1008
Combistrep, 463, 1320
Comenic acid, 929
Comfrey, 1893
Commercial glucose, 1309
Commiphora abyssinica, 875
agallocha, 876
molmol, 875

gambir tincture, 1697
gentian tincture, 603
glycerophosphates elixir, 613
glycerophosphates solution, 613
hypophosphites syrup, 676
infusion of gentian, 603
injection of sodium chloride, 1195
injection of sodium lactate, 1196
iodine solution, 696
iodochlorhydroxyquin powder, 702
J, 357
jalap powder, 732
lavender spirit, 744
lavender tincture, 744
licorice powder, 1230
liniment of camphor, 235
menthol ointment, 796
menthol spray, 795
mild mercurous chloride pills, 816
mixture of glycyrrhiza, 933
mixture of rhubarb, 1190
myrcia spirit, 873
0-8958, 1859
ointment of benzoic acid, 165
933 and glycyrrhiza
opium
mixture,
and

orange spirit, 938
paste of zinc oxide, 1518
pepsin elixir, 1018
powder of ipecac, 715
powder of liquorice, 1230
powder of rhubarb, 1190
powder of tragacanth, 1444
resorcinol ointment, 1185
rhubarb powder, 1190
rosin cerate, 1200
RP 3277, 1131
sarsaparilla syrup, 1215
senna powder, 1230
sodium borate solution, 1269
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Compound solution of sodium chloride,
1196
solution of sodium lactate, 1196
solution of sodium phosphate,
1290
squill syrup, 1307
tablets of codeine, 351
tablets of sodium bicarbonate, 1255
tar ointment, 1385
tincture of benzoin, 158
tincture of camphor, 932
tincture of cardamom, 258
tincture of gentian, 603
tincture of rhubarb, 1191
undecylenic acid ointment, 1475
white pine syrup, 1509
white pine syrup with codeine,
1509
zinc sulfate powder, 1521
Compressi, 1894
acidi acetylsalicylici, 19
acidi ascorbici, 121
aethisteroni, 551
amidopyrini, 70
aminophyllini, 68
amphetamini sulfatis, 88
atropini sulfatis, 128
barbital!, 138
barbital! natrici, 139
calcii gluconatis, 222
calcii lactatis, 226
carbacholi, 246
chiniofoni, 277
chloroquini diphosphatis, 301
codeini phosphatis, 351
colchicini, 354
diethylstilboestroli, 444
digitalis, 453
digoxini, 460
ephedrini hydrochloride 505
ergotamini tartratis, 524
ergometrini maleatis, 516
ferrosi sulfatis, 580
glycerylis trinitratis, 614
hydromorphoni hydrochloride 462
lanatosidi C, 741
menadioni, 793
mepacrini hydrochloride 1160
natrii salicylatis, 1298
nicotinamidi, 892
oestradioli, 538
pethidini hydrochloride 800
phenacetini, 13
phenobarbitali, 1035
phenobarbitali natrici, 1037
proguanili hydrochloride 1131
riboflavini, 1194
santonini, 1213
succinylsulfathiazoli, 1344
sulfadiazine 1352
sulfaguanidini, 1355
sulfanilamide 1359
sulfathiazoli, 1363
theobromini natrici et natrii acetatis, 1409
Comprimidos, 1894
de sublimado corrosivo, 827
Comptonia, 1644
Concentrated alum, 60
cinnamon water, 333
compound infusion of gentian,
603
dill water, 466
diphtheria antitoxin, 481
human red blood corpuscles, 189
infusion of quassia, 1153
peppermint water, 1017
scarlet fever antitoxin, 1217
solution of vitamin A, 911
solution of vitamin D, 917
solution of vitamins
A and D,
920
tetanus antitoxin, 1395
tuberculin, 1461
Concentratum hepatis, 765
Conchinine, 1161
Concrete nutmeg oil, 874

Index
Concusconine, 1663
Condor-vine bark, 1644
Condurangin, 1644
Condurango, 1644
bark, 1644
Conduransterin, 1644
Conduritol, 1644
Cone flower, 1674
Conessi bark, 360
bark, 1644
Conessine, 1644
hydrobromide, 360
Conessini hydrobromidum, 360
Conestron, 542
Confection of senna, 1618, 1895
Confectioners' syrup, 608
Congo cubebs, 403
red, 361, 1674
red injection, 362
Conhydrine, 1645
Coni anali di glicerina solidificata, 613
Coniceine, 1645
Coniferin, 1481, 1509
Coniferyl alcohol, 1481, 1509
benzoate, 157
Coniine, 1645
hydrobromide, 1645
Conium, 1644
seed, 1645
Conjugase, 583
Conjugated estrogenic substances, 542
estrogens, 542
Conquinamine, 1638
Consolidine, 1893
Constant boiling hydrochloric acid,
Contact663process, 1373
Conteben, 1545
Continental method of emulsification,
1677
Convallamaretin, 1645
Convallamarin, 1645
Convallaria, 1645
Convallarin, 1645
Convallatoxin, 1645
Convalloside. 1645
Convolvulin, 732
Cooking chocolate, 204
Coombs' test, 184
Copaiba, 1646
balsam, 1646
Copal balsam, 1316
Copalm, 1316
Coparaffinate, 1647
Copper, 362, [v]1966
citrate, 1653
sulfate, 363, 364
undecylenate, 1475
Copperas, 578
Coppicing, 1636
Copra, 1643
Coptine, 1647
Coptis, 1647
teeta, 661
Co-pyronil, 1579
Coque du levant, 1642
Coqueluchon, 20
Coral, 267
sumac, 1829
Coramine, 897
Corbasil, 1888, 1890
Cordianine, 1536
Corenil, 843
Coriamyrtin, 1647
Coriander, 365
fruit, 365
oil, 366
seed, 365
Coriandre, 365
Coriandro, 365
Coriandrol, 366
Coriacdrum, 365
sativum, 365, 366
Coriaria, 1647
myrtifolia, 1229
Coriarin, 1647
Coricidin, 304

Corn campion, 1534
cockle, 1534
oil, 366
rose, 1534
silk, 1932
starch, 1308
sugar, 427
syrup, 608,
whisky,
15071309
Corner- Allen rabbit unit, 1123
Cornezuelo de centeno, 516
Comic acid, 1647
Cornin, 1647
Cornus, 1647
Coroutine, 519
Corpus albicans, 1648
luteum, 530, 1648
rubrum, 1648
Corrosive sublimate, 823
sublimate tablets, 827
sublimate tablets, large, 827
sublimate tablets, small, 827
Corsican moss, 1695
Cortate, 422
Corteccia di sassafrasso, 1216
Cortef, 665
Cortex aurantii fructus, 934
cinnamomi, 330
citri fructus, 751
ditae, 1539
eluteria?, 1617
pomorum aurantii, 934
pruni virginianae, 273
quercus, 1820
quillaiae, 1153
rhamni americanae, 259
rhamni frangute, 1694
rhamnus purshiana, 259
sassafras, 1216
tabemae montanae, 1539
thuris, 1617
ulmi pubescens, 497
viburoi opuli, 1492
viburni prunifolii, 1494
Corteza de canela, 330
de lim6n, 751
de naranja amarga, 934
de naranja dulce, 937
de viburno, 1494
Corticosterone, 28, 422, 425
Corticotropic hormone, 1811
Corticotropin, 1763, 1811, [v]196«
^-Corticotropin, 368
Corticotropin A, 368
gel,
high 374
potency, 368
injection, 367
injection, repository, 374
purified, 368
Cortisone, 1763
acetate, 28, 374, [v]1966
acetate ophthalmic suspension,
396
acetate suspension, sterile, 395
acetate tablets, 396
Cortogen acetate, 374
Cortone acetate, 374
Cortril (hydrocortisone), 665
acetate
ophthalmic
suspension
with Terramycin, 960
Corybulbine, 1649
Corycavamine, 1649
Corycavidine, 1649
Corycavine, 1649
Corydaline, 1649
Corydalis, 1649
Corydine, 1649
Corynine hydrochloride, 1932
Corypalmine, 1649
Corytubine, 1649
Co-salt, 1268
Coscinium, 1649
Costa Rica sarsaparilla, 1213
Cotaraine, 927, 928
chloride, 1649
diphthalate, 1650
hydrochloride, 1649

Index
Cotellin. 1650
Cotinazin, 725
Coto bark, 1650
Cotoin, 1650
Coton hydrophile, 396
sterile, 396
Cotone assorbente, 396
idrofilo, 396
Cottage rose, 1197
Cotton, absorbent, 396
oil, 397
root bark, 1650
Cottonseed oil, 397, [v]1967
Couchgrass, 1910
Coumadin sodium, 1574
Coumaric acid, 1750
Coumarin, 398, 1906
Coumarinum, 398
Coumingaine, 1680
Coumingine, 1680
Countryman's treacle, 1831
Couperose bleue, 364
Cousso, 1607
Covicone, 1849
Cowage, 1758
Cowbane, 1633
Cowberry, 1915
Cowhage, 1758
Cowpox, 1240
Coxe's hive syrup, 1307
Cozymase, 893
Crm, 1824
Crabs' eyes, 1523
Crack willow, 1834
Cracked cocoa, 203
Craie de briancon, 1378
preparee, 267
Cramp bark, 1492
Cranberry, 1922
bush, 1492
tree bush, 1492
Crane willow, 1620
Cranesbill, 1705
Crataegus lactone, 1710
Crategolic acid, 1710
Craw unit, 1488
Crayons a l'azotate d'argent, 1237
Crazy weeds, 1744
Cream of magnesia, 771
of penicillin, 1007
of tartar, 1095, 1387
of zinc oxide, 1517
Creamalin, 57, 59
Creasote, 398
Creatine, 1601
Creatinine, 1761
Creeping blueberry, 1922
cinquefoil, 1816
Creme de tartre, 1095
Cremor penicillini, 1007
tartaro, 1095
Cremore di tartaro, 1095
Cremosuxidine, 1343
Creolin, [v]1967
Creosol, 399
Creosota, 399
Creosotal, 1651
Creosote, 399, [v]1968
carbonate, 1651
oil, 1382, [v]2030
Creosoti carbonas, 1651
Creosoto, 399
Creosotum, 399
Crepitin, 1714
Cresatin-sulzberger, 1753
Cresol, 400, [v]1968
jabonoso, 401
6olution, compound, 401
solution, saponated, 401, [v]1968
Cresol savonneux, 401
Cresolo grezzo, 400
saponato, 401
Cresols, 400
Cresolum, 400
crudum, 400
saponatum, 401
Cresote officinale, 399

Cresylic acid, 400
Cresylol officinal, 400
Cresylolum, 400
Creta, 267
laevigata, 267
praecipitata, 267
prasparata, 267
preparada, 267
Cretan dittany, 1426
Crisarobina, 325
Crocetin, 1651
Crocin, 1651
Crocoite, 744
Crocose, 1651
Crocus, 1651
sativus, 1651
Croton chloral hydrate, 1608
oil, 1652, [v]1968
resin, 1652
Crotonic acid, 1773
Crotonol, 1652
Crotonyl isothiocyanate, 871
Crotoxin, 1924
Crown aloe, 47
bark, 1636
-of-the-field, 1534
Crude carbolic acid, 1037
chrysarobin, 326
corticotropin, 367
filicic acid, 122
oil, 1800
tartar, 1095
tuberculin, 1461
Cryolite, 52, 54, 1263, 1272
Cryptograndoside A, 1652
Cryptograndoside B, 1652
Cryptopine, 927, 1649
Cryptostegia species, 1652
Cryptoxanthin, 241, 911
Crystal violet, 858, [v]1994
Crystalets, 912
Crystalline chlorophyll, 1628
filicic acid, 122
penicillin G, buffered, 1006
penicillin G potassium, 1002
penicillin G sodium, 1005
penicillin G tablets, 1006
sodium carbonate, 1263
vitamin B12, 404
Crystallizable acetic acid, 10
Crystallized veratrine, 1832
Crystals of tartar, 1095
Crysticillin A.S., 1004
Crystifor, 1005
Crystodigin, 455
Crystoids anthelmintic, 646
Crystoserpine, 1828
CTAB, 265
Cuasia amarga, 1152
Cube, 1831
Cubeb, 403
berries, 403
-inolide, 404
oleoresin, 404
Cubeba, 403
Cubebae fructus, 403
Cubebe, 403
Cubebenpfeffer, 403
Cubebic acid, 404
Cubebin, 403
Cubebs, 403
Cuca, 1641
Cucurbitas semina praeparata, 1818
Cucurbocitrin, 1930
Cudbear, 1652
Cuivre, 362
Cultivated Jamaica sarsaparilla, 1214
Culver's physic, 1735
Culversroot, 1735
Cumarin, 398
Cumertilin, 1767
sodium, 1768
Cumin des pres., 243
Cumopyran, 1571
Cundeamor, 1758
Cupellation, 748
Cuprea bark, 1653
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Cupreine, 1653
Cupri sulfas, 363, 364
Cupric citrate, 1653
oxide, 363
sulfate, 363, [v]1968
sulfate and nicotine sulfate mixture, [v]1969
Cuprite, 362
Cuprous oxide, 363
Cuprum, 362
sulfuricum, 364
vitriolatum, 364
Cupua apus, 906
Curasao aloe, 47
orange peel, 934
Curalethaline, 1654
Curare, 1653, [v]1969
Curarimimetic agents, 1655
Curatio paraffini, 1783
Curcas oil, 1593
Curcine, 1593
Curcinoleic acid, 1593
Curcuma, 1659
Curcumen, 1659
Curcumin, 1659
Curie, 1822
Z-Curine, 1598, 1654
Curly-cup gumweed, 627
Currier's sumac, 1647
Cusamine, 1638
Cuscamidine, 1638
Cuscohygrine, 338
Cusconidine, 1638
Cusconine, 1638
Cusparia bark, 1659
Cuspariae cortex, 1659
Cusparine, 1659
Cusso, 1607
Cutch, 1619
Cutt, 1619
Cutweed, 1695
Cyanidin, 1830
Cyanin, 1830
Cyanocobalamin, 404, [v]1969
injection, 413
Cyanogenetic glycosides, 1708
Cyclaine hydrochloride, 1742, [v]1984
Cyclamate calcium, 1660
sodium, 1660
Cyclized vitamin A, 912
Cyclizine hydrochloride, 1660
Cyclobarbital, 413
tablets, 414
Cyclobarbitone, 413
Cyclocumarol, 1571
Cycloform, 1741
Cyclogyl hydrochloride, 1788
Cyclohexatriene, 1599
5- ( 1-Cyclohexenyl ) -5-ethylbarbituric
acid, 413
l-Cyclohexyl-2-methylaminopropane,
1136
Cyclomethycaine hydrochloride, 1741
Cyclonal,
644 643
sodium,
Cyclopal, 1596
Cyclopentamine, 1888
hydrochloride, 1890
Cyclopentolate hydrochloride, 1788
Cyclopropane, 414, [v]1970
Cyclopropanum, 414
Cycloserine, 1565
Cyclotron, 1823
Cycrimine, 1856
hydrochloride, 1859
Cydonin, 1660
Cydonium, 1660
Cymarin, 1587
Cymarose, 1335, 1587, 1708
Cymene, 271, 1465, 1776
Cynotoxin, 1587
Cypress pines, 1836
Cyprium, 362
Cysteine, 1660
Cystine, 1660
Cytisine, 1661, 1867
Cytisus, 1660

,

Index
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Cytochrome-a, 16G1
oxidase, 1661
reductase, 1661
Cytochromes, 1661

D
2,4-D, 1667. [v]1972
'D' vitamin, 212
Dactil, 1788
Dactylopius coccus, 342
Dadaro, 1523
Dagenan, 1359
soluble, 1360
Dahlin, 1723
Daisy, 1144
Dakin's solution, 1277
Dalibour water, 1521
Dalmatian pyrethrum, 1143
Damask rose, 1197
Dambose, 678
Dandelion root, 1386
root fluidextract, 1387
Danilone, 1572
Danthron, 94, 417, [v]1970
Daphne Gnidium, 1756^
Laureola, 1756
Mezereum, 1756
Daphnetin, 1757
Daphnin, 1757
Dapsone, 1882, [v]1971
Daraprim, 1580
Dariloid, 1251
Darnel, 1744
Darrow's solution, 1089
Darstine, 1698, 1785, 1786, 1789
Datugen, 1319
Datugenin, 1319
Datura, 1661
fastuosa, 1318
ferox, 1319
innoxia, 1318
metel, 1318
Stramonium, 1317
Tatula, 1318
Daturas semina, 1661
Daturic acid, 1319
Daturine, 1319
Daucine, 1616
David's root, 1609
Davitin, 212
DBED, 988
D.C.P., 230
DDS, [v]1971
DDT, 297, [v]1962
Deacetyldigilanid A, 447
Deacetyldigilanid B, 447
de-Acidite, 1501
Deadly agaric, 1759
nightshade leaf, 142
nightshade root, 144
Deal pine, 1508
Death angel, 1759
camas, 1933
-vine, 1746
Debittered brewer's dried yeast, 1513
Decalso, 1501
Decamethonium, 1656
bromide, 419
iodide, 417
Decapryn, 992
succinate, 494, [v]1943
Decaps, 212
Decarboxylase, 1415
Decavitamin capsules, 419
tablets, 420
Decholin, 420
Decicaine, 1399
Decocciones, 1661
Decocta, 1661
Decoctions, 1661
Decolorizing carbons, 269
Decorticated ginger, 605
Decotti, 1661
Decurvon, 685
Dedalera, 444

Deguelin, 1831
Dehychol, 420
Dehydrated alcohol, 41
ethanol, 41
Dehydroandrosterone, 1390
7-Dehydrocholesterol,
activated,
420,
917
Dehydrocholic acid, 420, 943
acid tablets, 421
11-Dehydrocorticosterone, 28, 425
Dehydrocorydaline, 1649
Dehydroepiandrosterone, 1390
Dehydroisoandrosterone, 1390
Dehydrostilbestrol, 437
Deionized water, 1501
Delcurarine, 1463
Delphinin, 1869
Delphinine, 1869
Delphinium, 1733
ajacis, 1733
Delphinoidine, 1869
Delphisine, 1869
Delt-cortef, 1817
Delta-iso-atropylcocaine, 338
Delta lactones, 1706
Deltalin, 212
Deltasone, 1817
Deltra, 1817
Delvinal sodium, 1495
Demerol hydrochloride, 797, [v]1991
4'-Demethylpodophyllotoxin, 1079
Denarcotized opium, 931
Denatured alcohol, 35
Dendrobine, 1662
Dendrobium, 1662
Dentelaire, 1816
Dentellaria, 1816
Dentifrice, N.F., 421
Dentifrices, 1662
antienzyme agents, 1663
chlorophyll derivatives, 1663
Dentifricium, 421
Deodar, 1728
Deodorized opium, 931
opium tincture, 931
Deoxycholic acid, 943
Deoxycortone acetate, 422
Deoxycortoni acetas, 422
Dephlogisticated air, 949
Depo-cer-o-cillin, 988
chloi'oprocaine, 997
Depo-penicillin, 1004
Depo-solution heparin sodium, 639
Depsides, 1379
Deratol, 212
Dermabase, 1779
Dermatol, 175
Desacetyl-lanatoside C, 421
Desenex
ointment
of zincundecate,
1475
powder of zincundecate, 1475
Deshler's salve, 1200
Desiccated liver, 766
liver substance, 766
ovarian residue, 1781
ovarian substance, 1780
thyroid, T429
Deslanoside, 421, 740
injection, 422
11-Desmethoxyreserpine, 1826
Desmethylcolchicine, 352, 357
Desmotroposantonins, 1212
Desoxycholic acid, 943
Desoxycorticosterone, 1764
acetate, 28, 422
acetate injection, 427
acetate pellets, 427
A"-Desoxycorticosterone, 425
11-Desoxycorticosterone, 28
acetate, 422
Desoxycorticosteroni acetas, 422
Desoxycortone acetate, 422
Desoxycortoni acetas, 422
Desoxyephedrine, 503
hydrochloride, 837
ll-Desoxy-17-hydroxycorticosterone,
425

Desoxyn, 1888
hydrochloride, 837
Desoxypyridoxine, 1146
Desoxyribonucleic acid, 1771
Desoxyribose nucleic acid, 1771
Destilliertes Wasser, 1504
Detergents, 1886
Detoxicated diphtheria toxin, 487
Dettol, 302
Deuterium, 1718, 1824
oxide, 1718
Devil's apple, 1077
bit, 1712
club, 1688
dung, 113
shoestring, 1831
tree, 1539
Dexedrine, 84, 1888
sulfate, 88
sulfate Spansules, 89
Dexoval hydrochloride, 837
Dextran, 1812, [v]1970
sulfate, 324, 1571
Dextrin, 1663
Dextrinum album, 1664
Dextro-alpha-pinene, 1465
amphetamine phosphate, 87
-amphetamine phosphate, dibasic,
87
-amphetamine
phosphate, dibasic,
87
tablets,
87
-amphetamine

phosphate

tablets,

-amphetamine sulfate, 88
amphetamine sulfate tablets, 89
-amphetaminium phosphate, 87
-beta-pinene, 1465
-tartaric acid, 1388
Dextrogluconic acid, 1706
Dextrolichenin, 1622
Dextromethorphan, 1736
Dextronic acid, 1706
Dextrorphan, 1736
Dextrosa, 427
Dextrose, 427, [v]1970
ampuls, 429
and sodium chloride injection,
431, [v]1971
injection, 429, [v]1970monohydrate, 427
Dextrosum, 427
hydratum, 427
Dextrotartaric acid, 1387
DFP, 723, 1792
DHE.-45. 523
DHO-180, 1531
Dhurrin, 1708
Diacetylcholine chloride, 1340
Diacetyldiphenolisatin, 1524
Diacetylmorphine hydrochloride, 1664
Diacetyltannic acid, 1524
Diactol, 212
Diagnex, 1727
Diagnostic biological products, [v]2046
diphtheria toxin, 485, 488
Dial, 433
Diallylbarbituric acid, 137, 433
acid tablets, 434
Dia-mer-sulfonamides, 1353
Diamerzine, 1353
Diamidines, 1664
Diamidinoalkanes, 1664
Diaminodihydroxyarsenobenzene
dihydrochloride, 1588
Diaminodiphenylsulfone, 1882, [v]1971
4,4'-Diaminodiphenylsulfone, 1882,
1,2-Diaminoethane,
560
[v]1971
2,6-Diaminopurine, 1525
Diammonium citrate, 1546
Diamond, 248
Diamorphine hydrochloride, 1664,
Diamox, 1766, [v]1936
[v]1971dihydrochloride, 1666
Diamthazole
Dianhydrogitoxigenin, 447
Diaparene chloride, 154

Index
Diasal, 1268
Diasone sodium, 1367
Diastase, 782
Diastasum, 782
Diathylbarbitursaure, 135
Diathylbarbitursaures Natrium, 139
Diathylmalonylharnstoff, 135
Diatomaceous earth, 1232
Diatomite, 1232
Diatrin hydrochloride, 842
Dibasic amphetamine phosphate, 86
amphetamine
phosphate
tablets,
87
calcium phosphate, 230
dextro-amphetamine phosphate, 87
dextro-amphetamine phosphate
■tablets, 87
magnesium phosphate, 777
potassium phosphate, 1108
sodium phosphate, 1288
Dibenamine, 1528
hydrochloride, 1530
Dibenzyl succinate, 1599
N-N'-Dibenzylethylenediamine
dipenicillin, 1000
Dibenayline, 1528
hydrochloride, 1531
Dibromodimethyl ether, 1624
Dibromoethylsulfide, 1624
Dibromopropamidine isethionate,
[v]1972
Dibucainaa hydrochloridum, 434
Dibucaine hydrochloride, 434
hydrochloride injection, 436
Dibuline, 1785, 1786
sulfate, 1789
Dibutoline sulfate, 1785, 1789
Dibutyl phthalate, 436
Di-n-butyl tin dilaurate, [v]1951
Dicalcium orthophosphate, 230
Dicalcium phosphate, 230
Dicalciumphosphat, 230
Dichloramine, 1667
Dichloramine-T, 1667, [v]1972
Dichloricide, 1667
Dichlor-Mapharsen, 436
Dichloroacetic aicd, 1446
N,N'-Dichloroazodicarbonamidine,
290
Dichlorobenzene, 1667
Dichlorodiethylsulfide, 1624
Dichlorodimethyl ether, 1624
Dichloromethane, 1755
Dichlorophen, [v]1975
Dichlorophenarsine hydrochloride, 436
Dichlorophenarsini hydrochloridum,
436
Dichlorophenoxyacetic acid, 1667,
[v]1972
2,4-Dichlorophenoxyacetic
acid, 1667,
[v]1972
Dichroines, 1622
Dicinchonicine, 1638
Dicinchonine, 1638
Dick control, 1219
test toxin, 1217
Dickite, 734
Dicodid bitartrate, 460
hydrochloride, 460
Diconquinine, 1638
Dicophane, 296, [v]1962
Dicophanum, 297
Dicoumarin, 163
Dicoumarol, 163
Dicoumarolum, 163
Dicrysticin, 1008, 1333
Dicumarol, 163, 1583
Dicurin procaine, 1768
Dicyclic terpenes, 1776
Dicyclomine, 1784
hydrochloride, 1788
Didin, 875
Dieldrin, 1668, [v]1972
Dienestrogen, [v]1972
Dienestrol, 437, [v]1972
tablets, 438
Dienoestrol, 437

Diethazine, 1857
hydrochloride, 1859
Diethilbarbiturato di sodio, 139
Diethoxin hydrochloride, 1741
Diethyl ether, 543
oxide, 543
Diethylacetal, 1524
Diethylamine acetarsone, 1587
a-Diethylaminoaceto-2,6-xylidide, 754
a-Diethylamino-2,6-dimethylacetanilid,
754
Diethylaminoethanol, 1698
N-Diethylaminoethyl-N'-methylbenzoylamide, 1784
Diethylaminoethyltheophylline
hydrochloride, 1764
Diethylbarbituric acid, 135
Diethylcarbamazine acid citrate,
[v]1972438, [v]1972
citrate,
citrate tablets, 440
dihydrogen citrate, 438
Diethylcarbamazinium citrate, 438
Diethylenediamine, 1807
Diethylmalonylurea, 135
Diethylmalonyluree, 135
N,N-Diethyl-3-pyridinecarboxamide,
897
Diethylstilbestrol, 440, 532, [v]1973
dipalmitate, 1682
dipropionate, 1682, [v]1973
injection, 443
monomethyl ether, 1683
tablets, 444
Diethylstilboestrolum, 440
Dietilestilbestrol, 440
Difenilhidantoina sodica, 480
Digalen, 1668
Digallic acid, 1379
Digentiobiose, 1651
Digger-pine, 1911
Digifolin, 1668
Digifortis, 1668
Digiglusin, 1668
Digilanid, 458, 741
Digilanid A, 447, 458
Digilanid B, 447, 458
Digilanid C, 458, 740
Diginutin, 1668
Digipurpidase, 447
Digisidin, 455
Digital, 444
pulverizada, 453
Digitale, 444
Digitalin, 444
French, 1668
German, 1668
Digitaline chloroformique, 1668
cristalisee, 455
nativelle, 455
Digitalinum verum, 447
Digitalis, 444, [v]1973
ambigua, 445
capsules, 453
folium, 444
infusion, 1668
injection, 454
Janata, 458
leaf, 444
leaf, powdered, standardized, 453
lutea, 445
mariana, 444
orientalis, 445
powdered, 453, [v]1974
praeparata, 453
preparations and derivatives, 1668
pulverata, 453
purpurea, 444, 455, 740
sibirica, 445
tablets, 453
thapsi, 444
tincture, 454, [v]1974
Digitalisblatter, 444
Digitalose, 447
Digitate kelp, 1250
Digitogenin, 448
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Digitol, 455
Digitonin, 447
Digitora, 1669
Digitoxigenin, 447, 1708
Digitoxin, 447, 455, 1708, [v]1974
injection, 457
tablets, 457
Digitoxina, 455
Digitoxinum, 455
Digitoxose, 447, 455, 1708
Digitoxoside, 455
Digitoxosidum, 455
Digoxin, 445, 457
injection, 459
tablets, 460
Digoxina, 458
Digoxinum, 457
Dihydrate de terebenthene, 1388
Dihydrocillin, fortified, 1008
Dihydrocinchonidine, 1638
Dihydrocinchonine, 1638
Dihydrocodeinone bitartrate, 460
bitartrate syrup, 461
bitartrate tablets, 461
enol acetate, 461
hydrochloride, 460
Dihydrocodeinonium bitartrate, 460
Dihydrocoenzyme I, 893
Dihydrocoenzyme II, 893
Dihydrodiethylstilbestrol, 642
Dihydroergocornine, 1527, 1531
Dihydroergocristine, 1527
Dihydroergocryptine, 1527
Dihydroergotamine, 523, 1527
Dihydro-/3-erythroidine, 1680
Dihydrogelsemine, 1705
Dihydrohydroxycodeinone, 948
Dihydroisoalantolactone, 1723
Dihydrolanosterol, 1510
Dihydromorphinone hydrochloride, 461
hydrochloride injection, 462
hydrochloride tablets, 462
Dihydromorphinonium chloride, 461
Dihydroquinidine, 1638
Dihydroquinine, 1638
Dihydrostreptomycin, 463, 1320,
hydrochloride,
463
[v]2020
sulfate injection, 464
Dihydrotachysterol, 1669
Dihydrotestosterone, 1869
Dihydrotheelin, 530
464
Dihydroxyaluminum
aminoacetate,

64,

aminoacetate magma, 465
aminoacetate tablets, 465
Dihydroxyanthraquinone, 417, [v]1970
1,8-Dihydroxyanthraquinone, 417,
[v]1970
m-Dihydroxybenzene,
1184
Dihydroxyestrin, 530
monobenzoate, 539
3,4-Dihydroxyphenylalanine, 1889
1,2-Dihydroxypropane, 1134
Dihydroxypropyl bismuthate, 1605
Dihydroxypropyltheophylline, 1898
Dihydroxytropane, 338
Dihyprylone, 1670
Di-insulin, 685
Diiododithymolum, 1428
Diiodohydroxyquin, 465
tablets, 466
Diiodohydroxyquinoline, 465
tablets, 466
5,7-Diiodo-9-quinolinol, 465
Diiodotyrosine, 1430, 1670
Diisopropyl fluophosphate, 1625
fluorophosphate, 723, 1792
phosphorofluoridate, 723
Dilantin, 1852
sodium, 480, [v]1975
Dilaudid hydrochloride, 461
Dill, 1670
-apiol, 1671
fruit, 1670
oil, 466
oil. East Indian, 466
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Dill seed, 1670
water, concentrated, 466
Dillol, 466
Dilupine, 1744
Dilute acetic acid, 11
alcohols, 41
ethanol, 42
glycerol, 611
hydrochloric acid, 664
ointment of mercuric nitrate, 810
ointment of mercury, 821
phosphoric acid, 1051
solution of ammonia, 72
solution of ammonium acetate, 75
solution of lead subacetate, 749
Diluted acetic acid, 10
alcohol, 41
ammonia solution, 72
ammonium hydroxide solution, 72
hydriodic acid, 661
hydrochloric acid, 664
lead subacetate solution, 749
mercurial ointment, fe21
nitrohydrochloric acid, 1771
phosphoric acid, 1051
sodium hypochlorite solution, 1277
sulfuric acid, 1374
Dimazon, 1220, 1674
Dimenformon, 530
benzoate, 539
dipropionate, 540
Dimenhydrinate, 466, [v]1942
tablets, 468
Dimercaprol, 111, 468, 826, [v]1974
injection, 112, 471
Dimercaprolum, 468
2,3-Dimercaptopropanol, 468
Dimethisoquin hydrochloride, 1741
Dimethoxycoumarin, 750
2,6-Dimethyl diethyl piperidinium bromide, 1697
Dimethyl ketone, 11
phthalate, 471
phthalate solution, compound, 472,
551
tubocurarine iodide, 472
tubocurarine iodide injection, 473
Dimethylamino antipyrine, 68
2-Dimethylaminoethyl-p-butylaminobenzoate, 1399
Dimethylamino-phenyldimethylpyrazolon, 68
Dimethylane, 1861
Dimethylarsinate monosodique, 1262
Dimethylarsinsaures Natrium, 1262
Dimethylcarbinol, 727
Dimethyldiphenylene disulfide, 1753
Dimethylethylcarbinol, 91
Dimethylis phthalas, 471
Dimethylketal, 12
Dimethylketone, 12
Dimethylmorphine, 929
Dimethyloxyquinizine, 99
Dimethylprotocatechuic acid, 1832
Dimethylsulfate, 1624
Dimethylthianthrene, 1753
5,8-Dimethyltocol, 1434
7,8-Dimethyltocol, 1434
1,3-Dimethylxanthine, 1410
3,7-Dimethylxanthine, 1407
Dimidium bromide, [v]1974
Dimol, 1671
Dinacrin, 725
Dinatriumorthophosphat, 1288
Dinitro-ortfco-cresol, 1671
m.m'-Dinitrodiphenyl disulfide, [v]1998
Dinitrophenol, 1671
Dinovex, [v]1972
Dioctyl
sodium
sulfosuccinate,
473,
1886, 1887
Dioctylis sulfosuccinas sodicum, 473
Diodone injection, 705
Diodoquin, 465
Diodrast, 705, 1762, [v]1987
compound solution, 707
concentrated solution, 707
Diogyn B, 539

Index
Diogyn E, 548
Diolandrone, 1755
Diolostene, 1755
Dioloxol, 800
Dionin, 560
Diopterin, 1582, 1693
Dioscin, 1671
Dioscorea, 1671
Diosgenin, 1635, 1671
Diosma, 196
Diosmetin, 197
Diosmin, 197
Diosphenol, 196
Diothane hydrochloride, 1742
with oxyquinoline benzoate, 1742
Dioxyanthranol, 94
Dioxyanthraquinone, 417
Dioxyfluoran sodium, 582
Dioxyline phosphate, 1671
Diparalene, [v]1942
Di-paralene hydrochloride, 289
Diparcol, 1134, 1785, 1857, 1859
Dipaxin, 1571
Dipentene, 1089, 1465
Diperodon hydrochloride, 1742
with1742 hydroxyquinoline
benzoate,
Diphemanil, 1785
methylsulfate, 1789
Diphenan, 474
Diphenanum, 474
Diphenhydraminae hydrochloridum, 475
Diphenhydramine, 1856
hydrochloride, 475, [v]1942
hydrochloride capsules, 479
hydrochloride elixir, 479
Diphenhydramini hydrochloridum, 475
Diphenhydraminium chloride, 475
Di-phenthane-70, [v]1975
Diphenylamine, [v]1975
Diphenylaminechloroarsine, 1624
Diphenylchloroarsine, 1624
Diphenylcyanarsine, 1624
Diphenylhydantoin, 1852
sodium, 479, [v]1975
sodium capsules, 481
Diphenylhydantonium sodicum, 479
Diphosphate tricalcique, 231
Diphosphopyridine nucleotide, 893
Diphtheria anatoxin, 487
and tetanus toxoids, 491
and tetanus toxoids, alum precipitated, 488, 491
and tetanus toxoids, aluminum
hydroxide adsorbed, 492
and tetanus toxoids and pertussis
vaccine combined, alum precipitated, 489, 493
and tetanus toxoids and pertussis
vaccine combined, aluminum hydroxide adsorbed, 489, 494
and tetanus toxoids, combined, 491
and tetanus toxoids combined,
alum precipitated, 491
and tetanus toxoids combined,
aluminum hydroxide adsorbed,
492 tetanus toxoids combined,
and
fluid, 492
and tetanus toxoids combined
precipitated, adsorbed, 492
antitoxin, 481
antitoxin, bovine, 482, 485
antitoxin, concentrated, 481
antitoxin, refined, 481
antitoxin unit, 483
prophylactic, 487
toxin, diagnostic, 485, 488
toxin, detoxicated, 487
toxin for the Schick test, 485
toxin, inactivated diagnostic, 487
toxoid, 487
toxoid, alum precipitated, 489, 490
toxoid, aluminum hydroxide adsorbed, 490
toxoid, aluminum phosphate adsorbed, 491

Diphtheria

toxoid and pertussis vaccine combined, 494
Diphtherie-Serum, 482
Diphyllobothrium latum, 123
Diplosal, 1835
Dipotassium hydrogen phosphate, 1108
Dippel's oil, 1819
Dipteryx odorata, 1906
2:3'-Dipyridyl, 1904
Dipyrone, 1672, [v]1998
Diquinicine, 1638
Diquinine carbonic ester, 1687
Diramin, 1585
Direct red, 361
sky blue, 1674
Dischi oftalmici, 739
Disci, 739
Discos oftalmicos, 739
oftalmicos con atropina, 128
oftalmicos con cocaina, 342
oftalmicos con eserine, 1057
Discs of atropine, 128
of cocaine, 342
of physostigmine, 1057
potassio-mercuric iodide, 1105
Diseptal, 1882
Disodium aurothiomalate, 621
hydrogen phosphate, 1288
monomethyl arsonate, 1590
orthophosphate, 1288
phenoltetrabromphthalein-sulfonate, 1366
succinate, 1875
Dispensing tablets, 1894
Dispermine, 1807
Dispersing agents, 1886
Disques d'atropine, 128
de gelatine, 739
Distemper virus, [v]2050
Distemperoid virus, [v]2049
Distilled extract of witch hazel, 638
oils, 1776
peppermint water, 1017
water, 1504
witch-hazel extract, 633
Distreptocin, 463, 1320
Distrycin, 463, 1320
Disulfiram, 1672
Disulfyn, 1353
Dita bark, 1539
Ditaine, 1540
Ditamine, 1540
Diterpenes, 1776
Dithionous acid, 1370
Dithranol, 94
Dithymol-di-iode, 1428
Dithymoljodid, 1428
Ditubin, 725
Diureides, 1410
Diuretic agents, 1763
Diuretin, 1409
Diurnal-penicillin fortified, 1005
-penicillin readmixed, 1004
Divinum remedium, 1721
Divinyl oxide, 1496
Dobell's solution, 1259
Doca, 422
Doctor-gum, 1829
Dog button, 904
-grass, 1910
senna, 1227
Dogbane, 1586
Dogwood bark, 259, 1647
Dolamin, 1547
Dolantin, 797
Dolantol, 797
Dolomite, 773, 778
Dolophine hydrochloride, 836
Domeboro, 56
Domolene, 1779
Donovan's solution, 1587
Doom bark, 1680
DOPA, 1889
Doppeltkohlensaures Ammonium, 76
Kalium, 1094
Natrium, 1253
Doral, 212

Index
Doraxamin, 464
Doriden, 1707
Dormigene, 194
Dormison, 1755
Doronicum pardalianches, 107
Dorsacaine hydrochloride, 1741
Dorsallin buffered powder, 1006
Dorsaphyllin, 1412
Dorsch, 344
Dorschlebertran, 344
Dorsulfas, 1348, 1349
Dory], 244, 1791
Doryphora decemlineata, 237
Double distilled orange flower water,
934
Dover's powder, 715
Doversches Pulver, 715
Doxyfed hydrochloride, 837
Doxylamine succinate, 494, [v]1943
succinate tablets, 495
Doxylaminium succinate, 494
DPN, 893
Dragees, 1807
Dramamine, 466, [v]1942
Dramcillin, 1006
Drave's test, 1886
Dreft, 1887
Dreibasisches Calciumphosphat, 231
Drene, 1887
Dried alum, 53
aluminum hydroxide gel, 58
bitter-orange peel, 934
epsom salts, 779
ferrous sulfate, 579
human plasma, 1072
human serum, 1231
iron sulfate, 579
lemon peel, 751
normal human plasma, 1072
smallpox vaccine, 1241
sodium phosphate, 1289
stomach, 1315
thyroid, 1429
yeast, 1512
yeast tablets, 1513
Drisdol, 212
Drocarbil, 495, [v]1975
Dromoran hydrobromide, 1736
Drop chalk, 267
Dropcillin, 1006
Drosera, 1673
Droserone, 1673
Druggists' opium, 924
Druggists' quills, 1636
Drydgel, 59
Dry extract of belladonna, 143
extract of cascara sagrada, 260
extract of hamamelis, 632
extract of hyoscyamus, 675
extract of nux vomica, 907
extract of stramonium, 1319
ice, 249, 252
liver extract, 761
malt extract, 782
yeast, 1512
Drying oils, 1775
Dryobalanops camphora, 232
Dryopteris dilatata, 121
Filix-mas, 121
marginalis, 121
rigida, 121
spinulosa, 121
Duapen, 1000
forte aqueous, 1002
Duboisia, 1673
myoporoides, 1221
Duboisine, 1673
Ductless glands, 1678
Dugaldin, 1711
Dulcamara, 1673
Dulcamaretinic acid, 1673
Dulcamarin, 1673
Dulcamarinic acid, 1673
Dulcin, 1673
Dulcitol, 1687
Dulzin, 1673
Duocrinin, 1679

Duodenin, 1679
Duomycin, 305
Duostrep, 463, 1320
Duotal, 1708
Duozine, 1353
Duponol C, 267, 1283
Duponols, 1887
Duracillin A.S., 1004
Duracillin fortified, 1005
in oil, 1004
Dural, 54
Duralumin, 54
Durathesin, [v]2010
Duscle, 1866
Dusting powder, absorbable, 496
powder, starch-derivative, 496
Dutchman's breeches, 1649
D-Vatine, 212
Dwale, 142
Dwarf nettle, 1915
pine, 1064
pine needle oil, 1064
pine oil, 1064
Dwayberry leaf, 142
Dyers' alkanet, 1536
oak, 1772
Dyes, medicinal, 1673
Dyflos, 723
Dymixal, 859
Dynamite, 614
Dysentery antitoxin, 1843

E
Eagle-vine bark, 1644
Earth-nut oil, 978
-wax, 1621
Earthnuts, 978
East African pepper, 240
India catarrh root, 1695
Indian almonds, 1547
Indian balmony, 1626
Indian dill oil, 466
Indian ginger, 604
Indian mastic, 785
Indian rhubarb, 1186
Eastern red cedar, 1728
Eau, 1500
blanche, 749
boriquee, 192
camphree, 236
chloroformee, 296
de chaux, 223
de fenouil, 568
-de-vie, 193
distillee, 1504
distillee de cannelle, 333
distillee de fleur d'oranger, 934
distillee de menthe poivree, 1017
distillee de rose, 1198
ordinaire, 1500
oxygenee officinale, 670
Eberesche, 1867
Ecgonine, 338
Echinacea, 1674
Echitamidine, 1540
Echitamine, 1540
Echitenine, 1540
Echter Kanel, 330
Zimt, 330
Echuga, 1525
Echugin, 1525
Echugon, 1526
Echuja, 1525
Ecolid, 1701
ficorce de bigarade, 934
de bourdaine, 1694
de cerise de Virginie, 273
de citron, 751
de limon, 751
de l'orange douce, 937
de quillaya, 1153
de sassafras, 1216
de viburnum, 1494
dite de Panama, 1153
d'orange amere, 934
sacree, 259
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Ecuadorian sarsaparilla, 1213
Edathamil, 1685
calcium-disodium, 1685
disodium, 1685
Edible fungi, 1758
Edrophonium, 1656, 1658
EDTAA, 1685
Efedrina, 500
Effervescent phosphate of soda, 1289
powders, compound, 496
sodium phosphate, 1289
Efocaine, 1119, [v]2011
Efroxine hydrochloride, 837
Egyptian colocynth, 359
henbane, 674
mint, 1303
opium, 925 51
Eibischwurzel,
Eierstock, 1780
Einfache Opiumtinktur, 931
Eisenchloridlosung, 571
Eisenhutknollen, 20
Eisenhuttinktur, 24
Eisenjodiirsirup, 577
Eisenoxydammonium-citrat, 568
Eisenpulver, 717
Eisenzucker, 1690
Eisessig, 10
Eisphosphorsaure, 1051
Eka-aluminum, 1696
Ekasilicon, 1705
Elaic acid, 910
Elaidic acid, 910, 1774
Elaidin, 1774
Elainsaure, 910
Elastic adhesive plaster, 1076
Elastisches Kollodium, 358
Elaterin, 1675
Elaterinum, 1675
Elaterium, 1675
Elayl, 558
Elder flowers, 1835
Eldi-pen, 1005
Eldrin, 1201, 1708, 1835
Elecampane, 1723
Electrocortin, 28, 425
Electrode paste, 220
Electrolytic iron powder, 721
Elemi, 1675
oil, 1675
Elemic acids, 1675
Eleostearic acid, 1773
Elettaria Cardamomum, 255, 258
major, 256
Elixir acidi aminoacetici, 64
adjuvans, 619
aminopyrinae, 69
amobarbitali, 82
aromatico, 108
aromaticum, 108
aromaticum rubrum, 109
aurantii amari, 936
benzaldehydi compositum, 150
bromidorum quinque, 194
bromidorum trium, 194
buchu, juniperi et potassii acetatis, 197
cascara? sagradae, 261
curassao, 936
de fenobarbital, 1035
ferri, quininse et strychninse, 722
ferri, quininse et strychninse phosphatum, 723
gentianae glycerinatum, 603
glycerophosphatum compositum,
613
glycyrrhizse, 619
I.Q. & S., 722
I.Q. & S. phosphates, 723
iso-alcoholicum, 723
of cascara sagrada, 261
of guarana and celery, 1709
of triple bromides, 194
of vitriol, 1374
pareg6rico, 932
paregoricum, 932
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F.lixir paregorique, 932
pentobarbital!, 1012
pepsini compositum, 1018
pepsini et rennini, 1019
phenobarbitali, 1035
red, 109
sodii bromidi, 1262
terpini hydratis, 1389
terpini hydratis et codeinae, 1389
Elixirs, 1675
Elkosin, 1881
Ellagic acid, 1686, 1816
Elm, 497
bark, 497
Elorine, 1785
sulfate, 1790
Embelia, 1676
Embelic acid, 1676
Embelin, 1676
Embutal, 1011
Emersol process, 910, 1311
Emetamine, 712
Emetic weed, 767
Emetinae chlorhidras, 498
et bismuthi iodidum, 498
hydrochloridum, 498
Emetine, 712
f
and bismuth iodide, 498
hydrochloride, 498, [v]1976
hydrochloride injection, 500
Emetinhydrochlorid, 498
Emetini hydrochloridum, 498
Emetinium chloride, 498
Emetinum chlorhydricum, 498
hydrochloricum, 498
Emetoidine, 712
Emodin, 260, 326, 1188
monomethyl ether, 326
Empiastro di caucciu, 1076
Emplasto adhesivo, 1076
de belladonna, 147
Emplastrum acidi salicylici, 1209
adhesivum, 1076
adhesivum sterile, 1077
belladonna?, 147
picis, 874
fiinapis, 871
Emplatre d'extrait de belladone, 147
Empleurum serrulatum, 197
Empyreumatic oils, 1776
Emulsifiers, 1886
Emulsifying agents, 1676
ointment, 908, 1505
wax, 265, 1505
Emulsin, 44, 45, 274, 1071
Emulsio chloroformi, 296
menthae piperita, 1016
olei jecoris aselli, 348
olei morrhuae, 348
olei vaselinis, 1028
paraffini liquidi, 1028
Emulsion
de aceite
de higado
de
bacalao, 348
de huile de foie de morue, 348
d'huile de vaseline, 1028
de petrolato liquido, 1028
Emulsion base, 1779
of chloroform, 296
of cod liver oil, 348
of liquid paraffin, 1028
of peppermint, 1016
pantopaque, 710
Emulsione di olio di fegato di merluzzo, 348
Emulsions, 1676
preservation of, 1678
Emulsum olei morrhuae, 348
olei morrhuae cum malto, 348
•petrolati liquidi, 1028
Enallochrom, 1533
Encephalitis
1917 vaccine herpes "F" strain,
Endocladia muricata, 30
Endocrine substances, 1678
Endomycin, 1568
Endophenolphthalein, 1524
Endotoxins, 482
Enebro, 733

Index
Enfleurage, 1777
Engelblumen, 106
English chamomile, 1550
garl:c, 1538
hawthorn, 1710
laurel, 1733
method of emulsification, 1677
mustard, 870
plantain, 1071
rhubarb, 1186
Enheptin-T, M1939
Entada phaseloids, 1054
scandens, 1054
Enteramine, 1583
Enteric coating, 1894
Enterocrinin, 1679
Enterogastrone, 1679
Enterokinase, 965
Entoral, 1917
Entromone, 625, 1810
Entwassertes Natriumphosphat, 1289
Natriumsulfit, 1299
Envenomation, 1925
Enzianwurzel, 602
Enzodase, 654
Epanutin, 480
Ephedine, 502
Ephedra distachya, 501
equisetina, 501, 506
Gerardiana, 501
intermedia, 501
monosperma, 501
nebrodensis, 502
sinica, 501
vulgaris, 501
Ephedrin, 500
Ephedrina, 500
Ephedrinae hydrochloridum, 505
sulfas, 506
Ephedrine, 500, 502, [v]1976
hydrochloride, 505, [v]1976
hydrochloride capsules, 505
hydrochloride tablets, 505
inhalant, compound, 505
jelly, 506
spray, 504
spray, compound, 505
sulfate, 506, [v]1976
sulfate
and
phenobarbital
capsules, 507
sulfate capsules, 506
sulfate injection, 506
sulfate jelly, 506
sulfate solution, 506
sulfate syrup, 507
sulfate tablets, 507
dZ-Ephedrine hydrochloride, 1180
capsules, 1181
solution, 1181
Ephedrinhydrochlorid, 505
Ephedrinium chloride, 505
sulfate, 506
dZ-Ephedrinium chloride, 1180
Ephedrinum, 500
chlorhydricum, 505
L-Ephenamine penicillin G, 988, 997
Ephetonal, 1890
Ephynal acetate, 1437
Z-Epicatechol, 1731
Epicauta gorhami, 237
Epidemic typhus vaccine, 1469
Epidural anesthesia, 1738
Epinefrina, 507
Epinephrina, 507
Epinephrines bitartras, 511
Epinephrine, 507
bitartrate, 511
bitartrate
ophthalmic
ointment,
512
bitartrate
ophthalmic solution, 512
in oil injection, 511
inhalation, 509
injection, 509, [v]1976
solution, 509
solution 1:100, 509
solution 1:1000, 510
suspension, sterile, 511
Epinephrinium bitartrate, 511

Epinine, 1890
Eplasto de mostaza, 871
Epoxymethamine bromide, 1223
Epoxytropine
tropate methylbromide,
1223
Eprolin, 1434
Eprolin S, 1437
Epsom salt, 778
salts, dried, 779
Eptoin, 480
EQ335, [v]1975
Equanil, 1861
Equilenin, 530, 541
Equilin, 530, 541
Equine encephalomyelitis vaccine:
eastern, [v]2050
encephalomyelitis vaccine: eastern
and western, [v]2050
encephalomyelitis
vaccine:
western, [v]2050
gonadotropin, [v]1981
Equinex, 1810
Erdnuszol, 978
Erdolbenzin, 1028
Ergobasine, 513, 519
group, 519
Ergobasinine, 519
Ergoclavine, 518
Ergocornine, 518
Ergocorninine, 518
Ergocristine, 518
Ergocristinine, 518
Ergocryptine, 518
Ergocryptinine, 518
Ergometrinae maleas, 513
Ergometrine, 513, 519
maleate, 512, [v]1976
Ergometrini maleas, 513
Ergometrinine, 519
Ergomonamine, 519
Ergonovinas maleas, 512
Ergonovine, 516, 519
acid maleate, 513
maleate, 512, [v]1976
maleate injection, 515
maleate tablets, 516
Ergonovinium bimaleate, 512
Ergosine, 518
Ergosinine, 518
Ergosterol, 917
Ergostetrine, 513, 519
Ergot, 516, [v]1976
de seigle, 516
fluidextract, 521, [v]1976
standardized powdered, 516
Ergota, 516
Ergotamine, 518, 1583
group,
tartrate,519521, [v]1976
tartrate injection, 524
tartrate tablets, 524
Ergotaminine, 518
Ergotaminium tartrate, 521
Ergotin, 520
Ergotinine, 518
Ergotocin, 513, 518
Ergotole, 514
Ergotora, 514
Ergotoxine, 516, 518
group, 519
Ergotrate, 513
Ericolin, 1915
Erie flavine, 1674
Eriodictyon, 524
californicum, 524
fluidextract, 525
syrup, aromatic, 525
tomentosum, 524
Eriodonol, 524
Erion, 1154
Ertron, 212
Erucic acid, 870, 1773
Erysipelas and prodigiosus toxins, 1917
Erysodine, 1680
Erysonine, 1680
Erysopine, 1680
Erysothiopine, 1680
Erysothiovine, 1680

Index
Erysovine, 1680
Erytaurin, 1620
Erythrzea spicata, 1680
Erythraline, 1680
Erythramine, 1680
Erythratine, 1680
Erythrina, 1680
Erythritol, 525
Erythrityl tetranitrate tablets, 525
Erythrocentaurin, 1620
Erythrocin, 526, 990
lactobionate, 527
stearate, 527
Erythrodextrins, 1309, 1663
Erythroidine, 1680
Erythrol, 525
tetranitrate tablets, 525
Erythrolaccin, 1732
Erythrolitmin, 1653
Erythromycin, 526, [v]1977
ethyl carbonate, 527
glucoheptonate, 527
Jactobionate, 527
stearate, 527
tablets, 530
Erythrophleine, 1680
sulfate, 1681
Erythrophleum, 1680
Erythroxylon Coca, 338, 1641
novogranatense, 1641
truxillense, 1641
Esametilentetramina, 844
Eschatin, 29
Escholerine, 1489
Eschscholtzia californica, 928
Escin, 1533
Esculentine, 1745
Esculetin, 1533
Esculin, 1533
Esculinic acid, 1533
Esencia de almendre amarga, 43
de anis, 92
de bergamota, 161
de brea rectificada, 1385
de canela, 332
de cilantro, 366
de clavo, 337
de espliego, 743
de eucalipto, 562
de flor de naranjo, 933
de hinojo, 567
de limon, 750
de menta, 1015
de menta piperita, 1015
de naranja, 937
de neroli, 933
de nuez moscada, 874
de pino enano, 1064
de quenopodio, 270
de romero, 1199
de rosa, 1197
de sasafras, 1217
de tomillo, 1426
de trementina, 1465
de trementina rectificada, 1466
de yerbabuena, 1304
Eseramine, 1054
Esere nut, 1054
Eseridine, 1054
Eserine, 1054
blue, 1055
brown, 1055
salicylate, 1054, 1792
Eseroline, 1055
Eskel, 1546
Esomid chloride, 1701
Esparadrapo adhesivo de caucho, 1076
Esperma de ballena, 1304
Espiritu aromatico de amoniaco, 74
de alcanfor, 236
de menta, 1016
de menta piperita, 1016
de minderero, 75
de naranja compuesto, 938
de vino, 34
Espol6n de centeno, 516
Esprit de camphre, 236
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Essence, 1776
d'amande amere, 43
d'aneth, 466
d'anis, 92

Ester methylsalicylique, 853
metilsalicilico, 853
Esterol, 1599

de bay, 872
de bergamote, 161
de bigarade, 936
d'ecalyptus, 562
de cannelle de Ceylan, 332
de cardomome, 258
de carvi, 243
de chenopode vermifuge, 270
de citron, 750
de coriandre, 366
de fenouil, 567
de fleur d'oranger, 933
de girofle, 337
de lavande, 743
de menthe crepue, 1304
de menthe poivree, 1015
de muscade, 874
,de petit grain, 935
de piment, 1062
de pin de montagne, 1064
de Portugal, 937
de romarin, 1199
■de rose, 1197
de sassafras, 1217
de terebenthine officinale, 1465
de tererbenthine rectifiee, 1466
de thym, 1426
d' orange, 937
of ginger, 606
of orange, 937
of peppermint, 1016
of roses, 1197
Essentia anisi, 92
aurantii, 937
bergamothse, 161
caryophilli, 337
chenopodii, 270
cinnamomi, 332
eucalypti, 562
ex sassafras, 1217
floris aurantii, 933
lavandulae, 743
lhnonii, 750
menthas, 1015
rosmarini, 1199
terebinthinae, 1465
terebinthinse rectificata, 1466
thymi, 1426
Essential oils, 1776
Essenza di anice, 92
di bergamotto, 161
di cannella, 332
di chenopodio, 270
di comino, 243
di eucalipto, 562
di finocchio, 567
di flori d'arancio amaro, 933
di garofani, 337
di lavanda, 743
di limone, 750
di menta, 1015
/di noce moscata, 874
di pino, 1064
di rosa, 1197
di rosmarino, 1199
di timo, 1426
di trementina, 1465
di trementina rettificata, 1466
Essigather, 551
Essigester, 551
Essiggeist, 12
Essigsaure, 10
Essigsaures Blei, 747
Kalium, 1093
Natrium, 1247
Estearato de sodio, 1298
de zinc, 1520
Ester bencil-benzoico, 159
ethylcarbamique, 1477
6thylchIorhydrique, 555
fenilsalicilico, 1046

Esters deethyliques
des acides
chaulmoogra,
659 de l'huile
Estinyl, 548
Estoraque, 157, 1316
liquido, 1316
Estradiol, 530, 532, 1781
benzoate, 538, [v]1977
benzoate injection, 540
cyclopentylpropionate, 1682

gum, 1200
isoamilnitroso, 89

[v]1977
dipropionate,
532, 540
injection, aqueous, 537
monobenzoate, 532
monopropionate, 533
pellets, 538
tablets, 538
Estradiolis benzoas, 538
Estramonio, 1317
Estratto
di cascara
sagrada
idroalcoolico, 260
di coloquintide, 360
di felce maschio etereo, 122
di giusquiamo, 675
di liquirizia, 620
di noce vomica idroalcoolico, 907
di stramonio, 1319
fluido aromatico e deamarizzato di
cascara sagrada, 261
fluido di amamelide, 632
fluido di belladonna, 143
fluido di cascara sagrada, 261
fluido di idraste, 661
fluido di liquirizia, 621
fluido di noce vomica, 907
fluido d'ipecacuana, 714
fluido di poligala, 1226
fluido di rabarbaro, 1190
fluido di salsapariglia, 1215
idroalcoolico di belladonna, 143
secco di fiele, 942
Estricnina, 1336
Estrifol, 542
Estriol, 530, 541, 1682
Estrofantina, 1335
Estrogenic substances, 542
(substances, conjugated, 542
Estrogens, 542, 1681, [v]1977
conjugated, 542
Estrona, 541
Estrone, 530, 532, 541, [v]1977
injection, 543
sulfate, piperazine, 542
sulfate, sodium, 542
Estronum, 541
E-strophanthin, 1874
Etamon chloride, 1703
Eter, 543
acetico, 551
etilclorhidrico, 555
etilico alcoholizado, 548
vinilico, 1496
Etere, 543
acetico, 551
di petrolio, 1028
etilico, 543
etilico con alcool, 548
fenilsalicilico, 1046
1,2-Ethanediamine, 560
Ethanoic acid, 8
Ethanol, 34, 41
Ethanolamine, 863
oleate, injection of, 539
Ethanolic solution of iodine, 697
Ethaverine hydrochloride, 1683
Ethene, 558
Ether, 543, [v]1977
aeetique, 551
alcoolise, 548
anesthesique, 543
de petrole, 1028
ethylique, 543
nitreuxalcoolis£, 556
officinal, 543
rectifi£
pur,
543 du commerce, 557
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Ether spirit, 548, [v]1978
spirit, compound, 648, [v]1978
Ethereal oil, 1683
Ethereal oils, 1776
Etherin, 558
Ethidene diethyl ether, 1524
Ethidium bromide, [v]1978
Ethinamate, 1684
Ethinyl estradiol, 532, 548
Ethinyloestradiol, 548
17-Ethinyltestosterone, 550
Ethiops mineral, 1753
Ethisterone, 550, 1123
tablets, 551
Ethisteronum, 550
Ethobrom, 1445
Ethocainas chlorhydras, 1115
Ethocaine, 1115
Ethodin, 1674
Ethohexadiol, 551
Ethopropazine hydrochloride, 1120
3-Ethoxy-4-hydroxybenzaldehyde, 558
Ethoxypara-acetanilide, 12
Ethoxypara-acetanilidum, 12
Ethyl acetate, 551
alcohol, 34
aldehyde, 1524
aminobenzoate, 552
aminobenzoate ointment, 553
biscoumacetate, 553
carbamate, 1477
chaulmoograte, 659
Chemosept, 857
chloride, 555, [v]1978
chlorophyllide a, 1628
diiodobrassidate, 1725
esters of hydnocarpus oil, 659
ether, 543
hexanediol, 551
hydroxide, 34
10-(p-iodophenyl)undecylate, "in
iodophenylundecylate injection, 710
6-methyl-2-phenylcinchoninate, 882
nitrite spirit, 556, [v]1978
oleate, 557
oxide, 543, 557
Parasept, 857
salicylate, 1684
silicate, 1848
urethane, 1477
vanillate, 558, 1684
vanillin, 558
Ethylapocupreine, 1719
Ethylbromoacetate, 1623
5-Ethyl-5-?i-butylbarbituric acid, 199
Ethyldibromoarsine, 1624
Ethyldichloroarsine, 1624
Ethylene, 558
bis-iminoacetic acid, 1685
oxide, 1684
Ethylenediamine dihydriodide, 1684 /
dihydrochloride, 1684, [v]1978
hydrate, 560
solution, 660
Ethylenediaminetetraacetic acid, 1685
Ethylenedicarboxylic acid, 1876
Ethylenedinitrilo acid, 1685
Ethyleneimine, 1807
2-Ethylhexane-l,3-diol, 551
Ethyl-hexyl nitrite, 1773
Ethylhydrocupreine hydrochloride, 1685
Ethylidene diethyl ether, 1524
Ethyliodoacetate, 1623
5-Ethyl-5-isoamylbarbituric acid, 81
Ethylium chlorhydricum, 555
Ethylmorphine hydrochloride, 560,
[v]1978
Ethylmorphinium chloride, 560
Ethylnorepinephrine hydrochloride,
1890
Ethylnorsuprarenin hydrochloride, 1890
Ethylstibamine, 1585
Ethylsulfuryl chloride, 1624
Ethynylestradiol, 548
17-Ethynyltestosterone, 550
Etileno, 558
Eubasin, 1359
Eucaine hydrochloride, 1742

Index
Eucaliptol, 662
Eucaliptolo, 562
Eucalypti gummi, 1686
Eucalyptol, 561, 563
Eucalyptolum, 562
Eucalyptus, 563
cineorifolia, 568
dumosa, 563
globulus, 562
gum,
1686 563
incinata,
kino, 1686
macrorrhyncha, 1201
maculata, 563
maideni, 563
odorata, 563
oil, 562, [v]1978
piperita, 563
polybractea, 563
salicifolia, 563
staigeriana, 563
syderoxylon, 563
youmani, 1201
Eucatropinas hydrochloridum, 564
Eucatropine hydrochloride, 564
Eucatropinium chloride, 564
Eucerine, 1779
Eucheuma spinosum, 31
Eucodal hydrochloride, 948
Eucupin, 1686
dihydrochloride, 1686, 1742
ointment, with zolamine, 1686
Eudesmin, 1686
Eudesmol, 563
Euflavine, 25, [v]1937
Eugallol, 1735
Eugenia caryophyllata, 335
Pimenta, 1062
Eugenol, 337, 565, 872, 1063
cement, zinc compounds and, 1616
Eukalyptol, 562
Eukalyptusol, 662
Eukeratins, 1729
Eukodal hydrochloride, 948
Eukupin, 1686
Eumycin, 1568
Eumydrin, 1785, 1789
Eunarcon, 1596
Euonoside A, 1687
Euonymol, 1687
Euonymotoxin, 1687
Euonymus, 1687
Euonysterol, 1687
Euparin, 1687
Eupatorin, 1687
Eupatorium, 1687
Eupaverin, 1687
Euphorbia, 1688
pilulifera, 168S
Euphosterol, 1688
Euphrasia, 1688
Euphthalmine hydrochloride, 564
Euquinine, 1820
Euresol, 1185
pro Capillis, 1186
European arnica, 106
aspidium, 121
goat's rue, 1695
hellebore, 1487
mistletoe, 1928
pennyroyal, 1760
rhubarb, 1187
turpentine, 1912
walnut, 1728
Evans blue, 565
blue injection, 666
Evea ipecacuanha, 711
Evernic acid, 1653
Everninic acid, 1653
Evipal, 644
sodium, 643, [v]1984
Evipan, 644
sodium, 643
Evonoside A, 1687
EvTocillin PO, 1006
Excise opium, 925
Exogonium jalapa, 731
purga, 731

Exorbin, 1727
Exotoxins, 482
Expandex, 1812
Expectorant mixture, 566
Expressed almond oil, 46
nutmeg oil, 874
Exsiccated alum, 53
ammonium alum, 53
calcium sulfate, 1611
ferrous sulfate, 579
magnesium sulfate, 779
potassium alum, 63
sodium phosphate, 1289
sodium sulfite, 1299
Extract of belladonna leaves, 143
of male fern, 122, [v]1947
of malt, 781
of malt with cod liver oil, 348
of quillaia, liquid, 1154
of senna, liquid, 1229
of stramonium, dry, 1319
of stramonium, liquid, 1320
of vanilla, 1480
Extracta, 1688
Extracto de beleiio, 675
de belladona, 143
de bilis de buey, 942
de cascara sagrada, 260
de cascara sagrada, fluido, 261
de estramonio, 1319
de hamamelis, fluido, 632
de helecho macho, etereo, 122
de hidrastis, fluido, 661
de higado, 761
de nuez vomica, 907
de regaliz, 619
de regaliz puro, 620
fluido aromatico
de cascara sagrada,
261
fluido de ipecacuana, 714
fluido de jengibre, 606
fluido de regaliz, 621
fluido de sen, 1229
fluido de zarzaparrilla, 1215
Extracts, 1688
Extracrum acalyphae liquidum, 1624
adhatodas liquidum, 1526
belae liquidum, 1592
belladonnas, 143
belladonnas fluidum, 143
belladonnas folii liquidum, 143
belladonnas liquidum, 147
belladonnas siccum, 143
bilis bovis depuratum, 942
cannabis, 1615
carnis, 141
cascarae sagradas liquidum, 261
cascarae sagradas siccum, 260
colchici liquidum, 355
fellis bovis, 942
filicis, 122
filicis maris, 122
filicis maris asthereum, 122
glycyrrhizas, 619
glycyrrhizas liquidum, 621
glycyrrhizas purum, 620
grindelias fluidum, 628
hasmatoxyli, 1710
hamamelidis fluidum, 632
hamamelidis liquidum, 632
hamamelidis siccum, 632
hepatis, 761
hydrastis fluidum, 661
hyoscyami, 675
hyoscyami siccum, 675
ipecacuanhas fluidum, 714
ipecacuanhas liquidum, 714
liquiritias fluidum, 621
malti, 781
nucis vomica?, 907
nucis vomicas liquidum, 907
nucis vomicas siccum, 907
quillaia? liquidum, 1154
rhamni purshianas, 260
rhamni purshianas fluidum, 261
rhamni
purshianas
fluidum aromaticum, 261
rhei fluidum, 1190

Index
sarsaparillse fiuidum, 1215
senegae fiuidum, 1226
sennae liquidum, 1229
smilacis fiuidum, 1215
stramonii liquidum, 1320
stramonii siccum, 1319
strychni fiuidum, 907
strychni spirituosum, 907
Extrait de belladone, 143
de bile de boeuf purine, 942
de boeuf, 141
de cascara sagrada, 260
de coloquinte, 360
de coloquinte compose, 360
de fougere male, 122
de jusquiame, 675
de noix vomique, 907
de reglisse, 620
de saturne, 749
de stramoine, 1319
ethere de fougere male, 122
fluide de cascara sagrada, 261
fluide de grindelia, 628
fluide de noix vomique, 907
fluide de reglisse, 621
fluide de rhubarbe, 1190
fluide de salsepareille, 1215
fluide de senega, 1226
fluide d'hamamelis, 632
fluide d'hydrastis, 661
fluide d'ipecacuana, 714
oleo-resineux de fougere male, 122
Extralin, 767
Eye balm, 660
-drops, solution for, 857
ointment of atropine, 127, 909
ointment of atropine with mercuric oxide, 128, 812, 909
ointment of hyoscine, 909, 1223
ointment of mercuric oxide, 812,
909
ointment of penicillin, 909, 1107
ointment of sulphacetamide,
909,
1348
ointments, 909
root, 660
Eyebright, 1688
Eyewort, 1688

Faba calabarica, 1054
Ignatii, 1720
Sancti Ignatti, 1720
Fagarine, 1688
7-Fagarine, 1592
Fagine, 319
Fagopyrum esculentum, 1201
Fagot, 330
Fairy bells, 444
cap, 444
fingers, 444
thimbles, 444
wand, 1712
False angustura, 905
bittersweet, 1620
columba, 1649
cramp-bark, 1493
cubebs, 403
hellebore, 1526
ipecac, 713
Ma-huang, 501
sarsaparilla, 104
sunflower, 1711
tragacanth, 1443
unicorn, 1712
unicorn root, 1535
Farastan, 1640
Farnextrakt, 122
Farnwurzel, 121
Fascia lata, 1376
Fast red D, 61
Fat, 1773
ponceau LB, 1220
ponceau R, 1220
Fatsia, 1688
Fatty acids, acetic series, 1773
acids, hydroxy acids, 1773
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Fatty acids, keto acids, 1773
acids, oleic series, 1773
acids, saturated series, 1773
acids, unsaturated, 1913
oils, 1773
Faulbaumrinde, 1694
F-cortef ointment, 669
F. D. and C. Red No. 2, 61
Fe,59 1824
Febrifugine, 1622
February daphne, 1756
Fegato di solfo, 1092
Fel bovinum purificatum, 942
tauri depuratum, 942
Felce maschio, 121
Feline distemper (panleukopenia) vaccine, [v]2050
Felisepticus-bacillus bacterin, [v]2055
Felsenmoos, 323
Felwort, 602
Fenacetina, 12
Fenazona, 99
Fenchel, 566
Fenchelol, 567
Fencheltee, 566
Fenchelwasser, 568
Fenchone, 568
Fenedina, 12
Fenil-dimetil-dimetilamidoisopirazolone, 68
Fenil-dimetilisopirazolone, 99
Fenina, 12
Fennel, 566
fruit, 566
oil, 567
seed, 566
water, 568
Fenobarbital, 1034
sodico, 1036
Fenol, 1037
licuado, 1040
Fenolftaleina, 1040
Fenolo, 1037
liquido, 1040
Fenolsulfonftaleina, 1042
Fenouil doux, 566
Fenugreek, 1908, [v]2037
Feojectin, 1690
Feosol tablets, 580
Fer reduit, 721
reduit par l'hydrogene, 721
Ferad, 580
Ferdinandusa elliptica, 713
Fergon, 576
Ferngale, 1644
Ferri ammonii citras. 568
amonii citras viridis, 569
arsenas, 1690
cacodylas, 570
carbonas saccharatus, 575
citras, 1689
citras ammoniacalis, 568
et ammonias citras, 568
et ammonii citras, 568
et ammonii sulfas, 1689
et ammonii tartras, 1689
et potassii tartras, 1690
gluconas, 576
glycerophosphas, 572
hypophosphis, 573
lactas, 1691
oxidum saccharatum, 1690
phosphas, 573
phosphas solubilis, 573
pyrophosphas solubilis, 1690
sulfas, 578
sulfas exsiccatus, 579
sulphas, 578
sulphas exsiccatus, 579
Ferric albuminate, 1688
ammonium citrate, 568, [v]1978
ammonium citrate capsules, 569
ammonium
citrate,
green,
569,
ammonium
[v]1978
1689
ammonium

citrate

with

sulfate, 1689

arsenic,

Ferric ammonium tartrate, 1689
arsenite, 1689
cacodylate, 570
chloride, 1689, [v]1978
chloride solution, 571, [v]1979
chloride tincture, 571, [v]1979
citrate, 1689
citrochloride tincture, 572
glycerinophosphate, 572
glycerophosphate, 572
hypophosphite,
573
oxide,
1689
oxide, saccharated, 1690
phosphate, soluble, 573
phosphate
with
sodium
citrate,
573
potassium tartrate, 1690
pyrophosphate, 1690
pyrophosphate, soluble, 1690
subsulfate solution, 574
sulfate solution, 574
Ferriglycerophosphat, 572
Ferriheme, 1712
Ferrihemoglobin, 1713
Ferrihypophosphit, 573
Ferritin, 719
Ferro porfirizzato, 717
ridotto, 721
Ferroammonium citricum, 568
Ferroheme, 1712
Ferroprotoporphyrin No. 9, 1712
Ferropyrine, 1690
Ferrosi sulfas, 578
sulfas exsiccatus, 579
Ferrosulfat, 578
Ferrosus sulphas, 578
Ferrous arsenate, 1690
ascorbate, 1691
carbonate, [v]1979
carbonate mass, 575, [v]1979
carbonate pills, 575
carbonate, saccharated, 575,
ferrite,
[v]1979718
gluconate, 576
gluconate tablets, 577
iodide syrup, 577
lactate, 169i
oxide, 718
sulfate, 578, [v]1979
sulfate, exsiccated, 579
sulfate syrup, 579
sulfate tablets, 580
sulphate, 578
Ferruginous pills, 575
Ferrum, 717
ammonio-citricum, 568
carbonicum cum saccharo, 575
carbonicum saccharatum, 575
citricum ammoniatum viride, 569
citricum amoniatum, 568
glycerinophosphoricum, 572
hydrogenio reductum, 721
hypophosphorosum oxydatum, 573
peptonatum, 1800
phosphoricum cum natrio citrico,
573
phosphoricum solubile, 573
porphirisatum, 717
pulveratum, 717
pulverisatum, 717
redactum, 721
reductum, 721
sesquichloratum solutum, 571
sesquichloruretum solutum, 571
sulfuricum, 578
sulfuricum
cum
alcohole praecipitatum, 578
sulfuricum purum, 578
sulfuricum siccum, 679
vitriolatum purum, 67f
Fertility vitamin, 1435
Ferula alliacea, 113
Assa-fcetida, 113
fcetida, 113
Narthex, 113
rubricaulis, 113
Fetid aloe, 48
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Feuilles de bclladone, 142
de buchu, 196
de digitate, 444
de jusquiame. 674
de menthe, 1014
de sene, 1226
de stramoine, 1317
d'hamamelis, 631
Fever nuts. 1606
twig, 1620
Feverwort, 1687
Fibrin film, 580
foam, human, 580
Fibrinogen, human, 581
Fibrinokinase, 581
Fibrinolysin. 581, 1871
Fibrolysin, [v]2035
Ficus, 1691
passa. 1691
Fieberrinde, 1634
Fieberwurzel, 602
Field gumweed, 626
-mint, 1014
mushroom, 1759
Fig, 1691
Filic acid, 122
Filicin, 122
r
Filicinic acid, 122
Filicis maris rhizoma, 121
Filipendula ulmaria, 1207
Filix mas, 121
Filmaron, 122, 124
Fingerhutblatter, 444
Fingerhutkraut, 444
Fingerhuttinktur, 454
Finocchio, 566
Fiori di arnica, 106
di solfo, 1369
di solfo lavati, 1371
Fir balsam, 1912
Fire air, 949
Fischkorner, 1642
Fish berry, 1642
-glue, 1727
liver oils, 1691
-poison tree, 1808
Fishery salt, 1266
Five bromides elixir, 194
-finger, 1816
-striped leech, 1735
Fixed oil, 1773
Flachssamen, 757
Flagecidin, 1563
Flake tragacanth, 1443
white. 171
Flavaspidinic acid, 122
Flavaxin, 1191
Flavicid, 1674
Flavicrine, 1674
Flavizid, 1674
Flavopannin, 122
Flavylium compounds, 1830
Flax, 757
Flaxedil, 591. 1134, 1655
Flaxseed, 757
oil, 759
Flea seed, 1070
Fleischextrakt, 141
Fleming's tincture of aconite, 25
Fleur-de-Lys, 938
Fleur de soufre. 1369
Fleurs d'arnica, 106
Flexible collodion, 358
Flo-cillin, 96, 1004
aqueous, 1004
Flohsamen, 1070
Flor de azufre, 1369
Florence fennel, 567
Florentine orris, 938
Flores arnicas, 106
caryophylli, 335
cassias, 329
croci, 1651
de cine, 1516
sulfuris, 1369
sulfuris loti, 1371
Florida arrowroot, 1748

Index
Florinef lotion, 669
ointment, 669
Floropryl, 723
Flowering aloe, 1534
ash, 1626, 1747
cornel, 1647
dogwood, 1647
Flowers of Benjamin, 154
of benzoin, 154
of sulfur, 1369
of zinc, 1516
Fluagel, 57
Fliichtiges Kampferliniment, 235
Salz, 77
Fludrocortisone acetate, 669
Fluidextract of licorice, 621
of licorice root, 621
of Seneca snakeroot, 1226
of witch hazel leaves, 632
Fluidextracts, 1692
Fluidextractum baptisiae, 1592
belladonnas folii, 143
belladonnas radicis, 147
boldi, 1606
buchu, 197
cannabis, 1615
colchici, 357
colchici seminis, 357
conii, 1645
coptis, 1647
corni, 1648
ergotas, 521
eriodictyi, 525
fuci, 1695
galegas, 1696
gentianas, 603
geranii, 1705
glycyrrhizas, 621
grindelias, 628
hamamelidis folii, 632
hydrastis, 661
ipecacuanhas, 714
juglandis, 1728
nucis vomicae, 907
pareirae, 1796
pruni virgininas, 274
Fluidextractum quercus, 1820
rhamni purshianas, 261
rhei. 1190
sarsaparillae, 1215
scillas, 1306
scoparii, 1838
sennas, 1229
solani, 1866
verbasci foliorum, 1928
zingiberis, 606
Fluophosphates. 1625
Fluorescein sodium, 582, 1674, [v]1979
sodium solution, 583
Fluoresceina sodica, 582
Fluoresceinum sodicum, 582
Fluoroacetates, 1625
Fluorohydrocortisone acetate, 668
Fluorspar, 1272
Fliissige Karbolsaure, 1040
Flussiger Opodeldok. 235
Flussiges paraffin, 1026
Fly agaric, 1759
Fceniculum, 566
capillaceum, 566
panmorium, 567
piperitum, 566
vulgare, 566
Foglie di belladonna, 142
Foie de soufre potassique, 1092
Folia anthos, 1831
bucco, 196
digitalis, 444
dioamas, 196
jusquiami, 674
malabathri, 329
menthas piperitas, 1014
Folic acid, 409, 583, [v]1979
acid antagonists
and conjugates,
1692
acid antimetabolites, 1582
acid capsules, 588

Folic acid conjugates, 1693
acid injection, 588
acid tablets, 588
Folinerin, 1769
Folinic acid, 586, 1693
Follicle-stimulating hormone, 1810
Folliculi sennas, 1230
Folliculin, 541
Folliculine, 541
Folliculinum, 541
Follutein, 625, 1810
Fool's parsley, 1644
Foralamin, 1579
Foriod, 704
Formaldehyd solutus, 588
Formaldehyde, 588
-hydrosulfite, 1863
solution, 588, [v]1979
Formaldehydlosung, 588
Formaldehydum solution, 588
Formalin, 588
Formalina, 588
Formaline, 588
Formanol, 1754
Formene trichlore, 293
tri-iode, 702
Formic acid, 1693
Formin, 844
Formine, 844
Formol, 588
toxoid, 487
Formolo, 588
Formopone, 1863
Formosan lacquer, 1732
Formyl triiodide, 702
Formyltrijodid, 702
Formylum trichloratum, 293
Forthane, 1892
Forticillin, 1005
Fortified injection of procaine
penicillin G, 1005
Fortimycin, 1008
Fosfato bibasico di calcio, 230
bicalcico, 230
bisodico, 1288
de cal bibasico, 231
de calcio, monoacido, 230
de calcio, neutro, 231
de calcio tribasico, 231
de codeina, 350
de histamina, 646
de magnesio tribasico, 777
de sodio, 1288
de sodio desecado, 1289
de sodio efervescente, 1289
dibasico de calcio, 231
di calcio, 230
di codeina, 350
sodico, 1288
tricalcico, 231
Fosfoglicerato sodico, 1274
Fossil salt, 1266
Fouadin, 1313
Fougere male, 121
Fourneau series, 1527
Fowl laryngotracheitis
vaccine,
pox vaccine, [v]2050
Fowler's[v]2050
solution, 1093
Fowlersch Losung, 1093
Foxglove, 444
Fradicin, 883
Francisceine, 1745
Frangula, 1694
emodin, 1188
Frangularoside, 1694
Frangulin, 260, 1694, 1828
Franguloside, 1694, 1828
Franklinite, 1514
Fraxetin, 1747
Fraxin, 1747
Free-running salt, 1266
Fremontia California, 497
French bole, 1606
chalk, 1378
digitalin, 447
marigold, 1612

Index
French mixture, 697
mustard, 870
psyllium seed, 1070
rhapontic rhubarb, 1189
rose, 1197, 1830
Frenquel, 1549, 1808
Frequentin, 1568
Fresh baker's yeast, 1513
bitter-orange peel, 934
infusion of quassia, 1153
lemon peel, 751
water codfish, 1691
Friar's balsam, 158
cap, 20
elbow bones, 1898
Fringe tree bark, 1626
Fritillaria, 1695
Fritilline, 1695
Fritimine, 1695
Frozen normal human plasma, 1072
Fructo de cilantro, 365
Fructose, 1737
D-Fructose, 1737
Fructus anisi stellati, 1721
capsici, 239
caricae, 1691
carvi, 243
cocculi, 1642
colocynthidis, 359
coriandri, 365
foeniculi, 566
juniperi, 733
piperis nigri, 1799
vanillae, 1478
Fruit de coriandre, 365
de fenouil, 566
de vanille, 1478
sugar, 1737
Fruits de sene, 1230
Fruto de cubeba, 403
FSH, 1810
Fuadin, 1313
Fuchsin, acid, 591
Fuchswurz, 20
Fucoidin, 1695
Fucose, 1695
Fucus, 1695
crispus, 322
Irlandicus, 323
Fuller's earth, 734
Fulmicoton, 1151
Fumagillin, 1566
Fumarine, 928
Fuming nitric acid, 898
sulfuric acid, 1373
Fungicidin, 1567
Fungus chirurgorum, 1534
secalis, 516
Furacin, 899
soluble dressing, 900
solution, 901
Furadantin, 1770
Furan-j3-carboxylic acid, 1687
Furaspor, [v]1979
Furazolidone,
[v]1980
Furmethide, 1792
iodide, 1794
Furoxone, [v]1980
Furtrethonium iodide, 1794
Fusarium, 190
Fused silver nitrate, 1237
Fusible white precipitate, 822

Gadinic acid, 346
Gaduine, 346
Gadus a?glefinus, 344
callarias, 344
carbonarius, 344
ling, 344
merluccius, 344
molva, 344
morrhua, 344, 347
pollachius, 344
pollack, 344
Galacol, 629
Gaiacolsulfonate de potassium, 1100
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Gaiacolum, 629
Galactans, 1071
Galactose, 1695
Galactoside, 1707
Galanga, 1695
Galangal, 1695
Galangin, 1695
Galangol, 1695
Galato de bismuto, basico, 175
Galega, 1695
Galegine, 1695
Galena, 744
Galen's cerate, 1198
Galipine, 1659
Galipoidine, 1659
Galipoline, 1659
Galla, 1772
Gallamine triethiodide, 591
Gallamini triaethiodidum, 591
Gallate de bismuth, 175
Gallato basico di bismuto, 175
Gallic acid, 1696. [v]1980
Gallinarum-typhimurium
bacterin,
Gallium,[v]2055
1696
Gallium-72, 1825
Gallogen, 1659
Gallotannic acid, 1379
Galls, 1772
Gallus domesticus, 1469
Gallusgerbsaure, 1379
Galvanized iron, 1514
Gambir, 1696, [v]1980
tincture, compound, 1697, [v]1980
Gamboge, 593 [v]1980
butter, 593
Gambogia, 593
Gambogic acid, 593
Gamma benzene hexachloride, 152,
-coniceine,
[v]1982 1645
-globulins, 1073
lactones, 1706
rays, 1821
Gammexane, 152
Gamsblumen, 106
Ganglionic blocking agents, 1697
Gantrisin, 1365
diethanolamine, 1365
Gaplegin, 1697
Garantose, 1204
Garbe, 243
Garcinia collina, 593
Hanburyi, 593
indica, 593
Morella, 593
pictoria, 593
7-Garcinolic acid, 593
Garden Angelica, 1548
heliotrope, 1922
huckleberry, 1867
lettuce, 1732
marigold, 1611
mint, 1303
-sage, 1834
thyme, 1425
Gardinols, 1887
Garlic, 1538
Garou, 1756
Gartenthymian, 1426
Garza idrofila, 597
Gas gangrene antitoxin, bivalent,
antitoxin, mixed, 594
antitoxin (oedematiens), 594
antitoxin, pentavalent, 595
antitoxin (septicum), 594
antitoxin, trivalent, 594
antitoxin (welchii), 594
Gas tar, 1381
wells, 1801
Gasa absorbente, 597
absorbente adhesiva, 135
absorbente esteril, 597
hidrofila, 597
Gastric mucin, 1758
Gastrin, 1679
Gastrointestinal hormones, 1679
Gastuloric, 609

594

Gasu-basu, 1681
Gat, 1619
Gataf, 875
Gaultheria, 1703
oil, 853
procumbens, 853
Gaultherin, 1704
Gaultherioside, 1704
Gauze, 597
bandage, 597
petrolatum, 597
Gaze hydrophile pour pansements, 597
Gebleichtes Waehs, 1505
Gebrannte Magnesia, 776
Gebrannter Alaum, 53
Kalk, 755
Geddic acid, 1443
Gefallter Schwefel, 1368
Gefalltes Kalziumkarbonat, 217
Quecksilberoxyd, 811
Geissospermine, 1782
Gel de fosfato de aluminio, 59
Doraxamin, 465
strength, 598
Gelatin, 598, [v]1980
of zinc, 1516
solution, special intravenous,
600
sponge, absorbable, 601
Gelatina, 598
alba, 598
atropini, 128
in lamellis, 739
medicata in lamellis, 739
officinale, 598
officinalis, 598
Gelatinelamellen, 739
Gelatinized chloroform, 295
Gelatinum, 598
zinci, 1516
Gelatum alumini hydroxidi siccum, 58
alumini hydroxidum, 56
alumini phosphatis, 59
ephedrinae sulfatis, 506
Gelbe Quecksilberoxydsalbe, 811
Gelber Enzian, 602
Gelbes Quecksilberoxyd, 811
Vaselin, 1024
Wachs, 1505
Gelbholzrinde, 1694
Gelbwurzel, 660
Gelfilm, 601
Gelfoam, 601
Gelidium, 31
Amansii, 30
cartilagineum, 30
Gelosa, 30
Gelose, 30
Gelsedine, 1704
Gelsemic acid, 1704
Gelsemicine, 1704
Gelsemidine, 1704
Gelsemine, 1704
Gelseminic acid, 1704
Gelseminine, 1704
3elsemium, 1704
Gelsemoidine, 1704
Gemalgene, 1447
Gemmae populi, 1088
Gemonil, 1597
Genciana, 602
Geneserine, 1054
Genevrier, 733
Genisteine, 1838
Genoscopolamine, 1223
Gentiamarin, 603
Gentian, 602, [v]1980
concentrated
compound
infusion
of, 603
elixir, glycerinated, 603
fluidextract, 603
root, 602
tincture, compound, 603
violet, 858
Gentiana, 602
Catesbaei, 602
Elliottii, 602
lutea, 602
pannonica, 602
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Gentiana punctata, 602
purpurea, 602
Gentiane, 602
jaune, 602
Gentianic acid, 603
Gentianin acid, 603
Gentianose, 603
Gentii, 603
Gentiobiose, 44
Gentiogenin, 603
Gentiopicrin, 602
Gentisic acid, 603
Gentran, 1812
Genziana, 602
Geoff royine, 1609
Gepulvertes Eisen, 717
Geralbine, 1489
Geraniol, 1198, 1797
Geranium, 1705
Geranyl-glucoside, 1708
Geratacaca, 1745
Gerb?aure, 1379
Gereinigte Baumwolle, 396
Kieselgur, 1232
Trockne Ochsengalle, 942
Gereinigter Schwefel, 1371
Storax, 1316
Suszholzsaft. 620
Gereinigtes Terpentinol, 1466
German chamomile, 1749
digitalin, 447
mustard, 870
tinder, 1533
Germanin, 1375
Germanitrine, 14S9
Germanium, 1705
dioxide, 1705
Germbudine, 1488
Germerine, 1489
Germidine, 1488, 1933
Germine, 1488, 1933
Germinitrine, 1489
Germitetrine B, 1489
Germitrine, 1488
Gesarol, 297
Geschmoizenes Silbernitrat, 1237
Gestasol. 1810
Getah taban, 1709
Getrocknete Schilddrusen, 1429
Getrocknetes Ferrosulfat, 579
Gewaschene Schwefelblumen,
1371
Gewurznelken, 335
Gewurzsafran, 1651
Giaggiolo, 938
Gialappa, 731
Giant milkweed, 1612
ragweed, 1540
Gigantin, 1612
Gigartina mamillosa, 322
Gillenia trifoliata, 1226
Ginepro, 733
Ginger, 604, [v]1980
fluidextract, 606, [v]1980
oleoresin, 606
rhizome, 604
syrup, 606
tea, 606
Gingembre, 604
Gingerol, 605
Girofle, 335
Gitaligenin, 47
Gitaligin, 1669
tablets, 1669
Gitalin, 447, 1669, 1708
Githagin, 1534
Gitogenin, 448
Gitonin, 447
Gitoxigenin, 447, 1708
hydrate, 447, 1708
Gitoxin, 447, 1708
Giusquiamo, 674
Glacial acetic acid, 10
metaphosphoric acid sticks, 1051
phosphoric acid, 1051
Gladiolic acid, 156S
Glandulae rottlerae, 1729
thyroids siccatse, 1429

Index
Glauberite, 1298
Glauber's salt, 1298
Glaubersalz, 1298
Glaucium flavum, 926
Glicerina, 611
Glicerito de acido tanico, 1381
de boroglicerina, 193
Glicerofosfato de calcio, 222
de sodio, 1274
di calcio, 222
di sodio, 1274
Glicerolado de almidon, 1311
Glicerolato
d'amido, 1311
Glicirriza, 617
Globaline, 694
Globe flower, 1620
Globin, 1712, 1814
insulin with zinc, 685
zinc insulin, 685
zinc insulin injection, 685
Globularetin, 1706
Globularia, 1706
Globularin, 1706
Globulin, antihemophilic, 607
immune serum, 607
Globulins, 482
Globulinum antihemophilicum, 607
Globulum, 1807
Gloiopeltis tenax, 31
Glonoin, 614
Gloriosa, 1706
superba, 351
Glucagon, 680
Glucinum, 1600
Glucochoral. 1626
Gluco-ferrum, 576
Gluconate de calcium, 220
Gluconato de calcio, 220
Gluconic acid, 428, 1706
Glucophylline, 1898
Glucoproteins, 1758
Glucosa, 427
liquida, 608
Glucosamine, 1758
Glucoscillaren A, 1306
Glucoscillipheoside, 1306
Glucose, 427, 608, 1764
ampuls, 429
officinal, 427
syrup, 1309
Glucosides, 1707
Glucosum, 427, 608
liquidum, 608
Glucovanillic alcohol, 1480
Glucovanillin, 1480
Glucurone, 1706
Glucuronic acid, 428, 1706
Glusida, 1204
Gluside, 1204
Glusidum, 1204
solubile, 1205
Glutamic acid hydrochloride, 609
acid hydrochloride capsules, 611
Glutamine, 610
Glutan H-C-L, 609
Glutasin, 609
Glutethimide, 1707
Glutin, 598
Glutinosin, 1568
Glutoid, 1894
Glycarsamide, [v]2017
Glycere a l'acide borique, 193
an tanin, 1381
d'amidon, 1311
phenole, 1040
Glycerides of phosphoric acid, 1707
Glycerin, 611, [v]1980
of boric acid, 193
of phenol, 1040
of starch, 1311
of tannic acid, 1381
suppositories, 613
Glycerina, 611
Glycerinated gelatin suppositories,
1885
gentian elixir, 603
vaccine virus, 1240

Glycerine, 611
officinale, 611
phenolee, 1040
Glycerinophosphoric acid, 1707
Glycerinphosphorsaures Eisenoxyd,
Natrium,
1274
572
Glycerinsuppositorien, 613
Glycerinum, 611
acidi carbolici, 1040
acidi borici, 193
acidi tannici, 1381
amylatum, 1311
amyli, 1311
phenolis, 1040
Glycerite. 670
of glyceryl borate, 193
of tannin, 1381
Glycerites, 612
Glycerito de almidon, 1311
Glyceritum acidi tannici, 1381
amyli, 1311
boroglycerini, 193
cum acido borico, 193
cum acido tannico, 1381
cum phenolo, 1040
Glycerogelatina, 1707
Glycerogelatins, 1707
Glycerol, 611
dilute, 611
Glycerolato simple, 1311
Glycerolatum amyli, 1311
Glycerole d'amidon, 1311
Glycerolum, 611
dilutum, 611
Glycerophosphate de calcium, 222
de chaux, 222
de sodium cristallise, 1274
de soude, 1274
of lime, 222
Glycerophosphates elixir, compound,
613
Glycerophosphoric acid, 1707
Glyceryl monostearate, 613, 1887
triacetate, 614
trinitrate, [v]1980
trinitrate spirit, 615
trinitrate tablets, 614
Glycerylis triacetas, 614
Glycin, 62
Glycine,
elixir,62,64942
Soja, 1865
Glycinin, 1865
Glycobiarsol, 616
tablets, 617
Glycocholic acid, 943
Glycocoll, 62
elixir, 64
Glycocyamine, 1601
Glycogenic acid, 1706
Glycol polyethylenum, 400, 1081
polyethylenum 4000, 1082
propylenum, 1134
Glycoproteins, 1758
Glycose, 427
Glycosidal anthraquinone
derivatives,
1708
dyes, 1708
pigments, 1708
Glycosides, 1707
Glycyrrhetic acid, 618
Glycyrrhetinic acid, 618
Glycyrrhiza, 617
echinata, 618
elixir, 619
extract, 619
extract, pure, 620
fluidextract, 621
glabra, 617, 926
glabra glandulifera, 618
glabra typica, 618
lepidota, 618
syrup, 621
uralensis, 618
Glycyrrhiza radix, 617
Glycyrrhizic acid, 618

Index
Glycyrrhizin, 618, 620
ammoniated, 619
Glycyrrhizinum ammoniatum, 619
Glyketal, 1860
Glykokoll, 62
Glykose, 427
Glynazan, 1412
Glyoxyldiureid, 1536
Glysennid, 1229
Glytheonate, 1412
Glyzerin, 611
Glyzerinphosphorsaurea Kalzium, 222
Glyzerinsalbe, 1311
GNB, 297
Goa butter, 593
powder, 325
Goat's rue, 1831
thorn, 1442
Gold-198, 1825
Gold-bloom, 1611
bromide, 1708
sodium thiomalate, 129, 621,
[v]1980
sodium thiomalate injection, 623
sodium thiosulfate, 623
sodium thiosulfate, sterile, 624
thioglucose, 128
thioglucose injection, 129
tribromide, 1708
Golden chain, 1660
life-root, 1840
moss, 1798
ragwort, 1840
rain, 1660
seal, 660
shower, 1618
wattle acacia, 1
Goldenseal, 660
fluidextract, 661
Goldsiegelwurzel, 660
Goldthread, 1647
Goma Arabiga, 1
de acacia, 1
del Senegal, 1
tragacanto, 1442
Gomenol, 1750
Gomma adragante, 1442
arabica, 1
del Senegal, 1
dragante, 1442
Gomme adragante, 1442
arabique, 1
d'acajou, 1547
'de Senegal, 1
gotta, 593
Gommegutt, 593
Gomme-gutte, 593
Gomo-resina guta, 593
Gonacrine, 25
Gonadin, 1810
Gonadogen, 1811
Gonadophysin, 1810
Gonadotrophin, injection of serum,
626
serum, 626
Gonadotrophinum chorionicum, 625
sericum, 626
Gonadotropic hormone, 1810
Gonadotropin, 1390, [v]1980
Gonatrin, 1810
Gondang wax, 1931
Gonococcus vaccine, 1917
Gooroo nuts, 1730
Goosefoot, 1625
Goose-tansy, 1817
Gorli, 658
fat, 1612
Gossypii radicis cortex, 1650
Gossypine, 319
Gossypium asepticum, 396
barbadense, 396
depuratum, 396
herbaceum, 396
hirsutum, 396, 1650
purificatum, 396
Gossypol, 398
Goudron de cade, 1384

Goudron de houille, 1381
de Norvege, 1385
de pin, 1385
vegetal, 1385
Goulard's extract, 748
lotion, 749
water, 749
Gourd curare, 1653
Graafian follicle, 1780
Gracularia confervoides, 30
lichenoides, 31
Graine de moutarde noire, 869
Grains of paradise, 256
Graisse de suint hydra tee, 1511
de suint purifiee, 1510
Gramicidin, 1470, [v]1982
Gramicidin-S, 1471
Grana fina, 343
Molucca, 1652
nigra, 343
paradisi, 257
sylvestra, 343
tiglia, 1652
Granatillol, 1652
Granatum, 1798
Grandifiorine, 1866
Granilla, 343
Grano speronato, 516
Granuke, 1807
Granulated opium, 931
zinc, 1514
Granules, 1807
Granulestin, 1734
Grape brandy, 193
sugar, 427
Graphite, 248
Grasa balsamica, 743
de cacao, 1406
de cerda benzoinada, 743
de credo, 742
de lana, 1510
de lana hidratada, 1511
Grasso con benzoino, 743
di cacao, 1406
di lana, 1510
suino, 742
Gratus-strophanthin, 940
Gray leech, 1735
powder, 1753
sarsaparilla, 1213
Greaseless ointments, 1298
Great laurel, 1829
mullein, 1927
ragweed, 1540
Greater periwinkle, 1928
striated ipecac, 713
Greek hay seed, 1908
licorice, 620
sage, 1835
Green endive, 1732
ferric ammonium citrate, 569
galls, 1772
ginger, 604
hellebore, 1486
iodide of mercury, 816
leech, 1735
pepper, 240
soap, 1245
vitriol, 578
Greenheart, 1598
Gregory's powder, 1190
Grenetina, 598
Grenetine, 598
Griffes de girofle, 336
Grindelia, 626
camporum, 626
discoidea, 627
fluidextract, 628
humilus, 626
robusta, 626
squarrosa, 626
Grindeliafluidextrakt, 628
Grindeliakraut, 626
Grindeline, 627
Grindelol, 627
Griseofulvin, 1568
Ground-nut oil, 978
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Groundsel, 1839
Growth hormone, 1809
Grime Miinze, 1303
Griines ferri-ammoniumcitrate, 569
G-Strophanthin, 940, 1874
Guadeloupe jaborandi, 1061
Guaiac, 628
resin, 628
tincture, ammoniated, 629
yellow,
629
Guaiacene, 629
Guaiaci lignum, 628
resina, 628
Guaiacol, 399, 629, [v]1982
carbonate, 1708, [v]1982
Guaiacolis carbonas, 1708
Guaiaconic acid, 628
Guaiaconresinol, 628
Guaiacum, 628
wood, 628
Guaiaretic acid, 629
Guaiene, 629
Guajacol, 629
Guajacolo, 629
Guajacolum, 629
Guajacum officinale, 628
sanctum, 628
Guajakharz, 628
Guajakolsulfosaures Kalium, 1100
Guanatol hydrochloride, 1128
Guanidine, 1709
Guanidoacetic acid, 1601
Guar flour, 1709
gum, 1709
Guarana,
bread, 1709
paste, 1709
Guaranine,
205, 1709
Guarin, 205
Guayacol, 629
Guayaquil sarsaparilla, 1214
Guelder rose, 1492
Guillandin, 1606
Guimauve, 51
Guinea grains, 257
403
Gum pepper,
acacia, 239,
1
ammoniac, 1546
asafetida, 113
Benjamin, 156
bush, 524
camphor, 232
elemi, 1675
guaiac, 628
Juniper, 1835
karaya, 1312
kino, 1730
myrrh, 875
opium, 922
plant, 626
rosin, 1200
savakin, 2
thus, 1911
tragacanth, 1442
tree, 1316
turpentine, 1911
Gummi Africanum, 1
Arabicum, 1
gambse, 593
gutta, 1732
593
lacca,
mimosae, 1
-resina ammoniacum, 1546
sterculiae, 1312
tragacanthae, 1442
Gummigutt, 593
Gummiresina asofcetida, 113
gutti, 593
myrrha, 875
Gummischleim, 4
Gummisirup, 5
Gumweed, 626
Gurgi fat, 593
Guru nuts, 1730
Gutagumba, 593
Gutta-percha, 1709
taban, 1709

Index
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Gutti, 593
Gutzeit test, 110
Guvacaine, 105
Guvacoline, 105
Gynergen, 522
Gynocardia odorata, G57
Gynokardiaol, 657
Gyoscopine, 927
Gypsum, 1611

H
H2, 1824
Habbunni], 1728
Hacha, 1819
Haddock, 344
Hasmanthine, 1608
Haematoxyli lignum, 1710
Hasmatoxylon, 1710
Haemoglobin, 1712
Hainoung, 1186
Hairari, 1831
Hake, 344
Halazone, 630
tablets, 630
Halazonum, 620
Halden's emulsifying base, 267
Halibut liver oil, 631, [v]1982
liver oil capsules, 631
Halite, 1266
/J-Haloalkylamines, 1529
Hamamelidis cortex, 632
folium, 631
Hamamelis, 631
de virginie, 631
dry extract of, 632
leaf, 631
leaf fluidextract, 632
ointment of, 633
virginiana, 631, 633
water, 633
Hamamelisblatter, 631
Hamamelisfiuidextrakt, 632
Hapamine, 649
Haptophore group, 487
Hard paraffin, 973
pine, 1911
platinum, 1815
soap, 1243
water, 1500
Hardened oils, 1775
Hardhack, 1868
Hareburr, 1733
Harmaline, 1797
Harmalol, 1797
Harmine, 1797
Harnstoff, 1475
Hartmann's solution for injection, 1196
Hashab, 1
Hasheesh, 1613
Hashish, 1613
Hausmanite, 1746
Hawthorn, 1710
Hayo, 1641
Heart leaf arnica, 107
Heavy kaolin, 734
liquid petrolatum, 1026
magnesium carbonate, 773
magnesium oxide, 776
oil, 1382
spar, 139, 1598
water, 1718
Hedeoma, 1710
Hedulin, 1572
Heerabol, 875
Heerabolene, 876
/?-Heerabomyrrhol, 876
/S-Heerabomyrrholic acid, 876
Heeraboresene, 876
Heilwurzel, 51
Helenalin, 1711
Helenic acid, 1711
Helenin, 1711, 1723
Helenium, 1711
Helgotan, 1895
Helianthus, 1711
Helicin, 1708
Helio, 633

Heliotropin, 1808
Helium, 633
Helleborein, 1711
Helleborin, 1711
Helleborus, 1711
Hellebrin, 1711
Helmet flower, 1838
Helminthochorton, 1695
Helmitol, 1754
Helonias, 1535, 1712
Helvallaic acid, 1759
Helvine, 1600
Hematein, 1710
Hematite, 717, 1689
Hematoporphyrin, 1712, 1884
Hematoxylin, 1710
Hematoxylon, 1710
extract, [v]1982
Heme, 1712
Hemicelluloses, 1310
Hemidesmi radix, 1712
Hemidesmol, 1712
Hemidesmus indicus, 1214
root, 1712
Hemidosterol, 1712
Hemin, 1712
Hemipinic acid, 928
Hemiterpenes, 1776
Hemlock, 1644
Hemoglobin, 1712
A, 1712
C, 1712
D, 1712
F, 1712
S, 1712
Hemopak, 264
Hemorrhagic-septicemia aggressin,
[v]2042 bacterin, [v]2055
-septicemia
Hemp, 1613
yellow, 501
Henbane, 674
extract, 675
tincture, 676
Henbell, 674
10-Hendecenoic acid, 1474
Henna, 790
Hentriacontane, 1506
Hepar cum stomacho, 766
desiccatum, 766
sulfuris, 1092
Heparin, 635
in Pitkin menstruum, 639
repository, 639
sodium, 635
sodium injection, 639
Heparinum, 635
sodicum, 635
Hepatic aloe, 48
Heptacosane, 1506
Heptalgin, 837, 1030
Heptazone hydrochloride, 1030
rc-Heptyl penicillin, 984
Herapathite, 1167
Herb of grace. 1831
Herba absinthii, 1523
centaurii, 1620
grindeliae, 626
hyoscyami, 674
lobelias, 767
lycopodii, 771
musci clavati, 771
rorellae, 1673
xoris solis, 1673
rutae caprariae, 1695
solani furiosi, 142
Herbstzeitlosensamen, 356
Hercules club, 104
Herculin, 1931
Herocaine, 1115
Heroin hydrochloride, 1664
Hesper-C, 1929
Hesperetin, 751, 935
Hesperidin, 751, 935, 1929
methyl chalcone, 1929
phosphorylated, 1202

Heterophyllin, 1825
Heteropteris pauciflora, 713
Heterotheca inuloides, 107
HETP, 1794
Hetrazan, 439
Heuchera, 1713
Heusamen, 1070
Hexabione hydrochloride, 1145
Hexachlorocyclohexane, 152, [v]1982
Hexachloroethane, [v]1983
Hexachlorophene, 640, [v]1983
liquid soap, 641
1-Hexadecanol, 266
n-Hexadecyl alcohol, 266
Hexadienestrol, 437
Hexadine-N, 694
Hexadine-S, 694
Hexaestrol, [v]1983
Hexaethyltetraphosphate, 1794
Hexahydromethamphetamine, 1136
Hexahydropyrazine, 1807
Hexahydrothymol, 794
Hexal, 1754
Hexalet, 1754
Hexaloids, 844
Hexalupine, 1744
Hexamethonium, 1700
bitartrate, 1701
bromide, 1701
chloride, 1697, 1701
iodide, 1701
salts, 1701
Hexamethylenamina, 844
Hexamethylenamine, 844
acetylaminosalicylic acid, 1754
mandelate, 846
Hexamethylenetetramine, 844
compounds, 1754
mandelate, 846
Hexamethylentetramin, 844
Hexametilentetramina, 844
Hexameton chloride, 1697
chloride, 1701
Hexamina, 844
Hexamine, 844, [v]1993
Hexathide, 1701
Hexavitamin capsules, 641
tablets, 641
Hexenmehl, 770
Hexestrol, 642, [v]1983
injection, 642
tablets, 642
Hexethal sodium, 1596
Hexilresorcinol, 644
Hexobarbital, 644, [v]1984
sodium, 643, [v]1984
Hexobarbitalum, 644
Natricum, 643
sodicum, 642
Hexobarbitone, 644
sodium, 643
Hexobarbitonum, 644
sodium, 643
Hexuronic acid, 115
Hexylcaine hydrochloride, 1742,
Hexylresorcinol, 644, [v]1984
[v]1984
.pills,
646
HFG, 680
Hibernal, 1629
Hibicon, 1852, 1853
Hi-deratol, 212
Hidrato de Aluminio gelatinado, 56
de aluminio gelatinado seco, 58
de Amileno, 91
de calcio, 223
de cloral, 277
de potasio, 1101
de sodio, 1275
de terpina, 1388
potasico,
1101
Hidroxido
de potasio,
1101
Hiera picra, 1613
Hierro, 717
Reducido, 721
Higado con estomago, 767
High-alcoholic elixir, 723
-bush cranberry bark, 1492

Index
High-dried rhubarb, 1185
fat cocoa, 204
Hillia illustris, 713
Hilteet. 113
Hilwort, 1750
Himalayan rhubarb, 1189
Himbeersirup, 1182
Hing, 113
H inkle's pills, 51
Hinojo, 566
Hinokinin, 404
Hiohex chloride, 1701
Hipofosfito de calcio, 224
de hierro, 573
de manganeso, 783
de potasio, 1102
de sodio, 1278
de sosa, 1278
ferrico, 573
manganoso, 783
Hiposulfito sodico, 1300
Hippoglossus hippoglossus, 631
Hippulin, 530, 541
Hippuran, 1864
Hirschhornsalz, 77
Hirudin, 1735
Hirudo, 1734
Hirundo esculenta, 31
Histadyl, 843
Histaminoe phosphas, 646
phosphas acidus, 646
Histaminase, 646, 1575, [v]1943
Histamine acid phosphate, 646
diphosphate, 646
phosphate, 646
phosphate injection, 649
Histamini phosphas, 646
Histaminium acid phosphate, 646
Histar, 1149
Histidinae monohydrochloridum, 649
Histidine, 649
monohydrochloride, 649
monohydrochloride injection, 651
Histidinium chloride, 649
Histohematin, 1661
Histone zinc insulin, 685
Histoplasmin, 1538
Hive syrup, 1307
Hoarhound, 1748
Hoary pea, 1831
Hobble-bush, 1493
Hochwurzel, 602
Hodorine, 1869
Hoechst 10600, 1030
Hoechst 10820, 836
Hoffmann's anodyne, 548
drops, 548
Hoffmannstropfen, 548
Hog cholera vaccine
(killed virus),
[v]2051
cholera vaccine, modified live virus
(rabbit origin), [v]2051
cholera vaccine, modified live virus,
tissue culture (in vitro),
[v]2051
cholera virus, [v]2051
gum, 1442
Hogfennel, 1721
Hog-gum, 1829
Hogweed, 1540
Hoja de beleno, 674
de belladona, 142
de digital, 444
de estramonio, 1317
de hamamelis, 631
de sen, 1226
Holarrhena antidysenterica, 360
Holarrhenine, 1644
Holligold, 1611
Holly-leaf barberry, 1600
Holoeainae chlorhydras, 1029
Holocaine hydrochloride, 1029
Holzteer, 1385
Homatropina? bromhydras, 651
hydrobromidum, 651
methylbromidum, 652
Homatropine, 125, 1784
bromide, 661

Homatropine hydrobromate, 651
hydrobromide, 651
methylbromide, 652, 1785
methylbromide tablets, 652
Homatropinhydrobromid, 651
Homatropini hydrobromidum, 651
Homatropinium bromide, 651
Homatropinum hydrobromicum, 651
a-Homochelidonine, 1623
0-Homochelidonine, 1210
Homocillin, 1005, 1008
Homocinchonine, 1639
Homoeriodictyol, 524
Homoeuonysterol, 1687
Homolle's digitalin, 447, 1668
Homoparacopaivic acid, 1646
Homophleine, 1680
Homopterocarpin, 1183
Homoquinine, 1653
4-Homosulfanilamide hydrochloride,
1880
Homotaraxasterol, 1387
Honduras bark, 1616
sarsaparilla, 1213
Honey, 653
sugar, 427
water, 1534
Hongheline, 1526
Hongheloside A, 1526
Hongheloside B, 1526
Honig, 653
Hoodwort, 1838
Hop-bitters, 1714
-red, 1714
Hopfendriisen, 1744
Hopfenmehl, 1744
Hops, 1714
Hordein, 1713
Hordenine, 1713, 1888, 1891
Hordeum, 1713
Hordeum distichon, 781
vulgare, 781
Horehound, 1748
Hormesteral, 542
Hormones, 1678
Horn-seed, 516
Hornklee, 323
Horse aloe, 48
-chestnut, 1533
-mint, 1014
-nettle berries, 1866
savin berries, 733
serum, normal, 1845
Horsecane, 1540
Horsemint, 1758
Horseradish, 1713
root, 1713
Horsetail kelp, 1250
Horseweed, 1540
Hound's berry, 1866
tongue, 398
House dust allergen, 1537
HPC, 1763
H-Strophanthin, 1874
Huapi bark, 1643
Huckleberry, 1922
Huddleson's mucoid vaccine, [v]2048
Huesos 6 codos de fraile, 1898
Hiihnertod, 674
Huile d'amande, 45
d'arachide, 978
de cade, 1384
de chaulmoogra, 657
de cotonnier, 397
de foie de morue, 344
de lin, 759
de mais, 366
de ricin, 261
de sesame, 1232
de vaseline epaisse, 1026
de vaseline fluide, 1026
d'olive, 921
Hulled barley, 1713
Human fibrin foam, 580
fibrinogen, 581
immune sera, 1845
measles immune serum, 1845
mumps immune serum, 1845
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Human plasma, dried, 1072
plasma, normal, 1071
scarlet fever immune serum,
1845
serum, 1231
serum albumin, normal, 32
serum, dried, 1231
serum, liquid, 1231
serum, normal, 1231
thrombin, 1425
Humulene, 1714
Humulon, 1714
Humulone, 1714
Humulotannic acid, 1714
Humulus, 1714
Hungarian balsam, 1064
chamomile, 1749
Hungerkorn, 516
Hura, 1714
Hurin, 1714
Huysenblas, 1727
Hyalase, 654
Hyaluronidase, 654, [v]1984
for injection, 654
Hyamine 1622, 153
Hyazyme, 654
Hybanthus ipecacuanha, 713
Hyclorite, 1276
Hycodan bitartrate, 460
Hydeltra, 1817
Hydergine, 1527, 1531
Hydnocarpic acid, 658, 1773
Hydnocarpus anthelmintica, 657
castanea, 657
heterophylla, 657
oil, 657
oil, injection of, 659
wightiana, 657
Hydrabamine penicillin G, 989, 998
Hydracetin, 1524
Hydracillin, 1004
Hydralazine hydrochloride, 1714
Hydrangea, 1716
Hydrargyri aminochloridum, 821
bichloridum, 823
biiodurum, 809
chloridum corrosivum, 823
cyanidum, 1751
cyanurum basicum, 812
iodidum flavum, 816
iodidum rubrum, 809
iodidum viride, 816
oxidum flavum, 810
oxidum rubrum, 1752
oxycyanidum, 812
perchloridum, 823
protoioduretum, 816
protoiodurum, 816
salicylas, 1752
subchloridum, 814
succinimidum, 1752
sulfidum rubrum, 1753
Hydrargyrum, 817
ammoniatum, 821
bichloratum, 823
bichloratum ammoniatum, 821
bichloruretum, 823
bijodatum, 809
chloratum (mite), 814
chloridum mite, 814
chloruretum, 814
cum creta, 1753
depuratum, 817
diioduretum, 809
elainicum, 827
iodatum flavum, 816
iodatum rubrum, 809
ioduretum, 816
jodatum, 816
oleatum, 827
oleicum, 827
oleinicum, 827
oxidatum praecipitatum, 811
oxycyanatum, 812
oxycyanatum cum hydrargyro
cyanato, 821
oxydatum flavum, 811
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Hydrargyrum
oxydatum
via humida
paratum, 811
prsecipitatum album, 821
protochlorurum, 814
Hydras amylenicus, 91
Hydrastine, 661
Hydrastinine, 1660
hydrochloride, 1716
Hydrastininae hydrochloridum, 1716
Hydrastis, 660
canadensis, 660
fluidextract, 661
jezoensis, 660
rhizome, 660
Hydrastisfluidextrakt, 661
Hydrastisrhizome, 660
Hydrate d'amylene, 91
de chloral, 277
de chloral cristallise, 277
de dipentene, 1388
de potasse pure, 1101
de quinine, 1167
de terpine, 1388
of lime, 223
Hydrated calcium chloride, 220
chloral, 277
magnesium silicate, 780
Hydriodic acid, 690
acid syrup, 662
Hydrionic, 609
Hydrobromas homatropini, 651
Hydrocarbonate de magnesium, 773
Hydrochlorate of cocaine, 339
of lime, 219
de morphine, 867
Hydrochloric acid, 663
acid, constant boiling, 663
acid, diluted, [v]1984
Hydrocinchonidine, 1638
Hydrocodone bitartrate, 460
Hydrocodoni bitartras, 460
Hydrocortisone, 28, 665, [v]1984
tablets, 669
acetate, 28, 667, 669
acetate ointment, 669
acetate suspension, sterile, 669
21-acetate, 669
Hydrocortone, 665
Hydrocotarnine, 927
Hydrocotoin, 1650
Hydrocoumaric acid, 1750
Hydrocupreine, 1653
Hydrocyanic acid, diluted, 1717,
[v]1985
Hydroergotinine, 518
Hydrogel, 57
Hydrogen, 1718
chloride, 663
dioxide solution, 670
nitrate, 898
peroxide, 670
peroxide solution, 670, [v]1985
peroxide with carbamide, 670
sulfide, 1718
Hydrogen-2, 1824
Hydrogenated castor oil, 263
oils, 1775
Hydrogenium peroxydatum solutum,
670
Hydrohydrastinine, 1716
Hydro-ipecamine, 712
Hydrolatum cinnamomi, 333
floris citri vulgaris, 934
menthae piperitae, 1017
rosse, 1198
Hydromorphone hydrochloride, 461
Hydromorphoni hydrochloridum, 461
Hydrophile baumwolle, 396
Hydrophiler mull, 597
Hydrophilic group, 1886
ointment, 909, 1778
petrolatum, 319, 1025, 1778
Hydrophobic group, 1886
Hydroquinidine, 1638
Hydroquinine, 1638, 1719
Hydroquinone, 1915
Hydrosilicofluoric acid, 1273
Hydrosorb, 1779

Index
Hydrosulfuric acid, 1718
Hydrosulfurous acid, 1370
Hydrothymoquinone, 1758
Hydrous chloral, 277
emulsifying ointment, 908
ointment, 909
wool fat, 1511
Hydroxocobalamin, 404
p-Hydroxyacetanilid, 1524
Hydroxyamphetamine hydrobromide,
672
Hydroxyamphetaminium bromide, 672
m-Hydroxybenzaldehyde, 1047
o-Hydroxybenzamide, 1833
0-Hydroxybutyraldehyde, 1524
Hydroxychelidonine, 1623
3 (cis)-Hydroxy-5-cholestene, 315
17-Hydroxycorticosterone, 28, 665
Hydroxyde de calcium, 223
de potassium officinal, 1101
de sodium, 1275
17-Hydroxy-ll-dehydrocorticosterone,
28, 374
17-Hydroxy-ll-desoxycorticosterone,
28
14-Hydroxydihydrocodeinone, 949
Hydroxydione, 1719
Hydroxyethylapocupreine, 1719
2-Hydroxyethyl-trimethylammonium
bitartrate, 319
2-Hydroxyethyl-trimethylammonium
citrate, 322
Hydroxyglutamic acid, 1541
Hydroxyhydroquinone, 1150
Hydroxylupanine, 1744
■m-Hydroxy-methylaminoacetophenone
hydrochloride, 1047
Hydroxy-methylanthraquinones, 260
m-Hydroxyphenyl acetate, 1185
p-Hydroxyphenylacetic acid, 1387
Hydroxyphenylcinchoninic
acid, 1763,
1766
21-Hydroxyprogesterone acetate, 422
Hydroxyproline, 1541
a-Hydroxypropionic acid, 736
2-Hydroxypropionic acid, 736
8-Hydroxyquinoline, 1781
citrate, 1781
sulfate, 1781
Hydroxyresveratrol, 1489
Hydroxysantonin, 1211
Hydroxystearin sulfate, 263, 1719
Hydroxystearini sulfas, 1719
2-Hydroxystilbamidine
diisethionate,
1666
5-Hydroxytryptamine, 1887
Hydryllin, 477, 1578
Hykinone, 793
Hymenolepis nana, 123
Hyodesoxycholic acid, 943
Hyoscinae hydrobromas, 1221
hydrobromidum, 1221
Hyoscine, 146, 675, 1784, 1856
hydrobromide, 1221, [v]2014
hydrobromide, injection of, 1223
hydrobromide tablets, 1224
Hyoscini hydrobromidum, 1221
Hyoscyami herba, 674
mutici herba, 674
dZ-Hyoscyamine, 1784
Hyoscyamine, 124, 146, 675, 1661
hydrobromide, 673
sulfate, 673
Z-Hyoscyaminium bromide, 673
sulfate, 673
Hyoscyamus, 673, 674, [v]1985
albus, 674
extract, 675
extract, pilular, 675
extract, powdered, 676
herb, 674
leaves, 674
muticus, 124, 674
muticus herb, 674
niger, 124, 674, 1221
reticulatus, 674
tincture, 676
Hypaphorine, 1680

Hypercillin, 1004
in aqueous suspension, 1004
Hyperglycemic-glycogenolytic factor,
680
Hypericin, 1720
Hypericum, 1720
red, 1720
Hyperoodon rostra tus, 1300
Hypertensin, 1720
Hypertensinase, 1720
Hypertensinogen, 1720
Hyphylline, 1898
Hypnea musciformis, 30
Hypo,
1300 de chaux sec, 756
Hypochlorite
Hypodermic tablets, 1894
Hypogseic acid, 1773
Hypoiodous acid, 690
Hypophosphis sodicus, 1278
Hypophosphite de calcium, 224
de chaux, 224
de fer, 573
de manganese, 783
de potassium, 1102
de sodium, 1278
de soude, 1278
of lime, 224
of soda, 1278
Hypophosphites syrup, compound, 676
Hypophosphitsirup, 676
Hypophosphorous acid, 676, 1805
oxide, 1805
Hypophysis
cerebri, 1808
sicca, 1065
Hypoquebrachine, 1819
Hyposulfis sodicus, 1300
Hyposulfite de sodium, 1300
de soude, 1300
Hyprotigen, 1140
Hyrganol, 659
Hytakerol, 1669

Ti&

1292, 1824

Iceland lichen, 1622
moss, 1622
spar, 267
Ichthalbin, 1720
Ichthammol, 677
ointment, 678
Ichthosulfonate, 677
Ichthymall, 677
Ichthyocolla, 1727
Ichthyol, 677
albuminate, 1720
-sulfonic acid, 677
Ichthyolammonium, 677
Ichthyolsulfonate d'ammonium, 677
Ichthyolsulfonsaures Ammonium, 677
ICSH, 677
1810
Ictiol,

Ictiosulfonato amonico, 677
Ictotest, 1633
Idraste, 660
Idrato di amilene, 91
di cloralio, 277
di potassio, 1101
di sodio, 1275
di terpina, 1388
Igasuric acid, 906
Ignatia, 1720
Ilag-ilag de China, 1590
Iletin, 680
Ilidar, 1527
Illicium, 1721
anisatum, 92
verum, 92
Illurinic acid, 1646
Ilmenite, 1903
Ilotycin, 526, 990
ethyl carbonate, 527
glucoheptonate, 527
Imadyl unction, 649
Imbicoll, 1313
Iminourea, 1709
Immersion-oil, 1728

Index
Immune serum, 1842
serum globulin, 607
serum globulin (human), 607
serums, 1841
Immunogen, 1916
Immunovac, 1917
Imperatoria, 1721
Imperatorin, 1545, 1721
Imperial green, 1796
Implants of deoxycortone acetate, 427
of testosterone, 1393
Inactivated diagnostic diphtheria
toxin, 487
Inactive tartaric acid, 1388
Inaeine, 1873
Incorposul, 1348, 1349
Incretin, 1679
Indaconitine, 23
Indalone, 201
Indian bael, 1592
balsam, 1023
bean, 1618
belladonna, 145
berry, 1642
cedar, 1728
corn, 1932
dill fruit, 1671
gamboge, 593
grass oils, 1640
gum, 1312
hazel nut, 1606
hemp, 1613
ipecac, 712
lilac tree, 1591
liquorice, 1523
medicinal opium, 925
nettle, 1523
opium, 925
pink, 1868
plantago seed, 1070, 1291
podophyllum, 1077
poke, 1486
rhubarb, 1189
root, 1695
sage, 1687
sarsaparilla, 1712
senna, 1227

soap root of California, 1837
squill, 1305
tobacco, 767
tragacanth, 1443
turmeric, 660
valerian, 1923
Indianischer Tabak, 767
Indican, 1708
Indicarminum, 1279
Indigo blue, 1279
carmine, 1279
carmine injection, 1279
Indigocarmin, 1279
Indigosulfonate de sodium, 1279
Indigosulfonsaures Natrium, 1279
Indigotin, 1279
Indigotindisulfonic acid, 1279
Indigotine, 1279
Indischer Pfeffer, 239
Industrial methylated spirit, 35
Infectious bronchitis vaccine, live
virus, chick embryo origin,
[v]2051
canine hepatitis vaccine (canine
origin), [v]2052
Infiltration anesthesia, 1738
Influenza
virus
vaccine,
polyvalent,
1918
Infron pediatric, 212
Infundin, 1068
Infusi, 1721
Infusion of gentian, compound, 603
of gentian,
concentrated
compound, 603
of quassia, 1153
of quassia, concentrated, 1153
of quassia, fresh, 1153
Infusiones, 1721
Infusions, 1721
Infusorial earth, purified, 1232

Infusum

gentianae compositum
concentratum, 603
quassias, 1153
quassias concentratum, 1153
quassias recens, 1153
toddaliae, 1906
Ingber, 604
Ingwer, 604
Ingwertinktur, 607
Inhalacion de epinefrina, 510
Inhalatio epinephrinae, 509
Inhalation therapy, 1533
Injectio adrenalines, 510
adrenalini, 510
aathanolaminae oleatis, 539
amethocainae hydrochloridi, 1400
aminophyllinae, 68
aminophyllini, 68
aneurinae hydrochloridi, 1417
antimonii et potassii tartratis, 98
antimonii et sodii tartratis, 98
apomorphinas hydrochloridi, 103
atropinae sulphatis, 128
auri sodii thiomalatis, 623
benzylpenicillini aquosa, 1004
bismuthi, 170
bismuthi et sodii tartratis, 174
bismuthi oxychloridi, 171
bismuthi potassii tartratis, 172
bismuthi subsalicylatis, 178
caffeinae et sodii benzoatis, 209
calcii chloridi, 220
calcii gluconatis, 222
calcii levulinatis, 227
carbacholi, 245
chlorhydratis emetinae, 500
coffeini et natrii benzoatis, 209
deoxycortoni acetatis, 427
dextrosi, 429
dextrosi et sodii chloridi, 431
diethylstilbestrolis, 443
diethylstilboestroli, 443
digitalis, 454
digitoxini, 457
digoxini, 459
dihydromorphinoni hydrochloridi,
462
dimercaprolis, 471
diodoni, 705
emetinae hydrochloridi, 500
ephedrinae sulfatis, 506
epinephrinae, 510
ergometrinae maleatis, 515
ergometrini maleatis, 515
ergonovinae maleatis, 515
estradiolis benzoatis, 540
estroni, 543
glucosae, 429
glucosi, 429
gonadotrophini chorionici, 626
gonadotrophini serici, 626
hepatis, 762
hepatis cruda, 764
histamines phosphatis, 649
histamines phosphatis acidi, 649
histamini phosphatis, 649
histidinae monohydrochloridi, 651
hydromorphoni hydrochloridi, 462
hyoscinas hydrobromidi, 1223
hyoscini hydrobromidi, 1223
insulini, 680
insulini protaminati
cum
zinco,
688
insulini
zinci protaminati, 688
iodopyraceti, 705
iodoxyli, 1282
leptazoli, 1013
levarterenoli, 754
lobelini hydrochloridi, 770
magnesii sulfatis, 779
menadioni, 792
menadioni sodii bisulfitis, 794
menaphthoni, 793
mepacrinae methanosulphonatis,
796
meperidines hydrochloridi, 799
meralluridi, 805
mercurophyllinas, 813
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Injectio mersalyli, 831
mersalyli et theophylline 831
mersalylis et theophyllines, 831
morphinae, 867
morphinae et atropinae, 869
morphinae sulphatis, 869
morphini, 867
natrii chloridi, 1267
natrii chloridi composita, 1195
natrii lactatis composita, 1196
neostigminae methylsulfatis, 890
neostigmines methylsulphatis, 890
neostigmine methylsulfatis, 890
nicethamidi, 898
nicotinamidi, 891
nikethamide 898
cestradioli benzoatis, 540
oestroni, 543
olei hydnocarpi, 659
olei hydnocarpi asthylici, 660
ouabaini, 942
oxytocini, 960
papaverine hydrochloridi, 970
parathyroidei, 976
pentetrazoli, 1013
pentobarbital sodici, 1012
pentylenetetrazolis, 1013
pethidines hydrochloridi, 799
pethidini hydrochloridi, 799
phenobarbitali sodici, 1037
phenobarbitoni sodii, 1037
physostigmini salicylatis, 1057
picrotoxini, 1059
pituitarii posterioris, 1066
1120
procainas
et adrenalinae fortis,
procainas hydrochloridi, 1119
procainas hydrochloridi et
epinephrinae, 1120
procaini hydrochloridi, 1119
progesteroni, 1128
quininae dihydrochloridi, 1174
quininae et urethani, 1177
riboflavini, 1194
rubri congo, 362
sodii bicarbonatis, 1255
sodii chloridi, 1267
sodii chloridi composita, 1195
sodii lactatis, 1282
sodii lactatis composita, 1196
sodii morrhuatis, 1284
stibii et natrii thioglycollatis, 99
stibopheni, 1315
streptomycin! sulfatis, 1334
streptomycini sulphatis, 1334
sulfadiazini natrici, 1353
sulfamerazini natrici, 1357
sulfathiazoli natrici, 1364
sulfathiazoli sodici, 1364
sulpharsphenaminae, 1362
sulphathiazoli sodii, 1364
suramini, 1376
tetracaini hydrochloridi, 1400
theophyllines cum iEthylenediamina, €8
thiopentoni sodii, 1423
tubocurarini chloridi, 1464
vasopressini, 1481
zinco insulini globini, 685
zinco insulini protaminati, 688
Injection dorsallin A.R., 1004
of adrenaline, 510
of amethocaine hydrochloride,
1400
of aminophylline, 68
of aneurine hydrochloride, 1417
of antimony potassium tartrate,
98
of antimony sodium tartrate, 98
of apomorphine hydrochloride, 103
of atropine sulphate, 128
of B.A.L., 471
of bismuth, 170
of bismuth oxychloride, 171
of bismuth sodium tartrate, 174
of caffeine and sodium benzoate,
209
of calcium gluconate, 222
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Injection of carbachol, 245
of chorionic gonadotropin, 626
of cyanocobalamin, 413
of desoxycortone acetate, 427
of dextrose, 429
of diethylstilboestrol, 443
of digoxin, 459
of dihydrostreptomycin, 464
of dimercaprol, 471
of diodone, 705, [v]1987
of emetine hydrochloride, 500
of ergometrine maleate, 515
of ethan olamine oleate, 539
of ethyl esters of hydnocarpus oil,
660
of globin zinc insulin, 685
of glucose, 429
of hexobarbitone sodium, 644
of histamine acid phosphate, 649
of histamine phosphate, 649
of hydnocarpus oil, 659
of hydromorphone
hydrochloride,
462
of hyoscine hydrobromide, 1223
of insulin, 680
of insulin zinc protaminate, 688
of iodised oil, 698
of iodoxyl, 1282
of leptazol, 1013
of levarterenol, 754
of lobeline hydrochloride, 770
of menadione, 793
of menaphthone, 793
of mepacrine methanesulphonate,
796
of mersalyl, 831, [v]1993
of mersalyl and theophylline, 831
of morphine, 867
of morphine and atropine, 869
of morphine sulphate, 869
of neostigmine methylsulfate, 890
of nicotinamide, 891
of nikethamide, 898
of cestradiol benzoate, 540
of pestrone, 543
of ouabain, 940
of oxytocin, 960
of penicillin, 1007
of pentetrazol, 1013
of pethidine hydrochloride, 799
of phenobarbital sodium, 1037
of phenobarbitone sodium, 1037
of physostigmine salicylate, 1057
of physostigmine sulfate, 1057
of picrotoxin, 1059
of potassium antimonyltartrate,
98
of procaine and adrenaline, 1120
of procaine benzylpenicillin, 1004
of procaine benzylpenicillin with
benzylpenicillin, 1005
of procaine hydrochloride, 1119
of procaine penicillin G, fortified,
1004
of progesterone, 1128
of protamine zinc insulin, 688
of quinine and urethane, 1177
of quinine dihydrochloride, 1174
of riboflavine, 1194
of serum gonadotrophin, 626
of sodium antimonyltartrate, 98
of sodium antimonylthioglycollate,
99
of sodium aurothiomalate, 623
of sodium bicarbonate, 1255
of sodium bismuthyltartrate, 174
of sodium chloride, 1267
of sodium chloride, compound,
1195
of sodium lactate, compound, 1196
of streptomycin sulfate, 1334
of sulfadiazine sodium, 1353
of sulf amerazine sodium, 1357
of sulfathiazole sodium, 1364
of sulphadimidine sodium, 1358
of sulpharsphenamine, 1362
of sulphathiazole sodium, 1364
of suramin, 1376

Index
Injection of testosterone propionate,
1394
of tetracaine hydrochloride, 1400
of thiopental sodium with sodium
carbonate, 1423
of thiopentone sodium, 1423
of tryparsamide, 1460
of tubocurarine chloride, 1464
of vasopressin, 1481
Injections, 1721
Inkomankomo, 121
Inosin, 678
Inosite, 678
Inositol, 678
tablets, 680
d-Inositol, 1911
i-Inositol, 678
Inositols, 678
Insect flowers, 1143
repellent, U.S.P., 472
stings, 1927
Insectes coleopteres heteromeres, 236
Insoluble liver fraction, 766
penicillins, 987
red coloring matter, 1638
Insulin, 680
hydrochloride, 680
injection, 680, [v]1985
injection, globin zinc, 685
injection, isophane, 686
injection,
protamine
zinc, 688,
1139
modifications, 684
Insulins, zinc, 681, 684
Integerrimine, 1840
Intermedin, 1811
Interstitial
hormone,
1810 cell stimulating
Intocostrin, 1654
Intracaine hydrochloride, 1741
Intrinsic factor concentrate, 1498
Inula, 107, 1723
britannica, 107
Conyza, 445
Inulenin, 1723
Inulin, 1723, 1761
clearance tests, 1723
Inunctum mentholis compositum, 796
Invert sugar, 1346, 1737
Invertin, 1071
Inyeccion de Aminofilina, 68
de bisulfito de menadiona sodica,
794
de clorhidrato de emetina, 500
de dextrosa, 429
de dextrosa y cloruro de sodio,
431
de dietilestilbestrol, 443
de digitoxina, 457
de emetina, 500
de epinefrina, 510
de fenolsulfonftaleina, 1043
de gluconato de calcio, 222
de glucosa, hipertonica, 429
de glucosa, isotonica, 429
de higado, 762
de insuiina, 680
de insuiina y protamina en zinc,
de 688
lactate de sodio, 1282
de maleato de ergonovina, 515
de mersalil y teofilina, 831
de metilsulf ato de enostigmina, 890
de morfina, 867
de morruato sodico, 1284
de nicotinamida, 891
de ouabaina, 942
de paratiroides, 976
de picrotoxina, 1059
de pituitaria posterior, 1068
de quinina con uretano, 1178
de quinina y uretano, 1178
de riboflavina, 1194
de subsalicilato de bismuto, 178
de tartrate potasico-bismutico,
172
Iocamfen, 1723
Iod-ethamine, 1684

lode bisublime, 690
Iodeikon, 704
Iodic acid, 690, 1723
Iodinated castor oil, 1725
proteins, [v]1986
Iodine, 690, [v]1986
ampuls, 695
and zinc iodide glycerite, 1933
monochloride, 1724
ointment, 695
solution, 695, 696, [v]1986
solution, carbolized, 697
solution, compound, 696
solution, Lugol's caustic, 696
solution, phenolated, 697
solution, radioactive, 1292
solution, rubefacient, 696
solution, strong. 696, [v]1986
swabs, 695
tincture, 695, 697
tincture, strong, 697, [v]1987
trichloride, 1724
Iodine-131, 1292, 1824
Iodinium, 690
Iodipamide sodium, 1724
Iodized fats, 1724
oil, 698, 1724
salt, 1266
Iodoacetone, 1623
Iodoalphionic acid, 700
acid tablets, 701
Iodobismuthate of quinine, 1604
Iodobismuthite sodium, 1604
Iodobrassid, 1725
Iodochlorhydroxyquin, 701
powder, compound, 702
tablets, 702
Iodochlorol, 1725
Iodoform 702, [v]1987
ointment for the eye, 703
Iodoforme, 702
Iodoformium, 702
Iodoformum, 702
Iodogorgoic acid, 1670
Iodopanoic acid, 708
Iodophthalein, 704
sodium, 703, 1674
Iodophthaleinum, 704
sodicum, 703
Iodopsin, 913
Iodopyracet compound solution, 707
concentrated solution, 707
injection, 705, [v]1987
Iodosobenzoic acid, 1725
Iodosol, 1725
Iodosyl, 1725
Iodotannic syrup, 1380
Iodothyrine, 1430
Iodoxybenzoic acid, 1725
Iodoxyl, 1281, [v]1987
Iodoxylum, 1281
Iodtetragnost, 704
Iodum, 690
bisublimatum, 690
Iodure de potassium, 1103
de sodium, 1280
mercureux, 816
mericurique, 809
Ioduron B, 708
Ion exchange resins, 1725
exchanger, 1501
Ionidium ipecacuanha, 713
Ionone, 939
lopanoic acid, 708
acid tablets, 709
Iophendylate injection, 710
Iothiouracil sodium, 1727
Ipadu, 1641
Ipecac, 711, [v]1987
and opium powder, 715, [v]1987
and opium syrup, [v]1987
and opium tincture, [v]1987
fluidextract, 714, [v]1987
syrup, 715, [v]1987
tincture, 715, [v]1987
Ipecacuana, 711
Ipecacuanha,
711
officinal, 711

Index
Ipecacuanha, praeparata, 714
root, 711
Ipecacuanhae radix, 711
root, standardized powdered, 714
Ipecacuanhic acid, 712
Ipecacuanhin, 712
Ipecamine, 712
Ipofosfito di calcio, 224
di sodio, 1278
Ipomea, 716
resin, 717
Ipomoea, 716
Jalapa, 731
orizabensis, 716
pandurata, 717
pes-caprae, 717
Purga, 731
purpurea, 716
triloba, 717
Turpethum, 716
Ipomoese radix, 716
Iposolfito di sodio, 1300
Ipral sodium, 1112
Iproniazid, 727
Iranian opium, 925
Iraq licorice, 618
Ireos, 938
Irgafen, 1879
Irgamid, 1879
Irgapyrin, 1802
Iride, 938
Iridin, 939, 1606
Iris, 938
florentina, 938
germanica, 938
pallida, 938
versicolor, 1606
Irish broom, 1837
-moss, 322
moss extract, 324
moss mucilage, 324
Iriswurzel, 938
Irium, 1887
Irlandisches Moos, 323
Iron, 717, [v]1987
albuminate, 1688
alum, 1689
and ammonium
acetate solution,
722
and ammonium citrate, 568
and ammonium sulfate, 1689
and ammonium tartrate, 1689
and potassium tartrate, 1690
arsenate, 1690
arsenite, 1689
ascorbate, 1691
cacodylate, 570
cevitamate, 1691
chloride, 1689
citrate, 1689
citroarsenite, 1689
citroarsenite ammoniated, 1689
dimethylarsonate, 570
filings, 717
gluconate, 576
glycerophosphate, 572
hypophosphite, 573
lactate, 1691
pentacarbonyl, 721
peptonate, 1800
perchloride, 1689
perchloride solution, 571
pill, 575
powder, 717
powder, carbonyl, 721
powder, electrolytic, 721
protosulfate, 578
pyrophosphate, 1690, [v]1987
quinine
and
strychnine,
elixir,
722
quinine and strychnine phosphates
elixir, 723
reduced, 721
sesquichloride, 1689
sulfate, 578
tincture, 571
vitriol, 578
wire, 717

Iron-59, 1824
Ironate, 580
Irone, 939
Irosul, 580
Irox, 576
Isacen, 1524
Isaconitine, 22
Isatidine, 1840
Isinglass, 1727
Iso-adrenaline, 1890
Isoajmaline, 1825
Isoalantolactone, 1723
Iso-alcoholic elixir, 723
Isoamyl nitrite, 89
Isoamylamine, 1888, 1904
Isoamylhydrocupreine, 1686
Isoaristolochic acid, 1606
Isobarbaloin, 49
Isobergaptene, 1807
Isobromyl, 194
Isobutyl p-aminobenzoate, 1741
Isocalycanthine, 1613
Isochaksine, 1618
Isocholesterol, 1510
d-Isochondodendrine
dimethyl
ether,
1654
Isococamine, 338
Isoconessine, 1644
Isocorybulbine, 1649
Isocorydine, 1649
Iso-elixir, 723
Iso-emetine, 712
Isoemodin, 49, 260
Isoephedrine, 502
Isofebrifugine, 1622
Isoflurophate, 723
ophthalmic solution, 724
Isogermidine, 1488
Isogermine, 1488
Isoguvacine, 105
Isohemagglutinins, 1073
Isohesperidin, 935
Isohydric indicator solution, 1504
Isohydrourushiol, 1732
Iso-imperatorin, 1721
Iso-iodeikon, 704
Isoleucine, 1541
Isolichenin, 1622
Isolimonene, 1776
Isolobinine, 768
Isolysergic acid, 519
dZ-Isomethadone hydrochloride, 837
Isometheptene, 1891, [v]1987
Iso-methylpelletierine, 1798
Isomyn, 84
Isonaftolo, 161
Isonaphthol, 161
Isoniazid, 725, [v]1988
tablets, 727
Isonicoteine, 1904
Isonicotinic acid, 892
acid hydrazide, 725, [v]1988
Isonicotinylhydrazine, 725
Isonipecaine, 797
Isonorin sulfate, 730
Iso-Par, 1647
unguentum, 1647
Iso-pelletierine, 1798
Isopentaquine, 1580
Isophane insulin, 681, 686
insulin injection, 686
ratio, 686
Isophrin hydrochloride, 1047, 1048
Isophysostigmine, 1054
Isopilocarpine, 1061
Isopimpinellin, 1807
Isoprenaline hydrochloride, 729
sulphate, 730
Isoprenalini hydrochloridum, 729
Isoprene units, 1776
Isopropanol, 727
rubbing compound, 729
Isopropyl alcohol, 727
alcohol rubbing compound, 729
Isopropylarterenol hydrochloride, 729
sulfate, 730
Isopropyl-o-cresol, 1616
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Isopropylnoradrenaline hydrochloride,
729
Isoproterenol
hydrochloride, 729
hydrochloride inhalation, 731
hydrochloride tablets, 731
Isoproterenolium chloride, 729
Isoprotoverine, 1488
Isoquassin, 1152
Isoquercitrin, 1651, 1915
Isorauwolfine, 1825
Isorottlerin, 1729
Isorubijervine, 1489
Isosarsasapogenin, 1215
Iso-stemonidine, 1869
Isosulfocyanate
Isotonic sodium d'allyle,
chloride1539
solution
12671269 chloride
2,
sodium

solution

No.

No.

solution of sodium chloride, 1269
solution of three chlorides, 1196
Isotrifoliin, 1908
Ispaghula, 1070
seeds, 1070
Ispahan opium, 925
Istin, 417
Istizin, 417, [v]1970
Isuprel, 1888
hydrochloride, 729
Italian licorice, 618
senna, 1227
Itrumil sodium, 1727
Iva, 1525
Ivain, 1525
Ivraie, 1744
Ivyleaf morning-glory, 1728

Jabon bianco, 1243
blando, 1245
blando medicinal, 1245
de acite de olivas, 1243
de sosa, 1243
duro, 1243
potasico, 1245
verde, 1245
Jaborandi, 1060
folia, 1060
Jaborine, 1061
Jacilin, 1006
Jacobine, 1840
Jafferabad aloe, 48
Jaggery, 1344
Jaguar, 1709
Jalap, 731, [v]1988
powder, compound, 732
resin, 732, [v]1988
root, 731
Jalapa, 731
Jalapae radicis tubera, 731
Jalapenharz, 732
Jalapenknollen, 731
Jalapenwurzel, 731
Jalapin, 732
Jalapinolic acid, 716
Jamaica dogwood, 1808
ginger, 604
pepper,
quassia, 1063
1152
sarsaparilla, 1213
winter's bark, 1613
Jamestown weed, 1317
Jamguarandi, 1060
Japaconitine, 23
Japancampher, 232
Japanese agar-agar, 31
belladonna, 1838
capsicum, 239, 240
gelatin, 30
isinglass, 30, 31
lacquer, 1732
star anise oil, 92
valerian, 1922
Japanischer Fischleim, 30
Jarabe, 1877
de acido citrico, 335
de azahar, 934

3,
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Jarabe
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de
de
de
de
de
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de balsamo de tolu, 1440
brea, 1386
brea de pino, 1386
cerezo silvestre, 274
corteza de naranja, 938
flor de naranjo, 934
goma, 5
hipofosfitos, compuesto, 676
ipecacuana, 715
limon, 335
naranja, 938
poligala, 1226
regaliz, 621
sen, 1230
tolu, 1440
yoduro
ferroso,
concentrado,
577
de zazaparrilla compuesto, 1215
simple, 1377
Jarabes, 1893
Jarosse, 1733
Jateorhizine, 1612
Jatropha oil, 1593
Jaurandi, 1060
Java Cardamom, 257
tea, 1780
Javanine, 1638
Javazimt, 330
Jayef gesheeshah, 47
kasahul, 47
Jecoleic acid, 346
Jecoric acid, 346
Jeffersonia diphylla, 661
Jelly leeks, 49
Jengibre, 604
Jennerian vaccine, 1240
Jequirity, 1523
Jerusalem balsam, 158
cherry, 1867
oak, 1625
Jervine, 1489
Jesuit's balsam, 1837
bark, 1634
drops, 158
tea, 1625
Jimsori weed, 1317
Jod, 690
Jodammonium, 80
Jodeisensirup, 577
Jodetum ammonicum, 80
kalicum, 1103
Jodio, 690
Jodnatrium. 1280
Jodoform, 702
Jodoformio, 702
Jodsalbe, 695
Jodtinktur, 697
Jodum, 690
Jodure d'ammonium, 80
Joduro di ammonio, 80
di potassio, 1103
di sodio, 1280
mercurico, 809
mercuroso, 816
rosso di mercurio, 809
Johanniswurzel, 121
Johnin, [v]2046
Johore ipecac, 711
Jor curare, 1653
Jordan almonds, 45
Josciamo, 674
Judiacum, 1592
Juglandic acid, 1727
Juglans, 1727
Juglone, 790, 1728
Jumble beads, 1523
Juniper, 733
berries, 733
oil, 734
tar, 1384
tar oil, 1384
Juniperus, 733
communis, 733
Oxycedrus, 1384
virginiana, 1728
Jusquiame noire, 674

Kadaya, 1312
Kaddigol, 1384
Kadeol, 1384
Kaempferid, 1696
Kaempferol, 1228, 1686
Kaffein, 205
Kainite, 778, 1816
Kakao, 203
Kakaobutter, 1406
Kakaofett, 1406
Kakodylsaures Natrium, 1262
Kaktusschildlaus, 342
Kaladana, 1728
Kaladanae resina, 1728
Kali causticum fusum, 1101
Kalihydrat, 1101
Kalii bromidum, 1096
chloridum, 1098
hydroxydum, 1101
iodidum, 1103
Kalisalpeter, 1105
Kaliseife, 1245
Kaliseifenspiritus, 1246
Kalium, 1090
aceticum, 1093
arsenicosum solutum, 1093
bicarbonicum, 1094
bitartaricum, 1095
bromatum, 1096
carbonicum, 1097
chloratum, 1098
chloricum, 1097
citricum, 1100
gaiacolum sulfonatum, 1100
hydricum, 1101
hydroxyd, 1101
hydroxydatum purum, 1101
hypermanganicum, 1106
hypophosphorosum, 1102
ioduretum, 1103
jodatum, 1103
.natrium tartaricum, 1108
nitricum, 1105
permanganicum, 1106
stibio tartaricum, 95
sulfocyanatum, 1109
sulfoguajacolicum, 1100
sulfuratum, 1092
Kaliumacetat, 1093
Kaliumalaun, 52
Kaliumarsenitlosung, 1093
Kaliumbikarbonat, 1094
Kaliumbromid, 1096
Kaliumcitrat, 1100
Kaliumchlorat, 1097
Kaliumchlorid, 1098
Kaliumhyphosphit, 1102
Kaliumjodid, 1103
Kaliumkarbonat, 1097
Kaliumnatriumtartrat, 1108
Kaliumnitrat, 1105
Kaliumpermanganat, 1106
Kaliumrhodanid, 1109
Kaliumsulfocyanid, 1109
Kalkhydrat, 223
Kalkwasser, 223
Kalmia, 1728
Kalpec, 736
Kalumb, 1612
Kalziumglyzerophosphat, 222
Kalziumhydroxyd, 223
Kalzium-hypophosphit, 224
Kalziumkarbonat, 217
Kalziumlaktat, 226
Kalziumphosphat, 230
Kamala, 1729, [v]1988
Kamillen, 1749
Kampfer, 232
Kampferspiritus, 236
Eanadische Blutwurzel, 1209
Kangaroo tendon, 1376
Kantel, 657
Kanthariden, 236
Kaolin, 734, [v]1988
cataplasm, 736

Kaolin, heavy, 734
light, 734
mixture with pectin, 736
poultice, 736
Kaolinite, 734
Kaolinum, 734
leve, 734
ponderosum, 734
Kaopectate, 736
Kappaxin, 789
Kapseals chlorostrep, 288
Karamel, 242
Karaya gum, 1312
Karbauw berries, 403
Karbensamen, 243
Karbolsaure, 1037
Kardamomenol, 258
Kardamomsamen, 255
Karo corn syrup, 609
Kasari, 1733
Kastel, 657
Kat, 1619
Katila, 1312
Katine, 1619
Katonium, 1726
Katoupo, 658
Kaustisches Natron, 1275
Kautschukheftpflaster, 1076
Kayquinone, 789
Keboe cubeb, 403
Kelene, 555
Kelgin, 1250
Kelp,-ware,
1250 1695
Kemadrin, 1450
Kemithal, 1596
sodium, [v]2032
Kempferin, 1229
Kendall's compound A, 28, 425
compound B, 28, 425
compound E, 28, 374
compound F, 28, 665
Kentish ointment, 1467
Kephrine hydrochloride, 1891
Keraphen, 704
Keratins, 1729
Kermeswurzel, 1806
Kernite, 190, 1258
Kerocaine, 1115
Kerosene, [v]1988
emulsion, [v]1988
Kessyl acetate, 1923
alcohol, 1923
Ketohydroxyestrin, 541
Kharophen, 7
Khat, 1619
Khella, 1545
Khellin, 1545
Khellinin, 1545
Khellol glucoside, 1545
Khilla, 1545
Kieselerde, 1232
Kieselguhr, purified, 1232
Kieserite, 778, 1298
Kiliani's digitalin, 447
Kinderpulver, 1190
King's clover, 1750
Kino, 1730, [v]1988
eucalypti, 1686
red, 1730
tincture, [v]1988
Kinoin, 1730
Kinotannic acid, 1730
Kinovic acid, 1638, 1816
Kinovin, 1638
Kirschensaft, 272
Kirschsirup, 273
Kitgnt, 1376
Kitol, 911
Ki-urushi, 1732
Kneidenelken, 335
Knight's spur, 1733
Knorpeltang, 323
Knot weed, 1605
Kodeinphosphate, 350
Koffein, 205
Koffein-natriumbenzoat, 208

Index
Koffein-natriumsalizylat, 209
Kohlensaures Ammonium, 77
Kalium, 1097
Kohlenstoff, 248
Kohlenstofftetrachlorid, 253
Koji, 1895
Kokain, 338
Kokainhydrochlorid, 339
Kokilphin, 1898
Kokilphul, 1898
Kokkelsamen, 1642
KokkelskSrner, 1642
Kokum butter, 593
Kola, 1730
-catechol, 1731
nuts, 1730
Kolatein, 1731
Kolatin, 1731
Kolchizin, 351
Kolkiot, 789
Kollidon, 1814
Kollodiumwolle, 1151
Kolophonium, 1200
Koloqulnthen, 359
Koloquinthenapfel, 359
Koloquinthenextrakt, 360
Kolpix A, 1382
Kolpix D, 1382
Kombe strop hanthin, 1335
Konogen, 542
Kordofan gum, 2
Koriander, 365
Korianderol, 366
Koriandersamen, 365
Korotrin, 1810
Kosidin, 1607
a-Kosin, 1607
Kosotoxin, 1607
Kota bees, 1506
Koumine, 1704
Kouminicine, 1704
Kouminidine, 1704
Kouminine, 1704
Kouso, 1607
Kousso, 1607
Kou-wen, 1704
Krahenaugen, 904
Krameria, 1731, [v]1988
fluidextract, [v]1988
root, 1731
-tannic acid, 1731
Krameric acid, 1731
KrauseminzSl, 1304
Krausmoos, 323
Krebiozen, 1731
Krebs citric acid cycle, 834
Kreide, 267
Kreosot, 399
Kreosotum, 399
Kresolseifenlosung, 401
Kriebelkorn, 516
Kristallisiertes Calciumchlorid, 220
Kalziumchlorid, 219
Kruidnagel, 335
Kryptonine, 712
Krystallin, 1549
K-strophanthin, 1874
Kubeben, 403
Kuhlsalbe, 1198
Kulloo, 1312
Kiimmel, 243
Kiimmelol, 243
Kummich, 243
Kiinstlicher Citronensirup, 385
Kunstliches Bittermandelol, 149
Kupfer, 362
Kupfersulfat, 364
Kuperfervitriol, 364
Kuppi, 1523
Kurchi, 360, 1644
Kurchicine, 1644
Kurchine, 1644
Kurkuma, 1659
Kus es salahin, 1619
Kusso, 1607
Kuteera gum, 1442

Kutira gum, 1442
Kutrol, 1679

Labarraque's solution, 1276
Lac, 1732
sulfuris, 1368
Lacca, 1732
Laccaic acid, 1732
Laccol, 1732
Lachgas, 903
Lacquer, 1732
Lacrimators, 1623
Lactas calcicus, 226
Lactate de calcium, 226
Lactated pepsin elixir, 1018
potassic saline injection, 1089
Lactated Ringer's injection, 1196
Lactate de calcio, 226
Lactic acid, 736, [v]1988
Lactin, 738
Lactine, 738
Lactobiose, 738
Lactoflavin, 1191
Lactogen, 1124
Lactogenic hormone, 1811
Lactosa, 738
Lactose, 738
Lactosum, 738
Lactuca virosa, 926
Lactucarium, 1732
Lactucerin, 1732
Lactuiic acid, 1732
Lactucin, 1732
Lactucon, 1732
Lactucopicrin, 1732
Ladies' mantle, 1525
Lady fern, 121
Lady's glove, 444
thumb, 1605
Lasvulose, 1737
Lavulosum, 1787
Lakrits, 619
Lakritzensaft, 619
Lakritzenwurzel, 617
Lallemantia Royleana, 1071
Lamb mint, 1014
Lambkill, 1729
Lamella of eserine, 1057
Lamellae, 739
atropine, 128
homatropinas, 652
of atropine, 126, 128
of cocaina?, 342
of cocaine, 342
of homatropine, 652
of physostigmine, 1057
ophthalmicae, 739
ophthalmicus cum atropino, 128
ophthalmica? cum cocaina, 342
physostigminae, 1057
Laminaria digitata, 1250
saccharina, 1250
Laminarin, 1250, 1695
Lampblack, 248
Lana batu, 1640
philosophica, 1516
Lanatosida C, 740
Lanatoside A, 447, 458
Lanatoside B, 447, 458
Lanatoside C, 458, 740
C tablets, 741
Lanatosidum C, 740
Lanette wax, 267
Lanol, 1510
Lanoleine, 1510
hydratee, 1511
Lanolin, 1511
Lanolina, 1510
idrata, 1511
Lanosterol, 1510
Lanthopine, 927
Lapachis columnaris, 107
Lapis calaminaris, 210
pumicis, 1142
Lappa, 1733
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Lappin,
1733 1533
Larch agaric,
turpentine, 1912
Lard, 742
leaf, 742
neutral, 742
oil, 742
prime steam, 742
Largactil, 1629
Large bichloride tablets, 827
cardamom, 256
corrosive sublimate tablets, 827
round Chinese cardamom, 257
Larger blue flag, 1606
cardamoms, 256
Laricic acid, 1534
Lark's claw, 1733
Larkspur, 1733
seed, 1733
tincture, 1733
tincture, acetic, 1733
Larocaine hydrochloride, 1743
Larostidin, 649
Larrea divaricata, 743
Lassar's paste, 1518
plain zinc paste, 1518
zinc paste with salicyclic acid,
1518
Lathyrus, 1733
Latrodectus
mactans
antivenin, 1927
Latschenkiefernol, 1064
Lattato di calcio, 226
Lattosio, 738
Laudanidine, 927
Laudanine, 927
Laudanosine, 928
Laudanum, 931
lead water and, 749
Laudexium methylsulfate, 1655
Laudolissin, 1655
Laughing gas, 903
Laurazeenkampfer, 232
Laurel, 1728
camphor, 232
Laurie acid, 1773
Laurineenkampfer, 282
Laurocerasin, 1784
Laurocerasus, 1783
Lauron, 1591
Laurus nobilis, 872
Lauryl sulfoacetate, 1887
Lauth's violet, 1043
Lavandula hybrida, 744
intermedia, 743
latifolia, 744
officinalis, 743
vera, 743
Lavendelol, 743
Lavender drops, 744
flowers oil, 743
oil, 743
spirit, 744
spirit, compound, 744
tincture, compound, 744
Lawsone, 790
Lawsonia inermis, 790
Lead, 744, [v]1988
acetate, 747, [v]1989
and opium lotion, 749
arsenate, [v]1989
chamber process, 1373
monoxide, 748
poisoning, 745
protoxide,
subacetate 748
solution, 748,

[v]1989
subacetate solution, diluted, 749
vanadate, 1923
water, 749
water and laudanum, 749
Leadwort, 1816
Leaf lac, 1732
lard, 742
Leather wood fern, 121
Lebermoos, 323
Lebertran, 344
Lebertranemulsion, 348
Leblanc process, 126?
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Lecanoric acid, 1653
Leche de azufre, 1368
de higueron, 1691
Lecithins, 1734
Ledercillin parenteral, 1005
suspension, 1004
Leech, 1734
Legno quassio, 1152
Legorizia, 619
Legumelin, 1865
Lei kung teng, 1910
Leinol, 759
Leinsamen, 757
Leinsamenol, 759
Lemnian bole, 1606
Lemon oil, 750
peel, 751
peel, dried, 751
peel, fresh, 751
peel tincture, 751
tincture, 751
walnut, 1727
Lenicet, 1540
Lenigallol, 1735
Leno de cuasia. 1152
Lente Iletin, 684
insulin, 681, 684
Lentin, [v]1956
Lentiscus. 785
Lentisk, 785
Lentopen, 1004
Lepidolite, 759
Leprosy oil, 657
Leptandra, 1735
Leptazol, 1012, [v]2003
Leptospira pomona bacterin, [v]2056
Lergigan, 1133
Lergitin, 1578
Lesofac, 1268
Lesser cardamoms, 256
periwinkle, 1928
striated ipecac, 713
Lettocine, 1644
Leucine, 1541
Leucomaines, 1536
Leucotin, 1650
Leucovorin, 584, 586, 1692, 1693
Levadura desecada, 1512
Levant berries, 1642
storax, 1315, 1316
wormseed, 1211
Levarterenol, [v]1989
bitartrate, 751
bitartrate injection. 754
Levarterenolium bitartrate, 751
Leveling agents, 1886
Levisticum, 1736
Levo-a/pfca-pinene, 1465
-beta-pinene, 1465
-dromoran tartrate, 1736
-hyoscyamine, 1784
-scopolamine, 1222
-tartaric acid, 1388
Levophed bitartrate, 751
Levorphan tartrate, 1736
Levorphanol tartrate, 1736
Levugen, 1737
Levulic acid, 1345
Levulin, 1387
Levulinic acid, 1345
Levulose, 1737
Lewisite, 1624
Lexo wafers, 1734
Lextron, 767
Ferrous, 767
F. G., 767
Lf unit, 488
LH, 1810
Liatris odoratissima, 398
Libanol, 1728
Lichenin, 1622
Lichen-stearic acid, 1622
Licopodia, 770
Licor anodino mineral de Hoffmann,
548
de Fowler, 1093

Index
Licorice, 619
elixir, 619
fern, 618
mass, 620
paste, 620
powder, compound, 1230
root, 617
root extract, 619
root fiuidextract, 621
syrup, 621
Licuri wax, 1931
Lidocaine, 754
hydrochloride injection, 755
Lien siccus, 1679
Ligamentum carbasi absorbentis, 597
Light kaolin, 734
liquid paraffin, 1027
liquid petrolatum, 1027
magnesium carbonate, 773
magnesium oxide, 776
oU, 1382
white mineral oil, 1027
Lignum colubrinum, 905
quassias, 1152
sancti, 628
santalinum rubrum, 1182
vitee, 628
Lilacin, 1389
Lily-of-the-valley root, 1645
Limaille de fer, 717
Lime, 751, 755, [v]1989
chlorinated, 756
liniment, 759, [v]1989
lotion, sulfurated, 756
water, 223
Limestone, 267
Limettin, 750
Limon, 751
Limonada magnesii citrici, 774
purgante, 774
Limonade citro-magnesienne, 774
Limonado
de citrato magnesico,
774
Limonata aerata laxans, 774
citro-magnesiaca, 774
Limone, 751
limonene, 750, 1776
dZ-Limonene, 244
Limonenschale, 751
Limonis cortex, 751
Limonite. 717, 1689
Lin, 757
Linalool, 161, 744, 1304
Linalyl acetate, 161
Linamarin, 758
Linaza, 757
Lindane, 151, 152
Liniment ammoniacal camphre, 235
of camphor, 235
of chloroform, 296
of soap, 235
of turpentine, 1467
of turpentine, acetic, 1467
savonneux camphre, 235
Linimento ammoniacale canforato, 235
de alcanfor, 235
de alcanfor y jabon, 235
de cloioformo, 296
de jabon alcanforado, liquido, 235
de jabon blando, 1246
Linimentum album, 1467
ammoniato-camphoratum, 235
ammoniatum camphoratum, 235
camphoras, 235
camphoras ammoniatum, 235
camphoras et saponis, 235
camphoratum cum ammonia, 235
chloroformi, 296
saponis, 235
saponis
camphoratum
liquidum,
235
saponis mollis, 1246
terbinthinas, 1467
Linnssite, 1640
Linoleic acid, 1773, 1913
Linolenic acid, 1773, 1913
Linseed. 757, [v]1989

Linseed meal, 758
oil, 759, [v]1990
Linum, 757
usitatissimum, 757, 759
Lion's 29tooth, 1386
Lipiodol, 698
Lipo-adrenal
cortex, sterile
-bismol. 1605

solution,

Lipocaic, 1737
Lipoiodine, 1725
Lipo-lutin, 1122
Lipomul, 979
Lipositols, 678
Liquacillin, 1006
Liquefied carbolic acid, 1040
phenol, 1040
sodium phosphate, 1290
Liqueur
de Fowler,548 1093
d'Hoffmann,
Liquid apiol. 1796
extract of belladonna, 147
extract of belladonna leaf, 143
extract of cascara sagrada, 261
extract of colchicum, 355
extract of hamamelis, 632
extract of ipecacuanha, 714
extract of liquorice, 621
extract of male fern, 122
extract of nux vomica, 907
extract of quillaia, 1154
extract of senna, 1229
extract of stramonium, 1320
extracts, 1692
glucose,
608
human serum,
1231
liver extract, 765
normal human plasma, 1072
opodeldoc, 235
paraffin. 1026
paraffin, light, 1027
petrolatum, 1026
petrolatum emulsion, 1028
petrolatum, heavy, 1026
petrolatum, light, 1027
Premarin, 542
sodium glycerophosphate, 1274
storax, 1315
Liquidambar balsam, 1316
orientalis, 1315
styraciflua, 1315
Liquiritias radix, 617
Liquirizia, 617
Liquoid metha-merazine, 1457
Liquor acidi borici, 192
adrenalinas hydrochloride 510
aethylenediamine, 560
alumini acetatis, 55
alumini subacetatis, 60
aluminii acetici, 60
amaranthi, 61
ammonias fortis, 73
ammonias dilutus, 72
amonii acetatis, 75
amonii acetatis dilutus, 76
amonii acetatis fortis, 75
amonii acetici, 75
amonii caustici, 72
amonii hydroxidi, 72
antisepticus alkalinus, 109
antisepticus N.F., 100
argenti nitratis ammoniacalis,
1236 nitratis ophthalmicus,
argenti
1236
aromaticus alkalinus, 109
arsenicalis, 1093
benzalkonii chloridi, 152
bismuthi
et ammonias
citratis,
1603
calciferolis, 213
calcii hydroxidi, 223
calcis, 223
calcis sulfuratse, 756
carbonis detergens, 1383
chloroazodini, 291

Index
Liquor chloroxylenolis, 303
cresolis compositus, 401
cresolis saponatus, 401
epinephrine, 510
epinephrine
bitartratis
ophthalmicus, 512
ephedrinae sulfatis, 506
ferri chloridi, 571
ferri et ammonii acetatis, 722
ferri perchloridi, 571
ferri sesquichlorati. 571
ferri subsulfatis, 574
folliculi, 530, 1781
formaldehydi, 588
fowleri, 1093
hepatis, 765
hydrargyri bichloridi, 827
hydrargyri perchloridi, 827
hydrogenii peroxide, 670
iodi, 695
iodi aquosus, 696
iodi fortis, 696, 697
iodi mitis, 697
iodi phenolatus, 697
magnesii citratis, 774
merbromini, 807
merbromini
chirurgicalis, 808
naphazolinae
hydrochloridi
fortis,
881
naphazolinas
hydrochloridi
mitis,
880
natrii hypochlorosi, 1277
nitrofurazoni, 901
nitromersolis, 902
picis carbonis, 1383
pituitarii, 1068
pituitarii posterioris, 1068
plumbi subacetatis, 748
plumbi subacetatis dilutus, 749
plumbi subacetatis fortis, 749
plumbi subaceiici, 749
potassii arsenitis, 1093
potassii hydroxidi, 1102
potassii iodidi, 1105
pro guttis, 857
sodae chlorinate, 1276
sodas chlorinates chirurgicalis,
1277
sodii boratis compositus,
1259
sodii hypochloritis, 1276
sodii hypochloritis dilutus, 1277
sodii phosphatis, 1289
sodii phosphatis compositus,
1289
strychnin* hydrochloridi, 1339
stypticus, 571
toddaliae concentratus. 1906
tribromoasthanolis, 1446
tyrothricini, 1473
vitamin A concentratus, 911
vitamin D concentratus, 917
vitaminorum A et D concentratus,
920
Liquore amodino di Hoffmann, 548
arsenicale del Fowler, 1093
Liquorice, 617
bush, 1523
root, 617
Lisergan, 1857
Lissephen, 800
Listeria monocytogenes bacterin,
[v]2056
Litargirio, 748
Litharge, 748
Lilhargyrum, 748
Lithia waters, 759
Lithii bromidum, 760
Lithium, 759
bromatum, 760
bromide, 760
Lithiumbromid, 760
Lithocholic acid, 943
Litmus, 1652
Liver concentrate, 765
desiccated, 766
extract, 761
extract, dry, 761

Liver extract, liquid, 765
extract for parenteral use,
fraction 1, 766
fraction 2, 766
fraction, insoluble, 766
fraction, soluble, 766
injection, 762
injection, crude, 764
of sulfur, 1092
solution, 765
substance, desiccated, 766
with stomach, 766
with stomach capsules, 767
Lobelanidine, 768
Lobelanine, 768
Lobelia, 767, [v]1990
cardinalis, 768
inflata, 767
tincture, 769, [v]1990
Lobelie enflee, 767
Lobelienkraut, 767
Lobelientinktur, 769
Lobeline, 768, 1906
hydrochloride, 770
sulfate, [v]1990
Lobelini hydrochloridum, 770
Lobinaline, 768
Lobinine, 768
Lobinol, 1829
Lobloily pine, 1911
Locain, 1828
Local anesthetic agents, 1738
Locion de benzoato de bencilo,
de calamina, 211
Locke-Ringer's solution, 1195
Loco plants, 1744
Locopodium, 770
Locust plant, 1617
Loganin, 906
Logwood, 1710
Loliine, 1744
Lolium, 1744
Long buchu, 196
-fibered asbestos, 1590
-leaf pine, 1911
pepper,
turmeric,1799
1659
wild cardamom, 256
«-Longilobine, 1840
0-Longilobine, 1840
Lonolac, 1268
Lopez root, 1906
Lophophora, 1548
Lophophorine, 1549
Loranthus acacias, 2
Losliches Ferriphosphat, 573
Saccharin, 1205
Lotio alba, 1508
benzylis benzoatis, 160
calamina;, 211
calamines phenolata, 211
Lotion 749
a 1'iicetate basique de
Loturine, 1893
Lotusin, 1708
Louisiana long pepper, 239
sport pepper, 239
Lovage, 1736
Love apple, 1866
pea, 1523
Low-alcoholic elixir, 723
fat cocoa, 204
Lowenzahnwurzel, 1386
LSD-25, 1549
Lu hui, 49
Lubanyl benzoate, 157
Lubriderm, 1779
Lucanthone hydrochloride, 1757
Lucidol, 1599
Lucky seed, 1898
Lucosil, 1881
Lugol's caustic iodine solution,
solution, 696
Lugolsche Losung, 696
Luizym, 1895
Lumicolchicines, 352
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Luminal, 1034
sodium, 1036
Lumisterol, 917
Lump ammoniac, 1546
gamboge, 593
turpentine, 1911
Luna, 1233
Lunar caustic, 1237
Lunargen, 1238
Lung irritants, 1624
Lupanine, 1744
Lupeol, 1620
Lupine, 1744
Lupinidine, 1744
Lupinine, 1744
Lupinus, 1744
Luppolino, 1744
Lupuli glandulas, 1744
Lupulin, 1744
Lupuline, 1744
Lupulinum, 1744
Lupulite, 1714
Lupulon, 1714
Lupulone, 1714
Lupulus, 1714
Luridine, 319
Lusterfoam, 1887
Lustgas, 903
Lutein, 241, 1648
cells, 1648
Luteinizing hormone, 1810
Luteotrophin, 1811
Luteotropin, 1811
Lutocylin, 1122
Lutocylol, 550
Lutrexin, 1648
Lutromone, 1122
Lututrin, 1648
Lycine, 1601
Lycoctonine, 1733
Lycopode, 770
Lycopodic acid, 771
Lycopodii sporas, 770
Lycopodine, 771
Lycopodium clavatum, 770
Lye,
1101 548
Lynoral,
Lysergic acid, 519
acid diethylamide, 515, 1549
Lysine, 1541
Lysivane, 1857
hydrochloride, 1120
Lysol, 402
Lysozyme, 1499
Lytta, 237
aspersa, 237

M
plomb,

696

M & B 693, 1359
M & B 2050A, 1698, 1702
Macassar agar-agar, 31
Mace, 873
Macedonian olium, 925
Macisol, 874
Mackerel mint, 1303
Macleya cordata, 928
Macleyine, 928
Macralstonidine, 1540
Macralstonine, 1540
Macrocystis pyrifera, 1250
Macrotin, 1634
Macrotys, 1634
Madagascar cardamom, 257
Madar,
1612 240
pepper,
Madderwort, 1523
Madras chillies, 240
cochineal, 343
Madweed, 1838
Mafenide, 1880
Magdelate, 1745
Magenkraut, 1523
Magistere de bismuth, 175
de soufre, 1368
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Magisterio de azufre, 1368
Magistery of bismuth, 175
Magma Alzinox, 465
bentoniti, 149
bismuthi, 170
de bentonita, 149
de magnesia, 771
magnesia?, 771
Magnacillin, 1005
Magnalium, 54
Magnamycin, 990, 1563, [v]1856
Magnesia, 776
and rhubarb, 1190
calcinata, 776
carbonatada, 773
magma, 771, [v]1990
usta, 776
Magnesie, 776
blanche, 773
calcinee, 776
carbonatee, 773
Magnesii carbonas, 773
carbonas levis, 773
carbonas ponderosus, 773
hydroxidum, 775
oxidi ponderosum, 776
oxidum leve, 776
phosphas tribasicus, 777
sulfas, 778
sulfis, 1745
sulphas, 778
sulphas exsiccatus, 779
trisilicas, 779
Magnesite, 773, 778
Magnesium, 772
benzoate, 1745
bromide, 1745
carbonate, 773, [v]1990
carbonate, heavy, 773
carbonate, light, 773
carbonicum, 774
carbonicum leve, 773
chloride, 1745
citrate solution, 774
dioxide, 1800
hydrocarbonicum, 773
hydroxide, 775
hydroxide mixture, [v]1990
hydroxide tablets, 776
hypophosphite, 1745
lactate, 1745
mandelate, 1745
meso-trisilicate, 780
oxide, 776, [v]1990
oxide, heavy, 776, [v]1990
oxide, light, 776
oxydatum, 776
perborate, 1745
peroxide, 1800
pheophytin a, 1628
pheophytin b, 1628
phosphate basic, 777
phosphate, dibasic, 777
phosphate, secondary, 777
phosphate tablets, tribasic, 777
phosphate, tertiary, 777
phosphate, tribasic, 777
salicylate, 1745
stearate, 777
succinate, 1876
sulfate, 778, [v]1990
sulfate ampuls, 779
sulfate, exsiccated, 779
sulfate injection, 779
sulfite, 1745
sulfuricum, 778
sulphate, 778
superoxol, 1800
trisilicate, 779, [v]1990
trisilicate tablets, 781
Magnesiumoxyd, 776
Magnesiumsulfat, 778
Magnetic oxide of iron, 718
Magnetite, 717, 718
Magsorbent, 780
Maguey, 1534
Maha pangiri, 1640
Ma-huang, 500

Index
Maiapfelwurzel, 1077
Maiblumenwurzel, 1645
Maisol, 366
Maisstarke, 1308
Maize, 1932
oil, 366
Maizenic acid, 1932
Majudin, 1545
Malabar, 256
cardamoms, 255
nut tree, 1526
Malabarsamen, 255
Malabarzimt, 330
Malachite, 362
green, 1674
Malcotran, 652
Male fern, 121
fern oleoresin, 122
jalap root, 716
Maleato de ergonovina, 513
Malestrone, 1389
Mallaguetta pepper, 257
Mallein, [v]2046
Mallophene, 1674
Malt and cod liver oil, 348
extract, 781
extract, dry, 782
extract,
non-diastatically

active,

782
whisky,
1507
Malta orange, 934
Maltha, 1800
Maltol, 1324
Malvaccioni, 51
Malvischio, 51
Malwa opium, 925
Mammary glands, 1679
Mammogen, 1124
Manaca, 1745
Manacan, 1745
Manacein, 1745
Manaceine, 1745
Manacine, 1745
Mancona bark, 1680
Mandelamine, 846
Mandelato de calcio, 227
Mandelic acid, 1746
acid, racemic, 1746
Mandelol, 45
D-Mandelonitrile glycoside, 274
Mandragora, 1746
Mandragorine, 1746
Mandrake, 1077, 1746
Manettia ignita, 713
Manexin, 1748
Mangalore, 256
Manganese, 1746
and sodium citrate, 782
butyrate, 1747
citrate, soluble, 782
colloidal, 1747
dioxide, 1747
glycerophosphate, 783
glycerophosphate, soluble, 783
hypophosphite, 783
peroxide, 1747
sulfate, [v]1990
Mangani citras solubilis, 782
dioxidum, 1747
dioxidum praecipitatum, 1747
glycerophosphas, 783
hypophosphis, 783
Manganohypophosphit, 783
Manganous butyrate, 1747
hypophosphite, 783
Manganum, 1746
hypophosphorosum, 783
Mangosteen, 1747
Mangostin, 1747
Manihot, 1310
Manila elemi, 1675
Manioc, 1896
Manioca starch, 1896
Manitoba senega, 1225
Manna, 1747
ash, 1747
sugar, 784
Mannitan, 1638

Mannite, 784
Mannitol, 784, 1761, 1764
hexanitrate, 1748
injection, 785
D-Mannitol, 784
Mannoside, 1707
Mannosidostreptomycin, 1321
Mannotetrose, 1747
Mannotriose, 1747
Man-of-the-earth, 717
Manteca, 742
benzoinada, 743
de cacao, 1406
de cerdo, 742
de cine, 1515
Mantoux test, 1461
Manuronate, 1572
Manzanilla, 1550
Mapharsen, 945
Maphenide, 1880
Maple sugar, 1344
Maranham jaborandi, 1060
Maranta, 1310, 1748
Marble, 267
Maretine, 1748
Marezine hydrochloride, 1660
Marfanil, 1880, [v]1990
Marginal fern, 121
Margosine, 1591
Margosteen oil, 593
Marguerite, 1144
Marigold, 1611
Marihuana, 1613
Marmelos de benguala, 1592
Marmelosin, 1592
Marmesin, 1592
Marprontil, 1880
Marrubiin, 1748
Marrubium, 1748
Marsh gumweed, 627
mallow leaves, 51
scullcap, 1838
test, 110
violet, 1807
Marshmallow root, 51
Marsilid, 727
Marvel, 1748
Marvel-of-peru, 732
Mary-bud, 1611
Maryland pink, 1868
Masa de carbonato ferroso, 575
Masenate, 1394
Massa ferri carbonatis, 575
pilularum ferri carbonici, 575
Massecuite, 1345
Massicot, 748
Massoia aromatica, 329
Massoy bark, 329
Masterwort, 1548, 1721
Mastic, 785
tree, 785
Mastich, 785
Mastiche, 785
Masticin, 785
a-Masticinic acids, 785
/3-Masticinic acids, 785
Masticolic acid, 785
a-Masticonic acid, 785
j3-Masticonic acid, 785
a-Masticoresene, 785
jS-Masticoresene, 785
Mastix, 785
Matico, 1748
Matricaria, 1749
Mauritius vanilla, 1479
Maw seed, 923
Maxitate, 1748
May apple, 1077
Mayer's reagent, 1105
May-pop, 1797
MC 3199, 1784, 1785
MC 4112, 1540
MCHC, 1484
Meadow
1818
-fern,anemone,
1644
-saffron, 356
-saffron conn, 356
-saffron seed, 356

Index
Meadow sage, 1834
-sweet, 1868
Measles prophylactic, 607
Meat sugar, 678
Mebaral, 803, 1852
Mecca balsam, 1592
senna, 1227
Mechlorethamine hydrochloride, sterile,
786, [v]1991
hydrochloride
trituration, sterile,
788
Mechlorethaminium chloride, 786
Mecholyl, 1791
bromide, 832, 835
chloride, 832
Meclizine hydrochloride, 1749
Meconic acid, 926, 929
Meconidine, 928
Meconin, 929
Meconium, 923
Medicated gelatin disks, 739
syrup, 1893
Medicinal charcoal, 268
dyes, 1673
soft soap, 1245
soft soap liniment, 1246
zinc peroxide, 1518
Medinal, 139
Mediterranean squill, 1305
Medizinische kohle, 268
seife, 1243
Medomin, 1597
Meerzwiebel, 1305
Meerzwiebelessig, 1307
Meerzwiebelsirup, 1307
Megaphen, 1629
Megasul, [v]1998
Mel, 653
Mel B, 1589
Mel depuratum, 653
Melaconite, 362
Melaleuca, 1750
Melampodium, 1711
Melanin, 260
Melarsen, 1589
oxide, 1589
Melegeta pepper, 257
Meletin, 1820
Melezitose, 653
Melilotic acid, 1750
Melilotus, 1750
Melin, 1201, 1708
Melissic acid, 1387, 1506
Melitoxin, 163
Meloe, 237
Meloides, 236
Melon pumpkin, 1818
tree, 1782
Menadiol diacetate, 11
sodium diphosphate, 789
Menadiona, 789
Menadione, 789, [v]1991
capsules, 792
injection, 792
sodium bisulfite, 793
sodium bisulfite injection, 794
tablets, 793
Menadioni sodii bisulfis, 793
Menadionum, 789
Menaphthene, 789
Menaphthone, 789, [v]1991
Menaphthonum, 789
Menaquinone, 789
Mendel test, 1461
Menispermine, 1642
Menta, 1014
inglesa, 1014
piperita, 1014
Mentha alopecuroides, 1303
aquatica, 1014
arvensis, 794, 1014, 1303
canadensis, 1303
cardiaca, 1303
longifolia, 1014, 1303
niliaca, 1014, 1303
piperita, 1014, 1015, 1303
piperita forma pallescens, 1014
pulegium, 1750

Mentha rotundifolia, 1014, 1303
silvestris, 1014, 1303
spicata, 1014, 1303
viridis, 1303
Menthacampher, 794
p-Menthane, 794
Menthanol-3, 794
Menthe poivree, 1014
verte, 1303
Menthol, 794, 1016, [v]1991
camphorated, 796
gauche, 794
natural, 794
ointment, compound, 796
spray, compound, 795
synthetic, 794
Mentholated chloral, 1626
Mentholum, 794
Menthone, 794
Mentol, 794
Mentolo, 794
Meonine, 849
Mepacrinae hydrochloridum, 1154
methanosulphonas, 796
Mepacrine hydrochloride, 1154,
[v]2013
methanesulfonate,
796
methanesulphonate, 796
methanesulphonate,
injection of,
796
Mepacrini hydrochloridum, 1154
methanosulfonas, 796
Meperidine hydrochloridum, 797
Meperidine hydrochloride, 797, [v]1991
hydrochloride injection, 799
hydrochloride tablets, 800
Meperidinium chloride, 797
Mepesulfate, 1573
Mephenesin, 800, 1860, [v]1991
capsules, 802
tablets, 802
Mephentermine sulfate, 802
sulfate injection, 803
Mephenterminium sulfate, 802
Mephitic air, 901
Mephobarbital, 803, [v]1992
tablets, 804
Mephson, 800
Mephyton, 1057, 1058
Mepiperphenidol bromide, 1785, 1789
Meprane dipropionate, 1683
Meprobamate, 1861
Mepyraminae maleas, 1148
Mepyramine maleate, 1148, [v]1943
Mepyramini maleas, 1148
Meralluride, 804
injection, 805
sodium, 1765
sodium injection, 805
Meralluridum, 804
Meratran, 1808
Merbak, 1751
Merbromin, 806, 1674, [v]1992
solution, 807
solution, surgical, 808
Merbrominum, 806
Mercaptomerin sodium, 1765
sodium, sterile, 808
6-Mercaptopurine, 1750
Mercocresols, 1751
Mercosterol, [v]1992
Mercresin, 1751
Mercuhydrin, 804, 1268
sodium injection, 805
with ascorbic acid, tablets, 805
Mercumatilin, 1767
sodium, 1765, 1768
Mercupurin, 812
Mercurammonium chloride, 821
Mercuranin, 806
Mercure, 817
purine, 817
Mercurial antiseptics, 1750
diuretic agents, 1765
ointment, 820, [v]1992
ointment, mild, 821
ointment, strong, 820
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Mercuric amidochloride, 821
ammonium chloride, 821
benzoate, 1751
bichloride
large
poison
tablets,
827
chloride, 823
chloride, solution of, 827
chloride tablets, 827
cyanide, 1751
iodide, 809
iodide, red, 809, [v]1992
nitrate, dilute ointment, 810
nitrate ointment, [v]1992
nitrate, strong ointment, 810
oleate, 827
oleate ointment, 828
oxide, 811
oxide, eye ointment, 812
oxide, red, 1752
oxide, yellow, 810
oxide, yellow, ointment, 811
oxide,
yellow,
ophthalmic
ointment, 812
oxycyanide, 812
potassium iodide, 1105
salicylate, 1752
subcyanide, 812
succinimide, 1752
sulfide, 1753
Mercurichlorid, 823
Mercurio, 817
amoniacal, 821
vegetal, 1745
Mercurius jodatus ruber, 809
vivus, 817
Mercurochlorid, 814
Mercurochrome, 806 f
Mercurojodid, 816
Mercurophen, 1751
Mercurophyllina, 812
Mercurophylline, 812, 1765
injection, 813, [v]1992
tablets, 814
Mercurous chloride, 814
chloride and sodium
bicarbonate
tablets, mild, 816
chloride, mild, 8! 4, [v]1992
chloride, mild, ointment, 815
chloride,
mild,
pills, compound,
816
chloride, mild, tablets, 816
iodide, 816
iodide tablets, 817
iodide, yellow, 816
iodide, yellow, tablets, 817
Mercury, 817
ammoniated, 821
ammoniated, ointment, 823,
bichloride, 823, [v]1992
[v]1992 ophthalmic
bichloride
ointment,
827
827
bichloride
small
poison
tablets,
bichloride solution, 827
mass, 819, [v]1992
ointment, 821
oleate, 827
salicylate, 1752
subchloride, 814
weed, 1524
with chalk, 1753, [v]1992
Mercuzanthin, 812
Merethoxylline procaine, 1765, 1768
Merodicein, 1751
Merphenyl nitrate, 1049
Mersalil, 828
Mersalyl, 828
and theophylline, 1765
and theophylline
injection,
831,
and[v]1993
theophylline tablets, 832
sodium, 828
Mersalylum, 828
Mersalyn solution, 831
Mertestate, 1389
Merthiolate, 1418
sodium, 1418
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Mesantoin, 851. 1852
Mescal, 1534
buttons, 1548
Mescaline, 1549
Mesitalkohol, 12
Meso-inositol, 678
-tartaric acid, 1388
Mesontoin, 851
Mesopin, 652
Mesquite gum, 2
Mestenediol, 1755
Mestilbol, 1683
Mesudin, 1880
Mesulphen, 1753, [v]1993
Metaboric acid, 190
Metachloridine, 1580
Metacopaivic acid, 1646
Metacortandracin, 1817
Metacortandralone, 1817
Meta-cresol, 400
Meta-cresylacetate, 1753
Meta-dihydroxybenzene, 1184
Metagallic acid, 1150
Metakentrin, 1810
Metal-ammonia complexes, 72
Metamine, 1907
Metandren, 860
Metaphen, 901
Metaphosphoric acid, 1051, 1805
Metaphosphorsaure, 1051
Metaraminol bitartrate, 1891
Meteloidine, 146, 1661
Metenamina, 844
Methacholinas chloridum, 832
Methacholine bromide, 835
chloride, 832
chloride capsules, 835
chloride, sterile, 835
Methacholinium chloride, 832
Methadone hydrochloride, 836, [v]1993
hydrochloride injection, 837
hydrochloride tablets, 837
Methadonium chloride, 836
Methadren, 1892
Methallatal, 1597
Methallenestril, 1683
Metha-merdiazine, 1458
Methamphetamine, 503
hydrochloride, 503, 837
hydrochloride tablets, 839
Methamphetaminium chloride, 837
Methampyrone, 1672
Methandriol, 1755
Methanol, 1753
Methantheline
bromide,
839,
1698,
1784
bromide tablets, 842
Methaphenilene hydrochloride, 842
hydrochloride tablets, 842
Methapyrilene fumarate, 844
hydrochloride, 843, [v]1943
hydrochloride tablets, 844
Methapyrilenium chloride, 843
Metharbital, 1597
Methatropin, 652
Meth-dia-mer-sulfonamides, 1457, 1458
Methedrine hydrochloride, 837
Methemoglobin, 1713
Methenamina, 844
Methenamine, 844, [v]1993
and sodium
biphosphate
tablets,
846
anhydromethylene citrate, 1754
compounds, 1754
mandelate, 846
mandelate tablets, 847
sulfosalicylate, 1754
tablets, 845
tetraiodide, 1754
Methenaminium mandelate, 846
Methenyl trichloride, 293
Methergine tartrate, 514
Methexenyl, 644
sodium, 643
Methiacil, 861
Methimazole, 848
tablets, 849
Methinchlorid, 293

Ind ex
Methiodal sodium, 849
sodium injection, 849
Methiodalum sodicum, 849
Methionine, 849
capsules, 851
tablets, 851
Methium chloride, 1701
Methocel, 854
Methoin, 851, 1852
Methonium compounds, 1697
Methostan, 1755
Methotrexate, 1693
Methoxamine hydrochloride, 852
hydrochloride injection, 852
Methoxaminium bromide, 852
Methoxsalen, 1545
Methoxychelidonine, 1623
Methoxychlor, 1754, [v]1993
Methoxyphenamine
hydrochloride,
1892
8-Methoxypsoralen, 1545
Methyl alcohol, 1753
anthranilate, 933
blue, 855
chemosept, 857
chloride, 1755
creosol, 1671
fluoroacetate, 1625
guaiacol, 399
parahydroxybenzoate, 857
Parasept, 857
phthalate, 471
riboflavin, 1192
salicylate, 853
silicone, [v]1993
violet, 858
Methylacetic acid, 1290
Methylaminoheptane hydrochloride,
1892
Methylamylketone, 337
N-Methylanabasine, 1904
Methylandrostenediol, 1755
1-N-Methylantabine, 1904
Methylarbutin, 1915
Methylbenzene. [v]1993
Methylbenzethonium chloride, 154
Methylbenzoylecgonine, 338
Methylbenzylamine, 502
Methyl-beta-truxilloylecgonine, 338
Methylcellulose, 854, [v]1994
Methylcinnamoylecgonine, 338
Methylconiine, 1645
Methylcytisine, 1619, 1867
Methyldichloroarsine, 1624
Methyldihydromorphinone hydrochloride, 862
Methylenblau, 855
Methylene bichloride, 1755
blue, 855, 1043, 1674, [v]1994
chloride, 1755
dichloride, 1755
ditannin, 1895
Methyleneprotocatechuic acid, 1650
Methylenium caeruleum, 855
J-N-Methylephedrine, 502
Methylergonovine tartrate, 514
Methylfurylene fumarate, 1579
N-Methylglucamine meta-antimonate,
1586
N-Methylgranatonine, 1798
Methylhesperidinchalcone, 1204
Methylhexaneamine, 1892
Methylhomatropinium bromide, 652
Methylhydrocotoin, 260, 1638, 1650
Methyli amynoxybenzoas, 939
Methylis chloridum, 1755
salicylas, 853
a-Methylisoheptylamine, 1892
Methylisopelletierine, 1798
Methylium salicylicum, 853
Methylmelubrin, 1672
l-Methyl-2-mercaptoimidazole, 848
Methylmorphine, 348
2-Methyl-l,4-naphthoquinone, 789
Methylparaben, 857, 1136
Methylparabenum, 857
Methylparafynol, 1755
phthalate, [v]1994

Methylpelletierine, 1798
dl-o-Methylphenethylamine sulfate, 87
Methylphenobarbital, 803
Methylphenobarbitone, 803, [v]1992
Methylphenobarbitonum, 803
Methylphenol, 400
Methylprotocatechuic aldehyde, 1481
Methylprotocotoin, 1650
d-N-Methylpseudoephedrine, 502
Methylpsychotrine, 712
N-Methylpyrroline, 1904
a-Methylpyrryl ketone, 1923
Methylrosanilinse chloridum, 858
Methylrosaniline, 858
chloride, 858, 1674, [v]1994
chloride solution, 859
chloride tablets, 860
Methylrosanilinum, 858
Methylsalizylat, 853
4-Methyl-2-sulfanilamidopyrimidine,
1355
Methylsulfuryl chloride, 1624
Methylsulphonal, 1883
Methyltestosterone, 860, [v]1994
I—
tablets, 861
Methyltestosteronum, 860
Methyltheobromine, 205
Methylthioninse chloridum, 855
Methylthionine chloride, 855
Methylthiouracil, 861, [v]1994
tablets, 862
Methylthiouracilum, 861
8-Methyltocol, 1434
N-Methyltryptophan, 1523
N-Methyltyrosine, 1609
Methyprylon, 1756
Meticortelone, 1817
Meticorten, 1817
Metilsulfato de neostigmina, 889
Metiltestosterona, 860
Metopon hydrochloride, 462, 862
Metrazol, 1012, [v]2003
Metropine, 1789
Metubine, 1655
iodide, 472
iodide solution, 473
Metycaine hydrochloride, 1064
Mexican cantharides, 23.7
sarsaparilla, 1213
scammony, 716
scammony resin, 717
tea, 1625
turpentine, 1911
vanilla, 1478
Mezcaline, 1549
Mezereic acid, 1757
Mezerein, 1757
Mezereon, 1756
Mezereum, 1756
Mianin, 279
Mianine, 279
Miaquin, 83
Microcurie, 1822
Mictine, 1544
Middle cardamoms, 256
oil, 1382
Miel, 653
blanc, 653
Miele, 653
Milchsaure, 736
Milchsaures kalk, 226
Milchzucker, 738
Mild mercurial ointment, 820, 821
mercurous chloride, 814
mercurous
chloride and
sodium
bicarbonate tablets, 816
mercurous chloride ointment, 815
mercurous
chloride
pills, com816
mercurous pound,chloride
tablets, 816
naphazoline hydrochloride solution, 880
protargin, 1237
silver protein, 1237
Milfoil, 1525
Milibis, 616
Milk chocolate, 203
of ammoniac, 1546

Index
Milk of bismuth, 170
of magnesia, 771, 772
of magnesia tablets, 776
of sulfur, 1368
sugar, 738
Milk-vetch, 1744
Milkweed, 1591
Millicillin, 1004
suspension, 1004
Millicurie, 1822
Milontin, 1852, 1853
Miltown, 1861
Mimea, 1613
Mimotannic acid, 1696
Mineral oil, 1026
oil emulsion, 1028
oil, light, white, 1027
soap, 147
tar, 1800
-waters, 759, 1502
waters, alkaline, 1502
waters, alkaline-saline, 1502
waters, chalybeate, 1502
waters, ferruginous, 1502
waters, saline, 1502
waters, sulfuretted, 1502
wax, 1621
Mingwort, 1523
Mink distemper, killed tissue, vaccine,
[v]2052
distemper
vaccine, live modified,
chick embryo origin, [v]2052
Mint, 1303
Minzenblatter, 1014
Miosalvarsan, 1361
Mirabilis jalapa, 732
Mirabilite, 1298
Miracil D, 1757
Mire, 1745
Mirra, 875
Mischmetall, 1621
Miso, 1865
Mistletoe, 1928
Mistura cretae, 268
fusca, 933
glycyrrhizae composita, 933
magnesii hydroxidi, 771
opii et glycyrrhizae composita, 933
pectoralis, 566
rhei composita, 1190
rhei et sodas, 1190
Mitigal, 1753
Mitragyna, 1757
Mitragynine, 1757
Mitraphylline, 1757
Mitraspecine, 1757
Mitraversine, 1757
Mitrinermine, 1757
Mixed bacterins: avian, [v]2056
bacterins: bovine, [v]2056
bacterins: canine, [v]2056
bacterins: equine, [v]2056
bacterins: feline, [v]2056
bacterins: lepine, [v]2056
bacterins: porcine, [v]2056
enteric vaccine, 1469
gas-gangrene antitoxin, 594
grasses allergen, 1537
tocopherols concentrate, 1434
Mixing syrups, 608
Mixtura de creta, 268
Mixture of glycyrrhiza, compound, 933
of magnesium hydroxide, 771
of rhubarb, compound, 1190
MK-02, 1856, 1857
Mobenate, 1599
Mocha aloes, 47, 48
Mock pennyroyal, 1710
Modified dakin's solution, 1277
human globin, 1814
Mogadore gum, 1
Mohnsaft, 923
Mohnsamen, 923
Molasses, 1345, 1346
Molded silver nitrate, 1237
Moleskin plaster, 1076
Molette, 1615
Mol-iron, 1757

Molybdenite, 1757
Molybdenum, 1757
sesquioxide, 1757
Molybdite, 1757
Mombasa pepper, 239
Momea, 1613
Momordica, 1758
Momordicin, 1675, 1758
Monacrine, 62
Monarda, 1758
didyma, 1427
punctata, 1427
Monazite, 1621
Monchswurz, 20
Monichol, 319
Monitan, 1087
Monkshood, 20
Monoacetylaniline, 5
86
dl-Monobasic
amphetamine phosphate,
Monobasic

dextro-amphetamine
phosphate, 87
phosphoric acid, 1051
Monobenzylethylenediamine dipenicillin G, 1000
Monobromated camphor, 236
Monobromosalicyl alcohol, 1607
Monocaine formate, 201
hydrochloride, 200
Monochloroacetic acid, 1446
Monochloroethane, 555
Monochloromethane, 1755
Monochloromethylchloroformate, 1624
Monochlorothymol, 302
Monocillin, 1004
Monocyclic terpenes, 1776
Monodral bromide, 1790
Monoethanolamine, 863
Monohydrated sodium carbonate, 1264
Monoiodotyrosine, 1430
Monolate, 540
Monolupine, 1744
Monomestrol, 1683
Mononucleotides, 1771
Monosodium glutamate, 610
Monostearin, 613
Monsel's solution, 574
Monosulfiram, [v]2032
Monotheamin, 1898
Monotropitoside, 1704
Montmorillonite, 148
Moranyl, 1375
Morelle, 1866
Morello cherry, 272
Morellos, 272
Morfina, 863
Morion, 1746
Morison's paste, 779
Morning glory, 716
Moro's percutaneous test, 1462
Morphias murias, 867
sulfas, 868
Morphin, 863
Morphina, 863
Morphinas chlorhydras, 867
hydrochloridum, 867
sulfas, 868
sulphas, 868
Morphine, 863, 926, 1583, [v]1994
and atropine, injection of, 869
and atropine sulfates tablets, 869
chloride, 867
hydrochlorate, 867
hydrochloride, 867
hydrochloride, solution of, 868
injection, 867
-nalorphine antagonism, 1583
sulfate, 868
sulfate, solution of, 868
sulfate tablets, 869
sulphate, 868
sulphate, injection of, 869
Morphinhydrochlorid, 867
Morphini hydrochloridum, 867
sulfas, 868
Morphinium chloride, 867
sulfate, 868
Morphinsulfat, 868
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Morphinum, 863
aethylatum hydrochloricum, 560
chlorhydricum, 867
hydrochloridum, 867
sulfuricum, 868
Morphium, 926
Morphodone hydrochloride, 1030
Morrhua americana, 344
vulgaris, 344
Morrhuic acid, 346
Morrhuine, 346
Moryl, 244
Mosidal, 1597
Mosquito plant, 1710
Mossing, 1636
Moss-starch, 1622
Mossy stonecrop, 1838
Mostaza negra, 869
Mosula japonica, 1427
Mother of rye, 516
Mountain ash, 1867
balm, 524
box, 1915
cranberry, 1915
damson, 1850
flax, 1225
laurel, 1728
maple, 1493
znauchineel, 1829
tea, 1619
tobacco, 106
Moussache, 1897
Mousse marine perlee, 323
Moutarde noire, 869
Mu pen ma-huang, 501
Mucara, 1313
Mucilage de gomme adragante, 1444
de gomme arabique, 4
of acacia, 4
of tragacanth, 1444
Mucilago acaciae, 4
cydonii, 1660
de goma Arabiga, 4
de tragacanto, 1444
gummi arabici, 4
gummi tragacanthae, 1444
tragacanthas, 1444
Mucillaggine di gomma arabica, 4
Mucilose, 1071
Mucin, 1758
Mucuna, 1758
urens, 1054
Mudar, 1612
Mugwort, 1523
Mullein dock, 1927
Mulmul, 875
Multamycin, 463
Multazine, 1458
Multibase, 1779
Multifuge citrate syrup, 1808
Mulke, 1621
Mullein, 1927
Mulungu, 1808
Mumps skin-test antigen, 1918
.vaccine, 1918
Municipal water purification, 1500
Mur, 875
Muracil, 861
Murga fat, 593
Muriamic, 609
Murias, 663
Muriate of Ammonia, 78
of lime, 219
Muriatic acid, 663
Muriato de sosa, 1266
Murillo bark, 1153
Murum, 663
Murungu, 1808
Musabbar, 49
Musambra aloe, 48
Muscade, 873
Muscae hispanicae, 236
Muscarine, 1760, 1792
Muscle adenylic acid, 1526
sugar, 678
Musculus, 1758
venenosus, 1758
Mushrooms, 1758

Index
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Musk root, 1884
Muskatbliitenol, 874
Muskatnusz, 873
Musquash-root, 1633
Mussel, 1758
Mustard, 869
bath, 1503
black, 869, [v]1995
brown, 869
Chinese. 870
English, 870
French, 870
gas, 1624
German, 870
leaves, 871
paper, 871
plaster, 871
red, 869
white, 870
yellow, 870
Mustargen hydrochloride, 786
Mustine hydrochloride, 786
Mutamycin, 1320
Mutterkorn, 516
Mutters, 1733
Mutton suet, 1876
Myanesin, 800, 1860,
My-b-den, 1526
Mycifradin sulfate, 883
Mycomycin, 1568
Mycostatin, 1567
Mycosterols, 1869
Mycosubtilin, 1568
Mydriatin, 1892
Mylabris, 237
beetles, 238
bifasciata, 237
cichorii, 237
hinata, 237
phalerata, 237
pustulata, 237
sidoe, 237
Myleran, 1760
Myochrysine, 621, [v]1980
Myoderma aceti, 9
Myohematin, 1661
Myoinositol, 678
Myosalvarsan, 1361
Myovarsyl, 1361
Myoxane, 800
Myrcene, 1776
Myrcia oil, 872
spirit, compound, 873
Myrica, 1761
My-ricin, 1506
Myricinic acid, 1761
Myricyl alcohol, 1506
pahnitate, 1506
Myristic acid, 874, 1773
Myristica, 873
fragrans, 873, 874
oil, 874
Myristicin, 875
Myristin. 874
Myrj 52, 1087
Myrocarpus balsam, 1440
fastigiatus, 1440
frondosus, 1440
Myropen, 1005
Myrosin, 871
Myrospermum fnitescens, 1023
Myroxocarpin, 1023
Myroxoresene, 1023
Myroxylon balsamum, 1023, 1439
pereiroe, 1023, 1439
peruiferum, 1023
punctatum, 1023
toluifera, 1439
Myrrh, 875
tincture, 877
Myrrha, 875
Myrrhe, 875
Myrrhengummi, 875
Myrrhenol, 876
Myrrhic acid, 876
Myrrhin, 876
Myrrhol. 876
Myrrholic acid, 876

Myrticolorin, 1201, 1708
Myrtillin, 1922
Myrtle wax, 1761
Myrtus pimenta, 1062
Mysoline. 1852, 1855, [v]2010
Mysore, 256
Mysteclin, 1568
Mytilotoxine, 1758
Mytolon, 1656, 1658

N15, 1824

N

Na»
1824
Nacconols, 1887
Xacrite, 734
Nadelholzteer, 1385
Naepaine hydrochloride, 877
Naepainium chloride, 877
Naftoato de pamaquine, 963
Naftol-j3, 161
0-Naftolo, 161
Naganol, 1375
Nagelein, 335
Nalline hydrochloride, 877, [v]1995
Nalorphine, 1583
hydrochloride, 877, [1995]
hydrochloride injection, 879
Nalorphinium chloride, 877
Nalutron, 1122
Nanny berry, 1494
Napelline, 23
Naphazoline hydrochloride, 879, 1044,
1438
hydrochloride
solution, mild, 880
hydrochloride solution, strong, 881
Naphazolinium chloride, 879
Naphthalene, 1761, 1776, [v]1995
chlorinated, [v]1995
Naphthalenum, 1761
Naphthocaine hydrochloride, 1743
Naphthol, 161
0-Naphthol, 161
Naphtholum, 161
Naphtol, 161
Naphtol 0, 161
0-Naphtolum, 161
Naphtylol 0, 161
Naphuride, 1375
Naprylate, 1862
Narceine, 928
Narcotine, 926, 928, 929
f-Narcotine, 1825
Narcotoline, 928
Narcylene, 1524
Narkoseather, 543
Narrow-leafed laurel, 1729
Natal aloe, 48
cherry, 1867
Native soda, 1263
sulfur, 1369
Nativelle's crystalline digitalin, 447
Natolone, 1817
Natopherol, 1434
Natrii bromidum, 1259
chloridam, 1265
citras, 1269
iodidum, 1280
nitris, 1285
para-aminosalicylas, 1251
pyrosulfis, 1257
salicylas, 1296
sulfaminochloridum, 279
Natrinil, 1726
Natrium, 1247
acetieum, 1247
benzoicum, 1252
biboricum, 1258
bicarbonicum, 1253
boracicum, 1258
bromatum, 1259
bromuretum, 1259
cacodylicum, 1262
carbonicum, 1263
carbonicum acidulum, 1253
causticum, 1275
chloratum, 1265

Natrium chloricum, 1862
chloruretum purum, 1265
citricum, 1269
diaethylbarbituricum, 139
glycerophosphoricum, 1274
hydricum, 1275
hydroxydatum, 1275
hypophosphorosum, 1278
hyposulfurosum, 1300
indigo-sulfonicurn. 1279
iodophtaleinicum, 704
ioduretum. 1280
jodatum, 1280
monophosphoricum, 1288
monophosphoricum
desiccatum,
1289
nitrosum, 1285
perboracicum, 1287
perboricum, 1287
phosphoricum, 1288
phosphoricum siccum, 1289
salicylicum, 1296
stearicum, 1298
sulfuricum, 1298
sulfurosum siccum, 1299
thiosulfuricum, 1300
Natriumazetat, 1247
Natriumbenzoat, 1252
Natriumbikarbonat, 1253
Natriumborat, 1258
Natriumbromid, 1260
Natriumchlorid, 1266
Natriumcitrat, 1269
Natriumhydroxyd, 1275
Natriumhypochloritlosung nach Dakin,
1277
Natriumhypophosphit, 1278
Natriumjodid, 1280
Natriumkakodylat, 1262
Natriumkarbonat, 1263
Natriumnitrit, 1285
Natriumperborat, 1287
Natriumphosphat, 1288
Natriumsalizylat, 1296
Natriumsulfat, 1298
Natriumthiosulfat, 1300
Natriuretic agents, 1765
Natron, 1263
Natural camphor, 232
gas, 1801 794
menthol,
water, 1500
Nauheim baths, 1503
baths, artificial, 1503
Navel orange. 935
NBIN emulsion, 160
NDGA. 1775
Neamine, 883
Neat soap. 1243
Nebula ephedrina?, 504
ephedrinae composita, 505
tyrothricini, 1473
Nectandras cortex, 1598
Nectandrine, 1598
Nectar, 653
Nekoe, 1831
Nelkenol, 337
Nelkenpfefferol, 1062
Nembutal, 1011
Nemural, 495, [v]1975
Neo Bromth, 1782
Neoajmaline, 1825
Neoantergan, [v]1943
maleate. 1148
Neoantimosan, 1313
Neoarsfenamina, 881
Neoarsphenamina, 881
Neoarsphenamine, 881, [v]1995
Neoarsphenaminum, 881
Neoarsycodile, 1590
Neobase, 1779
Neocaine, 1115
Neocid, 297
Neocinchophen, 328, 882
tablets, 883
Neocinchophenum, 882
Neocincofeno, 882
Neoconessine, 1644

Index
Neocryl, 1590
Neocurtasal, 1268
Neodiarsenol, 881
Neodrol, 1869
Neogermidine, 1933
Neogermitrine, 1488, 1933
Neo-gynergen, 514
Neo-halarsine, 948
Neohesperidin, 936
Neohetramine hydrochloride, 1423
Neo-Hombreol, 1394
Neo-Hombreol F, 1389
Neo-Hombreol M, 860
Neohydrin, 1268, 1767
Neo-Iopax, 1281, [v]1987
Neokharsivan, 881
Neolin, 988, 1000, 1002
Neoline, 23
Neomercazole, 1615
Neomycin, [v]1995
sulfate, 883
sulfate ointment, 886
sulfate tablets, 886
Neomyrtillin, 1922
Neonal, 199, [v]1996
Neonicotine, 1547
Neopelline, 22
Neo-penil, 998
Neopine, 928
Neoprontosil, 1880, [v]1996
Neoprotoveratrine, 1489
Neoquassin, 1152
Neoquinophan, 882
Neosalvarsan, 881
Neo-silvol, 1234
Neostam stibamine glucoside, 1585
Neostene, 1755
Neostibosan, 1585
Neostigminae bromidum, 886
methylsulfas, 889
methylsulphas, 889
methylsulphatis, 890
Neostigmine bromide, 886, 1792
bromide tablets, 888
methylsulfate, 889, [v]1996
methylsulfate injection, 890
Neostigmini bromidum, 886
methylsulfas, 889
Neostigminium bromide, 886
methylsulfate, 889
Neosynephrine, 1888
hydrochloride, 1047, 1048
hydrochloride, solution, 1048
Neothylline, 1898
Neotreparsenan, 881
Neotropine, 1784, 1785
Neovacagen, 1917
Neovitamin A, 912
Nepe, 1608
Nephrotropic agents, 1761
Neptunium, 1823
series, 1821
Neriin, 1769
Nerium, 1769
Nerol, 1198
Neroli, 933
bigarade, 933
oil, 933
petale, 933
Nerolidol, 933, 1024
Neroliwasser, 934
Nerve gases, 1625
Nervocidine, 1681
Nessler's reagent, 1105
Nethamine hydrochloride, 1892
Nettle, 1914
Neurocaine hydrochloride, 339
Neutral acrifiavine, 25
lard, 742
lead acetate, 747
phosphate, 1288
proflavine sulphate, 1121
Neutroflavine, 26
New Caledonian gamboge, 593
Jersey tea, 1619
Otosmosan, 1476
white, 139
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Newcastle disease vaccine (live virus),
[v]2052 vaccine
disease

(killed

virus),

[v]2052 solution, 100
N.F. antiseptic
N.F. aromatic sodium perborate, 1288
N.F. dentifrice, 421
N.F. sun cream, 1434
N.F. tooth powder, 421
N.F. toothache drops, 1441
Niacin, 892
Niacinamide, 890
injection, 891
tablets, 892
Niaouli oil, 1750
Nicaragua ipecac, 711
Niccolum, 1769
Nicethamidum, 897
Nickel, 1769
carbonyl, 1769
Nicoteine, 1904
Nicotelline, 1904
Nicotiana Tabacum, 1904
Nicotimine, 1904
Nicotinamida, 890
Nicotinamide, 890
capsules, 891
injection, 891
tablets, 892
Nicotinamidum, 890
Nicotine, 1904, [v]1996
Nicotinhydroxamic
acid
methiodide,
1625
Nicotinic acid, 892, [v]1997
acid amide, 890
acid capsules, 896
acid injection, 896
acid tablets, 896
Nicotoine, 1904
Nicotyrine, 1904
Nicouline, 1831
Nifos, 1794
Night-blooming cereus, 1609
Nigre soap, 1243
Nihil album, 1516
Nikethamide, 897, [v]1997
injection, 898
Nikethamidum, 897
Nilodin, 1757
914, 881
Nipabenzyl, 857
Nipagin A, 857
Nipagin M, 857
Nirvanol, 1852, 1868
Nisentil hydrochloride, 1639
Nisulfadine, 1880
Nisulfazole, 976
suspension, 976
Niter, 556, 1105
beds, 1106
Niton, 1821
Nitranitol, 1748
Nitras argenticus, 1235
potassicus, 1105
Nitrate d'argent cristallise, 1235
de pilocarpine, 1060
de potasse, 1106
de strychnine, 1339
of ammonia, 1547
of potash, 1105
Nitrato argentico cristalizado, 1235
besico de bismuto, 175
d'argento fuso, 1237
de bismuto, basico, 175
de estricnina, 1339
de pilocarpina, 1060
de plata, 1235
de plata cristalizado, 1235
de plata endurecido, 1237
de plata fundido, 1237
de potasio, 1105
di argento, 1235
di potassio, 1106
di stricnina, 1339
estrienico, 1339
Nitre, 1105
Nitretamin, 1907
Nitric acid, 898

Nitris amylicus, 89
Nitrite de sodium, 1285
Nitrito d'amile, 89
de amilo, 89
de sodio, 1285
de sosa, 1285
di sodio, 1285
d'isoamile,
89
sodico, 1285
Nitritocobalamin, 405
Nitro, 1105
Nitrobenzene, 1770
Nitrobenzol, 1770
Nitrochloroform, 1629
5-Nitro-2-furaldehyde
semicarbazone,
899
Nitrofurantoin, 1770
Nitrofurazone, 899, [v]1977
ointment, 900
soluble dressing, 900
solution, 901
Nitrogen, 901
monoxide, 903
mustard, 786, [v]1991
mustards, 1624
trichloride, [v]1997
Nitrogen-15, 1824
Nitrogenii monoxidum, 903
Nitrogenium, 901
oxydulatum, 903
Nitroglycerin tablets, 614
Nitrohydrochloric acid, 1770
Nitromersol, 901, [v]1998
solution, 901
tincture, 902
Nitromuriatic acid, 1770
Nitrophenide, [v]1998
p-Nitrophenyl diethyl thionophosphate,
1795
Nitrous oxide, 903
Nitroxanthic acid, 1909
Nivaquine, 1580
Nivaquine B, 1580
Nivaquine C, 1580
Nivea, 1779
Nizin, 1771
Nkasa, 1680
Noble yarrow, 1626
Noce moscata, 873
vomica, 904
Noctal, 1597
Noix d'arec, 104
de muscade, 873
vomique, 904
Noludar, 1756
Non-absorbable
surgical suture, 1377
surgical suture, Type A, capillary,
1377
surgical

suture,
Type
A,
untreated, 1377
surgical
suture.
Type
B, noncapillary, 1377
surgical suture, Type B, treated,
1377
Non-alkalized cocoa powder, 615
Non-destearinated
cod liver oil, 345,
347 oils, 1775
Non-drying
Nonionic agents, 1886
Non-sterilized absorbent gauze, 697
Nopalea coccinellifera, 343
Noradrenalin bitartrate, 751
Nor-atropine, 146
Nor-cassaidine, 1680
Norconessine, 1644
Nordhausen acids, 1373
Nordihydroguaiaretic acid, 743, 1776
J-Norephedrine, 502
Norephedrine hydrochloride, 1892
Norepinephrine, 1527, [v]1989
I-Norepinephrine bitartrate, 761
Norhyoscyamine, 146, 1661
Norisodrine sulfate, 730
Norleucine, 1541
Norlobelanidine, 768
Norlobelanine, 768
Normal human plasma, 1071
human plasma, dried, 1072
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Normal human plasma, frozen, 1072
human plasma, liquid, 1072
human serum, 1231
human serum albumin, 32
lead acetate, 747
saline, 1267
salt solution, 1267
serum, 1842
serum albumin (human), 32
Nornicotine, 1673, 1904
Norodrin hydrochloride, 837
Nor-rf-pseudoephedrine, 502
North American antisnakebite serum,
[v]2042
and South American antisnakebite
serum, 1926
Northern bentonite, 148
pine, 1508
prickly ash, 1931
senega, 1225
Norway pine, 1912
Nosebleed, 1525
Nostal, 1597
Novaldin, 1672, [v]1998
Novalgin, 1672. [v]1998
Novarsenobenzene, 881
Novarsenobenzol, 8,81
Novatophan, 882
Novatrin, 652
Novatropine, 1785
Novocain. 1115
Novocol, 201
Novokainhydrochlorid, 1115
NPH, 681
NPH insulin, 681, 686
Nu-1196, 1539
Nucin, 1728
Nuclear fission, 1823
Nucleic acids, 1771
Nuclein, 1771
Nucleinic acid. 1771
Nucleoproteins, 1771
Nucleoside, 1771
Nucleotide, 1771
Nuclides, 1823
Nuclon, 844
Nuez de banda, 873
de especia, 873
moscada, 873
vomica, 904
Nujol, 1026
Nullapons, 1685
Numoquin hydrochloride, 1685
Nunnari, 1712
Nupercainal, 435
Nupercaine hydrochloride, 434
Nusope, 1887
Nut oil, 978
Nutgall, 1772
ointment, 1772
Nutmeg, 873
butter, 874
geranium, 1797
oil, 874
Nut-pine, 1911
Nux moschata, 873
vomica, 904, 1336, [v]1998
vomica extract, 907
vomica extract, powdered, 907
vomica fluidextract, 907
vomica, liquid extract of, 907
vomica praeparata, 906
vomica, prepared, 904, 906
vomica tincture, 907
Nyassaland pepper, 239
Nyctal, 255
Nydrazid, 725
Nyloxin, 1694
Nystatin, 1405, 1567

Oak-agaric, 1534
apples, 1772
bark, 1820
Oanka, 875
Obier, 1492

Index
Obsidian, 1142
Ocenol KD, 1779
Ocimene, 1776
Ocotea pretiosa, 1217
Octacaine hydrochloride, 1743
Octamethyl pyrophosphoramide, 1772
Octin, 1888, 1891, [v]1987
hydrochloride, 1891
mucate, 1891
Octofollin, 1681
Octrite inhaler, 1773
Octyl nitrite, 1773
Octylene, 1776
Octylphenoxy
polyethoxyethanol,
908,
1887
Oculenta, 909
Oculentum atropinae, 127, 128
atropinae cum hydrargyri
oxido,
128
hydrargyri oxidi, 821
penicillini, 1007
Oculi populi, 1088
Odontalgicum, 1441
OZnethyl, 1888
hydrochloride, 1892
Estradiol, 530
benzoate, 539
monobenzoate, 538
GSstradioli benzoas, 539
QSstradiolis monobenzoas, 539
ffistradiolum, 530
ffistrine, 541
CEstrone, 541
Oestronum, 541
Ogo,
875 1727
Oil nut,
of anise, 92
of aniseed, 92
of Australian sandal wood, 1836
of bay, 872
of betel, 1602
of bitter almond, 43
of bitter almond, purified volatile,
44
of camphor, 234
of cedar leaves, 1728
of cedar wood, 1728
of Ceylon cinnamon, 332
of chamomile, 1550
of chenopodium, 270
of cinnamon, 332
of citronella, 1640
of copaiba, 1646
of coriandei-, 366
of fern, 122
of ginger grass, 1640
of gynocardia, 658
of juniper tar, 1384
of lavandin, 744
of lemon grass, 1640
of mace, 874
of maize, 366
of massoy, 329
of mirbane, 1770
of myrcia, 872
of neroli bigarade, 933
of nutmeg, 874
of orange peel, 937
of orris, 939
of palmarosa, 1640
of parsley seed, 1796
of pennyroyal, 1710, 1750
of petitgrain bigarade, 933
of poley, 1750
of rose geranium, 1797
of sassafras, 1217
of savin, 1833
of spike, 744
of spike lavender, 744
of staranise, 1721
of sweet almond, 45
of tobacco, 1904
of vetiver, 1640
of vitriol, 1373
of witch-hazel, 633
Oil red IV, 1220
Oil-cake, 397
Oils, 1773

Ointment de boric acid, 192
of ammoniated mercury, 823
of dithranol, 95
of hamamelis, 633
of iodoform for the eye, 703
of mercuric nitrate, 810
of mercurous chloride, 815
of mercury, 821
of oleated mercury, 828
of penicillin, 1007
of salicylic acid, 1209
of subchloride of mercury, 815
of sulfur, 1372
of sulfur iodide, 1884
of tar, 1385
of wood alcohols, 319, 1510
of yellow mercuric oxide, 811
of yellow oxide of mercury, 811
of zinc oxide, 1517
of zinc oxide and castor oil, 1518
salundek, 1207
salundek (new), 1475
undesol, 1475
Ointments, 1778
Old field pine, 1911
Louisiana sport capsicum, 239
man's beard, 1626
tuberculin, 1461
Olea europoea, 921
Oleander, 1769
Oleandrigenin, 1769
Oleandrin, 1769
1914
Oleanolic acid, 337, 1611,
Oleate de mercure, 827
Oleate of mercury, 827
828
Oleated mercury, 827
mercury, ointment of,
Oleato de mercurio, 827
di mercurio, 827
Oleatum hydrargyri, 827
veratrinae, 1832
Olefiant gas, 558
Oleic acid, 910, 1773
Olein, 1774
Oleinic acid, 910
Oleoresina aspidii, 122
capsici, 242
de aspidio, 122
filicis, 122
filicis malis, 122
petroselini, 1796
piperis,
zingiberis,1800606
Oleoresins, 1779
Oleovitamin A, 911
A capsules, 916
A and D, 920
A and D capsules, 921
D, synthetic, [v]1998
Oleovitamina A, 911
D sintetica, 917
D synthetica, 916
Oleum adipis, 742
aethereum, 1683
amomi, 1062
amygdala?, 45
amygdalae amarae, 43
amygdalae expressum, 45
amygdalae volatile purificatum, 44
amygdalarum, 45
amygdalarum
aethereum artificale,
149
amygdalarum
amararum aethereum, 43
anethi, 466
anisi, 92
anisi aethereum, 92
anthemidis, 1550
anthos, 1199
arachidis, 978
arachis, 978
aurantii, 937
aurantii aethereum, 937
aurantii amari, 936
aurantii corticis, 936, 937
aurantii dulcis, 937
aurantii floris, 933
aurantii floris aethereum, 933

Index
Oleum bergamotae aethereum, 161
bergamottae, 161
betulae empyrematicum
rectificatum, 1602
cacao, 1406
cadinum, 1384
cajuputi, 1610
camphorae, 234
camphoratum forte, 235
cardamomi, 258
cari, 243
carui, 243
carvi, 243
caryophylli, 337
caryophylli aethereum, 337
caryophyllorum, 337
cassia-, 332
chaulmoogras, 657
chenopodii, 270
chenopodii anthelminthici, 270
chenopodii anthelmintici aethereum, 270
cinnamomi, 332
cinnamomi aethereum, 332
citri, 750
citri aethereum, 750
citronellae, 1640
teocois, 1643
coriandri, 366
crotonis, 1652
eucalypti, 562
eucalypti globuli aethereum, 562
fceniculi, 567
gadi, 344
gossypii seminis, 397
hedeomae, 1710
hippoglossi, 631
hydnocarpi, 657
hydnocarpi aothylicum, 659
iodatum, 698
iodisatum, 698
jecoris aselli, 344
jecoris hippoglossi, 631
juniperi empyreumaticum, 1384
lavandulae, 743
lavandulae aethereum, 743
lavandulae florum, 743
limonis, 750
limonum, 750
lini, 759
macidis, 874
maydis, 366
menthae crispae, 1304
menthae piperita?, 1015
menthae piperitas aethereum, 1015
menthae viridis, 1303
morrhuae, 344
morrhuae non-destearinatum, 347
myrciae, 872
myristicae, 874
myristicae aethereum, 874
myristicae expressum, 874
neroli, 933
nigrum, 1620
nucistse, 874
olivae, 921
olivarum, 921
paraffinae, 1026
percomorphum, 1691
persicae, 1019
picis rectificatum, 1385
pimentae, 1062
pini, 1063
pini pumilionis, 1064
ricini, 261
iricini aromaticum, 264
roris marini, 1199
rosae, 1197
rosae aethereum, 1197
rosmarini, 1199
rosmarini aethereum, 1199
rusci, 1602
rutae, 1831
sabinae, 1833
santali, 1836
santali australiensis, 1836
sassafras, 1216
sassafras aethereum, 1217

Oleum seminis lini, 759
sesami, 1232
tabaci, 1904
terebi'nthinae, 1465, 1466
terebinthinae aethereum, 1465
terebinthinae rectificatum, 1466
theobromatis, 1406
thymi, 1426
thymi aethereum, 1426
tiglii, 1652
vaselini fluidum, 1026
Oleums, 1373
Oleuropein, 922
Oleyl alcohol, 1779
Oligodynamic action, 1235, 1501
Olio cadino, 1384
di arachide, 978
di chaulmoogra, 657
di fegato di merluzzo, 344
di lino, 759
di mandorle dolci, 45
di olive, 921
di ricino, 261
di sesamo, 1232
di vaselina, 1026
di vertriolo, 1373
empireumatico di ginepro, 1384
Olive oil, 921, [v]1998
Olivenol, 921
Oliver's bark, 1780
Oliveri cortex, 1780
Olivile, 921
OlothDrb, 1087
Olsaure, 910
Olsaures Quecksilberoxyd, 827
OMPA, 1772
Oncoba echinata, 658
Oncorhynchus, 686, 688, 1139
Onguent gris, 821
napolitain, 820
simple, 909
Onocerol, 1780
Onoid, 1780
Ononin, 1780
Ononis, 1780
Open-hearth process, 718
Ophelic, 1626
Ophthalmic chlortetracycline hydrochloride, 313
discs, 739
oxytetracycline hydrochloride, 959
solution prostigmin bromide, 888
Opialum, 930
Opianyl, 929
Opio, 923
granulado, 931
pulverizado, 931
Opium, 922, [v]1998
and
glycyrrhiza
mixture,
compound, 933, [v]1998
denarcotized, 931
deodoratum, 931
deodorized, 931
granulatum, 931
officinal, 923
poppy,
powder, 923
ipecac and, 715
powdered, 931
pulveratum, 931
standardized powdered, 931
thebaicum, 925
tincture, 931
tincture, camphorated, 932
tincture, deodorized, 931
Opiumpulver, 931
Opobalsamum, 1592
Oppio, 923
Opsin, 913
Opsonins, 1841
Optochin hydrochloride, 1685
Opuntia coccinellifera, 343
Oracillin, 1006
Oral oxytetracycline
for suspension,
951
pentacresol, 1547
suspension bicillin, 1002
tetracycline suspension, 1405
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Oral trisulfapyrimidines suspension,
1348, 1357, 1467
Ora-lutin, 550
Orange arnica, 107
berries, 935
flower oil, 933
flower syrup, 933
flower water, 934
flower water, double distilled, 934
flower water, quadruple distilled,
flower
934 water, stronger, 934
flower water, triple distilled, 934
oil, 937
oil, sweet, 937
peel, bitter, 934
root, 660
spirit, compound, 938
swallowwort, 1591
syrup, 938
Orangenblutenol, 933
Orangenblutenwasser, 934
Orangenschale, 934
Oranger vrai, 937
Oranixon, 800
Orapen, 1006
liquid, 1006
Orarsan, 7
Oravax, 1917
Orblanc, 1815
Orcanette, 1536
Orcein, 1653
Orchil, 1653
Orchilla weed, 1652
Orcin, 1653
Orcinol, 1078, 1653
Ordeal bean of Calabar, 1054
Oregon grape, 1600
grape root, 1599
Orestralyn, 548
Oreton, 1394
Oreton-F, 1389
Oreton-M, 860
Oridine, 1725
Oriental cashew nut, 1839
sweet-gum, 1316
Origanum, 1758
creticum, 1426
dictamnus, 1426
Orinoco simaruba, 1850
Orizaba jalap, 716
root, 716
Oroxylin, 1780
Oroxylon, 1780
Orphol, 1603
Orris, 938
rhizome, 938
root, 938
Orsanine, 1590
OrseiUe, 1653
Orsellinic acid, 1653
Ortal sodium, 1596
Ortho-aminoazotoluene, 1220
Orthoarsenic acid, 109
Orthoboric acid, 190
Orthocaina, 939
Orthocaine, 939
Ortho-cresol, 400
0»thoform, 939
Orthohydroxybenzoic acid, 1207
Ortho-iodoxybenzoic acid, 1725
Orthophosphoric acid, 1050, 1805
Orthosiphon, 1780
Orthosiphonin, 1780
Orthoxine, 1888
hydrochloride, 1892
Ortin, 1907
Ortocaina, 939
Ortoformo, 939
Ortofosfato bicalcico, 231
Oscine, 1221
Osmic acid, 1780
Osmium tetroxide, 1780
Osmunda claytoniana, 122
Ossein, 598
Ossido di magnesio, 776
di zinco, 1516
mercurico giallo, 811
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Ossigeno, 948
Osthol. 1721
Ostruthin, 1721
Ostruthol, 1721
Osyritin, 1201, 1708
Otto of rose, 1197
Ouabain, 940, [v]1998
injection, 942, [v]1998
Ouabaina, 940
Ouabainum, 940
Ouabaio, 940
Ouricury wax, 1931
Oval buchu, 196
Ovarian residue, 1781
Ovarium, 1780
Ovary, 1780
Ovilecithin, 1734
Ovine-ecthyma vaccine, [v]2052
Ovis aries, 1510
Ovocylin, 530
benzoate, 539
dipropionate, 540
Ovoflavin, 1191
Owl's claws, 1711
Ox bile extract, 942
bile extract capsules, 944
bile extract tablets, 944
-eye daisy, 1144
fascia, 1376
Oxalic acid, 1781, [v]1999
Oxamycin, 1565
Oxheart pepper, 240
Oxibenzol, 1037
Oxide of lead, 748
Oxidized cellulose, 264
Oxido de calcio, 755
de cine, 1516
de etilo, 557
de magnesio, 776
de mercurio amarillo, 811
de zinc, 1516
mercurico amarillo, 811
nitroso, 903
nitrosum, 903
Oxigeno, 948
Oxine, 1781
Oxo-ate, 1725
Oxo-ate "B," 1725
Oxophenarsinse hydrochloridum, 945
Oxophenarsine hydrochloride, 945
hydrochloride hemialcoholate, 945
tartrate, 948
Oxophenarsini hydrochloridum, 945
Oxophenarsinium chloride, 945
Oxophenium bromide, 1784
Oxsoralen, 1545
Oxyacanthine, 1600
o-Oxybenzoesaure, 1207
Oxycel, 264
Oxychloroquine, 1580
Oxychlorure de bismuth, 171
Oxycholesterol, 1510
Oxycholin, 420
Oxycodone hydrochloride, 948
Oxycyanure mercurique, 812
Oxyde blanc d'arsenic, 110
de calcium, 755
de calcium anhydre, 755
de magnesium, 776
de plomb, 748
de terpilene, 562
de zinc, 1516
jaune de mercure, 811
mercurique jaune, 811
mercurique par precipitation, 811
Oxydum nitrosum, 903
Oxygen, 948, [v]1999
Oxygene, 949
Oxygenium, 948
Oxyhemoglobin, 1713
Oxylan, 474
Oxyl-iodide, 1640
Oxynarcotine, 928
Oxyneurine, 1601
Oxyphenonium bromide, 1790
Oxypolygelatin, 600
21-Oxyprogesterone acetate, 422

Index
Oxyquinoline, 1781
benzoate, 1782
citrate, 1781
sulfate, 1781
tartrate, 1781
Oxytetracycline, 951, [v]1999
base, 951
for suspension, oral, 951
hydrochloride, 951
hydrochloride capsules, 959
hydrochloride for injection, 959
hydrochloride, ophthalmic, 959
Oxytetracyclinium chloride, 951
Oxytocin, 1066
injection, 960
Oxytoluene, 400
Ozokerite, 973, 1621
Ozone, 1782
Ozonized oils, 1776

PABA, 970, 1877
antimetabolites, 1582
Pachyrhizid, 1831
Pacific coast agar, 31
poison oak, 1829
Packed red blood cells (human), 189
Pagenstecker's ointment, 811
Pagitane, 1856
hydrochloride, 1859
PAH, 1762
PAHA, 972
Pai pu, 1869
Paipunine, 1869
Paku kidang, 1798
Pale catechu, 1696
rose, 1197
Palembang benzoin, 156
Palm sugar, 1344
wax, 1931
Palma Christi, 261
Palmarin, 1612
Palmatine, 1612
Palmatisine, 23
Palmitic acid, 1773
Palmityl alcohol, 266
Paludrine, [v]1961
hydrochloride, 1128
Palusil hydrochloride, 1128
Pamabrom, 1782
Pamaquin, 962
Pamaquinae naphthoas, 963
Pamaquine, 963, 1154
naphthoate, 962, 1154
Pamaquinum, 962
Pamine, 1785, 1786
bromide, 1223
Pamisyl, 70
Panadonine, 1526
Panama bark, 1153
ipecac, 711
Panbiotic, 1002
Pancreatic amylase, 965
desoxyribonuclease, [v]2000
dornase, [v]2000
lipase, 965
Pancreatin, 965, [v]2000
Pancreatina, 965
Pancreatine, 965
Pancreatinum, 965
Pancreozymin, 1679
Pankreatin, 965
Panmycin hydrochloride, 1405
Pannic acid, 121, 122
Pannol, 121, 122
Pannum, 121
Panparnit, 1785, 1856, 1858
Panrone, 1545
Panthenol, 229
Panthesine, 1743
Panthoderm cream, 230
Pantocaine, 1399
Pantopaque, 710
emulsion, 710
Pantopon, 930
Pantothenic acid, 228

Pantothenyl alcohol, 229
Pao-pereira bark, 1782
Papain, 1782
Papaver somniferum, 922
Papaveraldine, 928
Papaveramine, 928
Papaveretum, 930
Papaverine hydrochloridum, 968
Papaverine, 928
hydrochloride, 968
hydrochloride injection, 970
Papaverinhydrochlorid, 968
Papaverini hydrochloridum, 968
Papaverinium chloride, 968
Papaverinum hydrochloricum, 968
Papaya, 1782
Papayotin, 1782
Papel sinapico, 871
Paper birch, 1602
Papier-moutarde, 871
Papoid, 1782
Papoose root, 1619
Pappelknospen, 1088
Pappelsprossen, 1088
Paprika, 240
Para arrowroot, 1896
Para-acetaminophenetol, 12
Para-acetphenetidine, 12
Para-aminobenzoate de butyle, 202
Para-aminobenzoic acid, 970
-aminobenzoic tablets, 971
Para-aminohippurate, 1762
Para-aminohippuric acid, 972
Para-aminosalicylic acid, 70
Parabuxine, 1608
Parabuxinidine, 1608
Paracaine, 1115
Paracetaldehyde, 974
Parachloralose, 1626
Parachlorometacresol, 292
Parachlorometaxylenol, 302
Parachlorophenol, 972
camphorated, 972
camphoratum, 973
Paracopaivic acid, 1646
Paracoto, 1650
Paracotoin, 1650
Para-cresol, 400
Para-dichlorobenzene, 1667
Paradihydroxybenzene, 1719
Paradione, 1852, 1854
Paradol, 257
Paraffin, 973
dressing, 1783
jelly,
1024
oil,
1026
ointment,
974
pliable, 1783
wax, 973
Paraffina solida, 973
Paraffine, 973
Paraffinol, 1026
Paraffinum, 973
chlorinatum, 1627
durum, 973
liquidum, 1026
liquidum leve, 1027
molle album, 1025
molle flavum, 1024
solidum, 973
Parafina blanda, 1024
liquida, 1026
solida, 973
Paraformaldehyde, 589
Paraforme, 202
Parahexyl, 1614
Para-hydroxybenzoic acid, 857
Paraldehido, 974
Paraldehyd, 974
Paraldehyde, 974
Paraldehydum, 974
Paraldeide, 974
Paramenispermine, 1642
Paramethadione, 1852, 1854
Paramorphine, 928
Para-nitrosulfathiazole, 976
suspension, 976
Pararosaniline, 591

Index
Parasympathetic blocking agents,
1783
Parasympatholytic agents, 1783
Parasympathomimetic agents, 1791
Para-tartaric acid, 1388
Para-thiocresol, 1899
Parathion, 1795
Parathyroid extract, 976
Para-toluene-sulfonedichloramide,
1667
Paratuberculin, [v]2046
Paratyphoid and typhoid vaccine, 1468
injection, 976, [v]2000
solution, 976
Paredrine, 1888
hydrobromide, 672
Paredrinol, 1888, 1893
Paregoric, 932
elixir, 932
Pareira, 1796
brava, 1796
Pareirse radix, 1796
Parenamine, 1140
Parencillin in aqueous suspension,
1004
in oil, 1004
Parenteral solution of liver, 762
Parenzyme, 968
Parephyllin, 1765
Paricine, 1638
Parigenin, 1215
Parillin, 1215
Paris green, 1796
Paritol, 324, 1572
Paroidin, 976
Parostemine, 1650
Parpanit, 1858
Parresine, 974, 1783
Parresined
lace-mesh
surgical dressing, 1783
Parrot green, 1796
Pars hepatis I, 766
hepatis II, 766
Parsidol, 1785, 1857
hydrochloride, 1120
Parsley, 1644, 1796
camphor, 1796
seeds, 1796
Partridge wood, 1608
Parum affinis, 973
Parvulae, 1807
Parvules, 1807
PAS 70, 1327
PASA, 1582
Pasara calcium granulate, 216
Pasqueflower, 1818
Passiflora, 1797
Passion flower, 1797
Pasta zinci oxidi, 1518
zinci oxidi composita, 1518
zinc oxidi cum acido salicylico,
1518
Paste of zinc oxide, compound, 1518
of zinc oxide and salicylic acid,
1518
Pastes, 1797
Pasteurella avicida bacterin, [v]2056
-pseudodiphthericum bacterin,
[v]2056
Pastillas, 1894
Patch test, Vollmer, 1462
Pate ichthyolee, 678
Pathilon, 1787
Patna opium, 925
Patronite, 1923
Pavatrine, 1784, 1785, 1788
Paveril phosphate, 1671
Pawn, 1601
Pawpaw, 1782
Pazillin, 1004
Peach brandy, 1019
kernel oil, 1019
Peanut oil, 978
Peanuts, 978
Pearl, 267
alum, 60
-ash, 1097
barley, 1713

Pearl tapioca, 1897
white, 168, 171
Peat moss, 1868
Pece greca, 1200
liquida, 1385
Pectenine, 1549
Pectin, 979
insulin, 685
paste, 980
paste, thin, 980
Pectinum, 979
Peganine, 1526, 1797
Peganum, 1797
Pegu katechu, 1619
Peimine, 1695
Peiminine, 1695
Pei-mu, 1695
Pe-la, 1930
Pelargonium, 1797
Pelentan, 553
Pelletierine, 1798
tannate, 1797
Pellets, 1807
Pellidol, 1674
Pellitorine, 1798
Pellitory, 1143, 1798
Pellotine, 1549
a-Peltatin, 1078
Penang benzoin, 156
cloves, 336
Pen-aqua, 1005
Pen-aqua-DS, 1008
Pencils of sodium stearate, 1298
Pendiomide, 1697, 1700
Penethamate hydriodide, 989, 998
Penetrants, 1886
Pengawar djambi, 1798
Penicillin, 980, [v]2000
compounds, unofficial, 997
cream, 1007
-dihydrostreotomycin
for suspension, sterile, 1008
dispolator, 1007
for inhalation, 1007
G,
G, 981
benzathine, [v]2001
G diethylaminoethyl ester hydriodide, 998
G potassium, 1002
G. procaine, 1003
G sodium, 1005
G tablets, 1006
injection, 1007
K, 984
master standard, 985
O, 985
ointment,
1007
procaine, [v]2002
-secretion antagonists, 1762
troches, 1007
V, 989, 999
V unit, 999
X, 985
Penicillinase, 984
Penicillium chrysogenum, 981
notatum, 981
Penimycin, 1008
Penioral, 1006
Penisem, 1006
Penlator, 1007
Pennyroyal, 1710
Penstrep, 1008
Pentabs, 1006
Pentaclethra macrophylla, 1054
Pentaerythritol tetranitrate, 1798
Pentaerythrityl tetranitrate, 1798
Pental, 1011
Pentalupine, 1744
Pentamethylenetetrazol, 1012
Pentamethylenetetrazole, 1012
Pentamidine, 1664
dimethylsulfonate, 1008
isethionate, 1008
Pentamidini dimethylsulfonas, 1008
Pentaquin phosphate, 1009
Pentaquini phosphas, 1009
Penta-triacontane, 524
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Pentavalent
gas gangrene
antitoxin,
595
Pentetrazol, 1012
Pentetrazolum, 1012
Penthienate bromide, 1790
Pentids, 1006
Pentnucleotide, 1772
Pentobarbital elixir, 1012
sodico, 1011
sodium, 137, 1010, [v]2002
sodium capsules, 1011
sodium injection, 1012
sodium, sterile, 1012
sodium tablets, 1012
soluble, 1010
Pentobarbitalum sodicum, 1010
sodicum sterile, 1012
Pentobarbitone sodium, 1011
soluble, 1011
Pentobarbitonum sodium, 1011
Pentolinium, 1697
bitartrate, 1698
tartrate, 1702
Pentosans, 1071
Pentoside, 1707
Pentostam, 1584
Pentothal sodium, 1419, [v]2033
Pentylenetetrazol, 1012, [v]2003
injection, 1013
Pen-v-oral, 999
Pepe cubebe, 403
Peperone, 239
Pepo, 1818
Pepper, 1799
tree, 1837
Peppermint, 1014
emulsion, 1016
camphor, 794
oil, 1015
spirit, 1016, [v]2004
water, 1017
water, concentrated, 1017
water, distilled, 1017
Pepsin, 1017, [v]2004
and rennin elixir, 1019, [v]2004
elixir, compound, 1018
elixir, compound, [v]2004
elixir, lactated, 1018
essence, 1019
Pepsina, 1017
Pepsine, 1017
Pepsinum, 1017
Peptides, 1541
Peptonized iron, 1800
Perandren, 1394
phenylacetate, 1393
Perazil, 289, [v]1942
Perborate de sodium, 1287
Perborato de sodio, 1287
Perchlorethylene, 1400
Perchloride of mercury, 823
Perchloroethylene, 1400
Perchloromethane, 253
Perchloromethylmercaptan, 1624
Perchlorure de fer dissous, 571
Percomorph fishes, 1691
liver oil, 1691
Percorten, 422
Pereirine, 1782
Pereiro bark, 1782
Pericarpium aurantii, 934
citri, 751
Periodic acid, 690
Periploca, 1800
Periplocin, 1800
Periplocymarin, 1800
Peristaltin, [v]1957
Periston, 1814
Peritrate tetranitrate, 1798
Perivincine, 1928
Perkin's purple, 1549
Perlmoos, 323
Perlweisz, 171
Permanent white, 139
Permanganate de potassium, 1106
of potash, 1106
Permantriinnto de potasio, 1106
di potassio, 1106
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Permapen, 988, 1000, 1002
Pernambuco jaborandi, 1060
Pernoston, 198
Perosmic anhydride, 1780
Peroxide, 670
Peroxides, 1800
Peroxido de zinc, medicinal, 1618
Perparin, 1683
Persian balsam, 158
opium, 925
pyrethrum, 1143
tragacanth, 1442
Persic oil, 1019
Persica vulgaris, 1019
Persio, 1652
Persulfuric acid, 1370
Pertussis immune human serum, 1020
immune serum (human), 1020
vaccine, 1020
vaccine, alum precipitated, 1022
vaccine, aluminum hydroxide adsorbed, 1022
vaccine and diphtheria and tetanus toxoids combined, alum
precipitated, 493
vaccine and diphtheria and tetanus toxoids combined, aluminum hydroxide adsorbed, 494
vaccine and diphtheria toxoid
combined, 494
vaccine mixed, 1917
Peru balsam, 1023
Peruanischer Balsam, 1023
Perugen, 1024
Peruresinotannol, 1024
Peruvian balsam, 1023, [v]2004
bark, 1634
mastic tree, 1837
Peruviol, 1024
Pervitin hydrochloride, 837
Petalite, 759
Pethidine hydrochloridum, 797
Pethidine hydrochloride, 797, [v]1991
Pethidini hydrochloridum, 797
Petrochemicals, 1801
Petrolato, 1024
bianco, 1025
liquido, 1026
liquido liviano, 1027
Petrolatum, 1024
album, 1025
gauze, 597
hydrophilicum, 1025
liquid, 1026, [v]2004
liquidum, 1026
liquidum leve, 1027
rose water ointment, 1199, 1778
white, 1025
Petroleine, 1025
Petroleum, 1800, [v]2004
benzin, 1028
benzin, purified, 1028
ether, 1028
jelly, 1024
jelly, white, 1025
Petroleumbenzin, 1028
Petum, 1904
Peuplier noir, 1088
Peyote, 1548
Pez griega, 1200
Pfefferminzblatter, 1014
PfefTerminzcampher, 794
Pfefferminzol, 1015
Pfefferminzspiritus, 1016
Pfefferminztee, 1014
Pfefferminzwasser, 1017
Pfirsichkernol, 1019
Pflasterkafer, 236
Phallin, 1759
Phanodorn, 137, 413
Pharbitis seeds, 1728
triloba, 717
Pharbitisin, 1728
Pharmagel-A, 1677
-B, 1677
Phaseolunatin, 1708
Phaseomannitol, 678
Pheasants-eye, 1526

Index
Phellandrene, 750
a-Phellandrene, 1776
Phe-mer-nite, 1049
Phemerol chloride, 153
chloride solution, 154
chloride tincture, 153
Phemitone, 803, [v]1992
Phenacaina? hydrochloridum, 1029
Phenacaine hydrochloride, 1029
Phenacemide, 1854
Phenacetin, 12, [v]1936
and salol tablets, 14
Phenacetinum, 12
Phenacetylurea, 1854
Phenadoxone hydrochloride, 837, 1030
Phenamidine, 1664, [v]2004
isethionate, [v]2004
Phenanthridinium 897, [v]2004
1553, [v]1974
Phenantoin, 851
Phenarsone sulfoxylate, 1590
Phenazetin, 12
Phenazoline hydrochloride, 92
Phenazone, 99, [v]1944
salicylate, 1834
Phenazonum, 99
Phenedine, 12
Phenergan, 1857
hydrochloride, 1131, [v]1943
Phenethyl alcohol, 1048
p-Phenetolcarbamide, 1673
Phenetsal, 1802
Phenic acid, 1037
alcohol, 1037
Phenidium chloride, [v]2004
Phenindamine, 1856
tartrate, 1031
tartrate tablets, 1032
Phenindaminium tartarte, 1031
Phenindione, 1572
Phenine, 12
Pheniodol, 700
Pheniramine maleate, 303, 1033
maleate ophthalmic solution, 1033
maleate tablets, 1034
Pheniraminium maleate, 1033
Phenobarbital, 137, 1034, [v]2004
and
ephedrine
sulfate
capsules,
507
elixir, 1035
sodium, 1036, [v]2004
sodium for injection, 1037
sodium injection, 1037
sodium, sterile, 1037
sodium tablets, 1037
soluble, 1036
tablets, 1035
Phenobarbitalum, 1034
natricum, 1036
natricum pro injectione, 1037
sodicum, 1036
sodicum sterile, 1037
solubile, 1036
Phenobarbitone, 1034
soluble, 1036
Phenobarbitonum, 1034
solubile, 1036
Phenol, 1037, [v]2005
aqueux, 1040
camphorated, 1039
coefficient, 1039
glycerite, 1040
liquefactum, 1040
liquefie, 1040
liquefied, 1040, [v]2005
liquid, 1040
officinal, 1037
ointment, 1040, [v]2005
red, 1042
syntWtique, 1037
Phenolated calamine lotion, 211
iodine solution, 697
Phenolethylamine, 1898
Phenoli salicylas, 1046
Phenolphthalein, 1040, [v]2005
in liquid petrolatum emulsion,
1028

Phenolphthalein tablets, 1042
yellow, 1040
Phenolphthaleinum,
1040
Phenols cresyliques, 400
Phenolsulfonphthalein, 1042, [v]2005
injection, 1043
sodium, 1674
Phenolsulfonphthaleinum, 1042
Phenolsulphonphthalein, 1042
Phenolsulphonphthaleinum, 1042
Phenoltetrabromphthalein disodium
sulfonate, 1366
Phenoltetrachlorophthalein, 1802
Phenoltetraiodophthalein sodium, 704
Phenolum, 1037
liquidum, 1040
salicylicum, 1046
Phenopropazine hydrochloride, 1120
Phenothiazina, 1043
Phenothiazine, 1043, [v]2005
Phenothiazone, 1043
Phenoxyethanol, 1049
Phenoxyethyl alcohol, 1049
Phenoxymethyl penicillin, 999
Phentetiothalein sodium, 704, 705
Phentolamine, 1700
hydrochloride, 1044
hydrochloride tablets, 1046
methanesulfonate, 1046
methanesulfonate
for injection,
1046
Phentolaminium chloride, 1044
methanesulfonate, 1046
Phenurone, 1852, 1854
Phenyl acetylsalicylate, 1868
hydride, 1599
salicylate, 1046, [v]2007
salicylate tablets, 1047
Phenylacetamide, 5
Phenylacetylurea, 1852, [v]1854
Phenylalanine, 1541, 1888
Phenylamine,
1549
87
l-Phenyl-2-aminopropane,
84
<fi-l-Phenyl-2-aminopropane sulfate,
88
d-l-Phenyl-2-amino-propane sulfate,
Phenylathylbarbitursaure, 1034
natrium, 1036
Phenylbutazone, 1802
Phenylcarbinol, 158
Phenylcarboxylic acid, 154
Phenylcarbylamine chloride, 1623, 1624
Phenylchinolinkarbonsaure, 327
Phenylcinchoninic acid, 327
Phenylcinchoninsaure, 327
Phenyldibromoarsine, 1624
Phenyldichloroarsine, 1624
Phenyldimethylpyrazolon, 99
Phenyldimethylpyrazolone, 99
Phenyldimethylpyrazolonum, 99
Phenylephrine hydrochloride, 1047
hydrochloride injection, 1048
hydrochloride solution, 1048
Phenylephrinium chloride, 1047
2-Phenylethanol, 1048
Phenylethyl alcohol, 1048
0-Phenylethylamine, 1888
Phenylethylbarbituric acid, 1034
Phenylethylene, 1317
5,5-Phenylethylhydantoin, 1853
Phenylethylmalonylurea, 1034
Phenylethylmalonyluree, 1034
Phenylformic acid, 154
d-Phenylglucosazone, 1687
n-Phenyl-glycocollamide-p-arsinate de
sodium, 1458
Phenylglycolic acid, 1746
Phenylhydrargyri chloridum, 1804
nitras, 1049
Phenylhydrazine, 1804
hydrochloride, 1804
Phenylhydroxyacetic acid, 1746
Phenylindanedione, 1572
Phenylis salicylas, 1046
Phenylmercuric acetate, [v]2007
borate, 1049
chloride, 1049, 1804, [v]2007

Index
Phenylmercuric
diphenylmethane
disulfonate, [v]2007
nitrate, 1049, [v]2007
Phenylmethanol, 158
l-Phenyl-2-methylamino-propanol-l,
500
Phenylmethylol, 158
Phenylpropanolamine hydrochloride,
1892
Phenylpropyl cinnamate, 1317
Phenylpropylmethylamine, 1893
hydrochloride, 1893
Phenylsalizylat, 1046
Phenylthiourea, 1586
Phenyltoloxamine, 1579
Phenytoin, 479
sodium, 479, 480, [v]1975
Phenytoinum, 479
sodium, 480
Pheophorbide, 1628
Pheophytin a, 1628
Pheophytin b, 1628
Phethenylate, 1852
sodium, 1855
Philippine elemi, 1675
Philodendron, 1214
Phlobaphenes, 1379
Phlogisticated air, 901
Phloretin, 1804
Phlorhizin, 1804
Phloridzin, 1804
Phlorizein, 1804
Phlorizin, 1804
Phloroglucinol, 1150
Phlorol, 1385
Phlorone, 790
Phlorose, 1804
Phlorrhizin, 1804
Pholedrine, 1893
sulphate, [v]2007
Phorbol, 1652
Phosgene, 1624
Phosphaljel, 59
Phosphas calcicus prsecipitatus, 231
sodicus, 1288
tricalcicus, 231
Phosphate bicalcique officinal, 230
de codeine, 350
de soude anhydre, 1289
disodique, 1288
monoacide de calcium, 230
monoacide de sodium, 1288
monoacide de sodium anhydre,
1289
monocalcique mono-acide, 230
neutre de calcium, 231
of soda, 1288
tricalcique officinal, 231
Phosphoric acid, 1050
oxide, 1805
Phosphorite, 1288
Phosphorous acid, 1805
Phosphorsaure, 1051
Phosphorsaures Calcium, 230
Codein, 350
Phosphorus, 1805
oxide, 1805
Phosphorus-32, 1824
Phosphorylated hesperidin, 1202, 1929
Photodyn, 1712
Photosantonic acid, 1212
Phtaleine du phenol, 1040
Phthalylsulfacetamide, 1052, [v]2007
tablets, 1053
Phthalylsulfathiazole, 1053, [v]2007
tablets, 1054
Phthalylsulfathiazolum, 1053
Phthiocol, 11, 790
Phyatromine, 1056
Phycocolloid, 32
Phylloquinone, 1057
Phyone, 1810
Physeptone, 836
Physeter macrocephalus, 1304
Physic nuts, 1592
Physiological saline solution, 1267
Physiologische Kochsalzlosung, 1267

Physostigma, 1054
cylindrospermum, 1054
venenosum, 1054
Physostigminae salicylas, 1054
Physostigmine, 1054
salicylate, 1054, 1792, [v]2007
sulfate, 1055, [v]2008
Physostigmini salicylas, 1054
Physostigminium salicylate, 1054
Physostigminsalizylat, 1054
Physovenine, 1055
Phytic acid, 678
Phytol, 1434
Phytolacca, 146, 1806
decandra, 146
Phytomelin, 1201, 1708
Phytonadione, 790, 1057
Phytosterolines, 1708, 1869
Phytosterols, 1869
Phytotoxins, 482
Phytyl alcohol, 1628
chlorophyllide a, 1628
chlorophyllide b, 1628
Picein, 1834
Piceoside, 1834
Pickle alum, 60
Picolinic acid, 892
Picraconitine, 22
Picragol, 1849
Picramnine, 1617
Picrasma excelsa, 1152
Picrasmin, 1152
Picric acid, 1909
Picrocrocin, 1651, 1708
Picroena excelsa, 1152
Picroglycion, 1673
Picronitric acid, 1909
Picropodophyllin, 1078
glucoside, 1079
Picrotin, 1058
Picrotoxin, 1058, 1642, [v]2008
injection, 1059
Picrotoxina, 1058
Picrotoxine, 1058
Picrotoxinin, 1058
Picrotoxinum, 1058
Pie cherry, 272
plant, 1189
Piedra infernal, 1237
Pierre infernale, 1237
Pietra infernale, 1237
Pig iron, 718
Pigeon-pox vaccine, [v]2052
Pignons d'inde, 1592
Pikrotoxin, 1058
Pikrotoxinsaure, 1058
Pildoras de blaud, 575
de carbonato ferroso, 575
de hexilresorcinol, 646
Pillbearing spurge, 1687
Pillenwolfsmilchkraut, 1688
Pillole di carbonato ferroso, 575
di carbonato ferroso, 575
di vallet, 575
Pills, 1806
Pilocarpidine, 1061
Pilocarpinaa hydrochloridum, 1059
nitras, 1060
Pilocarpine, 1061, 1792
chloride, 1059
hydrochloride, 1059, [v]2008
nitrate, 1060, [v]2008
Pilocarpini nitras, 1060
Pilocarpinium chloride, 1059
nitrate, 1060
Pilocarpinnitrat, 1060
Pilocarpinum hydrochloricum, 1059
nitricum, 1060
Pilocarpus, 1060
jaborandi, 1059, 1060
microphyllus, 1059, 1060
officinalis, 1060
parviflorus, 1060
pennatifolius, 1060
racemosus, 1061
selloanus, 1060
simplex, 1060
spicatus, 1060
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Pilocarpus subcoriaceus, 1061
trachylophus, 1061
Pilokarpinhydrochlorid, 1059
Pilosine, 1061
Pilula ferri, 575
Pilulae aloini, belladonnas, cascarae et
podophylli, 51
asafcetidae, 115
ex Blaud, 575
ferri carbonatis, 575
ferri carbonici, 575
ferri carbonici Blaudii, 575
ferri carbonici Valleti, 575
hexylresorcinolis, 646
hydrargyri
sitae, 816 chloridi mitis compoPilular belladonna extract, 143
extracts, 1688
hyoscyamus extract, 675
stramonium extract, 1319
Pilules de carbonate ferreux, 575
dites de Vallet, 575
ferrugineuses de Blaud, 575
Pimaric acid, 1836
Pimenta officinalis, 1062
oil, 1062
racemosa, 872
Pimento oil, 1062
Pimentol, 1062
Pimpernel root, 1807
Pimpinella, 1807
anisum, 92, 1550
Pimpinellin, 1807
Pinang, 1601
Pinangnusz, 104
Pine needle oil, 1064
needle oil, dwarf, 1064
oil, 1063
oil emulsion concentrate, 1064
tar, 1384
tar oil, 1385
tar ointment, 1385
tar syrup, 1386
Pineapple,
1807
a-Pinene, 1776
d-Pinene, 234
Pinene hydrochloride, 233
oils, 1912
Pinguicula, 1807
Pinguin, 1723
Pinite, 1911
Pinkroot, 1868
Pinol, 1465
Pinus alba, 1508
heterophylla, 1063
maritima, 1200, 1465
montana, 1064
Mugo, 1064
palustris, 1063, 1200,
1911
pinaster, 1465
pumilio,
schinata, 1064
1063
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strobus, 1508
sylvestris, 1064, 1465
virginiana, 653
Piombo, 744
Pipanol, 1450, 1856
Pipe gamboge, 593
Piper, 1799
angustifolia, 445
caudatum, 403
Clusii, 403
crassipes, 403
Cubeba, 403
Guineese, 403
hispanicum, 239
indicum, 239
mollissimum, 403
nigrum, 1799
ribesioides, 403
Piperate, 1808
Piperazidine, 1807
Piperazine, 1807
adipate, 1808, [v]2008
citrate, 1808
estrone sulfate, 542, 1683

1465,
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Piperazine hexahydrate, 1807
tartrate, 1808
Piperic acid, 1800
Piperidine, 1799, 1904
Piperine, 1799
Piperocainffi hydrochloridum, 1064
Piperocaine hydrochloride, 1064
hydrochloride injection, 1065
Piperocainium chloride, 1064
Piperonal, 1808
Piperonalic acid, 1217
Piperonyl aldehyde, 1808
Piperonylic acid, 1650
Piperovatine, 1799
Piperoxane hydrochloride, 1532
Pipradrol hydrochloride, 1808
Pipsissewa, 1625
Piptal, 1790
Piptostegia pisonis, 732
root, 732
Pirogalol, 1150
Piromen, 1808
Piroxilina, 1151
Pisang wax, 1931
Piscidia, 1808
Piscidin, 1808
Pissenlit, 1386
Pistacia galls, 785
khinjuk, 785
lentiscus, 785
terebinthus, 785
Pita fiber, 1534
hemp, 1534
Pitayine, 1161
Pitch, 1382, 1385
pine, 1911
Pitchblende, 1821, 1914
Pitocin, 960, 1066
Pitressin, 1066, 1481
tannate in oil, 1068, 1486
Pituitaria posterior, 1065
Pituitarium, 1065
anterius, 1809
posterius, 1065, 1809
totum, 1809
Pituitary, 1065, 1808
anterior, 1809, [v]2008
anterior, hormones, 1809
body, 1808
extract, 1068
gonadotrophin, 1810. [v]1981
posterior, 1809
posterior, injection, [v]2009
solution, 1068
whole, 1809
Pituitrin, 1068
Pituri, 1673
Piturine, 1673
Pivadorm, 194
Pix cadi, 1384
carbonis, 1381
carbonis praeparata, 1381
juniperi, 1384
liquida, 1384
liquida oxycedri, 1384
liquida pini, 1385
lithanthracis, 1381
pini, 1384
Plague vaccine, 1069
Plain gauze, 597
Planadalin, 255
Planocaine, 1115
Plant nucleic acid, 1771
Planta genista, 1837
Plantaginis semen, 1070
Plantago amplexicaulis, 1071
arenaria, 1070
indica, 1070
Ispaghula, 1070
lanceolata, 1071
Loeflingii, 1071
ovata, 1070, 1291
Psyllium, 1070
ramosa, 1070
seed, 1070
Plantain seed, 1070
Plante fleurie de thym, 1426

Index
Plasma expanders, 1811
extenders, 1811
substitutes, 1811
Plasmacillin, 1004
AQ. 1004
Plasmin,
581, 1871
Plasminogen, 581, 1871
Plasmochin, 963, 1154
naphthoate, 963
naphthoate
with quinine
965
Plasmosan, 1814
Plasta zinci, 1518
Plaster of aconite, 24
of cantharidin, 239
of paris, 1611
Plastibase, 1779
Plata, 1233
liquida hidrargirio, 817
Plate vitelina, 1238
Platin, 1815
Platine, 1815
Platinum, 1815
bichloride, 1815
black, 1815
sponge, 1815
Platyphylline, 1840
Plavolex, 1812
Plenakite, 1600
Pleurisy root, 1591
Pliable paraffin, 974
Plomb, 744
Plomo, 744
Plumbagin, 790, 1816
Plumbago, 248
Europea, 1816
officinalis, 790
Plumbates, 745
Plumbi acetas, 747
acetas neutras, 747
monoxidum, 748
oxidum, 748
Plumbites, 745
Plumbum, 744
aceticum, 747
album, 744
nigrum, 744
oxydatum, 748
oxydatum fusum, 748
subaceticum solutum, 749
Pluronic, 108
Plutonium, 1823
Poaya, 711
Pocan, 1806
Podofilino, 1079
Podofillina, 1079
Podofillo, 1077
PodophyDe, 1077
Podophylli resina, 1079
Podophyllic acid, 1078
Podophyllin, 1079
Podophyllinum, 1079
Podophylloquercetin, 1078
Podophyllo-resin, 1078
Podophyllotoxin, 1078, 1728
Podophyllum, 1077, [v]2009
emodi, 1077
hexandrum, 1077
indicum, 1077
peltatum, 1077
resin, 1079, [v]2009
root, 1077
Podophyllumharz, 1079
Podophyllwurzel, 1077
Poenia officinalis, 661
Poison ash, 1626
berry, 1866
elder, 1829
gases,
hemlock,16231644

Poison sumac, 1829
sumac extract, 1537
tobacco, 674
Poisonous fungi, 1758
honey, 1548
mushrooms, 1759

sulfate,

ivy, 1829
ivy extract, 1537, 1830
ivy-poison oak extract combined,
1830
ivy-sumac extract, 1830
nut, 904
oak, 1829
oak extract, 1537, 1830

potato, 1866
Poisonwood,
1829
Poivre
a queue, 239
403
d'espagne,
Poke root, 1806
Polaroid films, 1167
Poligala virginiana, 1225
Poliomyelitis
immune
globulin
(human), 1846
vaccine, 1918
Polisulfuro de potasio, 1092
di potassio, 1092
Polocaine, 1115
Polvere del Dower, 715
di liquirizia composta, 1230
di oppio, 931
di Seidlitz, 496
Polvo de Dower, 715
de opio, 931
de opio e ipecacuana compuesto,
715
gasifero laxante, 496
-tipo de lobulo posterior de hipofisis, 1065
Polvos efervescentes compuestos, 496
Polyamine-methylene resin, 1726
Polychrome, 1533
Polycin, 1085
Polycycline hydrochloride, 1405
Polyethylene glycol 300, 1081
glycol 400, 1081
glycol 1540, 1082
glycol 4000, 1082
glycol bases, 1886
glycol ointment, 1082, 1778
isooctyl phenyl ether, 908
Polygala angulata, 713
de Virgmie, 1225
Senega, 1225
Polygalse virginianse radix, 1225
Polygalic acid, 1226
Polygonic acid, 1605
Polygonin, 1606
Polygonone, 1605
Polyhalite, 1816
Polymyxin A, 1084, [v]2009
B sulfate,
1083
B,
1084
B sulfate tablets, 1087
C, 1084
D,
1084
E, 1084
Polynucleotides,
1771
Polyorganosiloxanes, 1848
Polyotic, [v]2031
Polyoxyethylene (20) sorbitan
mono-oleate, 1087
Polyoxyl 40 stearate, 1087, 1887
Polypodin, 618
Polypodium Filix mas, 121
marginale, 121
vulgare, 618
Polysorb, 1779
Polysorbas 80, 1087
Polysorbate 80, 1087, 1887
Polystichum achrostichoides, 122
Filix mas, 121
Polystyrene, 1317
Polyterpenes, 1776
Polyvidone, 1814
Polyvinylpyrrolidone, 1814
Pomada de acido borico, 192
de acido fenico, 1040
de brea, 1385
de cloruro mercurioso precipitado,
815
de mentol y salicilato de metilo,
796
de oxido de cine, 1517
de oxido de mercurio
amarillo,
811
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Index
Pomada de yodo yodurada, 695
mercurial, 821
mercurial doble, 820
Pomadas, 1778
Pomade de belladona, 144
Pomata di calomelano, 815
di ossido giallo di mercurio, 811
di ossido di zinco, 1517
fenata, 1040
jodo-jodurata, 695
mercuriale, 821
Pomate, 1778
Pomato di belladonna, 144
Pomatum acidi borici, 192
acidi phenici, 1040
belladonnas, 144
chloruri hydrargyrosi praecipitati,
815
cum acido borico, 192
cum extracto belladonnas, 144
cum hydrargyro oxydato flavo, 811
cum ichthyolo compositum, 678
cum phenolo, 1040
cum pice liquida depurata, 1385
hydrargyri, 821
hydrargyri duplex, 820
hydrargyricum, 820
mentholi et salicylates methyli,
796
oxydi hydrargyri flavi, 811
picis liquidae, 1S85
prophylacticum, 815
sulfuris, 1372
Pomegranate, 1797
bark, 1798
Pomeranzenblutensirup, 934
Pomeranzenschale, 934
Pomeranzenschalenol, 936
Pomeranzenschalensirup, 938
Pomeranzensirup, 938
Pomeranzentinktur, 936
Pomice, 1142
Pommade a l'acide borique, 192
a l'ichthyolsulfonate d'ammonium,
678
a l'iodure de potassium iodee, 695
a l'oxyde de zinc, 1517
a l'oxyde mercurique jaune, 811
au goudron, 1385
au phenol, 1040
aux bourgeons de peuplier, 1089,
1775
belladonee, 144
boriquee, 192
de calomel a trente pour cent, 815
d'oxyde jaune de mercure, 811
mercurielle ( a parties egales ) , 820
mercurielle faible, 821
prophylactique au calomel, 815
soufree, 1372
zincique, 1517
Pommades, 1778
Pompholix, 1516
Pompona vanilla, 1479
Ponce, 1142
Pontocaine hydrochloride, 1399
Poplar bud, 1088
Poppy capsules, 923
flowers, 928
seed oil, 923
Populi gemma, 1088
Populin, 1089
Populus balsamifera, 1088
candicans, 1088
nigra, 1088
Tacamahacca, 1088
tremuloides, 1089
Porcelain clay, 734
Porcupine grass, 1744
Porphyrine, 1539
Porphyrosine, 1539
Porphyroxine, 928
Portug, 335
Porzellanerde, 734
Positrons, 1823
Posterior pituitary, 1065, 1809
pituitary extract, 1068
pituitary injection, 1068

Posterior pituitary liquid, 1068
pituitary solution, 1068
Postlobin-O, 1066
Postlobin-V, 1066
Postulated hormones, 1811
Potadine, 694
Potasa sulf urada, 1092
Potash, 1097
by alcohol, 1101
lye, 1101
Potasio, 1090
Potassa, 1101
caustica, 1101
sulfurata, 1092
Potasse caustique pure, 1101
Potassic saline injection, lactated,
1089
Potassii acetas, 1093
bicarbonas, 1094
bitartras, 1095
bromidum, 1096
carbonas, 1097
carbonas acidus, 1094
chloras, 1097
chloridum, 1098
citras, 1099
cyanidum, 1816
guaiacolsulfonas, 1100
hydrargyri iodidum, 1105
hydras, 1101
hydriodas, 1103
hydroxidum, 1101
iodidum, 1103
iodurum, 1103
nitras, 1105
permanganas, 1106
polysulphurum, 1092
sodii tartras, 1108
sulfas, 1816
tartras acidus, 1095
thiocyanas, 1109
Potassio, 1090
-mercuric iodide, 1105
-mercuric iodide, discs, 1105
Potassium, 1090
acetate, 1093, [v]2009
acid carbonate, 1094
acid tartrate, 1095
alum, 51
aluminum sulfate, 52
aminosalicylate, 1252
antimonyltartrate, 95
argenticyanide, 1849
arsensite solution, 1093, [v]2009
bicarbonate, 1094, [v]2010
bismuth tartrate, 171
bismuthyl tartrate, 171
bismuthyltartrate, 171
bitartrate, 1095, [v]2010
bromide, 1096, [v]2010
carbacrylic resin, 1726
carbonate, 1097
chlorate, 1097, [v]2010
chloride, 1098
chloride injection, 1099
chloride tablets, 1099
citrate, 1099, [v]2010
citrate solution, 1100
cyanide, 1816
glycerophosphate, 1816
guaiacolsulfonate, 1100, [v]2010
hydrogen carbonate, 1094
hydroxide, 1101, [v]2010
hydroxide, solution of, 1102
hypophosphite, 1102
iodate, 1723
iodide, 1103, [v]2010
iodide solution, 1105
iodide tablets, 1105
iodohydrargyrate, 1105
iodomercuriate, 1105
iodotellurite, 1897
melissate, 1506
mercuric iodide, 1105
myronate, 871
nitrate, 1105, [v]2010
nitrite, 1816
osmate, 1780

Potassium penicillin G, 983, 1002
penicillin O, 997
percarbonate, 1097
permanganate, 1106, [v]2010
permanganate tablets, 1108
phosphate, 1108
phosphate, dibasic, 1108
rhodanate, 1109
rhodanide, 1109
sodium tartrate, 1108
sulfate, 1816
sulfite, 1816
sulfoeyanate, 1109
tartrate, 1816
tellurate, 1897
tetraglycine triiodide, 694
thiocyanate, 1108
Potato, 1867
bug, 237
fly, 237
starch, 1310
Potentilla, 1816
Potio magnesii citrici effervescens, 774
Poudre de blanchiment, 756
de digitale, 453
de glande thyroide, 1429
de 1065
lobe posterieur
d'hypophyse,
de posthypophyse, 1065
de reglisse composee, 1230
de Seidlits, 496
d'ipecacuanha opiacee, 715
dite
de Dover,
d'opium,
931 715
gazogene laxative, 496
Povidone, 1814
Powder
of ipecacuanha
and opium,
715
of liquorice, compound, 1230
of rhubarb, compound, 1190
of tin, 1902
of tragacanth, compound, 1444
saline mixture of azochloramid,
291
undesol, 1475
Powdered belladonna extract, 143
cascara sagrada extract, 260
digitalis, 453
extracts, 1688
hyoscyamus extract, 676
nux vomica extract, 907
opium, 931
oxgall extract, 942
quartz, 1233
stomach, 1315
stramonium extract, 1319
Vallet's mass, 575
P-P factor, 892
Prasquine, 963
Pragmatar, 1371
Prairie anemone, 1818
bergamot, 1758
Pramoxine hydrochloride, 1743
Pranone, 550
Prantal, 1785, 1786
methylsulfate, 1789
Pranturon, 1810
Pratensol, 1908
Pratol, 1908
Prayer beads, 1523
Precipitated bismuth, 170
calcium carbonate, 217
calcium phosphate, 231
carbonate of lime, 217
chalk, 217
manganese dioxide, 1747
mercuric oxide, 811
phosphate of lime, 231
sulfur, 1368
sulphur, 1368
zinc carbonate, 1932
Precipitins, 1841
Prednisolone, 1817
Prednisone, 1817
Pregnanediol, 1123
Pregnene-3,20-dione, 1122
Pregneninolone, 550
Pregnenolone, 1817
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Pregnyl, 1810
Premarin, 542
Premocillin, 1004
Prenderol, I860, 1861
Prenolone, 1817
Prepared belladonna herb, 142
cacao, 203
calamine, 210
chalk, 267
coal tar, 1381
digitalis, 453
ipecacuanha, 714
lard, 742
neocalamine, 210
nux vomica, 904, 906
storax, 1316
Preserved ginger, 604
Prickly ash, 104
ash bark, 1931
cedar, 1384
elder, 104
lettuce, 1732
Pride of China, 1591
of India, 1591
Primaquine phosphate, 1111
phosphate tablets, 1112
Primaquinium phosphate, 1111
Primary dried yeast, 1513
sodium phosphate, 1257
vaccinia, 1241
Prime steam lard, 742
Primidone, 1855, [v]2010
Prince's pine, 1625
Printer's acetate, 1540
Priodax, 700
Priscol, 897
hydrochloride, 1438
Priscoline, 1527
hydrochloride, 1438
Prisilidene hydrochloride, 1539
Privine, 1887
hydrochloride, 879, 880
Pro-banthine, 1785, 1786
bromide, 841
Probarbital sodium, 1112
sodium tablets, 1113
Probenecid, 987, 1763, 1768
Procainae benzylpenicillinum, 1003
Procaines hydrochloridum, 1115
Procainamide hydrochloride, 1113
hydrochloride capsules, 1115
hydrochloride injection, 1115
Procainamidium chloride, 1113
Procaine, 1115, 1698
amide hydrochloride, 1113
benzyl penicillin, 988
benzylpenicillin, 1003
benzylpenicillin for injection, 1004
hydrochloride, 1115, [v]2010
hydrochloride and epinephrine injection, 1120
hydrochloride injection, 1119
hydrochloride, sterile, 1119
hydrochloride tablets, 1120
penicillin G, 983, 1003
penicillin G and buffered crystalline penicillin G for suspension,
sterile, 1005
penicillin G suspension, sterile,
1004
penicillin G with aluminum stearate suspension, sterile, 1004
Procaini benzylpenicillinum, 1003
benzylpenicillinum pro injectione,
1004
hydrochloridum, 1115
Procainium chloride, 1115
Procholon, 420
Pro-derna, 1849
Profenamine, 1857
hydrochloride, 1120
Profenamini hydrochloridum, 1120
Profenil, 1848
Proferrin, 1690
Pro-fibrinolysin, 581
Proflavines hemisulphas, 1121
Proflavine, 1121
dihydrochloride, 1121

Index
Proflavine hemisulphate, 1121, 1674
salts, [v]2011
sulfate, 1121
Progesterol, 1122
Progesterone, 530, 1122, 1648, [v]2011
injection, 1128
suspension, sterile, 1128
Progesteronum, 1122
Progestin, 1122
Progestins, 1122
Progestogens, 1122
Progestone, 1122
Progestoral, 550
Proguanil hydrochloride, 1128
hydrochloride, tablets of, 1131
Proguanili hydrochloridum, 1128
Progjnon, 530
Progynon-B, 539
Progynon-DP, 540
Prolactin, 1124, 1811
Prolan-A, 1810
Prolan-B, 1810
Proline, 1541
Prolipase, 966
Proluton, 1122
Promacetin, 1882
Promanide, 1882
Promethazine-8-chlorotheophyllinate,
1134
hydrochloride, 1131, [v]1943
hydrochloride tablets, 1134
Promethazinium chloride, 1131
Promethestrol dipropionate, 1683
Promin, 1882
Prominal, 803
Promizole, 1883
Pronapen, 1005
Pronestyl hydrochloride, 1113
Prontosil, 1880
album, 1358
flavum, 1880
rub rum, 1880
soluble, 1880
Prontylin, 1358
Proof spirit, 35
Propacil, 1137
Propadrine, 1888
hydrochloride, 1892
Propaesin, 1743
Propallylonal, 1597
Propamidine, 1664, 1666
isethionate, [v]2011
1,2-Propanediol, 1134
Propanoic acid, 1290
2-Propanol, 727
Propanone, 12
Propantheline, 1785
bromide, 841
Propeimin, 1695
Propene, 1818
Prophenpyridamine maleate, 1033
Prophyllin, 1291
Propilparabeno, 1136
Propion gel, 1291
Propionate-caprylate
mixtures,
1291,
1862
compound, 1291
de testosterona, 1394
Propolis, 1505
Propyl alcohol, secondary, 727
p-aminobenzoate, 1743
Chemosept, 857
parahydroxybenzoate, 1136
Parasept, 857, 1136
6-Propyl-2-thiouracil, 1137
Propylene, 1818
glycol, 1134, [v]2012
Propylhexedrine, 1136
inhalant, 1136
Propylparaben, 857, 1136
Propylparabenum, 1136
Propylthiouracil, 1137, [v]2012
tablets, 1139
Proscillaridin-A, 1306
Proseptazine, 1879
Prosil-G, 1004
Prosopis chilensis, 2

Prostigmin bromide, 886, 1792
methylsulfate, 889, [v]1996
Protamine sulfate injection, 1139
zinc and iletin, 688
zinc insulin, 681, 688
zinc insulin injection, 688, 1139
Protargol, 1238
hydrolysate injection, 1140
hydrolysates, 1543, [v]2012
Proteinate d'argent, 1238
Proteinato argentico, 1238
de plata, 1238
de plata fuerte, 1238
de plata mitigado, 1238
Prothrombin, 1073
Protium, 1718
Protochlorure de mercure, 814
Protocloruro de mercurio, 814
Protocotoin, 1650
Protogentiogenin, 603
Protoiodide of mercury, 816
Protoiodure de mercure, 816
Protokosin, 1607
Proto-lichesterinic acid, 1622
Protopectin, 979
Protopine, 928, 1210, 1526, 1623, 1649
Protoporphyrin No. 9, 1712
Protossido di piombo, 748
Protostemonine, 1869
Protosulfate de fer, 578
Protoveratridine, 1933
Protoveratrine, 1489
A, 1489
B, 1489
Protoveratrines
A and B, 1492
Protoverine, 1488
Protoxido de plomo, 748
Protoxyde de plomb fondu, 748
Protoyoduro de mercurio, 816
Provell maleate, 1492
Provision opium, 925
Prulaurasin, 44, 1734
Prunase, 1734
Prunasin, 44, 274
Prunus Amygdalus, 43, 45
Armeniaca, 1019
Cerasus, 272
communis, 45
demissa, 273
nana, 273
Persica, 1019
serotina, 273
virginiana, 273
Prussic acid, 1717
Pseudaconitine, 23
Pseudococcus cacti, 342
Pseudoconhydrine, 1645
Pseudodigitoxin, 447
i-Pseudoephedrine, 502
d-Pseudoephedrine, 502
Pseudogermine, 1488
Pseudoglobulins, 482
Pseudojervine, 1489
Pseudo-inulin, 1723
Pseudo-ionone, 939
Pseudokeratins, 1729
Pseudomorphine, 928
Pseudoononin, 1780
Pseudo-pelletierine, 1798
Pseudopilocarpine, 1061
Pseudo-strychnine, 906
Psicaine, 1743
Psoralea bracteata, 197
obliqua, 197
Psychotria emetica, 713
ipecacuanha, 711
Psychotrine, 712
Psylla seeds, 1070
Psyllium, 1070
seed, 1070
Pterocarpi lignum, 1182
Pterocarpin, 1183
Pterocarpus santalinus, 1182
Pterophine, 1840
Pteroyldiglutamic acid. 1582
Pterovlglutamic acid, 583
Pteroyltriglutamic acid, 1582
Ptisanae, 1661, 1721

Index
Ptomaines, 1536
Pubescine, 1928
Pudding grass, 1750
Puff ball, 1386
Pulegone, 1750
Pulpe de coloquinte, 359
Pulque, 1534
Pulsatilla, 1818
Pulveres effervescentes compositi, 496
Pulvis aerophorus laxans, 496
aloe et canella?, 1613
belladonna? herba? standardisatus,
142
chiniofoni, 275
cretae aromaticus, 268
cretae aromaticus cum opio, 268
cretae compositus, 268
cretae et opii aromaticus, 268
digitalis folii standardisatus, 453
doveri, 715
effervescens compositus, 496
effervescens laxans, 496
glandulae thyroidae, 1429
glycyrrhizae compositus, 1230
ipecacuanha? compositus, 715
ipecacuanha? et opii, 715
ipecacuanha? opiatus, 715
ipecacuanha?
radicis standardisatus, 714
jesuiticus, 1634
liquiritia? compositus, 1230
lycopodii, 770
magnesia? cum rheo, 1190
opii standardisatus, 931
posthypophysae, 1065
rhei compositus, 1190
senna? compositus, 1230
sodii bicarbonatis
et calcii carbonatis, 1256
sodii bicarbonatis et magnesii
oxidi, 1256
strychni seminis standardisatus,
907
tragacantha? compositus, 1444
zinci sulfatis compositus, 1521
Pumex, 1141
Pumice, 1141
stone, 1142
Pumilio, 1064
Pumilone, 1064
Pumpkin seed, 1818
Punica granatum, 1797
Punk, 1533
tree, 1610
Pure glycyrrhiza extract, 620
licorice root extract, 620
Purga de sierra gorda, 732
Purge macho, 716
Purgiergurken, 359
Purging nuts, 1592
Purgirwurzel, 731
Purified alum, 51
animal charcoal, 269
antidiphtheric serum, 481
antitetanic serum, 1395
benzin, 1028
corticotropin, 368
cotton, 396
ether, 543
honey, 653
infusorial earth, 1232
kieselguhr, 1232
ox bile, 942
petroleum benzin, 1028
protein derivative of tuberculin,
1462
siliceous earth, 1232
solution of liver, 762
talc, 1378
toxoid, diphtheria, aluminum phosphate, 487, 491
volatile oil of bitter almond, 44
water, 1501, 1504
Purine antimetabolites, 1582
Purinethol, 1750
Purodigin, 455
Puromycin, 1402, 1568
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Purple cockle, 1534
stramonium, 1318
Purpurea glycoside A, 447, 455
glycoside B, 447
Purshianin, 260
PVP, 1814
PVP-macrose, 1814
Pyoktanin, 858
Pyrabrom, 1150
Pyrahexyl, 1614
Pyrahistine, [v]1943
Pyramidon, 68
Pyranisamine maleate, 1148, [v]1943
Pyrathiazine hydrochloride, 1142,
[v]1943
hydrochloride
tablets, 1143
Pyrathiazinium chloride, 1142
Pyrazinamide, 1818
N1-2-Pyrazinylsulfanilamide, 1881
Pyrazolonum phenyldimethylicum, 99
Pyrene, 254
Pyrethrin I, 1144
Pyrethrin II, 1144
Pyrethrins, [v]2012
Pyrethrolone, 1144
Pyrethrum, 1798, [v]2012
extract, [v]2012
flower heads, 1143
flowers, 1143
Pyriamid, 1359
Pyribenzamine hydrochloride, 1452,
[v]1943
Pyricidin,
725
P\ridine, 1819
/3-Pyridinecarboxylic acid, 892
Pyridine-/3-carboxylic acid diethylamide, 897
Pyridium, 1674
Pyridoxal, 1145
Pyridoxal-5-phosphoric acid, 1145
Pyridoxamine, 1145
Pyridoxine hydrochloride, 1145
Pyridoxinium chloride, 1145
Pyrilamine maleate, 1148, [v]1943
maleate tablets, 1150
Pyrilamine-8-bromotheophyllinate,
1150
Pyrilaminium maleate, 1148
Pyrimethamine, 1580
Pyrimidine antimetabolites, 1582
N^-Pyrimidylsulfanilamide, 1349
Pyrite, 717
Pyroacetic ether, 12
Pyroboric acid, 190
Pyrocomenic acid, 929
Pyrodin, 1524
Pyrogallic acid, 1150
Pyrogallol, 1150
monoacetate, 1735
triacetate, 1735
Pyrogallolum, 1150
Pyrogallussaure, 1150
Pyrogens, 1722
Pyroglycerin, 614
Pyroguaiacin, 629
Pyrolea, 1776
Pyroleum pini, 1385
Pyroligneous acid, 8
spirit, 1753
vinegar, 8
Pyrolusite, 1746, 1747
Pyromen, 1808
Pyronil, 1579
Pyrophosphoric acid, 1051, 1805
Pyroracemic acid, 1819
Pyroxylin, 1151
Pyroxylinum, 1151
Pyrrobutamine, 1579
Pyrrolazote, 1142
hydrochloride, [v]1943
Pyrrolidine, 1616, 1904
Pyruvic acid, 1819

Quack grass, 1910
Quadruple
distilled
water, 934

orange

flower

Quaker bonnet, 1838
button, 904
Qualatum, 1779
Quassia, 1152, [v]2012
africana, 1152
amara, 1152
de la jamaique, 1152
infusion of, 1153
Quassiaholz, 1152
Quassin, 1152
Quaternary
ammonium
antiseptics,
1886
ammonium compounds, 1784, 1789
ammonium germicides, [v]2012
Quebrachamine, 1819
Quebrachine, 1819
Quebrachite, 1819
Quebracho bark, 1819
bianco, 1819
Quebrar, 1819
Queckenwurzel,
1910
Quecksilber, 817
Quecksilberchlorid, 823
Quecksilberchlorur, 814
Quecksilberjodid, 809
Quecksilberjodur, 816
Quecksilberoleat, 827
Quecksilberoxyzyanid, 812
Quecksilberprazipitatsalbe, 823
Quecksilbersalbe, 821
Queen Anne's lace, 1616
of the meadow, 1868
Queen's delight, 1870
Queensland arrowroot, 1748
Queensroot, 1870
Quelicin chloride, 1340
Quercetagetin, 1612
Quercetin, 1201, 1204, 1820
3-arabinoside, 1605
Quercimelin, 1820
Quercimeritrin, 1651
Quercin, 1820
Quercitannic acid, 1820
Quercitinic acid, 1820
Quercitrin, 1204, 1708, 1820, 1929
Quercus, 1820
infectoria, 1379
marina, 1695
Quertine, 1204
Quevenne's iron, 721
Quick-aids, 135
Quicklime, 755
Quicksilver, 817
Quillaia, 1153
bark, 1153
Quillaia? cortex, 1153
Quillaic acid, 1154
Quillain, 1154
Quillaja, 1153
Pceppigii, 1153
Saponaria, 1153
Smegmadermos, 1153
Quillay, 1153
Quillean, 1153
Quinacrinae hydrochloridum, 1154
Quinacrine
hydrochloride,
963, 1154,
hydrochloride
tablets, 1160
[v]2013
methanesulfonate, 796
Quinacrinium chloride, 1154
Quinalbarbitone sodium, 1224
sodium, tablets of, 1225
Quinamine, 1638
Quinapyramine, [v]1944
Quinby, 1604
Quince mucilage, 1660
seed, 1660
Quinetum, 1441
Quinic acid, 1637, 1638
Quinicine, 1638
Quinidina? sulfas, 1160, 1161
Quinidine, 1161, 1637
gluconate, 1160, 1165
gluconate injection, 1160
hydrochloride, 1165
lactate, 1165
sulfate, 1160, 1161, [v]2018
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Quinidine sulfate capsules, 1167
sulfate tablets, 1167
Quinidini sulfas, 1161
Quinidinium gluconate, 1160
sulfate, 1160
Quinidinum subsulfuricum, 1161
Quinina, 1167
Quininae aethylcarbonas, 1820
bisulfas, 1172
chlorhydras basicus, 1174
chlorhydras, neutras, 1173
dihydrochloridum, 1173
et ureas hydroehloridum, 1177
hydrobromidum, 1820
hydrochloras, 1174
hydroehloridum, 1174
phosphas, 1175
salicylas, 1820
sulfas, 1175
sulphas, 1176
sulphas basicus, 1176
sulphas neutrus, 1172
tannas, 1821
Quinine, 1167, 1637, [v]2013
acid sulfate, 1172
and urea chloride, 1177
and
urea
hydrochloride,
1177,
[v]2013
and urea hydrochloride injection,
1177
and urethan injection, 1178
bismuth iodide, 1604
bisulfate, 1172
bisulfate tablets, 1173
bisulphate, 1172
bromide, 1820
carbacrylic resin, 1727
chloride, 1174
dichloride, 1173
dihydrochloride,
1173, [v]2013
dihydrochloride injection, 1174
ethylcarbonate, 1820
hydrobromide, 1820
hydrochlorate, 1174
hydrochloride, 1174, [v]2013
muriate, 1174
phosphate, 1175
salicylate, 1820
sulfate, 1175, 1176, [v]2013
sulfate capsules, 1176
sulfate tablets, 1177
tannate, 1821
Quinini hydroehloridum, 1174
sulfas, 1178
Quininium chloride, 1174, 1536
phosphate, 1175
sulfate, 1175, 1536
Quiniofon, 275
Quinium, 1441
Quinoidine, 1638
Quinophan, 327
Quinophenol, 1781
Quinoquino, 1023
Quinosol, 1781
Quinovatine, 1638
Quinovic acid, 1638
Quinovin, 1638
Quinoxyl, 275
Quinquina gris, 1634
jaune, 1634
rouge, 1634
Quinuclidine, 1168
Quinuronium sulphate, [v]1935
Quotane hydrochloride, 1741

R
Rabarbaro, 1186
Rabellon, 477, 673, 1787
Rabies vaccine, 1178
vaccine, killed tissue virus, phenolized, [v]2053
vaccine, modified live virus, chick
embryo origin [v]2053
vaccine, modified live virus, chick
embryo
origin, for vaccination
against rabies in cattle only,
[v]2053

Racemic amphetamine, 84
amphetamine sulfate, 87
calcium pantothenate, 230
desoxynorephedrine, 84
dibasic
amphetamine
phosphate,
86
mandelic acid, 1746
scopolamine, 1222
tartaric acid, 1388
Racemorphan hydrobromide, 1736
Racemosin, 1634
Racephedrinas hydroehloridum, 1180
Racephedrine hydrochloride, 502, 1180
hydrochloride capsules, 1181
hydrochloride solution, 1181
Rachromate, 1824
Racine de berberide, 1599
de belladone, 144
de dent de lion, 1386
de gentiane, 602
de gingembre, 604
de guimauve, 51
de jalap, 731
de muguet, 1645
de phytolaque, 1806
de pissenlit, 1386
de reglisse, 617
de rhubarbe, 1186
de sanguinaire, 1209
d'ipecacuanha,
711
d'iris, 938
douce, 617
Radice Brasiliana, 711
di belladonna, 144
Radices colubrinas, 905
Radioactive calcium, [v]1952
iodine solution, 1292
Radioisotopes, artificial, 1823
uses, 1823
Radiomimetic poisons, 1624
Radium bomb, 1822
emanation, 1821
-G, 1821
poisoning, 1823
radioactivity, 1821
radioisotopes, 1821
therapeutic uses, 1822
Radix aconiti, 20
bismalvae, 51
consolidae majoris, 1893
gentianae, 602
hibisci, 51
hydrastidis, 660
iridis florentinae, 938
jalapae, 731
levistici, 1736
ononidis, 1780
pyrethri, 1798
rhabarbari, 1186
sarsaparillae, 1213
sassafras, 1216
symphiti, 1893
sumbul, 1884
taraxaci, 1386
Radon, 1821
seeds, 1822
Ragweed combined allergen, 1537
Ragweeds, 1540
Raiz de aconito, 20
de altea, 51
de belladona, 144
de genciana, 602
de ipecacuana, 711
de poligala de Virginia, 1225
de regaliz, 617
pretta, 1609
Rame, 362
Rametin, 404
Raphetamine phosphate, 86
Rasorite, 190, 1258
Raspberry juice, 1181
synip, 1182
Rat-tail, 1071
Rattenzwiebel, 1305
Rattlesnake root, 1225
Raudixin, 1826, 1828
Rau-sed, 1828
Rauwiloid, 1826, 1828

Rauwolfia, 1825
Rauwolfine, 1825
Rauwolscine, 1825
Raw linseed oil, 759
opium, 923
Ray-Formosil,
-tri-mides, 1694
1458
R.D., 1572, [v]1978
Recanescine, 1826
Rectal suppositories, 1885
Rectified spirit, 34
tar oil, 1385
turpentine oil, 1466
Red aromatic elixir, 109
asafetida, 113
bean, 1523
bole, 1606
bryony, 1608
cedar, 1728
cinchona, 1634
clover blossoms, 1908
elixir, 109
elm, 497
ferric oxide, 1689
gum,
indian 1686
paint, 1209
litharge, 748
mercuric iodide, 809
mercuric oxide ointment,
mercury sulfuret, 1753
mustard, 869
oil, 910

1752

pepper,
239 1805
phosphorus,
precipitate, 1752
puccoon, 1209
root, 1209, 1619
rose petals, 1830
sandalwood, 1182
santal, 1182
sarsaparilla, 1213
saunders, 1182
scale insect, 342
-seeded dandelion, 1386
squill, 1305
sulfide of mercury, 1753
tartar, 1095
water bark, 1680
Redi-pen, 1004
Reduced iron, 721
Reduziertes eisen, 721
Refined diphtheria antitoxin, 481
scarlet fever antitoxin, 1217
tetanus antitoxin, 1395
wool fat, 1510
Regaliz, 617
Regianin, 1728
Regitine, 1527
hydrochloride, 1044
methanesulfonate, 1046
Reglisse, 617
Regnosone, 1817
Regolizia, 617
Reichstein's compound S, 425
Substance Fa, 28, 374
Substance H, 28
Substance M, 28, 665
Reiner eisenvitriol, 578
Reines kohlensaures Natrium, 1263
Reinsch test, 110
Relaxin, 1648
Remanden granules, 1006
Remijia, 1161
amazonica, 713
pedunculata, 1160, 1161, 1167
Rendered pork fat, 742
Rengha, 1839
Renghol, 1839
Renin, 1720
-substrate, 1720
Rennet, 1183
Rennin, 1183, 1720
Renninum, 1183
Repository corticotropin injection, 374
Rescinnamine, 1825
Resenes, 1828
Reserpic acid, 1825
Reserpine, 1825

Index
Reserpinine, 1928
Reserpoid, 1828
Residuum ovarii, 1781
Resin of podophyllum, 1079
Resina, 1200
benzoe, 156
de jalapa, 732
de podofilo, 1079
di gialappa, 732
di guajaco, 628
elemi, 1675
empyreumatica liquida, 1384
guajaci, 628
ipomoeae, 717
jalapae, 732
lacca, 1732
mastix, 785
podophyllii, 1079
scammoniae mexicanae, 717
tolutana, 1439
Resinat, 1727
Resine de gaiac, 628
de gayac, 628
de jalap, 732
de jalap d'orizaba, 717
de podophylle, 1079
de scammonee du mexique, 717
mastic, 785
Resinols, 1828
Resino-tannols, 1828
Resins, 1828
Resodec, 1726
Resorcin, 1184
acetate, 1185
Resorcina, 1184
Resorcine, 1184
Resorcinol, 1184, [v]2013
monoacetate, 1185
ointment, compound, 1185
Resorcinolis monoacetas, 1185
Resorcinolphthalein sodium, 582
Resorcinum, 1184
Resorzin, 1184
Rest harrow, 1780
Restrol, 437
Resuspended red blood cells (human),
189
Resveratrol, 1489
Reticulex, 767
Retinenei, 913
Retronecine, 1840
Retrorsine, 1840
Rh factors, 182
typing sera, 180
Rha, 1186
Rhabarbarum, 1186
Rhabarber, 1186
Rhabarberfluidextrakt, 1190
Rhabarberon, 1188
Rhamno-fluorin, 1828
Rhamnol, 260
Rhamnonigrin, 1828
Rhamnose, 1708
Rhamno-sterin, 1828
Rhamnoxanthin, 1828
Rhamnus alnifolia, 259
californica, 259
cathartica, 1828, [v]2013
crocea, 259
frangula, 259, 1694
purshiana, 259
purshiana extract, 260
purshiana fiuidextract, 261
Rhapontic rhubarb, 1186
Rhaponticin, 1186
Rhatania-tannic acid, 1731
Rhatanic acid, 1731
Rhatanine, 1609, 1731
Rhatany-red, 1731
root, 1731
Rhein, 1188, 1618
Rheon, 1186
Rheum, 1185
capsicum, 1187
compactum, 1186
crassinervium, 1187
emodi, 1187, 1189
emodin, 1188

Rheum hybridum, 1186
indicum, 1189
leucorrhizum, 1187
Moorcroftianum, 1187
officinale, 1185
palmatum, 1185
palmatum tanguticum, 1186
rhabarbarum, 1186
Rhaponticum, 1185
spiciforme, 1187
undulatum, 1186
Webbianum, 1187, 1189
Rheumatism root, 1671
vaccines, 1917
Rhizoma filicis, 121
hydrastis, 660
imperatoriaj, 1721
iridis, 938
pannae, 121
podophylli, 1077
rhei, 1186
tormentillae, 1816
zingiberis, 604
Rhodankalium, 1109
Rhodarson, 881
Rhodinol, 1198
Rhodochrosite, 1746
Rhododendrin, 1829
Rhododendrol, 1829
Rnododendron, 1828
Rhodonite, 1746
Rhodophyceas, 30
Rhodopsin, 913
Rhodotoxin, 1829
Rhceadine, 928
Rhubarb, 1185, [v]2013
and magnesia, 1190
and soda mixture, 1190
fiuidextract, 1190
powder, compound,
1190, [v]2013
root, 1186
tincture, aromatic, 1191
Rhubarbe dite de chine, 1186
Rhulitol, 302
Rhus, 1829
Rib grass, 1071
Ribazole, 405
Riboflavin, 1191, [v]2014
adenine dinucleotide, 1192
injection, 1194
mononucleotide, 1192
phosphate, 1192
tablets, 1194
Riboflavina, 1191
Riboflavine, 1191
Riboflavinum, 1191
Ribonucleic acid, 1771
Ribose nucleic acid, 1771
Ribwort, 1071
Rice starch, 1310
Richardia scabra, 713
Richweed, 1540
Ricinine, 262
Ricinoleic acid, 263, 1773
Ricinolein, 263
Ricinus communis, 261
Ricinusol, 261
Rickettsial vaccines, 1917
Riddelliine, 1840
Rimifon, 725
Rimocidin, 1568
Ringer's injection, 1194, 1721
injection, lactated, 1196
solution, 1196
solution No. 1, 1196
solution No. 3, 1194
solution, lactated, 1196
Ringworm bush, 1618
Rio arrowroot, 1896
ipecac, 711
Riodine, 1725
Riogon, 1810
Risus sardonicus, 1338
Rivanol, 1674
Rizinusol, 261
Rizoma de helccho macho, 121
de hidrastis, 660
de podofilo, 1077
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RO 2-2222, 1698
RO 2-3248, 1527
Roach-poison, 1805
Robalate, 464
Rochelle salt, 1108
Rochellesalz, 1108
Rock candy, 1345
oil, 1800
salt, 1265, 1266
Rockberry, 1915
Rocky
mountain
formula
1537
mountain grape, 1600
mountain
spotted fever

allergen,
vaccine,

Rcemeria1922 refracta, 501
Roggenmutter, 516
Rohes Kresol, 400
Rohkresol, 400
Rohrzucker, 1344
Roja Inglesa, 1214
Roll sulfur, 1369
Roller gauze bandage, 597
Roman chamomile, 1550
wormwood, 1540
Romilar hydrobromide, 1737
Rondase, 654
Rongolite, 1863
Roniacol tartrate, 1830
Rosa, 1830
alba, 1197
centifolia, 1197, 1198
damascena, 1197
dumetorum, 1197
gallica, 1197, 1830
Rosaniline, 591
Rosary pea, 1523
Rosatannic acid, 1830
Rose, 1830
bay, 1769, 1829
de mai, 1197
geranium, 1797
laurel, 1728
oil, 1197
oils, synthetic, 1198
water, 1198
water ointment, 1198, 1778
water ointment, petrolatum,
water, stronger, 1198
Rosemary, 1831
oil, 1199
Rosenol,
1197
Rosenwasser, 1198
Rose's metal, 168
Rosin, 1200
cerate, compound, 1200
oil, 1200
soaps, 1200
spirit, 1200
Rosmarinol, 1199
Rosmarinus officinalis, 1199
Rotenone, 1831, [v]2014
Roter enzian, 602
Rotes Sandelholz, 1182
Rotocotoin, 1650
Rottlera, 1729
Rouge de phenol, 1042
Round cardamom, 257
turmeric, 1659
Rowan tree, 1867
Roxenol, 303
RP 2339, 1578
RP 3038, 1580
RP 3277, compound, 1131
Ruban, 1637
Rubber vine, 1652
Rubbing alcohol, 42
Rubefacient iodine solution, 696
Rubenzucker, 1344
Ruberythric acid, 1708
Rubiguent, 649
Rubreserine, 1055
Rubrum congo, S61
scarlatinum, 1220
Rubus. 11*2
idoeus. 11 SI
neglectus, 1181

1199

2120
Rubus occidentalis, 1181
strigosus, 1181
Ruby wood, 1182
Rue, 1831
Ruhrwurzel, 711
Ruibarbo, 1186
Rum cherry, 273
Rumex alpinus, 603
Rusbyine, 1643
Russian flies, 236
licorice, 617, 618
Ruta, 1831
Rutgers 612, 551
Rutherford, 1822
Rutile, 1434, 1903
Rutin, 1200, 1606, 1708
tablets, 1204
Rutinose, 935, 1201
Rutinum, 1200
Rutonal, 1597
Rutoside, 1201
Ryanodine, 1832
Rye ergot, 516
malt whisky, 1507
smut, 516
whisky, 1507

Sabadilla, 1832
Sabadillic acid, 1832
Sabadilline, 1832
Sabadine, 1832
Sabadinine, 1832
Sabal, 1840
Sabatine, 1832
Sabina, 1833
Sabinse cacumina, 1833
Sabinene, 1776
Sabinol, 1833
Sacarina, 1204
sodica, 1205
soluble, 1205
Sacarosa, 1344
Saccarina, 1204
solubile, 1205
Saccarosio, 1344
Saccharated ferrous carbonate, 575
iron carbonate, 675
iron oxide, 1690
Saccharic acid, 428, 1345
D-Saccharic acid, 428
Saccharin, 1204
sodium, 1205
sodium tablets, 1206
Saccharine, 1204
soluble, 1205
Saccharinol, 1204
Saccharinose, 1204
Saccharinum, 1204
sodicum, 1205
Saccharol, 1204
Saccharomyces cerevisiae, 34, 1512
siccum, 1512
Saccharose, 1344
Saccharum, 1344
album, 1344
amylaceum, 427
lactis, 738
officinarum, 1344
purificatum, 1344
saturni, 747
ustum, 242
Sacred bark, 259
bitters, 1613
Saffranal, 1651
Saffron, 1651
bitter, 1651
Safran, 1651
des indes, 1659
Safrene, 1217
Safrol, 1217, 1833
Safrolum, 1833
Sago starch, 1310
Sagradaextrakt, 260
Sagradafluidextrakt, 261
Sagradarinde, 259
Sahuca bean, 1865

Index
Saigon cassia, 328
cinnamon, 328
Sain-bois, 1756
Saindoux, 742
St. Bennett's herb, 1644
St. George's herb, 1922
St. Ignatius' bean, 1720
St. John's Long's liniment, 1467
St. John's wort, 1719
St. Victor's balsam, 158
St. Vincent arrowroot, 1748
Sajodin, 225
Sal absinthii, 1523
alembroth, 824
amarga, 778
ammoniac, 71, 78
ammonium
secretum
glauberi,
1547
de epsom, 778
de glaubero, 1298
de la rochela, 1108
digestivum sylvii, 1098
dit de sedlitz, 778
diureticum, 1093
gemmae, 1266
nitri, 1105
nitro, 1105
soda, 1263
volatile, 77
Salad oil, 922
Salazolon, 1834
Salazopyrin, 1880
Salben, 1778
Sale amaro, 778
d'epsom, 778
di saturno, 747
inglese, 778
Sal-ethyl, 1684
-ethyl carbonate, 1684
Salicilato basico di bismuto, 177
de amonio, 81
de bismuto, 177
de eserina, 1054
de fenilo, 1046
de fenol, 1046
de fisostigmina, 1054
de metilo, 853
de sodio, 1296
de sodio con teobromina sodada,
1409
di ammonio, 81
di finile, 1046
di fisostigmina, 1054
di metile, 853
di sodio, 1296
di sodio e teobromina sodica, 1409
Salicin, 1089, 1494, 1708, 1833, 1834
benzoate, 1089
Salicinerein, 1834
Salicinum, 1833
Salicoylsaure, 1207
Salicyl alcohol, 1833
salicylate, 1835
Salicylamide, 1833
Salicylanilide, 1206
Salicylanilidum, 1206
Salicylas bismuthicus basicus, 177
sodicus, 1296
Salicylate basique de bismuth, 177
d'ammonium, 81
de bismuth officinal, 177
de methyle, 853
de phenol, 1046
de phenyle, 1046
d'eserine, 1054
de sodium, 1296
de sodium et de theobromine, 1409
de soude, 1296
of soda, 1296
Salicylazosulfapyridine, 1880
Salicylic acid, 1207, [v]2014
acid collodion, 1209
acid, ointment of, 1209
acid plaster, 1209
collodion, 1209
ester of salicylic acid, 1835
Salicylosalicylic acid, 1835
Salicylsauremethylester, 853

Salicylsaurephenylester, 1046
Salicylsaures Ammonium, 81
Natrium, 1296
Saligenin, 1833
Salihexin, 1754
Salinidol ointment, 1207
Salinigrin, 1834
Salipyrazolone, 1834
Salipyrin, 1834
Salix, 1834
Salizylsaure, 1207
Salmiak, 78
Salmine, 1139
Salmo, 688, 1139
Salmonella-abortivoequina bacterin,
Salol, 1046
[v]2056
tablets, 1047
Salonican opium, 925
Salophen, 1802
Salpeter, 1105
Salpetersaure, 898
Salpetersaures Silber, 1235
Strychnin, 1339
Salpetrigsaureamylester, 89
Salpetrigsaures Natrium, 1285
Salsapariglia, 1213
Salsepareille du mexique, 1213
Salt,-cake,
1265 663, 1298
iodized, 1266
of opium, 926
of saturn, 747
of tartar, 1097
of wisdom, 824
of wormwood, 1523
rock moss, 322
Saltpeter, 1105
Salundek, 1207
ointment, 1207
Salvarsan, 1588
Salve mulls, 1621
Salvene, 1835
Salvia, 1834
sclarea, 445
Salviol, 1835
Salwei, 1834
Salyrgan, 828
-theophylline, 1268
-theophylline solution, 831
-theophylline tablets, 832
Salysal, 1835
Salzsaure, 663
Salzsaures Apomorphin, 101
Cocain, 339
Kalk, 219
Morphin, 867
Papaverin, 968
Pilocarpin, 1059
Strychnin, 1339
Sambucus, 1835
Sambunigrin, 44, 1836
Samin, 1232
Sandalwood oil, 1836
Sandalo rojo, 1182
Sandarac, 733, 1835
Sandaraca, 1835
Sandaracolic acid, 1836
Sandaricinic acid, 1836
Sandaricinolic acid, 1836
Sandbox tree, 1714
Sand brier, 1866
Sandoptal, 42
Sandril, 1828
Sanguinaria, 1209
canadensis, 928, 1209, 1210
Sanguinarine, 1210, 1623
nitrate, 1210
sulfate, 1210
Sanguinarinic acid, 1210
Sanguisuga, 1735
Santal oil, 1836
Santalals, 1836
Santalene, 1776, 1836
Santalic acid, 1183
Santalin, 1183
Santalinic acid, 1183
Santalone, 1836

Index
Santalum album, 1836
rubrum, 1182
Santene, 1836
Santenone, 1836
Santochin, 1580
Santolactone, 1211
Santomerse, 1887
Santonic acid, 1212
Santonica, 1211
Santonin, 1211, [v]2014
and calomel tablets, 1213
and
mild
mercurous
chloride
tablets, 1213
tablets, 1213
Santonina, 1211
Santonine, 1211
Santoninic acid, 1212
Santoninum, 1211
Santoquine, 1580
Sapinic acid, 1200
Sapo, 1243
durus, 1243
kalinus, 1245
medicatus, 1243
medicinalis, 1243
mollis, 1245
mollis medicinalis, 1245
olei olivarum, 1243
potassicus, 1245
viridis, 1245
Saponaria, 1837
Saponated benzyl benzoate, 160
cresol solution, 401
Sapone di potassa, 1245
medicinale, 1243
Saponins, 1708, 1837
Sapotoxin, 1837
Sapucainha, 1616
oil, 1616
Sarcocolla, 1837
Sarcocollin, 1837
Sarcol, 1238
Sarcolactic acid, 737
Sarin, 1625
Sarmentocymarin, 1874
Sarmentose, 1708
Sarothamnine, 1838
Sarracesnia purpurea, 79
Sarsas radix, 1213
Sarsaparilla, 1213
fluidextract, 1215
syrup, compound, 1215
Sarsaparille, 1213
Sarsaparillfluidextrakt, 1215
Sarsaparillwurzel, 1213
Sarsasapogenin, 1215
Sarsasaponin, 1215
Sasapic acid, 1215
Sas-par tablets, 1215
Sassafras, 1216
albidum, 1216
medulla, 1216
nuts, 1833
officinale, 1216
oil, 1216
pith, 1216
sassafras, 1216
variifolium, 1216
Sassafrasol, 1217
Sassafrasrinde, 1216
Sassafride, 1216
Sassolin, 190
Sassy bark, 1680
Satin-wood, 1728
Satura innoxia, 1318
Saturated boric acid solution, 192
potassium iodide solution, 1105
Saturnism, 745
Saucy bark, 1680
Sauerstoff, 948
Saukraut, 674
Saures Chininhydrochlorid, 1173
schwefelsaures Chinin, 1172
weinsaures Kalium, 1095
Savanilla ipecac, 711
Savin, 1833
Savine tops, 1833
Savinin, 1833

Savon medicinal, 1243
mou, 1245
noir, 1245
Saw palmetto berries, 1840
Saxin, 1204
Scammomy resin, 717
Scandol, 1620
Scarlet fever antitoxin, 1217
streptococcus antitoxin, 1217
prophylactic, 1217
red, 1674, [v]2014
red, medicinal, 1220
red ointment, 1121
red, soluble, 1220
red sulfonate, 1220
Sceleratine, 1840
Scharamodo, 1186
Scharlach R, 1220
Schefelsaures chinin, 1176
Schick control, 487
test control, 486, 487
test toxin, 485
Schieszbaumwolle, 1151
Schinus, 1837
Schischen, 1618
Schlafkraut, 674
Schlammkreide, 267
Schlangenkraut, 1688
Schleimrusterrinde, 497
Schmalz, 742
Schmiedeberg's digitalin, 447
Schneeballbaumrinde, 1492
Schonite, 778, 1816
Schottenpfeffer, 239
Schultz-Charlton reaction, 1218
Schwarzer senf, 869
Schwarzkorn, 516
Schwefelbliite, 1369
Schwefelleber, 1092
Schwefelmilch, 1368
Schwefelsalbe, 1372
Schwefelsaure, 1373
Schwefelsaures Aluminum, 60
Atropin, 127
Barium, 139
Chinidin, 1161
Codein, 351
Eisenoxydul, 578
Kupferoxyd, 364
Morphin, 868
Natrium, 1298
Strychnin, 1340
Tonerde, 60
Zink, 1520
Schweinefett, 742
Schweineschmalz, 742
Schweinfurt green, 1796
Schwertelwurz, 938
Sciarappa, 731
Scilla, 1305
Scillabiose, 1306
Scilke bulbus, 1305
Scillaren, 1306
Scillaren-A, 1306
Scillaren-B, 1306
Scillarenase, 1306
Scillaridin-A, 1306
Scillazuroside, 1306
Scille, 1305
Scillenin, 1305
Scillicoeloside, 1306
Scillicryptoside, 1306
Scillicyanoside, 1306
Scillidiuretin, 1305
Scilliglaucoside, 1306
Scillimarin, 1305
Scillin, 1305
Scillipheoside, 1306
Scillipicrin, 1305
Scilliroside, 1305
Scillitin, 1305
Scillitoxin, 1305
Sciroppi, 1893
di arancio amaro, 938
di balsamo de tolu, 1440
di gomma arabica, 5
di ipecacuana, 716
di ipofosfiti composto, 676
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Sciroppi di joduro ferroso, 677
di limone, 335
di poligala, 1226
semplice, 1377
Scoke, 1806
Scoline, 1341
Scoparin, 1838
Scoparius, 1837
Scopodex, 1223
Scopola, 1838
belladonna, 1838
carniolica, 146
Scopolamine bromhydras, 1221
hydrobromidum, 1221
Scopolamine, 146, 1661, 1784, 1856
aminoxide, 1223
w-bromobutylate, 1785
hydrobromide, 1221, [v]2014
hydrobromide tablets, 1224
methobromide,
-N-oxide, 1223 1223, 1785
Scopolaminhydrobromid, 1221
Scopolaminium bromide, 1221
hydrobromidicum, 1221
Scopoletin, 716, 1704
Scopolia, 1838
carniolica, 1221
japonica, 1221
Scopoline, 1221
Scorpion venoms, 1927
Scorzonera humilis, 107
Scotch broom, 1837
mint, 1303
pine, 1064, 1912
spearmint, 1303
whisky, 1507
Scraped ginger, 605
Scullcap, 1838
Scurocaine, 1115
Scuroforme, 202
Scutellarein, 1838
Scutellaria, 1838
Scutellaria 1838
Sea onion, 1305
salt, 1265
Seawrack, 1695
Secale cereale, 516
cornutum, 516
Secobarbital sodium, 1224
sodium capsules, 1225
soluble, 1224
Seconal sodium, 1224
Secondary anemia fraction, 761
calcium phosphate, 230
magnesium phosphate, 777
phosphate, 1288
propyl alcohol, 727
sodium phosphate, 1288
Secretin, 664, 1679
Sedamine, 1839
Sedamyl, 255
Sedanolid, 1620
Sedanonic anhydride, 1620
Sedlitz-salt, 778
Sedormid, 1838
Sedulon, 1670
Sedum, 1838
Seed-lac, 1732
Seemoos, 323
Segale cornuta, 516
Seidlitz powders, 496
Seidlitzpulver, 496
Seifenholz, 1153
Seifenrinde, 1153
Seigle ergote, 516
Seignette salt, 1108
Sekundares calciumphosphat, 230
Sel ammoniac, 78
de Glauber, 1298
de Saturne, 747
de tartre, 1097
Selbeiblatter, 1834
Selenium, 1839, [v]2014
cystine,
disulfide, 1839
[v]2015
monosulfide, 1839
sulfide, 1839
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Selsun sulfide, 1839
Seme di lino, 757
Semecarpus, 1839
Semen arecse, 104
cardamomi, 255
carvi, 243
croci pratensis, 356
cumini pratensis, 243
cydoniae, 1660
faenugraeci, 1908
Ignatias, 1720
lini, 757
myristicae, 873
peponis, 1818
pharbitidis, 1728
psyllii, 1070
ricini majoris, 1592
sinapis, 869
Semence de colchique, 356
de lin, 757
Semikon hydrochloride, 843
Semilente insulin, 681, 684
Semilla de cardamomo, 255
de colchico, 356
de lino, 757
de mostaza, 869
Seminia cucurbitae, 181&
Semoxydrine hydrochloride, 837
Sempervirine, 1704, 1705
Sen, 1226
Sena, 1226
Senape nera, 869
Sene. 1226
Seneca oil, 1801
root, 1225
snakeroot, 1225
Senecio, 1839
Senecionine, 1840
N'-Senecioylsulfanilamide, 1879
Seneciphylline, 1840
Senega, 1225
fluidextract, 1226
root, 1225
syrup, 1226
Senegafluidextrakt, 1226
Senegal gum, 2
Senegalgummi, 1
Senegasirup, 1226
Senegawurzel, 1225
Senegenin, 1226
Senegin, 1226
SenfoL 1539
Senfpapier, 871
Senfsamen, 869
Senna, 1226. [v]2015
fluidextract, 1229
fruit, 1229, 1230
leaf, 1226
leaves, 1226
pod, 1230
powder, compound, 1230
syrup, 1230
varieties, 1226, 1227
Sennacrol, 1228
Sennae folium, 1226
fructus, 1230
Sennanigrin, 1228
Sennapicrin, 1228
Sennarhamnetin, 1228
Sennarr gum, 1
Sennasirup, 1230
Sennesblatter, 1226
Sennesfruchte, 1230
Sennoside A, 1228
Sennoside B, 1228
Sensibamine, 518
Sensitized typhoid vaccines, 1468
Seolfor, 1233
Sepeerine, 1598
Sephaeli? acuminata, 711
Septazine, 1879
Septfoil.
1 ■ A, 1685
Sequestrene
Serenium, 1674
Serenoa, 1840
Serfin, 1828
Serine, 1541

Index
Seriparium, 1183
Serobacterin, 1916
Serolfia, 1828
Seromycin, 1565
Serotonin antimetabolites, 1583
Serpanray. 1828
Serpasil, 1826, 1828
Serpentaria, 1840
Serpentine, 1825
Serpentinine, 1825
Serpiloid, 1828
Serpine. 1828
Serpinine, 1928
Serums, 1841
Serum antidiphterique, 482
Serum antidiphthericum, 482
antitetanicum, 1395
antimonyltartrate, 98
antitetanique, 1395
antivenenosum, 1926
derivatives, 1841
gonadotrophin, 626, 1810
gonadotrophin, injection of, 626
gonadotropin, 626
physiologicum, 1267
therapy, 1841
Sesame, 1847
oil, 1232
Sesamin, 1232
SesamoL 1232
Sesamol, 1232
Sesamolin, 1232
Sesamum indicum, 1232
Sesquicarbonate d*ammoniaque, 77
Sesquiterpenes, 1776
Sestron, 1848
Setazine, 1879
Settled soap, 1243
Setwall, 1922
Seven-barks, 1716
Seville orange, 934
orange peel, 934
Sevum preparatum, 1876
Shadocol, 704
Sharcillin, 1006
aqueous, 1004
fortified, 1005
fortified, DH, 1008
Shark liver oil, 1692
Shashi-poison, 940
Shavings tree, 1626
Shawnee haw, 1494
Sheep berry, 1494
laurel, 1729
Sheerikhaskash, 923
Shellac, 1732
Shellolic acid, 1732
Shensi flat rhubarb, 1189
rhubarb, 1185
Shepherd's purse, 1615
Sherardizing process, 1514
Sherry wine, 1509
Shikimic acid, 1721
Shikimine, 1721
Shirlan extra, 1206
Shittim wood, 1
Shoga, 605
Shogaol, 605
Shonny haw, 1494
Short buchu, 196
Short-fibered asbestos, 1590
Shot-bush, 104
Siam benzoin, 156
cardamom, 257
Siam-benzoe, 156
Siaresinol. 157
Siaresinolic acid, 157
Siderite, 717
Siderophilin, 719
Siero antidifterico, 482
antitetanico, 1395
fisiologico, 1267
Sigmaform, 1604
Sigmodal sodium, 1597
Sikimitoxin, 1721
SOber, 1233
Silbernitrat, 1235

Silbersalpeter, 1235
Silex contritus, 1233
Silica gel, 1848
Silicate soaps, 1864
Siliceous earth, purified, 1232
Silician fennel, 567
Silicon, 1848
Silicone bouncing putty, 1849
Silicones. 1848
Silicosis, 1848
Silicote, 1849
Silk-vine, 1800
Silkweed, 1591
Silver, 1233
arsphenamine, 1590
bromide, 1849
grain cochineal, 343
hexamethylenetetramine, 1849
iodide, colloidal, 1234
leaf, 1870
nitrate, 1235
nitrate, [v]2015
nitrate, fused, 1237
nitrate, molded, 1237
nitrate ophthalmic solution, 1236
nitrate pencils, 1237
nitrate solution, ammoniacal, 1236
nitrate, toughened, 1237
oligodynamic action, 1235
oxide, 1849, [v]2015
picrate, 1849, [v]2015
potassium cyanide, 1849
protein, 1238
protein, mild, 1237
protein, strong, 1238
proteinate, 1238
-Salvarsan,
1590
sodium thiosulfate, 1849
Silverweed, 1817
Silvol, 1238
Simaroubidin, 1850
Simaroubin, 1850
Simaruba, 1850
Simple cerate, 1621
cream, 908, 1505
elixir, 108
ointment, 909, 910
syrup, 1377, 1893
Simpler's joy, 1928
Sinalbin. 871
Sinan, 800
Sinapis alba, 870
arvensis, 871
juncea, 870
nigra, 869
nigrae semina, 869
Sinapisme en feuille, 871
Sincaline, 319
Sinigrin, 871
Sinostemonine, 1869
Siomine. 1754
Sionin, 1302
Sippy powder No. 1, 1256
powder tablets No. 1, 1256
powder No. 2, 1256
powder tablets No. 2, 1257
Sipri tree, 1598
Sirop d'acide citrique, 335
de baume de tolu, 1440
de cerise, 273
d'ecorce d'orange amere, 938
de cuisinier, 1215
de fleur d'oranger, 934
de framboise, 1182
de goudron, 1386
d'iodure de fer, 577
d'iodure ferreux, 577
de gomme, 5
d'ipecacuanha, 715
de lemon, 335
de polygala, 1226
depuratif, 1215
de salsepareille compose, 1215
de scille, 1307
de sene, 1230
de sucre, 1377
simple prepare a chaud, 1377

Index
Sirop simple prepare a froid, 1377
sudorifique, 1215
Sirops, 1893
Sirup, 1377
Sirupe, 1893
Sirupus aurantii corticis, 938
cerasorum, 273
citri, 335
ferri iodati, 577
gummi arabici, 5
liquiritiae, 621
Sisal grass, 1534
hemp, 1534
Sitosterol, 1525
-glucoside, 1708
606, 1588
622 mixture, 472
Skeletal antispasmodic compounds,
1850
muscle relaxants, 1655
SKF-1637, 1785
Skikimmi fruit, 1721
Skimmi fruit, 1721
Skiodan, 849
SK-SD, 1870
Skullcap, 1838
Skunk mushroom, 1759
Slaked lime, 223
Slash pine, 1911
Sleepy-grass, 1744
Slippery elm, 497
Slush, 253
Small bichloride tablets, 827
corrosive sublimate tablets, 827
houseleek, 1838
saxifraga, 1807
senega, 1225
Smallpox vaccine, 1239
vaccine, dried, 1241
Smaltite, 1640
Smartweed, 1605
Smear 62, [v]1975
Smear 82, [v]1975
Smelling salts, 78
Smilagenin, 1215
Smilasaponin, 1215
Smilax aristolochioefolia, 1213
aspera, 1214, 1712
china, 1214
febrifuga, 1213
ornata, 1213
papyracea, 1214
regelii, 1213
Smithsonite, 1514
Smooth dandelion, 1386
hydrangea, 1716
Smyrna galls, 1772
tragacanth, 1443
Snake-plantain, 1071
poisoning, 1924
venom antitoxins, 1926
venoms, 1924
weed, 1688
Snakeweed, 1605
Snakewort, 1605
SN 6911, 1580
SN 7618, 299
SN 8137, 1580
SN 11,437, 1580
SN 12,837, 1128
SN 13,272, 1111
SN 13,274, 1580
SN 13,276, 1009
Sneezeweed, 1711
Snow-ball tree, 1492
Snowberry, 1609
-rose, 1829
white, 139
Soap, 1243
bark, 1153
castile, 1243
clay, 147
hard, 1243
liniment, 235
liniment, medicinal soft, 1246
medicinal soft, 1245
soft, 1245

Soap, tree bark, 1153
weed, 1837
Soapstone, 1378
Sobisminol, 1605
Sobrerol, 1465
Socaloin, 49
Socotrine Aloe, 47
Soda, 1263
and mint solution, 1255
-ash, 1263
lime, 1246
lye, 1275
mint tablets, 1255
tartarata, 1108
Sodascorbate, 121
Sodii acetas, 1247
alginas, 1250
aurothiomalas, 621
benzoas, 1252
benzosulfinidum, 1205
bicarbonas, 1253
biphosphas, 1257
bisulfis, 1257
boras, 1258
bromidum, 1259
bromurum, 1259
cacodylas, 1262
carbonas, 1263
carbonas acidus, 1253
carbonas monohydratus, 1264
chloras, 1862
chloridum, 1265
chlorum, 1266
citras, 1269
cyanidum, 1862
et laurylis sulphas, 1283
et potassii tartras, 1108
glycerophosphas, 1274
hydroxidum, 1275
hypophosphis, 1278
indigotindisulfonas, 1279
iodidum, 1280
iodurum, 1280
laurylis sulfas, 1283
metabisulphis, 1257
nitris, 1285
perboras, 1287
perboras aromaticus N.F., 1288
phenolsulphonas, 1864
phosphas, 1288
phosphas acidus, 1257
phosphas exsiccatus, 1289
propionas, 1290
salicylas, 1296
salicylas
cum theobromina sodica,
1409
santoninas, 1212
stearas, 1298
sulfas, 1298
sulfis exsiccatus, 1299
sulphas, 1298
sulphocarbolas, 1864
thiocyanas, 1299
thiosulfas, 1300
Sodio, 1247
Sodio-acetato de teobromina, 1409
de teofilina, 1411
Sodium, 1247
acetate, 1247, [v]2015
acetrizoate injection, 1248
acid carbonate, 1253
acid citrate, 1269
acid phosphate, 1257, [v]2016
acid sulfite, 1257
alginate, 1250
5-allyl-5- ( 1-methylbutyl ) barbiturate, 1224
alumino-silicate, 1501
p-aminohippurate, 1764
p-aminophenylarsonate, 1589
aminosalicylate, 1251
aminosalicylate tablets, 1252
and silver thiosulfate, 1849
anilinesulfonate, 1865
antimonyltartrate, 98
antimonylthioglycollate, 99
arsanilate, 1589
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Sodium arsanilate, [v]2015
arsenate, 1861
ascorbate, 120, 121
ascorbate injection, 120
aurothiomalate, 621
aurothiosulfate, 623
azide, 1861
barbital, 139
bentonite, 148
benzoate, 1252
benzosulfimide, 1205
biborate, 1258
bicarbonate, 1253
bicarbonate, [v]2015
bicarbonate, injection of, 1255
bicarbonate tablets, 1255
bicarbonate
and calcium carbonate powder, 1256
bicarbonate
and calcium carbonate tablets, 1256
bicarbonate and magnesium oxide
powder, 1256
bicarbonate and magnesium oxide
tablets, 1257
bicarbonate,
compound tablets of,
1255
bichromate, 1863
biphosphate, 1257
biphosphate, [v]2016
biphosphate tablets, methenamine
and, 846
bismuth complex of nitrilotriacetic acid, 1604
bismuth iodide, 1604
bismuth tartrate, 173
bismuth thiogly collate, 1604
bismuthate soluble, 1605
bismuthyl cevitamate, 1604
bismuthyltartrate, 173
bisulfite, 1257
borate, 1258
borate solution, compound, 1259
bromide, 1259, [v]2016
bromide elixir, 1262
bromide tablets, 1262
cacodylate, 1262, [v]2016
cacodylate ampuls, 1263
cacodylate injection, 1263
caprylate, 1862
carbonate, 1263, [v]2016
carbonate, acid, 1253
carbonated, monohydrated, 1264
carboxymethylcellulose, 1264
cellulose glycollate, 1264
chlorate, 1862
chloride, 1265, [v]2016
chloride and dextrose injection,
431
chloride and dextrose tablets, 1269
chloride injection, 1267, 1721
chloride solution, 1269
chloride solution, isotonic, [v]2016
chloride tablets, 1269
citrate, 1269, [v]2016
citrate solution, anticoagulant,
1270
copper chlorophyllin, 1628
cyanide, 1862
dehydroacetate, 1663
dehydrocholate ampuls, 1271
dehydrocholate injection, 1271
dichromate, 1863
diethylbarbiturate, 139
diethylmalonylurea, 139
dihydrogen phosphate, 1257
dimethylarsenate, 1262
5,5-diphenylhydantoinate, 480
dithionite, 1300
dodecyl sulfate, 1283
estrone sulfate, 532, 542
5-ethyl-5-isopropylbarbiturate,
1112
ethylmercurithiosalicylate, 1418
fluoride, 1272, [v]2016
fluoroacetate, 1863. [v]2017
fluosilicate, 1864, [v]2017
folate, 584
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Sodium folate, solution, 588
folvite, 584
folvite, solution, 588
formaldehyde sulfoxylate, 1863
fumarate, 1764
gentisate, 1863
glycarsamate, [v]2017
glycerinophosphate, 1274
glycerophosphate, 1274, [v]2017
glycerophosphate, liquid, 1274
gold thiosulfate, 623
hydrate, 1275
hydrogen carbonate, 1253
hydrogen sulfite, 1257
hydrosulfite, 1300
hydroxide, 1275, [v]2018
hypochlorite solution, 1276
hypochlorite solution, diluted, 1277
hypophosphite, 1278
hyposulfite, 1300
hyposulfite injection, 1302
indigosulfonate, 1279
indigotindisulfonate, 1279, 1674
indigotindisulf onate injection, 1279
iodate, 1723
iodide, 1280, [v]2018
iodide ampuls, 1280,
iodide injection, 1280
iodohippurate, 1864
iodomethamate, 1281
iodomethamate injection, 1282
isoamylethylbarbiturate, 82
lactate injection, 1282
r-lactate injection, 1282
lauroyl sarcoside, 1663
-N-lauroyl sarcosinate, 1663
lauryl sulfate, 1283, 1887
lauryl sulfoacetate, 1887
lauryl sulfonate, 1283
lauryl sulphate, 1283
levothyroxine, 1902
L-thyroxin, 1902
magnesium chlorophyllin, 1628
menadiol diphosphate, 789
metabisulphite, 1257
metaborate, 1258
metharsenite, 1590
methyl siliconate, 1848
methylarsonate, 1590
monobenzylsuccinate, 1599
monoiodomethanesulfonate, 849
morrhuate injection, 1284
nitrite, 1285, [v]2018
nitrite tablets, 1286
nucleate, 1772
octoate, 1862
oleate, 1864
oleoricinate, 1864
ortJio-iodohippurate, 1864
ortJio-phenylphenate, [v]2018
oxalate, 1781
para-aminohippurate injection,
1287
para-aminosalicylate, 1251
paratoluenesulfonchloramide, 279
penicillin G, 1005
perborate, 1287
perborate, N.F., aromatic, 1288
peroxide, 1800
phenobarbital, 1036
phenolsulf onate, 1864, [v]2018
phosphas effervescens, 1289
phosphate, 1288, 1764, [v]2018
phosphate, acid, 1257
phosphate, dibasic, 1288
phosphate, dried, 1289
phosphate, effervescent, 1289
phosphate, exsiccated, 1289
phosphate, liquefied, 1290
phosphate solution, 1289
potassium tartrate, 1108
propionate, 1290, [v]2018
psylliate injection, 1291
pyroborate, 1258
pyrophosphate, 1288
pyrosulfite, 1257
radio-chloride, 1824

Index
Sodium radio-chromate, 1824
radio-iodide, 1138, 1824
radio-iodide solution, 692
radio-iodide (I131) solution, 1292
radio-phosphate, 1824
rhodanate, 1299
rhodanide, 1299
ricinate, 1864
ricinoleate, 1864
salicylate, 1296, [v]2018
salicylate and iodide ampuls, 1297
salicylate
and
iodide
injection,
1297
salicylate
and iodide
with
colchicine injection, 1297
salicylate injection, 1297
salicylate tablets, 1297
santoninate, 1212
silicate, 1864
silicofiuoride, 1273, 1864
silver arsphenamine, 1590
sotradecol, 1865
stearate, 1298
stearate, pencils of, 1298
stibogluconate, 1584
succinate, 1764, 1875
Sulamyd
ophthalmic ointment,
1348
sulfanilate, 1865
sulfate, 1298, 1764, [v]2018
sulfathizole, sterile, 1364
sulfite, anhydrous, 1299
sulfite, exsiccated, 1299
sulfocarbolate, 1864
sulfocyanate, 1299
sulphate, 1298
superoxide, 1800
tartrate, 1865
tellurite, 1897
tetraborate, 1258
tetradecyl sulfate, 1865
tetrathionate, 1865
theophylline glycinate, 1412
thiocyanate, 1299
thiosulfate, 1300, [v]2019
thiosulfate ampuls, 1302
thiosulfate injection, 1302
-24, 1824
zeolite, 1501
zirconium lactate, 1933
Soduxin, 1875
Soft elemi, 1675
petrolatum, 1024
shipping opium, 924
soap, 1245
soap liniment, 1246
soap liniment, medicinal, 1246
soap, medicinal, 1245
sulfur, 1370
water, 1500
Soja, 1865
bean, 1865
Solacthyl, 367
Solaneine, 1673, 1866
Solangustidine, 1866
Solanic acid, 1866
Solanidine, I860
Solanidine-S, 1866
Solanine, 1673, 1866
Solanines, 1866
Solanine-S, 1866
Solanine-T, 1866
Solanocapsidine, 1866
Solanocapsine, 1866
Solanocarpine, 1867
Solanum, 1866
nigrum, 146
sodomeum, 1866
species, 1866
Solapsone, 1883
Solargentum, 1238
Solasodine, 1866
Solasonine, 1866
Solauricidine, 1866
Solauricine, 1866
Solbrol, 857
Solenostemma argel, 1229

Solesthin, 1755
Solfato acido di chinina, 1172
di alluminio, 60
di atropina, 127
di bario, 139
di chinidina, 1161
di chinina, 1176
di codeina, 351
di magnesio, 778
di morfina, 868
di rame, 364
di sodio, 1298
di stricnina, 1340
di zinco, 1520
ferroso all'alcool, 578
neutro di chinina, 1172
Solfo precipitate, 1368
sublimate, 1369
sublimate e lavato, 1371
Solfoguajacolato di potassio, 1100
Solfoittiolato di ammonio, 677
Solganal, 128
Solid extracts, 1688
paraffin, 973
Solubilizers, 1886
Soluble barbital, 139
ferric citrate, 568
ferric oxide, 1690
ferric phosphate, 573
fluorescein, 582
glass, 1864
gluside, 1205
guncotton, 1151
hexobarbital, 643
indigo, 1279
iodophthalein, 703
iron arsenite, 1689
iron phosphate, 573
iron pyrophosphate, [v]1987
liver fraction, 766
manganese citrate, 782
manganese glycerophosphate, 783
pentobarbital, 1010
pentobarbitone, 1011
phenobarbital, 1036
phenobarbitone, 1036
saccharin, 1205
saccharin tablets, 1206
scarlet red, 1220
secobarbital, 1224
starch, 1309
sulfacetamide, 1347
sulfadiazine, 1352
sulfamerazine, 1356
sulfapyridine, 1360
sulfathiazole, 1363
tartar, 1816
Solucion Dakin, 1277
de alcanfor, alcoholica, 236
de amoniaco diluida, 72
de amoniaco fuerte, 73
de arsenite de potasio, 1093
de bioxido de hidrogeno, 670
de chlorhidrato
de adrenalina
(1 X 1,000), 510
de chlorhidrato de epinefrina, 510
de citrate de magnesio, 774
de cloroazodina, 291
de cloruro de benzalkonio, 152
de cloruro ferrico, 571
de cresol saponificada, 401
de epinefrina, 510
de etilenediamina, 560
de formaldehido, 588
de hidrato de calcio, 223
de hidroxido de calcio, 223
de higado, 765
de hipoclorito de sodio, 1276
de hipoclorito de sodio, de Dakin,
de 1277
peroxido de hidrogeno, 670
de tribromoetanol, 1446
de yodo alcoholica, 697
de yodo fuerte, 696
isotenica de cloruro de sodio, 1267
Solucream, 1779
Solurea, 844

Index
Soluseptasine, 1882
Solustibosan, 1584
Solute d'acide borique, 192
d'adrenaline, 510
d'arsenite de potassium, 1093
de chaux, 223
de chloroforme, 296
de chlorure de sodium isotonique,
1267
de goudron de houille, 1383
d'hydroxyde de calcium, 223
dit de Dakin, 1277
dit de lugol, 696
injectable d'adrenaline, 510
injectable de chlorhydrate
d'emetine, 500
injectable
de
chlorhydrate
de
quinine et de carbamate d'ethyl,
1178
injectable
de
lobe
posterieur
d'hypophyse, 1068
injectable d'insuline, 680
injectable hypertonique de glucose,
429
injectable iostonique de glucose,
429
iodo-iodure fort, 696
neutre
dilue
d'hypochlorite
de
sodium, 1277
officinale de formaldehyde, 588
officinal d'eau oxygenee, 670
physiologique normal, 1267
posthypophysare, 1068
Soluthricin, 1473
Solutio alcoholica camphorae, 236
arsenitis potasii, 1093
bioxydi hydrogenii, 670
chlorhydratis adrenalina?, 510
chloroformii, 296
chloruri ferrici, 571
formaldehydi, 588
hydroxydi calcii, 223
hypochloritis sodii ex Dakin, 1277
iodi alcoholica, 697
iodi aquosa, 696
iodi spirituosa, 697
jodi spirituosa, 697
kalii arsenitis, 1093
natrii chloridi composita, 1196
natrii chloridi isotonica, 1269
Solution aqueuse, au dixieme, d'acide
acetique, 11
aqueuse,
au
dixieme,
d'acide
chlorhydrique, 664
aqueuse, au dixieme d'acide phosphorique, 1051
aqueuse,
au
dixieme,
d'acide
sulfurique, 1374
aqueuse,
au
dixieme,
de gaz
ammoniac, 72
aqueuse
officinale
d'acide
chlohydrique, 663
bismuth sodium tartrate, 173
brain extract, 1901
d'acetate d'aluminium, 60
depo-estradiol
cyclopentylpropionate in oil, 1682
depo-testosterone
cyclopropionate
in oil, 1393
Digalen injectable, 454
Digifolin, 454
for
857
"G," eye-drops,
335
hyflavin, 1192
"M," 335
Metaphen, 902
Neo-synephrine hydrochloride,
1048
of adrenaline hydrochloride, 510
of ammonia, 72
of ammonium acetate, strong, 75
of bichloride of mercury, 827
of boroglyceride, 193
of calciferol, 213
of calcium hydroxide, 223
of chlorinated soda, 1276
of chloroxylenol, 303, 1389
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Solution of citrate of magnesium, 774
of coal tar, 1383
of cresol with soap, 401
of ferric chloride, 571
of formaldehyde, 588
of hydrogen peroxide, 670
of iodine, aqueous, 696
of iodine, ethanolic, 697
of iodine, strong, 697
of iodine, weak, 697
of lime, 223
of liver, parenteral, 762
of liver, purified, 762
of mercuric chloride, 827
of morphine hydrochloride, 868
of morphine sulfate, 868
of potassium arsenite, 1093
of potassium hydroxide, 1102
of sodium
chloride,
compound,
1196
of sodium lactate, compound, 1196
of sodium
phosphate,
compound,
1290
of strychnine hydrochloride, 1339
of sulfaquinoxaline buffered (with
antifreeze agent), [v]2027
of sulfaquinoxaline sodium in excess sodium hydroxide, [v]2027
of three chlorides, isotonic, 1196
of vitamin A, concentrated,
911
of vitamins
A and D, concentrated, 920
of vitamin D, concentrated, 917
of vitamin D2, 213
officinale
d'acetate d'ammonium,
75
officinale
1050
officinale

d'acide
de

phosphorique,

perchlorure

de

fer,

571
parathyroid extract, 976
parathyroid hormone, 976
Propion ophthalmic, 1291
sodium caprylate, 1862
sodium folate, 588
sodium Folvite, 588
Wydase, 657
Solutum acidi borici, 192
adrenalini officinale, 510
emetini chlorhydrici, 500
extracti posthypophysas, 1068
hydrogenii
peroxydati
officinale,
670
insulini, 680
iodo-iodatum forte, 696
kalii arsenicosi, 1093
Soluzione di acetato di ammonio, 75
di aldeide formica, 588
di ammoniaca, 72
di arsenito di potassio, 1093
di citrato di magnesia, 774
di cloridrato di adrenalina, 510
di clorure ferrico, 571
di ipoolorito di sodio, 1277
fisiologica di cloruro di sodio, 1267
per
iniezione
di cloridrato
di
chinina ed uretano, 1178
Solvay process, 1263
Solvent ether, 543, 557
Somali gum, 1
Somatic anticholinergic agents, 1655
Somatotropic hormone, 1809
Sontochin, 1580
Sontoquine, 1580
Sophora japonica, 1201
Sophoretin, 1820
Sophorin, 1201
Sophorine, 1661
Sopronol, 1291, 1862
Sorbes, 1867
Sorbic acid, 1867
Sorbitan monopalmitate, 1083
Sorbitol, 1302, 1764, 1867
solution, 1302
Sorbitose, 1867
Sorbo, 1302

Sorbose, 1867
Sorbus, 1867

Sorethytan (20) mono-oleate,
Sorghum, 1708
saccharatum, 1344
Soricin, 1864
Sorlate, 1087
Sorparin, 1867
Sorrel-tree,
rhubarb,
1548 1186

1087

Sottogallato di bismuto, 175
Sottonitrato di bismuto, 175
Soude caustique, 1275
Soufre lave, 1371
precipite, 1368
sublime, 1369
sublime lave, 1371
Soupfin shark, 1692
Sour cherry, 272
wood, 1548
Sous-azotate de bismuth, 175
Sous-carbonate de bismuth, 174
Sous-gallate de bismuth, 175
Sous-nitrate de bismuth, 175
Sousacetate de plomb liquide, 749
Southern black haw, 1494
cramp bark, 1493
formula allergen, 1537
pine, 1911
prickly ash, 1931
scullcap, 1838
senega, 1225
white cedar, 1901
Soviet gramicidin, 1472
Soybean, 1865
trypsin inhibitor, 968
Span 40, 1083
Spanische fliegen, 236
Spanischer pfeffer, 239
Spanischfliegentinktur, 239
Spanischpfeffertinktur, 242
Spanish bayonet, 1837
broom, 1837, 1867
bugloss, 1536
chamomile, 1798
digitalis, 444
flies, 236
hops,
licorice,1426617, 618
licorice root, 617
psyllium seed, 1070
saffron, 1651
sage, 1835
Spans, 1087, 1677, 1887
Sparadrap caoutchoute adhesif a
l'oxyde de zinc, 1076
Sparteine, 1838
sulfate, 1867
Spartinium junceum, 1837
Spartioidine, 1840
Spartium, 1837, 1867
Spathulatine, 1744
Spearmint, 1014, 1303
common, 1303
oil, 1304
Scotch, 1303
Speerminzol, 1304
Spelter, 1514
Spent ginger, 606
Sperm whale, 1304
Spermaceti, 1304
Sphagnum, 1868
Sphalerite, 1514
Sphcerococcus compressus, 31
Spice tree, 1913
Spider venoms, 1927
Spigelia, 1868
Spigeline, 1868
Spignet,aloe,
104 1534
Spiked
Spilanthes, 1868
Spinal anesthesia, 1738
cord depressants, 1850, 1860
cord depressants, non-official, 1861
Spindle-tree, 1687
Spinosin, 1780
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Spiraea, 1868
ulmaria. 15, 1207
Spirwaic acid, 1868
Spirit of chloroform, 296
of ether, 548
of mindererus, 75
of nitrous ether, 556, [v]1978
of peppermint, 1016
of sal volatile, 74
of salt, 663
of wine, 34
Spirito canforato, 236
d'etere nitroso, 556
di menta, 1016
di vino, 34
Spirits, 1776
Spirits of turpentine, 1465
Spiritus, 34
absolutus, 41
asthereus, 548
setheris, 548
arthylis nitritis, 556
ammonia; aromaticus, 74
aurantii compositus, 938
camphorse, 236
camphoratus, 236
cardamomi compositus, 258
chloroformi, 296
frumenti, 1506
lavandulse compositus, 744
menthas, 1016
menthae piperita, 1016
methylatus industrialis, 35
myrciaa compositus, 873
rectificatus, 34
saponato-camphoratus, 235
saponis kalini, 1246
sylvestris, 249
vini, 193
vini rectificatus, 34
vini vitis, 193
Spirobismol, 1604
Spirocid, 7
Spiroform, 1868
Spirsaure, 1207
Spleen, 1679
Spodumene, 759
Spogel seeds, 1070
Spongia gelatini absorbenda, 601
Spoonwood, 1728
Spotted cowbane, 1633, 1644
cranesbill, 1705
hemlock, 1644
wintergreen, 1625
SPPS, 1073
Spring adonis, 1526
Sprintillamine, 1711
Sprintilline, 1711
Spunk, 1533
Spurgeflax daphne, 1756
Spurge laurel, 1756
laurel daphne, 1756
olive, 1756
Spur pepper, 239
Spurred rye, 516
Squalene, 922, 1774
Squash pumpkin, 1818
Squawmint, 1710
Squaw root, 1619
Squill, 1305. [v]2019
bulb, 1305
fluidextract, 1306
sj-rup, 1307
syrup, compound, 1307
vinegar, 1307
Squirrel-corn, 1649
Squirting cucumber, 1675
Stabisol, 178
Stable plasma protein solution, 1073
Stag-bush, 1494
Stag's horn, 770
Stainless synthetic coal tar, 1383
synthetic coal tar ointment, 1383
Stalactites, 267
Stalagmites, 267
Standardized powdered belladonna
herb, 142
powdered digitalis leaf, 453

Index
Standardized powdered ergot, 516
powdered ipecacuanha root, 714
powdered opium, 931
powdered strychnos seed, 904, 907
Stanni pulvis, 1902
Stannous fluoride, 1662
Stannum, 1902
Stanolone, 1869
Staphisagria, 1869
Staphisagrine, 1869
Staphisine, 1869
Staphylococcus toxoid, 1307, [v]2047
-streptococcus bacterin (bovine
strains), [v]2056
vaccine, 1917
Star anise, 92, 1721
aniseed, 1550
-bloom, 1868
Starch, 1308
arrowroot, 1310
barley, 1310
cassava, 1310
-derivative dusting powder, 496
enema, 1311
glycerite, 1311
potato. 1310
rice, 1310
sago, 1310
sugar, 427
sweet potato, 1310
syrup, 608, 1309
wheat, 1310
Stargrass, 1535
Starkes Kampferol, 235
Starkesirup, 608
Starkezucker, 427
Starwort, 1535, 1712
Stavesacre seeds, 1869
Steapsin, 965
Stearate de zinc, 1520
Stearato di sodio, 1298
Stearic acid, 1311, 1773
Stearin, 1774
Stearine, 1311
Stearinsaure, 1311
Stearinsaures zink, 1520
Stearodine, 1725
Stearoptens, 1776
Stearyl alcohol, 1312
Steatins, 1621
Steatite, 1378
Stechapfelblatter, 1317
Stechapfelextrakt, 1319
Stechapfeltinktur, 1320
Steclin hydrochloride, 1405
Steel, 718
Steeplebush, 1868
Steinkohlenteer, 1381
Steinkohlenteerlosung, 1383
Stellite, 1641
Stemona, 1869
Stemonidine, 1869
Stemonine, 1869
Stenediol, 1755
Stenol, 1312
Stenosine, 1590
Sterane, 1817
Sterculia gum, 1312, 1443
Sterculia tragacantha, 1312
urens, 1312
villosa, 1312
Sterids, 1869
Sterile absorbent gauze, 597
adhesive plaster, 1077
adhesive tape, 1077
amobarbital sodium, 83
benzathine
penicillin
G suspension, 1002
cortisone acetate suspension,
395
epinephrine suspension, 511
gauze, 597
gold sodium thiosulfate, 624
hexobarbital sodium, 644
hydrocortisone acetate suspension,
669
mechlorethamine hydrochloride,
786

Sterile mechlorethamine hydrochloride
trituration, 788
mercaptomerin sodium, 808
methacholine chloride, 835
penicillin-dihydrostreptomycin for
suspension, 1008
pentobarbital sodium, 1012
phenobarbital sodium, 1037
procaine hydrochloride, 1119
procaine
penicillin
G and buffered crystalline penicillin
G
for suspension, 1005
procaine
penicillin G suspension,
1004
procaine penicillin G with aluminum stearate suspension,
1004
progesterone suspension, 1128
sodium sulfathiazole, 1364
sulfadiazine sodium, 1353
sulfapyridine sodium, 1360
sulfathiazole sodium, 1364
testosterone suspension, 1394
thiopental sodium, 1423
thiopentone sodium, 1423
Sterilised surgical catgut, 1376
Sternutators, 1623
Steroids, 1869
alkaloids, 1870
hormones, 1870
sapogenins, 1870
Sterol glycosides, 1708
Sterolines, 1869, 1708
Sterols, 1869
Sterosan, 1633
STH, 1809
Stibamine glucoside, 1585
Stibenyl, 1585
Stibii et kalii tartras, 95
et natrii tartras, 98
et natrii thioglycollas, 99
et potassii tartras, 95
Stibium, 95
Stibnite, 95
Stibophen, 1313, M2019
injection, 1315
Stibophenum, 1313
Stibosan, 1586
Stiburea, 1585
Stick-lac, 1732
Stickoxydul, 903
Stickstoffoxydul, 903
Stigmasterol, 1525, 1870
Stigmata croci, 1651
Stigmonene, 1792
bromide, 1793
Stilbamidine, 1664
diisethionate, 1665
isethionate, 1665
Stilbcestrol, 440, [v]1973
Stillingia, 1870
Stilpalmitate, 1682
Stinkdillsamen, 365
Stipolac, 704
Stirace, 1316
Stock vaccines, 1916
Stockholm tar, 1384
Stoke's expectorant, 566
liniment, 1467
Stomach, dried, 1315
powdered, 1315
Stomachus pulveratus, 1315
Stone oak, 1820
Storace liquido, 1316
Storax, 1315, [v]2019
Stored salt, 1266
Storesin, 1317
Storksbill, 1705
Stormont test, [v]2047
Stovaine, 1740
Stovarsol, 7
Straight bourbon whisky, 1507
corn whisky, 1507
malt whisky, 1507
rye malt whisky, 1507
rye whisky, 1507
wheat whisky, 1507
whisky, 1507

Index
Strained honey, 653
Stramoine, 1317
Stramonii folia, 1317
herba, 1317
Stramonio, 1317
Stramonium, 1317, [v]2019
capsules, 1319
dry extract of, 1319
extract, 1319
extract, pilular, 1319
extract, powdered, 1319
fluidextract, 1320
herb, 1317
liquid extract of, 1320
tincture, 1320
Strawberry shrub, 1613
Streptidine, 1322
Streptobiosamine, 1322
Streptocillin, 1008
Streptococcus
antitoxin
(scarlatina),
1217
vaccine, 1917
Streptodornase, 1871, [v]2020
Streptoduocin, 463, 1332
for injection, 1320, 1333
Streptohydrazid, 1328
Streptokinase, 1871, [v]2020
-streptodornase, 1870
Streptomagma, 1333
Streptomyces griseus, 1321
Streptomycin, [v]2020
-calcium chloride, 1320
for injection, 1320
hydrochloride, 1321
sulfate, 1321
sulfate injection, 1334
II, 1321
B, 1321
Streptomycin! et calcii chloridum,
1320
hydrochloridum, 1321
sulfas, 1321
sulphas, 1321
Streptomyclidene
isonicotinyl
hydrazine sulfate, 1328
Streptose, 1322
Streptothricin, 1568
Stricnina, 1336
Striped alder leaves, 631
Strofantina, 1335
Stromonium, 1317
Strong ammonia solution, 73
colchicum corm tincture, 356
iodine solution, 696
iodine tincture, 697
mercurial ointment, 820
naphazoline
hydrochloride
solution, 881
ointment of mercuric nitrate, 810
protargin, 1238
silver protein, 1238
solution of ammonia, 73
solution of ammonium acetate, 75
solution of iodine, 697
solution of lead subacetate, 749
tablets of calciferol, 213
tincture of ginger, 606
Stronger ammonia water, 73
ammonium hydroxide solution, 73
orange flower water, 934
rose water, 1198
Strongest common caustic, 1102
Strongscented lettuce, 1732
Strontianite, 1871
Strontii bromidum, 1334
bromurum, 1334
lactas, 1872
salicylas, 1872
Strontium, 1871
bromatum, 1334
bromide, 1334
bromuretum, 1334
hydroxide, 1871
lactate, 1872
-90, [v]2021
peroxide, 1800
salicylate, 1872

Strontiumbromid, 1334
Strophanthic acid, 1873
Strophanthidin, 1335, 1587
Strophanthin, 1335, 1873
ampuls, 1336
injection, 1336
K-Strophanthin, 1335
K-Strophanthin-a, 1335
K-Strophanthin-/3, 1335
Strophanthin-K, [v]2021
Strophanthinum, 1335
Strophanthobiase, 1335
Strophanthus, 1872, [v]2021
gratus, 940
hispidus, 1872
kombe, 1335, 1872
seed, 1872
Thorns, 940
tincture, 1874
Struxine, 906
Strychni semen, 904
Strychnicine, 906
Strychnin, 1336
Strychnina, 1336
Strychninae hydrochloridum, 1339
nitras, 1339
phosphas, 1340
sulfas, 1340
Strychnine, 905, 1336, [v]2021
hydrochloride, 1339, [v]2022
hydrochloride, solution of, 1339
nitrate, 1339
phosphate, 1340
sulfate, 1340, [v]2022
sulfate tablets, 1340
Strychninhydrochlorid, 1339
Strychnini nitras, 1339
sulfas, 1340
Strychninium nitrate, 1339
phosphate, 1340
sulfate, 1340
Strychninnitrat, 1339
Strychninsulfat, 1340
Strychninum, 1336
hydrochloricum, 1339
nitricum, 1339
sulfuricum, 1340
Strychnolethaline, 1654
Strychnos cinnamomifolia, 906
colubrina, 905, 906
ignatia, 906
kipapa, 906
ligustrina, 906
nux-blanda, 904, 906
potatorum, 906
seed, 904
tieute, 906
Strychnossamen, 904
Stubble-berries, 1867
Styli argenti nitrici, 1237
Stylophorum diphyllum, 928, 1210
Styptic liquid of Pagliari, 61
Stypticin, 1649
Styptol, 1650
Stypven, 1925
Styracin, 1317
Styrax, 1315
benzoides, 156
benzoin, 156
depuratum, 1316
liquide purine. 1316
liquidus, 1316
paralleloneurum, 156
paralleloneurus, 156
pearcei, 157
prseparatus, 1316
siamensis, 156
subdenticulata, 157
tonkinensis, 156
Styrene, 157, 1317, 1776
Styrol, 1317
Styrone, 1317
Su 3088, 1701
Suakin gum, 2
Suaveoline, 1590
Subacetato plumbico liquido, 749
Subcarbonato de bismuto, 174
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Subenon, 1874, 1876
Subgalato de bismuto, 175
Subgallas bismuthicus, 175
Sublimat, 823
Sublime corrosif, 823
Sublimed sulfur, 1369
Sublimierter schwefel, 1369
Sublingual tablets, 1894
Subnitrato de bismuto, 175
Subsalicilato de bismuto, 177
Subtilin, 1569
Subtosan, 1814
Sucaryl calcium, 1660
Succinchlorimide, 1874
Succinchlorimidum, 1874
Succinic acid, 1875
Succinilsulfatiazol, 1342
Succinyl peroxide, 1876
Succinylcholine, 1656, [v]2022
Succinylcholine chloride, 1340
chloride injection, 1342
Succinyldicholine chloride, 1340
Succinylsulfathiazole, 1342, [v]2022
tablets, 1344
Succinylsulfathiazolum, 1342
Sue de cerise, 272
de reglisse, 619
Succus adhatodas, 1526
cerasi, 272
cerasorum, 272
liquiritiae, 619
liquiritise depuratus, 620
rubi idaai, 1181
thebaicus, 923
Sucostrin chloride, 1341
Sucrates, 1345
Sucre blanc officinal, 1344
de betterave, 1344
de canne, 1344
de gelatine, 1541
de lait, 738
Sucrol, 1673
Sucrose, 1344, 1764
Sucrosum, 1344
Sudan IV, 1220
chillies, 240
Sudermo, 1753
Suero anti-alacran, 1927
antidifterico, 482
antitetanico, 1395
fisiologica, 1267
Suet, prepared, 1876
Suffioni, 190
Sugar, 1344
beet, 1344
cane, 1344
coloring, 242
kelp, 1250
maple, 1344
of lead, 747
of milk, 738
pine, 1911
Sugarhouse
molasses, 1345
Sugna,
742
benzoinata,
743
Sugracillin, 1006
Sulamyd, 1346
sodium, 1347
Sul-di-mill, 1353
Sulestrex piperazine, 542, 1683
Sulfabenzamide, [v]2023
Sulfacetamide, 1346, 1347, [v]2023
sodium, 1347
sodium ointment, 1348
sodium solution, 1348
sulfadiazine and sulfamerazine
suspension, 1348
sulfadiazine and sulfamerazine
tablets, 1349
tablets, 1347
Sulfadiacina, 1349
sodica, 1353
Sulfadiazine, 1347, 1349, [v]2023
and sulfamerazine tablets, 1353
Sulfadiazine sodium, 1352, [v]2024
sodium injection, 1353
sodium, sterile, 1353
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Sulfadiazine, sulfamerazine and
sulfacetamide
suspension,
1348
sulfamerazine
and sulfacetamide
tablets, 1349
tablets, 1352
Sulfadiazinum, 1349
natricum, 1353
sodicum, 1352
Sulfadimetine, 1881
Sulfagnanidina, 1354
Sulfaguanidine, 1354, [v]2024
tablets, 1355
Sulfaguanidinum, 1354
Sulfaloid, 1458
Sulfameracina, 1355
sodica, 1356
Sulfamerazine, 1347, 1355, [v]2024
and sulfadiazine tablets, 1353
sodium, 1356, [v]2024
sodium injection, 1356
sulfacetamide and sulfadiazine
suspension, 1348
sulfacetamide and sulfadiazine
tablets, 1349
tablets, 1356
Sulfamerazinum, 1355
natricum, 1356
sodicum, 1356
Sulfamethazine, 1357, [v]2024
sodium, [v]2025
Sulfamethazinum, 1357
Sulfamethyldiazine, 1355
Sulfamethylthiadiazole, 1881
Sulfamezathine, 1357
Sulfamylon, 1880
Sulfanilamida, 1358
Sulfanilamide, 1358, [v]2025
tablets, 1359
2-Sulfanilamido-l,4-diazine, 1349
2-SulfanOamidopyrazine, 1881
2-Sulfanilamidopyridine, 1359
2-SulfanilamidopyTimidine, 1349
2-Sulf anilamidoquinoxaline, [v] 2026
Sulfanilamidum, 1358
2-Sulfanilyl aminopyridine, 1359
guanidine monohydrate, 1354
2-Sulfanilylaminopyrimidine, 1349
2-Sulfanilylaminothiazole, 1362
N^Sulfanilyl-S^-xylamide, 1879
Sulfapyrazine, 1881, [v]2025
Sulfapyridine, 1359, [v]2025
sodium, 1360, [v]2026
sodium monohydrate, 1360
sodium, sterile, 1360
tablets, 1360
Sulfapyridinum, 1359
sodicum sterile, 1360
Sulfaquinoxaline, [v]2026
preparations, [v]2027
solubilized 25 % powder veterinary,
[v]2027
Sulfarlem, 1876
Sulfarsenamina, 1361
Sulfarsenobenzol, 1361
Sulfarsenol, 1361
Sulfarsfenamina, 1361
Sulfarsphenamine, 1361, [v]2027
bismuth, 1589
Sulfarsphenaminum, 1361
Sulfarsphenobenzene, 1361
Sulfas aluminicus, 60
atropicus, 127
sodicus, 1298
Sulfasuxidine, 1342
Sulfatate, 1887
Sulfate basique de quinine, 1176
d'alumine pur., 60
d'aluminium, 60
d'atropine, 127
de baryum, 139
de cuivre, 364
de magnesie, 778
de magnesium, 778
de morphine neutre, 868
de protoxyde de fer officinal, 578
de quinidine, 1161
de quinine, 1176
de sodium officinal, 1298

Index
Sulfate de soude purifie, 1298
de strychnine, 1340
de zinc officinal, 1520
double d'alumina et de potassa, 52
ferreux desseche, 579
ferreux pur, 578
neutre d'atropine, 127
neutre de quinine, 1172
neutre de strychnine officinal,
1340
of magnesia, 778
of soda, 1298
Sulfated hydrogenated castor oil, 1719
oils, 1775
Sulfathalidine, 1053
Sulfathiazole, 1362, [v]2027
sodium, 1363, [v]2027
sodium injection, 1364
sodium, sterile, 1364
soluble, 1363
tablets, 1363
Sulfathiazolum, 1362
natricum, 1363
sodicum, 1363
Sulfatiazol, 1362
sodico, 1363
sodico, esteril, 1364
Sulfate acido de quinina, 1172
cuprico, 364
de aluminio, 60
de aluminio y de amonio, 52
de aluminio y de potasio, 52
de aluminio y de potasio anhidro,
53
de atropina, 127
de butacaina, 197
de cine, 1520
de cobre, 364
de codeina, 351
de codeine, 351
de efedrina, 506
de estricnina, 1340
de magnesio, 778
de morfina, 868
de quinidina, 1161
de quinina, 1176
de quinina basico, 1176
de quinina, neutro, 1172
de sodio, 1298
de zinc, 1520
ferroso, 578
ferroso desecado, 579
laurilico sodico, 1283
quinico, 1176
Sulferrous, 580
Sulfimide benzoique, 1204
Sulfisoxazole, 1364, [v]2027
diethanolamine, 1365
tablets, 1366
Sulfite
de diaminodihydroxy-arsenobenzene-dimethylene, 1361
Sulfite de sodio desecado, 1299
o-Sulfobenzimide, 1204
p-Sulfobenzoic acid dichloramide,
630
Sulfobromoftaleina sodica, 1366
Sulfobromophthalein sodium injection,
1367
Sulfobromophthalein sodium, 1366,
1674, [v]2028
Sulfobromophthaleinum sodicum, 1366
Sulfocyanure de potassium, 1109
Sulfogaiacolate de potassium, 1100
Sulfonal, 1884
Sulfonamides, 1582, 1876, [v]2028
duplex. 1353
non-official, 1879
official, 1876
Sulfonated bitumen, 677
oils, 1775
Sulfone phtaleine du phenol, 1042
p-Sulfonedichloramidobenzoic acid,
630 1882
Sulfones,
Sulfonethylmethane, 1883, [v]2029
Sulfonethylmethanum, 1883
Sulfonmethane, 1884, [v]2029
Sulfonmethanum, 1884
p.p'-Sulfonyldianiline, 1882

Sulfotreparsenan, 1361
Sulfovinic acid, 544
Sulfoxone sodium, 1367, 1882
sodium tablets, 1368
Sulfur, [v]2029
depuratum, 1371
dioxide, 1370, 1372
dioxide, [v]2029
heptoxide, 1370
iodide, 1884. [v]2029
lotum, 1371
monoiodide, 1884
ointment, 1372, [v]2029
ointment, alkaline, [v]2029
praecipitatum, 1368
precipitated, 1368
sesquioxide, 1370
sublimatum, 1369
sublimatum et depuratum, 1371
sublimatum lotum, 1371
sublimed, 1369
trioxide, 1370
washed, 1371
wettable, 1369
Sulfurated potash, [v]2029
lime lotion, 756
potash, 1092
Sulfure de potasse, 1092
Sulfuretted hydrogen, 1718
Sulfuric acid, 1370, 1373
acid, aromatic, 1374
acid, diluted, 1374
oxide, 1370
ether, 543
Sulfuris dioxidum, 1372
iodidum, 1884
Sulfurous acid, 1370, 1373
oxide, 1370
Sulkowitch reagent, 214
Sulmeradine, 1353
Sulphacetamide sodium, 1347
Sulphadiazina, 1349
Sulphadiazine, 1349
Sulphadimidina, 1357
Sulphadimidine, 1357
sodium, 1358
tablets of, 1358
Sulphaguanidina, 1354
Sulphaguanidine, 1354
Sulphanilamide, 1358
Sulphanilamidum, 1358
Sulpharsphenamina, 1361
Sulpharsphenamine, 1361
injection of, 1362
Sulpharsenolum, 1361
Sulphasolucin, 1882
Sulphasomidine, 1881
Sulphathiazole, 1362
sodium, 1363
Sulphathiazolum, 1362
sodium, 1363
Sulphetrone, 1883
Sulphexet, 1754
Sulphonal, 1884
Sulpondet, 1662
Sumaresinol, 157
Sumaresinolic acid, 157
Sumatra benzoin, 156
Sumbul, 1884
Sumbulic acid, 1884
Summer adonis, 1526
Sundew, 1673
Sunflower, 1711
Supositorios de glicerina, 613
Suppositeria aminophyllinae, 68
carbarsoni, 247
cum glycerino, 613
glycerini, 613
Suppositories, 1884
a la glycerine, 613
of glycerin, 613
Supranephrin, 507
solution 1:1000, 510
Suprarenal, 28
bodies, 27
capsules, 27
glands, 27

Index
Suprarenalin, 507
solution 1:1000, 510
Suprarenin, 507
bitartrate, 511
solution 1:1000, 510
Suprareninhydrochloridlosung, 510
Suprareninum, 507
Suprasterol I, 917
II, 917
Suramin, 1375, [v]2030
sodium, 1375, [v]2030
Suraminum, 1375
Surfacaine, 1741
Surface tension depressants, 1886
Surface-active agents, 1886
Surfactants, 1886
Surf en C, [v]2030
Surgeon's agaric, 1534
Surgical catgut, 1376
dressing, parresined lace-mesb,
1783
gut, 1376
merbromin solution, 808
solution of chlorinated soda, 1277
suture, absorbable, 1376
suture, non-absorbable, 1377
Surinam quassia, 1152
simaruba, 1850
Surinamine, 1609
Surital sodium, 1597, [v]2033
Sus scrofa, 742, 965, 1017, 1315
Suspension Ray-tri-mides, 1457
Solganal in oil, 129
Sulfa-tri-azine, 1457
Terfonyl, 1457
Trifonamide, 1457
Trisulfazine, 1457
Truozine, 1457
Sussholz, 617
Siiszholzfluidextrakt, 621
Suszholzsaft, 619
Siiszholzsirup, 621
Suszholzwurzel, 617
Sutter salt, 1266
Suture, absorbable surgical, 1376
Suxamethonium chloride, 1340
Swamp dogwood, 1620
hellebore, 1486
milkweed, 1591
sumac, 1829
tea tree, 1610
Swartzia decipiens, 1061
Sweating plant, 1687
Swedish balsam, 158
Sweet almond oil, 45
bark, 1617
birch, 1602
birch oil, 853
cane, 1610
cassava, 1896
chocolate, 203
cinnamon, 1610
cumin, 1550
elder, 1835
fennel, 567
fern, 1644
gum, 1316
oak, 1761
oil, 921, 922
orange, 934
orange oil, 937
orange peel, 937
orange peel tincture, 937
pepper, 240
potato starch, 1310
principle of fats, 611
root, 1610
shrub, 1613
spirit of nitre, 556
viburnum, 1494
wood, 617
woodruff, 398
Sweetbread, 1680
Sweetflag, 1610
Sweetine, 1617
Sweetwood bark, 1617
Swine erysipelas bacterin, [v]2056
-erysipelas vaccine, [v]2053

Swiss mountain pine, 1064
Sword-fish oil, 1691
Sykose, 1204
Sylnasol, 1291
Sylvacrol, 1870
Sylvestrene, 1465
Sylvinite, 1098
Sylvite, 1098, 1816
Sympathetic block, 1738
Sympathicolytic agents, 1527
Sympathin E, 1887
I, 1887
Sympatholytic agents, 1527
Sympathomimetic amines, 1887
amines, non-official, 1890
Sympatol, 1888
Symphytocynoglossine, 1893
Symphytum, 1893
Symplocos, 1893
Sytiandrol, 1394
-F, 1389
Synapoidin, 1810
Syncaine, 1115
Syncrobin, 1008
Syncurine, 417, 1656
Syndrox hydrochloride, 837
Synephrine, 1888
Synergistin, 1008
Synerone, 1394
S>nhexyl, 1614
Synkamin, 790
Synkavite sodium diphosphate, 789
Synkay, 789
Synnematin B, 1565
Synopen, 1579
Synophylate, 1412
Synthalin, 1664
Synthetic balsam of Peru, 1024
barytes, 139
camphor, 232
menthol, 794
oil of sassafras, 1833
oleovitamin D, 916
rose oils, 1198
vitamin K, 789
Synthetischer Kampfer, 232
Synthobilin, 1659
Synthroid sodium, 1902
Syntopherol acetate, 1437
Syntropan, 1784, 1788
Syrian licorice, 618, 620
Syringic acid, 260
Syrup, 893, 1377
of balsam of tolu, 1440
of ginger, 606
of lemon, 335
of orange, 938
of senna, 1230
of tolu, 1440
of Trisulfameth, 1457
of Virginian prune, 274
Syrups, 1893
Syrupus, 1377
acacias, 5
acidi citrici, 335
acidi hydriodici, 662
allii, 1538
aurantii, 938
aurantii riorum, 934
balsami tolutani, 1440
bromidorum, 194
cacao, 205
cerasi, 273
cerasi fructus, 273
citri vulgaris fioris, 934
corrigens, 525
ephedrinae sulfatis, 507
eriodictyi aromaticus, 525
ferri iodidi, 577
ferri iodureti gallicus, 577
ferri sulfatis, 579
glycyrrhizae, 621
gummi, 5
gummosus, 5
hypophosphitum compositus, 676
ipecacuanha?, 715
ipecacuanhas gallicus, 715
limonis, 335
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Syrupus picis liquidae, 1386
picis pini, 1386
pini alba? compositus, 1509
pini alba? compositus cum codeina,
1509
polygalas, 1226
pruni serotinee, 274
pruni virginianas, 274
rubi idaei, 1182
rubi idaei fructus, 1182
sarsaparillae compositus, 1215
scillae, 1307
scillae compositus, 1307
senega, 1226
sennas, 1230
simplex, 1377
tolu, 1440
tolutanus, 1440
zingiberis, 606
Syrupy glucose, 608
phosphoric acid, 1050
T-1824, 565
2,4,5-T, [v]1972
T.A.B. vaccine, 1469
Tabacco indiano, 767
Tabaco indio, 767
Tabacum, 1904
Tabasco pepper, 239
Tabellae aethisteroni, 551
acetanilidi, 7
acetarsoni, 8
acetophenetidine et phenylis
salicylates, 14
acetophenetidini, 13
acidi acetylsalicylici, 19
acidi acetylsalicylici cum
ipecacuanha et opio, 20
acidi
acetylsalicylici
et phenacetini, 20
acidi ascorbici, 121
acidi nicotinici, 896
aminophyllinae, 68, 70
ammonii chloridi, 80
aneurinae hydrochloridi, 1417
apomorphinafc hydrochloridi, 103
arecolinae hydrobromidi, 106
arseni trioxidi, 113
atropines sulfatis, 128
atropine sulphatis, 128
barbitali, 138
barbitali sodici, 139
barbitoni, 138
barbitoni sodii, 139
bismuthi subcarbonatis, 174
bismuthi subnitratis, 177
bromidorum trium, 194
caffeinas citratas, 208
caffeinae et sodii benzoatis, 209
calcii carbonatis, 218
calcii gluconatis, 222
calcii lactatis, 226
carbarsoni, 247
chiniofoni, 277
cinchopheni, 328
cocainae hydrochloridi, 342
codeines compositas, 351
codeinae phosphatis, 351
codeinas sulfatis, 351
colchicines, 354
dienosstrolis, 438
diethylstilbestrolis, 444
digitalis, 453
digitalis praeparatee, 453
digoxini, 460
dihydromorphinoni
hydrochloridi,
462
ephedrinse
hydrochloridi, 505
ephedrinas sulfatis, 507
ergonovinas maleatis, 516
erythritylis tetranitratis, 525
estradiolis, 538
ethisteroni, 551
extracti fellis bovis, 944
ferri sulfatis. 580
glycerylis trinitratis, 614

Index
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Tabelfce halazoni, 630
homatropina.' methylbromidi, 652
hydrargyri chloridi mitis, 816
hydrargyri chloridi mitis et sodii
bicarbonatis, 816
hydrargyri iodidi flavi, 817
hydrargyri subchloridi, 816
ipecacuanha? et opii, 716
magnesii hydroxidi, 776
magnesii phosphatis tribasici, 777
magnesii trisilicatis, 781
menadioni, 793
mepacrinae hydrochloride, 1160
meperidines hydrochloridi, 800
mercurophyllinaa, 814
mersalylis et theophyllines, 832
methenaminas, 845
methyltestosteroni, 861
morphinae
et atropinae sulfatum,
869
morphinae sulfatis, 869
neocinchopheni, 883
neostigminae bromidi, 888
nicotinamidi, 892
pentobarbital! sodici, 1012
pethidines hydrochloridi, 800
phenacetini, 13
,
phenobarbitali, 1035
phenobarbitali sodici, 1037
phenobarbitoni, 1035
phenobarbitoni solubilis, 1037
phenolphthaleini, 1042
proguanili hydrochloridi, 1131
quinacrinae hydrochloridi, 1160
quininae bisulphatis, 1173
quininae hydrochloridi, 1175
riboflavini, 1194
saccharomycitis sicci, 1513
santonini
et hydrargyri
chloridi
mitis, 1213
sodii bicarbonatis, 1255
sodii bicarbonatis compositas, 1255
sodii bromidi, 1262
sodii chloridi, 1269
sodii citratis, 1271
sodii nitritis, 1286
sodii salicylatis, 1297
stilbcestrolis, 444
strychninae sulfatis, 1340
succinylsulfathiazoli, 1344
sulfadiazini, 1352
sulfaguanidini, 1355
sulfamerazini, 1356
sulfanilamidi, 1359
sulfapyridini, 1360
sulfathiazoli, 1363
sulphadiazinas, 1352
sulphaguanidinas, 1355
sulphanilamidi, 1359
sulphathiazoli, 1363
theophyllinae
cum
^thylenediamina, 68
thyroidei, 1434
Table salt, 1265
Tablet triturates, 1894
Tableta de anhidrohydroxiprogesterona, 551
Tabletas, 1894
de acetofenetidina, 13
de acido acetilsalicilico, 19
de acido ascorbico, 121
de acido nicotinico, 896
de aminofilina, 68
de barbital, 138
de barbital sodico, 139
de clorhidrato de apomorfina, 103
de clorhidrato de quinacrina, 1160
de colchicina, 354
de dietilestilbestrol, 444
de extracto de cascara sagrada,
261
de fenobarbital, 1035
de fenobarbital sodico, 1037
de maleato de ergonovina, 516
de menadiona, 793
de metiltestosterona, 861
de nicotinamida, 892
de nitrito de sodio, 1286

Tabletas de quiniofon, 277
de riboflavina, 1194
de salicilato de sodio, 1298
de sulfadiacina, 1352
de sulfaguanidina, 1355
de sulfanilamide, 1359
de sulfathiazol, 1363
de sulfato de atropina, 128
de sulfato de efedrina, 507
de sulfato de estricnina, 1340
de sulfato de morfina, 869
de sulfato ferroso, 580
de tiroides, 1434
grandes venenosas de bicloruro de
mercurio, 827
Tablets, 1894
mercuhydrin with ascorbic acid,
805
neohydrin, 1767
of acetylsalicylic acid, 19
of acetylsalicylic acid and
phenacetin, 20
of acetylsalicylic acid with ipecacuanha and opium, 20
of amidopyrine, 70
of aminophylline, 68
of amphetamine sulfate, 88
of aneurine hydrochloride, 1417
of ascorbic acid, 121
of 20aspirin and Dover's powder,
of aspirin and phenacetin, 20
of aspirin, phenacetin and codein,
of 351
atropine sulphate, 128
of barbital, 138
of barbital sodium, 139
of barbitone, 138
of barbitone sodium, 139
of calciferol, 213
of calcium gluconate, 222
of calcium lactate, 226
of carbachol, 246
of cascara sagrada, 261
of chiniofon, 277
of chloroquin diphosphate, 301
of codeine phosphate, 351
of colchicine, 354
of dienoestrol, 438
of diethylstilboestrol, 444
of digitalis, 453
of digoxin, 460
of Dover's powder, 716
of ephedrine hydrochloride, 505
of ergometrine maleate, 516
of ergotamine tartrate, 524
of ethisterone, 551
of exsiccated ferrous sulphate, 580
of glyceryl trinitrate, 614
of hydromorphone
hydrochloride,
462
of ipecacuanha and opium, 716
of menadione, 793
of mepacrine hydrochloride,
1160
of mepyramine maleate, 1150
of mercurous chloride, 816
of methenamine and acid sodium
phosphate, 846
of methoin, 851
of nicotinamide, 892
of nicotinic acid, 896
of cestradiol, 538
of penicillin, 1006
of pethidine hydrochloride, 800
of phenacetin, 13
of 1031
phenadoxone hydrochloride,
of
of
of
of
of
of
of
of

phenobarbital, 1035
phenobarbital sodium, 1037
phenobarbitone, 1035
phenolphthalein, 1042
potassium bromide, 1097
prepared digitalis, 453
progruanil hydrochloride, 1131
promethazine hydrochloride,
1134
of propylthiouracil, 1139
of quinalbarbitone sodium, 1225

Tablets of quinine bisulphate, 1172
of quinine hydrochloride, 1175
of riboflavine, 1194
of santonin, 1213
of 1255
sodium bicarbonate, compound,
of
of
of
of
of
of
of
of
of
of

sodium citrate, 1271
sodium salicylate, 1298
soluble phenobarbitone, 1037
stilbcestrol, 444
succinylsulfathiazole, 1344
succinylsulphathiazole, 1344
sulfadiazine, 1352
sulfaguanidine, 1355
sulfanilamide, 1359
sulfaquinoxaline sodium,

of
of
of
of
of
of
of

sulfathiazole, 1363
[v]2027
sulphadiazine, 1352
sulphadimidine, 1358
sulphaguanidine, 1355
sulphanilamide, 1359
sulphathiazole, 1363
theobromine sodium and sodium
acetate, 1409
of thyroid, 1434
of vitamin Da, 213
Tabletten, 1894
Tablettes, 1894
Tabun, 1625
Tacamahac, 1088
TACE, 1681
Ta-cha-yeh, 1704
Tachysterol, 917
Tagathen citrate, 301
Tagauzonte, 1023
Tahiti vanilla, 1478
Tailed pepper, 403
Taka-diastase, 782, 1895
Talbot's solution, 1932
Talc, 1378
de venise, 1378
purified, 1378
Talca gum, 1, 2
Talco, 1378
purificado, 1378
Talcum, 1378
Talha gum, 2
Talk, 1378
Talkstein, 1378
Tallow bayberry, 1761
shrub, 1761
Tamarind, 1895
Tampicin, 732
Tampico hemp, 1534
jalap, 732
sarsaparilla,
1213
Tanacetin, 1896
Tanacetone, 1896
Tanacetum, 1896
balsamita, 1303
Tanin officinal, 1379
Tannalbin, 1534
Tannase, 1696
Tannic acid, 1379, [v]2030
acid glycerite, 1381
Tannigen, 1524
Tannin, 1379
albuminate, 1534
-formaldehyde, 1895
-glycerit, 1381
Tannino, 1379
Tannismut, 1603
Tannoform, 1895, [v]2030
Tannyl acetate, 1524
Tansy, 1896
Tantalite, 1896
Tantalum, 1896
oxide, 1896
Tapazole, 848
Tapioca, 1896
meal, 1897
starch, 1310, 1896
Tapogomea ipecacuanha, 711
Tar, camphor,
1384
1761
coal, 1381, [v]2030
coal, ointment, 1383

Index
Tar, coal, solution, 1383, [v]2030
juniper, 1384, [v]2030
oil, 1385

oil, rectified, 1385, [v]2030
ointment, compound, 1385
pine, 1384, [v]2030
pine, ointment, 1385, [v]2030
pine, syrup, 1386, [v]2030
syrup, 1386
water, 1385
weed, 626
Taraktogenos Kurzii, 657
Tarassaco, 1386
Taraxacerin, 1386
Taraxacin, 1386
Taraxacum, 1386
fluidextract, 1387
lasvigatum, 1386
officinale, 1386
Taraxasterol, 1387
Tare, 1733, 1744
Tariric acid, 1773
Tartar, 1387
emetic, 95
Tartarean moss, 1652
Tartaric acid, 1387
di-Tartaric acid, 1388
Tartaro estibiado, 95
stibato, 95
Tartarus depuratus, 1095
emeticus, 95
natronatus, 1108
stibiatus, 95
Tartrate acide de potassium, 1095
d'antimoine et de potasse, 95
de bismuth et de sodium, 173
de potasse et de soude, 1108
droit de potassium et sodium,
1108
sodicopotassique, 1108
Tartrated antimony, 95
iron, 1690
Tartrate de antimonio y de potasio,
95
de bismuto y de sodio, 173
de ergotamina, 522
de potasio y de sodio, 1108
di antimonio e di potassio, 95
di bismuto e di sodio, 173
di potassio acido, 1095
di soda e di potassia, 1108
monopotasico, 1095
potasico antimonico, 95
potasico-bismiitico, 171
sodico-potassico, 1108
sodico-potasico, 1108
Tartre stibie, 95
Taschenpfeffer, 239
Tasteless ague drop, 1093
tincture of ferric chloride, 572
tincture of iron, 572
Taurine, 942
Taurocholic acid, 943
Taxicatin, 1897
Taxine, 1897
Taxus, 1897
baccata, 501
Tb 1-698, 1545
Tchaad, 1619
TEA, 1697
Teaberry, 1703
oil, 853
Tear Siam benzoin, 156
Tea-tree oil, 1610
Technical chlorophenothane, 297
Teel, 1887
oil, 1232
Teersirup, 1386
Tegosept E, 857
Tegosept M, 857
Tegosept P, 857, 1136
Teina, 205
Teinture balsamique, 158
d'aconit (racine), 24
d'arnica, 108
d'asa fcetida, 115
de baume de tolu, 1441
de belladone, 144

Teinture de benjoin, 158
de camphre concentree, 236
de cantharide, 239
de colchique, 358
de digitale, 454
de gingembre, 607
de jusquiame, 676
de lobelie, 769
de noix vomique, 907
de poivre d'espagne, 242
de stramoine, 1320
de vanille, 1480
d'essence697de menthe, 1016
d'iode,
d'ipecacuanha, 715
d'opium, 931
d'opium benzoique, 932
d'opium camphree, 932
d'orange amere, 936
Teintures alcooliques, 1902
Tela depurata, 597
hydrophila, 597
Telecobalt apparatus, 1822
Telepaque, 708
Telepathine, 1608
Teleradium apparatus, 1822
Teletherapy units, 1822
Tellicherri bark, 1644
Tellurium, 1897
TEM, 1907
Temuline, 1744
Teniathane, [v]1975
Teniatol, [v]1975
Tensilon, 1656, 1658
Tenulin, 1711
Teobromina y acetato de sodio, 1409
Teofilina, 1410
y acetato de sodio, 1411
Teofillina, 1410
TEPA, 1908
Tephrosia apollinea, 1229
Tephrosin, 1831
TEPP, 1792, 1794
Tequila, 1534
Terchlorethylene, 1400
Terebene, 1897, [v]2030
Terebenum, 1897
Terebinthina, 1911
canadensis, 1912
Teresantol, 1836
Terfonyl, 1458
Tergitols, 1887
Teridax, 1908
Termine, 1781
Teropterin, 1582, 1693
Terpan, 562
Terpene, 258
glycosides, 1708
Terpeneless volatile oils, 1776
Terpenes, 1776
Terpentinol, 1465
Terpin hydrate, 1388, [v]2030
hydrate and codeine elixir, 1389
hydrate elixir, 1389
Terpina, 1388
idrata, 1388
Terpine, 1388
a-Terpinene, 1776
•y-Terpinene, 1776
Terpineol, 258, 1389
Terpinhydrate, 1388
Terpini hydras, 1388
Terpinolene, 1776
Terpinum, 1388
hydratum, 1388
Terpinyl acetate, 258
Terra alba, 139, 734
japonica, 1619
ponderosa, 139
sigillata, 735
silicea purificata, 1232
Terra? sigillatse, 1606
Terramycin, 951, [v]1999
hydrochloride, 951
oral suspension, 951
pediatric drops, 951
Tersulfas, 1458
Tertiarer Amylalkohol, 91
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Tertiares Kalziumphosphat, 231
Tertiary amino compounds, 1784, 1787
amyl alcohol, 91
calcium phosphate, 231
magnesium phosphate, 777
pentanol, 91
Testandrone, 1389
Testobase, 1389
Testodet, 1394
Testosteroid, 1389
Testosterona, 1389
Testosterone, 1389, 1390
cyclopentylpropionate, 1393
implants, 1393
pellets, 1393
phenylacetate, 1393
propionate, 1394, [v]2031
propionate injection, 1394
suspension, sterile, 1394
Testosteroni propionas, 1394
Testosteronum, 1389
Testrone, 1389
Testryl, 1389
Tetanus and diphtheria toxoids, 491
and diphtheria toxoids, alum precipitated, 488, 491
and diphtheria toxoids, aluminum
hydroxide adsorbed, 492
and diphtheria toxoids, combined,
491
and diphtheria toxoids combined,
alum precipitated, 491
and diphtheria toxoids combined,
aluminum hydroxide adsorbed,
492
and diphtheria toxoids combined,
fluid, 492
and diphtheria toxoids combined
precipitated, adsorbed, 492
and diphtheria toxoids and pertussis vaccine combined, alum
precipitated, 493
and diphtheria toxoids and pertussis vaccine combined, aluminum hydroxide adsorbed, 494
and gas gangrene antitoxins, 1396
antitoxin, 1394, [v]2043
-serum, 1395
toxoid, 1397
toxoid, alum precipitated, 1398
toxoid, aluminum
hydroxide
adsorbed, 1399
Tetiothalein sodium, 703
Tetraacetic acid, 1685
Tetraboric acid, 190
Tetracain hydrochloride, 1399
hydrochloride for injection, 1400
hydrochloride injection, 1400
Tetracaini hydrochloridum, 1399
Tetracainium chloride, 1399
Tetrachlorethene, 1400
Tetrachlorethylene, 1400
Tetrachlorethylenum, 1400
Tetrachlorkohlenstoff, 253
Tetrachloroaathylenum, 1400
Tetrachloroethylene, 1400, [v]2031
capsules, 1402
Tetrachloroetileno, 1400
Tetrachlorure de carbone, 253
Tetracid, 1881
Tetracloruro de carbono, 253
Tetracycline, 1402, [v]2031
hydrochloride, 1405
hydrochloride capsules, 1405
hydrochloride tablets, 1405
suspension^ oral, 1405
Tetracyn hydrochloride, 1405
Tetraethylammonium bromide, 1134
chloride, 1697, 1703
Tetraethylpyrophosphate, 1792, 1794
Tetraethylthiuram monosulfide,
Tetraglycine
[v]2032 hydroperiodide, 694
Tetrahydrocannabinol, 1614
Tetrahydrofurfuryl nicotinate, 896
Tetrahydrozoline hydrochloride, 1893
Tetraiode, 704
Tetraiodophenolphthalein sodium, 703
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Tetraiodophtaleinate de sodium, 704
Tetraiodophthalein sodium, 703
Tetralupine, 1744
Tetramethoquin, 1792
Tetramethylammonium iodide, 694
Tetramethyldiaminobutane, 674
Tetramethylthionine chloride, 855
Tetramethylthiuram disulfide [v]2032
Tetranitrol tablets, 525
Tetraponum, 929
Tetrathione, 1865
Tetterwort, 1209, 1623
Teufelsapfel, 359
Teufelsdreck, 113
Texas serpentary, 1841
snakeroot, 1840
Thalamyd, 1052
Thalleioquin reaction, 1167
Thallium, 1897, [v]2032
Thallochlor, 1622
Thapsus barbatus, 1927
Thebaicum, 923
Thebaine, 928, 929
Thebolactic acid, 929
Thecaphore, 403
Theelin, 530, 541
Theeline, 541
Theelol, 541, 1682
Theine, 205
Themisone, 1852
Thenardite, 1298
Thenardol, 670
Thenfadil hydrochloride, 1406
Thenyldiamine hydrochloride, 1405
hydrochloride tablets, 1406
Thenyldiaminium chloride, 1405
Thenylene hydrochloride, 843, [v]1943
Thenylpyramine hydrochloride, 843
Theobroma cacao, 203, 1406, 1407
oil, 1406
oil suppositories, 1885
Theobromic acid, 1407
Theobromina, 1407
Theobrominae sodio-salicylas, 1409
Theobromine, 1407, 1764
-calcium gluconate, 1898
calcium salicylate, 1408, [v]2032
calcium salicylate tablets, 1408
sodio-acetate, 1409
sodio-salicylate, 1409
sodium acetate, 1408, [v]2032
sodium acetate capsules, 1409
sodium acetate tablets, 1409
sodium and sodium acetate, 1409
sodium and sodium salicylate,
1409
sodium salicylate, 1409, [v]2032
Theobromin-natriumazetat, 1409
Theobromin-natriumsalizylat, 1409
Theobromino-natrium salicylicum,
1409
Theobrominum natricum et natrii
acetas, 1409
natricum et natrii salicylas, 1409
Theocalcin, 1408, [v]2032
Theocin, 1410
soluble, 1411
Theoglycinate, 1412
Theophyllin, 1410
Theophyllina, 1410
cum sodii acetate, 1411
Theophylline sodio-acetas, 1411
Theophylline, 1410
Theophylline, 1410, 1764
cholinate, 1898
dihydroxypropyl, 1898
ethylenediamine, 65
injection, mersalyl and, 831
isopropanolamine, 1898
methylglucamine, 1764, 1898
monoethanolamine, 1898
sodio-acetate, 1411
sodium acetate, 1411
sodium acetate tablets, 1412
sodium and sodium acetate, 1411
sodium glycinate, 1412, 1765
sodium glycinate tablets, 1413
tablets, 1411

Index
Theophyllin-natriumazetat, 1411
Theophyllino-natrium aceticum, 1411
Theophyllinum, 1410
natricum et natrii acetas, 1411
Theopropanol, 1898
Thephorin, 1856
tartrate, 1031
Therapic acid, 346
Thermite, 54
Thevetia, 1898
Thevetigenin, 1898
Thevetin, 1898
Thevetoidin, 1898
Thevetoxin, 1898
Thiacetazone, 1545
Thialbarbitone, 1596
sodium, 1596, [v]2032
Thiamin, 1413
chloride, 1413
hydrochloride, 1413
Thiamines hydrochloridum, 1413
Thiamine chloride, 1413
hydrochloride, 1413, [v]2032
hydrochloride injection, 1417
hydrochloride tablets, 1417
mononitrate, 1417
nitrate, 1417
pyrophosphate, 1415, 1512
Thiamini hydrochloridum, 1413
Thiaminium chloride, 1413
Thiamylal sodium, 1597, [v]2033
Thiantoin, 1852
sodium, 1855
Thiazine dyes, 1043
Thiazines, 855
Thibex, 1413
Thimbleberry, 1811
Thimecil, 861
Thimerosal, 1418
ointment, 1419
solution, 1419
tincture, 1419
Thin pectin paste, 980
2,2'-Thiobis (4,6-dichlorophenol), 179
Thio-bismol, 1604
Thiocaine, 1743
Thiocarbamide, 1900
Thiochrome, 1414
Thiocol, 1100
Thiocresol, 1899
Thiodiphenylamine, 1043
Thioflavine-S, 1674
Thioglycerin, 1899
Thioglycerol, 1899
Thiokol, 1100
/5-Thiol-a-aminopropionic acid, 1660
Thiomerin sodium, 808
Thional, 1043
Thionic acids, 1370
Thionine, 1043
2-Thio-4-oxo-l,3-pyrimidine, 1137
Thiopental sodium, 1419, [v]2033
sodium for injection, 1423
sodium, sterile, 1423
sodium with sodium carbonate,
1419, 1423
sodium with sodium carbonate for
injection, 1423
Thiopentalum natricum cum natrii
carbonate pro injectione, 1423
sodicum, 1419
Thiopentarson, 1605
Thiopentone sodium, 1419, 1423
sodium, sterile, 1423
2-Thio-l,3-pyrimidin-4-one, 1137
Thiosinamine, 1899, [v]2035
Thiosulfas natricus, 1300
Thiosulfate de sodium, 1300
Thiosulfato de sodio, 1300
Thiosulfil, 1881
Thiosulfuric acid, 1370
Thio-TEPA, 1908
Thiouracil, 1899, [v]2035
2-Thiouracil, 1899
Thiourea, 1900
Thitsi, 1732
Thitsiol, 1732
Thoho-thoho, 1749

Thonzylamine hydrochloride, 1423
hydrochloride tablets, 1424
Thonzylaminium chloride, 1423
Thorazine hydrochloride, 1629
Thorium, 1900
dioxide, 1900
series, 1821
1901 1317
ThornX, apple,
Thorotrast, 1900
Thoroughwort, 1687
Thousand-leaf, 1525
Three bromides elixir, 194
bromides tablets, 194
-seeded mercury, 1524
Threonine, 1541
Thrombin, 1073, 1425
Thrombin, human, 1425
Thrombinum, 1425
Thrombocid, 1572
Thromboplastin, 1901, [v]2035
Thuja, 1901
occidentalis, 1728
a-Thujene, 1776
Thujone, 1523
Thujyl alcohol, 1523
Thunder god vine, 1910
Thuya, 1901
Thylakentrin, 1810
Thyloquinone, 789
Thylose sodium, 1264
Thym, 1426
Thyme, 1425
camphor, 1427
oil, 1426
Thymian, 1426
Thymianol, 1426
Thymic acid, 1427
Thymol, 1427, [v]2035
iodide, 1428
Thymolis iodidum, 1428
Thymolum, 1427
jodatum, 1428
Thymoquinone, 1758
Thymus, 1425
gland, 1680
nucleic
acid, 1771
vulgaris, 1425, 1426
zygis, 1426, 1427
Thyrobrom, 1901
Thyroglobulin, 1430
Thyroid, 1429, [v]2035
tablets, 1434
Thyroidea, 1429
Thyroideum, 1429
siccum, 1429
Thyroidine, 1430
Thyroproteins, [v], 1986
Thyrotropic hormone, 1811
Thyrotropin, 1811
Thyroxin, 1901, [v]2035
fraction, 1902
L-thyroxin sodium, 1902, [v]2035
Thyroxine, 1901
Tibione, 1545
Tierra silicea purificada, 1232
Tiff, 139
Tiglic acid, 1773
Tigogenin, 448
Tigonin, 447
Til-cillin aqueous, 1004
Til-cillin in oil, 1004
Til-pen, 1006
Timbo, 1831
Timo, 1426
Timol, 1427
Timolo, 1427
Tin, 1902
pyrites, 1902
1902
stone,
Tincal, 1258
Tinctura aconiti, 24
antiperiodica, 1548
aromatic, 1695
arnicae, 108
arnicae florum, 108
Asae foetidae, 115
asafoetidae, 115

Index
Tinctura aurantii, 936
aurantii corticis amari, 936
aurantii dulcis, 937
balsami tolutani, 1441
balsamica, 158
belladonna*, 144
belladonna? foliorum, 144
benzoes, 158
benzoes composita, 158
benzoini, 158
benzoini composita, 158
benzoinis, 158
camphora? composita, 932
cantharidis, 239
cantharidum, 239
capsici, 242
cardamomi composita, 258
colchici, 356
colchici seminis, 358
coscinii, 1649
datura? seminum, 1661
digitalis, 454
ferri chloridi, 571
ferri citrochloridi, 572
ferri perchloridi, 571
gentiana? composita, 603
hyoscyami, 676
iodi, 697
iodi fortis, 697
iodi officinalis, 697
ipecacuanha?, 715
jodi, 697
lavandula? composita, 744
limonis, 751
lobelia?, 769
meconii, 931
myrrhae, 876
nitromersolis, 902
nucis vomica?, 907
olei mentha?
piperita?
a?therei,
1016
oliveri corticis, 1780
opii, 931
opii benzoica, 932
opii camphorata, 932
opii deodorati, 931
opii simplex, 931
rhei aromatica, 1191
rhei composita, 1191
saponis viridis, 1246
scilla?, 1307
stramonii, 1320
strychni, 907
thebaica, 925, 931
thebaica benzoica, 932
tolu, 1441
vanilla?, 1480
zingiberis, 607
zingiberis fortis, 606
zingiberis mitis, 607
Tincture Metaphen, 902
of aconite root, 24
of balsam of tolu, 1441
of belladonna, 144
of belladonna leaves, 144
of bryonia, 1608
of cardamom, compound, 258
of cayenne pepper, 242
of colchicum, 356
of digitalis, 454
of foxglove, 454
of gentian, compound, 603
of ginger, 607
of ginger, strong, 606
of ginger, weak, 607
of green soap, 1246
of hyoscyamus, 676
of iodine, 697
of iodine, Churchill's, 697
of ipecacuanha, 715
of iron perchloride, 571
of Jamaica ginger, 607
of lemon, 751
of nux vomica, 907
of opium, 931
of opium, benzoated, 932
of opium, camphorated, 932

Tincture of orange, 936
of rhubarb, compound, 1191
of Spanish flies, 239
of squill, 1307
of stramonium, 1320
of strychnos seed, 907
Tinctures, 1902
Tinder, 1533
Tinkturen, 1902
Tinnevelly senna, 1227
Tintura de aconito, 24
de arnica, 108
de asafetida, 115
de balsamo de tolu, 1441
de belefio, 676
de belladona, 144
de benjui, 158
de benjui compuesta, 158
de cantaridas, 239
de cardamomo compuesta, 258
de colchico, 358
de corteza de limon, 751
de corteza de naranja amarga, 936
de corteza de naranja dulce, 937
de digital, 454
de espliego compuesta, 744
de estramonio, 1320
de genciana compuesta, 603
de ipecacuana, 715
de limon, 751
de lobelia, 769
de nuez vomica, 907
de opio, 931
de opio alcanforado, 932
de opio benzoica, 932
de semilla de colchico, 358
di aconito, 24
di arancio amaro, 936
di arnica, 108
di assa fetida, 115
di belladonna, 144
di benzoino, 158
di benzoino composto, 158
di cantaride, 239
di capsico annuo, 242
di colchico, 358
di digitale, 454
di giusquiamo, 676
di ipecacuana, 715
di jodio, 697
di lobelia, 769
di noce vomica, 907
di oppio, 931
di zenzero, 607
tebaica, 931
Tinturas, 1902
alcoholicas, 1902
Tinture, 1902
Tioglicolato de sodio y antimonio,
99
Tiopental sodico, 1419
Tiosolfato de sodio, 1300
T.I.P.P.S., 704
Tiroide, 1429
Tiroides, 1429
desecada, 1429
Tisanes, 1661, 1721
Titanic anhydride, 1434
oxide, 1434
Titanii dioxidum, 1434
Titanium, 1903
dioxide, 1434
Titralac, 64
Tlolocopetale, 1647
Toads, 1903
Toadstools, 1758
Tobacco, 1904, [v]2035
Tochlorine, 279
a-Tocopherol, 1434, 1437
acetate, [v]2035
-9-Tocopherol, 1434
Y-Tocopherol, 1434
S-Tocopherol, 1434
Tocopherols, 1434
concentrate, mixed, 1434
Tocopheryl acetate, [v]2035
Tocosine, 1893
Tocoyena longiflora, 713
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Toddalia, 1906
Toddaline, 1906
Toddalinine, 1906
Toddalolactone, 1906
Toeba, 1831
Toefa, 1831
Tohat, 1619
Tohoi, 1619
Tolamine, 279
Tolansin, 800
Tolazoline
hydrochloride,
879, 1044,
1438
hydrochloride tablets, 1439
Tolazolinium chloride, 1438
Tollkirschenblatter, 142
Tollkirschenextrakt, 143
Tollkirschenkraut, 142
Tollkirschenpfiaster, 147
Tollkirschensalbe, 144
Tollkirschentinktur, 144
Tollkirschenwurzel, 144
Tollkraut, 142, 674
Tollwurz, 144
Tolonium chloride, 1906
Tolserol, 800, 1860
Tolu, 1439
balsam, 1439
balsam syrup, 1440, [v]2036
balsam tincture, 1441
tincture, 1441
Tolubalsam, 1439
Tolubalsamsirup, 1440
Tolubalsamtinktur, 1441
Toluene, 1776, [v]1993
Toluidine blue O, 1906
Toluifera balsamum, 1439
Tolulexin, 800
j>-Toluol-sulfonchloramidnatrium, 279
Toluresinotannol, 1440
p-Tolymethyl carbinol, 1659
Tolysin, 882
Tomato plant, 1866
Ton rong, 593
Tonco bean, 1906
Tonka bean, 1906
bean camphor, 398
Tonquin bean, 1906
butter, 1906
Toot-plant, 1647
-poison, 1647
Topical anesthesia, 1738
Torantil, 1575, [v]1943
Tormentil, 1816
-tannic acid, 1816
Torrefied rhubarb, 1189
Torula, 190
yeast, 1513
Torulopsis
utilis, 1513
Toryn, 1859
Tosylchloramide sodium, 279
Tosylchloramidum natricum, 279
Totaquina, 1441
Totaquine, 1441
Touch-wood, 1553
Toughened silver nitrate, 1237
Tourensol, 1711
Toxaphene, 1907, [v]2036
Toxicarol, 1831
Toxicodendrin, 1829
Toxicodendrol, 1829
Toxicodendron, 1829
Toximycin, 1568
Toxinum485 diphthericum
diagnosticum,
Toxisterol, 917
Toxitabella? hydrargyri
bichloridi
magna?, 827
hydrargyri
bichloridi parva?, 827
hydrargyri chloridi corrosivi, 827
Toxoid-antitoxin floccules, 487
Toxoida diphtherica et tetanica alumen
pra?cipitata, 491
Toxoide difterico, 487
tetanico, 1397
tetanico, precipitado con alumbre,
1398
Toxoids, [v]2047
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Toxoidum diphthericum, 487
diphthericum alumen prsecipitatum, 489
tetanicum, 1397
tetanicum
alumen-praecipitatum,
139S
Toxophore group, 487
TPN, 893
Trafuril, 896
Tragacanth, 1442
mucilage, 1444
Tragacantha, 1442
Tragacanthin, 1443
Tragacanthose, 1443
Tragacanthschleim, 1444
Tragacanto, 1442
Tragacanton, 1443
Trailing mahonia, 1599, 1600
Trans-diethylstilbestrol, 440
testosterone, 1389
vitamin A, 912
Transferrin, 719
Transmutation, 1823
Trasentine, 17S4, 1785, 1787, 1857
Traubenzueker, 427
Travert, 1737
Treburon, 324, 1573
Tree turmeric, 1649
Tremetol, 1
Trethylene, 1447
Triacetate de glicerilo, 614
Triaeetin, 614
Triacetyl pyrogallol, 1735
Triacontane. 524, 1776
Trisethanolamina, 1449
Triasyn B capsules, 1444
B tablets, 1445
Tribasic calcium phosphate, 231
magnesium phosphate, 777
magnesium phosphate tablets, 777
phosphoric acid, 1805
Tribromoaethanol, 1445
Tribromoaethanolum, 1445
Tribromoetanol, 1445
Tribromoethanol. 1445, [v]2036
solution, 1446
Tribromoethyl alcohol, 1445, [v]2036
Tricalcic phosphate, 231
Tricalcium phosphate, 231
Tricarboxylic acid cycle, 334
Trichinella extract, 1907
TrichJorathylen, 1447
Trichlorbutylaldehyde hydrate, 1608
Trichlorbutylidene glycol, 1608
Trichloressigsaure, 1446
Trichlorethylene, 1447
Trichlorethylidene glycol, 277
Trichlornitromethane, 1629
Trichloroacetic acid, 1446
Trichloroaethylenum, 1447
Trichloroethylene, 1447, [v]2036
Trichloroetileno, 1447
Trichloromethane, 293
Trichloromethylchloroformate, 1624
Trichloromethyldimethylcarbinol, 291
Trichlorophenoxyacetic acid, [v]1972,
[v]2037
Trichloro-tert-butyl alcohol, 291
Trichothecin, 1568
Tricoloid, 1790
Tricombisul, 1348, 1349
Tricresol, 400
Tricyclamol, 1790
Tridione, 1451, 1852
Trielin, 1447
Trietanolamina, 1449
Triethanolamine. 1449
trinitrate, 1907
Triethylene melamine, 1907
Triethylenephosphoramide, 1908
Triethylenethiophosphoramide, 1908
Trifolianol, 1908
Trifoliin, 1908
Trifolium, 1908
Trifonamide, 1458
Triglycine hydroperiodide, 694
Trigonella. 1908, [v]2037

Index
Trigonelline, 1908
Trihexyphenidyl, 1784
hydrochloride, 1450
Trihexyphenydyl hydrochloride, 1450
Trihexyphenydyli
hydrochloridum,
1450
1,2,3-Trihydroxybenzene, 1150
Trihydroxybenzoic acid, 1696
Triiodoethionic acid, 1908
Triiodomethane, 702
Triiodothyroacetic acid, 1902
3,7,12-Triketocholanic acid, 420
Trilactic acid, 738
Trilene, [v]2036
Trilinolein, 1773
Trilinolenin, 1773
Trilisa odoratissima, 398
Trillarin, 1909
Trillium, 1909
Trilon 46, 1625
Trilon 83, 1625
Trilupine, 1744
Trimagnesium phosphate, 77
Trimax, 780
Trimethadione, 1451, 1852
capsules, 1452
solution, 1452
tablets, 1452
Trimethadionum, 1451
Trimethaphan, 1700
Trimethylamine, 1904
Trimethylene, 414
N-Trimethylglycine, 1601
5,7,8-Trimethyltocol, 1434, 1437
Trimethylxanthine, 205
Trimeton maleate, 1033
Trinesium, 780
Trinidad ipecac, 713
Trinitrin, 614
tablets, 614
Trinitrophenol, 1909
Trinsicon, 767
Triolein, 1773
Trional, 1883
Triosteum perfoliatum, 1226
Trioxane, 589
Trioxido de arsenico, 110
de cromo, 324
Trioxybenzoic acid, 1696
Trioxymethylene, 589
Tripalmitin, 1773
Triparsamida, 1458
Triparsamide, 1458
Tripazine, 1458
Tripelennaminae hydrochloridum, 1452
Tripelennamine hydrochloride, 1452,
[v]1943
hydrochloride
tablets, 1457
Tripelennamini hydrochloridum, 1452
Tripelennaminium chloride, 1452
Triphosphopyridine nucleotide, 893
Triple antigen, 493, 494, 1398
bromide tablets, 194
distilled orange flower water, 934
dye, 859
rose water, 1198
sulfas, 1458
vaccine, 1469
Tripterygium, 1910
Tri-sil, 780
Trisilicato de magnesio, 780
Trisomin, 780
Tristearin, 1773
Tri-sulfameth, 1458
Trisulfapyrimidines
suspension, oral,
1457
tablets, 1458
Trisulfazine, 1458
Triterpenes, 1776
Triticum, 1910
C3;tivum, 781
Tritopine, 927
Tritium, 1"
Trituratio elaterini, 1675
Triturations, 1911
Trivalent gas gangrene antitoxin, 594

Tromexan, 553
ethyl acetate, 553
Trompilo, 1643
Trona, 1263
Tronothane hydrochloride, 1743
Tropacocaine, 146, 338, 1744
Tropane, 338
Tropeines, 125
Tropic acid, 125
Tropine, 125, 338
Tropinone, 125
Tropyltropine, 125
Trosinone, 550
Troxidone, 1451
True bentonite, 148
cramp bark, 1492, 1943
saffron, 1651
sage, 1834
unicornroot, 1535
Trumpet flower, 1704
Truozine, 1458
Trypaflavine, 25, [v]1937
Trypan blue, [v]2037
Tryparsamide, 1458, [v]2037
Tryparsamidum, 1458
Trypeta arnicivora, 106
Trypsin, 965
Trypsinogen, 965
Tryptar, 967
Tryptophan, 1541
Tsaopen Ma-huang, 501
Tschakida, 925
Tschongott tree, 1839
Tschut, 1619
TSH 690, 1811
Tuamine, 1461, 1888
sulfate, 1460
Tuaminoheptane sulfate, 1460
Tuaminoheptanium sulfate, 1460
Tuba, 1831
Tubadil, 1463
Tubarine, 1463
Tube curare, 1463
Tubera Aconiti, 20
colchici, 355
jalapa?, 731
Tubercolina,
1461
Tuberculin, [v]2046
concentrated, 1461
crude, 1461
-Koch,
1461
old, 1461
P.P.D., 1462
purified protein derivative of,
1462
Tuberculina, 1461
antigua, 1461
derivado proteinico purificado,
1462
Tuberculine brute, 1461
Tuberculinum pristinum, 1461
Tuberculo de aconite, 20
Tuberkulin Koch, 1461
Tuberostemonine, 1869
Tubocurare, 1653
Tubocurarine, 1654
chloride, 1463, [v]2037
chloride injection, 1464
d-Tubocurarine, 1654, 1655
Tubocurarinae chloridum, 1463
Tubocurarini chloridum, 1463
Tubocurarinium chloride, 1463
Tubotoxin, 1831
Tuna, 1691
Tunatea decipiens, 1061
Tunny, 1691
Turkey-corn, 1649
old packing, 924
-red oil,
pea,
1831 263
rhubarb. 1186
Ttirkischer Pfeffer, 239
Turkish colocynth, 359
government monopoly opium, 924
opium, 924
tragacanth, 1443
Turlington's balsam, 158

Index
Turmeric, 1659
paper, 1659
yellow, 1659
Turner's cerate, 211
Turpentine, 1911
liniment, 1467, [v]2037
liniment, acetic, 1467
oil, 1465, 1466, [v]2037
oil emulsion, 1467
oil, rectified, 1466
stupe, 1466
Turpeth root, 716
Turpethin, 717
Turpethum, 716
Tutin, 1647
Tutocaine hydrochloride, 1741
Tu-tu, 1647
Tweens, 1087, 1677, 1887
Twin leaf, 661
Twitch grass, 1910
Tylophora, 1913
Tylophorae folia, 1913
Tylophorine, 1913
Tylophorinine, 1913
Typho-bacterin, 1467
Typhoid and paratyphoid vaccine, 1468
bacterin, 1467
combined vaccine, 1469
"H" antigen, 1917
mixed vaccine prophylactic,
1469
-paratyphoid
A and B vaccine,
1469
-paratyphoid bacterin, 1469
paratyphoid combined vaccine,
1469
-paratyphoid prophylactic, 1469
-paratyphoid vaccine, diluted, 1917
serobacterins, 1468
vaccine, 1467
vaccines, sensitized, 1468
Typhus vaccine, 1469
vaccine, epidemic, 1469
Tryamine, 1888, 1893
Tyrocidine, 1470, 1471
Tyrode's solution, 1195
Tyrosamine, 1893
Tyrosinase, 1913
Tyrosine, 1541, 1888, 1889
Tyrothricin, 1470, [v]2037
solution, 1473
spray, 1473
troches, 1473
Tyrothrix, 1471
Tyzine hydrochloride, 1893

u
Uabaina, 940
tJberborsaures Natrium, 1287
tJbermangansaures Kali, 1106
Uclarsyl, 881
Ufyoon, 923
Uganda aloe, 47
Uisgebeatha, 1506
Uleron, 1882
Ulexine, 1661
Ulexite, 190, 1258
Ulfmossa, 1622
Uliron, 1882
Ulmi cortex, 497
Ulmus, 497
americana, 497
fulva, 497
rubra, 497
Ultralente insulin, 681, 684
Ultra wet, 1887
Umbelliferone, 1592
Umbellularia, 1913
californica, 872
Umbellulic acid, 1913
Umbellulone, 1913
Umbradil viscous B, 708
Umbrathor, 1900
Umbrella plant, 1077
Unbleached ginger, 605
Jamaica ginger, 604
Uncomocomo, 121

Undecylenic acid, 1474, [v]2038
acid ointment, compound, 1475
Undenatured
bacterial antigen, 1916
Undulant fever vaccine, 1917
Undulated ipecac, 713
Ungarischer Pfeffer, 239
Ungoozeh, 113
Unguenta extensa, 1621
Unguenti, 1778
Unguento amarillo, 910
bianco, 909
borico, 192
cinereo, 821
con fenolo, 1040
con joduro di potassio e jodio, 695
de acido borico, 192
de agua de rosa, 1198
de aminobenzoato de etilo, 553
de azufre, 1372
de belladona, 144
de brea de pino, 1385
de crisarobina, 327
de fenol, 1040
de mercurio amoniacal, 823
de oxido de zinc, 1517
de oxido mercurico amarillo, 811
de yodo, 695
di belladonna, 144
di cloruro mercuroso, 815
di ossido di zinco, 1517
di ossido giallo di mercurio, 811
mercurial, 821
mercurial fuerte, 820
mercurial mitigado, 821
mercuriale, 821
solforato, 1372
Unguentum acidi benzoici et salicylici,
155
acidi borici, 192
acidi salicylici, 1209
acidi undecylenici compositum,
1475
sethylis aminobenzoatis, 553
album, 909
alcoholium lanae, 1510
anthralinum, 95
aquae rosae, 1198
aqua? rosae petrolatum, 1199
aquosum, 909
belladonnas, 144
bitumis sulfonati, 678
boricum, 192
calaminae, 211
cereum, 909
chrysarobini, 327
dithranolis, 95
emulsificans, 908
emulsificans aquosum, 908
epinephrinae
bitartratis, ophthalmicum, 512
flavum, 910
glycerini, 1311
glycolis polyethyleni, 1082
hamamelidis, 633
hydrargyri, 820, 821
hydrargyri album, 823
hydrargyri ammoniati, 823
hydrargyri ammoniati ophthalmicum, 823
hydrargyri
bichloridi
ophthalmicum, 827
hydrargyri chloridi mitis, 815
hydrargyri dilutum, 821
hydrargyri flavum, 811
hydrargyri forte, 820
hydrargyri fortius, 820
hydrargyri mite, 821
hydrargyri nitratis dilutum, 810
hydrargyri nitratis forte, 810
hydrargyri oleati, 828
hydrargyri oxidi flavi, 811
hydrargyri subchloridi, 815
hydrophilicum, 909
ichthammolis, 678
iodi, 695
leniens, 1198
mentholis compositum, 796
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Unguentum nitrofurazoni, 900
paraffini, 974
penicillini, 1007
phenicatum, 1040
phenolis, 1040
picis carbonis, 1383
picis compositum, 1385
picis liquidae, 1385
picis pini, 1385
populeum, 1089
praecipitati albi, 823
refrigerans, 1198
resorcinolis compositum, 1185
rubri scarlatini, 1221
simplex, 909, 910
sulfuratum, 1372
sulfuris, 1372
sulphuris, 1372
veratrinae, 1832
zinci oxidi, 1517
Unibase, 1779
Unicorn root, 1535
Unna's boot, 1516
paste, 1516
Unsaturated
fatty acids, 1913
Unterphosphorigesaure, 676
Unterphosphorigsaure Kalkerde, 224
Unterphosphorigsaures Calcium, 224
Eisenoxyd, 573
Kalium, 1102
Manganoxydul, 783
Natrium, 1278
Unterschwefligsaures Natrium,
1300
Uradal, 255
Uragoa ipecacuanha, 711
Uragoga ipecacuanha, 711
Uranin, 582
Uranine yellow, 582
Uraninite, 1914
Uranium, 1914
lead, 1821
series, 1821
Urari, 1653
Urea, 1475, 1764, [v]2038
peroxide, 670
Urease, 1865
Ureastibamine, 1585
Urecholine, 179i
chloride, 162
Uree, 1475
2?-Ureidobenzenearsonic acid, 246
Uretano, 1477
Urethan, 1477, [v]2038
Urethane, 1477
Urginea indica, 1305
maritima, 1305
Scilla, 1305
Urginonin, 1306
Urginoside S, 1306
Uric acid, 205
Uricase, 1536, 1865
Uricosuric agents, 1763
Uritone, 844
Uroenterone, 1679
Urogastrone, 1679
Urohypertensine, 1888
Urokon, 14
sodium, 1248
Uronic acid, 1443
Uropurgol, 1754
Urotropin, 844
Ursin, 1915
Ursolic acid, 1914, 1915
Urson, 1915
Urushi, 1732
Urushinic acid, 1732
Urushiol, 1732, 1829
Urtica, 1914
Uschar, 1612
Uscharin, 1612
U.S.P. insect repellent, 472
Usquebaugh, 1506
Uteramine, 1893
Uterine relaxing factor, 1648
Uva ursi, 1915
Uzara, 1916
Uzaren, 1916
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Uzarigenin, 1916
Uzarin, 1916
Uzaron, 1916

Vacagen, 1917
Vaccin antitypho-paratyphoidique,
1469
antivariolique, 1240
jennerien, 1240
Vaccine "F," 1918
Vaccines, [v]2047
bacterial, 1916
rickettsial, 1917
viral, 1917
Vaccinia, 1240
Vaccinium, 1922
Vaccino antivarioloso, 1240
Jenneriano, 1240
Vaccinoid, 1241
Vaccinum antityphicum, 1467
pertussis, 1020
pestis, 1069
typhosum, 1467
typhosum
et paratyphosum,
1468
vaccinia?, 1240
variola?, 1239
Vacuna antiamarilica, 1513
antipestosa, 1069
antitifica, 1467
antitifoidea, 1467
antitifoidea y antiparatifoidea,
1469
antivariolica, 1240
contra la fiebre amarilla, 1513
TAB, 1469
Vaginal suppositories, 1885
Valencia almonds, 45
Valerian, 1922
Valeriana, 1922
Valerine, 1923
Valine, 1541
Vallestril, 1683
Vallet's ferruginous mass, 575
mass, 575
mass, powdered, 575
Valletsche Eisenpillen, 575
Valmid, 1683
Valzin, 1673
Vanadinite, 1923
Vanadium, 1923
Vandal root, 1922
Vanibase, 1779
Vanilina, 1481
Vanilla, 1478
bean, 1478
extract of, 1480
leaf, 398
planifolia, 1478, 1481
pompona, 1479
splits, 1479
tahitensis, 1478
Tiarei, 1479
tincture, 1480
Vanille, 1478
Vanilletinktur, 1480
Vanillic acid, 1481
aldehyde, 1481
Vanillin, 1481
Vanillina, 1481
Vanilline, 1481
Vanillinum, 1481
Vanillons, 1479
Vanilloylzygadenine, 1933
Vanishing creams, 1298
Vanogel, 57, 59
Vapotone-XX, 1794
Varidase, 1870
Variola virus, 1240
Variolation, 1240
Vaselina, 1024
boricada, 192
fenicada, 1040
Vaseline boriquee, 192
officinale, 1025
pheniquee, 1040
phenolee, 1040

Index
Vaselinum album, 1025
flavum, 1024
Vasicine, 1526
Va8oflavine, 1674
Vasopressin, 1066
injection, 1481
tannate, 1068
Vasoxyl, 1888
hydrochloride, 852
Vatox, 1916
Vayvirang, 1676
Veegum, 1924
Vegetabilischer Fischleim, 30
Vegetable antimony, 1687
calomel, 1077
ethiops, 1695
gelatin, 30
mercury, 1077, 1745
sulfur, 770
waxes, 1930
Vegilecithin, 1734
Vegolysen T, 1701
Veilchenwurzel, 938
Vellosine, 1782
Velvachol, 1779
Ven-apis, 1599
Venda de gasa absorbente, 597
Venezuelan sandalwood, 1836
Venice turpentine, 1912
Venomin, 1925
Venoms, 1924
Venostasin, 1533
Ventriculin, 1315
Vera cruz jalap, 731
cruz sarsaparilla, 1213
Veracevine, 1488
Veralba, 1492
Veralbidine, 1489
Veratetrine, 1489
Veratramine, 1489
Veratre vert, 1486
Veratria, 1832
Vera trie acid, 1832
Veratridine, 1488, 1832
Veratrina, 1832
Veratrine, 1489, 1832, [v]2038
Veratrobasine, 1489
Veratrosine, 1489
Veratroylzygadenine, 1489, 1933
Veratrum album, 1486
californicum, 1487
eschscholtzii, 1488, 1489
fimbriatum, 1488, 1489
grandiflorum, 1489
viride, 1486, [v]2038
viride tincture, [v]2038
woodii, 1488
Verbandgaze, 597
Verbandmull, 597
Verbasci flores, 1927
folia, 1927
Verbascum, 1927
phlomoides, 445
thapsus, 445
Verbena, 1928
Verdunnte Blausaure, 1717
Cyanwasserstofisaure, 1717
Essigsaure, 8
Phosphorsaure, 1051
Salzsaure, 664
Schwefelsaure, 1374
Verek, 1
Verfliissigtes Phenol, 1040
Vergitryl, 1492
Veriloid, 1491
Variola virus, 1240
Vermiform tragacanth, 1443
Vermilion, 1753
Verona orris, 938
Veronal, 135, 1593
Natrium, 139
sodium, 139
Verosterol, 1736
Versene, 1685
Versuszter Saltpetergeist, 556
Verticilline, 1695
Verticine, 1695
Vervain, 1928

Vervain's
Vesicants,
Vesipyrin,
Vetchling,
Veterinary

balsam, 158
1624
1868
1733
biological products,

Vetriolo bianco, 1520
[v]2042
Vetrophin,
[v]1981
Viadril, 1719
Viburnin, 1493
Viburno, 1494
Viburnum, 1494
alnifolium, 1493
cassinoides, 1494
lentago, 1494
nudum, 1494
opulus, 1492
prunifolium, 1493
rufidulum, 1494
trilobum, 1492
Vichy-salz, 1253
Vicinial trioxybenzene, 1150
Vidine, 319
Vi-di-pen, 1008
Vienna green, 1796
Villalstonine, 1540
Villikinin, 1679
Vinactane, 1569
Vinaigre de scille, 1307
scillitique, 1307
Vinbarbital, 1495
capsules, 1496
sodium injection, 1496
Vinca, 1928
Vincamine, 1928
Vinceine, 1928
Vinethene, 1496
Vinine, 1928
Vinisil, 1814
Vinum xericum, 1509
Vinyl ether, 1496
Viocin sulfate, 1569
Vioform, 701
insufflate, 702
Viola crystallina, 858
Violaquercitrin, 1201, 1708
Violenwurzel, 938
Viomycin, 1569
Viosterol, 212, 918
in oil, 916
Viral vaccines, 1917
Viranga, 1676
Virgin honey, 653
oil, 921
Virginia pine, 1911
snakeroot, 1840
Virginian prune bark, 273
Virginische Traubenkirschenrinde, 273
Viride nitens, 193
Viridin, 1568
Virus fixe, 1179
vaccinicum, 1240
Viruses, [v]2047
Visammin, 1545
Viscin, 1928
Viscotoxin, 1928
Viscum, 1928
Visnagin, 1545
Visual purple, 913
violet, 913
Vitacee, 115
Vitamin A, 911, [v]2039
A acetate, 912
A palmitate, 912
A, water-miscible, 913, 1498
Ai,
911
Ai aldehyde,
913
A2, 912
B complex,

[v]2039

Bi, 1413
Bi hydrochloride, 1413
Bi mononitrate, 1417
B2, 1191
Be,
1145
Be hydrochloride,
1145
B12, 404, 1315, [vJ1969
B12 activity concentrate, 337
B12 injection, 413

Index
Vitamin B12 with intrinsic factor concentrate, 1498
B12 with intrinsic factor concentrate capsules, 1500
B12 with intrinsic factor concentrate tablets, 1500
Bi?a, 404
Bub, 404
B12C, 404
Bizd, 405
C, 115
D, 916, [v]2039
D unit, 213, 917
D2, 211, 917, [v]1952
Ds. 420, 917
D4, 917
B, 1434, [v]2040
F, 1913
G, 1191
H, 1602
H', 970
K, 1583, [v]2041
K-dicumarol antagonism, 1583
Ki, 790, 1057, 1583
Ki oxide, 1058, 1583
K2, 790
Ks, 789
Ks, 792
P, 936, 1201, 1929
U, 1929
Vitamina A naturalis in oleo, 911
Vitamins, [v]2038
Vitellin, 1734
Vitellinate d'argent, 1238
Vitriol bleu, 364
Vitriolic acid, 1373
Vitriolo bianco, 1520
verde, 578
Vitriolum album, 1520
Vleminckx' lotion, 756
solution, 756
Vogelbeere, 1867
Volatile alkali, 71
bitter almond oil, 43
oil of mustard, 1539
oils, 1776
Volcanic sulfur, 1369
Vollmer patch test, 1462
Vomicine, 906
Von Pirquet test, 1462
Vonedrine, 1888, 1893
hydrochloride, 1893
Vouacapoua araroba, 325
Vulpinic acid, 1622

w
Wabayo, 940
Wacholderbeeren, 733
Wacholderfnichte, 733
Wacholderteer, 1384
Wachs, 1505
Wachssalbe, 909
Wad, 1640
Wade's balsam, 158
Wahoo bark, 1687
Wake robin, 1909
Wall flower, 1623
paper, 1838
Walrat, 1304
War gases, 1623
Warburg's
893 yellow enzyme

coferment,

WARF compound 42, 1574
Warfarin, 1574, [v]2041
sodium, 1574
Warmot, 1523
Wart vaccine, [v]2054
Waschrinde, 1153
Washed sulfur, 1371
Washing soda, 1263
Wasser, 1500
Wasserhaltiges Wollfett, 1511
Wasserholderrinde, 1492
Wasserstoffsuperoxydlosung, 670
Water, 1500
analysis, 1501
carbonate hardness, 1500

Water, carbonated, 1502
carbonic acid, 1502
deionized, 1501
for injection, 1503, 1721
for parenterals, 1503
glass, 1864
hard, 1500
hemlock, 1633
mineral, 1502
-mint, 1014
-miscible vitamin A, 913, 1498
natural, 1500
non-carbonate hardness, 1500
-pepper, 1605
purification, municipal, 1501
purified, 1501
rapid filtration, 1501
-removable base, 1778
slow filtration, 1501
soft, 1500
-soluble base, 1778
temporary hardness, 1500
-washable base, 1778
Watermelon, 1930
Waterproof adhesive plaster, 1076
Waters, aromatic, 1930
Wattle gum, 1
Wax berry, 1761
emulsifying, 1505
myrtle, 1761
white, 1505
yellow, 1505
Waxes, 1930
Waxy maize starch, 1310
sorghum starch, 1310
Weak solution of iodine, 697
tincture of ginger, 607
Weinbrand, 193
Weingeist, 34
Weinsaure, 1387
Weinsaures Antimonylkalium, 95
Kalium-Natrium, 1108
Weinstein, 1095
Weinsteinsalz, 1097
Weinsteinsaure, 1387
Weisze Augensalbe, 1517
Gelatine, 598
Pracipitatsalbe, 823
Weiszer Galitzenstein, 1520
Leim, 598
Sirup, 1377
Ton, 734
Weiszes Quecksilberprazipitat, 821
Vaselin, 1025
Wachs, 1505
Welschkornstarke, 1308
Wermuth, 1523
Werner's complexes, 72
West African Gum, 2
African pepper, 1799
coast, early summer allergen, 1537
coast, late summer allergen, 1537
Indian aloe, 47
Indian arrowroot, 1748
Indian ginger, 604
Indian sandalwood, 1836
Western poison oak, 1829
scullcap, 1838
Westrosol, 1447
Wetanol, 1887
Wettable sulfur, 1369
Wetting agents, 1886
Weymouth pine, 1508
Wheat germ oil, 1434, [v]2041
starch, 1310
whisky, 1507
Whig-plant, 1550
Whipcide, [v]1994
Whiskey, 1506
Whisky, 1506
blended, 1607
bourbon, 1507
cherry, 273
corn, 1507
malt, 1507
rye, 1507
rye malt, 1507
scotch, 1507
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Whisky, straight, 1507
straight bourbon, 1507
straight corn, 1507
straight malt, 1507
straight rye, 1507
straight rye malt, 1507
straight wheat, 1507
wheat, 1507
White agaric, 1533
arsenic, 110
asafetida, 113
balsam, 1023
beeswax, 1505
birch, 1602
bismuth, 175
bole, 734, 1606
bryony, 1608
cedar, 1591, 1728, 1901
cinnamon, 1613
dextrin, 1664
dogwood, 1492
elm, 497
galls, 1772
ginger, 6041487, 1489
hellebore,
hoarhound, 1748
ipecac, 713
lotion, 1508
mallow, 51
mineral oil, 1026
mint, 1014
mustard, 870
oak bark, 1820
ointment, 909
pepper, 1799 1025
petrolatum,
petroleum jelly, 1025
phosphorus, 1804
pine,
1508 1508
pine bark,
pine syrup, compound, 1509
pine syrup
with
codeine,
pound, 1509
poppy,
potato, 923
1867
precipitate, 821
precipitate ointment, 823
psyllium, 1070
sapota, 1617
shellac, 1732
snakeroot, 1687
soft paraffin, 1025
squill, 1305
squills, 1305
tartar, 1095
turpentine, 1911
vetch, 1733
vitriol, 1520
walnut, 1727
wax, 1505
willow, 1834
Whitecap, 1868
Whitfield's ointment, 155
solution, 1208
Whiting, 267
Whole human blood, 179
pituitary, 1809
Whooping-cough vaccine, 1021
Whorled milkweed, 1591
Whortleberry, 1922
Wicky, 1729
Wild bergamot, 1758
black cherry, 273
black cherry bark, 273
cardamom, 257
carrot, 1616
cassia, 329
cherry, 273
cherry fiuidextract, 274
cherry syrup, 274
cinnamon, 329
cinnamon bark, 1613
cotton, 1586
cranesbill, 1705
cucumber, 1675
flower, 1623
geranium, 1705
ginger, 1590

com-

Index

2138
Wild guelder rose, 1492
hemp, 1540
hydrangea root, 1716
hyssop, 1928
indigo, 1592
jalap, 717
lemon, 1077
lettuce, 1732
liquorice, 1523
orange peel, 934
passion flower, 1797
pepper, 1756
potato vine, 717
rue, 1797
sarsaparilla, 104
senna, 1617, 1706
sensitive plant, 1618
sunflower, 1711
sweet pea, 1831
tansy, 1540
tobacco, 767
yam root, 1671
Wilfordine, 1910
Wilforgine, 1910
Wilforine, 1910
Wilfortrine, 1910
Wilkinite, 147
,
Willemite, 1514
Willow bark, 1834
charcoal, 269
poplar buds, 1088
Wind flower, 1818
root, 1591
Winter bloom leaves, 631
cherry, 1867
Wintergreen, 1703
oil, 853
Winterrose, 1711
Wintersteiner's Compound F, 28, 374
Wismut, 168
Wismut-Natriumtartrat, 173
Wismutoxychlorid, 171
Wismutsubcarbonat, 174
Wismutsubnitrat, 175
Wismutsubsalicylat, 177
Wismut-weisz, 175
Witch grass, 1919
Witch-hazel, 633
bark, 632
leaves, 631
oil, 633
water, 633
Witherite, 1598
Wogonin, 1838
Wolf fruit, 1866
Wolfenite, 744
Wolf's bane, 106
moss, 1622
Wolfsbane, 20
Wolfswurzel, 20
Wollfett, 1510
Wood alcohol, 1753
creosote, 399
naphtha, 1753
rosin, 1200
spirit, 1753
-tin, 1902
vinegar, 8
Wood's metal, 168
Woody nightshade, 1673
Wool alcohols, 1510
alcohols, ointment, 1510
fat. 1510
fat, hydrous, 1511
Woolly-mint, 1014
Woorali, 1653
Woorara, 1653
Woorari, 1653
Worm bark, 1608
Worm-grass, 1868
Wormseed, 1211, 1625
Worm-weed, 1868
Wormwood, 1523
Wrightine, 360
Wright's solution, 1270
Wrought iron, 718
Wulfenite, 1757
Wundbalsam, 158

Wurmsamenol, 270
Wyamine, 1888
sulfate, 802
Wybiotic, 1662
Wycillin fortified, 1005
suspension, 1004
Wydase, 654

X
Xanthaline, 928
Xanthine, 205
bases, 1410
diuretic agents, 1764
Xanthium italicum, 1318
Xanthoeridol, 524
Xanthoproteic acid, 898
Xanthopuccine, 661
Xanthorrhiza simplicissima, 661
Xanthotoxin, 1545
Xanthoxyletin, 1931
Xanthoxyli fructus, 1931
Xanthoxylin, 1931
Xanthoxylin-N, 1931
Xanthoxylin-S, 1931
Xanthoxylum, 1931
Americanum, 104
fruit, 1931
Xanthyletin, 1931
Xenon, 1931
Xeroform, 1604
Xiphias gladius oil, 1691
Xylenes, 1776
Xylin, 1071
Xylobalsamum, 1592
Xylocaine hydrochloride, 754
Xylose, 1443, 1764
Xylyl bromide, 1623

Yage, 1932
Yageine, 1932
Yagenine, 1932
Yaje, 1608

Yajeine, 1608
Yam root, 1671
Yarrow, 1525
Yatren, 275
Yaw root, 1870
Yccotli, 1898
Yeast, dried, 1512, [v]2041
nucleic acid, 1771
tablets, dried, 1513
Yellow bark, 259
beeswax, 1505
cinchona, 1634, 1635
dye tree, 1598
ferric oxide, 1689
fever vaccine, 1513
-flowered rhodendron, 1829
gentian, 602
gentian root, 602
jasmine root, 1704
jessamine, 1704
lotion, 827
melilot, 1750
mercuric oxide, 810
mercuric oxide ointment, 811
mercuric
oxide ophthalmic
ointment, 812
mercurous iodide, 816
mercurous iodide tablets, 817
mustard, 870
nicken tree, 1606
ochre, 1689
ointment, 910
oxide of lead, 748
petrolatum, 1024
phenolphthalein,
1040
phosphorus, 1805
pine, 1911
precipitate, 810
puccoon, 660
root. 660
sandalwood, 1836
soft paraffin, 1024

Yellow sweet clover, 1750
wax, 1505
weed, 1711
Yerba santa, 524
santa fluidextract, 525
santa syrup, aromatic, 525
Yerbabuena, 1303
Yerbasanta, 524
Yew tree, 1897
Yodo, 690
Yodobehenato de calcio, 225
Yodoformo, 702
Yodoftaleina sodica, 704
Yodoxin, 465
Yoduro de amonio, 80
de potasio, 1103
de sodio, 1280
de timol, 1428
rojo de mercurio, 809
Yohimbe, 1932
Yohimbine,
1528,
1583,
1819,
1932
hydrochloride, 1932
lactate, 1932
methylarsenate, 1932
5- Yohimbine, 1928
Yunan lacquer, 1732

1825,

Zafferano, 1651
Zanzibar aloe, 47
Zarzaparrilla,
pepper, 2391213
Zauberhaselblatter, 631
Zea, 1932
mays, 366, 1308
Zeaxanthin, 241
Zeitlosenknollen, 355
Zeitlosensamen, 356
Zeitlosentinktur, 358
Zeitlosenwurzel, 355
Zenzero, 604
Zeo-durs, 1501
Zeo-karb, 1501
Zephiran chloride, 150
Zephirol, 150
Zeresin, 973
Zimtdl, 332
Zimtwasser, 333
Zinc, 1514, [v]2042
acetate, 1932
and castor oil cream, 1518
and castor oil ointment, 1518
blende, 1514
carbonate, 1932
chloride, 1515, [v]2042
compounds
and eugenol cement,
1516
cream, 1517
dust, 1514
-eugenol cement, 565, 1516
gelatin, 1516
gelatin boot, 1516
granulated, 1514
insulin injection, globin, 685
insulin injection, protamine,
688
insulin suspensions, 684
insulins, 681
iodate, 1724
iodide, 1932
ointment, 1517
oxide, 1516, [v]2042
oxide and castor oil, ointment of,
1518
oxide, cream of, 1517
oxide ointment, 1517
oxide paste, 1518
oxide paste with salicylic acid,
1518
oxychloride, 1515
paste, 1518
permanganate, 1933
peroxide. 1518
peroxide, medicinal, 1518
phenolsulfonate,
1519, [v]2042
salicylate, 1933

Index
Zinc stearate, 1519
sulfanilate, 1771
sulfate, 1520, [v]2042
sulfate powder, compound, 1521
sulfocarbolate, 1519
sulfophenate, 1519
sulphate, 1520
undecylenate, 1521
vitriol, 1520
white, 1516
Zinchlorundesal, 1207, 1475
Zinci acetas, 1932
carbonas, 1932
carbonas praecipitatus, 1932
chloridum, 1515
iodidum, 1932
oxidum, 1516
peroxidum medicale, 1518
phenolsulfonas, 1519
stearas, 1519
sulfas, 1520
sulfocarbolas, 1519
sulphas, 1520
undecylenas, 1521
Zincite, 1514
Zinco, 1514

Zincum, 1514
chloratum, 1515
chloruretum, 1515
chlorurum, 1515
granulatum, 1514
oxydatum, 1516
p-phenolsulfonicum, 1519
stearinicum, 1520
sulfuricum, 1520
Zincundecate, 1475
Zincundesal, 1207
Zineol, 562
Zingerone, 605
Zingiber, 604
mioga, 604
officinale, 604
zerumbet, 604
Zingiberene, 1776
Zink, 1514
Zinkchlorid, 1515
Zinkoxyd, 1516
Zinkpaste, 1518
Zinksalbe, 1517
Zinkstearat, 1520
Zinksulfat, 1520
Zinkvitriol, 1520
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Zirconium, 1933
carbonate, 1933
dioxide, 1933
Zitronenol, 750
Zitronensaure, 333
Zitronenschale, 751
Zolamine, 1686
Zoomaric acid, 346
Zoosterols, 1869
Zootoxins, 482
Zucchero, 1344
di latte, 738
Zucker, 1344
Zuckerhaltiges Ferrokarbonat, 575
Zuckerin, 1204
Zuckersirup, 1377
Zusammengesetzte Benzoetinktur,
158
Zusammengesetztes
Koloquinthenextrakt, 360
Zweibasisches Calciumphosphat, 230
Zyadenine, 1933
Zyanidhaltiges Quecksilberoxyzyanid,
812
Zygadenus, 1933
Zygadenus venenosus, 1489
Zymogen, 262, 965

Immunization
IMMUNIZING

Schedule for the United States

DIPHTHERIA. Start immuniiation
Diphtheria Toxoid, Fluid (Plain
Diphtheria and Tetanus Toxoids
Diphtheria and Tetanus Toxoids,
Combined,
Fluid

DOSE AND
ADMINISTRATION

STABILITY
PERIOD

AGENT
at 2-3 months of age
Ramon)
Combined, Fluid
Pertussis Vaccine

2vrs'
18 mos

Diphtheria Toxoids, Alum Precipitated
Diphtheria and Tetanus Toxoids Combined, Alum
Precipitated
Diphtheria Toxoid, Aluminum Phosphate Adsorbed
Diphtheria and Tetanus Toxoids Combined, Aluminum
Phosphate Adsorbed
Diphtheria Toxoid, Aluminum Hydroxide Adsorbed
Diphtheria and Tetanus Toxoids Combined, Aluminum
Hydroxide Adsorbed
Diphtheria and Tetanus Toxoids, Pertussis Vaccine
Combined, Alum Precipitated
Diphtheria and Tetanus Toxoids, Pertussis Vaccine
Combined, Aluminum Phosphate Adsorbed
Diphtheria and Tetanus Toxoids, Pertussis Vaccine
Combined, Aluminum Hydroxide Adsorbed
Tetanus and Diphtheria Toxoids Combined, Adsorbed,
for Adult Use. (Specially prepared for the immunization of children over 10 years of age and for
adults. Contains minimum amount of diphtheria
toxoid to reduce incidence of reactions.)

REPEAT

DOSES

3-4 weeks.
1 3 doses
of 0.5 or 1.0 ml. subi cutaneous'v at intervals of

2 yrs.
2 yrs.
2 doses of 0.5 or 1.0 ml. intramuscularly or subcutaneweeks. at intervals of 4-6
ously

2 yrs.
2 yrs.
2 yrs.
2 yrs.
16 mos.
mos.
il ao m„c

If immunization

is begun at

3 months of age or earlier
give an additional dose
at 3-4 months, then at I,
6 and

10 years. If over

10 years of age immunize
as indicated by a Schick

-*
I
i i or 1.0
. . ml.
. in-,
3 doses of 0.5
>- tramuscularly at intervals

test or in the presence

of

an epidemic.

of 4"6 weeksmos. 2 doses
18
2 yrs.
of 0.5 ml. intramuscularly at intervals of 4 to 8
weeks followed by 0.5 ml.
I year later.

INFLUENZA. Start immunization during fall or early
winter months — children and adults
Influenza Virus Vaccine, Polyvalent

MUMPS.
Mumps

Immunize

18 mos.

I dose subcutaneously
Under 3 yrs
0.1
3 to 10 yrs
0.25
10 to 16 yrs
0.5
Over 16 yrs
1.0

ml.
ml.
ml.
ml.

special groups only

Vaccine

POLIOMYELITIS. Start immunization
age and up

at 6 months

18 mos.

2 doses of 1.0 ml. subcutaneously at intervals of 1-4 weeks.

0.5 or 1.0 ml. as booster at
time of exposure.

6 mos.

3 doses of 1.0 ml. with I week
between 1st and 2nd doses
and 3rd dose I month after

Not definitely established.
Booster dose of 1.0 ml.
presently indicated at
18-24 months.

of

Poliomyelitis Vaccine, Polyvalent (Salk)

2nd; or 2 doses with 3- to 4week interval followed by
3rd dose at 7 months.
RABIES. Start immunization after exposure
Rabies Vaccine
Antirabies Serum (to be used in combination
with vaccine)
ROCKY

MOUNTAIN SPOTTED
tion before occupational

Rocky Mountain

Booster dose annually or
every 4-6 months if indicated.

Spotted

6 mo.
2 yrs.

7 to 21 doses. See individual
monographs for details.

After exposure

3 doses of 1.0 ml. subcutaneously at intervals of 7-10
days. Children under 12

Booster dose annually.

only.

FEVER. Start immunizaexposure.

Fever Vaccine

18 mos.

years, 0.5-ml. doses.
SMALLPOX. Start immunization at 1-12 months of age
Smallpox Vaccine
Smallpox Vaccine with Brilliant Green
TETANUS. Start immunization at 2-3 months of age
Tetanus Toxoid, Fluid
Tetanus Toxoid, Alum Precipitated
Tetanus Toxoid, Aluminum Phosphate Adsorbed
Tetanus Toxoid, Aluminum Hydroxide Adsorbed
Also the toxoid combinations containing tetanus
toxoid as shown

AND

Contents of I capillary tube by
multiple pressure technique.

Repeat

2 yrs.

2 doses of 0.5 or 1.0 ml. subcutaneously or intramuscuweeks.
larly at intervals of 4-6

Booster dose I year after
initial doses, then every 5

0.1 ml. intracutaneously or I
drop for cutaneous puncture.

Repeat as
negative

18 mos.
18 mos.

3 doses of 0.5 ml. subcutane-

Booster

18 mos.
18 mos.

3 doses of 0.5 or 1.0 ml. intramuscularly atintervals
of 4-6 weeks.

under "Diphtheria"

TUBERCULOSIS. Immunize select groups unduly exposed, and negative to tuberculin test
B. C. G. Vaccine, Liquid
B. C. G. Vaccine, Dried
TYPHOID

3 mos.
3 mos.

every 4 years,

years. In event of an injury give booster dose in
place of antitoxin.

10 days
6 mos.

indicated
tuberculin

by a
test.

PARATYPHOID FEVERS. Start immunization inareas where disease is endemic

Typhoid Vaccine
Typhoid-Paratyphoid Vaccine

WHOOPING
COUGH. Start immunization at 2-3
months of age
Pertussis Vaccine
Pertussis Vaccine, Alum Precipitated
Also the toxoid combinations containing pertussis
vaccine as shown

under "Diphtheria"

at intervals'of
7-10
days. ously
Children
proportionately less.

dose

annually

or

prior to exposure.

Booster dose

at one year,

again at school age and
sure.
immediately after expo-

Immunization Schedule for International Travel
In addition to the diseases for which immunization
is recommended in the United States, there are
several fo\ which immunization is required or rec-

ommended for persons who
travel
where these diseases are endemic.

to

countries

DISEASE AND
IMMUNIZING AGENT
Cholera
(Cholera Vaccine)

DOSE AND
ADMINISTRATION
0.5 ml. subcutaneously followed
in 7-28 days by 1.0 ml. Children
proportionately smaller doses.

DURATION
OF IMMUNITY
6-12 months.

REPEAT
DOSES
1.0 ml. subcutaneously
every 6 months.

ADMINISTERED BY
Private physician.

Plague
(Plague Vaccine)

0.5 ml. subcutaneously followed
in 7-10 days by 1.0 ml. Children
proportionately smaller doses.

Partial protection for
4-6 months.

1 .0 ml. subcutaneously
every 4 months.

Private physician.

Typhus Fever
(Typhus Fever Vaccine)

2 doses of 1.0 ml. subcutaneously
with interval of 7-10 days. Children proportionately smaller
doses.

Immunity only relative
for 6-8 months. Peak
immunity for 3 months,

1 .0 ml. subcutaneously
every 6 months or
oftener in threat of
an epidemic.

Private physician.

Yellow Fever
(Yellow Fever Vaccine)

0.5 ml. subcutaneously of freshly
reconstituted vaccine.

6 years

0.5 ml. subcutaneously
Yellow
fever vacevery 6 years.
cination
centers.
Location
of with
centert
available

The International Certificates of Vaccination form is
the only one accepted for foreign travel. In the
United States each traveler receives the International
Certificate of Vaccination form together with his
passport from the clerk of the court in his district
or from passport agencies of the Department of
State. The information for each vaccination certificate required for the trip must be completed and
signed by the doctor making the vaccination. Smallpox and cholera vaccination certificates must then
be authenticated by a stamp approved by the health
administration of the country in which vaccination

passport.

is performed. Whenever the yellow fever vaccination
certificate is required, it must be one issued by a
yellow fever vaccination center designated by the
national government to give this vaccination.
Sanitary rules for international travel are standardized to a large extent by agreements between governments; however, immunization requirements change
from time to time. The prospective traveler may obtain information on current requirements from the
shipping and airline offices or from the United
States
Public
ing rules
apply:Health Service. In general the follow-

Immunizations Required
SMALLPOX: Most foreign countries require evidence of vaccination within 3 years of arrival. A
valid smallpox vaccination is required on return
to the United States except from the Bahama or
Bermuda Islands, Canada, The Canal Zone, Cuba,
Greenland, Iceland, the West Coast of Lower California, Aruba, Curacao or the Islands of St. Pierre
and Miquelon.
Smallpox vaccination certificates are valid for a
period of 3 years, beginning 8 days after the date
of a successful vaccination.
YELLOW FEVER: Travelers from, or who have
passed through, an area which is considered infected with yellow fever are required to present,
within 6 days of their arrival, a valid certificate
of vaccination against yellow fever. The certificate
is valid for a period of 6 years beginning 10 days
(for Pakistan, India and Ceylon 12 days) after the
date of vaccination, or on the date of revaccination
within the 6-year period.

Yellow fever exists in the Americas as far north
as Honduras and Trinidad, B.W.I., as far south as
the interior of the state of Sao Paulo in Brazil.
In Africa it is roughly between latitude 15° N. and
15° S. Pakistan and India usually require yellow
fever vaccination for all arrivals from the West by
air.
CHOLERA: Vaccination is frequently required by
countries where the disease is endemic, and by
other countries after a traveler has come from or
passed through an area where the disease is prevalent. The cholera vaccination certificate is valid
for a period of only 6 months, beginning 6 days
after the first injection or on the date of revaccination within the 6-month period. A booster
dose should be obtained every 4-6 months while
in a danger area. The standard course must be
repeated if 4 years have elapsed from the time of
the last dose.

Immunizations Recommended
In addition to the Required Immunizations the following are recommended by the United States Public Health Service and the health services of the
various countries:
TYPHOID AND PARATYPHOID FEVER: Recommended for all foreign travel as a personal
and public health precaution.
TETANUS: Recommended for travel abroad as protection in case of an accident.
TYPHUS: Recommended for persons going to infected areas when they expect to be in places of
poor living conditions. Louse-borne typhus (epidemic) exists in Afghanistan, Korea, China, Ethiopia, Indo-China, Burma, northern India, north-

western Pakistan, Iran, the Near East, Yugoslavia,
northern Africa, Mexico, the Andean region of
South America, and in Communist countries.
Freedom from louse infestation is the most valuable protection against typhus. Immunization is
not a condition of entry required by any country.
DIPHTHERIA: Diphtheria is more prevalent in
most foreign countries than in the United States
and all children should be immunized.
PLAGUE: Immunization is recommended only when
an epidemic is present. The degree and period of
immunity are uncertain and vaccination should be
received at the time of arrival in ihe infected
area. Immunization is not required by any country.

Rf.ferf.nces: Lane, J., et al., The Medical Clinics
of North America, 38:5, Sept. 1954. U.S.P.H.S., Immunization Information for Foreign Travel, Dept. of

Health, Education and Welfare, Government Printing Office, June 1954.
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